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We have to do a lot of work in order to improve the quality of all parts of 

national education. By 2020, we planned to provide the 100 per cent coverage of the 

Kazakh children from three to 6 years of preschool education. Therefore, it is 

important to give them a modern training programs and methods, as well as qualified 

personnel. In secondary education, it is necessary to pull the secondary schools to the 

level of teaching in Nazarbayev Intellectual Schools. School graduates should know 

Kazakh, Russian and English languages. In the end, the students should master their 

critical thinking skills, independent research and in-depth analysis of information [1]. 

Actuality: Modern science is a collection of hundreds of sciences, which are 

exploring different spheres of reality. Those of them which learn nature are natural 

sciences. They are physics, chemistry, astronomy, biology, physiology and others. 

Science arises from certain needs and develops on their basis. So, there is a 

reason to believe that the main driving force concerns social needs. Thanks to their 

satisfaction, a person is forced to interact with nature and get some knowledge. The 

role of science has increased in modern society. So science has become a direct 

product. 

The study of physics in schools is undoubtedly relevant to society today. A 

physics student usually possesses excellent analytical, quantitative and problem 

solving skills. They have the ability to synthesize and analyze large quantities of data 

and present their analysis in an easily understandable form. When faced with a 

particular problem they are taught to systematically identify all factors contributing to 

the problem and work out how those factors interact in order to solve the problem. 

These are valuable skills that can be applied in a range of careers. 

The purpose of scientific work: Development of the methodological guideline 

of studying physics for school program in the English language.  

Difficulties: Nowadays, the republic of Kazakhstan is doing the first steps to 

educational system by comprising English language in teaching natural sciences. So 

today we have a few teachers who are able to teach students physics in English. They 

are educated by universities and participate in different courses, but it cannot be 

necessary for good foundation knowledge. Therefore we need to create the 

opportunities for making the basis of teaching natural sciences in English. The second 

problem is deficit of materials in the English language. However the course books 

and articles are written in English we need to systemize these didactic materials for 

implementation.  

mailto:nn_shuish@mail.ru
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To solve the problems in physics teaching should be considered the 

following: 

- Include more easy information; 

- Include more useful information; 

- Information must be approximately easy to remember; 

- Repeat information by other tasks.   
The sample is offered for solving the problems in physics 

teaching in English  
Teacherôs book (sample) 
Units and Physical Quantities  

1 Standards  and  units 

Measurement is an important activity not only in physics but also in our everyday 

life. Let's say you would like to prepare yourself a breakfast. You find the recipe as 

follows: 

                                                   Two eggs and becon 

 
 

Now you know the quantities of each ingredient. So measurements are clear 

and objective if they are described with numbers. But is this always enough? Imagine 

that you are told to measure the length of your classroom. Rather than saying very 

long or too short. You take a measurement of it using the size of your feet as a unit. 

Let's say you walk the length of the classroom with one foot in front of the other, 

which takes 32 footsteps. This measurement is not consistent because someone with 

larger sized feet will measure the same length to be, say, 28 times the length of their 

feet. Measurements must be the same for everyone. That is why physical quantities 

are expressed using standard units.  

In conclusion, each measured physical quantity must have two parts; a number 

(numerical value) and a standard unit. 

 a. The SI System of Units  

        The group of internationally accepted stand and units is called the metric 

system or the international system, abbreviated as SI from çLe Systeme International 

d'Unitsè in French. In this system, each measurement is a comparison with the 

fundamental SI unit of the related quantity. By expressing the length of an object to 

be, say, 7.5 metres you are actually making a comparison. Everybody acknowledges 
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the length of the room to be 7.5 times as long as the fundamental unit of length, 

defined as 1.0 metre. 

 Length, Time and Mass  

Force, velocity, and acceleration are some examples of physical quantities. The units 

of these quantities and all others are combinations of the units of the base quantities. 

Tab le 1.1 shows the 7 base quantities and their units. The first three are commonly 

used in Mechanics. These are:  

 

Table 1.1- base quantities 

 

 

 

 

 

 

 

 

 

 

 

b.    Derived Units 

The units of other physical quantities can be derived from those listed in Table 1.1. 

For example, let's try to obtain the SI unit of density which is defined by the 

following equation:  

                                                   

Mass is a basʝ quantity measured in kg, but volume is not. Since volume is defined 

by length ʭ width ʭ height, it has another derived unit of  . Therefore, using the 

defining equation, the derived unit of density is .  

Scientists usually give special names to the complicated combinations. For 

example the unit of force is the newton (N) which stands for the derived unit of   

kgĀm/. 

Example 1 . Find out the derived unit for pressure, using the derived unit of force, kg 

Ām/, and the following equation,   pressure  

 Solution: Substituting the units into the equation gives the derived unit of pressure:   

  which is given a special name: the pascal (Pa)  

c. Dimensional Analysis  

Both sides of an equation must have the same units, that i; the equation must be 

homogeneous.  Using this fact, a technique called dimensional analysis can be app 

lied when we need to check a specific formula or an equation. 

 In physics, each physical quantity represents its nature via its dimension. For 

example, the distance between two points, d, has the dimension of Length (L) 

regardless of its unit in any system. This is shown as [d]=L Thus, physical quantities 

can be expressed via these basic dimensions: for example the dimensions of volume 

can be written as [V]= .   

Base quantity Base unit 

Name Symbols 

Mass Kilogram kg 

Length Metre m 

Time Second s 

Temperature kelvin K 

Current ampere A 

amount of substance mole Mol 

luminous  intensity candela Cal 
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The other two dimensions commonly use d in mechanics are Mass (M), and Time 

(T). Table 1.2 lists some physical quantities along with their dimensions and SI units.  

 

Table 1.2 - physical quantities 

Quantity  Dimension  SI unit  

Area   

Volume   

Speed L/T  

Acceleration L/   

Force MĀ L/  

Energy  MĀ /  kg /  

 

Example 2 

Show that force has the dimensions of [F] =  

 Solution: Force is defined by the equation; Force =mass x acceleration 

Acceleration is not a base quantity so it is defined by   

So              force =massĬ 

Using   velocity= ,     are [v]=  

force=massĬ, Therefore [F]=M   = M =   

d. Significant Figures 

 There is always an uncertainty in a measurement. The number used to describe the 

physical quantity also implies how precisely it has been measured via the number of 

significant figures. This is the number of separate digits expressed when stating it. 

For example 9.3 has two separate digits, a nine and a three, thus, it is said to have two 

significant figures. Assume that an object is measured to be 9.3 cm using a ruler 

accurate to the nearest mm (0.1 cm). The actual length lies somewhere between 9.2 

cm and 9.4 cm. We can express this as 9.3 cm Ñ 0.1 cm where Ñ 0.1 cm is the 

uncertainty in the measurement. Here, the measured value of 9.3 cm has two 

significant figures. Using the same rule r. it is not possible to express the length as, 

say, 9.32 cm, Since 9.32 cm has three significant figures and this implies that a 

precision of 1/l00th of a centimetre (0.0 1 cm) can be measured.  

Numbers are usually expressed in standard farm to dearly denote the number at 

significant figures. To find the number of significant figures, the total number of 

digits can be counted from left to right, starting from the first non-zero digit.  

Remember that when multiplying or dividing numbers, the result is always expressed 

in terms of the lowest number of significant figures expressed for any of the inputs. 

In addition and subtraction, the answer is expressed according to the lowest number 

of decimal places expressed for any of the inputs. 

Example 3 
The density of iron is 7800 kg/m

3
.  Using the equation for density, calculate the 

volume of an iron block of mass 5.2 kg. 

Solution: Density is defined by the equation;   
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 Therefore;    Ÿ      

                            
This is the number that will be displayed on a calculator. However how many 

significant figures should be used? 

The density of iron was expressed as 4 significant figures, but its mass was expressed 

as 2 significant figures. Thus, the answer cannot be precise to more than 2 significant 

figures, the answer must be stated in standard form as follows; volume = 6.7 x 

(2 s.f.)[2].  

e. Prefixes  
Standard prefixes are used for very large or very small quantities. The most common 

ones are shown in the table below:  
       

pico (p) nano (n) micro (m) milli (m) kilo (k) mega (M)  giga (G) 

For example, the frequency of an FM radio band, 102.8* 10
6
 Hertz, is abbreviated as 

102.8 MHz (mega-hertz). A honey bee Raps its wings once every 0.004 s or 4xs, 

which can be abbreviated as 4 rns (milliseconds.)  

 

Studentsô book (sample) 

Units and Physical Quantities 

1Match the quantities and units  

Mass                                Metre  

Temperature                    Kilogram 

Time                                 Kelvin      

Length                              Second 

2. Obtain the units of quantities below 

Areaééééééééééééé. 

Volumeéééééééééééé 

Massééééééééééééé 

Densityéééééééééééé 

Forceéééééééééééé... 

Accelerationééééééééé... 

Periodéééééééééééé. 

3. Rewrite the following quantities using 

a suitable prefix; 

a) 0.003 s  

b) 8900 g 

c) 6.02x  m 

d) 18000 000 J  

e) 0.00005 m 

4. Identify whe th er each of the 

following examples involves a vector or a 

scalar quantity, 

a ) The force applied by one  

boxer on another  

5. Determine the number of significant 

figures (s.f) in the following numbers:  

a) 16 1 kg 

b) 11.339 5  

c) 3.0 Ā 10
8
 m/s  

d) 0.0052 m 

6. Which quantities is the base in physics 

a) speed 

b) time 

c) mass 

d) velocity  

e) force 

7. Fill in the blank  

a) The group of internationally accepted 

stand and units is called the ééééé or 

'the international system', abbreviated as SI 

b) Both sides of an equation must have the 

same units, that i; the equation must 

beééééééééé. Using this fact, a 

technique called ééééééééé can 

be applied when we need to check a 

specific formula or an equation. 

c) Volume is defined by 

ééééééééééé 

d) The number used to describe the 
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b) The number of pages in a book  

c) The volume of some milk 

d) The distance that a ball travels  

e) The velocity of a bullet 

physical quantity also implies how 

precisely it has been measured via the 

number of éééé...................... 

 

Conclusion: We need to use the methodological hints of developed countries 

that are using the easy and effective methods of teaching. We know, the UK and the 

USA have a system of didactic materials and aids which are more effective than ours. 

So, if we write and publish our books particularly (studentsô book and teacherôs 

book) for teaching and learning physics it will be a great achievement for us. So we 

recommend creating our own materials. As we live in international country as 

Kazakhstan we need terminology vocabulary in three languages. 
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ʢʝʥʝʪʪʝʥ ץʘʡʪʳʩ ʙʦʣʘʜʳ. ʅʘץ ʦʩʳ ʕʈʀ ʪʘʙʠסʠ ʥʘʡʟʘסʘʡʜʳש ʙʽʨ ʪװʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʜʝ ʕʈʀ ʟʝʨʪʭʘʥʘ ʞʘסʜʘʡʳʥʜʘ ץʦʣʜʘʥ ʞʘʩʘʣʳʥʘ ʘʣʘʪʳʥ 

ʥʘʡʟʘסʘʡ ʪװʨʽ. 

ʕʣʝʢʪʨ ʜʦסʘʩʳ (ʕɼ) ï ʙײʣ ʜʘ ʩʦʣ ʥʘʡʟʘסʘʡ, ʪʝʢ ʤʠʥʠʘʪʶʨʣʽ ʢᴇʰʽʨʤʝʩʽ. 

ʅʘʡʟʘסʘʡʜʘסʳʜʘʡ ʩʫʣʳ ʦʨʪʘʜʘ ʕɼ ʨʘʟʨʷʜʽ ʢʝʟʽʥʜʝ ʙʫ-ʛʘʟʜʳ ʧʣʘʟʤʘ ʪװʨʽʥʜʝʛʽ 

ʬʘʟʘʣʳץ ʢװʡ ʧʘʡʜʘ ʙʦʣʳʧ, ʛʘʟ ʢᴇʧʽʨʰʽʢʪʝʨʽ ʢᴇʧʪʝʧ ʪװʟʽʣʝʜʽ, ᴇʡʪʢʝʥʽ ʦʨʪʘ 

-ʪʘʨʳ ʩʫʣʳץʘʣʳʩʪʘ ʙʦʣʘʪʳʥ ʙʦʣʩʘ, ʧʣʘʟʤʘʜʘ ʢʚʘʟʠ-ʚʘʢʫʫʤʜʳ ʢʝʫʝʢ ʘʨʘʣʳסʦʟץ

ʘʫʘʣʳ ʦʨʪʘʥʳש ʥʳסʳʟʜʘʣסʘʥ ʘʨʘʣʳץʪʘʨʳ ʢʝʟʝʢ-ʢʝʟʝʢ ʘʣʤʘʩʳʧ, ʞʘʡסʘʩץʘʥ ʢװʡ 

ʪװʟʝʡʜʽ. ʗסʥʠ, ʢʝʫʝʢ ʘʨʘʣʳץʪʘʨʜʘ ץʳʩʳʤ ʪᴇʤʝʥʛʽ ʰʘʤʘʜʘ ʙʦʣʩʘ (ʞʦץʪʳץ שʘʩʳ), 

http://e-history.kz/en/publications/view/445
mailto:aliyabeibute@gmail.com
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ʥʳסʳʟʜʘʣסʘʥ ʘʨʘʣʳץʪʘʨʜʘ ץʳʩʳʤ ᴇʪʝ ʞʦסʘʨʳ ʰʘʤʘʜʘ ʙʦʣʳʧ, ʘʫʤʘʣʳ-ʪᴇʢʧʝʣʽ 

ʛʘʟʜʳ-ʩײʡʳץʪʳײץ ץʨʳʣʳʤʜʳץ ʦʨʪʘ ʪװʟʽʣʝʜʽ [1:20]. 

ɾʦסʘʨסʳ ʢʝʨʥʝʫʣʽ ʵʣʝʢʪʨ-ʨʘʟʨʷʜʪʳץ ʠʤʧʫʣʴʩʪʽ (ɾʂ-ʕʈʀ) ᴇʥʜʽʨʽʩʪʝ, 

ʪʝʭʥʠʢʘʜʘ ʞᴅʥʝ סʳʣʳʤʜʘ ץʦʣʜʘʥʫ ʠʜʝʷʩʳ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ 

ʞʝʢʝʰʝʣʽʢ-ʠʥʪʝʥʩʠʚʪʽ ʞʳʣʳʪʫ ʞװʡʝʩʽʥʜʝ (ɾʀɾɾ) ʢᴇʧʽʨʰʽʢ-ʘʪʘʨ ʪʝʨʤʦ-

ʢʘʤʝʨʘʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ ʵʣʝʢʪʨ-ʛʠʜʨʘʚʣʠʢʘʣʳץ ʞʳʣʳʪץʳʰ (ʕɻɾ) ץʦʥʜʳʨסʳ 

ʙʘʟʘʩʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣסʘʥ. ʆʥʳײץ שʨʳʣʳʤʜʳץ-ʬʫʥʢʮʠʷʣʳץ ᴃᴅʤ ץʘסʠʜʘʣʳץ 

ʩײʣʙʘʩʳ 1-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 1 ï ɾʂ-ʕʈʀ ʪʫʳʥʜʘʪʳʧ, ʕɻɾ ײʷʰʳץʪʘʨʳʥʜʘ ʢᴇʧʽʨʰʽʢ-ʘʪʫ װʜʝʨʽʩʽʥ 

 .ʣʙʘʩʳײʩ ץʠʜʘʣʳסʘץ ᴃᴅʤ ץʬʫʥʢʮʠʷʣʳ-ץʨʳʣʳʤʜʳײץ  שʡʳʤʜʘʩʪʳʨʫʜʳײ

 

ʄײʥʜʘ 220 ɺ. ʵʣʝʢʪʨʵʥʝʨʛʠʷ ʢᴇʟʽʥ ʂװʥ ʢʦʣʣʝʢʪʦʨʳʤʝʥ (ʂʂ) ץʘʪʘʨ 

 ʘʥ ʀɾɾ ï ʠʥʪʝʥʩʠʚʪʽ ʞʳʣʳʪʫסʘʨʘʩʪʳʨץ ʘʨʳʜʘסʦʣʜʘʥʫ ʢᴇʟʜʝʣʛʝʥ.ɾʀɾɾ ʞʦץ

ʞװʡʝʩʽʤʝʥ ʙʽʨʛʝ ʞʳʣʳʪʫʜʳש ʞʘסשʳʨʤʘʣʳ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ײץʨʘʡʜʳ. ʄʽʥʝ ʦʩʳ 

ʀɾɾ ᴃᴅʤ ɾʀɾɾ ʝʢʝʫʽ ʙʽʨʽʛʽʧ, ץʘʣʳʧʪʘʩץʘʥ ʞᴅʥʝ ᴇʟʽʥʽש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʩʘʨץʘ 

ʪʘʫʳʩץʘʥ ʕɾɾ ʞʘʧʧʘʡ ʘʫʳʩʪʳʨʤʘץ. 
 

 

ʉʫʨʝʪ 2 ï 4 ײʷʰʳץץʘ ʙᴇʣʽʥʛʝʥ ʪʝʨʤʦ-ʢʘʤʝʨʘʣʳ ʕɻɾ ʙʘʟʘʣʳץ ץʦʥʜʳʨסʳʩʳ 

 
 

 

 

ʂװʥ ʢʦʣʣʝʢʪʦʨʳ 

ץͦ ͫͯ-͊͗·ͪ͊ͭͯ ͎͋ͦ͡· 

ˮͣͨͯ͡Έͫͭ͜͟ ͭͦץ ͎͔͔ͤͪ͊ͭͦͪ· ˮ́˥ 

װͭͪ ͔͎ͤ͒ͪ͜͜͡΄ 

ɾʦסʘʨס  rʢʝʨʥʝʫʣʽ 

ʵʣʝʢʪʨ-ʠʤʧʫʣɹ ʩʪʽʢ 

ʨʘʟʨʷʜ ץʘʣ ʧrʪʘʩʪ ʨrʫ 

ᴇ˴ͨ ͪ͜΄͜͟-͊ͭ͊ͪ 
 ש͔͊ͤ͊ͪͣ͊͟-͔ͦͣͪͭ
 ש·ͤ·ס·΄Ύײ
Ή͔ͭͪͦ͒ͭ͊ͪ͟͡·ͤ͊ 

ˬ˴ - 

 

 
 

ʧ ʦ ʧ ʘ ʨ ʥ ʳ ʝ   ʧ ʨ ʦ ʚ ʦ ʜ ʘ    ʧ ʦ ʜ ʘ ʯ ʠ  ʕʈʀ  ʢ  ʵ ʣ ʝ ʢ ʪ ʨ ʦ ʜ ʘ ʤ 

          ɹʘʡʧʘʩ 

 

                                                          

             ʇʝʨʝʛʦʨʦʜʢʠ 

       ʕɻ-ʂɸʄɽʈɸ 

       ʩ 4-ʤʷ ʷʯʝʡʢʘʤʠ             ɺʦʜʦʧʨʠʝʤʥʠʢ 

 

 

 

 

ɺʦʜʦʧʨʦʚʦʜʥʳʝ ʪʨʫʙʳ                                                ɹʘʡʧʘʩ 
 

 

 

ʅʘʢʦʧʠʪʝʣʴʥʘʷ ʝʤʢʦʩʪʴ ʇʈɺ 

 

 

ʂᴇʧʽʨʰʽʢ-ʘʪʘʨ ʪʝʨʤʦ-ʢʘʤʝʨʘʥ rײ שʷʰ rץʪʘʨ  rʵʣʝʢʪʨʦʜʪʘʨ ʥrʘ ʕʈʀ ʢʝʣʪʽʨʫ 

ʉʫ ץʘʙ ʣrʜʘסʳh 

ʉʫ  ײץʙ ʨrʣʘʨʳ 

ɾ ʣr ʪrʫסʘ ʜʘʡ ʥr  ʩʫ  ʞʠʥʘץʪʘʫʰʳ 

ʷʰײ 4 rץʪʳ 

ʙᴇʛʝʪʪʝʨ 
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ʉʫʨʝʪ 3 ï ɾʂ-ʕʈʀ ʪʫʳʥʜʘʪʳʧ, ʕɻɾ ײʷʰʳץʪʘʨʳʥʜʘ ʢᴇʧʽʨʰʽʢ-ʘʪʫ װʜʝʨʽʩʽʥ 

 ʟʝʪʢʽʰ; 3 ïװʣʙʘʩʳ 1ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ; 2 ï ʪײʩ ץʨʳʣʳʤʜʳײץ שʡʳʤʜʘʩʪʳʨʫʜʳײ

ʢʦʥʜʝʥʩʘʪʦʨ; 4 ï ʛʘʟ-ʨʘʟʨʷʜʪʘסʳʰ 

 ʘʥ ʕɻɾ ʙʘʟʘʩʳʥʜʘ çʈʝʚʠʥʦʚ ʅ.ʄ.è ɾʄ ʀɾɾסʘʨʘʩʪʳʨʳʧ ʦʪʳʨפ

ʟʝʨʪʭʘʥʘʩʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʧ ʪײʨסʘʥ ɾʀɾɾ ʩʳʥʘץʪʳץ ץʦʥʜʳʨסʳʩʳ ʤʳʥʘʜʘʡ 

ʥᴅʪʠʞʝʣʝʨʜʽ ʧʘʰ ʝʪʫʜʝ [2:90]: 

ï ʙʽʨʽʥʰʽʜʝʥ, ʦʩʳ ʪʝʭʥʦʣʦʛʠʷʥʳש ᴇʪʝ ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʪʽ ʥʘץʪʳ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ: ʇᴄʂ (93-95 % ʤᴇʣʰʝʨʽʥʜʝ), ʵʥʝʨʛʠʷ ʪװʨʣʝʥʜʽʨʫ ʢᴇʨʩʝʪʢʽʰʽ ï 

ʕʊʂ (15-20 ʝʩʝ); 

ï ʝʢʽʥʰʽʜʝʥ, ʂװʥ ʵʥʝʨʛʠʷ ʢᴇʟʽ (ʂʂ), ʦסʘʥ ץʘʪʘʨʣʘʩץʘʥ ʕʕ ʢᴇʟʽ ʪʝʢ ץʘʥʘ 

ʙʘʩʪʘʧץʳʜʘ ץʦʩʳʧ ʞʽʙʝʨʛʽʰ, ʷסʥʠ ʩʪʘʨʪʸʨ ʨᴇʣʽʥ סʘʥʘ ʘʪץʘʨʘʜʳ, ʜʝʤʝʢ ʙʽʨ ʽʩʢʝ 

 ʤʳʩײʪʳʥʜʳʨʳʧ, ʞײʡʝ ᴇʟʙʝʪʽʤʝʥ ᴇʟʽʥ-ᴇʟʽ ʵʥʝʨʛʠʷʤʝʥ ʪװʘʥʥʘʥ ʢʝʡʽʥ ʞסʦʩʳʣץ

ʽʩʪʝʡ ʙʝʨʝʜʽ, ʘʣ ʙײʣʘʡ ʜʝʛʝʥʽשʽʟ ʪʠʽʤʜʽʣʽʛʽ ʪᴇʤʝʥ ʂʂ ʤʘʨʜʳʤʩʳʟʜʳסʳ ʞʫʳʣʳʧ-

ʰʘʡʳʣʘʜʳ (ʞʝʣ ʵʥʝʨʛʠʷ ʢᴇʟʽ ʜʝ ʙʦʣʘ ʙʝʨʝʜʽ).  

