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ʩʢʣʦʥʘʭ 
529 

ʕʈʂɽʅʆɺɸ ʂ.ɹ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʦʙʫʯʝʥʠʷ ʨʝʰʝʥʠʶ ʪʝʢʩʪʦʚʳʭ ʟʘʜʘʯ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
531 
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Proverbs as the way expressing peopleôs wisdom  

And spirit in literary works  
 

A psychological method of analysis has been developed (Detje, 1996) and will be presented in order 

to show which psychological mechanisms the proverbs use to reach their goal of giving help (or advise) for 

human action regulation and human action organization. Some examples will be given to show which 

psychological insight there is inside the proverbs. Comer's theory of human action organization (e.g. Dorner, 

1990, 1991) is used in this first analysis and compared with a lot of proverbs taken from Simrock, 1846. It 

can be shown that the proverbs have a much' differentiated "'knowledge" about human action organization 

and errors people make while planning and acting; even in complex and uncertain situations. Proverbs are 

"Guides to Right Behavior". This also means that a lot of psychologists' ideas of action organization are 

already included in "grandma's wisdom", although the proverbs use (of course) a quite different language.[1] 

Since psychologists have used proverbs mainly for testing and differentiating groups of persons it will be 

very interesting to have an exchange between paremiologists and psychologists about the psychological 

significance of the wisdom in the proverbs. 

Many people have loved proverbs for the wisdom embedded in them. Others have treasured proverbs 

for the vividness or earthiness of their imagery. But students of the subject are impressed by still another 

characteristic of the proverb: its verbal economy. Proverbs are rarely wordy. The usual proverb is spare and 

austere in expression, and some are marvels of compactness. 

"Wisdom" and "shortness" doubtlessly belong to the popular notion of what makes up a proverb. 

Even when a scholar such as Mario Pei wrote a short piece on "Parallel Proverbs" (1964) [2] for the Saturday 

Review, he basically adhered to this general view of the proverb in his article dealing with national and 

international proverbs, their cynicism, philosophy and humor, their obvious misogyny and their contradictor) 

comments on life's experiences around the world: Proverbs are among the most ancient of human 

institutions. Criticism of life, in brief and pithy form, is characteristic of proverbs, while their popular 

philosophy is indeed, proverbial. 

"Proverbs are the wisdom of peoples" goes an Italian saying. This is perhaps an exaggeration, but 

there is no doubt that much of a nation's folk-philosophy gets into proverbs, along with the spice of national 

customs and, above all, the peculiar flavor of the nation's language and phraseology... Proverbs are 

generalizations of human experience, condensations of oft-repeated occurrences of the trial-and-error variety. 

Above all, they are the fruit of observation and inductive reasoning, two of the great faculties of the human 

mind... A generalization... caught on, became popular, and was passed from mouth to mouth, from 

generation to generation. 

Ultimately it became an integral part of the group's folklore, and was repeated whenever the situation 

it described recurred. Every proverb tells a story and teaches a lesson. 

This lengthy discussion of the nature of the proverb by Pei reads almost as an attempt of 

summarizing the common understanding of proverbs. Many of the 55 definitions stated above are similar to 

Pei's points, and it is amazing to notice how congrous these definitions are to those defining attempts printed 

in magazines and newspapers. There certainly is much agreement in the non-scholarly world of what a 

proverb is even if scholars seem to be unable to agree on a reasonable definition at all. 

A proverb is by definition a popular maxim. Proverbs are among the most ancient literary forms, and 

among the most universal. Enough if it [the proverb] holds its measure of truth. Proverbs are anonymous 

wisdom-literature of the common man in ages past.[3] Matti Kuusi once defined proverbs simply as 

"monumenta humana," and this is exactly what they are to the general population. Our survey of 55 non-

academic definitions has shown that proverbs are thought to express human wisdom and basic truths in a 

short sentence. Popular articles in magazines and newspapers fend to share this view of the proverb. 

Altogether proverbs are still seen as useful generalizations about life, even if at times their value of 

appropriateness in certain situations might be questioned. We can poke fun at proverbs, we can ridicule them 

or we can parody them, but eventually we are all governed by their insights to some degree. Proverbs and 

their wisdom confront us' daily, and modern people seem to have a clear idea of what proverbs are, what they 

express and what they can do for us. Proverb scholars would do well to pay more attention to the present use 

of proverbs while obviously also continuing to tackle the frustrating question of whether a universal proverb 

definition can be found. But in their enduring search for such an erudite definition, they can take solace in 
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the fact that the people using proverbs do know in their minds what makes a good proverb - an 

incommunicable quality tells them that a short and repeated statement of wisdom, truth and experience must 

be a proverb. 

Comparing the three approaches discussed above (semantic, functional, and contextual) we have 

ample ground to conclude that have very much in common as the main criteria of phraseological units appear 

to be essentially the same, i.e. stability and idiomaticity or lack of motivation. It should be noted however 

that these criteria as elaborated in the three approaches are sufficient mainly to single out extreme cases: 

highly idiomatic non-variable and free (or variable) word-groups. 

The main features of this new approach which is now more or less universally accepted by Soviet 

linguists are as follows:[4] 

4. Phraseology is regarded as a self-contained branch of linguistics and not as a part of lexicology. 

5. Phraseology deals with a phraseological subsystem of language and not with isolated 

phraseological units. 

14. Phraseology is concerned with all types of set expressions. 

15. Set expressions are divided into three classes: phraseological units (e.g. red tape, mare's nest, 

etc.), phraseomatic units (e.g. win a victory, launch a campaign, etc.) and borderline cases belonging to the 

mixed class. The main distinction between the first and the second classes is semantic: phraseological units 

have fully or partially transferred meanings while components of phraseomatic units are used in their literal 

meanings. 

16. Phraseological and phraseomatic units are not regarded as word-equivalents but some of them are 

treated as word correlates. 

17. Phraseological and phraseomatic units are set expressions and their phraseological stability 

distinguishes them from free phrases and compound words. Phraseological and phraseomatic units are made 

up of words of different degree of wordness depending on the type of set expressions they are used in. (cf. 

e.g. small hours and red tape). Their structural separateness, an important factor of their stability, 

distinguishes them from compound words. 

 

List of sources: 
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Advantages of essay type examinations in higher education 
 

The main advantages of essay and short answer items are that they permit students to demonstrate 

achievement of such higher level objectives as analyzing and critical thinking. Written items offer students 

the opportunity to use their own judgment, writing styles, and vocabularies. They are less time consuming to 

prepare than any other item type. Research indicates that students study more efficiently for essay type 

examinations than for selection (multiple choice) tests. Students preparing for essay tests focus on broad 

issues, general concepts, and interrelationships rather than on specific details. This studying results in 

somewhat better student performance regardless of the type of exam they are given. Essay tests also give the 

instructor an opportunity to comment on students' progress, the quality of their thinking, the depth of their 

understanding, and the difficulties they may be having. 

Essay tests have a legitimate place in higher education because of the following strengths: [2] 

1. Can test complex learning outcomes not measurable by other means. An obvious example is the 

ability to express oneself in writing.  
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2. Can test thought processes, the studentsô ability to select, organize, and evaluate facts, ideas, etc: 

and their ability to apply, integrate, think criticallt, and solve problems.  

3. Require that students use own writing skills; the students must select the words, compose the 

sentences and paragraphs, organize the sequence of exposition, decide upon correct grammar and spelling. 

Etc.  

4. Pose a more realistic task than multiple-choice and other ñobjectiveò items. Most of lifeôs 

questions and problems do not come in a multiple-choice format, and almost every occupation, including 

engineering, business, technical, and service jobs, requires people to communicate in sentences and 

paragraphs, if not in writing, at least orally.  

5. Can not be answered correctly by recognizing the correct answer; it is not possible to guess.  

6. Can be constructed relatively quickly. This advantage is short-lived because any time saved in 

constructing the test is lost when scoring it. All well constructed tests require time and effort; the only choice 

is in when these will be expanded [2:17].  

Unfortunately, essay tests consisting only of written items permit only a limited sampling of content 

learning due to the time required for students to respond. Essay items are not efficient for assessing 

knowledge of basic facts and provide students more opportunity for bluffing, rambling, and snowing than 

limited choice items. They favor students who possess good writing skills and neatness. They are pitfalls for 

students who tend to go off on tangents or misunderstand the main point of the question. Essay tests present 

a realistic task to the student. In real life, a person is required to organize and communicate thoughts rather 

than respond to multiple-choice questions. As an assessment technique, essay tests have the following 

serious limitations: 

1) Only limited content can be sampled. Therefore, essay test are unreliable in assessing content. 

Because answering essay questions takes more time than answering ñobjectiveò items, less content can be 

tested. Most exams only sample a very small portion of the domain of content and skills to be learned. 

Therefore, when we rely solely on essay tests, differences in studentsô score will to some extent reflect the 

ñluck of the drawò-the questions you happened to include on the test-as well as reflect differences in the 

studentsô command of the entire domain of what you were trying to teach.  

2) Yield unreliable scores. Not only have studies found differences in the grades assigned to essay 

questions by different scores, but they have found differences for the same scorer grading the same question 

at different times. Thus, differences  in student on an essay test may be due to who scored the question, or 

when it was scored, in addition to what the student knew or wrote.  

3) Scores can be influenced by the scorerôs impression of the student, e.g., general impression of the 

student: knowing how well the student did on the previous test or item. Obviously, multiple-choice tests do 

not have this limitation. 

4) Scores may be influenced by factors extraneous to the content being tested, e.g., handwriting, 

writing skills, spelling, and grammar.  

5) Essay tests often provide the students with an opportunity to exercise poor writing skills. When 

one considers the time pressure and anxiety connected with the typical essay test, it is surprising that the 

students do as well as they do. Most of the studentsô time in an essay test is  spent physically writing. There 

is limited time to think, to organize creatively, to write a second draft, or proofed.  

6) Essay tests are time consuming to score. Anyone who has ever graded essays needs no proof of 

his beyond his/her own experience. 

According to Svinicki, it has been our habit in the past to blame the students, the school system and 

the English department for not teaching our students how to write a solidly argued, concisely worded essay 

answer. However, we must face the fact that we are as much to blame for their imprecise prose as those other 

entities. Part of the problem may lie in the way instructors help (or fail to help) students prepare for writing 

essay tests. 

 

List of sources: 
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Corporate governance as the way of investment attraction 
 

ɸnnotation: As it is known, development of structures and mechanisms of corporate governance is a 

necessary condition for the development of market economy. At present, this question for Uzbekistan has 

become much more central as the state economic policy among priorities continues stimulating the attraction 

of foreign investments and maintaining the economic growth of the country. The system of corporate 

governance in domestic enterprises does not play last role in the achievement of given tasks. 

Keywords: corporate governance, investment, effective organization, institutional structures. 

 

In the process of market reforms carried out in Uzbekistan almost all large enterprises have been 

transformed to joint-stock companies (joint-stock company) as well as the household associations have been 

established which head companies are also joint-stock company. Presently, joint-stock companies 

(corporations) provide most parts of raw material for reproduction. 

