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AUTOMA TED TESTING SYSTEM FOR IMPLANTS  

TO REGULATE INTRAO CULAR PRESSURE 
 
Purpose of work.  The implantation of drainage devices in glaucoma is usually performed after previous unsuccessful 

treatments and is the patient's last chance to save his vision. The article describes the device that allows automating the p rocess of 
preoperative check-up of implants of different types used for intraocular fluid withdrawal in case of glaucoma. This device will help 
to increase the success of the operation and help to preserve the vision of the patients with glaucoma due to th e pre-test of the 
implants for serviceability and parameters of intraocular fluid withdrawal.  

Methodology.  For the realization of the goal, the authors developed a functional scheme of the automated system for 
measuring and controlling the parameters of th e intraocular pressure regulation implants based on the microsystem technology 
elements. 

The results.  Depending on the material and hardness of the implant, there are three possible cases in which the implant 
opens earlier and there is a risk of hypotension to the patient's eye, later there is a risk of hypertension and the implant works in 
the normal pressure zone. The authors provide testing graphs of three implants of varying levels of hardness, as well as a gr aph of 
the reproducibility of the characteri stics of the non-faulty implant.  

Scientific innovation.  The method of testing implant parameters by way of hardware overpressure creation with the 
possibility of automated control parameters of preoperative testing the implants is propose  

Practical signifi cance.  The developed automated system for preoperative testing of implants, which provides:  
ï simplification of the scheme with the simultaneous possibility of automating the process of preoperative testing of 

implants of different types;  
ï allows getting an increase of sensitivity, measurement accuracy, and objectivity of implant parameters determination;  
ï determination of their suitability for use in the medical -surgical practice by the parameters of fluid withdrawal, exactly 

opening pressure, closing pressure and reproducibility of the characteristics during the repeated operation, which will contribute to 
the efficiency of the performed operations;  

ï reducing the time of implant check, which is limited by 2 -3 minutes, and the possibility to save informa tion about the 
parameters both in electronic (computer) and paper form.  

Key words: glaucoma, intraocular pressure, implant, pressure measurements, testing, process automation, microsystems 
engineering. 
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ɸɺʊʆʄɸʊʀɿʆɺɸʅɸ ʉʀʉʊɽʄɸ ʊɽʉʊʋɺɸʅʅʗ ɯʄʇʃɸʅʊɸʊɯɺ  

ɼʃʗ ʈɽɻʋʃʖɺɸʅʅʗ ɺʅʋʊʈʀʐʅʔʆɻʆ ʊʀʉʂʋ 
 
ȝɒɕɑɆɓɘɆɜɫɥ ɊɖɋɓɆɌɓɎɛ ɕɖɎɗɘɖɔɬɈ ɕɖɎ ɉɑɆəɐɔɒɫ ɍɆɍɈɎɝɆɏ ɕɖɔɈɔɊɎɘɢɗɥ ɕɫɗɑɥ ɕɔɕɋɖɋɊɓɫɛ ɓɋɈɊɆɑɎɛ ɕɖɔɜɋɊəɖ ɫ ɩ 

ɔɗɘɆɓɓɫɒ ɞɆɓɗɔɒ ɕɆɜɫɩɓɘɆ ɈɖɥɘəɈɆɘɎ ɍɫɖ. ȹ ɗɘɆɘɘɫ ɔɕɎɗɆɓɔ ɕɖɎɗɘɖɫɏ, ɟɔ ɊɔɍɈɔɑɥɩ ɆɈɘɔɒɆɘɎɍəɈɆɘɎ ɕɖɔɜɋɗ ɕɋɖɋɊɔɕɋɖɆɜɫɏɓɔɬ 
ɕɋɖɋɈɫɖɐɎ ɫɒɕɑɆɓɘɆɘɫɈ ɖɫɍɓɔɉɔ ɘɎɕə, ɟɔ ɈɎɐɔɖɎɗɘɔɈəɤɘɢɗɥ Ɋɑɥ ɈɫɊɈɋɊɋɓɓɥ Ɉɓəɘɖɫɞɓɢɔɔɝɓɔɬ ɖɫɊɎɓɎ ə ɖɆɍɫ ɉɑɆəɐɔɒɎ. ȼɋɏ 
ɕɖɎɗɘɖɫɏ ɊɔɕɔɒɔɌɋ ɕɫɊɈɎɟɎɘɎ əɗɕɫɛ ɔɕɋɖɆɜɫɬ ɘɆ ɊɔɕɔɒɔɌɋ ɍɇɋɖɋɉɘɎ ɍɫɖ ɕɆɜɫɩɓɘɫɈ ɍ ɉɑɆəɐɔɒɔɤ ɍɆɈɊɥɐɎ ɕɔɕɋɖɋɊɓɢɔɒə 
ɘɋɗɘəɈɆɓɓɤ ɫɒɕɑɆɓɘɆɓɘɫɈ ɓɆ ɗɕɖɆɈɓɫɗɘɢ ɘɆ ɕɆɖɆɒɋɘɖɎ ɈɎɈɋɊɋɓɓɥ Ɉɓəɘɖɫɞɓɢɔɔɝɓɔɬ ɖɫɊɎɓɎ. 

Ȫɑɥ ɖɋɆɑɫɍɆɜɫɬ ɕɔɗɘɆɈɑɋɓɔɬ ɒɋɘɎ ɆɈɘɔɖɎ ɖɔɍɖɔɇɎɑɎ ɚəɓɐɜɫɔɓɆɑɢɓə ɗɛɋɒə ɆɈɘɔɒɆɘɎɍɔɈɆɓɔɬ ɗɎɗɘɋɒɎ ɈɎɒɫɖɤɈɆɓɓɥ ɘɆ 
ɐɔɓɘɖɔɑɤ ɕɆɖɆɒɋɘɖɫɈ ɫɒɕɑɆɓɘɆɘɫɈ ɖɋɉəɑɥɜɫɬ Ɉɓəɘɖɫɞɓɢɔɔɝɓɔɉɔ ɘɎɗɐə ɓɆ ɔɗɓɔɈɫ ɋɑɋɒɋɓɘɫɈ ɒɫɐɖɔɗɎɗɘɋɒɓɔɬ ɘɋɛɓɔɑɔɉɫɬ. 

ȭɆɑɋɌɓɔ ɈɫɊ ɒɆɘɋɖɫɆɑə ɘɆ ɘɈɋɖɊɔɗɘɫ ɫɒɕɑɆɓɘɆɓɘɆ, ɒɔɌɑɎɈɫ ɘɖɎ ɈɎɕɆɊɐɎ, ɐɔɑɎ ɫɒɕɑɆɓɘɆɘ ɈɫɊɐɖɎɈɆɩɘɢɗɥ ɖɆɓɫɞɋ ɫ ɫɗɓəɩ 
ɖɎɍɎɐ ɉɫɕɔɘɔɓɫɬ Ɉ ɔɜɫ ɕɆɜɫɩɓɘɆ, ɕɫɍɓɫɞɋ ɫɗɓəɩ ɖɎɍɎɐ ɉɫɕɋɖɘɔɓɫɬ, ɫ ɫɒɕɑɆɓɘɆɘ ɕɖɆɜɤɩ Ɉ ɍɔɓɫ ɓɔɖɒɆɑɢɓɔɉɔ ɘɎɗɐə. ȦɈɘɔɖɎ ɓɆɈɔɊɥɘɢ 
ɉɖɆɚɫɐɎ ɘɋɗɘəɈɆɓɓɥ ɘɖɢɔɛ ɫɒɕɑɆɓɘɆɘɫɈ ɖɫɍɓɔɉɔ ɖɫɈɓɥ ɘɈɋɖɊɔɗɘɫ, Ɇ ɘɆɐɔɌ ɉɖɆɚɫɐ ɈɫɊɘɈɔɖɤɈɆɓɔɗɘɫ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɓɋɫɗɕɖɆɈɓɔɉɔ 
ɫɒɕɑɆɓɘɆɘə. 

ȭɆɕɖɔɕɔɓɔɈɆɓɔ ɒɋɘɔɊ ɘɋɗɘəɈɆɓɓɥ ɕɆɖɆɒɋɘɖɫɈ ɫɒɕɑɆɓɘɆɘɫɈ ɞɑɥɛɔɒ ɆɕɆɖɆɘɓɔɉɔ ɗɘɈɔɖɋɓɓɥ ɓɆɊɑɎɞɐɔɈɔɉɔ ɘɎɗɐə ɍ 
ɒɔɌɑɎɈɫɗɘɤ ɆɈɘɔɒɆɘɎɍɔɈɆɓɔɉɔ ɐɔɓɘɖɔɑɤ ɕɆɖɆɒɋɘɖɫɈ ɕɋɖɋɊɔɕɋɖɆɜɫɏɓɔɉɔ ɘɋɗɘəɈɆɓɓɥ ɫɒɕɑɆɓɘɆɘɫɈ. 

ȶɔɍɖɔɇɑɋɓɆ ɆɈɘɔɒɆɘɎɍɔɈɆɓɆ ɗɎɗɘɋɒɆ Ɋɑɥ ɕɋɖɋɊɔɕɋɖɆɜɫɏɓɔɉɔ ɘɋɗɘəɈɆɓɓɥ ɫɒɕɑɆɓɘɆɘɫɈ, ɥɐɆ ɍɆɇɋɍɕɋɝəɩ: 
ï ɗɕɖɔɟɋɓɓɥ ɗɛɋɒɎ ɍ ɔɊɓɔɝɆɗɓɔɤ ɒɔɌɑɎɈɫɗɘɤ ɆɈɘɔɒɆɘɎɍɆɜɫɬ ɕɖɔɜɋɗə ɕɋɖɋɊɔɕɋɖɆɜɫɏɓɔɉɔ ɘɋɗɘəɈɆɓɓɥ ɫɒɕɑɆɓɘɆɘɫɈ 

ɖɫɍɓɎɛ ɘɎɕɫɈ; 
ï ɔɘɖɎɒɆɓɓɥ ɕɫɊɈɎɟɋɓɓɥ ɝəɘɑɎɈɔɗɘɫ, ɘɔɝɓɔɗɘɫ ɈɎɒɫɖɤɈɆɓɓɥ ɘɆ ɔɇ'ɩɐɘɎɈɓɔɗɘɫ ɈɎɍɓɆɝɋɓɓɥ ɕɆɖɆɒɋɘɖɫɈ ɫɒɕɑɆɓɘɆɘə; 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 

ISSN 2219-9365 

 

International Scientific-technical journal 

çMEASURING AND COMPUTING DEVICES IN TECHNOLOGICAL PROCESSESè 2020, Issue 1 

 
6 

ï ɈɎɍɓɆɝɋɓɓɥ ɬɛ ɕɖɎɊɆɘɓɔɗɘɫ Ɋɑɥ ɈɎɐɔɖɎɗɘɆɓɓɥ Ɉ ɑɫɐəɈɆɑɢɓɔ-ɛɫɖəɖɉɫɝɓɫɏ ɕɖɆɐɘɎɜɫ ɍɆ ɕɆɖɆɒɋɘɖɆɒɎ ɈɫɊɇɔɖə ɖɫɊɎɓɎ, 
ɘɔɝɓɔ ɘɎɗɐə ɈɫɊɐɖɎɘɘɥ, ɘɎɗɐə ɍɆɐɖɎɘɘɥ ɘɆ ɈɫɊɘɈɔɖɤɈɆɓɔɗɘɫ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɕɫɊ ɝɆɗ ɕɔɈɘɔɖɓɔɬ ɔɕɋɖɆɜɫɬ, ɟɔ ɗɕɖɎɥɘɎɒɋ 
ɋɚɋɐɘɎɈɓɔɗɘɫ ɈɎɐɔɓəɈɆɓɎɛ ɔɕɋɖɆɜɫɏ; 

ï ɗɐɔɖɔɝɋɓɓɥ ɝɆɗə ɕɋɖɋɈɫɖɐɎ ɫɒɕɑɆɓɘɆɘə, ɥɐɎɏ ɔɇɒɋɌɋɓɎɏ 2ï3 ɛɈɎɑɎɓɆɒɎ, ɘɆ ɒɔɌɑɎɈɫɗɘɢ ɍɇɋɖɋɌɋɓɓɥ ɫɓɚɔɖɒɆɜɫɬ 
ɕɖɔ ɕɆɖɆɒɋɘɖɎ ɥɐ Ɉ ɋɑɋɐɘɖɔɓɓɔɒə (ɐɔɒɕôɤɘɋɖɓɔɒə), ɘɆɐ ɫ Ɉ ɕɆɕɋɖɔɈɔɒə ɈɎɉɑɥɊɫ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɉɑɆəɐɔɒɆ, ɈɓəɘɖɫɞɓɢɔɔɝɓɎɏ ɘɎɗɐ, ɫɒɕɑɆɓɘɆɘ, ɈɎɒɫɖɤɈɆɓɓɥ ɘɎɗɐə, ɘɋɗɘəɈɆɓɓɥ, ɆɈɘɔɒɆɘɎɍɆɜɫɥ 
ɕɖɔɜɋɗɫɈ, ɫɓɌɋɓɋɖɫɥ ɒɫɐɖɔɗɎɗɘɋɒ. 

 

Introduction.  Glaucoma is one of the most severe diseases in ophthalmology and often leads to loss of 

vision and is the second most frequently occurring disease [1]. The main cause of glaucoma is uncontrolled changes 

in the passage of intraocular fluid through the trabecular network; in the case of pathology, this leads to an increase 

in intraocular pressure (IOP) and eye nerve damage. During this disease, an important means of preserving the 

patient's vision is to control IOPs to take timely IOP normalization measures. Such control can be performed on an 

outpatient basis (one-time) or using an implanted microchip, e.g., 1.2ï2.4 mm in size with regular IOP information 

transmission at 914 MHz or 2.2 GHz [2.3]. However, it should be noted that the use of the microchip is currently in 

the process of experimental research approbation and is not widespread. 

The last, most effective method of IOP normalization is the implantation of drainage devices (valves), 

which is usually performed after previous unsuccessful treatments and is the patient's last chance to save his vision. 

Installation of the valve is carried out in the process of a complex surgical operation. 

Molteno (Molteno Ophthalmic Ltd, New Zealand), Baerveldt (Advanced Medical Optics, USA), Ahmed 

(New World Medical Inc, USA), and Krupin (Hood Laboratories, USA) valves are used as implants [4]. Timely 

actuation of the valve and pressure reduction ensures the storage of the optic nerve in working condition. 

However, some parameters of the implants may have considerable variation, it is also important to maintain 

their stability overtime during the usage of the product [5]. The normal range of intraocular pressure at which no 

pathological lesions occur and to which the implant should react is within the range of 9ï21 mm Hg, but it can 

fluctuate, even up to 60 mm Hg. [6]. 

Therefore, testing existing implants before surgery is an actual task for ophthalmologists and implant 

designers. Evaluation of implant parameters before implantation is one of the components of successful surgical 

intervention and preservation of the patient's vision [7]. The testing procedure consists of measuring the pressure 

parameters at which the intraocular fluid is output by the implant before insertion into the human eye. It improves 

the selection and helps to identify deviations in the parameters of the intraocular fluid output in the implant and 

make predictions about its further performance when used. 

Literature review . Modern methods and tools for implant operability testing provide for hardware creation 

of overpressure of physiological solution and its passing through the controlled valve with the use of analog or 

digital control device, which can significantly differ in structural construction, accuracy and resolution of pressure 

parameters determination. Equally, important are not only metrological parameters but also the simplicity and 

availability of such equipment for a preoperative check before implantation. 

Currently, there are several well-known methods of testing implants for workability and measuring 

equipment built on their principles. Currently, there are several well-known methods of testing implants for 

workability and measuring equipment built on their principles. 

Thus, for example, in [8] is considered testing of implants without a pressure sensor, instead of it an 

operator manually lifts a reservoir with a saline solution to a given programmed height. The disadvantages of this 

technical solution include the inaccuracy and subjectivity of the reference when setting the pressure, as well as the 

lack of automation. 

 In work [9] the device of preoperative testing has in its composition a tank with a physiological salt 

solution, 3-inlet splitter, analog manometer, cannula 30G (external diameter 0.3112 mm and internal diameter 

0.159mm), connecting tubes, and the tank with a physiological salt solution is connected to the input of 3 inputs of 

the splitter, the first output of which is connected to the manometer, and the second output is connected through the 

cannula with the valve input. By raising or lowering the physiological salt solution tank, the ground gravity 

increases the pressure in the system to pass the solution through the AGV valve and fixes the pressure values of its 

actuation. The disadvantages of this device are the significant inaccuracy and subjectivity of the pressure reading 

and the assessment of the valve functionality for implantation. 

The paper [10] describes two methods of preoperative testing of drainage valves, presented in the form of 

two protocols. 

One of them realizes the influence of a change of world gravitation, and in the other overpressure is created 

by the engine connected to the tank with saline which exit through a connecting tube and 3-inlet splitter is connected 

to a pressure balancing tube, the manometer, and AGV. Insufficient sensitivity and complexity of registration of the 

moment of operation of the valve which depends on the professionalism of the operator, and accordingly some 

subjectivity in definition of implants parameters, reduces the efficiency of the definition of their suitability for use 

should be attributed to lacks of the considered device. 
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A more complicated verification system is described in [11], the excess pressure in it is created by a 

reservoir with saline solution in the form of an infusion pump. The created pressure is controlled by an analog 

manometer and at the inlet of the AGV valve - by a digital sensor. Besides, the system is also equipped with a high-

speed digital camera with a microscope, used to record the flow of solution through the implant. 

The disadvantage of the described device and method of verification is the significant cost and complexity 

due to the use of infusion pump, video camera, and microscope, which are necessary to record the time and 

parameters of the valve actuation, as well as the focus on the detection of fluid passage only with the implant type 

AGV, which limits their mass use.  

Shortcomings of previous devices have been corrected in the device [12]. The system is based on a 

microcontroller, a stepper motor with a worm gear, a tank with saline, a microelectromechanical pressure gauge, a 

liquid detector, and an ADC connected accordingly. 

The system provides a significant increase in the sensitivity and accuracy of implant parameters 

determination. At the same time, the weak point of this technical solution is the use of mechanical elements, such as 

a stepper motor with worm gear and a piston in a reservoir with saline. The presence of these elements limits the use 

of such a system more in stationary conditions at implant manufacturing enterprises or specialized ophthalmological 

treatment centers. However, the development of ophthalmological care and the availability of many centers requires 

the creation of highly accurate but affordable devices for preoperative verification and testing of such implants in 

clinics and outpatient clinics. Also, the testing process should be more natural and closer to the physiological 

processes of intraocular pressure changes. 

Purpose. Based on the above-mentioned device the authors set a task to develop a simple and reliable 

measurement scheme. Preserving the sensitivity, accuracy, and objectivity of implant parameters determination as 

well as their effectiveness by determining their suitability for use in medical-surgical practice. 

Methods. Fig.1 shows the authors' proposed functional scheme of the implant testing system for the 

regulation of intraocular pressure. 

 
Fig. 1. Functional scheme of the implant testing system for the regulation of intraocular pressure 

 

The system includes a power supply unit (accumulator) 1, electronic key 2, miniature compressor 3 is 

connected through the passage valve 4 with a reservoir with saline solution 5, 3-input splitter 6, with an electro-

mechanical pressure gauge 11 with a shut-off valve of saline solution 7, and a canula with the implant 8. To the 

output of the implant is connected liquid detector 9 and ADC 10, which is connected to the microcontroller input 12. 

The first output is connected to computer input 13, and the second output is connected to electronic key control 

input 2. 

The implant testing device for intraocular pressure regulation works as follows. First, the implant is 

connected to the cannula, which is connected to the stopping tap of the saline solution supply 7. The computer 13 

switches on the implant testing mode, microcontroller 12 switches on the compressor 3 via the electronic key 2 to 

increase the pressure in the reservoir 5, due to the throughput valve 4 the air cannot return to the compressor from 

the reservoir. The pressure in the connection system gradually increases and is constantly monitored by a 

microelectromechanical pressure sensor 11, the level of pressure is constantly read by microcontroller 12 and 

recorded in the computer memory as a pressure graph. The system pressure rises from zero to the trigger value of 

the implant being tested. 

When the implant is activated, the liquid appears on the implant outlet, which falls on the liquid detector 9, 

the opening pressure level of the implant is fixed. The signal of the detector 9 is converted into digital form via ADC 

10 and is sent to the microcontroller 11, which stops the compressor 3 turning off the power supply due to its 

electronic key 2. The value of opening pressure from microcontroller 11 is fixed on the computer. 

When the valve is opened, the pressure in the system gradually decreases, the dynamics of pressure change 

is constantly monitored by the microelectromechanical pressure gauge 11 and input into the computer 13. When the 

valve is closed, the pressure is set to a constant level, the value of closing pressure from the electromechanical 

pressure gauge 6 is transmitted to microcontroller 11 and input into the computer 13. With the use of the computer 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 

ISSN 2219-9365 

 

International Scientific-technical journal 

çMEASURING AND COMPUTING DEVICES IN TECHNOLOGICAL PROCESSESè 2020, Issue 1 

 
8 

program is drawn up a graph of the change of pressure of this instance of the valve and determined the working 

range of pressure in which the valve can operate: 

 

3 2 1
P P P= - ,                                                                               (1) 

 

where P1, P2 ï is the value of the opening and closing pressure of the valve. 

Also, the system provides the ability to check the reproducibility of the received valve parameters, for 

which after the first step information is taken, multiple test cycles are activated, the average value of the dynamic 

range is determined, for example, for n(3) measurements: 

 

1 2 3
( ) /

n n n n
P P P P nS = + + ,                                                           (2) 

 

Where Pn1, Pn2, Pn3 ï pressure variation ranges for repeated 3-times measurements as well as the scattering 

percentage of each measurement.  

The obtained values are compared with the standard ones (9ï21 mm Hg), the results are summed up 

according to the implant conformity or non-conformity with the established norms and the testing protocol is filled in. 

Fig. 2 shows the testing algorithm, which contains the steps for starting and working on the implant 

checking system.  

 
 

Fig. 2. Algorithm of the implant testing system for the regulation of intraocular pressure 

 

In the first step, the operator will connect the cannula with the implant to the crane. In the second stage, the 

operator will open the tap. The third step starts testing the implant for which the microcontroller controls the 

electronic key with a compressor and increases the fluid pressure that comes to the implant inlet, feedback is 

provided by a microelectromechanical pressure sensor that continuously records the pressure level at 50 Hz and 

transmits data to the microcontroller, the second feedback is provided by the fluid detector, registers the passage of 

fluid through the implant. 
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The pressure in the above system constantly increases until the implant starts to withdraw the fluid, which 

is recorded by the fluid sensor. At the moment the fluid passes through the implant, the system determines the 

pressure level at which the implant starts to remove the test fluid, after the operation of the fluid detector, the system 

registers the pressure of the opening of the implant and stops the fluid supply point (1a, 1b, 1c) in Figure 2. 

Open valves smoothly reduce the pressure level in the system until it is completely closed (points 2a, 2b, 

2c). In the process of testing the valves depending on the quality of these products, different levels of hardness and 

the like etc. 

Results. During the testing process, the parameters and conditions that are important for further ensuring 

the quality of the implants are checked and there are three options for the obtained result. Fig. 3 shows the graphs of 

checking the pressure parameters for three implants of different hardness levels, marked by the symbols a, b, and c. 

 
Fig. 3. Test pressure diagram of implants of different valve hardness: 

a, c ï defective implants, b ï functional implant  

 

Fig. 3 Test pressure diagram of implants of different valve hardness. a, c ï defective implants, b ï 

functional implant. First implant a (Fig. 3) has a reduced level of hardness and is characterized by pressure changes 

from 8 mm Hg. (valve opening point 1a) to 5 mm Hg. (Closing point 2a). The testing cycle of such an implant lasts 

within 30ï40 seconds. Activation of the liquid detector at this stage is a sign of the implant failure with the risk of 

hypotension for the patient's eyes and such a valve is not suitable for use. 

The second implant, marked with the symbol b, has a higher hardness and therefore opens at a higher 

pressure level, also increases the test time to 65 seconds. The change of the pressure parameters of the second 

implant (Fig. 3) of the points 1b and 2b is within the normal range of 18ï13 mm Hg. Activation of the fluid sensor 

indicates that the implant works within the normalized intraocular pressure range of 9ï21 mm Hg. After determining 

the implant, which meets the normative requirements, the reproducibility of parameters is checked by the method of 

multiple repeated pressure increase. For this purpose, the operator removes the fluid from the indicator plate of the 

fluid detector and switches on the system of pressure increase again up to the moment of the fluid detector actuation, 

fixes the moment of the implant reopening in the point 3b. The signal from the detector stops the compressor, after 

which the open valve pressure is reduced and stabilized at point 4b. This step is then repeated (points 5b and 6b). In 

the case of repeatability, the valve is recognized as a quality valve due to triple testing and used for surgical 

treatment of a patient with glaucoma. 

The third implant c (Fig. 3) is characterized by high hardness (stiffness) and change of actuation pressure 

within the range of 28ï23 mm Hg at the points 1c and 2c, which exceeds the normal range of intraocular pressure. 

Activation of the liquid detector at this pressure indicates a complete malfunction of the implant. The use of such an 

implant indicates the risk of hypertension in the patient's eye.ʈʝʘʣʽʟʘʮʽʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʩʪʫʚʘʥʥʷ ʥʘʷʚʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ ʧʝʨʝʜ ʦʧʝʨʘʮʽʡʥʠʤ ʭʽʨʫʨʛʽʯʥʠʤ ʚʪʨʫʯʘʥʥʷʤ ʧʨʦʚʝʜʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʽʢʨʦʩʠʩʪʝʤʥʦʾ ʪʝʭʥʽʢʠ. 

Microcompressor WHALEB-100 with 1.5 V supply voltage was used to create the required pressure 

variation range from 0 to 30ï40 mm Hg. To provide automated modes of system operation, the STM32F103RET6 
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chip was used as a microcontroller. An important element of the system is a pressure sensor ï it is one of the 

functional units, which provides the possibility of automation of the verification process and the corresponding 

accuracy of implant testing. The ST Microelectronics LPS33HW microelectromechanical pressure sensor satisfies 

these requirements. The sensor has an integrated filter, a pressure reading frequency from 1 to 75 Hz, the 

microcontroller reads the data from the sensor via the SPI interface, and provides communication with a computer. 

The accuracy of the pressure measurement is 0.075 mmHg or 0.25 % at the maximum pressure in the LPS33HW.  

WAVGAT MH RD resistive liquid detector with 4 cm ³ 5 cm sensor part size, with ADC based on LM393 

comparator, 5V supply voltage, and comparator response speed of 1.3 ɛs was used as a liquid detector. The 

conversion characteristic for the analog output of such a detector is a discrete function of the presence of liquid on 

the sensor plate of the detector w and looks: 

                               

ώ πȟὥὸύ π
ώ ρȟὥὸύ π

                                                               

(3) 

 

As follows from (3) on the digital output 0 or 1 is formed, in the absence or presence of liquid on the 

sensor, the required response sensitivity is adjusted by changing the resistance of the potentiometer. 

Conclusions. The proposed system provides: 

1. Simplification of the scheme with the possibility to automate the process of preoperative verification of 

implants of different types. 

2. Allows getting higher sensitivity, measurement accuracy, and objectivity of implant parameters 

determination. 

3 Determining their suitability for use in medical-surgical practice by the parameters of fluid withdrawal, 

namely opening pressure, closing pressure, and reproducibility of the characteristics at repeated operation, which 

will contribute to the efficiency of the performed operations 

4. Shortened implant testing time, which is limited to 2-3 minutes, and the ability to save and store 

parameter information, both electronically and in paper form. 

The system developed by the authors is a promising one and can be used not only for checking known 

types of valves but also for testing implanted radio-frequency chips [2,3], which are currently only undergoing 

experimental testing. 
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ʂʆʃɯʈʅɯ ʇɽʈɽʊɺʆʈɽʅʅʗ ʂʆʉʄʆɿʅɯʄʂɯɺ  

ɯɿ ɺʈɸʍʋɺɸʅʅʗʄ ɺɯɼɹʀʊʆɻʆ ʊɸ ʈʆɿʉɯʗʅʆɻʆ ʉɺɯʊʃɸ 
 
ȵɖɋɊɗɘɆɈɑɋɓɆ ɖɔɇɔɘɆ ɕɖɎɗɈɥɝɋɓɆ ɕɖɔɇɑɋɒɫ ɔɇɖɔɇɐɎ ɐɔɗɒɔɍɓɫɒɐɫɈ, ɟɔ ɩ ɔɊɓɫɩɤ ɍ ɓɆɏɇɫɑɢɞ ɆɐɘəɆɑɢɓɎɛ ɉɆɑəɍɋɏ data 

science Ɉ ɔɇɑɆɗɘɫ ɊɔɇəɈɆɓɓɥ ɐɔɖɎɗɓɔɬ ɫɓɚɔɖɒɆɜɫɬ ɍ ɈɋɑɎɐɔɉɔ ɒɆɗɎɈə. ȳɆ ɊɆɓɎɏ ɝɆɗ ɫɗɓəɩ ɖɥɊ ɕɔɘəɌɓɎɛ ɐɔɒɕôɤɘɋɖɓɎɛ ɕɖɔɉɖɆɒ 
Ɋɑɥ ɔɇɖɔɇɐɎ ɐɔɗɒɔɍɓɫɒɐɫɈ, ɥɐɫ, ɔɊɓɆɐ,ɓɋ ɍɆɈɌɊɎ ɈɖɆɛɔɈəɤɘɢ Ɉɗɫ ɔɗɔɇɑɎɈɔɗɘɫ ɍɔɇɖɆɌɋɓɢ, Ɇ ɘɆɐɔɌ, ɥɐ ɕɖɆɈɎɑɔ, ɬɛ ɈɎɐɔɖɎɗɘɆɓɓɥ 
ɩ ɊɔɗɎɘɢ ɘɖəɊɔɒɫɗɘɐɎɒ. ȹ ɖɔɇɔɘɫ ɈɎɐɔɖɎɗɘɆɓɆ RGB ɒɔɊɋɑɢ, ə ɥɐɫɏ ɐɔɌɋɓ ɐɔɑɫɖ ɕɖɋɊɗɘɆɈɑɥɩɘɢɗɥ ɝɋɖɈɔɓɎɒɎ, ɍɋɑɋɓɎɒɎ ɫ ɗɎɓɫɒɎ 
ɕɋɖɈɎɓɓɎɒɎ ɐɔɒɕɔɓɋɓɘɆɒɎ. ȶɋɆɑɫɍɔɈɆɓɆ ɕɖɔɉɖɆɒɆ Ɋɑɥ ɔɇɖɔɇɐɎ ɍɔɇɖɆɌɋɓɢ ɒɔɈɔɤ C#, ɍɆɈɊɥɐɎ ɥɐɫɏ ɒɔɌɓɆ ɋɚɋɐɘɎɈɓɔ 
ɍɒɫɓɤɈɆɘɎ ɍɔɇɖɆɌɋɓɓɥ ɍ ɒɋɘɔɤ ɕɔɐɖɆɟɋɓɓɥ ɏɔɉɔ ɗɕɖɎɏɓɥɘɘɥ ɍɔɖɔɒ. ȴɇôɩɐɘɔɒ ɊɔɗɑɫɊɌɋɓɓɥ, Ɋɑɥ ɐɔɑɫɖɓɔɬ ɔɇɖɔɇɐɎ, ɇəɑɔ 
ɈɎɐɔɖɎɗɘɆɓɔ ɐɔɗɒɔɍɓɫɒɐɎ ɖɫɝɐɎ ȷɋɖɋɘ. ȹ ɈɎɊɎɒɫɏ ɔɇɑɆɗɘɫ ɗɕɋɐɘɖə ɈɎɊɫɑɋɓɔ ɖɫɈɓɔɒɫɖɓɫ ɘɋɒɆɘɎɝɓɫ ɍɔɓɎ, ɥɐɫ ɈɫɊɕɔɈɫɊɆɤɘɢ ɍɆ 
ɓɆɥɈɓɫɗɘɢ ɈɔɊɎ, ɖɔɗɑɎɓɓɔɗɘɫ ɘɆ ɵɖəɓɘə. ȶɫɈɓɔɒɫɖɓɫɗɘɢ ɈɎɇɖɆɓɔɬ ɊɫɑɥɓɐɎ ɕɫɊɘɈɋɖɊɌɋɓɆ ɐɔɑɫɖɓɔɤ ɘɆ ɉɫɗɘɔɉɖɆɒɓɔɤ ɔɇɖɔɇɐɔɤ. 
ȵɔɊɫɇɓɆ ɐɆɖɘɎɓɆ, Ɇɑɋ ɒɋɓɞɔɬ ɫɓɘɋɓɗɎɈɓɔɗɘɫ, ɗɕɔɗɘɋɖɫɉɆɩɘɢɗɥ ɕɖɎ ɖɋɩɗɘɖɆɜɫɬ ɈɎɕɖɔɒɫɓɤɈɆɓɓɥ, ɥɐɋ ɕɔɛɔɊɎɘɢ ɈɫɊ ɚɖɆɉɒɋɓɘə 
ɖɫɝɐɎ, ɟɔ ɕɔɐɖɎɘɎɏ ɍɋɑɋɓɎɒɎ ɓɆɗɆɊɌɋɓɓɥɒɎ. ȵɖɎ ɜɢɔɒə ɗɎɓɥ ɗɐɑɆɊɔɈɆ ɕɖɆɐɘɎɝɓɔ ɓɋɕɔɒɫɘɓɆ, ɛɔɝɆ ɓɆ ɉɫɗɘɔɉɖɆɒɫ ɬɬ 
ɫɓɘɋɓɗɎɈɓɫɗɘɢ ɕɔɖɫɈɓɥɑɢɓɆ ɍ ɫɓɞɎɒɎ ɗɐɑɆɊɔɈɎɒɎ. ȴɘɖɎɒɆɓɎɏ ɖɋɍəɑɢɘɆɘ ɕɔɥɗɓɤɩɘɢɗɥ ɖɋɑɋɬɈɗɢɐɎɒ ɖɔɍɗɫɥɓɓɥɒ ɓɆ ɒɔɑɋɐəɑɆɛ 
ɈɔɊɎ ɖɔɍɘɆɞɔɈɆɓɎɛ ə ɕɔɈɋɖɛɓɋɈɎɛ ɞɆɖɆɛ. ȪɆɓɋ ɥɈɎɟɋ ɒɔɌɓɆ ɕɔɥɗɓɎɘɎ ɈɎɟɔɤ ɫɓɘɋɓɗɎɈɓɫɗɘɤ (ɒɆɏɌɋ ə ɕôɥɘɢ ɖɆɍɫɈ) ɗɎɓɢɔɉɔ 
ɗɈɫɘɑɆ Ɉ ɕɔɖɫɈɓɥɓɓɫ ɍ ɝɋɖɈɔɓɎɒ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɐɔɗɒɔɍɓɫɒɐɎ, ɐɔɑɫɖɓɫ ɒɔɊɋɑɫ, ɉɫɗɘɔɉɖɆɒɎ, ɈɫɊɇɎɈɆɓɓɥ ɘɆ ɖɔɍɗɫɥɓɓɥ ɗɈɫɘɑɆ 
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INFLUENCE OF THE OF REFLECTION AND SCATTERING LIGHT  

ON COLOR CONVERSIONS OF THE SATELLITE IMAGERY  
 
With the development of computer technology there are new opportunities for better image processing. Moreover, this 

applies not only to the visible range of electromagnetic radiation but also to the inf rared, ultraviolet, X-ray and microwave range. 
However, the most effective remains the registration in the visible range (430 -790 nm). This is primarily due to the structure of the 
human eye, which can distinguish up to 1.6*107 different color shades. It s hould also be noted that the qualitative processing of 
optical images is a prerequisite for machine vision. 

The paper deals with the problem of processing satellite images, which is one of the most relevant fields of data science 
in the field of extracting  useful information from a large array. There are a number of powerful computer programs for processing 
satellite images. However, don't always take into account all the features of images, and their use is quite laborious, as a rule. The 
RGB model is used in which each color is represented by red, green and blue primary components. In this work was released the 
computer program (on programming language of C#) which can be used to effectively modify images to improve their visual 
perception. As an example, a satellite image of the Seret River was used for RGB processing. The uniform thematic zones 
responsible for the presence of water, vegetation and soil were detection in visible region of the spectrum. The uniformity o f the 
selected area is confirmed by color and histogram processing. A similar situation are realized when the radiation is emitted, which 
originates from a fragment of a river covered with green space, but the less intensity. In this case, the blue component is a lmost 
invisible. Although on the histogram its intensity is comparable to other components. The result is explained by the Rayleigh 
scattering on the surface molecules of water. The intensity of blue light is characterized by an intensity almost five times higher 
than red. 

Keywords: satellite imagery, color models, histograms, reflection and scattering light  
 

ɺʩʪʫʧ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʙʨʦʙʢʘ ʢʦʩʤʦʟʥʽʤʢʽʚ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʛʘʣʫʟʝʡ data 

science ʚ ʦʙʣʘʩʪʽ ʦʪʨʠʤʘʥʥʷ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʝʣʠʢʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ [1ï4]. ɿ ʮʽʻʶ ʤʝʪʦʶ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʈʠʥʦʢ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʛʦ ʨʦʟʜʽʣʝʥʥʷ 

ʟʤʽʥʶʻʪʴʩʷ ʜʫʞʝ ʰʚʠʜʢʦ. ʆʜʥʘʢ, ʩʘʤʘ ʥʘʷʚʥʽʩʪʴ ʪʘʢʠʭ ʟʥʽʤʢʽʚ ʱʝ ʥʝ ʟʥʘʯʠʪʴ, ʱʦ ʻ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʫʩʧʽʰʥʦʾ 

ʦʙʨʦʙʢʠ. ʂʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʦʣʦʜʽʶʪʴ ʨʷʜʦʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʚôʷʟʘʥʠʭ ʟ ʾʭ 

ʧʨʠʨʦʜʦʶ: ʩʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ ʟʥʽʤʘʣʴʥʦʾ ʢʘʤʝʨʠ, ʚʫʟʴʢʘ ʩʤʫʛʘ ʦʛʣʷʜʫ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʤʘʣʠʡ ʨʦʟʤʽʨ ʢʘʜʨʫ, 

ʩʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʩʪʝʨʝʦʟʦʙʨʘʞʝʥʥʷ. 

ʊʨʘʜʠʮʽʡʥʦ ʢʦʣʽʨʥʘ ʦʙʨʦʙʢʘ ʢʦʩʤʦʟʥʽʤʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʩʧʝʢʪʨʘʣʴʥʦʾ ʦʧʪʠʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ, 

ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʧʪʠʯʥʦʤʫ ʧʨʠʥʮʠʧʽ ʚʟʘʻʤʥʦʩʪʽ. ʎʝʡ ʧʨʠʥʮʠʧ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʧʨʦʤʝʥʽʚ 

ʯʝʨʝʟ ʦʧʪʠʯʥʫ ʩʠʩʪʝʤʫ ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚʟʘʻʤʥʠʤʠ, ʪʦʙʪʦ ʧʨʠ ʟʤʽʥʽ ʨʫʭʫ ʧʨʦʤʝʥʽʚ ʥʘ ʟʚʦʨʦʪʥʽʡ, ʾʭ 

ʚʟʘʻʤʥʝ ʨʦʟʤʽʱʝʥʥʷ ʥʝ ʟʤʽʥʶʻʪʴʩʷ [5]. ʎʝ ʪʘʢʦʞ ʩʪʦʩʫʻʪʴʩʷ ʨʦʟʢʣʘʜʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʽ 

ʩʢʣʘʜʦʚʽ. ʈʘʟʦʤ ʟ ʪʠʤ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠʥʮʠʧ ʚʟʘʻʤʥʦʩʪʽ ʥʝ ʟʘʚʞʜʠ ʤʘʻ ʤʽʩʮʝ ʽ ʪʦʤʫ ʜʦ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʝʙʘ ʧʽʜʭʦʜʠʪʠ ʟ ʦʙʝʨʝʞʥʽʩʪʶ. ʊʘʢ, ʫ ʚʠʧʘʜʢʫ ʭʚʠʣʝʚʦʜʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʩʚʽʪʣʘ ʫ ʪʦʥʢʠʭ 

ʧʣʽʚʢʘʭ, ʚʭʽʜ ʪʘ ʚʠʭʽʜ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʻ ʩʠʤʝʪʨʠʯʥʠʤ [6]. ʈʦʙʦʪʘ ʩʝʥʩʦʨʽʚ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʬʘʢʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ: ʚ ʧʨʦʮʝʩʽ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʇɿɿ (ʧʨʠʣʘʜ ʽʟ 

ʟʘʨʷʜʦʚʠʤ ʟʚ'ʷʟʢʦʤ) ʤʘʪʨʠʮʽ ʚʠʥʠʢʘʶʪʴ ʰʫʤʠ. ʇʨʠʯʦʤʫ ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ 

ʰʫʤʽʚ ʻ ʨʽʚʝʥʴ ʦʩʚʽʪʣʝʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʟʦʙʨʘʞʝʥʥʷ, ʚʦʥʦ ʤʦʞʝ ʪʘʢʦʞ 

ʩʧʦʪʚʦʨʶʚʘʪʠʩʴ ʟʘʚʘʜʘʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʢʘʥʘʣʘʭ ʟʚôʷʟʢʫ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ, ʽʩʥʫʻ ʨʷʜ ʧʦʪʫʞʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʦʙʨʦʙʢʠ ʢʦʩʤʦʟʥʽʤʢʽʚ [2ï3]. ʉʶʜʠ 

ʚʽʜʥʦʩʠʪʴʩʷ ʧʘʢʝʪ ERDAS IMAGINE ʷʢʠʡ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʽʥʩʪʨʫʤʝʥʪʘʨʽʾ ʷʢ ʤʦʜʝʣʽ ʚʙʫʜʦʚʘʥʠʭ ʢʘʤʝʨ ʱʦ 

ʦʧʠʩʫʶʪʴ ʧʦʰʠʨʝʥʽ ʢʘʤʝʨʠ, ʪʘʢ ʽ ʤʦʜʝʣʽ ʷʢʠʤʠ ʤʦʞʥʘ ʦʧʠʩʫʚʘʪʠ ʧʘʥʦʨʘʤʥʽ ʢʘʤʝʨʠ, PHOTOVOD ʪʘ ʽʥ. 

ʆʜʥʘʢ ʮʽ ʧʨʦʛʨʘʤʠ ʥʝ ʟʘʚʞʜʠ ʚʨʘʭʦʚʫʶʪʴ ʚʩʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʘ ʪʘʢʦʞ, ʷʢ ʧʨʘʚʠʣʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ 

ʜʦʩʠʪʴ ʪʨʫʜʦʤʽʩʪʢʝ. ʊʦʤʫ, ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʪʠʭ ʚʠʧʘʜʢʽʚ ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʣʠʰʝ ʜʝʷʢʫ ʧʝʚʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ ʢʦʩʤʦʟʥʽʤʢʽʚ, ʻ ʤʘʣʦʝʬʝʢʪʠʚʥʠʤ. 

ʇʦʧʝʨʝʜʥʽ ʨʦʙʦʪʠ. ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʢʦʩʤʦʟʥʽʤʢʽʚ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʣʽʨʥʽʡ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʴ ʟ ʥʘʩʪʫʧʥʠʤ ʟʥʷʪʪʷʤ ʛʽʩʪʦʛʨʘʤʠ. ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʘ RGB ʤʦʜʝʣʴ 

[7], ʫ ʷʢʽʡ ʢʦʞʝʥ ʢʦʣʽʨ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʯʝʨʚʦʥʠʤ, ʟʝʣʝʥʠʤ ʽ ʩʠʥʽʤ ʧʝʨʚʠʥʥʠʤʠ ʦʩʥʦʚʥʠʤʠ ʢʦʣʴʦʨʘʤʠ 

(ʢʦʤʧʦʥʝʥʪʘʤʠ). 

ʇʨʠ ʦʙʨʦʙʮʽ ʢʦʩʤʦʟʥʽʤʢʽʚ ʫ ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʫ ʚʠʜʽʣʷʶʪʴʩʷ ʪʝʤʘʪʠʯʥʽ ʟʦʥʠ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʽʟ 

ʢʦʣʽʨʥʠʤ ʘʥʘʣʽʟʦʤ [7]. ʊʘʢ, ʩʠʥʽʡ ʢʦʣʽʨ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʥʘʷʚʥʽʩʪʴ ʚʦʜʠ, ʟʝʣʝʥʠʡ ï ʟʘ 

ʨʦʩʣʠʥʥʽʩʪʴ, ʪʘ ʯʝʨʚʦʥʠʡ - ʟʘ ʥʘʷʚʥʽʩʪʴ ˇʨʫʥʪʫ (ʜʠʚ. ʪʘʙʣʠʮʶ 1). 

 

ʊʘʙʣʠʮʷ 1 

ʊʝʤʘʪʠʯʥʽ ʩʧʝʢʪʨʘʣʴʥʽ ʟʦʥʠ [7] 

ʂʘʥʘʣʠ ʟʦʙʨʘʞʝʥʥʷ 
ʉʧʝʢʪʨʘʣʴʥʽ ʢʘʥʘʣʠ 

ʟʥʽʤʢʫ 

ʂʦʣʽʨ ʚʦʜʠ  

ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

ʂʦʣʽʨ ʨʦʩʣʠʥʥʦʩʪʽ  

ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

ʂʦʣʽʨ ˇʨʫʥʪʫ  

ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

R(682ʥʤ) ʏʝʨʚʦʥʠʡ   ʏʝʨʚʦʥʠʡ 

G(532ʥʤ) ɿʝʣʝʥʠʡ   ɿʝʣʝʥʠʡ   

B(465ʥʤ) ʉʠʥʽʡ  ʉʠʥʽʡ    

 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ RGB ʤʦʜʝʣʽ [7] ʜʣʷ ʘʥʘʣʽʟʫ ʢʦʩʤʦʟʥʽʤʢʽʚ ʪʘ 

ʨʝʘʣʽʟʘʮʽʷ ʜʘʥʦʾ ʤʝʪʦʜʠʢʠ ʥʘ ʦʜʥʽʡ ʽʟ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ 

ʧʨʦʛʨʘʤʘ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʤʦʚʦʶ C#. ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʾʭ ʚʠʛʣʷʜʫ ʪʘ ʩʧʨʠʡʥʷʪʪʷ ʟʦʨʦʤ. ʆʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʧʨʦʛʨʘʤʠ ʧʦʣʷʛʘʻ ʫ ʤʦʞʣʠʚʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʽʟ ʟʦʙʨʘʞʝʥʥʷ 

ʦʜʥʦʛʦ ʟ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ: ʯʝʨʚʦʥʦʛʦ, ʩʠʥʴʦʛʦ ʘʙʦ ʟʝʣʝʥʦʛʦ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʝʬʝʢʪʠ, ʷʢ 

ʟʤʽʥʘ ʷʩʢʨʘʚʦʩʪʽ, ʢʦʥʪʨʘʩʪʫ, ʧʝʨʝʚʽʜ ʟʦʙʨʘʞʝʥʥʷ ʚ ʥʝʛʘʪʠʚ ʪʘ ʫ ʛʨʘʜʘʮʽʾ ʩʽʨʦʛʦ. ʗʢ ʧʨʠʢʣʘʜ, ʜʣʷ ʢʦʣʽʨʥʦʾ 

ʦʙʨʦʙʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʨʫʩʣʦ ʨʽʯʢʠ ʉʝʨʝʪ (ʨʠʩ. 1, 2). ʅʘ ʨʠʩ. 1 (ʘ) ʧʦʢʘʟʘʥʦ ʬʨʘʛʤʝʥʪ ʨʽʯʢʠ, ʥʘ ʷʢʦʤʫ 

ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʦʤʽʨʥʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʦʙʣʘʩʪʽ ʚʦʜʠ, ʟʝʣʝʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʜʽʣʷʥʢʠ ˇʨʫʥʪʫ. 

 

  

ʘ ʙ 
 

ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʨʽʯʢʠ ʉʝʨʝʪ (ʘ) ʪʘ ʾʾ ʛʽʩʪʦʛʨʘʤʘ (ʙ) 

 

ʅʘ ʨʠʩ. 1 (ʙ) ʧʦʢʘʟʘʥʦ ʛʽʩʪʦʛʨʘʤʫ ʦʙʨʘʥʦʾ ʜʽʣʷʥʢʠ ʨʽʯʢʠ (ʨʠʩ. 1(ʘ)). ɺʢʘʟʘʥʘ ʛʽʩʪʦʛʨʘʤʘ ʧʨʝʜʩʪʘʚʣʷʻ 

ʟʘʣʝʞʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʧʽʢʩʝʣʽʚ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʘʨʝʻʩʪʨʦʚʘʥʦʾ ʥʠʤʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʘʜʘʶʯʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʆʙʣʘʩʪʽ ʚʦʜʠ, ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ˇʨʫʥʪʫ ʧʦʟʥʘʯʝʥʽ ʩʠʥʽʤ, ʟʝʣʝʥʠʤ ʪʘ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʚʽʜʧʦʚʽʜʥʦ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʛʥʘʣʫ, ʱʦ ʧʦʩʪʫʧʘʻ ʚʽʜ ʪʝʤʘʪʠʯʥʠʭ ʟʦʥ ʻ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ (ʜʠʚ. ʨʠʩ. 1 (ʙ)). 

ʇʦʜʽʙʥʘ ʢʘʨʪʠʥʘ, ʘʣʝ ʤʝʥʰʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ 

ʧʦʭʦʜʠʪʴ ʚʽʜ ʬʨʘʛʤʝʥʪʫ ʨʽʯʢʠ, ʱʦ ʧʦʢʨʠʪʠʡ ʟʝʣʝʥʠʤʠ ʥʘʩʘʜʞʝʥʥʷʤʠ (ʜʠʚ. ʨʠʩ. 3, 4). ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3(ʙ), ʚʩʽ 

ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʫ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʛʽʩʪʦʛʨʘʤʽ. ʆʜʥʘʢ, ʷʢʱʦ ʧʦʜʠʚʠʪʠʩʴ ʥʘ ʩʧʝʢʪʨʘʣʴʥʽ 

ʩʢʣʘʜʦʚʽ ʪʦ ʙʘʯʠʤʦ, ʱʦ ʟʝʣʝʥʘ ʪʘ ʯʝʨʚʦʥʘ ʩʢʣʘʜʦʚʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʜʦʩʠʪʴ ʯʽʪʢʦ, ʪʦʜʽ ʷʢ ʩʠʥʷ ʩʢʣʘʜʦʚʘ 

ʧʨʘʢʪʠʯʥʦ ʥʝʧʦʤʽʪʥʘ. 
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ʘ ʙ ʚ 

 

ʈʠʩ. 2. ɿʦʙʨʘʞʝʥʥʷ ʨʠʩ. 1(ʘ) ʫ ʟʝʣʝʥʽʡ (ʘ), ʩʠʥʽʡ (ʙ) ʪʘ ʯʝʨʚʦʥʽʡ (ʚ) ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ 

 

 

 

ʘ ʙ 
 

ʈʠʩ. 3. ɼʽʣʷʥʢʘ ʨʽʯʢʠ ʧʦʢʨʠʪʘ ʟʝʣʝʥʥʶ (ʘ) ʪʘ ʾʾ ʛʽʩʪʦʛʨʘʤʘ (ʙ) 
 

   
ʘ ʙ ʚ 

ʈʠʩ. 4. ɿʦʙʨʘʞʝʥʥʷ ʨʠʩ. 3(ʘ) ʫ ʩʠʥʽʡ (ʘ), ʟʝʣʝʥʽʡ (ʙ) ʪʘ ʯʝʨʚʦʥʽʡ (ʚ) ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʙʣʘʩʪʷʭ 
 

ʑʦʙʠ ʧʦʷʩʥʠʪʠ ʦʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʟʦʙʨʘʞʝʥʥʷ 

ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ ʝʬʝʢʪʽʚ ï ʚʽʜʙʠʚʘʥʥʷ ʪʘ ʨʦʟʩʽʷʥʥʷ. ɼʣʷ ʦʧʠʩʫ ʝʬʝʢʪʽʚ ʧʦʚôʷʟʘʥʠʭ ʟ 

ʚʽʜʙʠʚʘʥʥʷʤ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʟʦʙʨʘʞʝʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʜʚʦʤʽʨʥʦʶ ʬʫʥʢʮʽʻʶ f(x,y). ʇʨʠʯʦʤʫ, ʟʥʘʯʝʥʥʷ 

ʬʫʥʢʮʽʾ f ʫ ʪʦʯʮʽ (x,y) ʻ ʜʦʜʘʪʥʦʶ ʩʢʘʣʷʨʥʦʶ ʚʝʣʠʯʠʥʦʶ, ʬʽʟʠʯʥʠʡ ʟʤʽʩʪ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʞʝʨʝʣʦʤ 

ʟʦʙʨʘʞʝʥʥʷ. ʗʢʱʦ ʟʦʙʨʘʞʝʥʥʷ ʛʝʥʝʨʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʚʥʦʛʦ ʬʽʟʠʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʪʦ ʟʥʘʯʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʦʧʦʨʮʽʡʥʝ ʝʥʝʨʛʽʾ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʮʴʦʛʦ ʜʞʝʨʝʣʘ, ʘ ʦʪʞʝ ʬʫʥʢʮʽʷ f(x,y) ʤʘʻ ʙʫʪʠ 

ʩʢʽʥʯʝʥʥʦʶ. ʊʦʙʪʦ: 

¤<< ),(0 yxf      (1) 
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ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ f(x,y) ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʚʦʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ: ʚʝʣʠʯʠʥʦʶ ʩʚʽʪʣʦʚʦʛʦ 

ʧʦʪʦʢʫ, ʱʦ ʧʘʜʘʻ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʫ ʧʦʚʝʨʭʥʶ ʽ ʚʽʜʥʦʩʥʦʶ ʯʘʩʪʠʥʦʶ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʚʽʜʙʠʪʦʛʦ ʚʽʜ ʦʙôʻʢʪʫ. 

ʎʽ ʚʝʣʠʯʠʥʠ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘʟʠʚʘʶʪʴʩʷ ʦʩʚʽʪʣʝʥʽʩʪʶ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʽʜʙʠʚʘʥʥʷ ʽ ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ i(x,y) ʽ 

r(x,y). ɼʦʙʫʪʦʢ ʮʠʭ ʬʫʥʢʮʽʡ ʜʘʻ ʬʫʥʢʮʽʶ, ʱʦ ʦʧʠʩʫʻ ʟʦʙʨʘʞʝʥʥʷ: 

),()·,(),( yxryxiyxf =      (2) 

ʜʝ 

¤<< ),(0 yxi       (3) 

 

1),(0 << yxr       (4) 

ʋ ʚʠʧʘʜʢʫ ʢʦʣʴʦʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ ʬʫʥʢʮʽʶ f(x,y) ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʘʢʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʩʢʣʘʜʦʚʠʭ ʢʦʣʴʦʨʽʚ ʢʦʞʥʠʡ ʟ ʷʢʠʭ ʦʧʠʩʫʻʪʴʩʷ ʫ ʨʽʚʥʷʭ ʩʽʨʦʛʦ ʜʣʷ ʢʦʞʥʦʾ ʪʦʯʢʠ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ: 

),( 00 yxfl =       (5) 

ɯʟ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (2)ï(4) ʚʠʧʣʠʚʘʻ: 

maxmin LlL ¢¢       (6) 

ɯʥʰʠʡ ʝʬʝʢʪ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʧʨʠ ʧʦʧʘʜʘʥʥʽ ʩʚʽʪʣʘ ʥʘ ʦʙôʻʢʪ, ʮʝ ʨʦʟʩʽʷʥʥʷ ʥʘ ʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʢʘʭ, 

ʨʦʟʤʽʨʠ ʷʢʠʭ ʻ ʤʘʣʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ. ʉʪʨʝʪʪ ɼ.ɺ. (ʣʦʨʜ ʈʝʣʝʡ) ʧʦʢʘʟʘʚ, 

ʱʦ ʜʣʷ ʧʘʜʘʶʯʦʛʦ ʩʚʽʪʣʘ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ i0, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ  ̔ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ N ï ʯʠʩʣʦ ʯʘʩʪʠʥʦʢ ʚ ʦʙôʻʤʽ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʨʦʟʩʽʷʥʥʷ, V ʪʘ Ů ï ʦʙôʻʤ ʪʘ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʣʠʚʽʩʪʴ 

ʯʘʩʪʠʥʢʠ, Ů0 ï ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʣʠʚʽʩʪʴ ʩʝʨʝʜʦʚʠʱʘ ʚ ʷʢʦʤʫ ʨʦʟʤʽʱʝʥʽ ʯʘʩʪʠʥʢʠ [8ï9], ɗ ï ʢʫʪ ʨʦʟʩʽʷʥʥʷ, 

D ï ʚʽʜʜʘʣʴ ʚʽʜ ʦʙôʻʤʫ, ʱʦ ʨʦʟʩʽʶʻʪʴʩʷ ʜʦ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ʗʢ ʚʠʜʥʦ ʽʟ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʬʦʨʤʫʣʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʩʽʷʥʦʛʦ ʩʚʽʪʣʘ  ̔ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʯʝʪʚʝʨʪʽʡ ʩʪʫʧʝʥʽ ʜʦʚʞʠʥʠ ʭʚʠʣʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. 

ʌʦʨʤʫʣʘ (7) ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʤʥʦʞʥʠʢ 
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, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʦʧʪʠʯʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ. 

ɿʦʢʨʝʤʘ, ʷʢʱʦ 0ee=  ʪʦ ʦʧʪʠʯʥʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʟʥʠʢʘʻ [9], ʘ ʨʘʟʦʤ ʟ ʥʝʶ ʽ ʨʦʟʩʽʶʚʘʥʥʷ. 

ɺʠʭʦʜʷʯʠ ʽʟ ʥʘʚʝʜʝʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʷʢʱʦ 

ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʩʮʝʥʠ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʽʟ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʪʝʤʘʪʠʯʥʠʤʠ ʟʦʥʘʤʠ, ʪʦ ʚ 

ʦʪʨʠʤʘʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʻ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ. ʇʨʠ ʮʴʦʤʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (2), ʘ ʛʽʩʪʦʛʨʘʤʘ ʚʽʜʦʙʨʘʞʘʻ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʦʤʽʨʥʠʡ 

ʨʦʟʧʦʜʽʣ. 

ʋ ʚʠʧʘʜʢʫ ʟʦʙʨʘʞʝʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʥʘ ʨʠʩ. 3(ʘ), ʜʝ ʩʠʥʷ ʩʢʣʘʜʦʚʘ ʟʘʢʨʠʪʘ ʟʝʣʝʥʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʩʣʽʜ ʙʫʣʦ ʦʯʽʢʫʚʘʪʠ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʚʽʜʙʠʚʘʥʥʷ ʫ ʩʠʥʽʡ ʦʙʣʘʩʪʽ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʥʘ ʨʠʩ. 4, ʜʝ ʩʠʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʦʤʽʪʥʦ. ʈʘʟʦʤ ʟ ʪʠʤ, ʥʘ ʛʽʩʪʦʛʨʘʤʽ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʻ ʧʦʨʽʚʥʷʥʦ ʥʝʟʥʘʯʥʦʶ ʽʟ ʟʝʣʝʥʦʶ ʪʘ ʯʝʨʚʦʥʦʶ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ ʩʠʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʩʫʪʪʻʚʫ ʨʦʣʴ ʧʦʯʠʥʘʻ ʚʽʜʽʛʨʘʚʘʪʠ ʝʬʝʢʪ ʨʦʟʩʽʷʥʥʷ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ 

ʬʦʨʤʫʣʦʶ (7). ʈʦʟʩʽʷʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʤʦʣʝʢʫʣʘʭ ʚʦʜʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʫ ʚʠʛʣʷʜʽ 

ʧʘʨʠ. ʈʦʟʤʽʨʠ ʤʦʣʝʢʫʣ ʚʦʜʠ (~0,3 ʥʤ) ʻ ʩʫʪʪʻʚʦ ʤʝʥʰʠʤʠ ʟʘ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʩʚʽʪʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ 

ʚʠʜʠʤʽʡ ʦʙʣʘʩʪʽ (450 ï 700 ʥʤ) ʩʧʝʢʪʨʫ. ɼʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ Ů0= 1, ʘ ʜʣʷ ʚʦʜʠ Ů= 81, ʪʦʤʫ 
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ee  ʫ ʬʦʨʤʫʣʽ (7) ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʥʝ ʥʘ ʚʝʣʠʯʠʥʫ ʨʦʟʩʽʷʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʠʡ ʚʧʣʠʚ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠ ʯʘʩʪʠʥʘ ʚʠʨʘʟʫ (7): 
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ʊʘʙʣʠʮʷ 2 

ɺʽʜʥʦʩʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ ʨʦʟʩʽʷʥʦʛʦ ʤʘʣʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʣʷ ʦʩʥʦʚʥʠʭ ʢʦʣʴʦʨʽʚ 
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682-ʯʝʨʚʦʥʠʡ 1 

532-ʟʝʣʝʥʠʡ 3,7 

465-ʩʠʥʽʡ 4,6 
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ɺ ʪʘʙʣʠʮʽ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʚʝʣʠʯʠʥʠ ô̔ ʜʣʷ ʟʝʣʝʥʦʛʦ ʪʘ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ 

ʜʦ ʯʝʨʚʦʥʦʛʦ. ʗʢ ʚʠʜʥʦ ʟ ʮʽʻʾ ʪʘʙʣʠʮʽ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʦʟʩʽʷʥʥʷ ʩʚʽʪʣʘ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʥʽʞ ʜʣʷ 

ʯʝʨʚʦʥʦʛʦ ʪʘ ʟʝʣʝʥʦʛʦ. ʎʝ ʧʦʷʩʥʶʻ ʧʦʷʚʫ ʥʘ ʛʽʩʪʦʛʨʘʤʽ ʩʠʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʧʽʚʤʽʨʥʦʶ ʽʟ 

ʟʝʣʝʥʦʶ ʪʘ ʯʝʨʚʦʥʦʶ ʩʢʣʘʜʦʚʠʤʠ. 

 
ʈʠʩ. 5. ɯʥʜʠʢʘʪʨʠʩʘ ʨʦʟʩʽʷʥʥʷ ʩʚʽʪʣʘ ʯʘʩʪʠʥʢʘʤʠ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʻ ʤʘʣʠʤʠ ʫ ʧʦʨʽʚʥʷʥʽ ʟ ʨʦʟʤʽʨʘʤʠ ʜʦʚʞʠʥʠ ʭʚʠʣʽ 

 

ɺʠʨʘʟ (8) ʪʘʢʦʞ ʧʦʷʩʥʶʻ ʪʦʡ ʬʘʢʪ, ʯʦʤʫ ʬʽʣʴʪʨʘʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʥʴʦʛʦ ʬʽʣʴʪʨʘ ʧʨʠʚʦʜʠʪʴ 

ʧʨʘʢʪʠʯʥʦ ʜʦ ʟʥʠʢʥʝʥʥʷ ʩʘʤʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʙʠʪʝ ʩʚʽʪʣʦ, ʚ 

ʪʦʡ ʯʘʩ, ʷʢ ʥʘ ʥʴʦʛʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʨʦʟʩʽʷʥʝ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 5, ʜʝ ʟʦʙʨʘʞʝʥʘ ʽʥʜʠʢʘʪʨʠʩʘ ʨʦʟʩʽʷʥʥʷ, ʩʚʽʪʣʦ 

ʨʦʟʩʽʶʻʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʤʽʨʥʦ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʩʠʥʽʡ ʬʦʥ, ʷʢʠʡ ʧʽʟʥʽʰʝ 

ʧʨʦʷʚʣʷʻʪʴʩʷ ʥʘ ʛʽʩʪʦʛʨʘʤʽ ʫ ʚʠʛʣʷʜʽ ʧʽʢʩʝʣʽʚ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜ RGB ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʢʦʩʤʦʟʥʽʤʢʽʚ ʧʨʠʨʦʜʥʽʭ ʧʦʚʝʨʭʦʥʴ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ ʢʦʩʤʦʟʥʽʤʢʠ ʨʽʯʢʠ ʉʝʨʝʪ. ʅʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ C# ʨʦʟʨʦʙʣʝʥʦ 

ʧʨʦʛʨʘʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʷʚʣʝʥʦʛʦ ʤʝʪʦʜʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʛʽʩʪʦʛʨʘʤʠ. ɰʭʥʽʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʚʩʷ ʥʘ 

ʦʩʥʦʚʽ ʝʬʝʢʪʽʚ ʚʽʜʙʠʚʘʥʥʷ ʪʘ ʨʦʟʩʽʷʥʥʷ ʩʚʽʪʣʘ. ʋ ʚʠʧʘʜʢʫ ʨʦʟʛʣʷʜʫ ʦʙôʻʢʪʽʚ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʽʟ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʪʝʤʘʪʠʯʥʠʤʠ ʟʦʥʘʤʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʻ ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚʘ, ʘ ʛʽʩʪʦʛʨʘʤʘ ʚʽʜʦʙʨʘʞʘʻ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʨʦʟʩʽʷʥʥʷ ʩʚʽʪʣʘ ʩʠʥʴʦʛʦ ʢʦʣʴʦʨʫ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʥʽʞ ʜʣʷ ʯʝʨʚʦʥʦʛʦ ʪʘ ʟʝʣʝʥʦʛʦ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ ʩʠʥʴʦʾ ʩʢʣʘʜʦʚʦʾ ʩʫʪʪʻʚʫ ʨʦʣʴ ʧʦʯʠʥʘʻ ʚʽʜʽʛʨʘʚʘʪʠ ʝʬʝʢʪ ʨʦʟʩʽʷʥʥʷ. 

ʈʦʟʛʣʷʥʫʪʠʡ ʤʝʪʦʜ RGB ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʦʜʠ ʧʦʢʨʠʪʦʾ ʟʝʣʝʥʠʤʠ 

ʥʘʩʘʜʞʝʥʥʷʤʠ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʩʴʦʛʦʜʝʥʥʷ ʧʽʜ ʯʘʩ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 
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ʄɽʊʆɼ ɺʀɿʅɸʏɽʅʅʗ ɼʀʅɸʄɯʏʅʆɻʆ ʂʆɽʌɯʎɯɭʅʊɸ ʇʋɸʉʉʆʅɸ 

ʇʆʃɯʄɽʈʅʆɻʆ ɸʋʂʉɽʊʀʂɸ  

ɿɸ ɼʆʇʆʄʆɻʆʖ ʊʈʔʆʍ ʊʀʇɯɺ ɸʂʋʉʊʀʏʅʀʍ ʍɺʀʃʔ 
 
ȹ ɗɘɆɘɘɫ ɖɔɍɉɑɥɓəɘɔ ɘɖɎ ɈɎɕɆɊɐɎ ɈɎɍɓɆɝɋɓɓɥ ɐɔɒɕɑɋɐɗɓɔɉɔ ɊɎɓɆɒɫɝɓɔɉɔ ɐɔɋɚɫɜɫɩɓɘɆ ȵəɆɗɗɔɓɆ ɕɔɑɫɒɋɖɓɔɉɔ 

ɆəɐɗɋɘɎɐɆ ɕɖɎ ɕɔɞɎɖɋɓɓɫ ə ɓɢɔɒə ɕɔɍɊɔɈɌɓɢɔɬ, ɕɔɕɋɖɋɝɓɔɬ ɘɆ ɕɔɈɋɖɛɓɋɈɔɬ ɆɐəɗɘɎɝɓɎɛ ɛɈɎɑɢ.  
ȳɆ ɔɗɓɔɈɫ ɗɕɫɈɈɫɊɓɔɞɋɓɢ ɘɋɔɖɫɬ ɕɖəɌɓɔɗɘɫ ɫ ɋɐɗɕɋɖɎɒɋɓɘɆɑɢɓɎɛ ɍɓɆɝɋɓɢ ɞɈɎɊɐɔɗɘɋɏ ɕɔɞɎɖɋɓɓɥ ɕɔɍɊɔɈɌɓɢɔɬ ɘɆ 

ɕɔɕɋɖɋɝɓɔɬ ɛɈɎɑɢ ɫ ɐɔɋɚɫɜɫɩɓɘɫɈ ɬɛ ɕɔɉɑɎɓɆɓɓɥ ɕɖɔɈɋɊɋɓɫ ɖɔɍɖɆɛəɓɐɎ Ɋɫɏɗɓɔɬ ɘɆ əɥɈɓɔɬ ɝɆɗɘɎɓɎ ɐɔɋɚɫɜɫɩɓɘɆ ȵəɆɗɗɔɓɆ Ɋɑɥ 
ɘɋɖɒɔɕɑɆɗɘɎɝɓɔɉɔ ɕɔɑɫəɖɋɘɆɓə. ȫɐɗɕɋɖɎɒɋɓɘɆɑɢɓɫ ɍɓɆɝɋɓɓɥ ɞɈɎɊɐɔɗɘɋɏ ɕɔɞɎɖɋɓɓɥ ɕɔɍɊɔɈɌɓɫɛ ɘɆ ɕɔɕɋɖɋɝɓɎɛ ɛɈɎɑɢ ɫ 
ɐɔɋɚɫɜɫɩɓɘɫɈ ɬɛ ɍɆɘəɛɆɓɓɥ ɇəɑɎ ɈɎɍɓɆɝɋɓɫ  ɍɆ Ɋɔɕɔɒɔɉɔɤ ɫɒɕəɑɢɗɓɔɉɔ ɫɒɋɖɗɫɏɓɔɉɔ əɑɢɘɖɆɍɈəɐɔɈɔɉɔ ɒɋɘɔɊə. 

ȴɘɖɎɒɆɓɔ ɖɔɍɈôɥɍɔɐ ɖɫɈɓɥɓɓɥ ȶɋɑɋɥ ɕɖɎ ɕɔɞɎɖɋɓɓɫ ə ɆəɐɗɋɘɎɐə ɕɔɕɋɖɋɝɓɔɬ ɘɆ ɕɔɈɋɖɛɓɋɈɔɬ ɆɐəɗɘɎɝɓɎɛ ɛɈɎɑɢ. 
ȨɎɐɔɖɎɗɘɆɓɓɥ ɖɫɈɓɥɓɓɥ ȶɋɑɋɥ ɘɆ ɒɔɊɋɑɢɓɎɛ ɕɫɊɛɔɊɫɈ Ɋɔ ɕɖɔɜɋɗɫɈ ɕɔɉɑɎɓɆɓɓɥ ɆɐəɗɘɎɝɓɎɛ ɛɈɎɑɢ ɊɔɍɈɔɑɎɑɔ ɔɘɖɎɒɆɘɎ 
ɗɕɫɈɈɫɊɓɔɞɋɓɓɥ ɘɆ ɛɆɖɆɐɘɋɖɎɗɘɎɝɓɫ ɖɫɈɓɥɓɓɥ Ɋɑɥ ɖɔɍɖɆɛəɓɐə ɗɐɑɆɊɔɈɎɛ ɐɔɒɕɑɋɐɗɓɔɉɔ ɐɔɋɚɫɜɫɩɓɘɆ ȵəɆɗɗɔɓɆ ɕɔɑɫɒɋɖɓɔɉɔ 
ɆəɐɗɋɘɎɐɆ ɕɖɎ ɕɔɞɎɖɋɓɓɫ ə ɓɢɔɒə, ɈɫɊɕɔɈɫɊɓɔ, ɕɔɈɋɖɛɓɋɈɔɬ ɘɆ ɕɔɕɋɖɋɝɓɔɬ ɛɈɎɑɢ ɫ ɕɔɈɋɖɛɓɋɈɔɬ ɘɆ ɕɔɍɊɔɈɌɓɢɔɬ ɛɈɎɑɢ. 
ȭɆɕɖɔɕɔɓɔɈɆɓɔ ɐɔɓɗɘɖəɐɜɫɤ ɋɐɗɕɋɖɎɒɋɓɘɆɑɢɓɔɉɔ ɗɘɋɓɊə Ɋɑɥ ɍɇəɊɌɋɓɓɥ ɘɆ ɕɖɎɏɔɒə ɕɔɈɋɖɛɓɋɈɎɛ ɛɈɎɑɢ ȶɋɑɋɥ ə ɕɔɑɫɒɋɖɓɔɒə 
ɆəɐɗɋɘɎɐə ɫɍ ɐɔɋɚɫɜɫɩɓɘɔɒ ȵəɆɗɗɔɓɆ ɇɑɎɍɢɐɎɒ Ɋɔ ɒɫɓəɗ ɔɊɎɓɎɜɫ. ȶɔɍɖɔɇɑɋɓɔ ɒɋɘɔɊɎɐə ɈɎɒɫɖɤɈɆɓɢ Ɋɑɥ ɈɎɍɓɆɝɋɓɓɥ ɞɈɎɊɐɔɗɘɫ 
ɕɔɞɎɖɋɓɓɥ ɕɔɈɋɖɛɓɋɈɔɬ ɛɈɎɑɫ ȶɋɑɋɥ ɫ ɐɔɋɚɫɜɫɩɓɘə ɬɬ ɕɔɉɑɎɓɆɓɓɥ ɘɆ ɕɋɖɋɈɫɖɐɎ ɆɊɋɐɈɆɘɓɔɗɘɫ ɔɘɖɎɒɆɓɎɛ ɋɐɗɕɋɖɎɒɋɓɘɆɑɢɓɎɛ ɊɆɓɎɛ. 

ȦɓɆɑɫɍ ɔɘɖɎɒɆɓɎɛ ɍɓɆɝɋɓɢ Ɋɫɏɗɓɔɬ ɘɆ əɥɈɓɔɬ ɝɆɗɘɎɓ ɐɔɒɕɑɋɐɗɓɔɉɔ ɐɔɋɚɫɜɫɩɓɘɆ ȵəɆɗɗɔɓɆ Ɋɑɥ ɘɋɖɒɔɕɑɆɗɘɎɝɓɔɉɔ 
ɕɔɑɫəɖɋɘɆɓə ɈɐɆɍəɩ ɓɆ ɆɊɋɐɈɆɘɓɫɗɘɢ ɍɆɕɖɔɕɔɓɔɈɆɓɎɛ ɒɔɊɋɑɢɓɎɛ ɕɖɋɊɗɘɆɈɑɋɓɢ ɫ ɛɔɖɔɞə ɈɫɊɘɈɔɖɤɈɆɓɫɗɘɢ ɖɋɍəɑɢɘɆɘɫɈ ɕɖɎ 
ɖɔɍɖɆɛəɓɐɆɛ ɓɆ ɔɗɓɔɈɫ ɕɆɖɓɎɛ ɋɐɗɕɋɖɎɒɋɓɘɫɈ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɕɔɍɊɔɈɌɓɥ, ɕɔɕɋɖɋɝɓɆ ɘɆ ɕɔɈɋɖɛɓɋɈɆ ɆɐəɗɘɎɝɓɫ ɛɈɎɑɫ, ɞɈɎɊɐɫɗɘɢ ɕɔɞɎɖɋɓɓɥ ɛɈɎɑɫ, ɖɫɈɓɥɓɓɥ ȶɋɑɋɥ, 
ɐɔɋɚɫɜɫɩɓɘ ɕɔɉɑɎɓɆɓɓɥ ɛɈɎɑɫ. 

 

ʄɸSHCHENKO V. 
Odessa state academy technical regulations and quality 

 

METHOD  DETERMINATION OF THE DYNAMIC POISSONôS RATION  

OF POLYMER AUXETIC USING THREE TYPES OF ACOUSTIC WAVES  
 
The article considers three cases of determining the complex dynamic Poisson's ratio of a polymeric auxetic with the 

propagation of longitudinal, transverse and surface acoustic waves. 
Based on the relations between the theory of elasticity and experimental values of the propagation velocities of 

longitudinal and transverse waves and their absorption coefficients, calculations of the real and imaginary part of the Poiss on's ratio 
for thermoplastic polyurethane are performed. The experimental values of the propagation velocities of lon gitudinal and transverse 
waves and their attenuation coefficients were determined using the pulsed immersion ultrasonic method.  

The solution of the Rayleigh equation for the propagation in auxetic transverse and surface acoustic waves into auxetics 
is obtained. The use of Rayleigh equations and model approaches to acoustic wave absorption processes allowed to obtain relations 
and characteristic equations for calculating the components of the complex Poisson's ratio of polymeric auxetic with the prop agation 
of surface and transverse waves and surface and longitudinal waves, respectively. 

The design of an experimental stand for excitation and reception of Rayleigh surface waves in a polymer auxetic with a 
Poisson's ratio close to minus one is proposed. A measurement technique has been developed to determine the propagation velocity 
of the Rayleigh surface wave and its absorption coefficient and to verify the adequacy of the obtained experimental data.  

The analysis of the obtained values of the real and imaginary parts of the complex Poisson's ratio for thermoplastic 
polyurethane indicates the adequacy of the proposed model representations and good reproducibility of the results in calculat ions 
based on pair wise experiments. 

Keywords: longitudinal, transverse and surface acoustic waves, wave propagation velocity, Rayleigh equation, wave 
absorption coefficient. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʽʢʠ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʠʡ ʟ ʰʠʨʦʢʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʚôʷʟʢʦʧʨʫʞʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʥʝʦʙʭʽʜʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺôʷʟʢʦʧʨʫʞʥʽʩʪʴ 

ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ: ʤʦʜʫʣʷ ʖʥʛʘ (ɽ*), ʤʦʜʫʣʷ ʟʩʫʚʫ (m*), ʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥ ɽ*, m*  ʧʦʚôʷʟʘʥʽ ʽʟ ʜʠʥʘʤʽʯʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʟʨʘʟʢʽʚ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɼʦ ʯʠʩʣʘ ʥʘʡʙʽʣʴʰ ʮʽʢʘʚʠʭ ʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʧʦʚʝʜʽʥʢʠ ʫ 

ʜʠʥʘʤʽʯʥʠʭ ʩʠʣʦʚʠʭ ʧʦʣʷʭ ʚʽʜʥʦʩ̫ ʪʴʩʷ ʧʦʣʽʤʝʨʠ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʥʘ ʾʭ ʦʩʥʦʚʽ ʽʟ ʚʽʜôʻʤʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ï ʧʦʣʽʤʝʨʥʽ çʘʫʢʩʝʪʠʢʠè [1ï2]. 

ʂʨʽʤ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ, ʦʜʥʽʻʶ ʽʟ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ (n¡¡-n¡=n i* ) [3]. ɿʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥ ʚʝʣʠʯʠʥʠ n* ʨʽʜʢʦ 

ʜʝʢʣʘʨʫʶʪʴʩʷ ʚʠʨʦʙʥʠʢʦʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʦʤʫ ʧʨʦʙʣʝʤʘ ʡʦʛʦ ʧʨʷʤʦʛʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʘʢʪʠʯʥʦ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʂʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ ʪʘ ʤʦʜʫʣʴ ʖʥʛʘ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʘʫʢʩʝʪʠʢʽʚ ʦʙʯʠʩʣʶʚʘʣʠʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʠʭ ʤʝʪʦʜʽʚ [4ï6] ʘʙʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʩʪʠʩʢ ʪʘ ʨʦʟʪʷʛ [7ï10]. ɼʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʜʝʬʦʨʤʘʮʽʡ ʚʠʟʥʘʯʘʣʠʩʷ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʟʨʘʟʽʚ [5, 7ï10] ʘʙʦ ʙʘʣʽʩʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ [11].  

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ ʥʝ ʚ ʧʦʚʥʽʡ ʤʽʨʽ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ 

ʩʢʣʘʜʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʪʘ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʫʢʩʝʪʠʢʽʚ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʧʦʚʽʜʥʠʭ ʚʝʣʠʯʠʥ ʤʦʞʝ ʙʫʪʠ ʧʽʜʪʚʝʨʜʞʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʭʚʠʣʴʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʫ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʨʷʜʢʫ ʜʝʢʽʣʴʢʦʭ ʤʽʢʨʦʩʝʢʫʥʜ ï 

ʯʘʩʫ ʧʨʦʭʦʜʞʝʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ (ʋɿ) ʭʚʠʣʽ ʯʝʨʝʟ ʟʨʘʟʦʢ ʘʫʢʩʝʪʠʢʘ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʧʨʦʮʝʩʽʚ ʧʦʰʠʨʝʥʥʷ ʪʘ 

ʧʦʛʣʠʥʘʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ, ʧʦʧʝʨʝʯʥʦʾ ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʫʩʪʠʯʥʠʭ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʭʚʠʣʴ ʧʦʢʘʟʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʧʦʣʽʤʝʨʥʦʛʦ 

ʘʫʢʩʝʪʠʢʘ ʥʘ ʦʩʥʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʪʘ ʨʽʚʥʷʥʥʷ ʈʝʣʝʷ ʧʨʠ ʚʽʜʦʤʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥɹʠʭ 

ʟʥʘʯʝʥʥʷʭ ʰʚʠʜʢʦʩʪʝʡ ʾʭ ʧʦʰʠʨʝʥʥʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦʛʣʠʥʘʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʘʪʠ 

ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚôʷʟʢʦʧʨʫʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʘʢʫʩʪʠʯʥʠʭ ʋɿ-ʢʦʣʠʚʘʥʴ 

ʨʽʟʥʦʛʦ ʪʠʧʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʟʙʫʜʞʝʥʥʷ ʪʘ ʧʨʠʡʦʤʫ ʪʨʴʦʭ ʪʠʧʽʚ ʭʚʠʣʴ: ʧʦʟʜʦʚʞʥʴʦʾ (l), ʧʦʧʝʨʝʯʥʦʾ 

(t) ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʫʩʪʠʯʥʦʾ ʭʚʠʣʽ (ʇɸʍ) ʈʝʣʝʷ (R) ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʾʭ ʧʦʰʠʨʝʥʥʷ (ul, ut, uR) ʚ 

ʘʫʢʩʝʪʠʢʘʭ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʘʪʠ ʜʽʡʩʥʫ ʪʘ ʫʷʚʥʫ ʯʘʩʪʠʥʠ ʚʝʣʠʯʠʥʠ n*. 

ʇʦʟʜʦʚʞʥʷ ʪʘ ʧʦʧʝʨʝʯʥʘ ʭʚʠʣʽ. ʇʨʠ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʥʷʭ ul ʪʘ ut ʜʽʡʩʥʫ ʯʘʩʪʠʥʫ ʢʦʝʬʽʮʽʻʥʪʘ 

ʇʫʘʩʩʦʥʘ ʧʦʣʽʤʝʨʥʦʛʦ ʘʫʢʩʝʪʠʢʘ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʪʘʢʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [12]: 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ n± ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʩʧʽʚʚʽʜʥʦh ʝʥʥʷʤ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ, ʷʢʝ ʧʦʚôʷʟʫʻ ʚʝʣʠʯʠʥʠ *E , *m  

ʽ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ n* [13], 
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ʪʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʷʚʥʠʭ ʯʘʩʪʠʥ ʤʦʜʫʣʷ ʖʥʛʘ (E±) ʽ ʤʦʜʫʣʷ ʟʩʫʚʫ (m±) ʥʘ ʧʨʠ ʽʤʝʨʩʽʡʥʠʭ 

ʋɿ-ʚʠʤʽʨʶʚʘʥʥʷʭ [14]: 
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ʜʝ r ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ; w ï ʮʠʢʣʽʯʥʘ ʯʘʩʪʦʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʭʚʠʣʽ; al ʽ at ï ʢʦʝʬʽʮʽʻʥʪʠ 

ʧʦʛʣʠʥʘʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ ʽ ʧʦʧʝʨʝʯʥʦʾ ʋɿ-ʭʚʠʣʴ. 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ (3) ʪʘ (4) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (2) ʜʣʷ n± ʟʘʧʠʰʝʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 
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lltt

ttll .                                                             (5) 

ʇʦʧʝʨʝʯʥʘ ʪʘ ʧʦʚʝʨʭʥʝʚʘ ʭʚʠʣʽ. ʈʽʚʥʷʥʥʷʤ, ʱʦ ʧʦʚôʷʟʫʻ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʪʨʴʦʭ ʪʠʧʽʚ ʭʚʠʣʴ 

(ʧʦʟʜʦʚʞʥʴʦʾ, ʧʦʧʝʨʝʯʥʦʾ ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ) ʻ ʨʽʚʥʷʥʥʷ ʈʝʣʝʷ [15]: 
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ʈʽʚʥʷʥʥʷ (6) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʧʦʣʽʥʦʤʥʦʤʫ ʚʠʛʣʷʜʽ [16]: 

( ) ( ) 01162388 22246 =x--hx-+h-h ,                                                       (7) 
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ʜʝ 
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u
=x ; kl; kt; kR ï ʭʚʠʣʴʦʚʽ ʯʠʩʣʘ ʚʽʜʧʦʚʽʜʥʦ ʧʦʚʟʜʦʚʞʥʴʦʾ, ʧʦʧʝʨʝʯʥʦʾ ʪʘ 

ʨʝʣʝʾ ʚʩʴʢʦʾ ʭʚʠʣʴ. 

