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Annotation. Frame modeling is one of the implementations of design methodology and the 

development for the centralized change management of difficult assemblies when modifying the external 

parameters of the design. From the point of view Autodesk Inventor, the frame is a regular part file, but 

this part plays a very special role in the assembly. All other assembly elements are created as derived 

parts of the framework. To make this possible, the framework must contain all the sketches, parameters, 

working geometry, surfaces, and even solid bodies necessary to create the main structural elements of all 

future components of the assembly.  

Keywords. Frame technology, modeling, detail, Autodesk Inventor, ArhiCad. 

 

In the English literature, the term "frame modeling" is synonymous with "Skeleton 

Modeling" and "Master Part Modeling". There is no strict definition of frame modeling. 

Depending on the specifics of the designed products, a wide variety of frame technology options 

are used, but it is always based on a coherent and clear system of direct dependencies of all major 

components of the assembly on the geometry and parameters of the frame. Two features of this 

technology should be noted. The framework approach consistently implements the principle of 

uniqueness of the source of data about the geometry of the assembly and its components. 

 

Fig.1 - The classic single-level diagram of the links of the components  

of the assembly with the frame 

 

In a frame-based assembly, each part ideally only has a connection to the parent frame. 

The dependency system has a star-type topology in Fig. 1. Such a link structure is resistant to 

mailto:iskakovamolya@gmail.com


 

4 
 

the restructuring of the top-level assembly. This is an important element of the system to ensure 

the survivability of large, complex assemblies and the project as a whole. The minimization of 

complex assembly dependencies ñdetailźdetailò and the lack of adaptive links help to make the 

process of updating the assembly less resource-intensive and more reliable.  

Every detail of a typical assembly is created as a derivative component from the local frame 

of its assembly and is associated only with it. Such a construction guarantees an associative 

connection of the geometry of the components of the assembly with the geometry of the local 

framework. The local frame provides externally controlled parameters and geometry, the set of 

which is determined by the specifics of the design area. 

Since a typical parametrized assembly is created in advance, we are able to supply it with 

all the necessary drawings and specifications, prepared manually using the standard ArhiCad 

user toolkit ( Fig.2 and Fig.3.). 

 

 
 

Fig.2 - Typical transom assembly before establishing connection with the geometry  

of the main frame 

 

 

 
 

Fig. 3ï The associative drawing of the bolt in the library assembly reflects 

 the length of the part until the connection between the local frame of the assembly and  

the main frame is established 

 

At the third stage, all the required geometric and dimensional dependences are 

superimposed on the local frame, after which it finally accepts the geometry prescribed by the 
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global frame. Due to innate "genetic" links, all components of the subassembly - clone, as well 

as the associated drawings, will be updated. At the last, fourth stage, an updated subassembly - 

a clone is inserted into the main assembly and fixed in its coordinate system. Due to the 

established connection of the two frames, further updating of the components of the 

subassembly-clone with changes in the geometry and parameters of the global frame is already 

being worked through by means of ArhiCadInventor automatically. (Fig.4) 

 

 
 

Fig.4 - The length of the parts of the assembly, defined by the global frame 

 

The presented technology allows simultaneously solving two tasks: - the associative 

connection of each component of the model with the global frame geometry is provided through 

the local frame as an intermediary; 

- typical subassemblies may contain complete sets of pre-prepared and completed working 

drawings associated with models. It is also important that there are no restrictions on the number 

of levels in the skeleton scheme (the ñsecond derivativeò is not the limit). 

Frame modeling is a powerful and quite flexible technology for creating complex 

assemblies in the ArhiCadInventor environment. The advantages of multi-level ñskeleton in 

skeletonò schemes include high performance of creating large assemblies, the possibility of 

obtaining standard drawing documentation, and a significant - an order of magnitude - 

simplification of the main frame model.  

Pros have to pay the price by carefully planning their actions and analyzing the remote 

consequences of decisions made at the stage of creating the framework. This requires a specific 

user qualification. But the effort expended is paid off by the strict internal logic of the models 

obtained, their vitality to changes in the external parameters, which ultimately leads to a 

significant reduction in the costs of making the inevitable corrections to the project. In fact, in 

frame modeling, we implicitly program ArhiCadInventor to automatically track various 

dependencies of the geometry and composition of complex assemblies on external parameters. 

This creates a reliable foundation for a quick response to the customerôs clarification of the initial 

formulation of the problem, which is completely converted into banknotes in market conditions.  
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Abstract. The issues of assessing the characteristics of the future climate on the basis of regional 

hydrodynamic models are relevant in modern scientific research. 

It is proposed to determine the parameters of the regional climate models in the best way 

corresponding to the observations of climatic characteristics, to study the sensitivity of models to the 

increase in the concentration of greenhouse gases over the base period, and to obtain projections of the 

future climate for various scenarios of stabilizing greenhouse gases. 

  

Most of the regional information on climate change is based on the use of the coupled 

atmosphere-ocean general circulation models (AOGCMs) used in the last 30 years in the 

framework of the World Climate Research Program (WCRP). However, the horizontal 

resolution of most of the modern AOGCMs is still of the order of several hundred kilometers [1-

15]. It does not allow them to capture the effects of local factors (characteristics of complex 

topography and land use that are changing the climate signal at small scales). To resolve this 

problem various "regionalization" or "downscaling" (zoom in) methods are developed to clarify 

the spatial climate information derived from AOGCM [16].    

Methods of the regional climate downscaling (RCD) are increasingly used in the 

consideration of various climate change problems [17]. One of the reasons for low RCD-based 

products using is the lack of a coordinated framework for the assessment of the methods based 

on the RCD, and obtaining a high-quality ensemble projections to characterize the uncertainty 

underlying the regional projections of climate change. Most of RCD studies isolated and tied to 

specific interests, so there is currently no comprehensive picture of regional assessments of 

climate change, based on experiments using RDC. In this regard, within the framework of WCRP 

the Task Force on Regional Climate Downscaling has been recently established. The first result 

of the activities of this group was a create of a structure which is called as "Coordinated Regional 

Climate Downscaling Experiment (CORDEX)" [18]. Essentially CORDEX has a dual purpose: 

(1) to evaluate and compare the working model performance (the structure of the model 

evaluation) and (2) to set a number of experiments for obtaining climate projections to be used 

in impact and adaptation studies (database of prospective climate evaluations). The CORDEX 

purpose is to provide a framework that is available for a broad scientific community, making 

maximum using of the results. Therefore, the CORDEX areas cover most of the earth's surface 

of the globe, including the Central Asian region.  
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Figure 1 ï Central Asia Domain 

 

The participants of the upcoming project have the experience in the modeling of future 

regional climate acquired during the project for the preparation of III-VI National 

Communication of the Republic of Kazakhstan on Climate Change. They implemented a number 

of numerical experiments to assess the performance of such future climate characteristics as 

surface temperature and precipitation.  

 

 

 
Figure 2 ï The difference in surface air temperature averaged over the period (2031-2040) 

and the base period (1989-2008). Scenario with stabilization level of 8.5W/m2 

 
National and international research on the assessment of climate play an important role 

in providing the scientific basis for understanding and assessment of climate variability and 

climate change impacts on such sectors as agriculture and food production, water management, 

energy and transportation. The main element of this assessment work is future climate 

projections which are based on the using of models that predict not only the physical 

characteristics of future climate, but also indirectly provide information on the social impact 

of the expected climate changes. 

Thus, the future climate projections are the main source of evidence-based information to 

address issues related to climate policy, problems of adaptation, strategies planning for 

mitigation, management risk, and development planning for such sectors as agriculture, energy, 

industry, water resources, and biodiversity. Coordinated mechanism contributes greatly to the 
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challenge of ensuring multistage process for obtaining qualitatively trained climate projections 

and converting the resulting information in a format understandable to end users / decision 

makers. 

In this paper, the parameters of the regional climate models will be determined in the 

best way corresponding to the observations of climatic characteristics New generation models 

have higher spatial resolution and improved model description of the Earth climate system 

components. Climate models gradually evolve into the Earth system models as a whole, which 

not only calculates the dynamics of the atmosphere and the ocean, but also include detailed 

sub-models of atmospheric chemistry, vegetation, soil chemistry, biology of the sea, and other 

processes and phenomena that affect the climate. The project program CMIP5 included a group 

of special experiments aimed at establishing the causes of the observed climate change and the 

assessment of the relative importance of external influences that cause them. Assessing the 

impact of certain external influences on the climate is based on comparing the observed 

changes with the expected response to the assumed effects obtained by the climate models.  

At the moment it became apparent that the problem of anthropogenic climate change and 

its impact on human and natural ecosystems is among the most important environmental and 

scientific challenges of this century. The development of the policies to adapt to climate change 

and stabilization of greenhouse gas concentrations below the danger threshold depend on the 

availability of climate information within the region of the country.  

In contrast to the scenarios used in the fourth cycle of the IPCC assessments, which were 

based on SRES scenarios of greenhouse gas emissions (IPCC,2000), the next generation of 

scenario simulations based on the so-called reference concentration pathways (RCP), i.e. given 

concentration pathways of greenhouse gases over the XXI century, corresponding to different 

radiative forcing stabilization levels, to be achieved by 2100. Four scenarios with stabilization 

levels 2.9, 4.5, 8.5 and 11.2W/m2 were selected (which are respectively called RCP2.9, 

RCP4.5, RCP8.5 and RCP11.2). Within the framework of CMIP5 the simulation using global 

models highest priority is given to the level of RCP4.5 and RCP8.5, which approximately 

correspond to IPCC SRES emission scenarios A1B and B1, respectively. Therefore, it is 

assumed that the same scenarios will represent CORDEX simulations of the highest priority. 

Ideally, all of the regional model simulations should span the period 1951-2100 in order to 

include the last historical period plus all XXI century. However, for many groups, the 

calculations may be too time-consuming to perform CORDEX simulations for this entire 

period. Therefore, the period 1951-2100 is divided into five 30-year time intervals, and 

participating groups should model these segments in the following order of priority: the 1981-

2010, the 2041-2070, the 2011-2040, the 2071-2100, and the 1951-1980. The first period 

(1981-2010) is the starting point for the evaluation of the model and climate change 

calculation. Second time period, covering the future period, was selected as a compromise 

between the needs of the community in terms of the future period of time and the needs to 

obtain a clear signal changes. All participating groups must at least meet these two time periods 

in order to have a reasonable number of simulations for analysis and mutual comparisons. To 

ensure broad participation, for the first phase of simulation within CORDEX, the standard 

horizontal resolution is set. It is about 50km (or 0.5degrees).  

To obtain estimates of the performance of the hydrodynamic models, a number of 

numerical experiments will be performed for selected regions using the ERA-Interim European 

Center for Medium-range Weather Prediction (ECMWP) reanalysis data, covering the period 

of 1979-2005. 

The key aspects of CORDEX program is the availability of high-performance computing 

facilities and management of a large number of required input model data as well as model 

output and inter comparisons, that will be made available through this program. 
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Summary. In this article the system of innovative Smart education, pluses and minuses is 

considered. Integration into modern methods of education is considered as well. 

 

Not so long ago, the teacher was the main source of knowledge for students, so they could 

gather new knowledge only of audience or in the book which was recommended by the same 

teacher. Training of professionals for industrial production was a problem of educational policy. 

Today the reliable base which provides sure entry of the person into uniform information 

society is the modern and high-quality education system.  This foundation is possible only to the 

teachers of high qualification keeping in step with a modern time, every day using in their  work, 

innovative information technologies. Each teacher going this way for more productive to 

introduce the advanced computer technologies in their disciplines. However, in the world of 

promptly changing information technologies it is heavy to modern teacher to choose the tools, 

necessary for work. 

In the 21st century education is aimed at that knowledge were transferred not only from 

the teacher to the student, but also between students, that leads to more highest indicators of 

knowledge, brings them to new level. Process of training became more liven up by means of 

educational technologies, the teacher can train not only in the university, but also at distance. In 

the modern world employers need the qualified employees whose own information processing 

methods use a short time. 

In future not the teacher and even not educational institution, but the Web and mobile 

technologies will become the main source of knowledge for students. They will be aimed and 

directed to acquisition of new knowledge. Process of training will imply the movement to the  of 

objects of different aims: from the student to the student, from the student to the teacher, etc. The 

student will be aimed at full development [1]. 

For last 10 years digital fields with such attributes as economy of knowledge, electronic 

culture, electronic health care, electronic the government were created. Electronic training was 

based on the structure of digital society and its basic elements. But, speaking about such training, 

the main emphasis was placed usually on information technologies. However at this stage it is 

impossible to call electronic training as an innovation. Content of education is presented in open 

access for students, ensuring communication of teachers and students, exchange of knowledge 
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between them, automation of tasks ï all this belongs to technologies. But what ahead? What to 

do with these technologies in coming society, what will be a result? These issues are resolved 

already in Smart Education. Specifically, it is capable to bring education to the highest level 

which corresponds to tasks and opportunities of the present world, will help young generation to 

adapt with the difficult high-growth environment, the transition from a book format to active 

will be realized. 

The Smart education is the organization of education and professor-teachers staff for 

collective educational activity in worldwide network which was founded on base of the general 

standards, agreements and technologies. Therefore, there was a need for collective development 

and use of information. For example we will give the European education system, the project - 

Uniform European institute with the general Dean's office which will control movement of pupils 

from one educational institution to another. Thanks to Bologna Process the high educational 

institutions had an opportunity to accept pupils without repeated examination, thus, the Smart 

education system for the European students is organized. The uniform European institute will 

turn into reality the general process of studying by means of one general repository of materials.  

The concept of Smart education is the adaptability, which assumes the existence of 

significant quantity of sources, a large number of multimedia representations (audio, video, 

graphics), the ability to adapt to the level and inquiries of audience quickly and precisely. At the 

same time, it has to be easy for Smart education and freely operated in order to the educational 

organization could provide adaptability of educational process easily. 

Besides, it is possible to tell that Smart education, or clever education, is a flexible training 

in the interactive educational environment by means of information from all parts of the world, 

which is in open access. The key concept of the Smart education is availability in any place. 

 

 
 

Fig. 1 ï Smart-education Conception 

 

The Smart education is the system assuming extensive improvement of all educational 

actions including techniques and technical orientation, which are used in these actions. By means 

of the doctrine of Smart, there is a distribution of technologies in education, such as Smart Board, 

Smart Screens, access to the Web from any point of the world. Any of the listed technologies 

gives the chance in a different way to make process of preparation of information, its availability 
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and updating. It is possible to study everywhere, in the educational organizations, at home, public 

places, those as the museums or cafe now. A basis for education process, active content on the 

basis of which uniform repositories which allow to push aside obstacles in time and space has 

created.  

The base of the Smart education is the idea of individualization of training. This idea can 

be realized by means of the creation of information directed to a certain listener by the teacher. 

It can be reached only by administration of scientific knowledge when each new object of 

knowledge is identified and described. The block of similar objects will permit them to be 

connected and by that to create the unique content satisfying each listener. Besides, creation of 

repositories demands their transfer to the sphere of the Web and creation of communities around 

them [2].  

The traditional education which is used at present, which leans on papers gives only the 

small amount of knowledge on compare with what is available in the Web - space now. The 

considerable component of the educational information which is on websites in principle will 

never be published in paper. The forthcoming development of the education system directed to 

books will bring society to stagnation less, than in a decade. Creation of relevant giving of 

knowledge happens by means of Smart education: in other words, everything that was in Internet 

resources, will surely appear in a training material. 

Within Smart education the teacher can pick up the individual approach each student, 

thanks to subjects of the choice. The Bologna system means it. Smart education allows the 

teacher not to spend time for search and development of the material, as the system in the form 

of concepts will be already developed. These concepts gather by means of technologies in the 

different sequence, and at the same time in the automatic mode. Besides, in now days the 

essential popularity the social services like Twitter, Facebook, etc. are widely practiced among 

the young pupil. Using of similar technologies in educational process, arrangement of 

information in similar networks will increase its quality.  

The function of the teacher will exchange due to the introduction of new idea of education. 

Such form of education as a lecture becomes obsolete. Now the pupils freely use information 

technologies, search tools, are able to find others suitable data without anybody. However, they 

need the mentor who has to form new knowledge, focus the student on receiving suitable 

knowledge and teach him by means of information technologies. 

And for the teacher the Smart education gives new tasks. He has to be competent of the 

taught subject. In own work he has to apply different technologies. At all this Smart education 

opens new opportunities for teachers: to share experience and thoughts, to carry out more 

scientific activity, to personify a course depending on its tasks and the listener's skills, not to 

spend excess time, finishing already available content, but not to create it from zero point [3]. 

The modern educational course gains new Smart education level. It has to raise at once the 

quality of education and to make motivation of the pupil to research work. At the moment to 

intrigue the now day student having access to uncountable educational resources, usual text 

books, is actually impracticable. It is necessary to create the educational courses which will be 

fascinating to the student, pushing him to creative and scientific activity. Subject matters have 

to be adaptive, in other words, to include both multimedia parts and a technical component. 

Smart education has to include generally external sources, without assistance to be improved due 

to connections to different channels, to allow the student to create own content. The modern 

course is the directed acts among which the training by means of the textbook occupies less than 

a third of time, Smart system is obliged to answer also to the same requirements (integration, the 

personal line of movement, etc.). 

The full educational and methodical material should be created and it should be renewed 

on the basis of use of technological innovations and Web resources, and containing regular 

statement of knowledge of data domain. Among conditions of the Smart system technologies 
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design there is implementation of cloud computing in design process and use of smart system, 

enhanced features of use of multimedia means, adaptivity and independence of a hardware 

component, interactivity of educational tools, filtering on the material perception level (the rating 

of knowledge), creation of the individual curriculum through a personal account of the student, 

group work of coauthors and readers. 

At the same time the purpose of clever training will be to make process of training more 

productive due to integration of educational process and the educational environment. By means 

of this environment the system allows to study any student not depending of his location. 

Transition from book information to active is one of criterion of transitions to the Smart training. 

It is possible to transfer knowledge with bigger effectiveness. At all this all knowledge have to 

contain in a uniform repository (storage). 
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ɸϬʜʘʪʧʘ. ɹʝʨʽʣʛʝʥ ʤʘϨʘʣʘʜʘ ʩϮʪ Ϻʥʜʽʨʽʩʽʥʜʝ ϺʥʽʤʥʽϬ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫʜʳϬ ʟʘʤʘʥʘʫʠ ϺϬʜʝʫ 

ϸʜʽʩʪʝʨʽʥʽϬ ʙʽʨʽ- ʷʜʨʦʣʳϨ ʤʘʛʥʠʪʪʽʢ ʨʝʟʦʥʘʥʩ ʥʝʛʽʟʽʥʜʝ ʤʘʛʥʠʪ Ϻʨʽʩʽʥ Ϩʦʣʜʘʥʫ ʞʘʡʣʳ ʘʡʪʳʣϤʘʥ. 

ʉʦϤʘʥ ʩϸʡʢʝʩ ʪʝʭʥʦʣʦʛʠʷʣʳϨ ϮʜʝʨʽʩʪʽϬ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣϤʘʥ ʙʘʩϨʘʨʫ ʞϮʡʝʩʽ Ϩϰʨʘʩʪʳʣʳʧ, 

ʩϮʪʪʽ ʤʘʛʥʠʪʪʝʫ ʘʨϨʳʣʳ ʦʥʳϬ ʢʝʡʙʽʨ ʩʘʧʘʣʳϨ ʢϺʨʩʝʪʢʽʰʪʝʨʽ ʤʝʥ ʬʠʟʭʠʤʠʷʣʳϨ Ϩϰʨʘʤʳʥ 

Ϻʟʛʝʨʪʫʛʝ ʙʦʣʘʪʳʥʳʥ ʢϺʨʩʝʪʝʪʽʥ ʟʝʨʪʪʝʫ ʥϸʪʠʞʝʣʝʨʽ ʢʝʣʪʽʨʽʣʜʽ. ʉϮʪʪʽϬ ʢʝʡʙʽʨ Ϩʘʩʠʝʪʪʝʨʽ 

ʤʝʥ ϨϰʨʘʤʳʥʳϬ ʩʘʣʳʩʪʳʨʤʘʣʳ ʛʨʘʬʠʢʪʝʨʽ ʪϰʨϤʳʟʳʣʘ ʦʪʳʨʳʧ, ʤʘʛʥʠʪ ʠʥʜʫʢʮʠʷʩʳʥʳϬ ʝϬ 

ʦϬʪʘʡʣʳ ʤϸʥʽ ʘʣʳʥʜʳ. 

 

 ʘʥסʜʝʨʽʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣװ ץʜʘ ʞʳʣ ᴇʪʢʝʥ ʩʘʡʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳשʘʟʽʨʛʽ ʪʘפ

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥʽש (ɸɹɾ) ץʘʨʳʰʪʘʧ ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʳ ʦשʪʘʡʣʘʥʜʳʨʫ ʤʝʥ 

ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥʽש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʙײʨʳʥʜʘʨʳ ʞʘʩʘʣסʘʥ ʤʦʜʝʣʴʜʝʨ ʤʝʥ 

ʞװʡʝʣʝʨʜʽ [1]- [4] ʞʘשʘʨʪʫ ʞᴅʥʝ ʞװʟʝʛʝ ʘʩʳʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ᴅʨ ʩʘʣʘ 

ʙʦʡʳʥʰʘ (ʘʫʳʨ ᴇʥʝʨʢᴅʩʽʧ, ʤײʥʘʡʛʘʟ, ʪʘסʘʤ ᴇʥʜʽʨʽʩʽ ʞᴅʥʝ ʪ.ʙ.) ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ 

ʙʘʩץʘʨʫ ʞװʡʝʩʽʥ ʞʘץʩʘʨʪʫסʘ ʢװʰ ʩʘʣʳʥʫʜʘ. ʉʦʥʳש ʽʰʽʥʜʝ ʪʘסʘʤ ᴇʥʜʽʨʽʩʽʥʝ ʜʝ ʝʨʝʢʰʝ ʜʝʥ 

 ʘʥ ʩʘʡʳʥץʘʤʳ ʘʨʪסʪʘʣ שʪʳʥʫʰʳʣʘʨʜʳײʪʘʥ, ʟʘʤʘʥ ʪʘʣʘʙʳʥʘ ʩʘʡ ʪץʦʡʳʣʫʜʘ. ʉʦʥʜʳץ

ʩʘʧʘʣʳ ᴅʨʽ ʧʘʡʜʘʣʳ ᴇʥʽʤʜʝʨʜʽ ᴇʥʜʽʨʫ ʤᴅʩʝʣʝʩʽ ʪʫʳʥʜʘʫʜʘ. ʆʩʳ ʪʘʣʘʧʪʘʨʜʳ ʝʩʢʝʨʝ 

ʦʪʳʨʳʧ, ʙʽʟ ʪײʨʤʳʩʪʘ ʢװʥʜʝʣʽʢʪʽ ʪײʪʳʥʘʪʳʥ ʩװʪʪʽש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʷʜʨʦʣʳץ 

ʤʘʛʥʠʪʪʽʢ ʨʝʟʦʥʩ  (ʗʄʈ) ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ɸɹɾ ײʩʳʥʳʧ ʦʪʳʨʤʳʟ. 
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 ʪװʪʪʽ ʤʘʛʥʠʪʪʝʫ ʙᴇʣʽʛʽʥʝʥ, ʩװʨʘʜʳ [5]:  ʩײʰ ʢʦʥʪʫʨʜʘʥ ʪװ ʘʥ ɸɹɾסʩʳʥʳʣʳʧ ʦʪʳʨױ

ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫ ʙᴇʣʽʛʽ ʞᴅʥʝ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʠʥʜʫʢʮʠʷʩʳʥʳץ שʘʞʝʪʪʽ ʤᴅʥʽʥ ʪײʨʘץʪʳ 

  .ʨʫ ʙᴇʣʽʛʽײʩʪʘʧ ʪײ

ᴆʥʽʤʜʽ ʤʘʛʥʠʪʪʽש ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʫ װʜʝʨʽʩʽ - ʪײʨʘץʪʳ ʥʝʤʝʩʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʝʨʜʽש 

ʢᴇʤʝʛʽʤʝʥ ʤʘʛʥʠʪ ᴇʨʽʩʽʥ ʪʫʜʳʨʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʷסʥʠ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש 

ʢʝʨʥʝʫʣʽʛʽʥʽש ʙʝʣʛʽʣʽ ʙʽʨ ʤᴅʥʽʥ ʙʝʨʝ ʦʪʳʨʳʧ, ʩװʪʪʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʤʝʥ ʩʘʧʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʽʥʽש ʢʝʡʙʽʨ ʰʘʤʘʣʘʨʳʥ ᴇʟʛʝʨʪʝʤʽʟ.  

ɸʪʘʣʤʳʰ ᴇʥʽʤʥʽש ʩʘʧʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʙʘץʳʣʘʫ ʗʄʈ-ʜʘʪʯʠʢ ʘʨץʳʣʳ 

ʦʨʳʥʜʘʣʘʜʳ. ʆʥʳש ʝʨʝʢʰʝʣʽʛʽ-ᴇʥʽʤʥʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ ᴇʟʛʝʨʽʩʽʥ ʪʦʣʳסʳʤʝʥ ʢᴇʨʩʝʪʝʜʽ 

ʞᴅʥʝ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽʥʽש ʰʘʤʘʩʳʥ ᴇʪʝ ʞʦסʘʨʳ ʜᴅʣʜʽʢʧʝʥ ײʩʪʘʧ ʪײʨʘʜʳ [6].  

ʆʩʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʞװʡʝʤʽʟʜʽװ שʰʽʥʰʽ ʙᴇʣʽʛʽʥʜʝ ʙʽʟ ץʘʞʝʪʪʽ ʰʘʤʘʥʳ 

ʞʠʽʣʽʢʪʽ-ʠʤʧʫʣʴʩʪʳ ʤʦʜʫʣʷʪʦʨʜʳש (ɾʀʄ) ʢᴇʤʝʛʽʤʝʥ ʨʝʪʪʝʧ, ʙʘʩץʘʨʘ ʘʣʘʤʳʟ. ɾʀʄ 

ʙʘʩץʘʨʫ 2-ʨʝʪʪʽ ʙʫʳʥ ʪװʨʽʥʜʝ ʙʝʨʽʣʛʝʥ [7].  

 שʨʛʽʟʽʣʝʜʽ. ɼʘʪʯʠʢʪʝʨʜʽװʡʝʜʝ ʘʣʜʳʤʝʥ ᴇʨʽʩ ʢʝʨʥʝʫʣʽʛʽʥ ᴇʣʰʝʫ ʞװʘʥ ʞסʘʨʘʩʪʳʨʳʣפ

ʞʦסʘʨסʳ ʜᴅʣʜʽʢʪʝʛʽ ᴇʣʰʝʤʽ ʙʽʨʪʝʢʪʽ ʝʤʝʩ ᴇʨʽʩʪʽש ʜʝשʛʝʡʽʥ ʨʝʪʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉװʪʪʽש ʩʘʧʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ᴇʟʛʝʨʪʫ ʗʄʈ ᴅʜʽʩʽ ʥʝʛʽʟʽʥʜʝ ʤʘʛʥʠʪʪʝʫ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʽש ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʽ ʨʝʟʦʥʘʥʩʪʳץ ᴇʨʽʩʪʽ ʪʫʜʳʨʫʰʳ ʤʘʛʥʠʪʪʝʨ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʉʦʣ ʩʝʙʝʧʪʽ ʤʘʛʥʠʪʪʽש ʤᴅʥʽ ʤʝʥ ᴇʨʽʩʪʽש ʙʽʨʪʝʢʪʽʣʽʛʽʥʝ ʞʦסʘʨʳ ʪʘʣʘʧ ץʦʡʳʣʘʜʳ. 

ʉװʪʪʽ ʤʘʛʥʠʪʪʽʢ ᴇשʜʝʫ ʞᴅʥʝ ʩװʪ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫʜʳש ɸɹɾ ʪᴇʤʝʥʜʝʛʽʜʝʡ ʙʝʨʽʣʛʝʥ (1-

ʩʫʨʝʪ) [8]: 

 

 
 

1-ʩʫʨʝʪ ʉװʪ ʞᴅʥʝ ʩװʪ ᴇʥʽʤʜʝʨʽʥʽש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫʜʳש ɸɹɾ ïʥʽײץ שʨʳʣʳʤʜʳץ ʩײʣʙʘʩʳ 

 

ɹײʣ ʞװʡʝ ײץʙʳʨ ʞʝʣʽʩʽʥʝʥ, ʰʠʙʝʨʜʝʥ, ʕʄ1 ʞᴅʥʝ ʕʄ2 ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʝʥ, ʗʄʈ 

ʜʘʪʯʠʛʽʥʝʥ, ץʫʘʪ ʢװʰʝʡʪʢʽʰʽʥʝʥ, ʮʠʬʨʣʳ-ʘʥʘʣʦʛʪʳץ ʪװʨʣʝʥʜʽʨʛʽʰʪʝʨʜʝʥ (ʎɸʊ), ʩװʪʪʽש 

ʢʽʨʽʩ ʞᴅʥʝ ʰʳסʳʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʙʘץʳʣʘʫ ʜʘʪʯʠʢʪʝʨʽʥʝʥ, ʩʠʛʥʘʣʜʳ ʙʘʩץʘʨʫ 

ʢʦʤʤʫʪʘʪʦʨʳʥʘʥ, ʢʦʤʧʴʶʪʝʨʜʝʥ, USB-ʧʦʨʪʪʘʥ, ʠʥʪʝʨʬʝʡʩʪʝʥ, ץʘʙʳʣʙʘʫʳʰʪʳ 

ʪʽʨʢʝʛʽʰʪʝʥ, ʤᴅʣʽʤʝʪʪʝʨʜʽ ʙʘʩץʘʨʫ ʞᴅʥʝ ʙʝʨʫ ײץʨʳʣסʳʣʘʨʳʥʘʥ ʪײʨʘʜʳ [9]. 

ʕʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳ ʦʨʘʤʜʘʨʜʳש ʧʦʣʶʩʪʽʢ ʝʢʽ 

 ʣײʨʘʜʳ. ɹײʘʥ ʤʘʛʥʠʪ ᴇʪʢʽʟʛʽʰʪʝʥ ʪסʳʥʘʥ ʙʦʣʪʧʝʥ ʙʝʢʽʪʽʣʽʧ ʦʨʥʘʪʳʣסʰʳ ʽʰ ʞʘײ

ʣɻʝʢʪʨʦʤʘʛʥʠʪʪʝʨ ʤʘʛʥʠʪ ʧʦʣʶʩʪʝʨʽʥʽש ʘʨʘʩʳʥʜʘסʳ ᴇʨʽʩ ʢʝʨʥʝʫʣʽʛʽʥʝ ץʘʞʝʪʪʽ ʙʝʨʽʣʝʪʽʥ 

ʢʝʨʥʝʫʜʽש ʤᴅʥʽʥ ʨʝʪʪʝʧ ʦʪʳʨʘʪʳʥ ɺ-24 ʪװʟʝʪʢʽʰʽʥʝʥ ץʦʨʝʢʪʝʥʝʜʽ ʞᴅʥʝ ʦʥʳש ʞʘʣʧʳ 

ʢᴇʨʽʥʽʩʽ ʪᴇʤʝʥʜʝʛʽ 2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ [10].  
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2- ʩʫʨʝʪ ʉװʪʪʽ ʤʘʛʥʠʪʪʽʢ ᴇשʜʝʫ ײץʨʳʣסʳʩʳʥʳש ʢᴇʣʜʝʥʝץ שʠʤʘʩʳʥʳש ʩײʣʙʘʩʳ: 

1 ï ʵʣʝʢʪʨʦץʰʘʫʣʘʥסʘʥ ʢʦʨʧʫʩʳ; 2 ï ʤʘʛʥʠʪײץʙʳʨʳ; 3 ï ʵʣʝʢʪʨʦץʰʘʫʣʘʥסʘʥ ʙʽʪʝʫʽʰ; 4 ï 

ʧʦʣʶʩʪʽʢ; 5 ï ʦʨʘʤ-ʢʘʪʫʰʢʘ (315 ʦʨʘʤʥʘʥ ʪײʨʘʪʳʥ ʜʠʘʤʝʪʨ 0,85 ʤʤïʣʽʢ ʇʕɺ-2 ᴇʪʢʽʟʛʽʰ ʩʳʤʳ); 6 

ï ʙʝʢʽʪʫ ʚʠʥʪʽ; 7 ïʢʣʝʤʤʘʣʳץ ʢʦʣʦʜʢʘ. 

 

ʉײʡʳץʪʘʨʜʳ ʤʘʛʥʠʪʪʽʢ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʞװʡʝʜʝʛʽ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽʥ ʨʝʪʪʝʫ 

 ʞʠʽʣʽʢʪʽʢ-ʠʤʧʫʣʴʩʪʽʢ ץʬʠʣʴʪʨʽ ʙʘʨ ʜʠʥʘʤʠʢʘʣʳ ץʰʽʥ ʘʧʝʨʠʦʜʪʳ ʝʢʽʥʰʽ ʨʝʪʪʽ ʙʫʳʥʜʳװ

ʤʦʜʫʣʷʪʦʨ (ɸɽʈɹʌ ɼɾʀʄ) ʧʘʡʜʘʣʘʥʳʣʘʜʳ [11]. ʉײʡʳץʪʳ ʤʘʛʥʠʪʪʝʫʜʽש ɸɽʈɹʌ ɾʀɾ-ʽ  

ī ʝʢʽ ʙᴇʣʽʢʪʝʥ ʪײʨʘʪʳʥ ʪײʡʳץ ʞװʡʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳש ʙʽʨʽ ī  ʝʢʽʥʰʽ ʨʝʪʪʽ ʙʫʳʥ 

ʪװʨʽʥʜʝʛʽ ʬʠʣʴʪʨʣʽ ɾʀʄ ʙʦʣʩʘ, ʝʢʽʥʰʽʩʽī ʢʝʣʪʽʨʽʣʛʝʥ װʟʜʽʢʩʽʟ ʙᴇʣʽʢ (ʂתɹ). ɹײʣ ʞװʡʝʥʽש 

 .ʩʳʟʙʘʩʳ  3- ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ [12] ץʨʳʣʳʤʜʳײץ

 

 
 

3- ʩʫʨʝʪ  ɸɽʈɹʌ ɼɾʀʄ ïʥʽײץ שʨʳʣʳʤʜʳץ ʩʳʟʙʘʩʳ 

 

ʄʘʛʥʠʪʪʝʫ ʞװʡʝʩʽʥ ʙʘʩץʘʨʫʜʳש ʢʽʨʽʩʽʥʜʝ ʪײʨʘץʪʳ ʢʝʟʜʝʡʩʦװ ץʜʝʨʽʩ f(t) ᴅʩʝʨ ʝʪʝʜʽ. 

ʊװʟʫ ʪʽʟʙʝʢ ʠʤʧʫʣʴʩʪʽʢ ʞᴅʥʝ ʢʝʣʪʽʨʽʣʛʝʥ װʟʜʽʢʩʽʟ ʙᴇʣʽʢʪʝʥ ʪײʨʘʜʳ. ʀʤʧʫʣʴʩʪʽʢ ʙᴇʣʽʢʪʽש 

ʨᴇʣʽʥ ʘʧʝʨʠʦʜʪʳ 2-ʨʝʪʪʽ ʙʫʳʥ ʪװʨʽʥʜʝʛʽ ʬʠʣʴʪʨʣʽ (ɸɽʈɹʌ) ɾʀʄ ʘʪץʘʨʘʜʳ.  ɾʠʽʣʽʢʪʽ 

ʠʤʧʫʣʴʩʪʳץ ʞװʡʝʥʽש ɸɽʈɹʌ ʙᴇʣʽʛʽ ʬʠʣʴʪʨʜʝʥ (ʌ) ʞᴅʥʝ ʠʤʧʫʣʴʩʪʳײץ ץʨʳʣסʳʜʘʥ (ʀפ) 

ʪײʨʩʘ, ʂתɹ ץʘʣʳʧʪʘʩʪʳʨʫʰʳ ʵʣʝʤʝʥʪʪʝʥ (פʕ), ʘʪץʘʨʫ ʤʝʭʘʥʠʟʤʽʥʝʥ (ɸʪʄ) ʞᴅʥʝ Õ(t) 

ʩʳʨʪץʳ ʰʫ ᴅʩʝʨ ʝʪʝʪʽʥ ʢʝʰʽʛʫʣʽ ʦʙʲʝʢʪʽʩʽʥʝʥ (ʂʆ) ײץʨʘʣסʘʥ. 

ʂʝʣʪʽʨʽʣʛʝʥ ɸɹɾ ʩװʪʪʽש ʩʘʧʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʢʝʡʙʽʨ ʧʘʨʘʤʝʪʨʣʝʨʽʥ (ʤʘʡʜʳש 

ʤʘʩʩʘʣʳװ ץʣʝʩʽ, ʪײʪץʳʨʣʳץ, ʘץʫʳʟʜʳש ʤʘʩʩʘʣʳװ ץʣʝʩʽ, ץʳʰץʳʣʜʳײץ ,ץʨסʘץ 

ʤʘʡʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʩװʪ ץʘʣʜʳסʳ-פʄʉפ) ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ. 

 ʨʣʽ ʤᴅʥʜʝʨʽʥ ʙʝʨʝ ʦʪʳʨʳʧװᴅʨʪ שʢʝʨʥʝʫʣʽʛʽʥʽ שʡʝʜʝ ʤʘʛʥʠʪ ᴇʨʽʩʽʥʽװʘʥ ʞסʨʘʩʪʳʨʳʣײפ

ʩװʪʪʽ ʵʣʝʢʪʨʦʤʘʛʥʠʪ ʦʨʥʘʪʳʣסʘʥ ײץʙʳʨ ʞʝʣʽʩʽʥʝʥ ᴇʪʢʽʟʽʣʜʽ. ʂʝʡʽʥ ʦʥʳש ʩʘʧʘʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪʘʣʜʘʫʣʘʨ ʞװʨʛʽʟʽʣʜʽ. ʄʘʛʥʠʪʪʽʢ ᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ 

 שʘʤʜʘʨʜʳסᴇʥʜʽʨʽʩʪʽʢ ʪʘ שʫʥʠʚʝʨʩʠʪʝʪʽʥʽ ץʪʘʣʜʘʫʣʘʨʳ ɸʣʤʘʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳ שʣʛʽʣʝʨʜʽװ
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ʩʘʧʘʩʳ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʙʘסʘʣʘʫ ʟʝʨʪʭʘʥʘʩʳʥʜʘ çʃʘʢʪʘʥ 1-4 ʄè ʘʥʘʣʠʟʘʪʦʨʳ ʘʨץʳʣʳ 

ʞʘʩʘʣʜʳ. ɸʣʳʥסʘʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʤʘʛʥʠʪ ᴇʨʽʩʽ ʩװʪʪʽש ʢʝʡʙʽʨ ץʘʩʠʝʪʪʝʨʽʥʝ 

ᴅʩʝʨʽ ʝʪʝʪʽʥʜʽʛʽ ʘʥʳץʪʘʣʜʳ. 1-ʢʝʩʪʝʜʝ ʗʄʈ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʞװʡʝʜʝ ʤʘʛʥʠʪʪʽʢ ʨʝʟʦʥʘʥʩ 

ʪʫʜʳʨʘ ʦʪʳʨʳʧ ᴇשʜʝʫʜʝʥ ᴇʪʢʝʥ ʩװʪʪʽש ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ײʩʳʥʳʣסʘʥ [12].  

 
1 ʢʝʩʪʝ. ʄʘʛʥʠʪʪʽʢ ᴇשʜʝʫʛʝ ʜʝʡʽʥʛʽ ʞᴅʥʝ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥʛʽ ʩװʪʪʽש ʢʝʡʙʽʨ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

ʩʘʣʳʩʪʳʨʫ ʥᴅʪʠʞʝʣʝʨʽ 

 

ᴆשʜʝʫʛʝ ʜʝʡʽʥʛʽ װʣʛʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ʄʘʡʣʳʣʳסʳ, 

% 

 ,פʄʉפ

% 

ʪʳסʳʟʜʳסʳ, 

ʛʨʘʜ/ʣ 

ʣʘʢʪʦʟʘ, 

ʛ/100 ʤʣ 

3,72 8,50 29,26 9,500 

ʄʘʛʥʠʪʪʽʢ 

ᴇשʜʝʫʜʝʥ 

ᴇʪʢʽʟʽʣʛʝʥ 

 שʣʛʽʣʝʨʜʽװ

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

U, B 
I1, 

A 
I2, A 

B, 

ʊʣ 

ʄʘʡʣʳʣʳסʳ, 

% 

 ,פʄʉפ

% 

ʪʳסʳʟʜʳסʳ, 

ʛʨʘʜ/ʣ 

ʣʘʢʪʦʟʘ, 

ʛ/100 ʤʣ 

ˉ1 11,24 
 

 

8 

5,77 
 

 

8,66 

3,96 8,54 29,23 13,740 

ˉ2 11,20 5,24 3,87 8,57 29,40 11,479 

ˉ3 11,36 5,75 3,93 8,22 29,83 13,215 

ˉ4 11,36 5,71 3,91 8,49 29,07 25,683 

 

ʊʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʩװʪʪʽש ʢʝʩʪʝʜʝ ʙʝʨʽʣʛʝʥ ʤʽʥʜʝʨʽʥʝʥ ʙᴇʣʝʢ ץʳʰץʳʣʜʳסʳ 

ʤʝʥ  ʪײʪץʳʨʣʳסʳ ʜʘ ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘʡʪʳʥʳ ʘʥʳץ ʙʦʣʜʳ. ʄʳʩʘʣʳ, ʪײʪץʳʨʣʳץ ʢʦʵʠʮʠʝʥʪʽ 

ʙʘʩʪʘʧץʳ 86 % ʢᴇʨʩʝʪʢʽʰʽ ˉ4 װʣʛʽʜʝ 93 ʧʘʡʳʟסʘ ʜʝʡʽʥ ʘʨʪץʘʥ. ɸʣ ˉ3 װʣʛʽʥʽש ʪײʪץʳʨʣʳסʳ 

66 ʧʘʡʳʟסʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʪʽʣʜʽ. ʊײʪץʳʨʣʳץʪʳש ʞʦסʘʨסʳ ʢᴇʨʩʝʪʢʽʰʽ ʢʽʣʝʛʝʡ, ץʦʡʳʪʳʣסʘʥ 

ʩװʪ, ץʘʡʤʘץ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʪʠʽʤʜʽ. ɸʣ ʩʫʩʳʥ ʨʝʪʽʥʜʝ ʥʝʤʝʩʝ ʰʘʡ ץʘʪʳץץʘ ʘʨʥʘʣסʘʥ ʩװʪʪʽ 

ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ץʳʰץʳʣʜʳסʳ ʪᴇʤʝʥʛʽ ʤᴅʥʜʝ ʙʦʣʫ ʢʝʨʝʢ: ʤʘʡʩʳʟʜʘʥʜʳʨʳʣסʘʥ ʧʽʩʽʨʽʣʛʝʥ 

ʩװʪī190 ʊ; ʜᴅʨʫʤʝʥʜʝʨʤʝʥ ʙʘʡʳʪʳʣסʘʥ ʩװʪ ī180ʊ; ײץʨסʘץ ʩװʪ ᴇʥʜʽʨʫ װʰʽʥ ʝש ʪᴇʤʝʥʛʽ 

ʢᴇʨʩʝʪʢʽʰ ʙʦʣʫʳ ʰʘʨʪ. ʂʝʨʽʩʽʥʰʝ, ʘʰʳʪʳʣʫʳ ᴅʨʪװʨʣʽ ʽʨʽʤʰʽʢʪʝʨ, ʘʡʨʘʥ, ʩװʟʙʝ, ʪ.ʙ. 

ᴇʥʽʤʜʝʨ ʜʘʡʳʥʜʘסʘʥʜʘ ʩװʪʪʽץ  שʳʰץʳʣʜʳסʳʥ ʘʨʪʪʳʨʳʧ,  ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

 ʦʣʜʘʥʫ ʵʥʝʨʛʠʷʥʳ ʢᴇʧץ  ʪ ᴇʥʜʽʨʽʩʽʥʜʝװʘʥ ᴅʜʽʩʪʽ ʩסʩʳʥʳʣײ ,ʦʨʳʪʘ ʢʝʣʛʝʥʜʝפ

ʤᴇʣʰʝʨʜʝ װʥʝʤʜʝʡ ʦʪʳʨʳʧ, ʩװʪʪʽ ʧʘʩʪʝʨʣʝʤʝʡ ʞᴅʥʝ ʩʘʣץʳʥʜʘʪץʳʰ ײץʨʘʣʜʘʨʜʳש 

ʢᴇʤʝʛʽʥʩʽʟ-ʘץ ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʘ ʘʣʘʜʳ ʞᴅʥʝ ʦʥʳש ʢʝʡʙʽʨ ʩʘʧʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ  ץʘʣʘסʘʥ ʤᴅʥʽʥʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  
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ɸʥʥʦʪʘʮʠʷ. ʄʘϨʘʣʘʜʘ ʙʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳϬ ʞϰʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ 

ʞϸʥʝ ʠʥʪʝʨʥʝʪʪʝʛʽ ϨʦʣʜʘʥʳʩʪʘϤʳ Ϩʘʨʞʳ ʞϮʡʝʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨϤʘʥʜʘϤʳ ʥʝʛʽʟʛʽ  

ʘʨʪʳϨʰʳʣʳϨʪʘʨʳ ʘʪʘʧ Ϻʪʽʣʝʜʽ. ɹʣʦʢʪʘʨ ʪʽʟʙʝʛʽ Ϩϰʨʳʣʳʧ, ϸʨʙʽʨ ʙʣʦʢϨʘ ʪʨʘʥʟʘʢʮʠʷʣʘʨ 

ʞʘʟʳʣʘʜʳ. ʕʣʝʢʪʨʦʥʜʳ ϸʤʠʷʥ ʞʘʩʘʣʳʧ, ʘϨʰʘ ʞʽʙʝʨʽʧ ʪʝʢʩʝʨʫ ʘʨϨʳʣʳ ʙʣʦʢʯʝʡʥ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʵʣʝʢʪʨʦʥʜʳ ʘϨʰʘ ʭʘʪʪʘʤʘʩʳ ʞʘʩʘʧ ʰʳϤʘʨʳʣʘʜʳ. 

 

ɹʣʦʢʯʝʡʥ ï ʞʝʣʽʜʝ ʘץʧʘʨʘʪʪʘʨʜʳ ʩʘץʪʘʡʪʳʥ ʙʝʣʛʽʣʽ ʙʽʨ ʪᴅʨʪʽʧ ʙʦʡʳʥʰʘ ײץʨʳʣסʘʥ 

ʙʣʦʢʪʘʨ ʪʽʟʙʝʛʽ (block-ʙʣʦʢ, chain-ʪʽʟʙʝʢ). פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʦʣ ʪװʨʣʽ ʢʨʠʧʪʦʚʘʣʶʪʘʣʘʨʜʘ 

ʪʨʘʥʟʘʢʮʠʷʣʘʨ ʞװʨʛʽʟʫʛʝ ץʦʣʜʘʥʳʣʳʧ ʞװʨ. ʂʨʠʧʪʦʚʘʣʶʪʘ  ï ʦʨʪʘʣʳץʪʘʥ ʙʘʩץʘʨʳʣʤʘʡʪʳʥ 

ʮʠʬʨʣʽʢ ʝʩʝʧʪʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨ. פʘʨʘʧʘʡʳʤ ʪʽʣʤʝʥ ʘʡʪץʘʥʜʘ ï ɻ ʣʝʢʪʨʦʥʜʳ ʚʘʣʶʪʘ.  ɸʣʘʡʜʘ, 

çʙʣʦʢʯʝʡʥè ʞװʡʝʩʽʥʜʝ ᴇʟʛʝ ʜʝ ʘץʧʘʨʘʪʪʘʨʜʳ ʩʘץʪʘʫסʘ ʙʦʣʘʜʳ [1,2]. 

ɼᴅʩʪװʨʣʽ ʙʘʥʢ ʪʨʘʥʟʘʢʮʠʷʣʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʙʣʦʢʯʝʡʥʥʽש ʥʝʛʽʟʛʽ ʙʘʩʳʤʜʳסʳ ï 

ʘʨʘʜʘ ʜʝʣʜʘʣʜʘʨʜʳש ʙʦʣʤʘʫʳ. פʘʟʽʨʛʽ ʪʘשʜʘ ʘץʰʘʣʘʨʤʝʥ, ײץʞʘʪʪʘʨʤʝʥ ʥʝʤʝʩʝ ᴇʟʛʝ ʜʝ 

ʤᴅʣʽʤʝʪʪʝʨʤʝʥ ʞװʨʛʽʟʽʣʝʪʽʥ ʙʘʨʣʳץ ʦʧʝʨʘʮʠʷʣʘʨ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʜʝʣʜʘʣʜʘʨ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. ɹʘʥʢʪʝʨ, ʤʝʤʣʝʢʝʪʪʽʢ ʦʨʛʘʥʜʘʨ ʥʝʤʝʩʝ ʥʦʪʘʨʠʫʩʪʘʨ ᴅʨʜʘʡʳʤ ʞװʨʛʽʟʽʣʛʝʥ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳש ʰʳʥʘʡʳʣʳסʳʥ ʨʘʩʪʘʧ ʦʪʳʨʘʜʳ [3]. ɸʣ ʙʣʦʢʯʝʡʥʥʽש 

https://ieeexplore.ieee.org/abstract/document/8634747/
https://ieeexplore.ieee.org/abstract/document/8634747/
mailto:ademi_a@mail.ru
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ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʦʨʛʘʥʳ ʞʦץ. ʆʣ ï ʙʘʩʰʳʣʳץʩʳʟ ץʳʟʤʝʪ ʝʪʝʪʽʥ ʞʘʣʧʳסʘ ʦʨʪʘץ 

ʘʫץʳʤʜʳ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʟʘʩʳ. ʆʥʜʘ ʞװʨʛʽʟʽʧ ʞʘʪץʘʥ ʪʨʘʥʟʘʢʮʠʷʣʘʨʜʳ ʞװʡʝʥʽש ʙʘʨʣʳץ 

 ,ʳʥ ʨʘʩʪʘʧסʰʳʥʘʡʳʣʳ שʘʥ ᴅʨʝʢʝʪʪʝʨʜʽסʘʨʳʣץʘʪʳʩʫʰʳʣʘʨʳ ʢᴇʨʝ ʘʣʘʜʳ. ʆʣʘʨ ʘʪץ

ʞװʨʛʽʟʽʣʛʝʥ ʪʨʘʥʟʘʢʮʠʷʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʘץʧʘʨʘʪʪʘʨʜʘʥ ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥ ʙʣʦʢʪʘʨʜʳ 

ʪʽʟʝʜʽ. ɸʣ ʞװʡʝ ץʦʣʜʘʥʫʰʳʣʘʨʳʥʳש ʞʝʢʝ ʙʘʩʳʥʘ ץʘʪʳʩʪʳ ʤᴅʣʽʤʝʪʪʝʨ ײץʧʠʷ ʩʘץʪʘʣʘʜʳ[4]. 

ɽʥʜʽ ʦʩʳ ʙʣʦʢʯʝʡʥʥʽש ʞײʤʳʩ ʽʩʪʝʫ ʧʨʠʥʮʠʧʽʥ ʪװʩʽʥʫ װʰʽʥ ʙʣʦʢʪʘʨ ʪʽʟʙʝʛʽʥ 

ʧʨʦʛʨʘʤʤʘ ʪװʨʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʘʡʳץ. ɹʣʦʢʯʝʡʥʜʽ ʢʝʟ ʢʝʣʛʝʥ ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʽʣʽʥʜʝ ʞʘʩʘʫסʘ 

ʙʦʣʘʜʳ. Java ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʽʣʽʥʜʝ ʞʘʩʘʫ װʰʽʥ  Eclipse ײץʨʘʣʳ ץʘʞʝʪ.  

ɹʣʦʢʯʝʡʥʜʘסʳ ᴅʨʙʽʨ ʙʣʦʢʪʘ ᴇʟʽʥʽש ʮʠʬʨʣʳץ ץʦʣʪʘשʙʘʩʳ, ʘʣʜʳסשʳ ʙʣʦʢʪʳש ʮʠʬʨʣʳץ 

 ʣ ʜʝʨʝʢʪʝʨ ʪʨʘʥʟʘʢʮʠʷʣʘʨ ʙʦʣʫʳײʘʥʜʘʡ ʜʘ ʙʽʨ ʤᴅʣʽʤʝʪʪʝʨ (ʤʳʩʘʣʳ, ʙץ ʙʘʩʳ ʞᴅʥʝשʦʣʪʘץ

ʤװʤʢʽʥ) ʙʦʣʘʜʳ.  

ʍʵʰ = ʎʠʬʨʣʳץ ץʦʣʪʘשʙʘ. 

ɸʣʜʳסשʳ ʙʣʦʢʪʳש ʜʝʨʝʢʪʝʨʽ ᴇʟʛʝʨʪʽʣʩʝ, ʘʣʜʳסשʳ ʙʣʦʢʪʳש ʭʝʰʽ ᴇʟʛʝʨʝʜʽ (ʦʣ 

ʜʝʨʝʢʪʝʨʜʝʥ ʽʰʽʥʘʨʘ ʝʩʝʧʪʝʣʝʪʽʥʜʽʢʪʝʥ), ʩʦʜʘʥ ʢʝʡʽʥ ʙʣʦʢʪʘʨʜʳש ʙʘʨʣʳץ ʭʵʰʪʘʨʳʥʘ ᴅʩʝʨ 

ʝʪʝʜʽ. ʍʵʰʪʝʨʜʽ ʝʩʝʧʪʝʫ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʫ ʙʣʦʢʯʝʡʥʥʽש ʞʘʨʘʤʩʳʟ ʝʢʝʥʽʥ ʢᴇʨʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. 

    Block ʢʣʘʩʩʳʥʜʘ ʙʣʦʢʪʘʨʜʳײץ שʨʳʣʳʤʳʥ ʢᴇʨʩʝʪʝʤʽʟ: 

public class Block { 

 public String hash; 

 public String previousHash; 

 private String data; 

 private long timeStamp; 

 //Block Constructor. 

 public Block(String data,String previousHash ) { 

  this.data = data; 

  this.previousHash = previousHash; 

  this.timeStamp = new Date().getTime(); } 

 

ʂᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ, ʥʝʛʽʟʛʽ ʙʣʦʢʪʘ ʩʘʥʜʳץ ץʦʣʪʘשʙʘ String Hash ʙʘʨ. 

PreviousHash ʘʡʥʳʤʘʣʳʩʳ ʘʣʜʳסשʳ ʙʣʦʢʪʳש ʭʵʰʪʝʨʽʥ ʞᴅʥʝ String data ʙʣʦʢʪʳש 

ʜʝʨʝʢʪʝʨʽʥ ʩʘץʪʘʫסʘ ʘʨʥʘʣסʘʥ. 

 

 
 

ʉʫʨʝʪ. 1 ɹʣʦʢʪʘʨ ʪʽʟʙʝʛʽ 

 

ɹײʜʘʥ ʢʝʡʽʥ ʵʣʝʢʪʨʦʥʜʳץ ʮʠʬʨʣʳץ ץʦʣʪʘשʙʘʥʳ ײץʨʫʜʳש ʪᴅʩʽʣʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. 

ʅʝʛʽʟʽʥʝʥ, ʵʣʝʢʪʨʦʥʜʳץ ʮʠʬʨʣʳץ ץʦʣʪʘשʙʘʥʳ ײץʨʫסʘ ʘʨʥʘʣסʘʥ ᴇʪʝ ʢᴇʧ ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ 

ʘʣʛʦʨʠʪʤʜʝʨ ʙʘʨ, ʙʽʨʘץ  ʙʽʟʜʽש ʞʘסʜʘʡʜʘ SHA256 ʘʣʛʦʨʠʪʤʽ ᴇʪʝ ץʦʣʘʡʣʳ. 

Java.security.MessageDigest ʠʤʧʦʨʪʪʘʫ ʘʨץʳʣʳ  SHA256 ʘʣʛʦʨʠʪʤʽʥʝ ץʦʣ ʞʝʪʢʽʟʫʛʝ 

ʙʦʣʘʜʳ. 

ɹʽʨʽʥʰʽ ʙʣʦʢ ʛʝʥʝʟʠʩ ʙʣʦʛʳ ʜʝʧ ʘʪʘʣʘʜʳ, ʘʣ ʘʣʜʳסשʳ ʙʣʦʢ ʞʦץ ʙʦʣסʘʥʜʳץʪʘʥ, 

ʘʣʜʳסשʳ ʭʵʰ ʨʝʪʽʥʜʝ çnullè ʤᴅʥʽʥ ʝʥʛʽʟʝʤʽʟ. 

private Block generateGenesis() { 

Block genesis = new Block("0x200", new java.util.Date(), "<transactions>"); 
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  genesis.setPreviousHash(null); 

  genesis.computeHash(); 

  return genesis; 

ʇʨʦʛʨʘʤʤʘʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ, ʪᴇʨʪ ʙʣʦʢ ײץʨʳʣʜʳ. ᴄʨʙʽʨ ʙʣʦʢ ץʘʥʜʘʡ ʜʘ ʙʽʨ 

ʤᴅʣʽʤʝʪʪʝʥ, ʫʘץʳʪ ʙʝʣʛʽʩʽʥʝʥ, ʞʝʢʝ ʭʵʰʪʝʥ ʞᴅʥʝ ʘʣʜʳסשʳ ʙʣʦʢ ʭʵʰʽʥʝʥ ʪײʨʘʜʳ: 

 

 
 

ʉʫʨʝʪ. 2 ʇʨʦʛʨʘʤʤʘ ʥᴅʪʠʞʝʩʽ 

 

ɹʣʦʢ ʭʵʰʳ 0 ʩʘʥʳʥʘʥ ʙʘʩʪʘסʘʥסʘ ʜʝʡʽʥ ʙʣʦʢʪʘסʳ ʘʡʥʳʤʘʣʳʥʳש ᴅʨʪװʨʣʽ ʤᴅʥʜʝʨʽʥ 

 ᴇʥʽʤʜʽʣʽʢʪʽ ʪʝʢʩʝʨʫʣʝʨʽʥ ʪʘʣʘʧ ʝʪʝʜʽ. MineBlock () ᴅʜʽʩʽ int שʦʡʳʧ ʪʝʢʩʝʨʽʧ, ʤʘʡʥʝʨʣʝʨʜʽץ

ʤᴅʥʽʥ ץʘʙʳʣʜʘʡʜʳ. ᴄʨ ʞʘשʘ ʙʣʦʢ װʰʽʥ mineBlock () ᴅʜʽʩʽʥ ʽʩʢʝ ץʦʩʫ ʞᴅʥʝ Blockchain 

ʢʣʘʩʩʳʥ ʞʘשʘʨʪʫ ʢʝʨʝʢ. IsChainValid () ʣʦʛʠʢʘʩʳ ʢᴇʤʝʛʽʤʝʥ ᴅʨʙʽʨ ʙʣʦʢʪʳש ʭʝʰʽ 

ʰʝʰʽʣʛʝʥʽʥ ʪʝʢʩʝʨʫʽ ʢʝʨʝʢ. ᴄʨʙʽʨ ʙʣʦʢ ʤʘʡʥʠʥʛʽ ʙʽʨʥʝʰʝ ʫʘץʳʪʪʳ ʘʣʘʜʳ (ʰʘʰʘʤʝʥ 

3ʩʝʢʫʥʜ) [5]. 

ɽʛʝʨ ʙʽʨʝʫ blockchain ʞװʡʝʩʽʥʜʝ ʤᴅʣʽʤʝʪʪʝʨʜʽ ᴇʟʛʝʨʪʢʽʩʽ ʢʝʣʩʝ: 

¶ ʦʥʳש ʙʣʦʢʯʝʡʥʽ ʞʘʣסʘʥ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ; 

 ;ʨʘʡ ʘʣʤʘʡʜʳײץ ʟʳʥ ʙʣʦʢʪʘʨ ʪʽʟʙʝʛʽʥײ ¶

¶ ʩʽʟʜʽש ʞʝʣʽשʽʟʜʝʛʽ ʙʣʦʢʪʘʨ ʪʽʟʙʝʛʽ ʝײ שʟʳʥ ʪʽʟʙʝʛʝ ʫʘץʳʪʳʥʜʘ ʠʝ ʙʦʣʘʜʳ. 

ɸʣ ʞʘʩʘʥʜʳ ʙʣʦʢʯʝʡʥ ʰʳʥʘʡʳ ʞᴅʥʝ ײʟʳʥ ʪʽʟʙʝʢʢʝ ʞʝʪʝ ʘʣʤʘʡʜʳ. ɹײʣ ײץʨʳʣסʘʥ 

ʙʣʦʢʪʘʨ ʪʽʟʙʝʛʽ ᴅʟʽʨʛʝ ʙʦʩ, ʷסʥʠ ʦʥʳש ʽʰʽʥʜʝ ʞʘʡ סʘʥʘ ץʘʞʝʪʩʽʟ ʤᴅʣʽʤʝʪʪʝʨ ʙʘʨ. ɽʥʜʽ ʦʥʳש 

ʽʰʽʥʝ ʪʨʘʥʟʘʢʮʠʷʥʳ ʞʘʟʫ װʰʽʥ ʘʣʜʳʤʝʥ ʵʣʝʢʪʨʦʥʜʳ ᴅʤʠʷʥ ײץʨʫ ץʘʞʝʪ. ʅᴅʪʠʞʝʩʽʥʜʝ 

 .ʘ ʙʦʣʘʜʳסʘʨʫסʘʨʘʧʘʡʳʤ ʢʨʠʧʪʦʚʘʣʶʪʘ ʞʘʩʘʧ ʰʳץ

ɽש ʘʣʜʳʤʝʥ, ʘʰʳץ ʞᴅʥʝ ʞʘʙʳץ ʢʽʣʪʪʝʨʜʽ ʩʘץʪʘʡʪʳʥ Wallet ʢʣʘʩʩʳʥ ײץʨʘʤʳʟ. 

public class Wallet { 

 public PrivateKey privateKey; 

 public PublicKey publicKey; 

 ʣײʢʽʣʪ ʘʜʨʝʩ ʨʝʪʽʥʜʝ ʙʦʣʘʜʳ. ɹ ץʰʽʥ ʘʰʳװ ʨʘʩʪʳʨʘʪʳʥ ʢʨʠʧʪʦʚʘʣʶʪʘײפ

ʙʘʩץʘʣʘʨʤʝʥ ʘʰʳץ ʢʽʣʪʧʝʥ ʙᴇʣʽʩʽʧ, ʪᴇʣʝʤʜʽ ץʘʙʳʣʜʘʫ װʰʽʥ ץʘʞʝʪ. ɸʣ ʞʘʙʳץ ʢʽʣʪ 

ʪʨʘʥʟʘʢʮʠʷʣʘʨסʘ ץʦʣ ץʦʶ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ, ʙʽʟʜʽש ʢʨʠʧʪʦʚʘʣʶʪʘʥʳ ʞʘʙʳץ 

ʢʽʣʪ ʠʝʩʽʥʝʥ ʙʘʩץʘ ʝʰʢʽʤ ץʦʣʜʘʥʘ ʘʣʤʘʡʜʳ. פʦʣʜʘʥʫʰʳʣʘʨ ᴇʟʽʥʽש ʞʝʢʝ ʢʽʣʪʽʥ ײץʧʠʷʜʘ 

 ʢʽʣʪʽʤʽʟʜʽ ʪʨʘʥʟʘʢʮʠʷʤʝʥ ʙʽʨʛʝ ʞʽʙʝʨʝʤʽʟ ʞᴅʥʝ ʦʣ ץʙʽʟ ʘʰʳ ,ץʩʪʘʫʳ ʢʝʨʝʢ. ʉʦʥʜʘʡ-ʘײ

 ʰʽʥװ ᴇʟʛʝʨʤʝʛʝʥʽʥ ʪʝʢʩʝʨʫ שʞʘʨʘʤʜʳ ʝʢʝʥʽʥ ʞᴅʥʝ ʜʝʨʝʢʪʝʨʜʽ שʙʘʤʳʟʜʳשʦʣʪʘץ

ʧʘʡʜʘʣʘʥʳʣʘʜʳ [6]. 
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KeyPair-ʜʝ ʘʰʳץ ʞᴅʥʝ ʞʘʙʳץ ʢʽʣʪʪʝʨʽʤʽʟʜʽ ʛʝʥʝʨʘʮʠʷʣʘʡʤʳʟ. ʂʽʣʪʪʝʨ ʞײʧʪʘʨʳʥ 

ʞʘʩʘʫ װʰʽʥ ʵʣʣʠʧʪʠʢʘʣʳץ ץʠʩʳץ ʢʨʠʧʪʦʛʨʘʬʠʷʩʳʥ ץʦʣʜʘʥʘʤʳʟ. ʆʣ װʱʽʥ Wallet ʢʣʘʩʩʳʥʘ 

agenerateKeyPair() ᴅʜʽʩʽʥ ץʦʩʳʧ ʢʦʥʩʪʨʫʢʪʦʨʜʘ ʰʘץʳʨʘʤʳʟ: 

ᴄʨʙʽʨ  ʪʨʘʥʟʘʢʮʠʷ ʙʝʣʛʽʣʽ ʙʽʨ ʤᴅʣʽʤʝʪʪʝʨ ʩʘʥʳʥʘʥ ʪײʨʘʜʳ [7]: 

¶ ʘץʰʘ ʞʽʙʝʨʫʰʽʥʽש ʘʰʳץ ʢʽʣʪʽ (ʤʝʢʝʥ-ʞʘʡ). 

¶ ʘץʰʘ ʘʣʫʰʳʥʳש ʘʰʳץ ʢʽʣʪʽ (ʤʝʢʝʥ-ʞʘʡ). 

¶ ʘʫʜʘʨʳʣʘʪʳʥ ץʘʨʘʞʘʪʪʳײץ שʥʳ / ʩʦʤʘʩʳ. 

¶ ʘʣʜʳסשʳ ʪʨʘʥʟʘʢʮʠʷʣʘʨסʘ ʩʽʣʪʝʤʝ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʞᴅʥʝ ʞʽʙʝʨʫʰʽʥʽש ʞʽʙʝʨʫʛʝ 
ʘʨʥʘʣסʘʥ ʘץʰʘʩʳʥʳש ʞʝʪʢʽʣʽʢʪʽ ʝʢʝʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʡʪʽʥ ʢʽʨʽʩ ʤᴅʣʽʤʝʪʪʝʨ. 

¶ ʤᴅʤʽʣʝʜʝ ʘʣʳʥסʘʥ ʪʠʽʩʪʽ ʤʝʢʝʥʞʘʡʣʘʨʜʳש ʩʘʥʳʥ ʢᴇʨʩʝʪʝʪʽʥ ʥᴅʪʠʞʝʣʝʨ. (ɹײʣ 
ʰʳסʳʩ ʤᴅʣʽʤʝʪʪʝʨʽ  ʞʘשʘ ʪʨʘʥʟʘʢʮʠʷʣʘʨʜʘ ʢʽʨʽʩ ʤᴅʣʽʤʝʪʪʝʨʽ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʝʜʽ) 

¶ ʘʜʨʝʩ ʠʝʩʽ ʙײʣ ʪʨʘʥʟʘʢʮʠʷʥʳ ʞʽʙʝʨʛʝʥʽʥ ʞᴅʥʝ ʜʝʨʝʢʪʝʨ ᴇʟʛʝʨʤʝʛʝʥʽʥ ʨʘʩʪʘʡʪʳʥ 
ʢʨʠʧʪʦʛʨʘʬʠʷʣʳץ ץʦʣʪʘשʙʘ. (ʤʳʩʘʣʳ: װʰʽʥʰʽ ʪʘʨʘʧʪʳש ʞʽʙʝʨʽʣʛʝʥ ʩʦʤʘʥʳ ᴇʟʛʝʨʪʫʽʥʝ 

ʞʦʣ ʙʝʨʤʝʫ). 

ʕʣʝʢʪʨʦʥʜʳ ϨʦʣʪʘϬʙʘʥʳϬ ʤʘϨʩʘʪʳ Ϩʘʥʜʘʡ ʞϸʥʝ Ϩʘʣʘʡ ʞϰʤʳʩ ʽʩʪʝʡʜʽ? 

 ,ʳʟʜʳ ʤʽʥʜʝʪʪʝʨʜʽ ʦʨʳʥʜʘʡʜʳ: ʙʽʨʽʥʰʽʜʝʥשʪʽʟʙʝʢʪʝ ʝʢʽ ᴇʪʝ ʤʘ ץʙʘʣʘʨ ʙʣʦʢʪʳשʦʣʪʘפ

ʦʣʘʨ ʠʝʩʽʥʝ ʪʝʢ ᴇʟ ʤʦʥʝʪʘʣʘʨʳʥ ʞײʤʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʝʢʽʥʰʽʜʝʥ, ʙʘʩץʘ ʘʜʘʤʜʘʨסʘ 

ʞʘשʘ ʙʣʦʢ ʘʣʳʥסʘʥʰʘ (ʢʽʨʽʩ ʥװʢʪʝʩʽʥʜʝ) ʙײʨʳʥ ʞʽʙʝʨʽʣʛʝʥ ʪʨʘʥʟʘʢʮʠʷסʘ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʫʽʥʝ 

ʞʦʣ ʙʝʨʤʝʡʜʽ. ɾʘʙʳץ ʢʽʣʪ ʜʝʨʝʢʪʝʨʛʝ ץʦʣ ץʦʶ װʰʽʥ, ʘʣ ʘʰʳץ ʢʽʣʪ ʦʥʳש ʪײʪʘʩʪʳסʳʥ 

ʪʝʢʩʝʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ɽʥʜʽ ʞʘשʘ Transaction ʢʣʘʩʩʳʥ ײץʨʳʧ ץʦʣʪʘשʙʘʥʳ ʛʝʥʝʨʘʮʠʷʣʘʡʪʳʥ 

generateSignature () ʞᴅʥʝ verifyiySignature () ʪᴅʩʽʣʜʝʨʽʥ ץʦʩʘʤʳʟ: 

public void generateSignature(PrivateKey privateKey) { 

String data=StringUtil.getStringFromKey(sender)+StringUtil.getStringFromKey 

(reciepient) + Float.toString(value) ; 

 signature = StringUtil.applyECDSASig(privateKey,data); }  

//Verifies the data we signed hasnt been tampered with 

public boolean verifiySignature() { 

 String data = StringUtil.getStringFromKey(sender)  

+ StringUtil.getStringFromKey(reciepient) + Float.toString(value); 

 return StringUtil.verifyECDSASig(sender, data, signature); } 

ɾʘשʘ ʪʨʘʥʟʘʢʮʠʷ ʙʣʦʢץʘ ץʦʩʳʣסʘʥʥʘʥ ʢʝʡʽʥ ץʦʣʪʘשʙʘʥʳ ʤʘʡʥʝʨʣʝʨ ʪʝʢʩʝʨʝʜʽ. 

ʉʦʥʜʘʡ-ʘץ ʙʣʦʢʯʝʡʥʥʽש ʞʘʩʘʥʜʳ ʝʤʝʩ ʝʢʝʥʽʥ ʪʝʢʩʝʨʛʝʥ ʢʝʟʜʝ ʜʝ ץʦʣʪʘשʙʘʥʳש ʜײʨʳʩʪʳסʳʥ 

ʪʝʢʩʝʨʝ ʘʣʘʤʳʟ. ɽʥʜʽ ʪʨʘʥʟʘʢʮʠʷ ʞʘʩʘʫ װʰʽʥ ʙʣʦʢʯʝʡʥʥʽש ʞײʤʳʩʳʥ ʪʝʢʩʝʨʫ װʰʽʥ ᴅʤʠʷʥ 

 :ʘ ʘʡʥʳʤʘʣʳʣʘʨ ʝʥʛʽʟʝʤʽʟשʘ ʞʘץʰʽʥ ʥʝʛʽʟʛʽ ʢʣʘʩʩװ ʘʞʝʪ. ʆʣץ ʨʫʳʤʳʟײץ

        public static Wallet walletA; 

 public static Wallet walletB; 

 public static void main(String[] args) {  

  walletA = new Wallet(); 

  walletB = new Wallet();   

  Wallet coinbase = new Wallet(); 

 

WalletA ʞᴅʥʝ walletB ᴅʤʠʷʥʜʘʨʳ ײץʨʳʣʜʳ ʞᴅʥʝ ɸ ᴅʤʠʷʥʳʥʳש ʘʰʳץ ʞᴅʥʝ ʞʘʙʳץ 

ʢʽʣʪʪʝʨʽ ʰʳסʘʨʳʣʜʳ. ɽʥʜʽ ʢʽʨʽʩ ʧʝʥ ʰʳסʳʩʪʳ ײץʨʳʧ ʪʝʢʩʝʨʽʧ, ʩʦʩʳʥ ʪʨʘʥʟʘʢʮʠʷʥʳ 

ʙʣʦʢʯʝʡʥʜʘ ʩʘץʪʘʫ ץʘʞʝʪ. ʆʣ װʰʽʥ TransactionInput ʞᴅʥʝ TransactionOutputs ʢʣʘʩʩʪʘʨʳʥ 

ʙʘʣʘʥʩʳ - ʞ̔ שʨʘʤʳʟ.  ᴄʤʠʷʥʥʳײץ ʙʝʨʽʣʛʝʥ ʙʘʨʣʳץ ʘʣʳʥסʘʥ ʪʨʘʥʟʘʢʮʠʷʣʘʨʜʳש ʩʦʤʘʩʳʥʘ 

ʪʝש. ʄᴅʤʽʣʝʥʽש ʰʳסʳʩ ʤᴅʥʜʝʨʽ ᴅʨ ʪʘʨʘʧץʘ ʪʨʘʥʟʘʢʮʠʷʜʘʥ ʞʽʙʝʨʽʣʛʝʥ ʩʦסשʳ ʩʦʤʘʥʳ 

ʢᴇʨʩʝʪʝʜʽ. ʆʣʘʨ ʞʘשʘ ʪʨʘʥʟʘʢʮʠʷʜʘ ʢʽʨʽʩ ʤᴅʣʽʤʝʪʪʝʨʽ ʨʝʪʽʥʜʝ ʝʩʢʝʨʽʣʛʝʥʜʝ סʘʥʘ  ʩʽʟʜʝ 

ʞʽʙʝʨʽʣʝʪʽʥ ʤʦʥʝʪʘʣʘʨʜʳש ʙʘʨ ʝʢʝʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ʊʽʟʙʝʢʪʝʛʽ ʙʣʦʢʪʘ ʢᴇʧʪʝʛʝʥ ʤᴅʤʽʣʝʣʝʨ 
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ʞʘʩʘʣʫʳ ʞᴅʥʝ ʙʣʦʢʪʳש ʪʽʟʙʝʛʽ ᴇʪʝ ײʟʘץ ʙʦʣʫʳ ʤװʤʢʽʥ, ʞʘשʘ ʪʨʘʥʟʘʢʮʠʷʥʳ ᴇשʜʝʫ װʰʽʥ 

ʙʽʨʥʝʰʝ ʞʳʣ ץʘʞʝʪ ʙʦʣʫʳ ʤװʤʢʽʥ, ʩʝʙʝʙʽ ʙʽʟ ʦʥʳש ʢʽʨʽʩʽʥ ʪʘʙʫʳʤʳʟ ʞᴅʥʝ ʪʝʢʩʝʨʫʽʤʽʟ 

ʢʝʨʝʢ. ʃʦʛʠʢʘʣʳץ processTransaction ᴅʜʽʩʽ ʢᴇʤʝʛʽʤʝʥ ʪʨʘʥʟʘʢʮʠʷʥʳש ʞʘʨʘʤʜʳ ʝʢʝʥʽʥʝ ʢᴇʟ 

ʞʝʪʢʽʟʫ װʰʽʥ ʢʝʡʙʽʨ ʪʝʢʩʝʨʫ ʞװʨʛʽʟʝʤʽʟ, ʩʦʜʘʥ ʢʝʡʽʥ ʢʽʨʽʩ ʜʝʨʝʢʪʝʨʽʥ ʞʠʥʘʧ, ʰʳסʳʩ 

ʜʝʨʝʢʪʝʨʽʥ ʰʳסʘʨʘʤʳʟ[8]. 

ɹʽʟʜʝ ʝʥʜʽ ʞײʤʳʩ ʞʘʩʘʡʪʳʥ ʪʨʘʥʟʘʢʮʠʷ ʞװʡʝʩʽ ʙʘʨ, ʦʥʳ ʙʣʦʢʪʘʨ ʪʽʟʙʝʛʽʥʝ ʝʥʛʽʟʫ 

 .ʧʘʨʘʪʪʘʨʜʳ ʪʨʘʥʟʘʢʮʠʷʣʘʨʤʝʥ ʘʣʤʘʩʪʳʨʫ ʢʝʨʝʢץʘʞʝʪʩʽʟ ʘץ ʘʥ ʜʝʡʽʥ ʝʥʛʽʟʛʝʥסײʘʞʝʪ. ɹץ

ʃʦʛʠʢʘʣʳץ addTransaction ᴅʜʽʩʽ ʝʛʝʨ ʪʨʘʥʟʘʢʮʠʷ ʩᴅʪʪʽ ʪװʨʜʝ ץʦʩʳʣʩʘ סʘʥʘ, ʪʨʘʥʟʘʢʮʠʷʥʳ 

  .ʘʡʪʘʨʘʜʳץ ʦʩʳʧ true ʤᴅʥʽʥץ

ɽʥʜʽ ʙʣʦʢʯʝʡʥʜʘ ʪʨʘʥʟʘʢʮʠʷ ʞʘʩʘʫסʘ ʘʨʥʘʣסʘʥ ʙʘʨʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨ ʙʘʨ. ɹʽʨʽʥʰʽ, 

ᴅʤʠʷʥʥʘʥ ʤʦʥʝʪʘ ʞʽʙʝʨʫʜʽ ʪʝʢʩʝʨʽʧ ʞᴅʥʝ ʙʣʦʢ ʪʽʟʙʝʛʽʥ ʪʝʢʩʝʨʫʜʽ ʞʘשʘʨʪʫ ץʘʞʝʪ. 

Blockchain ʥʝʛʽʟʛʽ ʢʣʘʩʩʳʥʘ ץʘʞʝʪʪʽ ʞʘשʘʨʪʫʣʘʨʜʳ ʝʥʛʽʟʝʡʽʢ[9]: 

- ɻʝʥʝʟʠʩ ʙʣʦʛʳ, ᴅʤʠʷʥסʘ 100 ʤʦʥʝʪʘ ʞʽʙʝʨʝʪʽʥ; 

- ʊʨʘʥʟʘʢʮʠʷʣʘʨʜʳ ʝʩʢʝʨʝʪʽʥ ʪʽʟʙʝʢʪʝʨʜʽש ʰʳʥʘʡʳʣʳסʳʥʘ ʢᴇʟ ʞʝʪʢʽʟʝʪʽʥ 

ʞʘשʘʨʪʳʣסʘʥ ʪʝʢʩʝʨʽʩ; 

- ʂʝʡʙʽʨ ʪʝʩʪʽʣʽʢ ʪʨʘʥʟʘʢʮʠʷʣʘʨ. 

genesisTransaction = new Transaction(coinbase.publicKey, walletA.publicKey, 100f, 

null); 

        genesisTransaction.generateSignature(coinbase.privateKey); 

        genesisTransaction.transactionId = "0";  

        genesisTransaction.outputs.add(new 

TransactionOutput(genesisTransaction.reciepinet,genesisTransaction.value, 

genesisTransaction.transactionId));  

UTXOs.put(genesisTransaction.outputs.get(0).id, 

genesisTransaction.outputs.get(0));  

System.out.println("\n" + "ʉʦʟʜʘʥʠʝ ʠ ʤʘʡʥʠʥʛ ʛʝʥʝʟʠʩ ʙʣʦʢʘ... "); 

  Block genesis = new Block("0"); 

  genesis.addTransaction(genesisTransaction); 

  addBlock(genesis); 

 

ʇʨʦʛʨʘʤʤʘʥʳ ʢʦʤʧʠʣʷʮʠʷסʘ ʞʽʙʝʨʛʝʥʜʝʛʽ ʥᴅʪʠʞʝ: 

 

 
ʉʫʨʝʪ. 3 ʇʨʦʛʨʘʤʤʘ ʥᴅʪʠʞʝʩʽ 



 

22 
 

ɽʥʜʽ ᴅʤʠʷʥʜʘʨ ʙʽʨ ʙʽʨʽʥʝ ץʘʫʽʧʩʽʟ ʪװʨʜʝ ʙʣʦʢʯʝʡʥʜʝ ʘץʰʘ ʞʽʙʝʨʝ ʘʣʘʜʳ, ʝʛʝʨ 

ʞʽʙʝʨʫʛʝ ʙʦʣʘʪʳʥ ץʘʨʘʞʘʪ ʞʝʪʢʽʣʽʢʪʽ ʙʦʣʩʘ. ɽʛʝʨ ʞʽʙʝʨʝʪʽʥ ʘץʰʘ ᴅʤʠʷʥʜʘסʳ ʘץʰʘʜʘ ʘʩʳʧ 

ʢʝʪʩʝ, ʦʥʜʘ ʧʨʦʛʨʘʤʤʘ ʪʨʘʥʟʘʢʮʠʷʥʳש ʞʘʩʘʣʤʘʡʪʳʥʜʳסʳʥ ʝʩʢʝʨʪʝʜʽ. 

 ʪʳ? ɹʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥץʘʥʜʘʡ ʥᴅʪʠʞʝ ʰʳץ ʘʥʜʘץʦʨʳʪʘ ʘʡʪפ

ʵʣʝʢʪʨʦʥʜʳץ ʘץʰʘ ʭʘʪʪʘʤʘʩʳ ʞʘʩʘʧ ʰʳסʘʨʳʣʜʳ. ɹʣʦʢʯʝʡʥ ץʘʟʽʨ: 

- ɽʢʽ ᴅʤʠʷʥ ײץʨʳʣʳʧ ʙʽʨ ʙʽʨʽʥʝ ץʘʨʘʞʘʪ ʞʽʙʝʨʫʛʝ; 

 ;ʘסʨʫײץ ʘ new Wallet () ᴅʜʽʩʽ ʢᴇʤʝʛʽʤʝʥ ᴅʤʠʷʥʜʘʨסʦʣʜʘʥʫʰʳʣʘʨפ -

- ʄʝʥʰʽʢʪʽ ʪʝʢʩʝʨʫ װʰʽʥ ʮʠʬʨʣʳץ ץʦʣʪʘשʙʘ ʘʣʛʦʨʠʪʤʽʥ ʧʘʡʜʘʣʘʥʳʧ ץʘʨʘʞʘʪʪʘʨʜʳ 
ʘʫʜʘʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽ ʙʝʨʝʜʽ. 
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ɸϬʜʘʪʧʘ. ɹϰʣ ʤʘϨʘʣʘʜʘ ɻʣʝʢʪʨʦʥʜʳϨ ϨϰʨʳʣϤʳʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫ Ϯʰʽʥ, ʵʣʝʢʪʨʦʥʜʳϨ 

ϨϰʨʳʣϤʳʣʘʨʜʳϬ ʨʘʜʠʦ ʪʽʟʙʝʢʪʝʨʽʥ Ϩϰʨʫ Ϯʰʽʥ, ʵʣʝʢʪʨʦʥʠʢʘ ʪʦʣʳϨ ʮʠʢʣʳʥ ʜʘʤʳʪʫ Ϯʰʽʥ ʝϬ 

ʪʠʽʤʜʽ, Ϩʘʞʝʪʪʽ ʙʘϤʜʘʨʣʘʤʘ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ɺʠʨʪʫʘʣʜʳϨ ʤʦʜʝʣʴʜʝʨʤʝʥ ʰʳʥʘʡʳ 

ʨʘʜʠʦʜʝʪʘʣʴʜʘʨʜʳ ʞϸʥʝ ϨϰʨʳʣϤʳʣʘʨʜʳϬ ʦʨʥʳʥ ʙʘʩʘʪʳʥ ʢϺʧʪʝʛʝʥ ʤʦʜʝʣʴʜʝʫ ʙʘϤʜʘʨʣʘʤʘʣʘʨʳ 

ʧʘʡʜʘ ʙʦʣʜʳ. ʐʳʥʘʡʳ ϨϰʨʳʣϤʳʣʘʨʜʳ Ϩϰʨʘʤʘʡ-ʘϨ ʩʭʝʤʘʥʳϬ ʞϰʤʳʩʳʥ ʞϺʥʜʝʫ, ʞʦʙʘ ʢʝʟʝϬʽʥʜʝʛʽ 

Ϩʘʪʝʣʽʢʪʝʨʜʽ ʪʘʙʫ, Ϩʘʞʝʪʪʽ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʘʣʫ ʞϸʥʝ ʪ.ʙ ʤʦʜʝʣʴʜʝʫ ʤϮʤʢʽʥʜʽʢʪʝʨʽʥ ʙʝʨʝʪʽʥ 

ʙʘϤʜʘʨʣʘʤʘ PROTEUS-ʢʝ ʢϺϬʽʣ ʙϺʣʽʥʝʜʽ. 

 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʣʝʨ ʘʜʘʤ ᴇʤʽʨʽʥʽש ʙʘʨʣʳץ ʩʘʣʘʣʘʨʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʙʘסʜʘʨʣʘʤʘʣʘʫ ʢᴇʤʝʛʽʤʝʥ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʥʳש ʢᴇʧʪʝʛʝʥ 

ʧʨʘʢʪʠʢʘʣʳץ ʝʩʝʧʪʝʨʽʥ ʰʝʰʝ ʘʣʘʤʳʟ.ʆʥʳש ʙʘʩʪʳ ʤʘץʩʘʪʳ - ᴅʨ ʪװʨʣʽ ײץʨʳʣסʳʣʘʨʜʘ 

ʝʥʛʽʟʽʣʛʝʥ ʘʚʪʦʤʘʪʪʳ ʙʘʩץʘʨʫ ʞװʡʝʣʝʨʽʥʝ ʧʘʡʜʘʣʘʥʫ: ʥʝʩʠʝ ʢʘʨʪʘʣʘʨʳ, ʬʦʪʦʘʧʧʘʨʘʪʪʘʨ, 

 ʷʣʳ ʪʝʣʝʬʦʥʜʘʨ, ʪʝʣʝʜʠʜʘʨ, ʙʝʡʥʝʤʘʛʥʠʪʦʬʦʥ ʞᴅʥʝ ʙʝʡʥʝʢʘʤʝʨʘ, ʢʽʨ ʞʫʘʪʳʥײ

ʤʘʰʠʥʘʣʘʨ, ץʳʩץʘ ʪʦʣץʳʥʜʳ ʧʝʰʪʝʨ, ʜʘʙʳʣ ʞװʡʝʣʝʨʽʥ, ʙʝʥʟʠʥ ץʦʟסʘʣʪץʳʰ ʪײʪʘʥʫ, 

https://searchsecurity.techtarget.com/definition/asymmetric-cryptography
https://shwanoff.ru/block
mailto:aigulji@mail.ru
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ʵʣʝʢʪʨʦʚʦʟʜʘʨ ʞᴅʥʝ ʪ.ʙ. MK ʧʘʡʜʘʣʘʥʫʜʳ ʝʢʽ ʢʝʟʝשʛʝ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: ʙʽʨʽʥʰʽ ï 

ʙʘסʜʘʨʣʘʤʘʣʘʫ, ʧʘʡʜʘʣʘʥʫʰʳ ʙʘסʜʘʨʣʘʤʘʩʳʥ ᴅʟʽʨʣʝʡʜʽ ʞᴅʥʝ ʢʨʠʩʪʘʣʣסʘ ʦʥʳ ʧʨʦʰʠʚʢʘ 

ʞʘʩʘʡʜʳ, ʞᴅʥʝ ʝʢʽʥʰʽ - MK ʙʘסʜʘʨʣʘʤʘʣʘʥʘʪʳʥ װʡʣʝʩʪʽʨʫʜʽ ᴅʟʽʨʣʝʡʪʽʥ ʞʝʪʝʢʪʝʨʤʝʥ 

ʢʝʣʽʩʪʽʨʫ. ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝ ʙʘסʜʘʨʣʘʤʘʥʳʦʨʳʥʜʘʫʜʳ ᴅʣʜʝץʘʡʜʘ ʞʝשʽʣʜʝʪʝʪʽʥïʩʠʤʫʣʷʪʦʨ, 

ʤʠʢʨʦʧʨʦʮʝʩʩʦʨ ʞײʤʳʩʳʥ ʢᴇʨʥʝʢʽʤʦʜʝʣʴʜʝʫʰʽ. ɽʢʽʥʰʽ ʢʝʟʝשʜʝ ʽʰʢʽʞװʡʝʣʽʵʤʫʣʷʪʦʨ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʦʣ ʢװʨʜʝʣʽ ʞᴅʥʝ ץʳʤʙʘʪ ײץʨʳʣסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʦסʘʥ ʢᴇʧʪʽץ שʦʣʳ 

ʞʝʪʝ ʙʝʨʤʝʡʜʽ. פʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʪᴇʤʝʥ ʙʘסʘʩʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʢᴇʨʥʝʢʽ ʧʨʦʛʨʘʤʤʘʪʦʨ 

ʤʘʢʝʪʽ, ʢʨʠʩʪʘʣʜʘʨʜʳ ʙʘסʜʘʨʣʘʤʘʣʘʫ װʰʽʥ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳ MK ʥʝʛʽʟʽʥʜʝ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ װʡʨʝʪʫ װʰʽʥ ʢʝʨʝʢ [1]. 

PROTEUS ï ʙײʣ ɻʣʝʢʪʨʦʥʜʳײץ ץʨʳʣסʳʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫ װʰʽʥ, ʵʣʝʢʪʨʦʥʜʳץ 

 שʰʽʥ ʝװ ʮʠʢʣʳʥ ʜʘʤʳʪʫ ץʰʽʥ, ʵʣʝʢʪʨʦʥʠʢʘ ʪʦʣʳװ ʨʫײץ ʨʘʜʠʦ ʪʽʟʙʝʢʪʝʨʽʥ שʳʣʘʨʜʳסʨʳʣײץ

ʪʠʽʤʜʽ, ץʘʞʝʪʪʽ ʙʘסʜʘʨʣʘʤʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʞᴅʥʝ ʘʥʘʣʦʛʪʳ ï ʩʘʥʜʳץ ʵʣʝʢʪʨʦʥʠʢʘ 

ʩʠʤʫʣʷʪʦʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

PROTEUS ʢʝʣʝʩʽ AVR, 8051, PIC10, PIC16, PIC18, ARM7, Motorola HC11 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʣʝʨʜʽ ʰʳʥʘʡʳ ʤʦʜʝʣʴʜʝʫʛʝ ʞᴅʥʝ ʦʣ ʞײʤʳʩ ʞʘʩʘʡʪʳʥ ʙʘʨʣʳץ ʩײʣʙʘʥʳ 

ʞᴅʥʝ ARES ʙʘʩʧʘ ʧʣʘʪʘʣʘʨʳʥ ʞʦʙʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

 

 
 

ʉʫʨʝʪ 1. PROTEUS ɻ ʣʝʢʪʨʦʥʜʳײץ ץʨʳʣסʳʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫ 

 

PROTEUS ïʪʝ ʝש ʥʝʛʽʟʛʽʩʽ, ʚʠʨʪʫʘʣʜʳ ʘʩʧʘʧʪʘʨʤʝʥʩʠʛʥʘʣʢᴇʟʜʝʨʽʥʽש 

ʢᴇʙʽʩʽץʦʣʞʝʪʽʤʜʽ. ʆʩʮʠʣʣʦʛʨʘʬʪʘʨ 4 ʨʝʥʪʛʝʥ ʞʘʟʫ ʤʝʥ ʦʣʘʨʜʳש ʙʽʨʥʝʰʝ ʩʭʝʤʘʩʳʥʘ ʙʽʨ 

ʫʘץʳʪʪʘ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. ᴆʪʝ ץʫʘʪʪʳ ʪʘʣʜʘסʳʰ, GRAPH - ʦʣ ʙʽʨ ʤʝʟʛʽʣʜʝ ʩʘʥʜʳץ ʞᴅʥʝ 

ʘʥʘʣʦʛʪʳץ ʩʠʛʥʘʣʜʘʨʜʳ ʢʝʟ ʢʝʣʛʝʥ ʩʘʥʜʘ ʙʦʣʘ ʘʣʘʜʳ ʞᴅʥʝ ʦʩʳ ʛʨʘʬʠʢʪʝʨ ʢʝʡʙʽʨ 

ʪʽʟʙʝʛʽʥʜʝ, ʩʦʥʜʘʡ-ʘץ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 

PROTEUS ʤʳʩʘʣʜʘʨʳʥʜʘ - AVR, PIC, 8051 ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʽʥʜʝ ʞʘʩʘʣʳʥסʘʥ 

ʰʘʭʤʘʪʪʳ ʢʦʤʧʴʶʪʝʨ ʙʘʨ. ʆʣ װʣʢʝʥ "ʪʘʯʩʢʨʠʥʜʝ" ʞʘץʩʳ ʞײʤʳʩ ʞʘʩʘʡʜʳ ʞᴅʥʝ ץʘʥʜʘʡ ʜʘ 

ʙʽʨ ʠʥʪʝʣʣʝʢʪʽʥʝ ʢᴇʨʩʝʪʝʜʽ. ᴄʜʝʪʪʝ PROTEUS ʞʦʙʘʣʘʨʳʥ ʥᴇʣʜʝʥ ʙʘʩʪʘʤʘʡʜʳ. ɼʘʡʳʥ 

ʰʘʙʣʦʥʜʘʨ ʘʨץʳʣʳ ʞʘʣסʘʩʪʳʨʳʧ ᴅʢʝʪʝʜʽ. ɾʦʙʘʥʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʙʘʨʳʩʳʥʜʘ, ʢᴇʙʽʨʝʢ 

ʩʠʤʫʣʷʮʠʷ ʞʽʙʝʨʽʧ ʦʪʳʨʫ ʢʝʨʝʢ, ʦʣ ʤװʤʢʽʥ ʙʦʣʘʪʳʥ ʢʝʜʝʨʛʽʣʝʨʜʽ ײʟʘʤʘʡ ʪʘʫʳʧ ʦʪʳʨʫסʘ 

ʢᴇʤʝʢʪʝʩʝʜʽ [2]. ɹʘʩʪʘʤʘ ʨʝʪʽʥʜʝ ʢʝʨʝʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʜʽ ʥʝʤʝʩʝ ʢʦʤʧʦʥʝʥʪʪʽ ʤʳʩʘʣ 

ʨʝʪʽʥʜʝ PROTEUS ïʪʝ ʪʘʙʫ װʰʽʥ: 

PROTEUS ʞװʢʪʝʡʤʽʟ -> ISIS 7 Professional ʞʘʨʣʳסʳʥ ʘʰʘʤʳʟ. File ʤʝʥʶʽʥʝ 

ʢ̔ ʨʽʧ -> Open Design... ʙʘʩʘʤʳʟ, ʦʣ ᴅʜʝʪʪʝ SAMPLES ʤʳʩʘʣʜʘʨʳ ʧʘʧʢʘʩʳʥ ʘʰʘʜʳ. 

ʉʦʩʳʥ ʤʳʩʘʣʳ, ʢʝʣʝʩʽ ʧʘʧʢʘʥʳ ʘʰʘʤʳʟ C:\Program Files\Labcenter Electronics\Proteus 7 

Professional\SAMPLES\VSM for AVR\One-Wire\NETWORK 

PROTEUS - 1WIRE_NET.DSN ʞʦʙʘʩʳʥʳש ʬʘʡʣʳʥ ʢᴇʨʝʤʽʟ ï ʧʨʦʝʢʪ ʘʪʳʥʘ ʝʢʽ ʨʝʪ 

ʰʝʨʪʽʧ ʞʦʙʘʥʳ ʘʰʘʤʳʟ. PROTEUS ïʪʽ ʪʦʣʳץ ʵʢʨʘʥʜʘ ʘʰʳʧ, ʞײʤʳʩץʘ ʢʽʨʽʩʝ ʙʝʨʝʤʽʟ. 
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ʇʘʢʝʪʽ ʵʣʝʢʪʨʦʥʜʳ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʤʦʜʝʣʴʜʝʨ ʥʝʛʽʟʽʥʜʝ, ʪʽʟʙʝʢ ʤʦʜʝʣʴʜʝʫ ʞװʡʝʩ, PSpice 

 :ʝʨʝʢʰʝʣʽʛʽ, ʦʣ שʨʝʜʽ. PROTEUS VSM ʧʘʢʝʪʽʥʽװʡʝʩʽʤʝʥ ʞװʘʥ ʞסʘʙʳʣʜʘʥץ

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʣʝʨ, ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʣʘʨ, DSP ʞᴅʥʝ ʪ.ʙ. ʙʘסʜʘʨʣʘʤʘʣʘʥʘʪʳʥ ײץʨʳʣסʳʣʘʨ 

ʞײʤʳʩʳʥ ʤʦʜʝʣʴʜʝʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ײפʨʘʤʜʘʩ ʢʽʪʘʧʭʘʥʘ ʩʽʣʪʝʤʝʩʽ 

ʜʝʨʝʢʪʝʨʜʽ ץʘʤʪʠʜʳ. PROTEUS VSM ʧʘʢʝʪʽʥʝ ץʦʩʳʤʰʘ ʞװʡʝʩʽʥʝ ʧʘʢʝʪ ʞʘʩʘץʪʘʤʘʩʳʥʳש 

ʙʽʨ ʙᴇʣʽʛʽ ʢʽʨʝʜʽ. Proteus ʧʘʢʝʪʽ ʝʢʽ ʙᴇʣʽʢʪʝʥ, ʝʢʽ ʢʽʰʽ ʙʘסʜʘʨʣʘʤʘʜʘʥ ʪײʨʘʜʳ: ISIS ð 

ʙʘסʜʘʨʣʘʤʘ ʩʠʥʪʝʟʽ ʞᴅʥʝ ʪʽʢʝʣʝʡ ʵʣʝʢʪʨʦʥʜʳ ʩʭʝʤʘʣʘʨʜʳ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ARES ð 

ʞʦʙʘʣʘʫʜʳ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ. ɹʘסʜʘʨʣʘʤʘʤʝʥ ʙʽʨʛʝ ʪʘʥʳʩʫ װʰʽʥ, 

ʜʝʤʦʥʩʪʨʘʮʠʷʣʳץ ʞʦʙʘʣʘʨ ʞʠʳʥʪʳסʳ ʦʨʥʘʪʳʣסʘʥ. ʉʦʥʜʘʡ-ʘץ, ʩʝʛʽʟʽʥʰʽ ʥײʩץʘʩʳʩʳʥʜʘ 

VSM Studio ʞʦʙʘʣʘʫ ʦʨʪʘʩʳʥ ʜʘʤʳʪʫ ʢʽʨʝʜʽ, ᴇʪʝ ʪʝʟ ʞʦʙʘסʘ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʙʘסʜʘʨʣʘʤʘʩʳʥ ʞʘʟʫ ʞᴅʥʝ ʢʦʤʧʠʣʷʮʠʷ ʙʝʨʝʪʽʥ ʤװʤʢʽʥʜʽʢ ʙʘʨ [3]. 

ʇʘʢʝʪʽ ʢʦʤʤʝʨʮʠʷʣʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʝʛʽʥ ʙʘסʘʣʘʫ ʥײʩץʘʩʳ ʪʦʣʳץ 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩʠʧʘʪʪʘʣʘʜʳ, ʙʽʨʘץ ʬʘʡʣʜʘʨʜʳ ʩʘץʪʘʫ װʰʽʥ ʤװʤʢʽʥ ʝʤʝʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ARES ʝʨʝʢʰʝʣʽʛʽ ʙʦʣʳʧ, ʙʘʩʧʘ ʧʣʘʪʘʣʘʨʳʥ 3D-ʤʦʜʝʣʴ ײץʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʣ 

ᴅʟʽʨʣʝʫʰʽ ᴅʣʽ ᴅʟʽʨʣʝʫ ʩʘʪʳʩʳʥʜʘ ʪײʨסʘʥ ײץʨʳʣסʳʥʳ ʙʘסʘʣʘʫסʘ, ʢᴇʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʘʣʘʜʳ. 

PROTEUS VSM. ɹᴅʣʢʽʤ ʢᴇʧʪʝʛʝʥ ʨʘʜʠʦ ᴅʫʝʩץʦʡʣʘʨ ײʥʘסʘʥ ʞᴅʥʝ ץʘʞʝʪʪʽ 

 ʘʪʝʣʽʢʪʝʥ ʥʝʤʝʩʝץ ʳסʘʥʜʘ, ʪᴅʞʽʨʠʙʝʩʽʟʜʽʢʪʝʥ ʩʭʝʤʘʜʘסʳʣʘʨʜʳ ʞʠʥʘʫ ʪʫʨʘʣʳ ʦʡʣʘסʨʳʣײץ

ʙʘʩץʘ ʘʷץ ʘʩʪʳ ʞʘסʜʘʡʣʘʨʜʘʥ ʞʘʡʜʘʥ ʞʘʡ, ץʠʳʥʜʳץʧʝʥ ʘʣסʘʥ ʨʘʜʠʦʜʝʪʘʣʴʜʘʨʜʳ 

ʞʘʥʜʳʨʳʧ ʘʣסʘʥ ʦץʠסʘʣʘʨ ʢʝʟʜʝʩʢʝʥ ʰʳסʘʨ. ɹʽʟʜʽש ʢʝש ʝʪʝʢ ʘʣסʘʥ ʢʦʤʧʴʶʪʝʨʣʝʥʜʽʨʫ 

ʟʘʤʘʥʳʤʳʟʜʘ ʙײʣ ʪʳסʳʨʳץʪʘʥ ʰʳסʘʪʳʥ ʞʦʣ ʪʘʙʳʣʜʳ. ʂᴇʧʪʝʛʝʥ ʤʦʜʝʣʴʜʝʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳ ʧʘʡʜʘ ʙʦʣʜʳ, ʚʠʨʪʫʘʣʜʳץ ʤʦʜʝʣʴʜʝʨʤʝʥ ʰʳʥʘʡʳ ʨʘʜʠʦʜʝʪʘʣʴʜʘʨʜʳ 

ʞᴅʥʝ ײץʨʳʣסʳʣʘʨʜʳש ʦʨʥʳʥ ʙʘʩʘʪʳʥ. ʐʳʥʘʡʳ ײץʨʳʣסʳʣʘʨʜʳײץ שʨʘʤʘʡ ʩʭʝʤʘʥʳש 

ʞײʤʳʩʳʥ ʞᴇʥʜʝʫ, ʞʦʙʘ ʢʝʟʝשʽʥʜʝʛʽ ץʘʪʝʣʽʢʪʝʨʜʽ ʪʘʙʫ, ץʘʞʝʪʪʽ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʘʣʫ ʞᴅʥʝ 

ʪ.ʙ ʤʦʜʝʣʴʜʝʫ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ʆʩʳʥʜʘʡ ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳש ʙʽʨʝʫʽ PROTEUS VSM. ɹʽʨʘץ ʨʘʜʠʦʵʣʝʤʝʥʪʪʝʨʽ 

ʤʦʜʝʣʴʜʝʫ ʙʘסʜʘʨʣʘʤʘʥʳש ʞʘʣסʳʟ ץʘʙʽʣʝʪʽ סʘʥʘ ʝʤʝʩ. PROTEUS VSM, Berkeley 

ʫʥʠʚʝʨʩʠʪʝʪʽʤʝʥ SPICE3F5 ᴇʟʝʛʽʥʽש ʥʝʛʽʟʽʥʜʝ, Labcenter Electronics ʬʠʨʤʘʩʳʤʝʥ 

ʞʘʩʘʣסʘʥ, ʙʳʣʘʡʰʘ ʘʡʪץʘʥʜʘ ʞʦʙʦʣʘʫ ʦʨʪʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʦʥʳש ʛʨʘʬʠʢʘʣʳץ 

ʙʝʡʥʝʣʝʫʽʥʝʥ (ץʘסʠʜʘʣʳץ ʩʭʝʤʘ) ʙʘʩʪʘʧ ʞᴅʥʝ ᴅʨ ᴇʥʜʽʨʽʩʪʽʢ ʙᴇʣʽʤʜʝ ʙʘץʳʣʘʫ 

ʤװʤʢʽʥʜʽʛʽʤʝʥ, ʙʘʩʧʘ ʙʘʩץʘʨʤʘ ʙʽʨʣʽʛʽʤʝʥ ʘʷץʪʘʧ, ײץʨʳʣסʳʥʳש ʧʘʡʜʘ ʙʦʣסʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. 

ɹʽʨʘץ ʙʘסʜʘʨʣʘʤʘʥʳץ שʠʳʥ ʙʦʣʳʧ ʢᴇʨʽʥʛʝʥʽʤʝʥ ʦʥʳʤʝʥ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ᴅʣʝʤʽʥʽש 

ʤʘʤʘʥʜʘʨʳ סʘʥʘ ץʦʣʜʘʥʙʘʡʜʳ, װʡʨʝʥʛʝʥ ʙʘʩʪʘʫʰʳʣʘʨ, ʥʝʤʝʩʝ ᴅʣʽ װʡʨʝʥʙʝʛʝʥ, ʨʝʟʠʩʪʦʨʜʳ 

ʪʨʘʥʟʠʩʪʦʨʜʘʥ ʘʡʳʨʘ ʘʣʘʜʳ. 

PROTEUS VSM çᴅʩʝʨ ʝʪʫ ᴅʣʝʤʽʥʝè ץʘʨʘʧʘʡʳʤ ʘʥʘʣʦʛʪʳ ײץʨʳʣסʳʣʘʨʤʝʥ ץʘʪʘʨ 

 .ʡʝʣʝʨ ʜʝ ʢʽʨʝʜʽװʨʜʝʣʽ ʞװʘʥ ʢסʢᴇʤʝʛʽʤʝʥ ʧʘʡʜʘ ʙʦʣ שʘʟʽʨʛʽ ʪʘʥʳʤʘʣ ʤʠʢʨʦʢʦʪʨʦʣʣʝʨʜʳץ

 ʦʣץ ʣʢʝʥ ʢʽʪʘʧʭʘʥʘʩʳװ שᴇʟʽ ʪʦʣʪʳʨʘ ʘʣʘʪʳʥ ʤʦʜʝʣʴʜʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽ שʦʣʜʘʥʫʰʳʥʳפ

ʞʝʪʽʤʜʽ, ᴅʨʠʥʝ ʦʣ װʰʽʥ ʵʣʝʤʝʥʪʪʽש ʞײʤʳʩʳʥ ʝʛʞʝʡ ʪʝʛʞʝʡʣʽ ʙʽʣʫ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʘʡ 

ʘʣʫʳ ʢʝʨʝʢ. ʉʭʝʤʘʥʳ ʘʥʠʤʘʮʠʷʣʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʘסʜʘʨʣʘʤʘʥʳש ʤʝʢʪʝʧ, ɾʆʆ ʩʘʙʘץʪʘʨʳʥʜʘ 

ʢʝʨʝʤʝʪ ʦץʫ ײץʨʘʣʳ ʙʦʣʘ ʘʣʘʜʳ. ɾʝʪʢʽʣʽʢʪʽ ײץʨʘʣʜʘʨ ʞᴅʥʝ ʬʫʥʢʮʠʷʣʘʨ ʞʠʥʘסʳ, ʘʨʘʩʳʥʜʘ 

ʚʦʣʴʪʤʝʪʨ, ʘʤʧʝʨʤʝʪʨ, ʦʩʮʠʣʣʦʛʨʘʬ, ʙʘʨʣʳץʤװʤʢʽʥʜʽʢʪʽ ʛʝʥʝʨʘʪʦʨ, ʙʘסʜʘʨʣʘʤʘʣʳץ 

 ʨʘʣʜʘʨײץ ץʘʙʽʣʝʪʽ ʙʘʨ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʣʝʨ, PROTEUS VSM ʵʣʝʢʪʨʦʥʜʳץ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

ᴅʟʽʨʣʝʫʰʽʩʽʥʝ ʞʘץʩʳ ʢᴇʤʝʢʰʽ ʙʦʣʜʳʨʘʜʳ. 

ɹʘסʜʘʨʣʘʤʘ ʩʠʩʪʝʤʘʣʳץ ʞװʡʝʣʽʢ ʪʘʣʘʧʪʘʨסʘ ץʘʣʘʨʣʳץ ʝʤʝʩ. ᴄʟʽʨʣʝʫʰʽʣʝʨʜʽש 

ʘʡʪʧʘסʳʤʝʥ Windows 98/Me/2k/XPʪʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ ʞᴅʥʝ ʞʦסʘʨʳʜʘסʳʜʘʡ. ʊʽʧʪʽ Pentium I 

150 ʽʩʢʝ ʘʩʘʜʳ . ɹʽʨʘץ ʜʝʛʝʥʤʝʥ ʞʘʡʣʳ ʞײʤʳʩ װʰʽʥ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʥʳש ʪװʛʝʣ 

ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ץʦʣʜʘʥʫסʘ 500 ʄʛʮ ʪᴇʤʝʥ ʝʤʝʩ ʧʨʦʮʝʩʩʦʨʣʘʨ ײʩʳʥʳʣʘʜʳ, ʞʝʜʝʣ ʞʘʜʳʥʳש 

ʢᴇʣʝʤʽ 64 ʄɹ, ʜʳʙʳʩʪʳץ ʢʘʨʪʘʩʳ DirectX װʡʣʝʩʽʤʜʽ, ʞᴅʥʝ ʤʦʥʠʪʦʨ ʨץײʩʘʪʳ 1024 c768 

ʥװʢʪʝʣʽ. 
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Proteus VSM ᴅʜʝʧʢʽ ʙʦʡʳʥʰʘ C:\Program Files\Labcenter Electronics\Proteus 

6Demonstration ʧʘʧʢʘʩʳʥʘ ʞװʢʪʝʣʝʜʽ. ɹʘʩץʘ ʞװʢʪʝʫ ʞʦʣʜʘʨʳ ʞᴅʥʝ ʙʘʩץʘ ʜʠʩʢʽʜʝ ʪײʨסʘʥ 

ʩʠʩʪʝʤʘ ʪʘשʜʘʫʳ, ʤʳʩʘʣʳ D ʜʠʩʢʽʩʽʥʜʝʛʽ XP, ʤʝʥʽʤʝʥ ʪʝʢʩʝʨʽʣʤʝʜʽ. 

Proteus VSM ץʦʩʳʤʰʘ ʝʢʽ ʙʘסʜʘʨʣʘʤʘʜʘʥ ISIS ʞᴅʥʝ ARES ʪײʨʘʜʳ. ARES ʙײʣ ᴇʟʽʥʽש 

ʢʽʪʘʧʭʘʥʘʩʳʥ, ʢʦʨʧʫʩʳʥ ײץʨʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ ʠʥʜʠʢʘʪʦʨʣʳ ʙʘʩʧʘ ʪᴇʣʝʤʽ. ʅʝʛʽʟʛʽ 

ʙʘסʜʘʨʣʘʤʘ ISIS ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʜʘ ʪʘץʪʘʥʳ ʦʨʥʘʣʘʩʪʳʨʫ װʰʽʥ ʞʦʙʘʥʳ ʞʽʙʝʨʫʛʝ 

ARES-ʧʝʥ ʪʽʢʝʣʝʡ ʙʘʡʣʘʥʳʩ ץʘʨʘʩʪʳʨʳʣסʘʥ.  

ɽװ שʣʢʝʥ ʢʝשʽʩʪʽʢ EDIT WINDOW ʨʝʜʘʢʮʠʷʣʘʫ ʪʝʨʝʟʝʩʽʥʽש ʘʩʪʳʥʜʘ ʙᴇʣʽʥʛʝʥ. ɼᴅʣ 

ʩʦʥʜʘ ʙʘʨʣʳץ ʥʝʛʽʟʛʽ ײץʨʫ ʧʨʦʮʝʩʪʝʨʽ ʞװʟʝʛʝ ʘʩʘʜʳ, ʨʝʜʘʢʮʠʷʣʘʫ ʞᴅʥʝ ײץʨʳʣסʳʥʳש 

ʩʭʝʤʘʩʳ ʞᴇʥʜʝʫ ʩʠʷץʪʳ. ʉʦʣ ʞʘװ ץʩʪʽʥʜʝ ʢʽʰʢʝʥʪʘʡ Overview Window ʘʣʜʳʥ ʘʣʘ ʢᴇʨʫ 

ʪʝʨʝʟʝʩʽ, ʦʥʳש ʢᴇʤʝʛʽʤʝʥ ʨʝʜʘʢʮʠʷʣʘʫ ʪʝʨʝʟʝʩʽʥʽʥʜʝ ʢᴇʰʫʛʝ ʙʦʣʘʜʳ.  

ʈʝʜʘʢʮʠʷʣʘʫ ʪʝʨʝʟʝʩʽʥ ʩʭʝʤʘ ʙʦʡʳʥʰʘ ʪʘסʳʜʘ ʙʳʣʘʡ ʙʦʣʘʜʳ ï SHIFT ʙʘʪʳʨʤʘʩʳʥ 

ʙʘʩʳʧ ʪײʨʳʧ, ʪʳʰץʘʥ ʤʝשʟʝʨʽʥ ץʦʟסʘʧ, ʙʘʪʳʨʤʘʩʳʥ ʙʘʩʧʘʡ, ʨʝʜʘʢʮʠʷʣʘʫ ʪʝʨʝʟʝʩʽ 

ʙʦʡʳʥʰʘ ʘʪץʘʨʫסʘ ʙʦʣʘʜʳ. 

ʉʭʝʤʘʥʳ ʪʝʨʝʟʝʜʝ ʪʠʽʩʽʥʰʝ F6 ʞᴅʥʝ F7 ʙʘʪʳʨʤʘʣʘʨʳ ʘʨץʳʣʳ ʞʘץʳʥʜʘʪʫסʘ ʞᴅʥʝ 

ʘʣʳʩʪʘʪʫסʘ ʙʦʣʘʜʳ, ʥʝʤʝʩʝ ʪʳʰץʘʥʥʳש ʜᴇשʛʝʣʝʢʪʝʨʽ ʘʨץʳʣʳ, F5 ʩʭʝʤʘʥʳ ʪʝʨʝʟʝʜʝ 

ʦʨʪʘʣʳץʪʘʥʜʳʨʘʜʳ, ʘʣ F8 ʤᴇʣʰʝʨʽʥ ʨʝʜʘʢʮʠʷʣʘʫ ʪʝʨʝʟʝʩʽ ʙʦʡʳʥʰʘ ʩᴅʡʢʝʩʪʝʥʜʽʨʝʜʽ. 