ʉʦʥʳʤʝʥ ʜʝ, ץʦʨʳʪʳʥʜʳʣʘʡ ʘʡʪʩʘץ, ɾʀɾɾ ʞʦסʘʨʳʜʘסʳ ʀɾɾ ʙʽʨʽʛʝ 

ʦʪʳʨʳʧ,  פʘʟʘץʩʪʘʥʜʘסʳ ʕɾɾ ʞʘʧʧʘʡ ᴃᴅʤ ʪʦʣʳץʪʘʡ ʘʣʤʘʩʪʳʨʘ ʘʣʘʜʳ. ʉᴇʡʪʽʧ, 

ʦʨʛʘʥʠʢʘʣʳץ ʦʪʳʥ ʤʝʥ ʞʘסʘʨ-ʞʘʥʘʨʤʘʡʜʳש ʞʳʣʫ, ʳʩʪʳץ ʩʫ ʜʘʡʳʥʜʘʫסʘ ʢʝʪʝʪʽʥ 

ʤᴇʣʰʝʨʽ 60-65 % װʥʝʤʜʝʣʤʝʢ.   

ʈʍפ ʽʰʽʥʜʝʛʽ ʢᴇʧʽʨʰʽʢ-ʘʪʫ װʜʝʨʽʩʽ ʞᴅʥʝ ʂʊʂ ʽʰʽʥʜʝʛʽ ʕɼ ʪװʨʽʥʜʝʛʽ ɾʂ-

ʕʈʀ ʞʳʣʫ  ʵʥʝʨʛʝʪʠʢʘ ʩʘʣʘʩʳʥʜʘסʳ ʞʳʣʳʪʫ ʞװʡʝʣʝʨʽ ʪʫʨʘʣʳ ʢᴇʟץʘʨʘʩʪʳ 

ʪװʙʝʛʝʡʣʽ ᴇʟʛʝʨʪʫʛʝ ʞʦʣ ʘʰʳʧ, ʙײʣ ʤᴅʩʝʣʝʥʽש ʰʝʰʽʤʽʥ ʞʘשʘʰʘ ï ʠʥʥʦʚʘʮʠʷʣʳץ 

ʳסשʘʡסʘ ʙʘסʳʪʪʘʡ ʘʣʘʜʳ ʝʢʝʥ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥʜʘʨʜʳ ʞᴅʥʝ ʜʝ ʦʩʳ ץʦʨʳʪʳʥʜʳʥʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ɾʀɾɾ + ʀɾɾ ʞײʙʳʥ çʘʙʩʦʣʶʪʪʽ ʵʥʝʨʛʠʷè ʜʝʧ ʘʪʘʫ ʦʨʳʥʜʳ ʙʦʣʘʜʳ ʜʝʤʝʢʧʽʟ. 

ʊᴇʤʝʥʜʝʛʽ 1-ʩʘʣʳʩʪʳʨʫ ʢʝʩʪʝʩʽʥʝ שװʽʣʩʝʢ, ʦʥʜʘ ʙʽʟʜʝʨ ɾʀɾɾ + ʀɾɾ ʞײʙʳ 

ʪײʨʘץʪʳ ʜʘʤʫ ץʘסʠʜʘʣʘʨʳʥʘ ʜʘ ʤʦʣʳʥʘʥ ʞʘʫʘʧ ʙʝʨʝʪʽʥʜʽʛʽʥ ʙʘʡץʘʡʤʳʟ. ɼʝʤʝʢ, 

ʞʳʣʳʪʫ ʞװʡʝʣʝʨʽʥʽש ʦʩʳ ʞײʙʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʙʦʣʩʘ, ʦʣʘʨ ʝש ʘʣʜʳʤʝʥ 

 ,ʩʽʧװʘ ʞʦʣ ʪץץʪʳ ʜʘʤʫʳʥʘ ʢʝʧʽʣ ʙʦʣʘʨ ʝʜʽ, ʘʣ ᴅʣʝʤʜʽʢ ʥʘʨʳץʨʘײʪ שʩʪʘʥʥʳץʘʟʘפ

ʰʳסʘʪʳʥʜʘʡ ʢװʥ ʪʫʩʘ, ʦʣʘʨ ɾʝʨ ᴇʨʢʝʥʠʝʪʽ ʪײʨʘץʪʳ ʜʘʤʫʳʥʘ ʜʘ ʢʝʧʽʣ ʙʦʣʤʘץ. 

ɽʥʜʽ ʘʙʩʦʣʶʪʪʽ ʙʘʡʣʘʥʳʩ סײʳʤʳʥ ץʘʨʘʩʪʳʨʫסʘ ʢᴇʰʝʤʽʟ[3:15]. 

 

 

 

 
 

 

 

1 

2 
3 

4 

ʧʦʜʘʯʘ ʵʣʝʢʪʨʦ-ʨʘʟʨʷʜʥʳʭ 

ʠʤʧʫʣʴʩʦʚ ʢ ʧʘʨʥʳʤ 

ʵʣʝʢʪʨʦʜʘʤ ʚ ̫ʯʝʡʢʘʭ       

ʕɻ-ʢʘʤʝʨ r

ʂᴇʧʽʨʰʽʢ-ʘʪʘʨ ʪʝʨʤʦ-ʢʘʤʝʨʘʥ rש ᴅʨ 

ʷʰײ rס ʥr rש ʞײʧ ʵʣʝʢʪʨʦʜʪʘʨ ʥrʘ 

ɾʂ-ʕʈʀ ʜʘʡ ʥrʜʘʧ ʙʝʨʫ 
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ʂʝʩʪʝ 1 

ʉʘʣʳʩʪʳʨʫ ʢʝʩʪʝʩʽ 

 

ʉʘʣʳʩʪʳʨʫ ʢʨʠʪʝʨʠʽ ʕɾɾ ʀɾɾ 

ʕʢʦʣʦʛʠʷ ᴇʟʽ ʣʘʩ, ץʦʨʰʘסʘʥ 

ʦʨʪʘʥʳ ʣʘʩʪʘʡʜʳ 

ᴇʟʽ ʪʘʟʘ, ץʦʨʰʘסʘʥ 

ʦʨʪʘʥʳ ʣʘʩʪʘʤʘʡʜʳ 

ᴆʨʪʢʝ פʘʫʽʧʪʽ פʘʫʽʧʩʽʟ 

ɸʜʘʤ ʜʝʥʩʘʫʣʳסʳ ʘʜʘʤ ʜʝʥʩʘʫʣʳסʳʥʘ 

 ʘʫʽʧʪʽ ʫʣʳ ʟʘʪʪʘʨץ

ʙᴇʣʽʧ ʰʳסʘʨʘʜʳ 

ʘʜʘʤ ʜʝʥʩʘʫʣʳסʳʥʘ 

 ʘʫʽʧʩʽʟץ

ɸʜʘʤ ᴇʤʽʨʽ ʘʜʘʤ ᴇʤʽʨʽʥ ץʠʷʪʳʥ ʦʧʘʪ 

ʞʘסʜʘʡʣʘʨ ʦʩʳ ʢװʥʛʝ 

ʜʝʡʽʥ ץʘʡʪʘ-ץʘʡʪʘ 

  ʘʡʪʘʣʘʥʘ ʙʝʨʝʜʽץ

ʘʜʘʤ ᴇʤʽʨʽʥʝ ʝʰ ʟʘʣʘʣʳ 

ʞʦץ 

ʉʝʨʚʠʩ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ 

 ʦʣʘʡʩʳʟץ

ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ 

 ʦʣʘʡʣʳץ

ʈʝʩʫʨʩ ï ʪʘʙʠסʠ ץʦʨ ʨʝʩʫʨʩ, ᴅʩʽʨʝʩʝ ʪʘʙʠסʠ 

 ʳסʦʨ ʳʩʳʨʘʧʰʳʣʜʳץ

ʧʘʨʥʠʢʪʽʢ    

ʞʳʣʳʤʳץץʘ ᴅʢʝʣʽʧ 

ʦʪʳʨ 

ʨʝʩʫʨʩ, ᴅʩʽʨʝʩʝ ʪʘʙʠסʠ 

 ʦʨʜʳץ

 ʣʛʽװ שʥʝʤʜʝʫʜʽװ

ʙʦʣʘʨʣʳץ ʪᴅʩʽʣ-ʘʡʣʘʩʳ 

ʜʝʫʛʝ ʙʦʣʘʜʳ 

 ʘʣʧʳʥʘ ʢʝʣʝʪʽʥפ

ʵʥʝʨʛʠʷ ᴃᴅʤ ʙʘʣʘʤʘʣʳ 

ʵʥʝʨʛʠʷ ʢᴇʟʽ 

ᴇʟʽ ʥʝ ɹʕʂ ʙʦʣʘ 

ʘʣʤʘʡʜʳ, ʥʝ פʂʕ ʢᴇʟʽʥʝʥ 

ʪײʪʳʥʘ ʘʣʤʘʡʜʳ 

ᴇʟʽ ɹʕʂ ʙʦʣʘ ʦʪʳʨʳʧ, 

 ʘסʪʳʥʫײʂʕ ʢᴇʟʽʥʝʥ ʪפ

ʢᴇʰʝ ʘʣʘʜʳ 

ʊʘʙʠסʠ ײץʙʳʣʳʩץʘ 

 ʳסʩʘʩʪʳץײ

ʪʘʙʠסʠ ʞʘסʜʘʡʜʘ ʙʦʣʳʧ 

ʪײʨʘʪʳʥ ʘʣʘʧʘʪ ᴇʨʪʪʝʨ 

 ʙᴇʣʤʝ ʞʘסʜʘʡʳʥʜʘסʳ 

ʜװʣʝʡ ײץʡʳʥ ï 

 ʳ ʪʦʨʥʘʜʦסʙʳʨʜʘײץ

ʊʘʙʠסʠ ײץʙʳʣʳʩץʘ 

 ʳסʩʘʩʪʳץײ

ɾʝʢʝʰʝʣʽʢ-ʠʥʪʝʥʩʠʚʪʽ ʞʳʣʳʪʫ ʞװʡʝʩʽʥʜʝ ï 

ɾʀɾɾ: 

ʙᴇʣʤʝ ʞʘסʜʘʡʳʥʜʘסʳ ʤʠʥʠ-ʥʘʡʟʘסʘʡ ï ʵʣʝʢʪʨ 

ʜʦסʘʩʳ 
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ɻʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢ ᴇʟʽʥʰʝ ʽʰʢʽ ײץʨʳʣʳʤʳ ʙʦʣʘʪʳʥ 

ʙʝʡʙʝʨʝʢʝʪʪʽʣʽʢʪʝʥ ʪײʨʘʜʳ. ײפʡʳʥʜʘʨ ʤʝʥ ʦʣʘʨʜʳש ʢʣʘʩʪʝʨʣʝʨʽʥʽש 

 ʩʽʟʜʽʛʽ ʤʝʥ ʰʝʢʩʽʟʜʽʛʽ ʢʝʟʽʥʜʝʛʽשʪʝ שʪʳ ʝʤʝʩ ʦʨʪʘʥʳץʟʫ ʩʳʟʳװʘʣʳʧʪʘʩʫʳʥ ʪץ

ᴇʟײʡʳʤʜʘʩʫʜʳש ᴅʤʙʝʙʘʙ װʨʜʽʩʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨסʘʥ ʞᴇʥ [1: 610].  

      ᴆʟײʡʳʤʜʘʩʫ ץʦʨʳʪʳʥʜʳʩʳʥʜʘסʳ ײץʨʳʣʳʤʜʘʥʜʳʨʫ (ʩʠʤʤʝʪʨʠʷʥʳש 

ʢװʡʨʝʫʽ) ʙʝʡʙʝʨʝʢʪʪʽʣʽʢ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʩʪʦʭʘʩʪʠʢʘʣʳץ ʩʠʧʘʪʳʥʘ ʪᴅʥ. 

ʉʠʤʤʝʪʨʠʷ ʢװʡʨʝʫʽʥʽש ʳץʪʠʤʘʣʜʳʣʳץ ʪᴅʨʪʽʙʽ ʘץʧʘʨʘʪʪʳש ʞװʡʝʜʝ ʞʝʪʢʽʣʽʢʪʽ 

ʪװʨʜʝ ץʘʣʳʧʪʘʩʫʳʥʘ ʰʘʨʪʳ ʙʦʣʘ ʘʣʘʜʳ. ʉʦʥʜʳץʪʘʥ, ʘץʧʘʨʘʪ ᴇʟײʡʳʤʜʘʩʫʳʥʳש 

ʤʘʪʝʨʠʷʩʳ ʤʝʥ ʦʥʳץ שʦʟסʘʣʳʩʳʥʳש ʪʝʦʨʠʷʩʳ ï ʩʠʥʝʨʛʝʪʠʢʘ ʪװʩʽʥʽʛʽʥʽש ʥʝʛʽʟʽʥ 

  .ʘʣʘʫʰʳ ʢʽʣʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [2: 368]ץ

      çɸץʧʘʨʘʪè ʩᴇʟʽ ᴅʨ ʪװʨʣʽ ʤʘסʳʥʘʥʳ ʙʽʣʜʽʨʝʜʽ. ʂʠʙʝʨʥʝʪʠʢʘʜʘ ʘץʧʘʨʘʪ ʜʝʛʝʥ 

ʪװʩʽʥʽʢ ʩʠʛʥʘʣʜʘʨʜʳש ʩʘץʪʘʣʫ, ᴇשʜʝʣʫ ʞᴅʥʝ ʙʝʨʽʣʫ ʤʘסʳʥʘʣʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ʓץʪʠʤʘʣʜʳʣʳץʪʘʨ ʪʝʦʨʠʷʩʳʥʜʘ ʘץʧʘʨʘʪ ʢʝʟ ʢʝʣʛʝʥ ʞʘסʜʘʡʜʘסʳ ʦץʠסʘʣʘʨʜʳש 

ʙʽʨ-ʙʽʨʽʥʝ ץʘʪʳʩʪʳ ʳץʪʠʤʘʣʜʳץʪʘʨʳʥ ʩʘʣʳʩʪʳʨʫʜʘסʳ ʘʜʜʠʪʠʚʪʽ ʩʘʥʜʳץ ᴇʣʰʝʤʽ 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹʽʟ ʩʠʥʝʨʛʝʪʠʢʘʣʳײץ ץʙʳʣʳʩʪʘʨסʘ ץʘʪʳʩʪʳ ʂ. ʐʝʥʥʦʥ 

  .ʦʣʜʘʥʘʤʳʟ [3: 167]ץ ʦʨʳʥץ ʧʘʨʘʪʪʘʨץʘʥ ʘסʩʳʥײ

      ɸץʧʘʨʘʪ - ᴇʣʰʝʥʝʪʽʥ ʰʘʤʘ, ʩʦʥʜʳץʪʘʥ ʦʣ ʙʘʨʣʳץ ʬʠʟʠʢʘʣʳץ ʰʘʤʘʣʘʨ 

ʩʠʷץʪʳ ʪᴅʫʝʣʩʽʟ ʘʫʳʩʧʘʣʳ ץʳʟʤʝʪʽʥ ʢᴇʨʩʝʪʝ ʘʣʘʜʳ. ɸץʧʘʨʘʪʪʳץ ʵʥʪʨʦʧʠʷ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ᴇʟײʡʳʤʜʘʩʫʜʳש ʢʦʤʧʣʝʢʩʪʽʢ ʩʠʧʘʪʳ ï ʘץʧʘʨʘʪʪʳש ʦʨʪʘʰʘ 

ʤʘסʳʥʘʩʳʥ ʙʝʨʝʜʽ.  

       ɸץʧʘʨʘʪʪʳץ ʵʥʪʨʦʧʠʷ. ʕʥʪʨʦʧʠʷ ʜʝʛʝʥ ʪװʩʽʥʽʢ ʘʰʳץ ʞװʡʝʣʝʨ 

ʪʝʦʨʠʷʩʳʥʳש ʤʘשʳʟʜʳ ʩʠʧʘʪʪʘʤʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʵʥʪʨʦʧʠʷʥʳ: 

ʘ) ʙʽʨץʘʣʳʧʪʳ ʝʤʝʩ ʞװʡʝʥʽץ שʘʪʳʩʪʳץ ʜᴅʨʝʞʝʩʽʥʽש ʨʝʪʪʝʣʛʝʥ ᴇʣʰʝʤʽ; 

ʙ) ʩʪʘʪʠʢʘʣʳץ ʩʫʨʝʪʪʝʫ ʢʝʟʽʥʜʝʛʽ ʙʽʨץʘʣʳʧʪʳ ʝʤʝʩ ᴇʣʰʝʤʽ; 

ʚ) ʵʚʦʣʶʮʠʷ ʪʝʦʨʠʷʩʳʥʜʘסʳ ᴅʨʪװʨʣʽʣʽʢ ᴇʣʰʝʤʽ ʜʝʧ ץʘʨʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ [4: 

736].  
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      ʕʥʪʨʦʧʠʷ ʪװʩʽʥʽʛʽ ʢʝʟ ʢʝʣʛʝʥ ʰʘʤʘʣʘʨʜʳש ʙᴇʣʽʥʫ ʳץʪʠʤʘʣʜʳʣʳסʳʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳ. ɽ ʵʥʝʨʛʠʷʩʳʥʳש ʰʘʤʘʩʳʥ ʙʽʨʜʝʡ ʝʪʽʧ ʙᴇʣʫ ʢʝʟʽʥʜʝ ʞװʡʝʘʩʪʳʣʳץ 

ʨʝʘʣʠʟʘʮʠʷʥʳש ʳץʪʠʤʘʣʜʳʣʳסʳ ʙʳʣʘʡ ʘʥʳץʪʘʣʘʜʳ:  

,/1)E(P i                                             (1) 

ʤײʥʜʘסʳ  ï ʞװʡʝʘʩʪʳʥʳש ʤʘʢʨʦʩʢʦʧʠʷʣʳץ ʞʘסʜʘʡʳʥʳש ʩʪʘʪʠʢʘʣʳץ ʩʘʣʤʘסʳ, 

ʘʣ   
gh/qʨ  

ʘʨץʳʣʳ ʘʥʳץʪʘʣʘʜʳ. ʄײʥʜʘסʳ qʨ  ï ʬʘʟʘʣʳץ ʢᴇʣʝʤ, h ï  ʇʣʘʥʢ ʪײʨʘץʪʳʩʳ, 

g ï ʝʨʢʽʥʜʽʢ ʜᴅʨʝʞʝʩʽʥʽש ʩʘʥʳ. ʉʪʘʪʠʢʘʣʳץ ʬʠʟʠʢʘʜʘ ʵʥʪʨʦʧʠʷʥʳ ʙʳʣʘʡ 

ʘʥʳץʪʘʡʜʳ: 

         lnS                                                  (2) 

  (2) ᴇʨʥʝʢʪʽש ʪװʨʽ ʢװʨʜʝʣʽ ʞװʡʝʥʽש ʵʥʪʨʦʧʠʷʩʳʥʳש ʘʜʜʠʪʠʚʪʽʣʽʛʽʥʽש 

ʪʘʣʘʧʪʘʨʳʥʘʥ ʰʳסʘʜʳ: 
)(S)(S)(S)(S 221121  

 

  (1) ʤʝʥ (2) ï ʜʳ ʝʩʢʝʨʽʧ, ʵʥʪʨʦʧʠʷʥʳ ʤʳʥʘ ʪװʨʜʝ ʪʘʙʘʤʳʟ: 

  

      )E(PlnlnS i                                   (3) 

 

  (3) ï ʥʳ  ʦʨʪʘʰʘ ʳץʪʠʤʘʣʜʳʣʳץʪʳש ʤᴅʥʽʤʝʥ ʤʳʥʘʜʘʡ ʪװʨʜʝ ʞʘʟʘʤʳʟ:      

 

)E(PP;PlnPS iii
i

ii                          (4) 

(3) ᴇʨʥʝʢ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ ʵʥʪʨʦʧʠʷʥʳ ʘץʧʘʨʘʪʪʳץ ʵʥʪʨʦʧʠʷ ʜʝʧ 

ʘʪʘʡʜʳ. ɸץʧʘʨʘʪʪʳץ ʵʥʪʨʦʧʠʷ ʘץʧʘʨʘʪʪʳש ʦʨʪʘʰʘ ʳץʪʠʤʘʣʜʳʣʳץ ʤᴅʥʽʥ 

ʘʥʳץʪʘʡʜʳ. ɾװʡʝʘʩʪʳʥʳש ʪʝש ʳץʪʠʤʘʣʜʳ ʙᴇʣʽʥʫʽ ʢʝʟʽʥʜʝ ʞװʡʝ ʞʘʡʳʥʜʘסʳ 

ʘʥʳץʪʘʣʤʘʫʰʳʣʳץ ʰʝʛʽʥʝ ʜʝʡʽʥ ʞʝʪʝʜʽ, ʷסʥʠ ʞװʡʝ ʞʘʡʳʥʜʘסʳ ʙʘʨʣʳץ ʘץʧʘʨʘʪ 

ᴇʰʝʜʽ ʞᴅʥʝ ʵʥʪʨʦʧʠʷסʘ ʘʡʥʘʣʘʜʳ ((3) ᴇʨʥʝʢ). 

ʊʝʧʝ ï ʪʝשʜʽʢ ʞװʡʝ ʘץʧʘʨʘʪʪʳ ʩʘץʪʘʡ ʘʣʤʘʡʜʳ. ɸץʧʘʨʘʪʪʳ ʞװʡʝ ʘʨץʳʣʳ 

ʘʣʫ ʘʥʳץʪʘʣʤʘʫʰʳʣʳץʪʳש ʘʟʘʶʳʥʘ ᴅʢʝʣʝʜʽ, ʩʦʥʜʳץʪʘʥ ʘץʧʘʨʘʪ ʩʘʥʳʥ 

ʞʦסʘʣסʘʥ ʘʥʳץʪʘʣʤʘʫʰʳʣʳץʪʳש ʩʘʥʳʤʝʥ ᴇʣʰʝʫʛʝ ʙʦʣʘʜʳ, ʷסʥʠ ʵʥʪʨʦʧʠʷ [5: 

320]: 

 

pspr SSJ , 

 

ʤײʥʜʘסʳ ʨr ʠʥʜʝʢʩʽ çʘʧʨʠʦʨʠè, ʘʣ ps ï çʘʧʦʩʪʝʨʠʦʨʠè ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ. 

ʉʦʥʜʳץʪʘʥ, (10) ʪʝשʜʽʢʧʝʥ ʘʥʳץʪʘʣʘʪʳʥ ᴇʣʰʝʤ, ʢʝʡʜʝ ʘץʧʘʨʘʪ ʜʝʧ ʘʪʘʣʩʘ (ʝʛʝʨ 

ʦʣ ʠʝʣʝʥʛʝʥ ʙʦʣʩʘ), ʢʝʡʜʝ ʵʥʪʨʦʧʠʷ ʜʝʧ ʘʪʘʣʘʜʳ (ʝʛʝʨ ʦʣ ʞʦסʘʣʪʳʣסʘʥ ʙʦʣʩʘ).   