Owners of joint-stock company are shareholders. Giving the capitals to the joint-stock company, 

they do not participate in management of its current activity; do not represent it in mutual relations with an 

external world. These functions are delegated by hired operators (managers) who are allocated with the right 

to care of another's property. At the same time, shareholders take up the whole risk connected with an 

effective utilization of the share capital. In addition, there are a number of issues before shareholders: how to 

limit the behavior of managers focused on extraction of personal benefits; how to induce managers to operate 

effectively the company; how to secure itself against unqualified managers. 

Today, both businessmen and foreign investor are concerned about the development of corporate 

governance in Uzbekistan for it is directly connected with the main question for them- the right of the 

proprietor to freely control his profit.  

Therefore, the reason of recent crisis in South East Asia was backwardness of the corporate 

governance, in relation with the Organization on economic cooperation and development (OECD) has 

developed and has confirmed principles of the corporate governance which have obtained the international 

recognition as in the countries with transitive period of economy do not have a single model of an effective 

corporate governance and there are various approaches to their application. 

Therefore, today the basic aim and task of our state experts is to search for effective ways of 

corporate governance in the Republic of Uzbekistan. 

As it shows the numerous researches conducted in the USA, Asian countries, European and Latin 

America, the overwhelming majority of investors consider that at an estimation of companies as potential 

object for an investment, and the attention to an estimation of financial indicators of the companies should be 

given to work of boards of directors. Then, out of two companies with approximately identical financial 

indicators, investors will prefer the corporate governance which is better organized. The size of awards for 

the level of corporate governance varies from 18 to 27 % depending on the price of stocks. 

Shareholders are considered to be legitimate owners of corporation and suppliers of the capital. At a 

stage of development of the company of attracting external capital often is the vital necessity. However, 

investors give the capital only to those who maintains to practice of effective corporate governance.  

Questions of the effective organization of corporate governance are a subject of long-term 

discussions and researches. Even the countries with sufficiently developed market economy ambiguously 

approach to define the effectiveness of existing mechanisms of management. Distinctions in legal systems, 

institutional structures and traditions offer various approaches to the solution of problems available in this 

area where each country has obtained unique experience in the solution of own problems of economic 

growth. 

 However, the most widespread and applied approaches to define corporate governance are the 

followings: 

- The approach to definition of corporate governance as managements of integration association. For 

example, according to I.A.Hrabrovoy, the corporate governance is a management of organizational-legal 

registration of business, optimization of organizational structures, construction mutual company relations 

according to the accepted purposes [1]. S.Karnauhov defines corporate governance as management of a 

certain set of synergistic effects. 
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- The earliest and most often used approach is based on following consequences from essence of the 

corporate form of business - division of institute of proprietors and institute of managing directors - and 

concludes in protection of interests of a certain circle of participants of corporate relations (investors) against 

inefficient activity of managers. 

Problems of joint-stock property, mechanisms of interacting interests of various participants of the 

company, formation of national model of a corporate governance are analyzed in scientific researches of 

Berkinova B, Gulyamova S, Hamidulina ʄ, Yakusheva R, Fattahovoy J, Zaynutdinova Sh, Vohidova M. 

For the last few years there have been historical transformations in economy of Uzbekistan. The 

structure of national models of corporate governance was formed. With insignificant additions, conformable 

to the most authoritative opinions and recommendations, it is possible to present schematically (pic)[2]. 

 

 
Distinctive signs of the given scheme from other analogues are: 

- The account of the fact of division from owners of function of a property management at preserving 

function of possessing it, that is available in the hierarchy scheme: the owner - a buffer control of the 

property - the property; 

- Including additional elements in structure of a corporate governance in addition to traditional 

inclusion. 

However, without improvement of skills of management by the companies focused on receiving 

profit, without improvement of system of protection of the rights of shareholders investment from external 

sources remains for the Uzbek companies problematic. Besides, corporate governance improvement of 

quality is not only stimulation of inflow of the foreign capital, but also modernization of work of the 

organization as a whole. Transition from closed and at times business not under control to proprietors to the 

business mutual relations based on principles of a transparency and the external control will essentially 

increase possibilities for economic growth in Uzbekistan.   

In our point of view "bottlenecks" in the system of corporate governance of the Uzbek companies is 

possible to carry the following: 

- Formal participation of members of the supervisory boards in management of the companies that 

leads to discredit the idea of creation of these bodies as authorized representatives of shareholders; 

- Low professionalism and insufficient efficiency of functioning the supervisory boards do not allow 

to carry out the complete control over activity of the company and to take adequate measures on achievement 

of the purposes established by shareholders; 
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- Not opened or incomplete disclosing the information on structure of the property and real owners 

of the companies that reduces interest of investors and complicates making decisions on investment; 

- Non-use of the international standards of the financial reporting (ISFR) that is considered by 

foreign investors as opacity; 

- Untimely or incomplete disclosing of the information to shareholders, infringement of their rights 

(especially minority shareholders) at participation in general meeting; 

 - Closeness of the companies regarding development and management strategy, including 

management of risks that makes activity of the company badly predicted, so unattractive for investors; 

- The formal estimation of an overall membersô performance of the supervisory board and managers 

of the company, weak communication of their compensation with results of activity of the company that 

negatively affects quality of work; 

- A dominating role of the manager (director) as "owner" of the company, testifying to a passive role 

of the supervisory board and lacking conducting in practice of good corporate governance; 

- Nonpayment or scanty payment of dividends that frequently testifies non-well thought strategy of 

managers on reinvestment the received profit, and oblivion of that fact that owners of these means are 

shareholders. The level corporate governance depends not only on internal managerial processes in the 

company (micro level), but also from external factors (macro level). 

The decision of these questions will allow: initially, to raise efficiency of corporate governance in 

joint-stock companies; secondly, to provide conditions and guarantees of attraction of the investment; 

thirdly, to satisfy with the qualitative goods in internal and foreign market; fourthly, to reduce state 

interventions in corporation managements. Thus, realization and developments of corporate governance are 

favorable for both shareholders, investors, managers of corporation and for the government. 
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Theoretical aspects of e-commerce and as an innovative type of entrepreneurship 

 
Annotation:  This article is written about an electronic commerce of Kazakhstan. There are statistical 

facts, problems and their decisions.  

Keyword:  Electronic commerce, internet shops, internet trade, retiles.  

 

With the advent of internet in our life, everyoneôs life is changed. As considering, year by year the 

internet becomes more accessible, so the degree of changing becomes higher. Someone use the internet for 
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communication, someone derives the knowledge from it and another one even earns money. There is, in 

internet sphere, itôs own unique economy nowadays, it is known as an electronic commerce (e-commerce).  

In our days every own personality, even is not suspicious appeared as a participant of an e-

commerce. Banal transaction with mobile phone credits is one of the part of an e-commerce. May be it looks 

so strange, but if we want to sell or by automobile or another realities, though we mechanically razor to 

internet services. 

There are a lot of types an e-commerce: 

1. Model B2B (Business to Business). The principal of this model is when enterprises trading with 

another enterprises. Trading carries on among two legal entities. Here away, trading carries on in a bulk. 

2. Model B2C (Business to Consumers). Here away, trading is carried on between consumers and 

private individuals. The question of this dealing is basically about retailing. Business with populations. For 

example, there are many traditional internet shops (as Amazon, eBay, Aliexpress, Alibaba). 

3. Model C2C (Consumers to Consumers). These types of e-commerce consider the transactions, 

especially quasi-cash and acquisition transaction between private individuals. The trading of this model 

basically derivers on Internet-Web websites (olx.kz, kolesa.kz). Recently, to the C2C model could include 

another ñunderò category as a Social commerce. Here away, the process of trading drivers on social sites, 

there again among individuals (face book, vk). 

4. Model C2B (Consumers to Business). In this model typical consumers prescribe the fundamental 

bitch. They prescribe goods and services that they want to get on specialized sites. And the entrepreneurs 

offer their services that focused on consumerôs demand (inDriver, Naimi.kz). Here away, the bull is in the 

retailing most of times. This model is interesting with creating demand and an information influence on 

entrepreneurial development of enterprise by direct process from this stage. 

5. Model B2G (Business to Government).  This model is says it all. Here in consumerôs sight stands 

out the government from its own competitive bidding, and the entrepreneurs take on an artistic execution. 

Here away, the business works on specialized sites that executed by government, by modem of Kazakhstanôs   

e-gov.kz.   

Mat methods of business in the internet. 

O.A. Tcukanova and A.B. Varzynov offer to determine general economic efficiency of 

entrepreneurôs integration in the Internet ï sphere with the following formulary [1, p 59-60]  

ʕ 
̈
      (1) 

Here: 

ʕ ï an economic efficiency of  entrepreneurôs integration on Web; 

ɽʧ ï the result, received entrepreneur integration on Web; 

ɽʟ ï expenditures, in connection with elaboration and exploitation. 

For the valuation of combining degree of various functioning an executions existing with new and 

informative structure calculated integrationôs parameter (ʇʥ):    

ʇʥ 
В

В
      (2) 

Here: 

ʈ ï number of functions, fulfilled jointly whether with existing and new informative system.  

ʈ0 ï total number of functions which could be combine with existed and new informative system. 

An electronic commerce possesses an incredible attraction. The Global Web breaks down all stood 

patterns for a usual business function. The new and other variations of business development are opened, the 

proportion of business are increased. Today is appeared a new proverb as ñIf you are not in the Internet, 

though you are not in a businessò. Nowadays, the time dictates another rules of entering business, and the 

expediency of functioning is accelerates year by year. Today it is not enough to have set sites and e-mails for 

a business. Day by day the opportunity to attract the new clients have already increased, also the loosing of 

consumerôs base sill not compel for a long a long time. Nowadays every businessman should to add the 

column of spending to another category as ñspending for e-commerceò. 

After all the internet is not stock only for exchanges, but it is the unlimited space for the advertising 

at all. Recently, the stake holders of e-commerce we the big companies, today even every entrepreneur shall 

be able as an ñon-line businessmanò.  

Thanks for evolutionary and quickly perfection of It ï technology the e-commerce is develops. It is 

necessary that the penetration of the internet should be at least 20-25% to exist of internet business even on 

floor stager. An internet company Profit Online points out in it's statistic that the bulk monthly audience, in 
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2015, composes about 10 mln people in Kazakhstan and it is agreeably by percent's equivalent about 60% of 

the internet penetration. Accordingly, there is enough spaces for the realization of the e-commerce. 

In USA and Europe an e-commerce is high developed and they live in this sphere progressing about 

15-20 years. So our e-commerce is contentedly younger, about 7-9 years. If in USA and Europe people buy 

the goods and services on Web-stores, because of, it is very comfortable with time and width of view. The 

large distance and little density of population make mini-cities sought ï after for a large scale of the 

specialized retail. In Kazakhstan there is 8 mln people that live in the cities with the less than 50 thousand 

people. And it is practically 50% of population of our Republic. Considering that there are about 10 mln 

users of internet in our country though there is a space for the stormy and constant growing of e-commerce. 

In 2015 by the bulk of market consists $3,5 in e-commerce. And the proportion of the e-commerce 

from the Kazakhstan's retailing consists about 4%. 