ɸʣʜʳʥ ʘʣʘ ʢᴇʨʫ ʪʝʨʝʟʝʩʽʥʽש ʘʩʪʳʥʜʘ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʪʘשʜʘʣסʘʥ ʢʦʤʧʦʥʝʥʪʪʝʨ ʪʽʟʽʤʽ, 

ʩʠʤʚʦʣʳ ʞᴅʥʝ ʙʘʩץʘ ʵʣʝʤʝʥʪʪʝʨʽ Object Selector ʦʨʥʘʣʘʩץʘʥ. ʊʽʟʽʤʜʝ ʙʝʣʛʽʣʝʥʛʝʥ ʦʙʲʝʢʪʽ 

ʘʣʜʳʥ ʘʣʘ ʢᴇʨʫ ʪʝʨʝʟʝʩʽʥʜʝ ʢᴇʨʽʥʝʜʽ. 

Proteus VSM ʙʘʨʣʳץ ʬʫʥʢʮʠʷʣʘʨʳ ʞᴅʥʝ ײץʨʘʣʜʘʨʳ ʥʝʛʽʟʛʽ ʙʘסʜʘʨʣʘʤʘʣʘʨ 

ʪʝʨʝʟʝʩʽʥʜʝʛʽ ʝװ שʩʪʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ʤᴅʟʽʨ ʘʨץʳʣʳ, ʧʠʢʪʦʛʨʘʤʤʘ ʘʨץʳʣʳ, ʤᴅʟʽʨ ʘʩʪʳʥʜʘ 

ʩʦʣ ʞʘץ ʙײʨʳʰʳʥʜʘ ʞᴅʥʝ ʳʩʪʳץ ʧʝʨʥʝʣʝʨ ʘʨץʳʣʳ ץʦʣʞʝʪʽʤʜʽ, ץʦʣʜʘʥʫʰʳ ץʘʡʪʘ ᴇʟʛʝʨʪʝ 

ʘʣʘʜʳ. 

ʅʝʛʽʟʛʽ ʪʝʨʝʟʝʥʽש ʝש ʘʩʪʳʥʜʘ ʦʨʥʘʣʘʩץʘʥ: ʩʦʣ ʞʘץʪʘʥ ʦש ʞʘץץʘ ץʘʨʘʡ ʘʡʥʘʣʫ 

ʙʘʪʳʨʤʘʣʘʨʳ ʞᴅʥʝ ʦʙʲʝʢʪʽʥʽש ᴇʟ ʙʽʣʽʛʽʥʝʥ ʘʡʥʘʣʫʳ, ʠʥʪʝʨʘʢʪʠʚʪʽʢ ʤʦʜʝʣʴʜʝʫʜʽש ʙʘʩץʘʨʫ 

ʧʘʥʝʣʽ (ʤʘʛʥʠʪʦʬʦʥʜʳץ ʞᴅʥʝ ʇʋʉʂ-ʇʆʐɸɻʆɺʓʁ ʈɽɾʀʄ-ʇɸʋɿɸ-ʉʊʆʇ 

ʬʫʥʢʮʠʷʣʘʨʳ ʩʠʷʢʪʳ ʪװʨʜʝ). 

ʉʪʘʪʫʩ ʞʦʣʳ (ʦʥʜʘ: ץʘʪʝʣʝʨ, ʢᴇʤʝʢ, ʤʦʜʝʣʴʜʝʫ ʧʨʦʮʝʩʩʽʥʽש ʘסʳʤʜʘסʳ ʞʘסʜʘʡʳ ʞᴅʥʝ 

ʪ.ʙ) ʞᴅʥʝ ʤʝשʟʝʨʜʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳ ʜʶʡʤʜʳץ ʙʝʡʥʝʜʝ. 

ɹʘסʜʘʨʣʘʤʘʥʳש ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʷʣʘʨʳʥ װʡʨʝʥʫ װʰʽʥ ʩʽʟʛʝ çײץʨʙʘʥè ʢʝʨʝʢ. 

ʆʣʘʨʜʘ ʙʘʨ ʙʽʨ ʞʦʙʘʥʳ ʘʰʘʡʳץ. FILE ʤᴅʟʽʨʽʥʜʝ LOAD DESIGN. ʆʧʮʠʷʩʳʥ 

ʪʘשʜʘʡʳץ. SAMPLE/ANIMATION CIRCUIT/AC01.DSN ʬʘʡʣʳʥ ʞװʢʪʝʡʽʢ. ɹʘʩץʘʨʫ 

ʧʘʥʝʣʽʥʜʝ ʇʋʉʂ ʙʘʪʳʨʤʘʩʳʥ ʙʘʩʳʧ ʞʦʙʘʥʳ ʽʩʢʝ ץʦʡʳץ. ɹײʣ ʩʭʝʤʘ ʘʫʳʩʧʘʣʳ ʪʦץʪʳש 

ʰʳʥʞʳʨʜʘסʳ ᴅʩʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. ɻʝʥʝʨʘʪʦʨ ʞʠʽʣʽʛʽ ʢᴇʨʽʥʽʩ װʰʽʥ 0.5 ɻʎʛʝ ʜʝʡʽʥ 

ʪᴇʤʝʥʜʝʪʽʣʛʝʥ. ʊʦץʪʳש ʙʘסʳʪʪʘʣסʘʥ ʩʳʟʳסʳʥ, ʞʘʨʳץʪʘסʳ ʧʦʣʷʨʣʳץʪʳ ʞᴅʥʝ ʢʝʨʥʝʫ 

ʜʝשʛʝʠʽʥ, ʪװʩʽ ʞᴅʥʝ ʧʨʦʚʜʪʘʨ ʘʡץʳʥʜʘʡʜʳ. ɻʝʥʝʨʘʪʦʨ ʩʫʨʝʪʽʥʜʝʛʽ ץʳʟʳʣ ʩʳʟʳץ 

ʩʠʥʫʦʩʠʜʪʽש ʘסʳʤʜʘסʳ çʞʘסʜʘʡʳʥè ʢᴇʨʩʝʪʝʜʽ [4]. 

ʆʙʲʝʢʪʽʣʝʨʜʽ ץʦʟסʘʣʪʫ װʰʽʥ ʘʣʜʳʤʝʥ ʦʣʘʨʜʳ ʙʝʣʛʽʣʝʫ ʢʝʨʝʢ, ʙײʥʳ ʪʝʢ ץʘʥʘ 

ʪʦץʪʘʣסʘʥ ʞʦʙʘʜʘ סʘʥʘ ʽʩʢʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ. ɹʽʨ ʦʙʲʝʢʪʽʥʽ ʙʝʣʛʽʣʝʫ װʩʪʽʥʝʥ װʰʽʥ 

ʪʳʰץʘʥʥʳש ʦש ʞʘץ ʙʘʪʳʨʤʘʩʳʥ ʙʘʩʫ ʢʝʨʝʢ. ɻʨʫʧʧʘʥʳ ʙʝʣʛʽʣʝʫ װʰʽʥ ʥʝʤʝʩʝ CTRL ʙʘʩʳʧ 

ʪײʨʫ, ʢʝʟʝʢʧʝʥ ʙʘʨʣʳץ ʦʙʲʝʢʪʽʣʝʨʛʝ ʦש ʞʘץ ʙʘʪʳʨʤʘʥʳ ʙʘʩʳʧ ʥʝʤʝʩʝ ʦש ʞʘץ ʙʘʪʳʨʤʘʥʳ 

ʙʘʩʳʧ ʪײʨʳʧ ʙʝʣʛʽʣʝʥʛʝʥ ʘʡʤʘץʪʳ ʢʝʨʝʢ ʦʙʲʝʢʪʽʣʝʨʛʝ ʘʧʘʨʫ. ʆʙʲʝʢʪʽʣʝʨʜʽ ʘʙʘʡʣʘʧ 

ʙʝʣʛʽʣʝʫ ʢʝʨʝʢ, ʙʝʣʛʽʣʝʥʛʝʥ ʦʙʲʝʢʪʽʛʝ ʪʳʰץʘʥʥʳש ʦש ʞʘץ ʙʘʪʳʨʤʘʩʳʥ ץʘʡʪʘʣʘʧ ʙʘʩʫ ʦʥʳ 

ᴇʰʽʨʝʜʽ, (ʙʝʣʛʽʣʝʥʛʝʥ ʦʙʲʝʢʪʽʣʝʨʜʽ ʪʘסʳʜʘ ᴇʰʽʨʫʛʝ ʙʦʣʘʜʳ, DELETE) ʙʘʪʳʨʤʘʩʳʥ ʙʘʩʫ 

ʘʨץʳʣʳ). 

ɹʽʨʘץ ʙײʣ ץʦʨץʳʥʳʰʪʳ ʝʤʝʩ, ʩʝʙʝʙʽ ʩʦסשʳ ʞᴅʥʝ ʘʣʜʳסשʳ ʽʩ-ץʠʤʳʣʜʘʨʜʳ ʢʝʟʝʢʧʝʥ, 

(UNDO, REDO) ʢװʰʽʥ ʞʦʶ ʙʘʪʳʨʤʘʣʘʨʳ ʘʨץʳʣʳ ץʘʡʪʘʨʳʧ ʘʣʫסʘ ʙʦʣʘʜʳ. ʂװʰʽʥ ʞʦʶ 

ʙʘʪʳʨʤʘʣʘʨʳ ʘʨʪץʘ ʩʠʷץʪʳ, ʭʨʦʥʦʣʦʛʠʷʤʝʥ ʘʣʜʳסʘ ʜʘ ʞײʤʳʩ ʞʘʩʘʡʜʳ. 
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e-mail: k.zhebe@gmail.com  

 
ɸϬʜʘʪʧʘ. ɹϰʣ ʤʘϨʘʣʘʜʘ ʞʳʣʞʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʜʝʬʦʨʤʘʮʠʷ ʞʳʣʜʘʤʜʳϤʳʥʘʥ ʞϸʥʝ 

Ϯʡʢʝʣʽʩ ʢʦʵʬʬʠʮʠʝʥʪʽ ʞʳʣʜʘʤʜʳϨʪʘʨ ʘʡʳʨʳʤʳʥʘʥ ʪϸʫʝʣʜʽ ʙʦʣϤʘʥʜʘ, ʩϰʡʳϨʪʳϨʧʝʥ 

ϨʦʨʳʪʳʣϤʘʥ ʢʝʫʝʢʪʽ ʦʨʪʘʜʘ ʩʝʡʩʤʠʢʘʣʳϨ ʪʦʣϨʳʥʜʘʨʜʳϬ ʪʘʨʘʣʫʳʥʳϬ ʩʳʟʳϨʪʳ ʝʤʝʩ 

ʤʘʪʝʤʘʪʠʢʘʣʳϨ ʤʦʜʝʣʽ ʪϰʨϤʳʟʳʣʘʜʳ.  

 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʽ ײץʨʫ ʢʝʟʝשʜʝʨʽ. נʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʜʘסʳ ʢᴇʧʪʝʛʝʥ 

ʝʩʝʧʪʝʨʜʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʽ ʜʝʨʙʝʩ ʪʫʳʥʜʳʣʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ 

ʪʝשʜʝʫʣʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨʽ ʦʩʳʥʜʘʡ ʪʝʥʜʝʫʣʝʨʤʝʥ 

ʙʝʨʽʣʝʪʽʥ װʜʝʨʽʩʪʝʨ ʤʝʥ ײץʙʳʣʳʩʪʘʨסʘ, ʤʳʩʘʣʳ, ץʘʪʪʳ ʜʝʥʝʣʝʨʜʝʛʽ ʞʳʣʫʜʳש ʪʘʨʘʣʫʳ, 

ʩײʡʳץʪʳץʪʘʨ ʤʝʥ ʛʘʟʜʘʨʜʘסʳ ʜʠʬʬʫʟʠʷ, ʜʳʙʳʩʪʳץ ʞᴅʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ 

ʪʦʣץʳʥʜʘʨʜʳש ʪʘʨʘʣʫʳ, ʧʣʘʥʝʪʘʣʘʨ ʤʝʥ ʛʘʣʘʢʪʠʢʘʣʘʨʜʳש ʛʨʘʚʠʪʘʮʠʷʣʳץ ʪʘʨʪʳʣʳʩʳ 

ʞᴅʥʝ ʪ.ʙ. ʢᴇʧʪʝʧ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ. 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ - ʙײʣ ץʘʨʘʩʪʳʨʳʧ ʦʪʳʨסʘʥ ʦʙʲʝʢʪʽʥʽש, ʧʨʦʮʝʩʩʪʽש 

 ץʤʘʪʝʤʘʪʠʢʘʣʳ (ʘʥסʘʤʪʳץ) ʘʩʠʝʪʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥץ ʳʟʜʳשʙʘʩʪʳ ʤʘ שʙʳʣʳʩʪʳײץ

 ,ʩʽʟʜʽʢʪʝʨשʜʝʫʣʝʨ, ʪʝשï ʬʦʨʤʫʣʘʣʘʨ, ʪʝ (ʘʪʳʥʘʩʪʘʨץ) ʘʪʳʥʘʩʪʘʨ (ᴇʨʥʝʢʪʝʨ). ᴆʨʥʝʢʪʝʨץ

ʪ.ʩ.ʩ. ʞװʡʝʩʽ ʙʦʣʳʧ ʢʝʣʝʜʽ. 

ɽʩʝʧʪʽ ʰʝʰʫʜʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ ʤʳʥʘ ʪʽʟʙʝʢʪʝʨʜʝʥ ʪײʨʘʜʳ: 

1) ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʥʝʛʽʟʜʝʣʽʥʽʧ ײץʨʳʣʘʪʳʥ ʙʦʣʞʘʤʜʘʨʜʘʨʜʳ ʝʨʝʢʰʝʣʝʧ 

(ʙᴇʣʽʧ) ʘʣʫ; 

2) ʙʘʩʪʘʧץʳ ʙʝʨʽʣʛʝʥʜʝʨ ʞᴅʥʝ ʥʝʣʝʨ ʙʦʣʘʪʳʥʜʳסʳʥ ʥʘץʪʳ ʘʥʳץʪʘʫ; 

3) ʥᴅʪʠʞʝʣʝʨʜʽ ʙʘʩʪʘʧץʳ ʙʝʨʽʣʛʝʥʜʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘʪʳʥ ʤʘʪʝʤʘʪʠʢʘ-ʣʳץ 

 .ʘʪʳʥʘʩʪʘʨʜʳ ʞʘʟʫץ

 ᴇʟʽ ʜʝ שʤʦʜʝʣʽ (ʞʘʣʧʳ ʤʦʜʝʣʴʜʝʫ ʪʝʦʨʠʷʩʳʥʳ ץʤʘʪʝʤʘʪʠʢʘʣʳ שʘʥ ʝʩʝʧʪʽסʨʳʣײפ

 ʘʥ ʪʝʭʥʦʣʦʛʠʷʜʘ ʤʳʥʘסʩʳʥʳʧ ʦʪʳʨײ שʣʢʝʥ ʤᴅʩʝʣʝ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɹʽʟʜʽװ

ʤʽʩʝʣʝʣʝʨʜʽ ʦש ʰʝʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

a) ʙʝʨʽʣʛʝʥʜʝʨʜʽ ʪʦʣʳסʳʥʘʥ ʘʥʳץʪʘʫסʘ (ʥʘץʪʳʣʘʫסʘ, ʪװʛʝʣʜʝʫʛʝ); 

b) ʙʝʨʽʣʛʝʥʜʝʨʜʽײץ שʨʳʣʤʜʘʨʳʥ ʜᴅʣ ʘʥʳץʪʘʫסʘ (ʢᴇʨʩʝʪʫʛʝ); 

c) ʝʩʝʧʪʽ ʰʝʰʫʜʽש ʩʘʥʜʳץ ᴅʜʽʩʽʥ (ʪᴅʩʽʣʽʥ, ʞʦʣʳʥ) ʪʘשʜʘʫסʘ. 
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ɾʘʣʧʳ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ (ʜװʥʠʝʥʽ) ʪʘʥʳʧ ʙʽʣʫʜʝ, ʦʡ-ᴇʨʽʩʽʥ ʜʘʤʳʪʫʜʘסʳ ʤʦʜʝʣʴ 

ʞᴅʥʝ ʤʦʜʝʣʴʜʝʫ סײʳʤʜʘʨʳʥʳש ʘʣʘʪʳʥ ʦʨʥʳʥʳש ʞᴅʥʝ ʨᴇʣʽʥʽש ʝʨʝʢʰʝ. 

ɹʽʨ ʩʦʣ ʙʽʨ ʝʩʝʧʪʽ (ʬʦʨʤʫʣʘʣʘʨʜʳ, ʪʝשʜʝʫʣʝʨʜʽ, ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ, ʪʝשʩʽʟʜʽʢʪʝʨʜʽ, 

ʪ.ʩ.ʩ.) ʰʝʰʫʜʽש ʙʽʨʥʝʰʝ ᴅʜʽʩʪʝʨʽ (ʞʦʣʳ) ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʜʽʛʽʥ ʤʘʪʝʤʘʪʠʢʘ ʢʫʨʩʳʥʘʥ 

ʙʽʣʝʤʽʟ.ɽʩʝʧʪʽץ שʦʡʳʣʫʳ ʝʨʝʢʰʝʣʽʛʽʥʝ ʩᴅʡʢʝʩ ʙʝʣʛʽʣʽ ʩʘʥʜʳץ ᴅʜʽʩʪʝʨʜʽש (ʪᴅʩʽʣʜʝʨʜʽש, 

ʝʩʝʧʪʝʫ ʪʽʟʙʝʢʪʝʨʽʥʽש) ʽʰʽʥʝʥ ʝש ʪʠʽʤʜʽʩʽʥ (ץʳʩץʘʰʘ ʝʩʝʧʪʝʫ ʞᴅʥʝ ʞʘץʩʳ ʰʝʰʽʤ ʘʣʘ ʘʣʫ 

ʞʦʣʳʥ) ʪʘשʜʘʡ ʙʽʣʫʽʤʽʟ ʢʝʨʝʢ ʙʦʣʘʜʳ[6]. 

ɹʽʟ ʝʩʝʧʪʝʫ ʪᴅʞʽʨʠʙʝʩʽʥ ᴇʟ ʽʰʽʥʝ ʘʣסʘʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ 

 .(ʣʙʝװ2-ʩ) ʘʨʘʩʪʳʨʘʤʳʟץ ʜʝʨʽʩʽʥװ

 
2-ʩװʣʙʝ. ʂʦʤʧʴʶʪʝʨʣʽʢ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ װʜʝʨʽʩʽʥʽש 

ʞʘʣʧʳ ʩʳʟʙʘʥײʩץʘʩʳ 

 

ɹʽʨʽʥʰʽ ʢʝʟʝש - ʤʦʜʝʣʴʜʝʫ ʤʘץʩʘʪʳʥ ʘʥʳץʪʘʫ. ʆʣʘʨʜʳש ʥʝʛʽʟʛʽʣʝʨʽ ʤʳʥʘʣʘʨ: 

1) ʄʦʜʝʣʴ ʦʙʲʝʢʪʽ ץʘʣʘʡ ʪװʟʽʣʛʝʥ, ʦʥʳײץ שʨʳʣʳʤʳ, ʥʝʛʽʟʛʽ ץʘʩʠʝʪʪʝʨʽ, ʜʘʤʫ 

ʟʘשʜʘʨʳ ʤʝʥ ץʦʨʰʘסʘʥ ʦʨʪʘʤʝʥ ᴇʟʘʨʘ ᴅʩʝʨʽ ץʘʥʜʘʡ ʝʢʝʥʜʽʛʽʥ ʙʽʣʫ װʰʽʥ ץʘʞʝʪ (ʪװʩʽʥʫ); 

2) ʄʦʜʝʣʴ ʦʙʲʝʢʪʽʥʽ ʥʝʤʝʩʝ װʜʝʨʽʩʪʽ ʙʘʩץʘʨʫʜʳ װʡʨʝʥʫ ʞᴅʥʝ ʙʝʨʽʣʛʝʥ ʤʘץʩʘʪʪʘʨ 

ʤʝʥ ʢʨʠʪʝʨʠʡʣʝʨʜʝ ʪʠʽʤʜʽ ʙʘʩץʘʨʫ ʪᴅʩʽʣʜʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʢʝʨʝʢ (ʙʘʩץʘʨʫ); 

3) ʄʦʜʝʣʴ ʙʝʨʽʣʛʝʥ ʪᴅʩʽʣʜʝʨ ʤʝʥ ʬʦʨʤʘʣʘʨʜʘסʳ ʦʙʲʝʢʪʽʛʝ ᴅʩʝʨʣʝʨʜʽ ʞװʟʝʛʝ 

ʘʩʳʨʫʜʳש ʪʽʢʝʣʝʡ ʞᴅʥʝ ʞʘʥʘʤʘ ʩʘʣʜʘʨʳʥ ʙʦʣʞʘʫ װʰʽʥ ץʘʞʝʪ (ʙʦʣʞʘʫ). 

ʄʦʜʝʣʴʜʝʫʜʽש ʢʝʣʝʩʽ ʤʘשʳʟʜʳ ʢʝʟʝשʽ - ʤʦʜʝʣʴʜʽ ʥʘץʪʳʣʘʫ. ʄײʥʜʘ ʢʽʨʽʩ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʦʣʘʨʜʳש ʤᴅʥʜʝʨʽʥʽש ᴇʟʛʝʨʫʣʝʨʽ ʰʳסʳʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ᴅʩʝʨʽʥʽש 

ʤʘשʳʟʜʳʣʳץ ʜᴅʨʝʞʝʩʽʥʝ ץʘʨʘʡ ʙᴇʣʽʥʝʜʽ. ʄײʥʜʘʡ װʜʝʨʽʩʪʽ ʨʘʥʞʠʨʣʝʫ ʜʝʧ ʘʪʘʡʜʳ. 

ʂᴇʧʰʽʣʽʢ ʞʘסʜʘʡʜʘ ʤʦʜʝʣʴʜʽש ʙʽʟʜʽ ץʳʟʳץʪʳʨʘʪʳʥ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ 

ʙʦʣסʘʥ ʙʘʨʣʳץ ʬʘʢʪʦʨʣʘʨʜʳ ʝʩʝʧʢʝ ʘʣʫ ʤװʤʢʽʥ ʙʦʣʤʘʡʜʳ. ʄʦʜʝʣʴʜʝʫʜʽש ʩᴅʪʪʽ ʙʦʣʫʳ 

ʤʘשʳʟʜʳ ʙʦʣסʘʥ ʬʘʢʪʦʨʣʘʨʜʳ ʜײʨʳʩ ʘʞʳʨʘʪʘ ʙʽʣʫʛʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. 

ʂʝʣʝʩʽ ʢʝʟʝש - ʤʦʜʝʣʴʜʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʣʫʳʥ ʘʥʳץʪʘʫ. ɹײʣ ʢʝʟʝשʜʝ 

ʤʦʜʝʣʴʜʽש ʘʙʩʪʨʘʢʪ ʩʠʧʘʪʪʘʣʫʳʥʘʥ ʥʘץʪʳ ʤʘʪʝʤʘʪʠʢʘʣʳץ ץʘʪʳʥʘʩʪʘʨʤʝʥ (ʪʝʥʜʝʫ, 

ʪʝשʜʝʫʣʝʨ ʥʝʤʝʩʝ ʪʝשʩʽʟʜʽʢʪʝʨ ʞװʡʝʣʝʨʽ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ / ʠʥʪʝʛʨʘʣʜʳץ ʪʝשʜʝʫ ʥʝʤʝʩʝ 

ʪʝשʜʝʫʣʝʨ ʞװʡʝʣʝʨʽ ʞᴅʥʝ ʪ.ʙ.) ʙʝʨʽʣʛʝʥ ʩʠʧʘʪʪʘʣʫʳʥʘ ᴇʪʫ ץʘʞʝʪ ʙʦʣʘʜʳ. 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʩʠʧʘʪʪʘʣʳʧ ʙʦʣסʘʥ ʩʦש ʦʥʳ ʟʝʨʪʪʝʫ ᴅʜʽʩʽ ʪʘשʜʘʣʘʜʳ. 

ᴄʜʝʪʪʝ, ץʘʥʜʘʡ ʜʘ ʙʽʨ ʝʩʝʧʪʽ ʰʝʰʫʜʝ ʦʨʥʳץʪʳʣʳסʳ, ʢʦʣʜʘʥʫ ץʘʨʘʧʘʡʳʤʜʳʣʳסʳ, ʝʩʝʧʪʝʫ 

ʢᴇʣʝʤʽ ʞᴅʥʝ ʪ.ʙ. ʩʠʧʘʪʪʘʤʘʣʘʨʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʙʽʨʥʝʰʝ ᴅʜʽʩʪʝʨ ʙʦʣʘʜʳ. ɾʘʣʧʳ 
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ʤʦʜʝʣʴʜʝʫ װʜʝʨʽʩʽʥʽץ שʦʡʳʣסʘʥ ʤʘץʩʘʪץʘ ʞʝʪʫʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʽ ʰʝʰʫ ᴅʜʽʩʽʥ 

ʜײʨʳʩ ʪʘשʜʘʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ʘʜʘʤʥʳש ʰʳסʘʨʤʘʰʳʣʳץ ʞײʤʳʩʳʥʳש ᴇʥʽʤʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ.ʂʦʤʧʴʶʪʝʨ ʦʡʰʘ ʞʘʩʘʣסʘʥ ʤʦʜʝʣʴʜʽ ʞʘשʘ ʩʘʧʘʣʳץ ʜʝשʛʝʡʜʝ ʪʘשʙʘʣʳץ ʧʽʰʽʥʛʝ 

ʘʫʜʘʨʘʜʳ. 

ʂʝʫʝʢ ʩʝʨʧʽʤʜʽʣʽʢʪʽϬ ʙʽʨϺʣʰʝʤʜʽ ʩʳʟʳϨʪʳ ʝʤʝʩ ʪʫʨʘ ʝʩʝʙʽʥʽϬ ϨʠʩʳʥʜʳʣʳϤʳʥ 

ϨʘʨʘʩʪʳʨʘʡʳϨ.  ʞᴅʥʝ  ʞʳʣʜʘʤʜʳץʪʘʨʳʥʘ ץʘʪʳʩʪʳ ʢʝʫʝʢ ʩʝʨʧʽʤʜʽʣʽʢʪʽש ʩʳʟʳץʪʳ 

ʝʤʝʩ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽ װʰʽʥ ʙʽʨᴇʣʰʝʤʜʽ ʙʘʩʪʘʧץʳ ʰʝʢʪʽʢ ʢʝʣʝʩʽ ʝʩʝʙʽʥ ץʘʨʘʩʪʳʨʘʡʳץ: 

 
( ) ( )( ) ),,0(),,0(,)()( 2 TtLxvuvuuuu tlxxxtts ÍÍ---= crmr

 (1.1) 

 
( ) ),,0(),,0(),(2 TtLxvuvuv ltl ÍÍ--= crr

 (1.2) 

 0 10 0 0
( ), ( ), 0, (0, ),tt t t

u u x u u x v x L
= = =
= = = Í

 (1.3) 

 0
0, ( ) ( ), (0, ).x xx x L

u u u f t t Tm
= =
= = Í

 (1.4) 

ʄײʥʜʘ ,],0[: RTf ­  ,],0[:0 RLu ­   ʂʝʣʝʩʽ ʦʨʳʥʜʘʣʩʳʥ ʜʝʣʽʢ: )(nm ï

ʬʫʥʢʮʠʷ, )(nc שʟʽʣʽʩʩʽʟ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʥʘʪʳʥ ʦװ ʰ ʨʝʪװ ï ʝʢʽ ʨʝʪ װʟʽʣʽʩʩʽʟ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʥʘʪʳʥ ʦש ʬʫʥʢʮʠʷ. 

(2.1)-(2.4) ʙʘʩʪʘʧץʳ ʰʝʢʪʽʢ ʝʩʝʧʪʽש ʢʣʘʩʩʠʢʘʣʳץ ʰʝʰʽʤʽʥ ץʘʨʘʩʪʳʨʘʡʳץ, ʷסʥʠ 

  ʤײʥʜʘסʳ  ï -ʨʝʪ  ʙʦʡʳʥʰʘ 

 ʟʽʣʽʩʩʽʟ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʥʘʪʳʥװ ʟʽʣʽʩʩʽʟ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʥʘʪʳʥ ʞᴅʥʝ - ʨʝʪ  ʙʦʡʳʥʰʘװ

ʬʫʥʢʮʠʷʣʘʨ ʢʝשʽʩʪʽʛʽ.  

 ʞᴅʥʝ ïʣʘʨʜʳ (1.1)-(1.4) ʪʝʥ , ,  ʙʝʣʛʽʣʽ ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʫ 

ʝʩʝʙʽʥ ʢʝʫʝʢ ʦʨʪʘ װʰʽʥ ʙʽʨᴇʣʰʝʤʜʽ ʪʫʨʘ ʜʠʥʘʤʠʢʘʣʳץ ʝʩʝʙʽ ʜʝʧ ʘʪʘʣʘʜʳ. 

ʂʝʣʝʩʽ ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣʩʳʥ ʜʝʣʽʢ  

    (1.5) 

ʞᴅʥʝ װʡʣʝʩʽʤʜʽʣʽʢ ʰʘʨʪʪʘʨʳ  

    

   (1.6) 

ʦש ʞʘץ ʰʝʢʘʨʘʜʘ ʞᴅʥʝ  

 (1.7) 

ʩʦʣ ʞʘץ ʰʝʢʘʨʘʜʘ .  

 
() () () () () ()zzzzzzzzz ccmcmm === ~,~,~
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ʬʫʥʢʮʠʷʩʳ ʢʝʣʝʩʽ ʞʠʳʥʜʘ ʞʘʪʩʳʥ  

 
( ) () () () [ ]{ },,0,~,~~~,~)( 0 SCsCssFD sÍ"¢¡¡¢¡¡²¡CÍ= cmmmcm

 (1.8) 

ʢʝʡʙʽʨ ,  ʦש ʪײʨʘץʪʳʣʘʨ װʰʽʥ (2.6) ʧʫʥʢʪʳ ʦʨʳʥʜʘʣʩʳʥ. ɸʨʳ ץʘʨʘʡ ʙʽʟ  ʦש 

ʪײʨʘץʪʳʩʳ ʘʨץʳʣʳ ʙʘʩʪʘʧץʳ  װʣʢʝʥ ʙʦʣʘʪʳʥʳʥ ʙʝʣʛʽʣʝʡʤʽʟ,  

  (1.9) 

ʤײʥʜʘסʳ . ɹʘʡץʘʧ ʦʪʳʨסʘʥʜʘʡ, ץʦʩʳʤʰʘʣʘʨʜʘ ʦʨʪʘ ʧʘʨʘʤʝʪʨʣʝʨʽ ץʘʪʘש ᴇʩʧʝʣʽ ʞᴅʥʝ 

ʪʝʛʽʩ ʬʫʥʢʮʠʷʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʦסʘʨʳʜʘסʳ (1.8), (1.9) ʬʦʨʤʫʣʘʣʘʨʳʤʝʥ ʘʥʳץʪʘʣסʘʥ 

ʢʝשʽʩʪʽʛʽ ʞᴅʥʝ  ʘʥʳץʪʘʣʫ ʦʙʣʳʩʳ ʦʩʳ ʰʘʨʪʪʘʨʜʳ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ. ɹʽʟʜʽש 

ʤʦʜʝʣʜʝʛʽ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʪʝʛʽʩʪʽʛʽ ʙʝʨʽʣʛʝʥ ʙʘʩʪʘʧץʳ ʰʝʢʪʽʢ ʝʩʝʧʪʽײ שʪʳʤʜʳ ʰʝʰʝʤʽ 

 .ʳʟʜʳשʰʽʥ ʘʩʘ ʤʘװ

ʊʝʦʨʝʤʘ.  ʞʝʪʢʽʣʽʢʪʽ ʘʟ ʙʦʣʩʳʥ,  ʞʝʪʢʽʣʽʢʪʽ װʣʢʝʥ ʙʦʣʩʳʥ, (1.5) ʰʘʨʪʳ ʞᴅʥʝ 

 (1.8) ʬʦʨʤʫʣʘʩʳʤʝʥ ʘʥʳץʪʘʣʩʳʥ. 

ʆʥʜʘ, ʢʝʟ ʢʝʣʛʝʥ  װʰʽʥ (1.1)- (1.4) ʙʘʩʪʘʧץʳ ʰʝʢʪʽʢ ʝʩʝʙʽʥʽש 

  ʞʘʣסʳʟ ʰʝʰʽʤʽ ʙʘʨ.  

ɽʩʢʝʨʪʫ. ɼᴅʣ ʦʩʳʥʜʘʡ ʥᴅʪʠʞʝʥʽ ʩʦʣ ʞʘץ ʰʝʢʘʨʘʩʳ ʢʝʨʥʝʫʜʝʥ ʝʨʢʽʥ ʞʘסʜʘʡ ʙʦʣʘʪʳʥ, 

ɼʠʨʠʭʣʝʥʽש ʩʦʣ ʞʘץ ʰʝʢʘʨʘʩʳʥʜʘסʳ  ʦʨʥʳʥʘ ʙʽʨʪʝʢʪʽ ʅʝʡʤʘʥ ʰʘʨʪʳ װʰʽʥʜʝ ʦʨʳʥʜʳ. 

 ʨʜʝ ʙʦʣʘʜʳװʰʘʨʪʪʘʨ ,  ʢʝʣʝʩʽ ʪ ץʜᴅʣʝʣʜʝʫʽʥʜʝ ʰʝʢʘʨʘʣʳ ץʠʩʳʥʜʳʣʳפ

   

   

ʤײʥʜʘסʳ  ʬʫʥʢʮʠʷʣʘʨ ,  ʬʫʥʢʮʠʷʣʘʨʳʤʝʥ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʣʘʨ ʪװʨʽʥʜʝ 

ʘʥʳץʪʘʣʘʜʳ 

   

   

ɹײʣ ʞװʡʝ  ʙʝʣʛʽʣʝʥʛʝʥ ʤᴅʥʽʥʜʝ  ʘʡʥʳʤʘʣʳʩʳ ʙʦʡʳʥʰʘ ɺʦʣʴʪʝʨʜʽש ʝʢʽʥʰʽ ʪʝʢʪʽ 

ʩʳʟʳץʪʳ ʝʤʝʩ ʠʥʪʝʛʨʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽש ʪײʡʳץʪʘʣסʘʥ ʞװʡʝʩʽʥ ײץʨʘʡʜʳ. 

ʊʝʦʨʝʤʘʥʳש ʜᴅʣʝʣʜʝʫʽ. , . ʬʫʥʢʮʠʷʣʘʨʳʥ ʝʥʛʽʟʝʡʽʢ. (1.1), (1.2) 

ʞװʡʝʣʝʨʜʽש ʝʢʽ ʞʘסʳʥ  ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʡʳץ ʞᴅʥʝ ,  ץʘʪʳʩʪʳ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ 

ʘʣʘʤʳʟ  
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ʉʦʣ ʞʘץ ʰʝʢʘʨʘʜʘ ʙʽʨʪʝʢʪʽ ʅʝʡʤʘʥ ʰʘʨʪʳ(ʝʩʢʝʨʪʫ) ʙʝʨʽʣʩʽʥ ʜʝʣʽʢ, ʦʥʜʘ (1.4) ʰʘʨʪʳʥ 

 ʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʙʽʟ ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟץ

   

   

ʥʝʤʝʩʝ 

   

   

ɹʘʩʪʘʧץʳ ʰʘʨʪʪʘʨ ʢʝʣʝʩʽ ʪװʨʜʝ ʙʦʣʘʜʳ 

   

 

ʇʘʡʜʘʣʘʥסʘʥ ᴅʜʝʙʠʝʪʪʝʨ ʪʽʟʽʤʽ 

1 Terzaghi, K. The shearing resistance of saturated soils / K. Terzaghi // Proc. 

Int.Conf.Soil Mech.Found.Eng.Ist.1936.-P 54-55. 

2 Biot, M.A. General Theory of Three Dimensional Consolidation / M.A. Biot // journal 

of Applied Physics.-1941.- Vol. 12. ̄ 2. ïP. 155-161. 

3 Biot, M.A. Theory of Elasticity and Consolidation for a Porous Anisotropic Solid / 

M.A. Biot // journal of Applied Physics.-1955.- Vol. 26. ̄ 2. ïP. 182-185. 

4 ʌʨʝʥʢʝʣʴ, ʗ.ʀ. ʂ ʪʝʦʨʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠ ʩʝʡʩʤʦ-ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚʦ 

ʚʣʘʞʥʦʡ ʧʦʯʚʝ // ʗ.ʀ. ʌʨʝʥʢʝʣʴ // ʀʟʚʝʩʪʠʷ ɸʅ ʉʉʉʈ. ʉʝʨʠʷ: ɻʝʦʛʨʘʬʠʷ ʠ ʛʝʦʬʠʟʠʢʘ. ï 

1944. ʊ.8, ˉ4.ï C. 133ï149.  

5 Verruijt, A. Elastic storage of aquifers / A. Verruijt // Flow through porous media. Ed. 
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6 Rice, J.R. Some basic stress diffusion solutions for fluid-saturated elastic porous 

media with compressible constituents / J.R. Rice, M.P. Cleary // Reviews   of Geophysics and 
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7 Detournay, E. Fundamentals of poroelasticity. Comprehensive rock engineering / E. 
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ʧʝʜʘʛʦʛʠʢʘʣʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʣʤʘʪʳ Ϩʘʣʘʩʳ, ϧʘʟʘϨʩʪʘʥ 

e-mail: tokanovabota@gmail.com 

 
ɸϬʜʘʪʧʘ. ɹʝʨʽʣʛʝʥ ʤʘϨʘʣʘʜʘ ɾʆʆ-ʜʘʨʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫʜʽϬ ʙʘʨʣʳϨ ʩʘʪʳʣʘʨʳʥʜʘ 

ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʫ Ϯʰʽʥ, ʧϸʥʘʨʘʣʳϨ ʙʘʡʣʘʥʳʩʪʳ ʘʡϨʳʥʜʘʫʜʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʞϮʡʝʩʽʥʽϬ 

Ϯʣʛʽʩʽ ϨʘʨʘʩʪʳʨʳʣϤʘʥ.    

ʂʽʣʪʪʽʢ ʩϺʟʜʝʨ: ʧϸʥ, ʧϸʥʘʨʘʣʳϨ, ʧϸʥʘʨʘʣʳϨ ʙʘʡʣʘʥʳʩ, ʜʠʜʘʢʪʠʢʘʣʳϨ Ϩϰʨʘʣ, ʧʝʜʘʛʦʛʠʢʘʣʳϨ 

Ϯʨʜʽʩ, ϸʜʽʩʥʘʤʘ, ʙʘϤʜʘʨʣʘʤʘ, ʤϸʣʽʤʝʪʪʝʨ Ϩʦʨʳ, ʢʝʩʪʝ. 

 

ʍʍɯ סʘʩʳʨ ʤʝʤʣʝʢʝʪ, ץʦסʘʤ ʞᴅʥʝ ɾʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳ (ɾʆʆ) ʘʣʜʳʥʜʘ 

ʧʨʠʥʮʠʧʠʘʣʜʳ ʪװʨʜʝ ʞʘשʘ ʤʽʥʜʝʪ ץʦʡʳʧ ʦʪʳʨ. ʆʣ ï ʟʘʤʘʥסʘ ʩʘʡ ʙʽʣʽʤ ʙʝʨʫ ʠʥʜʫʩʪʨʠʷʩʳʥ 

  .ʘʣʳʧʪʘʩʪʳʨʫץ

ʉʦסשʳ ʫʘץʳʪʪʘʨʜʘ ʝʣʽʤʽʟʜʝ ʦץʳʪʫʜʳש ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʘ ʜʝʥ ץʦʡʳʣʳʧ, ʦץʳʧ-

 ʘʪʘʨץ ʨʛʽʟʫʛʝ ʞʽʪʽ ʤᴅʥ ʙʝʨʽʣʫʜʝ. ʉʦʥʳʤʝʥװʜʝʨʙʝʩʪʽʛʽʥʝ, ᴇʟ ʙʝʪʽʥʰʝ ʽʟʜʝʥʽʩʪʝʨ ʞ שʡʨʝʥʫʜʽװ

ʢʝʟ-ʢʝʣʛʝʥ ʧᴅʥʜʽ, סʳʣʳʤʜʳ ʞʝʢʝ ʜʘʨʘ ʝʤʝʩ ᴇʟʛʝ ʜʝ סʳʣʳʤʜʘʨʜʳש, ʧᴅʥʜʝʨʜʽש ʢᴇʤʝʛʽʤʝʥ, 

ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʘ ʦץʳʪʫ ʤʝʥ ʦץʳʧ-װʡʨʝʥʫ ʟʘʤʘʥ ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʽʩʢʝ 

ʘʩʳʨʳʣʫʜʘ.  

ɾʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʢᴅʩʽʙʠ ʙʽʣʽʤ ʙʝʨʫʜʽץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʤʝʤʣʝʢʝʪʪʽʢ ʙʽʣʽʤ 

ʙʝʨʫ ʩʪʘʥʜʘʨʪʪʘʨʳʥʜʘ ʧᴅʥʜʝʨʜʽש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ ʤᴅʩʝʣʝʩʽʥʝ ʦʨʘʩʘʥ ʟʦʨ ʤᴅʥ ʙʝʨʽʣʝʜʽ, ʦʩʳ 

ʦʨʘʡʜʘ, ʩᴅʡʢʝʩ ʜʠʜʘʢʪʠʢʘʣʳװ ץʨʜʽʩʪʽ װʣʛʽʣʝʫʜʽש ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ 

ʤᴅʩʝʣʝʣʝʨʽʥʝ ʜʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ. ɾʆʆ ʪװʣʝʛʽ ʢᴅʩʽʙʠ ʙʽʣʽʢʪʽʣʽʢ ʧʝʥ ץʘʪʘʨ ʧʨʘʢʪʠʢʘʣʳץ 

ᴅʨʝʢʝʪʪʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ᴇʟʛʝʨʽʩʪʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ʞײʤʳʩ ʞʘʩʘʫ ʽʩʢʝʨʣʽʛʽʥʝ ʠʝ ʙʦʣʫʳ 

 ʳʟʤʝʪʪʝʨʜʝʛʽץ ʨʣʽ ʢᴅʩʽʙʠװʡʝʩʽ ᴅʨ ʪװʜʘ ʙʽʣʽʤ ʙʝʨʫ ʞשʛʽʥʛʽ ʪʘװʘʥ ʦʨʘʡ ʙסʘʞʝʪ. ʆʩʳץ

ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ʞʝʢʝ ʧᴅʥ סײʳʤʜʘʨʳʥ, ᴅʜʽʩʥʘʤʘʣʘʨʳʥ, ʧᴅʥʘʨʘʣʳץ 

ʙʘʡʣʘʥʳʩʪʳ ʪװʩʽʥʽʧ, ʦʥʳ ʧʨʘʢʪʠʢʘʜʘ ץʦʣʜʘʥʘ ʘʣʘʪʳʥ ʤʘʤʘʥʜʘʨʜʳ ʜʘʷʨʣʘʧ ʰʳסʫʳ ʪʠʽʩ. 

ɹʦʣʘʰʘײ ץʨʧʘץץʘ ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ʢװʨʜʝʣʽ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ʧʝʜʘʛʦʛʠʢʘʣʳץ 

-ʟʝʛʝ ʘʩʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʆʆװʙʘʡʣʘʥʳʩʪʳ ʞ ץʪʘʨʜʘ ʧᴅʥʘʨʘʣʳץʨʜʽʩ ʢʝʟʽʥʜʝʛʽ ʩʘʙʘװ

ʜʘסʳ ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʳש ʝש ʙʘʩʪʳ ʤʽʥʜʝʪʽ ʦץʫ װʨʜʽʩʽ ʙʘʨʳʩʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫ, ʪᴅʨʙʠʝ, 

ᴅʨ ʪװʨʣʽ ʜʘʤʳʪʫʰʳʣʳץ ץʳʟʤʝʪʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ײץʨʫ. 

ʆʩʳʣʘʡʰʘ ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳ ײץʨʫ ʪᴅʩʽʣʽʥʽש ʙʘʩץʘ ʪᴅʩʽʣʜʝʨʜʝʥ 

ʘʡʳʨʤʘʰʳʣʳסʳ ʦʣ ʙʽʨ סʳʣʳʤʠ ʧᴅʥʥʝʥ ʙʘʩץʘʩʳʥʘ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥʽש ʪʽʢʝʣʝʡ ʢᴇʰʽʨʽʣʫʽʥʝ 

ʤװʤʢʽʥʜʽʢ ʞʘʩʘʡʜʳ. ʆʣ ʟʝʨʪʪʝʣʝʪʽʥ ʦץʫ ʧᴅʥʜʝʨ ʘʷʩʳʥʳש ᴇʟʘʨʘ ץײʩʘʩʪʳסʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. ɼʝʛʝʥʤʝʥ, ʙײʣ ʞʝʨʜʝ ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩ ʢʝʟʽʥʜʝ װʡʣʝʩʽʤʜʽʣʽʢ ʤᴅʩʝʣʝʩʽ ᴇʪʝ 

ʤʘשʳʟʜʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ʇᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʞװʡʝʩʽʥʽש ʤʦʜʝʣʽ 1.1-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɸʪʘʣʤʳʰ ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʡʪʳʥ ʙʘסʜʘʨʣʘʤʘ ʥʝʛʽʟʛʽ 

ʪᴇʨʪ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩץʘʥ ʤʘʤʘʥʜʳץ, ʧᴅʥ, ʪʘץʳʨʳʧ ʞᴅʥʝ ʩʦʣ ʪʘץʳʨʳʧʪʘ ץʘʤʪʳʣסʘʥ סײʳʤʜʘʨ 

ʘʪʪʳ ʪʝʨʝʟʝʣʝʨʜʝʥ ʪײʨʘʜʳ. ɸʣ ʙʘסʜʘʨʣʘʤʘʣʳץ ᴇʥʽʤʥʽש ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳ ץʦʩʘʣץʳ 

ʢʝʩʪʝʣʝʨʜʝ ʝʩʝʧʪʝʤʝʛʝʥ ʞʘסʜʘʡʜʘ ʥʝʛʽʟʛʽ ʪᴇʨʪ ʢʝʩʪʝʥʽ ץʘʤʪʠʜʳ. ʆʣ ʢʝʩʪʝʣʝʨ ʩᴅʡʢʝʩʽʥʰʝ 

ʤʘʤʘʥʜʳץʪʘʨ (Spec), ʧᴅʥʜʝʨ (Subject), ʪʘץʳʨʳʧʪʘʨ (Theme) ʞᴅʥʝ סײʳʤʜʘʨ (Element) 

ʘʪʘʫʣʘʨʳʥʘ ʠʝ. ʄʘʤʘʥʜʳץʪʘʨ ʢʝʩʪʝʩʽʥʜʝ ʤʘʤʘʥʜʳץʪʘʨʜʳש ʢʦʜʳ ʞᴅʥʝ ʤʘʤʘʥʜʳץʪʘʨʜʳש 

ʘʪʘʫʳ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪʪʝʨ ʩʘץʪʘʣסʘʥ. ʇᴅʥʜʝʨ ʢʝʩʪʝʩʽ ʥʘץʪʳ ʪʘשʜʘʣסʘʥ ʤʘʤʘʥʜʳץץʘ ʩᴅʡʢʝʩ 
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ʢʝʣʝʪʽʥ ʧᴅʥʜʝʨʜʽש ʪʽʟʽʤʽʥʝʥ ʪײʨʘʜʳ. ʇᴅʥʜʝʨ ʢʝʩʪʝʩʽʥʜʝ ʩᴅʡʢʝʩʽʥʰʝ ʧᴅʥʥʽש ʘʪʘʫʳ ʞᴅʥʝ 

ʧᴅʥʥʽש ʢʦʜʳ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʢᴇʟʜʝʨʽ ʙʘʨ. ɸʨʳ ץʘʨʘʡ ʧᴅʥ ʢʝʩʪʝʩʽʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ 

ʪʘץʳʨʳʧʪʘʨ ʢʝʩʪʝʩʽ ʙʘʨ. ɹײʣ ʢʝʩʪʝʜʝ ʥʘץʪʳ ʙʽʨ ʘʥʳץʪʘʣסʘʥ ʧᴅʥʜʝ ʙʝʨʽʣʛʝʥ ʪʘץʳʨʳʧ 

ʘʪʘʫʣʘʨʳ ʙʝʨʽʣʛʝʥ. ɽש ʩʦסשʳ סײʳʤʜʘʨ ʢʝʩʪʝʩʽʥʜʝ ʙʝʨʽʣʛʝʥ ʪʘץʳʨʳʧץʘ ʩᴅʡʢʝʩ ʢʝʣʽʧ, ʩʦʣ 

ʞʝʨʜʝ ץʘʤʪʳʣסʘʥ סײʳʤʜʘʨ ץʘʤʪʳʣʘʜʳ. ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ ʙʘʨʣʳץ ʢʝʩʪʝʣʝʨʜʝ ᴇʟʘʨʘ 

ʙʽʨʜʽש ʢᴇʧʢʝ ʙʘʡʣʘʥʳʩʳ ʦʨʳʥʜʘʣʘʜʳ. 

 

 
ʉʫʨʝʪ 1.1. ʇᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʞװʡʝʩʽʥʽש ʤʦʜʝʣʽ 

 

Microsoft Visual Studio ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ C# ʬʦʨʤʘʣʘʨʳʥʳש ʢᴇʤʝʛʽʤʝʥ 

 ʦʨʳʤʝʥ ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʫץ ʘʣʜʳʤʝʥ ʤᴅʣʽʤʝʪʪʝʨ שʰʽʥ ʝװ ʘ ʝʥʫסʜʘʨʣʘʤʘסʘʥ ʙʘסʨʘʩʪʳʨʳʣײץ

  .ʘʞʝʪ (1-ʩʫʨʝʪ.)ץ

 

 
 

ʉʫʨʝʪ 1. ʆʧʝʨʘʮʠʷʣʘʨ ʞײʤʳʩ ʪʝʨʝʟʝʩʽʥʽש ʤᴅʟʽʨʽ 

 

ʄᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʘ ʝʥʫ װʰʽʥ ʦʧʝʨʘʮʠʷʣʘʨ ʙʘʪʳʨʤʘʩʳʥ ʙʘʩץʘʥ ʢʝʟʜʝ ʧʘʡʜʘ ʙʦʣסʘʥ 

ʪʝʨʝʟʝʣʝʨʜʽש ʽʰʽʥʝʥ çʙʘʟʘסʘ ʝʥʫè ʪʘשʜʘʫ ץʘʞʝʪ. ʉᴅʡʢʝʩʽʥʰʝ ʙʝʨʽʣʛʝʥ çʙʘʟʘʜʘʥ ʰʳסʫè 

ʙʘʪʳʨʤʘʩʳʥ ʙʘʩץʘʥ ʢʝʟʜʝ ץʦʣʜʘʥʫʰʳ ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʘʥ ʰʳסʳʧ ʢʝʪʝʜʽ, ʘʣ 

çʧʨʦʛʨʘʤʤʘʜʘʥ ʰʳסʫè ʙʘʪʳʨʤʘʩʳ ʙʘסʜʘʨʣʘʤʘ ʞײʤʳʩʳʥ ʪʦץʪʘʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʄᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʘ ʢʝʟ-ʢʝʣʛʝʥ ʘʜʘʤ ʝʥʝ ʘʣʤʘʡʜʳ, ʩʝʙʝʙʽ ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʤʝʥ 

ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʫ װʰʽʥ ץʦʣʜʘʥʫʰʳʥʳש ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʣʦʛʠʥ ʞᴅʥʝ ʧʘʨʦʣʽ ʙʦʣʫ ץʘʞʝʪ. ɽʛʝʨ 

ʜʝ ץʦʣʜʘʥʫʰʳ ʣʦʛʠʥʜʽ ʥʝʤʝʩʝ ʧʘʨʦʣʴʜʽ ץʘʪʝ ʝʥʛʽʟʛʝʥ ʞʘסʜʘʡʜʘ ʪʝʨʝʟʝʜʝ ץʘʪʝ ʤᴅʣʽʤʝʪ 

ʙʝʨʛʝʥʽ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʰʳסʘʜʳ. ʄᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʘ ץʦʩʳʣʫ ʪᴇʤʝʥʜʝ ʙʝʨʽʣʛʝʥ 1.2-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ʗסʥʠ, ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʣʦʛʠʥ ʞᴅʥʝ ʧʘʨʦʣʴ ʝʥʛʽʟʫ ץʘʞʝʪ ʞʝʨʣʝʨʛʝ 

ʩᴅʡʢʝʩʽʥʰʝ ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʜʘ ʘʥʳץʪʘʣסʘʥ ʘץʧʘʨʘʪʪʳ ʙʝʨʫ ץʘʞʝʪ. 

 



 

33 
 

 
 

ʉʫʨʝʪ 1.1. ʄᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʘ ʝʥʫ 

 

ʇʘʡʜʘʣʘʥʫʰʳ ʣʦʛʠʥ ʞᴅʥʝ ʧʘʨʦʣʽʥ ʝʥʛʽʟʛʝʥʥʝʥ ʢʝʡʽʥ çʠᴅè ʙʘʪʳʨʤʘʩʳʥ ʙʘʩʘʜʳ. ɽʛʝʨ 

ʧʘʡʜʘʣʘʥʫʰʳ  ʙʘʨʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʜײʨʳʩ ʝʥʛʽʟʛʝʥ ʙʦʣʩʘ, ʦʥʜʘ çʉʽʟ ʙʘʟʘסʘ ʝʥʜʽשʽʟ. פʦʰ 

ʢʝʣʜʽשʽʟ!!!è ʜʝʛʝʥ ʪʽʨʢʝʩʪʝʨ ʧʘʡʜʘ ʙʦʣʘʜʳ (1.2-ʩʫʨʝʪ). ɸʨʳ ץʘʨʘʡ ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʤʝʥ 

ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʳʣʳʧ, ץʦʣʜʘʥʫʰʳʥʳש ʞײʤʳʩ ʪʝʨʝʟʝʩʽ ʘʰʳʣʘʜʳ.  

 

 
 

ʉʫʨʝʪ 1.2. פʦʣʜʘʥʫʰʳʥʳש ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʘ ʝʥʛʝʥʽ ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪ 

 

ɹʘסʜʘʨʣʤʘʥʳש ʤᴅʟʽʨʽʥʜʝ ʙʝʨʽʣʛʝʥ çʤᴅʣʽʤʝʪʪʝʨʤʝʥ ʞײʤʳʩè ʙʘʪʳʨʤʘʩʳʥ ʙʘʩץʘʥ ʢʝʟʜʝ 

ʪᴇʤʝʥʜʝʛʽ 1.3-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʘץʧʘʨʘʪʪʘʨʜʳ ʢᴇʨʝ ʘʣʘʤʳʟ. ʗסʥʠ çʤᴅʣʽʤʝʪʪʝʨʤʝʥ 

ʞײʤʳʩ ʪʝʨʝʟʝʩʽè ʩᴅʡʢʝʩʽʥʰʝ ʤʘʤʘʥʜʳץʪʘʨ, ʧᴅʥʜʝʨ, ʪʘץʳʨʳʧʪʘʨ, סײʳʤʜʘʨ ʞᴅʥʝ ʧᴅʥʘʨʘʣʳץ 

ʙʘʡʣʘʥʳʩ ʪʝʨʝʟʝʣʝʨʽʥʝʥ ʪײʨʘʜʳ. ɹʝʨʽʣʛʝʥ ʙʘʨʣʳץ ʪʝʨʝʟʝʣʝʨ ᴇʟʘʨʘ ʙʽʨ-ʙʽʨʽʤʝʥ ʞᴅʥʝ 

ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ. ɾʦסʘʨʳʜʘ ʙʝʨʽʣʛʝʥ ʪʝʨʝʟʝʣʝʨʜʽש ʙʽʨʝʫʽʥ ʪʘשʜʘʫ 

ʘʨץʳʣʳ, ʙʽʟ ʩʦסʘʥ ʩᴅʡʢʝʩ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʘʣʘ ʘʣʘʤʳʟ.  

 

 
 

ʉʫʨʝʪ 1.3.  ʄᴅʣʽʤʝʪʪʝʨʤʝʥ ʞײʤʳʩ ʪʝʨʝʟʝʩʽʥʽש ʤᴅʟʽʨʽ 
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1.3-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ çʤᴅʣʽʤʝʪʪʝʨʤʝʥ ʞײʤʳʩè ʪʝʨʝʟʝʩʽʥʜʝʛʽ çסײʳʤʜʘʨè 

ʙʘʪʳʨʤʘʩʳʥ ʙʘʩʫ ʘʨץʳʣʳ ʙʽʟ ʢʝʣʝʩʽʜʝʡ ʘץʧʘʨʘʪ ʢᴇʟʜʝʨʽʥ ʘʣʘ ʘʣʘʤʳʟ. ʉᴅʡʢʝʩʽʥʰʝ 

ʪᴇʤʝʥʜʝʛʽ ʩʫʨʝʪʪʝ ʙʝʨʽʣʛʝʥʜʝʡ ᴇʟʘʨʘ ʙʽʨ-ʙʽʨʽʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ, ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʜʘסʳ 

çʤʘʤʘʥʜʳץ, ʧᴅʥ, ʪʘץʳʨʳʧ, סײʳʤè ʢʝʩʪʝʣʝʨʽʥʜʝʛʽ ʘץʧʘʨʘʪ ʰʳסʘʨʳʣסʘʥ. ʄʳʩʘʣʳ 

ʤʘʤʘʥʜʳץʪʘʨ ʢʝʩʪʝʩʽʥʝʥ çʠʥʬʦʨʤʘʪʠʢʘè ʪʘשʜʘסʘʥ ʢʝʟʜʝ ʘʪʘʣʤʳʰ ʤʘʤʘʥʜʳץʪʘ 

ʦץʳʪʳʣʘʪʳʥ çʘʣʛʦʨʠʪʤ ʞᴅʥʝ ʪʚʠʤʩè ʧᴅʥ ʘʪʘʫʣʘʨʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. çɸʣʛʦʨʠʪʤè ʧᴅʥʽʥ 

ʪʘשʜʘסʘʥ ʢʝʟʜʝ ʩʦʣ ʧᴅʥʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ çʘץʧʘʨʘʪʪʳץ ʞװʡʝ ʞᴅʥʝ ɸɾ ץʘʩʠʝʪʪʝʨʽè 

ʪʘץʳʨʳʧʪʘʨʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɸʣ, çɸץʧʘʨʘʪʪʳץ ʞװʡʝè ʪʘץʳʨʳʙʳʥ ʪʘשʜʘסʘʥ ʢʝʟʜʝ 

ʪʘץʳʨʳʧץʘ ʩᴅʡʢʝʩ çʘʣʛʦʨʠʪʤ, ʞװʡʝ ʞᴅʥʝ ʘץʧʘʨʘʪè סײʳʤʜʘʨʳ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʂʝʩʪʝʥʽש 

ʪᴇʤʝʥʛʽ ʙᴇʣʽʛʽʥʜʝ ʙʝʨʽʣʛʝʥ çʝʥʛʽʟʫ, ᴇשʜʝʫ, ʞʦʶè ʙʘʪʳʨʤʘʣʘʨʳ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʙʘʩץʘʨʫסʘ 

ʢᴇʤʝʢʪʝʩʝʜʽ. 

 

 
 

ʉʫʨʝʪ 1.4. סױʳʤʜʘʨ ʪʝʨʝʟʝʩʽ 

 

çɽʥʛʽʟʫè ʙʘʪʳʨʤʘʩʳʥ ʙʘʩץʘʥ ʢʝʟʜʝ ʙʘסʜʘʨʣʘʤʘ ʪʝʨʝʟʝʩʽʥʜʝ 1.5-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʪʝʨʝʟʝ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹʝʨʽʣʛʝʥ ʪʝʨʝʟʝʜʝ ץʘʞʝʪʪʽ ʘץʧʘʨʘʪʪʳ ʝʥʛʽʟʽʧ çʠᴅè 

ʙʘʪʳʨʤʘʩʳʥ ʙʘʩץʘʥ ʢʝʟʜʝ ʝʥʛʽʟʽʣʛʝʥ סײʳʤ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʜʘ 

ʩʘץʪʘʣʘʜʳ, ʘʣ çʞʦץè ʙʘʪʳʨʤʘʩʳ ᴅʨʝʢʝʪʪʽ ʞװʟʝʛʝ ʘʩʳʨʤʘʫʜʳ ʦʨʳʥʜʘʡʜʳ. çᴆשʜʝʫè 

ʙʘʪʳʨʤʘʩʳ ʜʘ ʜᴅʣ ʝʥʛʽʟʫ ʙʘʪʳʨʤʘʩʳ ʪᴅʨʽʟʜʽ ʞײʤʳʩ ʞʘʩʘʡʜʳ. ʗסʥʠ, ץʘʞʝʪʪʽ ʤᴅʣʽʤʝʪʪʽ 

ʪʘשʜʘʧ, ʩʦʣ ʤᴅʣʽʤʝʪʪʽ ᴇʟʛʝʨʪʫ ᴅʨʝʢʝʪʽ ʦʨʳʥʜʘʣʘʜʳ. 

 

 
 

ʉʫʨʝʪ 1.5. סױʳʤʜʘʨʜʳ ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʘ ʝʥʛʽʟʫ ʪʝʨʝʟʝʩʽ 

 

 ʘʥ ʢʝʟʜʝ 1.6-ʩʫʨʝʪʪʝץʩʘʪʳʥʜʘ ʞʦʶ ʙʘʪʳʨʤʘʩʳʥ ʙʘʩץʘʞʝʪ ʝʤʝʩ ʤᴅʣʽʤʝʪʪʽ ᴇʰʽʨʫ ʤʘפ

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ çʄᴅʣʽʤʝʪʪʝʨ ʞʦʡʳʣʜʳè ʜʝʛʝʥ ʘץʧʘʨʘʪ ʰʳסʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ʘץʧʘʨʘʪ 

ʤᴅʣʽʤʝʪʪʝʨ ץʦʨʳʥʘʥ ʜʘ ʞʦʡʳʣʘʜʳ.   
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ʉʫʨʝʪ 1.6. ʄᴅʣʽʤʝʪʪʝʨʜʽ ʞʦʶ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳש ʙʝʨʽʣʫʽ 

 

çʄᴅʣʽʤʝʪʪʝʨʤʝʥ ʞײʤʳʩè ʪʝʨʝʟʝʩʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ʞײʤʳʩ ʥᴅʪʠʞʝʩʽʥ ʢᴇʨʩʝʪʝʪʽʥ 

ʪʝʨʝʟʝʣʝʨʜʽש ʙʽʨʽ ʦʣ çʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩè ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʗסʥʠ ʘʪʘʣʤʳʰ ʬʦʨʤʘʜʘ 

ʥʘץʪʳ ʪʘשʜʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨ ʙʦʡʳʥʰʘ ʝʢʽ ʧᴅʥ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʘʥʳץʪʘʣʘʜʳ.  

 

 
 

ʉʫʨʝʪ 1.7. ʄᴅʣʽʤʝʪʪʝʨʜʽ ʞʦʶ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳש ʙʝʨʽʣʫʽ 

 

ɹʽʣʽʤ ʙʝʨʫʜʽש ʞʘשʘ ʩʘʪʳʩʳʥʜʘ ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩ ʝʨʝʢʰʝ ʢʦʥʪʝʢʩʪʢʝ ʠʝ ʙʦʣʘʜʳ. 

ʄʳʩʘʣʳ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ סʳʣʳʤʠ ʪײʨסʳʜʘ ʪʝʨʝש, ᴅʨʽ 

ʢװʨʜʝʣʽ ʩʘʣʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳ ʤʝשʛʝʨʫ ʢʝʟʽʥʜʝ ʙʽʣʽʤ ʙʝʨʫʜʽש ʵʣʝʢʪʨʦʥʜʳ 

 ʘʥסʪʘʣץʘ ʞʠʥʘץʳ ʙʘʩסʧʦʪʝʥʮʠʘʣʳʥ ʪʘ שʘʣʘʤʪʦʨ ʞʝʣʽʩʽʥʽס ,ʤʢʽʥʜʽʢʪʝʨʽʥװʤ שʨʘʣʜʘʨʳʥʳײץ

ʪʝʦʨʠʷʣʳץ, ʧʨʘʢʪʠʢʘʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨʜʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʦʨʘʩʘʥ ʟʦʨ ʞײʤʳʩ ʘʪץʘʨʳʣʫʳ 

 ᴇʪʝ ʞʳʣʜʘʤ שʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʞᴅʥʝ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳ ץʧʘʨʘʪʪʳץʜʘ ʘשʘʟʽʨʛʽ ʪʘפ .ʘʞʝʪץ

ʜʘʤʫʳ, ʘʜʘʤʟʘʪ ʙʽʣʽʤʽʥʽש, ʦʡʣʘʫ ʜʝשʛʝʡʽʥʽש ᴇʩʫʽ, ʽʩʢʝʨʣʽʢ ʘʤʘʣʜʘʨʜʳש ʢʝשʝʶʽ, ʦʩʳסʘʥ ץʦʩʘ 

ʦʣʘʨʜʳץ שʦסʘʤʜʘ ץʦʣʜʘʥʳʣʫʳ ʧᴅʥʘʨʘʣʳץ ʪᴅʩʽʣʜʝʨʜʽ ʞʝʪʽʣʜʽʨʫ ʤʝʥ ʦʣʘʨʜʳ ʜʘʤʳʪʫʜʳ 

ʞװʟʝʛʝ ʘʩʳʨʫʜʳש ʞʘשʘ ʩʘʪʳʩʳʥʘ ʢᴇʰʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ. ɸʣʘʡʜʘ ʘʪʘʣסʘʥ ʙʽʣʽʤ ʩʘʣʘʩʳʥ ʪʝʢ 

ʙʽʨ ʙʘסʳʪʪʘ סʘʥʘ ʦץʳʧ װʡʨʝʥʫ, ᴇʪʝ װʣʢʝʥ ץʘʪʝʣʽʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʗסʥʠ ʦʥʳ ʥʘץʪʳ ʙʽʨ ʧᴅʥ 

ʘʨץʳʣʳ ʤʝשʛʝʨʤʝʡ, ʧᴅʥʘʨʘʣʳץ ʪᴅʩʽʣʜʝʨʜʽש ʢᴇʤʝʛʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʧᴅʥʘʨʘʣʳץ ʦʡ ᴇʨʽʩʪʽ 

ʜʘʤʳʪʘ ʦʪʳʨʳʧ ʦץʳʧ װʡʨʝʥʫ ץʘʞʝʪ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʪᴅʞʽʨʠʙʝ ʙʘʨʳʩʳʥʜʘ ʦץʫ ʧᴅʥʜʝʨʽʥʽש ʰʳʥʘʡʳ ʠʥʪʝʛʨʘʮʠʷʩʳʥ ʞװʟʝʛʝ 

ʘʩʳʨʫסʘ, ʞʘʣʧʳ ʧᴅʥʜʝʨ ʤʝʥ ʘʨʥʘʡʳ ʧᴅʥʜʝʨʜʽש ʘʨʘʩʳʥʜʘסʳ ʪװʡʽʩʫ ʥװʢʪʝʣʝʨʽʥ ʪʘʙʫסʘ 
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ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʦʩʳ ʘʨץʳʣʳ ᴅʨ ʪװʨʣʽ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʣʘʨʳʥʳש ʠʥʪʝʛʨʘʮʠʷʩʳ ʤʝʥ 

ʧᴅʥʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ.  

çɹʽʣʽʤʜʽ ײʨʧʘץ ï ʙʦʣʘʰʘץʪʳש ʢʝʧʽʣʽè, ï ʜʝʤʝʢʰʽ, ץʘʟʽʨʛʽ ʪʘשʜʘ ʝʣʜʽש ʙʦʣʘʰʘץ 

ʘʟʘʤʘʪʪʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʘסʳʪʳʥʜʘסʳ ʙʽʣʽʤ ʙʝʨʫ ʤᴅʩʝʣʝʩʽ ï ʤʝʤʣʝʢʝʪʽʤʽʟʜʽש ʙʘʩʪʳ 

ʩʘʷʩʘʪʳʥʳש ʙʽʨʽ. ɹʽʣʽʤ ʤʝʥ סʳʣʳʤʥʳש ʝʣ ʜʘʤʫʳʥʘ ʦשʪʘʡʣʳ ᴅʩʝʨ ʝʪʫʽ װʰʽʥ 

ʜʝʤʦʢʨʘʪʠʷʣʘʥʜʳʨʫ, ʦץʳʪʫ ʞװʡʝʩʽʥ ʟʘʤʘʥ ʪʘʣʘʙʳʥʘ ʩʘʡ װʡʣʝʩʪʽʨʝ ʘʣʫ ʤʽʥʜʝʪʽ ʪʫʳʥʜʘʧ, 

ʙʽʣʽʤʛʝ, ʙװʢʽʣ ʦץʫ-ᴅʜ̔ʩʪʝʤʝʣʽʢ ʞװʡʝʛʝ ʞʘשʘ ʪʘʣʘʧʪʘʨ ץʦʶ ץʘʞʝʪ.  
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ʉʘʪʧʘʝʚʘ ɸ.ʂ., ᴄʙʝʥʦʚʘ ɸ.ʉ. 

ʃ. ʅ. ɻʫʤʠʣʝʚ ʘʪʳʥʜʘϤʳ ɽʫʨʘʟʠʷ ϰʣʪʪʳϨ ʫʥʠʚʝʨʩʠʪʝʪʽ, 

ɸʩʪʘʥʘ Ϩ., ϧʘʟʘϨʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ 

a.satpay@gmail.com, aizadaabenova@mail.ru 

 
ɸʥʥʦʪʘʮʠʷ. ʇʘʨʘʤʝʪʨʽ ʘʡϨʳʥʜʘʣʤʘϤʘʥ  ʬʠʟʠʢʘʣʳϨ ʦʙʲʝʢʪʽʥʽϬ ʥʝʡʨʦʞʝʣʽʣʽʢ ʙʘʩϨʘʨʫ  

ʤʽʥʜʝʪʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ʊʝʭʥʦʣʦʛʠʷʣʳϨ ʤʦʜʫʣʴʜʝʨ - ʙʽʨ Ϩʘʙʘʪʪʳ ʥʝʡʨʦʥʜʳϨ ʞʝʣʽʣʝʨʜʽϬ Ϻʟʘʨʘ 

ʧʘʨʘʣʣʝʣʴ ϸʨʝʢʝʪʪʝʩʫʽʤʝʥ ʞʘϬʘ ʪʝʭʥʦʣʦʛʠʷʣʳϨ ʘʨʭʠʪʝʢʪʫʨʘ ϰʩʳʥʳʣʘʜʳ. ʊʽʢʝʣʝʡ ʃʷʧʫʥʦʚ 

ϸʜʽʩʽʥʝ ʞϸʥʝ ʞʳʣʜʘʤʜʳϨʪʳ ʛʨʘʜʠʝʥʪ ϸʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʘʙʩʦʣʶʪʪʽ ʦʨʥʳϨʪʳ ʞϮʡʝʣʝʨʜʽϬ 

ʢʣʘʩʳʥʜʘ ʞʝʜʝʣ ʦϨʳʪʫ ʞϸʥʝ ʙʘʩϨʘʨʫʜʳϬ ʞʘϬʘ ʘʣʛʦʨʠʪʤʽ Ϩϰʨʳʣʜʳ. ɸʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʽ 

ʥʝʡʨʦʥʞʝʣʽʥʽ ʥʘϨʪʳ ʫʘϨʳʪ ʨʝʞʠʤʽʥʜʝ ʦϨʳʪʫ ʘʨϨʳʣʳ ʞʳʣʜʘʤʜʳϨʪʳ ʘʨʪʪʳʨʫϤʘ, 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ Ϯʰʽʥ ʪʠʽʤʜʽ ʧʨʦʮʝʜʫʨʘʣʘʨʜʳ ϨʦʣʜʘʥʫϤʘ  ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

1. ʅʝʡʨʦʥʜʳ ʙʘʩץʘʨʫ ʤʽʥʜʝʪʪʝʨʽʥʽץ שʦʡʳʣʫʳ 

 ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʩʽ שʟʘʤʘʥʘʫʠ ʜʘʤʫʳʥʳ שʨʳʣʳʤʳʥʳײץʳ ʢᴇʣʽʢ ʠʥʬʨʘסʩʪʘʥʜʘץʘʟʘפ

ʢᴇʣʽʢ ʞװʡʝʣʝʨʽʥ ʙʘʩץʘʨʫ ʤᴅʩʝʣʝʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂᴇʣʽʢ ʞװʡʝʣʝʨʽʥ ʙʘʩץʘʨʫ ʤᴅʩʝʣʝʩʽ 

ʪʝʭʥʠʢʘʣʳץ ʞװʡʝʣʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽש(ʊʇ) ʰʝʰʽʣʫʽʥʝ ᴅʢʝʣʽʥʝʜʽ[1].  

l ᴇʟʘʨʘᴅʨʝʢʝʪ ʝʪʫʰʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʤʦʜʫʣʴʜʝʥ(ʊʄ) ʪײʨʘʪʳʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʨʦʮʝʩʪʽ ץʘʨʘʩʪʳʨʘʡʳץ. ʊʄ ʞʘʣʧʳ, ʘʪʘץʪʳ ײץʨʳʣʳʤסʘ ʠʝ ʞᴅʥʝ ʊʇ-ʥʳש j-ʰʽ ʢʽʨʽʩʽʥʝʥ i-

ʰʽ ʰʳסʳʩʳʥʘ ᴇʪʫʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ᴄʨʙʽʨ ʊʄ ʢװʨʜʝʣʽ ʊʇ-ʥʳש ʘʥʳץʪʘʣסʘʥ 
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ʬʫʥʢʮʠʷʣʘʨʳʥ ʦʨʳʥʜʘʡʜʳ ʞᴅʥʝ ʦʙʲʝʢʪʽʥʽש ʩʳʟʳץʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʞװʡʝʩʽʤʝʥ ʞᴅʥʝ  

ʙʝʡʩʳʟʳץʪʳ ʠʥʝʨʮʠʦʥʜʳ ʝʤʝʩ ʪװʨʣʝʥʜʽʨʛʽʰʪʽש (ɹʀʊ) ʪʽʟʙʝʢʪʝʣʛʝʥ ʙʘʡʣʘʥʳʩʳʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ. ʄײʥʜʘʡ ʊʄ ʘʙʩʦʣʶʪʪʽ ʦʨʥʳץʪʳ ʙʝʡʩʳʟʳץʪʳ ʞװʡʝʣʝʨʜʽ[2] ײץʨʘʡʜʳ. j ïh ʽ 

ʊʄ ( j= 1, l ) ʪʝשʜʝʫʽ ʢʝʣʝʩʽ ʪװʨʛʝ ʠʝ[2]:  

 

ʭ = Ax + B(u + ů(t, z, u)) + ɝ ,         (1) 

 

z = cɇ x,                                                              (2) 

 

u = L z.          (3) 

 

j  ʠʥʜʝʢʩʽ (1)-(3) ʪʝשʜʝʫ ʞװʡʝʣʝʨʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʘʡʥʳʤʘʣʳʣʘʨʳ 

ʞʘʟʙʘʣʘʨʳʥʳץ שʳʩץʘʣʳסʳ װʰʽʥ ʘʣʳʥʘʜʳ. (1) ʞװʡʝʩʽ ʰʝʰʽʤʥʽש ʙʘʨ ʞᴅʥʝ ʙʽʨʝʛʝʡʣʽʢ 

ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʙʦʣʫʳ; ‐ḳπᴆ ʙʘʩץʘʨʳʣʤʘʡʪʳʥ ץʦʟʜʳʨʫ n-ᴇʣʰʝʤʜʽ ʚʝʢʪʦʨʳ ʙʦʣʫʳ 

ʢʝʨʝʢ. (1)-(3) ʬʦʨʤʫʣʘʣʘʨʳʥʜʘ: ὼ ὼȟὼȟȣȟὼ  - j ïh ʽ ʊʄ-ʥʽש n-ᴇʣʰʝʤʜʽ ʢװʡ ʚʝʢʪʦʨʳ; 

ὼ‭Ὑ  Rn ; u ï j ïh ʽ ʊʄ-ʜʽ ʙʘʩץʘʨʫ, ό‭Ὗ‭ὅ; 
z  ï j ïh ʽ ʊʄ-ʜʽ ʙʘץʳʣʘʫ;ᾀɴ Ὑ . A  ïὲ ὲ ᴇʣʰʝʤʜʽ ʪײʨʘץʪʳ ʧʘʨʘʤʝʪʨʣʽ ʘʥʳץʪʘʣʤʘסʘʥ 

ʗʢʦʙʠ ʤʘʪʨʠʮʘʩʳ. ὄ ὄȟὄȟȣȟὄ  - ὲ ρ ᴇʣʰʝʤʜʽ ʧʘʨʘʤʝʪʨʣʝʨʽ ᴇʟʛʝʨʪʽʣʝʪʽʥ ʪײʨʘץʪʳ 

ʚʝʢʪʦʨ;  

ὧ ὧȟὧȟȣȟὧ  ï  ρ ὲ ᴇʣʰʝʤʜʽ ʙʝʨʽʣʝʪʽʥ ʙʘץʳʣʘʫ ʧʘʨʘʤʝʪʨʽʥʽש ʙʘסʘʥʘ ʚʝʢʪʦʨʳ; 
L  ï ʧʘʨʘʤʝʪʨʣʽ ʩʢʘʣʷʨʣʳ ʨʝʛʫʣʷʪʦʨ; „ὸȟᾀȟόï j ïh ʽ u ʙʘʩץʘʨʫ ʤʝʥ j -ʰʽ z ʙʘץʳʣʘʫʜʳש 

ʙʝʡʩʳʟʳץʪʳ ʪװʨʣʝʥʜʽʨʫʽʤʝʥ ʘʣʳʥʘʪʳʥ ʙʽʨץʘʙʘʪʪʳ ʧʝʨʩʝʧʪʨʦʥʥʳש ʩʢʘʣʷʨʣʳ ʘʢʪʠʚʘʮʠʷ 

ʬʫʥʢʮʠʷʩʳ (ɸʌ).  

 

2.  ɸʢʪʠʚʘʮʠʷ ʬʫʥʢʮʠʷʩʳʥʳץ שʘʩʠʝʪʪʝʨʽ 

ɸʌ ʥʝʡʨʦʞʝʣʽʥʽש ʘʨʭʠʪʝʢʪʫʨʘʩʳʥ ʘʥʳץʪʘʡʜʳ[1]. פʘʟʽʨʛʽ ʪʘשʜʘ ɸʌ ʪʘשʜʘʫʳ 

ʙʦʡʳʥʰʘ ʙʽʨʳסשʘʡ ײʩʳʥʳʩʪʘʨ ʞʦץ. off-line ʨʝʞʠʤʜʝ ʦץʳʪʫ ʩʠʛʥʘʣ ץʘʪʝʣʽʛʽʥ ʢʝʨʽ ʪʘʨʘʪʫ 

ʘʣʛʦʨʠʪʤʽ ʪʠʽʤʜʽ.   on-line ʨʝʞʠʤʜʝ, ʷסʥʠ ʥʝʡʨʦʞʝʣʽ ʥʘץʪʳ ʫʘץʳʪʪʘ ʞײʤʳʩ ʽʩʪʝʧ, ʘʜʘʧʪʠʚʪʽ 

ʨʝʛʫʣʷʪʦʨʜʳש ʬʫʥʢʮʠʷʣʘʨʳʥ ʦʨʳʥʜʘʩʘ, ɸʌ ʢʝʣʝʩʽ ʰʘʨʪʪʳ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ: 

 

π ᾀό‏ή‌ᾀ ή‍όȟ                   (4)  

 

ʤײʥʜʘסʳ, ᾀ‭ЊȠЊ , ήᶰπȟρ,ή ρ ή Ƞ‌ᶰπȟ‌Ƞ‍ᶰπȟ‍; ήȟ ή  - ʩʠʛʥʘʣʜʘʨʜʳ 

ʢʽʨʽʩʪʝʥ ʰʳסʳʩץʘ ʞᴅʥʝ ʢʝʨʽʩʽʥʰʝ ʦʨʥʘʣʘʩʪʳʨʫʜʳ ʘʥʳץʪʘʡʪʳʥ, ʙʘץʳʣʘʫ ʠʥʪʝʨʚʘʣʳʥʜʘ 

ʪװʟʝʣʽʪʽʥ ʘʡץʳʥ ʝʤʝʩ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ; Ŭ , ɓ ï  ʦש ʙᴇʣʽʛʽʥʜʝʛʽ ů ʰʝʢʪʝʫʣʝʨʽʥʜʝ ʘʡʥʳʤʘʣʳ 

ʬʠʟʠʢʘʣʳץ ᴇʣʰʝʤʜʽʣʽʢʢʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʢװʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ[2]. 

ɹʀʊ „Ͻ (4) ʪʝשʜʝʫʽʥʽש ʦש ʙᴇʣʽʛʽʥʜʝ ʘʥʳץʪʘʣʘʜʳ:  

 

„ὸȟᾀȟό ή‌ ή‍                                                     (5) 

 

(5) ʬʫʥʢʮʠʷʩʳʥʳש ʝʢʽ ʝʨʝʢʰʝ ʥװʢʪʝʩʽ ʙʘʨ: : z = 0; u = 0. ʆʣʘʨʜʳ ʠʟʦʣʷʮʠʷʣʘʥסʘʥ ʜʝʧ 

ʝʩʝʧʪʝʣʝʜʽ, ʩʝʙʝʙʽ z ʙʘץʳʣʘʫ ʞᴅʥʝ u ʪʝשʜʝʫʽ ï ʩʢʘʣʷʨ ʬʫʥʢʮʠʷʣʘʨ, ʩʦʥʜʳץʪʘʥ (3) ʥʝʛʽʟʽʥʜʝ 

(5) ʢʝʣʝʩʽ ʪװʨʜʝ ʙʝʨʽʣʝʜʽ[3]: 

 

„ὸȟᾀȟό „ὒ ή ή‍ὒ                               (6) 

 

ήȟ ή ʬʠʢʩʘʮʠʷʣʘʥסʘʥʜʘ, „Ͻ „ὒ  ʪᴅʫʝʣʜʽʣʽʛʽ ʩʫʨ. 1 ʢᴇʨʩʝʪʽʣʛʝʥ 
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(5),(6)  ʬʦʨʤʫʣʘʣʘʨʜʘʥ  „Ͻ ʬʫʥʢʮʠʷʩʳʥʳץ שʘʩʠʝʪʽʥ ʟʝʨʪʪʝʡ ʦʪʳʨʳʧ, „Ͻ 

ʬʫʥʢʮʠʷʩʳʥ ʢʝʣʝʩʽʜʝʡ ʞʽʢʪʝʫʛʝ ʙʦʣʘʜʳ: 

1.  ʊʘשʙʘʘʥʳץʪʘʣסʘʥ: „Ͻ π ʝʛʝʨ ᾀό π ( ᾀ πȟό π ʥʝʤʝʩʝ   ᾀ πȟό π);  
 

„Ͻ π ʝʛʝʨ ᾀό π ( ᾀ πȟό π ʥʝʤʝʩʝ    ᾀ πȟό π). 
 

2. ɽʨʝʢʰʝ ᾀ πȟὒ π ʥװʢʪʝʩʽ ʙʘʨ, ʙʽʨʽʥʰʽ ʨʝʪʪʽ װʟʽʣʽʩ ʦʨʳʥʜʘʣʘʜʳ: 

 

ÌÉÍ
ᴼ
„ὒ ЊȟÌÉÍ

ᴼ
„ὒ Њ Ƞ ÌÉÍ

ᴼ
„ὸȟᾀȟό ЊȟÌÉÍ

ᴼ
„ὸȟᾀȟό ЊȢ 

3. ʕʢʩʪʨʝʤʫʤ ʝʢʽ ʥװʢʪʝʩʽ ʙʘʨ: ὒ ὒ  ʤʘʢʩʠʤʫʤ ʥװʢʪʝʩʽ ʞᴅʥʝ ὒ ὒ

 ʤʠʥʠʤʫʤ ʥװʢʪʝʩʽ. ʕʢʩʪʨʝʤʫʤ ʥװʢʪʝʩʽʥʜʝ  „ ʬʫʥʢʮʠʷʩʳ ʢʝʣʝʩʽ ʤᴅʥʛʝ ʠʝ: „ „

ςήή‌‍, „ „ ςήή‌‍ 
 

4.  ɸʡץʳʥ ʝʤʝʩ ʩʠʤʤʝʪʨʠʷʣʳ ʬʦʨʤʘʩʳ ʙʘʨ: ὒ‏ π ʙʦʣסʘʥʜʘ, ὒ π. ʐʳʥʳʥʜʘ, ʙײʣ 
ʬʫʥʢʮʠʷʩʳ ʪʘשʙʘʩʳʥ ᾀό π ʰʘʨʪʳʥʜʘ ᴇʟʛʝʨʪʝʜʽ. ὒ π ( ᾀό π) ʙʦʣסʘʥʜʘ, „Ͻ 

ʬʫʥʢʮʠʷʩʳ III ʢʚʘʜʨʘʥʪʘʜʘ ʘʥʳץʪʘʣʘʜʳ (ʩʫʨ. 1) ʞᴅʥʝ „ π ʪʝʨʽʩ. ὒ π ʙʦʣסʘʥʜʘ ɸʌ I 
ʢʚʘʜʨʘʥʪʘʜʘ ʦʨʳʥʜʘʣʘʜʳ ʞᴅʥʝ „ π ʦש.  

5.  ὒ ὒ  ʞᴅʥʝ ὒ ὒ ʙʦʣסʘʥʜʘ,  „Ͻ ʬʫʥʢʮʠʷʩʳ I ʞᴅʥʝ III ʢʚʘʜʨʘʥʪʘʜʘ  

ʪװʟʫ ʢᴇʣʙʝʫʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʽʤʝʥ ʩʳʟʳץʪʳץץʘ ʞʘץʳʥ[1].  

  

 
 

ʉʫʨ. 1   ʈʝʪʪʝʫʽʰ ʧʘʨʘʤʝʪʨ ʤᴅʥʜʝʨʽʥʝʥ ʘʢʪʠʚʘʮʠʷ ʬʫʥʢʮʠʷʩʳʥʳש ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ὄό ʳ j ïhסɹʀʊ ʥʝʡʨʦʞʝʣʽ ʪʝʦʨʠʷʩʳʥʜʘ ‏ ʽ ʊʄ ʞᴅʥʝ ʘʡץʳʥ ʝʤʝʩ ʞʠʳʥ װʰʽʥ 

ʥᴇʣʜʽʢ ʝʤʝʩ ʳסʳʩʫʳ ʙʘʨ ʙʽʨץʘʙʘʪʪʳ ʧʝʨʩʝʧʪʨʦʥ ʥʝʤʝʩʝ ʬʘʟʟʠʬʠʢʘʪʦʨ ʜʝʧ ʘʪʘʣʜʳ, ὧʞʠʳʥ 
ʚʝʢʪʦʨʳ - ʨʝʛʨʝʩʩʦʨ ʥʝʤʝʩʝ ʜʝʬʘʟʟʠʬʠʢʘʪʦʨ[1]. ɸʜʘʧʪʠʚʪʽ ʪᴅʩʽʣʜʝ ʬʠʟʠʢʘʣʳץ ʦʙʲʝʢʪʽʥʽש 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʥʳץʪʘʣʤʘסʘʥ ʽʰʢʽ ʦʨʥʳץʪʳ ײץʨʳʣʳʤʳ ʙʘʨ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ[3]. „Ͻ 

cʠʧʘʪʪʘʤʘʩʳʥʳש ʢʝʡʙʽʨ ץʘʩʠʝʪʪʝʨʽ ʙʝʡʩʳʟʳץʪʳ ʢᴇʨʩʝʪʽʣʛʝʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʽʨץʘʙʘʪʪʳ 

ʧʝʨʩʝʧʪʨʦʥʥʳש ᴇʟʛʝʨʪʽʣʝʪʽʥ ʢװʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ɺ ʚʝʢʪʦʨʳ ʙʝʣʛʽʩʽʟ. L 

ʥʝʡʨʦʨʝʪʪʝʫʽʰʽʥʽש ʘʜʘʧʪʠʚʪʽ ʧʘʨʘʤʝʪʨʽ ʘʨץʳʣʳ j ïh ʽ ʊʄ ʦʧʝʨʘʪʠʚʪʽ ʙʘʩץʘʨʫʳʥ ʦʨʳʥʜʘʫ 

  .ʘʞʝʪץ
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 ʘʨʫ ʩʳʟʙʘʩʳʤʝʥ ʧʘʨʘʣʣʝʣʴץʥʝʛʽʟʽʥʜʝ ᴇʟʛʝʨʪʽʣʝʪʽʥ ʘʜʘʧʪʠʚʪʽ ʙʘʩ שʘʥ ʪᴅʩʽʣʜʽסʩʳʥʳʣױ

ʦʨʥʘʣʘʩץʘʥ: j ïh ʽ ʊʄ ʰʳסʳʩ ʩʠʛʥʘʣʳ ÌÉÍ
ᴼ
ὼὸ ὼz πᴆ ʤװʤʢʽʥʜʽʛʽʥʰʝ ʞʘץʳʥʜʘʫ װʰʽʥ, 

ʥʝʡʨʦʞʝʣʽ ץʘʨʘʧʘʡʳʤ ʢʦʥʪʨʦʣʣʝʨʜʽש ʞײʤʳʩʳʥ ʙʝʨʝʪʽʥ ʙʘʩץʘʨʫ ʧʘʨʘʤʝʪʨʽʥ ᴇʟʛʝʨʪʝʜʽ. 

ʄײʥʜʘʡ j ïh ʽ ʊʄ ʙʘʩץʘʨʫ ʪײʨʘץʪʘʥʜʳʨʳʣסʘʥ ʜʝʧ ʘʪʘʣʘʜʳ[3]. ɸʜʘʧʪʠʚʪʽ ʧʘʨʘʤʝʪʨʣʽ 

ʥʝʡʨʦʨʝʪʪʝʫʽʰʪʽש ʩʠʥʪʝʟʽ װʰ ʢʝʟʝשʜʝ ʰʝʰʽʣʝʜʽ: ʪʘשʜʘʣסʘʥ ʙʝʡʩʳʟʳץʪʳ ʞװʡʝʥʽש ʢʣʘʩʳ 

ʦʨʥʳץʪʳʣʳץץʘ ʟʝʨʪʪʝʣʝʜʽ; ÌÉÍ
ᴼ
ὼὸ πᴆ ʘʜʘʧʪʘʮʠʷ ʤʘץʩʘʪʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʪײʨʘץʪʘʥʜʘʥʜʳʨʳʣסʘʥ ό ʙʘʩץʘʨʫ ʩʠʥʪʝʟʜʝʣʝʜʽ; ʦʨʥʳץʪʳʣʳץ ʰʘʨʪʪʘʨʳ ʙʦʡʳʥʰʘ 

ʥʝʡʨʦʞʝʣʽ ʧʘʨʘʤʝʪʨʣʝʨʽ ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʥʘʜʳ. 

 

3.  ɾװʡʝʥʽש ʃʷʧʫʥʦʚ ʙʦʡʳʥʰʘ ʦʨʥʳץʪʳʣʳסʳ 

ʆʨʥʳץʪʳʣʳץ ʢʝʟ ʢʝʣʛʝʥ  ʩʝʙʝʧʪʝʥ ʪʫʳʥʜʘסʘʥ ʙʘʩʪʘʧץʳ ʘʫʳʪץʫʳʥʘʥ ʢʝʡʽʥ (1) 

ʞװʡʝʥʽש ʝʨʢʽʥ ץʦʟסʘʣʳʩʳ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. פʦʟʜʳʨʫʰʳ ʝʤʝʩ ץʦʟסʘʣʳʩ ὼz πᴆ 
ʞװʡʝʥʽ(1) ש ʥᴇʣʜʽʢ ʰʝʰʽʤʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ʃʷʧʫʥʦʚʪʳש ʦʨʥʳץʪʳʣʳץ 

ʪײʞʳʨʳʤʜʘʤʘʩʳʥʳש ʘʥʘʣʠʪʠʢʘʣʳץ ʘʥʳץʪʘʤʘʩʳ ʢʝʣʝʩʽ ʪװʨʜʝ ʙʝʨʽʣʝʜʽ[4]. 

ɸʥʳϨʪʘʤʘ. ɽʛʝʨ ȿὼπȿ „ȟὭ ρȟὲ ʙʘʩʪʘʧץʳ ʰʘʨʪʳʥʜʘ Ů-ʜʝʥ ʪᴅʫʝʣʜʽ,ʙʝʨʽʣʛʝʥ ‐
π ʘʟ ʙʦʣסʘʥʜʘ, „ π ʦʨʳʥʜʘʣʳʧ,  π ὸ Њ  ʠʥʪʝʨʚʘʣʳʥʜʘ ʰʝʰʫʽ װʰʽʥ  ȿὼὸȿ ‐ȟὭ
ρȟὲ hʘʨʪʳ ʦʨʳʥʜʘʣʩʘ, ʥᴇʣʜʽʢ ʞװʡʝ ʰʝʰʽʤʽ (1) ʦʨʥʳץʪʳ.  

ɽʛʝʨ ʘʥʳץʪʘʤʘ ʰʘʨʪʪʘʨʳ ʩʘץʪʘʣʩʘ,  ÌÉÍ
ᴼ
ὼὸ ὼz πᴆ ʰʘʨʪʳ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ (1) 

ʞװʡʝʥʽש ʥᴇʣʜʽʢ ʰʝʰʽʤʽ ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ʦʨʥʳץʪʳ.  

ʊʝʦʨʝʤʘ. ɽʛʝʨ (1)-(3) ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽ  ʦש ʪʘשʙʘʘʥʳץʪʘʣסʘʥ ï ὠὸȟᾀȟό ή‌ᾀ
ή‍ό ʬʫʥʢʮʠʷʩʳ ʙʦʣʩʘ, ʦʥʜʘ (6) ʪװʨʽʥʜʝ ʙײʣ ʬʫʥʢʮʠʷʥʳש  V ʪʫʳʥʜʳʩʳ ʜʘ 

ʪʘשʙʘʘʥʳץʪʘʣסʘʥ, ʙʽʨʘץ ץʘʨʩʳ ʪʘשʙʘʣʳ, ʝʛʝʨ ʙʽʨʜʝʡ ʫʘץʳʪʪʘ ʢʝʣʝʩʽ ʰʘʨʪ ʦʨʳʥʜʘʣʩʘ  

 

 ᾀᾀ πȟὒὒ πȢ                            (7) 

 

(1) ʞװʡʝʥʽש ʰʝʰʽʤʽ ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ʦʨʥʳץʪʳ: ÌÉÍ
ᴼ
ὼὸ ὼz π 

ɼϸʣʝʣʜʝʫ. ʃʷʧʫʥʦʚʘ ʬʫʥʢʮʠʷʩʳ ʨʝʪʽʥʜʝ (4) ʪʝשʩʽʟʜʽʛʽʥʽש ʦש ʞʘסʳ ʪʘשʜʘʣʘʜʳ: 

ὠὸȟᾀȟό ή‌ᾀ ή‍ό. (3) ʨʝʪʪʝʫʽʰʽʥʽש ʪʝשʜʝʫʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʃʷʧʫʥʦʚ 

ʬʫʥʢʮʠʷʩʳʥʳש ʪʫʳʥʜʳʩʳʥ ʘʥʳץʪʘʡʤʳʟ 

 

ὠ ςή‌ᾀᾀ ςή‍όό ςή‌ ή‍ὒ ᾀᾀ  ή‍ᾀὒὒȢ 
 

ʉʦסשʳ ᴇʨʥʝʢʪʽש ʘʥʘʣʠʟʽ, ή‌ ή‍ὒ πȟή‍ὒ π  ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʆʥʜʘ ʩʦסשʳ 
ʪʝʨʽʩ ʪʘשʙʘʘʥʳץʪʘʣסʘʥʜʳץ ὠ װʰʽʥ ʪʝʦʨʝʤʘʜʘסʳ (7) ʰʘʨʪʳ ʦʨʳʥʜʘʣʫʳ ʢʝʨʝʢ. (7) 

ʦʨʥʳץʪʳʣʳץ ʰʘʨʪʳ ʥʘץʪʳ ʘʡץʳʥ ʝʤʝʩ ʩʠʤʤʝʪʨʠʷʣʳ ʬʦʨʤʘʜʘʥ „ὒ ʪᴅʫʝʣʜʽ ʝʤʝʩ. 

ʉʦʥʜʳץʪʘʥ ʦʣʘʨ (1)-(3) ʞװʡʝʣʝʨʽʥʽש ʘʙʩʦʣʶʪʪʽ ʦʨʥʳץʪʳʣʳץ ʰʘʨʪʳ ʜʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʩʳʜʘʥ ʢʝʡʽʥ ʃʷʧʫʥʦʚ ʬʫʥʢʮʠʷʩʳ ὠ πȟ ʪᴇʤʝʥʛʽ ʰʝʢʪʽ ʤʦʥʦʪʦʥʜʳ ʢʝʤʽʤʝʣʽ ʬʫʥʢʮʠʷ 
ÌÉÍ
ᴼ
ὠὸȟᾀȟό π ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ[4]. ʉᴅʡʢʝʩʽʥʰʝ, ʞʝʪʢʽʣʽʢʪʽ ʘʩʠʤʧʪʦʪʠʢʘʣʳץ 

ʦʨʥʳץʪʳʣʳץ ʰʘʨʪʳʥʘ  ÌÉÍ
ᴼ
ὼὸ ὼz π ʠʝ ʙʦʣʘʜʳ: ᾀ πȟό π ʥװʢʪʝʣʝʨʽ ʝʨʝʢʰʝ ʥװʢʪʝ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʞʝʪʢʽʣʽʢʪʽ ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ʦʨʥʳץʪʳʣʳץ ʰʘʨʪʳ „ὒ ʬʫʥʢʮʠʷʥʳש 

ʢᴇʣʜʝʥʝש ὒ ʞᴅʥʝ ʛʦʨʠʟʦʥʪʘʣʴʜʳ „  ʘʩʠʤʧʪʦʪʘʣʘʨʳʤʝʥ ʰʝʢʪʝʣʛʝʥ ʢʝʡʙʽʨ ʦʙʣʳʩʪʘ 

ʦʨʳʥʜʘʣʘʜʳ. ɹײʣ ʦʙʣʳʩ ʩʳʨסʳʣסʘʥ ʨʝʞʠʤʜʝʨ ʦʙʣʳʩʳ ʜʝʧ ʘʪʘʣʘʜʳ. ὒ ὒ ʞᴅʥʝ 

ὒ ὒ ʙʦʣסʘʥʜʘ, ʬʫʥʢʮʠʷ ʩʳʟʳץʪʳ ʪᴅʫʝʣʜʽʣʽʢʢʝ ʞʘץʳʥ, ʩᴅʡʢʝʩʽʥʰʝ, ʧʘʨʘʤʝʪʨʣʽʢ 

ʨʝʪʪʝʫʽʰ ʘʨʛʫʤʝʥʪʪʽש ᴇʟʛʝʨʫ L ʦʙʣʳʩʳʥʜʘ ʢʚʘʟʠʩʳʟʳץʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ[5].  

ʉʳʨסʳʣסʘʥ ʨʝʞʠʤʜʝʨ ʦʙʣʳʩʳʥʜʘ ʪʝʦʨʝʤʘʥʳ(7) ש ʰʘʨʪʳ ʦʨʳʥʜʘʣʫʳ ץʘʞʝʪ. (7) 

ʙʽʨʽʥʰʽ ʦʨʥʳץʪʳʣʳץ ʰʘʨʪʳ ʧʨʘʢʪʠʢʘʜʘ ʰʳסʳʩ  ʤᴇʣʰʝʨʜʽש ï ᴇʣʰʝʥʫʽ ʤʝʥ ʦʥʳש 



 

40 
 

ʪʫʳʥʜʳʩʳʤʝʥ ʦʨʳʥʜʘʣʘʜʳ. (7) ʝʢʽʥʰʽ ʰʘʨʪʳ ʞʳʣʜʘʤʜʳץʪʳ ʛʨʘʜʠʝʥʪ ᴅʜʽʩʽʤʝʥ 

ʪײʨʘץʪʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫʜʳש  ʧʘʨʘʤʝʪʨʣʽʢ ʩʠʥʪʝʟʽʥʽש ʘʣʛʦʨʠʪʤʜʽʢ ײʡʳʤʜʘʩʪʳʨʳʣסʘʥ 

ʧʨʦʮʝʜʫʨʘʩʳ ʘʨץʳʣʳ ʦʨʳʥʜʘʣʘʜʳ. 

 

4.  ɾʳʣʜʘʤʜʳץʪʳ ʛʨʘʜʠʝʥʪ ᴅʜʽʩʽʤʝʥ (ɾɻᴄ) ʪײʨʘץʪʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫʜʳש  

ʧʘʨʘʤʝʪʨʣʽʢ ʩʠʥʪʝʟʽ 

ʅʝʡʨʦʞʝʣʽʥʽ ʵʪʘʣʦʥʜʳ ʤʦʜʝʣʴ ʥʝʛʽʟʽʥʜʝ ײץʨʫ j ïh ʽ ʊʄ ᴅʨ ʪװʨʣʽ ʛʨʘʜʠʝʥʪʪʽ 

ᴅʜʽʩʪʝʨʤʝʥ ʦʨʳʥʜʘʣʘ ʘʣʘʜʳ. ʊײʨʘץʪʘʥʜʳʨʳʣסʘʥ ʙʘʩץʘʨʫ ʩʠʥʪʝʟʽʥʽש ʤʽʥʜʝʪʽʥʽײץ שʨʳʣʫʳ 

ɾɻᴄ ʙʦʡʳʥʰʘ ʢʝʣʝʩʽʜʝʡ ʙʝʨʽʣʝʜʽ[3].  

j ïh ʽ ʊʄ ʢװʡʽ ï ὼɴ Ὑ , u ʙʘʩץʘʨʫ ï ʩʢʘʣʷʨʣʳ, ᾀɴ ὧὼɴ Ὑ  ʩʢʘʣʷʨʣʳ ʤᴇʣʰʝʨ 

ʙʘץʳʣʘʥʘʜʳ. j ïh ʽ ʊʄ ʵʚʦʣʶʮʠʷʩʳʥ ᴇʣʰʝʥʝʪʽʥ „ὸȟᾀȟό ʬʫʥʢʮʠʷʩʳ ʩʢʘʣʷʨʣʳ u ʙʘʩץʘʨʫסʘ 

ʘʜʜʠʪʠʚʪʽ ץʦʩʳʤʰʘʩʳ ʞᴅʥʝ (4) ʰʝʢʪʝʫʽʥʝ ʪᴅʫʝʣʜʽ ρᶻ  ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʞװʡʝʩʽ 

ʩʠʧʘʪʪʘʡʜʳ. ɺ ï ʪײʨʘץʪʳ n-ᴇʣʰʝʤʜʽ ʚʝʢʪʦʨ. ɹʘʩץʘʨʫ ʙʘץʳʣʘʥʘʪʳʥ ʤᴇʣʰʝʨʜʝʥ ʩʳʟʳץʪʳ 

ʪᴅʫʝʣʜʽ: u=Lz.   

ɸ ʤʘʪʨʠʮʘʩʳ ʞᴅʥʝ ɺ ʚʝʢʪʦʨʳ ʘʣʜʳʥʘ ʘʣʘ ʙʝʣʛʽʩʽʟ. ʭ ʢװʡ ʘʡʥʳʤʘʣʳʩʳʥʳש z 

ʙʘץʳʣʘʫʳʥ ʝʩʢʝʨʝʪʽʥ  ʉ ʚʝʢʪʦʨʳ ʙʝʨʽʣʝʜʽ. L=L(t)  ʧʘʨʘʤʝʪʨʣʽʢ ʨʝʪʪʝʫʽʰʽʥ ʩʠʥʪʝʟʜʝʫ ʪʘʣʘʧ 

ʝʪʽʣʝʜʽ. 

ɹʘʩץʘʨʫʜʳש ʤʘץʩʘʪʳ - ÌÉÍ
ᴼ
ὼὸ πᴆ h ʘʨʪʳʥʳש ʦʨʳʥʜʘʣʫʳ -  ὐ πȟυὼὌὼ ʞʝʨʛʽʣʽʢʪʽ 

ʬʫʥʢʮʠʦʥʘʣʳʥʳש ʰʝʛʽʥʜʝ ʤʠʥʠʤʠʟʘʮʠʷʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʤײʥʜʘסʳ, ʅ ï  ὲ ὲ ᴇʣʰʝʤʜʽ 
ʩʠʤʤʝʪʨʠʷʣʳ ʤʘʪʨʠʮʘʩʳ ʦש ʘʥʳץʪʘʣסʘʥ. ɹʝʡʩʳʟʳץʪʳ ʧʘʨʘʤʝʪʨʣʽʢ ʨʝʪʪʝʫʽʰʪʽש ʩʠʥʪʝʟʽ 

 ץʪʦʣʳ שʨʜʝ ʘʣʳʥʘʜʳ. ɾʝʨʛʽʣʽʢʪʽ ʬʫʥʢʮʠʦʥʘʣʜʳװʰʽʥ ɾɻᴄ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪװ

ʪʫʳʥʜʳʩʳʥ ʘʥʳץʪʘʡʤʳʟ: 

 

ὐ πȟυὼὌὼ ὼὌὼ ὼὌ ὃ ὒὄὧ ὼ ὄ
ή‌

ὒ
ή‍ὒ 

 

L ʧʘʨʘʤʝʪʨʽ ʙʦʡʳʥʰʘ ʛʨʘʜʠʝʥʪʪʽ ʝʩʝʧʪʝʡʤʽʟ 

 

ᶯ•ὼȟὒ ὼὌὄᾀ
ή‌

ὒ
ή‍ 

 

ɾɻᴄ ʩʳʟʙʘʩʳ ʙʦʡʳʥʰʘ ʩʠʥʪʝʟʜʝʣʝʪʽʥ ʙʝʡʩʳʟʳץʪʳ ʩʢʘʣʷʨʣʳ ʨʝʪʪʝʫʽʰ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʬʦʨʤʘʜʘ ʢʝʣʝʩʽ ʪװʨʛʝ ʠʝ: 

 

ὒ ‎ɳ •ὼȟὒ          (8) 

 

(1), (2), (3) ʞװʡʝʣʝʨʽ (4) ʪװʨʽʥʜʝ ɸʌ ʰʝʢʪʝʫʽʥʜʝʛʽ  j ïh ʽ ʊʄ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʽ 

ʢʝʣʝʩʽ ʪװʨʛʝ ʠʝ 

 ὒ ‎ὼὌὄᾀ ή‍                                (9) 

 

ʤײʥʜʘסʳ, ‎ π ï L ʧʘʨʘʤʝʪʨʽ ʙʦʡʳʥʰʘ ʛʨʘʜʠʝʥʪʪʽש ʢʝʤʫ ץʦʟסʘʣʳʩʳʥ ʘʥʳץʪʘʡʪʳʥ ʦש ʩʘʥ. 

 

HB=c                          (10) 

 

j ïh ʽ ʊʄ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʽʥ ὧ ὄὌ ʝʩʢʝʨʽʧ,ʢʝʣʝʩʽ ʪװʨʜʝ ʘʣʘʤʳʟ: 

 

    ὒ ‎ᾀ ή‍ᾀ                    (11) 
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5.  ɹʘʩʪʘʧץʳ ʰʘʨʪʪʘʨʜʳש ʠʥʠʮʠʘʣʠʟʘʮʠʷʩʳ  

 ÌÉÍ
ᴼ
ὼὸ πᴆ ʘʜʘʧʪʘʮʠʷʩʳ ʤʘץʩʘʪʳʥʘ ʞʝʪʫ װʰʽʥ j ïh ʽ ʊʄ ʥᴇʣʜʽʢ ʰʝʰʽʤ ʪʝשʜʝʫʽʥʽש 

ʦʨʥʳץʪʳʣʳץ ʰʘʨʪʪʘʨʳ, ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʽʥʽש ʘʣסʘʰץʳ ʰʘʨʪʳʥʳש ʠʥʠʮʠʘʣʠʟʘʮʠʷʩʳʥʘ 

ᴅʢʝʣʝʜʽ. (10) ʪʝשʜʝʫʽʥ ץʦʣʜʘʥʳʧ, ʅ ʤʘʪʨʠʮʘʩʳʥ J ʞʝʨʛʽʣʽʢʪʽ ʬʫʥʢʮʠʦʥʘʣ ʞᴅʥʝ (9) 

ʙʦʡʳʥʰʘ ʢʝʣʝʩʽ ʪʝשʩʽʟʜʽʢ ʦʨʳʥʜʘʣʫʳ װʰʽʥ ʪʘשʜʘʫ ײʩʳʥʳʣʘʜʳ[2]: 

 

   Ὄὃz ὃzὌ π                                                      (12) 

 

ʤײʥʜʘסʳ, ὃz ὃ ὒὄὧ - ʢʝʡʙʽʨ ὧ ὧz ʪװʨʽʥʜʝ (1),(2),(3) ʞװʡʝʣʝʨʽʥʽש L ʨʝʪʪʝʫʽʰʽʤʝʥ 

ʪײʡʳץʪʘʣסʘʥ ʙʝʨʽʣʝʪʽʥ ʛʫʨʚʠʮ ʤʘʪʨʠʮʘʩʳ. ὃz ʤʘʪʨʠʮʘʩʳ ʬʠʟʠʢʘʣʳץ ʦʙʲʝʢʪʽʥʽש ʩʳʟʳץʪʳ 

ʨʝʪʪʝʫʽʰʧʝʥ ʪײʡʳץʪʘʣסʘʥ ʢʽʨʽʩ-ʰʳסʳʩ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤᴅʥʜʝʨʽʤʝʥ ʘʣʳʥʘʜʳ. (12) 

ʪʝשʩʽʟʜʽʛʽ ʃʷʧʫʥʦʚʪʳץ שʦʟסʘʣʳʩ ʦʨʥʳץʪʳʣʳסʳ ʪʫʨʘʣʳ ʝʢʽʥʰʽ ʣʝʤʤʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ 

ʞᴅʥʝ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʽ ʤʘץʩʘʪץʘ ʞʝʪʢʽʟʝʪʽʥ ʪʝʭʥʠʢʘʣʳץ ʞװʡʝʣʝʨ ʢʣʘʩʳʥ ʢᴇʨʩʝʪʝʜʽ.  

ɸʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʥʽש ʙʘʩʪʘʧץʳ ʰʘʨʪʪʘʨʳʥ ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ ʢʝʣʝʩʽʜʝʡ: 

1) Mat Lab Toolbox LMI ʧʘʢʝʪʽʤʝʥ ʃʷʧʫʥʦʚʪʳ(12) ש ʤʘʪʨʠʮʘʣʳץ ʪʝשʩʽʟʜʽʢ ʞװʡʝʣʝʨʽʥ 

ʩʳʟʳץʪʳ ʙʘסʜʘʨʣʘʤʘʥʘʜʳ ʞᴅʥʝ ʅ ʤʘʪʨʠʮʘʩʳ ʘʥʳץʪʘʣʘʜʳ. 

2) ὼ Ὧ ρȟὲ) ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש ὧ ὧzʙʝʨʽʣʝʜʽ, (10) ʘʨץʳʣʳ ɺ ʚʝʢʪʦʨ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʝʩʝʧʪʝʡʤʽʟ ὄ Ὄ ὧz.  

3) ʊʝʦʨʝʤʘʥʳש ʦʨʥʳץʪʳʣʳץ ʰʘʨʪʳʥ ʧʘʡʜʘʣʘʥʳʧ, L(0) ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʥʽ(11) ש 

ʙʘʩʪʘʧץʳ ʰʘʨʪʪʘʨʳʥ ʘʥʳץʪʘʡʤʳʟ[2]. 

ɸʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʥʽ(11) ש ʢʝʣʝʩʽ ʙʘʩʪʘʧץʳ ʰʘʨʪʪʘʨʳ z ʰʳסʳʩ ʩʠʛʥʘʣʳʥʳש 

ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʧʝʨʠʦʜʳʥʘ ʪʝש ʥʘץʪʳ ʫʘץʳʪʪʘ ʘʥʳץʪʘʣʘʜʳ.  

ʂʝʣʝʩʽ ʦʧʝʨʘʪʠʚʪʽ ʦץʳʪʫ ʤʝʥ j ïh ʽ ʊʄ ʙʘʩץʘʨʫʳ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʽ  π ή ρ 
(11) ʙʦʡʳʥʰʘ ʦʨʳʥʜʘʣʘʜʳ. ή ρȟ ʙʦʣסʘʥʜʘ, ʥʝʡʨʦʞʝʣʽʥʽש ʦץʳʪʫ ʧʨʦʮʝʩʽ ʪʦץʪʘʪʳʣʘʜʳ. 
ʅʝʡʨʦʞʝʣʽ ץʘʨʘʧʘʡʳʤ ʘʜʘʧʪʘʮʠʷʣʳ ʨʝʪʪʝʫʽʰ ʨʝʪʽʥʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

 

 ʦʨʳʪʳʥʜʳפ

ʄʘץʘʣʘʜʘ ɾɻᴄ ʙʦʡʳʥʰʘ ʧʘʨʘʤʝʪʨʣʽʢ ʙʘʩץʘʨʫʳ ʥʝʛʽʟʽʥʜʝ ʥʝʡʨʦʞʝʣʽʣʽʢ ʥʘץʪʳ ʫʘץʳʪ 

ʨʝʞʠʤʽʥʜʝ ʦץʳʪʫ ʘʨץʳʣʳ ʞʳʣʜʘʤʜʳץʪʳ ʘʨʪʪʳʨʫסʘ, ʜᴅʩʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ 

ʘʜʘʧʪʠʚʪʽ ײץʨʳʣʳʤʤʝʥ ʞʘʩʘʥʜʳ ʥʝʡʨʦʞʝʣʽ ʙʘʡʣʘʥʳʩʘʪʳʥ ʛʠʙʨʠʜʪʽ ʞʝʣʽʥʽ ʧʘʡʜʘʣʘʥʫסʘ, 

ʥʝʡʨʦʞʝʣʽʣʽʢ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʠʥʠʮʠʘʣʠʟʘʮʠʷʣʘʫ װʰʽʥ ʪʠʽʤʜʽ ʧʨʦʮʝʜʫʨʘʣʘʨʜʳ ץʦʣʜʘʥʫסʘ  

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪʠʽʤʜʽ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʽ ײץʨʳʣʜʳ.  