ɺ ʜʽʘʧʘʟʦʥʽ ʚʽʜôʻʤʥʠʭ ʟʥʘʯʝʥʴ n ʨʽʚʥʷʥʥʷ (7) ʜʣʷ ʚʽʜʥʦʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʇɸʍ ʈʝʣʝʷ ʜʦ ʰʚʠʜʢʦʩʪʽ 

ʧʦʧʝʨʝʯʥʠʭ ʭʚʠʣʴ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʨʦʟʚôʷʟʦʢ: 

( )
( ) ö

ö
ö

÷

õ

æ
æ
æ

ç

å

+
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

ö
ö
ö

÷

õ

æ
æ
æ

ç

å

p+
ö
ö
ö

÷

õ

æ
æ
æ

ç

å

-x

-x
-x=

u

u
22

1622

1745

3

1
162

3

4

32

2
32 arccoscos

t

R ,                                   (8) 

ʧʨʠʤʦʯʫ 
22
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-n
=x . 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʫʞʥʝ ʘʫʢʩʝʪʠʢ-ʩʝʨʝʜʦʚʠʱʝ ʟ ʚʪʨʘʪʘʤʠ, ʜʝ ʭʚʠʣʴʦʚʽ ʯʠʩʣʘ ʻ ʢʦʤʧʣʝʢʩʥʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ: 

ll

*

l kikk ¡¡+¡= ; tt

*

t kikk ¡¡+¡= ; RR

*

R kikk ¡¡+¡= .                                                         (9) 

ʅʝʭʘʡ ʟʘʪʫʭʘʥʥʷ ʧʦʟʜʦʚʞʥʽʭ ʽ ʧʦʧʝʨʝʯʥʠʭ ʭʚʠʣʴ ʤʘʣʝ (ttll kkkk ¡¡>>¡¡¡>>¡ , ) ʽ ʦʜʥʘʢʦʚʝ ʚ ʫʩʽʭ ʪʦʯʢʘʭ 

ʘʫʢʩʝʪʠʢ-ʩʝʨʝʜʦʚʠʱʘ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʢʦʤʧʣʝʢʩʥʽ ʭʚʠʣʴʦʚʽ ʯʠʩʣʘ *

lk , *

tk , 
*

Rk  ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʜ̫ʽ: 

( )a+¡= ikk l

*

l 1 ; ( )b+¡= ikk t

*

t 1 ; ( )g+¡= ikk R

*

R 1 ,                                                 (10) 
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=g  ï ʤʘʣʽ ʜʽʡʩʥʽ ʧʦʧʨʘʚʢʠ, ʱʦ ʯʠʩʝʣʴʥʦ ʨʽʚʥʽ ʢʦʝʬʽʮʽʻʥʪʘʤ ʧʦʛʣʠʥʘʥʥʷ al, at 

ʪʘ ʇɸʍ ʈʝʣʝʷ (aR) ʥʘ ʜʦʚʞʠʥʽ ʚʽʜʧʦʚʜ̔ʥʦʾ ʭʚʠʣʽ (ll; lt; lR): 

llla=a ; ttla=b ; RRla=g .                                                         (11) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ n¡, n± ʧʦʚʝʨʥʝʤʦʩʷ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ (7), ʷʢʝ ʧʨʠ ʢʦʤʧʣʝʢʩʥʠʭ  
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ʜʝ h¡¡+h¡=h i* ; 
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ʇʨʠʨʽʚʥʶʶʯʠ ʜʦ ʥʫʣʷ ʜʽʡʩʥʫ ʽ ʫʷʚʥʫ ʯʘʩʪʠʥʠ ʨʽʚʥʷʥʥʷ ʪʘ ʥʝʭʪʫʶʯʠ ʯʣʝʥʘʤʠ ʧʦʨʷʜʢʫ a2, b2, g2 ʽ 

ʚʠʱʝ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʨʦʟʚôʷʟʢʠ ʜʣʷ x¡, x± ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ x*: 
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=x¡ ;                                                                    (13) 

( ) ( )
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.                                                     (14) 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ  

22

122

-n¡

-n¡
=x¡                                                                          (15) 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (13) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ n¡ ʧʝʨʝʧʠʝhʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

246

246

88

8168

h¡+h¡-h¡

-h¡+h¡-h¡
=n¡ ,                                                             (16) 

ɿʥʘʯʝʥʥʷ ʫʷʚʥʦʾ ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʥʦʛʦ n* ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʧʨʠ ʚʽʜʦʤʠʭ n¡, 2x¡ ʪʘ 2x¡¡ʽʟ ʨʽʚʥʷʥʥʷ: 

22

12

22

22
22

-n¡¡+n¡

-n¡¡+n¡
=x¡¡+x¡ .                                                           (17) 

ʇʦʟʜʦʚʞʥʷ ʪʘ ʧʦʚʝʨʭʥʝʚʘ ʭʚʠʣʽ. ʈʦʟʛʣʷʥʝʤʦ ʥʦʚʫ ʢʦʤʧʣʝʢʩʥʫ ʟʤʽʥʥʫ z* ( z¡¡+z¡=z i* ), ʷʢʘ ʨʽʚʥʘ 

2

2

2

*

R

*

l*

k

k
=z . ʍʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʨʽʚʥʷʥʥʷ (7) ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʤʘʪʠ ʪʘʢʠʡ ʚʠʛʣʷʜ: 
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ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ n* ʧʦʪʨʽʙʥʦ, ʚ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ, ʯʠʩʝʣʴʥʦ ʨʦʟʚôʷʟʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ ʚʽʜʥʦʩʥʦ 2x¡ ʪʘ 2x¡¡ ʧʨʠ ʚʽʜʦʤʦʤʫ ʟʥʘʯʝʥʥʽ 
2z¡: 

( ) ( )( ) ( ) ( ) 082411616 62422232242 =z¡+x¡z¡-x¡z¡+x¡+z¡-x¡ ;                                      (19) 

( ) ( )( ) ( ) ( )( ) ( )( ) 03282244821648 6242223232242 =z¡a+x¡g+az¡-x¡g+az¡+x¡g-x¡g+az¡-x¡g .          (20) 

ɺʝʣʠʯʠʥʠ n¡ ʪʘ n± ʟʥʘʭʦʜʠʤʦ ʽʟ ʩʧʽʚʚʽʜʥʦh ʝʥʴ (15) ʽ (17). 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʦʙʛʦʚʦʨʝʥʥʷ. ɺʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʧʦʰʠʨʝʥʥʷ ul, ut ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʾʭ 

ʧʦʛʣʠʥʘʥʥʷ al, at ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʽʫʨʝʪʘʥʫ (ʊʇʋ), ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ 4,4-

ʜʠʬʝʥʽʣʤʝʪʘʥʜʽʽʟʦʮʽʘʥʘʪʫ, 1,4-ʙʫʪʘʥʜʽʦʣʘ ʽ ʧʦʣʽʦʢʩʠʪʝʪʨʘʤʠʪʠʣʝʥʛʣʽʢʦʣʶ ʟ ʄʄ = 1500 ʟʘ ʤʝʪʦʜʠʢʦʶ ʨʦʙʦʪʠ 

[2] ʧʨʠ ʯʘʩʪʦʪʽ ʫʣʪɹʨʘʟʚʫʢʫ w = 1,884 ʄɻʮ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ul, ut ʪʘ ʟʥʘʯʝʥʥʷ n¡, n± ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʝʡ ʧʦʰʠʨʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ, ʧʦʧʝʨʝʯʥʦʾ,  

ʨʝʣʝʾʚʩʴʢʦʾ ʭʚʠʣʴ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ ʾʭ ʟʘʪʫʭʘʥʥʷ ʽ ʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥ  

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʚʠʟʥʘʯʝʥʥʽ ʪʨʴʦʤʘ ʩʧʦʩʦʙʘʤʠ 
ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ul, ʤ/ʩ 1635 

ut, ʤ/ʩ 1415 

al, ʅʧ/ʤ 36 

at, ʅʧ/ʤ 197 

n¡ (ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (1)) ï 0,99 

n± (ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (5)) ï 0,85 

a 0,196 

b 0,929 

uR, ʤ/ʩ 980 

aR, ʅʧ/ʤ 301 

g 0,983 

n¡ (ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (16) ) ï 0,98 

n± (ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (17) ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ (14)) ï 1,82 

n¡ (ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (15) ʟ ʚʨʘʭʫʚʘʥʥʷʤ (19)) ï 0,97 

n± (ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (16) ʟ ʚʨʘʭʫʚʘʥʥʷʤ (20)) ï 1,60 
 

ɿʙʫʜʞʝʥʥʷ ʪʘ ʧʨʠʡʦʤ ʇɸʍ ʈʝʣʝʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʝʙʽʥʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʪʚʦʨʶʻ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʧʝʨʽʦʜʠʯʥʫ ʩʫʢʫʧʥʽʩʪʴ ʥʦʨʤʘʣʴʥʠʭ ʟʙʫʨʝʥʴ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʧʝʨʽʦʜʦʤ lR [16]. ʉʭʝʤʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʽʟ ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʄɸï300ɸ1 ʬʽʨʤʠ Murata 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1, 2. ɿʥʘʯʝʥʥʷ lR ʦʙʯʠʩʣʶʚʘʣʠ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

w

pu
=l R

R

2
.                                                                         (21) 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ ʜʣʷ ʟʙʫʜʞʝʥʥʷ ʪʘ ʧʨʠʡʦʤʫ ʇɸʍ:  

1 ï ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯ (ʚʠʧʨʦʤʽʥʶʚʘʯ) ʄɸï300ɸ1; 2 ï ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯ (ʧʨʠʡʤʘʯ) Mɸï300ɸ1;  

3 ï ʛʨʝʙʽʥʯʘʩʪʘ ʩʪʨʫʢʪʫʨʘ; 4 ï ʟʨʘʟʦʢ ʤʘʪʝʨʽʘʣʫ; 5 ï ʧʦʛʣʠʥʘʶʯʘ ʧʽʜʢʣʘʜʢʘ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 

ISSN 2219-9365 

 

International Scientific-technical journal 

çMEASURING AND COMPUTING DEVICES IN TECHNOLOGICAL PROCESSESè 2020, Issue 1 

 
20 

 
 

ʈʠʩ. 2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ:  

1 ï ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯ (ʚʠʧʨʦʤʽʥʶʚʘʯ) ʄɸï300ɸ1; 2 ï ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯ (ʧʨʠʡʤʘʯ) Mɸï300ɸ1;  

3 ï ʛʨʝʙʽʥʯʘʩʪʘ ʩʪʨʫʢʪʫʨʘ; 4 ï ʟʨʘʟʦʢ ʤʘʪʝʨʽʘʣʫ; 5 ï ʧʦʛʣʠʥʘʶʯʘ ʧʽʜʢʣʘʜʢʘ 
 

ɼʣʷ ʰʚʠʜʢʦʩʪʽ ʇɸʍ ʈʝʣʝʷ uR = 976 ʤ/ʩ, ʚʠʟʥʘʯʝʥʦʾ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (8) ʧʨʠ n @ ï1, ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʨʽʚʥʘ lR @ 3,3 ʤʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ uR ʙʫʜʝʤʦ ʚʠʟʥʘʯʘʪʠ ʟʘ ʚʠʤʽʨʷʥʠʤ ʯʘʩʦʤ (t) ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʣʝʾʚʩʴʢʦʾ 

ʭʚʠʣʽ ʧʦ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʪʘʢʠʤ ʩʧʽʚʚʽʜʥʦh ʝʥʥʷʤ: 

a

l

l

l
R

2-tu

u
=u ,                                                                        (22) 

ʜʝ l ï ʤʽʞ ʮʝʥʪʨʘʤʠ ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ, ul ï ʰʚʠʜʢʽʩʪʴ ʧʦʟʜʦʚʞʥʴʦʾ ʭʚʠʣʽ ʚ ʤʘʪʝʨʽʘʣʽ ʛʨʝʙʽʥʯʘʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ; ʘ ï ʚʠʩʦʪʘ ʛʨʝʙʽʥʯʘʩʪʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ ʪʘ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ uR ʚʠʤʽʨʶʚʘʣʠ ʯʘʩ (( )darttanst ) 

ʧʨʦʭʦʜʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʨʝʣʝʾʚʩʴʢʦʾ ʭʚʠʣʽ ʧʦ ʧʦʚʝʨʭʥʽ ʝʪʘʣʦʥʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʷʢʦʛʦ ʟʥʘʯʝʥʥʷ ( )darttansRu  

ʚʽʜʦʤʦ. ʇʨʠ ʦʜʥʘʢʦʚʽʡ ʚʽʜʩʪʘʥʽ ʤʽʞ ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯʘʤʠ ʜʣʷ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʟʥʘʯʝʥʥʷ uR ʚʠʟʥʘʯʘʻʤʦ ʟʘ 

ʪʘʢʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

( )

( ) ( )( ) l

l

darttansdarttansR

darttansR

R
+t-tu

u
=u .                                                         (23) 

ɺ ʷʢʦʩʪʽ ʝʪʘʣʦʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʣʘʚʣʝʥʠʡ ʢʚʘʨʮ ( )darttansRu  = 3400 ʤ/ʩ [17]. 

ʂʦʝʬʽʮʽʻʥʪ ʧʦʛʣʠʥʘʥʥʷ aR ʨʝʣʝʾʚʩʴʢʠʭ ʭʚʠʣʴ ʚ ʤʘʪʝʨʽʘʣʽ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʪʘʢʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

ln
ll

R

12

1

-
=a

2

1

A

A
,                                                                   (24) 

ʜʝ ɸ1 ï ʘʤʧʣʽʪʫʜʘ ʩʠʛʥʘʣʫ ʥʘ ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ l1; ɸ2 ï ʘʤʧʣʽʪʫʜʘ 

ʩʠʛʥʘʣʫ ʥʘ ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯʽ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ l2. 

ɺʠʤʽʨʶʚʘʥʥʷ t ʪʘ ɸ1, ɸ2 ʋɿ-ʩʠʛʥʘʣʫ ʧʨʠ ʧʨʠʡʦʤʽ ʇɸʍ ʈʝʣʻʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʫ ʽʟ ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʥʘ ʙʘʟʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʪʘ ʰʚʠʜʢʦʜʽʶʯʠʭ 

ʢʦʤʧʘʨʘʪʦʨʽʚ, ʨʦʙʦʪʦʶ ʷʢʠʭ ʢʝʨʫʻ ʦʜʥʦʢʨʠʩʪʘʣʴʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ Atmega48 [18]. ɯʤʧʫʣʴʩ ʟʙʫʜʞʝʥʥʷ 

ʇɸʍ ʥʘ ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʧʝʨʝʜʘʚʘʯʽ) ʪʘ ʩʠʛʥʘʣ ʚʽʜ ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯʘ (ʧʨʠʡʤʘʯʘ) ʢʦʥʪʨʦʣʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʦʩʮʠʣʦʛʨʘʬʘ (ʜʠʚ. ʨʠʩ. 3). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ uR ʽ aR ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ ʚʠʟʥʘʯʝʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʇɸʍ ʈʝʣʝʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 4 ʤ/ʩ, ʘ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʛʣʠʥʘʥʥʷ ï 2 ʅʧ/ʤ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʜʽʡʩʥʦʾ ʯʘʩʪʠʥʠ ʢʦʤʧʣʝʢʩʥʦʛʦ n* ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʪʨʴʦʭ ʚʠʧʘʜʢʽʚ 

ʚʠʤʽʨʶʚʘʥʴ ʚʽʜʭʠʣʝʥʥʷ n¡ ʾʾ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʨʽʚʥʝ 0,1, ʱʦ ʩʢʣʘʜʘʻ 1 %. ɼʣʷ ʚʝʣʠʯʠʥʠ n± ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʨʽʚʥʝ ï 1,42. ɺʝʣʠʯʠʥʠ ʘʙʩʦʣʶʪʥʠʭ ʚʽʜʭʠʣʝʥʴ ʜʣʷ ʪʨʴʦʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ n±, ʚʠʟʥʘʯʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʧʘʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ (l, t; t, R; l, R), ʚʽʜʧʦʚʽʜʥʦ 

ʜʦʨʽʚʥʶʶʪʴ: 0,57; 0,40; 0,18. 
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ʈʠʩ. 3. ʆʩʮʠʣʦʛʨʘʤʠ ʽʤʧʫʣʴʩʫ ʟʙʫʜʞʝʥʥʷ ʇɸʍ 1 ʥʘ ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʧʝʨʝʜʘʚʘʯʽ)  

ʪʘ ʧʨʠʡʥʷʪʦʛʦ ʩʠʛʥʘʣʫ ʇɸʍ 2 ʥʘ ʋɿ-ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ʧʨʠʡʤʘʯʽ) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ 
 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʽ ʨʽʚʥʷʥʥʷ ʈʝʣʝʷ ʧʨʠ ʚʽʜʦʤʠʭ ʰʚʠʜʢʦʩʪʷʭ 

ʧʦʰʠʨʝʥʥʷ ʧʦʟʜʦʚʞʥʴʦʾ, ʧʦʧʝʨʝʯʥʦʾ ʪʘ ʧʦʚʝʨʭʥʝʚʦʾ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʴ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʾʭ ʧʦʛʣʠʥʘʥʥʷ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʠʥʘʤʽʯʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ 

ʇʫʘʩʩʦʥʘ ʧʦʣʽʤʝʨʥʦʛʦ ʘʢʫʩʝʪʠʢʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʭʚʠʣʽ 

ʈʝʣʝʷ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘ ʾʾ ʧʦʛʣʠʥʘʥʥʷ ʫ ʧʦʣʽʤʝʨʥʦʤʫ ʘʫʢʩʝʪʠʢʫ.ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʾ ʪʘ ʫʷʚʥʦʾ ʯʘʩʪʠʥ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʜʣʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʽʫʨʝʪʘʥʫ ʚʢʘʟʫʶʪʴ ʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʴʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʜʣʷ ʧʨʦʮʝʩʽʚ ʧʦʰʠʨʝʥʥʷ ʪʘ ʧʦʛʣʠʥʘʥʥʷ ʘʢʫʩʪʠʯʥʠʭ ʭʚʠʣʴ ʪʨʴʦʭ 

ʪʠʧʽʚ ʽ ʭʦʨʦʰʫ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʦʩʥʦʚʽ ʧʘʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʪʝʥʜ ʧʨʠ ʥʝʟʥʘʯʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʤʽʥʘʭ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʨʠ 

ʚʠʤʽʨʶʚʘʥʥʷʭ ʜʣʷ ʧʦʣʽʤʝʨʥʠʭ ʘʫʢʩʝʪʠʢʽʚ ʽʟ ʙʽʣʴʰʠʤ ʟʥʘʯʝʥʥʷʤ ʜʽʡʩʥʦʾ ʯʘʩʪʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ ʪʘ 

ʚôʷʟʢʦʧʨʫʞʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʜʦʜʘʪʥʽʤ ʟʥʘʯʝʥʥʷʤ ʾʾ ʚʝʣʠʯʠʥʠ. 
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ɸʃɻʆʈʀʊʄ ʊɸ ʇʈʆɻʈɸʄɸ ʈʆɿʈɸʍʋʅʂʋ ʊɽʄʇɽʈɸʊʋʈʀ 

 ɿɸ ʆʇʆʈʆʄ ʈɽɿʀʉʊʀɺʅʆɻʆ ʊɽʈʄʆɼɸʊʏʀʂɸ 
 

ȶɔɍɖɔɇɑɋɓɔ ɆɑɉɔɖɎɘɒ ɫɘɋɖɆɜɫɏɓɔɉɔ ɖɔɍɈôɥɍɆɓɓɥ ə ɝɎɗɑɔɈɔɒə ɈɎɉɑɥɊɫ ɖɫɈɓɥɓɓɥ ȰɆɑɋɓɊɆɖɆ -ȨɆɓ ȪəɗɋɓɆ ɝɋɘɈɋɖɘɔɉɔ 
ɗɘəɕɋɓɥ, ɟɔ ɔɕɎɗəɩ ɍɆɑɋɌɓɫɗɘɢ ɋɑɋɐɘɖɎɝɓɔɉɔ ɔɕɔɖə ɖɋɍɎɗɘɎɈɓɔɉɔ ɘɋɖɒɔɊɆɘɝɎɐɆ Pt100 ɈɫɊ ɘɋɒɕɋɖɆɘəɖɎ Ɉ ɊɫɆɕɆɍɔɓɫ ɒɫɓəɗɔɈɎɛ 
ɘɋɒɕɋɖɆɘəɖ. ȳɆɈɔɊɎɘɢɗɥ ɑɫɗɘɎɓɉ ɕɖɔɉɖɆɒɎ ɓɆ ɕɑɆɘɚɔɖɒɫ VBA Ɋɑɥ Excel, ɥɐɆ ɖɋɆɑɫɍəɩ ɖɔɍɖɔɇɑɋɓɎɏ ɆɑɉɔɖɎɘɒ ɖɔɍɖɆɛəɓɐə. 
ȵɖɆɜɋɍɊɆɘɓɫɗɘɢ ɕɖɔɉɖɆɒɎ ɕɫɊɘɈɋɖɊɌəɩɘɢɗɥ ɖɋɍəɑɢɘɆɘɎ ɖɔɍɖɆɛəɓɐɫɈ. ȪɔɗɑɫɊɌəɤɘɢɗɥ ɕɎɘɆɓɓɥ ɘɔɝɓɔɗɘɫ ɖɔɍɖɆɛəɓɐɫɈ, ɥɐə 
ɍɆɇɋɍɕɋɝəɩ ɕɖɔɉɖɆɒɆ, ɘɆ ɓɋɔɇɛɫɊɓɔɬ Ɋɑɥ ɜɢɔɉɔ ɐɫɑɢɐɔɗɘɫ ɫɘɋɖɆɜɫɏ.  

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɆɑɉɔɖɎɘɒ, ɕɖɔɉɖɆɒɆ, ɖɔɍɈôɥɍɆɓɓɥ ɖɫɈɓɥɓɓɥ, ɫɘɋɖɆɜɫɥ, ɊɆɘɝɎɐ ɘɋɒɕɋɖɆɘəɖɎ, ɕɔɛɎɇɐɆ, ɘɔɝɓɫɗɘɢ, ɔɕɫɖ, 
ɖɔɍɖɆɛəɓɔɐ, ɝɎɗɑɔɈɎɏ, ɊɫɆɕɆɍɔɓ. 

LATENKO V., MYRONOV R., ORNATSKY I. 
Ukrainian Hydrometeorological Institute of SSI of Ukraine and NAS of Ukraine 

LOGVYNENKO D. 
SE "UKRMETRTESTSTANDART" 

 

ALGORITHM AND PROGRAM F OR CALCULATING THE TEMPERATURE  

BY RESISTANCE OF THE RESISTIVE TEMPERATURE DETECTOR  
 

It would not be an exaggeration to say that high -tech platinum resistance thermocouples such as Pt100 completely solve 
the problem of an electronic sensitive element for measuring temp eratures in the widest range. The high linearity of the 
characteristics of Pt100 sensors allows to measure the temperature in small areas of the range with quite satisfactory accuracy 
without any means of linearization. Thus, Pt100 sensors are used in medical thermometers or temperature meters for heated 
rooms. However, in many applications of Pt100 sensors, the task of taking into account the nonlinearity of the characteristic to 
achieve the maximum possible accuracy of temperature measurement in a wide range, which can provide sensors. 

An algorithm for iterative solution in numerical form of the Calendar -Van Dusen equation of the fourth degree is 
developed, which describes the dependence of the electrical resistance of the resistive temperature sensor Pt100 on the 
temperature in the range of minus temperatures. The program on the VBA for Excel platform, which implements the developed 
calculation algorithm, is listed. The efficiency of the program is confirmed by the results of calculations. The issues of ac curacy of 
calculations provided by the program and the required number of iterations are investigated.  

Keywords: algorithm, program, equation solution, iteration, temperature sensor, error, accuracy, resistance, calculation, 
numerical, range. 

 

ɺʩʪʫʧ. ʅʝ ʙʫʜʝ ʧʝʨʝʙʽʣʴʰʝʥʥʷʤ ʪʚʝʨʜʞʝʥʥʷ, ʱʦ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʽ ʧʣʘʪʠʥʦʚʽ ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʽ 
ʦʧʦʨʫ ʥʘ ʟʨʘʟʦʢ Pt100 ʧʦʚʥʽʩʪʶ ʚʠʨʽʰʫʶʪʴ ʧʨʦʙʣʝʤʫ ʝʣʝʢʪʨʦʥʥʦʛʦ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʫ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 
ʪʝʤʧʝʨʘʪʫʨ ʫ ʥʘʡʰʠʨʰʦʤʫ ʜʽʘʧʘʟʦʥʽ [1]. ɺʠʩʦʢʘ ʣʽʥʽʡʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʽʚ Pt100 ʜʦʟʚʦʣʷʻ 
ʚʠʤʽʨʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʥʝʚʝʣʠʢʠʭ ʜʽʣʷʥʢʘʭ ʜʽʘʧʘʟʦʥʫ ʟ ʮʽʣʢʦʤ ʟʘʜʦʚʽʣʴʥʦʶ ʪʦʯʥʽʩʪʶ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ 
ʟʘʩʦʙʽʚ ʣʽʥʝʘʨʠʟʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʘʪʯʠʢʠ Pt100 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʝʜʠʯʥʠʭ ʪʝʨʤʦʤʝʪʨʘʭ ʘʙʦ 
ʚʠʤʽʨʶʚʘʯʘʭ ʪʝʤʧʝʨʘʪʫʨʠ ʦʧʘʣʶʚʘʣʴʥʠʭ ʧʨʠʤʽʱʝʥʴ.  

ʇʨʦʪʝ, ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʪʯʠʢʽʚ Pt100 ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʘ ʚʨʘʭʫʚʘʥʥʷ 
ʥʝʣʽʥʽʡʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʪʦʯʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ 
ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʷʢʫ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʜʘʪʯʠʢʠ. 

ɸʥʘʣʽʟ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ. ɹʽʣʴʰʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ ʧʦ ʪʝʤʽ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʜʘʪʯʠʢʽʚ Pt100 
ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʦʛʦʚʠʤ ʩʭʝʤʘʤ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ [2,3], ʢʨʠʪʠʯʥʦʤʫ ʘʥʘʣʽʟʫ ʷʢʠʭ ʚʘʨʪʦ 
ʧʨʠʩʚʷʪʠʪʠ ʦʢʨʝʤʫ ʩʪʘʪʪʶ. 

ʋ ʧʫʙʣʽʢʘʮʽʷʭ ʧʨʦ ʮʠʬʨʦʚʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ 
ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʦʧʦʨʫ ʜʘʪʯʠʢʘ. ʑʦʜʦ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʜʘʪʯʠʢʘ, ʪʦ ʫ ʧʫʙʣʽʢʘʮʽʷʭ 
ʧʨʦʩʪʦ ʥʘʚʦʜʠʪʴʩʷ ʬʦʨʤʫʣʘ ʂʘʣʝʥʜʘʨʘ -ɺʘʥ ɼʫʩʝʥʘ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ ʜʘʪʯʠʢʘ Pt100 ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʩʘʤʝ: 

( )32

0t t)100t(CtBtA1R=R Ö¯-Ö+Ö+Ö+Ö ,                                            (1) 

ʜʝ t ï ʪʝʤʧʝʨʘʪʫʨʘ, Üʉ; R0 = 100 ʆʤ; ɸ = 3,9083Ŀ10-3/Üʉ; ɺ = ï5,775Ŀ10-7/Üʉ2; ʉ = 0 ʜʣʷ t Ó 0 ʪʘ 
ʉ = 4,183Ŀ10-12/Üʉ3 ʜʣʷ t < 0. ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʘʚʝʜʝʥʽ ʜʣʷ ʜʘʪʯʠʢʽʚ ʟ ʥʦʤʽʥʘʣʴʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ ʦʧʦʨʽʚ 
W100 = 1,3850 [4].  

ɿʘ ʧʣʶʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʬʦʨʤʫʣʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʚʘʜʨʘʪʥʝ ʨʽʚʥʷʥʥʷ, ʨʦʟʚôʷʟʘʥʥʷ ʷʢʦʛʦ 
ʚʽʜʥʦʩʥʦ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʢʣʘʜʥʦ ʨʦʟʛʣʷʥʫʪʦ ʫ [5]. ɿʘ ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʬʦʨʤʫʣʘ ʂʘʣʝʥʜʘʨʘ -ɺʘʥ ɼʫʩʝʥʘ 
ʷʚʣʷʻ ʩʦʙʦʶ ʧʦʣʽʥʦʤ 4-ʛʦ ʩʪʫʧʝʥʷ, ʷʢʠʡ ʥʝ ʤʘʻ ʘʥʘʣʽʪʠʯʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ. ɸʣʛʦʨʠʪʤʠ 
ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ ʫ ʯʠʩʣʦʚʦʤʫ ʚʠʛʣʷʜʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ. 
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ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 

ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʦʨʦʤ  ʪʝʨʤʦʧʝʨʝʪʚʦʨʶʚʘʯʘ Pt100 ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʫ ʧʦʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ, 

ʚʢʣʶʯʥʦ ʟ ʤʽʥʫʩʦʚʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʽʪʝʨʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ 

ʦʧʦʨʦʤ ʜʘʪʯʠʢʘ Pt100 ʪʨʘʥʩʬʦʨʤʫʻʤʦ ʬʦʨʤʫʣʫ ʂʘʣʝʥʜʘʨʘ -ɺʘʥ ɼʫʩʝʥʘ ʜʦ ʚʠʛʣʷʜʫ ʨʽʚʥʷʥʥʷ: 

( )( )( )0

32

0 RA/t)100t(CtB1RR=t ÖÖ¯-Ö+Ö+Ö- .                                    (2) 

ɺʚʝʜʝʤʦ ʥʦʚʽ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʯʣʝʥʽʚ ʨʽʚʥʷʥʥʷ (2) ʪʘ ʟʥʘʢʽʚ ʦʧʝʨʘʮʽʡ - ʪʘʢʽ, ʷʢʽ ʧʨʠʡʥʷʪʥʽ ʜʣʷ 

ʄʘʢʨʦʩʫ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Excel. ɿʤʽʥʥʫ t (ʪʝʤʧʝʨʘʪʫʨʘ) ʨʦʟʜʽʣʠʤʦ ʥʘ ʜʚʽ ʦʢʨʝʤʽ ʟʤʽʥʥʽ - ʜʣʷ ʣʽʚʦʾ 

ʪʘ ʧʨʘʚʦʾ ʩʪʦʨʦʥʠ ʨʽʚʥʷʥʥʷ. ɿʘ ʥʦʚʠʭ ʧʦʟʥʘʯʝʥʴ ʨʽʚʥʷʥʥʷ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ: 
 

( )( )( )( )0R*A/3^2TP*100-TP2*CTP2^2*B1*R0-R=F ++ ,                        (3) 
 

ʜʝ F ï ʪʝʤʧʝʨʘʪʫʨʘ, ʷʢ ʬʫʥʢʮʽʷ; R0 ï ʟʤʽʥʝʥʝ R0; TP2 ï ʧʦʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ t ʜʣʷ ʧʨʘʚʦʾ ʩʪʦʨʦʥʠ 

ʨʽʚʥʷʥʥʷ. 

ɼʣʷ ʥʝ ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʥʫʣʴʦʚʦʾ ʘʙʦ ʧʣʶʩʦʚʠʭ), ʢʦʣʠ ʢʦʝʬʽʮʽʻʥʪ ʉ = 0, ʨʽʚʥʷʥʥʷ (3) 

ʩʧʨʦʱʫʻʪʴʩʷ  ʜʦ ʚʠʛʣʷʜʫ: 

( )A/TP2^2*B1-R/R0=F - .                                                   (4) 
 

ʇʦʭʠʙʢʘ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨ ʫ ʨʽʚʥʷʥʥʽ (4) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʷʢ: 

TP2-FtEQU =D ,                                                                 (5) 

ʍʦʯʘ ʧʦʭʠʙʢʘ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʩʪʽ ʥʝ ʝʢʚʽʚʘʣʝʥʪʥʘ ʜʦ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʾʾ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʥʘʙʣʠʞʝʥʦʾ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ. ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ (5) ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʨʽʚʥʦʩʪʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʜʝʷʢʝ ʥʘʧʝʨʝʜ ʟʘʜʘʥʝ ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ȹtEM , ʪʦʜʽ ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʥʦʾ F ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʪʯʠʢʘ 

Ftº ;                                                                                (6) 

ʘ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʠʪʠʤʝ 

t-Ft=D .                                                                       (7) 

ɯʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʥʘʙʣʠʞʝʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʥʷ (2) ʥʘʚʝʜʝʥʦ ʫ ʚʠʛʣʷʜʽ ʩʭʝʤʠ ʥʘ ʨʠʩ.1.  

ʋ ʙʣʦʮʽ 1 ʟʥʘʯʝʥʥʷ ʢʦʥʩʪʘʥʪ (A, B, C, R0) ʪʘ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʜʘʪʯʠʢʘ R ʟʯʠʪʫʶʪʴʩʷ ʟ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʤʽʨʦʢ Excel.  ʋ ʮʴʦʤʫ ʞ ʙʣʦʮʽ ʟʘʜʘʶʪʴʩʷ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ TP2 ʪʘ ʬʫʥʢʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ F, 

ʧʨʠʯʦʤʫ ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʨʽʟʥʠʮʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʤʘʻ ʙʫʪʠ ʚʝʣʠʢʦʶ ʟʘ ʘʙʩʦʣʶʪʥʦʶ 

ʚʝʣʠʯʠʥʦʶ. ʇʨʠ ʮʴʦʤʫ, ʟʥʘʯʝʥʥʷ F ʻ ʧʦʯʘʪʢʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʊʈ2 ʻ 

ʥʝʩʫʪʪʻʚʠʤ ʜʣʷ ʘʣʛʦʨʠʪʤʫ, ʪʦʤʫ ʚʠʙʠʨʘʶʪʴʩʷ ʟʥʘʯʝʥʥʷ: F = 1, ʊʈ2 = 0. ɿʤʽʥʥʘ J ʰʪʫʯʥʦ ʚʚʝʜʝʥʘ ʜʦ 

ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ, ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ - 0. 

ɹʣʦʢ 2 ʤʽʩʪʠʪʴ ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥʠ ʧʦʭʠʙʢʠ (5) ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʩʪʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʜʦʧʫʩʪʠʤʠʤ ʟʥʘʯʝʥʥʷʤ ȹtEM: ʫ ʥʘʰʦʤʫ ʧʨʠʢʣʘʜʽ ï ʮʝ ʟʥʘʯʝʥʥʷ 0,001. ʇʽʜ ʯʘʩ ʧʝʨʰʦʾ ʧʝʨʝʚʽʨʢʠ ʫʤʦʚʘ ʥʝ 

ʚʠʢʦʥʫʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʧʦʚʽʜʥʠʡ ʚʠʙʽʨ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʟʤʽʥʥʠʭ F ʪʘ TP2. 

ʋ ʙʣʦʮʽ 3 ʟʤʽʥʥʽʡ ʊʈ2 ʧʨʠʩʚʦʶʻʪʴʩʷ ʧʦʧʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ F, ʪʦʤʫ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʊʈ2 ʙʫʣʦ 

ʥʝʩʫʪʪʻʚʠʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ. ʋ ʙʣʦʮʽ 4 ʚʠʢʦʥʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ʛʽʣʢʠ ʜʣʷ ʤʽʥʫʩʦʚʠʭ ʪʘ 

ʧʣʶʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʝʨʝʚʽʨʢʘ ʚʠʢʦʥʫʻʪʴʩʷ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʜʘʪʯʠʢʘ R, ʷʢʝ ʻ ʤʝʥʰʠʤ ʟʘ R0 ʟʘ 

ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʋ ʙʣʦʢʘʭ 5 ʘʙʦ 6 ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʦʚʝ ʟʥʘʯʝʥʥʷ F ʟʘ ʬʦʨʤʫʣʘʤʠ ʜʣʷ ʤʽʥʫʩʦʚʠʭ ʘʙʦ ʥʝ 

ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜʧʦʚʽʜʥʦ. ɿʤʽʥʥʘ ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ J ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1 ʫ ʢʦʞʥʦʤʫ ʚʠʧʘʜʢʫ. 

ʅʘʩʪʫʧʥʘ ʽʪʝʨʘʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʦʮʽʥʢʠ ʧʦʭʠʙʢʠ (5) ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʩʪʽ ʫ ʙʣʦʮʽ 2. ʈʦʙʦʪʘ 

ʘʣʛʦʨʠʪʤʫ ʧʨʠʧʠʥʷʻʪʴʩʷ, ʢʦʣʠ ʧʦʭʠʙʢʘ ʩʪʘʻ ʤʝʥʰʦʶ ʟʘ ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ. ʆʩʪʘʥʥʻ ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʥʦʾ F ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʪʯʠʢʘ t. 

ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʣʽʩʪʠʥʛ ʧʨʦʛʨʘʤʠ ʥʘ ʧʣʘʪʬʦʨʤʽ VBA ʜʣʷ Excel, ʚ ʷʢʽʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽʪʝʨʘʮʽʡʥʠʡ 

ʘʣʛʦʨʠʪʤ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘ ʬʦʨʤʫʣʦʶ ʂʘʣʝʥʜʘʨʘ -ɺʘʥ ɼʫʩʝʥʘ. ʅʫʤʝʨʘʮʽʷ ʨʷʜʢʽʚ ʫ ʪʘʙʣʠʮʽ ʜʦʜʘʥʘ 

ʰʪʫʯʥʦ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʧʦʩʠʣʘʥʴ, ʧʦʨʦʞʥʽ ʨʷʜʢʠ ʪʘʢʦʞ ʧʨʦʥʫʤʝʨʦʚʘʥʽ. ʂʦʤʝʥʪʘʨʽ ʫ ʧʨʦʛʨʘʤʽ ʥʘʧʠʩʘʥʽ 

ʨʦʩʽʡʩʴʢʦʶ ʤʦʚʦʶ, ʷʢ ʫ ʦʨʠʛʽʥʘʣʽ ʧʨʦʛʨʘʤʠ.  

ʋ ʟʘʛʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʛʨʘʤʠ ʧʽʜ ʥʘʟʚʦʶ ʄʘʢʨʦʩ 1 (1...5 ʨʷʜʢʠ) ʧʨʦʧʫʱʝʥʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ R, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʢʦʤʽʨʦʢ Excel: ʮʽ ʦʧʝʨʘʮʽʾ ʻ ʥʝʩʫʪʪʻʚʠʤʠ ʜʣʷ ʨʦʟʛʣʷʜʫ ʽʪʝʨʘʮʽʡʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ. ʋ ʨʷʜʢʫ 3 ʪʝʤʧʝʨʘʪʫʨʽ ʊ ʧʨʠʩʚʦʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʫ ʧʽʜʧʨʦʛʨʘʤʽ F. ʋ ʣʘʧʢʘʭ 

ʧʝʨʝʣʽʯʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʪʘ ʟʤʽʥʥʽ, ʟʥʘʯʝʥʥʷʤʠ ʷʢʠʭ ʧʨʦʛʨʘʤʘ ʄʘʢʨʦʩ 1 ʦʙʤʽʥʶʻʪʴʩʷ ʟ ʧʽʜʧʨʦʛʨʘʤʦʶ F. 

ʋ ʨʷʜʢʘʭ 7...24 ʧʦʚʥʽʩʪʶ, ʙʝʟ ʩʢʦʨʦʯʝʥʴ, ʥʘʚʦʜʠʪʴʩʷ ʧʽʜʧʨʦʛʨʘʤʘ F. ʊʠʧʠ ʟʤʽʥʥʠʭ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ 

ʨʷʜʢʘʭ 7 ʪʘ 9. ʇʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʟʘʜʘʶʪʴʩʷ ʫ 10ï12 ʨʷʜʢʘʭ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʙʣʦʢʫ 1 ʘʣʛʦʨʠʪʤʫ ʥʘ 

ʨʠʩ. 1. 

ʂʦʥʩʪʨʫʢʮʽʷ While...Wend ʫ ʨʷʜʢʘʭ 13...24 ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʮʠʢʣʽʚ ʽʪʝʨʘʮʽʾ ʟ ʧʝʨʝʚʽʨʢʦʶ ʫʤʦʚʠ 

ʧʨʠʧʠʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢ ʫ ʙʣʦʮʽ 2 ʘʣʛʦʨʠʪʤʫ: ʫ ʨʷʜʢʫ 13 ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʯʠ ʥʝ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ (5) 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʩʪʽ ʟʘ ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ (0.001). 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʇʨʠʩʚʦʻʥʥʷ ʟʤʽʥʥʽʡ ʊʈ2 ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ F ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʨʷʜʢʫ 14 ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʙʣʦʢʫ 3. ʋʤʦʚʘ 

ʨʦʟʜʽʣʝʥʥʷ ʧʽʜʧʨʦʛʨʘʤʠ ʥʘ ʛʽʣʢʠ ʨʦʟʨʘʭʫʥʢʫ ʤʽʥʫʩʦʚʠʭ ʪʘ ʥʝ ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʚʽʨʷʻʪʴʩʷ  ʫ ʨʷʜʢʫ 

15 ʟʘ ʟʥʘʯʝʥʥʷʤ ʦʧʦʨʫ ʜʘʪʯʠʢʘ R ʚʽʜʧʦʚʽʜʥʦ ʙʣʦʢʫ 4 ʘʣʛʦʨʠʪʤʫ. ʈʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ F ʚʠʢʦʥʫʻʪʴʩʷ 

ʫ ʨʷʜʢʘʭ 16ï17 ʘʙʦ 19ï20 ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʬʦʨʤʫʣʘʤʠ (3) ʘʙʦ (4) ʜʣʷ ʤʽʥʫʩʦʚʠʭ ʘʙʦ ʥʝ ʤʽʥʫʩʦʚʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʷʢ ʫ ʙʣʦʢʘʭ 5 ʘʙʦ 6 ʘʣʛʦʨʠʪʤʫ. ʋ ʨʷʜʢʘʭ 16 ʘʙʦ 19 ʟʥʘʯʝʥʥʷ ʥʦʤʝʨʘ ʽʪʝʨʘʮʽʾ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1, 

ʷʢ ʫ ʙʣʦʢʘʭ 5 ʘʙʦ 6 ʘʣʛʦʨʠʪʤʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʽʪʝʨʘʮʽʡʥʦʶ ʧʨʦʛʨʘʤʦʶ ʜʣʷ ʜʚʦʭ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ȹtEM ʪʘ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ t ʚʽʜ ï200 ʉ̄ ʜʦ 800 ʉ̄, ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 2. ʋ ʩʪʦʚʧʯʠʢʫ 2 

ʪʘʙʣʠʮʽ ʥʘʚʦʜʷʪʴʩʷ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʜʘʪʯʠʢʘ Pt100, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤʫʣʦʶ ʂʘʣʝʥʜʘʨʘ-ɺʘʥ ɼʫʩʝʥʘ (1).  

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʽʪʝʨʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʪʯʠʢʘ Pt100 

 

ʋ ʩʪʦʚʧʯʠʢʘʭ 3ï5 ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪ ʽʪʝʨʘʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ (tM), ʟʥʘʯʝʥʥʷ 

ʧʦʭʠʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ȹt ʪʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ J ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʦʧʫʩʪʠʤʦʤʫ ʟʥʘʯʝʥʥʽ ʧʦʭʠʙʢʠ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʩʪʽ ȹtEM = 0,01 ʉ̄. ʋ ʩʪʦʚʧʯʠʢʘʭ 6ï8 ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʪʠʭ ʩʘʤʠʭ ʚʝʣʠʯʠʥ ʧʨʠ 

ȹtEM = 0,0001 ʉ̄. 

ɿ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʫ ʪʘʙʣʠʮʽ 2 ʜʣʷ ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚʠʧʣʠʚʘʶʪʴ ʪʘʢʽ ʚʠʩʥʦʚʢʠ. 

ʋ ʨʘʟʽ ʧʨʠʧʠʥʝʥʥʷ ʽʪʝʨʘʮʽʡ ʟʘ ʧʦʭʠʙʢʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʽʚʥʦʩʪʽ ʤʝʥʰʽʡ ʟʘ 0,01 ʉ̄, ʧʦʭʠʙʢʘ 

ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʪʯʠʢʘ Pt100 ʚʠʷʚʣʷʻʪʴʩʷ ʤʝʥʰʦʶ ʟʘ ʮʝ ʟʥʘʯʝʥʥʷ ʚ ʧʦʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 

(ʚʽʜ -200 ʉ̄ ʜʦ 800 ʉ̄). ɿʘ ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʧʦʪʨʽʙʥʦ ʥʝ ʙʽʣʴʰʝ 6 ʽʪʝʨʘʮʽʡ. 
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ɿʘʣʠʰʢʦʚʘ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʫ ʻ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʬʫʥʢʮʽʻʶ ʘʨʛʫʤʝʥʪʫ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʭʘʦʪʠʯʥʦ ʨʦʟʧʦʜʽʣʝʥʽ  

ʥʘ ʽʥʪʝʨʚʘʣʽ: 

EQUEQU ttt DDD <<-                                                                (8) 

 

ɼʝʷʢʽ ʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʧʦʭʠʙʢʠ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʟʘ ʚʠʩʦʢʦʾ ʯʫʪʣʠʚʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʩʪʨʠʙʢʽʚ 

ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘ ʚʝʣʠʯʠʥʫ ʤʦʣʦʜʰʦʛʦ ʨʦʟʨʷʜʫ (Ñ 0,01 ʉ̄). ʋʥʠʢʥʫʪʠ ʪʘʢʠʭ ʩʪʨʠʙʢʽʚ ʤʦʞʥʘ 

ʰʣʷʭʦʤ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʨʦʟʨʘʭʫʥʢʫ. 

ʊʘʙʣʠʮʷ 1 

ʇʨʦʛʨʘʤʘ ʽʪʝʨʘʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʪʯʠʢʘ Pt100 
1 Sub ʄʘʢʨʦʩ1() 

2   

3 T = TP2(R, A, B, C, R0, J) 

4   

5 End Sub 

6   

7 Public Function TP2(R As Double, A As Single, B As Single, C As Single, R0 As Double, 

 J As Single) As Double 

8   

9 Dim F As Double 

10     J = 0   'ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

11     TP2 = 0 'ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

12     F = 1   'ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

13 While Abs(F - TP2) >= 0.001 

14     TP2 = F 

15  If R < R0 Then 

16         J = J + 1 

17     F = (R - R0 * (1 + B * TP2 ^ 2 + C * (TP2 - 100) * TP2 ^ 3)) / (A * R0) 'ʦʪ -40 ʜʦ 0 ʛʨʘʜʫʩʦʚ 

18  Else 

19     J = J + 1 

20     F = (R / R0 - B * TP2 ^ 2 - 1) / A 'ʦʪ 0 ʜʦ 100 ʛʨʘʜʫʩʦʚ 

21  End If 

22 Wend 

23   

24 End Function 

 

ʊʘʙʣʠʮʷ 2 

ʈʝʟʫʣʴʪʘʪʠ ʽʪʝʨʘʮʽʡʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʪʯʠʢʘ Pt100 
  ȹtEM = 0.01 ȹtEM = 0.0001 

t Rt tM ȹt J tM ȹt J 

-200 18.5201 -200.0011 -0.0011 6 -200.0000 0.0000 8 

-150 39.7232 -149.9988 0.0012 5 -150.0001 -0.0001 6 

-100 60.2558 -100.0024 -0.0024 4 -99.9999 0.0001 5 

-50 80.3063 -49.9937 0.0063 3 -50.0000 0.0000 5 

0 100.0000 0.0001 0.0001 2 0.0000 0.0000 3 

100 138.5055 99.9987 -0.0013 4 100.0000 0.0000 5 

200 175.8560 199.9988 -0.0012 5 199.9999 -0.0001 6 

300 212.0515 299.9910 -0.0090 5 299.9999 -0.0001 7 

400 247.0920 399.9956 -0.0044 6 400.0000 0.0000 8 

500 280.9775 499.9975 -0.0025 7 500.0000 0.0000 9 

600 313.7080 599.9912 -0.0088 7 600.0000 0.0000 10 

700 345.2835 699.9947 -0.0053 8 700.0000 0.0000 11 

800 375.7040 799.9964 -0.0036 9 800.0000 0.0000 12 

 

ʋ ʨʘʟʽ ʟʤʝʥʰʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ ʨʽʚʥʷʥʥʷ ʜʦ 0,0001 ʉ̄ ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʟʨʦʩʪʘʻ 

ʥʝʩʫʪʪʻʚʦ: ʚʽʜ 6 ʜʦ 8. ɸʣʝ ʧʦʭʠʙʢʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʜʝʷʢʠʭ ʟʥʘʯʝʥʴ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʫ 

ʧʦʭʠʙʢʫ ʨʽʚʥʷʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ  -100 ʉ̄ ʪʘ -150 ʉ̄. ʎʝ ʧʝʨʝʚʠʱʝʥʥʷ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʽʣʴʢʠ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʨʦʟʨʷʜʥʽʩʪʶ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʟ ʪʘʢʦʶ ʥʘʜʣʠʰʢʦʚʦʶ ʪʦʯʥʽʩʪʶ. 

ɼʦ ʥʝʟʥʘʯʥʠʭ ʥʝʜʦʣʽʢʽʚ ʽʪʝʨʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʪʘʢʦʞ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ ʜʣʷ 

ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʠʤʘʛʘʻ ʨʝʟʝʨʚʫʚʘʥʥʷ  ʤʘʰʠʥʥʦʛʦ ʯʘʩʫ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ.  

ʎʝ ʤʦʞʝ ʦʙʤʝʞʠʪʠ ʰʚʠʜʢʦʜʽʶ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ ʚʠʤʽʨʶʚʘʯʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʦʙʤʝʞʝʥʠʤʠ ʦʧʝʨʘʮʽʡʥʠʤʠ 

ʨʝʩʫʨʩʘʤʠ.  

ʅʘʚʝʜʝʥʽ ʚʠʩʥʦʚʢʠ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʽ ʥʘ ʜʽʘʧʘʟʦʥ ʥʝ ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʪʽʣʴʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʪʘʢʦʾ ʞ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʢʨʘʶ ʜʽʘʧʘʟʦʥʫ ʧʦʪʨʽʙʥʘ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ. ʎʝ ʣʝʛʢʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ ʜʽʘʧʘʟʦʥʦʤ ʧʣʶʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʽʞ ʤʽʥʫʩʦʚʠʭ.  
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ɼʣʷ ʥʝ ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʙʫʚ ʟʘʩʪʦʩʦʚʘʥʠʡ ʟʘʨʘʜʠ ʩʧʨʦʱʝʥʥʷ ʘʣʛʦʨʠʪʤʫ 

ʪʘ ʫʥʽʬʽʢʘʮʽʾ ʦʧʝʨʘʮʽʡ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʥʝ ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʷʤʝ ʨʦʟʚôʷʟʘʥʥʷ ʢʚʘʜʨʘʪʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʥʘ ʷʢʝ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʬʦʨʤʫʣʘ ʂʘʣʝʥʜʘʨʘ -

ɺʘʥ ɼʫʩʝʥʘ [5]:  
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= .                                                      (9) 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʮʽʻʾ ʬʫʥʢʮʽʾ ʥʝ ʻ ʧʨʦʙʣʝʤʦʶ ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ VBA ʘʙʦ ʜʣʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ 

ʪʝʭʥʽʢʠ, ʪʦʤʫ ʥʝ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʜʘʪʯʠʢʘ 

Pt100 ʟʘ ʟʥʘʯʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʧʦʨʫ ʫ ʧʦʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʜʘʪʯʠʢʘ ï ʚʽʜ ʤʽʥʫʩʦʚʠʭ ʜʦ 

ʧʣʶʩʦʚʠʭ. ʂʨʠʪʝʨʽʻʤ ʜʦʩʪʘʪʥʴʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʂʘʣʝʥʜʘʨʘ-ɺʘʥ ɼʫʩʝʥʘ ʚʠʩʪʫʧʘʻ 

ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʟʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʦʜʥʦʛʦ ʩʪʫʧʝʥʝʚʦʛʦ ʧʦʣʽʥʦʤʫ ʟʘ 

ʦʜʥʫ ʽʪʝʨʘʮʽʶ. 

ʇʨʦʛʨʘʤʘ, ʱʦ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤ ʥʘ ʧʣʘʪʬʦʨʤʽ VBA ʜʣʷ Excel, ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʟ 

ʧʨʝʮʠʟʽʡʥʦʶ ʪʦʯʥʽʩʪʶ ʜʦ 0,0001 ʉ̄ ʟ ʢʽʣʴʢʽʩʪʶ ʽʪʝʨʘʮʽʡ ʟʘ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ʤʽʥʫʩ 200 ʉ̄ ʜʦ 0 ʉ̄ ï ʥʝ ʙʽʣʴʰʝ 

8, ʚʽʜ 0 ʉ̄ ʜʦ 800 ʉ̄ ï ʥʝ ʙʽʣʴʰʝ 12. ʋ ʧʨʦʛʨʘʤʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʽ ʦʧʝʨʘʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʟ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ: 4 ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʾ ʪʘ ʟʚʝʜʝʥʥʷ ʚ ʩʪʫʧʝʥʽ.  

ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʧʨʦʛʨʘʤʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʥʘʚʝʜʝʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɿʘ ʥʝ ʤʽʥʫʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʧʨʷʤʠʡ ʨʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʙʝʟ ʽʪʝʨʘʮʽʡ., ʱʦ ʥʝ 

ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ. 
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ɼɯɸɻʅʆʉʊʋɺɸʅʅʗ ʄɯʎʅʆʉʊɯ ʂʆʄʇɸʋʅɼʆɺɸʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ 

ɽʃɽʂʊʈʆʅʅʆɰ ʊɽʍʅɯʂʀ ʇʈʀ ʊɽʈʄʆʎʀʂʃʖɺɸʅʅɯ 
 
ȷɘɆɘɘɥ ɕɖɎɗɈɥɝɋɓɆ ɖɔɍɖɔɇɜɫ ɒɋɘɔɊə ɊɫɆɉɓɔɗɘəɈɆɓɓɥ ɒɫɜɓɔɗɘɫ ɐɔɒɕɆɓɊɔɈɆɓɎɛ ɐɔɓɗɘɖəɐɜɫɏ ɋɑɋɐɘɖɔɓɓɔɬ ɘɋɛɓɫɐɎ ɕɖɎ 

ɘɋɖɒɔɜɎɐɑɤɈɆɓɓɫ. ȴɇôɩɐɘɔɒ ɊɔɗɑɫɊɌɋɓɓɥ ɕɖɋɊɗɘɆɈɑɋɓɔ ɐɋɖɆɒɫɝɓɫ ɐɔɓɊɋɓɗɆɘɔɖɎ ɕɔɑɫɒɋɖɎɍɔɈɆɓɫ ɐɔɒɕɆəɓɊɔɒ. Ƚɋɖɋɍ ɖɫɍɓɎɜɤ Ɉ 
ɐɔɋɚɫɜɫɩɓɘɆɛ ɑɫɓɫɏɓɔɉɔ ɖɔɍɞɎɖɋɓɓɥ ɒɫɌ ɐɋɖɆɒɫɐɔɤ ɘɆ ɐɔɒɕɆəɓɊɔɒ ɕɫɊ ɈɕɑɎɈɔɒ ɘɋɖɒɔəɊɆɖɫɈ ɍ'ɩɊɓɆɓɓɥ ɐɋɖɆɒɫɐɎ ɫ ɐɔɒɕɆəɓɊə 
ɍɆɍɓɆɩ ɘɋɖɒɫɝɓɎɛ ɓɆɕɖəɌɋɓɢ, ɟɔ ɕɖɎ ɓɋɗɕɖɎɥɘɑɎɈɔɒə ɕɔɩɊɓɆɓɓɫ ɜɎɛ ɐɔɋɚɫɜɫɩɓɘɫɈ ɘɆ ɒɋɛɆɓɫɝɓɎɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɔɇɔɛ 
ɒɆɘɋɖɫɆɑɫɈ ɒɔɌɋ ɗɕɖɎɝɎɓɎɘɎ ɖɔɍɘɖɫɗɐəɈɆɓɓɥ ɐɔɒɕɆəɓɊə Ɇɇɔ ɐɋɖɆɒɫɐɎ ɘɆ ɖəɏɓəɈɆɓɓɥ Ɉɗɫɩɬ ɐɔɓɗɘɖəɐɜɫɬ. Ȩ ɖɆɒɐɆɛ 
ɕɖɋɊɗɘɆɈɑɋɓɔɉɔ ɊɔɗɑɫɊɌɋɓɓɥ ɇəɑɔ ɈɎɍɓɆɝɋɓɔ ɘɋɒɕɋɖɆɘəɖɓɫ ɒɋɌɫ ɖɔɇɔɘɎ ɊɆɘɝɎɐɫɈ ɆɐəɗɘɎɝɓɔɉɔ ɋɒɫɗɫɬ,  ɕɖɔɈɋɊɋɓɔ ɈɫɊɇɫɖ 
ɛɈɎɑɋɈɔɊə ɆɐəɗɘɎɝɓɔɬ ɋɒɫɗɫɬ, ɟɔ ɊɔɍɈɔɑɎɑɔ ɖɔɍɞɎɖɎɘɎ ɒɋɌɫ ɘɋɒɕɋɖɆɘəɖɓɔɉɔ ɊɫɆɕɆɍɔɓə ɈɎɒɫɖɤɈɆɓɢ,  ɗɘɈɔɖɋɓɆ ɈɆɐəəɒɓɆ 
əɗɘɆɓɔɈɐɆ, ɥɐɆ ɕɋɖɋɞɐɔɊɌɆɑɆ əɘɈɔɖɋɓɓɤ ɑɢɔɊə ɓɆ ɘɋɗɘɔɈɔɒə ɍɖɆɍɐə ɫ ɛɈɎɑɋɈɔɊɫ, ɍɊɫɏɗɓɋɓɔ ɖɔɍɊɫɑɋɓɓɥ ɗɎɉɓɆɑɫɈ ɆɐəɗɘɎɝɓɔɬ 
ɋɒɫɗɫɬ, ɟɔ ɈɎɕɖɔɒɫɓɤɤɘɢɗɥ ɐɔɒɕɆəɓɊɓɔɤ ɫ ɐɋɖɆɒɫɝɓɔɬ ɗɐɑɆɊɔɈɎɒɎ ɐɔɓɗɘɖəɐɜɫɬ ɘɆ ɍɆɕɖɔɕɔɓɔɈɆɓɔ ɗɕɔɗɫɇ ɓɋɖəɏɓɫɈɓɔɉɔ 
ɊɫɆɉɓɔɗɘəɈɆɓɓɥ ɫ ɐɔɓɘɖɔɑɤ ɒɫɜɓɔɗɘɫ ɘɆ ɕɔɕɋɖɋɊɌɋɓɓɥ ɓɋɇɋɍɕɋɝɓɎɛ ɗɘɆɓɫɈ ɓɋɖɔɍ'ɩɒɓɎɛ ɍ'ɩɊɓɆɓɢ ɖɫɍɓɎɛ ɐɔɒɕɔɍɎɜɫɏɓɎɛ 
ɒɆɘɋɖɫɆɑɫɈ Ɉ əɒɔɈɆɛ ɘɋɖɒɔɜɎɐɑɤɈɆɓɓɥ ɈɫɊ + 60 ȷ̄ Ɋɔ ï50 ȷ̄.   

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɐɋɖɆɒɫɝɓɎɏ ɐɔɒɕɆəɓɊɔɈɆɓɎɏ ɐɔɓɊɋɓɗɆɘɔɖ, ɆɐəɗɘɎɝɓɆ ɋɒɫɗɫɥ, ɘɋɖɒɔɜɎɐɑɤɈɆɓɓɥ, ɓɋɖəɏɓɫɈɓɆ 
ɊɫɆɉɓɔɗɘɎɐɆ. 

 

KOVTUN I., BOIKO J., BATOVSKY V. 
Khmelnytskyi National University 

 

STRENGTH DIAGNOSTICS OF COMPOUNDED STRUCTURES  

IN ELECTRONICS UNDER THERMAL IMPACTS  
 
The assembly of ceramic compounded capacitor, such as K 15-5, represents a ceramic disc polymerized by compound. Due to 

difference in linear expansion coefficients between ceramics and compound when subjected to thermal impacts ceramic-compound joint 
undergoes a thermal stresses, which under unfavorable combination of these coefficients and mechanical characteristics of both materials may 
cause cracking of compound or ceramics and destruction of the joint structure. The following tasks were accomplished in the c urrent research. 
Thermal limits have been specified for operation of acoustic emission sensors made as an assembly of different materials, such as steel, 
ceramics, plastics, which are also capable of emitting acoustic emission signals during thermal cycling. The waveguide is selected and used for 
transmitting acoustic emission signals from the object in the thermal chamber to the acoustic emission sensor outside the thermal chamber, 
what expanded the temperature range by increasing positive temperatures up to + 90 deg ȷ and negative temperatures down to ï60 deg ȷ. 
To eliminate hindrances associated with formation and cracking of ice during transition from positive temperatures to negativ e and reverse, the 
vacuum chamber was created. The frequency separation of acoustic emission is accomplished for ceramic and compound parts of capacitor. 
The frequency bands are: 650-1000 kHz for ceramic component K-15 using sensor P113 (0.5-1.0 MHz); 130-300 kHz for compound component 
using sensor P113 (0.2-0.5 MHz). The method has been designed for non-destructive strength diagnostics of non-detachable assemblies of 
ceramics and compound, such as capacitors K-15-5, subjected to thermal impacts in the temperature range from +60 to ï50 deg C. 
Manifestation of the Kaiser effect after first two thermal impacts indicates of compliance with acceptable strength condition  of tested assembly, 
appearance of acoustic emission on N-th thermal cycle detects beginning of destructive process and indicates that such assembly will be 
destroyed in 5-10 cycles. 

Keywords: ceramic compounded capacitor, acoustic emission, thermal impact, non-destructive diagnostics. 

 

ɺʩʪʫʧ. ʂʦʥʜʝʥʩʘʪʦʨʠ ʪʠʧʫ ʂ 15-5 ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʢʝʨʘʤʽʯʥʠʡ ʜʠʩʢ ʧʦʣʽʤʝʨʠʟʦʚʘʥʠʡ 

ʢʦʤʧʘʫʥʜʦʤ (ʨʠʩ. 1). ʏʝʨʝʟ ʨʽʟʥʠʮʶ ʚ ʢʦʝʬʽʮʽʻʥʪʘʭ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʢʝʨʘʤʽʢʠ ʽ ʢʦʤʧʘʫʥʜʘ ʧʨʠ ʟʤʽʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟôʻʜʥʘʥʥʽ ʢʝʨʘʤʽʢʘ-ʢʦʤʧʘʫʥʜ ʚʠʥʠʢʘʶʪʴ ʪʝʤʧʝʨʘʪʫʨʥʽ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʧʨʠ ʦʩʦʙʣʠʚʦ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʧʦʻʜʥʘʥʥʷʭ ʮʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʢʦʤʧʘʫʥʜʘ ʘʙʦ ʢʝʨʘʤʽʢʠ ʽ ʨʫʡʥʫʚʘʥʥʷ ʚʩʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

 
 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʽʷ ʢʝʨʘʤʽʯʥʦʛʦ ʢʦʤʧʘʫʥʜʦʚʘʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʂ 15-5 
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ɿ ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʽʪ ʽʥʰʠʭ ʘʚʪʦʨʽʚ [1ï3] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʢʝʨʘʤʽʢʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ ʂ 15-5 

ʧʨʠ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʾʾ ʨʦʟʪʷʛʫʚʘʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʧʦʟʜʦʚʞʥʽʭ ʦʩʝʡ ʜʠʩʢʽʚ ʽ ʧʦ ʜʽʣʷʥʢʘʤ, 

ʥʘʭʠʣʝʥʠʤ ʜʦ ʪʦʨʮʽʚ ʜʠʩʢʽʚ ʧʽʜ ʢʫʪʦʤ 45,̄ ʯʝʨʝʟ ʩʪʠʩʢ ʚ ʨʘʜʽʘʣʴʥʠʭ ʥʘʧʨʷʤʢʘʭ ʚʽʜ ʜʽʾ ʢʦʤʧʘʫʥʜʘ. 

ɺʽʟʫʘʣʴʥʠʤ ʦʛʣʷʜʦʤ ʢʦʥʜʝʥʩʘʪʦʨʽʚ, ʷʢʽ ʟʨʫʡʥʫʚʘʣʠʩʷ ʧʨʠ ʪʝʨʤʦʫʜʘʨʽ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ 

ʢʝʨʘʤʽʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʰʘʨʘʭ, ʱʦ ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʢʦʤʧʘʫʥʜʫ, ʟ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʪʨʽʱʠʥ ʚ ʧʣʦʱʠʥʘʭ, 

ʧʘʨʘʣʝʣʴʥʠʭ ʪʦʨʮʝʚʠʤ ʘʙʦ ʥʘʭʠʣʝʥʠʤ ʜʦ ʥʠʭ ʧʽʜ ʢʫʪʦʤ 45.̄ ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ ʬʦʪʦʛʨʘʬʽʾ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ 

ʢʦʥʜʝʥʩʘʪʦʨʽʚ. 

 

   
 

ʈʠʩ. 2. ʈʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʘ 

 

ʊʘʢʦʞ ʙʫʣʦ ʚʠʷʚʣʝʥʦ [4, 5], ʱʦ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʚ ʢʝʨʘʤʽʮʽ ʽ ʢʦʤʧʘʫʥʜʽ ʟʥʘʯʥʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʨʦʟʢʠʜʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ a, m, ɽ, ʷʢ ʢʝʨʘʤʽʢʠ, ʪʘʢ ʽ ʢʦʤʧʘʫʥʜʘ. ʊʘʢ ʥʘʧʨʠʢʣʘʜ, 

ʤʦʞʣʠʚʠʡ ʨʦʟʢʠʜ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʜʣʷ ʢʝʨʘʤʽʢʠ ʽ ʢʦʤʧʘʫʥʜʘ a1 ʽ a2 ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʚ 

ʤʝʞʘʭ ʚʽʜ ï30 % ʜʦ + 50 %. ʑʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʢʠʜʫ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʥʘʧʨʫʞʝʥʴ ʙʽʣʴʰ ʥʽʞ ʥʘ 

300 %. ʅʘʷʚʥʽʩʪʴ ʮʠʭ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʚʘʞʢʦ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʬʘʢʪʦʨʽʚ ʫʩʢʣʘʜʥʶʻ ʨʦʟʨʘʭʫʥʦʢ ʤʽʮʥʽʩʥʦʛʦ 

ʩʪʘʥʫ ʟ'ʻʜʥʘʥʥʷ. 

ʋ ʜʘʥʽʡ ʩʠʪʫʘʮʽʾ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʷʢ ʦʢʨʝʤʠʭ ʦʩʦʙʣʠʚʦ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʜʝʪʘʣʝʡ, ʪʘʢ ʽ 

ʧʘʨʪʽʡ ʚʠʨʦʙʽʚ, ʩʣʽʜ ʙʫʣʦ ʚʜʘʪʠʩʷ ʜʦ ʩʪʚʦʨʝʥʥʷ ʤʝʪʦʜʠʢʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʤʽʮʥʦʩʪʽ ʥʝʨʦʟ'ʻʤʥʠʭ 

ʟ'ʻʜʥʘʥʴ ʨʽʟʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʢʝʨʘʤʽʢʠ ʽ ʢʦʤʧʘʫʥʜʘ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ (ɸɽ), 

ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʶʯʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʜʦʟʚʦʣʷʻ ʩʪʝʞʠʪʠ ʟʘ ʩʪʘʥʦʤ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʽ 

ʬʽʢʩʫʚʘʪʠ ʾʾ ʧʦʨʫʰʝʥʥʷ ʱʝ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ [6, 7]. 

ɺʽʜʦʤʽ ʨʦʙʦʪʠ [8, 9] ʟ ʘʢʫʩʪʠʢʦ-ʝʤʽʩʽʡʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʢʝʨʘʤʽʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʽʜ 

ʚʧʣʠʚʦʤ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʘʢʠʭ ʷʢ ʨʦʟʪʷʛ ʽ ʟʛʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ ʨʦʙʽʪ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʠʢʠ 

ʥʝʨʫʡʥʽʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʩʢʣʘʜʦʚʠʭ ʢʝʨʘʤʽʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ. 

ʆʜʥʘʢ, ʷʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʚʠʱʝ, ʧʦʣʦʤʢʠ ʩʘʤʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʥʝ ʚʽʜ 

ʤʝʭʘʥʽʯʥʠʭ, ʘ ʚʽʜ ʪʝʨʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʧʝʨʝʧʘʜʘʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʚʠʨʽʰʫʚʘʣʦʩʷ ʟʘʚʜʘʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ, ʪʦʙʪʦ ʧʨʠ 

ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ ʚʽʜ +60 ʉ̄ ʜʦ ï50 ̄ʉ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʥʝʨʫʡʥʽʚʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʤʽʮʥʦʩʪʽ ʥʘʪʫʨʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʚ 

ʟʘʟʥʘʯʝʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ ʜʦʚʝʣʦʩʷ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʽ ʥʘ ʥʘʩʪʫʧʥʽ ʧʠʪʘʥʥʷ. 

1. ʗʢʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʤʝʞʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʘʪʯʠʢʽʚ ɸɽ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ ʩʪʘʣʝʚʠʭ, ʢʝʨʘʤʽʯʥʠʭ, 

ʧʣʘʩʪʤʘʩʦʚʠʭ ʜʝʪʘʣʝʡ, ʪʘʢʦʞ ʟʜʘʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʩʠʛʥʘʣʠ ɸɽ ʧʨʠ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ? 

2. ʗʢ ʧʦʟʙʫʪʠʩʷ ʩʠʛʥʘʣʽʚ ɸɽ, ʱʦ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʽ ʜʘʪʯʠʢʫ ʣʴʦʜʫ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʚʽʜ ʜʦʜʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʚʽʜ'ʻʤʥʠʭ ʽ ʥʘʚʧʘʢʠ? 

3. ʗʢ ʨʦʟʜʽʣʠʪʠ ʩʠʛʥʘʣʠ ɸɽ, ʱʦ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʢʝʨʘʤʽʯʥʦʶ ʦʩʥʦʚʦʶ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʚʽʜ ʩʠʛʥʘʣʽʚ, 

ʱʦ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʢʦʤʧʘʫʥʜʥʦʶ ʦʙʦʣʦʥʢʦʶ, ʷʢ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ, ʪʘʢ ʽ ʧʨʠ ʚʽʜôʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ? 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʘʪʯʠʢʘ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ɸɽ ʇ113 ʧʨʠ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ. ɼʦ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʤʧʘʫʥʜʦʚʘʥʠʭ ʢʝʨʘʤʽʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʨʠ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ 

ʧʝʨʝʚʽʨʠʪʠ ʨʦʙʦʪʫ ʜʘʪʯʠʢʽʚ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ʚ ʫʤʦʚʘʭ ʥʠʟʴʢʠʭ ʚʽʜôʻʤʥʠʭ ʽ ʚʠʩʦʢʠʭ ʜʦʜʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʧʨʠ ʷʢʠʭ ʚʦʥʠ ʩʘʤʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʜʞʝʨʝʣʘʤʠ ʩʠʛʥʘʣʽʚ ɸɽ, ʙʦ ʤʽʩʪʷʪʴ ʫ ʩʚʦʾʡ ʢʦʥʩʪʨʫʢʮʽʾ ʜʝʪʘʣʽ ʟ ʨʽʟʥʦʨʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ: ʤʝʪʘʣʫ, ʧʣʘʩʪʤʘʩʠ, ʢʝʨʘʤʽʢʠ, ʢʦʤʧʘʫʥʜʘ, ʟ ʚʽʜʤʽʥʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ. 

 ɿ ʮʽʻʶ ʤʝʪʦʶ ʜʘʪʯʠʢ ʇ113, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʘʢʫʩʪʠʯʥʦʾ 

ʝʤ̔ʩʽʾ [10], ʧʦʤʽʱʘʚʩʷ ʫ ʪʝʨʤʦʢʘʤʝʨʫ ʌʘʡʪʨʦʥ 3526/51. ɼʞʝʨʝʣʦʤ ʩʠʛʥʘʣʽʚ ɸɽ ʩʣʫʞʠʚ ʽʤʽʪʘʪʦʨ ʩʠʛʥʘʣʽʚ ɸɽ 

ʉʄɸ-04. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʘʪʯʠʢ ʇ113 ʧʨʘʮʝʟʜʘʪʥʠʡ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ + 50 Áʉ ʜʦ ï50 Áʉ 

ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʢʘʟʘʥʠʡ ʥʘ ʨʠʩ. 3. 

ʆʜʥʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ + 50 Áʉ ʜʦ + 85 Áʉ ʥʘ ʧʦʢʘʟʘʥʥʷ ʜʘʪʯʠʢʘ ʚʧʣʠʚʘʣʠ ʧʝʨʝʰʢʦʜʠ, ʧʦʚ'ʷʟʘʥʽ ʟ 

ʨʽʟʥʠʮʝʶ ʚ ʢʦʝʬʽʮʽʻʥʪʘʭ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʩʘʤʦʛʦ ʜʘʪʯʠʢʘ ʨʠʩ. 4. 

ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʚʽʜ'ʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʯʝʨʝʟ ʮʝ ʞ, ʘ ʪʘʢʦʞ ʽ ʯʝʨʝʟ ʦʙʤʝʨʟʘʥʥʷ ʚ ʨʘʡʦʥʽ + 5 Áʉ ʪʘʢʦʞ 

ʚʠʥʠʢʘʣʠ ʧʦʤʠʣʢʦʚʽ ʩʠʛʥʘʣʠ ɸɽ. ʑʦʙ ʥʝ ʧʽʜʜʘʚʘʪʠ ʜʘʪʯʠʢʠ ʜʽʾ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʜʣʷ ʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʙʫʣʦ 

ʚʠʨʽʰʝʥʦ ʚʠʧʨʦʙʫʚʘʪʠ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʽʚ ɸɽ ʯʝʨʝʟ ʭʚʠʣʝʚʦʜʠ. 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ ʜʘʪʯʠʢʘ ʇ113 ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʈʠʩ. 4. ɿʘʣʝʞʥʽʩʪʴ ʧʦʷʚʠ ʩʠʛʥʘʣʽʚ ɸɽ ʜʘʪʯʠʢʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

 

ʇʝʨʝʚʽʨʢʘ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʚʠʣʝʚʦʜʽʚ. ɺʠʧʨʦʙʫʚʘʥʥʶ ʧʽʜʜʘʚʘʣʠʩʷ ʪʘʢʽ ʭʚʠʣʝʚʦʜʠ: 

ʢʚʘʨʮʦʚʽ, ʩʚʠʥʮʝʚʽ, ʪʠʪʘʥʦʚʽ, ʙʨʦʥʟʦʚʽ ʽ ʟʘʣʽʟʥʽ. ɿ ʮʠʭ ʭʚʠʣʝʚʦʜʽʚ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚʠʷʚʠʚʩʷ ʩʪʘʣʝʚʠʡ 

ʨʦʟʤʽʨʦʤ 500³25³30 ʤʤ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1. 

ɺʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘʛʘʩʘʥʥʷ ʜʣʷ ʭʚʠʣʝʚʦʜʽʚ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʽʚ ɸɽ ʧʨʠ ʯʘʩʪʦʪʘʭ 0,02ï2,0 ʄɻʮ ʽ ʚʭʽʜʥʦʤʫ ʩʠʛʥʘʣʽ ʚʠʧʨʦʤʽʥʶʚʘʯʘ 300 ʤɺ 
ʊʠʧ ʭʚʠʣʝʚʦʜʫ ʈʦʟʤʽʨ ʭʚʠʣʝʚʦʜʫ ʉʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ, ʤɺ ʂʦʝʬʽʮʽʻʥʪ ʟʘʪʫʭʘʥʥʷ, ʂ 

ʂʚʘʨʮ l = 500,d = 10 126 0,42 

ʉʚʠʥʝʮʴ l = 500,d = 10 30 0,1 

ʊʠʪʘʥ l = 500,d = 10 129 0,43 

ɹʨʦʥʟʘ l = 500,d = 10 90 0,3 

ʉʪʘʣʴ l = 500,d = 10 210 0,7 

ʉʪʘʣʴ l = 500,b = 30,h = 25 240 0,8 

 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʚʩʷ ʚ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʦʨʘ ɻɿ-112/1 ʚʠʢʦʨʠʩʪʘʥʦʛʦ 

ʜʣʷ ʟʙʫʜʞʝʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʯʘ-ʜʘʪʯʠʢʘ ʇ113 (1). ɼʨʫʛʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʇ113 (2) ʚʠʢʦʥʫʚʘʚ ʨʦʣʴ ʧʨʠʡʤʘʯʘ 

ʩʠʛʥʘʣʽʚ ɸɽ. ʇʝʨʝʪʚʦʨʶʚʘʯʽ ʢʨʽʧʠʣʠʩʷ ʜʦ ʪʦʨʮʽʚ ʭʚʠʣʝʚʦʜʫ ʯʝʨʝʟ ʢʦʥʪʘʢʪʥʠʡ ʰʘʨ-ʢʣʝʡ ɺʂ-1. 

ʂʦʥʪʨʦʣʴ ʨʘʜʽʦʽʤʧʫʣʴʩʽʚ, ʷʢʽ ʧʦʜʘʚʘʣʠʩʷ ʟ ʛʝʥʝʨʘʪʦʨʘ ʟʜʽʡʩʥʶʚʘʚʩʷ: ʟʘ ʥʘʧʨʫʛʦʶ ï 

ʤʽʢʨʦʚʦʣʴʪʤʝʪʨʦʤ, ʧʦ ʯʘʩʪʦʪʽ ï ʯʘʩʪʦʪʦʤʽʨʦʤ, ʟʘ ʬʦʨʤʦʶ ʩʠʛʥʘʣʫ ï ʦʩʮʠʣʦʛʨʘʬʦʤ (ʢʘʥʘʣ 1). ɺʠʭʽʜʥʽ 

ʩʠʛʥʘʣʠ ʧʝʨʝʚʽʨʷʣʠʩʷ: ʟʘ ʨʽʚʥʝʤ ï ʤʽʢʨʦʚʦʣʴʪʤʝʪʨʦʤ, ʟʘ ʬʦʨʤʦʶ ï ʦʩʮʠʣʦʛʨʘʬʦʤ (ʢʘʥʘʣ 2). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʩʮʠʣʦʛʨʘʬʘ ʜʦʟʚʦʣʷʣʦ ʧʦʨʽʚʥʶʚʘʪʠ ʬʦʨʤʫ ʩʠʛʥʘʣʽʚ ʥʘ ʚʭʦʜʽ ʽ ʚʠʭʦʜʽ, ʟʤʽʱʝʥʥʷ ʬʘʟ, 

ʢʦʝʬʽʮʽʻʥʪ ʟʘʛʘʩʘʥʥʷ, ʱʦ ʚʥʦʩʷʪʴʩʷ ʭʚʠʣʝʚʦʜʘʤʠ ʽ ʢʦʥʪʘʢʪʥʠʤʠ ʰʘʨʘʤʠ. 

ʇʘʨʘʤʝʪʨʠ ʭʚʠʣʝʚʦʜʫ ʧʽʜʙʠʨʘʣʠʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚ ʥʴʦʤʫ ʚʠʥʠʢʘʣʠ ʪʽʣʴʢʠ ʧʦʟʜʦʚʞʥʽ ʭʚʠʣʽ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʨʦʭʦʜʞʝʥʥʷ ʂ ʚʠʟʥʘʯʘʚʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʧʦʢʘʟʘʥʴ ʤʽʢʨʦʚʦʣʴʪʤʝʪʨʘ ʥʘ ʚʠʭʦʜʽ ʪʘ ʚʭʦʜʽ ʩʠʩʪʝʤʠ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʜʦʜʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʚʽʜ'ʻʤʥʠʭ ʽ ʥʘʟʘʜ ʚʩʝ ʞ 

ʚʠʥʠʢʘʶʪʴ ʧʝʨʝʰʢʦʜʠ ʟʘ ʨʘʭʫʥʦʢ ʦʙʤʝʨʟʘʥʥʷ ʭʚʠʣʝʚʦʜʫ ʽ ʢʦʥʪʘʢʪʥʠʭ ʰʘʨʽʚ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʦʙʤʝʨʟʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʭʚʠʣʝʚʦʜʫ ʟ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʚ ʚʘʥʥʫ ʟʽ ʩʧʠʨʪʦʤ. ʆʜʥʘʢ ʮʝʡ ʤʝʪʦʜ 

ʚʠʷʚʠʚʩʷ ʥʝʝʬʝʢʪʠʚʥʠʤ, ʪʦʤʫ ʱʦ ʩʧʠʨʪ ʨʦʟʯʠʥʷʻ ʢʦʥʪʘʢʪʥʠʡ ʰʘʨ, ʯʝʨʝʟ ʱʦ ʚʪʨʘʯʘʻʪʴʩʷ ʘʢʫʩʪʠʯʥʘ ʟʚ'ʷʟʦʢ. 

ʇʨʦʪʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʭʚʠʣʝʚʦʜʽʚ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʤʝʞʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʘ ʨʘʭʫʥʦʢ 

ʟʙʽʣʴʰʝʥʥʷ ʜʦʜʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ + 90 Áʉ ʽ ʚʽʜôʻʤʥʠʭ ʜʦ ï60 Áʉ, ʷʢʱʦ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠ ɸɽ ʧʨʠ ʫʪʚʦʨʝʥʥʽ ʣʴʦʜʫ. 

ɼʦʧʦʤʽʞʥʽ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. ɼʣʷ ʫʩʫʥʝʥʥʷ 

ʧʝʨʝʰʢʦʜ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʫʪʚʦʨʝʥʥʷʤ ʽ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷʤ ʣʴʦʜʫ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʜʦʜʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ 

ʚʽʜ'ʻʤʥʠʭ ʽ ʥʘʟʘʜ, ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʧʦʩʪʘʚʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪ ʚ ʚʘʢʫʫʤʽ. ɼʣʷ ʮʴʦʛʦ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʥʝʚʝʣʠʢʘ 
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ʚʘʢʫʫʤʥʘ ʫʩʪʘʥʦʚʢʘ, ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʨʦʟʤʽʱʫʚʘʚʩʷ ʚʠʧʨʦʙʫʚʘʥʠʡ ʦʙ'ʻʢʪ ʽʟ ʟʘʢʨʽʧʣʝʥʠʤʠ ʥʘ ʥʴʦʤʫ ʜʘʪʯʠʢʦʤ 

ɸɽ ʽ ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʷ ʫʩʪʘʥʦʚʢʘ ʧʦʤʽʱʘʣʘʩʷ ʚ ʪʝʨʤʦʢʘʤʝʨʫ ʌʘʡʪʨʦʥ. ɺʘʢʫʫʤʥʠʡ ʥʘʩʦʩ 

ʟʘʙʝʟʧʝʯʫʚʘʚ ʧʽʜʪʨʠʤʢʫ ʨʽʚʥʷ ʨʦʟʨʽʜʞʝʥʥʷ ʚ ʢʘʤʝʨʽ (740 ʤʤ ʨʪ.ʩʪ.), ʧʨʠ ʷʢʦʤʫ ʙʫʚ ʚʽʜʩʫʪʥʽʡ ʣʽʜ. 

ʊʝʨʤʦʮʠʢʣʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ +60 Áʉ ʜʦ ï50 Áʉ ʽ ʥʘʟʘʜ, ʧʦ ʪʝʨʤʦʜʘʪʯʠʢʫ, 

ʫʩʪʘʥʦʚʣʝʥʦʤʫ ʚʩʝʨʝʜʠʥʽ ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ. ʇʨʠ ʮʠʭ ʫʤʦʚʘʭ ʥʝ ʟ'ʷʚʣʷʣʦʩʷ ʦʙʤʝʨʟʘʥʥʷ ʽ ʜʘʪʯʠʢ ʥʦʨʤʘʣʴʥʦ 

ʧʨʘʮʶʚʘʚ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ +60 Áʉ ʜʦ ï50 Áʉ. 

ʅʘ ʞʘʣʴ, ʮʝʡ ʤʝʪʦʜ ʚʠʤʘʛʘʚ ʙʘʛʘʪʦ ʯʘʩʫ ʥʘ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ, ʪʦʤʫ ʱʦ ʧʝʨʝʭʽʜ ʚʽʜ  

ï50 Áʉ ʜʦ + 60 Áʉ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʚʽʜʙʫʚʘʚʩʷ ʧʨʦʪʷʛʦʤ 180ï190 ʭʚ. ɿʚʠʯʘʡʥʦ, ʧʨʠ ʙʘʞʘʥʥʽ ʮʝʡ ʧʨʦʮʝʩ 

ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʨʠʩʢʦʨʠʪʠ, ʚʚʦʜʷʯʠ ʚ ʚʘʢʫʫʤʥʫ ʢʘʤʝʨʫ ʥʘʛʨʽʚʘʣʴʥʫ ʽ ʦʭʦʣʦʜʞʫʶʯʫ ʩʠʩʪʝʤʠ, ʦʜʥʘʢ ʮʝ 

ʚʠʤʘʛʘʣʦ ʙ ʧʦʜʦʣʘʥʥʷ ʥʦʚʠʭ ʪʨʫʜʥʦʱʽʚ. 

ɺʠʟʥʘʯʝʥʥʷ ʨʦʙʦʯʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ ʩʠʛʥʘʣʽʚ ɸɽ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʟʨʘʟʢʽʚ ʢʝʨʘʤʽʢʠ ʽ ʢʦʤʧʘʫʥʜʘ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʮʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʨʘʟʢʠ ʢʝʨʘʤʽʢʠ ʂ-15 ʽ ʢʦʤʧʘʫʥʜʘ ɽʂ-242 ʚʩʪʘʥʦʚʣʶʚʘʣʠʩʷ ʢʦʥʩʦʣʴʥʦ ʚ 

ʩʧʝʮʽʘʣʴʥʦʤʫ ʪʝʩʪʦʚʦʤʫ ʧʨʠʩʪʦʩʫʚʘʥʥʽ (ʨʠʩ. 5). 

 
ʈʠʩ. 5. ʇʨʠʩʪʨʽʡ ʜʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʨʘʟʢʽʚ ʢʝʨʘʤʽʢʠ ʂ-15 ʽ ʢʦʤʧʘʫʥʜʘ ɽʂ-242:  

1 ï ʘʢʫʩʪʠʯʥʠʡ ʰʘʨ, 2 ï ʜʘʪʯʠʢ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ʇ113, 3 ï ʛʚʠʥʪ, 4 ï ʬʪʦʨʦʧʣʘʩʪʦʚʘ ʧʨʦʢʣʘʜʢʘ, 5 ï ʚʠʧʨʦʙʫʚʘʥʠʡ ʟʨʘʟʦʢ,  

6 ï ʬʪʦʨʦʧʣʘʩʪʦʚʘ ʧʝʪʣʷ, 7 ï ʪʷʛʘ, 8 ï ʩʝʨʜʝʯʥʠʢ, 9 ï ʧʨʫʞʠʥʘ, 10 ï ʝʣʝʢʪʨʦʤʘʛʥʽʪ, 11 ï ʨʝʛʫʣʶʚʘʣʴʥʠʡ ʛʚʠʥʪ, 12 ï ʦʩʥʦʚʘ 

 

ʅʘ ʦʜʠʥ ʢʽʥʝʮʴ ʚʠʧʨʦʙʫʚʘʣʴʥʦʛʦ ʟʨʘʟʢʘ ʯʝʨʝʟ ʘʢʫʩʪʠʯʥʝ ʤʘʩʪʠʣʦ ʢʨʽʧʠʣʠʩʷ ʜʘʪʯʠʢʠ ɸɽ ʟ ʨʽʟʥʠʤʠ 

ʩʤʫʛʘʤʠ ʧʨʦʧʫʩʢʘʥʥʷ ʩʠʛʥʘʣʽʚ ɸɽ. ɯʥʰʠʡ ʢʽʥʝʮʴ ʟʨʘʟʢʘ ʢʨʽʧʠʚʩʷ ʜʦ ʩʝʨʜʝʯʥʠʢʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʫ, ʷʢʠʡ 

ʚʪʷʛʫʚʘʚʩʷ ʯʝʨʝʟ ʧʨʫʞʠʥʫ. ɼʘʪʯʠʢ ʇ113 ʧʽʜʢʣʶʯʘʚʩʷ ʯʝʨʝʟ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʩʠʣʶʚʘʯ ʜʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ɸɽ. ɿʽʙʨʘʥʘ ʩʠʩʪʝʤʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʽʟ 

ʟʘʢʨʽʧʣʝʥʠʤ ʚ ʥʴʦʤʫ ʟʨʘʟʢʦʤ ʢʝʨʘʤʽʢʠ ʘʙʦ ʢʦʤʧʘʫʥʜʘ ʽ ʜʘʪʯʠʢʦʤ ɸɽ ʇ113 ʤʽʩʪʠʣʘʩʷ ʚ ʚʘʢʫʫʤʥʫ ʢʘʤʝʨʫ, ʚ 

ʷʢʽʡ ʩʪʚʦʨʶʚʘʣʦʩʷ ʨʦʟʨʷʜʞʝʥʥʷ, ʨʽʚʥʝ 740 ʤʤ.ʨʪ.ʩʪ. ɸʧʘʨʘʪʫʨʘ ʟʘʧʠʩʫ ʩʠʛʥʘʣʽʚ ɸɽ ʥʘʣʘʰʪʦʚʫʚʘʣʘʩʷ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʧʨʦʧʫʩʢʘʪʠ ʣʠʰʝ ʩʠʛʥʘʣʠ, ʱʦ ʣʝʞʘʪʴ ʚ ʟʘʜʘʥʽʡ ʩʤʫʟʽ ʯʘʩʪʦʪ. ʇʦʪʽʤ ʜʠʩʪʘʥʮʽʡʥʦ ʯʝʨʝʟ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪ ʧʦʜʘʚʘʣʘʩʷ ʥʘʧʨʫʛʘ ʽ ʩʝʨʜʝʯʥʠʢ ʚʪʷʛʫʚʘʚʩʷ. ʎʝ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʽ 

ʨʫʡʥʫʚʘʥʥʷ ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʟʨʘʟʢʘ, ʘ ʘʧʘʨʘʪʫʨʘ ʧʨʠ ʮʴʦʤʫ ʨʝʻʩʪʨʫʚʘʣʘ ʩʠʛʥʘʣʠ ɸɽ. ʊʘʢʠʤ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʥʘ 

ʨʫʡʥʫʚʘʥʥʷ ʚ ʚʘʢʫʫʤʽ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʽʜʜʘʚʘʣʠʩʷ ʧʦ 30 ʟʨʘʟʢʽʚ ʢʝʨʘʤʽʢʠ ʽ ʢʦʤʧʘʫʥʜʘ ʧʨʠ ʨʽʟʥʠʭ 

ʩʤʫʛʘʭ ʧʨʦʧʫʩʢʘʥʥʷ ʯʘʩʪʦʪ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ɸɽ. ʇʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʢʝʨʘʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʪʯʠʢ ʇ113 (0,5ï1,0) ʽ ʩʤʫʛʫ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ 

ʢʦʤʧʣʝʢʩʫ ɸɽ ï 650ï1000 ʢɻʮ, ʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʧʘʫʥʜʥʦʶ ʩʢʣʘʜʦʚʦʾ ï ʜʘʪʯʠʢ ʇ113 (0,2ï0,5 ) ʟ ʩʤʫʛʦʶ 

ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʢʦʤʧʣʝʢʩʫ ɸɽ ï 130ï300 ʢɻʮ. 

ɸʥʘʣʦʛʽʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʫ ʚ̔ ʜʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ 

ʦʭʦʣʦʜʞʝʥʥʽ ʟʨʘʟʢʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ ʪʝʤʧʝʨʘʪʫʨʠ ï35 ̄ʉ ʟ'ʷʚʣʷʣʠʩʷ ʩʠʛʥʘʣʠ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ, ʱʦ ʜʦʭʦʜʷʪʴ ʜʦ 

ʩʫʤʠ ʧʦʜʽʡ, ʱʦ ʜʦʨʽʚʥʶʻ 200 ʦʜʠʥʠʮʷʤ ʜʣʷ ʢʝʨʘʤʽʯʥʠʭ ʟʨʘʟʢʽʚ, ʽ 120 ï ʜʣʷ ʢʦʤʧʘʫʥʜʥʠʭ. ʎʽ ʩʠʛʥʘʣʠ ʧʨʠ 

ʩʪʘʣʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʥʠʢʘʣʠ ʯʝʨʝʟ 5ï6 ʩ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʽ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʜʦ ʜʦʩʷʛʥʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ï50 ʉ̄ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʩʠʛʥʘʣʽʚ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ, ʚʠʢʣʠʢʘʥʠʭ ʚʧʣʠʚʦʤ ʚʽʜʻʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʅʘʜʘʣʽ ʚʠʷʚʠʣʦʩʷ ʤʦʞʣʠʚʠʤ ʟʘʤʽʩʪʴ ʜʚʦʭ ʜʘʪʯʠʢʽʚ ɸɽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ï ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ 

ʇ11ɿ (0,2-2,0 ʄɻʮ), ʩʠʛʥʘʣʠ ʷʢʦʛʦ ʧʝʨʝʜʘʚʘʣʠʩʷ ʥʘ ʜʚʘ ʧʨʠʣʘʜʠ ɸʌ-15, ʦʜʠʥ ʟ ʷʢʠʭ ʥʘʣʘʰʪʦʚʫʚʘʚʩʷ ʥʘ 

ʩʤʫʛʫ ʯʘʩʪʦʪ 650ï1000 ʢɻʮ ʽ ʢʦʥʪʨʦʣʶʚʘʚ ʢʝʨʘʤʽʯʥʫ ʯʘʩʪʠʥʫ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʘ ʜʨʫʛʠʡ ï ʥʘ ʧʨʦʧʫʩʢʘʥʥʷ 

ʩʤʫʛʠ ʯʘʩʪʦʪ 150ï300 ʢɻʮ ʽ ʢʦʥʪʨʦʣʶʚʘʚ ʢʦʤʧʘʫʥʜʥʫ ʯʘʩʪʠʥʫ. 

ɸʢʫʩʪʠʯʥʘ ʝʤʽʩʽʷ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʂ15-5 ʧʨʠ ʾʭ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ. ɿʘʧʠʩ ʢʦʨʠʩʥʠʭ ʩʠʛʥʘʣʽʚ 

ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʨʠ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ ʥʘʪʫʨʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʂ15-5. ʎʽ ʢʦʥʜʝʥʩʘʪʦʨʠ 

ʤʘʶʪʴ ʥʦʤʽʥʘʣʴʥʫ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʘ 50 ʢɺ, ʥʦʤʽʥʘʣʴʥʫ ʻʤʥʽʩʪʴ 470 ʧʌ, ʜʦʧʫʩʪʠʤʫ ʨʝʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ 

10 ɺʪ, ʤʘʩʫ 80 ʛ.  

ʇʝʨʰʽ 10 ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʧʽʜʜʘʣʠʩʷ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ ʫ ʚʘʢʫʫʤʥʽʡ ʢʘʤʝʨʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ + 60 ʉ̄ - 

ï50 ̄ʉ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʭʚʠʣʝʚʦʜʫ, ʜʘʪʯʠʢʘ ʇ113 (0,2ï2,0 ʄɻʮ) ʽ ʜʚʦʭ ʘʢʫʩʪʠʢʦ-ʝʤʽʩʽʡʥʠʭ ʧʨʠʣʘʜʽʚ ɸʌ-15 ʫ 

ʩʢʣʘʜʽ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ɸɽ. 

ʎʝʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʚʩʽʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʚ ʦʙʣʘʩʪʽ ʜʦʜʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʠʛʥʘʣʠ ɸɽ 

ʚʽʜʩʫʪʥʽ ʽ ʟ'ʷʚʣʷʶʪʴʩʷ ʣʠʰʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ï14 ʉ̄ ʽ ʥʠʞʯʝ. ʎʝ ʜʘʣʦ ʧʽʜʩʪʘʚʫ ʧʦʜʘʣʴʰʽ ʚʠʧʨʦʙʫʚʘʥʥʷ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
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ʧʨʦʚʦʜʠʪʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ï50 ̄ʉ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ ʽ ʭʚʠʣʝʚʦʜʽʚ, ʘ 

ʚʠʥʠʢʘʯʁʽ ʩʠʛʥʘʣʠ ɸɽ ʚʽʜ ʦʙʤʝʨʟʘʥʥʷ ʜʘʪʯʠʢʘ ʽ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʣʠʟʴʢʦ +5 ʉ̄ ʧʨʦʩʪʦ ʥʝ 

ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʥʝ ʨʝʻʩʪʨʫʚʘʪʠ, ʱʦ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʣʦ ʝʢʩʧʝʨʠʤʝʥʪ ʽ ʩʢʦʨʦʪʠʣʦ ʯʘʩ ʥʘ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ. ʋ 

ʧʦʜʘʣʴʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʟ'ʻʜʥʘʥʠʡ ʢʘʙʝʣʝʤ ʜʘʪʯʠʢ ɸɽ ʯʝʨʝʟ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʩʠʣʶʚʘʯ  ʧʽʜʢʣʶʯʘʚʩʷ ʜʦ ʜʚʦʭ 

ʧʨʠʣʘʜʽʚ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ, ʦʜʠʥ ʟ ʷʢʠʭ ʙʫʚ ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʧʨʠʡʦʤ ʩʠʛʥʘʣʽʚ ɸɽ ʣʠʰʝ ʢʦʤʧʘʫʥʜʥʦʾ 

ʯʘʩʪʠʥʠ, ʘ ʽʥʰʠʡ ï ʢʝʨʘʤʽʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʜʝʥʩʘʪʦʨʘ. ʆʙʠʜʚʘ ʧʨʠʣʘʜʠ ʩʠʥʭʨʦʥʽʟʫʚʘʣʠʩʷ ʟʘ ʯʘʩʦʤ. 

ʊʝʨʤʦʫʜʘʨʘʤ ʚ ʪʝʨʤʦʢʘʤʝʨʽ ʧʽʜʜʘʚʘʣʠʩʷ 30 ʰʪʫʢ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʂ15-5. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ɸɽ (ʩʫʤʠ ʧʦʜʽʡ, ʤʘʢʩʠʤʘʣʴʥʽ ʘʤʧʣʽʪʫʜʠ) ʧʨʠ ʧʝʨʰʠʭ ʪʨʴʦʭ ʪʝʨʤʦʫʜʘʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʥʘ ʨʠʩ. 6. 

   
ʘ)                                                                        ʙ) 

 

   
ʚ)                                                                        ʛ) 

ʈʠʩ. 6. ʇʘʨʘʤʝʪʨʠ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ʚʠʤʽʨʷʥʽ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʮʠʢʣʽʚ:  

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʡ ʜʣʷ ʮʠʢʣʫ 1 (ʘ) ʪʘ 2 (ʙ); ʤʘʢʩʠʤʘʣʴʥʘ ʘʤʧʣʽʪʫʜʘ ʜʣʷ ʮʠʢʣʫ 1 (ʚ) ʪʘ 2 (ʛ) 
 

ɸʥʘʣʽʟ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʥʘ ʛʨʘʬʽʢʘʭ, ʧʦʢʘʟʫʻ, ʱʦ ʩʠʛʥʘʣʠ ɸɽ ʥʘʙʘʛʘʪʦ ʩʠʣʴʥʽʰʝ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʢʝʨʘʤʽʯʥʦʾ ʯʘʩʪʠʥʠ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʥʽʞ ʚ ʢʦʤʧʘʫʥʜʥʽʡ, ʚʦʥʠ ʚʽʜʩʫʪʥʽ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʜʦʜʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʧʦʯʠʥʘʶʪʴ ʟ'ʷʚʣʷʪʠʩʷ ʧʨʠʙʣʠʟʥʦ ʟ ʪʝʤʧʝʨʘʪʫʨʠ ï12 é ï15 ̄ʉ, ʜʦʩʷʛʘʶʯʠ ʤʘʢʩʠʤʫʤʫ 

ʧʨʠ ʥʘʡʙʽʣʴʰʦʤʫ ʟʥʘʯʝʥʥʽ ʚʽʜôʻʤʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ï50 ̄ ʉ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʩʣʷ ʚʠʪʨʠʤʢʠ ʧʨʦʪʷʛʦʤ 10ï

15 ʩ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʠʛʥʘʣʠ ʧʨʠʧʠʥʷʣʠʩʷ ʫ ʚʩʽʭ 30 ʢʦʥʜʝʥʩʘʪʦʨʽʚ. ʇʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ ï 50 

ʉ̄ ʜʦ ʢʽʤʥʘʪʥʦʾ ʩʠʛʥʘʣʠ ɸɽ ʥʝ ʟôʷʚʣʷʣʠʩʷ. ʇʨʠ ʜʨʫʛʦʤʫ ʪʝʨʤʦʫʜʘʨʽ ʩʠʛʥʘʣʠ ɸɽ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ 

ʧʨʠʙʣʠʟʥʦ ʜʦ ï30 ʉ̄, ʘ ʧʨʠ ʙʽʣʴʰ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʾʭ ʧʨʦʷʚ ʙʫʚ ʚ 5ï10 ʨʘʟʽʚ ʩʣʘʙʰʠʤ, ʥʽʞ ʧʨʠ 

ʧʝʨʰʦʤʫ ʪʝʨʤʦʫʜʘʨʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʦʷʚ ʝʬʝʢʪʫ ʂʘʡʟʝʨʘ, ʘ ʟʥʘʯʠʪʴ, ʧʨʦ ʤʘʣʽʩʪʴ ʭʠʙʥʠʭ ʩʠʛʥʘʣʽʚ ʽ ʧʨʦ 

ʤʽʮʥʽʩʪʴ ʚʠʧʨʦʙʦʚʫʚʘʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ [11ï15]. 

ɺʠʩʥʦʚʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʪʝʤʧʝʨʘʪʫʨʥʽ ʤʝʞʽ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʜʘʪʯʠʢʽʚ ɸɽ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʽʟ 

ʩʪʘʣʝʚʠʭ, ʢʝʨʘʤʽʯʥʠʭ, ʧʣʘʩʪʤʘʩʦʚʠʭ ʜʝʪʘʣʝʡ, ʪʘʢʦʞ ʟʜʘʪʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʩʠʛʥʘʣʠ ɸɽ ʧʨʠ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ. 

ɼʘʪʯʠʢ ʇ113 ʧʨʘʮʝʟʜʘʪʥʠʡ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ + 50 Áʉ ʜʦ ï50 Áʉ. ʇʨʦʚʝʜʝʥʦ ʚʽʜʙʽʨ ʭʚʠʣʝʚʦʜʫ, ʷʢʠʡ ʩʣʫʞʠʪʴ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ ɸɽ ʚʽʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙ'ʻʢʪʘ ʚ ʪʝʨʤʦʢʘʤʝʨʽ ʜʦ ʜʘʪʯʠʢʘ ʇ113 ʧʦʟʘ ʪʝʨʤʦʢʘʤʝʨʦʶ, ʱʦ 

ʜʦʟʚʦʣʠʣʦ ʨʦʟʰʠʨʠʪʠ ʤʝʞʽ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʜʦʜʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ + 90 

Áʉ ʽ ʚʽʜôʻʤʥʠʭ ʜʦ ï60 Áʉ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʧʝʨʝʰʢʦʜ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʫʪʚʦʨʝʥʥʷʤ ʽ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʣʴʦʜʫ ʧʨʠ 

ʧʝʨʝʭʦʜʽ ʚʽʜ ʜʦʜʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʚʽʜôʻʤʥʠʭ, ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʚʘʢʫʫʤʥʘ ʫʩʪʘʥʦʚʢʘ. ʈʦʟʨʷʜʞʝʥʥʷ, ʨʽʚʥʝ 740 

ʤʤ ʨʪ.ʩʪ., ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʫʩʪʘʥʦʚʮʽ, ʧʝʨʝʰʢʦʜʞʘʣʦ ʫʪʚʦʨʝʥʥʶ ʣʴʦʜʫ ʥʘ ʪʝʩʪʦʚʦʤʫ ʟʨʘʟʢʫ ʽ ʭʚʠʣʝʚʦʜʽ. 

ɿʜʽʡʩʥʝʥʦ ʨʦʟʜʽʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ɸɽ, ʱʦ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʢʦʤʧʘʫʥʜʥʦʶ ʽ ʢʝʨʘʤʽʯʥʦʾ ʩʢʣʘʜʦʚʠʤʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʥʜʝʥʩʘʪʦʨʘ ʂ 15-5, ʧʦ ʯʘʩʪʦʪʽ. ʈʦʙʦʯʘ ʩʤʫʛʘ ʯʘʩʪʦʪ ʩʠʛʥʘʣʽʚ ɸɽ ʚʽʜʧʦʚʽʜʘʻ: ʜʣʷ ʢʝʨʘʤʽʢʠ ʂ-15 ï 

650ï1000 ʢɻʮ; ʜʣʷ ʢʦʤʧʘʫʥʜʘ ɽʂ-242 ï 130ï300 ʢɻʮ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʥʝʨʫʡʥʽʚʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʤʽʮʥʦʩʪʽ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʥʝʙʝʟʧʝʯʥʠʭ ʩʪʘʥʽʚ ʥʝʨʦʟ'ʻʤʥʠʭ ʟ'ʻʜʥʘʥʴ ʨʽʟʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʢʦʤʧʘʫʥʜʦʚʘʥʠʭ ʢʝʨʘʤʽʯʥʠʭ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʂ15-5, ʷʢʽ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʷ ʚʽʜ + 60 ʉ̄ ʜʦ ï

50 ̄ ʉ. ʇʦʢʘʟʥʠʢʦʤ ʤʽʮʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʧʨʦʷʚ ʝʬʝʢʪʫ ʂʘʡʟʝʨʘ ʧʽʩʣʷ ʧʝʨʰʠʭ ʜʚʦʭ ʪʝʨʤʦʮʠʢʣʽʚ, ʧʦʷʚ 

ɸɽ ʥʘ n-ʤʫ ʪʝʨʤʦʮʠʢʣʽ ʻ ʧʦʧʝʨʝʜʞʝʥʥʷʤ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʯʝʨʝʟ 5ï10 ʮʠʢʣʽʚ. 
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ʉʊɸʊʀʉʊʀʏʅɸ ʆɹʈʆɹʂɸ ʈɽɿʋʃʔʊɸʊɯɺ ɺʀʄɯʈʖɺɸʅʔ  

ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʄɯʎʅʆʉʊɯ ʂɽʈɸʄɯʏʅʀʍ ʈɽɿʀʉʊʆʈɯɺ 

ɿ ʇʆʃɯʄʆɼɸʃʔʅʆʖ ʑɯʃʔʅɯʉʊʖ ʈʆɿʇʆɼɯʃʋ  
 

ȹ ɗɘɆɘɘɫ ɕɖɋɊɗɘɆɈɑɋɓɫ ɖɋɍəɑɢɘɆɘɎ ɊɔɗɑɫɊɌɋɓɢ ɟɔɊɔ ɕɫɊɈɎɟɋɓɓɥ ɒɫɜɓɔɗɘɫ ɉɋɖɒɋɘɎɝɓɎɛ ɒɫɐɖɔɒɔɊəɑɫɈ, ɓɆɕɖɆɈɑɋɓɎɛ ɓɆ 
ɈɎɥɈɑɋɓɓɥ ɕɖɎɝɎɓ ɖɔɍɐɎɊə ɍɓɆɝɋɓɢ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɒɫɜɓɔɗɘɫ ɐɋɖɆɒɫɝɓɎɛ ɖɋɍɎɗɘɔɖɫɈ, ɈɎɉɔɘɔɈɑɋɓɎɛ ɖɫɍɓɎɒɎ ɈɎɖɔɇɓɎɐɆɒɎ. Ȫɑɥ 
ɗɘɆɘɎɗɘɎɝɓɔɬ ɔɇɖɔɇɐɎ ɖɋɍəɑɢɘɆɘɫɈ ɈɎɒɫɖɤɈɆɓɢ ɒɫɜɓɫɗɓɎɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɖɋɍɎɗɘɔɖɫɈ ɍɆɕɖɔɕɔɓɔɈɆɓɔ ɒɋɘɔɊ ɔɇɖɔɇɐɎ 
ɕɔɑɫɒɔɊɆɑɢɓɎɛ ɗəɒɫɞɋɏ ɟɫɑɢɓɔɗɘɫ ɖɔɍɕɔɊɫɑə ɏɒɔɈɫɖɓɔɗɘɋɏ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɗɘɆɘɎɗɘɎɝɓɆ ɔɇɖɔɇɐɆ, ɟɫɑɢɓɫɗɘɢ ɖɔɍɕɔɊɫɑə, ɗəɒɫɞ ɖɔɍɕɔɊɫɑɫɈ, ɍɆɐɔɓ ȩɆəɗɗɆ. 

 

KARPOVA L., GOROSHKO A. V., PYROZHOK V.V. 
Khmelnytskyi National University 

 

STATISTICAL PROCESSING OF MEASUREMENT RESULTS STRENGTH 

CHARACTERISTICS OF CERAMIC RESISTORS  

WITH POLYMODAL PROBABILITY DISTRIBUTI ON 
 

Much of the electronic equipment (REA) is operated in conditions of changes in atmospheric pressure, temperature, 
humidity, vibration and other destabilizing factors. The elements of such REA are subjected to static and dynamic mechanical load. 
According to various data, about 40% of such radio elements fail due to mechanical failure. In contrast to the field of mechanical 
engineering, in instrument making for some structures of CEA elements there are no strength standards and in general insuffic ient 
attention is paid to ensuring the strength of structures. One of the reasons for this state of affairs is the use of new materi als with 
insufficiently studied physical and mechanical characteristics in the production of CEA. Due to objective and subjective reasons, the 
parameters measured on a real object, which characterize the quality of the electronic system, strength characteristics of ma terials 
of CEA elements, properties of materials, etc., usually have a scatter of values, ie can acquire arbitrary values in some numerical 
intervals. . Studies show that the variance of the values of such characteristics can be hundreds of percent, which often doe s not 
allow to provide a given strength of the structures of the elements of CEA [2 -6].  

One of the urgent tasks on the way to solving the problem of increasing the reliability of REA is the development and 
improvement of experimental methods for testing REA, in particular methods of statistical processing of measurement results. 
Having data on the implementation o f these random variables, you can accurately estimate their true values, such as the method of 
confidence intervals. 

The article presents the results of studies on increasing the strength of sealed micromodules aimed at identifying the 
causes of the spread in the strength characteristics of ceramic resistors manufactured by various manufacturers. For statistical 
processing of the results of measuring the strength characteristics of resistors, a method for processing polymodal mixtures of the 
probability distribution is proposed. The method consists in representing the mixture in the form of a superposition of Gaussian 
laws, followed by the decomposition of the mixture. Proposed effective methods of decomposition. The method was applied to 
determine the strength characteristics of resistors manufactured by three different factories. It has been substantiated that the 
features of production significantly affect the spread of values in the characteristics. The method has been tested and shown  to be 
satisfactory. The developed method of statistical processing is more versatile than the existing parametric methods. In the case 
when empirical data formed under the influence of several dominant reasons are subject to assessment, and it is impossible to 
identify these reasons and divide the sample into corresponding subsamples, the method is more accurate than the existing ones. 

Keywords: statistical processing, distribution density, mixture of distributions, Gauss's law 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ (ʈɽɸ) ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʟʤʽʥʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ, ʚʽʙʨʘʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʽʥʰʠʭ ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ 

ʬʘʢʪʦʨʽʚ. ɽʣʝʤʝʥʪʠ ʪʘʢʦʾ ʈɽɸ ʧʽʜʜʘʶʪʴʩʷ ʩʪʘʪʠʯʥʦʤʫ ʽ ʜʠʥʘʤʽʯʥʦʤʫ ʤʝʭʘʥʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ. ɿʘ 

ʨʽʟʥʠʤʠ ʜʘʥʠʤʠ ʙʣʠʟʴʢʦ 40 % ʪʘʢʠʭ ʨʘʜʽʦʝʣʝʤʝʥʪʽʚ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ ʟ ʧʨʠʯʠʥʠ ʤʝʭʘʥʽʯʥʠʭ ʧʦʣʦʤʦʢ [1]. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʛʘʣʫʟʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʫ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ ʜʣʷ ʜʝʷʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʤʝʥʪʽʚ ʈɽɸ ʚʽʜʩʫʪʥʽ 

ʥʦʨʤʠ ʤʽʮʥʦʩʪʽ ʪʘ ʟʘʛʘʣʦʤ ʧʨʠʜʽʣʷʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʷ ʫʚʘʛʘ ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ. ʆʜʥʽʻʶ ʟ 

ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʩʪʘʥʫ ʨʝʯʝʡ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʈɽɸ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʏʝʨʝʟ ʦʙ'ʻʢʪʠʚʥʽ ʽ ʩʫʙ'ʻʢʪʠʚʥʽ ʧʨʠʯʠʥʠ ʚʠʤʽʨʷʥʽ ʥʘ ʨʝʘʣʴʥʦʤʫ 

ʦʙ'ʻʢʪʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ, ʤʽʮʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʤʝʥʪʽʚ ʈɽɸ, ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʦʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʨʦʟʢʠʜ ʟʥʘʯʝʥʴ, ʪʦʙʪʦ ʤʦʞʫʪʴ 

ʥʘʙʫʚʘʪʠ ʜʦʚʽʣʴʥʠʭ ʟʥʘʯʝʥʴ ʫ ʜʝʷʢʠʭ ʯʠʩʣʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʨʦʟʢʠʜ ʟʥʘʯʝʥʴ 

ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʩʦʪʥʽ ʚʽʜʩʦʪʢʽʚ, ʱʦ ʯʘʩʪʦ ʽ ʥʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʜʘʥʫ 

ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʝʣʝʤʝʥʪʽʚ ʈɽɸ [2ï6]. 

ʆʜʥʽʻʶ ʟ ʘʢʪʫʘʣʴʥʠʭ ʟʘʜʘʯ ʥʘ ʰʣʷʭʫ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʈɽɸ ʻ ʨʦʟʨʦʙʢʘ ʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʈɽɸ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʽʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
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ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ. ʄʘʶʯʠ ʜʘʥʽ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʮʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʤʦʞʥʘ ʟ ʧʝʚʥʦʶ ʪʦʯʥʽʩʪʶ 

ʦʮʽʥʠʪʠ ʾʭ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜʦʤ ʜʦʚʽʨʯʠʭ ʽʥʪʝʨʚʘʣʽʚ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʏʝʨʝʟ ʦʙ'ʻʢʪʠʚʥʽ ʽ ʩʫʙ'ʻʢʪʠʚʥʽ ʧʨʠʯʠʥʠ ʚʠʤʽʨʷʥʽ ʥʘ 

ʨʝʘʣʴʥʦʤʫ ʦʙ'ʻʢʪʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʩʠʩʪʝʤʠ, ʤʽʮʥʽʩʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʤʝʥʪʽʚ ʈɽɸ, ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʪʦʱʦ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʨʦʟʢʠʜ ʟʥʘʯʝʥʴ, 

ʪʦʙʪʦ ʤʦʞʫʪʴ ʥʘʙʫʚʘʪʠ ʜʦʚʽʣʴʥʠʭ ʟʥʘʯʝʥʴ ʫ ʜʝʷʢʠʭ ʯʠʩʣʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ [7ï9]. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʤʘʪʠ 

ʾʭ ʟʘ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ, ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʜʝʷʢʠʤ ʟʘʢʦʥʘʤ ʨʦʟʧʦʜʽʣʫ. ʄʘʶʯʠ ʜʘʥʽ ʧʨʦ ʨʝʘʣʽʟʘʮʽʶ ʮʠʭ 

ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ, ʤʦʞʥʘ ʟ ʧʝʚʥʦʶ ʪʦʯʥʽʩʪʶ ʦʮʽʥʠʪʠ ʾʭ ʽʩʪʠʥʥʽ ʟʥʘʯʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʤʝʪʦʜʦʤ ʜʦʚʽʨʯʠʭ 

ʽʥʪʝʨʚʘʣʽʚ. 

ʂʨʽʤ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʟʘʜʘʥʦʶ ʜʦʩʪʦʚʽʨʥʽʩʪʶ, ʧʨʦʙʣʝʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʽʚ 

ʨʦʟʧʦʜʽʣʫ ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʧʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʩʠʛʥʘʣʽʚ [10], ʨʦʟʨʦʙʮʽ ʥʦʨʤʘʪʠʚʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ, ʢʦʥʪʨʦʣʽ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʈɽɸ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ [11], ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʨʝʩʫʨʩʫ ʈɽɸ ʽ ʚ ʥʠʟʮʽ 

ʽʥʰʠʭ ʟʘʜʘʯ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʈɽɸ, ʜʝ ʟʥʘʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʚʝʣʠʯʠʥ ʚʠʟʥʘʯʘʶʪʴ, ʚʠʧʨʦʙʦʚʫʶʯʠ 

ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʟ ʥʘʩʪʫʧʥʦʶ ʦʙʨʦʙʢʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʝʪʦʜʘʤʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ [12]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʴʤʘ ʜʦʩʣʽʜʥʠʢʘʤʠ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽʧʦʪʝʟ (ʥʦʨʤʘʣʴʥʦʛʦ, 

ʣʦʛʘʨʠʬʤʽʯʥʦ ʥʦʨʤʘʣʴʥʦʛʦ, ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʟʘʢʦʥʫ, ʟʘʢʦʥʫ ɺʝʡʙʫʣʣʘ, ɻʘʤʤʘ-ʨʦʟʧʦʜʽʣʫ ʪʦʱʦ) 

ʚʠʧʨʘʚʜʘʥʝ ʾʭ ʜʦʩʪʘʪʥʴʦʶ ʚʠʚʯʝʥʽʩʪʶ ʪʘ ʤʦʞʣʠʚʽʩʪʶ ʦʪʨʠʤʘʥʥʷ ʩʧʨʦʤʦʞʥʠʭ, ʥʝʟʤʽʱʝʥʠʭ ʽ ʚʽʜʥʦʩʥʦ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʦʮʽʥʦʢ ʧʘʨʘʤʝʪʨʽʚ [7ï9]. ʆʜʥʘʢ ʚʢʘʟʘʥʽ ʚʠʱʝ ʪʠʧʦʚʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʥʝ ʤʘʶʪʴ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʬʦʨʤ, ʪʦʤʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝ ʜʘʻ ʥʝʦʙʭʽʜʥʦʾ ʟʘʛʘʣʴʥʦʩʪʽ ʧʦʜʘʥʥʷ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʝʘʣʴʥʠʭ ʩʠʩʪʝʤ ʈɽɸ. ʗʢʱʦ ʘʧʨʦʢʩʠʤʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʪʠʧʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʥʝ ʜʘʻ 

ʙʘʞʘʥʦʾ ʪʦʯʥʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʦʮʽʥʦʢ, ʫ ʥʘʛʦʜʽ ʤʦʞʝ ʩʪʘʪʠ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʡ ʧʽʜʭʽʜ, ʦʧʠʩʘʥʠʡ, ʥʘʧʨʠʢʣʘʜ, ʫ 

ʨʦʙʦʪʘʭ [12, 13]. ʆʜʥʠʤ ʽʟ ʥʝʜʦʣʽʢʽʚ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʻ ʥʠʟʴʢʘ ʩʪʘʪʠʩʪʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ. ʈʽʩʪ ʩʪʘʪʠʩʪʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʟ 

ʨʦʩʪʦʤ ʦʙôʻʤʫ ʚʠʙʽʨʢʠ. 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʨʘʥʽʰʝ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʾ ʧʨʦʙʣʝʤʠ. ʉʝʨʝʜ ʚʩʽʭ ʟʘʜʘʯ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʮʽʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʢʣʘʩ ʟʘʜʘʯ, ʚ ʷʢʦʤʫ ʦʮʽʥʮʽ ʧʽʜʣʷʛʘʶʪʴ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ, ʩʬʦʨʤʦʚʘʥʽ ʧʽʜ 

ʜʽʻʶ ʜʝʢʽʣʴʢʦʭ ʜʦʤʽʥʫʶʯʠʭ ʧʨʠʯʠʥ, ʧʨʠʯʦʤʫ ʚʠʷʚʠʪʠ ʮʽ ʧʨʠʯʠʥʠ ʽ ʨʦʟʜʽʣʠʪʠ ʚʠʙʽʨʢʫ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʜʦ ʥʠʭ 

ʧʽʜʚʠʙʽʨʢʠ ʥʝ ʚʠʜʘʻʪʴʩʷ ʤʦʞʣʠʚʠʤ. ɿʦʢʨʝʤʘ, ʪʘʢʽ ʟʘʜʘʯʽ ʯʘʩʪʦ ʚʠʥʠʢʘʶʪʴ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠ ʩʪʘʪʠʩʪʠʯʥʽʡ 

ʦʮʽʥʮʽ ʧʘʨʘʤʝʪʨʽʚ ʜʝʷʢʦʾ ʚʠʙʽʨʢʠ ʜʝʪʘʣʝʡ, ʷʢʽ ʧʦʪʨʘʧʠʣʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʦ ʽʟ ʨʽʟʥʠʭ ʧʘʨʪʽʡ. ʑʽʣʴʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʫ (ʑʈ) ʡʤʦʚʽʨʥʦʩʪʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʣʽʤʦʜʘʣʴʥʦʶ. 

ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʤʽʮʥʽʩʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʽ ʥʝʜʦʧʫʱʝʥʥʷ 

ʚʽʜʤʦʚ ʤʽʢʨʦʤʦʜʫʣʽʚ (ʨʠʩ. 1) ʯʝʨʝʟ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʨʝʟʠʩʪʦʨʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʽʜʤʦʚ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʥʘʯʝʥʴ ʦʧʦʨʽʚ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʨʝʟʠʩʪʦʨʽʚ, ʟʘʚʦʜʫ-ʚʠʛʦʪʦʚʣʶʚʘʯʘ ʽ ʩʪʘʥʫ ʦʙʣʘʜʥʘʥʥʷ, ʥʘ ʷʢʦʤʫ 

ʚʠʨʦʙʣʷʣʠ ʽ ʟʜʽʡʩʥʶʚʘʣʠ ʧʽʜʛʦʪʦʚʢʫ ʨʝʟʠʩʪʦʨʽʚ (ʨʠʩ. 2) ʜʦ ʤʦʥʪʘʞʫ. ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʟʫʩʠʣʴ, ʱʦ 

ʨʫʡʥʫʶʪʴ ʢʝʨʘʤʽʢʫ ʨʝʟʠʩʪʦʨʽʚ, ʤʘʣʠ ʷʢ ʦʜʥʦʚʝʨʰʠʥʥʠʡ, ʪʘʢ ʽ ʙʘʛʘʪʦʚʝʨʰʠʥʥʠʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʥʘʜʽʡʥʠʡ ʽ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʟ ʧʦʣʽʤʦʜʘʣʴʥʠʤʠ 

ʟʘʢʦʥʘʤʠ ʨʦʟʧʦʜʽʣʫ. ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʢʝʨʘʤʽʢʠ ʨʝʟʠʩʪʦʨʽʚ. 
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ʈʠʩ. 2. ʈʝʟʠʩʪʦʨʠ ʉ2ï23ï0,062 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʄʘʪʝʤʘʪʠʯʥʦ ʧʦʣʽʤʦʜʘʣʴʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʩʫʤʽʰʘʤʠ 

ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [14]. ʅʝʭʘʡ ʫ ʨʦʟʧʦʜʽʣʽ ʟʥʘʯʝʥʴ ʨʫʡʥʫʚʘʣʴʥʦʾ ʩʠʣʠ 

ʨʝʟʠʩʪʦʨʽʚ ʢʽʣʴʢʽʩʪʴ ʫʤʦʚ ʚʠʛʦʪʦʚʣʝʥʥʷ (ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʣʽʥʽʡ, ʟʘʚʦʜʽʚ), ʷʢʽ ʬʦʨʤʫʶʪʴ ʜʦʤʽʥʫʶʯʽ ʧʨʠʯʠʥʠ 

ʧʦʷʚʠ ʧʽʜʚʠʙʽʨʦʢ, ʜʦʨʽʚʥʶʻ k, ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʨʝʟʠʩʪʦʨ ʚʠʛʦʪʦʚʣʝʥʠʡ ʫ -̔ʡ ʫʤʦʚʽ ʜʦʨʽʚʥʶʻ ir ( 1,i k= ; 

1

1
k

i

i=

r =ä ), ʟʥʘʯʝʥʥʷ ʩʠʣʠ ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ ʟ ʑʈ ( ), , ,   i i if x xm s ÍR, ʜʝ im ʽ is ï ʤʘʪʝʤʘʪʠʯʥʝ 

ʩʧʦʜʽʚʘʥʥʷ ʽ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ -̔ʾ ʧʽʜʚʠʙʽʨʢʠ. ʄʘʻʤʦ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ X; ʧʨʦ ʫʤʦʚʠ 
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ʜʦʩʣʽʜʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʚʦʥʘ ʥʘʙʫʚʘʻ ʧʝʚʥʝ ʟʥʘʯʝʥʥʷ, ʤʦʞʥʘ ʫʪʚʦʨʠʪʠ k ʚʟʘʻʤʦʚʠʢʣʶʯʥʠʭ ʛʽʧʦʪʝʟ: 

1 2, ,..., kH H H . ɯʤʦʚʽʨʥʦʩʪʽ ʛʽʧʦʪʝʟ ʚʽʜʦʤʽ: ( )i iP H =r 
1

1, , 1
k

i

i

i k
=

" = r =ä . 

ʗʢʱʦ ʤʘʻ ʤʽʩʮʝ ʛʽʧʦʪʝʟʘ 
iH , ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ X  ʜʦʨʽʚʥʶʻ ( )iF x . ɿʥʘʡʜʝʤʦ ʧʦʚʥʫ (çʫʩʝʨʝʜʥʝʥʫè) 

ʬʫʥʢʮʽʶ ʨʦʟʧʦʜʽʣʫ ( )F x  ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ X ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʠʧʘʜʢʦʚʦʩʪʽ ʾʾ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. 

ɿʘ ʚʠʟʥʘʯʝʥʥʷʤ { }( )F x P X x= < . ɿʥʘʡʜʝʤʦ ʮʶ ʽʤʦʚʽʨʥʽʩʪʴ ʟʘ ʬʦʨʤʫʣʦʶ ʧʦʚʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʟ 

ʛʽʧʦʪʝʟʘʤʠ 
1 2, ,..., kH H H  

1 1

( ) ( ) ( ) ( ),   
k k

i i i i

i i

F x P H F x F x x
= =

= = r Íä ä R , 

ʜʝ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ( )iF x  ï ʢʦʤʧʦʥʝʥʪʠ ʩʫʤʽʰʽ; 
ir ï ʚʘʛʠ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪ. 

ɼʠʩʢʨʝʪʥʽʡ ʩʫʤʽʰʽ ʨʦʟʧʦʜʽʣʽʚ ( )F x  ʚʽʜʧʦʚʽʜʘʻ ʜʠʩʢʨʝʪʥʘ ʑʈ  

() ( )
1

, , ,   
k

i i i i

i

f x f x x
=

= r m s Íä R .      (1) 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʦʟʧʦʜʽʣʫ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʝʪʘʧʦʤ ʻ ʜʝʢʦʤʧʦʟʠʮʽʷ 

(ʨʦʟʱʝʧʣʝʥʥʷ) ʩʫʤʽʰʝʡ, ʦʩʢʽʣʴʢʠ ʩʪʨʫʢʪʫʨʘ ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʚʠʙʽʨʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʜʘʥʠʭ, ʷʢ ʧʨʘʚʠʣʦ, 

ʥʝʚʽʜʦʤʘ. ʎʝ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ k, ʚʘʛʠ 
ir ʽ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʽʚ ,  i im s ʢʦʞʥʦʾ ʽʟ ʧʽʜʚʠʙʽʨʦʢ (ʧʘʨʪʽʡ, 

ʱʦ ʟʤʽʰʫʶʪʴʩʷ) ʚ ʟʘʛʘʣʴʥʽʡ ʚʠʙʦʨʮʽ (ʟʤʽʰʘʥʦʤʫ ʨʦʟʧʦʜʽʣʽ) (1). 

ʉʫʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʚʪʦʨʦʤ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, ʱʦ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʧʦʣʽʤʦʜʘʣʴʥʠʤ ʟʘʢʦʥʘʤ ʨʦʟʧʦʜʽʣʫ, ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ: 

ï ʜʝʷʢʠʡ ʧʘʨʘʤʝʪʨ ʦʙ'ʻʢʪʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ X; 

ï ʢʦʞʥʘ ʚʠʙʽʨʢʘ ʨʝʘʣʽʟʘʮʽʡ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʦʙ'ʻʜʥʘʥʥʷ k ʧʽʜʚʠʙʽʨʦʢ; 

ï ʢʦʞʥʘ ʧʽʜʚʠʙʽʨʢʘ ʻ ʚʠʙʽʨʢʦʶ 
ix  ʽʟ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʡ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʟ ʑʈ 

if  ʟ ʚʝʢʪʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ 
iɗ (ʢʦʤʧʦʥʝʥʪ ʩʫʤʽʰʽ), 1,i k= , 2 k¢ <¤.  

ʗʢʱʦ ʽʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ X ʥʘʙʫʚʘʻ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʥʘʣʝʞʠʪʴ 
ix , ʜʦʨʽʚʥʶʻ ir, ʪʦ ʜʣʷ ʥʘʩʪʫʧʥʦʾ 

ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʝʜʩʪʘʚʣʷʪʠ ʽ ʦʙʨʦʙʣʷʪʠ ʝʤʧʽʨʠʯʥʫ ʑʈ ʫ ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ k 

ʬʫʥʢʮʽʡ ʟ ʑʈ 
if , ʚ ʷʢʽʡ 

if  ï ʫʥʽʤʦʜʘʣʴʥʽ, ʫ ʚʠʛʣʷʜʽ 

() ( )
1

,
k

i i i

i

f x f x
=

= rä ɗ , 2 k¢ <¤, ,  xʆɶ      (2) 

ʜʝ 
ir  ï ʘʧʨʽʦʨʥʘ ʽʤʦʚʽʨʥʽʩʪʴ (ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ) i-ʾ ʢʦʤʧʦʥʝʥʪʠ ʩʫʤʽʰʽ.  ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʫʤʦʚʘ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ( ),  ,i ii f X" ɗ  ʜʦ ʦʜʥʽʻʾ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʩʽʤôʾ ʥʝ ʩʪʘʚʠʪʴʩʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ, ʜʣʷ ʷʢʦʛʦ ʛʽʩʪʦʛʨʘʤʫ ʚʜʘʻʪʴʩʷ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʣʽʥʽʡʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ 

ɻʘʫʩʦʚʠʭ ʬʫʥʢʮʽʡ ʑʈ ʟ ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ir ʚʠʜʫ 

( ) ( ) ( )( )
1 121 2
2

1

, , , 2 exp 2
k

i i i i i i i

i

f x x
-- -

=

è øm s r = p s r - -m s
é ùê úä , 1,i k= , 2 k¢ <¤.  (3) 

ʅʝʭʘʡ ʫ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʜʝʨʞʘʥʘ ʚʠʙʽʨʢʘ ʟʥʘʯʝʥʴ { }1 2, ..., nx x x=X . ɼʣʷ ʧʦʜʘʣʴʰʦʾ 

ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʝʨʰ ʟʘ ʚʩʝ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ, ʟʘʩʪʦʩʫʚʘʚʰʠ, 

ʥʘʧʨʠʢʣʘʜ, ʽʥʪʝʨʧʦʣʷʮʽʶ ʥʘ ʜʝʷʢʽʡ ʪʦʯʢʦʚʽʡ ʤʥʦʞʠʥʽ. ʅʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ ʥʝʦʙʭʽʜʥʦ ʰʫʢʘʪʠ ʟ ʫʤʦʚʠ ʟʙʽʛʫ 

ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʾ (3) ʫ ʜʝʷʢʠʭ ʪʦʯʢʘʭ (ʥʘʧʨʠʢʣʘʜ ʚʝʨʰʠʥʘʭ ʽ ʟʘʧʘʜʠʥʘʭ) ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʘʧʨʦʢʩʠʤʫʚʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ. ɻʨʘʬʽʢ ʚʢʘʟʘʥʦʾ ʬʫʥʢʮʽʾ ʦʛʠʥʘʻ ʧʣʘʚʥʦʶ ʢʨʠʚʦʶ ʧʦʙʫʜʦʚʘʥʫ ʛʽʩʪʦʛʨʘʤʫ. ʗʩʥʦ, ʱʦ ʜʣʷ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 3k  ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʚ ʤʥʦʞʠʥʽ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʤʝʥʰʝ, ʥʽʞ 

3 1k-  (ʦʩʢʽʣʴʢʠ ʢʦʝʬʽʮʽʻʥʪʠ 
ir ʟʘʚʞʜʠ ʧʦʚôʷʟʘʥʽ ʨʽʚʥʷʥʥʷʤ 

1

1
k

i

i=

r =ä ). ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʥʝʚʽʜʦʤʠʭ im, is ʽ ir ʥʝʦʙʭʽʜʥʦ ʩʢʣʘʩʪʠ ʽ ʨʦʟʚôʷʟʘʪʠ ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʚʠʜʫ: 
 

( ) ( ) ( )( )
1 12

1 2
2

1

1

( ) , , , 2 exp 2 ,

1, 1,2,...,3 1. 

xk

j j i i i i i j i i

i

k

i

i

F x x dx x dx

j k

¤
-- -

=-¤ -¤

=

ë è ø= m s r = p s r - -m sî é ùê úî
ì
î
r = = -

î
í

äñ ñ

ä

,   (4) 

ʜʝ 
im, 

is, 
ir ï ʩʪʘʣʽ ʥʝʚʽʜʦʤʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʧʦʜʽʣʫ -̔ʾ ʧʽʜʚʠʙʽʨʢʠ ʽ ʾʾ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ. 
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ʆʯʝʚʠʜʥʦ, ʱʦ ʨʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ (4) ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʫ ʬʫʥʢʮʽʶ (3) ʙʫʜʝ ʪʠʤ ʪʦʯʥʽʰʝ ʥʘʙʣʠʞʘʪʠ 

ʨʝʘʣʴʥʽʩʪʴ, ʯʠʤ ʤʝʥʰʽ ʜʽʣʷʥʢʠ ʨʦʟʙʠʪʪʷ ʧʨʠ ʧʦʙʫʜʦʚʽ ʛʽʩʪʦʛʨʘʤʠ, ʪʦʙʪʦ ʯʠʤ ʪʦʯʥʽʰʦʶ ʻ ʛʽʩʪʦʛʨʘʤʘ ʽ 

ʦʛʠʥʘʶʯʘ ʾʾ ʧʣʘʚʥʘ ʢʨʠʚʘ. 

ʇʦʰʫʢ ʦʧʠʩʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʽ ʤʝʪʦʜʦʤ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ [14], ʟʘʧʠʩʘʚʰʠ 

ʬʫʥʢʮʽʶ (3) ʽ ʧʨʠʨʽʚʥʷʚʰʠ ʜʦ ʥʫʣʷ ʾʾ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʧʦ ʢʦʞʥʦʤʫ ʟ ʧʘʨʘʤʝʪʨʽʚ, ʜʝ ( )jg x  ï ʟʥʘʯʝʥʥʷ 

ʦʛʠʥʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʫ ʚʠʙʨʘʥʠʭ ʪʦʯʢʘʭ, 1,2,...,  3 1n n k= ² -. 

( )( ) ( )( )
2

1 12
1 2

2

1 1

2 exp 2
n k

j i i j i i

j i

V g x x
-- -

= =

è øè ø= - p s r - -m sé ùé ùê úê ú
ä ä . 

ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʘʥʘʣʦʛʽʯʥʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽ ʤʝʪʦʜ ʤʦʤʝʥʪʽʚ, ʘʣʝ ʦʩʢʽʣʴʢʠ 

ʧʽʜʨʘʭʫʥʦʢ ʝʤʧʽʨʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʚʠʩʦʢʠʭ ʧʦʨʷʜʢʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ, ʪʦ ʪʘʢʠʡ ʩʧʦʩʽʙ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʦʧʝʨʝʜʥʽʭ ʦʮʽʥʦʢ ʰʫʢʘʥʠʭ ʚʝʣʠʯʠʥ. ʋʪʦʯʥʝʥʥʷ ʮʠʭ ʦʮʽʥʦʢ ʩʣʽʜ 

ʟʜʽʡʩʥʶʚʘʪʠ, ʤʘʢʩʠʤʽʟʫʶʯʠ ʬʫʥʢʮʽʶ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʽʨʦʛʽʜʥʦʩʪʽ [14]: 

( ) ( )( )
1 12

1 2
2

11

2 exp 2
n k

i i j i i

ij

W x
-- -

==

è ø= p s r - -m s
é ùê úäÔ , 

ʧʨʠʨʽʚʥʶʶʯʠ ʜʦ ʥʫʣʷ ʾʾ ʯʘʩʪʠʥʥʽ ʧʦʭʽʜʥʽ ʧʦ ʰʫʢʘʥʠʭ ʧʘʨʘʤʝʪʨʘʭ.  

ʗʢ ʧʨʘʚʠʣʦ, ʟʘʤʽʩʪʴ ʧʦʰʫʢʫ ʤʘʢʩʠʤʫʤʫ ʬʫʥʢʮʽʾ ( ), ,W xr s  ʧʨʦʩʪʽʰʝ ʰʫʢʘʪʠ ʤʘʢʩʠʤʫʤ ʾʾ ʣʦʛʘʨʠʬʤʫ: 

( ) ( )( )
1 12

1 2
2

1 1

ln ln 2 exp 2
n k

i i j i i

j i

W x
-- -

= =

å õè ø= p s r - -m sæ öé ùê úç ÷
ä ä .   (5) 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʫʤʽʰʝʡ ʽʤʦʚʽʨʥʽʩʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ 

ʦʢʨʝʤʦ, ʪʘʢ ʽ ʨʘʟʦʤ ʽʟ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʽ ʚʽʨʦʛʽʜʥʽʩʪʴ ʟʥʘʡʜʝʥʠʭ ʦʮʽʥʦʢ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʫʤʽʰʝʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʾ ʑʈ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʬʫʥʢʮʽʻʶ ʪʠʧʫ (3.11) ʟʘ ʜʦʧʦʤʦʛʦʶ ʄʅʂ ʘʙʦ ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘ ʜʝʷʢʽʡ ʪʦʯʢʦʚʽʡ ʤʥʦʞʠʥʽ. ɺ ʪʦʡ 

ʞʝ ʯʘʩ ʚʽʜʦʤʦ, ʱʦ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ ʚʠʙʽʨʢʠ { }1 2, ..., nx x x=X  ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ ʚʘʨʽʘʮʽʡʥʠʤ 

ʨʷʜʦʤ, ʛʽʩʪʦʛʨʘʤʦʶ ʘʙʦ ʚʠʙʽʨʢʦʚʦʶ (ʝʤʧʽʨʠʯʥʦʶ) ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ: 

() { }
1

1
1

j

n

n x x
j

F x
n <
=

= ä ,      (6) 

ʜʝ 
{}1
A

 ï ʽʥʜʠʢʘʪʦʨ ʧʦʜʽʾ ɸ. 

 
ʈʝʟʠʩʪʦʨʠ ʆʄʃʊ-0,125-560 ʢʆʤ 

  
ʈʝʟʠʩʪʦʨʠ ʆʄʃʊ-0,125-2,0 

 
ʈʝʟʠʩʪʦʨʠ ʆʄʃʊ-0,125-47 

ʈʠʩ. 3. ɻʽʩʪʦʛʨʘʤʠ ʟʫʩʠʣʴ, ʱʦ ʨʫʡʥʫʶʪʴ ʢʝʨʘʤʽʢʫ ʨʝʟʠʩʪʦʨʽʚ (ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʇʦʣʪʘʚʩʴʢʦʤʫ ʽ ʆʜʝʩʴʢʦʤʫ ʟʘʚʦʜʘʭ) 
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ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʤʽʮʥʦʩʪʽ ʢʝʨʘʤʽʢʠ ʨʝʟʠʩʪʦʨʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʇʦʣʪʘʚʩʴʢʦʤʫ ʽ ʆʜʝʩʴʢʦʤʫ ʟʘʚʦʜʘʭ, 

ʚʠʧʨʦʙʫʚʘʥʥʶ ʥʘ ʨʦʟʪʷʛ ʽ ʟʛʠʥ ʧʽʜʜʘʚʘʣʠʩʴ ʧʦ 100 ʨʝʟʠʩʪʦʨʽʚ, ʚʠʧʘʜʢʦʚʦ ʚʠʙʨʘʥʠʭ ʟ ʧʘʨʪʽʡ ʟ ʦʜʥʘʢʦʚʠʤʠ 

ʥʦʤʽʥʘʣʘʤʠ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʤʽʢʨʦʤʦʜʫʣʷʭ (56 ʆʤ, 560 ʢʆʤ, 2 ʄʆʤ). ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚʠʱʝ. ʇʨʠʢʣʘʜʠ ʛʽʩʪʦʛʨʘʤ ʟʫʩʠʣʴ, ʱʦ ʨʫʡʥʫʶʪʴ ʢʝʨʘʤʽʢʫ ʨʝʟʠʩʪʦʨʽʚ, 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3. ʇʦ ʦʩʽ ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʝʥʽ ʚʝʣʠʯʠʥʠ ʟʫʩʠʣʴ, ʚʠʤʽʨʷʥʽ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ, ʘ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ - 

ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʚʝʣʠʯʠʥ ʨʫʡʥʫʚʘʣʴʥʠʭ ʟʫʩʠʣʴ ʚ -̔ʤʫ ʽʥʪʝʨʚʘʣʽ ʟʥʘʯʝʥʴ ʮʠʭ ʟʫʩʠʣʴ. 

ɸʥʘʣʽʟ ʥʘʚʝʜʝʥʠʭ ʛʽʩʪʦʛʨʘʤ ʧʦʢʘʟʫʻ, ʱʦ ʚʠʙʽʨʢʠ ʟʥʘʯʝʥʴ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʘʤ 

ʨʦʟʧʦʜʽʣʫ. ɿʚʝʜʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʽʨʦʢ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. ɿ ʥʘʜʽʡʥʽʩʪʶ P=0,99 ʢʨʠʪʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʢʦʝʬʽʮʽʻʥʪʘ ʉʪôʶʜʝʥʪʘ ʜʣʷ ʯʠʩʣʘ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ n = 198 ʻ ,2 6*T .=  ɸʥʘʣʽʟ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ 

ʪʘʙʣʠʮʽ 1, ʧʦʢʘʟʫʻ, ʱʦ ʨʝʟʠʩʪʦʨʠ ʚʩʽʭ ʧʦʨʽʚʥʶʚʘʥʠʭ ʥʦʤʽʥʘʣʴʥʠʭ ʦʧʦʨʽʚ, ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʆʜʝʩʴʢʦʤʫ ʟʘʚʦʜʽ, 

ʽʩʪʦʪʥʦ ʤʽʮʥʽʰʝ ʘʥʘʣʦʛʽʯʥʠʭ ʨʝʟʠʩʪʦʨʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʇʦʣʪʘʚʩʴʢʦʤʫ ʟʘʚʦʜʽ. 
 

ʊʘʙʣʠʮʷ 1. 

ʇʦʨʽʚʥʷʥʥʷ ʤʽʮʥʦʩʪʽ ʢʝʨʘʤʽʢʠ ʨʝʟʠʩʪʦʨʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʨʽʟʥʠʭ ʟʘʚʦʜʘʭ 

ɿʘʚʦʜ 

ʆʧʽʨ ʽ ʪʠʧ ʨʝʟʠʩʪʦʨʘ 

ɺʠʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʆʄʃʊï0,125ï47Ñ5 % ʆʄʃʊï0,125ï560ʢʆʤÑ5 % ʆʄʃʊï0,125ï2,0ʢʆʤÑ5 % 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʙʽʨʦʢ 
110 ,x -Ö

ʅ 

210 ,-sÖ

ʅ2 
ʊ ʊ*  

110x -Ö  

ʅ 

210-sÖ  

ʅ2 
ʊ ʊ*  

110x -Ö  

ʅ 

210-sÖ

ʅ2 
ʊ ʊ*  

1 7,1 2,94 
12,22 

2,60 

5,8 0,13 

26,0 

26,0 
5,8 0,27 

21,67 

2,60 

ɿʛʠʥ 
2 4,9 0,33 4,5 0,09 4,5 0,12 

1 8,1 1,47 
14,29 

6,6 0,12 
24,0 

6,5 0,18 
22,0 ʈʦʟʪʷʛ 

2 6,1 0,52 5,4 0,10 5,4 0,13 
 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʚʽʜʤʦʚ, ʚʠʢʣʠʢʘʥʠʭ ʨʫʡʥʫʚʘʥʥʷʤ ʢʝʨʘʤʽʯʥʠʭ ʦʩʥʦʚ ʨʝʟʠʩʪʦʨʽʚ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʣʦʤʦʢ ʚʧʣʠʚʘʻ ʽ ʥʦʤʽʥʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʦʧʦʨʽʚ. ʇʦʧʝʨʝʜʥʽ ʷʢʽʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʠ, ʱʦ ʨʝʟʠʩʪʦʨʠ ʟ ʦʧʦʨʦʤ ʜʦ 1 ʢʆʤ ʥʝ ʤʘʶʪʴ ʧʽʜʛʽʥʥʠʭ ʩʧʽʨʘʣʴʥʠʭ ʥʘʨʽʟʦʢ, ʚ ʪʦʡ ʯʘʩ, ʷʢ ʨʝʟʠʩʪʦʨʠ 

ʦʧʦʨʦʤ ʜʦ 1 ʄʆʤ ʽ ʙʽʣʴʰ ʤʘʶʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʦʜʥʦ- ʽ ʜʚʦʟʘʭʦʜʥʫ ʩʧʽʨʘʣʴʥʫ ʥʘʨʽʟʢʫ. ɿʘʟʥʘʯʝʥʽ ʥʘʨʽʟʢʠ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʨʝʟʠʩʪʦʨʘ ʽ ʚʠʥʠʢʥʝʥʥʶ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ. 

ʇʨʠ ʧʦʨʽʚʥʷʥʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʨʝʟʠʩʪʦʨʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʟʘʚʦʜʫ-ʚʠʛʦʪʦʚʣʶʚʘʯʘ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʧʦ ʩʪʦ 

ʨʝʟʠʩʪʦʨʽʚ ʢʦʞʥʦʛʦ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʥʦʤʽʥʘʣʽʚ. ʉʧʦʯʘʪʢʫ ʧʦʨʽʚʥʶʚʘʣʠʩʷ ʨʝʟʠʩʪʦʨʠ ʨʽʟʥʠʭ ʥʦʤʽʥʘʣʽʚ ʚ 

ʜʽʘʧʘʟʦʥʽ ʜʦ 1 ʢʆʤ, ʧʦʪʽʤ ʚʽʜ 1 ʢʆʤ ʜʦ 1 ʄʆʤ, ʧʦʪʽʤ ʚʠʱʝ 1 ʄʆʤ, ʧʨʠʯʦʤʫ ʢʦʞʥʘ ʟ ʜʚʦʭ ʧʦʨʽʚʥʶʚʘʥʠʭ 

ʛʨʫʧ ʨʝʟʠʩʪʦʨʽʚ ʙʫʣʘ ʚʠʛʦʪʦʚʣʝʥʘ ʥʘ ʦʜʥʦʤʫ ʽ ʪʦʤʫ ʞ ʟʘʚʦʜʽ ʽ ʤʘʣʘ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʪʠʧ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʽ ʟʘʚʦʜʫ-ʚʠʨʦʙʥʠʢʘ, ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʽʟ ʟʘʟʥʘʯʝʥʠʭ 

ʛʨʫʧ ʟ ʥʘʜʽʡʥʽʩʪʶ P = 0,99 ʤʽʮʥʽʩʪʴ ʨʝʟʠʩʪʦʨʽʚ ʤʘʻ ʥʝʩʫʪʪʻʚʝ ʚʽʜʤʽʥʥʽʩʪʴ. ʊʦʤʫ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʜʘʣʽ ʙʫʣʠ 

ʚʽʜʽʙʨʘʥʽ ʨʝʟʠʩʪʦʨʠ ʪʠʧʫ ʆʄʃʊ-0125, ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʆʜʝʩʴʢʦʤʫ ʟʘʚʦʜʽ, ʦʧʦʨʦʤ 47 ʆʤ, 560 ʢʆʤ, 2 ʄʆʤ. 

ʇʦʨʽʚʥʷʥʥʷ ʨʫʡʥʫʚʘʣʴʥʠʭ ʟʫʩʠʣʴ ʧʨʠ ʟʛʠʥʽ ʽ ʨʦʟʪʷʛʫʚʘʥʥʽ ʜʣʷ ʪʨʴʦʭ ʟʘʟʥʘʯʝʥʠʭ ʛʨʫʧ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʨʝʟʠʩʪʦʨʠ ʦʧʦʨʦʤ ʚʠʱʝ 1 ʢʆʤ ʟ ʥʘʜʽʡʥʽʩʪʶ P=0,99 ʥʝʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʧʦ ʤʽʮʥʦʩʪʽ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʨʝʟʠʩʪʦʨʠ ʜʦ 1 ʢʆʤ ̒ ̔ʩʪʦʪʥʦ ʤʽʮʥʽʰʠʤʠ. ʇʦʨʽʚʥʷʥʥʷ ʤʽʮʥʦʩʪʽ ʨʝʟʠʩʪʦʨʽʚ ʟʘʟʥʘʯʝʥʠʭ ʥʦʤʽʥʘʣʽʚ ʧʨʦʚʝʜʝʥʦ 

ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 2. 

ʊʘʙʣʠʮʷ 2 

ʇʦʨʽʚʥʷʥʥʷ ʤʽʮʥʦʩʪʽ ʢʝʨʘʤʽʢʠ ʨʝʟʠʩʪʦʨʽʚ ʨʽʟʥʠʭ ʦʧʦʨʽʚ 

ʆʧʽʨ ʨʝʟʠʩʪʦʨʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʙʽʨʢʠ 

,ʚs  ʄʇʘ 2,s  ʄʇʘ2 ʊ ʊ*  

ʆʄʃʊï0,125ï47 ʆʤ 149 1296 ï ï 

ʆʄʃʊï0,125ï560 ʢʆʤ 122 57,3 7,39 2,6 

ʆʄʃʊï0,125ï2,0 ʄʆʤ ï ï ï ï 
 

ɼʝʷʢʽ ɽʈɽ, ʚʦʣʦʜʽʶʯʠ ʙʣʠʟʴʢʠʤʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʨʦʟʤʽʨʘʤʠ ʽ ʝʣʝʢʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʤʘʶʪʴ 

ʨʽʟʥʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɿ ʤʝʪʦʶ ʟ'ʷʩʫʚʘʥʥʷ, ʥʘʩʢʽʣʴʢʠ ʽʩʪʦʪʥʦʶ ʻ ʮʷ ʚʽʜʤʽʥʥʽʩʪʴ ʜʣʷ ʨʝʟʠʩʪʦʨʽʚ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʙʫʣʠ ʚʽʜʽʙʨʘʥʽ ʧʦ 50 ʨʝʟʠʩʪʦʨʽʚ ʦʧʦʨʦʤ 56 ʆʤ ʢʦʞʥʦʛʦ ʟ ʪʠʧʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʆʜʝʩʴʢʦʤʫ ʟʘʚʦʜʽ, ʷʢʽ 

ʧʽʜʜʘʚʘʣʠʩʷ ʚʠʧʨʦʙʫʚʘʥʥʶ ʥʘ ʟʛʠʥ. 

ʆʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʘʣʘ, ʱʦ ʥʘʡʙʽʣʴʰ ʤʽʮʥʠʤʠ ʻ ʨʝʟʠʩʪʦʨʠ ʪʠʧʫ ʉ2ï23ï0,062; 

ʥʘʡʤʝʥʰ ʤʽʮʥʠʤʠ ï ʨʝʟʠʩʪʦʨʠ ʪʠʧʫ ʆʄʃʊï0,125; ʨʝʟʠʩʪʦʨʠ ʪʠʧʫ ʆʉʄʃʄï0,125 ʻ ʽʩʪʦʪʥʦ ʤʝʥʰ ʤʽʮʥʠʤʠ, 

ʥ̔ ʞ ʨʝʟʠʩʪʦʨʠ ʪʠʧʫ ʉ2ï23ï0,062 ʽ ʽʩʪʦʪʥʦ ʙʽʣʴʰ ʤʽʮʥʠʤʠ, ʥʽʞ ʨʝʟʠʩʪʦʨʠ ʆʄʃʊï0,125. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʞʥʦʾ ʚʠʙʽʨʢʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3. ɿʥʘʯʝʥʥʷ ʊ ʚʠʙʠʨʘʣʠ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʽ ʈ=0,99. ʏʠʩʣʦ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʧʨʠ 

ʚʠʙʦʨʽ ʊ ʙʨʘʣʠ ʪʘʢʠʤ: ʫ ʨʘʟʽ ʧʦʨʽʚʥʷʥʥʷ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʧʽʜʢʦʨʷʶʪʴʩʷ ʦʜʥʦʤʦʜʘʣʴʥʠʤ ʟʘʢʦʥʘʤ - 98; ʫ ʨʘʟʽ, 

ʢʦʣʠ ʦʜʠʥ ʽʟ ʟʘʢʦʥʽʚ ʻ ʙʘʛʘʪʦʤʦʜʘʣʴʥʠʤ - ʩʫʤʽ ʢʽʣʴʢʦʩʪʝʡ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʧʽʜʚʠʙʽʨʢʠ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤ ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ, ʙʝʟ ʜʚʦʭ. 

ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʢʝʨʘʤʽʮʽ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ, ʥʘʚʝʜʝʥʦ ʜʣʷ ʨʝʟʠʩʪʦʨʽʚ 

ʪʠʧʽʚ ʆʉʄʃʄï0,125 ʠ ʉ2ï23ï0,062. ɻʽʩʪʦʛʨʘʤʠ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʧʨʠ 

ʟʛʠʥʽ ʨʝʟʠʩʪʦʨʽʚ ʟʘʟʥʘʯʝʥʠʭ ʪʠʧʽʚ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 4. ɸʥʘʣʽʟ ʮʠʭ ʛʽʩʪʦʛʨʘʤ ʧʦʢʘʟʫʻ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʚʠʙʽʨʢʘʭ 
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ʟʥʘʯʝʥʥʷ ʨʫʡʥʽʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʜʣʷ ʨʝʟʠʩʪʦʨʽʚ ʆʉʄʃʄï0,125 ʤʘʶʪʴ ʪʨʠʚʝʨʰʠʥʥʫ ʬʫʥʢʮʽʶ ʱʽʣʴʥʦʩʪʽ 

ʡʤʦʚʽʨʥʦʩʪʝʡ, ʘ ʜʣʷ ʨʝʟʠʩʪʦʨʽʚ ʉ2ï23ï0,062 ï ʥʦʨʤʘʣʴʥʠʡ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʠʢʠ, 

ʚʠʢʣʘʜʝʥʦʾ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʨʦʟʜʽʣʽ, ʪʨʠʚʝʨʰʠʥʥʘ ʛʽʩʪʦʛʨʘʤʘ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʢʦʤʙʽʥʘʮʽʻʶ ʪʨʴʦʭ 

ʛʘʫʩʩʦʚʠʭ ʬʫʥʢʮʽʡ ʱʽʣʴʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʝʡ (ʨʠʩ. 5). 

 

ʊʘʙʣʠʮʷ 3 

ʇʦʨʽʚʥʷʥʥʷ ʛʨʘʥʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ ʢʝʨʘʤʽʮʽ ʨʝʟʠʩʪʦʨʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʊʠʧ ʨʝʟʠʩʪʦʨʘ 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʙʽʨʢʠ 

ʚs, ʄʇʘ 2s , ʄʇʘ2 n ʊ ʊ*  

ʆʄʃʊï0,125 155 661,5 50 9,95 3,42 

ʆʉʄʃʄï0,125 197 22,05 33   

ʆʄʃʊï0,125 155 661,5 50 6,17 2,63 

ʉ2ï23ï0,062 246 61,7 50   

ʆʉʄʃʄï0,125 197 22,05 33 45,88 3,42 

ʉ2ï23ï0,062 246 61,7 50   
 

 

 
ʈʠʩ. 4. ɻʽʩʪʦʛʨʘʤʠ ʟʫʩʠʣʴ, ʱʦ ʨʫʡʥʫʶʪʴ ʢʝʨʘʤʽʢʫ ʨʝʟʠʩʪʦʨʽʚ ʉ2ï23ï0,062 ʽ ʆʉʄʃʄï0,125 ʧʨʠ ʩʪʘʪʠʯʥʦʤʫ ʟʛʠʥʽ 

 

 
ʈʠʩ. 5. ɸʧʨʦʢʩʠʤʫʚʘʣʴʥʘ ʬʫʥʢʮʽʷ 

 

 

ʊʘʙʣʠʮʷ 4 

ʇʦʨʽʚʥʷʥʥʷ ʤʽʮʥʦʩʪʽ ʢʝʨʘʤʽʢʠ ʨʝʟʠʩʪʦʨʽʚ ʆʉʄʃʄï0,125 ʽ ʉ2ï23ï0,062 

,10sÖ  ʄʇʘ 18,38 19,64 21,53 22,16 23,41 24,05 25,31 20,90 

( ), , ,i i if xm s r 0,067 0,6 0,333 0,67 0,167 0,467 0,067 0,067 

1m ʅ 
2m  ʅ 

3m ʅ 
1s ʅ2 

2sʅ
2 

3s  ʅ2 1r 
2r  

3r  

19,68 22,09 24,07 22 23 24 0,33 0,39 0,28 
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ɼʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʦʾ ʛʽʩʪʦʛʨʘʤʠ ʚʠʟʥʘʯʝʥʦ ʜʝʚ'ʷʪʴ 

ʥʝʚʽʜʦʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʠʤʦʜʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ( , , , 1,2,3)i ii is r =m  ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘ ʚʦʩʴʤʠʪʦʯʢʦʚʽʡ ʤʥʦʞʠʥʽ. ɺʫʟʣʠ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʦʾ ʬʫʥʢʮʽʾ ʚ ʮʠʭ 

ʚʫʟʣʘʭ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4. ʋ ʨʝʟʫʣʴʪʘʪʽ ʙʫʚ ʟʘʧʠʩʘʥʠʡ ʟʘʢʦʥ ʑʈ (3), ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʪʦʯʥʽʰʝ ʦʧʠʩʘʪʠ 

ʨʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʽ ʚʨʘʭʫʚʘʪʠ ʾʭ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʟʠʩʪʦʨʽʚ. 

ɺʠʩʥʦʚʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʦʧʠʩʫ ʚʠʤʽʨʷʥʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʽ ʤʦʜʘʣʴʥʠʭ ʩʫʤʽʰʝʡ 

ʨʦʟʧʦʜʽʣʫ ʫʥʽʤʦʜʘʣʴʥʠʭ ʟʘʢʦʥʽʚ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʻ ʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʟʘ ʽʩʥʫʶʯʽ 

ʧʘʨʘʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʻ ʦʮʽʥʮʽ ʧʽʜʣʷʛʘʶʪʴ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ, ʩʬʦʨʤʦʚʘʥʽ ʧʽʜ ʜʽʻʶ ʜʝʢʽʣʴʢʦʭ 

ʜʦʤʽʥʫʶʯʠʭ ʧʨʠʯʠʥ, ʧʨʠʯʦʤʫ ʚʠʷʚʠʪʠ ʮʽ ʧʨʠʯʠʥʠ ʽ ʨʦʟʜʽʣʠʪʠ ʚʠʙʽʨʢʫ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʜʦ ʥʠʭ ʧʽʜʚʠʙʽʨʢʠ ʥʝ 

ʚʠʜʘʻʪʴʩʷ ʤʦʞʣʠʚʠʤ, ʤʝʪʦʜ ʻ ʙʽʣʴʰ ʪʦʯʥʠʤ ʟʘ ʽʩʥʫʶʯʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʠʪʠ ʽ ʧʦʨʽʚʥʷʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʽʮʥʦʩʪʽ ʨʝʟʠʩʪʦʨʽʚ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʥʘ ʨʽʟʥʠʭ ʟʘʚʦʜʘʭ. ʆʙˇʨʫʥʪʦʚʘʥʦ, ʱʦ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʫ ʮʠʭ ʟʥʘʯʝʥʥʷʭ, 

ʦʯʝʚʠʜʥʦ ʻ ʧʨʠʯʠʥʦʶ ʥʝʜʦʩʪʘʪʥʴʦʾ ʤʽʮʥʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʤʽʢʨʦʤʦʜʫʣʽʚ.  
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ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʈʆʃʆɻɯʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ  

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ɿɸʉʆɹʋ  

ɺʀʄɯʈʖɺɸʃʔʅʆɻʆ ʂʆʅʊʈʆʃʖ ɺʆʃʆɻʆʉʊɯ ʇɸʇɽʈʋ  
 
ȹ ɗɘɆɘɘɫ ɓɆɈɋɊɋɓɔ ɊɔɗɑɫɊɌɋɓɓɥ ɔɗɓɔɈɓɎɛ ɒɋɘɖɔɑɔɉɫɝɓɎɛ ɛɆɖɆɐɘɋɖɎɗɘɎɐ ɍɆɗɔɇɫɈ ɈɎɒɫɖɤɈɆɑɢɓɔɉɔ ɐɔɓɘɖɔɑɤ Ɉɔɑɔɉɔɗɘɫ 

ɕɆɕɋɖə: ɘɋɔɖɋɘɎɝɓə ɘɆ ɋɐɗɕɋɖɎɒɋɓɘɆɑɢɓə ɉɖɆɊəɤɈɆɑɢɓɫ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ, ɕɔɛɎɇɐɎ ɍɆɗɔɇə ɈɎɒɫɖɤɈɆɓɢ Ɉɔɑɔɉɔɗɘɫ ɕɆɕɋɖə 
(Ɇɇɗɔɑɤɘɓə, ɈɫɊɓɔɗɓə, ɍɈɋɊɋɓə), ɈɗɘɆɓɔɈɑɋɓɔ ɐɑɆɗ ɘɔɝɓɔɗɘɫ ɈɎɒɫɖɤɈɆɑɢɓɔɉɔ ɍɆɗɔɇə. ȳɆɈɋɊɋɓɔ ɆɑɉɔɖɎɘɒ ɈɎɐɔɓɆɓɓɥ 
ɐɔɒɕɑɋɐɘɓɔɬ ɕɔɈɫɖɐɎ ɍɆɗɔɇə. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɆɈɘɔɒɆɘɎɍɔɈɆɓɆ ɗɎɗɘɋɒɆ ɐɔɓɘɖɔɑɤ Ɉɔɑɔɉɔɗɘɫ, ɒɋɘɖɔɑɔɉɫɝɓɫ ɛɆɖɆɐɘɋɖɎɗɘɎɐɎ, ɓɆɊɑɎɞɐɔɈɎɏ ɒɋɘɔɊ, 
Ɉɔɑɔɉɫɗɘɢ ɕɆɕɋɖə. 

 

KORETSKA L., FORKUN I., MEDZATYI  D. 
Khmelnytskyi National University 

 

STUDY OF METROLOGICAL CHARACTERISTICS OF AUTOMATED MEANS  

OF MEASURING CONTROL OF PAPER HUMIDITY  
 
The moisture content of the paper plays a very important role, as it affects the strength, stability of the size and shape of  

the sheets. Control over the preparation of printing machines for printing, which aims to ensure the corr ect position of the print on 
the paper, twisting, warping, static electricity, the formation of wrinkles and folds is impossible without control over the humidity of 
the paper and the dynamics of its change. The greatest stability of paper moisture is obse rved at a humidity of 45%. And the most 
favorable range of humidity - 40-60%. But when you move sheets of paper from storage areas where the temperature is lower, to 
the room where the printing will take place and the temperature is higher, and accordingly , a difference in humidity is created, 
which will affect the humidity of the paper. After weaving the polyethylene sheets of paper begin to absorb moisture until th ere is a 
balance of humidity in the environment. Changing the moisture content of the paper leads to printing defects, the use of more ink, 
incompatibility of inks on the prints, and others. Therefore, measuring the moisture content of the paper before printing is of great 
importance. The optimum moisture content in the paper is 4.5ï5.5 %. High-precision automated measuring instruments should be 
used to monitor such small values. 

High-precision determination of paper humidity in an automated humidity control system is important because the range 
of usability of paper that is suitable for use is qu ite small. Inaccurate measurement can lead to the paper being considered unusable 
by the system, and vice versa. 

The use of surplus methods of measuring the humidity content of sheet materials provides automatic correction of errors, 
which are due to the i nfluence of the following factors: absolute values of the parameters of the conversion function of the 
measuring channel and their deviation from the nominal values; nonlinearity and instability of the parameters of the transfor mation 
function of the measuring channel as a result of the influence of external destabilizing factors; attenuation of the flow of optical 
radiation introduced by the elements of the optical path and contamination of the optical elements. The extraction of the err or 
components is carried out as a result of processing the obtained intermediate data according to a certain equation of surplus 
measurements. 

The article studies the metrological characteristics of the automated paper humidity control system, which is based on the 
use of the method of surplus measurements. The accuracy class of the automated control system is determined. 

Keywords: automated humidity control system, metrological characteristics, surplus method, paper humidity.  

 

ɺʩʪʫʧ. ɺʤʽʩʪ ʚʦʣʦʛʠ ʫ ʧʘʧʝʨʽ ʚʽʜʽʛʨʘʻ ʜʦʩʠʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ, ʦʩʢʽʣʴʢʠ ʮʝ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʥʽ 

ʧʦʢʘʟʥʠʢʠ, ʩʪʽʡʢʽʩʪʴ ʨʦʟʤʽʨʽʚ ʪʘ ʬʦʨʤʠ ʣʠʩʪʽʚ. ʂʦʥʪʨʦʣʴ ʟʘ ʧʽʜʛʦʪʦʚʢʦʶ ʜʨʫʢʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʜʦ ʜʨʫʢʫ 

ʪʠʨʘʞʫ, ʷʢʠʡ ʤʘʻ ʥʘ ʤʝʪʽ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʘʚʠʣʴʥʝ ʧʦʣʦʞʝʥʥʷ ʚʽʜʪʠʩʢʫ ʥʘ ʧʘʧʝʨʽ, ʩʢʨʫʯʫʚʘʥʥʷʤ, ʢʦʨʦʙʣʝʥʥʷʤ, 

ʩʪʘʪʠʯʥʦʶ ʝʣʝʢʪʨʠʢʦʶ, ʫʪʚʦʨʝʥʥʷ ʟʤʦʨʰʦʢ ʪʘ ʩʢʣʘʜʦʢ ʥʝʤʦʞʣʠʚʠʡ ʙʝʟ ʢʦʥʪʨʦʣʶ ʟʘ ʚʦʣʦʛʽʩʪʶ ʧʘʧʝʨʫ ʪʘ 

ʜʠʥʘʤʽʢʦʶ ʾʾ ʟʤʽʥʠ. ʅʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʦʣʦʛʦʩʪʽ ʧʘʧʝʨʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʦʣʦʛʦʩʪʽ ʦʪʦʯʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ 45 %. ɸ ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʡ ʜʽʘʧʘʟʦʥ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ï 40-60%. ɸʣʝ ʧʨʠ ʧʝʨʝʥʝʩʝʥʥʽ ʣʠʩʪʽʚ 

ʧʘʧʝʨʫ ʟ ʩʢʣʘʜʩʴʢʠʭ ʧʨʠʤʽʱʝʥʴ, ʜʝ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʞʯʘ, ʫ ʧʨʠʤʽʱʝʥʥʷ, ʜʝ ʚʽʜʙʫʚʘʪʠʤʝʪʴʩʷ ʜʨʫʢ ʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʻ ʚʠʱʦʶ, ʽ ʚʽʜʧʦʚʽʜʥʦ, ʩʪʚʦʨʶʻʪʴʩʷ ʽ ʨʽʟʥʠʮʷ ʚʦʣʦʛʦʩʪʽ, ʷʢʘ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʚʦʣʦʛʽʩʪʴ ʧʘʧʝʨʫ. 

ʇʽʩʣʷ ʟʥʘʪʪʷ ʧʦʣʽʝʪʠʣʝʥʫ ʣʠʩʪʠ ʧʘʧʝʨʫ ʧʦʯʠʥʘʶʪʴ ʚʙʠʨʘʪʠ ʚʦʣʦʛʫ ʜʦ ʪʠʭ ʧʽʨ ʧʦʢʠ ʥʝ ʥʘʩʪʘʥʝ ʨʽʚʥʦʚʘʛʘ 

ʚʽʜʥʦʩʥʦ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɿʤʽʥʘ ʚʦʣʦʛʦʩʪʽ ʧʘʧʝʨʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʝʢʪʽʚ 

ʜʨʫʢʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʨʙʠ, ʥʝʩʫʤʽʱʝʥʥʷ ʬʘʨʙ ʥʘ ʚʽʜʪʠʩʢʘʭ ʽ ʽʥ. ʊʦʤʫ ʚʠʤʽʨʶʚʘʥʥʷ 

ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʘʧʝʨʫ ʧʝʨʝʜ ʜʨʫʢʦʤ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ. ʆʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʚʦʣʦʛʦʩʪʽ ʚ ʧʘʧʝʨʽ 

ʩʪʘʥʦʚʠʪʴ 4,5ï5,5 %. ɼʣʷ ʢʦʥʪʨʦʣʶ ʪʘʢʠʭ ʥʝʚʝʣʠʢʠʭ ʟʥʘʯʝʥʴ ʧʦʚʠʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚʠʩʦʢʦʪʦʯʥʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʦ ʧʦʢʘʟʘʥʦ [1ï3], ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʘʜʣʠʰʢʦʚʠʭ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʩʪʽ ʣʠʩʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻ ʘʚʪʦʤʘʪʠʯʥʫ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
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ʢʦʨʝʢʮʽʶ ʧʦʭʠʙʦʢ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʚʧʣʠʚʦʤ ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ: ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʪʘ ʾʭ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʤʽʥʘʣʴʥʠʭ ʟʥʘʯʝʥʴ; ʥʝʣʽʥʽʡʥʽʩʪʶ ʪʘ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ ʧʘʨʘʤʝʪʨʽʚ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ 

ʜʝʩʪʘʙʽʣʽʟʫʶʯʠʭ ʬʘʢʪʦʨʽʚ; ʧʦʩʣʘʙʣʝʥʥʷ ʧʦʪʦʢʫ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʚʥʦʩʠʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ 

ʦʧʪʠʯʥʦʛʦ ʪʨʘʢʪʫ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷʤ ʦʧʪʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʠʣʫʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ 

ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʧʨʦʤʽʞʥʠʭ ʜʘʥʠʭ ʟʘ ʧʝʚʥʠʤ ʨʽʚʥʷʥʥʷʤ ʥʘʜʣʠʰʢʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ. ɿʤʝʥʰʝʥʥʷ 

ʚʠʧʘʜʢʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʦʞʣʠʚʝ ʟʘ ʨʘʭʫʥʦʢ ʟʜʽʡʩʥʝʥʥʷ ʙʘʛʘʪʦʨʘʟʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʫ 

ʢʦʞʥʦʤʫ ʪʘʢʪʽ ʪʘ ʾʭ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ. ʇʨʦʚʝʜʝʤʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʫ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʩʪʽ ʧʘʧʝʨʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʦʣʦʛʠ ʚ ʧʘʧʝʨʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʥʘʜʣʠʰʢʦʚʠʭ 

ʚʠʤʽʨʶʚʘʥʴ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʥʘʥʥʽ ʯʦʪʠʨʴʦʭ ʪʘʢʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʝʡ ʧʦʪʦʢʽʚ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʽ ʧʝʨʝʪʚʦʨʝʥʽ ʫ ʥʘʧʨʫʛʠ. ʋ ʧʝʨʰʦʤʫ ʪʘʢʪʽ ʧʨʦʚʦʜʠʣʦʩʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘʢ ʟʚʘʥʦʛʦ 

ʟʤʽʱʝʥʥʷ ʥʫʣʷ. ʋ ʜʨʫʛʦʤʫ ʪʘʢʪʽ ʫ ʦʧʪʠʯʥʠʡ ʪʨʘʢʪ ʚʩʪʘʥʦʚʣʶʚʘʚʩʷ ʟʨʘʟʦʢ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽʟ ʚʽʜʦʤʠʤ 

ʟʥʘʯʝʥʥʷʤ ʚʦʣʦʛʦʩʪʽ. ʇʦʪʫʞʥʽʩʪʴ ʧʦʩʣʘʙʣʝʥʦʛʦ ʧʦʪʦʢʫ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʚʘʣʠ ʫ 

ʥʘʧʨʫʛʫ. ʋ ʪʨʝʪʴʦʤʫ ʪʘʢʪʽ ʚʠʤʽʨʶʚʘʣʦʩʴ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, ʫ ʷʢʫ ʧʝʨʝʪʚʦʨʝʥʦ ʧʦʪʫʞʥʽʩʪʴ ʧʦʩʣʘʙʣʝʥʦʛʦ 

ʧʦʪʦʢʫ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʨʘʟʦʢ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ 

ʤʘʪʝʨʽʘʣ. ʋ ʯʝʪʚʝʨʪʦʤʫ ʪʘʢʪʽ ʧʨʦʚʦʜʠʣʦʩʴ ʚʠʤʽʨʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʛʠ, ʫ ʷʢʫ ʧʝʨʝʪʚʦʨʝʥʦ ʧʦʪʫʞʥʽʩʪʴ 

ʧʦʩʣʘʙʣʝʥʦʛʦ ʧʦʪʦʢʫ ʆɺ, ʱʦ ʧʨʦʡʰʦʚ ʯʝʨʝʟ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʤʘʪʝʨʽʘʣ. ɼʘʣʽ ʟʘ ʨʽʚʥʷʥʥʷʤ ʥʘʜʣʠʰʢʦʚʠʭ 

ʚʠʤʽʨʶʚʘʥʴ (1) ʚʠʟʥʘʯʘʣʦʩʴ ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʧʘʧʝʨʫ: 
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ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʮʠʬʨʦʚʠʡ ʦʧʪʠʢʦ-

ʝʣʝʢʪʨʦʥʥʠʡ ʟʘʩʽʙ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʡʦʤ ʧʦʩʣʘʙʣʝʥʦʛʦ ʧʦʪʦʢʫ ʆɺ, ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʛʦ ʫ ʝʣʝʢʪʨʠʯʥʠʡ 

ʩʠʛʥʘʣ ʪʘ ʦʙʨʦʙʢʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʦʣʦʛʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ ʚʠʤʽʨʶʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʧʦʪʫʞʥʦʩʪʽ ʧʦʩʣʘʙʣʝʥʦʛʦ ʧʦʪʦʢʫ ʆɺ. ʊʘʢʠʡ ʟʘʩʽʙ ʤʽʩʪʠʪʠʤʝ ʚ ʩʦʙʽ ʦʧʪʠʯʥʽ, ʝʣʝʢʪʨʦʥʥʽ, ʤʝʭʘʥʽʯʥʽ ʪʘ ʽʥʰʽ 

ʝʣʝʤʝʥʪʠ [4ï6]. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʟʘʩʦʙʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʮʠʬʨʦʚʦʛʦ ʦʧʪʠʢʦ-ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʩʪʽ ʣʠʩʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ: ɼʆɺ ï ʜʞʝʨʝʣʦ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʇʄ ï ʧʨʦʪʷʞʥʠʡ ʤʝʭʘʥʽʟʤ,  

ɼʆ ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ, ʌʇʨ ï ʬʦʪʦʧʨʠʡʤʘʯ, ʇ ï ʧʽʜʩʠʣʶʚʘʯ, ʎɺ ï ʮʠʬʨʦʚʠʡ ʚʦʣʴʪʤʝʪʨ 

 

ɿʛʽʜʥʦ ʟ ʮʽʻʶ ʩʪʨʫʢʪʫʨʥʦʶ ʩʭʝʤʦʶ ʟʘʩʽʙ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʤʽʩʪʠʪʴ ʜʞʝʨʝʣʦ ʦʧʪʠʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɼʆɺ, ʥʘ ʚʠʭʦʜʽ ʷʢʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʧʦʪʽʢ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʠʡ ʧʦʪʨʘʧʣʷʻ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙôʻʢʪ ɼʆ. ʇʨʦʪʷʛʫʚʘʥʥʷ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʪʷʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʇʄ 

ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʧʦʩʣʘʙʣʝʥʦʛʦ ʧʦʪʦʢʫ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʧʨʦʡʰʦʚ ʯʝʨʝʟ 

ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ, ʫ ʢʽʣʴʢʦʭ ʤʽʩʮʷʭ. ʇʦʩʣʘʙʣʝʥʠʡ ʧʦʪʽʢ ʦʧʪʠʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʦʪʨʘʧʣʷʻ ʥʘ 

ʬʦʪʦʧʨʠʡʤʘʯ ʌʇʨ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʡʦʛʦ ʫ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ. ʉʠʛʥʘʣ ʟ ʚʠʭʦʜʫ ʬʦʪʦʧʨʠʡʤʘʯʘ ʌʇʨ 

ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʽʜʩʠʣʶʚʘʯ, ʟ ʷʢʦʛʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʮʠʬʨʦʚʠʡ ʚʦʣʴʪʤʝʪʨ ʎɺ.  

ɿʜʘʪʥʽʩʪʴ ʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚʠʪʨʠʤʫʚʘʪʠ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʟʘʜʘʥʠʭ ʤʝʞʘʭ 

ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʴ. ɼʣʷ ʦʮʽʥʢʠ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʭ ʥʦʨʤʦʚʘʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʨʦʚʦʜʷʪʴ ʧʨʦʮʝʩ ʧʦʚʽʨʢʠ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʦʭʠʙʦʢ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʽ ʚʠʥʝʩʝʥʥʷ ʨʽʰʝʥʥʷ ʧʨʦ ʾʭ ʧʨʠʜʘʪʥʽʩʪʴ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ [7].  

ʇʦʚʽʨʢʫ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʜʚʦʤʘ ʤʝʪʦʜʘʤʠ: ʧʦʝʣʝʤʝʥʪʥʦ; 

ʢʦʤʧʣʝʢʪʥʦ. ʇʦʝʣʝʤʝʥʪʥʘ ʧʦʚʽʨʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʞʥʦʛʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʦʢʨʝʤʦ. ʥʘ ʦʩʥʦʚʽ ʚʽʜʦʤʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʟʥʘʯʘʶʪʴ ʩʫʤʘʨʥʽ 

ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʦʙʫ, ʱʦ ʧʦʚʽʨʷʻʪʴʩʷ. ʇʽʜ ʯʘʩ ʢʦʤʧʣʝʢʪʥʦʾ ʧʦʚʽʨʢʠ ʚʠʟʥʘʯʘʶʪʴ ʤʝʪʨʦʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʷʢ ʻʜʠʥʦʛʦ ʮʽʣʦʛʦ ʙʝʟ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʨʝʤʠʭ ʾʾ ʯʘʩʪʠʥ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʦʟʨʦʙʣʝʥʦʛʦ ʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜ ʟʨʘʟʢʦʚʠʭ ʟʘʩʦʙʽʚ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʦ ʦʜʥʦʯʘʩʥʝ ʚʠʤʽʨʶʚʘʥʥʷ 

ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʟʘʩʦʙʦʤ, ʱʦ ʧʦʚʽʨʷʻʪʴʩʷ, ʪʘ ʟʨʘʟʢʦʚʠʤ ʟʘʩʦʙʘʤʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ. ʇʨʠ ʮʴʦʤʫ 

ʦʧʝʨʘʪʦʨ ʤʘʻ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʥʘ ʟʨʘʟʢʦʚʠʡ ʽ ʥʘ ʟʘʩʽʙ, ʷʢʠʡ ʧʦʚʽʨʷʻʪʴʩʷ, ʜʽʻ ʦʜʥʘ ʽ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʽʟʠʯʥʦʾ 

ʚʝʣʠʯʠʥʠ.  
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ʍʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʤʝʪʦʜʫ ʟʨʘʟʢʦʚʠʭ ʟʘʩʦʙʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʟʨʘʟʢʦʚʠʭ 

ʟʘʩʦʙʽʚ, ʱʦ ʤʘʶʪʴ ʚʽʜʦʤʽ ʽ ʩʪʘʙʽʣʴʥʽ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʦ ʟʨʘʟʢʦʚʠʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʧʨʝʜôʷʚʣʷʻʪʴʩʷ ʪʘʢʘ ʚʠʤʦʛʘ: çʊʦʯʥʽʩʪʴ ʟʨʘʟʢʦʚʦʛʦ ʟʘʩʦʙʫ ʤʘʻ ʙʫʪʠ ʚ 3ï5 ʨʘʟ ʚʠʱʦʶ ʥʽʞ ʪʦʯʥʽʩʪʴ 

ʟʘʩʦʙʫ, ʷʢʠʡ ʧʦʚʽʨʷʻʪʴʩʷè.  

