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XOPS AS çUNIVERSAL SOLDIER è ON THE BIG DATA çBATTLEFIELD è 

 
ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʦʙʦʚôʷʟʢʠ ʪʘ ʚʘʞʣʠʚʽʩʪʴ XOps ʫ ʦʙʣʘʩʪʽ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʪʘ ʘʥʘʣʽʟʫ, 

ʨʦʟʢʣʘʜʝʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʤʥʦʞʠʥʘ ʧʦʟʠʮʽʡ, ʱʦ ʚʢʣʘʜʝʥʘ ʫ ʩʧʝʮʽʘʣʽʟʘʮʽʶ XOps. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Big Data, XOps, DevOps, SecOps, AIOps, MLOps, manage application, 

machine learning, operations. 

 

Introduction.  Nowadays, oil for IT-world called Big Data is one of the most 

popular, mainstream, and expensive things. Everyone surrounded by data, which 

demand a lot of space, algorithms to analyze and power to give a conclusion. And 

business enunciate expanding of big data as progressive fresh product in the market. 

Formulation of the problem. Big Data area calls for managing the solutions 

of applications. Operations being a part of any IT-product provide the ideal way to do 

this. XOps [1, 2] is a combined total of plenty different positions/methodologies that 

provide support for the application in the delivery of the final product, monitoring, 

version control, fault tolerance, process automation (Fig 1). The requirements that 

emerge from the Big Data area include knowledge of machine learning, the ability to 

improve data analysis, and experience of work with cloud technologies. 

 

 
 

Figure 1. Structure of XOps 

 

Each of the positions/methodologies has its óOpsô ending meaning that a 

person should be involved in the operation, the main aim of which is to connect three 

processes: development, testing and maintenance. Therefore, only the environment 

and the direction change, and the ñuniversal soldierò is the combination of different 

positions into one methodology. 
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The main content of the work. DevOps (Development Operations) is the 

most common position, as is SecOps (Fig. 1). The main work of such specialist is to 

set up pipelines, continuously deliver the product to the end user, automate the 

process of continuous testing (both in pipelines and in the form of regression testing), 

support services and project builds (Fig. 2). However, in the case of big data, this 

specialization requires a deep dive into the cloud services and the use of resources 

provided by another company for data storage and analysis. 
 

 
Figure 2. DevOps lifecycle [3] 

 

The purpose SecOps (Security Operations) unlike DevOps is to protect and 

secure the project. The responsibility of SecOps is to provide the safety of the data on 

any digital media, create a safe space for the project, configurate the analysis of 

suspicious activities, and eliminate them if necessary. 

Both of SecOps and DevOps are in any project, including the ones that do not have a 

sufficiently large amount of incoming information for processing by the application. 

As a rule, GitOps and DevOps have the same responsibilities due to the 

specificity of the work. However, DevOpsô list of duties also includes version 

control, the overwhelming majority of which is the Git system. 

BizDevOps (Business Development Operations) [4] is more about a 

methodology than specialization, which involves working with business in a 

collaborative manner, which constantly analyzes the market, the needs of the current 

client and prioritizes the tasks in the current moment to maximize the income from 

the product (Fig. 3). 

 
 

Figure 3. BizDevOps lifecycle [5] 
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The need for MLOps (Machine Learning Operations) [6] appears on a project 

with the addition of machine learning. Such specialists go deep into model 

optimization, training tuning, scaling, diagnostics, and forecasting that demands 

much more steps for the development and delivery of the product (Fig. 4). 
 

 
Figure 4. MLOps lifecycle [7] 

 

AIOps, as its name suggests, is an artificial intelligence that partially takes on 

the responsibilities of a specialist in the field of monitoring, analyzing, correlating, 

contextualizing, and forecasting. The task of such specialists is aimed at machine 

learning in order to process a huge amount of data on the side of the logs and 

environment metrics, the state of the network and information about the traffic of 

coming requests. The programs allow you to detect anomalies in the system, analyze 

the causes and suppress minor warnings grouping them by context. 
 

 
 

Figure 5. Variety of the óOpsô [9] 
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This trend towards creating a huge number of directions among operations has 

already existed for a relatively long time and is constantly growing (Fig. 5). The 

concept of XOps became popular only at the end of 2021 - the beginning of 2022 [8]. 

Conclusions, having so many tasks, XOps cannot be one single person due to 

the number of responsibilities for configuration, environment maintenance, model 

analysis, and machine learning. This methodology can be represented by three 

specializations - DevOps, SecOps and MLOps. The greater the division of 

responsibilities between a large number of specialists, the more quality there will be 

in the work performed and in the product support. 
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ʦʧʝʨʘʪʦʨʽʚ, ʧʨʠʩʪʦʩʦʚʘʥʠʭ ʜʦ ʝʪʘʣʦʥʽʚ ʢʣʘʩʽʚ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʦʙ'ʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʜʝʨ ʤʘʪʨʠʮʴ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʯʝʨʝʟ ʤʽʥʽʤʽʟʘʮʽʶ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʤʠʣʢʠ ʧʨʠ 

ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚʠʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ ʡʦʛʦ ʦʮʽʥʢʦʶ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙ'ʻʢʪ ʢʝʨʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ, ʧʝʨʝʙʫʜʦʚʘʥʽ ʦʧʝʨʘʪʦʨʠ. 

 

ɺʩʪʫʧ. ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʩʠʛʥʘʣʽʚ ʧʨʠ ʢʦʥʪʨʦʣʽ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢʽ ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʚʠʙʦʨʽ ʙʘʟʠʩʥʦʾ ʩʠʩʪʝʤʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʜʝʢʚʘʪʥʽʩʪʴ ʘʥʘʣʽʟʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʠ ʚʠʩʦʢʦʤʫ ʩʪʫʧʝʥʽ 

ʜʝʢʦʨʝʣʷʮʽʾ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [1]. ʋ [2] ʚʠʢʣʘʜʝʥʦ ʧʽʜʭʽʜ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʯʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʾʭ ʧʦʜʘʥʥʽ 

ʯʝʨʝʟ ʫʟʘʛʘʣʴʥʝʥʝ ʩʧʝʢʪʨʘʣʴʥʝ ʷʜʨʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʝʟʣʽʯ ʙʘʟʠʩʥʠʭ 

ʩʠʩʪʝʤ ʬʫʥʢʮʽʡ ʟ ʘʣʛʦʨʠʪʤʘʤʠ ʰʚʠʜʢʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɺ ʦʩʥʦʚʽ ʤʘʪʨʠʯʥʦ-

ʷʜʝʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʣʝʞʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʠʥʪʝʟʫ 

ʙʘʟʠʩʫ ʟ ʝʣʝʤʝʥʪʘʨʥʠʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨ-ʷʜʝʨ, ʫʟʘʛʘʣʴʥʝʥʘ ʬʦʨʤʘ ʷʢʠʭ ʤʘʻ ʚʠʛʣʷʜ: 

 

ù
ú

ø
é
ê

è

-
=

Q

Q

rl
j

rl

rl
j

rl
rl

rl

rl

e

e
V

jj

jj

cossin

sincos
2 , 

 

ʜʝ [ ] [ ] 12,1;,1;2,0;2,0 -==ÍQÍ n
rl lnrppj  

ʂʫʪʠ ʧʘʨʘʤʝʪʨʠ ʻ ʩʪʫʧʝʥʷʤʠ ʩʚʦʙʦʜʠ ʷʜʨʘ ʽ ʚʠʟʥʘʯʘʶʪʴ ʢʦʥʢʨʝʪʥʽ 

ʝʣʝʤʝʥʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. 

ʂʦʥʮʝʧʮʽʷ ʷʜʝʨʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʷʢ ʩʧʨʦʱʫʻ 

ʧʨʦʮʝʜʫʨʫ ʾʭ ʩʠʥʪʝʟʫ, ʘ ʡ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʟʘ ʢʦʤʧʣʝʢʩʦʤ 

ʢʨʠʪʝʨʽʾʚ ʚʠʙʽʨ ʙʘʟʠʩʫ. ʆʜʥʘʢ ʥʘ ʞʘʣʴ ʮʽ ʙʘʟʠʩʠ ʥʝ ʻ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʟʘ ʂʘʨʫʥʝʥʦʤ-ʃʦʝʚʦʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ.. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʙʘʟʠʩʥʠʭ ʬʫʥʢʮʽʡ ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʧʦ 

ʂʘʨʫʥʝʥʫ-ʃʦʝʚʫ ʟ ʘʣʛʦʨʠʪʤʘʤʠ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ 
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ʦʩʦʙʣʠʚʦʩʪʽ ʘʥʘʣʽʟʦʚʘʥʠʭ ʩʠʛʥʘʣʽʚ, ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʧʝʨʝʙʫʜʦʚʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʉʧʝʢʪʨʘʣʴʥʠʡ ʦʧʝʨʘʪʦʨ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ 

[1], ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʦ ʝʪʘʣʦʥʘ ʢʣʘʩʫ m ʵʪX  ʚ ʪʦʤʫ ʩʝʥʩʽ, ʱʦ ʫ ʩʧʝʢʪʨʘʣʴʥʦʾ 

ʦʙʣʘʩʪʽ ʙʘʟʠʩʫ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ, ʝʪʘʣʦʥʫ ʟʽʩʪʘʚʣʷʻʪʴʩʷ ʚʩʴʦʛʦ ʦʜʠʥ 

ʢʦʝʬʽʮʽʻʥʪ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ. ɹʘʟʠʩ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ, ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ 

ʝʪʘʣʦʥʘ ʚ ʩʝʥʩʽ ʢʨʠʪʝʨʽʶ ʝʥʪʨʦʧʽʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʟʥʘʢ. ɿʘ ʧʨʦʮʝʜʫʨʦʶ ʧʦʙʫʜʦʚʠ 

ʙʘʟʠʩʫ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ ʵʪX  ʻ ʧʝʨʰʠʡ ʨʷʜʦʢ ʤʘʪʨʠʮʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ. ʇʦʟʥʘʯʠʤʦ ʤʘʪʨʠʮʶ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ, 

ʜʣʷ ʢʣʘʩʫ m ʷʢ [ ]Tm
N

m
2

m
1

m B,...,B,BB = . ɼʣʷ ʨʷʜʢʽʚ m
iB  ʤʘʪʨʠʮʽ Bm ʚʠʢʦʥʫʶʪʴʩʷ 

ʫʤʦʚʠ ʦʨʪʦʥʦʨʤʫʚʘʥʥʷ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʘ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʟʘ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʤʠ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ Xm ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʠʪʠ ʜʠʩʢʨʝʪʥʽ 

ʩʧʝʢʪʨʠ { } Mm ,1, =mY :  

 

XB
1

Y mm

N
= . 

 

ɺʝʢʪʦʨ Ym ʚ (1) ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʢʪʦʨ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦ ʩʠʩʪʝʤʽ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ Bm, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ ʜʣʷ ʢʣʘʩʫ m. ʋ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʤʝʪʦʜʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʝʢʪʦʨʘ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʧʘʨʘʣʝʣʴʥʦ 

ʬʦʨʤʫʶʪʴʩʷ m ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʧʦ N ʦʟʥʘʢ ʚ ʢʦʞʥʽʡ ʩʠʩʪʝʤʽ.  

ɼʣʷ ʢʦʞʥʦʛʦ ʚʝʢʪʦʨʘ Xm, ʱʦ ʥʘʣʝʞʠʪʴ ʢʣʘʩʫ m ʚʝʢʪʦʨʽʚ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ, 

ʦʪʨʠʤʘʻʤʦ Ym=BmXm, ʜʝ [ ]m
N

mm ,...,x,xx 21=mTX ; [ ]m
N

mm ,...,y,yy 21=mTY . ɺʠʨʘʟ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ Xm ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ 

 

ä
=

=+++=
N

i
i

m
i

m
N

mm yy...yy
1

21
mm

N
m
2

m
1

m BBBBX . 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʥʝʦʙʭʽʜʥʦ, 

ʱʦʙ ʚʦʥʠ ʘʜʝʢʚʘʪʥʦ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚʝʢʪʦʨ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ Xm. ɼʣʷ ʦʮʽʥʢʠ 

ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʡ ʢʨʠʪʝʨʽʡ. 

ʆʪʨʠʤʘʻʤʦ ʦʮʽʥʢʫ mX
~

 ʚʝʢʪʦʨʘ Xm, ʧʨʝʜʩʪʘʚʠʚʰʠ ʡʦʛʦ ʄ ʯʣʝʥʘʤʠ. ʈʝʰʪʘ N-M 

ʢʦʦʨʜʠʥʘʪ m
iy  ʟʘʤʽʥʠʤʦ ʢʦʥʩʪʘʥʪʘʤʠ m

ic . ʊʦʜʽ  
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~ mmm BBX . 
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ʇʦʤʠʣʢʘ ʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʚʝʢʪʦʨʘ mX  ʡʦʛʦ ʦʮʽʥʢʦʶ mX
~

 ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ ʧʦʤʠʣʢʠ:   
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--=D
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mmmm BBXX . 

 

ʇʽʩʣʷ ʨʷʜʫ ʧʝʨʝʪʚʦʨʝʥʴ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʧʦʤʠʣʢʘ ʧʨʠ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 

ʚʝʢʪʦʨʘ mX  ʚʝʢʪʦʨʦʤ mX
~

 ʚʠʟʥʘʯʠʪʴʩʷ ʪʘʢ:  

 

mm
x

m BKB
T

i

N

Mi
i

m ä
+=

=
1

s , 

 

ʜʝ mxK  ï ʢʦʚʘʨʽʘʮʽʡʥʘ ʤʘʪʨʠʮʷ mX . 

ɽʣʝʤʝʥʪʠ ʚʝʢʪʦʨʽʚ mBi ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʷʜʝʨ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʦʧʝʨʘʪʦʨʘ mB . ʆʩʢʽʣʴʢʠ ʚ ʜʝʷʢʽʡ ʯʘʩʪʠʥʽ ʷʜʝʨ ʧʘʨʘʤʝʪʨʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʚʠʭʽʜʥʦʛʦ ʝʪʘʣʦʥʘ, ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʧʦʜʘʣʴʰʫ ʦʧʪʠʤʽʟʘʮʽʶ ʙʘʟʠʩʫ ʧʽʜ ʚʠʤʦʛʫ 

ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʫʜʦʩʢʦʥʘʣʝʥʽ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙ'ʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʝʨʝʙʫʜʦʚʘʥʠʭ ʤʘʪʨʠʯʥʠʭ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʩʠʥʪʝʟʦʚʘʥʠʡ 

ʟʘ ʝʪʘʣʦʥʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. 

ɺʠʩʥʦʚʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʙʫʜʦʚʫʚʘʥʠʭ 

ʩʫʙʦʧʪʠʤʘʣʴʥʠʭ ʧʦ ʂʘʨʫʥʝʥʫ-ʃʦʝʚʫ ʙʘʟʠʩʽʚ ʜʦʟʚʦʣʷʻ ʚʠʙʨʘʪʠ ʧʦʙʫʜʫʚʘʪʠ 

ʙʘʟʠʩʠ, ʱʦ ʚʨʘʭʦʚʫʶʪʴ ʷʢ ʛʣʦʙʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʚʩʴʦʤʫ ʽʥʪʝʨʚʘʣʽ ʚʠʟʥʘʯʝʥʥʷ, ʪʘʢ ʽ ʚʝʡʚʣʝʪʦʧʦʜʽʙʥʽ ʙʘʟʠʩʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ 

ʣʦʢʘʣʴʥʽ ʟʤʽʥʠ ʩʠʛʥʘʣʫ ʧʦʜʽʙʥʦ ʜʦ ʚʝʡʚʣʝʪʽʚ ʍʘʘʨʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʚ ʨʘʤʢʘʭ 

ʻʜʠʥʦʛʦ ʧʽʜʭʦʜʫ ʧʦʻʜʥʘʪʠ ʧʝʨʝʚʘʛʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ 

ʩʠʛʥʘʣʽʚ ʧʽʜ ʯʘʩ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ. 

 
ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 

1. Power Engineering, Control and Information Technologies in Geotechnical Systems / [ʧʽʜ 

ʨʝʜ. Genadiy Pivnyak, Oleksandr Beshta, Mykhaylo Alekseyev]. - Leiden: CRC Press/Balkema, 

2015. - 220 ʩ. 

2. Energy Efficiency Improvement of Geotechnical Systems: International Forum on Energy 

Efficiency / [ʧʽʜ ʨʝʜ. Genadiy Pivnyak, Oleksandr Beshta, Mykhaylo Alekseyev]. - Leiden : CRC 

Press/Balkema, 2013. - 244 ʩ. 
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ɯ.ʄ. ʋʜʦʚʠʢ1, ʃ.ɯ. ʄʝʱʝʨʷʢʦʚ1, ɭ.ʉ. ʇʦʧʦʚʘ1, ʆ.ɯ. ʉʠʨʦʪʢʥ̔ʘ2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

2School of Computer Science University of Windsor, Windsor, Ontario, Kanada 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʌʈɽʁʄɺʆʈʂʋ FLUTTER  ʇʈʀ 

ʈʆɿʈʆɹʎɯ ɺʀʉʆʂʆɼʀʅɸʄɯʏʅʀʍ ʄʆɹɯʃʔʅʀʍ ɼʆɼɸʊʂɯɺ 

 
ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʧʨʦʮʝʩ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʨʝʡʤʚʦʨʢʫ Flutter ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʚʠʩʦʢʦʜʠʥʘʤʽʯʥʠʭ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʝʢʣʘʨʘʪʠʚʥʦʛʦ 

ʧʽʜʭʦʜʫ ʬʨʝʡʤʚʦʨʢʫ Flutter ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʾ ʙʘʟʠ ʢʦʜʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʬʨʝʡʤʚʦʨʢ, iOS, Android, 

Flutter, Dart, React Native. 

 

ɺʩʪʫʧ. ʄʦʙʣ̔ʴʥʽ ʜʦʜʘʪʢʠ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʙʝʨʫʪʴ ʙʝʟʧʦʩʝʨʝʜʥʶ 

ʫʯʘʩʪʴ ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ. ɯʩʥʫʻ ʮʽʣʠʡ ʨʷʜ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ: ʩʦʮʽʘʣʴʥʽ ʤʝʨʝʞʽ, 

ʝʣʝʢʪʨʦʥʥʘ ʧʦʰʪʘ, ʦʥʣʘʡʥ ʧʦʢʫʧʢʠ, ʪʨʘʥʩʧʦʨʪʥʽ ʜʦʜʘʪʢʠ, ʜʦʜʘʪʢʠ ʜʣʷ ʦʙʤʽʥʫ 

ʪʝʢʩʪʦʚʠʤʠ ʪʘ ʚʽʜʝʦʧʦʚʽʜʦʤʣʝʥʥʷʤʠ ʪʦʱʦ. 

ɯʩʥʫʶʪʴ ʤʽʣʴʡʦʥʠ ʜʦʜʘʪʢʽʚ, ʜʦʩʪʫʧʥʠʭ ʫ ʨʽʟʥʠʭ ʤʘʛʘʟʠʥʘʭ ʤʦʙʽʣʴʥʠʭ 

ʜʦʜʘʪʢʽʚ, ʪʘʢʠʭ ʷʢ Google Play Store ʪʘ App Store. ʇʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʝ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʦʥʫʢʘʻ ʢʦʤʧʘʥʽʾ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʦʟʨʦʙʥʠʢʽʚ ʽʥʚʝʩʪʫʚʘʪʠ 

ʩʚʽʡ ʯʘʩ ʪʘ ʛʨʦʰʽ ʚ ʨʦʟʨʦʙʢʫ ʜʦʜʘʪʢʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʮʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʘʢʠʡ 

ʚʠʩʦʢʠʡ ʧʦʧʠʪ ʟʤʫʩʠʚ ʢʦʤʧʘʥʽʾ ʪʘ ʨʦʟʨʦʙʥʠʢʽʚ ʰʫʢʘʪʠ ʥʦʚʽ ʩʧʦʩʦʙʠ ʨʦʟʨʦʙʢʠ 

ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ (ʄɼ) ʜʣʷ ʦʭʦʧʣʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ 

ʤʝʥʰʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʨʦʟʨʦʙʢʫ. 

ʈʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʤʦʙʽʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʙʫʣʘ ʦʩʥʦʚʥʦʶ ʧʝʨʝʰʢʦʜʦʶ ʜʣʷ 

ʙʽʟʥʝʩʫ ʪʘ ʨʦʟʨʦʙʥʠʢʽʚ ʜʣʷ ʧʦʰʫʢʫ ʥʦʚʠʭ ʰʣʷʭʽʚ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, 

ʘ ʥʝ ʩʣʽʜʫʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʥʝʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʘʤ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʠʭ 

ʜʦʜʘʪʢʽʚ ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʧʣʘʪʬʦʨʤʫ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʦʙʢʘ 

ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʧʦʪʨʝʙʫʻ ʯʘʩʪʠʭ ʫʜʦʩʢʦʥʘʣʝʥʴ ʪʘ ʘʜʘʧʪʘʮʽʡ, ʱʦʙ 

ʚʽʜʧʦʚʽʜʘʪʠ ʰʚʠʜʢʦʟʤʽʥʥʠʤ ʚʠʤʦʛʘʤ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ɺʠʨʦʙʥʠʢʠ ʧʦʨʪʘʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚʩʝ ʯʘʩʪʽʰʝ ʘʜʘʧʪʫʶʪʴ ʥʦʚʽ ʜʠʟʘʡʥʠ, 

ʷʢʽ ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ ʟʤʽʥʠ ʨʦʟʤʽʨʽʚ ʝʢʨʘʥʫ ʧʨʠʩʪʨʦʶ ʜʦ ʧʦʣʽʧʰʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʩʪʨʦʶ. ʊʦʞ ʨʦʟʨʦʙʢʘ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʥʠʥʽ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʟʘʚʜʘʥʴ ʚ ʩʬʝʨʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɿʨʦʩʪʘʻ ʧʦʪʨʝʙʘ ʚ 

ʨʦʟʨʦʙʮʽ ʷʢʽʩʥʦʛʦ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʫʯʘʩʥʠʤ ʪʝʥʜʝʥʮʽʷʤ ʧʨʦʜʫʢʪʫ. 

ʋʩʧʽʭ ʽ ʚʽʜʧʦʚʽʜʥʦ ʽ ʷʢʽʩʪʴ ʄɼ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʦʨʫ ʧʣʘʪʬʦʨʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʡʦʛʦ ʨʦʟʨʦʙʢʠ. ʉʘʤʝ ʚʦʥʠ ʟʫʤʦʚʣʶʶʪʴ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ ʽ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʜʦʜʘʪʢʫ, ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ 

ʩʢʣʘʜʥʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʊʘʢʦʞ ʮʝ ʚʧʣʠʚʘʻ ʽ ʥʘ ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ. ʉʴʦʛʦʜʥʽ 

ʽʩʥʫʶʪʴ ʨʽʟʥʽ ʤʝʪʦʜʠ ʽ ʬʨʝʡʤʚʦʨʢʠ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʄɼ. ʊʘʢʠʤ 
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ʯʠʥʦʤ, ʤʦʞʣʠʚʦʩʪʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʨʦʙʢʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. 

ʊʦʞ ʚʠʙʽʨ ʤʝʪʦʜʫ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ī ʮʝ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʝʪʘʧ 

ʚ ʡʦʛʦ ʨʦʟʨʦʙʮʽ, ʥʘ ʷʢʠʡ ʚʧʣʠʚʘʶʪʴ ʢʽʣʴʢʘ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʪʝʭʥʽʯʥʘ ʦʮʽʥʢʘ 

ʨʦʟʨʦʙʥʠʢʽʚ, ʧʦʪʨʝʙʘ ʚ ʜʦʩʪʫʧʽ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʧʨʠʩʪʨʦʾ, ʚʧʣʠʚ ʰʚʠʜʢʦʩʪʽ 

ʽʥʪʝʨʥʝʪʫ ʥʘ ʜʦʜʘʪʦʢ. ɺʠʙʽʨ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʧʣʘʪʬʦʨʤʠ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʶʜʞʝʪʫ ʽ ʚʠʤʦʛ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʤʘʡʙʫʪʥʴʦʛʦ ʜʦʜʘʪʢʫ. 

ʆʪʞʝ, ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʧʦʚʠʥʝʥ ʘʜʘʧʪʫʚʘʪʠʩʷ ʜʦ ʚʩʽʭ ʮʠʭ ʥʦʚʠʭ ʟʤʽʥ, 

ʱʦʙ ʟʙʝʨʝʛʪʠ ʩʚʦʾʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʍʦʯʘ ʽʩʥʫʶʪʴ ʤʽʣʴʡʦʥʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʥʘ 

ʨʽʟʥʠʭ ʨʠʥʢʘʭ ʜʦʜʘʪʢʽʚ, ʾʭ ʟʘʛʘʣʦʤ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ: ʜʦʜʘʪʢʠ 

ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʧʣʘʪʬʦʨʤ, ʘʜʘʧʪʠʚʥʽ ʚʝʙ-ʜʦʜʘʪʢʠ ʪʘ ʢʨʦʩ-ʧʣʘʪʬʦʨʤʥʽ ʥʘʪʠʚʥʽ 

ʜʦʜʘʪʢʠ [2]. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʚôʷʟʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

Å ʇʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʘʡʤʘʪʠʩʷ 

ʦʜʥʦʯʘʩʥʦʶ ʨʦʟʨʦʙʢʦʶ ʧʽʜ ʨʽʟʥʽ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. (ʟʜʽʡʩʥʠʪʠ ʚʠʙʽʨ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ, ʜʦʩʣʽʜʠʚʰʠ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ ʜʣʷ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ Android ʪʘ iOS.). 

Å ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʥʦʚʝ ʨʽʰʝʥʥʷ ʚʽʜ Google ï ʬʨʝʡʤʚʦʨʢ Flutter, ʷʢ ʟʘʩʽʙ 

ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. 

Å ɿʜʽʡʩʥʠʪʠ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʤʦʜʝʣʽ ʫʩʽʭ ʤʦʞʣʠʚʠʭ 
ʨʽʰʝʥʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ. 

Å ʈʦʟʨʦʙʠʪʠ ʜʦʜʘʪʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʨʝʡʤʚʦʨʢʫ Flutter ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 
ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

Å ʇʽʜʚʝʩʪʠ ʧʽʜʩʫʤʢʠ ʱʦʜʦ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʴʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʨʦʟʨʦʙʢʠ 
ʤʦʙʽʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ 

ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʦʟʨʦʙʣʷʪʠ ʜʦʜʘʪʢʠ ʜʣʷ ʨʽʟʥʠʭ 

ʧʣʘʪʬʦʨʤ. ʇʝʨʝʚʘʛʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʭ ʜʦʜʘʪʢʽʚ ʪʘʢʽ:  

ï ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʘʜʘʧʪʘʮʽʶ ʽʩʥʫʶʯʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʙʦ ʨʦʟʨʦʙʢʫ ʥʦʚʦʛʦ;  

ï ʚʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʟʘʚʜʷʢʠ ʢʦʤʧʽʣʷʮʽʾ JavaScript ʚ ʥʘʪʠʚʥʠʡ ʢʦʜ;  

ï ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʘʭʽʚʮʝʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʧʽʜ 2-

3 ʤʦʙʽʣʴʥʽ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʘ ʢʨʦʩʧʣʘʪʬʦʨʤʥʦʤʫ ʬʨʝʡʤʚʦʨʢʫ;  

ï ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʥʘʪʠʚʥʠʭ ʤʦʜʫʣʽʚ.  

ʅʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ ʪʘʢʠʤʠ ʬʨʝʡʤʚʦʨʢʘʤʠ ʻ: React Native, Xamarin, 

Flutter ʪʦʱʦ. ʈʦʟʛʣʷʥʝʤʦ ʜʝʪʘʣʴʥʽʰʝ ʪʘʢʽ ʬʨʝʡʤʚʦʨʢʠ ʷʢ React Native ʪʘ Flutter, 

ʷʢ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʥʘ ʜʘʥʠʡ ʯʘʩ.  

ʌʨʝʡʤʚʦʨʢ React Native. React Native ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ HTML. ʅʘʪʦʤʽʩʪʴ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʟ ʧʦʪʦʢʫ JavaScript ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ 

ʥʘʪʠʚʥʠʤʠ View. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ React Native ʜʫʞʝ ʩʭʦʞʠʡ ʟ React, ʟʘ 

ʚʠʥʷʪʢʦʤ ʦʜʥʦʛʦ ʚʘʞʣʠʚʦʛʦ ʤʦʤʝʥʪʫ - React Native ʥʝ ʤʘʥʽʧʫʣʶʻ DOM ʟʘ 
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ʜʦʧʦʤʦʛʦʶ Virtual DOM, ʪʦʤʫ ʱʦ ʚ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʘʭ ʚʽʥ ʚʽʜʩʫʪʥʽʡ. Virtual 

DOM ʧʨʘʮʶʻ ʫ ʬʦʥʦʚʦʤʫ ʧʨʦʮʝʩʽ, ʷʢʠʡ ʽʥʪʝʨʧʨʝʪʫʻ JavaScript, ʱʦ ʥʘʧʠʩʘʥʠʡ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʙʽʣʴʥʠʤʠ ʨʦʟʨʦʙʥʠʢʘʤʠ, ʥʘ ʢʽʥʮʝʚʦʤʫ ʧʨʠʩʪʨʦʾ ʽ ʩʧʽʣʢʫʻʪʴʩʷ 

ʽʟ ʥʘʪʠʚʥʦʶ ʢʦʜʦʚʦʶ ʙʘʟʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝ-ʨʽʘʣʽʟʘʮʽʾ, ʧʘʢʝʪʥʦʛʦ ʪʘ 

ʘʩʠʥʭʨʦʥʥʦʛʦ ʤʦʩʪʽʚ. ʅʘʷʚʥʠʡ ʢʦʜ ʦʙʝʨʪʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʪʠʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʥʘʪʠʚʥʠʤʠ application programming interface 

(API) ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʢʣʘʨʘʪʠʚʥʦʾ ʧʘʨʘʜʠʛʤʠ JavaScript ʪʘ ʽʥʪʝʨʬʝʡʩʫ 

ʢʦʨʠʩʪʫʚʘʯʘ.  

ʎʝ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʣʷʪʠ ʥʘʪʠʚʥʽ ʧʨʦʛʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʚʝʣʠʢʠʭ ʢʦʤʘʥʜ ʨʦʟʨʦʙʥʠʢʽʚ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʥʘ ʦʙʤʝʞʠʪʠʩʷ ʦʜʥʠʤ 

ʨʦʟʨʦʙʥʠʢʦʤ.  

ʌʨʝʡʤʚʦʨʢ Flutter. Flutter ʧʨʝʜʩʪʘʚʣʷʻ ʬʨʝʡʤʚʦʨʢ ʚʽʜ ʢʦʤʧʘʥʽʾ Google, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʢʨʦʩʧʣʘʪʬʦʨʤʥʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʢʦʜ. ʉʧʝʢʪʨ ʧʣʘʪʬʦʨʤ, ʚ ʷʢʠʭ ʚʽʥ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ, ʰʠʨʦʢʠʡ - ʮʝ ʚʝʙ-ʜʦʜʘʪʢʠ, ʤʦʙʽʣʴʥʽ ʧʨʦʛʨʘʤʠ ʧʽʜ Android ʪʘ 

iOS, ʛʨʘʬʽʯʥʽ ʧʨʦʛʨʘʤʠ ʧʽʜ ʥʘʩʪʽʣʴʥʽ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ Windows, MacOS, 

Linux ʪʦʱʦ.  

ɼʝʙʶʪʥʘ ʚʝʨʩʽʷ Flutter, ʷʢʘ ʧʨʘʮʶʚʘʣʘ ʥʘ ʦʧʝʨʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ Android, 

ʙʫʣʘ ʚʽʜʦʤʘ ʧʽʜ ʢʦʜʦʚʦʶ ʥʘʟʚʦʶ çSkyè. SDK ʙʫʚ ʚʠʩʚʽʪʣʝʥʠʡ ʥʘ ʩʘʤʽʪʽ 

ʨʦʟʨʦʙʥʠʢʽʚ Dart ʫ 2015 ʨʦʢʫ, ʽʟ ʟʘʷʚʢʦʶ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʣʽʜʦʚʥʦ ʚʽʜʦʙʨʘʞʘʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʟ ʯʘʩʪʦʪʦʶ ʙʽʣʴʰ ʥʽʞ 120 ʢʘʜʨʽʚ ʚ ʩʝʢʫʥʜʫ. ʇʽʜ ʯʘʩ ʚʠʩʪʫʧʫ 

ʨʦʟʨʦʙʥʠʢʽʚ ʟ Google ʫ ʐʘʥʭʘʾ ʙʫʣʦ ʦʛʦʣʦʰʝʥʦ Flutter Release Preview 2 - 

ʧʦʪʫʞʥʠʡ ʨʝʣʽʟ ʧʝʨʝʜ ʩʪʘʙʽʣʴʥʠʤ ʨʝʣʽʟʦʤ Flutter 1.0. ʅʘ ʟʘʭʦʜʽ Flutter Live, 4 

ʛʨʫʜʥʷ 2018 ʨʦʢʫ, ʙʫʣʦ ʦʛʦʣʦʰʝʥʦ ʦ Flutter 1.0. ʅʘ ʟʘʭʦʜʽ Flutter Interactive, 11 

ʛʨʫʜʥʷ 2019 ʨʦʢʫ, ʟôʷʚʠʚʩʷ Flutter 1.12 ʪʘ ʙʫʣʦ ʦʛʦʣʦʰʝʥʦ, ʱʦ Flutter - ʮʝ ʧʝʨʰʘ 

ʧʣʘʪʬʦʨʤʘ ʽʥʪʝʨʬʝʡʩʫ, ʱʦ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ.  

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ Flutter ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʚʘ Dart, ʷʢʘ ʤʽʩʪʠʪʴ 

ʙʘʛʘʪʦ ʚʜʦʩʢʦʥʘʣʝʥʴ. ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤ, Flutter ʪʨʘʥʩʣʶʻ ʢʦʜ ʥʘʧʠʩʘʥʠʡ 

ʥʘ Dart ʫ ʥʘʪʠʚʥʠʡ ʢʦʜ ʧʨʦʛʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ Dart AOT (ʢʦʤʧʽʣʷʮʽʷ ʧʨʦʛʨʘʤʠ 

ʧʝʨʝʜ ʡʦʛʦ ʟʘʧʫʩʢʦʤ), ʷʢʫ ʤʦʞʥʘ ʟʘʧʫʩʢʘʪʠ ʥʘ Android ʘʙʦ iOS ʘʙʦ ʽʥʰʽʡ 

ʧʣʘʪʬʦʨʤʽ. ʆʜʥʘʢ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʠ ʜʣʷ ʾʾ ʧʨʠʩʢʦʨʝʥʥʷ Flutter 

ʚʠʢʦʨʠʩʪʦʚʫʻ JIT (ʢʦʤʧʽʣʷʮʽʷ ʧʨʦʛʨʘʤʠ ʧʽʜ ʯʘʩ ʡʦʛʦ ʟʘʧʫʩʢʫ).  

ʑʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʽʜ Flutter? ɼʣʷ ʥʘʧʠʩʘʥʥʷ ʢʦʜʫ 

ʧʨʦʛʨʘʤʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʫʜʴʷʢʠʡ ʫʣʶʙʣʝʥʠʡ ʪʝʢʩʪʦʚʠʡ ʨʝʜʘʢʪʦʨ ʽ 

ʧʦʪʽʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʪʠʣʽʪ ʢʦʤʘʥʜʥʦʛʦ ʨʷʜʢʘ ʟ Flutter SDK ʢʦʤʧʽʣʶʚʘʪʠ 

ʧʨʦʛʨʘʤʫ. ʆʜʥʘʢ ʜʣʷ ʪʘʢʠʭ ʩʝʨʝʜʦʚʠʱ, ʷʢ Android Studio ʪʘ IntelliJ IDEA, ʘ 

ʪʘʢʦʞ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ Visual Studio Code, ʢʦʤʧʘʥʽʷ Google ʚʠʧʫʩʪʠʣʘ 

ʩʧʝʮʽʘʣʴʥʽ ʧʣʘʛʽʥʠ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʧʨʦʩʪʠʪʠ ʨʦʟʨʦʙʢʫ. ʊʦʤʫ ʥʘʡʯʘʩʪʽʰʝ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʧʽʜ Flutter ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʘʤʝ Android Studio ʪʘ IntelliJ IDEA.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ React Native 

ʪʘ Flutter ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ, ʽʥʪʝʛʨʘʮʽʾ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʽʻʾ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʭ ʤʦʙʽʣʴʥʠʭ 
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ʜʦʜʘʪʢʽʚ ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ: ʚ ʤʝʜʠʮʠʥʽ ʪʘ ʦʭʦʨʦʥʽ ʟʜʦʨʦʚôʷ, ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʩʪʫʜʝʥʪʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʯʠʪʘʥʥʷ ʧʦ ʛʫʙʘʭ, ʤʠʪʪʻʚʠʭ ʧʝʨʝʢʣʘʜʘʯʽʚ, 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʢʦʤʝʨʮʽʡʥʠʭ ʮʽʣʷʭ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʜʣʷ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʩʘʤʦʢʝʨʫʶʯʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʜʘʞʽʚ ʽ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʩʧʦʞʠʚʘʯʘʤʠ, 

ʥʘʣʘʛʦʜʞʝʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʨʦʜʘʞʽʚ ʪʦʱʦ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦʤʫ ʩʧʦʩʦʙʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʦʙʦʪʠ ʥʘʜ ʚʠʩʦʢʦʜʠʥʘʤʽʯʥʠʤʠ ʤʦʙʽʣʴʥʠʤʠ 

ʜʦʜʘʪʢʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʨʝʡʤʚʦʨʢʫ Flutter, ʷʢʠʡ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʛʘʨʘʥʪʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʘʚʜʷʢʠ ʜʝʢʣʘʨʘʪʠʚʥʦʤʫ ʧʽʜʭʦʜʫ ʜʦ ʧʦʙʫʜʦʚʠ 

ʤʦʙʽʣʴʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʽʻʾ ʨʦʙʦʪʠ ʪʝʦʨʝʪʠʯʥʦ ʽ ʥʘ ʧʨʘʢʪʠʮʽ ʙʫʣʠ 

ʜʦʩʣʽʜʞʝʥʽ ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ï Flutter ʪʘ React 

Native, ʘ ʪʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʧʦʤʽʞ ʥʠʤʠ. 

ɹʫʣʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʽʟʥʠʮʽ ʚ ʧʽʜʭʦʜʘʭ, ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʪʘ ʫ ʧʽʜʪʨʠʤʮʽ 

ʽʩʥʫʶʯʠʭ ʜʦʜʘʪʢʽʚ. ʅʘʨʘʟʽ Flutter ʻ ʩʫʯʘʩʥʽʰʠʤ ʟʘ ʬʨʝʡʤʚʦʨʢ React Native, ʽ 

ʤʦʞʝ ʧʦʭʚʘʣʠʪʠʩʷ ʚʠʱʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ, ʤʦʞʣʠʚʽʩʪʶ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘ 

ʢʨʘʱʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ. Flutter ʟʜʘʪʥʠʡ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʨʦʙʢʫ ʙʽʣʴʰ 

ʤʘʩʰʪʘʙʦʚʘʥʠʭ, ʰʚʠʜʢʠʭ ʪʘ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʜʦʜʘʪʢʽʚ, ʩʫʤʽʩʥʠʭ ʽʟ 

ʯʠʩʣʝʥʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. 

ɿ ʥʘʚʝʜʝʥʦʛʦ ʚʠʱʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ ʬʨʝʡʤʚʦʨʢ Flutter 

ʚʠʧʝʨʝʜʞʘʻ React Native ʟʘ ʧʦʧʫʣʷʨʥʽʩʪʶ ʩʝʨʝʜ ʨʦʟʨʦʙʥʠʢʽʚ, ʪʘ ʙʘʛʘʪʴʤʘ 

ʽʥʰʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʘʣʝ ʚ ʙʽʟʥʝʩʽ, ʥʘʨʘʟʽ, ʚʩʝ ʱʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ React 

Native ʯʝʨʝʟ ʚʽʜʥʦʩʥʦ ʤʦʣʦʜʠʡ ʚʽʢ Flutter. 
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ʋɼʂ 519.876.5 

ɭ.ʆ. ɸʥʪʦʥʝʥʢʦ1, ʃ.ʉ. ʂʦʨʷʰʢʽʥʘ1, ʊ. ˆʝʮ2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
2ʋʥʽʚʝʨʩʠʪʝʪ ʂʦʙʣʝʥʮ-ʃʘʥʜʘʫ, ʂʦʙʣʝʥʮ, ʅʽʤʝʯʯʠʥʘ 

 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɽʇɯɼɽʄɯɰ  

ɿ ʋʈɸʍʋɺɸʅʅʗʄ ʄʆɹɯʃʔʅʆʉʊɯ 

 

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʰʠʨʝʥʥʷ ʽʥʬʝʢʮʽʾ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʤʘʷʪʥʠʢʦʚʦʾ ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʥʘ ʧʨʠʢʣʘʜʽ COVID-19. ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʠʡ ʧʽʜʪʚʝʨʜʞʫʻ ʚʧʣʠʚ ʤʦʙʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʝʢʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ɯʥʬʝʢʮʽʡʥʘ ʤʦʜʝʣʴ, ʤʘʷʪʥʠʢʦʚʘ ʤʽʛʨʘʮʽʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ 

ʽʥʬʝʢʮʽʾ, ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʤʦʙʽʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ. 

 

ɺʩʪʫʧ. ɿʘ ʙʘʛʘʪʦʚʽʢʦʚʫ ʽʩʪʦʨʽʶ ʣʶʜʩʪʚʫ ʜʦʚʦʜʠʣʦʩʴ ʥʝʦʜʥʦʨʘʟʦʚʦ 

ʩʪʠʢʘʪʠʩʷ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ, ʜʝʷʢʽ ʟ ʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʣʠʩʴ ʥʘ 

ʝʧʽʜʝʤʽʾ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʨʦʜʠ ʚʽʨʫʩʫ, ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ, ʾʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, 

ʢʣʽʤʘʪʫ, ʩʘʥʽʪʘʨʥʠʭ ʫʤʦʚ, ʮʝ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʝʢʮʽʾ ʥʘʙʫʚʘʣʦ ʨʽʟʥʠʭ 

ʤʘʩʰʪʘʙʽʚ, ʥʘʡʢʨʫʧʥʽʰʽ ʟ ʷʢʠʭ ʫʥʦʩʠʣʠ ʞʠʪʪʷ ʙʽʣʴʰʝ ʜʝʩʷʪʢʽʚ ʘʙʦ ʥʘʚʽʪʴ 

ʩʦʪʝʥʴ ʤʽʣʴʡʦʥʽʚ ʣʶʜʝʡ. 

ɿʘʨʘʟ, ʟʽ ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ ʤʝʜʠʮʠʥʠ, ʙʽʣʴʰʽʩʪʴ ʚʽʨʫʩʽʚ, ʱʦ 

ʧʨʦʚʦʢʫʚʘʣʠ ʽʥʬʝʢʮʽʾ ʩʪʦʨʽʯʯʷ ʪʦʤʫ, ʥʝ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʛʨʦʟʠ. ʄʘʡʞʝ ʚʽʜ ʫʩʽʭ 

ʟʥʘʡʜʝʥʽ ʣʽʢʠ, ʘʙʦ ʚʦʥʠ ʚʟʘʛʘʣʽ ʧʨʠʧʠʥʠʣʠ ʩʚʦʻ ʽʩʥʫʚʘʥʥʷ ʯʝʨʝʟ ʧʦʢʨʘʱʝʥʥʷ 

ʞʠʪʪʷ ʣʶʜʩʪʚʘ. ɸʣʝ ʚʽʜ ʜʝʷʢʠʭ ʽʥʬʝʢʮʽʡ ʽ ʜʦʩʽ ʥʝʤʘʻ ʣʽʢʽʚ, ʭʦʯʘ ʙʫʣʠ ʟʥʘʡʜʝʥʽ 

ʩʧʦʩʦʙʠ ʩʧʦʚʽʣʴʥʝʥʥʷ ʨʦʟʚʠʪʢʫ ʟʘʨʘʞʝʥʥʷ ʣʶʜʩʪʚʘ. ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʤʦʞʝ 

ʩʪʘʪʠ ɺɯʃ, ʧʦʯʘʪʢʦʤ ʝʧʽʜʝʤʽʾ ʷʢʦʛʦ ʚʚʘʞʘʻʪʴʩʷ 1980 ʨʽʢ, ʪʘ ʘʥʪʠʨʝʪʨʦʚʽʨʫʩʥʘ 

ʪʝʨʘʧʽʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʘʮʽʻʥʪʘʤ ʧʨʦʜʦʚʞʠʪʠ ʩʪʨʦʢ ʞʠʪʪʷ ʧʽʩʣʷ ʟʘʨʘʞʝʥʥʷ. 

ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʜʫʞʝ ʚʘʞʢʦ ʫʷʚʠʪʠ ʩʦʙʽ ʚʽʨʫʩ, ʷʢʠʡ ʟʤʦʞʝ ʧʦʭʠʪʥʫʪʠ 

ʞʠʪʪʷ ʥʝ ʪʽʣʴʢʠ ʥʘ ʷʢʽʡʩʴ ʦʢʨʝʤʽʡ ʯʘʩʪʠʥʽ ɿʝʤʣʽ, ʘʣʝ ʨʦʟʧʦʚʩʶʜʠʪʴʩʷ ʥʘ ʚʩʽ 
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ʢʦʥʪʠʥʝʥʪʠ ʥʘʰʦʾ ʧʣʘʥʝʪʠ, ʬʫʥʜʘʤʝʥʪʘʣʴʥʦ ʟʤʽʥʠʪʴ ʩʧʦʩʽʙ ʞʠʪʪʷ, ʩʧʽʣʢʫʚʘʥʥʷ ʪʘ 

ʢʘʨʜʠʥʘʣʴʥʦ ʚʧʣʠʥʝ ʥʘ ʚʟʘʻʤʦʜʽʶ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʩʝʣʝʥʥʷ. ɿʘʨʘʜʠ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʧʦʰʠʨʝʥʥʷ ʽʥʬʝʢʮʽʾ, ʷʢʘ ʧʦʪʽʤ ʥʦʩʠʪʠʤʝ ʥʘʟʚʫ COVID-19 ʪʘ 

ʧʝʨʝʨʦʩʪʝ ʫ ʧʘʥʜʝʤʽʶ, ʙʫʜʫʪʴ ʧʨʠʡʥʷʪʽ ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʦʪʠʝʧʽʜʝʤʽʯʥʽ ʟʘʭʦʜʠ, ʘʣʝ 

ʦʜʥʠʤ ʽʟ ʧʝʨʰʠʤ ʪʘ ʥʘʡʙʽʣʴʰ ʦʯʝʚʠʜʥʠʭ ʪʘ ʜʽʻʚʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʰʢʦʜʞʘʥʥʶ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʽʥʬʝʢʮʽʾ ʩʪʘʣʦ ʦʙʤʝʞʝʥʥʷ ʢʦʥʪʘʢʪʫ ʦʩʽʙ ʤʽʞ ʩʦʙʦʶ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʚʨʘʭʫʚʘʥʥʷ  

ʤʘʷʪʥʠʢʦʚʦʾ ʤʽʛʨʘʮʽʾ (ʨʝʛʫʣʷʨʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʤʽʞ ʜʚʦʤʘ ʽ ʙʽʣʴʰʝ 

ʥʘʩʝʣʝʥʠʤʠ ʧʫʥʢʪʘʤʠ, ʧʦʚôʷʟʘʥʦʛʦ ʟ ʤʝʪʦʶ ʨʦʙʦʪʠ) ʧʽʜ ʯʘʩ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʦʧʠʩʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʴ.  

ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ: 1) ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘʩʝʣʝʥʥʷ 

ʤʽʞ ʩʽʤʦʤʘ ʤʽʩʪʘʤʠ ʅʽʤʝʯʯʠʥʠ ʟʝʤʣʽ ʈʝʡʥʣʘʥʜ-ʇʬʘʣʴʮ (ʪʘʢ ʟʚʘʥʘ ʤʘʪʨʠʮʷ 

ʤʦʙʽʣʴʥʦʩʪʽ) ʫ ʧʝʨʽʦʜʠ  ʚʝʨʝʩʝʥʴ ï ʞʦʚʪʝʥʴ 2020-ʛʦ ʨʦʢʫ ʪʘ ʩʽʯʝʥʴ ï ʣʶʪʠʡ 

2021-ʛʦ ʨʦʢʫ; ʩʪʘʪʠʩʪʠʢʘ  ʥʦʚʠʭ ʱʦʜʝʥʥʠʭ ʚʠʷʚʣʝʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʥʘ COVID-

19 ʟ ɯʥʩʪʠʪʫʪʫ ʈʦʙʝʨʪʘ ʂʦʭʘ ʫ ʪʽ ʩʘʤʽ ʯʘʩʦʚʽ ʧʨʦʤʽʞʢʠ; 3) ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʥʘʩʝʣʝʥʥʷ ʢʦʞʥʦʛʦ ʤʽʩʪʘ, ʟʘ ʷʢʽ ʧʨʠʡʥʷʪʦ ʢʽʣʴʢʽʩʪʴ ʽʥʜʠʚʽʜʫʫʤʽʚ, ʷʢʽ 

ʧʝʨʝʩʫʚʘʣʘʩʴ ʘʙʦ, ʥʘʚʧʘʢʠ, ʟʘʣʠʰʘʣʘʩʴ ʫ ʤʽʩʪʽ, ʘ ʥʝ ʨʝʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ 

ʢʦʞʥʦʛʦ ʟ ʤʽʩʪ ʯʝʨʝʟ ʥʝʚʝʣʠʢʫ ʧʦʭʠʙʢʫ (ʚ ʩʝʨʝʜʥʴʦʤʫ 2%). 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʮʽʻʾ ʨʦʙʦʪʠ, ʙʫʣʠ 

ʧʦʩʪʘʚʣʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

¶ ʈʝʘʣʽʟʫʚʘʪʠ ʢʣʘʩʠʯʥʫ SIR ʤʦʜʝʣʴ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʤʽʛʨʘʮʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʫʢʦʚʦ ʚʩʪʘʥʦʚʣʝʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʰʠʨʝʥʥʷ ʽʥʬʝʢʮʽʾ ʪʘ 

ʦʜʫʞʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; 

¶ ʇʦʙʫʜʫʚʘʪʠ ʤʦʜʠʬʽʢʦʚʘʥʫ SIR ʤʦʜʝʣʴ, ʚʢʣʶʯʠʚʰʠ ʜʦ ʥʝʾ ʚʧʣʠʚ 

ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʭ ʩʘʤʠʭ ʚʞʝ ʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ; 

¶ ʅʘʩʪʨʦʾʪʠ ʧʘʨʘʤʝʪʨʠ ʤʦʜʠʬʽʢʦʚʘʥʦʾ SIR ʤʦʜʝʣʽ, ʧʽʜʽʙʨʘʚʰʠ 

ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʥʪʘʢʪʽʚ ʽʥʜʠʚʽʜʫʫʤʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʽʥʬʽʢʫʚʘʥʥʷʤ, 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʨʝʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʱʦ ʟʘʭʚʦʨʽʣʠ; 

¶ ʇʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʧʦʰʠʨʝʥʥʷ ʽʥʬʝʢʮʽʾ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʦʾ  ʧʦʧʫʣʷʮʽʡʥʦʾ SIR 

ʤʦʜʝʣʽ, ʚ ʷʢʽʡ ʥʘʩʝʣʝʥʥʷ ʧʝʚʥʦʛʦ ʨʝʛʽʦʥʫ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʛʨʫʧ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʠʡ ʩʪʘʪʫʩ ʽʥʜʠʚʽʜʽʚ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʟʘʭʚʦʨʶʚʘʥʥʷ: 1) 

ʢʽʣʴʢʽʩʪʴ ʩʧʨʠʡʥʷʪʣʠʚʠʭ ʜʦ ʭʚʦʨʦʙʠ ʦʩʽʙ (Susceptible ï S); ) ʽʥʬʽʢʦʚʘʥʠʭ 

(Infected ï I); 3) çʚʠʜʘʣʝʥʠʭè ʦʩʽʙ ʽʟ ʩʠʩʪʝʤʠ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ ʷʢ ʪʠʭ, ʭʪʦ ʦʜʫʞʘʚ, 

ʪʘʢ ʽ ʪʠʭ, ʭʪʦ ʧʦʤʝʨ ʚʽʜ ʭʚʦʨʦʙʠ (Removed ï R), ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʣʶʯʘʶʯʠ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʜʣʷ ʥʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷ. ʋʩʝʨʝʜʠʥʽ ʢʦʞʥʦʾ ʛʨʫʧʠ 

ʽʥʜʠʚʽʜʠ ʚʚʘʞʘʶʪʴʩʷ ʥʝʨʽʟʥʠʤʠ ʤʽʞ ʩʦʙʦʶ. ʏʠʩʝʣʴʥʦʩʪʽ ʛʨʫʧ ʟʤʽʥʶʶʪʴʩʷ 

ʟʛʦʜʦʤ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʭʦʜʫ ʽʥʜʠʚʽʜʽʚ ʟ ʦʜʥʽʻʾ ʛʨʫʧʠ ʜʦ ʽʥʰʦʾ. ɺʠʙʽʨ ʮʽʻʾ ʤʦʜʝʣʽ 

ʦʙʫʤʦʚʣʝʥʠʡ ʾʾ ʧʨʦʩʪʦʪʦʶ ʚ ʧʦʙʫʜʦʚʽ ʡ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʤʦʞʣʠʚʽʩʪʶ 

ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʡ ʣʝʛʢʽʩʪʶ ʥʘʩʪʨʦʡʢʠ ʥʘ ʨʝʘʣʴʥʽ ʜʘʥʽ, ʭʦʯʘ ʚʦʥʘ ʡ ʥʝ 

ʚʨʘʭʦʚʫʻ ʽʥʢʫʙʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʢʦʨʦʥʘʚʽʨʫʩʫ, ʷʢʠʡ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ 2 ʪʠʞʥʷʤʠ.  
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ʆʪʞʝ, ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʙʘʟʦʚʠʡ ʚʠʧʘʜʦʢ ʧʦʰʠʨʝʥʥʷ 

ʽʥʬʝʢʮʽʾ. ɿʘʟʥʘʯʝʥʫ ʤʦʜʝʣʴ ʫʟʘʛʘʣʴʥʝʥʦ ʥʘ ʚʠʧʘʜʦʢ ʚʨʘʭʫʚʘʥʥʷ ʟʤʽʥʠ 

ʯʠʩʣʝʥʥʦʩʪʽ ʛʨʫʧ, ʧʦʚôʷʟʘʥʦʾ ʟ ʤʽʛʨʘʮʽʻʶ ʥʘʩʝʣʝʥʥʷ. ʄʦʜʠʬʽʢʦʚʘʥʘ ʤʦʜʝʣʴ 

ʦʪʨʠʤʘʥʘ ʜʦʜʘʚʘʥʥʷʤ ʩʢʣʘʜʦʚʠʭ, ʱʦ ʦʧʠʩʫʶʪʴ ʚʟʘʻʤʦʜʽʾ ʦʩʽʙ ʽʟ ʨʽʟʥʠʭ ʤʽʩʪ, 

ʪʦʙʪʦ ʦʙʤʽʥ ʽʥʬʝʢʮʽʻʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚ ʨʘʤʢʘʭ ʟʘʢʨʠʪʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ, ʘ 

ʟ-ʧʦʤʽʞ ʥʠʟʢʠ ʤʽʩʪ. 

ɺ ʨʦʙʦʪʽ ʧʦʨʽʚʥʷʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʰʠʨʝʥʥʷ ʽʥʬʝʢʮʽʾ 

ʢʦʨʦʥʘʚʽʨʫʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʠʯʥʦʾ SIR-ʤʦʜʝʣʽ ʪʘ ʾʾ ʫʟʘʛʘʣʴʥʝʥʥʷ ʥʘ ʚʠʧʘʜʦʢ 

ʚʨʘʭʫʚʘʥʥʷ ʤʽʛʨʘʮʽʾ, ʢʦʣʠ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʽ (ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʢʦʥʪʘʢʪʽʚ 

ʽʥʜʠʚʽʜʫʫʤʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʽʥʬʽʢʫʚʘʥʥʷʤ ʪʘ ʢʦʝʬʽʮʽʻʥʪ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠ 

ʟʜʦʨʦʚʣʝʥʥʷ ʽʥʬʽʢʦʚʘʥʠʭ ʽʥʜʠʚʽʜʽʚ) ʻ ʚʽʜʦʤʠʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ. 

ʊʘʢʦʞ ʧʨʦʚʝʜʝʥʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʤʦʜʝʣʽ ʥʘ ʨʝʘʣʴʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʤʽʛʨʘʮʽʾ ʪʘ ʟ ʚʚʝʜʝʥʥʷʤ ʜʦ ʥʝʾ ʤʘʪʨʠʮʽ ʤʦʙʽʣʴʥʦʩʪʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʮʽʻʶ ʨʦʙʦʪʠ ï ʚʽʜʦʤʫ SIR ʤʦʜʝʣʴ ʫʟʘʛʘʣʴʥʝʥʦ ʥʘ 

ʚʠʧʘʜʦʢ ʚʨʘʭʫʚʘʥʥʷ ʤʘʷʪʥʠʢʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʽʙ ʟ ʦʜʥʦʛʦ ʤʽʩʪʘ ʜʦ ʽʥʰʠʭ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʦʞʥʦʛʦ ʜʥʷ; ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʤʽʛʨʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʥʘ 

ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ ʽʥʬʝʢʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʥʘʩʪʫʧʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʤʦʙʽʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʤʽʞ ʤʽʩʪʘʤʠ, ʷʢʘ ʤʘʻ 

ʥʘʟʚʫ ʤʘʷʪʥʠʢʦʚʦʾ ʤʽʛʨʘʮʽʾ, ʤʦʞʝ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʰʚʠʜʢʽʩʪʴ ʧʦʰʠʨʝʥʥʷ 

ʽʥʬʝʢʮʽʡ, ʽ ʧʽʜ ʯʘʩ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʝʧʽʜʝʤʽʡ ʚʘʨʪʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ 

ʤʽʛʨʘʮʽʡʥʽ ʧʨʦʮʝʩʠ. 
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ɺ.ɺ. ʉʧʽʨʽʥʮʝʚ1, ɸ.ʃ. ʐʠʨʽʥ1, ɸ.ɸ. ʉʘʨʽʙʝʢʷʥ1, ʄʘʯʝʡ ʇʦʪʝʤʧʘ2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
2ʉʽʣʝʟʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʬʘʢʫʣʴʪʝʪ ʅʘʫʢʠ  ̔ʪʝʭʥʽʢʠ, ʇʦʣʴʱʘ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ REACT ʗʂ ʌʈɽʁʄɺʆʈʂʋ  

ɼʃʗ ʈʆɿʈʆɹʂʀ ɺɽɹ-ʋʊʀʃɯʊ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʢʨʠʪʦ ʧʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ React ʷʢ ʬʨʝʡʤʦʚʨʢʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-

ʫʪʠʣʽʪ. ʈʦʟʢʨʠʪʦ ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ Virtual DOM. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʝʙ-ʬʨʝʡʤʚʦʨʢ, Virtual DOM, ʽʟʦʤʦʨʬʥʽʩʪʴ, ʚʝʙ-ʫʪʠʣʽʪʘ, dirty 

checking, ʥʘʪʠʚʥʽʩʪʴ. 

 

ɺʩʪʫʧ. ɿʘ ʦʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʨʦʟʚʠʪʢʫ 

ʚʝʙ-ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʾʭ ʨʦʟʨʦʙʢʠ. ʆʜʥʽʻʶ ʟ ʧʣʘʪʬʦʨʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʝʙ-ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʦʩʥʦʚʽ UI ʢʦʤʧʦʥʝʥʪʽʚ ʻ React. ʅʘ ʩʴʦʛʦʜʥʽ ʚʽʥ 

ʚʧʝʚʥʝʥʦ ʚʭʦʜʠʪʴ ʜʦ ʪʨʽʡʢʠ ʣʽʜʝʨʽʚ ʩʝʨʝʜ ʽʥʰʠʭ ʬʨʝʡʤʚʦʨʢʽʚ. ɹʽʣʴʰʽʩʪʴ 

ʨʦʟʨʦʙʥʠʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ React ʷʢ ʙʘʟʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʦʜʥʦʩʪʦʨʽʥʢʦʚʠʭ, 
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ʤʦʙʽʣʴʥʠʭ ʘʙʦ ʩʝʨʚʝʨʥʠʭ ʜʦʜʘʪʢʽʚ. ɿʘ ʧʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʫʪʠʣʽʪʠ 

ʩʪʚʦʨʝʥʽ ʥʘ ʙʘʟʽ React ʧʨʘʮʶʶʪʴ ʰʚʠʜʰʝ, ʟʘ ʙʘʟʦʚʠʡ DOM. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. React - ʮʝ ʙʽʙʣʽʦʪʝʢʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ 

ʢʦʨʠʩʪʫʚʘʯʘ. ʆʜʥʽʻʶ ʟ ʾʾ ʚʽʜʤʽʥʥʠʭ ʨʠʩ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ JSX, ʤʦʚʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʟ ʙʣʠʟʴʢʠʤ ʜʦ HTML ʩʠʥʪʘʢʩʠʩʦʤ, ʷʢʠʡ ʢʦʤʧʽʣʶʻʪʴʩʷ ʚ JavaScript. 

ʈʦʟʨʦʙʥʠʢʠ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʦʜʘʪʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʙʫʜʦʚʘʥʦʛʦ ʫ React ʩʧʦʩʦʙʫ ʧʦʜʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ ʦʙ'ʻʢʪʘʤʠ ï Virtual DOM. [1] 

ɿʘ ʜʦʧʦʤʦʛʦʶ React ʚʠ ʤʦʞʝʪʝ ʩʪʚʦʨʶʚʘʪʠ ʽʟʦʤʦʨʬʥʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ 

ʜʦʧʦʤʦʞʫʪʴ ʚʘʤ ʧʦʟʙʫʪʠʩʷ ʥʝʧʨʠʻʤʥʦʾ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʟ ʥʝʪʝʨʧʽʥʥʷʤ 

ʦʯʽʢʫʻ, ʢʦʣʠ ʞ ʥʘʨʝʰʪʽ ʟʘʚʝʨʰʠʪʴʩʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʽ ʥʘ ʝʢʨʘʥʽ ʡʦʛʦ 

ʢʦʤʧ'ʶʪʝʨʘ ʥʘʨʝʰʪʽ ʟ'ʷʚʠʪʴʩʷ ʱʦʩʴ ʦʢʨʽʤ ʘʥʽʤʘʮʽʾ ʟʘʚʘʥʪʘʞʝʥʥʷ. ʉʪʚʦʨʝʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʣʝʛʢʦ ʟʤʽʥʝʥʽ ʽ ʚʠʢʦʨʠʩʪʘʥʽ ʟʘʥʦʚʦ ʚ ʥʦʚʠʭ ʧʨʦʝʢʪʘʭ. 

ɺʠʩʦʢʠʡ ʚʽʜʩʦʪʦʢ ʧʝʨʝʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʫ ʩʧʨʦʱʫʻ ʡʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʱʦ, ʩʚʦʻʶ 

ʯʝʨʛʦʶ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʱʦʛʦ ʨʽʚʥʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ.  

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʟʘʤʦʚʥʠʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ React: 

ï Virtual DOM ʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ 

ʜʦʜʘʪʢʽʚ, ʱʦ ʤʦʞʝ ʟʥʠʟʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʦʚʪʦʨʝʥʴ ʚ ʢʦʜʽ 

ʪʘ ʧʦʢʨʘʱʫʻ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʡ ʜʦʩʚʽʜ (ʨʠʩ.1); 

ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʟʦʤʦʨʬʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʧʦʤʘʛʘʻ ʨʦʙʠʪʠ ʨʝʥʜʝʨʽʥʛ 

ʩʪʦʨʽʥʦʢ ʰʚʠʜʰʝ, ʪʠʤ ʩʘʤʠʤ ʜʦʟʚʦʣʷʶʯʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʦʯʫʚʘʪʠʩʷ 

ʢʦʤʬʦʨʪʥʽʰʝ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʟ ʚʘʰʠʤ ʜʦʜʘʪʢʦʤ. ʇʦʰʫʢʦʚʽ ʩʠʩʪʝʤʠ ʽʥʜʝʢʩʫʶʪʴ 

ʪʘʢʽ ʩʪʦʨʽʥʢʠ ʢʨʘʱʝ. ʆʩʢʽʣʴʢʠ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʢʦʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʫ 

ʢʣʽʻʥʪʩʴʢʽʡ, ʪʘʢ ʽ ʚ ʩʝʨʚʝʨʥʽʡ ʯʘʩʪʠʥʽ ʜʦʜʘʪʢʘ, ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʫʙʣʶʚʘʪʠ 

ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʬʫʥʢʮʽʦʥʘʣ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʘʩ ʨʦʟʨʦʙʢʠ ʪʘ ʚʠʪʨʘʪʠ ʟʥʠʞʫʶʪʴʩʷ; 

ï ɿʘʚʜʷʢʠ ʧʝʨʝʚʠʢʦʨʠʩʪʘʥʥʶ ʢʦʜʫ ʩʪʘʣʦ ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʝ ʩʪʚʦʨʶʚʘʪʠ 

ʤʦʙʽʣʴʥʽ ʧʨʦʛʨʘʤʠ. ʂʦʜ, ʷʢʠʡ ʙʫʚ ʥʘʧʠʩʘʥʠʡ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʩʘʡʪʫ, ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ. ʗʢʱʦ ʚʠ ʧʣʘʥʫʻʪʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʘʡʪ, ʘʣʝ ʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ, ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʥʘʡʤʘʪʠ ʜʚʽ ʚʝʣʠʢʽ ʢʦʤʘʥʜʠ ʨʦʟʨʦʙʥʠʢʽʚ. 
 