Retail ï retailing, therefore it is realization of goods by the end ï consumer. RETAILER ï any 

company that makes retailing, even it is a supermarket, clothierôs store or auto salon. In Kazakhstan any kind 

of business that deals with retailing is known as a retailer.  

 

Table 1. The e-commerce market of Kazakhstan. 

Indicatorôs 2011 ʛ. 2012 ʛ. 2013 ʛ. 2014 ʛ. 2015 ʛ. 

The common e-commerce bln. $ 0,232 0,4 1,222 2,111 3,5 

The proportion of an e-

commerce from the retail of 

Kazakhstan, % 

0,45 % 0,7 % 1,8 % 2,7 % 4,0 % 

The source is Progressing.kz 

 

According to the facts of Progressing.kz site the common e-commerce market has been grew up over 

15 times in the last 4 years and the quote of e-commerce from the Kazakhstan retailing has been grew up 

over 9 timer in the same time. 

The growth dynamics is just amazed. But only 11% of Kazakhstan internet users effect the purchase 

and services payments by the internet. Accordingly it is about 1 mln people of our country. Considering this 

tendency, if the amount of effecting people will grow up, so the growth bulk dynamics of or e-commerce 

will grow up with geometrical progression.  

There are: Kazakh Association of IT-company, Association of Kazakh internet business (AKIB), LK 

çNational info communicative holding çZerdeè in Kazakhstan. In our country there are about 500 companies 

that are an active internet ï stores and portals. According to facts of ç Zerdeè holding today's an active 

Kazakhstan in the internet is estimates on $ 1,2 bln. Also it ticked of that 70% of money settles on foreign 

stores and only 30% on our local stores.  

The best of the best 30% are removed by the largest internet ï stores.  

The gross receipts constitutes $ 211 mln in 2014 (including chocomart KZ, which got for holding 

chocofamily $3,7 mln). So the gross receipt of those participants of 50- tap has reached the not about $ 

427 431 509. 

 

Table 2. The Goss receipt of 10 ï top Companies On Kazakhstan market  

 ̄ Object 
The gross 

receipt 

An active 

clients 

An average 

invoce, ($) 

Head - 

office 

The 

starting 

year 

1 epay.kkb.kz  $98,6ʤʣʥ 191 519 60 ɸʣʤʘʪʳ 2001 

2 airastana.com $87,4ʤʣʥ 130 007 522 ɸʣʤʘʪʳ 2002 

3 lamoda.kz  $38ʤʣʥ 280 000 150 ʄʦʩʢʚʘ 2012 

4 satu.kz $30ʤʣʥ 25 143 211 ʂʠʝʚ 2008 

5 kassa24.kz  $21,9ʤʣʥ no nformation no nformation ɸʣʤʘʪʳ 2007 

6 halykpay.kz $15,8ʤʣʥ 191 519 60 ɸʣʤʘʪʳ 2009 

7 sulpak.kz $15,6ʤʣʥ no nformation 270 ɸʣʤʘʪʳ 2009 

8 epay.railways.kz $11,5ʤʣʥ no nformation 26,9 ɸʩʪʘʥʘ 2008 

9 kolesa.kz $8,5ʤʣʥ no nformation 2 ɸʣʤʘʪʳ 2006 

10 qiwi.kz $7,9ʤʣʥ no nformation no nformation ɸʣʤʘʪʳ 2006 

The source is Progressing KZ. 
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The total receipts of top 10 companies in 2014 are constituted $335,2 mln, an average ticket $163. 

Totally an average Kazakhstan ticket constitutes $65. This sum of money is leaner than another countries. 

So, an average ticket constitutes in Australia $3802, in USA $2293, in Russia $628, in Indonesia $337. 

 

  
Picture 1. An average ticket which is wasted by purchaser in the Web in 2014. 

The source is Progressing KZ. 

In the picture ̄ 1 it is clearly visible what countries are the leaders in the e-commerce section. In the 

developed countries to accomplish an on- line purchases as a matter of thumb, distinguished from our 

population. 

The problems of Kazakh e-commerce are existed, moreover they are not much. All the basically put 

back the advance of e-commerce.  Although the advance constitutes about 25-35% in this section. I'd like to 

mention the basic problems of e-commerce in Kazakhstan.  

The problem ̄ 1, the attitude and uncertainty of population to the internet purchasers. In 2013 the 

statistics committee of Republic of Kazakhstan took a questioning from the household about reasons that are 

more from an active usage of the e-commerce. 66,5% of respondents gave as the main reason the deficiency 

of interests to online purchasing, I'll ï informed.  

8,5% quoted such reasons that the insufficient of an experience, 3,3% - the mistrust of online 

services, and 1% - the threat of disclosure an individual account data. Have ever, to another reasons as the 

loyalty with stores, the dependence of goods delivery,  the defense of payment cards we're 20% of 

respondents.(4)  

 

 
The picture ˉ 3 Restrained reasons of Kazakh people more active of e-services 

 

The decision. The deficiency of the interests of populations should be decided with an informative 

techniques. First of all the interned traders must t o combat this problem by their selves. All the internet 

stores must to open discussion courses, especially for the on-line purchasing beginners. It is necessary to run 

Another 
reasons 20 % 

The 
insufficiency 
of experience  

8,5% 

The 
deficiency of 
the interests 

66,50% 

The mistrust 
of online 

services 3,30 
% 

The threat of 
disclosure of 
an individual 

payments 
cards 1,5% 
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up the agatational works in the residences. First of all it is essential to instruct the future on-line clients, to 

introduce  the world also allay all the concerns. 

The problem ̄  2. Logistics.  

May be the problem of logistics is actual in many countries. Our country possesses an overseas 

territory and the movement of goods is a day-consuming, country by country. But it is not set will with an e-

commerce, because good purchased people want the high-speed operations. As in Russia our problem are 

ñroads and longerò. At the average the delivery in China costs $2 and steams along in 2 days, in our country - 

$6 and in 6 days, in Russia $8-9 and in 12-14 days. In USA the delivery of goods realized in a day. In 

Kazakhstani will deliver the goods by China, an order will be waited for 15-45 days, it is very long time. 

Decision. The problem of logistics must be decided as in USA. It is necessary that all the e-traders 

will open their own logistics centers in all regional centers of our Republic. Having ware itôs own internet 

store will make the delivery in high speed, may be it will be realized in 2 days. Yes it is precisely, but the 

bulk of monthly purchasing will steadily grow. It is very comfortable for purchaser and entrepreneurs. 

The problem ̄  2. VAT and sales invoice. 

The payment card turnovers imposed with the rate of VAT is 10% in our Republic. To cancel the 

VAT in the case of delivery of services by the internet. In is not essential to device a cycle. There is an 

investigation shows that such rate is in the use in USA from 1997 and in connection with it the American e-

commerce in a great moves. I am not talking about, that the rate should be cutting forever. I offer to make it 

for some years, for example for 3 years and look how it will be stamped to our e-commerce. 

In Ministry of Finance will not go length with the cutting there is another variation. We have got the 

Park of the informative technologies (PIT) and the registered companies have an institutional tax privileges ï 

20% by the yearôs end. It will be a big push if they will not be on PIT, to get on privileges in 3 years. 

Kazakhstan havenôt the sales invoices up to now. They say for a long time about it, but in a fact there 

is nothing. The electronic saleôs invoices could to easy the life of traders. Because it will not be necessary 

after goods issue and services yo come to purchaser and press on a paper. [5] 

The problem ̄  4. Payment instruments and forms of final payment. 

To pay in cash to an express messenger has been dominated in Kazakhstan up to now. It is 57 % 

from the forms of final payment. 17 % realized y account cards and 14 by the payment terminals.  

 

 
Picture 3. The forms of payments of internet-trader in Kazakhstan in 2014 

The source is Progressing KZ. 

 

In fact our large percentage is paid by cash money, thatôs why use our populations as a default are 

closed for the internet. Certainly it is available to correct by going to the bank and writing an application and 

getting away this defect, but the consumerôs desire will eliminates to this moment. 

Decision. The using of current mobile accounts. Considering, that everyone has a mobile phone, 

accordingly everyone has a certain current account with mobile phone provider. It is need to mobile phone 

provider will realize the offers by your perfection and will pay you payments. It will be very comfortable, it 

will not essential to have an account card, to run away terminals if you have enough money on your balance. 

Knowing that much of them have the smart phones and an access to mobile phone, people will get over very 

quickly.  

  

Cahs couriers 
57% 

Cards  
17% 

Banr tranfer 
to theaccount 

6% 

payments 
terminals 

14% 

electronic money 
4% 

Mobile paynemts 
1% 

SMS-payments 
1% 



ʄʝʞʜʫʥʘʨʦʜʥʳʡ ɻ ʣʝʢʪʨʦʥʥʳʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ «ʉʦʚʨʝʤʝʥʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ»                           ISSN 2415-8402 

18 

List of seurces: 

1. ProfitOnline.kz 

2. Trademanagment.ru/termin/57 

3. Progressing.kz 

4. http://www.stat.gov.kz 

5. http://exclusive.kz/rynok_elektronnoj_kommercii_v_ozhidanii_rosta.html 

6. ʎʫʢʘʥʦʚʘ ʆ.ɸ., ɺʘʨʟʫʥʦʚ ɸ.ɺ. ʉʝʪʝʚʘʷ ʵʢʦʥʦʤʠʢʘ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. - ʉʇʙ.: ʉʇʙ 

ɻʋʀʊʄʆ, 2008. - 64 ʩ 

É Sulaimenov A.Zh., Birimzhanov K.S., Bektasov S.B., 2017 

 

 
 

 

 

ʋɼʂ 338.4 

SYROIZHKO V.V., 

Russian Presidential Academy of National Economy and Public Administration, Voronezh 
 

Methods for estimating the value of an enterprise under uncertainty 
 

Annotation: The article deals with the nature and interconnection of instability, uncertainty, risk and 

harm. It was given the systematism of types and degrees of uncertainty in the external environment and the 

types of strategic business operations in conditions of uncertainty and instability. Verification of relevant 

approaches to assessing the enterprise value in conditions of instability and uncertainty on basis of the theory 

of fuzzy sets.  

Keywords: uncertainty, instability, risk, evaluation of the, an optional approach, the income 

approach, scripted-probabilistic approach, fuzzy set theory.  
 

The transformation of the national economy of Russia, namely in the transition from command-ad-

ministrative economic model to a market that is very difficult, lengthy and painful way. The transformation 

processes are accompanied by an abrupt increase of entropy of the system, when both are observed as the 

growth of chaos, and the new order in the national economy. The dialectic processes of chaos and structuring of 

the order violates the equilibrium of the national economy. Disequilibrium and growth of chaos leads to insta-

bility, uncertainty and high risk environment in which operate domestic enterprises. In reference to market-

based economic model of the economy is the law of value. The degree of competitiveness of enterprises in the 

market environment is determined by the amount of its capitalization [4, ʩ. 293].   