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʦʤʧʣʝʢʪʥʦʾ ʧʦʚʽʨʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʩʪʫʧʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡ [7]:  

1. ʆʪʨʠʤʘʪʠ ʛʨʘʜʫʶʚʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʜʣʷ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ;  

2. ʅʘʚʝʩʪʠ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʧʦʚʽʨʢʠ;  

3. ɺʠʢʦʨʠʩʪʘʪʠ ʘʙʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ;  

4. ɺʠʟʥʘʯʠʪʠ ʽʟ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʥʷ 3ï5 ʪʦʯʦʢ, ʚ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʚʠʤʽʨʶʚʘʣʴʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪ;  

5. ɺ ʮʠʭ ʪʦʯʢʘʭ ʧʨʦʚʝʩʪʠ ʦʜʥʦʯʘʩʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʟʨʘʟʢʦʚʠʤ ʟʘʩʦʙʦʤ ʽ ʟʘʩʦʙʦʤ, ʱʦ ʧʦʚʽʨʷʻʪʴʩʷ. 

ɺʠʤʽʨʷʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʝ ʟʨʘʟʢʦʚʠʤ ʟʘʩʦʙʦʤ ʧʨʠʡʥʷʪʠ ʟʘ ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ 
ʜx

C , ʘ ʟʘʩʦʙʦʤ, ʱʦ 

ʧʦʚʽʨʷʻʪʴʩʷ, ï ʟʘ ʚʠʤʽʨʷʥʝ 
ʚx

C ;  

6. ʆʮʽʥʠʪʠ ʚ ʮʠʭ ʪʦʯʢʘʭ ʜʽʘʧʘʟʦʥʫ ʚʠʤʽʨʶʚʘʥʥʷ ʘʙʩʦʣʶʪʥʫ, ʚʽʜʥʦʩʥʫ, ʟʚʝʜʝʥʫ ʧʦʭʠʙʢʠ;  

7. ɿʥʘʡʪʠ ʽʟ ʨʷʜʫ ʚʽʜʥʦʩʥʠʭ ʽ ʟʚʝʜʝʥʠʭ ʧʦʭʠʙʦʢ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʨʦʣʦʛʽʯʥʦʛʦ ʨʷʜʫ ʚʩʪʘʥʦʚʠʪʠ ʢʣʘʩ ʪʦʯʥʦʩʪʽ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʜʫʶʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠʩʴ ʽʟ ʟʥʘʯʝʥʥʷʤ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ 

ʚʝʣʠʯʠʥʠ, ʜʦʧʫʩʢʘʤʠ ʥʘ ʾʾ ʟʤʽʥʫ ʪʘ ʢʨʦʢʦʤ ʢʚʘʥʪʫʚʘʥʥʷ.  

ɼʣʷ ʦʬʩʝʪʥʦʛʦ ʧʘʧʝʨʫ (ˉ 1, ʧʝʨʰʦʛʦ ʩʦʨʪʫ) ʟʛʽʜʥʦ ɻʆʉʊ 9094ï89 [8] ʟʥʘʯʝʥʥʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʦʚʠʥʥʦ ʟʥʘʭʦʜʠʪʠʩʴ ʫ ʤʝʞʘʭ (2): 

%1%6 °=xC .      (2) 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʘʜʘʤʦʩʴ ʚʝʨʭʥʴʦʶ ʤʝʞʝʶ 

ʚʠʤʽʨʶʚʘʥʥʷ %8max=xC .  

ʂʨʦʢ ʢʚʘʥʪʫʚʘʥʥʷ ʩʪʘʥʦʚʠʪʴ (3): 

 %008,0
2

%8

2 10
max ===
n

xC
h .     (3) 

ɻʨʘʜʫʶʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ (3) ʟʘʩʦʙʫ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʩʪʽ ʧʘʧʝʨʫ ʤʘʪʠʤʝ ʚʠʛʣʷʜ (ʨʠʩ. 2, ʘ): 

 NNhCx Ö=Ö= %008,0 ,     (4)  

ʜʝ N ï ʢʽʣʴʢʽʩʪʴ ʽʤʧʫʣʴʩʽʚ, ʷʢʽ ʧʽʜʨʘʭʫʻ ʜʚʽʡʢʦʚʠʡ ʣʽʯʠʣʴʥʠʢ ʟʘ ɸʎʇ-ʧʝʨʝʪʚʦʨʝʥʥʷ.   

 
 

ʈʠʩ. 2. ʊʝʦʨʝʪʠʯʥʘ ʛʨʘʜʫʶʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʘ) ʪʘ ʦʪʨʠʤʘʥʽ ʝʢʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ (ʙ)  
 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʜʽʡʩʥʦʛʦ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʘʩʦʙʦʤ ʢʦʥʪʨʦʣʶ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʦʣʦʛʦʩʪʽ ʟʛʽʜʥʦ ɻʆʉʊ 13525.19-91 (ɯSO 28785) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ (105°2) ÁC. 

ʆʙʣʘʜʥʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʮʴʦʛʦ ɼʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ. ɺʦʣʦʛʽʩʪʴ ʟʨʘʟʢʘ ʧʘʧʝʨʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (ʫ ʚʽʜʩʦʪʢʘʭ):  

%,100
1

21 Ö
-

-
=

mm

mm
Cx       (5) 

ʜʝ m ï ʤʘʩʘ ʻʤʥʦʩʪʽ ʜʣʷ ʟʚʘʞʫʚʘʥʥʷ, ʛ; 1mï ʤʘʩʘ ʻʤʥʦʩʪʽ ʜʣʷ ʟʚʘʞʫʚʘʥʥʷ ʽʟ ʟʨʘʟʢʦʤ ʧʘʧʝʨʫ ʜʦ 

ʚʠʩʫʰʫʚʘʥʥʷ, ʛ; 2m ï ʤʘʩʘ ʻʤʥʦʩʪʽ ʜʣʷ ʟʚʘʞʫʚʘʥʥʷ ʽʟ ʟʨʘʟʢʦʤ ʧʘʧʝʨʫ ʧʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ, ʛ.  

ʈʝʟʫʣʴʪʘʪʠ ʦʧʠʩʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʠʡʥʷʪʦ ʟʘ ʜʽʡʩʥʽ ʟʥʘʯʝʥʥʷ ʽ ʟʘʥʝʩʝʥʦ ʜʦ ʪʘʙʣʠʮʽ 1 ʪʘ 

ʧʦʟʥʘʯʝʥʽ ʥʘ ʨʠʩ. 2, ʙ.  
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ʊʘʙʣʠʮʷ 1  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 
ɼʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʠ, %  5,08 5,65 5,98 6,54 6,89 ʅʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

ɺʠʤʽʨʷʥʝ  
ʟʥʘʯʝʥʥʷ ʚʦʣʦʛʠ, %  

5,04 5,71 5,92 6,59 6,97 ï 

ɸʙʩʦʣʶʪʥʘ ʧʦʭʠʙʢʘ, %  -0,04 +0,06 -0,06 +0,05 +0,08 0,08 

ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ, %  0,79 1,06 1,01 0,77 1,16 2,0 

ɿʚʝʜʝʥʘ ʧʦʭʠʙʢʘ, %  0,50 0,75 0,75 0,63 1,00 1,0 

 

ʇʨʦʚʝʜʝʤʦ ʧʝʨʝʚʽʨʢʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʠʤʦ 

ʧʦʭʠʙʢʫ ʤʽʞ ʜʘʥʠʤʠ, ʱʦ ʦʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʦ, ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ: 

( ) ( )

( )
%100

ʝʢʩʧ

ʝʢʩʧʪʝʦʨʝʪ
MM Ö

-
=

x

xx

C

CC
d . 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʭʠʙʢʘ ʤʽʞ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,5 %.  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ NUMERɯ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʩʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ (ʨʠʩ. 

3) ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʟʘʩʦʙʫ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʩʪʽ ʧʘʧʝʨʫ, ʷʢʘ ʙʫʣʘ ʘʧʨʦʢʩʠʤʦʚʘʥʘ 

ʧʦʣʽʥʦʤʦʤ ɯ ʩʪʫʧʝʥ.̫ ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʬʫʥʢʮʽʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʢʘʥʘʣʫ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ:  

3
0550,103135,0 xx ʉC Ö+-= .      (6) 

 
 

ʈʠʩ. 3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʛʨʘʜʫʶʚʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

 

ɺʠʩʥʦʚʢʠ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʪʘʥʦʚʣʝʥʦ:  

ï ʪʝʦʨʝʪʠʯʥʘ ʩʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʩʦʙʫ ʻ ʣʽʥʽʡʥʦʶ; 

ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʪʘʪʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʘ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ 

ʽ ʤʘʻ ʷʢ ʘʜʠʪʠʚʥʫ (0,3135 % (ʚʘʛ.)) ʪʘʢ ʽ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʫ (1,055 % (ʚʘʛ.)) ʩʢʣʘʜʦʚʫ ʧʦʭʠʙʢʠ; 

ï ʚʠʧʘʜʢʦʚʘ ʩʢʣʘʜʦʚʘ ʧʦʭʠʙʢʠ ʨʦʟʧʦʜʽʣʝʥʘ ʟʘ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ. ʉʠʩʪʝʤʘʪʠʯʥʘ ʩʢʣʘʜʦʚʘ 

ʧʦʭʠʙʢʠ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,0017 % (ʚʘʛ.), ʘ ʩʝʨʝʜʥʻ ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ ï 0,319 %(ʚʘʛ.); 

ï ʤʘʢʩʠʤʘʣʴʥʘ ʟʚʝʜʝʥʘ ʧʦʭʠʙʢʘ ʟʘʩʦʙʫ ʢʦʥʪʨʦʣʶ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,00 %, ʢʣʘʩ ʪʦʯʥʦʩʪʽ ʟʘʩʦʙʫ 

ʩʪʘʥʦʚʠʪʴ 1,0.  
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ARCHITECTURE OF SOLAR PANEL INTELLIGENT MONITORING SYSTEM   

BY MEANS OF INDUSTRIAL CONTROLLER  
 
The paper is devoted to increasing the efficiency of real-time monitoring of the basic solar panel parameters. The main 

disadvantage of existing solar panel monitoring systems is the inability to troubleshoot a single solar panel of large p ower plants. 
This is due to the fact that modern inverters transmit voltage, current and power data of solar panel string. To determine wh ich 
particular panel has bad parameters, it is necessary to disconnect all panels in the string and check their parameters separately. 
Another disadvantage of existing solar panel monitoring systems is the inability to measure the temperature of each panel 
individually, which significantly affects the solar panel performance. The solar panel intelligent monitoring system was developed 
and based on using the measuring sensors. The solar panel intelligent monitoring system is connected to the Internet via Wi -Fi. The 
solar panel intelligent monitoring system improves the measurement accuracy of the basic solar panels parameters. The solar panel 
intelligent monitoring system reduces the detection time of solar panels with bad parameters and characteristics.  

Keywords: solar panel, intelligent monitoring system, solar panel string, detection time, p arameters. 
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ɸʈʍɯʊɽʂʊʋʈɸ ɯʅʊɽʃɽʂʊʀɺʅʆɰ ʉʀʉʊɽʄʀ ʄʆʅɯʊʆʈʀʅɻʋ  

ʉʆʅʗʏʅʆɰ ʇɸʅɽʃɯ ɿɸʉʆɹɸʄʀ ʇʈʆʄʀʉʃʆɺʆɻʆ ʂʆʅʊʈʆʃɽʈʋ 
 
ȷɘɆɘɘɥ ɕɖɎɗɈɥɝɋɓɆ ɕɫɊɈɎɟɋɓɓɤ ɋɚɋɐɘɎɈɓɔɗɘɫ ɒɔɓɫɘɔɖɎɓɉə ɔɗɓɔɈɓɎɛ ɕɆɖɆɒɋɘɖɫɈ ɗɔɓɥɝɓɔɬ ɇɆɘɆɖɋɬ Ɉ ɖɋɌɎɒɫ 

ɖɋɆɑɢɓɔɉɔ ɝɆɗə. ȴɗɓɔɈɓɎɒ ɓɋɊɔɑɫɐɔɒ ɫɗɓəɤɝɎɛ ɗɎɗɘɋɒ ɒɔɓɫɘɔɖɎɓɉə ɗɔɓɥɝɓɎɛ ɕɆɓɋɑɋɏ ɩ ɓɋɒɔɌɑɎɈɫɗɘɢ əɗəɓɋɓɓɥ ɓɋɕɔɑɆɊɔɐ 
ɔɊɓɫɩɬ ɗɔɓɥɝɓɔɬ ɕɆɓɋɑɫ ɈɋɑɎɐɎɛ ɋɑɋɐɘɖɔɗɘɆɓɜɫɏ. ȼɋ ɕɔɈ'ɥɍɆɓɔ ɍ ɘɎɒ, ɟɔ ɗəɝɆɗɓɫ ɫɓɈɋɖɘɔɖɎ ɕɋɖɋɊɆɤɘɢ ɊɆɓɫ ɓɆɕɖəɉɎ, ɗɘɖəɒə ɘɆ 
ɕɔɘəɌɓɔɗɘɫ ɗɔɓɥɝɓɔɬ ɇɆɘɆɖɋɬ. ȿɔɇ ɈɎɍɓɆɝɎɘɎ, ɥɐɆ ɐɔɓɐɖɋɘɓɆ ɕɆɓɋɑɢ ɒɆɩ ɕɔɉɆɓɫ ɕɆɖɆɒɋɘɖɎ, ɓɋɔɇɛɫɊɓɔ ɈɫɊ'ɩɊɓɆɘɎ Ɉɗɫ ɕɆɓɋɑɫ Ɉ 
ɖɥɊɐə ɘɆ ɕɋɖɋɈɫɖɎɘɎ ɬɛ ɕɆɖɆɒɋɘɖɎ ɔɐɖɋɒɔ. ȿɋ ɔɊɓɎɒ ɓɋɊɔɑɫɐɔɒ ɫɗɓəɤɝɎɛ ɗɎɗɘɋɒ ɒɔɓɫɘɔɖɎɓɉə ɗɔɓɥɝɓɎɛ ɕɆɓɋɑɋɏ ɩ 
ɓɋɒɔɌɑɎɈɫɗɘɢ ɈɎɒɫɖɤɈɆɘɎ ɘɋɒɕɋɖɆɘəɖə ɐɔɌɓɔɬ ɕɆɓɋɑɫ ɔɐɖɋɒɔ, ɟɔ ɗəɘɘɩɈɔ ɈɕɑɎɈɆɩ ɓɆ ɕɖɔɊəɐɘɎɈɓɫɗɘɢ ɗɔɓɥɝɓɔɬ ɕɆɓɋɑɫ. 
ȝɓɘɋɑɋɐɘəɆɑɢɓɆ ɗɎɗɘɋɒɆ ɒɔɓɫɘɔɖɎɓɉə ɗɔɓɥɝɓɎɛ ɕɆɓɋɑɋɏ ɇəɑɆ ɖɔɍɖɔɇɑɋɓɆ ɫ ɇɆɍəɩɘɢɗɥ ɓɆ ɈɎɐɔɖɎɗɘɆɓɓɫ ɈɎɒɫɖɤɈɆɑɢɓɎɛ 
ɊɆɘɝɎɐɫɈ. ȝɓɘɋɑɋɐɘəɆɑɢɓɆ ɗɎɗɘɋɒɆ ɒɔɓɫɘɔɖɎɓɉə ɗɔɓɥɝɓɎɛ ɕɆɓɋɑɋɏ ɕɫɊɐɑɤɝɋɓɆ Ɋɔ ȝɓɘɋɖɓɋɘə ɝɋɖɋɍ Wi-Fi. ȝɓɘɋɑɋɐɘəɆɑɢɓɆ 
ɗɎɗɘɋɒɆ ɒɔɓɫɘɔɖɎɓɉə ɗɔɓɥɝɓɎɛ ɕɆɓɋɑɋɏ ɕɔɐɖɆɟəɩ ɘɔɝɓɫɗɘɢ ɈɎɒɫɖɤɈɆɓɓɥ ɔɗɓɔɈɓɎɛ ɕɆɖɆɒɋɘɖɫɈ ɗɔɓɥɝɓɎɛ ɕɆɓɋɑɋɏ. 
ȝɓɘɋɑɋɐɘəɆɑɢɓɆ ɗɎɗɘɋɒɆ ɒɔɓɫɘɔɖɎɓɉə ɗɔɓɥɝɓɎɛ ɕɆɓɋɑɋɏ ɍɒɋɓɞəɩ ɝɆɗ ɈɎɥɈɑɋɓɓɥ ɗɔɓɥɝɓɎɛ ɕɆɓɋɑɋɏ ɍ ɕɔɉɆɓɎɒɎ ɕɆɖɆɒɋɘɖɆɒɎ 
ɘɆ ɛɆɖɆɐɘɋɖɎɗɘɎɐɆɒɎ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɗɔɓɥɝɓɆ ɕɆɓɋɑɢ, ɫɓɘɋɑɋɐɘəɆɑɢɓɆ ɗɎɗɘɋɒɆ ɒɔɓɫɘɔɖɎɓɉə, ɖɥɊɔɐ ɗɔɓɥɝɓɎɛ ɕɆɓɋɑɋɏ, ɝɆɗ ɈɎɥɈɑɋɓɓɥ, 
ɕɆɖɆɒɋɘɖɎ. 

 

Introduction.  The trouble-free operation of solar panels and all elements of a solar power plant is a 

prerequisite for efficient electricity production and a profitable investment in a solar power plant. To ensure long 

trouble-free operation, periodic audits (diagnostics, defect recommendations) of all elements of a solar power plant 

are required. 

Detecting defective and finding inefficient solar panels with reduced efficiency af-fects the level of 

electricity generation during the operation of a solar station. If the solar panels are connected in series, the failure of 

one of the elements can lead to partial or total loss of power of the entire solar power plant. In addition, due to the 

fact that solar panels are made up of a large number of semiconductor cells, the gen-eration of heat in a faulty 

element can lead to the destruction of neighboring elements, the problem will grow over time. Therefore, it is 

necessary to identify defective solar panels on time, which will allow them to be quickly replaced. This will 

maximize system life and maximize efficiency. 

For timely detection of defective solar panels, it is necessary to continuously moni-tor the performance of 

the equipment, which allows timely detection of disturbances in the operation of solar panels, as well as control 

access to individual modules. 

The solar monitoring system consists of modules that record the signals of current, voltage and temperature 

sensors of individual solar panels, as well as sensors of wind speed, position of the Sun, door sensors or sensors of 

unauthorized access to network inverters. The system modules are connected to a local controller, which in turn is 

connected to a higher level controller via a Modbus RS485 or CAN bus. Modular construction provides high 

configuration flexibility and system expansion. Thanks to this module they are suitable for use both in big power 

solar plants and in small power solar plants. 
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Monitoring is also important because during the day there may be a sharp drop in power, which may be due 

to various factors, such as shading the solar panel with certain objects or contamination of the solar panel surface 

(leaves, snow and dust). 

By analyzing the solar panel monitoring systems, we can point out some draw-backs, such as the inability 

to measure the parameters of each solar panel separately, since most existing systems connect to the inverter and 

measure the main characteris-tics of the entire string, the high cost of such a system, and the inability to measure the 

temperature. 

The renewable energy monitoring system (REMS) is proposed in [1].  The main advantages of REMS are 

the concept of an open source and low-cost data acquisition and transmission system using multi-user cloud remote 

monitoring. The REMS architecture is based on the Internet of Things (IoT) and Cloud computing principles. The 

REMS consists of three main parts San USB microcontroller, Raspberry Pi (Rpi) Embedded Linux System (ELS) 

and Online Web Monitor for real-time  cloud monitoring. 

Another solar monitoring system is designed with the help of Lab VIEW and DAQ card and presented in 

[2]. The solar panel is connected to the battery and then with sensors. The proposed system is connected by four 

sensors with Lab VIEW via DAQ hardware to acquire data. Lab VIEW has shown a high performance in communi-

cating with several devices simultaneously and high capability of displaying several variables behavior at a time. 

The solar monitoring system proposed in [3] is developed to get information on the defected solar panels 

for timely repair and maintenance. This system can be used up to 146 V and 15.5 A solar cell systems with an 

automatic selection of best resolu-tions. 

Lab-VIEW based real-time interface system in paper [4] presents the detailed characterization of the 

performance and dynamic behavior of photovoltaic systems. They developed a software tool that integrates several 

types of instruments into a single system which can offer online measurements of all data sources and compare 

simulation results with monitored data in real-time. The proposed method provides a fast, secure and reliable system 

by making the system database-ready for performance analysis of the PV systems. The integration methodology of 

robust simulation and monitoring data in real-time can be used to study the fault diagnosis of a PV system. 

To solve the current problem of monitoring photovoltaic (PV) systems especially for regions in developing 

countries or remote areas; an Arduino based open-source electronic platform data logger was developed [5]. This 

data logger meets the Interna-tional Electro technical Commission (IEC) standards requirements with a resolution of 

18-bits, including 8 analog inputs for measuring up-to 8 PV modules. They men-tioned  that  these  data  logger  can  

be  customized for the specific needs of each project. 

The remote intelligent monitoring system [6] is based on Tiny OS for monitoring and management for PV 

power generation. This system had implemented remote monitoring and reverse control by the host computer, ARM 

gateways, wireless sensor networks, and other components. 

A  simple  sensor-based  microcontroller  data  acquisition system  for  monitoring  the  temperature data in 

solar installations is presented in [7]. The system can easily change the date; time of experiment start and end, 

sampling rate and deals correctly with corruption such as power failure. The proposed data acquisition system can 

handle up to 16 sensors, has user interface system (4 buttons LCD screen), own stor-age systems such as flash 

memory or SD card; therefore, it doesnôt require any ex-ternal computer to store the sensors data. This system 

automatically creates a new file on the SD card every day and records data on it and data can be handled and 

analyzed easily by any mathematical software such as Excel or MATLAB. The system monitors the sensors 

remotely by using the internet. 

The Smart Remote monitoring system is presented in [8] which is using IOT that can monitor the Solar PV 

PCU and stores data in the cloud database through an easily manageable web interface. The proposed system has 

flexibility by using GPRS technology to interconnect the Solar PV Power Conditioning Unit to the Remote server. 

Paper [9] presents the solar cell data acquisition system. The solar cell is character-ized by impedance which 

depends on environmental conditions. The solar cell data acquisition system is designed to measure the impedance of the 

solar cell. These im-pedance measurements are also used in the electrochemical capacitor quality control [10]. The 

experimental Nyquist plot was fitted by using the improved expression for impedance of the solar cell. 

Solar panel intelligent monitoring system block diagram. The proposed solar panel intelligent 

monitoring system is based on the WiFi ESP8266 Development Board WEMOS D1. The WEMOS D1 board can be 

config-ured to work on Arduino environment using BOARDS MANAGER. The PAC1710 sensor is used to 

measure the voltage, current and power of the solar panel. This sen-sor measures the voltage developed across an 

external sense resistor to represent the high-value current of the solar panel. The PAC1710 also measures the voltage 

and calculates the average power over the integration period. The long integration time allows for solar panel 

intelligent monitoring system polling cycles without losing any power information. 

The PAC1710 sensor is used because it`s maximum measured voltage is 40 V.  Usually, the solar panel 

maximum voltage is less than 40 V. The main advantage of the PAC1710 sensor is capability to measure voltage, 

current and power of the solar panel without using additional current and power sensors. I2C bus is used to transmit 

the voltage, current and power data to the WEMOS D1 board. 
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The DS18B20 digital thermometer is used for the temperature measurements. The DS18B20 communicates 

over a 1-Wire bus that by definition requires only one data line (and ground) for communication with WEMOS D1 

board. The measured temper-ature range for the DS18B20 digital thermometer is from ï55 ÁC to +125 ÁC. This tem-

perature range corresponds to the solar panel operation temperature range. The solar panel intelligent monitoring 

system block diagram is shown in figure 1. 
 

 
 

Fig. 1. Solar panel intelligent monitoring system block diagram 
 

The solar panel intelligent monitoring system was designed as the prototype print-ed circuit board (PCB) 

with the PAC1710 sensor and the resistor shunt. The solar panel current passes through the resistor shunt and creates 

the voltage drop on it. The PCB is connected to the WEMOS D1 board and shown in figure 2. 
 

 
 

Fig. 2. Solar panel intelligent monitoring system PCB 
 

The voltage, current, power and temperature data of the solar panel are sent via WiFi to the open Home 

Automation Bus (openHAB). OpenHAB is an open source, technology agnostic home automation platform which 

runs as the center of the smart home. The openHAB's strength is its ability to integrate a multitude of other devices 

and systems. Also openHAB includes other home automation systems, (smart) devic-es and other technologies in a 

single solution. OpenHAB provides a uniform user interface and a common approach to automation rules across the 

entire system, regardless of the number of manufacturers and sub-systems involved. 

Solar panel intelligent monitoring system software algorithm. The solar panel intelligent monitoring 

system software algorithm consists of the following steps. The flowchart of the solar panel intelligent monitoring 

system soft-ware is shown in figure 3. 

The first step is the declaration of variables and data input: 

Tempr is temperature; Volt is the solar panel voltage; Curr is the solar panel cur-rent; WLAN_SSID is the 

WiFi network name; WLAN_PASS is the WiFi network password; MQTT_SERVER is the IP address of MQTT 

server; MQTT_SERVERPORT is the MQTT server port; MQTT_USERNAME is the name for authorization on 

MQTT server; MQTT_PASSWORD is the password for authori-zation on MQTT server; MQTT_TOPIC is the 

ñtopicò to which data will be trans-ferred; buttonPin is the Arduino pin that reads temperature. The Tempr, Volt, and 

Curr variables are used to exchange data between the WEMOS D1 board and Open-Hab. 

The second step is the initialization of WEMOS D1 board ports for connection with the DS18B20 digital 

thermometer. 

The third step is the initialization of the WEMOS D1 board on the WiFi network and its operation with 

OpenHAB. 

The fourth step is the transfer procedure for the temperature, current, voltage and power data from the 

sensors to the WEMOS D1 board and to OpenHAB. 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 

ISSN 2219-9365 

 

International Scientific-technical journal 

çMEASURING AND COMPUTING DEVICES IN TECHNOLOGICAL PROCESSESè 2020, Issue 1 

 
49 

 
 

Fig. 3. Flowchart of the solar panel intelligent monitoring system algorithm 
 

The main aim of the OpenHab website is to display the parameters of the solar panel such as temperature, 

voltage, current and power. These data are updated every 10 seconds. According to these data, graphs of parameters 

are plotted versus time. The OpenHAB website is shown in figure 4. 
 

 
Fig. 4. OpenHab website 

 

Experimental setup of solar panel intelligent monitoring system. The experimental setup of solar panel 

intelligent monitoring system is shown in figure 5. 
 

 
 

Fig. 5. Experimental setup of solar panel intelligent monitoring system 

 

The experimental setup of solar panel intelligent monitoring system consists of the solar panel ALM-10M, 

the prototype printed PCB with the PAC1710 sensor and the resistor shunt, WEMOS D1 board, DS18B20 digital 

thermometer which are mounted on the reverse side of the solar panel. To confirm the operation of the solar panel 

intelligent monitoring system the rheostat was connected to the solar panel as load. By changing the rheostat 

resistance the operation of the solar panel intelligent monitoring system was confirmed. Figure 6 shows dependences 

of voltage, current and power versus time at the rheostat resistance change. 
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Fig. 6. Dependences of voltage, current and power versus time at the rheostat resistance change 

 

Conclusions. The solar panel intelligent monitoring system was developed using OpenHab home 

automation technology platform. The solar panel intelligent monitoring system con-nects via Wi-Fi to track real-

time energy generation from anywhere on the globe via a computer or smartphone connected to the Internet. By 

using the solar panel intelli-gent monitoring system the measurement accuracy of the solar panel parameters was 

increased. The solar panel intelligent monitoring system reduces the detection time of panels with bad parameters 

and characteristics. 

To prepare data on the solar panel measurement parameters obtained from the WEMOS D1 board for 

sending from the operatorôs computer to the Web server and for further processing, it is necessary to establish a 

connection between these two nodes. In most cases, such tasks use a serial interface that is physically implemented 

using a USB-MicroUSB cable. The serial interface lets us send control signals from operatorôs computer to the 

WEMOS D1 board and retrieve process information backwards. In this way, the computer communicates with the 

WEMOS D1 board, which accordingly manages and receives the measurement parameters using the USB port. The 

developed software allows obtaining values of voltage, current and temperature produced by the solar panel. 
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ɸʅɸʃIɿ ʗʂʆʉʊI ʄɽʊʆɼIɺ ʄɸʉʐʊɸɹʋɺɸʅʅʗ ɿʆɹʈɸɾɽʅʅʗ  

ɿ ɼʆʇʆʄʆɻʆʖ ʄʆʄɽʅʊʅʀʍ IʅɺɸʈIɸʅʊIɺ 
 
ȹ ɖɔɇɔɘɫ ɍɆɕɖɔɕɔɓɔɈɆɓɔ ɓɔɈɎɏ ɒɋɘɔɊ ɔɜɫɓɐɎ ɥɐɔɗɘɫ ɒɆɗɞɘɆɇəɈɆɓɓɥ ɓɆɕɫɈɘɔɓɔɈɎɛ ɍɔɇɖɆɌɋɓɢ ɓɆ ɔɗɓɔɈɫ ɉɋɔɒɋɘɖɎɝɓɎɛ 

ɒɔɒɋɓɘɫɈ ɍɔɇɖɆɌɋɓɓɥ. ȨɈɔɊɎɘɢɗɥ ɕɔɓɥɘɘɥ ɓɔɖɒɆɑɫɍɔɈɆɓɎɛ ɒɔɒɋɓɘɫɈ ɊɔɈɫɑɢɓɔɉɔ ɕɔɖɥɊɐə ɫ ɊɔɈɔɊɎɘɢɗɥ, ɟɔ ɈɔɓɎ ɓɋ ɍɒɫɓɤɩɘɢɗɥ 
ɕɖɎ ɒɆɗɞɘɆɇəɈɆɓɓɫ ɍɔɇɖɆɌɋɓɢ ɫ ɘɔɒə ɒɔɌəɘɢ ɗɑəɉəɈɆɘɎ ɒɫɖɔɤ Ɋɑɥ ɔɜɫɓɐɎ ɥɐɔɗɘɫ ɍɔɇɖɆɌɋɓɢ ɕɖɎ ɒɆɗɞɘɆɇəɈɆɓɓɫ. ȵɖɔɈɋɊɋɓɫ 
ɝɎɗɑɔɈɫ ɋɐɗɕɋɖɎɒɋɓɘɎ ɕɔɐɆɍɆɑɎ, ɟɔ ɓɔɖɒɆɑɫɍɔɈɆɓɫ ɒɔɒɋɓɘɎ ɋɚɋɐɘɎɈɓɔ ɈɎɥɈɑɥɤɘɢ ɗɕɔɘɈɔɖɋɓɓɥ ɍɔɇɖɆɌɋɓɓɥ ɕɖɎ ɖɫɍɓɎɛ ɘɎɕɆɛ 
ɫɓɘɋɖɕɔɑɥɜɫɬ ɫ ɕɔɈɔɊɥɘɢ ɗɋɇɋ ɆɓɆɑɔɉɫɝɓɔ ɥɐ ɫ ɈɫɊɔɒɫ ɫɓɊɋɐɗɎ ɥɐɔɗɘɫ ɍɔɇɖɆɌɋɓɢ.  

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɥɐɫɗɘɢ ɍɔɇɖɆɌɋɓɓɥ, ɒɆɗɞɘɆɇəɈɆɓɓɥ, ɫɓɘɋɖɕɔɑɥɜɫɥ ɍɔɇɖɆɌɋɓɓɥ, ɫɓɊɋɐɗɎ ɥɐɔɗɘɫ, ɓɔɖɒɆɑɫɍɔɈɆɓɫ 
ɫɓɈɆɖɫɆɓɘɎ. 
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SCALING IMAGE QUALITY ASSESSMENT VIA NORMAL IZED  

MOMENT INVARIANTS  
 
Digital image processing often leads to a loss of image quality, which is expressed in the appearance of unwanted 

artifacts on the converted image ï changes in sharpness, contrast, dynamic range, tone reproduction, pixelation, curvature of 
straight lines, aliasing, and so on. The process of determining the level of conformity of the original and converted image i s called 
image quality assessment. Image quality can be assessed in two ways: subjectively and objectively. Subjective methods are based 
on the visual assessment of image attributes performed by the observer. Despite their efficiency and reliability, subjective methods 
are quite expensive, require a large number of people and cannot be automated in real time. Objective method s for assessing the 
quality of the processed image attempt to quantify the apparent errors between the converted image and the original image usi ng 
different metrics. Objective and subjective methods do not necessarily agree with each other and do not give  the same accuracy, 
because a person can often capture significant differences in images that are not yet recognized by the implemented algorithm s. 

The paper proposes a new method for assessing the quality of scaling grayscale images based on the geometric moments 
of the image. The normalized moments of arbitrary order is introduced and it is proved that they do not change under image 
scaling and, therefore, may serve as a measure to assess the quality of images. Numerical experiments have shown that the 
normalized moments effectively detect image distortion for different types of interpolation and behave similarly to the known image 
quality indices. 

Keywords: image quality, scaling, image interpolation, quality indices, normalized invariants. 

 

1. ɺʩʪʫʧ. ʎʠʬʨʦʚʘ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʨʘʪʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʘ 

ʚʠʨʘʞʘʻʪʴʩʷ ʫ ʧʦʷʚʽ ʥʘ ʧʝʨʝʪʚʦʨʝʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʥʝʙʘʞʘʥʠʭ ʘʨʪʝʬʘʢʪʽʚ ï ʟʤʽʥʽ ʨʽʟʢʦʩʪʽ, ʢʦʥʪʨʘʩʪʫ, 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʪʦʥʦʚʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ, ʧʦʷʚʽ ʧʽʢʩʝʣʽʟʘʮʽʾ, ʚʠʢʨʠʚʣʝʥʥʷ ʧʨʷʤʠʭ ʣʽʥʽʡ, ʘʣʽʘʩʠʥʛʫ, ʪʦʱʦ. 

ʇʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʽ ʧʝʨʝʪʚʦʨʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘʟʠʚʘʻʪʴʩʷ ʦʮʽʥʢʦʶ 

ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. ʗʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʩʫʙôʻʢʪʠʚʥʠʤ ʪʘ ʦʙôʻʢʪʠʚʥʠʤ. 

ʉʫʙôʻʢʪʠʚʥʽ ʤʝʪʦʜʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʚʽʟʫʘʣʴʥʽʡ ʦʮʽʥʮʽ ʘʪʨʠʙʫʪʽʚ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʩʧʦʩʪʝʨʽʛʘʯʝʤ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ, ʩʫʙôʻʢʪʠʚʥʽ ʤʝʪʦʜʠ ʜʦʩʠʪʴ ʟʘʪʨʘʪʥʽ, ʚʠʤʘʛʘʶʪʴ ʟʘʣʫʯʝʥʥʷ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʽ ʾʭ ʥʝʤʦʞʣʠʚʦ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ʆʙôʻʢʪʠʚʥʽ ʤʝʪʦʜʠ ʦʮʽʥʢʠ 

ʷʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘʤʘʛʘʶʪʴʩʷ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʚʠʜʠʤʽ ʧʦʤʠʣʢʠ ʤʽʞ ʧʝʨʝʪʚʦʨʝʥʠʤ 

ʟʦʙʨʘʞʝʥʥʷʤ ʪʘ ʦʨʠʛʽʥʘʣʴʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʤʝʪʨʠʢʠ. ʆʙôʻʢʪʠʚʥʽ ʽ ʩʫʙôʻʢʪʠʚʥʽ 

ʤʝʪʦʜʠ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʫʟʛʦʜʞʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʽ ʥʝ ʜʘʶʪʴ ʦʜʥʘʢʦʚʫ ʪʦʯʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʣʶʜʠʥʘ ʯʘʩʪʦ ʤʦʞʝ 

ʬʽʢʩʫʚʘʪʠ ʩʫʪʪʻʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʟʦʙʨʘʞʝʥʥʷʭ, ʷʢʽ ʱʝ ʥʝ ʨʦʟʧʽʟʥʘʶʪʴ ʨʝʘʣʽʟʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ. ɺʠʤʽʨʶʚʘʥʥʷ 

ʷʢʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʧʨʠʥʮʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʯʠʩʣʝʥʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ 

ʚʽʜʝʦ. ɯʩʥʫʻ ʙʽʣʷ ʩʦʪʥʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʨʠʢ [1ï3] ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ, ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ 

ʟ ʥʠʭ ï ʩʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʤʠʣʢʘ (MSE), ʧʽʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦ ʰʫʤʫ (PSNR), 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʜʝʢʩ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ (UQI), ʽʥʜʝʢʩ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʦʞʦʩʪʽ (SSIM), ʽʥʜʝʢʩ ʜʝʩʢʨʠʧʪʦʨʥʦʾ 

ʩʭʦʞʦʩʪʽ (FSIM), ʛʨʘʜʽʻʥʪʥʘ ʤʽʨʘ ʧʦʜʽʙʥʦʩʪʽ (GSM), ʤʽʨʘ ʨʽʚʥʷ ʰʫʤʫ (NQM).  

ʆʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʷʢʝ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʟʘʩʪʦʩʫʚʘʥʥʷʭ, ʻ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ, ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʨʘʩʪʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʝʟ ʟʤʽʥʠ ʡʦʛʦ 

ʧʨʦʧʦʨʮʽʡ. ʌʘʢʪʠʯʥʦ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʧʝʨʝʜʠʩʢʨʝʪʠʟʘʮʽʻʶ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʘʩʰʪʘʙʫ 

ʥʘʟʠʚʘʻʪʴʩʷ ʽʥʪʝʨʧʦʣʷʮʽʻʶ, ʘ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ï ʜʝʮʠʤʘʮʽʻʶ. ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʤʠ ʨʦʟʛʣʷʜʘʻʤʦ ʣʠʰʝ 

ʽʥʪʝʨʧʦʣʷʮʽʶ ʥʘʧʽʚʪʦʥʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟôʷʚʠʣʦʩʷ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ, 

ʜʠʚ. [4]-[5], ʱʦ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʚʠʚʯʝʥʥʷ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʪʘʢʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ. ɯʜʝʘʣʴʥʠʡ ʘʣʛʦʨʠʪʤ 

ʽʥʪʝʨʧʦʣʷʮʽʾ, ʧʦʚʠʥʝʥ ʟʙʝʨʽʛʘʪʠ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʨʦʙʣʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʽʥʪʝʨʧʦʣʴʦʚʘʥʽ 
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ʟʦʙʨʘʞʝʥʥʷ ʷʢ ʧʨʘʚʠʣʦ ʩʧʦʪʚʦʨʶʶʪʴʩʷ ʘʨʪʝʬʘʢʪʘʤʠ, ʪʘʢʠʤ ʷʢ ʨʦʟʤʠʪʪʷ, ʨʦʟʨʠʚʠ ʢʨʘʾʚ, ʝʬʝʢʪʫ çʰʘʭʦʚʦʾ 

ʜʦʰʢʠè. ʂʨʽʤ ʪʦʛʦ, ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʤʝʪʦʜʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ ʪʘ ʥʠʟʴʢʽ ʚʠʤʦʛʠ ʜʦ ʧʘʤôʷʪʽ, 

ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʚʦʥʠ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʜʦʜʘʪʢʠ ʜʣʷ ʟʦʙʨʘʞʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʪʘʢʽ ʷʢ ʤʦʙʽʣʴʥʽ ʪʝʣʝʬʦʥʠ ʯʠ 

ʮʠʬʨʦʚʽ ʢʘʤʝʨʠ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʚʽʜʤʽʪʠʤʦ ʪʘʢʽ ʷʢ ʤʝʪʦʜ 

ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, ʣʽʥʽʡʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ, ʙʽʢʫʙʽʯʥʘ, ʽʪʝʨʧʦʣʷʮʽʷ ʩʧʣʘʡʥʘʤʠ, ʽʥʪʝʨʧʦʣʷʮʽʷ ʃʘʥʮʦʰʘʪʘ ʽ ʽʥʰʽ, 

ʜʠʚ. ʦʛʣʷʜ [9ï10]. 

ʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʦʙʨʘʞʝʥʴ ʪʨʘʜʠʮʽʡʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʽ ʟʦʨʫ ʜʦʩʣʽʜʥʠʢʽʚ, ʧʨʦʪʝ 

ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʙʫʣʦ ʧʨʠʜʽʣʝʥʦ ʫʚʘʛʠ ʥʘ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʽʚ ʾʾ ʦʮʽʥʢʠ. ʉʣʽʜʫʶʯʠ [9], ʩʭʝʤʘʪʠʯʥʦ ʚʩʽ ʪʘʢʽ 

ʤʝʪʦʜʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ, ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ. ʇʝʨʰʘ ʢʘʪʝʛʦʨʽʷ ʚʢʣʶʯʘʻ ʚʩʽ ʤʝʪʦʜʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ 

ʦʮʽʥʠʪʠ ʢʨʠʪʝʨʽʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʮʽʥʶʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽʥʪʝʨʧʦʣʴʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʫ ʪʝʨʤʽʥʘʭ ʘʨʪʝʬʘʢʪʽʚ. ɼʣʷ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ, 

ʧʦʪʽʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʨʦʟʤʽʨʽʚ, ʽ ʚʞʝ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʽʥʶʻʪʴʩʷ ʷʢʽʩʪʴ ʮʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʽ 

ʧʦʯʘʪʢʦʚʦʛʦ, ʜʠʚ. ʥʘʧʨʠʢʣʘʜ [11]. ɼʨʫʛʘ ʢʘʪʝʛʦʨʽʷ ʦʮʽʥʢʠ ʚʢʣʶʯʘʻ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʤʽʨʶʶʪʴ ʦʙʯʠʩʣʶʚʘʣʴʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʘʤʦʛʦ ʘʣʛʦʨʠʪʤʫ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʡʦʛʦ ʯʘʩʦʚʫ ʪʘ ʧʨʦʩʪʦʨʦʚʽ ʩʢʣʘʜʥʦʩʪʽ. 

ɺ ʩʪʘʪʪʽ ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʥʦʚʠʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʤʝʥʪʽʚ 

ʟʦʙʨʘʞʝʥʥʷ. ɻʝʦʤʝʪʨʠʯʥʽ ʤʦʤʝʥʪʠ ʪʘ ʾʭʥʽ ʽʥʚʘʨʽʘʥʪʠ ʚʧʝʨʰʝ ʙʫʣʠ ʚʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [12] ʽ ʽʥʪʝʥʩʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʟʦʨʽ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʦʙʨʘʟʽʚ. ʅʘ ʦʩʥʦʚʽ ʤʦʤʝʥʪʽʚ ʙʫʜʫʶʪʴʩʷ ʛʣʦʙʘʣʴʥʽ 

ʜʝʩʢʨʠʧʪʦʨʠ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʬʦʨʤʫ ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʽ ʻ ʩʪʽʡʢʠʤʠ ʜʦ ʧʨʦʩʪʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ ï ʧʘʨʘʣʝʣʴʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ, ʧʦʚʦʨʦʪʽʚ ʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʥʦʨʤʘʣʽʟʦʚʘʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʤʝʥʪʠ ʻ ʽʥʚʘʨʽʘʥʪʥʠʤʠ ʜʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. ʊʦʡ ʬʘʢʪ, ʱʦ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʠ ʥʝ 

ʟʤʽʥʶʶʪʴʩʷ ʜʣʷ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʪʘ ʽʜʝʘʣʴʥʦ ʽʥʪʝʨʧʦʣʴʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ 

ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʠ ʷʢ ʧʨʠʨʦʜʥʶ ʤʽʨʫ ʷʢʦʩʪʽ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʥʝʜʦʣʽʢʦʤ ʩʪʘʥʜʘʨʪʥʠʭ ʤʝʪʦʜʽʚ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʽʥʪʝʨʧʦʣʷʮʽʾ ʻ ʪʝ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʬʘʢʪʠʯʥʦ ʟʘʟʥʘʻ ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʚʘ ʨʘʟʠ ï ʦʜʠʥ 

ʨʘʟ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʽ ʜʨʫʛʠʡ ʨʘʟ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ. ʊʘʢʘ ʧʦʜʚʽʡʥʘ ʦʙʨʦʙʢʘ ʩʧʦʪʚʦʨʶʻ ʟʦʙʨʘʞʝʥʥʷ, 

ʱʦ ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʷʢʽʩʪʴ ʦʮʽʥʶʚʘʥʥʷ ʤʝʪʦʜʫ ʽʥʪʝʨʧʦʣʷʮʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ʤʝʪʦʜ ʥʝ 

ʧʦʪʨʝʙʫʻ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʤʝʥʰʝʥʥʷ ʽ ʜʦʟʚʦʣʷʻ ʧʦʨʽʚʥʶʚʘʪʠ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ. 

ʉʪʘʪʪʷ ʦʨʛʘʥʽʟʦʚʘʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɺ ʨʦʟʜʽʣʽ 2 ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʤʝʥʪʽʚ, 

ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʽ ʜʦʚʦʜʠʪʴʩʷ, ʱʦ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʠ ʻ ʽʥʚʘʨʽʘʥʪʘʤʠ ʚʽʜʥʦʩʥʦ 

ʨʦʟʪʷʛʫ ʟʦʙʨʘʞʝʥʥʷ. ʊʘʢʦʞ ʚʚʦʜʠʪʴʩʷ ʧʦʥʷʪʪʷ ʤʦʤʝʥʪʥʦʾ ʤʝʪʨʠʢʠ. ɺ ʨʦʟʜʽʣʽ 3 ʜʘʥʘ ʢʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ ʷʢʽ ʙʫʜʫʪʴ ʘʥʘʣʽʟʫʚʘʪʠʩʷ ï ʽʥʪʝʨʧʦʣʷʮʽʷ ʟʘ ʥʘʡʙʣʠʞʯʠʤ ʩʫʩʽʜʦʤ, ʣʽʥʽʡʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ 

ʪʘ ʚʽʢʦʥʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʃʘʥʮʦʰʘ. ɺ ʨʦʟʜʽʣʽ 4 ʥʘʚʦʜʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʠ ʯʠʩʣʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʦʙʯʠʩʣʝʥʥʷ 

ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʤʦʤʝʥʪʽʚ ʪʘ ʘʥʘʣʽʟʫ ʾʭʥʴʦʾ ʧʦʚʝʜʽʥʢʠ ʧʨʠ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

2. ʅʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʥʽ ʽʥʚʘʨʽʘʥʪʠ ʪʘ ʤʦʤʝʥʪʥʘ ʤʝʪʨʠʢʘ. ɺʚʝʜʝʥʥʷ  ʤʦʤʝʥʪʥʠʭ ʽʥʚʘʨʽʘʥʪʽʚ ʙʫʣʦ 

ʦʜʥʠʤ ʽʟ ʷʩʢʨʘʚʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʽʥʚʘʨʽʘʥʪʽʚ ʜʦ ʧʨʦʙʣʝʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. 

ɺ ʚʘʞʣʠʚʽʡ ʨʦʙʦʪʽ [12] ʙʫʣʦ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʦʟʛʣʷʜʘʪʠ ʜʦʙʨʝ 

ʚʽʜʦʤʽ ʚ ʤʘʪʝʤʘʪʠʮʽ ʩʪʘʪʠʩʪʠʯʥʽ ʤʦʤʝʥʪʠ. ɼʘʤʦ ʥʝʦʙʭʽʜʥʽ ʦʟʥʘʯʝʥʥʷ. ʇʽʜ ʮʠʬʨʦʚʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʤʠ ʙʫʜʝʤʦ 

ʨʦʟʫʤʽʪʠ ʬʫʥʢʮʽʶ ʚʽʜ ʜʚʦʭ ʟʤʽʥʥʠʭ , ʷʢʘ ʟʘʜʘʥʘ ʥʘ ʜʝʷʢʽʡ ʤʥʦʞʠʥʽ  ʧʣʦʱʠʥʠ  ʽ ʷʢʘ ʧʨʠʡʤʘʻ 

ʚ ʮʽʡ ʦʙʣʘʩʪʽ ʩʢʽʥʯʝʥʥʽ ʟʥʘʯʝʥʥʷ. 

ɻʝʦʤʝʪʨʠʯʥʠʤ ʤʦʤʝʥʪʦʤ ʧʦʨʷʜʢʫ  ʬʫʥʢʮʽʾ  ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʨʘʟ 

 

ɼʣʷ ʜʠʩʢʨʝʪʥʦʛʦ ʙʽʥʘʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʡʦʛʦ ʛʝʦʤʝʪʨʠʯʥʠʡ ʤʦʤʝʥʪ  ʻ ʢʽʣʴʢʽʩʪʶ ʙʽʣʠʭ 

ʧʽʢʩʝʣʽʚ. ʊʘʢʦʞ, ʚ ʪʝʨʤʽʥʘʭ ʤʦʤʝʥʪʽʚ ʚʠʨʘʞʘʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʤʘʩ ʟʦʙʨʘʞʝʥʥʷ:  

 

ʅʦʨʤʘʣʽʟʦʚʘʥʠʤ ʤʦʤʝʥʪʦʤ  ʧʦʨʷʜʢʫ  ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʨʘʟ  

 

ʅʘʛʘʜʘʻʤʦ, ʱʦ -ʢʨʘʪʥʠʤ ʨʽʚʥʦʤʽʨʥʠʤ ʧʦ ʦʩʷʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ ʟʦʙʨʘʞʝʥʥʷ  ʥʘʟʠʚʘʻʪʴʩʷ 

ʥʦʚʝ ʟʦʙʨʘʞʝʥʥʷ  ɻʝʦʤʝʪʨʠʯʥʦ, ʨʽʚʥʦʤʽʨʥʝ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʛʦʤʦʪʝʪʽʻʶ, ʷʢʘ 

ʟʙʝʨʽʛʘʻ ʣʽʥʽʾ, ʢʫʪʠ ʤʽʞ ʥʠʤʠ, ʧʨʦʧʦʨʮʽʾ ʚʽʜʨʽʟʢʽʚ ʪʘ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ. ʊʦʤʫ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ 

ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʞʦʜʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. 

ɼʦʚʝʜʝʤʦ, ʱʦ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʠ ʻ ʽʥʚʘʨʽʘʥʪʘʤʠ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ. ʆʙʯʠʩʣʠʤʦ ʩʧʦʯʘʪʢʫ ʛʝʦʤʝʪʨʠʯʥʠʡ ʤʦʤʝʥʪ ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ . ʄʘʻʤʦ:  



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʊʫʪ ʧʽʜ  ʧʦʟʥʘʯʝʥʘ ʦʙʣʘʩʪʴ, ʫ ʷʢʫ ʧʝʨʝʡʰʣʘ ʦʙʣʘʩʪʴ  ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ. ɿʘʫʚʘʞʠʤʦ, ʱʦ 

ʚʠʢʦʥʘʥʘ ʟʘʤʽʥʘ ʟʤʽʥʥʠʭ ʚ ʧʦʜʚʽʡʥʦʤʫ ʽʥʪʝʛʨʘʣʽ, ʻ ʬʘʢʪʠʯʥʦ ʦʙʝʨʥʝʥʠʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷʤ, ʷʢʝ ʧʝʨʝʚʦʜʠʪʴ  

ʚ . 

ʆʪʞʝ, ʛʝʦʤʝʪʨʠʯʥʠʡ ʤʦʤʝʥʪ  ʤʘʩʰʪʘʙʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 

ʤʦʤʝʥʪʫ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ  ʣʠʰʝ ʯʠʩʣʦʚʠʤ ʤʥʦʞʥʠʢʦʤ, ʟʦʢʨʝʤʘ . ʊʦʤʫ  

 

ʆʪʞʝ, ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʤʦʤʝʥʪ  ʻ ʽʥʚʘʨʽʘʥʪʦʤ ʚʽʜʥʦʩʥʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ ʧʨʠʡʤʘʻ ʦʜʥʘʢʦʚʽ 

ʟʥʘʯʝʥʥʷ ʷʢ ʥʘ ʟʦʙʨʘʞʝʥʥʽ  ʪʘʢ ʽ ʥʘ ʟʦʙʨʘʞʝʥʥʽ  

ʇʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʜʠʩʢʨʝʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʫ -ʧʽʢʩʝʣʽʚ, ʽʥʪʝʛʨʘʣʠ ʟʘʤʽʥʶʶʪʴʩʷ ʩʫʤʘʤʠ 

ʽ ʚʠʨʘʟ ʜʣʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʤʝʥʪʽʚ ʧʨʠʡʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ  

 

ʘ ʚʠʨʘʟ ʜʣʷ  ʟʘʣʠʰʘʻʪʴʩʷ ʪʠʤ ʩʘʤʠʤ. ɸʥʘʣʦʛʽʯʥʦ, ʤʦʞʥʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʤʦʤʝʥʪ ʻ 

ʽʥʚʘʨʽʘʥʪʦʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ɼʣʷ ʦʮʽʥʢʠ ʩʧʦʪʚʦʨʝʥʴ ʽʩʥʫʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʝʪʦʜʠ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʩʝʨʝʜʥʴʦ ʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ  

 

ʇʨʦʪʝ, ʷʢ ʟʘʟʥʘʯʘʶʪʴ ʨʽʟʥʽ ʘʚʪʦʨʠ, ʜʠʚ. ʥʘʧʨʠʢʣʘʜ [13], ʥʝ ʽʩʥʫʻ ʩʠʣʴʥʦʾ ʢʦʨʝʣʷʮʽʾ ʤʽʞ ʟʦʨʦʚʦʶ 

ʜʝʛʨʘʜʘʮʽʻʶ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʩʝʨʝʜʥʴʦ ʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ. ʋ ʙʽʣʴʰʽʡ ʤʽʨʽ ʩʪʨʫʢʪʫʨʫ 

ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʦʙʨʘʞʘʶʪʴ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʜʝʢʩ ʷʢʦʩʪʽ UQI ʽ ʽʥʜʝʢʩ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʦʞʦʩʪʽ SSIM. ʊʘʢʦʞ, 

ʷʢʽʩʥʘ ʤʝʪʨʠʢʘ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʷʪʠ ʧʨʠʨʦʜʥʫ ʫʤʦʚʫ ï ʷʢʱʦ ʧʨʠ ʤʘʩʰʪʘʙʫʚʘʥʥʽ ʚʽʜʙʫʣʠʩʷ ʩʧʦʪʚʦʨʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ, ʪʦ ʯʠʤ ʙʽʣʴʰʽ ʮʽ ʩʧʦʪʚʦʨʝʥʥʷ ʪʠʤ ʙʽʣʴʰʦʶ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʨʠʛʽʥʘʣʦʤ ʽ 

ʽʥʪʝʨʧʦʣʴʦʚʘʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ. 

ɺ ʨʦʟʜʽʣʽ 4 ʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʠʤʦ ʱʦ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʤʝʥʪʠ 

ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʮʽʡ ʫʤʦʚʽ ʤʦʥʦʪʦʥʥʦʩʪʽ, ʚʠʚʯʘʶʯʠ ʧʦʚʝʜʽʥʢʫ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʤʦʤʝʥʪʽʚ ʧʨʠ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʟʦʙʨʘʞʝʥʴ. 

ʊʦʤʫ ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʚʚʝʩʪʠ ʪʘʢʽ ʜʚʽ ʤʝʪʨʠʢʠ ʷʢ ʤʽʨʫ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ  

 

 

ʄʠ ʦʮʽʥʠʤʦ ʷʢʽʩʪʴ ʤʝʪʦʜʫ ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʧʦʨʽʚʥʷʻʤʦ ʾʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʤʝʪʨʠʢʠ. 

3. ɸʣʛʦʨʠʪʤʠ ʽʥʪʝʨʧʦʣʷʮʽʾ. ɯʥʪʝʨʧʦʣʷʮʽʷ ʟʦʙʨʘʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʷʢ ʧʨʦʮʝʩ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʦʤʠʭ ʜʘʥʠʭ ʜʣʷ ʦʮʽʥʢʠ ʟʥʘʯʝʥʴ ʫ ʥʝʚʽʜʦʤʠʭ ʤʽʩʮʷʭ. ʇʦ ʩʫʪʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʻ ʧʦʚʪʦʨʥʦʶ ʜʠʩʢʨʝʪʠʟʘʮʽʻʶ 

ʟʦʙʨʘʞʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʽʥʪʝʨʧʦʣʷʮʽʡʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ. ʇʦʷʩʥʠʤʦ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʘʨʪʝʬʘʢʪʽʚ ʧʨʠ 

ʽʥʪʝʨʧʦʣʷʮʽʾ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʥʘʤ ʧʦʪʨʽʙʥʦ ʟʙʽʣʴʰʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ʚ ʜʚʘ ʨʘʟʠ, ʘʙʦ ʚ ʪʨʠ ʨʘʟʠ. ʇʨʠ ʪʘʢʦʤʫ 

ʟʙʽʣʴʰʝʥʥʽ, ʢʦʞʝʥ ʧʽʢʩʝʣʴ ʩʪʘʨʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʦʪʦʯʝʥʠʡ ʦʢʦʣʦʤ ʽʟ ʪʨʴʦʭ, ʚʽʜʧʦʚʽʜʥʦ, ʚʦʩʴʤʠ ʧʽʢʩʝʣʽʚ, 

ʜʠʚ ʈʠʩ.1, ʨʽʚʝʥʴ ʷʩʢʨʘʚʦʩʪʽ ʷʢʠʭ ʥʝʚʽʜʦʤʠʡ:  

  
ʈʠʩ. 1. ɿʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʜʚʘ ʨʘʟʠ (ʣʽʚʦʨʫʯ) ʽ ʚ ʪʨʠ ʨʘʟʠ (ʧʨʘʚʦʨʫʯ) ʚ ʦʢʦʣʽ ʧʽʢʩʝʣʷ 
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ʗʢʱʦ ʟʥʘʯʝʥʥʷ ʧʽʩʢʝʣʽʚ ʧʦʢʣʘʩʪʠ ʨʽʚʥʠʤʠ 0, ʦʪʨʠʤʘʻʤʦ ʜʝʛʨʘʜʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʥʠʟʴʢʦʾ ʷʢʦʩʪʽ 

ʨʠʩ. 1, ʧʨʘʚʦʨʫʯ:  
 

   
 

ʈʠʩ. 2. ʆʨʠʛʽʥʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ (ʣʽʚʦʨʫʯ) ʪʘ ʯʘʩʪʠʥʘ ʟʙʽʣʴʰʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʧʨʘʚʦʨʫʯ)   
 

ɺʩʽ ʚʽʜʦʤʽ ʘʣʛʦʨʠʪʤʠ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʚʦʜʷʪʴʩʷ ʜʦ ʤʝʪʦʜʽʚ ʧʨʠʩʚʦʻʥʥʷ ʧʽʢʩʝʣʷʤ ʪʘʢʠʭ ʟʥʘʯʝʥʴ, ʱʦʙ 

ʽʥʪʝʨʧʦʣʴʦʚʘʥʝ ʟʦʙʨʘʞʝʥʥʷ ʙʫʣʦ ʚʽʟʫʘʣʴʥʦ ʩʭʦʞʠʤ ʥʘ ʦʨʠʛʽʥʘʣ, ʽ ʥʝ ʤʽʩʪʠʣʦ ʥʦʚʦʾ ʥʝʙʘʞʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʾʭʥʷ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʈʦʟʛʣʷʥʝʤʦ ʪʨʠ 

ʩʪʘʥʜʘʨʪʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʢʨʠʪʝʨʽʾʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

ʇʨʠ ʽʥʪʝʨʧʦʣʷʮʽʾ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ, ʥʦʚʠʤ ʧʽʢʩʝʣʷʤ ʧʨʠʩʚʦʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʷ 

ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʨʠʩ. 3  

   
ʈʠʩ. 3. ʈʦʟʧʦʜʽʣ ʧʽʢʩʝʣʽʚ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʟʦʙʨʘʞʝʥʥʷ ʚ ʜʚʘ ʨʘʟʠ 

 

ʎʝ ʧʨʦʩʪʠʡ, ʣʝʛʢʠʡ ʫ ʨʝʘʣʽʟʘʮʽʾ, ʘʣʛʦʨʠʪʤ, ʘʣʝ ʚʽʥ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ 

ʥʝʙʘʞʘʥʠʭ ʘʨʪʝʬʘʢʪʽʚ, ʟʦʢʨʝʤʘ ʟʥʘʯʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʢʦʥʪʫʨʽʚ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʨʘʪʥʦʩʪʽ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

ɹʽʣʽʥʽʡʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʟʚʠʯʘʡʥʦʾ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘ ʚʠʧʘʜʦʢ ʬʫʥʢʮʽʾ ʜʚʦʭ 

ʟʤʽʥʥʠʭ. ʇʨʠ ʙʽʣʽʥʽʡʥʽʡ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʥʝʚʽʜʦʤʝ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʦʩʪʽ  ʧʽʢʩʝʣʷ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 

 ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʦʤʦʶ ʷʩʢʨʘʚʽʩʪʶ ʯʦʪʠʨʴʦʭ ʥʘʡʙʣʠʞʯʠʭ ʧʽʢʩʝʣʽʚ 

 ʷʢʽ ʨʦʟʤʽʰʝʥʽ ʪʘʢ ʷʢ ʚʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4: 

   
ʈʠʩ. 4. ʈʦʟʪʘʰʫʚʘʥʥʷ ʧʽʢʩʝʣʽʚ ʧʨʠ ʙʽʣʽʥʽʡʥʽʡ ʽʥʪʝʨʧʦʣʷʮʽʾ 
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ɿʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ  

 

ʜʝ ʥʝʚʽʜʦʤʽ  ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ  

 

ʟʘʧʠʩʘʥʽʡ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ. 

ɯʥʪʝʨʧʦʣʷʮʽʷ ʃʘʥʮʦʰʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʛʦʨʪʢʦʶ ʟʦʙʨʘʞʝʥʥʷ  ʟ ʜʚʦʤʽʨʥʠʤ ʷʜʨʦʤ  

 

ʜʝ 

 

ʅʦʚʝ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʷ ʫ ʟʙʽʣʴʰʝʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ  ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʾ ʟʛʦʨʪʢʠ ʤʘʻ ʚʠʛʣʷʜ  

 

ʜʣʷ ʮʽʣʠʭ  

4. ʏʠʩʝʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ. ʈʦʟʛʣʷʥʫʪʽ ʪʨʠ ʘʣʛʦʨʠʪʤʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʙʽʙʣʽʦʪʝʮʽ 

OpenCV (Open Source Computer Vision Library). ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʤʠ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʩʪʘʥʜʘʨʪʥʫ ʬʫʥʢʮʽʶ cv2.resize ʟ ʪʘʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽʥʪʝʨʧʦʣʷʮʽʾ: cv2.INTER_NEAREST, 

cv2.cv2.INTER_LINEAR i cv2.INTER_LANCZOS4. ɼʣʷ ʽʥʪʝʨʧʦʣʷʮʽʾ ʃʘʢʦʰʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʷ -ʷʜʨʦ. 

ɺʩʽ ʯʠʩʣʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʟʦʙʨʘʞʝʥʥʷʤ Lena, ʷʢʝ ʻ ʩʪʘʥʜʘʨʪʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ ʚ ʪʝʦʨʽʾ 

ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ. 

ʄʠ ʨʦʟʛʣʷʥʫʣʠ ʟʦʙʨʘʞʝʥʥʷ Lʝna.jpg, ʨʦʟʤʽʨʫ  ʧʽʢʩʝʣʽʚ a ʧʦʪʽʤ ʟʙʽʣʴʰʫʚʘʣʠ ʮʝ ʟʦʙʨʘʞʝʥʥʷ 

ʚ 2,3,..10 ʨʘʟʽʚ, ʟ ʢʨʦʢʦʤ 100 ʧʽʢʩʝʣʽʚ ʧʦ ʰʠʨʠʥʽ, ʚʽʜ 100 ʜʦ 1000 ʧʽʢʩʝʣʽʚ, ʘ ʚʠʩʦʪʘ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜʙʠʨʘʣʘʩʷ 

ʪʘʢ, ʱʦʙ ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʜʦ ʰʠʨʠʥʠ ʙʫʣʦ ʢʦʥʩʪʘʥʪʦʶ ʜʣʷ ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʎʠʤ ʩʘʤʠʤ 

ʫʩʫʚʘʣʠʩʷ ʛʝʦʤʝʪʨʠʯʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ. ʂʦʝʬʽʮʽʻʥʪ ʨʦʟʪʷʛʫ , ʪʘʢʠʤ ʯʠʥʦʤ, ʧʨʠʡʤʘʚ 10 ʟʥʘʯʝʥʴ 

ʚʽʜ 1 ʜʦ . ɼʦʩʣʽʜʠʤʦ, ʷʢ ʽʥʪʝʨʧʦʣʷʮʽʷ ʚʧʣʠʚʘʻ ʥʘ ʥʦʨʤʘʣʽʟʦʣʚʘʥʽ ʽʥʚʘʨʽʘʥʪʠ ʥʠʟʴʢʠʭ ʧʦʨʷʜʢʽʚ. ɼʣʷ ʪʦʛʦ 

ʱʦʙ ʫʥʠʢʥʫʪʠ ʦʧʝʨʫʚʘʥʥʷ ʜʫʞʝ ʤʘʣʠʤʠ ʯʠʩʣʘʤʠ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʪʘʢʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ  

 

ʉʧʦʯʘʪʢʫ ʜʦʩʣʽʜʠʤʦ ʽʥʪʝʨʧʦʣʷʮʽʶ ʟʘ ʥʘʡʙʣʠʞʯʠʤ ʩʫʩʽʜʦʤ. ʄʘʢʩʠʤʘʣʴʥʝ ʜʝʩʷʪʠʢʨʘʪʥʝ ʟʙʽʣʴʰʝʥʥʷ 

ʤʘʻ ʚʠʛʣʷʜ ʨʠʩ. 5. 
 

 
 

ʈʠʩ. 5. ʆʨʠʛʽʥʘʣ (ʣʽʚʦʨʫʯ) ʪʘ ʟʙʽʣʴʰʝʥʝ ʚ 10 ʨʘʟ ʟʦʙʨʘʞʝʥʥʷ ʤʝʪʦʜʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ 
 

ɿ ʯʽʪʢʦ ʚʽʟʫʘʣʴʥʦ ʬʽʢʩʦʚʘʥʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʪʘ ʘʨʪʝʬʘʢʪʘʤʠ. ʅʘʤ ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ 

ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʠ, ʷʢ ʧʨʦʧʦʥʦʚʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʚʠʷʚʣʝʥʥʷ ʩʧʦʪʚʦʨʝʥʴ, ʧʨʘʚʠʣʴʥʦ ʚʽʜʨʝʘʛʫʶʪʴ ʥʘ ʮʽ 

ʩʧʦʪʚʦʨʝʥʥʷ. ɿʥʘʯʝʥʥʷ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʽʥʚʘʨʽʘʥʪʽʚ ʤʘʣʦʛʦ ʧʦʨʷʜʢʫ ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 1. 
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ʊʘʙʣʠʮʷ 1 

ʅʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟʙʽʣʴʰʝʥʦʛʦ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ 
LIN 1 2 3 4 5 6 7 8 9 10 

 
2.6969 2.6924 2.691 2.6902 2.6898 2.6895 2.6893 2.6891 2.689 2.6889 

 
3.2694 3.2615 3.2588 3.2575 3.2567 3.2562 3.2558 3.2554 3.2554 3.2552 

 
5.1522 5.1451 5.1428 5.1416 5.1409 5.1404 5.1401 5.1399 5.1397 5.1395 

 
5.941 5.9289 5.9249 5.9229 5.9217 5.9209 5.9204 5.9199 5.9196 5.9193 

 
6.1997 6.1884 6.1846 6.1827 6.1816 6.1808 6.1803 6.1799 6.1796 6.1793 

 
7.518 7.5084 7.5051 7.5035 7.5026 7.5019 7.5015 7.5011 7.5009 7.5007 

 
8.3761 8.3616 8.3568 8.3544 8.3529 8.352 8.3513 8.3508 8.3504 8.3501 

 
8.8647 8.8491 8.8439 8.8413 8.8398 8.8387 8.838 8.8375 8.837 8.8367 

 
9.0027 8.9877 8.9827 8.9802 8.9787 8.9777 8.977 8.9765 8.9761 8.9757 

 

ʇʝʨʰʠʡ ʨʷʜʦʢ ʪʘʙʣʠʮʽ ʚʢʘʟʫʻ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ Lena. ʂʦʞʝʥ 

ʥʘʩʪʫʧʥʠʡ ʨʷʜʦʢ ʨʷʜʦʢ ʪʘʙʣʠʮʽ ʻ ʟʥʘʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʤʦʤʝʥʪʫ ʥʘ 

ʦʜʥʦʤʫ ʽʟ 10 ʽʥʪʝʨʧʦʣʴʦʚʘʥʠʭ ʟʦʙʨʘʞʝʥʴ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʪʷʛʫ, ʟʥʘʯʝʥʥʷ 

ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʥʦʨʤʘʣʽʟʦʚʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʨʽʚʥʦʤʽʨʥʦ ʽ ʤʦʥʦʪʦʥʥʦ ʟʤʝʥʰʫʶʪʴʩʷ. 

ʊʝʧʝʨ ʜʦʩʣʽʜʠʤʦ ʣʽʥʽʡʥʫ ʽʥʪʝʨʧʦʣʷʮʽʶ. ʄʘʢʩʠʤʘʣʴʥʝ ʜʝʩʷʪʠʢʨʘʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6. 
 

   
 

ʈʠʩ. 6. ʆʨʠʛʽʥʘʣ (ʣʽʚʦʨʫʯ) ʪʘ ʟʙʽʣʴʰʝʥʝ ʚ 10 ʨʘʟ ʟʦʙʨʘʞʝʥʥʷ ʣʽʥʽʡʥʠʤ ʤʝʪʦʜʦʤ  
 

ɺʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʷʢʽʩʪʴ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʝʱʦ ʢʨʘʱʘ ʟʘ ʽʥʪʝʨʧʦʣʷʮʽʶ ʤʝʪʦʜʦʤ 

ʥʘʡʙʣʠʞʯʦʛʦ ʩʫʩʽʜʘ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 2:  
 

ʊʘʙʣʠʮʷ 2 

ʅʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟʙʽʣʴʰʝʥʦʛʦ ʣʽʥʽʡʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 
LIN 1 2 3 4 5 6 7 8 9 10 

  2.6969 2.692 2.6905 2.6896 2.6892 2.6888 2.6886 2.6884 2.6883 2.6881 

  3.2694 3.2611 3.2585 3.2571 3.2563 3.2557 3.2554 3.255 3.2549 3.2546 

  5.1522 5.1443 5.1418 5.1403 5.1398 5.139 5.1388 5.1385 5.1384 5.1381 

  5.941 5.9282 5.9241 5.9218 5.9207 5.9197 5.9192 5.9187 5.9184 5.918 

  6.1997 6.1877 6.1838 6.1817 6.1807 6.1798 6.1793 6.1788 6.1785 6.1782 

  7.518 7.5072 7.5038 7.5017 7.5009 7.4999 7.4996 7.4991 7.499 7.4986 

  8.3761 8.3605 8.3554 8.3526 8.3513 8.3501 8.3495 8.3488 8.3485 8.3481 

  8.8647 8.848 8.8426 8.8397 8.8382 8.8369 8.8363 8.8356 8.8353 8.8348 

  9.0027 8.9867 8.9815 8.9787 8.9773 8.9761 8.9755 8.9748 8.9745 8.974 

 

ʅʘʨʝʰʪʽ ʜʦʩʣʽʜʠʤʦ ʽʥʪʝʨʧʦʣʷʮʽʶ ʃʘʥʮʦʰʘ. ʄʘʢʩʠʤʘʣʴʥʝ ʜʝʩʷʪʠʢʨʘʪʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 7. 
 

   
 

ʈʠʩ. 7. ʆʨʠʛʽʥʘʣ (ʣʽʚʦʨʫʯ) ʪʘ ʟʙʽʣʴʰʝʥʝ ʚ 10 ʨʘʟ ʟʦʙʨʘʞʝʥʥʷ ʘʣʛʦʨʠʪʤʦʤ ʃʘʥʮʦʰʘ 
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ɺʽʟʫʘʣʴʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʷʢʽʩʪʴ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʻ ʢʨʘʱʦʶ ʟʘ ʽʥʪʝʨʧʦʣʷʮʽʶ ʜʚʦʤʘ 

ʤʝʪʦʜʘʤʠ ʷʢʽ ʨʦʟʛʣʷʜʘʣʠʩʷ ʚʠʱʝ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʤʦʤʝʥʪʽʚ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 3:  

ʊʘʙʣʠʮʷ 3 

ʅʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟʙʽʣʴʰʝʥʦʛʦ ʘʣʛʦʨʠʪʤʦʤ ʃʘʥʮʦʰʘ 
LIN 1 2 3 4 5 6 7 8 9 10 

  3.2577 3.2569 3.2564 3.256 3.2538 3.2538 3.2538 3.2538 3.2526 3.2526 

  2.6961 2.6937 2.6935 2.6928 2.6938 2.6928 2.6928 2.6923 2.6931 2.6924 

  5.1524 5.1483 5.148 5.1466 5.1488 5.147 5.1469 5.1461 5.1477 5.1465 

  5.9288 5.9243 5.9244 5.9235 5.9228 5.921 5.9214 5.921 5.9208 5.9197 

  6.1809 6.1791 6.1792 6.1792 6.1753 6.1749 6.1754 6.1758 6.1735 6.1733 

  8.3651 8.3581 8.3584 8.3569 8.3579 8.3548 8.3554 8.3546 8.3555 8.3536 

  8.8453 8.8395 8.8403 8.8394 8.8375 8.8352 8.8361 8.8359 8.835 8.8335 

  8.9765 8.974 8.9746 8.9747 8.9691 8.9685 8.9694 8.9699 8.9667 8.9664 

  8.9765 8.974 8.9746 8.9747 8.9691 8.9685 8.9694 8.9699 8.9667 8.9664 

 

ʅʘ ʨʠʩ. 8ï10 ʛʨʘʬʽʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʚʝʜʽʥʢʘ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʦʨʤʘʣʽʟʦʚʘʥʠʭ ʤʦʤʝʥʪʽʚ. 

 

 

ʈʠʩ. 8. ɻʨʘʬʽʢ   

 

 

ʈʠʩ. 9. ɻʨʘʬʽʢ   

 

 

ʈʠʩ. 10. ɻʨʘʬʽʢ   

 

4. ʇʦʨʽʚʥʷʥʥʷ ʟ ʽʥʰʠʤʠ ʤʝʪʨʠʢʘʤʠ. ɺʠʢʦʨʠʩʪʘʻʤʦ ʽʥʰʽ ʧʦʧʫʣʷʨʥʽ ʤʝʪʨʠʢʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʩʧʽʚʩʪʘʚʣʝʥʥʽ ʟ ʝʪʘʣʦʥʦʤ (reference metrics), ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ, ʟʦʢʨʝʤʘ MSE ï ʩʝʨʝʜʥʴʦ 

ʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ, PSNR ï ʧʽʢʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣʫ ʜʦ ʰʫʤʫ (ʨʠʩ. 11) MSSIM ï ʤʦʜʠʬʽʢʦʚʘʥʠʡ 

ʽʥʜʝʢʩ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʦʞʦʩʪʽ, ʽʥʜʝʢʩ ʚʘʨʽʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ VIPF (ʨʠʩ. 12).  
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ʈʠʩ. 11. ɻʨʘʬʽʢʠ ʽʥʜʝʢʩʽʚ MSE ʽ PSNR  

 

ɿ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʽʥʜʝʢʩʠ MSE ʪʘ PSNR ʥʽʷʢ ʥʝ ʨʝʘʛʫʶʪʴ ʥʘ ʩʧʦʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ, ʪʦʤʫ ʚʦʥʠ 

ʥʝ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʦʙʨʘʞʝʥʴ.  

 

   
ʈʠʩ. 12. ɻʨʘʬʽʢ ʽʥʜʝʢʩʽʚ msssim i UQI 

 

ɿ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʽʥʜʝʢʩʠ MSSIM ʪʘ UQI ʜʦʙʨʝ ʨʝʘʛʫʶʪʴ ʥʘ ʩʧʦʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ.  

   
ʈʠʩ. 13. ɻʨʘʬʽʢ ʽʥʜʝʢʩʽʚ ergas i vifp  

 

   
ʈʠʩ. 13. ɻʨʘʬʽʢ ʽʥʜʝʢʩʽʚ SAM i CSS  
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ɿ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʽʥʜʝʢʩʠ ERGAS ʪʘ SAM ʥʝ ʨʝʘʛʫʶʪʴ ʥʘ ʩʧʦʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʘ ʽʥʜʝʢʩʠ 

VIPF ʪʘ CSS ʯʫʪʣʠʚʽ ʜʦ ʩʧʦʪʚʦʨʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ɺʠʤʽʨʶʚʘʥʥʷ ʷʢʦʩʪʽ ʚʽʟʫʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʧʨʠʥʮʠʧʦʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʽʜʝʦ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ 

ʦʮʽʥʶʚʘʪʠ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʴ ʯʠ ʚʽʜʝʦʟʘʧʠʩʽʚ ʧʝʨʮʝʧʪʠʚʥʦ ʧʦʩʣʽʜʦʚʥʦ. ɸʣʛʦʨʠʪʤʠ ʦʮʽʥʢʠ ʷʢʦʩʪʽ  ʟʦʙʨʘʞʝʥʥʷ 

ʽʥʪʝʨʧʨʝʪʫʶʪʴ ʷʢʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ ʷʢ ʚʽʨʥʽʩʪʴ, ʘʙʦ ʩʭʦʞʽʩʪʴ ʽʟ çʝʪʘʣʦʥʥʠʤè ʘʙʦ çʽʜʝʘʣʴʥʠʤè ʟʦʙʨʘʞʝʥʥʷʤ ʫ 

ʧʝʚʥʦʤʫ ʧʝʨʮʝʧʪʠʚʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʚʚʦʜʷʪʴʩʷ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ, ʜʦʚʦʜʷʪʴʩʷ 

ʱʦ ʚʦʥʠ ʽʥʚʘʨʽʘʥʪʥʽ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʘʩʰʪʘʙʦʚʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ. ɿʦʢʨʝʤʘ, ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʤʦʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʥʦʚʽ ʘʣʛʦʨʠʪʤʠ ʟôʷʚʣʷʶʪʴʩʷ ʧʦʩʪʽʡʥʦ ʽ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʾʭʥʴʦʾ ʨʦʙʦʪʠ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʦʙʯʠʩʣʝʥʴ ʥʘ ʢʦʥʢʨʝʪʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʥʦʨʤʘʣʽʦʚʘʥʽ ʤʦʤʝʥʪʥʽ ʽʥʚʘʨʽʘʥʪʠ ʤʦʥʦʪʦʥʥʦ ʨʝʘʛʫʶʪʴ ʥʘ ʜʝʛʨʘʜʘʮʽʶ ʟʦʙʨʘʞʝʥʥʷ ʽ ʤʦʞʫʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʦʨʷʜ ʟ ʚʽʜʦʤʠʤʠ ʽʥʜʝʢʩʘʤʠ ʷʢʦʩʪʽ ʟʦʙʨʘʞʝʥʴ ʪʘʢʠʤʠ ʷʢ SSIM. MSSIM, QUI. 
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ʇʈʆɻʈɸʄʅɸ ʈɽɸʃɯɿɸʎɯʗ  

ʉʀʉʊɽʄʀ ʇʆʊʆʂʆɺʆɻʆ ʐʀʌʈʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯɰ  

ʅɸ ʆʉʅʆɺɯ ɼʀʉʂʈɽʊʅʀʍ ɺɯɼʆɹʈɸɾɽʅʔ 
 
ȹ ɖɔɇɔɘɫ ɍɆɕɖɔɕɔɓɔɈɆɓɔ ɕɖɔɉɖɆɒɓə ɖɋɆɑɫɍɆɜɫɤ ɗɎɗɘɋɒɎ ɐɔɊəɈɆɓɓɥ-ɊɋɐɔɊəɈɆɓɓɥ ɫɓɚɔɖɒɆɜɫɬ ɍ ɊɔɊɆɘɐɔɈɎɒ ɕɔɘɔɐɔɈɎɒ 

ɞɎɚɖəɈɆɓɓɥɒ ɕɗɋɈɊɔɈɎɕɆɊɐɔɈɎɒɎ ɕɔɗɑɫɊɔɈɓɔɗɘɥɒɎ, ɟɔ ɉɋɓɋɖəɤɘɢɗɥ ɓɆ ɔɗɓɔɈɫ ɑɔɉɫɗɘɎɝɓɔɉɔ ɈɫɊɔɇɖɆɌɋɓɓɥ. ȪɔɊɆɘɐɔɈɋ 
ɞɎɚɖəɈɆɓɓɥ əɓɋɒɔɌɑɎɈɑɤɩ ɖɔɍɞɎɚɖəɈɆɓɓɥ ɫɓɚɔɖɒɆɜɫɬ, ɥɐɟɔ ɘɖɋɘɫɏ ɗɘɔɖɔɓɫ ɓɋ ɈɫɊɔɒɫ ɍɓɆɝɋɓɓɥ ɕɔɝɆɘɐɔɈɎɛ əɒɔɈ 
ɑɔɉɫɗɘɎɝɓɔɉɔ ɈɫɊɔɇɖɆɌɋɓɓɥ, ɟɔ ɈɎɐɔɖɎɗɘɔɈəɩɘɢɗɥ Ɋɑɥ ɉɋɓɋɖəɈɆɓɓɥ ɕɔɗɑɫɊɔɈɓɔɗɘɋɏ ɞɎɚɖəɈɆɓɓɥ. ȭɆɕɖɔɕɔɓɔɈɆɓɆ ɗɎɗɘɋɒɆ 
ɇəɑɆ ɖɋɆɑɫɍɔɈɆɓɆ ɓɆ ɕɖɔɉɖɆɒɓɔɒə ɖɫɈɓɫ ɍ ɈɎɐɔɖɎɗɘɆɓɓɥɒ ɗəɝɆɗɓɎɛ ɕɖɔɉɖɆɒɓɎɛ ɍɆɗɔɇɫɈ, ɍɔɐɖɋɒɆ ɒɔɈɎ ɕɖɔɉɖɆɒəɈɆɓɓɥ ȷ++. 
ȶɔɇɔɘɆ ɗɎɗɘɋɒɎ ɊɔɗɑɫɊɌəɈɆɑɆɗɢ ɓɆ ɕɖɎɐɑɆɊɫ ɐɔɊəɈɆɓɓɥ ɘɋɐɗɘɔɈɔɬ ɫɓɚɔɖɒɆɜɫɬ. ȶɋɍəɑɢɘɆɘɎ ɘɋɗɘəɈɆɓɓɥ ɕɔɐɆɍɆɑɎ, ɟɔ 
ɍɆɕɖɔɕɔɓɔɈɆɓɆ ɗɎɗɘɋɒɆ ɒɆɩ ɇɫɑɢɞə ɞɈɎɊɐɔɊɫɤ ɓɆ 10 % ɕɔɖɫɈɓɥɓɔ ɍ ɆɓɆɑɔɉɫɝɓɎɒɎ ɗɎɗɘɋɒɆɒɎ ɗɘɎɗɓɋɓɓɥ ɘɆ ɞɎɚɖəɈɆɓɓɥ 
ɫɓɚɔɖɒɆɜɫɬ ɓɆ ɔɗɓɔɈɫ ɊɎɗɐɖɋɘɓɎɛ ɈɫɊɔɇɖɆɌɋɓɢ 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɕɗɋɈɊɔɈɎɕɆɊɐɔɈɆ ɕɔɗɑɫɊɔɈɓɫɗɘɢ, ɑɔɉɫɗɘɎɝɓɋ ɈɫɊɔɇɖɆɌɋɓɓɥ, ɞɎɚɖəɈɆɓɓɥ, ɐɔɊəɈɆɓɓɥ. 
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SOFTWARE IMPLEMENTATION  OF INFORMATION STREAM  

ENCRYPTION SYSTEM BASED ON DISCRETE MAPS 
 
The paper proposes a system of encoding/decoding information with its additional stream encryption by elements of a 

chaotic sequence generated on the basis of discrete maps. The system consists of the following blocks: encoding / decoding unit, 
encryption/decryption unit, pseudorandom sequence generator, initial conditions task unit. The proposed system uses the metho d 
of adaptive arithmetic compression with additional streaming encryption of  compressed information by pseudorandom sequences 
generated on the basis of discrete maps. A binary adaptive arithmetic encoder is used as the coding unit.  

A modified diffusion transformation is used as the encryption method. At the output of the system, a compressed binary 
code message is generated, which is further encrypted by pseudorandom sequences. Additional encryption makes it impossible to 
decrypt the information unless the key to start the pseudorandom generator is known. The use of a modified dif fusion 
transformation as an encryption method, which contains an additional parameter used as an additional key for encryption, can 
increase the impact of this parameter on the complexity of decrypting encoded data, as well as increase cryptographic and no ise 
immunity of the system as a whole.  

The proposed system was implemented at the software level using modern software, in particular the programming 
language C ++.  

The operation of the system was studied on the example of encoding text information.  
The test results showed that the proposed system of encoding-decoding information with additional streaming encryption 

by pseudorandom sequences generated on the basis of discrete maps has 10 % higher speed than similar systems of compression 
and encryption of information on the basis of discrete maps and has increased cryptographic stability. 

Keywords: pseudo-random sequence, logistic mapping, encryption, coding. 

 

ɺʩʪʫʧ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʻ 

ʦʜʥʽʻʶ ʽʟ ʩʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʟʘʩʪʦʩʦʚʫʶʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʪʝʭʥʽʯʥʽ ʪʘ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ 

ʤʝʪʦʜʠ. ʆʜʥʠʤ  ʽʟ ʥʘʧʨʷʤʽʚ ʚʠʨʽʰʝʥʥʷ  ʧʨʦʙʣʝʤʠ  ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʻ ʾʾ  ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʟʘʭʠʩʪ. 

ɺ ʥʘʰ ʯʘʩ ʨʦʟʨʦʙʣʝʥʦ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʘʛʘʪʦ ʘʣʛʦʨʠʪʤʽʚ ʰʠʬʨʫʚʘʥʥʷ ʜʣʷ ʢʨʠʧʪʦʛʨʘʬʽʯʥʦʛʦ  

ʟʘʭʠʩʪʫ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ ʪʠʧ ʰʠʬʨʽʚ ï ʮʝ ʩʠʤʝʪʨʠʯʥʽ ʰʠʬʨʠ, ʷʢʽ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʚʘ ʢʣʘʩʠ: ʙʣʦʯʥʽ 

ʰʠʬʨʠ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʢʨʠʧʪʦʘʪʘʢ, ʘʣʝ ʥʝ ʜʫʞʝ ʚʝʣʠʢʫ ʰʚʠʜʢʦʜʽʶ, ʪʘ ʧʦʪʦʢʦʚʽ ʰʠʬʨʠ, ʷʢʽ 

ʤʘʶʪʴ ʜʝʱʦ ʤʝʥʰʫ ʢʨʠʧʦʩʪʽʡʢʽʩʪʴ, ʘʣʝ ʙʽʣʴʰʫ ʰʚʠʜʢʦʜʽʶ, ʥʽʞ ʙʣʦʯʥʽ. 
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ɼʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʰʠʬʨʫʚʘʥʥʷ ʻ ʢʦʤʙʽʥʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʰʠʬʨʫʚʘʥʥʷ, ʪʦʙʪʦ ʧʦʩʣʽʜʦʚʥʝ ʰʠʬʨʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʪʝʢʩʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ 

ʘʙʦ ʙʽʣʴʰʝ ʤʝʪʦʜʽʚ [1, 2]. 