ɸh ʳץ ʞװʡʝʣʝʨʜʝʛʽ ᴇʟײʡʳʤ ʜᴅʨʝʞʝʩʽʥʽש ʘץʧʘʨʘʪʪʳץ ʩʠʧʘʪʳ. 

ᴆʟײʡʳʤ ʞװʡʝʣʝʨʜʽש ᴅʤʙʝʙʘʙ ץʘʩʠʝʪʪʝʨʽʥʝ, ʦʣʘʨʜʳש ᴇʟʽʥʜʽʢ ץײʩʘʩ 

ʤʘʩʰʪʘʙʪʳ ï ʠʥʚʘʨʠʘʥʪʪʳ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳש, ʠʝʨʘʨʭʠʷʣʳץ ʜʝשʛʝʡʣʝʨʽʥʽש 

ʘʥʳץʪʘʣʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ץʘʩʠʝʪ ʤʘʢʨʦʩʢʦʧʠʷʣʳץ ʞװʡʝʥʽש ʩʠʧʘʪʪʘʤʘʣʳ 

ʬʠʟʠʢʘʣʳץ ʰʘʤʘʥʳש ʥʘץʪʳ ʤᴅʥʽʥʽש ʳץʪʠʤʘʣʜʳסʳʥ ʈ װʟʜʽʢʩʽʟ ʘʫʳʩʧʘʣʳ ʜʝʧ, ʘʣ 
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ʦסʘʥ ʩᴅʡʢʝʩʽʥʰʝ J=ïIn P ʘץʧʘʨʘʪʪʘʨ ï ʪᴅʫʝʣʩʽʟ ʘʥʳץʪʘʫʰʳ ʘʫʳʩʧʘʣʳʣʘʨ ʜʝʧ 

  .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʘʨʘʩʪʳʨʫץ

ʆʩʳסʘʥ ʩᴅʡʢʝʩ ʳץʪʠʤʘʣʜʳʣʳץʪʳ ʘץʧʘʨʘʪʪʘʥ ʰʳסʘʪʳʥ ʬʫʥʢʮʠʷ ʪװʨʽʥʜʝ 

ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ: 

 

0

J ,1dJ)J(P,e)J(P                                 (5) 

 

ɽʢʽʥʰʽ ʞʘסʳʥʘʥ P(J) ʳץʪʠʤʘʣʜʳʣʳסʳ f(J) ʳץʪʠʤʘʣʜʳʣʳסʳʥʳש 

ʪʳסʳʟʜʳסʳʥ װʣʝʩʪʽʨʫʽ ʬʫʥʢʮʠʷʩʳ ʘʨץʳʣʳ ʘʥʳץʪʘʣʘʜʳ:                                                                                                                         

         

J

J ,dJ)J(fe)J(P                                    (6) 

ʤײʥʜʘסʳ ʠʥʪʝʛʨʘʣʜʘʫ ʰʝʢʪʝʨʽ J ʞᴅʥʝ ʈ: 0  J  , 1  P  0 ᴇʟʛʝʨʫ 

ʠʥʪʝʨʚʘʣʜʘʨʳʤʝʥ ʩᴅʡʢʝʩʪʝʥʜʽʨʽʣʽʧ ʘʣʳʥסʘʥ. (6) ʪʝשʜʽʛʽʥ ʬʫʥʢʮʠʷʤʝʥ 

ʪʦʣʳץʪʳʨʩʘץ: 

0

J .1dJ)J(f,e)J(P)J(f                        (7) 

       P(J) ʥʘץʪʳʣʘʫ ʘץʧʘʨʘʪʳʥʳש ʳץʪʠʤʘʣʜʳʣʳץ ʬʫʥʢʮʠʷʩʳ f(J) 

ʳץʪʠʤʘʣʜʳʣʳץ ʪʳסʳʟʜʳסʳʥʳװ שʣʝʩʪʽʨʫ ʬʫʥʢʮʠʷʩʳʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʊʝʢ 

ʘץʧʘʨʘʪ ץʘʥʘ ʢװʨʜʝʣʽ ʞװʡʝʣʝʨʜʽש ʙʘʨʣʳץ ʠʝʨʘʨʭʠʷʣʳץ ʜʝשʛʝʡʽʥʽש ʪʦʣʳץ ʞᴅʥʝ 

ʞʘʣʧʳ ʩʠʧʘʪʪʘʤʘʩʳ ץʳʟʤʝʪʽʥ ʘʪץʘʨʘʜʳ: ʦʥʳש ʙʽʨ ʙᴇʣʽʛʽ ʪʦʣʳץ ʤʘסʣײʤʘʪʪʘʨ 

 ,ʦʣʜʘʥʘ ʦʪʳʨʳʧץ ʵʥʪʨʦʧʠʷʥʳ (6) ᴇʨʥʝʢʪʽ ץʧʘʨʘʪʪʳץʪʘʡ ʘʣʘʜʳ. ɸץʦʨʳʥ ʩʘץ

ʘץʧʘʨʘʪʪʳש ʦʨʪʘʰʘ ʤᴅʥʽ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʡʤʳʟ: 

  

J

J.e)1J(dJ)J(f)J(S                               (8) 

ᴆʟײʡʳʤʜʘʩʫʰʳ ʞװʡʝʥʽש ᴇʟʽʥʜʽʢ ץײʩʘʩʪʳסʳʥ ʢʝʡʙʽʨ g(ʭ) ʩʠʧʘʪʪʘʤʘʣʳ 

ʬʫʥʢʮʠʷʥʳ[240 :6] ש ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʝשʜʽʛʽʥʽץײ שʩʘʩʪʳסʳʥʘ ʙʦʣʞʘʡʜʳ: 

 

         ,xgg)x(g ǞǞ                                       (9) 

 

ʤײʥʜʘסʳ  - ʤʘʩʰʪʘʙʪʳ ʢᴇʙʝʡʪʢʽʰ. ʂʝʟ ʢʝʣʛʝʥ װʟʜʽʢʩʽʟ ʬʫʥʢʮʠʷ ᴇʟʽʥʽש 

 ץʪʠʤʘʣʜʳץʘʪʪʘʥʜʳʨʘʜʳ. P(J) ʳסʘʥʘץ ʜʽʢʪʽשʢʪʝʩʽʥʜʝ (7) ʪʝװʘʣʤʘʡʪʳʥ ʥסʦʟץ

ʬʫʥʢʮʠʷʩʳ ʞᴅʥʝ S(J) ʘץʧʘʨʘʪʪʳץ ʵʥʪʨʦʧʠʷʩʳʥ ʩʠʧʘʪʪʘʤʘʣʳץ ʬʫʥʢʮʠʷ ʨʝʪʽʥʜʝ 

 :ʢʪʝʣʝʨʽʥ ʪʘʙʘʤʳʟװʘʣʤʘʡʪʳʥ ʥסʦʟץ שʘʙʳʣʜʘʡ ʦʪʳʨʳʧ, ʦʣʘʨʜʳץ

 

,567,0J,Je,J)J(P 11
J

11
1                        (10) 

 

.806,0J,Je)1J(,J)J(S 22
J

222
2          (11) 
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     ɹײʣ ץʦʟסʘʣʤʘʡʪʳʥ ʥװʢʪʝʣʝʨ ʙʽʨʜʝʥ-ʙʽʨ ʪײʨʘץʪʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨ                    

J0 ʘץʧʘʨʘʪʳʥʳש ʢʝʟ ʢʝʣʛʝʥ ʙʘʩʪʘʧץʳ ʤᴅʥʽʥʝ ʞʝʪʝʪʽʥ ʢᴇʧʪʝʛʝʥ ʙʝʡʥʝʣʝʨʜʽש ʰʝʛʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

 

),J(PJ i1i  ,J)...)Jexp(exp(...exp(lim 10
i

                        (12) 

 

),J(SJ i1i  .J)...)J)1Jexp(ln(exp(...exp(lim 200
i

             (13) 

 

       J1, J2 ʩʘʥʜʘʨʳ ʝש ʘʣסʘʰ [7: 81] ʞײʤʳʩʪʘ ʪʘʙʳʣʳʧ ʞᴅʥʝ ʦʩʳ ʩʘʥʜʘʨʜʳ 

ʪʘʙʠסʠ ײץʙʳʣʳʩʪʘʨʜʳש ᴅʤʙʝʙʘʙ ʟʘשʜʳʣʳץʪʘʨʳʥ ʘʰʫסʘ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʰʽʣʽʢʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ ʝʜʽ. [8: 254, 9: 222] ʞײʤʳʩʪʘʨʜʘ ʜʠʩʩʠʧʘʪʠʚʪʽ 

ʩʳʟʳץʪʳ ʝʤʝʩ ʙʝʡʥʝʣʝʨʜʽש ʜʠʥʘʤʠʢʘʣʳץ ʙʝʡʙʝʨʝʢʝʪʪʽʣʽʛʽʥʽש, ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽש 

 ʳ ʢʦʥʚʝʢʪʠʚʪʽסʙʽʨ ʞᴅʥʝ ʝʢʽ ʬʘʟʘʣʳ ʦʨʪʘʣʘʨʜʘ ,שʵʣʝʤʝʥʪʪʝʨʽʥʽ ץʨʳʣʳʤʜʳײץ

ʞʳʣʫ ʘʣʤʘʩʫʳʥʳש ʞᴅʥʝ ʪ.ʙ. ʟʘשʜʳʣʳץʪʘʨʳʥʜʘסʳ ʙײʣ ʙʝʣʛʽʣʝʨʜʽש ʙʘʨ ʝʢʝʥʜʽʛʽʥ 

ʜᴅʣʝʣʜʝʡʪʽʥ ʜᴅʣʝʣʜʝʨ ʢʝʣʪʽʨʽʣʛʝʥ.  

      J1, J2  ʩʘʥʜʘʨʳʥʳש ʤᴅʥʽʥʽש ʞʠʥʘסʳ ᴅʨ ʪװʨʣʽ ʙʦʣʘ ʘʣʘʜʳ, ʩʦʣʘʨʜʳש ʽʰʽʥʜʝʛʽ 

ʝש ᴅʤʙʝʙʘʙʪʳʣʳסʳ: ʌʠʙʦʥʘʯʯʠ ʩʘʥʳʥʳץ שʦʣʜʘʥʫ ʘʫʜʘʥʳʥʳש ʢʝשʝʶʽ (çʘʣʪʳʥ 

             ʘ, ʘʣסʩʠʧʘʪʪʘʫ ץʧʘʨʘʪʪʳץᴇʣʰʝʤʽ). J1  ʘ ץʜʠʥʘʤʠʢʘʣʳ שʡʝʥʽװʠʳʣʳʩʫè ʞץ

J2 ï ʢװʨʜʝʣʽ ʞװʡʝʥʽש ʵʥʪʨʦʧʠʷʣʳץ ʩʠʧʘʪʪʘʫʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʄײʥʜʘ (9) ï ʪʝʥ   

J << 1 (8) ʰʳסʘʪʳʥʳ, ʘʣ (9) ï ʪʝʥ J < 1 ʙʦʡʳʥʰʘ ʵʢʩʧʦʥʝʥʪ ʳʜʳʨʘʫʳʥʳש ʪʝʢ 

ʙʽʨʽʥʰʽ ʤװʰʝʩʽʥ ʝʩʢʝʨʩʝʢ, ʦʥʜʘ J3 ʌʠʙʦʥʘʯʯʠ ʩʘʥʳ װʰʽʥ ʪʝשʜʝʫʽʥ 

ʘʣʘʪʳʥʜʳסʳʤʳʟסʘ ʪʦʣʳץ ʢᴇʟ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ: 

 

,01JJ 3
2
3  .618,0J3                                 (14) 
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          ɿʘʤʘʥʘʫʠ ʤʝʢʪʝʧ ʤסײʘʣʽʤʽ ʙʘʣʘʣʘʨסʘ ʜʘʡʳʥ ʙʽʣʽʤ ʙʝʨʤʝʡ, ʦʥʳ ᴇʟʜʽʛʽʥʝʥ 

ʞᴅʥʝ ץʳʟʳסʫʰʳʣʳץʧʝʥ ʦץʫסʘ װʡʨʝʪʝʜʽ. Lego ʢʦʥʩʪʨʫʢʪʦʨʳ ʦʩʳ ʪᴅʞʽʨʠʙʝʥʽ 

 ʪʳ ʞᴅʥʝ ʥᴅʪʠʞʝʣʽ ʞʦʩʧʘʨʣʘʫץʳʟʳץ ʨʜʽʩʽʥװ ʫץʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʽʟ ʦװʘ ʤסʦʣʜʘʥʫץ

 ʘʣʘʫסʪᴅʩʽʣʜʝʨʽʥ, ʬʦʨʤʘʪʠʚʪʽ ʙʘ ץʧʝʜʘʛʦʛʠʢʘʣʳ שʳʪʫʜʳץʰʽʥ ʢʫʨʩʪʘ ʙʝʣʩʝʥʜʽ ʦװ

ᴅʜʽʩʪʝʨʽʥ ʞᴅʥʝ ʞʝשʽʣʜʝʥ ʢװʨʜʝʣʽ ʙʽʣʽʤ ʙʝʨʫ ʞʦʣʜʘʨʳʥ ʤʝשʛʝʨʜʽʢ. ʉʘʙʘץʪʘʨʜʳש 

ʙʘסʜʘʨʣʘʤʘʩʳ ʪʦʣʳײץ ץʥʜʳ ʙʦʣʜʳ. ɹʘסʜʘʨʣʘʤʘʥʳ ʤʝשʛʝʨʫ ʠʥʪʝʨʙʝʣʩʝʥʜʽ 

ʜᴅʨʽʩʪʝʨ, ʪʨʝʥʠʥʛʪʝʨ, ʪʦʧʪʳץ ʪʘʣץʳʣʘʫ ʙʘʨʳʩʳʥʜʘ ᴇʪʪʽ. çʈʦʙʦʪ ʪʝʭʥʠʢʘʩʳè 

ʢʫʨʩʳʥ ʝʥʛʽʟʫʜʝ ʪװʨʣʽ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ ʨʦʙʦʪʪʘʨʜʳ ʞʠʥʘʫ, 

 ʨʦʙʦʪ שʫʰʳʣʘʨʜʳץʳʣʳ ʦץʜʘʨʣʘʤʘʣʘʫ ʘʨסʨʘʩʪʳʨʫ, ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʙʘײץ

ʪʝʭʥʠʢʘʩʳ ʞᴅʥʝ ʠʥʞʝʥʝʨʣʽʢ ʞװʡʝʣʝʨʜʽ ʞʦʙʘʣʘʫ ʩʘʣʘʩʳʥʜʘסʳ ʙʽʣʽʤʽ ʤʝʥ 

ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʞײʤʳʩʪʘʨ ʞʘʩʘʣʜʳ. 

    ɹʽʣʽʤ ʙʝʨʫʜʽש ʞװʡʝʩʽʥ ץʘʨץʳʥʜʳ ʜʘʤʳʪʫʜʘ ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘסʳ 

ᴇʟʛʝʨʽʩʪʝʨ ʞʘʣʧʳ ʙʽʣʽʤ ʙʝʨʝʪʽʥ ʤʝʢʪʝʧʪʝʨʛʝ ʜʝ ʝʥʛʽʟʽʣʝ ʙʘʩʪʘʫʳ ʢᴇשʽʣʜʽ 

 ʳ ʜʘ, ʤʽʥʝ, ʦʩʳʥʜʘ. ᴄʨʠʥʝסʳʟʜʳʣʳשʤʘ שʫʘʥʪʘʜʳ. çʈʦʙʦʪ ʪʝʭʥʠʢʘʩʳè ʢʫʨʩʳʥʳץ

ʘʣʳʥסʘʥ ʙʽʣʽʤʜʽ ʰʳשʜʘʫ, ʰʝʙʝʨʣʽʢʧʝʥ ץʦʣʜʘʥʫ ʪᴅʞʽʨʠʙʝ ʘʨץʳʣʳ ʢʝʣʝʪʽʥʽ 

ʙʝʣʛʽʣʽ, ʩʦʥʜʳץʪʘʥ ʙײʣ ʢʫʨʩʪʘʥ ʤסײʘʣʽʤʜʝʨʜʽװ שʡʨʝʥʛʝʥʽ ʤʝʥ װʡʨʝʥʝʨʽ ʤʦʣ. 

        çʈʦʙʦʪ ʪʝʭʥʠʢʘʩʳè ʢʫʨʩʳʥʳש ʤʘʟʤײʥʳ ʤסײʘʣʽʤʜʝʨʜʽש ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʪᴅʞʽʨʠʙʝʣʝʨʽʥ ʞʝʪʽʣʜʽʨʽʧ, ʙʘסʘʤʜʘʫסʘ ʢᴇʤʝʢʪʝʩʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ɹʘסʜʘʨʣʘʤʘ 

ʙʘʨʳʩʳʥʜʘ Lego ʢʦʥʩʪʨʫʢʪʦʨʳʥʳש ᴅʨ ʪװʨʣʽ ʞʦʙʘʣʘʨʳ ʪʘʣץʳʣʘʥʜʳ. ʄסײʘʣʽʤʛʝ 

ʩʘʙʘץʪʳ ץʘʞʝʪʪʽ ʤʘʟʤײʥʤʝʥ ʪʦʣʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʦץʫʰʳʣʘʨʜʳש ʦץʫסʘ 

ʜʝʛʝʥ ʫᴅʞʜʝʨʽʥ ʘʨʪʪʳʨʘʜʳ, ʦץʳʪʫʜʳש ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʽʥ ʙʽʨʽʢʪʽʨʝʜʽ. 

         çʈʦʙʦʪ ʪʝʭʥʠʢʘʩʳè ʢʫʨʩʳʥʳש ʙʘʨʳʩʳʥʜʘ ʨʦʙʦʪʪʳש ʧʘʡʜʘ ʙʦʣʫ ʪʘʨʠʭʳʥ, 

ʜʘʤʫ ʢʝʣʝʰʝʛʽʥ ץʘʨʘʩʪʳʨʳʧ,  LEGO MINDSTORMS EV3 Education ʞʠʥʘץʪʘʨʳ 

ʤʝʥ  ʘʚʪʦʥʦʤʜʳ ײʪץʳʨ ʨʦʙʦʪʪʘʨʜʳ ײץʨʘʩʪʳʨʫ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʘʫ 

ʵʣʝʤʝʥʪʪʝʨʽʤʝʥ ʪʘʥʳʩʪʳץ. ɹײʣ ʢʫʨʩʪʘ ʙʘסʜʘʨʣʘʤʘסʘ ʥʝʛʽʟ ʙʦʣסʘʥ ʪʝʦʨʠʷʤʝʥ 

ʪʘʥʳʩʪʳʨʳʧ, ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʽʩʢʝ ʘʩʳʨʫסʘ ץʘʙʽʣʝʪʪʽ ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʤʘץʩʘʪʳʥʜʘ ʙײʣ ʢʝʟʝש ʪᴅʞʽʨʠʙʝ ʞװʟʽʥʜʝ ʞᴅʥʝ ʙʝʣʩʝʥʜʽ ᴇʪʝʜʽ. 

ʆץʫʰʳʥʳש ʬʠʟʠʢʘסʘ ʳʥʪʘʩʳʥ ʜʘʤʳʪʫ ʤסײʘʣʽʤʥʽש  ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ.  ʇᴅʥʛʝ ץʳʟʳסʫʰʳʣʳץʪʳ ʜʘʤʳʪʫʜʳװ שʰ ʰʘʨʪʳ ʙʘʨ: ʙʽʨʽʥʰʽ ʰʘʨʪʳ ï 

ʭʘʙʘʨʣʘʥʳʧ ʦʪʳʨסʘʥ ʪʘץʳʨʳʧʪʳש ʤʘʟʤײʥʳʥ ʞʘסשʳʨʪʫ, ʞʘשʘʰʘ ʩʠʧʘʪʪʘʫ, 

ʽʣʽʤʥʽש ʧʨʘʢʪʠʢʘʣʳץ ʤᴅʥʽʥ ʘʰʳʧ ʢᴇʨʩʝʪʫ ʞᴅʥʝ סʳʣʳʤʥʳש ʩʦסשʳ ʞʘשʘʣʳץʪʘʨʳʥ 
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ʙʘʷʥʜʘʫ,  ʝʢʽʥʰʽ ʰʘʨʪʳ ï ᴇʟ ʙʝʪʽʥʰʝ ʞײʤʳʩ ʽʩʪʝʫʜʽש ʪװʨʣʝʨʽʥʝ ʞʘʪʘʪʳʥ  

ʦץʫʰʳʥʳש ʰʳסʘʨʤʘʰʳʣʳץ, ʧʨʘʢʪʠʢʘʣʳץ ʞײʤʳʩʪʘʨʳʥʘ ʙʘסʳʪʪʘʣסʘʥ ʦץʳʪʫ 

ʪᴅʩʽʣʜʝʨʽ, װʰʽʥʰʽ ʰʘʨʪʳ ï ʦץʫʰʳʥʳץ שʘʙʽʣʝʪʽʥ ײʰʪʘʫ, ʤסײʘʣʽʤʥʽש ʦץʫʰʳסʘ  

ʢᴇʤʝʢ ʙʝʨʫʛʝ ʜʘʡʳʥ ʪײʨʫʳ, ʦʣʘʨʜʳש ʤװʤʢʽʥʜʽʢʪʝʨʽʥʝ ץʦʣʜʘʫ ʢᴇʨʩʝʪʫʽ.  

ɽʢʽʥʰʽ ʰʘʨʪץʘ ʩᴅʡʢʝʩ, ʦץʫʰʳʣʘʨʜʳץ שʘʙʽʣʝʪʽʥʝ ץʘʨʘʡ ʞʝʢʝ 5, 10 ʦץʫʰʳסʘ 

ʪʘʧʩʳʨʤʘ ʙʝʨʫ ʘʨץʳʣʳ ʦʣʘʨʜʳש ʰʳסʘʨʤʘʰʳʣʳץ  ץʘʙʽʣʝʪʽʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ 

ʙʘסʳʪ-ʙʘסʜʘʨ ʩʽʣʪʝʧ,  ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ ʞװʨʛʽʟʫʛʝ ʜʘסʜʳʣʘʥʜʳʨʫ ʢʝʨʝʢ. 