The cost management of enterprises in a transition economy is in a very unstable and uncertain envi-

ronment, with a high degree of risk. The valuation of a business is fundamental, as well as measure of the per-

formance management process business entity. It should be noted that the existing evaluation methods are not 

adapted to adequately assess business in conditions of instability and uncertainty. So the question arises, what 

methods to use when assessing the value of the enterprise in conditions of uncertainty? Because uncertainty 

implies the possibility of deviation of the expected (or average) values, as in the smaller and in a big way. It is 

possible to underestimate the cost and revaluation. And classical approaches to the valuation of a business in a 

volatile and uncertain environment show their limits and failure, as they do not account for risks and future ex-

pectations of the owners. The problem of uncertainty is impossible to eliminate, but the study of uncertainty, 

identification of its levels will help to improve methodological approaches to the valuation of companies. In 

this regard, the topic of the research on value-based management of enterprises in conditions of uncertainty and 

instability, is very important for Russia [1, ʩ. 422].   

It should be noted that the evaluation value of enterprises has always been the object of attention of 

economists all over the world. In the development of the theory of value (worth) of the company made a con-

siderable contribution to fundamental works E. Bºhm-Bawerk, L. Walras, U. Jevons, J. Clark, T. Malthus, K. 

Marx, A. Marshall, K. Of Menger, J. Mill, V. Pareto, U. Petti, D. Ricardo, N. The Senior, A. Smith. Of great 

importance in the development of the theory and methods of business valuation are the works of modern for-

eign scientists: Doctor Bishop, J. Murin, F., Evans, J. Friedman, N. Ordway, G. Harrison, K. Joseph, E. Kelly, 

D. of Fishman, W. Pratt, T. Copeland, A. Gregory, and a number of other authors. However, it should be noted 

that in these studies the valuation is considered stable and sustainable environment, which cannot be said about 

the modern trends in the domestic economy [6, ʩ. 18].    

http://www.stat.gov.kz/
http://exclusive.kz/rynok_elektronnoj_kommercii_v_ozhidanii_rosta.html
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In the West, issues of strategic management in conditions of uncertainty studied by such scholars as Jo-

seph Bauer, Adam Brandenburger, John von Neumann, Oskar Morgenstern, Sean brown, Clayton Christensen, 

Hugh Courtney, Hillel Einhorn, Kathleen Eisenhardt, Barry Nalebuff, Patrick Vieri. In particular, Joseph 

Bauer, Professor of business administration, turned their attention to the study of corporate value added Corpo-

rate Value Added) in a rapidly changing global economy. Adam Brandenburger Professor Hrvatskoj School is 

addressing the problems of strategic management using game theory [3, ʩ. 1118].   Added value the company 

using the theory of games did the economist Oskar Morgenstern and John von Niemen. They published in the 

1994 book "Theory of games and economic behavior", for which he received the Nobel prize. Sean brown, 

consultant at McKinsey & Company, engaged in the management of innovation in the fast-changing markets 

with a high level of uncertainty. Barry Nalebuff, an expert on game theory, wrote about the possibilities of its 

use in management 
 

In the world of evaluation practice, there are several approaches to the solution of difficult problems of 

analysis of investment projects in terms of risk and uncertainty [7, ʩ.83]. Consider the most famous of them. 

Approaches to determining value adjustments for risk. The discount rate adjusted for the risk most frequently 

used approach. But, despite the obvious advantages, this method has several disadvantages: 

- using a discount rate adjusted for the risk taken from the model of the pricing of capital assets 

(CAPM) model, built for the perfect market and the real market does not meet the requirements for a perfect 

capital market (full information, an unlimited number of buyers and sellers, low input and output barriers, and 

so on). In addition, under risk in this model understand the degree of deviation of actual returns from the aver-

age, whereas in real life, the more risk is associated with managers ' risk of loss or, in the extreme case, with a 

probability of shortfall of expected income; 

- the method is based on the implicit assumption that the more distant in time the cash flows are more 

risky, and the riskiness of the cash flows is increasing in advance the known rate (in reality this is not always 

the case); 

- method of increasing the discount rate does not take into account the specific sources of risk;  

- it is very difficult to determine the exact value adjustments for risk. It is not always possible to find an 

analogue of the investment project. 

The second method of accounting for risk is to directly estimate the adjusted risk and subtract it from 

the value of the current value, calculated at the rate of risk-free investments [2, ʩ. 24].   

The third possible approach is to replace the expected cash flow in each moment to its authentic equiv-

alent and discounting these cash equivalents at the rate of risk-free investments. Instead of changing the dis-

count rate, many researchers propose to adjust themselves cash flows, calculating accurate equivalents uncer-

tain cash flows. Accurate equivalent of the uncertain cash flows are certain cash flows, the usefulness of which 

for the company is the same as the utility of the uncertain cash flows. Use as a reliable equivalent to the math-

ematical expectation of cash flows - the simplest method of analysis reliable equivalents. To make allowance 

for the risk, find the mathematical expectation of cash flows for each point in time. The obvious disadvantage is 

that if the person making the decision, not risk-averse, the utility of a random variable cannot be equal to the 

mathematical expectation [5, ʩ. 62].   

Problems of evaluation of enterprises in conditions of uncertainty in Russia, almost nobody did. The 

analysis of the theoretical base for the research topic allows us to come to the conclusion that knowledge on 

this issue are divided, fragmented, results of existing studies, as well as already existing practical experience of 

management in the evaluation of business require consolidation and further development. There was an urgent 

need in today's rapidly changing world, creating a paradigm of value management in conditions of uncertainty. 

In this regard, the methodological basis of the control value of the enterprise in conditions of uncertainty re-

quires its development [8].   

The purpose of this research synthesis and the development of methodological base control value of the 

enterprise in conditions of uncertainty and instability in the external environment [10, ʩ. 162].   

For achieving the objective of the study addressed the following tasks:  

- study of the nature and interrelationship of categories of risk, uncertainty, instability in the business 

environment;  

- systematization of the types and degrees of uncertainty in the external environment;  

- systematization of the types of strategic goals of the enterprise in conditions of uncertainty and insta-

bility of the environment;  

- justification of the most appropriate approaches to the valuation of enterprises in conditions of insta-

bility and uncertainty. 
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The results of the research. Business environment potentially carries the instability and uncertainty 

about future events. The primary reason for this are the risks. Therefore, it is useful to review the essence of 

such concepts as instability and uncertainty, and their relationship with risk [11, ʩ. 157].  

The notion of instability involves the transition to an unknown state. Scale oscillation instability is 

quite wide: from changes that can be foreseen, to unpredictable changes. Conditions of instability destroy the 

stability of the business. The instability is characterized by the following features [12, ʩ. 122-131]: ç leads to 

the loss of stability of the business unit, respectively, affects the quantitative values of parameters characteriz-

ing it. The deterioration of these indicators has a negative impact on the effectiveness and feasibility of the en-

terprise; alters the structure and composition of business units; degrades the controllability indices of the busi-

ness unitè. 

The main purpose of the management system to ensure the integrity and sustainability of the activities. 

About integrity activities can speak at a time when large bodies of complex body act as one: only in this case 

and may move, without straying from the intended target. Task management in conditions of instability is, in 

order to "protect" the value of the company from the fluctuations of external factors; 

g) converts the entrepreneurial organization to a new business structure (shares or eliminate it) accord-

ing to the principles of self-organization. 

Entrepreneurial activity is carried out in the presence of one or another measure of uncertainty. The 

concept of uncertainty is given in the dictionary S. I. Ozhegov " and treated as "inaccuracy, ambiguity" [9].   

Uncertainty implies the presence of instability, in which the results of actions are not determined, and the de-

gree of possible influence of these factors on the results is unknown. Uncertainty is the incompleteness or inac-

curacy of the information about conditions of realization of entrepreneurial activity, including associated costs 

and results. The uncertainty is determined by the following factors: 

- incomplete knowledge of all parameters, circumstances, situations to select the optimal solution, and 

also the impossibility of adequate and accurate accounting of all, even the available information and the exist-

ence probability of the behavior characteristics of the environment; 

- the presence of randomness, i.e. the implementation factors that are impossible to foresee and predict, 

even in a probabilistic implementation; 

- the presence of subjective factors of resistance when decision making takes place in the situation of 

the game partners with opposite or different interests. 

However, even the most uncertain business environment contains a lot of useful information for 

choosing the right strategy. First, it is nearly always possible to identify clear trends, and based on them to pre-

dict the development trend. Secondly, there are always these factors, which we do not yet know, however, it is 

knowable subject to proper analysis. The parameters of the used technologies, the elasticity of demand for 

some sustainable product categories, plans to expand production capacity from competitors such variables are 

often unknown, but you can install them. 

The uncertainty that remains after tried all available methods of analysis, called final, and must some-

how be measured. We offer a qualitative measurement of the degree of uncertainty is presented in table. 1. 

The degree of uncertainty of the environment is proposed to measure the qualitative method with the 

help of experts on a scale. The uncertainty of the environment is considered high if it is estimated at 8-10 

points [13, ʩ. 93]. 

Table 1 

The scale, complexity, dynamism and uncertainty of the external environment of the enterprise 

The parameters of the 

environment 
complexity, dynamism and uncertainty of the environment settings 

(on a 10-point rating scale) 

low (1 - 3)  medium (4 - 7) high (8 - 10) 

The complexity  
(the number of factors 

and the frequency of their 

impacts) 

Below average Average Above average 

 

Dynamic  
(speed and rate of change 

of environmental factors) 

is Lower than the speed 

of response of the 

control system 

development to changes 

in the environment 

is Comparable to the 

speed of response of the 

control system based on 

the synchronous model it 

changes 

faster than the speed of 

response of the control system 

on the basis of foresight strong 

signals about changes in the 

environment 

Uncertainty  
(unpredictable changes in 

the environment settings) 

the Combination of low 

degrees of complexity 

and dynamic change 

environment 

a Combination of average 

degrees of complexity 

and dynamic changes in 

the environment 

Combined with high 

degrees of complexity and 

dynamic change 
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The uncertainty of the environment can be reduced to four types, and each level has its own set of 

tools to develop strategic solutions. Systematization of the types of uncertainty and corresponding analytical 

tools and strategic decision are presented in table. 2.  

In managing the cost of business entities uncertainty requires a more flexible approach to the 

analysis of the situation than in the case of a stable environment. Traditional analytical approach simply does 

not work. Anyway, enterprises, companies of most industries will always have to deal with the strategic 

issues final uncertainty at different levels, so it is vital to strategic fit analysis to the level of uncertainty. 

There are three strategic installation in conditions of uncertainty: shaping the future; adaptation to the future; 

the reservation of the right turn.  

Strategic setting a future focused on installation of the entity "rules of the game" in the industry or in 

the market (setting standards, creating demand). This setting ha-Acterna for the 1st level of uncertainty [14, 

ʩ. 127].  

Table 2 

Description four levels of uncertainty environment 

The type of uncertainty Characteristic of Analytical tools 

strategy 

Examples in international 

practice 

1st level  Clear enough future. 

Unique and accurate 

forecast to determine 

strategy 

"Traditional" set of 

tools for policy 

Strategy against a new rival 

low-cost carrier 

2nd level Alternative versions of 

the future. Several 

alternative choices that 

shape the future 

Decision analysis, 

model evaluation, 

game theory 

Strategy providers long 

distance telephone services 

in respect of access to the 

local markets. Strategy 

capacity building for 

chemical plants.  