 
 

ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʙʦʪʠ Virtual DOM ʫ React 

 

ɯʟʦʤʦʨʬʥʽ ʧʨʦʛʨʘʤʠ. ʂʦʣʠ ʤʠ ʛʦʚʦʨʠʤʦ ʧʨʦ ʽʟʦʤʦʨʬʥʽ ʜʦʜʘʪʢʠ ʘʙʦ ʧʨʦ 

ʽʟʦʤʦʨʬʥʠʡ JavaScript, ʤʠ ʤʘʻʤʦ ʥʘ ʫʚʘʟʽ, ʱʦ ʤʠ ʤʦʞʝʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʡ 

ʩʘʤʠʡ ʢʦʜ ʷʢ ʫ ʩʝʨʚʝʨʥʽʡ, ʪʘʢ ʽ ʚ ʢʣʽʻʥʪʩʴʢʽʡ ʯʘʩʪʠʥʽ ʧʨʦʛʨʘʤʠ. ʂʦʣʠ ʢʦʨʠʩʪʫʚʘʯ 

ʚʽʜʢʨʠʚʘʻ ʩʘʡʪ ʫ ʩʚʦʻʤʫ ʙʨʘʫʟʝʨʽ, ʚʤʽʩʪ ʩʪʦʨʽʥʢʠ ʤʘʻ ʙʫʪʠ ʟʘʚʘʥʪʘʞʝʥʠʡ ʽʟ 
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ʩʝʨʚʝʨʘ. ʋ ʚʠʧʘʜʢʫ ʟʽ SPA-ʜʦʜʘʪʢʘʤʠ (Single Page Application), ʮʝ ʤʦʞʝ ʪʨʠʚʘʪʠ 

ʜʝʷʢʠʡ ʯʘʩ. ʇʽʜ ʯʘʩ ʟʘʚʘʥʪʘʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽ ʙʘʯʘʪʴ ʧʦʨʦʞʥʶ ʩʪʦʨʽʥʢʫ ʘʙʦ 

ʘʥʽʤʘʮʽʶ ʟʘʚʘʥʪʘʞʝʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʘ ʩʫʯʘʩʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ ʦʯʽʢʫʚʘʥʥʷ 

ʧʨʦʪʷʛʦʤ ʙʽʣʴʰ ʥʽʞ ʜʚʦʭ ʩʝʢʫʥʜ ʤʦʞʝ ʙʫʪʠ ʧʦʤʽʪʥʦʶ ʥʝʟʨʫʯʥʽʩʪʶ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ. 

ɸ ʱʝ ʦʜʥʘ ʚʘʛʦʤʘ ʧʨʦʙʣʝʤʘ: ʧʦʰʫʢʦʚʽ ʤʘʰʠʥʠ ʥʝ ʽʥʜʝʢʩʫʶʪʴ ʪʘʢʽ ʩʪʦʨʽʥʢʠ ʪʘʢ 

ʜʦʙʨʝ, ʷʢ ʥʘʤ ʭʦʪʽʣʦʩʷ ʙ. ɺʠʢʦʥʘʥʥʷ JavaScript ʢʦʜʫ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ 

ʜʦʧʦʤʘʛʘʻ ʚʠʧʨʘʚʠʪʠ ʪʘʢʽ ʧʨʦʙʣʝʤʠ [2].  

ʗʢʱʦ ʚʠ ʩʪʚʦʨʶʻʪʝ ʽʟʦʤʦʨʬʥʽ ʧʨʦʛʨʘʤʠ, ʚʠ ʤʦʞʝʪʝ ʦʪʨʠʤʘʪʠ ʧʦʤʽʪʥʫ 

ʚʠʛʦʜʫ, ʨʦʙʣʷʯʠ ʨʝʥʜʝʨʽʥʛ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ. ʇʽʩʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʪʦʨʽʥʢʠ ʚʠ ʚʩʝ 

ʱʝ ʤʦʞʝʪʝ ʧʨʦʜʦʚʞʫʚʘʪʠ ʨʝʥʜʝʨʽʥʛ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʥʜʝʨʽʥʛʫ 

ʩʪʦʨʽʥʦʢ ʷʢ ʥʘ ʩʝʨʚʝʨʽ, ʪʘʢ ʽ ʥʘ ʢʣʽʻʥʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʽʪʥʠʭ ʧʝʨʝʚʘʛ, ʪʘʢʠʭ ʷʢ 

ʤʦʞʣʠʚʽʩʪʴ ʢʨʘʱʦʛʦ ʽʥʜʝʢʩʫʚʘʥʥʷ ʩʪʦʨʽʥʦʢ ʧʦʰʫʢʦʚʠʤʠ ʤʘʰʠʥʘʤʠ ʪʘ ʧʦʣʽʧʰʝʥʥʷ 

ʜʦʩʚʽʜʫ ʢʦʨʠʩʪʫʚʘʯʘ. ɹʽʣʴʰʝ ʪʦʛʦ, ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʯʘʩ, ʱʦ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʨʦʟʨʦʙʢʫ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʝʷʢʠʭ ʩʫʯʘʩʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ, ʚʠ 

ʧʦʚʠʥʥʽ ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʨʝʥʜʝʨʫʚʘʪʠʩʴ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ, ʘ 

ʪʘʢʦʞ ʰʘʙʣʦʥʠ ʜʣʷ ʢʣʽʻʥʪʩʴʢʦʾ ʩʪʦʨʦʥʠ ʧʨʦʛʨʘʤʠ. ʈʦʟʨʦʙʥʠʢʠ React ʤʦʞʫʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʦʙʦʭ ʩʪʦʨʦʥʘʭ. 

Virtual DOM. Document Object Model, ʘʙʦ DOM - ʮʝ ʩʧʦʩʽʙ ʧʦʜʘʥʥʷ ʪʘ 

ʚʟʘʻʤʦʜʽʾ ʟ ʦʙ'ʻʢʪʘʤʠ ʚ HTML, XHTML ʪʘ XML ʜʦʢʫʤʝʥʪʘʭ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʽʻʾ 

ʤʦʜʝʣʽ, ʢʦʞʝʥ ʪʘʢʠʡ ʜʦʢʫʤʝʥʪ ʻ ʽʻʨʘʨʭʽʯʥʠʤ ʜʝʨʝʚʦʤ ʝʣʝʤʝʥʪʽʚ, ʟʚʘʥʝ DOM-

ʜʝʨʝʚʦʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʝʮʽʘʣʴʥʽ ʤʝʪʦʜʠ, ʤʠ ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ 

ʧʝʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʰʦʛʦ ʜʦʢʫʤʝʥʪʘ ʽ ʟʤʽʥʶʚʘʪʠ ʾʭ ʪʘʢ, ʷʢ ʤʠ ʭʦʯʝʤʦ. ʂʦʣʠ ʤʠ 

ʩʪʚʦʨʶʻʤʦ ʜʠʥʘʤʽʯʥʫ ʽʥʪʝʨʘʢʪʠʚʥʫ ʚʝʙ-ʩʪʦʨʽʥʢʫ, ʤʠ ʭʦʯʝʤʦ, ʱʦʙ DOM 

ʦʥʦʚʣʶʚʘʚʩʷ ʪʘʢ ʰʚʠʜʢʦ, ʷʢ ʮʝ ʤʦʞʣʠʚʦ ʧʽʩʣʷ ʟʤʽʥʠ ʩʪʘʥʫ ʧʝʚʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɼʣʷ 

ʜʘʥʦʾ ʟʘʜʘʯʽ ʜʝʷʢʽ ʬʨʝʡʤʚʦʨʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʡʦʤ, ʷʢʠʡ ʥʘʟʠʚʘʻʪʴʩʷ dirty 

checking ̔  ʧʦʣʷʛʘʻ ʚ ʨʝʛʫʣʷʨʥʦʤʫ ʦʧʠʪʫʚʘʥʥʽ ʩʪʘʥʫ ʜʦʢʫʤʝʥʪʘ ʽ ʧʝʨʝʚʽʨʮʽ ʟʤʽʥ ʫ 

ʩʪʨʫʢʪʫʨʽ ʜʘʥʠʭ. ʇʦʜʽʙʥʝ ʟʘʚʜʘʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʩʧʨʘʚʞʥʽʩʽʥʴʢʠʤ ʛʦʣʦʚʥʠʤ ʙʦʣʝʤ ʫ 

ʨʘʟʽ ʚʠʩʦʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʜʦʜʘʪʢʽʚ. Virtual DOM, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ 

ʧʘʤ'ʷʪʽ. ʉʘʤʝ ʪʦʤʫ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ çʩʧʨʘʚʞʥʽʡè DOM ʟʤʽʥʶʻʪʴʩʷ, React ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠ Virtual DOM ʤʠʪʪʻʚʦ. React çʟʙʠʨʘʻè ʪʘʢʽ ʟʤʽʥʠ, ʧʦʨʽʚʥʶʻ ʾʭ ʟʽ ʩʪʘʥʦʤ 

DOM, ʘ ʧʦʪʽʤ ʧʝʨʝʤʘʣʴʦʚʫʻ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʟʤʽʥʠʣʠʩʷ (ʨʠʩ. 2) [3]. 

ʇʨʠ ʮʴʦʤʫ ʧʽʜʭʦʜʽ ʥʝ ʪʨʝʙʘ ʨʦʙʠʪʠ ʨʝʛʫʣʷʨʥʝ ʦʥʦʚʣʝʥʥʷ DOM, ʤʦʞʥʘ 

ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʥʜʝʨʽʥʛ ʟʘ ʩʝʨʚʝʨ ʟʦʚʩʽʤ ʷʢ ʟʘ ʢʣʽʻʥʪʘ. ʉʘʤʝ ʪʦʤʫ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʦ ʚʠʱʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ React-ʜʦʜʘʪʢʽʚ.  

ʇʝʨʝʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʫ. ʄʦʙʽʣʴʥʽ ʧʨʦʛʨʘʤʠ ʤʘʶʪʴ ʜʝʷʢʽ ʧʝʨʝʚʘʛʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʘʡʪʘʤʠ. ɰʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʟ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ. ɺʦʥʠ 

ʤʘʶʪʴ ʜʦʩʪʫʧ ʜʦ ʪʘʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʧʨʠʩʪʨʦʶ, ʷʢ ʩʧʣʠʚʘʶʯʽ ʩʧʦʚʽʱʝʥʥʷ. ʊʘʢʦʞ ʚʦʥʠ 

ʜʘʶʪʴ ʟʤʦʛʫ ʙʫʪʠ ʚ ʢʦʥʪʘʢʪʽ ʟ ʚʘʰʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚ ʨʝʞʠʤʽ 24/7. React Native ï ʮʝ 

ʬʨʝʡʤʚʦʨʢ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʤʦʙʽʣʴʥʽ ʧʨʦʛʨʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ React. ʃʦʛʽʢʘ 

ʧʨʦʛʨʘʤʠ ʧʠʰʝʪʴʩʷ ʥʘ JavaScript, ʪʘʢʠʤ ʯʠʥʦʤ ʧʨʦʛʨʘʤʽʩʪʫ ʥʝ ʧʦʪʨʽʙʥʦ ʚʽʜʤʦʚʣʷʪʠʩʷ 

ʚʽʜ ʟʚʠʯʥʠʭ ʧʨʠʡʦʤʽʚ ʚʝʙ-ʨʦʟʨʦʙʥʠʢʘ. ɺʩʝ, ʱʦ ʧʦʪʨʽʙʥʦ, ʥʘʚʯʠʪʠʩʷ ʧʠʩʘʪʠ 

ʩʧʝʮʠʬʽʯʥʠʡ ʜʣʷ ʧʨʠʩʪʨʦʶ ʢʦʜ, ʷʢʠʡ ʘʜʘʧʪʫʻ ʢʦʤʧʦʥʝʥʪʠ, ʨʘʥʽʰʝ ʩʪʚʦʨʝʥʽ ʜʣʷ ʚʝʙ-

ʩʘʡʪʫ ʜʦ ʥʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʞʠʚʘʥʥʷ. 
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ʈʠʩ. 2. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ Virtual DOM ʪʘ Browser DOM. 

 

ʗʢʱʦ ʚʠ ʧʣʘʥʫʻʪʝ ʩʪʚʦʨʠʪʠ ʢʦʨʧʦʨʘʪʠʚʥʠʡ ʚʝʙ-ʜʦʜʘʪʦʢ ʽ ʥʝ ʮʽʣʢʦʤ 

ʚʧʝʚʥʝʥʽ, ʯʠ ʙʫʜʝ ʨʦʟʨʦʙʢʘ ʤʦʙʽʣʴʥʦʾ ʚʝʨʩʽʾ ʮʴʦʛʦ ʞ ʜʦʜʘʪʢʫ ʛʘʨʥʦʶ ʽʜʝʻʶ, ʦʩʴ 

ʱʦ ʚʠ ʧʦʚʠʥʥʽ ʧʘʤ'ʷʪʘʪʠ. React Native ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʞʝ ʥʘʷʚʥʫ 

ʣʦʛʽʢʫ ʚʝʙ-ʧʨʦʛʨʘʤʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʤʘʥʜʘ 

ʨʦʟʨʦʙʥʠʢʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʡ ʞʝ ʢʦʜ, ʷʢʠʡ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ 

ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʩʘʡʪʫ, ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʧʦʯʠʥʘʪʠ ʟ ʯʠʩʪʦʛʦ ʘʨʢʫʰʘ. 

ʂʨʽʤ ʰʚʠʜʰʦʾ ʨʦʟʨʦʙʢʠ, ʧʝʨʝʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʜʫ ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʤʠʣʦʢ. ʗʢʱʦ ʚʠ ʩʪʚʦʨʶʻʪʝ ʜʦʙʨʝ ʩʧʨʦʝʢʪʦʚʘʥʽ ʢʦʤʧʦʥʝʥʪʠ, 

ʷʢʽ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʝ ʟʥʦʚʫ, ʚʘʤ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʧʠʩʘʪʠ ʤʝʥʰʝ ʢʦʜʫ, ʢʦʣʠ ʚʠ 

ʚʠʨʽʰʠʪʝ ʩʪʚʦʨʠʪʠ ʟ ʾʭ ʜʦʧʦʤʦʛʦʶ ʥʦʚʠʡ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. ʏʠʤ ʤʝʥʰʝ 

ʥʦʚʦʛʦ ʢʦʜʫ ʚʘʤ ʧʦʪʨʽʙʥʦ, ʪʠʤ ʤʝʥʰʘ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʧʦʤʠʣʦʢ. 

ɼʦ ʪʦʛʦ ʞ ʚʠ ʟʥʘʻʪʝ ʚʘʰʽ ʢʦʤʧʦʥʝʥʪʠ. ɺʠ ʚʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘ ʪʝʩʪʫʚʘʣʠ ʾʭ 

ʧʨʠ ʨʦʙʦʪʽ ʥʘʜ ʨʝʘʣʴʥʠʤ ʧʨʦʝʢʪʦʤ, ʘ ʦʪʞʝ, ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʧʦʤʠʣʦʢ ʟʤʦʞʝʪʝ 

ʧʝʨʝʜʙʘʯʠʪʠ ʧʨʠʯʠʥʫ ʾʭ ʧʦʷʚʠ [4]. 

ʗʢʱʦ ʚʟʷʪʠ ʪʘʢʫ ʧʦʪʫʞʥʫ ʧʣʘʪʬʦʨʤʫ, ʷʢ Amazon, ʜʣʷ ʷʢʦʾ ʟʘʪʨʠʤʢʘ ʚ 

100ʤʩ ʢʦʰʪʫʻ 1% ʧʨʦʜʘʞ, ʪʦ ʤʠ ʤʦʞʝʤʦ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʰʚʠʜʢʽʩʪʴ ï 

ʮʝ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʧʘʨʘʤʝʪʨ, ʷʢʠʡ ʪʨʝʙʘ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ. [5] 

ɺʠʩʥʦʚʢʠ. ʂʦʤʧʦʥʝʥʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ, ʤʦʞʣʠʚʽʩʪʴ ʣʝʛʢʦ 

ʟʤʽʥʶʚʘʪʠ ʥʘʷʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʽ ʧʝʨʝʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʜ ʧʝʨʝʪʚʦʨʶʶʪʴ React 

ʨʦʟʨʦʙʢʫ ʚ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʧʦʣʽʧʰʝʥʥʷ. ʂʦʤʧʦʥʝʥʪʠ, ʩʪʚʦʨʝʥʽ ʧʽʜ ʯʘʩ 

ʨʦʙʦʪʠ ʥʘʜ ʪʠʤ ʯʠ ʽʥʰʠʤ ʧʨʦʝʢʪʦʤ, ʥʝʤʘʻ ʜʦʜʘʪʢʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʽʱʦ ʥʝ ʟʘʚʘʞʘʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʟʥʦʚ ʽ ʟʥʦʚ ʫ ʧʨʦʝʢʪʘʭ ʨʽʟʥʦʛʦ ʪʠʧʫ. 

ɺʝʩʴ ʧʦʧʝʨʝʜʥʽʡ ʜʦʩʚʽʜ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʟʘʩʪʦʩʦʚʘʥʠʡ ʧʨʠ ʨʦʙʦʪʽ ʥʘʜ ʥʦʚʠʤ 

ʩʘʡʪʦʤ ʘʙʦ ʥʘʚʽʪʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʜʦʚʽ 

ʤʦʞʣʠʚʦʩʪʽ, ʪʘʢʽ ʷʢ Virtual DOM ʘʙʦ ʽʟʦʤʦʨʬʥʠʡ JavaScript, ʨʦʟʨʦʙʥʠʢʠ React 

ʤʦʞʫʪʴ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ ʩʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʧʨʦʛʨʘʤʠ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʨʽʚʝʥʴ ʾʭ ʩʢʣʘʜʥʦʩʪʽ. ʄʦʞʣʠʚʽʩʪʴ ʟ ʣʝʛʢʽʩʪʶ ʟʘʥʦʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʞʝ ʥʘʷʚʥʠʡ ʢʦʜ ʧʽʜʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʨʦʟʨʦʙʢʠ, ʩʧʨʦʱʫʻ 

file:///C:/Users/user/Downloads/Раздели_030223/1_Раздел_4/3_Ширін_Сарібекян_201122/Сарібекян_react_2.docx%23пп4
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ʧʨʦʮʝʩ ʪʝʩʪʫʚʘʥʥʷ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʥʠʞʫʻ ʚʠʪʨʘʪʠ. ʊʦʡ ʬʘʢʪ, ʱʦ ʮʷ ʙʽʙʣʽʦʪʝʢʘ 

ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʪʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʤʠ ʨʦʟʨʦʙʥʠʢʘʤʠ ʪʘ 

ʥʘʙʠʨʘʻ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ, ʜʘʻ ʧʽʜʩʪʘʚʠ ʩʧʦʜʽʚʘʪʠʩʷ, 

ʱʦ ʪʝʥʜʝʥʮʽʷ ʜʦ ʧʦʜʘʣʴʰʠʭ ʧʦʢʨʘʱʝʥʴ ʧʨʦʜʦʚʞʠʪʴʩʷ. 
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IMGUI. DEAR IMGUI: LIBRARY FOR APPS IN C++  

 
Abstract. The article considers the creation of a graphical user interface for programs that 

process information in real time frame by frame. Practical implementation based on the IMGUI 

pattern. 

Keywords: rendering, graphical user interface, immediate display mode, design pattern, 

shaders. 

 

Introduction.  Game developers are often encountering such difficulties as 

finding the best approach for application design. The main problem is that application 

should be able to interact not only with game objects and models in real time, but also 

with GUI. Since some data can be changed on rendering of each frame, these changes 

should be displayed immediately on user side. 

Main Content. To solve this problem, developers use immediate mode 

graphics approach for designing GUI. IMGUI (also known as immediate mode 

graphics user interface) is a graphical user interface design pattern that requires to use 

external library with should follow certain standard.  
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Pic. 1. IMGUI pattern structure 

 

Among them, the most important are sync with game scene and graphic, be 

overlaid on scene and have ability for customization all basic elements abided by 

whole game design. Thatôs why, such GUI should be much more flexible and should 

have frame-by-frame render mode. All elements of such GUI must be drawn by 

primitives with API and widget hierarchy ï every child of widget have relative 

positioning by default. Same thing for positioning widgets in window space. Besides 

that, they also should have functionality with layers. However, you should remember 

about constant workload on the CPU. Thatôs why all such patterns use shaders that 

are loaded on GPU. All the calculation and rendering are running in parallel mode. 

Which means that rendering each element (pixel by pixel) and rebuilding scene with 

cleaning vertex buffers doesnôt affect CPU performance.  

What are shaders? If trying to explain simple, they are small (in most cases) 

programs that gives commands for GPU how every element should be displayed. 

There are a lot of types of them, but for GUI the most common are pixel and vertex 

shaders, because most GUI elements are simple and donôt use complicated graphics 

to render interface. The first one used for adding colors, so you can easily apply some 

filter to texture. For example, creating bloom or blur effect for 2D objects (images or 

screenshots). The second one is for positioning objects inside the scene. By default, 

the scene is divided with axes. Their max values bound to one ï left top edge is (-1; 

1) and right bottom is (1; -1).  

The most popular open library that implements IMGUI approach is Dear 

ImGui that written in C++. It uses several graphics APIs and additionally supports 

different languages and back-ends. It was presented with Allegro 5, DirectX, GLFW, 

iOS, Marmalade, Metal, OpenGL, SDL 2 and Vulkan APIs, so developers should not 

be worried about developing their applications under different platforms. 
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Pic. 2. Dear ImGui debuging possibilities demonstration 

 

ñDear ImGui is particularly suited to integration in games engine (for tooling), 

real-time 3D applications, full screen applications, embedded applications, or any 

applications on consoles platforms where operating system features are non-

standard.ò 

But from mine personal experience with this library, I can say that it is not so 

flexible for creating complected and customizable GUI. Thatôs why, you need to rewrite 

library methods for rendering or create a new one by copy-pasting. By the way, this 

library needs additional tools for rendering such things like reading files or svg-paths 

directly from file. Moreover, there are not presented default methods for blurring or 

creating shadow. Thereby, you need to write your own shaders using your API. 

Conclusion. But this library has a lot of advantages. For example, it is 

envisaging optimization, have a lot of functions and elements for creating simple 

interface (has demo windows that shows all its power and demonstrate all elements). 
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Also, it has gamepad and keyboard controls, and this library can be easily integrated. 

But the coolest things are that it is provided with multiplatform support and fantastic 

debugging features. So, as for me Dear ImGui one of the best opensource solutions 

for game GUI development. 
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ʈʆɿɼɯʃ 2 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʋ ʉʌɽʈɯ ʆʉɺɯʊʀ, 

ʅɸʋʂʀ ɯ ʋʇʈɸɺʃɯʅʅʗ ɺʀʈʆɹʅʀʎʊɺʆʄ 
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ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʮʽʥʢʠ 

ʧʣʦʱʽ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ. ʆʟʝʣʝʥʝʥʽ ʪʝʨʠʪʦʨʽʾ ʻ ʚʘʞʣʠʚʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʷʢʦʩʪʽ ʤʽʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʢʘʨʪʠ, ʙʘʟʠ ʜʘʥʠʭ, 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʘʢʪʫʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ. ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ 

ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʡ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱʽ ʦʟʝʣʝʥʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʪʘ ʪʨʫʜʦʚʠʪʨʘʪʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʦʟʝʣʝʥʝʥʥʷ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʦʟʧʽʟʥʘʚʘʥʥʷ, ʟʦʙʨʘʞʝʥʥʷ, ʨʦʩʣʠʥʥʽʩʪʴ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, 

ʜʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ. 

 

ɺʩʪʫʧ. ʆʨʛʘʥʽʟʘʮʽʷ ʟʝʣʝʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʤʽʩʪʘ ʚʠʤʘʛʘʻ ʨʦʟʫʤʥʦʛʦ ʧʽʜʭʦʜʫ ʷʢ 

ʜʦ ʚʠʙʦʨʫ, ʪʘʢ ʽ ʨʦʟʤʽʱʝʥʥʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʽ, ʟʚʠʯʘʡʥʦ, ʾʭ ʦʙʣʽʢʫ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ 

ʫʪʦʯʥʠʪʠ, ʱʦ ʧʦʥʷʪʪʷ ʦʙʣʽʢʫ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʤʘʻ ʥʘ ʫʚʘʟʽ ʜʚʽ ʨʽʟʥʽ ʧʨʦʮʝʜʫʨʠ. ʎʝ, 

ʧʦ-ʧʝʨʰʝ, ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ ʜʝʨʝʚ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʾʭ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ. ʇʦ-ʜʨʫʛʝ, ʮʝ ʦʮʽʥʢʘ 

ʧʣʦʱʽ, ʱʦ ʟʘʡʤʘʶʪʴ ʚʩʽ ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ, ɦ ʦ ʚʢʣʶʯʘʻ ʥʝ ʪʽʣʴʢʠ ʜʝʨʝʚʘ ʽ ʯʘʛʘʨʥʠʢʠ, ʘ 

ʡ ʛʘʟʦʥʠ ʽ ʪ.ʧ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ, ʚ ʋʢʨʘʾʥʽ ʥʝ ʚʧʨʦʚʘʜʞʝʥʦ 

ʢʦʥʮʝʧʮʽʾ ʟʝʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʟʝʣʝʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʽʜʩʫʪʥʻ ʥʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʤʽʩʴʢʠʭ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ [1]. ʆʜʥʘʢ ʦʮʽʥʢʘ ʨʽʚʥʷ ʢʦʤʬʦʨʪʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ 

ʦʟʝʣʝʥʝʥʥʷ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʫ ʥʘʰʽ ʜʥʽ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ, ʦʩʦʙʣʠʚʦ 

ʚʝʣʠʢʠʭ ʤʝʛʘʧʦʣʽʩʽʚ. ɸ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʟʥʘʯʝʥʦʾ ʦʮʽʥʢʠ ʤʘʶʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʦʙʣʘʩʪʷʭ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʪʝʨʠʪʦʨʽʘʣʴʥʠʤ ʧʣʘʥʫʚʘʥʥʷʤ, 

ʧʣʘʥʫʚʘʥʥʷʤ ʪʝʨʠʪʦʨʽʾ, ʢʘʜʘʩʪʨʦʚʦʶ ʦʮʽʥʢʦʶ ʟʝʤʝʣʴ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʶ ʦʮʽʥʢʦʶ ʦʙ'ʻʢʪʽʚ ʥʝʨʫʭʦʤʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʨʠ ʫʭʚʘʣʝʥʥʽ ʨʽʟʥʠʭ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ. 

ʇʨʦʮʝʩ ʚʧʦʨʷʜʢʫʚʘʥʥʷ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ, ʷʢ ʩʠʩʪʝʤʘ ʟʘʭʦʜʽʚ ʱʦʜʦ 

ʚʠʨʽʰʝʥʥʷ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʨʦʙʣʝʤ, ʥʘʙʫʚʘʻ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʝʣʝʥʦʛʦ 

ʙʫʜʽʚʥʠʮʪʚʘ. ʈʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʟʘʭʦʜʽʚ ʤʦʞʣʠʚʘ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ 

ʜʦʩʪʦʚʽʨʥʦʾ, ʦʧʝʨʘʪʠʚʥʦʾ ʪʘ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʢʽʣʴʢʽʩʥʠʡ ʽ ʷʢʽʩʥʠʡ ʩʪʘʥ 

ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. ʇʨʦʪʝ, ʮʝʡ ʧʨʦʮʝʩ, ʷʢ ʽ ʙʫʜʴ- ʢ̫ʘ ʩʫʯʘʩʥʘ 

ʤʝʪʦʜʠʢʘ ʦʪʨʠʤʘʥʥʷ, ʦʙʨʦʙʢʠ, ʦʙʣʽʢʫ, ʘʥʘʣʽʟʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ, ʥʝ ʤʦʞʝ 

ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʙʝʟ ʟʘʣʫʯʝʥʥʷ ʧʝʨʝʚʘʛ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʪʞʝ ʨʦʟʨʦʙʢʘ 
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ʪʝʭʥʦʣʦʛʽʾ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʪʝʨʠʪʦʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʫʯʘʩʥʠʭ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʩʴʦʛʦʜʝʥʥʷ [2]. 

ʋ ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟʜʽʡʩʥʝʥʦ ʩʧʨʦʙʫ ʚʽʜʧʨʘʮʶʚʘʪʠ ʤʝʪʦʜʠʢʫ 

ʦʮʽʥʢʠ ʧʣʦʱ ʦʟʝʣʝʥʝʥʥʷ ʤʽʩʪʘ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ ʟ 

ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ).  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿ ʧʦʷʚʦʶ ʪʘ ʨʦʟʚʠʪʢʦʤ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʨʦʮʝʩ 

ʦʙʣʽʢʫ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʫʜʦʩʢʦʥʘʣʶʻʪʴʩʷ. ʅʘ ʦʩʥʦʚʽ ʪʘʢʩʘʮʽʾ ʩʪʚʦʨʶʶʪʴʩʷ 

ʘʪʨʠʙʫʪʠʚʥʽ ʙʘʟʠ ʜʘʥʠʭ, ʮʠʬʨʦʚʽ ʢʘʨʪʠ. ɺʩʝ ʮʝ ʜʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ, ʩʢʣʘʜʘʥʥʷ ʚʠʙʽʨʦʢ, ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʜʝʨʝʚʦʩʪʦʶ, ʧʣʘʥʫʚʘʥʥʷ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʦʩʘʜʦʢ ʥʘʩʘʜʞʝʥʴ. ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʻ ʟʘʚʜʘʥʥʷ ʦʙʣʽʢʫ ʧʣʦʱ 

ʥʘʩʘʜʞʝʥʴ ʦʙʤʝʞʝʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʨʠʙʫʜʠʥʢʦʚʠʭ 

ʪʝʨʠʪʦʨʽʷʭ, ʧʨʠ ʰʢʦʣʘʭ, ʜʠʪʷʯʠʭ ʩʘʜʢʘʭ, ʤʝʜʠʯʥʠʭ, ʦʩʚʽʪʥʽʭ ʪʘ ʽʥʰʠʭ ʟʘʢʣʘʜʘʭ. 

ɸʝʨʦʬʦʪʦʟʡʦʤʢʘ ʟ ʣʽʪʘʢʽʚ ʘʙʦ ɹʇʃɸ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ (ʜʦ 5 ʩʤ) ʪʘ ʦʮʽʥʠʪʠ ʥʝ ʣʠʰʝ ʢʽʣʴʢʽʩʪʴ, ʘ ʡ ʩʪʘʥ ʥʘʩʘʜʞʝʥʴ. ʇʨʠ 

ʮʴʦʤʫ ʤʦʞʣʠʚʝ ʧʨʦʚʝʜʝʥʥʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ, ʱʦ ʜʘʻ ʙʽʣʴʰ ʪʦʯʥʽ ʧʨʦʩʪʦʨʦʚʽ 

ʟʦʙʨʘʞʝʥʥʷ. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʙʫʣʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ 

ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱ ʦʟʝʣʝʥʝʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʤʘʪʝʨʽʘʣʘʭ ʟ ɹʇʃɸ 

ʜʝʢʽʣʴʢʦʭ ʜʽʣʷʥʦʢ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ɸʚʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʣʘʩʥʫ ʧʨʦʛʨʘʤʥʫ 

ʨʝʘʣʽʟʘʮʽʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘ ʦʢʨʝʤʠʭ ʝʪʘʧʘʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ [3, 4]. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ, ʱʦ ʤʽʩʪʠʪʴ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: 

1. ɿʘʚʘʥʪʘʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʤʫʣʴʪʠʢʘʥʘʣʴʥʦʛʦ ʟʥʽʤʢʘ. ʇʨʠʢʣʘʜ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʬʨʘʛʤʝʥʪʫ RGB-ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʧʦʜʘʥʦ ʥʘ ʨʠʩ.1. 

2. ɺʠʜʽʣʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʏ-ʜʽʘʧʘʟʦʥʫ. ɹʽʥʘʨʠʟʦʚʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ ʮʴʦʛʦ ʝʪʘʧʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ 2. 

3. ɺʠʜʽʣʝʥʥʷ ʛʘʟʦʥʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ (ʨʠʩ. 3). 

4. ʉʝʤʘʥʪʠʯʥʘ ʩʝʛʤʝʥʪʘʮʽʷ (ʨʠʩ. 4) [4]. 

5. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʩʢʠ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʧʦʜʘʣʴʰʝ ʧʨʦʩʽʶʚʘʥʥʷ 

ʟʘʤʘʩʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʨʠʩ.5). 

6. ʇʦʙʫʜʦʚʘ ʚʝʢʪʦʨʫ ʪʘ ʧʦʜʘʣʴʰʝ ʥʘʢʣʘʜʝʥʥʷ ʡʦʛʦ ʥʘ ʨʘʩʪʨ (ʨʠʩ.6). 

7. ʇʽʜʨʘʭʫʥʦʢ ʧʣʦʱ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ. 
 

 
 

ʈʠʩ. 1. ɺʠʭʽʜʥʝ RGB-ʟʦʙʨʘʞʝʥʥʷ 

 

ʈʠʩ. 2. ɺʠʜʽʣʝʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɯʏ-ʜʽʘʧʘʟʦʥʫ 
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ʈʠʩ. 3. ɺʠʜʽʣʝʥʥʷ ʛʘʟʦʥʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪ ʩʝʛʤʝʥʪʘʮʽʾ 

 

 

 

ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪ ʧʨʦʩʽʶʚʘʥʥʷ 

ʟʘʤʘʩʢʦʚʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʈʠʩ. 6. ʅʘʢʣʘʜʝʥʥʷ ʚʝʢʪʦʨʘ ʥʘ ʨʘʩʪʨ 

 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʧʦʜʘʣʴʰʦʾ ʦʮʽʥʢʠ ʧʣʦʱ ʦʟʝʣʝʥʝʥʥʷ ʤʽʩʪʘ ʥʘ 

ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʘʝʨʦʬʦʪʦʟʡʦʤʢʠ ʟ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ. 

ɺʝʨʠʬʽʢʘʮʽʷ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʧʽʜʪʚʝʨʜʠʣʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʘ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ. 
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ɼ.ɺ. ʉʫʙʘʯ1, ɯ.ɸ. ʊʢʘʯʝʥʢʦ1, ɻ.ʄ. ʂʦʨʦʪʝʥʢʦ1, ɺ.ɺ. ɻʥʘʪʫʰʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʈʆɿʈʆɹʂɸ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʊɽʍʅʆʃʆɻɯɰ ʉʊɺʆʈɽʅʅʗ ʊɸ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʆʄʇʆʅɽʅʊɯɺ NFT ʄɸʈʂɽʊʇʃɽʁʉɸ 

 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʤʘʨʢʝʪʧʣʝʡʩ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʢʘʨʙʫʚʘʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʪʦʢʝʥʽʚ NFT, ʚʠʩʪʘʚʣʝʥʥʷ ʾʭ ʜʦ ʤʘʨʢʝʪʧʣʝʡʩʫ, ʘ ʪʘʢʦʞ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʚʣʘʩʥʠʢʘ ʪʦʢʝʥʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʙʣʦʢʯʝʡʥ, ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʜʦʜʘʪʦʢ, non-

fungible token, NFT ʤʘʨʢʝʪʧʣʝʡʩ, ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʠ, ʢʨʠʧʪʦ-ʛʘʤʘʥʝʮʴ, Truffle Suite Studio, 

Ganache, Solidity, Typescript. 

 

ɺʩʪʫʧ. ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʪʨʠʤʢʠ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʙʣʦʢʯʝʡʥʫ ʪʘ ʥʝʟʤʽʥʥʠʭ ʪʦʢʝʥʽʚ, ʷʢʽ ʧʨʦʜʦʚʞʫʶʪʴ 

ʨʦʟʚʠʚʘʪʠʩʷ ʥʘ ʙʘʟʽ ʨʦʟʰʠʨʝʥʥʷ ʛʘʣʫʟʝʡ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʤʘʨʢʝʪʧʣʝʡʩ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʨʙʫʚʘʥʥʷ ʫʥʽʢʘʣʴʥʠʭ 

ʪʦʢʝʥʽʚ NFT, ʚʠʩʪʘʚʣʝʥʥʷ ʾʭ ʜʦ ʤʘʨʢʝʪʧʣʝʡʩʫ, ʘ ʪʘʢʦʞ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ 

ʱʦʜʦ ʧʨʦʚʝʜʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʜʣʷ ʚʣʘʩʥʠʢʽʚ ʪʦʢʝʥʽʚ ʫ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʝʨʪʠʬʽʢʘʪʽʚ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʱʦʜʦ ʬʽʟʠʯʥʠʭ ʘʙʦ ʚʽʨʪʫʘʣʴʥʠʭ ʘʢʪʠʚʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʩʬʦʨʤʦʚʘʥʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʚʠʨʽʰʝʥʥʷ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʜʦʩʣʽʜʠʪʠ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʪʘ ʨʦʙʦʪʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʜʦʜʘʪʢʽʚ 

ʪʘ ʟʘʩʦʙʽʚ ʜʣʷ ʾʭ ʧʦʙʫʜʦʚʠ; 

¶ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʤʘʨʢʝʪʧʣʝʡʩʫ 
ʥʘ ʙʘʟʽ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ; 

¶ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʦʮʽʥʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʷʚʣʝʥʠʭ ʬʫʥʢʮʽʡ, ʪʘʢʠʭ ʷʢ: 
ʢʘʨʙʫʚʘʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʪʦʢʝʥʽʚ NFT; ʤʦʞʣʠʚʽʩʪʴ ʚʠʩʪʘʚʣʝʥʥʷ ʾʭ ʜʦ 

ʤʘʨʢʝʪʧʣʝʡʩʫ; ʜʦʩʪʫʧ ʜʦ ʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʦʢʝʥʫ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʪʘ ʦʧʠʩʽ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʨʦʙʦʪʠ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥʫ, ʥʘ ʧʨʠʢʣʘʜʽ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ NFT ʤʘʨʢʝʪʧʣʝʡʩʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʧʪʦʚʘʣʶʪ ʪʘ ʥʝʟʘʤʽʥʥʠʭ 

ʪʦʢʝʥʽʚ.  

ɯʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ NFT ʤʘʨʢʝʪʧʣʝʡʩʘ ʨʦʟʨʦʙʣʶʚʘʣʘʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ: 

¶ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Solidity; 

¶ ʪʠʧʽʟʦʚʘʥʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ TypeScript; 

¶ ʩʣʫʞʙʘ ʢʝʨʫʚʘʥʥʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʤʠ ʬʘʡʣʘʤʠ NFT Pinata; 

¶ ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ Truffle; 

¶ ʧʝʨʩʦʥʘʣʴʥʠʡ ʙʣʦʢʯʝʡʥ Ganache; 

¶ ʢʦʣʝʢʮʽʷ ʽʥʪʝʨʬʝʡʩʥʠʭ ʙʽʙʣʽʦʪʝʢ Drizzle. 
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ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʘʨʢʝʪʧʣʝʡʩʽʚ ʜʣʷ ʚʠʙʦʨʫ ʘʢʪʫʘʣʴʥʦʾ 

ʧʣʘʪʬʦʨʤʠ ʙʣʦʢʯʝʡʥʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ 

ʙʽʣʴʰʽʩʪʴ ʨʠʥʢʽʚ NFT ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ Ethereum. Ethereum ʤʽʩʪʠʪʴ ʪʠʩʷʯʽ 

ʢʦʣʝʢʮʽʡ NFT. ʋ ʤʝʨʝʞʽ Ethereum ʪʦʢʝʥʠ ʩʪʚʦʨʶʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʘʥʜʘʨʪʫ ERC-721, ʷʢʠʡ ʟʙʝʨʽʛʘʻ ʤʝʪʘʜʘʥʽ NFT ʫ ʦʜʥʦʡʤʝʥʥʦʤʫ ʙʣʦʢʯʝʡʥʽ. 

ʇʨʝʜʤʝʪʦʤ ʨʦʟʨʦʙʢʠ ʻ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʤʘʨʢʝʪʧʣʝʡʩ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʢʘʨʙʫʚʘʥʥʷ ʫʥʽʢʘʣʴʥʠʭ ʪʦʢʝʥʽʚ NFT, ʾʭ ʚʠʩʪʘʚʣʝʥʥʷ ʜʦ ʤʘʨʢʝʪʧʣʝʡʩʫ, ʘ ʪʘʢʦʞ 

ʜʦʩʪʫʧ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʪʦʢʝʥʽʚ.  

ʆʙʨʘʥʦ ʣʦʢʘʣʴʥʠʡ ʙʣʦʢʯʝʡʥ Ganache, ʷʢʠʡ ʻ ʩʠʤʫʣʷʪʦʨʦʤ ʙʣʦʢʯʝʡʥʫ ʚʽʜ 

Ethereum ʥʘ ʦʩʥʦʚʽ Ethereum Virtual Machine. ɯʥʩʪʨʫʤʝʥʪ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚʣʘʩʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ ʙʣʦʢʯʝʡʥʫ Ethereum, ʷʢʠʡ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʨʦʟʛʦʨʪʘʥʥʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʽʚ ʧʝʨʝʜ ʾʭ ʟʘʧʫʩʢʦʤ ʚ ʘʚʪʝʥʪʠʯʥʦʤʫ ʣʘʥʮʶʞʢʫ, 

ʨʦʟʨʦʙʢʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʜʦʜʘʪʢʽʚ ʪʘ ʪʝʩʪʫʚʘʥʥʷ. Ganache ʻ ʢʦʤʧʦʥʝʥʪʦʤ 

ʩʪʨʫʢʪʫʨʠ Truffle Suite ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ Truffle ʽ Drizzle [1]. 

ɺ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 

Truffle ï ʩʝʨʝʜʦʚʠʱʝ ʨʦʟʨʦʙʢʠ, ʢʦʥʚʝʻʨ ʘʢʪʠʚʽʚ ʽ ʧʣʘʪʬʦʨʤʘ ʪʝʩʪʫʚʘʥʥʷ 

ʝʢʦʩʠʩʪʝʤʠ Truffle Suite. ʌʨʝʡʤʚʦʨʢ Truffle ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʽʨʪʫʘʣʴʥʫ ʤʘʰʠʥʫ 

Ethereum (EVM), ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʥʫʯʢʦʾ ʨʦʟʨʦʙʢʠ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʽʚ [2]. 

ɺʠʢʦʨʠʩʪʘʥʦ ʢʦʣʝʢʮʽʶ ʽʥʪʝʨʬʝʡʩʥʠʭ ʙʽʙʣʽʦʪʝʢ Drizzle. ʗʜʨʦ Drizzle 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʩʭʦʚʠʱʘ Redux. ɯʥʩʪʨʫʤʝʥʪʽʚ ʨʦʟʨʦʙʢʠ Redux ʨʦʙʣʷʪʴ 

ʥʘʧʠʩʘʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʜʦʜʘʪʢʽʚ ʧʨʦʩʪʽʰʠʤ ʽ 

ʧʝʨʝʜʙʘʯʫʚʘʥʽʰʠʤ. Drizzle ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʤʘʛʘʟʠʥ Redux ʷʢ ʥʘ ʦʩʥʦʚʥʠʡ 

ʝʣʝʤʝʥʪ ʜʣʷ ʛʥʫʯʢʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʙʘʛʘʪʴʦʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʨʦʟʨʦʙʢʠ, ʧʦʚôʷʟʘʥʠʭ ʽʟ Redux. ʎʝ ʜʦʧʦʤʘʛʘʻ ʚ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʜʘʥʠʭ ʢʦʥʪʨʘʢʪʽʚ, 

ʜʘʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʽ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ [3]. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʤʽʱʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʪʦʢʝʥʽʚ ʫ ʙʣʦʢʯʝʡʥʽ 

Ganache, ʚʠʢʦʨʠʩʪʘʥʦ ʧʣʘʪʬʦʨʤʫ ʢʝʨʫʚʘʥʥʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʤʠ ʬʘʡʣʘʤʠ NFT ï 

Pinata ʥʘ ʦʩʥʦʚʽ ʩʣʫʞʙʠ IPFS. Inter Planetary File System (IPFS) ʻ ʧʨʦʪʦʢʦʣʦʤ, 

ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʦʟʤʽʱʫʚʘʪʠ ʟʘʥʘʜʪʦ ʚʝʣʠʢʠʡ ʚʤʽʩʪ ʜʣʷ ʙʣʦʢʯʝʡʥʽʚ ʫ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ ʦʜʥʦʨʘʥʛʦʚʽʡ ʤʝʨʝʞʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʨʠʧʪʦʛʨʘʬʽʶ, ʱʦʙ 

ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʚʤʽʩʪ ʥʝʤʦʞʣʠʚʦ ʟʤʽʥʠʪʠ [4]. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʤʘʨʢʝʪʧʣʝʡʩʫ, ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ 

ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ Solidity, ʷʢʘ 

ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʽʚ ʪʘ ʨʦʙʦʪʠ ʟ ʚʽʨʪʫʘʣʴʥʦʶ ʤʘʰʠʥʦʶ 

Ethereum Virtual Machine (EVM). Solidity ʜʽʻ ʷʢ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʜʫ 

ʤʘʰʠʥʥʦʛʦ ʨʽʚʥʷ ʪʘ ʡʦʛʦ ʢʦʤʧʽʣʷʮʽʾ ʥʘ ʚʽʨʪʫʘʣʴʥʽʡ ʤʘʰʠʥʽ Ethereum. ʇʨʦʛʨʘʤʠ 

ʪʨʘʥʩʣʶʶʪʴʩʷ ʚ ʙʘʡʪʢʦʜ EVM. Solidity ʜʦʟʚʦʣʷʻ ʚʘʤ çʚʽʜʦʙʨʘʞʘʪʠè ʩʪʨʫʢʪʫʨʠ 

ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʣʽʢʽʚ, ʦʧʝʨʘʪʦʨʽʚ ʽ ʭʝʰ-ʟʥʘʯʝʥʴ, ʱʦʙ ʧʦʚʝʨʪʘʪʠ 

ʟʥʘʯʝʥʥʷ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʧʝʚʥʠʭ ʤʽʩʮʷʭ ʟʙʝʨʽʛʘʥʥʷ [5]. 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʽʥʪʝʨʬʝʡʩʫ ʜʦʜʘʪʢʫ ʪʘ ʨʦʙʦʪʠ ʟ ʬʨʝʡʤʚʦʨʢʘʤʠ ʜʣʷ 

JavaScript - React.js ʪʘ Next.js, ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʪʠ ʪʠʧʽʟʦʚʘʥʫ ʤʦʚʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ JavaScript ʧʽʜ ʥʘʟʚʦʶ TypeScript. TypeScript 

ʨʦʟʰʠʨʶʻ JavaScript ʽ ʥʘʜʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʽʥʰʽ ʬʫʥʢʮʽʾ, ʪʘʢʽ ʷʢ ʽʥʪʝʨʬʝʡʩʠ, 

ʧʩʝʚʜʦʥʽʤʠ ʪʠʧʽʚ, ʘʙʩʪʨʘʢʪʥʽ ʢʣʘʩʠ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʬʫʥʢʮʽʡ, ʢʦʨʪʝʞʽ, 
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ʛʝʥʝʨʠʢʠ ʪʦʱʦ. ɺʽʥ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʣʠʢʠʭ ʜʦʜʘʪʢʽʚ ʽ ʢʦʤʧʽʣʶʻʪʴʩʷ 

ʥʘ JavaScript. TypeScript ʧʨʦʧʦʥʫʻ ʚʩʽ ʬʫʥʢʮʽʾ JavaScript ʽ ʜʦʜʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʥʘ 

ʜʦʜʘʪʦʢ ʜʦ ʥʠʭ: ʩʠʩʪʝʤʫ ʪʠʧʽʚ TypeScript [6]. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʦ ʜʦʜʘʪʦʢ ʫ ʚʠʛʣʷʜʽ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʧʨʦʛʨʘʤʠ, ʷʢʘ ʽʩʥʫʻ ʽ ʧʨʘʮʶʻ ʫ ʙʣʦʢʯʝʡʥʽ ʥʘ ʧʣʘʪʬʦʨʤʽ 

Ethereum. ʉʭʝʤʘ ʘʨʭʽʪʝʢʪʫʨʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʜʦʜʘʪʢʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʨʦʟʨʦʙʢʠ Truffle Suite ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʜʦʜʘʪʢʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʨʦʙʢʠ Truffle Suite 

  

ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʟʨʦʙʢʠ ʻ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʠʡ ʜʦʜʘʪʦʢ ï ʤʘʨʢʝʪʧʣʝʡʩ ʜʣʷ 

ʢʘʨʙʫʚʘʥʥʷ ʥʝʟʘʤʽʥʥʠʭ ʪʦʢʝʥʽʚ ʟʘ ʩʪʘʥʜʘʨʪʦʤ ERC721, ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

Solidity ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʢʝʪʫ ʨʦʟʨʦʙʥʠʢʘ Truffle Suite Studio. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʦ ʽ ʦʧʠʩʘʥʦ 

ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʨʦʟʨʦʙʢʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʤʘʨʢʝʪʧʣʝʡʩʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ NFT, ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʙʣʦʢʯʝʡʥʽ Ganache ʪʘ ʨʝʘʣʽʟʦʚʘʥʦ 

ʟʙʝʨʽʛʘʥʥʷ ʤʝʪʘʜʘʥʠʭ ʪʦʢʝʥʽʚ ʫ ʩʝʨʚʽʩʽ Pinata. 

ɺʠʩʥʦʚʢʠ. ʉʬʦʨʤʦʚʘʥʦ ʽʜʝʶ ʧʨʦʝʢʪʫ ʪʘ ʩʪʚʦʨʝʥʘ ʩʪʨʫʢʪʫʨʘ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʜʦʜʘʪʢʫ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Solidity ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʣʦʢʘʣʴʥʦʛʦ ʙʣʦʢʯʝʡʥʫ Ganache; ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʦʤʧʣʝʢʪʫ 

ʨʦʟʨʦʙʥʠʢʘ Truffle Suite Studio ʪʘ ʩʣʫʞʙʘ ʢʝʨʫʚʘʥʥʷ ʤʫʣʴʪʠʤʝʜʽʡʥʠʤʠ ʬʘʡʣʘʤʠ 

NFT ï Pinata. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʪʝʭʥʦʣʦʛʽʶ ʩʪʚʦʨʝʥʥʷ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʤʘʨʢʝʪʧʣʝʡʩʫ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʢʘʨʙʫʚʘʥʥʷ 
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ʫʥʽʢʘʣʴʥʠʭ ʪʦʢʝʥʽʚ NFT, ʚʠʩʪʘʚʣʝʥʥʷ ʾʭ ʜʦ ʤʘʨʢʝʪʧʣʝʡʩʫ, ʘ ʪʘʢʦʞ ʜʦʩʪʫʧʫ ʜʦ 

ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʧʨʦʚʝʜʝʥʠʭ ʪʨʘʥʟʘʢʮʽʡ ʜʣʷ ʚʣʘʩʥʠʢʽʚ ʪʦʢʝʥʽʚ ʫ ʚʠʛʣʷʜʽ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʝʨʪʠʬʽʢʘʪʽʚ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʱʦʜʦ ʬʽʟʠʯʥʠʭ ʘʙʦ ʚʽʨʪʫʘʣʴʥʠʭ 

ʘʢʪʠʚʽʚ.  

 
ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 

1. What is Ganache? (ɽʣʝʢʪʨʦʥ. ʈʝʩʫʨʩ) / ʉʧʦʩʽʙ ʜʦʩʪʫʧʫ: URL: https://trufflesuite.com/docs/ganache/ 

2. What is Truffle? (ɽʣʝʢʪʨʦʥ. ʈʝʩʫʨʩ) / ʉʧʦʩʽʙ ʜʦʩʪʫʧʫ: URL:  https://trufflesuite.com/docs/truffle/ 

3. Drizzle overview. (ɽʣʝʢʪʨʦʥ. ʈʝʩʫʨʩ) / ʉʧʦʩʽʙ ʜʦʩʪʫʧʫ: URL:  https://trufflesuite.com/docs/drizzle/  

4. What is IPFS? (ɽʣʝʢʪʨʦʥ. ʈʝʩʫʨʩ) / ʉʧʦʩʽʙ ʜʦʩʪʫʧʫ: URL: 

https://docs.pinata.cloud/what-can-i-learn-here/what-is-pinata/what-is-ipfs    

5. Solidity. (ɽʣʝʢʪʨʦʥ. ʈʝʩʫʨʩ) / ʉʧʦʩʽʙ ʜʦʩʪʫʧʫ: URL: https://docs.soliditylang.org/en/v0.8.17/ 

6. What is TypeScript and why should you use it? (ɽʣʝʢʪʨʦʥ. ʈʝʩʫʨʩ) / ʉʧʦʩʽʙ ʜʦʩʪʫʧʫ: 

URL: https://www.contentful.com/blog/what-is-typescript-and-why-should-you-use-it/  
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ɺ.ɯ. ʆʣʝʚʩʴʢʠʡ1, ɺ.ʉ. ʂʨʫʪʴʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʈʆɿʈʆɹʂɸ ʇɯɼʉʀʉʊɽʄʀ ɺɯɿʋɸʃʔʅʆɰ ɸʋʊɽʅʊʀʌɯʂɸʎɯɰ 

ʂʆʈʀʉʊʋɺɸʏɸ ʅɸ ʆʉʅʆɺɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ɹɯɹʃɯʆʊɽʂ  

OPENCV ʊɸ FACE RECOGNITION 

 
ɸʥʦʪʘʮʽʷ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʢ OpenCV ʪʘ Face Recognition 

ʩʪʚʦʨʝʥʘ ʧʽʜʩʠʩʪʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʮʝʜʫʨ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʫʥʠʢʥʫʪʠ 

ʥʝʜʦʣʽʢʽʚ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, ʟʘʭʠʩʪ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ, 

ʤʝʪʦʜʠ ʚʽʟʫʘʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʩʠʩʪʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ, OpenCV, Face 

Recognition. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʽ ʩʫʩʧʽʣʴʥʦʤʫ ʞʠʪʪʽ, ʟʙʝʨʽʛʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʊʦʤʫ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʽʜ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʠʤ. 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʦʛʽʥʫ ʽ 

ʧʘʨʦʣʶ ʚ ʮʽʣʦʤʫ ʚʠʨʽʰʫʶʪʴ ʮʶ ʧʨʦʙʣʝʤʫ, ʘʣʝ ʻ ʚʨʘʟʣʠʚʠʤʠ ʜʦ ʟʣʘʤʫ ʪʘ 

ʤʝʪʦʜʽʚ ʩʦʮʽʘʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʟʥʘʯʥʠʤ ʧʦʰʠʨʝʥʥʷʤ ʟʣʦʚʤʠʩʥʠʭ 

ʘʪʘʢ, ʦʩʦʙʣʠʚʦ ʚ ʧʝʨʽʦʜ ʚʽʡʥʠ, ʨʦʟʨʦʙʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ 

ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʤʝʪʦʜʠ ʚʽʟʫʘʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ 

[1]. ʊʘʢʽ ʤʝʪʦʜʠ ʙʽʣʴʰ ʥʘʜʽʡʥʽ, ʪʦʤʫ ʱʦ ʻ ʥʝʚʽʜôʻʤʥʠʤʠ ʚʽʜ ʦʩʦʙʠʩʪʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʘ. 

https://trufflesuite.com/docs/ganache/
https://trufflesuite.com/docs/truffle/
https://trufflesuite.com/docs/drizzle/
https://docs.pinata.cloud/what-can-i-learn-here/what-is-pinata/what-is-ipfs
https://docs.soliditylang.org/en/v0.8.17/
https://www.contentful.com/blog/what-is-typescript-and-why-should-you-use-it/
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ɯʩʥʫʶʪʴ ʜʝʢʽʣʴʢʘ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʚʽʟʫʘʣʴʥʫ 

ʽʜʝʥʪʠʬʽʢʘʮʽʶ. ʅʘʧʨʠʢʣʘʜ, Face ID ï ʮʝ ʦʙôʻʤʥʦ-ʧʨʦʩʪʦʨʦʚʠʡ ʩʢʘʥʝʨ ʦʙʣʠʯʯʷ, 

ʷʢʠʡ ʧʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ Time-of-flight ʨʦʟʧʽʟʥʘʶʯʠ ʥʝ ʧʨʦʩʪʦ ʧʣʦʩʢʠʡ 

ʧʦʨʪʨʝʪ ʣʶʜʠʥʠ, ʘ ʡʦʛʦ ʦʙôʻʤʥʫ ʤʦʜʝʣʴ [2]. Face ID ʻ ʚʽʜʛʘʣʫʞʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ 

LiDAR, ʚʦʥʘ ʩʘʤʦʥʘʚʯʘʻʪʴʩʷ, ʟʘʧʘʤ'ʷʪʦʚʫʻ ʟʤʽʥʠ ʚ ʦʩʦʙʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʫ ʧʨʦʮʝʩʦʨʽ ʩʤʘʨʪʬʦʥʘ. ɸʣʝ ʮʷ ʤʘʻ ʧʦʚʽʣʴʥʫ ʰʚʠʜʢʽʩʪʴ 

ʨʦʙʦʪʠ, ʥʝ ʻ ʥʘʜʽʡʥʦʶ ʚ ʧʣʘʥʽ ʟʘʭʠʩʪʫ ʜʘʥʠʭ; ʥʝ ʨʦʟʧʽʟʥʘʻ ʜʽʪʝʡ ʚʽʢʦʤ ʜʦ 12 

ʨʦʢʽʚ, ʥʝ ʨʦʟʧʽʟʥʘʻ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʢʠ ʚʽʥ ʥʝ ʧʦʜʠʚʠʪʴʩʷ ʥʘ ʬʨʦʥʪʘʣʴʥʫ ʢʘʤʝʨʫ ʽ 

ʪ.ʜ. ʂʦʨʠʩʪʫʚʘʯʽ ʟʘʫʚʘʞʫʶʪʴ ʥʘ ʥʝʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ, ʪʦʤʫ ʚʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʽʣʴʰʝ ʜʣʷ ʧʨʦʩʪʦʪʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʥʽʞ ʜʣʷ ʥʘʜʽʡʥʦʛʦ 

ʟʘʭʠʩʪʫ ʜʘʥʠʭ.  

ʑʝ ʦʜʥʽʻʶ ʪʘʢʦʶ ʩʠʩʪʝʤʦʶ ʻ DeepFace ï ʩʠʩʪʝʤʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ 

ʟ ʛʣʠʙʦʢʠʤ ʥʘʚʯʘʥʥʷʤ, ʩʪʚʦʨʝʥʘ ʜʦʩʣʽʜʥʠʮʴʢʦʶ ʛʨʫʧʦʶ Facebook [3]. ɺʦʥʘ 

ʟʜʘʪʥʘ ʨʦʟʧʽʟʥʘʚʘʪʠ ʦʙʣʠʯʯʷ ʥʘ ʮʠʬʨʦʚʠʭ ʬʦʪʦʛʨʘʬʽʷʭ, ʘʣʝ ʥʝ ʟʜʘʪʥʘ 

ʚʽʜʦʢʨʝʤʣʶʚʘʪʠ ʦʩʦʙʫ ʥʘ ʬʦʪʦ.  

ʉʝʨʚʽʩ Amazon ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʥʘ ʦʩʥʦʚʽ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʟ ʛʣʠʙʦʢʠʤ ʥʘʚʯʘʥʥʷʤ. ʅʝʜʦʣʽʢʘʤʠ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʪʝ, ʱʦ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʦʙʨʘʞʝʥʴ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ QVGA (320x240) ʽ ʥʠʞʯʝ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʦʢ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʦʩʽʙ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʧʽʜʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙʣʠʯʯʷ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʢ OpenCV ʪʘ Face Recognition. ɼʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʚʠʢʣʘʩʪʠ ʧʨʠʥʮʠʧʠ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʙʽʙʣʽʦʪʝʢ OpenCV ʪʘ Face Recognition; 

¶ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʥʝʦʙʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ;  

¶ ʩʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʫ ʯʘʩʪʠʥʫ ʧʽʜʩʠʩʪʝʤʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ; 

¶ ʟʨʦʙʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʽ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʾʾ ʻʬʝʢʪʠʚʥʦʩʪʽ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. OpenCV ï ʮʝ ʙʽʙʣʽʦʪʝʢʘ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ ʟ 

ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʪʘ ʜʦʩʠʪʴ ʰʠʨʦʢʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʘʥʘʣʽʟʫ, 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ɺʦʥʘ ʥʘʜʘʻ ʟʘʩʦʙʠ ʜʣʷ ʦʙʨʦʙʢʠ ʽ ʘʥʘʣʽʟʫ 

ʚʤʽʩʪʫ ʟʦʙʨʘʞʝʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʬʦʪʦʛʨʘʬʽʷʭ 

(ʥʘʧʨʠʢʣʘʜ, ʦʩʽʙ ʽ ʬʽʛʫʨ ʣʶʜʝʡ, ʪʝʢʩʪʫ ʪʦʱʦ), ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʨʫʭʫ ʦʙ'ʻʢʪʽʚ, 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽ  ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɹʽʙʣʽʦʪʝʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ (ʉ++, Python, Java, 

Ruby, Matlab ʪʘ ʽʥ.) ʽ ʤʦʞʝ ʚʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʘʢʘʜʝʤʽʯʥʠʭ ʪʘ 

ʢʦʤʝʨʮʽʡʥʠʭ ʮʽʣʷʭ. 

Face Recognition ï ʮʝ ʙʽʙʣʽʦʪʝʢʘ ʤʦʚʠ Python, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʴ. ɺʦʥʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʜʫʞʝ ʟʨʫʯʥʘ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ, ʾʾ ʣʝʛʢʦ ʨʦʟʛʦʨʥʫʪʠ ʥʘ ʩʝʨʚʝʨʽ ʥʘʚʽʪʴ ʙʝʟ ʜʦʨʦʛʦʛʦ GPU ʽ ʚʦʥʘ ʤʘʻ 

ʜʦʩʠʪʴ ʧʨʦʩʪʽ ʚʠʤʦʛʠ. 
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ɿʘʚʜʘʥʥʷʤ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʧʽʜʩʠʩʪʝʤʽ ʚʽʟʫʘʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʚʝʙ ʜʦʜʘʪʢʫ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢ OpenCV ʪʘ Face 

Recognition. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙ ʜʦʜʘʪʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʡ 

ʬʨʝʡʤʚʦʨʢ Django. 

ʉʭʝʤʘ ʨʦʙʦʪʠ ʨʦʟʨʦʙʣʝʥʦʾ ʧʽʜʩʠʩʪʝʤʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ 1. 

 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʦʙʦʪʠ ʧʽʜʩʠʩʪʝʤʠ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʘ 

 

ʈʦʙʦʪʘ ʧʽʜʩʠʩʪʝʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1. ʂʦʨʠʩʪʫʚʘʯ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʟʫʘʣʴʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʬʦʨʤʫʻ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʟʘʧʠʪ. ʉʧʦʯʘʪʢʫ ʢʦʨʠʩʪʫʚʘʯ ʟʘʧʦʚʥʶʻ ʧʦʣʷ "login" ʪʘ 

"password", ʜʘʣʽ, ʷʢʱʦ ʚ ʥʴʦʛʦ ʘʢʪʠʚʦʚʘʥʘ ʬʫʥʢʮʽʷ ʚʽʟʫʘʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʢʘʤʝʨʠ ʚʽʥ ʨʦʙʠʪʴ ʟʥʽʤʦʢ ʩʚʦʛʦ ʦʙʣʠʯʯʷ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʚʩʽ ʧʦʣʷ 

ʟʘʧʦʚʥʝʥʽ, ʟʘʧʠʪ ʚʽʜʧʨʘʚʣʷʻʪʴʩʷ ʜʦ ʩʝʨʚʝʨʫ. 