ɹʽʨץʘʙʘʪʪʳ ʥʝʡʨʦʞʝʣʽ ʥʝʛʽʟʽʥʜʝ ʘʜʘʧʪʘʮʠʷ ʘʣʛʦʨʠʪʤʽʥ ʧʨʘʢʪʠʢʘʣʳץ ʪװʨʜʝ ʞװʟʝʛʝ 

ʘʩʳʨʫ װʰʽʥ ʵʣʝʤʝʥʪʪʝʨʽ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩ ײץʨʳʣʳʤʳ ʦʨʥʳץʪʳ ʬʠʟʠʢʘʣʳץ ʦʙʲʝʢʪʽʥʽ 

ʩʠʧʘʪʪʘʡʪʳʥ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʜʽש ʨʝʪʽʥ ʙʽʣʫ ʞʝʪʢʽʣʽʢʪʽ.  

ɾװʡʝʥʽש ʩʳʟʳץʪʳ ʙᴇʣʽʛʽʥʽש ʦʨʥʳץʪʳ ʰʝʰʽʤʜʝʨ ʦʙʣʳʩʳ ὒ π ʰʘʨʪʳʤʝʥ 
ʘʥʳץʪʘʣסʘʥʜʘ, ʦʥʳש ʜᴅʩʪװʨʣʽ ʘʜʘʧʪʠʚʪʽ ʪᴅʩʽʣʜʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ L ʨʝʪʪʝʫʽʰʽʥʜʝʛʽ ʤװʤʢʽʥ 

ʤᴅʥʜʝʨ ʦʙʣʳʩʳʥʜʘסʳ ʥʝʡʨʦʥʜʳ ײץʨʳʣʳʤʳ  ὒ‭Ὑ  ʩʘʥʜʘʨʳʥʳש ʙʘʨʣʳץ ʞʠʳʥʪʳסʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 
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 ɸʥʥʦʪʘʮʠʷ.ʄʘϨʘʣʘʜʘ ʢϺʧ Ϩʘʙʘʪʪʳ ʥʝʡʨʦʥʜʳϨ ʞʝʣʽʣʝʨʜʽϬ Ϯʣʛʽʣʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʭʘʦʩʪʳϨ 

ʧʨʦʮʝʩʪʝʨʜʽ ʘʥʳϨʪʘʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ʤʝʥ  ʞʘϬʘ ϸʜʽʩʪʝʨ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. Ϸʨ ʪϮʨʣʽ ʭʘʦʩʪʳϨ 

ʫʘϨʳʪ Ϩʘʪʘʨʣʘʨʳ Ϯʰʽʥ ʝϬ ʞʦϤʘʨʳ ʃʷʧʫʥʦʚ ʢϺʨʩʝʪʢʽʰʽʥ ʝʩʝʧʪʝʫʜʽϬ ʥʝʡʨʦʞʝʣʽʣʽʢ ʘʣʛʦʨʠʪʤʽ 

ϰʩʳʥʳʣϤʘʥ. ʉʳʟʳϨʪʳ ʝʤʝʩ ʢϺʧ Ϩʘʙʘʪʪʳ ʥʝʡʨʦʥʜʳϨ ʞʝʣʽʥʽ ϨʦʣʜʘʥʫϤʘ ʥʝʛʽʟʜʝʣʛʝʥ ʃʷʧʫʥʦʚ 

ʢϺʨʩʝʪʢʽʰʪʝʨʽʥʽϬ ʩʧʝʢʪʨʽʥ ʝʩʝʧʪʝʫʜʽϬ ʙʘʩʪʘʧϨʳ ϸʜʽʩʪʝʤʝʩʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ϯʩʳʥʳʣϤʘʥ 

ϸʜʽʩʪʝʨ ʜϸʩʪϮʨʣʽ ϸʜʽʩʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨϤʘʥʜʘ ʢʽʨʽʩ ʜʝʨʝʢʪʝʨʽʥʽϬ ʘʟ ʤϺʣʰʝʨʽʤʝʥ ʞϸʥʝ ʞʦϤʘʨʳ 

ʝʩʝʧʪʝʫ ʞʳʣʜʘʤʜʳϤʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ.  

 

ʂʽʨʽʩʧʝ 

ɾװʡʝʥʽש ʭʘʦʩʪʳץ ʪᴅʨʪʽʙʽ ʬʨʘʢʪʘʣʜʳ ᴇʣʰʝʤʽ ʙʘʨ ʞᴅʥʝ ʤʘʩʰʪʘʙʪʳ ʠʥʚʘʨʠʘʥʪʪʳʣʳץ 

  .ʨʣʽ ʘʪʪʨʘʢʪʦʨʣʘʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ [1]װʘʩʠʝʪʽʥʝ ʠʝ ʙʽʨʪץ

ʍʘʦʩʪʳץ ʧʨʦʮʝʩʩʪʝʨʜʽ ᴇשʜʝʫ ʙʽʨʥʝʰʝ ʢʝʟʝשʛʝ ʙᴇʣʽʥʫʽ ʤװʤʢʽʥ. ɹʽʨʽʥʰʽ ʢʝʟʝש ï 

ʫʘץʳʪʪʳץ ץʘʪʘʨʜʳ ʪʘʣʜʘʫ. ʆʥʳש ʦʨʳʥʜʘʣʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʩʘʣʳʤ ʢʝשʽʩʪʽʛʽʥʽש ᴇʣʰʝʤʽ ʞᴅʥʝ 

ʩʠʛʥʘʣʜʳש ʫʘץʳʪʰʘ ʢʽʜʽʨʽʩʽ ʘʥʳץʪʘʣʘʜʳ [2,3]. ʉʘʣʳʤ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ ʫʘץʳʪʪʳץ 

 ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʙʦʣʞʘʤʜʳ ʥʝʡʨʦʥʜʳץ ʳʥסʤʘʢʩʠʤʘʣʜʳ ʙʦʣʞʘʤʜʳʣʳ שʘʪʘʨʣʘʨʜʳץ

ʞʝʣʽʜʝʛʽ ʦʧʪʠʤʘʣʜʳ ʪʝʨʝʟʝ ᴇʣʰʝʤʽʥ (ʢʽʨʽʩ ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʩʘʥʳ) ʪʘשʜʘʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣʫʳ ʤװʤʢʽʥ. ɸʣʜʳסשʳ ʢʝʟʝשʥʽש ʥᴅʪʠʞʝʣʝʨʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ,  ʃʷʧʫʥʦʚʪʳש 

ʤʘʢʩʠʤʘʣʜʳ ʢᴇʨʩʝʪʢʽʰʽʥ ʝʩʝʧʪʝʫ ʘʨץʳʣʳ ʭʘʦʩʪʳץ ʧʨʦʮʝʩʩʪʽ ʘʥʳץʪʘʫסʘ, ʩʦʥʜʘʡ-ʘץ, 

ʭʘʦʩʪʳץ ʧʨʦʮʝʩʪʽש ʙʦʣʞʘʫ ʞᴅʥʝ ʬʘʟʘʣʳץ ʨʝʢʦʥʩʪʨʫʢʮʠʷʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ. 

ʄײʥʜʘ ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝ ï ʙʘץʳʣʘʥʘʪʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʙʦʡʳʥʰʘ ʭʘʦʩʪʳץ ʧʨʦʮʝʩʪʝʨʜʽ ᴇשʜʝʫ. 

ɹײʣ ʞʘסʜʘʡʜʘ ʢʽʨʽʩ ʜʝʨʝʢʪʝʨʽʥʽש ʘʟʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʃʷʧʫʥʦʚ ʩʧʝʢʪʨʽʥ ʝʩʝʧʪʝʫ ʤʝʥ 

ʘʪʪʨʘʢʪʦʨʜʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ װʰʽʥ ʩʪʘʥʜʘʨʪʪʳ ʘʥʘʣʠʪʠʢʘʣʳץ ʪᴅʩʽʣʜʝʨʜʽ ץʦʣʜʘʥʫ ץʠʳʥסʘ 

ʩʦסʘʜʳ. 

ʉʦʥʜʳץʪʘʥ ʤײʥʜʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ʭʘʦʩʪʳץ ʧʨʦʮʝʩʩʪʝʨʜʽ ᴇשʜʝʫ װʰʽʥ ʥʝʡʨʦʞʝʣʽʣʽʢ 

ᴅʜʽʩʪʝʨʜʽ ᴅʟʽʨʣʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣʘʨ ʪᴇʤʝʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʝʩʝʧʪʝʫʣʝʨʜʽש 

ʢװʨʜʝʣʽʣʽʛʽʥ ʝʜᴅʫʽʨ ʪᴇʤʝʥʜʝʪʝʜʽ. 

ɹײʣ ʤʘץʘʣʘʜʘ ʃʷʧʫʥʦʚʪʳש ʝש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʽ ʤʝʥ ʃʷʧʫʥʦʚʪʳש ʭʘʦʩʪʳץ 

ʧʨʦʮʝʩʩʪʝʨ ʩʧʝʢʪʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʽʢ ʪᴅʩʽʣ ʩʠʧʘʪʪʘʣסʘʥ. 

 

1. ʃʷʧʫʥʦʚʪʳש ʝש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʽʥ ʘʥʳץʪʘʫ 

ʃʷʧʫʥʦʚʪʳש ʦש ʝש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʽ ʞװʡʝʥʽש ʭʘʦʩʪʳץ  ʢʨʠʪʝʨʠʡʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

[4]. ʉʦʥʜʳץʪʘʥ, ʤײʥʜʘʡ ʢᴇʨʩʝʪʢʽʰʪʽ ʘʥʳץʪʘʫ  ʜʠʥʘʤʠʢʘʣʳץ ʞװʡʝʜʝ ʭʘʦʩʪʳץ ʪᴅʨʪʽʧʪʽש 

ʙʦʣʫʳ ʪײʨסʳʩʳʥʘʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʃʷʧʫʥʦʚ ʢᴇʨʩʝʪʢʽʰʽ ʪʨʘʝʢʪʦʨʠʷʥʳש 
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ʵʢʩʧʦʥʝʥʮʠʘʣʜʳ ʘʡʳʨʤʘʰʳʣʳץ ʜᴅʨʝʞʝʩʽʥ ʩʠʧʘʪʪʘʡʜʳ. )0(d - ʝʢʽ ʥװʢʪʝ ʘʨʘʩʳʥʜʘסʳ 

ʙʘʩʪʘʧץʳ ʘʨʘץʘʰʳץʪʳץ, )(nd  - n  ʳסʢʪʝʣʝʨ ʘʨʘʩʳʥʜʘװʘʜʘʤʥʘʥ ʢʝʡʽʥʛʽ ʦʩʳ ʥץ 

ʘʨʘץʘʰʳץʪʳץ. ʆʥʜʘ ʃʷʧʫʥʦʚʪʳש ʝש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʽ ʢʝʣʝʩʽ ץʘʪʳʥʘʩʧʝʥ ʘʥʳץʪʘʣʘʜʳ:  

 

)0(

)(
ln

1
lim

d

nd

nn ¤­
=l                                                            (1) 

 

ʃʷʧʫʥʦʚʪʳש ʝש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʽʥ ʝʩʝʧʪʝʫ װʰʽʥ ʢʝʣʝʩʽ ᴅʜʽʩ ץʦʣʜʘʥʳʣʘʜʳ. ),(tX   

pt ,1=   ʭʘʦʩʪʳץ ʧʨʦʮʝʩʩʪʽש ʙʽʨ ʢʦʦʨʜʠʥʘʪʘʩʳ ʙʝʣʛʽʣʽ ʙʦʣʩʳʥ. ɹʘʩʪʘʧץʳʜʘ m  ʩʘʣʳʤ 

ʢʝשʽʩʪʽʛʽʥʽש ᴇʣʰʝʤʽʥ ʞᴅʥʝ f ʫʘץʳʪʪʳץ ʢʽʜʽʨʽʩʪʽ ʘʥʳץʪʘʫ ץʘʞʝʪ. ʅᴅʪʠʞʝʩʽʥʜʝ ʢʝʣʝʩʽ 

ʥװʢʪʝʣʝʨ ʞʠʳʥʳʥ ʘʣʘʤʳʟ: 

 

)),)1((),...,(),(()( ff -++= mtxtxtxtX  

pt ,1= . 

 

ɸʪʪʨʘʢʪʦʨʜʳש ʪʘʨʪʳʣʳʩ ʘʫʤʘסʳʥʘʥ)0(X  ʙʘʩʪʘʧץʳ ʥװʢʪʝʩʽʥ ʪʘשʜʘʡʤʳʟ ʞᴅʥʝ ʦסʘʥ 

ʞʘץʳʥ )0(tX  ʥװʢʪʝʩʽʥ ʪʘʙʘʤʳʟ, ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ʘʨʘץʘʰʳץʪʳץ ʞʝʪʢʽʣʽʢʪʽ ʘʟ 

ʙʦʣʘʪʳʥʜʘʡ:  

)0(d = 8'' 10)0()0( -- HXX t                                                (2) 

 

ʉʦʜʘʥ ʢʝʡʽʥ ʦʩʳ ʝʢʽ ʥװʢʪʝʣʝʨʜʽש  ʬʘʟʘʣʳץ ʪʨʘʝʢʪʦʨʠʷʜʘסʳ ʵʚʦʣʶʮʠʷʩʳʥ 1)( <nd  

ʜʝʡʽʥ ץʘʜʘסʘʣʘʡʤʳʟ. 

ln  )(nd -ʥʽש n -ʥʝʥ ʪᴅʫʝʣʜʽʣʽʢ ʛʨʘʬʠʛʽʥ ʞᴅʥʝ ʢᴇʣʙʝʫʽ ʃʷʧʫʥʦʚʪʳש ʝש ʞʦסʘʨʳ 

ʢᴇʨʩʝʪʢʽʰʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʨʝʛʨʝʩʩʠʷ ʪװʟʫʽʥ ʩʘʣʘʤʳʟ. ʄײʥʜʘʡ ʘʣʛʦʨʠʪʤ ɺ.ʀ.ʆʩʝʣʝʜʮʝ  

ʵʨʛʦʜʠʢʘʣʳץ ʪʝʦʨʝʤʘʩʳʥʘ ʥʝʛʽʟʜʝʣʝʜʽ:  ʘʪʪʨʘʢʪʦʨʜʘסʳ ʙʽʨʣʽʢ ʳץʪʠʤʘʣʜʳʣʳץʧʝʥ 

ʪʘשʜʘʣסʘʥ ʝʢʽ ʢʝʟʜʝʡʩʦץ ʥװʢʪʝʣʝʨʜʽש ʵʢʩʧʦʥʝʥʮʠʘʣʜʳ ʘʡʳʨʤʘʰʳʣʳסʳ ʃʷʧʫʥʦʚʪʳש ʝש 

ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʽʥ ʩʠʧʘʪʪʘʡʜʳ. ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ᴅʜʽʩ װʣʢʝʥ ʝʩʝʧʪʝʫʽʰ 

ʢװʨʜʝʣʽʣʽʛʽʤʝʥ ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨʜʽש ʰʘסʳʥ ʢᴇʣʝʤʽ װʰʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥ 

ʝʤʝʩʪʽʛʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɹײʣ ʙʽʨ-ʙʽʨʽʥʝʥ 
810-  ʘʟ ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ ʝʢʽ ʥװʢʪʝʥʽ ʪʘʙʫ 

 ʣ ʢʝʤʰʽʣʽʢʪʽײʠʳʥ. ɹץ ʰʽʥװ ʪʳ ʜʝʨʝʢʪʝʨץʣ ʥʘײʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ᴄʩʽʨʝʩʝ, ʙסʠʳʥʜʳץ

ʞʝשʫʜʽש ʙʽʨ ʞʦʣʳ ʃʷʧʫʥʦʚʪʳש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʽʥ ʝʩʝʧʪʝʫ װʰʽʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ 

 שʞʝʣʽʥʽ ץʳʰ ʥʝʡʨʦʥʜʳסʥʝʛʽʟʛʽ ʠʜʝʷʩʳ ʙʦʣʞʘ שʣ ᴅʜʽʩʪʽײʦʣʜʘʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹץ

ʢᴇʤʝʛʽʤʝʥ ʞʘץʳʥ ʦʨʥʘʣʘʩץʘʥ ʝʢʽ ʪʨʘʝʢʪʦʨʠʷʥʳש n  ʳʥסʘʨʘʡ ʘʡʳʨʤʘʰʳʣʳץ ʘסʘʜʘʤ ʘʣץ 

ʝʩʝʧʪʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʅʝʡʨʦʥʜʳץ ʞʝʣʽ lmk -=  ʢʽʨʽʩ, pʞʘʩʳʨʳʥ ʞᴅʥʝ ʙʽʨ ʰʳסʳʩ ʥʝʡʨʦʥʜʘʨʳʥʘʥ ʪײʨʘʜʳ, 

ʤײʥʜʘ  m - ʩʘʣʳʤ ʢʝשʽʩʪʽʛʽʥʽש ᴇʣʰʝʤʽ (ʉʫʨ.1) 

 

 
 

ʉʫʨ.1 ʅʝʡʨʦʥʜʳץ ʞʝʣʽ 
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ɸʣʜʳʤʝʥ ʤײʥʜʘʡ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽ ʞʳʣʞʳʤʘʣʳ ʪʝʨʝʟʝ ᴅʜʽʩʽʥʝ ʩᴅʡʢʝʩ ʙʦʣʞʘʫסʘ 

ʦץʳʪʫ ץʘʞʝʪ: 

),)1((()( ff -+=+ itxFitx     ),...,)2(( f-+itx         ),)(( fkitx -+      .,1 ni=  
 

ɾʝʣʽʥʽ ʦץʳʪʫʜʘʥ ʢʝʡʽʥ, ʠʪʝʨʘʮʠʷʣʳץ ʪᴅʩʽʣʜʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʬʘʟʘʣʳץ 

ʪʨʘʝʢʪʦʨʠʷʜʘ ʝʢʽ ʥװʢʪʝ ʵʚʦʣʶʮʠʷʩʳʥ ʞװʟʝʛʝ ʘʩʳʨʫ ʦשʘʡ. 

ʆʩʳʣʘʡʰʘ, ײʩʳʥʳʣʘʪʳʥ ᴅʜʽʩʪʽש ʥʝʛʽʟʛʽ ʠʜʝʷʩʳ ʙʦʣʞʘסʳʰ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש 

ʢᴇʤʝʛʽʤʝʥ ʠʪʝʨʘʮʠʷʣʳץ ʪᴅʩʽʣʜʽ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʝʢʽ ʞʘץʳʥ ʪʨʘʝʢʪʦʨʠʷʥʳש n  ʘסʘʜʘʤ ʘʣץ 

 ʨʜʽʩ ʢʝʣʝʩʽ ʘʣʛʦʨʠʪʤʤʝʥװ ʣײʳʥ ʝʩʝʧʪʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹסʘʨʘʡ ʘʡʳʨʤʘʰʳʣʳץ

 :ʤʢʽʥװʩʳʥʳʣʫʳ ʤײ

1. ʅʝʡʨʦʥʜʳץ ʞʝʣʽʥʽ ʞʳʣʞʳʤʘʣʳ ʪʝʨʝʟʝ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʙʦʣʞʘʫסʘ ʦץʳʪʘʤʳʟ. 

2. ʆץʫ װʣʛʽʣʝʨʽʥʝʥ )(tx  ʢʝʟ ʢʝʣʛʝʥ ʥװʢʪʝʩʽʥ ʪʘשʜʘʧ, ʢʝʣʝʩʽ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ 

} :ʘʣʳʧʪʘʩʪʳʨʘʤʳʟץ },))1((),...(),( ff --- ktxtxtx  ʤײʥʜʘ -k ʪʝʨʝʟʝ ᴇʣʰʝʤʽ. 

3. ʂᴇʧ ץʘʜʘʤʜʳ ʙʦʣʞʘʫʜʳ ץʦʣʜʘʥʳʧ { })(),...,2(),( fff ntxtxtx +++  ʝʩʝʧʪʝʡʤʽʟ. 

4. ),)1((()( ff -+=+ itxFitx  ),...,)2(( f-+itx  ),)(( fkitx -+  ʤײʥʜʘ -= Fni ,,1  

ʩʳʟʳץʪʳ ʝʤʝʩ ʬʫʥʢʮʠʷ. 

5. 
0

' )()( dtxtx += ʝʩʝʧʪʝʡʤʽʟ, ʤײʥʜʘ  8

0 10-ºd   ʞᴅʥʝ ʞʝʣʽʛʝ  

{ }))1((),...,(),(' ff --- ktxtxtx  ʙʝʨʽʧ, ),(' titx +  .,1 ni=   ʘʣʫ װʰʽʥ 3 ץʘʜʘʤʜʳ ץʘʡʪʘʣʘʡʤʳʟ. 

6. ɹʘסʘʣʘʡʤʳʟ )()(lnln ' tt itxitxdi +-+=  .,1 ni=  ʞᴅʥʝ 0ln <d  ʙʦʣʘʪʳʥ ʥװʢʪʝʣʝʨʜʽ 

ʪʘשʜʘʡʤʳʟ. 

7. n -ʥʝʥ )ln( nd ʛʨʘʬʠʢ ײץʨʘʤʳʟ. 

8. ʊʘשʜʘʣסʘʥ ʥװʢʪʝʣʝʨ װʰʽʥ ʨʝʛʨʝʩʩʠʷ ʪװʟʫʽʥ ײץʨʘʤʳʟ ʞᴅʥʝ ʃʷʧʫʥʦʚʪʳש ʝש ʞʦסʘʨʳ 

ʢᴇʨʩʝʪʢʽʰʽʥʝ ʪʝש ʢᴇʣʙʝʫʜʽ ʝʩʝʧʪʝʡʤʽʟ. 

 

2. ʃʷʧʫʥʦʚ ʩʧʝʢʪʨʽʥ ʘʥʳץʪʘʫ 

n  ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʪʝשʜʝʫʣʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʜʠʥʘʤʠʢʘʣʳץ ʞװʡʝ ʙʝʨʽʣʩʽʥ. 

ʆʩʳʥʜʘʡ ʞװʡʝ ʃʷʧʫʥʦʚ ʩʧʝʢʪʨʽ ʜʝʧ ʘʪʘʣʘʪʳʥ n  ʃʷʧʫʥʦʚ ʢᴇʨʩʝʪʢʽʰʽʥʝ 
il ),...,2,1( ni =  ʠʝ. 

ʃʷʧʫʥʦʚ ʩʧʝʢʪʨʽ ʜʠʥʘʤʠʢʘʣʳץ ʞװʡʝʥʽש ʙʘʩʪʘʧץʳ ʞʘסʜʘʡʣʘʨסʘ ʩʝʟʽʤʪʘʣʜʳסʳʥ 

ʩʠʧʘʪʪʘʡʜʳ. ʃʷʧʫʥʦʚʪʳש ʝװ שʣʢʝʥ ʢᴇʨʩʝʪʢʽʰʽ ʞʘץʳʥ ʥװʢʪʝʣʝʨʜʝʥ ʰʳסʘʪʳʥ ʝʢʽ 

ʪʨʘʝʢʪʦʨʠʷ ʘʡʳʨʤʘʰʳʣʳסʳʥʳש ʦʨʪʘʰʘ ʵʢʩʧʦʥʝʥʮʠʘʣʜʳ ʞʳʣʜʘʤʜʳסʳʥ ʘʥʳץʪʘʡʜʳ. 

ʍʘʦʩʪʳץ ʪᴅʨʪʽʧ װʰʽʥ ʃʷʧʫʥʦʚʪʳש ʝש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʽ ï ʦש. ɹʘʩʪʘʧץʳ ʞʘסʜʘʡ ʨʝʪʽʥʜʝ 

ʰʘסʳʥ n  ᴇʣʰʝʤʜʽ ʩʘʣʘʥʳ ץʘʨʘʩʪʳʨʘ ʦʪʳʨʳʧ, ʞʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ ʧʽʢʽʨʣʝʨʜʽ ʃʷʧʫʥʦʚʪʳש 

ʩʧʝʢʪʨʽʥʝ ʪʘʣʜʘʧ ץʦʨʳʪʫסʘ ʙʦʣʘʜʳ. ʋʘץʳʪ ᴇʪʝ ʢʝʣʝ, ʤײʥʜʘʡ ʩʬʝʨʘ n  ʥʝʛʽʟʛʽ ʞʘʨʪʳʣʘʡ 

ʦʩʴʪʝʨʽ ʙʘʨ ʵʣʣʠʧʩʦʠʜʢʝ ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʜʳ. ʃʷʧʫʥʦʚ ʩʧʝʢʪʨʽ ʫʘץʳʪץʘ ʙʘʡʣʘʥʳʩʪʳ 

ʵʣʣʠʧʩʦʠʜʪʽש ʥʝʛʽʟʛʽ ʞʘʨʪʳʣʘʡ ʦʩʴʪʝʨʽ ײʟʳʥʜʳסʳʥʳש ᴇʟʛʝʨʫʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʄʳʩʘʣʳ, 

ʃʷʧʫʥʦʚ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʢʝʤʫ ʪᴅʨʪʽʙʽʤʝʥ ʦʨʥʘʣʘʩʩʳʥ: 

 

nlll ...21 ²²
 

 

ɹײʣ ʨʝʪʪʝ 1l ʵʣʣʠʧʩʦʠʜʪʽװ שʣʢʝʥ ʦʩʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, 2l - ᴇʣʰʝʤʽ ʙʦʡʳʥʰʘ ʢʝʣʝʩʽ 

ʦʩʴʢʝ ʞᴅʥʝ ʪ.ʙ. ʆʥʜʘ i -ʰʽ ʃʷʧʫʥʦʚ ʢᴇʨʩʝʪʢʽʰʽ ʢʝʣʝʩʽ ʪװʨʜʝ ʘʥʳץʪʘʣʘʜʳ: 
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ʤײʥʜʘ )0(il  ʞᴅʥʝ )(tl i
 - ʙʘʩʪʘʧץʳ ʞᴅʥʝ t  ʫʘץʳʪʪʘסʳ ʵʣʣʠʧʩʦʠʜʪʳש i -ʰʽ ʦʩʽʥʽש ʩᴅʡʢʝʩ 

 ʙʘʩʪʳ שʦʥʳ שᴅʨʙʽʨ ʢᴇʨʩʝʪʢʽʰʽ ʵʣʣʠʧʩʦʠʜ ᴇʣʰʝʤʜʝʨʽʥʽ שʳ. ʆʩʳʣʘʡʰʘ, ʃʷʧʫʥʦʚʪʳסʟʳʥʜʳײ

ʦʩʴʪʝʨʽʥʽש ʙʽʨʽ ʙʦʡʳʥʰʘ ᴇʟʛʝʨʫʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʆʣʘʨʜʳ ʝʩʝʧʪʝʫ װʰʽʥ ʬʘʟʘʣʳץ 

ʪʨʘʝʢʪʦʨʠʷʥʳש ʙʦʡʳʤʝʥ ʩᴅʡʢʝʩ ʚʝʢʪʦʨʣʘʨ ײʟʳʥʜʳסʳʥʳש ᴇʟʛʝʨʫʽʥ ץʘʜʘסʘʣʘʫ ץʘʞʝʪ. ʆʥʳ 

ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʥʝʛʽʟʽʥʝʥ ʚʘʨʠʘʮʠʷʜʘסʳ ʞװʡʝ ʜʠʥʘʤʠʢʘʩʳʥʳש ʪʝשʜʝʫʣʝʨʽʥ ʰʳסʘʨʫסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʩʘʥʜʳץ ʪᴅʩʽʣʜʽ ץʦʣʜʘʥʘʜʳ. ʃʷʧʫʥʦʚʪʳש ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʝʩʝʧʪʝʫ ʢʝʟʽʥʜʝʛʽ 

ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝ ʫʘץʳʪ ʘסʳʤʳʥʜʘ ʬʘʟʘʣʳץ ʪʨʘʝʢʪʦʨʠʷʥʳש ʥװʢʪʝʣʝʨʽ ʘʨʘʩʳʥʜʘסʳ 

 ʪʘʥץʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳסʠʳʥʜʳץ שʘʣʘʫʜʳסʘʜʘץ ʵʚʦʣʶʮʠʷʩʳʥ שʪʳץʪʳץʘʰʳץ

ʃʷʧʫʥʦʚ ʩʧʝʢʪʨʽʥ ʘʥʳץʪʘʫʜʳש ʪʠʽʤʜʽ ʞᴅʥʝ ʨʦʙʘʩʪʳ ᴅʜʽʩʽʥ ᴅʟʽʨʣʝʫ ʤʘשʳʟʜʳ  ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʆʥʳש ʰʝʰʽʤʽ ʨʝʪʽʥʜʝ ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ ʬʘʟʘʣʳץ ʪʨʘʝʢʪʦʨʠʷʥʳש ʥװʢʪʝʣʝʨʽ 

ʘʨʘʩʳʥʜʘסʳ ץʘʰʳץʪʳץʪʳ ʝʩʝʧʪʝʫ װʰʽʥ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽ ץʦʣʜʘʥʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ 

ʳʪʪʘ nץʡʽ ᴅʨ ʫʘװʢ שʡʝʥʽװʞ ץʘ ʙʦʣʘʜʳ. ɼʠʥʘʤʠʢʘʣʳסʩʳʥʫײ ʘʨʘʧʘʡʳʤ ᴅʜʽʩʪʽץ  ᴇʣʰʝʤʜʽ 

ʚʝʢʪʦʨʤʝʥ ʙʝʨʽʣʩʽʥ 

 

)).(),...,(),(()( 21 tXtXtXtX n=
 

 

ɹʝʣʛʽʣʽ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ )(tX i
 ʪʠʽʩʪʽ ʘʡʥʳʤʘʣʳʣʘʨʜʳש ʫʘץʳʪʪʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʽ 

ʙʝʣʛʽʣʽ ʜʝʧ ʙʦʣʞʘʡʤʳʟ. 

 

 
 

ʉʫʨ.2 ʅʝʡʨʦʥʜʳץ ʞʝʣʽ 

 

ʆʥʜʘ ʜʠʥʘʤʠʢʘʣʳץ ʞװʡʝʥʽש ʘʣʜʳסשʳ ʢװʡʽ ʥʝʛʽʟʽʥʜʝ ʢʝʣʝʩʽ ʞʘסʜʘʡʜʳ ʙʦʣʞʘʡʪʳʥ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽ ʛʝʥʝʨʘʮʠʷʣʘʡʤʳʟ. ʆʣ n  ʢʽʨʽʩ, m  ʞʘʩʳʨʳʥ ʞᴅʥʝ nʰʳסʳʩ ʥʝʡʨʦʥʜʳץ 

ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪײʨʘʜʳ (ʉʫʨ.2). ʅʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש ʰʳסʳʩ ʤᴅʥʜʝʨʽ ʙʳʣʘʡʰʘ ʘʥʳץʪʘʣʘʜʳ: 

 

))(()1( tXFtX =+  
 

ʄײʥʜʘʡ ʞʝʣʽʥʽ ʦץʳʪץʘʥʥʘʥ ʢʝʡʽʥ, ʢʝʟ ʢʝʣʛʝʥ ʫʘץʳʪʪʘ ʜʠʥʘʤʠʢʘʣʳץ ʞװʡʝʥʽש ʞʘʡ-

ʢװʡʽʥ, ʩʦʥʜʘʡ-ʘץ ʙʘץʳʣʘʥʘʪʳʥ ʞװʟʝʛʝ ʘʩʳʨʫʣʘʨʜʳ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʬʘʟʘʣʳץ 

ʪʨʘʝʢʪʦʨʠʷ ʥװʢʪʝʣʝʨʽʥʽש ʵʚʦʣʶʮʠʷʩʳʥ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. )(twi
- t  ʫʘץʳʪʳʥʜʘסʳ i -ʰʽ 

ʚʝʢʪʦʨ ײʟʳʥʜʳסʳ ʙʦʣʩʳʥ. ʆʣ ʵʣʣʠʧʩʦʠʜʪʳש i -ʰʽ ʦʩʽ ʙʦʡʳʥʜʘסʳ ʚʝʢʪʦʨ ʤᴇʣʰʝʨʽʥ 

ʩʠʧʘʪʪʘʡʜʳ. ʉʦʥʜʘ ʃʷʧʫʥʦʚʪʳש i -ʰʽ ʢᴇʨʩʝʪʢʽʰʽʥ ʢʝʣʝʩʽ ʪװʨʜʝ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ: 
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ʅʝʡʨʦʥʜʳץ ʞʝʣʽ ʢᴇʤʝʛʽʤʝʥ  )(tWi
 ʚʝʢʪʦʨʣʘʨʜʳש ʩᴅʡʢʝʩ ײʟʳʥʜʳץʪʘʨʳʥ ʘʥʳץʪʘʫ 

ʘʨץʳʣʳ ʃʷʧʫʥʦʚ ʩʧʝʢʪʨʽʥ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ. 

ʃʷʧʫʥʦʚ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʘʥʳץʪʘʫ ʘʣʛʦʨʠʪʤʽʥ ץʘʨʘʩʪʳʨʘʤʳʟ. ʆʣ ʢʝʣʝʩʽ ץʘʜʘʤʜʘʨʜʘʥ 

ʪײʨʘʜʳ: 
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1. ɸʪʪʨʘʢʪʦʨʜʳש ʪʘʨʪʳʣʳʩ ʘʡʤʘסʳʥʘʥ ʙʘʩʪʘʧץʳ ʥװʢʪʝʥʽ ʪʘשʜʘʡʤʳʟ, ʦʥʳש 

ʢʦʦʨʜʠʥʘʪʪʘʨʳ: 

))0(),...,0(),0(()0( 21 nxxxN =                                                        (5) 

 

2. 
810-=e ʞʝʪʢʽʣʽʢʪʽ ʘʟ ʩʘʥʜʳ ʙʝʨʝʤʽʟ ʞᴅʥʝ ʝʨʝʞʝʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʩʽ n  ʥװʢʪʝʣʝʨʜʽש 

ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ ʘʥʳץʪʘʡʤʳʟ: 
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ʆʩʳ ʪʘʨʤʘץʪʳ ʦʨʳʥʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʣʝʩʽ ʦʨʪʦʛʦʥʘʣʜʳ ʚʝʢʪʦʨʣʘʨ ʞʠʳʥʪʳסʳʥ 

ʘʣʘʤʳʟ: 
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3. ᴄʨʙʽʨ ʚʝʢʪʦʨʜʳײ שʟʳʥʜʳסʳʥ ʘʥʳץʪʘʡʤʳʟ: 

 

e== )0()0( ii WNA                                                           (8) 

ʄײʥʜʘ .,1 ni=  

4. 0=t ʫʘץʳʪʳʥʜʘסʳ  )0(),...,0(),0(),0( 21 nAAAN  ʥװʢʪʝʣʝʨʽʥʽש ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥ 

ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש ʢʽʨʽʩʽʥʝ ʪʽʟʙʝʢʪʝʧ ʞʽʙʝʨʝʤʽʟ. ʅᴅʪʠʞʝʩʽʥʜʝ ʥʝʡʨʦʥʜʳץ ʞʝʣʽʥʽש 

ʰʳסʳʩʳʥʜʘ 1+=tt ʢʝʣʝʩʽ ʫʘץʳʪʪʘסʳ ʥװʢʪʝʣʝʨʜʽש ʢʦʦʨʜʠʥʘʪʪʘʨʳʥ ʘʣʘʤʳʟ: 
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ʄײʥʜʘ ),1( ji Ax - 1=t  ʫʘץʳʪʪʘסʳ jA ʥװʢʪʝʩʽʥʽש  -i ʰʽ ʢʦʦʨʜʠʥʘʪʘʩʳ. 

5. ʂʝʣʝʩʽ ᴇʨʥʝʢʢʝ ʩᴅʡʢʝʩ ʃʷʧʫʥʦʚ ʩʧʝʢʪʨʽʥ ʘʥʳץʪʘʡʤʳʟ: 
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ʤײʥʜʘ .,1 ni=  

ɹײʣ ʨʝʪʪʝ ʘʥʳץʪʘʣʘʪʳʥ ʃʷʧʫʥʦʚ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʢʝʤʫ ʙʦʡʳʥʰʘ ʨʝʪʪʝʣʛʝʥ 

 

nlll ...21 >>  
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 ʪᴅʨʪʽʙʽʥ ץʭʘʦʩʪʳ שʧʨʦʮʝʩʩʪʝʨʜʽ ץʨʣʽ ʜʠʥʘʤʠʢʘʣʳװʘʣʘʜʘ ᴅʨʪץʦʨʳʪʳʥʜʳ. ʄʘפ

ʘʥʳץʪʘʫʜʳש ᴇʪʝ ʤʘשʳʟʜʳ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʃʷʧʫʥʦʚ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

ʘʥʳץʪʘʫ ᴅʜʽʩʽ ʤʝʥ ʘʣʛʦʨʠʪʤʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. ʃʷʧʫʥʦʚʪʳש ʝװ שʣʢʝʥ ʢᴇʨʩʝʪʢʽʰʽʥ ʝʩʝʧʪʝʫ 

 ʨʜʝʣʽʣʽʛʽʥװʢ שʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʝʩʝʧʪʝʫʣʝʨʜʽסʰʽʥ ʥʝʡʨʦʞʝʣʽʣʽʢ ᴅʜʽʩ ᴅʟʽʨʣʝʥʜʽ, ʦʣ ʞʦװ

ʝʜᴅʫʽʨ ʪᴇʤʝʥʜʝʪʝʜʽ. ʃʷʧʫʥʦʚ ʩʧʝʢʪʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʥʝʡʨʦʞʝʣʽʣʽʢ ᴅʜʽʩʪʽש ʘʨʪʳץʰʳʣʳסʳ 

ʭʘʦʩʪʳץ ʧʨʦʮʝʩʪʽש ʙʘץʳʣʘʥʘʪʳʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʥʝʛʽʟʽʥʜʝ ʃʷʧʫʥʦʚ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

ʘʥʳץʪʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  
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ɸʣʤʘʪʳ Ϩ., ϧʘʟʘϨʩʪʘʥ, e-mail: ms.perizat@mail.ru. 

 
 ɹʘʡʝʩʪʽʢ ʪϸʩʽʣʜʝʨ ʩʦϬϤʳ ʫʘϨʳʪʪʘ Ϥʳʣʳʤ ʤʝʥ ϺʥʜʽʨʽʩʪʽϬ ϸʨʪϮʨʣʽ ʩʘʣʘʣʘʨʳʥʜʘ 

Ϩʦʣʜʘʥʙʘʣʳ ʤϸʩʝʣʝʣʝʨʜʽ ʰʝʰʫʜʝ ʪʘʣʘʧϨʘ ʩʘʡ ʙʦʣʳʧ ʦʪʳʨ. ɹʘʡʝʩ ʪϸʩʽʣʽʥ ʪϸʞʽʨʠʙʝʜʝ  ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫ Ϯʰʽʥ ɹʘʡʝʩʪʽʢ ʞʝʣʽʣʝʨʜʽϬ ʤʘʪʝʤʘʪʠʢʘʣʳϨ ʠʜʝʷʣʘʨʳʥ ʞϮʟʝʛʝ ʘʩʳʨʘʪʳʥ ʞʦϤʘʨʳ 

ʩʘʧʘʣʳ ʙʘϤʜʘʨʣʘʤʘʣʳϨ Ϻʥʽʤʜʝʨ Ϻʪʝ ʢϺʧ. ɹʽʟ ʩʦʣʘʨʜʳϬ ʽʰʽʥʝʥ BayesiaLab ʙʘϤʜʘʨʣʘʤʘʣʳϨ ʧʘʢʝʪʽʥ 

ϨʘʨʘʩʪʳʨʜʳϨ. BayesiaLab ʧʘʢʝʪʽʥʽϬ ʢϺʤʝʛʽʤʝʥ ɹʘʡʝʩ ʞʝʣʽʩʽʥʽϬ ʤʦʜʝʣʴʜʝʨʽʥ ʘʥʳϨʪʘʫ, ʟʝʨʪʪʝʫ, 

ʨʝʜʘʢʮʠʷʣʘʫ ʞϸʥʝ ʪʘʣʜʘʫϤʘ ʙʦʣʘʜʳ. ɹϰʣ ʤʘϨʘʣʘʜʘ ʞʘʣʧʳ Ϩϰʟʳʨʝʪʪʽʣʽʢ ʪʫʨʘʣʳ ϤʘʣʳʤʜʘʨʜʳϬ 

ʘʥʳϨʪʘʤʘʣʘʨʳ ʙʝʨʽʣʽʧ, Ϩϰʟʳʨʝʪʪʽʣʽʢʪʽ Ϩʘʣʳʧʪʘʩʪʳʨʫ Ϯʰʽʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳϬ ʙʦʡʳʥʜʘ ʙʦʣʫ 

ʢʝʨʝʢ Ϩʘʩʠʝʪʪʝʨ ʞϸʥʝ Ϩϰʟʳʨʝʪʪʽʣʽʢʪʽ ʙʘϤʘʣʘʫϤʘ ʘʨʥʘʣϤʘʥ ʩϰʨʘϨʪʘʨ Ϯʣʛʽʩʽ ʢʝʣʪʽʨʽʣʜʽ. 

ɸϨʧʘʨʘʪʪʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʘϤʳʪʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳϬ Ϩϰʟʳʨʝʪʪʽʣʽʛʽʥ Ϩʘʣʳʧʪʘʩʪʳʨʫ 

ʞϸʥʝ ʦʣʘʨʜʳ ʙʘϤʘʣʘʫ ʙʘʨʳʩʳʥʜʘ ɹʘʡʝʩ ʞʝʣʽʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʤϮʤʢʽʥʜʽʛʽ ʟʝʨʪʪʝʣʜʽ. ɸϨʧʘʨʘʪʪʳϨ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʘϤʳʪʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳϬ Ϩϰʟʳʨʝʪʪʽʣʽʛʽʥ Ϩʘʣʳʧʪʘʩʪʳʨʫ Ϯʰʽʥ ʞʘʣʧʳʣʘʤʘ 

ʘʣʛʦʨʠʪʤ Ϩϰʨʳʣʜʳ. 
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ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʦʨʪʘʥʳ ײץʨʫ ʞʘʪʘʜʳ. ʆʥʳש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʽ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʙʘסʳʪʳ ʙʦʡʳʥʰʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײץ שʟʽʨʝʪʪʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

çײפʟʳʨʝʪè סײʳʤʳʥ ʘʣסʘʰ ʝʥʛʽʟʛʝʥ ʅ. ʍʦʤʩʢʠʡ ʦסʘʥ çʙʝʣʛʽʣʽ ʙʽʨ ʧᴅʥʜʽ ʦץʳʪʫ 

ʧʨʦʮʝʩʽʥʜʝ ץʘʣʳʧʪʘʩץʘʥ ʙʽʣʽʤ, ʜʘסʜʳ, ʝʧʪʽʣʽʢ ʞʠʳʥʪʳסʳ, ʩʦʥʜʘʡ-ʘץ, ʙʝʣʛʽʣʽ ʙʽʨ ʽʩ-ᴅʨʝʢʝʪʪʽ 

ʞװʟʝʛʝ ʘʩʳʨʫסʘ ץʘʙʽʣʝʪʪʽʣʽʢ ʜʝʛʝʥ ʘʥʳץʪʘʤʘ ʙʝʨʝʜʽ. ɸʣסʘʰʳʥʜʘ ʙײʣ סײʳʤ ʪʽʣ װʡʨʝʥʫʛʝ 

 ʘʥ ʩᴇʟʜʽʛʽʥʜʝץץʳ ʰʳסשʩʦ שʘʥ [1]. ʕ.ɻ. ɸʟʠʤʦʚ ʧʝʥ ɸ.ʅ. ʑʫʢʠʥʥʽסʘʪʳʩʪʳ ʧʘʡʜʘ ʙʦʣץ

 ʳʤʜʘʨʳʥסײ ʟʳʨʝʪʪʽʣʽʢײץ ʟʳʨʝʪ ʞᴅʥʝײפ .ʪʘʤʘ ʙʝʨʝʜʽ [2]ץʨʣʽ ʘʥʳװʳʤʳʥʘ ʦʥ ʝʢʽ ʪסײ ʟʳʨʝʪײץ

 ʞᴅʥʝ (ʥʳèײʤʘʟʤ שçʙʽʣʽʤʜʽʣʽʢʪʽ) ʥʳèײçʙʽʣʽʤ ʤʘʟʤ שʳʤʜʘʨʜʳסײ ʣײʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʙʽʟ ʙץ

çʙʽʣʽʤʜʽʣʽʢè ʜʝʛʝʥ סײʳʤʜʘʨסʘ ʩᴅʡʢʝʩ ʝʢʝʥʽʥ ʝʩʢʝʨʫʜʽ ʤʘשʳʟʜʳ ʜʝʧ ʩʘʥʘʡʤʳʟ.  

 .ʟʳʨʝʪʪʽʣʽʢ ʤᴅʩʝʣʝʩʽ ʙʦʡʳʥʰʘ - ɸ. ɼʦʨʦʬʝʝʚ, ɺ.ʉ. ʂʫʣʴʥʝʚʠʯ, ɻ. ʉʝʣʝʚʢʦ, ʃ.ɸײפ

ʇʝʪʨʦʚʩʢʘʷ, ʊ.ɽ. ʀʩʘʝʚʘ, ɸ.ɺ. ʍʫʪʦʨʩʢʦʡ, ʅ.ɺ. ʂʫʟʴʤʠʥʘ, ɸ.ʂ. ʄʘʨʢʦʚʘ, ɺ.ɼ. ʐʘʜʨʠʢʦʚ, 

ɻ.ɾ. ʄʝʥʣʠʙʝʢʦʚʘ, ɹ.ʊ. ʂʝʥʞʝʙʝʢʦʚ, ɼʞ. ʈʘʚʝʥ, ʉ.ʀ. ʌʝʨʭʦ, ʖ.ɻ. ʊʘʪʫʨ, ʀ.ɸ. ɿʠʤʥʷʷ, ɺ. 

ɹʘʡʜʝʥʢʦ, ʉ.ɽ. ʐʠʰʦʚ, ʐ. ʊʘʫʙʘʝʚʘ, ʄ.ɾ. ɾʘʜʨʠʥʘʥʳש, ɼ.ʇ. ʄʫʯʢʠʥʥʽש, ɸ. 

ɸʨסʳʤʙʘʝʚʘʥʳש, ʂ.ʃ. ʂʘʙʜʦʣʦʚʘ ʤʝʥ ɻ.ʋ. ʂʫʥʘʢʦʚʘʥʳש, ʈ. ɼᴅʫʣʝʪʦʚʘʥʳש, ɺ.ɽ. ɻʘʠʙʦʚʘ 

ʤʝʥ ɸ.ʇ. ʏʝʨʥʷʚʩʢʘʷ, ɸ.ɹ. ʀʟʜʝʣʝʫʦʚʘ ʝשʙʝʢʪʝʨʽʥ ʪʘʣʜʘʫ ײץʟʳʨʝʪʪʽʣʽʢ סײʳʤʳʥʳש ʤᴅʥʽʥ 

ʥʘץʪʳʣʘʫסʘ, ʪʝʨʝשʽʨʝʢ ʘʰʘ ʪװʩʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ,ʜʳʩʳʥסʙʽʣʽʤʽʥ, ʝʧʪʽʣʽʛʽʥ, ʜʘ שʘ ʩʘʡ ᴇʟʽʥʽסʜʘʡסʟʳʨʝʪʪʽ ʙʦʣʫ ʜʝʛʝʥʽʤʽʟ ʩʦʣ ʞʘײפ

ʪᴅʞʽʨʠʙʝʩʽʥ ʞʠʥʘץʪʘʡ ʘʣʫʳ ʞᴅʥʝ ץʦʣʜʘʥʘ ʙʽʣʫʽ, ʷסʥʠ ʥʘץʪʳ ʞʘסʜʘʡסʘ ʩʘʡ ʙʝʪʘʣʳʩʳʥ, ʽʩ-

ᴅʨʝʢʝʪʽʥ ʞײʤʳʣʜʳʨʫ. ʉʦʥʳʤʝʥ ײץʟʳʨʝʪ ʞᴅʥʝ ײץʟʳʨʝʪʪʽʣʽʢ סײʳʤʜʘʨʳʥʳש ʧʘʡʜʘ ʙʦʣʳʧ, 

ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ ʦʨʥʳסʳʧ ץʘʣʫ ʪʘʙʠסʘʪʳ ʝʢʽ ʞʘץʪʳ ʙʦʣʳʧ ʢʝʣʝʜʽ. ɸʣʜʳʤʝʥ 

ᴅʣʝʫʤʝʪʪʽʢ ʞᴅʥʝ ʞʝʢʝʪײʣסʘʣʳץ ʩʝʙʝʧʪʝʨʛʝ (ʞʝʢʝʪײʣסʘʣʳץ-ʤʘשʳʟʜʳʣʳץ) ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ 

ʞʝʢʝ ʪײʣסʘʥʳש ʤװʤʢʽʥʜʽʢʪʝʨʽʥʽש ʘʰʳʣʫʳʥʘ ʞʦʣ ʘʰʘʜʳ ʞᴅʥʝ ʩʦʮʠʫʤʥʳש ʜʘ, ʞʝʢʝ 

ʪײʣסʘʥʳש ʜʘ ʤʘץʩʘʪʪʘʨʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ. ʉʦʥʘʥ ʢʝʡʽʥ ʦץʫ-ʪᴅʨʙʠʝ ʞײʤʳʩʳʥʳש 

ʤʘץʩʘʪʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ɾʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʝשʙʝʢ ʥʘʨʳסʳʥʘ ʙʝʡʽʤ, ʢᴅʩʽʧʪʽʢ 

 .ʨʘʜʳײʩʘʪʳ ʪץʳ ʙʘʨ ʤʘʤʘʥ ʜʘʡʳʥʜʘʫ ʤʘסʜʘʡʳʥʜʳ ץʳʟʤʝʪʢʝ ʧʩʠʭʦʣʦʛʠʷʣʳץ

ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʛʽʥ  ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʢʝʣʝʩʽ: ʙʽʣʽʤʥʽײ שʪץʳʨʣʳסʳ, 

ʠʢʝʤʜʽʣʽʢ ᴅʜʽʩʽ ʞᴅʥʝ ʩʳʥʠ ʦʡʣʘʫ ʬʘʢʪʦʨʣʘʜʳ ʝʩʝʧʢʝ ʘʣʫ ץʘʞʝʪ. פʘʞʝʪʪʽ ʘץʧʘʨʘʪʪʳ ʪʘʙʘ 

ʙʽʣʫ, ʘץʧʘʨʘʪʪʳ ʪװʩʽʥʜʽʨʝ ʙʽʣʫ ʙʽʣʽʤʥʽײ שʪץʳʨʣʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. ʀʢʝʤʜʽʣʽʢ ᴅʜʽʩʽ 

ᴅʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ ʘץʧʘʨʘʪʪʳ ʧʘʡʜʘʣʘʥʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ. ɸץʧʘʨʘʪʪʳ ʪװʨʣʝʥʜʽʨʫ, 

ʜᴅʣʝʣʜʝʨ ʪʘʙʫ ʤʝʥ ʰʝʰʽʤ ץʘʙʳʣʜʘʫ ʩʳʥʠ ʦʡʣʘʫʜʳ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. 

ɹʽʣʽʤ ʘʣʫʰʳסʘ ʦʩʳ ץʘʙʽʣʝʪʪʝʨʜʽ ʙʦʡʳʥʘ ץʘʣʳʧʪʘʩʪʳʨʫ ʘʨץʳʣʳ ʙʽʟ ץʘʞʝʪʪʽ 

 ʳʪʫ ʪᴅʩʽʣʜʝʨʽʥ, ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞᴅʥʝ ᴅʜʽʩʪʝʨʽʥץʰʽʥ ʦװ ʟʳʨʝʪʪʽʣʽʢʢʝ ʞʝʪʝʤʽʟ. ʆʣײץ

 ʞʘʣʧʳʣʘʤʘ ʪʝʦʨʠʷʩʳ, ʪʝʭʥʦʣʦʛʠʷʩʳ ʞᴅʥʝ ʽʩʢʝ ʘʩʳʨʫ ᴅʜʽʩʪʝʨʽ שʟʳʨʝʪʪʽ ʙʽʣʽʤ ʙʝʨʫʜʽײפ

ʪᴇʤʝʥʜʝʛʽʜʝʡ: 

 
1-ʢʝʩʪʝ. ײפʟʳʨʝʪʪʽʣʽʢʪʽ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʦʡʳʥʜʘ ʙʦʣʫ ʢʝʨʝʢ ץʘʩʠʝʪʪʝʨ 

ʞᴅʥʝ ײץʟʳʨʝʪʪʽʣʽʢʪʽ ʙʘסʘʣʘʫסʘ ʘʨʥʘʣסʘʥ ʩײʨʘץʪʘʨ װʣʛʽʩʽ ʢʝʣʪʽʨʽʣʛʝʥ. 

 
 ʟʳʨʝʪʪʽʣʽʢʪʽײפ

ʘʥʳץʪʘʫʜʳש ʜʝשʛʝʡʣʝʨʽ 

 ʪʘʨץʨʘײʘʥ ʩסʘ ʘʨʥʘʣסʘʣʘʫסʰʽʥ ɹʘװ ʟʳʨʝʪʪʽ ʙʦʣʫײפ

 ʣʛʽʩʽװ

ɹʽʣʽʤʥʽײ שʪץʳʨʣʳסʳ פʘʞʝʪʪʽ ʘץʧʘʨʘʪʪʳ ᴇʟ ʙʝʪʽʤʝʥ 

ʪʘʙʘ ʙʽʣʫʽ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ 

ʪװʩʽʥʜʽʨʝ ʙʽʣʫʽ ʢʝʨʝʢ. ɹײʣ 

ʘʨץʳʣʳ ʙʽʣʽʤ ʘʣʫʰʳʥʳש 

ʙʦʡʳʥʘʥ ʽʟʜʝʥʽʤʧʘʟʜʳץ ʞᴅʥʝ 

ʪװʩʽʥʜʽʨʝ, ʙʽʣʛʝʥʽʥ ʞʝʪʢʽʟʝ ʘʣʫ 

 .ʘʙʽʣʝʪʽ ʘʨʪʘʜʳץ

(...ʢʽʤ, ...ʥʝ, ...ץʘʰʘʥ, 

...ʤʘסʳʥʘʩʳ ʥʝ, ...ʥʝʛʽʟʛʽ ʦʡʳ 

 ,ʳʟשʡʽʥʜʽ ʩᴇʟʜʽ ʘʪʘװʘʥʜʘʡ, ...ʪץ

...ʘʥʳץʪʘʤʘ ʙʝʨʽשʽʟ, 

...ʬʦʨʤʫʣʘʩʳʥ ʞʘʟʳשʳʟ, 

 ,ʳʟשʘʩʠʝʪʽʥ ʞʘʟʳץ...

...ʩʠʧʘʪʪʘשʳʟ, ...ʩᴇʟʜʽʢ 

ʙʦʡʳʥʰʘ ʪʘʙʳשʳʟ), 1 ï 10 

ʩײʨʘץʪʘʨ. 

ʀʢʝʤʜʽʣʽʢ ᴅʜʽʩʽ ᴄʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ ʘץʧʘʨʘʪʪʳ 

ʧʘʡʜʘʣʘʥʘ ʘʣʫʳ ʢʝʨʝʢ. ʗסʥʠ, 

 ,ʰʽʥ, ...ʥʝʛʝװ ʘʣʘʡ, ...ʥʝץ...) 

...ʥʝʜʝʥ ʪײʨʘʜʳ, ...ץʘʣʘʡ 
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ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʙʦʡʳʥʘʥ 

ʠʢʝʤʜʽʣʽʢ, ʢʝʟ-ʢʝʣʛʝʥ ʞʘסʜʘʡסʘ 

ʪʝʟ ʙʝʡʽʤʜʝʣʽʧ ʢʝʪʫ ץʘʙʽʣʝʪʽ 

ʘʨʪʘʜʳ. 

 ʘʥʜʘʡץ... ,ʘʪʳʩʪʳץ

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʙʘʨ, 

...ʤʳʩʘʣ ʢʝʣʪʽʨʽשʽʟ, ...ᴅʨʪװʨʣʽ 

ʘʤʘʣʜʘʨ ʘʨץʳʣʳ ʰʝʰʽשʽʟ , 

...ʪװʙʽʨʣʽ ʢʦʥʩʧʝʢʪ ײץʨʳשʳʟ), 11 

ï 20 ʩײʨʘץʪʘʨ. 

ʉʳʥʠ ʦʡʣʘʫ ɸץʧʘʨʘʪʪʳ ʪװʨʣʝʥʜʽʨʫ, ʜᴅʣʝʣʜʝʨ 

ʪʘʙʫ, ᴇʟ ʦʡʳʥ ʦʨʪʘסʘ ʩʘʣʫ ʞᴅʥʝ 

ʰʝʰʽʤ ץʘʙʳʣʜʘʡ ʘʣʫʳ ʢʝʨʝʢ. 

ʆʩʳ ץʘʩʠʝʪʪʝʨ ʘʨץʳʣʳ ʙʽʣʽʤ 

ʘʣʫʰʳʥʳש ʙʦʡʳʥʘʥ ᴇʟʽʥʝ ʜʝʛʝʥ 

ʩʝʥʽʤʜʽʣʽʢ, ʙʘʪʳʣʜʳץ  ץʘʙʽʣʝʪʽ 

ʘʨʪʘʜʳ. 

 ʳʟ, ...ʩʝʙʝʙʽשʘʪʝʩʽʥ ʪʘʙʳץ...) 

ʥʝʜʝ, ...ʢʨʠʪʝʨʠʡʣʘʨʳ ץʘʥʜʘʡ, 

...ʘʨʪʳץʰʳʣʳסʳ ʤʝʥ ʢʝʤʰʽʣʽʛʽ 

 ,ʳʟשʘʥʜʘʡ, ...ʙʦʣʞʘʤ ʞʘʩʘץ

 ʘʨʩʳץ ʦʣʜʘʡʪʳʥ ʥʝʤʝʩʝץ...

ʘʨʛʫʤʝʥʪʪʝʨʜʽ ʢʝʣʪʽʨʽשʽʟ), 21 ï 

30 ʩײʨʘץʪʘʨ. 

 

 

 ʦʣʜʘʥʙʘʣʳ ʤʽʥʜʝʪʪʝʨʜʽץ ʨʣʽ ʟʝʨʪʪʝʫʣʝʨ ʩʘʣʘʩʳʥʜʘװʳʪʪʘ ɹʘʡʝʩ ʪᴅʩʽʣʽ ᴅʨʪץʘʟʽʨʛʽ ʫʘפ

ʰʝʰʫʜʝʛʽ ʢʝʣʝʰʝʢʪʽ ʙʘסʳʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʠʦʣʦʛʠʷʜʘ, ʪʝʭʥʠʢʘʜʘ ʞᴅʥʝ ʤʝʜʠʮʠʥʘʜʘ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʤʝʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹʘʡʝʩ 

ʪᴅʩʽʣʽ ʜᴅʣʽʨʝʢ ʰʝʰʽʤʜʝʨʜʽ ʘʣʫסʘ ʞᴅʥʝ ʦʩʳ סʳʣʳʤʜʘʨʜʳש ʪʝʦʨʠʷʣʳץ ʜʘʤʫʳʥʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ [3].   

ɹʘʡʝʩ ʪᴅʩʽʣʽ ʞʘʣʧʳ סʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘ ʩʘʣʘʩʳʥʜʘ סʘʥʘ ץʘʨץʳʥʜʳ ʜʘʤʳʧ סʘʥʘ 

 ʦʡʤʘʡ, ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ ʜʘ ʞʳʣʜʘʤ ʜʘʤʳʧ ʢʝʣʝʜʽ. ɹʘʡʝʩ ʪᴅʩʽʣʽ ʙʽʣʽʤ ʙʝʨʫʜʝ ʙʽʣʽʤץ

ʘʣʫʰʳʣʘʨʜʳש ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʘʥʳץʪʘʫʜʘ, ʪʝʩʪʽʣʝʫ ʞװʡʝʣʝʨʽʥʜʝ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

 ʞᴅʥʝ ʪʠʽʤʜʽ ʥᴅʪʠʞʝʣʝʨ שʘʪʘʨ ʦץ ʦʣʜʘʥʳʩ ʪʘʙʫʜʘ. ʉʦʥʳʤʝʥץ ʪʘʫʜʘץʟʳʨʝʪʪʽʣʽʛʽʥ ʘʥʳײץ

ʙʝʨʫʜʝ. ɹʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ ɹʘʡʝʩ ʪᴅʩʽʣʽʥ ᴇʟ ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ ץʦʣʜʘʥסʘʥ סʘʣʳʤʜʘʨʜʳש 

ʝשʙʝʢʪʝʨʽʥʝ ʰʦʣʫ ʞʘʩʘʧ, ʞʘʥ-ʞʘץʪʳ ץʘʨʘʩʪʳʨʜʳ[4-9]ץ. 

ɹװʛʽʥʛʽ ʪʘשʜʘ ʩʪʫʜʝʥʪʪʽʢ ʤʦʜʝʣʴ סײʳʤʳʥʜʘ ɹʘʡʝʩ ʪᴅʩʽʣʽ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ʜʘʤʳסʘʥ 

ʞᴅʥʝ ʟʠʷʪʢʝʨʣʽʢ ʢʦʤʧʴʶʪʝʨʣʽʢ ʞװʡʝʣʝʨʜʽש ʥʝʛʽʟʛʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɿʝʨʪʪʝʫ [10] ʩʪʫʜʝʥʪʪʝʨʜʽ ʤʦʜʝʣʴʜʝʫ װʰʽʥ ɹʘʡʝʩ ʞʝʣʽʩʽʥ ײץʨʫ װʨʜʽʩʽʥ 

ʩʠʧʘʪʪʘʡʜʳ. ɹײʣ װʜʝʨʽʩʪʽש ʥʝʛʽʟʛʽ ʢʝʟʝשʜʝʨʽ ʘʡʥʳʤʘʣʳʣʘʨʜʳ, ײץʨʳʣʳʤʜʳ ʞᴅʥʝ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʘʥʳץʪʘʫʜʳ ץʘʤʪʠʜʳ. ɽʩʝʧʪʝʫʣʝʨ ɹʘʡʝʩ ʞʝʣʽʩʽ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

[11] ɹʘʡʝʩ ʞʝʣʽʣʝʨ ʤʝʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʝʡʽʤʜʝʣʫ ʪʝʩʪʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳ 

ʤʦʜʝʣʴʜʝʫʜʝ ʜʠʘʛʥʦʩʪʠʢʘסʘ ʞʘשʘ ʪᴅʩʽʣ ײʩʳʥʜʳ. ɾʘשʘ ʠʥʪʝʛʨʘʮʠʷʣʘʥסʘʥ ɹʘʡʝʩ ʩʪʫʜʝʥʪʪʽʢ 

ʤʦʜʝʣʽ ʙʝʡʽʤʜʝʣʛʝʥ ʪʝʩʪʽʣʝʫ ʘʣʛʦʨʠʪʤʽʤʝʥ ʘʥʳץʪʘʣʘʜʳ ʞᴅʥʝ ʙʽʨʽʢʪʽʨʽʣʝʜʽ. ױʩʳʥʳʣסʘʥ 

 ʛʝʡʛʝ ʜʝʡʽʥשʨʣʽ ʜʝװᴅʨʪ שʳ - ʩʪʫʜʝʥʪʪʝʨʜʽסʰʳʣʳץʘʨʪʳ שʤʦʜʝʣʴʜʽ ץʨʳʣʳʤʜʳײץ

ʪᴇʤʝʥʜʝʪʽʣʫ ʤװʤʢʽʥʜʽʛʽ, ʙײʣ ʩʪʫʜʝʥʪʪʽʢ ʤʦʜʝʣʴʜʽ ʩʠʧʘʪʪʘʡʪʳʥ ʞᴅʥʝ ʘʜʘʧʪʠʚʪʽ 

ʜʠʘʛʥʦʩʪʠʢʘʥʳש ʘʣʛʦʨʠʪʤʽʥ ץʦʣʜʘʡʪʳʥ ɹʘʡʝʩ ʞʝʣʽʩʽʥ ײץʨʫ װʰʽʥ ʧʘʨʘʤʝʪʨʣʝʨʜʽ (ʰʘʨʪʪʳ 

ʳץʪʠʤʘʣʜʳץ) ʘʡץʳʥʜʘʫסʘ ʘʡʪʘʨʣʳץʪʘʡ ʞʝשʽʣʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʪᴅʩʽʣʜʽש 

ʪʠʽʩʜʽʣʽʛʽ ʩʪʫʜʝʥʪʪʽʢ ʤʦʜʝʣʴ ʘʨץʳʣʳ ʪʝʢʩʝʨʽʣʝʜʽ. ʅᴅʪʠʞʝʣʝʨ ɹʘʡʝʩ ʩʪʫʜʝʥʪʪʽʢ ʤʦʜʝʣʴʜʽש 

ʜᴅʣ ʞᴅʥʝ ʪʠʽʤʜʽ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹʦʣʘʰʘץ IT ʤʘʤʘʥʜʘʨʳʥʳש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʛʽʥ ʙʘסʘʣʘʫʜʳש ʩʘʨʘʧʪʘʤʘʣʳץ ʞװʡʝʩʽ 

ᴅʟʽʨʣʝʥʜʽ [12]. ɹײʣ ʞװʡʝ ɹʘʡʝʩ ʤʦʜʝʣʽʥʽש ʥʝʛʽʟʽʥʜʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ɹʘʡʝʩ ʞʝʣʽʩʽʥʽײץ שʨʳʣʳʤʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʽʣʽʤʽʥʽײץ שʨʳʣʳʤʳʥ ʢᴇʨʩʝʪʝʜʽ 

ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʜʘʡʳʥʜʳץ ʜʝשʛʝʡʽʥʝ ץʘʪʳʩʪʳ ʧʽʢʽʨʣʝʨ ʤʝʥ ʙʘסʘʣʘʫʜʳ ʞʘʩʘʡ 

ʘʣʘʩʳʟ, ʩʦʥʜʘʡ-ʘץ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʡ ʘʣʘʩʳʟ [13]. 

ɾײʤʳʩʪʘ [14] ʩʪʫʜʝʥʪʪʽʢ ʤʦʜʝʣʴʜʝʨʜʽ ײץʨʫ ʙʦʡʳʥʰʘ ɹʘʡʝʩ ʪᴅʩʽʣʜʝʨʽ װʰ ʪװʨʛʝ 

ʙᴇʣʽʥʜʽ. ʉʘʨʘʧʰʳʣʘʨ ʞʝʣʽ ײץʨʳʣʳʤʳʥ, ʩʦʥʜʘʡ-ʘץ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʰʘʨʪʪʳ ʳץʪʠʤʘʣʜʳסʳʥ 

ʘʥʳץʪʘʡʪʳʥ ʤʦʜʝʣʴʜʝʨʜʽש ʙʽʨʽʥʰʽ ʪװʨʽ. ɽʢʽʥʰʽʩʽ - ʞʝʣʽ ײץʨʳʣʳʤʳʥ ʰʝʢʪʝʫ ʘʨץʳʣʳ 

ʪʠʽʤʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʤʦʜʝʣʴʜʝʨ. תʰʽʥʰʽ ʪװʨʽ - ʙײʣ ʞʝʣʽ ײץʨʳʣʳʤʳ ʤʝʥ 

ʳץʪʠʤʘʣʜʳץ ʤᴅʥʜʝʨʽʥ ʞʘʩʘʫ װʰʽʥ ʙײʨʳʥסʳ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʝʥ ʜʝʨʝʢʪʝʨʜʽ ʧʘʡʜʘʣʘʥʘʪʳʥ 

ʜʝʨʝʢʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʤʦʜʝʣʴʜʝʨ. 
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ɹʘʡʝʩ ʤʦʜʝʣʴʜʝʨʽʥʽש ʪʘʨʪʳʤʜʳʣʳסʳ ʦʣʘʨʜʳש ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʛʽʥʜʝ, ʩʦʥʜʘʡ-ʘץ 

ʛʨʘʬʠʢ ʪװʨʽʥʜʝʛʽ ʠʥʪʫʠʪʠʚʪʽ ʢᴇʨʽʥʽʩʪʝ ʞʘʪʳʨ [15]. 

ɾײʤʳʩʪʘ [16] ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʙʝʣʛʽʣʽ ʙʽʨ ʧᴅʥ ʙʦʡʳʥʰʘ ʙʝʡʽʤʜʝʣʫ ʪʝʩʪʽʣʝʫʽʤʝʥ 

ʙʽʣʽʤ ʤʦʜʝʣʴʜʝʫ ʤᴅʩʝʣʝʩʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʆץʫ ʢʫʨʩʳʥʳײץ שʨʳʣʳʤʳ ʧᴅʥʜʝʨʜʽ ʪʘʨʘʫʣʘʨסʘ 

ʙᴇʣʫʜʽ ץʘʤʪʠʜʳ, ʘʣ ᴅʨʙʽʨ ʪʘʨʘʫ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʪײʞʳʨʳʤʜʘʤʘʣʘʨ ʞʠʳʥʪʳסʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʊʝʩʪʽʣʝʫʜʝ ᴅʨץʘʡʩʳʩʳ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ סײʳʤʜʘʨסʘ ʠʝʣʝʥʫʜʽ ʪʘʣʘʧ ʝʪʫʽ ʤװʤʢʽʥ ʩʳʥʘץ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʞʠʳʥʪʳסʳ ʙʘʨ. ᴆʟ ʢʝʟʝʛʽʥʜʝ, ᴅʨʙʽʨ ʪײʞʳʨʳʤʥʳש ʠʝʣʝʨʽ ʙʽʨ ʥʝʤʝʩʝ 

ʙʽʨʥʝʰʝ ʩʳʥʘץ ʪʘʧʩʳʨʤʘʣʘʨʳʥ ʦʨʳʥʜʘʫ װʰʽʥ ץʘʞʝʪ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹײʣ ʞײʤʳʩ ʝʢʽʣʽʢ 

ʘʡʥʳʤʘʣʳ, ʙʘʡʣʘʥʳʩʪʳʨʳʣסʘʥ ʧᴅʥʜʝʨ, ʪʘץʳʨʳʧʪʘʨ, ʪײʞʳʨʳʤʜʘʤʘʣʘʨ ʞᴅʥʝ ʩײʨʘץʪʘʨ 

(ʪʘʧʩʳʨʤʘʣʘʨ) ʙʘʨ ɹʘʡʝʩ ʞʝʣʽʩʽʥ ʧʘʡʜʘʣʘʥʘʜʳ. ɸʡʥʳʤʘʣʳʣʘʨסʘ ʘʨʥʘʣסʘʥ ʰʘʨʪʪʳ 

ʳץʪʠʤʘʣʜʳץʪʘʨ ʙʽʣʽʤ ʘʣʫʰʳʤʝʥ ʙʝʣʛʽʣʝʥʝʜʽ. 

ɹʽʟ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʘסʳʪʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʛʽʥ 

ʘʥʳץʪʘʫ װʰʽʥ ɹʘʡʝʩ ʪᴅʩʽʣʽʥ ʪʘשʜʘʜʳץ. ʉʝʙʝʙʽ ɹʘʡʝʩ ʪᴅʩʽʣʽʥʜʝ ʙʘʨʣʳץ ᴇʣʰʝʤʜʝʨ ʤʝʥ 

ʧʘʨʘʤʝʪʨʣʝʨ ʢʝʟʜʝʡʩʦץ ʩʘʥʘʣʘʜʳ, ᴇʡʪʢʝʥʽ ʽʩ ʞװʟʽʥʜʝ ʙʽʟ ᴅʜʝʪʪʝ ʙᴇʣʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʜᴅʣ 

ʙʽʣʤʝʡʤʽʟ. 

ɹʘʡʝʩ ʪᴅʩʽʣʽ ʙʽʨʳסשʘʡ ʪʝʩʪ ʞװʨʛʽʟʫ ʤװʤʢʽʥ ʙʦʣʤʘʩʘ ʜʘ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ᴄʨʪװʨʣʽ 

ʩʳʥʘץʪʘʨʜʳ ᴇʪʢʽʟʛʝʥ ʢʝʟʜʝ ʙʽʟ ʞװʨʛʽʟʽʣʛʝʥ ʦץʠסʘ ʪʫʨʘʣʳ ᴅʨʪװʨʣʽ ʙʽʣʽʤ ʞʠʥʘץʪʘʡʤʳʟ. 

ɹʘʡʝʩʪʽʢ ʪᴅʩʽʣ ʞʘשʘʜʘʥ ʘʣʳʥסʘʥ ʙʽʣʽʤ ʥʝʛʽʟʽʥʜʝ ʟʝʨʪʪʝʣʝʪʽʥ ʦץʠסʘʥʳש ʳץʪʠʤʘʣʜʳסʳʥ 

ʙʽʨʪʝ-ʙʽʨʪʝ ʪװʩʽʥʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʘʡʝʩ ʪᴅʩʽʣʽʥʽש ʙʘʩʪʳ ʝʨʝʢʰʝʣʽʛʽ ʙʘʨʣʳץ ʤᴅʥʜʝʨ 

ʤʝʥ ʧʘʨʘʤʝʪʨʣʝʨ ʢʝʟʜʝʡʩʦץ ʩʘʥʘʣʘʜʳ ʞᴅʥʝ 0 ʪʘשʜʘʫ ʢʝʟʽʥʜʝ ʜʝ ʞײʤʳʩ ʽʩʪʝʡʜʽ. 

ɹʘʡʝʩ ʪᴅʩʽʣʽ ɹʘʡʝʩ ʪʝʦʨʝʤʘʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ, ʦʣ ʢʝʣʝʩʽ ʪװʨʜʝ ʩʠʧʘʪʪʘʣסʘʥ [14-16]: 
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)()|(
)|(
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APABP
BAP =  

 

ʤײʥʜʘסʳ, P(A) ï ɸ ʛʠʧʦʪʝʟʘʥʳש ʘʣʜʳʥ ʘʣʘ ʳץʪʠʤʘʣʜʳסʳ; 

)|( BAP  - ɸ  ʦץʠסʘʩʳ ʦʨʳʥʜʘʣסʘʥʜʘ   ɺ  ʦץʠסʘʩʳʥʳש  ʧʘʡʜʘ  ʙʦʣʫ  ʳץʪʠʤʘʣʜʳסʳ ʜʝʧ 

ʘʪʘʡʜʳ.    

)|( ABP  - ɸ ʛʠʧʦʪʝʟʘʥʳש  ʘץʠץʘʪʳ ʥʝʛʽʟʜʽʣʽʛʽʥʝ B ʦץʠסʘʩʳʥʳש ʧʘʡʜʘ ʙʦʣʫ 

ʳץʪʠʤʘʣʜʳסʳ; 

)(BP - ɺ ʦץʠסʘʥʳש ʞʘʣʧʳ ʳץʪʠʤʘʣʜʳסʳ. 

ɹʘʡʝʩ ʬʦʨʤʫʣʘʩʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʙײʨʳʥʥʘʥ ʙʝʣʛʽʣʽ ʘץʧʘʨʘʪʪʘʨ ʤʝʥ ʞʘשʘ ʙʘץʳʣʘʫ 

ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ  ʳץʪʠʤʘʣʜʳʣʳץʪʳ ʜᴅʣʽʨʝʢ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ. 

ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʛʽʥ ʘʥʳץʪʘʫ װʰʽʥ BayesiaLab ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʧʘʢʝʪʽʥʜʝ ɹʘʡʝʩ ʞʝʣʽʩʽʥ ײץʨʘʤʳʟ. 

BayesiaLab ɹʘʡʝʩ ʞʝʣʽʣʝʨʽʥ ײץʨʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʜʳש ʢʝʰʝʥʜʽ ײץʨʘʣʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. BayesiaLab ʧʘʢʝʪʽʥʽש ʢᴇʤʝʛʽʤʝʥ ɹʘʡʝʩ ʞʝʣʽʩʽʥʽש ʤʦʜʝʣʴʜʝʨʽʥ ʘʥʳץʪʘʫ, ʟʝʨʪʪʝʫ, 

ʨʝʜʘʢʮʠʷʣʘʫ ʞᴅʥʝ ʪʘʣʜʘʫסʘ ʙʦʣʘʜʳ. 

BayesiaLab ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥʜʘסʳ ײץʨʳʣʳʤʜʘʨʜʳ ʪʝʟ ʘʥʳץʪʘʡ ʘʣʘʪʳʥ ʞʦסʘʨʳ 

ʜᴅʨʝʞʝʣʽ ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ ʦץʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥʝ ʠʝ. BayesiaLab ʦץʫ ʘʣʛʦʨʠʪʤʜʝʨʽʥ 

ʦשʪʘʡʣʘʥʜʳʨʫ ʢʨʠʪʝʨʠʡʣʝʨʽ ʘץʧʘʨʘʪʪʳץ ʪʝʦʨʠʷסʘ ʥʝʛʽʟʜʝʣʛʝʥ. ɼʝʛʝʥʤʝʥ, 

ʘʡʥʳʤʘʣʳʣʘʨʜʳש ʪʘʨʘʪʳʣʫʳʥʘ ץʘʪʳʩʪʳ ʞʦʨʘʤʘʣʜʘʨ ʞʘʩʘʣʤʘʡʜʳ. ɹײʣ ʘʣʛʦʨʠʪʤʜʝʨ 

ʧʨʦʙʣʝʤʘʣʳ ʘʡʤʘץʪʘʨʜʳש ʙʘʨʣʳץ ʪװʨʣʝʨʽʥʝ ʞᴅʥʝ ʙʘʨʣʳץ ᴇʣʰʝʤʜʝʨʽʥʝ, ʢʝʡʜʝ ʳץʪʠʤʘʣ 

ʤʠʣʣʠʦʥʜʘסʘʥ ʳץʪʠʤʘʣ ץʘʪʳʥʘʩʪʘʨʤʝʥ ʘʡʥʘʣʳʩʘʪʳʥ ʤʳשʜʘסʘʥ ʘʡʥʳʤʘʣʳ ʤᴅʥʜʝʨʜʽ 

 .ʘʤʪʠʪʳʥ ʙʦʣʘʜʳץ

ɽʩʝʧʪʽש ʰʝʰʽʤʽ װʰʽʥ ʝʩʝʧʪʽץ שʦʡʳʣʳʤʳ ʰʝשʙʝʨʽʥʜʝ ʙʘʡʝʩ ʞʝʣʽʩʽʥ ʪײʨסʳʟʘʤʳʟ. 

ɸʡʥʳʤʘʣʳʣʘʨ װʰʽʥ ʞᴅʥʝ ʳץʪʠʤʘʣʜʳץ ʙʘʡʣʘʥʳʩ װʰʽʥ ʞʝʢʝ ʪʘʨʤʘץʪʘʨ ʘʨʘʩʳʥʜʘ 

ʵʢʩʧʝʨʪʪʝʨʜʽ ץʦʣʜʘʥʘʪʳʥ ʙʦʣʘʤʳʟ. 
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BayesiaLab [17] ᴆʪʝ ץʫʘʪʪʳ ʞװʡʝ, ʞײʤʳʩ ʞʘʩʘʧ ʞʘʪץʘʥʳʥʘ ʰʘʤʘʤʝʥ 20 ʞʳʣ ʙʦʣʜʳ. 

ɹװʛʽʥʜʝ BayesiaLab ʰʳסʘʨʘʪʳʥ Bayesia ʢʦʤʧʘʥʠʷʩʳ ɹʘʡʝʩ ʞʝʣʽʣʝʨʽʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘ ʥʘʨʳסʳʥʳש ʢᴇʰʙʘʩʰʳʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. Bayesia Engine API 

 ʤʳʩײʳʣʳ ʞץʘʥ ʢʽʪʘʧʭʘʥʘ ʘʨסJava-ʜʘ ʽʩʢʝ ʘʩʳʨʳʣ ,(ʜʘʨʣʘʤʘʣʘʫ ʠʥʪʝʨʬʝʡʩʽסʦʣʜʘʥʙʘʣʳ ʙʘץ)

ʽʩʪʝʫʛʝ ʙʦʣʘʜʳ. ɹײʣ ʢʝʰʝʥʥʽש ʢʝʤʰʽʣʽʛʽ - ᴇʪʝ ץʳʤʙʘʪ, ʙʽʨʘ30 ץ ʢװʥʜʽʢ ʪʝʛʽʥ ʥײʩץʘʩʳʥ 

ʞװʢʪʝʧ ʘʣʫסʘ ʙʦʣʘʜʳ (ʞʝʣʽʥʽ ʩʘץʪʘʡ ʘʣʤʘʡʩʳʟ). 

ɽʩʝʧʢʝ ʘʨʥʘʣסʘʥ ʙʘʡʝʩʪʽʢ ʞʝʣʽ ʪᴇʤʝʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

ɹʘʡʝʩ ʩʝʥʽʤʜʽʢ ʞʝʣʽʩʽ - ʘʮʠʢʣʜʽ ʙʘסʳʪʪʘʣסʘʥ ʛʨʘʬ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʳץʪʠʤʘʣʜʳץ-

ʛʨʘʬʠʢʘʣʳץ ʤʦʜʝʣʴ (ʷסʥʠ ʙʘסʳʪʪʘʣסʘʥ ʮʠʢʣʜʘʨ ʙʘסʳʪʳ ʞʦץ ʮʠʢʣʜʘʨסʘ ʞʽʙʝʨʽʣʤʝʡʜʽ), 

ʰʳשʜʘʨʳ ʢʝʟʜʝʡʩʦץ ʵʣʝʤʝʥʪʪʝʨ, ʘʣ ʰʳשʜʘʨ ʘʨʘʩʳʥʜʘסʳ ʰʝʪʪʝʨ ʵʣʝʤʝʥʪʪʝʨ ʘʨʘʩʳʥʜʘסʳ 

ʰʘʨʪʪʳ ʪᴅʫʝʣʜʽʣʽʢ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʨʙʽʨ ʢʝʟʜʝʡʩʦץ ʵʣʝʤʝʥʪ ʳץʪʠʤʘʣʜʳץ ʙᴇʣʫ 

ʬʫʥʢʮʠʷʩʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʢʝʟʜʝʡʩʦץ ʵʣʝʤʝʥʪʪʝʨ ʝʢʽʣʽʢ, ʢᴇʧ ʤᴅʥʜʽ ʞᴅʥʝ װʟʜʽʢʩʽʟ ʙʦʣʫʳ 

ʤװʤʢʽʥ [18-20]. 

 ʳסʳʨʣʳץʪײ שʪʘʡʤʳʟ. ʆʣʘʨ ʙʽʣʽʤʥʽץʟʳʨʝʪʪʽʣʽʢʪʽ 3 ʢʨʠʪʝʨʠʡ ʙʦʡʳʥʰʘ ʘʥʳײפ

(knowledge mobility), ʠʢʝʤʜʽʣʽʢ ᴅʜʽʩʽ (method flexibility), ʩʳʥʠ ʦʡʣʘʫ (critical thinking). ɹײʣ 

3 ʢʨʠʪʝʨʠʡ ʙʽʨ-ʙʽʨʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. 

ʂʝʟʜʝʡʩʦץ ʙʽʣʽʤ ʘʣʫʰʳʥʳ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʘסʳʪʳʥʜʘסʳ ʧᴅʥʜʝʨʛʝ ʜʝʛʝʥ 

 ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʧʘʨʘʪʪʳץʘ שʣ ʙʽʣʽʤ ʘʣʫʰʳʥʳײɹʽʟʛʝ ʙ .ץʪʘʡʳץʟʳʨʝʪʪʽʣʽʛʽʥ ʘʥʳײץ

ʙʘסʳʪʳʥʜʘסʳ ʧᴅʥʜʝʨʜʽ ʦץʳסʘʥʳʥ, ᴅʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ ʘץʧʘʨʘʪʪʳ ʧʘʡʜʘʣʘʥʘ ʘʣʫ ʞᴅʥʝ 

ʘץʧʘʨʘʪʪʳ ʪװʩʽʥʜʽʨʝ ʙʽʣʫ ץʘʙʽʣʝʪʽʥʽʥ ʙʘʨ ʝʢʝʥʽʥ ʙʽʣʤʝʡʤʽʟ. ɹײʣ ʞʘסʜʘʡʜʘ ʞʦסʘʨʳ 

ʳץʪʠʤʘʣʜʳץ ʪᴇʤʝʥ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʝʤʽʟ (ʉʫʨʝʪ 1). 

 

 

 
 

ʉʫʨʝʪ 1. ʂʝʟʜʝʡʩʦץ ʘʜʘʤʜʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʛʽʥ ʙʘʡʝʩʪʽʢ ʞʝʣʽ ʘʨץʳʣʳ ʘʥʳץʪʘʫ 

 

ɹʽʟʛʝ ʙʽʣʽʤ ʘʣʫʰʳʥʳש ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʘסʳʪʳʥʜʘסʳ ʧᴅʥʜʝʨʜʽ ʦץʳסʘʥʳʥ, 

ᴅʨʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ ʘץʧʘʨʘʪʪʳ ʧʘʡʜʘʣʘʥʘ ʘʣʫ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳ ʪװʩʽʥʜʽʨʝ ʙʽʣʫ ץʘʙʽʣʝʪʽʥʽʥ 

ʙʘʨ ʝʢʝʥʽʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʘץʧʘʨʘʪʪʳ ʪװʨʣʝʥʜʽʨʫ, ʜᴅʣʝʣʜʝʨ ʪʘʙʫ ʞᴅʥʝ ʰʝʰʽʤ ץʘʙʳʣʜʘʡ 

ʘʣʫ ץʘʙʽʣʝʪʽʥʽש ʞʦסʘʨʳ ʝʢʝʥʽʥ ʙʽʣʩʝʢ. ɹײʣ ʞʘסʜʘʡʜʘ ʞʦסʘʨʳ ʳץʪʠʤʘʣʜʳץץʘ ᴇʟʛʝʨʛʝʥʽʥ 

ʙʘʡץʘʡʤʳʟ (ʉʫʨʝʪ 2) 
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ʉʫʨʝʪ 2. ɸʨʥʘʡʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʛʽʥ ʙʘʡʝʩʪʽʢ ʞʝʣʽ ʘʨץʳʣʳ ʘʥʳץʪʘʫ 

 

ɹײʜʘʥ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʡʪʳʥ ʙʦʣʩʘץ, ɹʘʡʝʩ ʬʦʨʤʫʣʘʩʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʙײʨʳʥʥʘʥ 

ʙʝʣʛʽʣʽ ʘץʧʘʨʘʪʪʘʨ ʤʝʥ ʞʘשʘ ʙʘץʳʣʘʫ ʤᴅʣʽʤʝʪʪʝʨʽʥʽש ʥʝʛʽʟʽʥʜʝ  ʳץʪʠʤʘʣʜʳʣʳץʪʳ ʜᴅʣʽʨʝʢ 

ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʪʳʥʜʳסʳʥʘ ʢᴇʟ ʞʝʪʢʽʟʝʤʽʟ. 

ɹʘʡʝʩ ʞʝʣʽʩʽʥʜʝ ײץʟʳʨʝʪʪʽʣʽʢʢʝ ʙʘסʳʪʪʘʣסʘʥ ʪʘʧʩʳʨʤʘʣʘʨ ץʘʙʳʨסʘʣʘʨʤʝʥ 

ʪʝʢʩʝʨʽʣʝʪʽʥ ײץʟʳʨʝʪʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ʄײʥʜʘ ʙʽʣʽʤʥʽײ שʪץʳʨʣʳסʳʥ, ʠʢʝʤʜʽʣʽʢ ᴅʜʽʩʽʥ, 

ʩʳʥʠ ʦʡʣʘʫ ײץʟʳʨʝʪʪʽʣʽʢ ʙʦʣʳʧ, ʘʣ ʙײʣ ײץʟʳʨʝʪʪʽʣʽʢʢʝ ʙʘʡʣʘʥʳʩʪʳ ʰʝʪʪʝʨ ײץʟʳʨʝʪʪʽʣʽʢʢʝ 

ʙʘסʳʪʪʘʣסʘʥ ʪʘʧʩʳʨʤʘʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ײפʟʳʨʝʪʪʽʣʽʢʢʝ ʙʘסʳʪʪʘʣסʘʥ ʙʽʨʥʝʰʝ 

ʪʘʧʩʳʨʤʘʣʘʨ ʙʽʨ ײץʟʳʨʝʪʢʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤײʥʜʘʡ 

ʪʘʧʩʳʨʤʘʣʘʨ ʩʘʥʳ ʘʣʜʳʥ-ʘʣʘ ʘʥʳץʪʘʣסʘʥ ײץʟʳʨʝʪʪʽʣʽʢ ʜʝשʛʝʡʽʥʽש ʩʘʥʳʥʘʥ ʢʝʤ ʙʦʣʤʘʫʳ 

ʪʠʽʩ. 

ɸץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʘסʳʪʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʛʽʥ 

 .ʨʳʣʜʳײץ ʰʽʥ ʤʳʥʘʜʘʡ ʘʣʛʦʨʠʪʤװ ʘʣʳʧʪʘʩʪʳʨʫץ

1. ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʘʨʥʘʣסʘʥ ʢʨʠʪʝʨʠʡʣʘʨʜʳ 
ʘʥʳץʪʘʧ ʘʣʘʤʳʟ. ʗסʥʠ, ʙʽʣʽʤʥʽײ שʪץʳʨʣʳסʳ (knowledge mobility), ʠʢʝʤʜʽʣʽʢ ᴅʜʽʩʽ (method 

flexibility), ʩʳʥʠ ʦʡʣʘʫ (critical thinking) ʢʨʠʪʝʨʠʡʣʝʨʽ ʙʦʡʳʥʰʘ. 

 .ʨʘʤʳʟײץ ʪʘʨʳʥץʪʘʨʤʘ שʘʥ 3 ʢʨʠʪʝʨʠʡʜʽסʘ ʘʨʥʘʣסʘʣʳʧʪʘʩʪʳʨʫץ ʟʳʨʝʪʪʽʣʽʢʪʽײפ .2

3. 3 ʢʨʠʪʝʨʠʡ ʙʦʡʳʥʰʘ ʙʘʡʝʩ ʞʝʣʽʩʽʥ ʪײʨסʳʟʘʤʳʟ. ɹʘʡʝʩ ʞʝʣʽʩʽʥ ʪײʨסʳʟʫʜʘ 
BayesiaLab ʧʘʢʝʪʽʥ ʧʘʡʜʘʣʘʥʘʤʳʟ. ɸʡʥʳʤʘʣʳʣʘʨ ʞᴅʥʝ ʳץʪʠʤʘʣʜʳץ ʙʘʡʣʘʥʳʩ װʰʽʥ ʞʝʢʝ 

ʪʘʨʤʘץʪʘʨ ʘʨʘʩʳʥʜʘ ʵʢʩʧʝʨʪʪʝʨʜʽ ץʦʣʜʘʥʘʤʳʟ. (ʉʫʨʝʪ 1) 

4. ɾʘʣʧʳ 3 ʢʨʠʪʝʨʠʡ ʞᴅʥʝ ʦʣʘʨʜʳץ ʪʘʨʤʘץʪʘʨʳ ʙʽʨ-ʙʽʨʽʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩʪʳ. 

ʆʩʳ 3 ʢʨʠʪʝʨʠʡ ʙʦʡʳʥʰʘ IT ʙʘסʳʪʳʥʜʘסʳ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʞʘʣʧʳ ʪʦʣʳץץʘʥʜʳ 

  .ʪʘʡʤʳʟץʟʳʨʝʪʪʽʣʽʛʽʥ ʘʥʳײץ

5. ᴄʨ ʢʨʠʪʝʨʠʡ ʙʦʡʳʥʰʘ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʜʽ ʘʥʳץʪʘʡʤʳʟ.  IT ʙʘסʳʪʳʥʜʘסʳ ʙʽʣʽʤ 
ʘʣʫʰʳʣʘʨʜʳש ʞᴅʥʝ ʙʘʩץʘ ʩʘʣʘʜʘ ʢʝʟʜʝʡʩʦץ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש ʧᴅʥʛʝ ʜʝʛʝʥ 

  .ʪʘʧ ʩʘʣʳʩʪʳʨʘʤʳʟץʟʳʨʝʪʪʽʣʽʛʽʥ ʘʥʳײץ

ɹʘʡʝʩ ʞʝʣʽʣʝʨʽ ᴇʪʝ ʢװʨʜʝʣʽ ʧʨʦʮʝʩʪʝʨʜʽ ʞᴅʥʝ ʙʝʣʛʽʩʽʟʜʽʢʪʝʨʜʽ ʩʠʧʘʪʪʘʡʪʳʥ ʳסשʘʡʣʳ 

 שʡʽʥʥʽװʨʳʣʳʤʳʥ ʞᴅʥʝ ᴅʨ ʪײץ ʰʽʥ ʛʨʘʬװ ʨʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʘʡʝʩ ʞʝʣʽʩʽʥ ʩʠʧʘʪʪʘʫײץ

ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ ץʘʞʝʪ. ɹʘʡʝʩ ʞʝʣʽʩʽʥʽײץ שʨʳʣʳʤʳ ʩʪʫʜʝʥʪʪʽש ʢᴅʩʽʙʠ ײץʟʳʨʝʪʪʽʣʽʢ 

 ʪʘʨʳץʰʳʣʳץʘʨʪʳ שʘʥ ʤʦʜʝʣʴʜʽסʩʳʥʳʣױ .ʳʟʤʝʪʽʥʜʝ ʢᴇʨʩʝʪʝʜʽץ ʢᴅʩʽʙʠ שʨʳʣʳʤʳʥ ᴇʟʽʥʽײץ

ʘʨʘʩʳʥʜʘ ʪװʩʽʥʜʽʨʫʜʽש ʘʥʳץʪʳסʳ ʤʝʥ ץʘʨʘʧʘʡʳʤʜʳʣʳסʳʥ, ʩʦʥʜʘʡ-ʘץ ʜʠʘʛʥʦʩʪʠʢʘʣʳץ 

ʜᴅʣʜʽʢʪʽ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ. 
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ɹʘʡʝʩ ʪᴅʩʽʣʽʥ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ʢᴇʧʪʝʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʞʘʨʠʷʣʘʥʳʤʜʘʨ ʞװʨʛʽʟʽʣʜʽ. 

ɹײʣ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʘ ɹʘʡʝʩ ʪᴅʩʽʣʽʥ ץʦʣʜʘʥʫʜʳש 

ᴇʟʝʢʪʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ: ʦʩʳ ʤᴅʩʝʣʝ ʙʦʡʳʥʰʘ ᴅʜʝʙʠ ʰʦʣʫ ʞװʨʛʽʟʽʣʜʽ,  

ʞᴅʥʝ ʞʘʣʧʳ ײץʟʳʨʝʪʪʽʣʽʢ ʪʫʨʘʣʳ סʘʣʳʤʜʘʨʜʳש ʘʥʳץʪʘʤʘʣʘʨʳ ʙʝʨʽʣʜʽ. ɸץʧʘʨʘʪʪʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʘסʳʪʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ɹʘʡʝʩ 

ʞʝʣʽʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ ʟʝʨʪʪʝʣʜʽ. ײפʟʳʨʝʪʪʽʣʽʢʪʽ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʙʽʣʽʤ 

ʘʣʫʰʳʣʘʨʜʳש ʙʦʡʳʥʜʘ ʙʦʣʫ ʢʝʨʝʢ ץʘʩʠʝʪʪʝʨ ʞᴅʥʝ ײץʟʳʨʝʪʪʽʣʽʢʪʽ ʙʘסʘʣʘʫסʘ ʘʨʥʘʣסʘʥ 

ʩײʨʘץʪʘʨ װʣʛʽʩʽ ʞʘʩʘʣʜʳ.ɸץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʙʘסʳʪʳʥʜʘ ʙʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש 

 .ʨʳʣʜʳײץ ʞʘʣʧʳʣʘʤʘ ʘʣʛʦʨʠʪʤʽ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ ʟʳʨʝʪʪʽʣʽʛʽʥײץ
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ɸϬʜʘʪʧʘ. ɼʝʪʝʨʤʠʥʜʝʣʛʝʥ ʙʝʡʙʝʨʝʢʝʪʩʽʟ ʨʝʞʠʤʜʝʨ ʪʫʳʥʜʘʤʘʡʪʳʥ ʪʘʫʘʨ, ʘϨʰʘ ʞϸʥʝ 

ʞϰʤʳʩ ʢϮʰʽ ʥʘʨʳϤʳʥʳϬ ʙʝʣʛʽʩʽʟ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽϬ Ϻʟʛʝʨʫ ʩʘʣʘʩʳʥ ʰʝʢʩʽʟ ϰʣϤʘʡʪʫϤʘ ʤϮʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʘʧʘʪ ʪʝʦʨʠʷʣʘʨʳʥʘʥ ʙʽʨ ʧʘʨʘʤʝʪʨʣʽʢ ϨϰʨʳʣʳʤʜʳϨ-ʦʨʥʳϨʪʳ ʙʝʡʥʝʣʝʣʝʨ ʥʳʩʘʥʳʥʜʘ 

ʥʘʨʳϨʪʘʨʜʘϤʳ ʘʨʪʳϨ ʩϰʨʘʥʳʩ ʧʝʥ ϰʩʳʥʳʩ ʪϮʨʽʥʜʝ ʙʘʩϨʘʨʫ ʟʘϬʳʥ Ϩʘʣʳʧʪʘʩʪʳʨʫ ϸʜʽʩʽ ϸʟʽʨʣʝʥʜʽ. 

 

ʅʘʨʳץʪʳװ ץʨʜʽʩʪʝʨʜʽש ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ ʪʝʧʝ-ʪʝשʜʽʛʽ (1.1), (1.2), (1.3) 

ʬʦʨʤʫʣʘʣʘʨʳ ʘʨץʳʣʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʩʠʧʘʪʪʘʣʩʳʥ: 

 

                                                    (1.1)      

                                                                          (1.2) 

                                                          (1.3)    

 

ʤײʥʜʘסʳ  ï ʞʘʣʧʳ ʽʰʢʽ ᴇʥʽʤ;  ï ʞʠʥʘץʪʘʫ:  ï ʠʥʚʝʩʪʠʮʠʷʣʘʨ;  ʞᴅʥʝ  ï ʪʠʽʩʽʥʰʝ 

ʞײʤʳʩ ʢװʰʽʥʝ ʩײʨʘʥʳʩ ʧʝʥ ײʩʳʥʳʩ;  ï ʥʘץʪʳ ʞʘʣʘץʳ;  ï ʙʘʥʢ ʧʘʡʳʟʳʥʳש ʥʦʨʤʘʩʳ; 

 ï ʙʘסʘ ʜʝשʛʝʡʽʥʽש ʢᴇʨʩʝʪʢʽʰʽ;  ï ʙʽʨ ʞʳʣʜʘסʳ ʘץʰʘ ʙʽʨʣʽʛʽ ʘʡʥʘʣʳʤʜʘʨʳʥʳש ʢʝʨʽ 

ʤᴇʣʰʝʨʽ;  ï ᴇʪʽʤʜʽʣʽʢʢʝ ʘץʰʘʥʳש ʘʣʳʧʩʘʪʘʨʣʳץ ʩײʨʘʥʳʩʳ;  ï ʥʘʨʳץʪʘסʳ ʘץʰʘ 

 .ʳʪ ʤᴇʣʰʝʨʽ ʙʘʨ ʧʘʨʘʤʝʪʨʣʝʨץʩʳʥʳʩʳ;  ʞᴅʥʝ  ï ʪʠʽʩʽʥʰʝ 1/ʫʘײ

(1.1) - (1.3) ʪʝשʜʝʫʣʝʨʽ ʵʢʦʥʦʤʠʢʘʣʳץ ʞװʡʝʥʽװ שʰ ʥʘʨʳץʪʳש: ʞײʤʳʩ ʢװʰʽʥʽש, 

ʘץʰʘʥʳש ʞᴅʥʝ ʪʘʫʘʨʜʳש ʤʦʜʝʣʴʜʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳʥ ʢᴇʨʫ ץʠʳʥ ʝʤʝʩ. ɾװʡʝʥʽש 

ʩʪʘʮʠʦʥʘʨʣʳץ ʥװʢʪʝʩʽ (1.1) - (1.3)  װʰ ʥʘʨʳץʪʳש ʪʝʧʝ-ʪʝשʜʽʛʽʥʽש ʥװʢʪʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʅʘʨʳץʪʳץ ʪʝʧʝ-ʪʝשʜʽʢʪʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʞװʡʝʥʽש ʘʥʳץʪʘʣʤʘסʘʥ ʞᴅʥʝ ᴇʟʛʝʨʝʪʽʥ 

ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʡʳʥʰʘ ʦʨʥʳץʪʳʣʳץʪʳש ʰʝʢʪʝʫʣʽ ʦʙʣʳʩʳ ʙʘʨ, ʞᴅʥʝ ʪʝʧʝ-ʪʝשʜʽʢ ʞʘסʜʘʡʳ 

ʦʣ ʙʽʨʝʫʛʝ ʪʠʽʤʩʽʟ ʙʦʣסʘʥʜʳץʪʘʥ ʝʤʝʩ, ʧʘʨʘʤʝʪʨʣʝʨʜʽש ᴇʟʛʝʨʫʽʥʽש ʰʝʢʪʝʫʣʽ ʰʝʢʪʝʨʽʥʜʝ 

ʦʨʥʳץʪʳʣʳץʪʳ ʞʦסʘʣʪʘʜʳ. ʄʘʢʨʦײץʨʳʣʳʤʜʘʨסʘ ʥʘʨʳץץʘ ʩʝʢʽʣʜʽ ʩʘʥʘʣʳ ʤʘץʩʘʪʪʘʨ, 
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ʤװʜʜʝʣʝʨʜʽ ʞᴅʥʝ ʩ.ʩ. ץʦʩʳʧ ʞʘʟʫסʘ ʙʦʣʤʘʡʜʳ. ʄʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ ʪʝʧʝ-ʪʝשʜʽʢʪʽ, ʦʥʳש 

ʦʨʥʳץʪʳʣʳסʳʥ ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳײץ ץʨʳʣʳʤʜʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʽʥʽש ʤʝʭʘʥʠʟʤʜʝʨʽʥ 

ʩʠʧʘʪʪʘʫ ʥʝʛʽʟʽʥʜʝ ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ ʞװʡʝʣʝʨ ʢʝʟʽʥʜʝʛʽ ʵʚʦʣʶʮʠʷ ʪʫʨʘʣʳ ʝʩʝʧʪʽש 

ʞʘʣʧʳ ץʦʡʳʣʫʳʥʜʘ ʟʝʨʪʪʝʫ ץʘʞʝʪ [1]. 

ʉʦʥʜʳץʪʘʥ ʦʨʥʳץʪʳʣʳץ ʰʝʢʘʨʘʩʳʥ ץʘʨʘʩʪʳʨʫ, ʦʨʥʳץʪʳʣʳץ ץʦʨʳʥ ʙʘסʘʣʘʫ, ʷסʥʠ 

ʥʘʨʳץʪʘʨʜʳש ʪʝʧʝ-ʪʝשʜʽʢ ʥװʢʪʝʣʝʨʽʥʽש ʦʨʥʳץʪʳʣʳץ ץʘʩʠʝʪʽʥ ʤʘʢʨʦʵʢʦʥʦʤʠʢʘʣʳץ 

 ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ שʪʝʪʽʢʪʝʨʜʽ ץʪʳץʩʠʧʘʪʪʘʡʪʳʥ ʥʘʨʳ (ʪʳʥʫײᴇʥʜʽʨʽʩ ʧʝʥ ʪ) ʨʳʣʳʤʜʘʨʜʳײץ

ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʥʳש ʞʘʣʧʳ ʵʚʦʣʶʮʠʷʩʳ ʩʘʣʜʘʨʳʥʘʥ ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ ʦʩʳ ʧʘʨʘʤʝʪʨʣʝʨʜʽש 

ʙʘʷʫ ᴇʟʛʝʨʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʫ ʪʘʣʘʧ ʝʪʽʣʝʜʽ. ʆʩʳʣʘʡʰʘ, ʵʢʦʥʦʤʠʢʘʣʳץ ʞװʡʝʥʽש 

ʜʠʥʘʤʠʢʘʣʳץ ʪʝʧʝ-ʪʝשʜʽʛʽʥ ʟʝʨʪʪʝʫʜʽץ שʳʟʳץʪʳ ʪʘʧʩʳʨʤʘʩʳ ʪʫʳʥʜʘʡʜʳ. ɹײʣ ʤᴅʩʝʣʝʥʽ 

ʰʝʰʫʜʝ ʜʠʥʘʤʠʢʘʣʳץ ʞװʡʝʣʝʨʜʽץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ ʩʘʧʘʣʳ ʪʝʦʨʠʷʩʳʥʳץ שʦʣʜʘʥʙʘʣʳ 

ʥᴅʪʠʞʝʣʝʨʽʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥ ʙʦʣʘʜʳ [2,3]. 

ʅʘʨʳץʪʘʨ ʪʝשʜʝʫʣʝʨʽʥʽ(1.3) - (1.1) ש ʥʝʛʽʟʛʽ ץʘʩʠʝʪʪʝʨʽʥʽש ʙʽʨʽ (1.1) - (1.3) 

ʪʝשʜʝʫʣʝʨʽʥʽש ʰʝʰʽʤʽʥʽש ʥװʢʪʝʣʝʨ, ʮʠʢʣʜʘʨ, ʤʝʤʣʝʢʝʪʪʽʢ ʘʪʪʨʘʢʪʦʨʣʘʨ ʩʠʷץʪʳ ʩʳʨʪץʳ 

ʘʫʳʪץʫʣʘʨ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ, ʪʝʧʝ-ʪʝשʜʽʢʢʝ ʩᴅʡʢʝʩ ʢʝʣʫʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʕʢʦʥʦʤʠʢʘ 

ʜʠʩʩʠʧʘʪʠʚʪʽ ʞװʡʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʦסʘʥ ʞװʡʝʥʽש ʜʠʥʘʤʠʢʘʣʳץ ʪʝʧʝ-ʪʝשʜʽʢ 

ʥװʢʪʝʣʝʨʽʥʽש ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ʪײʨʘץʪʳʣʳסʳ ʪᴅʥ. ɹײʣ ʪʘʨʪʫ ʥװʢʪʝʣʝʨʽ, ʪʨʘʝʢʪʦʨʠʷʣʘʨ ʞᴅʥʝ 

ʙʝʡʙʝʨʝʢʝʪʩʽʟʜʽʢ ʤװʤʢʽʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ. ʄײʥʜʘʡ ץʘʩʠʝʪʪʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ ʞװʡʝʣʝʨʜʝ 

ʬʘʟʘʣʳץ ʢʝשʽʩʪʽʢʪʽש ʙʝʣʛʽʣʽ ʙʽʨ ʩʦסשʳ ʙᴇʣʽʛʽʥʝʥ ʰʳסʘʪʳʥ ʙʘʨʣʳץ ʪʨʘʝʢʪʦʨʠʷʣʘʨ ʪʝʧʝ-

ʪʝשʜʽʢ ʥװʢʪʝʩʽʥʝ, ʩʪʘʮʠʦʥʘʨʣʳץ ʪʨʘʝʢʪʦʨʠʷסʘ ʥʝʤʝʩʝ ʤʝʤʣʝʢʝʪʪʽʢ ʘʪʪʨʘʢʪʦʨסʘ ʝʨʪʝ ʥʝʤʝʩʝ 

ʢʝʰ ײʤʪʳʣʘʪʳʥ ʙʦʣʘʜʳ [4,5,6]. ʄײʥʜʘʡ ʞװʡʝʣʝʨʜʝ ʢװʨʜʝʣʽ ᴅʨʝʢʝʪʽʥʽש ʧʘʡʜʘ ʙʦʣʫʳ ʟʘשʜʳ 

ʙʦʣʘʜʳ, ʙײʣ ʨʝʪʪʝ ʦʣ ʥʘʨʳץʪʳץ ʤʝʭʘʥʠʟʤʜʝʨʜʽש ʙʘʡץʘʣʘʪʳʥ ᴅʨʝʢʝʪʽʥʜʝ ᴅʨʪװʨʣʽ ʢᴇʨʽʥʝʜʽ. 

ʉʦʥʜʳץʪʘʥ ʜʠʩʩʠʧʘʪʠʚʪʽʢ ʞװʡʝʣʝʨʜʽש ʢװʨʜʝʣʽ ᴅʨʝʢʝʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ (ʩʪʘʪʠʢʘʣʳץ 

ʥװʢʪʝʣʝʨ, ʩʪʘʮʠʦʥʘʨʣʳץ ʪʨʘʝʢʪʦʨʠʷʣʘʨ, ʤʝʤʣʝʢʝʪʪʽʢ ʘʪʪʨʘʢʪʦʨʣʘʨ) ץʦʡʳʣʘʪʳʥ ʥʝʛʽʟʛʽ 

ʩײʨʘץ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʥʘʨʳץʪʘסʳ: ʙײʣ ʞװʡʝʣʝʨʜʝ ʢʝʡʙʽʨ ʙʘʩץʘʨʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ᴇʟʛʝʨʫʽ 

ʢʝʟʽʥʜʝ ᴅʨʪװʨʣʽ ʢװʨʜʝʣʽʢʪʝʛʽ ʩʪʘʮʠʦʥʘʨʣʳץ ʞʘסʜʘʡʣʘʨ ʧʘʡʜʘ ʙʦʣʘʪʳʥʳ ʞᴇʥʽʥʜʝ ʞᴅʥʝ ʦʩʳ 

ʩʪʘʮʠʦʥʘʨʣʳץ ʞʘʡ-ʢװʡʜʽש ʪײʨʘץʪʳʣʳסʳ ץʘʥʜʘʡ ʞᴅʥʝ ʞװʡʝʛʝ ץʘʣʘסʘʥ ᴅʨʝʢʝʪ ʧʝʥ ץʘʩʠʝʪ 

ʙʝʨʫ ʢʝʨʝʢ. 

ʊʝʧʝ-ʪʝשʜʽʢ ʩʪʘʮʠʦʥʘʨʣʳץ ʞʘסʜʘʡ ʙʦʣסʘʥʜʳץʪʘʥ, (1.4) ʬʦʨʤʫʣʘʩʳ: 

 

                                                                                    (1.4) 

  

ʇʘʨʘʤʝʪʨʣʝʨʜʽש ᴅʨʙʽʨ ʤᴅʥʽʥʝ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʩʳʟʳץʪʳץ ʪᴅʫʝʣʜʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ  ʙʽʨ 

 .ʡ  ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙʦʣʘʜʳװʢ ץʘʥʘ ʩʪʘʮʠʦʥʘʨʣʳס

ʉʦʥʳʤʝʥ ץʘʪʘʨ,  ʞᴅʥʝ  ʩʪʘʮʠʦʥʘʨʣʳץ ʢװʡʽ ʙʝʡʩʳʟʳץʪʳ ʟʘש ʙʦʡʳʥʰʘ ʙʘʩץʘʨʫ 

ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʙʝʡʩʳʟʳץʪʳ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽש 

ʰʝʢʩʽʟ ʩʘʥʳ ʙʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɽשʙʝʢ, ʪʘʫʘʨʣʘʨ ʤʝʥ ʘץʰʘ ʥʘʨʳץʪʘʨʳʥʳש ʩʪʘʮʠʦʥʘʨʣʳץ ʢװʡʽ ʝʰץʘʰʘʥ ʪײʨʘץʪʳ 

ʙʦʣʳʧ ץʘʣʘ ʙʝʨʤʝʡʜʽ, ʥʘʨʳץʪʘʨʜʳש ʣʝʟʜʽʢ ʢװʡʽ ,  ʞᴅʥʝ  ʩʪʘʮʠʦʥʘʨʣʳץ 

ʢװʡʣʝʨʤʝʥ  ʞᴅʥʝ  ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ, ʦʣʘʨ ʢʝʡʙʽʨ ʢᴇʨʰʽ ʢװʡʣʝʨʜʽ ײʩʳʥʘʜʳ, (1.5) - (1.6) 

ʬʦʨʤʫʣʘ: 

 

                                                                                          (1.5)  

                                                             (1.6)  

                                                              (1.7)              
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ʆʩʳʣʘʡʰʘ, ʞװʡʝʣʝʨ ʪײʪʘʩʪʘʡ ʘʣסʘʥʜʘ ʩʳʨʪץʳ ʞᴅʥʝ ʽʰʢʽ ʘʫʳʪץʫʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ 

 שʡʣʝʨʽʥʽװʪʘʨ  ʞᴅʥʝ  ʢץʠʪʳʥ ʙʦʣʘʜʳ, ʥʘʨʳץʜʘʡʜʘʥ ʘʫʳʪסʞʘ ץʟʜʽʢʩʽʟ ʩʪʘʮʠʦʥʘʨʣʳװ

ʦʨʥʳץʪʳʣʳסʳ ʤʝʥ ʦʨʥʳץʩʳʟʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʩʳʥʜʘʡ ʘʫʳʪץʫʣʘʨסʘ ᴅʨʪװʨʣʽ ʞʘʫʘʧ 

ʙʝʨʝʜʽ. 

ɾʦסʘʨʳʜʘ ʝʥʛʽʟʽʣʛʝʥ  ʩʪʘʮʠʦʥʘʨʣʳץ ʢװʡʣʝʨʽ ʞʘʣʧʳ ʞʘסʜʘʡʜʘ (ʩʪʘʮʠʦʥʘʨʣʳץ 

ʝʤʝʩ ʞʘסʜʘʡʜʘ) (1.5) - (1.6) ʪʝשʜʝʫʣʝʨʽʥʽש ʞʝʢʝ ʰʝʰʽʤʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɼʝʤʝʢ, ʢʝʣʝʩʽ 

ʪʝשʜʝʫʣʝʨʜʽ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ, (1.8) ʬʦʨʤʫʣʘ: 

 

                                                  (1.8) 

  

ɸʫʳʪץʫʜʳש ʨᴇʣʽʥ (1.5), (1.6) ʞᴅʥʝ (1.7) ʪʝשʜʝʫʣʝʨʽʥ ʧʘʡʜʘʣʘʥʳʧ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. 