3rd level A wide range of 

options for the future. 

The range of possible 

options, but not real 

scenarios 

The study of latent 

demand forecasting 

technology 

development, scenario 

planning 

The developing markets 

(India). Development or 

acquisition of new 

technologies in consumer 

electronics 

4th level Complete uncertainty. 

The lack of a base for 

forecasting future 

Methods of 

benchmarking and 

recognition of images, 

non-linear dynamic 

model 

The market for consumer 

multimedia applications 

 

Strategic installation of fixtures for the future aimed at identifying and leveraging existing markets. 

At low degrees of uncertainty this setting is implemented through the strategic positioning - that is, where 

and how to compete in an existing industry. At higher levels of uncertainty strategy fixtures are based on the 

ability to recognize trends in the market and respond quickly to them. 

The third strategic setting - the reservation of the right turn is a special form of adaptation. This 

setting is suitable only for 2-4 level of uncertainty. It involves the gradual accretion of investment, providing 

her or access to valuable information or optimal cost structure, or communication with customers and 

suppliers. This allows the business entity to wait until the environment becomes more certain. Many 

pharmaceutical companies reserve the right turn in the market of gene therapy, together with a small biotech 

firms with the right experience, or by purchasing them. Giving him preferential access to the latest industry 

developments, they save money because they do not need to conduct their own research in the field of gene 

therapy. 

With instability and uncertainty associated business risk, with an objective basis because of the 

instability of the external environment and the uncertainty of its impact in relation to the entrepreneur.  
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Fig. 1. The relationship categories: volatility - uncertainty - risks - loss 

 

All of the above categories, uncertainty, volatility and risk are interrelated and interdependent, and 

when assessing the value of the company - must be analyzed and evaluated together.  

At present, the current world practice valuation enterprises distinguishes four approaches: market 

(comparative), property (cost), optional and profitable. 

The market approach is based on comparing the value of the company with the cost of similar 

(comparable) and already sold companies or the determination of the market value of the shares of 

comparable companies. The use of market approach is limited due to the lack of extensive reliable 

information about committed transactions purchase and sale of companies in the financial indicators of 

enterprises sold at the time of the transactions. However, even in developed markets, a comparative approach 

to the valuation of enterprises captures the experience of past transactions analogues evaluated business, with 

all its attendant disadvantages. 

Property (cost) approach considers the enterprise as a property complex, the value of which is 

determined by the value of all its assets and incurred costs for their functioning, assessed separately, except 

for the obligations. When using the cost approach, the result of the assessment is not the cost of the act-the 

future of business, but only the total cost to take apart the individual components of the property complex of 

this business. When assessing the enterprise as the current most commonly used method of net assets. From 

the point of view of this method the value of the enterprise can be calculated as the difference between the 

market value of assets (tangible, intangible, financial and revalued value of debt obligations of the 

organization, including accounts payable. If the company ceases its activities, we expect its liquidation value. 

Of course, ideally, when the correct valuation of intangible assets, which in itself is difficult, the use of net 

assets provides an adequate result, but this, unfortunately, is usually not possible to take into account the 

price impact of individual factors "living" entities, for example, values of managerial decisions. This method 

in no way takes into account the instability and uncertainty of the external environment of the enterprise. 

Optional approach is that the value of objects being variable depending on a number external to their 

production and financial performance of the terms, described using the technique of option pricing. The most 

important feature of the method is its ability to take into account the rapidly changing economic environment 

in which companies work. It seems that this is more than true for Ukrainian enterprises functioning in a very 

unstable and uncertain environment. The quantification values of the selected management strategies and all 

opportunities that are traditionally not used in current calculations, contributes to a more objective evaluation 

results of any business. Obviously, chronically loss-making enterprises methods-cost approach is not entirely 

applicable, if we are talking about a market assessment and profitable methods do not apply at all. Moreover, 

such enterprises in Russia for more than 40% of the total. For them accurate cost estimation is essential. 

Optional model contributes to a more objective evaluation results, as is well positioned to take into account 

the likely increase in the value of assets relative to the cost of obligations prior to their maturity (due to 

change of market conditions, technological innovations and management solutions). Unfortunately, using the 
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options for the valuation of enterprises, and in generally describing real options as a method of assessing the 

twenty-first century, the authors often silent about the problems faced in practice. In particular, no 

information on the mechanism of assessing the value of one of the most important model parameters - rate 

volatility. In other words, the experience of practical application of options in the literature is not actually 

described, and the question of the extent of applicability of the optional models for valuation remains 

relevant. 

The income approach is based on the expectations of the owner with regard to the future benefits of 

ownership of the business and plays a dominant role in assessing its value, because the business is essentially 

one of the options investing. Methods of income approach inherent in a significant underestimation of the 

value of the company, operating in conditions of uncertainty. According to the principle of expectation the 

value of an enterprise is determined by the present value of the future benefits it will provide to its owner. 

The main reason for the underestimation of the value of their enterprise is strict adherence to the thesis about 

the lack of flexibility of the evaluated business and, accordingly, should the reaction of management to 

negative changes in the external environment. Revenue forecasting is built in the framework of this method 

estimates based on extrapolation achieved by the companyôs results. In addition, historically, the discounted 

cash flow method was developed for estimation of shares and bonds. Investors in these securities have to be 

passive: in addition to expectations, they do not have any means to improve interest rates or dividends. Of 

course, stocks or bonds can be sold, but this will only be replacing one passive investor to other. When 

assessing the value of the company on profitable approach in terms of stability and uncertainty of the 

external environment, appropriate use of scenario-based probabilistic approach, which involves calculating 

the value of the company on the pessimistic, most likely and optimistic scenario business development. In 

this case, the evaluation result we get the range value of the company.  

But, it should be noted, scenario-based probabilistic approach formalizes uncertainties as probability 

distributions, based on subjective expert estimates that a very large number of cases is clearly idealized. 

Thus, in the scenario and probabilistic approach to assess the value of the enterprise uncertainty, regardless 

of its nature, is equated with randomness, and therefore this method does not allow to fully consider all the 

possible variety of types of uncertainty-industries affecting the price formation of the company. The 

mathematical apparatus that adequately acceptable formalization of the uncertainty and instability of the 

external environment and adequate solution of the problem of assessing the value of the company in such 

circumstances, in our opinion, the theory of fuzzy sets. Performing arithmetic operations on these fuzzy 

intervals according to the rules of fuzzy mathematics, experts and decision-makers, get the resulting fuzzy 

interval for the target. Based on the source of information, experience and intuition of experts often can quite 

confidently quantify boundaries (spacing) possible (valid) parameter values, and when they are most 

available (preferred) values.  

To assess the value of enterprises in conditions of uncertainty is acceptable, as a particular case, the 

interval method. This method corresponds to the situations when accurately known only to the boundary 

values of the analyzed parameter, within which he can change, but there is no quantitative or qualitative 

information about the capabilities or the probability of different values within a given interval. In accordance 

with this method, the input variables of cash flow defined as intervals, membership function which is a 

classic characteristic function of sets, so we may direct the application of the rules of fuzzy mathematics to 

obtain the resulting annual cash flow in interval form. An interval method for the level (degree) of risk are 

encouraged to take the maximum amount of damage per unit of uncertainty, that is: 

 

╟  
▲╝  ▲□░▪

▲□╪● ▲□░▪
,                                                                                            (1) 

 

╟  
▲□╪● ▲╝

▲□╪● ▲□░▪
,                                                                                            (2) 

where qN  - is the desired value of the parameter;  

 qmin  - is the minimum value of the parameter;  

qmax - is the maximum value of the parameter; 

P - level (degree) of the risk, or the ratio of the distance from the desired value to its minimum 

(maximum) values to the interval between its maximum and minimum values. 
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The analysis of methodological approaches to the assessment of enterprises allows to conclude that 

in a volatile and uncertain market environment and property approaches show their limits and failure, as they 

do not account for risks and future expectations of the owners. Promising are profitable and optional 

approaches that should be used in the synthesis from scenario-based probabilistic approach, and applying the 

theory of fuzzy sets. As a future research perspective is to develop a methodological framework to estimate 

the cost of enterprises in conditions of uncertainty and instability on the basis of the theory of fuzzy sets. 
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ɸɹʃʗɿʆɺɸ ʖ.ɸ., ʉɸɿʆʅʆɺɸ ɽ.ʉ., 

ʉʘʤʘʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʤʘʨʘ 

 

ʇʦʠʩʢ ʧʫʪʝʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ 

ʜʣʷ ʦʙʲʝʢʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 
 

ɸʥʥʦʪʘʮʠʷ: ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʠ ʏʉ, ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʢʦʪʦʨʦʡ ʜʠʢʪʫʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʪʦʜʦʣʦʛʠʠ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʚʢʣʶʯʘʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʨʝʙʫʶʱʠʝ ʧʦʚʳʰʝʥʠʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʘʭʦʚʘʥʠʝ, ʦʧʘʩʥʳʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʦʙʲʝʢʪ, ʯʨʝʟʚʳʯʘʡʥʘʷ ʩʠʪʫʘʮʠʷ, 

ʘʚʘʨʠʷ. 

 

ʀʟʤʝʥʝʥʠʷ ʚ ˉ116-ʌɿ çʆ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ 

(ʆʇʆ)è [1] ʥʘʮʝʣʝʥʳ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʆʇʆ, ʦʥʠ ʚʢʣʶʯʘʶʪ ʩʠʩʪʝʤʘʪʠʟʘʮʠʶ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ 

ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ, ʦʙʷʟʘʪʝʣʴʥʦʝ ʩʪʨʘʭʦʚʘʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʪʨʝʙʦʚʘʥʠʝ ʢ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʠ 

ʚʥʝʜʨʝʥʠʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ (ʇɹ) ʥʘ ʆʇʆ I ʠ II ʢʣʘʩʩʘ ʦʧʘʩʥʦʩʪʠ, ʢ 

ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʦʙʲʝʢʪʳ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

ɺ 2010 ʛʦʜʫ ʧʨʠʥʷʪ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ çʆʙ ʦʙʷʟʘʪʝʣʴʥʦʤ ʩʪʨʘʭʦʚʘʥʠʠ ʛʨʘʞʜʘʥʩʢʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚʣʘʜʝʣʴʮʘ ʆʇʆ ʟʘ ʧʨʠʯʠʥʝʥʠʝ ʚʨʝʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʚʘʨʠʠ ʥʘ ʆʇʆè [2]. ɺ ʨʘʤʢʘʭ 

ʢʦʪʦʨʦʛʦ, ʩʪʨʘʭʦʚʘʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʧʝʨʝʜʘʯʫ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʨʠʩʢʦʚ ʥʘ ʆʇʆ ʩʪʨʘʭʦʚʦʡ ʢʦʤʧʘʥʠʠ, ʥʦ ʠ ʢʘʢ ʚʦʟʤʦʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʩʪʨʘʭʫʝʤʦʛʦ ʦʙʲʝʢʪʘ.  