ɺʦʜʥʦʯʘʩ ʟ ʧʦʰʠʨʝʥʥʷʤ ʽʥʪʝʨʥʝʪ-ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʨʦʟʚʠʪʢʦʤ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ, ʚʠʥʠʢʘʻ 

ʧʨʦʙʣʝʤʘ ʟʘʭʠʱʝʥʦʩʪʽ ʪʨʘʬʽʢʘ ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ, ʘ ʩʘʤʝ, ʜʘʥʠʭ ʢʦʤʘʥʜʥʦʾ, ʘʫʜʽʦ- ʚʽʜʝʦ- ʪʘ ʽʥʰʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʟʘʩʦʙʘʤʠ ʤʘʣʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ. ʊʦʤʫ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʪʘʣʦ ʧʦʰʠʨʝʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʦʢʦʚʠʭ ʤʝʪʦʜʽʚ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʟʘʭʠʩʪʫ ʪʨʘʬʽʢʘ ʨʫʭʦʤʠʭ ʦʙôʻʢʪʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʨʥʝʪ-ʤʝʨʝʞ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ ʪʝʦʨʽʾ ʜʠʥʘʤʽʯʥʦʛʦ ʭʘʦʩʫ, ʱʦ ʚʽʜʢʨʠʚʘʻ 

ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʰʚʠʜʢʦʜʽʶʯʠʭ ʰʠʬʨʽʚ ʟ ʜʦʩʪʘʪʥʽʤ ʨʽʚʥʝʤ ʩʪʽʡʢʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʛʝʥʝʨʘʪʦʨʽʚ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (ʇɺʇ) ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ. ʅʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ 

ʧʦʚʝʜʽʥʢʠ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʢʨʠʧʪʦʩʪʽʡʢʠʭ 

ʛʝʥʝʨʘʪʦʨʽʚ ʇɺʇ, ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʠʭ ʪʘ ʧʽʜʚʠʱʝʥʥʽ ʩʪʽʡʢʦʩʪʽ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʪʘ ʩʠʩʪʝʤ ʧʦʪʦʢʦʚʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ.  

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʧʫʙʣʽʢʘʮʽʡ. ʅʘʜ ʧʨʦʙʣʝʤʦʶ ʨʦʟʨʦʙʣʝʥʥʷ ʢʨʠʧʪʦʩʪʽʡʢʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʇɺʇ ʥʘ 

ʦʩʥʦʚʽ ʭʘʦʩʫ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʘʢʪʠʚʥʦ ʧʨʘʮʶʶʪʴ ʨʷʜ ʟʘʢʣʘʜʽʚ ʪʘ ʥʘʫʢʦʚʮʽʚ ʷʢ 

ʚ ʋʢʨʘʾʥʽ, ʪʘʢ ʽ ʟʘ ʾʾ ʤʝʞʘʤʠ. ɸʥʘʣʽʟ ʧʫʙʣʽʢʘʮʽʡ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʜʝʩʷʪʠʣʽʪʴ, ʪʝʤʘ ʷʢʠʭ ʧʨʠʩʚʷʯʝʥʘ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʭʘʦʩʫ ʫ ʢʨʠʧʪʦʛʨʘʬʽʾ, ʪʘ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʰʚʠʜʢʦʜʽʶʯʠʭ ʤʝʪʦʜʽʚ ʧʦʪʦʢʦʚʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʧʦʢʘʟʘʚ, ʱʦ ʧʨʦʙʣʝʤʘ ʧʽʜʚʠʱʝʥʥʷ 

ʰʚʠʜʢʦʜʽʾ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤ ʧʦʚʥʽʩʪʶ ʥʝ ʚʠʨʽʰʝʥʘ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ 

ʢʨʠʧʪʦʩʪʽʡʢʠʭ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʧʦʪʦʢʦʚʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʛʝʥʝʨʘʪʦʨʽʚ ʭʘʦʩʫ ʟ ʜʠʩʢʨʝʪʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʰʚʠʜʢʦʜʽʾ ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʩʠʩʪʝʤʘʭ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ ʤʦʜʝʣʣʶ ʜʞʝʨʝʣʘ ʭʘʦʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ ʚ 

ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʩʪʫʧʘʻ ʨʽʟʥʠʮʝʚʝ ʨʽʚʥʷʥʥʷ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʱʦ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ [1, 2]: 
 

)](),0(),([)1( kxxkafkx =+                                                          (1) 

ʜʝ k =1, 2, 3,é ï ʚʽʜʣʽʢʠ ʜʠʩʢʨʝʪʥʦʛʦ ʯʘʩʫ,  

ʃʦʛʽʩʪʠʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʭ ʦʜʥʦʤʽʨʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʭʘʦʪʠʯʥʠʭ ʩʠʩʪʝʤ 

ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʇɺʇ, ʘʥʘʣʽʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʷʢʦʛʦ ʟʘʜʘʻʪʴʩʷ ʨʽʟʥʠʮʝʚʠʤ ʨʽʚʥʷʥʥʷʤ [1, 2]: 

( ),11 nnn xxx -=+ l      (2) 

ʜʝ l ï ʧʘʨʘʤʝʪʨ ʢʝʨʫʚʘʥʥʷ, Xn ï ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ, Xn+1 ï ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʟʥʘʯʝʥʥʷ ɚ ʛʝʥʝʨʦʚʘʥʽ ʢʦʣʠʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʽʦʜʠʯʥʠʤʠ, ʢʚʘʟʽ-ʧʝʨʽʦʜʠʯʥʠʤʠ ʘʙʦ 

ʭʘʦʪʠʯʥʠʤʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʣʦʛʽʩʪʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʠ 56.3²l  ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʝʞʠʤ 

ʭʘʦʪʠʯʥʠʭ ʢʦʣʠʚʘʥʴ [1, 2]. 
ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʦʜʫʚʘʥʥʷ/ʜʝʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʾʾ ʜʦʜʘʪʢʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ 

ʝʣʝʤʝʥʪʘʤʠ ʭʘʦʪʠʯʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʛʝʥʝʨʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ [3, 4]. ɺ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ 

ʣʝʞʠʪʴ ʩʧʦʩʽʙ ʢʦʜʫʚʘʥʥʷ-ʜʝʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʜʘʪʢʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [3]. 

ʉʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʙʣʦʢʽʚ: ʙʣʦʢ ʢʦʜʫʚʘʥʥʷ/ʜʝʢʦʜʫʚʘʥʥʷ, ʙʣʦʢ ʰʠʬʨʫʚʘʥʥʷ/ 

ʨʦʟʰʠʬʨʫʚʘʥʥʷ, ʛʝʥʝʨʘʪʦʨ ʇɺʇ, ʙʣʦʢ ʟʘʚʜʘʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ʉʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ-

ʜʝʢʦʜʫʚʘʥʥʷ ʟ ʜʦʜʘʪʢʦʚʠʤ  ʧʦʪʦʢʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ-ʜʝʢʦʜʫʚʘʥʥʷ  

ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʦʪʦʢʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ 

 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʩʪʠʩʥʝʥʥʷ ʟ ʜʦʜʘʪʢʦʚʠʤ 

ʧʦʪʦʢʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ ʩʪʠʩʥʫʪʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ, ʛʝʥʝʨʦʚʘʥʠʤʠ ʥʘ 
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ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ. ʗʢ ʙʣʦʢ ʢʦʜʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʽʡʢʦʚʠʡ ʘʜʘʧʪʠʚʥʠʡ ʘʨʠʬʤʝʪʠʯʥʠʡ 

ʢʦʜʝʨ [3, 8].  

ʉʠʩʪʝʤʘ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [3, 4] ɯʥʬʦʨʤʘʮʽʷ, ʱʦ ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʽʜ ʩʠʩʪʝʤʠ (ʙʣʦʢʫ 

ʢʦʜʫʚʘʥʥʷ) ʥʘ ʧʝʨʝʜʘʚʘʣʴʥʽʡ ʩʪʦʨʦʥʽ, ʢʦʜʫʻʪʴʩʷ ʪʘ ʩʪʠʩʢʫʻʪʴʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʘʜʘʧʪʠʚʥʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ 

ʢʦʜʫʚʘʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʜʚʽʡʢʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ (I), ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʟʘʢʦʜʦʚʘʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ɼʘʣʽ, ʟʘʢʦʜʦʚʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʙʣʦʢʫ ʰʠʬʨʫʚʘʥʥʷ, ʚ ʷʢʦʤʫ ʟʘʰʠʬʨʦʚʫʻʪʴʩʷ ʝʣʝʤʝʥʪʘʤʠ 

ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʛʝʥʝʨʦʚʘʥʦʾ ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʩʪʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ.  

ɺ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʠʬʫʟʽʾ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʝ [5]. ɼʘʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʚôʷʟʫʻ ʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʠʭ ʟʘʢʦʜʦʚʘʥʠʭ ʙʘʡʪʽʚ ʽʥʬʦʨʤʘʮʽʾ (ʪʝʢʩʪʫ) 

I(k) ʟ ʥʘʩʪʫʧʥʠʤʠ ʙʘʡʪʘʤʠ ʽʥʬʦʨʤʘʮʽʾ (ʪʝʢʩʪʫ), ʦʪʨʠʤʘʥʠʤʠ ʧʽʩʣʷ ʰʠʬʨʫʚʘʥʥʷ C(k). ʄʝʭʘʥʽʟʤ ʜʠʬʫʟʽʾ 

ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

)1(}mod)]()({[)()( -Ä+Ä= kINkkIkkC ff ,                                           (3) 
 

ʜʝ ʉ(k) ï ʙʘʡʪʠ ʟʘʰʠʬʨʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʪʝʢʩʪʫ), )(kI  ï ʙʘʡʪ ʽʥʬʦʨʤʘʮʽʾ (ʪʝʢʩʪʫ), ʦʪʨʠʤʘʥʦʾ ʧʽʩʣʷ 

ʩʪʠʩʥʝʥʥʷ; )1( -kI  ï ʧʦʧʝʨʝʜʥʽʡ ʙʘʡʪ ʽʥʬʦʨʤʘʮʽʾ (ʪʝʢʩʪʫ), ʦʪʨʠʤʘʥʦʾ ʧʽʩʣʷ ʩʪʠʩʥʝʥʥʷ (ʟ ʚʠʭʦʜʫ ʙʣʦʢʫ 

ʢʦʜʫʚʘʥʥʷ) (ʧʨʠ k = 1 ʟʘʤʽʩʪʴ )1( -kI  ʙʝʨʝʤʦ ʚʽʜʧʦʚʽʜʥʝ ʟʘʜʘʥʝ ʥʘʤʠ ʟʥʘʯʝʥʥʷ ʉ(0), ʷʢʝ, ʟʦʢʨʝʤʘ, ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʜʦʜʘʪʢʦʚʠʤ ʢʣʶʯʝʤ ʰʠʬʨʫʚʘʥʥʷ), )(kf  ï ʙʘʡʪʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʛʝʥʝʨʦʚʘʥʦʾ ʥʘ 

ʦʩʥʦʚʽ ʣʦʛʽʩʪʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ:  

)](1)[()1( kkk flff -=+ .                                                             (4) 

ʆʙʝʨʥʝʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʠʬʫʟʽʾ ʧʝʨʝʧʠʰʝʪʴʩʷ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ: 

                    NkNkIkCkkI mod)}()1()()({)( ff -+-ÄÄ= .                                  (5) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ ʫʪʚʦʨʶʻʪʴʩʷ ʩʪʠʩʥʫʪʝ ʜʚʽʡʢʦʚʝ ʢʦʜʦʚʝ ʧʦʚʽʜʦʤʣʝʥʥʷ (ʉ), ʱʦ 

ʜʦʜʘʪʢʦʚʦ ʟʘʰʠʬʨʦʚʘʥʝ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ. ɼʦʜʘʪʢʦʚʝ ʰʠʬʨʫʚʘʥʥʷ ʫʥʝʤʦʞʣʠʚʣʶʻ 

ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʱʦ ʥʝ ʚʽʜʦʤʠʡ ʢʣʶʯ ʜʣʷ ʟʘʧʫʩʢʫ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ.  

ʗʢ ʢʣʶʯ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʣʦʛʽʩʪʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʠʩʪʫʧʘʶʪʴ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

ʧʦʯʘʪʢʦʚʘ ʫʤʦʚʘ 
0fʪʘ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʢʝʨʫʚʘʥʥʷl (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ99,3=l ). ʅʘ ʧʨʠʡʤʘʣʴʥʽʡ 

ʩʪʦʨʦʥʽ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʰʠʬʨʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʠʬʫʟʽʾ, ʷʢʝ ʤʽʩʪʠʪʴ 

ʜʦʜʘʪʢʦʚʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʜʦʜʘʪʢʦʚʠʡ ʢʣʶʯ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʚʧʣʠʚ 

ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘ ʩʢʣʘʜʥʽʩʪʴ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʢʦʜʦʚʘʥʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʢʨʠʧʪʦ- ʪʘ 

ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ ʚʮʽʣʦʤʫ.   

ɼʣʷ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʪʘ ʧʨʠʡʤʘʣʴʥʦʾ ʩʪʦʨʽʥ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʩʧʦʩʽʙ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʨʦʙʦʪʽ [6]. ʎʝʡ ʩʧʦʩʽʙ ʧʦʣʷʛʘʻ ʫ ʥʘʜʩʠʣʘʥʥʽ ʯʝʨʝʟ ʧʝʚʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ 

ʧʦʪʦʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ ʣʦʛʽʩʪʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʧʝʨʽʦʜ ʥʘʜʩʠʣʘʥʥʷ ʟʥʘʯʝʥʴ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʥʘʭʦʜʞʝʥʥʷ ʯʘʩʫ ʚʩʪʘʥʦʚʣʝʥʥʷ  ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʦʜʥʦʟʥʘʯʥʝ 

ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʩʠʩʪʝʤʘʭ ʧʦʪʦʢʦʚʦʛʦ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʾʭ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ. 

ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʧʦʩʦʙʫ ʢʦʜʫʚʘʥʥʷ ï ʜʝʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʦʪʦʢʦʚʠʤ 

ʰʠʬʨʫʚʘʥʥʷʤ ʇɺʇ, ʛʝʥʝʨʦʚʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2. 
 

 
ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʩʧʦʩʦʙʫ ʢʦʜʫʚʘʥʥʷ-ʜʝʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʦʪʦʢʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ 

 

ɸʣʛʦʨʠʪʤ ʦʙʨʘʭʫʥʢʫ ʽʥʪʝʨʚʘʣʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʙʽʪʫ ç0è ʘʙʦ ç1è ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʦʯʘʪʢʦʚʦʾ ʫʤʦʚʠ ʭʘʦʪʠʯʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʟʘ ʷʢʠʤʠ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʝʥʝʨʫʚʘʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʥʘ ʩʪʦʨʦʥʽ ʢʦʜʝʨʘ ʩʠʩʪʝʤʠ, ʘʥʘʣʦʛʽʯʥʫ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʦʞʥʘ ʟʛʝʥʝʨʫʚʘʪʠ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʩʪʦʨʦʥʽ ʩʠʩʪʝʤʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʚʠʭʦʜʽ ʩʠʩʪʝʤʠ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘʰʠʬʨʦʚʘʥʝ ʭʘʦʪʠʯʥʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʩʪʠʩʥʫʪʝ 

ʜʚʽʡʢʦʚʝ ʢʦʜʦʚʝ ʧʦʚʽʜʦʤʣʝʥʥʷ. ɼʦʜʘʪʢʦʚʝ ʰʠʬʨʫʚʘʥʥʷ ʫʥʝʤʦʞʣʠʚʣʶʻ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʱʦ 

ʪʨʝʪʽʡ ʩʪʦʨʦʥʽ ʥʝ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʣʦʛʽʩʪʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʭʘʦʪʠʯʥʦʛʦ 

ʢʦʣʠʚʘʥʥʷ ʭ0, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʰʠʬʨʫʚʘʥʥʷ.  
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ʈʠʩ. 3. ɸʣʛʦʨʠʪʤ ʛʝʥʝʨʫʚʘʥʥʷ ʙʽʪʽʚ ç0è ʪʘ ç1è ʫ ʩʠʩʪʝʤʽ ʩʪʠʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʧʦʪʦʢʦʚʠʤ ʧʦʙʽʪʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ 

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʜʫʨʠ ʩʪʠʩʥʝʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʪʠʩʥʝʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

                                       
)(

)'(

SL

SL
k=

                                                                        (6) 

ʜʝ L(S) ï ʚʠʨʘʞʝʥʘ ʚ ʙʽʪʘʭ ʜʦʚʞʠʥʘ ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʚʠʭʦʜʽ ʢʦʜʝʨʘ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʩʪʠʩʥʝʥʥʷ ʨʷʜʢʘ S; L(S¡) ï ʜʦʚʞʠʥʘ ʚʭʽʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ ʚ ʙʽʪʘʭ. 

ʈʦʟʰʠʬʨʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʧʦʨʷʜʢʫ. ʉʪʠʩʥʫʪʝ ʪʘ 

ʟʘʰʠʬʨʦʚʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ ʙʣʦʢʫ ʨʦʟʰʠʬʨʫʚʘʥʥʷ. ɺ ʙʣʦʮʽ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʦʙʽʪʦʚʝ ʜʦʜʘʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʝʣʝʤʝʥʪʘʤʠ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʽʩʪʽ, ʛʝʥʝʨʦʚʘʥʦʾ ʧʨʠ ʪʠʭ ʞʝ 

ʫʤʦʚʘʭ, ʱʦ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚ ʢʦʜʝʨʽ. ʅʘ ʚʠʭʦʜʽ ʙʣʦʢʫ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʩʪʠʩʥʫʪʝ ʜʚʽʡʢʦʚʝ 

ʧʦʚʽʜʦʤʣʝʥʥʷ (ʙʝʟ ʰʠʬʨʫʚʘʥʥʷ), ʱʦ ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʽʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʣʦʢʫ ʜʝʢʦʜʫʚʘʥʥʷ ʪʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ 

ʚʠʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ. ɽʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ-ʜʝʢʦʜʫʚʘʥʥʷ ʜʘʥʠʭ ʟ ʰʠʬʨʫʚʘʥʥʷʤ 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʥʘ ʘʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ (ʤʦʞʣʠʚʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ, 

ʇʃɯʉ,  ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʉ++). ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ 

ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʟʦʢʨʝʤʘ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉ++.  

ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ, ʱʦ ʨʝʘʣʽʟʫʻ ʨʦʟʨʦʙʣʝʥʫ ʩʠʩʪʝʤʫ ʢʦʜʫʚʘʥʥʷ-ʜʝʢʦʜʫʚʘʥʥʷ ʟ ʧʦʪʦʢʦʚʠʤ 

ʰʠʬʨʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʇɺʇ, ʛʝʥʝʨʦʚʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ, ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 4. 

ʇʦʯʘʪʢʦʚʘ ʫʤʦʚʘ x0 ʪʘ ʧʘʨʘʤʝʪʨ ʢʝʨʫʚʘʥʥʷ l, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʦʾ 
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ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ, ʚʚʦʜʷʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʽ ʚʽʢʥʘ ʧʨʦʛʨʘʤʠ. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ ʥʘ 

ʧʨʠʢʣʘʜʽ ʰʠʬʨʫʚʘʥʥʷ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʧʦʯʘʪʢʦʚʦʾ ʫʤʦʚʠ x0 = 0,5 ʪʘ ʧʘʨʘʤʝʪʨʫ ʢʝʨʫʚʘʥʥʷ 

l= 3,87. ɼʘʥʘ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʞ ʤʦʞʝ ʙʫʜʠ ʜʦʧʦʚʥʝʥʘ ʡ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʜʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ 

ʪʘʢʠʤʠ ʷʢ ʍʘʬʬʤʘʥʘ, ʐʝʥʦʥʘ-ʌʘʥʦ ʪʘ ʽʥ. (ʨʠʩ. 4). 

 

 
 

ʈʠʩ. 4. ɯʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ, ʱʦ ʨʝʘʣʽʟʫʻ ʩʧʦʩʽʙ ʢʦʜʫʚʘʥʥʷ-ʜʝʢʦʜʫʚʘʥʥʷ ʟ ʧʦʪʦʢʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ ʇɺʇ, 

ʛʝʥʝʨʦʚʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ 

 

ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʥʘ ʧʨʠʢʣʘʜʽ ʢʦʜʫʚʘʥʥʷ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ.  

ɺ ʪʘʙʣʠʮʽ 1 ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʽʥʰʠʭ ʩʠʩʪʝʤ ʢʦʜʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʜʘʪʢʦʚʠʤ ʾʾ ʰʠʬʨʫʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ. ʇʦʨʽʚʥʷʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʫʪʙʫʢʘ ʟ ʧʨʦʮʝʩʦʨʦʤ ʤʘʨʢʠ Celeron M 1,6 GHz ʟ 2ɻʙ ʆɿʇ.  

 

ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʦʜʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʜʘʪʢʦʚʠʤ ʾʾ ʰʠʬʨʫʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ 

ʇʦʯʘʪʢʦʚʠʡ 

ʨʦʟʤʽʨ 
ʬʘʡʣʘ, 

ʂʙ 

ʉʠʩʪʝʤʘ ʢʦʜʫʚʘʥʥʷ-ʜʝʢʦʜʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʜʘʪʢʦʚʠʤ 
ʰʠʬʨʫʚʘʥʥʷʤ ʥʘ ʦʩʥʦʚʽ  

ʜʠʩʢʨʝʪʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ɺʽʜʩʦʪʦʢ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ 

ʏʘʩ ʢʦʜʫʚʘʥʥʷ, 

ʤʩ 

ʏʘʩ ʜʝʢʦʜʫʚʘʥʥʷ, 

ʤʩ 

ʏʘʩ ʢʦʜʫʚʘʥʥʷ, 

ʤʩ 

ʏʘʩ ʜʝʢʦʜʫʚʘʥʥʷ, 

ʤʩ 
ʢʦʜʫʚʘʥʥʷ ʜʝʢʦʜʫʚʘʥʥʷ 

1523 590 631 540 581 8,5 7,9 

1443 570 601 515 549 9,6 8,7 

1428 480 521 443 487 7,7 6,5 

 

ɺ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ (ʥʘ ʦʩʥʦʚʽ 

ʘʜʘʧʪʠʚʥʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʤʝʪʦʜʫ) ʽʟ ʚʽʜʦʤʠʤ ʤʝʪʦʜʦʤ ʩʪʠʩʥʝʥʥʷ LZW [7]. ɯʟ ʪʘʙʣʠʮʽ 2 ʚʠʧʣʠʚʘʻ, ʱʦ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʩʪʠʩʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ LZW-ʢʦʜʝʨʘ, ʚ ʦʩʥʦʚʥʦʤʫ, ʻ ʚʠʱʠʤ, ʥʽʞ ʘʨʠʬʤʝʪʠʯʥʦʛʦ.  

ʅʝʜʦʣʽʢʘʤʠ LZW-ʢʦʜʝʨʘ ʻ ʚʠʩʦʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ ʤʝʪʦʜʫ ʪʘ ʤʝʥʰʘ ʰʚʠʜʢʽʩʪʴ ʩʪʠʩʥʝʥʥʷ. 

ʐʚʠʜʢʦʜʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʩʪʠʩʥʝʥʥʷ ʻ ʙʽʣʴʰʦʶ ʟʘ ʰʚʠʜʢʦʜʽʻʶ ʚʽʜʦʤʠʭ ʘʥʘʣʦʛʽʚ [8ï10], ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʠ ʮʴʦʤʫ ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ ʰʣʷʭʦʤ ʾʾ ʰʠʬʨʫʚʘʥʥʷ ʇɺʇ. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʦʜʫʚʘʥʥʷ-ʜʝʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʜʦʜʘʪʢʦʚʠʤ ʧʦʪʦʢʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ, ʛʝʥʝʨʦʚʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ 

ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ, ʤʘʻ ʥʘ 10 % ʙʽʣʴʰʫ ʰʚʠʜʢʦʜʽʶ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʩʪʠʩʥʝʥʥʷ ʪʘ 

ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ ʪʘ ʚʦʣʦʜʽʻ ʧʽʜʚʠʱʝʥʦʶ ʢʨʠʧʪʦʩʪʽʡʢʽʩʪʶ. 
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ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ-ʜʝʢʦʜʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ  

ʟ ʰʠʬʨʫʚʘʥʥʷʤ ʟ LZW ʢʦʜʝʨʦʤ 
ʈʦʟʤʽʨʠ ʬʘʡʣʽʚ,  

ʱʦ ʧʽʜʣʷʛʘʣʠ 
ʩʪʠʩʢʫʚʘʥʥʶ, ʂʙ 

ʈʦʟʤʽʨʠ ʩʪʠʩʥʫʪʠʭ 

ʬʘʡʣʽʚ, ʂʙ 
(ʘʨʠʬʤʝʪʠʯʥʝ ʢʦʜʫʚʘʥʥʷ  

ʪʘ ʰʠʬʨʫʚʘʥʥʷ) 

ʂʦʝʬʽʮʽʻʥʪ 
ʩʪʠʩʥʝʥʥʷ 

ʈʦʟʤʽʨʠ  

ʩʪʠʩʥʫʪʠʭ ʬʘʡʣʽʚ, ʂʙ 

(LZW-ʢʦʜʝʨ) 

ʂʦʝʬʽʮʽʻʥʪ 
ʩʪʠʩʥʝʥʥʷ 

1396 989 1,41 646,3 2,16 

1403 1040 1,35 577,4 2,43 

1428 946 1,51 631,85 2,26 

 

ʇʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʩʪʠʩʥʝʥʥʷ ʪʘ 

ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ, ʫ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʮʝʜʫʨʘ ʟʤʽʥʠ ʽʥʪʝʨʚʘʣʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʩʠʤʚʦʣʠ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʢʣʶʯʝʤ 

ʰʠʬʨʫʚʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʘʣʛʦʨʠʪʤʫ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ 

ʰʠʬʨʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ. ʊʘʢʦʞ ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʠʩʪʝʤʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʘʥʘʣʦʛʽʯʥʠʭ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʛʝʥʝʨʘʪʦʨ ʢʣʶʯʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʰʠʬʨʫʚʘʥʥʷ, ʪʘ ʧʦʙʽʪʦʚʝ ʰʠʬʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʩʣʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ (ʪʦʙʪʦ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʮʠʢʣʫ 

ʛʝʥʝʨʫʚʘʥʥʷ ʜʚʽʡʢʦʚʦʛʦ ç0è ʘʙʦ ç1è). 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʛʨʘʤʥʫ ʨʝʘʣʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ-ʜʝʢʦʜʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʜʘʪʢʦʚʠʤ ʧʦʪʦʢʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʤʠ ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ, ʱʦ ʛʝʥʝʨʫʶʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʣʦʛʽʩʪʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ. ɼʦʜʘʪʢʦʚʝ ʰʠʬʨʫʚʘʥʥʷ ʫʥʝʤʦʞʣʠʚʣʶʻ ʨʦʟʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʱʦ 

ʪʨʝʪʽʡ ʩʪʦʨʦʥʽ ʥʝ ʚʽʜʦʤʽ ʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ  ʣʦʛʽʩʪʠʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʛʝʥʝʨʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʰʠʬʨʫʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʙʫʣʘ ʨʝʘʣʽʟʦʚʘʥʘ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʟʦʢʨʝʤʘ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʉ++. ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʥʘ ʧʨʠʢʣʘʜʽ ʢʦʜʫʚʘʥʥʷ ʪʝʢʩʪʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʊʘʢʦʞ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʰʚʠʜʢʦʜʽʾ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʟ ʥʘʩʪʫʧʥʠʤ ʧʦʙʽʪʦʚʠʤ ʰʠʬʨʫʚʘʥʥʷʤ ʪʘ ʨʦʟʨʦʙʣʝʥʦʾ 

ʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʙʽʣʴʰʫ ʰʚʠʜʢʦʜʽʶ ʥʘ 10 % ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʘʥʘʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʩʪʠʩʥʝʥʥʷ ʪʘ ʰʠʬʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʜʠʩʢʨʝʪʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ. 

ʇʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʟʫʤʦʚʣʝʥʝ ʪʠʤ, ʱʦ ʰʠʬʨʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʥʰʫ 

ʢʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ, ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ ʛʝʥʝʨʘʪʦʨ ʢʣʶʯʦʚʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʘ ʪʘʢʦʞ ʩʪʠʩʥʝʥʥʷ ʪʘ ʧʦʙʽʪʦʚʝ ʰʠʬʨʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʩʣʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ʩʠʩʪʝʤʠ. 
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ʄɽʊʆɼʀʂɸ ʇʆʃʗʈʅʆɻʆ ʂʆɼʋɺɸʅʅʗ  

ɺ 5G ʄʆɹɯʃʔʅʀʍ ɿɸʉʆɹɸʍ ʊɽʃɽʂʆʄʋʅɯʂɸʎɯʁ  

ɿ ɹɸɻɸʊʆʇʆɿʀʎɯʁʅʆʖ ʄʆɼʋʃʗʎɯɭʖ 
 
ȵɔɑɥɖɓɎɏ ɐɔɊ ɍɆɗɘɔɗɔɈəɩɘɢɗɥ Ɋɑɥ ɐɋɖəɤɝɔɬ ɫɓɚɔɖɒɆɜɫɬ ɓɎɍɛɫɊɓɔɬ ɑɫɓɫɬ ɍɈôɥɍɐə ɫ ɈɎɗɛɫɊɓɔɬ ɑɫɓɫɬ ɍɈôɥɍɐə (DCI/UCI) Ɋɑɥ 

ɖɔɍɞɎɖɋɓɔɉɔ ɒɔɇɫɑɢɓɔɉɔ ɞɎɖɔɐɔɗɒəɉɔɈɔɉɔ ɍɈôɥɍɐə (eMBB), Ɇ ɘɆɐɔɌ Ɋɑɥ ɞɎɖɔɐɔɒɔɈɓɔɉɔ ɐɆɓɆɑə (BCH). ȷɛɋɒɆ ɐɆɓɆɑɢɓɔɉɔ 
ɐɔɊəɈɆɓɓɥ ɕɖɋɊɗɘɆɈɑɥɩ ɗɔɇɔɤ ɐɔɒɇɫɓɆɜɫɤ ɈɎɥɈɑɋɓɓɥ ɕɔɒɎɑɔɐ, ɈɎɕɖɆɈɑɋɓɓɥ ɕɔɒɎɑɔɐ, əɍɉɔɊɌɋɓɓɥ ɞɈɎɊɐɔɗɘɫ, ɕɋɖɋɒɋɌɋɓɓɥ 
ɇɫɘɫɈ ɫ ɈɫɊɔɇɖɆɌɋɓɓɥ ɫɓɚɔɖɒɆɜɫɬ ɓɆ ɚɫɍɎɝɓɫ ɐɆɓɆɑɎ əɕɖɆɈɑɫɓɓɥ Ɇɇɔ ɘɖɆɓɗɕɔɖɘɓɔɉɔ ɖɫɈɓɥ. ȹ ɗɘɆɘɘɫ ɊɔɗɑɫɊɌɋɓɆ ɒɔɊɋɑɢ ɓɎɍɛɫɊɓɔɬ 
ɑɫɓɫɬ ɍɈôɥɍɐə ɍ ɕɔɑɥɖɓɎɒ ɐɔɊəɈɆɓɓɥɒ ɫ ɈɎɊɆɒɎ ɒɔɊəɑɥɜɫɬ (BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM) ɕɔ ɐɆɓɆɑə ɕɋɖɋɊɆɝɫ ɍ AWGN. 
ȪɔɗɑɫɊɌɋɓɔ ɍɆɈɆɊɔɗɘɫɏɐɫɗɘɢ ɗɛɋɒ ɍ ɕɔɑɥɖɓɎɒ ɐɔɊəɈɆɓɓɥɒ ɘɆ ɖɫɍɓɎɒɎ ɐɔɊɔɈɎɒɎ ɞɈɎɊɐɔɗɘɥɒɎ. ȵɖɔɆɓɆɑɫɍɔɈɆɓɆ ɗɘɖəɐɘəɖɓɆ 
ɗɛɋɒɆ ɒɔɊɋɑɫ ɕɖɎɏɓɥɘɘɥ ɖɫɞɋɓɓɥ ɕɖɔ ɖɋɌɎɒ ɒɔɊəɑɥɜɫɬ ɜɎɚɖɔɈɔɬ ɗɎɗɘɋɒɎ ɍɈôɥɍɐə. ȪɔɗɑɫɊɌɋɓɫ ɍɆɑɋɌɓɔɗɘɫ BER ɈɫɊ ɋɚɋɐɘɎɈɓɔɬ 
ɞɈɎɊɐɔɗɘɫ ɕɔɑɥɖɓɔɉɔ ɐɔɊə ɍ ɖɫɍɓɎɒɎ ɈɎɊɆɒɎ ɒɔɊəɑɥɜɫɬ. ȳɆ ɔɗɓɔɈɫ ɔɘɖɎɒɆɓɎɛ ɍɆɑɋɌɓɔɗɘɋɏ ɖɔɍɖɔɇɑɋɓɎɏ ɆɑɉɔɖɎɘɒ ɈɎɇɔɖə ɈɎɊə 
ɒɔɊəɑɥɜɫɬ Ɋɑɥ ɐɔɊɔɈɔɬ ɞɈɎɊɐɔɗɘɫ R=0,5. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɕɔɑɥɖɓɎɏ ɐɔɊ, ɐɆɓɆɑɢɓɋ ɐɔɊəɈɆɓɓɥ, ɉɋɓɋɖɆɘɔɖɓɎɏ ɕɔɑɫɓɔɒ, ɒɔɊəɑɥɜɫɥ, ɘɋɛɓɔɑɔɉɫɥ 5G. 
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POLAR CODING TECHNIQUE IN  5G MOBILE TELECOMMUNICATIONS  

WITH MULTI -POSITION MODULATION  
 
This article discusses the polar code coding model for 5G technology, from code concatenation through interleaving 

functions to rate allocation and matching schemes for a particular polar code. The aim of this work is to compare polar codes  that 
are used with different types of modulation and to investigate the dependence of the bit error rate (BER) on the effective  code rate. 
On the basis of the obtained dependencies, the concept of choosing the type of modulation for a cellular digital communicatio n 
system has been developed. Construction of the polar code includes identifying the channel reliability values associated with each 
bit to be encoded. This identification can be efficiently performed taking into account the length of the code and the specif ic signal-
to-noise ratio. However, 5G provides for different code lengths, rates and channel conditions, and it is no t possible to use different 
reliability vectors for each parameter combination. Polar codes are easy to implement, have a low complexity of description, while 
retaining good error correction performance in many code and channel parameters. Polar codes are used for the downlink and 
uplink control information (DC/UCI) for the enhanced mobile broadband (eMBB) case and for the broadcast channel (BCH). An 
alternative channel coding scheme for eMBB channel data that can be used as a flexible LDPC coding concept for all block sizes. 
One of the main problems with SC decoding is the problem of latency, mainly due to the fact that the information bits need to  be 
decoded one at a time. To reduce the delay in SC decoding, you can group the processing of multiple bits to  speed up the decoding 
process. Unlike LDPC codes, which are usually decoded as a graphical representation of a parity check matrix, decoding of polar 
codes is performed in a graphical representation of a generator matrix. Modern wireless communication systems often require 
knowledge of the signal to noise ratio (SNR) at the receiver. For example, SNR estimates are commonly used in mobile transmission 
power control schemes, service and adaptive modulation, and soft decoding procedures. Compared with the traditional satellite 
communication system, the mode of the adaptive communication system is no longer fixed, unchanged. For example, a high 
efficiency modulation mode and a high data rate are used in ideal channel conditions, while a low efficiency modulatio n mode is 
introduced at a low SNR. It is this concept that is explored in the manuscript.  

Keywords: polar code, channel coding, generator polynomial, modulation, 5G technology 
 

ɺʩʪʫʧ. ɺ ʤʦʙʽʣʴʥʠʭ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʷʭ, ʪʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʽʣʷʥʢʫ ʤʝʨʝʞʽ ʤʽʞ 

ʦʧʦʨʥʦʶ ʤʝʨʝʞʝʶ ʦʧʝʨʘʪʦʨʘ ʽ ʙʘʟʦʚʦʶ ʩʪʘʥʮʽʻʶ. ʋ 5G (Fifth Generation) ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘʙʽʨ 

ʜʦʩʪʫʧʥʠʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʽʚ. ʏʘʩʪʦʪʠ ʚ ʜʽʘʧʘʟʦʥʽ 694ï790 ʄɻʮ ʧʣʘʥʫʻʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘ ʤʝʞʘʤʠ 

ʚʝʣʠʢʠʭ ʤʽʩʪ ʟʘʚʜʷʢʠ ʚʝʣʠʢʽʡ ʟʦʥʽ ʧʦʢʨʠʪʪʷ. ʏʘʩʪʦʪʠ ʚ ʜʽʘʧʘʟʦʥʘʭ ʚʽʜ 1 ɻɻʮ ʜʦ 6 ɻɻʮ, ʟʦʢʨʝʤʘ 3,8ï4,4 ɻɻʮ, 

4,4ï4,99 ɻɻʮ ʽ 5,9 ɻɻʮ, ʟʘʙʝʟʧʝʯʘʪʴ ʧʦʢʨʠʪʪʷ ʚʝʣʠʢʠʭ ʤʽʩʪ. ʏʘʩʪʦʪʠ ʚ ʤʽʣʽʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʚʠʱʝ 

24 ɻɻʮ) ï 24ï29,5 ɻɻʮ, 30ï55 ɻɻʮ, 66ï75 ɻɻʮ, 81ï86 ɻɻʮ, ʙʫʜʫʪʴ ʧʨʠʜʘʪʥʽ ʜʣʷ ʪʦʯʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʚ ʤʽʩʮʷʭ 

ʥʘʡʙʽʣʴʰʦʛʦ ʩʢʫʧʯʝʥʥʷ ʘʙʦʥʝʥʪʽʚ: ʘʝʨʦʧʦʨʪʠ, ʚʦʢʟʘʣʠ, ʩʪʘʜʽʦʥʠ, ʪʦʱʦ. 

ɺ ʩʪʘʥʜʘʨʪʘʭ ʪʝʭʥʦʣʦʛʽʾ 5G NR ʚʝʨʩʽʾ 15 ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʨʘʜʽʦʟʚôʷʟʢʫ ʙʫʣʠ ʚʚʝʜʝʥʽ ʜʚʽ ʥʦʚʽ ʩʭʝʤʠ 

ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʬʽʟʠʯʥʦʛʦ ʨʽʚʥʷ ʜʣʷ ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ ʽ ʢʦʜʽʚ ʟ ʥʠʟʴʢʦʶ ʱʽʣʴʥʽʩʪʶ ʧʝʨʝʚʽʨʦʢ ʥʘ 

ʧʘʨʥʽʩʪʴ (LDPC) ʟ ʤʝʪʦʶ ʟʘʤʽʥʠ ʟʛʦʨʪʢʦʚʦʛʦ ʢʦʜʫ ʽ ʪʫʨʙʦʢʦʜʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʫ ʩʪʘʥʜʘʨʪʽ 4G (LTE ï 

Long-Term Evolution) [1ï7]. ɯʩʥʫʻ ʪʨʠ ʦʩʥʦʚʥʽ ʩʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ 5G [1]: ʨʦʟʰʠʨʝʥʠʡ ʰʠʨʦʢʦʩʤʫʛʦʚʠʡ 

ʤʦʙʽʣʴʥʠʡ ʟʚôʷʟʦʢ (eMBB), ʥʘʜʥʘʜʽʡʥʠʡ ʟʚôʷʟʦʢ ʟ ʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ (URLLC) ʽ ʤʘʩʦʚʠʡ ʟʚôʷʟʦʢ 

ʤʘʰʠʥʥʦʛʦ ʪʠʧʫ (mMTC). ʎʽ ʩʮʝʥʘʨʽʾ ʚʠʤʘʛʘʶʪʴ ʧʦʢʨʘʱʝʥʦ ʾʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ, ʥʠʟʴʢʦʾ ʟʘʪʨʠʤʢʠ ʽ 

ʥʘʜʽʡʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʩʪʝʤʦʶ 4G. ʂʘʥʘʣʴʥʽ ʢʦʜʠ 5G ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʟʤʽʥʥʫ ʰʚʠʜʢʽʩʪʴ ʽ ʜʦʚʞʠʥʫ 

ʢʦʜʫ ʷʢ ʜʣʷ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢ ʽ ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʛʽʙʨʠʜʥʠʡ ʘʚʪʦʤʘʪʠʯʥʠʡ 

ʟʘʧʠʪ ʥʘ ʧʦʚʪʦʨʝʥʥʷ (HARQ) ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ. ɹʘʛʘʪʦ ʩʭʝʤ ʢʦʜʫʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ 4G, ʙʫʣʠ ʦʮʽʥʝʥʽ ʥʘ 
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ʦʩʥʦʚʽ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʚʠʤʦʛ, ʽ LDPC-ʢʦʜʫʚʘʥʥʷ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʜʣʷ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ, ʚ ʪʦʡ ʯʘʩ ʷʢ 

ʧʦʣʷʨʥʝ ʢʦʜʫʚʘʥʥʷ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʜʣʷ ʢʝʨʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʮʝʥʘʨʽʶ eMBB, ʘ ʪʘʢʦʞ ʜʣʷ ʩʪʽʣʴʥʠʢʦʚʦʛʦ 

ʟʚôʷʟʢʫ ʟ ʥʠʟʴʢʦʶ ʟʘʪʨʠʤʢʦʶ. ʂʘʥʘʣʴʥʝ ʢʦʜʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʧʝʨʝʜʘʯʽ, 

ʚʠʢʣʠʢʘʥʠʭ ʰʫʤʦʤ, ʟʘʚʘʜʘʤʠ ʽ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʩʠʛʥʘʣʫ [8ï10]. 

ʇʦʙʫʜʦʚʘ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʟʥʘʯʝʥʴ ʥʘʜʽʡʥʦʩʪʽ ʢʘʥʘʣʫ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʢʦʞʥʠʤ ʙʽʪʦʤ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʘʢʦʜʦʚʘʥʠʡ. ʎʷ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʘʥʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʚʞʠʥʠ ʢʦʜʫ ʽ ʢʦʥʢʨʝʪʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ. ʆʜʥʘʢ ʚ ʨʘʤʢʘʭ 5G ʧʝʨʝʜʙʘʯʝʥʽ ʨʽʟʥʽ 

ʜʦʚʞʠʥʠ ʢʦʜʫ, ʰʚʠʜʢʦʩʪʽ ʽ ʫʤʦʚʠ ʢʘʥʘʣʫ, ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʚʝʢʪʦʨʽʚ ʥʘʜʽʡʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʢʦʤʙʽʥʘʮʽʾ 

ʧʘʨʘʤʝʪʨʽʚ ʥʝʤʦʞʣʠʚʦ. ʇʦʣʷʨʥ ̔ʢʦʜʠ ʣʝʛʢʦ ʨʝʘʣʽʟʫʚʘʪʠ, ʚʦʥʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʩʢʣʘʜʥʽʩʪʴ ʦʧʠʩʫ, ʟʙʝʨʽʛʘʶʯʠ 

ʧʨʠ ʮʴʦʤʫ ʭʦʨʦʰʽ ʧʦʢʘʟʥʠʢʠ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ ʟʘ ʙʘʛʘʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʜʫ ʽ ʢʘʥʘʣʫ [11ï17]. 

ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʜʦʩʪʫʧʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʥʝ ʚʨʘʭʦʚʫʻ ʢʦʥʢʨʝʪʥʽ ʢʦʜʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ 5G, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩ 

ʾʭ ʢʦʜʫʚʘʥʥʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʧʦʜʘʣʴʰʝ ʰʠʨʦʢ͎ͦͦ ʚʠʢʦʨʠʩʪʘʥʥʷ [1ï18]. ʗʢ ʢʦʜʫʚʘʥʥʷ, ʪʘʢ ʽ ʧʨʦʮʝʩ 

ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʞʫʪʴ ʬʘʢʪʠʯʥʦ ʧʨʠʚʝʩʪʪʠ ʜʦ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʘʥʦʾ ʰʚʠʜʢʩͦʪ̔ ʽ ʩʢʣʘʜʥʩͦʪ̔ 

ʨʝʘʣʽʟʘʮʽʾ ʩʭʝʤ ʢʦʜʫʚʘʥʥʷ. ʊʦʤʫ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʭʝʤ ʜʝʢʦʜʫʘʚʥʥʷ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʜʝʢʦʜʝʨʽʚ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ [19ï22]. 

ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʤʦʜʝʣʴ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫʚʘʥʥʷ, ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ 5G, ʚʽʜ ʧʨʦʮʝʜʫʨʠ 

ʢʦʥʢʘʪʝʥʘʮʽʾ ʢʦʜʫ ʯʝʨʝʟ ʬʫʥʢʮʽʾ ʧʝʨʝʤʝʞʝʥʥ,̫ ʜʦ ʩʭʝʤ ʚʠʜʽʣʝʥʥʷ ʽ ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʧʦʨʽʚʥʷʪʠ ʧʦʣʷʨʥʽ ʢʦʜʠ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʢʣʘʜʽ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʠʭ 

ʢͦʥʩʪʨʫʢʮʽʡ ʪʘ ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʽʾ. ɺ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʟʘʣʝʞʥʦʩʪʽ ʡʤʦʚʽʨʥʦʩʪʽ ʙʽʪʦʚʦʾ ʧʦʤʠʣʢʠ (BER) ʚʽʜ ʝʬʝʢʪʠʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʮʝʧʮʽʶ ʚʠʙʦʨʫ ʚʠʜʫ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʩʪʽʣʴʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ ʮʠʬʨʦʚʦʛʦ ʟʚôʷʟʢʫ.  

ʇʦʣʷʨʥʽ ʢʦʜʠ. ʋʪʚʦʨʝʥʥʷ ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʣʷʨʠʟʘʮʽʾ ʩʪʝʧʝʥʽ ʤʘʪʨʠʮʽ 

ʂʨʦʥʝʢʝʨʘ ʟ ʷʜʨʦʤ , ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʝʪʚʦʨʝʥʥʶ , ʟ . ɽʬʝʢʪ ʧʦʣʷʨʠʟʘʮʽʾ 

ʩʪʚʦʨʶʻ N ʚʽʨʪʫʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʥʘʜʽʡʥʦʩʪʽ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠ ʦʜʠʥ ʙʽʪ . ɺ 

(N, K) ʩʪʨʫʢʪʫʨʽ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ, ʜʦʚʞʠʥʦʶ N ʽ ʨʦʟʤʽʨʥʽʩʪʶ K ʙʽʪʽʚ, ʧʦʚʽʜʦʤʣʝʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʚ K 

ʥʘʡʙʽʣʴʰ ʥʘʜʽʡʥʠʭ ʢʘʥʘʣʘʭ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʠʤ ʥʘʙʦʨʦʤ I, ʘ ʽʥʰʽ N ï K ʢʘʥʘʣʽʚ ʫʪʚʦʨʶʶʪʴ 

çʟʘʤʦʨʦʞʝʥʠʡè ʥʘʙʽʨ F ʟʥʘʯʝʥʴ ʷʢʽ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʭʽʜʥʠʡ ʚʝʢʪʦʨ  

ʩʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʠʩʚʦʻʥʥʷ 
iu  = 0, ʷʢʱʦ , ʽ ʟʙʝʨʝʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʨʝʰʪʠ ʝʣʝʤʝʥʪʽʚ. ʂʦʜʦʚʝ 

ʩʣʦʚʦ x ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

 
ʉʠʩʪʝʤʘ ʟʚôʷʟʢʫ ʟ ʧʦʣʷʨʥʠʤʠ ʢʦʜʘʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʫ ʢʦʜʫʚʘʥʥʷ ʧʦʣʷʨʥʠʭ ʢʘʥʘʣʽʚ, ʦʙʨʘʥʫ 

ʜʣʷ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ 5G New Radio (NR) ʟ ʧʨʠʢʨʽʧʣʝʥʥʷʤ ʮʠʢʣʯ̔ʥʦʛʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ CRC (Cyclic 

Redundancy Check).  

ʂʦʥʮʝʧʮʽʾ ʧʦʣʷʨʠʟʘʮʽʾ ʢʘʥʘʣʫ ï ʮʝ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʡ ʙʘʟʠʩ ʢʦʜʫʚʘʥʥʷ, ʧʦʚʷʟʘʥʠʡ ʟ ʧʦʪʝʥʮʽʡʥʦʶ 

ʤʦʞʣʠʚʽʩʪʶ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʢʘʥʘʣʫ. ʄʘʶʯʠ ʢʨʘʱʽ ʘʙʦ 

ʧʦʨʽʚʥʷʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟ LDPC ʽ ʪʫʨʙʦʢʦʜʘʤʠ, ʚʦʥʠ ʟʘʤʽʥʶʶʪʴ ʟʛʦʨʪʢʦʚʽ ʢʦʜʠ ʟ ʜʦʜʘʪʢʦʚʠʤ ʙʽʪʦʤ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ LTE ʜʣʷ ʢʘʥʘʣʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʇʦʣʷʨʥʽ ʢʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʢʝʨʫʶʯʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʽ ʚʠʩʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ (DCI/UCI) ʜʣʷ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʰʠʨʝʥʦʛʦ 

ʤʦʙʽʣʴʥʦʛʦ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʟʚôʷʟʢʫ (eMBB), ʘ ʪʘʢʦʞ ʜʣʷ ʰʠʨʦʢʦʤʦʚʥʦʛʦ ʢʘʥʘʣʫ (BCH). ɸʣʴʪʝʨʥʘʪʠʚʥʦʶ ʻ 

ʩʭʝʤʘ ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʜʣʷ ʢʘʥʘʣʴʥʠʭ ʜʘʥʠʭ ʪʠʧʫ eMBB ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʛʥʫʯʢʘ 

ʢʦʥʮʝʧʥʮʽʷ LDPC-ʢʦʜʫʚʘʥʷ ʜʣʷ ʚʩʽʭ ʨʦʟʤʽʨʽʚ ʙʣʦʢʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʟ ʧʦʣʷʨʥʠʤ 

ʢʦʜʫʚʘʥʥʷʤ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʚʠʜʽʚ ʤʦʜʫʣʷʮʽʾ ʧʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʽ ʟ ʘʜʠʪʠʚʥʠʤ ʙʽʣʠʤ ʛʘʫʩʽʚʩʴʢʠʤ 

ʰʫʤʦʤ (AWGN). 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʜʣʷ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʟ ʚʠʜʽʣʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʾʭ ʧʘʨʘʤʝʪʨʽʚ. 

 

 
 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʟ ʧʦʣʷʨʥʠʤʠ ʢʦʜʘʤʠ (ʇʎʅʂ ï ʙʣʦʢ ʧʨʠʢʨʽʧʣʝʥʥʷ ʮʠʢʣʽʯʥʦʛʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ;  

ʇʂ ï ʢʦʜʝʨ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ ʋʐ ï ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ; ʄ ï ʤʦʜʫʣʷʪʦʨ; ʂʇ ï ʢʘʥʘʣ ʧʝʨʝʜʘʯʽ AWGN; ɼʄ ï ʜʝʤʦʜʫʣʷʪʦʨ;  

ɺʐ ï ʚʽʜʥʦʚʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ; ʇɼʂ ï ʜʝʢʦʜʝʨ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ; ɺʎʅʂ ï ʙʣʦʢ ʚʠʣʫʯʝʥʥʷ ʮʠʢʣʽʯʥʦʛʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ) 

 

ɼʣʷ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʚʭʽʜʥʽ ʙʽʪʠ ʧʝʨʝʤʝʞʫʶʪʴʩʷ ʜʦ ʚʠʢʦʥʘʥʥʷ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫʚʘʥʥʷ. ɹʽʪʠ 

ʎʅʂ (ʎʠʢʣʽʯʥʦʛʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ), ʜʦʜʘʥʽ ʚ ʢʽʥʮʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪʽʚ. 

ʋ ʚʠʧʘʜʢʫ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʙʫʜʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʥʛʘ/ʰʫʤ 

(SNR) ʤʝʪʦʜ, ʚ ʷʢʦʤʫ ʥʘʜʽʡʥʽʩʪʴ ʢʦʞʥʦʛʦ ʧʽʜʢʘʥʘʣʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʚʧʦʨʷʜʢʦʚʘʥʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʙʝʨʽʛʘʻʪʴʩʷ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʢʦʜʫ [23ï29]. 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
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ʉʭʝʤʘ ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʤʙʽʥʘʮʽʶ ʚʠʷʚʣʝʥʥʷ ʧʦʤʠʣʦʢ, ʚʠʧʨʘʚʣʝʥʥʷ 

ʧʦʤʠʣʦʢ, ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʧʝʨʝʤʝʞʝʥʥʷ ʙʽʪʽʚ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʬʽʟʠʯʥʽ ʢʘʥʘʣʠ ʫʧʨʘʚʣʽʥʥʷ 

ʘʙʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʽʚʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʨʦʟʨʘʭʫʥʦʢ CRC (Cyclic redundancy check) ï ʮʠʢʣʽʯʥʦʛʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ. 

ʅʘ ʚʭʦʜʽ ʤʠ ʤʘʻʤʦ A ʙʽʪʽʚ, ʜʣʷ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʜʦʜʘʻʪʴʩʷ 24 ʙʽʪʠ CRC. 

ʇʦʟʥʘʯʠʤʦ ʚʭʽʜʥʽ ʙʽʪʠ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ CRC ʯʝʨʝʟ , ʘ ʙʽʪʠ ʧʘʨʥʦʩʪʽ ʯʝʨʝʟ 

, ʜʝ ɸ ï ʨʦʟʤʽʨ ʚʭʽʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, L ï ʢʽʣʴʢʽʩʪʴ ʙʽʪʽʚ ʧʘʨʥʦʩʪʽ (ʜʦʚʞʠʥʘ ʮʠʢʣʽʯʥʦʛʦ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ). ɹʽʪʠ ʧʘʨʥʦʩʪʽ ʜʣʷ ʮʠʢʣʽʯʥʦʛʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ ʜʦʚʞʠʥʦʶ L = 24 ʛʝʥʝʨʫʶʪʴʩʷ 

ʮʠʢʣʽʯʥʠʤ ʛʝʥʝʨʘʪʦʨʥʠʤ ʧʦʣʽʥʦʤʦʤ ʟʘ ʚʠʨʘʟʦʤ: 
 

                    (2) 
 

ɹʽʪʠ ʧʽʩʣʷ ʧʨʠʻʜʥʘʥʥʷ CRC ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ , ʜʝ  B = A + L.  

ɯʥʬʦʨʤʘʮʽʡʥʽ ʙʽʪʠ ʜʦʩʪʘʚʣʷʶʪʴʩʷ ʚ ʙʣʦʢ ʢʦʜʫʚʘʥʥʷ ʢʘʥʘʣʫ. ɺʦʥʠ ʧʦʟʥʘʯʘʶʪʴʩʷ ʯʝʨʝʟ 

, ʜʝ K ï ʢʽʣʴʢʽʩʪʴ ʙʽʪʽʚ, ʷʢʽ ʢʦʜʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʟ 

ʩʪʘʥʜʘʨʪʦʤ [3] ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʢʠ , , , . ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʢʦʜʫʚʘʥʥʷ ʙʽʪʠ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ , ʜʝ N  ï ʢʽʣʴʢʽʩʪʴ ʢʦʜʦʚʘʥʠʭ ʙʽʪʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʣʷʨʥʽ ʢʦʜʠ ʜʦʚʞʠʥʦʶ N ʟ ʢʦʜʦʚʦʶ ʰʚʠʜʢʽʩʪʶ R, ʱʦ ʚʽʜʧʦʚʽʜʘʻ K=NĀR ʽʥʬʦʨʤʘʮʽʡʥʠʤ 

ʙʽʪʘʤ. ʂʦʜʫʚʘʥʥʷ ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ 5G ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʭʽʜʥʦʾ ʜʚʽʡʢʦʚʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ u  ʢʦʜʝʨʘ 

ʜʦʚʞʠʥʠ N, ʜʣʷ ʷʢʦʾ ʟʥʘʯʝʥʥʷ ʙʽʪʦʚʠʭ ʧʦʣʦʞʝʥʴ  ʬʽʢʩʦʚʘʥʽ. ɼʣʷ ʜʚʽʡʢʦʚʦʛʦ ʩʠʤʝʪʨʠʯʥʦʛʦ ʢʘʥʘʣʫ 

ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ ʙʝʟ ʧʘʤôʷʪʽ (MBIOS ï memoryless binary input output symmetric channel) ʟʥʘʯʝʥʥʷ ʪʘʢʠʭ 

ʬʽʢʩʦʚʘʥʠʭ ʧʦʟʠʮʽʡ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ çʟʘʤʦʨʦʞʝʥʠʤʠè ʙʠʪʘʤʠ, ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʂʘʥʘʣ MBIOS, 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʶ ʧʝʨʝʭʦʜʫ , ʷʢʠʡ ʟʘʜʦʚʦʣʴʥʷʻ ʨʽʚʥʷʥʥ ̫  ʜʣʷ 

 ï ʤʥʦʞʠʥʠ ʚʭʽʜʥʠʭ ʟʥʘʯʝʥʴ ʽ  - ʤʥʦʞʠʥʠ ʚʠʭʽʜʥʠʭ ʟʥʘʯʝʥʴ  ̔  ʤʦʞʝ ʙʫʪʠ ʘʙʦ ʜʠʩʢʨʝʪʥʠʤ, 

ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʠʤ.  

ʂʦʜʫʚʘʥʥʷ ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ 5G ʛʨʘʬʽʯʥʦ ʧʨʝʜʩʪʘʚʠʤʦ ʨʠʩ. 2, ʥʘ ʷʢʦʤʫ ʟʣʽʚʘ ʚʭʽʜ ʢʦʜʝʨʘ, ʘ ʩʧʨʘʚʘ ï 

ʚʠʭʽʜ ʢʦʜʝʨʘ. ɻʝʥʝʨʘʪʦʨʥʘ ʤʘʪʨʠʮʷ  ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ 5G ʤʘʻ ʚʠʛʣʷʜ , ʜʝ  ï ʙʽʪ-ʦʙʝʨʥʝʥʘ ʤʘʪʨʠʮʷ 

ʧʝʨʝʩʪʘʥʦʚʦʢ. ɺ ʥʘʩʣʽʜʦʢ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʨʝʚʝʨʩʫʚʘʥʥʷ ʙʽʪʽʚ  ʫʪʚʦʨʶʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʥʘ ʤʘʪʨʠʮʷ ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʢʦʜʝʨʘ. ʄʦʞʣʠʚʽ ʜʦʚʞʠʥʠ ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ 5G 

ʩʪʘʥʦʚʣʷʪʴ  ʜʣʷ  ʜʣʷ ʚʠʩʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʽ  ʜʣʷ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ. ʇʦʣʷʨʥʽ 

ʢʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʦʧʫʩʢʥʫ ʟʜʘʪʥʽʩʪʴ ʢʘʥʘʣʽʚ MBIOS ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʦʜʫʚʘʥʥʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʣʶʯʝʥʥʷ (SC ï Successive Cancellation) [1]. 
 

 
 

ʈʠʩ. 2. ʂʦʜʫʚʘʥʥʷ ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ ʜʦʚʞʠʥʦʶ 8 ʙʽʪʽʚ 

 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʦʮʝʩʠ ʫʟʛʦʜʞʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ.  

ɺʭʽʜʥʫ ʙʽʪʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʟʥʘʯʠʤʦ ʷʢ . ɺʠʭʽʜʥʘ 

ʙʽʪʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʽʩʣʷ ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʦʟʥʘʯʠʤʦ ʷʢ , ʜʝ E ï ʜʦʚʞʠʥʘ 

ʫʟʛʦʜʞʝʥʦʾ ʟʘ ʰʚʠʜʢʽʩʪʶ ʚʠʭʽʜʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ɺʭʽʜʥʘ ʙʽʪʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʣʷ ʙʣʦʢʫ ʢʦʥʢʘʪʝʥʘʮʽʾ ʢʦʜʦʚʦʛʦ ʙʣʦʢʫ ʻ ʧʦʩʣʽʜʦʚʥʽʩʪʶ , ʜʣʷ 

 ʽ , ʜʝ  ï ʯʠʩʣʦ ʙʽʪʽʚ ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʜʣʷ r-ʛʦ ʢʦʜʦʚʦʛʦ ʙʣʦʢʫ. ɺʠʭʽʜʥʘ 

ʙʽʪʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟ ʙʣʦʢʫ ʢʦʥʢʘʪʝʥʘʮʽʾ ʢʦʜʦʚʦʛʦ ʙʣʦʢʫ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ  ʜʣʷ 

. ʂʦʥʢʘʪʝʥʘʮʽʷ ʢʦʜʦʚʠʭ ʙʣʦʢʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʩʣʽʜʦʚʥʦʾ ʢʦʥʢʘʪʝʥʘʮʽʾ ʚʠʭʦʜʽʚ. 
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ʇʦʣʷʨʥʦ-ʢʦʜʦʚʘʥʠʡ ʥʘʙʽʨ ʙʽʪʽʚ (N) ʫʟʛʦʜʞʫʻʪʴʩʷ ʟʘ ʰʚʠʜʢʽʩʪʶ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʙʽʪʽʚ 

(E) ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʟʽʨôʷ ʮʠʬʨʦʚʦʾ ʤʦʜʫʣʷʮʽʾ. ʂʦʜʦʚʘʥʽ ʙʽʪʠ ʧʝʨʝʤʝʞʫʶʪʴʩʷ ʟʘ ʩʫʙʙʣʦʢʘʤʠ ʽ ʧʝʨʝʜʘʶʪʴʩʷ ʜʦ 

ʢʽʣʴʮʝʚʦʛʦ ʙʫʬʝʨʫ ʜʦʚʞʠʥʦʶ N. ɿʘʣʝʞʥʦ ʚʽʜ ʙʘʞʘʥʦʾ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫʚʘʥʥʷ ʽ ʟʥʘʯʝʥʴ K, E ʽ N, ʢʦʞʥʠʡ ʟ ʷʢʠʭ 

ʧʦʚʪʦʨʶʻʪʴʩʷ (), ʽ ʚʠʢʦʣʻʪʴʩʷ ʘʙʦ ʫʢʦʨʦʯʫʻʪʴʩʷ () ʰʣʷʭʦʤ ʟʯʠʪʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʙʽʪʽʚ ʟ ʙʫʬʝʨʘ: 

ï ʜʣʷ ʚʠʢʦʣʶʚʘʥʥʷ ʙʽʪʠ E ʚʟʷʪʽ ʟ ʢʽʥʮʷ; 

ï ʜʣʷ ʫʢʦʨʦʯʝʥʥʷ ʙʽʪʠ E ʚʟʷʪʽ ʟ ʧʦʯʘʪʢʫ; 

ï ʜʣʷ ʧʦʚʪʦʨʝʥʥʷ ʙʽʪʠ E ʧʦʚʪʦʨʶʶʪʴʩʷ ʟʘ ʤʦʜʫʣʝʤ N. 

ɼʣʷ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʚʠʙʨʘʥʽ ʙʽʪʠ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʤʦʜʫʣʴ ʩʪʚʦʨʝʥʥʷ ʩʫʟʽʨôʷ ʮʠʬʨʦʚʦʾ 

ʤʦʜʫʣʷʮʽʾ, ʪʦʜʽ ʷʢ ʜʣʷ ʚʠʩʭʽʜʥʦʾ ʣʽʥʽʾ ʚʦʥʠ ʜʦʜʘʪʢʦʚʦ ʧʝʨʝʤʝʞʫʶʪʴʩʷ ʧʝʨʝʜ ʩʪʚʦʨʝʥʥʷʤ ʩʫʟʽʨôʷ ʮʠʬʨʦʚʦʾ 

ʤʦʜʫʣʷʮʽʾ. 

ʅʝʷʚʥʝ ʢʦʜʫʚʘʥʥʷ CRC ʙʽʪʽʚ ʧʦʚʽʜʦʤʣʝʥʥʷ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ (DCI ʘʙʦ BCH) ʘʙʦ ʚʠʩʭʽʜʥʦʾ ʣʽʥʽʾ 

ʟʚôʷʟʢʫ (UCI) ʚʠʤʘʛʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʦʜʫʚʘʥʥʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ ʩʧʠʩʢʫ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʢʣʶʯʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ CRC (CA-SCL ï CRC Aided Successive Cancellation List) [3] ʚ ʷʢʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʢʘʥʘʣʴʥʦʛʦ 

ʜʝʢʦʜʝʨʘ. ʇʨʠʯʦʤʫ, ʜʝʢʦʜʫʚʥʥʷ CAïSCL ʤʦʞʝ ʧʝʨʝʚʝʨʰʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʫʨʙʦʢʦʜʽʚ ʘʙʦ ʢʦʜʽʚ LDPC. 

ɸʣʛʦʨʠʪʤ ʜʝʢʦʜʫʚʘʥʥʷ SCL ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʚ ʪʝʨʤʽʥʘʭ ʤʝʪʦʜʫ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ. 

ʆʜʥʘʢ, ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʜʝʢʦʜʫʚʘʥʥʷʤ SCL ʚ ʦʙʣʘʩʪʽ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 

ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ (LLR). ɼʝʢʦʜʫʚʘʥʥʷ ʩʧʠʩʢʦʤ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨʦʤ L, ʷʢʠʡ ʧʨʝʜʩʪʘʚʣʷʻ ʢʽʣʴʢʽʩʪʴ 

ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʭ ʟʙʝʨʝʞʝʥʠʭ ʰʣʷʭʽʚ ʜʝʢʦʜʫʚʘʥʥʷ. ɺ ʢʽʥʮʽ ʜʝʢʦʜʫʚʘʥʥʷ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʠʡ ʰʣʷʭ ʢʦʜʫ 

ʩʝʨʝʜ L ʰʣʷʭʽʚ ʻ ʚʠʭʦʜʦʤ ʜʝʢʦʜʝʨʘ. ʆʜʥʘʢ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ L ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʝʢʦʜʝʨʘ ʪʘʢʦʞ ʧʦʣʽʧʰʫʻʪʴʩʷ. 

ɼʣʷ ʚʭʽʜʥʦʛʦ ʧʦʚʽʜʦʤʣʝʥʥʷ, ʷʢʝ ʦʙôʻʜʥʘʥʦ ʟ CRC, ʜʝʢʦʜʫʚʘʥʥʷ CA-SCL ʚʠʜʘʣʷʻ ʙʫʜʴ-ʷʢʠʡ ʟ ʰʣʷʭʽʚ, 

ʜʣʷ ʷʢʠʭ CRC ʻ ʥʝʜʽʡʩʥʠʤ. ʎʝ ʜʦʜʘʪʢʦʚʝ ʨʦʟʫʤʽʥʥʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʠʙʦʨʫ ʰʣʷʭʫ ʜʦʜʘʪʢʦʚʦ ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʝʢʦʜʫʚʘʥʥʷʤ SCL. ɼʣʷ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ CRC ʟ 24 

ʙʽʪʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ SC (Successive Cancellation) ʜʝʢʦʜʫʚʘʥʥʷ [1]. ɼʣʷ ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ ʙʽʪʘ  ʢʦʜʝʨʘ 

ʜʦʚʞʠʥʦʶ N ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ ʜʣʷ  ʚʠʟʥʘʯʠʤʦ ʙʽʪʦʚʠʡ ʢʘʥʘʣ ʟ ʚʭʦʜʦʤ iu  ʽ ʚʭʦʜʦʤ ï ,  ʟ 

ʡʤʦʚʽʨʥʽʩʪʶ ʧʝʨʝʭʦʜʫ  ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ . ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʽʩʥʫʻ N ʨʽʟʥʠʭ ʙʽʪʦʚʠʭ 

ʢʘʥʘʣʽʚ ʜʣʷ ʜʦʚʞʠʥʠ N ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ. ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ ʻ ʷʚʠʱʝ ʧʦʣʷʨʠʟʘʮʽʾ ʙʽʪʦʚʦʛʦ 

ʢʘʥʘʣʫ, ʚ ʷʢʦʤʫ ʯʘʩʪʠʥʘ ʙʽʪʦʚʠʭ ʢʘʥʘʣʽʚ, ʻʤʥʽʩʪʴ ʷʢʠʭ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 1, ʩʪʘʻ ʜʦʩʪʘʪʥʴʦ ʙʣʠʟʴʢʦʶ ʜʦ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʘʟʦʚʦʛʦ ʢʘʥʘʣʫ MBIOS, ʚ ʪʦʡ ʯʘʩ ʷʢ ʻʤʥʽʩʪʴ ʙʽʪʦʚʠʭ ʢʘʥʘʣʽʚ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ, 

ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 0. ʆʪʞʝ, ʰʣʷʭʦʤ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʙʽʪʽʚ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʘ ʧʨʦʩʪʘ ʩʪʨʘʪʝʛʽʷ (ʘʙʦ 

ʢʦʜ) ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ ʧʦʣʷʨʠʟʘʮʽʾ ʙʠʪʦʚʦʛʦ ʢʘʥʘʣʫ ʧʨʠ SC-ʜʝʢʦʜʫʚʘʥʥʽ ʷʢʠʡ ʧʨʝʜʩʪʘʚʠʤʦ ʥʘ ʨʠʩ. 3. ʋ 

ʢʦʞʥʦʤʫ ʷʜʨʽ, ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʯʝʨʝʟ ,  ʟʘʚʞʜʠ ʤʝʥʰ ʥʘʜʽʡʥʠʡ, ʥʽʞ 1u , ʽ ʪʘʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʱʦ ʥʘʜʽʡʥʽʩʪʴ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʻ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʜʝʢʩʫ 

ʧʦʣʦʞʝʥʥʷ ʙʽʪʘ ʜʣʷ ʚʠʧʘʜʢʫ ʢʦʜʫ ʜʦʚʞʠʥʦʶ ʫ 4 ʙʽʪʠ. ɼʦʚʰʽ ʧʦʣʷʨʥʽ ʢʦʜʠ ʩʪʚʦʨʶʶʪʴʩʷ ʰʣʷʭʦʤ ʦʙôʻʜʥʘʥʥʷ 

ʢʽʣʴʢʦʭ ʢʦʨʦʪʰʠʭ ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ, ʽ ʧʦʜʽʣ ʥʘ çʧʦʛʘʥʽè ʽ çʭʦʨʦʰʽè ʢʘʥʘʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʦʞʥʦʤʫ ʷʜʨʽ , 

ʧʦʯʠʥʘʶʯʠ ʟ ʢʨʘʡʥʴʦʾ ʧʨʘʚʦʾ ʩʪʦʨʦʥʠ ʽ ʜʦ ʢʨʘʡʥʴʦʾ ʣʽʚʦʾ ʩʪʦʨʦʥʠ. ʈʝʟʫʣʴʪʫʶʯʠʡ ʧʦʨʷʜʦʢ ʥʘʜʽʡʥʦʩʪʽ 

ʙʽʪʦʚʦʛʦ ʢʘʥʘʣʫ ʥʝ ʟʘʚʞʜʠ ʙʫʜʝ ʤʦʥʦʪʦʥʥʠʤ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʽʥʜʝʢʩʫ ʧʦʣʦʞʝʥʥʷ ʙʽʪʘ ʜʣʷ ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ 

ʜʦʚʰʠʭ 4 ʙʽʪʽʚ. 

 

ʈʠʩ. 3. ɹʽʪʦʚʘ ʧʦʣʷʨʠʟʘʮʽʷ ʢʘʥʘʣʘ: ʘ ï ʷʜʨʦ ʧʦʣʷʨʠʟʘʮʽʾ ʢʘʥʘʣʫ ; ʙ ï ʧʦʣʷʨʥʠʡ ʢʦʜʝʨ ʜʦʚʞʠʥʦʶ 4 ʙʽʪʠ 

 

ɺʠʱʝʟʘʟʥʘʯʝʥʘ ʢʦʥʮʝʧʮʽʷ ʙʽʪʦʚʦʛʦ ʢʘʥʘʣʫ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʜʝʢʦʜʫʚʘʥʥʷʤ SC. ʅʘʩʧʨʘʚʜʽ, 

 ï ʮʝ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʜʝʢʦʜʝʨ SC ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʙʽʪʫ , ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʚʩʽ ʧʦʧʝʨʝʜʥʽ ʨʽʰʝʥʥʷ ʚʽʨʥʽ ʘʙʦ ʚʽʜʦʤʽ. ʅʘʩʪʫʧʥʘ ʢʽʣʴʢʽʩʪʴ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʧʦʚʽʜʦʤʣʝʥʴ ʨʝʢʫʨʩʠʚʥʦ ʦʙʯʠʩʣʶʶʪʴʩʷ ʜʣʷ ,  ʽ  ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

 ʜʣʷ . ʅʠʞʯʝ ʚʝʣʠʯʠʥʠ  i  ʜʣʷ 2logm N=  ʽ 0 / 2l N¢ ¢  ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʚʠʱʝʟʘʟʥʘʯʝʥʽʡ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʙʽʪʦʚʦʛʦ ʢʘʥʘʣʫ  ʜʣʷ . 

ʈʦʟʛʣʷʥʝʤʦ ʪʨʘʝʢʪʦʨʽʶ ʛʝʥʝʨʘʮʽʾ ʧʦʚʽʜʦʤʣʝʥʴ ʜʣʷ  ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ ʜʦʚʞʠʥʦʶ 8 ʙʽʪʽʚ. ʇʨʠ 

ʜʝʢʦʜʫʚʘʥʥʽ SC ʢʦʞʥʽʡ ʙʽʪʦʚʠʡ ʢʘʥʘʣ ʟʤʽʥʶʻʪʴʩʷ ʦʜʠʥ ʟʘ ʦʜʥʠʤ ʜʣʷ ʦʮʽʥʢʠ  ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

. ɿʥʘʯʝʥʥʷ , ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ çʟʘʤʦʨʦʞʝʥʠʤè ʙʽʪʘʤ, ʚʽʜʦʤʽ ʜʝʢʦʜʝʨʫ. ɸʥʘʣʦʛʽʯʥʘ ʧʨʦʮʝʜʫʨʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ 

, ʟʘʤʽʩʪʴ ʽʤʦʚʽʨʥʦʩʪʽ . 

ʍʦʯʘ ʧʦʣʷʨʥʽ ʢʦʜʠ ʜʦʩʷʛʘʶʪʴ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʚ MBIOS ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʦʜʝʨʘ SC, ʾʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʽʥʮʝʚʦʾ ʜʦʚʞʠʥʠ ʧʦʤʽʪʥʦ ʛʽʨʰʝ, ʥʽʞ ʫ ʽʥʰʠʭ ʪʠʧʦʚʠʭ ʩʭʝʤ ʢʘʥʘʣʴʥʦʛʦ ʢʦʜʫʚʘʥʥʷ [1]. SCL-
ʜʝʢʦʜʫʚʘʥʥʷ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. ʗʢ ʧʨʠʢʣʘʜ ʨʦʟʛʣʷʥʝʤʦ ʜʝʢʦʜʫʚʘʥʥʷ SCL ʟ 

ʨʦʟʤʽʨʦʤ ʩʧʠʩʢʫ L = 4 ʟ ʧʦʣʷʨʥʠʤʠ ʢʦʜʘʤʠ ʜʦʚʞʠʥʦ  ʁ8 ʙʽʪʽʚ, ʜʝ  ʟ i = 0, 1, 2, 4 çʟʘʤʦʨʦʞʝʥʽè. ʇʝʨʰʠʡ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʙʽʪ ʜʝʢʦʜʫʚʘʥʥʷ   ̔ʜʝʢʦʜʝʨ ʦʙʯʠʩʣʶʻ  ʜʣʷ ʮʴʦʛʦ ʙʽʪʫ. ʆʜʥʘʢ ʟʘʤʽʩʪʴ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʱʦʜʦ , ʜʝʢʦʜʝʨ ʟʙʝʨʽʛʘʻ ʦʙʠʜʚʘ ʟʥʘʯʝʥʥʷ ,   ̔ʚʠʟʥʘʯʘʻ ʥʘʩʪʫʧʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʦʙʦʤʘ ʛʽʧʦʪʝʟʘʤʠ. ʇʦʢʠ ʜʝʢʦʜʝʨ ʦʙʯʠʩʣʶʻ  ʧʨʠ ʦʙʦʭ ʛʽʧʦʪʝʟʘʭ ʜʣʷ ʜʝʢʦʜʫʚʘʥʥʷ 5u , 

ʜʝʢʦʜʝʨ ʚʩʝ ʱʝ ʥʝ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʚʽʜʥʦʩʥʦ 5u  ʽ ʟʙʝʨʽʛʘʻ ʜʘʥʽ ʚʠʜʫ . 

ɼʝʢʦʜʝʨ ʦʙʯʠʩʣʶʻ ʥʘʩʪʫʧʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʟʘ ʚʩʽʤʘ ʯʦʪʠʨʤʘ ʛʽʧʦʪʝʟʘʤʠ . ʇʽʩʣʷ ʮʴʦʛʦ ʜʝʢʦʜʝʨ ʟʜʘʪʝʥ 

ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʢʽʣʴʢʽʩʪʴ ʛʽʧʦʪʝʟ  ʜʦʨʽʚʥʶʻ 8, ʱʦ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨ ʩʧʠʩʢʫ, ʜʝʢʦʜʝʨʫ 

ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ 4 ʟ 8, ʱʦʙ ʧʨʦʜʦʚʞʠʪʠ ʧʨʦʮʝʩ ʜʝʢʦʜʫʚʘʥʥʷ. ʊʘʢʠʡ ʚʠʙʽʨ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 

, ʱʦ ʚʠʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪ ɹʢʦʞʥʦʾ ʛʽʧʦʪʝʟʠ; ʜʝʢʦʜʝʨ ʦʙʠʨʘʻ 4 

ʛʽʧʦʪʝʟʠ , ʷʢʽ ʻ ʥʘʡʽʤʦʚʽʨʥʽʰʠʤʠ. ɺ ʢʽʥʮʽ ʜʝʢʦʜʫʚʘʥʥʷ, ʛʽʧʦʪʝʟʘ (ʘʙʦ ʢʘʥʜʠʜʘʪ) ʟ ʥʘʡʙʽʣʴʰ ʚʠʩʦʢʠʤ 

ʟʥʘʯʝʥʥʷʤ  ʦʙʠʨʘʻʪʴʩʷ ʫ ʷʢʦʩʪʽ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʜʝʢʦʜʫʚʘʥʥʷ. ɿʙʝʨʽʛʘʶʯʠ ʩʧʠʩʦʢ, 

ʜʝʢʦʜʝʨ SCL ʥʘʤʘʛʘʻʪʴʩʷ ʥʝ ʧʨʠʡʤʘʪʠ ʰʚʠʜʢʝ ʨʽʰʝʥʥʷ; ʟʘʟʥʘʯʠʤʦ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ ʙʽʪʘ ʢʦʞʥʦʛʦ ʢʘʥʜʠʜʘʪʘ 
ʚ ʩʧʠʩʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʞʦʨʩʪʢʝ ʨʽʰʝʥʥʷ, ʪʦʤʫ ʦʧʝʨʘʮʽʷ ʜʝʢʦʜʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʥʜʠʜʘʪʘ ʚ ʩʧʠʩʢʫ 
ʘʥʘʣʦʛʽʯʥʘ ʜʝʢʦʜʫʚʘʥʥʶ SC. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, SCL-ʜʝʢʦʜʫʚʘʥʥʷ ʟ ʨʘʟʤʽʨʦʤ L ʩʧʠʩʢʫ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʟ 
ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʘʥʘʣʦʛʠʯʥʦ ʚʠʢʦʥʘʥʥʶ L ʨʘʟʽʚ SC-ʜʝʢʦʜʫʚʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ 5G 
ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʜ CRC, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʱʝʟʛʘʜʘʥʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ SCL ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ ʧʦʢʨʘʱʝʥʘ ʟ 
ʫʨʘʭʫʚʘʥʥʷʤ CAïSCL [1].  

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ ʜʝʢʦʜʫʚʘʥʥʷʤ SC, ʻ ʧʨʦʙʣʝʤʘ ʟʘʪʨʠʤʢʠ, ʚ ʦʩʥʦʚʥʦʤʫ 
ʯʝʨʝʟ ʪʝ, ʱʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʙʽʪʠ ʥʝʦʙʭʽʜʥʦ ʜʝʢʦʜʫʚʘʪʠ ʧʦ ʦʜʥʦʤʫ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʟʘʪʨʠʤʢʠ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ 
SC ʜʝʢʦʜʫʚʘʥʥʽ, ʤʦʞʥʘ ʟʛʨʫʧʫʚʘʪʠ ʦʙʨʦʙʢʫ ʜʝʢʽʣʴʢʦʭ ʙʽʪ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʜʝʢʦʜʫʚʘʥʥʷ. ʅʘ ʚʽʜʤʽʥʫ 
ʚʽʜ ʢʦʜʽʚ LDPC, ʜʝʢʦʜʫʚʘʥʥʷ ʷʢʠʭ ʟʚʠʯʘʡʥʦ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʘʪʨʠʮʽ 
ʧʝʨʝʚʽʨʢʠ ʥʘ ʧʘʨʥʽʩʪʴ, ʜʝʢʦʜʫʚʘʥʥʷ ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʛʨʘʬʽʯʥʦʤʫ ʧʦʜʘʥʥʽ ʛʝʥʝʨʘʪʦʨʥʦʾ ʤʘʪʨʠʮʽ. 
ʊʘʢʽ ʦʙʩʪʘʚʠʥʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʪʠʤ ʬʘʢʪʦʤ, ʱʦ ʟʥʘʯʝʥʥʷ çʟʘʤʦʨʦʞʝʥʠʭè ʙʽʪʽʚ ʚʽʜʦʤʦ ʜʝʢʦʜʝʨʫ, ʜʦʟʚʦʣʷʻ 
ʜʝʢʦʜʝʨʫ ʝʬʝʢʪʠʚʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙʨʦʙʢʫ ʪʘʢʠʭ ʙʽʪʽʚ ʧʽʜ ʯʘʩ ʜʝʢʦʜʫʚʘʥʥʷ. 

ʇʦʣʷʨʥʽ ʢʦʜʠ 5G ʧʦʚʠʥʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʬʫʥʢʮʽʶ ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʱʦʙ ʚʠʙʠʨʘʪʠ ʙʫʜʴ-ʷʢʫ 
ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʜʘʥʠʭ ʙʽʪʽʚ ʟ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʧʦʨʦʜʞʫʚʘʣʴʥʠʤ ʢʦʜʦʤ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʤʝʞʝʥʥʷ. ɺ ʧʦʣʷʨʥʠʭ ʢʦʜʘʭ 5G ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʦʤʽʞʥʠʡ ʙʣʦʢ ʩʫʙʙʣʦʢʽʚ. 
ʂʦʜʦʚʘʥʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʨʦʟʜʽʣʝʥʠʡ ʥʘ 32 ʩʫʙʙʣʦʢʠ ʨʚ̔ʥʦʾ ʜʦʚʞʠʥʠ, ʷʢʽ ʧʝʨʝʤʝʞʫʶʪʴʩʷ. ʋʟʛʦʜʞʝʥʥʷ 
ʰʚʠʜʢʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʢʦʜʦʚʘʥʦʛʦ ʧʝʨʝʤʝʞʝʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʚʠʭʦʜʽ, ʘ ʚʠʭʽʜ ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 
ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʥʘ ʩʠʤʚʦʣʠ QAM. ɼʣʷ ʚʠʩʭʽʜʥʦʾ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʽʩʥʫʻ ʱʝ ʦʜʠʥ ʧʝʨʝʤʝʞʫʚʘʯ, ʷʢʠʡ 
ʚʠʢʦʨʠʩʪʘʻʤʦ ʜʦ ʚʠʭʦʜʫ ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʩʠʤʚʦʣʫ QAM. 

ʈʦʟʛʣʷʥʝʤʦ ʚʠʢʦʣʶʚʘʥʥʷ ʙʽʪʽʚ. ɺʠʢʦʣʶʚʘʥʥʷ  ̒ ʪʠʧʦʚʠʤ ʩʧʦʩʦʙʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫʟʛʦʜʞʝʥʥʷ 
ʰʚʠʜʢʦʩʪʽ. ʇʨʠ ʚʠʢʦʣʶʚʘʥʥʽ ʙʽʪʽʚ, ʜʦʚʞʠʥʘ ʤʘʪʝʨʠʥʩʴʢʦʛʦ ʢʦʜʫ N ʙʽʣʴʰʝ, ʥʽʞ ʨʦʟʤʽʨ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 
ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ E  ̔ ʜʝʷʢʽ ʢʦʜʦʚʘʥʽ ʚʠʭʦʜʠ ʥʝ ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʟ ʚʠʭʽʜʥʠʤ ʨʦʟʤʽʨʦʤ 
ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ. ʉʭʝʤʫ ʚʠʢʦʣʶʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʩʧʦʩʽʙ ʚʠʙʦʨʫ ʥʝʥʘʜʽʩʣʘʥʠʭ ʧʦʟʠʮʽʡ. ʋ 
ʧʦʣʷʨʥʠʭ ʢʦʜʘʭ 5G ʧʝʨʰʽ N ï E ʙʽʪʽʚ ʧʝʨʝʜ ʧʝʨʝʤʝʞʝʥʥʷʤ ʚʠʭʦʜʫ ʚʠʢʦʣʶʶʪʴ. ʊʘʢʠʡ ʚʠʙʽʨ ʚʠʢʦʣʦʪʠʭ 
ʧʦʟʠʮʽʡ ʙʽʪʽʚ ʥʝ  ̒ʩʠʩʪʝʤʘʪʠʯʥʦ ʚʠʧʨʘʚʜʘʥʠʤ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʨʝʪʝʣʴʥʦʤʫ ʚʠʙʦʨʽ ʚʠʢʦʣʦʪʠʭ ʙʽʪʽʚ ʤʦʞʝ ʙʫʪʠ 
ʜʦʩʷʛʥʫʪʘ ʢʨʘʱʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ [1, 6]. ʇʨʦʩʪʽʰʝ ʢʘʞʫʯʠ, ʧʦʜʽʙʥʦ ʟʘ ʩʭʝʤʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, 
ʥʘʜʽʡʥʽʩʪʴ ʙʠʪʦʚʦʛʦ ʢʘʥʘʣʫ ʟ ʢʦʞʥʠʤ ʽʥʰʠʤ ʰʘʙʣʦʥʦʤ ʚʠʢʦʣʶʚʘʥʥʷ ʧʦʚʠʥʥʘ ʙʫʪʠ ʦʮʽʥʝʥʘ, ʱʦʙ ʟʥʘʡʪʠ 
ʭʦʨʦʰʠʡ ʰʘʙʣʦʥ ʚʠʢʦʣʶʚʘʥʥʷ. ʆʜʥʘʢ, ʽʩʥʫʻ ʟʘʣʝʞʥʩ̔ʪɹ ʰʘʙʣʦʥʫ ʚʠʢʦʣʶʚʘʥʥʷ ʚʽʜ ʜʦʚʞʠʥʠ ʢʦʜʫ, ʜʦʚʞʠʥʠ 
ʽʥʬʦʨʤʘʮʽʾ  ̔ SNR, ʪʦʱʦ. ʊʘʢʘ ʩʭʝʤʘ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʛʽʨʰʝ, ʥʽʞ ʽʥʰʽ ʙʽʣʴʰ ʧʨʦʩʪʽ ʩʭʝʤʠ, ʷʢʱʦ ʰʘʙʣʦʥ 
ʚʠʢʦʣʶʚʘʥʥʷ ʥʝ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ, ʱʦ ʥʝʣʝʛʢʦ ʟʜʽʡʩʥʠʪʠ ʥʘ 
ʧʨʘʢʪʠʮʽ. ʋ ʮʴʦʤʫ ʩʝʥʩʽ ʩʭʝʤʘ ʚʠʢʦʣʶʚʘʥʥʷ, ʧʨʠʡʥʷʪʘ ʜʣʷ 5G ʧʦʣʷʨʥʠʭ ʢʦʜʽʚ, ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ 
ʧʨʘʢʪʠʯʥʠʡ ʢʦʤʧʨʦʤʽʩ. 

ʇʨʦʢʦʣʶʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʙʽʪʽʚ ʢʦʜʝʨʘ ʩʪʚʦʨʶʻ ʙʽʪʦʚʽ ʢʘʥʘʣʠ ʟ ʥʫʣʴʦʚʦʶ ʥʘʜʽʡʥʽʩʪʶ, ʷʢʽ ʧʦʚʠʥʥʽ 
ʙʫʪʠ çʟʘʤʦʨʦʞʝʥʽè. ʗʢʱʦ x0 ʚʠʢʦʣʦʪʠʡ, ʪʦ u0 ʥʝ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ, ʦʩʢʽʣʴʢʠ u0 ʧʝʨʝʥʦʩʠʪʴʩʷ ʪʽʣʴʢʠ ʥʘ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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x0. ʊʘʢ ʩʘʤʦ, ʷʢʱʦ x0  ̔x1 ʚʠʢʦʣʦʪʽ, ʪʦ u0  ̔u1 ʥʝ ʜʝʢʦʜʫʶʪʴʩʷ. ʋ ʧʦʣʷʨʥʠʭ ʢʦʜʘʭ 5G ʚʭʽʜʥʽ ʽʥʜʝʢʩʠ ʙʽʪ̔ʚ, ʱʦ 
ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʢʦʣʦʪʠʤ ʚʠʭʽʜʥʠʤ ʽʥʜʝʢʩʘʤ çʟʘʤʦʨʦʞʫʶʪʴʩʷè  ̔ʮʝ ʧʨʦʩʪʝ ʧʨʘʚʠʣʦ ʟʘʜʦʚʦʣʴʥʷʻ ʦʧʠʩʘʥʠʤ 
ʚʠʱʝ ʚʠʤʦʛʘʤ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʟ ʥʫʣʴʦʚʦʶ ʥʘʜʽʡʥʽʩʪʶ. 

ʆʮʽʥʢʘ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʠʩʪʝʤʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ 5-ʛʦ 

ʧʦʢʦʣʽʥʥʷ ï ʻ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚ 

ʛʽʛʘʙʽʪʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʠʩʪʝʤʦʶ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ 5-ʛʦ ʧʦʢʦʣʽʥʥʷ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʻ ʧʦʰʫʢ 

ʽʜʝʘʣʴʥʦʾ ʩʭʝʤʠ ʤʦʜʫʣʷʮʽʾ ʽ ʢʦʜʫʚʘʥʥʷ. ʉʭʝʤʠ ʤʦʜʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦ-ʨʽʟʥʦʤʫ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʙʘʟʦʚʦʾ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʦʾ ʩʪʘʥʮʽʾ (BTS), ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʤʦʜʫʣʷʮʽʷ QAM (ʢʚʘʜʨʘʪʫʨʥʘ ʘʤʧʣʽʪʫʜʥʘ ʤʦʜʫʣʷʮʽʷ). ʊʦʤʫ, ʱʦ ʮʝ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʚʠʧʘʜʢʫ ʚʠʩʦʢʦʛʦ ʟʥʘʯʝʥʥʷ SNR, ʦʩʢʽʣʴʢʠ SNR ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʙʣʠʞʯʝ ʜʦ BTS. 

ʄʦʜʫʣʷʮʽʷ QPSK ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʞʯʝ ʜʦ ʛʨʘʥʠʮʽ ʩʦʪʠ, ʦʩʢʽʣʴʢʠ ʪʘʤ 

ʟʥʘʯʝʥʥʷ SNR ʻ ʥʠʟʴʢʠʤ (ʩʭʝʤʘ ʤʦʜʫʣʷʮʽʾ QPSK ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʚʠʧʘʜʢʫ 

ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʴ SNR). ʑʦʙ ʟʙʽʣʴʰʠʪʠ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ BER, ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʝʩʪʠ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʦʾ ʩʭʝʤʠ ʢʦʜʫʚʘʥʥʷ. 

ɺʽʜʥʦʰʝʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʜʦ ʨʽʚʥʷ ʰʫʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʩʠʛʥʘʣʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʷʢʠʡ  ʧʨʠʡʤʘʻʪʴʩʷ ï ʧʦʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʥʘ ʚʭʦʜʽ ʧʨʠʡʤʘʯʘ 

ʷʢʘ ʚʠʤʽʨʶʻʪʴʩʷ ʫ ʜʝʮʠʙʝʣʘʭ ʥʘ ʤʽʣʽʚʘʪ (dBm). ɺʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʠʛʥʘʣʫ ʧʦʪʨʽʙʥʦ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʧʨʦʙʣʝʤ 

ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʛʥʘʣʫ ʤʝʨʝʞʽ. ʇʦʪʫʞʥʽʩʪʴ ʩʠʛʥʘʣʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʽʩʣʷ ʧʝʨʝʥʝʩʝʥʥʷ ʡʦʛʦ ʯʘʩʪʦʪʠ ʟ ʦʩʥʦʚʥʦʾ ʥʘ 

ʧʨʦʤʽʞʥʫ, ʘʣʝ ʜʦ ʧʽʜʩʠʣʝʥʥʷ. ɺʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʜʘʻ ʚʝʨʭʥʽ ʛʨʘʥʠʮʽ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ (ʘʙʦ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ) ʫ ʩʠʩʪʝʤʘʭ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ. 

ʑʦʙ ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʦʮʽʥʢʠ SNR, ʧʦʪʨʽʙʥʦ ʚʽʜʧʦʚʽʜʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ 

ʧʦʜʘʥʥʷ ʧʦʰʠʨʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʟʘʚʘʜ. ɿʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʽ ʧʦʣʷʛʘʻ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʤʦʜʝʣʴ 

ʧʦʰʠʨʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʧʘʜʢʦʚʦʾ ʢʦʤʧʦʥʝʥʪʠ ʽ ʥʝʚʠʧʘʜʢʦʚʦʾ (ʘʙʦ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ) ʢʦʤʧʦʥʝʥʪʠ [5]. 

ɼʝʪʝʨʤʽʥʦʚʘʥʘ ʩʢʣʘʜʦʚʘ ʤʘʻ ʚʩʪʘʥʦʚʠʪʠ, ʷʢ ʩʠʛʥʘʣ ʟʘʪʫʭʘʻ ʘʙʦ ʧʦʩʣʘʙʣʶʻʪʴʩʷ, ʢʦʣʠ ʚʽʥ 

ʧʦʰʠʨʶʻʪʴʩʷ ʩʝʨʝʜʦʚʠʱʝʤ ʧʝʨʝʜʘʯʽ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʥʘ ʪʨʘʩʽ ʘʙʦ ʟʘʪʫʭʘʥʥʷ. 

ʇʦʰʠʨʝʥʠʤ ʚʠʙʦʨʦʤ ʜʣʷ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʥʘ ʰʣʷʭʫ ʧʝʨʝʜʘʯʽ ʻ ʩʪʝʧʝʥʝʚʘ ʬʫʥʢʮʽʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʩʠʛʥʘʣ 

ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʟ ʪʦʯʢʠ x ʚ ʪʦʯʢʫ y, ʪʦ ʚʽʥ ʟʘʪʫʭʘʻ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʚʪʨʘʪ ʥʘ ʪʨʘʩʽ: 

, ʜʝ ʧʦʢʘʟʥʠʢ ʚʪʨʘʪ ʥʘ ʪʨʘʩʽ . 

ɺʠʧʘʜʢʦʚʠʡ ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʽ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʚʤʠʨʘʥʥʷ ʩʠʛʥʘʣʫ, ʦʙʫʤʦʚʣʝʥʝ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʤ 

ʧʦʰʠʨʝʥʥʷʤ, ʷʢʝ ʚʠʢʣʠʢʘʥʦ ʟʽʪʢʥʝʥʥʷʤ ʽ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʩʠʛʥʘʣʽʚ ʚʽʜ ʨʽʟʥʠʭ ʟʘʚʘʜ, ʪʘʢʠʭ ʷʢ ʙʫʜʽʚʣʽ. ʎʝ 

ʚʢʣʶʯʝʥʦ ʚ ʤʦʜʝʣʴ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʟ ʜʝʷʢʠʤ ʨʦʟʧʦʜʽʣʦʤ ʡʤʦʚʽʨʥʦʩʪʝʡ [5ï8]. 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ ʯʘʩʪʦ ʚʠʤʘʛʘʶʪʴ ʟʥʘʥʥʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʚ ʧʨʠʡʤʘʯʽ. 

ʅʘʧʨʠʢʣʘʜ, ʦʮʽʥʢʘ SNR ʟʚʠʯʘʡʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʩʭʝʤʘʭ ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʤʦʙʽʣʴʥʦʾ ʧʝʨʝʜʘʯʽ, 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʘʜʘʧʪʠʚʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʜʫʨʠ ʤôʷʢʦʛʦ ʜʝʢʦʜʫʚʘʥʥʷ. 

ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ, ʨʝʞʠʤ ʘʜʘʧʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ 

ʙʽʣʴʰʝ ʥʝ ʻ ʬʽʢʩʦʚʘʥʠʤ, ʥʝʟʤʽʥʥʠʤ. ʅʘʧʨʠʢʣʘʜ, ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʨʝʞʠʤ ʤʦʜʫʣʷʮʽʾ ʽ ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʢʘʥʘʣʫ, ʘ ʥʠʟʴʢʦʝʬʝʢʪʠʚʥʠʡ ʨʝʞʠʤ ʤʦʜʫʣʷʮʽʾ 

ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʦʤʫ SNR. 

ʆʮʽʥʢʘ SNR ʩʠʩʪʝʤʠ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʟʚôʷʟʢʫ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ, ʦʮʽʥʢʘ 

ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘ /ʰʫʤ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʤʠʢʘʥʥʷ, ʫʧʨʘʚʣʽʥʥʷ ʧʦʪʫʞʥʽʩʪʶ ʽ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʷʢʽʩʪʴ 

ʢʘʥʘʣʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ï ʘʜʘʧʪʠʚʥʦ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʘʣʛʦʨʠʪʤ ʜʝʤʦʜʫʣʷʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʜʝʤʦʜʫʣʷʮʽʾ. 

ʄʝʪʦʜʠ ʦʮʽʥʢʠ SNR, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʟʘʣʝʞʥʽ ʚʽʜ ʜʘʥʠʭ (DA) ʽ ʥʝ ʟʘʣʝʞʥʽ ʚʽʜ ʜʘʥʠʭ (NDA). ɼʣʷ 

ʦʮʽʥʶʚʘʥʥʷ ʪʠʧʫ DA, ʧʦʪʨʽʙʥʦ ʜʦʩʣʽʜʠʪʠ ʚʠʜʽʣʝʥʠʡ ʩʠʛʥʘʣ, ʥʘʧʨʠʢʣʘʜ ʙʘʟʦʚʠʡ ʩʠʤʚʦʣ, ʧʝʨʝʜ ʚʠʷʚʣʝʥʥʷʤ 

ʜʘʥʠʭ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʮʽʥʶʚʘʯʝʤ DA, ʦʮʽʥʶʚʘʯ NDA ʥʝ ʟʘʣʝʥʝʞʠʪʴ ʚʽʜ ʜʘʥʠʭ, ʪʦʤʫ ʤʦʞʣʠʚʽʩʪʴ ʪʘʢʦʾ 

ʤʝʪʦʜʠʢʠ ʙʽʣʴʰ ʟʘʛʘʣʴʥʘ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʢʠ SNR, ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʷʢʠʡ ʨʝʞʠʤ ʤʦʜʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, 

ʧʨʠʡʤʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʠʟʥʘʯʝʥʥʷ ʧʦʨʦʛʽʚ ʧʝʨʝʤʠʢʘʥʥʷ s1, s2, ..., sN ʨʝʞʠʤʽʚ. ʇʦʨʦʛʠ ʧʝʨʝʤʠʢʘʥʥʷ ʦʪʨʠʤʘʥʽ 

ʧʨʠ ʦʙʤʝʞʝʥʥʽ ʢʦʥʢʨʝʪʥʦʛʦ ʮʽʣʴʦʚʦʛʦ ʟʥʘʯʝʥʥʷ BER. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʠʢʘʥʥʷ ʨʝʞʠʤʫ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʩʭʝʤʠ ʘʜʘʧʪʠʚʥʦʾ 

ʤʦʜʫʣʷʮʽʾ ʟ ʧʦʩʪʽʡʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʨʠʚʫ BER ʢʦʞʥʦʾ ʩʢʣʘʜʦʚʦʾ ʨʝʞʠʤʫ ʤʦʜʫʣʷʮʽʾ, ʱʦʙ 

ʟʥʘʡʪʠ ʟʥʘʯʝʥʥʷ SNR, ʷʢʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʮʽʣʴʦʚʠʤ ʚʠʤʦʛʘʤ BER ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʞʠʤʫ ʤʦʜʫʣʷʮʽʾ. ɿ ʮʽʻʶ 

ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʽʟʥʽ ʨʽʚʥʽ ʧʝʨʝʤʠʢʘʥʥʷ. ɿ ʦʛʣʷʜʫ ʥʘ ʙʘʣʘʥʩ BER ʽ ʩʧʝʢʪʨʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, 

ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʘʪʝʛʽʷ ʚʠʙʦʨʫ ʨʝʞʠʤʫ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʩʝʨʝʜʥʴʦʤʫ BER. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʦʜʝʣʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʧʨʦ ʨʝʞʠʤ 

ʤʦʜʫʣʷʮʽʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4. 

ʆʮʽʥʢʘ SNR ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʝʦʨʽʾ ʦʮʽʥʢʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ. ʆʩʥʦʚʥʘ ʽʜʝʷ ʤʝʪʦʜʫ ʦʮʽʥʢʠ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʰʫʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ çʙʽʣʠʡè ʟ 

ʜʠʩʧʝʨʩʽʻʶ ů2 ʪʘ ʧʦʪʫʞʥʽʩʪ ʁʩʠʛʥʘʣʫ ʷʢʘ ʜʦʨʽʚʥʶʻ Ps. 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ. ɿʘʣʝʞʥʦʩʪʽ BER ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʙʽʪʘ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ 

ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ Eb/N0 ʜʣʷ ʤʦʜʫʣʷʮʽʾ 16-QAM, 64-QAM ʽ 256-QAM ʧʨʠ ʝʬʝʢʪʠʚʥʽʡ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫ R = 0,5 

ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 5. ɿʘʣʝʞʥʦʩʪʽ BER ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʙʽʪʘ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ ʰʫʤʫ 

Eb/N0 ʜʣʷ ʤʦʜʫʣʷʮʽʾ BPSK ʽ QPSK ʧʨʠ ʝʬʝʢʪʠʚʥʽʡ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫ R = 0,5 ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 6. 
 

 
 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʠʡʦʤʦ-ʧʝʨʝʜʘʚʘʯʘ ʟ ʢʦʥʮʝʧʮʽʻʶ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ 

ʧʨʦ ʨʝʞʠʤ ʤʦʜʫʣʷʮʽʾ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ 

 

 
ʈʠʩ. 5. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʥʘ ʙʽʪ (BER)  

ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (Eb/N0) ʜʣʷ ʩʠʩʪʝʤʠ ʟʚôʟʢʫ  

ʟ ʧʦʣʷʨʥʠʤ ʢʦʜʦʤ ʽ ʝʬʝʢʪʠʚʥʦʶ ʰʚʠʜʢʽʩʪʶ R =0.5  

ʪʘ ʤʦʜʫʣʷʮʽʻʶ (1 ï 256-QAM; 2 ï 64-QAM; 3 ï 16-QAM)  

 
ʈʠʩ. 6. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʥʘ ʙʽʪ (BER)  

ʚ̔ ʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (Eb/N0) ʜʣʷ ʩʠʩʪʝʤʠ ʟʚôʟʢʫ  

ʟ ʧʦʣʷʨʥʠʤ ʢʦʜʦʤ ʽ ʝʬʝʢʪʠʚʥʦʶ ʰʚʠʜʢʽʩʪʽ R = 0.5  

ʪʘ ʤʦʜʫʣʷʮʽʻʶ ( 1 ï QPSK; 2 ï ˊ/2-BPSK; 3 ï BPSK) 

 

ɼʣʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (Eb/N0) 1ʜɹ, ʤʦʜʫʣʷʮʽʷ 16-QAM ʟ ʧʦʣʷʨʥʠʤ ʢʦʜʦʤ ʝʬʝʢʪʠʚʥʽʰʝ 64-QAM ʽ 

256-QAM, ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʡʞʝ ʫ ʜʚʘ ʨʘʟʠ, ʘ ʜʣʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (Eb/N0) 4ʜɹ, 

ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʜʚʘʜʮʷʪʴ ʨʘʟʽʚ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ R = 0,5 ʥʘʡʙʽʣʴʰʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 8 ʙʽʪ ʥʘ ʩʠʤʚʦʣ ʟ 

ʧʦʤʠʣʢʦʶ BER=10-3 ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷʮʽʾ 256-QAM ʧʨʠ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ/ʰʫʤ ʙʽʣʴʰʝ 

17 ʜɹ. ʄʦʜʫʣʷʮʽʷ 64-QAM ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʫ 3/4 ʨʘʟʠ, ʘʣʝ ʟʤʝʥʰʫʻ ʚʠʤʦʛʠ ʜʦ ʚʽʜʥʦʰʝʥʥʷ 

ʩʠʛʥʘʣ/ʰʫʤ ʥʘ 3,5 ʜɹ ʧʨʠ ʧʦʤʠʣʮʽ BER=10-3. ʄʦʜʫʣʷʮʽʷ 16-QAM ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʫ 2 ʨʘʟʠ 

(ʧʦʨʽʚʥʷʥʦ ʟ ʤʦʜʫʣʷʮʽʻʶ 256-QAM), ʘʣʝ ʟʤʝʥʰʫʻ ʚʠʤʦʛʠ ʜʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ 7 ʜɹ ʧʨʠ ʧʦʤʠʣʮʽ 

BER=10-3. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʟ ʧʦʣʷʨʥʠʤ ʢʦʜʦʤ ʽ ʤʦʜʫʣʷʮʽʻʶ QPSK ʽ BPSK ʧʨʠ 

ʝʬʝʢʪʠʚʥʽʡ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫ R=0,5 ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 5. 

ɼʣʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (Eb/N0) 2ʜɹ ʤʦʜʫʣʷʮʽʷ QPSK ʟ ʧʦʣʷʨʥʠʤ ʢʦʜʦʤ ʝʬʝʢʪʠʚʥʽʰʝ BPSK, 

ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 2,3 ʨʘʟʠ.  ʄʦʜʫʣʷʮʽʷ p/2-BPSK ʟ ʧʦʣʷʨʥʠʤ ʢʦʜʦʤ ʝʬʝʢʪʠʚʥʽʰʝ BPSK, 

ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʧʦʤʠʣʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 1,1 ʨʘʟʠ. ʄʦʜʫʣʷʮʽʷ QPSK ʟ ʧʦʣʷʨʥʠʤ ʢʦʜʦʤ ʰʚʠʜʢʽʩʪʶ R=0,5 

ʝʬʝʢʪʠʚʥʽʰʝ ʤʦʜʫʣʷʮʽʾ BPSK ʥʘ 3 ʜɹ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ R=0,5 ʤʦʜʫʣʷʮʽʷ BPSK ʝʬʝʢʪʠʚʥʽʰʝ ʤʦʜʫʣʷʮʽʾ QPSK ʥʘ 

3 ʜɹ, ʧʦʤʠʣʢʘ BER=10-3 ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʤʝʥʰʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ/ʰʫʤ. 

ɿʘʣʝʞʥʽʩʪʴ BER ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʝʥʝʨʛʽʾ ʙʽʪʘ ʜʦ ʩʧʝʢʪʨʘʣʴʥʦʾ ʛʫʩʪʠʥʠ ʧʦʪʫʞʥʦʩʪʽ-ʰʫʤʫ Eb/N0 ʜʣʷ 

ʤʦʜʫʣʷʮʽʾ 16-QAM, 64-QAM ʽ 256-QAM ʧʨʠ ʝʬʝʢʪʠʚʥʽʡ ʰʚʠʜʢʦʩʪʽ ʢʦʜʫ R=0.05 ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 6. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ R=0,05 ʥʘʡʙʽʣʴʰʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 8 ʙʽʪ ʥʘ ʩʠʤʚʦʣ ʟ 

ʧʦʤʠʣʢʦʶ BER=10-3 ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷʮʽʾ 256-QAM ʧʨʠ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ/ʰʫʤ ʙʽʣʴʰʝ 

13 ʜɹ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʷʮʽʾ 64-QAM ʽ 16-QAM ʟʤʝʥʰʫʻ ʚʠʤʦʛʠ ʜʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ 11 ʜɹ ʧʨʠ 

ʧʦʤʠʣʮʽ BER=10-3. 
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ʉʫʟʽʨôʷ ʤʦʜʫʣʷʮʽʾ ʧʨʠʡʤʘʻ ʙʽʥʘʨʥʽ ʟʥʘʯʝʥʥʷ 0 ʘʙʦ 1 ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽ ʩʪʚʦʨʶʻ ʢʦʤʧʣʝʢʩʥʽ 

ʩʠʤʚʦʣʠ ʤʦʜʫʣʷʮʽʾ ʥʘ ʚʠʭʦʜʽ. 

 

 
 

ʈʠʩ. 6. ɿʘʣʝʞʥʽʩʪʴ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʤʠʣʢʠ ʥʘ ʙʽʪ (BER) ʚʽʜ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (Eb/N0) ʜʣʷ ʩʠʩʪʝʤʠ ʟʚôʟʢʫ  

ʟ ʧʦʣʷʨʥʠʤ ʢʦʜʦʤ ʪʘ ʝʬʝʢʪʠʚʥʦʶ ʰʚʠʜʢʽʩʪʶ ʢʦʜʫʚʘʥʥʷ R=0,05, ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʫʣʷʮʽʷ:  

1 ï 256-QAM; 2 ï 64-QAM; 3 ï 16-QAM  
 

ʋ ʚʠʧʘʜʢʫ ʤʦʜʫʣʷʮʽʾ ˊ/2-BPSK ʙʽʪ  ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʷʢ ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʤʚʦʣ ʤʦʜʫʣʷʮʽʾ  

ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ: 

 
ʋ ʚʠʧʘʜʢʫ ʤʦʜʫʣʷʮʽʾ BPSK ʙʽʪ ( )b i  ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʷʢ ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʤʚʦʣʦʤ ʤʦʜʫʣʷʮʽʾ , 

ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ: 

 
ʋ ʚʠʧʘʜʢʫ ʤʦʜʫʣʷʮʽʾ QPSK ʧʘʨʠ ʙʽʪʽʚ ,  ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʷʢ ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʤʚʦʣ 

ʤʦʜʫʣʷʮʽʾ  ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ: 

 
ʋ ʚʠʧʘʜʢʫ ʤʦʜʫʣʷʮʽʾ 16QAM ʯʝʪʚʽʨʢʠ ʙʽʪʽʚ , , ,  ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʷʢ 

ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʤʚʦʣ ʤʦʜʫʣʷʮʽʾ  ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ: 

 
ʋ ʚʠʧʘʜʢʫ ʤʦʜʫʣʷʮʽʾ 64QAM ʛʨʫʧʠ ʟ ʰʝʩʪʠ ʙʽʪʽʚ , , , , , 

(6 5)b i+  ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʷʢ ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʤʚʦʣ ʤʦʜʫʣʷʮʽʾ ( )d i  ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ: 

 

 
ʋ ʚʠʧʘʜʢʫ ʤʦʜʫʣʷʮʽʾ 256QAM ʛʨʫʧʠ ʟ ʚʦʩʴʤʠ ʙʽʪʽʚ , , (8 2)b i+ , , , 

, ,  ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʷʢ ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʤʚʦʣ ʤʦʜʫʣʷʮʽʾ  ʟʛʽʜʥʦ ʟ ʚʠʨʘʟʦʤ: 

 
 

ɺʠʩʥʦʚʢʠ. ʋ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʟʚôʷʟʢʫ ʟ ʧʦʣʷʨʥʠʤ ʢʦʜʫʚʘʥʥʷʤ ʽ ʜʦʜʘʚʘʥʥʷʤ 

ʮʠʢʣʽʯʥʦʛʦ ʥʘʜʣʠʰʢʦʚʦʛʦ ʢʦʜʫ, ʱʦ ʚʠʟʥʘʯʝʥʠʡ 3GPP (3rd Generation Partnership Project) ʜʣʷ ʽʥʬʦʨʤʘʮʽʾ 

ʢʘʥʘʣʫ ʫʧʨʘʚʣʽʥʥʷ ʥʦʚʦʛʦ ʨʘʜʽʦ (DCI ï Downlink control information, UCI ï Uplink control information) ʽ 

ʰʠʨʦʢʦʤʦʚʥʦʛʦ ʢʘʥʘʣʫ (BCH ï Broadcast channel). ʇʦʢʘʟʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ 
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ʦʙʨʦʙʢʠ (ʢʦʜʫʚʘʥʥʷ, ʫʟʛʦʜʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ, ʚʽʜʥʦʚʣʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʜʝʢʦʜʫʚʘʥʥʷ) ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʟ 

ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʧʝʨʝʜʘʯʽ  ʧʦ ʢʘʥʘʣʫ AWGN. ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ R=0,5 

ʥʘʡʙʽʣʴʰʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 8 ʙʽʪ ʥʘ ʩʠʤʚʦʣ ʟ ʧʦʤʠʣʢʦʶ BER=10-3 ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʤʦʜʫʣʷʮʽʾ 256-QAM ʧʨʠ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ/ʰʫʤ ʙʽʣʴʰʝ 17 ʜɹ. ʄʦʜʫʣʷʮʽʷ 64-QAM ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ 

ʧʝʨʝʜʘʯʽ ʫ 3/4 ʨʘʟʠ, ʘʣʝ ʟʤʝʥʰʫʻ ʚʠʤʦʛʠ ʜʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ 3,5 ʜɹ ʧʨʠ ʧʦʤʠʣʮʽ BER=10-3. 

ʄʦʜʫʣʷʮʽʷ 16-QAM ʟʤʝʥʰʫʻ ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʫ 2 ʨʘʟʠ (ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʦʜʫʣʷʮʽʻʶ 256-QAM), ʘʣʝ 

ʟʤʝʥʰʫʻ ʚʠʤʦʛʠ ʜʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ 7 ʜɹ ʧʨʠ ʧʦʤʠʣʮʽ BER=10-3. ɼʣʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ 

(Eb/N0) 1ʜɹ, ʤʦʜʫʣʷʮʽʷ 16-QAM ʟ ʧʦʣʷʨʥʠʤ ʢʦʜʦʤ ʝʬʝʢʪʠʚʥʽʰʝ 64-QAM ʽ 256-QAM, ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʧʦʤʠʣʦʢ 

ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʡʞʝ ʫ ʜʚʘ ʨʘʟʠ, ʘ ʜʣʷ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (Eb/N0) 4ʜɹ, ʯʘʩʪʦʪʘ ʧʦʷʚʠ ʧʦʤʠʣʦʢ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʜʚʘʜʮʷʪʴ ʨʘʟʽʚ. ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ R=0,5 ʤʦʜʫʣʷʮʽʷ BPSK 

ʝʬʝʢʪʠʚʥʽʰʝ ʤʦʜʫʣʷʮʽʾ QPSK ʥʘ 3 ʜɹ, ʧʦʤʠʣʢʘ BER=10-3 ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʤʝʥʰʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ/ʰʫʤ. 

ɼʣʷ ʝʬʝʢʪʠʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ R=0,05 ʥʘʡʙʽʣʴʰʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ 8 ʙʽʪ ʥʘ ʩʠʤʚʦʣ ʟ 

ʧʦʤʠʣʢʦʶ BER=10-3 ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷʮʽʾ 256-QAM ʧʨʠ ʚʽʜʥʦʰʝʥʥʽ ʩʠʛʥʘʣ/ʰʫʤ ʙʽʣʴʰʝ 

13 ʜɹ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʷʮʽʾ 64-QAM ʽ 16-QAM ʟʤʝʥʰʫʻ ʚʠʤʦʛʠ ʜʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ ʥʘ 11 ʜɹ ʧʨʠ 

ʧʦʤʠʣʮʽ BER=10-3. ʇʨʠ ʟʤʝʥʰʝʥʥʽ ʝʬʝʢʪʠʚʥʦʾ ʰʚʠʜʢʦʩʪʽ ʧʦʣʷʨʥʦʛʦ ʢʦʜʫ, ʟʤʝʥʰʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ 

ʛʨʘʥʠʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʩʠʛʥʘʣ/ʰʫʤ (Eb/N0) ʜʣʷ ʟʘʜʘʥʦʛʦ ʚʠʜʫ ʮʠʬʨʦʚʦʾ ʤʦʜʫʣʷʮʽʾ. 

 

References 
 

1. V. Bioglio, C. Condo and I. Land, "Design of Polar Codes in 5G New Radio," in IEEE Communications Surveys & Tutorials, pp.1, 

Jan. 2020, https://doi.org/10.1109/COMST.2020.2967127. 

2. Z. B. Kaykac Egilmez, L. Xiang, R. G. Maunder and L. Hanzo, "The Development, Operation and Performance of the 5G Polar 
Codes," in IEEE Communications Surveys & Tutorials, vol. 22, no. 1, pp. 96-122, Firstquarter 2020, https://doi.org/ 

10.1109/COMST.2019.2960746. 
3. J. Boiko, I. Pyatin, O. Eromenko and M. Stepanov, ñMethod of the adaptive decoding of self-orthogonal codes in 

telecommunication,ò Indonesian Journal of Electrical Engineering and Computer Science, vol. 19, no. 3, pp. 1287-1296, Sept. 2020, 

http://doi.org/10.11591/ijeecs.v19.i3.pp1287-1296. 
4. J. Bae, A. Abotabl, H. Lin, K. Song and J. Lee, ñAn overview of channel coding for 5G NR cellular communications,ò APSIPA 

Transactions on Signal and Information Processing, 8, E17. 2019, https://doi.org/10.1017/ATSIP.2019.10. 

5. M. Dhuheir and S. ¥zt¿rk, "Polar Codes Analysis of 5G Systems," 2018 6th International Conference on Control Engineering & 
Information Technology (CEIT), Istanbul, Turkey, 2018, pp. 1-6, https://doi.org/10.1109/CEIT.2018.8751838. 

6. O. Ķĸcan and W. Xu, "Polar Codes with Integrated Probabilistic Shaping for 5G New Radio," 2018 IEEE 88th Vehicular 

Technology Conference (VTC-Fall), Chicago, IL, USA, 2018, pp. 1-5, https://doi.org/10.1109/VTCFall.2018.8690833. 

7. E. Sasoglu, "Polarization and Polar Codes," in Polarization and Polar Codes , vol.8, no. 4, pp 259-381, Oct. 2012. 

http://dx.doi.org/10.1561/0100000041. 

8. Y. Fang, G. Bi, Y. L. Guan and F. C. M. Lau, "A Survey on Protograph LDPC Codes and Their Applications," in IEEE 
Communications Surveys & Tutorials, vol. 17, no. 4, pp. 1989-2016, Fourthquarter 2015, https://doi.org/10.1109/COMST.2015.2436705. 

9. J. Li, Z. Gao and Y. Lv, "Gaussian Approximation Optimized SC- Flip Decoding Algorithm of Polar Codes," 2020 IEEE 4th 

Information Technology, Networking, Electronic and Automation Control Conference (ITNEC), Chongqing, China, 2020, pp. 1124-1127, 
https://doi.org/10.1109/ITNEC48623.2020.9084888. 

10. M. A. Hanif and S. Vafi, "An Efficient Serially Concatenated Polar Code with Unequal Error Protection Property," 2019 IEEE 4th 

International Conference on Computer and Communication Systems (ICCCS), Singapore, 2019, pp. 497-501, 
https://doi.org/10.1109/CCOMS.2019.8821724. 

11. J. Cheng, H. Li, M. Ye, L. Wang and C. Zhang, "Systematic Polar Codes Based on 3x3 Kernel Matrix," 2019 International 

Conference on Communications, Information System and Computer Engineering (CISCE), Haikou, China, 2019, pp. 77-79, 
https://doi.org/10.1109/CISCE.2019.00024. 

12. M. Hu, J. Li and Y. Lv, "A comparative study of polar code decoding algorithms," 2017 IEEE 3rd Information Technology and 

Mechatronics Engineering Conference (ITOEC), Chongqing, 2017, pp. 1221-1225, https://doi.org/10.1109/ITOEC.2017.8122551. 
13. J. Boiko, I. Pyatin, O. Eromenko and O. Barabash, "Methodology for Assessing Synchronization Conditions in 

Telecommunication Devices," Advances in Science, Technology and Engineering Systems Journal, vol. 5(2), pp. 320-327, March 2020. 
https://doi.org/10.25046/aj050242. 

14. J. Boiko and O. Eromenko, "Signal Processing in Telecommunications with Forward Correction of Errors", Indonesian Journal of 

Electrical Engineering and Computer Science, vol. 11, no. 3, pp. 868-877, Sept. 2018, https://doi.org/10.11591/ijeecs.v11.i3.pp868-877. 
15. A. Cyriac and G. Narayanan, "Polar Code Encoder and Decoder Implementation," 2018 3rd International Conference on 

Communication and Electronics Systems (ICCES), Coimbatore, India, 2018, pp. 294-302, https://doi.org/10.1109/CESYS.2018.8723895. 

16. Fa-Long Luo, "Deep Learning Techniques for Decoding Polar Codes," in Machine Learning for Future Wireless Communications, 
IEEE, 2020, pp.287-301, https://doi.org/10.1002/9781119562306.ch15. 

17. M. Chiu, "Interleaved Polar (I-Polar) Codes," in IEEE Transactions on Information Theory, vol. 66, no. 4, pp. 2430-2442, April 

2020, https://doi.org/10.1109/TIT.2020.2969155. 
18. C. Condo, V. Bioglio, H. Hafermann and I. Land, "Practical Product Code Construction of Polar Codes," in IEEE Transactions on 

Signal Processing, vol. 68, pp. 2004-2014, 2020, https://doi.org/10.1109/TSP.2020.2981766. 
19. P. Chen, B. Bai, Z. Ren, J. Wang and S. Sun, "Hash-Polar Codes With Application to 5G," in IEEE Access, vol. 7, pp. 12441-

12455, 2019, https://doi.org/10.1109/ACCESS.2019.2892969. 

20. H. Vangala, E. Viterbo and Y. Hong, A comparative study of polar code constructions for the AWGN channel, Jan. 2015, [online] 
Available: https://arxiv.org/abs/1501.02473. 

21. H. Mahdavifar, M. El-Khamy, J. Lee and I. Kang, "Polar Coding for Bit-Interleaved Coded Modulation," in IEEE Transactions on 

Vehicular Technology, vol. 65, no. 5, pp. 3115-3127, May 2016, https://doi.org/10.1109/TVT.2015.2443772. 
22. J. Boiko, I. Kovtun and S. Petrashchuk, "Productivity of telecommunication systems with modified signal-code constructions," 

2017 IEEE 4th International Scientific-Practical Conference Problems of Infocommunications. Science and Technology (PIC S&T), Kharkov, 

2017, pp. 173-178, https://doi.org/10.1109/INFOCOMMST.2017.8246374. 

http://doi.org/10.11591/ijeecs.v19.i3.pp1287-1296
https://doi.org/10.1017/ATSIP.2019.10
http://dx.doi.org/10.25046/aj050242
https://doi.org/10.11591/ijeecs.v11.i3.pp868-877
https://arxiv.org/abs/1501.02473


ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 

ISSN 2219-9365 

 

International Scientific-technical journal 

çMEASURING AND COMPUTING DEVICES IN TECHNOLOGICAL PROCESSESè 2020, Issue 1 

 
76 

23. E. Arikan, "Systematic Polar Coding," in IEEE Communications Letters, vol. 15, no. 8, pp. 860-862, August 2011, 

https://doi.org/10.1109/LCOMM.2011.061611.110862. 

24. P. Chen, M. Xu, B. Bai and X. Ma, "Design of polar coded 64-QAM," 2016 9th International Symposium on Turbo Codes and 
Iterative Information Processing (ISTC), Brest, 2016, pp. 251-255, https://doi.org/10.1109/ISTC.2016.7593115. 

25. X. Wu and J. Yuan, "Partially Information Coupled Bit-Interleaved Polar Coded Modulation for 16-QAM," 2019 IEEE 

Information Theory Workshop (ITW), Visby, Sweden, 2019, pp. 1-5, https://doi.org/10.1109/ITW44776.2019.8989376. 
26. S. D. Galiuk, M. Y. Kushnir and R. L. Politanskyi, "Communication with use of symbolic dynamics of chaotic systems," 2011 

21st International Crimean Conference "Microwave & Telecommunication Technology", Sevastopol, 2011, pp. 423-424.  
27. K. Smelyakov, A. Chupryna, D. Sandrkin and M. Kolisnyk, "Search by Image Engine for Big Data Warehouse," 2020 IEEE Open 

Conference of Electrical, Electronic and Information Sciences (eStream), Vilnius, Lithuania, 2020, pp. 1-4, https://doi.org/10.1109/ 

eStream50540.2020.9108782. 
28. X. Jia, F. Wang, Y. Sun and S. Zhang, "A Novel Modulation Scheme of Polar Codes," 2018 14th International Wireless 

Communications & Mobile Computing Conference (IWCMC), Limassol, 2018, pp. 1385-1390, https://doi.org/10.1109/IWCMC.2018.8450407. 

29. S. Kumar Das, Mobile Terminal Receiver Design: LTE and LTE-Advanced. John Wiley & Sons, 2017, 
https://doi.org/10.1002/9781119107422.  

 

ʅʘʜʽʡʰʣʘ / Paper received: 03.03.2020  ʅʘʜʨʫʢʦʚʘʥʘ / Paper Printed : 05.06.2020 

 

https://www.google.ru/search?hl=ru&tbo=p&tbm=bks&q=inauthor:%22Sajal+Kumar+Das%22&source=gbs_metadata_r&cad=7


ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 

ISSN 2219-9365 

 

International Scientific-technical journal 

çMEASURING AND COMPUTING DEVICES IN TECHNOLOGICAL PROCESSESè 2020, Issue 1 

 
77 

ʋɼʂ 004.9 
DOI: 10.31891/2219-9365-2020-65-1-12 

ɹɸʈʄɸʂ ʆ. ɺ., ʂɸʃʀʊɸ ʆ. ɼ., ʄɸʅɿʖʂ ɽ. ɸ. 
ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɸʅɸʃɯɿ ʄʆɼɽʃɽʁ ɼʃʗ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʄɯʄɯʏʅʀʍ ʇʈʆʗɺɯɺ ɽʄʆʎɯʁ 
 
Ȩ ɗɘɆɘɘɫ ɕɖɔɈɋɊɋɓɔ ɆɓɆɑɫɍ ɗɎɗɘɋɒɎ Fascial Action Coding System (FACS) ȵɔɑɑɆ ȫɐɒɆɓɆ ɘɆ ɗɕɖɔɟɋɓɔɬ ɒɔɊɋɑɫ ɥɐɆ 

əɒɔɌɑɎɈɑɤɩ ɖɋɆɑɫɍɆɜɫɤ ɖɔɍɕɫɍɓɆɈɆɓɓɥ ɋɒɔɜɫɏɓɎɛ ɕɖɔɥɈɫɈ ɓɆ ɔɇɑɎɝɝɫ ɞɈɎɊɐɎɒ ɝɎɓɔɒ. ȦɓɆɑɫɍ ɇəɑɔ ɕɖɔɈɋɊɋɓɔ ɓɆ ɔɗɓɔɈɫ ɊɆɓɎɛ 
ɔɘɖɎɒɆɓɎɛ Amsterdam Interdisciplinary Centre for Emotion (AICE). 

ȹ ɍɆɕɖɔɕɔɓɔɈɆɓɫɏ ɒɔɊɋɑɫ ɖɋɆɑɫɍɔɈɆɓɆ ɉɫɕɋɖɕɑɔɟɎɓɓɆ ɐɑɆɗɎɚɫɐɆɜɫɥ ɒɫɒɫɝɓɎɛ ɕɖɔɥɈɫɈ ɔɗɓɔɈɓɎɛ ɋɒɔɜɫɏɓɎɛ ɗɘɆɓɫɈ. 
ȴɗɓɔɈɓɔɤ ɕɋɖɋɈɆɉɔɤ ɍɆɕɖɔɕɔɓɔɈɆɓɔɉɔ ɕɫɊɛɔɊə ɩ ɓɋɈɋɑɎɐɆ ɔɇɝɎɗɑɤɈɆɑɢɓɆ ɗɐɑɆɊɓɫɗɘɢ, ɟɔ ɊɆɗɘɢ ɍɒɔɉə ɖɋɆɑɫɍəɈɆɘɎ 
ɖɔɍɕɫɍɓɆɈɆɓɓɥ ɍɒɫɓ ɋɒɔɜɫɏɓɔɉɔ ɗɘɆɓə ɑɤɊɎɓɎ ɍɆ ɒɫɒɫɝɓɎɒɎ ɕɖɔɥɈɆɒɎ ɇɋɍ ɈɎɐɔɖɎɗɘɆɓɓɥ ɗɕɋɜɫɆɑɫɍɔɈɆɓɔɉɔ ɔɇɑɆɊɓɆɓɓɥ (Ɋɑɥ 
ɈɫɊɋɔ-ɐɆɒɋɖ ɍ ɓɎɍɢɐɔɤ ɖɔɍɊɫɑɢɓɔɤ ɍɊɆɘɓɫɗɘɤ Ɇɇɔ ɓɆ ɈɋɑɎɐɫɏ ɈɫɊɗɘɆɓɫ). ȷɚɋɖɔɤ ɍɆɗɘɔɗəɈɆɓɓɥ ɈɎɗɘəɕɆɩ ɐɔɓɘɖɔɑɢ ɍɆ ɈɔɊɫɩɒ ɕɫɊ 
ɝɆɗ ɐɋɖəɈɆɓɓɥ ɘɖɆɓɗɕɔɖɘɔɒ, ɔɕɋɖɆɘɔɖɔɒ ɗɐɑɆɊɓɔɉɔ ɈɎɖɔɇɓɎɜɘɈɆ ɘɔɟɔ. 

ȵɖɔɈɋɊɋɓɓɥ ɊɔɗɑɫɊɌɋɓɓɥ ɘɆ ɔɇɖɔɇɐɆ ɍɫɇɖɆɓɎɛ ɊɆɓɎɛ ɊɔɍɈɔɑɎɑɎ ɈɎɊɫɑɎɘɎ ɔɗɓɔɈɓɫ ɊɫɑɥɓɐɎ ɔɇɑɎɝɝɥ, ɟɔ ɈɕɑɎɈɆɤɘɢ 
ɓɆ ɈɫɊɔɇɖɆɌɋɓɓɥ ɋɒɔɜɫɏɓɎɛ ɗɘɆɓɫɈ. ȼɋ ɊɫɑɥɓɐɎ ɔɇɑɎɝɝɥ ɍ ɇɖɔɈɆɒɎ, ɔɝɆɒɎ ɘɆ ɖɔɘɔɒ. Ȫɑɥ ɈɎɍɓɆɝɋɓɓɥ ɚɔɖɒ ɉɖəɕəɈɆɓɓɥ ɗɘɆɓɫɈ 
ɥɐ ɈɫɊɔɇɖɆɌɋɓɓɥ ɗəɐəɕɓɔɗɘɫ ɔɍɓɆɐ ɇəɑɔ ɍɆɗɘɔɗɔɈɆɓɔ ɕɫɊɛɫɊ, ɟɔ ɊɔɍɈɔɑɎɈ ɈɎɐɔɖɎɗɘɆɘɎ ɒɋɘɔɊɎ ɈɫɍəɆɑɫɍɆɜɫɬ ɊɆɓɎɛ. ȼɋ ɇəɑɔ 
ɓɋɔɇɛɫɊɓɔ Ɋɑɥ ɓɆɔɝɓɔɉɔ ɈɫɊɔɇɖɆɌɋɓɓɥ ɛɆɖɆɐɘɋɖɓɎɛ ɚɔɖɒ ɉɖəɕəɈɆɓɓɥ ɊɆɓɎɛ.  ȷɆɒɋ ɘɆɐɫ ɉɖəɕɔɈɆɓɫ ɊɆɓɫ ɫ ɈɎɍɓɆɝɆɤɘɢ ɐɑɆɗɎ 
ɋɒɔɜɫɏɓɎɛ ɕɖɔɥɈɫɈ. ȨɆɌɑɎɈɎɒ Ɇɗɕɋɐɘɔɒ ɗɘɆɑɆ ɒɔɌɑɎɈɫɗɘɢ ɈɗɘɆɓɔɈɑɋɓɓɥ ɉɖɆɓɎɜɢ ɖɔɍɊɫɑɋɓɓɥ ɐɑɆɗɫɈ, ɘɔɇɘɔ ɋɒɔɜɫɏɓɎɛ ɗɘɆɓɫɈ. 
ȶɔɍɘɆɞəɈɆɓɓɥ ɉɖɆɓɎɜɢ ɒɔɌɋ ɐɔɖɋɐɘəɈɆɘɎɗɥ ɍɆɑɋɌɓɔ ɈɫɊ ɥɐɔɗɘɫ ɘɆ ɐɫɑɢɐɔɗɘɫ ɊɆɓɎɛ. ȸɆɐɆ ɚɔɖɒɆ ɆɊɆɕɘɆɜɫɬ ɊɔɍɈɔɑɎɑɆ 
ɍɆɗɘɔɗɔɈəɈɆɘɎ ɘɋɛɓɔɑɔɉɫɤ ɖɔɍɕɫɍɓɆɈɆɓɓɥ ɒɫɒɫɝɓɎɛ ɕɖɔɥɈɫɈ ɋɒɔɜɫɏ ɇɫɑɢɞ ɉɓəɝɐɔ ɘɆ ɆɊɆɕɘəɈɆɘɎ ɬɬ. ȳɋɍɈɆɌɆɤɝɎ ɓɆ ɘɋ, ɟɔ 
ɒɫɒɫɝɓɫ ɕɖɔɥɈɎ Ɉ ɗɎɑə ɚɫɍɫɔɑɔɉɫɝɓɎɛ ɔɗɔɇɑɎɈɔɗɘɋ ɩ ɘɎɕɔɈɎɒɎ ɕɖɔɥɈɆɒɎ ɋɒɔɜɫɬ, ɉɖɆɓɎɜɫ ɖɔɍɊɫɑɋɓɓɥ ɊɆɓɎɛ ɓɋɔɇɛɫɊɓɔ 
ɐɔɖɋɐɘəɈɆɘɎ Ɋɑɥ ɘɔɝɓɔɉɔ ɖɔɍɒɋɌəɈɆɓɓɥ ɐɑɆɗɫɈ ɋɒɔɜɫɏ. ȼɋ ɊɔɍɈɔɑɥɩ ɉɫɕɋɖɕɑɔɟɎɓɓɆ ɐɑɆɗɎɚɫɐɆɜɫɥ.  

ȴɗɓɔɈɓɔɤ ɕɋɖɋɈɆɉɔɤ ɍɆɕɖɔɕɔɓɔɈɆɓɔɉɔ ɕɫɊɛɔɊə ɇəɑɆ ɓɋɈɋɑɎɐɆ ɔɇɝɎɗɑɤɈɆɑɢɓɆ ɍɊɆɘɓɫɗɘɢ. ȨɔɓɆ ɊɆɑɆ ɍɒɔɉə 
ɖɋɆɑɫɍəɈɆɘɎ ɖɔɍɕɫɍɓɆɈɆɓɓɥ ɍɒɫɓ ɋɒɔɜɫɏɓɔɉɔ ɗɘɆɓə ɑɤɊɎɓɎ ɍɆ ɒɫɒɫɝɓɎɒɎ ɕɖɔɥɈɆɒɎ ɓɆ ɔɇɑɎɝɝɫ ɇɋɍ ɈɎɐɔɖɎɗɘɆɓɓɥ 
ɗɕɋɜɫɆɑɫɍɔɈɆɓɔɉɔ ɔɇɑɆɊɓɆɓɓɥ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɖɔɍɕɫɍɓɆɈɆɓɓɥ ɒɫɒɫɝɓɎɛ ɕɖɔɥɈɫɈ ɋɒɔɜɫɬ, ɉɉɫɕɋɖɕɑɔɟɎɓɓɆ ɐɑɆɗɎɚɫɐɆɜɫɥ, ɗɕɖɔɟɋɓɆ ɒɔɊɋɑɢ. 

 

BARMAK  O., KALYTA  O., MANZIUK  E. 
Khmelnitsky National University 

 

SIMPLIFIE D MODEL  FOR RECOGNITION FACIAL EMOTIONS  
 
In t he article, we analyze Paul Ekman's Fascial Action Coding System (FACS) and a simplified model that enables the 

recognition of facial emotional manifestations in the faster way . The analysis was based on data obtained from the Amsterdam 
Interdisciplinary Center for Emotion (AICE). 

The model realizes the hyperplane classification of mimic expressions of the main facial emotional states. The main 
advantage of this approach is small computational complexity, which will allow realizing the recognition of the changes in peopleôs 
emotional state without any special equipment (for low -resolution or long-distance video cameras). The sphere of application is 
control over the drivers in the process of driving the vehicle, c omplex production operators, etc.  

As a result of the research and processing of the collected data, the main areas of the face were identified, in which 
changes in facial expressions directly affect the reflection of emotional states. These are areas with eyebrows, eyes, and lips.  

To determine the forms of grouping states as a reflection of a set of features, we apply the  approach proposed in the 
paper. The approach allows the use of data visualization techniques to visually display characteristic forms of data grouping. These 
grouped data determine the classes of emotional displays. An important aspect is the ability to set the boundaries of class division, 
in our case, emotional states. The location of borders can be adjusted depending on the quality and quantity of data. This form of 
adaptation allows a more flexible application of the technology of recognition of mimic expressions of emotions and adaptatio n to 
the data body. Although mimic displays due to physiological particularities are typical displays of emotions,  the boundaries of data 
separation need to be adjusted for accurate distinguishment of classes of emotions. This allows the use of hyperplane classification. 

The validity of the proposed model is suggested to test on the synthesized data. This is possible because the real input 
will belong to the same intervals as artificially created . The main advantage of the proposed approach is the small computational 
complexity that will allow the recognition of changes in the human emotional state by fa cial expressions without the use of 
specialized equipment (for low-resolution or long-distance video cameras). 

Keywords: facial emotion recognition, hyperlane classification, simplified model. 

 

ɺʩʪʫʧ. ʋ 1969 ʨ. ʰʚʝʜʩʴʢʠʡ ʚʯʝʥʠʡ ʂʘʨʣ-ɻʝʨʤʘʥ ʁʦʨʪʰʴʦ ʨʦʟʨʦʙʠʚ ʩʠʩʪʝʤʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ ʦʙʣʠʯʯʷ [7]. ʋ 1978 ʨ. ɽʢʤʘʥ ʽ ʌʨʝʡʟʝʥ ʨʦʟʨʦʙʠʣʠ ʩʚʦʶ ʩʠʩʪʝʤʫ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʙʘʟʫʶʯʠʩʴ ʥʘ ʤʝʪʦʜʠʮʽ ʁʦʨʪʰʴʦ [2]. ʋ 2002 ʨ. ʮʷ ʩʠʩʪʝʤʘ ʙʫʣʘ ʩʫʪʪʻʚʦ ʦʥʦʚʣʝʥʘ [3]. ɰʾ ʩʫʪʴ ʧʦʣʷʛʘʻ ʫ 

ʢʦʜʫʚʘʥʥʽ ʨʫʭʽʚ ʤôʷʟʽʚ ʦʙʣʠʯʯʷ. ʎʝʡ ʧʽʜʭʽʜ ʩʪʘʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʧʩʠʭʦʣʦʛʘʤʠ ʥʘ 

ʘʥʽʤʘʪʦʨʘʤʠ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʙʽʡʪʠ ʩʫʙôʻʢʪʠʚʥʽʩʪʴ ʩʫʜʞʝʥʴ ʪʘ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʯʘʩʫ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ ʷʢʘ ʚʠʟʥʘʯʘʻ ʦʙʣʠʯʯʷ ʥʘ ʚʽʜʝʦ, ʟʥʘʭʦʜʠʪʴ ʥʝʦʙʭʽʜʥʽ 

ʦʟʥʘʢʠ ʪʘ ʢʣʘʩʠʬʽʢʫʻ ʝʤʦʮʽʾ [6].  

ɿʘ ʜʦʧʦʤʦʛʦʶ FACS [10] ʤʦʞʥʘ ʟʘʢʦʜʫʚʘʪʠ ʪʘ ʦʧʠʩʘʪʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʫ ʝʤʦʮʽʶ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʪʘʢ ʟʚʘʥʽ action-units (AU). FACS ʚʠʟʥʘʯʘʻ action-unit, ʷʢ ʥʘʧʨʫʞʝʥʥʷ ʘʙʦ ʨʦʟʩʣʘʙʣʝʥʥʷ ʦʜʥʦʛʦ ʯʠ ʜʝʢʽʣʴʢʦʭ 

ʤôʷʟʽʚ ʥʘ ʦʙʣʠʯʯʽ. 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʙʫʣʠ ʚʠʜʽʣʝʥʽ ʦʩʥʦʚʥʽ ʜʽʣʷʥʢʠ ʦʙʣʠʯʯʷ, ʟʤʽʥʠ 

ʤʽʤʽʢʠ ʷʢʠʭ ʧʨʷʤʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ [1]. ʎʝ ʜʽʣʷʥʢʠ ʦʙʣʠʯʯʷ ʟ ʙʨʦʚʘʤʠ, ʦʯʘʤʠ 

ʪʘ ʨʦʪʦʤ. ɿʘʢʣʶʯʥʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦ ʚʠʜʽʣʝʥʥʷ ʤʥʦʞʠʥ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʤʽʱʝʥʴ ʪʦʯʦʢ 

ʘʙʦ ʛʨʫʧ ʪʦʯʦʢ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 

ʗʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʣʷʥʦʢ ʦʙʣʠʯʯʷ 
ɽʤʦʮʽʾ ɹʨʦʚʠ ʆʯʽ ɻʫʙʠ 

ɻʥʽʚ ʆʧʫʱʝʥʽ ɹʝʟ ʟʤʽʥ ʉʪʠʩʥʫʪʽ 

ɻʦʨʝ 
ɹʝʟ ʟʤʽʥ 

ʆʧʫʱʝʥʽ ʚʝʨʭʥʽ ʧʦʚʽʢʠ ʆʧʫʱʝʥʽ ʢʫʪʠʢʠ 

ɿʘʜʦʚʦʣʝʥʥʷ ɿʣʝʛʢʘ ʦʧʫʱʝʥʽ ʚʝʨʭʥʽ ʧʦʚʽʢʠ ɹʝʟ ʟʤʽʥ 

ʉʪʨʘʭ ʉʠʣʴʥʦ ʧʽʜʥʷʪʽ ʇʽʜʥʷʪʽ ʚʝʨʭʥʽ ʧʦʚʽʢʠ ʇʽʜʥʷʪʽ ʢʫʪʠʢʠ ʛʫʙ 

ʈʘʜʽʩʪʴ ɹʝʟ ʟʤʽʥ ʇʽʜʥʷʪʽ ʟʦʚʥʽʰʥʽ ʢʫʪʠʢʠ ʦʯʝʡ ɿʣʝʛʢʘ ʧʽʜʥʷʪʽ ʢʫʪʠʢʠ ʛʫʙ 

 

ʄʝʪʦʶ ʩʪʘʪʪʽ ʻ ʦʧʨʠʣʶʜʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʧʦʙʫʜʦʚʽ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʣʠʚʘ ʨʝʘʣʽʟʘʮʽʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʤʦʮʽʡʥʠʭ ʧʨʦʷʚʽʚ ʥʘ ʦʙʣʠʯʯʽ ʰʚʠʜʢʠʤ ʯʠʥʦʤ. ʋ ʤʦʜʝʣʽ 

ʨʝʘʣʽʟʦʚʘʥʘ ʛʽʧʝʨʧʣʦʱʠʥʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʽʤʽʯʥʠʭ ʧʨʦʷʚʽʚ ʦʩʥʦʚʥʠʭ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʥʝʚʝʣʠʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʟʤʽʥ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ ʟʘ ʤʽʤʽʯʥʠʤʠ ʧʨʦʷʚʘʤʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʜʣʷ 

ʚʽʜʝʦ-ʢʘʤʝʨ ʟ ʥʠʟʴʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʙʦ ʥʘ ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ). ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ï ʢʦʥʪʨʦʣʴ ʟʘ: 

ʚʦʜʽʻʤ ʧʽʜ ʯʘʩ ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʦʤ, ʦʧʝʨʘʪʦʨʦʤ ʩʢʣʘʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʱʦ. 

ʉʠʥʪʝʟ ʤʦʜʝʣʽ. ɺʠʭʦʜʷʯʠ ʟ ʧʦʪʨʝʙʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʤʽʤʽʯʥʠʭ ʧʨʦʷʚʽʚ ʟʘʩʦʙʘʤʠ ʟʚʠʯʘʡʥʠʭ ʢʘʤʝʨ ʽʟ 

ʥʝʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʙʦ ʥʘ ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʪʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟ ʪʘʙʣʠʮʽ 1 ʚʚʝʜʝʤʦ ʥʘʩʪʫʧʥʫ 

ʛʨʘʜʘʮʽʶ ʜʣʷ ʜʽʣʷʥʦʢ ʦʙʣʠʯʯʷ: 

ï ʦʯ:̔ {ʨʦʟʧʣʶʱʝʥʽ, ʧʨʠʤʨʫʞʝʥʽ, ʥʦʨʤʘʣʴʥʽ}; 

ï ʛʫʙʠ: {ʨʦʟʪʷʛʥʫʪʽ, ʟʞʘʪʽ, ʥʦʨʤʘʣʴʥʽ}; 

ï ʙʨʦʚʠ: {ʧʽʜʥʷʪʽ, ʦʧʫʱʝʥʽ, ʥʦʨʤʘʣʴʥʽ}. 

ɿʘ ʥʘʚʝʜʝʥʦʶ ʛʨʘʜʘʮʽʻʶ, ʦʪʨʠʤʘʥʥʽ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʽʤʽʯʥʽ ʧʨʦʷʚʠ ʝʤʦʮʽʡ ʧʦʜʘʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ 2 

ʇʦʜʘʥʥʷ ʤʽʤʽʯʥʠʭ ʧʨʦʷʚʽʚ ʝʤʦʮʽʡ ʷʢʽʩʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 
ʆʨʛʘʥ ʈʘʜʽʩʪʴ ɻʦʨʝ ʉʪʨʘʭ ɻʥʽʚ ɿʘʜʦʚʦʣʝʥʥʷ 

ʆʯʽ ʅʦʨʤʘʣʴʥʽ ʅʦʨʤʘʣʴʥʽ ʈʦʟʧʣʶʱʝʥʽ ʇʨʠʤʨʫʞʝʥʽ ʅʦʨʤʘʣʴʥ ̔

ɻʫʙʠ ʈʦʟʪʷʛʥʫʪʽ ɿʞʘʪʽ ʅʦʨʤʘʣʴʥʽ ʅʦʨʤʘʣʴʥʽ ʈʦʟʪʷʛʥʫʪʽ 

ɹʨʦʚʠ ʇʽʜʥʷʪʽ ʆʧʫʱʝʥʽ ʇʽʜʥʷʪʽ ʆʧʫʱʝʥʽ ʆʧʫʱʝʥʽ 

 

ʅʘʚʝʜʝʥʝ ʫ ʪʘʙʣʠʮʽ 2 ʧʦʜʘʥʥʷ ʤʽʤʽʯʥʠʭ ʧʨʦʷʚʽʚ ʫ ʨʦʟʨʽʟʽ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ ʩʣʫʛʫʚʘʪʠʤʝ ʦʩʥʦʚʦʶ ʜʣʷ 

ʥʘʩʪʫʧʥʦʛʦ ʩʠʥʪʝʟʫ ʤʦʜʝʣʽ ʟʘ ʷʢʦʶ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʽʜʝʥʪʠʬʽʢʘʮʽʷ. ɺʠʟʥʘʯʝʥʽ ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ ʦʟʥʘʢʠ 

ʬʦʨʤʘʣʴʥʦ ʧʦʜʘʤʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1x  ï ʦʟʥʘʢʘ ʤʽʤʽʢʠ ʜʽʣʷʥʢʠ ʦʙʣʠʯʯʷ ʟ ʦʯʘʤʠ; 

2x  ï ʦʟʥʘʢʘ ʤʽʤʽʢʠ ʜʽʣʷʥʢʠ ʦʙʣʠʯʯʷ ʟ ʛʫʙʘʤʠ; 

3x  ï ʦʟʥʘʢʘ ʤʽʤʽʢʠ ʜʽʣʷʥʢʠ ʦʙʣʠʯʯʷ ʟ ʙʨʦʚʘʤʠ. 

[]1,0,, 321 Íxxx , ʧʨʠʯʦʤʫ [ ]2.0,01Íx  ï ʜʣʷ ʧʨʠʤʨʫʞʝʥʠʭ ʦʯʝʡ; [ ]6.0,4.01Íx  ï ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ ʦʯʝʡ; 

[ ]1,8.01Íx  ï ʜʣʷ ʨʦʟʧʣʶʱʝʥʠʭ ʦʯʝʡ; [ ]2.0,02Íx  ï ʜʣʷ ʟʞʘʪʠʭ ʛʫʙ; [ ]6.0,4.02Íx  ï ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ ʛʫʙ; 

[ ]1,8.02Íx  ï ʜʣʷ ʨʦʟʪʷʛʥʫʪʠʭ ʛʫʙ; [ ]2.0,03Íx  ï ʜʣʷ ʦʧʫʱʝʥʠʭ ʙʨʽʚ; [ ]6.0,4.03Íx  ï ʜʣʷ ʥʦʨʤʘʣʴʥʠʭ ʙʨʽʚ; 

[ ]1,8.03Íx  ï ʜʣʷ ʧʽʜʥʷʪʠʭ ʙʨʽʚ. ɯʩʥʫʶʯʽ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʠʥʪʝʪʠʯʥʽʡ ʤʦʜʝʣʽ ʧʨʦʤʽʞʢʠ, ʱʦ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ (] [4.0,2.0 ,] [8.0,6.0 ) ʩʣʫʞʘʪʴ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʭʦʨʦʰʦʾ ʨʦʟʜʽʣʴʥʦʩʪʽ ʤʽʞ ʨʽʟʥʠʤʠ 

ʝʤʦʮʽʡʥʠʤʠ ʩʪʘʥʘʤʠ ʧʨʠ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ɻʽʧʝʨʧʣʦʱʠʥʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ. ʉʬʦʨʤʦʚʘʥʽ ʩʫʢʫʧʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʠʭ ʦʟʥʘʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ. ʄʽʤʽʯʥʽ ʧʨʦʷʚʠ ʧʨʠʨʦʜʥʦ ʤʘʶʪʴ ʛʨʘʥʠʯʥʽ ʩʪʘʥʠ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʧʦʚʦʶ ʩʫʢʫʧʥʽʩʪʶ ʦʟʥʘʢ ʟʦʚʥʽʰʥʽʭ ʧʨʦʷʚʽʚ ʮʠʭ ʩʪʘʥʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʽ ʙʫʣʦ 

ʝʤʧʽʨʠʯʥʦ ʚʠʟʥʘʯʝʥʦ ʤʝʞʽ ʧʨʦʷʚʽʚ ʦʟʥʘʢ. ʆʜʥʘʢ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʩʥʫʻ ʧʨʠʨʦʜʥʽʡ ʨʦʟʧʦʜʽʣ ʽ ʚʢʘʟʘʥʽ ʤʝʞʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʘʡʙʽʣʴʰ ʪʠʧʦʚʠʤ ʧʨʦʷʚʘʤ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʬʦʨʤ ʛʨʫʧʫʚʘʥʥʷ ʩʪʘʥʽʚ ʷʢ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʩʫʢʫʧʥʦʩʪʽ ʦʟʥʘʢ ʟʘʩʪʦʩʫʻʤʦ ʧʽʜʭʽʜ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ [8]. ʇʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜʠ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʜʣʷ ʥʘʦʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ ʬʦʨʤ ʛʨʫʧʫʚʘʥʥʷ ʜʘʥʠʭ. ʎʽ ʛʨʫʧʦʚʘʥʽ ʜʘʥʽ ʽ 

ʚʠʟʥʘʯʘʶʪʴ ʢʣʘʩʠ ʝʤʦʮʽʡʥʠʭ ʧʨʦʷʚʽʚ. ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʠʮʴ ʨʦʟʜʽʣʝʥʥʷ 

ʢʣʘʩʽʚ, ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ, ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʛʨʘʥʠʮʴ ʤʦʞʝ ʢʦʨʝʢʪʫʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʷʢʦʩʪʽ 

ʪʘ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ. ʊʘʢʘ ʬʦʨʤʘ ʘʜʘʧʪʘʮʽʷ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʛʥʫʯʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʤʽʤʽʯʥʠʭ ʧʨʦʷʚʽʚ ʝʤʦʮʽʡ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʜʦ ʢʦʨʧʫʩʫ ʜʘʥʠʭ. ʍʦʯʘ ʤʽʤʽʯʥʽ ʧʨʦʷʚʠ ʚ ʩʠʣʫ ʬʽʟʽʦʣʦʛʽʯʥʠʭ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
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ʦʩʦʙʣʠʚʦʩʪʝʡ ʻ ʪʠʧʦʚʠʤʠ ʧʨʦʷʚʘʤʠ ʝʤʦʮʽʡ, ʦʜʥʘʢ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʝʥʥʷ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ ʢʦʨʝʢʪʫʚʘʪʠ ʜʣʷ 

ʪʦʯʥʦʛʦ ʨʦʟʤʝʞʫʚʘʥʥʷ ʢʣʘʩʽʚ ʝʤʦʮʽʡ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʧʝʨʧʣʦʱʠʥʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ. ɸʜʘʧʪʫʻʤʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʛʽʧʝʨʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʜʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʤʦʮʽʡʥʠʭ ʧʨʦʷʚʽʚ.  

ɺʭʽʜʥʽ ʜʘʥʽ, ʘ ʩʘʤʝ ʾʭ ʦʟʥʘʢʠ ʥʝʦʙʭʽʜʥʦ ʪʨʘʥʩʬʦʨʤʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
ï ʟʥʠʞʝʥʥʷ ʙʘʛʘʪʦʚʠʤʽʨʥʦʛʦ  ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ ʜʦ ʜʚʦʚʠʤʽʨʥʦʛʦ. ʇʨʠ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʦʟʥʘʢ 

ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ ʧʨʠ ʧʦʥʠʞʝʥʥʽ ʨʦʟʤʽʨʥʦʩʪʽ.; 
ï ʚʽʟʫʘʣʴʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ; 
ï ʧʦʙʫʜʦʚʘ ʛʨʘʥʠʮʴ ʨʦʟʜʽʣʝʥʥʷ ʢʣʘʩʽʚ ʛʨʫʧʦʚʘʥʠʭ ʜʘʥʠʭ; 
ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʛʨʫʧ ʜʘʥʠʭ ʤʽʤʽʯʥʠʤ ʝʤʦʮʽʡʥʠʤ ʩʪʘʥʘʤ; 
ï ʚ̔ ʜʦʙʨʘʞʝʥʥʷ ʛʨʘʥʠʮʴ ʢʣʘʩʽʚ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ ʫ ʚʠʭʽʜʥʦʤʫ ʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ ʫ ʚʠʜʽ 

ʛʽʧʝʨʧʣʦʱʠʥ; 
ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʛʽʧʝʨʦʙôʻʤʽʚ ʦʙʤʝʞʝʥʠʭ ʛʽʧʝʨʧʣʦʱʠʥʘʤʠ ʟ ʜʘʥʠʤʠ, ʱʦ ʥʘʣʝʞʘʪʴ ʮʠʤ 

ʛʽʧʝʨʢʫʙʘʤ; 
ï ʧʦʙʫʜʦʚʘ ʧʨʘʚʠʣ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʥʦʚʦʛʦ ʝʣʝʤʝʥʪʘ ʜʘʥʠʭ ʜʣʷ ʧʝʚʥʦʛʦ ʢʣʘʩʫ ʷʢ 

ʟʥʘʭʦʜʞʝʥʥʷ ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʛʽʧʝʨʧʣʦʱʠʥ. 
ɼʣʷ ʧʦʥʠʞʝʥʥʷ ʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʙʘʛʘʪʦʤʽʨʥʦʛʦ ʰʢʘʣʶʚʘʥʥʷ 

(multidimensional scaling ï MDS) [9, 4]. ɿʘ ʨʦʟʤʽʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʠʡʤʘʻʪʴʩʷ ʚʽʜʥʦʩʥʝ ʨʦʟʪʫʰʫʚʘʥʥʷ 
ʦʙôʻʢʪʽʚ ʦʜʠʥ ʚʽʜʥʦʩʥʦ ʽʥʰʦʛʦ ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʦʟʥʘʢ. ʄʽʨʘ ʚʽʜʜʘʣʝʥʥʷ ʦʙôʻʢʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʤʽʨʘ 
ʚʽʜʤʽʥʥʦʩʪʽ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʧʦʜʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ çʦʙôʻʢʪ-ʦʟʥʘʢʘè ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʤʽʞ i - ʽ j -ʤ 

ʦʙôʻʢʪʦʤ, ʷʢʫ ʧʦʟʥʘʯʠʤʦ( )jiij XXd ,=d  ʇʦʣʦʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʚ ʙʘʛʘʪʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ{ }iniii xxxX ,...,, 21= , ni ...1= . ʈʦʟʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ ʚʩʪʘʥʦʚʣʶʻʤʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʽʣʴʢʦʩʪʽ 

ʚʠʙʨʘʥʠʭ ʥʘʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʤʦʮʽʡʥʠʭ ʧʨʦʷʚʽʚ ʤʽʤʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ.  
ɿʘʩʪʦʩʫʻʤʦ ɽʚʢʣʽʜʦʚʫ ʤʝʪʨʠʢʫ ʜʣʷ ʦʙʨʘʭʫʥʢʫ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʦʙôʻʢʪʘʤʠ: 
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jkikji xxXXdist      (1) 

ʇʨʠ ʰʢʘʣʶʚʘʥʥʽ ʧʨʦʩʪʦʨʫ, ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ, ʤʦʞʣʠʚʝ ʩʧʦʪʚʦʨʝʥʥʷ ʪʘ ʚʪʨʘʪʘ 
ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ. ɼʣʷ ʤʽʥʽʤʽʟʘʮʽʾ ʮʴʦʛʦ ʚʧʣʠʚʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʪʘʢʫ ʤʽʨʫ ʷʢʦʩʪʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʷʢ ʩʪʨʝʩ, 
ʪʘ ʟʘʧʠʰʝʤʦ ʾʾ ʫ ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ: 
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ʊʘʢʠʡ ʟʘʧʠʩ ʜʦʟʚʦʣʷʻ ʚʽʜʦʙʨʘʟʠʪʠ ʤʽʥʽʤʽʟʘʮʽʶ ʚʽʜʤʽʥʥʦʩʪʽ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʜʘʥʠʤʠ ʚ ʨʝʜʫʢʦʚʘʥʦʤʫ ʪʘ 
ʚʠʭʽʜʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʊʘʢ ʷʢ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʥʽʤʽʟʘʮʽʶ ʮʽʻʾ ʬʫʥʢʮʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦ, 
ʩʢʦʨʠʩʪʘʻʤʦʩʴ ʥʘʙʣʠʞʝʥʠʤ ʤʝʪʦʜʦʤ ʟʘʤʽʥʠ ʚʠʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ʙʽʣʴʰ ʧʨʦʩʪʦʨʦʶ ʪʘ ʢʝʨʦʚʘʥʦʶ ʩʫʨʦʛʘʪʥʦʶ 
ʬʫʥʢʮʽʻʶ. ʎʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʥʘ ʙʘʟʽ ʽʪʝʨʘʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʫ SMACOF [11]. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ 
ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʽʥʽʤʽʟʘʮʽʷ ʬʫʥʢʮʽʾ ʚʪʨʘʪ ʧʨʠ ʧʦʥʠʞʝʥʽ ʧʨʦʩʪʦʨʫ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʥʠʞʝʥʥʷ ʧʨʦʩʪʦʨʫ ʚʠʢʦʨʠʩʪʘʻʤʦ ʥʘʩʪʫʧʥʽ ʝʪʘʧʠ. 
ʉʧʦʯʘʪʢʫ ʩʬʦʨʤʫʻʤʦ ʤʘʪʨʠʮʶ ʧʦʧʘʨʥʠʭ ʚʽʜʩʪʘʥʝʡ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʤʘʪʨʠʮʶ 
ʟʘʛʘʣʴʥʠʭ ʚʽʜʩʪʘʥʝʡ ʤʽʞ ʦʙôʻʢʪʘʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʦʾ ʤʘʪʨʠʮʽ ʟ ʤʝʪʦʶ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ 
ʚʽʜʥʦʩʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʧʦʜʚʽʡʥʝ ʮʝʥʪʨʫʚʘʥʥʷ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʟʫʘʣʴʥʝ 
ʚʽʜʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʦʧʪʠʤʘʣʴʥʦ ʚʽʜʮʝʥʪʨʦʚʘʥʝ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʜʘʥʠʭ. ɺʠʟʥʘʯʘʶʪʴʩʷ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʪʘ 
ʚʣʘʩʥʽ ʚʝʢʪʦʨʠ ʤʘʪʨʠʮʽ. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʣʦʞʝʥʥʷ ʜʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʩʫʨʦʛʘʪʥʦʾ ʬʫʥʢʮʽʾ.  

ɿʘ ʤʝʪʫ ʩʪʘʚʠʪʴʩʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ ʢʦʦʨʜʠʥʘʪʥʠʤʠ, ʷʢʽ ʤʦʞʥʘ ʚʽʜʦʙʨʘʟʠʪʠ ʥʘ ʧʣʦʱʠʥʽ ʪʦʙʪʦ ʫ 
ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʙʫʜʫʪʴ ʤʘʪʠ ʜʚʽ ʫʟʘʛʘʣʴʥʝʥʽ ʢʦʦʨʜʠʥʘʪʠ. ʊʘʢ ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʜʘʥʽ 
ʜʣʷ ʪʦʛʦ ʱʦʙ ʦʪʨʠʤʘʪʠ ʤʦʜʝʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʤʦʮʽʡʥʠʭ ʧʨʦʷʚʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʥʘʚʯʘʣʴʥʫ ʚʠʙʽʨʢʫ. ʊʦʙʪʦ 
ʜʘʥʽ ʫ ʥʘʩ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʤʽʯʝʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʚʽʟʫʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʤʠ ʤʦʞʝʤʦ ʩʧʦʩʪʝʨʽʛʘʪʠ ʛʨʫʧʫʚʘʥʥʷ 
ʜʘʥʠʭ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʟʘ ʷʢʠʤʠ ʝʤʦʮʽʡʥʠʤʠ ʧʨʦʷʚʘʤʠ ʮʽ ʜʘʥʽ ʛʨʫʧʫʶʪʴʩʷ. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ 
ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʜʽʣʠʪʠ ʮʽ ʛʨʫʧʠ ʜʘʥʠʭ. ʏʠʤ ʢʨʘʱʝ ʚʦʥʠ ʨʦʟʜʽʣʴʥʽ ʽ ʯʠʤ ʤʽʞ ʮʠʤʠ ʛʨʫʧʘʤʠ ʻ ʙʽʣʴʰʘ ʚʽʜʩʪʘʥʴ 
ʪʠʤ ʙʽʣʴʰʠʡ ʜʦʧʫʩʢ ʤʦʞʝʤʦ ʜʘʪʠ ʥʘ ʨʦʟʩʽʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʦʟʥʘʢ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʘʞʣʠʚʘ ʨʦʟʜʽʣʴʥʽʩʪʴ ʜʘʥʠʭ 
ʟʘ ʩʫʢʫʧʥʽʩʪʶ ʦʟʥʘʢ. ʇʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʝʬʝʢʪʠʚʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ 
ʥʘ ʨʦʟʜʽʣʴʥʽʩʪʴ, ʥʘʷʚʥʽʩʪʴ ʚʠʢʠʜʽʚ, ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʥʠʮʴ ʢʣʘʩʽʚ ʟ ʝʬʝʢʪʠʚʥʠʤʠ ʜʦʧʫʩʢʘʤʠ ʟʘ ʨʦʟʩʽʶʚʘʥʥʷʤ 
ʫʟʘʛʘʣʴʥʝʥʠʭ ʦʟʥʘʢ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʛʨʫʧʫʚʘʥʥʷ ʜʘʥʠʭ ʚʩʪʘʥʦʚʣʶʻʤʦ ʢʣʘʩʠ ʪʘ ʛʨʘʬʽʯʥʦ ʧʨʦʚʦʜʠʤʦ ʛʨʘʥʠʮʽ 
ʮʠʭ ʢʣʘʩʽʚ. 

ɻʨʘʥʠʮʽ ʢʣʘʩʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʫʩʦʯʥʦ-ʣʽʥʽʡʥʽ ʨʦʟʜʽʣʶʚʘʯʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ 
ʜʠʩʢʨʠʤʽʥʘʥʪʥʦʾ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ ʦʙʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʧʨʦʝʢʮʽʾ ʚ ʧʦʯʘʪʢʦʚʠʡ 
ʧʨʦʩʪʽʨ ʦʟʥʘʢ. 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʃʽʥʽʡʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ()xd  ʚʠʟʥʘʯʘʻʪʴʩʷ () n

T

wxWxd += , ʜʝ ( )Tnxxxx 110 ,...,, -=  ï ʚʝʢʪʦʨ 

ʦʟʥʘʢ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʦʙʨʘʟ ʦʙôʻʢʪʫ ʢʣʘʩʠʬʽʢʘʮʽʾ; ( )TnwwwW 110 ,...,, -=  ï ʚʝʢʪʦʨ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ; nw  ï ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ. 

ʅʘʣʝʞʥʽʩʪʴ ʜʦ ʢʣʘʩʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʘʚʠʣʦʤ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. ʊʦʙʪʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʫ ʚʽʜʥʦʩʥʦ ʣʽʥʽʾ ʢʣʘʩʫ.  

ʂʫʩʦʯʥʦ-ʣʽʥʽʡʥʠʡ ʧʽʜʭʽʜ ʟ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʥʠʮʽ ʢʣʘʩʫ ʜʦʟʚʦʣʷʻ ʫʪʚʦʨʠʪʠ ʙʫʜʴ-ʷʢʫ ʬʦʨʤʫ ʰʣʷʭʦʤ 

ʢʦʤʙʽʥʘʮʽʾ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʗʢʱʦ ʧʨʦʩʪʦʨʦʚʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʛʨʫʧʠ ʦʙôʻʢʪʽʚ ʩʢʣʘʜʥʘ, ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʛʨʘʥʠʮʽ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʆʜʥʘʢ ʮʝ ʥʝ ʧʦʨʫʰʫʻ ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʥʽʡʥʦʛʦ 

ʨʦʟʜʽʣʶʚʘʯʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʚʘʪʠ ʟʘʛʘʣʴʥʫ ʥʝʣʽʥʽʡʥʽʩʪʴ ʛʨʘʥʠʮʽ ʢʣʘʩʫ ʟʘʩʪʦʩʦʚʫʶʯʠ 

ʣʦʢʘʣʴʥʫ ʣʽʥʽʡʥʫ ʨʦʟʜʽʣʴʥʽʩʪʴ ʽʟ ʦʙʤʝʞʝʥʥʷ ʩʘʤʦʾ ʣʦʢʘʣʽʟʘʮʽʾ. ʃʦʢʘʣʽʟʘʮʽʷ ʣʽʥʽʡʥʦʛʦ ʨʦʟʤʝʞʦʚʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʝʪʦʜʘʤʠ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʽ ʻ ʧʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 

ɼʘʣʽ, ʚʽʜʧʦʚʽʜʥʦ, ʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ ʛʨʘʥʠʮʴ ʧʨʦʝʢʪʫʶʪʴʩʷ ʫ ʚʠʭʽʜʥʠʡ ʧʨʦʩʪʽʨ ʪʘ ʫʪʚʦʨʶʶʪʴ ʫ ʥʴʦʤʫ 

ʛʽʧʝʨʧʣʦʱʠʥʠ. ʋ ʛʽʧʝʨʧʨʦʩʪʦʨʽ ʛʽʧʝʨʧʣʦʱʠʥʠ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʪʘ ʬʦʨʤʫʶʪʴ ʛʽʧʝʨʢʫʙʠ. ʉʘʤʝ ʮʽ ʛʽʧʝʨʢʫʙʠ ʻ 

ʧʨʦʩʪʦʨʦʚʠʤʠ ʦʙôʻʤʘʤʠ ʢʣʘʩʽʚ. ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʥʘʣʝʞʥʽʩʪʴ ʥʦʚʦʛʦ ʦʙôʻʢʪʫ ʜʦ ʢʣʘʩʫ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʟʥʘʭʦʜʞʝʥʥʷ ʧʝʨʝʪʠʥʽʚ ʧʣʦʱʠʥ. ɺʘʞʣʠʚʠʤ ʻ ʫʪʚʦʨʝʥʥʷ ʛʨʘʥʠʮʴ ʫ ʜʚʦʚʠʤʽʨʥʦʤʫ ʚʽʟʫʘʣʴʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʾʤ ʝʣʝʤʝʥʪʽʚ ʛʽʧʝʨʧʣʦʱʠʥ ʽ ʚʠʭʽʜʥʦʤʫ ʧʨʦʩʪʦʨʽ. ɺ ʜʚʦʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʛʨʘʥʠʮʷ 

ʢʣʘʩʫ, ʪʦʙʪʦ ʧʝʚʥʠʡ ʢʦʥʪʫʨ. ʅʦʚʠʡ ʦʙôʻʢʪ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʮʴʦʛʦ ʢʦʥʪʫʨʫ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʪʘʢ ʷʢ ʽ ʫʩʽ ʽʥʰʽ 

ʝʣʝʤʝʥʪʠ ʮʴʦʛʦ ʢʣʘʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʧʨʘʚʠʣʘ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʢʣʘʩʫ, ʧʨʘʚʠʣʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʢʣʘʩʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʫʩʦʯʥʦ-ʣʽʥʽʡʥʦʛʦ ʢʦʥʪʫʨʫ ʛʨʘʥʠʮʽ ʢʣʘʩʫ.  

ɺʩʪʘʥʦʚʣʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʢʣʘʩʫ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʨʘʥʠʮʴ ʢʣʘʩʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʘʚʠʣʘʤʠ ʜʝʨʝʚʘ ʨʽʰʝʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʠʡ 

ʧʨʦʮʝʩ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠ ʦʪʨʠʤʘʥʽʡ ʤʦʜʝʣʽ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʮʴ ʛʨʫʧʦʚʘʥʠʡ ʦʙôʻʢʪʽʚ ʻ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʫʩʦʯʥʦ-ʣʽʥʽʡʥʠʭ ʢʦʥʪʫʨʽʚ ʛʨʘʥʠʮʴ ʢʣʘʩʽʚ ʜʦʟʚʦʣʷʻ 

ʩʬʦʨʤʫʚʘʪʠ ʜʠʩʢʨʠʤʽʥʘʥʪʽ ʨʦʟʜʽʣʶʚʘʯʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʾ ʥʝʣʽʥʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. ɺʽʟʫʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʮʴ ʪʘʢʦʞ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʤʦʜʝʣʽ ʤʽʥʽʤʽʟʫʶʯʠ ʢʽʣʴʢʽʩʪʴ 

ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʦʩʚʽʜʫ ʪʘ ʢʚʘʣʽʬʽʢʘʮʽʾ ʘʥʘʣʽʪʠʢʘ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʷʢ ʤʝʞʽ ʢʣʘʩʽʚ ʪʘʢ ʽ 

ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʘ. ʅʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʭ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦ 

ʥʝʦʙʭʽʜʥʠʤʠ ʛʨʘʥʠʮʷʤʠ ʢʣʘʩʽʚ. 

ʂʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʫʯʘʩʪʴ ʘʥʘʣʽʪʠʢʘ ʫ ʧʨʦʮʝʩʽ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɸʥʘʣʽʪʠʢ ʟʘʩʪʦʩʦʚʫʶʯʠ ʥʝʦʙʭʽʜʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʮʽ ʢʣʘʩʽʚ, ʟʚʠʯʘʡʥʦ 

ʙʘʟʫʶʯʠʩʴ ʥʘ ʚʽʟʫʘʣʽʟʦʚʘʥʠʭ ʜʘʥʠʭ. ʅʘʜʘʣʽ ʥʘʚʯʝʥʘ ʩʠʩʪʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʤʦʮʽʡ ʧʨʘʮʶʻ ʩʘʤʦʩʪʽʡʥʦ ʽ ʻ 

ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʦʶ. 

ʅʘʚʯʝʥʘ ʤʦʜʝʣʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʻ ʜʝʨʝʚʦ ʨʽʰʝʥʴ ʚʽʜʥʦʩʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʜʘʥʠʭ 

ʚʽʜʥʦʩʥʦ ʛʨʘʥʠʮʴ ʢʣʘʩʽʚ. ɿʘ ʮʠʤʠ ʧʨʘʚʠʣʘ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʣʦʞʝʥʥʷ ʥʦʚʦʛʦ ʦʙôʻʢʪʠʚʘ ʫ ʧʨʦʩʪʦʨʽ ʦʟʥʘʢ 

ʚʽʜʥʦʩʥʦ ʛʨʘʥʠʮʴ ʢʣʘʩʽʚ, ʘ, ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʥʦʚʠʡ ʦʙôʻʢʪ.  

ʈʝʟʫʣʴʪʘʪʠ ʩʠʥʪʝʟʫ ʤʦʜʝʣʽ. ɺʘʣʽʜʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʝʨʝʚʽʨʠʪʠ ʥʘ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʜʘʥʠʭ. ʎʝ ʤʦʞʣʠʚʦ ʪʦʤʫ, ʱʦ ʨʝʘʣʴʥʽ ʚʭʽʜʥʽ ʜʘʥʥʽ ʙʫʜʫʪʴ ʥʘʣʝʞʘʪʠ ʪʠʤ ʞʝ ʧʨʦʤʽʞʢʘʤ, ʱʦ ʽ 

ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʽ. 

ɿʘ ʥʘʚʝʜʝʥʠʤʠ ʫ ʪʘʙʣʠʮʽ 2 ʝʤʦʮʽʡʥʠʤʠ ʧʨʦʷʚʘʤʠ ʽ ʚʽʜʧʦʚʽʜʥʠʤʠ ʾʤ ʧʨʦʤʽʞʢʘʤʠ ʜʣʷ 321 ,, xxx  

ʟʛʝʥʝʨʦʚʘʥʦ ʚʭʽʜʥʽ ʜʘʥʥʽ ʪʘ ʚʽʟʫʘʣʽʟʦʚʘʥʦ ʾʭ ʫ ʜʚʦʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʧʽʜʭʦʜʦʤ (ʨʠʩ. 1). 
 

ʊʘʙʣʠʮʷ 3 

ɻʦʨʝ 

 F01 F02 F03 F04 F05 M01 M02 M03 M04 M05 M06 M07 

ʆʯʽ 0.2 0.5 0.2 0.2 0.5 0.5 0.5 0.1 0.2 0.5 0.5 0.2 

ɹʨʦʚʠ 0.1 0.2 0 0.1 0.2 0.1 0.2 0 0.1 0.2 0.2 0.1 

ɻʫʙʠ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʘ, ʩʠʥʪʝʟʦʚʘʥʽ ʜʘʥʥʽ ʟʛʨʫʧʦʚʘʥʽ ʟʘ ʝʤʦʮʽʷʤʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʩʧʨʦʤʦʞʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ.  

ɼʘʣ̔, ʩʣʽʜʫʶʯʠ ʢʨʦʢʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʚʢʘʟʘʥʽ ʢʫʩʦʯʥʦ-ʣʽʥʽʡʥʽ ʨʦʟʜʽʣʴʥʠʢʠ ʜʣʷ ʢʣʘʩʽʚ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʤʦʮʽʡʥʠʤ ʩʪʘʥʘʤ. 

ʉʣʽʜʫʶʯʠ ʜʘʣʽ, ʟʛʽʜʥʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʧʽʜʭʦʜʫ, ʦʪʨʠʤʘʥʦ ʧʘʨʘʤʝʪʨʠ ʛʽʧʝʨʧʣʦʱʠʥ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʦʪʨʠʤʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʽʧʝʨʧʣʦʱʠʥ ʧʦʙʫʜʦʚʘʥʦ ʜʝʨʝʚʦ ʨʽʰʝʥʴ ʜʣʷ ʛʽʧʝʨʧʣʦʱʠʥʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʽʤʽʯʥʠʭ ʧʨʦʷʚʽʚ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ. 
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ʈʠʩ. 1. ɺʽʟʫʘʣʽʟʘʮʽʷ ʝʤʦʮʽʡʥʠʭ ʩʪʘʥʽʚ 

 

ɸʥʘʣʽʟ ʪʦʯʦʢ. ʊʘʢʦʞ ʜʝʷʢʽ ʢʣʘʩʠ ʝʤʦʮʽʡ ʤʦʞʥʘ ʚʽʟʫʘʣʴʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ 2 ʛʨʫʧʠ. ʊʘʢʽ ʷʢ ʧʨʦʷʚʠ 

ʟʣʦʩʪʽ ʪʘ ʛʦʨʷ.  