ɾװʡʝʥʽ (1.1) ʞᴅʥʝ (1.3) ʪʝשʜʝʫʣʝʨʽʥʝʥ ʘʣʳʥסʘʥ (1.8) ʪʝשʜʝʫʽʤʝʥ ײʩʳʥʫ ʘʨץʳʣʳ  

ʞᴅʥʝ  ʘʫʳʪץʫʣʘʨʳʥʘ ʘʨʥʘʣסʘʥ ʢʝʣʝʩʽ ʪʝשʜʝʫʣʝʨʜʽ ʘʣʫסʘ ʙʦʣʘʜʳ, (1.9) ʬʦʨʤʫʣʘ: 

 

                                                  (1.9) 

  

 :ʘ ʢʝʣʝʩʽ ʙʝʣʛʽʣʝʫʣʝʨʜʽ ʝʥʛʽʟʝʤʽʟס-(1.9)

 

 

 

ʤײʥʜʘסʳ  ʞᴅʥʝ  ï ʩᴅʡʢʝʩʽʥʰʝ, ʙʦʣʞʘʫʩʳʟ ʪװʨʜʝ ᴇʟʛʝʨʫʽ ʤװʤʢʽʥ ʞײʤʳʩ ʢװʰʽ, ʘץʰʘ 

ʞᴅʥʝ ʪʘʫʘʨʣʘʨ ʥʘʨʳסʳʥʳש ʢʝʡʙʽʨ ʞʘʣʧʳʣʘʥסʘʥ ʧʘʨʘʤʝʪʨʣʝʨʽ. 

ʅʘʨʳץʪʘʨ ʜʘʤʫʜʳץ שʘʣʘʫʣʳ ʪʨʘʝʢʪʦʨʠʷʣʘʨʳʥ ʪײʨʘץʪʘʥʜʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ 

ʞᴅʥʝ  ʪʝʧʝ-ʪʝשʜʽʢ ʝʨʝʞʝʣʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ  ʞᴅʥʝ  ʞʘʣʧʳ 

ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ ʘʥʳץʪʘʣʘʪʳʥ ʩʳʨʪץʳ ʦʨʪʘ ʤʝʥ ʽʰʢʽ ʧʘʨʘʤʝʪʨʣʽʢ ʙʘʩץʘʨʫʜʳש ʳץʧʘʣʳʥʜʘ 

ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɾʘʣʧʳʣʘʥסʘʥ  ʞᴅʥʝ  ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʢʝʟ ʢʝʣʛʝʥ ᴇʟʛʝʨʽʩʽ ʢʝʟʽʥʜʝ 

ʦʨʥʳץʪʳʣʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʞײʤʳʩ ʢװʰʽ, ʘץʰʘ ʞᴅʥʝ ʪʘʫʘʨʣʘʨ ʥʘʨʳסʳʥ ʥʘʨʳץʪʳץ 

ʪʝʧʝ-ʪʝשʜʽʢʪʽש ʢʝʟ ʢʝʣʛʝʥ ʪʨʘʝʢʪʦʨʠʷʩʳ ʙʦʡʳʥʰʘ ʦʩʳʥʜʘʡ ʜʘʤʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʪʘʣʘʧ 

ʝʪʽʣʩʽʥ [7]. ɸʣʘʡʜʘ, ʤײʥʜʘʡ ʤʽʥʜʝʪʪʽ ʝʛʝʨ ʥʘʨʳץʪʘ ʩײʨʘʥʳʩ ʧʝʥ ײʩʳʥʳʩʪʳ ʙʝʣʛʽʣʝʥʛʝʥ ʜʝʧ 

ʝʩʝʧʪʝʩʝʢ ʞᴅʥʝ ʥʘʨʳץʪʘʨʜʳש ʜʘʤʫʳʥʳש ʨʦʙʘʩʪʳץ ʪײʨʘץʪʳʣʳסʳʥʳש ʰʘʨʪʪʘʨʳʥʘ ʩװʡʝʥʝ 

ʦʪʳʨʳʧ, ʩײʨʘʥʳʩ ʧʝʥ ײʩʳʥʳʩʪʳש ʬʫʥʢʮʠʷʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʩʘץ ץʘʥʘ  ץʦʶסʘ ʙʦʣʘʜʳ. 
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 ʅʘʨʳץʪʘ ʩײʨʘʥʳʩ ʧʝʥ ײʩʳʥʳʩʪʳש ʬʫʥʢʮʠʷʣʘʨʳ ʙʝʡʩʳʟʳץ ʬʫʥʢʮʠʷʣʘʨ ʨʝʪʽʥʜʝ 

ʙʝʨʽʣʛʝʥ ʜʝʧ ʝʩʝʧʪʝʡʽʢ: 

 

 

 

 ʉʦʥʜʘ ʘʫʳʪץʫʣʘʨסʘ ץʘʪʳʩʪʳ ʞײʤʳʩ ʢװʰʽ, ʘץʰʘ ʞᴅʥʝ ʪʘʫʘʨʣʘʨ ʥʘʨʳסʳ 

ʜʠʥʘʤʠʢʘʩʳʥʳש ʪʝשʜʝʫʽʥ ʢʝʣʝʩʽ (1.10), (1.11) ʞᴅʥʝ (1.12) ʬʦʨʤʫʣʘʩʳ ʪװʨʜʝ ʙʝʨʝ ʘʣʘʤʳʟ:  

 

                                                    (1.10)      

                           

                                                    (1.11) 

 

                                                                                             (1.12) 

 

 (1.10), (1.11) ʞᴅʥʝ (1.12) ʪʝשʜʝʫʣʝʨʜʽש ʦש ʞʘץ ʙᴇʣʽʢʪʝʨʽ ʙʽʨ ʧʘʨʘʤʝʪʨʣʽʢ 

 .ʪʳ ʙʝʡʥʝʣʝʫʜʽ ʙʽʣʜʽʨʝʜʽ [7,8]ץʨʘײʪ ץʨʳʣʳʤʜʳײץ

 (1.10), (1.11) ʞᴅʥʝ (1.12) ʪʝשʜʝʫʣʝʨʜʽ (ʩʪʘʮʠʦʥʘʨʣʳץ) ץʘʨʘʩʪʳʨʘʡʳץ, ʷסʥʠ (1.13), 

(1.14) ʞᴅʥʝ (1.15) ʬʦʨʤʫʣʘʩʳ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ: 

 

                                                                                                   (1.13) 

 

                                                                                                   (1.14) 

 

                                                                                                      (1.15) 

  

 (1.13), (1.14) ʞᴅʥʝ (1.15) ʪʝשʜʝʫʣʝʨʽʥʽש ʪʨʠʚʠʘʣʴʜʽ ʰʝʰʽʤʽ, (1.16) ʬʦʨʤʫʣʘ: 

 

                                            ʞᴅʥʝ                               (1.16) 

ʞᴅʥʝ ʙʘʩץʘ ʰʝʰʽʤʜʝʨ ʢʝʣʝʩʽ ʪʝשʜʝʫʣʝʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ, (1.17) ʬʦʨʤʫʣʘ:  

 

       
                           (1.17) 

  ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʤᴅʥʜʝʨʽ ʪʝʨʽʩ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, (1.17) ʪʝשʜʝʫʽʥʽש 

 .ʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʪʽʥ ʣʝʟʜʽʢ ʤᴅʥʽ ʙʘʨ ʙʦʣʘʜʳסʜʘʡסʤʢʽʥ ʞʘװʤ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʵʢʦʥʦʤʠʢʘʣʳץ

 ʞᴅʥʝ  ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, ʙײʣ ʪʝשʜʝʫʣʝʨ ʞװʡʝʥʽש ʢʝʣʝʩʽ ʩʪʘʮʠʦʥʘʨʣʳץ ʝʢʽ 

ʞײʧ ʢװʡʣʝʨʽ ʙʦʣʘʜʳ, (1.18) ʬʦʨʤʫʣʘ: 

 

                                                           (1.18) 

ɾװʡʝʥʽש ʙײʣ ʪʝʧʝ-ʪʝשʜʽʢ ʞʘסʜʘʡʣʘʨʳ (3.54) ʵʢʦʥʦʤʠʢʘʣʳץ ʞװʡʝʥʽש ʞʘʣʧʳ 

ʧʘʨʘʤʝʪʨʣʝʨʽ  ʙʦʣסʘʥʜʘ (3.52)-ʤʝʥ ʙʽʨʽʛʝʜʽ, ʘʣ  ʞᴅʥʝ  

ʙʦʣסʘʥʜʘ, ʘʞʳʨʘʡʜʳ. 
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ɾײʤʳʩ ʢװʰʽ, ʘץʰʘ ʞᴅʥʝ ʪʘʫʘʨʣʘʨ ʥʘʨʳץʪʘʨʳʥʳש ʪʝʧʝ-ʪʝשʜʽʢ ʞʘסʜʘʡʣʘʨʳʥʳש 

ʦʨʥʳץʪʳʣʳסʳʥ ʘʥʳץʪʘʫ װʰʽʥ ɸ.ʄ. ʃʷʧʫʥʦʚʪʳש ʩʳʟʳץʪʘʥסʘʥ ʞװʡʝʩʽʥʽש ʦʨʥʳץʪʳʣʳץ 

 :ʦʣʜʘʥʘʤʳʟץ ʠʜʘʩʳʥסʘץ

 

ʢʝʟʽʥʜʝ   

ʅʘʨʳץʪʳש ʪʝʧʝ-ʪʝשʜʽʢ ʞʘסʜʘʡʣʘʨʳ    ʞᴅʥʝ  ʢʝʟʽʥʜʝ 

ʛʣʦʙʘʣʴʜʽ ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ʦʨʥʳץʪʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊʝʧʝ-ʪʝשʜʽʢ ʞʘסʜʘʡʣʘʨʳʥʳש ʦʨʥʳץʪʳʣʳסʳʥ ʟʝʨʪʪʝʡʽʢ: 

                                            
ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʳʟʳץʪʘʥסʘʥ ʞװʡʝ: 

 

 

ʢʝʟ̔ʥʜʝ ʢʝʣʝʩʽ ʪװʨʛʝ ʠʝ:   

ʅʘʨʳץʪʳש  ʞᴅʥʝ  ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ ʘʥʳץʪʘʣʘʪʳʥ 

 ʪʝʧʝ-ʪʝשʜʽʢ ʩʪʘʮʠʦʥʘʨʣʳץ ʞʘסʜʘʡʣʘʨʳ 

ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ʙʦʣʘʜʳ, ʙʽʨʘץ ʛʣʦʙʘʣʴʜʽ ʦʨʥʳץʪʳ ʙʦʣʤʘʡʜʳ. 

ʆʩʳʣʘʡʰʘ, ʥʘʨʳץʪʘʨʜʘסʳ ʩײʨʘʥʳʩ ʧʝʥ ײʩʳʥʳʩʪʳש ᴇʟʛʝʨʫ ʟʘשʜʘʨʳʥ ʙʝʣʛʽʣʽ ʙʽʨ 

ʤʘץʩʘʪʪʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʢʝʟʽʥʜʝ: ʞײʤʳʩ ʢװʰʽ, ʘץʰʘ ʞᴅʥʝ ʪʘʫʘʨʣʘʨ ʥʘʨʳץʪʘʨʜʳש ʪʝʧʝ-

ʪʝשʜʽʢ ʢװʡʜʝʥ ʘʫʳʪץʫ ʬʫʥʢʮʠʷʩʳ ʙʽʨ ʧʘʨʘʤʝʪʨʣʽʢ ײץʨʳʣʳʤʜʳץ-ʦʨʥʳץʪʳ ʙʝʡʥʝʣʝʫʣʝʨ 

ʬʦʨʤʘʩʳʥʜʘ ʙʦʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʥʘʨʳץʪʘʨʜʳ ʜʘʤʳʪʫʜʳש ʢʝʟ-ʢʝʣʛʝʥ ʪʝʧʝ-ʪʝשʜʽʢ 

ʪʨʘʝʢʪʦʨʠʷʩʳ װʰʽʥ  ʵʢʦʥʦʤʠʢʘʣʳץ ʞװʡʝʥʽש ʞʘʣʧʳ ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʢʝʟ-ʢʝʣʛʝʥ ᴇʟʛʝʨʽʩʽ 

 ʢʝʟʽʥʜʝ ʨʦʙʘʩʪʳץ ʦʨʥʳץʪʳʣʳץʪʳץ שʘʩʠʝʪʪʝʨʽ 

  .ʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽץ
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ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɼʝʬʦʨʤʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʳʯʥʦ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʦʙʨʘʟʮʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʨʝʞʠʤʝ ʥʘʛʨʫʟʢʠ ʠ 
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ʀʟ ʛʨʘʬʠʢʘ 1 ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ɽ0 = sʞ / e 1ʫ  ʛʜʝ sʞ - ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʝʜ ʨʘʟʛʨʫʟʢʦʡ; e 1
ʫ - ʫʧʨʫʛʘʷ ʧʨʦʜʦʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ 

ʨʘʟʛʨʫʟʢʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ: n0 = e3 
ʫ / e 1ʫ ʛʜʝ e3 

ʫ - ʫʧʨʫʛʘʷ ʧʦʧʝʨʝʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʧʨʠ ʨʘʟʛʨʫʟʢʝ; ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ: ɽµ = sʞ / e 1ʦʙ ʛʜʝ e1 
ʦʙ - ʧʦʣʥʘʷ ʧʨʦʜʦʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʧʨʠ ʥʘʛʨʫʟʢʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʧʝʨʝʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ:  n0
ʇ = e3 

ʦʙ / e 1ʦʙ, ʛʜʝ e3 
ʦʙ - ʧʦʣʥʘʷ 

ʧʦʧʝʨʝʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʥʘʛʨʫʟʢʝ. ʇʨʠ ʵʪʦʤ ʧʦʣʥʳʝ ʦʙʲʝʤʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  eV0 = e1 
ʦʙ - 2e3ʦʙ , ʘ ʧʦʢʘʟʘʪʝʣʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʠ ʦʮʝʥʢʝ 

ʭʨʫʧʢʦ-ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʢʘʢ ʦʪʥʦʰʝʥʠʝ: R1= e1 
ʦʩʪ / e1 

y; R2=  e1 
ʦʩʪ / e1 

ʦʙ;

 R3= e1 
ʦʩʪ / e1 

ʦʙ   

ʇʝʨʝʭʦʜ ʦʪ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʥʘ ʦʙʨʘʟʮʘʭ 

ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʩʧʦʩʦʙʦʤ, ʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ. ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʦʮʝʥʢʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʩʩʠʚʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʭʘʨʘʢʪʝʨ ʥʘʨʫʰʝʥʥʦʩʪʠ ʤʘʩʩʠʚʘ, ʟʘʢʣʘʜʳʚʘʪʴ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ R ʦʩʣ : Rɽʦʩʣ= ɽʤ / ɽ0; Rnʦʩʣ= nʤ / n0. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʱʝʠʟʚʝʩʪʥʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʚ ʥʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʩʪʘʪʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ  t - ʢʘʩʘʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ g - ʩʜʚʠʛʦʚʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦʧʨʝʜʝʣʝʥʠʷ G - ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʠ ʂ - ʤʦʜʫʣʷ ʦʙʲʝʤʥʦʛʦ 

ʩʞʘʪʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʪʠ ʚʝʣʠʯʠʥʳ ʩʚʷʟʘʥʳ ʩ ɽ ʠ n ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʚ 

ʧʨʝʜʝʣʘʭ ʫʧʨʫʛʦʩʪʠ: 

G = ɽ / 2(1+ n),  ʂ = ɽ / 3 (1- n) 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦʯʝʥʴ ʫʜʦʙʝʥ 

ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʤʝʩʴ ʤʝʣʢʦʛʦ ʧʝʩʢʘ (97 % ʚʝʩʘ ) ʩ 

ʤʘʰʠʥʥʳʤ ʤʘʩʣʦʤ ʠ ʦʙʣʘʜʘʶʱʠʡ ʟʘʤʝʪʥʳʤ ʩʮʝʧʣʝʥʠʝʤ ( ʩ = 0.5 - 1 ʂʇʘ ). ʉʧʝʮʠʘʣʴʥʘʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʠʣʘ ʥʘʤ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʦʜʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʚ ʧʨʠʥʷʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʝʣʠ. ʇʣʦʪʥʦʩʪʴ ʫʣʦʞʝʥʥʦʛʦ ʠ ʫʢʘʪʘʥʥʦʛʦ ʚ ʩʣʦʝ ʤʘʪʝʨʠʘʣʘ 1, 

7 ʛ / ʩʤ 3, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ 0,7. ʇʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʪʨʘʝʢʪʦʨʠʷʤʠ 

ʥʘʛʨʫʞʝʥʠʷ: 

ʘ) ʠʟʦʪʨʦʧʥʘʷ ʢʦʤʧʨʝʩʩʠʷ - ʦʙʨʘʟʝʮ ʥʘʛʨʫʞʘʣʩʷ ʧʦʩʪʝʧʝʥʥʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʫʚʝʣʠʯʠʚʘʝʤʳʤʠ ʨʘʚʥʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ s1= s3 ; 

ʙ) ʦʜʥʦʦʩʥʦʝ ʥʘʛʨʫʞʝʥʠʝ - ʦʙʨʘʟʝʮ ʥʘʛʨʫʞʘʣʩʷ  ʜʦ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ s1= s3  

ʠʟʦʪʨʦʧʥʦ,  ʘ ʟʘʪʝʤ s1 ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ; 

ʚ) ʩʜʚʠʛ - ʦʙʨʘʟʝʮ ʥʘʛʨʫʞʘʣʩʷ ʜʦ ʥʝʢʦʪʦʨʦʛʦ s1= s3  ʠʟʦʪʨʦʧʥʦ, ʘ ʧʦʪʦʤ s1 

ʫʚʝʣʠʯʠʚʘʣʠ, ʘ  s3  ʫʤʝʥʴʰʘʣʠ ʨʘʚʥʳʤʠ ʩʪʫʧʝʥʷʤʠ; 

ʛ) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʥʘʛʨʫʞʝʥʠʝ - s1= ns3, ʛʜʝ n= 6,8,13. ɺʩʝ ʦʧʳʪʳ 

ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʦʙʨʘʪʥʳʤ ʥʘʛʨʫʞʝʥʠʝʤ (ʨʘʟʛʨʫʟʢʦʡ). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2 - 4. ʆʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ (ʨʠʩ.3) ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʥʘʛʨʫʞʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ ʦʙʨʘʟʮʘ, ʘ ʧʦʪʦʤ ʧʣʘʩʪʠʯʝʩʢʦʝ 

ʪʝʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦ ʦʙʲʝʤʥʳʤ. ɺʳʭʦʜ ʚ ʢʨʠʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʦʜʥʦʦʩʥʦʤ 

ʩʞʘʪʠʠ ʯʝʪʢʦ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ, ʪ.ʢ. ʵʪʦʪ ʚʳʭʦʜ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʤʘʣʳʤ ʫʛʣʦʤ ʚʩʪʨʝʯʠ a, ʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʦʙʨʘʟʮʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʘʞʫʱʠʤʩʷ 

ʙʝʟʛʨʘʥʠʯʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʜʚʠʛ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 4. 

ɻʨʘʬʠʢʠ ʚʳʧʦʣʘʞʠʚʘʶʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ, ʩʫʱʝʩʪʚʝʥʥʳʭ ʷʚʣʝʥʠʡ 

ʜʠʣʘʪʘʮʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʥʘ ʠʟʦʪʨʦʧʥʫʶ 

ʢʦʤʧʨʝʩʩʠʶ ʩ ʨʘʟʛʨʫʟʢʦʡ. 
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ʈʠʩ. 2 ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʥʘ ʠʟʦʪʨʦʧʥʫʶ ʢʦʤʧʨʝʩʩʠʶ ʩ ʨʘʟʛʨʫʟʢʦʡ 

 
ʈʠʩ. 3 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʦʜʥʦʦʩʥʦʝ ʩʞʘʪʠʝ ʩ ʨʘʟʛʨʫʟʢʦʡ 

 

 
 

ʈʠʩ. 4 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʩʜʚʠʛ ʩ ʨʘʟʛʨʫʟʢʦʡ 
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ɺ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʟʥʘʯʝʥʠʡ G ʠ ʂ. ʆʜʥʘʢʦ ʧʨʦʚʝʜʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʠʟʤʝʥʝʥʠʷʭ ʥʘʧʨʷʞʝʥʠʡ ʵʪʠ ʤʦʜʫʣʠ ʥʝ 

ʧʦʩʪʦʷʥʥʳ. ʉʝʤʝʡʩʪʚʦ ʛʨʘʬʠʢʦʚ (ʨʠʩ.4) ʦʧʠʩʳʚʘʝʪʩʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ: 

 

t = (G0 g t ʧʨ  ) / (t ʧʨ+ G0 g) 

 

ʛʜʝ G0 - ʥʘʯʘʣʴʥʳʡ ʤʦʜʫʣʴ ʩʜʚʠʛʘ; tʧʨ = ʉ + s tg j; sn = (s1+s3) / 2. ʆʧʨʝʜʝʣʠʤ ʢʘʩʘʪʝʣʴʥʳʡ 

ʤʦʜʫʣʴ ʩʜʚʠʛʘ G ʢʘʩ: 

G ʢʘʩ = dt / dg = G0  t2ʧʨ / (tʧʨ + G0 g )2 

 

ʇʦʜʩʪʘʥʦʚʢʘ ʟʥʘʯʝʥʠʷ g = t tʧʨ / (tʧʨ-t) G0  ʜʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʩʘʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʦʪ 

ʜʦʩʪʠʛʥʫʪʦʛʦ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʡ: 

G ʢʘʩ = G0  (1 - t / tʧʨ)2 , 

 

ʛʜʝ G0 = (s1+s3+ 2C ctg j ) sin j / ɺ; t = (s1- s3) / 2;  B- ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʥʘʤʠ ʛʨʘʬʠʢʘ ɺ= 0,09. 

ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ ʠʟ ʨʠʩʫʥʢʘ 2 ʦʧʨʝʜʝʣʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʩʘʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ 

ʦʙʲʝʤʥʦʛʦ ʩʞʘʪʠʷ ʚ ʚʠʜʝ:  

ʂʢʘʩ = ʂ0 (1+ ʘ sn)2, 

 

ʛʜʝ ʧʘʨʘʤʝʪʨ ʘ, ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʥʦʩʪʴ, ʦʙʨʘʪʥʫʶ ʨʘʟʤʝʨʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ,  ʘ= 0,042. ɺ ʩʣʫʯʘʝ ʨʘʟʛʨʫʟʢʠ ʠʟ ʨʠʩʫʥʢʦʚ 

2- 4 ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʤʦʜʫʣʝʡ ʨʘʟʛʨʫʟʢʠ: 

  

G ʨʘʟʛʨ = 6.4  G0 , ʂ ʨʘʟʛʨ = 8.5 ʂʢʘʩ 

 

ʀʪʘʢ, ʦʧʨʝʜʝʣʠʣʠ ʧʝʨʝʤʝʥʥʳʝ ʤʦʜʫʣʠ ʩʜʚʠʛʘ ʠ ʦʙʲʝʤʥʦʛʦ ʩʞʘʪʠʷ ʜʣʷ ʫʩʣʦʚʠʡ 

ʥʘʛʨʫʞʝʥʠʷ ʠ ʨʘʟʛʨʫʟʢʠ. ʆʥʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʫʧʨʫʛʦ - ʧʣʘʩʪʠʯʝʩʢʦʡ ʟʘʜʘʯʠ 

ʛʝʦʤʝʭʘʥʠʢʠ ʚ ʚʘʨʠʘʥʪʝ ʪʝʦʨʠʠ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ  
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʢʦʤʧʴʶʪʝʨʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʙʝʩʧʨʦʚʦʜʥʳʭ 

ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ (ɹʉʉ) ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʣʦʤʦʱʥʳʭ ʤʦʜʫʣʝʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʘʥʜʘʨʪʳ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ ʠ ʠʟʫʯʘʝʪʩʷ ʩʪʘʥʜʘʨʪ, ʜʣʷ 

ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ʩʝʪʝʡ 802.15.4. ʀʩʩʣʝʜʫʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʥʘʣʦʛʠʯʥʳʝ ʩʠʩʪʝʤʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ ʩʝʪʝʡ.  

 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʥʩʦʨʥʳʭ 

ʩʝʪʝʡ. ɹʝʩʧʨʦʚʦʜʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ ï ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʠʝʩʷ ʩʝʪʠ, 

ʫʩʪʦʡʯʠʚʳʝ ʢ ʦʪʢʘʟʫ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʤʝʥʠʚʘʶʱʠʭʩʷ ʠʥʬʦʨʤʘʮʠʝʡ ʧʦ 

ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʠ [1]. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ ʩʝʪʠ ʠʤʝʝʪ ʘʚʪʦʥʦʤʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ, ʧʨʠʝʤʥʠʢ/ʧʝʨʝʜʘʪʯʠʢ. ʆʙʣʘʩʪʴ ʧʦʢʨʳʪʠʷ ʩʝʪʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʤʝʪʨʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʦʜʫʣʷ ʠ ʘʥʪʝʥʥʳ, 

ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʪʨʘʥʩʣʷʮʠʠ ʩʦʦʙʱʝʥʠʡ ʦʪ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʢ ʜʨʫʛʦʤʫ. 

ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʥʝʯʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʯʝʨʝʟ 

ʨʝʪʨʘʥʩʣʷʪʦʨ, ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʭ 

ʚʟʘʠʤʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʨʦʡʩʪʚʘ ʩ ʤʘʣʳʤ ʨʘʜʠʫʩʦʤ ʜʝʡʩʪʚʠʷ ʩ 

ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ ʤʦʛʫʪ ʦʙʱʘʪʴʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [2]. 

ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʩʪʘʥʜʘʨʪʳ ʜʣʷ ʤʘʣʦʤʦʱʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ 

[3]:  

- IEEE 802.15.4; 

- ZigBee; 

- Bluetooth; 

- Wibree. 

ʉʪʘʥʜʘʨʪ 802.15.4 ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʫʭ ʥʠʞʥʠʭ ʫʨʦʚʥʝʡ ʵʪʘʣʦʥʥʦʡ 

ʤʦʜʝʣʠ OSI ʚ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ ï ʬʠʟʠʯʝʩʢʠʡ (PHY) ʠ ʢʘʥʘʣʴʥʳʡ (ʧʦʜʫʨʦʚʝʥʴ 

MAC). ʀʥʪʝʨʬʝʡʩʳ ʤʝʞʜʫ ʩʣʦʷʤʠ ʩʣʫʞʘʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ. 

ʌʠʟʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʚʝ ʫʩʣʫʛʠ: ʬʠʟʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʘʥʥʳʭ ʠ 

ʬʠʟʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ. ɿʘʜʘʯʠ ʫʨʦʚʥʷ ï ʘʢʪʠʚʘʮʠʷ/ʜʝʟʘʢʪʠʚʘʮʠʷ ʨʘʜʠʦ- 

ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ, ʚʳʙʦʨ ʢʘʥʘʣʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʵʥʝʨʛʠʠ (energy detection), 

ʧʝʨʝʜʘʯʘ ʠ ʧʦʣʫʯʝʥʠʝ ʧʘʢʝʪʦʚ ʯʝʨʝʟ ʬʠʟʠʯʝʩʢʫʶ ʩʨʝʜʫ [4]. MAC ʫʨʦʚʝʥʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʩʣʝʜʫʶʱʠʝ ʫʩʣʫʛʠ: ʦʙʩʣʫʞʠʚʘʥʠʝ ʜʘʥʥʳʭ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʢʘʥʘʣʴʥʦʤ 

ʫʨʦʚʥʝ. ɿʘʜʘʯʠ ʫʨʦʚʥʷ ï ʩʠʛʥʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʜʦʩʪʫʧ ʢ ʢʘʥʘʣʫ, ʫʧʨʘʚʣʝʥʠʝ GTS, 

ʫʪʚʝʨʞʜʝʥʠʝ ʧʘʢʝʪʦʚ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʜʦʩʪʘʚʢʠ ʧʘʢʝʪʦʚ, ʩʦʝʜʠʥʝʥʠʝ (ʘʩʩʦʮʠʘʮʠʷ) ʠ 

ʨʘʟʲʝʜʠʥʝʥʠʝ (ʜʠʟʘʩʩʦʮʠʘʮʠʷ) ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʢʨʦʤʝ ʪʦʛʦ ʦʙʝʩʧʝʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

 

ʇʨʦʛʨʘʤʤʥʦ-ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʝʪʠ 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʜʘʢʪʦʨʝ OMNET++ ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʝʥʩʦʨʥʘʷ ʩʝʪʴ Castalia 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

- SN - ʠʤʷ ʩʝʪʠ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ); 

- wirelessChannel - ʤʦʜʫʣʴ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ; 

- node[numNodes] - ʤʦʜʫʣʴ ʵʣʝʤʝʥʪʦʚ ʩʝʪʠ; 

- physicalProcess[numPhysicalProcesses] - ʤʦʜʫʣʴ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʕʣʝʤʝʥʪ Node ʦʧʠʩʳʚʘʝʪ ʢʘʞʜʫʶ ʨʘʙʦʯʫʶ ʩʪʘʥʮʠʶ ʠ ʠʤʝʝʪ ʥʘʩʪʨʘʠʚʘʝʤʳʡ 

ʧʘʨʘʤʝʪʨ numNodes, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ ʚ ʩʝʪʠ (ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1. ʄʦʜʫʣʴ Node 

 

ʂʘʞʜʘʷ ʩʪʘʥʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʤʦʜʫʣʝʡ [5] : 

- Node - ʠʤʷ ʩʝʪʠ (ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ); 

- Communication - ʤʦʜʫʣʴ ʩʚʷʟʠ; 

- SensorManager - ʤʦʜʫʣʴ, ʦʧʠʩʳʚʘʶʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʜʘʪʯʠʢʦʚ; 

- ResourceManager - ʤʦʜʫʣʴ ʧʦʪʨʝʙʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ; 

- Application - ʤʦʜʫʣʴ ʧʨʠʣʦʞʝʥʠʡ; 

- MobilityManager - ʤʦʜʫʣʴ ʤʦʙʠʣʴʥʦʩʪʠ ʫʟʣʦʚ. 

ʄʦʜʫʣʴ ʩʚʷʟʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ CommunicationModule (ʨʠʩ. 2): 

- Radio - ʤʦʜʫʣʴ ʨʘʜʠʦʢʘʥʘʣʘ; 

- MAC - ʤʦʜʫʣʴ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ; 

- Routing - ʤʦʜʫʣʴ ʤʘʨʰʨʫʪʠʟʘʮʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 2. ʄʦʜʫʣʴ CommunicationModule 
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ɺʩʝ ʵʣʝʤʝʥʪʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʨʘʙʦʪʳ ʠ ʠʭ ʫʜʘʣʝʥʠʝ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ 

ʢ ʥʝʧʨʘʚʠʣʴʥʦʡ ʩʠʤʫʣʷʮʠʠ ʩʝʪʠ ʠʣʠ ʢ ʦʰʠʙʢʝ. 

 

ʉʦʟʜʘʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʬʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ omnetpp.ini: 

[General] 

network = SN 

include ../Parameters/Castalia.ini 

sim-time-limit = 3600s 

SN.numNodes = 20 

SN.node[*].Communication.MACProtocolName = "Mac802154" 

SN.node[*].Communication.MAC.isFFD = true 

SN.node[0].Communication.MAC.isPANCoordinator = true 

SN.node[*].Communication.MAC.phyDataRate = 1024 

SN.node[*].Communication.MAC.phyBitsPerSymbol = 2 

SN.wirelessChannel.pathLossMapFile = 

"../Parameters/WirelessChannel/BANmodels/pathLossMap.txt" 

SN.wirelessChannel.temporalModelParametersFile = 

"../Parameters/WirelessChannel/BANmodels/TemporalModel.txt" 

SN.node[*].ApplicationName = "ThroughputTest" 

SN.node[*].Application.startupDelay = 1 

SN.node[*].Communication.Radio.RadioParametersFile = 

"../Parameters/Radio/BANRadio.txt" 

SN.node[*].Communication.Radio.TxOutputPower = "-25dBm" 

ʌʘʡʣ ʢʦʥʬʠʛʫʨʘʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʘʟʜʝʣʘ [General]. ɺ ʥʝʤ ʫʢʘʟʳʚʘʶʪʩʷ ʦʙʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʚʩʝʭ ʩʮʝʥʘʨʠʝʚ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʩʝʛʦ ʦʜʠʥ ʩʮʝʥʘʨʠʡ). 

ʇʝʨʝʜ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʥʮʠʡ (numNodes); 

- ʚʨʝʤʷ ʩʠʤʫʣʷʮʠʠ (sim-time-limit);  

- ʥʘʩʪʨʦʡʢʠ ʧʨʦʪʦʢʦʣʘ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ (Communication.MAC); 

- ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ (Application); 

- ʥʘʩʪʨʦʡʢʠ ʨʘʜʠʦʢʘʥʘʣʘ (Communication.Radio). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ 20 ʫʩʪʨʦʡʩʪʚ (SN.numNodes = 20) ʚ ʪʝʯʝʥʠʠ 

ʦʜʥʦʛʦ ʯʘʩʘ (sim-time-limit = 3600s). ɺʩʝ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʢʦʣʘ 

ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʨʦʪʦʢʦʣ IEEE 802.15.4 (SN.node[*]. Communication.MACProtocolName 

= "Mac802154"). ɼʣʷ ʥʝʛʦ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: 

- ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ (Communication.MAC.isFFD); 

- ʢʪʦ PAN-ʢʦʦʨʜʠʥʘʪʦʨ (Communication.MAC.isPANCoordinator); 

- ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (Communication.MAC.phyDataRate); 

- ʢʦʣʠʯʝʩʪʚʦ ʙʠʪʦʚ ʚ ʩʠʤʚʦʣʝ (Communication.MAC.phyBitsPerSymbol); 

ɺ ʩʝʪʠ ʚʩʝ ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ (SN.node[*]. 

Communication.MAC.isFFD = true), ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʝʨʚʫʶ ʩʪʘʥʮʠʶ ʩʜʝʣʘʝʤ PAN-

ʢʦʦʨʜʠʥʘʪʦʨʦʤ (SN.node[0]. Communication.MAC.isPANCoordinator = true), ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʙʫʜʝʪ ʨʘʚʥʷʪʴ 1024 ʩʠʤʚʦʣʘ/ʩʝʢ, (SN.node[*]. Communication. 

MAC.phyDataRate = 1024), ʚ ʦʜʥʦʤ ʩʠʤʚʦʣʝ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ 2 ʙʘʡʪʘ ʠʥʬʦʨʤʘʮʠʠ 

(SN.node[*]. Communication.MAC.phyBitsPerSymbol = 2). 

ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʥʘʩʪʨʦʡʢʠ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ (wirelessChannel) 

(ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦ ʫʤʦʣʯʘʥʠʶ): 
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SN.wirelessChannel.pathLossMapFile="../Parameters/WirelessChannel/BANmodels/pat

hLossMap.txt" 

SN.wirelessChannel.temporalModelParametersFile="../Parameters/WirelessChannel/B

ANmodels/TemporalModel.txt". 

ʉʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʣʘ 

(SN.node[*].ApplicationName = "ThroughputTest") ʠ ʟʘʜʝʨʞʢʫ ʧʝʨʝʜ ʦʪʧʨʘʚʢʦʡ ʧʘʢʝʪʘ 

(SN.node[*].Application.startupDelay = 1) (ʚ ʩʝʢʫʥʜʘʭ). 

ɼʣʷ ʨʘʜʠʦʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʬʘʡʣ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦ ʫʤʦʣʯʘʥʠʶ 

(SN.node[*]. Communication.Radio.RadioParametersFile=../Parameters/Radio/BANRadio.txt"

) ʠ ʤʦʱʥʦʩʪʴ ʧʝʨʝʜʘʪʯʠʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ -25 dB (SN.node[*]. Communication.Radio. 

TxOutputPower = " -25dBm") (ʫʤʦʣʯʘʥʠʝ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʳʭ ʤʘʣʦʤʦʱʥʳʭ ʩʝʪʝʡ). 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʝʪʠ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʟʘʤʝʱʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

(ʦʨʠʛʠʥʘʣʘ) ʝʛʦ ʫʩʣʦʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʧʠʩʘʥʠʝʤ ʠʣʠ ʜʨʫʛʠʤ ʦʙʲʝʢʪʦʤ, ʠʤʝʥʫʝʤʳʤ 

ʤʦʜʝʣʴʶ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʙʣʠʟʢʦʝ ʢ ʦʨʠʛʠʥʘʣʫ ʧʦʚʝʜʝʥʠʝ ʚ ʨʘʤʢʘʭ ʥʝʢʦʪʦʨʳʭ 

ʜʦʧʫʱʝʥʠʡ ʠ ʧʨʠʝʤʣʝʤʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʳʯʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʮʝʣʴʶ 

ʧʦʟʥʘʥʠʷ ʩʚʦʡʩʪʚ ʦʨʠʛʠʥʘʣʘ ʧʫʪʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʤʦʜʝʣʠ, ʘ ʥʝ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʧʨʘʚʜʘʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʥʦ ʧʨʦʱʝ ʩʦʟʜʘʥʠʷ ʩʘʤʦʛʦ ʦʨʠʛʠʥʘʣʘ. 

Modulus ï ʵʪʦ ʩʠʩʪʝʤʘ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʩʣʫʞʠʪ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʨʫʛʦʡ ʩʠʩʪʝʤʝ; ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʨʝʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʫʩʪʨʦʡʩʪʚʘ 

ʠʣʠ ʢʦʥʮʝʧʮʠʠ [6]. 

ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʪʦʧʦʣʦʛʠʷ ʩʝʪʠ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʨʠʩ. 

3): 

 
 

ʈʠʩʫʥʦʢ 3. ʊʦʧʦʣʦʛʠʷ ʩʝʪʠ 

 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʠ ʚ ʪʝʨʤʠʥʘʣʝ ʚʚʦʜʠʤ ʢʦʤʘʥʜʫ: alex@alex:~$ cd 

omnetpp41/samples/diplom/Simulations/dipl ʜʣʷ ʧʝʨʝʭʦʜʘ ʚ ʜʠʨʝʢʪʦʨʠʶ,  ʩʦʜʝʨʞʘʱʫʶ ʬʘʡʣ 
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ʢʦʥʬʠʛʫʨʘʮʠʠ omnetpp.ini. ʉʣʝʜʫʶʱʘʷ ʢʦʤʘʥʜʘ ʦʪʦʙʨʘʞʘʝʪ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʩʮʝʥʘʨʠʠ: 

alex@alex:~/omnetpp41/samples/diplom/Simulations/dipl$ Castalia 

List of available input files and configurations: 

* omnetpp.ini 

  General. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʩʮʝʥʘʨʠʡ General. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʝʪʠ ʟʘʧʫʩʢʘʝʤ ʝʛʦ (ʚʩʝ 

ʜʘʥʥʳʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʫʜʫʪ ʟʘʧʠʩʘʥʳ ʚ ʚʳʭʦʜʥʦʡ ʬʘʡʣ 

gen.txt):alex@alex:~/omnetpp41/samples/diplom/Simulations/dipl$ Castalia -c [General] -o 

gen.txt 

Running configuration 1/1 

ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʩʦʙʨʘʥʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʟʘʧʫʩʢʘʝʤ ʩʢʨʠʧʪ CastaliaResults (ʩʪʘʪʠʩʪʠʢʘ 

ʦʪʨʘʟʠʪʩʷ ʚ ʬʘʡʣʝ gen.txt): alex@alex:~/omnetpp41/samples/diplom/ Simulations/dipl$ 

CastaliaResults -i gen.txt 
 

ʊʘʙʣʠʮʘ 1. ʉʪʘʪʠʩʪʠʢʘ ʩʝʪʠ 

 
Module Output  Dimensions 

Communication.MAC 

Fraction of time without PAN connection 19x1(3) 

Number of beacons received 19x1 

Number of beacons sent 1x1 

Communication.Radio 
RX pkt breakdown 20x1(5) 

TXed pkts 20x1 

ResourceManager Consumed Energy 20x1 

wirelessChannel Fade depth distribution 1x1(14) 

 

ʉʪʘʪʠʩʪʠʢʘ ʚ ʩʝʪʠ ʩʦʙʠʨʘʝʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʤʦʜʫʣʷʤ [7]: 

- ʤʦʜʫʣʴ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ (Communication.MAC); 

- ʤʦʜʫʣʴ ʨʘʜʠʦʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ (Communication.Radio); 

- ʤʦʜʫʣʴ ʧʦʪʨʝʙʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ (ResourceManager); 

- ʤʦʜʫʣʴ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ (wirelessChannel). 

ɼʣʷ ʤʦʜʫʣʷ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: 

- ʚʨʝʤʷ ʙʝʟ ʩʦʝʜʠʥʝʥʠʷ ʩ PAN-ʢʦʦʨʜʠʥʘʪʦʨʦʤ (Fraction of time without PAN 

connection) (ʚ ʩʝʢʫʥʜʘʭ); 

- ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʥʷʪʳʭ ʤʘʷʢʦʚ (Number of beacons received); 

- ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʥʥʳʭ ʤʘʷʢʦʚ (Number of beacons sent). 

- ɺ ʤʦʜʫʣʝ ʨʘʜʠʦʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: 

- ʩʪʘʪʠʩʪʠʢʘ Rx ʧʘʢʝʪʦʚ; 

- ʩʪʘʪʠʩʪʠʢʘ Tx ʧʘʢʝʪʦʚ. 

ʄʦʜʫʣʴ ʧʦʪʨʝʙʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʯʝʥʥʦʡ ʢʘʞʜʦʡ 

ʩʪʘʥʮʠʝʡ ʵʥʝʨʛʠʠ (ʚ ʤɸʯ). 

ʄʦʜʫʣʴ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʢʘʥʘʣʘ ʦʪʦʙʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʟʘʪʫʭʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʛʦ ʩʠʛʥʘʣʘ. 

ʉʤʦʜʝʣʠʨʦʚʘʚ ʩʝʪʴ, ʧʝʨʝʡʜʝʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʢʘʞʜʦʡ ʠʟ 

ʩʪʘʥʮʠʡ. ɼʣʷ ʧʨʦʩʤʦʪʨʘ ʩʪʘʪʠʩʪʠʢʠ ʚʚʦʜʠʤ ʚ ʪʝʨʤʠʥʘʣʝ ʩʣʝʜʫʶʱʫʶ ʢʦʤʘʥʜʫ: 

alex@alex:~/omnetpp41/samples/diplom/Simulations/dipl$ CastaliaResults -i gen.txt -s 

energy ïn. ResourceManager: Consumed Energy 
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ʊʘʙʣʠʮʘ 2. ʕʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʯʘʩ 

 
node=0 32,756  node=10 24,632 

node=1 24,991  node=11 24,632 

node=2 24,565  node=12 24,631 

node=3 26,5  node=13 24,632 

node=4 24,589  node=14 24,632 

node=5 25,772  node=15 24,631 

node=6 24,632  node=16 24,632 

node=7 24,632  node=17 24,632 

node=8 24,632  node=18 24,631 

node=9 24,631  node=19 24,632 

 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʨʝʜʩʪʘʚʠʤ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʛʨʘʬʠʯʝʩʢʠ: 

alex@alex:~/omnetpp41/samples/diplom/Simulations/dipl$ CastaliaResults -i gen.txt -s 

energy -n | CastaliaPlot -o energy.jpg -s histogram  

 

ʈʘʩʩʯʠʪʘʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ɼʣʷ ʧʦʜʩʯʝʪʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ Castalia ʠʩʧʦʣʴʟʫʝʪ ʜʘʥʥʳʝ ʩ ʩʘʡʪʘ 

[http://www.allaboutbatteries.com/Energy-tables.html]: ʦʜʥʘ ʙʘʪʘʨʝʡʢʘ AA ʠʤʝʝʪ ʝʤʢʦʩʪʴ 

2122 ʤɸʯ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ (ʚ ʯʘʩʘʭ), ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ 

ʙʘʪʘʨʝʝʢ AA, ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʩʦʩʪʘʚʣʷʝʪ: 

 
ʊʘʙʣʠʮʘ 3. ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ 

 
node=0 130  node=10 172 

node=1 170  node=11 172 

node=2 173  node=12 172 

node=3 160  node=13 172 

node=4 173                                 node=14 172 

node=5 165  node=15 172 

node=6 172  node=16 172 

node=7 172  node=17 172 

node=8 172  node=18 172 

node=9 172  node=19 172 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                

http://www.allaboutbatteries.com/Energy-tables.html
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   ʈʘʙʦʪʘ ʩʢʨʠʧʪʘ Castalia     ʈʘʙʦʪʘ ʩʢʨʠʧʪʦʚ CastaliaResults ʠ CastaliaPlot 

 

 
 

ʈʠʩʫʥʦʢ 4. ʉʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

 

ɺʳʚʦʜ 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʧʨʦʩʘ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʢʘʞʜʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʝʥʩʦʨʥʦʡ ʩʝʪʠ. ɹʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩʝʪʴ ʩ ʪʦʧʦʣʦʛʠʝʡ 

ʟʚʝʟʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 20 ʩʪʘʥʮʠʡ ʠ ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʪʘʥʜʘʨʪ 802.15.4 ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʡ 

ʩʚʷʟʠ. 

130 ʯʘʩʦʚ ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ PAN-ʢʦʦʨʜʠʥʘʪʦʨʘ, ʢʦʛʜʘ ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ 

ʟʘʢʦʥʯʠʪ ʨʘʙʦʪʘʪʴ, ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʝʪʠ ʧʨʝʢʨʘʪʠʪʩʷ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʥʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʝʪʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʷʪʴ ʙʘʪʘʨʝʡʢʠ ʚʦ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚʘʭ ʯʝʨʝʟ 130 

ʯʘʩʦʚ.  
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ʋɼʂ 004.056.5 

 

ʇʈʀʄɽʅɽʅʀɽ ɸʇʇɸʈɸʊɸ ʀʉʂʋʉʉʊɺɽʅʅʓʍ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ ɼʃʗ 

ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʂʀɹɽʈɸʊɸʂ ʅɸ ʉɽʊɽɺʓɽ ʈɽʉʋʈʉʓ 

ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ ʉʀʉʊɽʄ 

 

ɸʡʪʯʘʥʦʚ ɹ.ʍ.1, ɹʘʧʠʝʚ ʀ.ʄ.2 
1ʉɼʋ ʠʤ. ʉʫʣʝʡʤʘʥʘ ɼʝʤʠʨʝʣʷ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

2ɿʂɸʊʋ ʠʤ. ɾʘʥʛʠʨ ʭʘʥʘ, ʛ. ʋʨʘʣʴʩʢ, ʂʘʟʘʭʩʪʘʥ 

bekait@rambler.ru, bapiev@mail.ru 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʠʙʝʨʘʪʘʢʘʤ ʥʘ ʩʝʪʝʚʳʝ ʨʝʩʫʨʩʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ 

ʧʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʝʪʝʚʳʭ ʢʠʙʝʨʘʪʘʢ. ʉʨʝʜʥʷʷ ʦʰʠʙʢʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʦʙʱʝʥʥʳʭ 

ʢʣʘʩʩʦʚ ʢʠʙʝʨʘʪʘʢ ʩʦʩʪʘʚʠʣʘ ʤʝʥʝʝ 0.03, ʯʪʦ ʧʨʠʝʤʣʝʤʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚ ʜʘʥʥʦʝ ʚʨʝʤʷ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ. ʉʦʛʣʘʩʥʦ ʫʪʚʝʨʞʜʝʥʥʦʡ ʂʦʥʮʝʧʮʠʠ çʂʠʙʝʨʱʠʪ 

ʂʘʟʘʭʩʪʘʥʘè ʢ ʦʩʥʦʚʥʳʤ ʫʛʨʦʟʘʤ ʚ ʩʬʝʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʷʚʣʝʥʠʷ ʢʠʙʝʨʧʨʝʩʪʫʧʥʦʩʪʠ ʠ ʢʠʙʝʨʪʝʨʨʦʨʠʟʤʘ 

[1]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʶʟʘ ʵʣʝʢʪʨʦʩʚʷʟʠ (ITU) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʂʘʟʘʭʩʪʘʥ ʧʦ ʫʨʦʚʥʶ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ (Global Cybersecurity Index) ʟʘʥʠʤʘʝʪ 83-

ʶ ʧʦʟʠʮʠʶ (ʪʘʙʣ. 1) ʠʟ 193-ʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʨʘʥ [2]. 

 
ʊʘʙʣʠʮʘ 1. Global Cybersecurity Index 2017 

 
Member State Score Global Rank 

Singapore 0.925 1 

United States of America 0.919 2 

Malaysia 0.893 3 

Oman 0.871 4 

Estonia 0.846 5 

Mauritius 0.830 6 

Australia 0.824 7 

Georgia 0.819 8 

France 0.819 8 

Canada 0.818 9 

Russian Federation 0.788 10 

http://www.seti.sut.ru/course/admin61/editor_files/file_upload/metod_ns/.pdf
http://conf.mirea.ru/CD2013/pdf/p5/5.pdf
mailto:bekait@rambler.ru
mailto:bapiev@mail.ru
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é é é 

Latvia 0.688 21 

Belarus 0.592 39 

Azerbaijan 0.559 48 

Lithuania 0.504 57 

Ukraine 0.501 59 

Moldova 0.418 73 

Kazakhstan 0.352 83 

Tajikistan 0.292 91 

Uzbekistan 0.277 93 

Kyrgyzstan 0.270 97 

Armenia 0.196 111 

Turkmenistan 0.133 132 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʠʙʝʨʘʪʘʢʘʤ (ʉʇʂ) ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʢ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʠʭ ʩʠʩʪʝʤ 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

1) ʅʝʜʦʩʪʘʪʦʯʥʫʶ ʪʦʯʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʩʝʪʝʚʳʭ ʢʠʙʝʨʘʪʘʢ; 

2) ʉʣʦʞʥʫʶ ʘʜʘʧʪʘʮʠʶ ʢ ʫʩʣʦʚʠʷʤ ʧʨʠʤʝʥʝʥʠʷ; 

3) ɺʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ; 

4) ʆʪʩʫʪʩʪʚʠʝ ʧʦʜʨʦʙʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʥʘʣʠʯʠʝ ʩʢʨʳʪʳʭ 

ʥʝ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʉʣʝʜʩʪʚʠʝʤ ʧʦʩʣʝʜʥʝʛʦ ʥʝʜʦʩʪʘʪʢʘ ʷʚʣʷʝʪʩʷ ʨʠʩʢʦʚʘʥʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʟʘʨʫʙʝʞʥʳʭ ʨʝʰʝʥʠʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʢʨʠʪʠʯʝʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʠʙʝʨʘʪʘʢʘʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʠʭ ʘʧʧʘʨʘʪʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʝʪʝʡ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʧʦʩʣʝ ʦʙʫʯʝʥʠʷ, ʩʧʦʩʦʙʥʳ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʜʘʞʝ ʪʝ ʘʪʘʢʠ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ ʜʦ ʵʪʦʛʦ ʥʠ ʨʘʟʫ ʥʝ ʩʪʘʣʢʠʚʘʣʠʩʴ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ 

ʩʦʟʜʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʢʦʪʦʨʳʡ ʟʘ ʩʯʝʪ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʜʦʧʫʩʪʠʤʳʭ 

ʚʠʜʦʚ ʚʳʙʦʨʢʠ ʠ ʫʯʝʪʘ ʚ ʚʳʭʦʜʥʦʤ ʩʠʛʥʘʣʝ ʙʣʠʟʦʩʪʠ ʵʪʘʣʦʥʦʚ ʚʠʜʦʚ ʢʠʙʝʨʘʪʘʢ, ʧʦʟʚʦʣʷʪ 

ʦʧʨʝʜʝʣʠʪʴ ʢʨʫʛ ʜʦʧʫʩʪʠʤʳʭ ʚʠʜʦʚ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʫʤʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʫʯʝʙʥʳʭ ʠʪʝʨʘʮʠʡ. 

ʅʘ ʧʝʨʚʦʤ, ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʦʤ, ʵʪʘʧʝ ʟʘʜʘʯʘ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʠʙʝʨʘʪʘʢʘʤ ʩʚʦʜʠʪʩʷ 

ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩʦʙʳʪʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʚ ʢʠʙʝʨʥʝʪʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʩʫʨʩʘʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʠʭ ʫʷʟʚʠʤʦʩʪʝʡ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʩʝʪʝʚʳʭ ʢʠʙʝʨʘʪʘʢ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʧʨʦʮʝʩʩ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʥʘ ʥʘʣʠʯʠʝ ʚ ʥʝʤ ʫʛʨʦʟ ʧʦʣʠʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 41 ʧʘʨʘʤʝʪʨ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ï ʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʘʢʝʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʘ ʪʠʧʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʝʪʝʚʦʡ ʉʇK (ʨʠʩ. 1): 

1) ʄʦʜʫʣʴ ʩʙʦʨʘ ʜʘʥʥʳʭ; 

2) ʄʦʜʫʣʴ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ; 

3) ʄʦʜʫʣʴ ʘʥʘʣʠʟʘ; 

4) ʄʦʜʫʣʴ ʨʝʘʛʠʨʦʚʘʥʠʷ; 

5) ʂʦʥʩʦʣʴ ʫʧʨʘʚʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ 1. ʊʠʧʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʝʪʝʚʦʡ ʉʇʂ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʨʝʜʩʪʚ (ʅʉʈ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʧʨʦʮʝʜʫʨ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʦʚ (ʪʘʙʣ. 2). 

 
ʊʘʙʣʠʮʘ 2. ʇʘʨʘʤʝʪʨʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʩʨʝʜʩʪʚ 

 

ʅʘʟʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʘ 
ʆʧʠʩʘʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ɽ1 ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʭʦʜʷʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ɽ2 ʆʧʪʠʤʠʟʘʮʠʷ ʪʠʧʘ ʘʨʭʠʪʝʢʪʫʨʳ 

ɽ3 ʆʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʘʨʭʠʪʝʢʪʫʨ r

ɽ4 ʆʧʪʠʤʠʟʘʮʠʷ ʤʝʪʦʜʘ ʦʙʫʯʝʥʠʷ 

ɽ5 ɺʦʟʤʦʞʥʦʩʪʴ ʦʙʫʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʪʥʳʭ ʧʨʘʚʠʣ 

ɽ6 
ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʝʪʦʜʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʠʧʦʚ ʥʝʡʨʦʩʝʪʝʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨ 

ɽ7 
ɺʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʅʉ ʜʣʷ 

ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 

ɽ8 
ʅʘʣʠʯʠʝ ʧʨʦʮʝʜʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʠʟ ʨʘʟʥʦʨʦʜʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ɽ9 
ʅʘʣʠʯʠʝ ʧʨʦʮʝʜʫʨʳ ʢʦʜʠʨʦʚʘʥʠʷ ʦʞʠʜʘʝʤʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʅʉʄ, 

ʫʯʠʪʳʚʘʶʱʝʡ ʙʣʠʟʦʩʪʴ ʵʪʘʣʦʥʦʚ ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ ʢʣʘʩʩʦʚ ʩʝʪʝʚʳʭ ʢʠʙʝʨʘʪʘʢ 

 

ɺʝʣʠʯʠʥʳ ʧʨʝʜʣʦʞʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ 

ʙʠʥʘʨʥʦʡ ʰʢʘʣʝ: 0 ʠʣʠ 1. ʇʘʨʘʤʝʪʨ ʨʘʚʝʥ 0 ʢʦʛʜʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʅʉʈ 

ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠ 1 ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʩʣʫʯʘʝ. ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ 

ʧʘʨʘʤʝʪʨʦʚ ʚʩʝʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ. 

ʉʝʪʝʚʦʡ ʪʨʘʬʠʢ 

ɿʘʭʚʘʪ ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ 

ʈʝʛʠʩʪʨʘʮʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʝʚʳʭ 

ʧʘʢʝʪʦʚ 

ɿʘʧʠʩʴ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ 

ʕʢʩʧʝʨʪʥʳʝ ʜʘʥʥʳʝ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʚʠʣ 

ʘʥʘʣʠʟʘ 

ɹɼ ʧʨʘʚʠʣ ʘʥʘʣʠʟʘ 

ɺʳʨʘʙʦʪʢʘ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʩʠʛʥʘʣʘ 

ʋʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ 

ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʪʝʚʳʭ ʧʘʢʝʪʦʚ 
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ʊʘʙʣʠʮʘ 3. ɺʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʡʨʦʩʝʪʝʚʳʭ ʤʦʜʝʣʝʡ 

ʠ ʤʝʪʦʜʦʚ 

 

ˉ ʄʝʪʦʜ 
ʇʘʨʘʤʝʪʨ 

ɽ1 ɽ2 ɽ3 ɽ4 ɽ5 ɽ6 ɽ7 ɽ8 ɽ9 

1 ɸʇʇʊ [3]  1 0 0 0 0 0 0 0 0 

2 ʅʉʆɺ [4] 0 1 0 0 0 0 0 0 0 

3 ʊʆʉɸ [5] 1 1 0 0 0 0 0 0 0 

4 ʈɸʉʊ [6] 0 1 1 0 0 0 0 0 0 

5 ɺʉɸ [7] 0 1 1 0 0 0 0 0 0 

6 ʇʉʂʊ [8] 1 0 0 0 0 0 0 0 0 

7 ʇɺʉɸ [9] 1 1 0 1 0 0 0 0 0 

8 ɸʉʆɸ [10] 1 1 1 0 0 0 0 0 0 

9 ʉʆɼ [11, 12] 0 1 0 1 0 0 0 0 0 

10 ɹʅʄ [13] 0 1 0 1 0 0 0 1 0 

11 ʆʂʉɸ [14] 1 0 0 0 0 0 0 1 0 

12 ʄʆɺ [15] 1 0 0 0 0 0 0 0 0 

13 ʅʉʆʂ [16] 1 0 0 0 0 0 0 0 0 

14 ʅʉɻʉ [17] 1 0 0 0 0 0 0 1 0 

15 ʉʆʉɸ [18] 1 0 0 0 0 0 0 1 0 

16 ʅʄʆʇɹ [19]  1 1 1 1 1 1 1 0 0 

17 ʉʆɺʅʉ [20] 1 0 1 0 0 0 0 0 0 

18 ʉʆɸʉʊ [21] 1 1 1 1 0 0 0 0 0 

19 ʅʉʄʈʏ [22] 1 0 0 1 0 0 0 0 0 

20 ʅʉʉɸʉʊ [23] 1 0 1 1 0 0 0 0 0 

21 ʉʆɺɻʅʉ [24] 1 0 1 1 0 1 0 0 0 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. ɸ ʪʘʢʞʝ ʫ ʚʩʝʭ ʤʝʪʦʜʦʚ ʥʝʪ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨʳ ʢʦʜʠʨʦʚʘʥʠʷ ʦʞʠʜʘʝʤʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʫʯʝʪʦʤ ʙʣʠʟʦʩʪʠ 

ʵʪʘʣʦʥʦʚ ʚʠʜʦʚ ʢʠʙʝʨʘʪʘʢ. ʀʩʧʨʘʚʣʝʥʠʝ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʠʣʦ ʧʫʪʠ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 ʇʦ ʬʦʨʤʫʣʝ (1) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʅʉʄ. 

ɺʳʯʠʩʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʅʉʈ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʚʳʨʘʞʝʥʠʝʤ (2). 

 

Ὁ В ‌Ὁ                                                                 (1) 

 

ÍÁØὉ ὉȟὉȟȣȟὉ                                                          (2) 

 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʣʫʯʠʣʘ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʙʘʟʘ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʠʙʝʨʘʪʘʢʘʤ ʥʘ ʩʝʪʝʚʳʝ ʨʝʩʫʨʩʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʠʙʝʨʘʪʘʢ. 

 



 

74 
 

 
 

ʈʠʩʫʥʦʢ 2. ɼʠʘʛʨʘʤʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʠʙʝʨʘʪʘʢ 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʝʡʨʦʩʝʪʝʚʦʡ ʩʠʩʪʝʤʳ (ʈʠʩ. 3). 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʫʯʪʝʥʦ: ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʫʯʘʶʱʠʭ ʧʨʠʤʝʨʦʚ, ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, 

ʩʣʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ ʧʦʨʪʨʝʪʦʚ ʢʠʙʝʨʘʪʘʢ, ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʇʦʵʪʦʤʫ ʚ ʩʭʝʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʯʘʶʱʠʭ ʧʨʠʤʝʨʦʚ ʠ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʩ ʧʦʤʦʱʴʶ 

ʵʢʩʧʝʨʪʥʳʭ ʜʘʥʥʳʭ. 

 

 
 

 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʅʉʉ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʠʙʝʨʘʪʘʢ 

 

ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʝʪʦʜʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʉʌʇ 

ʇʦʨʪʨʝʪʳ 

ʢʠʙʝʨʘʪʘʢ 

ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʫʯʝʙʥʳʭ 

ʧʨʠʤʝʨʦʚ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʠʜʘ ʅʉʄ 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʅʉʄ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʅʉʄ 

ʈʘʩʧʦʟʥʘʥʥʳʝ 

ʢʠʙʝʨʘʪʘʢʠ 
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ɺ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʚʠʜʝ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʢʠʙʝʨʘʪʘʢ ʥʘ ʩʝʪʝʚʳʝ ʈʀʉ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʚʳʨʘʞʝʥʠʡ. 

Ὁ ὪὉ ȟὉ                                                       (3) 

 

Ὁ ὪὩȟὩȟὩ                                                       (4) 

 

Ὁ ὪὩȟὩ                                                            (5) 

 

ʛʜʝ      ES ï ʠʥʪʝʛʨʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ,  

 Eʅʉʈ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅʉʈ,  

 ɽʆɺ ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ,  

 e1 ï ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʅʉʄ,  

 e2 ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʅʉʄ,  

 e3 ï ʨʝʩʫʨʩʦʝʤʢʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅʉʈ,  

 e4 ï ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʙʫʯʘʶʱʠʭ ʧʨʠʤʝʨʦʚ,  

 e5 ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʤʳ ʜʦʧʦʣʥʠʣʠ ʝʸ ʨʷʜʦʤ ʧʨʠʥʮʠʧʦʚ: 

1) ʇʨʠʥʮʠʧ ʜʦʧʫʩʪʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʠʜʘ ʅʉʄ; 

2) ʇʨʠʥʮʠʧ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʵʬʬʝʢʪʠʚʥʳʭ ʚʠʜʦʚ ʅʉʄ; 

3) ʇʨʠʥʮʠʧ ʦʮʝʥʠʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʠʜʘ ʅʉʄ; 

4) ʇʨʠʥʮʠʧ ʦʧʨʝʜʝʣʝʥʠʷ ʦʞʠʜʘʝʤʦʛʦ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʅʉʄ; 

5) ʇʨʠʥʮʠʧ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʩʧʝʨʪʥʳʭ ʟʥʘʥʠʡ. 

ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. ɺ ʩʦʩʪʘʚ 

ʫʩʪʘʥʦʚʢʠ ʚʭʦʜʠʪ ʙʘʟʘ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʠʙʝʨʘʪʘʢ KDD-99, ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʙʠʙʣʠʦʪʝʢ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʏʘʩʪʴ ʧʨʠʣʦʞʝʥʠʡ ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʜʦʩʪʫʧʝ, ʘ ʯʘʩʪʴ ʧʨʠʣʦʞʝʥʠʡ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʩʘʤʠ. ʆʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʶʪʩʷ ʧʨʦʛʨʘʤʤʳ DNET_pro, kdd_Neural, MPNN_Pro. 

ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ: 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʦʟʜʘʥʠʷ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʧʦʟʚʦʣʷʝʪ 
ʧʨʠʤʝʨʥʦ ʚ 2,4 ʨʘʟʘ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʫʯʝʙʥʳʭ ʠʪʝʨʘʮʠʡ. 

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ 

ʢʠʙʝʨʘʪʘʢʘʤ ʧʦʟʚʦʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 1,35 ʨʘʟʘ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʅʉʈ. 

ï ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʝʡʨʦʩʝʪʝʚʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʦʰʠʙʢʫ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 0,005. 

ʋʢʘʟʘʥʥʳʝ ʅʉ ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʚʥʝʜʨʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʘ ʪʘʢʞʝ ʚ ʫʯʝʙʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʘʷ ʣʠʪʝʨʘʪʫʨʘ: 

1. https://legalacts.egov.kz/npa/view?id=1714716 ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.03.2019 

2. https://24.kz/ru/news/social/item/214494-kazakhstan-zanyal-83-mesto-v-globalnom-

indekse-po-kiberbezopasnosti ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.03.2019 

3. ɹʦʣʴʰʝʚ ɸ.ʂ. ɸʣʛʦʨʠʪʤʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʨʘʬʠʢʘ ʜʣʷ 
ʦʙʥʘʨʫʞʝʥʠʷ ʚʪʦʨʞʝʥʠʡ ʚ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʝʪʠ: ʘʚʪʦʨʝʬʝʨ. é ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: 05.13.19 ï 

ʄʝʪʦʜʳ ʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. - ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 2011. - 36 ʩ. 

4. Bivens A., Palagiri C., Smith R., Szymansky B. Network ï Based Intrusion Detection 

Using Neural Networks // Proc. Intelligent Engineering Systems through Artificial Neural 

https://legalacts.egov.kz/npa/view?id=1714716
https://24.kz/ru/news/social/item/214494-kazakhstan-zanyal-83-mesto-v-globalnom-indekse-po-kiberbezopasnosti
https://24.kz/ru/news/social/item/214494-kazakhstan-zanyal-83-mesto-v-globalnom-indekse-po-kiberbezopasnosti


 

76 
 

Networks ANNIE ï2002, St. Louis, MO, Volume 12. ï New York: ASME Press, 2002. P. 579ï

584. 

5. ɽʤʝʣʴʷʥʦʚʘ ʖ.ɻ., ʊʘʣʘʣʘʝʚ ɸ.ɸ., ʊʠʱʝʥʢʦ ʀ.ʇ. ʅʝʡʨʦʩʝʪʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ 
ʦʙʥʘʨʫʞʝʥʠʷ ʩʝʪʝʚʳʭ ʘʪʘʢ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ // ʇʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ: ʪʝʦʨʠʷ 

ʠ ʧʨʠʣʦʞʝʥʠʷ. ï 2011. ï ˉ3(7). ï ʉ. 3ï15. 

6. ʊʘʣʘʣʘʝʚ ɸ.ɸ., ʊʠʱʝʥʢʦ ʀ.ʇ., ʌʨʘʣʝʥʢʦ ɺ.ʇ., ʍʘʯʫʤʦʚ ɺ.ʄ. ʈʘʟʨʘʙʦʪʢʘ 
ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʤʦʜʫʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʘʥʦʤʘʣʴʥʦʡ ʩʝʪʝʚʦʡ ʘʢʪʠʚʥʦʩʪʠ  // 

ʅʝʡʨʦʢʦʤʧʴʶʪʝʨʳ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ. - 2011. - ˉ 7. - ʉ. 32-38. 

7. Planquart J.P. Application of neural networks to intrusion detection [Electronic 

resource] // SANS Information Security Reading Room. ï Electronic data. ï [USA]: SANS 

Institute, 2001. ï URL: http://www.sans.org/reading_room/ whitepapers/detection/application-

neural-networks-intrusion-detection_336 ï Language: English. ï Description based on home 

page (viewed on 14.03.19). 

8. ʂʦʤʘʨ ʄ.ʇ. ʄʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʩʦʚʦʢʫʧʥʦʛʦ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ ʪʨʘʬʠʢʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ // ʉʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ï 2012. ï ɺʠʧʫʩʢ 3 (101), ʪʦʤ 1 ï 

ʉ.134-138. 

9. ʂʦʤʘʨ ʄ.ʇ., ʇʘʣʠʡ ʀ.ʆ., ʐʝʚʯʫʢ ʈ.ʇ. ʅʝʡʨʦʩʝʪʝʚʦʡ ʧʦʜʭʦʜ ʢ ʦʙʥʘʨʫʞʝʥʠʶ 

ʩʝʪʝʚʳʭ ʘʪʘʢ ʥʘ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʠʩʪʝʤʳ //  ɯʥʬʦʨʤʘʪʠʢʘ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʚ 

ʤʦʜʝʣʶʚʘʥʥʽ ï 2011. ï ʊʦʤ 1, ˉ2. ï ʉ. 156-160. 

10. Shyrochin V., Mukhin V. Adaptive security mechanisms for the computer networks 

based on risk analysis // Journal of Qafqaz University: AZN. Mathematics and Computer 

Science. ï Num. 1, Vol. 1, 2013. ï pp. 11 - 16. 

11. ɺʘʩʠʣʴʝʚ ɺ.ʀ., ʍʘʬʠʟʦʚ ɸ.ʌ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʘʪʘʢ ʚ ʩʝʪʠ 
Internet (ʥʘ ʧʨʠʤʝʨʝ ʘʪʘʢʠ SYNFLOOD) // ʅʝʡʨʦʢʦʤʧʴʶʪʝʨʳ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤʘʭ. ï ʄ.: ʈʘʜʠʦʪʝʭʥʠʢʘ, 2007. ï ˉ6. ï ʉ. 34-38. 

12. ʉʣʝʧʦʚʠʯʝʚ ʀ.ʀ., ʀʨʤʘʪʦʚ ʇ.ɺ., ʂʦʤʘʨʦʚʘ ʄ.ʉ., ɹʝʞʠʥ ɸ.ɸ. ʆʙʥʘʨʫʞʝʥʠʝ 
DDoS-ʘʪʘʢ ʥʝʯʝʪʢʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ // ʀʟʚʝʩʪʠʷ ʉʘʨʘʪʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2009. ï 

ʊ. 9, ʩʝʨ. ʄʘʪʝʤʘʪʠʢʘ. ʄʝʭʘʥʠʢʘ. ʀʥʬʦʨʤʘʪʠʢʘ, ʚʳʧ. 3. ï ʉ. 84-89. 

13. ʄʘʛʥʠʮʢʠʡ ʖ.ʅ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʥʘʨʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 
ʘʪʘʢ ʥʘ ʨʝʩʫʨʩʳ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ // ɼʠʥʘʤʠʢʘ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʩʠʩʪʝʤ. - 2008. - ʉ. 200-205. 

14. ʊʠʤʦʬʝʝʚ ɸ., ɹʨʘʥʠʮʢʠʡ ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʚʦʛʦ 

ʤʝʪʦʜʘ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʝʪʝʚʳʭ ʘʪʘʢ // International Journal Information 

Technologies & Knowledge. ï 2012. ï Vol.6, Number 3. ï P. 257-265 

15. ʍʘʬʠʟʦʚ ɸ.ʌ. ʅʝʡʨʦʩʝʪʝʚʘʷ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ ʥʘ WWW-ʩʝʨʚʝʨ: ʜʠʩ. ... 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: 05.13.11. ï ʋʬʘ, 2004. ï172 c. 

16. ʄʫʩʪʘʬʘʝʚ ɸ.ɻ. ʅʝʡʨʦʩʝʪʝʚʘʷ ʩʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʘʪʘʢ ʥʘ 
ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ɺʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. - 2016. 

- ˉ 2. - ʉ.1-7. DOI: 10.7256/2409-7543.2016.2.18834. URL: http://e-

notabene.ru/nb/article_18834.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 14.03.2019) 

17. ʂʨʳʞʘʥʦʚʩʢʠʡ ɸ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʚ ʩʠʩʪʝʤʘʭ 
ʦʙʥʘʨʫʞʝʥʠʷ ʘʪʘʢ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ɼʦʢʣʘʜʳ ʊʋʉʋʈʘ. ï 2008. ï ˉ 2 (18), ʯʘʩʪʴ 1. 

ï ʉ. 37-41. URL: https://cyber leninka.ru/article/n/primenenie-iskusstvennyh-neyronnyh-setey-

v-sis temah-obnaru zheniya-atak (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 14.03.2019) 

18. ɹʨʘʥʠʮʢʠʡ ɸ.ɸ. ʂʦʪʝʥʢʦ ʀ.ɺ. ʆʙʥʘʨʫʞʝʥʠʝ ʩʝʪʝʚʳʭ ʘʪʘʢ  ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʥʝʡʨʦʥʥʳʭ,  ʠʤʤʫʥʥʳʭ ʠ ʥʝʡʨʦʥʝʯʝʪʢʠʭ ʢʣʘʩʩʠʬʠʢʘʪʦʨʦʚ //  

ʀʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ. ï 2015. ï ˉ3. C. 69-77. 

19. ʂʦʨʯʝʥʢʦ ɸ.ɻ., ʊʝʨʝʡʢʦʚʩʢʠʡ ʀ.ɸ., ʂʘʨʧʠʥʩʢʠʡ ʅ., ʊʳʥʳʤʙʘʝʚ ʉ. 

ʅʝʡʨʦʩʝʪʝʚʳʝ ʤʦʜʝʣʠ, ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʀʥʪʝʨʥʝʪ-

http://www.sans.org/reading_room/%20whitepapers/detection/application-neural-networks-intrusion-detection_336
http://www.sans.org/reading_room/%20whitepapers/detection/application-neural-networks-intrusion-detection_336
http://e-notabene.ru/nb/article_18834.html
http://e-notabene.ru/nb/article_18834.html


 

77 
 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ: ʤʦʥʦʛʨʘʬʠʷ. - ʂ.: ʊʆʆ çʅʘʰ ʌʦʨʤʘʪè. - 

2016. ï 275 ʩ. 

20. ɸʣʄɹʝʭʜʠ ʉ.ʊ, ɽʚʣʘʥʝʥʢʦʚʘ ʆ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 
ʚʪʦʨʞʝʥʠʡ // ɼʦʢʣʘʜʳ ʊʋʉʋʈ. ï 2014. ï ˉ4. ï ʉ. 28-33. 

21. ʉʫʭʦʚ ɺ.ɽ. ʉʠʩʪʝʤʘ ʦʙʥʘʨʫʞʝʥʠʷ ʘʥʦʤʘʣʠʡ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ  ʥʘ ʦʩʥʦʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʠʤʤʫʥʥʳʭ ʩʠʩʪʝʤ  ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʜʝʪʝʢʪʦʨʦʚ // ɺʝʩʪʥʠʢ ʈɻʈʊʋ. 2015. ˉ 

54. ʏ.1. ʉ. 84-90. 

22. ʏʘʩʪʠʢʦʚʘ ɺ.ɸ., ɺʣʘʩʦʚ ʂ.ɸ., ʂʘʨʪʘʤʳʰʝʚ ɼ.ɸ. ʆʙʥʘʨʫʞʝʥʠʝ ddos-ʘʪʘʢ ʥʘ 

ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ʨʦʷ ʯʘʩʪʠʮ ʚ ʢʘʯʝʩʪʚʝ ʘʣʛʦʨʠʪʤʘ ʦʙʫʯʝʥʠʷ 

// ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ï 2014. ï ˉ 8-4. ï ʉ. 829-832. 

23. Basant S., Santosh B., Sushanta K. A Neural Network based system for Intrusion 

Detection and attack classification // IEEE Communication (NCC), 2016 Twenty Second 

National Conference, 4-6 March 2016. 

24. Kang M., Kang J.  Intrusion Detection System Using Deep Neural Network for In-

Vehicle Network Security // PLoS One 2016; 11(6) 

 

 

 

ʀʅʊɽʃʃɽʂʊʋɸʃʔʅɸʗ ʉʀʉʊɽʄɸ ɸʅɸʃʀɿɸ ɼɸʅʅʓʍ ʆ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈɸʍ ʀ ʇʃɸʅʀʈʆɺɸʅʀʀ ʇʈʆʎɽʉʉɸ 

ɼʆɹʓʏʀ ʇʆʃɽɿʅʓʍ ʀʉʂʆʇɸɽʄʓʍ 

 

ɸʣʠʝʚ ʉ.ɹ., ʗʚʦʨʩʢʠʡ ɺ.ɺ., ɼʝʤʠʥ ɺ.ʌ., ʇʨʦʮʝʥʢʦ ɸ.ɺ. 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʭʩʪʘʥ 

e-mail: yavorskiy-v-v@mail.ru 

 
ɸʥʥʦʪʘʮʠʷ. ʀʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ 
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ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʃʠʙʦ, ʜʨʫʛʦʡ ʢʨʘʡʥʠʡ ʚʘʨʠʘʥʪ ð ʩʫʧʝʨʩʠʩʪʝʤʘ, 

ʦʭʚʘʪʳʚʘʶʱʘʷ ʚʩʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ 

ʯʠʩʪʦʤ ʚʠʜʝ ʵʪʠ ʚʘʨʠʘʥʪʳ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ, ʧʝʨʚʳʡ ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʘʞʝ ʠʟʥʘʯʘʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʨʘʩʰʠʨʷʶʪ ʩʬʝʨʳ ʩʚʦʝʛʦ 

ʜʝʡʩʪʚʠʷ ʥʘ ʩʤʝʞʥʳʝ ʫʯʘʩʪʢʠ, ʚʪʦʨʦʡ ð ʧʦ ʧʨʠʯʠʥʝ ʢʨʘʡʥʝʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʥʘʩʪʨʦʡʢʠ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. ʅʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʛʦʨʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʨʝʜʣʘʛʘʶʪ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ: 

1.  ʉʦʟʜʘʥʠʝ ʚʝʢʪʦʨʥʳʭ, ʢʘʨʢʘʩʥʳʭ ʠ ʙʣʦʯʥʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ; 
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2.  ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʚ ʪʨʸʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ; 

3.  ɻʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ; 

4.  ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ (ʢʘʪʘʣʦʛʘ) ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʪʦʯʝʢ ʠ ʨʝʰʝʥʠʝ ʥʘ ʠʭ 

ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ; 

5.  ʇʦʜʩʯʝʪ ʦʙʲʝʤʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʳʝʤʦʯʥʳʭ ʝʜʠʥʠʮ; 

6.  ɻʦʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʛʨʘʥʠʮ ʢʘʨʴʝʨʘ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ; 

7.  ʇʣʘʥʠʨʦʚʘʥʠʝ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʘʩʩʦʚʳʭ 

ʚʟʨʳʚʦʚ. 

ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ, ʯʪʦʙʳ ʢʘʞʜʘʷ 

ʤʠʥʫʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣʘ ʧʨʦʜʫʢʪʠʚʥʦʡ. ɹʝʟ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʫʧʨʘʚʣʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ 

ʥʘʠʤʝʥʴʰʫʶ ʩʪʦʠʤʦʩʪʴ ʪʦʥʥʳ ʧʨʦʜʫʢʮʠʠ.  

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʢʦʦʨʜʠʥʘʪ ʚ ʝʜʠʥʦʡ ʩʠʩʪʝʤʝ 

ʠ ʦʪʩʫʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʧʨʠʚʝʣʠ ʢ ʙʫʨʥʦʤʫ 

ʚʥʝʜʨʝʥʠʶ GPS-ʘʧʧʘʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʠ ʩʠʩʪʝʤʘʭ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʆʩʥʘʱʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʤʘʢʨʰʝʡʜʝʨʦʚ, 

ʛʝʦʣʦʛʦʚ, ʙʫʨʠʣʴʱʠʢʦʚ ʧʦʟʚʦʣʠʪ ʦʪʦʙʨʘʟʠʪʴ ʨʝʘʣʴʥʦ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʮʠʢʣʦʚ ʨʘʙʦʪ ʠ 

ʧʝʨʝʡʪʠ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʦʪʢʨʳʪʳʭ ʢʘʨʴʝʨʦʚ ï ʩʘʤʦʩʚʘʣʦʚ, 

ʵʢʩʢʘʚʘʪʦʨʦʚ, ʙʫʣʴʜʦʟʝʨʦʚ, ʧʦʛʨʫʟʯʠʢʦʚ ʠ ʜʨ. ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʠʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʥʘ 

ʤʦʥʠʪʦʨʝ ʚ ʝʜʠʥʦʤ ʜʠʩʧʝʪʯʝʨʩʢʦʤ ʮʝʥʪʨʝ. ʆʜʥʘʢʦ, ʢʨʦʤʝ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʜʘʥʥʳʭ ʦ 

ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʝʦʙʭʦʜʠʤʘ ʠʭ ʦʙʨʘʙʦʪʢʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʚʦʟʤʦʞʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʛʜʝ ʧʨʦʪʝʢʘʶʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʚʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʳ ʩ 

ʨʘʟʣʠʯʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ. ʆʩʥʦʚʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʦʜʩʠʩʪʝʤʳ ʥʘ 

ʵʣʝʤʝʥʪʳ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʩʳʣʢʘ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʦʩʦʙʣʝʥʥʦʩʪʠ 

ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʦʜʥʦʤ ʵʣʝʤʝʥʪʝ ʬʫʥʢʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʨʘʙʦʯʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʧʦʜʩʠʩʪʝʤʳ, ʛʜʝ ʧʦʤʠʤʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʫʯʠʪʳʚʘʣʠʩʴ ʙʳ ʥʘʜʝʞʥʦʩʪʴ ʠ ʚʣʠʷʥʠʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʝʪ ʨʘʟʜʝʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʥʘ ʩʣʝʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ: 

- ʫʯʘʩʪʢʦʚʳʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ; 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ; 

- ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʝʜʠʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʦʙʨʘʟʫʶʱʫʶʩʷ ʠʟ ʩʦʯʝʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʚʳʨʘʙʦʪʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʶ ʫʛʣʷ ʠ ʧʦʨʦʜʳ. ɺ ʵʪʦʡ ʩʭʝʤʝ 

ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʚʝʜʝʥʠʝ ʟʘʢʣʘʜʦʯʥʦʛʦ ʤʘʩʩʠʚʘ, ʜʦʩʪʘʚʢʫ ʣʶʜʝʡ, 

ʤʘʪʝʨʠʘʣʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʦʚʝʪʨʠʚʘʥʠʝ ʚʳʝʤʦʯʥʦʛʦ ʫʯʘʩʪʢʘ. ʇʦʜ ʨʘʮʠʦʥʘʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʦʡ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʦʯʝʪʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʜʩʠʩʪʝʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʠʥʠʤʘʣʴʥʳʝ ʪʨʫʜʦʚʳʝ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ [1, 2]. 

ʇʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʚʘʨʠʘʥʪʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʚʳʩʦʢʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʣʘʚʫ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʧʦ ʜʦʙʳʯʝ ʩ 

ʧʨʠʝʤʣʝʤʳʤʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʠʟʜʝʨʞʢʘʤʠ [3]. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ 

ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʚ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʝ. ʕʪʘ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʙʨʠʜʥʫʶ ʩʠʩʪʝʤʫ, ʠʩʧʦʣʴʟʫʶʱʫʶ 

ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʘʚʠʣʘ ʧʨʦʜʫʢʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠ ʠʜʝʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʝ ʚʳʙʦʨʘ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ 

ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʜʚʘ ʙʦʣʴʰʠʭ ʙʣʦʢʘ:  

- ʜʘʥʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʠʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ; 

- ʩʦʜʝʨʞʠʤʦʝ ʟʘʧʦʣʥʝʥʥʦʡ ʙʘʟʳ ʟʥʘʥʠʡ. 

ɼʘʥʥʳʝ, ʧʦʩʪʫʧʘʶʱʠʝ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʪʝʨʬʝʡʩʘ ʧʨʦʛʨʘʤʤʳ 

ʥʝʦʙʭʦʜʠʤʳ ʩʠʩʪʝʤʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʚʦʜʦʚ ʦ ʪʦʤ, ʢʘʢʠʝ ʵʣʝʤʝʥʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʭʝʤ ʩʣʝʜʫʝʪ ʚʳʙʨʘʪʴ ʠʟ ʚʦʟʤʦʞʥʦʛʦ ʥʘʙʦʨʘ. ɺʳʜʝʣʝʥʦ ʦʩʥʦʚʥʳʝ 4 ʛʨʫʧʧʳ ʚʭʦʜʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ [1]: 

1. ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ: 

 a ʫʛʦʣ ʧʘʜʝʥʠʷ, ʛʨʘʜ.; 

 W  ʚʦʜʦʥʦʩʥʦʩʪʴ ʦʯʠʩʪʥʦʛʦ ʟʘʙʦʷ ʧʨʠ ʚʦʜʦʧʨʠʪʦʢʝ ʥʘ 1 ʜʦʙʳʯʠ; 

 f ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ ʧʦ ʰʢʘʣʝ ʧʨʦʬ. 

ʄ.ʄ. ʇʨʦʪʦʜʲʷʢʦʥʦʚʘ; 

 j ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜʳ ʧʦʯʚʳʙ MH/ʤ3. 

2.  ɻʦʨʥʦʪʝʭʥʠʯʝʩʢʠʝ: 

 Rp
k ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜ ʢʨʦʚʣʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʄʇʘ; 

 Ap ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʫʛʣʷ ʨʝʟʘʥʠʶ ʚ ʧʣʘʩʪʝ; 

 qy ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʝʪʘʥʦʦʙʠʣʴʥʦʩʪʴ ʫʯʘʩʪʢʘ; 

 jHp/Rʩʧ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʨʦʜ ʧʦʯʚʳ ʧʦ ʧʨʠʟʥʘʢʫ ʠʭ ʧʫʯʝʥʠʷ; 

 ʅʉɻʋ ʩʢʣʦʥʥʳʝ; 

 ʇʆ ʧʦʞʘʨʦʦʧʘʩʥʳʡ ʧʣʘʩʪ. 

3. ʇʘʨʘʤʝʪʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

 Vʚ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʡ ʩʪʨʫʠ, ʤ/ʩ; 

 D ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʘ, %; 

4. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ; 

 L ʜʣʠʥʘ (ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ), ʤ; 

 ʄ  ʚʳʥʠʤʘʝʤʘʷ ʤʦʱʥʦʩʪʴ, ʤ; 

 Sʩʚ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʩʚʝʪʫ, ʤ2; 

 L0 ʦʪʩʪʘʚʘʥʠʝ ʬʨʦʥʪʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʦʪ ʧʦʜʚʠʞʥʦʡ ʣʠʥʠʠ 

ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ, ʤ; 

 Hp ʛʣʫʙʠʥʘ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʤ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʚʦʜʘ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʵʪʠʭ ʜʘʥʥʳʭ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʟʜʘʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠʤʝʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʨʘʟʣʠʯʥʦʛʦ ʥʘʙʦʨʘ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢ ʢʘʢ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʚ ʮʝʣʦʤ, ʘ ʥʝ ʦʪʜʝʣʴʥʳʝ ʝʝ ʵʣʝʤʝʥʪʳ, ʪʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʪʨʝʙʫʝʪʩʷ 

ʚʚʝʩʪʠ ʚʝʩʴ ʥʘʙʦʨ ʜʘʥʥʳʭ. ʅʘʙʦʨ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʵʢʩʧʝʨʪʦʤ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ. ʆʥ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ 

ʥʠʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʥʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʨʦʜʫʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩ 

ʜʨʝʚʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʙʳʩʪʨʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʠʩʢ 

ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ, ʠʩʢʣʶʯʘʷ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ, ʩʝʤʘʥʪʠʯʝʩʢʠ ʠ ʩʠʥʪʘʢʩʠʯʝʩʢʠ 

ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʪʴ ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ. 

ʕʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ 

ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ. ɺ ʜʘʥʥʦʤ 
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ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʜʣʷ ʚʳʚʦʜʘ ʵʣʝʤʝʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʝʪ 

ʘʣʛʦʨʠʪʤ, ʢʦʛʜʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʳʙʠʨʘʶʪʩʷ ʚʩʝ ʵʣʝʤʝʥʪʳ, ʧʦʜʭʦʜʷʱʠʝ ʧʦʜ ʟʘʜʘʥʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʫʩʣʦʚʠʷ. ʊʨʝʙʫʝʪʩʷ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʠʣʠ, ʜʨʫʛʠʤʠ 

ʩʣʦʚʘʤʠ, ʥʘʡʪʠ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ ʠ ʠʤʝʶʱʠʭ 

ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʛʨʘʬʘ ʩʦʩʪʦʷʥʠʡ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʚʳʙʠʨʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʰʘʛʘ 1 ʛʨʘʬ ʚʦʟʤʦʞʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʝʨʝʨʠʩʦʚʳʚʘʝʪʩʷ. ʃʦʛʠʢʘ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʦʩʥʦʚʘʥʘ ʥʘ 19 ʦʩʥʦʚʥʳʭ ʙʣʦʢʘʭ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ 19 ʙʣʦʢʦʚ ʨʝʰʘʝʪ ʟʘʜʘʯʫ 

ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʦʜʥʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ. ɺ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʙʣʦʢʦʚ ʥʘʭʦʜʠʪʩʷ 

ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʘʚʠʪ ʪʠʧʘ ʝʩʣʠé ʪʦé ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʘʚʠʣ, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʵʢʩʧʝʨʪʦʤ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ.   

ɹʘʟʘ ʟʥʘʥʠʡ - ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʥʘ ʢʦʪʦʨʦʡ 

ʦʩʥʦʚʘʥʳ ʝʝ çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠè. ɺ ʕʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʧʨʠʥʮʠʧ ʩʠʤʚʦʣʴʥʦʡ ʧʨʠʨʦʜʳ ʨʘʩʩʫʞʜʝʥʠʡ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʨʘʩʩʫʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʠʤʚʦʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʧʦʩʦʙʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʥʘʥʠʡ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʨʦʜʫʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴ. ɹʘʟʘ 

ʟʥʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʬʦʨʤʘʪʝ ʭʨʘʥʝʥʠʷ EXSYS CORVID. ʕʪʦʪ ʬʦʨʤʘʪ 

ʩʦʟʜʘʝʪ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɼʨʝʚʦʚʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ: ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʙʳʩʪʨʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʘʥʥʳʭ, ʠʩʢʣʶʯʘʷ ʧʦʣʥʳʡ ʧʝʨʝʙʦʨ; ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ; 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʝʤʘʥʪʠʯʝʩʢʠ ʠ ʩʠʥʪʘʢʩʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʪʴ ʩʣʦʞʥʳʝ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ; ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ. 

ɹʣʦʢ ʢʦʤʘʥʜ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʘʷ ʧʝʨʝʤʝʥʥʘʷ (ʧʝʨʝʤʝʥʥʳʝ) ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʫʯʝʥʘ, 

ʚʳʧʦʣʥʝʥʠʝ ʙʣʦʢʦʚ ʠ ʪ.ʜ. ʂʘʢ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʮʝʣʴ ʩʠʩʪʝʤʳ ʫʩʪʘʥʦʚʣʝʥʘ ʢʦʤʘʥʜʥʳʤ 

ʙʣʦʢʦʤ, ʣʦʛʠʯʝʩʢʠʝ ʙʣʦʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ, ʯʪʦʙʳ ʜʦʩʪʠʛʥʫʪʴ ʵʪʦʡ ʮʝʣʠ.  

ʋʯʘʩʪʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

- ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ - ʧʦʣʴʟʦʚʘʪʝʣʴ, ʩʪʘʣʢʠʚʘʷʩʴ ʩ ʢʦʥʢʨʝʪʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, 

ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʧʨʦʙʣʝʤ ʠ ʧʨʝʜʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʠʭ 

ʨʝʰʝʥʠʷ; 

- ʦʙʱʝʥʠʝ - ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʦʚʘʨʶ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʫʨʦʚʥʶ ʝʛʦ ʧʦʜʛʦʪʦʚʢʠ; 

- ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʝʡ - ʟʥʘʢʦʤʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ʧʨʠʯʠʥʘʤʠ ʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ, 

ʚʳʟʳʚʘʶʱʠʤʠ ʪʦ ʠʣʠ ʠʥʦʝ ʜʝʡʩʪʚʠʝ ʚ ʧʨʦʮʝʩʩʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʥʝʦʮʝʥʠʤʦ 

ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʬʘʢʪʦʚ ʚ ʙʘʟʝ ʟʥʘʥʠʡ; 

- ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ - ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʫʜʦʙʥʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʕʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʲʷʩʥʠʪʴ ʢʦʥʝʯʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ ʭʦʜ 

ʩʚʦʠʭ ʨʘʩʩʫʞʜʝʥʠʡ. 

ʉʠʩʪʝʤʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʧʨʠʥʠʤʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ 

ʧʝʨʝʜʘʝʪ ʝʤʫ ʠʥʬʦʨʤʘʮʠʶ. ʇʨʦʩʪʦ ʛʦʚʦʨʷ, ʩʠʩʪʝʤʘ ʠʥʪʝʨʬʝʡʩʘ ʜʦʣʞʥʘ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ, 

ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ ʦʧʠʩʘʣ ʟʘʜʘʯʫ, ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʣʫʯʝʥʘ. 

ʀʥʪʝʨʬʝʡʩ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʚʠʜʝ ʠ ʧʨʠʨʦʜʝ ʠʥʬʦʨʤʘʮʠʠ, ʚʚʝʜʝʥʥʦʡ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, 

ʧʝʨʝʜʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʤʝʭʘʥʠʟʤʫ ʚʳʚʦʜʘ. ʂʦʛʜʘ ʤʝʭʘʥʠʟʤ ʚʳʚʦʜʘ 

ʚʦʟʚʨʘʱʘʝʪ ʟʥʘʥʠʷ, ʚʳʚʝʜʝʥʥʳʝ ʠʟ ʙʘʟʳ ʟʥʘʥʠʡ, ʠʥʪʝʨʬʝʡʩ ʧʝʨʝʜʘʝʪ ʠʭ ʦʙʨʘʪʥʦ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʚ ʫʜʦʙʥʦʡ ʬʦʨʤʝ. ʀʥʪʝʨʬʝʡʩ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʤʝʭʘʥʠʟʤ ʚʳʚʦʜʘ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ çʧʨʠʣʦʞʝʥʠʝè ʢ ʙʘʟʝ ʟʥʘʥʠʡ. ʆʥʠ ʚʤʝʩʪʝ ʩʦʩʪʘʚʣʷʶʪ ʦʙʦʣʦʯʢʫ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʳ.  

ʉʠʩʪʝʤʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʵʢʩʧʝʨʪʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʕʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʳʯʥʦ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ 

ʬʫʥʢʮʠʡ: ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʢʣʘʚʠʘʪʫʨʳ, ʠ ʚʳʩʚʝʯʠʚʘʥʠʝ ʚʚʦʜʠʤʳʭ ʠ 
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ʚʳʚʦʜʠʤʳʭ ʜʘʥʥʳʭ ʥʘ ʵʢʨʘʥʝ; ʧʦʜʜʝʨʞʢʘ ʜʠʘʣʦʛʘ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʩʠʩʪʝʤʦʡ; 

ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʠʪʫʘʮʠʠ ʥʝʧʦʥʠʤʘʥʠʷ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʩʠʩʪʝʤʦʡ; ʦʙʝʩʧʝʯʝʥʠʝ 

çʜʨʫʞʝʩʪʚʝʥʥʦʩʪʠè ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʴʟʦʚʘʪʝʣʶ. 

ʂʦʥʩʫʣʴʪʘʮʠʷ ʜʦʣʞʥʘ ʟʘʚʝʨʰʘʪʴʩʷ ʷʩʥʳʤ ʫʪʚʝʨʞʜʝʥʠʝʤ, ʚʳʜʘʚʘʝʤʳʤ ʩʠʩʪʝʤʦʡ, ʠ 

ʦʙʲʷʩʥʝʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʚʦʜʘ, ʧʨʠʚʝʜʰʝʡ ʢ ʵʪʦʤʫ ʫʪʚʝʨʞʜʝʥʠʶ. ʉʠʩʪʝʤʘ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʜʦʣʞʥʘ ʪʘʢʞʝ ʨʘʩʧʦʟʥʘʚʘʪʴ ʥʝʧʦʥʠʤʘʥʠʝ, ʤʝʞʜʫ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʩʠʩʪʝʤʦʡ, ʚʦʟʥʠʢʰʝʝ ʣʠʙʦ ʠʟ-ʟʘ ʦʰʠʙʢʠ, ʣʠʙʦ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʦʩʥʦʚʝ. ʉʠʩʪʝʤʘ ʜʦʣʞʥʘ ʨʝʘʛʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʥʘ ʵʪʫ ʩʠʪʫʘʮʠʶ. 

ʅʘʧʨʠʤʝʨ, ʥʝ ʜʦʣʞʥʦ ʧʨʦʠʟʦʡʪʠ ʩʙʦʷ ʩʠʩʪʝʤʳ, ʝʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʚʦʜʠʪ 1, ʢʦʛʜʘ 

ʦʞʠʜʘʝʪʩʷ çʜʘè ʠʣʠ çʥʝʪè ʠʣʠ ʢʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʟʘʜʘʝʪ ʙʝʩʩʤʳʩʣʝʥʥʳʡ ʚʦʧʨʦʩ. 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʦʨʥʦʝ ʜʝʣʦ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ? ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʦʧʝʨʘʪʠʚʥʦ ʥʘʢʘʧʣʠʚʘʪʴ ʠ ʦʙʨʘʙʘʪʳʚʘʪʴ ʜʘʥʥʳʝ 

ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʩʘ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʦ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʥʘ ʝʝ ʦʩʥʦʚʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ 

ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 
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ɸʥʥʦʪʘʮʠʷ. ʉʦʟʜʘʥʘ ʩʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʩʝʪʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʩʙʦʨʘ ʩ ʤʦʙʠʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ MAC-ʘʜʨʝʩʦʚ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʩʦʙʠʨʘʝʤʳʭ ʜʘʥʥʳʭ. 

  

ɺʚʝʜʝʥʠʝ 

ʉʤʘʨʪʬʦʥʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʧʝʯʘʪʣʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʰʝʡ ʞʠʟʥʠ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʀʥʪʝʨʥʝʪʫ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʠʟʤʝʥʠʣʘ ʢʘʢ ʨʘʙʦʪʫ, ʪʘʢ ʠ ʣʠʯʥʫʶ ʞʠʟʥʴ ʚʦ ʚʩʝʤ ʤʠʨʝ [21]. ʆʜʥʘʢʦ ʧʦʩʪʝʧʝʥʥʦ 

ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʚ ʦʙʤʝʥ ʥʘ ʪʘʢʦʡ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʘ ʢ ʀʥʪʝʨʥʝʪʫ ʣʶʜʠ ʤʦʛʫʪ 

ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʫʤʝʥʴʰʝʥʥʦʡ ʘʥʦʥʠʤʥʦʩʪʠ ʯʘʩʪʥʦʡ ʞʠʟʥʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʩʢʦʣʴʢʦ ʣʝʪ 

ʥʘʟʘʜ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʧʦʥʩʠʨʫʝʤʳʝ ʛʦʩʫʜʘʨʩʪʚʦʤ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʝ ʘʛʝʥʪʩʪʚʘ ʚ 

ʪʘʢʠʭ ʩʪʨʘʥʘʭ, ʢʘʢ ʈʦʩʩʠʷ ʠ ʂʠʪʘʡ [5, 11, 3], ʘ ʪʘʢʞʝ ʢʦʤʧʘʥʠʠ ʯʘʩʪʥʦʛʦ ʩʝʢʪʦʨʘ [18] 

ʘʢʪʠʚʥʦ ʧʳʪʘʶʪʩʷ ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ.  

ʏʘʩʪʥʳʝ ʢʦʤʧʘʥʠʠ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʶʪ ʩʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʩʦ ʩʤʘʨʪʬʦʥʦʚ ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʪʦʢʦʚ ʧʦʩʝʪʠʪʝʣʝʡ ʧʫʪʝʤ ʘʥʘʣʠʟʘ Wi-Fi-ʩʠʛʥʘʣʦʚ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

ʀ ʧʨʝʜʣʘʛʘʶʪ ʜʣʷ ʩʚʦʠʭ ʢʣʠʝʥʪʦʚ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ: ʯʘʩʪʦʪʫ ʧʦʩʝʱʝʥʠʡ, 

ʧʨʦʚʝʜʝʥʥʦʝ ʚ ʤʘʛʘʟʠʥʝ ʚʨʝʤʷ, ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʕʪʠ ʜʘʥʥʳʝ ʦʥʠ 
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ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʢʣʘʤʳ ʚ ʠʥʪʝʨʥʝʪʝ ʧʦʩʝʪʠʪʝʣʷʤ ʠ ʧʨʦʩʪʦ ʧʨʦʭʦʞʠʤ, 

ʢʦʪʦʨʳʝ ʧʨʦʭʦʜʷʪ ʤʠʤʦ ʪʦʯʢʠ ʩʙʦʨʘ wifi ʩʠʛʥʘʣʦʚ. 

ʉʤʘʨʪʬʦʥʳ ʦʙʳʯʥʦ ʠʤʝʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʩʚʷʟʠ, ʦʙʘ ʠʟ ʢʦʪʦʨʳʭ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʝʨʚʳʤ ʠ 

ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʩʘʤʦ ʩʦʪʦʚʦʝ ʨʘʜʠʦ [8, 20]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʯʘʩʪʦ ʫʧʫʩʢʘʝʪʩʷ 

ʠʟ ʚʠʜʫ ʚʪʦʨʦʡ ʩʧʦʩʦʙ ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ (ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ) - ʨʘʜʠʦ 802.11 (WiFi), ʢʦʪʦʨʦʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ 

ʩʤʘʨʪʬʦʥʦʚ. 

ʂʘʞʜʳʡʤʦʜʫʣʴ 802.11 ʥʘ ʤʦʙʠʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʦʙʣʘʜʘʝʪ 48-ʙʠʪʥʳʤ MAC-

ʘʜʨʝʩʦʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʦ ʫʥʠʢʘʣʴʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ ʜʣʷ ʵʪʦʛʦ 

ʢʦʥʢʨʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ WiFi. MAC-ʘʜʨʝʩ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʩʚʷʟʠ WiFi, ʙʫʜʫʯʠ 

ʚʢʣʶʯʝʥʥʳʤ ʚ ʢʘʞʜʳʡ ʢʘʜʨ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʢʦʪʦʨʳʡ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ 

ʩ ʥʝʛʦ [10]. 

ʉʫʱʝʩʪʚʫʝʪ ʦʜʠʥ ʢʦʥʢʨʝʪʥʳʡ ʪʠʧ ʧʘʢʝʪʘ WiFi, ʥʘʟʳʚʘʝʤʳʡ ʬʨʝʡʤʦʤ 

ʟʦʥʜʠʨʫʶʱʝʛʦ ʟʘʧʨʦʩʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʫʷʟʚʠʤʦʡ ʯʘʩʪʴʶ ʪʨʘʬʠʢʘ WiFi ʚ 

ʦʪʥʦʰʝʥʠʠ ʥʘʙʣʶʜʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʪʝʩʪʦʚʳʝ ʟʘʧʨʦʩʳ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʜʘʶʪʩʷ ʩ 

ʧʦʣʫʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʦʥʠ ʜʝʣʘʶʪ ʦʪʩʣʝʞʠʚʘʥʠʝ ʪʨʠʚʠʘʣʴʥʳʤ. ʄʦʙʠʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʝʜʘʶʪ ʩʚʦʠ ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ (ʚ ʚʠʜʝ MAC-ʘʜʨʝʩʘ) ʣʶʙʦʤʫ, ʢʪʦ 

ʩʣʫʰʘʝʪ ʪʨʘʬʠʢ. ʏʪʦʙʳ ʨʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʥʝʢʦʪʦʨʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʙʠʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʚʨʝʤʝʥʥʳʝ, ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʝ MAC-ʘʜʨʝʩʘ, ʢʦʪʦʨʳʝ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʭ ʠʩʪʠʥʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʘʜʨʝʩʘ. ʂʦʛʜʘ ʪʝʩʪʦʚʳʝ ʟʘʧʨʦʩʳ ʦʪʧʨʘʚʣʷʶʪʩʷ, 

ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʩʣʫʯʘʡʥʳʡ ʧʩʝʚʜʦʥʠʤ MAC-ʘʜʨʝʩ, ʢʦʪʦʨʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪʩʷ. 

ʉʣʫʰʘʪʝʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʦʷʥʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʪʝʣʝʬʦʥ, ʧʦʪʦʤʫ ʯʪʦ MAC 

ʠʟʤʝʥʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ, ʤʳ ʥʘʜʝʝʤʩʷ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʨʝʜʳʜʫʱʠʤ 

ʘʜʨʝʩʦʤ. ʈʘʥʜʦʤʠʟʘʮʠʷ ʘʜʨʝʩʦʚ Media Access Control (MAC) - ʵʪʦ ʤʝʪʦʜ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʩʣʫʯʘʡʥʳʝ 

ʘʧʧʘʨʘʪʥʳʝ ʘʜʨʝʩʘ, ʯʪʦʙʳ ʥʝ ʜʘʪʴ ʥʘʙʣʶʜʘʪʝʣʷʤ ʚʳʜʝʣʠʪʴ ʩʚʦʡ ʪʨʘʬʠʢ ʠʣʠ ʬʠʟʠʯʝʩʢʦʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʪ ʜʨʫʛʠʭ ʩʦʩʝʜʥʠʭ ʫʩʪʨʦʡʩʪʚ.  

ʉ ʥʘʯʘʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʤʘʨʪʬʦʥʘʭ ʪʝʭʥʦʣʦʛʠʠ ʨʘʥʜʦʤʠʟʘʮʠʠʠMAC-

ʘʜʨʝʩʦʚʢʘʯʝʩʪʚʦ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʩʝʪʠʪʝʣʷʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 40% ʦʪ ʨʝʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʆʩʪʘʣʴʥʦʝ ʩʦʩʪʘʚʣʷʝʪ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʝ MAC-ʘʜʨʝʩʘ, ʢʦʪʦʨʳʝ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩʘ. 

ʎʝʣʴ ʵʪʦʡ ʩʪʘʪʴʠ ð ʵʪʦ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʩʙʦʨʘʜʘʥʥʳʭ ʦ ʧʦʩʝʪʠʪʝʣʷʭ ʥʘ ʦʩʥʦʚʝ cʙʦʨʘ MAC-ʘʜʨʝʩʦʚ ʩ ʢʘʯʝʩʪʚʦʤ ʩʙʦʨʘ ʨʝʘʣʴʥʳʭ 

ʛʣʦʙʘʣʴʥʳʭ MAC-ʘʜʨʝʩʦʚ ʙʦʣʝʝ 80%. ɼʣʷ ʵʪʦʛʦ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʩʪʘʪʴʶ [24], ʘʚʪʦʨʳ 

ʢʦʪʦʨʦʡʧʨʝʜʩʪʘʚʠʣʠ ʧʝʨʚʦʝ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʥʜʦʤʠʟʘʮʠʠ MAC-

ʘʜʨʝʩʦʚ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ, ʚʢʣʶʯʘʷ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʨʘʥʜʦʤʠʟʘʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʤʦʜʝʣʠ 

ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢʞʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʚ ʵʪʠʭ ʨʝʘʣʠʟʘʮʠʷʭ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʥʜʦʤʠʟʘʮʠʠ, ʚʳʧʦʣʥʷʝʤʦʡ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʘ ʦʙʳʯʥʦ 

ʥʝʧʨʘʚʠʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪ ʨʘʥʜʦʤʠʟʘʮʠʶ, ʦʪʧʨʘʚʣʷʷ ʙʝʩʧʨʦʚʦʜʥʳʝ ʢʘʜʨʳ ʩ ʠʩʪʠʥʥʳʤ 

ʛʣʦʙʘʣʴʥʳʤ ʘʜʨʝʩʦʤ, ʢʦʛʜʘ ʠʤ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʣʫʯʘʡʥʳʡ ʘʜʨʝʩ. ʀ ʧʦʢʘʟʳʚʘʶʪ 

ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 100% ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʨʘʥʜʦʤʠʟʘʮʠʶ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʠʩʧʦʣʴʟʫʷ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚ 

ʩʧʦʩʦʙʝ, ʢʦʪʦʨʳʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʙʝʩʧʨʦʚʦʜʥʳʝ ʯʠʧʩʝʪʳ ʦʙʨʘʙʘʪʳʚʘʶʪ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ 

ʢʦʥʪʨʦʣʴʥʳʝ ʬʨʝʡʤʳ. 
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MAC -ʘʜʨʝʩʘ 

ʂʘʞʜʳʡ ʩʝʪʝʚʦʡ ʠʥʪʝʨʬʝʡʩ ʥʘ ʫʩʪʨʦʡʩʪʚʝ ʩ ʧʦʜʜʝʨʞʢʦʡ 802.11 ʠʤʝʝʪ 48-ʙʠʪʥʳʡ 

ʘʧʧʘʨʘʪʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʚʪʦʨʦʛʦ ʫʨʦʚʥʷ ʧʦ ʤʦʜʝʣʠ OSI - MAC-ʘʜʨʝʩʘ. MAC-ʘʜʨʝʩʘ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʘʢ, ʯʪʦʙʳ ʙʳʪʴ ʧʦʩʪʦʷʥʥʳʤʠ ʠ ʛʣʦʙʘʣʴʥʦ ʫʥʠʢʘʣʴʥʳʤʠ. ɼʘ ʙʳ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʫʥʠʢʘʣʴʥʦʩʪʴ MAC-ʘʜʨʝʩʦʚ ʜʣʷ ʚʩʝʭ ʫʩʪʨʦʡʩʪʚ, ʀʥʩʪʠʪʫʪ ʠʥʞʝʥʝʨʦʚ ʧʦ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʠ ʵʣʝʢʪʨʦʥʠʢʝ (IEEE) ʥʘʟʥʘʯʘʝʪ ʙʣʦʢʠ ʘʜʨʝʩʦʚ ʦʨʛʘʥʠʟʘʮʠʷʤ ʚ ʦʙʤʝʥ ʥʘ 

ʧʣʘʪʫ. ɹʦʣʴʰʦʡ ʙʣʦʢ MAC-ʘʜʨʝʩʦʚ (MA-L), ʦʙʳʯʥʦ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʫʥʠʢʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ (OUI), ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʦʙʨʝʪʝʥ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ IEEE [15], 

ʯʪʦ ʜʘʝʪ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʥʪʨʦʣʴ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʚʩʝ ʘʜʨʝʩʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʪʨʝʭʙʘʡʪʦʚʳʤ ʧʨʝʬʠʢʩʦʤ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʤʦʞʝʪ ʩʘʤ ʥʘʟʥʘʯʘʪʴ ʦʩʪʘʚʰʠʝʩʷ ʪʨʠ 

ʙʘʡʪʘ ʤʣʘʜʰʝʛʦ ʨʘʟʨʷʜʘ ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʠ ʥʝ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ MAC-ʘʜʨʝʩ ʜʚʘʞʜʳ. 