2. ʉʝʨʚʝʨ ʦʪʨʠʤʘʚʰʠ ʟʘʧʠʪ, ʧʝʨʝʥʘʧʨʘʚʣʷʻ ʡʦʛʦ ʜʦ ʧʽʜʩʠʩʪʝʤʠ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. 

3.  ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʻ ʩʪʘʥʜʘʨʪʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʦʣʽʚ login_field ʪʘ password. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʩʠʩʪʝʤʘ ʥʘʜʩʠʣʘʻ ʟʘʧʠʪ 

ʜʦ ʙʘʟʠ ʜʘʥʠʭ (ɹɼ), ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ ʧʦʣʝʤ login_field. 

ʗʢʱʦ ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʟʥʘʡʜʝʥʠʡ, ʧʦʚʝʨʪʘʻʪʴʩʷ ʧʦʤʠʣʢʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ɺ 

ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʨʽʚʥʶʻʪʴʩʷ ʧʘʨʦʣʴ ʥʘʜʽʩʣʘʥʠʡ ʫ ʟʘʧʠʪʽ, ʟ ʧʘʨʦʣʝʤ ʮʴʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʟʙʝʨʝʞʝʥʠʤ ʚ ɹɼ. ʗʢʱʦ ʧʘʨʦʣʽ ʩʧʽʚʧʘʜʘʶʪʴ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʜʦ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ - ʧʽʜʩʠʩʪʝʤʠ ʚʽʟʫʘʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʜʦ ʷʢʦʾ 

ʧʝʨʝʜʘʻʪʴʩʷ ʟʘʧʠʪ, ʪʘ ʚʞʝ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ɹɼ.  
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4. ʇʽʜʩʠʩʪʝʤʘ ʦʪʨʠʤʫʻ ʟʦʙʨʘʞʝʥʥʷ, ʟ ʧʦʣʷ "image", ʪʘ ʧʦʯʠʥʘʻ ʧʨʦʮʝʩ 

ʧʦʰʫʢʫ ʦʙʣʠʯʯʷ ʥʘ ʟʥʽʤʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʡ "imread" ʪʘ "face_locations" 

ʙʽʙʣʽʦʪʝʢ Face Recognition ʪʘ OpenCV. ʗʢʱʦ ʦʙʣʠʯʯʷ ʥʝ ʚʽʜʦʢʨʝʤʣʝʥʦ, 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʧʦʤʠʣʢʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ʗʢʱʦ ʦʙʣʠʯʯʷ ʟʥʘʡʜʝʥʦ, ʧʦʯʠʥʘʻʪʴʩʷ 

ʦʙʨʦʙʢʘ ʦʙʣʠʯʯʷ. 

5. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʫʥʢʮʽʶ "face_encodings" ʙʽʙʣʽʦʪʝʢʠ Face 

Recognition ʦʙʣʠʯʯʷ ʢʦʜʫʻʪʴʩʷ.  

6. ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ "compare_faces" ʙʽʙʣʽʦʪʝʢʠ Face Recognition 

ʟʘʢʦʜʦʚʘʥʝ ʦʙʣʠʯʯʷ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʦʙʣʠʯʯʷʤ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ɹɼ. ʗʢʱʦ ʦʙʣʠʯʯʷ 

ʩʧʽʚʧʘʜʘʶʪʴ, ʪʦ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʫʩʧʽʰʥʦ ʟʘʚʝʨʰʫʻʪʴʩʷ; ʷʢʱʦ ʥʽ - ʧʦʚʝʨʪʘʻʪʴʩʷ 

ʧʦʤʠʣʢʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ.  

ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʚʽʟʫʘʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ: 

1. ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʽʟʫʘʣʴʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʢʦʨʠʩʪʫʚʘʯ ʨʝʻʩʪʨʫʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʽ. ɼʣʷ ʮʴʦʛʦ ʚʽʥ ʟʘʧʦʚʥʶʻ ʧʦʣʷ "login" ʪʘ "password", ʪʘ ʥʘʪʠʩʢʘʻ ʢʥʦʧʢʫ 

"ɿʘʨʝʻʩʪʨʫʚʘʪʠʩʴ" ʚ ʚʽʟʫʘʣʴʥʦʤʫ ʽʥʪʝʨʬʝʡʩʫ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʢʦʨʠʩʪʫʚʘʯ 

ʚʽʜʧʨʘʚʠʚ ʟʘʧʠʪ ʥʘ ʨʝʻʩʪʨʘʮʽʶ, ʩʠʩʪʝʤʘ ʟʙʝʨʽʛʘʻ ʚ ɹɼ ʚʢʘʟʘʥʽ ʣʦʛʽʥ ʪʘ ʧʘʨʦʣʴ. 

ʈʝʻʩʪʨʘʮʽʷ ʟʘʚʝʨʰʫʻʪʴʩʷ. 

2. ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʩʠʩʪʝʤʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʣʦʛʽʥʫ ʪʘ ʧʘʨʦʣʶ, ʷʢʽ ʙʫʣʠ ʚʢʘʟʘʥʽ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ. ʂʦʨʠʩʪʫʚʘʯ 

ʬʦʨʤʫʻ ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʡ ʟʘʧʠʪ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʟʫʘʣʴʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ - 

ʟʘʧʦʚʥʶʻ ʧʦʣʷ "login" ʪʘ "password" ʪʘ ʚʽʜʧʨʘʚʣʷʻ ʟʘʧʠʪ ʜʦ ʩʝʨʚʝʨʫ. ʗʢʱʦ 

ʚʢʘʟʘʥʽ ʜʘʥʽ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʘʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ɹɼ, ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʚ ʩʠʩʪʝʤʽ 

ʟʘʚʝʨʰʫʻʪʴʩʷ, ʢʦʨʠʩʪʫʚʘʯ ʦʪʨʠʤʫʻ ʜʦʩʪʫʧ ʜʦ ʽʥʪʝʨʬʝʡʩʫ ʩʠʩʪʝʤʠ. 

3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʩʪʦʨʽʥʢʫ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʚʦʛʦ ʧʨʦʬʽʣʶ ʪʘ ʚʤʠʢʘʻ ʬʫʥʢʮʽʶ ʚʽʟʫʘʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. 

4. ʇʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʚʽʟʫʘʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ, ʢʦʨʠʩʪʫʚʘʯ 

ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʽʥʪʝʨʬʝʡʩʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʪʝʨʬʝʡʩʫ ʚʽʥ ʜʦʜʘʻ ʚʽʜ 3-ʭ ʬʦʪʦʛʨʘʬʽʡ ʩʚʦʛʦ ʦʙʣʠʯʯʷ. ʇʨʠ ʮʴʦʤʫ ʢʦʨʠʩʪʫʚʘʯ 

ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʘʚʘʥʪʘʞʠʪʠ ʾʭ ʘʙʦ ʟʽ ʩʚʦʻʾ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ, ʘʙʦ ʟʨʦʙʠʪʠ ʽ 

ʜʦʜʘʪʠ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʙ-ʢʘʤʝʨʠ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʢʦʨʠʩʪʫʚʘʯ ʜʦʜʘʚ ʩʚʦʾ 

ʩʚʽʪʣʠʥʠ, ʚʽʥ ʚʽʜʧʨʘʚʣʷʻ ʟʘʧʠʪ ʥʘ ʟʘʚʝʨʰʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

5. ʗʢ ʪʽʣʴʢʠ ʟʘʧʠʪ ʥʘ ʟʘʚʝʨʰʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʥʘʜʽʡʰʦʚ ʜʦ ʩʝʨʚʝʨʫ, 

ʩʠʩʪʝʤʘ ʧʦʯʠʥʘʻ ʦʙʨʦʙʣʷʪʠ ʮʝʡ ʟʘʧʠʪ. ʉʠʩʪʝʤʘ ʦʪʨʠʤʫʻ ʥʘʜʽʩʣʘʥʽ ʟʦʙʨʘʞʝʥʥʷ, 

ʚʽʜʦʢʨʝʤʣʶʻ ʥʘ ʥʠʭ ʦʙʣʠʯʯʷ ʪʘ ʧʦʨʽʚʥʶʻ ʾʭ ʤʽʞ ʩʦʙʦʶ. ʗʢʱʦ ʧʽʩʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʦʙʣʠʯ ʥʘ ʬʦʪʦʛʨʘʬʽʷʭ ʚʽʜʩʦʪʦʢ ʾʭ ʩʭʦʞʦʩʪʽ ʤʝʥʰʝ 70%, ʪʦ ʩʠʩʪʝʤʘ ʚʚʘʞʘʻ ʮʽ 

ʦʙʣʠʯʯʷ ʨʽʟʥʠʤʠ ʪʘ ʥʘʜʩʠʣʘʻ ʢʦʨʠʩʪʫʚʘʯʫ ʚʽʜʧʦʚʽʜʴ, ʚ ʷʢʽʡ ʧʨʦʩʠʪʴ ʢʦʨʠʩʪʫʚʘʯʘ 

ʟʘʚʘʥʪʘʞʠʪʠ ʽʥʰʽ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʽʟʫʘʣʴʥʦʾ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʥʝ ʻ ʟʘʢʽʥʯʝʥʠʤ ʽ ʚʦʥʘ ʥʝ ʙʫʜʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʧʨʠ 

ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʚ ʩʠʩʪʝʤʫ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʽʜʩʦʪʦʢ ʩʭʦʞʦʩʪʽ ʦʙʣʠʯʴ ʙʽʣʴʰʝ 

70%, ʩʠʩʪʝʤʘ ʟʙʝʨʽʛʘʻ ʾʭ ʚ ɹɼ, ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʜʘʥʠʤʠ ʮʴʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʚʚʘʞʘʻʪʴʩʷ ʟʘʚʝʨʰʝʥʠʤ, ʢʦʨʠʩʪʫʚʘʯʫ ʥʘʜʭʦʜʠʪʴ 

ʚʽʜʧʦʚʽʜʴ ʧʨʦ ʫʩʧʽʰʥʝ ʟʘʚʝʨʰʝʥʥʷ ʥʘʣʘʰʪʫʚʘʥʥʷ. 
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6. ʇʽʩʣʷ ʫʩʧʽʰʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʚʽʟʫʘʣʴʥʘ ʘʫʪʝʥʪʠʬʽʢʘʮʽʷ ʜʣʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʘʢʪʠʚʦʚʘʥʘ, ʧʨʠ ʥʘʩʪʫʧʥʽʡ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʚ ʩʠʩʪʝʤʫ, ʚʦʥʘ ʙʫʜʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ. 

ʉʠʩʪʝʤʘ ʚʽʟʫʘʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʙʫʣʘ ʧʨʦʪʝʩʪʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʬʦʪʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʟʨʦʙʣʝʥʦʛʦ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ: 

¶ ʟ ʛʘʨʥʠʤ ʦʩʚʽʪʣʝʥʥʷʤ; 

¶ ʟ ʧʦʛʘʥʠʤ ʦʩʚʽʪʣʝʥʥʷʤ; 

¶ ʟ ʘʢʩʝʩʫʘʨʘʤʠ; 

¶ ʟ ʥʝʩʪʘʥʜʘʨʪʥʠʤ ʨʘʢʫʨʩʦʤ. 

ɿʘʛʘʣʦʤ ʙʫʣʦ ʚʽʜʧʨʘʚʣʝʥʦ 80 ʘʫʪʝʥʪʠʬʽʢʘʮʽʡʥʠʭ ʟʘʧʠʪʽʚ ʣʠʰʝ 8 ʟ ʷʢʠʭ 

ʙʫʣʠ ʥʝʚʜʘʣʠʤʠ. ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʚʽʜ, ʱʦ 

ʪʦʯʥʽʩʪʴ ʩʠʩʪʝʤʠ - 90%, ʪʦʤʫ ʜʘʥʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʠʩʦʢʦʪʦʯʥʦʶ ʪʘ 

ʥʘʜʽʡʥʦʶ. ʊʘʢʦʞ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʨʝʟʫʣʴʪʘʪʠ ʦʢʨʝʤʠʭ ʪʝʩʪʽʚ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, 

ʱʦ ʥʘ ʪʦʯʥʽʩʪʴ ʩʠʩʪʝʤʠ ʥʝ ʚʧʣʠʚʘʻ ʦʩʚʽʪʣʝʥʽʩʪʴ ʬʦʪʦ, ʥʘʷʚʥʽʩʪʴ ʘʢʩʝʩʫʘʨʽʚ ʪʘ 

ʨʘʢʫʨʩ ʦʙʣʠʯʯʷ ʥʘ ʬʦʪʦ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʫʜʦʩʢʦʥʘʣʝʥʽ ʩʠʩʪʝʤʠ 

ʚʽʟʫʘʣʴʥʦʾ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʙʽʙʣʽʦʪʝʢ OpenCV 

ʪʘ Face Recognition ʪʘ ʦʪʨʠʤʘʥʥʽ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘ ʟ 

ʚʽʟʫʘʣʴʥʦʶ ʘʫʪʝʥʪʠʬʽʢʘʮʽʻʶ ʰʣʷʭʦʤ ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʮʝʜʫʨ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʝʬʝʢʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ ʟ ʚʽʟʫʘʣʴʥʦʶ ʘʫʪʝʥʪʠʬʽʢʘʮʽʻʶ. ʉʠʩʪʝʤʘ ʙʫʣʘ ʧʨʦʪʝʩʪʦʚʘʥʘ ʜʣʷ ʨʽʟʥʠʭ 

ʫʤʦʚ ʚʠʢʦʨʠʩʪʘʥʥʷ; ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʾʾ ʩʪʘʙʽʣʴʥʫ ʨʦʙʦʪʫ ʽ 

ʥʘʜʽʡʥʽʩʪʴ. ʉʠʩʪʝʤʘ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʨʦʟʚʠʪʢʫ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʥʠ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʦʙʣʠʯʴ. 

ɺ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʥʜʘʨʪʥʦʶ ʩʠʩʪʝʤʦʶ ʘʫʪʝʥʪʠʬʽʢʘʮʽʾ ʟʘ ʣʦʛʽʥʦʤ ʪʘ ʧʘʨʦʣʝʤ, 

ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʻ ʙʽʣʴʰ ʥʘʜʽʡʥʦʶ ʪʘ ʟʨʫʯʥʦʶ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ. 
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2. Face ID: [Electronic resource] ï Access mode: https://uk.wikipedia.org/wiki/Face_ID 

3. Face Detection Algorithms and Techniques [Electronic resource] ï Access mode: 

https://facedetection.com/algorithms/ 

4. Rosebrock Adrian Face recognition with OpenCV, Python, and deep learning [Electronic 

resource] ï Access mode: https://pyimagesearch.com/2018/06/18/face-recognition-with-opencv-

python-and-deep-learning/ 

5. OpenCV: OpenCV Tutorials [Electronic resource] ï Access mode: 
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ʋɼʂ 004.9 

 

ɹ.ʄ. ʄʘʥʽʥ1, ɭ.ɯ. ʃʦʩʴ1, ɺ.ʖ. ʂʘʰʪʘʥ1, ɺ.ɺ. ɻʥʘʪʫʰʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʈʆɿʈʆɹʂɸ ʉʀʉʊɽʄʀ ʂɽʈʋɺɸʅʅʗ ʂʆʄɹɯʅʆɺɸʅʆɻʆ 

ɺɽʃʆʊʈɽʅɸɾɽʈɸ ɼʃʗ ʈɽɸɹɯʃɯʊɸʎɯɰ ɺɯʁʉʂʆɺʀʍʉʃʋɾɹʆɺʎɯɺ 
 

ɸʥʦʪʘʮʽʷ. ʈʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʚʝʣʦʪʨʝʥʘʞʝʨʦʤ ʜʣʷ ʬʽʟʠʯʥʦʾ ʪʝʨʘʧʽʾ ʪʘ 

ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʧʣʘʪʬʦʨʤʠ Android, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʪʨʝʥʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʤʙʽʥʦʚʘʥʠʡ ʚʝʣʦʪʨʝʥʘʞʝʨ, ʢʦʥʪʨʦʣʝʨ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, 

ʝʣʝʢʪʨʦʥʥʘ ʩʭʝʤʘ, ʜʘʪʯʠʢ, ʧʘʨʘʤʝʪʨʠ ʪʨʝʥʫʚʘʥʥʷ, ʤʦʙʽʣʴʥʠʡ ʟʘʩʪʦʩʫʥʦʢ. 

 

ɺʩʪʫʧ. ʌʽʟʠʯʥʘ ʪʝʨʘʧʽʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʦʛʦ ʚʠʜʫ ʪʨʝʥʘʞʝʨʽʚ 

ʜʦʧʦʤʘʛʘʻ ʚʽʜʥʦʚʠʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʩʪʘʥ ʦʨʛʘʥʽʟʤʫ [1, 2]. ɸʚʪʦʨʘʤʠ [3] ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʙʽʥʦʚʘʥʠʡ ʚʝʣʦʪʨʝʥʘʞʝʨ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʝʣʦʪʨʝʥʘʞʝʨʫ ʪʘ ʚʝʣʦʩʠʧʝʜʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʪʦʯʥʝ, ʬʽʢʩʦʚʘʥʝ ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʾʟʜʠ ʧʦ ʜʽʣʷʥʢʘʤ 

ʤʽʩʮʝʚʦʩʪʽ ʽʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʦʢʨʠʪʪʷ, ʪʘ ʟʤʽʥʥʠʤ ʨʝʣʴʻʬʦʤ. ʂʨʽʤ ʪʦʛʦ, ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʣʠʰʝ ʢʦʥʮʝʧʪ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʚʝʣʦʪʨʝʥʘʞʝʨʘ. ʊʦʤʫ, ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʠʤ ʚʝʣʦʪʨʝʥʘʞʝʨʦʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʤ ʚʝʣʦʪʨʝʥʘʞʝʨʦʤ; 

¶ ʦʙˇʨʫʥʪʫʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʤ 

ʚʝʣʦʪʨʝʥʘʞʝʨʦʤ; 

¶ ʨʦʟʨʦʙʠʪʠ ʝʣʝʢʪʨʦʥʥʫ ʩʭʝʤʫ ʢʦʥʪʨʦʣʝʨʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʠʤ ʚʝʣʦʪʨʝʥʘʞʝʨʦʤ; 

¶ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʢʦʥʪʨʦʣʝʨʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʠʤ ʚʝʣʦʪʨʝʥʘʞʝʨʦʤ; 

¶ ʨʦʟʨʦʙʠʪʠ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʚʝʣʦʪʨʝʥʘʞʝʨʘ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʫʧʨʘʚʣʽʥʥʷ ʪʨʝʥʘʞʝʨʦʤ, ʟ ʪʝʣʝʬʦʥʫ ʧʘʮʽʻʥʪʫ, 

ʜʦʟʚʦʣʷʻ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨʠ ʪʨʝʥʫʚʘʥʥʷ ʪʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʧʨʦʛʨʝʩ ʪʘ 

ʩʪʘʪʠʩʪʠʢʫ ʪʨʝʥʫʚʘʥʴ ʣʽʢʘʨʶ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ 

ʚʝʣʦʪʨʝʥʘʞʝʨʽʚ, ʪʘ ʨʦʟʨʦʙʮʽ ʡ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʜʣʷ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʝʣʦʪʨʝʥʘʞʝʨʘ.  

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʝʣʦʪʨʝʥʘʞʝʨʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʪʘʢʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ: 

¶ ʢʦʥʪʨʦʣʝʨ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ arduino mini; 

¶ ʜʘʪʯʠʢ ʥʘʪʠʩʢʫ ʥʘ ʧʝʜʘʣʽ; 

¶ ʜʘʪʯʠʢ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʰʘʪʫʥʘ ʧʝʜʘʣʝʡ; 
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¶ ʜʘʪʯʠʢ ʢʫʪʘ ʥʘʭʠʣʫ; 

¶ ʜʠʩʧʣʝʡʥʠʡ ʤʦʜʫʣʴ; 

¶ ʽʥʪʝʨʥʝʪ ʤʦʜʫʣʴ; 

¶ ʢʦʥʪʨʦʣʝʨ ʧʨʷʤʦʧʨʠʚʽʜʥʦʛʦ ʤʦʪʦʨ-ʢʦʣʝʩʘ; 

¶ ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ. 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʜʘʪʯʠʢʽʚ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. ɸʥʘʣʽʟ 

ʧʦʢʘʟʘʚ, ʱʦ ʫ ʣʽʥʽʡʮʽ ʤʽʢʨʦ-ʢʦʥʪʨʦʣʝʨʽʚ Arduino ʽʩʥʫʶʪʴ ʪʘʢʽ ʧʣʘʪʠ ʷʢ Arduino 

Uno, Arduino mini, Arduino micro. ɺʩʽ ʚʦʥʠ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʜʥʽʡ ʡ ʪʦʡ ʩʘʤʽʡ 

ʤʽʢʨʦʩʭʝʤʽ ATmega328P ʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʢʽʣʴʢʽʩʪʶ ʧʽʥʽʚ ʪʘ ʚʙʫʜʦʚʘʥʦʾ ʧʘʤôʷʪʽ. 

ʇʝʨʝʚʘʛʫ ʙʫʣʦ ʥʘʜʘʥʦ ʩʘʤʝ ʧʣʘʪʽ Arduino UNO ʟʚʘʞʘʶʯʠ ʥʘ ʦʧʪʠʤʘʣʴʥʫ 

ʢʽʣʴʢʽʩʪʴ ʣʦʛʽʯʥʠʭ ʚʭʦʜʽʚ/ʚʠʭʦʜʽʚ ʪʘ ʦʧʪʠʤʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʙʫʜʦʚʘʥʦʾ ʧʘʤôʷʪʽ. 

ɼʣʷ ʜʘʪʯʠʢʘ ʥʘʪʠʩʢʫ ʥʘ ʧʝʜʘʣʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ FSR 

ʜʘʪʯʠʢ. FSR ʜʘʪʯʠʢ ï (ʘʙʨ. Forse Sensitive Resistor) ï ʜʘʪʯʠʢ ʨʝʟʠʩʪʠʚʥʦʛʦ ʪʠʧʫ, 

ʦʧʽʨ ʷʢʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʥʘʪʠʩʢʫ ʥʘ ʡʦʛʦ ʨʦʙʦʯʫ ʩʪʦʨʦʥʫ. ɿʘ ʬʦʨʤʦʶ 

ʜʘʪʯʠʢʠ ʜʽʣʷʪʴʩʷ ʥʘ ʢʨʫʛʣʽ, ʧʨʷʤʦʢʫʪʥʽ ʪʘ ʢʚʘʜʨʘʪʥʽ. ɹʫʣʦ ʚʠʨʽʰʝʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʪʯʠʢʠ ʢʚʘʜʨʘʪʥʦʾ ʬʦʨʤʠ ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʝʣʠʢʦʾ ʧʣʦʱʽ 

ʥʘʪʠʩʢʫ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʰʘʪʫʥʘ ʧʝʜʘʣʝʡ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʪʯʠʢ ʤʘʛʥʽʪʥʦʛʦ ʪʠʧʫ PAS. ʇʨʠʥʮʠʧ ʡʦʛʦ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ 

ʟʯʠʪʫʚʘʥʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʝʥʩʦʨʫ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʝʨʫʭʦʤʦ ʥʘ ʨʘʤʽ 

ʚʝʣʦʪʨʝʥʘʞʝʨʫ ʤʘʛʥʽʪʥʦʛʦ ʽʤʧʫʣʴʩʫ. ɼʘʪʯʠʢ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʦʜʥʘ 

ʯʘʩʪʠʥʘ ʢʨʽʧʠʪʴʩʷ ʥʘ ʤʽʩʮʝ ʧʨʠʢʨʽʧʣʝʥʥʷ ʚʪʫʣʢʠ ʰʘʪʫʥʘ ʧʝʜʘʣʝʡ, ʽʥʰʘ ï 

ʢʨʽʧʠʪʴʩʷ ʥʘ ʚʘʣ ʰʘʪʫʥʘ ʧʝʜʘʣʝʡ ʥʘ ʚʽʜʩʪʘʥʽ ʜʦ 5ʤʤ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʥʝʨʫʭʦʤʦʾ 

ʯʘʩʪʠʥʠ. ʅʘ ʨʫʭʦʤʽʡ ʯʘʩʪʠʥʽ ʜʘʪʯʠʢʘ ʨʦʟʪʘʰʦʚʘʥʦ ʜʦ 16 ʥʝʦʜʠʤʦʚʠʭ ʤʘʛʥʽʪʽʚ 

ʧʦ ʢʦʣʫ. ʏʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʤʘʛʥʽʪʽʚ ʪʠʤ ʙʽʣʴʰʘ ʪʦʯʥʽʩʪʴ ʟʯʠʪʫʚʘʥʥʷ 

ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʰʘʪʫʥʫ ʧʝʜʘʣʝʡ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʘ ʥʘʭʠʣʫ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʝʣʦʪʨʝʥʘʞʝʨʘ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʜʘʪʯʠʢ MPU-6050 GY-521, ʷʢʠʡ ʤʽʩʪʠʪʴ ʚʙʫʜʦʚʘʥʠʡ ʘʢʩʝʣʝʨʦʤʝʪʨ 

ʡ ʛʽʨʦʩʢʦʧ. 

ɼʠʩʧʣʝʡʥʠʡ ʤʦʜʫʣʴ ʫ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʚʝʣʦʪʨʝʥʘʞʝʨʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʪʨʝʥʫʚʘʥʴ ʪʘ ʚʚʝʜʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʣʽʢʘʨʷ. ʏʝʨʝʟ ʪʝ, ʱʦ ʜʠʩʧʣʝʡʥʠʡ 

ʤʦʜʫʣʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʚʝʜʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʫ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʝʣʦʪʨʝʥʘʞʝʨʘ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝʤʘʻ ʩʫʪʪʻʚʦʾ 

ʨʽʟʥʠʮʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʷʢʘ ʤʦʜʝʣʴ ʜʠʩʧʣʝʡʥʦʛʦ ʤʦʜʫʣʶ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʘʥʘ. ɸʣʝ ʟʚʘʞʘʶʯʠ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʝʩʪʫʚʘʥʥʷ ʨʦʙʦʪʠ ʥʘʰʦʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʝʣʦʪʨʝʥʘʞʝʨʘ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘʷʚʥʠʡ ʚ ʥʘʩ ʜʠʩʧʣʝʡʥʠʡ ʤʦʜʫʣʴ LCD1602. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʽʜʜʘʣʝʥʦ ʢʝʨʫʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʠʤ ʚʝʣʦʪʨʝʥʘʞʝʨʦʤ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʭʥʦʣʦʛʽʶ Wi-Fi ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʫ Arduino UNO R3ï 

NodeMCU ESP8266, ʥʘ ʙʘʟʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʫ ESP8266.  

ɺʨʘʭʦʚʫʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʪʦʨ-ʢʦʣʝʩʘ ʪʘ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʥʴʦʛʦ 

ʥʦʤʽʥʘʣʠ ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤ ʞʠʚʣʝʥʥʷ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ 
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ʘʢʫʤʫʣʷʪʦʨ ʥʦʤʽʥʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ ʫ 48ɺ ʪʘ ʻʤʥʽʩʪʶ ʫ 12 ɸ/ʛʦʜ, ʱʦ ʫ 

ʧʝʨʝʨʘʭʫʥʢʫ ʫ ɺʪ/ʛʦʜ ʩʪʘʥʦʚʠʪʴ 576 ɺʪ/ʛʦʜ, ʘ ʩʘʤʝ ʘʢʫʤʫʣʷʪʦʨʥʫ ʙʘʪʘʨʝʶ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ LiFePo4. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʫʤʦʚʣʝʥʽ ʭʽʤʽʯʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʪʯʠʢʽʚ ʪʘ ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʝʣʦʪʨʝʥʘʞʝʨʘ ʙʫʣʦ ʚʠʨʽʰʝʥʝ ʧʠʪʘʥʥʷ, ʱʦʜʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʝʜʘʣʽ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʝʣʦʪʨʝʥʘʞʝʨʘ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʣʷ ʨʝʢʫʧʝʨʘʮʽʡʥʦʛʦ (ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ) ʛʘʣʴʤʫʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

 
 

ʈʠʩ. 1. ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ 

 

ɼʘʣʽ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʢʝʨʫʚʘʪʠ ʚʩʽʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ 

ʦʙôʻʜʥʘʪʠ ʾʭ ʚ ʦʜʥʝ ʮʽʣʝ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʩʧʨʦʝʢʪʦʚʘʥʦ ʝʣʝʢʪʨʦʥʥʫ ʩʭʝʤʫ 

ʢʦʥʪʨʦʣʝʨʫ ʪʘ ʥʘʧʠʩʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʧʽʜ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ Arduino UNO R3, 

ʥʘ ʤʦʚʽ Arduino C, ʱʦ ʻ ʦʧʪʠʤʽʟʦʚʘʥʦʾ ʧʽʜ ʧʣʘʪʬʦʨʤʫ Arduino ʤʦʚʦʶ ʉ++ ʽʟ 

ʬʨʝʡʤʚʦʨʢʦʤ Wiring. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʘ ʪʘʢʦʞ ʚ ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʩʭʝʤ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʚʝʣʦʝʨʛʦʤʝʪʨʘʤʠ ʪʘ ʾʭ ʦʧʪʠʤʽʟʘʮʽʾ ʧʽʜ ʢʦʥʩʪʨʫʢʮʽʶ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʝʣʦʪʨʝʥʘʞʝʨʫ, 

ʱʦ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʙʘʟʽ ʚʝʣʦʩʠʧʝʜʫ ʪʘ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʚʝʣʦʝʨʛʦʤʝʪʨʘ. 

ɺʠʩʥʦʚʢʠ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʚʝʣʦʪʨʝʥʘʞʝʨʘ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʩʭʝʤ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ, 

ʰʣʷʭʦʤ ʚʠʷʚʣʝʥʥʷ ʾʭ ʧʦʟʠʪʠʚʥʠʭ ʪʘ ʥʝʛʘʪʠʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘʚʜʷʢʠ 

ʧʨʦʚʝʜʝʥʦʤʫ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʚʝʣʦʪʨʝʥʘʞʝʨʘ, ʪʘ ʤʝʜʠʯʥʠʭ ʧʨʦʛʨʘʤ ʪʨʝʥʫʚʘʥʴ, 

ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʦ ʾʭ ʚʟʘʻʤʦʟʚôʷʟʦʢ 

ʟʘʚʜʷʢʠ ʢʦʥʪʨʦʣʝʨʫ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ 

ʢʦʥʪʨʦʣʝʨʫ ʥʘ ʤʦʚʽ Arduino C ʪʘ ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʧʣʘʪʬʦʨʤʠ Android, 

ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʢʦʤʙʽʥʦʚʘʥʠʤ ʚʝʣʦʪʨʝʥʘʞʝʨʦʤ, ʧʘʮʽʻʥʪʦʤ 
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ʪʘ ʣʽʢʘʨʝʤ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʦʨʛʘʥʠ ʣʶʜʠʥʠ ʪʘ ʥʘʜʘʻ ʟʤʦʛʫ ʣʽʢʘʨʶ ʚʽʜʜʘʣʝʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʧʝʨʝʙʽʛʦʤ ʪʘ 

ʩʪʘʪʠʩʪʠʢʦʶ ʪʨʝʥʫʚʘʥʥʷ, ʟʘ ʧʦʪʨʝʙʠ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʜʦ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ.  
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ʃ.ɯ. ʄʝʱʝʨʷʢʦʚ1, ɸ.ʃ. ʐʠʨʽʥ1, ʆ.ʄ. ɻʘʣʫʰʢʦ1, ɺ.ɺ. ʉʣʩ̒ʘʨ̒ʚ1, ʉ.ɸ. ʐʦʣʦʡʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʇʆɹʋɼʆɺɸ ʇʈɸɺʀʃʔʅʆɰ ʊʆʇʆʃʆɻɯʏʅʆɰ ʉɯʊʂʀ ʆɹôɭʂʊɯɺ ʊɸ 

ʄʆɼʀʌɯʂɸʊʆʈ RETOPOLOGY ɺ AUTODESK 3DSMAX  

 

ɸʥʦʪʘʮʽʷ: ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʨʝʘʣʽʟʘʮʽʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʧʨʘʚʣʝʥʥʷ ʪʦʧʦʣʦʛʽʯʥʦʾ 

ʩʽʪʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʘʪʦʨʫ Retopology ʫ ʩʝʨʝʜʦʚʠʱʽ Autodesk 3ds Max. ʈʦʟʢʨʠʪʦ 

ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʥʦʨʤʘʣʝʡ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʦʩʥʦʚʽ ʽʩʥʫʶʯʦʾ ʤʦʜʝʣʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʪʦʧʦʣʦʛʽʷ, ʪʦʧʦʣʦʛʽʯʥʘ ʩʽʪʢʘ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʧʨʘʚʣʝʥʥʷ, 

ʨʝʪʦʧʦʣʦʛʽʷ, ʢʘʨʪʠ ʥʦʨʤʘʣʝʡ, 3D-ʤʦʜʝʣʴ, ʤʦʜʠʬʽʢʘʪʦʨ Retopology. 

 

ɺʩʪʫʧ. 3D-ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢ ʥʘʧʨʷʤʦʢ, ʟôʷʚʠʣʦʩʷ ʱʝ ʚ ʤʠʥʫʣʦʤʫ ʩʪʦʣʽʪʪʽ. 

ʑʝ ʫ 1995 ʨʦʮʽ ʚʽʜʙʫʣʘʩʷ ʧʨʝʤôʻʨʘ ʧʦʚʥʦʮʽʥʥʦʛʦ 3D ʤʫʣʴʪʬʽʣʴʤʫ çɯʩʪʦʨʽʷ 

ʽʛʨʘʰʦʢè. ʈʦʟʨʦʙʢʘ 3d-ʦʙôʻʢʪʽʚ, ʾʭ ʘʥʽʤʘʮʽʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʷ ʚ ʨʽʟʥʠʭ 

ʥʘʫʢʦʚʠʭ ʪʘ ʦʩʚʽʪʥʽʭ ʧʨʦʝʢʪʘʭ, ʧʦʚʩʷʢʜʝʥʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʰʦʤʫ ʞʠʪʪʽ. 

ɸʣʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ 3d-ʤʦʜʝʣʝʡ, 

ʝʢʩʧʦʨʪʫ ʪʘ ʽʤʧʦʨʪʫ ʤʽʞ ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʱʦʨʽʯʥʦ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʱʝ ʙʽʣʴʰʝ ʨʽʟʥʠʭ ʟʘʜʘʯ ʪʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʩʢʣʘʜʥʭ ʛʨʘʬʽʯʥʠʭ ʩʠʩʪʝʤ ʻ 

Autodesk 3ds Max ï ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 3D-ʤʦʜʝʣʶʚʘʥʥʷ, ʘʥʽʤʘʮʽʾ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʽʛʦʨ ʽ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʞʥʠʡ ʦʙôʻʢʪ ʤʘʻ ʩʚʦʶ 

ʪʦʧʦʣʦʛʽʶ. ʊʦʧʦʣʦʛʽʷ ʮʝ ʩʽʪʢʘ ʟ ʧʦʣʽʛʦʥʽʚ, ʷʢʽ ʽ ʬʦʨʤʫʶʪʴ 3D-ʤʦʜʝʣʴ. ɸʣʝ, ʫ 

ʟʚôʷʟʢʫ ʟ ʤʝʪʦʜʠʢʦʶ ʤʦʜʝʣʶʚʘʥʥʷ, ʮʷ ʩʽʪʢʘ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠʩʷ ʥʝʧʨʘʚʠʣʴʥʦ, ʱʦ 
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ʧʨʠʟʚʝʜʝ ʜʦ ʟʘʡʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʠʩʪʝʤʠ ʡ ʥʝʤʦʞʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʤʦʜʝʣʽ ʫ 

ʧʦʜʘʣʴʰʦʤʫ (ʥʘʧʨʠʢʣʘʜ, ʚ ʘʥʽʤʘʮʽʾ) (ʨʠʩ. 1).  

ʇʨʘʚʽʣʴʥʘ ʪʦʧʦʣʦʛʽʷ ʩʣʫʞʠʪʴ ʜʚʦʤ ʮʣ̔ʷʤ: 

¶ ʧʨʘʚʠʣʴʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜ ʯʘʩ ʘʥʽʤʘʮʽʾ;  

¶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʣʽʛʦʥʽʚ ʜʣʷ ʦʧʠʩʫ ʬʦʨʤʠ.  

ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʦʣʽʛʦʥʠ ʧʦʚʠʥʥʽ ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʷ ʥʘ 3D ʤʦʜʝʣʽ 

(ʟʘʟʚʠʯʘʡ ʞʠʚʦʾ ʽʩʪʦʪʠ) ʪʘʢ, ʱʦʙ ʧʨʠ ʨʫʩʽ ʢʽʩʪʦʢ ʘʙʦ ʤ'ʷʟʽʚ, ʙʫʣʦ ʣʝʛʢʦ 

ʧʦʚʪʦʨʠʪʠ ʨʝʘʣʴʥʽ ʦʧʫʢʣʦʩʪʽ ʚʽʜ ʮʠʭ ʤ'ʷʟʽʚ ʘʙʦ ʢʽʩʪʦʢ. ʅʘʡʧʨʦʩʪʽʰʠʡ ʧʨʠʢʣʘʜ, 

ʮʝ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʱʽʣʴʥʝʥʥʷ ʩʽʪʢʠ ʥʘ ʢʦʣʽʥʘʭ ʪʘ ʣʽʢʪʷʭ. ɸʜʞʝ ʢʦʣʠ ʤʦʜʝʣʶʶʪʴʩʷ 

ʧʝʨʩʦʥʘʞʘ ʫ ʊ-ʧʦʟʽ, ʪʦ ʣʽʢʪʽ ʪʘ ʢʦʣʽʥʘ ʚʠʧʨʷʤʣʝʥʽ. ɸ ʢʦʣʠ ʾʭ ʧʦʪʨʽʙʥʦ ʟʽʛʥʫʪʠ ʥʘ 

90 ʛʨʘʜʫʩʽʚ, ʪʦ ʚʠʡʜʝ, ʱʦ ʧʦʣʽʛʦʥʽʚ ʥʝ ʚʠʩʪʘʯʘʻ (ʷʢʱʦ ʤʦʜʝʣʴʻʨ ʟʨʦʙʠʚ ʩʽʪʢʫ 

ʨʽʚʥʦʤʽʨʥʦʶ), ʱʦʙ ʩʬʦʨʤʫʚʘʪʠ ʛʘʨʥʝ ʟʘʢʨʫʛʣʝʥʥʷ ʣʽʢʪʷ ʯʠ ʢʦʣʽʥʘ. 

 

 

ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʧʨʘʚʽʣʴʥʦʾ ʪʘ ʥʝʧʨʘʚʽʣʴʥʦʾ ʪʦʧʦʣʦʛʽʾ 
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ɼʨʫʛʠʡ ʚʠʧʘʜʦʢ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ. ʆʜʠʥ ʟ ʧʦʧʫʣʷʨʥʠʭ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ 

3D-ʤʦʜʝʣʝʡ, ʤʘʻ ʚʝʣʠʢʠʡ ʥʝʜʦʣʽʢ ï ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʦʙʦʪʠ ʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʫ 

ʽʥʰʫ ʧʨʦʛʨʘʤʫ, ʤʦʜʝʣʴ ʤʘʻ ʥʝʡʤʦʚʽʨʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʛʦʥʽʚ (ʜʝʢʦʣʠ 

ʮʠʬʨʘ ʤʦʞʝ ʩʷʛʘʪʠ ʜʝʩʷʪʠ ʤʽʣʴʡʦʥʽʚ). ɾʦʜʝʥ ʢʦʤʧôʶʪʝʨ ʥʝ ʟʤʦʞʝ ʟʘ ʘʜʝʢʚʘʪʥʫ 

ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ ʦʙʨʦʙʠʪʠ ʨʝʥʜʝʨ ʪʘʢʦʾ ʚʝʣʠʢʦʾ ʢʽʣʴʢʽʩʪʽ ʜʘʥʠʭ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʪʘʢʠʭ ʥʝʧʨʠʻʤʥʠʭ ʩʠʪʫʘʮʽʡ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, 

ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʽʩʪʘʤ çʧʦʣʝʛʰʠʪʠè 3D-ʤʦʜʝʣʴ, ʪʦʙʪʦ ʟʥʠʟʠʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʦʣʽʛʦʥʽʚ ʟ ʜʝʢʽʣʴʢʦʭ ʤʽʣʴʡʦʥʽʚ ʜʦ ʜʚʘʜʮʷʪʠ-ʚʽʩʽʤʜʝʩʷʪʠ ʪʠʩʷʯ ʧʦʣʽʛʦʥʽʚ ï ʮʝ 

ʩʝʨʝʜʥʻ ʦʙʤʝʞʝʥʥʷ ʫ ʩʫʯʘʩʥʠʭ ʩʪʫʜʽʷʭ. ʅʘ ʜʦʧʦʤʦʛʫ ʧʨʠʭʦʜʠʪʴ ʨʝʪʦʧʦʣʦʛʽʷ.  

ʈʝʪʦʧʦʣʦʛʽʷ ï ʮʝ ʩʪʚʦʨʝʥʥʷ ʧʦʚʥʽʩʪʶ ʥʦʚʦʾ ʪʦʧʦʣʦʛʽʯʥʦʾ ʩʽʪʢʠ ʥʘ ʦʩʥʦʚʽ 

ʽʩʥʫʶʯʦʾ ʤʦʜʝʣʽ, ʚʦʥʘ ʧʦʪʨʽʙʥʘ, ʱʦʙ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʛʦʥʽʚ ʥʘ ʤʦʜʝʣʽ ʪʘ 

ʟʙʝʨʝʛʪʠ ʷʢʽʩʥʫ ʩʽʪʢʫ. ɺʨʫʯʥʫ ʚʠʢʦʥʫʚʘʪʠ ʮʝʡ ʧʨʦʮʝʩ ʜʦʚʛʦ ʪʘ ʩʢʣʘʜʥʦ, ʘʣʝ ʫ 

3ds Max 2022 ʘʚʪʦʤʘʪʠʟʫʚʘʣʠ ʮʝ ʡ ʜʦʜʘʣʠ ʤʦʜʠʬʽʢʘʪʦʨ Retopology. ʈʦʟʛʣʷʥʝʤʦ 

ʡʦʛʦ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. 

ʄʝʥʶ ʤʦʜʠʬʽʢʘʪʦʨʫ ʨʦʟʙʠʪʦ ʥʘ ʜʚʘ ʨʦʟʜʽʣʠ: 

ʈʦʟʜʽʣ Retopology ʤ̔ ʩʪʠʪʴ ʫ ʩʦʙʽ ʨʝʞʠʤʠ ʨʝʪʦʧʦʣʦʛʽʾ: ReForm, QuadriFlow 

ʪʘ Instant Mesh. ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʘʤʝ ReForm, ʦʩʢʽʣʴʢʠ ʚʽʥ ʜʘʻ 

ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ. ʊʘʢʦʞ ʤʦʞʥʘ ʟʥʘʡʪʠ ʣʽʯʠʣʴʥʠʢ 

Face Count, ʚʽʥ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʛʦʥʽʚ, ʷʢʘ ʙʫʜʝ ʫ ʤʦʜʝʣʽ ʧʽʩʣʷ ʨʝʪʦʧʦʣʦʛʽʾ. 

ɿʘ ʫʤʦʚʯʘʥʥʷʤ ʚʦʥʦ ʜʦʨʽʚʥʶʻ 5000, ʘʣʝ ʯʘʩʪʦ ʡʦʛʦ ʜʦʚʦʜʠʪʴʩʷ ʟʤʽʥʶʚʘʪʠ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʦʙô̒ ʢʪʫ ʪʠʧʫ ʜʠʚʘʥʘ ʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ 10000. ʏʠʤ ʙʽʣʴʰʝ ʮʝ 

ʟʥʘʯʝʥʥʷ, ʪʠʤ ʢʨʘʱʝ ʟʙʝʨʝʞʝʪʴʩʷ ʬʦʨʤʘ ʤʦʜʝʣʽ. ɼʘʣʽ ʨʦʟʪʘʰʦʚʘʥʘ ʢʥʦʧʢʘ 

Compute, ʚʦʥʘ ʟʘʧʫʩʢʘʻ ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʧʝʨʝʙʫʜʦʚʫ ʩʽʪʢʠ. ʉʘʤ ʧʨʦʮʝʩ ʟʘʡʤʘʻ 

ʧʝʚʥʠʡ ʯʘʩ, ʪʦʤʫ ʧʽʩʣʷ ʥʘʪʠʩʢʘʥʥʷ ʜʦʚʝʜʝʪʴʩʷ ʪʨʦʭʠ ʟʘʯʝʢʘʪʠ. Reset ï ʩʢʠʜʘʥʥʷ 

ʩʪʚʦʨʝʥʦʾ ʩʽʪʢʠ ʪʘ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʚʠʭʽʜʥʦʾ ʬʦʨʤʠ.  

ʈʦʟʜʽʣ ReForm Settings. ʎʝʡ ʨʦʟʜʽʣ ʥʘʣʘʰʪʫʚʘʥʴ ʤʘʻ ʜʝʢʽʣʴʢʘ ʧʦʢʘʞʯʠʢʽʚ:  

Quad Tolerance ï ʟʥʘʯʝʥʥʷ, ʥʘ ʷʢʝ ʤʦʜʠʬʽʢʘʪʦʨ ʤʦʞʝ ʚʽʜʭʠʣʠʪʠʩʷ ʚʽʜ 

ʟʥʘʯʝʥʥʷ ʫ Face Count, ʘʣʝ ʧʦʪʨʽʙʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʽʥ ʥʽʢʦʣʠ ʥʝ ʤʦʞʝ ʪʦʯʥʦ 

ʧʦʚʪʦʨʠʪʠ ʯʠʩʣʦ Face Count. 

Subdivision Factor ï ʚʢʘʟʫʻ, ʯʠ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʛʣʘʜʞʫʚʘʥʥʷ ʧʽʜ ʯʘʩ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʧʦʣʽʛʦʥʽʚ. ʗʢʱʦ ʩʪʦʾʪʴ 1, ʪʦ ʬʫʥʢʮʽʶ ʚʠʤʢʥʝʥʦ. ʇʨʠ ʟʥʘʯʝʥʥʽ 2 

ʛʝʥʝʨʫʚʘʪʠʤʝʪʴʩʷ ʥʝ ʪʠʩʷʯʘ ʧʦʣʽʛʦʥʽʚ, ʘ ʚʩʴʦʛʦ ʜʚʽʩʪʽ ʧôʷʪʜʝʩʷʪ. ɸʣʝ ʧʽʩʣʷ ʛʝʥʝʨʘʮʽʾ 

ʚʩʽ ʧʦʣʽʛʦʥʠ ʜʦʜʘʪʢʦʚʦ ʟʛʣʘʜʷʪʴʩʷ, ʷʢ ʧʨʠ Turbosmooth, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʤʦʞʣʠʚʦ 

ʦʪʨʠʤʘʪʠ ʥʘʟʘʜ ʪʠʩʷʯʫ. ʊʨʝʙʘ ʙʫʪʠ ʦʙʝʨʝʞʥʠʤ ʪʘ ʥʝ ʟʘʚʠʱʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ 

ʧʘʨʘʤʝʪʨʫ, ʦʩʢʽʣʴʢʠ ʬʦʨʤʘ 3D-ʤʦʜʝʣʽ ʤʦʞʝ ʩʧʦʪʚʦʨʠʪʠʩʷ (ʨʠʩ. 2). 

Regularize ï ʧʦʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʦʜʥʘʢʦʚʠʤ ʙʫʜʝ ʨʦʟʤʽʨ ʧʦʣʽʛʦʥʽʚ. ʏʠʤ 

ʙʣʠʞʯʝ ʜʦ 1, ʪʠʤ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦ ʙʫʜʝ ʧʦʨʽʚʥʷʪʠ ʧʦʣʽʛʦʥʠ ʟʘ ʨʦʟʤʽʨʦʤ ʽ 

ʬʦʨʤʦʶ (ʨʠʩ.3). ɸʣʝ ʮʝ ʥʝ ʟʘʚʞʜʠ ʜʦʙʨʝ. ʅʘ ʛʨʘʥʷʭ ʽ ʢʫʪʘʭ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʧʦʣʽʛʦʥʽʚ ʤʘʻ ʙʫʪʠ ʚʠʱʦʶ, ʥʽʞ ʥʘ ʧʣʦʩʢʠʭ ʧʦʚʝʨʭʥʷʭ, ʮʝ ʢʨʘʱʝ ʧʝʨʝʜʘʻ ʬʦʨʤʫ. 

Anisotropy ï ʬʫʥʢʮʽʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʚʘʜʨʘʪʥʦʾ ʬʦʨʤʠ ʧʦʣʽʛʦʥʽʚ. ʏʠʤ 

ʙʣʠʞʯʝ ʜʦ 0, ʪʠʤ ʙʽʣʴʰʝ ʧʦʣʽʛʦʥʠ ʙʫʜʫʪʴ ʩʭʦʞʽ ʥʘ ʢʚʘʜʨʘʪʠ. ʏʠʤ ʙʣʠʞʯʝ ʜʦ 

1, ʪʠʤ ʩʠʣʴʥʽʰʝ ʚʠʪʷʛʫʚʘʪʠʤʫʪʴʩʷ. ʅʘ ʧʨʘʢʪʠʮʽ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʛʨʘʥʝʡ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʧʣʘʩʢʠʭ ʧʦʚʝʨʭʥʷʭ ʤʘʡʞʝ ʟʘʚʞʜʠ ʙʫʜʫʪʴ ʢʚʘʜʨʘʪʠ, ʪʦʤʫ 

ʧʦʤʽʪʠʪʠ ʨʝʟʫʣʴʪʘʪ ʥʝ ʟʘʚʞʜʠ ʧʨʦʩʪʦ.  
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Adaptivity ï ʧʦʢʘʞʯʠʢ ʩʠʣʠ ʟʤʽʥʠ ʨʦʟʤʽʨʫ ʧʦʣʽʛʦʥʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʨʠʚʠʟʥʠ ʧʦʚʝʨʭʥʽ.  

 

 

ʈʠʩ.2. ʇʨʠʢʣʘʜ ʩʧʦʪʚʦʨʝʥʥʷ 3D-ʤʦʜʝʣʽ ʧʨʠ ʟʘʚʠʱʝʥʥʽ ʟʥʘʯʝʥʥʷ Subdivision Factor 

 

 

ʈʠʩ. 3. ʇʨʠʢʣʘʜ ʚʧʣʠʚʫ ʬʫʥʢʮʽʾ Regularize ʥʘ ʬʦʨʤʫ ʪʘ ʨʦʟʤʽʨ ʧʦʣʽʛʦʥʽʚ 
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ɸʣʝ ʻ ʩʫʪʪʝʚʠʡ ʥʝʜʦʣʽʢ ï ʧʽʩʣʷ ʨʝʪʦʧʦʣʦʛʽʾ ʤʦʞʝ ʟʥʠʢʥʫʪʠ ʧʦʪʨʽʙʥʘ 

ʜʝʪʘʣʽʟʘʮʽʷ. ʑʦʙ ʮʴʦʛʦ ʫʥʠʢʥʫʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʘʨʪʠ ʥʦʨʤʘʣʝʡ, ʮʝ RGB-

ʟʦʙʨʘʞʝʥʥʷ, ʜʝ ʢʦʞʝʥ ʽʟ ʢʘʥʘʣʽʚ (ʯʝʨʚʦʥʠʡ, ʟʝʣʝʥʠʡ, ʩʠʥʽʡ) ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʚ X, 

Y ʪʘ Z ʢʦʦʨʜʠʥʘʪʠ ʥʦʨʤʘʣʝʡ ʧʦʚʝʨʭʥʽ ʚʽʜʧʦʚʽʜʥʦ. ʏʝʨʚʦʥʠʡ ʢʘʥʘʣ ʧʨʦʩʪʦʨʫ 

ʜʦʪʠʯʥʠʭ ʢʘʨʪ ʥʦʨʤʘʣʽʚ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʽʩʴ X, ʟʝʣʝʥʠʡ ʢʘʥʘʣ ʟʘ ʚʽʩʴ Y ʽ ʩʠʥʽʡ 

ʢʘʥʘʣ ʟʘ ʚʽʩʴ Z. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ ʽʤʽʪʫʚʘʪʠ ʥʝʨʽʚʥʦʩʪʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʪʘ ʟʨʦʙʠʪʠ 3D-ʤʦʜʝʣʴ ʙʽʣʴʰ ʩʭʦʞʦʶ ʥʘ ʾʾ ʚʠʩʦʢʦʧʦʣʽʛʦʥʽʣʴʥʫ ʚʝʨʩʽʶ. 

ɿ ʾʾ ʜʦʧʦʤʦʛʦʶ ʤʦʞʥʘ ʜʦʨʦʙʠʪʠ ʨʽʟʥʽ ʜʝʪʘʣʽ, ʷʢʽ ʥʝ ʤʦʞʥʘ ʧʝʨʝʜʘʪʠ ʯʝʨʝʟ 

ʛʝʦʤʝʪʨʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʤʝʞʝʥʥʷ ʧʦʣʽʛʦʥʘʞʫ ʥʘ ʧʨʦʝʢʪʽ, ʽ ʟʤʫʩʠʪʠ ʤʦʜʝʣʴ 

ʚʠʛʣʷʜʘʪʠ ʙʽʣʴʰ ʟʘʦʢʨʫʛʣʝʥʦʶ ʜʣʷ ʢʨʘʱʦʾ ʧʝʨʝʜʘʯʽ ʦʩʚʽʪʣʝʥʦʩʪʽ ʪʘ ʙʽʣʴʰʦʾ 

ʨʝʘʣʽʩʪʠʯʥʦʩʪʽ. 

ʊʦʙʪʦ, ʧʽʩʣʷ ʩʧʨʦʱʝʥʥʷ ʤʦʜʝʣʽ ʜʦ ʥʠʟʴʢʦʧʦʣʽʛʦʥʘʣʴʥʦʛʦ ʪʠʧʫ (lowpoly, 

ʜʚʘʜʮʷʪʴ-ʚʽʩʽʤʜʝʩʷʪ ʪʠʩʷʯ ʧʦʣʽʛʦʥʽʚ ʥʘ ʚʝʩʴ ʦʙôʻʢʪ), ʾʾ ʜʝʪʘʣʽʟʦʚʘʥʫ ʢʦʧʽʶ, 

ʩʪʚʦʨʝʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʫʣʴʧʪʠʥʛʫ, çʟʘʧʽʢʘʶʪʴè. ʊʘʢ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʩʪʚʦʨʝʥʥʷ ʢʘʨʪ ʥʦʨʤʘʣʝʡ, ʥʘ ʥʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʷʢʠʤ ʯʠʥʦʤ ʩʚʽʪʣʦ 

ʧʘʜʘʻ ʥʘ ʤʦʜʝʣʴ ʽ ʷʢʠʡ ʚʠʭʦʜʠʪʴ ʧʨʠ ʮʴʦʤʫ ʚʽʜʙʣʠʩʢ. ʇʽʩʣʷ ʥʘʢʣʘʜʝʥʥʷ ʮʽʻʾ 

ʢʘʨʪʠ ʩʪʚʦʨʠʪʴʩʷ ʩʚʽʪʣʦʚʘ ʽʣʶʟʽʷ ʜʝʪʘʣʽʟʘʮʽʾ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʧʦʣʽʛʦʥʘʞʽ. 

ʅʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʦ ʫʩʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ ʨʠʩ. 4. 

 

 
 

ʈʠʩ. 4. ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪ ʥʦʨʤʘʣʝʡ 
 

ɺʠʩʥʦʚʦʢ. ʆʪʞʝ, ʨʝʪʦʧʦʣʦʛʽʶ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʷʢʱʦ 3D-ʤʦʜʝʣʴ ʧʽʩʣʷ 

ʩʪʚʦʨʝʥʥʷ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʘʥʽʤʫʚʘʪʠ ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʧʦʜʘʣʴʰʦʤʫ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʽʛʨʘʭ. ɼʣʷ ʧʦʣʝʛʰʝʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 

ʩʧʝʮʽʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪ ï ʤʦʜʠʬʽʢʘʪʦʨ Retopology, ʧʨʠ ʧʨʘʚʠʣʴʥʠʭ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʷʢʦʛʦ, ʪʦʧʦʣʦʛʽʷ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʨʽʚʥʶʻʪʴʩʷ ʧʦʪʨʽʙʥʠʤ ʯʠʥʦʤ. 
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ɸ.ɺ. ʄʘʣʽʻʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɸʅɸʃɯɿ ʉʋʏɸʉʅʆɰ ʇʃɸʊʌʆʈʄʀ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʇʆʊʆʂɯɺ ʊɸ 

ʄɽʊʆɼɯɺ ʋʇʈɸɺʃɯʅʅʗ ʇʈʆɽʂʊɸʄʀ ɺ ʋʄʆɺɸʍ  

ʈʆɿɺʀʊʂʋ ʎʀʂʃɯʏʅʆɰ ɽʂʆʅʆʄɯʂʀ 

 

ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʦ ʜʦ ʽʥʬʦʨʤʘʮʽʾ ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʚ ʙʘʟʫ ʟʥʘʪʴ ʧʨʠ 

ʧʝʨʝʭʦʜʫ ʜʦ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ. ʉʬʦʨʤʫʣʴʦʚʘʥʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ 

ʦʪʨʠʤʘʥʥʷ, ʬʦʨʤʫʚʘʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ ʧʨʠʡʥʷʪʪʷ ʜʘʥʠʭ ʜʣʷ ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ. 

ɺʠʟʥʘʯʝʥʦ ʧʦʩʪʽʡʥʝ ʽʥʬʦʨʤʫʚʘʥʥʷ ʟʘʮʽʢʘʚʣʝʥʠʭ ʦʩʽʙ ʧʨʦ ʩʢʣʘʜ ʧʨʦʜʫʢʪʫ ʜʣʷ ʚʪʦʨʠʥʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. ɿʘʟʥʘʯʝʥʦ , ʱʦ ʘʢʪʫʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʽʩʮʝ ʟʙʦʨʫ, ʟʙʝʨʝʞʝʥʥʷ, ʩʦʨʪʫʚʘʥʥʷ 

ʚʽʜʭʦʜʽʚ, ʾʭ ʩʢʣʘʜ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʽʙʨʘʥʘ ʪʘ ʧʝʨʝʜʘʥʘ ʟʘʮʽʢʘʚʣʝʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ, ʷʢʽ ʚ 

ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʤʘʶʪʴ ʜʦʩʪʫʧ ʦ ʟʘʛʘʣʴʥʦʾ, ʚʽʜʢʨʠʪʦʾ ʙʘʟʠ ʜʘʥʠʭ ʧʨʦ ʪʦʚʘʨ. ɿʘʟʥʘʯʝʥʽ 

ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʤʝʪʦʜʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʧʨʘʚʣʽʥʥʷ, ʧʨʦʝʢʪʥʠʡ ʘʥʘʣʽʟ, ʮʠʢʣʽʯʥʘ ʝʢʦʥʦʤʽʢʘ, ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʧʦʪʦʢʠ, ʝʢʦʥʦʤʽʢʘ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʫ.  

 

ɺʩʪʫʧ. ɺ ʝʢʦʥʦʤʽʮʽ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʫ ʝʢʦʥʦʤʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʩʪʚʦʨʶʻ ʪʘ 

ʚʽʜʥʦʚʣʶʻ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ. ʂʦʥʮʝʧʮʽʷ ʚʠʟʥʘʻ ʚʘʞʣʠʚʽʩʪʴ ʪʦʛʦ, ʱʦʙ 

ʝʢʦʥʦʤʽʢʘ ʧʨʘʮʶʚʘʣʘ ʝʬʝʢʪʠʚʥʦ ʫ ʚʩʽʭ ʤʘʩʰʪʘʙʘʭ ð ʜʣʷ ʚʝʣʠʢʠʭ ʪʘ ʤʘʣʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʡ ʪʘ ʦʢʨʝʤʠʭ ʦʩʽʙ ʛʣʦʙʘʣʴʥʦ ʪʘ ʣʦʢʘʣʴʥʦ. 

ʇʝʨʝʭʽʜ ʜʦ ʝʢʦʥʦʤʽʢʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʫ ð ʮʝ ʥʝ ʣʠʰʝ ʢʦʨʠʛʫʚʘʥʥʷ, 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʾ ʜʽʾ ʣʽʥʽʡʥʦʾ ʝʢʦʥʦʤʽʢʠ. ʐʚʠʜʰʝ, ʮʝ 

ʩʠʩʪʝʤʥʝ ʟʨʫʰʝʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʜʦʚʛʦʩʪʨʦʢʦʚʫ ʩʪʽʡʢʽʩʪʴ, ʩʪʚʦʨʶʻ ʜʽʣʦʚʽ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʧʨʠʥʦʩʠʪʴ ʢʦʨʠʩʪʴ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʪʘ 

ʩʫʩʧʽʣʴʩʪʚʫ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʝʨʝʭʽʜ ʜʦ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ ʧʦʪʨʝʙʫʻ ʯʽʪʢʦʾ 

ʢʦʦʨʜʠʥʘʮʽʾ ʧʦʪʦʢʽʚ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʢʽʣʴʢʽʩʪʴ, ʷʢʽʩʪʴ ʧʨʦʜʫʢʪʫ ʪʘ ʩʠʨʦʚʠʥʫ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʥʠʭ, ʥʝʦʙʭʽʜʥʦ ʟʙʠʨʘʪʠ, 

ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʪʘ ʟʙʝʨʽʛʘʪʠ. ʑʦʙ çʚʽʜʭʦʜʠè ʩʪʘʚʘʣʠ ʮʽʥʥʦʶ ʩʠʨʦʚʠʥʦʶ, ʮʷ 

https://knowledge.autodesk.com/support/3ds-max/learn-explore/caas/CloudHelp/cloudhelp/2022/ENU/3DSMax-Retopology/files/GUID-57B77A00-5300-47CB-99E1-22B9C536B060-html.html
https://knowledge.autodesk.com/support/3ds-max/learn-explore/caas/CloudHelp/cloudhelp/2022/ENU/3DSMax-Retopology/files/GUID-57B77A00-5300-47CB-99E1-22B9C536B060-html.html
https://knowledge.autodesk.com/support/3ds-max/learn-explore/caas/CloudHelp/cloudhelp/2022/ENU/3DSMax-Retopology/files/GUID-57B77A00-5300-47CB-99E1-22B9C536B060-html.html
https://www.stateofartacademy.com/retopology-tools-in-3ds-max/
https://www.stateofartacademy.com/retopology-tools-in-3ds-max/
https://cganimator.com/3dsmax-2021-3-retopology-modifier-quick-start-part-1/
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ʽʥʬʦʨʤʘʮʽʷ ʤʘʻ ʙʫʪʠ ʦʩʥʦʚʦʶ ʢʨʫʛʦʦʙʽʛʫ çʚʽʜʭʦʜʽʚè. ɻʦʣʦʚʥʠʤ ʧʠʪʘʥʥʷʤ ʻ 

ʬʦʨʤʫʚʘʥʥʷ ʚʝʣʠʢʦʛʦ ʤʘʩʠʚʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʘʪʝʨʽʘʣʴʥʠʡ ʩʢʣʘʜ ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦʛʦ ʧʨʦʜʫʢʪʫ, ʧʨʦ ʭʘʨʘʢʪʝʨ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʡʦʛʦ ʤʽʩʮʝ ʚ ʣʘʥʮʶʛʫ 

ʨʦʙʦʪʠ  ʟ çʚʽʜʭʦʜʘʤʠè ʘʙʦ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ. ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʧʦʪʽʢ ʟ ʟʘʧʠʪʘʤʠ 

ʪʘ ʟʚʦʨʦʪʥʽʡ ʧʦʪʽʢ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ ʝʬʝʢʪʠʚʥʦ ʟʙʠʨʘʪʠ, ʧʨʦʚʦʜʠʪʠ 

ʡʦʛʦ ʦʙʨʦʙʢʫ ʪʘ ʩʬʦʨʤʦʚʘʥʠʡ ʧʦʪʽʢ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘʜʘʪʠ ʫ 

ʨʦʟʧʦʨʷʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʤ ʬʘʭʽʚʮʽʚ ʜʣʷ ʘʥʘʣʽʟʫ. ɺʩʝ ʮʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʥʦʚʦʾ 

ʩʠʩʪʝʤʠ ʨʦʟʚʠʪʢʫ çʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠè ï ʩʪʚʦʨʶʚʘʥʥʷ ʧʨʘʮʶʶʯʠʭ ʨʠʥʢʽʚ 

ʚʠʨʦʙʥʠʯʠʭ ʮʠʢʣʽʚ. ʊʦʜʽ ʚ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ, ʟʘʤʽʩʪʴ ʯʠʩʪʦʛʦ ʣʽʥʽʡʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ, ʚʠʥʠʢʘʶʪʴ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʩʫʯʘʩʥʠʭ ʟʘʢʦʥʘʭ 

ʮʠʢʣʽʯʥʦʛʦ ʨʠʥʢʫ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʚ ʽʥʬʦʨʤʘʮʽʾ ʧʦʪʦʢʘʭ çʮʠʢʣʽʯʥʦʾ 

ʝʢʦʥʦʤʽʢʠè ʱʝ ʥʘʚʽʪʴ ʥʝ ʩʬʦʨʤʦʚʘʥʽ, ʥʝ ʥʘʚʝʜʝʥʘ ʾʭ ʩʪʨʫʢʪʫʨʘ ʪʘ ʥʝ 

ʩʬʦʨʤʦʚʘʥʘ ʙʘʟʘ ʜʘʥʠʭ ʜʣʷ ʘʢʪʫʘʣʴʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ. ɸʣʝ ʮʝ ʧʠʪʘʥʥʷ ʜʦ 

ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ çʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠè.  