ʆץʫʰʳʣʘʨ ʪʝʦʨʠʷʜʘ ʘʣסʘʥ ʙʽʣʽʤʜʝʨʽʥ ʧʨʘʢʪʠʢʘʜʘ ʪʝʢ ʬʠʟʠʢʘʜʘʥ סʘʥʘ 

ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʛʝʦʛʨʘʬʠʷ, ʙʠʦʣʦʛʠʷ, ʤʘʪʝʤʘʪʠʢʘ ʧᴅʥʜʝʨʽʥʝʥ ʘʣסʘʥ 

ʙʽʣʽʤʜʝʨʽʥ ʜʝ ץʦʣʜʘʥʘ ʘʣʘʜʳ. ʆʣ ʙʽʣʽʤʜʝʨʜʽ ᴇʟ ʙʝʪʽʥʰʝ ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ, 

ʙʘץʳʣʘʫʣʘʨ ʞʘʩʘʫʜʘ, ᴇʟʜʽʛʽʥʝʥ ʦʡʣʘʥʫʜʘ, ʪʘʙʠסʘʪ ײץʙʳʣʳʩʪʘʨʳʥʳש  ʩʝʙʝʧʪʝʨʽʥ 

ʪʘʙʫʜʘ, ᴇʟ ʙʝʪʽʥʰʝ ʥᴅʪʠʞʝ ʰʳסʘʨʫʜʘ, ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳץ שʦʨʳʪʳʥʜʳʩʳʥ 

ʞʘʩʘʫʜʘ, ᴇʟʜʝʨʽʥʽש ʪʫסʘʥ ʞʝʨʽ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ, װʡ ʪײʨʤʳʩʳʥʜʘ ץʦʣʜʘʥʫ 

ʘʩʘ ʪʠʽʤʜʽ ʙʦʣʘʜʳ. 

ɹʽʟ ʬʠʟʠʢʘ ʩʘʙʘסʳʥ ʨʦʙʦʪʦʪʝʭʥʠʢʘʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʘ ʦʪʳʨʳʧ, 

ʦץʫʰʳʣʘʨʜʽש ʧᴅʥʛʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳסʳʥ ʘʨʪʪʳʨʫʜʘʤʳʟ,  ʦץʫʰʳʣʘʨʛʝ ʬʠʟʠʢʘ 

ʩʘʙʘסʳʥʜʘ ʨʦʙʦʪʪʘʨʜʳ ʞʘʩʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ, ʦʥʳש ʧʨʦʛʨʘʤʤʘʩʳʥ ײץʨʫʜʳ 

-ʫʰʳʣʘʨ ʝʤʽʥץʘʪʘʨ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʬʘʢʫʣʴʪʝʪʽʥʜʝ ʦץ ʡʨʝʪʽʧ ʢʝʣʝʤʽʟ. ʉʦʥʳʤʝʥװ

ʝʨʢʽʥ ᴇʟʜʝʨʽʥʽש ʞʦʙʘʣʘʨʳʥ ʽʩʢʝ ʘʩʳʨʘ ʘʣʘʜʳ.  EV3 ï ʢʦʥʩʪʨʫʢʪʦʨʜʳװ  שʰʽʥʰʽ 

ʥײʩץʘʩʳ ʝʢʝʥʽʥ ʘʡʨʳץʰʘ ʘʪʘʧ ᴇʪʢʽʤʽʟ ʢʝʣʝʜʽ. ɸʣʜʳסשʳ ʥײʩץʘʣʘʨ NXT  (ʝʢʽʥʰʽ 

ʥײʩץʘ) ʞᴅʥʝ RCX(ʙʽʨʽʥʰʽ ʥײʩץʘ) ʜʝʧ ʘʪʘʣʘʜʳ. NXT  ʥײʩץʘʩʳ ᴅʣʽ ʜʝ EV3 

ʥײʩץʘʩʳʤʝʥ ʙʽʨʜʝʡ ʩʘʪʳʣʫʜʘ. 

EV3  ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʜʽש ʽʰʽʥʜʝ Linux  ʦʧʝʨʘʮʠʷʣʳץ ʞװʡʝʩʽʥ ץʦʣʜʘʥʘʪʳʥ 

ARM 9  ʧʨʦʮʝʩʩʦʨʳ ʙʘʨ. ʄײʥʜʘ 4 ʢʽʨʫ ʧʦʨʪʳ ʞᴅʥʝ 4 ʰʳסʫ ʧʦʨʪʳ ʙʘʨ. ʉʽʟʛʝ 16 

ʄʙ ʬʣʝʰ-ʞʘʜʳ ʞᴅʥʝ 64 ʄʙ RAM ײʩʳʥʳʣʘʜʳ. ɾʘʜʳʥ ʢʝשʝʡʪʫ װʰʽʥ ʢᴇʣʝʤʽ 32 

ɻʙ Mini SDHC   ʢʘʨʪʘʩʳʥʘ ʘʨʥʘʣסʘʥ ʩʣʦʪʳ ʙʘʨ. ɹʣʦʢʪʳש ʠʥʪʝʨʬʝʡʩʽʥʜʝ ʘʣʪʳ 

ʙʘʪʳʨʤʘ, װʰ ʪװʩʪʽ ʢᴇʤʝʩʢʽ ʞʘʨʳץ ʞᴅʥʝ ʘʞʳʨʘʪʳʤʜʳʣʳסʳ   178x128 ʘץ-ץʘʨʘ 

ʜʠʩʧʣʝʡʽ ʙʘʨ, ʦʩʳʥʜʘ ʜʠʥʘʤʠʢ ʪʝ ʙʘʨ. ʄʠʢʨʦʢʦʤʧʴʶʪʝʨ ʨʦʙʦʪʧʝʥ ᴅʨʝʢʝʪʪʝʩʫ 

 NETGEAR WiFi dongle WNA1100 ,ץʰʽʥ Wi-Fi (ʢʽʨʽʢʪʽʨʤʝʣʽ Wi-Fi ʞʦװ

Wireless-N 150 ʘʜʘʧʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ײʩʳʥʳʣʘʜʳ) 

ʞᴅʥʝ Bluetooth (Bluetooth ʢʽʨʽʢʪʽʨʤʝʣʽ) ץʳʟʤʝʪʪʝʨʽʥ ʧʘʡʜʘʣʘʥʘʜʳ. 

  ʳסʙʘʪʘʨʝʷʣʘʨʜʘʥ (ᴇʣʰʝʤʽ ɸɸ) ʥʝʤʝʩʝ ʩʳʡʳʤʜʳʣʳ ץʥʘʰʘײʫʘʪʪʘʥʜʳʨʳʣʫʳ ʰפ

2050 ʤɸʩ ʣʠʪʠʡ ʘʢʢʫʤʫʣʷʪʦʨ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʝʜʽ. ɹʘʪʘʨʝʷסʘ ץʘʨʘסʘʥʜʘ, 

ʘʢʢʫʤʫʣʷʪʦʨʤʝʥ ʨʦʙʦʪ ʥʝײסʨʣʳʤ ʢᴇʧ ʞײʤʳʩ ʞʘʩʘʡʜʳ. ɸʢʢʫʤʫʣʷʪʦʨ 3-4 ʩʘסʘʪ 

 .ʫʘʪʪʘʥʜʳʨʳʣʘʜʳץ

ʅʘץʪʳ ʥײʩץʘʜʘסʳ ʨʦʙʦʪʪʘʨסʘ ʙʘסʜʘʨʣʘʤʘ LEGO Mindstorms EV3 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳש ʢᴇʤʝʛʽʤʝʥ ʞʘʩʘʣʘʜʳ.  ʄײʥʜʘ ץʘʨʘʧʘʡʳʤ ʞᴅʥʝ 

ʘʩʘ ʢװʨʜʝʣʽ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʞʘʩʘʫ ץʳʟʤʝʪʽ ʙʘʨ LabVIEW -  ʙʘסʜʘʨʣʘʤʘ ʞʘʩʘʫ 

ʪʽʣʽʥʜʝ ʥʝʛʽʟʜʝʣʛʝʥ ʚʠʟʫʣʜʳ ʪʦʧʪʘʤʘʣʳץ. MyBlocks  ײץʨʘʣʳʥʳש ʢᴇʤʝʛʽʤʝʥ 

ᴇʟʽʥʜʽʢ ʪʦʧʪʘʤʘʣʘʨʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ɹʘסʜʘʨʣʘʤʘʥʳש ʤʘʢʩʠʤʘʣʜʳ ʢᴇʣʝʤʽ ï 16 

ʪʦʧʪʘʤʘ, ʮʠʢʣ ʤʝʥ ʙʘסʜʘʨʣʘʤʘʥʳש ʙʘʩʪʘʣʫ ʪʦʧʪʘʤʘʩʳʥ ʝʩʝʧʪʝʤʝʛʝʥ ʞʘסʜʘʡʜʘ. 

ɹʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘ Microsoft Windows ʥʝʤʝʩʝ Apple Macintosh ʘʨץʳʣʳ 

 .ʦʣʜʘʥʳʣʘʜʳץ ʠʥʪʝʨʬʝʡʩʽʥʜʝ ʦʨʳʩ ʪʽʣʽ שʳʟʤʝʪ ʝʪʝʜʽ, ʦʥʳץ
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LEGO Mindstorms EV3 ʙʘסʜʘʨʣʘʤʘʣʳץ ʞʘʩʘץʪʘʤʘʥʳש ʦץʳʪʫ ʥײʩץʘʩʳ 

ʙʘסʜʘʨʣʘʤʘ ʞʘʩʘʫʤʝʥ ʰʝʢʪʝʣʤʝʡ, ʜʘʪʯʠʢʪʝʨʜʝʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʣʽʤʝʪʪʝʨʜʽ 

ʞʠʥʘʧ, ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ ʞʘʜʳʥʘ ʞʘʟʫסʘ ʥʝʤʝʩʝ ʥʘץʪʳ ʫʘץʳʪ ʙʘʨʳʩʳʥʜʘ 

ʦʣʘʨʜʳ USB ʢʘʙʝʣʽ, Wi-Fi ʥʝʤʝʩʝ Bluetooth ʘʨץʳʣʳ ʪʘʩʳʤʘʣʜʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ɾʠʥʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʩʘʨʘʧʪʘʧ, ʦʣʘʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʢʝʩʪʝʣʝʨ ʞʘʩʘʫסʘ 

ʙʦʣʘʜʳ. ʄײʥʜʘ ʦץʫʰʳʣʘʨ ʤʝʥ ײʩʪʘʟʜʘʨסʘ ʢᴇʤʝʢ ʢᴇʨʩʝʪʫʛʝ ʘʨʥʘʣסʘʥ 

ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʩʘʙʘץʪʘʨ ʙʘʨ. 

ɽʛʝʨ ʩʽʟʜʝʨʜʽ ʙʘסʜʘʨʣʘʤʘ ʞʘʩʘʫʜʳש ʙʘʣʘʤʘʣʳ ʦʨʪʘʣʘʨʳ ץʳʟʳץʪʳʨʩʘ,  

LEGO Mindstorms EV3 ʰʝʢʪʝʣʤʝʡ, LabVIEW (LabVIEW 

LEGOMINDSTORMS ץʦʩʳʤʰʘ ʤʦʜʫʣʽ ץʘʞʝʪ)  ᴅʟʽʨʣʝʫ ʦʨʪʘʣʳסʳʥʳש ʞᴅʥʝ 

RobotC (ʙʘסʜʘʨʣʘʤʘ ʞʘʩʘʫ ʪʽʣʽ C, 4.x  ʥײʩץʘʣʳ RobotC EV3 ʞᴅʥʝ NXT  

ʥײʩץʘʣʘʨʳʥ ץʦʣʜʘʥʘʜʳ) ʢᴇʤʝʛʽʤʝʥ ʙʘסʜʘʨʣʘʤʘ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. ɹʘסʜʘʨʣʘʤʘ 

ʞʘʩʘʫ ʦʨʪʘʣʘʨʳʥʳש ʝʢʝʫʽ ʜʝ ʘץʳʣʳ. RobotC-ʪʝ ʉʽʟ ᴇʟʽשʽʟ ʨʦʙʦʪʪʳ ʚʠʨʪʫʘʣʜʳ 

ᴅʣʝʤʜʝ ʪʝʩʪʽʣʝʡ ʘʣʘʩʳʟ.  ɺʠʨʪʫʘʣʜʳ ᴅʣʝʤʜʝʨʜʽ ʦʩʳ ʞʝʨʜʝʥ ʞװʢʪʝʧ ʘʣʫʳשʳʟסʘ 

ʙʦʣʘʜʳ, ʘʣ ʘץʳʩʳʟ ᴅʣʝʤʜʝʨʜʽ ʦʩʳ ʞʝʨʜʝʥ ʢᴇʨʝ ʘʣʘʩʳʟʜʘʨ EV3dev. ʆʩʳʥʜʘ 

ʨʝʩʤʠ ʪװʨʜʝ C++, Lua, Node.js, Python  ʞᴅʥʝ ʰʝʪʪʝʛʽ ᴅʟʽʨʣʝʫʰʽʣʝʨ Google 

Go, C ʞᴅʥʝ Clojure  ʪʽʣʜʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. NET ʪʘʙʳʥʫʰʳʣʘʨʳʥʘ LEGO 

MINDSTORMS EV3, API ʞᴅʥʝ MonoBrick ʞʦʙʘʣʘʨʳ ʙʘʨ. Basic ʪʘʙʳʥʫʰʳʣʘʨʳ 

  .ץʝʡʪʫʣʝʨ  ʙʘʨʰʳʣʳשʰʽʥ Small Basic ᴅʟʽʨʣʝʫ ʦʨʪʘʩʳʥʘ ʢʝװ

ʈʦʙʦʪʦʪʝʭʥʠʢʘʥʳש ʢᴇʤʝʛʽʤʝʥ, ʦץʫʰʳʣʘʨ סʳʣʳʤʠ, ʤʘʰʠʥʘ ʞʘʩʘʫ 

ʤʘʪʝʤʘʪʠʢʘ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷ ʥʝʛʽʟʜʝʨʽʥʝ ʞʘʪʪʳסʳʧ, װʡʨʝʥʽʧ ʞʘʪʳʨ. ʆץʫʰʳʣʘʨ 

ʨʦʙʦʪʪʘʨ ʞʘʩʘʧ, ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʞʘʩʘʡʜʳ, ʦʩʳʣʘʡʰʘ ʜʝʨʙʝʩ ʨʦʙʦʪ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ װʰʽʥ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʘʣʘʜʳ. LEGO Mindstorms EV3  

ʢʦʥʩʪʨʫʢʪʦʨʳʤʝʥ ʦʣʘʨ çʩʘסʘʪè ʨʦʙʦʪʳʥ ײץʨʘʩʪʳʨʳʧ ʰʳץʪʳ. ɸʪʘʣסʘʥ ʨʦʙʦʪ 

ʢᴅʜʽʤʛʽ ʩʘסʘʪʪʘʡ ʞײʤʳʩ ʞʘʩʘʡʜʳ, ʘʨʥʘʡʳ ײץʨʳʣʳʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙײʣ 

ʨʦʙʦʪʪʳש ʩʘסʘʪ ʪʽʣʜʝʨʽ ʤʠʥʫʪ, ʩʝʢʫʥʪʪʘʨʜʳ ʝʩʝʧʪʝʧ ʞװʨʝ ʘʣʘʜʳ.   

çʈʦʙʦʪ ʪʝʭʥʠʢʘʩʳè ʢʫʨʩʪʘʨʳʥʳש ʦץʫʰʳʣʘʨסʘ ʙʝʨʝʨʽ ʤʦʣ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʦʣʘʨ ʢʫʨʩ ʙʘʨʳʩʳʥʜʘ ʙʽʨ-ʙʽʨʽʤʝʥ ᴇʟʘʨʘ ץʘʨʳʤ-ץʘʪʳʥʘʩ ʦʨʥʘʪʘʜʳ, ʧʽʢʽʨ 

ʘʣʤʘʩʘʜʳ, ʙײʣ ʦʣʘʨʜʳש ʳʥʪʘʣʘʨʳʥ ʘʨʪʪʳʨʳʧ, ʰʳסʘʨʤʘʰʳʣʳסʳʥ ʞʘשʘ ʜʝשʛʝʡʛʝ 

ʢᴇʪʝʨʝʜʽ. 

 

 

 

ʕʃɽʂʊʈʆʉʊɸʊʀʂɸʃʓפ ɸʁʅɸʃʓפ ʂɽʉʂɯʅɼɽʋ ᴄɼɯʉɯ 

 
1
 ,.נ.ʦʞʘʙʘʝʚ ʈפ

2
ʆʥʛʘʨʙʘʡ ɾ. 

1
ʐ.ʋᴅʣʠʭʘʥʦʚ ʘʪʳʥʜʘסʳ ʂᴇʢʰʝʪʘʫ ʤʝʤʣʝʢʝʪʪʽʢ ʋʥʠʚʝʨʩʠʪʝʪʽ, ʂᴇʢʰʝʪʘʫ ץ., 

2
ʅʘʟʘʨʙʘʝʚ ɿʠʷʪʢʝʨʣʽʢ ʤʝʢʪʝʙʽ, ʂᴇʢʰʝʪʘʫ ץ., 

kunchuk@mail.ru, ongarbay_zhangozy@kt.nis.edu.kz 

 

ʄʝʢʪʝʧ ʬʠʟʠʢʘ ʢʫʨʩʳʥʜʘסʳ  10 ʩʳʥʳʧʪʘסʳ çʕʣʝʢʪʨʦʩʪʘʪʠʢʘè ʪʘʨʘʫʳʥ 

ʦץʳʪʫ ʦץʫʰʳʣʘʨ װʰʽʥ ʙʽʨʘʟ ץʠʳʥʜʳץʪʘʨ ʪʫסʳʟʘʜʳ. ʄʳʩʘʣʳ, ʩʬʝʨʘʣʳץ 

ʟʘʨʷʜʪʘʨ ʤʝʥ ʦʣʘʨʜʳש ᴅʩʝʨʣʝʩʫʽ. ʆʩʳ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ װʰʽʥ ʦץʫʰʳʣʘʨסʘ 

ʩʬʝʨʘʣʳץ ʟʘʨʷʜʪʳ ʞᴅʥʝ ʦʥʳש ʪʘʨʘʣʫʳʥ ʪװʩʽʥʜʽʨʫ ʙʘʨʳʩʳʥʜʘ 

http://www.labview.ru/
http://www.robotc.net/download/lego/
http://www.robotc.net/download/rvw/
http://www.ev3dev.org/
https://legoev3.codeplex.com/
https://legoev3.codeplex.com/
https://legoev3.codeplex.com/
http://www.monobrick.dk/
http://smallbasic.com/
https://github.com/c0pperdragon/EV3Basic/
mailto:kunchuk@mail.ru
mailto:ongarbay_zhangozy@kt.nis.edu.kz
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ʵʣʝʢʪʨʦʩʪʘʪʠʢʘʣʳץ ʘʡʥʘʣʳץ ʢʝʩʢʽʥʜʝʣʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫ ʪʠʽʤʜʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ʉʝʙʝʙʽ, ʦץʫʰʳʣʘʨ ʪᴇʤʝʥʛʽ ʩʳʥʳʧʪʘʥ (8) ʘʡʥʘ ʞᴅʥʝ ʦʜʘʥ ʢʝʩʢʽʥ ʘʣʫ ײץʙʳʣʳʩʳʥ 

ʞʘץʩʳ ʙʽʣʝʜʽ. ɸʣ ᴅʨʽ ʞʘשʘ, ᴅʨʽ ʢװʨʜʝʣʽ ʵʣʝʢʪʨʦʩʪʘʪʠʢʘʣʳץ ʠʥʜʫʢʮʠʷ ײץʙʳʣʳʩʳʥ 

ʦץʫʰʳʣʘʨʜʳש ʞʘץʩʳ ʙʽʣʝʪʽʥ ʪʘץʳʨʳʙʳʤʝʥ ײʰʪʘʩʪʳʨʫ ʘʨץʳʣʳ, ʦץʫʰʳʣʘʨʜʳש 

ʙʽʣʽʤ ʘʣʫסʘ ץʳʟʳסʫʰʳʣʳסʳʥ ʘʨʪʪʳʨʘʤʳʟ [1:14]. ʆץʫʰʳʣʘʨ ʞʘשʘ ʤʘʪʝʨʠʘʣʜʳ 

 ʙʳʣʳʩʳʥײץ ʠʥʜʫʢʮʠʷ ץʠʜʳ. ɽʥʜʽ ʦʩʳ ʵʣʝʢʪʨʦʩʪʘʪʠʢʘʣʳץʧʝʥ ʦץʫʰʳʣʳסʳʟʳץ

ʝʩʢʝ ʪװʩʽʨʝʡʽʢ. 

ɿʘʨʷʜʪʘʣʤʘסʘʥ ʤʝʪʘʣʣ ʰʘʨʠʢʝ +q ʟʘʨʷʜʪʳ ʞʘץʳʥʜʘʪץʘʥʜʘ  ʰʘʨʠʢʪʝʛʽ 

ʝʨʢʽʥ ʟʘʨʷʜʪʘʨʜʳװ שʣʝʩʪʽʨʽʣʫʽ ץʦʨʳʪʳʥʜʳ ʵʣʝʢʪʨ ᴇʨʽʩʽʥʽש ʢʝʨʥʝʫʣʽʛʽ ʥʦʣʴʛʝ ʪʝש 

ʙʦʣסʘʥʰʘ ᴇʟʛʝʨʝʜʽ. ʉʦʜʘʥ ʢʝʡʽʥ ʟʘʨʷʜʪʘʨʜʳʥ ץʦʟסʘʣʳʩʳ ʪʦץʪʘʡʜʳ. ʉʳʨʪץʳ 

ʟʘʨʷʜʪʘʨʜʳש ᴇʨʽʩʽ, ʰʘʨʠʢʪʽש ʙʝʪʽʥʜʝʛʽ çʧʘʡʜʘ ʙʦʣסʘʥè ʟʘʨʷʜʪʘʨʜʳש ᴇʨʽʩʽʤʝʥ 

ʢʦʤʧʝʥʩʘʮʠʷʣʘʥʘʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ʟʘʨʷʜʪʘʨʜʳץ שʦʟסʘʣʳʩʳ ʪʦץʪʘʡʜʳ. ʐʘʨʠʢʪʝʛʽ 

ʟʘʨʷʜʪʘʨʜʳ ʠʥʜʫʮʠʷʣʘʥסʘʥ ʜʝʡʜʽ.  

ʀʥʜʫʮʠʷʣʘʥסʘʥ ʟʘʨʷʜʪʘʨʜʳש ᴇʨʽʩʽ ʤʝʪʘʣʣ ʰʘʨʠʢʪʽש ʩʳʨʪʳʥʜʘ ʜʘ ʙʦʣʘʜʳ,  

ʞᴅʥʝ ʰʘʨʠʢʪʽש ʪʦʣʳץ ʟʘʨʷʜʳ ʥᴇʣʛʝ ʪʝש ʙʦʣʩʘʜʘ  +q ʟʘʨʷʜʪʳ ᴇʟʽʥʝ ץʘʨʘʡ ʪʘʨʪʘʜʳ (ʩʫʨ. 1, ʘ) 

[2:39]. ɽʛʝʨ ʰʘʨʠʢ ʞʝʨʛʝ ץʦʩʳʣסʘʥ ʙʦʣʩʘ ʦʥʜʘ ʰʘʨʠʢʪʝ ʘʨʪʳץ ʪʝʨʽʩ ʪʘשʙʘʣʳ 

ʟʘʨʷʜ ʧʘʡʜʘ ʙʦʣʳʧ,  ʪʘʨʪʳʣʳʩ ʢװʰʽ ʘʨʪʘʨ ʝʜʽ (ʩʫʨ. 1, ʙ). ʆʣ ʪʝʨʽʩ ʪʘשʙʘʣʳ ʟʘʨʷʜ 

ʞʝʨʜʝʥ ʰʘʨʠʢʝ +qʟʘʨʷʜʪʳש ᴅʩʝʨʽʥʝʥ ʘסʘʜʳ.  