ʉʤʳʩʣ ʩʠʩʪʝʤʳ ʨʝʛʠʩʪʨʘʮʠʠ IEEE ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʠʩʢ ʧʨʦʠʟʚʦʜʠʪʝʣʷ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʝʛʦ MAC-ʘʜʨʝʩʫ ʪʨʠʚʠʘʣʝʥ. ʀʩʧʦʣʴʟʫʷ, ʦʧʷʪʴ ʞʝ, ʧʨʠʤʝʨ ʙʝʩʧʨʦʚʦʜʥʦʛʦ 

ʧʝʨʝʭʚʘʪʯʠʢʘ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʶʙʦʡ, ʢʪʦ ʩʣʫʰʘʝʪ ʪʨʘʬʠʢ 802.11, ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʙʣʠʞʘʡʰʠʭ ʫʩʪʨʦʡʩʪʚ. ʏʪʦʙʳ ʙʦʨʦʪʴʩʷ ʩ ʵʪʠʤ, IEEE ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʦʙʨʝʩʪʠ çʯʘʩʪʥʳʡè OUI, ʢʦʪʦʨʳʡ ʥʝ ʚʢʣʶʯʘʝʪ ʥʘʟʚʘʥʠʝ ʢʦʤʧʘʥʠʠ ʚ 

ʨʝʝʩʪʨʝ. ʆʜʥʘʢʦ ʵʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢʠʤʠ-ʣʠʙʦ ʠʟʚʝʩʪʥʳʤʠ ʥʘʤ ʢʨʫʧʥʳʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʦʙʱʝʜʦʩʪʫʧʥʦʤʫ, ʛʣʦʙʘʣʴʥʦ-ʫʥʠʢʘʣʴʥʦʤʫ ʠ ʥʘʟʥʘʯʝʥʥʦʤʫ 

ʠʟʛʦʪʦʚʠʪʝʣʝʤ MAC-ʘʜʨʝʩʫ ʩʦʚʨʝʤʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʣʦʢʘʣʴʥʦ 

ʥʘʟʥʘʯʝʥʥʳʝ ʘʜʨʝʩʘ [6], ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ/ʣʦʢʘʣʴʥʳʤ ʙʠʪʦʤ ʚ ʩʪʘʨʰʝʤ 

ʙʘʡʪʝ. ʃʦʢʘʣʴʥʦ ʥʘʟʥʘʯʝʥʥʳʝ ʘʜʨʝʩʘ ʥʝ ʛʘʨʘʥʪʠʨʫʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʩʪʦʷʥʥʦ. ʃʦʢʘʣʴʥʦ ʥʘʟʥʘʯʝʥʥʳʝ ʘʜʨʝʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʪʝʢʩʪʘʭ, ʚʢʣʶʯʘʷ ʥʘʩʪʨʦʝʥʥʳʝ ʪʦʯʢʠ ʜʦʩʪʫʧʘ (AP) ʩ ʤʥʦʞʝʩʪʚʦʤ ʩʝʨʚʠʩʥʳʭ ʥʘʙʦʨʦʚ 

(SSID), ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʧʨʠʚʷʟʘʥʥʳʝ ʢ ʤʦʙʠʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʠ ʫʩʣʫʛʠ ʦʜʥʦʨʘʥʛʦʚʦʡ 

ʩʚʷʟʠ (P2P). ɺʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʙʘʡʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ MAC-ʘʜʨʝʩʘ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩ. 1 48-ʙʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ MAC-ʘʜʨʝʩʘ 

 

ʅʘʤ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʩʙʦʨʘ MAC-ʘʜʨʝʩʦʚ ʥʝ ʥʫʞʥʳ ʣʦʢʘʣʴʥʳʝ MAC-ʘʜʨʝʩʘ, ʪʘʢ ʢʘʢ 

ʦʥʠ ʥʝ ʩʦʜʝʨʞʘʪ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʥʘʩ ʜʘʥʥʳʝ, ʘ ʠʤʝʥʥʦ ʨʝʘʣʴʥʦ-ʛʣʦʙʘʣʴʥʳʡ MAC-ʘʜʨʝʩ 

ʫʩʪʨʦʡʩʪʚʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʩʢʘʥʠʨʦʚʘʥʠʠ ʵʬʠʨʘ 802.11 ʤʳ ʙʫʜʝʤ ʠʛʥʦʨʠʨʦʚʘʪʴ ʧʘʢʝʪʳ ʩ 

ʣʦʢʘʣʴʥʳʤ MAC- ʘʜʨʝʩʦʤ. ʂʘʢ ʫʢʘʟʘʥʦ ʚ [24] ʫʩʪʨʦʡʩʪʚʘ ʦʪ Samsung ʚʦʦʙʱʝ ʥʝ 

ʠʩʧʦʣʴʟʫʶʪ ʣʦʢʘʣʴʥʳʝ MAC-ʘʜʨʝʩʘ, ʘ ʫʩʪʨʦʡʩʪʚʘ ʥʘ IOS ʨʘʥʜʦʤʠʟʠʨʫʶʪ MAC-ʘʜʨʝʩʘ, 

ʚʦʦʙʱʝ ʥʝ ʫʯʠʪʳʚʘʷ ʵʪʦʪ ʙʠʪ ʣʦʢʘʣʴʥʦʩʪʠ. ʆʩʪʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʠʩʧʦʣʣʴʟʫʶʪ ʙʠʪ ʣʦʢʘʣʴʥʦʩʪʠ ʧʨʠ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʠʠ MAC-ʘʜʨʝʩʦʚ. ʇʦʵʪʦʤʫ ʤʳ 

ʙʫʜʝʤ ʠʛʥʦʨʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʧʘʢʝʪʳ. ɼʣʷ ʠʛʥʦʨʠʨʦʚʘʥʠʷ ʧʘʢʝʪʦʚ ʤʳ ʙʫʜʝʤ ʧʝʨʝʧʠʩʳʚʘʪʴ 

ʥʘʩʪʨʦʡʢʠ ʠ ʬʠʣʴʪʨʳ ʩʢʘʥʝʨʘ WiFi ʩʝʪʠ ʧʦʜ ʩʚʦʠ ʥʫʞʜʳ.    
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ʕʪʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ 

ʅʘʰʘ ʤʝʪʦʜʦʣʦʛʠʷ ʩʙʦʨʘ ʧʦʣʥʦʩʪʴʶ ʧʘʩʩʠʚʥʘ. ʄʳ ʥʠ ʨʘʟʫ ʥʝ ʧʳʪʘʝʤʩʷ 

ʨʘʩʰʠʬʨʦʚʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʜʘʥʥʳʝ ʠʣʠ ʧʨʝʜʧʨʠʥʷʪʴ ʘʢʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ ʜʣʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʝʪʠ. ʇʦʩʢʦʣʴʢʫ ʤʳ 

ʦʛʨʘʥʠʯʠʚʘʝʤ ʥʘʰ ʘʥʘʣʠʟ ʢʘʜʨʘʤʠ ʫʧʨʘʚʣʝʥʠʷ 802.11 ʠ ʥʝʟʘʰʠʬʨʦʚʘʥʥʳʤʠ ʧʘʢʝʪʘʤʠ 

mDNS, ʤʳ ʥʝ ʩʦʙʠʨʘʝʤ ʣʠʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʍʦʪʷ ʤʳ ʩʦʙʠʨʘʝʤ ʜʘʥʥʳʝ ʩ ʨʝʘʣʴʥʳʤʠ 

MAC-ʘʜʨʝʩʘʤʠ ʫ ʥʘʩ ʥʝʪ ʨʘʟʫʤʥʦʛʦ ʩʧʦʩʦʙʘ ʩʦʧʦʩʪʘʚʠʪʴ ʵʪʦʪ ʘʜʨʝʩ ʩ ʬʠʟʠʯʝʩʢʠʤ ʣʠʮʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, MAC-ʘʜʨʝʩ ʥʝ ʩʯʠʪʘʝʪʩʷ ʧʝʨʩʦʥʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʠ ʥʝ ʧʦʧʘʜʘʝʪ ʧʦʜ ʟʘʢʦʥ ʦ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

  

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ 

ʊʘʢ ʢʘʢ ʤʳ ʜʦʣʞʥʳ çʩʣʫʰʘʪʴè ʵʬʠʨ WiFi ʩʝʪʝʡ (802.11) ʥʘʤ ʥʝʦʙʭʦʜʠʤʳ WiFi 

ʫʩʪʨʦʡʩʪʚʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʢʣʶʯʝʥʠʷ ʨʝʞʠʤʘ ʤʦʥʠʪʦʨʠʥʛʘ (monitor mode). ɺ ʠʥʪʝʨʥʝʪʝ 

ʦʯʝʥʴ ʤʥʦʛʦ ʨʝʩʫʨʩʦʚ ʦ ʚʳʙʦʨʝ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ 

ʫʩʪʨʦʡʩʪʚ ʫʩʪʘʨʝʣʠ ʠ ʢʫʧʠʪʴ ʠʭ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ. ʅʘ ʪʝʩʪ ʙʳʣʦ ʧʨʠʦʙʨʝʪʝʥʦ 

ʪʨʠ USB-WiFi ʤʦʜʫʣʷ TP-Link TL-WN722N v3, Dlink DWA-140 v.D1, Dlink DWA-121.  ʅʘ 

ʪʝʩʪʦʚʦʡ ʤʘʰʠʥʝ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Ubuntu 16.04 (ʩ ʷʜʨʦʤ 4.15.0-46-generic) ʠʟ 

çʢʦʨʦʙʢʠè ʚ ʨʝʞʠʤʝ ʤʦʥʠʪʦʨʘ ʟʘʨʘʙʦʪʘʣ ʪʦʣʴʢʦ  DWA-140.  ɼʣʷ  TL-WN722N ʠ  DWA-

121 ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʦʩʦʙʳʝ ʜʨʘʡʚʝʨʘ. ʅʘʧʨʠʤʝʨ ʜʣʷ  TL-WN722N  ʪʘʢʠʭ 

ʜʨʘʡʚʝʨʦʚ ʧʦʜ ʷʜʨʦ  4.15.0-46 ʫʞʝ ʥʝʪ ʠ ʠʭ ʥʫʞʥʦ ʢʦʤʧʠʣʠʨʦʚʘʪʴ ʟʘʥʦʚʦ.  

 ɼʣʷ ʪʦʯʢʠ ʩʙʦʨʘ ʩʙʦʨʘ MAC-ʘʜʨʝʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʦʫʪʙʫʢ Asus X53S (Intel(R) 

Core(TM) i7-2670QM CPU @ 2.20GHz, 8 GB RAM, 128GB SSD+750GB HDD) ʩ 

ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ Ubuntu 16.04 (ʩ ʷʜʨʦʤ 4.15.0-46-generic). 

 ɺ ʢʘʯʝʩʪʚʝ ʩʝʨʚʝʨʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʩʙʦʨʘ ʠʥʬʦʨʤʮʠʠ ʘʨʝʥʜʦʚʘʥ VPS (CPU: four 

cores, 10GB RAM (guaranteed), 700GB disk space (SSD-boosted) ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ 

Ubuntu Server 16.04. 

 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʠʩʪʝʤʳ 

ɼʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʠ ʘʧʨʦʙʠʨʦʚʘʥʳ ʩʠʩʪʝʤʳ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ 

ʜʣʷ ʘʥʘʣʠʟʘ ʩʝʪʝʚʦʛʦ ʪʨʘʬʠʢʘ ʪʘʢʠʝ ʢʘʢ Kismet, Aircrack-ng, Wireshark. ʄʳ ʦʩʪʘʥʦʚʠʣʠ 

ʩʚʦʡ ʚʳʙʦʨ ʥʘ Kismet, ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ. ɺ 

ʧʦʣʴʟʫ Kismet ʪʘʢʞʝ ʩʳʛʨʘʣʘ ʝʛʦ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʘ ʪʘʢʞʝ ʩʙʦʨ ʜʘʥʥʳʭ 

Bluetooth ʫʩʪʨʦʡʩʪʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ GPS ʪʨʝʢʝʨʘ. ʂʣʠʝʥʪ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 

ʪʦʯʢʫ ʩʙʦʨʘ ʚ ʚʠʜʝ ʥʦʫʪʙʫʢʘ, ʘ ʩʝʨʚʝʨʥʫʶ ʯʘʩʪʴ ʫʩʪʘʥʦʚʠʣʠ ʥʘ ʘʨʝʥʜʦʚʘʥʥʳʡ 

ʚʠʨʪʫʘʣʴʥʳʡ ʩʝʨʚʝʨ. 

 

 
ʈʠʩ.2 Kismet ʚ ʨʘʙʦʪʝ 
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ʈʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʫʩʧʝʰʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʠʩʪʝʤʳ.  

ʊʘʢ ʢʘʢ ʥʘʯʠʥʘʷ ʩ 2013 ʛʦʜʘ ʚʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʤʘʨʪʬʦʥʳ ʠʩʧʦʣʴʟʫʶʪ ʨʘʥʜʦʤʠʟʘʮʠʶ 

ʘʜʨʝʩʦʚ Media Access Control (MAC), ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʨʝʘʣʴʥʳʭ ʛʣʦʙʘʣʴʥʳʭ MAC-ʘʜʨʝʩʦʚ. ʂʘʢ ʤʳ ʠ ʧʠʩʘʣʠ ʚʳʰʝ, ʚʦ-ʧʝʨʚʳʭ, ʥʘʤ 

ʥʫʞʥʦ ʧʦʩʪʘʚʠʪʴ ʬʠʣʴʪʨ ʥʘ ʣʦʢʘʣʴʥʳʝ MAC-ʘʜʨʝʩʘ ʧʨʦʚʝʨʷʷ ʙʠʪ ʣʦʢʘʣʴʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʤʳ ʠʩʢʣʶʯʠʤ ʢʦʣʠʯʝʩʪʚʦ ʤʫʩʦʨʘ ʚ ʚʠʜʝ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʭ MAC-ʘʜʨʝʩʦʚ. 

ɼʘʣʝʝ ʚ [24] ʨʘʩʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʜʝʘʥʦʥʠʤʠʟʘʮʠʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʳ ʩʦʟʜʘʥʠʷ ʧʘʢʝʪʦʚ/ʬʨʝʡʤʦʚ (SCAPY, libtins) ʜʣʷ ʧʝʨʝʜʘʯʠ Requestto-Send 

(RTS) ʧʘʢʝʪʘ. RTS / Clear-to-Send (CTS)(ɿʘʧʨʦʩ ʥʘ ʦʪʧʨʘʚʢʫ ʠ ʯʠʩʪʢʠ ʜʣʷ ʦʪʧʨʘʚʢʠ) 

ʜʦʩʪʫʧʥʳ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ IEEE 802.11. ʅʦʚʰʝʩʪʚʦ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ  ʦʪʧʨʘʚʣʷʶʪʩʷ ʢʘʜʨʳ RTS ʥʘ ʢʣʠʝʥʪʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ IEEE 802.11, ʘ ʥʝ ʥʘ ʪʦʯʢʠ 

ʜʦʩʪʫʧʘ, ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʦʪʚʝʪʥʦʛʦ ʩʦʦʙʱʝʥʠʷ CTS, ʚ ʢʦʪʦʨʦʤ ʤʳ ʧʦʣʫʯʘʝʤ ʠʩʪʠʥʥʳʡ 

ʛʣʦʙʘʣʴʥʳʡ MAC-ʘʜʨʝʩ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʳ ʧʦʣʫʯʘʝʤ ʦʢʦʣʦ 80% 

ʛʣʦʙʘʣʴʥʦ ʫʥʠʢʘʣʴʥʳʭ MAC-ʘʜʨʝʩʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʨʷʜʦʤ ʩ ʪʦʯʢʦʡ ʩʙʦʨʘ. ʇʦʩʣʝ ʩʙʦʨʘ 

MAC-ʘʜʨʝʩʦʚ ʚʩʝ ʜʘʥʥʳʝ ʦʪʨʘʚʣʷʶʪʩʷ ʥʘ ʩʝʨʚʝʨ, ʛʜʝ ʤʳ ʤʦʞʝʤ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ. 

  

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪʳ 

ʆʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʩʪʨʦʝʥʥʳʡ ʧʨʦʪʦʪʠʧ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʜʣʷ 

ʩʙʦʨʘʜʘʥʥʳʭ ʦ ʧʦʩʝʪʠʪʝʣʷʭ ʥʘ ʦʩʥʦʚʝ cʙʦʨʘ MAC-ʘʜʨʝʩʦʚ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʩʦʙʠʨʘʝʤʳʭ ʜʘʥʥʳʭ, ʘ ʠʤʝʥʥʦ ʧʦʨʷʜʢʘ 80% 

ʫʥʠʢʘʣʴʥʳʭ ʛʣʦʙʘʣʴʥʳʭ MAC-ʘʜʨʝʩʦʚ. ʋ ʢʦʤʤʝʨʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʢʘʯʝʩʪʚʦ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʡʦʥʝ 40%. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ 

ʩʨʝʜʩʪʚ ʛʨʘʥʪʦʚʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ 2018-2020 ʛʦʜʳ ʧʦ ʧʨʦʝʢʪʫ 

ɸʈ05132044 çʈʘʟʨʘʙʦʪʢʘ ʘʧʧʘʨʘʪʥʦ-ʤʝʜʠʮʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʮʝʥʢʠ 

ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʯʝʣʦʚʝʢʘè. 
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ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, 

ʧʦʩʪʫʧʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʧʫʣʴʪ, ʛʜʝ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʝ ʘʥʘʣʠʟ, ʦʙʦʙʱʝʥʠʝ ʠ ʚʳʜʘʯʘ ʟʘʷʚʢʠ ʥʘ ʨʝʘʛʠʨʦʚʘʥʠʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʪʫʘʮʠʠ, 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʣʫʞʙʝ. ɺʳʩʦʢʘʷ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʫʛʨʦʟʫ ʦʙʲʝʢʪʘ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ 

ʩʦʭʨʘʥʥʦʩʪʴ ʠʤʫʱʝʩʪʚʘ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʦʛʨʘʥʠʯʝʥʠʝ ʜʦʩʪʫʧʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʯʨʝʟʚʳʯʘʡʥʫʶ ʩʠʪʫʘʮʠʶ. ʇʫʣʴʪʦʚʘʷ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʦʭʨʘʥʘ ï ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʘʰʝʛʦ ʜʦʤʘ, ʦʬʠʩʘ ʠʣʠ ʩʢʣʘʜʘ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʦʣʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ (ʎʄʉʆ) ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʣʠʯʥʦʡ ʠ ʠʤʫʱʝʩʪʚʝʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʘ. ʕʪʦ ʥʘʭʦʜʠʪ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ 

ʫʩʣʫʛ ʙʝʟʦʧʘʩʥʦʩʪʠ - ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʥʘ ʫʩʠʣʝʥʠʝ ʨʦʣʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ʊʝʥʜʝʥʮʠʷ ʵʪʘ ʥʝ ʩʣʫʯʘʡʥʘ: ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʣʠʯʥʦʡ ʠ 

ʠʤʫʱʝʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ, ʣʠʙʦ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ, ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʩʘʤʦʛʦ ʥʝʥʘʜʝʞʥʦʛʦ 

ʟʚʝʥʘ ʚ ʩʠʩʪʝʤʝ ʙʝʟʦʧʘʩʥʦʩʪʠ - ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʦʤʫ ʧʨʠʩʫʱʠ ʦʛʨʘʥʠʯʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʦʰʠʙʢʠ, ʧʨʝʜʥʘʤʝʨʝʥʥʳʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʜʝʡʩʪʚʠʷ (ʩʘʙʦʪʘʞ, ʩʛʦʚʦʨ 

ʩ ʧʨʝʩʪʫʧʥʠʢʘʤʠ) ʠ ʪ.ʧ. ʆʨʛʘʥʠʟʘʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʜʝʞʥʝʡ, ʜʘ ʠ ʦʙʭʦʜʠʪʩʷ ʦʥʘ ʧʦʪʨʝʙʠʪʝʣʶ ʜʝʰʝʚʣʝ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʩʝ 

ʚʝʜʫʱʠʝ ʩʪʨʘʥʳ, ʚʢʣʶʯʘʷ ʂʘʟʘʭʩʪʘʥ, ʫʜʝʣʷʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʩʦʟʜʘʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʥʘ ʦʩʥʦʚʝ ʧʦʩʣʝʜʥʠʭ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [1]. 

ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʨʳʥʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʟʘʢʨʳʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ çʥʠʰʠè ʚ 

ʩʬʝʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʘʢʦ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʢʘʟʘʭʩʪʘʥʩʢʦʛʦ ʨʳʥʢʘ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʝ ʚʩʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʠʤʧʦʨʪʥʳʝ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʤʝʥʠʤʳ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ ʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ 

ʥʘʜʝʞʥʦʩʪʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ.  

 

1. ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʪʘʮʠʦʥʘʨʥʳʭ 
ʦʙʲʝʢʪʦʚ 

ʉʦʛʣʘʩʥʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʈʂ çʊʨʝʙʦʚʘʥʠʷ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʞʘʨʥʦʡ 

ʪʝʭʥʠʢʠ ʜʣʷ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚè ʦʪ 23 ʠʶʥʷ 2017 ʛ. ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ [2]: 

-  ʩʙʦʨ ʦʪ ʚʥʫʪʨʠʦʙʲʝʢʪʦʚʳʭ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ (ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʠ ʦʭʨʘʥʥʦ-ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ, ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʘʚʘʨʠʡ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʙʲʝʢʪʦʚ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʠ ʜʨ.) 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʞʘʨʘʭ, ʘʚʘʨʠʷʭ ʠ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʷʭ; 

-  ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʠʟʚʝʱʝʥʠʡ ʧʦ ʢʘʥʘʣʘʤ ʩʚʷʟʠ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ 

ʥʘ ʧʫʣʴʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ; 

-  ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʚʥʫʪʨʠʦʙʲʝʢʪʦʚʳʭ ʩʠʩʪʝʤ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ; 

-  ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜʝʞʥʦʩʪʠ ʨʘʜʠʦʢʘʥʘʣʘ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʥʘ ʜʫʙʣʠʨʫʶʱʠʡ ʢʘʥʘʣ ʩʚʷʟʠ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʘ ʥʘ ʤʦʥʪʘʞ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, 

ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʦʧʦʚʝʱʝʥʠʷ ʇʦʜʨʷʜʯʠʢ ʦʙʷʟʘʥ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ 
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ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ: ʉʅ ʈʂ ɺ 2.02.11-2002ʛ. çʅʦʨʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ 

ʦʧʦʚʝʱʝʥʠʷè [3], ʉʅʠʇ 2.02-2003ʛ. çʇʦʞʘʨʥʘʷ ʘʚʪʦʤʘʪʠʢʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè [4], 

ʧʝʨʝʯʥʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʭʨʘʥʥʦʡ ʠ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʨʘʟʨʝʰʝʥʥʳʭ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʟʚʝʱʝʥʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʠʟʣʦʞʝʥʥʳʤ ʥʠʞʝ 

ʪʨʝʙʦʚʘʥʠʷʤ, ʧʦʟʚʦʣʠʪ [5]: 

ī  ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʫʶ ʦʭʨʘʥʫ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʠ 

ʠʩʢʣʶʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʎʄʉʆ; 

ī  ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʎʄʉʆ (ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʨʝʤʦʥʪ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʢʨʘʱʝʥʠʝ ʝʜʠʥʦʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ 

ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʪ.ʧ.); 

ī  ʦʩʫʱʝʩʪʚʠʪʴ ʫʢʨʫʧʥʝʥʠʝ ʧʫʥʢʪʦʚ ʎʄʉʆ, ʯʪʦ ʪʨʝʙʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ. 

 

2. ʇʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʨʝʰʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʎʄʉʆ, ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ 

ʚʦʟʥʠʢʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʘ ʠʤʝʥʥʦ: 

1) ʇʨʦʙʣʝʤʘ ʫʧʦʨʷʜʦʯʝʥʠʷ ʧʘʨʢʘ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʝʛʦ ʦʙʥʦʚʣʝʥʠʷ, ʟʘʤʝʥʳ ʫʩʪʘʨʝʚʰʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤ, ʙʦʣʝʝ 

ʥʘʜʝʞʥʳʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʫʪʠ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ: 

- ʨʘʟʨʘʙʦʪʢʘ ʝʜʠʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʘʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʯʪʦ 

ʧʨʠ ʤʥʦʛʦʦʙʨʘʟʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʚʥʦʚʴ ʧʦʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʧʨʠʷʪʠʡ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʨʝʜʩʪʚ ʦʭʨʘʥʥʦ-ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʠʪ ʫʥʠʬʠʮʠʨʦʚʘʪʴ ʩʪʳʢʠ 

ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʟʚʝʱʝʥʠʡ, ʢʘʢ ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ, ʪʘʢ ʠ ʫʞʝ ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 

- ʫʥʠʬʠʢʘʮʠʷ ʩʦʟʜʘʚʘʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʪ.ʝ. ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʲʝʜʠʥʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʝʜʠʥʳʡ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ. 

2) ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ ʘʢʪʠʚʥʦʩʪʠ ʢʨʠʤʠʥʘʣʴʥʦʛʦ 

ʢʦʥʪʠʥʛʝʥʪʘ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʨʦʩʣʠ ʩʣʫʯʘʠ ʢʨʘʞ, ʩʦʚʝʨʰʘʝʤʳʭ ʧʫʪʝʤ ʘʢʪʠʚʥʦʛʦ, ʪ.ʝ. ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʎʄʉʆ [6].  

ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, ʘ ʵʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʧʨʦʙʣʝʤʘ ʩʘʤʦʛʦ 

ʙʣʠʞʘʡʰʝʛʦ ʙʫʜʫʱʝʛʦ ï ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʤʠʪʦʩʪʦʡʢʦʩʪʠ ʘʧʧʘʨʘʪʫʨʳ 

ʠ ʢʨʠʧʪʦʟʘʱʠʪʳ ʢʘʥʘʣʦʚ ʩʚʷʟʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʢ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʚʤʝʰʘʪʝʣʴʩʪʚʫ ʚ ʝʝ ʨʘʙʦʪʫ [7]. 

3) ʊʨʝʪʴʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʧʨʦʚʦʜʥʳʭ ʎʄʉʆ. ʂʦʤʧʘʥʠʷ-

ʧʨʦʚʘʡʜʝʨ, ʷʚʣʷʷʩʴ ʤʦʥʦʧʦʣʠʩʪʦʤ ʚ ʩʚʦʝʡ ʦʙʣʘʩʪʠ, ʥʝʦʙʦʩʥʦʚʘʥʥʦ ʧʦʚʳʰʘʝʪ ʮʝʥʳ ʥʘ 

ʘʨʝʥʜʫ ʪʝʣʝʬʦʥʥʳʭ ʣʠʥʠʡ, ʟʘʨʘʥʝʝ ʥʝ ʠʥʬʦʨʤʠʨʫʝʪ ʚʥʝʚʝʜʦʤʩʪʚʝʥʥʫʶ ʦʭʨʘʥʫ ʦ 

ʧʨʝʜʩʪʦʷʱʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ, ʟʘʤʝʥʝ ʠ ʧʘʨʘʤʝʪʨʘʭ ʥʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʪʝʣʝʬʦʥʥʳʭ 

ʩʪʘʥʮʠʷʭ. 

ʕʪʫ ʧʨʦʙʣʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ 

ʩʦʧʨʷʞʝʥʠʷ ʩ ʦʧʪʦʚʦʣʦʢʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩʚʷʟʠ ʠ ʢʘʥʘʣʘʤʠ ʩ ʮʠʬʨʦʚʳʤ ʫʧʣʦʪʥʝʥʠʝʤ 

ʩʠʛʥʘʣʘ, ʥʘ ʢʦʪʦʨʳʝ ʧʝʨʝʭʦʜʷʪ ʧʨʝʜʧʨʠʷʪʠʷ ʩʚʷʟʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʮʠʬʨʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʠʟʘʮʠʝʡ ʦʙʲʝʤʦʚ ʨʝʪʨʘʥʩʣʷʮʠʦʥʥʦʛʦ 
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ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʧʦʣʥʳʤ ʦʪʢʘʟʦʤ ʦʪ ʥʝʛʦ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʚʦʟʥʠʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ: 

ʇʝʨʚʘʷ ʩʚʷʟʘʥʘ ʩ ʧʨʦʢʣʘʜʢʦʡ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʙʝʣʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ ʚʧʣʦʪʴ 

ʜʦ ʧʦʜʲʝʟʜʦʚ ʞʠʣʳʭ ʜʦʤʦʚ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʚʳʥʦʩʳ. 

ɺʪʦʨʘʷ ï ʦʪʩʫʪʩʪʚʠʝ ʧʦʤʝʱʝʥʠʡ ʥʘ ɸʊʉ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʘʧʧʘʨʘʪʫʨʳ ʎʄʉʆ. ʕʪʦ 

ʩʚʷʟʘʥʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ɸʊʉ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʟʤʝʱʘʪʴʩʷ ʚ ʧʦʤʝʱʝʥʠʷʭ ʤʘʣʦʡ 

ʧʣʦʱʘʜʠ, ʛʜʝ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ ʢʘʢʠʝ-ʣʠʙʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʩʪʘ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʤʠʤʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʨʘʜʠʦʢʘʥʘʣʘ, ʚʩʝ ʘʢʪʠʚʥʝʝ ʥʘʯʠʥʘʶʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʨʫʛʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʢʘʥʘʣʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʠʤʝʥʥʦ: ʢʘʥʘʣ 

ʮʠʬʨʦʚʦʡ ʧʝʨʝʜʘʯʠ ɽthernet (TCP/IP) [8], ʢʘʥʘʣʳ ʦʧʝʨʘʪʦʨʦʚ ʩʦʪʦʚʦʡ ʩʚʷʟʠ (GSM-ʢʘʥʘʣ) 

[9], ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʪʦʨʥʳʝ ʢʘʥʘʣʳ (ʘʚʪʦʜʦʟʚʦʥ) [10]. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʢʘʥʘʣʦʚ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʩʦʤʥʝʥʥʦ, ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʧʘʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʥʘ ɸʊʉ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ ʪʠʧʘ ɽthernet ʥʝʦʜʥʦʢʨʘʪʥʦ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

ʚʦʟʥʠʢʘʝʪ ʧʨʦʧʘʜʘʥʠʝ ʩʚʷʟʠ ʥʘ ʚʨʝʤʷ ʦʪ ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ. ʇʨʠʯʠʥʦʡ 

ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʛʨʫʟʢʘ ʩʝʨʚʝʨʘ ʧʨʦʚʘʡʜʝʨʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ 

ʜʣʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʴʶ ʦʜʥʦʛʦ ʠʟ ʢʘʥʘʣʦʚ ʚ ʩʝʪʠ, ʧʨʦʚʝʜʝʥʠʝʤ 

çʭʘʢʝʨʩʢʦʡè ʘʪʘʢʠ ʠ ʧʦ ʨʷʜʫ ʜʨʫʛʠʭ ʧʨʠʯʠʥ. ʇʨʠʯʝʤ ʧʦʚʣʠʷʪʴ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʊʘʢ ʫʩʪʨʦʝʥʘ ʘʧʧʘʨʘʪʫʨʘ ʮʠʬʨʦʚʳʭ ʢʘʥʘʣʦʚ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʪʝ ʞʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʧʘʜʘʥʠʝʤ ʩʚʷʟʠ, ʧʨʠʩʫʱʠ ʠ GSM-

ʢʘʥʘʣʫ.  

ʇʦʵʪʦʤʫ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ ʦʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʧʦ ʥʘʜʝʞʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʤ 

ʙʘʟʠʨʦʚʘʣʘʩʴ ʎʄʉʆ ʩʦ ʚʨʝʤʝʥ ʝʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʘ ʠʤʝʥʥʦ, ʥʘʣʠʯʠʝ ʢʦʥʪʨʦʣʷ ʢʘʥʘʣʦʚ 

ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʪʜʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʢʘʥʘʣʦʚ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʎʄʉʆ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʫʪʴ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ï ʵʪʦ ʦʙʷʟʘʪʝʣʴʥʦʝ ʜʫʙʣʠʨʦʚʘʥʠʝ 

ʢʘʥʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʢʘʥʘʣ ɽthernet ʢʘʥʘʣʦʤ ʩʦʪʦʚʦʡ ʩʚʷʟʠ GSM ʠʣʠ ʘʚʪʦʜʦʟʚʦʥʦʤ ʧʦ 

ʪʝʣʝʬʦʥʫ ɻʊʉ.  

ʏʪʦ ʢʘʩʘʝʪʩʷ ʢʘʥʘʣʦʚ GSM, ʪʦ ʟʜʝʩʴ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʦʚʳʭ ʧʨʦʪʦʢʦʣʦʚ ʠ ʩʝʪʝʡ 4G (ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʷ ʩʦʪʦʚʦʡ ʩʚʷʟʠ), ʩʧʝʮʠʘʣʴʥʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʢʣʠʝʥʪʦʚ, ï ʚʠʨʪʫʘʣʴʥʳʝ ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʠʤʠʪʦʩʪʦʡʢʦʩʪʴʶ ʠ ʟʘʱʠʪʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʅʝʦʙʭʦʜʠʤʫʶ ʨʘʙʦʪʫ ʧʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʘʢʠʭ ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʩʧʝʮʠʘʣʴʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʩ ʚʝʜʫʱʠʤʠ ʧʨʦʚʘʡʜʝʨʘʤʠ ʩʦʪʦʚʦʡ ʩʚʷʟʠ (ʂʘʟʘʢʪʝʣʝʢʦʤ, 

çɹʠʣʘʡʥè ʠ ʜʨ.).  

ɺ ʮʝʣʷʭ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʎʄʉʆ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʧʦʣʥʦʬʦʨʤʘʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʦʭʨʘʥʷʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʧʝʨʝʜʘʯʫ 

ʚʠʜʝʦʠʟʦʙʨʘʞʝʥʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʜʚʫʩʪʦʨʦʥʥʠʡ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ. ʆʨʛʘʥʠʟʘʮʠʷ ʫʢʘʟʘʥʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 

ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʠʥʬʦʨʤʘʪʠʚʥʳʭ (ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ) ʮʠʬʨʦʚʳʭ 

ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ 

ʨʘʩʰʠʨʝʥʥʦʡ ʪʨʝʚʦʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʘʥʘʣʘʤ: 

Å ʛʦʨʦʜʩʢʘʷ ʪʝʣʝʬʦʥʥʘʷ ʩʝʪʴ (ɻʊʉ); 

Å ʢʘʥʘʣʳ ʮʠʬʨʦʚʳʭ ɸʊʉ; 

Å ʨʘʜʠʦʢʘʥʘʣ; 

Å ʩʦʪʦʚʘʷ ʪʝʣʝʬʦʥʠʷ; 

Å ʩʧʫʪʥʠʢʦʚʘʷ ʪʝʣʝʬʦʥʠʷ; 

Å ʧʨʦʚʦʜʥʳʝ ʮʠʬʨʦʚʳʝ ʢʘʥʘʣʳ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ (TCP/IP); 

Å ʙʝʩʧʨʦʚʦʜʥʳʝ (ʨʘʜʠʦʢʘʥʘʣʴʥʳʝ) ʮʠʬʨʦʚʳʝ ʣʦʢʘʣʴʥʳʝ ʩʝʪʠ (WLAN). 
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ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʫʯʠʪʳʚʘʪʴ: 

Å ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ ʚ ʟʘʜʘʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ; 

Å ʚʨʝʤʷ ʜʦʩʪʘʚʢʠ ʩʦʦʙʱʝʥʠʷ; 

Å ʩʪʦʠʤʦʩʪʴ; 

Å ʥʘʜʝʞʥʦʩʪʴ ʢʘʥʘʣʘ ʩʚʷʟʠ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʎʄʉʆ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ: 

Å ʜʫʙʣʠʨʦʚʘʥʠʝ (ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ) ʢʘʥʘʣʦʚ; 

Å ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʨʝʩʫʨʩʦʚ ʧʦ ʧʨʠʦʨʠʪʝʪʘʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ; 

Å ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʟʘʥʷʪʦʩʪʠ ʢʘʥʘʣʦʚ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ; 

Å ʟʘʱʠʪʫ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʠʤʠʪʦʩʪʦʡʢʦʩʪʠ, ʪʘʢ ʢʘʢ ʵʪʠ ʢʘʥʘʣʳ ʠʤʝʶʪ 

ʦʪʢʨʳʪʳʡ ʜʦʩʪʫʧ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʳʜʚʠʥʫʪʴ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʝʨʩʧʝʢʪʠʚʘʤ ʨʘʟʚʠʪʠʷ 

ʎʄʉʆ: 

1. ʉʠʩʪʝʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʦʣʥʳʤ ʢʦʤʧʣʝʢʪʦʤ ʫʩʪʨʦʡʩʪʚ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʙʦʪʫ ʧʦ ʣʶʙʳʤ ʠʤʝʶʱʠʤʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʘʥʘʣʘʤ 

ʩʚʷʟʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʳʢʦʚʢʠ ʩ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʪʘʢʞʝ ʩʦʧʨʷʞʝʥʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʘʧʧʘʨʘʪʫʨʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ 

(ʥʦʚʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ɸʊʉ, ʩʠʩʪʝʤʳ ʮʠʬʨʦʚʦʛʦ ʫʧʣʦʪʥʝʥʠʷ, ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʢʘʥʘʣʳ ʩʚʷʟʠ 

ʠ ʪ.ʧ.). ɺʩʝ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʝʜʠʥʦʡ ʧʨʦʛʨʘʤʤʥʦ-

ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʝ. 

2. ʇʨʦʪʦʢʦʣʳ ʦʙʤʝʥʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʨʝʚʦʞʥʳʭ ʠ ʩʣʫʞʝʙʥʳʭ 

ʠʟʚʝʱʝʥʠʡ, ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʨʘʙʦʪʫ 

ʩʠʩʪʝʤʳ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʩʥʷʪʠʷ ʠ ʚʥʝʩʝʥʠʷ ʣʦʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʢʘʥʘʣʳ ʩʚʷʟʠ. 

3. ʀʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʩʠʩʪʝʤ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʨʦʚʝʥʴ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʳʰʘʶʱʠʡ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʛʨʫʧʧ ʟʘʜʝʨʞʘʥʠʷ. 

4. ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʜʘʯʠ ʧʦ ʢʘʥʘʣʘʤ ʩ ʢʦʣʣʝʢʪʠʚʥʳʤ ʜʦʩʪʫʧʦʤ (ʢʘʥʘʣ ʮʠʬʨʦʚʦʡ 

ʧʝʨʝʜʘʯʠ ɽthernet (TCP/IP) ʢʘʥʘʣʳ ʦʧʝʨʘʪʦʨʦʚ ʩʦʪʦʚʦʡ ʩʚʷʟʠ (GSM-ʢʘʥʘʣ), ʘ ʪʘʢʞʝ 

ʠʥʬʦʨʤʘʪʦʨʥʳʝ ʢʘʥʘʣʳ (ʘʚʪʦʜʦʟʚʦʥ) ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʫʙʣʠʨʦʚʘʥʠʝ (ʠʣʠ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ) ʜʘʥʥʳʭ ʢʘʥʘʣʦʚ. 

ʊʘʢʘʷ ʩʪʨʘʪʝʛʠʷ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ 

ʧʦʟʚʦʣʠʪ ʨʝʰʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʘʜʘʯʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠʤʫʱʝʩʪʚʝʥʥʳʭ ʧʨʝʩʪʫʧʣʝʥʠʡ, ʥʦ ʠ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ ʦʙʝʩʧʝʯʠʪ ʨʝʘʣʠʟʘʮʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʩʬʝʨʝ 

ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʠ ʧʨʦʪʠʚʦʢʨʠʤʠʥʘʣʴʥʦʡ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʠ ʠʤʫʱʝʩʪʚʘ. 
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ɸʥʥʦʪʘʮʠʷ.  ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʯʠʥʳ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʣʠʪʦʩʬʝʨʝ ɿʝʤʣʠ, ʪʘʢ ʞʝ ʢʨʠʪʝʨʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʥʪʘ. 

 

ʋʛʨʦʟʘ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʪʝʭʥʦʛʝʥʥʳʭ ʘʚʘʨʠʡ ʪʨʝʙʫʝʪ ʧʨʠʥʷʪʠʝ ʤʝʨ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʵʢʦʥʦʤʠʢʠ ʩʪʨʘʥʳ, 

ʩʦʭʨʘʥʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ. 

ʂʦʣʠʯʝʩʪʚʦ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʩʪʨʘʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʚ ʪ.ʯ. ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʥʝ ʩʥʠʞʘʝʪʩʷ. ɺ ʤʠʨʝ ʙʦʣʴʰʦʡ ʫʱʝʨʙ ʝʞʝʛʦʜʥʦ ʥʘʥʦʩʠʪʩʷ ʦʧʦʣʟʥʷʤʠ, 

ʩʝʣʝʚʳʤʠ ʧʦʪʦʢʘʤʠ, ʩʠʣʴʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, ʧʦʜʪʦʧʣʝʥʠʝʤ ʛʨʫʥʪʦʚʳʤʠ ʚʦʜʘʤʠ ʠ ʜʨ. 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʇʨʠʯʠʥʦʡ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʩʪʨʦʬ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʷʚʣʷʶʪʩʷ 

ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʣʠʪʦʩʬʝʨʝ ɿʝʤʣʠ. ʅʦʚʘʷ 

ʛʣʦʙʘʣʴʥʘʷ ʪʝʢʪʦʥʠʢʘ, ʠʣʠ ʪʝʢʪʦʥʠʢʘ ʧʣʠʪ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʢʦʥʮʝ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ ʠ ʧʦʩʣʫʞʠʣʘ ʤʦʛʫʯʠʤ ʠʤʧʫʣʴʩʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʦ ɿʝʤʣʝ. ɺ ʦʩʥʦʚʝ ʪʝʢʪʦʥʠʢʠ 

ʧʣʠʪ ʣʝʞʠʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ, ʯʪʦ ʣʠʪʦʩʬʝʨʘ ʨʘʟʙʠʪʘ ʥʘ ʢʨʫʧʥʳʝ ʧʣʠʪʳ. ʊʘʢʠʭ ʧʣʠʪ - 

ʦʛʨʦʤʥʳʭ ʙʣʦʢʦʚ - ʦʢʦʣʦ ʜʝʩʷʪʢʘ. ʕʪʠ ʧʣʠʪʳ ʧʝʨʝʤʝʱʘʶʪʩʷ, ʩʢʦʣʴʟʷ ʧʦ ʧʣʘʩʪʠʯʥʦʡ 

ʯʘʩʪʠʯʥʦ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʘʩʪʝʥʦʩʬʝʨʝ. ʇʨʠʯʠʥʦʡ ʜʚʠʞʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ ʷʚʣʷʝʪʩʷ 

ʪʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʝ ʩʣʦʠ ɿʝʤʣʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʯʪʠ ʧʦʩʪʦʷʥʥʦʤ, ʦʯʝʥʴ ʤʝʜʣʝʥʥʦʤ ʜʚʠʞʝʥʠʠ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʥʚʝʢʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ, ʧʦʜʥʠʤʘʶʱʠʭʩʷ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʛʣʫʙʠʥ ʤʘʥʪʠʠ. ʊʘʢʦʝ ʜʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʘʪʝʨʠʢʠ 

ʜʨʝʡʬʫʶʪ. ʇʣʠʪʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʩ ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʦʪ 

ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 20 ʩʤ ʚ ʛʦʜ ʠ ʙʦʣʴʰʝ. ʆʜʥʠ ʧʣʠʪʳ ʜʚʠʛʘʶʪʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ 

ʜʨʫʛʫ ʠ ʠʥʦʛʜʘ ʧʝʨʝʢʨʳʚʘʶʪʩʷ, ʜʨʫʛʠʝ ʨʘʩʭʦʜʷʪʩʷ ʚ ʩʪʦʨʦʥʳ, ʪʨʝʪʴʠ ʩʢʦʣʴʟʷʪ ʚʜʦʣʴ 

ʛʨʘʥʠʮ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. ɹʣʠʟ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ 

ʣʠʪʦʩʬʝʨʥʳʝ ʧʣʠʪʳ ʥʘʨʘʱʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʚʝʱʝʩʪʚʘ, ʧʦʜʥʠʤʘʶʱʝʛʦʩʷ ʠʟ ʥʝʜʨ ʠ 

ʨʘʟʜʚʠʛʘʶʪʩʷ (ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʩʧʨʝʜʠʥʛʦʤ).   
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ɸʢʪʫʘʣʴʥʦʩʪʴ. ʀʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʚʳʷʚʣʝʥʠʶ ʧʨʠʨʦʜʳ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʘʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʉʦʛʣʘʩʥʦ ʠʤʝʶʱʝʡʩʷ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʠ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ 

ʧʨʦʮʝʩʩʳ ʚʦʟʚʨʘʪʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʢ ʧʨʝʞʥʠʤ ʨʫʩʣʘʤ. ʀʤʝʥʥʦ ʪʘʢ ʦʙʲʷʩʥʷʝʪʩʷ 

ʨʘʟʞʠʞʝʥʠʝ ʛʨʫʥʪʘ ʚ ʷʧʦʥʩʢʦʤ ʛʦʨʦʜʝ ʅʠʠʛʘʪʘ ʚ 1964 ʛʦʜʫ, ʛʜʝ ʧʦʚʩʶʜʫ ʩʪʨʫʠʣʠʩʴ ʚʦʜʳ 

ʠ ʤʘʩʩʦʚʦ ʥʘʢʨʝʥʷʣʠʩʴ, ʠ ʦʙʨʫʰʘʣʠʩʴ ʜʦʤʘ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝʙʨʝʞʥʦʩʪʴ 

ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʠʟʫʯʝʥʠʠ ʛʨʫʥʪʘ ʧʨʠʚʝʣʦ ʢ ʦʙʨʫʰʝʥʠʶ ʥʦʚʦʛʦ 13-ʵʪʘʞʥʦʛʦ 

ʚʦʟʚʝʜʝʥʥʦʛʦ ʟʜʘʥʠʷ ʚ ʐʘʥʭʘʝ ʚ 2013 ʛʦʜʫ. ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʚ ʧʦʩʣʝʜʩʪʚʠʝ ʟʜʘʥʠʝ ʩʪʨʦʠʣʦʩʴ 

ʥʘ ʥʝʥʘʜʝʞʥʦʤ ʛʨʫʥʪʝ ʥʘ ʛʣʠʥʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʘ ʠ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ. ʇʦ ʟʘʢʣʶʯʝʥʠʶ 

ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʠ, ʦʙʩʣʝʜʦʚʘʚʰʝʡ ʤʘʩʩʦʚʦʝ ʦʙʨʫʰʝʥʠʝ ʜʦʤʦʚ ʥʦʚʦʛʦ 

ʤʠʢʨʦʨʘʡʦʥʘ ʛʦʨʦʜʘ ʂʘʨʘʛʘʥʜʳ ʚ 2012 ʛʦʜʫ, ʦʙʨʫʰʝʥʠʷ ʜʦʤʦʚ ʠʤʝʣʠ ʤʝʩʪʦ ʙʝʟ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʛʨʫʥʪʘ. ʊʦʯʥʦ ʪʘʢʞʝ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʢʨʝʥʝʥʠʝ ʜʦʤʦʚ ʠ ʧʦʜʪʦʧʣʝʥʠʝ ʧʦʜʚʘʣʦʚ ʥʦʚʦʛʦ ʤʠʢʨʦʨʘʡʦʥʘ "ɸʣʛʘʙʘʩ" 

ʛʦʨʦʜʘ ɸʣʤʘʪʳ ʚ 2016 ʛʦʜʫ. ʇʦ ʟʘʢʣʶʯʝʥʠʶ ʢʦʤʠʩʩʠʠ ʢʨʦʤʝ ʥʝʜʦʙʨʦʩʦʚʝʩʪʥʦʡ ʨʘʙʦʪʳ 

ʩʪʨʦʠʪʝʣʝʡ, ʥʝʜʦʜʝʣʦʢ ʠ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ, ʫʢʘʟʘʥʘ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʠʟʫʯʝʥʥʦʩʪʴ 

ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ, ʪ.ʝ. ʚ ʧʨʦʝʢʪʝ ʧʦʢʘʟʘʥʦ ʦʜʥʦ ʛʨʫʥʪʦʚʦʝ ʫʩʣʦʚʠʝ, ʘ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʥʘ ʤʝʩʪʝ ʦʢʘʟʘʣʠʩʴ ʜʨʫʛʠʝ ʫʩʣʦʚʠʷ. ʉʶʜʘ ʚʭʦʜʠʪ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʷ. 

ɺʩʝ ʙʦʣʴʰʝ ʦʩʚʘʠʚʘʶʪʩʷ ʛʦʨʥʦ-ʩʢʣʘʜʯʘʪʳʝ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʥʳʝ ʥʘʢʣʦʥʥʳʤʠ 

ʩʪʨʦʝʥʠʷʤʠ ʛʨʫʥʪʦʚ. ɸʥʩʘʤʙʣʠ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʩʪʨʦʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʫ ʧʦʜʥʦʞʠʷ, ʥʦ ʠ ʥʘ 

ʥʘʢʣʦʥʥʳʭ ʛʦʨʥʳʭ ʩʢʣʦʥʘʭ, ʛʨʫʥʪʳ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʘʥʠʟʦʪʨʦʧʥʳʝ ʩʪʨʦʝʥʠʷ. ɿʜʘʥʠʷ ʠ 

ʩʦʦʨʫʞʝʥʠʷ ʛʦʨʦʜʘ ɸʣʤʘʪʳ ʚ ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʘʢʣʦʥʥʦʡ ʧʨʝʜʛʦʨʥʦʡ ʨʘʚʥʠʥʝ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʵʪʘʞʥʦʩʪʠ, ʘ ʧʦʜʟʝʤʥʳʝ ʯʘʩʪʠ ʟʜʘʥʠʡ ʫʛʣʫʙʣʷʶʪʩʷ ʚʩʝ ʛʣʫʙʞʝ ʚ ʛʨʫʥʪʳ, ʪʝʤ ʩʘʤʳʤ 

ʧʨʠʙʣʠʞʘʷʩʴ ʤʝʩʪʘʤʠ ʢ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʚʦʜʦʥʘʩʳʱʝʥʥʳʤ ʛʨʫʥʪʘʤ.   ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʚ ɸʣʤʘʪʳ ʫʞʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʟʜʘʥʠʝ çɽʩʝʥʪʘʡ ʊʘʫʵʨʩè ʚʳʩʦʪʦʡ ʚ 167 ʤ, ʚ ɸʩʪʘʥʝ 

ʟʘʚʝʨʰʘʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʷ çɸʙʫ-ɼʘʙʠ ʇʣʘʟʘè ʚʳʩʦʪʦʡ ʚ 382 ʤ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʫʢʠ ʚ ʤʝʭʘʥʠʢʝ ʛʨʫʥʪʦʚ ʚʦʧʨʦʩ ʨʘʟʚʠʪʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦ - ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʦʯʥʦʩʪʠ ʠ ʨʘʟʨʫʰʝʥʠʡ ʤʘʩʩʠʚʘ ʛʨʫʥʪʦʚ 

ʥʘʢʣʦʥʥʦ-ʩʣʦʠʩʪʦʛʦ ʠ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʩʪʨʦʝʥʠʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʝʩʪʥʦʡ ʣʠʪʦʣʦʛʠʠ ʛʨʫʥʪʘ ʥʝ ʚʩʝʛʜʘ 

ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʧʨʦʛʥʦʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʟʚʦʜʠʤʳʭ ʟʜʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʚʳʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦ - ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʤʝʭʘʥʠʢʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʩ ʨʘʟʨʘʙʦʪʢʘʤʠ ʥʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʨʘʟʨʫʰʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʢ 

ʘʥʠʟʦʪʨʦʧʥʳʤ ʛʨʫʥʪʘʤ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʉʅʠʇʘʭ ʥʝ ʫʜʝʣʷʝʪʩʷ ʜʦʣʞʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʯʝʪʫ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ ʛʨʫʥʪʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʙʣʠʟʠ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʠʣʳ 

ʪʘʢʞʝ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʘʩʪʝʪ ʩ ʛʣʫʙʠʥʦʡ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʅɼʉ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʠʣ ʥʘʨʷʜʫ ʩ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʤʠ 

ʩʠʣʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʴʶ ʛʨʫʥʪʘ ʠ ʧʦʨʦʚʳʭ ʜʘʚʣʝʥʠʡ. ʇʦʵʪʦʤʫ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʯʝʚʠʜʥʘ. 

ʎʝʣʴʶ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ̫ ʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʙʨʫʰʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ 

ʛʨʫʥʪʘ ʥʘʢʣʦʥʥʦ ʩʣʦʠʩʪʦʛʦ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʩʪʨʦʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ:   

ʈʘʟʨʘʙʦʪʢʘ ʢʨʠʪʝʨʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʧʨʝʜʝʣʠʪʴ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʛʨʫʥʪʘ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ, ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʠ ʥʘʢʣʦʥʥʦ-ʩʣʦʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʠʟʦʪʨʦʧʠʠ. 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʩʧʦʩʦʙʘ ʠʟʫʯʝʥʠʷ ʨʘʟʨʫʰʝʥʠʡ ʠ ʧʨʦʯʥʦʩʪʠ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʭ ʛʨʫʥʪʦʚʳʭ ʦʩʥʦʚʘʥʠʡ.  

ʇʝʨʚʳʡ ï ʵʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʝʭʘʥʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ.  

ɺʪʦʨʦʡ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʊʨʝʪʴʠ ï ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ ʨʘʟʨʫʰʝʥʠʡ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʟʜʘʥʠʡ ʚ 

ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʟ-ʟʘ ʧʦʣʟʫʯʝʩʪʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʢʦʨʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʴʶ, ʬʠʣʴʪʨʘʮʠʝʡ, ʠʥʬʠʣʴʪʨʘʮʠʝʡ, ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʨʘʟʨʫʰʝʥʠʝʤ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ.  

ʇʨʦʛʥʦʟ ʨʘʟʨʫʰʝʥʠʡ ʧʦ ʜʦʧʫʩʢʘʝʤʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʜʦ ʩʠʭ ʧʦʨ ʟʘʪʨʫʜʥʠʪʝʣʝʥ. ɺ 

ʠʩʪʦʢʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʠʟ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʩʪʦʷʪ W. Finn, D. Liam ʠ H.B. Seed, K.L. Lee, 

J.M. Idriss. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʭ ʨʘʩʯʝʪʦʚ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʘʪʫʨʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʠʟ ʛʨʫʥʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʝʣʴʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ ʣʶʙʦʤʫ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ, ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʨʘʟʨʫʰʝʥʠʝ ʠʥʞʝʥʝʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʦʢʦʣʦ 13%.  

ʅʘʢʦʧʣʝʥʥʳʡ ʚ ʵʪʦ ʚʨʝʤʷ ʦʧʳʪ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠ ʫʩʢʦʨʝʥʠʷʭ 

ʛʨʫʥʪʘ, ʧʨʝʚʳʰʘʶʱʠʭ 0.20.3g, ʚʦʟʤʦʞʥʦ, ʨʘʟʨʫʰʝʥʠʝ ʤʥʦʛʠʭ ʥʘʤʳʚʥʳʭ ʛʨʫʥʪʦʚ.  

ɿʘʪʝʤ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʂʘʣʠʬʦʨʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʵʪʫ ʛʠʧʦʪʝʟʫ.  

ɺʝʨʥʝʤʩʷ ʢ ʚʦʧʨʦʩʫ ʦ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʘʭ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ, ʦʩʥʦʚʘʤ ʠ 

ʥʝʢʦʪʦʨʳʤ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʚʦʧʨʦʩʘʤ, ʢʦʪʦʨʳʤ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ, ʠ ʦʩʦʙʝʥʥʦ 

ʢʘʧʠʪʘʣʴʥʳʡ ʪʨʫʜ ɻ.ʇ. ʏʝʨʝʧʘʥʦʚʘ.  ʂʨʦʤʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʨʘʟʨʫʰʝʥʠʷ ʯʝʨʝʟ 

ʧʨʝʜʝʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʂʫʣʦʥʘ, ʂʫʣʦʥʘ-ʄʦʨʘ, ɻʫʚʝʨʘ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʝʭʘʥʠʢʝ 

ʨʘʟʨʫʰʝʥʠʷ ʨʘʟʚʠʚʘʝʪʩʷ ʢʨʠʪʝʨʠʡ ʨʘʟʨʫʰʝʥʠʷ ʩʚʷʟʘʥʥʳʡ ʧʦʢʘ ʩ ʢʨʠʪʠʯʝʩʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʧʝʨʚʦʛʦ ʨʦʜʘ ὑ . ʇʘʨʘʣʣʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ 
ʠ ὐ  ʠʥʪʝʛʨʘʣʴʥʳʡ ʤʝʪʦʜ ʏʝʨʝʧʘʥʦʚʘ ï ʈʘʡʩʘ.   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʀʣʣʶʩʪʨʘʮʠʠ ʧʨʠʨʦʜʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʩʣʦʠʩʪʦʩʪʠ 

ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʷʤ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ὼὕώᾀ 

 

ɺ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ ʨʘʟʨʫʰʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʪʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, 

ʧʦʢʘʟʘʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 1. ʅʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʤʦʛʫʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʣʶʙʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʝʡ ʩʣʦʠʩʪʦʩʪʠ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʸʪʦʚ ʥʘ ʧʨʦʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠʟ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʘʢ ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʚʳʩʦʢʦʧʨʦʯʥʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ, ʢʦʤʧʦʟʠʪʳ, ʙʝʪʦʥ, ʯʫʛʫʥ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 
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ʢʦʪʦʨʳʭ ʧʦʜʚʝʨʞʝʥʳ ʩʠʣʴʥʦʤʫ ʚʣʠʷʥʠʶ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ, ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʦʜʭʦʜʘ ʦʛʨʘʥʠʯʝʥʘ ʥʝʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʂ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʦʪʥʦʰʝʥʠʝ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʉ>ʝ ʚ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʸʥʥʦʡ ʪʦʯʢʝ ʪʝʣʘ ʢ ʧʨʠʣʦʞʝʥʥʦʤʫ ʥʘʧʨʷʞʝʥʠʶ. 

ʕʢʚʠʚʘʣʝʥʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʉʊ ʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʥʫʪʨʝʥʥʝʝ ʥʘʧʨʷʞʸʥʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʪʝʣʘ, ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʉʊ0 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʪʝʣʘ ʠ ʧʦʣʘʛʘʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ ʤʘʪʝʨʠʘʣʘ. ʅʘʩʪʫʧʣʝʥʠʶ ʧʨʝʜʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

(ʨʘʟʨʫʰʝʥʠʶ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʢ ʨʘʚʝʥʩʪʚʘ ʚ ʚʳʨʘʞʝʥʠʠ, ʘ ʢʨʠʪʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʉʊ 

, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʥʘʠʙʦʣʝʝ ʥʘʧʨʷʞʸʥʥʦʡ ʪʦʯʢʝ ʪʝʣʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʇʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʭʦʜ ʣʠʥʝʡʥʦʡ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤ 

ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʮʝʥʠʚʘʶʪ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ 

ʚʝʨʰʠʥʳ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘʧʨʷʞʝʥʠʡ (ʪʨʝʱʠʥʳ). ɺ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʥʘʧʨʷʞʸʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʢʦʦʨʜʠʥʘʪ ʢʦʵʬʬʠʮʠʝʥʪ (ʢʦʵʬʬʠʮʠʝʥʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ) ʧʨʠ ʩʠʥʛʫʣʷʨʥʦʤ ʯʣʝʥʝ ʨʘʟʣʦʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʷʜ ʧʦ 

ʩʪʝʧʝʥʷʤ ʛ (ʛ - ʨʘʜʠʫʩ, ʠʩʭʦʜʷʱʠʡ ʠʟ ʚʝʨʰʠʥʳ ʪʨʝʱʠʥʳ). ʅʘʩʪʫʧʣʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ (ʨʦʩʪ ʪʨʝʱʠʥʳ) ʩʚʷʟʳʚʘʶʪ ʩ ʜʦʩʪʠʞʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʥʘʧʨʷʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʋʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʟʘʧʠʩʳʚʘʶʪ ʚ ʚʠʜʝ 

 

ʢ < Kc, (1) 

 

ʛʜʝ K - ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʠ; Kc - ʝʛʦ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʣʦʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʆʜʥʘʢʦ ʦʙʣʘʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʘ ʦʯʝʥʴ ʦʩʪʨʳʤʠ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʠ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʠʭ ʢ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘʤ ʪʠʧʘ ʪʨʝʱʠʥ. 

ʋʢʘʟʘʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʧʦʜʭʦʜʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʠ 

ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʝʨʚʳʡ 

ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʛʜʘ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ 

ʦʧʪʠʤʠʟʘʮʠʠ ʝʸ ʬʦʨʤʳ ʩ ʮʝʣʴʶ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʩʥʠʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʥʘʧʨʷʞʝʥʠʡ, ʘ ʚʪʦʨʦʡ ʧʦʜʭʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʛʜʘ 

ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʦʮʝʥʢʠ ʝʸ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʩ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʠʤʝʶʱʠʭʩʷ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʬʝʢʪʦʚ, ʥʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʝʬʝʢʪʳ ʪʠʧʘ 

ʪʨʝʱʠʥ. ʇʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ, ʠʤʝʶʱʠʭ ʚʳʩʦʢʦʝ, ʥʦ 

ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʢʘʟʳʚʘʝʪʩʷ ʚʥʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʵʪʠʭ ʧʦʜʭʦʜʦʚ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʨʘʩʯʸʪʘʤ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʭʚʘʪʠʪʴ ʚʝʩʴ ʩʧʝʢʪʨ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ 

ʥʘʧʨʷʞʝʥʠʡ ʠ ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʧʦʜʭʦʜʠʪʴ ʢ ʨʘʩʯʸʪʫ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʪʫʧʳʤ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʥʘʧʨʷʞʝʥʠʡ ʠ ʩ ʪʨʝʱʠʥʦʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʥʝʣʦʢʘʣʴʥʳʝ 

ʢʨʠʪʝʨʠʠ ʨʘʟʨʫʰʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢʨʠʪʝʨʠʠ ʩʨʝʜʥʠʭ ʥʘʧʨʷʞʝʥʠʡ (ASC) ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʪʦʯʢʝ (PSC), ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʨʘʙʦʪʘʭ. ʆʙʱʠʤ ʩʚʦʡʩʪʚʦʤ ʥʝʣʦʢʘʣʴʥʳʝ ʢʨʠʪʝʨʠʝʚ 

ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʟʤʝʨʘ ʤʘʪʝʨʠʘʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʝʛʦ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʝʤ 

ʩʘʤʳʤ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʝʚ ASC ʠ PSC ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʤʝʥʝʥʠʶ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʩ 

ʪʦʡ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʚ ʨʘʩʯʸʪ ʣʝʚʦʡ ʯʘʩʪʠ ʢʨʠʪʝʨʠʷ ʧʦʤʠʤʦ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ 

ʪʘʢʞʝ ʚʭʦʜʠʪ ʩʪʨʫʢʪʫʨʥʳʡ ʧʘʨʘʤʝʪʨ ʨʘʟʤʝʨʥʦʩʪʠ ʜʣʠʥʳ. ɺʳʯʠʩʣʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʝʣʠʯʠʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ ʢ ʧʨʦʯʥʦʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ 
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ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʧʦʣʘʛʘʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ. ɺ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʦʡ ʧʦʜʭʦʜ ʢ 

ʨʘʩʯʸʪʘʤ ʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘʟʳʚʘʶʪ ʤʝʪʦʜʦʤ ʥʘʧʨʷʞʝʥʠʡ (stress-based methods). 

ʂʨʠʪʝʨʠʡ ʢʦʥʝʯʥʦʡ ʪʨʝʱʠʥʳ. ɺ ʵʪʦʤ ʢʨʠʪʝʨʠʠ ʧʦʩʪʫʣʠʨʫʝʪʩʷ, ʯʪʦ ʨʦʩʪ ʪʨʝʱʠʥʳ, 

ʚʢʣʶʯʘʷ ʤʦʤʝʥʪ ʝʸ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫ ʚʳʨʝʟʘ, ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦ. ʈʘʟʨʫʰʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ, ʝʩʣʠ ʵʥʝʨʛʠʷ, ʚʳʩʚʦʙʦʞʜʘʝʤʘʷ ʧʨʠ ʩʢʘʯʢʦʦʙʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ ʜʣʠʥʳ 

ʪʨʝʱʠʥʳ, ʜʦʩʪʠʛʥʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. ʂʦʥʝʯʥʳʡ ʨʘʟʤʝʨ ʧʨʠʨʘʱʝʥʠʷ ʜʣʠʥʳ 

ʪʨʝʱʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʘʥʪʳ ʤʘʪʝʨʠʘʣʘ. 

 

ɺʳʚʦʜʳ: 

ʉʜʝʣʘʣʠ ʦʙʟʦʨ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ ʦʙʨʫʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, 

ʢʨʠʪʝʨʠʝʚ ʤʝʭʘʥʠʢʠ ʨʘʟʨʫʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʭ ʥʝʣʦʢʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ ʚ ʟʘʜʘʯʝ ʦ 

ʧʨʦʯʥʦʩʪʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨ ʥʘʧʨʷʞʝʥʠʡ.    

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʢʨʠʪʝʨʠʡ ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʩʣʦʚʠʝ ʨʘʟʨʫʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʪʦʣʱʠ 

ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʛʨʫʥʪʘ ʥʘʢʣʦʥʥʦ-ʩʣʦʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ: 

1. ʂʨʠʪʝʨʠʡ ʢʦʥʝʯʥʦʡ ʪʨʝʱʠʥʳ, ʪʘʢʞʝ ʢʘʢ ʢʨʠʪʝʨʠʠ ʩʨʝʜʥʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʪʦʯʢʝ ʠ ʬʠʢʪʠʚʥʦʡ ʪʨʝʱʠʥʳ, ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʤʘʩʰʪʘʙʥʳʡ ʵʬʬʝʢʪ 

ʣʦʢʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ. ʂʨʠʪʝʨʠʡ ʠʤʝʝʪ 

ʷʩʥʦʝ ʬʠʟʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʧʫʱʝʥʠʡ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʦʥʳ ʧʨʝʜʨʘʟʨʫʰʝʥʠʷ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʥʝʡ. 

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʪʝʨʠʷ ʢʦʥʝʯʥʦʡ ʪʨʝʱʠʥʳ ʜʣʷ ʦʮʝʥʢʠ ʦʧʘʩʥʦʩʪʠ ʤʘʣʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ 

ʜʝʬʝʢʪʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʢʨʠʪʝʨʠʷ, ʪʘʢʞʝ, ʢʘʢ ʠ ʚ ʨʘʤʢʘʭ 

ʢʨʠʪʝʨʠʝʚ, ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʘʚʣʝʥʘ. 

3. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʨʠʪʝʨʠʡ ʢʦʥʝʯʥʦʡ ʪʨʝʱʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ 

ʧʨʠʤʝʥʸʥ ʢʘʢ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʘʩʰʪʘʙʥʦʛʦ ʵʬʬʝʢʪʘ, ʪʘʢ ʠ ʜʣʷ ʦʮʝʥʢʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ 

ʜʝʬʝʢʪʘ ʧʨʠ ʩʞʘʪʠʠ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʢʨʠʪʝʨʠʷ ʜʣʷ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʣʦʢʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ. 
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ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ SMART CITY. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʡ ʠʥʚʝʩʪʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʟʘʪʨʘʪʳ ʯʘʩʪʠ ʩʚʦʠʭ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ.  

 

ʇʨʝʜʣʦʞʝʥʘ ʫʪʦʯʥʝʥʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʶ ʚ ʪʝʭʥʦʣʦʛʠʠ SMART CITY. ʄʦʜʝʣʴ ʦʪʣʠʯʘʝʪ ʜʦʧʫʱʝʥʠʝ, ʯʪʦ ʧʝʨʚʳʡ 

ʠʥʚʝʩʪʦʨ ʥʝ ʠʤʝʝʪ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʘʢ ʦ ʬʠʥʘʥʩʦʚʳʭ ʩʪʨʘʪʝʛʠʷʭ ʚʪʦʨʦʛʦ ʠʥʚʝʩʪʦʨʘ, 

ʪʘʢ ʠ ʦ ʩʦʩʪʦʷʥʠʷʭ ʝʛʦ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ SMART 

CITY. ʇʨʠ ʵʪʦʤ ʧʝʨʚʳʡ ʠʥʚʝʩʪʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ ʟʘʪʨʘʪʳ ʯʘʩʪʠ ʩʚʦʠʭ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. ʇʦʩʣʝʜʥʝʝ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʳʤ ʠʥʚʝʩʪʦʨʦʤ ʧʦʟʠʪʠʚʥʦʛʦ ʜʣʷ ʩʝʙʷ ʨʝʟʫʣʴʪʘʪʘ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʦʥ ʥʝ ʤʦʞʝʪ ʝʛʦ ʧʦʣʫʯʠʪʴ ʙʝʟ ʵʪʦʡ ʧʨʦʮʝʜʫʨʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʠʥʚʝʩʪʦʨʦʚ. ʀʤʠʪʘʮʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʜʪʚʝʨʜʠʣʠ 

ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ. ʆʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 9ï12%. 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʜʦʣʞʘʝʪ ʥʘʰʠ ʧʫʙʣʠʢʘʮʠʠ [1ï4]. ɺ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ, ʘ 

ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ [5] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʠʪʫʘʮʠʠ, ʥʘʭʦʜʷʪʩʷ ʤʥʦʞʝʩʪʚʘ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ ʝʛʦ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ. ʕʪʦ ʦʟʥʘʯʘʣʦ, ʯʪʦ ʝʩʣʠ 

ʩʦʩʪʦʷʥʠʷ ʠʛʨʦʢʦʚ ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ, ʪʦ ʫ ʥʝʛʦ 

ʩʫʱʝʩʪʚʫʝʪ ʩʪʨʘʪʝʛʠʷ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʠʪ ʝʤʫ ʜʦʩʪʠʛʥʫʪʴ ʩʚʦʝʡ ʮʝʣʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩ ʟʘʜʘʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʠʛʨʦʢ 1 (ʪ.ʝ. ʧʝʨʚʳʡ ʠʥʚʝʩʪʦʨ ï INV_1) ʧʨʠʚʦʜʠʪ 

ʩʠʩʪʝʤʫ ʚ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʦʪʨʘʞʘʝʪ ʧʦʟʠʪʠʚʥʳʡ ʜʣʷ ʥʝʛʦ ʨʝʟʫʣʴʪʘʪ. ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʳ 

ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʝʨʚʦʤʫ ʠʥʚʝʩʪʦʨʫ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʦʟʠʪʠʚʥʳʡ ʜʣʷ ʥʝʛʦ ʨʝʟʫʣʴʪʘʪ 

ʠʟ ʩʦʩʪʦʷʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ ʦʥ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʟʘʜʘʥʠʠ ʧʨʘʚʠʣ ʠʛʨʳ ʥʝ ʤʦʞʝʪ ʩʜʝʣʘʪʴ. 

ʅʘʧʨʠʤʝʨ, ʦʥ ʦʛʨʘʥʠʯʝʥ ʚʦ ʚʨʝʤʝʥʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʦʛʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʚʝʜʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʩʯʝʪ 

ʟʘʪʨʘʪʳ ʥʘ ʝʝ ʧʦʣʫʯʝʥʠʝ ʯʘʩʪʠ ʩʚʦʠʭ ʨʝʩʫʨʩʦʚ.  

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ 

ʤʦʜʝʣʠ, ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ.  

ʎʝʣʷʤʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ: 1) ʦʧʨʝʜʝʣʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʩʪʨʘʪʝʛʠʡ 

ʠʛʨʦʢʦʚ (INV_1) ʠ (INV_); 2) ʦʮʝʥʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʨʝʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1ï3. 
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ʈʠʩ. 1 ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ˉ1 

 ʈʠʩ. 2 ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ˉ 2 

 

 
ʈʠʩ. 3 ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ  

ʵʢʩʧʝʨʠʤʝʥʪʘ ˉ 3 

 

ʀʩʧʦʣʴʟʦʚʘʚ ʨʝʟʫʣʴʪʘʪʳ ʠʛʨʳ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʚʘʨʠʘʥʪʳ ʬʠʥʘʥʩʦʚʳʭ 

ʩʪʨʘʪʝʛʠʡ INV_1. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʝʨʝʪʩʷ ʪʨʝʭʤʝʨʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʨʪʘʥʪ 

ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ï )),0(,( 1 aht . ɺʨʝʤʝʥʥʘʷ ʦʩʴ t çʠʜʝʪ ʩʥʠʟʫ-ʚʚʝʨʭ, ʦʪ ʥʫʣʷè. 

ʇʨʠʥʷʪʦ, ʯʪʦ ʧʘʨʘʤʝʪʨ t ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ ʯʠʩʣʦ ʰʘʛʦʚ ʠʛʨʦʢʦʚ. ɺ ʵʪʦʤ ʪʨʝʭʤʝʨʥʦʤ ʦʨʪʘʥʪʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʠʩʭʦʜʷʱʠʭ ʠʟ ʪʦʯʢʠ (0,0,0). ʇʦʚʝʨʭʥʦʩʪʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʧʣʦʩʢʦʩʪʠ)),0(,0( 1 ah . ʕʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʜʘʶʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ:

( ) 2

1 ))0((/13 hna Ö-=  ʜʣʷ ʣʶʙʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ n. ʇʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʟʘʜʘʪʴ 

ʤʥʦʞʝʩʪʚʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ ʟʘ n (n ï ʥʝʯʝʪʥʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ) 

ʰʘʛʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 
0p , ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʪ.ʝ. ʩʯʠʪʘʝʪʩʷ, ʯʪʦ .10 pp =  ʇʨʠʚʝʜʝʤ  ʤʥʦʞʝʩʪʚʦ).,( 00)1(,1 ppQn

k ),( 00)1(,1 ppQn

k  ʵʪʦ 

ʤʥʦʞʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: 

 

}.1,,))0(()}1/(13{))0(()}/(13{,)),0(,{( 2

1

2

1

3

1 Xb nnthnahnRahn =Ö--¢Ö-Í +  
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ʇʨʠ  1=n    ʤʥʦʞʝʩʪʚʦ }.1,))0((20,)),0((:)),0(,1{( 2

1

2

11

1

)1(,1 =Ö¢Í= + thaRahahQ k b  

ʃʠʥʠ̫: 2

1 ))0((3 ha Ö=  ʚ ʧʣʦʩʢʦʩʪʠ)),0(( 1 ah  ʙʫʜʝʪ ʣʠʥʠʝʡ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ.  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʣʦ 9ï12 %.  

ɺʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʫʪʦʯʥʝʥʥʦʡ 

ʤʦʜʝʣʠ. ʇʦʜʪʚʝʨʞʜʝʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʫʶ ʧʦʜʜʝʨʞʢʫ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʧʨʦʜʦʣʞʠʣʘ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʦʚ 

[1ï4], ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʟʣʦʞʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʉʇʇʈ.  

 

ɺʳʚʦʜʳ. ʈʝʰʝʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʤʝʪʦʜʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʥʘʭʦʜʠʪʴ ʨʝʰʝʥʠʷ. 

ɼʣʷ ʧʦʠʩʢʘ ʨʝʰʝʥʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʥʝʣʠʥʝʡʥʦʡ 

ʤʥʦʛʦʰʘʛʦʚʦʡ ʠʛʨʳ ʢʘʯʝʩʪʚʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩ 

ʧʦʦʯʝʨʝʜʥʳʤʠ ʭʦʜʘʤʠ. 
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ʉʀʉʊɽʄɸ ʇʆɼɼɽʈɾʂʀ ʇʈʀʅʗʊʀʗ ʈɽʐɽʅʀʗ 

ʆ ʀʅɺɽʉʊʀʈʆɺɸʅʀʀ ɺ SMART ʉITY ɺ ʋʉʃʆɺʀʗʍ ʅɽʇʆʃʅʆʁ 
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ɸʥʥʦʪʘʮʠʷ: ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ 

ʚʟʘʠʤʥʦʛʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ SMART ʉITY ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʠʥʘʥʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʚʪʦʨʦʛʦ ʠʥʚʝʩʪʦʨʘ. ʇʦʣʫʯʝʥʥʘʷ 

ʤʦʜʝʣʴ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʠʣ 

ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʠʤʝʝʪ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ 

ʧʨʠʨʦʜʫ. 

 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʷʜʘ ʘʚʪʦʨʦʚ [1, 2] ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ, ʯʪʦ ʤʝʥʝʜʞʝʨʳ ʤʥʦʛʠʭ 

ʢʦʤʧʘʥʠʡ ʥʝ ʠʤʝʶʪ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʧʝʨʤʘʥʝʥʪʥʦʡ ʟʘʜʘʯʠ 

ʧʦ ʚʟʘʠʤʥʦʤʫ ʠʥʚʝʩʪʠʨʦʚʘʥʠʶ ʧʝʨʝʜʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ SMART ʉITY. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʢʦʥʢʫʨʝʥʮʠʠ ʥʘ ʜʘʥʥʦʤ ʨʳʥʢʝ ʠʥʚʝʩʪʠʮʠʡ, ʠ ʥʝʧʦʣʥʦʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ, ʠ 

ʜʝʡʩʪʚʠʷʭ ʢʦʥʪʨʘʛʝʥʪʘ-ʠʥʚʝʩʪʦʨʘ, ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʤʦʞʥʳʤʠ ʩʨʳʚʘʤʠ ʧʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʛʦʨʦʜʦʚ ʢ ʫʨʦʚʥʶ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ SMART ʉITY.  

ʇʦ ʜʘʥʥʳʤ [3, 4] ʦʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʢʦʤʧʘʥʠʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʭʦʜʝ ʦʮʝʥʠʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ 

SMART ʉITY ʦʩʪʘʶʪʩʷ: ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ 

ʦʮʝʥʢʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝʤ ʧʝʨʝʜʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ SMART ʉITY; ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʢʦʛʜʘ ʨʝʯʴ ʟʘʭʦʜʠʪ ʦ ʠʭ ʘʣʛʦʨʠʪʤʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ, ʥʘʧʨʠʤʝʨ, ʚ 

ʩʠʩʪʝʤʘʭ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ʧʦ ʚʳʙʦʨʫ ʩʪʨʘʪʝʛʠʡ ʚʟʘʠʤʥʦʛʦ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ; ʦʪʩʫʪʩʪʚʠʝ ʤʝʪʦʜʦʣʦʛʠʠ, ʦʮʝʥʠʚʘʥʠʷ ʩʪʨʘʪʝʛʠʡ ʢʦʥʪʨʘʛʝʥʪʘ ʚʟʘʠʤʥʦʛʦ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʬʠʥʘʥʩʦʚʳʡ ʨʝʩʫʨʩ ʦʛʨʘʥʠʯʝʥ, ʠ ʜʨ.  

ɺʩʝ ʵʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʜʝʣʘʝʪ ʨʝʣʝʚʘʥʪʥʦʡ ʟʘʜʘʯʫ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʤʦʜʝʣʝʡ ʧʦ ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʪʨʘʪʝʛʠʡ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ SMART ʉITY. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʩʠʪʫʘʮʠʡ, ʢʦʛʜʘ, ʚʦʟʥʠʢʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʧʨʦʩʳ ʥʘ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ SMART ʉITY. 

ʅʘʧʨʠʤʝʨ, ʚ ʢʦʥʪʝʢʩʪʝ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ SMART ʉITY, ʯʪʦ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʨʠʩʢʦʚ ʜʣʷ 

ʠʥʚʝʩʪʦʨʦʚ. ɸ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʜʝʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʤʦʪʨʘ ʩʦʙʩʪʚʝʥʥʳʭ ʩʪʨʘʪʝʛʠʡ 

ʚʟʘʠʤʥʦʛʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ. 

ʎʝʣʴ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʳ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ (ʉʇʇʈ) ʧʦ ʚʟʘʠʤʥʦʤʫ ʠʥʚʝʩʪʠʨʦʚʘʥʠʶ ʚ ʪʝʭʥʦʣʦʛʠʠ 

SMART ʉITY ʜʣʷ ʩʠʪʫʘʮʠʠ ʩ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʬʠʥʘʥʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʚʪʦʨʦʛʦ 

ʠʥʚʝʩʪʦʨʘ. 
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ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʤʥʦʞʝʩʪʚʘ ʩʪʨʘʪʝʛʠʡ ʠʛʨʦʢʦʚ 1 ʠ 2 (ʠʥʚʝʩʪʦʨʦʚ - 2_,1_ INVINV ); ʦʮʝʥʝʥʳ ʨʠʩʢʠ, 

ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʦʪʝʨʝʡ ʠʛʨʦʢʘʤʠ ʩʚʦʠʭ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ (ʌʀʅʈ) ʧʨʠ 

ʠʥʚʝʩʪʠʨʦʚʘʥʠʠ ʧʝʨʝʜʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ SMART ʉITY, ʘ ʪʘʢʞʝ 

ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ  ʘʜʝʢʚʘʪʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʪʨʝʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.  

ʇʨʠʥʷʪʳʝ ʥʘ ʨʠʩ. 1 ʦʙʦʟʥʘʯʝʥʠʷ: ʣʫʯʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 

ʣʠʥʠʷʤʠ ʩ ʢʨʫʛʣʳʤʠ ʤʘʨʢʝʨʘʤʠ; ʧʦʜ ʣʫʯʘʤʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ ʠ ʥʘʜ ʥʠʤʠ ʥʘʭʦʜʷʪʩʷ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʟʦʥʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʠʛʨʦʢʦʚ. ʇʨʠʥʷʪʦ, ʯʪʦ ʧʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʣʫʯʘʤʠ ʨʘʩʧʦʣʦʞʝʥʘ ʟʦʥʘ ñʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠò ʧʝʨʚʦʛʦ ʠʥʚʝʩʪʦʨʘ.  

ʅʘʜ ʣʫʯʘʤʠ ʧʦʢʘʟʘʥʘ ʟʦʥʘ ñʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠò ʩʪʨʘʪʝʛʠʡ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚʪʦʨʦʛʦ 

ʠʥʚʝʩʪʦʨʘ. 

1) ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʡ ʠʥʚʝʩʪʦʨʦʚ ʠʟʦʙʨʘʞʝʥʳ ʣʠʥʠʷʤʠ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ 

ʤʘʨʢʝʨʘʤʠ (ʜʣʷ ʧʝʨʚʦʛʦ ʠʥʚʝʩʪʦʨʘ ʧʫʥʢʪʠʨʥʘʷ ʩʠʥʷʷ ʣʠʥʠʷ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ 

ʙʝʟ ʰʪʨʠʭʦʚʢʠ, ʜʣʷ ʚʪʦʨʦʛʦ ʠʥʚʝʩʪʦʨʘ ï ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʤʘʨʢʝʨʘʤʠ ʩʦ 

ʩʧʣʦʰʥʦʡ ʟʘʣʠʚʢʦʡ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʘʝʢʪʦʨʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʠ ʠʥʚʝʩʪʦʨʦʚ.  

2) ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʩ ʢʚʘʜʨʘʪʥʳʤʠ ʤʘʨʢʝʨʘʤʠ, ʧʦʢʘʟʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʌʀʅʈ ʠʥʚʝʩʪʦʨʦʚ (ʜʣʷ ʧʝʨʚʦʛʦ ʠʥʚʝʩʪʦʨʘ ʢʚʘʜʨʘʪʥʳʝ ʤʘʨʢʝʨʳ ʙʝʟ 

ʰʪʨʠʭʦʚʢʠ, ʜʣʷ ʚʪʦʨʦʛʦ ʠʥʚʝʩʪʦʨʘ ʩʦ ʩʧʣʦʰʥʦʡ ʟʘʣʠʚʢʦʡ).  

 

 
 

1- ʪʨʘʝʢʪʦʨʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʠʥʚʝʩʪʦʨʘ; 

2- ʪʨʘʝʢʪʦʨʠʷ ʨʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚʪʦʨʦʛʦ ʠʥʚʝʩʪʦʨʘ; 

3- ʣʫʯʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ; 

-1h ʨʝʩʫʨʩʳ ʧʝʨʚʦʛʦ ʠʛʨʦʢʘ (ʠʥʚʝʩʪʦʨʘ); -2h ʨʝʩʫʨʩʳ ʚʪʦʨʦʛʦ ʠʛʨʦʢʘ. 

 

ʈʠʩ.1. ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʳʙʦʨʫ ʨʘʮʠʦʥʘʣʴʥʳʭ ʬʠʥʘʥʩʦʚʳʭ 

ʩʪʨʘʪʝʛʠʡ ʠʥʚʝʩʪʦʨʦʚ ʚ ʪʝʭʥʦʣʦʛʠʠ SMART ʉITY 

 

ʈʝʰʝʥʠʝ ʠʛʨʳ ʧʨʠʚʝʜʝʥʦ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʛʨʳ. 

ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʠʛʨʳ, ʥʘʭʦʜʠʤ ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʧʝʨʚʦʛʦ ʠʥʚʝʩʪʦʨʘ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʝʤʫ ʥʝʠʟʚʝʩʪʥʦ ʪʦʯʥʦ ʩʦʩʪʦʷʥʠʝ ʌʀʅʈ ʚʪʦʨʦʛʦ ʠʥʚʝʩʪʦʨʘ, ʘ ʠʟʚʝʩʪʥʘ ʣʠʰʴ 

ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʩʦʩʪʦʷʥʠʡ. ʆʪʤʝʪʠʤ, ʯʪʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʤʦʛʣʘ ʚʦʟʥʠʢʥʫʪʴ, 

ʝʩʣʠ ʚʪʦʨʦʡ ʠʥʚʝʩʪʦʨ ʧʨʠʤʝʥʠʣ ʩʚʦʶ ʩʤʝʰʘʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʩʚʦʝʡ 

ʮʝʣʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʚʟʘʠʤʥʦʛʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʧʝʨʝʜʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ SMART ʉITY ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʠʥʘʥʩʦʚʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚʪʦʨʦʛʦ ʠʥʚʝʩʪʦʨʘ. ʄʦʜʝʣʴ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʝʤ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʩ ʥʝʧʦʣʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʠʣ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʟʘʜʘʯʠ, ʚ 

ʢʦʪʦʨʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʠʤʝʝʪ ʩʪʦʭʘʩʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ. 

ʚʳʧʦʣʥʝʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʰʘ ʤʦʜʝʣʴ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʝʟʫʣʴʪʘʪʠʚʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʚʟʘʠʤʥʦʛʦ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʧʝʨʝʜʦʚʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʜʣʷ SMART 

ʉITY. ʇʦʜʪʚʝʨʞʜʝʥʘ ʘʜʝʢʚʘʪʥʦʩʪʴ ʤʦʜʝʣʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʦʩʪʘʚʣʷʣʦ 9ï14 %.  
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ʙʣʘʛʦʜʘʨʷ ʦʙʲʝʜʠʥʝʥʠʶ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʪʝʭʥʦʣʦʛʠʡ (SD ʠ WAN). ɺʥʝʜʨʷʷ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ 

ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʂʘʟʘʭʩʪʘʥʘ, ʘ ʠʤʝʥʥʦ ʚ ʙʳʩʪʨʦ ʟʘʩʪʨʘʠʚʘʝʤʫʶ ɸʩʪʘʥʫ, ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ 

ʩʪʨʫʢʪʫʨʫ ʩʝʪʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʡ ʪʝʭʥʦʣʦʛʠʡ SD-WAN, ʠ ʝʝ 

ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ ʚʥʝʜʨʝʥʠʷʭ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʂʘʟʘʭʩʪʘʥʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʬʠʛʫʨʘʮʠʷ, ʢʦʥʪʨʦʣʣʝʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʷ, ʫʧʨʘʚʣʝʥʠʝ 

ʪʨʘʬʠʢʦʤ. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʝ ʤʝʛʘʧʦʣʠʩʳ ʟʘʩʪʨʘʠʚʘʶʪʩʷ ʟʜʘʥʠʷʤʠ ʩ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʬʠʩʘʤʠ ʚʥʫʪʨʠ, ʘ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʪʘʢʠʝ ʢʘʢ 

Kazakhtelecom) ʠʤʝʶʪ ʤʥʦʛʦ ʫʜʘʣʝʥʥʳʭ ʬʠʣʠʘʣʦʚ. ʇʨʠ ʧʨʦʢʣʘʜʢʝ ʩʝʪʝʡ ʚ ʜʘʥʥʳʝ 

ʧʦʤʝʱʝʥʠʷ ʥʝʪʫ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ ʪʨʘʬʠʢʦʤ, ʠ ʵʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʜʦʣʛʠʤ ʠ ʠʟʥʫʨʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʨʘʙʦʪʳ, ʢʦʛʜʘ ʧʨʠʭʦʜʠʪʩʷ ʚʳʷʩʥʷʪʴ ʧʦʩʣʝʜʩʪʚʠʷ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʝʪʠ. ʊʘʢʞʝ ʯʘʩʪʦ ʥʝ ʭʚʘʪʘʝʪ ʮʝʥʪʨʘʣʠʟʠʨʦʚʘʥʥʦʡ ʨʘʙʦʪʳ ʜʘʥʥʳʭ 

ʬʠʣʘʣʦʚ, ʛʜʝ ʫ ʢʘʞʦʛʦ ʚʳʩʪʨʘʠʚʘʝʪʩʷ ʩʚʦʷ ʢʦʨʧʦʨʘʪʠʚʥʘʷ ʩʝʪʴ, ʩʦ ʩʚʦʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʈʘʙʦʪʘ SD-WAN (Software defined ï world area network) ʟʘʢʣʶʯʘʝʪʩʷ ʠʤʝʥʥʦ ʚ 

ʦʙʣʝʛʯʝʥʠʷʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʷʭ ʩʝʪʝʡ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʦʧʪʠʤʠʟʘʮʠʡ, 

ʟʘʰʠʪʳ, ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʨʘʬʠʢʘ ʠ ʪ. ʜ. ʂʦʛʜʘ ʤʳ ʛʦʚʦʨʠʤ ʧʨʦ SD-WAN (ʧʨʦʛʨʘʤʤʥʦ-

ʦʧʨʝʜʝʣʷʝʤʳʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʝʪʠ) ʤʳ ʧʦʜʨʘʟʫʤʝʚʘʝʤ ʨʝʰʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʴʶ ʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʮʝʥʪʨʦʤ ʠ ʬʠʣʠʘʣʘʤʠ. ɺʩʝ ʵʪʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʜʦʢʫʤʝʥʪʘʮʠʡ ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʪʝʭʥʦʣʦʛʠʷʤ SD-WAN 

 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʘ ʧʦʜʦʙʨʘʥʘ ʵʣʝʢʪʨʦʥʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ 

ʢʨʫʧʥʳʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʢʦʤʧʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ Citrix, Cisco, Tata ʠ ʪ.ʜ. ʇʝʨʚʳʤʠ 

ʞʝ ʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʠ ʩʢʦʨʦʤ ʚʥʝʜʨʝʥʠʡ SD-WAN ʚ ʩʬʝʨʫ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʬʠʢʦʤ ʦʧʠʩʘʣʠ Thomas Nadeau ʠ  Ken Gray. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ 

ʠ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʡ. ɹʳʣʦ ʫʢʘʟʘʥʦ ʪʦ, ʯʪʦ SD-WAN, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʪʨʘʬʠʢʦʤ, ʢʦʪʦʨʳʡ ʧʝʨʝʜʘʝʪʩʷ ʦʪ 

ʮʝʥʪʨʘ ʢ ʬʠʣʠʘʣʫ ʠ ʦʙʨʘʪʥʦ. ʊʘʢʞʝ ʜʣʷ ʧʨʦʛʨʘʤʤʥʦ-ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʝʪʝʡ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʭʘʨʘʢʪʝʨʥʘ ʝʜʠʥʘʷ ʪʦʯʢʘ ʫʧʨʘʚʣʝʥʠʷ ʚʩʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʤʦʥʠʪʦʨʠʥʛʘ. [1]  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʚʠʪʘʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʫʜʘʣʝʥʥʳʤ ʪʨʘʬʠʢʦʤ ʚ ʙʦʣʴʰʠʭ ʢʦʤʧʘʥʠʷʭ (ʟʘ ʧʨʠʤʝʨ ʤʦʞʥʦ ʚʟʷʪʴ ʪʦʪ ʞʝ 

Kazakhtelecom), ʠ ʚ ʩʣʫʯʘʝ ʵʢʩʪʨʝʥʥʳʭ ʩʣʫʯʘʝʚ, ʧʨʠʭʦʜʠʪʩʷ ʪʨʘʪʠʪʴ ʨʝʩʫʨʩʳ ʠ ʚʨʝʤʷ ʥʘ 

ʥʘʭʦʞʜʝʥʠʝ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʤʝʩʪʘ ʦʙʨʳʚʘ. ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʤʦʞʝʪ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 

ʫʚʠʜʝʪʴ ʪʦʣʴʢʦ ʦʪʢʣʶʯʝʥʠʝ ʠʣʠ ʨʘʟʨʳʚ ʢʘʥʘʣʘ, ʘ ʦʧʝʨʘʪʠʚʥʦ ʠ ʙʝʟ ʧʦʪʝʨʠ ʚʨʝʤʝʥʠ 

ʫʩʪʨʘʥʠʪʴ ʧʨʦʙʣʝʤʫ ʫ ʥʝʛʦ ʫʞʝ ʥʝ ʧʦʣʫʯʠʪʩʷ.  

ɺ SD-WAN ʞʝ ʝʩʪʴ ʮʝʣʳʡ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʡ ʩʝʪʠ: ʚʩʷ ʩʪʨʫʢʪʫʨʘ 

ʩʪʨʦʠʪʩʷ ʥʘ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘʣʴʥʦʡ ʧʣʦʱʘʜʢʠ, ʦʪ ʢʦʪʦʨʦʡ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʝʪʠ ʬʠʣʠʘʣʦʚ. 

ɺʝʟʜʝ ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʘʙʦʪʘʪʴ ʩ ʪʝʭʥʦʣʦʛʠʝʡ 

ʧʨʦʛʨʘʤʤʥʦ-ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʝʪʝʡ. ɺʩʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʵʪʠʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʝʪʝʡ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʝʜʠʥʦʡ ʪʦʯʢʠ ð ʢʦʥʪʨʦʣʣʝʨʘ (SDN). ʇʨʠ ʢʘʢʠʭ-ʪʦ ʠʟʤʝʥʝʥʠʷʭ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʥʪʨʦʣʣʝʨ ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪ ʦʙʥʦʚʣʝʥʠʷ ʥʘ 

ʦʩʪʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʬʠʣʠʘʣʘʭ. [2] 

ɺ ʩʣʫʯʘʝ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʠʣʠʘʣʦʚ, ʣʶʙʳʝ ʪʠʧʦʚʳʝ ʧʨʦʮʝʜʫʨʳ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʳʯʥʦ ʟʘʥʠʤʘʶʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ. ɺ 

ʩʣʫʯʘʝ ʩ SD-WAN ʙʫʜʝʪ ʠʥʘʯʝ: ʜʦʩʪʘʪʦʯʥʦ ʥʘʩʪʨʦʠʪʴ ʦʜʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʠ ʚʩʝ ʵʪʦ ʧʝʨʝʜʘʪʴ 

ʧʦ ʩʝʪʠ ʜʘʣʴʰʝ. ʆʪʩʶʜʘ ʚʳʭʦʜʠʪ ʠʪʦʛʦʚʦʝ ʩʥʠʞʝʥʠʝ ʦʧʝʨʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʫʧʨʘʚʣʝʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. 
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ʇʦʤʠʤʦ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʢʦʥʪʨʦʣʣʝʨ ʪʘʢʞʝ ʙʝʨʝʪ ʥʘ ʩʝʙʷ ʨʦʣʴ 

ʪʦʯʢʠ ʤʦʥʠʪʦʨʠʥʛʘ. ʆʥ ʩʣʝʜʠʪ ʟʘ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʴʶ. ɸʜʤʠʥʠʩʪʨʘʪʦʨʫ ʥʝ ʥʫʞʥʦ ʚ 

ʩʣʫʯʘʝ ʢʘʢʠʭ-ʪʦ ʠʟʤʝʥʝʥʠʡ ʚ ʩʝʪʠ ʟʘʭʦʜʠʪʴ ʥʘ ʢʘʞʜʦʝ ʫʩʪʨʦʡʩʪʚʦ. ɽʩʣʠ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ: ʧʘʜʝʥʠʝ ʢʘʥʘʣʘ ʩʚʷʟʠ, ʫʭʫʜʰʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ, ʨʦʩʪ 

ʟʘʜʝʨʞʢʠ ʩʠʛʥʘʣʘ ʠ ʧʨʦʯʝʝ ð ɻ ʪʦ ʩʨʘʟʫ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʘʥʝʣʠ. ʄʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʢʘʢ ʪʝʢʫʱʫʶ, ʪʘʢ ʠ ʠʩʪʦʨʠʯʝʩʢʫʶ ʟʘʛʨʫʟʢʫ ʢʘʥʘʣʘ, ʦʪʩʣʝʜʠʪʴ 

ʚʩʧʣʝʩʢʠ ʥʘʛʨʫʟʢʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʬʠʣʠʘʣʘ. [6] 

ʉʪʘʪʴʷ 2013 ʛʦʜʘ Thomas Nedeau ʠ Ken Gray ʧʦʤʦʛʣʘ ʜʘʣʴʥʝʡʰʝʤʫ ʩʪʘʥʦʚʣʝʥʠʶ 

ʪʝʭʥʦʣʦʛʠʡ SD-WAN ʚ ʩʠʩʪʝʤʫ ʧʨʦʛʨʘʤʤʥʦ-ʨʘʩʧʨʝʜʝʣʷʝʤʳʭ ʩʝʪʝʡ. ʇʦʩʣʝ ʙʳʣʠ 

ʥʘʧʠʩʘʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʜʦʢʫʤʝʥʪʘʮʠʡ ʦʪ Citrix ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʘʬʠʢʘ ʚ ʪʝʭʥʦʣʦʛʠʠ SD-

WAN (SD-WANOP), ʧʦʷʚʠʣʘʩʴ ʩʧʝʮʠʘʣʴʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ 

SD-WAN ʚ Cisco (IWAN) [5]. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʫʶ ʩʪʘʪʴʶ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʪʝʭʥʦʣʦʛʠʷ SD-WAN ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʧʦʜ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʩʝʪʠ ʚ ʬʠʣʠʘʣʘʭ ʙʦʣʴʰʠʭ 

ʢʦʤʧʘʥʠʡ ʂʘʟʘʭʩʪʘʥʘ (ʪʘʢʠʭ ʢʘʢ Kazakhtelecom). ɹʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʧʦ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʥʘʩʪʨʦʡʢʝ, ʦʧʨʝʜʝʣʝʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʩʪʘʙʠʣʴʥʦʡ 

ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʣʫʯʝʥʘ ʚʩʷ ʥʘʜʣʝʞʘʱʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʜʣʷ ʟʘʧʫʩʢʘ ʫʩʪʨʦʡʩʪʚ 

ʚ ʩʠʩʪʝʤʝ SD-WAN ʪʝʭʥʦʣʦʛʠʠ. ʉʦʙʨʘʚ ʚʩʝ ʜʘʥʥʳʝ ʠʟ ʠʩʭʦʜʥʦʡ ʩʪʘʪʴʠ, ʚʧʦʣʥʝ 

ʦʙʦʩʥʦʚʘʥʥʦ ʤʦʞʥʦ ʟʘʷʚʠʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʡ ʠ ʢʦʥʪʨʦʣʷ ʪʨʘʬʠʢʘ ʚ 

ʤʝʛʘʧʦʣʠʩʘʭ ʂʘʟʘʭʩʪʘʥʘ ʤʦʞʥʦ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ-ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʝʪʠ 

ʥʘ ʙʘʟʝ ʪʝʭʥʦʣʦʛʠʡ SD-WAN. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʘʨʛʫʤʝʥʪʳ ʧʨʦʷʩʥʠʣʠ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠ 

ʨʘʙʦʪʝ ʩ ʪʝʭʥʦʣʦʛʠʝʡ SD-WAN, ʘ ʪʘʢʞʝ ʤʦʤʝʥʪʳ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ SD-WAN ʤʦʜʠʬʠʢʘʮʠʡ ʫ Citrix, ʉisco, Tata ʠ ʪ.ʜ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʪʧʝʯʘʪʦʢ ʧʘʣʴʮʘ, ʵʣʝʢʪʨʦʥʥʦʝ 

ʧʨʘʚʠʪʝʣʴʩʪʚʦ, ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ (ʕʎʇ), ʮʝʥʪʨ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ (ʎʆʅ) 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʩʪʘʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤʠ 

ʜʘʥʥʳʤʠ ʯʝʣʦʚʝʢʘ, ʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʠʤʝʶʪʩʷ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʦ 

ʯʝʣʦʚʝʢʝ. ʕʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ, ʢʦʜ ʠ ʢʘʨʪʘ ʤʦʛʫʪ ʟʘʪʝʨʷʪʴʩʷ, ʩʣʦʤʘʪʴʩʷ, ʠʣʠ ʞʝ 

ʤʦʞʝʪ ʠʩʪʝʯʴ ʩʨʦʢ ʛʦʜʥʦʩʪʠ. ʋ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʦʪʧʝʯʘʪʦʢ ʧʘʣʴʮʝʚ ʙʳʚʘʝʪ ʘʙʩʦʣʶʪʥʦ 

ʫʥʠʢʘʣʴʥʳʤ. ʉʪʘʪʠʯʝʩʢʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʚ ʧʝʨʠʦʜ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʥʠʢʦʛʜʘ ʥʝ 

ʤʝʥʷʶʪʩʷ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʚʥʝʰʥʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʂ ʪʦʤʫ ʞʝ, ʧʨʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʭʦʜʘ ʩ ʧʦʤʦʱʴʶ ʙʠʦʤʝʪʨʠʠ ʚʦʟʨʘʩʪʘʝʪ ʤʥʦʛʦʢʨʘʪʥʦ, ʯʝʤ ʚʚʦʜ ʧʘʨʦʣʷ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʯʥʦʩʪʠ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʠʤʝʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ. ʆʙʳʯʥʦ ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚr ʜʝʣʷʶʪ ʜʚʝ ʛʨʫʧʧʳ: 

- ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʝʪ ʩʪʘʪʠʯʝʩʢʠʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: 

ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ, ʛʝʦʤʝʪʨʠʷ ʨʫʢʠ, ʩʝʪʯʘʪʢʘ ʛʣʘʟʘ ʠ ʪ. ʧ. 

- ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʩʠʩʪʝʤ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: 

ʜʠʥʘʤʠʢʘ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʧʦʜʧʠʩʠ ʠʣʠ ʨʫʢʦʧʠʩʥʦʛʦ ʢʣʶʯʝʚʦʛʦ ʩʣʦʚʘ, ʛʦʣʦʩ ʠ ʪ. ʧ. 

ɺʩʝ ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ 

ʦʜʠʥʘʢʦʚʦʤʫ ʧʣʘʥʫ. ɿʜʝʩʴ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ. 

- ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʧʦʤʠʥʘʝʪ ʦʙʨʘʟʝʮ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ (ʵʪʦ ʠ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʟʘʧʠʩʠ). ɺʦ ʚʨʝʤʷ ʟʘʧʠʩʠ ʚʦ ʤʥʦʛʠʭ ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ 

ʧʦʧʨʦʩʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʘʣʴʮʝʚ ʯʝʣʦʚʝʢʘ ʠʣʠ ʤʥʦʛʦʢʨʘʪʥʫʶ 

ʟʘʧʠʩʴ, ʪʘʢ ʢʘʢ ʧʨʠ ʢʘʞʜʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʩʪʘʚʠʪ ʧʘʣʴʮʳ ʥʘ ʩʢʘʥʝʨ ʚ 

ʦʜʠʥʘʢʦʚʳʝ ʧʦʣʦʞʝʥʠʷ. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠ 

ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʢʦʜ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʦʧʨʦʩʠʪʴ 

ʧʨʦʠʟʚʝʩʪʠ ʝʱʸ ʥʝʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ çʧʨʠʧʠʩʘʪʴè ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ 

ʦʙʨʘʟʝʮ ʢ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʯʝʣʦʚʝʢʫ. ʅʘʧʨʠʤʝʨ, ʧʝʨʩʦʥʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʡ ʥʦʤʝʨ 

(PIN) ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʦʧʨʝʜʝʣʸʥʥʦʤʫ ʦʙʨʘʟʮʫ, ʣʠʙʦ ʩʤʘʨʪ-ʢʘʨʪʘ, ʩʦʜʝʨʞʘʱʘʷ ʦʙʨʘʟʝʮ, 

ʚʩʪʘʚʣʷʝʪʩʷ ʚ ʩʯʠʪʳʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʥʦʚʘ ʜʝʣʘʝʪʩʷ ʦʙʨʘʟʝʮ 

ʙʠʦʤʝʪʨʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʦʙʨʘʟʮʦʤ. 

 - ɺʳʜʝʣʝʥʠʝ ïʫʥʠʢʘʣʴʥʳʝ ʜʘʥʥʳʝ ʯʝʣʦʚʝʢʘ ʚʳʥʦʩʠʪʩʷ ʠʟ ʦʙʨʘʟʮʘ ʠ ʩʦʩʪʘʚʣʷʝʪʩʷ 

ʙʠʦʤʝʪʨʠʯʝʩʢʠʡ ʦʙʨʘʟʝʮ. ɺ ʩʧʝʮʠʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʦʭʨʘʥʷʝʪʩʷ ʮʠʬʨʦʚʦʡ ʢʦʜ ʜʣʠʥʦʡ ʜʦ 1000 ʙʠʪ 

 - ʉʨʘʚʥʝʥʠʝ ï  ʨʘʥʝʝ ʩʦʭʨʘʥʸʥʥʳʡ ʦʙʨʘʟʝʮ ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ ʚ ʚʠʜʝ ʮʠʬʨʦʚʦʛʦ 

ʢʦʜʘ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ 
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- ʇʨʦʚʝʨʢʘ ʥʘ ʩʦʚʧʘʜʝʥʠʝ ï ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʰʘʝʪ, ʩʦʚʧʘʜʘʶʪ ʣʠ 

ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ, ʠ ʚʳʥʦʩʠʪ ʨʝʰʝʥʠʝ. ʄʥʦʛʦʢʨʘʪʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʡ 

ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ ʨʫʢʠ ʧʦʟʚʦʣʷʝʪ ʩ ʪʦʯʥʦʩʪʴʶ ʧʨʦʚʝʨʠʪʴ. 

ɺʝʨʠʬʠʢʘʮʠʷ ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦʚ: 

- ʂʦʨʨʝʣʷʮʠʦʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ï ʚ ʵʪʦʤ ʧʦʜʭʦʜʝ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʧʠʢʩʝʣʴʥʦ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʜʚʠʛʦʚ ʠ ʫʛʣʦʚ ʧʦʚʦʨʦʪʘ, ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʠʚʰʠʭʩʷ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʥʦʩʷʪ ʨʝʰʝʥʠʷ ʦ ʩʦʚʧʘʜʝʥʠʠ. ɺ ʜʘʥʥʦʝ ʚʨʝʤʷ, ʠʟ ʟʘ 

ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʥʝ ʧʨʠʤʝʥʷʝʪʩʷ. 

- ʉʨʘʚʥʝʥʠʷ ʧʦ ʫʟʦʨʫ ï ʠʩʭʦʜ ʦʪ ʥʫʞʥʦʡ ʪʦʯʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ 

ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʝʚ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʦʙʣʘʩʪʝʡ. ʋʟʦʨ ʚ ʢʘʞʜʦʡ ʠʟ ʦʙʣʘʩʪʝʡ 

ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʚʦʣʥʦʡ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 

- ʥʘʯʘʣʴʥʳʡ ʩʜʚʠʛ ʬʘʟʳ 

- ʜʣʠʥʘ ʚʦʣʥʳ 

- ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʚʝʨʠʬʠʢʘʮʠʠ ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ ʥʝ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʠ 

ʩʢʘʥʠʨʦʚʘʥʠʠ. 

- ʉʨʘʚʥʝʥʠʝ ʧʦʦʩʦʙʳ ʪʦʯʢʘʤ ïɻ ʪʦ ʢʦʥʝʯʥʳʝ ʪʦʯʢʠ ʠ ʪʦʯʢʠ ʚʝʪʚʣʝʥʠʷ. ʕʪʠ ʪʦʯʢʠ 

ʚʳʜʝʣʷʶʪʩʷ ʥʘ ʦʙʦʠʭ ʠʟʦʙʨʘʞʝʥʠʷ, ʘ ʜʘʣʝʝ ʤʝʪʦʜʦʤ ʠʭ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ, 

ʚʳʥʦʩʠʪʩʷ ʚʝʨʜʠʢʪ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʦʪʧʝʯʘʪʢʦʚ. ɺ ʚʠʜʫ ʩʚʦʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʪʳ, ʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ. 

ɺ ʦʩʥʦʚʝ ʤʥʦʛʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝʥʠʠ ʣʝʞʠʪ ʩʢʘʥʝʨ 

ʦʪʧʝʯʘʪʢʠ ʧʘʣʴʮʝʚ. ɹʳʚʘʶʪ ʪʨʠ ʪʠʧʘ ʩʢʘʥʝʨʦʚ: 

- ʩ ʧʦʤʦʱʴʶ ʦʧʪʠʯʝʩʢʦʛʦ ʩʝʥʩʦʨʘ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʦʪʧʝʯʘʪʦʢ ʧʘʣʴʮʘ ʚ ʮʠʬʨʦʚʦʡ 

ʢʦʜ 

- ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʦʪʧʝʯʘʪʦʢ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʜʘʪʯʠʢʘ 

- ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʦʪʧʝʯʘʪʢʘ ʩ ʧʦʤʦʱʴʶ ʸʤʢʦʩʪʥʦʛʦ ʜʘʪʯʠʢʘ. 

ʂ ʦʧʪʠʯʝʩʢʠʤ ʠ ʸʤʢʦʩʪʥʳʤ ʩʢʘʥʝʨʘʤ ʥʫʞʥʦ ʧʨʠʢʣʘʜʳʚʘʪʴ ʧʘʣʝʮ, ʥʦ ʢʦʛʜʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʧʣʦʚʦʡ ʚʘʨʠʘʥʪ, ʥʫʞʥʦ ʧʘʣʴʮʝʤ ʧʨʦʚʦʜʠʪ ʧʦ ʥʝʤʫ. 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʵʣʝʢʪʨʦʥʥʳʤ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ. 

ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʫʶ ʧʦʜʧʠʩʴ (ʕʎʇ). ʋʩʪʘʥʦʚʠʚ ʥʘ ʩʚʦʡ 

ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʥʫʞʥʫʶ ʫʪʠʣʠʪʫ, ʢʦʪʦʨʘʷ ʧʨʦʚʝʨʷʝʪ ʧʦʜʧʠʩʠ, ʤʦʞʥʦ ʟʘʭʦʜʠʪʴ 

ʚ ʩʚʦʡ ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ ʩ ʧʦʤʦʱʴʶ ʕʎʇ. ʅʦ, ʫ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ʝʩʪʴ ʩʚʦʡ 

ʩʨʦʢ ʛʦʜʥʦʩʪʠ. ʇʦʩʣʝ ʠʩʪʝʯʝʥʠʷ ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ, ʟʘʥʦʚʦ ʥʫʞʥʦ ʠʜʪʠ ʠ ʧʨʦʩʪʦʷʪʴ ʚ ʦʯʝʨʝʜʠ 

ʚ ʮʝʥʪʨʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ (ʎʆʅ) ʂʘʟʘʭʩʪʘʥʘ ʯʪʦ ʙʳ ʦʙʥʦʚʠʪʴ ʩʚʦʶ ʕʎʇ. ʕʪʦ 

ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʥʫʞʥʦ ʧʦʤʥʠʪʴ ʩʚʦʡ ʧʘʨʦʣʴ. ʕʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʩʦʚ, ʥʘʧʨʠʤʝʨ: 

- ʧʘʨʦʣʴ ï ʧʦ ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʬʘʢʪʦʨʫ, ʣʶʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʟʘʙʳʪʴ ʩʚʦʡ 

ʧʘʨʦʣʴ 

- ʧʦʜʧʠʩʴ ï ʚʩʝʛʜʘ ʥʫʞʥʦ ʛʜʝ-ʪʦ ʭʨʘʥʠʪʴ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ ʠʩʪʝʯʝʥʠʷ ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ, 

ʥʫʞʥʦ ʦʙʥʦʚʣʷʪʴ, ʪʝʨʷʷ ʚʨʝʤʷ. 

ɹʠʦʤʝʪʨʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʦʯʝʥʴ ʣʝʛʢʦ ʨʝʰʠʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ. ʆʜʠʥ ʨʘʟ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʚ ʯʝʣʦʚʝʢʘ ʧʦ ʦʪʧʝʯʘʪʢʘʤ ʧʘʣʴʮʝʚ ʚ ʮʝʥʪʨʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʥʝ 

ʙʫʜʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʝʨʷʪʴ ʚʨʝʤʷ ʩʣʝʜʫʶʱʠʡ ʨʘʟ. ɺʝʜʴ ʩʪʘʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʯʝʣʦʚʝʢʘ ʥʝ 

ʤʝʥʷʶʪʩʷ. 

ʅʫʞʥʦ ʧʨʠʦʙʨʝʩʪʠ ʩʢʘʥʝʨ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ ʚʩʶ ʞʠʟʥʴ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʣʫʛʘʤʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ. 
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ʄʘʛʠʩʪʨʘʥʪ 1-ʛʦ ʢʫʨʩʘ 

ʋʥʠʚʝʨʩʠʪʝʪ çʊʫʨʘʥè, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

E-mail: bejsekova.laura@bk.ru 

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʥʘʣʠʟʠʨʫʝʪʩʷ 

ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʧʫʣʷʨʥʳʝ ʦʙʣʘʯʥʳʝ ʭʨʘʥʠʣʠʱʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ, ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ, GoogleDrive, ʗʥʜʝʢʩ 

ɼʠʩʢ, Dropbox 

 

ʏʪʦ ʪʘʢʦʝ çʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷè? 

çʆʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷè (cloudcomputing) ï ʥʦʚʘʷ, ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. ʆʥʘ 

ʦʙʲʝʜʠʥʷʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʝʨʚʠʩʦʚ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʨʝʩʫʨʩʳ, ʦʙʣʘʯʥʘʷ ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʚʠʩʦʚ, ʢʣʠʝʥʪʦʚ, 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʢʦʥʪʝʥʪʘ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʤʘʰʠʥ. [1] 

çʆʙʣʘʯʥʦʝè ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ, ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʤʝʝʪ 

ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ. 

ʆʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ ï ɻ ʪʦ ʠʜʝʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʯʪʦʙʳ ʚʩʝʛʜʘ ʠʤʝʪʴ ʧʦʜ ʨʫʢʦʡ ʥʝʦʙʭʦʜʠʤʳʝ 

ʬʘʡʣʳ. [2] 

 

ɺʠʜʳ çʦʙʣʘʢʦʚè 

ʆʙʣʘʢʘ ʧʦ ʤʦʜʝʣʷʤ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʤʦʞʥʦ ʧʦʜʝʣʠʪʴ ʥʘ ʯʘʩʪʥʳʝ, ʧʫʙʣʠʯʥʳʝ ʠ 

ʛʠʙʨʠʜʥʳʝ; ʧʦ ʩʝʨʚʠʩʥʳʤ ʤʦʜʝʣʷʤ ʜʝʣʷʪʩʷ ʥʘ SaaS (ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ), PaaS 

(ʧʣʘʪʬʦʨʤʘ), IaaS (ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ) ʠ ʜʨ. [3]) 

IaaS ʤʦʜʝʣʴ ð ʵʪʦ ʦʙʣʘʯʥʦʝ ʨʝʰʝʥʠʝ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʚʝʥʜʦʨ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ, ʪʘʢʠʤ ʢʘʢ ʩʝʨʚʝʨʳ, ʭʨʘʥʠʣʠʱʝ ʠ ʩʝʪʠ. 