ɺ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʢʣʘʜ ʧʨʦʜʫʢʪʫ, ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʧʦʚʪʦʨʥʫ ʧʝʨʝʨʦʙʢʫ ʧʦʚʠʥʥʘ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ ʧʨʦʜʫʢʪ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʚʢʣʶʯʘʪʠ ʚʩʽ 

ʝʢʦʣʦʛʽʯʥʦ/ʝʢʦʥʦʤʽʯʥʽ ʚʘʞʣʠʚʽ ʜʘʥʽ ʧʨʦʜʫʢʪʫ [1]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ ʊʝʭʥʦʣʦʛʽʾ ɯʥʜʫʩʪʨʽʾ 4.0 ʜʦʟʚʦʣʠʪʴ ʦʪʨʠʤʫʚʘʪʠ ʪʘ 

ʥʘʜʘʣʽ ʟʙʝʨʽʛʘʪʠ ʜʘʥʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. ɸʢʪʫʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʽʩʮʝ 

ʟʙʦʨʫ, ʟʙʝʨʝʞʝʥʥʷ, ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ, ʾʭ ʩʢʣʘʜ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʽʙʨʘʥʘ ʪʘ ʧʝʨʝʜʘʥʘ 

ʟʘʮʽʢʘʚʣʝʥʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ, ʷʢʽ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʚʞʝ  ʟʤʦʞʫʪʴ ʧʨʦʚʝʩʪʠ 

ʧʣʘʥʫʚʘʥʥʷ ʩʚʦʾ ʚʠʨʦʙʥʠʯʠʭ ʧʣʘʥʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʦʚʽ ʤʝʪʦʜʠ 

ʘʥʘʣʽʟʫ ʜʘʥʠʭ - ʥʘ ʙʘʟʽ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ (Big Data) ï ʜʘʜʫʪʴ ʟʤʦʛʫ ʧʨʠʡʥʷʪʠ, 

ʫʭʚʘʣʠʪʠ ʨʽʰʝʥʥʷ ʧʨʦ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʨʦʚʠʥʠ, ʪʘ ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʨʦʟʨʘʭʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʤʘʨʰʨʫʪʽʚ ʜʦʩʪʘʚʢʠ. 

ɿʣʘʛʦʜʞʝʥʫ ʨʦʙʦʪʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʧʦʟʠʮʽʡ ʪʘ ʧʦʧʠʪʫ ʥʘ ʚʪʦʨʠʥʥʫ 

ʩʠʨʦʚʠʥʫ ʤʦʞʥʘ ʧʨʠʩʢʦʨʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦ-ʾʚʽʜʢʨʠʪʦʾ ʙʘʟʠ ʚ 

ʩʠʩʪʝʤʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʦʚʘʨʦʦʙʽʛʫ. ʈʦʙʦʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʨʠʥʢʦʚʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ, 

ʣʦʛʽʩʪʠʯʥʦʾ ʟʘʛʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʴ ʯʘʩ ʥʘ ʧʦʰʫʢ ʪʘ ʜʦʩʪʘʚʢʫ 

ʩʠʨʦʚʠʥʠ, ʱʦ ʦʙʫʤʦʚʠʪʴ ʟʥʘʯʥʫ ʝʢʦʥʦʤʽʶ ʬʽʥʘʥʩʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʽʜʢʨʠʪʫ ʟʘʛʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʙʫʜʝ ʩʬʦʨʤʦʚʘʥʘ ʪʝʥʜʝʥʮʽʷ 

ʰʠʨʦʢʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʩʪʚʦʨʠʪʴ ʧʦʧʠʪ ʜʣʷ ʩʝʙʝ ʥʘ ʨʠʥʢʫ. ɿʘʚʜʷʢʠ ʟʘʛʘʣʴʥʦʤʫ 

ʜʦʩʪʫʧʫ ʯʝʨʝʟ ʽʥʪʝʨʥʝʪ ʜʦ ʧʣʘʪʬʦʨʤʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʪʦʚʘʨʦʦʙʽʛʫ, ʪʦʚʘʨ ʧʨʦʜʘʻ 

ʩʝʙʝ ʩʘʤ ʥʘ ʦʩʥʦʚʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʚʽʡ ʩʢʣʘʜ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. ʅʘ ʩʴʦʛʦʜʥʽ ʩʠʨʦʚʠʥʘ ʚʪʦʨʠʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʝʰʝʚʰʘ, ʥʽʞ ʧʝʨʚʠʥʥʘ ʩʠʨʦʚʠʥʘ, ʪʘ ʮʶ ʧʝʨʝʚʘʛʫ ʤʦʞʥʘ ʙʫʜʝ ʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʧʨʠ ʦʧʠʩʽ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʥʦʚʽ ʨʽʰʝʥʥʷ, ʥʦʚʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

[2]. ʄʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʨʦʙʢʠ ʩʪʘʥʫʪʴ 

ʢʦʥʢʫʨʝʥʪʥʦʶ ʧʝʨʝʚʘʛʦʶ ʪʘ ʩʬʦʨʤʫʻ ʢʦʥʢʫʨʝʥʪʥʠʡ ʨʠʥʦʢ ʧʝʨʝʨʦʙʢʠ, ʩʪʚʦʨʶʶʯʠ 

ʥʦʚʽ ʨʦʙʦʯʽ ʤʽʩʮʷ ʟ ʥʦʚʠʤʠ ʚʠʤʦʛʠ ʪʘ ʩʫʯʘʩʥʠʤʠ ʩʠʩʪʝʤ ʪʘ ʤʝʪʦʜʘʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʦʝʢʪʘʤʠ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ [3]. 
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ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʩʪʘʚʣʝʥʥʽ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʟʤʽʥ ʚ ʨʦʙʦʪʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ çʙʘʟʘʤʠ ʜʘʥʠʭ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠè, ʷʢ ʥʦʚʽʡ 

ʩʚʽʪʦʚʽʡ ʝʢʦʥʦʤʽʢʠ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʰʢʦʜ. 

ʅʘ ʩʴʦʛʦʜʥʽ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ ʥʝʜʦʩʪʘʪʥʴʦ ʫʩʧʽʰʥʦ 

ʚʠʢʦʥʘʪʠ ʦʢʨʝʤʝ ʟʘʚʜʘʥʥʷ ʘʙʦ ʦʢʨʝʤʠʡ ʧʨʦʝʢʪ, ʦʩʢʽʣʴʢʠ ʜʦʩʷʛʥʝʥʥʷ 

ʢʦʥʢʫʨʝʥʪʥʦʾ ʧʝʨʝʚʘʛʠ ʻ ʥʝ ʣʠʰʝ ʥʘʩʣʽʜʢʦʤ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʦʜʥʦʛʦ ʧʨʦʝʢʪʫ, 

ʮʝ ʻ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʚʩʴʦʛʦ ʟʘʛʘʣʴʥʦʛʦ ʧʨʦʝʢʪʫ ʽʥʥʦʚʘʮʽʡ. ʆʩʥʦʚʥʘ ʧʨʦʙʣʝʤʘ 

ʜʣʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ ʟʚ'ʷʟʢʽʚ ʚʝʢʪʦʨʫ ʨʦʟʚʠʪʢʫ ʚʠʟʥʘʯʝʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʢʨʠʪʝʨʽʷʤʠ ʪʘ ʧʨʽʦʨʠʪʝʪʘʤʠ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʨʽʰʝʥʴ 

ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ ʧʨʦʝʢʪʫ. ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʧʨʦʝʢʪʽʚ, 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʾʭ ʚʠʢʦʥʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʫʧʨʘʚʣʽʥʥʷ ï ʥʘ ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʽ 

ʦʧʝʨʘʪʠʚʥʦʤʫ, ʪʦʤʫ ʻ ʧʦʪʨʝʙʘ ʫ ʚʠʨʽʰʝʥʥʽ ʧʝʨʰʦʯʝʨʛʦʚʠʭ ʟʘʜʘʯ ʫʧʨʘʚʣʽʥʥʷ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ : 

ς ʟʜʽʡʩʥʝʥʥʷ ʘʥʘʣʽʟʫ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʚʠʪʢʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘ ʫʤʦʚʘʤʠ 

ʧʝʨʝʭʦʜʫ ʜʦ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ; 

ï ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʦʾ ʤʦʜʝʣʽ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʚʠʪʢʦʤ ʦʢʨʝʤʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ  ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʤʝʪʦʜʦʣʦʛʽʶ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʚʧʨʦʚʘʜʞʝʥʘ; 

ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʬʝʩʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʚʠʪʢʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ 

ʫʤʦʚʘʭ ʛʣʦʙʘʣʴʥʦʾ ʝʢʦʥʦʤʽʢʠ ʰʣʷʭʦʤ ʘʜʘʧʪʘʮʽʾ ʧʦʥʷʪʴ ʽ ʢʘʪʝʛʦʨʽʡ ʮʠʢʣʽʯʥʦʾ 

ʝʢʦʥʦʤʽʢʠ ʽʟ ʢʘʪʝʛʦʨʽʷʤʠ ʩʠʩʪʝʤʥʦʾ ʩʠʥʝʨʛʝʪʠʢʠ;  

ï ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʘʢʪʫʘʣʴʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʜʦʜʘʪʢʦʚʠʭ 
ʧʨʦʝʢʪʽʚ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ  ʥʘ ʦʩʥʦʚʽ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʨʦʮʝʩʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʾʭ ʚʧʣʠʚ; 

ï ʨʦʟʨʦʙʢʠ  ʤʝʪʦʜʦʣʦʛʽʯʥʦʾ ʦʩʥʦʚʠ ʟ ʩʠʥʝʨʛʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʚʠʪʢʦʤ ʧʽʜʧʨʠʻʤʩʪʚ ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ; 

ï ʧʨʦʚʝʩʪʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʜʽʷʣʴʥʦʩʪʽ ʟ ʮʠʢʣʽʯʥʦ-

ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʚʠʪʢʦʤ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ï ʘʥʘʣʽʟ ʨʠʥʢʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ 

ʧʦʢʘʟʫʻ ʧʝʨʝʭʽʜ ʜʦ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ ʻ ʩʫʯʘʩʥʠʤ ʨʦʟʚʠʪʢʦʤ ʪʘ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʩʪʘʥʫ ʢʨʘʾʥʠ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʪʠ ʥʝ 

ʪʽʣʴʢʠ ʥʘ ʝʢʦʥʦʤʽʯʥʦʤʫ ʘʣʝ ʡ ʥʘʫʢʦʚʦʤʫ ʧʦʧʨʠʱʽ. ʅʦʚʽʪʥʽ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʬʦʨʤʫʶʪʴ ʩʫʯʘʩʥʠʡ ʚʠʛʣʷʜ ʪʘ ʜʦʩʪʫʧ ʜʦ ʥʝʦʙʭʽʜʥʦʾ 

ʪʘ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ ʦʥʣʘʡʥ ʨʝʞʠʤʽ ʜʣʷ ʚʩʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʦʩʽʙ. 

ʇʽʜʧʨʠʻʤʩʪʚʘ ʧʦʪʨʝʙʫʶʪʴ ʟʤʽʥʠ ʚ ʫʧʨʘʚʣʽʥʥʽ ʪʘ ʨʦʟʚʠʪʢʫ ʜʣʷ ʧʝʨʝʭʦʜʫ ʜʦ 

ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ. ʅʘ ʩʴʦʛʦʜʥʽ ʚʞʝ ʢʣʘʩʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʫʧʨʘʚʣʽʥʥʽ ʚʽʜʭʦʜʘʤʠ ʪʘ ʥʘʫʢʦʚʠʤ ʧʽʜʭʦʜʦʤ ʜʦ 

ʣʽʥʽʡʥʦʾ ʝʢʦʥʦʤʽʢʠ ʥʝ ʻ ʝʬʝʢʪʠʚʥʠʤʠ. ʇʦʪʨʽʙʥʽ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ, ʢʦʤʧʣʝʢʩʥʠʡ 

ʧʽʜʭʽʜ, ʷʢʠʡ ʩʬʦʨʤʫʻ ʪʘ ʥʘʜʜʘʩʪʴ ʧʝʨʝʚʘʛʠ ʮʠʢʣʽʯʥʦʾ ʝʢʦʥʦʤʽʢʠ. ʆʩʥʦʚʦʶ 

ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʤʦʞʝ ʩʪʘʪʠ ʤʝʪʦʜʦʣʦʛʽʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʦʩʢʽʣʴʢʠ 

ʧʨʦʝʢʪʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʟʜʽʡʩʥʝʥʥʷ ʟʤʽʥ ʚ ʫʤʦʚʘʭ 

ʦʙʤʝʞʝʥʴ ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ 
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ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʨʠʛʽʥʘʣʴʥʠʡ ʩʧʦʩʽʙ ʰʚʠʜʢʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʷʛʦʚʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ ʩʫʯʘʩʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʩʧʦʩʦʙʦʤ ʩʪʘʮʽʦʥʘʨʥʦʛʦ-ʤʦʙʽʣʴʥʦʛʦ 

ʟʘʨʷʜʫ ʪʘ ʥʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʤʦʞʣʠʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʩʧʦʩʦʙʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʥʘʜʽʡʥʫ 

ʪʘ ʪʨʠʚʘʣʫ ʨʦʙʦʪʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʮʽʣʢʦʤ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʩʪʘʮʽʦʥʘʨʥʠʡ ʰʚʠʜʢʽʩʥʠʡ ʟʘʨʷʜ, ʟʘʨʷʜ ʘʚʪʦ ʫ ʨʫʩʽ, 

ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʷʢʽʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʽʚ. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʘ ʧʨʦʙʣʝʤʘ ʟʤʝʥʰʝʥʥʷ ʢʘʨʙʦʥʦʚʦʛʦ ʩʣʽʜʫ, ʷʢʠʡ ʚʠʥʠʢʘʻ 

ʚʥʘʩʣʽʜʦʢ ʨʦʙʦʪʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʛʦʨʽʥʥʷ, ʩʧʦʥʫʢʘʣʘ 

ʧʨʦʚʽʜʥʽ ʜʝʨʞʘʚʠ ʩʚʽʪʫ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʰʠʨʦʢʠʡ ʟʘʛʘʣ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ 

ʝʣʝʢʪʨʠʯʥʽʡ ʪʷʟʽ. ʂʨʽʤ ʪʦʛʦ ʪʘʢʠʡ ʧʝʨʝʭʽʜ ʧʦʚôʷʟʘʥʠʡ, ʟʦʢʨʝʤʘ ʟ ʦʙʤʝʞʝʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ, ʷʢʦʛʦ, ʟʘ ʧʨʠʙʣʠʟʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, 

ʟʘʣʠʰʠʣʦʩʷ ʥʘ ʧʣʘʥʝʪʽ ʥʝ ʙʽʣʴʰʝ ʘʥʽʞ ʥʘ 100 ʨʦʢʽʚ. ɿʘ ʦʯʝʚʠʜʥʠʭ ʧʝʨʝʚʘʛ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʨʠʚʦʜʘ (ʢʦʤʧʘʢʪʥʽʩʪʴ ʜʚʠʛʫʥʘ ʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ, ʢʨʘʱʽ 

ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʽʜʚʠʱʝʥʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ) ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʡʦʤʫ 

ʧʨʠʪʘʤʘʥʥʽ ʡ ʜʝʷʢʽ ʥʝʜʦʣʽʢʠ [1]. ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ʪʨʠʚʘʣʽʩʪʴ ʟʘʨʷʜʫ, ʷʢʠʡ ʫ 

ʥʦʤʽʥʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʤʦʞʝ ʩʷʛʘʪʠ ʧôʷʪʠ ʛʦʜʠʥ, ʘ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʻʤʥʽʩʪʴ 

ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʽʚ ʜʦʩʠʪʴ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʪʝʨʤʽʥ ʪʘ ʡʦʛʦ ʮʠʢʣʽʯʥʽʩʪʴ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ.    

ʄʝʪʘ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʢʘ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʰʚʠʜʢʽʩʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʷʛʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʩʫʯʘʩʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 
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ʩʧʦʩʦʙʦʤ ʩʪʘʮʽʦʥʘʨʥʦʛʦ-ʤʦʙʽʣʴʥʦʛʦ ʟʘʨʷʜʫ ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʚʠʩʦʢʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʩʣʫʞʙʠ.  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɼʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʤʦʙʽʣʴʥʦʾ 

ʪʝʭʥʽʢʠ ʧʦʢʘʟʘʚ, ʱʦ ʚʦʥʘ ʻ ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʤʽʩʴʢʠʭ  

ʫʤʦʚʘʭ. ʇʦʷʩʥʝʥʥʷʤ  ʧʨʠʯʠʥ ʮʴʦʛʦ ʻ ʥʝʜʦʩʪʘʪʥʷ ʻʤʥʽʩʪʴ ʟʘʨʷʜʫ, ʷʢʘ ʣʽʤʽʪʫʻ 

ʜʘʣʴʥʽʩʪʴ ʧʦʾʟʜʢʠ, ʘ ʜʦʩʠʪʴ ʪʨʠʚʘʣʝ ʡʦʛʦ ʧʦʥʦʚʣʝʥʥʷ ʩʪʘʚʠʪʴ ʯʘʩʦʚʽ ʦʙʤʝʞʝʥʥʷ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʋ ʚʠʧʘʜʢʫ ʧʦʾʟʜʦʢ, ʱʦ ʤʦʞʫʪʴ 

ʧʝʨʝʚʠʱʫʚʘʪʠ 400 ʢʽʣʦʤʝʪʨʽʚ, ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʪʘʢʦʛʦ ʪʠʧʫ ʻ ʤʘʣʦ 

ʧʨʠʜʘʪʥʠʤʠ. 

ɸʥʘʣʽʟ ʚʽʜʦʤʠʭ ʩʠʩʪʝʤ ʧʦʥʦʚʣʝʥʥʷ ʟʘʨʷʜʫ ʩʚʽʜʯʠʪʴ, ʱʦ ʜʣʷ ʱʘʜʥʦʛʦ 

ʟʘʨʷʜʫ ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʩʪʨʫʤ, ʷʢʠʡ ʻ ʜʝʩʷʪʦʶ ʯʘʩʪʠʥʦʶ ʚʽʜ ʧʘʩʧʦʨʪʥʦʾ 

ʻʤʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʴ ʫ 

ʤʝʞʘʭ ʚʽʜ ʧôʷʪʠ ʜʦ ʜʝʚôʷʪʠ ʛʦʜʠʥ. ɿʘ ʰʚʠʜʢʽʩʥʦʛʦ ʟʘʨʷʜʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʽʜʚʠʱʝʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ [2-3], ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʦʩʠʪʴ 

ʽʥʪʝʥʩʠʚʥʠʤ ʟʥʦʩʦʤ ʧʣʘʩʪʠʥ ʘʢʫʤʫʣʷʪʦʨʘ. ɺʽʜʦʤʽ ʽʤʧʫʣʴʩʥʽ ʤʝʪʦʜʠ ʟʘʨʷʜʫ, 

ʭʦʯʘ ʽ ʟʥʠʞʫʶʪʴ ʯʘʩ ʧʨʦʮʝʩʫ, ʘʣʝ ʧʦʚʥʽʩʪʶ ʫʥʠʢʥʫʪʠ ʚʽʜ ʟʥʦʩʫ ʧʣʘʩʪʠʥ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ [4]. ɺʠʩʥʦʚʦʢ - ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʰʚʠʜʢʽʩʥʦʛʦ ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʽʚ ʥʝ 

ʜʘʶʪʴ ʟʤʦʛʠ ʧʦʣʽʧʰʠʪʠ ʩʠʪʫʘʮʽʶ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʽʭ ʧʽʜʭʦʜʽʚ ʘʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʤʙʽʥʦʚʘʥʘ 

ʩʠʩʪʝʤʘ ʩʪʘʮʽʦʥʘʨʥʦʛʦ-ʤʦʙʽʣʴʥʦʛʦ ʟʘʨʷʜʫ. ʉʫʪʥʽʩʪʴ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʩʧʦʩʦʙʫ 

ʧʦʣʷʛʘʻ ʚ ʧʦʙʫʜʦʚʽ ʤʝʨʝʞʽ ʟʘʨʷʜʥʠʭ ʩʪʘʥʮʽʡ ʟ ʢʚʘʣʽʬʽʢʦʚʘʥʠʤ ʧʝʨʩʦʥʘʣʦʤ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʠʪʴ ʧʨʦʬʝʩʽʡʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʛʘʣʴʚʘʥʽʯʥʠʭ ʙʘʪʘʨʝʡ, ʘ ʩʧʦʞʠʚʘʯ ʙʫʜʝ 

ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʦʨʝʥʜʥʦʶ ʘʢʫʤʫʣʷʪʦʨʥʦʶ ʙʘʪʘʨʝʻʶ, ʷʢʫ ʥʘ ʪʘʢʽʡ ʩʪʘʥʮʽʾ 

ʤʦʞʣʠʚʦ ʜʝʤʦʥʪʫʚʘʪʠ /ʤʦʥʪʫʚʘʪʠ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʭʚʠʣʠʥ. ʊʦʙʪʦ 

ʟʘʙʝʟʧʝʯʠʪʠ ʫʤʦʚʠ ʧʦʜʽʙʥʽ ʟʘʧʨʘʚʮʽ ʘʚʪʦ ʟ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʛʦʨʽʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʧʦʪʨʽʡʥʘ ʟʘʜʘʯʘ:  

¶ ʧʝʨʰʘ ï ʟʥʷʪʪʷ ʧʨʦʙʣʝʤʠ ʦʙʤʝʞʝʥʥʷ  ʧʦ ʯʘʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ; 

¶ ʜʨʫʛʘ ï ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʥʮʽʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʢʫʤʫʣʷʪʦʨʽʚ ʽ ʩʠʩʪʝʤ 

ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʞʠʚʣʝʥʥʷ ʽʟ ʝʥʝʨʛʦʩʠʩʪʝʤʦʶ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣʘʭ 

ʟʘʙʝʟʧʝʯʠʪʴ ʷʢʽʩʥʝ ʽ ʧʨʦʬʝʩʽʡʥʝ ʾʭ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

¶ ʪʨʝʪʻ ï ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ ʧʦʰʠʨʝʥʥʷ ʪʘʢʠʭ ʩʪʘʥʮʽʡ ʤʘʻ ʜʦʩʠʪʴ 

ʚʝʣʠʢʽ ʤʘʩʰʪʘʙʠ, ʜʘʥʘ ʨʦʟʨʦʙʢʘ ʜʘʩʪʴ ʩʫʪʪʻʚʝ ʟʨʦʩʪʘʥʥʷ ʨʦʙʦʯʠʭ ʤʽʮʴ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʧʦʣʽʧʰʠʪʴ ʩʦʮʽʘʣʴʥʫ ʩʠʪʫʘʮʽʶ ʫ ʤʘʩʰʪʘʙʘʭ ʜʝʨʞʘʚʠ. 

ɿʘ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʫ ʤʦʙʽʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʜʽʷʪʠ ʥʘ 

ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʪʨʘʩʘʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʙʝʟʢʦʥʪʘʢʪʥʦʾ ʧʝʨʝʜʘʯʽ ʝʥʝʨʛʽʾ [5] ʽʟ 

ʧʽʜʚʠʱʝʥʦʶ ʯʘʩʪʦʪʦʶ ʨʦʙʦʪʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʪʘʢʦʛʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʻ ʪʝ, 

ʱʦ ʪʘʢʽ ʩʠʩʪʝʤʠ ʟʘʨʷʜʫ ʥʝ ʧʦʪʨʽʙʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʨʦʪʷʛʦʤ ʫʩʽʻʾ ʧʨʦʪʷʞʥʦʩʪʽ 

ʰʣʷʭʫ, ʘ ʣʠʰʝ ʫ ʪʠʭ ʤʽʩʮʷʭ, ʜʝ ʟʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʧʦʧʝʨʝʜʥʽʡ ʟʘʨʷʜ ʙʘʪʘʨʝʡ 

ʧʦʚʠʥʝʥ ʟʘʢʽʥʯʫʚʘʪʠʩʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʨʷʜʥʽ ʩʠʩʪʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʪʠʧʫ 

ʜʦʟʚʦʣʷʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʽʦʜʠʯʥʠʡ ʧʽʜʟʘʨʷʜ ʫ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ ʤʽʩʮʷʭ ʽ 

ʚ ʧʦʪʨʽʙʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʪʝʨʤʽʥ, ʘ ʮʠʢʣʽʯʥʽʩʪʴ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ 

ʟʙʝʨʝʛʪʠ ʨʝʩʫʨʩʠ ʧʨʠ ʾʭ ʧʦʙʫʜʦʚʽ.  
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ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʦʨʠʛʽʥʘʣʴʥʦʛʦ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʘ ʤʦʙʽʣʴʥʦʛʦ ʧʽʜʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʥʠʭ 

ʙʘʪʘʨʝʡ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʘʪʠ ʢʦʨʠʩʪʫʚʘʮʴʢʽ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, 

ʧʽʜʚʠʱʠʪʴ ʾʭ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʥʘʩʝʣʝʥʥʷ ʨʦʙʦʯʠʤʠ ʤʽʩʮʷʤʠ ʫ ʤʘʩʰʪʘʙʘʭ ʜʝʨʞʘʚʠ. 

ɺʠʩʥʦʚʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʦʨʠʛʽʥʘʣʴʥʠʡ ʩʧʦʩʽʙ ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʥʠʭ 

ʙʘʪʘʨʝʡ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʜʦʟʚʦʣʠʪʴ ʫʥʠʢʥʫʪʠ ʪʨʠʚʘʣʦʛʦ ʧʨʦʮʝʩʫ ʟʘʨʷʜʫ ʽ 

ʯʘʩʦʚʦʛʦ ʦʙʤʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʫ ʢʽʥʮʝʚʦʤʫ 

ʨʘʭʫʥʢʫ ʧʽʜʚʠʱʠʪʴ ʾʭ ʢʦʨʠʩʪʫʚʘʮʴʢʽ ʷʢʦʩʪʽ.  
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ɼ.ɼ. ʏʫʤʠʯʦʚ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʆɻʃʗɼ ʊɽʍʅʆʃʆɻɯɰ ɯʅʊɽʈʅɽʊʋ ʈɽʏɽʁ ʊɸ ʁʆɻʆ  

ʂʃʖʏʆɺʀʍ ʂʆʄʇʆʅɽʅʊɯɺ 
 

ɸʥʦʪʘʮʽʷ. ɼʘʥʘ ʢʦʨʦʪʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ, ʦʧʠʩʘʥʦ ʡʦʛʦ ʟʥʘʯʝʥʥʷ ʽ 

ʟʨʦʩʪʘʶʯʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ. ʈʦʟʢʨʠʪʦ ʧʦʥʷʪʪʷ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ ʟʘʟʥʘʯʝʥʽ 

ʡʦʛʦ ʢʣʶʯʦʚʽ ʢʦʤʧʦʥʝʥʪʠ: ʜʘʪʯʠʢʠ, ʧʨʠʚʦʜʠ ʪʘ ʢʦʥʪʨʦʣʝʨʠ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʽ ʚʘʨʽʘʥʪʠ ʾʾ ʧʦʜʘʣʴʰʦʛʦ 

ʨʦʟʚʠʪʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʪʝʨʥʝʪ ʨʝʯʝʡ, ʜʘʪʯʠʢ, ʧʨʠʚʦʜ, ʢʦʥʪʨʦʣʝʨ, ʪʫʤʘʥʥʽ ʦʙʯʠʩʣʝʥʥʷ. 

 

ɺʩʪʫʧ. ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (ʘʥʛʣ. internet of things, IoT) ï ʮʝ ʢʦʥʮʝʧʮʽʷ ʤʝʨʝʞʽ 

ʧʝʨʝʜʘʯʽ ʤʽʞ ʬʽʟʠʯʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ (çʨʝʯʘʤʠè), ʦʩʥʘʱʝʥʠʤʠ ʚʙʫʜʦʚʘʥʠʤʠ 

ʟʘʩʦʙʘʤʠ ʽ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚʟʘʻʤʦʜʽʾ ʦʜʠʥ ʟ ʦʜʥʠʤ ʯʠ ʽʟ ʜʦʚʢʽʣʣʷʤ.  

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (IoT) ʻ ʚʩʶʜʠ ʥʘʚʢʦʣʦ ʥʘʩ ʽ ʰʚʠʜʢʦ ʨʦʟʧʦʚʩʶʜʞʫʻʪʴʩʷ. 

ʄʠ ʪʽʣʴʢʠ ʧʦʯʠʥʘʻʤʦ ʦʪʨʠʤʫʚʘʪʠ ʧʝʨʝʚʘʛʠ IoT. ɺʽʥ ʜʦʧʦʤʘʛʘʻ ʣʶʜʷʤ 

ʦʙôʻʜʥʫʚʘʪʠ (ʟôʚʷʟʫʚʘʪʠ) ʨʝʯʽ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʞʠʪʪʷ. ʇʦʩʪʽʡʥʦ 

ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʥʦʚʽ ʩʧʦʩʦʙʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚôʷʟʘʥʠʭ ʨʝʯʝʡ. ʄʽʣʴʡʦʥʠ ʣʶʜʝʡ 

https://www.imena.ua/blog/fast-charging-part-1/
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ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʨʪʘʪʠʚʥʽ ʧʨʠʩʪʨʦʾ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʩʚʦʻʾ ʬʽʪʥʝʩ-

ʘʢʪʠʚʥʦʩʪʽ. ʇʨʠʢʣʘʜʦʤ ʪʘʢʦʛʦ ʧʨʠʩʪʨʦʶ ʻ ʩʦʨʦʯʢʘ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ 

ʚʘʰʦʛʦ ʨʽʚʥʷ ʬʽʟʠʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ. IoT ʪʘʢʦʞ ʜʦʧʦʤʘʛʘʻ ʦʨʛʘʥʽʟʘʮʽʷʤ ʽ ʛʘʣʫʟʷʤ 

ʧʦʢʨʘʱʠʪʠ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ, ʱʦʙ ʩʪʘʪʠ ʝʬʝʢʪʠʚʥʽʰʠʤ, ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʚ ʨʦʟʫʤʥʠʭ ʤʽʩʪʘʭ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʨʝʯʝʡ ʜʣʷ  ʙʽʣʴʰ ʢʦʤʬʦʨʪʥʦʛʦ ʞʠʪʪʷ 

ʛʨʦʤʘʜʷʥ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɯʩʥʫʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽʟ ʧʽʜʪʨʠʤʢʦʶ IoT. 

ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʧʨʠʩʪʨʦʾʚ  ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʪʯʠʢʠ, ʢʦʥʪʨʦʣʝʨʠ ʪʘ ʚʠʢʦʥʘʚʯʽ 

ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʚʦʾʭ ʬʫʥʢʮʽʡ. ʇʝʪʣʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠʩʪʨʦʷʤʠ IoT ʜʣʷ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ 

ʡʦʛʦ ʢʦʥʪʨʦʣʝʨʫ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʦʾ ʧʦʚʝʜʽʥʢʠ. ɿʘʤʢʥʫʪʠʡ ʮʠʢʣ ʽʩʥʫʻ, ʢʦʣʠ 

ʢʦʥʪʨʦʣʝʨ ʧʦʩʪʽʡʥʦ ʦʪʨʠʤʫʻ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʚʽʜ ʩʚʦʾʭ ʜʘʪʯʠʢʽʚ. ʂʦʥʪʨʦʣʝʨ 

ʘʥʘʣʽʟʫʻ ʪʘ ʦʙʨʦʙʣʷʻ ʽʥʬʦʨʤʘʮʽʶ, ʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ ʜʣʷ ʟʤʽʥʠ ʫʤʦʚ. ʎʝʡ ʧʨʦʮʝʩ ʧʦʩʪʽʡʥʦ ʧʦʚʪʦʨʶʻʪʴʩʷ ʽ 

ʢʦʨʠʛʫʻʪʴʩʷ.  

ʅʘʧʨʠʢʣʘʜ, ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʦ ʢʦʤʧʦʥʝʥʪʠ IoT ʫ ʨʦʟʫʤʥʦʤʫ ʪʝʨʤʦʩʪʘʪʽ. 

ɼʘʪʯʠʢ (ʘʙʦ ʢʽʣʴʢʘ ʜʘʪʯʠʢʽʚ) ʙʝʟʧʝʨʝʨʚʥʦ ʥʘʜʩʠʣʘʻ ʧʦʢʘʟʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 

ʢʦʥʪʨʦʣʝʨʘ. ʂʦʥʪʨʦʣʝʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʝʡ ʟʚʦʨʦʪʥʠʡ ʟʚôʷʟʦʢ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʫʤʦʚ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʢʦʨʠʩʪʫʚʘʯʘ. ʂʦʥʪʨʦʣʝʨ 

ʪʘʢʦʞ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʝʟʜʨʦʪʦʚʠʡ ʟʚôʷʟʦʢ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ.  

 

 
ʈʠʩ. 1. ʂʦʤʧʦʥʝʥʪʠ IoT ʫ ʨʦʟʫʤʥʦʤʫ ʪʝʨʤʦʩʪʘʪʽ 

 

ʂʣʶʯʦʚʽ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʚʢʣʶʯʘʶʪʴ ʜʘʪʯʠʢʠ, ʷʢʽ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʯʝʨʝʟ ʙʝʟʜʨʦʪʦʚʝ ʘʙʦ ʜʨʦʪʦʚʝ ʟôʻʜʥʘʥʥʷ ʜʦ ʧʨʠʚʦʜʽʚ ʘʙʦ 

ʢʦʥʪʨʦʣʝʨʽʚ. ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʢʦʤʧʦʥʝʥʪʠ ʜʦʢʣʘʜʥʽʰʝ: 

ɼʘʪʯʠʢ. 

ɼʘʪʯʠʢ ï ʮʝ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʬʽʟʠʯʥʦʾ ʚʣʘʩʪʠʚʦʩʪʽ ʰʣʷʭʦʤ ʚʠʷʚʣʝʥʥʷ ʧʝʚʥʦʛʦ ʪʠʧʫ ʽʥʬʦʨʤʘʮʽʾ ʟ ʬʽʟʠʯʥʦʛʦ 

ʩʚʪ̔ʫ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʩʚʽʪʣʦʤ, ʚʦʣʦʛʽʩʪʶ, ʨʫʭʦʤ, ʪʠʩʢʦʤ, 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʘʙʦ ʙʫʜʴ-ʷʢʠʤʠ ʽʥʰʠʤʠ ʫʤʦʚʘʤʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʅʘʧʨʠʢʣʘʜ, ʢʘʚʦʚʘ ʬʝʨʤʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʪʯʠʢʠ ʜʣʷ ʟʙʦʨʫ 

ʨʽʟʥʦʤʘʥʽʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢ-ʦʪ ʩʦʥʷʯʥʝ ʩʚʽʪʣʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʚʦʣʦʛʽʩʪʴ 
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ˇʨʫʥʪʫ. ʇʦʪʽʤ ʮʽ ʜʘʥʽ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʤʘʢʩʠʤʽʟʫʚʘʪʠ 

ʚʨʦʞʘʡʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʢʘʚʦʚʠʭ ʟʝʨʝʥ. 

ɼʘʪʯʠʢ ʤʦʞʝ ʙʫʪʠ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʢʦʥʪʨʦʣʝʨʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʘʙʦ 

ʚʽʜʜʘʣʝʥʦ. ɼʘʪʯʠʢʠ ʪʘ ʢʦʥʪʨʦʣʝʨʠ ʟʘʟʚʠʯʘʡ ʟ'ʻʜʥʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʘʣʦʛʦʚʠʭ ʘʙʦ ʮʠʬʨʦʚʠʭ ʩʭʝʤ. ɼʘʪʯʠʢʠ ʧʝʨʝʜʘʶʪʴ ʜʘʥʽ ʥʘ ʢʦʥʪʨʦʣʝʨ. 

ʂʦʥʪʨʦʣʝʨ ʥʝʛʘʡʥʦ ʨʝʘʛʫʻ ʥʘ ʜʘʥʽ ʜʘʪʯʠʢʽʚ ʪʘ ʟʤʽʥʶʻ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʠʚʦʜʫ. 

ʗʢ ʧʨʠʢʣʘʜ, ʤʝʨʝʞʘ ʢʦʥʪʨʦʣʝʨʘ (CAN) ï ʮʝ ʩʪʘʥʜʘʨʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʙʽʣʴʰʦʩʪʽ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʚôʷʟʢʫ ʤʽʞ ʜʘʪʯʠʢʘʤʠ ʪʘ 

ʢʦʥʪʨʦʣʝʨʘʤʠ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʢʝʨʫʶʯʠʭ ʢʦʤʧôʶʪʝʨʽʚ. ɹʽʣʴʰʽʩʪʴ ʥʦʚʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʦʩʥʘʱʝʥʦ ʚʽʜʝʦʢʘʤʝʨʘʤʠ ʪʘ ʜʘʪʯʠʢʘʤʠ ʟʘʧʦʙʽʛʘʥʥʷ ʟʽʪʢʥʝʥʥʷʤ. ʎʽ 

ʢʘʤʝʨʠ ʪʘ ʾʭʥʽ ʜʘʪʯʠʢʠ ʤʦʞʫʪʴ ʧʦʧʝʨʝʜʠʪʠ ʢʦʥʪʨʦʣʝʨ, ʷʢʱʦ ʥʘ ʰʣʷʭʫ ʻ ʦʙôʻʢʪ, ʽ 

ʢʦʥʪʨʦʣʝʨ ʘʚʪʦʤʘʪʠʯʥʦ ʟʤʫʩʠʪʴ ʘʚʪʦʤʦʙʽʣʴ ʚʠʜʘʚʘʪʠ ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʠʡ ʩʠʛʥʘʣ 

ʘʙʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʛʘʣʴʤʘ. 

ʎʝʡ ʢʦʥʪʨʦʣʝʨ ʪʘʢʦʞ ʤʦʞʝ ʜʽʷʪʠ ʷʢ ʰʣʶʟ ʜʦ IP-ʤʝʨʝʞʽ ʪʘ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ 

ʜʘʪʯʠʢʽʚ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʥʘ ʩʝʨʚʝʨʘʭ ʫ ʪʫʤʘʥʽ ʯʠ ʭʤʘʨʽ. ɿʽʙʨʘʥʽ ʜʘʥʽ ʪʘ 

ʘʥʘʣʽʟʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʽʥʽʮʽʶʚʘʥʥʷ ʜʽʡ ʣʶʜʝʡ, ʩʠʩʪʝʤ ʘʙʦ ʤʘʰʠʥ. 

ʅʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʦʨʦʟʽ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʟʤʽʥʫ ʩʠʩʪʝʤʠ 

ʩʚʽʪʣʦʬʦʨʘ. 

ʇʨʠʚʽʜ. 

ʇʨʠʚʽʜ ï ʮʝ ʧʨʠʩʪʨʽʡ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʘʙʦ 

ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʦʤ ʯʠ ʩʠʩʪʝʤʦʶ ʥʘ ʦʩʥʦʚʽ ʧʝʚʥʦʛʦ ʥʘʙʦʨʫ ʽʥʩʪʨʫʢʮʽʡ. ʗʢ 

ʧʨʘʚʠʣʦ, ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ ɯʥʪʝʨʥʝʪʽ ʨʝʯʝʡ ʽʩʥʫʻ ʪʨʠ ʪʠʧʠ ʧʨʠʚʦʜʽʚ: 

- ʝʣʝʢʪʨʠʯʥʠʡ ï ʧʨʘʮʶʻ ʚʽʜ ʜʚʠʛʫʥʘ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ ʚ ʤʝʭʘʥʽʯʥʫ; 

- ʛʽʜʨʘʚʣʽʯʥʠʡ ï ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʠʩʢ ʨʽʜʠʥʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʤʝʭʘʥʽʯʥʦʛʦ ʨʫʭʫ; 

- ʧʥʝʚʤʘʪʠʯʥʠʡ ï ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ɺ ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʫ ʬʽʟʠʯʥʠʡ ʚʠʭʽʜ. ʎʝʡ ʬʽʟʠʯʥʠʡ ʚʠʭʽʜ ʤʦʞʝ ʥʘʜʘʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʯʝʨʝʟ ʩʚʽʪʣʦʜʽʦʜʠ ʘʙʦ ʟʤʽʥʶʚʘʪʠ ʽʥʰʠʡ ʧʨʠʩʪʨʽʡ ʯʠ 

ʩʝʨʝʜʦʚʠʱʝ. ʅʘʧʨʠʢʣʘʜ, ʥʘʛʨʽʚʘʯ ʫ ʢʦʥʪʫʨʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʪʝʨʤʦʩʪʘʪʘ ʻ 

ʧʨʠʚʦʜʦʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʤʽʥʶʻ ʩʪʘʥ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʪʝʤʧʝʨʘʪʫʨʫ) 

ʫ ʚʽʜʧʦʚʽʜʴ ʥʘ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ. 

ʂʦʥʪʨʦʣʝʨ. 

ʂʦʥʪʨʦʣʝʨʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʙʽʨ ʜʘʥʠʭ ʽʟ ʜʘʪʯʠʢʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ ʯʠ ɯʥʪʝʨʥʝʪʫ. ʂʦʥʪʨʦʣʝʨʠ ʤʦʞʫʪʴ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʥʝʛʘʡʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʘʙʦ ʚʦʥʠ ʤʦʞʫʪʴ ʥʘʜʩʠʣʘʪʠ ʜʘʥʽ ʥʘ ʙʽʣʴʰ ʧʦʪʫʞʥʠʡ 

ʢʦʤʧôʶʪʝʨ ʜʣʷ ʘʥʘʣʽʟʫ. ʎʝʡ ʧʦʪʫʞʥʽʰʠʡ ʢʦʤʧôʶʪʝʨ ʤʦʞʝ ʙʫʪʠ ʚ ʪʽʡ ʩʘʤʽʡ 

ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ, ʱʦ ʡ ʢʦʥʪʨʦʣʝʨ, ʘʙʦ ʤʦʞʝ ʙʫʪʠ ʜʦʩʪʫʧʥʠʤ ʣʠʰʝ ʯʝʨʝʟ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɯʥʪʝʨʥʝʪʫ. 

ʊʦʧʦʣʦʛʽʷ IoT ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʘʪʯʠʢʽʚ, ʢʦʥʪʨʦʣʝʨʽʚ, ʤʘʨʰʨʫʪʠʟʘʪʦʨʽʚ ʽ 

ʮʝʥʪʨʽʚ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. ʑʦʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʧʦʪʫʞʥʽʰʠʭ ʢʦʤʧôʶʪʝʨʽʚ ʫ 
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ʮʝʥʪʨʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʢʦʥʪʨʦʣʝʨ ʩʧʦʯʘʪʢʫ ʥʘʜʩʠʣʘʻ ʜʘʥʽ ʥʘ ʣʦʢʘʣʴʥʠʡ 

ʤʘʨʰʨʫʪʠʟʘʪʦʨ. ʎʝʡ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʻ ʽʥʪʝʨʬʝʡʩʦʤ ʤʽʞ ʣʦʢʘʣʴʥʦʶ ʤʝʨʝʞʝʶ ʪʘ 

ɯʥʪʝʨʥʝʪʦʤ. ɺʽʥ ʤʦʞʝ ʧʝʨʝʩʠʣʘʪʠ ʜʘʥʽ ʤʽʞ ʥʠʤʠ. 

ʂʦʥʪʨʦʣʝʨʠ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʪʫʤʘʥʠʭ ʦʙʯʠʩʣʝʥʥʷʭ. ʅʘʧʨʠʢʣʘʜ 

ʨʦʟʫʤʥʽ ʩʚʽʪʣʦʬʦʨʠ, ʷʢʽ ʤʽʩʪʷʪʴ ʜʘʪʯʠʢʠ ʪʘ ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ. ɼʘʪʯʠʢʠ 

ʚʠʷʚʣʷʶʪʴ ʨʫʭ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʧʦʚʽʜʦʤʣʷʶʪʴ ʢʦʥʪʨʦʣʝʨʫ. ʂʦʥʪʨʦʣʝʨ ʟʜʘʪʥʠʡ 

ʦʙʨʦʙʣʷʪʠ ʮʽ ʜʘʥʽ ʣʦʢʘʣʴʥʦ ʪʘ ʚʠʟʥʘʯʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʤʦʜʝʣʽ ʪʨʘʬʽʢʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʶ ʽʥʬʦʨʤʘʮʽʶ, ʢʦʥʪʨʦʣʝʨ ʥʘʜʩʠʣʘʪʠʤʝ ʩʠʛʥʘʣʠ ʚʠʢʦʥʘʚʯʠʤ 

ʤʝʭʘʥʽʟʤʘʤ ʩʚʽʪʣʦʬʦʨʘ ʜʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʢʽʚ ʪʨʘʥʩʧʦʨʪʫ. ʎʝ ʧʨʠʢʣʘʜ 

ʤʽʞʤʘʰʠʥʥʦʛʦ ʟʚôʷʟʢʫ (M2M). ʋ ʮʴʦʤʫ ʩʮʝʥʘʨʽʾ ʜʘʪʯʠʢʠ, ʚʠʢʦʥʘʚʯʽ ʤʝʭʘʥʽʟʤʠ 

ʪʘ ʢʦʥʪʨʦʣʝʨ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʪʫʤʘʥʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʥʘʜʩʠʣʘʻʪʴʩʷ 

ʟʘ ʤʝʞʽ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ ʢʽʥʮʝʚʠʭ ʧʨʠʩʪʨʦʾʚ. 

ʂʦʥʪʨʦʣʝʨʠ ʤʦʞʫʪʴ ʤʘʪʠ IP-ʧʽʜʢʣʶʝʥʥʷ. ʂʦʥʪʨʦʣʝʨ ʽʟ ʧʽʜʪʨʠʤʢʦʶ IP 

ʧʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʯʝʨʝʟ ʤʝʨʝʞʫ IP ʽ ʜʦʟʚʦʣʷʻ ʦʢʨʝʤʠʤ ʦʩʦʙʘʤ ʦʪʨʠʤʫʚʘʪʠ 

ʚʽʜʜʘʣʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʢʦʥʪʨʦʣʝʨʘ. ʆʢʨʽʤ ʧʝʨʝʩʠʣʘʥʥʷ ʦʩʥʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚ 

ʢʦʥʬʽʛʫʨʘʮʽʾ M2M, ʜʝʷʢʽ ʢʦʥʪʨʦʣʝʨʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʦʧʝʨʘʮʽʾ. ɼʝʷʢʽ ʢʦʥʪʨʦʣʝʨʠ ʤʦʞʫʪʴ ʢʦʥʩʦʣʽʜʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʟ ʢʽʣʴʢʦʭ 

ʜʘʪʯʠʢʽʚ ʘʙʦ ʚʠʢʦʥʫʚʘʪʠ ʙʘʟʦʚʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ Arduino ʪʘ Raspberry Pi (RaPi) ʻ ʧʨʠʢʣʘʜʘʤʠ ʢʦʥʪʨʦʣʝʨʽʚ. 

ɺʦʥʠ ʤʦʞʫʪʴʪʘʢʦʞ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ɯʥʪʝʨʥʝʪʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʶʙʠʪʝʣʷʤʠ ʪʘ 

ʧʨʦʬʝʩʽʦʥʘʣʘʤʠ. ʂʣʶʯʦʚʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ʤʽʞ ʥʠʤʠ ʻ ʬʽʟʠʯʥʠʡ ʨʦʟʤʽʨ, ʜʦʩʪʫʧʥʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʧʘʤôʷʪʴ ʽ ʆʉ. ɿʘʟʚʠʯʘʡ Arduino ʧʦʪʨʝʙʫʻ ʤʝʥʰʝ ʝʥʝʨʛʽʾ, 

ʥʽʞ RaPi, ʽ ʙʽʣʴʰʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʘʥʘʣʦʛʦʚʦʛʦ ʚʭʦʜʫ. ɼʦʜʘʪʦʢ ʧʦʚʠʥʝʥ ʜʠʢʪʫʚʘʪʠ, 

ʷʢʠʡ ʢʦʥʪʨʦʣʝʨ ʥʘʡʢʨʘʱʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. ʆʙʠʜʚʘ ʢʦʥʪʨʦʣʝʨʠ ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʘʟʦʤ. ʅʘʧʨʠʢʣʘʜ, ʚʠ ʤʦʞʝʪʝ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

Arduino, ʘ ʧʦʪʽʤ ʦʙʨʦʙʣʷʪʠ ʾʭ ʟʘ ʜʦʧʦʤʦʛʦʶ Raspberry Pi. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢ ʚʠʢʦʥʘʚʯʠʡ ʤʝʭʘʥʽʟʤ ʚʠʢʣʠʢʘʻ ʨʫʭ, ʡʦʛʦ 

ʦʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʻ ʦʪʨʠʤʘʥʥʷ ʩʠʛʥʘʣʫ ʚʽʜ ʢʦʥʪʨʦʣʝʨʘ ʪʘ ʚʠʢʦʥʘʥʥʷ ʟʘʜʘʥʦʾ 

ʜʽʾ ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ ʩʠʛʥʘʣʫ. 

ʗʢ ʽ ʙʘʛʘʪʦ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʙʫʜʴ-ʷʢʽʡ ʩʠʩʪʝʤʽ, ʜʝʷʢʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʤʘʪʠ 

ʙʽʣʴʰʝ ʥʽʞ ʦʜʥʫ ʬʫʥʢʮʽʶ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʢʦʥʪʨʦʣʝʨʘ ʚ ʩʠʩʪʝʤʽ IoT. ʂʦʥʪʨʦʣʝʨ ʤʦʞʝ 

ʟʙʠʨʘʪʠ ʜʘʥʽ ʟ ʜʘʪʯʠʢʽʚ ʙʝʟ ʚʪʨʫʯʘʥʥʷ ʣʶʜʠʥʠ ʯʠ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞʽ. 

ʅʘʧʨʠʢʣʘʜ, ʜʘʪʯʠʢ ʚʠʟʥʘʯʘʻ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʚʘʨʪʠʨʽ ʚʧʘʣʘ ʥʠʞʯʝ ʟʘʜʘʥʦʛʦ ʨʽʚʥʷ. 

ʂʦʥʪʨʦʣʝʨ ʦʙʨʦʙʠʪʴ ʜʘʥʽ ʪʘ ʥʘʜʽʰʣʝ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʱʦʙ ʫʚʽʤʢʥʫʪʠ ʥʘʛʨʽʚʘʯ (ʧʨʠʚʽʜ). 

ʂʦʥʪʨʦʣʝʨ ʪʘʢʦʞ ʤʦʞʝ ʜʽʷʪʠ ʷʢ ʰʣʶʟ ʜʦ ʣʦʢʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʋ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʨʠʢʣʘʜʽ, ʷʢʱʦ ʩʠʩʪʝʤʘ IoT ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʟʤʽʥ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʦʞʥʽʡ ʢʚʘʨʪʠʨʽ ʙʫʜʠʥʢʫ, ʢʦʥʪʨʦʣʝʨ ʤʦʞʝ ʧʝʨʝʜʘʚʘʪʠ ʜʘʥʽ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʘʙʦ ʘʥʘʣʽʟʫ ʥʘ ʩʝʨʚʝʨʘʭ ʫ ʣʦʢʘʣʴʥʽʡ ʘʙʦ ʧʝʨʠʬʝʨʽʡʥʽʡ ʤʝʨʝʞʽ. ʄʽʩʮʝ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʧʣʠʚʘʻ ʥʘ ʰʚʠʜʢʽʩʪʴ, ʟ ʷʢʦʶ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʟʤʽʥʠ ʚ 

ʩʠʩʪʝʤʽ. ɼʘʥʽ ʤʦʞʥʘ ʟʙʝʨʽʛʘʪʠ ʡ ʦʙʨʦʙʣʷʪʠ ʥʘ ʧʨʠʩʪʨʦʷʭ, ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʧʦʙʣʠʟʫ ʤʝʞʽ ʤʝʨʝʞʽ ʘʙʦ ʥʘʚʽʪʴ ʙʣʠʞʯʝ ʜʦ ʜʘʪʯʠʢʽʚ. ʎʝʡ ʪʠʧ ʦʙʨʦʙʢʠ 

ʥʘʟʠʚʘʻʪʴʩʷ ʪʫʤʘʥʥʠʤ ʦʙʯʠʩʣʝʥʥʷʤ. ɺʫʟʣʠ ʪʫʤʘʥʫ, ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʟʦʥʠ ʜʣʷ 

ʦʙʨʦʙʢʠ, ʻ ʯʘʩʪʠʥʦʶ ʮʽʻʾ ʩʠʩʪʝʤʠ. 
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ʂʦʥʪʨʦʣʝʨ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʰʣʶʟʦʤ ʜʦ ʭʤʘʨʥʦʾ ʤʝʨʝʞʽ. ʗʢʱʦ ʩʠʩʪʝʤʘ 

IoT ʟ ʥʘʰʦʛʦ ʧʦʯʘʪʢʦʚʦʛʦ ʧʨʠʢʣʘʜʫ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʘʛʨʝʛʫʚʘʥʥʷ ʜʘʥʠʭ 

ʪʝʨʤʦʩʪʘʪʽʚ ʟ ʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʦʜʥʽʡ 

ʢʦʤʧʘʥʽʾ, ʢʽʣʴʢʘ ʢʦʥʪʨʦʣʝʨʽʚ ʽ ʧʨʠʩʪʨʦʾʚ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠ ʡ ʦʙʨʦʙʣʷʪʠ ʜʘʥʽ 

ʜʘʪʯʠʢʽʚ ʫ ʨʽʟʥʠʭ ʚʫʟʣʘʭ ʪʫʤʘʥʫ. ɼʘʥʽ ʟ ʨʽʟʥʠʭ ʚʫʟʣʽʚ ʪʫʤʘʥʫ ʙʫʜʫʪʴ 

ʟʙʝʨʽʛʘʪʠʩʷ, ʘʛʨʝʛʫʚʘʪʠʩʷ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠʩʷ. ʇʦʪʽʤ ʮʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʜʘʥʽ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ɹʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʧʦʥʷʪʪʷ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ ʪʘ ʡʦʛʦ ʦʩʥʦʚʥʽ 

ʢʦʤʧʦʥʝʥʪʠ: ʜʘʪʯʠʢ, ʧʨʠʚʽʜ ʪʘ ʢʦʥʪʨʦʣʝʨ. ʅʘʚʝʜʝʥʽ ʧʨʠʢʣʘʜʠ ʤʦʞʣʠʚʦʛʦ 

ʚʠʨʦʩʪʘʥʥʷ IoT ʫ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʣʶʜʠʥʠ. ɺ ʥʘʡʙʣʠʞʯʽ ʜʝʩʷʪʠʣʽʪʪʷ IoT 

ʩʪʘʥʝ ʪʘʢʠʤ ʞʝ ʟʚʠʯʥʠʤ ʷʚʠʱʝʤ, ʷʢ ʝʣʝʢʪʨʠʢʘ ʯʠ ɯʥʪʝʨʥʝʪ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʟʨʦʩʪʘʶʯʦʶ ʢʽʣʴʢʽʩʪʶ ʧʨʠʩʪʨʦʾʚ, ʧʽʜʢʣʶʯʝʥʠʭ ʜʦ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʷʢʽ ʨʦʙʣʷʪʴ 

ʞʠʪʪʷ ʣʶʜʝʡ ʢʦʤʬʦʨʪʥʽʰʠʤ. 
 

ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 

1. Cisco Networking Academy: Cisco Networking Academy Builds IT Skills & Education 

For Future Careers (netacad.com) 

2. https://www.i-scoop.eu/internet-of-things-guide/ 

3. https://www.ibm.com/blogs/internet-of-things/what-is-the-iot/ 

4. https://www.zdnet.com/article/what-is-the-internet-of-things-everything-you-need-to-

know-about-the-iot-right-now/ 

 

 

 

ʋɼʂ 004.75+004.67:681.5  

 

ʉ.ʄ. ʊʢʘʯʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʆɹˆʈʋʅʊʋɺɸʅʅʗ ʊɽʍʅɯʏʅʆɻʆ ʈɯʐɽʅʅʗ ɼʃʗ ʉʀʉʊɽʄ 

ʎʀʌʈʆɺʆɰ ʊɽʈʄʆʄɽʊʈɯɰ ɿɽʈʅɸ ʅɸ ʆʉʅʆɺɯ 

ʂʆʅʊʈʆʃɽʈɸ ARDUINO  

 
ɸʥʦʪʘʮʽʷ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʚʠʤʦʛʠ ʡ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ 

ʟʝʨʥʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʽʜʚʽʩʠ ʥʘ ʮʠʬʨʦʚʠʭ ʜʘʪʯʠʢʘʭ. ʆʙʨʘʥʦ ʩʝʨʽʡʥʫ ʤʦʜʝʣʴ ʢʦʥʪʨʦʣʝʨʘ 

Arduino, ʨʦʟʨʦʙʣʝʥʦ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʙʣʦʢ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʬʫʥʢʮʽʦʥʘʣʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʣʦʢʫ. ɺʢʘʟʘʥʦ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʚʘʨʽʘʥʪʽʚ ʪʦʧʦʣʦʛʽʡ ʩʠʩʪʝʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʪʝʨʤʦʤʝʪʨʽʾ, ds12b20, ʮʠʬʨʦʚʠʡ ʜʘʪʯʠʢ, ʪʝʨʤʦʧʽʜʚʽʩ, ʙʣʦʢ 

ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʽʥʪʝʨʬʝʡʩ 1-wire, Arduino, ʟʙʽʨʢʦʚʠʡ ʢʦʥʪʨʦʣʝʨ, ɸʈʄ ʪʝʨʤʦʤʝʪʨʽʾ, 

ʙʽʪʛʘʥʜʽʥʛ, ʧʘʨʘʟʠʪʥʝ ʞʠʚʣʝʥʥʷ 1-wire, ʟʦʚʥʽʰʥʻ ʞʠʚʣʝʥʥʷ 1-wire.  

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘ ʝʣʝʚʘʪʦʨʘʭ ʋʢʨʘʾʥʠ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ ʚ ʩʠʣʦʩʘʭ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ 

ʮʠʬʨʦʚʠʭ ʜʘʪʯʠʢʽʚ ʬʽʨʤʠ Dallas Semiconductor. ʎʽ ʜʘʪʯʠʢʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʪʝʨʤʽʩʪʦʨʽʚ, ʱʦ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ 

https://www.netacad.com/
https://www.netacad.com/
https://www.i-scoop.eu/internet-of-things-guide/
https://www.ibm.com/blogs/internet-of-things/what-is-the-iot/
https://www.zdnet.com/article/what-is-the-internet-of-things-everything-you-need-to-know-about-the-iot-right-now/
https://www.zdnet.com/article/what-is-the-internet-of-things-everything-you-need-to-know-about-the-iot-right-now/
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ʢʘʣʽʙʨʫʚʘʥʥʷ. ʍʦʯʘ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʪʘ 

ʧʨʦʙʣʝʤ ʟʽ ʩʪʘʪʠʯʥʦʶ ʝʣʝʢʪʨʠʢʦʶ ʮʠʬʨʦʚʽ ʜʘʪʯʠʢʠ ʯʘʩʪʽʰʝ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ[2], 

ʧʝʨʝʚʘʛʫ ʥʘʜʘʶʪʴ ʚʩʝ ʞ ʾʤ ʯʝʨʝʟ ʥʠʞʯʫ ʚʘʨʪʽʩʪʴ ʧʨʠʜʙʘʥʥʷ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. 

ʅʘ ʨʠʥʢʫ ʽʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʬʽʨʤ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴ ʚʣʘʩʥʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʥʘ ʮʠʬʨʦʚʠʭ ʜʘʪʯʠʢʘʭ. ʆʟʥʘʢʘ, ʷʢʘ ʦʙôʻʜʥʫʻ 

ʧʦʜʽʙʥʽ ʨʦʟʨʦʙʢʠ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʟ ʧʦʨʽʚʥʷʥʦ ʥʠʟʴʢʠʤ ʩʪʫʧʝʥʝʤ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʟʘ ʫʤʦʚʠ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʧʦʩʪʘʚʦʢ ʥʘ ʦʙôʻʢʪʠ. ɼʣʷ 

ʧʨʠʢʣʘʜʫ, ʟʙʽʨʥʽ ʢʦʥʪʨʦʣʝʨʠ ʤʦʞʫʪʴ ʥʘʚʽʪʴ ʤʘʪʠ ʚʣʘʩʥʠʡ ʟʘʢʨʠʪʠʡ ʧʨʦʪʦʢʦʣ 

ʜʣʷ ʟʚôʷʟʢʫ ʟ ɸʈʄ ʪʝʨʤʦʤʝʪʨʽʾ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʷʢʱʦ ʬʽʨʤʘ-ʧʦʩʪʘʚʥʠʢ ʩʠʩʪʝʤʠ 

ʪʝʨʤʦʤʝʪʨʽʾ ʽʜʝ ʟ ʨʠʥʢʫ, ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʚʥʦʾ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ, 

ʷʢʝ ʟʙʠʨʘʻ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʪʝʨʤʦʧʽʜʚʽʩʽʚ. ɿʘʩʪʦʩʦʚʫʚʘʪʠ ʽʩʥʫʶʯʽ ʟʘʩʦʙʠ 

ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʥʪʨʦʣʝʨʽʚ ʟʘʤʽʩʪʴ ʫʥʽʢʘʣʴʥʠʭ ʨʦʟʨʦʙʦʢ ʝʢʦʥʦʤʽʯʥʦ 

ʥʝʜʦʮʽʣʴʥʦ, ʦʩʢʽʣʴʢʠ ʟʜʝʙʽʣʴʰʦʛʦ ʾʭ ʥʦʤʝʥʢʣʘʪʫʨʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʦʨʛʘʥʽʟʘʮʽʶ 

ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʝʨʝʞʽ ʟ ʩʦʪʝʥʴ, ʘ ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʪʠʩʷʯ ʜʘʪʯʠʢʽʚ 

ʪʝʤʧʝʨʘʪʫʨʠ. ɹʽʣʴʰʝ ʪʦʛʦ, ʤʝʨʝʞʘ 1-wire, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʘʪʯʠʢʠ 

ʪʝʤʧʝʨʘʪʫʨʠ Dallas Semiconductor, ʥʝ ʨʝʘʣʽʟʦʚʘʥʘ ʷʢ ʧʨʦʤʠʩʣʦʚʘ ʟʘʩʦʙʘʤʠ 

ʟʛʘʜʘʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʥʠʢʘʻ ʘʢʪʫʘʣʴʥʘ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ 

ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʤʽʩʥʦ ʟ ʮʠʬʨʦʚʠʤʠ ʪʝʨʤʦʧʽʜʚʽʩʘʤʠ, 

ʪʘʢʦʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʝʨʽʡʥʽ ʘʧʘʨʘʪʥʽ ʪʘ ʚʽʜʦʤʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ, ʥʘ ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʥʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʶʪʴ ʛʦʪʦʚʽ ʩʪʘʥʜʘʨʪʥʽ ʨʽʰʝʥʥʷ ï 

ʢʦʥʪʨʦʣʝʨʠ Arduino. ɺʦʥʠ ʤʘʶʪʴ ʧʦʨʽʚʥʷʥʦ ʥʝʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʽ ʧʨʠ ʮʴʦʤʫ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʽʟ ʜʘʪʯʠʢʘʤʠ ds18b20[1]. ʅʘ ʜʦʜʘʯʫ ʻ ʛʦʪʦʚʽ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʠʭ ʙʽʙʣʽʦʪʝʢ ʧʽʜʪʨʠʤʢʠ ʮʠʭ ʜʘʪʯʠʢʽʚ. 

ʄʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ ʟʝʨʥʘ ʥʘ ʙʘʟʽ ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʟ ʮʠʬʨʦʚʠʭ ʜʘʪʯʠʢʽʚ 

ds18b20 ʥʘ ʙʘʟʽ ʢʦʥʪʨʦʣʝʨʽʚ Arduino ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʨʝʞ. ʎʝ ʟʘʙʝʟʧʝʯʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʠʭ 

ʩʠʩʪʝʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʤʦʞʣʠʚʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʡ ʰʣʷʭʦʤ 

ʧʝʨʝʥʝʩʝʥʥʷ ʘʧʨʦʙʦʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʨʽʰʝʥʴ ʥʘ ʽʥʰʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ, 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʩʪʝʤ ʪʝʨʤʦʤʝʪʨʽʾ, ʤʦʞʣʠʚʦ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʣʘʜʥʘʥʥʷ, 

ʚʽʜʤʽʥʥʦʛʦ ʚʽʜ ʚʞʝ ʚʩʪʘʥʦʚʣʝʥʦʛʦ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʭʝʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʪʘ ʤʦʞʣʠʚʫ 

ʢʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ ʥʘ ʦʜʠʥ ʪʝʨʤʦʧʽʜʚʽʩ ʜʣʷ ʩʭʦʚʠʱ ʟʝʨʥʘ ʨʽʟʥʦʛʦ ʪʠʧʫ; 

¶ ʚʠʟʥʘʯʠʪʠ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʧʽʜʢʣʶʯʝʥʥʷ ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʜʦ ʙʣʦʢʫ 

ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ  ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ;  

¶ ʨʦʟʨʘʭʫʚʘʪʠ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʙʽʨ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

Arduino ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʨʫʤʫ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʦʪʨʽʙʥʠʭ ʦʙʩʷʛʽʚ ʧʘʤôʷʪʽ; 

¶ ʨʦʟʨʦʙʠʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ Arduino ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʤʝʪʦʜʽʚ ʡʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ; 
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¶ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ 

ʪʝʨʤʦʤʝʪʨʽʾ ʟʝʨʥʘ ʥʘ ʦʩʥʦʚʽ ʮʠʬʨʦʚʠʭ ʪʝʨʤʦʧʽʜʚʽʩʽʚ, ʩʫʤʽʩʥʝ ʽʟ ʪʠʧʦʚʠʤʠ 

ʧʨʦʤʠʩʣʦʚʠʤʠ ʤʝʨʝʞʘʤʠ ʪʘ ʦʙʣʘʜʥʘʥʥʷʤ; 

¶ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʧʝʨʝʚʘʛ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʜʘʥʦʶ ʨʦʙʦʪʦʶ ʙʫʣʽ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ. 

¶ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʭʝʤ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʟʝʨʥʘ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ; 

¶ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʜʦ ʚʠʙʦʨʫ ʪʠʧʦʚʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʧʦʚʠʥʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʩʢʣʘʜʽ ʩʠʩʪʝʤ ʪʝʨʤʦʤʝʪʨʽʾ; 

¶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʟʥʘʯʝʥʠʭ ʢʨʠʪʝʨʽʾʚ ʜʦ ʚʠʙʦʨʫ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤʠ 

ʪʝʨʤʦʤʝʪʨʽʾ ʪʘ ʨʦʟʨʦʙʢʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʧʨʦʛʨʘʤʥʠʭ ʤʝʪʦʜʽʚ ʢʝʨʫʚʘʥʥʷ 

ʚʠʤʽʨʶʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ; 

¶ ʩʠʥʪʝʟ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ ʟʝʨʥʘ ʜʣʷ ʮʠʬʨʦʚʠʭ 

ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʝʨʽʚ Arduino. 

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʨʠʪʝʨʽʾʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʙʦʨʫ ʦʙʣʘʜʥʘʥʥʷ ʩʠʩʪʝʤʠ 

ʪʝʨʤʦʤʝʪʨʽʾ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʙʫʜʦʚʫ ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʪʘ ʩʭʝʤʠ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘ ʟʝʨʥʦʩʭʦʚʠʱʘʭ ʨʽʟʥʦʛʦ ʪʠʧʫ. ʂʽʣʴʢʽʩʪʴ ʜʘʪʯʠʢʽʚ ʫ ʪʝʨʤʦʧʽʜʚʽʩʽ 

ʤʦʞʝ ʩʷʛʘʪʠ 35 [2] ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ ʽ ʪʠʧʫ ʻʤʥʦʩʪʽ ʟʙʝʨʽʛʘʥʥʷ ʟʝʨʥʘ ʽʟ 

ʨʦʟʨʘʭʫʥʢʫ 1 ʜʘʪʯʠʢ ʥʘ 1,3é2 ʤʝʪʨʠ ʜʦʚʞʠʥʠ ʧʽʜʚʽʩʫ [3]. ʅʘʩʧʨʘʚʜʽ, ʢʽʣʴʢʽʩʪʴ 

ʜʘʪʯʠʢʽʚ ʥʘ ʧʽʜʚʽʩ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʙô̒ ʢʪʫ. ʊʘʢ, ʩʭʦʚʠʱʘ 

ʩʢʣʘʜʩʴʢʦʛʦ ʪʠʧʫ ʟ ʧʣʦʩʢʠʤ ʜʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʶʪʴ ʚʠʩʦʪʫ ʥʘʩʠʧʫ ʜʦ 

5,5 ʤ, ʘʣʝ ʫ ʪʝʨʤʦʧʽʜʚʽʩʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʦ 7 ʜʘʪʯʠʢʽʚ, ʘ ʟ ʢʦʥʽʯʥʠʤ ï ʜʦ 

11,5 ʤ ʟ 11 ʜʘʪʯʠʢʘʤʠ ʥʘ ʦʜʠʥ ʪʝʨʤʦʧʽʜʚʽʩ. ʇʨʠ ʮʴʦʤʫ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʩʢʣʘʜ 

ʤʦʞʝ ʤʘʪʠ ʜʦ 24 ʨʷʜʠ ʢʦʤʦʨ ʧʦ 6 ʫ ʢʦʞʥʦʤʫ ʨʷʜʽ [3]. ʆʪʞʝ, ʧʦʪʨʽʙʥʦ ʜʦ 144 

ʪʝʨʤʦʧʽʜʚʽʩʽʚ. ʗʢʱʦ ʞ ʫʟʷʪʠ ʤʝʪʘʣʝʚʽ ʩʠʣʦʩʠ, ʥʘʧʨʠʢʣʘʜ, GSI ʥʘ ʝʣʝʚʘʪʦʨʽ ʊʆɺ 

çɽʣʝʚʘʪʦʨ-ɸʛʨʦè ʫ ʩʝʣʽ ʏʝʨʚʦʥʦʟʘʚʦʜʩʴʢʝ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʦ ʪʫʪ ʻ 6 

ʩʠʣʦʩʽʚ ʥʘ 24 ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʧʦ 17 ʜʘʪʯʠʢʽʚ, ʪʘ 6 ʩʠʣʦʩʽʚ ʥʘ 3 ʪʝʨʤʦʧʦʧʽʜʚʽʩʠ ʧʦ 

10 ʜʘʪʯʠʢʽʚ [4]. ʊʦʙʪʦ 162 ʪʦʯʢʠ. ʅʘʦʩʪʘʥʦʢ, ʨʦʟʛʣʷʥʝʤʦ ʩʠʣʦʩʥʠʡ ʢʦʨʧʫʩ 

ʟʙʝʨʽʛʘʥʥʷ ʰʨʦʪʫ ʟʘʚʦʜʫ ʧʦ ʧʝʨʝʨʦʙʮʽ ʤʘʩʣʷʥʠʭ ʢʫʣʴʪʫʨ, ʜʝ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʩʠʩʪʝʤʘ ʪʝʨʤʦʤʝʪʨʽʾ ʥʘ ʪʝʨʤʦʧʽʜʚʽʩʘʭ ʟ ʜʘʪʯʠʢʘʤʠ ds18b20 [5]. ʊʫʪ ʟʘʩʪʦʩʦʚʘʥʦ 

78 ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʜʦʚʞʠʥʦʶ 15 ʤ ʧʦ 6 ʜʘʪʯʠʢʽʚ ʫ ʢʦʞʥʦʤʫ ʟʘ ʘʥʘʣʦʛʽʻʶ ʜʦ 

ʪʝʨʤʽʩʪʦʨʥʠʭ ʪʝʨʤʦʧʽʜʚʽʩʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʩʠʣʦʩʥʠʭ ʢʦʨʧʫʩʽʚ ʨʘʥʽʰʝ. ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʝʣʝʚʘʪʦʨʽʚ ʋʢʨʘʾʥʠ 

ʟʘʣʽʟʦʙʝʪʦʥʥʽ, ʪʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʢʣʘʜ ʰʨʦʪʫ ʻ ʙʽʣʴʰ-ʤʝʥʰ ʪʠʧʦʚʦʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ, ʭʦʯʘ ʥʘ ʟʝʨʥʦʚʠʭ ʝʣʝʚʘʪʦʨʘʭ ʪʘʢʠʭ ʢʦʨʧʫʩʽʚ ʤʦʞʝ ʙʫʪʠ ʡ ʜʦ 

ʪʨʴʦʭ-ʯʦʪʠʨʴʦʭ ʧʽʜ ʟʘʛʘʣʴʥʦʶ ʛʘʣʝʨʝʶ. ʊʦʙʪʦ ʜʣʷ ʪʘʢʠʭ ʝʣʝʚʘʪʦʨʽʚ ʧʦʪʨʽʙʥʦ 

ʙʣʠʟʴʢʦ 300 ʪʝʨʤʦʧʽʜʚʽʩʽʚ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʢʘʚʠʤ ʻ ʬʘʢʪ, ʱʦ ʪʫʪ ʚʠʢʦʨʠʩʪʘʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʦʜʥʽʻʾ ʟ ʬʽʨʤ-ʚʠʨʦʙʥʠʢʽʚ ʩʠʩʪʝʤ ʪʝʨʤʦʤʝʪʨʽʾ ʜʣʷ ʮʠʬʨʦʚʠʭ 

ʪʝʨʤʦʧʽʜʚʽʩʦʢ ʥʘ ʦʩʥʦʚʽ ʢʦʥʪʨʦʣʝʨʽʚ ʚʣʘʩʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ [2]. ɺʠʭʦʜʷʯʠ ʟ 

ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʭʝʤʠ, ʜʦ ʙʣʦʢʽʚ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ 

ʢʦʤʫʪʫʚʘʪʠ ʜʦ 12 ʪʝʨʤʦʧʽʜʚʽʩʽʚ [5], ʱʦ ʟʫʤʦʚʣʝʥʦ ʥʝ ʣʠʰʝ ʧʦʪʦʯʥʠʤ ʧʨʦʝʢʪʦʤ, 
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ʘʣʝ ʡ ʪʠʧʦʚʠʤʠ ʜʣʷ ʪʘʢʠʭ ʩʧʦʨʫʜ ʨʽʰʝʥʥʷʤʠ ʟ ʤʦʥʪʘʞʫ ʰʘʬ ʩʠʩʪʝʤ ʪʝʨʤʦʤʝʪʨʽʾ 

ʡ ʧʨʦʢʣʘʜʢʦʶ ʜʦ ʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʙʝʣʽʚ. ʊʦʙʪʦ ʜʣʷ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ 

ʩʠʣʦʩʥʦʛʦ ʢʦʨʧʫʩʘ ʷʢ ʧʨʘʚʠʣʦ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʦʜʥʘ ʰʘʬʘ ʢʦʤʫʪʘʮʽʡʥʘ ʘʙʦ 

ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 12 ʩʠʣʦʩʽʚ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʡ 

ʥʘʚʽʪʴ ʫ ʤʝʪʘʣʝʚʠʭ ʩʠʣʦʩʘʭ ʟ 18-24 ʪʝʨʤʦʧʽʜʚʽʩʘʤʠ ʙʽʣʴʰʽʩʪʴ ʚʠʨʦʙʥʠʢʽʚ ʩʠʩʪʝʤ 

ʪʝʨʤʦʤʝʪʨʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʽ ʞ ʩʘʤʽ ʙʣʦʢʠ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ 12 

ʪʝʨʤʦʧʽʜʚʽʩʽʚ, ʽʤʦʚʽʨʥʦ, ʯʝʨʝʟ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʩʘʤʝ ʪʘʢʦʛʦ 

ʚʘʨʽʘʥʪʘ. ʊʦʤʫ ʚʽʟʴʤʝʤʦ ʮʝ ʟʘ ʦʜʠʥ ʟ ʢʨʠʪʝʨʽʾʚ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ 

ʛʦʪʦʚʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʜʣʷ ʪʝʨʤʦʤʝʪʨʽʾ ʡ ʩʧʦʩʦʙʽʚ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʘʢʦʞ 

ʧʨʠʡʤʝʤʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʭʝʤʫ ʥʘ ʨʠʩ. 1 ʟʘ ʦʩʥʦʚʫ ʜʣʷ ʚʠʙʦʨʫ ʡ ʦʙʛʨʫʥʪʫʚʘʥʥʷ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʦʚʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ. 

 

 
ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ ʩʭʦʚʠʱʘ ʰʨʦʪʫ 

 

ɼʘʣʽ ʨʦʟʛʣʷʥʝʤʦ ʩʘʤ ʮʠʬʨʦʚʠʡ ʪʝʨʤʦʧʽʜʚʽʩ. ɯʥʪʝʨʬʝʡʩ 1-wire, 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʟʚôʷʟʢʫ ʟ ʜʘʪʯʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʻ ʜʦʚʞʠʥʫ, ʚʠʟʥʘʯʝʥʫ 

ʜʦʚʞʠʥʦʶ ʪʝʨʤʦʧʽʜʚʽʩʫ ʪʘ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʧʨʦʚʦʜʫ ʚʽʜ ʤʦʥʪʘʞʥʦʾ ʢʦʣʦʜʢʠ ʫ 

ʛʦʣʽʚʮʽ ʪʝʨʤʦʧʽʜʚʽʩʫ ʜʦ ʢʦʣʦʜʢʠ ʢʦʥʪʨʦʣʝʨʘ ʙʣʦʢʫ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʝʨʝʜʘʪʠ ʜʘʥʽ ʧʦ ʰʠʥʽ 1-wire ʚʽʜ ʢʦʞʥʦʛʦ ʜʘʪʯʠʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦ ɸʈʄ 

ʪʝʨʤʦʤʝʪʨʽʾ ʪʝʭʥʽʯʥʦ ʥʝʤʦʞʣʠʚʦ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʩʘʤʠʭ ʜʘʪʯʠʢʽʚ (ʩʦʪʥʽ 

ʯʠ ʜʦ ʪʠʩʷʯʽ), ʪʘʢ ʽ ʚʽʜʩʪʘʥʴ (ʜʦ ʩʦʪʝʥʴ ʤʝʪʨʽʚ). ʊʦʤʫ ʜʨʫʛʠʡ ʢʨʠʪʝʨʽʡ ʚʠʙʦʨʫ 

ʢʦʥʪʨʦʣʝʨʘ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ.  

ɼʘʪʯʠʢʠ ds18b20 ʜʣʷ ʞʠʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʭʝʤʫ ʧʘʨʘʟʠʪʥʦʛʦ ʘʙʦ 

ʩʭʝʤʫ ʟʦʚʥʽʰʥʴʦʛʦ ʞʠʚʣʝʥʥʷ [6]. ʈʝʘʣʴʥʽ ʪʝʨʤʦʧʽʜʚʽʩʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙʠʜʚʘ 
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ʨʽʰʝʥʥʷ, ʮʝ ʟʫʤʦʚʣʝʥʦ ʥʝ ʣʠʰʝ ʦʙʤʝʞʝʥʥʷʤ ʫ 30 ʜʘʪʯʠʢʽʚ ʥʘ ʰʠʥʽ ʧʘʨʘʟʠʪʥʦʛʦ 

ʞʠʚʣʝʥʥʷ, ʘʣʝ ʡ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ ʪʝʨʤʦʧʽʜʚʽʩʫ ʪʘ ʢʦʤʫʪʘʮʽʡʥʦʛʦ ʢʘʙʝʣʶ, 

ʱʦ ʫ ʤʝʪʘʣʝʚʠʭ ʩʠʣʦʩʘʭ ʤʦʞʫʪʴ ʩʷʛʘʪʠ ʱʝ ʜʝʩʷʪʢʽʚ ʤʝʪʨʽʚ [4]. ʅʘ ʜʦʜʘʯʫ, ʥʘ 

ʜʝʷʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦʩʠʣʝʥʠʡ ʨʽʚʝʥʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʝʨʝʰʢʦʜ, ʱʦ 

ʨʦʙʠʪʴ ʽʥʪʝʨʬʝʡʩ 1-wire ʟ ʧʘʨʘʟʠʪʥʠʤ ʞʠʚʣʝʥʥʷʤ ʜʘʪʯʠʢʽʚ ʥʝʝʬʝʢʪʠʚʥʠʤ. ʊʦʤʫ 

ʥʘʜʘʣʽ ʚʚʘʞʘʻʤʦ ʦʩʥʦʚʥʦʶ ʩʭʝʤʦʶ ʞʠʚʣʝʥʥʷ ʪʝʨʤʦʧʽʜʚʽʩʫ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʞʠʚʣʝʥʥʷʤ. ʇʘʨʘʟʠʪʥʘ ʩʭʝʤʘ ʻ ʦʧʮʽʦʥʘʣʴʥʦʶ, ʽ ʧʝʨʝʭʽʜ ʥʘ ʥʝʾ ʟʘ ʫʤʦʚʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʞ ʩʘʤʦʛʦ ʢʦʥʪʨʦʣʝʨʘ ʥʝ ʩʢʣʘʜʘʻ ʧʨʦʙʣʝʤʠ.  

ɺʠʟʥʘʯʠʤʦʩʷ ʟ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʜʘʪʯʠʢʽʚ ʪʝʨʤʦʧʽʜʚʽʩʫ. ʇʽʜ ʯʘʩ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʜʘʪʯʠʢ ds18b20 ʩʧʦʞʠʚʘʻ ʤʘʢʩʠʤʫʤ ʩʪʨʫʤʫ ʜʦ 4 ʤA, 

ʘ ʫ ʨʝʞʠʤʽ ʟʫʧʠʥʢʠ ʜʦ 1 ʤA ʥʘʧʨʫʛʦʶ ʚʽʜ 3 ʜʦ 5 ɺʦʣʴʪ [6]. ʈʦʟʨʘʭʫʻʤʦ 

ʩʫʤʘʨʥʠʡ ʩʪʨʫʤ, ʱʦ ʩʧʦʞʠʚʘʻʪʴʩʷ 12 ʪʝʨʤʦʧʽʜʚʽʩʘʤʠ ʥʘ 35 ʜʘʪʯʠʢʽʚ (ʙʝʨʝʤʦ 

ʧʽʜʚʽʩ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦʚʞʠʥʠ ʜʣʷ ʤʝʪʘʣʝʚʠʭ ʩʠʣʦʩʽʚ). ɼʣʷ ʘʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ʚʽʥ 

ʩʢʣʘʜʝ 1680 ʤɸ, ʜʣʷ ʨʦʙʦʪʠ ʫ ʨʝʞʠʤʽ ʟʫʧʠʥʢʠ 420 ʤɸ. ʆʙʠʜʚʘ ʮʽ ʟʥʘʯʝʥʥʷ 

ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʩʪʨʫʤ, ʱʦ ʤʦʞʝ ʚʠʜʘʪʠ ʥʘʚʽʪʴ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʦʚʘʨʪʽʩʥʠʡ 

Arduino Due [7]. ɸʣʝ ʮʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʩʭʝʤʦʪʝʭʽʯʥʦ, ʷʢʱʦ ʧʨʦʩʪʦ 

ʚʽʜʢʣʶʯʘʪʠ ʞʠʚʣʝʥʥʷ ʥʝʧʦʪʨʽʙʥʠʭ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʨʤʦʧʽʜʚʽʩʽʚ. 

ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʙʘʯʠʪʠ ʦʢʨʝʤʝ ʞʠʚʣʝʥʥʷ ʢʦʞʥʦʛʦ ʪʝʨʤʦʧʽʜʚʽʩʫ ʯʝʨʝʟ 

ʜʠʩʢʨʝʪʥʽ ʚʠʭʦʜʠ. ɼʽʡʩʥʦ, ʪʝʨʤʦʧʽʜʚʽʩʢʘ ʥʘ 35 ʜʘʪʯʠʢʽʚ ʩʧʦʞʠʚʘʻ 35*4=140 ʤɸ 

ʧʨʠ ʾʭ ʦʜʥʦʯʘʩʥʦʤʫ ʘʢʪʠʚʥʦʤʫ ʚʠʤʽʨʶʚʘʥʥʽ, ʘʙʦ 34*1+1*4=38 ʤɸ ʷʢʱʦ 

ʘʢʪʠʚʥʠʡ ʣʠʰʝ ʦʜʠʥ ʜʘʪʯʠʢ. ʅʘʚʽʪʴ ʥʘʡʤʝʥʰ ʧʦʪʫʞʥʠʡ Arduino Nano ʟʜʘʪʝʥ 

ʚʠʜʘʪʠ ʜʦ 40 ʤɸ ʥʘ ʧʦʨʪ ʚʠʚʝʜʝʥʥʷ [7], ʪʦʤʫ ʪʘʢʝ ʨʽʰʝʥʥʷ ʟʜʽʡʩʥʝʥʥʝ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʜʙʘʯʝʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʚʠʭʦʜʽʚ Arduino 

ʜʣʷ ʞʠʚʣʝʥʥʷ ʪʝʨʤʦʧʽʜʚʽʩʽʚ, ʚʠʥʠʢʘʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʘʣʛʦʨʠʪʤ ʟʙʦʨʫ ʜʘʥʠʭ: 

ʥʝʜʦʧʫʩʪʠʤʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʘʥʜʠ ʛʨʫʧʦʚʦʛʦ ʟʘʧʫʩʢʫ ʜʘʪʯʠʢʽʚ ds18b20 ʧʦ 

ʧʨʦʪʦʢʦʣʫ 1-wire [8], ʦʩʢʽʣʴʢʠ ʾʭ ʦʜʥʦʯʘʩʥʝ ʩʧʨʘʮʶʚʘʥʥʷ ʧʨʠʟʚʝʜʝ ʜʦ ʚʠʭʦʜʫ ʟ 

ʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ. ʗʢ ʥʘʩʣʽʜʦʢ, ʪʨʠʚʘʣʽʩʪʴ ʦʧʠʪʫʚʘʥʥʷ ʚʩʽʭ 

ʜʘʪʯʠʢʽʚ ʫ ʪʘʢʦʛʦ ʤʦʜʫʣʷ ʟʨʦʩʪʝ, ʦʩʢʽʣʴʢʠ ʦʜʠʥ ʜʘʪʯʠʢ ʘʢʪʠʚʥʦ ʚʠʤʽʨʶʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 750 ʤʩ [6]. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʪʨʠʤʦʢ ʥʘ ʧʝʨʝʜʘʯʫ ʡ ʦʙʨʦʙʢʫ 

ʜʘʥʠʭ ʦʪʨʠʤʘʻʤʦ ʧʨʠʙʣʠʟʥʦ 1 ʩʝʢʫʥʜʫ ʥʘ ʜʘʪʯʠʢ, 35 ʩʝʢʫʥʜ ʥʘ ʪʝʨʤʦʧʽʜʚʽʩ, 420 

ʩʝʢʫʥʜ (7 ʭʚʠʣʠʥ) ʥʘ ʚʩʽ ʪʝʨʤʦʧʽʜʚʽʩʠ ʙʣʦʢʫ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺʚʘʞʘʶʯʠ, 

ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʨʥʘ ʚʠʢʦʥʫʶʪʴʩʷ 1 ʨʘʟ ʥʘ ʜʝʥʴ, ʘʙʦ 2-3 ʨʘʟʠ ʫ 

ʦʩʦʙʣʠʚʦ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʯʠ ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚʠʧʘʜʢʘʭ, ʪʘʢʘ ʟʘʪʨʠʤʢʘ ʥʝʩʫʪʪʻʚʘ. 

ɸʣʝ ʙʘʞʘʥʝ ʙʽʣʴʰ ʦʧʝʨʘʪʠʚʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʜʘʥʠʭ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʨʫʯʥʦʩʪʽ ʜʣʷ 

ʦʧʝʨʘʪʦʨʘ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ, ʦʩʦʙʣʠʚʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʨʦʛʽʜʥʦʩʪʽ ʧʦʤʠʣʦʢ 

ʧʨʦʪʦʢʦʣʫ.  

ʋʟʷʚʰʠ ʟʘ ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʥʘ ʨʠʩ 1., ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠʩʴ ʟ 

ʧʨʠʢʣʘʜʥʠʤʠ ʧʨʦʪʦʢʦʣʘʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʩʪʝʤʦʶ. ɯʩʥʫʶʯʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʫʪ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʨʠ ʧʽʜʭʦʜʠ: 

¶ ʟʙʝʨʽʛʘʥʥʷ ʘʜʨʝʩ ʜʘʪʯʠʢʽʚ ʫ ʙʘʟʽ ʜʘʥʠʭ ɸʈʄ ʟ ʧʝʨʝʜʘʯʝʶ ʢʦʞʥʦʾ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʘʜʨʝʩʠ ʜʘʪʯʠʢʘ ʜʣʷ ʯʠʪʘʥʥʷ ʨʘʥʽʰʝ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟ 

ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʦʯʘʪʢʫ ʯʝʨʝʟ ʟʘʛʘʣʴʥʽ ʢʘʥʘʣʠ ʟʚôʷʟʢʫ, ʘ ʧʦʪʽʤ ʯʝʨʝʟ 1-wire; 
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¶ ʟʙʝʨʽʛʘʥʥʷ ʘʜʨʝʩ ʜʘʪʯʠʢʽʚ ʫ ʙʘʟʽ ʜʘʥʠʭ ʥʝ ɸʈʄ, ʘ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʥʪʨʦʣʝʨʘ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʷʢ ʟʙʽʨʢʦʚʠʡ ʢʦʥʪʨʦʣʝʨ ʙʽʣʴʰ 

ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ. ʊʘʢʠʡ ʢʦʥʪʨʦʣʝʨ ʘʚʪʦʥʦʤʥʦ ʡ ʮʽʣʦʜʦʙʦʚʦ ʚʟʘʻʤʦʜʽʻ ʟʽ 

ʟʙʽʨʢʦʚʠʤʠ ʢʦʥʪʨʦʣʝʨʘʤ ʪʝʨʤʦʧʽʜʚʽʩʽʚ, ʘʥʘʣʦʛʽʯʥʦ ʧ.1; 

¶ ʟʙʽʨʢʦʚʽ ʢʦʥʪʨʦʣʝʨʠ ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʩʘʤʽ ʟʙʝʨʽʛʘʶʪʴ ʘʜʨʝʩʠ ʜʘʪʯʠʢʽʚ ʽ 

ʘʚʪʦʥʦʤʥʦ ʮʽʣʦʜʦʙʦʚʦ ʦʪʨʠʤʫʶʪʴ ʚʽʜ ʥʠʭ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. 

ʇʽʜʭʽʜ 1 ʚʠʜʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʽ ʜʝʰʝʚʠʤ, ʘʣʝ ʤʘʻ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ. 

ʇʦʚʥʘ ʧʨʦʮʝʜʫʨʘ ʢʝʨʫʚʘʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʻ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ 

ʥʘ ɸʈʄ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʧʨʦʩʪʦ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʷʚʥʠʤʠ ʟʘʩʦʙʘʤʠ SCADA, ʽ ʪʦʤʫ 

ʜʦʚʝʜʝʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʥʽʚʝʨʩʘʣʴʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʱʦ ʻ 

ʚʽʜʩʪʫʧʦʤ ʚʽʜ ʢʦʥʮʝʧʮʽʾ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʦʩʢʽʣʴʢʠ ʧʨʦʛʨʘʤʘ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʙʫʜʝ ʫʥʽʢʘʣʴʥʦʶ ʽ ʧʨʠʚôʷʟʘʥʦʶ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʥʠʢʘ. ʆʢʨʽʤ ʪʦʛʦ, 

ʚʟʘʻʤʦʜʽʷ ʟʽ ʟʙʽʨʢʦʚʠʤʠ ʢʦʥʪʨʦʣʝʨʘʤʠ ʙʫʜʝ ʧʦʩʣʽʜʦʚʥʦʶ, ʪʦʤʫ ʥʘ 10 ʟʙʽʨʢʦʚʠʭ 

ʢʦʥʪʨʦʣʝʨʽʚ ʤʘʪʠʤʝʤʦ ʚʽʜʧʦʚʽʜʥʦ ʥʝ 7, ʘ 70 ʭʚʠʣʠʥ, ʱʦ ʟʥʠʞʫʻ ʦʧʝʨʘʪʠʚʥʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɺʠʭʽʜ ï ʪʨʠʤʘʪʠ ɸʈʄ ʪʝʨʤʦʤʝʪʨʽʾ ʧʦʩʪʽʡʥʦ ʚʢʣʶʯʝʥʠʤ, 

ʱʦ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʦ. 

ʇʽʜʭʽʜ 2 ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʩʠʩʪʝʤʫ ʪʝʨʤʦʤʝʪʨʽʾ ʜʦ ʟʘʩʦʙʽʚ SCADA ʽ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʽʥʬʦʨʤʘʮʽʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʤʦʞʝ 

ʙʫʪʠ ʥʘʜʘʥʘ ʚʽʜʨʘʟʫ ʧʦ ʟʘʧʠʪʫ, ʘʣʝ ʫ ʚʠʧʘʜʢʫ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʩʠʩʪʝʤʠ ʧʨʦʙʣʝʤʘ 

ʥʠʟʴʢʦʾ ʰʚʠʜʢʦʜʽʾ ʟʘʣʠʰʘʻʪʴʩʷ. ʇʦʪʨʽʙʥʦ ʧʦʩʪʽʡʥʦ ʞʠʚʠʪʠ ʪʝʧʝʨ ʚʞʝ 

ʧʨʦʤʠʩʣʦʚʠʡ ʢʦʥʪʨʦʣʝʨ. ɼʦ ʪʦʛʦ ʞ, ʜʦʜʘʪʢʦʚʠʡ ʢʦʤʧʦʥʝʥʪ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʜʦʨʦʞʯʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʨʽʰʝʥʥʷ. ʊʦʤʫ ʧʽʜʭʽʜ 2 ʤʦʞʝ ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ 

ʣʠʰʝ ʷʢ ʰʣʷʭ ʤʦʜʝʨʥʽʟʘʮʽʾ ʨʘʥʽʰʝ ʚʧʨʦʚʘʜʞʝʥʦʾ ʩʠʩʪʝʤʠ, ʢʦʣʠ ʧʦʚʥʽʩʪʶ 

ʧʨʦʙʣʝʤʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʥʝ ʚʠʨʽʰʫʻʪʴʩʷ. 

ʇʽʜʭʽʜ 3 ʧʨʠʩʢʦʨʶʻ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʥʘ ʟʙʽʨʢʦʚʠʭ ʢʦʥʪʨʦʣʝʨʘʭ 

ʪʝʨʤʦʧʽʜʚʽʩʽʚ, ʦʩʢʽʣʴʢʠ ʪʫʪ ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ ʡ ʧʘʨʘʣʝʣʴʥʦ. 

ʊʦʤʫ ʪʫʪ ʫ ʚʠʧʘʜʢʫ ʚʢʣʶʯʝʥʥʷ ʧʽʩʣʷ ʟʥʝʩʪʨʫʤʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜʥʦʚʠʪʴʩʷ ʟʘ 

ʪʽ ʞ 7 ʭʚʠʣʠʥ. ɸ ʟʘ ʮʽʣʦʜʦʙʦʚʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʽʥʬʦʨʤʘʮʽʷ ʥʘʜʘʻʪʴʩʷ ʟʘ 

ʟʘʧʠʪʦʤ. ʆʜʥʘʢ, ʪʫʪ ʻ ʽ ʥʝʜʦʣʽʢ ï ʘʜʨʝʩʠ ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʪʯʠʢʽʚ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʧʨʦʧʠʩʘʥʽ ʫ ʢʦʥʪʨʦʣʝʨʠ ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʘʙʦ ʥʘ ʝʪʘʧʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʥʘ 

ʦʙôʻʢʪʽ, ʘʙʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ. ʇʨʦʙʣʝʤʘ ʚʠʨʽʰʫʻʪʴʩʷ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʫʣʽʚ ʨʦʟʰʠʨʝʥʥʷ Arduino ʜʣʷ ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʨʝʞ, ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɸʣʝ ʚʠʥʠʢʘʻ ʦʙʤʝʞʝʥʥʷ: 

ʧʦʪʨʽʙʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʦʙʩʷʛ ʧʘʤôʷʪʽ ʜʘʥʠʭ ʥʘ ʟʙʽʨʢʦʚʦʤʫ ʢʦʥʪʨʦʣʝʨʽ, ʜʦʩʪʘʪʥʽʡ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʩʽʭ ʘʜʨʝʩ ʜʘʪʯʠʢʽʚ, ʱʦ ʤʦʞʫʪʴ ʜʦ ʥʴʦʛʦ ʧʽʜʢʣʶʯʘʪʠʩʴ, ʘ ʪʘʢʦʞ 

ʚʩʽʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ.  

ɺʠʨʘʭʫʻʤʦ ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʧʘʤôʷʪʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʘʜʨʝʩ. ʗʢʱʦ 

ʚʠʢʦʨʠʩʪʘʥʦ 12 ʪʝʨʤʦʧʽʜʚʽʩʽʚ ʧʦ 35 ʜʘʪʯʠʢʽʚ, ʪʦ ʮʝ 420 ʘʜʨʝʩ. ɸʜʨʝʩʘ ds18b20 

ʤʘʻ ʜʦʚʞʠʥʫ 8 ʙʘʡʪ [6]. ʆʪʞʝ, ʧʦʪʨʽʙʥʦ ʦʙʨʘʪʠ ʢʦʥʪʨʦʣʝʨ Arduino, ʷʢʠʡ ʤʘʻ 

ʦʙʩʷʛ ʧʘʤôʷʪʽ 3360 ʙʘʡʪ ʘʙʦ 3,3 ʂɹʘʡʪ ʥʝ ʚʨʘʭʦʚʫʶʯʠ ʦʧʝʨʘʪʠʚʥʫ ʧʘʤôʷʪʴ ʜʣʷ 

ʦʙʯʠʩʣʝʥʴ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʟ ʪʝʨʤʦʤʝʪʨʽʾ. ɺʽʜʨʘʟʫ ʤʦʞʥʘ ʚʠʢʣʶʯʠʪʠ ʟ 

ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ Arduino NANO, MINI , UNO R3, Leonardo ʪʘ ʘʥʘʣʦʛʠ, ʦʩʢʽʣʴʢʠ 

ʪʫʪ ʟʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʧʘʤôʷʪʽ ʜʘʥʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 3,5 ʂɹʘʡʪʠ [7], ʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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EEPROM ʥʝʚʠʧʨʘʚʜʘʥʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʛʨʘʤʥʝ ʨʽʰʝʥʥʷ. ʅʘʪʦʤʽʩʪʴ Arduino 

UNO (ʦʨʠʛʽʥʘʣ), Arduino MEGA R3 ʪʘ Arduino Due ʤʘʶʪʴ, ʚʽʜʧʦʚʽʜʥʦ 8 ʂɹʘʡʪ, 

4 ʂɹʘʡʪʠ ʪʘ 512 ʂɹʘʡʪ [7] ʬʣʝʰ-ʧʘʤôʷʪʽ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ ʚʠʢʦʨʠʩʪʘʪʠ 

ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ. 

ɺʠʨʘʭʫʻʤʦ ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʧʘʤôʷʪʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ. 

ɼʘʪʯʠʢʠ ds18b20 ʧʦʚʝʨʪʘʶʪʴ 12-ʙʽʪʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦ 

2 ʙʘʡʪʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ. ʆʩʢʽʣʴʢʠ ʦʧʠʪʫʚʘʪʠʩʴ ʤʘʻ ʤʘʢʩʠʤʫʤ 480 ʜʘʪʯʠʢʽʚ, 

ʧʦʪʨʽʙʥʦ 960 ʙʘʡʪ ʘʙʦ 0,94 ʂɹʘʡʪ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ. ɺʘʨʽʘʥʪ ʟ ʬʣʝʰ-

ʧʘʤôʷʪʪʶ ʥʝ ʨʦʟʛʣʷʜʘʻʤʦ, ʦʩʢʽʣʴʢʠ ʧʦʪʨʽʙʥʘ ʦʧʝʨʘʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʷ, 

ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʝ ʟʙʝʨʽʛʘʥʥʷ ʷʢʦʾ ʦʧʮʽʡʥʝ. ɺʚʘʞʘʶʯʠ ʥʘ ʚʘʨʪʽʩʪʴ Arduino UNO 

(ʦʨʠʛʽʥʘʣ) ʪʘ Arduino Due [7], ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ ʩʘʤʝ ʚʘʨʽʘʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ 

Arduino MEGA R3 (ʢʠʪʘʡʩʴʢʘ ʣʦʢʘʣʽʟʘʮʽʷ Arduino MEGA) ʚ ʷʢʦʩʪʽ ʩʢʣʘʜʦʚʦʾ ʜʦ 

ʙʣʦʢʫ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʪʝʨʤʦʧʽʜʚʽʩʦʢ. ʊʫʪ ʻ 8 ʂɹʘʡʪ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ, 

ʯʦʛʦ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʽ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʟ ʪʝʨʤʦʤʝʪʨʽʾ, ʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʦʙʯʠʩʣʝʥʴ [7].  

 
 

ʈʠʩ. 2. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʣʘʪʠ Arduino MEGA 2560 R3 

 

ɺʠʭʦʜʷʯʠ ʟ ʽʩʥʫʶʯʠʭ ʨʦʟʨʦʙʦʢ ʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʦ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʦʾ 

ʚʟʘʻʤʦʜʽʾ Arduino ʟ ʜʘʪʯʠʢʘʤʠ ʽʥʪʝʨʬʝʡʩʫ 1-wire, ʽʩʥʫʻ ʪʨʠ ʩʧʦʩʦʙʠ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʘʪʯʠʢʽʚ ʜʦ ʧʣʘʪʠ: ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ UART, ʯʝʨʝʟ ʩʧʝʮʽʘʣʴʥʠʡ 

ʢʦʥʪʨʦʣʝʨ 1-wire ʯʠ ʙʽʪʛʘʥʜʽʥʛ [8]. ʋ ʧʨʠʡʥʷʪʽʡ ʤʦʜʝʣʽ ʻ 4 ʧʦʨʪʠ UART[6] ʟʘ 

ʧʦʪʨʝʙʠ ʧʽʜʢʣʶʯʝʥʥʷ 12 ʪʝʨʤʦʧʽʜʚʽʩʽʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʽʜʢʣʶʯʝʥʥʷ ʧʦ ʪʨʠ 

ʪʝʨʤʦʧʽʜʚʽʩʠ ʥʘ ʧʦʨʪ ʪʝʦʨʝʪʠʯʥʦ ʭʦʯʘ ʡ ʤʦʞʣʠʚʝ, ʘʣʝ ʤʦʞʝ ʜʘʪʠ ʩʫʤʘʨʥʫ 

ʜʦʚʞʠʥʫ ʣʽʥʽʾ 1-wire ʙʽʣʴʰʝ 100 ʤʝʪʨʽʚ, ʱʦ ʥʝʙʘʞʘʥʦ, ʦʩʢʽʣʴʢʠ ʮʝ ʾʾ ʚʝʨʭʥʷ 

ʤʝʞʘ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʙʝʣʶ UTP 5-ʾ ʢʘʪʝʛʦʨʽʾ. ʉʘʤʝ ʟ ʮʴʦʛʦ ʢʘʙʝʣʶ 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʰʠʥʘ ʜʘʪʯʠʢʽʚ ʫ ʪʝʨʤʦʧʽʜʚʽʩʽ ʽ ʩʘʤʝ ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʘʣʽ 

ʜʣʷ ʢʦʤʫʪʘʮʽʾ ʟ ʙʣʦʢʦʤ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ʈʦʟʛʣʷʜʘʪʠ ʩʧʝʮʽʘʣʴʥʠʡ ʢʦʥʪʨʦʣʝʨ 

1-wire ʪʘʢʦʞ ʥʝʤʘʻ ʩʤʠʩʣʫ, ʦʩʢʽʣʴʢʠ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʮʝ ʜʦʜʘʪʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʟ 

ʽʥʰʦʛʦ ʙʦʢʫ ʻ ʱʝ ʪʝʭʥʦʣʦʛʽʷ ʙʽʪʛʘʥʜʽʥʛʫ.  
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ɹʽʪʛʘʥʜʽʥʛ ï ʪʝʭʥʦʣʦʛʽʷ ʽʤʽʪʘʮʽʾ ʧʦʩʣʽʜʦʚʥʦʛʦ ʢʘʥʘʣʫ ʟʚôʷʟʢʫ ʽʟ ʟʘʣʫʯʝʥʥʷʤ 

ʟʚʠʯʘʡʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʚʭʦʜʽʚ ʽ ʚʠʭʦʜʽʚ. ʋ Arduino ʻ ʪʘʢʘ ʤʦʞʣʠʚʽʩʪʴ ʽ ʘʧʘʨʘʪʥʦ, 

ʽ ʥʘ ʨʽʚʥʽ ʧʽʜʪʨʠʤʢʠ ʛʦʪʦʚʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʙʽʙʣʽʦʪʝʢʘʤʠ [8], ʱʦ ʨʦʙʠʪʴ ʪʘʢʠʡ 

ʰʣʷʭ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. 

Arduino MEGA ʤʘʻ 54 ʢʦʥʪʘʢʪʠ ʜʣʷ ʚʚʝʜʝʥʥʷ-ʚʠʚʝʜʝʥʥʷ, ʘʣʝ ʚʘʨʪʦ 

ʧʘʤôʷʪʘʪʠ, ʱʦ ʚʦʥʠ ʫʥʽʚʝʨʩʘʣʴʥʽ ʡ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ [9]. ʊʦʙʪʦ ʟʘʟʜʘʣʝʛʽʜʴ 

ʚʽʜ ʮʽʻʾ ʢʽʣʴʢʦʩʪʽ ʧʦʪʨʽʙʥʦ ʚʽʜʥʷʪʠ 6 ʢʦʥʪʘʢʪʽʚ ʥʘ ʟʚ'ʷʟʦʢ ʟ ʤʦʜʫʣʝʤ ʧʨʦʤʠʩʣʦʚʦʾ 

ʤʝʨʝʞʽ, ʱʦ ʪʘʢʦʞ ʤʘʻ ʚʚʽʡʪʠ ʫ ʢʦʤʧʣʝʢʪ ʙʣʦʢʫ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʦʤʫ ʤʘʻʤʦ 

48 ʢʦʥʪʘʢʪʽʚ.  

ɺʠʟʥʘʯʠʤʦ ʢʽʣʴʢʽʩʪʴ ʚʠʭʦʜʽʚ, ʱʦ ʤʘʶʪʴ ʙʫʪʠ ʟʘʜʽʷʥʽ ʜʣʷ ʞʠʚʣʝʥʥʷ 

ʪʝʨʤʦʧʽʜʚʽʩʫ ʥʘ 35 ʜʘʪʯʠʢʽʚ. ʈʘʥʽʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʦʧʠʪʫʚʘʥʥʷ 

ʜʘʪʯʠʢʽʚ ʪʝʨʤʦʧʽʜʚʽʩʫ ʙʫʜʝ ʩʧʦʞʠʪʦ ʩʪʨʫʤ ʥʝ ʙʽʣʴʰʝ 38 ʤɸ. ʆʜʠʥ ʚʠʭʽʜ 

Arduino MEGA ʤʦʞʝ ʚʠʜʘʪʠ ʜʦ 50 ʤɸ, ʯʦʛʦ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʞʠʚʣʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʢʦʞʥʫ ʟ 12 ʪʝʨʧʦʧʽʜʚʽʩʦʢ ʧʨʠʡʜʝʪʴʩʷ ʧʦ 3 ʚʠʭʦʜʠ: 1 ʚʠʭʽʜ ʥʘ 

ʞʠʚʣʝʥʥʷ ʪʝʨʤʦʧʽʜʚʽʩʫ, 1 ʚʠʭʽʜ ʥʘ ʧʝʨʝʜʘʯʫ ʢʦʤʘʥʜ ʜʘʪʯʠʢʫ, 1 ʚʭʽʜ ʥʘ ʧʨʠʡʦʤ 

ʜʘʥʠʭ ʚʽʜ ʜʘʪʯʠʢʘ. ʆʪʞʝ, ʢʦʥʪʘʢʪʽʚ ʚ Arduino MEGA ʜʦʩʪʘʪʥʴʦ, ʙʫʜʝ ʟʘʜʽʷʥʦ 36 

ʢʦʥʪʘʢʪʽʚ ʟ 48 ʜʦʩʪʫʧʥʠʭ, ʣʽʥʽʷ ʥʫʣʴʦʚʦʛʦ ʧʨʦʚʽʜʥʠʢʘ ʜʣʷ ʚʩʽʭ ʪʝʨʤʦʧʽʜʚʽʩʽʚ 

ʟʘʛʘʣʴʥʘ ʽ ʪʫʪ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. ʋ ʨʝʟʝʨʚʽ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ 12 ʢʦʥʪʘʢʪʽʚ, ʱʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʜʦʜʘʪʢʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʫ ʧʦʨʷʜʢʫ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʠʩʪʝʤʠ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʣʠʚʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʜʣʷ ʙʣʦʢʫ ʟʙʦʨʫ 

ʽʥʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ, ʧʦʢʘʟʘʥʫ ʥʘ ʨʠʩ. 3. 

ʑʦʜʦ ʤʦʜʫʣʷ ʟʚôʷʟʢʫ (ʤʦʜʫʣʷ ʧʨʦʤʠʩʣʦʚʦʾ ʤʝʨʝʞʽ) ʥʘ ʨʠʩ. 3, ʪʦ ʪʫʪ 

ʤʦʞʥʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʚʘʨʽʘʥʪ ʢʽʣʴʢʘ ʨʽʰʝʥʴ: 

¶ Ethernet-ʤʦʜʫʣʴ ENC28J60 [9] ʘʙʦ Wi-Fi ʤʦʜʫʣʴ ESP8266 [10], ʷʢʽ 

ʧʽʜʢʣʶʯʘʶʪʴʩʷ ʯʝʨʝʟ SPI. ɰʭ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʤʝʨʝʞ 

Ethernet, Profinet, Ethernet RTU, ʚʢʣʶʯʘʶʯʠ ʙʝʟʧʨʦʚʽʜʥʽ ʚʘʨʽʘʥʪʠ; 

¶ ʄʦʜʫʣʴ MAX485 UART-RS485 [10] ʯʠ ʧʦʜʽʙʥʽ, ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʯʝʨʝʟ 

UART. ʄʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʙʣʦʢʫ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦ 

ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʨʝʞ ProfiBUS, ModBus. 

ʈʽʰʝʥʥʷ, ʧʦʢʘʟʘʥʝ ʥʘ ʨʠʩ. 3, ʧʝʨʝʜʙʘʯʘʻ ʧʝʚʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʦ ʧʨʦʛʨʘʤʠ 

ʙʣʦʢʫ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʮʠʬʨʦʚʠʭ ʪʝʨʤʦʜʘʪʯʠʢʽʚ, ʘ ʩʘʤʝ: ʙʣʦʢʠ ʟʙʠʨʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʤʘʶʪʴ ʧʨʘʮʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ ʡ ʮʽʣʦʜʦʙʦʚʦ, ʟʜʽʡʩʥʶʶʯʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʧʦʯʝʨʛʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ ʦʢʨʝʤʠʭ ʪʝʨʤʦʧʽʜʚʽʩʽʚ, ʘ ʪʘʢʦʞ 

ʧʦʯʝʨʛʦʚʽ ʟʘʧʫʩʢ ʽ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʚʽʜ ʢʦʞʥʦʛʦ ʜʘʪʯʠʢʘ ʪʝʨʤʦʧʽʜʚʽʩʘ. ɼʣʷ 

ʮʴʦʛʦ ʚ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʫ ʧʘʤ'ʷʪʴ ʢʦʞʥʦʛʦ Adruino ʙʣʦʢʽʚ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʤʘʶʪʴ ʙʫʪʠ ʧʨʦʧʠʩʘʥʽ ʾʭ ʘʜʨʝʩʠ. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʤʦʥʪʘʞʫ ʡ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ʙʘʞʘʥʦ, ʱʦʙ ʧʨʠʢʣʘʜʥʠʡ ʧʨʦʪʦʢʦʣ ʟʚôʷʟʢʫ ʤʽʞ ʙʣʦʢʦʤ ʟʙʠʨʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʡ ɸʈʄ ʪʝʨʤʦʤʝʪʨʽʾ ʚʢʣʶʯʘʚ ʥʝ ʣʠʰʝ ʢʦʤʘʥʜʠ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ ʟ 

ʪʝʤʧʝʨʘʪʫʨʠ ʘʣʝ ʡ ʢʦʤʘʥʜʠ ʧʝʨʝʚʠʟʥʘʯʝʥʥʷ ʘʜʨʝʩ ʜʘʪʯʠʢʽʚ ʟ ʚʽʜʧʦʚʽʜʥʦʶ 

ʧʨʦʛʨʘʤʥʦʶ ʧʽʜʪʨʠʤʢʦʶ ʥʘ ɸʈʄ ʪʝʨʤʦʤʝʪʨʽʾ ʪʘ ʟ ʙʦʢʫ ʙʣʦʢʫ ʟʙʠʨʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. 
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ʈʠʩ. 3. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ Arduino ʚ ʷʢʦʩʪʽ ʙʣʦʢʫ ʟʙʠʨʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʝʪʨʽʾ 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʚ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʤʽʥʠ 

ʫʥʽʢʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʙʘʛʘʪʦʪʦʯʢʦʚʦʾ ʪʝʨʤʦʤʝʪʨʽʾ ʟʝʨʥʘ ʥʘ ʟʝʨʥʦʩʭʦʚʠʱʘʭ 

ʪʠʧʦʚʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ ʡ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʫ 

ʢʝʨʫʶʯʽ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʊʘʢʦʞ ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʬʫʥʢʮʽʡ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʩʦʙʽʚ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ 

ʚʽʜ ʪʝʨʤʦʧʽʜʚʽʩʽʚ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʟʘʛʘʣʴʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ 

ʜʣʷ ʩʠʩʪʝʤʠ ʮʠʬʨʦʚʦʾ ʪʝʨʤʦʤʝʪʨʽʾ ʟʝʨʥʘ, ʧʨʠʜʘʪʥʝ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʩʭʦʚʠʱʘʭ ʟʝʨʥʘ ʩʢʣʘʜʩʴʢʦʛʦ ʪʘ ʩʠʣʦʩʥʦʛʦ ʪʠʧʽʚ. ʁʦʛʦ ʚʽʜʤʽʥʥʽʩʪʴ ʽ ʧʝʨʝʚʘʛʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʘʥʘʣʦʛʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ï ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʽʡʥʠʭ ʢʦʥʪʨʦʣʝʨʽʚ 

Arduino MEGA, ʷʢʽ ʚʠʧʫʩʢʘʶʪʴʩʷ ʫ ʜʦʩʠʪʴ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʢʽʣʴʢʦʤʘ 
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ʟʘʨʫʙʽʞʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ, ʱʦ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʢʦʥʬʣʽʢʪʫ ʚ ʋʢʨʘʾʥʽ ʜʦʟʚʦʣʷʻ 

ʝʣʝʚʘʪʦʨʫ-ʩʧʦʞʠʚʘʯʫ ʩʠʩʪʝʤ ʪʝʨʤʦʤʝʪʨʽʾ ʥʝ ʦʨʽʻʥʪʫʚʘʪʠʩʴ ʥʘ ʤʽʩʮʝʚʦʛʦ 

ʚʠʨʦʙʥʠʢʘ ʫʥʽʢʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʽʥʪʝʛʨʘʪʦʨʘ ʛʦʪʦʚʠʭ 

ʩʝʨʽʡʥʠʭ ʨʽʰʝʥʴ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʨʽʰʝʥʥʽ ʢʽʣʴʢʦʭ ʚʘʨʽʘʥʪʽʚ 

ʤʦʜʫʣʽʚ ʟʚôʷʟʢʫ ʜʦʟʚʦʣʷʻ ʛʥʫʯʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʰʠʥʥʽ, ʟʽʨʢʦʚʽ ʪʘ ʙʝʟʜʨʦʪʦʚʽ 

ʪʦʧʦʣʦʛʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʪʫʘʮʽʾ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʰʠʥʠ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʨʘʥʽʰʝ. ʂʨʽʤ ʪʦʛʦ, ʽʥʪʝʨʬʝʡʩʠ ʮʠʭ ʤʦʜʫʣʽʚ ʩʫʤʽʩʥʽ ʟ ʦʙʣʘʜʥʘʥʥʷʤ ʽ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʧʨʦʤʠʩʣʦʚʠʭ ʤʝʨʝʞ, ʽʜʝʦʣʦʛʽʷʤʠ OPC ʡ SCADA, ʱʦ ʧʦʣʝʛʰʫʻ 

ʾʭ ʽʥʪʝʛʨʘʮʽʶ ʫ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ.  
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https://docs.arduino.cc/static/44e8456396e518cb86482519ac85bc92%20/A000067-datasheet.pdf
https://arduino.ua/
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ɸ.ɺ. ʄʘʣʽʻʥʢʦ1, ʖ.ʄ. ɺʦʨʦʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɸʅɸʃɯɿ ʊɸ ʆʇʊʀʄɯɿɸʎɯʗ ʉʀʉʊɽʄʀ ɯʅʊɽʈʅɽʊ ʊʆʈɻɯɺʃɯ ɺ 

ʋʄʆɺɸʍ ʉʋʏɸʉʅʆɻʆ ʈʆɿɺʀʊʂʋ ʈʀʅʂʋ ʖɺɽʃɯʈʅʀʍ ɺʀʈʆɹɯɺ 
 

ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʦʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʘʥʘʣʽʟʫ ʨʠʥʢʠ ʟʙʫʪʫ, 

ʟʙʽʣʴʰʝʥʥʷ ʢʣʽʻʥʪ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʥʣʘʡʥ ʘʥʘʣʽʟʫ ʚ 

ʫʤʦʚʘʭ ʽʥʪʝʨʥʝʪ ʪʦʨʛʽʚʣʽ, ʨʦʟʨʦʙʢʘ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʥʘʣʽʪʠʢʠ ɯʥʪʝʨʥʝʪ ʤʘʛʘʟʠʥʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʫʧʨʘʚʣʽʥʥʷ, ʧʨʦʝʢʪʥʠʡ ʘʥʘʣʽʟ, ʦʥʣʘʡʥ ʘʥʘʣʽʪʠʢʘ, ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʧʦʪʦʢʠ, ʘʥʘʣʽʪʠʯʥʠʡ ʧʽʜʭʽʜ, ʤʘʨʢʝʪʠʥʛ, ʦʥʣʘʡʥ ʪʦʨʛʽʚʣʷ.  

 

ɺʩʪʫʧ. ʋʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʫʯʘʩʥʦʾ ʝʢʦʥʦʤʽʢʠ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʛʦʩʪʨʦʶ ʢʦʥʢʫʨʝʥʮʽʻʶ, ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʢʝʨʽʚʥʠʮʪʚʘ ʢʦʤʧʘʥʽʡ ʧʦʩʪʽʡʥʦʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ɯʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʠʥʛʫ ʜʦʟʚʦʣʷʻ ʩʫʯʘʩʥʠʤ 

ʫʢʨʘʾʥʩʴʢʠʤ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʟʘʻʤʦʜʽʾ ʟ ʢʣʽʻʥʪʘʤʠ, 

ʥʘʜʘʶʯʠ ʽʥʜʠʚʽʜʫʘʣʴʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ʟʨʫʯʥʠʡ ʯʘʩ, ʝʬʝʢʪʠʚʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʤʘʨʢʝʪʠʥʛʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʽ ʥʘ ʮʽʡ 

ʦʩʥʦʚʽ ʧʨʠʡʤʘʪʠ ʝʬʝʢʪʠʚʥʽ, ʦʙˇʨʫʥʪʦʚʘʥʽ ʤʘʨʢʝʪʠʥʛʦʚʽ ʨʽʰʝʥʥʷ [1], ʧʨʦʚʦʜʠʪʠ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʽ ʨʝʢʣʘʤʥʽ ʢʘʤʧʘʥʽʾ. ʆʪʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ 

ɯʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʠʥʛʫ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʇʨʠ ʮʴʦʤʫ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʘʥʘʣʽʟʫ ʨʠʥʢʠ ʟʙʫʪʫ, ʟʙʽʣʴʰʝʥʥʷ 

ʢʣʽʻʥʪ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʦʥʣʘʡʥ ʘʥʘʣʽʟʫ 

ʚ ʫʤʦʚʘʭ ʽʥʪʝʨʥʝʪ ʪʦʨʛʽʚʣʽ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ɯʥʪʝʨʥʝʪ ʤʘʛʘʟʠʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʫʯʘʩʥʠʭ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʮʝ ʻ ʦʩʥʦʚʘ ʩʫʯʘʩʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʨʦʟʚʠʪʦʢ 

ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ [2]. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɺʝʙ-ʘʥʘʣʽʪʠʢʘ ï ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʟʽ 

ʟʙʠʨʘʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʨʦʙʦʪʠ. ʉʘʤ ʩʦʙʦʶ ʽʥʩʪʨʫʤʝʥʪ ʥʝ ʚʠʨʽʰʫʻ ʧʨʦʙʣʝʤʠ, ʘ ʣʠʰʝ ʥʘʜʘʻ 

ʽʥʬʦʨʤʘʮʽʶ. ɰʾ ʧʦʪʨʽʙʥʦ ʧʨʘʚʠʣʴʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ: ʚʠʟʥʘʯʠʪʠ ʥʝʜʦʣʽʢʠ ʪʘ 

ʩʣʘʙʢʽ ʤʽʩʮʷ ʨʝʩʫʨʩʫ, ʚʠʚʯʠʪʠ ʧʦʚʝʜʽʥʢʫ, ʧʦʪʨʝʙʠ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ. ʅʘ 

ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʥʦʩʷʪʴʩʷ ʧʨʘʚʢʠ ʜʦ ʩʪʨʘʪʝʛʽʾ ʪʘ ʧʨʠʡʤʘʶʪʴʩʷ ʩʝʨʡʦʟʥʽ 

ʙʽʟʥʝʩ-ʨʽʰʝʥʥʷ [3]. 

ʂʣʶʯʦʚʽ ʟʘʚʜʘʥʥʷ ʚʝʙ-ʘʥʘʣʽʪʠʢʠ: 

¶ ʦʮʽʥʢʘ ʷʢʦʩʪʽ ʪʨʘʬʽʢʫ; 

¶ ʚʠʷʚʣʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʦʤʠʣʦʢ ʪʘ ʽʥʰʠʭ ʥʝʜʦʣʽʢʽʚ ʥʘ ʩʘʡʪʽ; 

¶ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʪʘ ʧʦʨʪʨʝʪʘ ʮʽʣʴʦʚʦʛʦ ʢʣʽʻʥʪʘ; 

¶ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʚʝʨʩʽʾ; 

¶ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʚʠʛʽʜʥʽʰʠʭ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʘʥʘʣʽʚ; 
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¶ ʟʥʠʞʝʥʥʷ ʚʘʨʪʦʩʪʽ ʟʘʣʫʯʝʥʥʷ ʧʦʢʫʧʮʷ; 

¶ ʚʽʜʩʪʝʞʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʠʥʢʫ; 

¶ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʙʫʪʢʫ ʟ ʢʣʽʻʥʪʘ; 

¶ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʨʝʩʫʨʩʫ ʟ ʣʽʜʝʨʘʤʠ ʫ ʥʽʰʽ. 

ʄʦʥʽʪʦʨʠʥʛ ʜʘʻ ʟʨʦʟʫʤʽʪʠ, ʱʦ ʟʘʨʘʟ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʩʘʡʪʽ, ʯʠ ʦʢʫʧʘʶʪʴʩʷ 

ʚʢʣʘʜʝʥʥʷ ʫ ʨʦʟʨʦʙʢʫ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, SEO-ʧʨʦʩʫʚʘʥʥʷ, ʧʽʜʪʨʠʤʢʘ ʨʝʧʫʪʘʮʽʾ, 

ʨʽʟʥʽ ʚʠʜʠ ʨʝʢʣʘʤʠ. ɹʝʟ ʮʴʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ ʨʦʙʦʪʘ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘʦʩʣʽʧ. ʇʽʜʧʨʠʻʤʝʮʴ ʥʝ ʤʦʞʝ ʧʦʙʘʯʠʪʠ, ʚʽʜ ʯʦʛʦ ʡʜʝ ʤʘʢʩʠʤʘʣʴʥʘ ʚʽʜʜʘʯʘ, ʱʦ 

ʧʦʪʨʝʙʫʻ ʧʦʢʨʘʱʝʥʴ, ʫ ʷʢʦʤʫ ʥʘʧʨʷʤʢʫ ʢʨʘʱʝ ʨʫʭʘʪʠʩʷ. ʊʦʤʫ ʥʘʣʘʰʪʦʚʫʚʘʪʠ 

ʘʥʘʣʽʪʠʢʫ ʧʦʪʨʽʙʥʦ ʟ ʤʦʤʝʥʪʫ ʟʘʧʫʩʢʫ ʩʘʡʪʫ. 

ɸʥʘʣʽʪʠʯʥʽ ʜʘʥʽ ʥʝʦʙʭʽʜʥʽ: 

1. ʂʝʨʽʚʥʠʢʫ ʙʽʟʥʝʩʫ. ɼʣʷ ʙʽʣʴʰʦʛʦ ʨʦʟʫʤʽʥʥʷ ʧʨʠʥʮʠʧʽʚ ʨʦʙʦʪʠ, 

ʢʦʥʪʨʦʣʶ ʟʘ ʨʦʙʦʪʦʶ ʢʦʣʝʢʪʠʚʫ, ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʚʠʪʢʦʤ ʩʘʡʪʫ. 

2. ʅʘʯʘʣʴʥʠʢʘʤ ʚʽʜʜʽʣʽʚ ʧʨʦʜʘʞʫ. ɼʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʧʦʜʘʣʴʰʦʛʦ 

ʢʦʨʠʛʫʚʘʥʥʷ ʧʣʘʥʽʚ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʪʦʚʘʨʫ. 

3. ɯʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʦʣʦʛʽʚ. ɼʣʷ ʘʥʘʣʽʟʫ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʢʘʤʧʘʥʽʡ ʪʘ ʢʘʥʘʣʽʚ 

ʪʨʘʬʽʢʫ, ʩʪʚʦʨʝʥʥʷ ʨʝʢʣʘʤʥʠʭ ʩʪʨʘʪʝʛʽʡ, ʧʝʨʝʚʽʨʢʠ ʟʨʫʯʥʦʩʪʽ ʩʘʡʪʫ, ʧʦʰʫʢʫ ʪʘ 

ʫʩʫʥʝʥʥʷ ʧʨʦʙʣʝʤ. 

ɹʘʛʘʪʦ ʥʦʚʘʯʢʽʚ ʚ e-commerce ʥʝʜʦʦʮʽʥʶʶʪʴ ʟʥʘʯʝʥʥʷ ʚʝʙ-ʘʥʘʣʽʟʫ. ʗʢʱʦ 

ʚ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʽ ʥʝʤʘʻ ʩʠʩʪʝʤʠ ʘʥʘʣʽʪʠʢʠ ʘʙʦ ʽʥʩʪʨʫʤʝʥʪ ʧʨʘʮʶʻ 

ʥʝʢʦʨʝʢʪʥʦ, ʮʝ ʧʦʟʙʘʚʣʷʻ ʙʽʟʥʝʩ ʨʝʘʣʴʥʠʭ ʚʠʤʽʨʥʠʭ ʧʝʨʩʧʝʢʪʠʚ. ʊʝ ʩʘʤʝ 

ʩʪʦʩʫʻʪʴʩʷ ʽ ʩʠʪʫʘʮʽʡ, ʚ ʷʢʠʭ ʘʫʜʠʪ ʚʠʢʦʥʫʻʪʴʩʷ ʚʢʨʘʡ ʨʽʜʢʦ ʘʙʦ ʚ ʰʪʘʪʽ ʥʝʤʘʻ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘ, ʷʢʠʡ ʚʤʽʻ ʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʪʘ ʨʦʙʠʪʠ ʛʨʘʤʦʪʥʽ ʚʠʩʥʦʚʢʠ. 

ʆʩʥʦʚʥʽ ʪʠʧʠ, ʤʝʪʨʠʢʠ ʪʘ ʙʘʟʦʚʽ ʧʦʥʷʪʪʷ ʘʥʘʣʽʟʫ. 

ʋ web-ʘʥʘʣʽʪʠʮʽ ʧʝʨʝʜʙʘʯʝʥʦ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʟʙʠʨʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʮʽʣʷʤʠ ʪʘ ʦʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʤʦʞʝ 

ʙʫʪʠ ʟʨʦʩʪʘʥʥʷ ʚʽʜʚʽʜʫʚʘʥʦʩʪʽ, ʧʽʜʚʠʱʝʥʥʷ ʢʦʥʚʝʨʩʽʾ, ʟʙʽʣʴʰʝʥʥʷ ʦʙʩʷʛʽʚ 

ʧʨʦʜʘʞʫ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʢʦʥʢʨʝʪʥʽ KPI ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ 

ʩʪʘʥʫ ʩʧʨʘʚ ʪʘ ʚʥʝʩʝʥʥʷ ʢʦʨʝʢʪʠʚʽʚ, ʷʢʽ ʧʦʢʨʘʱʫʶʪʴ ʨʦʙʦʪʫ ʚʩʴʦʛʦ ʩʘʡʪʫ ʯʠ 

ʦʢʨʝʤʠʭ ʥʘʧʨʷʤʢʽʚ. 