 

  

͊ύ ʙ) 
1-͔ͫͯͪͭΦ 

 

ʀʥʜʫʮʠʷʣʘʥסʘʥ ʟʘʨʷʜʪʘʨʜʳש ᴇʨʽʩʽʥ ʝʩʝʧʪʝʫ װʰʽʥ ʢʝʣʝʩʽ ʤʳʩʘʣʜʳ 

  ʞʘʨʪʳʩʳʥ ʘʣʘʪʳʥ ʙʦʣʩʳʥ שʳʥʳסʞʘ שʦ שʽʩʪʽʢʪʽשᴆʪʢʽʟʛʽʰ ʢʝ .ץʘʨʘʩʪʳʨʘʡʳץ

(ʩʫʨ. 2). ʆʆô ʞʘʟʳץ ʙʝʪʪʽש ʰʝʢʘʨʘʩʳʥʜʘ ʠʥʜʫʮʠʷʣʘʥסʘʥ ʪʝʨʽʩ ʪʘשʙʘʣʳ ʟʘʨʷʜʪʘʨ 

ʞʠʥʘʣʳʧ, ᴇʪʢʽʟʛʽʰʪʽש ʽʰʽʥʜʝʛʽ ᴇʨʽʩʪʽ ʞʦʷʜʳ. ᴆʪʢʽʟʛʽʰʪʽש ʩʳʨʪʳʥʜʘסʳ ᴇʨʽʩʪʽ 

ʝʩʝʧʪʝʫʛʝ (ʆʆô-ʪʳשʩʦʣ ʞʘסʳʥʜʘסʳ) ʠʥʜʫʮʠʷʣʘʥסʘʥ ʟʘʨʷʜʪʘʨʜʳש ᴇʨʽʩʽ ʆʆô 

ʞʘʟʳץʪʳץץʘ ץʘʨʘסʘʥʜʘ ʩʠʤʤʝʪʨʠʷʣʳ ʢᴇʤʝʢʪʝʩʝʜʽ. ʆʆô ï ʪʳש ʦש ʞʘסʳʥʜʘסʳ 

ʠʥʜʫʮʠʷʣʘʥסʘʥ ʟʘʨʷʜʪʘʨʜʳש ᴇʨʽʩʽ ʥʝʛʝ ʪʝש ʝʢʝʥʽ 2-ʩʫʨʝʪʪʝ ʞʘץʩʳ ʢᴇʨʽʥʝʜʽ 

(ᴇʪʢʽʟʛʽʰ ʽʰʽʥʜʝ). ʆʣ ᴇʨʽʩ +q ʟʘʨʷʜʪʳש ᴇʨʽʩʽʥ ʢʦʤʧʝʥʩʘʮʠʷʣʘʡʜʳ, ʩʦʣ ʩʝʙʝʧʪʝʥ  

ʦʣ ᴇʨʽʩ +q ʟʘʨʷʜʪʳש ʦʨʥʳʥʘ ʦʨʥʘʣʘʩץʘʥ ʢᴇʟʛʝ ʝʣʝʩʪʝʪʽʥ ïq ʟʘʨʷʜʪʳש ᴇʨʽʩʽʤʝʥ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ʆʆô ï ʪʳש ʩʦʣ ʞʘסʳʥʜʘ ʠʥʜʫʮʠʷʣʘʥסʘʥ ʟʘʨʷʜʪʘʨ ץʘʥʜʘʡ ᴇʨʽʩ 

ʪʫʜʳʨʘʪʳʥʳ (ᴇʪʢʽʟʛʽʰʪʽש ʩʳʨʪʳʥʜʘ) ʝʥʜʽ ʪװʩʽʥʽʢʪʽ ʙʦʣʘʜʳ. ʆʣ, ʆʆô 

ʞʘʟʳץʪʳץʪʳש ʦש ʞʘסʳʥʜʘסʳ ʢᴇʟʛʝ ʝʣʝʩʪʝʪʽʥ ïq ʟʘʨʷʜʪʳש ᴇʨʽʩʽʤʝʥ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ, ʙʽʨʘץ, +q ʟʘʨʷʜץʘ ʩʠʤʤʝʪʨʠʷʣʳ ʦʨʥʘʣʘʩץʘʥ, -q ʟʘʨʷʜʪʳ +q ʟʘʨʷʜʪʳש 

ʢʝʩʢʽʥʽ ʜʝʧ ʘʪʘʡʜʳ. 
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ʉʦʥʳʤʝʥ, ᴇʪʢʽʟʛʽʰʪʽש ʞʘʟʳץ 

ʙʝʪʽʥʝʥ d  ץʘhʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ 

+q ʟʘʨʷʜʪʳ ʪʘʨʪʘʪʳʥ ʢװʰʽ, 2d  

 ʘʥ ïq ʟʘʨʷʜʪʳץʪʘ ʦʨʥʘʣʘʩץʪʳץʘʰʳץ

ʪʘʨʪʘʪʳʥ ʢװʰʢʝ ʪʝש ʙʦʣʘʜʳ: 

F=k ; 

ʂᴇʨʽʧ ʦʪʳʨסʘʥʳʤʳʟʜʘʡ, ᴇʪʝ ץʳʟʳץ 

 ʘʜʳ: ʟʘʨʷʜ ʧʝʥסʦʨʳʪʳʥʜʳ ʰʳץ

ʞʘʟʳץ ᴇʪʢʽʟʛʽʰʪʽש ʞʘʩʘסʘʥ ᴇʨʽʩʽ 

(ʩʫʨ. 3, ʘ), ʝʢʽ ʥװʢʪʝʣʽʢ ʟʘʨʷʜʪʘʨʜʳש 

ʪʫʜʳʨסʘʥ ᴇʨʽʩʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ 

(ʩʫʨ. 3, ʙ). ʅʝ ʩʝʙʝʧʪʝʥ ʤײʥʜʘʡ 

ʩᴅʡʢʝʩʪʽʢ ʙʦʣʘʜʳ? ʆʣ װʰʽʥ ᴇʪʢʽʟʛʽʰʪʽש ʙʝʪʽ ʵʢʚʠʧʦʪʝʥʮʠʘʣ ʝʢʝʥʽʥ ʝʩʢʝ ʪװʩʽʨʫ 

ʢʝʨʝʢ, ʙʽʟ ץʘʨʘʩʪʳʨʳʧ ʦʪʳʨסʘʥ ʞʘסʜʘʡʜʘ ᴇʪʢʽʟʛʽʰʪʽש ʧʦʪʝʥʮʠʘʣʳ ʥʦʣʴʛʝ ʪʝש.  

+q ʞᴅʥʝ -q ʟʘʨʷʜʪʘʨʜʳש ᴇʨʽʩʽ ʢʝʣʝʩʽ  ץʘʩʠʝʪʢʝ ʠʝ: ʦʣʘʨʜʳש ʵʢʚʠʧʦʪʝʥʮʠʘʣ ʙʝʪʽ ű = 0, 

ʩʦʥʳʤʝʥ ץʘʪʘʨ ʆʆô ʞʘʟʳץ ʙʝʪʽʥʽש ʩʠʤʤʝʪʨʠʷʩʳ ʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʷסʥʠ 

 ʣײʘʡʪʘʣʘʡʜʳ. ʄʽʥʝ, ʙץ ʬʦʨʤʘʩʳʥ שʙʝʪʽʥʽ שʘʥ ᴇʪʢʽʟʛʽʰʪʽסʘʨʘʩʪʳʨʳʧ ʦʪʳʨץ

ᴇʨʽʩʪʝʨʜʽש ʩᴅʡʢʝʩ ʢʝʣʫʽʥʽש ʙʘʩʪʳ ʩʝʙʝʙʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʳ 3, ʘ ʞᴅʥʝ ʙ 

ʩʫʨʝʪʪʝʨʜʝʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɹʘʩץʘ ʞʘסʜʘʡʜʘ ʜʘ ᴇʪʢʽʟʛʽʰʪʽש ʙʝʪʽ ʪײʨʘץʪʳ 

ʧʦʪʝʥʮʠʘʣʤʝʥ ʩᴅʡʢʝʩ ʙʦʣʘʪʳʥʜʘʡ  ʟʘʨʷʜ-ʢʝʩʢʽʥʜʽ ᴇʪʢʽʟʛʽʰʪʽש ʽʰʽʥʜʝ 

ʦʨʥʘʣʘʩʪʳʨʫסʘ ʪʳʨʳʩʫ ʢʝʨʝʢ.  

 

  
͊ύ ͋ύ 

3-͔ͫͯͪͭ 

 

 

ʘ) ʙ) 

6-ʩʫʨʝʪ 

 
2-ʩʫʨʝʪ 
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ʉʬʝʨʘʥʳש ʩʳʨʪʳʥʜʘסʳ ʦʩʳ ʝʢʽ ʟʘʨʷʜʪʳש ᴇʨʽʩʽ,  ʨʘʜʠʫʩʳ R  ʞʝʨʛʝ ץʦʩʳʣסʘʥ 

ʤʝʪʘʣʣ ʰʘʨʠʢʪʽש ʮʝʥʪʨʽʥʝʥ L ץʘʰʳץʪʳץʪʘ ʦʨʥʘʣʘʩץʘʥ +q1 ʟʘʨʷʜʪʳש ʘʨʘʩʳʥʜʘ 

ʧʘʡʜʘ ʙʦʣסʘʥ ᴇʨʽʩʧʝʥ ʜᴅʣ ʢʝʣʝʜʽ  (ʩʫʨ. 6, ʙ). ɽʛʝʨ ʰʘʨʠʢʪʽש ʦʨʥʳ ʙʝʨʽʣʛʝʥ ʙʦʣʩʘ, ʦʥʜʘ 

ʙʝʣʛʽʣʽ R ʞᴅʥʝ L ʘʨץʳʣʳ  ʪʝʨʽʩ ʪʘשʙʘʣʳ ʟʘʨʷʜ-ʢʝʩʢʽʥʽש (l) ʞᴅʥʝ ʦʥʳש ʟʘʨʷʜʳʥʳש 

ʰʘʤʘʩʳʥ (q2) (*) ʞװʡʝʩʽʥʝʥ ʪʘʙʫסʘ ʙʦʣʘʜʳ: 

l=L - ; 

q2=q1 ; 

ʞᴅʥʝ +q1 ʟʘʨʷʜʪʳש ʰʘʨʠʢʝ ʪʘʨʪʳʣʫ ʢװʰʽ: 

F=k ; 

ɽʛʝʨ ʰʘʨ ʟʘʨʷʜʪʘʣʤʘסʘʥ ʙʦʣʩʘ, ᴇʨʽʩʪʽ ʞᴅʥʝ ʪʘʨʪʳʣʫ ʢװʰʽʥ ץʘʣʘʡ ʪʘʙʫסʘ 

ʙʦʣʘʜʳ? ʆʥʜʘ -q2 ʟʘʨʷʜʳʥʳש ʢʝʩʢʽʥʽʥʝʥ ʙʘʩץʘ, ʩʬʝʨʘʥʳש ʦʨʪʘʩʳʥʘ ʦʡʰʘ +q2 

ʟʘʨʷʜʳʥ ʦʨʥʘʣʘʩʪʳʨʫ ץʘʞʝʪ. ʆʩ rװ  h ʟʘʨʷʜʪʳש ʩʬʝʨʘ ʩʳʨʪʳʥʜʘסʳ ᴇʨʽʩʽ +q1 

ʟʘʨʷʜʪʳש ʞᴅʥʝ ʟʘʨʷʜʪʘʣʤʘסʘʥ ʰʘʨʜʳש ᴇʨʽʩʽʥʝ ʪʝש ʙʦʣʘʜʳ. ʅʝʛʝ? ʉʝʙʝʙʽ, 

ʩʬʝʨʘʥʳש ʙʝʪʽ װʰʽʥʰʽ ʟʘʨʷʜʪʳ ץʦʩץʘʥ ʩʦש ʜʘ ʵʢʚʠʧʦʪʝʥʮʠʘʣ ʙʝʪ ʙʦʣʳʧ ץʘʣʘ 

ʙʝʨʝʜʽ. ɸʣ, ʩʬʝʨʘʥʳש ʽʰʽʥʝ ʢʽʨʝʪʽʥ ʢװʰ ʩʳʟʳץʪʘʨʳ ʰʳסʘʪʳʥ ʢװʰ ʩʳʟʳץʪʘʨʳʥʘ 

ʪʝש, ᴇʡʪʢʝʥʽ ʩʬʝʨʘʥʳש ʪʦʣʳץ ʟʘʨʷʜʳ ʥᴇʣʛʝ ʪʝש.  ʄʽʥʝ, ʦʩʳʥʜʘʡ ʞʘסʜʘʡסʘ 

ʟʘʨʷʜʪʘʣʤʘסʘʥ ᴇʪʢʽʟʛʽʰ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ! ɼʝʤʝʢ, ʙʽʟ ʜײʨʳʩ ᴇʨʽʩʪʽ ʪʘʧʪʳץ. +q1 

ʟʘʨʷʜʪʳש ʰʘʨסʘ ʪʘʨʪʳʣʫ ʢװʰʽ ʘʟ ʙʦʣʘʜʳ- ʩʝʙʝʙʽ, ʦʣ -q2 ʟʘʨʷʜʪʳש ʢʝʩʢʽʥʽʥʝ 

ʪʘʨʪʳʣʘʜʳ ʞᴅʥʝ +q2 ʟʘʨʷʜʪʳש ʢʝʩʢʽʥʽʥʝʥ (ʘʟ ʢװʰʧʝʥ) ʪʝʙʽʣʝʜʽ.  

F=k  k ; 
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ʂʦʛʝʨʝʥʪʪʽʢ ײץʨʳʣʳʤʜʘʨʜʳש ʪװʩʽʥʽʛʽ ᴇʪʢʝʥ ʞװʟ ʞʳʣʜʳץʪʳש ʞʝʪʧʽʩʽʥʰʽ 

ʞʳʣʜʘʨʳ ʝʥʛʽʟʽʣʛʝʥ ʙʦʣʘʪʳʥ. ʂʦʛʝʨʝʥʪʪʽ ײץʨʳʣʳʤʜʘʨ ʜʝʧ ʘסʳʤ ʙʦʡʳʤʝʥ ʪᴇʤʝʥ 
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 ʣʛʽʣʝʨʽʥʜʝ ʙʘʨ, ʤʳʩʘʣʳװ ʨʣʽװᴅʨ ʪ שʳʤʜʘʨʜʳסʘ ץʨʳʣʳʤʜʘʨ ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳײץ

ʪʫʨʙʫʣʝʥʪʪʽ ʙʦʩ ʩʠʤʤʝʪʨʠʷʣʳ ʦʩʴʪʽʢ ʘסʳʩʪʘʨʜʘ, ʛʝʪʝʨʦʛʝʥʜʽʢ ʩײʡʳץʪʳש ʛʘʟʜʳ 

ʬʘʢʝʣʜʘʨʳʥʜʘ ʞᴅʥʝ ʪʫʨʙʫʣʝʥʪʪʽ ʘסʳʤʜʘʨʳʥʜʘ. 

U0 ʙʘʩʪʘʧץʳ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʩʦסשʳ D ʜʠʘʤʝʪʨʣʽ ʢʘʥʘʣʜʘʥ ץʦʟסʘʣʳʩʩʳʟ 

ʢʝשʽʩʪʽʢʢʝ ʘסʳʧ ʪײʨסʘʥ ʩײʡʳץʪʳש ʥʝʤʝʩʝ ʛʘʟʜʳץ שʦʟסʘʣʳʩʳ ï ʝʨʢʽʥ ʘסʳʩʪʘʨ ʜʝʧ 

ʘʪʘʣʘʪʳʥʜʳסʳ  ʙʝʣʛʽʣʽ. ʈʝʡʥʦʣʴʜʩʪʽש (Re < 50) ʘʟ ʩʘʥʜʘʨʳ ʤᴅʥʽʥʜʝ ʩײʡʳץʪʳש 

 .ʢᴇʣʝʤʽʥʜʝ ʣʘʤʠʥʘʨʣʳ ʙʦʣʳʧ ʢʝʣʝʜʽ [1] ץʙʘʨʣʳ שʳʤʥʳסʟʽʥʜʝ ʘװʘʣʳʩʳ ʽʩ ʞסʦʟץ

ɹʘʩʪʘʧץʳ ʞʳʣʜʘʤʜʳץʪʳש ʞᴅʥʝ ʢʘʥʘʣʜʘʨʜʳש ʘʨʪʫʳʤʝʥ ʝʨʢʽʥ ʣʘʤʠʥʘʨʣʳ ʘסʳʩ 

ʪײʨʘץʩʳʟ ʙʦʣʘʜʳ ʞᴅʥʝ Re > 50 ʢʝʟʽʥʜʝ ʢʘʥʘʣʜʘʥ ʙʝʣʛʽʣʽ ʙʽʨ ץʘʰʳץʪʳץץʘ 

ʘʣʰʘץʪʘסʘʥʥʘʥ ʢʝʡʽʥ  ʪʫʨʙʫʣʝʥʪʪʽ ץʦʟסʘʣʳʩ ʜʘʤʠʜʳ. Re < 10
4
 ʢʝʟʽʥʜʝ ʩײʡʳץʪʳש 

 ʢᴇʣʝʤʽʥʜʝ ʪʫʨʙʫʣʝʥʪʪʽ ʙʦʣʘʜʳ ʜʝʧ ʝʩʝʧʪʝʫ ץʙʘʨʣʳ שʳʤʥʳסʘʣʳʩʳ ʘסʦʟץ

 .ʘʥסʘʙʳʣʜʘʥץ

ɸסʳʤ ʞʳʣʜʘʤʜʳץʪʘʨʳʥʳש ʩʦץʪʳסʳʩʫ ʦʨʥʳ װʣʢʝʥʥʝʥ ʝש ʘʟ ʤᴅʥʜʝʨʽʥʝ 

ʜʝʡʽʥ ʙʦʣסʘʥ ʢʝʟʜʝ Re װʣʢʝʥ ʩʘʥʜʘʨʳʥʜʘ ʞʘʣʧʳ ץʘʙʳʣʜʘʥʫʣʘʨ ʙʦʡʳʥʰʘ 

ʪʫʨʙʫʣʝʥʪʪʽʣʽʢ ʪװʩʽʥʽʛʽ ᴅʨ ʪװʨʣʽ ᴇʣʰʝʤʜʽ ײץʡʳʥʜʘʨʜʳש ʠʝʨʘʨʭʠʷʩʳ ʜʝʧ 

  .ʘʥץʘʣʳʧʪʘʩץ

ɾʳʣʜʘʤʜʳסʳʥʳש ᴇʟʛʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʣʰʝʤʜʝʨʽ ʤʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ᴇʟʛʝʨʝʪʽʥ ʪʫʨʙʫʣʝʥʪʪʽʢ ʘסʳʩʪʳש ʣʘʤʠʥʘʨʣʳ ʘסʳʩʪʘʥ ʘʡʳʨʤʘʰʳʣʳסʳ ʙʘʩʪʘʧץʳ 

ʞʳʣʜʘʤʜʳץʪʳש ʘʫץʳʤʜʳ ʜʠʘʧʘʟʦʥʳʥʜʘ ʘʚʪʦʤʦʜʝʣʴʜʽ ʙʦʣʳʧ ץʘʣʘʜʳ, ʷסʥʠ 

ᴇʣʰʝʤʩʽʟ ʞʳʣʜʘʤʜʳץʪʘʨʳ ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʦʨʥʳʥʳײ שʟʳʥʜʳסʳ, ʙײʨʳʰʳʥʳש 

ʘʰʳʣʫʳ ᴇʟ ʤᴅʥʜʝʨʽʥ ʩʘץʪʘʡʜʳ.        

ʊʫʨʙʫʣʝʥʪʪʽ ʘסʳʩʪʳש ʪʝʦʨʠʷʩʳ ɻ.ʅ. ɸʙʨʘʤʦʚʠʯ, ɹʘʡ-ʐʠ-ʠ, ʃ.ɸ ɺʫʣʠʩ, 

ɺ.ʇ. ʂʘʰʢʘʨʦʚ, ɸ.ʉ. ɻʠʥʝʚʩʢʠʡ ʝשʙʝʢʪʝʨʽʥʜʝ ʢʝשʽʥʝʥ ץʘʨʘʩʪʳʨʳʣסʘʥ [2,3,4,5].  

ʉʦʨסʳʜʘ  ʘסʘʪʳʥ ʘסʳʤʜʘʨʳ ʪײʨʘץʩʳʟ ʝʢʝʥʜʽʛʽ ʙʝʣʛʽʣʽ ʙʦʣסʘʥʜʳץʪʘʥ, ʽʩ 

ʞװʟʽʥʜʝ ʘסʳʩ ʢʘʥʘʣ ʢʝʩʽʥʜʽʩʽʥʝ ʞʘץʳʥʜʘסʘʥʜʘ סʘʥʘ ʣʘʤʠʥʘʨʣʳ, ʘʣ ʢʘʥʘʣʜʘʥ 

ʝʜᴅʫʽʨ ʘʣʰʘץʪʘסʘʥʜʘ ʪʫʨʙʫʣʝʥʪʪʽ ʙʦʣʘʜʳ.  

ʅʘץʪʳ ʫʘץʳʪʪʘ ʝʨʢʽʥ  ʘסʳʩʪʘʨ ʤʝʥ ʰʳʨʘץʪʘʨʜʘסʳ ʪײʨʘץʩʳʟʜʳץ 

ʘʡʤʘץʪʘʨʳʥʳץ שʘʣʳʧʪʘʩʫʳʥʘ ʪᴅʞʽʨʠʙʝʣʽʢ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ʟʝʨʪʪʝʫ 

ʞײʤʳʩʪʘʨʜʳש ʘʡʪʘʨʣʳץʪʘʡ ʩʘʥʳ ʦʨʳʥʜʘʣסʘʥ  [6]. ɹʽʨʘץ, ʙʦʡʳʥʜʘ ʪʫʨʙʫʣʝʥʪʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʥʝʛʽʟʛʽ װʨʜʽʩʪʝʨʜʽש ʩʘʧʘʣʳ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʩʘʥʜʳץ ʘʨʘ ץʘʪʳʥʘʩʳʥʘʥ ʪײʨʘʪʳʥ 

ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽש ʞʘʣʧʳ ʪʝʦʨʠʷʩʳ ᴅʣʽ ץʘʣʳʧʪʘʩʧʘסʘʥ.  