PaaSʤʦʜʝʣʴ ð ʵʪʦ ʦʙʣʘʯʥʦʝ ʨʝʰʝʥʠʝ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʦʙʣʘʯʥʘʷ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʨʘʙʦʪʢʫ, 

ʫʧʨʘʚʣʝʥʠʝ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʨʠʣʦʞʝʥʠʡ. 

Software-as-a-Service ð ʵʪʦ ʦʙʣʘʯʥʦʝ ʨʝʰʝʥʠʝ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʜʦʩʪʫʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʦʙʣʘʯʥʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʚʝʥʜʦʨʘ. ʇʦʣʴʟʦʚʘʪʝʣʠ ʥʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʨʠʣʦʞʝʥʠʷ ʥʘ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. [4] 

ʆʪ ʚʠʜʘ çʦʙʣʘʢʘè ʟʘʚʠʩʠʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ð ʦʙʲʝʤ ʜʠʩʢʦʚʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʬʘʡʣʘ ʠ ʪ. ʜ. ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʥʥʦʡ 

ʩʪʘʪʴʝ ʧʫʙʣʠʯʥʳʝ çʦʙʣʘʢʘè ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʧʣʘʪʥʦ ʭʨʘʥʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ 
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ʥʘʯʘʣʴʥʳʡ ʦʙʲʝʤ ʜʘʥʥʳʭ ʚ ʩʚʦʝʤ ʣʠʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʪʘʢʞʝ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʧʣʘʪʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʙʣʘʯʥʳʝ ʭʨʘʥʠʣʠʱʘ 

ʥʘ ʨʳʥʢʝ. 

 ʆʙʦʟʨʝʚʘʝʤʳʝ ʦʙʣʘʯʥʳʝ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ:  

1. DropBox 

2. Google ɼʠʩʢ  

3. ʗʥʜʝʢʩ.ɼʠʩʢ 

4. MEGA 

5. ʆʙʣʘʢʦ Mail.ru  

6. Files.fm  

8. OneDrive 

ʈʘʙʦʪʘ Dropbox ʧʦʩʪʨʦʝʥʘ ʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʬʘʡʣʦʚ ʩ ʧʘʧʢʦʡ ʧʨʠʣʦʞʝʥʠʷ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʫʩʪʨʦʡʩʪʚʘʭ. ʉʝʨʚʠʩ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʦʙʣʘʯʥʦʝ 

ʭʨʘʥʠʣʠʱʝ, ʥʦ ʠ ʢʘʢ ʬʘʡʣʦʦʙʤʝʥʥʠʢ ð ʚʳʢʣʘʜʳʚʘʪʴ ʬʘʡʣʳ ʚ ʧʘʧʢʫ ʩ ʦʙʱʠʤ ʜʦʩʪʫʧʦʤ 

çPublicè. 

Google ɼʠʩʢ, ʗʥʜʝʢʩ.ɼʠʩʢ ʠ ʦʙʣʘʢʘ Mail.ru ð ʵʪʦ ʦʙʣʘʯʥʳʝ ʭʨʘʥʠʣʠʱʘ ʜʘʥʥʳʭ, 

ʦʯʝʥʴ ʧʦʭʦʞʠʝ ʧʦ ʩʚʦʝʤʫ ʬʫʥʢʮʠʦʥʘʣʫ. ʆʥʠ ʭʨʘʥʷʪ ʬʘʡʣʳ ʩʚʦʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ 

çʦʙʣʘʢʝè, ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʩʦʚʤʝʩʪʥʳʭ ʜʦʩʪʫʧ ʢ ʥʠʤ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʚ ʙʨʘʫʟʝʨʝ, 

ʙʣʘʛʦʜʘʨʷ ʥʘʙʦʨʘʤ ʦʬʠʩʥʳʭ ʧʨʠʣʦʞʝʥʠʡ. 

MEGA ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʷʚʣʷʝʪʩʷ ʦʙʣʘʯʥʳʤ ʬʘʡʣʦʦʙʤʝʥʥʠʢʦʤ. ɽʛʦ ʦʩʥʦʚʥʳʝ 

ʬʫʥʢʮʠʠ ð ʵʪʦ ʭʨʘʥʝʥʠʝ ʠ ʧʝʨʝʜʘʯʘ ʬʘʡʣʦʚ ʜʨʫʛʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. ɺʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʝʨʚʠʩʘ ʷʚʣʷʝʪʩʷ ʰʠʬʨʦʚʘʥʠʝ ʟʘʛʨʫʞʘʝʤʳʭ ʜʘʥʥʳʭ ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ, ʘ 

ʢʣʶʯʠ ʜʦʩʪʫʧʘ ʢ ʬʘʡʣʘʤ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʝʞʜʫ ʜʦʚʝʨʝʥʥʳʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ.  

Files.fm ð ɻ ʪʦ ʦʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ ʬʘʡʣʦʚ ʜʣʷ ʢʦʤʧʘʥʠʡ ʠ ʯʘʩʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʉʝʨʚʠʩʦʤ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʝʟ ʨʝʛʠʩʪʨʘʮʠʠ ʜʣʷ ʦʙʤʝʥʘ ð ʧʦʣʴʟʦʚʘʪʝʣʴ ʢʦʧʠʨʫʝʪ 

ʬʘʡʣʳ ʩ ʢʦʤʧʴʶʪʝʨʘ ʠʣʠ ʪʝʣʝʬʦʥʘ ʥʘ ʩʝʨʚʝʨ ʠ ʧʦʣʫʯʘʝʪ ʥʘ ʥʠʭ ʩʩʳʣʢʠ.  

OneDrive ð ʦʙʣʘʯʥʦʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ ʢʦʤʧʘʥʠʠ Microsoft. ʉʝʨʚʠʩ ʧʦʣʥʦʩʪʴʶ 

ʠʥʪʝʛʨʠʨʦʚʘʥ ʩ ʆʉ Windows, ʧʘʧʢʘ ʭʨʘʥʠʣʠʱʘ ʜʦʩʪʫʧʥʘ ʩʨʘʟʫ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ. 

[5] 

ɺ ʟʘʢʣʶʯʝʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʚʠʜʦʚ 

ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ ʩʪʘʥʦʚʷʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʨʘ. ʀʤʠ ʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ, ʥʦ 

ʠ ʚ ʣʠʯʥʳʭ ʮʝʣʷʭ. ʆʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ ʩʪʘʣʠ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʣʠʯʥʳʭ ʜʘʥʥʳʭ. ʂʦʥʝʯʥʦ ʩʫʱʝʩʪʚʫʶʪ ʨʠʩʢʠ ʩ ʧʦʣʥʦʡ ʧʦʪʝʨʝʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʣʫʯʘʝ 

ʦʪʢʘʟʘ ʨʘʙʦʪʳ ʩʝʨʚʠʩʦʚ, ʥʦ ʢʦʤʧʘʥʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʫʩʣʫʛʠ ʦʙʣʘʯʥʳʭ ʩʝʨʚʠʩʦʚ 

ʜʝʣʘʶʪ ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʚʩʝʭ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʭ ʚ ʩʣʫʯʘʝ 

ʧʦʪʝʨʠ. ʇʦ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʧʨʠʯʠʥʘʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʣʘʯʥʳʝ ʩʝʨʚʠʩʳ ʚ 

ʩʢʦʨʦʤ ʙʫʜʫʱʝʤ ʩʪʘʥʫʪ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʠʨʘ.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚʳʷʚʠʣʠ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʠʥʘʤʠʢʠ ʥʝʣʠʥʝʡʥʳʭ 

ʩʠʩʪʝʤ ʠ ʧʨʠʚʝʣʠ ʢ ʦʜʥʦʤʫ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʪʢʨʳʪʠʡ XX ʚʝʢʘ ï ʚ ʥʝʣʠʥʝʡʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ï ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʤʫ ʭʘʦʩʫ ʠ ʧʦʨʦʞʜʝʥʠʶ çʩʪʨʘʥʥʦʛʦ 

ʘʪʪʨʘʢʪʦʨʘè [1,2,3,4,5]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦʟʤʦʞʥʦʩʪʴ ʭʘʦʪʠʯʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʚ ʦʛʨʦʤʥʦʤ ʯʠʩʣʝ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ (ʦʙʲʝʢʪʦʚ) [1,2,5]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʙʱʝʧʨʠʟʥʘʥʦ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʠ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʥʝʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʦʨʦʞʜʝʥʠʝ ʨʝʞʠʤʘ, 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ, ʘ ʩʪʨʘʥʥʳʤ ʘʪʪʨʘʢʪʦʨʦʤ [1,5]. ɺ ʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ [6,7,8]. ɺ 

ʨʝʘʣʴʥʳʭ ʥʝʣʠʥʝʡʥʳʭ (ʣʠʥʝʡʥʳʭ) ʩʠʩʪʝʤʘʭ ʭʘʦʪʠʯʝʩʢʠʝ ʨʝʞʠʤʳ (ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ) 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʦʟʥʠʢʘʶʪ. ɼʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ ʦʢʘʟʳʚʘʝʪʩʷ ʠʥʦʛʜʘ ʚʨʝʜʥʳʤʠ, ʘ 

ʠʥʦʛʜʘ ʧʦʣʝʟʥʳʤʠ, ʪ.ʝ.  ʚʦʟʥʠʢʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʝ ʢʣʘʩʩʳ ʧʨʦʙʣʝʤ, ʢʦʛʜʘ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʭʘʦʪʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ (ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ) ʥʝʦʙʭʦʜʠʤʦ ʫʧʨʘʚʣʷʪʴ 

[2,9,10], ʫʤʝʥʴʰʘʷ ʩʪʝʧʝʥʴ ʭʘʦʪʠʯʥʦʩʪʠ ʠʣʠ ʠʩʢʣʶʯʘʷʝʝ ʧʦʨʦʞʜʝʥʠʝ ʠʟ ʨʝʞʠʤʘ ʨʘʟʚʠʪʠʝ 

ʧʨʦʮʝʩʩʘ ʚ ʩʠʩʪʝʤʝ [6,7,8,11]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʭʘʦʩ ʚ 

ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʨʦʞʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ, ʪ.ʝ. ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʭʦʜʘʤ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʟʘ ʛʨʘʥʠʮʳ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ, ʪʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ ʛʣʦʙʘʣʴʥʦ ʦʛʨʘʥʠʯʝʥʳ ʠ 

ʣʦʢʘʣʴʥʦ ʥʝʫʩʪʦʡʯʠʚʳ ʚʥʫʪʨʠ ʩʪʨʘʥʥʦʛʦ ʘʪʪʨʘʢʪʦʨʘ.  

ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʩʦʟʜʘʥʠʝʤ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ 

ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [6,7,8,11] ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, 

ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʦʪ ʨʝʞʠʤʘ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʭʘʦʩʘ çʩʪʨʘʥʥʦʛʦ 

ʘʪʪʨʘʢʪʦʨʘè. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʝʡ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ 

ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʘʟʚʘʥʥʳʝ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [6,7,8,11]. 

ʂʦʥʮʝʧʮʠʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʨʦʙʘʩʪʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʘʟʠʨʫʝʪʩʷ, ʥʦ ʧʨʠʢʣʘʜʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʪʝʦʨʠʡ ʢʘʪʘʩʪʨʦʬ [12,13], 

ʛʜʝʠʩʩʣʝʜʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʫʩʪʦʡʯʠʚʳʝ ʦʪʦʙʨʘʞʝʥʠʠ. 
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ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʦ ʧʦʩʪʨʦʝʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʣʠʥʝʡʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩ ʧʦʜʭʦʜʦʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʣʘʩʩʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʫʩʪʦʡʯʠʚʳʭ ʦʪʦʙʨʘʞʝʥʠʠ 

[6,7,8,11], ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʜʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʧʦʪʝʥʮʠʘʣ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʪʝʥʮʠʘʣʦʤ ʨʦʙʘʩʪʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʛʨʘʜʠʝʥʪʥʦ-ʩʢʦʨʦʩʪʥʳʤ ʤʝʪʦʜʘʤ ʚʝʢʪʦʨ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ 

[14,15,16,17], ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʷʤʦʛʦ ʤʝʪʦʜʘ ɸ.ʄ. 

ʃʷʧʫʥʦʚʘ ʠ ʧʦʥʷʪʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ 

ʧʦʩʪʨʦʝʥʠʶ ʚʝʢʪʦʨ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ, ʘʥʪʠʛʨʘʜʠʝʥʪ ʢʦʪʦʨʦʡ ʟʘʜʘʶʪʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʪ.ʝ. ʧʨʘʚʦʡ ʯʘʩʪʴʶ ʫʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ [17]. 

ʇʫʩʪʴ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ  

 

ὼ Ὢὼ ὄόȟ    ὼὸ ὼȟὸ ὸ

ώ ὫὼȟόȟώᶰὙȟὼɴ ὙȟόᶰὙ
                                      (1) 

 

ʛʜʝ Ὣὼȟό - ʚʝʢʪʦʨʥʳʝ ʬʫʥʢʮʠʠ, ʟʘʚʠʩʠʤʳʝ ʦʪ ʚʝʢʪʦʨʥʳʭ ʘʨʛʫʤʝʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ὲ ʠ ὰ . 
ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʠʟʤʝʨʷʝʤʳ, ʠʜʷ ʧʨʦʩʪʦʪʳ, 

ʤʘʪʨʠʮʫ ʫʧʨʘʚʣʝʥʠʷὄ ʧʨʝʜʧʦʣʦʞʠʤ ʜʠʘʛʦʥʘʣʴʥʦʡ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʥʝʣʠʥʝʡʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ά 

ʚʭʦʜʘʤʠ ʠ ʩ ὲ ʚʳʭʦʜʘʤʠ, ʨʘʟʣʦʛʘʷ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʚʦʢʨʫʛ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ὼ, ʠ 
ʜʣʷ ʧʨʦʩʪʦʪʳ ʦʛʨʘʥʠʯʠʚʘʷʩʴ ʯʣʝʥʘʤʠ ʧʝʨʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʠὭ Ὦ ʧʨʝʜʩʪʘʚʠʤ ʚ 

ʨʘʟʚʝʨʥʫʪʦʡ ʬʦʨʤʝ  

 
ὼ Ὢ ὼ ὥ ὼ ὥ ὼ ȟȣȟὥ ὼ

ὼ ὥ ὼ Ὢ ὼ ὥ ὼ ȟȣȟὥ ὼ
ȣ                               ȣ                            ȣ          
ὼ ὥ ὼ ὥ ὼ ὥ ὼ ȟȣȟὪ ὼ  

                                     (2) 

  

ɿʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ - όὸ -  ʷʚʣʷʝʪʩʷ ʚʝʢʪʦʨ ʬʫʥʢʮʠʝʡ ʨʘʟʤʝʨʥʦʩʪʠ ὲ  ʟʘʜʘʥʥʦʡ ʚ 
ʬʦʨʤʝ ʥʝʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ 

 

ό ὸ ὼ Ὧὼ Ὢ ὼȟὭ ρȟȣȟὲ                                        (3) 

ʛʜʝ  

ὥ
‬Ὢὼ

‬ὼ
ȿ ȟὭ ὮȟὭ ρȟȣȟὲȟὮ ρȟȣȟὲ 

Ὢ ὼ ὥ Ὤ ὼȟὭ ρȟȣȟὲȢ 
 

ʌʫʥʢʮʠʷ  Ὤ ὼ   - ʫʯʠʪʳʚʘʝʪ ʥʝʣʠʥʝʡʥʦʛʦ ʚʢʣʘʜʘ ʚʨʘʟʣʦʞʝʥʠʡ ʚ ʨʷʜ ʊʝʡʣʦʨʘ.  

ʋʧʨʘʚʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (1) ʩ ʫʯʝʪʦʤ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (2) ʠ ʟʘʢʦʥʘ 

ʫʧʨʘʚʣʝʥʠʷ (3) ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ: 
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ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (4): 
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>                     (5) 

 

ʀʟ (5) ʧʦʣʫʯʘʝʤ ʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ 

 

 
01 =isx ni ,...,1=                                                        (6) 

 

ɼʨʫʛʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʡ 

 

0)(2 =++- iiiiiisii kbaxb 0=jsx ,  0̧i ,  ni ,...,1= ;  nj ,...,1=  (7) 

ʄʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ (7) ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ  

 

i

ii

ii
is k

b

a
x +°=3,2

, 0=jsx , ji¸ ,  ni ,...,1= ;  nj ,...,1=  (8) 

 

ɿʜʝʩʴ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (5) ʠʤʝʝʪ ʪʨʠʚʠʘʣʴʥʦʝ 

ʨʝʰʝʥʠʝ (6) ʠ ʥʝʪʨʠʚʠʘʣʴʥʳʝ ʨʝʰʝʥʠʷ (8) ʧʨʠ0>+ i

ii

ii k
b

a
,  ni ,...,1=  

ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ   ʟʥʘʯʝʥʠʠ0<+ i

ii

ii k
b

a
, ni ,...,1=   ʫʨʘʚʥʝʥʠʝ (7) ʠʤʝʝʪ ʤʥʠʤʳʝ 

ʨʝʰʝʥʠʷ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʢʦʡ-ʣʠʙʦ ʬʠʟʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʡ ʩʠʪʫʘʮʠʠ. ʕʪʠ 

ʨʝʰʝʥʠʷ ʩʣʠʚʘʶʪʩʷ ʩ (6) ʧʨʠ0=+ i

ii

ii k
b

a
, ni ,...,1=  ʠ ʦʪʚʝʪʚʣʷʶʪʩʷ ʦʪ ʥʝʛʦ ʧʨʠ

0>+ i

ii

ii k
b

a
,  ni ,...,1= , ʪ.ʝ. ʚ ʪʦʯʢʝ0=+ i

ii

ii k
b

a
, ni ,...,1= ʧʨʦʠʩʭʦʜʠʪ ʙʠʬʫʨʢʘʮʠʷ. 

ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ (6) ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤ ʧʨʠ ʚʩʝʭ

0<+ i

ii

ii k
b

a
, ni ,...,1=  ʠ ʥʝʫʩʪʦʡʯʠʚʳʤ ʧʨʠ0>+ i

ii

ii k
b

a
, ni ,...,1= ʩʦʩʪʦʷʥʠʷ (8) 
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ʪʘʢʞʝ ʙʫʜʫʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤʠ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʚʝʪʚʠ
3,2

isx  ʧʦʷʚʣʷʶʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʠʬʫʨʢʘʮʠʠ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʩʦʩʪʦʷʥʠʝ (5) ʪʝʨʷʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʨʠʯʝʤ 

ʩʘʤʠ ʵʪʠ ʚʝʪʚʠ ʫʩʪʦʡʯʠʚʳ.  

ʇʨʦʚʝʨʢʘ ʵʪʠʭ ʚʳʩʢʘʟʳʚʘʥʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʛʨʘʜʠʝʥʪʥʦ-ʩʢʦʨʦʩʪʥʦʛʦ ʠʜʝʡ 

ʚʝʢʪʦʨ ʬʫʥʢʮʠʡ ɸ.ʄ. ʃʷʧʫʥʦʚʘ [17,18,19,20]. 

ɽʩʣʠ ʬʫʥʢʮʠʷ ʃʷʧʫʥʦʚʘ  V(x) ʟʘʜʘʝʪʩʷ ʚ ʚʠʜʝ ʚʝʢʪʦʨ ïʬʫʥʢʮʠʠ ))(),...,(( 1 xVxVV n

, ʪʦʛʜʘ  ʘʥʪʠʛʨʘʜʠʝʥʪ ʦʪ ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ ʟʘʜʘʝʪʩʷ ʢʘʢ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ 
Ὠὼ
Ὠὸ 

ʧʦ ʢʦʦʨʜʠʥʘʪʘʤὼʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ: 

 

n

iiii

x

xV

x

xV

x

xV

dt

dx

µ

µ
++

µ

µ
+

µ

µ
=

)(
...

)()(

21

,  ni ,...,1=                              (9) 

 

ʀʟ (4) ʥʘʭʦʜʠʤ ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (9) ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ ʦʪ ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ [17,18]: 

 

ừ
Ử
Ừ

Ử
ứ ὦ ὼ ὥ ὦ Ὧ ὼȟ ὥ ὼȟȣȟ ὥ ὼ

ὥ ὼȟ ὦ ὼ ὥ ὦ Ὧ ὼȟȣȟ ὥ ὼ
ȣ                                                       ȣ                                                 ȣ

ὥ ὼȟ ὥ ὼȟȣȟ ὦ ὼ ὥ ὦ Ὧ ὼ

 (10) 

  

ʀʟ (4) ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʧʨʝʜʩʪʘʚʠʤ ʚʠʜʝ: 

 

ừ
Ử
Ử
Ừ

Ử
Ử
ứ ὦ ὼ ὥ ὦ Ὧ ὼȟ ὥ ὼȟȣȟ ὥ ὼ

ὥ ὼȟ ὦ ὼ ὥ ὦ Ὧ ὼȟȣȟ ὥ ὼ

ȢȢȢ                                                             ȣ                                                             ȣ           

ὥ ὼȟ ὥ ὼȟȣȟὦ ὼ ὥ ὦ Ὧ ὼȟȣȟ

ὦ ὼ ὥ ὦ Ὧ ὼ

      (11) 

 

ʇʦʣʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʚʝʢʪʦʨïʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ V(x) ʩ ʫʯʝʪʦʤ 

ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (4), ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ 

ʛʨʘʜʠʝʥʪʘ (10) ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ (11) ʪ.ʝ. 

 

В В ὦ ὼ ὥ ὦ Ὧ ὼ ὥ ὼ

ȢȢȢὥ ὼ ὥ ὼ ὦ ὼ ὥ ὦ Ὧ ὼ ȢȢȢὥ ὼ ȢȢȢ

ὥ ὼ ὥ ὼȣ ὦ ὼ ὥ ὦ Ὧ ὼ

 (12) 

 

ʀʟ (12) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʟʥʘʢʦʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ. ʇʦ ʚʝʢʪʦʨʫ ʛʨʘʜʠʝʥʪʘ (10) ʩʪʨʦʠʤ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʚ ʩʢʘʣʷʨʥʦʡ ʬʦʨʤʝ 
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 (13) 

 

ʌʫʥʢʮʠʷ (13) ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʃʷʧʫʥʦʚʘ ʠ ʫʩʣʦʚʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘʤʠ 
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                                         (14) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (6) ʩʠʩʪʝʤʳ (4) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʥʝʨʘʚʝʥʩʪʚ (14). 

ʌʦʨʤʘʣʠʟʤ ʦʧʠʩʘʥʥʳʡ ʚ [3] ʧʦʟʚʦʣʷʝʪ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (4), ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʦʪʢʣʦʥʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ὼ(8) ʠ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 
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 (15) 

  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʦʩʪʦʷʥʠʠ ὼ ʥʘʭʦʜʠʤ, ʠʟ 

ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (15), ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ: 

 

ừ
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
ứ ὦρρὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼȟ ὥ ὼȟ                                      

ὥ ὼȟȣȟ ὥ ὼȠ                                                                                                         

ὥ ὼȟ ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼȟ                                         

ὥ ὼȟȣȟ ὥ ὼȟ                                                                                                        
Ȣ   Ȣ   Ȣ                                                              Ȣ   Ȣ   Ȣ                                             Ȣ   Ȣ   Ȣ    

ὥ ὼȟ ὥ ὼȟȣȟ ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼ

(16)      
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ʀʟ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (14) ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦ 

ʢʦʦʨʜʠʥʘʪʘʤ, ʧʦʣʫʯʠʤ 

 

ừ
Ử
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
Ử
ứ ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼȟ                                

ὥ ὼȟ ὥ ὼ ȟȣȟ ὥ ὼ

ὥ ὼȟ ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼȟ

ὥ ὼ ȟȣȟ ὥ ὼȟ                                                                     

Ȣ  Ȣ  Ȣ                                                   Ȣ  Ȣ  Ȣ                                                    Ȣ  Ȣ  Ȣ

ὥ ὼȟ ὥ ὼ ȟ ὥ ὼȟȣ                                    

Ȣ  Ȣ  Ȣȟ ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼ

  (17) 

 

ʀʟ (16) ʠ (17) ʧʦʣʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ 

ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ: 

 

Ὠὠὼ

Ὠὸ

‬ὠὼ

‬ὼ

Ὠὼ

Ὠὸ
ὦ ὼ σὦ

ὥ

ὦ
Ὧὼ ὥ ὦ Ὧ ὼ

ὥ ὼ ὥ ὼ Ễ ὥ ὼ ὥ ὼ ὦ ὼ σὦ
ὥ

ὦ
Ὧὼ ὥ ὦ Ὧ ὼ

ὥ ὼ Ễ ὥ ὼ Ễ ὥ ὼ ὥ ὼ ὥ ὼ Ễ ὦ ὼ σὦ
ὥ

ὦ
Ὧὼ

ὥ ὼ Ễ ὥ ὼ Ễ ὥ ὼ ὥ ὼ ὥ ὼ ȢȢȢ ὦ ὼ σὦ
ὥ

ὦ
Ὧὼ

ὥ ὦ Ὧ ὼ ό

 

                                                                                                                (18) 

 

ʌʫʥʢʮʠʷ (18) ʷʚʣʷʝʪʩʷ ʟʥʘʢʦʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ, ʪ.ʝ. ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʩʝʛʜʘ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ. 

ʇʦ ʢʦʤʧʦʥʝʥʪʘʤ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ (16) ʤʦʞʝʤ ʧʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ 

ʚ ʩʢʘʣʷʨʥʦʡ ʬʦʨʤʝ  

ὠὼ ὠ ὼ ὠ ὼ ȢȢȢὠ ὼ
ρ

τ
ὦ ὼ ὦ

ὥ

ὦ
Ὧὼ

ρ

ς
ὥ ὦ Ὧ ὥ  

ȢȢȢὥ ὼ
ρ

τ
ὦ ὼ ὦ

ὥ

ὦ
Ὧὼ

ρ

ς
ὥ ὦ Ὧ ὥ ȢȢȢὥ ὼ ȢȢȢ  

ὦ ὼ ὦ Ὧὼ ὥ ὦ Ὧ ὥ ὥ ȢȢȢὥ ȟ ὼ     (19) 
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ʌʫʥʢʮʠʷ (19) ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ, ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦ-

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʝʡ ʠ ʠʤʝʝʪ ʩʣʘʛʘʝʤʳʝ ʚ ʚʠʜʝ ʧʝʨʝʤʝʥʥʳʭ ʩ ʥʝʯʝʪʥʳʤʠ 

ʩʪʝʧʝʥʷʤʠ. ʇʦʵʪʦʤʫ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʣʝʤʤʳ ʄʦʨʩʘ [12,13], ʬʫʥʢʮʠʶ (19) ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ 

 

ὠὼ
ρ

ς
ὥ ὥ ὥ ȢȢȢ ὥ ὦὯ ȢȢȢὥ ὼ 

  

ʆʪʩʶʜʘ, ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ (19) ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʥʝʨʘʚʝʥʩʪʚʦʤ 

 

ὥ ὦὯ ὥ ὥ ȢȢȢὥ ȟὭ ρȟȣȟὲȠ                            (20) 

 

ʋʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (4) ʚ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ὼ(8) ʟʘʧʠʩʳʚʘʝʪʩʷ  
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 (21) 

 

ʀʟ (21) ʦʧʨʝʜʝʣʷʝʤ ʢʦʤʧʦʥʝʥʪʘ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʦʚ ʦʪʚʝʢʪʦʨ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʩ 

ʫʯʝʪʦʤ (9): 

 

ừ
Ử
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
Ử
ứ ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼȟ ὥ ὼȟ      

ὥ ὼȟȣȟ ὥ ὼȠ 

ὥ ὼȟ ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼȟ    

ὥ ὼȟȣȟ ὥ ὼȟ                                                                   
Ȣ   Ȣ   Ȣ                                                          Ȣ   Ȣ   Ȣ                                         Ȣ   Ȣ   Ȣ  

ὥ ὼȟ ὥ ὼȟȣȟ                 

ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼ

 (22) 

 

ʀʟ (21) ʧʦʣʫʯʘʝʤ ʨʘʟʣʦʞʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ: 
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ừ
Ử
Ử
Ử
Ử
Ử
Ừ

Ử
Ử
Ử
Ử
Ử
ứ ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼȟ                                

ὥ ὼȟ ὥ ὼ ȟȣȟ ὥ ὼ

ὥ ὼȟ ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼȟ

ὥ ὼ ȟȣȟ ὥ ὼȟ                                                                  

 Ȣ  Ȣ  Ȣ                                    Ȣ  Ȣ  Ȣ                                      Ȣ  Ȣ  Ȣ                                   

ὥ ὼȟ ὥ ὼ ȟ ὥ ὼȟȣ                                    

ὦ ὼ σὦ Ὧὼ ὥ ὦ Ὧ ὼ

 (23) 

  

ʀʟ (22) ʠ (23) ʧʦʣʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʦʪ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ 

ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ: 

Ὠὠὼ

Ὠὸ

‬ὠὼ

‬ὼ

Ὠὼ

Ὠὸ
ὦ ὼ σὦ

ὥ

ὦ
Ὧὼ ὥ ὦ Ὧ ὼ  

ὥ ὼ ὥ ὼ ȢȢȢὥ ὼ ὥ ὼ ὦ ὼ σὦ
ὥ

ὦ
Ὧὼ ὥ ὦ Ὧ ὼ

 

ὥ ὼ ȢȢȢὥ ὼ ȢȢȢὥ ὼ ὥ ὼ ὥ ὼ ȢȢȢ ὦ ὼ σὦ
ὥ

ὦ
Ὧὼ  

ὥ ὦ Ὧ ὼ ό                                                          (24) 

 

ʌʫʥʢʮʠʷ (24) ʷʚʣʷʝʪʩʷ ʟʥʘʢʦʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʝʡ. ʇʦ ʢʦʤʧʦʥʝʥʪʘʤ ʛʨʘʜʠʝʥʪʘ 

ʤʦʞʝʤ ʧʦʩʪʨʦʠʪʴ ʚʝʢʪʦʨ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʚ ʩʢʘʣʷʨʥʦʡ ʬʦʨʤʝ  

 

ὠὼ
ρ

τ
ὦ ὼ ὦ

ὥ

ὦ
Ὧὼ

ρ

ς
ὥ ὦ Ὧ ὥ ȢȢȢὥ ὼ  

ρ

τ
ὦ ὼ ὦ

ὥ

ὦ
Ὧὼ

ρ

ς
ὥ ὦ Ὧ ὥ ȢȢȢὥ ὼ ȢȢȢ  

ὦ ὼ ὦ Ὧὼ ὥ ὦ Ὧ ὥ ὥ ȢȢȢὥ ȟ ὼ   (25) 

  

ʌʫʥʢʮʠʷ (25), ʥʘ ʦʩʥʦʚʝ ʣʝʤʤʳ ʄʦʨʩʘ[12,13] ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʬʦʨʤʳ 

ὠὼ В ὥ ὥ ὥ Ễ ὥ ὦὯ Ễ ὥ ὼ                 (26) 

  

ʀʟ (26) ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ὼ(8) ʙʫʜʝʪ ʚʳʨʘʞʘʪʴʩʷ 

ʩʠʩʪʝʤʦʡ ʥʝʨʘʚʝʥʩʪʚ 

ὥ ὦὯ ὥ ὥ ȢȢȢὥ ȟὭ ρȟȣȟὲȠ                        (27) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʛʨʘʜʠʝʥʪʥʦ-ʩʢʦʨʦʩʪʥʦʡ ʤʝʪʦʜ ʚʝʢʪʦʨ ʬʫʥʢʮʠʠ 

ʃʷʧʫʥʦʚʘ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʠ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʢʣʘʩʩʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʫʩʪʦʡʯʠʚʳʭ ʦʪʦʙʨʘʞʝʥʠʡ, ʙʫʜʝʪ 

ʫʩʪʦʡʯʠʚʦʡ ʚ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ  

ὥὭ ρȟȣȟὲ. ʉʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ὼ(6) ʩʫʱʝʩʪʚʫʝʪ ʠ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ 
ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʚ ʦʙʣʘʩʪʠ (14), ʘ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʩʦʩʪʦʷʥʠʷ ὼʠὼ(8) ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ ʧʦʪʝʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʦʷʥʠʷ ὼ(6) ʠ ʦʥʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝ ʩʫʱʝʩʪʚʫʶʪ. ʉʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʷ ὼʠὼ(8) ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ 
ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʩʠʩʪʝʤʳ ʥʝʨʘʚʝʥʩʪʚ (20) ʠ (27). ʇʨʠʯʝʤ ʦʥʳ ʧʦʣʫʯʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʤʠ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʧʫʩʢʘ ʜʘʥʥʦʛʦ ʧʦʪʦʢʘ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʛʦʨʦʜʘ ʟʘ ʚʨʝʤʷ, 

ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ ʜʘʥʥʦʝ, ʧʦ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ, ʢʦʪʦʨʘʷ ʥʘ ʚʳʭʦʜʝ ʣʠʙʦ ʚʳʜʘʝʪ, ʯʪʦ ʧʦʪʦʢ 

ʧʨʦʭʦʜʠʪ, ʣʠʙʦ, ʝʩʣʠ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʚʳʷʚʣʷʝʪ ʧʫʪʠ ʠ ʢʦʥʢʨʝʪʥʳʝ ʧʝʨʝʢʨʸʩʪʢʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʚʦʟʥʠʢʘʶʪ ʟʘʪʦʨʳ, ʤʝʰʘʶʱʠʝ ʫʩʧʝʰʥʦʤʫ ʧʨʦʝʟʜʫ ʟʘʜʘʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʊʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʧʦʪʦʢʘ M ʠʟ ʧʫʥʢʪʘ S ʚ 

ʧʫʥʢʪ T ʟʘ ʚʨʝʤʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ Time. ɽʩʣʠ ʵʪʦʛʦ ʩʜʝʣʘʪʴ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ 

ʥʘ ʜʦʨʦʛʘʭ ʧʨʦʙʢʠ, ʪʦ ʚʳʷʚʠʪʴ ʵʪʠ ʤʝʩʪʘ ʠ ʧʝʨʝʜʘʪʴ ʥʘ ʚʳʭʦʜ. ʉʢʦʨʦʩʪʴ ʚʩʝʭ ʤʘʰʠʥ 

ʫʩʨʝʜʥʝʥʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

1)  ɼʦʨʦʞʥʘʷ ʩʝʪʴ ʛʦʨʦʜʘ ï ʜʦʨʦʛʠ, ʧʝʨʝʢʨʝʩʪʢʠ (ʦʙʳʯʥʳʝ), ʧʝʨʝʢʨʝʩʪʢʠ ʩʦ 

ʩʚʝʪʦʬʦʨʘʤʠ, ʢʦʣʴʮʘ. 

2)  ʇʘʨʘʤʝʪʨʳ ʜʦʨʦʛʠ: 

ʘ)  Pmax(i,j)ÍR+ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʫʛʠ (i, j). 

ʙ)  Preal(i,j)ÍR+ ï ʨʝʘʣʴʥʳʡ ʫʩʨʝʜʥʝʥʥʳʡ ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ Time ʧʦʪʦʢ. 

ʚ)  zerotime(i,j)ÍR+ï ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʜʫʛʠ, ʝʩʣʠ ʥʘ ʥʝʡ ʥʝʪ ʥʠ ʦʜʥʦʡ ʤʘʰʠʥʳ. 

3)  ŭÍ(0,1) ï ʩʚʝʪʦʬʦʨʥʳʡ ʧʘʨʘʤʝʪʨ (ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʨʝʢʨʝʩʪʢʘ ʩʚʦʡ), ʦʙʦʟʥʘʯʘʝʪ, 

ʢʘʢʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʢʘʢʦʡ ʩʚʝʪ ʛʦʨʠʪ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʨʫʛʦʡ ʩʚʝʪ ʛʦʨʠʪ 1-ŭ ʚʨʝʤʝʥʠ). 

4)  ʇʘʨʘʤʝʪʨʳ ʢʦʣʴʮʘ: 

ʘ)  Circle_numberÍZ+ ï ʯʠʩʣʦ ʚʭʦʜʷʱʠʭ (ʠʩʭʦʜʷʱʠʭ) ʠʟ ʢʦʣʴʮʘ ʜʦʨʦʛ. 

ʙ)  CirclemaxÍR+ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʣʴʮʘ. 

ʚ)  Circlereal.1, é, Circlereal.Circle_numberÍR+ ï ʨʝʘʣʴʥʳʝ, ʫʩʨʝʜʥʸʥʥʳʝ ʟʘ ʧʝʨʠʦʜ 

ʚʨʝʤʝʥʠ Time, ʧʦʪʦʢʠ ʤʝʞʜʫ 1-ʦʡ ʠʩʭʦʜʷʱʝʡ ʜʦʨʦʛʦʡ ʠ ʚʪʦʨʦʡ, ʤʝʞʜʫ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ, 

é., ʤʝʞʜʫ Circle_number ʠ 1-ʦʡ. 

ʛ)  Circletime.1, é, Circletime.Circle_numberÍR+ ï ʧʦ ʘʥʘʣʦʛʠʠ ʩ zerotime(i,j) ʠ 

Circlereal. 

5)  ʇʦʪʦʢʦʚʳʝ ʜʘʥʥʳʝ: 

ʘ)  S ï ʪʦʯʢʘ ʦʪʧʨʘʚʢʠ ʧʦʪʦʢʘ. 

ʙ)  T ï ʪʦʯʢʘ ʧʨʠʥʷʪʠʷ ʧʦʪʦʢʘ. 

ʚ)  MÍZ+ï ʚʝʣʠʯʠʥʘ ʧʦʪʦʢʘ (ʩʢʦʣʴʢʦ ʤʘʰʠʥ ʧʦʜʘʝʪʩʷ ʚ ʪʦʯʢʫ S). 

ʛ)  TimeÍR+ï ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʩʠʪʴ ʧʦʪʦʢ ʠʟ S ʚ T. 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ, ʚʟʚʝʰʝʥʥʳʡ ʤʫʣʴʪʠʛʨʘʬ. 

ʂʘʞʜʘʷ ʜʦʨʦʛʘ ï ʵʪʦ ʜʫʛʘ ʛʨʘʬʘ, ʢʘʞʜʳʡ ʧʝʨʝʢʨʸʩʪʦʢ ʙʝʟ ʩʚʝʪʦʬʦʨʘ ï ʚʝʨʰʠʥʘ. 

ʇʝʨʝʢʨʸʩʪʦʢ ʩʦ ʩʚʝʪʦʬʦʨʦʤ ʠ ʢʦʣʴʮʦ ï ʵʪʦ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ [1], ʢʦʪʦʨʳʝ, ʪʝʤ 
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ʥʝ ʤʝʥʝʝ, ʧʨʠʚʦʜʷʪʩʷ ʢ ʧʝʨʚʳʤ ʜʚʫʤ (ʜʦʨʦʛʘ, ʧʝʨʝʢʨʸʩʪʦʢ ʙʝʟ ʩʚʝʪʦʬʦʨʘ) ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ʀʟʥʘʯʘʣʴʥʦ ʧʝʨʝʢʨʸʩʪʦʢ ʙʝʟ ʩʚʝʪʦʬʦʨʘ ï ʦʙʳʯʥʘʷ ʚʝʨʰʠʥʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, 

ʯʪʦ ʝʡ ʧʨʠʧʠʩʘʥ ʧʘʨʘʤʝʪʨ ŭ), ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʧʦʣʥʳʡ ʛʨʘʬ K4, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 
 

ʈʠʩ. 1 ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʝʢʨʸʩʪʢʘ ʩʦ ʩʚʝʪʦʬʦʨʦʤ 

 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ Pmax(i,j) ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʰʝʩʪʠ ʜʫʛ ʨʘʚʥʘ ʤʠʥʠʤʫʤʫ 

ʧʨʦʧʫʩʢʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠʥʮʠʜʝʥʪʥʳʭ ʦʩʥʦʚʥʳʭ ʜʫʛ (ʥʝ ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ). ʊʘʢ ʢʘʢ 

ʩʚʝʪʦʬʦʨ ʛʦʨʠʪ ŭ ʚʨʝʤʝʥʠ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ ʠ (1-ŭ) ʚ ʜʨʫʛʫʶ, ʪʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʘʣʴʥʳʝ 

ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʙʫʜʫʪ ŭ*Pmax ʠ (1-ŭ)*Pmax. ʇʦʷʩʥʝʥʠʝ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ 

ʧʝʨʝʢʨʸʩʪʢʘ ʩʦ ʩʚʝʪʦʬʦʨʦʤ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
 

ʈʠʩ. 2  ʇʦʷʩʥʝʥʠʝ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʧʝʨʝʢʨʸʩʪʢʘ ʩʦ ʩʚʝʪʦʬʦʨʦʤ 

 

ʋʩʨʝʜʥʝʥʥʳʡ ʧʦʪʦʢ Preal(i,j) ʢʘʞʜʦʡ ʜʫʛʠ ʨʘʚʝʥ 0 (ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʤʘʰʠʥʳ 

ʧʨʦʭʦʜʷʪ ʧʝʨʝʢʨʝʩʪʦʢ ʤʛʥʦʚʝʥʥʦ). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ zerotime(i,j) ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʪʦʞʝ ʨʘʚʝʥ 0. 

ʇʫʩʪʴ ʜʘʥʦ ʢʦʣʴʮʦ. ʊʦʛʜʘ ʧʨʝʦʙʨʘʟʫʝʤ ʝʛʦ ʧʦʜ ʥʘʰʫ ʤʦʜʝʣʴ ʢʘʢ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩ. 3 ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʣʴʮʘ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʩʪʨʫʢʪʫʨʫ ʚ ʨʘʤʢʘʭ ʧʨʦʩʪʳʭ ʚʝʨʰʠʥ ʠ ʜʫʛ. ɺ ʢʘʯʝʩʪʚʝ 

Pmax(i,j) ʙʝʨʝʤ Circlemax. ɺ ʢʘʯʝʩʪʚʝ Preal(i,i+1) ʠ zerotime(i,i+1) ʙʝʨʝʤ Circlereal.i ʠ 

Circletime.i, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʫʪʴ ʤʝʞʜʫ i-ʦʡ ʠ i+1-ʦʡ ʜʦʨʦʛʘʤʠ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ, ʥʘʤ ʝʱʝ ʧʦʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ 

ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʦʢʘʟʳʚʘʪʴ ʚʨʝʤʷ, ʧʦʪʨʘʯʝʥʥʦʝ ʜʣʷ ʧʨʦʝʟʜʘ ʝʜʠʥʠʮʳ ʧʦʪʦʢʘ ʧʦ 

ʜʘʥʥʦʡ ʜʫʛʝ [2]. 

ɺʚʦʜʠʪʩʷ ʬʫʥʢʮʠʷ h(i,j) = h(Pmax(i,j), Preal(i,j), zerotime(i,j)) ÍR+ ï ʚʨʝʤʷ 

ʧʨʦʭʦʞʜʝʥʠʷ ʝʜʠʥʠʮʳ ʧʦʪʦʢʘ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ (ʜʫʛʠ). ʆʥʘ ʧʦʣʫʯʘʝʪ ʥʘ ʚʭʦʜ ʧʨʦʧʫʩʢʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʜʫʛʠ, ʫʩʨʝʜʥʝʥʥʳʡ ʧʦʪʦʢ ʠ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʙʳ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʝʜʠʥʠʮʝ ʧʦʪʦʢʘ, 

ʯʪʦʙʳ ʧʨʦʝʭʘʪʴ ʧʦ ʵʪʦʡ ʜʫʛʝ, ʙʫʜʴ ʦʥʘ ʧʫʩʪʘ (ʥʝ ʙʳʣʦ ʙʳ ʜʨʫʛʠʭ ʤʘʰʠʥ). ʕʪʘ ʬʫʥʢʮʠʷ 

ʥʦʩʠʪ ʙʦʣʝʝ ʵʤʧʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʞʝʪ ʟʘʜʘʚʘʪʴʩʷ ʤʥʦʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʇʨʠ 

ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

 

                                       ),(*)
),max(

),(Pr
1(),( jizerotime

jiP

jieal
jih +=                                               (1) 

 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʩʝʭ ʬʘʟ ʢʦʤʧʣʝʢʩʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʨʠ ʨʝʰʝʥʠʠ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʤʝʛʘʧʦʣʠʩʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʪʝʦʨʠʷ S-ʛʠʧʝʨʩʝʪʝʡ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʚʨʝʤʝʥʥʦʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʝ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ 

ʪʝʭʥʦʣʦʛʠʶ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʝʝ ʦʩʥʦʚʝ [1].  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʘʣʛʦʨʠʪʤ ʧʦ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ ʙʫʜʝʪ ʧʨʦʚʝʨʷʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʧʫʩʢʘ ʜʘʥʥʦʛʦ ʧʦʪʦʢʘ ʧʫʥʢʪʘʤʠ (ʠʟ ʚʝʨʰʠʥʳ S ʚ ʚʝʨʰʠʥʫ T) ʟʘ ʚʨʝʤʷ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʝ ʜʘʥʥʦʝ. ɸʣʛʦʨʠʪʤ ʥʘ ʚʳʭʦʜʝ ʙʫʜʝʪ ʣʠʙʦ ʚʳʜʘʚʘʪʴ, ʯʪʦ ʧʦʪʦʢ ʧʨʦʭʦʜʠʪ, 

ʣʠʙʦ, ʝʩʣʠ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʙʫʜʝʪ ʚʳʷʚʣʷʪʴ ʧʫʪʠ (Memory.ʩʪʦʠʤʦʩʪʴ) ʠ ʢʦʥʢʨʝʪʥʳʝ 

ʧʝʨʝʢʨʸʩʪʢʠ (ʩʧʠʩʦʢ TrafficWay, ʧʦ ʩʪʨʫʢʪʫʨʝ ʘʥʘʣʦʛʠʯʥʳʡ Memory.ʧʫʪʴ), ʥʘ ʢʦʪʦʨʳʭ 

ʚʦʟʥʠʢʘʶʪ ʟʘʪʦʨʳ, ʤʝʰʘʶʱʠʝ ʫʩʧʝʰʥʦʤʫ ʧʨʦʝʜʫ ʟʘʜʘʥʥʦʛʦ ʧʦʪʦʢʘ ʚ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ [3]. 

ɸʣʛʦʨʠʪʤ TrafficWay 

1-ʰʘʛ. ʀʩʧʦʣʴʟʫʝʤ ʘʣʛʦʨʠʪʤ Mflow, ʚ ʢʦʪʦʨʦʤ:  

ʘ) ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʧʫʥʢʪʦʚ ʙʝʨʝʤ ʚʝʨʰʠʥʳ S ʠ T, 

ʙ) ʚ ʢʘʯʝʩʪʚʝ cij ʙʝʨʝʤ Pmax(i, j), 

ʚ) ʚ ʢʘʯʝʩʪʚʝ cost(i,j) ʙʝʨʝʤ h(Pmax(i,j), Preal(i,j), zerotime(i,j)), 

ʛ) ʚ ʢʘʯʝʩʪʚʝ ʄ ʙʝʨʝʤ Time.  

2-ʰʘʛ. ʇʨʝʦʙʨʘʟʫʝʤ ʧʦʣʫʯʝʥʥʳʡ ʚ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ ʩʧʠʩʦʢ ʚ:  

Memory.ʩʪʦʠʤʦʩʪʴ = round(Time - Memory.ʩʪʦʠʤʦʩʪʴ) + 1. ɿʘʪʝʤ ʧʦʣʫʯʘʝʤ F ʢʘʢ 

ʩʫʤʤʫ ʚʩʝʭ Memory.ʩʪʦʠʤʦʩʪʴ. 

3-ʰʘʛ. ʇʦʣʫʯʝʥʥʳʡ ʥʘ ʚʪʦʨʦʤ ʰʘʛʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʪʦʢ F ʩʨʘʚʥʠʚʘʝʤ ʩ M: 

ʘ) ʝʩʣʠ M<= F, ʪʦ ʥʘ ʚʳʭʦʜʝ ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʩ ʚʳʚʦʜʦʤ çʋʩʧʝʭè. 

ʙ) ʝʩʣʠ M>F, ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ 4-ʝʤʫ ʰʘʛʫ. 

4-ʰʘʛ. ɹʝʨʝʤ ʧʝʨʚʳʡ ʧʫʪʴ ʠʟ ʩʧʠʩʢʘ Memory.ʧʫʪʴ ʠ ʥʘʯʠʥʘʝʤ ʧʦ ʥʝʤʫ ʠʜʪʠ. 

ʘ) ʙʝʨʝʤ ʧʝʨʚʫʶ ʜʫʛʫ ï ʧʝʨʝʭʦʜʠʤ ʢ ʧʫʥʢʪʫ ʙ). 

ʙ) ʩʨʘʚʥʠʚʘʝʤ Preal(i,j) ʪʝʢʫʱʝʡ ʜʫʛʠ ʩ ʩʫʤʤʦʡ Pmax (j,k) ʚʩʝʭ ʠʩʭʦʜʷʱʠʭ ʠʟ ʚʝʨʰʠʥʳ 

ʜʫʛ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʠʪ ʪʝʢʫʱʘʷ. ɽʩʣʠ ʵʪʘ ʩʫʤʤʘ ʙʦʣʴʰʝ ʯʝʤ Preal(i,j) (ʥʘ ʨʠʩʫʥʢʝ 4.1a<b + 

c + d), ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ ʩʣʝʜʫʶʱʝʡ ʜʫʛʝ, ʝʩʣʠ ʪʘʢʦʝ ʩʫʱʝʩʪʚʫʝʪ, ʠ ʧʦʚʪʦʨʷʝʤ ʧʫʥʢʪ ʙ).ɽʩʣʠ 

ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ ʧʫʥʢʪʫ ʛ). ɽʩʣʠ ʩʫʤʤʘ ʤʝʥʴʰʝ Preal(i,j), ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ 

ʧʫʥʢʪʫ ʚ). 
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ʈʠʩ. 4 ʇʦʷʩʥʝʥʠʝ ʢ ʰʘʛʫ 4ʙ 

 

ʚ) ʝʩʣʠ ʩʫʤʤʘ ʦʢʘʟʘʣʘʩʴ ʤʝʥʴʰʝ, ʪʦ ʚ ʩʧʠʩʦʢ TrafficWay (ʚ ʩʪʨʦʢʫ ʩ ʥʦʤʝʨʦʤ, 

ʘʥʘʣʦʛʠʯʥʳʤ ʥʦʤʝʨʫ ʟʘʧʠʩʠ ʪʝʢʫʱʝʛʦ ʧʫʪʠ ʚ ʩʧʠʩʢʝ Memory.ʧʫʪʴ) ʟʘʥʦʩʠʤ ʥʦʤʝʨ 

ʚʝʨʰʠʥʳ, ʚ ʢʦʪʦʨʫʶ ʚʭʦʜʠʣʘ ʪʝʢʫʱʘʷ ʜʫʛʘ. 

ʛ) ʝʩʣʠ ʩʣʝʜʫʶʱʝʡ ʜʫʛʠ ʚ ʧʫʪʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 5. 

5-ʰʘʛ. ɹʝʨʝʤ ʩʣʝʜʫʶʱʠʡ ʧʫʪʴ ʠ ʧʝʨʝʭʦʜʠʤ ʢ ʰʘʛʫ 4ʘ. ɽʩʣʠ ʪʘʢʦʛʦ ʧʫʪʠ ʥʝʪ, ʪʦ 

ʧʝʨʝʭʦʜʠʤ ʢ 6 ʰʘʛʫ. 

6-ʰʘʛ. ɽʩʣʠ TrafficWay ʧʫʩʪ, ʪʦ ʘʣʛʦʨʠʪʤ ʟʘʚʝʨʰʘʝʪ ʩʚʦʶ ʨʘʙʦʪʫ ʩ ʚʳʭʦʜʦʤ 

çʅʝʢʦʨʨʝʢʪʥʳʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝè. ɽʩʣʠ TrafficWay ʩʦʜʝʨʞʠʪ ʟʘʧʠʩʠ, ʪʦ ʘʣʛʦʨʠʪʤ ʪʘʢʞʝ 

ʟʘʚʝʨʰʘʝʪ ʨʘʙʦʪʫ ʠ ʥʘ ʚʳʭʦʜʝ ʚʳʜʘʝʪ ʜʚʘ ʩʧʠʩʢʘ: Memory.ʧʫʪʴ ï ʭʨʘʥʠʪ ʧʫʪʠ ʠ TrafficWay 

ï ʭʨʘʥʠʪ ʧʨʦʙʢʠ.  

ʇʦʣʫʯʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʥʘ ʷʟʳʢʝ ʉ++. ɻʣʘʚʥʦʝ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʙʝʨʫʪʩʷ ʠʟ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ.  

 

 
 

ʈʠʩʫʥʦʢ 4 - ɻʣʘʚʥʦʝ ʤʝʥʶ ʧʨʦʛʨʘʤʤʳ 

 

ʇʨʦʛʨʘʤʤʘ ʘʥʘʣʠʟʠʨʫʝʪ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʝʪʴ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʧʦ ʥʝʡ ʧʦʪʦʢʘ (ʈʠʩʫʥʦʢ 

5) ʠ ʠʱʝʪ ʧʨʦʙʢʠ ʠ ʧʨʝʜʣʘʛʘʝʪ ʢʦʨʦʪʢʠʡ ʚʘʨʠʘʥʪ ʤʘʨʰʨʫʪʘ (ʈʠʩʫʥʦʢ 6).  
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ʈʠʩ. 5 ʆʢʥʦ çɺʨʝʤʷ ʧʫʪʠè 

 

 

 
 

ʈʠʩ. 6 ʇʦʩʪʨʦʝʥʠʝ ʢʦʨʦʪʢʦʛʦ ʤʘʨʰʨʫʪʘ 

 

ɺʥʦʩʠʪʩʷ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʢʘʞʜʦʤ ʧʝʨʝʢʨʝʩʪʢʝ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʜʘʥʥʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ. 

ɽʩʣʠ ʧʦʪʦʢ ʥʝ ʤʦʞʝʪ ʧʨʦʡʪʠ, ʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ, ʦʪʨʘʞʘʶʱʝʛʦ ʨʝʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʜʦʨʦʛ, ʧʨʠ ʨʝʰʝʥʠʠ ʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ, ʵʪʦʪ ʤʦʜʫʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʠʪʝʨʘʪʠʚʥʦʡ ʩʚʷʟʢʝ ʩ ʜʨʫʛʠʤʠ (ʫʩʪʨʘʥʝʥʠʝ ʧʨʦʙʦʢ, ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʚʷʟʦʢ ï ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʫʞʥʦ, ʯʪʦʙʳ ʤʦʜʫʣʴ, ʩʪʨʦʷʱʠʡ ʨʘʟʚʷʟʢʠ, ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʤʦʜʫʣʶ, ʧʨʝʜʣʦʞʝʥʥʦʤʫ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʝʦʙʨʘʟʦʚʘʣ ʨʘʟʚʷʟʢʫ ʚ ʚʠʜ, ʢʦʪʦʨʳʡ ʧʦʥʠʤʘʝʪ ʤʦʜʝʣʴ ï ʦʙʳʯʥʳʝ ʜʫʛʠ, 

ʚʝʨʰʠʥʳ ʠ ʚʝʩʘ ʥʘ ʥʠʭ). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʢʦʨʨʝʢʪʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ 

ɸʣʛʦʨʠʪʤ TrafficWay ʢʦʨʨʝʢʪʝʥ, ʝʛʦ ʚʨʝʤʝʥʥʘʷ ʩʣʦʞʥʦʩʪʴ O((n2+m2)mC), ʛʜʝ n ï 

ʯʠʩʣʦ ʚʝʨʰʠʥ ʛʨʘʬʘ (V, E), m ï ʯʠʩʣʦ ʜʫʛ, C = max{ Pmaxij}.  

ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʘʝʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʥʮʠʧʫ. ʉʥʘʯʘʣʘ ʦʥ ʠʱʝʪ ʧʦʪʦʢ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚ ʧʨʠʥʮʠʧʝ ʧʫʩʪʠʪʴ ʠʟ ʧʫʥʢʪʘ S ʚ ʧʫʥʢʪ T ʟʘ ʚʨʝʤʷ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʝʝ 

Time (ʪʘʢ ʢʘʢ F ï ʙʳʣ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʪʦʢ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʪʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ ʩʢʦʣʴʢʦ 



 

122 
 

ʤʘʰʠʥ ʫʩʧʝʶʪ ʧʨʦʡʪʠ ʟʘ ʚʨʝʤʷ Time ʠʟ S ʚ T, ʥʫʞʥʦ ʙʳʣʦ ʚʟʷʪʴ Time ʤʠʥʫʩ ʚʨʝʤʷ, 

ʧʦʪʨʘʯʝʥʥʦʝ ʥʘ ʵʣʝʤʝʥʪʘʨʥʦʤ ʧʫʪʠ ʧʣʶʩ ʝʱʝ ʦʜʥʘ ʝʜʠʥʠʮʘ, ʢʦʪʦʨʘʷ ʫʩʧʝʣʘ ʜʦʝʭʘʪʴ ʜʦ T 

ʚ ʧʦʩʣʝʜʥʠʡ ʤʦʤʝʥʪ), ʠ, ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʥʘʰʣʠ ʝʛʦ, ʥʘʯʠʥʘʝʤ ʧʨʦʚʝʨʢʫ. ɽʩʣʠ ʚʭʦʜʥʦʡ 

ʧʦʪʦʢ ʥʝ ʧʨʝʚʳʩʠʣ ʤʘʢʩʠʤʘʣʴʥʳʡ, ʪʦ ʩʯʠʪʘʝʤ, ʯʪʦ ʦʥ ʫʩʧʝʚʘʝʪ ʙʣʘʛʦʧʦʣʫʯʥʦ ʧʨʦʡʪʠ ʠʟ S 

ʚ T ʟʘ ʚʨʝʤʷ Time. ɽʩʣʠ ʞʝ ʧʨʝʚʳʰʘʝʪ, ʪʦ ʪʦʛʜʘ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʥʘ ʧʫʪʠ ʥʘʰʝʛʦ 

ʧʦʪʦʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʟʘʪʦʨʳ ʠ, ʥʘʯʠʥʘʷ ʩ ʯʝʪʚʝʨʪʦʛʦ ʰʘʛʘ, ʤʳ ʠʭ ʥʘʯʠʥʘʝʤ ʠʩʢʘʪʴ. ɼʣʷ 

ʵʪʦʛʦ ʙʝʨʝʤ ʧʦʦʯʝʨʝʜʥʦ ʧʫʪʠ ʠʟ ʩʧʠʩʢʘ Memory. ʇʫʪʴ, ʢʦʪʦʨʳʡ ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʝʱʝ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʘʣʛʦʨʠʪʤʘ Mflow ʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʧʫʪʝʡ ʧʨʦʜʝʣʳʚʘʝʤ ʩʣʝʜʫʶʱʠʝ 

ʚʳʢʣʘʜʢʠ: ʀʜʸʤ ʧʦ ʥʝʤʫ ʠ ʧʨʦʚʝʨʷʝʤ, ʯʪʦʙʳ ʨʝʘʣʴʥʳʡ (ʫʩʨʝʜʥʝʥʥʳʡ) ʧʦʪʦʢ, ʚʭʦʜʷ ʚ 

ʚʝʨʰʠʥʫ, ʚʝʩʴ ʤʦʛ ʧʨʦʡʪʠ ʩʢʚʦʟʴ ʥʝʝ, ʪʦ ʝʩʪʴ ʧʨʦʧʫʩʢʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʚʩʝʭ ʠʩʭʦʜʷʱʠʭ 

ʜʫʛ ʝʤʫ ʵʪʦ ʧʦʟʚʦʣʷʣʠ. ɽʩʣʠ, ʧʨʦʡʜʷ ʧʦ ʚʩʝʤ ʧʫʪʷʤ, ʤʳ ʥʝ ʩʤʦʞʝʤ ʥʘʡʪʠ ʧʨʦʙʦʢ ï 

TrafficWay ʙʫʜʝʪ ʧʫʩʪ, ʪʦ ʪʦʛʜʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ (ʧʦʪʦʢ M ʠʣʠ ʚʨʝʤʷ Time) 

ʙʳʣʠ ʟʘʜʘʥʳ ʥʝʢʦʨʨʝʢʪʥʦ. ɽʩʣʠ ʞʝ ʪʘʢʠʝ ʥʘʡʜʝʥʳ, ʪʦ ʪʦʛʜʘ ʤʳ ʟʘʧʦʤʠʥʘʝʤ ʩ ʧʦʤʦʱʴʶ 

TrafficWay, ʚ ʢʘʢʦʤ ʧʫʪʠ ʠ ʥʘ ʢʘʢʦʤ ʫʟʣʝ ʵʪʘ ʧʨʦʙʢʘ ʚʦʟʥʠʢʣʘ. ʇʦʩʣʝ ʯʝʛʦ ʥʘ ʚʳʭʦʜ 

ʧʝʨʝʜʘʝʤ ʵʪʠ ʜʚʘ ʩʧʠʩʢʘ. 

ɺʳʯʠʩʣʠʤ ʚʨʝʤʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ ʜʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʦ ʰʘʛʘʤ. 

ɺʳʧʦʣʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ Mflow ʜʘʝʪ ʚʨʝʤʝʥʥʫʶ ʩʣʦʞʥʦʩʪʴ O((n2+m)mC). ʀʟʤʝʥʝʥʠʝ 

Memory.ʩʪʦʠʤʦʩʪʴ ʠ ʟʘʪʝʤ ʩʫʤʤʠʨʦʚʘʥʠʝ ʟʘʥʠʤʘʝʪ ʥʝ ʙʦʣʝʝ, ʯʝʤ O(mC) ʦʧʝʨʘʮʠʡ. ɼʘʣʝʝ, 

ʢʦʛʜʘ ʥʘʯʠʥʘʝʤ ʧʨʦʚʝʨʷʪʴ ʚʩʝ ʧʫʪʠ (ʥʝ ʙʦʣʝʝ, ʯʝʤ mC) ʠ ʥʘ ʢʘʞʜʦʤ ʧʫʪʠ ʩʨʘʚʥʠʚʘʝʤ 

ʢʘʞʜʫʶ ʜʫʛʫ (ʥʝ ʙʦʣʝʝ, ʯʝʤ m) ʩ ʩʫʤʤʦʡ ʠʩʭʦʜʷʱʠʭ (ʥʝ ʙʦʣʝʝ m), ʪʦ ʧʦʣʫʯʘʝʤ O(m3C).  

ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ  

O(n2mC+m2C+mC+m3C) = O((n2m+m2+m+m3)C) = O((n2+m +1+ m2)mC).  

ɺʳʚʦʜʳ. 

1. ʆʩʫʱʝʩʪʚʣʝʥʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʧʨʦʭʦʞʜʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʘ ʤʝʞʜʫ 

ʫʯʘʩʪʢʘʤʠ ʩʝʪʠ ʛʦʨʦʜʘ ʟʘ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ. 

2. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʫʯʘʩʪʢʘ ʩʝʪʠ ʛʦʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʥ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ, 

ʚʟʚʝʰʝʥʥʳʡ ʤʫʣʴʪʠʛʨʘʬ. 

3. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʨʦʚʝʨʢʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʧʫʩʢʘ ʜʘʥʥʦʛʦ ʧʦʪʦʢʘ ʤʝʞʜʫ ʫʯʘʩʪʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ ʛʦʨʦʜʘ ʟʘ ʚʨʝʤʷ, ʥʝ 

ʧʨʝʚʳʰʘʶʱʝʝ ʜʘʥʥʦʝ, ʧʦ ʚʭʦʜʥʳʤ ʜʘʥʥʳʤ. ɸʣʛʦʨʠʪʤ ʥʘ ʚʳʭʦʜʝ ʙʫʜʝʪ ʣʠʙʦ ʚʳʜʘʚʘʪʴ, 

ʯʪʦ ʧʦʪʦʢ ʧʨʦʭʦʜʠʪ, ʣʠʙʦ, ʝʩʣʠ ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʙʫʜʝʪ ʚʳʷʚʣʷʪʴ ʧʫʪʠ ʠ ʢʦʥʢʨʝʪʥʳʝ 

ʧʝʨʝʢʨʸʩʪʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʟʘʪʦʨʳ, ʤʝʰʘʶʱʠʝ ʫʩʧʝʰʥʦʤʫ ʧʨʦʝʟʜʫ ʟʘʜʘʥʥʦʛʦ 

ʧʦʪʦʢʘ ʚ ʟʘʜʘʥʥʦʝ ʚʨʝʤʷ. 

ʇʦʜʛʦʪʦʚʢʘ ʠ ʠʟʜʘʥʠʝ ʩʪʘʪʴʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ɻʨʘʥʪʘ ʄʆʅ ʈʂ 

ɸʈ05133699 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʢʠʙʝʨ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʛʦʨʦʜʘè. 

 

ʃʠʪʝʨʘʪʫʨʘ  

1.  ʇʦʧʢʦʚ ɻ.ɺ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʛʠʧʝʨʩʝʪʝʡ ʚ ʟʘʜʘʯʘʭ ʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ 

ʩʝʪʝʚʦʡ ʩʪʨʫʢʪʫʨʳ // ʊʨʫʜʳ ʀɺʄʠʄɻ ʉʆ ʈɸʅ. ʉʝʨ. ʀʥʬʦʨʤʘʪʠʢʘ. - ʅʦʚʦʩʠʙʠʨʩʢ: 

ʀʟʜ.ʀɺʄʠʄɻ ʉʆ ʈɸʅ, 2001. - ʉ.87-92. 

2. ɸkhmediyarova ɸ. ʊ.,  Utepbergenov I.T., Sagindykova Sh. N., ʂuandykova J. R. 

Problem of Transport Network Analysis for Identifying Bottlenecks // Scholars Journal of 

Engineering and Technology, 2016. ï Vol. 4(5) ï P. 211-214.  

3.  ɸʭʤʝʜʠʷʨʦʚʘ A.T., ʂʘʣʠʤʦʣʜʘʝʚ M.ʅ., ʋʪʝʧʙʝʨʛʝʥʦʚ ʀ.ʊ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʘ ʯʝʨʝʟ ʧʝʨʝʢʨʝʩʪʦʢ // 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ  ʞʫʨʥʘʣ çʅʘʫʢʘ ʠ ʄʠʨè. ï ɺʦʣʛʦʛʨʘʜ, ̄ 12 (28), ʊʦʤ 1, 2015. - 

ʉ.8-16. 

 



 

123 
 

ɸʅɸʃʀɿ ʅɸʀɹʆʃɽɽ ɿʅɸʏʀʄʓʍ ʇʈʆɹʃɽʄ ʀʅʌʆʈʄɸʎʀʆʅʅʆɻʆ 

ʆɹɽʉʇɽʏɽʅʀʗ ʀʅʅʆɺɸʎʀʆʅʅʓʍ ʀ ɸʂɸɼɽʄʀʏɽʉʂʀʍ ʆʈɻɸʅʀɿɸʎʀʁ 

ʂɸɿɸʍʉʊɸʅɸ 

 

ɹʫʨʘʥʙʘʝʚʘ ɸ. ʀ.1,2, ʋʪʝʧʙʝʨʛʝʥʦʚ ʀ.ʊ. 1,2, ʉʘʛʳʥʜʳʢʦʚʘ ʄ.ʉ.1, ʅʘʜʨʘʣʠʝʚ ɸ.ɻ.1 

1ʋʥʠʚʝʨʩʠʪʝʪ ʊʫʨʘʥ, 

 2 ʀʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʂʅ ʄʆʅ ʈʂ, ʂʘʟʘʭʩʪʘʥ 

e-mail: aburanbaeva@gmail.com 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʥʞʠʨʦʚʘʥʥʦʛʦ 

ʨʝʝʩʪʨʘ ʧʨʦʙʣʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʥʦʚʘʮʠʡ ʚ ʧʨʠʚʷʟʢʝ ʢ ʦʪʜʝʣʴʥʳʤ ʵʪʘʧʘʤ ʠʭ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʦ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʥʞʠʨʦʚʘʥʥʦʛʦ ʨʝʝʩʪʨʘ ʧʨʦʙʣʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʥʦʚʘʮʠʡ ʚ ʧʨʠʚʷʟʢʝ 

ʢ ʦʪʜʝʣʴʥʳʤ ʵʪʘʧʘʤ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ [1].  

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʣʶʙʦʛʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ 

ʚʦʧʨʦʩʦʚ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʜʚʝ ʛʨʫʧʧʳ: ʧʨʦʛʨʘʤʤʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ 

ʚʦʧʨʦʩʳ ʥʘʙʣʶʜʝʥʠʷ.  

ʇʫʪʝʤ ʠʟʫʯʝʥʠʷ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʥʘʤʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ 138 ʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʚʝʜʫʱʠʝ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʵʢʦʥʦʤʠʢʠ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. ʏʘʩʪʴ ʠʟ ʥʠʭ ʚʭʦʜʠʪ ʚ ʘʩʩʦʮʠʘʮʠʶ ʉʕɿ ʇʀʊ çɸʣʘʪʘʫè, ʜʣʷ 

ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʦ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʬʦʨʤ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʈʦʩʩʠʠ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʥʦʛʦʘʩʧʝʢʪʥʘʷ ʘʥʢʝʪʘ ʜʣʷ ʘʥʢʝʪʠʨʦʚʘʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ [2]. ʋʢʘʟʘʥʥʘʷ ʘʥʢʝʪʘ, ʚʢʣʶʯʘʝʪ 51 ʚʦʧʨʦʩ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʩʧʝʮʠʬʠʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʥʦʚʘʪʦʨʦʚ ʥʘ ʢʘʞʜʦʤ 

ʵʪʘʧʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʥʥʦʚʘʮʠʡ ʦʪ ʛʝʥʝʨʘʮʠʠ ʠʜʝʡ ʜʦ ʚʳʚʦʜʘ ʧʨʦʜʫʢʪʘ ʩ ʨʳʥʢʘ. 

ʅʘʙʣʶʜʝʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʧʝʨʠʦʜ ʩ ʷʥʚʘʨʷ ʧʦ ʤʘʨʪ 2018 ʛʦʜʘ. 

ʀʥʪʝʨʚʴʶʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʠʩʴʤʝʥʥʦʡ (ʦʯʥʦʝ) ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʘʭ 

(ʙʝʩʢʦʥʪʘʢʪʥʦʝ), ʩʧʦʩʦʙ ʥʘʙʣʶʜʝʥʠʷ ï ʘʥʢʝʪʠʨʦʚʘʥʠʝ.  

36% ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʠʥʷʚʰʠʭ ʫʯʘʩʪʠʝ ʚ ʦʧʨʦʩʝ ï ʤʘʣʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ (ʜʦ 100 ʯʝʣʦʚʝʢ) ʠ 30% ï ʚʫʟʳ. ʂʨʦʤʝ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ 

ʚ ʦʧʨʦʩʝ ʧʨʠʥʷʣʠ ʢʨʫʧʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʠ 

ʢʦʥʩʘʣʪʠʥʛʦʚʳʝ ʮʝʥʪʨʳ.  

ʆʧʨʦʩ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ ʦʢʘʟʳʚʘʝʪ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʫʩʣʫʛʠ (57%), ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʪʚʝʪʦʚ ï ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ (20%), 11% ʟʘʥʠʤʘʶʪʩʷ ʜʦʚʝʜʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʜʦ ʪʦʚʘʨʥʦʛʦ ʦʙʨʘʟʮʘ, 7% 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ. 

ɺʠʜʳ ʨʘʙʦʪ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʨʠʩʫʥʦʢ 1.  

ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʦʙʝʠʭ ʩʪʨʘʥʘʭ 

ʠʤʝʝʪ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ɺ ʂʘʟʘʭʩʪʘʥʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʟʚʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ 

ʦʨʛʘʥʠʟʘʮʠʡ (41%), ʩʨʝʜʩʪʚʘ ʙʶʜʞʝʪʦʚ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʙʶʜʞʝʪʥʦʡ ʩʠʩʪʝʤʳ ʈʂ (28%) 

ʠ ʩʨʝʜʩʪʚʘ, ʧʨʠʚʣʝʢʘʝʤʳʝ ʠʟ ʚʥʝʙʶʜʞʝʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (19%).  
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ʈʠʩ. 1 ɺʠʜʳ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʝʬʠʮʠʪ ʠʥʬʦʨʤʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʥʘ ʵʪʘʧʝ ʚʳʚʦʜʘ ʧʨʦʜʫʢʪʘ ʥʘ ʨʳʥʦʢ, ʧʨʦʨʘʙʦʪʢʠ ʠʜʝʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʠ ʩʦʟʜʘʥʠʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʦʜʫʢʪʘ (ʈʠʩʫʥʦʢ 2).  
 

 
 

ʈʠʩ. 2 ʆʪʚʝʪ ʥʘ ʚʦʧʨʦʩ çʅʘ ʢʘʢʦʡ ʩʪʘʜʠʠ ɺʳ ʦʱʫʱʘʝʪʝ ʜʝʬʠʮʠʪ ʠʥʬʦʨʤʘʮʠʠ?è 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʥʝʜʦʩʪʘʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʦʱʫʱʘʝʪʩʷ ʚ 

ʪʘʢʠʭ ʚʠʜʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ, ʤʦʜʝʣʷʭ, 

ʪʝʭʥʦʣʦʛʠʷʭ; ʚʳʷʚʣʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ʥʘ ʧʨʦʙʣʝʤʫ ʠ ʩʙʦʨʝ ʬʘʢʪʦʚ 

(ʈʠʩʫʥʦʢ 3). 

 
 

ʈʠʩ. 3 ʈʝʟʫʣʴʪʘʪ ʦʪʚʝʪʦʚ ʥʘ ʚʦʧʨʦʩ çɺ ʢʘʢʠʭ ʚʠʜʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʱʫʱʘʝʪʩʷ,  

ʧʦ ɺʘʰʝʤʫ ʤʥʝʥʠʶ, ʥʝʜʦʩʪʘʪʦʢ ʠʥʬʦʨʤʘʮʠʠ?è 

 

ʇʨʠ ʵʪʦʤ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʟʥʠʢʘʝʪ ʜʝʬʠʮʠʪ ʠʥʬʦʨʤʘʮʠʠ 

ʤʘʨʢʝʪʠʥʛʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʥʦʚʳʭ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ (ʈʠʩʫʥʦʢ 4). 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 82% ʦʧʨʘʰʠʚʘʝʤʳʭ ʩʯʠʪʘʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʯʝʥʴ ʚʘʞʥʳʤ (ʈʠʩʫʥʦʢ 5). 
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ɺʳʚʦʜ ʧʨʦʜʫʢʪʘ (ʫʩʣʫʛʫ) ʥʘ ʨʳʥʦʢ
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ʈʠʩ. 4 ʆʪʚʝʪ ʥʘ ʚʦʧʨʦʩ çɼʝʬʠʮʠʪ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ɺʳ  

(ʩʦʪʨʫʜʥʠʢʠ ɺʘʰʝʡ ʦʨʛʘʥʠʟʘʮʠʠ) ʠʩʧʳʪʳʚʘʝʪʝ?è 

 

 

 
 

ʈʠʩ. 5 ʆʪʚʝʪ ʥʘ ʚʦʧʨʦʩ çʅʘʩʢʦʣʴʢʦ ʚʘʞʥʦ ʚ ɺʘʰʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ?è 

 

ʇʨʠ ʵʪʦʤ ʦʢʦʣʦ ʪʨʝʪʠ (32%) ʦʧʨʦʰʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʫʢʘʟʘʚʰʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʦʙʩʪʚʝʥʥʳʝ 

ʩʨʝʜʩʪʚʘ (ʠʣʠ ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʳʝ ʩʨʝʜʩʪʚʘ), ʛʦʪʦʚʳ ʟʘʢʣʘʜʳʚʘʪʴ ʚ ʙʶʜʞʝʪ ʨʘʩʭʦʜʳ ʥʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʙʦʪ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ 

ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʧʦ ʦʢʦʥʯʘʥʠʠ ʝʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʘʥʢʝʪʘʭ ʦʪʚʝʪʳ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚʘʭ ʩʝʨʚʠʩʘ çGoogle Formè ʠ çIBM SPSS statistics 22è ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʧʠʩʘʪʝʣʴʥʳʭ (ʈʠʩʫʥʦʢ 6), ʨʝʛʨʝʩʩʠʦʥʥʳʭ (ʈʠʩʫʥʢʠ 7-8), ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʴʥʳʭ ʤʦʜʝʣʝʡ 

ʘʥʘʣʠʟʘ (ʈʠʩʫʥʦʢ 9).  

 

 
 

 

ʈʠʩʫʥʦʢ 6 ʏʘʩʪʦʪʥʦʝ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʡ 
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ʈʠʩʫʥʦʢ 7 ï ɼʘʥʥʳʝ  ʨʝʟʫʣʴʪʘʪʦʚ  ʦʧʨʦʩʘ ʜʣʷ  ʦʙʨʘʙʦʪʢʠ ʚ ʩʨʝʜʝ IBM SPSS statistics 22 

 

 
 

ʈʠʩ. 8 ʈʝʟʫʣʴʪʘʪʳ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

 

 
 

ʈʠʩ. 9 ɺʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʚ ʩʨʝʜʝ Microsoft Power BI 
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ɺʳʚʦʜʳ 

1. ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʠ ʚʘʞʥʦ ʥʘʣʠʯʠʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ ʦ 

ʥʦʚʝʡʰʠʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʫʯʝʪʦʤ ʤʝʩʪʥʳʭ ʩʧʝʮʠʬʠʢ.  

2. ɺʠʟʫʘʣʠʟʘʮʠʷ ʛʝʦʛʨʘʬʠʠ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʥʝʩʦʤʥʝʥʥʦ, 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʚ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʙʦʣʝʝ ʛʫʩʪʦʥʘʩʝʣʝʥʥʳʭ 

ʦʙʣʘʩʪʷʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 
ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʄʆʅ ʈʂ (ʧʨʦʝʢʪ  ̄ AP05134019 çʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ-

ʤʝʪʦʜʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠ ʧʨʠʢʣʘʜʥʳʭ ʘʩʧʝʢʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʞʜʦʛʦ ʠʟ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʥʥʦʚʘʮʠʡè). 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʠ ʠ ʧʦʩʪʨʦʝʥʠʷ 

ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʚʫʟʘ. ʊʘʢʞʝ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘʢʦʧʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʘʣʝʢʦ ʥʝ ʚ ʧʦʣʥʦʤ 

ʦʙʲʝʤʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʥʬʦʨʤʘʮʠʷ, ʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʤʠ ERP-

ʩʠʩʪʝʤʘʤʠ, ʠʟʚʣʝʢʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʣʘʥʦʚʳʭ ʠ ʥʝʧʣʘʥʦʚʳʭ ʟʘʧʨʦʩʦʚ. ʇʨʠ ʵʪʦʤ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʝʚʦʟʤʦʞʥʦ. ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ʠ ʩʧʦʩʦʙʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʦʵʪʦʤʫ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʥʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʠʦʙʨʝʣʠ ʰʠʨʦʢʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʚʝʩʪʠ ʨʘʟʥʦʦʙʨʘʟʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢ 

ʦʙʱʝʧʦʥʷʪʥʦʤʫ ʚʠʜʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʦ ʩ ʟʘʜʘʯʝʡ ʠʟʚʣʝʯʝʥʠʷ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʟʥʘʥʠʡ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʩʨʝʜʩʪʚ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʡ, ʠ ʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʟ ʥʠʭ ʦʪʥʦʩʠʪʩʷ ʦʥʪʦʣʦʛʠʷ. 

ʉʦʟʜʘʥʠʝ ʦʥʪʦʣʦʛʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʨʝʜ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʥʝʩʢʦʣʴʢʠʤʠ 
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ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʥʦ ʪʘʢʞʝ ʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʙʘʟ ʟʥʘʥʠʡ, ʩʦʟʜʘʥʠʠ ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ 

ʠ ʩʠʩʪʝʤ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʧʦʠʩʢʦʚʳʭ ʩʠʩʪʝʤ. ɺ ʩʚʷʟʠ 

ʩ ʪʝʤ, ʯʪʦ ʵʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʦʠʩʢʦʚʳʝ 

ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʥʘʢʦʧʣʝʥʥʫʶ ʚ ʭʨʘʥʠʣʠʱʘʭ ʜʘʥʥʳʭ, ʪʦ ʣʫʯʰʠʤ 

ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʥʪʦʣʦʛʠʡ ʫʞʝ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʥʘ ʵʪʘʧʝ ʠʟʫʯʝʥʠʷ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ ʠ ʘʥʘʣʠʟʘ ʪʨʝʙʦʚʘʥʠʡ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ ʦʥʪʦʣʦʛʠʡ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʘʭ. 

ʆʥʪʦʣʦʛʠʷðʵʪʦ ʧʦʜʨʦʙʥʘʷ ʩʧʝʮʠʬʠʢʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʙʣʝʤʥʦʡ 

ʦʙʣʘʩʪʠ [1]. ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʦʥʪʦʣʦʛʠʡ - ʠʥʪʝʛʨʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʆʥʪʦʣʦʛʠʠ 

ʩʚʷʟʳʚʘʶʪ ʜʚʘ ʚʘʞʥʳʭ ʘʩʧʝʢʪʘ: ʚʦ-ʧʝʨʚʳʭ, ʦʥʠ ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʘʣʴʥʫʶ ʩʝʤʘʥʪʠʢʫ 

ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʷ ʦʙʨʘʙʦʪʢʫ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʦʤʧʴʶʪʝʨʦʤ, ʠ, ʚʦ-ʚʪʦʨʳʭ, 

ʦʧʨʝʜʝʣʷʶʪ ʩʝʤʘʥʪʠʢʫ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʧʦʟʚʦʣʷʷ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʡ ʪʝʨʤʠʥʦʣʦʛʠʠ 

ʩʚʷʟʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ ʚʠʜʝ, ʪʨʝʙʫʝʤʦʤ ʜʣʷ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʠ, ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʫʜʦʙʥʦʡ ʬʦʨʤʝ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʦʤ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʠʙʦʣʝʝ ʟʨʝʣʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʥʪʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜʦʣʦʛʠʷ On-To-Knowledge. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 

ʦʥʪʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ ʘʥʘʣʠʟʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ, ʥʘʯʘʣʴʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʜʝʪʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʦʥʪʦʣʦʛʠʠ, ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʤʦʜʝʣʠ, 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʦʥʪʦʣʦʛʠʠ. 

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʦʥʪʦʣʦʛʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʩʦʩʪʘʚʣʝʥʠʷ ʩʧʝʮʠʬʠʢʘʮʠʠ. ʂ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʦʥʪʦʣʦʛʠʠ ʢʘʢ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʥʫʞʥʦ ʧʦʜʭʦʜʠʪʴ ʩ 

ʧʦʟʠʮʠʡ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʮʝʣʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪʨʝʙʦʚʘʥʠʷ (ʦʛʨʘʥʠʯʝʥʠʷ) ʢ ʥʝʡ. ʅʘ ʵʪʘʧʝ 

ʩʦʩʪʘʚʣʝʥʠʷ ʩʧʝʮʠʬʠʢʘʮʠʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʦ ʪʝʩʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ 

ʟʘʢʘʟʯʠʢʦʤ. ʆʩʥʦʚʥʦʡ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥ ʩ ʘʥʘʣʠʟʦʤ ʙʠʟʥʝʩ ʩʮʝʥʘʨʠʝʚ 

ʦʧʠʩʘʥʥʳʭ ʟʘʢʘʟʯʠʢʦʤ. ɺ ʵʪʠʭ ʩʮʝʥʘʨʠʷʭ ʩʦʜʝʨʞʠʪʩʷ ʪʝʨʤʠʥʦʣʦʛʠʷ ʧʨʦʙʣʝʤʥʦʡ ʦʙʣʘʩʪʠ, 

ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʙʣʝʤ ʠ ʮʝʣʝʡ (ʧʦʞʝʣʘʥʠʡ ʟʘʢʘʟʯʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ). ʇʦʥʷʪʠʷ ʠ ʦʪʥʦʰʝʥʠʷ ʙʫʜʫʱʝʡ ʦʥʪʦʣʦʛʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʷʚʣʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʘʥʘʣʠʟʘ ʵʪʠʭ ʩʮʝʥʘʨʠʝʚ. ʆʥʪʦʣʦʛʠʷ ʜʦʣʞʥʘ ʧʨʝʜʦʩʪʘʚʠʪʴ ʨʝʩʫʨʩʳ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩʳ, 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʩʮʝʥʘʨʠʷʭ.  

ʅʝʦʙʭʦʜʠʤʦ, ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʦʧʨʝʜʝʣʠʪʴ ʢʨʫʛ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʠ ʠ ʩʦʩʪʘʚʠʪʴ ʧʦʜʨʦʙʥʳʝ 

ʦʧʠʩʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʦʤʧʘʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʦʣʞʥʳ 

ʙʳʪʴ ʩʦʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʠʷ ʜʦʣʞʥʦʩʪʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʩʦʪʨʫʜʥʠʢʦʚ ʢʦʤʧʘʥʠʠ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʟʥʘʥʠʷ ʩʦʪʨʫʜʥʠʢʦʚ ʢʦʤʧʘʥʠʠ, ʚʥʫʪʨʝʥʥʠʝ ʜʦʢʫʤʝʥʪʳ ʢʦʤʧʘʥʠʠ, 

ʩʧʨʘʚʦʯʥʠʢʠ, ʧʦʩʦʙʠʷ ʠ ʨʫʢʦʚʦʜʩʪʚʘ, ʧʫʙʣʠʢʘʮʠʠ ʚ ʧʨʦʙʣʝʤʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ, Web-ʨʝʩʫʨʩʳ ʠ ʪ.ʧ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ, ʚʫʟ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʩʦʦʙʱʝʩʪʚʦ 

ʣʶʜʝʡ, ʩʚʷʟʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ. ʆʪʨʘʞʝʥʠʝʤ 

ʵʪʠʭ ʦʪʥʦʰʝʥʠʡ ʷʚʣʷʶʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʤʝʞʜʫ ʩʦʪʨʫʜʥʠʢʘʤʠ 

ʚʫʟʘ ʠ ʤʝʞʜʫ ʝʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ. ʃʶʜʠ ʚʳʧʦʣʥʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʦʣʠ, ʫʯʘʩʪʚʫʷ ʚ 

ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʭ. ʂʘʞʜʳʡ ʩʦʪʨʫʜʥʠʢ ʚʫʟʘ ʨʝʰʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʛʦ ʨʦʣʠ ʢʨʫʛ ʟʘʜʘʯ 

ʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʫʟʘ, ʢʘʢ ʠ ʣʶʙʦʡ 

ʜʨʫʛʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʝʛʦ 

ʩʦʪʨʫʜʥʠʢʠ. ʅʘ ʢʘʯʝʩʪʚʦ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ, 

ʢʦʪʦʨʳʤ ʦʙʣʘʜʘʝʪ ʣʠʮʦ, ʧʨʠʥʠʤʘʶʱʝʝ ʨʝʰʝʥʠʝ, ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ 
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ʧʦʣʫʯʠʪʴ ʥʝʜʦʩʪʘʶʱʠʝ ʟʥʘʥʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʚʫʟʘ ʵʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʤʦʣʦʜʳʭ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʳʪ ʨʘʙʦʪʳ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʜʚʝ ʯʘʩʪʠ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ ʨʘʙʦʪʳ 

ʩʠʩʪʝʤʳ: 1) ʫʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ; 2) ʦʨʛʘʥʠʟʘʮʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʅʘ ʵʪʘʧʝ 

ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʵʢʩʧʝʨʪ ʦʩʫʱʝʩʪʚʣʷʝʪ ʬʦʨʤʘʣʠʟʘʮʠʶ ʟʥʘʥʠʡ, ʯʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʬʦʨʤʘʣʠʟʘʮʠʶ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʬʦʨʤʘʣʠʟʘʮʠʶ ʟʥʘʥʠʡ ʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʢʦʤʧʝʪʝʥʮʠʷʭ ʠ ʜʦʣʞʥʦʩʪʥʳʭ ʠʥʩʪʨʫʢʮʠʷʭ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʙʘʟʘ 

ʟʥʘʥʠʡ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʘʷ ʚ ʚʠʜʝ Web-ʧʦʨʪʘʣʘ ʟʥʘʥʠʡ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʚ ʤʝʥʝʜʞʤʝʥʪʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʩʝʪʠ 

WWW. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʠ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʝʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʬʦʨʤʳ ï ʧʦʩʪʨʦʝʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ Web-ʨʝʩʫʨʩʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ 

ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʧʦʜʜʝʨʞʢʠ ʦʙʫʯʝʥʠʷ. ʕʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʙʘʟʳ ʟʥʘʥʠʡ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʜʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʣʫʯʘʝʪ ʥʘ ʚʭʦʜʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʟʘʧʨʦʩ ʦʙʫʯʘʝʤʦʛʦ, ʚʳʨʘʞʘʶʱʠʡ ʝʛʦ ʫʯʝʙʥʳʝ ʮʝʣʠ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ 

ʛʝʥʝʨʘʮʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʥʘʙʦʨʘ ʫʯʝʙʥʦʛʦ Web-ʢʦʥʪʝʥʪʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 

ʦʙʫʯʘʝʤʦʤʫ ʥʝʦʙʭʦʜʠʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʦʙʫʯʝʥʠʷ. ɺ ʫʧʦʤʷʥʫʪʳʡ ʬʫʥʢʮʠʦʥʘʣ ʚʭʦʜʠʪ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʟʥʘʥʠʡ, 

ʪʝʟʘʫʨʫʩ ʫʯʝʙʥʦʛʦ ʢʫʨʩʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ, 

ʩʨʝʜʩʪʚʘ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʪ.ʧ. 

ʈʘʩʩʤʦʪʨʠʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ, ʨʝʘʣʠʟʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʤʦʜʝʣʴ ʨʘʙʦʪʳ.  

ʋʧʨʘʚʣʝʥʠʝ ʟʥʘʥʠʷʤʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʩ ʧʨʝʜʣʘʛʘʝʤʦʡ ʩʠʩʪʝʤʦʡ 

ʫʥʠʚʝʨʩʠʪʝʪʘ.  ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ:  

1) ʩʦʟʜʘʥʠʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʥʪʝʥʪʘ; 

2) ʫʩʪʘʥʦʚʣʝʥʠʝ ʥʝʠʝʨʘʨʭʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʪʝʥʪʘ; 

3) ʩʦʟʜʘʥʠʝ ʪʘʢʩʦʥʦʤʠʠ ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ (ʪʝʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ); 

4) ʫʩʪʘʥʦʚʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʨʝʜʤʝʪʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʠ ʢʦʥʪʝʥʪʦʤ;  

5) ʬʦʨʤʘʣʠʟʘʮʠʷ ʩʤʳʩʣʘ ʢʦʥʪʝʥʪʘ ʠ ʚʳʜʝʣʝʥʠʝ ʧʦʥʷʪʠʡʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɿʜʝʩʴ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʢʘʨʪ ʧʦʥʷʪʠʡ ʠ 

ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʢʦʥʩʧʝʢʪʦʚ; 

6) ʩʦʟʜʘʥʠʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ; 

7) ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʢʦʥʪʝʥʪʦʤ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ 

ʢʦʤʧʝʪʝʥʮʠʷʤʠ. 

ʉʦʟʜʘʥʠʝ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʦʥʪʝʥʪʘ ï ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʟʘʛʨʫʟʢʫ ʫʯʝʙʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʫ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢʫʨʩʳ, ʩʧʨʘʚʦʯʥʠʢʠ ʠ ʜʨ. ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ 

ʠʥʬʦʨʤʘʮʠʷ. ʕʣʝʤʝʥʪʳ ʢʦʥʪʝʥʪʘ ʠʤʝʶʪ ʪʠʧʠʟʘʮʠʶ, ʯʪʦ ʦʪʥʦʩʠʪ ʠʭ ʢ ʦʜʥʦʤʫ ʠʟ ʪʨʝʭ 

ʢʣʶʯʝʚʳʭ ʪʠʧʦʚ: ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʙʣʦʢ, ʩʧʠʩʦʢ, ʦʙʳʯʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʵʣʝʤʝʥʪ.  

ʊʨʝʙʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ ʟʥʘʥʠʡ, 

ʧʦʣʫʯʘʝʤʳʭ ʚ ʭʦʜʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʠʤʝʝʪ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʄʝʞʜʫ ʢʦʤʧʝʪʝʥʮʠʷʤʠ ʠ ʢʦʥʪʝʥʪʦʤ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʚʷʟʠ, ʧʨʠ ʵʪʦʤ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʧʨʝʜʤʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʧʨʠʥʠʤʘʝʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʠʧ ʵʣʝʤʝʥʪʘ ʢʦʥʪʝʥʪʘ. ʉ ʧʦʤʦʱʴʶ 

ʥʘʙʦʨʘ ʢʦʤʧʝʪʝʥʮʠʡ ʚʳʩʰʝʛʦ ʫʨʦʚʥʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʬʠʣʴ ʩʧʝʮʠʘʣʠʩʪʘ ʠʣʠ ʜʦʣʞʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʠʚ ʦʙʭʦʜ ʜʝʨʝʚʘ ʢʦʤʧʝʪʝʥʮʠʡ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʝʢʦʤʧʦʟʠʮʠʶ 

ʧʨʦʬʠʣʷ ʩʧʝʮʠʘʣʠʩʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʧʦʣʥʳʡ ʥʘʙʦʨ ʢʦʤʧʝʪʝʥʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʨʦʬʠʣʷ ʩʪʨʦʠʪʩʷ 
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ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʥʘʙʦʨ ʫʯʝʙʥʦʛʦ ʢʦʥʪʝʥʪʘ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʠʣʠ 

ʜʦʣʞʥʦʩʪʠ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʝʦʙʭʦʜʠʤʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʙʘʟʘ, ʥʘ 

ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʙʘʟʝ ʢʨʫʧʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʥʝʝ ʦʨʛʘʥʠʟʦʚʘʣʠʩʴ ʟʘʚʦʜʳ-ʚʪʫʟʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʠʥʞʝʥʝʨʦʚ ʠʟ ʯʠʩʣʘ ʨʘʙʦʪʥʠʢʦʚ ʜʘʥʥʦʛʦ ʠ ʜʨʫʛʠʭ ʙʣʠʟʢʠʭ ʧʦ ʧʨʦʬʠʣʶ ʧʨʝʜʧʨʠʷʪʠʡ. 

ɺʳʧʫʩʢʥʠʢʠ ʚʪʫʟʘ ʟʘʱʠʱʘʣʠ ʜʠʧʣʦʤʥʳʡ ʧʨʦʝʢʪ ʠ ʧʦʣʫʯʘʣʠ ʜʠʧʣʦʤ ʝʜʠʥʦʛʦ ʜʣʷ ʚʳʩʰʝʡ 

ʰʢʦʣʳ ʦʙʨʘʟʮʘ.  ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩʪʫʜʝʥʪʘʤ ʥʝʦʙʭʦʜʠʤʘ ʧʨʘʢʪʠʢʘ 

ʠ ʩʪʘʞʠʨʦʚʢʘ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʩ ʜʨʫʛʦʡ - ʧʨʝʜʧʨʠʷʪʠʷ ʩʝʛʦʜʥʷ ʥʝʦʭʦʪʥʦ 

ʧʫʩʢʘʶʪ ʩʪʫʜʝʥʪʦʚ ʥʘ ʩʚʦʠ ʪʝʨʨʠʪʦʨʠʠ ʠ ʪʝʤ ʙʦʣʝʝ, ʥʝ ʜʦʧʫʩʢʘʶʪ ʠʭ ʜʦ ʨʘʙʦʪʳ ʩ 

ʨʝʘʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʟʘʚʦʜʘ-

ʚʪʫʟʘ ʥʘ ʙʘʟʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʇɻʀʉ). 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ, ʝʩʣʠ ʦʥʘ ʠʤʝʝʪʩʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʝʛʦ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʆʨʛʘʥʠʟʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʣʫʯʰʝ ʚʩʝʛʦ ʥʘ ʙʘʟʝ 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʫʧ ʢ 

ʩʠʩʪʝʤʝ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʣʶʙʦʛʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʙʨʘʫʟʝʨʘ. ʈʘʩʧʨʝʜʝʣʝʥʥʘʷ 

ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʜʘʞʝ, ʝʩʣʠ ʢʘʢʘʷ-ʪʦ ʠʟ ʝʝ ʯʘʩʪʝʡ ʙʫʜʝʪ 

ʥʝʜʦʩʪʫʧʥʘ.  

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʧʨʠʷʪʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ [2]:  

1. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) Web-ɻʀʉ-ʩʝʨʚʝʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ web-ʜʦʩʪʫʧʘ ʢ ʩʨʝʜʩʪʚʘʤ ʭʨʘʥʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ. 

2. ʇʆ Web-ɻʀʉ-ʢʣʠʝʥʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʠʥʪʝʨʬʝʡʩʘ ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ (ʕɻʇ) ʚ ʩʨʝʜʝ 

ʠʥʪʝʨʥʝʪ/ʠʥʪʨʘʥʝʪ. 

3. ʍʨʘʥʠʣʠʱʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʚʝʜʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʘʪʨʠʙʫʪʠʚʥʳʭ ʦʧʠʩʘʥʠʡ 

ʦʙʲʝʢʪʦʚ ʠʥʞʝʥʝʨʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ 

ʛʝʥʝʨʘʣʴʥʦʤ ʧʣʘʥʝ. 

4. ʇʆ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʘʪʨʠʙʫʪʠʚʥʳʭ ʜʘʥʥʳʭ ʕɻʇ ʥʘ 

ʦʩʥʦʚʝ ʘʚʪʦʨʠʟʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʘʥʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

5. ʇʆ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʟʚʣʝʯʝʥʠʷ ʥʦʚʳʭ ʟʥʘʥʠʡ ʠʟ ʠʥʬʦʨʤʘʮʠʠ ʭʨʘʥʠʣʠʱʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʜʘʥʥʳʭ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʥʞʝʥʝʨʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ.  

6. ʇʆ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʨʘʩʧʦʨʷʜʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʇɻʀʉ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʥʘ 

ʫʨʦʚʥʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘʣʘ. ʉʩʳʣʢʘ ʥʘ ʦʪʜʝʣʴʥʳʝ ʤʦʜʫʣʠ ʇɻʀʉ ʧʦʟʚʦʣʠʪ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʙʫʯʝʥʠʝ ʧʦ ʩʤʝʰʘʥʥʦʡ ʬʦʨʤʝ ʥʘ ʙʘʟʝ ʧʦʨʪʘʣʘ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʇɻʀʉ ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʝʰʠʪʴ ʧʨʦʱʝ. 

ʉʘʤʘ ʧʦ ʩʝʙʝ ʇɻʀʉ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʨʝʩʫʨʩʘ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʝʛʦ ʧʝʨʝʜʘʯʠ. ʉʚʷʟʘʥʥʦʩʪʴ ʩ ʨʝʘʣʴʥʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ 

ʧʨʠʜʘʝʪ ʇɻʀʉ ʦʩʦʙʫʶ ʮʝʥʥʦʩʪʴ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ 

ʩʤʝʰʘʥʥʦʡ ʬʦʨʤʝ ʥʘ ʙʘʟʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
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ʧʨʦʝʢʪʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʙʘʟʦʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʙʠʟʥʝʩ-ʠʥʢʫʙʘʪʦʨʘ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʨʦʜʫʤʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʩʨʝʜʩʪʚ ʠ 

ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʚʩʝ ʵʪʦ ʥʘ ʙʘʟʝ ʇɻʀʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʝʜʨʝʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʚ ʚʳʩʰʠʝ 

ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʧʦʩʢʦʣʴʢʫ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʦʙʨʘʙʦʪʢʝ ʠ ʩʦʭʨʘʥʝʥʠʠ ʟʥʘʥʠʡ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ʈʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʨʦʝʢʪʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ, ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʠʣʘ ʙʳ 

ʧʦʵʪʘʧʥʦ ʧʦʩʪʨʦʠʪʴ ʝʜʠʥʦʦʙʨʘʟʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʨʝʜʳ ʦʪʜʝʣʴʥʳʭ 

ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʠ, ʦʙʲʝʜʠʥʠʚ ʠʭ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʝʜʠʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʫʟʦʚ. 
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ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʠʩʪʝʤʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʥʘ ʛʦʨʦʜʩʢʦʤ 

ʧʘʩʩʘʞʠʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʩʣʫʞʙʳ 

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ 

ʜʘʥʥʳʭ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʝʨʘʪʠʚʥʳʡ 

ʢʦʥʪʨʦʣʴ ʟʘ ʩʠʪʫʘʮʠʝʡ ʚ ʩʬʝʨʝ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

 

ɻʦʨʦʜʩʢʦʡ ʧʘʩʩʘʞʠʨʩʢʠʡ ʪʨʘʥʩʧʦʨʪ (ɻʇʊ) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʩʬʝʨ 

ʵʢʦʥʦʤʠʢʠ ʛʦʨʦʜʘ. ʕʪʦ ʦʩʥʦʚʥʘʷ ʦʪʨʘʩʣʴ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʢʘʢ ʨʘʙʦʪʘ ʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʪʘʢ 

ʠ ʩʦʮʠʘʣʴʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʛʦʨʦʜʝ ʚ ʮʝʣʦʤ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʝʛʦ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʤ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʝʨʚʦʦʯʝʨʝʜʥʳʭ ʟʘʜʘʯ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ 

ʂʘʯʝʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʪʨʝʙʥʦʩʪʷʭ, ʪʦ ʝʩʪʴ ʧʦʣʥʦʪʦʡ, ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴʶ 
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ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ ʦ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʦʢʘʭ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʘʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʥʝʦʙʭʦʜʠʤʘ, ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʘʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ, 

ʦʙʨʘʙʦʪʢʠ, ʘʥʘʣʠʟʘ ʠ ʭʨʘʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʝʨʝʚʦʟʢʘʭ. ʉʣʦʞʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʪʨʫʢʪʫʨʫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʕʪʠ ʨʝʩʫʨʩʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʥʪʝʛʨʘʮʠʶ ʨʘʟʥʦʨʦʜʥʳʭ 

ʩʚʝʜʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʧʦʣʥʦʪʳ ʠ ʧʨʠʤʝʥʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʝʣʝʡ ʜʘʥʥʳʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʨʘʩʝʪʝʡ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʩʦʟʜʘʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ 

ʩʠʩʪʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʪʘʢʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ [1, 2]: 

- ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʦʚ ʩʙʦʨʘ, ʥʘʢʦʧʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʦ ʨʘʟʣʠʯʥʳʭ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʘʭ (ʥʘʧʨʠʤʝʨ, ʦ ʤʘʨʰʨʫʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʷʭ, ʦʙʲʝʢʪʘʭ 

ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ, ʧʝʨʝʚʦʟʢʘʭ ʠ ʪ.ʜ.); 

- ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʚʟʘʠʤʦʩʚʷʟʠ ʨʝʰʘʝʤʳʭ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʦʤ ʟʘʜʘʯ; 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠʟ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʨʘʟʥʝʩʝʥʥʳʭ 
ʤʝʩʪ; 

- ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʧʨʦʛʨʘʤʤʘʤʠ ʠ ʜʘʥʥʳʤʠ. 

ʅʘʟʥʘʯʝʥʠʝʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ɻʇʊ 

ʜʝʡʩʪʚʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʨʦʚʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʜʦʣʞʥʦ ʙʳʪʴ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʨʝʛʫʣʷʨʥʳʡ ʩʙʦʨ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʝʡ ʧʨʦʮʝʩʩʘʭ.  

ɼʣʷ ʩʠʩʪʝʤʳ ɻʇʊ ʢʘʢ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ 

ʛʨʫʧʧʳ ʙʘʟʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʧʘʨʘʤʝʪʨʳ ʧʦʪʨʝʙʥʦʩʪʝʡ (ʟʘʷʚʦʢ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ), 

ʧʘʨʘʤʝʪʨʳ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʢʘʥʘʣʦʚ ʦʙʩʣʫʞʠʚʘʥʠʷ) ʠ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʪʨʘʥʩʧʦʨʪʘ (ʜʠʩʮʠʧʣʠʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ). 

ɺ ʛʦʨʦʜʩʢʦʤ ʧʘʩʩʘʞʠʨʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝ ʢ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʧʘʨʘʤʝʪʨʦʚ ʦʪʥʦʩʷʪʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʦʢʦʚ ʧʘʩʩʘʞʠʨʦʚ (ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ). ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ 

ʦʪʥʦʩʷʪʩʷ ʧʘʨʘʤʝʪʨʳ ʛʦʨʦʜʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ (ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʭ ʨʝʩʫʨʩʳ: 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʨʦʛ, ʤʘʨʰʨʫʪʦʚ, ʧʘʨʢ ʪʨʘʥʩʧʦʨʪʥʳʭ ʝʜʠʥʠʮ ʠ ʪ. ʧ.). ʂ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ 

ʦʪʥʦʩʷʪʩʷ ʧʣʘʥʳ ʦʨʛʘʥʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʝʜʠʥʠʮ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʥʘ ʤʘʨʰʨʫʪʘʭ ʠ ʪ. ʧ. 

ʊʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʤʝʥʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʛʦʨʦʜʘ, ʧʨʠʯʝʤ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʤʝʩʪʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʪʝʥʜʝʥʮʠʠ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, ʩʝʟʦʥʘ, ʤʝʩʷʮʘ, ʥʝʜʝʣʠ, ʩʫʪʦʢ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʫʨʦʚʝʥʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ 

ʪʨʘʥʩʧʦʨʪʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʧʦ ʚʨʝʤʝʥʠ ʠ ʧʦ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʣʷ 

ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʧʝʨʠʦʜʦʚ ʪʝʢʫʱʠʝ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʧʝʨʘʪʠʚʥʳʤ 

ʧʣʘʥʘʤ (ʨʘʩʧʠʩʘʥʠʷʤ) ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʬʘʢʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʨʘʟʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʩʤʦʪʨʝʥʠʝ ʟʘʜʘʯ ʪʠʧʠʯʥʳʭ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʦʟʜʘʥʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʝ ʩʚʷʟʠ ʩ ʦʙʱʝʩʪʚʝʥʥʳʤʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʦʚ ʦʨʛʘʥʠʟʘʮʠʠ; ʩʦʟʜʘʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʨʝʩʫʨʩʦʚ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʪʨʘʞʝʥʠʝ ʚ ʥʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʨʘʥʩʧʦʨʪʘ, ʪʦ ʝʩʪʴ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʫʨʦʚʥʷ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɻʇʊ, ʜʚʘ 

ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

 

ʉʦʚʝʨh ʝʥʩʪʚʦʚʘʥʠʝ ɻʇʊ

ʆʧʝʨʘʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʧʝʨʝʚʦʟʦʢ

ɼʘʥʥrʝ ʦ 

ʪʨʘʥʩʧʦʨʪʥrʭ ʟʦʥʘʭ 

ʛʦʨʦʜʘ

ɼʘʥʥrʝ ʦʙ ʋɼʉ 

ʛʦʨʦʜʘ

ɼʘʥʥrʝ ʦ 

ʪʨʘʥʩʧʦʨʪʥrʭ 

ʨʝʩʫʨʩʘʭ

ɼʘʥʥrʝ ʦ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘʭ ʥʘ 

ʤʘʨh ʨʫʪʘʭ

ɼʘʥʥrʝ ʦ ʤʘʨh ʨʫʪʘʭ 

ɻʇʊ

ɹɼ ʨʘʩʩʝʣʝʥʠ̫ 

ʞʠʪʝʣʝʡ

ɹɼ ʦ ʧʫʪ̫ʭ 

ʧʝʨʝʜʚʠʞʝʥʠ̫

ɹɼ ʦ ʧʦʪʝʥʮʠʘʣɹʥrʭ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠ̫ʭ

ɹɼ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠ̫ ʩʠʩʪʝʤr  ɻʇʊ

ɹɼ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥrʭ ʝʜʠʥʠʮ ʧʦ ʤʘʨh ʨʫʪʘʤ, 

ʨʝʟʝʨʚʝ, ʨʘʩʧʠʩʘʥʠ̫ʭ ʠ ʚʘʨʠʘʥʪʘʭ ʦʧʝʨʘʪʠʚʥrʭ ʠʟʤʝʥʝʥʠʡ 

ʧʣʘʥʘ ʜʚʠʞʝʥʠ̫ʭ

I ʫʨʦʚʝʥɹ

II ʫʨʦʚʝʥɹ

ʈʠʩ.1  ʉʪʨʫʢʪʫʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɻʇʊ 

 

ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʦʨʜʠʥʠʨʫʶʱʠʤ 

ʦʨʛʘʥʘʤ ʫʧʨʘʚʣʝʥʠʷ ʛʨʘʜʦʦʙʨʘʟʫʶʱʝʡ ʩʬʝʨʦʡ. ʈʘʙʦʯʠʝ ʩʪʘʥʮʠʠ ʣʦʢʘʣʴʥʦʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ ʵʪʠʭ ʦʨʛʘʥʦʚ ʥʘʠʙʦʣʝʝ ʦʧʝʨʘʪʠʚʥʦ ʧʦʪʨʝʙʣʷʶʪ ʠ ʦʙʨʘʙʘʪʳʚʘʶʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʤʝʱʝʥʠʠ ʦʙʲʝʢʪʦʚ ʪʨʫʜʦʚʦʛʦ ʠ ʢʫʣʴʪʫʨʥʦ-ʙʳʪʦʚʦʛʦ ʪʷʛʦʪʝʥʠʷ ʚ 

ʛʦʨʦʜʝ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʷʭ, ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʷʭ 

ʠ ʪ.ʜ. 

ʕʪʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘʨʷʜʫ ʩ ʜʘʥʥʳʤʠ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʩʫʨʩʘʭ 

ʥʝʦʙʭʦʜʠʤʘ ʠ ʚ ʮʝʣʦʤ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʛʦʨʦʜʘ. 
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ɺʪʦʨʦʡ ʫʨʦʚʝʥʴ ʦʪʥʦʩʠʪʩʷ ʢ ʫʧʨʘʚʣʝʥʠʶ ʦʪʜʝʣʴʥʳʤʠ ʚʠʜʘʤʠ ʪʨʘʥʩʧʦʨʪʘ. ʕʪʘ 

ʠʥʬʦʨʤʘʮʠʷ ʚʢʣʶʯʘʝʪ ʜʘʥʥʳʝ ʦ ʥʘʣʠʯʠʠ ʠ ʛʦʪʦʚʥʦʩʪʠ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʤʘʨʰʨʫʪʘʭ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʝʜʠʥʠʮ ʠ ʨʝʘʣʴʥʳʭ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘʭ. 

ʈʘʟʤʝʱʘʪʴ ʝʸ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘ ʩʘʡʪʘʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʛʦʨʦʜʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʝʧʘʨʪʘʤʝʥʪʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʧʣʘʥʦʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʝʨʝʚʦʟʦʢ ʠ ʟʘʪʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ ʜʘʥʥʳʝ ʚ ʦʧʝʨʘʪʠʚʥʦʤ 

ʫʧʨʘʚʣʝʥʠʠ. 

ʊʨʝʪʠʡ ʫʨʦʚʝʥʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ɻʇʊ ʦʪʥʦʩʠʪʩʷ 

ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʝʜʠʥʠʮ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʆʯʝʚʠʜʥʘ ʛʣʫʙʦʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʚʩʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ɻʇʊ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ ʛʦʨʦʜʩʢʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ (ʉʋɿ ɻʇʊ). 

ɿʥʘʥʠʝʚʳʝ ʩʠʩʪʝʤʳ ʪʘʢʠʭ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʢʘʢ ʛʦʨʦʜʩʢʦʡ ʧʘʩʩʘʞʠʨʩʢʠʡ 

ʪʨʘʥʩʧʦʨʪ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʠʥʘʪʴ ʩ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʧʠʩʘʥʠʷ ʩʠʩʪʝʤʳ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʝʛʦ ʦʪʨʘʞʝʥʠʝ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʚʩʝʡ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.  

ɼʣʷ ʛʦʨʦʜʩʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʮʝʣʳʡ ʨʷʜ ʭʘʨʘʢʪʝʨʥʳʭ ʟʘʜʘʯ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʨʝʩʫʨʩʦʚ [3, 4]. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʨʘʙʦʪʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʘʞʥʦ ʜʘʪʴ ʝʜʠʥʦʝ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʤʘʨʰʨʫʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ [5, 6]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʠʞʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʟʣʠʯʥʳʤ ʚʠʜʘʤ ʤʘʨʰʨʫʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʪʘʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤʘʭ ʠʤʝʝʪʩʷ ʨʷʜ ʦʙʱʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʩʝʪʴ, ʤʘʨʰʨʫʪʥʘʷ ʩʝʪʴ, ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʩʝʪʠ (ʊʉ), ʧʦʪʦʢʠ ʥʘ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ (ʄʉ), ʧʫʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʊʉ, 

ʩʧʦʩʦʙʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʪʦʢʦʚ ʥʘ ʄʉ ʠ ʪ.ʧ. ʋʥʠʚʝʨʩʘʣʴʥʦʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ 

ʤʘʨʰʨʫʪʠʟʠʨʦʚʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʩʚʷʟʠ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʜ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʫʥʢʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʠ ʚʟʘʠʤʥʳʤʠ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʩʦʙʦʡ. ʊʉ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʛʨʘʬʘ S(Z,W), ʛʜʝ Z - ʢʦʥʝʯʥʦʝ ʥʝʧʫʩʪʦʝ ʤʥʦʞʝʩʪʚʦ ʧʫʥʢʪʦʚ i Í Z, 

|Z|=n; W - ʤʥʦʞʝʩʪʚʦ ʩʚʷʟʝʡ (ʜʫʛ ʠʣʠ ʨʝʙʝʨ) - (i, j) Í W,  ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ i ʠ j, |W|=d; i j̧; i,j = n,1 .  ɿʜʝʩʴ n, d - ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʠʩʣʦ 

ʧʫʥʢʪʦʚ ʠ ʩʚʷʟʝʡ ʥʘ ʛʨʘʬʝ S(Z,W). 