ʄʦʞʣʠʚʽ ʦʙ'ʻʢʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ɺʽʜʚʽʜʫʚʘʥʽʩʪʴ ʨʝʩʫʨʩʫ ï ʷʢʽʩʪʴ ʪʨʘʬʽʢʫ, ʘʢʪʠʚʥʽʩʪʴ ʪʘ ʢʽʣʴʢʽʩʪʴ 

ʫʥʽʢʘʣʴʥʠʭ ʚʽʜʚʽʜʫʚʘʯʽʚ, ʧʨʠʯʠʥʠ ʩʧʘʜʫ ʪʘ ʧʽʜʡʦʤʫ ʚʽʜʚʽʜʫʚʘʥʦʩʪʽ. 

2. ʎʽʣʴʦʚʘ ʘʫʜʠʪʦʨʽʷ ï ʧʦʚʝʜʽʥʢʘ, ʛʝʦʛʨʘʬʽʷ, ʽʥʪʝʨʝʩʠ, ʜʝʤʦʛʨʘʬʽʯʥʽ ʜʘʥʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʙʨʘʫʟʝʨʠ ʪʘ ʧʨʠʩʪʨʦʾ. 

3. ʖʟʘʙʽʣʽʪʽ ï ʰʣʷʭ ʢʦʨʠʩʪʫʚʘʯʘ, ʥʘʡʧʦʧʫʣʷʨʥʽʰʽ ʩʪʦʨʽʥʢʠ, ʢʘʨʪʠ ʢʣʽʢʽʚ, 

ʩʢʨʦʣʽʥʛʫ. 

4. ʊʝʭʥʽʯʥʠʡ ʩʪʘʥ ʤʘʡʜʘʥʯʠʢʘ ï ʥʘʷʚʥʽʩʪʴ ʩʪʦʨʽʥʦʢ-ʜʫʙʣʽʚ, ʰʚʠʜʢʽʩʪʴ 

ʟʘʚʘʥʪʘʞʝʥʥʷ, ʧʦʤʠʣʢʠ ʧʽʜ ʯʘʩ ʧʝʨʝʭʦʜʽʚ. 

5. ʆʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʝʨʮʽʾ ï ʥʘʡʙʽʣʴʰ ʭʦʜʦʚʽ ʪʦʚʘʨʠ, 

ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʩʝʨʝʜʥʽʡ ʯʝʢ, ʮʠʢʣ ʧʨʦʜʘʞʫ, ʧʨʠʙʫʪʦʢ ʪʘ ʚʠʨʫʯʢʘ, ʣʽʜʠ, 

ʜʟʚʽʥʢʠ. 
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6. ɼʞʝʨʝʣʘ ʪʨʘʬʽʢʫ ï ʧʨʦʜʫʢʪʠʚʥʽ ʨʝʢʣʘʤʥʽ ʢʘʥʘʣʠ, ʧʦʧʫʣʷʨʥʽ ʢʣʶʯʦʚʽ 

ʬʨʘʟʠ ʪʘ ʩʣʦʚʘ, ʩʪʦʨʽʥʢʠ ʚʭʦʜʫ/ʚʠʭʦʜʫ, ʚʘʨʪʽʩʪʴ ʟʘʣʫʯʝʥʥʷ ʧʦʢʫʧʮʷ. 

7. ʂʦʥʢʫʨʝʥʪʠ ï ʦʙʩʷʛ ʨʠʥʢʫ, ʩʝʤʘʥʪʠʯʥʝ ʷʜʨʦ, ʜʞʝʨʝʣʘ ʟʘʣʫʯʝʥʥʷ ʥʦʚʠʭ 

ʢʣʽʻʥʪʽʚ, ʢʦʥʪʝʥʪ, ʘʩʦʨʪʠʤʝʥʪʥʘ ʢʘʨʪʢʘ. 

ʇʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʚʜʘʥʴ, ʧʦʩʪʘʥʦʚʢʠ KPI, 

ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ, ʚʠʨʦʙʣʝʥʥʷ ʯʽʪʢʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ. ɿʘ 

ʮʠʤ ʩʣʽʜʫʻ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʪʘ ʦʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʫ. 

ʋʤʦʚʥʦ ʚʝʙ-ʘʥʘʣʽʪʠʢʫ ʧʦʜʽʣʷʶʪʴ ʥʘ 3 ʨʽʚʥʽ. 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʨʽʚʥʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʪʘ ʘʥʘʣʽʟʫʶʪʴ: 

¶ ʪʨʘʬʽʢ ï ʢʽʣʴʢʽʩʪʴ ʚʽʜʚʽʜʫʚʘʥʴ ʫ ʤʝʞʘʭ ʜʦʙʠ, ʪʠʞʥʷ, ʤʽʩʷʮʷ; 

¶ ʧʝʨʝʛʣʷʜʠ ï ʢʽʣʴʢʽʩʪʴ ʩʪʦʨʽʥʦʢ ʨʝʩʫʨʩʫ, ʷʢʽ ʚʽʜʢʨʠʚ ʘʙʦ ʦʥʦʚʠʚ 

ʢʦʨʠʩʪʫʚʘʯ; 

¶ ʛʣʠʙʠʥʫ ʧʝʨʝʛʣʷʜʫ ï ʢʽʣʴʢʽʩʪʴ ʩʪʦʨʽʥʦʢ, ʧʝʨʝʛʣʷʥʫʪʠʭ ʟʘ ʩʝʘʥʩ; 

¶ ʩʝʘʥʩʠ ï ʩʝʨʝʜʥʶ ʪʨʠʚʘʣʽʩʪʴ ʚʟʘʻʤʦʜʽʾ ʟ ʨʝʩʫʨʩʦʤ; 

¶ ʚʽʜʤʦʚʠ ï ʚʽʜʩʦʪʦʢ ʚʽʜʚʽʜʫʚʘʯʽʚ, ʷʢʽ ʧʝʨʝʛʣʷʥʫʣʠ ʣʠʰʝ ʦʜʥʫ ʩʪʦʨʽʥʢʫ ʪʘ 

ʥʝ ʚʯʠʥʠʣʠ ʢʦʥʚʝʨʩʽʡʥʫ ʜʽʶ; 

¶ ʢʘʨʪʠ ʩʢʨʦʣʽʥʛʫ, ʢʣʽʢʽʚ ï ʚʠʤʽʨʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʣʽʢʽʚ, ʘʥʘʣʽʟ ʛʣʠʙʠʥʠ 

ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʩʪʦʨʽʥʦʢ; 

¶ ʚʽʜʚʽʜʫʚʘʥʥʷ ʮʽʣʴʦʚʠʭ ʩʪʦʨʽʥʦʢ (ʪʦʚʘʨʥʠʭ ʢʘʨʪʦʢ); 

¶ ʧʝʨʝʭʦʜʠ ʽʟ ʨʝʢʣʘʤʥʠʭ ʢʘʥʘʣʽʚ ï ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ, ʢʦʥʪʝʢʩʪʥʦʾ 

ʨʝʢʣʘʤʠ, email, ʩʪʦʨʦʥʥʽʭ ʤʘʡʜʘʥʯʠʢʽʚ. 

ʅʘ ʝʪʘʧʽ ʘʥʘʣʽʪʠʢʠ ʙʽʟʥʝʩʫ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ ʪʘʢʠʤ ʦʩʥʦʚʥʠʤ 

ʧʘʨʘʤʝʪʨʘʤ: 

¶ ʮʽʣʴʦʚʽ ʜʽʾ ʥʘ ʩʘʡʪʽ ï ʧʝʨʝʜʧʣʘʪʘ, ʜʟʚʽʥʢʠ, ʧʨʦʜʘʞʽ; 

¶ ʪʦʚʘʨʦʦʙʽʛ ï ʦʙʩʷʛ ʨʝʘʣʽʟʘʮʽʾ ʫ ʛʨʦʰʘʭ ʟʘ ʟʚʽʪʥʠʡ ʧʝʨʽʦʜ; 

¶ ʧʨʠʙʫʪʦʢ ï ʨʽʟʥʠʮʷ ʤʽʞ ʜʦʭʦʜʘʤʠ ʪʘ ʚʠʪʨʘʪʘʤʠ ʢʦʤʧʘʥʽʾ; 

¶ ʨʝʥʪʘʙʝʣʴʥʽʩʪʴ ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʧʨʠʙʫʪʢʫ ʜʦ ʩʦʙʽʚʘʨʪʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ; 

¶ ʚʠʪʦʨʛ ï ʟʘʛʘʣʴʥʘ ʩʫʤʘ ʚʠʨʫʯʝʥʠʭ ʢʦʰʪʽʚ; 

¶ ʩʝʨʝʜʥʽʡ ʯʝʢ ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʫʤʠ ʚʩʽʭ ʟʘʤʦʚʣʝʥʴ ʜʦ ʯʝʢʽʚ; 

¶ ʧʦʚʝʨʥʝʥʥʷ ï ʢʦʨʠʩʪʫʚʘʯʽ, ʷʢʽ ʜʦʜʘʣʠ ʨʝʩʫʨʩ ʜʦ ʟʘʢʣʘʜʦʢ ʘʙʦ 

ʟʘʧʘʤ'ʷʪʘʣʠ ʜʦʤʝʥ; 

¶ ʢʦʥʚʝʨʩʽʷ ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʽʣʴʦʚʠʭ ʜʽʡ ʜʦ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʽʜʚʽʜʫʚʘʥʴ; 

¶ ʧʦʢʘʟʥʠʢʠ ʧʨʦʜʘʞʽʚ ʧʦ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ ʤʝʥʝʜʞʝʨʫ. 

ʋ ʧʨʦʮʝʩʽ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʶʪʴ, ʥʘʩʢʽʣʴʢʠ ʧʨʠʙʫʪʢʦʚʠʤ ʻ ʩʘʡʪ ʽ ʷʢ 

ʟʙʽʣʴʰʠʪʠ ʬʽʥʘʥʩʦʚʽ ʧʦʢʘʟʥʠʢʠ. 

ɿʘʚʜʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʨʽʚʥʷ ï ʛʣʠʙʦʢʝ ʚʠʚʯʝʥʥʷ ʮʽʣʴʦʚʦʛʦ ʧʦʢʫʧʮʷ, 

ʨʦʟʨʦʙʢʘ ʩʪʨʘʪʝʛʽʾ ʫʪʨʠʤʘʥʥʷ . ɼʣʷ ʮʴʦʛʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʪʘʢʽ ʤʝʪʨʠʢʠ: 

¶ CLV ï ʧʨʠʙʫʪʦʢ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʩʧʽʚʧʨʘʮʽ ʟ ʢʣʽʻʥʪʦʤ; 

¶ CPA ï ʮʽʥʘ ʮʽʣʴʦʚʦʾ ʜʽʾ; 

¶ CPL ï ʚʘʨʪʽʩʪʴ ʣʽʜʘ; 
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¶ CPC ï ʚʘʨʪʽʩʪʴ ʢʣʽʢʘ; 

¶ ROI ï ʦʢʫʧʥʽʩʪʴ ʚʢʣʘʜʝʥʴ. 

ʄʦʥʽʪʦʨʠʥʛ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʧʦʤʘʛʘʻ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʢʣʽʻʥʪʘ, ʚʠʚʯʠʪʠ 

ʤʝʭʘʥʽʟʤ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʧʨʦ ʢʫʧʽʚʣʶ, ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʨʠʙʫʪʦʢ ʪʘ 

ʨʘʮʽʦʥʘʣʴʥʦ ʨʦʟʧʦʜʽʣʠʪʠ ʙʶʜʞʝʪ ʥʘ ʨʝʢʣʘʤʫ. 

ʗʢʽʩʥʘ ʚʝʙ-ʘʥʘʣʽʪʠʢʘ ʜʣʷ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ ï ʮʝ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʽʚ ʪʘ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʷʢʠʭ ʧʨʦʚʦʜʠʪʴʩʷ ʚʩʝʙʽʯʥʠʡ ʘʥʘʣʽʟ. ʇʨʦʮʝʜʫʨʘ ʪʽʩʥʦ 

ʧʦʚ'ʷʟʘʥʘ ʟ CRM, ʩʠʩʪʝʤʘʤʠ ʦʙʣʽʢʫ, ʢʦʣʣʪʨʝʢʽʥʛʦʤ, ʨʝʢʣʘʤʥʠʤʠ ʤʝʨʝʞʘʤʠ. ɼʣʷ 

ʧʦʚʥʦʮʽʥʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʨʽʙʥʦ ʚʠʚʘʥʪʘʞʫʚʘʪʠ ʟʚʽʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʟ ʫʩʽʭ ʟʘʟʥʘʯʝʥʠʭ ʩʠʩʪʝʤ. 

ʆʛʣʷʜ ʩʝʨʚʽʩʽʚ ʜʣʷ ʚʝʙ-ʘʥʘʣʽʪʠʢʠ:  

ʉʪʘʪʠʩʪʠʢʘ ʜʣʷ ʘʥʘʣʽʟʫ ʟʙʠʨʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʦʛ-ʘʥʘʣʽʟʘʪʦʨʽʚ ʪʘ 

ʣʽʯʠʣʴʥʠʢʽʚ. 

ʃʦʛ-ʘʥʘʣʽʟʘʪʦʨʠ ï ʚʥʫʪʨʽʰʥʽ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʥʘʢʦʧʠʯʫʶʪʴ ʜʘʥʽ ʽʟ ʩʝʨʚʝʨʘ. 

ʃʽʯʠʣʴʥʠʢʠ ï ʥʝʚʝʣʠʢʽ ʟʦʚʥʽʰʥʽ ʧʨʦʛʨʘʤʠ. ʇʨʘʮʶʶʪʴ ʟʘ ʪʘʢʠʤ 

ʧʨʠʥʮʠʧʦʤ: 

ʥʘ ʩʘʡʪ ʧʽʜʚʘʥʪʘʞʫʻʪʴʩʷ ʢʘʨʪʠʥʢʘ ʜʣʷ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ; 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʚʥʦʩʷʪʴʩʷ ʜʦ ʙʘʟʠ; 

ʩʪʘʪʠʩʪʠʢʘ ʚʽʜʚʽʜʫʚʘʥʴ ʩʪʘʻ ʜʦʩʪʫʧʥʦʶ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʥʘ ʤʘʡʜʘʥʯʠʢʫ. 

ʂʨʽʤ ʢʽʣʴʢʦʩʪʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʩʝʘʥʩʽʚ, ʣʽʯʠʣʴʥʠʢʠ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʧʨʦ 

ʧʨʦʜʘʞ, ʢʣʽʢʠ ʪʘ ʽʥʰʫ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʆʥʣʘʡʥ-ʩʠʩʪʝʤʠ web-ʘʥʘʣʽʪʠʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʧʨʷʤʦʚʘʥʽʩʪʶ ʪʘ 

ʩʧʝʮʽʘʣʽʟʘʮʽʻʶ. ɺʦʥʠ ʙʫʚʘʶʪʴ ʧʣʘʪʥʠʤʠ ʪʘ ʙʝʟʢʦʰʪʦʚʥʠʤʠ. ɹʘʛʘʪʦ ʭʪʦ 

ʧʨʦʧʦʥʫʻ ʪʝʩʪʦʚʠʡ ʧʝʨʽʦʜ ʜʣʷ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʘʣʫ. ʇʝʨʝʚʘʛʦʶ ʮʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ 

ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ, ʘ ʡ ʥʘʦʯʥʽʩʪʴ ʧʦʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ. ɻʨʘʬʽʢʠ, 

ʜʽʘʛʨʘʤʠ, ʪʘʙʣʠʮʽ ʟ ʜʠʥʘʤʽʢʦʶ ʟʤʽʥ ʜʦʧʦʤʘʛʘʶʪʴ ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʙˇʨʫʥʪʦʚʘʥʽ 

ʛʽʧʦʪʝʟʠ ʱʦʜʦ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ. 

ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ï ʘʥʘʣʽʟ ʨʠʥʢʦʚʦʛʦ ʩʪʘʥʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʤʦʛ 

ʧʦʢʘʟʫʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʥʣʘʡʥ ʘʥʘʣʽʪʠʢʠ ʥʘ 

ʦʩʥʦʚʽ Google Analytics ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʽʥʪʝʨʥʝʪ ʤʘʛʘʟʠʥʘʭ ʢʦʤʧʘʥʽʾ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ ʪʘ ʬʦʨʤʫʚʘʪʠ ʧʦʜʘʣʴʰʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʽʜʜʽʣʽʚ, ʘ ʩʘʤʝ: 

¶ ɿʤʽʥʠʪʠ ʮʽʥʦʚʫ ʧʦʣʽʪʠʢʫ ʪʘ ʧʨʦʚʝʩʪʠ ʨʝʢʣʘʤʥʽ ʘʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 
ʝʣʝʢʪʨʦʥʥʦʾ ʪʦʨʛʽʚʣʽ ʷʢʘ ʟʙʽʣʴʰʠʪʴ ʜʦʭʽʜʥʫ ʯʘʩʪʠʥʠ ʥʘ ʦʩʥʦʚʽ; 

¶ ɿ'ʷʩʫʚʘʥʥʷ, ʷʢʽ ʪʦʚʘʨʠ ʧʨʦʜʘʶʪʴʩʷ ʥʘʡʢʨʘʱʝ. ʇʽʜʪʨʠʤʢʘ 

ʤʘʨʢʝʪʠʥʛʦʚʠʤʠ ʟʘʭʦʜʘʤʠ ʪʦʚʘʨʥʠʭ ʛʨʫʧ, ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʨʝʢʣʘʤʫ ʥʘ 

ʪʦʚʘʨ ʟ ʥʠʟʴʢʠʤ ʨʝʡʪʠʥʛʦʤ ʧʨʦʜʘʞʫ; 

¶ ɿʘ ʫʤʦʚʘʤʠ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʽʩʪʽ ʪʦʚʘʨʽʚ ʥʘ ʦʜʥʫ ʪʨʘʥʟʘʢʮʽʶ ʥʠʞʯʝ ʟʘ 
ʙʘʞʘʥʫ, ʚʧʨʦʚʘʜʠʪʠ ʘʙʦ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʙʽʣʴʰ ʚʠʛʽʜʥʽ ʟʥʠʞʢʠ ʧʨʠ ʢʫʧʽʚʣʽ 

ʢʽʣʴʢʦʭ ʪʦʚʘʨʽʚ ʘʙʦ ʟʘʙʝʟʧʝʯʠʪʠ ʙʝʟʢʦʰʪʦʚʥʫ ʜʦʩʪʘʚʢʫ, ʷʢʱʦ ʩʫʤʘ ʟʘʤʦʚʣʝʥʥʷ 

ʧʝʨʝʚʠʱʫʻ ʧʝʚʥʠʡ ʤʽʥʽʤʫʤ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ; 

¶ ʆʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ï ʩʢʽʣʴʢʠ ʯʘʩʫ ʫ ʢʣʽʻʥʪʽʚ ʟʘʡʤʘʻ ʫʭʚʘʣʝʥʥʷ 

ʨʽʰʝʥʥʷ ʧʨʦ ʧʦʢʫʧʢʫ ʽ ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʢʣʽʻʥʪ ʚʽʜʚʽʜʘʚ ʩʘʡʪ ʢʦʤʧʘʥʽʾ. ʗʢʱʦ ʢʣʽʻʥʪʠ 
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ʙʘʛʘʪʦ ʨʘʟʽʚ ʚʽʜʚʽʜʫʻ ʩʘʡʪ ʧʝʨʝʜ ʧʨʠʜʙʘʥʥʷʤ ʪʦʚʘʨʫ, ʪʨʝʙʘ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʜʫʨʫ 

ʟʘʤʦʚʣʝʥʥʷ, ʟʨʦʙʠʪʠ ʬʫʥʢʮʽʶ ʧʦʨʽʚʥʷʥʥʷ ʧʨʦʧʦʟʠʮʽʡ ʟ ʢʦʥʢʫʨʫʶʯʠʤʠ 

ʪʦʚʘʨʘʤʠ. 
 

ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 
1. ɸ.ɺ. ʄʘʣʽʻʥʢʦ. ɸʥʘʣʽʟ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʫʧʨʘʚʣʽʥʥʷ ʮʠʢʣʽʯʥʦʶ 

ʝʢʦʥʦʤʽʢʦʶ./ ʋʧʨʘʚʣʽʥʥʷ ʧʨʦʻʢʪʘʤʠ. ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʧʨʦʻʢʪʥʦʛʦ ʪʘ 

ʥʝʡʨʦʤʝʥʝʜʞʤʝʥʪʫ, ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫʧʨʘʚʣʽʥʥʷ, ʪʝʭʥʦʣʦʛʽʡ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙôʻʢʪʽʚ ʧʨʘʚʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ: ʟʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʟʘ 

ʤʘʪʝʨʽʘʣʘʤʠ ɯV ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʽʥʪʝʨʥʝʪ ʢʦʥʬʝʨʝʥʮʽʾ (24-25 ʙʝʨʝʟʥʷ 2022 

ʨ.). ï ʋɼʋʅʊ, ʋʂʈʅɽʊ, ʅɼɯɯɺ ʅɸʇʨʅ ʋʢʨʘʾʥʠ, ɼʥʽʧʨʦ: ʖʨʩʝʨʚʽʩ, 2022. ʉ 66- 71. 

2. ɯʥʪʝʨʥʝʪ-ʤʘʨʢʝʪʠʥʛ ʜʣʷ ʢʝʨʽʚʥʠʢʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // ʐʢʦʣʘ ʙʽʟʥʝʩʫ 

çʋʧʨʘʚʣʷʡ ʤʘʡʙʫʪʥʽʤè: ʉʪʘʪʪʽ ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚʦʤ. ï 2013. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: http://www.u-b-s.ru/publikacii/internet-marketing.html 

3. ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ: https://analytics.google.com/. 
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ʈʆɿɼɯʃ 3 
 

ʇʈʆɻʈɸʄʅɯ ɿɸʉʆɹʀ ʋʇʈɸɺʃɯʅʅʗ, ɿɹʆʈʋ, ʆɹʈʆɹʂʀ  

ɯ ʇɽʈɽɼɸʏɯ ɯʅʌʆʈʄɸʎɯɰ 

 

 

ʋɼʂ 004.932:528.854 

 

ʉ.ʃ. ʅʽʢʫʣʽʥ1, ɺ.ʖ. ʂʘʰʪʘʥ1, ʂ.ʃ. ʉʝʨʛʻʻʚʘ1, ʆ.ɺ. ʂʦʨʦʙʢʦ1, ʄ.ʇ. ɼʽʢ1  
1ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɺʇʃʀɺ ʇʆʇɽʈɽɼʅʔʆɰ ʆɹʈʆɹʂʀ ʉʋʇʋʊʅʀʂʆɺʀʍ ɿʅɯʄʂɯɺ 

ʈɯɿʅʀʄʀ ʄɽʊʆɼɸʄʀ ʅɸ ɺʀɼɯʃɽʅʅʗ ʃɯʅɽɸʄɽʅʊɯɺ 

ʇʈʀʈʆɼʅʆɻʆ ʇʆʍʆɼɾɽʅʅʗ 
 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʫʻʪʴʩʷ ʥʠʟʢʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʬʽʣʴʪʨʽʚ, ʬʽʣʴʪʨʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʨʽʟʢʦʩʪʽ ʪʘ ʽʥʰʽ. ʆʙʨʦʙʣʝʥʽ ʥʠʤʠ ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ ʻ ʦʩʥʦʚʦʶ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ 

ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʪʝʢʪʦʨʘ ʂʝʥʥʽ. ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʷʜ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʭ ʢʨʠʪʝʨʽʾʚ ʷʢʦʩʪʽ. ɿʘ ʧʽʜʩʫʤʢʘʤʠ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʛʨʘʥʠʮʴ 

ʷʩʢʨʘʚʦʩʪʽ ʬʦʨʤʫʣʶʶʪʴʩʷ ʚʠʩʥʦʚʢʠ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʤʝʪʦʜʽʚ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʢʦʩʤʦʟʥʽʤʢʽʚ, ʘ ʪʘʢʦʞ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʷʢʽ ʟʜʘʪʥʽ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʥʘ 

ʦʙʨʦʙʢʫ ʪʘ ʘʥʘʣʽʟ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ, ʢʦʩʤʽʯʥʽ ʟʥʽʤʢʠ, ʛʨʘʥʠʮʽ ʷʩʢʨʘʚʦʩʪʽ, 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʬʽʣʴʪʨʠ, ʣʽʥʝʘʤʝʥʪʥʠʡ ʘʥʘʣʽʟ. 

 

ɺʩʪʫʧ. ʈʦʟʚʠʪʦʢ ʘʧʘʨʘʪʥʦʾ ʪʘ ʤʝʪʦʜʦʣʦʛʽʯʥʦʾ ʙʘʟʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʡʦʤʦʢ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʨʦʩʪʘʥʥʷ ʨʦʣʽ ʢʦʩʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʚʯʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʅʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʫ ʧʨʘʢʪʠʮʽ ʥʘʫʢ ʧʨʦ ɿʝʤʣʶ ʧʠʪʦʤʘ ʚʘʛʘ ʤʫʣʴʪʠ- ʪʘ 

ʛʽʧʝʨʩʧʝʢʪʨʘʣʴʥʠʭ ʟʡʦʤʦʢ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʱʦ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʠʤ 

ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʢʦʩʤʽʯʥʠʭ ʜʘʥʠʭ. ʅʠʥʽ ʧʽʜ 

ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʛʝʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ ʜʝʜʘʣʽ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʤʝʪʦʜʠ ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ. ɺʦʥʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʚʠʜʽʣʝʥʥʽ ʪʘ 

ʧʦʜʘʣʴʰʦʤʫ ʘʥʘʣʽʟʽ ʣʽʥʝʘʤʝʥʪʽʚ ï ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʩʤʽʯʥʦʛʦ ʟʥʽʤʢʘ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʣʽʥʝʘʤʝʥʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʣʘʤʥʠʤ ʩʪʨʫʢʪʫʨʘʤ ʟʝʤʥʦʾ ʢʦʨʠ ʪʘ 

ʾʭʥʻ ʚʠʚʯʝʥʥʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʫʪʦʯʥʶʚʘʪʠ ʛʝʦʣʦʛʽʯʥʫ ʙʫʜʦʚʫ ʪʝʨʠʪʦʨʽʡ, ʘ ʪʘʢʦʞ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʥʦʟʥʦ-ʧʦʰʫʢʦʚʠʭ ʨʦʙʽʪ.  

ɯʩʥʫʻ ʙʘʛʘʪʦ ʧʽʜʭʦʜʽʚ ʜʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʣʽʥʝʘʤʝʥʪʽʚ ʥʘ ʟʥʽʤʢʘʭ. 

ʅʘʡʯʘʩʪʽʰʝ ʥʘ ʧʨʘʢʪʠʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʦʡ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʟʥʽʤʢʘ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʜʽʣʝʥʥʷʤ ʣʽʥʝʘʤʝʥʪʽʚ 

ʘʚʪʦʤʘʪʠʯʥʠʤʠ ʪʘ ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʴ 

ʷʩʢʨʘʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽ ʤʘʩʢʦʚʽ ʘʣʛʦʨʠʪʤʠ, ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʠʤ ʫ ʪʦʤʫ ʯʠʩʣʽ ʚʚʘʞʘʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ ʜʝʪʝʢʪʦʨ ʂʝʥʥʽ [1].  

ɼʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʣʽʥʝʘʤʝʥʪʽʚ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʦʧʝʨʝʜʥʷ 

ʦʙʨʦʙʢʘ ʟʥʽʤʢʘ. ʊʨʘʜʠʮʽʡʥʦ ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʠʟʢʘ ʥʝʩʢʣʘʜʥʠʭ 

ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʷʢ-ʦʪ ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ, ʢʦʨʝʢʮʽʷ ʷʩʢʨʘʚʦʩʪʽ, 
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ʝʢʚʘʣʽʟʘʮʽʷ ʛʽʩʪʦʛʨʘʤʠ ʢʦʩʤʦʟʥʽʤʢʘ. ʈʘʟʦʤ ʟ ʪʠʤ, ʫ ʪʝʦʨʽʾ ʦʙʨʦʙʢʠ ʮʠʬʨʦʚʠʭ 

ʟʦʙʨʘʞʝʥʴ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ 

ʧʨʠ ʣʽʥʝʘʤʝʥʪʥʦʤʫ ʘʥʘʣʽʟʽ, ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʠʭ ʥʝ ʚʠʚʯʝʥʘ. ʆʮʽʥʮʽ ʮʠʭ 

ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʧʨʠʩʚʷʯʝʥʘ ʜʘʥʘ ʨʦʙʦʪʘ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʷʚʣʝʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ (ʂɿ) ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʤʝʪʦʜʘʤʠ 

ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʜʦʩʣʽʜʠʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ;  

¶ ʚʠʚʯʠʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ, 

ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫ ʧʨʦʮʝʩʽ ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ;  

¶ ʧʨʦʛʨʘʤʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʪʘ ʜʦʩʣʽʜʠʪʠ ʨʷʜ ʘʣʛʦʨʠʪʤʽʚ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ʟ ʧʦʜʘʣʴʰʦʶ ʦʮʽʥʢʦʶ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʥʷ ʚʠʜʽʣʝʥʥʷ ʣʽʥʝʘʤʝʥʪʽʚ ʥʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ;  

¶ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʛʝʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʤʝʪʦʜʘʤʠ 

ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ.  

ɺʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʪʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ 

ʤʘʪʝʨʽʘʣʘʭ ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʦʾ ʪʝʨʠʪʦʨʽʾ ʊʫʨʝʯʯʠʥʠ, ʷʢʘ ʟʘʡʤʘʻ ʧʣʦʱʫ ʧʦʥʘʜ 

150000 ʢʤ2 ʽ ʤʽʩʪʠʪʴ ʥʠʟʢʫ ʚʝʣʠʢʠʭ ʤʽʩʪ, ʫ ʪ.ʯ. ɸʥʢʘʨʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʟʥʽʤʦʢ ʽʟ ʩʫʧʫʪʥʠʢʘ TERRA MODIS ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 300 ʤ, ʪʘ ʜʘʥʽ ʧʨʦ ʝʧʽʮʝʥʪʨʠ ʟʝʤʣʝʪʨʫʩʽʚ (ʜʞʝʨʝʣʦ ï ʩʘʡʪ 

earth -quake.usgs.gov), (ʨʠʩ.1) 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʈɸʇʀɼ [2], ʷʢʘ ʤʘʻ ʨʦʟʚʠʥʝʥʠʡ ʙʣʦʢ ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʪʘʢʦʶ ʤʝʪʦʜʠʢʦʶ: 

1. ʈʝʘʣʽʟʦʚʘʥʽ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʫ ʩʝʨʝʜʦʚʠʱʽ Python. 

2. ʋ ʩʝʨʝʜʦʚʠʱʽ ɻɯʉ ʈɸʇɯɼ ʤʝʪʦʜʦʤ ʂʝʥʥʽ ʚʠʜʽʣʷʣʠʩʷ ʛʨʘʥʠʮʽ 

ʷʩʢʨʘʚʦʩʪʽ. ɼʣʷ ʤʝʪʦʜʫ ʂʝʥʥʽ ʚʢʘʟʫʚʘʚʩʷ ʨʷʜ ʧʘʨʘʤʝʪʨʽʚ: ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʽʚ ʜʣʷ 

ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʤʝʞ, ʚʠʜ ʤʘʩʢʠ, ʪʘ ʽʥʰʝ [3]. 

3. ʇʨʦʚʦʜʠʣʘʩʷ ʦʙʨʦʙʢʘ ʦʪʨʠʤʘʥʠʭ ʢʘʨʪ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʢʘʨʪʠ ʧʨʦʩʪʦʨʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ. 

4. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ɻɯʉ ʈɸʇɯɼ ʜʣʷ ʢʦʞʥʦʾ ʦʪʨʠʤʘʥʦʾ 

ʢʘʨʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʧʦʢʘʟʥʠʢ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʭʘʨʘʢʪʝʨ ʚʠʜʽʣʝʥʠʭ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ, - ʜʠʩʧʝʨʩʽʷ ʟʥʘʯʝʥʴ 

ʛʽʩʪʦʛʨʘʤʠ, ʧʦʙʫʜʦʚʘʥʦʾ ʟʘ ʟʥʘʯʝʥʥʷʤʠ  ʱʽʣʴʥʦʩʪʽ. 

5. ʆʮʽʥʢʘ ʷʢʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʫʤʦʚ, ʱʦ ʚʽʜʙʠʚʘʶʪʴ ʽʥʪʫʾʪʠʚʥʦ-ʟʨʦʟʫʤʽʣʽ ʝʚʨʠʩʪʠʯʥʽ ʢʨʠʪʝʨʽʾ ʷʢʦʩʪʽ ʚʠʜʽʣʝʥʥʷ 

ʛʨʘʥʠʮʴ [4]:  

ʘ) ʛʨʘʥʠʮʽ ʧʦʚʠʥʥʽ ʚʠʜʽʣʷʪʠʩʷ ʯʽʪʢʦ, ʽ ʥʝ ʤʘʪʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʨʦʟʨʠʚʽʚ;  
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ʙ) ʧʦʚʠʥʥʽ ʚʠʜʽʣʷʪʠʩʷ ʪʽʣʴʢʠ ʦʩʥʦʚʥʽ ʛʨʘʥʠʮʽ, ʱʦ ʤʘʶʪʴ ʜʦʩʪʘʪʥʶ 

ʧʨʦʪʷʞʥʽʩʪʴ ʽ ʯʽʪʢʽʩʪʴ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʦʪʨʠʤʫʚʘʥʘ ʙʽʥʘʨʥʘ ʢʘʨʪʘ 

ʧʝʨʝʚʘʥʪʘʞʝʥʘ ʯʠʩʣʝʥʥʠʤʠ 1-2ʭ-ʧʽʢʩʝʣʴʥʠʤʠ ʬʨʘʛʤʝʥʪʘʤʠ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʚʠʭʽʜʥʦʛʦ ʛʝʦʟʦʙʨʘʞʝʥʥʷ ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʦʾ ʪʝʨʠʪʦʨʽʾ 

ʊʫʨʝʯʯʠʥʠ (ʟʥʽʤʦʢ ʽʟ ʩʫʧʫʪʥʠʢʘ TERRA MODIS ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ 300 ʤ) 

 

ɿʘʟʥʘʯʝʥʽ ʚʠʤʦʛʠ ʻ ʚʟʘʻʤʦʚʠʢʣʶʯʥʠʤʠ ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʘʜʦʚʦʣʝʥʥʷ 

ʦʜʥʦʛʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʘʜʦʚʦʣʝʥʥʷ ʽʥʰʦʛʦ. ʊʦʤʫ ʥʘ ʧʨʘʢʪʠʮʽ 

ʥʘʡʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʠʡ ʧʽʜʭʽʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʪʽ ʯʠ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘʥʠʮʴ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ. ɰʭ 

ʟʥʘʯʠʤʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʘʭʽʚʮʝʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʟʘʜʘʯʽ, ʱʦ 

ʚʠʨʽʰʫʻʪʴʩʷ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ: N ï ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʯʥʠʭ (ʥʝʥʫʣʴʦʚʠʭ) 

ʧʽʢʩʝʣʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʨʘʥʠʮʽ ʷʩʢʨʘʚʦʩʪʽ ʥʘ ʙʽʥʘʨʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. 

ʍʘʨʘʢʪʝʨʠʟʫʻ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʚʠʜʽʣʝʥʠʭ ʛʨʘʥʠʮʴ. ʏʠʤ ʚʠʱʠʡ ʮʝʡ ʧʦʢʘʟʥʠʢ, 

ʪʠʤ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚʠʜʽʣʝʥʽ ʤʝʞʽ.  

 

F = K/N, 

 

ʜʝ K ï ʢʽʣʴʢʽʩʪʴ ʙʝʟʧʝʨʝʨʚʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʛʨʘʥʠʮʴ ʟʦʙʨʘʞʝʥʥʷ. ʎʝʡ ʧʦʢʘʟʥʠʢ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʬʨʘʛʤʝʥʪʘʮʽʾ ʛʨʘʥʠʮʴ. ʏʠʤ ʚʽʥ ʥʠʞʯʠʡ, ʪʠʤ ʪʦʯʥʽʰʝ 

ʚʠʜʽʣʝʥʽ ʛʨʘʥʠʮʽ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʧʽʜʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ N ʟʘʟʚʠʯʘʡ ʚʝʜʝ ʜʦ 
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ʥʝʙʘʞʘʥʦʛʦ ʟʨʦʩʪʘʥʥʷ F. D ï ʜʠʩʧʝʨʩʽʷ ʛʽʩʪʦʛʨʘʤʠ ʟʥʘʯʝʥʴ ʱʽʣʴʥʦʩʪʽ ʛʨʘʥʠʮʴ 

ʷʩʢʨʘʚʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ. ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ N ʽ F ʘʚʪʦʤʘʪʠʯʥʦ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʤʦʜʫʣʝʤ ɻɯʉ ʈɸʇɯɼ. 

6. ʇʫʥʢʪʠ 1-5 ʚʠʢʦʥʫʚʘʣʠʩʷ ʜʣʷ ʚʩʽʭ ʟʦʙʨʘʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

7. ʇʦʢʘʟʥʠʢʠ N ʽ F, ʫʧʦʨʷʜʢʦʚʫʚʘʣʠʩʷ ʟʘ ʟʨʦʩʪʘʥʥʷʤ ʽ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʦʪʨʠʤʘʥʦʛʦ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ, ʾʤ ʧʨʠʩʚʦʶʚʘʚʩʷ ʨʘʥʛ ʚʽʜ 1 (ʥʘʡʤʝʥʰʝ 

ʟʥʘʯʝʥʥʷ) ʜʦ 10 (ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʥʞʠʨʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ N ʽ F ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʝʪʦʜʽʚ. ɺʦʥʠ ʩʪʘʣʠ 

ʦʩʥʦʚʦʶ ʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʦʜʽʚ ʫ ʧʨʦʮʝʜʫʨʘʭ ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʆʙʯʠʩʣʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʫʩʽ ʜʦʩʣʽʜʞʝʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʙʽʣʴʰʫʶʪʴ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ N ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʭʽʜʥʠʤ, 

ʥʝʦʙʨʦʙʣʝʥʠʤ, ʢʦʩʤʽʯʥʠʤ ʟʥʽʤʢʦʤ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʟ 

ʤʝʪʦʜʽʚ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʚʭʽʜʥʠʤ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʽ ʪʦʡ ʬʘʢʪ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʤʝʪʦʜʫ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʛʽʩʪʦʛʨʘʤʠ ʟʥʘʯʝʥʴ ʦʙʨʦʙʣʝʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʭʽʜʥʠʤ.  

ʇʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʣʝʥʠʭ ʛʨʘʥʠʮʴ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʜʦʟʚʦʣʷʻ 

ʚʠʜʽʣʠʪʠ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʣʽʥʝʘʤʝʥʪʽʚ, ʘ ʟ ʽʥʰʦʛʦ, ʚʝʜʝ ʜʦ ʚʠʜʽʣʝʥʥʷ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʜʨʽʙʥʠʭ, ʥʝʩʫʪʪʻʚʠʭ ʜʝʪʘʣʝʡ, ʢʦʨʦʪʢʠʭ, ʫʨʠʚʯʘʩʪʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʛʨʘʥʠʮʴ, ʷʢʽ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʶʪʴ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ 

ʟʘʚʜʘʥʴ. ʊʦʤʫ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ F, ʷʢʝ ʻ ʩʚʦʻʨʽʜʥʦʶ 

ʤʽʨʦʶ ʮʽʣʽʩʥʦʩʪʽ ʦʜʝʨʞʫʚʘʥʠʭ ʛʨʘʥʠʮʴ. ʅʠʟʴʢʽ ʟʥʘʯʝʥʥʷ F ʩʚʽʜʯʘʪʴ, ʱʦ ʚʠʜʽʣʝʥʽ 

ʛʨʘʥʠʮʽ ʷʩʢʨʘʚʦʩʪʽ ʻ ʮʽʣʽʩʥʠʤʠ, ʧʨʦʪʷʞʥʠʤʠ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʤʘʶʪʴ ʛʝʦʣʦʛʽʯʥʠʡ 

ʩʝʥʩ ʽ ʟʥʘʯʠʤʽʩʪʴ.  

ʊʦʤʫ ʦʩʦʙʣʠʚʫ ʮʽʥʥʽʩʪʴ ʤʘʶʪʴ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʟ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʧʽʜʚʠʱʫʶʪʴ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ N ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʟʥʠʞʝʥʥʽ F. 

ɼʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʾʭ ʧʦʰʫʢ ʜʣʷ ʢʦʞʥʦʾ ʦʢʨʝʤʦʾ ʜʽʣʷʥʢʠ, ʱʦ ʤʘʻ 

ʜʦʩʣʽʜʞʫʚʘʪʠʩʴ ʤʝʪʦʜʘʤʠ ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʢʦʤʧ'ʶʪʝʨʥʫ ʤʝʪʦʜʠʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤ ɻɯʉ ʈɸʇɯɼ ʪʘ Python ʦʙʨʦʙʣʷʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ, 

ʦʙʨʦʙʣʝʥʽ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ; ʚʠʢʦʥʘʥʦ ʨʝʘʣʽʟʘʮʽʶ ʜʝʢʽʣʴʢʦʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ʫ ʩʝʨʝʜʦʚʠʱʽ Python;  ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʜʝʢʽʣʴʢʦʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʴ ʟ ʧʦʛʣʷʜʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ; ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʚʠʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ ʬʽʣʴʪʨʽʚ ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʣʝʥʠʭ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʧʨʠ 

ʦʜʥʦʯʘʩʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʾʭ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʧʨʦʪʷʞʥʦʩʪʽ; ʚʠʷʚʣʝʥʦ ʤʝʪʦʜʠ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢʠʭ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʥʝʜʦʮʽʣʴʥʦ; ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʽʰʝʥʥʷ 

ʛʝʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ ʤʝʪʦʜʘʤʠ ʣʽʥʝʘʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ, ʽ ʥʘʚʽʪʴ ʧʽʜʚʠʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʦʜʝʨʞʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 
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ʂ.ʃ. ʉʝʨʛʻʻʚʘ1, ɺ.ʖ. ʂʘʰʪʘʥ1, ʆ.ɺ. ʂʦʨʦʙʢʦ1, ɼ.ɺ. ɯʚʘʥʦʚ1, ɯ.ʉ. ʂʘʯʘʥ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɸʅɸʃɯɿ ʉʋʇʋʊʅʀʂʆɺʀʍ ɼɸʅʀʍ ɼʃʗ ʆʎɯʅʂʀ ʆʉʊʈʆɺɯɺ ʊɽʇʃɸ 

ʋʈɹɸʅɯɿʆɺɸʅʀʍ ʊɽʈʀʊʆʈɯʁ 
 

ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʢʣʘʜʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʥʽʪʦʨʠʥʛʫ ʜʽʣʷʥʦʢ 

ʧʽʜʚʠʱʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʬʦʥʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ ʨʽʟʥʦʯʘʩʦʚʠʤʠ ʜʘʥʠʤʠ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʡʦʤʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʩʪʘʙʽʣʴʥʽ ʫ ʯʘʩʽ ʜʽʣʷʥʢʠ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɺʠʢʦʥʘʥʘ ʘʧʨʦʙʘʮʽʷ ʪʝʭʥʦʣʦʛʽʾ ʟʘ ʯʘʩʦʚʠʤ ʨʷʜʦʤ ʟʦʙʨʘʞʝʥʴ Landsat 8 TIRS 2013-2022 ʨʨ. 

ʪʝʨʠʪʦʨʽʾ ʤ. ɼʥʽʧʨʦ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ, ʦʩʪʨʦʚʠ ʪʝʧʣʘ, ʷʩʢʨʘʚʽʩʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, 

Landsat 8. 

 

ɺʩʪʫʧ. ʇʨʦʮʝʩʠ ʨʦʟʚʠʪʢʫ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʛʝʦʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʤʽʥʠ ʤʽʩʴʢʠʭ ʣʘʥʜʰʘʬʪʽʚ, ʚʠʨʫʙʢʠ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ 

ʧʦʚʝʨʭʦʥʴ ʟʽ ʰʪʫʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʜʘʪʥʠʭ ʥʘʢʦʧʠʯʫʚʘʪʠ ʟʦʚʥʽʰʥʻ ʪʝʧʣʦʚʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʡ ʧʽʜʚʠʱʫʚʘʪʠ ʪʝʧʣʦʚʠʡ ʬʦʥ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʩʪʘʥʦʚʠʪʴ 

ʧʦʪʝʥʮʽʡʥʫ ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ.  

ɼʘʥʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʫ ʪʝʧʣʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʩʧʝʢʪʨʫ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʨʝʛʫʣʷʨʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʚʝʣʠʢʠʭ 

ʟʘ ʧʣʦʱʝʶ ʪʝʨʠʪʦʨʽʡ ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʨʦʟʨʽʟʥʝʥʥʷ 

ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘʟʝʤʥʠʭ ʤʝʪʝʦʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʷʪʠ ʧʦʪʝʥʮʽʡʥʦ 

ʥʝʙʝʟʧʝʯʥʽ ʜʣʷ ʤʝʰʢʘʥʮʽʚ ʤʽʩʴʢʽ ʦʩʪʨʦʚʠ ʪʝʧʣʘ (Urban Heat Islands, UHI) [1]. 

ʗʚʠʝɦ UHI ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʮʝʥʪʨʽ ʤʽʩʪʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʨʠʤʽʩʴʢʠʤʠ ʪʝʨʠʪʦʨʽʷʤʠ [2]. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ UHI ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ ʣʦʢʘʣʴʥʽ ʥʝʨʽʚʥʦʩʪʽ ʨʝʣʴʻʬʫ, ʘʣʴʙʝʜʦ ʧʦʚʝʨʭʦʥʴ, 

ʥʘʷʚʥʽʩʪʴ ʪʘ ʧʣʦʱʘ ʜʽʣʷʥʦʢ ʨʦʩʣʠʥʥʦʩʪʽ, ʧʦʚʽʪʨʷʥʽ ʧʦʪʦʢʠ ʪʘ ʽʥ. [3]. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʢʨʠʪʽ ʜʘʥʽ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʝʤʧʝʨʘʪʫʨ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦʩʪʫʧʥʽ ʟ ʩʝʥʩʦʨʽʚ Thermal InfraRed Sensor (TIRS) 
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ʩʫʧʫʪʥʠʢʘ Landsat 8 (ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʨʽʟʥʝʥʥʷ ï 100 ʤʝʪʨʽʚ, ʯʘʩʦʚʝ ʨʦʟʨʽʟʥʝʥʥʷ ï 

16 ʜʽʙ, ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ï ʟ 2013 ʨʦʢʫ); Advanced Spaceborne Thermal 

Emission and Reflection Radiometer (ASTER) ʩʫʧʫʪʥʠʢʘ Terra (ʧʨʦʩʪʦʨʦʚʝ 

ʨʦʟʨʽʟʥʝʥʥʷ ï 90 ʤʝʪʨʽʚ, ʥʝʨʝʛʫʣʷʨʥʘ ʟʡʦʤʢʘ, ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ï ʟ 2000 

ʨʦʢʫ); Moderate Resolution Imaging Spectroradiometer (MODIS) ʩʫʧʫʪʥʠʢʽʚ Terra 

ʪʘ Aqua (ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʨʽʟʥʝʥʥʷ ï 500 ʪʘ 1000 ʤʝʪʨʽʚ, ʯʘʩʦʚʝ ʨʦʟʨʽʟʥʝʥʥʷ ï 1 

ʜʦʙʘ, ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ï ʟ 2000 ʨʦʢʫ) ʪʘ ʽʥ. ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʛʦ ʦʙʩʷʛʫ 

ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʡʦʤʦʢ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʥʘʣʽʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʽʟʥʦʯʘʩʦʚʠʭ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʷʚʣʝʥʥʷ ʩʪʘʣʠʭ ʫ ʯʘʩʽ ʜʽʣʷʥʦʢ ʧʽʜʚʠʱʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʬʦʥʫ ʫ ʤʝʞʘʭ ʤʽʩʪʘ 

ɼʥʽʧʨʦ ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ Landsat 8 ʫ ʪʝʧʣʦʚʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɸʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʨʦʙʦʪʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʚʠʜʽʣʝʥʥʷ ʩʪʘʣʠʭ ʦʩʪʨʦʚʽʚ 

ʪʝʧʣʘ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ ʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʟʡʦʤʦʢ, ʘ ʪʘʢʦʞ ʧʦʙʫʜʦʚʘ ʢʘʨʪʦʛʨʘʤ ʪʝʨʠʪʦʨʽʾ ʤ. ɼʥʽʧʨʦ ʟ ʚʠʜʽʣʝʥʠʤʠ 

ʩʪʘʙʽʣʴʥʠʤʠ ʫ ʯʘʩʽ ʜʽʣʷʥʢʘʤʠ ʪʝʧʣʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʪʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ. ʊʝʩʪʦʚʘ ʜʽʣʷʥʢʘ ʧʣʦʱʝʶ ʙʣʠʟʴʢʦ 

360 ʢʤ2 ʚʢʣʶʯʘʻ ʪʝʨʠʪʦʨʽʶ ʤ. ɼʥʽʧʨʦ ʚ ʤʝʞʘʭ ʾʾ ʛʝʦʛʨʘʬʽʯʥʠʭ ʛʨʘʥʠʮʴ ʪʘ 

ʤʽʩʪʠʪʴ ʜʽʣʷʥʢʠ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ ʡ ʧʨʦʤʠʩʣʦʚʽ ʪʝʨʠʪʦʨʽʾ, ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ 

(ʩʢʚʝʨʠ, ʧʘʨʢʠ ʪʘ ʽʥ.), ʚʦʜʥʽ ʦʙôʻʢʪʠ ʡ ʥʝʚʝʣʠʢʽ ʟʘ ʧʣʦʱʝʶ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʫʛʽʜʜʷ. ʊʝʨʠʪʦʨʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʜʝʙʽʣʴʰʦʛʦ ʥʝ 

ʚʨʘʭʦʚʫʚʘʣʠʩʷ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʟ ʦʛʣʷʜʫ ʥʘ ʥʘʷʚʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ ʥʘʛʨʽʪʠʭ 

ʩʦʥʮʝʤ ʚʽʜʢʨʠʪʠʭ ˇʨʫʥʪʽʚ ʪʘ ʾʭ ʚʥʝʩʦʢ ʫ ʟʘʛʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ. 

ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ ʩʬʦʨʤʦʚʘʥʠʡ ʯʘʩʦʚʠʡ ʨʷʜ 46 ʟʦʙʨʘʞʝʥʴ 

Landsat 8 ʟ ʙʣʠʟʴʢʠʤ ʜʦ ʥʫʣʷ ʚʽʜʩʦʪʢʦʤ ʭʤʘʨʥʦʩʪʽ ʟʘ 2013-2022 ʨʦʢʠ. ɼʘʥ̔ 

ʥʘʜʘʥʽ ʩʝʨʚʽʩʦʤ ESA EO Browser (https://apps.sentinel-hub.com/eo-browser). ɼʘʪʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1  

ɼʘʪʠ ʟʡʦʤʢʠ ʚʠʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ Landsat 8 
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ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʜʘʥʠʤʠ, ʟʽʙʨʘʥʠʤʠ ʟ ʪʨʘʚʥʷ ʧʦ ʚʝʨʝʩʝʥʴ ʟʘ 

ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʥʽʞʥʦʛʦ ʧʦʢʨʠʚʫ ʜʣʷ ʫʩʫʥʝʥʥʷ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʦʩʪʦʨʦʚʠʡ 

ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʪʦʤʫ ʬʘʢʪʽ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʦʙ'ʻʢʪ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʚʠʧʨʦʤʽʥʶʻ 

ʪʝʧʣʦ. "ʉʠʨʽ" ʜʘʥʽ ʪʝʧʣʦʚʠʭ ʢʦʩʤʽʯʥʠʭ ʟʡʦʤʦʢ (Digital Numbers, DN) 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʷʩʢʨʘʚʽʩʪʴ (Spectral Radiance), 

ʧʝʨʝʨʘʭʦʚʘʥʫ ʧʦʪʽʤ ʫ ʟʥʘʯʝʥʥʷ ʷʩʢʨʘʚʽʩʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (Brightness 

Temperature, Áʉ) ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ (Land Surface Temperature, LST). 

ʇʝʨʝʪʚʦʨʝʥʥʷ DN ʜʘʥʠʭ ʫ ʩʧʝʢʪʨʘʣʴʥʫ ʝʥʝʨʛʝʪʠʯʥʫ ʷʩʢʨʘʚʽʩʪʴ ʚʠʢʦʥʫʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ [4]: 
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ʜʝ ll maxmin F,F  ï ʢʽʣʴʢʽʩʪʴ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʩʝʥʩʦʨ ʽ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ, ʚʽʜʧʦʚʽʜʥʦ, ʫ mincalQ , maxcalQ  (ɺʪ / (ʤ2 Ŀ ʩʨ Ŀ ʤʢʤ)); 

mincalQ  ï ʤʽʥʽʤʘʣʴʥʝ ʚʽʜʢʘʣʽʙʨʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ; 

maxcalQ  ï ʤʘʢʩʠʤʘʣʴʥʝ ʚʽʜʢʘʣʽʙʨʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʧʽʢʩʝʣʽʚ; 

calQ  ï ʟʥʘʯʝʥʥʷ DN. 

ɿʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ll maxmin F,F  ʢʘʥʘʣʽʚ ʢʦʩʤʦʟʥʽʤʢʘ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʠʧʫ 

ʩʝʥʩʦʨʘ ʪʘ ʥʘʚʦʜʷʪʴʩʷ ʫ ʬʘʡʣʽ ʤʝʪʘʜʘʥʠʭ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʠʡ ʚʠʨʘʟ: 

 

offsetQgainF cal+Ö=l                                                  (2) 

 

ʜʝ offset,gain  ï ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʥʩʪʘʥʪʠ, ʥʘʚʝʜʝʥʽ ʫ ʬʘʡʣʽ ʤʝʪʘʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ 

ʟʦʙʨʘʞʝʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʷʩʢʨʘʚʦʩʪʽ 

ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʥʘ ʷʩʢʨʘʚʽʩʥʫ ʪʝʤʧʝʨʘʪʫʨʫ (ʛʨʘʜʫʩʠ ʎʝʣʴʩʽʷ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʚʠʨʘʟʫ [5]: 
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ʜʝ e ï ʢʦʝʬʽʮʽʻʥʪ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ; 

21 c,c  ï ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʢʦʥʩʪʘʥʪʠ. 

ɹʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʜʽʣʷʥʢʦʶ UHI ʧʦʚʝʨʭʥʽ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʻ ʛʨʫʧʘ 

ʧʽʢʩʝʣʽʚ ʩʫʧʫʪʥʠʢʦʚʦʾ ʢʘʨʪʠ ʪʝʤʧʝʨʘʪʫʨ ʟʘ ʦʙʨʘʥʫ ʜʘʪʫ, ʪʝʤʧʝʨʘʪʫʨʘ (T) ʷʢʦʾ 

ʧʝʨʝʚʠʱʫʻ ʧʨʦʩʪʦʨʦʚʝ ʩʝʨʝʜʥʻ ʪʝʤʧʝʨʘʪʫʨ (T_mean) ʧʣʶʩ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ (T_sd). ʅʘ ʧʽʜʩʪʘʚʽ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʜʘʥʠʭ ʧʨʦ UHI ʨʦʟʨʘʭʦʚʘʥʠʡ 
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ʽʥʪʝʛʨʘʣʴʥʠʡ ʧʦʢʘʟʥʠʢ (UHI_prob) ï ʩʪʘʪʠʩʪʠʯʥʘ ʦʮʽʥʢʘ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ 

UHI, ʘ ʪʘʢʦʞ ʚʠʜʽʣʝʥʽ ʛʨʘʥʠʮʽ ʟʦʥ ʩʪʘʣʠʭ ʫ ʯʘʩʽ UHI ʟʽ ʟʥʘʯʝʥʥʷʤʠ UHI_prob > 

0.5 (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ʉʢʣʘʜʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʚʠʷʚʣʝʥʥʷ ʩʪʘʣʠʭ ʫ ʯʘʩʽ UHI 

 

ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʩʢʣʘʜʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʘʨʪʫʚʘʥʥʷ ʜʽʣʷʥʦʢ UHI, ʥʝʟʤʽʥʥʠʭ ʧʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʽʭ 10 ʨʦʢʽʚ. ɼʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʤ. ɼʥʽʧʨʦ ʧʦʙʫʜʦʚʘʥʦ 

ʨʽʟʥʦʯʘʩʦʚʽ ʢʘʨʪʦʛʨʘʤʠ ʷʩʢʨʘʚʽʩʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʛʨʘʜʫʩʠ ʎʝʣʴʩʽʷ). ʆʢʨʝʤʽ 

ʢʘʨʪʦʛʨʘʤʠ ʫ ʧʩʝʚʜʦʢʦʣʴʦʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

 

 
 

ʈʠʩ. 2. ʂʘʨʪʦʛʨʘʤʠ ʷʩʢʨʘʚʽʩʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʨʠʪʦʨʽʾ ʤ. ɼʥʽʧʨʦ ʟʘ ʜʘʥʠʤʠ 

Landsat 8: (ʘ) 30.06.2013; (ʙ) 22.06.2016; (ʚ) 03.07.2020; (ʛ) 06.05.2022. ɹʘʟʦʚʘ 

ʢʘʨʪʘ: Bing Satellite 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ 

ʧʦʷʚʠ UHI (ʨʠʩ. 3, ʘ) ʚʠʜʽʣʝʥʦ ʛʨʘʥʠʮʽ ʟʦʥ UHI, ʧʨʠʩʫʪʥʽʭ ʥʘ ʙʽʣʴʰ ʥʽʞ 50% 

ʟʦʙʨʘʞʝʥʥʷʭ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʨʠʩ. 3, ʙ). 
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ʈʠʩ. 3. ɼʽʣʷʥʢʠ ʩʪʘʣʠʭ ʫ ʯʘʩʽ UHI, 2013-2022 ʨʨ.: (ʘ) ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʧʦʷʚʠ UHI; 

(ʙ) ʛʨʘʥʠʮʽ ʟʦʥ UHI_prob > 0.5. ɹʘʟʦʚʘ ʢʘʨʪʘ: Bing Satellite 

 

ɺʠʷʚʣʝʥʽ ʜʽʣʷʥʢʠ ʩʪʘʣʠʭ ʫ ʯʘʩʽ UHI ʟʜʝʙʽʣʴʰʦʛʦ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʨʦʤʠʩʣʦʚʠʤ ʪʝʨʠʪʦʨʽʷʤ ʤ. ɼʥʽʧʨʦ: ɯʥʪʝʨʧʘʡʧ ʅʊɿ, ʇʽʚʜʝʥʥʠʡ 

ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜ ʽʤ. ɸ.ʄ. ʄʘʢʘʨʦʚʘ, ʇʨɸʊ "ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ 

ʪʝʧʣʦʚʦʟʦʨʝʤʦʥʪʥʠʡ ʟʘʚʦʜ" ʪʘ ʽʥ. ʇʨʠʯʠʥʦʶ ʧʦʷʚʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʘʥʦʤʘʣʽʡ ʻ 

ʥʘʛʨʽʪʽ ʰʪʫʯʥʽ ʧʦʚʝʨʭʥʽ (ʘʩʬʘʣʴʪ, ʙʝʪʦʥ), ʟʦʥʠ ʧʨʦʚʝʜʝʥʥʷʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʪʝʧʣʦʚʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ, 

ʪʘ ʜʽʣʷʥʢʠ ʚʽʜʢʨʠʪʦʛʦ ˇʨʫʥʪʫ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʨʦʟʚʠʪʢʫ ʤʝʪʦʜʫ ʚʠʜʽʣʝʥʥʷ ʩʪʘʣʠʭ ʫ ʯʘʩʽ 

ʦʩʪʨʦʚʽʚ ʪʝʧʣʘ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʽʟʫ 

ʨʽʟʥʦʯʘʩʦʚʠʭ ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʡʦʤʦʢ ʪʘ ʜʦʟʚʦʣʷʻ ʙʫʜʫʚʘʪʠ ʢʘʨʪʦʛʨʘʤʠ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʦʥ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

 ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʢʣʘʜʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʷʚʣʝʥʥʷ ʩʪʘʣʠʭ ʫ ʯʘʩʽ ʜʽʣʷʥʦʢ ʧʽʜʚʠʱʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʬʦʥʫ ʟʘ ʨʽʟʥʦʯʘʩʦʚʠʤʠ 

ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʡʦʤʦʢ ʫ ʪʝʧʣʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʩʧʝʢʪʨʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʪʝʨʠʪʦʨʽʾ ʤ. 

ɼʥʽʧʨʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʦʙʨʘʞʝʥʴ Landsat 8 ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʜʽʣʷʥʢʠ 

ʧʽʜʚʠʱʝʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʬʦʥʫ ï UHI, ʱʦ ʥʝʟʤʽʥʥʦ ʧʨʠʩʫʪʥʽ ʥʘ ʙʽʣʴʰʦʩʪʽ 

ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. 
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ɺ.ɺ. ʉʧʽʨʽʥʮʝʚ1, ɸ.ʃ. ʐʠʨʽʥ1, ɯ.ɻ. ɻʫʣʽʥʘ1, ɸ.ʖ. ʇʨʫʜʯʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʄʆɾʃʀɺʆʉʊɽʁ ʉʊɺʆʈɽʅʅʗ ɼʀɿɸʁʅʋ 

ɯʅʊɽʈʌɽʁʉɯɺ ʂʆʈʀʉʊʋɺɸʏɯɺ ɺɽɹ-ʉɸʁʊɯɺ ʋ ʉɽʈɽɼʆɺʀʑɯ FIGMA  

 
ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʨʝʘʣʽʟʦʚʘʥʦ ʜʝʤʦʥʩʪʨʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʫ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʽʚ Figma ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʢʣʘʜʽʚ.   

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Figma, ʚʝʙ-ʜʠʟʘʡʥ, ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ, ʚʝʙ-ʩʝʨʚʽʩ, ʢʦʤʧʦʥʝʥʪʠ, 

ʽʥʩʪʨʫʤʝʥʪ. 

 

ɺʩʪʫʧ. ʋ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʩʝʨʚʽʩʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʠʟʘʡʥʫ, 

ʘʣʝ ʢʦʞʝʥ ʟ ʥʠʭ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤ. ɺʝʙ-ʜʠʟʘʡʥ ʻ ʩʬʝʨʦʶ ʽʥʜʫʩʪʨʽʾ ʪʝʭʥʦʣʦʛʽʡ, 

ʷʢʘ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʮʠʬʨʦʚʽʡ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʪʘ ʟʙʽʣʴʰʝʥʥʶ 

ʢʽʣʴʢʦʩʪʽ ʚʝʙ-ʜʦʜʘʪʢʽʚ. ɺʝʙ-ʜʠʟʘʡʥʝʨʠ ʰʫʢʘʶʪʴ ʽʥʩʪʨʫʤʝʥʪʠ ʜʠʟʘʡʥʫ, ʷʢʽ 

ʧʨʦʧʦʥʫʶʪʴ ʽʥʪʨʠʛʫʶʯʠʡ ʜʦʩʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ. Figma ï ʮʝ ʫʥʽʢʘʣʴʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʚʝʙ-ʜʠʟʘʡʥʫ, ʷʢʠʡ ʜʦʜʘʻ ʡʦʤʫ ʮʽʥʥʽʩʪʴ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʪʫʧʥʦʩʪʽ, 

ʩʧʽʚʧʨʘʮʽ ʪʘ ʫʥʽʢʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. ɺʽʥ ʤʘʻ ʙʘʛʘʪʦ ʤʦʞʣʠʚʦʩʪʝʡ, ʷʢʽ ʩʫʪʪʻʚʦ 

ʧʨʠʩʢʦʨʶʶʪʴ ʪʘ ʧʦʣʝʛʰʫʶʪʴ ʨʦʙʦʪʫ ʚʝʙ-ʜʠʟʘʡʥʝʨʘ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʉʝʨʝʜ ʙʘʛʘʪʴʦʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-

ʜʠʟʘʡʥʫ, ʟʘ ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ, Figma ʚʚʘʞʘʻʪʴʩʷ ʣʽʜʝʨʦʤ ʫ ʮʽʡ ʩʬʝʨʽ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʠʪʫʚʘʥʥʷ ʜʦʩʣʽʜʥʠʮʴʢʦʾ, ʢʦʥʩʘʣʪʠʥʛʦʚʦʾ ʪʘ ʤʘʨʢʝʪʠʥʛʦʚʦʾ 

ʢʦʤʧʘʥʽʾ Capterra Figma ʚʚʘʞʘʻʪʴʩʷ ʥʘʡʢʨʘʱʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʨʦʪʦʪʠʧʫʚʘʥʥʷ 2021 ʨʦʢʫ. ɿʨʽʩʪ ʧʦʧʠʪʫ ʥʘ ʮʝʡ ʩʝʨʚʽʩ ʫ 2017-2020 ʨʦʢʘʭ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʥʘ ʛʨʘʬʽʢʫ, ʱʦ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.1. 