ɹʽʨʽʥʰʽ ʞʠʽʣʽʢ ʢʘʥʘʣ ʞʠʝʛʽʥʝ ʞʘץʳʥ װʟʽʣʛʝʥ ʰʝʢʘʨʘʣʳץ ץʘʙʘʪʳʥʜʘסʳ ʘסʳʩ 

ʰʝʢʘʨʘʩʳʥʜʘ, ʘʣ ʝʢʽʥʰʽʩʽ ï ʙʘʩʪʘʧץʳ ʘʡʤʘץʪʳש ʰʝʪʽʥʜʝʛʽ ʘסʳʩ ʦʩʽʥʜʝ 

 שʘʙʘʪʳʥʳץ ץʘʣʳʧʪʘʩʘʜʳ. f0,5  ʙʽʨʽʥʰʽ ʞʠʽʣʽʢ ʝʨʢʽʥ ʣʘʤʠʥʘʨʣʳ ʰʝʢʘʨʘʣʳץ

ʪײʨʘץʪʳʣʳסʳʥ ʞʦסʘʣʪʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʧʝʨʠʦʜʪʳ ʘʫʳʪץʫʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ 

ʩʝʙʝʧʰʽ ʙʦʣʩʘ, ʘʣ f0  ʝʢʽʥʰʽ ʞʠʽʣʽʢ ï ʤʘʩʰʪʘʙʳ ʙʘʩʪʘʧץʳ ʘʡʤʘץʪʘסʳ ʘסʳʩ 

ʜʠʘʤʝʪʨʽʤʝʥ ץʘʪʘʨʣʘʩ װʣʢʝʥ ʵʥʝʨʛʠʷ ʤᴇʣʰʝʨʣʽ ײץʡʳʥʜʘʨʜʳש (ʢʦʛʝʨʝʥʪʪʽ 

 ʳʣʳ ʙʦʣʘʜʳ. f0,5 ʙʽʨʽʥʰʽ ʞʠʽʣʽʢ ʙʦʡʳʥʰʘץʘʣʳʧʪʘʩʫʳ ʘʨץ (ʨʳʣʳʤʜʘʨײץ

ʝʩʝʧʪʝʣʽʥʛʝʥ Sh0,5  ʉʪʨʫʭʘʣʴ ʩʘʥʳ Re ʩʘʥʳʥʘʥ ʘʣʳʥסʘʥ ʢʚʘʜʨʘʪʪʳש ʪװʙʽʨʽʥʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ᴇʟʛʝʨʝʜʽ. f0 ʝʢʽʥʰʽ ʞʠʽʣʽʢʢʝ ʝʩʝʧʪʝʣʽʥʛʝʥ  Sh0 ʰʘʤʘʩʳ Re 

ʩʘʥʳʥʘ  ʪᴅʫʝʣʩʽʟ ʞᴅʥʝ ʰʘʤʘʤʝʥ ʤʳʥʘʜʘʡ ʪײʨʘץʪʳ ʤᴅʥʽʥ ʩʘץʪʘʡʜʳ: Sh0 =0,5 Ñ 

0,1. 
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ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽש ʘʥʘʣʠʟʽ ʛʘʟסʘ ץʘʥʘסʘʪʪʘʣסʘʥ ʠʤʧʘʢʪ ʘסʳʩʳʥʜʘ, 

ʘʫʘʥʳש ʠʟʦʪʝʨʤʠʷʣʳץ ʩʠʤʤʝʪʨʠʷʣʳ ʦʩʴʪʽ ʪʦʣʪʳʨʳʣסʘʥ ʘסʳʩʳʥʜʘ ʞᴅʥʝ ʛʘʟʜʳ 

ʰʳʨʘץʪʳש ʞʘʣʳʥʳʥʜʘ ײץʡʳʥʜʳ ײץʨʳʣʳʤʜʘʨʜʳש (ʬʨʘʢʪʘʣʴʜʽ ʢʣʘʩʪʝʨʣʝʨʜʽש) 

 ʘʥסʘʨʘʩʪʳʨʳʣץ ʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ʙʽʨʛʝסʩʘʩʪʳץײ שʨʪʽʩʪʝʨʽʥʽװ ʘʣʳʧʪʘʩʫץ

ʟʝʨʪʪʝʫʣʝʨʜʝ ײץʡʳʥʜʳ ײץʨʳʣʳʤʜʘʨʜʳ ʙʘʩץʘʨʫ ᴅʜʽʩʪʝʨʽ ʜʝ ץײʩʘʩ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ײץʡʳʥʜʘʨ ʤʝʥ ʦʣʘʨʜʳש ʢʣʘʩʪʝʨʣʝʨʽʥʽץ שʘʣʳʧʪʘʩʫʳʥ 

ʦʥʳש ʪײʡʳץʩʳʟ ʞᴅʥʝ װʟʽʣʽʩʩʽʟ ʙʦʣʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʩʳʟʳץʪʳץ ʝʤʝʩ ʦʨʪʘʥʳש 

ᴇʟʽʥʜʽʢ ץʘʣʳʧʪʘʩʫʳʥʳש ᴅʤʙʝʙʘʙ װʨʜʽʩʽ ʜʝʧ ץʘʨʘʩʪʳʨסʘʥ ʜײʨʳʩ.  

ʊʫʨʙʫʣʝʥʪʪʽ ʨʝʞʠʤʛʝ ᴇʪʫʜʽש ᴇʟʛʝʰʝ ʞʦʣʳʥ ɼ. ʈʶʵʣʴ ʤʝʥ ʌ. ʊʘʢʝʥʩ 

 ʙʠʬʫʨʢʘʮʠʷ (ʝʢʽʛʝ שʽʩʪʽʛʽʥʜʝʛʽ  ʪʦʨʜʳשʢʝ ץʬʘʟʘʣʳ שʘʣʳʩʪʳסʦʟץ ʩʳʥʜʳ, ʦʣʘʨײ

ʙᴇʣʽʥʫ) װʨʜʽʩʽʥ ʟʝʨʪʪʝʜʽ [7,8].  

ɸʨʘʣʘʩʪʳʨʫ ʘʨץʳʣʳ ʪʫʨʙʫʣʝʥʪʪʽ ʞʘסʜʘʡסʘ ᴇʪʫ ʩʠʧʘʪʪʘʤʘʩʳ ʢװʨʜʝʣʽ 

ʙʦʣʘʜʳ. ʂʝʡʙʽʨ ʘʚʪʦʨʣʘʨʜʳש ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʳ ʙʦʡʳʥʰʘ ʘʨʘʣʘʩʪʳʨʫʣʘʨʜʘʥ 

ʪʫʨʙʫʣʝʥʪʪʽ ʪᴅʨʪʽʙʽʥʝ ᴇʪʫʜʽװ שʰ ʪװʨʽ ʙʘʨ. ɹײʣ ʢᴇʨʽʥʽʩʪʝ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽש ʧʘʡʜʘ 

ʙʦʣʫ ʪʘʙʠסʘʪʳ ʞᴅʥʝ ʦʥʳש ʙʘʩʪʘʧץʳ ʞװʨʫ ʞʦʣʳ  ʞʘʡʳʥʜʘסʳ  ʩײʨʘץʪʘʨסʘ ʞʘʫʘʧ 

ʙʝʨʽʣʤʝʛʝʥʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʦʥʳש ᴅʤʙʝʙʘʙʪʳʣʳסʳ ʢᴇʧʪʝʛʝʥ ʪᴅʞʽʨʠʙʝʣʝʨʜʽ 

ᴇʪʢʽʟʫʽʤʝʥ ʜᴅʣʝʣʜʝʥʜʽ.  

        [7] ʞײʤʳʩʪʘ ʞʘשʘ ʪᴅʞʽʨʠʙʝʣʽʢ ײʩʳʥʫʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝ ʜᴅʣʝʣʜʝʥʛʝʥ 

ʬʠʟʠʢʘʣʳץ ʪʘʙʠסʘʪʳ ᴅʨ ʪװʨʣʽ ᴇʨʽʩʪʽש ʞᴅʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ ᴇʨʽʩʪʽײץ שʡʳʥʜʳ 

ʩʠʧʘʪʪʘʤʘʩʳʥʳש ʳץʧʘʣʳ ʤʝʥ   ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽש ʙʘʩʪʘʧץʳ 

ʜʝשʛʝʡʽʥʽש ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʘסʳʥʜʘסʳ ʦʨʪʘʥʳײץ שʡʳʥʜʳ ץʦʟסʘʣʳʩʳʥʳש 

çʝʰʪʝשʝʜʝʥè ʧʘʡʜʘ ʙʦʣʫ ʤʝʭʘʥʠʟʤʽ ʤʝʥ ʩʝʙʝʧʪʝʨʽʥʝ ʪװʩʽʥʽʢ ʙʝʨʽʣʝʜʽ.     ʆʩʳʜʘʥ 

 ʵʚʦʣʶʮʠʷ çʢᴇʨʽʥʽʩʽʥè שʨʜʽʩʽ ʤʝʥ ʪʫʨʙʫʣʝʥʪʪʽʣʽʢʪʽװ ʘʣʳʧʪʘʩʫץ ʡʳʥʜʳײץ

ʩʠʧʘʪʪʘʡʪʳʥ ʪʝשʜʝʫʣʝʨ ʘʣʳʥסʘʥ. 

 שʙʳʣʳʩʪʘʨʜʳײץ ץʧʘʡʜʘ ʙʦʣʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫ ʬʠʟʠʢʘʣʳ שʡʳʥʜʘʨʜʳײפ       

ʝʢʽ ᴇʨʽʩʪʽ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ. ɹʝʨʽʣʛʝʥ ʞʘסʜʘʡʜʘ ʤײʥʜʘʡ ᴇʨʽʩʪʝʨʜʽש 

ʙʽʨʽ ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʽʢ (ʕʄ), ʞᴅʥʝ ʝʢʽʥʰʽʩʽ ï ʦʨʪʘʥʳש ʘסʳʥʳ  ï 

ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ (ɻɼ) ᴇʨʽʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, çʵʣʝʤʝʥʪʘʨè 

ʙᴇʣʰʝʢʪʝʨ, ʘʪʦʤʜʘʨ, ʤʦʣʝʢʫʣʘʣʘʨ ʞᴅʥʝ ʪ.ʙ. ץʘʣʳʧʪʘʩʫʣʘʨ, ʞʘʨʪʳʣʘʡ ʥʝʤʝʩʝ 

ʪʦʣʳסʳʤʝʥ ʕʄ ʪʘʙʠסʘʪʳʥʳש ʬʠʟʠʢʘʣʳץ ʤʘʪʝʨʠʷʩʳʥʘʥ ײץʨʘʣסʘʥ, ʷסʥʠ ʕʄ 

ᴇʨʽʩʽʥ ײץʨʘʡʪʳʥ ʤʘʪʝʨʠʷʜʘʥ ʪײʨʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳץ ʘסʳʥʜʳ 

 ץʤʘʢʨʦʩʢʦʧʠʷʣʳ שʞᴅʥʝ ʪ.ʩ.ʩ. ʦʨʪʘʥʳ שʨʘʡʪʳʥ ʤʦʣʝʢʫʣʘ ʘʪʦʤʜʘʨʳʥʳײץ

ʙᴇʣʰʝʢʪʝʨʽʥʽש ᴅʨʪʝʢʪʽ ʪװʨʣʝʨʽʥʽש ʙʽʨʽʛʫʽ ʕʄ ᴇʨʽʩʽʤʝʥ ʞʘʣʧʳ ʤʘʪʝʨʠʷʣʳץ 

ʥʝʛʽʟʽʥ ʙʝʨʝ ʘʣʘʜʳ, ץʘʨʘʧʘʡʳʤ ʢᴇʟץʘʨʘʩ ʙʦʡʳʥʰʘ ʦʣ ʘʨץʳʣʳ  ᴅʨʪʝʢʪʽ 

ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʽʥʝ ʠʝ ɻɼ ʞᴅʥʝ ʕʄ ᴇʨʽʩʪʝʨʽʥʽש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ ʤʝʥ ᴅʩʝʨʽ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʤװʤʢʽʥ. ʆʩʳʣʘʡʰʘ, ʤʘʟʤײʥʜʘʣסʘʥ ײʩʪʘʥʳʤʜʘʨʜʘʥ 

ʛʠʜʨʦʜʠʥʘʤʠʢʘʣʳײץ ץʡʳʥʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʳש ʘʣסʘʰץʳ ʩʝʙʝʙʽ ʕʄ ʤʝʥ ɻɼ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʧʝʥ ʕʄ ʤʘʪʝʨʠʷʥʳש ʦʨʪʘʥʳץ שʦʟסʘʣʳʩʳʥʘ ʜʝʛʝʥ 

 ʪʳץʘʥ. ʅʘסʘʨʳʣסʡײ ʨʝʘʢʮʠʷʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʜʝʧ שʡʳʥʜʳ ᴅʨʝʢʝʪʪʽײץ

ʘסʳʥʜʘʨʜʘ ʙʘʩץʘ ʪװʨʜʝʛʽ ʕʄ ᴇʨʽʩʪʝʨʽ ʜʝ ʙʦʣʫʳ ʤװʤʢʽʥ, ʤʳʩʘʣʳ, ץʘʙʘʪʪʘʨʳʥʳש 

 ʘ ʜʘ ʩʝʙʝʧʪʝʨʽ ʥᴅʪʠʞʝʩʽʥʜʝץʡʢʝʣʽʩʽ ʞᴅʥʝ ʙʘʩװ ʘסʘסʘʙʳʨץ ʘʪʳʩʪʳץ ʘʣʳʩʳʥʘסʦʟץ

ʦʨʪʘʥʳש ʵʣʝʢʪʨʣʝʥʫʽ, ʙʽʨʘץ ʙײʣ ʞʘסʜʘʡ ʤײʥʜʘסʳ ʩײʨʘץʪʘ ץʘʨʘʩʪʳʨʳʣʘʪʳʥ 

ᴇʨʽʩʪʽש ʞʝʢʝ ʢװʰʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʧʝʡʜʽ.  
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       ʊʘʙʠסʠ ʰʘʨʪʪʘʨʜʘ ʩײʡʳץʪʳײץ שʨʘʤʳʥʜʘ ᴅʨץʘʰʘʥ ʛʘʟ ʢᴇʧʽʨʰʽʢʪʝʨʽ ʞᴅʥʝ 

 ץʜʘʡʜʘ, ʢᴇʙʽʥʝʩʝ ʪʝʭʥʠʢʘʣʳסʘʪʪʳ ʙᴇʣʰʝʢʪʝʨ ʙʦʣʘʜʳ. ɾʘʣʧʳ ʞʘץ ץʩʘײ

ʰʘʨʪʪʘʨʜʘ, ץʦʩʧʘʣʘʨ ᴇʣʰʝʤʜʝʨʽ ʤʦʣʝʢʫʣʘסʘ ץʘʨʘסʘʥʜʘ ʝʜᴅʫʽʨ װʣʢʝʥ 

ʤʘʢʨʦʩʢʦʧʠʷʣʳץ ʦʙʲʝʢʪʽʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʩײʡʳץʪʳ ʛʝʪʝʨʦʛʝʥʜʽ 

ʥʝʤʝʩʝ ʢᴇʧ ʬʘʟʘʣʳ ʦʨʪʘ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫ ʢʝʨʝʢ. ʂᴇʧ ʬʘʟʘʣʳ ʩײʡʳץʪʳש 

 .ʘʣʳʩʳ  ᴅʜʝʪʪʝ, ʪʫʨʙʫʣʝʥʪʪʽסʦʟץ

       ʉײʡʳץ ʘסʳʥʳʥʳײץ שʨʘʤʳʥʜʘ ʙʦʣʘʪʳʥ ײʩʘץ ץʘʪʪʳ ʙᴇʣʰʝʢʪʝʨ, ʛʘʟʜʳ 

ʢᴇʧʽʨʰʽʢʪʝʨ ʞʝʢʝ ʦʨʳʥʜʘʨʜʘ ʢʝʡʙʽʨ ʬʨʘʢʪʘʣʴʜʽ ʦʙʲʝʢʪʽʣʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʘ 

ʦʪʳʨʳʧ ʞʠʥʘץʪʘʣʘʜʳ ʞᴅʥʝ ʢʣʘʩʪʝʨʣʝʥʝʜʽ. ʉײʡʳץʪʳש ʩʪʘʮʠʦʥʘʨ ʘסʳʥʳʥʜʘ 

ʢʣʘʩʪʝʨʠʟʘʮʠʷ װʨʜʽʩʽ ʦסʘʥ ʙʘʣʘʥʩʪʘʣסʘʥ ײץʣʜʳʨʘʫ װʨʜʽʩʽʤʝʥ ʞᴅʥʝ 

 .ʨʝʜʽװʢʘʩʢʘʜʪʳ ʙᴇʣʽʥʫʽʤʝʥ ʞ שʨʳʣʳʤʜʘʨʜʳײץ

 ʢʣʘʩʪʝʨʠʟʘʮʠʷʩʳ ʪᴅʞʽʨʠʙʝ ʞᴅʥʝ ʝʩʝʧʪʝʫʣʝʨ שʘʪʪʳ ʙᴇʣʰʝʢʪʝʨʜʽץ ץʩʘױ        

ʞװʟʽʥʜʝ ʞʘץʩʳ ʟʝʨʪʪʝʣʛʝʥ. ɸʛʨʝʛʘʮʠʷʥʳש ʰʝʢʪʝʣʛʝʥ ʜʠʬʬʫʟʠʷʩʳʥʳש ʝʩʝʧʪʽʢ 

ʤʦʜʝʣʴʜʝʥʫ װʨʜʽʩʽʥʽש ʘʣʛʦʨʠʪʤʽ ʞʘʩʘʣʜʳ. ʕʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʪʳש 

ʢᴇʤʝʛʽʤʝʥ ʢʦʣʣʦʠʜʪʳ ʙᴇʣʰʝʢʪʝʨʜʽש ʢʣʘʩʪʝʨʣʝʨʽʥʽש ʩʫʨʝʪʪʝʨʽ ʘʣʳʥסʘʥ, 

ʢʣʘʩʪʝʨʣʝʨʜʽ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ  ʢʝשʽʩʪʽʢʪʽʢ  ʤʘʩʰʪʘʙʧʝʥ ʩʫʨʝʪʪʝʣʛʝʥ, װʰ 

ʨʝʪʪʽʣʽʢʧʝʥ ʝʨʝʢʰʝʣʽʥʝʪʽʥ (10
ï6
ï10

ï3
 ʤʤ ʠʥʪʝʨʚʘʣʳʥʜʘ), 1,74-ʪʝʥ 2,56-סʘ [8] 

ʜʝʡʽʥʛʽ 1-ʩʫʨʝʪ, 2-ʩʫʨʝʪ D ʬʨʘʢʪʘʣʴʜʽ ᴇʣʰʝʤʜʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣסʘʥ. ɹᴇʣʰʝʢʪʝʨʜʽ 

ʘʛʨʝʛʘʮʠʷʣʘʫ ʞʦʣʳʤʝʥ ץʘʣʳʧʪʘʩץʘʥ ײʩʘץʤʘʩʰʪʘʙʪʳ ʢʣʘʩʪʝʨʣʝʨ ʢᴇʨʽʥʝʪʽʥ 

ʞʽʧʪʽש ʘʫʜʘʥʳ ʥʝʤʝʩʝ ʜʠʩʢ ʪᴅʨʽʟʜʽ ʧʽʰʽʥʜʽ ʙʦʣʳʧ ʢʝʣʝʜʽ, ʦʣʘʨ װʰʽʥ D Ò 3. 

       ᴆʣʰʝʤʜʝʨʽ 1 ʤʤ ʞᴅʥʝ ʦʜʘʥ ʢᴇʙʽʨʝʢ ʙʦʣʘʪʳʥ ץʘʪʪʳ ʙᴇʣʰʝʢʪʝʨʜʽײץ) שʤ, 

ʛʨʘʬʠʪ) ʤʘʩʩʘʣʳץ ʢװʰʪʝʨʽ ʤʦʣʝʢʫʣʘʘʨʘʣʳץ ʢװʰʪʝʨʜʝʥ ʙʽʨʰʘʤʘ ʢᴇʧ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʬʨʘʢʪʘʣʴʜʽ ʢʣʘʩʪʝʨʣʝʨʜʽ ץʘʣʳʧʪʘʩʪʳʨʘ ʘʣʤʘʡʜʳ. ɸʣʘʡʜʘ, ʦʣʘʨסʘ 

 ʘʥ ʬʨʘʢʪʘʣʴʜʽ ʢʣʘʩʪʝʨʣʝʨץʘʣʳʧʪʘʩץ ʘʛʨʝʛʘʮʠʷʣʘʥʫ ʞʦʣʳʤʝʥ שʙᴇʣʰʝʢʪʝʨʜʽ ץʩʘײ

ʦʨʥʳסʫʳ, ʷסʥʠ ʦʣʘʨ ʬʨʘʢʪʘʣʴʜʽ çʪʦʥʤʝʥè ʦʨʘʥʫʳ ʤװʤʢʽʥ. 

       ʄʘʥʜʝʣʴʙʨʦʪʪʳש ʢᴇʣʝʤʜʽ ʞʠʳʥʜʘʨʳ ʪװʨʽʥʜʝʛʽ ʤײʥʜʘʡ ʦʙʲʝʢʪʽʣʝʨʜʽ 

 .ʘ ʙʦʣʘʜʳ [4,5]סʨʳʣʳʤʜʘʨ ʜʝʧ ʘʪʘʫײץ ʣʢʝʥʤʘʩʰʪʘʙʪʳ ʬʨʘʢʪʘʣʴʜʽװ

       ᴄʨ ʪװʨʣʽ ʩײʡʳץʪʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ʙᴇʣʽʥʫ ʰʝʢʘʨʘʩʳ çʪײʪץʳʨ ʩʘʫʩʘץʪʘʨè 

ʜʝʧ ʘʪʘʣʘʪʳʥ ʬʨʘʢʪʘʣʴʜʽ ץʠʩʳץʪʳ ʪװʟʝʜʽ, ʤײʥʜʘʡ ץʘʩʠʝʪʪʝʨ ʢᴇʧʪʝʛʝʥ 

ʪᴅʞʽʨʠʙʝʣʝʨʤʝʥ ʜᴅʣʝʣʜʝʥʛʝʥ [8]. ɻʘʟ ʬʘʟʘʩʳʥʳש ʙʦʣʫʳ ʥʝʛʽʟʽʥʜʝ ʩײʡʳץʪʘ ץײʩʘʩ 

ʬʨʘʢʪʘʣʴʜʽ ʩʫʨʝʪ ʙʘʡץʘʣʘʜʳ. 0,2 0,3 ʛʘʟ ʬʘʟʘʩʳʥʳש ʢᴇʣʝʤʜʽ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

ʢʝʟʽʥʜʝ ײʩʘץʤʘʩʰʪʘʙʪʳ ʬʨʘʢʪʘʣʴʜʽ ײץʨʳʣʳʤʜʘʨʤʝʥ ʛʘʟʩײʡʳץʪʳ ʘסʳʥʳʥʳש 

ʢᴇʧʽʨʰʽʢʪʽ ʨʝʞʠʤʽ ʞװʟʝʛʝ ʘʩʘʜʳ. ɻʘʟ ʤᴇʣʰʝʨʽʥʽײ שʣסʘʶʳʤʝʥ ʙʽʨʛʝ ʞʝʢʝ 

ʢᴇʧʽʨʰʽʢʪʝʨ ʞʠʥʘץʪʘʣʳʧ, ʬʨʘʢʪʘʣʴʜʽ ײץʨʳʣʳʤסʘ ʠʝ çץʘʨʫʜʳè ʪװʟʝʜʽ. 