ʄʉ ʟʘʜʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ (ʊʄ) - {Mk}. ʂʘʞʜʳʡ ʊʄ - k 

Í IM ʦʧʠʩʳʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʧʨʦʭʦʞʜʝʥʠʷ ʧʫʥʢʪʦʚ ikx, x = 1,nk, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʪʨʘʝʢʪʦʨʠʶ ʊʄ: 

},...,,{ 21
k
n

kkk

k
iiiM = ,                                                 (1) 

 

ʛʜʝ nk - ʯʠʩʣʦ ʧʫʥʢʪʦʚ ʚ ʊʄ - k, ʦʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʊʄ - k, ʥʘʯʘʣʴʥʳʡ ʠ 

ʢʦʥʝʯʥʳʡ ʧʫʥʢʪʳ ʚ ʪʨʘʝʢʪʦʨʠʠ Mk ʩʦʚʧʘʜʘʶʪ, ʪ.ʝ. ik1 = 
k

nk
i . 

ʇʦ ʪʨʘʥʩʧʦʨʪʥʳʤ ʤʘʨʰʨʫʪʘʤ k Í IM ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʝʛʦ ʪʨʘʝʢʪʦʨʠʝʡ ʜʚʠʞʝʥʠʷ Mk 

ʧʝʨʝʤʝʱʘʶʪʩʷ ʪʨʘʥʩʧʦʨʪʥʳʝ ʝʜʠʥʠʮʳ (ʊɽ), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʝʚʦʟʢʠ ʥʘ ʊʄ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʘʞʜʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʨʰʨʫʪʘ k ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ 

ʧʘʨʘʤʝʪʨʦʚ {Yk} = {yk
1, yk

2,...,yk
l}, ʛʜʝ yk

i - ʵʪʦ i-ʡ ʧʘʨʘʤʝʪʨ ʊʄ k Í IM; i= l,1 ,  l - ʯʠʩʣʦ 

ʧʘʨʘʤʝʪʨʦʚ yk
i Í Yk. 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʪʠʧ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʨʰʨʫʪʘ - k ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧʦʤ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʝʜʠʥʠʮ (ʊɽ) - jk, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʜʘʥʥʦʤ ʊʄ. 

ʄʝʞʜʫ ʧʫʥʢʪʘʤʠ i ʠ j, i j̧; i,j Í Z ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʪʦʢʠ ʧʝʨʝʜʚʠʞʝʥʠʡ. 

ɽʩʣʠ ʵʪʠ ʧʦʪʦʢʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʤʠ, ʪʦ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʪʦʢʠ ʤʝʞʜʫ 

ʧʫʥʢʪʘʤʠ i ʠ j ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʤʘʪʨʠʮʳ 

L = || lij   ||,                   (2) 

 

ʛʜʝ lij - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟ i ʚ j, i j̧; i,j Í Z, i,j Í1,n . 

ʂʦʨʨʝʩʧʦʥʜʝʥʮʠʠ lij ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ ʚ ʚʠʜʝ ʧʦʪʦʢʦʚ ʥʘ 

ʤʘʨʰʨʫʪʘʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮ ʧʦʪʦʢʦʚ: 

 

Ck = || xk
xh  ||,                               (3) 

 

ʛʜʝ xk
xh - ʵʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʠʟ ʧʫʥʢʪʘ x ʚ ʧʫʥʢʪ h ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤ ʤʘʨʰʨʫʪʝ  k Í 

IM, k= 1,m; x,h = 1,nk , nk - ʯʠʩʣʦ ʧʫʥʢʪʦʚ ʥʘ ʊʄ k. 

ʂʦʨʨʝʩʧʦʥʜʝʥʮʠʷ lij  ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʧʝʨʝʜʚʠʞʝʥʠʠ, ʢʦʪʦʨʳʝ 

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʵʣʝʤʝʥʪʘʤʠ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ. ʈʝʘʣʠʟʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ 

ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʧʝʨʝʜʚʠʞʝʥʠʝ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ, ʧʨʠ ʵʪʦʤ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʪʘʢʦʝ ʧʝʨʝʜʚʠʞʝʥʠʝ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʚ ʚʠʜʝ ʝʛʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦ ʚʨʝʤʝʥʠ. ʅʘʨʷʜʫ ʩ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʧʝʨʝʜʚʠʞʝʥʠʝʤ ʵʣʝʤʝʥʪʳ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʤʦʛʫʪ ʩʦʚʝʨʰʘʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʨʰʨʫʪʦʚ ʪʠʧʦʚ jk, k Í IM. 

ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʊʄ - k ʚʦʟʤʦʞʥʘ ʧʝʨʝʩʘʜʢʘ ʩ ʦʜʥʦʛʦ 

ʪʠʧʘ ʊɽ - js ʥʘ ʜʨʫʛʦʡ ʪʠʧ ʊɽ - jl, ş l, ʠʣʠ ʩ ʦʜʥʦʛʦ ʊɽ ʥʘ ʜʨʫʛʦʡ ʊɽ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʪʠʧʘ jk, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʝʨʝʩʘʜʢʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ  ʪʝʤ, ʯʪʦ ʤʘʨʰʨʫʪʥʳʝ ʩʚʷʟʠ (ikx, 

ikh) ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʤʝʞʜʫ ʚʩʝʤʠ ʧʘʨʘʤʠ ʧʫʥʢʪʦʚ i ʠ j ʥʘ ʊʉ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʚʷʟʝʡ ʦʪʜʝʣʴʥʳʝ ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʠʦʨʠʪʝʪʳ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʝʨʝʜʚʠʞʝʥʠʡ ʵʣʝʤʝʥʪʘʤʠ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʦʥʢʫʨʠʨʫʶʱʠʤ (ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ) ʧʫʪʷʤ ʧʝʨʝʜʚʠʞʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ ʢʨʘʪʯʘʡʰʠʡ ʧʫʪʴ ʠ ʙʣʠʟʢʠʝ ʢ ʥʝʤʫ. ʇʫʪʠ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʝʨʝʜʫʶʱʠʭʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ 

ʤʘʨʰʨʫʪʥʳʭ ʩʚʷʟʝʡ, ʧʨʠʯʝʤ ʧʫʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʜʦʣʞʝʥ ʥʘʯʠʥʘʪʴʩʷ ʠ ʢʦʥʯʘʪʴʩʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʩʚʷʟʴʶ. ɺʚʝʜʝʤ ʙʦʣʝʝ ʪʦʯʥʦʝ ʧʦʥʷʪʠʝ ʧʫʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʤʝʞʜʫ 

ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʤʠ ʧʫʥʢʪʘʤʠ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ. 

ʇʫʪʴ hp
kij ʷʚʣʷʝʪʩʷ k-ʤ ʧʫʪʝʤ ʧʝʨʝʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ i ʠ j ʥʘ ʄʉ ʧʦʨʷʜʢʘ p, 

ʝʩʣʠ ʯʠʩʣʦ ʤʘʨʰʨʫʪʥʳʭ ʩʚʷʟʝʡ (i lx, i lh) ʥʘ ʜʘʥʥʦʤ ʧʫʪʠ ʨʘʚʥʦ p, ʘ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʩʘʜʦʢ ʥʘ 

ʝʜʠʥʠʮʫ ʤʝʥʴʰʝ. ɿʜʝʩʴ l ï ʥʦʤʝʨ ʤʘʨʰʨʫʪʘ: l Í IM. ʏʠʩʣʦ ʤʘʨʰʨʫʪʥʳʭ ʩʚʷʟʝʡ ʚ ʤʘʨʰʨʫʪʝ 

(ʯʠʩʣʦ ʧʝʨʝʩʘʜʦʢ) ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ p= S,1 , S - ʟʘʜʘʥʥʦʝ ʜʦʧʫʩʪʠʤʦʝ ʯʠʩʣʦ ʤʘʨʰʨʫʪʥʳʭ 

ʩʚʷʟʝʡ (i lx, i lh) ʚ ʧʫʪʠ hp
kij. ʊʘʢ ʢʘʢ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʢʨʘʪʯʘʡʰʝʛʦ ʧʫʪʠ ʪʘʢʞʝ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʰʴ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ, ʪʦ ʯʠʩʣʦ ʧʫʪʝʡ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ i ʠ j; i j̧; i,j 

Í Z, ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʦ: k = N,1 . 

ʇʫʪʴ hp
kij ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ i ʠ j ʥʘ ʄʉ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

hp
kij = { i,j; t(hp

kij); p; k1,x1,h1; k2,x2,h2;... kl,xl,hl, é, kp,xp,hp}                      (4) 
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ʛʜʝ t(hp
kij) - ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʝʜʚʠʞʝʥʠʝ ʧʦ ʧʫʪʠ hp

kij; p - ʧʦʨʷʜʦʢ ʧʫʪʠ; kl - ʠʥʜʝʢʩ 

ʊʄ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ l-ʶ ʤʘʨʰʨʫʪʥʫʶ ʩʚʷʟʴ (xl, hl); xl ʠ hl - ʥʘʯʘʣʴʥʳʡ ʠ ʢʦʥʝʯʥʳʡ 

ʧʫʥʢʪʳ ʚ ʤʘʨʰʨʫʪʥʦʡ ʩʚʷʟʠ (xl, hl), l= 1, p . 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʮʝʣʷʭ ʩʦʢʨʘʱʝʥʠʷ ʦʙʦʟʥʘʯʝʥʠʡ ʚʤʝʩʪʦ hp
kij ʙʫʜʝʤ ʧʠʩʘʪʴ hkij. 

ʆʙʳʯʥʦ ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʫʤʥʳʭ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʯʠʩʣʦ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʧʫʪʝʡ hkij ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ i ʠ j ʥʘ ʄʉ ʩʫʙʲʝʢʪʳ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʦʚʝʜʝʥʠʷ. ʊʘʢʘʷ ʩʪʨʘʪʝʛʠʷ ʟʘʜʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʬʫʥʢʮʠʝʡ 

ʧʨʝʜʧʦʯʪʝʥʠʷ p(hkij) ʧʫʪʝʡ ʧʝʨʝʜʚʠʞʝʥʠʷ hkij, ʩʚʷʟʳʚʘʶʱʠʭ ʢʦʨʨʝʩʧʦʥʜʠʨʫʶʱʠʝ ʧʫʥʢʪʳ 

i ʠ j: 

p(hkij) = ¥(nk
1, nk

2,...,nk
l),                   (5) 

 

ʛʜʝ nk
r - ʚʝʣʠʯʠʥʘ r-ʛʦ ʧʘʨʘʤʝʪʨʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʧʫʪʴ hkij; r= 1,l , l - ʯʠʩʣʦ 

ʧʘʨʘʤʝʪʨʦʚ. 

ɺʝʨʦʷʪʥʦʩʪʥʘʷ ʬʫʥʢʮʠʷ ʧʨʝʜʧʦʯʪʝʥʠʷ (5) ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ lij ʧʦ ʧʫʪʷʤ hkij ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʨʦʷʪʥʦʩʪʷʤ: 

 

x(hkij) = lij Ö p(hkij),                    (6) 

 

ʛʜʝ x(hkij) - ʧʦʪʦʢ ʧʦ ʧʫʪʠ hkij, k= 1, N , N - ʯʠʩʣʦ ʧʫʪʝʡ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ i ʠ j. 

ʇʦʩʢʦʣʴʢʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ lij ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʪʦʣʴʢʦ ʧʦ 

ʧʫʪʷʤ hkij, ʩʚʷʟʳʚʘʶʱʠʤ ʧʫʥʢʪʳ i ʠ j, ʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʘʚʝʥʩʪʚʘ: 

 

1)( =ä
Í ijkij Hh

kijhp ,                   (7) 

 

ij
Hh

kij

ijkij

hx l=ä
Í

)( ,                   (8) 

 

ʛʜʝ Hij - ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʧʫʪʝʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʧʫʥʢʪʳ i ʠ j. 

ʄʘʨʰʨʫʪʥʳʝ ʩʚʷʟʠ ʥʘ ʩʝʪʠ ɻʇʊ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ hM
kxh =(ikx, ikh), k Í IM, x̧h; x,h = 

1,nk
. ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʤʘʨʰʨʫʪʥʳʝ ʩʚʷʟʠ ʚʩʝʭ ʤʘʨʰʨʫʪʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ , ʪʦ ʦʥʠ 

ʦʙʨʘʟʫʶʪ ʤʫʣʴʪʠʛʨʘʬ ʙʝʩʧʝʨʝʩʘʜʦʯʥʳʭ ʤʘʨʰʨʫʪʥʳʭ ʩʚʷʟʝʡ M(Z1, W1), ʛʜʝ Z1 - ʤʥʦʞʝʩʪʚʦ 

ʟʦʥ ʛʦʨʦʜʘ- i Í Z1, |Z1| = n1, Z1 Ì Z; W1 - ʤʥʦʞʝʩʪʚʦ ʙʝʩʧʝʨʝʩʘʜʦʯʥʳʭ ʤʘʨʰʨʫʪʥʳʭ ʩʚʷʟʝʡ 

(ikx, ikh) Í W1. ɼʫʛʘʤ ʛʨʘʬʘ M(Z1, W1) ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʚʝʩʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʚʳʨʘʞʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʨʰʨʫʪʥʦʡ ʩʚʷʟʠ. ʆʩʥʦʚʥʦʡ 

ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʧʨʦʝʟʜʘ. ʆʙʱʝʝ ʯʠʩʣʦ ʤʘʨʰʨʫʪʥʳʭ ʩʚʷʟʝʡ ʚ ʛʦʨʦʜʝ 

ʦʙʦʟʥʘʯʠʤ |W1| = d1. 

ʇʦʩʢʦʣʴʢʫ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʘʨʰʨʫʪʳ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʥʝ ʯʝʨʝʟ ʚʩʝ ʟʦʥʳ ʛʦʨʦʜʘ iÍZ, 

ʪʦ n1¢ n. ʄʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ ʙʝʩʧʝʨʝʩʘʜʦʯʥʳʭ ʩʚʷʟʝʡ, ʚ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʳʭ ʩʝʪʷʭ 
ɻʇʊ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʤʦʱʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ ʩʚʷʟʝʡ ʥʘ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ 

(ʋɼʉ), ʪʦ ʝʩʪʴ d1>> d. 

ʇʘʩʩʘʞʠʨ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʪʘʢʞʝ ʩʦʚʝʨʰʘʝʪ ʚʦʟʤʦʞʥʳʝ ʧʝʨʝʩʘʜʢʠ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʙʝʩʧʝʨʝʩʘʜʦʯʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʚʩʝʤʠ ʧʘʨʘʤʠ ʟʦʥ i ʠ j ʛʦʨʦʜʘ 

ʥʘ ʋɼʉ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʘʨʪʠʥʫ ʧʝʨʝʜʚʠʞʝʥʠʡ ʚ ʮʝʣʦʤ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʝʨʝʜʚʠʞʝʥʠʝ 

ʧʘʩʩʘʞʠʨʦʚ ʤʝʞʜʫ ʟʦʥʘʤʠ ʛʦʨʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʦʥʢʫʨʠʨʫʶʱʠʤ ʧʫʪʷʤ (4) ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʦʚʝʜʝʥʠʷ (5). ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʨʷʜ ʦʩʥʦʚʥʳʭ 
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ʧʘʨʘʤʝʪʨʦʚ ʧʫʪʝʡ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʚʳʙʦʨ ʥʘʩʝʣʝʥʠʝʤ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʷʭ. 

ʕʪʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʨʝʤʷ ʧʝʨʝʜʚʠʞʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʝ ʚ ʩʝʙʷ ʚʨʝʤʷ ʥʘ ʧʝʰʠʡ ʧʦʜʭʦʜ ʠ 

ʦʪʭʦʜ ʦʪ ʟʦʥʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʧʝʨʝʜʚʠʞʝʥʠʷ; ʚʨʝʤʷ ʥʘ ʧʝʨʝʩʘʜʢʫ, ʚʨʝʤʷ ʧʨʦʝʟʜʘ ʥʘ ʊɽ, 

ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʦʙʩʣʫʞʠʚʘʥʠʷ. ɺʪʦʨʳʤ ʚʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʫʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʩʘʜʦʢ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʚʝʨʰʠʪ ʧʨʠ ʧʝʨʝʜʚʠʞʝʥʠʠ. ʂʨʦʤʝ 

ʜʚʫʭ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʫʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʩʷ ʚʝʣʠʯʠʥʘ 

ʦʧʣʘʪʳ ʟʘ ʧʨʦʝʟʜ, ʢʦʤʬʦʨʪʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʧʝʨʝʚʦʟʢʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʠ ʪ.ʧ. 

ʇʨʦʮʝʜʫʨʘ ʩʚʦʙʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ lij ʥʘ ʄʉ ɻʇʊ, 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (6). 

ʈʘʩʧʦʣʘʛʘʷ ʙʘʟʦʡ ʜʘʥʥʳʭ ʧʫʪʝʡ ʧʝʨʝʜʚʠʞʝʥʠʷ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʠ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ: 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘʤ ʥʘ ʤʘʨʰʨʫʪʘʭ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʩʪʘʥʦʚʠʪʩʷ ʟʘʜʘʯʘ ʠʟʤʝʨʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʥʘ 

ʤʘʨʰʨʫʪʘʭ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʨʘʤʢʘʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ, 

ʦʙʝʩʧʝʯʝʥʥʦʡ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʦʡ ʥʘ ʤʘʨʰʨʫʪʘʭ ɻʇʊ, ʚ 

ʜʠʩʧʝʪʯʝʨʩʢʠʭ ʩʣʫʞʙʘʭ ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ.  

 

 ʉʝʨʚʝʨ AVL+ ʇʆ

ʍʨʘʥʠʣʠɦ ʝ ʜʘʥʥr ʭ

ɸʈʄ ʦʧʝʨʘʪʦʨʘ 

ʩʠʩʪʝʤr  AVL

ʎʝʥʪʨ ʉʝʨʚʝʨ ʠ ʨʘʙʦʯʝʝ 

ʤʝʩʪʦ ʦʧʝʨʘʪʦʨʘ

LAN

ʎʝʥʪʨ ʋʟʝʣ ʦʙʝʩʧʝʯʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ

ʄʦʜʝʤ

ʄʘʨh ʨʫʪʠʟʘʪʦʨ
FireWall

ʇ
ʝ
ʨ
ʝ
ʜ
ʘ
ʯ
ʘ
 ʛ
ʝ
ʦ
ʛʨ
ʘ
ʬ
ʠ
ʯ
ʝ
ʩ
ʢʠ
ʭ
 

ʢʦ
ʦ
ʨ
ʜ
ʠ
ʥ
ʘ
ʪ 
ʠ
 ʦ
ʙ
ʤ
ʝ
ʥ
 ʜ
ʘ
ʥ
ʥr
ʤ
ʠ

ʄʦʜʝʤ

PDSN

LBS

ʋʟʝʣ ʧʝʨʝʜʘʯʠ 

ʧʘʢʝʪʥr ʭ ʜʘʥʥr ʭTCP/IP

TCP/IP

ʦʧʪʦʚʦʣʦʢʥʦ

ʇʨʦʚʘʡʜʝʨ ʩʚ̫ʟʠ

L2TP

TCP/IP (XML)

ʉʠʩʪʝʤʘ ʦʧʨʝʜʝʣʝʥʠ̫ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠ̫

ʄʦʜʫʣɹ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ

 
 

ʈʠʩ. 2 ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ 

 

ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʦʚ ʜʦʣʞʝʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ 

ʜʘʥʥʳʤʠ ʦ ʧʘʩʧʦʨʪʘʭ ʤʘʨʰʨʫʪʦʚ, ʥʘʣʠʯʠʠ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʝʜʠʥʠʮ, 

ʨʝʛʫʣʷʨʥʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʚʟʘʠʤʦʩʚʷʟʘʥʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʘʨʰʨʫʪʦʚ. ɹʘʟʘ ʜʘʥʥʳʭ ʦ 

ʨʝʘʣʴʥʳʭ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘʭ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʝʚʝʟʝʥʥʳʭ ʧʘʩʩʘʞʠʨʦʚ ʪʨʘʥʩʧʦʨʪʥʳʝ 

ʩʨʝʜʩʪʚʘ (ʘʚʪʦʙʫʩ, ʪʨʦʣʣʝʡʙʫʩ, ʪʨʘʤʚʘʡ) ʦʙʦʨʫʜʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʦʡ ʜʣʷ 

ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʚʦʰʝʜʰʠʭ ʠ ʚʳʰʝʜʰʠʭ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʢʘʞʜʦʡ ʦʩʪʘʥʦʚʢʝ. ɺ 

ʢʦʤʧʣʝʢʪ ʘʧʧʘʨʘʪʫʨʳ ʚʭʦʜʷʪ: 
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- ʠʥʬʨʘʢʨʘʩʥʳʡ ʘʥʘʣʠʟʘʪʦʨ, ʚʢʣʶʯʘʶʱʠʡ ʢʦʥʪʨʦʣʣʝʨ ʠ ʩʧʝʮʠʘʣʴʥʳʝ 

ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʜʘʪʯʠʢʠ ʜʣʷ ʧʦʜʩʯʝʪʘ ʯʠʩʣʘ ʚʭʦʜʷʱʠʭ ʠ ʚʳʭʦʜʷʱʠʭ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʢʘʞʜʦʡ 

ʦʩʪʘʥʦʚʢʝ; 

- ʙʦʨʪʦʚʦʡ ʩʧʫʪʥʠʢʦʚʳʡ ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʨʝʛʠʩʪʨʘʪʦʨ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʩ ʧʣʘʪʦʡ 
ʩʧʫʪʥʠʢʦʚʦʛʦ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʧʨʠʝʤʥʠʢʘ; 

- ʨʘʜʠʦʤʦʜʝʤ ʠ ʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʦʢʘʥʘʣʦʤ ʙʣʠʞʥʝʛʦ ʜʝʡʩʪʚʠʷ ʜʣʷ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʤʧʴʶʪʝʨʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ. 

ʇʨʦʮʝʩʩ ʧʦʜʩʯʝʪʘ ʧʘʩʩʘʞʠʨʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʠ ʥʝ ʦʪʚʣʝʢʘʝʪ ʚʦʜʠʪʝʣʷ. 

ʇʦʛʨʝʰʥʦʩʪʴ ʧʦʜʩʯʝʪʘ ʦʙʱʝʛʦ ʯʠʩʣʘ ʚʦʰʝʜʰʠʭ ʠ ʚʳʰʝʜʰʠʭ ʧʘʩʩʘʞʠʨʦʚ ʚ ʪʝʯʝʥʠʝ 

ʦʜʥʦʛʦ ʨʝʡʩʘ ʦʪ 4 ʜʦ 10 %, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʦʣʥʝʥʠʷ ʩʘʣʦʥʘ ʊʉ. 

ʇʨʠ ʟʘʝʟʜʝ ʚ ʧʘʨʢ ʢʘʞʜʦʝ ʦʙʦʨʫʜʦʚʘʥʥʦʝ ʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ (ʘʚʪʦʙʫʩ, 

ʪʨʦʣʣʝʡʙʫʩ, ʪʨʘʤʚʘʡ) ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʙʣʠʞʥʝʛʦ ʜʝʡʩʪʚʠʷ çʚʳʛʨʫʞʘʝʪè 

ʩʦʙʨʘʥʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʚʨʝʤʝʥʠ ʠ ʯʠʩʣʝ ʚʦʰʝʜʰʠʭ ʠ ʚʳʰʝʜʰʠʭ ʧʘʩʩʘʞʠʨʦʚ ʧʦ ʢʘʞʜʦʡ 

ʦʩʪʘʥʦʚʢʝ ʚ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʥʦʚʦʢ ʟʘʜʘʥʥʦʛʦ 

ʤʘʨʰʨʫʪʘ ʘʚʪʦʙʫʩʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʢʘʟʘʥʥʳʤ ʚ ʥʘʨʷʜʝ ʟʘʜʘʥʠʝʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʩ ʤʘʨʰʨʫʪʦʚ ʜʘʥʥʳʝ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦ ʭʨʘʥʠʤʳʭ ʙʘʟʘʭ 

ʜʘʥʥʳʭ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚ 

ʨʘʟʨʝʟʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʘʚʪʦʧʘʨʢʘʤ ʠ ʛʦʨʦʜʩʢʦʡ ʘʜʤʠʥʠʩʪʨʘʮʠʠ.  

ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʧʦ ʪʨʘʩʩʘʤ 

ʤʘʨʰʨʫʪʦʚ, ʧʦ ʢʦʥʢʨʝʪʥʳʤ ʦʩʪʘʥʦʚʦʯʥʳʤ ʧʫʥʢʪʘʤ, ʧʦ ʯʘʩʘʤ ʩʫʪʦʢ, ʜʥʷʤ ʥʝʜʝʣʠ, ʩʝʟʦʥʘʤ. 

ʈʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

- ʨʘʩʯʝʪ ʧʦʨʝʡʩʦʚʦʛʦ ʠ ʧʦʦʩʪʘʥʦʚʦʯʥʦʛʦ ʧʘʩʩʘʞʠʨʦʦʙʤʝʥʘ ʦʙʩʣʝʜʫʝʤʳʭ 

ʤʘʨʰʨʫʪʦʚ. 

- ʨʘʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʥʘ ʤʘʨʰʨʫʪʝ. 

- ʨʘʩʯʝʪʳ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ ʧʦʢʘʟʘʪʝʣʝʡ ʘʥʘʣʠʟʘ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ 

(ʤʝʪʦʜʦʣʦʛʠʷ ʪʘʙʣʠʯʥʦʛʦ ʤʝʪʦʜʘ). 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʝʞʦʩʪʘʥʦʚʦʯʥʳʭ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ 

ʧʦʝʟʜʦʢ ʧʘʩʩʘʞʠʨʦʚ. 

- ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʝʨʝʚʦʟʦʢ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ: 

- ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʡ ʧʦʩʪʦʷʥʥʳʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʫʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʠʯʝʩʢʠ 
ʧʝʨʝʚʝʟʝʥʥʳʭ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʛʦʨʦʜʩʢʦʤ ʥʘʟʝʤʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

- ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʟʦʚ: ʦʪ ʦʮʝʥʢʠ 
ʬʘʢʪʠʯʝʩʢʠʭ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʧʦ ʤʘʨʰʨʫʪʘʤ, ʤʘʛʠʩʪʨʘʣʷʤ ʠ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʦ ʢʦʥʪʨʦʣʷ 

ʬʘʢʪʠʯʝʩʢʦʡ ʚʳʨʫʯʢʠ ʩ ʢʘʞʜʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ (ʧʨʠ 100% ʦʧʣʘʪʝ ʧʨʦʝʟʜʘ 

ʧʘʩʩʘʞʠʨʘʤʠ). 

- ʦʙʲʝʢʪʠʚʥʘʷ ʦʩʥʦʚʘ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʧʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʰʠʥ ʥʘ ʤʘʨʰʨʫʪʘʭ ʧʦ ʧʝʨʠʦʜʘʤ ʩʫʪʦʢ ʠ ʜʥʷʤ ʥʝʜʝʣʠ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʰʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʚʥʝʜʨʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʢʦʣʠʯʝʩʪʚʝ ʚʦʰʝʜʰʠʭ ʠ ʚʳʰʝʜʰʠʭ ʧʘʩʩʘʞʠʨʦʚ ʥʘ ʢʘʞʜʦʡ ʦʩʪʘʥʦʚʢʝ ʤʘʨʰʨʫʪʘ ʚ ʪʝʯʝʥʠʝ 

ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʥʘ ʣʠʥʠʠ. 

- ʠʩʢʣʶʯʝʥʠʝ ʨʘʙʦʪʳ ʫʯʝʪʯʠʢʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ 

ʥʘ ʤʘʨʰʨʫʪʘʭ. 

- ʦʧʨʝʜʝʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʘʩʩʘʞʠʨʦʚ ʧʦ ʦʩʪʘʥʦʚʢʘʤ, ʚʨʝʤʝʥʠ, ʤʘʨʰʨʫʪʘʤ, 

- ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʣʘʥ/ʬʘʢʪ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʝʨʝʚʝʟʝʥʥʳʭ ʧʘʩʩʘʞʠʨʦʚ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʱʝʩʪʚʝʥʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʥʪʨʦʣʴ 

ʟʘ ʨʘʙʦʪʦʡ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʳʨʘʙʦʪʢʠ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʠ 
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ʛʨʘʬʠʢʦʚ ʜʚʠʞʝʥʠʷ, ʢʦʥʪʨʦʣʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʪʯʝʪʦʚ ʧʦ ʨʘʙʦʪʝ ʩʣʫʞʙ ʧʘʩʩʘʞʠʨʩʢʠʭ ʧʝʨʝʚʦʟʦʢ ʛʦʨʦʜʘ.  

ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʠ ʧʨʦʚʝʨʢʠ ʧʨʠʙʳʪʠʷ ʚʦʜʠʪʝʣʷ, 

ʦʪʲʝʟʜʘ ʠʟ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ ʚ ʥʘʟʥʘʯʝʥʥʦʝ ʚʨʝʤʷ. ɽʩʣʠ ʚʦʜʠʪʝʣʴ ʥʝ ʜʦʩʪʠʛʘʝʪ 

ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ ʚ ʥʘʟʥʘʯʝʥʥʦʝ ʚʨʝʤʷ, ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʚʝʜʦʤʠʪ ʦʙ ʵʪʦʤ 

ʦʧʝʨʘʪʦʨʘ ʮʝʥʪʨʘ.  

ʆʙʟʦʨ ʚʢʣʶʯʘʝʪ ʤʘʨʰʨʫʪ ʜʚʠʞʝʥʠʷ ʠ ʚʨʝʤʷ, ʜʘʪʫ ʧʨʦʭʦʞʜʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʴʥʦʡ ʪʦʯʢʠ (ʦʩʪʘʥʦʚʢʠ). ɺʩʝ ʜʘʥʥʳʝ ʦʪ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʘʚʪʦʧʘʨʢʦʚ. ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʳʥʝʩʝʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʩʠʩʪʝʤʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʘʚʪʦʧʨʝʜʧʨʠʷʪʠʷʭ ʛʦʨʦʜʘ.  

ʉʦʟʜʘʥʠʝ ʜʦʢʫʤʝʥʪʘʣʴʥʳʭ ʦʪʯʝʪʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ ʧʦ ʨʘʟʣʠʯʥʳʤ 

ʘʩʧʝʢʪʘʤ, ʚʢʣʶʯʘʷ ʜʘʥʥʳʝ ʦ ʥʝ ʚʳʧʦʣʥʷʶʱʠʭ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʘʚʪʦʧʘʨʢʘʭ, ʤʘʨʢʝʪʠʥʛʦʚʫʶ, 

ʪʝʭʥʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʠ ʜʨ. 

ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʚʩʝ ʛʦʨʦʜʩʢʠʝ ʩʣʫʞʙʳ, ʠʤʝʶʱʠʝ 

ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ (ʫʙʦʨʦʯʥʘʷ ʪʝʭʥʠʢʘ, ʩʧʝʮ. ʪʝʭʥʠʢʘ, 

ʧʘʩʩʘʞʠʨʩʢʠʝ ʧʝʨʝʚʦʟʢʠ, ʠ ʜʨ.). ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʙʦʪʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʩʣʫʞʙ.  

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʠʙʢʦ 

ʫʧʨʘʚʣʷʪʴ ʧʘʨʢʘʤʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʢʘʢ ʚ ʩʬʝʨʝ ʦʨʛʘʥʠʟʘʮʠʠ ʣʦʛʠʩʪʠʢʠ, ʪʘʢ ʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʠ ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʅʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ (ʘʚʪʦʙʫʩʘʭ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʚ ʨʝʘʣʴʥʦʤ ʨʝʞʠʤʝ ʚʨʝʤʝʥʠ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ, ʘ ʪʘʢʞʝ ʝʛʦ 

ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʩʪʫʧʘʝʪ ʚ ʎʝʥʪʨ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ. 

ɺ ʮʝʥʪʨʝ ʜʘʥʥʳʝ ʦ ʪʨʘʥʩʧʦʨʪʥʦʤ ʩʨʝʜʩʪʚʝ ʠ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʬʠʢʩʠʨʫʶʪʩʷ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʚʳʨʘʙʦʪʢʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ 

ʮʠʬʨʦʚʦʡ ʢʘʨʪʝ ʛʦʨʦʜʘ. 

ɸʧʧʘʨʘʪʥʳʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʤ ʩʦʩʪʘʚʣʷʶʪ ʠ 

ʧʦʜʜʝʨʞʠʚʘʶʪ ʙʘʟʳ ʜʘʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʰʪʘʪ ʚʦʜʠʪʝʣʝʡ, ʤʘʨʰʨʫʪʳ, ʠ ʪ.ʜ., ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʫʶʪ ʥʝʦʙʭʦʜʠʤʳʝ ʦʪʯʝʪʥʳʝ ʜʦʢʫʤʝʥʪʳ. 

ʉʦʯʝʪʘʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʦ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘʭ ʧʦʟʚʦʣʷʝʪ: 

- ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʡ (ʦʰʠʙʢʠ ʚ ʧʨʝʜʝʣʘʭ 4 ï 10%) ʧʦʩʪʦʷʥʥʳʡ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʫʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʝʚʝʟʝʥʥʳʭ ʧʘʩʩʘʞʠʨʦʚ ʥʘ 

ʛʦʨʦʜʩʢʦʤ ʥʘʟʝʤʥʦʤ ʪʨʘʥʩʧʦʨʪʝ. 

- ʬʦʨʤʠʨʦʚʘʪʴ ʥʘʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʥʘʣʠʟʦʚ: ʦʪ 

ʦʮʝʥʢʠ ʬʘʢʪʠʯʝʩʢʠʭ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ ʧʦ ʤʘʨʰʨʫʪʘʤ, ʤʘʛʠʩʪʨʘʣʷʤ ʠ ʥʘʧʨʘʚʣʝʥʠʷʤ ʜʦ 

ʢʦʥʪʨʦʣʷ ʬʘʢʪʠʯʝʩʢʦʡ ʚʳʨʫʯʢʠ ʩ ʢʘʞʜʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 

- ʧʣʘʥʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʰʠʥ ʥʘ ʤʘʨʰʨʫʪʘʭ ʧʦ ʧʝʨʠʦʜʘʤ ʩʫʪʦʢ ʠ ʜʥʷʤ ʥʝʜʝʣʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʝʢʪʫ ɸʈ05133699 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʢʠʙʝʨ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʛʦʨʦʜʘè ʠʥʩʪʠʪʫʪʘ ʀɺʊ ʂʅ ʄʆʅ ʈʂ. 
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ɸʥʥʦʪʘʮʠʷ. ʍʣʝʙʦʙʫʣʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʝʜʫʱʠʤ ʧʠʱʝʚʳʤ ʦʪʨʘʩʣʷʤ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʂʘʟʘʭʩʪʘʥʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʭʣʝʙʦʧʝʢʘʨʥʦʡ ʦʪʨʘʩʣʠ ʚʥʝʜʨʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ, 

ʚʢʣʶʯʘʷ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɸʀʉ). [1]  

ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʦʜʝʣʴ 3D CFD ʜʣʷ ʧʝʯʠ ʩ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʝʯʴʶ. ɼʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʠ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ: ʜʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ 

ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ (DTRM), ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (S2S) ʠ ʜʠʩʢʨʝʪʥʳʝ ʦʨʜʠʥʘʪʳ (DO). 

ɺr ʰʝ ʫʢʘʟʘʥʥʳʝ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʠ ʧʦʯʪʠ ʘʥʘʣʦʛʠʯʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʩʦʚʧʘʜʘʣʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʯʠ ʜʦʩʪʠʛʘʣʘʩʴ 

ʯʝʨʝʟ 360 ʩ. [2]  

 ʅʠʞʢʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʦʥʳ ʙʳʣʠ ʚʙʣʠʟʠ ʩʪʝʥʢʠ ʧʝʯʠ ʠʟ-ʟʘ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʚʦʟʜʫʰʥʦʛʦ 

ʧʦʪʦʢʘ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʝ ʧʨʠʤʝʥʠʤʦʩʪʠ, ʤʦʜʝʣʴ ʠʟʣʫʯʝʥʠʷ DO ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʧʝʯʢʠ ʭʣʝʙʘ ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʭʣʝʙʘ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʣʝʙʘ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʬʠʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʢʨʘʭʤʘʣʴʥʦʡ ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʢʦʨʳ ʠ ʢʨʦʰʢʠ ʧʨʦʜʫʢʪʘ [3]  

ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʚʳʧʝʢʘʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ ʟʘʚʝʨʰʝʥ ʯʝʨʝʟ 1500 ʩ, 

ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʭʣʝʙʦʧʝʢʘʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦʩʪʠʛʣʘ 100 ʃʂ [1]  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʬʣʶʠʜʦʚ (CFD), ʭʣʝʙʦʧʝʢʘʨʥʘʷ ʧʝʯʴ, ʭʣʝʙ, 

ʨʘʜʠʘʮʠʷ, ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

 

1. ɺʚʝʜʝʥʠʝ 

ɹʳʩʪʨʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ ʠ ʧʦʩʪʦʷʥʥʳʡ ʩʧʨʦʩ ʥʘ ʧʨʦʜʫʢʪʳ ʧʝʨʚʦʡ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʟʚʦʣʠʣʠ ʤʥʦʛʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ 

ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ, ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʠʭ ʥʘ ʦʙʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 
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ʬʦʥʜʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʥʘʠʤʝʥʦʚʘʥʠʠ ʧʨʦʜʫʢʪʦʚ, ʥʘ ʥʦʚʫʶ ʨʳʥʦʯʥʫʶ ʧʦʣʠʪʠʢʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳh ʘʝʪʩʷ ʢʦʥʢʫʨʝʥʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʠʱʝʚʳʭ ʧʨʝʜʧʨʠʷʪʠʡ,  ʫʣʫʯʰʘʝʪʩʷ  

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʦʡ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʚ ʬʦʢʫʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʡ ʧʦʧʘʣʦ ʤʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚʳʧʫʩʢʘʶʱʠʭ ʤʘʩʣʦʤʦʣʦʯʥʫʶ, ʭʣʝʙʦʙʫʣʦʯʥʫʶ, ʤʷʩʥʫʶ, ʢʦʥʜʠʪʝʨʩʢʫʶ 

ʧʨʦʜʫʢʮʠʶ [4].  

ɺ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʤʘʩʰʪʘʙʥʘʷ ʨʘʙʦʪʘ ʧʦ ʨʘʟʚʠʪʠʶ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦ- ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʤʘʣʦʚʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ. ʇʦʩʣʝʜʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʥʦʚʘʮʠʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʫʩʧʝʰʥʳʝ ʠ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʝʨʰʝʥʥʳʝ ʠʟ ʥʠʭ ʙʳʣʠ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [5].  

ɺ ʧʠʱʝʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʧʫʩʢ ʭʣʝʙʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʨʘʙʦʪ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺʢʣʶʯʘʷ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʶ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚ, ʪʝʢʩʪʫʨʫ, 

ʮʚʝʪ ʠ ʘʨʦʤʘʪ, ʚ ʢʦʥʝʯʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʞʘʨʠʚʘʥʠʷ,ʵʣʘʩʪʠʯʥʦʩʪʴ, ʫʧʨʫʛʦʩʪʴ, ʧʦʨʠʩʪʦʩʪʴ, 

ʥʝʩʢʦʣʴʢʠʭ ʪʝʨʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʥʝʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʨʝʘʢʮʠʷ ʞʝʣʘʪʠʥʠʟʘʮʠʷ 

ʢʨʘʭʤʘʣʘ, ʜʝʥʘʪʫʨʘʣʠʟʘʮʠʷ ʙʝʣʢʘ ʠ ʪʘʢ ʜʘʣʝʝ.  ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʝʯʢʠ ʭʣʝʙʘ ʧʨʝʦʙʣʘʜʘʶʪ 

ʤʝʭʘʥʠʟʤʳ ʪʝʧʣʦ- ʠ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʧʝʯʠ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʠ ʚʳʧʝʢʘʝʤʳʭ 

ʧʨʦʜʫʢʮʠʷʭ ʥʘ ʧʦʣʫʬʘʙʨʠʢʘʪʘʭ ʪʝʩʪʘ [6]. 

ɺʳʧʝʯʢʘ ʭʣʝʙʘ ï ʵʪʦ ʧʨʦʮʝʩʩ,ʚ  ʢʦʪʦʨʦʤ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦʣʫʬʘʙʨʠʢʘʪʳ ʪʝʩʪʘ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ,ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʠʟʠʢʦï  

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [7]. 

 ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ï ʫʚʝʣʠʯʝʥʠʝ  ʦʙʲʝʤʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʳ, ʯʘʩʪʠʯʥʘʷ 

ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʢʨʘʭʤʘʣʘ ʠ ʫʤʝʥʴʯʝʥʠʷ ʚʣʘʛʠ ʜʦ ʤʠʥʠʤʫʤʘ,  ʠʥʘʢʪʠʚʘʮʠʷ ʜʨʦʞʞʝʡ ʠ 

ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʘʢʪʠʚʥʦʩʪʝʡ, ʢʦʘʛʫʣʷʮʠʷ ʙʝʣʢʘ,. ʇʨʠ ʚʳʧʝʯʢʠ ʭʣʝʙʘ ʥʝʦʙʭʦʜʠʤʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ ʚʳʧʝʯʢʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʘʣʠ ʚʳʧʫʩʢ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʡ ʷʚʣʷʶʪʩʷ ʦʙʴʝʤ ʠ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʪʝʧʣʘ, ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʚ ʧʝʢʘʨʥʦʡ ʢʘʤʝʨʝ ʠ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ 

ʧʦʣʫʬʘʙʨʠʢʘʪʘ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʟʘʨʘʥʝʝ ʧʨʝʜʧʦʣʦʛʘʝʤʫʶ, ʟʘʨʘʥʝʝ 

ʟʘʜʘʥʥʫʶ ʬʠʟʠʢʦï ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʦʜʫʢʮʠʶ, ʥʫʞʥʦ ʧʦʣʥʦʩʪʴʶ ʧʦʥʷʪʴ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʫʩʣʦʚʠʷʤʠ ʚʳʧʝʯʢʠ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. 

ɺ ʥʘʰʝʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʟʦʚʘʣʠ ʙʳʪʦʚʫʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʝʯʴ ʩ 

ʜʚʫʤʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʇʝʨʚʳʡïʚʝʨʭʥʠʡ ʵʣʝʤʝʥʪ ʩʣʫʞʠʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʚʳʧʝʯʢʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʠʟ ʭʣʝʙʦʧʝʢʘʨʥʦʡ ʤʫʢʠ, ʘ ʥʠʞʥʠʡ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʚʝʢʮʠʡ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ ʜʣʷ ʥʘʛʨʝʚʘ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ. ɺʦ ʚʨʝʤʷ ʚʳʧʝʯʢʠ ʭʣʝʙʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʪʚʝʯʘʝʪ ʟʘ ʚʩʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ 

ʧʨʦʩʭʦʜʷʪ ʚʥʫʪʨʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʡ, ʪ.ʝ ʠʩʧʘʨʝʥʠʝ ʚʦʜʳ, ʞʝʣʘʪʠʥʠʟʘʮʠʶ 

ʢʨʘʭʤʘʣʘ, ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ, ʧʦʣʫʯʝʥʠʝ ʢʦʨʢʠ, ʜʝʥʘʪʫʨʘʮʠʶ ʧʨʦʪʝʠʥʦʚ ʠ ʨʝʘʢʮʠʠ 

ʧʦʜʞʘʨʠʚʘʥʠʷ ʠ ʪ. ʊʝʤʧʝʨʘʪʫʨʘ, ʪʘʢʞʝ ʦʪʚʝʯʘʝʪ ʟʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʢʠʝ ʢʘʯʝʩʪʚʘ 

ʚʳʧʝʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʵʪʦ ïʮʚʝʪ ʢʦʨʢʠ ʢʦʥʝʯʥʦʡ, ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ [8].  

   ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʠ ʚʣʘʞʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟïʟʘ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʦʜʘʯʠ ʪʝʧʣʘ ʥʘ 

ʧʦʣʫʬʘʙʨʠʢʘʪ. ɼʣʷ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ,ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʪʘʢʠʝ 

ʬʘʢʪʦʨʳ ʢʘʢ, ʢʦʥʩʪʨʫʢʮʠʷ ʧʝʯʠ, ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʫʩʣʦʚʠʡʦʙʨʘʙʦʪʢʠ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʧʝʯʢʠ, ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘ, 

ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ, ʦʙʴʝʤ ʠ ʤʘʩʩʘ ʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ [9, 10]. 

ɼʣʷ ʭʣʝʙʦʧʝʢʘʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʭʨʘʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʢʘʯʝʩʪʚʘ ʯʘʩʪʦ ʞʝʣʘʪʝʣʴʥʳ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʧʨʦʜʫʢʪ ʩʪʨʘʪʝʛʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʭʨʘʥʝʥʠʝ 

ʧʦʩʪʦʷʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʘ. ɺ ʵʪʠʭ ʩʪʨʘʪʝʛʠʷʭ ʫʩʣʦʚʠʷ ʧʝʯʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʪʨʝʛʫʣʠʨʦʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʘʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʝʯʴ. 

ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʦʡ ʩʪʨʘʪʝʛʠʠ ʢʦʥʪʨʦʣʷ ʥʝʦʙʭʦʜʠʤʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ 

ʧʨʦʮʝʩʩʘ. ɼʣʷ ʚʳʧʝʯʢʠ ʭʣʝʙʘ ʦʩʥʦʚʥʳʝ ʚʘʨʠʘʮʠʠ ʢʘʯʝʩʪʚʘ ʠʤʝʶʪ ʮʚʝʪ ʠ ʧʦʪʝʨʶ ʚʝʩʘ. ɺ 
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ʥʝʧʨʝʨʳʚʥʦʡ ʧʝʯʠ ʜʣʷ ʚʳʧʝʯʢʠ ʭʣʝʙʘ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʦʪʩʫʪʩʪʚʠʝʤ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʘ ʚʥʫʪʨʠ ʧʝʯʠ. ʇʦʩʢʦʣʴʢʫ ʭʣʝʙ ʧʨʦʭʦʜʠʪ 

ʚʥʫʪʨʠ ʢʘʤʝʨʳ ʧʝʯʠ ʚʦ ʚʨʝʤʷ ʚʳʧʝʯʢʠ, ʠ ʧʦʩʢʦʣʴʢʫ ʚʝʩʴ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ 

ʧʝʨʠʦʜʘ ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʝʛʦ ʢʘʯʝʩʪʚʘ, ʚʘʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ, 

ʧʦʢʨʳʚʘʶʱʫʶ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʝʡ ʢʘʤʝʨʳ ʧʝʯʠ. CFD - ʵʪʦ ʤʝʪʦʜ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʠ ʪʝʧʣʦʧʝʨʝʜʘʯʠ. 

ɻʣʘʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʤʝʜʣʝʥʥʘʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʫʨʘʚʥʝʥʠʷ 

ʧʦʪʦʢʘ ʚ ʬʠʟʠʯʝʩʢʠ ʪʨʝʭʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ.  

CFD - ʵʪʦ ʠʥʩʪʨʫʤʝʥʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʤʦʱʥʳʝ ʢʦʤʧʴʶʪʝʨʳ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʦʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʪʫʘʮʠʡ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʠ 

ʩʦʜʝʡʩʪʚʠʷ ʦʧʪʠʤʘʣʴʥʦʤʫ ʜʠʟʘʡʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [11]. 

 ɺʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ ʚʳʧʝʢʘʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʠʟʣʫʯʝʥʠʷ, 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʢʦʥʚʝʢʮʠʠ. ʈʘʜʠʘʮʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʤʠʥʠʨʫʶʱʠʤ ʨʝʞʠʤʦʤ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʝʯʠ. ʈʘʜʠʘʮʠʦʥʥʘʷ ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʢʨʘʩʥʳʭ ʛʦʨʷʯʠʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʢʘʪʫʰʝʢ ʠ ʛʦʨʷʯʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʈʘʜʠʘʮʠʦʥʥʘʷ 

ʧʝʨʝʜʘʯʘ ʪʝʧʣʘ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʥʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʫʩʢʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʧʨʷʤʳʤ ʣʠʥʠʷʤ ʙʝʟ ʟʘʪʫʭʘʥʠʷ. ʅʘʛʨʝʚ ʟʘ ʩʯʝʪ 

ʠʟʣʫʯʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʳʰʝ, ʯʝʤ ʚʳʰʝ 

ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ. ɺʦʟʜʫʭ ʚʭʦʜʠʪ ʚ ʢʦʥʪʘʢʪ ʩ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʠ ʛʦʨʷʯʠʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʯʘʩʪʷʤʠ ʩʪʝʥʦʢ ʧʝʯʠ, ʘ ʪʝʧʣʦ ʧʝʨʝʜʘʝʪʩʷ ʚ ʨʝʞʠʤʝ ʢʦʥʚʝʢʮʠʠ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ ʦʪ ʚʦʟʜʫʭʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʫʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʞʠʤʝ ʢʦʥʚʝʢʮʠʠ, 

ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʭʣʝʙ ʧʦ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʣʠ 

ʧʝʨʝʜʘʯʫ ʪʝʧʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʝʯʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ, 

ʠʟʣʫʯʘʶʱʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʨʘʙʦʯʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʝʯʠ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʱʝʥʠʝʤ ʪʝʧʣʦʚʦʡ 

ʥʘʛʨʫʟʢʠ. ʂʘʪʘʣʠʟʘʪʦʨ ʢʨʘʭʤʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʟʘʛʨʝʛʘʮʠʶ ʠʣʠ ʥʝʦʙʨʘʪʠʤʫʶ 

ʥʘʙʫʭʘʥʠʝ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʧʨʠ ʧʦʜʭʦʜʷʱʝʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʕʪʦ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʘʷ ʥʘʙʫʭʘʥʠʝ ʠʟ-ʟʘ ʛʠʜʨʘʪʘʮʠʠ ʤʦʣʝʢʫʣ ʢʨʘʭʤʘʣʘ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

50-85 ʣʢ [12]. 

 ʂʘʪʘʣʠʟʘʪʦʨ ʢʨʘʭʤʘʣʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʥʘʛʨʝʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʡ ʘʤʠʣʦʟʫ ʠ 

ʘʤʠʣʦʧʝʢʪʠʥ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʳ ʜʦ ʫʨʦʚʥʷ, ʚ ʢʦʪʦʨʦʤ ʚʦʜʘ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʵʥʝʨʛʠʶ 

ʘʢʪʠʚʘʮʠʠ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʛʠʜʨʦʛʝʥʥʳʭ ʩʚʷʟʝʡ ʚ ʢʨʘʭʤʘʣʝ. ʇʨʦʮʝʩʩ ʞʝʣʘʪʠʥʠʟʘʮʠʠ 

ʢʨʘʭʤʘʣʘ ʚʢʣʶʯʘʝʪ ʥʘʙʫʭʘʥʠʝ, ʧʣʘʚʣʝʥʠʝ, ʨʘʟʨʫʰʝʥʠʝ ʤʦʣʝʢʫʣʳ ʢʨʘʭʤʘʣʘ ʠ 

ʵʢʩʧʨʝʣʷʮʠʶ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʬʠʣʝʡ ʚʥʫʪʨʠ ʧʝʯʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ 

ʠʟʣʫʯʝʥʠʷ (DTRM, S2S ʠ DO) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʨʢʠ ʠ ʢʨʦʰʢʠ ʧʨʦʜʫʢʪʘ 

(ʭʣʝʙʘ). ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʡ ʧʦ 

ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʢʘʯʝʩʪʚʘʤ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ [13, 14]. 

 

2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʳʪʦʚʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʝʯʴ 

ʜʣʷ ʚʳʧʝʯʢʠ (Asel AF 0023, ʊʫʨʮʠʷ ʦʙʝ̡ʤ 33ʣ) ʩ ʨʘʟʤʝʨʘʤʠ 42ʭ50ʭ31 ʩʤ ʠ ʤʦʱʥʦʩʪʴʶ 

1300 ʂɺʪ. ʈʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 50 ɻʮ. ʊʝʤʧʝʨʘʪʫʨʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʦʪ 80 ʜʦ 320 ʉ. ʅʘʛʨʝʚ ʜʦ 250 

ʉ ʟʘ 15 ʤʠʥʫʪ. ɼʚʦʡʥʦʝ ʚʥʝʰʥʦʝ ʙʠʦʧʦʢʨʳʪʠʝ ʠʟ ʞʘʨʦʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʊʘʡʤʝʨ ʥʘ 90 

ʤʠʥʫʪ. ɺʳʢʣʶʯʯʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ. ʀʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ ʷʚʣʷʶʪʩʷ ʜʚʘ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʘ, (ʧʦ 650 ɺʪ ʢʘʞʜʳʡ) ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʙʰʠʪʦʡ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 

ʚʥʠʟʫ ʠ ʚʝʨʭʥʠʭ ʩʪʝʥ. ʇʝʯʴ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ʅʘʛʨʝʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʪʝʨʤʦʩʪʘʪʦʤ, ʢʦʪʦʨʳʡ ʫʜʝʨʞʠʚʘʝʪ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʚʢʣ / ʚʳʢʣ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʜʘʥʥʦʡ ʫʩʪʘʚʢʦʡ (220 Ñ 2 LC). ʄʘʢʩʠʤʘʣʴʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʫʭʦʚʢʠ 
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ʩʦʩʪʘʚʣʷʣʘ 220ɺ, ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʚʘʣʠʜʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʚʝʨʴ 

ʜʫʭʦʚʢʠ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʞʘʨʦʩʪʦʡʢʦʛʦ ʩʪʝʢʣʘ, ʢʦʪʦʨʦʝ ʧʦʤʦʛʘʝʪ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʧʝʯʢʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʜʫʭʦʚʢʠ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʨʤʦʧʘʨʳ T-ʪʠʧʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʜʢʣʶʯʝʥʳ ʢ ʨʝʛʠʩʪʨʘʪʦʨʫ ʜʘʥʥʳʭ. ʆʜʥʘ ʪʝʨʤʦʧʘʨʘ 

ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʧʝʯʠ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʠʦʥʥʦʝ ʦʪʚʝʨʩʪʠʝ, ʠʤʝʶʱʝʝʩʷ ʥʘ 

ʟʘʜʥʝʡ ʩʪʦʨʦʥʝ ʧʝʯʠ. ʊʨʠ ʪʝʨʤʦʧʘʨʳ ʬʠʢʩʠʨʫʶʪʩʷ ʚʥʫʪʨʠ ʭʣʝʙʘ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ, 

ʥʘʧʨʠʤʝʨ, ʪʦʯʢʘ-1 (ʮʝʥʪʨ ʭʣʝʙʘ), ʪʦʯʢʘ-2 (8 ʩʤ ʦʪ ʮʝʥʪʨʘ ʜʦ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ) ʠ ʪʦʯʢʘ-3 

(7,5 ʩʤ ʦʪ ʮʝʥʪʨʘ ʢ ʣʝʚʦʡ ʩʪʦʨʦʥʝ), ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1c. 

 

 
(a)                                                                            (ʙ) 

 

ʈʠʩʫʥʦʢ 1. (a) ɻʝʦʤʝʪʨʠʷ ʧʝʯʠ ʙʝʟ ʭʣʝʙʘ, (b) ʩ ʭʣʝʙʦʤ. 

 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ CFD 

ʉʦʟʜʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʝʯʠ ʙʝʟ ʠ ʩ ʭʣʝʙʦʤ. ɻʝʦʤʝʪʨʠʷ ʧʝʯʠ ʙʝʟ ʭʣʝʙʘ, ʧʝʯʴ, 

ʤʝʰʘʝʤʘʷ ʠʟʤʝʨʝʥʠʷʤʠ ʭʣʝʙʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʨʝʭ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʭʣʝʙʝ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʦʚʝʨʭʥʦʩʪʴ ʠ ʦʙʲʝʤʥʘʷ ʩʝʪʢʘ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ GAMBIT ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʚ Fluent 6.3 ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʦʙʨʘʙʦʪʢʠ. ʈʘʟʤʝʨ ʩʝʪʢʠ ʙʳʣ ʧʣʦʪʥʳʤ ʚʙʣʠʟʠ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʦʙʲʝʤʥʦʡ ʩʝʪʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʪʫʰʢʠ ʠ ʩʝʪʢʘ tet-ra. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʥʝʡ - 160 

000 ʩ 75 187 ʷʯʝʡʢʘʤʠ. ʈʘʟʤʝʨ ʷʯʝʡʢʠ ʜʣʷ ʮʝʣʴʥʦʡ ʧʝʯʠ ʙʳʣ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʠ 

ʬʠʥʘʣʠʟʠʨʦʚʘʥ ʜʣʷ ʣʫʯʰʝʡ ʪʦʯʥʦʩʪʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʈʘʙʦʯʘʷ ʩʪʘʥʮʠʷ Dell 

T5400 ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʟʘʧʫʩʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ CFD. [15].  

 ɺ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʜʝʣʠ DTRM, S2S ʠ DO. ʆʩʥʦʚʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ DTRM ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ, ʚʳʭʦʜʷʱʝʝ ʠʟ ʵʣʝʤʝʥʪʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʣʝʩʥʦʛʦ ʫʛʣʘ, ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʦ 

ʦʜʥʠʤ ʣʫʯʦʤ. ɿʘʪʝʤ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʚ ʞʠʜʢʦʩʪʠ ʠʟ-ʟʘ ʠʟʣʫʯʝʥʠʷ ʚʳʯʠʩʣʷʣʠ ʧʫʪʝʤ 

ʩʫʤʤʠʨʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʜʦʣʴ ʧʫʪʠ ʢʘʞʜʦʛʦ ʣʫʯʘ, ʢʦʪʦʨʳʡ 

ʧʨʦʩʣʝʞʠʚʘʣʩʷ ʯʝʨʝʟ ʦʙʲʝʤ ʢʦʥʪʨʦʣʷ ʞʠʜʢʦʩʪʠ. ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʟʣʫʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʢʘʢ 

 

                                           Ὠὰ/Ὠί+‌ὰ=‌„Ὕ4/ˊ                                                               (1) 

 

ʆʩʥʦʚʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤʳ ʠʟʣʫʯʝʥʠʷ S2S ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʥʝʙʨʝʞʝʥʠʠ 

ʚʩʝʤ ʧʦʛʣʦʱʝʥʠʝʤ, ʠʩʧʫʩʢʘʥʠʝʤ ʠʣʠ ʨʘʩʩʝʷʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʪʦʣʴʢʦ 

ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ̫ ʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʇʦʪʦʢ ʵʥʝʨʛʠʠ, ʚʳʭʦʜʷʱʠʡ 

ʠʟ ʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʩʪʦʷʣ ʠʟ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʣʫʯʘʝʤʦʡ ʠ ʦʪʨʘʞʝʥʥʦʡ ʵʥʝʨʛʠʠ. 

ʆʪʨʘʞʝʥʥʳʡ ʧʦʪʦʢ ʵʥʝʨʛʠʠ ʙʳʣ 

                     
Qout.K=‐K „Ὕ4+   ὖὯήὭὲ.Ὧ                                                       (2)     

        



 

144 
 

ʊʝʤʧʝʨʘʪʫʨʘ  (LC) ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ (ɼʞ / 

ʢʛ K) 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ (ɺʪ / ʤ K) 

30 3080 0.85 

60 2550.6 0.38 

120 1774.3 0.17 

227 1514.1 0.16 

 

ʄʦʜʝʣʴ ʠʟʣʫʯʝʥʠʷ DO ʨʝʰʘʝʪ ʫʨʘʚʥʝʥʠʝ ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ (RTE) ʜʣʷ ʢʦʥʝʯʥʦʛʦ 

ʯʠʩʣʘ ʜʠʩʢʨʝʪʥʳʭ ʪʚʝʨʜʳʭ ʫʛʣʦʚ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʚʝʢʪʦʨʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʚ ʛʣʦʙʘʣʴʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ. ʄʦʜʝʣʴ DO ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʫʨʘʚʥʝʥʠʝʤ: ʧʦʪʦʢ ʧʘʜʘʶʱʝʡ ʵʥʝʨʛʠʠ ʠʟ ʦʢʨʫʞʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥ ʯʝʨʝʟ ʧʦʪʦʢ ʵʥʝʨʛʠʠ, ʦʩʪʘʚʣʷʶʱʠʡ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʕʥʝʨʛʠʷ, ʦʪʨʘʞʝʥʥʘʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʂ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʢʘʢ 

 

[ Ὅ ( ,,ὶ,-Ὓ)..-Ὓ]..+,(‌+‌).Ὅ(r,s.)=Ŭn2ůT4/ˊ.     (3)                                  (3) 

 

 

 
 

ʈʠʩʫʥʦʢ 2 ʊʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʭʣʝʙʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʧʣʦʪʥʦʩʪʠ 327,2 ʢʛ / ʤ3 

 

ʄʦʜʝʣʴ DO ʫʯʠʪʳʚʘʝʪ ʫʯʘʩʪʠʝ ʚʦʟʜʫʭʘ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʜʠʘʮʠʦʥʥʦʤʫ ʵʬʬʝʢʪʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʝʰʘʪʴ ʠʟʣʫʯʝʥʠʝ ʥʘ 

ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ʩʪʝʥʢʘʭ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʜʝʣʴ DO ʤʦʞʝʪ ʙʳʪʴ ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ 

ʜʣʷ ʧʨʦʙʣʝʤ ʩ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ, 

ʫʤʝʨʝʥʥʘʷ ʜʣʷ ʪʠʧʠʯʥʦʡ ʫʛʣʦʚʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʘ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʘʤʷʪʠ ʪʘʢʞʝ ʩʢʨʦʤʥʳ. 

ʀʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ ʢʦʥʚʝʢʮʠʝʡ ʜʘʚʘʣʦʩʴ ʠʜʝʘʣʴʥʦʡ 

ʥʝʩʞʠʤʘʝʤʦʡ ʬʦʨʤʫʣʦʡ. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʜʠʘʮʠʦʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʷʚʣʷʝʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʩʧʦʩʦʙʦʤ ʪʝʧʣʦʦʙʤʝʥʘ ʚʥʫʪʨʠ ʧʝʯʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ 

ʫʜʝʣʷʣʦʩʴ ʩʚʦʡʩʪʚʘʤ ʨʘʜʠʘʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ ʥʘʜ ʥʦʨʤʘʣʴʥʳʤʠ 

ʪʝʧʣʦʦʙʤʝʥʥʳʤʠ ʤʦʜʝʣʷʤʠ. ʈʘʜʠʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʨʘʩʩʝʷʥʠʷ) ʠʛʨʘʶʪ ʞʠʟʥʝʥʥʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʩʯʝʪʘʭ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʜʣʷ ʤʦʜʝʣʠ DO. 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʩʝʷʥʠʷ ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ ʥʫʣʶ, ʪʘʢ ʢʘʢ ʦʥ ʥʝ ʠʤʝʣ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ 

ʚ ʵʪʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ʊʚʝʨʜʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʭʣʝʙ ʠ ʩʪʘʣʴ, ʙʳʣʠ ʥʝʧʨʦʟʨʘʯʥʳʤʠ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʫʨʦʚʥʝ 10 000 ʜʣʷ ʥʠʭ ʠ 0,75 ʜʣʷ ʚʦʟʜʫʭʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʪʝʨʤʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʣʝʙʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫ 

Wong et al. (2007) ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʍʣʝʙ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʨʦʚ 20 

10 8,5 ʩʤ (ʪʠʧʠʯʥʳʡ ʨʘʟʤʝʨ ʭʣʝʙʥʦʡ ʪʘʨʝʣʢʠ), ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʮʝʥʪʨʝ ʧʝʯʠ [16]. 
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ʈʠʩʫʥʦʢ 3. ʇʨʦʚʝʨʢʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʝʜʩʢʘʟʘʥʠʡ CFD ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ DTRM, S2S ʠ 

DO ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʮʠʢʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʝʯʠ 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ ʩʯʠʪʘʣʘʩʴ ʦʢʨʫʞʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (27 ʣʢ). 

ʆʪʦʧʠʪʝʣʴʥʳʝ ʢʘʪʫʰʢʠ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʢʘʢ ʦʙʲʝʤʥʳʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ. ʉʦʯʝʪʘʥʠʝ 

ʢʘʢ ʢʦʥʚʝʢʪʠʚʥʦʛʦ, ʪʘʢ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʢʘʢ ʜʣʷ 

ʩʪʝʢʣʷʥʥʦʡ ʜʚʝʨʠ, ʪʘʢ ʠ ʜʣʷ ʩʪʝʥ ʧʝʯʠ. ʇʨʦʜʪʦʤ ʩʯʠʪʘʣʩʷ ʪʚʝʨʜʳʡ ʠ ʨʘʟʨʝʰʝʥʥʳʡ ʨʝʞʠʤ 

ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʢʦʥʚʝʢʮʠʠ ʠ ʠʟʣʫʯʝʥʠʷ. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ ʜʣʷ ʧʝʯʠ ʜʣʷ ʚʳʧʝʯʢʠ ʙʝʟ ʧʨʦʜʫʢʪʘ  

(ʤʦʜʝʣʴ DO) ʧʨʠ (a) 180 ʩ ʠ (b) 1200 ʩ 
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ʉʚʦʡʩʪʚʘ ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʨʘʭʤʘʣʘ. 

ɾʝʣʘʪʠʥʠʟʘʮʠʷ ʢʨʘʭʤʘʣʘ ʚʳʟʳʚʘʝʪ ʥʘʨʫʰʝʥʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ, 

ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʷʶʪ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʛʨʘʥʫʣʳ ʠ ʵʢʩʩʫʜʘʮʠʶ ʘʤʠʣʦʟʳ. ɺʦ ʚʨʝʤʷ 

ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʛʨʘʥʫʣʳ ʛʠʜʨʘʪʳ ʠ ʥʘʙʫʭʘʶʪ, ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ 

(Lund, 1984). ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʩʢʘʥʠʨʫʶʱʠʝ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (DSC) ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʞʝʣʘʪʠʥʠʟʘʮʠʠ 

ʢʨʘʭʤʘʣʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʘʭʤʘʣʴʥʘʷ ʞʝʣʘʪʠʥʠʟʘʮʠʷ ʚ ʧʨʦʮʝʩʩʝ ʭʣʝʙʦʧʝʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ / ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʣʝʜʫʝʪ ʢʠʥʝʪʠʢʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ [17,18].  

ʉʪʝʧʝʥʴ ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʢʨʘʭʤʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʘʢ ʤʠʥʠʤʘʣʴʥʳʡ 

ʠʥʜʝʢʩ ʚʳʧʝʯʢʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ʚʳʧʝʯʢʠ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ ʚʳʧʝʯʢʠ 

ʭʣʝʙʘ. ʀʟʫʯʘʣʠ ʞʝʣʘʪʠʥʠʨʦʚʘʥʠʝ ʢʨʘʭʤʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ (DSC) ʠ ʨʘʩʩʯʠʪʘʣʠ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ, ʪʘʢʠʝ 

ʢʘʢ k0 ʠ Ea.  

 

.                  Ŭ=exp( - kt)                                                                (4) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ ʭʣʝʙʘ ʥʘ ʚʝʨʭʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʮʝʥʪʨ ʭʣʝʙʘ ʠ ʥʠʞʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʣʠʥʠʠ (a) 300 ʩ (ʙ) 900 ʩ (c) 1200 ʩ ʠ (d) 1500 ʩ 

 

4 ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ ʭʣʝʙʘ 

ʇʨʦʮʝʩʩ ʚʳʧʝʯʢʠ ʭʣʝʙʘ ʙʳʣ ʠʤʠʪʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ CFD ʩ 

ʭʣʝʙʦʤ ʚ ʮʝʥʪʨʝ ʧʝʯʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ. ʄʦʜʝʣʴ DO ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʫʯʠʪʳʚʘʣʘ ʫʯʘʩʪʠʝ ʚʦʟʜʫʭʘ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʵʬʬʝʢʪʫ ʠʟʣʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ 

ʚʥʫʪʨʠ ʧʝʯʠ ʠʟʤʝʥʠʣʩʷ ʠʟ-ʟʘ ʧʦʣʦʞʝʥʠʷ ʭʣʝʙʘ. ʉʨʘʚʥʝʥʠʝ ʩʠʤʫʣʷʮʠʦʥʥʳʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʭʣʝʙʘ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ (ʪʝ ʞʝ ʩʘʤʳʝ 

ʟʥʘʯʝʥʠʷ, ʯʪʦ ʫʞʝ ʫʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1ʚ), ʪ. ɽ. ʊʦʯʢʘ-1 (ʭʣʝʙ-ʮʝʥʪʨ), ʪʦʯʢʘ-2 (8 ʩʤ ʦʪ 

ʮʝʥʪʨʘ ʜʦ ʧʨʘʚʦʛʦ ʩʪʦʨʦʥʘ) ʠ ʪʦʯʢʘ-3 (7,5 ʩʤ ʦʪ ʮʝʥʪʨʘ ʢ ʣʝʚʦʡ ʩʪʦʨʦʥʝ) ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩ.5ʘ ʠ ʙ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʠʤʫʣʷʮʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʜʷʪʩʷ ʚ 

ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ. ɼʣʷ ʭʣʝʙʦʧʝʢʘʨʥʦʛʦ ʮʝʥʪʨʘ ʥʘʙʣʶʜʘʣʘʩʴ ʬʘʟʘ ʣʘʟʝʨʘ ʜʣʷ ʧʝʨʚʳʭ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ (120 ʩ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʣʠʥʝʡʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʧʝʢʘʥʠʷ ʧʨʦʚʦʜʠʣʦʩʴ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʮʝʥʪʨʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ 

ʜʦʩʪʠʛʥʝʪ 100 LC. ʅʘʙʣʶʜʘʣʦʩʴ ʙʳʩʪʨʦʝ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʭʣʝʙʘ 

(ʪʦʯʢʘ-2 ʠ ʪʦʯʢʘ-3) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʥʪʨʦʤ (ʪʦʯʢʘ-1). ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʚʳʧʝʯʢʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʭʣʝʙʘ (ʢʨʦʤʝ ʢʦʨʳ) ʜʦʩʪʠʛʣʘ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 97 Ñ 1 ʃʂ. ɺ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʚʳʧʝʢʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʮʝʥʪʨʝ 

ʭʣʝʙʘ ʧʨʝʢʨʘʱʘʣʘʩʴ, ʢʦʛʜʘ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʣʘ ʦʢʦʣʦ 97 LC ʠʟ-ʟʘ ʠʩʧʘʨʝʥʠʷ 

ʚʣʘʛʠ ʠ ʢʦʥʜʝʥʩʘʮʠʠ (Wong et al., 2007). ʄʦʜʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʝʜʩʢʘʟʳʚʘʣʘ 

ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ 

ʚʳʧʝʯʢʠ (ʨʠʩ.5). ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠʩʢʣʶʯʝʥʠʝʤ ʧʝʨʝʥʦʩʘ ʚʣʘʛʠ ʚʥʫʪʨʠ ʭʣʝʙʘ ʚ 

ʪʝʢʫʱʝʡ ʤʦʜʝʣʠ CFD. ʂʘʢ ʪʦʣʴʢʦ ʢʨʦʰʢʘ ʜʦʩʪʠʛʘʝʪ 98-100 ʣʢ, ʚʩʝ ʨʝʘʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʠʩʧʘʨʝʥʠʝ ʚʦʜʳ, ʞʝʣʘʪʠʥʠʟʘʮʠʷ ʢʨʘʭʤʘʣʘ ʠ ʢʦʘʛʫʣʷʮʠʷ ʙʝʣʢʘ, ʩʪʘʥʦʚʷʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʳʤʠ. ʇʦʪʨʝʙʦʚʘʣʦʩʴ ʧʦʯʪʠ 1140 ʩ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʚ ʷʜʨʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 780 ʩ ʚ ʪʦʯʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 2 ʩʤ ʦʪ ʮʝʥʪʨʘ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʙʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʚ ʭʣʝʙʥʦʡ ʢʨʦʰʢʝ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʦʪ ʚʨʝʤʝʥʠ.  

 

5. ɺʳʚʦʜ 

ʄʦʜʝʣʴ CFD ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʙʳʪʦʚʦʡ ʭʣʝʙʦʧʝʢʘʨʥʦʡ 

ʧʝʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʝʡ DTRM, S2S ʠ DO ʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʪʦ ʩʠʤʫʣʷʮʠʦʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʝʯʴ 

ʜʦʩʪʠʛʣʘ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʥʘʛʨʝʚʘ ʟʘ ʜʚʘʜʮʘʪʴ ʤʠʥʫʪ (ʮʠʢʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ) ʠ 

ʩʘʤʦʡ ʤʝʜʣʝʥʥʦʡ ʟʦʥʳ ʥʘʛʨʝʚʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʚʙʣʠʟʠ ʩʪʝʥʢʠ ʧʝʯʠ ʠʟ-ʟʘ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʢʘʨʪʠʥʳ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ʄʦʜʝʣʴ DO ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʤʝʥʠʤʦʩʪʠ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʝʯʠ ʩ ʭʣʝʙʦʤ ʫʢʘʟʳʚʘʣʦ ʥʘ ʪʦ, ʯʪʦ ʢʘʢ ʰʘʙʣʦʥ 

ʥʘʛʨʝʚʘ, ʪʘʢ ʠ ʚʨʝʤʷ ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʜʣʷ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʠ ʭʣʝʙʘ. ʕʪʘ ʤʦʜʝʣʴ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʘʢʞʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠʟʤʝʨʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʭʣʝʙʘ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ. ɺʨʝʤʷ, ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʭʣʝʙʝ ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʠʟ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʳʚʘʣʘ ʣʫʯʰʝʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʨʳ ʠ ʢʨʦʰʢʠ ʠ ʚʨʝʤʝʥʠ ʚʳʧʝʯʢʠ ʚʦ ʚʨʝʤʷ ʚʳʧʝʯʢʠ ʭʣʝʙʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1-ʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. ʂʦʤʙʠʥʠʨʦʚʘʥʥʘʷ CFD ʠ 

ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʢʨʘʭʤʘʣʘ ʚ ʢʨʦʰʢʝ ʠ ʢʦʨʝ. ʕʪʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʞʝ ʧʨʝʜʩʢʘʟʘʣʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʧʨʝʢʨʘʱʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

ʜʚʘʜʮʘʪʠ ʜʚʫʭ ʤʠʥʫʪ ʚʳʧʝʯʢʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʚʳʧʝʯʢʠ. ʕʪʘ CFD-ʤʦʜʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ ʩ ʭʣʝʙʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚʳʧʝʯʢʠ, ʪʘʢʠʭ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʚʨʝʤʷ ʚʳʧʝʢʘʥʠʷ ʠ ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʢʨʘʭʤʘʣʘ. 

ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʤʦʜʝʣʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ CFD ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ 

ʧʝʯʠ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʤʦʜʝʣʴ ʧʨʝʜʩʢʘʟʳʚʘʣʘ ʪʝʥʜʝʥʮʠʶ ʧʨʦʬʠʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ 

ʧʝʯʠ ʚʦ ʚʨʝʤʷ ʮʠʢʣʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʛʨʝʚʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʥʫʪʨʠ ʧʝʯʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 220 Ñ 2 LC ʙʝʟ ʭʣʝʙʘ. ɺʨʝʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʧʝʯʠ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʪʝʨʤʦʧʘʨʦʡ ʊ-ʪʠʧʘ. ʊʝʨʤʦʩʪʘʪ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʜʫʭʦʚʢʠ ʧʦ ʫʩʣʦʚʠʶ 

ʚʢʣʶʯʝʥʠʷ-ʚʳʢʣʶʯʝʥʠʷ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. T / Tmax ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʣʷ ʫʯʝʪʘ ʨʘʙʦʪʳ ʪʝʨʤʦʩʪʘʪʘ, ʯʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʝʛʦ ʩ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. ʅʘ 

ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

CFD ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʷʩʥʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ. ʕʪʦ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʪʨʠ ʤʦʜʝʣʠ ʠʟʣʫʯʝʥʠʷ (DTRM, S2S, DO) 

ʧʨʝʜʩʢʘʟʳʚʘʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʦʬʠʣʠ, ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʣʠʥʝʡʥʦ 

ʚʦʟʨʘʩʪʘʣʘ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʥʘʛʨʝʚʘ. 
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ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʟʥʘʥʠʷʤʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʚ ʨʝʜʘʢʪʦʨʝ Protege 5.1. ʉ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʥʦʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʥʪʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʙʘʟʘ ʟʥʘʥʠʡ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ, 

ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ. 

 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʦʙʫʯʝʥʠʝʤ, 

ʨʘʩʩʤʦʪʨʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʦʥʪʦʣʦʛʠʯʝʩʢʦʡ ʠʥʞʝʥʝʨʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʝ 

ʦʥʪʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʠʣʠ ʩʦʟʜʘʥʠʝʤ 

ʦʥʪʦʣʦʛʠʠ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ [1], [2] ʠ ʪʨʝʙʫʶʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʧʪʳ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, 

ʪ.ʝ. ʟʥʘʥʠʷ, ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ ʦʙʫʯʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʠ ʤʝʪʦʜʦʚ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʚʳʙʦʨʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʫʯʝʙʥʦʛʦ 

ʧʣʘʥʘ ʦʙʫʯʘʶʱʝʛʦʩʷ, ʧʦʟʠʮʠʶ ʩʫʙʲʝʢʪʘ ʚʳʙʦʨʘ, ʨʘʟʨʘʙʦʪʢʠ, ʨʝʘʣʠʟʘʮʠʠ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ [3,4]. ʇʦʩʪʨʦʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʷʚʣʷʝʪʩʷ 

ʤʥʦʛʦʰʘʛʦʚʳʤ ʧʨʦʮʝʩʩʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʪʨʘʞʘʝʪ ʜʠʥʘʤʠʢʫ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʘ ʠ 

ʜʦʣʞʥʘ ʧʦʟʚʦʣʷʪʴʩʚʦʝʚʨʝʤʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʠ ʚ ʚʫʟʘʭ 

ʷʚʣʷʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴʶ ʥʝ ʪʦʣʴʢʦ ʩʪʫʜʝʥʪʦʚ, ʥʦ ʠ ʨʘʙʦʪʦʜʘʪʝʣʝʡ, ʪ.ʢ. ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʤʦʪʨʝʪʴ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʥʜʠʜʘʪʘʤ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʚʘʢʘʥʪʥʳʝ ʜʦʣʞʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʩʪʘʥʜʘʨʪʳ ʚ ʦʙʣʘʩʪʠ ʀʊ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʧʘʣʘʪʦʡ ʧʨʝʜʧʨʝʥʠʤʘʪʝʣʝʡ çɸʪʘʤʝʢʝʥè ʧʦ ʧʨʦʝʢʪʫ çʈʘʟʚʠʪʠʝ ʪʨʫʜʦʚʳʭ 

ʥʘʚʳʢʦʚ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪè ʚ ʨʘʤʢʘʭ ʉʦʛʣʘʰʝʥʠʷ ʦ ʧʘʨʪʥʝʨʩʪʚʝ ʤʝʞʜʫ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʠ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ɹʘʥʢʦʤ ʈʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʨʘʟʚʠʪʠʷ [5]. ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʦʜʝʨʞʘʪ ʦʧʠʩʘʥʠʝ ʜʦʣʞʥʦʩʪʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘ ʪʘʢʞʝ ʦʪʨʘʞʘʶʪ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʨʦʬʝʩʩʠʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʀʊ-ʨʘʙʦʪʦʜʘʪʝʣʝʡ. ʊʦ ʝʩʪʴ, 

ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʩʪʘʥʜʘʨʪ ʥʘʮʝʣʝʥ ʥʘ ʢʦʥʢʨʝʪʠʟʘʮʠʶ ʪʨʫʜʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʠʭ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ (ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʢʘʨʪʘ ʚʠʜʘ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ) ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ ʢʘʞʜʘʷ ʪʨʫʜʦʚʘʷ 

ʬʫʥʢʮʠʷ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʯʝʪʳʨʝʭ ʠʟʤʝʨʝʥʠʷʭ: ʪʨʫʜʦʚʳʝ ʜʝʡʩʪʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ 

ʫʤʝʥʠʷ, ʟʥʘʥʠʷ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʉʪʘʥʜʘʨʪʘʤʠ ʦʭʚʘʯʝʥʳ ʜʝʩʷʪʴ ʥʘʧʨʘʚʣʝʥʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʠ: ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ, ʙʠʟʥʝʩ-ʘʥʘʣʠʟ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 
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ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʩʠʩʪʝʤʥʦʝ ʠ ʩʝʪʝʚʦʝ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ, 

ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʩʦʟʜʘʥʠʝ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʅʘʛʣʷʜʥʦ ʨʘʩʩʤʦʪʨʠʤ ʙʫʜʫʱʫʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ 

ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʶ ʙʘʟ ʜʘʥʥʳʭ, ʥʘ ʘʙʩʪʨʘʢʪʥʦʤ ʫʨʦʚʥʝ ʩ ʧʦʟʠʮʠʡ ʪʦʛʦ, ʯʪʦ ʜʦʣʞʝʥ ʫʤʝʪʴ 

ʙʫʜʫʱʠʡ ʩʧʝʮʠʘʣʠʩʪ, ʢʘʢʠʤʠ ʟʥʘʥʠʷʤʠ, ʥʘʚʳʢʘʤʠ, ʠ ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʦʥ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 - ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ (ʬʨʘʛʤʝʥʪ) ʚ 

ʨʘʟʨʝʟʝ ʀʊ-ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ.   

 

 
 

ʈʠʩ. 1 ʀʝʨʘʨʭʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʚ ʨʘʟʨʝʟʝ ʀʊ-ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ 

 

ɼʘʥʥʘʷ ʠʝʨʘʨʭʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʦʤʧʝʪʝʥʮʠʠ, ʧʨʠ ʵʪʦʤ ʩʧʝʮʠʘʣʠʩʪ ʤʦʞʝʪ ʙʳʪʴ 

ʢʦʤʧʝʪʝʥʪʥʳʤ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʥ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ 

ʢʦʤʧʝʪʝʥʮʠʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʜʘʥʥʫʶ ʢʚʘʣʠʬʠʢʘʮʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʁʩ ̫ ʧʨʦʮʝʩʩʳ ʧʦʩʪʨʦʝʥʠʷ ʤʳʩʣʝʥʥʦʡ (ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ) ʤʦʜʝʣʠ, ʠ ʝʝ 
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ʚʦʧʣʦʱʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʬʦʨʤʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʉ ʧʦʤʦʱʴʶ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʙʘʟʫ ʟʥʘʥʠʡ, ʢʦʪʦʨʘʷ ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ ʠʥʪʝʛʨʠʨʫʝʪ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʢʦʤʧʝʪʝʥʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʫʩʚʦʝʥʠʷ 

ʀʊ-ʩʧʝʮʠʘʣʠʩʪʦʚ.   

ʆʩʥʦʚʫ ʦʥʪʦʣʦʛʠʡ ʩʦʜʝʨʞʘʪ ʩʚʦʡʩʪʚʘ, ʢʣʘʩʩʳ, ʦʙʲʝʢʪʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʨʝʘʣʠʟʫʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʙʲʝʢʪʘʭ ʢʘʢ ʦ ʤʥʦʞʝʩʪʚʝ ʩʫʱʥʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ 

ʥʝʢʦʪʦʨʳʤ ʥʘʙʦʨʦʤ ʩʚʦʡʩʪʚ [6]. ʕʪʠ ʩʫʱʥʦʩʪʠ ʩʦʩʪʦʷʪ ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʦʪʥʦʰʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ (ʩʚʦʡʩʪʚʘʤ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤ) ʚ ʛʨʫʧʧʳ (ʢʣʘʩʩʳ). ʂʣʘʩʩʳ (owl:Class) ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 

ʦʥʪʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʉʦʟʜʘʥʥʘʷ 

ʠʝʨʘʨʭʠʷ ʢʣʘʩʩʦʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩ. 2 ʀʝʨʘʨʭʠʷ ʢʣʘʩʩʦʚ 

 

ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚ, ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʣʦʞʥʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʙʘʟʫ ʟʥʘʥʠʡ, ʥʘʜ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʪʘʢʠʝ 

çʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝè ʦʧʝʨʘʮʠʠ, ʢʘʢ ʩʝʤʘʥʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʠ ʚʳʚʦʜ ʣʦʛʠʯʝʩʢʠʭ 

ʟʘʢʣʶʯʝʥʠʡ. 

ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ ʷʚʣʷʝʪʩʷ ʩʝʪʝʚʦʡ ʤʦʜʝʣʴʶ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠʤʝʶʱʝʡ ʚʠʜ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ, ʚʝʨʰʠʥʘʤʠ (ʫʟʣʘʤʠ) ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʳ, ʘ ʜʫʛʘʤʠ 

(ʨʸʙʨʘʤʠ) - ʥʘʧʨʘʚʣʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʠʣʠ ʩʚʷʟʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʵʪʠ ʫʟʣʳ. ɺ ʩʝʤʘʥʪʠʯʝʩʢʦʡ 

ʩʝʪʠ ʦʪʦʙʨʘʞʝʥʳ ʪʠʧʳ ʦʪʥʦʰʝʥʠʡ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ, 

ʧʦʩʪʨʦʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʚ ʨʝʜʘʢʪʦʨʝ Protege 5.1. 

 

 
 

ʈʠʩ. 3 ʉʝʤʘʥʪʠʯʝʩʢʘʷ ʩʝʪʴ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʢʪʦʚ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʦʥʪʦʣʦʛʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʠʩʪʝʤʳ ʚ ʨʘʤʢʘʭ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʫʯʝʙʥʳʭ ʢʫʨʩʦʚ ʚ ʦʙʣʘʩʪʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʜʠʩʮʠʧʣʠʥʳ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʠʩʭʦʜʷ ʠʟ 

ʪʨʝʙʫʝʤʳʭ ʢʦʤʧʝʪʝʥʮʠʡ. ɼʘʥʥʫʶ ʦʥʪʦʣʦʛʠʶ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʟʘʧʨʦʩʦʚ, 

ʩʦʜʝʨʞʘʱʠʝ ʥʘʙʦʨ ʪʨʝʙʫʝʤʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʠ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤ, ʚʳʩʪʨʦʠʪʴ ʩʧʠʩʦʢ ʜʠʩʮʠʧʣʠʥ, ʢʦʪʦʨʳʝ ʠʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ. 
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ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʚ ʢʣʘʩʩʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʫʩʪʦʡʯʠʚʳʭ ʦʪʦʙʨʘʞʝʥʠʡ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ, ʩ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʨʝʜʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 

ʧʦʪʝʥʮʠʘʣ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

ʇʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʨʝʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʫʩʣʦʚʠʷʭ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʦʙʳʯʥʦ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʟʥʘʥʠʝʤ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 

ʦʙʲʝʢʪʦʚ ʫʧʨʘʚʣʝʥʠʷ, ʠ ʥʝʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʚʦ ʚʨʝʤʝʥʠ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ 

ʫʧʨʘʚʣʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʟʘʜʘʯʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ [1,2,3], 
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ʚ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦʚʳʰʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ 

ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʢʣʶʯʠʪ ʬʘʢʪʦʨ ʧʦʧʘʜʘʥʠʷ ʚ ʭʘʦʪʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ ʠ 

ʛʘʨʘʥʪʠʨʫʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʝʡ ʠ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʦʙʱʝʡ ʧʦʩʪʘʥʦʚʢʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʦʠʪ ʚ 

ʫʢʘʟʘʥʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ [2,3,4,7], ʧʨʠ 

ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʕʪʠ ʦʛʨʘʥʠʯʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʙʣʘʩʪʴʶ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʩʠʩʪʝʤʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʰʠʨʷʝʤʦʡ ʦʙʣʘʩʪʴʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʥʘʟʚʘʥʥʳʝ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʢʣʘʩʩʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʫʩʪʦʡʯʠʚʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ ʦʜʥʠʤ ʚʭʦʜʘʤ ʠ ʩ ʦʜʥʠʤ ʚʳʭʦʜʘʤ. 

 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʤʦʜʝʣʠ 

ʇʫʩʪʴ ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʷʝʤʘ ʧʦʣʥʦʩʪʴʶ [3,4,5]. ʈʘʩʩʤʦʪʨʠʤ ʫʧʨʘʚʣʝʥʠʷ ʩ ʦʜʥʠʤ ʚʭʦʜʦʤ ʠ ʩ ʦʜʥʠʤ 

ʚʳʭʦʜʦʤ.  

ʇʫʩʪʴ ʜʠʥʘʤʠʢʘ ʩʪʘʮʠʦʥʘʨʥʦʡ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ [1]. 

 

,BuxA
dt

xd
+=

                                            
         (1) 

ʛʜʝ ,)( nRtx Í ð ʚʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ, ,R)t(u 1Í - ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ 
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ɺʝʢʪʦʨ ʩʦʩʪʦʷʥʠʷ )(tx  ʩʠʩʪʝʤʳ (1) ʩʯʠʪʘʝʪʩʷ ʜʦʩʪʫʧʥʳʤ ʢ ʠʟʤʝʨʝʥʠʶ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʢʦʥ ʫʧʨʘʚʣʝʥʠʷ, ʟʘʜʘʥʥʳʝ ʚ ʬʦʨʤʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-

ʫʩʪʦʡʯʠʚʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʚ ʚʠʜʝ [2]: 

 

,xkxu
ii

3

ii
+-=

                                              (2) 

 

ʛʜʝ, )n,,1i(k
i

>=  - ʧʦʜʣʝʞʘʱʘʷ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʠʥʪʝʟʠʨʫʝʤʘʷ ʚ ʢʣʘʩʩʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʫʩʪʦʡʯʠʚʳʭ ʦʪʦʙʨʘʞʝʥʠʡ 

ʨʘʟʚʝʨʥʫʪʦʡ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ: 
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        (3) 

 

ʂʘʯʝʩʪʚʦ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʢʣʘʩʩʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʫʩʪʦʡʯʠʚʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ )n,,1i(k
i

>=  ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʠʩʪʝʤʝ ʪ.ʝ. 

ʪʨʝʙʫʝʤʳʭ ʢʘʯʝʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ 

)n,,1i(k
i

>=  ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʨʦʙʘʩʪʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ [8,9,10] ʚ ʢʣʘʩʩʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʫʩʪʦʡʯʠʚʳʭ 

ʦʪʦʙʨʘʞʝʥʠʡ ʠʤʝʝʪ ʟʘʜʘʥʥʳʝ ʟʥʘʯʝʥʠʝ. ʕʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʚʠʶ 

ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ )n,,1i(d
i

>=  ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʳ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʡ ʚ ʢʣʘʩʩʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʫʩʪʦʡʯʠʚʳʭ ʦʪʦʙʨʘʞʝʥʠʡ. 

 

2. ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ 

ʉʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ (1) ʠʣʠ (3) ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʝʰʝʥʠʷʤʠ ʩʠʩʪʝʤʳ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ: 

 

( ) ( )
( )î

î

í

î
î

ì

ë

=-+--

--+--+--+-

=

=
=

--

0xakx,,

x)ak(xxakxxakx

0x

0x
0x

ns1n

3

ns

s32n3

3

s3s21n2

3

s2s1n1

3

s1

ns

s3

s2

>

>>>>>
                 (4) 

 

ʀʟ  (4) ʥʘʭʦʜʠʤ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ (3): 

 

,0x,,xx nss2s1 ==== >
                                        

      (5) 

 

ɼʨʫʛʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ (3) ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʨʝʰʝʥʠʷʤʠ 

ʫʨʘʚʥʝʥʠʡ 

,0akx 1ini

2

is =-+- +-
ni ,,1>=  

 

ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ )n,,1i,0ak(ak 1ini1-ini >=<-- +-+  ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʤʥʠʤʦʝ 

ʨʝʰʝʥʠʝ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʘʢʦʡ ʣʠʙʦ ʬʠʟʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʡ ʩʠʪʫʘʮʠʡ 

[11,12,13]. ʇʨʠ niak ini ,,1,1 >=- +-  ʜʘʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʦʧʫʩʢʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʦʩʪʦʷʥʠʷ 
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n,,1i,akx 1ini

2,3

is
>=-°= +-                                           (6) 

 

ʕʪʠ ʩʦʩʪʦʷʥʠʷ (6) ʩʣʠʚʘʶʪʩʷ ʩ (5) ʧʨʠ ʧʘʨʘʤʝʪʨʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 01=- +-ini ak  

ʠ ʦʪʚʝʪʚʣʷʶʪʩʷ ʦʪ ʥʝʛʦ ʧʨʠ01>- +-ini ak . 

 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʩʦʩʪʦʷʥʠʡ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʙʘʩʪʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʩʦʩʪʦʷʥʠʡ (5) ʠ (6) 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʛʨʘʜʠʝʥʪʥʦ-ʩʢʦʨʦʩʪʥʳʤ ʤʝʪʦʜʦʤ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ. 

ʅʘʭʦʜʠʤ ʫʩʣʦʚʠʝ ʨʦʙʘʩʪʥʦʡ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʦʷʥʠʷ (5) 

ʛʨʘʜʠʝʥʪʥʦ-ʩʢʦʨʦʩʪʥʳʤ ʤʝʪʦʜʦʤ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡɸ.ʄ.ʃʷʧʫʥʦʚʘ. 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ (3) ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʥʘʭʦʜʠʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚʝʢʪʦʨ 

ʛʨʘʜʠʝʥʪʘ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡɸ.ʄ.ʃʷʧʫʥʦʚʘ )).(,),(),(()( 21 xVxVxVxV n>=  
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ʊʘʢʞʝ ʠʟ (3) ʥʘʭʦʜʠʤ ʨʘʟʣʦʞʝʥʠʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ 
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ʇʦʣʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʚʨʝʤʝʥʠ ʦʪʚʝʢʪʦʨ ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ, ʢʘʢ ʩʢʘʣʷʨʥʦʝ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ (7) ʥʘ ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ (8) ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ. 
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ʋʩʣʦʚʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦʣʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʦʪ 

ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ ʚʩʝʛʜʘ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ. ʇʦ ʢʦʤʧʦʥʝʥʪʘʤ ʚʝʢʪʦʨʘ ʛʨʘʜʠʝʥʪʘ 
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ʌʫʥʢʮʠʷ (10) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ, ʝʩʣʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʡ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʮʠʦʥʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ (4) ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʝʩʣʠ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ ʫʩʣʦʚʠʡ (11). 

ɺʳʚʦʜ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʫʩʪʦʡʯʠʚʳʭ ʦʪʦʙʨʘʞʝʥʠʡ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʝʫʩʪʦʡʯʠʚʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝ 

ʪʦʣʴʢʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʥʦ ʠ ʥʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʝʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  

ɺ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝʤ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ ʪʝʭʥʠʢʝ, ʵʢʦʥʦʤʠʢʝ, ʙʠʦʣʦʛʠʠ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʚ ʫʩʣʦʚʠʷʭ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦʚʳʰʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʦʙʘʩʪʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʛʘʨʘʥʪʠʨʫʶʱʠʭ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ 

ʦʪ ʧʦʧʘʜʘʥʠʷ ʭʘʦʪʠʯʝʩʢʦʤʫ ʜʚʠʞʝʥʠʶ ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʤʦʜʝʣʝʡ ʠ 

ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 
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ʄʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʩ ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʢʨʦʚʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʘʨʠʘʥʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʠʟʤʝʥʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʤ ʠ 

ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʤ ʛʝʤʦʛʣʦʙʠʥʦʤ ʚ ʥʝʙʦʣʴʰʠʭ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʘʭ, ʧʠʪʘʶʱʠʭ 

ʢʣʘʩʪʝʨʳ ʥʝʡʨʦʥʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʆʜʥʘʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʘʷ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʩ ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʢʨʦʚʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʪʦʣʴʢʦ 

ʦʪʥʦʰʝʥʠʝ ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʦʛʦ ʛʝʤʦʛʣʦʙʠʥʘ ʢ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʥʦʤʫ, ʥʦ ʥʝ ʩʘʤʦ 

ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʨʝʙʨʘʣʴʥʦʛʦ ʢʨʦʚʦʪʦʢʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʡ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ 

ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʢʨʦʚʠ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʙʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʩ ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʦ 

ʩʨʘʚʥʠʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚ ʩʦʩʪʦʷʥʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤ ʠʥʪʝʨʝʩ, 

ʚʢʣʶʯʘʣʦʩʴ ʚ ʢʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʢʨʦʚʠ. ʋʧʦʤʷʥʫʪʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʥʝʡʨʦʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʩʠʣʴʥʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʘ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʥʝʡʨʦʥʦʚ (Chen, 1999). ʇʦʵʪʦʤʫ 

ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʤ ʠ ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʤ ʛʝʤʦʛʣʦʙʠʥʦʤ 

ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʦʚ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʫ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʦʩʦʙ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ 

ʫʯʝʪʦʤ ʩʪʝʧʝʥʠ ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʢʨʦʚʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ, ʦʜʥʘʢʦ, ʜʨʫʛʠʝ 

ʩʧʦʩʦʙʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ 

ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʩ ʤʘʨʢʠʨʦʚʢʦʡ ʘʨʪʝʨʠʘʣʴʥʳʤ ʩʧʠʥʦʚʳʤ ʵʭʦʤ, ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤ ʦʙʨʘʟʦʤ ʩʦ ʩʧʦʩʦʙʦʤ, ʫʯʠʪʳʚʘʶʱʠʤ ʩʪʝʧʝʥʴ 

ʦʢʩʠʛʝʥʠʨʦʚʘʥʠʷ ʢʨʦʚʠ (Aguirre et al., Neuroimage 15: in press (2002)). ɺ ʜʨʫʛʠʭ ʩʧʦʩʦʙʘʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʘʙʩʦʣʶʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʮʝʨʝʙʨʘʣʴʥʦʛʦ ʢʨʦʚʦʪʦʢʘ. 

http://iict.kz/ru/taxonomy/term/18
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ʇʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʘʤʷʪʠ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʦʜʥʦʛʦ 4-ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʩʨʝʟʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ 

ʤʝʥʴʰʝ ʯʝʤ ʟʘ 100 ʤʩ. ɼʚʘʜʮʘʪʴ 4-ʤʠʣʣʠʤʝʪʨʦʚʳʭ ʩʨʝʟʦʚ ʦʭʚʘʪʳʚʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʢʦʨʳ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʚʩʝʛʦ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʢʘʞʜʳʝ 2 ʩ. ʂʘʨʪʠʥʘ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʤ ʠ 

ʜʝʦʢʩʠʛʝʥʠʨʦʚʘʥʥʳʤ ʛʝʤʦʛʣʦʙʠʥʦʤ ʦʜʠʥʘʢʦʚʘ ʜʣʷ ʨʷʜʘ ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʩʝʥʩʦʨʥʳʭ ʟʘʜʘʯ 

ʠ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ʇʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʚʩʝʛʦ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʨʝʟ ʢʘʞʜʳʝ 1-6 ʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʷ ʠ ʦʪʦʙʨʘʞʝʥʠʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʠ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʨʘʟʜʨʘʞʠʪʝʣʝʡ ʚ 

ʪʝʯʝʥʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʏʘʩʪʦʪʘ ʠ ʧʦʨʷʜʦʢ ʩʣʝʜʦʚʘʥʠʷ ʨʘʟʜʨʘʞʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʳ ʚ ʟʘʜʘʯʫ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʩʦʙʳʪʠʷʤʠ, ʚʣʠʷʶʪ ʥʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʤʦʱʥʦʩʪʴ ʠʩʧʳʪʘʥʠʷ. ɽʱʝ ʥʝʜʘʚʥʦ ʯʘʩʪʦʪʘ ʬʫʥʢʮʠʠ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ (1 ʮʠʢʣ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʟʘ 15 ʩ) ʦʛʨʘʥʠʯʠʚʘʣʘ ʩʢʦʨʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʜʨʘʞʠʪʝʣʝʡ ʜʦ ʦʜʥʦʛʦ ʟʘ 15 ʩ. ɺ ʧʦʷʚʠʚʰʝʡʩʷ ʥʝʜʘʚʥʦ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥ 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʌʫʨʴʝ ʩʧʦʩʦʙ ʜʝʢʦʥʚʦʣʶʮʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʠ 

ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʩ 

ʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʘʩʪʦʪʦʡ ʬʫʥʢʮʠʠ ʛʝʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʩʣʫʯʘʝ, 

ʝʩʣʠ ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ ʨʘʟʜʨʘʞʠʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ. ʊʘʢʠʝ ʧʘʨʘʜʠʛʤʳ 

ʥʘʟʚʘʥʳ çʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʩʦʙʳʪʠʷʤʠ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʙʳʩʪʨʦʛʦ ʥʝʨʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷè (Burock et al., NeuroReport 9: 3735-3739 

(1998). ʕʪʦʪ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʥʘ ʧʦʨʷʜʦʢ ʘʤʧʣʠʪʫʜʳ ʜʣʷ 

ʨʷʜʘ ʨʘʟʜʨʘʞʠʪʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʭ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʠ ʧʦʵʪʦʤʫ ʧʦʚʳʰʝʥʠʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ. 

ʇʘʨʘʜʠʛʤʳ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʘʟʜʨʘʞʠʪʝʣʝʡ ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʦʜʥʦʛʦ ʟʘ 15 ʩ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʧʘʨʘʜʠʛʤʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʩʦʙʳʪʠʷʤʠ, ʩ ʧʦʣʫʯʝʥʠʝʤ ʙʳʩʪʨʦʛʦ 

ʥʝʨʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʯʪʦʙʳ ʧʫʪʝʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ 

ʤʦʱʥʦʩʪʴ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ï ʨʘʟʜʝʣ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʷʚʣʝʥʠʷ, ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʠʩʭʦʜʷʱʠʤ ʚ ʥʝʡʨʦʥʘʭ ʞʠʚʳʭ ʩʫʱʝʩʪʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʩʧʦʩʦʙ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʯʝʣʦʚʝʯʝʩʢʠʤ ʤʦʟʛʦʤ ʚ ʢʦʨʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʪʦʜʦʚ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʦʙʳʯʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʢʦʤʧʴʶʪʝʨʘʤʠ. ʄʦʟʛ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʯʨʝʟʚʳʯʘʡʥʦ ʩʣʦʞʥʳʡ, ʥʝʣʠʥʝʡʥʳʡ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ. ʋʯʝʥʳʤʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʦʟʛ ʩʦʩʪʦʠʪ ʠʟ ʦʛʨʦʤʥʦʛʦ ʯʠʩʣʘ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʥʝʨʚʥʳʭ ʢʣʝʪʦʢ, 

ʥʘʟʳʚʘʝʤʳʭ ʪʘʢʞʝ ʥʝʡʨʦʥʘʤʠ. ʅʝʡʨʦʥ ʩʦʟʜʘʝʪ ʩʦʝʜʠʥʝʥʠʷ ʩ ʜʨʫʛʠʤʠ ʥʝʡʨʦʥʘʤʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 10 ʜʦ 100 000 ʚ ʪʦʯʢʘʭ ʩʦʧʨʷʞʝʥʠʷ. ʉʠʛʥʘʣʳ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʧʦ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ, ʫʧʨʘʚʣʷʶʪ ʘʢʪʠʚʥʦʩʪʴʶ ʤʦʟʛʘ ʚ ʪʝʯʝʥʠʝ ʢʦʨʦʪʢʦʛʦ 

ʠʥʪʝʨʚʘʣʘ, ʘ ʪʘʢʞʝ ʩʪʘʥʦʚʷʪʩʷ ʧʨʠʯʠʥʦʡ ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʩʘʤʠʭ 

ʥʝʡʨʦʥʦʚ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʄʦʟʛ ʯʝʣʦʚʝʢʘ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʨʘʙʦʪʫ ʥʝʡʨʦʥʦʚ, ʪʘʢ, ʯʪʦʙʳ 

ʦʥʠ ʤʦʛʣʠ ʚʳʧʦʣʥʷʪʴ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ (ʪʘʢʠʝ ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, ʦʙʨʘʙʦʪʢʫ 

ʩʠʛʥʘʣʦʚ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ, ʤʦʪʦʨʥʳʝ ʬʫʥʢʮʠʠ) ʚʦ ʤʥʦʛʦ ʨʘʟ ʙʳʩʪʨʝʝ, ʯʝʤ ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ 

ʩʘʤʳʝ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʥʘʯʘʣʘʩʴ ʚ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ, ʥʦ ʪʦʣʴʢʦ ʚ 

90-ʭ ʛʦʜʘʭ, ʢʦʛʜʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʣʠ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʤʠ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʉʦʟʜʘʥʠʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʙʳʣʦ ʚʳʟʚʘʥʦ 

ʧʦʧʳʪʢʘʤʠ ʧʦʥʷʪʴ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ ʠ, ʙʝʟ ʩʦʤʥʝʥʠʷ, ʵʪʦ ʙʫʜʝʪ 

ʚʣʠʷʪʴ ʠ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʠʭ ʨʘʟʚʠʪʠʝ. ʆʜʥʘʢʦ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʤʦʟʛʦʤ 
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ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʩʝʛʦʜʥʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʫʧʨʦʱʝʥʥʫʶ ʤʦʜʝʣʴ, ʥʦ ʥʝʩʤʦʪʨʷ ʥʘ 

ʵʪʦ ʚʝʩʴʤʘ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ. ʍʦʪʷ ʨʝʰʝʥʠʝ ʥʘ 

ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʠ ʚʝʩʪʠ ʩʝʙʷ ʢʘʢ ʦʙʳʯʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʦʥʠ ʨʘʟʣʠʯʥʳ ʚ ʧʨʠʥʮʠʧʝ, ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʘʣʠʟʘʮʠʡ ʥʘ ʦʩʥʦʚʝ 

ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ çʦʙʫʯʘʝʪʩʷè, ʘ çʥʝ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷè: ʩʝʪʴ ʫʯʠʪʴʩʷ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʫ, ʘ 

ʥʝ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ. 

ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʤʦʟʛʘ ʠ ʢʦʤʧʴʶʪʝʨʘ. ʄʦʟʛ ʠ 

ʮʠʬʨʦʚʦʡ ʢʦʤʧʴʶʪʝʨ ʚʳʧʦʣʥʷʶʪ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʟʘʜʘʯʠ ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɺ ʪʠʧʠʯʥʦʤ ʤʦʟʛʫ ʯʝʣʦʚʝʢʘ ʠʤʝʝʪʩʷ ʚ 1000 ʨʘʟ ʙʦʣʴʰʝ ʥʝʡʨʦʥʦʚ, ʯʝʤ 

ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʦʨʝ ʪʠʧʠʯʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʚʳʩʦʢʦʛʦ ʢʣʘʩʩʘ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʄʫʨʘ ʠ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʦ ʥʝʢʦʪʦʨʳʤ ʨʘʩʯʝʪʘʤ, ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʡʨʦʥʦʚ ʚ ʤʦʟʛʫ ʜʦʣʞʥʦ ʫʜʚʘʠʚʘʪʴʩʷ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ ʢʘʞʜʳʝ 2-4 ʤʠʣʣʠʦʥʘ ʣʝʪ, ʤʦʞʝʪ 

ʙʳʪʴ ʩʜʝʣʘʥ ʧʨʦʛʥʦʟ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʣʦʛʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʦʨʝ ʩʪʘʥʝʪ ʨʘʚʥʳʤ 

ʢʦʣʠʯʝʩʪʚʫ ʥʝʡʨʦʥʦʚ ʚ ʤʦʟʛʫ ʧʨʠʤʝʨʥʦ ʢ 2020 ʛʦʜʫ. ɹʝʟʫʩʣʦʚʥʦ, ʵʪʠ ʧʨʦʛʥʦʟʳ ʤʘʣʦ ʦ ʯʝʤ 

ʛʦʚʦʨʷʪ; ʢʨʦʤʝ ʪʦʛʦ, ʵʪʦ ʨʘʟʣʠʯʠʝ ʚ ʦʪʥʦʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʩʢʦʨʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʩʪʝʧʝʥʠ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ. ʄʠʢʨʦʩʭʝʤʳ ʢʦʤʧʴʶʪʝʨʘ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʠʪʴ ʦʪʜʝʣʴʥʫʶ ʢʦʤʘʥʜʫ 

ʤʝʥʴʰʝ ʯʝʤ ʟʘ ʥʘʥʦʩʝʢʫʥʜʫ, ʪʦʛʜʘ ʢʘʢ ʥʝʡʨʦʥʳ ʜʝʡʩʪʚʫʶʪ ʚ ʤʠʣʣʠʦʥʳ ʨʘʟ ʤʝʜʣʝʥʥʝʝ. ʅʦ 

ʤʦʟʛ ʩʪʦʨʠʮʝʡ ʚʦʩʧʦʣʥʷʝʪ ʵʪʦʪ ʩʚʦʡ ʥʝʜʦʩʪʘʪʦʢ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʝʛʦ ʥʝʡʨʦʥʳ ʜʝʡʩʪʚʫʶʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʠʤʝʝʪ ʪʦʣʴʢʦ ʦʜʠʥ 

ʧʨʦʮʝʩʩʦʨ (ʥʦ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʷʜʨʘʤʠ) ʠʣʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʮʝʩʩʦʨʦʚ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʘʞʝ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʤʧʴʶʪʝʨ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʙʦʣʝʝ ʯʝʤ ʚ 

ʤʠʣʣʠʦʥ ʨʘʟ ʚ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʢʣʶʯʝʥʠʷ, ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʦʟʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʠʤ ʚʳʧʦʣʥʷʝʪ ʚʩʝ ʩʚʦʠ ʜʝʡʩʪʚʠʷ ʧʨʠʤʝʨʥʦ ʚ 100 000 ʨʘʟ ʙʳʩʪʨʝʝ. 

ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʩ ʠʥʪʫʠʪʠʚʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʠʙʦ ʦʥʠ ʦʩʥʦʚʘʥʳ ʥʘ 

ʧʨʠʤʠʪʠʚʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʨʚʥʳʭ ʩʠʩʪʝʤ. ɺ ʙʫʜʫʱʝʤ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ 

ʥʝʡʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʦʟʜʘʥʠʶ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʳʩʣʷʱʠʭ 

ʢʦʤʧʴʶʪʝʨʦʚ. ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʚ ʵʪʦʤ ʧʣʘʥʝ ï ʠʩʩʣʝʜʦʚʘʪʴ ʚʝʩʴ ʤʦʟʛ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ 

1080 ʠʟʚʝʩʪʥʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʝʛʦ ʨʘʟʜʝʣʦʚ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʵʪʦʤ, ʚʳʜʝʣʠʚ 

ʢʦʥʢʨʝʪʥʫʶ ʦʙʣʘʩʪʴ ʤʦʟʛʘ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʤʝʜʠʢʠ ʩʤʦʛʫʪ ʧʦʩʪʘʚʠʪʴ ʜʦʩʪʦʚʝʨʥʦ 

ʧʨʘʚʠʣʴʥʳʡ ʜʠʘʛʥʦʟ. 

ʇʨʦʛʨʘʤʤʳ ʀʀ ʩʤʦʛʫʪ ʫʧʨʦʩʪʠʪʴ ʧʦʩʪʘʥʦʚʢʫ ʜʠʘʛʥʦʟʘ, ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʢʠ. ʕʪʦ, 

ʙʝʟʫʩʣʦʚʥʦ, ʧʦʥʠʟʠʪ ʫʨʦʚʝʥʴ, ʥʝʧʨʘʚʠʣʴʥʳʭ ʜʠʘʛʥʦʟʦʚ. ʋʞʝ ʜʘʚʥʦ ʩʫʱʝʩʪʚʫʶʪ 

ʘʥʘʣʦʛʠʯʥʳʝ ʧʨʦʝʢʪʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʠʩʢʣʶʯʠʪʴ ʦʰʠʙʢʠ, ʥʦ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦʢʘ, ʯʪʦ 

ʥʝʪ ʘʥʘʣʦʛʦʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʛʨʘʤʤʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ 

ʣʠʥʠʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʙʣʝʤ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʤʦʟʛʝ. 
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ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʣʞʝʥ ʥʦʩʠʪʴ ʧʦʩʪʦʷʥʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʧʨʠʚʷʟʢʦʡ ʢ 

ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ï ʛʦʨʦʜʫ, ʨʘʡʦʥʫ, ʦʙʣʘʩʪʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ɻʀʉ).  

ʀʥʪʝʨʘʢʪʠʚʥʘʷ ɻʀʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ 

ʮʠʬʨʦʚʳʭ ʢʘʨʪ, ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʤʦʜʝʣʝʡ ʨʝʣʴʝʬʘ, ʦʙʲʝʢʪʦʚ ʠ ʜʨ. 