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʯʘʩʪʠʥʠ ʨʝʩʧʦʥʜʝʥʪʽʚ ʥʘ ʬʦʪʦ ʧʦʚʽʢʠ ʧʨʠʤʨʫʞʝʥʽ [0, 0.2], ʘ ʫ ʽʥʰʦʾ 

ʯʘʩʪʠʥʠ ʧʦʚʽʢʠ ʫ ʥʦʨʤʘʣʴʥʦʤʫ ʩʪʘʥʽ [0.4, 0.6].  

ʊʘʙʣʠʮʷ 4 

ɿʣʽʩʪʴ 

 F01 F02 F03 F04 F05 M01 M02 M03 M04 M05 M06 M07 

ʆʯʽ 0.8 0.9 0.9 0.9 0.2 0.2 0.1 0.2 0.1 0.1 0 0.8 

ɹʨʦʚʠ 0.1 0 0 0 0 0 0 0 0 0 0 0.1 

ɻʫʙʠ 0.1 0.2 0 0.1 0.1 0.2 0.1 0 0.2 0.1 0.1 0.1 

 

ʋ ʯʘʩʪʠʥʠ ʨʝʩʧʦʥʜʝʥʪʽʚ ʥʘ ʬʦʪʦ ʧʦʚʽʢʠ ʧʨʠʤʨʫʞʝʥʽ [0, 0.2], ʘ ʫ ʯʘʩʪʠʥʠ ï ʨʦʟʰʠʨʝʥʽ [0.8, 1]. 

ʇʦʨʽʚʥʷʥʥʷ FACS ʪʘ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʝʡ. ʉʠʩʪʝʤʘ FACS ʥʘʣʽʯʫʻ 100 action-units ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻ 

ʩʪʫʧʽʥʴ ʚʠʨʘʞʝʥʥʦʩʪʽ ʟʤʽʥʠ ʩʪʘʥʫ ʤôʷʟʽʚ 5-ʤʘ ʨʽʚʥʷʤʠ: 

A. ʄʽʥʽʤʘʣʴʥʠʡ. 

B. ʅʝʟʥʘʯʥʠʡ. 

C. ʗʚʥʠʡ. 

D. ʉʠʣʴʥʠʡ ʘʙʦ ʝʢʩʪʨʝʤʘʣʴʥʠʡ. 

E. ʄʘʢʩʠʤʘʣʴʥʠʡ. 

Happiness 6+12 

Sadness 1+4+15 

Fear 1+2+4+5+7+20+26 

Anger 4+5+7+23 

 

ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʤʦʜʝʣʽ ʝʤʦʮʽʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʦʩʪʽʰʝ ʥʽʞ ʫ ɽʢʤʘʥʘ. ɿʘ ʦʜʠʥʠʮʶ ʚʠʤʽʨʫ ʚʟʷʪʦ 

Action Unit (AU) [5]. ɸ ʩʘʤʝ: 

1. ɿʣʽʩʪʴ ʧʦ FACS ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

ï ʦʧʫʱʝʥʽ ʙʨʦʚʠ (AU4); 

ï ʧʨʠʧʽʜʥʷʪʽ ʚʝʨʭʥʽ ʧʦʚʽʢʠ (AU5); 

ï ʧʨʠʧʽʜʥʷʪʽ ʥʠʞʥʽ ʧʦʚʽʢʠ (AU7); 

ï ʟʞʘʪʽ ʛʫʙʠ 23 (AU23). 

ɺ ʥʘʰʽʡ ʤʦʜʝʣʽ ʟʣʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ: 

ï ʧʨʠʤʨʫʞʝʥʽ ʦʯʽ (ʦʧʫʱʝʥʘ ʚʝʨʭʥʷ ʧʦʚʽʢʘ ʽ ʧʨʠʧʽʜʥʷʪʘ ʥʠʞʥʷ ʧʦʚʽʢʘ); 

ï ʙʨʦʚʠ ʦʧʫʱʝʥʽ; 

ï ʟʞʘʪʽ ʛʫʙʠ. 

2. ɻʦʨʝ ʧʦ FACS ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 

ï ʚʥʫʪʨʽʰʥʽ ʯʘʩʪʠʥʠ ʙʨʽʚ ʧʽʜʥʷʪʽ (AU1); 

ï ʦʧʫʱʝʥʽ ʙʨʦʚʠ (AU4); 

ï ʦʧʫʱʝʥʽ ʢʫʪʠʢʠ ʛʫʙ (AU15). 
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ɺ ʥʘʰʽʡ ʤʦʜʝʣʽ ʛʦʨʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
ï ʥʦʨʤʘʣʴʥʠʡ ʩʪʘʥ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʧʦʚʽʢ; 
ï ʦʧʫʱʝʥʽ ʙʨʦʚʠ; 
ï ʟʞʘʪʽ ʛʫʙʠ. 
3. ʉʪʨʘʭ ʧʦ FACS ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
ï ʚʥʫʪʨʽʰʥʽ ʯʘʩʪʠʥʠ ʙʨʽʚ ʧʽʜʥʷʪʽ (AU1); 
ï ʟʦʚʥʽʰʥʽ ʯʘʩʪʠʥʠ ʙʨʽʚ ʧʽʜʥʷʪʽ (AU2); 
ï ʦʧʫʱʝʥʽ ʙʨʦʚʠ (AU4); 
ï ʧʨʠʧʽʜʥʷʪʽ ʚʝʨʭʥʽ ʧʦʚʽʢʠ (AU5); 
ï ʧʨʠʧʽʜʥʷʪʽ ʥʠʞʥʽ ʧʦʚʽʢʠ (AU7); 
ï ʛʫʙʠ ʥʘʪʷʛʥʫʪʽ (AU20); 
ï ʦʧʫʱʝʥʘ ʱʝʣʝʧʘ (AU26). 
ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʚʠʟʥʘʯʘʻ ʩʪʨʘʭ ʷʢ: 
ï ʦʧʫʱʝʥʽ ʚʝʨʭʥʽ ʧʦʚʽʢʠ ʪʘ ʧʨʠʧʽʜʥʷʪʽ ʥʠʞʥʽ ʧʦʚʽʢʠ; 
ï ʧʽʜʥʷʪʽ ʙʨʦʚʠ; 
ï ʥʦʨʤʘʣʴʥʠʡ ʩʪʘʥ ʛʫʙ. 
4. ʈʘʜʽʩʪʴ ʧʦ FACS ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: 
ï ʱʦʢʠ ʧʽʜʥʷʪʽ (AU6); 
ï ʨʦʟʪʷʛʥʫʪʽ ʢʫʪʠʢʫ ʛʫʙ (AU12). 
ʉʧʨʦʱʝʥʘ ʤʦʣʝʣʴ ʚʠʟʥʘʯʘʻ ʨʘʜʽʩʪʴ ʷʢ: 
ï ʦʧʫʱʝʥʽ ʚʝʨʭʥʽ ʧʦʚʽʢʠ ʪʘ ʧʨʠʧʽʜʥʷʪʽ ʥʠʞʥʽ ʧʦʚʽʢʠ; 
ï ʙʨʦʚʠ ʫ ʥʦʨʤʘʣʴʥʦʤ ʩʪʘʥʽ; 
ï ʨʦʟʪʷʛʥʫʪʽ ʛʫʙʠ. 
ʄʠ ʥʝ ʚʽʜʩʣʽʜʢʦʚʫʻʤʦ ʦʧʫʱʝʥʥʷ ʱʝʣʝʧʠ ʪʘ ʢʫʪʠʢʽʚ ʛʫʙ. FAC ʨʦʟʛʣʷʜʘʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʤʽʤʽʯʥʠʭ 

ʧʨʦʷʚʽʚ. ɯʥʦʜʽ ʮʽ ʧʨʦʷʚʠ ʧʨʦʪʠʣʝʞʥʽ. ʗʢ ʧʨʠ ʩʪʨʘʭʫ (ʧʽʜʥʷʪʪʷ ʙʨʽʚ ʘ ʧʦʪʽʤ ʾʭ ʦʧʫʩʢʘʥʥʷ). ʇʨʦʧʦʥʦʚʘʥʘ 
ʤʦʜʝʣʴ ʚʽʜʩʣʽʜʢʦʚʫʻ ʪʽʣʴʢʠ ʦʜʠʥ ʤʽʤʽʯʥʠʡ ʧʨʦʷʚ (ʧʽʜʥʷʪʽ ʙʨʦʚʠ). 

ɺʠʩʥʦʚʢʠ. ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʠʩʪʝʤʠ Fascial Action Coding System (FACS) ʇʦʣʣʘ ɽʢʤʘʥʘ 
ʪʘ ʩʧʨʦʱʝʥʦʾ ʤʦʜʝʣʽ ʷʢʘ ʫʤʦʞʣʠʚʣʶʻ ʨʝʘʣʽʟʘʮʽʶ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʝʤʦʮʽʡʥʠʭ ʧʨʦʷʚʽʚ ʥʘ ʦʙʣʠʯʯʽ ʰʚʠʜʢʠʤ 
ʯʠʥʦʤ. ʋ ʩʧʨʦʱʝʥʽʡ ʤʦʜʝʣʽ ʨʝʘʣʽʟʦʚʘʥʘ ʛʽʧʝʨʧʣʦʱʠʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʤʽʤʽʯʥʠʭ ʧʨʦʷʚʽʚ ʦʩʥʦʚʥʠʭ ʝʤʦʮʽʡʥʠʭ 
ʩʪʘʥʽʚ ʥʘ ʦʙʣʠʯʯʽ. ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ ʥʝʚʝʣʠʢʘ ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʩʢʣʘʜʥʽʩʪʴ, ʱʦ 
ʜʘʩʪʴ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʤʽʥ ʝʤʦʮʽʡʥʦʛʦ ʩʪʘʥʫ ʣʶʜʠʥʠ ʟʘ ʤʽʤʽʯʥʠʤʠ ʧʨʦʷʚʘʤʠ ʥʘ ʦʙʣʠʯʯʽ ʙʝʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʜʣʷ ʚʽʜʝʦ-ʢʘʤʝʨ ʟ ʥʠʟʴʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʙʦ ʥʘ ʚʝʣʠʢʽʡ 
ʚʽʜʩʪʘʥʽ). ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʢʦʥʪʨʦʣʶ ʟʘ: ʚʦʜʽʻʤ ʧʽʜ 
ʯʘʩ ʢʝʨʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʦʤ, ʦʧʝʨʘʪʦʨʦʤ ʩʢʣʘʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʱʦ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʚʠʷʚʣʝʥʥʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʦʙʣʠʯʯʷ, ʦʪʨʠʤʘʥʦʛʦ ʟ ʚʽʜʝʦ-ʢʘʤʝʨ ʟ 
ʥʠʟʴʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʘʙʦ ʥʘ ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ, ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ ʫ ʧʦʪʨʽʙʥʦʤʫ ʬʦʨʤʘʪʽ ʪʘ 
ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 
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ʇʈɽʁɿʅɽʈ ɭ. ɽ., ʗʐʀʅɸ ʆ. ʄ. 
ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʄɽʊʆɼʀ ʐʊʋʏʅʆɻʆ ɯʅʊɽʃɽʂʊʋ ɺ ʉʌɽʈɯ ʆʍʆʈʆʅʀ ɿɼʆʈʆɺôʗ 
 
Ȩ ɊɆɓɫɏ ɗɘɆɘɘɫ ɔɕɎɗɆɓɔ ɘɆ ɊɔɗɑɫɊɌɋɓɔ ɗəɝɆɗɓɎɏ ɗɘɆɓ ɈɎɐɔɖɎɗɘɆɓɓɥ ɞɘəɝɓɔɉɔ ɫɓɘɋɑɋɐɘə (Ⱦȝ) Ɉ ɗɚɋɖɫ ɔɛɔɖɔɓɎ 

ɍɊɔɖɔɈôɥ, ɏɔɉɔ ɒɋɘɔɊɫɈ ɘɆ ɍɆɗɔɇɫɈ. ȵɫɊ ɝɆɗ ɔɉɑɥɊə ɔɇɗɥɉɫɈ ɈɎɐɔɖɎɗɘɆɓɓɥ ɘɆ ɒɋɘɔɊɫɈ ɍɆɗɘɔɗəɈɆɓɓɥ Ⱦȝ Ɉ ɒɋɊɎɜɎɓɫ Ɉ ɗəɝɆɗɓɔɒə 
ɗɈɫɘɫ, ɘɆɐɔɌ ɖɔɍɉɑɥɊɆɑɎɗɥ ɕɎɘɆɓɓɥ ɕɖɔ ɕɔɘɔɝɓɎɏ ɗɘɆɓ ɖɔɍɈɎɘɐə ɗɚɋɖɎ Ⱦȝ Ɉ ɜɫɑɔɒə, ɬɬ ɆɐɘəɆɑɢɓɫɗɘɢ, ɕɋɖɗɕɋɐɘɎɈɓɫɗɘɢ ɘɆ 
ɒɔɌɑɎɈɔɗɘɫ ɓɆ ɊɆɓɔɒə ɋɘɆɕɫ ɖɔɍɈɎɘɐə. 

ȳɋ ɍɈɆɌɆɤɝɎ ɓɆ ɈɋɑɎɐə ɐɫɑɢɐɫɗɘɢ ɫɓɈɋɗɘɎɜɫɏ Ɉ ɖɔɍɖɔɇɐə Ⱦȝ Ɋɑɥ ɈɎɐɔɖɎɗɘɆɓɓɥ Ɉ ɒɋɊɎɜɎɓɫ, ɓɆ ɊɆɓɎɏ ɒɔɒɋɓɘ 
ɋɚɋɐɘɎɈɓɫɗɘɢ ɖɔɇɔɘɎ Ɉɗɫɛ ɫɗɓəɤɝɎɛ ɖɫɞɋɓɢ ɓɋɊɔɗɘɆɘɓɢɔ ɈɎɗɔɐɆ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɞɘəɝɓɎɏ ɫɓɘɋɑɋɐɘ(Ⱦȝ). ɔɛɔɖɔɓɆ ɍɊɔɖɔɈôɥ, ɖɎɓɔɐ ɞɘəɝɓɔɉɔ ɫɓɘɋɑɋɐɘə 
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METHODS OF ARTIFICI AL INTELLIGENCE IN THE FIELD OF  HEALTHCARE  
 
The vital activity and adequate f unctioning of society directly depends on the preservation of the health of the population 

of any state. The most important area in this direction is health care, because health in general is a key aspect of the exis tence of 
any living organism, including humans. This means that the importance of health is difficult to overestimate. For this reason, 
countries around the world are making significant efforts to improve the quality of health care, using the latest advances in  science 
and technology. 

Such achievements undoubtedly include developments in the field of information technology (IT), as this industry in the 
modern world is one of the most promising in terms of the number of achieved results of human activity. Thus, today strong 
investment investments are made in the development of software for health care, because the development of high quality and 
effective health care is impossible without the use of modern means of medical information processing, implementation of 
intellectual management methodology and advanced communication technology. 

This article describes and explores the current state of artificial intelligence (AI) in health care. During the review of th e 
scope and methods of application of AI in medicine in the modern world, also considered the current state of development of AI in 
general, its relevance, prospects and opportunities at this stage of development.  

Today all the artificial intelligence systems that exist are called weak AI, because it canôt learn the way people do or think 
the way people do. It can do only one thing, such as searching the Internet for queries, recognizing objects in images, diagnosing  a 
specific disease. Besides at the moment the efficiency of all existing solutions in the field of healthcare is not high enoug h. However 
the AI field is still growing, for example over the past four years, annual investment in artificial intelligence increases b y more than 
$4.25 billion (total investment in 2014) and at the same time the field of Healthcare led AI investment with $4  billion investment in 
2019. 

Key words: artificial intelligence (AI). healthcare,  artificial intelligence market.  

 

ɺʩʪʫʧ. ɾʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʪʘ ʘʜʝʢʚʘʪʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʩʧʽʣʴʩʪʚʘ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʙʝʨʝʞʝʥʥʷ 

ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʜʝʨʞʘʚʠ. ʅʘʡʚʘʞʣʠʚʽʰʦʶ ʩʬʝʨʦʶ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʻ ʦʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ, ʘʜʞʝ 

ʟʜʦʨʦʚô̫  ʟʘʛʘʣʦʤ ʻ ʦʩʥʦʚʥʠʤ ʘʩʧʝʢʪʦʤ ʽʩʥʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʣʶʜʠʥʠ. ɸ ʮʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʚʘʞʣʠʚʽʩʪʴ ʟʜʦʨʦʚô̫  ʜʦʩʠʪʴ ʚʘʞʢʦ ʧʝʨʝʦʮʽʥʠʪʠ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʢʨʘʾʥʠ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ 

ʜʦʢʣʘʜʘʶʪʴ ʯʠʤʘʣʠʭ ʟʫʩʠʣʴ, ʱʦʙ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ ʥʦʚʽʪʥʽ 

ʜʦʩʷʛʥʝʥʥʷ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ.  

ɼʦ ʪʘʢʠʭ ʜʦʩʷʛʥʝʥʴ ʙʝʟʧʝʨʝʯʥʦ ʚʽʜʥʦʩʷʪʴʩʷ ʨʦʟʨʦʙʢʠ ʫ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʊ), 

ʦʩʢʽʣʴʢʠ ʜʘʥʘ ʛʘʣʫʟʴ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʻ ʦʜʥ̔̒ ʶ ʽʟ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʭ ʟʘ ʢʽʣʴʢʽʩʪʶ ʜʦʩʷʛʥʫʪʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʊʘʢ, ʚʞʝ ʩʴʦʛʦʜʥʽ ʚ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʧʦʪʫʞʥʽ ʽʥʚʝʩʪʠʮʽʡʥʽ ʚʢʣʘʜʠ, ʘʜʞʝ ʨʦʟʚʠʪʦʢ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʡ ʝʬʝʢʪʠʚʥʦʾ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ 

ʥʝʤʦʞʣʠʚʠʡ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʫʧʨʦʚʘʜʞʝʥʥʷ 

ʤʝʪʦʜʦʣʦʛʽʾ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʦʾ ʪʝʭʥʽʢʠ ʟʚ'ʷʟʢʫ [1]. 

ʄʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʜʘʥʦʾ ʩʪʘʪʪʽ ʩʪʘʣʠ ʧʨʘʮʽ ʨʽʟʥʠʭ ʥʘʫʢʦʚʮʽʚ ʷʢ 

ʚʽʪʯʠʟʥʷʥʠʭ, ʪʘʢ ʽ ʟʘʨʫʙʽʞʥʠʭ. ɿʦʢʨʝʤʘ ʂʘʨʧʦʚ ʆ.ʅ., ɹʦʥʜʘʨʝʥʢʦ ʄ.ʌ. ʟʘʡʤʘʶʪʴʩʷ ʤʦʚʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ; ɼʝʨʢʘʯ ʊ.ʄ. ʜʦʩʣʽʜʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ ʩʬʝʨʽ ʧʨʘʮʽ; ʜʦʢʪʨʠʥʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʧʦʥʷʪʪʷ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʟʜʽʡʩʥʠʣʠ ɺʘʩʠʣʴʻʚ ɸ.ɸ., ʐʧʦʧʧʝʨ ɼ.; ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʜʦʩʣʽʜʞʫʚʘʣʠ ʃʘʨʽʦʥʦʚʘ ɸ.ɺ., ɸʨʫʪʶʥʷʥ ɺ.ɻ.; ɻʫʩʻʚ ɸ.ɺ. ʚʠʟʥʘʯʠʚ 

ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚ ʩʠʩʪʝʤʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ. 

ʄʝʪʘ ʩʪʘʪʪʽ ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʚʠʩʚʽʪʣʝʥʥʽ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʚ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʪʝʨʤʽʥ çʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪè ʻ ʜʦʩʠʪʴ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʪʘ ʰʠʨʦʢʦʚʞʠʚʘʥʠʤ. ʎʝ ʧʦʚô̫ ʟʘʥʦ ʧʝʨʰ ʟʘ ʚʩʝ ʽʟ ʩʫʯʘʩʥʠʤʠ ʪʝʥʜʝʥʮʽʷʤʠ ʨʦʟʚʠʪʢʫ 
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ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʊ), ʘʜʞʝ ʩʴʦʛʦʜʥʽ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʩʬʝʨʦʶ ʜʦʩʣʽʜʞʝʥʴ ɯʊ ʻ ʩʘʤʝ ʰʪʫʯʥʠʡ 

ʽʥʪʝʣʝʢʪ. ʇʦʜʽʜʥʽ ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʤʦʞʥʘ ʣʝʛʢʦ ʧʦʷʩʥʠʪʠ, ʷʢʱʦ ʧʦʛʣʷʥʫʪʠ ʥʘ ʧʝʨʝʚʘʛʠ ʨʦʟʨʦʙʦʢ ʚ ʜʘʥʽʡ 

ʩʬʝʨʽ ʽ ʧʦʨʽʚʥʷʪʠ ʾʭ ʟ ʽʥʰʠʤʠ ʜʦʩʷʛʥʝʥʥʷʤʠ. ʊʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʐɯ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʚʝʣʠʢʝ ʢʦʣʦ ʟʘʜʘʯ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʟʦʢʨʝʤʘ ʝʢʦʥʦʤʽʮʽ, 

ʥʘʫʮʽ, ʚʠʨʦʙʥʠʮʪʚʽ, ʦʭʦʨʦʥʽ ʟʜʦʨʦʚô̫, ʧʦʙʫʪʽ, ʦʩʚʽʪʽ, ʙʘʥʢʽʚʩʴʢʽʡ ʩʬʝʨʽ, ʪʦʨʛʽʚʣʽ ʪʦʱʦ. ɼʦ ʪʘʢʠʭ ʟʘʜʘʯ 

ʚʽʜʥʦʩʷʪʴ ʟʘʚʜʘʥʥʷ ʢʣʘʩʠʬʢ̔ʘʮ̔ʾ , ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʟʘʜʘʯ ̔ ʨʝʛʨʝʩʽʾ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʦʮ̔ʥʢʠ ʙʫʜʴ-ʷʢʦʾ ʮʠʬʨʦʚʦʾ ʥ̔ʬʦʨʤʘʮʽʾ ʪʘ ʽʥ. 

ʌʘʢʪʠʯʥʦ ʚ ʜʘʥʠʡ ʯʘʩ ʥʘ ʦʩʥʦʚ ̔ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʩʪʚʦʨʶʶʪʴʩʷ ʽ ʨʦʟʚʠʚʘʶʪʴʩʷ ʨʽʟʥʽ 

ʧʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ, ʛʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʠʭ ʻ ʟʜʘʪʥʽʩʪʴ ʚʠʨʽʰʫʚʘʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʟʘʚʜʘʥʥʷ ʪʘʢ, ʷʢ ʮʝ 

ʨʦʙʠʣʘ ʙ ʣʶʜʠʥʘ, ʷʢʘ ʨʦʟʤʽʨʢʦʚʫʻ ʥʘʜ ʾʭ ʚʠʨʽʰʝʥʥʷʤ [2]. 

ʉʠʩʪʝʤʠ ʐɯ ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʜʚʘ ʢʣʘʩʠ ï ʩʠʣʴʥʠʡ ʐɯ ʽ ʩʣʘʙʢʠʡ ʐɯ. ʉʠʣʴʥʠʡ, ʘʙʦ 

ʫʥʽʚʝʨʩʘʣʴʥʠʡ, ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʚʠʟʥʘʯʘʻʪʴʩ ̫ʷʢ ʐɯ, ʷʢʠʡ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʣʶʜʩʴʢʠʤ ʽʥʪʝʣʝʢʪʦʤ, ʪʦʙʪʦ 

ʐɯ, ʷʢʠʡ ʤʦʞʝ ʚʯʠʪʠʩʷ ʪʘʢ, ʷʢ ʮʝ ʨʦʙʣʷʪʴ ʣʶʜʠ, ʽ ʧʨʠ ʮʴʦʤʫ ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʟʘ ʨʽʚʥʝʤ ʨʦʟʚʠʪʢʫ ʙʽʣʴʰʦʩʪʽ 

ʣʶʜʝʡ, ʘ ʚ ʙʘʛʘʪʴʦʭ ʩʝʥʩʘʭ ʥʘʚʽʪʴ ʧʝʨʝʚʝʨʰʫʻ ʾʭ [3].  

ʊʘʢ, ʚʩʽ ʽʥʰʽ ʩʠʩʪʝʤʠ, ʚʢʣʶʯʘʶʯʠ ʩʠʩʪʝʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ ʦʪʦʯʫʶʪʴ ʥʘʩ ʟʘʨʘʟ, ʥʘʟʠʚʘʶʪʴʩʷ 

ʩʣʘʙʢʠʤ ʐɯ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʦʞʫʪʴ ʨʦʙʠʪʠ ʪʽʣʴʢʠ ʦʜʥʫ ʩʧʨʘʚʫ, ʥʘʧʨʠʢʣʘʜ ʟʜʽʡʩʥʶʚʘʪʠ ʧʦʰʫʢ ʧʦ ʟʘʧʠʪʘʤ ʚ 

ɯʥʪʝʨʥʝʪʽ, ʨʦʟʧʽʟʥʘʚʘʪʠ ʦʙô̒ ʢʪʠ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ, ʩʪʘʚʠʪʠ ʜʽʘʛʥʦʟ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʟʘʭʚʦʨʶʚʘʥʥʶ ʪʦʱʦ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʐɯ ʨʦʙʠʪʴ ʞʠʪʪʷ ʢʦʤʬʦʨʪʥʽʰʠʤ, ʘ ʨʦʙʦʪʫ - ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʦʶ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʟ 

ʢʦʞʥʠʤ ʜʥʝʤ ʚʩʝ ʙʽʣʴʰʝ ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ, ʘʣʝ ʚʞʝ ʟʘʨʘʟ ʩʠʩʪʝʤʠ ʟ ʐɯ ʙʘʛʘʪʦ ʟʘʚʜʘʥʴ ʨʦʙʣʷʪʴ ʢʨʘʱʝ, ʥʽʞ 

ʣʶʜʠ. ʆʜʥʘʢ ʷʢʽ ʙ ʟʘʥʷʪʪʷ ʥʝ ʚʤʽʣʠ ʨʦʙʠʪʠ ʧʦʜʽʙʥʽ ʩʠʩʪʝʤʠ, ʦʢʨʝʤʦ ʮʝ ʚʩʴʦʛʦ ʣʠʰʝ ʧʦʪʫʞʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʱʦ 

ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ, ʨʽʢ ʚʽʜ ʨʦʢʫ ʧʨʦʩʫʚʘʶʯʠ ʪʝʭʥʦʣʦʛʽʾ ʐɯ ʚʧʝʨʝʜ ʽ ʥʘʙʣʠʞʘʶʯʠ ʩʪʚʦʨʝʥʥʷ 

ʩʠʣʴʥʦʛʦ ʐɯ [3]. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʝʚʦʣʶʮʽʻʶ ʧʦʥʷʪʪʷ ʐɯ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʟʛʘʜʘʪʠ ʧʨʦ ʪʘʢ ʟʚʘʥʠʡ ʝʬʝʢʪ ʐɯ (AI Effect). ʎʝʡ 

ʝʬʝʢʪ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʞʝʥ ʨʘʟ, ʢʦʣʠ ʐɯ ʩʧʨʘʚʜʽ ʜʦʩʷʛʘʻ ʥʝʤʠʩʣʠʤʦʛʦ ʨʘʥʽʰʝ ʨʝʟʫʣʴʪʘʪʫ ʩʧʦʩʪʝʨʽʛʘʯʽ 

ʟʥʝʮʽʥʶʶʪʴ ʟʥʘʯʠʤʽʩʪʴ ʮʽʻʾ ʥʘʚʠʯʢʠ ʽ ʧʝʨʝʩʪʘʶʪʴ ʚʚʘʞʘʪʠ ʾʾ ʟʘʜʘʯʝʶ ʐɯ.  

ʇʨʦʪʝ ʜʘʥʠʡ ʝʬʝʢʪ ʥʽʷʢ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʢʦʣʦʩʘʣʴʥʠʡ ʨʽʩʪ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʎʝ 

ʯʽʪʢʦ ʚʠʜʥʦ ʧʦ ʦʙʩʷʛʘʤ ʽʥʚʝʩʪʠʮʽʡ ʚ ʢʦʤʧʘʥʽʾ, ʱʦ ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʐɯ (ʨʠʩ. 1). ʊʘʢ ʚ ʢʽʥʮʽ ʩʽʯʥʷ 2020 ʨ. 

ʢʦʤʧʘʥʽʷ CB Insights ʧʨʦʚʝʣʘ ʱʦʨʽʯʥʠʡ ʘʥʘʣʽʟ ʛʣʦʙʘʣʴʥʠʭ ʪʝʥʜʝʥʮʽʡ ʽʥʚʝʩʪʫʚʘʥʥʷ ʚ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʽ 

ʧʦʚʽʜʦʤʠʣʘ, ʱʦ ʚ 2019 ʨʦʮʽ ʩʪʘʨʪʘʧʠ, ʷʢʽ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ ʐɯ ʟʘʣʫʯʠʣʠ ʨʝʢʦʨʜʥʽ ʽʥʚʝʩʪʠʮʽʾ ï 

$26,6 ʤʣʨʜ, ʫʢʣʘʚʰʠ ʙʽʣʴʰʝ 2200 ʫʛʦʜ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ, ʚ 2018 ʨʦʮʽ ʙʫʣʦ ʫʢʣʘʜʝʥʦ ʙʣʠʟʴʢʦ 

1900 ʫʛʦʜ ʥʘ ʟʘʛʘʣʴʥʫ ʩʫʤʫ $22,1 ʤʣʨʜ, ʘ ʚ 2017-ʤʫ ï ʙʣʠʟʴʢʦ 1700 ʫʛʦʜ ʥʘ $16,8 ʤʣʨʜ [4]. ʊʦʙʪʦ ʟ 2016-ʛʦ ʨ. 

ʱʦʨʽʯʥʦ ʦʙʩʷʛ ʽʥʚʝʩʪʠʮʽʡ ʟʙʽʣʴʰʫʻʪʴʩʷ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ $4,25 ʤʣʨʜ (ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʽʥʚʝʩʪʠʮʽʡ ʚ 2014 ʨʦʮʽ). 
 

 
ʈʠʩ. 1. ʆʙʩʷʛ ʽʥʚʝʩʪʠʮʽʡ ʚ ʢʦʤʧʘʥʽʾ ʐɯ 

 

ʗʢʱʦ ʞ ʧʦʛʣʷʥʫʪʠ ʥʘ ʜʘʥʫ ʩʠʪʫʘʮʽʶ ʟ ʙʦʢʫ ʽʥʚʝʩʪʠʮʽʡ ʚ ʨʦʟʨʦʙʢʫ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʧʝʚʥʠʭ 

ʛʘʣʫʟʝʡ, ʪʦ ʟʘ ʧʽʜʩʫʤʢʘʤʠ 2019 ʨʦʢʫ ʩʝʨʝʜ ʩʬʝʨ ʽʥʚʝʩʪʠʮʽʡ ʣʽʜʠʨʫʶʯʫ ʧʦʟʠʮʽʶ ʟʘʡʤʘʣʘ ʦʭʦʨʦʥʘ ʟʜʦʨʦʚ'ʷ ï 

ʜʦ ʢʦʤʧʘʥʽʡ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʐɯ ʚ ʜʘʥʽʡ ʛʘʣʫʟʽ ʽʥʚʝʩʪʦʨʠ ʚʢʣʘʣʠ $4 ʤʣʨʜ. ɿʘ ʥʝʶ ʩʣʽʜʫʶʪʴ ʪʘʢʽ 

ʩʬʝʨʠ, ʷʢ ʬʽʥʘʥʩʠ ($2,2 ʤʣʨʜ), ʨʦʟʜʨʽʙʥʘ ʪʦʨʛʽʚʣʷ ($1,5 ʤʣʨʜ), ʧʨʦʜʘʞ ̔ʪʘ ʢʽʙʝʨʙʝʟʧʝʢʘ. ɸʢʪʠʚʥʽʩʪʴ ʫʛʦʜ ʟʽ 

ʟʣʠʪʪʽʚ ʽ ʧʦʛʣʠʥʘʥʴ ʪʘʢʦʞ ʙʫʣʘ ʥʘʡʚʠʱʦʶ ʚ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ, ʧʨʦʜʘʞʽʚ ʽ ʨʦʟʜʨʽʙʥʦʾ ʪʦʨʛʽʚʣʽ [5]. ʂʨʽʤ 

ʪʦʛʦ ʟʘ  ʧʨʦʛʥʦʟʘʤʠ ʘʥʘʣʽʪʠʢʽʚ IDC ʧʦʰʠʨʝʥʥʷ ʢʦʨʦʥʘʚʨ̔ʫʩʘ COVID-19 ʧʨʠʟʚʝʜʝ ʜʦ ʚʠʙʫʭʦʚʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʚʠʪʨʘʪ ʥʘ ʰʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʚ ʩʚʽʪʽ. 
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ʇʦʜʽʙʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʨʦʟʚʠʪʢʫ ʐɯ ʚ ʤʝʜʠʮʠʥʽ ʮʽʣʢʦʤ ʚʠʧʨʘʚʜʘʥʠʡ, ʘʜʞʝ ʜʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʤʦʞʫʪʴ 

ʚʠʨʽʰʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʜʘʯ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʤʝʜʠʮʠʥʠ, ʪʘʢʠʭ ʷʢ: 

ï ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʟʥʽʤʢʽʚ ʄʈʊ, ʚʠʩʥʦʚʢʽʚ ʋɿɼ, ʢʘʨʜʽʦʛʨʘʤ, ʨʝʟʫʣʴʪʘʪʽʚ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʪʦʤʦʛʨʘʬʽʾ); 

ï ʨʦʟʨʦʙʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʮʽʦʥʫ ʭʘʨʯʫʚʘʥʥʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʝʨʩʦʥʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʨʛʘʥʽʟʤʫ; 

ï ʨʦʟʨʦʙʢʘ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ (ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ ʘʥʘʣʽʟ, ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʝʧʘʨʘʪʽʚ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʨʫʩʽʚ ʽ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʚʘʢʮʠʥ); 

ï ʨʦʟʨʦʙʢʘ ʟʨʫʯʥʠʭ ʧʨʦʪʝʟʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʘʥʘʪʦʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʣʶʜʠʥʠ; 

ï ʚʽʜʜʘʣʝʥʘ ʜʦʧʦʤʦʛʘ ʧʘʮʽʻʥʪʫ; 

ï ʣʽʢʫʚʘʥʥʷ ʨʘʢʦʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ (ʘʥʘʣʽʟ ʢʣʽʥʽʯʥʦʾ ʢʘʨʪʠʥʠ ʩʪʘʥʫ ʧʘʮʽʻʥʪʘ ʽ ʥʘʜʘʥʥʷ ʝʬʝʢʪʠʚʥʦʾ 

ʩʭʝʤʠ ʣʽʢʫʚʘʥʥʷ). 

ɺʞʝ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰʽ ɯʊ-ʢʦʤʧʘʥʽʾ ʩʚʽʪʫ, ʪʘʢʽ ʷʢ IBM, Microsoft, Google, Intel ʪʘ ʽʥʰʽ ʤʘʶʪʴ ʚʣʘʩʥʽ 

ʨʦʟʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʨʽʰʫʚʘʪʠ ʧʦʜʽʙʥʽ ʟʘʜʘʯʽ. ʊʘʢ ʢʦʤʧʘʥʽʷ IBM 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʚʽʡ ʩʫʧʝʨʢʦʤʧôʁ ʪʝʨ ʦʩʥʘʱʝʥʠʡ ʩʠʩʪʝʤʦʶ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʧʽʜ ʥʘʟʚʦʶ IBM Watson ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ, ʜʦʢʘʟʦʚʦʾ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʜʘʥʠʭ ʩʪʨʘʪʝʛʽʾ ʣʽʢʫʚʘʥʥʷ ʨʘʢʫ. ɼʘʥʘ ʧʨʦʛʨʘʤʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʩʫʧʝʨʢʦʤʧôʁ ʪʝʨʘ ʤʘʻ ʥʘʟʚʫ IBM Watson for Oncology ʽ ʟ 2013 ʨʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʜʦʧʦʤʦʛʠ ʚ ʧʨʠʡʥʷʪʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʭʚʦʨʠʭ ʥʘ ʨʘʢ ʣʝʛʝʥʴ. ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʮʽʻʾ 

ʧʨʦʛʨʘʤʠ ʚ Watson ʜʣʷ ʥʘʚʯʘʥʥʷ ʙʫʣʠ ʟʘʚʘʥʪʘʞʝʥʽ ʩʦʪʥʽ ʪʠʩʷʯ ʤʝʜʠʯʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ 25 ʪʠʩʷʯ 

ʽʩʪʦʨʽʡ ʭʚʦʨʦʙ, ʧʦʥʘʜ 300 ʤʝʜʠʯʥʠʭ ʞʫʨʥʘʣʽʚ ʽ ʧʦʥʘʜ 200 ʧʽʜʨʫʯʥʠʢʽʚ, ʟʘʛʘʣʴʥʠʤ ʦʙʩʷʛʦʤ ʙʣʠʟʴʢʦ 15 ʤʣʥ 

ʩʪʦʨʽʥʦʢ ʪʝʢʩʪʫ, ʘʣʝ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʜʘʥʦʾ ʧʨʦʛʨʘʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ ʩʫʤʥʽʚʦʤ [6]. 

ʇʨʦʛʨʘʤʘ IBM Watson for Oncology ʧʨʘʮʶʻ ʪʘʢ: ʤʝʜʧʨʘʮʽʚʥʠʢ ʚʚʦʜʠʪʴ ʚ ʧʨʦʛʨʘʤʫ ʽʩʪʦʨʽʶ ʭʚʦʨʦʙʠ 

ʧʘʮʽʻʥʪʘ, ʚʦʥʘ ʧʦʨʽʚʥʶʻ ʾʾ ʟʽ ʩʚʦʻʶ ʚʝʣʠʯʝʟʥʦʶ ʙʽʙʣʽʦʪʝʢʦʶ ʥʘʫʢʦʚʠʭ ʩʪʘʪʝʡ ʽ ʢʣʽʥʽʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʽ 

ʧʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʥʘ ʢʥʦʧʢʫ çɿʘʧʠʪʘʪʠ ɺʘʪʩʦʥʘè ʚʠʜʘʻ ʩʚʦʾ ʢʣʽʥʽʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʢʨʘʱʠʭ ʩʫʯʘʩʥʠʭ 

ʢʣʽʥʽʯʥʠʭ ʧʨʘʢʪʠʢ, ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʽʥʰʠʭ ʜʦʩʷʛʥʝʥʴ ʜʦʢʘʟʦʚʦʾ ʤʝʜʠʮʠʥʠ [7]. ʂʨʽʤ IBM Watson 

for Oncology ʢʦʤʧʘʥʽʷ IBM ʤʘʻ ʱʝ ʦʜʠʥ ʧʨʦʝʢʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʐɯ ʚ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô̫ . ɺʽʥ ʤʘʻ 

ʥʘʟʚʫ IBM Medical Sieve ʽ ʟʘʨʘʟ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʘʥʦʛʦ ʧʨʦʝʢʪʫ ʻ ʜʦʧʦʤʦʛʘ 

ʣʽʢʘʨʷʤ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʜʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ (ʨʝʟʫʣʴʪʘʪʠ ʄʈʊ, ʨʝʥʪʛʝʥ-ʟʥʽʤʢʽʚ, ʢʘʨʜʽʦʛʨʘʤ). 

ʑʝ ʦʜʥʘ ʧʨʦʛʨʘʤʘ ʜʣʷ ʜʦʧʦʤʦʛʠ ʚ ʣʽʢʫʚʘʥʥʽ ʨʘʢʫ ʥʘʣʝʞʠʪʴ ʢʦʤʧʘʥʽʾ Microsoft ʽ ʤʘʻ ʥʘʟʚʫ Hanover. 

ʉʫʪʴ ʾʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʦʧʨʘʮʶʚʘʪʠ ʚʩʽ ʜʦʢʫʤʝʥʪʠ ʧʨʦ ʽʩʥʫʶʯʽ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʣʽʢʘʨʩʴʢʽ ʟʘʩʦʙʠ 

ʧʨʦʪʠ ʨʘʢʫ (ʩʴʦʛʦʜʥʽ ʚ ʩʚʽʪʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʩʦʪʥʽ ʥʦʚʠʭ ʣʽʢʘʨʩʴʢʠʭ ʟʘʩʦʙʽʚ ʧʨʦʪʠ ʨʘʢʫ, ʘ ʥʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʫʙʣʽʢʫʶʪʴʩʷ ʱʦʭʚʠʣʠʥʠ) ʪʘ ʧʝʨʝʜʙʘʯʠʪʠ, ʷʢʽ ʧʨʝʧʘʨʘʪʠ ʪʘ ʷʢʽ ʢʦʤʙʽʥʘʮʽʾ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ. ɯʥʘʢʰʝ 

ʢʘʞʫʯʠ, ʜʘʥʘ ʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ ʜʦʧʦʤʦʛʪʠ ʣʽʢʘʨʷʤ ʣʽʢʫʚʘʪʠ ʧʘʮʽʻʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʭ 

ʢʦʤʙʽʥʘʮʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʢʦʥʢʨʝʪʥʽ ʩʢʣʘʜʦʚʽ ʾʭ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʦʩʪʘʥʥʽʭ ʨʦʟʨʦʙʣʝʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ, ʘʜʞʝ ʞʦʜʥʦʤʫ ʣʽʢʘʨʶ ʥʝ ʫʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʦʟʥʘʡʦʤʠʪʠʩʴ ʟʽ ʚʩʽʤʘ ʨʦʙʦʪʘʤʠ ʚ ʜʘʥʽʡ 

ʛʘʣʫʟʽ [8]. 

ʍʦʣʜʠʥʛ Alphabet ʪʝʞ ʤʘʻ ʧʨʦʝʢʪ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻ ʪʝʭʥʦʣʦʛʽʾ ʐɯ ʚ ʤʝʜʠʮʠʥʽ, ʮʝʡ ʧʨʦʝʢʪ ʤʘʻ ʥʘʟʚʫ 

DeepMind Health (ʨʘʥʽʰʝ ʥʘʣʝʞʘʣʘ ʢʦʤʧʘʥʽʾ Google ʽ ʥʘʟʠʚʘʣʘʩʴ Google DeepMind Health) ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʣʦʥʜʦʥʩʴʢʠʭ ʣʽʢʘʨʥʷʭ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʦʯʥʠʭ ʭʚʦʨʦʙ  ̔ʜʣʷ ʜʦʚʽʜʢʦʚʦʾ ʜʦʧʦʤʦʛʠ ʧʨʠ 

ʣʽʢʫʚʘʥʥʽ ʜʝʷʢʠʭ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ [7]. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʦʩʥʦʚʽ ʦʧʨʘʮʶʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʾ ʣʽʪʝʨʘʪʫʨʠ ʚ ʭʦʜʽ ʟʜʽʡʩʥʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʪhʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʭʦʯ ʽ ʥʝ ʤʦʞʝ ʚʯʠʪʠʩʷ ʷʢ ʣʶʜʠʥʘ, 

ʧʨʦʪʝ ʚʽʥ ʚʩʝ ʞ ʷʚʣʷʻʪʴʩʷ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʦʜʥʠʭ ʟʘʜʘʯ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʽʥʰʠʭ  

ʉʘʤʝ ʪʦʤʫ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʩʬʝʨʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʘʥʽʡ ʚ ʥʽʡ ʟʥʘʯʥʦ ʟʨʦʩʪʘʻ (ʨʠʩ. 1). 

ʂʨʽʤ ʪʦʛʦ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰ ʧʨʽʦʨʠʪʝʪʥʦʶ ʛʘʣʫʟʟʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʐɯ ʻ ʩʬʝʨʘ ʦʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ. 

ʅʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʽ ʨʽʰʝʥʥʷ ʚ ʜʘʥʽʡ ʩʬʝʨʽ ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʪʽʣʴʢʠ ʪʽ ʢʦʤʧʘʥʽʾ, ʱʦ 

ʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʥʘʜʚʝʣʠʢʠʭ ʦʙô̒ ʤʽʚ ʜʘʥʠʭ. ʎʝ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʝʨʝʰʢʦʜ ʚ ʨʦʟʨʦʙʮʽ ʐɯ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʜʝʱʦ ʛʘʣʴʤʫʻ ʨʦʟʚʠʪʦʢ ʚʽʜʧʦʚʽʜʥʦʾ 

ʩʬʝʨʠ. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʩʥʫʶʯʽ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʨʽʰʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô̫  ʪʽʣʴʢʠ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʽ ʧʦʢʠ ʱʦ ʥʝ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʣʽʢʫʚʘʥʥʷ ʘʙʦ ʩʪʚʦʨʠʪʠ ʥʦʚʽ. ʇʨʦʪʝ, 

ʚʦʥʠ ʟʜʘʪʥʽ ʜʦʧʦʤʘʛʘʪʠ ʣʶʜʠʥʽ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʩʪʘʥʦʤ ʩʚʦʛʦ ʟʜʦʨʦʚô̫ , ʥʘʜʘʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʟʜʦʨʦʚô̫  ʽ ʧʨʠʩʢʦʨʶʚʘʪʠ ʨʦʟʨʦʙʢʫ ʣʽʢʽʚ. ʂʨʽʤ ʪʦʛʦ ʚʦʥʠ ʤʦʞʫʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʝʷʢʽ ʘʩʧʝʢʪʠ ʨʦʙʦʪʠ ʣʽʢʘʨʷ ʪʘ 

ʟʨʦʙʠʪʠ ʚʠʩʦʢʦʷʢʽʩʥʫ ʤʝʜʠʮʠʥʫ ʙʽʣʴʰ ʜʦʩʪʫʧʥʦʶ. 
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ɺʽʥʥʠʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄʠʭʘʡʣʘ ʂʦʮʶʙʠʥʩʴʢʦʛʦ, ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʅʆɺʀʍ ʇʈʆɻʈɸʄʅʀʍ ʇʈʆɼʋʂʊɯɺ 

ɺ ʋʇʈɸɺʃɯʅʅɯ ʇʈʆɽʂʊɸʄʀ 
 
ȹ ɗɘɆɘɘɫ ɖɔɍɉɑɥɊɆɤɘɢɗɥ ɘɋɔɖɋɘɎɐɔ-ɒɋɘɔɊɔɑɔɉɫɝɓɫ ɆɗɕɋɐɘɎ ɕɖɎɏɓɥɘɘɥ ɫɓɈɋɗɘɎɜɫɏɓɎɛ ɖɫɞɋɓɢ ɍɆ Ɋɔɕɔɒɔɉɔɤ ɗəɝɆɗɓɎɛ 

ɐɔɒɕôɤɘɋɖɓɎɛ ɘɋɛɓɔɑɔɉɫɏ, ɊɆɩɘɢɗɥ ɈɎɍɓɆɝɋɓɓɥ ɔɗɓɔɈɓɎɛ ɕɔɓɥɘɢ, ɕɖɔɈɔɊɎɘɢɗɥ ɕɔɖɫɈɓɥɓɓɥ ɓɆɏɕɔɞɎɖɋɓɫɞɎɛ ɗəɝɆɗɓɎɛ ɕɖɔɉɖɆɒ, 
ɥɐɫ ɈɎɐɔɖɎɗɘɔɈəɤɘɢɗɥ əɐɖɆɬɓɗɢɐɎɒɎ ɕɫɊɕɖɎɩɒɗɘɈɆɒɎ. 

ȵɖɔɆɓɆɑɫɍɔɈɆɓɔ ɕɋɖɋɈɆɉɎ ɘɆ ɓɋɊɔɑɫɐɎ ɇɫɑɢɞ ɖɔɍɕɔɈɗɤɊɌɋɓɎɛ ɕɖɔɉɖɆɒ ɆɈɘɔɒɆɘɎɍɆɜɫɬ ɖɔɍɖɔɇɐɎ ɫɓɈɋɗɘɎɜɫɏɓɎɛ 
ɕɖɔɋɐɘɫɈ ɍ ɇɔɐə ɆɊɆɕɘɆɜɫɬ ɬɛ Ɋɔ ɈɎɐɔɖɎɗɘɆɓɓɥ Ɉ əɒɔɈɆɛ əɐɖɆɬɓɗɢɐɔɉɔ ɍɆɐɔɓɔɊɆɈɗɘɈɆ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɫɓɈɋɗɘəɈɆɓɓɥ, əɕɖɆɈɑɫɓɓɥ ɕɖɔɋɐɘɆɒɎ, ɆɈɘɔɒɆɘɎɍɆɜɫɥ, ɐɔɓɗɆɑɘɎɓɉ.  
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APPLICATION OF NEW SOFTWARE PRODUCTS IN PROJECT MANAGEMENT  
 
To ensure effective work, project managers and project team members must be well versed in various disciplines of 

management, economics, socio-psychological disciplines, including such as management theory, operations management, personnel 
management, economic theory, business economics, psychology, conflict , decision making and support systems, information 
systems and technologies, etc. It is difficult for a specialist to become a good project manager, so project management in Ukraine is 
seen as a superstructure of invariant knowledge within a specific professional activity, knowledge, skills and practical skills in project 
management. The use of modern information technologies will ensure the completeness, timeliness of information display of 
processes, the possibility of their modeling, analysis, forecasting. 

Project management software is designed to make the work of a project mana ger easier and more efficient, to apply for 
planning assistance, project cost management, activity tracking, and scheduling. 

As more and more public works departments face the realities of increasing workload and reducing resources, the search 
for technological applications that can increase productivity is becoming increasingly important. The use of project management 
software as a tool for managing and organizing work has grown rapidly and continues to increase in all areas.  

The article considers the theoretical and methodological aspects of investment decision-making using modern computer 
technology, defines the basic concepts, compares the most common modern programs used by Ukrainian enterprises. The 
advantages and disadvantages of more common programs for automation of investment project development from the point of 
view of their adaptation to use in the conditions of the Ukrainian legislation are analyzed.  

Key words: investing, project management, automation, consulting.  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʧʨʦʝʢʪʥʽ ʤʝʥʝʜʞʝʨʠ ʪʘ ʯʣʝʥʠ 

ʧʨʦʝʢʪʥʦʾ ʢʦʤʘʥʜʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʦʙʨʝ ʦʙʽʟʥʘʥʠʤ ʚ ʨʽʟʥʠʭ ʜʠʩʮʠʧʣʽʥʘʭ ʟ ʛʘʣʫʟʽ ʤʝʥʝʜʞʤʝʥʪʫ, ʝʢʦʥʦʤʽʢʠ, 

ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʜʠʩʮʠʧʣʽʥ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ, ʷʢ ʪʝʦʨʽʷ ʫʧʨʘʚʣʽʥʥʷ, ʦʧʝʨʘʮʽʡʥʠʡ ʤʝʥʝʜʞʤʝʥʪ, ʤʝʥʝʜʞʤʝʥʪ 

ʧʝʨʩʦʥʘʣʫ, ʝʢʦʥʦʤʽʯʥʘ ʪʝʦʨʽʷ, ʝʢʦʥʦʤʽʢʘ ʧʽʜʧʨʠʻʤʩʪʚ, ʧʩʠʭʦʣʦʛʽʷ, ʢʦʥʬʣʽʢʪʦʣʦʛʽʷ, ʩʠʩʪʝʤʠ ʧʨʠʡʥʷʪʪʷ ʽ 

ʧʽʜʪʨʠʤʢʠ ʨʽʰʝʥʴ, ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ ʪʦʱʦ. ʌʘʭʽʚʮʝʚʽ ʚʫʟʴʢʦʛʦ ʧʨʦʬʽʣʶ ʚʘʞʢʦ ʩʪʘʪʠ ʜʦʙʨʠʤ 

ʢʝʨʽʚʥʠʢʦʤ ʧʨʦʝʢʪʫ, ʪʦʤʫ ʧʨʦʝʢʪʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʚ ʋʢʨʘʾʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʘʜʙʫʜʦʚʘ ʽʥʚʘʨʽʘʥʪʥʠʭ ʟʥʘʥʴ ʚ 

ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʦʾ ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʥʘʥʥʷʤʠ, ʫʤʽʥʥʷʤʠ ʽ ʧʨʘʢʪʠʯʥʠʤʠ ʥʘʚʠʯʢʘʤʠ ʟ ʫʧʨʘʚʣʽʥʥʶ 

ʧʨʦʝʢʪʘʤʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʙʝʟʧʝʯʠʪʴ ʧʦʚʥʦʪʫ, ʩʚʦʻʯʘʩʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʤʦʞʣʠʚʽʩʪʴ ʾʭʥʴʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʘʣʽʟʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʋ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʚʞʝ ʥʘʢʦʧʠʯʝʥʦ ʜʦʩʪʘʪʥʴʦ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʘʥʘʣʽʟʫ ʪʘ ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʪʨʘʪʠ, ʷʢʽ ʤʦʞʝ ʧʦʥʝʩʪʠ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʚʥʘʩʣʽʜʦʢ ʧʨʠʡʥʷʪʪʷ ʥʝʜʦʩʪʘʪʥʴʦ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ. ʇʠʪʘʥʥʷʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʱʦʜʦ 

ʨʦʟʨʦʙʢʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʨʽʰʝʥʴ ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ ɯ. ɺ. ɻʨʘʙʦʚʩʴʢʦʾ [2], ʃ. ɿ. ʉʽʪʰʘʻʚʦʾ [9], 

ɸ.ʄ. ʊʢʘʯʝʥʢʦ, ʂ.ɯ. ʄʘʤʝʥʢʦ [10], ʆ.ʄ. ʊʝʣʽʞʝʥʢʘ, ɺ.ɺ. ɺʽʪʣʽʥʩʴʢʦʛʦ, ɸ.ɺ. ʄʘʪʚʽʡʯʠʢʘ, ɸ.ɺ. ʑʝʨʙʘʢʘ 

[13] ʪʘ ʽʥ.   
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ʄʝʪʘ ʨʦʙʦʪʠ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʨʦʟʨʦʙʣʷʻʪʴʩʷ, ʱʦʙ ʟʨʦʙʠʪʠ 

ʨʦʙʦʪʫ ʤʝʥʝʜʞʝʨʘ ʧʨʦʝʢʪʫ ʧʨʦʩʪʽʰʦʶ ʪʘ ʝʬʝʢʪʠʚʥʽʰʦʶ, ʥʘʜʘʥʥʷ ʟʘʷʚʦʢ ʥʘ ʜʦʧʦʤʦʛʫ ʚ ʧʣʘʥʫʚʘʥʥʽ, 

ʫʧʨʘʚʣʽʥʥʷ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʨʦʝʢʪ, ʚʽʜʩʪʝʞʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʛʨʘʬʽʢʽʚ. 

ʆʩʢʽʣʴʢʠ ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʚʽʜʜʽʣʽʚ ʛʨʦʤʘʜʩʴʢʠʭ ʨʦʙʽʪ ʩʪʠʢʘʶʪʴʩʷ ʟ ʨʝʘʣʽʷʤʠ ʟʙʽʣʴʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʘ ʩʢʦʨʦʯʝʥʥʷ ʨʝʩʫʨʩʽʚ, ʧʦʰʫʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʜʦʜʘʪʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʩʪʘʻ ʚʩʝ 

ʙʽʣʴʰ ʚʘʞʣʠʚʠʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʝʢʪʫ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʫʧʨʘʚʣʽʥʥʷ 

ʪʘ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʦʪʠ ʰʚʠʜʢʦ ʟʨʦʩʪʘʣʦ ʽ ʧʨʦʜʦʚʞʫʻ ʟʙʽʣʴʰʫʚʘʪʠ ʪʝʤʧʠ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʧʨʦʝʢʪ ʧʨʠʡʥʷʪʠʡ, ʚʽʥ ʥʝ ʟʘʧʫʩʢʘʻʪʴʩʷ ʽ ʥʝ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʤʝʥʝʜʞʝʨʘ. ɼʣʷ ʩʪʨʫʢʪʫʨʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʪʘ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ.  

ʄʝʥʝʜʞʝʨʫ ʧʨʦʝʢʪʫ ʧʦʪʨʽʙʥʽ ʧʨʦʮʝʜʫʨʠ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ ʣʶʜʝʡ ʪʘ ʜʽʷʣʴʥʦʩʪʽ ʚ ʧʨʦʝʢʪʽ, ʩʧʦʩʦʙʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʥʘʛʣʷʜʫ ʟʘ ʧʨʦʝʢʪʦʤ ʪʘ ʙʫʜʴ-ʷʢʦʛʦ ʚʪʨʫʯʘʥʥʷ, ʷʢʱʦ ʚʽʥ ʥʝ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʷʢ ʧʣʘʥʫʚʘʣʦʩʷ. 

ɺʽʥ ʚʠʟʥʘʯʘʻ ʢʦʥʢʨʝʪʥʽ ʮʽʣʽ, ʜʽʷʣʴʥʽʩʪʴ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʠʪʠ, ʪʝʨʤʽʥʠ ʪʘ ʨʝʩʫʨʩʠ ʜʣʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ. ʅʘ 

ʦʩʥʦʚʽ ʧʠʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʷʢʠʡ ʜʘʻ ʘʚʪʦʤʘʪʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʙʫʜʴ-ʷʢʠʭ ʚʽʜʭʠʣʝʥʴ ʚʽʜ ʧʣʘʥʫ, ʧʨʦʝʢʪ ʤʦʞʝ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦ ʪʘ ʦʨʛʘʥʽʟʦʚʘʥʦ. ʊʝʨʤʽʥ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʩʪʦʩʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʝʢʪʫ, ʧʣʘʥʫʚʘʥʥʷ, ʧʦʜʘʣʴʰʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʢʦʥʪʨʦʣʶ ʪʘ ʟʙʦʨʫ ʚʠʩʥʦʚʢʽʚ ʧʨʦʝʢʪʫ [1]. ʏʠʤ ʙʽʣʴʰʠʡ ʽ 

ʩʢʣʘʜʥʽʰʠʡ ʧʨʦʝʢʪ, ʪʠʤ ʙʽʣʴʰʝ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʦʬʽʮʽʡʥʠʡ, ʩʪʘʥʜʘʨʪʥʠʡ ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʧʨʦʮʝʩ. 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʙʫʣʦ ʦʧʫʙʣʽʢʦʚʘʥʦ ʥʠʟʢʫ ʤʝʪʦʜʦʣʦʛʽʡ ʱʦʜʦ ʩʧʦʩʦʙʽʚ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʧʨʦʩʪʽʰʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʦʯʽʢʫʚʘʥʥʷ ʢʣʽʻʥʪʽʚ. ʅʘʧʨʠʢʣʘʜ, Prince2 ï 

ʮʝ ʢʝʨʦʚʘʥʠʡ ʧʨʦʮʝʩʦʤ ʤʝʪʦʜ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ 45 ʦʢʨʝʤʠʭ ʧʽʜʧʨʦʮʝʩʽʚ ʪʘ ʦʨʛʘʥʽʟʦʚʫʻ 

ʾʭ ʫ ʚʽʩʽʤ ʧʨʦʮʝʩʽʚ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [2]: ʟʘʧʫʩʢ ʧʨʦʝʢʪʫ; ʧʣʘʥʫʚʘʥʥʷ; ʽʥʽʮʽʶʚʘʥʥʷ ʧʨʦʝʢʪʫ; ʢʝʨʫʚʘʥʥʷ 

ʧʨʦʝʢʪʦʤ; ʢʦʥʪʨʦʣʴ ʝʪʘʧʫ; ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʪʘʚʢʦʶ ʧʨʦʜʫʢʮʽʾ; ʫʧʨʘʚʣʽʥʥʷ ʤʝʞʘʤʠ ʝʪʘʧʽʚ; ʟʘʢʨʠʪʪʷ ʧʨʦʝʢʪʫ. 

ɿʘʟʚʠʯʘʡ ʬʘʟʠ ʽʥʢʘʧʩʫʣʶʶʪʴ ʧʝʚʥʽ ʨʦʙʦʯʽ ʧʨʦʮʝʩʠ, ʪʘʢʽ ʷʢ çɯʥʞʝʥʝʨʽʷ ʚʠʤʦʛè ʪʘ çʜʠʟʘʡʥè. UP 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʰʠʡ ʧʽʜʭʽʜ, ʨʦʟʜʽʣʷʶʯʠ ʝʪʘʧʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʟ ʜʠʩʮʠʧʣʽʥ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ. ʎʴʦʤʫ ʻ ʯʦʪʠʨʠ 

ʧʨʠʯʠʥʠ: 

1. ʈʦʙʦʯʠʡ ʧʨʦʮʝʩ ʤʦʞʝ ʦʭʦʧʣʶʚʘʪʠ ʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʅʘʧʨʠʢʣʘʜ, ʪʝʩʪʫʚʘʥʥʷ ʧʦʯʠʥʘʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʝʪʘʧʫ ʨʦʟʨʦʙʢʠ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʧʽʜʭʦʜʫ V-Modell ʱʦʜʦ ʫʟʛʦʜʞʝʥʥʷ ʧʣʘʥʫ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦ ʚʠʧʫʩʢʫ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʪʨʠʚʘʻ ʜʦ ʢʽʥʮʷ ʧʨʠʡʤʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʫ ʧʝʨʝʭʽʜʥʦʤʫ ʝʪʘʧʽ ʽ, ʤʦʞʣʠʚʦ, ʧʽʩʣʷ 

ʮʴʦʛʦ ʚ ʧʣʘʥʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ UP ʞʠʪʪʻʚʦʛʦ ʮʠʢʣ. 

2. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʚʩʽʭ ʮʠʭ ʬʫʥʢʮʽʡ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʘʙʦ 

ʜʠʩʮʠʧʣʽʥʦʚʘʥʠʭ ʚʠʤʦʛ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʝʪʘʧʫ. ʅʘʧʨʠʢʣʘʜ, ʢʦʜʫʚʘʥʥʷ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ʦʜʥʦʯʘʩʥʽ ʘʙʦ 

ʧʝʨʝʤʝʞʦʚʘʥʽ ʟʘʚʜʘʥʥʷ ʥʘ ʝʪʘʧʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʘʣʝ ʚʠʤʘʛʘʶʪʴ ʨʽʟʥʠʭ ʜʠʩʮʠʧʣʽʥ. 

3. ʆʜʥʽ ʽ ʪʽ ʞ (ʘʙʦ ʜʫʞʝ ʧʦʜʽʙʥʽ) ʟʘʚʜʘʥʥʷ, ʤʦʞʣʠʚʦ, ʜʦʚʝʜʝʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʢʽʣʴʢʘ ʨʘʟʽʚ ʧʨʦʪʷʛʦʤ 

ʦʜʠʥʘʨʥʦʾ ʽʪʝʨʘʮʽʷ ʬʘʟʠ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʦʩʪʫʧʦʚʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʰʚʠʜʢʦʛʦ ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ. 

4. ɼʝ ʧʦʚʥʠʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʜʨʫʛʦʛʦ ʚʠʧʫʩʢʫ). 

ɿʘʚʜʘʥʥʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʫʪʴ ʩʢʦʨʠʩʪʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʽʪʝʨʘʮʽʷ. 

ʊʝʨʤʽʥ çʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡè ʜʫʞʝ ʜʦʙʨʝ ʦʧʠʩʫʻ ʬʽʣʦʩʦʬʽʶ ʋʇ. ʂʦʞʥʘ ʬʘʟʘ ʟʘʢʽʥʯʫʻʪʴʩʷ ʟ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʤ 

ʤʦʤʝʥʪʦʤ ʯʘʩʫ, ʢʦʣʠ ʚ ʧʨʦʝʢʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʝʣʠʢʘ ʟʤʽʥʘ ʩʪʘʥʫ. ʇʦʯʘʪʢʦʚʘ ʬʘʟʘ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ ʢʣʽʻʥʪ 

ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʧʦʩʪʘʯʘʣʴʥʠʢʫ ʧʨʦʜʦʚʞʫʚʘʪʠ ʧʨʦʝʢʪ. ʊʦʙʪʦ ʥʘ ʧʦʯʘʪʢʦʚʽʡ ʬʘʟʽ ʚʠʨʦʙʣʷʶʪʴʩʷ ʜʦʢʘʟʠ 

(ʚʢʣʶʯʘʶʯʠ ʤʘʩʰʪʘʙ ʟʚʽʪ, ʙʶʜʞʝʪ ʪʘ ʧʣʘʥ ʨʝʩʫʨʩʽʚ, ʛʨʘʬʽʢ ʪʘ ʘʥʘʣʽʟ ʨʠʟʠʢʽʚ), ʟʘ ʷʢʠʤʠ ʢʣʽʻʥʪ ʧʨʠʡʤʘʻ 

ʨʽʰʝʥʥʷ ʧʨʦʜʦʚʞʫʚʘʪʠ. ʎʝ ʻ ʚʘʞʣʠʚʦʶ ʚʽʭʦʶ ʚ ʝʚʦʣʶʮʽʾ ʧʨʦʝʢʪʫ. ɯʥʰʽ ï ʮʝ ʩʪʘʙʽʣʽʟʘʮʽʷ ʙʘʯʝʥʥʷ ʧʨʦʝʢʪʫ ʪʘ 

ʘʨʭʽʪʝʢʪʫʨʠ (ʮʽʣʽ ʝʪʘʧʫ ʨʦʟʨʦʙʢʠ), ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʨʦʟʛʦʨʪʘʥʥʷ ʩʠʩʪʝʤʠ, ʨʦʟʨʦʙʣʝʥʦʾ ʥʘ ʝʪʘʧʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʽ 

ʢʽʥʮʝʚʘ ʤʝʪʘ: ʧʨʦʜʫʢʪ ʧʨʠʡʥʷʪʪʷ. 

ʇʨʦʮʝʩ ʣʽʥʽʡʥʦʛʦ ʚʦʜʦʩʧʘʜʫ ʤʦʞʥʘ ʨʦʟʙʠʪʠ ʥʘ ʯʦʪʠʨʠ ʌʘʟʠ UP, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʶ ʤʝʪʫ, 

ʚʠʨʘʞʝʥʫ ʷʢ ʝʪʘʧ. ʇʦʯʘʪʦʢ ʚʝʜʝ ʜʦ ʟʜʘʪʥʦʩʪʽ ʚʠʟʥʘʯʠʪʠ ʩʠʩʪʝʤʥʽ ʚʠʤʦʛʠ ʷʢ ʮʽʣʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʜʣʷ ʮʽʻʾ 

ʽʪʝʨʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʚ ʘʨʭʽʪʝʢʪʫʨʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʘʙʦ ʢʦʥʪʫʨʥʠʡ ʜʠʟʘʡʥ. ʂʽʥʝʮʴ ʝʪʘʧʫ 

ʙʫʜʽʚʥʠʮʪʚʘ ʧʦʟʥʘʯʝʥʦ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʚʽʨʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʘʙʦ ʧʦʯʘʪʢʦʚʦʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. 

ʎʠʢʣ ʧʦʚʪʦʨʶʻʪʴʩʷ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʩʣʷ ʚʠʧʫʩʢʫ ʧʨʦʜʫʢʪʫ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʷʢ ʝʪʘʧʠ ʟʤʝʥʰʫʶʪʴ ʧʦʪʨʝʙʫ ʚ 

ʽʪʝʨʘʮʽʷ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʋ ʥʠʭ ʚʠʷʚʣʝʥʽ ʥʝʚʠʨʽʰʝʥʽ ʧʨʦʙʣʝʤʥʽ ʧʫʥʢʪʠ ʝʪʘʧʫ ʘʙʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʧʝʨʝʜ ʧʝʨʝʭʦʜʦʤ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ, ʘʙʦ ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʦʾ ʽʪʝʨʘʮʽʾ UP. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʽʥʘ çʚʽʭʘè ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ XVIII  ʩʪ., ʢʦʣʠ ʧʨʠʜʦʨʦʞʥʽ ʢʘʤʝʥʽ ʧʦʟʥʘʯʘʣʠ ʚʽʜʩʪʘʥʴ 

ʜʦ ʧʫʥʢʪʫ ʧʨʠʟʥʘʯʝʥʥʷ. ɺʽʭʠ ʥʝ ʻ ʤʽʨʦʶ ʚʽʜʩʪʘʥʽ; ʚʦʥʠ ʛʦʚʦʨʷʪʴ ʚʘʤ, ʩʢʽʣʴʢʠ ʜʘʣʽ ʚʘʤ ʜʦʚʝʜʝʪʴʩʷ ʧʨʦʡʪʠ. ʋ 

ʪʠʧʦʚʦʤʫ ʧʨʦʝʢʪʽ ʜʝ ʜʽʷʣʴʥʽʩʪʴ ʧʣʘʥʫʻʪʴʩʷ ʥʘʟʘʜ ʚʽʜ ʫʟʛʦʜʞʝʥʦʾ ʢʽʥʮʝʚʦʾ ʪʦʯʢʠ, ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʥʝ ʻ ʜʘʪʘ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʛʦʜʞʝʥʦʛʦ ʩʪʘʥʫ ï ʮʝ ʜʘʪʘ, ʥʘ ʷʢʫ ʮʽʣʴ ʧʣʘʥʫʚʘʣʘʩʴ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʤ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʨʽʟʥʠʮʷ. 

ʄʝʪʦʜʦʣʦʛʽʷ TenStep [3] ʻ ʛʥʫʯʢʠʤ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʠʤ ʧʽʜʭʦʜʦʤ ʽ ʟʘʙʝʟʧʝʯʫʻ ʦʩʥʦʚʫ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʚʩʽʤʘ ʚʠʜʘʤʠ ʧʨʦʝʢʪʽʚ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʧʨʦʝʢʪ ʟʘʪʚʝʨʜʞʝʥʠʡ ʽ ʛʦʪʦʚʠʡ ʜʦ ʚʠʢʦʥʘʥʥʷ, ʤʝʪʦʜʦʣʦʛʽʷ TenStep 

ʟʘʜʽʷʥʘ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʪʦʶ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ. 

ʈʽʟʥʽ ʨʦʣʽ ʪʘ ʦʙʦʚ'ʷʟʢʠ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʝʢʪʦʤ, ʧʦʚʥʽʩʪʶ ʦʧʠʩʘʥʽ ʪʘ ʘʜʘʧʪʦʚʘʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʝʢʪʫ ʪʘ ʪʦʯʥʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɺʽʥ ʟʘʙʝʟʧʝʯʫʻ ʟʘʛʘʣʴʥʫ ʤʦʚʫ ʜʣʷ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʧʨʦʝʢʪʫ. ɹʫʜʫʯʠ ʩʪʨʫʢʪʫʨʦʚʘʥʠʤ ʤʝʪʦʜʦʤ, TenStep ʤʘʻ ʞʠʪʪʻʚʠʡ ʮʠʢʣ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʬʘʟ: ʧʽʜʛʦʪʦʚʢʘ, ʧʣʘʥʫʚʘʥʥʷ, ʚʠʢʦʥʘʥʥʷ ʪʘ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ. ʆʪʞʝ, ʮʽ ʝʪʘʧʠ 

ʦʭʦʧʣʶʶʪʴ ʜʝʩʷʪʴ ʝʪʘʧʽʚ, ʦʧʠʩʘʥʠʭ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [3]: 

1. ɺʠʟʥʘʯʪʝ ʨʦʙʦʪʫ ï ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʝʢʪʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʦʛʦ, ʱʦʙ ʢʦʤʘʥʜʘ ʧʨʦʝʢʪʫ ʪʘ ʩʧʦʥʩʦʨ 

ʧʦʛʦʜʞʫʚʘʣʠ ʥʝʦʙʭʽʜʥʫ ʨʦʙʦʪʫ ʪʘ ʤʘʣʠ ʩʧʽʣʴʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʮʽʣʽ ʧʨʦʝʢʪʫ, ʨʝʟʫʣʴʪʘʪʠ, ʦʙʩʷʛ, ʨʠʟʠʢ, 

ʚʘʨʪʽʩʪʴ, ʧʽʜʭʽʜ (ʽʟ ʉʪʘʪʫʪʫ ʧʨʦʝʢʪʫ). 

2. ʉʢʣʘʜʽʪʴ ʛʨʘʬʽʢ ʽ ʙʶʜʞʝʪ - ʛʨʘʬʽʢ ʻ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʱʦ ʦʧʠʩʫʻ ʨʦʙʦʪʫ, ʷʢʫ ʧʦʪʨʽʙʥʦ 

ʚʠʢʦʥʘʪʠ, ʧʦʨʷʜʦʢ ʜʽʡ, ʥʝʦʙʭʽʜʥʽ ʟʫʩʠʣʣʷ ʪʘ ʧʨʠʟʥʘʯʝʥʽ ʨʝʩʫʨʩʠ. ʎʽ ʜʚʘ ʢʨʦʢʠ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʧʦʩʣʽʜʦʚʥʽ, ʾʭ 

ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʧʘʨʘʣʝʣʴʥʦ. ɿʜʝʙʽʣʴʰʦʛʦ ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʥʝ ʤʦʞʝ ʟʘʧʦʚʥʠʪʠ ʜʽʘʛʨʘʤʫ ʧʨʦʝʢʪʫ, ʥʝ 

ʩʢʣʘʚʰʠ ʟʘʛʘʣʴʥʦʛʦ ʛʨʘʬʽʢʫ ʧʨʦʝʢʪʫ. 

3. ʋʧʨʘʚʣʽʥʥʷ ʛʨʘʬʽʢʦʤ ʪʘ ʙʶʜʞʝʪʦʤ ï ʮʝ ʙʝʟʧʝʨʝʨʚʥʘ ʜʽʷʣʴʥʽʩʪʴ ʢʝʨʽʚʥʠʢʘ ʧʨʦʝʢʪʫ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʝʢʪʫ ʟʘ ʛʨʘʬʽʢʦʤ ʪʘ ʚ ʤʝʞʘʭ ʙʶʜʞʝʪʫ. ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʧʦʚʠʥʝʥ ʧʝʨʽʦʜʠʯʥʦ 

ʦʮʽʥʶʚʘʪʠ ʛʨʘʬʽʢ ʽ ʚʠʟʥʘʯʘʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʧʨʦʝʢʪʫ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʦʝʢʪʽʚ ʛʨʘʬʽʢ ʧʦʪʨʽʙʥʦ ʧʝʨʝʛʣʷʜʘʪʠ 

ʱʦʪʠʞʥʷ. 

4. ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʙʣʝʤʘʤʠ ï ʚʠʟʥʘʯʪʝ ʧʨʦʙʣʝʤʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʧʨʦʛʨʝʩʫ ʧʨʦʝʢʪʫ. ɯʥʦʜʽ ʮʽ 

ʧʨʦʙʣʝʤʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʚʠʨʽʰʝʥʽ ʢʝʨʽʚʥʠʢʦʤ ʧʨʦʝʢʪʫ ʪʘ ʢʦʤʘʥʜʦʶ ʧʨʦʝʢʪʫ, ʪʦʤʫ ʜʣʷ ʰʚʠʜʢʦʛʦ 

ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʠʪʘʥʴ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʩʪʦʨʦʥʥʷ ʜʦʧʦʤʦʛʘ. 

5. ʋʧʨʘʚʣʽʥʥʷ ʟʤʽʥʘʤʠ ï ʦʩʢʽʣʴʢʠ ʧʦʯʘʪʢʦʚʽ ʧʨʦʮʝʩʠ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʥʝ ʻ ʜʦʩʢʦʥʘʣʠʤʠ, 

ʤʦʞʫʪʴ ʚʽʜʙʫʪʠʩʷ ʧʦʪʝʥʮʽʡʥʽ ʟʤʽʥʠ. ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʪʘ ʢʦʤʘʥʜʘ ʧʦʚʠʥʥʽ ʦʭʦʧʣʶʚʘʪʠ ʚʩʽ ʘʩʧʝʢʪʠ ʟʤʽʥ: 

ʟʤʽʥʠ ʤʘʩʰʪʘʙʫ, ʟʤʽʥʠ ʢʦʥʬʽʛʫʨʘʮʽʾ ʪʘ ʟʘʛʘʣʴʥʽ ʟʤʽʥʠ.  

6. ʋʧʨʘʚʣʽʥʥʷ ʢʦʤʫʥʽʢʘʮʽʻʶ ï ʚʢʣʶʯʘʻ ʟʚʽʪʫʚʘʥʥʷ ʢʦʤʘʥʜʠ ʧʨʦʝʢʪʫ ʧʝʨʝʜ ʢʝʨʽʚʥʠʢʦʤ ʧʨʦʝʢʪʫ ʪʘ 

ʟʚʽʪʫʚʘʥʥʷ ʢʝʨʽʚʥʠʢʘ ʧʨʦʝʢʪʫ ʧʝʨʝʜ ʩʧʦʥʩʦʨʦʤ. ɼʚʽ ʪʠʧʦʚʽ ʬʦʨʤʠ ʧʝʨʝʜʘʯʽ ʩʪʘʪʫʩʫ ʧʨʦʝʢʪʫ ï ʮʝ ʟʫʩʪʨʽʯ ʧʨʦ 

ʩʪʘʥ ʽ ʟʚʽʪʠ ʧʨʦ ʩʪʘʥ. ɼʣʷ ʚʝʣʠʢʠʭ ʧʨʦʝʢʪʽʚ ʽʥʰʠʡ ʧʽʜʭʽʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʇʣʘʥʽ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʫʥʽʢʘʮʽʷʤʠ. 

7. ʋʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ï ʚʠʟʥʘʯʝʥʥʷ ʨʠʟʠʢʽʚ ʷʢ ʤʘʡʙʫʪʥʽʭ ʫʤʦʚ ʘʙʦ ʦʙʩʪʘʚʠʥ, ʷʢʽ ʽʩʥʫʶʪʴ ʧʦʟʘ 

ʢʦʥʪʨʦʣʝʤ ʢʦʤʘʥʜʠ ʧʨʦʝʢʪʫ ʪʘ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʝʢʪ. ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʧʦʚʠʥʝʥ 

ʧʨʦʚʝʩʪʠ ʦʮʽʥʢʫ ʨʠʟʠʢʽʚ ʨʘʟʦʤ ʽʟ ʢʦʤʘʥʜʦʶ ʧʨʦʝʢʪʫ ʪʘ ʢʣʽʻʥʪʦʤ, ʚʠʷʚʠʪʠ ʨʠʟʠʢʠ ʚʠʩʦʢʦʛʦ, ʩʝʨʝʜʥʴʦʛʦ ʪʘ 

ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʪʘ ʟʥʘʡʪʠ ʨʽʰʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ ʨʠʟʠʢʫ. 

8. ʋʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ï ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʴʤʠ 

ʰʣʷʭʦʤ ʧʨʠʜʙʘʥʥʷ, ʨʦʟʚʠʪʢʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʥʦʶ ʢʦʤʘʥʜʦʶ. 

9. ʋʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ï ʤʝʪʦʶ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʻ ʩʧʦʯʘʪʢʫ ʟʨʦʟʫʤʽʪʠ ʦʯʽʢʫʚʘʥʥʷ ʢʣʽʻʥʪʘ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʷʢʦʩʪʽ, ʘ ʧʦʪʽʤ ʨʝʘʣʽʟʫʚʘʪʠ ʘʢʪʠʚʥʠʡ ʧʣʘʥ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʮʠʤ ʦʯʽʢʫʚʘʥʥʷʤ. ʂʦʤʘʥʜʘ ʪʘ ʢʣʽʻʥʪ 

ʚʠʟʥʘʯʘʶʪʴ ʦʜʥʫ ʘʙʦ ʢʽʣʴʢʘ ʤʝʪʨʠʢ ʱʦʜʦ ʮʴʦʛʦ. ʆʪʞʝ, ʢʨʦʢʠ 9 ʪʘ 10 ʪʽʩʥʦ ʧʦʚôʷʟʘʥʽ. 

10. ʂʝʨʫʚʘʪʠ ʤʝʪʨʠʢʘʤʠ ï ʮʝʡ ʢʨʦʢ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʟʙʦʨʽ ʤʝʪʨʠʢs, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʥʘʩʢʽʣʴʢʠ 

ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʯʽʢʫʚʘʥʥʷʤ ʢʣʽʻʥʪʘ. ʋʩʽ ʧʨʦʝʢʪʠ ʧʦʚʠʥʥʽ ʟʙʠʨʘʪʠ ʦʩʥʦʚʥʫ ʤʝʪʨʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʱʦʜʦ ʚʘʨʪʦʩʪʽ, ʟʫʩʠʣʴ ʪʘ ʪʨʠʚʘʣʦʩʪʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʟʜʽʡʩʥʝʥʽ ʢʦʨʠʛʫʚʘʣʴʥʽ ʜʽʾ ʘʙʦ 

ʟʘʭʦʜʠ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ, ʱʦʙ ʟʨʦʙʠʪʠ ʧʨʦʮʝʩʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠʚʥʠʤʠ [4].  

ʋʧʨʘʚʣʽʥʥʷ ʤʝʪʨʠʢʘʤʠ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʩʝʨʝʜʥʽʭ ʪʘ ʚʝʣʠʢʠʭ ʤʘʩʰʪʘʙʥʠʭ 

ʧʨʦʝʢʪʘʭ, ʦʩʢʽʣʴʢʠ ʻ ʜʦʩʪʘʪʥʴʦ ʯʘʩʫ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ, ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʥʝʩʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥ.  

ɯʩʥʫʻ ʙʘʛʘʪʦ ʧʨʦʛʨʘʤʥʠʭ ʜʦʜʘʪʢʽʚ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʜʝʷʢʽ ʟ ʥʠʭ ʨʝʘʣʽʟʫʶʪʴ ʤʝʪʦʜʦʣʦʛʽʶ 

TenStep, ʘʣʝ ʚʦʥʠ ʪʘʢʦʞ ʜʫʞʝ ʜʦʨʦʛʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʋʧʨʘʚʣʽʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ ʧʨʦʝʢʪʘʤʠ ï RPM ï ʮʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ ʧʨʦʝʢʪʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʠʪʽʚ, ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ 

ʤʝʪʦʜʦʣʦʛʽʻʶ TenStep. 

ʅʘʡʚʘʞʣʠʚʽʰʽ ʩʧʝʮʠʬʽʢʘʮʽʾ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ RPM, ʷʢʝ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ Microsoft Access ʪʘ ʤʦʚʠ VBA [5] ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʦʜʫʣʽʚ. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ RPM ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ ʣʶʜʝʡ ʪʘ ʜʽʷʣʴʥʦʩʪʽ ʚ 

ʧʨʦʝʢʪʽ, ʩʧʦʩʦʙʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʥʘʛʣʷʜʫ ʟʘ ʧʨʦʝʢʪʦʤ, ʘ ʪʘʢʦʞ ʟʘʭʦʜʽʚ, ʷʢʽ ʩʣʽʜ ʚʞʠʪʠ, ʷʢʱʦ ʧʨʦʝʢʪ ʤʘʻ 

ʙʫʪʠ ʩʢʦʨʠʛʦʚʘʥʠʡ, ʷʢʱʦ ʚʽʥ ʥʝ ʨʦʟʚʠʚʘʻʪʴʩʷ ʷʢ ʧʣʘʥʫʚʘʣʦʩʷ. ʅʘ ʦʩʥʦʚʽ ʤʝʪʦʜʦʣʦʛʽʾ TenStep, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ RPM, 

ʧʠʣʴʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʧʨʦʝʢʪʫ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʢʦʥʪʨʦʣʴʦʚʘʥʦ ʪʘ ʦʨʛʘʥʽʟʦʚʘʥʦ. ʋ ʮʴʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʧʨʦʝʢʪ ʜʽʣʠʪʴʩʷ ʥʘ ʢʝʨʦʚʘʥʽ ʬʘʟʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʠʟʥʘʯʘʻ ʩʚʦʾ ʢʦʥʢʨʝʪʥʽ ʮʽʣʽ, ʨʝʩʫʨʩʠ ʪʘ ʟʘʭʦʜʠ, 

ʷʢʽ ʧʦʪʨʽʙʥʦ ʟʜʽʡʩʥʠʪʠ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʘʚʪʦʤʘʪʠʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʧʣʘʥʫ. 

ʉʪʨʫʢʪʫʨʘ ʙʘʟʠ ʜʘʥʠʭ RPM ʟʘʥʘʜʪʦ ʩʢʣʘʜʥʘ, ʱʦʙ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʦʜʥʠʤ ʟʦʙʨʘʞʝʥʥʷʤ. ɺʽʥ 

ʤʽʩʪʠʪʴ ʪʘʙʣʠʮʽ ʟ ʢʦʥʢʨʝʪʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʝʪʘʧʠ ʧʨʦʝʢʪʫ (ʙʶʜʞʝʪ, ʪʝʨʤʽʥʠ ʪʘ ʟʘʣʫʯʝʥʽ ʦʩʦʙʠ) ʪʘ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʥʠʤʠ. RPM ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʤʝʨʝʞʽ ɯʥʪʨʘʥʝʪ, ʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ 

ʜʝʷʢʽ ʤʦʜʫʣʽ ʟʘʭʠʱʝʥʽ ʧʘʨʦʣʝʤ, ʚʽʜʦʤʠʤ ʣʠʰʝ ʢʝʨʽʚʥʠʢʫ ʧʨʦʝʢʪʫ.  

ʇʨʠʥʮʠʧʠ ʨʫʭʣʠʚʦʛʦ ʨʦʟʚʠʪʢʫ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʩʥʦʚʘʥʽ ʥʘ çʟʙʠʨʘʥʢʦʚʦʤʫ ʤʠʩʣʝʥʥʽè, an ʧʽʜʭʽʜ ʜʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʚʠʨʦʙʣʝʥʠʡ ʚ ʨʦʙʦʪʽ ɺ. ɽʜʚʘʨʜʩʘ ɼʝʤʽʥʛʘ ʚ 1950-ʭ ʨʦʢʘʭ. çʍʫʜʠʡè ʧʽʜʭʽʜ ʤʘʻ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ 

ʧʨʠʥʮʠʧʽʚ, ʷʢʽ ʚʽʜʩʪʦʶʶʪʴ ʩʧʨʠʪʥʠʡ ʧʽʜʭʽʜ. ʅʘʤ ʥʝ ʧʦʪʨʽʙʥʦ ʚʠʪʨʘʯʘʪʠ ʯʘʩ ʪʫʪ ʥʘ ʦʙʛʦʚʦʨʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʪʘ 

ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʧʨʠʪʥʠʤʠ ʪʘ ʙʽʣʴʰ ʪʨʘʜʠʮʽʡʥʠʤʠ ʧʽʜʭʦʜʘʤʠ, ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ ʮʠʭ ʧôʷʪʴʦʭ ʧʨʠʥʮʠʧʘʭ. 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
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1. ɺʠʟʥʘʯʪʝ ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʽ ʜʦʜʘʶʪʴ ʚʘʨʪʦʩʪʽ ʪʦʚʘʨʫ ʯʠ ʧʦʩʣʫʟʽ ʚʽʜ ʟʘʤʦʚʥʠʢʘ ʧʝʨʩʧʝʢʪʠʚʦʶ ʽ 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʫʩʫʥʝʥʥʷ ʤʘʨʥʦʪʨʘʪʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʷʢʘ ʥʝ ʜʦʜʘʻ ʚʘʨʪʦʩʪʽ. ʉʧʨʠʪʥʠʡ ʧʨʘʢʪʠʢ ʧʦʙʘʯʠʪʴ 

ʮʽʥʥʽʩʪʴ ʥʘ ʢʦʨʦʪʢʽʡ ʱʦʜʝʥʥʽʡ ʟʫʩʪʨʽʯʽ ʧʝʨʩʦʥʘʣʫ ʟ ʥʝʪʝʨʧʽʥʥʷʤ ʽ ʚʽʜʭʦʜʽʚ ʫ ʱʦʪʠʞʥʝʚʦʤʫ ʧʠʩʴʤʦʚʦʤʫ ʟʚʽʪʽ 

ʧʨʦ ʭʽʜ ʦʛʣʷʜʫ ʥʘʟʘʜ. 