ʅʘʟʥʘʯʝʥʠʝ ʚʦʟʤʝʱʝʥʠʡ ʚ ʨʘʤʢʘʭ ʩʪʨʘʭʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʝʨʠʷʤ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʏʉ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʏʉ [3].  

ʂ ʢʨʠʪʝʨʠʷʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʘʭʦʚʦʡ ʩʫʤʤʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʘ ʏʉ ʦʪʥʦʩʷʪʩʷ: 1 ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʩʪʨʘʜʘʚʰʠʭ 2. ʫʭʫʜʰʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 3. 

ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ. 

ʆʜʥʘʢʦ, ʧʨʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʏʉ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʥʝ ʷʚʣʷʶʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʪ.ʢ ʧʨʠ ʧʝʨʝʭʦʜʝ ʠʟ ʦʜʥʦʛʦ ʫʨʦʚʥʷ ʏʉ ʚ ʜʨʫʛʦʡ ʜʦʧʫʩʢʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʩʪʨʘʭʦʚʘʥʠʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʩʪʨʘʭʦʚʘʥʠʶ ʧʦʜʣʝʞʠʪ 

ʢʘʞʜʳʡ ʧʦʩʪʨʘʜʘʚʰʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʏʉ ʠ ʩʪʨʘʭʦʚʘʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ 

ʩʦʚʧʘʜʘʶʪ ʧʦ ʢʨʠʪʝʨʠʷʤ, ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʏʉ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʢʨʠʪʝʨʠʷʤ ʩʪʨʘʭʦʚʘʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʠ, ʪ.ʢ ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ 

ʬʠʥʘʥʩʦʚʦʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʦʨʛʘʥʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʚʠʜʝ ʩʪʨʘʭʦʚʳʭ ʢʦʤʧʘʥʠʡ ʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ .  

ʂʨʠʪʝʨʠʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʩʪʨʘʭʦʚʦʤ ʟʘʢʦʥʝ ʛʦʚʦʨʷʪ ʦ ʚʘʞʥʦʩʪʠ ʢʨʠʪʝʨʠʷ ʥʘʨʫʰʝʥʠʷ ʫʩʣʦʚʠʡ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ (ʅʋɾɼ). ʪ.ʢ ʚʳʧʣʘʪʳ ʧʦ ʢʨʠʪʝʨʠʶ ʅʋɾɼ ʤʦʛʫʪ ʧʨʝʚʳʰʘʪʴ ʦʙʲʝʤ ʚʳʧʣʘʪ ʧʦ 

ʢʦʣʠʯʝʩʪʚʫ ʧʦʩʪʨʘʜʘʚʰʠʭ [4]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʝʨʠʷ ʅʋɾɼ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʘʩʧʦʨʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʆʇʆ.  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʘ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʦʧʘʩʥʦʛʦ ʦʙʲʝʢʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʝ 

ʜʠʘʛʨʘʤʤʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʘʤʝʨʠʢʘʥʩʢʠʤ ʫʯʝʥʳʤ ʌʘʨʤʝʨʦʤ ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ [5]. 

ʆʩʥʦʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʧʘʩʧʦʨʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʠʘʛʨʘʤʤ ʌʘʨʤʝʨʘ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʚʩʝʭ ʦʙʲʝʢʪʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ 

ʠʥʪʝʨʝʩʫʝʤʦʡ ʥʘʩ ʪʝʨʨʠʪʦʨʠʠ ʤʦʞʥʦ ʧʨʦʩʫʤʤʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ 

ʩʦʙʳʪʠʡ ʠ ʧʦʣʫʯʠʪʴ ʩʦʚʦʢʫʧʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʶʜʝʡ, ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʵʪʦʡ 

ʪʝʨʨʠʪʦʨʠʠ.  

ʊʘʢʠʝ ʜʠʘʛʨʘʤʤʳ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʦʧʨʝʜʝʣʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʏʉ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʣʘʩʩʘ (ʦʙʲʝʢʪʦʚʳʝ, ʤʫʥʠʮʠʧʘʣʴʥʳʝ, ʨʝʛʠʦʥʘʣʴʥʳʝ, ʤʝʞʨʝʛʠʦʥʘʣʴʥʳʝ, ʬʝʜʝʨʘʣʴʥʳʝ) ʠ ʚʚʦʜʠʪʴ 

ʜʨʫʛʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʦʮʝʥʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʧʦ ʢʨʠʪʝʨʠʶ ʫʭʫʜʰʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʥʘ ʈʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʝʘʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ ʌʘʨʤʝʨʘ ʜʣʷ ʦʙʲʝʢʪʘ: 

çʈʝʟʝʨʚʫʘʨʥʳʡ ʧʘʨʢʘ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚè ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʧʦʩʪʨʘʜʘʚʰʠʭ ʠ ʧʦ 
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ʤʘʪʝʨʠʘʣʴʥʦʤʫ ʫʱʝʨʙʫ, ʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ 
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ʈʠʩʫʥʦʢ 1. 

 

ɿʜʝʩʴ ʞʝ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ ʠʟʤʝʥʝʥʠʝ ʜʠʘʛʨʘʤʤʳ ʌʘʨʤʝʨʘ ʧʦʩʣʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ ʩ 

ʫʯʝʪʦʤ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʝʡʰʠʭ ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʨʘʥʥʠʤ 

ʦʙʥʘʨʫʞʝʥʠʝʤ ʧʦʞʘʨʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʛʦʩʫʜʘʨʩʪʚʦʤ ʫʨʦʚʥʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʚʠʜʝ ʜʦʧʫʩʪʠʤʦʛʦ ʠʣʠ 

ʧʨʠʝʤʣʝʤʦʛʦ ʨʠʩʢʘ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʠ ʚʳʷʚʣʷʪʴ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ ʦʙʲʝʢʪʳ. ɿʘʪʝʤ 

ʦʧʨʝʜʝʣʠʪʴ ʪʝʨʨʠʪʦʨʠʶ,  ʥʘ ʢʦʪʦʨʦʡ ʥʘʨʫʰʝʥʳ ʫʩʣʦʚʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʝʜʣʦʞʝʥʠʝ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʪʨʘʭʦʚʘʥʠʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʤʝʪʦʜʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʇɹ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʚʘʪʴ ʢʘʢ ʘʢʪʫʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʥʘʮʝʣʝʥʥʦʝ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʆʇʆ. 
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ɸʃʔʊʄɸʅ ɽ.ɸ., ɺɸʉɽɽɺɸ ʊ.ɺ., 

ʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ 

ʂʋɿʅɽʎʆɺ ɼ.ʀ., 

ʆʤʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ 

 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ  

ʠʭ ʘʧʧʘʨʘʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ  

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʣʛʦʨʠʪʤʳ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʠ ʢʦʨʨʝʣʷ-

ʮʠʠ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʩʪʘʪʴʝ ʫʜʝʣʝʥʦ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ. ʈʘʩʩʤʘʪʨʠ-

ʚʘʶʪʩʷ ʧʦʜʭʦʜʳ ʢ ʚʳʙʦʨʫ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʦʧʝʨʘʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʧʘʤʷʪʴʶ, ʜʣʷ ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʳʩʪʨʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ, ʢʦʨʨʝʣʷʮʠʷ, ʦʧʝʨʘʮʠʠ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 

 

ɺ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʜʚʘ ʙʘʟʦʚʳʭ ʘʣʛʦʨʠʪʤʘ ï ʙʳʩʪʨʦʝ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (ɹʇʌ) ʠ ʩʚʝʨʪʢʘ ʠʣʠ ʢʦʨʨʝʣʷʮʠʷ.  

ɹʇʌ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ ʩʧʝʢ-

ʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʘʢ ʠ ʢʘʢ ʵʣʝʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʳʩʪʨʳʭ ʚʝʨʩʠʡ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʘʧʨʠʤʝʨ, 

ʩʚʝʨʪʢʠ.  

ʉʚʝʨʪʢʘ ʠ ʢʦʨʨʝʣʷʮʠʷ ʦʯʝʥʴ ʧʦʭʦʞʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ. ɺ ʥʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʜʥʠ ʠ ʪʝ 

ʞʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ, ʘ ʠʭ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʨʷʜʢʝ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʉʚʝʨʪʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʮʠʬʨʦʚʳʭ ʬʠʣʴʪʨʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʨʝʘʣʠʟʫʝʪʩʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʝʨʘʮʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ. ʂʦʨʨʝʣʷʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʜʚʘ ʩʠʛ-

ʥʘʣʘ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʦʧʝʨʘʮʠʝʡ ʧʨʠ ʘʥʘʣʠʟʝ ʩʠʛʥʘʣʦʚ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʩʠʩʪʝʤʫ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ, ʢʦʪʦʨʘʷ ʥʝ ʠʩ-

ʧʦʣʴʟʦʚʘʣʘ ʙʳ ʘʣʛʦʨʠʪʤʳ ɹʇʌ ʠʣʠ ʩʚʝʨʪʢʠ/ʢʦʨʨʝʣʷʮʠʠ (ʜʘʣʝʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʦʥʪʝʢʩʪʝ ʠʟʣʦʞʝʥʠʷ ʵʪʠ 

ʦʧʝʨʘʮʠʠ ʦʜʠʥʘʢʦʚʳʝ, ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʠʭ ʩʚʝʨʪʢʦʡ). ɺ ʚʠʜʫ ʠʭ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʥʘʫʯʥʦʡ ʣʠʪʝ-

ʨʘʪʫʨʝ ʛʣʫʙʦʢʦ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʧʦʩʪʨʦʝʥʠʷ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʩʘʣʘʩʴ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʵʪʠʭ ʦʧʝʨʘʮʠʡ 

ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʥʫʞʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. ɺ 

ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʫʤʥʦʞʝʥʠʡ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʝ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ ʨʝʘʣʠʟʫʶʪ ʦʧʝʨʘʮʠʶ ʫʤʥʦʞʝʥʠʷ ʘʧʧʘʨʘʪʥʦ, ʠ ʧʦ ʚʨʝʤʝʥʥʳʤ ʟʘʪʨʘ-

ʪʘʤ ʩʪʦʠʤʦʩʪʴ ʩʣʦʞʝʥʠʷ ʠ ʚʳʯʠʪʘʥʠʷ ʩʨʘʚʥʷʣʘʩʴ ʩ ʫʤʥʦʞʝʥʠʝʤ. ʇʦʵʪʦʤʫ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʨʘ-

ʙʦʪʘʭ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʚʳʯʠʩʣʝʥʠʷ ɹʇʌ ʠ ʩʚʝʨʪʢʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠ-

ʯʝʩʪʚʘ flop (floating-point operations, ʦʧʝʨʘʮʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ). ʅʘʟʚʘʥʠʝ flop ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪ-

ʥʦʝ ʠ ʧʦʜ ʥʠʤ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʣʶʙʳʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʤ ʬʦʨʤʘʪʝ 

ʚʝʜʫʪʩʷ ʚʳʯʠʩʣʝʥʠʷ (ʚ ʮʝʣʳʭ ʯʠʩʣʘʭ ʠʣʠ ʚ ʯʠʩʣʘʭ ʩ ʧʣʘʚʘʶʱʝʡ ʪʦʯʢʦʡ). 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ɹʇʌ ʠ ʩʚʝʨʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʯʘʩʪʦ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʝʩʫʨʩʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʥʝ ʩʘʤʳʡ ʣʫʯ-

ʰʠʡ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ [2]. ʆʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʨʘʩʭʦʞʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʜʚʝ.  
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ɺʦ-ʧʝʨʚʳʭ, ʨʝʘʣʠʟʘʮʠʷ ʦʩʥʦʚʥʳʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʨʘʟʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤʘʭ 

ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ. ʅʘʧʨʠʤʝʨ, ʤʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʜʣʷ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ ʤʦ-

ʛʫʪ ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʩʣʦʞʝʥʠʷ ʠ ʫʤʥʦʞʝʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʯʠʩʝʣ ʧʘʨʘʣʣʝʣʴʥʦ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʢʦ-

ʣʠʯʝʩʪʚʦ ʪʨʝʙʫʝʤʳʭ ʦʪ ʧʨʦʮʝʩʩʦʨʘ ʜʝʡʩʪʚʠʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʣʦʤ flop.  