ʇʨʝʜʫʩʤʦʪʨʝʪʴ ʚʩʝ ʬʫʥʢʮʠʠ ʨʘʙʦʪʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ ʧʦʜ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʢʣʶʯʝʥʠʷ ʚ ʧʘʢʝʪ 

ʠʥʪʝʨʘʢʪʠʚʥʦʡ ɻʀʉ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ [6]. ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʦʨʦʰʦ ʩʧʝʮʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʧʦ ʩʢʦʨʦʩʪʠ ʜʦʩʪʫʧʘ 

ʢʦʤʘʥʜʳ ʦʙʨʘʙʦʪʢʠ ʛʝʦʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʧʨʠʣʦʞʝʥʠʷ ʠ 

ʪʝʤ ʩʘʤʳʤ ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴ ɻʀʉ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ.  

ʉʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ɻʀʉ. ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʜʘʥʥʳʤ 

ʠʟ ʧʨʦʛʨʘʤʤʳ, ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʣʶʙʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʨʘʙʦʪʳ ʩ ʵʪʠʤʠ 

ʜʘʥʥʳʤʠ. ɼʣʷ ʤʥʦʛʠʭ ɻʀʉ ʠʤʝʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʠ ʢʦʤʤʝʨʯʝʩʢʠʝ ʙʠʙʣʠʦʪʝʢʠ ʪʘʢʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʱʠʝ ɻʀʉ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʜʘʯʘʤ.  

ʈʘʟʨʘʙʦʪʯʠʢʠ ɻʀʉ-ʧʨʦʜʫʢʪʦʚ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʦʩʪʦʛʦ, ʥʝ ʪʨʝʙʫʶʱʝʛʦ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ.  

ʗʟʳʢʠ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ɻʀʉ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʥʠʡ. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʜʥʦʪʠʧʥʳʭ ʩʣʦʝʚ ʯʘʩʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʥʘ ʠ ʪʘʢʞʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʘʷ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ 

ʟʜʝʩʴ ʣʦʞʘʪʩʷ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʝʨʘʪʦʨʘ ʩ ʠʥʪʝʨʬʝʡʩʦʤ ɻʀʉ. ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʘʷ 

ʦʜʥʦʦʙʨʘʟʥʘʷ, ʤʝʭʘʥʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʥʠʤʘʥʠʷ ʦʧʝʨʘʪʦʨʘ ʠ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʰʠʙʦʢ. ʏʪʦʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʪʨʫʜ ʦʧʝʨʘʪʦʨʘ, ʩʦʟʜʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘ-

ʟʘʜʘʥʠʝ, ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʶʱʘʷ ʜʝʡʩʪʚʠʷ ʦʧʝʨʘʪʦʨʘ ʧʨʠ ʨʘʙʦʪʝ ʩ ɻʀʉ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ɻʀʉ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʠʩʪʝʤ ʚʢʣʶʯʘʝʪ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ ʟʘʜʘʯʠ. ɺ ɻʀʉ Arcview ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʟʳʢ 

ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ Avenue, ʚ ɻʀʉ MapInfo ï MapBasic, ʚ ERDAS ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʢʨʠʧʪʦʚ ʠʤʝʝʪʩʷ ʤʘʢʨʦʷʟʳʢ EML, ʚ GRASS ʟʘʜʘʥʠʷ ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʷʟʳʢʝ ʢʦʤʘʥʜʥʦʡ 

ʦʙʦʣʦʯʢʠ shell ʠ ʪ.ʜ.  

ʗʟʳʢ MapBasic ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ɻʀʉ MapInfo ʠ ʩʦʜʝʨʞʠʪ 

ʙʦʣʝʝ 300 ʦʧʝʨʘʪʦʨʦʚ ʠ ʬʫʥʢʮʠʡ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤʠ. ʂʘʢ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ MapBasic ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʜʫʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʨʦʛʨʘʤʤʳ, 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʮʠʢʣʦʚ, ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ, ʧʦʩʪʨʦʝʥʠʷ ʦʙʨʘʙʦʪʯʠʢʦʚ 

ʦʰʠʙʦʢ ʠ ʦʪʢʣʠʢʦʚ ʥʘ ʩʦʙʳʪʠʷ. ɺ ʧʨʦʛʨʘʤʤʘʭ ʥʘ MapBasic ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʟʦʚʳ 

ʢ ʙʠʙʣʠʦʪʝʢʘʤ DLL, ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ Windows-ʧʨʠʣʦʞʝʥʠʷʤʠ 

ʯʝʨʝʟ DDE, ʦʙʨʘʱʘʪʴʩʷ ʢ ʫʜʘʣʝʥʥʳʤ ʙʘʟʘʤ ʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ODBC.  

ɼʣʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʷʟʳʢ ʟʘʧʨʦʩʦʚ SQL, ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʪʦʨʦʛʦ ʨʘʩʰʠʨʝʥʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʟʘʧʨʦʩʘʤʠ: ʚʳʯʠʩʣʝʥʠʝʤ ʜʣʠʥ ʠ ʧʣʦʱʘʜʝʡ, 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʚʣʦʞʝʥʥʦʩʪʠ, ʩʦʩʝʜʩʪʚʘ ʠ ʧʝʨʝʩʝʯʝʥʠʷ ʦʙʲʝʢʪʦʚ. ʗʟʳʢ MapBasic ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ (ʪʦʯʝʯʥʳʝ, ʣʠʥʝʡʥʳʝ, ʧʣʦʱʘʜʥʳʝ 

ʦʙʲʝʢʪʳ, ʪʝʢʩʪʦʚʳʝ ʧʦʜʧʠʩʠ, ʙʫʬʝʨʥʳʝ ʟʦʥʳ ʠ ʜʨ.), ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩʪʠʣʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʊʘʢʞʝ ʠʤʝʶʪʩʷ ʩʨʝʜʩʪʚʘ ʜʣʷ ʦʚʝʨʣʝʷ ʧʦʣʠʛʦʥʦʚ, 

ʚʢʣʶʯʘʶʱʠʝ ʬʫʥʢʮʠʠ ʦʙʲʝʜʠʥʝʥʠʷ, ʨʘʟʨʝʟʘʥʠʷ, ʫʜʘʣʝʥʠʝ ʚʥʝʰʥʝʡ ʠ ʧʝʨʝʢʨʳʚʘʶʱʝʡ 

ʯʘʩʪʠ ʦʙʲʝʢʪʘ.  

ʇʨʠ ʧʦʤʦʱʠ MapBasic ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʨʪʳ ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ, ʩʦʟʜʘʚʘʪʴ 

ʪʝʤʘʪʠʯʝʩʢʠʝ ʢʘʨʪʳ ʠ ʣʝʛʝʥʜʳ ʢ ʥʠʤ, ʚʳʧʦʣʥʷʪʴ ʧʦʠʩʢ ʠ ʛʝʦʢʦʜʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ, 

ʚʳʧʦʣʥʷʪʴ ʧʨʦʝʢʮʠʦʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʩʨʝʜʝ MapInfo ʷʟʳʢ MapBasic ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʤʝʥʶ, ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʜʠʘʣʦʛʠ, ʫʧʨʦʱʘʶʱʠʝ ʨʘʙʦʪʫ 

ʢʦʥʝʯʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩ ɻʀʉ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʰʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʦʨʛʘʥʠʟʘʮʠʠ.  

ɼʣʷ ʨʘʩʯʝʪʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʝʢʮʠʡ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ɻʀʉ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʪʘʚʰʘʷ ʫʞʝ ʬʘʢʪʠʯʝʩʢʠ ʩʪʘʥʜʘʨʪʥʦʡ ʙʠʙʣʠʦʪʝʢʘ PROJ4. ʊʘʢ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ɻʀʉ 

ArcInfo ʢʦʤʧʘʥʠʠ ESRI ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʝʢʮʠʡ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʵʪʦʡ 

ʙʠʙʣʠʦʪʝʢʠ. ʇʨʦʛʨʘʤʤʘ proj ʢʦʥʚʝʨʪʠʨʫʝʪ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʢʦʦʨʜʠʥʘʪʳ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʢʘʨʪʳ ʠ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʯʪʠ ʚʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʝʢʮʠʠ ʠ ʣʶʙʳʝ ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʜʘʪʳ.  

ʇʦʜ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ɻʀʉ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʧʨʠʢʣʘʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʨʝʘʣʠʟʫʶʱʝʝ ʬʫʥʢʮʠʠ ɻʀʉ, ʥʦ ʠ ʚʩʝ ʦʩʥʦʚʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʢʣʘʜʥʦʛʦ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢʦʥʢʨʝʪʥʦʡ ʨʘʙʦʪʘʶʱʝʡ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ɻʀʉ 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʩʧʝʮʠʘʣʴʥʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʪʦ ʝʩʪʴ ʩʘʤʠ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ, ʫʨʦʚʥʝʡ ʠ ʪʠʧʦʚ.  

ɼʝʡʩʪʚʫʶʱʘʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ɻʀʉ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʫʝʪ ʠ ʜʨʫʛʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʢʘʢ ʤʠʥʠʤʫʤ, ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʢʦʤʧʴʶʪʝʨʘ. ʅʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʝʪʠ, ʜʦʩʪʫʧʘ 

ʚ ʛʣʦʙʘʣʴʥʫʶ ʩʝʪʴ ʀʥʪʝʨʥʝʪ, ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ.  

ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʚʤʝʩʪʝ ʩ ɻʀʉ, ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʥʝʡ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʟʘʜʘʯ. ɽʩʣʠ 

ʠʥʪʝʨʘʢʪʠʚʥʘʷ ɻʀʉ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʤʳʭ 

ʝʶ ʬʫʥʢʮʠʡ, ʚʤʝʩʪʝ ʩ ʥʝʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʢʦʤʧʠʣʷʪʦʨʳ ʠ ʦʪʣʘʜʯʠʢʠ.  
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ɻʀʉ ʤʦʞʝʪ ʪʝʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʙʱʝʦʬʠʩʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, 

ʪʘʢʠʤ ʢʘʢ ʪʝʢʩʪʦʚʳʝ ʨʝʜʘʢʪʦʨʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ, ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ 

ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. 

ʆʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʩʣʫʞʙʘʤ ʜʦʣʞʥʳ ʚʳʜʘʚʘʪʴʩʷ 

ʩʨʝʜʩʪʚʘ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʣʶʜʝʡ, 

ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʢʦʥʪʨʦʣʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʲʝʢʪʦʚ ʦʧʘʩʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʪʘʢʠʭ ʩʠʪʫʘʮʠʦʥʥʳʭ (ʜʠʩʧʝʪʯʝʨʩʢʠʭ) ʮʝʥʪʨʦʚ ʷʚʣʷʶʪʩʷ: 

- ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʨʘʟʚʠʪʠʷ 

ʩʠʪʫʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʦʩʪʫʧʘʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ; 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ; 

- ʦʮʝʥʢʘ ʧʨʠʥʠʤʘʝʤʳʭ ʨʝʰʝʥʠʡ ʠ ʠʭ ʦʧʪʠʤʠʟʘʮʠʷ; 

- ʫʧʨʘʚʣʝʥʠʝ ʚ ʢʨʠʟʠʩʥʦʡ ʩʠʪʫʘʮʠʠ. 

ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʦʧʝʨʘʪʠʚʥʘʷ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʤʝʩʪʘ 

ʧʨʦʠʩʰʝʩʪʚʠʷ ʚ ʜʠʩʧʝʪʯʝʨʩʢʠʡ ʧʫʥʢʪ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʠʡ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠ ʧʦʜʚʠʞʥʳʭ ʦʙʲʝʢʪʦʚ: ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ, ʧʦ 

ʩʧʫʪʥʠʢʦʚʦʤʫ ʢʘʥʘʣʫ ʠ ʧʦ ʢʘʥʘʣʘʤ ʩʦʪʦʚʦʡ ʩʚʷʟʠ.  

ʋʩʣʫʛʠ ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʯʝʨʝʟ ʩʝʪʴ ʩʝʨʚʠʩ-ʧʨʦʚʘʡʜʝʨʦʚ ʧʦ ʚʩʝʤʫ 

ʤʠʨʫ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʩʣʫʞʠʚʘʝʪ ʢʘʢʦʡ-ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʝʛʠʦʥ. ʉʧʫʪʥʠʢʦʚʘʷ 

ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʦʢʘʟʳʚʘʝʪ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʩʣʦʞʥʦ ʜʦʩʪʫʧʥʳʭ ʨʝʛʠʦʥʘʭ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʩʚʷʟʠ. 

ʈʘʜʠʦʢʘʥʘʣ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʙʦʨʘ ʜʘʥʥʳʭ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʜʠʫʩʝ ʨʘʟʙʨʦʩʘ ʘʙʦʥʝʥʪʦʚ. 

ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʦʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ  ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʧʨʦʩʪʦʪʘ 

ʥʘʩʪʨʦʡʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʰʫʤʘ ʦʪ ʧʨʠʝʤʦ-ʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. ʆʜʥʘʢʦ 

ʥʝʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠ ʥʠʟʢʘʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʜʘʚʘʪʴ 

ʜʘʥʥʳʝ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ. 

ʉʦʪʦʚʳʡ ʢʘʥʘʣ ʩʚʷʟʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ GPRS, ʧʦʟʚʦʣʷʝʪ 

ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʥʦ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʟʦʥʘ ʧʦʢʨʳʪʠʷ ʩʦʪʦʚʦʡ 

ʩʝʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʦ ʢʘʥʘʣʘʤ ʩʦʪʦʚʦʡ ʩʚʷʟʠ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʵʢʦʥʦʤʠʯʥʦʡ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ, ʧʨʠʦʨʠʪʝʪʥʳʤ 

ʤʦʞʝʪ ʙʳʪʴ ʣʶʙʦʡ ʠʟ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʘʥʘʣʦʚ ʩʚʷʟʠ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʘʥʘʣʘʤ ʩʚʷʟʠ. 

ʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʩʦʩʪʘʚʝ:  

- ʩʪʘʥʮʠʷ ʦʙʦʙʱʝʥʠʷ ʥʘ ʙʘʟʝ ʥʦʫʪʙʫʢʘ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʦʡ ʤʝʩʪʥʦʩʪʠ; 

- ʢʦʤʧʣʝʢʩ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʩʘʤʦʣʝʪʳ, ʩʪʘʥʮʠʷ ʫʧʨʘʚʣʝʥʠʷ, 
ʚʠʜʝʦʢʘʤʝʨʘ, ʬʦʪʦʘʧʧʘʨʘʪ, ʪʝʧʣʦʚʠʟʦʨ); 

- ʥʘʚʠʛʘʮʠʦʥʥʳʡ ʧʨʠʝʤʥʠʢ ɻʃʆʅɸʉʉ/GPS; 

- ʘʚʪʦʥʦʤʥʳʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʪʝʨʤʠʥʘʣ; 

- ʩʧʫʪʥʠʢʦʚʳʡ ʤʦʜʝʤ ʠʣʠ ʩʧʫʪʥʠʢʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

- ʩʦʪʦʚʳʡ ʤʦʜʝʤ 3G/GPRS/GSM; 

- ʢʦʤʧʣʝʢʪ ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩʚʷʟʠ; 

- ʋʂɺ-ʨʘʜʠʦʩʪʘʥʮʠʷ; 

- ʤʝʪʝʦʩʪʘʥʮʠʷ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʥʘ ʙʘʟʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ: 
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- ʤʦʥʠʪʦʨʠʥʛ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʤʝʩʪʥʦʩʪʠ (ʚʠʜʝʦ, ʬʦʪʦ, ʪʝʧʣʦʚʠʟʠʦʥʥʘʷ 

ʩʲʝʤʢʘ) ʩ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ (ɹʃɸ). 

- ʧʨʠʝʤ ʩ ɹʃɸ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠ ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʠ ʧʦ ʨʘʜʠʦʢʘʥʘʣʫ ʠ ʧʦʩʣʝʜʫʶʱʘʷ 
ʧʝʨʝʜʘʯʘ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʉʎ ʧʦ ʩʦʪʦʚʦʤʫ ʠ ʩʧʫʪʥʠʢʦʚʦʤʫ ʢʘʥʘʣʫ ʩʚʷʟʠ. 

- ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʢʨʫʧʥʳʭ ʧʦʞʘʨʦʚ ʧʦ ʜʘʥʥʳʤ 

ʢʦʩʤʦʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ. 

- ʚʠʜʝʦʢʦʥʬʝʨʝʥʮʩʚʷʟʴ ʠ ʦʙʤʝʥ ʪʝʢʩʪʦʚʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ ʩ ʉʎ. 

- ʛʦʣʦʩʦʚʘʷ ʩʚʷʟʴ ʠ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʣʦʢʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

- ʥʘʢʦʧʣʝʥʠʝ ʥʘʚʠʛʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʝʨʝʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʝʡ  

ʤʦʙʠʣʴʥʳʭ ʦʧʝʨʘʪʠʚʥʳʭ ʛʨʫʧʧ (ʄʆɻ) ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʝʡ ʵʪʠʭ ʜʘʥʥʳʭ ʚ ʉʎ. 

- ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʠ ʚʠʟʫʘʣʠʟʘʮʠʷ ʤʝʪʝʦ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʧʦʜʚʠʞʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʦʙʲʝʢʪʦʚ ʥʘʨʷʜʫ ʩ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ 

ʦʙʲʝʢʪʦʚ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʚʦʟʜʫʰʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ. ʉʫʪʴ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʤʝʩʪʦ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʧʦ ʤʝʩʪʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ 

ʠʟʤʝʨʝʥʠʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ. 

ʂʦʩʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ɼɿɿ) ʦʙʣʘʜʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʩʦʙʝʥʥʦ ʚ ʪʝʭ 

ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʟʦʥʘ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʦʭʚʘʪʳʚʘʝʪ ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ 

ʠʣʠ ʢʦʛʜʘ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʯʠʥʘʤ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ ʵʪʦʛʦ ʩʜʝʣʘʪʴ ʥʝʣʴʟʷ. ɺ ʪʘʢʠʭ 

ʩʣʫʯʘʷʭ ʠʛʨʘʝʪ ʨʦʣʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʤʝʥʴʰʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʤʝʪʝʦʫʩʣʦʚʠʡ, ʟʘʭʚʘʪ ʚ 

ʧʦʣʦʩʝ ʦʙʟʦʨʘ ʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʂʘʟʘʭʩʪʘʥʘ. ʂ ʟʘʜʘʯʘʤ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʮʝʥʢʠ ʧʦʩʣʝʜʩʪʚʠʡ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ ʦʪʥʦʩʷʪʩʷ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ, ʢʦʥʪʨʦʣʴ ʠ ʦʮʝʥʢʘ ʧʦʩʣʝʜʩʪʚʠʡ ʥʘʚʦʜʥʝʥʠʡ, ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʦʞʘʨʦʚ, 

ʟʘʩʫʭʠ, ʦʨʛʘʥʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠ ʵʢʩʪʨʝʥʥʦʤ ʨʝʘʛʠʨʦʚʘʥʠʠ ʥʘ 

ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ ʠ ʪ.ʜ. 

ɿʦʥʜʠʨʦʚʘʥʠʝ ʜʘʝʪ ʚʠʜʝʦ ʩʥʠʤʢʠ ʠ ʨʘʩʪʨʦʚʳʝ ʩʥʠʤʢʠ. ʆʙʨʘʙʦʪʢʘ ʵʪʠʭ ʩʥʠʤʢʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʪʘʢʠʭ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʢʘʢ ERDAS Imagine, ER 

Mapper, Idrisi, ENVI. ʕʪʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʩʥʠʤʢʘ, ʩʚʷʟʘʪʴ ʠʭ ʩ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩʠʪʫʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ, ʩʦʙʨʘʪʴ 

ʝʜʠʥʳʡ ʩʥʠʤʦʢ ʠʟ ʦʪʜʝʣʴʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʥʠʤʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʉʎ. ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʯʘʩʪʝʡ:  

1. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʧʝʢʪʨʘʣʴʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʩʥʠʤʢʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʩʥʠʤʦʢ ʩʦ ʩʧʫʪʥʠʢʘ ʠ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʥʝʤ.  

2. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʩʥʠʤʢʘʭ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ ʥʘ 

ʩʥʠʤʢʝ. 

3. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʨʨʝʢʮʠʠ ʠ ʢʘʣʠʙʨʦʚʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʩʥʠʤʢʘʭ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʝʡ 

ʦʙʲʝʢʪʦʚ ʥʘ ʩʥʠʤʢʘʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʩʥʠʤʢʝ ɼɿɿ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʤʝʭʠ ʚ ʚʠʜʝ ʧʳʣʠ, ʜʳʤʘ, ʪʝʥʝʡ ʠ 

ʦʙʣʘʢʦʚ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʩʥʠʤʢʘ ʠʣʠ ʜʘʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʜʝʣʘʝʪ ʝʝ ʥʝʚʦʟʤʦʞʥʦʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʝʨʝʜ ʘʥʘʣʠʟʦʤ ʦʙʲʝʢʪʦʚ ʥʘ ʩʥʠʤʢʝ, ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʨʘʙʦʪʘʪʴ ʝʛʦ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʢʘʯʝʩʪʚʘ. ɺ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʚʭʦʜʠʪ ʧʨʦʛʨʘʤʤʥʳʡ 



 

164 
 

ʢʦʤʧʣʝʢʩ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ɼɿɿ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʌʫʨʴʝ. ʕʪʦʪ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʩʥʠʤʢʘ ʠ ʦʯʠʩʪʠʪʴ ʝʛʦ ʦʪ ʧʦʤʝʭ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʥʠʤʦʢ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ, ʠ ʝʛʦ 

ʢʘʯʝʩʪʚʦ ʩʪʘʣʦ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʢʘʢʠʝ 

ʦʙʝ̡ʢʪʳ ʥʘ ʥʝʤ ʠʟʦʙʨʘʞʝʥʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʠʜʘ ʜʝʰʠʬʨʦʚʘʥʠʷ ʩʥʠʤʢʦʚ: ʧʦʣʝʚʦʝ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʤʝʩʪʥʦʩʪʠ ʧʫʪʝʤ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʥʠʤʢʘ ʩ ʥʘʪʫʨʦʡ, ʠ ʢʘʤʝʨʘʣʴʥʦʝ ï ʚʳʧʦʣʥʷʝʪʩʷ ʚ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʨʘʤʢʘʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʉʎ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʘ ʩʥʠʤʢʘʭ ɼɿɿ. ɽʛʦ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʨʘʟʙʠʝʥʠʝ 

ʦʙʲʝʢʪʦʚ ʥʘ ʩʥʠʤʢʝ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʣʘʩʩʳ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʟʦʥ, ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʚ 

ʩʣʫʯʘʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ. ʇʦ ʩʫʪʠ, ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʨʘʟʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦʚ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʩ ʮʝʣʴʶ ʨʘʟʙʠʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʥʝʤ ʥʘ ʢʣʘʩʩʳ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʷʚʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʡ ʘʣʛʦʨʠʪʤ. ɹʳʣ 

ʚʳʙʨʘʥ ʘʣʛʦʨʠʪʤ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʪʥʝʩʝʥʠʷ ʧʠʢʩʝʣʷ ʢ 

ʢʣʘʩʩʫ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʝʚʢʣʠʜʦʚʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ (ʩʨʝʜʥʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʷʨʢʦʩʪʠ) ʦʙʫʯʘʶʱʠʭ ʚʳʙʦʨʦʢ. ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ʨʝʘʣʠʟʦʚʘʥʦ ʜʚʘ 

ʚʠʜʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʙʲʝʢʪʦʚ: ʩ ʦʙʫʯʝʥʠʝʤ ʠ ʙʝʟ. 

ʊʨʝʪʴʠʤ ʵʪʘʧʦʤ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ɼɿɿ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʘʩʧʦʟʥʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʇʦ ʩʥʠʤʢʘʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʱʘʜʴ, ʦʙʲʝʤ, ʨʘʟʤʝʨʳ 

ʚʧʠʩʘʥʥʳʭ ʧʨʦʩʪʝʡʰʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ, ʯʠʩʣʦ ʠ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʛʣʦʚ. 

ɼʘʥʥʳʝ ʨʘʩʯʝʪʳ ʪʘʢʞʝ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʨʘʤʢʘʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʉʎ. ɺ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʘʥʘʣʠʟʘ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʩʥʠʤʢʘ, 

ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʨʘʩʧʦʟʥʘʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʩʰʪʘʙʝ 

ʩʥʠʤʢʘ, ʝʛʦ ʨʘʟʨʝʰʝʥʠʠ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʝ ʧʠʢʩʝʣʝʡ ʚ ʢʘʞʜʦʤ ʢʣʘʩʩʝ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʪʨʝʙʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʛʣʘʚʥʳʡ ʠʟ ʢʦʪʦʨʳʭ ï ʧʣʦʱʘʜʴ, ʧʦʩʢʦʣʴʢʦ ʠʤʝʥʥʦ ʧʦ ʥʝʤʫ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʧʦʩʣʝʜʩʪʚʠʷ ʏʉ, ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʠʝ ʩʨʝʜʩʪʚʘ ʠ ʚ ʢʘʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʫʞʥʳ ʜʣʷ ʝʝ 

ʣʠʢʚʠʜʘʮʠʠ. 

ʇʦʣʫʯʘʝʤʳʝ ʜʘʥʥʳʝ ʨʘʜʠʦʤʝʪʨʘ MODIS ʩ ʀʉɿ TERRA ʠ AQUA ʠ ʠʤʝʶʱʝʝʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʚ ʎʂʄ ʩʣʝʜʫʶʱʠʝ 

ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ:  

- ʨʘʥʥʝʝ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘʟʚʠʪʠʝʤ ʣʝʩʥʳʭ, ʩʪʝʧʥʳʭ ʧʦʞʘʨʦʚ ʩ 
ʦʧʝʨʘʪʠʚʥʦʡ ʧʝʨʝʜʘʯʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ ʩʣʫʞʙʘʤ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʫʪʝʤ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘʭ - ʛʝʦʧʦʨʪʘʣʘʭ; 

- ʦʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʩʥʝʛʦʚʦʛʦ ʧʦʢʨʦʚʘ ʠ ʣʝʜʦʚʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʢʨʫʧʥʳʭ ʚʦʜʦʝʤʘʭ; 

- ʤʦʥʠʪʦʨʠʥʛ ʦʧʘʩʥʳʭ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʥʘʚʦʜʥʝʥʠʷ ʠ ʪ.ʜ.); 

- ʢʨʫʧʥʦʨʝʛʠʦʥʘʣʴʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʩʝʣʴʩʢʦʛʦ ʠ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩ ʦʮʝʥʢʦʡ 
ʧʦʩʣʝʜʩʪʚʠʡ ʏʉ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʘ; 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʠʪ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʚ ʩʠʪʫʘʮʠʦʥʥʦʤ ʮʝʥʪʨʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʫʯʘʩʪʢʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʏʉ, ʘ ʪʘʢʞʝ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 
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ɸʥʥʦʪʘʮʠʷ: CDIO - ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʝ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ -  ʫʩʪʨʘʥʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʡ ʤʝʞʜʫ ʪʝʦʨʠʝʡ 

ʠ ʧʨʘʢʪʠʢʦʡ ʚ ʠʥʞʝʥʝʨʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ, ʚʦʧʨʦʩ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʦʨʠʠ ʠ 

ʧʨʘʢʪʠʢʠ - ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʦʩʪʨʳʭ ʚʦʧʨʦʩʦʚ, ʦʧʨʝʜʝʣʠʚʰʠʭ ʦʜʥʦʟʥʘʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʥʘ ʫʩʠʣʝʥʠʝ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʊʦʣʴʢʦ ʢʦʛʜʘ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʧʨʝʜʤʝʪʦʤ ʫʩʚʦʝʥʠʷ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʢʘʢ ʦʧʳʪ, 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʩʪʫʜʝʥʪʦʚ ʚ ʚʠʜʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʧʦʜʛʦʪʦʚʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʮʝʧʮʠʷ, ʤʦʜʝʨʥʠʟʘʮʠʷ, ʠʥʠʮʠʘʪʠʚʘ CDIO, ʦʙʨʘʟʦʚʘʥʠʝ, ʧʣʘʥʠʨʦʚʘʥʠʝ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʧʨʠʤʝʥʝʥʠʝ. 

 

ʆʜʥʠʤ ʠʟ ʫʩʧʝʰʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʢʦʤʧʝʪʝʥʪʥʦʛʦ 

ʩʧʝʮʠʘʣʠʩʪʘ ʢ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʢʦʥʮʝʧʮʠʷ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʙʘʟʦʚʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʀʥʠʮʠʘʪʠʚʘ CDIO.  

 

 
ʈʠʩʫʥʦʢ 1. - ʎʝʣʴ, ʧʨʠʥʮʠʧʳ ʠ ʨʝʩʫʨʩʳ ʢʦʥʮʝʧʮʠʠ CDIO 
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ʂʦʥʮʝʧʮʠʷ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʚʫʟʦʚ ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ʢ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(CDIO - Conceive, Design, Implement, Operate) ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʨʘʤʢʘʭ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʧʨʦʝʢʪʘ CDIOInitiative ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʩʦʪʥʝ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʤʠʨʘ. 

ʀʥʠʮʠʘʪʦʨʘʤʠ ʧʨʦʝʢʪʘ ʙʳʣʠ ʄʘʩʩʘʯʫʩʝʪʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (MIT, ʉʐɸ) ʠ 

ʚʝʜʫʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʥʠʚʝʨʩʠʪʝʪʳ ʐʚʝʮʠʠ (KTH, Chalmers) [1]. ʋʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ 

ʩʪʘʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʙʱʝʩʪʚʝʥʥʦ-

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ 

ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʧʨʦʝʢʪ CDIO ʥʘʧʨʘʚʣʝʥ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʝ ʢʦʥʩʝʥʩʫʩʘ ʤʝʞʜʫ 

ʪʝʦʨʠʝʡ ʠ ʧʨʘʢʪʠʢʦʡ ʚ ʠʥʞʝʥʝʨʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ. ʆʩʥʦʚʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ CDIO ʷʚʣʷʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʚʳʧʫʩʢʥʠʢʦʚ ʢ ʢʦʤʧʣʝʢʩʥʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ: 

- ʠʟʫʯʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʧʨʦʜʫʢʪʘʭ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʠʭ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ - ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʩʠʩʪʝʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʝʢʪʥʳʡ ʤʝʥʝʜʞʤʝʥʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ (Conceive); 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʠ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʡ ʦʩʥʦʚʝ (Design); 

- ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʧʧʘʨʘʪʫʨʳ ʠ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʭ ʠʥʪʝʛʨʘʮʠʷ, ʧʨʦʚʝʨʢʘ, ʠʩʧʳʪʘʥʠʝ ʠ ʩʝʨʪʠʬʠʢʘʮʠʷ 

ʧʨʦʜʫʢʮʠʠ (Implement); 

- ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʫʧʨʘʚʣʝʥʠʝ ʠʭ ʞʠʟʥʝʥʥʳʤ 

ʮʠʢʣʦʤ ʠ ʫʪʠʣʠʟʘʮʠʷ (Operate). 

ʂʦʤʧʝʪʝʥʮʠʠ ʚʳʧʫʩʢʥʠʢʦʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʦʩʚʦʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪʩʷ 

CDIOSyllabus ʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʯʝʪʳʨʝʤ ʦʩʥʦʚʥʳʤ ʨʘʟʜʝʣʘʤ: 

- ʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʟʥʘʥʠʷ ʠ ʦʩʥʦʚʳ ʠʥʞʠʥʠʨʠʥʛʘ; 

- ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʤʘʩʪʝʨʩʪʚʦ ʠ ʣʠʯʥʦʩʪʥʳʝ ʢʘʯʝʩʪʚʘ; 

- ʤʝʞʣʠʯʥʦʩʪʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ: ʨʘʙʦʪʘ ʚ ʢʦʤʘʥʜʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʠ; 

- ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ʚ 
ʢʦʥʪʝʢʩʪʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʱʝʩʪʚʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʎʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʩ ʧʦʟʠʮʠʠ ʧʦʜʭʦʜʘ CDIO [2]: 

ʎʝʣʴ 1. ʀʥʞʝʥʝʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʘʢʮʝʥʪʠʨʦʚʘʥʦ ʥʘ ʦʚʣʘʜʝʥʠʠ 

ʟʥʘʥʠʷʤʠ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʥʦʚ, ʪʘʢ ʢʘʢ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʟʘʢʣʘʜʳʚʘʶʪ ʙʘʟʫ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʫʯʝʥʠʷ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʦʜʭʦʜ ʥʠʯʝʤ ʥʝ ʧʨʝʫʤʝʥʴʰʘʝʪ ʟʥʘʯʠʤʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʥʦʚ ʠʣʠ ʧʦʪʨʝʙʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ʚ ʠʭ ʦʩʚʦʝʥʠʠ, ʘ ʣʠʰʴ ʧʦʜʯʝʨʢʠʚʘʝʤ 

ʚʘʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʢʦʥʮʝʧʪʫʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʤʝʥʷʪʴ ʟʥʘʥʠʷ ʚ ʨʘʟʥʳʭ 

ʨʘʙʦʯʠʭ ʩʠʪʫʘʮʠʷʭ ʠ ʫʩʣʦʚʠʷʭ. ʂʦʥʮʝʧʪʫʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʚʦʚʣʝʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ. ɺ ʪʨʘʜʠʮʠʦʥʥʦʤ ʦʙʫʯʝʥʠʠ ʯʘʩʪʦ 

ʧʨʘʢʪʠʢʫʝʪʩʷ ʧʨʠʥʮʠʧ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʫʜʝʥʪʳ ʦʩʚʘʠʚʘʶʪ ʟʥʘʥʠʷ, 

ʧʘʩʩʠʚʥʦ ʧʨʦʩʣʫʰʠʚʘʷ ʣʝʢʮʠʠ. ʇʦʜʭʦʜ CDIO ʩʪʘʚʠʪ ʮʝʣʴʶ ʚʦʚʣʝʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ 

ʚ ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʥʠʷ ʠ ʨʘʟʦʙʣʘʯʝʥʠʝ ʩʚʦʠʭ ʟʘʙʣʫʞʜʝʥʠʡ.  

ʎʝʣʴ 2. ʋʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʜʦʣʞʥʳ ʛʦʪʦʚʠʪʴ ʩʪʫʜʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʫʢʦʚʦʜʠʪʴ 

ʩʦʟʜʘʥʠʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʟʥʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʛʦʪʦʚʢʠ ʩʪʫʜʝʥʪʦʚ ʢ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʦʪʨʝʙʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʠ ʧʨʠʤʝʥʷʪʴ ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʧʨʦʮʝʩʩʳ 

ʠ ʩʠʩʪʝʤʳ ʜʠʢʪʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʯʥʦʩʪʥʳʭ ʠ ʤʝʞʣʠʯʥʦʩʪʥʳʭ ʥʘʚʳʢʦʚ 
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ʠ ʫʤʝʥʠʡ ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʢʪʳ, ʧʨʦʮʝʩʩʳ ʠ ʩʠʩʪʝʤʳ. ʃʠʯʥʦʩʪʥʳʝ ʥʘʚʳʢʠ ʠ ʢʘʯʝʩʪʚʘ 

ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʪʘʢʦʡ ʦʙʨʘʟ ʤʳʰʣʝʥʠʷ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʘʩʩʫʞʜʝʥʠʝ 

ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯ, ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʩʠʩʪʝʤʥʦʝ, ʢʨʠʪʠʯʝʩʢʦʝ ʠ ʪʚʦʨʯʝʩʢʦʝ 

ʤʳʰʣʝʥʠʝ. ʃʠʯʥʦʩʪʥʳʝ ʢʘʯʝʩʪʚʘ ʠ ʠʭ ʘʪʨʠʙʫʪʳ ʚʢʣʶʯʘʶʪ ʮʝʣʦʩʪʥʦʩʪʴ, ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ, 

ʣʶʙʦʟʥʘʪʝʣʴʥʦʩʪʴ ʠ ʞʝʣʘʥʠʝ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ʂ ʤʝʞʣʠʯʥʦʩʪʥʳʤ ʥʘʚʳʢʘʤ ʦʪʥʦʩʷʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ ʣʶʜʴʤʠ ʠ ʨʘʙʦʪʘ 

ʚ ʢʦʤʘʥʜʝ. ɿʥʘʥʠʷ ʠ ʫʤʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʦʟʜʘʥʠʶ ʦʙʲʝʢʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʶʪ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʦʙʲʝʢʪʦʚ, 

ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʙʱʝʩʪʚʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʎʝʣʴ 3. ʋʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ ʜʦʣʞʥʳ ʛʦʪʦʚʠʪʴ ʩʪʫʜʝʥʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʧʦʥʠʤʘʪʴ 

ʟʥʘʯʝʥʠʝ ʠ ʚʣʠʷʥʠʝ ʥʘʫʯʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʪʢʨʳʪʠʡ ʥʘ ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ 

ʦʙʱʝʩʪʚʘ. ɺ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ ʦʙʱʝʩʪʚʦ ʚʦ ʤʥʦʛʦʤ ʦʧʠʨʘʝʪʩʷ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʯʝʥʳʭ 

ʠ ʠʥʞʝʥʝʨʦʚ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʥʘʫʯʥʳʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʢʨʳʪʠʷ 

ʥʝʦʪʜʝʣʠʤʳ ʦʪ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʜʦʣʞʥʳ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ɺʳʧʫʩʢʥʠʢʠ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʜʦʣʞʥʳ ʷʩʥʦ 

ʦʩʦʟʥʘʚʘʪʴ ʨʦʣʴ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʚ ʨʘʟʚʠʪʠʠ ʦʙʱʝʩʪʚʘ, ʯʪʦʙʳ ʧʨʠʥʷʪʴ ʵʪʫ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ.  

ʎʝʣʠ 1 ʠ 2 ʦʪʨʘʞʘʶʪ ʧʨʦʪʠʚʦʨʝʯʠʝ, ʩʣʦʞʠʚʰʝʝʩʷ ʚ ʠʥʞʝʥʝʨʥʦʤ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʞʜʫ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʦʩʥʦʚ ʠ ʠʥʞʝʥʝʨʥʳʭ ʥʘʚʳʢʦʚ. 

ʄʥʦʛʠʝ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʚʳʩʰʝʡ ʰʢʦʣʳ ʩʦʛʣʘʰʘʶʪʩʷ, ʯʪʦ ʦʙʝ ʮʝʣʠ ʚʘʞʥʳ, ʥʦ ʨʘʩʭʦʜʷʪʩʷ 

ʚ ʧʦʥʠʤʘʥʠʠ ʪʦʛʦ, ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʚʷʪʠʪʴ ʦʙʫʯʝʥʠʶ ʢʘʞʜʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʚ ʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʥʘʥʠʡ ʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʦʩʥʦʚ ʠ ʠʥʞʝʥʝʨʥʳʭ ʥʘʚʳʢʦʚ ʚʦʟʨʘʩʪʘʝʪ, ʝʩʣʠ ʦʙʫʯʝʥʠʝ 

ʩʪʨʦʠʪʩʷ ʧʦ ʤʦʜʝʣʠ ʧʝʨʝʜʘʯʠ ʟʥʘʥʠʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʦʙʫʯʝʥʠʷ. ɺ ʦʩʥʦʚʝ 

ʧʦʜʭʦʜʘ CDIO ʣʝʞʠʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʟʛʣʷʜ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʟʨʝʰʠʪʴ 

ʩʣʦʞʠʚʰʝʝʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ.  

ʇʦʜʭʦʜ CDIO ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʚʣʘʜʝʥʠʝ ʙʘʟʦʚʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ 

ʚ ʢʦʥʪʝʢʩʪʝ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʦʙʲʝʢʪʦʚ, 

ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʦʩʪʫʣʘʪʳ: 

- ʦʙʫʯʝʥʠʝ ʜʦʣʞʥʦ ʩʪʨʦʠʪʴʩʷ ʚʦʢʨʫʛ ʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʮʝʣʝʡ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʨʠ ʫʯʘʩʪʠʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʩʪʦʨʦʥ; 

- ʫʯʝʙʥʳʡ ʧʣʘʥ ʧʨʦʛʨʘʤʤʳ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, 

ʛʜʝ ʦʙʫʯʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʚʣʘʜʝʥʠʝ ʣʠʯʥʦʩʪʥʳʤʠ ʠ ʤʝʞʣʠʯʥʦʩʪʥʳʤʠ ʢʦʤʧʝʪʝʥʮʠʷʤʠ, 

ʘ ʪʘʢʞʝ ʥʘʚʳʢʘʤʠ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ; 

- ʫʯʝʙʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʚʢʣʶʯʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ 

ʠ ʧʨʠʤʝʥʝʥʠʶ ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʩʥʦʚʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ - ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʫʯʝʥʠʷ; 

- ʧʦʤʠʤʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʧʨʠʤʝʥʝʥʠʶ ʦʙʲʝʢʪʦʚ 

ʠ ʩʠʩʪʝʤ, ʘʢʪʠʚʥʦʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʯʘʩʪʴʶ ʣʝʢʮʠʦʥʥʳʭ ʢʫʨʩʦʚ; 

- ʩʠʩʪʝʤʘ ʦʮʝʥʠʚʘʥʠʷ ʟʥʘʥʠʡ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʤʧʣʝʢʩʥʦʡ. 

ʆʙʫʯʝʥʠʝ, ʦʨʛʘʥʠʟʦʚʘʥʥʦʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʯʠʩʣʝʥʥʳʤʠ ʧʦʩʪʫʣʘʪʘʤʠ, ʙʫʜʝʪ 

ʦʢʘʟʳʚʘʪʴ ʜʚʦʡʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʫʜʝʥʪʦʚ ʪʝʤ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʣʫʙʦʢʦʤʫ ʦʩʚʦʝʥʠʶ 

ʙʘʟʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʧʨʠʦʙʨʝʪʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʥʳʭ ʥʘʚʳʢʦʚ. 

ʉʪʫʜʝʥʪʳ ʙʫʜʫʪ ʦʙʫʯʘʪʴʩʷ ʯʝʨʝʟ ʨʷʜ ʢʦʤʧʣʝʢʩʥʳʭ ʫʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʯʘʩʪʴ ʠʟ ʥʠʭ 

ʙʫʜʝʪ ʥʦʩʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʪ. ʝ. ʧʦʛʨʫʞʘʪʴ ʩʪʫʜʝʥʪʦʚ ʚ ʩʠʪʫʘʮʠʠ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʠʥʞʝʥʝʨʳ ʚ ʩʚʦʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ 

ʧʦʜʭʦʜʝ ʢ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʥʳʭ ʫʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʦʥʠ ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʜʚʦʡʥʦʝ 
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ʜʝʡʩʪʚʠʝ, ʬʦʨʤʠʨʫʷ ʫ ʩʪʫʜʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʳʝ ʣʠʯʥʦʩʪʥʳʝ ʠ ʤʝʞʣʠʯʥʦʩʪʥʳʝ 

ʢʦʤʧʝʪʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʥʘʚʳʢʠ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʩʠʩʪʝʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʪʠʤʫʣʠʨʫʷ ʦʩʚʦʝʥʠʝ ʙʘʟʦʚʳʭ ʟʥʘʥʠʡ.  

ʄʦʜʝʣʴ çʧʣʘʥʠʨʦʚʘʥʠʝ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ʧʨʦʠʟʚʦʜʩʪʚʦ ï ʧʨʠʤʝʥʝʥʠʝè ʜʦʣʞʥʘ 

ʩʣʫʞʠʪʴ ʢʦʥʪʝʢʩʪʦʤ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʢʦʥʪʝʢʩʪ 

ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʩʨʝʜʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʦʙʫʯʝʥʠʶ.  

ɺʳʙʦʨ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʢʦʥʪʝʢʩʪʘ ʦʙʫʩʣʦʚʣʝʥ ʨʷʜʦʤ ʚʘʞʥʳʭ ʧʨʠʯʠʥ. ɺʦ-ʧʝʨʚʳʭ, 

ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʳʡ ʢʦʥʪʝʢʩʪ, ʪ. ʝ. ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʠʥʞʝʥʝʨʘ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ CDIO ʣʝʛʢʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʠʥʞʝʥʝʨʥʳʝ ʥʘʚʳʢʠ, ʚ-ʪʨʝʪʴʠʭ, ʜʘʥʥʳʡ ʢʦʥʪʝʢʩʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʠʦʙʨʝʪʝʥʠʶ 

ʥʘʚʳʢʦʚ, ʥʦ ʠ ʦʩʚʦʝʥʠʶ ʙʘʟʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ 

çʧʣʘʥʠʨʦʚʘʥʠʝ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï ʧʨʦʠʟʚʦʜʩʪʚʦ ï ʧʨʠʤʝʥʝʥʠʝè ʣʠʙʦ ʜʨʫʛʦʡ ʤʦʜʝʣʠ 

ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʥʞʝʥʝʨʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʝʢʩʪʘ ʠʥʞʝʥʝʨʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʩʪʦʣʴʢʦ ʚʘʞʥʦ, ʯʪʦ ʩʪʘʣʦ ʧʝʨʚʳʤ ʠʟ 12 ʩʪʘʥʜʘʨʪʦʚ CDIO [3].  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʦʙʲʝʢʪʘ ʠʣʠ ʩʠʩʪʝʤʳ ï ʵʪʦ ʢʦʥʪʝʢʩʪ, 

ʘ ʥʝ ʩʦʜʝʨʞʘʥʠʝ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʎʝʣʴʶ ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʡ ʧʘʨʘʜʠʛʤʳ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣʦ ʩʪʨʝʤʣʝʥʠʝ 

ʜʘʪʴ ʩʪʫʜʝʥʪʘʤ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʘʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʚ ʙʫʜʫʱʝʤ. ʅʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝ ʧʨʝʫʤʝʥʴʰʘʷ ʟʥʘʯʠʤʦʩʪʠ ʧʝʨʝʭʦʜʘ ʠʥʞʝʥʝʨʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʧʨʘʢʪʠʢʠ ʢ ʥʘʫʢʝ ʠ ʧʨʠʟʥʘʚʘʷ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ, 

ʧʦʚʝʜʝʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʚʝʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʣʝʜʩʪʚʠʝʤ ʪʘʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʩʪʘʣʦ ʠʟʤʝʥʝʥʠʝ ʢʫʣʴʪʫʨʳ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʥʠʤʘʥʠʝ 

ʮʝʥʥʦʩʪʠ ʚʘʞʥʝʡʰʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʠ ʫʤʝʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʷʚʣʷʣʦʩʴ 

ʨʘʥʝʝ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʨʝʟʢʦ ʩʥʠʟʠʣʦʩʴ. ʉ 1980 ʛʦʜʘ 

ʤʥʦʛʠʝ ʨʘʟʚʠʪʳʝ ʩʪʨʘʥʳ ʤʠʨʘ ʩʪʘʣʠ ʦʪʤʝʯʘʪʴ ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʟʥʘʥʠʡ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʝ 

ʚʣʘʜʝʥʠʝ ʥʘʚʳʢʘʤʠ ʠ ʫʤʝʥʠʷʤʠ ʫ ʚʳʧʫʩʢʥʠʢʦʚ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʛʨʘʤʤ.  

ʕʚʦʣʶʮʠʶ ʩʦʩʪʘʚʘ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʥʞʝʥʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ 

ʠ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʫʯʝʙʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʦʙʫʯʝʥʠʝ ʪʝʭʥʠʯʝʩʢʠʤ 

ʦʩʥʦʚʘʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʣʠʯʥʦʩʪʥʳʭ, ʤʝʞʣʠʯʥʦʩʪʥʳʭ ʠ ʧʨʦʮʝʩʩʫʘʣʴʥʳʭ ʥʘʚʳʢʦʚ, 

ʘ ʪʘʢʞʝ ʥʘʚʳʢʦʚ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠ ʩʠʩʪʝʤ.  

ʇʦʜʭʦʜ CDIO ï ɻ ʪʦ ʧʦʧʳʪʢʘ ʩʦʟʜʘʪʴ ʪʘʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʦʩʚʘʠʚʘʪʴ 

ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ ʦʙʲʝʤ ʧʨʝʜʤʝʪʥʳʭ ʟʥʘʥʠʡ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠʦʙʨʝʪʘʪʴ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʥʘʚʳʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʫʩʧʝʰʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʆʩʥʦʚʥʳʤ ʩʫʙʲʝʢʪʦʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʥʦʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʷʚʣʷʝʪʩʷ ʧʝʜʘʛʦʛ. ʇʦʵʪʦʤʫ ʪʘʢ ʚʘʞʥʦ ʚ ʨʘʤʢʘʭ CDIO ʟʘʙʦʪʠʪʴʩʷ ʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʠ ʨʘʟʚʠʪʠʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚ ʥʘʚʳʢʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʮʠʠ. 

ɺʥʝʜʨʝʥʠʝ ʚ ʧʨʘʢʪʠʢʫ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʥʜʘʨʪʦʚ ɺʩʝʤʠʨʥʦʡ ʠʥʠʮʠʘʪʠʚʳ 

CDIO, ʬʦʨʤʠʨʦʚʘʥʠʝ ʫ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʙʝʨʝʞʣʠʚʦʛʦ ʤʳʰʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʚʠʚʘʪʴ ʠʥʥʦʚʘʮʠʦʥʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚʫʟʘ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʠʪʩʷ ʩʦʟʜʘʥʠʝ ʪʝʭʥʦʧʘʨʢʘ, 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʤʘʣʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʘʣʳʤ, ʩʨʝʜʥʠʤ ʠ ʢʨʫʧʥʳʤ ʙʠʟʥʝʩʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʧʦʣʥʝʥʠʷ 

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʜʦʛʦʚʦʨʥʳʭ ʨʘʙʦʪ, ʚʦʚʣʝʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʚ ʨʝʘʣʴʥʳʝ ʧʘʪʝʥʪʥʦ-

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. ɻʫʪʤʘʥ ɺ.ɸ. çʉʫʱʥʦʩʪʴ ʚʩʝʤʠʨʥʦʡ ʠʥʠʮʠʘʪʠʚʳ CDIO ʠ ʦʧʳʪ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʚ 
ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷè // ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ. ï 2013. ï ̄  5. URL: 

http://www.science-education.ru/ru/article/view?id=10149  
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2. ʏʫʯʘʣʠʥ ɸʣʝʢʩʘʥʜʨ ʀʚʘʥʦʚʠʯ. çʆ ʧʨʠʤʝʥʝʥʠʠ ʧʦʜʭʦʜʘ CDIO ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʨʦʚʥʝʚʳʭ ʧʨʦʛʨʘʤʤ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷè // ï 2012 ʛ. Url:https:// 

cyberleninka.ru/article/n/o-primenenii-podhoda-cdio-dlya-proektirovaniya-urovnevyh-

ʨrogramm ïinzhenernogo ï obrazovaniya.  

3. ʐʠʢʘʣʦʚʘ ʉ.ɺ., ɿʦʣʦʪʘʨʝʚʘ ʅ.ʄ., ʋʤʘʨʦʚʘ ɸ.ʖ. çɺʩʝʤʠʨʥʘʷ ʠʥʠʮʠʘʪʠʚʘ CDIO: 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʝʤʠʥʘʨ ʧʦ ʚʦʧʨʦʩʘʤ ʠʥʥʦʚʘʮʠʠ ʠ ʨʝʬʦʨʤʠʨʦʚʘʥʠʶ ʠʥʞʝʥʝʨʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ: ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʩʝʤʠʥʘʨʘè // ʄ. ʀʟʜ. ɼʦʤ ʄʀʉʠʉ, 2011 ʛ. 

 

 

 

ɺɿʃʆʄ WI-FI ɹɽɿ ʇʆʃʔɿʆɺɸʊɽʃɽʁ ɺ AIRCRACK-NG 

 

ʂʘʩʴʷʥʦʚ ɸ.ɸ. 

ʋʥʠʚʝʨʩʠʪʝʪ ʊʫʨʘʥ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʠʝ PMKID ʠ ʧʘʨʦʣʷ ʦʪ ʩʝʪʝʡ ʩʪʘʥʜʘʨʪʘ IEEE 802.11 ʩ 

ʧʨʦʪʦʢʦʣʦʤ ʰʠʬʨʦʚʘʥʠʷ WPA2 ʙʝʟ ʥʘʣʠʯʠʷ ʢʣʠʝʥʪʦʚ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʜʘʥʥʦʡ ʩʝʪʠ. 

 

ʅʘʯʥʸʤ ʩ ʟʘʭʚʘʪʘ ʬʨʝʡʤʦʚ ʩ ʧʦʤʦʱʴʶ hcxdumptool. ʉʤʦʪʨʠʤ ʠʤʷ ʠʥʪʝʨʬʝʡʩʘ ʠ 

ʠʜʝʥʪʠʬʠʢʘʪʦʨʳ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʝʱʘʪʴ  

1 sudo hcxdumptool -I 

ʉ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ kill  ʟʘʚʝʨʰʘʝʤ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʝʰʘʪʴ.  

1 sudo kill  XXXX XXXX  

ʇʝʨʝʚʦʜʠʤ ʠʥʪʝʨʬʝʡʩ ʚ ʨʝʞʠʤ ʤʦʥʠʪʦʨʘ:  

1 

2 

3 

sudo ip link set <ʠʥʪʝʨʬʝʡʩ> down 

sudo iw dev <ʠʥʪʝʨʬʝʡʩ> set monitor control 

sudo ip link set <ʠʥʪʝʨʬʝʡʩ> up 

ʗ ʠʩʧʦʣʴʟʫʶ Wi-Fi ʠʥʪʝʨʬʝʡʩ wlp0s20f0u1, ʘ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶ ʚ ʬʘʡʣ test.pcapng:  

1 sudo hcxdumptool -o test.pcapng -i wlp0s20f0u1 --enable_status 15 

ʇʦʣʫʯʝʥ ʬʘʡʣ test.pcapng, ʵʪʦʪ ʬʘʡʣ ʚ ʬʦʨʤʘʪʝ pcapng ð ʘ aircrack-ng ʥʝ ʧʦʥʠʤʘʝʪ 

ʵʪʦʪ ʬʦʨʤʘʪ, ʧʦʵʪʦʤʫ ʢʦʥʚʝʨʪʠʨʫʝʤ ʝʛʦ ʚ pcap:  

1 tcpdump -r test.pcapng -w test.pcap 

ɹʫʜʝʪ ʩʦʟʜʘʥ ʥʦʚʳʡ ʬʘʡʣ test.pcap, ʘʥʘʣʠʟʠʨʫʝʤ ʝʛʦ ʩ ʧʦʤʦʱʴʶ aircrack-ng:  

1 aircrack-ng test.pcap 

ʇʦʩʢʦʣʴʢʫ ʵʪʦʪ ʬʘʡʣ ʟʘʭʚʘʯʝʥ ʚ çʰʫʤʥʳʭè ʫʩʣʦʚʠʷʭ, ʪʦ ʪʘʤ ʤʥʦʛʦ ʨʘʟʥʳʭ ʬʨʝʡʤʦʚ 

ʠ ʬʨʘʛʤʝʥʪʦʚ ʨʫʢʦʧʦʞʘʪʠʡ, ʥʘʩ ʠʥʪʝʨʝʩʫʶʪ ʩʝʪʠ, ʥʘʧʨʦʪʠʚ ʢʦʪʦʨʳʭ ʝʩʪʴ ʥʘʜʧʠʩʴ çWPA 

(0 handshake, with PMKID)è:  

https://kali.tools/?p=520
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ɼʣʷ ʚʟʣʦʤʘ ʩ ʧʦʤʦʱʴʶ aircrack-ng ʠʩʧʦʣʴʟʫʝʤ ʢʦʤʘʥʜʫ ʚʠʜʘ:  

1 aircrack-ng -w ʧʫʪʴ_ʜʦ_ʩʣʦʚʘʨʷ ʬʘʡʣ_ʟʘʭʚʘʪʘ.pcap 

ɺ ʤʦʸʤ ʩʣʫʯʘʝ:  

1 aircrack-ng -w test.dic test.pcap 

ɿʜʝʩʴ:  

¶ -w test.dic ð ʩʣʦʚʘʨʴ ʜʣʷ ʙʨʫʪ-ʬʦʨʩʘ  

¶ test.pcap ð ʬʘʡʣ ʟʘʭʚʘʪʘ ʩ ʬʨʝʡʤʘʤʠ  

ʗ ʙʫʜʫ ʙʨʫʪ-ʬʦʨʩʠʪʴ ʧʘʨʦʣʴ ʜʣʷ Wi-Fi ʩʝʪʠ Paangoon_2G, ʫʢʘʟʳʚʘʶ ʝʸ ʥʦʤʝʨ:  
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ʋ ʤʝʥʷ ʢʨʦʰʝʯʥʳʡ ʪʝʩʪʦʚʳʡ ʩʣʦʚʘʨʠʢ, ʧʦʵʪʦʤʫ ʷ ʩʨʘʟʫ ʚʟʣʦʤʘʣ ʧʘʨʦʣʴ Wi-Fi, ʦʙ 

ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʜʧʠʩʴ çKEY FOUND!è:  
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ʇʦʜʨʦʙʥʦʩʪʠ ʦ ʚʟʣʦʤʝ ʧʘʨʦʣʝʡ ʚ Aircrack-ng, ʘ ʪʘʢʞʝ ʦ ʪʦʤ, ʢʘʢ ʟʘʧʫʩʢʘʪʴ ʘʪʘʢʠ ʧʦ 

ʤʘʩʢʝ, ʧʦ ʩʣʦʚʘʨʶ ʠ ʚ ʧʘʨʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ ʧʘʨʦʣʝʡ ʤʳ ʚʦʟʤʦʞʥʦ ʨʘʩʩʤʦʪʨʠʤ 

ʚ ʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ.  

ɿʘʭʚʘʪ PMKID ʚ Airodump-ng 

ʊʝʧʝʨʴ ʧʦʧʨʦʙʫʝʤ ʟʘʭʚʘʪʠʪʴ PMKID ʩ ʧʦʤʦʱʴʶ Airodump-ng. ʅʘʧʦʤʥʶ, ʯʪʦ 

PMKID ʩʦʜʝʨʞʠʪʩʷ ʚ ʧʝʨʚʦʤ ʩʦʦʙʱʝʥʠʠ ʨʫʢʦʧʦʞʘʪʠʷ, ʵʪʦ ʩʦʦʙʱʝʥʠʝ ʊʦʯʢʘ ɼʦʩʪʫʧʘ 

ʦʪʧʨʘʚʣʷʝʪ ʚ ʦʪʚʝʪ ʥʘ ʘʩʩʦʮʠʘʮʠʶ ʩ ʥʝʡ.  

ʅʘʤ ʥʫʞʥʦ ʫʟʥʘʪʴ, ʥʘ ʢʘʢʦʤ ʢʘʥʘʣʝ ʨʘʙʦʪʘʝʪ ʮʝʣʝʚʘʷ ʊɼ, ʘ ʪʘʢʞʝ ʝʸ BSSID (MAC-

ʘʜʨʝʩ). ɼʣʷ ʦʙʟʦʨʘ ʵʬʠʨʘ ʤʳ ʟʘʧʫʩʢʘʝʤ airodump-ng:  

 

sudo airodump-ng wlp0s20f0u1 

 

 

 

ʄʝʥʷ ʠʥʪʝʨʝʩʫʝʪ ʙʝʩʧʨʦʚʦʜʥʘʷ ʩʝʪʴ Paangoon_2G, ʦʥʘ ʨʘʙʦʪʘʝʪ ʥʘ ʢʘʥʘʣʝ 9 ʠ ʝʸ 

MAC-ʘʜʨʝʩ 40:3D:EC:C2:72:B8.  

ɺʥʦʚʴ ʟʘʧʫʩʢʘʝʤ airodump-ng, ʩ ʦʧʮʠʝʡ ïchannel ʫʢʘʟʳʚʘʝʤ ʞʝʣʘʝʤʳʡ ʢʘʥʘʣ, ʘ ʩ 

ʦʧʮʠʝʡ -w ʫʢʘʟʳʚʘʝʤ ʬʘʡʣ ʜʣʷ ʟʘʧʠʩʠ ʟʘʭʚʘʯʝʥʥʳʭ ʨʘʜʠʦ ʬʨʝʡʤʦʚ:  

1 sudo airodump-ng wlp0s20f0u1 --channel 9 -w cap2 

ʊʝʧʝʨʴ ʥʫʞʥʦ ʘʩʩʦʮʠʠʨʦʚʘʪʴʩʷ ʩ ʪʦʯʢʦʡ ʜʦʩʪʫʧʘ. ɼʣʷ ʵʪʦʛʦ ʷ ʧʨʦʙʦʚʘʣ ʠʩʧʦʣʴʟʦʚʘʪʴ 

aireplay-ng, ʥʦ ʵʪʘ ʧʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʘʩʩʦʮʠʘʮʠʶ ʪʦʣʴʢʦ ʜʣʷ WEP ʠ ʥʝ ʨʘʙʦʪʘʝʪ ʩ 

WPA (ʦʰʠʙʢʘ Denied (code 12), wrong ESSID or WPA).  

 

https://kali.tools/?p=411
https://kali.tools/?p=483
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ɸʩʩʦʮʠʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʜʢʣʶʯʠʪʴʩʷ ʢ ʵʪʦʡ 

ʪʦʯʢʠ ʜʦʩʪʫʧʘ, ʪʦ ʝʩʪʴ ʩ ʜʨʫʛʦʡ ʙʝʩʧʨʦʚʦʜʥʦʡ ʢʘʨʪʳ ʤʦʞʥʦ ʥʘʯʘʪʴ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʪʦʯʢʝ 

ʜʦʩʪʫʧʘ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʫʜʘʸʪʩʷ ʟʘʭʚʘʪʠʪʴ PMKID, ʧʨʘʚʜʘ ʚʤʝʩʪʝ ʩ 

ʨʫʢʦʧʦʞʘʪʠʝʤ. ʆʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʩʪʨʦʢʘ çWPA (1 handshake, with PMKID)è.  

ʄʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴʩʷ, ʥʘʧʨʠʤʝʨ, ʯʝʨʝʟ Network Manager ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʜʨʫʛʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʠʣʠ ʪʝʣʝʬʦʥʘ, ʧʘʨʦʣʴ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʣʶʙʦʡ. ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʠʟ ʢʦʤʘʥʜʥʦʡ 

ʩʪʨʦʢʠ, ʩʦʟʜʘʡʪʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ (ʟʘʤʝʥʠʪʝ ʜʘʥʥʳʝ ʥʘ ʩʚʦʠ): 

  

1 wpa_passphrase "Paangoon_2G" 22222222 > Paangoon_2G.conf 

ɿʜʝʩʴ:  

¶ "Paangoon_2G" ð ʠʤʷ ʠʥʪʝʨʝʩʫʶʱʝʡ ʤʝʥʷ ʩʝʪʠ  

¶ 22222222 ð ʧʨʦʠʟʚʦʣʴʥʳʡ ʧʘʨʦʣʴ (ʥʝ ʤʝʥʝʝ 8 ʩʠʤʚʦʣʦʚ)  

¶ Paangoon_2G.conf ð ʠʤʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ.  

ɼʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʧʦʣʥʠʪʝ:  

1 sudo wpa_supplicant -i wlo1 -c Paangoon_2G.conf -d 

ɿʜʝʩʴ:  

¶ -i wlo1 ð ʠʤʷ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ  

¶ -c Paangoon_2G.conf ð ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ  

¶ -d ð ʦʧʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʧʦʢʘʟ ʩʦʦʙʱʝʥʠʡ ʦʪʣʘʜʢʠ  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʬʘʡʣʘ:  

1 aircrack-ng cap2-01.cap 
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ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ PMKID (ʯʪʦʙʳ ʜʣʷ ʙʨʫʪʬʦʨʩʘ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʭʝʥʜʰʝʡʢ ʩ 

ʟʘʚʝʜʦʤʦ ʥʝʚʝʨʥʳʤ ʧʘʨʦʣʝʤ), ʦʪʢʨʦʝʤ ʵʪʦʪ ʬʘʡʣ ʚ Wireshark:  

1 wireshark-gtk cap2-01.cap 

ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʪʦʣʴʢʦ ʥʫʞʥʳʭ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤ ʩʣʝʜʫʶʱʠʡ ʬʠʣʴʪʨ (ʟʘʤʝʥʠʪʝ 

40:3D:EC:C2:72:B8 ʥʘ ʠʥʪʝʨʝʩʫʶʱʫʶ ʚʘʩ ʪʦʯʢʫ ʜʦʩʪʫʧʘ):  

 

1 
(wlan.fc.type_subtype == 0x08 || wlan.fc.type_subtype == 0x05 || (eapol && 

wlan.rsn.ie.pmkid)) && wlan.addr==40:3D:EC:C2:72:B8 

ɿʘʛʣʷʥʠʪʝ ʚ ʧʝʨʚʦʝ ʩʦʦʙʱʝʥʠʝ ʨʫʢʦʧʦʞʘʪʠʷ ʠ ʫʙʝʜʠʪʝʩʴ, ʯʪʦ ʪʘʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʧʨʠʩʫʪʩʪʚʫʝʪ PMKID:  

 
 

 

ʊʝʧʝʨʴ ʩ ʧʦʤʦʱʴʶ CTRL+m  ʚʳʜʝʣʠʪʝ ʥʫʞʥʳʝ ʧʘʢʝʪʳ (Beacon ʠ Message 1):  

 

 
 

ʀ ʚ ʤʝʥʶ File ʚʳʙʝʨʠʪʝ Export Specified Packets. ɺʚʝʜʠʪʝ ʠʤʷ ʬʘʡʣʘ ʠ ʧʦʩʪʘʚʴʪʝ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʥʘ Marked packets only. 

https://kali.tools/?p=1407
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ʗ ʩʦʭʨʘʥʠʣ ʵʪʠ ʜʚʘ ʬʨʝʡʤʘ ʚ ʬʘʡʣ extracted.pcap, ʧʨʦʚʝʨʷʶ ʬʘʡʣ:  

 

1 aircrack-ng extracted.pcap 

  

 

 
 

ʆʪʣʠʯʥʦ: ʭʝʥʜʰʝʡʢʦʚ ð 0, ʟʘʪʦ ʝʩʪʴ PMKID, ʦʙ ʵʪʦʤ ʛʦʚʦʨʠʪ ʫʞʝ ʟʥʘʢʦʤʘʷ ʥʘʤ 

ʩʪʨʦʢʘ çWPA (0 handshake, with PMKID)è.  

ʄʦʞʥʦ ʚʥʦʚʴ ʟʘʧʫʩʪʠʪʴ ʪʝʩʪʦʚʳʡ ʚʟʣʦʤ:  

 

1 aircrack-ng -w test.dic extracted.pcap 

ɺʥʦʚʴ ʧʘʨʦʣʴ ʫʩʧʝʰʥʦ ʚʟʣʦʤʘʥ:  

 

 
 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ aircrack-ng ʚʟʣʘʤʳʚʘʪʴ Wi-Fi 

ʧʘʨʦʣʴ ʠʟ PMKID, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ airodump-ng ʧʝʨʝʭʚʘʪʳʚʘʪʴ PMKID. ʊʦ ʝʩʪʴ ʚ 

ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʙʝʟ hashcat.  

 

ʃʠʪʝʨʘʪʫʨʘ 

1. The Hacker Playbook 3: Practical Guide To Penetration Testing 

 

https://kali.tools/?p=520
https://kali.tools/?p=411
https://kali.tools/?p=578
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ʆʇʈɽɼɽʃɽʅʀɽ ʆʇʊʀʄɸʃʔʅʆɻʆ ʈɸɿɹʀɽʅʀʗ ʕʃɽʄɽʅʊʆɺ ʄɸʊʈʀʎ ʇʈʀ 

ʇɸʈɸʃʃɽʃʔʅʆʄ ʋʄʅʆɾɽʅʀʀ ʅɸ ɻɽʊɽʈʆɻɽʅʅʓʍ ʇʈʆʎɽʉʉʆʈɸʍ 

 

ʂʣʶʝʚʘ ɽ.ɻ.1, ʗʚʦʨʩʢʠʡ ɺ.ɺ.1, ɸʜʘʤʦʚ ɸ.ɸ.2 
1ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʭʩʪʘʥ 

2ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ, ʂʘʟʘʭʩʪʘʥ 

e-mail:  e.klyueva@kstu.kz, yavorskiy-v-v@mail.ru, adam1955@mail.ru 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ 

ʨʘʟʙʠʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʦʧʝʨʘʮʠʠ ʠʭ ʧʝʨʝʤʥʦʞʝʥʠʷ ʥʘ ʪʨʝʭ ʘʙʩʪʨʘʢʪʥʳʭ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ. ʆʧʪʠʤʘʣʴʥʦʩʪʴ ʬʦʨʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʣʷ ʧʷʪʠ ʢʣʘʩʩʦʚ ʘʣʛʦʨʠʪʤʦʚ. 

ɼʣʷ ʦʮʝʥʢʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʍʦʢʥʠ. 

  

ʇʨʠʤʝʥʝʥʠʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʚʳʟʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʦʙʳʯʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʕɺʄ, ʥʦ ʠ ʥʘʣʠʯʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ [1]. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʢ ʪʘʢʠʤ ʟʘʜʘʯʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʙʦʪʫ ʩ ʤʘʪʨʠʮʘʤʠ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʡ ʞʠʪʝʣʝʡ 

ʛʦʨʦʜʘ, ʢʦʪʦʨʳʝ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʦʩʥʦʚʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʝʨʝʜʚʠʞʝʥʠʷʭ ʠ ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ.  

ʆʨʛʘʥʠʟʘʮʠʷ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʡ, ʢʦʛʜʘ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʚʳʧʦʣʥʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʦʧʝʨʘʮʠʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚ 

ʦʩʥʦʚʥʦʤ, ʚʚʝʜʝʥʠʝʤ ʠʟʙʳʪʦʯʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʦʩʪʠ). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʝʰʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʟʘʜʘʯʠ, ʝʩʣʠ 

ʦʩʫʱʝʩʪʚʠʪʴ ʨʘʟʜʝʣʝʥʠʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʘʣʛʦʨʠʪʤʘ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʯʘʩʪʠ 

ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʢʘʞʜʦʡ ʯʘʩʪʠ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ. ʇʦʜʦʙʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʯʠʩʣʝʥʠʷ ʩ ʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʚʨʝʤʝʥʠ, 

ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʯʠʩʣʦʤ 

ʠʤʝʶʱʠʭʩʷ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʢʦʣʠʯʝʩʪʚʦʤ "ʥʝʟʘʚʠʩʠʤʳʭ" ʯʘʩʪʝʡ ʚ ʚʳʧʦʣʥʷʝʤʳʭ 

ʚʳʯʠʩʣʝʥʠʷʭ. 

ʆʙʱʝʧʨʠʟʥʘʥʥʦ, ʯʪʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ (ʤʥʦʛʦʷʜʝʨʥʳʭ) 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʦʪ ʧʨʦʛʨʘʤʤʠʩʪʘ 

ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʙʦʣʴʰʠʭ ʪʨʫʜʦʟʘʪʨʘʪ. 

ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ, ʯʪʦ ʫ ʥʘʩ ʠʤʝʝʪʩʷ ʧʨʦʛʨʘʤʤʘ, ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʤʝʞʜʫ ʤʥʦʞʝʩʪʚʦʤ 

ʧʨʦʮʝʩʩʦʨʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʛʨʘʤʤʳ, ʚʳʧʦʣʥʷʶʱʝʡʩʷ ʥʘ ʦʜʥʦʤ 

ʧʨʦʮʝʩʩʦʨʝ, ʚʦʟʥʠʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ: 

- ʨʘʚʥʦʤʝʨʥʘʷ ʟʘʛʨʫʟʢʘ ʧʨʦʮʝʩʩʦʨʦʚ, ʪ.ʢ. ʝʩʣʠ ʦʩʥʦʚʥʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʥʘʛʨʫʟʢʘ 
ʙʫʜʝʪ ʚʦʟʣʦʞʝʥʘ ʪʦʣʴʢʦ ʥʘ ʯʘʩʪʴ ʠʟ ʥʠʭ, ʪʦ ʫʤʝʥʴʰʠʪʩʷ ʚʳʠʛʨʳʰ ʦʪ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ;  

- ʧʨʦʙʣʝʤʘ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ 

ʩʚʷʟʷʤʠ; 

- ʧʨʦʙʣʝʤʘ ʯʘʩʪʠʯʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʝʡʩʪʚʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʨʦʛʨʘʤʤʦʡ ʥʘ 
ʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ; 

- ʧʨʦʙʣʝʤʘ ʵʬʬʝʢʪʠʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ ʩʨʝʜʠ ʟʘʜʘʯ, ʪ.ʢ. ʝʩʣʠ 
ʚʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ, ʘ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʥʠʟʢʘʷ, ʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʪʨʘʪʠʪʴʩʷ ʥʘ ʦʞʠʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʡ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʩʩʦʨʘʭ ʚʦʟʴʤʝʤ 

ʦʧʝʨʘʮʠʶ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ. 

mailto:e.klyueva@kstu.kz
mailto:yavorskiy-v-v@mail.ru
mailto:adam1955@mail.ru
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ʇʨʠ ʧʝʨʝʤʥʦʞʝʥʠʠ ʤʘʪʨʠʮ ʥʘ ʦʜʥʦʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ ʝʩʪʴ ʦʜʥʦʟʥʘʯʥʳʭ ʦʪʚʝʪ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʜʝʡʩʪʚʠʷ. ʂʦʛʜʘ ʞʝ ʨʝʯʴ ʠʜʝʪ ʦ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ, 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʝʪ, ʠ ʚʦʧʨʦʩ ʦ ʨʘʮʠʦʥʘʣʴʥʦʤ ʤʝʪʦʜʝ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʦʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ. 

ʇʨʦʙʣʝʤʘ ʨʘʟʙʠʝʥʠʷ ʜʘʥʥʳʭ ʧʨʠ ʧʘʨʘʣʣʝʣʴʥʦʤ ʧʝʨʝʤʥʦʞʝʥʠʠ ʤʘʪʨʠʮ ʥʘ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʨʘʭ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ [2, 3, 4, 5]. ʆʜʥʘʢʦ ʚ ʜʘʥʥʳʭ ʨʘʙʦʪʘʭ ʥʝ 

ʙʳʣʘ ʫʯʪʝʥʘ ʨʘʟʥʠʮʘ ʧʨʦʧʫʩʢʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʩʝʪʝʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʇʨʦʠʟʚʝʜʝʥʠʝ ʤʘʪʨʠʮ AB ʩʦʩʪʦʠʪ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʢʘʣʷʨʥʳʭ 

ʧʨʦʠʟʚʝʜʝʥʠʡ ʚʝʢʪʦʨ-ʩʪʨʦʢ ʤʘʪʨʠʮʳ A ʠ ʚʝʢʪʦʨ-ʩʪʦʣʙʮʦʚ ʤʘʪʨʠʮʳ B. ʕʣʝʤʝʥʪ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ AB ʩ ʠʥʜʝʢʩʘʤʠ i, j ʝʩʪʴ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ i-ʦʡ ʚʝʢʪʦʨ-

ʩʪʨʦʢʠ ʤʘʪʨʠʮʳ A ʠ j-ʛʦ ʚʝʢʪʦʨ-ʩʪʦʣʙʮʘ ʤʘʪʨʠʮʳ B. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ 

ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮʳ A ʥʘ ʤʘʪʨʠʮʫ B. 

 
 

ʈʠʩ. 1. ʋʤʥʦʞʝʥʠʝ ʤʘʪʨʠʮʳ ɸ ʥʘ ʤʘʪʨʠʮʫ B 

 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʙʫʜʝʤ ʫʤʥʦʞʘʪʴ ʢʚʘʜʨʘʪʥʳʝ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʥʦʩʪʴʶ NĬN. 

ɼʣʷ ʦʮʝʥʢʠ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʴ ʍʦʢʥʠ, ʚ 

ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʝʪʩʷ ʟʘʜʝʨʞʢʘ (ʣʘʪʝʥʪʥʦʩʪʴ) ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ:  

 

 
(1) 

 

ɺʳʙʨʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʘʞʥʦʩʪʴ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ ʩʘʤʠʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʫʤʥʦʞʝʥʠʷ, ʠ ʪʘʢʞʝ ʙʫʜʝʪ ʚʣʠʷʪʴ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʡ ʬʦʨʤʳ ʨʘʟʜʝʣʦʚ ʜʘʥʥʳʭ.  

ʉʫʱʝʩʪʚʫʝʪ ʧʷʪʴ ʛʨʫʧʧ ʘʣʛʦʨʠʪʤʦʚ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ: 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʙʘʨʴʝʨʦʤ (Serial Communication with Barrier 

(SCB)); 

- ʧʘʨʘʣʣʝʣʴʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʙʘʨʴʝʨʦʤ (Parallel Communication with Barrier 

(PCB)); 

- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʤʘʩʩʦʚʳʤ ʧʝʨʝʢʨʳʪʠʝʤ (Serial Communication 

with Bulk Overlap (SCO)); 

- ʧʘʨʘʣʣʝʣʴʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʤʘʩʩʦʚʳʤ ʧʝʨʝʢʨʳʪʠʝʤ (Parallel Communication with 

Overlap (PCO)); 

- ʧʘʨʘʣʣʝʣʴʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ (Parallel Interleaving Overlap (PIO)). 

ʇʝʨʚʳʝ ʜʚʘ ʘʣʛʦʨʠʪʤʘ ʦʩʥʦʚʘʥʳ ʥʘ ʠʜʝʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʨʦʚ ʩ ʙʘʨʴʝʨʦʤ, ʪʦ 

ʝʩʪʴ ʚʩʝ ʧʨʦʮʝʩʩʦʨʳ ʦʪʧʨʘʚʣʷʶʪ ʠ ʧʦʣʫʯʘʶʪ ʚʩʝ ʜʘʥʥʳʝ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ 

(ʙʘʨʴʝʨʘ), ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʥʘʯʠʥʘʪʴ ʚʳʯʠʩʣʝʥʠʷ. 

ʈʘʟʣʠʯʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʠ ʧʘʨʘʣʣʝʣʴʥʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ ʙʘʨʴʝʨʦʤ. 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʙʘʨʴʝʨʦʤ (SCB) - ʵʪʦ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ 

ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ, ʚ ʢʦʪʦʨʳʭ ʚʩʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʢʘʞʜʳʤ ʧʨʦʮʝʩʩʦʨʦʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ ʩʚʷʟʴ ʟʘʚʝʨʰʘʝʪʩʷ ʤʝʞʜʫ ʚʩʝʤʠ ʧʨʦʮʝʩʩʦʨʘʤʠ, ʜʝʣʘʝʪ 

ʚʳʯʠʩʣʝʥʠʝ ʧʨʦʭʦʜʠʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ ʢʘʞʜʦʤ ʧʨʦʮʝʩʩʦʨʝ (ʨʠʩ.2 ʘ). 

ʇʘʨʘʣʣʝʣʴʥʘʷ ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʙʘʨʴʝʨʦʤ (PCB) ï ʵʪʦ ʘʣʛʦʨʠʪʤ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ, 

ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʜʘʥʥʳʝ ʧʦʩʳʣʘʶʪʩʷ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ ʧʘʨʘʣʣʝʣʴʥʦ, ʠ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟ 

ʟʘʚʝʨʰʘʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ, ʯʪʦʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʚʩʝ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦ 

ʥʘ ʢʘʞʜʦʤ ʧʨʦʮʝʩʩʦʨʝ (ʨʠʩ.2 ʙ).  

 

 
ʘ)                                                              ʙ) 

 

ʈʠʩ. 2. ɸʣʛʦʨʠʪʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ (ʘ) ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ (ʙ) ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʙʘʨʴʝʨʦʤ 

 

ʆʩʪʘʚʰʠʝʩʷ ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʧʳʪʘʶʪʩʷ ʥʘʢʣʘʜʳʚʘʪʴ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʚʳʯʠʩʣʝʥʠʷ, ʛʜʝ 

ʵʪʦ ʚʦʟʤʦʞʥʦ, ʚ ʮʝʣʷʭ ʩʦʢʨʘʱʝʥʠʷ ʦʙʱʝʛʦ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ.  

ɺ ʘʣʛʦʨʠʪʤʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʥʘʣʦʞʝʥʠʝʤ (SCO) ʚʩʝ ʜʘʥʥʳʝ 

ʧʝʨʝʜʘʶʪʩʷ ʧʨʦʮʝʩʩʦʨʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʘʨʘʣʣʝʣʴʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚʳʯʠʩʣʝʥʠʝ 

ʵʣʝʤʝʥʪʦʚ, ʥʝ ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʚ ʦʙʤʝʥʝ. ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʦʧʝʨʘʮʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʣʴʢʦ 

ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʥʘʣʦʞʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ (ʨʠʩ.3 ʘ). 

ɸʣʛʦʨʠʪʤ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʧʘʨʘʣʣʝʣʴʥʳʤ ʥʘʣʦʞʝʥʠʝʤ (PCO) ʟʘʚʝʨʰʘʝʪ ʚʩʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʦ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʯʠʩʣʷʷ ʪʝ ʨʘʟʜʝʣʳ ʤʘʪʨʠʮʳ C, ʢʦʪʦʨʳʝ ʥʝ 

ʪʨʝʙʫʶʪ ʤʝʞʧʨʦʮʝʩʩʦʨʥʦʡ ʩʚʷʟʠ. ʂʘʢ ʪʦʣʴʢʦ ʜʘʥʥʳʝ ʦʧʝʨʘʮʠʠ ʟʘʚʝʨʰʘʶʪʩʷ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʚʳʯʠʩʣʝʥʠʡ (ʨʠʩ.3 ʙ). 

 

 
ʘ)                                                              ʙ) 

 

ʈʠʩ.3. ɸʣʛʦʨʠʪʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ (ʘ) ʠ ʧʘʨʘʣʣʝʣʴʥʦʡ (ʙ) ʢʦʤʤʫʥʠʢʘʮʠʷ ʩ ʥʘʣʦʞʝʥʠʝʤ 
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ɸʣʛʦʨʠʪʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ ʩ ʥʘʣʦʞʝʥʠʝʤ (PIO), ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʨʝʜʳʜʫʱʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʤʘʩʩʦʚʫʶ ʢʦʤʤʫʥʠʢʘʮʠʶ. ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ 

ʧʦʩʳʣʘʶʪʩʷ ʜʘʥʥʳʝ (ʩʪʨʦʢʘ ʠ ʩʪʦʣʙʝʮ ʠʣʠ Ë ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʦʮʝʩʩʦʨʦʤ(ʘʤʠ) ʜʣʷ ʚʩʝʭ ʧʨʦʮʝʩʩʦʨʘ(ʦʚ), ʪʨʝʙʫʶʱʠʭ ʵʪʠ ʵʣʝʤʝʥʪʦʚ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʧʘʨʘʣʣʝʣʴʥʦ, ʚʩʝ ʧʨʦʮʝʩʩʦʨʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʳʯʠʩʣʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ 

ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʧʨʝʜʳʜʫʱʝʤ ʰʘʛʝ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʧʝʨʝʤʥʦʞʝʥʠʠ ʤʘʪʨʠʮ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʫʶ ʯʘʩʪʴ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ ʙʫʜʝʪ ʚʳʯʠʩʣʷʪʴ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʧʨʦʮʝʩʩʦʨ. ɺ ʨʘʙʦʪʝ [4] ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʧʪʠʤʘʣʴʥʳʝ ʬʦʨʤʳ ʨʘʟʜʝʣʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ: 

1. çSquare Cornerè (SC) (ʨʠʩ.4 ʘ); 

2. çRectangle Cornerè (RC) (ʨʠʩ.4 ʙ); 

3. çSquare Rectangleè (SR) (ʨʠʩ.4 ʚ); 

4. çBlock 2D Rectangularè (BR) (ʨʠʩ.4 ʛ); 

5. çL Rectangularè (LR) (ʨʠʩ.4 ʜ). 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʬʦʨʤʳ: 

 

 
 

ʘ)                      ʙ)                     ʚ)                    ʛ)                       ʜ) 

 

ʈʠʩ. 4. ʌʦʨʤʳ ʨʘʟʜʝʣʝʥʠʷ ʚʳʯʠʩʣʝʥʠʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʤʘʪʨʠʮʳ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ. 

 

ʇʨʦʮʝʩʩʦʨʳ P, R ʠ S ʦʢʨʘʰʝʥʳ ʚ ʙʝʣʳʡ, ʩʝʨʳʡ ʠ ʯʸʨʥʳʡ ʮʚʝʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʦʱʥʦʩʪʷʤ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʝʥʳ ʦʪʥʦʰʝʥʠʝʤ Pr: 

Rr:  Sr, ʛʜʝ P ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʤʦʱʥʳʤ ʧʨʦʮʝʩʩʦʨʦʤ ʠ Sr = 1. T = Pr + Rr + Sr. 

ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [4] ʥʝ ʙʳʣʘ ʫʯʪʝʥʘ ʣʘʪʝʥʪʥʦʩʪʴ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʃʘʪʝʥʪʥʦʩʪʴ - ʟʘʜʝʨʞʢʘ ʠʣʠ ʦʞʠʜʘʥʠʝ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʝʪ ʨʝʘʣʴʥʦʝ ʚʨʝʤʷ ʦʪʢʣʠʢʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʞʠʜʘʝʤʳʤ. ʆʥʘ ʧʦʷʚʣʷʝʪʩʷ ʚ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʦʜʠʥ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʭʦʯʝʪ ʧʝʨʝʜʘʪʴ ʜʘʥʥʳʝ ʜʨʫʛʦʤʫ ʵʣʝʤʝʥʪʫ. ʃʘʪʝʥʪʥʦʩʪʴ ʧʨʠʩʫʱʘ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʦʢʘʟʘʪʝʣʴ ʣʘʪʝʥʪʥʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʫʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʙʩʪʨʘʢʪʥʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʦʨʘ. ɺ ʨʘʙʦʪʘʭ [2, 3] ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʥʷʪʠʝ 

ʘʙʩʪʨʘʢʪʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ, ʢʦʪʦʨʦʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʦʙʲʝʤʝ 

ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʦʙʲʝʤʝ ʚʳʯʠʩʣʝʥʠʡ, ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʥʦʞʝʩʪʚʘ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʜʘʞʝ ʮʝʣʳʭ ʢʣʘʩʪʝʨʦʚ ʜʣʷ ʤʘʪʨʠʯʥʳʭ 

ʚʳʯʠʩʣʝʥʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʮʝʩʩʦʨʳ P, R ʠ S ʦʙʲʝʜʠʥʝʥʳ ʧʦʣʥʦʩʚʷʟʥʦʡ ʪʦʧʦʣʦʛʠʝʡ, ʩ 

ʧʨʦʧʫʩʢʥʳʤʠ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʩʝʪʠ ʧʝʨʝʜʘʯʠ ɼ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ P ʠ S, ɼ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʦʨʘʤʠ P ʠ R, ɼ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ S ʠ R. 

ɼʣʷ ʘʥʘʣʠʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʝʨʝʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ ʥʘ ʪʨʝʭ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʨʘʭ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʍʦʢʥʠ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 

- ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʧʨʦʮʝʩʩʦʨʦʚ; 
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- ʣʘʪʝʥʪʥʦʩʪʴ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ; 

- ʨʘʟʤʝʨʥʦʩʪʴ ʤʘʪʨʠʮ; 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘ ʨʘʩʩʯʠʪʳʚʘʝʪ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʫʤʥʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʨʘʟʙʠʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʘʪʨʠʮ 

ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ. ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʧʝʨʝʤʥʦʞʝʥʠʷ 

ʤʘʪʨʠʮ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʩ ʫʯʝʪʦʤ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ʫʤʥʦʞʝʥʠʷ ʠ ʬʦʨʤʳ ʨʘʟʙʠʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

 

 
 

ʈʠʩ. 5. ɻʨʘʬʠʢ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʝʨʝʤʥʦʞʝʥʠʷ ʤʘʪʨʠʮ 

 

ɸʥʘʣʠʟʠʨʫʷ ʛʨʘʬʠʢ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ ʚ ʰʝʩʪʠ ʩʣʫʯʘʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ: 

1) ʘʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʙʘʨʴʝʨʦʤ ʠ ʬʦʨʤʦʡ Square Corner;  

2) ʘʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʙʘʨʴʝʨʦʤ ʠ ʬʦʨʤʦʡ Block 2D 

Rectangular; 

3) ʘʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʙʘʨʴʝʨʦʤ ʠ ʬʦʨʤʦʡ L Rectangular; 

4) ʘʣʛʦʨʠʪʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʙʘʨʴʝʨʦʤ ʠ ʬʦʨʤʦʡ Square 

Rectangle; 

6) ʘʣʛʦʨʠʪʤ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʙʘʨʴʝʨʦʤ ʠ ʬʦʨʤʦʡ Square Corner; 

7) ʘʣʛʦʨʠʪʤ ʧʘʨʘʣʣʝʣʴʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʙʘʨʴʝʨʦʤ ʠ ʬʦʨʤʦʡ Block 2D Rectangular. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʨʦʝʢʪʫ ɸʈ05133699 çʀʩʩʣʝʜʦʚʘʥʠʝ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʦ-ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʠʙʝʨ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʛʦʨʦʜʘè ʠʥʩʪʠʪʫʪʘ 

ʀɺʊ ʂʅ ʄʆʅ ʈʂ. 
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ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢ ʧʨʦʮʝʩʩʘʤ ʬʣʦʪʘʮʠʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ. ʇʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚʦ ʬʣʦʪʘʮʠʦʥʥʳʭ ʤʘʰʠʥʘʭ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʭʦʜʥʳʝ, ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʚʦʟʤʫʱʘʶʱʠʝʩʷ ʚʦʟʜʝʡʩʪʚʠʷ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʵʢʩʧʝʨʪʥʫʶ ʙʘʟʫ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ. ʇʦʢʘʟʘʥʦ, ʢʘʢ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʣʝʞʝʥʠʷ ʟʘ 

ʧʨʦʮʝʩʩʦʤ ʬʣʦʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʬʦʨʤʘ Experion 

PKS. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʝʥʥʘʷ ʬʣʦʪʘʮʠʷ, ʪʝʭʥʦʣʦʛʠʷ 

ʬʣʦʪʘʮʠʠ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ Experion PKS. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʬʣʦʪʘʮʠʠ ï 

ʧʨʦʮʝʩʩʘʤʠ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʟʙʠʨʘʪʝʣʴʥʦʤ 

ʧʨʠʣʠʧʘʥʠʠ ʯʘʩʪʠʮ ʤʠʥʝʨʘʣʦʚ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʢ ʚʦʟʜʫʰʥʳʤ ʧʫʟʳʨʴʢʘʤ, ʷʚʣʷʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ. ʂ ʧʨʦʮʝʩʩʘʤ ʧʝʥʥʦʡ ʬʣʦʪʘʮʠʝʡ ʦʪʥʦʩʠʪʩʷ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʛʠʜʨʦʬʦʙʥʳʝ (ʥʝ ʩʤʘʯʠʚʘʝʤʳʝ ʚʦʜʦʡ) ʯʘʩʪʠʮʳ ʧʦʣʝʟʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʣʠʧʘʶʪ ʢ 

ʚʚʦʜʠʤʳʤ ʚ ʧʫʣʴʧʫ ʧʫʟʳʨʴʢʘʤ ʚʦʟʜʫʭʘ ʠ ʧʦʜʥʠʤʘʶʪʩʷ ʩ ʥʠʤʠ ʢʚʝʨʭʫ, ʦʙʨʘʟʫʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʣʴʧʳ ʦʙʦʛʘʱʝʥʥʳʡ ʧʝʥʥʳʡ ʩʣʦʡ, ʘ ʛʠʜʨʦʬʠʣʴʥʳʝ (ʩʤʘʯʠʚʘʝʤʳʝ ʚʦʜʦʡ) 

ʯʘʩʪʠʮʳ ʧʦʨʦʜʳ ʦʩʪʘʶʪʩʷ ʚʟʚʝʰʝʥʥʳʤʠ ʚ ʧʫʣʴʧʝ ʠ ʥʘʧʨʘʚʣʷʶʪʩʷ ʚ ʢʘʤʝʨʥʳʡ ʧʨʦʜʫʢʪ. 

ʇʝʥʥʳʡ ʩʣʦʡ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʧʫʣʴʧʳ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʦʚ. 

ɺ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʬʣʦʪʘʮʠʠ ʣʝʞʠʪ ʩʚʦʡʩʪʚʦ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʬʣʦʪʘʮʠʦʥʥʳʤʠ ʨʝʘʛʝʥʪʘʤʠ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘ ʚʦʟʜʫʰʥʳʭ ʧʫʟʳʨʴʢʘʭ. ɼʝʡʩʪʚʠʝ 

ʨʝʘʛʝʥʪʦʚ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʚʳʰʝʥʠʝ ʬʣʦʪʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʜʥʠʭ ʯʘʩʪʠʮ ʠ 

ʧʦʥʠʞʝʥʠʝ ʝʝ ʫ ʜʨʫʛʠʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʣʴʧʳ ʦʙʨʘʟʫʝʪʩʷ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʧʝʥʘ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ. ʆʩʥʦʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʷʚʣʷʶʪʩʷ ʬʣʦʪʘʮʠʦʥʥʳʝ ʤʘʰʠʥʳ [1]. 

ʅʘ ʬʣʦʪʘʮʠʶ ʧʦʩʪʫʧʘʝʪ ʧʫʣʴʧʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʘʷ ʨʷʜʦʤ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʝʝ 

ʧʦʚʝʜʝʥʠʝ ʚʦ ʬʣʦʪʘʮʠʦʥʥʦʡ ʢʘʤʝʨʝ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ 
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ʩʦʩʪʘʚʦʤ, ʪʘʢ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʚ ʧʨʦʮʝʩʩʘʭ ʜʨʦʙʣʝʥʠʷ, ʠʟʤʝʣʴʯʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʚ ʢʦʥʪʘʢʪʥʳʭ ʯʘʥʘʭ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʮʝʩʩ ʬʣʦʪʘʮʠʠ [2]. 

ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚʦ ʬʣʦʪʦʤʘʰʠʥʘʭ, ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ 

ʚʭʦʜʥʳʝ, ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʘʢʞʝ ʚʦʟʤʫʱʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ: ʧʣʦʪʥʦʩʪʴ ʧʫʣʴʧʳ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʠʦʥʦʚ ʤʝʜʠ ʚ 

ʧʫʣʴʧʝ, ʨʘʩʭʦʜ ʢʩʘʥʪʦʛʝʥʘʪʘ, ʨʘʩʭʦʜ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ, ʨʘʩʭʦʜ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʫʨʦʚʝʥʴ 

ʧʫʣʴʧʳ, ʩʪʝʧʝʥʴ ʘʵʨʘʮʠʠ ʧʫʣʴʧʳ. 

ɺʦʟʤʫʱʘʶʱʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ ʷʚʣʷʶʪʩʷ: Ŭ ï ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʨʫʜʝ, 

ʬʣʦʪʠʨʫʝʤʦʩʪʴ ʩʳʨʴʷ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʙʦʛʘʱʝʥʠʷ.  

ɺr ʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʚʣʷʶʪʩʷ: ‍ ï ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ, ‎ ï 
ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʭʚʦʩʪʘʭ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ, ʚʳʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ, ʚʳʭʦʜ 

ʭʚʦʩʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʧʦʢʘʟʘʪʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʬʫʥʢʮʠʠ, ʚʳʯʠʩʣʷʝʤʳʝ ʧʦ ʧʨʦʩʪʳʤ ʧʦʢʘʟʘʪʝʣʷʤ. ʊʘʢʦʡ ʬʫʥʢʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʠʟʚʣʝʯʝʥʠʝ: 

x Ͻ  .                                                               (1) 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʤʝʥʷʶʪʩʷ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʩʣʫʯʘʡʥʳʝ ʬʫʥʢʮʠʠ. ɺʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʨʫʯʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʪʘʢʞʝ ʠʟʤʝʥʷʶʪʩʷ.  

ʇʦʣʫʯʠʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʬʣʦʪʘʮʠʠ ʦʯʝʥʴ ʪʨʫʜʥʦ ʠ 

ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʕʪʦ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʨʠʩʫʥʦʢ 1). 

 

 
 

ʈʠʩ. 1 ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʬʣʦʪʘʮʠʠ 

 

ɼʣʷ ʜʘʥʥʦʡ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʬʣʦʪʘʮʠʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʪʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ (ʪʘʙʣʠʮʘ 1). 
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ʊʘʙʣʠʮʘ 1. ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʬʣʦʪʘʮʠʠ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ  

 

 ̄ ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 
ʨʅ ʚʳʰʝ ʧʦ 

ʪʝʯʝʥʠʶ 

ɼʦʙʘʚʣʝʥʦ 

CuSO4 
ʋʨʦʚʝʥʴ ʧʫʣʴʧʳ 

ʉʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 

ʚʦʟʜʫʭʘ 

1 
341.04934692382

8 

10.820512771606

4 

7.9956045150756

8 

24.443470001220

7 

2.8021976947784

4 

2 
341.04934692382

8 

10.820512771606

4 

7.9956045150756

8 

24.443470001220

7 

2.8021976947784

4 

3 
274.27078247070

3 

10.827350616455

1 

7.7865691184997

6 

27.819293975830

1 

2.7985348701477

1 

4 
334.83676147460

9 

10.854701042175

3 

7.6559219360351

6 

30.335533142089

8 

2.8058607578277

6 

5 
323.60592651367

2 

10.885470390319

8 

7.8388280868530

3 

30.663738250732

4 

2.8021976947784

4 

6 322.34130859375 10.851282119751 
7.9956045150756

8 
30.288646697998 

2.8058607578277

6 

 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʥʝʦʙʭʦʜʠʤʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʬʣʦʪʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ Experion PKS ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

ʉʝʨʚʝʨ  Experion ʉʪʘʥʮʠ̫  Experion 

ʂʦʥʪʨʦʣʣʝʨ

IO

 
 

ʈʠʩʫʥʦʢ 2 -  ʉʭʝʤʘ ʩʠʩʪʝʤʳ Experion PK 

 

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʩʣʝʞʝʥʠʷ ʟʘ ʧʨʦʮʝʩʩʦʤ ʥʘ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʧʫʥʢʪʝ ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʜʘʥʥʳʤ 

ʠ ʧʦʟʚʦʣʷʶʱʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʛʣʦʙʘʣʴʥʳʝ ʥʘʩʪʨʦʡʢʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʬʦʨʤʘ Experion 

PKS, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʟʘʜʘʯ ʦʪ ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʜʦ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚʭ [3].  

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʨʝʞʠʤ ʨʘʟʨʘʙʦʪʢʠ ɸʉʋ ʠ ʨʝʞʠʤ 

ʠʩʧʦʣʥʝʥʠʷ (ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ). ʈʘʩʧʨʝʜʝʣʸʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘ 

ʩʪʘʥʜʘʨʪʝ OPC ï OLE for Process Control (ʤʝʭʘʥʠʟʤ ʩʚʷʟʳʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʦʙʲʝʢʪʦʚ ʜʣʷ 

ʩʙʦʨʘ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʦʙʱʠʤ ʩʧʦʩʦʙʦʤ ʦʨʛʘʥʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʠ ʧʨʠʝʤʥʠʢʘʤʠ ʜʘʥʥʳʭ, ʪʘʢʠʤʠ ʢʘʢ: ʫʩʪʨʦʡʩʪʚʘ, ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ 
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ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʦʙʲʝʢʪʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʦʪʢʘʟʦʫʩʪʦʡʯʠʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʝʪʠ (FTE) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʚʩʝʭ ʫʟʣʦʚ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʝʩʧʝʯʠʪʴ 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʜʢʣʶʯʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʩʪʦʨʦʥʥʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʧʦʣʝʚʳʭ ʫʩʪʨʦʡʩʪʚ ʯʝʨʝʟ ʮʠʬʨʦʚʳʝ 

ʠʥʪʝʨʬʝʡʩʳ ʩʥʠʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ, ʥʦ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʨʘʩʰʠʨʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ [4].  
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ɸʥʥʦʪʘʮʠʷ. ʀʥʪʝʛʨʘʮʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʧʦʜʩʠʩʪʝʤ ʚ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʨʦʠʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ ï ʦʪ 

ʩʦʩʪʘʚʣʝʥʠʷ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʠ ʨʘʩʯʝʪʘ ʥʘʛʨʫʟʢʠ, ʫʯʝʪʘ ʢʦʥʪʠʥʛʝʥʪʘ ʠ ʚʝʜʝʥʠʷ ʣʠʯʥʳʭ ʜʝʣ 

ʩʪʫʜʝʥʪʦʚ, ʯʝʨʝʟ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʝʩʩʠʠ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʦʪʯʝʪʥʦʩʪʠ 

ʩʪʫʜʝʥʪʦʚ, ʢ ʦʧʝʨʘʪʠʚʥʦʤʫ ʢʦʥʪʨʦʣʶ ʠʭ ʫʩʧʝʚʘʝʤʦʩʪʠ, ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʦʙ ʦʩʚʦʝʥʠʠ ʩʪʫʜʝʥʪʘʤʠ ʫʯʝʙʥʳʭ ʧʨʦʛʨʘʤʤ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ 

ʧʦʢʘʟʘʪʝʣʷʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʢʘʯʝʩʪʚʦ ʨʝʘʣʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦ ʢʦʥʢʨʝʪʥʳʤ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʧʨʦʛʨʘʤʤʘʤ.  

ʀʟʫʯʠʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ çPLATONUSè ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʘ (ʉʈʉ) ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʣʘʥʦʤʝʨʥʳʭ 

ʨʝʰʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʟʜʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ. 

 

ʆʥʪʦʣʦʛʠʷ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʮʝʧʪʫʘʣʠʟʘʮʠʶ, ʢʦʪʦʨʘʷ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʬʦʨʤʘʣʠʟʤʘ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʥʘʥʠʷ [1]. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʤʝʪʦʜʠʢʦʡ 

ʚʳʷʚʣʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ ʦʙʱʥʦʩʪʠ ʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʥʘ ʧʦʥʷʪʠʷʭ ʚ ʦʥʪʦʣʦʛʠʠ ʠ ʥʘ ʩʚʦʡʩʪʚʘʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ 

http://conf.sfukras.ru/sites/mn2012/section03.html
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ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʧʨʠʤʝʥʷʪʴ ʠʭ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʠʩʮʠʧʣʠʥ ʫʯʝʙʥʦʛʦ 

ʧʣʘʥʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʠ   ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʢ ʪʨʝʙʫʝʤʳʤ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʢʦʤʧʝʪʝʥʮʠʷʤ ʚʳʧʫʩʢʥʠʢʘ ʫʥʠʚʝʨʩʠʪʝʪʘ.   

ʇʨʠʤʝʥʝʥʠʝ ʦʥʪʦʣʦʛʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ 

ʪʨʝʙʫʝʪ:  

- ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ɺʋɿʘ;  

- ʩʦʟʜʘʥʠʝ ʚʠʟʫʘʣʴʥʦ-ʤʳʩʣʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚ, ʩ ʧʦʤʦʱʴʶ ʘʩʩʦʮʠʘʪʠʚʥʦʛʦ 

ʩʚʷʟʳʚʘʥʠʷ ʧʦʥʷʪʠʡ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʝ   

ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʦʩʪʥʦʡ ʩʠʩʪʝʤʳ ʟʥʘʥʠʡ ʢʘʢ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦʛʦ ʢʫʨʩʘ, ʪʘʢ ʠ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʚ ʮʝʣʦʤ;  

- ʚʢʣʶʯʝʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʟʫʘʣʴʥʦ-ʤʳʩʣʠʪʝʣʴʥʳʭ ʦʙʨʘʟʦʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʦʙʫʯʘʶʱʠʭʩʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʚʳʰʝʥʠʶ ʠʭ 

ʢʦʛʥʠʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʠ ʧʨʠʦʙʨʝʪʝʥʠʶ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʫʤʝʥʠʡ. 

ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʩʪʨʫʢʪʫʨʫ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʨʝʩʫʨʩʳ. 

 ʇʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʨʘʟʚʠʪʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ 

ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ ɺʋɿɸ. ɽʝ ʟʥʘʯʝʥʠʝ, ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʨʝʰʘʶʱʠʤ ʵʪʫ ʟʘʜʘʯʫ 

ʩʨʝʜʩʪʚʘʤ, ʝʱʝ ʙʦʣʝʝ ʫʩʠʣʠʚʘʶʪʩʷ ʚ ʩʚʷʟʠ ʩ ʩʦʟʜʘʥʠʝʤ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ. ʈʘʟʨʘʙʦʪʢʘ ʩʦʚʨʝʤʝʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʴʰʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʙʦʣʴʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʧʨʠʤʝʥʝʥʠʷ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺʦ ʤʥʦʛʠʭ 

ɺʋɿɸʍ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʨʝʰʘʶʱʠʝ ʟʘʜʘʯʠ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʵʪʦʡ ʩʬʝʨʝ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʘ ʧʨʦʙʣʝʤʘ 

ʜʘʣʝʢʘ ʦʪ ʧʦʣʥʦʛʦ ʨʝʰʝʥʠʷ.  

ɺ ʋʥʠʚʝʨʩʠʪʝʪʝ çʊʫʨʘʥè ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʠʩʪʝʤʘ Platonus. çPlatonusè - ʵʪʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʤʧʣʝʢʩʥʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʢʨʝʜʠʪʥʦʡ ʩʠʩʪʝʤʳ ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ. 

ʉʠʩʪʝʤʘ ʠʤʝʝʪ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʦʡ ʦʪʨʘʞʘʶʪʩʷ ʚʩʝ ʨʝʘʣʴʥʳʝ 

ʩʦʙʳʪʠʷ ʠ ʧʨʦʮʝʩʩʳ ɺʋɿʘ. 

"PLATONUS" ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʫʟʫ ʧʨʦʩʣʝʞʠʚʘʪʴ ʚʩʝ ʫʯʝʙʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ 

ʢʘʢ ʩʦʟʜʘʥʠʝ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʢʘʣʝʥʜʘʨʝʡ, ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʯʝʙʥʳʭ ʜʠʩʮʠʧʣʠʥ ʧʦ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ, ʨʘʩʯʝʪ ʯʘʩʦʚ ʧʦ ʢʘʬʝʜʨʘʤ, ʟʘʧʠʩʴ ʩʪʫʜʝʥʪʦʚ ʥʘ ʵʣʝʢʪʠʚʥʳʝ ʜʠʩʮʠʧʣʠʥʳ, 

ʩʦʟʜʘʥʠʝ ʨʝʥʪʘʙʝʣʴʥʳʭ ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ, ʧʨʦʚʝʜʝʥʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ ʧʦ ʨʘʟʥʳʤ ʢʨʠʪʝʨʠʷʤ ʠ ʪ.ʜ.  

ʉʠʩʪʝʤʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʣʠʯʥʳʝ ʚʠʨʪʫʘʣʴʥʳʝ ʢʘʙʠʥʝʪʳ (web - ʩʪʨʘʥʠʮʳ): ʦʬʠʩ 

ʨʝʛʠʩʪʨʘʪʦʨʫ, ʧʨʠʝʤʥʦʡ ʢʦʤʠʩʩʠʠ, ʜʠʩʧʝʪʯʝʨʩʢʦʡ ʩʣʫʞʙʝ, ʦʪʜʝʣʫ ʢʘʜʨʦʚ, ʫʯʝʙʥʦʡ 

ʘʜʤʠʥʠʩʪʨʘʮʠʠ, ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʠ ʩʪʫʜʝʥʪʫ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʩʪʫʜʝʥʪʘ ʠ ʩʦʪʨʫʜʥʠʢʘ ʧʨʝʜʫʩʤʦʪʨʝʥ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ, ʣʠʯʥʳʡ ʢʘʙʠʥʝʪ 

(web ï ʩʪʨʘʥʠʮʘ), ʧʦʟʚʦʣʷʶʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʚʦʠ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ, ʩʪʫʜʝʥʪʘʤ -  ʚʠʜʝʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʘ ʜʠʩʪʘʥʮʠʦʥʥʦ 

ʦʙʫʯʘʶʱʠʤʩʷ ʩʪʫʜʝʥʪʘʤ ʤʦʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʢʝʡʩʘʤ ʠ ʢʦʥʪʨʦʣʶ ʟʥʘʥʠʡ, 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʦʙʱʘʪʴʩʷ ʩ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʠʣʠ ʚʥʫʪʨʝʥʥʝʡ ʩʝʪʠ ɺʋɿʘ. 

ʂʘʞʜʳʡ ʩʪʫʜʝʥʪ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʡ ʣʠʯʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ 

ʢʘʙʠʥʝʪ: 
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¶ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʵʣʝʢʪʠʚʥʳʝ ʜʠʩʮʠʧʣʠʥʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʚʦʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʫʯʝʙʥʦʛʦ ʧʣʘʥʘ;  

¶ ʜʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʩʠʣʣʘʙʫʩʘʤʠ ʜʠʩʮʠʧʣʠʥ ʠ ʪʠʧʦʚʳʤ ʫʯʝʙʥʳʤ ʧʣʘʥʦʤ;  

¶ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʪʨʘʥʩʢʨʠʧʪʘ ʠ ʨʘʩʧʠʩʘʥʠʷ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ;  

¶ ʜʣʷ ʜʦʩʪʫʧʘ ʚ ʚʠʨʪʫʘʣʴʥʫʶ ʘʫʜʠʪʦʨʠʶ.  

ɺʠʨʪʫʘʣʴʥʳʝ ʘʫʜʠʪʦʨʠʠ, ʚʢʣʶʯʘʶʱʠʝ ʩʨʝʜʩʪʚʘ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʛʨʘʬʠʯʝʩʢʘʷ ʜʦʩʢʘ, ʩʠʩʪʝʤʘ ʤʛʥʦʚʝʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ, ʩʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʧʦʩʝʱʘʝʤʦʩʪʠ ʚ ʞʫʨʥʘʣʝ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʧʦ 

ʜʠʩʮʠʧʣʠʥʘʤ ʚ ʚʠʜʝ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʜʝʨʝʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ, 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ (ʨʠʩʫʥʦʢ 1). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ çPLATONUSè 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʦʧʪʠʤʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʝ. 

ʊʘʢʘʷ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʠʣʘ ʨʝʰʘʪʴ ʟʘʜʘʯʫ ʩʦʟʜʘʥʠʷ 

ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʚʩʝ ʝʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ ʠ ʦʙʣʘʜʘʶʱʝʛʦ ʧʨʦʩʪʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʵʪʠʤ ʨʝʩʫʨʩʘʤ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʫʥʠʚʝʨʩʠʪʝʪʦʤ, ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʦʜʩʠʩʪʝʤʘʤʠ.  

ʉʦʟʜʘʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʶ 

ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ ʧʦ ʦʧʝʨʘʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʨʝʢʪʦʨʘʪʝ, 

ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʤ ʫʧʨʘʚʣʝʥʠʠ, ʋʧʨʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʟʦʚʘʥʠʷ, ʜʝʢʘʥʘʪʘʭ ʠ 

ʢʘʬʝʜʨʘʭ. ʂʦʤʧʣʝʢʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʧʨʠʝʤʥʦʡ ʢʘʤʧʘʥʠʠ, ʫʯʝʪ ʢʦʥʪʠʥʛʝʥʪʘ 

ʩʪʫʜʝʥʪʦʚ, ʦʪʩʣʝʞʠʚʘʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʩʪʫʜʝʥʪʘʤʠ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ ʤʦʥʠʪʦʨʠʥʛ 

ʫʩʧʝʚʘʝʤʦʩʪʠ, ʥʘʯʠʩʣʝʥʠʝ ʩʪʠʧʝʥʜʠʠ, ʫʯʝʪ ʜʘʥʥʳʭ ʦʙ ʦʧʣʘʪʝ ʦʙʫʯʝʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʨʘʩʯʝʪ ʫʯʝʙʥʦʡ 

ʥʘʛʨʫʟʢʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʢʫʱʠʭ ʠ ʦʪʯʝʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʦʙʨʘʙʦʪʢʫ 

ʦʧʝʨʘʪʠʚʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʟʘʧʨʦʩʦʚ.  

 

 
ʈʠʩ.1 ɺʠʨʪʫʘʣʴʥʳʝ ʢʘʙʠʥʝʪʳ 

 

ʀʥʪʝʛʨʘʮʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʧʦʜʩʠʩʪʝʤ ʚ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ 

ʧʦʟʚʦʣʷʝʪ ʚʳʩʪʨʦʠʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʳ ʫʧʨʘʚʣʝʥʠʷ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ï ʦʪ ʩʦʩʪʘʚʣʝʥʠʷ ʫʯʝʙʥʳʭ ʧʣʘʥʦʚ ʠ ʨʘʩʯʝʪʘ ʥʘʛʨʫʟʢʠ, ʫʯʝʪʘ ʢʦʥʪʠʥʛʝʥʪʘ ʠ ʚʝʜʝʥʠʷ ʣʠʯʥʳʭ 