çפʘʨʫʣʘʨʜʳשè ᴇʣʰʝʤʜʝʨʽ ʛʘʟʩײʡʳץʪʳ ʘסʳʥʥʳש ʤʘʩʰʪʘʙʪʘʨʳʤʝʥ 

ʩʘʣʳʩʪʳʨʤʘʣʳ, ʦʣʘʨ װʣʢʝʥʤʘʩʰʪʘʙʪʳ ʬʨʘʢʪʘʣʴʜʽ ʢʣʘʩʪʝʨʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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  ʪʝʭʥʦʣʦʛʠʷʣaʨʳʥ  ץʦʟʳ שʳʪʫʜʳץʳ  ʦסaʟʽʨʛʽ ʙʽʣʽʤ  ʙʝʨʫ caʣacʳʥʜaפ

ʤʝשʛʝʨʤʝʡʽʥʰʝ caʫaʪʪʳ, ʞaʥ ï ʞaץʪʳ ʤaʤaʥ  ʙʦʣʫ ʤװʤʢʽʥ ʝʤʝc. ɾaשa 

ʪʝʭʥʦʣʦʛʠʷʥʳ  ʤʝשʛʝʨʫ ʦץʳʪʫʰʳʥʳש ʠʥʪʝʣʣʝʢʪʫaʣʜʳץ, ʢᴅcʽʧʪʽʢ, aʜaʤʛʝʨʰʽʣʽʢ, 

aʟaʤaʪʪʳץ ʞᴅʥʝ ʜʝ ʙacץa ʢᴇʧʪʝʛʝʥ aʜaʤʠ ʢʝʣʙʝʪʽʥʽץ שaʣʳʧʪacʫʳʥa ʠʛʽ ᴅcʝʨʽʥ 

ʪʠʛʽʟʝʜʽ, ᴇʟʽʥ-ᴇʟʽ ʜaʤʳʪʳʧ, ʦץʫ-ʪᴅʨʙʠʝ װʨʜʽcʽʥ ʪʠʽʤʜʽ ײʡʳʤʜacʪʳʨʫʳʥa ʢᴇʤʝʢʪʝ- 

cʝʜʽ. ʆץʳʪʫ ʪʝʭʥʦʣʦʛʠʷcʳ ʦץʫ װʨʜʽcʽʥʝ ץaʞʝʪʪʽ, ᴅʜʽc, ʪᴅcʽʣ, aʤaʣ, ʜʠʜaʢʪʠʢaʣʳץ  

ʪaʣaʧ  cʝʢʽʣʜʽ ʧcʠʭʦʣʦʛʠʷʣʳץ ï ʧʝʜaʛʦʛʠʢaʣʳץ ʽc-ᴅʨʝʢʝʪʪʝʨʜʽש  ʞװʡʝʣʽ ʢʝʰʝʥʽ  

ʨʝʪʽʥʜʝ ʧaʡʜaʣaʥʳʣaʜʳ. [1:7].   

ɹʽʨ ʪʝʭʥʦʣʦʛʠʷʥʳש  ᴇʟʽ ᴅʨʪװʨʣʽ ʦץʳʪʫʰʳʥʳש  ʰʝʙʝʨʣʽʛʽʥʝ  ʙaʡʣaʥʳcʪʳ 

ᴅʨץʠʣʳ ʞװʟʝʛʝ acʳʨʳʣʫʳ  ʤװʤʢʽʥ.  

 ʍʍI סacʳʨʜʳש ʞaʥ ï ʞaץʪʳ ʟʝʨʜʝʣʽ, ʜaʨʳʥʜʳ, ʪaʣaʥʪʪʳ aʜaʤʳʥ 

  ʙacʪʳ שʳ ʙʽʣʽʤ ʙʝʨʫ ʤᴅcʝʣʝcʽ ʤʝʤʣʝʢʝʪʽʤʽʟʜʽסʳʪʳʥʜaסaʣʳʧʪacʪʳʨʫ ʙaץ

ʥaʟaʨʳʥʜa. Cʦʥaʫ ʍʍ סacʳʨʜʳש  ʙacʳʥʜa ɾװcʽʧʙʝʢ Aʡʤaʫʳʪʦʚ: çCaʙaץ  ʙʝʨʫ ï 

  aʥʳ ʪaʙaʪʳʥ ᴇʥʝʨè ʜʝʛʝʥשaʜaʥ  ʞaשaʥa ʰʝʙʝʨʣʽʢ  ʝʤʝc, ʦʣ- ʞaס ʡʨʝʥʰʽʢʪʽ ʞᴅʡװ

ʝʢʝʥ.  
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ʉʦʥʜʳץʪʘʥ ᴅʨʙʽʨ ʦץʳʪʫʰʳʥʳש  ʥʝʛʽʟʛʽ ʤaץcaʪʳ ï caʙaץ caʧacʳʥ  ʢᴇʪʝʨʫ, 

ʪװʨʽʥ ʞʝʪʽʣʜʽʨʫ, ʩʪʫʜʝʥʪʪʝʨʜʽש  caʙaץץa  ʜʝʛʝʥ ץʳʟʳסʫʳʥ  aʨʪʪʳʨʫ, ʦʣaʨʜʳש  

ʽʟʜʝʥʫʽʥ,  ʪaʥʳʤʳʥץaʣʳʧʪacʪʳʨʫ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆcʳ ʤaץcaʪʪa 

ʬʠʟʠʢa ʧᴅʥʽʥ ᴅʨʪװʨʣʽ ᴅʜʽcʪʝʨʤʝʥ ʞװʨʛʽʟʫʛʝ  ʙʦʣaʜʳ. 

ʌʠʟʠʢa ï ʞʝʢʝ ʪײʣסaʥʳש aץʳʣ-ʦʡ ץaʙʽʣʝʪʽʥʽש ʢᴇʟʽʥ aʰʫ ʞᴅʥʝ ʦʥʳש 

 aסʳʪʫץʙʽʨʽ.Aʣ ʦ שaʤʪaʤacʳʟ ʝʪʝʪʽʥ ʧᴅʥʥʽץ ʟʜʽʢcʽʟ  ʜaʤʫʳ ʤʝʥ ʞʝʪʽʣʫʽʥװ

 ʙʝʣcʝʥʜʽ ʽc-ᴅʨʝʢʝʪʪʽʢ cʝʟʽʤʽʥ ʦʷʪa שʦʡʳʣaʪʳʥ  ʥʝʛʽʟʛʽ ʪaʣaʧ ïʩʪʫʜʝʥʪʪʝʨʜʽץ

ʦʪʳʨʳʧ, ʞaשa ʠʥʥʦʚaʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣaʨ aʨץʳʣʳ ᴇʟʽʥʜʽʢ ʞײʤʳcʪaʨʜʳ 

 ᴇʟ שaʨa  ʙʽʣʫ. ʆʣ,ʙʽʨʽʥʰʽʜʝʥ, ʩʪʫʜʝʥʪʪʝʨʜʽץʡʳʤʜacʪʳʨʫ ʞᴅʥʝ  ʦʣaʨʜʳ ʙacײ

ʙʝʪʽʤʝʥ ʽʟʜʝʥʜʽʨʝʪʽʥ, ʦʜaʥ ʞaשa aץʧaʨaʪ aʣaʪʳʥʜaʡ ʦץʫ ʤaʪʝʨʠaʣʜaʨʳʥ ʙʝʨʫʜʽש 

-ᴇʟʽʥʜʽʢ ʽc שʨʫʜʳ ʪaʣaʧ  ʝʪʝʜʽ.ɽʢʽʥʰʽʜʝʥ, ʩʪʫʜʝʥʪʪʝʨʜʽײץ aʡʪaץ  ʨʳʣʳʤʳʥײץ

ᴅʨʝʢʝʪʪʝʨʽʥʝ ʜʝʛʝʥ ʦץʳʪʫʰʳʥʳש ʢᴇʟץaʨacʳʥ ᴇʟʛʝʨʪʫʜʽ ץaʞʝʪcʽʥʝʜʽ. [2:8] 

ɿʝʨʪʭʘʥʘʣʳץ caʙaץʪaʨʜʳש  ʧaʡʜacʳ.ɿʝʨʪʭʘʥʘʣʳץ caʙaץʪaʨ ʪʝʦʨʷʣʳץ 

ᴅʜʽcʥaʤaʣʳץ ʙʽʣʽʤʜʽ ʞᴅʥʝ ʧʨaʢʪʠʢaʣʳץ  ʽcʢʝʨʣʽʢ  ʞᴅʥʝ cʪʫʜʝʥʪʪʝʨ  ʜaסʜʳcʳʥ  

ʦץʫ ï ʟʝʨʪʪʝʫʣʽʢ  cʠʧʪʪaסʳ  ᴅʨʝʢʝʪʪʽש  ʪײʪac  ʧʨʦʮʝcʽʥʜʝ  ʙʽʨʽʢʪʽʨʝʜʽ. 

ʕʢcʧʨʠʤʝʥʪ ץaʟʽʨʛʽ  ʞaשa  ʬʦʨʤacʳʥʜa  ʠʥʞʝʥʝʨʣʝʨʜʽ ʜaʡʳʥʜaʫʜa  ʞʦסaʨסʳ  

ʨᴇʣ  ʦʡʥaʫʜa. çʃaʙʦʨʦʪʦʨʠʷè ʣaʪʳʥʥʳש  çLaborè  cᴇʟʽʥʝʥ ʰʳץץaʥ ï ʝשʙʝʢ,  

ʞײʤʳc,  ץʠʳʥʜaץ  ʤaסʳʥacʳʥ  ʙʽʣʜʽʨʝʜʽ. ɽʛʝʨ ʜʝ ʟaʤaʥʥaʥ  ʦʥʳש ʤaסʳʥacʳʥ  

ʧaʡʜa  ʙʦʣסaʥ  סʳʣʳʤʳ  ʞᴅʥʝ ʪײʨʤʳcʪʳץ  ʤᴅcʝʣʝʣʝʨʜʽ  ʰʝʰʫ  װʰʽʥ  ʦʡ  ʜʝʥʝʣʽʢ  

ʢװʰ  caʣʫʤʝʥ   ʙaʡʣaʥʳcʪʳ. ʃaʙʦʨʦʪʦʨʠʷʣʳץ ʞײʤʳcʪaʨ  ʦץʫ  ʤaʤaʥʜʳסʳʥa  

ʙaʡʣaʥʳcʪʳ  aʡץʳʥ  ʢᴇʨcʝʪʽʣʛʝʥ ʝʨʝʢʰʝʣʽʛʽ ʙaʨ. Cʦʥʜʳץʪaʥ  ʜa ᴅʨʙʽʨ   ʞaץʪʳ  

ʞaסʜaʡ  װʰʽʥ  ᴅʜʽcʪʝʤʝʣʽʢ  ײcʳʥʳʤ ʦʨʳʥʜʳ. ɾaʣʧʳ ʧʝʜʦʛʦʛʠʢaʣʳץ  

  ʪʠʽʤʜʽ שᴅʨʝʢʝʪ-ʝ  שʽʣ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. ɹʽʨʽʢʢʝʥ  ʪʦʧʪʳשaʥ  ʢᴇסcʳʥʤʜaʨʜaʥ  ʤʳʥaײ

ʬʦʨʤaʣaʨʜʳש  ʙʽʨʽ. ʆʥʳש ʥaץʪʳ  ʙʝʡʽʤʜʽʣʽʛʽʥ  ʦץʳʪʫʰʳʥʳש  ʢװʰ caʣʫʳʥa  

ʙaʡʣaʥʳcʪʳ.ʇʨaʢʪʠʢaʣʳץ  ʪaʧcʳʨʤaʥʳ cʪʫʜʝʥʪʪʝʨʜʽ  ʪʝʨʝש ᴇʟʽʥʜʽʢ ʞײʤʳcץa  

ʙaסʳʪʪaʡʪʳʥʜaʡ, ʦʣaʨʜʳש  ʦʡ ᴅʨʝʢʝʪʽʥ ץaʨץʳʥʜaʪaʪʳʥʜaʡ, ʧʨaʢʪʠʢaʣʳץ  

ʞײʤʳcʪaʨʜʳש  ʪᴅcʽʣʜʝʨʽʤʝʥ ץaʨʫʣaʥʜʳʨaʪʳʥʜaʡ  ʝʪʽʧ  ץʦʶ  ʤaשʳʟʜʳ.ʂʝʟ- 

ʢʝʣʛʝʥ  ʧʨaʢʪʠʢaʣʳץ  caʙaץʪʳש  ʤaשʳʟʜʳ  ʞaסʳ ʙʦʣʳʧ  ʞaʪʪʳסʫʣaʨ  ʙʦʣʳʧ  

ʪaʙʳʣaʜʳ.  ɾaʪʪʳסʫʜaסʳ  ʥʝʛʽʟ  ʣʝʢʮʠʷʜʘ  ʜaʤʳʪʳʣסaʥ  ʪʝʦʨʠʷ ײcʪaʥʳʤʳʥaʥ  

ʪaʣʜaʫסa ʪװcʝʪʽʥ  ʤʳcaʣ. ɽʨʝʞʝʛʝ  caʡ ʥʝʛʽʟʛʽ  ʥaʟaʨ  ʥaץʪʳ ʽcʢʝʨʣʽʢ,  ʜaסʜʳʣaʨ- 

ʜʳײץ  שʨʳʣʫʳʥaʥ ʙᴇʣʽʥʝʜʽ, ʤײʥʳש  ᴇʟʽ cʪʫʜʝʥʪʪʝʨ  ᴅʨʝʢʝʪʽʥʽש  ʤaʟʤײʥʳʥ  

aʥʳץʪaʡʜʳ ï ʪaʧcʳʨʤaʣaʨʜʳ  ʰʝʰʫ, ʛʨaʬʠʢaʣʳץ ʞײʤʳcʪaʨ,  סʳʣʳʤ ʪװcʽʥʽʛʽ 

ʤʝʥ  ʢaʪʝʛʦʨʠʷʣaʨʳʥ  ʥaץʪʳʣaʫ. Cʪʫʜʝʥʪʪʝʨʤʝʥ  ʞaʪʪʳסʫʣaʨ  ʞװʨʛʽʟʛʝʥʜʝ 

ʤaסʳʥa  ʙʝʨʫʛʝ  ʞᴅʥʝ  ʪװcʽʥʫʛʝ  ץaʙʽʣʝʪʪʽʣʽʢʪʽש  ʜaʤʫʳʥa aʨʥaʡʳ ʢᴇשʽʣ  ʙᴇʣʫ 

ʢʝʨʝʢ.[3:45] 

ɼʝʤʦʥʩʪʨʘʮʠʷʣʳץ ᴅʜʽʩ, ʝש ʞʘץʩʳ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʢᴇʨʥʝʢʽ ײץʨʘʣʜʳש 

ʙʦʣʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʝʛʝʨ ʦץʳʪʫʰʳʥʳש ʩᴇʟʽʤʝʥ ʪʦʣʳץʪʳʨʳʣʤʘʩʘ, ʦʥʳʤʝʥ ץʦʩʘ 

ʞװʨʛʽʟʽʣʤʝʩʝ, ʝʰʫʘץʳʪʪʘ ץʘʞʝʪʪʽ ʥᴅʪʠʞʝ ʙʝʨʝ ʘʣʤʘʡʜʳ. ʉʦʥʜʳץʪʘʥ ʙʽʟ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʝʭʥʦʣʦʛʠʷʥʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʢᴇʨʥʝʢʽʣʽʢ ʧʨʠʥʮʠʧʪʽ 

ʞװʟʝʛʝ ʘʩʳʨʫʜʳש ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʽʥ ʞʘʩʘʫ ʢʝʨʝʢʧʽʟ[4:4].  ɹʘʨʣʳץ ʩʪʫʜʝʥʪʪʝʨ 

ʙʽʣʽʤ ʩʪʘʥʜʘʨʪʳ ʜʝשʛʝʡʽʥ ʤʝשʛʝʨʛʝʥʥʝʥ ʢʝʡʽʥ סʘʥʘ ʞʘשʘ ʤʘʪʝʨʠʘʣסʘ ʘʫʳʩʫ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ.  

ɹʽʣʽʤ ʘʣʫʰʳʣʘʨʜʳש aץʧaʨaʪʪʳײץ ץʟʳʨʣʳʣʳסʳ ʤʝʥ aץʧaʨaʪʪʳץ 

ʤᴅʜʝʥʠʝʪiʥ ץaʣʳʧacʪʳʨʫ ץaʟiʨʛi ʪaשʜa װʟʜiʢciʟ ʧʝʜaʛʦʛʠʢaʣʳץ ʙiʣiʤ ʙʝʨʫ 
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ʞװʡʝciʥʜʝʛi ʝש ʢᴇʢʝʡʪʝcʪi ʤᴅcʝʣʝʣʝʨʜiש ʙiʨiʥʝ aʡʥaʣʳʧ ʦʪʳʨ.ʌʠʟʠʢa 

caʙaץʪaʨʳʥʜa aץʧaʨaʪʪʳץ - ʢʦʤʤʫʥʠʢaʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣaʨʜʳ ʧaʡʜaʣaʥʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽ: 

 ɹʽʣʽʤ ʘʣʫʰʳʥʳש ᴇʟ  ʙʝʪʽʤʝʥ  ʞײʤʳcʳ; 

 aʟ ʫaץʳʪʪa ʢᴇʧ ʙʽʣʽʤ aʣʳʧ, ʫaץʳʪʪʳ װʥʝʤʜʝʫ; 

 ʙʽʣʽʤ-ʙʽʣʽʢ  ʜaסʜʳʣaʨʳʥ ʪʝʩʪ ʪʘʧʩʳʨʤaʣaʨʳ aʨץʳʣʳ ʪʝʢʩʝʨʫ; 

 ʰʳסaʨʤaʰʳʣʳץ ʝcʝʧʪʝʨ ʰʳסaʨʫ ʢʝʟʽʥʜʝ ʬʠʟʠʢʘʣʳײץ ץʙʳʣʳcʪaʨʜʳ  

ʪװcʽʥʜʽʨʫ aʨץʳʣʳ ʞװʟʝʛʝ acʳʨʫ; 

 ;ʪʫʳʥʜaʫʳ שʤʢʽʥʜʽʛʽʥʽװʪaʥ ʙʽʣʽʤ aʣʫ ʤץʪʳץaʰʳץ 

 ;ʤʢʽʥʜʽʛʽװʨʜʝ aʣʫ ʤװʧaʨaʪʪʳ ʞʝʜʝʣ  ʪץaʞʝʪʪʽ  aץ 

 ʵʢʦʥʦʤʠʢaʣʳץʪʠʽʤʜʽʣʽʛʽ; 

 ʽc-ᴅʨʝʢʝʪ, ץʠʤʳʣʜʳ ץaʞʝʪ ʝʪʝʪʽʥʧᴅʥʜʝʨ ʤʝʥ ʪaʧcʳʨʤaʣaʨʜʳ ʦץʳʧ װʡʨʝʥʫ; 

 ʧʝʥ ʝcʪʫ ץʣaײץ cʪaʧcʝʟʽʥʫʥʝʤʝcʝײʦʣʤʝʥץ ,aʨaʧaʡʳʤʢᴇʟʙʝʥʢᴇʨʽʧץ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ ʙʦʣʤaʡʪʳʥ ʪaʙʠסaʪʪʳש ʪaסשaʞaʡʳʧ ʧʨʦʮʝcʪʝʨʽʤʝʥ  ᴅʨ ʪװʨʣʽ 

ʪᴅʞʽʨʠʙʝ ʥᴅʪʠʞʝʣʝʨʽʥ ʢᴇʨʽʧ, cʝʟʽʥʫ ʤװʤʢʽʥʜʽʛʽ; 

 ʦץʫʰʳʥʳש ʦʡ-ᴇʨʽcʽʥ ʜװʥʠʝʪaʥʳʤʳʥ ʢʝשʝʡʪʫʛʝ ʜʝ ʳץʧaʣʳ ʟʦʨ. 

ʆ.ɹaʣʴʟaʢʪʳש ñױʜaʡʳ ʝשʙʝʢ ʝʪʫ ï ᴇʥʝʨʜʽש ʜʝ, ᴇʤʽʨʜʽש ʜʝ ʟaשʳò,- 

ʜʝʛʝʥʽʥʜʝʡ, ʦץʫʰʳʣaʨʜʳש ʰʳסaʨʤaʰʳʣʳץ ץaʙʽʣʝʪʽ ʤʝʥ ʙʝʣcʝʥʜʽʣʽʛʽʥ aʨʪʳʨʫʜa 

ʤסײaʣʽʤʛʝ װʥʝʤʽ ʽʟʜʝʥʫʜʽ, ʪײʨaץʪʳ ʝשʙʝʢ ʝʪʫʜʽ ʤʽʥʜʝʪʪʝʡʜʽ. ᴄʨʠʥʝ, ᴅʨ 

ʤסײaʣʽʤʥʽש aʨʪץaʨʳʣסaʥ ʽcʪʝʨʽ aʟ ʝʤʝc. ɼʝʛʝʥʤʝʥ, ᴅʣʽ ʜʝ ʙʦʣca ʦʡʣaʥʜʳʨaʪʳʥ, 

ʪʦʣסaʥʜʳʨaʪʳʥ ʽcʪʝʨ ʞʝʪʝʨʣʽʢ. Aʪaʧ aʡʪץaʥʜa, ʦʣaʨ ï ʙʽʣʽʤ caʧacʳʥ aʨʪʪʳʨʫ, 

ʦץʫʰʳʣaʨʜʳש ʙʽʣʽʤʽʥʝ, ʦʡʣaʫ ץaʙʽʣʝʪʽʥʝ caʡ ʜʝשʛʝʡʣʝʧ ʦץʳʪʫ, סʳʣʳʤʠ-ʽʟʜʝʥʽc 

   .aʣʳʧʪacʪʳʨʫ, ʪ.c.c.[5:10]ץ aʙʽʣʝʪʪʝʨʽʥץ

  ʙʽʨʽ שʥʝʛʽʟʛʽ ʪʘʣʘʧʪʘʨʳʥʳ שʧʘʨʘʪʪʘʥʜʳʨʫʜʳץʘʟʽʨʛʽ ʢʝʟʜʝ ʙʽʣʽʤ ʙʝʨʫʜʽ ʘפ

ʦץʫ ʧʨʦʮʝʩʽʥ ʵʣʝʢʪʨʦʥʜʳ ʦץʫʣʳץ ʥʝʤʝʩʝ ʦץʳʪʫʜʳש ʢʦʤʧʴʶʪʝʨʣʽʢ ײץʨʘʣʜʘʨʳʥ 

ʞʘʩʘʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ. ʆץʫ ʧʨʦʮʝʩʽʥʜʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʦץʫʣʳץʪʘʨ, ʝʩʝʧʪʝʨ 

ʞʠʥʘץʪʘʨʳ, ʵʥʮʠʢʣʦʧʝʜʠʷʣʘʨ, ʪʝʩʪʽʣʝʫ ʤʝʥ ʙʘץʳʣʘʫ, ʘʥʳץʪʘʤʘʣʳץ ʞװʡʝʣʝʨ 

ʞᴅʥʝ ʪ.ʙ. ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʜʘ. ɸץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʩʽʥʜʝ ʙʝʣʩʝʥʜʽ ʧʘʡʜʘʣʘʥʳʣʫʳ ʦʥʳש ʥʘץʪʳ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʝʩʝʧʪʝʨʜʽ 

ʰʝʰʫʛʝ ʘʨʥʘʣסʘʥ ײץʨʘʣʳ ץʳʟʤʝʪʽʥ ʘʪץʘʨʫʳʤʝʥ ץʘʪʘʨ, ʜʠʜʘʢʪʠʢʘ ʤʝʥ 

ᴅʜʽʩʪʝʤʝʥʽש ʜʘʤʫʳʥʘ ᴅʩʝʨ ʝʪʽʧ, ʦץʳʪʫ ʤʝʥ ʙʽʣʽʤ ʙʝʨʫʜʽש ʞʘשʘ ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨʽʥ, 

ʬʦʨʤʘʣʘʨʳʥ ײץʨʫסʘ ʘʣʳʧ ʢʝʣʝʜʽ. 