ɺʦ-ʚʪʦʨʳʭ, ʧʦʤʠʤʦ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʧʨʦʮʝʩʩʦʨʫ ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʚʩʧʦʤʦʛʘʪʝʣʴ-

ʥʳʝ ʦʧʝʨʘʮʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʧʝʨʘʮʠʠ ʩ ʧʘʤʷʪʴʶ. ʈʘʟʣʠʯʥʳʝ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ɹʇʌ ʪʨʝʙʫʶʪ ʨʘʟ-

ʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʝʡʩʪʚʠʷ ʩ ʧʘʤʷʪʴʶ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤ ɹʇʌ Radix-2 ʪʨʝʙʫʝʪ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʦʧʝʨʘ-

ʮʠʡ ʧʦ ʟʘʛʨʫʟʢʝ ʜʘʥʥʳʭ ʠʟ ʧʘʤʷʪʠ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʯʝʤ ʘʣʛʦʨʠʪʤ Radix-4. ʂʨʦʤʝ ʪʦʛʦ, ʚ 

ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʛʨʫʞʘʶʪ ʠ ʩʦʭʨʘʥʷʶʪ ʜʘʥʥʳʝ, ʦʧʝʨʘʮʠʠ  ʩ ʧʘʤʷ-

ʪʴʶ ʯʘʩʪʦ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʘʨʠʬʤʝʪʠʯʝʩʢʠʤ ʚʳʯʠʩʣʝʥʠʷʤ. 

ɺ ʨʷʜʝ ʨʘʙʦʪ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʨʦʙʣʝʤʘ ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘ-

ʮʠʡ ʠ ʦʧʝʨʘʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʧʘʤʷʪʴʶ. ʅʘʧʨʠʤʝʨ, ʚ [3] ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦ-

ʨʠʪʤʦʚ ʚʳʯʠʩʣʝʥʠʷ ʜʚʫʤʝʨʥʦʡ ʩʚʝʨʪʢʠ ʩʨʘʟʫ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʤʝʪʨʠʢʘʤ. ʇʦʤʠʤʦ ʦʙʳʯʥʦʡ ʤʝʪʨʠʢʠ flop, 

ʘʣʛʦʨʠʪʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʨʘʚʥʠʚʘʣʠʩʴ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʧʝʨʘʮʠʡ ʩ ʫʯʝʪʦʤ ʥʘʣʠʯʠʷ ʚ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʝ 

ʦʧʝʨʘʮʠʠ MAC (multiply-accumulate, ʫʤʥʦʞʠʪʝʣʴ-ʥʘʢʦʧʠʪʝʣʴ ʜʘʥʥʳʭ).  ʕʪʘ ʦʧʝʨʘʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʧʦʣʥʝʥʠʠ ʚ ʦʜʥʦ ʜʝʡʩʪʚʠʷ ʫʤʥʦʞʝʥʠʷ ʜʚʫʭ ʯʠʩʝʣ ʠ ʩʫʤʤʠʨʦʚʘʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʫʤʥʦʞʝʥʠʷ ʩʦ ʟʥʘʯʝ-

ʥʠʝʤ ʥʝʢʦʪʦʨʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʊʘʢʘʷ ʦʧʝʨʘʮʠʷ ʦʯʝʥʴ ʧʦʣʝʟʥʘ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʩʚʝʨʪʢʠ, ʧʦʟʚʦʣʷʷ ʩʦ-

ʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʜʝʡʩʪʚʠʡ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʥʘʙʦʨʦʚ ʦʧʝʨʘʮʠʡ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʦʧʝʨʘʮʠʡ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʩʚʝʨʪʢʠ ʧʦʣʫʯʘʣʦʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ ʩ ʧʘʤʷʪʴʶ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʳ, ʪʘʢʞʝ 

ʚʳʷʚʣʷʶʪ ʠʥʪʝʨʝʩʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʘʧʧʘʨʘʪʥʳʝ ʨʝʘʣʠʟʘ-

ʮʠʠ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [4] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʩʪʦʝ ʠʟʤʝʥʝʥʠʝ ʧʦʨʷʜʢʘ ʟʘʛʨʫʟʢʠ ʜʘʥʥʳʭ ʠʟ ʧʘʤʷʪʠ ʚ ʨʝ-

ʛʠʩʪʨʳ ʧʨʦʮʝʩʩʦʨʘ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʪʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ.  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʄʘʪʝʤʘ-

ʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ɹʇʌ ʠ ʩʚʝʨʪʢʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤ, ʥʘ ʢʦ-

ʪʦʨʳʭ ʵʪʠ ʘʣʛʦʨʠʪʤʳ ʨʝʘʣʠʟʫʶʪʩʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʤʦʞʝʪ ʜʘʪʴ ʥʝ ʢʦʨʨʝʢʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 

ʈʘʩʰʠʨʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʣʛʦʨʠʪʤʦʚ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʯʠʪʳʚʘʝʤʳʭ 

ʦʧʝʨʘʮʠʡ ʧʦʟʚʦʣʷʝʪ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʣʫʯʘʷʭ ʫʣʫʯʰʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʪʨʝʙʫʝʪ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʩʣʫʯʘʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʥʝ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʫʶ 

ʬʦʨʤʫʣʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʟʘʜʘʥʥʦʡ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʪʨʝʙʫʝʪʩʷ ʨʝʰʠʪʴ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ. ʉʣʦʞʥʦʩʪʴ ʟʘ-

ʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚ  ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʨʘʟʣʠʯʥʳʭ ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪ-

ʬʦʨʤ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʘʣʛʦʨʠʪʤʦʚ ɹʇʌ ʠ ʩʚʝʨʪʢʠ (ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ 

ʚʠʜʳ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ, ʥʦ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʚʥʦʩʠʪ ʚʦʟʤʦʞʥʦʝ ʨʘʟʣʠʯʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ). 

ʆʯʝʚʠʜʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʩʣʦʞʥʦʩʪʴ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ. ʀʜʝʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʘʣʛʦʨʠʪʤʦʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ ʥʝ ʥʦʚʘ, ʠ ʜʘʞʝ ʠʤʝʶʪʩʷ ʠʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʠʜʝʷ ʧʦʩʪʨʦ-

ʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ɹʇʌ split-radix (ʪʨʝʙʫʶʱʝʛʦ ʥʘʠʤʝʥʴʰʝʛʦ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʢʦʣʠʯʝʩʪʚʘ ʘʨʠʬʤʝ-

ʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ) ʧʦʣʫʯʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [5]. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟ-

ʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦʩʪʨʦʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʜʝʣʘʝʪ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʘʢʪʠ-

ʯʝʩʢʠ ʥʝ ʚʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʣʥʳʤ ʧʝʨʝʙʦʨʦʤ. ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [6] ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʛʦ-

ʨʠʪʤʘ ɹʇʌ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʨʝʞʠʤʝ (ʯʠʩʣʦ ʪʦʯʝʢ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʩʪʝʧʝʥʠ ʜʚʦʡʢʠ, ʤʦʜʫʣʴ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ 1 ʠ ʜʨ.) ʚʳʧʦʣʥʷʣʦʩʴ ʜʣʷ ʢʦʣʠʯʝʩʪʚʘ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʝ ʙʦʣʴʰʝ 512 ʪʦʯʝʢ. 

ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʥʘʡʜʝʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ, ʣʫʯʰʠʝ, ʯʝʤ ʨʘʥʝʝ ʠʟʚʝʩʪʥʳʝ ʩʭʝʤʳ ʧʨʠ ʫʢʘʟʘʥʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʤʦʜʝʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʤʦʜʝʣʴ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʜʦʙʘʚʣʝʥʠʷ ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʢʣʶʯʝʥʠʝ ʪʘʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʤʦʜʝʣʴ 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ [7] ʜʦʙʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʫ 

ʢʦʤʘʥʜ ʪʦʣʴʢʦ ʦʜʥʦʡ ʢʦʤʘʥʜʳ, ʚʳʧʦʣʥʷʶʱʝʡ ʧʘʨʘʣʣʝʣʴʥʦʝ ʩʣʦʞʝʥʠʝ ʠ ʚʳʯʠʪʘʥʠʝ ʦʧʝʨʘʥʜʦʚ, ʤʝʥʷʝʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʦʧʝʨʘʮʠʡ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ɹʇʌ, ʧʨʠʙʣʠʞʘʷ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʮʝʥʢʠ ʢ ʠʟʚʝʩʪʥʳʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʠʛʨʳʰ ʦʪ 

çʜʦʨʘʙʦʪʢʠè ʘʣʛʦʨʠʪʤʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʝʜʠʥʠʮʳ 
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ʧʨʦʮʝʥʪʦʚ. ʊʘʢ, ʘʣʛʦʨʠʪʤ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʴʶ split-radix ʠʤʝʝʪ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʥʘ 6% ʤʝʥʴʰʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ ʜʚʫʤʝʨʥʦʡ ʩʚʝʨʪʢʠ ʩʦʢʨʘʱʘʣʦʩʴ 2-

5% ʦʧʝʨʘʮʠʡ. ʏʫʪʴ ʙʦʣʴʰʠʡ ʚʳʠʛʨʳʰ ʜʦʩʪʠʛʘʣʩʷ ʧʨʠ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʦʜ ʢʦʥʢʨʝʪ-

ʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ FFT ʜʣʷ ʧʨʦʮʝʩʩʦʨʘ ZSP400 ʨʘʙʦʪʘʣ ʥʘ 10% 

ʙʳʩʪʨʝʝ ʘʣʛʦʨʠʪʤʘ, ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʨʦʮʝʩʩʦʨʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ: 