ʋ 2017 ʨʦʮʽ InVision ʙʫʚ ʥʘʡʢʨʘʱʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʪʦʪʠʧʽʚ: 60% ʨʝʩʧʦʥʜʝʥʪʽʚ ʦʧʠʪʫʚʘʥʥʷ UX Tool ʚʢʘʟʘʣʠ, ʱʦ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʡʦʛʦ. ʃʠʰʝ ʟʘ ʪʨʠ ʨʦʢʠ ʾʭ ʯʘʩʪʢʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʧʘʣʘ ʜʦ 23%, 

ʧʨʠʯʦʤʫ ʙʽʣʴʰʝ ʧʦʣʦʚʠʥʠ ʮʠʭ ʣʶʜʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʡʦʛʦ ʣʠʰʝ ʷʢ 

ʜʦʧʦʤʽʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ. ʅʘʚʧʘʢʠ, Figma ʧʝʨʝʞʠʣʘ ʚʠʙʫʭʦʚʝ ʟʨʦʩʪʘʥʥʷ ʪʘ 

ʧʦʧʫʣʷʨʥʽʩʪʴ, ʷʢʘ ʟʨʦʩʣʘ ʟ ʧʨʠʙʣʠʟʥʦ 8% ʨʝʩʧʦʥʜʝʥʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʽʥʩʪʨʫʤʝʥʪ ʫ 2017 ʨʦʮʽ, ʜʦ ʧʨʠʙʣʠʟʥʦ 57% ʫ 2020 ʨʦʮʽ. [1] 

ɿ ʤʦʤʝʥʪʫ ʟʘʧʫʩʢʫ ʫ 2015 ʨʦʮʽ Figma ʥʘʨʘʭʦʚʫʻ ʩʴʦʛʦʜʥʽ ʧʦʥʘʜ 4 

ʤʽʣʴʡʦʥʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ. ʇʦʥʘʜ 2,700 ʢʦʤʧʘʥʽʡ ʜʦʚʽʨʷʶʪʴ 

https://uxtools.co/survey-2020/
https://uxtools.co/survey-2020/
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ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʦʩʦʙʣʠʚʦʩʪʷʤ Figma. ɹʽʣʴʰʝ ʪʦʛʦ, ʪʘʢʽ ʧʨʦʚʽʜʥʽ ʢʦʤʧʘʥʽʾ ʷʢ 

Twitter, Rakuten, Volvo ʪʘ Dropbox ʪʘʢʦʞ ʧʨʠʻʜʥʘʣʠʩʷ ʜʦ ʨʦʜʠʥʠ Figma. [2]  
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ʈʠʩ. 1. ɻʨʘʬʽʢ ʚʽʜʩʦʪʢʽʚ ʨʝʩʧʦʥʜʝʥʪʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʣʘʪʬʦʨʤʫ ʟʘ 

ʜʘʥʠʤʠ ʨʝʩʫʨʩʫ UX Tool 
 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʦʩʦʙʠʩʪʠʭ ʜʘʥʠʭ ʱʦʜʦ ʧʦʧʫʣʷʨʥʦʩʪʽ Figma ʩʝʨʝʜ 

ʩʪʫʜʝʥʪʽʚ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʠʪʫʚʘʥʥʷ ʥʘ ʪʝʤʫ: çʗʢʠʡ ʩʝʨʚʽʩ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʠʟʘʡʥʫ ɺʠ 

ʚʚʘʞʘʻʪʝ ʢʨʘʱʠʤ ʪʘ ʷʢʠʡ ɺʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʝ?è (ʆʧʠʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʫ 

ʞʦʚʪʥʽ 2022 ʨʦʢʫ ʪʽʣʴʢʠ ʩʝʨʝʜ ʩʪʫʜʝʥʪʽʚ ʛʘʣʫʟʽ ʟʥʘʥʴ çɯʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾè). ɯʥʬʦʛʨʘʬʽʢʫ ʮʴʦʛʦ ʦʧʠʪʫʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʜʽʘʛʨʘʤʽ (ʨʠʩ. 2). 
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ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʨʚʽʩʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʠʟʘʡʥʫ (ʨʝʟʫʣʴʪʘʪʠ 

ʦʧʠʪʫʚʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʅʊʋ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè). 
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ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʠʪʫʚʘʥʥʷ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʡʙʽʣʴʰʝ 

ʩʪʫʜʝʥʪʽʚ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʣʘʪʬʦʨʤʦʶ Figma. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʝʨʝʚʘʛʠ ʮʴʦʛʦ 

ʦʥʣʘʡʥ-ʩʝʨʚʽʩʫ: 

¶ ʂʨʦʩʧʣʘʪʬʦʨʤʥʽʩʪʴ. ʋ Figma ʤʦʞʥʘ ʧʨʘʮʶʚʘʪʠ ʥʘ ʙʫʜʴ-ʷʢʠʭ ʥʦʩʽʷʭ, 

ʙʨʘʫʟʝʨʘʭ ʪʘ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʯʝʨʝʟ ʪʝ, ʱʦ ʚʦʥʘ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʭʤʘʨʽ.  

¶ ɺʤʽʥʥʷ ʢʝʨʫʚʘʪʠ ʧʨʦʮʝʩʘʤʠ. ɺʠ ʤʦʞʝʪʝ ʧʝʨʝʛʣʷʜʘʪʠ ʜʠʟʘʡʥ, ʚʥʦʩʠʪʠ 

ʤʠʪʪʻʚʽ ʦʥʦʚʣʝʥʥʷ ʽ ʦʪʨʠʤʫʚʘʪʠ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ ʱʦʜʦ ʚʘʰʠʭ ʟʤʽʥ. ʏʘʩ ʤʽʞ 

ʽʪʝʨʘʮʽʷʤʠ ʤʦʞʝ ʩʢʦʨʦʪʠʪʠʩʷ ʟ ʢʽʣʴʢʦʭ ʜʥʽʚ ʜʦ ʢʽʣʴʢʦʭ ʭʚʠʣʠʥ, ʦʩʢʽʣʴʢʠ ʥʝ 

ʧʦʪʨʽʙʥʦ ʚʠʪʨʘʯʘʪʠ ʯʘʩ ʥʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʝʢʨʘʥʽʚ, ʩʪʚʦʨʝʥʥʷ 

ʧʦʩʠʣʘʥʴ ʜʣʷ ʩʧʽʣʴʥʦʛʦ ʜʦʩʪʫʧʫ, ʥʘʜʩʠʣʘʥʥʷ ʧʦʚʽʜʦʤʣʝʥʴ ʣʶʜʷʤ, ʱʦʙ ʚʦʥʠ 

ʧʝʨʝʛʣʷʥʫʣʠ ʮʽ ʧʦʩʠʣʘʥʥʷ, ʪʦʱʦ. [3] 

¶ ɭ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʮʶʚʘʪʠ ʜʠʩʪʘʥʮʽʡʥʦ. ɼʠʟʘʡʥʝʨʘʤ ʣʝʛʰʝ ʧʨʘʮʶʚʘʪʠ 
ʧʘʨʘʣʝʣʴʥʦ, ʜʦʩʣʽʜʞʫʶʯʠ ʚʘʨʽʘʥʪʠ ʪʘ ʽʪʝʨʘʮʽʾ ʟ ʤʝʥʰʠʤʠ ʢʨʦʢʘʤʠ. ʈʦʟʨʦʙʥʠʢʠ 

ʤʦʞʫʪʴ ʚʠʷʚʠʪʠ ʽ ʦʟʚʫʯʠʪʠ ʪʝʭʥʽʯʥʽ ʧʨʦʙʣʝʤʠ ʨʘʥʽʰʝ, ʥʽʞ ʧʽʟʥʽʰʝ. ɿʘʮʽʢʘʚʣʝʥʽ 

ʩʪʦʨʦʥʠ, ʤʝʥʝʜʞʝʨʠ ʧʨʦʝʢʪʽʚ ʘʙʦ ʙʫʜʴ-ʭʪʦ, ʭʪʦ ʤʘʻ ʟʚ'ʷʟʦʢ, ʤʦʞʫʪʴ ʙʘʯʠʪʠ, ʷʢ 

ʜʠʟʘʡʥ ʨʦʟʛʦʨʪʘʻʪʴʩʷ ʚʽʜ ʽʜʝʾ ʜʦ ʚʽʜʰʣʽʬʦʚʘʥʦʛʦ ʚʽʟʫʘʣʴʥʦʛʦ ʝʬʝʢʪʫ, ʘ ʥʝ 

ʯʝʢʘʪʠ ʥʘ ʚʝʣʠʢʝ ʚʽʜʢʨʠʪʪʷ.  

¶ ʇʨʦʝʢʪʫʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ. Figma ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʽʥʪʝʨʘʢʪʠʚʥʽ ʧʨʦʪʦʪʠʧʠ. ʄʦʞʝʤʦ ʚʽʜʢʨʠʪʠ ʪʘ ʧʦʜʠʚʠʪʠʩʷ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʥʦʩʽʾ, 

ʷʢ ʙʫʜʝ ʚʠʛʣʷʜʘʪʠ ʜʦʜʘʪʦʢ. [4] 

¶ ʂʦʤʧʦʥʝʥʪʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ Figma ʚʠ ʤʦʞʝʪʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʽ ʟʤʽʥʠʪʠ 
ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʜʴ-ʷʢʦʛʦ ʰʘʨʫ ʚ ʢʦʤʧʦʥʝʥʪʽ, ʥʝ ʚʽʜ'ʻʜʥʫʶʯʠ ʡʦʛʦ ʚʽʜ ʛʦʣʦʚʥʦʛʦ. 

ʊʝ ʩʘʤʝ ʩʪʦʩʫʻʪʴʩʷ ʽ ʚʢʣʘʜʝʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʝʧʝʨ, ʢʦʣʠ ʚʠ ʟʤʽʥʶʻʪʝ 

ʚʣʘʩʪʠʚʽʩʪʴ ʰʘʨʫ ʫ ʛʦʣʦʚʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ, ʮʽ ʟʤʽʥʠ ʧʦʰʠʨʶʚʘʪʠʤʫʪʴʩʷ ʣʠʰʝ ʥʘ 

ʪʽ ʝʢʟʝʤʧʣʷʨʠ, ʜʣʷ ʷʢʠʭ ʮʷ ʚʣʘʩʪʠʚʽʩʪʴ ʱʝ ʥʝ ʙʫʣʘ ʧʝʨʝʚʠʟʥʘʯʝʥʘ. 

¶ ʌʨʝʡʤʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ Figma ʣʝʛʰʝ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʥʘʰʽ ʧʨʦʝʢʪʠ ʪʘʢʠʤ 
ʯʠʥʦʤ, ʱʦʙ ʚʽʜʦʙʨʘʟʠʪʠ, ʷʢ ʮʽ ʧʨʦʝʢʪʠ ʙʫʜʫʪʴ ʢʦʜʫʚʘʪʠʩʷ. Figma ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʬʨʝʡʤʠ ʟʘʤʽʩʪʴ ʘʨʪʙʦʨʜʽʚ. ʌʨʝʡʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʠʤ, ʱʦ ʚʠ ʤʦʞʝʪʝ ʚʢʣʘʜʘʪʠ 

ʦʜʠʥ ʬʨʝʡʤ ʚʩʝʨʝʜʠʥʫ ʽʥʰʦʛʦ. ʂʦʣʠ ʚʠ ʨʦʟʤʽʱʫʻʪʝ ʤʝʥʰʠʡ ʬʨʝʡʤ ʥʘʜ 

ʙʽʣʴʰʠʤ, ʚʦʥʠ ʘʚʪʦʤʘʪʠʯʥʦ ʛʨʫʧʫʶʪʴʩʷ, ʽ ʤʝʥʰʠʡ ʬʨʝʡʤ ʩʪʘʻ ʜʦʯʽʨʥʽʤ ʜʣʷ 

ʙʽʣʴʰʦʛʦ, ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʬʨʝʡʤʫ. ɼʦʯʽʨʥʽ ʬʨʝʡʤʠ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʽ 

ʦʙʤʝʞʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʬʨʝʡʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʬʨʝʡʤʽʚ 

ʢʦʨʠʩʥʦ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ, ʦʩʢʽʣʴʢʠ ʬʨʝʡʤ ʫ Figma ʧʦʜʽʙʥʠʡ ʜʦ ʢʦʥʪʝʡʥʝʨʘ ʚ 

HTML. ʂʦʣʠ ʨʦʟʨʦʙʥʠʢʠ ʧʝʨʝʚʽʨʷʶʪʴ ʜʠʟʘʡʥ, ʚʦʥʠ ʟʤʦʞʫʪʴ ʙʘʯʠʪʠ ʝʣʝʤʝʥʪʠ 

ʽʥʪʝʨʬʝʡʩʫ, ʚʢʣʘʜʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʽ ʢʦʥʪʝʡʥʝʨʠ, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʫ ʥʠʭ ʙʫʜʝ 

ʙʽʣʴʰ ʪʦʯʥʠʡ ʧʣʘʥ, ʥʘ ʷʢʠʡ ʚʦʥʠ ʟʤʦʞʫʪʴ ʧʦʩʠʣʘʪʠʩʷ ʧʨʠ ʥʘʧʠʩʘʥʥʽ ʢʦʜʫ.  

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʚʝʙ-ʜʠʟʘʡʥʝʨʘ ʚʘʞʣʠʚʽ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʥʘʜ ʧʨʦʝʢʪʦʤ ʪʘ 

ʢʦʤʫʥʽʢʘʮʽʷ ʫ ʧʨʦʮʝʩʽ. Figma ʜʦʧʦʤʦʛʣʘ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʨʽʟʥʠʭ ʛʨʘʬʽʯʥʠʭ 

ʧʨʦʛʨʘʤ ʪʘ ʦʙôʻʜʥʘʪʠ ʚʝʩʴ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʚ ʦʜʥʦʤʫ ʽʥʩʪʨʫʤʝʥʪʽ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʧʣʘʪʬʦʨʤ, Figma ʤʦʞʥʘ ʢʦʨʠʩʪʘʪʠʩʷ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʩʢʘʯʫʚʘʥʥʷ. ʅʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʦʩʪʽʡʥʦ ʟʘʚʘʥʪʘʞʫʚʘʪʠ, ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʪʘ 

ʚʧʦʨʷʜʢʦʚʫʚʘʪʠ ʬʘʡʣʠ ï ʧʨʦʝʢʪʠ ʘʚʪʦʤʘʪʠʯʥʦ ʟʙʝʨʽʛʘʻʪʴʩʷ ʫ ʩʧʽʣʴʥʦʤʫ 
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ʧʨʦʩʪʦʨʽ ʚ ʭʤʘʨʽ. ɺʨʘʭʦʚʫʶʯʠ ʫʩʝ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʤʦʞʥʘ ʚʧʝʚʥʝʥʦ ʚʚʘʞʘʪʠ 

Figma ʣʽʜʝʨʦʤ ʩʝʨʝʜ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʙʦʪʠ ʟ ʽʥʪʝʨʬʝʡʩʘʤʠ ʪʘ ʚʝʙ-ʜʠʟʘʡʥʦʤ. 
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ʄ.ɺ. ʇʝʪʨʠʛʘ1, ʅ.ʆ. ʉʦʢʦʣʦʚʘ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʈʆɿʈʆɹʂɸ ɺɽɹ-ʆʈɯɭʅʊʆɺɸʅʆɰ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ  

ʊɸʁʄ ʄɽʅɽɼɾʄɽʅʊʋ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ  

ʉʊɽʂʋ ʊɽʍʅʆʃʆɻɯʁ MERN 
 

ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘʡʤ-

ʤʝʥʝʜʞʤʝʥʪʫ ʜʣʷ ʢʦʨʠʩʪʫʚʘʥʥʷ ʷʢ ʟʚʠʯʘʡʥʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʪʘʢ ʽ ʧʨʘʮʽʚʥʠʢʘʤʠ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʝʢʫ ʪʝʭʥʦʣʦʛʽʡ MERN ʜʣʷ ʨʦʟʨʦʙʢʠ ʢʣʽʻʥʪʩʴʢʦʾ ʪʘ ʩʝʨʚʝʨʥʦʾ ʩʪʦʨʦʥʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʝʙ-ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʪʘʡʤ ʤʝʥʝʜʞʤʝʥʪ, 

ʘʜʘʧʪʠʚʥʽʩʪʴ, frontend, backend. 

 

ɺʩʪʫʧ. ʇʨʦʙʣʝʤʘ ʰʚʠʜʢʦʧʣʠʥʥʦʩʪʽ ʯʘʩʫ ʪʘ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʻ ʛʣʠʙʦʢʝ ʢʦʨʽʥʥʷ ʚ ʽʩʪʦʨʽʾ ʣʶʜʩʪʚʘ. ʑʝ ʟʘ ʯʘʩʽʚ ʉʪʘʨʦʜʘʚʥʴʦʛʦ 

ʈʠʤʫ, ʚʽʜʦʤʠʡ ʤʠʩʣʠʪʝʣʴ ʪʘ ʜʝʨʞʘʚʥʠʡ ʜʽʷʯ ʃʫʮʽʡ ɸʥʥʝʡ ʉʝʥʝʢʘ, 

ʨʦʟʤʽʨʢʦʚʫʚʘʚ ʫ ʩʚʦʻʤʫ ʧʝʨʰʦʤʫ ʣʠʩʪʽ ʟ çʄʦʨʘʣʴʥʽ ʣʠʩʪʠ ʜʦ ʃʫʮʽʣʽʷè ʷʢ ʥʝ 

ʚʠʪʨʘʯʘʪʠ ʯʘʩ: çʏʘʩ ï ʮʝ ʥʘʡʮʽʥʥʽʰʠʡ ʨʝʩʫʨʩ ʽ ʻʜʠʥʠʡ ʨʝʩʫʨʩ, ʷʢʠʤ ʚʠ 

ʚʦʣʦʜʽʻʪʝ. ɹʫʜʴʪʝ ʩʫʚʦʨʽ ʟʽ ʩʚʦʾʤ ʯʘʩʦʤ, ʟʥʘʡʪʝ, ʥʘ ʱʦ ʚʠʪʨʘʯʘʻʪʝ ʩʚʽʡ ʯʘʩ, ʽ 

ʮʽʥʫʡʪʝ, ʷʢ ʽʥʰʽ ʧʨʠʜʽʣʷʶʪʴ ʚʘʤ ʩʚʽʡ ʯʘʩ.è [1]. ʉʝʥʝʢʘ ʚʽʚ ʧʦʩʪʽʡʥʠʡ ʦʙʣʽʢ ʯʘʩʫ 

ʚ ʧʠʩʴʤʦʚʦʤʫ ʚʠʜʽ ʪʘʢ ʩʘʤʦ, ʷʢ ʚʽʚ ʦʙʣʽʢ ʛʨʦʰʝʡ. 

ɹʫʜʫʪʴ ʜʦʨʝʯʥʠʤʠ ʽ ʩʣʦʚʘ ʙʽʟʥʝʩʤʝʥʘ ʪʘ ʽʥʚʝʩʪʦʨʘ ʈʦʙʝʨʪʘ ʂʽʡʦʩʘʢʽ, ʱʦ ʫ 

ʢʦʞʥʦʾ ʣʶʜʠʥʠ ʥʝ ʙʽʣʴʰʝ ʯʘʩʫ, ʘʥʽʞ ʫ ʚʘʩ, ʘʣʝ ʜʝʷʢʽ ʚʩʪʠʛʘʶʪʴ ʙʽʣʴʰʝ. ɻʦʣʦʚʥʠʡ 

ʢʣʶʯ ï ʧʨʘʚʠʣʴʥʝ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ, ʪʘʢ ʷʢ ʮʝ ʽʥʚʝʩʪʠʮʽʷ ʥʝ ʣʠʰʝ ʚ ʫʩʧʽʰʥʠʡ 

ʨʦʟʚʠʪʦʢ ʨʦʙʦʯʠʭ ʧʨʦʝʢʪʽʚ, ʘ ʽ ʦʩʦʙʠʩʪʠʡ, ʱʦ ʻ ʥʝʚʽʜôʻʤʥʠʤʠ ʨʝʯʘʤʠ [2]. 

https://meghan-b-wenzel.medium.com/?source=post_page-----435f07e8d1b6--------------------------------
https://blog.prototypr.io/why-we-should-be-using-figma-1510d0923be
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ʅʘʨʘʟʽ ʧʘʥʜʝʤʽʷ ʥʘʜʘʣʘ ʙʽʣʴʰʝ ʚʽʣʴʥʦʛʦ ʯʘʩʫ ʽ ʙʽʣʴʰʝ ʧʨʦʩʪʦʨʫ ʪʘ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʜʣʷ ʚʤʽʥʥʷ ʡʦʛʦ ʚʨʝʛʫʣʶʚʘʥʥʷ. ɿʘ ʜʘʥʠʤʠ ʥʘʚʯʘʣʴʥʦʾ 

ʧʣʘʪʬʦʨʤʠ Prometheus, ʚ ʧʝʨʽʦʜ ʧʘʥʜʝʤʽʾ ʢʽʣʴʢʽʩʪʴ ʘʢʪʠʚʥʠʭ ʩʣʫʭʘʯʽʚ ʦʥʣʘʡʥ 

ʢʫʨʩʽʚ ʟʙʽʣʴʰʠʣʦʩʷ ʚ 4 ʨʘʟʠ [3]. ɯ ʟʥʦʚʫ ʥʘʩʪʘʣʘ ʟʘʜʘʯʘ ʩʘʤʦʜʠʩʮʠʧʣʽʥʠ ʪʘ 

ʟʨʫʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ. 

ʄʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʤʽʨʢʫʚʘʥʥʷ ʪʘ ʨʦʟʫʤʽʥʥʷ ʧʦʥʷʪʪʷ ʯʘʩʫ ʤʘʻ 

ʥʝʚʽʜôʻʤʥʫ ʯʘʩʪʠʥʫ ʨʝʘʣʽʟʘʮʽʾ ʟ ʡʦʛʦ ʫʧʨʘʚʣʽʥʥʷ, ʪʦʙʪʦ ï ʪʘʡʤ-ʤʝʥʝʜʞʤʝʥʪ.  

ʊʘʡʤ-ʤʝʥʝʜʞʤʝʥʪ ï ʜʽʷ ʘʙʦ ʧʨʦʮʝʩ ʩʚʽʜʦʤʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʢʽʣʴʢʽʩʪʶ ʯʘʩʫ, 

ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʢʦʥʢʨʝʪʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʱʦ ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʉʧʦʯʘʪʢʫ ʪʘʡʤ-ʤʝʥʝʜʞʤʝʥʪ ʦʟʥʘʯʘʚ ʣʠʰʝ ʜʽʣʦʚʫ ʯʠ ʨʦʙʦʯʫ 

ʜʽʷʣʴʥʽʩʪʴ, ʘʣʝ ʟ ʯʘʩʦʤ ʪʝʨʤʽʥ ʨʦʟʰʠʨʠʚʩʷ, ʚʢʣʶʯʠʚʰʠ ʪʘʢʦʞ ʦʩʦʙʠʩʪʫ 

ʜʽʷʣʴʥʽʩʪʴ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ð ʮʝ ʨʦʟʨʦʙʣʝʥʘ ʢʦʤʙʽʥʘʮʽʷ ʧʨʦʮʝʩʽʚ, 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʧʨʠʡʦʤʽʚ ʽ ʤʝʪʦʜʽʚ. 

ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ ʯʘʩʪʦ ʚʢʣʶʯʘʶʪʴ ʚʝʙ-ʜʦʜʘʪʦʢ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʨʦʙʦʯʦʛʦ ʯʘʩʫ. ʉʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʯʘʩʦʤ 

ʜʘʶʪʴ ʢʦʨʠʩʪʫʚʘʯʘʤ ʫʷʚʣʝʥʥʷ ʧʨʦ ʾʭʥʶ ʨʦʙʦʯʫ ʩʠʣʫ, ʜʦʟʚʦʣʷʶʯʠ ʾʤ ʙʘʯʠʪʠ, 

ʧʣʘʥʫʚʘʪʠ ʡ ʢʝʨʫʚʘʪʠ ʯʘʩʦʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʽ ʧʽʜʚʠʱʫʚʘʪʠ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʉʠʩʪʝʤʘ ʪʘʡʤ-ʤʝʥʝʜʞʤʝʥʪʫ ʘʚʪʦʤʘʪʠʟʫʻ ʧʨʦʮʝʩʠ, ʱʦ 

ʧʦʟʙʘʚʣʷʻ ʚʽʜ ʧʘʧʝʨʦʚʦʾ ʪʷʛʘʥʠʥʠ ʪʘ ʚʠʩʥʘʞʣʠʚʠʭ ʟʘʚʜʘʥʴ [4]. 

ʅʘʨʘʟʽ ʤʘʻʤʦ ʜʫʞʝ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʥʘʮʽʣʝʥʠʭ ʦʢʨʝʤʦ ʥʘ 

ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʦʯʠʤʠ ʧʨʦʝʢʪʘʤʠ, ʧʣʘʥʫʚʘʥʥʷ ʦʩʦʙʠʩʪʦʛʦ ʞʠʪʪʷ ʯʠ ʧʦʻʜʥʫʶʯʠ ʚ 

ʩʦʙʽ ʮʽ ʜʚʽ ʩʬʝʨʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤʠ ʟʨʫʯʥʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʥʘʚʯʘʥʥʷ, ʧʨʘʮʽ, ʦʩʦʙʠʩʪʠʭ ʧʣʘʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ MERN. 

ʄʦʞʣʠʚʽʩʪʴ ʧʦʜʽʣʫ ʥʘ ʛʨʫʧʠ ʪʘ ʧʨʽʦʨʠʪʝʟʘʮʽʷ ʟʘʜʘʯ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʠ ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: 

¶ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ ʩʪʝʢʫ ʜʣʷ ʨʦʟʨʦʙʢʠ 

¶ ʨʦʟʨʦʙʣʝʥʦ ʜʽʘʛʨʘʤʫ ʧʨʝʮʝʥʜʝʥʪʽʚ 

¶ ʨʦʟʨʦʙʣʝʥʘ ʩʝʨʚʝʨʥʘ ʩʪʦʨʦʥʘ ʜʦʜʘʪʢʫ 

¶ ʨʦʟʨʦʙʣʝʥʦ ʜʠʟʘʡʥ ʩʘʡʪʫ 

¶ ʨʦʟʨʦʙʣʝʥʦ ʢʣʽʻʥʪʩʴʢʘ ʩʪʦʨʦʥʘ ʜʦʜʘʪʢʫ 

¶ ʧʨʦʚʝʜʝʥʦ ʪʝʩʪʫʚʘʥʥʷ  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ 

ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ. 

ɼʣʷ ʢʣʽʻʥʪʩʴʢʦʾ ʩʪʦʨʦʥʠ: 

¶ ʽʥʪʝʨʬʝʡʩʥʠʡ ʬʨʝʡʤʚʦʨʢ Materializecss; 

¶ ʙʽʙʣʽʦʪʝʢʘ ReactJS ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ; 

¶ ʩʠʥʪʘʢʩʠʯʥʝ ʨʦʟʰʠʨʝʥʥʷ JSX ʜʣʷ ʨʦʙʦʪʠ ʟ React; 

ɼʣʷ ʩʝʨʚʝʨʥʦʾ ʩʪʦʨʦʥʠ:  

¶ ʽʥʩʪʨʫʤʝʥʪ ʤʦʜʝʣʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ MongoDB - Mongoose JS, 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʨʦʙʦʪʠ ʚ ʘʩʠʥʭʨʦʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ;  

¶ HTTP-ʢʣʽʻʥʪ Axios ʜʣʷ ʨʦʙʦʪʠ ʟ ʙʨʘʫʟʝʨʦʤ ʪʘ node.js;  
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ɼʦʧʦʤʽʞʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ: 

¶ ʜʦʢʫʤʝʥʪʦ-ʦʨʽʻʥʪʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ MongoDB, 

ʷʢʘ ʥʝ ʧʦʪʨʝʙʫʻ ʦʧʠʩʫ ʩʭʝʤʠ ʪʘʙʣʠʮʴ;  

¶ ʨʦʟʰʠʨʝʥʥʷ ThunderClient ʜʣʷ VSCode ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ API;  

¶ ʰʚʠʜʢʠʡ ʚʝʙ-ʬʨʝʡʤʚʦʨʢ Express.js ʜʣʷ node.js;  

¶ ʘʩʠʥʭʨʦʥʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚʠʢʦʥʘʥʥʷ Node.js;  

¶ ʤʝʥʝʜʞʝʨ ʧʘʢʝʪʽʚ npm:  

¶ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʚʝʨʩʽʡ Git;  

¶ ʨʝʜʘʢʪʦʨ ʜʣʷ ʢʦʜʫ VSCode;  

¶ ʧʘʪʝʨʥ ʧʨʦʝʢʪʫʚʘʥʥʷ MVC;  

¶ ʛʨʘʬʽʯʥʠʡ ʨʝʜʘʢʪʦʨ Figma.  

ʆʙʨʘʥʠʡ ʩʪʝʢ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ, ʦʟʥʘʯʘʻ ʨʦʟʨʦʙʣʷʪʠ ʽ 

ʦʙôʻʜʥʫʚʘʪʠ ʨʽʟʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʟʥʽʰʝ ʜʦʜʘʚʘʪʠ ʥʦʚʠʡ ʬʫʥʢʮʽʦʥʘʣ 

ʫʥʠʢʘʶʯʠ ʢʦʥʬʣʽʢʪʽʚ ʟ ʚʞʝ ʩʪʚʦʨʝʥʦʶ ʩʠʩʪʝʤʦʶ. 

ɹʫʣʘ ʩʪʚʦʨʝʥʘ ʜʽʘʛʨʘʤʘ ʧʨʝʮʝʜʝʥʪʽʚ (ʨʠʩ.1), ʚ ʷʢʽʡ ʻ 1 ʫʯʘʩʥʠʢ ï ʢʽʥʝʯʥʠʡ 

ʢʦʨʠʩʪʫʚʘʯ ʩʠʩʪʝʤʠ. 

 

 
 

ʈʠʩ. 1. ɼʽʘʛʨʘʤʘ ʧʨʝʮʝʜʝʥʪʽʚ 

 

ɻʦʪʦʚʠʡ ʧʨʦʝʢʪ ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʬʫʥʢʮʽʦʥʘʣ: 

¶ ʜʦʜʘʚʘʪʠ ʥʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ; 

¶ ʜʦʜʘʚʘʪʠ ʟʘʚʜʘʥʥʷ; 

¶ ʨʝʜʘʛʫʚʘʪʠ ʟʘʚʜʘʥʥʷ; 

¶ ʩʪʚʦʨʶʚʘʪʠ ʛʨʫʧʠ ʜʣʷ ʟʘʚʜʘʥʴ; 

¶ ʧʨʦʜʠʚʣʷʪʠʩʷ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʘʚʜʘʥʥʷ; 

¶ ʩʪʚʦʨʶʚʘʪʠ ʛʨʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ; 

¶ ʦʙʤʝʞʫʚʘʪʠ ʬʫʥʢʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ ʙʫʣʠ ʜʦʜʘʥʽ; 

¶ ʤʦʞʣʠʚʽʩʪʴ ʧʦʻʜʥʘʪʠ ʟ Google Calendar; 
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¶ ʜʦʜʘʪʠ ʜʦʜʘʪʢʦʚʫ ʧʦʰʪʦʚʠʡ ʘʜʨʝʩ; 

¶ ʩʠʩʪʝʤʘ ʥʘʛʘʜʫʚʘʥʥʷ; 

¶ ʩʠʩʪʝʤʘ ʘʥʘʣʽʟʫ ʧʨʦʛʨʝʩʫ; 

¶ ʚʠʜʘʣʠʪʠ ʟʘʚʜʘʥʥʷ.  

ʉʠʩʪʝʤʘ ʥʘʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʶʚʘʪʠ ʛʨʫʧʠ ʜʣʷ ʧʨʘʮʽʚʥʠʢʽʚ. ɺ ʪʦʡ 

ʩʘʤʠʡ ʤʦʤʝʥʪ, ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʚʠʭʦʜʠʪʴ ʟʽ ʩʚʦʻʾ ʨʦʣʽ, ʘʣʝ ʥʘʙʫʚʘʻ ʜʦʜʘʪʢʦʚʦʾ 

ʤʦʞʣʠʚʦʩʪʽ ʦʙʤʝʞʝʥʥʷ ʬʫʥʢʮʽʡ ʧʦ ʨʝʜʘʛʫʚʘʥʥʷ ʟʘʚʜʘʥʴ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʧʦʻʜʥʫʚʘʪʠ ʨʦʙʦʯʽ ʪʘ ʦʩʦʙʠʩʪʽ ʧʣʘʥʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʥʝ ʧʦʪʨʽʙʥʦ ʙʫʜʝ 

ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʨʦʙʦʯʦʛʦ ʘʢʘʫʥʪʫ. 

ʊʘʢʦʞ ʩʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʩʠʩʪʝʤʫ ʘʥʘʣʽʟʫ ʧʨʦʛʨʝʩʫ, ʱʦ ʫʷʚʣʷʻ ʩʦʙʦʶ ʟʙʽʨ 

ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʟʘʪʨʘʯʝʥʠʤ ʛʦʜʠʥʘʤ ʥʘ ʧʝʚʥʽ ʟʘʚʜʘʥʥʷ ʟ ʦʩʦʙʠʩʪʦʛʦ ʯʠ ʨʦʙʦʯʦʛʦ 

ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʮʝʥʪ ʚʠʧʦʚʥʝʥʥʷ ʧʣʘʥʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʽʩʠʪʠ 

ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʽ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽʚʥʠʢʘ ʯʠ ʦʩʦʙʠʩʪʠʡ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʚ ʨʝʘʣʽʟʚʮʽʾ ʙʘʟʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘʡʤ 

ʤʝʥʝʜʞʤʝʥʪʫ, ʟʦʢʨʝʤʘ ʪʘʡʤʝʨʫ Pomodoro, ʫ ʚʠʛʣʷʜʽ ʚʝʙ-ʜʦʜʘʪʢʫ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʨʦʟʙʠʪʪʷ ʟʘʚʜʘʥʥʷ ʥʘ ʛʨʫʧʠ ʪʘ ʧʽʜʛʨʫʧʠ ʟʘ ʧʨʽʦʨʠʪʝʪʘʤʠ ʟʘʜʘʯ ʟ ʩʫʯʘʩʥʠʤ 

ʘʢʪʫʘʣʴʥʠʤ ʤʽʥʽʤʘʣʽʩʪʠʯʥʠʤ ʪʘ ʟʨʫʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʝʢʫ 

ʪʝʭʥʦʣʦʛʽʡ MERN. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʪʘʡʤ 

ʤʝʥʝʜʞʤʝʥʪʫ ʜʣʷ ʚʩʝʙʽʯʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʙʘʛʘʪʴʤʘ ʬʫʥʢʮʽʷʤʠ. ɼʘʥʫ 

ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʜʣʷ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʬʫʥʢʮʽʾ 

ʪʘʡʤ ʤʝʥʝʜʞʤʝʥʪʫ ʧʨʘʮʽʚʥʠʢʘ ʯʠ ʛʨʫʧʠ ʧʨʘʮʽʚʥʠʢʽʚ ʫ ʬʽʨʤʘʭ. ʆʙʨʘʥʠʡ ʩʪʝʢ 

ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʚʥʦʩʠʪʠ ʟʤʽʥʠ ʥʝ ʧʦʨʫʰʫʶʯʠ ʮʽʣʫ ʩʠʩʪʝʤʫ. 
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ʃ.ɯ. ʄʝʱʝʨʷʢʦʚ1, ʉ.ɯ. ɺʠʧʘʥʘʩʝʥʢʦ1, ʅ.ʉ. ɼʨʝʰʧʘʢ1, ʇ.ʈ. ʂʫʥʜʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʌʈɽʁʄɺʆʈʂʋ REACT NATIVE  

ʇʈʀ ʈʆɿʈʆɹʎɯ ʄʆɹɯʃʔʅʀʍ ɼʆɼɸʊʂɯɺ 

 
ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʨʝʡʤʚʦʨʢʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʦʙʽʣʴʥʦʛʦ 

ʜʦʜʘʪʢʫ ʧʽʜ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ iOS ʪʘ Android. ɼʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶʯʘʻ ʜʦʢʣʘʜʥʠʡ ʘʥʘʣʽʟ 

ʪʝʭʥʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʜʣʷ ʪʝʩʪʫʚʘʥʥʷ ʰʚʠʜʢʦʜʽʾ ʜʦʜʘʪʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ, ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʡ ʜʦʜʘʪʦʢ, ʬʨʝʡʤʚʦʨʢ, React 

Native, Javascript, Typescript, iOS, Android.  

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽ ʻ ʦʯʝʚʠʜʥʦʶ ʪʝʥʜʝʥʮʽʷ ʥʘ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ 

ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʪʘ ʨʦʟʨʦʙʢʫ ʤʦʙʽʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʂʽʣʴʢʽʩʪʴ 

ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʩʤʘʨʪʬʦʥʽʚ, ʧʣʘʥʰʝʪʽʚ, ʩʤʘʨʪ-ʛʦʜʠʥʥʠʢʽʚ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ 

ʪʘ ʚʞʝ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʠʯʥʠʭ ʢʦʤʧôʶʪʝʨʽʚ.  

ʉʝʨʝʜ ʤʦʙʽʣʴʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʝʨʰʽ ʧʦʟʠʮʽʾ ʙʝʟʧʝʨʝʯʥʦ ʟʘʡʤʘʶʪʴ 

Android ʪʘ iOS. Android ʻ open-source ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʙʽʣʴʰʦʩʪʽ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʫ ʩʚʽʪʽ, ʡʦʛʦ ʜʦʣʷ 

ʩʪʘʥʦʚʠʪʴ 71%, ʪʦʜʽ ʷʢ ʜʦʣʷ iOS ʩʪʘʥʦʚʠʪʴ 28%.  

ɯʩʥʫʻ ʙʘʛʘʪʦ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, ʘʣʝ 

ʩʢʣʘʜʥʽʩʪʴ ʩʫʯʘʩʥʦʾ ʤʦʙʽʣʴʥʦʾ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʜʚʽ ʜʦʤʽʥʫʶʯʽ 

ʤʦʙʽʣʴʥʽ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʧʦʪʨʝʙʫʶʪʴ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʥʘʚʽʪʴ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʨʦʟʨʦʙʢʠ ʜʦʜʘʪʢʽʚ. ʆʜʥʘʢ ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʝ ʜʦʩʽ ʜʦʨʦʛʠʡ ʧʨʦʮʝʩ, ʽ ʫʪʨʠʤʫʚʘʪʠ ʦʜʨʘʟʫ ʜʚʽ ʢʦʤʘʥʜʠ 

ʨʦʟʨʦʙʢʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʦʜʠʥ ʜʦʜʘʪʦʢ ʦʜʨʘʟʫ ʧʽʜ ʜʚʽ ʨʽʟʥʽ ʧʣʘʪʬʦʨʤʠ, ʻ 

ʜʦʩʠʪʴ ʚʘʞʢʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʙʽʟʥʝʩʫ. ʉʘʤʝ ʚʽʜʧʦʚʽʜʷʤʠ ʥʘ ʮʽ ʚʠʢʣʠʢʠ ʩʪʘʣʠ ʪʘʢʽ 

ʥʝ ʪʘʢ ʜʘʚʥʦ ʩʪʚʦʨʝʥʽ ʬʨʝʡʤʚʦʨʢʠ ʷʢ React Native ʘʙʦ Flutter, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʽ ʜʦʜʘʪʢʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʚʠʢʣʘʩʪʠ ʽʩʥʫʶʯʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ 
ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ; 

¶ ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ ʬʨʝʡʤʚʦʨʢʫ React 

Native;  

¶ ʩʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʦʢʨʝʤʠʡ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ 
ʜʣʷ ʦʮʽʥʢʠ ʰʚʠʜʢʦʜʽʾ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ; 

¶ ʩʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʪʝʩʪʦʚʠʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ, ʱʦ ʨʝʘʣʽʟʫʻ 
ʰʘʙʣʦʥʠ ʩʫʯʘʩʥʠʭ ʜʦʜʘʪʢʽʚ ʽ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ 

ʧʦʜʽʙʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʜʘʥʦʶ ʨʦʙʦʪʦʶ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ. 
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¶ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Typescript ʪʘ Javascript, ʬʨʝʡʤʚʦʨʢ React Native; 

¶ ʽʥʪʝʛʨʦʚʘʥʘ ʩʝʨʝʜʘ ʨʦʟʨʦʙʢʠ WebStorm; 

¶ ʤʘʪʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʨʦʚʽʜʥʠʤʠ ʤʦʙʽʣʴʥʠʤʠ ʦʧʝʨʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʻ Android, 

ʱʦ ʟʘʡʤʘʻ 70,96% ʨʠʥʢʫ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʘ iOS, ʱʦ ʟʘʡʤʘʻ 28,43%. ʊʘʢʦʞ 

ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʱʦ ʥʘ ʨʠʥʢʫ ʤʦʙʽʣʴʥʠʭ ʦʧʝʨʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʧʨʠʩʫʪʥʽ KaiOS, 

Samsung OS, Windows Mobile ʪʦʱʦ. ɸʣʝ ʾʭ ʟʘʛʘʣʴʥʘ ʜʦʣʷ ʚ ʮʽʣʦʤʫ ʩʢʣʘʜʘʻ ʣʠʰʝ 

ʙʣʠʟʴʢʦ 1% ʨʠʥʢʫ. 

ʊʦʤʫ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʤ ʤʦʙʽʣʴʥʠʤ ʜʦʜʘʪʢʦʤ ʫ 

ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʚʚʘʞʘʶʪʴ ʜʦʜʘʪʦʢ, ʱʦ ʧʨʘʮʶʻ ʥʘ ʜʚʦʭ ʦʩʥʦʚʥʠʭ 

ʧʣʘʪʬʦʨʤʘʭ Android ʪʘ iOS. 

ɯʩʥʫʻ ʪʨʠ ʦʩʥʦʚʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ: 

¶ ʩʪʚʦʨʝʥʥʷ ʦʢʨʝʤʠʭ ʥʘʪʠʚʥʠʭ ʜʦʜʘʪʢʽʚ ʧʽʜ ʢʦʞʥʫ ʧʣʘʪʬʦʨʤʫ; 

¶ ʩʪʚʦʨʝʥʥʷ ʛʽʙʨʠʜʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ; 

¶ ʩʪʚʦʨʝʥʥʷ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ. 

ʇʽʜ ʥʘʪʠʚʥʠʤ ʤʦʙʽʣʴʥʠʤ ʜʦʜʘʪʢʦʤ, ʚʚʘʞʘʻʪʴʩʷ ʜʦʜʘʪʦʢ, ʱʦ ʙʫʚ 

ʨʦʟʨʦʙʣʝʥʠʡ ʧʽʜ ʩʧʝʮʽʘʣʴʥʫ ʧʣʘʪʬʦʨʤʫ, ʫ ʚʠʧʘʜʢʫ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ï 

Android ʘʙʦ iOS, ʚʽʜʧʦʚʽʜʥʦ ʪʘʢʠʡ ʜʦʜʘʪʦʢ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʣʠʰʝ ʥʘ ʦʜʥʽʡ 

ʧʣʘʪʬʦʨʤʽ. 

ʆʩʢʽʣʴʢʠ ʥʘʪʠʚʥʽ ʜʦʜʘʪʢʠ ʩʪʚʦʨʝʥʦ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ 

ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʨʘʱʠʡ ʢʦʨʠʩʪʫʚʘʮʴʢʠʡ ʜʦʩʚʽʜ, ʥʽʞ 

ʛʽʙʨʠʜʥʽ ʜʦʜʘʪʢʠ. ʅʘʪʠʚʥʽ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʟʘʟʚʠʯʘʡ ʧʨʘʮʶʶʪʴ ʽ ʚʠʛʣʷʜʘʶʪʴ 

ʢʨʘʱʝ, ʥʽʞ ʾʭʥʽ ʚʝʙ-ʘʥʘʣʦʛʠ, ʷʢʽ ʤʘʶʪʴ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʯʠʩʣʝʥʥʽ ʧʣʘʪʬʦʨʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʥʘʪʠʚʥʽ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʤʘʶʪʴ ʜʦʩʪʫʧ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʠʩʪʨʦʶ, ʪʘʢʠʭ ʷʢ ʜʘʪʯʠʢʠ ʪʘ ʢʘʤʝʨʠ, ʷʢʽ ʥʝʜʦʩʪʫʧʥʽ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ 

ʤʦʙʽʣʴʥʦʛʦ ʙʨʘʫʟʝʨʘ. 

ʅʘʪʠʚʥʽ ʤʦʙʽʣʴʥʽ ʧʨʦʛʨʘʤʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʝʙ-ʩʘʡʪʽʚ ʽ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʥʝ 

ʧʨʘʮʶʶʪʴ ʫ ʙʨʘʫʟʝʨʽ. ɰʭ ʧʦʪʨʽʙʥʦ ʟʘʚʘʥʪʘʞʫʚʘʪʠ ʟ ʤʘʛʘʟʠʥʽʚ ʜʦʜʘʪʢʽʚ ʜʣʷ 

ʧʝʚʥʦʾ ʧʣʘʪʬʦʨʤʠ, ʪʘʢʠʭ ʷʢ Apple App Store ʽ Google Play. 

ʅʘʪʠʚʥʽ ʜʦʜʘʪʢʠ ʩʪʚʦʨʶʚʘʪʠ ʩʢʣʘʜʥʽʰʝ, ʥʽʞ ʚʝʙ-ʩʘʡʪʠ ʜʣʷ ʤʦʙʽʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ. ʆʜʥʘʢ ʥʝ ʧʦʪʨʽʙʥʦ ʪʫʨʙʫʚʘʪʠʩʷ ʧʨʦ ʩʫʤʽʩʥʽʩʪʴ ʘʙʦ ʧʦʚʝʜʽʥʢʫ 

ʙʨʘʫʟʝʨʘ. 

ɼʦ ʧʝʨʝʚʘʛ ʥʘʪʠʚʥʠʭ ʜʦʜʘʪʢʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ: 

¶ ʦʩʢʽʣʴʢʠ ʜʦʜʘʪʦʢ ʩʪʚʦʨʝʥʦ ʪʘ ʦʧʪʠʤʽʟʦʚʘʥʦ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʧʣʘʪʬʦʨʤʫ, 
ʪʦ, ʷʢ ʥʘʩʣʽʜʦʢ, ʜʦʜʘʪʦʢ ʤʘʻ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ. 

¶ ʦʩʢʽʣʴʢʠ ʜʦʜʘʪʦʢ ʻ ʟʘʚʘʥʪʘʞʝʥʠʤ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʘ ʧʨʠʩʪʨʽʡ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʨʝʩʫʨʩʠ ʪʘ ʤʘʪʝʨʽʘʣʠ ʚʞʝ ʟʙʝʨʽʛʘʶʪʴʩʷ ʥʘ 

ʧʨʠʩʪʨʦʾ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʩʪʘʨʪ ʜʦʜʘʪʢʫ. 

¶ ʦʩʢʽʣʴʢʠ ʩʝʨʝʜʘ ʚʠʢʦʥʘʥʥʷ ʥʘʪʠʚʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʻ ʟʘʚʯʘʩʥʦ 
ʚʠʟʥʘʯʝʥʦʶ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʝʙ-ʜʦʜʘʪʢʫ, ʪʦ ʮʝ ʨʦʙʠʪʴ ʥʘʪʠʚʥʠʡ ʤʦʙʽʣʴʥʠʡ 

ʜʦʜʘʪʦʢ ʙʝʟʧʝʯʥʽʰʠʤ. 

¶ ʥʘʪʠʚʥʽ ʧʨʦʛʨʘʤʠ ʥʘʧʠʩʘʥʽ ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʧʣʘʪʬʦʨʤʠ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʩʽ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʩʪʨʦʶ. ʎʽ ʧʨʦʛʨʘʤʠ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ 
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ʤʠʪʪʻʚʠʡ ʜʦʩʪʫʧ ʜʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʩʪʨʦʶ, ʥʘʧʨʠʢʣʘʜ GPS, ʢʘʤʝʨʠ 

ʪʘ ʤʽʢʨʦʬʦʥʘ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʙʽʣʴʰ ʰʚʠʜʢʠʤʠ ʫ ʚʠʢʦʥʘʥʥʽ. Push-ʩʧʦʚʽʱʝʥʥʷ ʻ ʱʝ 

ʦʜʥʽʻʶ ʟʥʘʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʠʙʦʨʫ ʨʦʟʨʦʙʢʠ ʥʘʪʠʚʥʦʾ ʧʨʦʛʨʘʤʠ. ʈʦʟʨʦʙʥʠʢ 

ʤʘʪʠʤʝ ʜʦʩʪʫʧ ʜʦ ʚʩʽʭ API ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʷʢʽ ʧʨʦʧʦʥʫʻ ʧʣʘʪʬʦʨʤʘ. 

ɺʪʽʤ ʫ ʥʘʪʠʚʥʠʭ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʻ ʽ ʤʽʥʫʩʠ, ʥʘʡʩʫʪʪʻʚʽʰʠʤ ʟ ʷʢʠʭ ʻ 

ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ. ʆʩʢʽʣʴʢʠ ʜʦʜʘʪʦʢ ʩʪʚʦʨʶʻʪʴʩʷ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʧʣʘʪʬʦʨʤʫ, ʪʦ, 

ʚʽʜʧʦʚʽʜʥʦ, ʡʦʛʦ ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʘʪʠ ʥʘ ʽʥʰʽʡ ʧʣʘʪʬʦʨʤʽ. ʎʝ ʚʠʤʘʛʘʻ 

ʩʪʚʦʨʝʥʥʷ ʪʘ ʫʪʨʠʤʘʥʥʷ ʦʜʥʦʯʘʩʥʦ ʜʚʦʭ ʢʦʤʘʥʜ ʨʦʟʨʦʙʢʠ, ʷʢʽ ʙʫʜʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʥʘʜ ʦʢʨʝʤʠʤʠ ʜʦʜʘʪʢʘʤʠ ʜʣʷ Android ʪʘ iOS. ʊʘʢʦʞ ʜʣʷ ʫʥʠʢʥʝʥʥʷ 

ʧʨʦʛʨʘʤʥʠʭ ʟʙʦʾʚ ʪʘ ʧʦʤʠʣʦʢ, ʦʥʦʚʣʝʥʥʷ ʪʘ ʟʤʽʥʠ ʫ ʜʦʜʘʪʢʘʭ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʽ ʤʽʞ ʩʦʙʦʶ. ʆʪʞʝ, ʨʦʟʨʦʙʥʠʢʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʩʠʪʫʘʮʽʶ, ʢʦʣʠ ʚ 

ʥʠʭ ʻ ʜʚʽ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʽ ʢʦʜʦʚʽ ʙʘʟʠ, ʧʨʦʪʝ ʦʥʦʚʣʝʥʥʷ ʷʢʠʭ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʩʠʥʭʨʦʥʥʠʤʠ ʪʘ ʥʘʣʘʛʦʜʞʝʥʠʤʠ. ʗʢ ʥʘʩʣʽʜʦʢ, ʨʦʟʨʦʙʢʠ ʥʘʪʠʚʥʠʭ ʜʦʜʘʪʢʽʚ 

ʤʦʞʝ ʙʫʪʠ ʜʫʞʝ ʜʦʨʦʛʦʶ ʫ ʬʽʥʘʥʩʦʚʠʭ ʪʘ ʯʘʩʦʚʠʭ ʨʝʩʫʨʩʘʭ. 

ʅʘʩʪʫʧʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʻ ʩʪʚʦʨʝʥʥʷ 

ʛʽʙʨʠʜʥʦʛʦ ʜʦʜʘʪʢʫ. ʎʝ ʜʦʜʘʪʦʢ, ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʝʣʝʤʝʥʪʠ ʥʘʪʠʚʥʦʛʦ ʜʦʜʘʪʢʫ 

ʽ ʚʝʙ-ʜʦʜʘʪʢʫ. ɻʽʙʨʠʜʥʽ ʜʦʜʘʪʢʠ ï ʮʝ, ʧʦ ʩʫʪʽ, ʚʝʙ-ʜʦʜʘʪʢʠ, ʷʢʽ ʨʦʟʤʽʱʝʥʦ ʫ 

ʥʘʪʠʚʥʽʡ ʦʙʦʣʦʥʮʽ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʾʭ ʟʘʚʘʥʪʘʞʝʥʦ ʟ ʤʘʛʘʟʠʥʫ ʜʦʜʘʪʢʽʚ ʽ 

ʚʩʪʘʥʦʚʣʝʥʦ ʣʦʢʘʣʴʥʦ, ʦʙʦʣʦʥʢʘ ʤʦʞʝ ʧʽʜʢʣʶʯʠʪʠʩʷ ʜʦ ʙʫʜʴ-ʷʢʠʭ ʘʧʘʨʘʪʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ, ʷʢʽ ʥʘʜʘʻ ʤʦʙʽʣʴʥʘ ʧʣʘʪʬʦʨʤʘ, ʯʝʨʝʟ ʙʨʘʫʟʝʨ, ʚʙʫʜʦʚʘʥʠʡ ʫ 

ʧʨʦʛʨʘʤʫ. ɹʨʘʫʟʝʨ ʽ ʡʦʛʦ ʧʣʘʛʽʥʠ ʧʨʘʮʶʶʪʴ ʥʘ ʩʝʨʚʝʨʽ ʪʘ ʥʝʚʠʜʠʤʽ ʜʣʷ 

ʢʽʥʮʝʚʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɻʽʙʨʠʜʥʽ ʜʦʜʘʪʢʠ ʟʘʧʫʩʢʘʶʪʴ ʢʦʜ ʫʩʝʨʝʜʠʥʽ ʢʦʥʪʝʡʥʝʨʘ. ʄʝʭʘʥʽʟʤ 

ʙʨʘʫʟʝʨʘ ʧʨʠʩʪʨʦʶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ HTML ʽ JavaScript, ʘ 

ʪʘʢʦʞ ʚʣʘʩʥʠʭ API ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʠʩʪʨʦʶ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʛʽʙʨʠʜʥʘ ʧʨʦʛʨʘʤʘ ʟʘʟʚʠʯʘʡ ʤʘʻ ʚʝʙ-ʧʦʜʽʙʥʽ 

ʝʣʝʤʝʥʪʠ ʥʘʚʽʛʘʮʽʾ, ʯʠ ʟʤʦʞʝ ʧʨʦʛʨʘʤʘ ʧʨʘʮʶʚʘʪʠ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʾ ʬʫʥʢʮʽʡ. ʗʢʱʦ ʧʨʦʛʨʘʤʽ ʥʝ ʧʦʪʨʽʙʥʘ ʧʽʜʪʨʠʤʢʘ ʟ ʩʪʦʨʦʥʥʽʭ API, 

ʾʾ ʤʦʞʥʘ ʟʤʫʩʠʪʠ ʧʨʘʮʶʚʘʪʠ ʚ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ. 

ɻʽʙʨʠʜʥʽ ʜʦʜʘʪʢʠ ʧʦʧʫʣʷʨʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʥʠʢʘʤ 

ʥʘʧʠʩʘʪʠ ʢʦʜ ʜʣʷ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʦʜʠʥ ʨʘʟ ʽ ʚʩʝ ʦʜʥʦ ʧʽʜʪʨʠʤʫʶʪʴ ʢʽʣʴʢʘ 

ʧʣʘʪʬʦʨʤ. ʆʩʢʽʣʴʢʠ ʛʽʙʨʠʜʥʽ ʧʨʦʛʨʘʤʠ ʜʦʜʘʶʪʴ ʜʦʜʘʪʢʦʚʠʡ ʨʽʚʝʥʴ ʤʽʞ 

ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ ʽ ʮʽʣʴʦʚʦʶ ʧʣʘʪʬʦʨʤʦʶ, ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʜʝʱʦ 

ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʥʘʪʠʚʥʽ ʘʙʦ ʚʝʙ-ʚʝʨʩʽʾ ʪʽʻʾ ʩʘʤʦʾ ʧʨʦʛʨʘʤʠ. ʊʘʢʦʞ ʦʩʢʽʣʴʢʠ 

ʛʽʙʨʠʜʥʠʡ ʜʦʜʘʪʦʢ ʻ ʬʘʢʪʠʯʥʦ ʻ ʚʝʙ-ʜʦʜʘʪʢʦʤ, ʪʦ ʝʣʝʤʝʥʪʠ ʽʥʪʝʨʬʝʡʩʫ ʙʫʜʫʪʴ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʝʙ-ʝʣʝʤʝʥʪʘʤ, ʘ ʥʝ ʢʦʥʢʨʝʪʥʠʤ ʝʣʝʤʝʥʪʘʤ ʮʽʣʴʦʚʦʾ ʧʣʘʪʬʦʨʤʠ, ʱʦ 

ʤʦʞʝ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʠʪʠʩʴ ʥʘ ʢʦʨʠʩʪʫʚʘʮʴʢʦʤʫ ʜʦʩʚʽʜʽ. 

ʆʪʞʝ, ʛʽʙʨʠʜʥʠʡ ʜʦʜʘʪʦʢ ʚʠʨʽʰʫʶ ʥʘʡʛʦʣʦʚʥʽʰʫ ʧʨʦʙʣʝʤʫ ʥʘʪʠʚʥʠʭ 

ʜʦʜʘʪʢʽʚ ï ʚʘʨʪʽʩʪʴ ʨʦʟʨʦʙʢʠ, ʚʪʽʤ ʷʢʽʩʪʴ ʩʘʤʦʛʦ ʜʦʜʘʪʢʫ ʙʫʜʝ ʜʝʱʦ ʥʠʞʯʦʶ. 

ʆʩʪʘʥʥʽʤ ʧʽʜʭʦʜʦʤ ʜʦ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʻ ʩʪʚʦʨʝʥʥʷ 

ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ. ʎʝʡ ʤʝʪʦʜ, ʷʢ ʽ ʤʝʪʦʜ ʛʽʙʨʠʜʥʠʭ 

ʜʦʜʘʪʢʽʚ, ʚʠʨʽʰʫʻ ʛʦʣʦʚʥʫ ʧʨʦʙʣʝʤʫ ʤʝʪʦʜʫ ʥʘʪʠʚʥʠʭ ʜʦʜʘʪʢʽʚ ï ʜʚʽ ʦʢʨʝʤʽ 

ʢʦʜʦʚʽ ʙʘʟʠ ʧʽʜ ʦʢʨʝʤʽ ʦʧʝʨʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. 
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ʄʝʪʦʜʠ ʨʦʙʦʪʠ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʢʦʥʢʨʝʪʥʦʛʦ ʬʨʝʡʤʚʦʨʢʫ, ʘʜʞʝ ʢʦʞʝʥ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʡ ʬʨʝʡʤʚʦʨʢ ʨʝʘʣʽʟʫʻ 

ʨʦʙʦʪʫ ʫ ʩʚʽʡ ʩʧʦʩʽʙ. ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʬʨʝʡʤʚʦʨʢʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʭ ʜʦʜʘʪʢʽʚ ʻ React Native, Flutter, Xamarin. 

Xamarin ï ʮʝ ʧʦʪʫʞʥʠʡ ʽ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ. ʁʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʥʘʙʽʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ C#, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʦʙʥʠʢʘʤ ʢʦʜʫʚʘʪʠ ʷʢ ʜʣʷ Android, ʪʘʢ ʽ ʜʣʷ iOS ʦʜʥʽʻʶ ʤʦʚʦʶ. 

ʇʨʦʛʨʘʤʠ Xamarin.Android ʢʦʤʧʽʣʶʶʪʴʩʷ ʟ ʤʦʚʠ C# ʚ ʧʨʦʤʽʞʥʫ ʤʦʚʫ 

(IL), ʷʢʠʡ ʧʨʠ ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʠ ʟʘʟʥʘʻ Just-in-Time-ʢʦʤʧʽʣʷʮʽʾ (JIT) ʚ ʤʘʰʠʥʥʫ 

ʩʙʦʨʢʫ. ʇʨʦʛʨʘʤʠ Xamarin.Android ʧʨʘʮʶʶʪʴ ʫ ʩʝʨʝʜʦʚʠʱʽ ʚʠʢʦʥʘʥʥʷ Mono 

ʧʘʨʘʣʝʣʴʥʦ ʟ ʚʽʨʪʫʘʣʴʥʦʶ ʤʘʰʠʥʦʶ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʦʥʘʥʥʷ Android (ART). 

Xamarin ʥʘʜʘʻ ʧʨʠʚ'ʷʟʢʠ .NET ʜʦ ʧʨʦʩʪʦʨʽʚ ʽʤʝʥ Android.* ʪʘ Java.*. 

ʇʨʦʛʨʘʤʠ Xamarin.iOS ʧʨʦʭʦʜʷʪʴ ʧʦʚʥʫ Ahead-of-Time-ʢʦʤʧʽʣʷʮʽʶ 

(AOT) ʟ ʤʦʚʠ C# ʫ ʩʚʽʡ ʢʦʜ ʟʙʽʨʢʠ ARM. Xamarin ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʝʣʝʢʪʦʨʠ ʜʣʷ 

ʥʘʜʘʥʥʷ ʢʦʜʫ Objective-C ʢʝʨʦʚʘʥʦʛʦ ʢʦʜʫ C# ʽ Registrars ʜʣʷ ʥʘʜʘʥʥʷ 

ʢʝʨʦʚʘʥʦʛʦ ʢʦʜʫ C# ʢʦʜʫ Objective-C. ʉʝʣʝʢʪʦʨʠ ʽ Registrars ʨʘʟʦʤ ʥʘʟʠʚʘʶʪʴʩʷ 

çʧʨʠʚ'ʷʟʢʘʤʠè ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʤʽʞ Objective-C ʽ C#. 

Flutter ï ʮʝ ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʥʠʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʙʽʣʴʥʠʭ 

ʜʦʜʘʪʢʽʚ, ʩʪʚʦʨʝʥʘ Google. Flutter ʥʘʙʫʚʘʻ ʚʩʝ ʙʽʣʴʰʫ ʧʦʧʫʣʷʨʥʽʩʪʴ ʯʝʨʝʟ ʪʝ, ʱʦ 

ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʫʟʛʦʜʞʝʥʫ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʥʘ ʚʩʽʭ ʧʨʠʩʪʨʦʷʭ, ʽ ʡʦʛʦ 

ʣʝʛʰʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʘ ʥʘʣʘʛʦʜʞʫʚʘʪʠ. 

Flutter ʨʦʟʨʦʙʣʝʥʦ ʷʢ ʨʦʟʰʠʨʶʚʘʥʫ ʙʘʛʘʪʦʰʘʨʦʚʫ ʩʠʩʪʝʤʫ. ɺʽʥ ʩʪʚʦʨʝʥʠʡ 

ʷʢ ʨʷʜ ʙʽʙʣʽʦʪʝʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʟʦʚʦʛʦ ʨʽʚʥʷ. ɾʦʜʝʥ ʨʽʚʝʥʴ ʥʝ ʤʘʻ 

ʧʨʠʚʽʣʝʡʦʚʘʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʥʠʞʥʴʦʛʦ ʨʽʚʥʷ, ʽ ʢʦʞʥʘ ʯʘʩʪʠʥʘ ʨʽʚʥʷ ʩʪʨʫʢʪʫʨʠ 

ʩʪʚʦʨʝʥʘ ʷʢ ʥʝʦʙʦʚôʷʟʢʦʚʘ ʪʘ ʟʘʤʽʥʥʘ. 

ɼʣʷ ʮʽʣʴʦʚʦʾ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʛʨʘʤʠ Flutter ʫʧʘʢʦʚʘʥʽ ʪʘʢ ʩʘʤʦ, ʷʢ 

ʽ ʙʫʜʴ-ʷʢʘ ʽʥʰʘ ʥʘʪʠʚʥʘ ʧʨʦʛʨʘʤʘ. ʉʧʝʮʽʘʣʴʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʚʙʫʜʦʚʫʚʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʢʫ ʚʭʦʜʫ, ʢʦʦʨʜʠʥʫʻ ʨʦʙʦʪʫ ʟ ʙʘʟʦʚʦʶ ʦʧʝʨʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 

ʜʣʷ ʜʦʩʪʫʧʫ ʜʦ ʪʘʢʠʭ ʩʣʫʞʙ, ʷʢ ʨʝʥʜʨʝʨʠʥʛ ʽʥʪʝʨʬʝʡʩʫ, ʜʦʩʪʫʧʥʽʩʪʴ ʽ ʚʚʽʜ 

ʜʘʥʠʭ, ʽ ʢʝʨʫʻ ʮʠʢʣʦʤ ʧʦʜʽʡ ʧʦʚʽʜʦʤʣʝʥʥʷ. 