ʉʦʥʳʤʝʥ, ʵʣʝʢʪʨʦʥʜʳץ ʦץʫʣʳץʪʳ ץʦʣʜʘʥסʘʥʜʘ ʜʠʜʘʢʪʠʢʘ ʤʝʥ ᴅʜʽʩʪʝʤʝʥʽש 

ʞʘשʘ ץʳʨʳʥʘʥ ʜʘʤʫʳʥʘ ʳץʧʘʣ ʝʪʝʪʽʥʽ ʩᴇʟʩʽʟ. ʌʠʟʠʢʘ ʩʘʙʘסʳʥʜʘ ʵʣʝʢʪʨʦʥʜʳץ 

ʦץʫʣʳץʪʳ ʧʘʡʜʘʣʘʥʫ ʥʝʛʽʟʽʥʜʝ: 

 ʦץʳʪʫʜʳש ʩʘʧʘʩʳ  ʘʨʪʘʜʳ; 

 ʦץʪrʫ ʞײʤʳʩʪʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫ ʤʝʥ ʞװʨʛʽʟʫʛʝ ʢʝʪʝʪʽʥ ʰʳסʳʥʜʘʨ ʘʟʘʷʜʳ; 

  ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ʩʘʙʘץ ʪװʩʽʥʜʽʨʫ, ʙʘץʳʣʘʫ ʘʣʫ, ʪʘʧʩʳʨʤʘʥʳש ʦʨʳʥʜʘʣʫʳʥ 

 ʪʳץʪʘʫ ʩʠʷץʛʝʡʣʝʨʽʥ ʘʥʳשʘʣʘʫ, ʙʽʣʽʤ ʤʝʥ ʽʩʢʝʨʣʽʢʪʽ ʠʛʝʨʫ ʜʝסʘʣʘʫ, ʙʘסʘʜʘץ

ʙʘʩץʘʨʫ ʞײʤʳʩʪʘʨʳʥʳש ʰʳסʘʨʤʘʰʳʣʳץ ʽʩ-ᴅʨʝʢʝʪʢʝ (סʳʣʳʤʠ-ʽʟʜʝʥʽʩ ʞᴅʥʝ 

ᴅʜʽʩʪʝʤʝʣʽʢ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ, ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣʜʘʨʜʳ ʜʘʡʳʥʜʘʫ ʪ.ʩ.ʩ.) 

ʢᴇʰʫʽʥʝ ʘʣʳʧ ʢʝʣʝʜʽ; 

 ʦץʳʪʫʜʳש ʤʘʟʤײʥʳ ʤʝʥ ײץʨʳʣʳʤʜʘʨʳʥʳש ᴇʟʛʝʨʽʩʪʝʨʽʥʝ ץʘʨʘʡ ʦץʫ ʧʨʦʮʝʩʽʥ 

ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ײץʨʘʣʜʘʨʤʝʥ ץʘʤʪʘʤʘʩʳʟʜʘʥʜʳʨʫʜʳ ʞʝʜʝʣʜʝʪʝʜʽ. 
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ʆʩʳ ʘʡʪʳʣסʘʥʜʘʨʜʘʥ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥʜʝ ʜᴅʩʪװʨʣʽ 

 ʪʳ ʧʘʡʜʘʣʘʥʫ ʢʘʞʝʪʪʽʛʽ ʘʨʪʳʧ ʢʝʣʝץʫʣʳץʦ ץʘʥʜʘ ʵʣʝʢʪʨʦʥʜʳסʘʨʘץ ʘסʨʘʣʜʘʨײץ

ʞʘʪץʘʥʜʳסʳʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ ʵʣʝʢʪʨʦʥʜʳץ ʦץʫʣʳץʪʳ ʜᴅʩʪװʨʣʽ ʦץʫ-

ᴅʜʽʩʪʝʤʝʣʽʢ ʢײʨʘʣʜʘʨʤʝʥ װʡʣʝʩʪʽʨʝ ץʦʣʜʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʧʨʘʢʪʠʢʘ ʢᴇʨʩʝʪʽʧ 

ʦʪʳʨ. ʕʣʝʢʪʨʦʥʜʳץ ʦץʫʣʳץʪʳש ʩʘʧʘʩʳ ʦʥʳ ʦץʫ ʧʨʦʮʝʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫ 

ʙʘʨʳʩʳʥʜʘ סʘʥʘ ʘʥʳץʪʘʣʘʜʳ.[6:83].   

ɹʽʟʜʽש ʝʣʽʤʽʟʜʝ ʦץʫ ʙʘʨʳʩʳʥ ʘץʧʘʨʘʪʪʳץ ï ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʤʝʥ ץʘʤʪʫ ʙײʣ ʢװʥʜʝ ʙʽʣʽʤ ʞװʡʝʩʽʥʜʝʛʽ ʞײʤʳʩʪʘʨʜʳש ʙʽʨʽʥʝ 

ʘʡʥʘʣʜʳ. ʂʦʤʧʴʶʪʝʨʣʝʨ, ʠʥʪʝʨʥʝʪ, ʵʣʝʢʪʨʦʥʜʳץ ʦץʫʣʳץʪʘʨ ʦץʳʪʫʜʳ ʤʝʡʣʽʥʰʝ 

 ᴅʩʝʨ ʝʪʝʪʽʥʽ שʩʘʧʘʩʳʥʘ ʦ שʫ ʥᴅʪʠʞʝʩʽʥʽץʪʳ ʝʪʝʜʽ. ʂᴇʨʥʝʢʽʣʽʢ ï ʦץʳʟʳץ

ʩᴇʟʩʽʟ.פʘʟʽʨʛʽ ʢʝʟʜʝ ʢʦʤʧʴʶʪʝʨ ʘʜʘʤ ᴇʤʽʨʽʥʽש ʙʘʨʣʳץ  ʩʘʣʘʩʳʥʘ ʪʦʣʳץ 

ʝʥʛʽʟʽʣʜʽ.ʉʦʥʜʳץʪʘʥ ײʩʪʘʟʜʘʨʜʳש ʘʣʜʳʥʜʘ ʝש ʥʝʛʽʟʛʽ ʦʨʪʘץ ʤʽʥʜʝʪ ï ᴇʤʽʨʛʝ 

ʠʢʝʤʜʽ, ʟʘʤʘʥ  ʘסʳʤʳʥʘ ʽʣʝʩʝ ʘʣʘʪʳʥ ʞʘשʘ ʪײʣסʘʥʳ ʪᴅʨʙʠʝʣʝʫ. ʆʥʳש ʙʽʨ ʞʦʣʳ ï 

ʢʦʤʧʴʶʪʝʨ ʪʽʣʽʥ װʡʨʝʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʦʤʧʴʶʪʝʨʜʽ ʙʽʣʫ ï ʝʢʽʥʰʽ 

ʩʘʫʘʪʪʳʣʳץ. ɿʘʤʘʥ ʪʘʣʘʙʳʥʘ ʩʘʡ ʢװʥʜʝʣʽʢʪʽ ʩʘʙʘץץʘ ʙʝʡʥʝ, ʘʫʜʠʦ ץʦʥʜʳʨסʳʣʘʨ 

ʤʝʥ ʢʦʤʧʴʶʪʝʨʜʽ ץʦʣʜʘʥʫ ʘʡʪʘʨʣʳץʪʘʡ ʥᴅʪʠʞʝ ʙʝʨʫʜʝ. פʘʟʽʨʛʽ ʤʝʢʪʝʧ 

ʞʘסʜʘʡʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫʜʽ ʞʘשʘʰʘʣʘʥʜʳʨʫʜʳש ʘץʧʘʨʘʪʪʳץ ï ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʢᴇʨʽʥʽʩ ʪʘʙʘʪʳʥ ʘʣסʳʰʘʨʪʪʘʨʳ 

 .ʤʢʽʥʜʽʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫװʤ שʪʘʥʳץʙʽʨʽ ï ʠʥʪʝʨʘʢʪʠʚʪʽ  ʪʘ שʘʥ. ʉʦʥʳץʘʣʳʧʪʘʩץ

ʀʥʪʝʨʘʢʪʠʚʪʽ ʪʘץʪʘ ï ʩʪʫʜʝʥʪʪʝʨʜʽץ  שʳʟʳסʫʰʳʣʳסʳʥ, ʪʘʥʳʤʜʳץ ץʘʙʽʣʝʪʪʝʨʽʥ 

ʘʨʪʪʳʨʫʜʘ ײץʥʜʳ  ײץʨʘʣ. ʀʥʪʝʨʘʢʪʠʚʪʽ ʪʘץʪʘ ʘʨץʳʣʳ ʪװʨʣʽ ʨʝʩʫʨʩʪʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫסʘ װʣʢʝʥ ʤװʤʢʽʥʰʽʣʽʢ ʙʘʨ. ʉʘʙʘץʪʳץ שʘʨץʳʥʜʳ ᴇʪʫʽʥ ʜʝ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. ɹײʣ ʩʪʫʜʝʥʪʪʝʨʜʽץ שʳʟʳסʫʰʳʣʳץʪʘʨʳʥ ʘʨʪʪʳʨʳʧ, ʟʝʡʽʥ ץʦʡʳʧ 

ʪʳשʜʘʫʤʝʥ ץʘʪʘʨ ʢᴇʟʙʝʥ ʢᴇʨʫʛʝ, ʪװʩʽʥʙʝʡ ץʘʣסʘʥ  ʩᴅʪʪʝʨʽʥ ץʘʡʪʘʣʘʧ  ʢᴇʨʫʛʝ, 

ʪʳשʜʘʫסʘ ʞᴅʥʝ ʘʣסʘʥ ʤʘסʣײʤʘʪʪʳ ʥʘץʪʳʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. [7:8].   

 ʘʙʽʣʝʪʪʽץ ʪʳ ʙʽʣʽʤʜʽ ᴅʨʽץʦʨʳʪʘ ʢʝʣʛʝʥʜʝ, ᴅʨ  ʩʪʫʜʝʥʪʪʽ ʟʘʤʘʥʳʥʘ ʣʘʡʳפ

ʪײʣסʘ ʝʪʽʧ ץʘʣʳʧʪʘʩʪʳʨʫ ץʘʞʝʪ. ᴆʡʪʢʝʥʽ, ʙʽʣʽʤʜʽ  ʜʝ ʙʽʣʽʢʪʽ, ᴇʟʜʽʛʽʥʝʥ 

ʪʳסʳʨʳץʪʘʥ ʰʳסʫסʘ ʞʦʣ ʪʘʙʘ ʙʽʣʝʪʽʥ, ᴇʤʽʨʛʝ ʠʢʝʤʜʽ ʘʟʘʤʘʪ  ʪᴅʨʙʠʝʣʝʫ - ʙװʛʽʥʛʽ 

ʟʘʤʘʥ ʪʘʣʘʙʳ. 
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ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ɹɸʈʆʄɽʊʈʀʏɽʉʂʆɻʆ ʂʆʕʌʌʀʎʀɽʅʊɸ ʇʆ 

ɼɸʅʅʓʄ ɼɽʊɽʂʊʆʈɸ CARPET 

 

ʄʦʨʟʘʙʘʝʚ ɸ.ʂ., ɻʠʥʠʷʪʦʚʘ ʐ.ɻ., ʐʘʭʘʥʦʚʘ ɻ.ɸ. 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʃ.ʅ.ɻʫʤʠʣʝʚʘ, ʛ. ɸʩʪʘʥʘ 
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ɼʝʪʝʢʪʦʨ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ CARPET ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʬʠʟʠʢʦ-

ʪʝʭʥʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ɽʚʨʘʟʠʡʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʝ 

ʠʤ.ʃ.ʅ.ɻʫʤʠʣʝʚʘ (51Á10ǋ48ǌ ʩ.ʰ., 71Á26ǋ45ǌ ʚ.ʜ., ʚʳʩʦʪʘ 358ʤ, ʞʝʩʪʢʦʩʪʴ 

ʛʝʦʤʘʛʥʠʪʥʦʛʦ ʦʙʨʝʟʘʥʠʷ Rc~2,5 ɻʵɺ). ɼʝʪʝʢʪʦʨ CARPET ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʪʦʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʥʘ ʫʨʦʚʥʝ ɿʝʤʣʠ. 

ʅʘʨʷʜʫ ʩ ʢʦʩʤʠʯʝʩʢʠʤʠ ʣʫʯʘʤʠ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʪʘʢʞʝ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʋʩʪʘʥʦʚʢʘ CARPET ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʷʪʴ 

ʜʘʥʥʳʝ ʚʠʜʳ ʯʘʩʪʠʮ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʝʪʝʢʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʠ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ  ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʧʨʠʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ɼʝʪʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʙʦʨʢʫ ʠʟ 120 ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʩʯʝʪʯʠʢʦʚ 

ʉʊʉ-6, ʩʦʙʨʘʥʥʳʭ ʚ ʚʝʨʪʠʢʘʣʴʥʳʝ ʙʣʦʢʠ (ʪʝʣʝʩʢʦʧʳ), ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ. ʂʘʞʜʳʡ ʙʣʦʢ ʩʦʩʪʦʠʪ ʠʟ 10 ʩʯʝʪʯʠʢʦʚ ʠ 7-ʤʤ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʬʠʣʴʪʨʘ, ʢʦʪʦʨʳʡ ʨʘʟʜʝʣʷʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʣʦʡ ʚʝʨʭʥʠʭ 

ʩʯʝʪʯʠʢʦʚ (5 ʰʪʫʢ) ʠ ʥʠʞʥʠʭ ʩʯʝʪʯʠʢʦʚ (5 ʰʪʫʢ). ʌʠʣʴʪʨ ʧʦʛʣʦʱʘʝʪ ʚʩʝ 

ʯʘʩʪʠʮʳ ʩ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʧʨʦʧʫʩʢʘʝʪ 

ʪʦʣʴʢʦ ʵʥʝʨʛʠʯʥʳʝ ʯʘʩʪʠʮʳ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʋʤʝʥʴʰʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠʟ-ʟʘ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ɿʝʤʣʝ 

ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʷʚʣʝʥʠʝʤ [1]. ɺ ʩʣʫʯʘʝ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʪʦʢʘ 

ʧʘʜʘʶʱʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ, ʠʟʤʝʨʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ N ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʣʦʢʘʣʴʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʠ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʩ 

ʧʦʤʦʱʴʶ ʚʳʨʘʞʝʥʠʷ: 

 

dN dP       (1) 

ʛʜʝ dN  - ʠʟʤʝʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ( )dP  ʠ 

 ï ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. ʀʥʪʝʛʨʠʨʫʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʠ ʧʦʣʘʛʘʷ, ʯʪʦ 

ʜʣʷ ʜʘʚʣʝʥʠʷ 
0P  ʠʟʤʝʨʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

0N , ʧʦʣʫʯʘʝʤ ʩʢʦʨʦʩʪʴ ʩʯʝʪʘ N  

ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ P: 

 
0( )

0

P P
N N e       (2) 

ʃʦʛʘʨʠʬʤʠʨʫʷ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (2), ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

 

0 0ln ln ( )N N P P      (3) 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʫʨʘʚʥʝʥʠʝ (3) ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ 

ʧʘʜʘʶʱʠʡ ʧʦʪʦʢ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ, ʪʦʛʜʘ ʣʶʙʦʝ 

ʠʟʤʝʥʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʩʯʝʪʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ.  

mailto:shah_galina@mail.ru
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ɼʣʷ ʫʯʝʪʘ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʠʟʤʝʨʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʜʦʣʞʥʘ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ ʪʘʢ: 

'

0 (1 )N N v       (4) 

ʛʜʝ 
0N  - ʠʟʤʝʨʝʥʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠ ʩʪʘʙʠʣʴʥʦʤ ʧʦʪʦʢʝ ʢʦʩʤʠʯʝʩʢʠʭ 

ʯʘʩʪʠʮ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ (1 )v  ʫʯʠʪʳʚʘʝʪ ʚʘʨʠʘʮʠʠ ʧʦʪʦʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. ʉ 

ʫʯʝʪʦʤ (4), ʫʨʘʚʥʝʥʠʷ (2) ʠ (3) ʟʘʧʠʰʫʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

0( )'

0 (1 )
P P

N N v e      (5) 

 

0 0ln ln ln(1 ) ( )N N v P P .   (6)  

ɺʘʨʠʘʮʠʠ  ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʜʘʥʥʳʭ ʧʦ 

ʜʘʚʣʝʥʠʶ ʩ ʦʧʦʨʥʦʡ ʩʪʘʥʮʠʝʡ [2]. ʉʪʘʥʮʠʷ (S) ʜʦʣʞʥʘ ʠʤʝʪʴ ʪʘʢʫʶ ʞʝ 

ʞʝʩʪʢʦʩʪʴ, ʢʘʢ ʠ ʙʘʟʦʚʘʷ ʩʪʘʥʮʠʷ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʠ ʠʤʝʣʠ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʭʦʞʠʝ ʩʧʝʢʪʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ.  

ʋʨʘʚʥʝʥʠʷ (3) ʠ (6) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʨʘʩʯʝʪʘ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʢ ʠʟʤʝʨʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʧʝʨʝʤʝʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʫʨʘʚʥʝʥʠʷʭ 

ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. ʇʘʨʘʤʝʪʨʳ 
0N  ʠ 

0P  ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ N  ʠ P, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 
ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ [1]. ʇʦʜʨʦʙʥʝʝ ʵʪʦʪ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʨʠʚʝʜʝʥ ʚ [3].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʫʯʠʪʳʚʘʣʩʷ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

ʧʦ ʬʦʨʤʫʣʘʤ (1) ʠ (3). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦ 

ʬʦʨʤʫʣʘʤ (1) ʠ (3), ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʢʦʚ ʟʘ ʬʝʚʨʘʣʴ 

ʤʝʩʷʮ 2017 ʛʦʜʘ. ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘ 

ʬʝʚʨʘʣʴ ʤʝʩʷʮ 2017 ʛʦʜʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (1) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1.  

 
ʈʠʩʫʥʦʢ 1 - ʈʘʩʯʝʪ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘ ʬʝʚʨʘʣʴ 2017 ʛʦʜʘ ʧʦ 

ʬʦʨʤʫʣʝ (1) ʜʣʷ ʜʘʥʥʳʭ CARPET 
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ʀʟ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʪʝʣʝʩʢʦʧʘ ʧʦʣʫʯʘʝʤ ʜʣʷ ʬʝʚʨʘʣʷ 2017 ʛʦʜʘ. 

ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʘ ʬʝʚʨʘʣʴ ʤʝʩʷʮ 2017 

ʛʦʜʘ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (3), ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.2.   

 

 
ʈʠʩʫʥʦʢ 2 - ʈʘʩʯʝʪ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘ ʬʝʚʨʘʣʴ 2017 ʛʦʜʘ 

ʧʦ ʬʦʨʤʫʣʝ (3) ʜʣʷ ʜʘʥʥʳʭ CARPET 

 

ɹʘʨʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ 

0.0022 (1/ . . )ʤʤʨʪʩʪ. 

ʈʘʩʯʝʪʳ ʧʦ I ʠ II  ʤʝʪʦʜʫ ʧʨʘʢʪʠʯʝʩʢʠ ʘʙʩʦʣʶʪʥʦ ʩʦʚʧʘʜʘʶʪ, ʢʘʢ ʚʠʜʥʦ ʠʟ 

ʛʨʘʬʠʢʘ ʨʠʩ 3.  

 
ʈʠʩʫʥʦʢ 3 - ʉʨʘʚʥʝʥʠʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ . 
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ʇʨʠ ʨʘʩʯʝʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʨʝʜʥʝʯʘʩʦʚʳʝ ʟʥʘʯʝʥʠʷ ʩʯʝʪʘ ʠ  ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ. ɼʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʝʪʝʦʩʪʘʥʮʠʠ ɸʩʪʘʥʘ, 

ʪ.ʢ. ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʤʝʪʝʦʩʪʘʥʮʠʠ ʠ CARPET ʦʜʠʥʘʢʦʚʳ (ʩʨʝʜʥʝʯʘʩʦʚʳʝ ʠ 

30 ʤʠʥ). ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʥʘ ʜʘʚʣʝʥʠʝ, 

ʥʝʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʜʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩ 4. ʀʟ 

ʨʠʩʫʥʢʘ 4 ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʧʨʘʚʢʘ ʥʘ ʙʘʨʦʤʝʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ 

ʠʟʤʝʥʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʩʯʝʪʘ ʜʝʪʝʢʪʦʨʘ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʷ 

ʜʘʚʣʝʥʠʷ. 

 ʈʠʩʫʥʦʢ 4 - ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ ʥʘ ʜʘʚʣʝʥʠʝ, ʥʝʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ ʜʝʪʝʢʪʦʨʘ CARPET  ʠ ʜʘʚʣʝʥʠʷ 

 

ɺʳʚʦʜʳ:  

1. ʂʦʨʨʝʢʮʠʷ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʩʪʘʥʮʠʠ ʠʟ-ʟʘ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʨʠ ʠʭ ʧʫʙʣʠʢʘʮʠʠ ʚ ʦʙʱʝʡ ʙʘʟʝ 

ʜʘʥʥʳʭ.  

3. ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʦʢʦʡʥʦʤ ʉʦʣʥʮʝ, ʢʦʛʜʘ ʧʦʪʦʢ ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ 

ʧʦʩʪʦʷʥʥʳʡ, ʨʘʩʯʝʪ ʙʘʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʙʝʟ 

ʦʧʦʨʥʦʡ ʩʪʘʥʮʠʠ, ʯʪʦ ʠ ʩʜʝʣʘʥʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

4. ɽʩʣʠ ʉʦʣʥʮʝ ʘʢʪʠʚʥʦ, ʪʦ ʥʫʞʥʦ ʫʯʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠ ʚʘʨʠʘʮʠʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʜʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩ ʧʦʤʦʱʴʶ ʦʧʦʨʥʦʡ ʩʪʘʥʮʠʠ.  
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