ï ʢʣʘʩʩʠʯʝʩʢʘʷ çʤʦʜʝʣʴè ʘʣʛʦʨʠʪʤʦʚ, ʨʘʩʩʯʠʪʳʚʘʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʦʚ ʚ ʢʦʣʠʯʝ-

ʩʪʚʘʭ ʫʤʥʦʞʝʥʠʡ ʠʣʠ flopôʘʭ ʜʘʝʪ ʥʝʪʦʯʥʫʶ ʦʮʝʥʢʫ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʠʭ ʨʝʘʣʠʟʘʮʠʡ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʘʧ-

ʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤʘʭ; 

ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʘʣʛʦʨʠʪʤʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʣʛʦʨʠʪʤʳ ʩ ʤʝʥʴʰʠʤ 

ʯʠʩʣʦʤ ʦʧʝʨʘʮʠʡ ʢʘʢ ʚ ʨʘʩʯʝʪʝ ʥʘ ʦʙʳʯʥʳʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ, ʪʘʢ ʠ ʩ ʫʯʝʪʦʤ ʦʧʝʨʘʮʠʡ, ʧʦʜ-

ʜʝʨʞʠʚʘʝʤʳʭ ʘʧʧʘʨʘʪʥʦʡ ʧʣʘʪʬʦʨʤʦʡ; 

ï ʘʥʘʣʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʥʝ ʚʦʟʤʦʞʝʥ ʧʨʠ ʩʦʚʨʝʤʝʥʥʦʤ 

ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ; 

ï ʚʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʠʩʢʘ ʜʣʷ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʚʦʨʯʝʩʢʫʶ ʟʘʜʘʯʫ ʜʣʷ ʥʘʫʯʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʥʠʤʘʝʪ ʛʣʫʙʠʥʫ ʠ ʩʢʦʨʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʥʦʚʳʡ ʫʨʦʚʝʥʴ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʚʦʜʳ ʙʫʜʫʪ ʩʧʨʘʚʝʜʣʠʚʳ ʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʠ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ. 
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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ʟʜʘʥʠʡ, ʪʝʧʣʦʧʦʪʝʨʠ ʟʜʘʥʠʡ, ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʚʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʜʘʥʠʷ, ʫʜʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ. 

 

ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ, ʯʪʦ ʥʦʨʤʠʨʦʚʘʥʠʝ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʨʘʞʜʘʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʧʦʵʣʝʤʝʥʪʥʦ. ʇʨʠ ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʧʳʪʘ ʥʦʨʤʠʨʦʚʘʥʠʷ 

ʧʦʚʳʰʘʣʘʩʴ ʜʝʪʘʣʠʟʘʮʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʦʪʜʝʣʴʥʳʤ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʵʣʝʤʝʥʪʥʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ, ʫʩʣʦʞʥʷʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ 

ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʩʪʦʠʤʦʩʪʴ, ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʙʝʨʝʞʝʥʠʷ 

ʵʥʝʨʛʠʠ ʟʜʘʥʠʝʤ. ʇʦʵʪʦʤʫ ʢʦʤʧʣʝʢʩʥʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʝʡ ʦʙʦʣʦʯʢʠ 

ʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʠ ʢʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʳʤ.  

ʇʨʠ ʨʘʩʯʝʪʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ ʟʜʘʥʠʷ ʟʘ ʦʪʦʧʠʪʝʣʴʥʳʡ 

ʧʝʨʠʦʜ ʚ [1] ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ, ʢʦʪʦʨʳʝ ʫʚʦʜʷʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʦʪ 

ʘʥʘʣʠʟʘ ʦʙʦʣʦʯʢʠ ʟʜʘʥʠʷ. ʇʦʩʣʝ ʫʯʝʪʘ ʧʦʪʝʨʴ ʪʝʧʣʘ ʥʘ ʚʝʥʪʠʣʷʮʠʶ, ʙʳʪʦʚʳʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ, 

ʧʦʩʪʫʧʣʝʥʠʷ ʦʪ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʨʠʤʝʥʝʥʠʷ ʨʷʜʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ ʬʦʨʤʫ ʟʜʘʥʠʷ, 

ʨʝʛʫʣʠʨʫʝʤʦʩʪʴ ʦʪʦʧʣʝʥʠʷ, ʨʝʢʫʧʝʨʘʮʠʶ ʚʝʥʪʠʣʷʮʠʠ ʠ ʪ.ʜ., ʚʣʠʷʥʠʝ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʦʪʜʝʣʴʥʦʡ ʦʛʨʘʞʜʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʦʛʨʝʰʥʦʩʪʠ ʨʘʩʯʝʪʘ. ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩʣʦʞʥʘ ʠ ʧʝʨʝʥʘʩʳʱʝʥʘ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʜʝʪʘʣʷʤʠ. ʆʥʘ ʧʨʠʚʝʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ʠ ʩʪʨʦʠʪʝʣʠ ʧʝʨʝʩʪʘʣʠ 

ʦʱʫʱʘʪʴ ʚʣʠʷʥʠʝ ʦʪʜʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʝʢʪʘ ʥʘ ʥʦʨʤʠʨʫʝʤʫʶ ʚʝʣʠʯʠʥʫ ʚ ʮʝʣʦʤ, ʠʟ-ʟʘ ʯʝʛʦ 

ʩʦʙʣʶʜʝʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʩʪʘʣʦ ʬʦʨʤʘʣʴʥʦʩʪʴʶ, ʨʝʘʣʠʟʫʝʤʦʡ ʟʘʯʘʩʪʫʶ ʧʦʜʛʦʥʢʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʧʣʦʟʘʱʠʪʳ ʟʜʘʥʠʷ ʩʦʛʣʘʩʥʦ [1] ʦʩʥʦʚʥʳʤ ʥʦʨʤʠʨʫʝʤʳʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʪʝʧʣʦʟʘʱʠʪʳ ʦʙʦʣʦʯʢʠ ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ ʚʝʥʪʠʣʷʮʠʶ 

ʟʜʘʥʠʷ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʧʦʣʦʞʝʥ ʨʘʩʯʝʪ ʫʩʪʘʥʦʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʟʜʘʥʠʷ [2], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʛʦ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʦʤʝʱʝʥʠʡ ʟʜʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʧʝʨʝʥʝʩʝʥʠʝ ʧʦʜʭʦʜʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʩʪʘʚʣʷʶʱʠʭ ʪʝʧʣʦʧʦʪʝʨʴ ʟʜʘʥʠʷ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʡ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʧʣʦʧʦʪʨʝʙʣʝʥʠʷ) ʧʝʨʠʦʜ ʜʣʷ ʨʘʩʯʝʪʘ ʪʝʧʣʦʧʦʪʨʝʙʣʝʥʠʷ ʟʜʘʥʠʷ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʪʘʢ ʢʘʢ ʨʝʞʠʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ ʙʫʜʫʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʥʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʜʘʥʥʳʤ ʧʦʜʭʦʜʦʤ, ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʥʮʠʧʳ ʨʘʩʯʝʪʘ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʥʘ ʦʪʦʧʣʝʥʠʝ ʟʜʘʥʠʷ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʉʅʠʇ ʈʂ 2.04-03-2002 [3], ʧʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʦʟʥʘʯʝʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʧʨʠʥʷʪʳʭ ʚ ʉʅʠʇ [1]. 

ʇʦʪʝʨʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʟʜʘʥʠʝʤ ʟʘ ʦʪʦʧʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ, Q, ʢɺʪʯ/ʛʦʜ, ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ 

ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʭ ʧʦʪʝʨʴ ʯʝʨʝʟ ʦʙʦʣʦʯʢʫ ʟʜʘʥʠʷ ʠ ʨʘʩʭʦʜʘ ʪʝʧʣʦʪʳ ʥʘ ʧʦʜʦʛʨʝʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʠʭ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

╠ В▪░
═░

╡░
▪▬ ϽɻʉʆʇϽ ▪╪Ͻ╥Ͻⱬ║Ͻ╬║Ͻ Ⱦ                                           

(1) 

 ʛʜʝ V ï ʦʙʲʝʤ ʟʜʘʥʠʷ, ʤ
3
; na ï ʢʨʘʪʥʦʩʪʴ ʚʦʟʜʫʭʦʦʙʤʝʥʘ, ʯ

ï1
; ɟʚ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, 

ʢʛ/ʤ
3
 (ɟʚ =1,32 ʢʛ/ʤ

3
 - ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ); ʩʚ ï ʪʝʧʣʦʝʤʢʦʩʪʴ ʚʦʟʜʫʭʘ, ɼʞ/(ʢʛĿęʉ) (ʩʚ=1 006 

ɼʞ/(ʢʛĿÁʉ)); ɻʉʆʇ ï ʛʨʘʜʫʩʦ-ʩʫʪʢʠ ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ÁʉĿʩʫʪ./ʛʦʜ; ɸi ï ʧʣʦʱʘʜʠ ʥʘʨʫʞʥʳʭ 

ʦʛʨʘʞʜʝʥʠʡ (ʥʘʨʫʞʥʳʭ ʩʪʝʥ, ʦʢʦʥ ʠ ʪ.ʜ.), ʤ
2
; Ro,i

ʧʨ 
- ʧʨʠʚʝʜʝʥʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʨʫʞʥʳʭ ʦʛʨʘʞʜʝʥʠʡ, ʤ
2
ĿÁʉ/ɺʪ; ni ï ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʨʠʥʠʤʘʝʤʳʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʧʦʣʦʞʝʥʠʷ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʛʨʘʞʜʘʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʨʫʞʥʦʤʫ 

ʚʦʟʜʫʭʫ. 

ʇʦʩʣʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʦʨʤʫʣʳ (1) ʠ ʚʚʝʜʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʦʙʦʟʥʘʯʝʥʠʡ: 

ʥ
ʩʫʤ Ὧʢʦʤʧ - ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʘʢʪʥʦʩʪʠ ʟʜʘʥʠʷ; 

В

ʥ
ʩʫʤ Ὧʦʙ ɦ - ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʯʝʨʝʟ ʥʘʨʫʞʥʳʝ ʦʛʨʘʞʜʝʥʠʷ 

ʟʜʘʥʠʷ; 

Aʥ
ʩʫʤ

 ï ʧʣʦʱʘʜʴ ʚʩʝʭ ʥʘʨʫʞʥʳʭ ʦʛʨʘʞʜʝʥʠʡ ʟʜʘʥʠʷ (ʥʘʨʫʞʥʳʭ ʩʪʝʥ, ʦʢʦʥ, ʙʘʣʢʦʥʥʳʭ ʜʚʝʨʝʡ, 

ʯʝʨʜʘʯʥʦʛʦ ʠ ʮʦʢʦʣʴʥʦʛʦ ʧʝʨʝʢʨʳʪʠʡ), ʤ
2
, ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʝ (2): 

ὗ πȟπςτɻʉʆʇϽὠϽήʫʪʭ                                                                                                                  (2) 