2. ɿʨʦʟʫʤʽʡʪʝ, ʷʢ ʮʽʥʥʽʩʪʴ ʜʦʩʪʘʚʣʷʻʪʴʩʷ ʟʘʤʦʚʥʠʢʫ ʷʢ ʥʘʩʢʨʽʟʥʠʡ ʧʨʦʮʝʩ. ɺʠʟʥʘʯʪʝ ʮʽʥʥʽ ʘʩʧʝʢʪʠ, 

ʷʢʽ ʥʝ ʧʝʨʝʞʠʚʘʶʪʴ ʮʴʦʛʦ ʥʘʩʢʨʽʟʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʯʘʩʪʠʥ ʧʨʦʮʝʩʫ, ʷʢʽ ʥʝ ʜʦʜʘʶʪʴ ʚʘʨʪʦʩʪʽ. ʉʧʨʠʪʥʠʡ 

ʧʨʘʢʪʠʢʫʶʯʠʡ ʙʘʯʠʚ ʤʘʣʦ ʘʙʦ ʥʽʯʦʛʦ ʥʝ ʙʘʯʠʚ ʮʽʥʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʚʩʝʙʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʤʦʛ ʫ ʪʠʭ ʩʬʝʨʘʭ, 

ʜʝ ʚʦʥʠ ʚʠʤʘʛʘʶʪʴ ʟʤʽʥʶʚʘʪʠʩʷ ʚ ʤʽʨʫ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ. 

3. ʈʦʟʨʦʙʽʪʴ ʩʧʦʩʽʙ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ ʽʟ ʧʨʦʮʝʩʫ, ʟʦʩʝʨʝʜʠʚʰʠʩʴ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʧʦʪʽʢ ʚʘʨʪʦʩʪʽ ʪʘ 

ʩʢʣʘʜʥʽ ʩʧʦʩʦʙʠ ʨʦʙʦʪʠ, ʱʦ ʟʤʝʥʰʫʶʪʴ ʧʦʪʽʢ. ʉʧʨʠʪʥʠʡ ʧʨʘʢʪʠʢ ʧʦʙʘʯʠʪʴ ʢʦʨʝʣʷʮʽʶ ʤʽʞ ʨʦʟʤʽʨʦʤ 

ʟʘʚʜʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʟʙʽʣʴʰʝʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʱʦ ʧʦʩʪʘʚʣʷʻʪʴʩʷ) ʪʘ ʨʠʟʠʢ ʪʦʛʦ, ʱʦ ʚʽʥ ʤʽʩʪʠʪʠʤʝ 

ʧʦʤʠʣʢʠ ʪʘ ʽʥʰʽ ʬʦʨʤʠ ʤʘʨʥʦʾ ʨʦʙʦʪʠ. 

4. ɼʽʟʥʘʡʪʝʩʷ, ʷʢ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʨʽʦʨʠʪʝʪʠ ʢʣʽʻʥʪʘ, ʘ ʥʝ ʟʙʝʨʽʛʘʪʠ ʬʽʢʩʦʚʘʥʽ ʩʧʦʩʦʙʠ ʨʦʙʦʪʠ. 

ʉʧʨʠʪʥʠʡ ʧʨʘʢʪʠʢ ʧʦʙʘʯʠʪʴ ʧʝʨʝʚʘʛʠ ʥʘʷʚʥʦʩʪʽ ʛʥʫʯʢʦʾ ʪʘ ʤʫʣʴʪʠʢʚʘʣʽʬʽʢʦʚʘʥʘ ʢʦʤʘʥʜʠ, ʷʢʫ ʤʦʞʥʘ 

ʩʢʦʥʬʽʛʫʨʫʚʘʪʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʚʫʟʴʢʠʭ ʤʽʩʮʴ ʚʽʜʧʦʚʽʜʘʶʯʠ ʥʘ ʟʘʧʠʪʠ ʟʘʤʦʚʥʠʢʘ. 

5. ʄʝʪʦʶ ʦʱʘʜʣʠʚʦʛʦ ʧʽʜʭʦʜʫ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʻ ʩʪʚʦʨʝʥʥʷ ʜʦʩʢʦʥʘʣʦʛʦ ʣʘʥʮʶʞʢʘ ʩʪʚʦʨʝʥʥʷ ʚʘʨʪʦʩʪʽ 

ʯʝʨʝʟ ʧʨʠʥʮʠʧʠ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʧʦʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʝʪʘʧʽʚ ʤʝʪʦʜʦʣʦʛʽʾ TenStep, ʩʠʩʪʝʤʘ ʙʫʜʝ ʤʽʩʪʠʪʠ ʰʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʜʫʣʽʚ: 

1. ɯʥʽʮʽʘʣʽʟʘʮʽʷ ï ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʦʤʫ ʪʘ ʜʨʫʛʦʤʫ ʢʨʦʢʫ ʤʝʪʦʜʦʣʦʛʽʾ TenStep (ɺʠʟʥʘʯʪʝ ʨʦʙʦʪʫ, 

ʧʦʙʫʜʫʡʪʝ ʛʨʘʬʽʢ ʪʘ ʙʶʜʞʝʪ) ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ: 1) ʨʝʻʩʪʨʘʮʽʷ ʬʘʟʠ, 2) ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʝʨʰʫ 

ʚʝʨʩʽʶ ʟʙʝʨʽʛʘʻ, 3) ʟʚʽʪʠ. 

2. ʆʮʽʥʢʘ ï ʚʽʜʧʦʚʽʜʘʻ ʪʨʝʪʴʦʤʫ ʝʪʘʧʫ (ʋʧʨʘʚʣʽʥʥʷ ʛʨʘʬʽʢʦʤ ʪʘ ʙʶʜʞʝʪʦʤ), ʱʦ ʤʘʻ ʥʘ ʤʝʪʽ 

ʧʝʨʽʦʜʠʯʥʦ ʦʮʽʥʶʚʘʪʠ ʛʨʘʬʽʢ ʪʘ ʚʠʟʥʘʯʘʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʧʨʦʝʢʪʫ. 

3. ɿʤʽʥʠ ï ʦʭʦʧʣʶʻ ʝʪʘʧʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʙʣʝʤʘʤʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʤʽʥʘʤʠ; ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ 

ʮʝʡ ʤʦʜʫʣʴ ʧʽʩʣʷ ʤʦʜʫʣʷ ʦʮʽʥʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʙʘʯʠʪʠ ʩʪʘʥ ʧʨʦʝʢʪʫ. ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʤʦʞʝ ʟʤʽʥʠʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʘʟʫ (ʙʶʜʞʝʪ, ʫʤʦʚʠ), ʘ ʧʦʪʽʤ ʟʙʝʨʝʛʪʠ ʮʽ ʟʤʽʥʠ ʚ ʥʦʚʽʡ ʚʝʨʩʽʾ, ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʽʣʴʰʝʥʽʡ. 

4. ʂʦʤʫʥʽʢʘʮʽʷ ï ʦʭʦʧʣʶʻ ʝʪʘʧʠ ʢʝʨʫʚʘʥʥʷ ʢʦʤʫʥʽʢʘʮʽʻʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ï 

ʚʢʣʶʯʘʻ ʟʚʽʪʠ ʢʦʤʘʥʜʠ ʧʨʦʝʢʪʫ ʢʝʨʽʚʥʠʢʫ ʧʨʦʝʢʪʫ ʪʘ ʤʝʥʝʜʞʝʨʫ ʢʦʤʘʥʜʽ ʪʘ ʢʣʽʻʥʪʫ. 

5. ʈʠʟʠʢʠ ï ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʜʽʾ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ï ʮʝ ʩʢʣʘʜʥʠʡ ʤʦʜʫʣʴ, ʷʢʠʡ ʘʥʘʣʽʟʫʻ ʤʦʞʣʠʚʽ 

ʨʠʟʠʢʠ ʪʘ ʤʦʞʣʠʚʽ ʨʽʰʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʩʠʪʫʘʮʽʾ. ʇʽʩʣʷ ʬʽʥʘʥʩʦʚʦʾ ʪʘ ʯʘʩʦʚʦʾ ʦʮʽʥʢʠ ʢʦʞʥʦʛʦ ʨʽʰʝʥʥʷ, ʟʘʷʚʢʘ 

ʚʢʘʟʫʻ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ. 

6. ʗʢʽʩʪʴ ʪʘ ʧʦʢʘʟʥʠʢʠ ï ʦʭʦʧʣʶʻ ʝʪʘʧʠ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʤʝʪʨʠʢʘʤʠ ï ʮʝʡ ʤʦʜʫʣʴ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʦʩʪʘʪʦʯʥʦʾ ʦʮʽʥʢʠ ʚʩʴʦʛʦ ʧʨʦʝʢʪʫ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ ʟʥʘʯʝʥʴ ʢʽʣʴʢʦʭ 

ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʦʧʪʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʦʯʽʢʫʚʘʥʠʤʠ ʢʣʽʻʥʪʦʤ. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʝʪʘʧʽʚ ʧʨʦʝʢʪʫ ʜʦ ʧʦʯʘʪʢʫ ʢʦʤʘʥʜʥʦʾ ʨʦʙʦʪʠ. 

ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʩʧʽʣʴʥʝ ʨʦʟʫʤʽʥʥʷ ʢʦʤʘʥʜʦʶ ʧʨʦʝʢʪʫ ʪʘ ʢʣʽʻʥʪʦʤ ʪʦʛʦ, ʱʦ 

ʧʨʦʝʢʪ ʟʘʙʝʟʧʝʯʫʻ, ʢʦʣʠ ʚʽʥ ʙʫʜʝ ʟʘʚʝʨʰʝʥʠʡ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʪʨʘʪʠ, ʭʪʦ ʚʠʢʦʥʘʻ ʨʦʙʦʪʫ ʪʘ ʷʢ ʙʫʜʝ ʚʠʢʦʥʘʥʘ 

ʨʦʙʦʪʘ. ʆʪʞʝ, ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʧʦʚʠʥʝʥ ʚʠʟʥʘʯʠʪʠ ʨʦʣʽ ʯʣʝʥʽʚ ʢʦʤʘʥʜʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʝʢʪʫ, 

ʬʘʟ ʪʘ ʩʧʝʮʠʬʽʢʘʮʽʡ ʜʣʷ ʢʦʞʥʦʾ ʟ ʥʠʭ. ʄʦʜʫʣʴ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʚʝʜʝʥʥʷ ʦʩʥʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʤʝʪʫ, ʙʶʜʞʝʪ, ʪʝʨʤʽʥʠ ʪʘ ʧʝʨʩʦʥʘʣ, ʟʘʜʽʷʥʠʡ ʥʘ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ RPM ʧʨʦʧʦʥʫʻ 

ʚʽʜʧʦʚʽʜʥʽ ʬʦʨʤʠ ʜʣʷ ʚʚʝʜʝʥʥʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ (ʨʠʩ. 1).  
 

 
 

ʈʠʩ. 1. ʄʦʜʫʣʴ ʽʥʽʮʽʘʣʽʟʘʮʽʾ: Phase-Budget-Term 
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ʎʝʡ ʤʦʜʫʣʴ ʟʘʭʠʱʝʥʠʡ ʚʽʜ ʟʘʧʠʩʫ ʧʘʨʦʣʝʤ, ʘʣʝ ʡʦʛʦ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʝ ʧʨʦʯʠʪʘʪʠ ʙʫʜʴ-ʷʢʠʡ ʯʣʝʥ 

ʢʦʤʘʥʜʠ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʛʨʘʬʽʢ ʧʨʦʝʢʪʫ ʙʫʜʝ ʟʘʢʽʥʯʝʥʠʡ ʽ ʛʦʪʦʚʠʡ ʜʦ ʚʠʢʦʥʘʥʥʷ, ʡʦʛʦ ʩʣʽʜ ʘʚʪʦʨʠʟʫʚʘʪʠ ʪʘ 

ʟʙʝʨʝʛʪʠ ʘʚʪʦʤʘʪʠʯʥʦ ʷʢ ʧʝʨʰʫ ʚʝʨʩʽʶ ʚ ʪʘʙʣʠʮʽ ʽʩʪʦʨʽʾ. 

ʊʘʢʦʞ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ RPM ʚʠʢʦʨʠʩʪʦʚʫʻ ʟʚʽʪ (ʨʠʩ. 2) ʪʘ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ, ʘʥʘʣʦʛʽʯʥʦ 

ʜʽʘʛʨʘʤʽ ɻʘʥʪʘ ʜʣʷ Phases ï Team worker ï Time (ʨʠʩ. 3). ɿ ʯʘʩʦʤ ʫ ʧʨʦʝʢʪʽ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʨʽʟʥʽ ʘʩʧʝʢʪʠ, ʽ 

ʾʭ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠ ʽʥʰʠʡ ʤʦʜʫʣʴ: ɿʤʽʥʠ. ʊʽʣʴʢʠ ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʤʦʞʝ ʟʤʽʥʠʪʠ ʧʦʯʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʦʙʩʷʛ, ʛʨʘʬʽʢ ʘʙʦ ʚʘʨʪʽʩʪʴ, ʧʽʩʣʷ ʫʟʛʦʜʞʝʥʥʷ ʟ ʢʣʽʻʥʪʦʤ. 
 

 
 

ʈʠʩ. 2. ʄʦʜʫʣʴ ʽʥʽʮʽʘʣʽʟʘʮʽʾ: ʌʘʟʠ - ʧʨʘʮʽʚʥʠʢ ʛʨʫʧʠ 

 

ʈʠʩ. 3. ʄʦʜʫʣʴ ʽʥʽʮʽʘʣʽʟʘʮʽʾ: ʝʪʘʧʠ ï ʧʣʘʥ ʨʦʙʦʯʦʛʦ ʢʦʣʝʢʪʠʚʫ 

 

ʆʮʽʥʦʯʥʠʡ ʤʦʜʫʣʴ. ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʪʘ ʢʦʞʝʥ ʯʣʝʥ ʢʦʤʘʥʜʠ ʧʦʚʠʥʥʽ ʧʝʨʽʦʜʠʯʥʦ ʦʮʽʥʶʚʘʪʠ 

ʛʨʘʬʽʢ ʪʘ ʚʠʟʥʘʯʘʪʠ ʧʦʪʦʯʥʠʡ ʩʪʘʥ ʧʨʦʝʢʪʫ. ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʽʢʘ ʪʘ ʙʶʜʞʝʪʫ ʧʨʦʝʢʪʫ ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ 

ʧʦʚʠʥʝʥ ʢʝʨʫʚʘʪʠ ʥʠʤʠ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʟʘʚʝʨʰʝʥʥʷ ʧʨʦʝʢʪʫ ʟʘ ʛʨʘʬʽʢʦʤ ʪʘ ʚ ʤʝʞʘʭ ʙʶʜʞʝʪʫ. ɹʶʜʞʝʪ 

ʚʽʜʦʙʨʘʞʘʻ ʩʫʤʫ ʛʨʦʰʝʡ, ʷʢʫ ʤʦʞʥʘ ʚʠʪʨʘʪʠʪʠ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʘʚʠʣ ʫʧʦʚʥʦʚʘʞʝʥʦʛʦ 

ʦʨʛʘʥʫ, ʙʶʜʞʝʪ ʩʪʨʫʢʪʫʨʫʻʪʴʩʷ ʟʘ ʚʠʜʘʤʠ (ʚʥʫʪʨʽʰʥʷ ʨʦʙʦʯʘ ʩʠʣʘ, ʤʘʪʝʨʽʘʣʠ, ʽʥʚʝʩʪʠʮʽʾ, ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʪʦʱʦ), ʘ ʟʚʽʪʠ ʘʥʘʣʽʟʫʶʪʴ ʨʦʟʚʠʪʦʢ ʮʠʭ ʢʘʪʝʛʦʨʽʡ (ʜʠʚ. ʨʠʩ. 4). 

ʇʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʬʽʥʘʥʩʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʦʝʢʪʫ ʦʭʦʧʣʶʻʪʴʩʷ ʬʽʥʘʥʩʦʚʦʶ ʟʘʷʚʢʦʶ.  

ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʧʦʚʠʥʝʥ ʟʨʦʙʠʪʠ ʧʨʘʚʠʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʙʶʜʞʝʪʫ ʤʽʞ ʬʘʟʘʤʠ ʧʨʦʝʢʪʫ ʪʘ 

ʧʝʨʽʦʜʠʯʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʚʠʪʨʘʪʠ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ RPM ʤʘʻ ʜʚʘ ʪʠʧʠ ʛʨʘʬʽʯʥʠʭ ʟʚʽʪʽʚ: 

ʚʠʪʨʘʪʠ ʟʘ ʧʝʨʽʦʜʘʤʠ (ʨʠʩ. 5) ʪʘ ʚʠʪʨʘʪʠ ʟʘ ʧʨʦʝʢʪʦʤ (ʨʠʩ. 6). 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 

ISSN 2219-9365 

 

International Scientific-technical journal 

çMEASURING AND COMPUTING DEVICES IN TECHNOLOGICAL PROCESSESè 2020, Issue 1 

 
93 

 
 

ʈʠʩ. 4. ʄʦʜʫʣʴ ʦʮʽʥʢʠ: ʩʪʨʫʢʪʫʨʘ ʙʶʜʞʝʪʫ 

 

 
 

ʈʠʩ. 5. ʄʦʜʫʣʴ ʦʮʽʥʢʠ: ʚʠʪʨʘʪʠ ʟʘ ʧʝʨʽʦʜʘʤʠ  

 

ʆʙʠʜʚʘ ʚʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʧʦʨʽʚʥʷʣʴʥʠʡ ʦʛʣʷʜ ʤʽʞ ʦʮʽʥʦʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʘ ʧʦʪʦʯʥʠʤʠ 

ʚʠʪʨʘʪʘʤʠ, ʧʝʨʽʦʜʠ ʯʘʩʫ ʨʽʟʥʽ: ʬʘʟʘ ʘʙʦ ʚʽʜ ʧʦʯʘʪʢʫ ʜʦ ʧʦʪʦʯʥʦʛʦ ʩʪʘʥʫ. ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʥʘʰʝ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʩʪʠʪʴ ʱʝ ʦʜʥʝ ʜʦʜʘʪʦʢ, ʷʢʝ ʦʮʽʥʶʻ ʢʽʥʮʝʚʽ ʪʝʨʤʽʥʠ ʝʪʘʧʽʚ ʪʘ ʯʘʩ ʨʦʙʦʪʠ ʢʦʞʥʦʛʦ ʯʣʝʥʘ 

ʢʦʤʘʥʜʠ (ʧʨʠʙʣʠʟʥʠʡ ʪʘ ʬʘʢʪʠʯʥʠʡ). 

ʄʦʜʫʣʴ ʟʤʽʥ. ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʧʨʦʝʢʪʽʚ ʛʨʘʬʽʢ ʧʦʪʨʽʙʥʦ ʧʝʨʽʦʜʠʯʥʦ ʧʝʨʝʛʣʷʜʘʪʠ. ɻʨʘʬʽʢ ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʘʩʧʝʢʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʽ ʚʩʽ ʧʨʦʮʝʩʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʽʥʪʝʛʨʦʚʘʥʽ ʚ ʛʨʘʬʽʢ. 

ʂʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʧʦʚʠʥʝʥ ʟʜʽʡʩʥʠʪʠ ʢʦʨʠʛʫʚʘʣʴʥʽ ʜʽʾ ʪʘ ʦʥʦʚʠʪʠ ʛʨʘʬʽʢ ʟ ʧʦʪʦʯʥʠʤ ʩʪʘʥʦʤ ʨʦʙʦʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʫʣʷ. ɯʩʥʫʻ ʨʷʜ ʧʦʚôʷʟʘʥʠʭ ʘʩʧʝʢʪʽʚ ʟʤʽʥ, ʷʢʽ ʤʦʞʫʪʴ ʚʽʜʙʫʪʠʩʷ ʚ ʧʨʦʝʢʪʽ. 

ʗʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʝʢʪʫ ʟʤʽʥʶʶʪʴʩʷ ʧʨʦʪʷʛʦʤ ʧʨʦʝʢʪʫ (ʽ, ʷʢ ʧʨʘʚʠʣʦ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʣʽʻʥʪ ʤʘʻ ʜʦʜʘʪʢʦʚʽ 

ʦʯʽʢʫʚʘʥʥʷ), ʦʮʽʥʢʠ ʚʘʨʪʦʩʪʽ, ʟʫʩʠʣʴ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʤʦʞʫʪʴ ʚʪʨʘʪʠʪʠ ʩʠʣʫ. ʗʢʱʦ ʩʧʦʥʩʦʨ ʧʦʛʦʜʠʪʴʩʷ 

ʚʢʣʶʯʠʪʠ ʥʦʚʫ ʨʦʙʦʪʫ ʜʦ ʦʙʩʷʛʫ ʧʨʦʝʢʪʫ, ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʧʦʛʦʜʠʪʴʩʷ, ʱʦ ʧʦʪʦʯʥʠʡ ʙʶʜʞʝʪ ʪʘ ʜʝʜʣʘʡʥ 

ʙʫʜʫʪʴ ʟʤʽʥʝʥʽ (ʷʢ ʧʨʘʚʠʣʦ, ʟʙʽʣʴʰʝʥʽ), ʱʦʙ ʚʽʜʦʙʨʘʟʠʪʠ ʮʶ ʜʦʜʘʪʢʦʚʫ ʨʦʙʦʪʫ. 

ʂʦʣʠ ʚʠʤʘʛʘʻʪʴʩʷ ʪʘ ʟʘʪʚʝʨʜʞʫʻʪʴʩʷ ʟʤʽʥʘ ʦʙʩʷʛʫ, ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʧʦʚʠʥʝʥ ʟʤʽʥʠʪʠ ʙʶʜʞʝʪ ʽ 

ʛʨʘʬʽʢ, ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʟʤʽʥʠ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʟʤʽʥ, ʪʦ ʥʝ ʩʪʦʩʫʶʪʴʩʷ ʩʬʝʨʠ, ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʮʷ ʟʤʽʥʘ 

ʧʨʠʟʚʝʜʝ ʜʦ ʦʥʦʚʣʝʥʥʷ ʛʨʘʬʽʢʘ ʘʙʦ ʙʶʜʞʝʪʫ. ʗʢʱʦ ʜʽʷʣʴʥʽʩʪʴ ʥʘ ʢʨʠʪʠʯʥʦʤʫ ʰʣʷʭʫ ʟʘʪʨʠʤʫʻʪʴʩʷ ʥʘ 

ʪʠʞʜʝʥʴ ʘʙʦ ʤʽʩʷʮʴ, ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʥʝ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʩʦʙʽ, ʱʦ ʚʝʩʴ ʧʨʦʝʢʪ ʙʫʜʝ ʥʘ ʪʠʞʜʝʥʴ ʘʙʦ ʤʽʩʷʮʴ ʟ 

ʨʦʟʢʣʘʜʦʤ. ʅʘʪʦʤʽʩʪʴ ʚʽʥ ʧʦʚʠʥʝʥ ʦʮʽʥʠʪʠ ʥʘʷʚʥʽ ʨʝʩʫʨʩʠ ʪʘ ʚʘʨʽʘʥʪʠ ʪʘ ʧʦʚʝʨʥʫʪʠ ʧʨʦʝʢʪ ʥʘ ʢʦʣʠʰʥʽʡ 

ʰʣʷʭ. 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʇʽʩʣʷ ʟʘʧʫʩʢʫ ʤʦʜʫʣʷ ʦʮʽʥʢʠ ʢʝʨʽʚʥʠʢ ʧʨʦʝʢʪʫ ʧʦʚʠʥʝʥ ʚʥʝʩʪʠ ʜʝʷʢʽ ʟʤʽʥʠ ʜʦ ʧʦʧʝʨʝʜʥʴʦʾ ʚʝʨʩʽʾ 

ʨʦʟʢʣʘʜʫ. ʄʦʜʫʣʴ ɿʤʽʥʠ ʝʢʚʽʚʘʣʝʥʪʥʠʡ ʤʦʜʫʣʶ ɯʥʽʮʽʘʣʽʟʘʮʽʷ, ʚʽʥ ʧʨʦʧʦʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʤʝʥʝʜʞʝʨʫ 

ʦʥʦʚʣʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʘʟʠ, ʚʢʣʶʯʘʶʯʠ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ ʬʘʟ. ʂʦʞʥʘ ʟʤʽʥʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʪʘʙʣʠʮʽ 

ʽʩʪʦʨʽʾ, ʤʘʶʯʠ ʽʥʰʠʡ ʥʦʤʝʨ ʚʝʨʩʽʾ ʪʘ ʦʩʪʘʥʥʻ ʦʥʦʚʣʝʥʥʷ ʻ ʧʦʪʦʯʥʠʤ ʧʦʩʠʣʘʥʥʷʤ ʜʣʷ ʢʦʤʘʥʜʠ ʧʨʦʝʢʪʫ.  

ʂʦʤʫʥʽʢʘʮʽʡʥʠʡ ʤʦʜʫʣʴ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʢʘʥʘʣ ʟʚ'ʷʟʢʫ ʟʘʚʞʜʠ ʙʫʚ ʚʽʜʢʨʠʪʠʤ ʤʽʞ 

ʢʝʨʽʚʥʠʢʦʤ ʧʨʦʝʢʪʫ ʪʘ ʨʝʰʪʦʶ ʢʦʤʘʥʜʠ. ʂʨʽʤ ʪʦʛʦ, ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʭʽʜ ʧʨʦʝʢʪʫ ʜʦʩʪʫʧʥʽ 

ʢʣʽʻʥʪʫ (ʩʧʦʥʩʦʨʫ). ʎʝʡ ʤʦʜʫʣʴ ʚʢʣʶʯʘʻ ʟʚʽʪʫʚʘʥʥʷ ʢʝʨʽʚʥʠʢʘ ʧʨʦʝʢʪʫ ʧʝʨʝʜ ʢʦʤʘʥʜʦʶ ʧʨʦʝʢʪʫ ʪʘ 

ʟʚʽʪʫʚʘʥʥʷ ʢʝʨʽʚʥʠʢʘ ʧʨʦʝʢʪʫ ʧʝʨʝʜ ʢʣʽʻʥʪʦʤ. 

ɼʦʩʪʫʧ ʟʘʭʠʱʝʥʠʡ, ʪʦʤʫ ʽʥʬʦʨʤʘʮʽʷ ʻ ʢʦʥʬʽʜʝʥʮʽʡʥʦʶ, ʣʠʰʝ ʜʣʷ ʢʦʤʘʥʜʠ ʧʨʦʝʢʪʫ. ʂʦʞʝʥ ʯʣʝʥ 

ʢʦʤʘʥʜʠ ʩʢʣʘʜʘʻ ʨʦʙʦʯʠʡ ʧʣʘʥ ʟʛʽʜʥʦ ʟ ʜʽʷʣʴʥʽʩʪʶ ʟʘ ʛʨʘʬʽʢʦʤ ʪʘ ʧʦʚʽʜʦʤʣʷʻ ʤʝʥʝʜʞʝʨʫ ʧʨʦ ʚʩʽ ʧʨʦʙʣʝʤʠ. 

ʄʦʜʫʣʴ çʈʠʟʠʢʠè ʘʥʘʣʽʟʫʻ ʤʦʞʣʠʚʽ ʨʠʟʠʢʠ ʪʘ ʧʨʦʧʦʥʫʻ ʧʨʦʧʦʟʠʮʽʾ ʱʦʜʦ ʚʠʨʽʰʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ 

ʩʠʪʫʘʮʽʾ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ ʢʦʤʘʥʜʘ ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʠʪʠ ʨʠʟʠʢʠ ʪʘ ʚʥʝʩʪʠ ʾʭ ʜʦ ʉʧʠʩʢʫ 

ʨʠʟʠʢʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʤʝʪʦʜʠ (ʚʢʣʶʯʘʶʯʠ ʤʦʟʢʦʚʠʡ ʰʪʫʨʤ, ʽʩʪʦʨʠʯʥʽ ʩʠʪʫʘʮʽʾ ʪʘ ʩʪʘʪʠʩʪʠʢʫ) ʜʣʷ 

ʢʦʞʥʦʛʦ ʨʠʟʠʢʫ, ʢʦʤʘʥʜʘ ʚʢʘʞʝ ʰʣʷʭʠ ʚʠʨʽʰʝʥʥʷ ʤʦʞʣʠʚʦʾ ʧʨʦʙʣʝʤʠ. ʈʠʟʠʢ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʘʡʙʫʪʥʽʭ 

ʫʤʦʚ ʘʙʦ ʦʙʩʪʘʚʠʥ, ʷʢʽ ʽʩʥʫʶʪʴ ʧʦʟʘ ʢʦʥʪʨʦʣʝʤ ʢʦʤʘʥʜʠ ʧʨʦʝʢʪʫ, ʽ ʤʦʞʫʪʴ ʤʘʪʠ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʥʘ 

ʧʨʦʝʢʪ if ʚʦʥʠ ʚʠʥʠʢʘʶʪʴ [6]. ʊʦʜʽ ʷʢ ʧʨʦʙʣʝʤʘ ʻ ʧʦʪʦʯʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʟ ʷʢʦʶ ʧʦʪʨʽʙʥʦ ʙʦʨʦʪʠʩʷ, ʨʠʟʠʢ ï 

ʮʝ ʧʦʪʝʥʮʽʡʥʘ ʤʘʡʙʫʪʥʷ ʧʨʦʙʣʝʤʘ, ʷʢʘ ʱʝ ʥʝ ʚʽʜʙʫʣʘʩʷ. ʈʝʘʢʪʠʚʥʠʡ ʤʝʥʝʜʞʝʨ ʧʨʦʝʢʪʫ ʥʘʤʘʛʘʻʪʴʩʷ 

ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʠ, ʢʦʣʠ ʚʦʥʠ ʚʠʥʠʢʘʶʪʴ. ɸʢʪʠʚʥʠʡ ʤʝʥʝʜʞʝʨ ʧʨʦʝʢʪʫ ʥʘʤʘʛʘʻʪʴʩʷ ʟʘʧʦʙʽʛʪʠ ʧʦʪʝʥʮʽʡʥʠʤ 

ʧʨʦʙʣʝʤʘʤ ʜʦ ʾʭ ʚʠʥʠʢʥʝʥʥʷ [7]. 

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ RPM ʥʘʜʘʻ ʤʝʥʝʜʞʝʨʫ ʧʨʦʝʢʪʫ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʧʝʨʝʣʽʢ ʨʠʟʠʢʽʚ 

ʨʘʟʦʤ ʟ ʢʦʤʘʥʜʦʶ ʧʨʦʝʢʪʫ ʪʘ ʢʣʽʻʥʪʦʤ, ʚʠʟʥʘʯʘʶʯʠ ʚʠʩʦʢʽ, ʩʝʨʝʜʥʽ ʪʘ ʥʠʟʴʢʽ ʨʽʚʥʽ ʨʠʟʠʢʽʚ ʜʣʷ ʢʦʞʥʦʾ ʬʘʟʠ. 

ʋʩʽ ʧʨʦʝʢʪʠ ʤʘʶʪʴ ʧʝʚʥʠʡ ʩʪʫʧʽʥʴ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʯʝʨʝʟ ʧʨʠʧʫʱʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ, ʪʘ ʩʝʨʝʜʦʚʠʱʝ, ʚ 

ʷʢʦʤʫ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴʩʷ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʥʝ ʚʩʽ ʨʠʟʠʢʠ ʤʦʞʥʘ ʫʩʫʥʫʪʠ ʧʦʚʥʽʩʪʶ, ʙʽʣʴʰʽʩʪʴ ʽʟ ʥʠʭ 

ʤʦʞʥʘ ʧʝʨʝʜʙʘʯʠʪʠ ʪʘ ʢʝʨʫʚʘʪʠ ʥʠʤʠ ʟʘʟʜʘʣʝʛʽʜʴ. 

ʄʝʪʦʶ ʤʦʜʫʣʷ çʈʠʟʠʢè ʻ ʚʠʷʚʣʝʥʥʷ ʨʠʟʠʢʦʚʠʭ ʧʦʜʽʡ ʜʣʷ ʧʨʦʝʢʪʫ, ʘ ʧʦʪʽʤ ʩʪʚʦʨʝʥʥʷ ʇʝʨʝʣʽʢʫ 

ʨʠʟʠʢʽʚ ʪʘ ʇʝʨʝʣʽʢʫ ʨʠʟʠʢʦʚʠʭ ʨʽʰʝʥʴ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʧʦʜʽʷ ʨʠʟʠʢʫ ʟʘʚʜʘʩʪʴ ʰʢʦʜʠ 

ʧʨʦʝʢʪʫ. ʋ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʧʦʜʽʾ ʨʠʟʠʢʫ ʢʦʤʘʥʜʘ ʧʦʚʠʥʥʘ ʚʠʙʨʘʪʠ ʣʠʰʝ ʦʜʥʝ ʨʽʰʝʥʥʷ, ʟʨʦʙʠʚʰʠ 

ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʥʘʩʣʽʜʢʽʚ (ʷʢʽʩʪʴ, ʪʝʨʤʽʥʠ ʪʘ ʙʶʜʞʝʪ), ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ ʨʠʟʠʢʫ. ʅʘ ʨʠʩ. 6 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʠʟʠʢʫ ʪʘ ʡʦʛʦ ʨʽʰʝʥʴ, ʪʦʜʽ ʷʢ ʥʘ ʨʠʩ. 7 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʧʝʨʝʣʽʢʫ 

ʨʠʟʠʢʦʚʠʭ ʨʽʰʝʥʴ ʜʣʷ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʧʨʦʝʢʪʫ. 
 

 
 

ʈʠʩ. 6. ʈʠʟʠʢʠ ʪʘ ʨʽʰʝʥʥʷ 
 

ʄʦʜʫʣʴ ʷʢʦʩʪʽ ʪʘ ʤʝʪʨʠʢ ʧʨʝʜʩʪʘʚʣʷʻ ʤʝʪʦʜ ʦʮʽʥʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʨʠʢ, ʱʦʙ ʚʢʘʟʘʪʠ, ʥʘʩʢʽʣʴʢʠ 

ʧʨʦʝʢʪ ʪʘ ʢʽʥʮʝʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʪʘ ʦʯʽʢʫʚʘʥʥʷʤ ʢʣʽʻʥʪʘ. 

ʆʩʢʽʣʴʢʠ ʷʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʣʽʻʥʪʦʤ ʘʙʦ ʢʝʨʽʚʥʠʢʦʤ ʧʨʦʝʢʪʫ, ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʘʙʩʦʣʶʪʥʦ 

ʩʫʙ'ʻʢʪʠʚʥʦʶ. ʆʜʥʘʢ ʫ ʷʢʦʩʪʽ ʙʘʛʘʪʦ ʯʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʦʙôʻʢʪʠʚʥʠʤ. ʇʦ-ʧʝʨʰʝ, ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ 

ʨʦʟʙʠʪʠ ʟʘʛʘʣʴʥʠʡ ʪʝʨʤʽʥ çʷʢʽʩʪʴè ʥʘ ʢʦʥʢʨʝʪʥʽ ʘʩʧʝʢʪʠ ʷʢʦʩʪʽ, ʷʢʽ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʟʘʤʦʚʥʠʢʘ [8]. ʇʦʪʽʤ 

ʢʦʞʝʥ ʟ ʦʢʨʝʤʠʭ ʘʩʧʝʢʪʽʚ ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʪʚʦʨʝʥʠʡ ʥʘ ʦʜʥʫ ʘʙʦ ʢʽʣʴʢʘ ʤʝʪʨʠʢ, ʷʢʽ ʤʦʞʥʘ ʟʽʙʨʘʪʠ ʜʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʦʩʪʽ 

ʆʜʥʽʻʶ ʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʷʢʽʩʥʦʛʦ ʨʽʰʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʪʝ, ʱʦ ʚʦʥʦ ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ. 

ʎʝʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʘ ʚʠʤʽʨʷʪʠ ʧʽʜʨʘʭʫʥʢʦʤ ʧʦʤʠʣʦʢ ʪʘ ʜʝʬʝʢʪʽʚ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʨʦʟʯʠʥʫ. ɼʣʷ ʢʦʞʥʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʛʨʫʧʘ ʦʮʽʥʶʚʘʯʽʚ ʤʦʞʝ ʩʢʣʘʩʪʠ ʧʨʠʤʽʪʢʠ, ʱʦʙ ʟʨʦʙʠʪʠ ʧʨʦʮʝʩ ʙʽʣʴʰ ʦʙôʻʢʪʠʚʥʠʤ. 
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ʈʠʩ. 7. ʇʝʨʝʣʽʢ ʨʽʰʝʥʴ ʱʦʜʦ ʨʠʟʠʢʽʚ 

 

ʆʪʞʝ, ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʦʪʨʽʙʥʦ ʚʠʤʽʨʷʪʠ ʜʝʷʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʝʢʪʫ, ʽʥʘʢʰʝ ʚʘʞʢʦ 

ʚʜʦʩʢʦʥʘʣʠʪʠ ʧʨʦʮʝʩʠ. ʆʩʢʽʣʴʢʠ ʤʝʪʨʠʢʠ ʚʘʞʢʦ ʚʠʟʥʘʯʠʪʠ ʪʘ ʟʽʙʨʘʪʠ,  ʧʦʪʨʽʙʥʦ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʟʘ ʦʩʥʦʚʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʤʝʪʨʠʢʠ ʱʦʜʦ ʚʘʨʪʦʩʪʽ, ʟʫʩʠʣʴ ʪʘ ʪʨʠʚʘʣʦʩʪʽ. ʎʝʡ ʤʦʜʫʣʴ ʟʦʩʝʨʝʜʞʝʥʠʡ ʥʘ ʦʮʽʥʮʽ ʮʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʩʧʽʚʚʽʜʥʦʩʠʪʴ ʾʭ ʫ ʪʘʙʣʠʮʶ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ ʧʨʠʤʽʪʢʠ ʘʙʦ ʚʢʘʟʽʚʢʠ, ʷʢʱʦ ʨʝʟʫʣʴʪʘʪʠ ʟʥʘʭʦʜʷʪʴʩʷ 

ʤʽʞ ʜʝʷʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

ʄʦʜʫʣʴ ʷʢʦʩʪʽ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʤʦʞʝ ʙʫʪʠ ʟʘʧʫʱʝʥʠʡ ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʚʽʥ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʢʦʨʠʛʫʚʘʣʴʥʽ ʜʽʾ ʘʙʦ ʟʘʭʦʜʠ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʮʝʩʫ. ʄʝʪʨʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʘʪʠ ʜʝʷʢʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʷʢʽʩʪʴ ʫ ʧʦʯʘʪʢʦʚʦʤʫ ʩʪʘʥʽ ʪʘ ʧʨʦ ʪʝ, ʯʠ ʷʢʽʩʪʴ ʟ ʯʘʩʦʤ ʟʨʦʩʪʘʻ ʯʠ 

ʟʤʝʥʰʫʻʪʴʩʷ. ʋʧʨʘʚʣʽʥʥʷ ʤʝʪʨʠʢʘʤʠ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʩʝʨʝʜʥʽʭ ʪʘ ʚʝʣʠʢʠʭ ʧʨʦʝʢʪʘʭ, 

ʦʩʢʽʣʴʢʠ ʻ ʜʦʩʪʘʪʥʴʦ ʯʘʩʫ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ, ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʚʥʝʩʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʟʤʽʥ [9]. 

ʂʦʤʘʥʜʠ ʧʨʦʝʢʪʫ ʧʦʚʠʥʥʽ ʟʥʘʪʠ ʟʥʘʯʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ (ʤʝʪʨʠʢ). ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

RPM ʜʘʻ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʤʝʪʨʠʢ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʤʝʥʝʜʞʝʨʫ, ʘ ʪʘʢʦʞ ʯʣʝʥʘʤ ʢʦʤʘʥʜʠ. ʗʢʱʦ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ 

ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʶʪʴ ʢʝʨʫʚʘʪʠ ʧʨʦʝʢʪʦʤ, ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʘ ʜʣʷ ʟʙʦʨʫ ʪʘ ʦʙʯʠʩʣʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ. ʇʦʢʘʟʥʠʢʠ ʧʨʦʝʢʪʫ ʻ ʚʘʞʣʠʚʠʤʠ, ʘʣʝ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʚʽʜ ʟʙʦʨʫ ʤʝʪʨʠʢ 

ʦʪʨʠʤʫʶʪʴ, ʷʢʱʦ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʥʘ ʨʽʚʥʽ ʦʨʛʘʥʽʟʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ ʻ ʚʣʘʜʥʠʤ ʟʘʧʠʪʦʤ 

ʙʫʜʴ-ʷʢʦʾ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʛʨʫʧʠ. ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʚʪʨʘʯʘʪʠ ʯʘʩ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʪʦʯʥʫ ʩʠʪʫʘʮʽʶ ʪʘ ʨʽʚʝʥʴ 

ʢʦʞʥʦʾ ʬʘʟʠ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʤʘʥʜʘ ʤʦʞʝ ʟʦʩʝʨʝʜʠʪʠʩʴ ʥʘ 

ʜʽʷʣʴʥʦʩʪʽ ʚ ʨʘʤʢʘʭ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʠʩʪʝʤʘ RPM ʚʽʜʧʦʚʽʜʘʻ ʧʨʘʚʠʣʘʤ, ʚʠʟʥʘʯʝʥʠʤ ʫ 

ʤʝʪʦʜʦʣʦʛʽʾ TenStep. ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʱʝ, ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ RPM ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʪʘʢʠʭ ʚʠʩʥʦʚʢʽʚ. ɯʩʥʫʻ ʚʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʦʩʦʙʣʠʚʦ ʟ ʙʦʢʫ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ 

ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ ʪʘ ʜʝʨʞʘʚʥʠʭ ʫʩʪʘʥʦʚ, ʧʨʠʯʝʪʥʠʭ ʜʦ ʜʦʩʣʽʜʞʝʥʴ. ʄʘʡʙʫʪʥʻ ʽ ʚʩʝ ʙʽʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʟʘʣʝʞʠʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜ ʨʦʟʚʠʪʢʫ, ʙʝʟʧʝʢʠ ʪʘ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʮʝʩʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʄʦʜʫʣʽ RPM ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʨʽʰʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ 

ʧʨʦʙʣʝʤʠ ʪʘ ʨʠʟʠʢʫ, ʩʧʦʯʘʪʢʫ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʢʦʤʘʥʜʦʶ ʧʨʦʝʢʪʫ. ʈʦʙʦʯʘ ʛʨʫʧʘ RPM ʤʦʞʝ ʨʦʟʨʦʙʠʪʠ ʮʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʩʣʷ ʪʝʩʪʫʚʘʥʥʷ ʥʘ ʨʷʜʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʨʦʝʢʪʽʚ, ʧʨʦʧʦʥʫʶʯʠ ʫʥʽʬʽʢʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʽʥʪʝʨʬʝʡʩʽʚ. 
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ɺ ʋʄʆɺɸʍ ʈʋʁʅʋʖʏʆɻʆ ɺʇʃʀɺʋ  

ɿʃʆɺʄʀʉʅʆɻʆ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ  
 
Ȩ ɗɘɆɘɘɫ ɖɔɍɖɔɇɑɋɓɎɏ ɕɫɊɛɫɊ Ɋɔ ɈɎɍɓɆɝɋɓɓɥ ɋɚɋɐɘɎɈɓɔɗɘɫ ɫɓɚɔɖɒɆɜɫɏɓɎɛ ɘɋɛɓɔɑɔɉɫɏ (ȝȸ) ɓɆ ɔɗɓɔɈɫ ɈɖɆɛəɈɆɓɓɥ 

ɐɫɑɢɐɫɗɓɎɛ ɈɋɑɎɝɎɓ, ɥɐɫ ɛɆɖɆɐɘɋɖɎɍəɤɘɢ ɈɫɊɒɔɈɔɗɘɫɏɐɫɗɘɢ ɘɆ ɌɎɈəɝɫɗɘɢ, ɘɆ ɒɔɌɋ ɇəɘɎ ɖɔɍɞɎɖɋɓɎɏ Ɋɑɥ ɈɖɆɛəɈɆɓɓɥ ɫɓɞɎɛ 
ɛɆɖɆɐɘɋɖɎɗɘɎɝɓɎɛ ɈɋɑɎɝɎɓ. Ȫɑɥ ɍɆɇɋɍɕɋɝɋɓɓɥ ɈɫɊɒɔɈɔɗɘɫɏɐɔɗɘɫ ɘɆ ɌɎɈəɝɔɗɘɫ ȝȸ ɖɔɍɖɔɇɑɋɓɔ ɗɎɗɘɋɒə ɍɆɛɔɊɫɈ, Ɉ ɖɋɍəɑɢɘɆɘɫ 
ɈɎɐɔɓɆɓɓɥ ɥɐɎɛ ɔɘɖɎɒɆɓɔ ȝȸ ɈəɍɢɐɔɗɕɋɜɫɆɑɫɍɔɈɆɓɔɉɔ ɈɎɐɔɖɎɗɘɆɓɓɥ Ɋɑɥ ɖɫɍɓɎɛ ɗɚɋɖ ɍɆɗɘɔɗəɈɆɓɓɥ, Ɋɋ ɗəɕɖɔɈɔɊɌəɈɆɓɓɫ 
ɕɖɔɜɋɗɎ ɈɫɊɓɔɗɥɘɢɗɥ Ɋɔ ɫɖɖɋɆɑɢɓɔɉɔ Ɇɇɔ ɓɋɖɋɆɑɢɓɔɉɔ ɝɆɗə ɫɍ ɊɔɗɎɘɢ ɈɎɗɔɐɎɒɎ ɕɆɖɆɒɋɘɖɆɒɎ ɈɫɊɒɔɈɔɗɘɫɏɐɔɗɘɫ, ɌɎɈəɝɔɗɘɫ ɘɆ 
ɍɆɉɆɑɔɒ ɖɋɍɎɑɋɓɘɓɔɗɘɫ ɫ, Ɉ ɘɔɏ Ɍɋ ɝɆɗ, ɕɖɎɏɓɥɘɓɎɒ ɖɫɈɓɎɒ ɚɫɓɆɓɗɔɈɎɛ ɈɎɘɖɆɘ ɓɆ ɬɬ ɋɐɗɕɑəɆɘɆɜɫɤ Ɉ əɒɔɈɆɛ ɖəɏɓəɤɝɔɉɔ ɈɕɑɎɈə 
ɍɑɔɈɒɎɗɓɔɉɔ ɕɖɔɉɖɆɒɓɔɉɔ ɍɆɇɋɍɕɋɝɋɓɓɥ. Ȩ ɖɋɍəɑɢɘɆɘɫ ɈɎɐɔɖɎɗɘɆɓɓɥ ɖɔɍɖɔɇɑɋɓɎɛ ɍɆɛɔɊɫɈ ɇəɑɔ ɔɘɖɎɒɆɓɔ ȝȸ 
ɈəɍɢɐɔɗɕɋɜɫɆɑɫɍɔɈɆɓɔɉɔ ɈɎɐɔɖɎɗɘɆɓɓɥ Ɋɑɥ ɖɫɍɓɎɛ ɗɚɋɖɆɛ ɍɆɗɘɔɗəɈɆɓɓɥ, Ɋɋ ɗəɕɖɔɈɔɊɌəɈɆɓɓɫ ɕɖɔɜɋɗɎ ɈɫɊɓɔɗɥɘɢɗɥ Ɋɔ 
ɫɖɖɋɆɑɢɓɔɉɔ Ɇɇɔ ɓɋɖɋɆɑɢɓɔɉɔ ɝɆɗə ɫɍ ɊɔɗɎɘɢ ɈɎɗɔɐɎɒɎ ɕɆɖɆɒɋɘɖɆɒɎ ɈɫɊɒɔɈɔɗɘɫɏɐɔɗɘɫ, ɌɎɈəɝɔɗɘɫ ɘɆ ɍɆɉɆɑɔɒ ɖɋɍɎɑɋɓɘɓɔɗɘɫ ɫ, Ɉ 
ɘɔɏ Ɍɋ ɝɆɗ, ɕɖɎɏɓɥɘɓɎɒ ɖɫɈɓɎɒ ɚɫɓɆɓɗɔɈɎɛ ɈɎɘɖɆɘ ɓɆ ɬɬ ɋɐɗɕɑəɆɘɆɜɫɤ. 

ȰɑɤɝɔɈɫ ɗɑɔɈɆ: ɒɋɖɋɌɆ ɕɖɎɒɆɓɔɐ, ɍɑɔɈɒɎɗɓɫ Ɋɫɬ, ɈɎɥɈɑɋɓɓɥ ɐɔɒɕôɤɘɋɖɓɎɛ ɆɘɆɐ, ɕɖɔɉɓɔɍəɈɆɓɓɥ, ɐɔɖɕɔɖɆɘɎɈɓɫ 
ɐɔɒɕôɤɘɋɖɓɫ ɒɋɖɋɌɫ.  
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MODEL FOR ENSURING THE SUSTAINABILITY AND FAILURE RES ISTANCE  

OF SPECIALIZED INFORMATION TECHNOLOGIES IN THE CONDITIONS  

OF THE DESTRUCTIVE INFLUENCE OF MALICIOUS  
 
Corporate computer networks of enterprises (organizations) use specialized IT to solve production problems or automate 

basic or auxiliary tasks, in particular, such as accounting and document management. Computer networks, when connected to the 
Internet, become objects of malicious activity.  

The paper analyzes that the known methods and ways to ensure fault tolerance and survivability of specialized IT are 
insufficiently systematized and can not always be implemented due to the specifics of use and structure of specialized IT. 
Therefore, further research and development of new methods that would improve the resilience and survivability of specialize d IT, 
including cyber-attacks and malware, is needed. 

As a result of using the developed measures, IT of specialized use was obtained for various applications, where the 
accompanying processes belong to unreal or unreal time with high parameters of fault t olerance, survivability and overall resilience 
and, at the same time, an acceptable level of financial costs. 

Thus, an approach to determining the effectiveness of IT based on quantitative values that characterize fault tolerance 
and survivability has been developed, and can be extended to take into account other characteristics. To ensure fault tolerance and 
survivability of IT, a system of measures has been developed which resulted in highly specialized IT applications for various 
applications, where the accompanying processes are unrealistic or unrealistic with high parameters of fault tolerance, survivability 
and overall resistance and, at the same time, acceptable financial costs for its operation. 

Keywords: honeynet, malicious actions, detection of computer attacks, forecasting, corporate computer networks.  

 

ɺʩʪʫʧ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʧʽʜʧʨʠʻʤʩʪʚ 

(ʦʨʛʘʥʽʟʘʮʽʡ) ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ɯʊ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʟʘʜʘʯ ʘʙʦ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʩʥʦʚʥʠʭ 

ʯʠ ʜʦʧʦʤʽʞʥʠʭ ʟʘʜʘʯ, ʟʦʢʨʝʤʘ, ʥʘʧʨʠʢʣʘʜ ʦʙʣʽʢʫ ʽ ʚʝʜʝʥʥʷ ʜʦʢʫʤʝʥʪʦʦʙʽʛʫ.  ʂʦʤʧôʶʪʝʨʥʽ ʤʝʨʝʞʽ ʙʫʜʫʯʠ 

ʧʽʜôʻʜʥʘʥʠʤʠ ʜʦ ʤʝʨʝʞʽ Internet ʩʪʘʶʪʴ ʦʙôʻʢʪʘʤʠ ʜʣʷ ʟʣʦʚʤʠʩʥʠʭ ʜʽʡ. ɿʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ 

ʤʝʨʝʞ ʚʠʨʽʰʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʨʘʥʜʤʘʫʝʨʽʚ (firewall), ʘʥʪʠʚʽʨʫʩʽʚ, ʩʠʩʪʝʤ ʚʠʷʚʣʝʥʥʷ ʘʪʘʢ (Intrusion 

Detection System, IDS), ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʶ ʮʽʣʽʩʥʦʩʪʽ, ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʭ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ. ɸʣʝ ʽʩʥʫʶʯʽ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʥʦʛʦ ʥʘʜʽʡʥʦʛʦ ʟʘʭʠʩʪʫ. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʠʤ ʻ 

ʧʦʰʫʢ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʤʝʨʝʞʘʭ ʚʽʜ ʟʣʦʚʤʠʩʥʠʭ 

ʜʽʡ. ɼʣʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʫʩʪʘʥʦʚʠ ʯʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʪʦʙʪʦ ʻ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ, ʚ ʪʘʢʽʡ ʩʬʝʨʽ, ʷʢ ʬʽʥʘʥʩʦʚʦ-ʛʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ, ʧʠʪʘʥʥʷ ʞʠʚʫʯʦʩʪʽ ʪʘ 

ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʻ ʙʽʣʴʰ ʥʽʞ ʚʘʞʣʠʚʠʤʠ, ʦʩʦʙʣʠʚʦ, ʚʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʾʭ ʢʽʣʴʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ (ʟʙʽʣʴʰʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʩʝʨʚʝʨʽʚ, ʦʙʩʷʛʽʚ ʽʥʬʦʨʤʘʮʽʾ ʚ ʙʘʟʘʭ ʜʘʥʠʭ) ʽ ʨʽʚʥʷ ʩʢʣʘʜʥʦʩʪʽ, ʘ 

ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʨʫʡʥʫʶʯʦʛʦ ʚʧʣʠʚʫ ʟʣʦʚʤʠʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɺ ʮʠʭ ʫʤʦʚʘʭ ʘʢʪʫʘʣʴʥʦʩʪʽ ʥʘʙʠʨʘʻ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʪʘʢʠʭ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɯʊ, 

ʷʢʽ ʙ ʤʦʛʣʠ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʚʦʶ ʞʠʚʫʯʽʩʪʴ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʚ ʫʤʦʚʘʭ ʨʫʡʥʫʶʯʦʛʦ ʚʧʣʠʚʫ ʟʣʦʚʤʠʩʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʎʝ ʙʫʣʦ ʙ ʦʜʥʠʤ ʽʟ ʝʣʝʤʝʥʪʽʚ ʟ ʧʦʢʨʘʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ. ɯ ʡʦʛʦ ʨʦʟʚʠʪʦʢ ʜʦʟʚʦʣʠʚ ʙʠ ʩʪʚʦʨʶʚʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦ ʞʠʚʫʯʽʰʽ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʽʰʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ɯʊ. ɺʽʜʦʤʽ ʤʝʪʦʜʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʨʽʚʥʷ ʞʠʚʫʯʦʩʪʽ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ, ʪʦʤʫ 

ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʙʝʟʧʝʢʠ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʽʚ ʞʠʚʫʯʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɯʊ. 

1. ɺʽʜʦʤʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɯʊ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʞʠʚʫʯʦʩʪʽ  

ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʚ ʫʤʦʚʘʭ ʨʫʡʥʫʶʯʦʛʦ ʚʧʣʠʚʫ ʟʣʦʚʤʠʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʇʽʜ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʶ ʚʚʘʞʠʪʠʤʝʤʦ ʚʣʘʩʪʠʚʽʩʪʴ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʪʠ ʧʦʚʥʫ ʘʙʦ ʯʘʩʪʢʦʚʫ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʫ ʚʠʧʘʜʢʘʭ ʚʽʜʤʦʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʥʝʧʦʚ'ʷʟʘʥʽ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʥʝʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤʠ 

ʜʽʷʤʠ. ʇʽʜ ʞʠʚʫʯʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʫʤʽʻʪʴʩʷ ʾʾ ʚʣʘʩʪʠʚʽʩʪʴ ʟʘʣʠʰʘʪʠʩʷ ʧʨʘʮʝʟʜʘʪʥʦʶ ʟ 

ʜʦʧʫʩʪʠʤʠʤ ʟʤʝʥʰʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʫʤʦʚʘʭ ʥʝʛʘʪʠʚʥʠʭ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ (ʥʝʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʜʽʡ) 

[1]. ʎʽ ʧʦʥʷʪʪʷ ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʫ ʤʝʪʫ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ɯʊ, ʷʢʘ ʜʦʩʷʛʘʻʪʴʩʷ ʨʽʟʥʠʤʠ ʰʣʷʭʘʤʠ. ɺʽʜ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʧʨʷʤʽʡ ʟʘʣʝʞʥʦʩʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ɯʊ.  

ɺʽʜʦʤʽ ʤʝʪʦʜʠ ʪʘ ʩʧʦʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɯʊ 

ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʨʽʟʥʽ ʾʭ ʪʠʧʠ, ʩʬʝʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʨʦʟʤʽʱʝʥʥʷ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʟʘʩʦʙʘʭ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʨʝʘʣʽʟʘʮʽʾ ʚ ʨʽʟʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ɯʊ. ʊʘʢʦʞ, ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʧʣʠʚ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ (ʨʦʟʧʦʜʽʣʝʥʠʭ ʘʪʘʢ, ʟʣʦʚʤʠʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ) ʥʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʊ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ. 

ɺ [2] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʦʮʽʥʢʠ ʩʪʨʫʢʪʫʨʥʦʾ ʥʘʜʽʡʥʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ, 

ʩʪʨʫʢʪʫʨʘ ʷʢʦʾ ʚʽʜʧʦʚʽʜʘʻ ʦʜʥʦʤʫ ʟ ʚʽʜʦʤʠʭ ʪʠʧʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ɺ [3, 4] ʨʦʟʛʣʷʥʫʪʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʽʜʭʽʜ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʦʮʽʥʮʽ ʪʘ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʨʠʟʠʢʽʚ. ɺ [5] ʧʦʢʘʟʘʥʦ ʷʢ ʥʘʣʘʛʦʜʞʫʚʘʥʽ ʧʨʦʛʨʘʤʥʽ ʩʠʩʪʝʤʠ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʠʭ, ʢʨʠʪʠʯʥʠʭ, ʥʝʢʨʠʪʠʯʥʠʭ ʪʘ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ. ɺ [6] 

ʨʦʟʛʣʷʥʫʪʦ ʷʢ ʭʤʘʨʠ ʩʪʘʶʪʴ ʚʘʞʣʠʚʦʶ ʧʣʘʪʬʦʨʤʦʶ ʜʣʷ ʥʘʫʢʦʚʠʭ ʧʨʦʛʨʘʤ ʨʦʙʦʪʠ. ɺ ʨʦʙʦʪʘʭ [7, 8] 

ʜʦʩʣʽʜʞʝʥʦ ʭʤʘʨʥʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʨʦʟʛʣʷʥʫʪʦ ʷʢ ʩʢʣʘʜʦʚʽ ʟ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʭʤʘʨʥʠʭ ʩʣʫʞʙ, ʱʦ 

ʩʧʽʣʢʫʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩʠ ʚʝʙ-ʩʣʫʞʙ, ʜʝ ʢʦʞʝʥ ʢʦʤʧʦʥʝʥʪ ʚʠʢʦʥʫʻ ʚʠʟʥʘʯʝʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ. ɺ [9] ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʽʜʭʽʜ ʜʣʷ ʫʥʠʢʥʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʙʦʾʚ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚ 

ʢʦʤʧʦʥʝʥʪʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ. ɺ [10] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʧʨʦʘʢʪʠʚʥʘ ʩʭʝʤʘ ʚʽʜʥʦʚʣʝʥʥʷ, ʟʘʩʥʦʚʘʥʘ ʥʘ 

ʤʽʛʨʘʮʽʾ ʩʣʫʞʙ, ʦʧʠʩʘʥʽ ʪʦʣʝʨʘʥʪʥʽ ʩʠʩʪʝʤʠ. ɺ [11] ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʚʽʜʤʦʚ ʻ ʛʦʣʦʚʥʠʤ ʧʠʪʘʥʥʷʤ ʛʘʨʘʥʪʫʚʘʥʥʷ 

ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʧʦʩʣʫʛ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʥʷ ʟʘʩʪʦʩʫʥʢʽʚ. ɺ [12] ʧʦʢʘʟʘʥʦ ʷʢ ʭʤʘʨʥʽ 

ʦʙʯʠʩʣʝʥʥʷ ʧʨʦʧʦʥʫʶʪʴ ʥʦʚʫ ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ ʜʣʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʛʨʘʤ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʽʨʪʫʘʣʴʥʠʭ ʤʘʰʠʥ ʜʣʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʽʥʪʝʥʩʠʚʥʠʭ ʧʨʦʛʨʘʤ. ɺ [13ï16] 

ʢʽʙʝʨ-ʩʪʽʡʢʽʩʪʴ ʪʘ ʢʽʙʝʨ-ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʦʥʷʪʪʷ, ʱʦ ʧʦʜʽʣʷʶʪʴ 

ʧʦʜʽʙʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʘʢʪʠʢʫ. ɺ [17ï25] ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ ʥʘ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʪʘ ʞʠʚʫʯʽʩʪʴ ɯʊ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʟʣʦʚʤʠʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽ ʢʦʤʧôʁ ʪʝʨʥʠʭ ʘʪʘʢ. 

ɺʽʜʦʤʽ ʤʝʪʦʜʠ ʪʘ ʩʧʦʩʦʙʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɯʊ ʥʝʜʦʩʪʘʪʥʴʦ 

ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʪʘ ʥʝ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʯʝʨʝʟ ʩʧʝʮʠʬʽʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʙʫʜʦʚʠ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɯʊ. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʠʤ ʻ ʧʦʜʘʣʴʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʙ ʜʦʟʚʦʣʠʣʠ 

ʧʦʢʨʘʱʠʪʠ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʪʘ ʞʠʚʫʯʽʩʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɯʊ, ʟʦʢʨʝʤʘ ʽ ʚʽʜ ʢʽʙʝʨ-ʘʪʘʢ ʪʘ ʟʣʦʚʤʠʩʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ.  

2. ɿʘʙʝʟʧʝʯʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʪʘ ʚʽʜʤʦʚʦʩʪ̔ʡʢʦʩʪʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɯʊ ʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ  

ʚ ʫʤʦʚʘʭ ʨʫʡʥʫʶʯʦʛʦ ʚʧʣʠʚʫ ʟʣʦʚʤʠʩʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʇʨʝʜʩʪʘʚʠʤʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ɯʊ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʤʥʦʞʠʥʦʶ ʾʾ ʢʦʤʧʦʥʝʥʪʽʚ: 

,     (1) 

ʜʝ  ï  ï ʪʘ ʢʦʤʧʦʥʝʥʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ɯʊ ʚ ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ, 

,  ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɼʣʷ ʢʦʞʥʦʾ ʢʦʤʧʦʥʝʥʪʠ  ʟʘʩʪʦʩʫʻʤʦ ʬʫʥʢʮʽʶ, ʷʢʘ ʚʢʣʶʯʘʪʠʤʝ ʚʩʽ ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʧʨʠ ʨʦʟʨʦʙʮʽ ɯʊ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʥʝʶ. ɿʦʢʨʝʤʘ, ʩʝʨʝʜ ʪʘʢʠʭ ʢʨʠʪʝʨʽʾʚ ʙʫʜʫʪʴ, ʪʘʢʦʞ, ʢʨʠʪʝʨʽʾ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʞʠʚʫʯʦʩʪʽ. ɿʘʜʘʤʦ ʢʨʠʪʝʨʽʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɯʊ ʚʝʢʪʦʨʦʤ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʙʫʜʫʪʴ ʬʫʥʢʮʽʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʢʦʥʢʨʝʪʥʠʤ ʢʨʠʪʝʨʽʷʤ: 

,     (2) 

ʜʝ  ï -ʪʘ ʬʫʥʢʮʽʷ, ʷʢʘ ʟʘʜʘʻ ʦʜʠʥ ʟ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ, ,  ï ʢʽʣʴʢʽʩʪʴ 

ʬʫʥʢʮʽʡ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʚ ʮʽʣʦʤʫ ʟʘʜʘʯʘ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ 

ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚô̫ ʟʘʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʧʣʠʚʘʪʠ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ, ʧʨʠ ʮʴʦʤʫ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʜʥʦʛʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʧʦʛʽʨʰʝʥʥʷ ʽʥʰʦʛʦ. ʂʨʽʤ ʪʦʛʦ, ʦʩʢʽʣʴʢʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ 

ɯʊ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʢʦʤʧʦʥʝʥʪʽʚ, ʜʦ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʽ ʞ ʢʨʠʪʝʨʽʾ ʽʟ ʟʘʜʘʥʦʛʦ ʚʝʢʪʦʨʫ, ʪʦ ʟʘʜʘʯʘ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʯʘʩʪʠʥʘ ʢʦʤʧʦʥʝʥʪʽʚ ɯʊ ʻ ʨʽʟʥʦʶ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʪʠʤʠ ʞ 

ʥʘʙʦʨʘʤʠ ʢʨʠʪʝʨʽʾʚ ʙʫʜʝ ʨʽʟʥʦʶ. ʊʦʤʫ, ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʻ ʩʢʣʘʜʥʦʶ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ. ɿʘʛʘʣʴʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʥʘʡʢʨʘʱʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ɯʊ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʩʬʦʨʤʫʣʶʻʤʦ ʪʘʢ: 

,    (3) 

ɺʚʝʜʝʤʦ ʬʫʥʢʮʽʶ, ʷʢʘ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ: 

      (4) 

 

ɿʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʜʘʤʦ ʚʠʨʘʟʦʤ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ: 

 

,  (5) 

ʜʝ  ï ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ.  

ʈʦʟʛʣʷʥʝʤʦ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʽʟʘʮʽʾ ʢʨʠʪʝʨʽʾʚ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ ʚ 

ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʠ çʢʣʽʻʥʪ ï ʩʝʨʚʝʨè ʟ ʾʭ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʟʘ ʫʩʽʤʘ ʣʘʥʢʘʭ ʩʠʩʪʝʤʠ: ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʢʣʽʻʥʪʩʴʢʘ ʯʘʩʪʠʥʘ) ʜʦ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦʾ 

ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ. ɺʠʙʽʨ ʜʣʷ ʨʦʟʛʣʷʜʫ ʩʘʤʝ ʘʨʭʽʪʝʢʪʫʨʠ çʢʣʽʻʥʪ ï ʩʝʨʚʝʨè ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢʽ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʙʘʟʦʚʽ ʬʫʥʢʮʽʾ ʢʣʽʻʥʪʩʴʢʦʛʦ ʟʘʩʪʦʩʫʥʢʫ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʢʣʽʻʥʪʦʤ ʪʘ 

ʩʝʨʚʝʨʦʤ; ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʢʣʽʻʥʪʩʴʢʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʧʨʘʮʶʻ ʟ 

ʜʘʥʠʤʠ ʯʝʨʝʟ ʟʘʧʠʪʠ ʜʦ ʩʝʨʚʝʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ; ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʚʥʘ ʧʽʜʪʨʠʤʢʘ 

ʙʘʛʘʪʦʢʦʨʠʩʪʫʚʘʮʴʢʦʾ ʨʦʙʦʪʠ; ʛʘʨʘʥʪʫʻʪʴʩʷ ʮʽʣʽʩʥʽʩʪʴ ʜʘʥʠʭ. ʎʝ ʚʽʜʨʽʟʥʷʻ ʾʾ ʚʽʜ ʽʥʰʠʭ ʘʨʭʽʪʝʢʪʫʨ ʽ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʠʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʽ ʞʠʚʫʯʦʩʪʽ ʜʦ ʢʦʞʥʦʾ ʟ ʣʘʥʦʢ ʩʠʩʪʝʤʠ ʦʢʨʝʤʦ.  

ɻʦʣʦʚʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʻ ʧʨʦʟʦʨʽʩʪʴ ʚʽʜʤʦʚ ʾʾ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʢʽʥʮʝʚʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʽʜʤʦʚʦʩʪʽʡʢʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦ ʟʤʽʥʶʻ ʩʚʦʶ ʢʦʥʬʽʛʫʨʘʮʽʶ ʫ ʚʠʧʘʜʢʫ 

ʚʽʜʤʦʚʠ. ɰʾ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʰʫʢʘʻ ʦʙʭʽʜʥʽ ʰʣʷʭʠ, ʥʘʤʘʛʘʶʯʠʩʴ ʚ ʫʤʦʚʘʭ 

ʚʽʜʤʦʚʠ, ʧʨʠʚʝʩʪʠ ʚʠʢʦʥʫʚʘʥʫ ʬʫʥʢʮʽʶ ʜʦ ʫʩʧʽʰʥʦʛʦ ʟʘʚʝʨʰʝʥʥʷ. ɿʘʜʘʤʦ ʬʫʥʢʮʽʶ 

ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʚ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤʘʭ ʚ ʢʽʣʴʢʽʩʥʦʤʫ ʚʠʛʣʷʜʽ ʪʘʢ: 

                                               (6) 

 

ʜʝ  ï ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ɯʊ, ,  ï ʯʘʩ ʤʽʞ ʩʫʩʽʜʥʽʤʠ 

ʟʙʦʷʤʠ;  ï ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʟʙʦʶ ʪʘ ʧʦʰʫʢʫ ʰʣʷʭʫ ʡʦʛʦ ʦʙʭʦʜʫ;  ï ʯʘʩ, 

ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ɯʊ ʧʽʩʣʷ ʟʙʦʶ. 

ʗʢ ʚʠʜʥʦ ʟ ʬʦʨʤʫʣʠ (6), ʜʣʷ ɯʊ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʚʦʥʘ ʙʫʜʝ 

ʥʘʙʣʠʞʘʪʠʩʴ ʜʦ ʤʘʢʩʠʤʫʤʫ, ʯʝʨʝʟ ʰʚʠʜʢʽʩʪʴ ʨʝʘʢʮʽʾ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʥʝʤʘʻ ʪʝʦʨʝʪʠʯʥʠʭ 

ʧʝʨʝʰʢʦʜ, ʘʣʝ ʚ ʧʨʘʢʪʠʮʽ ʧʨʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʷʜ ʟʥʘʯʠʤʠʭ ʬʘʢʪʦʨʽʚ: ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ 

ʨʝʘʣʽʟʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʪʘ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ;  ʩʢʣʘʜʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɼʣʷ ɯʊ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫ ʚʫʟʴʢʽʡ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ, ʥʘʧʨʠʢʣʘʜ 

ʬʽʥʘʥʩʦʚʦ-ʛʦʩʧʦʜʘʨʩʴʢʘ ʜʽʷʣʴʥʽʩʪʴ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ, ʙʫʜʝ ʜʦʮʽʣʴʥʠʤ ʚʽʜʤʦʚʠʪʠʩʴ ʚʽʜ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʶ ʥʘ ʢʦʨʠʩʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʯʘʩʪʠʥʘ ʜʦʨʦʛʠʭ 

ʬʫʥʢʮʽʡ ʫʧʨʘʚʣʽʥʥʷ ʥʘʜʤʽʨʥʦʩʪʷʤʠ, ʧʨʠʩʫʪʥʽʤʠ ʚ ɯʊ, ʙʫʜʝ ʧʦʢʣʘʜʝʥʘ ʥʘ ʣʶʜʠʥʫ, ʷʢʱʦ ʮʝ ʥʝ ʟʘʛʨʦʞʫʻ 

ʤʦʞʣʠʚʠʤʠ ʟʥʘʯʥʠʤʠ ʚʪʨʘʪʘʤʠ. ʊʦʜʽ, ʟʛʽʜʥʦ ʬʦʨʤʫʣʠ (6), ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ  ʙʫʜʝ ʥʠʞʯʦʶ, ʥʽʞ ʚ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ. ɸʣʝ ʚʠʨʽʰʝʥʥʷʤ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʠ ɯʊ (ʘʥʘʣʦʛʽʯʥʦ, ʷʢ ʽ ʚ ʽʥʰʠʭ ʟʘʜʘʯʘʭ ʧʨʦʻʢʪʫʚʘʥʥʷ), ʻ ʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʾ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʩʠʩʪʝʤʠ, ʘ ʟʥʘʭʦʜʞʝʥʥʷ ʧʨʠʡʥʷʪʥʦʛʦ ʙʘʣʘʥʩʫ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ, ʚ ʨʘʤʢʘʭ ʧʝʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʙʘʟʠʩʫ. ɸ, ʪʘʢʦʞ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʨʘʭʦʚʫʶʯʠ ʚʠʤʦʛʠ 

ʢʨʠʪʝʨʽʶ çʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ \ ʚʘʨʪʽʩʪʴè. ɼʦʩʣʽʜʠʤʦ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ɯʊ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʾ ʩʪʨʘʪʝʛʽʾ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʬʘʢʪʦʨʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ɯʊ ʟʽ 

ʩʪʦʨʦʥʠ ʢʣʽʻʥʪʘ. ʅʝʛʘʪʠʚʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʢʣʽʻʥʪʩʴʢʦʾ ʯʘʩʪʠʥʠ ɯʊ ʧʦʜʽʣʷʶʪʴʩʷ 

ʥʘ ʟʦʚʥʽʰʥʽ ʪʘ ʚʥʫʪʨʽʰʥʽ. ʉʝʨʝʜ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʥʘʡʙʽʣʴʰʫ ʟʘʛʨʦʟʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʟʙʦʾ ʚ ʨʦʙʦʪʽ 

ʝʥʝʨʛʦʩʠʩʪʝʤ ʞʠʚʣʝʥʥʷ ʪʘ ʧʨʠʨʦʜʥʽ ʷʚʠʱʘ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʽʜʤʦʚ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʽʚ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ. ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʪʘʢʠʭ ʚʠʧʘʜʢʽʚ ʞʠʚʣʝʥʥʷ ʢʣʽʻʥʪʩʴʢʠʭ ʢʦʤʧôʶʪʝʨʽʚ ɯʊ ʥʝʦʙʭʽʜʥʦ 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʚʠʢʦʥʫʚʘʪʠ ʚʽʜ ʦʢʨʝʤʦʾ ʣʽʥʽʾ, ʷʢʘ ʦʙʣʘʜʥʘʥʘ ʟʘʭʠʩʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʨʷʜʥʠʢʘʤʠ. ɼʣʷ ʟʘʭʠʩʪʫ 

ʚʽʜ ʛʨʦʟʦʚʠʭ ʥʘʚʦʜʦʢ ʚ ʜʦʚʛʠʭ ʣʽʥʽʷʭ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞ, ʪʘʢʦʞ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠʩʪʨʦʾ 

ʟʘʭʠʩʪʫ. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʚʠʢʦʥʘʥʥʷ ʧʦʪʦʯʥʦʛʦ ʬʨʘʛʤʝʥʪʫ ʘʣʛʦʨʠʪʤʫ ʚ ʨʝʻʩʪʨ ʬʘʪʘʣʴʥʠʭ ʧʦʤʠʣʦʢ ʟʘʥʦʩʠʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʛʽʧʦʪʝʪʠʯʥʦ ʤʦʞʣʠʚʫ ʧʦʤʠʣʢʫ (ʢʦʜ ʝʢʟʝʤʧʣʷʨʘ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʢʣʽʻʥʪʘ, ʢʦʜ ʬʫʥʢʮʽʾ, ˉ 

ʤʽʪʢʠ, ʯʘʩ ʽ ʪ. ʽ.). ɺ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʣʠʚʽ ʥʘʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ: 

1. ʌʨʘʛʤʝʥʪ ʘʣʛʦʨʠʪʤʫ ʬʫʥʢʮʽʾ ʫʩʧʽʰʥʦ ʚʠʢʦʥʘʚʩʷ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʥʬʦʨʤʘʮʽʷ ʚ ʨʝʻʩʪʨʽ ʧʨʦ 

ʧʦʤʠʣʢʫ, ʱʦ ʥʝ ʩʪʘʣʘʩʴ, ʟʥʠʱʫʻʪʴʩʷ, ʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʚʠʢʦʥʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ. 

2. ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʬʨʘʛʤʝʥʪʫ ʩʪʘʣʘʩʴ ʧʦʤʠʣʢʘ, ʘʣʝ ʚʦʥʘ ʫʩʧʽʰʥʦ ʣʦʢʘʣʽʟʦʚʘʥʘ ʦʙʨʦʙʥʠʢʦʤ 

ʧʦʤʠʣʦʢ (ʨʠʩ. 2ʘ). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʤʠʣʢʫ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʜʘʣʝʥʘ ʟ ʨʝʻʩʪʨʫ. 

3. ɺ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʬʨʘʛʤʝʥʪʘ ʩʪʘʣʘʩʴ ʧʦʤʠʣʢʘ, ʷʢʘ ʥʝ ʙʫʣʘ ʣʦʢʘʣʽʟʦʚʘʥʘ ʦʙʨʦʙʥʠʢʦʤ ʧʦʤʠʣʦʢ 

(ʨʠʩ. 2ʙ). ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʦʞʣʠʚʫ ʧʦʤʠʣʢʫ ʟʘʣʠʰʠʪʴʩʷ ʚ ʨʝʻʩʪʨʽ. 

ɿʘʜʘʤʦ ʬʫʥʢʮʽʶ , ʚ ʷʢʽʡ , ʚʠʟʥʘʯʝʥʥʷ ʞʠʚʫʯʦʩʪʽ ʚ ʢʽʣʴʢʽʩʥʠʭ ʦʜʠʥʠʮʷʭ ʚ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʤʝʨʝʞʘʭ ʚʠʨʘʟʠʤʦ ʪʘʢ: 

      (7) 

ʜʝ  ï ʯʘʩ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʦʮʝʩʽ ɯʊ ʚ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ,  ï ʯʘʩ 

ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʧʨʦʮʝʩʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʠʚʫʯʦʩʪʽ, . 

ʊʘʢʝ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʞʠʚʫʯʦʩʪʽ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʦʙʨʘʟʠʪʠ ʩʪʘʥʜʘʨʪʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ 

ʟʥʘʯʝʥʥʷʤ ʦʜʠʥʠʮʽ, ʘ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʦʪʨʝʙʠ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʞʠʚʫʯʦʩʪʽ ʽ ʫ ʚʠʧʘʜʢʫ ʥʘʙʘʛʘʪʦ ʪʨʠʚʘʣʽʰʦʛʦ 

ʯʘʩʫ, ʥʽʞ ʯʘʩ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ, ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʚʽʜʦʙʨʘʞʘʪʠʤʝ ʢʽʣʴʢʽʩʥʫ ʧʦʨʷʜʢʦʚʫ ʚʝʣʠʯʠʥʫ.  

ʅʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ (5)ï(7) ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ɯʊ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ 

ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ: 

 (8) 

ʜʝ  ï ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʚ ʢʽʣʴʢʽʩʥʠʭ ʦʜʠʥʠʮʷʭ;  ï 

ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʚʠʟʥʘʯʘʻ ʞʠʚʫʯʽʩʪʴ ʚ ʢʽʣʴʢʽʩʥʠʭ ʦʜʠʥʠʮʷʭ; .  

ɸʥʘʣʦʛʽʯʥʦ, ʜʦʜʘʥʢʘʤʠ ʚ ʬʦʨʤʫʣʽ (6) ʪʘ ʾʾ ʢʦʥʢʨʝʪʠʟʘʮʽʾ ʬʦʨʤʫʣʦʶ (9) ʜʣʷ ʜʚʦʭ ʚʝʣʠʯʠʥ ʤʦʞʫʪʴ 

ʙʫʪʠ ʽʥʰʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ɯʊ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʣʽʯʝʥʠʭ ʟʘʭʦʜʽʚ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ɯʊ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʜʝ ʩʫʧʨʦʚʦʜʞʫʚʘʥʥʽ ʧʨʦʮʝʩʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʽʨʨʝʘʣʴʥʦʛʦ ʘʙʦ 

ʥʝʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʽʟ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ, ʞʠʚʫʯʦʩʪʽ ʪʘ ʟʘʛʘʣʦʤ ʨʝʟʠʣʝʥʪʥʦʩʪʽ ʽ, ʚ 

ʪʦʡ ʞʝ ʯʘʩ, ʧʨʠʡʥʷʪʥʠʤ ʨʽʚʥʠʤ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʶ. 

4. ɽʢʩʧʝʨʠʤʝʥʪʠ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘ ʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʽʰʝʥʥʷ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ 

ʪʘ ʞʠʚʫʯʦʩʪʽ ʧʨʦʚʝʜʝʤʦ ʧʦʨʽʚʥʷʥʥʷ ʢʨʠʪʝʨʽʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʣʷ ɯʊ ʙʝʟ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ 

ʞʠʚʫʯʦʩʪʽ ʽ ʟ ʚʢʣʶʯʝʥʥʷʤ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣʠ (8). 

ɿʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʢʨʠʪʝʨʽʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʊ, ʚ ʷʢʽʡ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚʠʤʦʛʠ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʽ 

ʞʠʚʫʯʦʩʪʽ ʦʪʨʠʤʫʻʤʦ ʟ ʬʦʨʤʫʣʠ (8) ʪʘʢ: 1) ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʽʜʩʫʪʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ɯʊ 

ʨʝʘʣʽʟʦʚʘʥʠʭ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ, ʧʦʢʣʘʜʝʥʦ ʥʘ ʦʧʝʨʘʪʦʨʘ ʯʠ ʘʜʤʽʥʽʩʪʨʘʪʦʨʘ, ʷʢʠʡ ʧʦʩʪʽʡʥʦ 

ʤʦʥʽʪʦʨʠʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʊ; ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ ʾʭ ʚʠʷʚʣʝʥʥʽ. ɺ 

ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʨʦʟʨʘʭʫʥʦʢ ʟʘ ʬʦʨʤʫʣʦʶ (9) ʤʦʞʝ ʙʫʪʠ ʘʥʘʣʦʛʽʯʥʠʤ ʽ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʾ ʚʝʣʠʯʠʥʠ ʥʘ 

ʧʦʨʷʜʢʠ ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʜʣʷ ɯʊ, ʜʝ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʪʘ ʞʠʚʫʯʽʩʪʴ. ʗʢʱʦ 

ʞ ʨʦʟʛʣʷʜʘʪʠ ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ, ʪʦʜʽ . ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʟʘ ʬʦʨʤʫʣʦʶ (9) ʽ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʽʰʝʥʴ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʫʚʘʪʠ ʜʦʩʷʛʥʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʢʦʨʠʛʫʚʘʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʽʚ: 

  (9) 

 

ʜʝ ʚʽʜʩʫʪʥʽʩʪʴ ʟʙʦʾʚ ʚ ʨʦʙʦʪʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ɯʊ ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʚʧʣʠʚʽʚ ʦʟʥʘʯʘʪʠʤʝ, ʱʦ ʯʘʩ 

ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʾʭ ʦʙʨʦʙʢʫ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʝʚʽ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʽʜʥʦʰʝʥʥʷ ʩʪʘʥʝ ʜʦʨʽʚʥʶʚʘʪʠ ʦʜʠʥʠʮʽ. 



ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʞʫʨʥʘʣ 
çɺʀʄɯʈʖɺɸʃʔʅɸ ʊɸ ʆɹʏʀʉʃʖɺɸʃʔʅɸ ʊɽʍʅɯʂɸ ɺ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɸʍè 
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ʗʢʱʦ ʞ ʚʽʜʙʫʜʝʪʴʩʷ ʟʙʽʡ ʘʙʦ ʟʦʚʥʽʰʥʻ ʚʪʨʫʯʘʥʥʷ, ʪʦʜʽ ʟʥʘʯʝʥʥʷ  ʙʫʜʝ ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ. 

ɽʬʝʢʪʠʚʥʠʤ ʟʥʘʯʝʥʥʷʤ ʻ ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʚʽʜʭʠʣʝʥʝ ʚʽʜ ʦʜʠʥʠʮʽ. ʈʝʟʫʣʴʪʘʪʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ɯʊ ʟʦʙʨʘʞʝʥʽ ʚ ʨʝʘʣʽʟʦʚʘʥʽʡ ɯʊ ʥʘ ʨʠʩ. 1. 
 

 
 

ʈʠʩ. 1. ɺʤʽʩʪ ʬʘʡʣʽʚ-ʚ̔ ʜʦʤʦʩʪʝʡ ʧʨʦ ʟʙʦʾ ʪʘ ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ 
 

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚʩʽ ʨʷʜʢʠ ʬʨʘʛʤʝʥʪʘ ʣʦʛ-ʬʘʡʣʘ ʙʫʣʠ ʧʨʦʥʫʤʝʨʦʚʘʥʽ, ʘ ʢʨʠʪʠʯʥʽ ʧʦʟʠʮʽʾ ʚʠʜʽʣʝʥʽ. 

ɺ ʧʦʟʠʮʽʾ 19 ʚʠʷʚʣʝʥʦ ʬʘʪʘʣʴʥʫ ʧʦʤʠʣʢʫ ʚ ʨʦʙʦʪʽ ʤʝʨʝʞʝʚʦʛʦ ʘʜʘʧʪʝʨʘ çeth0è ʚ ʤʦʤʝʥʪ ʟʚʝʨʥʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ ʢʦʤʧʶʪʝʨʘ ʟ IP 192.168.168.2.  

ɺ ʧʦʟʠʮʽʾ 35,36 ʟʘʢʨʠʚʘʻʪʴʩʷ ʧʦʪʦʯʥʘ ʩʝʩʽʷ ʢʦʨʠʩʪʫʚʘʯʘ SWM. 

ɺ ʧʦʟʠʮʽʾ 37 ʩʠʩʪʝʤʘ ʩʧʦʚʽʱʘʻ, ʱʦ ʧʦʪʨʽʙʥʘ ʨʝʢʦʥʬʽʛʫʨʘʮʽʷ ʤʝʨʝʞʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɺ ʧʦʟʠʮʽʾ 38 ʩʧʦʚʽʱʘʻʪʴʩʷ, ʱʦ ʧʨʠʩʪʨʽʡ çeth0è ʚʽʜʢʣʶʯʘʻʪʴʩʷ. 

ɺ ʧʦʟʠʮʽʷʭ 40,41 ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ, ʱʦ ʘʢʪʠʚʫʻʪʴʩʷ ʨʝʟʝʨʚʥʠʡ ʤʝʨʝʞʝʚʠʡ ʘʜʘʧʪʝʨ çeth1è 

ɺ ʧʦʟʠʮʽʾ 52 ʩʧʦʚʽʱʘʻʪʴʩʷ, ʱʦ ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʩʝʩʽʷ ʢʦʨʠʩʪʫʚʘʯʘ SWM, ʷʢʘ ʙʫʣʘ ʧʨʠʧʠʥʝʥʘ ʯʝʨʝʟ 

ʚʠʭʽʜ ʽʟ ʣʘʜʫ ʤʝʨʝʞʝʚʦʛʦ ʘʜʘʧʪʝʨʘ çeth0è. 

ʅʘʧʨʷʤʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʘʞʣʠʚʠʤ ʥʘʧʨʷʤʦʤ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʊ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʩʪʨʫʢʪʫʨʽ 

ɯʊ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʧʨʦʮʝʩʘʭ ʦʙʯʠʩʣʝʥʴ. ɰʭ ʚʨʘʭʫʚʘʥʥʷ ʚ ʟʘʛʘʣʴʥʦʤʫ ʢʨʠʪʝʨʽʾ 

ʚʠʟʥʘʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʊ ʜʦʟʚʦʣʠʪʴ ʟʙʘʣʘʥʩʫʚʘʪʠ ʪʘʢʽ ʚʝʣʠʯʠʥʠ ʷʢ ʞʠʚʫʯʽʩʪʴ, ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʪʘ ʟʘʭʠʩʪ 

ʽʥʬʦʨʤʘʮʽʾ, ʚʠʨʘʞʝʥʽ ʚ ʢʽʣʴʢʽʩʥʦʤʫ ʚʠʛʣʷʜʽ, ʪʘ ʩʪʘʥʝ ʦʩʥʦʚʦʶ ʨʦʟʨʦʙʢʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʾ ɯʊ ʟ ʧʦʢʨʘʱʝʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ɯʊ ʥʘ ʦʩʥʦʚʽ ʚʨʘʭʫʚʘʥʥʷ 

ʢʽʣʴʢʽʩʥʠʭ ʚʝʣʠʯʠʥ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʪʘ ʞʠʚʫʯʽʩʪʴ, ʪʘ ʤʦʞʝ ʙʫʪʠ ʨʦʟʰʠʨʝʥʠʡ ʜʣʷ 

ʚʨʘʭʫʚʘʥʥʷ ʽʥʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʚʝʣʠʯʠʥ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ ʪʘ ʞʠʚʫʯʦʩʪʽ ɯʊ 

ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʟʘʭʦʜʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʦʪʨʠʤʘʥʦ ɯʊ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʣʷ ʨʽʟʥʠʭ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʜʝ ʩʫʧʨʦʚʦʜʞʫʚʘʥʥʽ ʧʨʦʮʝʩʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʽʨʨʝʘʣʴʥʦʛʦ ʘʙʦ ʥʝʨʝʘʣʴʥʦʛʦ ʯʘʩʫ 

ʽʟ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʽʜʤʦʚʦʩʪʽʡʢʦʩʪʽ, ʞʠʚʫʯʦʩʪʽ ʪʘ ʟʘʛʘʣʦʤ ʨʝʟʠʣʝʥʪʥʦʩʪʽ ʽ, ʚ ʪʦʡ ʞʝ ʯʘʩ, 

ʧʨʠʡʥʷʪʥʠʤ ʨʽʚʥʠʤ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ ʥʘ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʶ. 