Flutter ʥʝ ʧʦʪʨʝʙʫʻ ʞʦʜʥʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʜʣʷ ʧʣʘʪʬʦʨʤʠ ʢʦʤʧʦʥʝʥʪʽʚ 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʩʚʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʥʝʤʘʻ ʧʦʪʨʝʙʠ ʚ ʪʨʘʥʩʬʦʨʤʫʚʘʥʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʦʞʥʦʾ ʘʥʽʤʘʮʽʾ ʫ ʚʽʜʞʝʪ ʧʝʚʥʦʾ ʧʣʘʪʬʦʨʤʠ. ɺʪʽʤ Flutter 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʦʚʦʣʽ ʥʝʧʦʧʫʣʷʨʥʫ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Dart, ʱʦ ʨʦʙʠʪʴ ʩʪʘʨʪ 

ʨʦʙʦʪʠ ʟ ʥʠʤ ʜʝʱʦ ʩʢʣʘʜʥʽʰʠʤ, ʧʦʨʽʚʥʶʶʯʠ ʟ ʽʥʰʠʤʠ ʬʨʝʡʤʚʦʨʢʘʤʠ. 

React Native ï  ʮʝ ʬʨʝʡʤʚʦʨʢ JavaScript ʜʣʷ ʥʘʧʠʩʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ 

ʜʣʷ iOS ʽ Android, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘʪʠʚʥʦ. ɺʽʥ ʟʘʩʥʦʚʘʥʠʡ ʥʘ React, 

ʥʘʩʣʽʜʫʻ ʚʩʽ ʡʦʛʦ ʧʽʜʭʦʜʠ ʽ ʤʦʞʣʠʚʦʩʪʽ, ʘʣʝ ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʥʘʮʽʣʶʚʘʪʠʩʷ ʥʘ 

ʙʨʘʫʟʝʨ, ʚʽʥ ʥʘʮʽʣʝʥʠʡ ʥʘ ʤʦʙʽʣʴʥʽ ʧʣʘʪʬʦʨʤʠ. React Native ʜʦʟʚʦʣʷʻ ʣʝʛʢʦ 

ʦʜʥʦʯʘʩʥʦ ʨʦʟʨʦʙʣʷʪʠ ʷʢ ʜʣʷ Android, ʪʘʢ ʽ ʜʣʷ iOS. 

ʆʩʢʽʣʴʢʠ React Native ʙʘʟʫʻʪʴʩʷ ʥʘ ʙʽʙʣʽʦʪʝʮʽ React, ʪʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʜʽʣʠʪʠ ʾʾ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ. 
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Virtual DOM ï ʮʝ ʧʦʣʝʛʰʝʥʘ ʢʦʧʽʷ ʨʝʘʣʴʥʦʛʦ DOM, ʱʦ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʨʝʘʣʴʥʠʤ DOM. ʑʦʨʘʟʫ, ʢʦʣʠ 

ʟʤʽʥʶʻʪʴʩʷ ʩʪʘʥ ʙʫʜʴ-ʷʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, React ʦʥʦʚʣʶʻ ʩʚʦʻ ʚʽʨʪʫʘʣʴʥʝ ʜʝʨʝʚʦ 

DOM. ʆʩʢʽʣʴʢʠ ʚʽʨʪʫʘʣʴʥʠʡ DOM ʻ ʧʦʣʝʰʝʥʦʶ ʚʝʨʩʽʻʶ ʨʝʘʣʴʥʦʛʦ, ʪʦ 

ʦʥʦʚʣʝʥʥʷ ʚʽʨʪʫʘʣʴʥʦʛʦ DOM ʥʝ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ. React ʧʽʜʪʨʠʤʫʻ ʜʚʘ 

ʚʽʨʪʫʘʣʴʥʠʭ DOM ʢʦʞʥʦʛʦ ʨʘʟʫ, ʦʜʠʥ ʤʽʩʪʠʪʴ ʦʥʦʚʣʝʥʫ ʚʽʨʪʫʘʣʴʥʫ DOM, ʘ 

ʽʥʰʠʡ ð ʧʦʧʝʨʝʜʥʶ ʚʝʨʩʽʶ ʜʦ ʦʥʦʚʣʝʥʥʷ. ʊʝʧʝʨ ʚʽʥ ʧʦʨʽʚʥʶʻ ʚʝʨʩʽʶ ʜʦ 

ʦʥʦʚʣʝʥʥʷ ʟ ʦʥʦʚʣʝʥʦʶ ʚʽʨʪʫʘʣʴʥʦʶ DOM ʽ ʚʠʟʥʘʯʘʻ, ʱʦ ʩʘʤʝ ʟʤʽʥʠʣʦʩʷ ʚ 

DOM, ʥʘʧʨʠʢʣʘʜ, ʷʢʽ ʢʦʤʧʦʥʝʥʪʠ ʙʫʣʦ ʟʤʽʥʝʥʦ. ʎʝʡ ʧʨʦʮʝʩ ʧʦʨʽʚʥʷʥʥʷ 

ʧʦʪʦʯʥʦʛʦ ʜʝʨʝʚʘ Virtual DOM ʟ ʧʦʧʝʨʝʜʥʽʤ ʥʘʟʠʚʘʻʪʴʩʷ çʚʽʜʤʽʥʶʚʘʥʥʷʤè. 

ʂʦʣʠ React ʜʽʟʥʘʻʪʴʩʷ, ʱʦ ʩʘʤʝ ʟʤʽʥʠʣʦʩʷ, ʚʽʥ ʦʥʦʚʠʪʴ ʣʠʰʝ ʮʽ ʦʙôʻʢʪʠ ʥʘ 

ʨʝʘʣʴʥʦʤʫ DOM. 

ʋ React ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʚʽʜ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʜʦ 

ʜʦʯʽʨʥʴʦʛʦ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʢʦʤʧʦʥʝʥʪʘʤ ʙʫʪʠ ʧʨʦʩʪʠʤʠ ʪʘ ʧʝʨʝʜʙʘʯʫʚʘʥʠʤʠ. 

ʂʦʤʧʦʥʝʥʪʠ React ï ʮʝ ʧʨʦʩʪʽ ʬʫʥʢʮʽʾ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʪʘʥ ʽ 

ʧʦʚʝʨʪʘʶʪʴ HTML-ʧʦʜʽʙʥʫ ʨʦʟʤʽʪʢʫ. ʂʦʣʠ ʜʦʯʽʨʥʽ ʢʦʤʧʦʥʝʥʪʠ ʦʪʨʠʤʫʶʪʴ 

ʘʪʨʠʙʫʪʠ ʚʽʜ ʩʚʦʾʭ ʙʘʪʴʢʽʚ, ʚʦʥʠ ʘʙʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʤʦʜʠʬʽʢʘʮʽʾ (ʨʝʥʜʝʨʠʥʛ), ʘʙʦ 

ʧʝʨʝʜʘʶʪʴ ʾʭ ʽʥʰʦʤʫ ʜʦʯʽʨʥʴʦʤʫ ʢʦʤʧʦʥʝʥʪʫ, ʷʢʘ ʤʦʞʝ ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. 

React ʥʘʜʘʻ ʨʦʟʨʦʙʥʠʢʘʤ ʥʘʙʽʨ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʚʠʢʣʠʢʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʚʥʠʭ ʞʠʪʪʻʚʠʭ ʮʠʢʣʽʚ ʢʦʤʧʦʥʝʥʪʘ. 

ʇʦʜʽʙʥʦ ʜʦ React ʜʣʷ ʚʝʙ-ʨʦʟʨʦʙʢʠ, ʧʨʦʛʨʘʤʠ React Native ʥʘʧʠʩʘʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʤʽʰʽ ʨʦʟʤʽʪʢʠ JavaScript ʽ XML, ʚʽʜʦʤʦʾ ʷʢ JSX. ʇʦʪʽʤ ʧʽʜ 

ʢʘʧʦʪʦʤ çʤʽʩʪè React Native ʚʠʢʣʠʢʘʻ ʨʽʜʥʽ API ʨʝʥʜʝʨʠʥʛʫ ʚ Objective-C (ʜʣʷ 

iOS) ʘʙʦ Java (ʜʣʷ Android). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʛʨʘʤʘ ʚʽʜʪʚʦʨʶʚʘʪʠʤʝʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʣʴʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ ʥʝ 

ʚʝʙ-ʢʦʤʧʦʥʝʥʪʽʚ, ʽ ʚʠʛʣʷʜʘʪʠʤʝ ʪʘ ʧʨʘʮʶʚʘʪʠʤʝ ʷʢ ʙʫʜʴ-ʷʢʘ ʽʥʰʘ ʥʘʪʠʚʥʘ 

ʤʦʙʽʣʴʥʘ ʧʨʦʛʨʘʤʘ. 

ʇʣʘʪʬʦʨʤʘ RN ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʯʘʩʪʠʥ (ʨʠʩ. 1): 

1. ʅʘʪʠʚʥʠʡ ʢʦʜ/ʤʦʜʫʣʽ: ʙʽʣʴʰʽʩʪʴ ʥʘʪʠʚʥʦʛʦ ʢʦʜʫ ʚ iOS ʥʘʧʠʩʘʥʦ ʥʘ 

Objective C ʘʙʦ Swift, ʪʦʜʽ ʷʢ ʥʘ Android ï ʥʘ Java ʘʙʦ Kotlin. ɸʣʝ ʜʣʷ ʥʘʧʠʩʘʥʥʷ 

ʜʦʜʘʪʢʘ React Native ʥʝ ʟʥʘʜʦʙʠʪʴʩʷ ʧʠʩʘʪʠ ʥʘʪʠʚʥʠʡ ʢʦʜ ʜʣʷ iOS ʘʙʦ Android. 

2. Javascript VM: ʚʽʨʪʫʘʣʴʥʘ ʤʘʰʠʥʘ JS, ʷʢʘ ʟʘʧʫʩʢʘʻ ʚʝʩʴ ʢʦʜ 

JavaScript. ʅʘ ʩʠʤʫʣʷʪʦʨʘʭ ʽ ʧʨʠʩʪʨʦʷʭ iOS/Android React Native ʚʠʢʦʨʠʩʪʦʚʫʻ 

JavaScriptCore, ʷʢʠʡ ʻ ʤʝʭʘʥʽʟʤʦʤ JavaScript, ʷʢʠʡ ʧʨʘʮʶʻ ʚ Safari. ʋ ʚʠʧʘʜʢʫ 

iOS React Native ʚʠʢʦʨʠʩʪʦʚʫʻ JavaScriptCore, ʥʘʜʘʥʠʡ ʧʣʘʪʬʦʨʤʦʶ iOS.. ʋ 

ʚʠʧʘʜʢʫ Android React Native ʦʙôʻʜʥʫʻ JavaScriptCore ʨʘʟʦʤ ʽʟ ʧʨʦʛʨʘʤʦʶ.  

3. React Native bridge ï ʮʝ ʤʽʩʪ C++/Java, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʚôʷʟʦʢ 

ʤʽʞ ʥʘʪʠʚʥʠʤ ʧʦʪʦʢʦʤ ʽ ʧʦʪʦʢʦʤ Javascript. ɼʣʷ ʧʝʨʝʜʘʯʽ ʧʦʚʽʜʦʤʣʝʥʴ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʡ ʧʨʦʪʦʢʦʣ. 

 



 

 

 

88 

 
ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ React Native 

 

 ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʨʦʟʨʦʙʣʝʥʦʛʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʨʝʡʤʚʦʨʢʫ React Native, ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʩʧʨʦʝʢʪʫʚʘʪʠ ʪʘ ʨʦʟʨʦʙʠʪʠ 

ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ. ɻʦʣʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʦʮʽʥʢʠ ʤʦʙʽʣʴʥʦʛʦ ʢʣʽʻʥʪʩʴʢʦʛʦ 

ʜʦʜʘʪʢʫ ʻ ʧʦʢʘʟʥʠʢ ʯʘʩʪʦʪʠ ʢʘʜʨʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʧʦʢʘʟʥʠʢʠ: 

¶ ʧʦʪʦʯʥʘ ʯʘʩʪʦʪʘ ʢʘʜʨʽʚ; 

¶ ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʢʘʜʨʽʚ; 

¶ ʧʦʪʦʯʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʫ ʤʝʛʘʙʘʡʪʘʭ; 

¶ ʧʦʪʦʯʥʠʡ ʧʦʢʘʟʥʠʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʫ ʧʨʦʮʝʥʪʘʭ 

ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʧʨʠʩʪʨʦʶ; 

¶ ʯʘʩ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ. 

ʇʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʛʦ 

ʽʟʦʣʴʦʚʘʥʦʛʦ ʤʦʜʫʣʶ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʟ ʽʥʰʦʶ ʧʨʦʛʨʘʤʦʶ 

ʜʣʷ ʚʠʤʽʨʫ ʾʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʘʙʦ ʤʦʞʝ ʙʫʪʠ ʦʧʫʙʣʽʢʦʚʘʥʠʡ ʷʢ ʦʢʨʝʤʠʡ npm-ʧʘʢʝʪ 

ʜʣʷ React Native ʪʘ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʫ ʙʫʜʴ-ʷʢʦʤʫ ʧʨʦʝʢʪʽ. 

ʊʘʢʦʞ ʧʘʢʝʪ ʧʦʚʠʥʝʥ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʘ ʩʘʤʝ ʚʠʚʦʜʫ ʧʦʪʦʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʫ ʢʦʥʩʦʣʴ ʨʦʟʨʦʙʥʠʢʘ, ʚʠʚʦʜʫ ʧʦʪʦʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʛʨʘʬʽʯʥʦʤʫ ʚʠʜʽ, ʽ 

ʯʠʩʣʦʚʠʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʝʨʽʦʜʫ ʦʥʦʚʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ. 

ɻʦʣʦʚʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʧʘʢʝʪʫ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʩʧʝʮʽʘʣʴʥʦʾ ʬʫʥʢʮʽ-ʾʭʫʢʫ 

React. ʆʩʢʽʣʴʢʠ ʩʘʤ ʧʘʢʝʪ ʤʘʻ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʪʘ ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ 

ʰʚʠʜʢʦʜʽʶ ʜʦʜʘʪʢʫ, ʚʠʤʘʛʘʪʠ ʤʽʥʽʤʫʤ ʨʝʩʫʨʩʽʚ ʜʣʷ ʨʦʙʦʪʠ, ʪʦ ʜʘʥʽ ʧʨʦ ʧʦʪʦʯʥʫ ʢʽʣʴʢʽʩʪʴ 

ʢʘʜʨʽʚ, ʪʘ ʽʥʰʽ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʭʘʥʽʟʤ Ref ʚ React. ʎʝʡ ʤʝʭʘʥʽʟʤ ʜʦʟʚʦʣʷʻ 

ʟʙʝʨʽʛʘʪʠ ʧʨʦʤʽʞʥʽ ʜʘʥʽ ʚ ʩʧʝʮʽʘʣʴʥʠʭ ʦʙôʻʢʪʘʭ, ʷʢʽ ʟʜʘʪʥʽ ʟʙʝʨʽʛʘʪʠ ʩʚʽʡ ʧʦʪʦʯʥʠʡ ʩʪʘʥ 

ʤʽʞ ʨʝʥʜʝʨʘʤʠ ʢʦʤʧʦʥʝʥʪʫ, ʘʣʝ ʞʦʜʥʠʤ ʯʠʥʦʤ ʥʝ ʚʧʣʠʚʘʪʠ ʥʘ ʞʠʪʪʻʚʠʡ ʮʠʢʣ 

ʢʦʤʧʦʥʝʥʪʫ, ʪʠʤ ʩʘʤʠʤ ʥʝ ʧʨʦʚʦʢʫʶʯʠ ʟʘʡʚʠʭ ʨʝʥʜʝʨʽʚ ʽʥʪʝʨʬʝʡʩʫ. ʉʘʤ ʩʪʘʥ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʦʥʦʚʣʶʻʪʴʩʷ ʣʠʰʝ ʚʽʜʧʦʚʽʜʥʦ ʚʢʘʟʘʥʦʛʦ ʨʦʟʨʦʙʥʠʢʦʤ ʧʝʨʽʦʜʫ. 

ʇʦʢʘʟʥʠʢ ʧʦʪʦʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʜʨʽʚ ʚʠʤʽʨʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʙʫʜʦʚʘʥʦʾ 

ʬʫʥʢʮʽʾ requestAnimationFrame, ʱʦ ʚʠʢʣʠʢʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʢʘʜʨʫ ʥʘ ʧʨʠʩʪʨʦʾ. 

ʊʘʢʦʞ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʢʘʟʥʠʢʘ ʧʦʪʦʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʜʨʽʚ, ʪʘ ʫʥʠʢʥʝʥʥʷ ʩʠʪʫʘʮʽʾ 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ ʫ ʨʘʟʽ ʪʝʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʫ ʧʨʠ ʚʝʣʠʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ, ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʪʝʤʘʪʠʯʥʠʡ ʤʝʪʦʜ ʽʥʪʝʨʧʦʣʷʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʤʘʡʙʫʪʥʽʡ ʨʦʟʚʠʪʦʢ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʪʘ ʜʦʜʘʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʢʘʟʥʠʢʽʚ, ʮʝʡ ʤʝʪʦʜ 

ʜʦʧʦʤʦʞʝ ʦʪʨʠʤʘʪʠ ʥʦʨʤʘʣʽʟʦʚʘʥʽ ʜʘʥʽ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ. 

ɻʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʙʫʜʦʚʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʨʦʟʨʦʙʥʠʢʘ ʻ ʪʝ, ʱʦ ʚʦʥʠ 

ʚʠʤʘʛʘʶʪʴ ʟʤʽʥʠʪʠ ʦʪʦʯʝʥʥʷ ʜʣʷ ʟʘʧʫʩʢʫ. ʇʨʠ ʟʘʧʫʩʢʫ ʧʨʦʛʨʘʤʠ ʚ ʨʝʞʠʤʽ ʜʝʙʘʛʽʥʛʫ, 
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ʩʪʘʥʜʘʨʪʥʠʡ ʜʚʠʛʫʥ JavascriptCore ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ʙʨʘʫʟʝʨʥʠʡ V8. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, 

ʮʝ ʤʦʞʝ ʩʪʘʪʠ ʜʞʝʨʝʣʦʤ ʥʝʦʯʽʢʫʚʘʥʦʾ ʧʦʚʝʜʽʥʢʠ ʘʙʦ ʧʨʦʛʨʘʤʥʠʭ ʟʙʦʾʚ. 

ʉʘʤʝ ʜʣʷ ʚʽʜʩʪʝʞʫʚʘʥʥʷ ʩʪʘʥʫ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʧʨʠ ʾʾ 

ʥʘʪʠʚʥʠʭ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʽ ʩʪʚʦʨʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʷʢ ʽ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ, ʪʘʢ ʽ ʚ ʧʨʦʜʘʢʰʥ ʟʙʽʨʮʽ ʜʣʷ ʟʙʦʨʫ ʩʪʘʪʠʩʪʠʢʠ. 

ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʥʘ ʨʝʘʣʴʥʦʤʫ ʧʨʦʻʢʪʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ, ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʪʝʩʪʦʚʠʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ. 

ɼʦʜʘʪʦʢ ʨʝʘʣʽʟʫʻ ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʰʘʙʣʦʥʠ ʩʫʯʘʩʥʠʭ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ: 

¶ ʧʝʨʝʛʣʷʜ ʜʠʥʘʤʽʯʥʦ-ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʢʦʥʪʝʥʪʫ; 

¶ ʚʟʘʻʤʦʜʽʶ ʟʽ ʩʪʦʨʦʥʥʽʤ API; 

¶ ʚʟʘʻʤʦʜʽʶ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʯʝʨʝʟ ʧʦʣʷ ʚʚʦʜʫ; 

¶ ʚʟʘʻʤʦʜʽʶ ʟ ʣʦʢʘʣʴʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ ʧʨʠʩʪʨʦʶ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʠʭ ʚʠʤʦʛ, ʙʫʚ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʪʘ ʨʦʟʨʦʙʣʝʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ 

ʧʦʰʫʢʫ ʧʝʨʝʛʣʷʜʫ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʬʽʣʴʤʠ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʝʣʝʤʝʥʪʠ (ʨʠʩ.2): 

¶ ʛʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ ʟ ʤʝʭʘʥʽʟʤʦʤ Infinite Scroll, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʠʥʘʤʽʯʥʝ 
ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʧʨʠ ʧʨʦ ʧʨʦʢʨʫʪʮʽ ʝʢʨʘʥʫ ʧʨʠʩʪʨʦʶ; 

¶ ʰʘʨ API ʜʣʷ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʟ ʩʝʨʚʝʨʫ; 

¶ ʩʪʦʨʽʥʢʘ ʧʦʰʫʢʫ ʬʽʣʴʤʽʚ ʟ ʧʦʣʝʤ ʚʚʦʜʫ; 

¶ ʩʪʦʨʽʥʢʘ ʫʣʶʙʣʝʥʠʭ ʬʽʣʴʤʽʚ, ʱʦ ʟʘʚʘʥʪʘʞʫʻ ʜʘʥʽ ʟ ʣʦʢʘʣʴʥʦʾ ʙʘʟʠ 
ʜʘʥʠʭ ʧʨʠʩʪʨʦʶ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʘʢʝʪʫ, 

ʩʝʨʝʜʥʷ ʯʘʩʪʦʪʘ ʢʘʜʨʽʚ ʩʪʘʥʦʚʠʣʘ 60, ʱʦ ʻ ʚʠʩʦʢʠʤ ʩʪʘʥʜʘʨʪʦʤ ʜʣʷ ʩʫʯʘʩʥʠʭ 

ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. ɺ ʨʽʜʢʠʭ ʚʠʧʘʜʢʘʭ ʧʽʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ 

ʨʽʟʢʽ ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʫ ʧʦʪʦʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʜʨʽʚ ʚ ʩʝʢʫʥʜʫ, ʦʜʥʘʢ ʚʧʣʠʚ ʥʘ 

ʧʦʢʘʟʥʠʢ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʦʪʠ ʢʘʜʨʽʚ ʤʽʥʽʤʘʣʴʥʠʡ. ɿʘʚʘʥʪʘʞʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʾ 

ʧʘʤôʷʪʽ ʪʘʢʦʞ ʙʫʣʦ ʧʦʤʽʨʥʠʤ - ʚ̔ ʜ 260 ʜʦ 320 ʤʝʛʘʙʘʡʪʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʚʜʦʩʢʦʥʘʣʝʥʥʽ  ʤʝʪʦʜʽʚ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʙʽʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʚʦʨʝʥʦʛʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ React Native. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʠʢʣʘʜʝʥʦ ʤʝʪʦʜʠ ʪʘ ʧʽʜʭʦʜʠ ʱʦʜʦ 

ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, ʘ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʝʪʦʜʠ ʪʘ 

ʧʽʜʭʦʜʠ ʬʨʝʡʤʚʦʨʢʫ React Native. ɹʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ ʜʣʷ 

ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ ʥʘ React Native, ʘ ʪʘʢʦʞ 

ʪʝʩʪʦʚʠʡ ʜʦʜʘʪʦʢ. ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ ʻ ʧʦʟʠʪʠʚʥʠʤʠ. 
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ʂ.ʃ. ʉʝʨʛʻʻʚʘ1, ʉ.ʃ. ʅʽʢʫʣʽʥ1, ɺ.ʖ. ʂʘʰʪʘʥ1, ʆ.ɺ. ʂʦʨʦʙʢʦ1, ɺ.ʆ. ʐʝʚʯʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ʆʉʆɹʃʀɺʆʉʊɽʁ ɺʀɼɯʃɽʅʅʗ ɻʈɸʅʀʎʔ 

ʗʉʂʈɸɺʆʉʊɯ ʇʈʀʈʆɼʅʀʍ ʆɹ'ɭʂʊɯɺ ʅɸ ʈɯɿʅʆʄɸʉʐʊɸɹʅʀʍ 

ʂʆʉʄʆɿʅɯʄʂɸʍ 
 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʧʨʦʙʣʝʤʫ ʦʙʨʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʟʫ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ 

(ʬʦʪʦʪʦʥʫ) ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ. ʇʦʢʘʟʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʘʥʥʷ ʤʘʩʰʪʘʙʫ, ʜʣʷ ʷʢʦʛʦ 

ʟʚóʷʟʦʢ ʤʽʞ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʘʥʦʤʘʣʽʡ ʱʽʣʴʥʦʩʪʽ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʪʘ 

ʣʦʢʘʣʽʟʘʮʽʻʶ ʝʧʽʮʝʥʪʨʽʚ ʟʝʤʣʝʪʨʫʩʽʚ ʻ ʥʘʡʙʽʣʴʰ ʩʫʪʪʻʚʠʤ. ɼʦʜʘʪʢʦʚʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʤʘʩʢʦʚʠʭ ʦʧʝʨʘʪʦʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʣʛʦʨʠʪʤʽ ʚʠʜʽʣʝʥʥʷ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ, ʤʘʩʰʪʘʙ ʛʝʦʟʦʙʨʘʞʝʥʥʷ, ʛʝʥʝʨʘʣʽʟʘʮʽʷ, ʢʦʩʤʽʯʥʽ 

ʟʥʽʤʢʠ, ʝʧʽʮʝʥʪʨʠ ʟʝʤʣʝʪʨʫʩʽʚ, ʛʨʘʥʠʮʽ ʷʩʢʨʘʚʦʩʪʽ, ʢʘʨʪʠ ʱʽʣʴʥʦʩʪʽ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ. 

 

ɺʩʪʫʧ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʜʣʷ ʚʠʚʯʝʥʥʷ ʩʝʡʩʤʦʘʢʪʠʚʥʠʭ 

ʪʝʨʠʪʦʨʽʡ, ʽ, ʟʦʢʨʝʤʘ, ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʩʝʡʩʤʽʯʥʠʭ ʧʦʜʽʡ, ʚʞʝ ʜʘʚʥʦ ʚʠʟʥʘʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʦʤ ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʦʧʝʨʘʪʠʚʥʦʩʪʽ 

ʪʘ ʚʽʜʥʦʩʥʽʡ ʧʨʦʩʪʦʪʽ.  

ʅʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ ʟʤʽʥʠ ʩʝʡʩʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʨʽʟʥʠʭ 

ʜʽʘʧʘʟʦʥʘʭ ʩʧʝʢʪʨʫ: ʫ ʜʘʣʝʢʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʶʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʘʥʦʤʘʣʽʡ, ʫ ʦʧʪʠʯʥʦʤʫ ʪʘ ʨʘʜʽʦʜʽʘʧʘʟʦʥʘʭ ʟʤʽʥʠ 

ʧʨʦʷʚʣʷʶʪʴʩʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ, ʯʝʨʝʟ ʛʽʜʨʦʛʨʘʬʽʯʥʫ ʪʘ ʷʨʫʞʥʦ-ʙʘʣʢʦʚʫ ʤʝʨʝʞʽ, 

ʨʝʣʴʻʬ, ʩʪʘʥ ʚʝʛʝʪʘʮʽʾ ʪʘ ʽʥ. ɼʨʫʛʠʡ ʚʠʧʘʜʦʢ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ, ʽ ʪʦʤʫ ʚʠʤʘʛʘʻ 

ʜʦʜʘʪʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʘʤʝ ʾʤ ʧʨʠʩʚʷʯʝʥʦ ʜʘʥʫ ʨʦʙʦʪʫ. 

ʆʜʥʠʤ ʽʟ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʝʢʩʧʨʝʩ-ʚʠʚʯʝʥʥʷ ʣʘʥʜʰʘʬʪʥʠʭ ʦʟʥʘʢ ʻ 

ʘʥʘʣʽʟ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ (ʬʦʪʦʪʦʥʫ) ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ. ɼʦ ʛʨʘʥʠʮʴ ʚʽʜʥʦʩʷʪʴ 

ʚʫʟʴʢʽ ʧʨʦʪʷʞʥʽ ʟʦʥʠ ʨʽʟʢʦʾ ʟʤʽʥʠ ʷʩʢʨʘʚʦʩʪʽ. ɺʦʥʠ ʚʠʜʽʣʷʶʪʴʩʷ ʥʘ ʟʥʽʤʢʘʭ 

ʘʚʪʦʤʘʪʠʯʥʦ ʥʘ ʦʩʥʦʚʽ ʥʠʟʢʠ ʤʘʩʦʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ [1]. ɻʨʘʥʠʮʷʤ ʟʘʟʚʠʯʘʡ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ ʛʽʜʨʦʛʨʘʬʽʯʥʦʾ ʪʘ ʙʘʣʢʦʚʦʾ ʤʝʨʝʞʽ, ʣʽʥʽʡʥʽ ʬʦʨʤʠ 

ʨʝʣʴʻʬʫ, ʤʝʞʽ ʨʽʟʢʦʾ ʟʤʽʥʠ ʪʠʧʽʚ ʨʦʩʣʠʥʥʦʩʪʽ. ɿʘʟʥʘʯʝʥʽ ʝʣʝʤʝʥʪʠ ʣʘʥʜʰʘʬʪʫ, ʫ 

ʩʚʦʶ ʯʝʨʛʫ, ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʟ ʥʠʟʢʦʶ ʛʝʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ, ʥʘʩʘʤʧʝʨʝʜ, ʤʝʨʝʞʘʤʠ ʨʦʟʣʦʤʽʚ ʽ ʪʨʽʱʠʥ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʘʥʘʣʽʟ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʠʡ ʱʦʜʦ ʪʝʢʪʦʥʽʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ 

ʟʝʤʥʦʾ ʢʦʨʠ. ʆʩʪʘʥʥʽ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʩʝʡʩʤʽʯʥʠʤʠ ʷʚʠʱʘʤʠ. 

ʊʦʞ, ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʟʥʽʤʢʽʚ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʜʽʣʝʥʥʽ ʪʘ ʚʠʚʯʝʥʥʽ ʛʨʘʥʠʮʴ 

ʷʩʢʨʘʚʦʩʪʽ, ʻ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ. ʆʩʢʽʣʴʢʠ ʢʦʥʬʽʛʫʨʘʮʽʷ ʽ ʢʽʣʴʢʽʩʪʴ ʛʨʘʥʠʮʴ 

ʷʩʢʨʘʚʦʩʪʽ, ʱʦ ʚʠʜʽʣʷʶʪʴʩʷ, ʯʫʪʣʠʚʘ ʜʦ ʤʘʩʰʪʘʙʫ ʚʠʭʽʜʥʦʛʦ ʢʦʩʤʦʟʥʽʤʢʫ, ʚʩʪʘʻ 

ʟʘʜʘʯʘ ʧʦʰʫʢʫ ʤʘʩʰʪʘʙʫ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʷʚʣʝʥʥʷ ʩʪʽʡʢʦʛʦ ʟʚóʷʟʢʫ 

ʤʽʞ ʛʨʘʥʠʮʷʤʠ ʷʩʢʨʘʚʦʩʪʽ ʪʘ ʩʝʡʩʤʽʯʥʠʤʠ ʦʙóʻʢʪʘʤʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʤʘʩʰʪʘʙʽʚ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʥʘ ʪʽʩʥʦʪʫ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʽ 
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ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʝʧʽʮʝʥʪʨʽʚ ʟʝʤʣʝʪʨʫʩʽʚ, ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʥʮʠʧʦʚʦʾ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʟ ʦʙʨʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʫ ʟʥʽʤʢʽʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʚʘʣʠʩʴ ʥʘ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ 

ʧʽʜʚʠʱʝʥʘ ʩʝʡʩʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʚʝʜʝ ʜʦ ʟʨʦʩʪʘʥʥʷ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʩʪʽ 

ʣʘʥʜʰʘʬʪʽʚ, ʪʘ ʧʽʜʚʠʱʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʢʦʩʤʦʟʥʽʤʢʽʚ. 

ʉʪʘʚʠʣʦʩʴ ʟʘʚʜʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʤʘʩʰʪʘʙʽʚ ʟʥʽʤʢʽʚ 

ʜʝʢʽʣʴʢʦʭ ʩʝʡʩʤʦʘʢʪʠʚʥʠʭ ʜʽʣʷʥʦʢ ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʙʽʣʷ 

ʝʧʽʮʝʥʪʨʽʚ ʟʝʤʣʝʪʨʫʩʽʚ, ʱʦ ʩʪʘʣʠʩʷ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ. ɼʦʜʘʪʢʦʚʦ ʚʠʚʯʘʚʩʷ ʚʧʣʠʚ 

ʦʧʝʨʘʪʦʨʫ (ʤʘʩʢʠ), ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʚʠʜʽʣʷʣʠʩʷ ʛʨʘʥʠʮʽ ʷʩʢʨʘʚʦʩʪʽ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʪʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʤʘʪʝʨʽʘʣʘʭ ʪʨʴʦʭ ʜʽʣʷʥʦʢ. ɼʽʣʷʥʢʘ 1 ʨʦʟʤʽʨʦʤ 156 ʭ 67 ʢʤ 

ʚʢʣʶʯʘʻ ʬʨʘʛʤʝʥʪ ʉʫʜʝʪʩʴʢʠʭ ʛʽʨ; ʜʽʣʷʥʢʘ 2 (334 ʭ 132 ʢʤ), ʦʭʦʧʣʶʻ ʯʘʩʪʠʥʫ 

ʂʘʨʧʘʪ; ʜʽʣʷʥʢʘ 3, ï ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʫ ʪʝʨʠʪʦʨʽʶ ʮʝʥʪʨʘʣʴʥʦʾ ʊʫʨʝʯʯʠʥʠ, ʱʦ 

ʟʘʡʤʘʻ ʧʣʦʱʫ ʧʦʥʘʜ 150 ʪʠʩ. ʢʤ2. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ (Digital Elevation Model, 

DEM), ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʟʡʦʤʦʢ ʟ ʩʫʧʫʪʥʠʢʘ ASTER (ʧʨʦʜʫʢʪ ASTER 

GDEM 2, ʦʪʨʠʤʘʥʠʡ ʫ ʞʦʚʪʥʽ 2011 ʨʦʢʫ; ʜʞʝʨʝʣʦ ï ʩʘʡʪ earthexplorer.usgs.gov), 

ʟʥʽʤʦʢ ʟ ʩʫʧʫʪʥʠʢʘ TERRA MODIS ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ 300 ʤ, ʪʘ ʜʘʥʽ 

ʧʨʦ ʝʧʽʮʝʥʪʨʠ ʟʝʤʣʝʪʨʫʩʽʚ (ʜʞʝʨʝʣʦ ï ʩʘʡʪ earth-quake.usgs.gov) (ʨʠʩ.1). 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʈɸʇʀɼ, 

ʷʢʘ ʤʘʻ ʨʦʟʚʠʥʝʥʽ ʙʣʦʢʠ ʚʠʜʽʣʝʥʥʷ ʡ ʘʥʘʣʽʟʫ ʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʛʨʘʥʠʮʴ 

ʷʩʢʨʘʚʦʩʪʽ ʛʝʦʟʦʙʨʘʞʝʥʴ [2]. 
 

 

 

 

 

 

ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʚʠʭʽʜʥʦʛʦ ʛʝʦʟʦʙʨʘʞʝʥʥʷ ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʦʾ ʪʝʨʠʪʦʨʽʾ 

ʉʫʜʝʪʩʴʢʠʭ ʛʽʨ (ʟʥʽʤʦʢ ʟ ʩʫʧʫʪʥʠʢʘ ASTER (ʧʨʦʜʫʢʪ ASTER GDEM 2)) 

 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʜʣʷ ʢʦʞʥʦʾ ʟ ʪʨʴʦʭ ʜʽʣʷʥʦʢ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʪʘʢʦʶ 

ʤʝʪʦʜʠʢʦʶ: 
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ʍ1 

ʍ2 

ʍ3 

ʍ4 

ʷʩʢʨʘʚʽʩʪʴ 

ʧʽʢʩʝʣʫ

 

ʉʪʫʧʽʥʴ ʨʦʟʨʽʜʞʝʥʥʷ ʟʥʽʤʢʘ 
       ʂʦʥʮʝʥʪʨʘʮʽʷ, ʫʤʦʚ. ʦʜ.  

 

 

ʉʪʫʧʽʥʴ ʨʦʟʨʽʜʞʝʥʥʷ ʟʥʽʤʢʘ 

ʍ1 

ʍ2 

ʍ3 

ʍ4 

1. ʇʽʜʛʦʪʦʚʢʘ ʘʥʩʘʤʙʣʷ ʨʽʟʥʦʤʘʩʰʪʘʙʥʠʭ ʟʥʽʤʢʽʚ. ʆʩʢʽʣʴʢʠ ʟʥʘʡʪʠ 

ʨʽʟʥʦʤʘʩʰʪʘʙʥʽ ʟʥʽʤʢʠ ʜʽʣʷʥʢʠ, ʷʢʽ ʤʦʞʥʘ ʙʫʣʦ ʙ ʢʦʨʝʢʪʥʦ ʧʦʨʽʚʥʶʚʘʪʠ ʤʽʞ 

ʩʦʙʦʶ, ʧʨʘʢʪʠʯʥʦ ʜʫʞʝ ʩʢʣʘʜʥʦ, ʙʫʚ ʦʙʨʘʥʠʡ ʰʣʷʭ ʨʦʟʨʽʜʞʝʥʥʷ ʚʭʽʜʥʦʛʦ 

ʟʥʽʤʢʫ ʚ 2, 3, 4 ʽ ʪ.ʜ. ʨʘʟʽʚ.  
 

 

 
 

ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʛʝʦʟʦʙʨʘʞʝʥʥʷ: ʘ) ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʘʨʪ ʛʨʘʥʠʮʴ 

ʷʩʢʨʘʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ ʉʫʜʝʪʩʴʢʠʭ ʛʽʨ; ʚʠʭʽʜʥʠʡ ʟʥʽʤʦʢ ï ʧʨʦʜʫʢʪ ASTER GDEM 

2, ʤʘʩʢʘ ʇʨʶʽʪʪʘ (ʧʦʨʦʛʠ 0,5-0,9); ʙ) ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʘʨʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʨʘʥʠʮʴ 

ʷʩʢʨʘʚʦʩʪʽ (ʨʦʟʤʽʨ ʢʦʚʟʥʦʛʦ ʚʽʢʥʘ ï 17ʭ17 ʧʽʢʩʝʣʽʚ) 

 

2. ʄʝʪʦʜʦʤ ʂʝʥʥʽ ʚʠʜʽʣʷʣʠʩʷ ʛʨʘʥʠʮʽ ʷʩʢʨʘʚʦʩʪʽ. ɼʣʷ ʤʝʪʦʜʫ ʂʝʥʥʽ 

ʚʢʘʟʫʚʘʚʩʷ ʨʷʜ ʧʘʨʘʤʝʪʨʽʚ: ʟʥʘʯʝʥʥʷ ʧʦʨʦʛʽʚ ʜʣʷ ʚʝʨʭʥʴʦʾ ʪʘ ʥʠʞʥʴʦʾ ʤʝʞ, ʚʠʜ 

ʤʘʩʢʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʪʘ ʽʥʰʝ (ʨʠʩ 2, ʘ) [3].  

ʘ) ʙ) 
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ʂʦʥʮʝʥʪʨʘʮʽʷ, ʫʤʦʚ. ʦʜ. ʊʦʯʢʠ- ʝʧʽʮʝʥʪʨʠ 

ʟʝʤʣʝʪʨʫʩʽʚ 

ʍ2 

ʍ1 

ʍ
3 

ʍ4 

ʂʦʥʮʝʥʪʨʘʮʽʷ, ʫʤʦʚ. ʦʜ. ʊʦʯʢʠ ï ʝʪʘʣʦʥʥʽ ʦʙ'ʻʢʪʠ 

ʍ1 

ʍ2 

ʍ3 

ʍ4 

3. ʇʨʦʚʦʜʠʣʘʩʷ ʦʙʨʦʙʢʘ ʢʘʨʪ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ 

ʦʪʨʠʤʘʥʽ ʢʘʨʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ (ʨʠʩ. 2, ʙ). 

4. ɼʣʷ ʢʦʞʥʦʾ ʦʪʨʠʤʘʥʦʾ ʢʘʨʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ 

ʧʨʦʚʦʜʠʚʩʷ ʚʽʜʙʽʨ 35% ʪʘ 50% ʧʽʢʩʝʣʽʚ ʟ ʥʘʡʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ (ʨʠʩ. 3, ʘ, 3, ʙ). ʇʽʢʩʝʣʽ, ʱʦ ʟʘʣʠʰʠʣʠʩʴ, ʬʦʨʤʫʚʘʣʠ ʟʦʥʠ 

ʧʽʜʚʠʱʝʥʠʭ ʟʥʘʯʝʥʴ (ɿʇɿ). 

 

 

 

ʈʠʩ. 3. ɼʽʣʷʥʢʘ ʉʫʜʝʪʩʴʢʠʭ ʛʽʨ: ʘ) ʚʽʜʦʙʨʘʞʝʥʦ 35% ʧʽʢʩʝʣʽʚ ʟ ʥʘʡʙʽʣʴʰʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʨʘʥʠʮʷ ʷʩʢʨʘʚʦʩʪʽ; ʙ) ʚʽʜʦʙʨʘʞʝʥʦ 50% ʧʽʢʩʝʣʽʚ ʟ 

ʥʘʡʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ 

 

ʘ) ʙ) 
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5. ɺʠʢʦʥʫʚʘʚʩʷ ʧʽʜʨʘʭʫʥʦʢ ʝʧʽʮʝʥʪʨʽʚ ʟʝʤʣʝʪʨʫʩʽʚ, ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ɿʇɿ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʝʦʟʦʙʨʘʞʝʥʴ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʫʜʫʚʘʣʠʩʷ ʪʘʙʣʠʮʽ (ʥʘʧʨʠʢʣʘʜ, 

ʪʘʙʣ. 1). 

ɼʣʷ ʘʥʘʣʽʟʫ ʢʘʨʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʩʪʚʦʨʝʥʘ ʟʚʝʜʝʥʘ 

ʪʘʙʣʠʮʷ, ʚ ʷʢʽʡ ʚʢʘʟʘʥʦ, ʧʨʠ ʷʢʦʤʫ ʤʘʩʰʪʘʙʽ ʚ ʤʝʞʽ ɿʇɿ ʧʦʪʨʘʧʣʷʻ ʥʘʡʙʽʣʴʰʘ 

ʢʽʣʴʢʽʩʪʴ ʝʧʽʮʝʥʪʨʽʚ ʟʝʤʣʝʪʨʫʩʽʚ (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʷ 1  

ʂʽʣʴʢʽʩʪʴ ʝʧʽʮʝʥʪʨʽʚ ʟʝʤʣʝʪʨʫʩʽʚ, ʱʦ ʧʦʪʨʘʧʠʣʠ ʚ ɿʇɿ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ 

ʨʦʟʨʽʜʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʥʘ ʪʝʨʽʪʦʨʽʾ ʉʫʜʝʪʩʴʢʠʭ ʛʽʨ) 

ʉʪʫʧʽʥʴ 

ʨʦʟʨʽʜʞʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ ʟʥʽʤʢʘ 

ʂʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʝʧʽʮʝʥʪʨʽʚ ʟʝʤʣʝʪʨʫʩʽʚ ʫ ʟʦʥʘʭ 

ʧʽʜʚʠʱʝʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ 

ɺʩʴʦʛʦ ʥʘ ʜʽʣʷʥʮʽ: 161 ʝʧʽʮʝʥʪʨʽʚ ʟʝʤʣʝʪʨʫʩʽʚ 

ʄʘʩʢʘ: ʇʨʶʽʪʪʘ 

(ʧʦʨʦʛʠ 0,5-0,9) 

ʄʘʩʢʘ: ʂʽʨʰʘ  

(ʧʦʨʦʛʠ 0,5-0,9) 

% ʧʣʦʱʽ ʟ 

max 

ʟʥʘʯʝʥʥʷʤʠ 

% ʧʣʦʱʽ ʟ 

max 

ʟʥʘʯʝʥʥʷʤʠ 

% ʧʣʦʱʽ ʟ 

max 

ʟʥʘʯʝʥʥʷʤʠ 

% ʧʣʦʱʽ ʟ 

max 

ʟʥʘʯʝʥʥʷʤʠ 

35% 50% 35% 50% 

- 33 66 38 69 

2 72 114 103 134 

3 122 138 113 139 

4 133 141 135 141 

 

ʊʘʙʣʠʮʷ 2  

ʄʘʩʰʪʘʙʠ ʟʥʽʤʢʽʚ, ʧʨʠ ʷʢʠʭ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʝʧʽʮʝʥʪʨʽʚ ʟʝʤʣʝʪʨʫʩʽʚ 

ʧʦʪʨʘʧʣʷʻ ʫ ʤʝʞʽ ɿʇɿ 

ɼʽʣʷʥʢʘ 

ʂʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ (ʟʝʤʣʝʪʨʫʩʠ) 

ʉʪʫʧʽʥʴ 

ʨʦʟʨʽʜʞʝʥʥʷ 

ʚʠʭʽʜʥʦʛʦ 

ʟʥʽʤʢʘ 

ʇʽʢʩʝʣʽ ʟ 

ʥʘʡʙʽʣʴʰʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ 

ʂɻʗ, % 

ʆʙʨʘʥʠʡ 

ʤʘʩʦʯʥʠʡ 

ʦʧʝʨʘʪʦʨ 

ʂʽʣʴʢʽʩʪʴ 

ʝʧʽʮʝʥʪʨʽʚ 
% 

ʊʫʨʝʯʯʠʥʘ 2 50 ʇʨʶʽʪʪʘ 16 65% 

ʏʘʩʪʠʥʘ 

ʂʘʨʧʘʪ 
1 50 ʇʨʶʽʪʪʘ 16 63% 

ʉʫʜʝʪʠ 4 50 ʇʨʶʽʪʪʘ, ʂʽʨʰʘ 141 88% 

 

ʆʙʛʦʚʦʨʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʗʢ ʚʠʪʽʢʘʻ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʢʦʥʬʽʛʫʨʘʮʽʷ ɿʇɿ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʤʘʩʰʪʘʙʫ 

ʚʠʭʽʜʥʦʛʦ ʟʥʽʤʢʘ. ʇʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʽʩʥʫʻ ʜʝʷʢʠʡ ʤʘʩʰʪʘʙ, ʧʨʠ ʷʢʦʤʫ ʪʽʩʥʦʪʘ 

ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʝʧʽʮʝʥʪʨʽʚ 
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ʟʝʤʣʝʪʨʫʩʽʚ ʤʘʢʩʠʤʘʣʴʥʘ. ʊʘʢʠʡ ʤʘʩʰʪʘʙ ʤʦʞʝ ʙʫʪʠ ʟʥʘʡʜʝʥʠʡ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʧʨʠ ʧʦʩʣʽʜʦʚʥʦʤʫ ʨʦʟʨʽʜʞʝʥʽ ʚʠʭʽʜʥʦʛʦ ʟʥʽʤʢʘ ʚ 2, 

3, 4 ʽ ʙʽʣʴʰʝ ʨʘʟʽʚ ʘʙʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʥʽʤʢʽʚ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʪʝʨʠʪʦʨʽʾ, 

ʟʨʦʙʣʝʥʠʭ ʟ ʨʽʟʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʨʽʟʥʝʥʥʷʤ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʘ ʨʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʦʜʠʪʠ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʞ ʤʘʩʰʪʘʙʦʤ ʢʦʩʤʦʟʥʽʤʢʫ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʡʦʛʦ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ. ɺʦʥʘ ʤʘʻ ʥʘ ʤʝʪʽ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʦʪʨʠʤʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʦʢʨʝʤʘ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʝʡʩʤʦʘʢʪʠʚʥʠʭ 

ʜ̔ ʣʷʥʦʢ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʥʘʙʣʠʞʝʥʥʷ ʩʝʡʩʤʽʯʥʠʭ ʷʚʠʱ. 

ʄʝʪʦʜʠʢʘ ʟʘʩʪʦʩʦʚʘʥʘ ʥʘ ʥʠʟʮʽ ʨʝʘʣʴʥʠʭ ʩʝʡʩʤʽʯʥʠʭ ʟʦʥ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʫ 

ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ɿʝʤʥʦʾ ʢʫʣʽ. 

ɼʦʜʘʪʢʦʚʦ ʦʮʽʥʝʥʦ ʚʧʣʠʚ ʤʘʩʢʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʚʠʜʽʣʝʥʥʽ ʛʨʘʥʠʮʴ ʷʩʢʨʘʚʦʩʪʽ. ʅʘʚʽʪʴ ʟʘ ʦʪʨʠʤʘʥʠʤʠ ʧʦʧʝʨʝʜʥʽʤʠ ʜʘʥʠʤʠ ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʮʝʡ ʚʧʣʠʚ ʜʦʩʠʪʴ ʩʫʪʪʻʚʠʡ, ʽ ʪʦʤʫ ʤʘʩʢʦʚʠʡ ʦʧʝʨʘʪʦʨ ʪʘʢʦʞ ʤʘʻ 

ʦʙʠʨʘʪʠʩʷ ʟʘ ʥʘʚʝʜʝʥʦʶ ʤʝʪʦʜʠʢʦʶ. 
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ɹ.ɯ. ʄʦʨʦʟ1, ɻ.ɻ. ʐʚʘʯʠʯ1, ɼ.ʄ. ʄʦʨʦʟ1, ɯ.ɺ. ʉʤʠʛʫʥʦʚ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʈʆɿʈʆɹʂɸ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺʇʈʆɺɸɼɾɽʅʅʗ 

ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʃʗ ʋʇʈɸɺʃɯʅʅʗ ʇɽʈʉʆʅɸʃʆʄ 

ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ HRM ʉʀʉʊɽʄʀ ʅɸ ɹɸɿɯ ɸɺʊʆʄɸʊʀɿʆɺɸʅʀʍ 

ʂʃʖʏʆɺʀʍ HR-ʇʈʆʎɽʉɯɺ 
 

ɸʥʦʪʘʮʽʷ. ɼʦʩʣʽʜʞʝʥʦ ʩʠʪʫʘʮʽʶ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʪʘ 

ʤʝʪʦʜʠ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʪʫʘʣʴʥʠʭ ʥʘ ʩʴʦʛʦʜʝʥʥʷ ʨʽʰʝʥʴ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: HRMS, Odoo, ʧʝʨʩʦʥʘʣ, XML, ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʙʽʟʥʝʩ, ʙʘʟʘ 

ʜʘʥʠʭ, ʬʨʝʡʤʚʦʨʢ, ERP.  

 

ɺʩʪʫʧ. ɿ ʢʦʞʥʠʤ ʜʥʝʤ ʪʝʭʥʦʣʦʛʽʾ ʩʪʘʶʪʴ ʚʩʝ ʜʦʩʪʫʧʥʽʰʠʤʠ ʪʘ 

ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʥʘʰʦʛʦ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ, ʪʦʤʫ ʥʝ ʜʠʚʥʦ, ʱʦ 

ʢʦʤʧʘʥʽʾ, ʚʝʣʠʢʽ ʡ ʤʘʣʽ, ʪʝʧʝʨ ʥʘʤʘʛʘʶʪʴʩʷ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʝ 

ʚʥʫʪʨʽʰʥʽʭ ʧʨʦʮʝʩʽʚ, ʦʩʢʽʣʴʢʠ ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ. ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ 
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ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʙʽʣʴʰʝ ʟʘʚʜʘʥʴ ʟ ʤʝʥʰʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʷʢ 

ʤʘʪʝʨʽʘʣʴʥʠʤʠ, ʪʘʢ ʽ ʤʦʨʘʣʴʥʠʤʠ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʻ ʨʦʙʦʪʘ ʤʝʥʝʜʞʝʨʘ 

ʟ ʧʝʨʩʦʥʘʣʫ, ʷʢʠʡ ʱʦʜʥʷ ʚʟʘʻʤʦʜʽʻ ʟ ʜʘʥʠʤʠ ʧʨʦ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʘ ʪʘʢʦʞ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʥʘʙʽʨ ʥʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʥʘ ʨʦʙʦʯʝ ʤʽʩʮʝ, ʱʦ, ʧʨʠʨʦʜʥʦ, ʨʦʙʠʪʴ 

ʮʶ ʧʦʩʘʜʫ ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʪʘ ʪʨʫʜʦʤʽʩʪʢʦʶ. 

ʋʩʧʽʭ ʽ ʟʨʦʩʪʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʩʪʘʚʣʝʥʥʷ ʜʦ ʾʾ ʧʨʘʮʽʚʥʠʢʽʚ. ʆʩʴ ʯʦʤʫ ʜʝʷʢʽ ʦʨʛʘʥʽʟʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪʫʶʪʴ ʽʟ 

ʨʽʟʥʠʤʠ ʧʽʜʭʦʜʘʤʠ, ʱʦʙ ʧʦʢʨʘʱʠʪʠ ʩʚʦʾ ʢʘʜʨʦʚʽ ʩʪʨʘʪʝʛʽʾ ʪʘ ʜʦʩʚʽʜ. ʊʫʪ ʩʧʨʘʚʜʽ 

ʚʩʪʫʧʘʻ ʚ ʜʽʶ HR-ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɿ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʫʧʨʘʚʣʽʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʙʽʣʴʰʝ ʥʝ ʻ ʨʫʪʠʥʦʶ, ʷʢʫ 

ʤʦʞʥʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ, ʘ ʯʫʜʦʚʠʤ ʜʦʩʚʽʜʦʤ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʤʦʪʠʚʘʮʽʶ ʪʘ 

ʟʘʜʦʚʦʣʝʥʥʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ. ʂʦʞʝʥ ʘʩʧʝʢʪ ʚʘʰʦʾ ʨʦʙʦʪʠ ʟ ʢʘʜʨʘʤʠ ʤʦʞʥʘ 

ʚʠʢʦʥʫʚʘʪʠ ʟ ʦʜʥʦʛʦ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʤʽʩʮʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʢʘʜʨʽʚ. ɺʦʥʦ ʚʠʢʦʥʫʻ ʚʩʶ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʫ ʨʦʙʦʪʫ, ʱʦʙ ʚʠ 

ʤʦʛʣʠ ʧʦʜʙʘʪʠ ʧʨʦ ʩʚʽʡ ʧʝʨʩʦʥʘʣ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʚʜʘʥʥʷ ï ʨʦʟʨʦʙʠʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʪʘ ʧʽʜʙʦʨʫ ʥʦʚʠʭ ʧʨʘʮʽʚʥʠʢʽʚ. ʄʝʪʦʶ ʟʘʧʠʪʫ ʱʦʜʦ 

ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʥʘʧʦʚʥʝʥʥʷ ʧʨʦʛʨʘʤʠ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʰʚʠʜʢʦʜʽʶʯʦʾ ʪʘ ʟʨʫʯʥʦʾ 

ʩʠʩʪʝʤʠ ʟ ʛʥʫʯʢʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʟʨʦʟʫʤʽʣʠʤ ʽ ʟʨʫʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʘ ʪʘʢʦʞ 

ʤʦʞʣʠʚʽʩʪʶ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʜʦʩʪʫʧʥʠʭ ʬʫʥʢʮʽʡ ʰʣʷʭʦʤ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʤʦʜʫʣʽʚ. 

ʅʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʣʶʜʩʴʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʦʩʥʦʚʽ 

ʩʪʨʫʢʪʫʨʠ ʙʘʟʠ ʜʘʥʠʭ ʟ ʪʘʢʠʤʠ ʬʫʥʢʮʽʷʤʠ:  

¶ ʛʥʫʯʢʠʡ ʚʽʜʙʽʨ ʢʘʥʜʠʜʘʪʽʚ ʽ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʥʘ ʦʩʥʦʚʽ ʢʘʥʜʠʜʘʪʽʚ, ʷʢʽ ʫʩʧʽʰʥʦ ʧʨʦʡʰʣʠ ʚʽʜʙʽʨ;  

¶ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʽ ʟʨʫʯʥʝ ʫʧʨʘʚʣʽʥʥʷ ʥʠʤʠ, ʥʘʧʨʠʢʣʘʜ, 
ʟʤʽʥʘ ʚʽʜʜʽʣʫ, ʥʘʜʘʥʥʷ ʧʝʚʥʠʭ ʜʦʟʚʦʣʽʚ ʽ ʪ.ʜ.; 

¶ ʜʦʟʚʽʣ ʥʘ ʩʪʚʦʨʝʥʥʷ ʙʘʟʠ ʢʦʥʪʘʢʪʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʥʘ ʣʝʛʢʦ 

ʟʚôʷʟʘʪʠʩʷ ʟ ʣʶʜʠʥʦʶ;  

¶ ʟʨʫʯʥʠʡ ʙʣʦʢ ʟ ʢʘʣʝʥʜʘʨʝʤ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʧʣʘʥʫʚʘʥʥʷ ʩʧʽʚʙʝʩʽʜ ʪʘ ʽʥʰʠʭ ʧʦʜʽʡ;  

¶ ʤʦʞʣʠʚʽʩʪʴ ʙʨʘʪʠ ʚʽʜʧʫʩʪʢʠ ʥʘʜʘʥʠʭ ʪʠʧʽʚ ʘʙʦ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʪʠʧʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʥʘʜ ʜʘʥʦʶ ʨʦʙʦʪʦʶ ʙʫʣʽ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ. 

¶ ʤʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ 
ʧʽʜʧʨʠʻʤʩʪʚʘ; 

¶ Odoo, Python, PostgreSQL, XML. 

ʆʙʩʷʛ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ (Human Resource 

Management, HRM) ʟʨʦʩʪʘʪʠʤʝ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 12,8% ʱʦʨʽʯʥʦ ʽ ʩʷʛʥʝ $56,15 

ʤʣʨʜ ʜʦ 2030 ʨʦʢʫ. 

 ɿʘ ʩʣʦʚʘʤʠ ʝʢʩʧʝʨʪʽʚ, ʦʩʥʦʚʥʠʤʠ ʜʨʘʡʚʝʨʘʤʠ ʟʨʦʩʪʘʥʥʷ ʨʠʥʢʫ ʩʪʘʥʫʪʴ 

ʘʥʘʣʽʪʠʯʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʭʤʘʨʥʽ ʪʘ ʤʦʙʽʣʴʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʨʽʰʝʥʥʷ ʫ ʩʬʝʨʽ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ. ɿʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ HR-ʘʥʘʣʽʪʠʢʘ ʪʘ ʾʾ 
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ʽʥʪʝʛʨʘʮʽʷ ʟ HRM-ʩʠʩʪʝʤʘʤʠ ʟ ʤʝʪʦʶ ʫʭʚʘʣʝʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʻ ʚʢʨʘʡ 

ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ. 

ʋ ʧʝʨʽʦʜ ʧʘʥʜʝʤʽʾ ʢʦʨʦʥʘʚʽʨʫʩʫ ʦʩʦʙʣʠʚʦʶ ʧʦʧʫʣʷʨʥʽʩʪʶ ʫ ʙʘʛʘʪʴʦʭ 

ʛʘʣʫʟʷʭ ʩʪʘʣʠ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʽʥʩʪʨʫʤʝʥʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ 

ʧʝʨʩʦʥʘʣʫ. ʊʘʢʝ ʇɿ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʣʛʦʨʠʪʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, 

ʜʦʟʚʦʣʷʻ ʩʢʣʘʜʘʪʠ ʛʨʘʬʽʢʠ ʨʦʙʦʪʠ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʦʮʽʥʶʚʘʪʠ ʟʤʽʥʠ ʧʦʧʠʪʫ ʪʘ 

ʟʽʩʪʘʚʣʷʪʠ ʨʦʙʦʪʫ ʧʝʨʩʦʥʘʣʫ ʟ ʾʭʥʽʤʠ ʨʦʙʦʯʠʤʠ ʧʨʦʮʝʩʘʤʠ. 

ʅʘʡʙʽʣʴʰʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʜʦʩʣʽʜʥʠʢʠ 

ʥʘʟʚʘʣʠ ʪʘʢʽ ʢʦʤʧʘʥʽʾ (ʧʝʨʝʨʘʭʦʚʘʥʽ ʚ ʘʣʬʘʚʽʪʥʦʤʫ ʧʦʨʷʜʢʫ): Accenture, ADP, 

Cezanne HR, Ceridian HCM, IBM, Kronos, Mercer, Odoo, Oracle, PwC, SAP, 

Cegid, UKG, Workday [1]. 

ʅʘ ʧʦʪʦʯʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰʫ ʜʦʣʶ ʨʠʥʢʫ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤ ʜʣʷ ʙʽʟʥʝʩʫ 

ʟʘʡʤʘʻ 1C. ʇʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʨʦʩʽʡʩʴʢʦʾ ʢʦʤʧʘʥʽʾ ç1ʉè ʟ ʧʦʯʘʪʢʫ 2000-ʭ 

ʽʩʪʦʨʠʯʥʦ ʻ ʦʜʥʠʤʠ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʨʽʰʝʥʴ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʪʘ 

ʦʙʣʽʢʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʥʘ ʧʦʩʪʨʘʜʷʥʩʴʢʦʤʫ ʧʨʦʩʪʦʨʽ, ʟʦʢʨʝʤʘ ʚ ʋʢʨʘʾʥʽ. 

ʅʘʚʽʪʴ ʧʦʧʨʠ ʪʝ, ʱʦ ʥʘ ʧʨʦʜʫʢʪʠ ʮʴʦʛʦ ʨʦʟʨʦʙʥʠʢʘ ʟ 2017 ʨʦʢʫ ʥʘʢʣʘʜʝʥʽ 

ʩʘʥʢʮʽʾ, ʚʧʨʦʜʦʚʞ ʢʽʣʴʢʦʭ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʘʞ ʜʦ ʣʶʪʦʛʦ 2022-ʛʦ ʚ ʫʢʨʘʾʥʩʴʢʠʭ 

ʢʦʤʧʘʥʽʷʭ ʙʫʚ ʩʪʘʙʽʣʴʥʠʡ ʧʦʧʠʪ ʥʘ ʩʧʝʮʽʘʣʽʩʪʽʚ ç1Cè. 

ʇʽʩʣʷ ʧʦʯʘʪʢʫ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ ʨʦʟʨʦʙʥʠʢʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʧʨʝʜʩʪʘʚʥʠʢʠ ʙʽʟʥʝʩʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʨʽʚʥʷ 

ʧʦʯʘʣʠ ʰʫʢʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʠ 1ʉ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʘʣʴʪʝʨʥʘʪʠʚ ʻ ʧʨʦʜʫʢʪ 

ʙʝʣʴʛʽʡʩʴʢʦʾ ʢʦʤʧʘʥʽʾ Odoo S. A.  

Odoo ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʝ ʱʦʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʷʢ 

ʧʽʜʧʨʠʻʤʥʠʮʴʢʦʾ ʪʘ ʜʝʨʞʘʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʫʩʽʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ Odoo ʩʧʨʠʷʪʠʤʝ  ʨʦʟʚʠʪʢʫ ʢʫʣʴʪʫʨʠ ʚʚʝʜʝʥʥʷ 

ʙʽʟʥʝʩʫ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʥʘʥʴ ʧʽʜʧʨʠʻʤʮʽʚ ʫ ʩʬʝʨʽ 

ʚʝʜʝʥʥʷ ʙʽʟʥʝʩʫ. 

ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʨʦʟʫʤʥ̔ʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʘʤ ʥʝʦʙʭʽʜʥʦ 

ʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʪʠʤ, ʷʢ ʚʠʤʽʨʶʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʝʨʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʦʤ. 

 ʈʦʟʨʘʭʫʥʦʢ ʢʦʤʧʣʝʢʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʦʤ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʬʘʢʪʠʯʥʦ ʜʦʩʷʛʥʫʪʠʭ ʚʽʜʧʦʚʽʜʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʜʦ ʙʘʟʠʩʥʠʭ ʟʥʘʯʝʥʴ ʢʽʥʮʝʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʟʚʘʞʝʥʽ 

ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʟʥʘʯʠʤʦʩʪʽ ʬʫʥʢʮʽʡ ʢʝʨʽʚʥʠʮʪʚʘ ʱʦʜʦ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʜʦʨʽʚʥʶʻ 100 ʙʘʣʘʤ. 

ʄʝʪʦʜʠʢʘ ʦʮʽʥʢʠ ʢʦʤʧʣʝʢʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ 

ʩʢʘʣʘʜʻʪʴʩʷ ʟ ʤʝʪʦʜʽʚ ʝʢʦʥʦʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ, ʙʘʣʴʥʦʤʫ 

ʤʝʪʦʜʽ ʽ ʪʝʦʨʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ [2]. 

ʄʝʪʦʜ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʪʘ ʢʦʨʝʣʷʮʽʡʥʠʡ ʘʥʘʣʽʟ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʝʢʦʥʦʤʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʢʽʥʮʝʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʉʧʠʩʦʢ ʜʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʙʫʤʦʚʣʝʥʠʡ ʚʠʚʯʝʥʥʷʤ 

ʥʦʨʤʘʪʠʚʥʦʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ, ʤʘʪʝʨʽʘʣʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʬʦʨʤ ʽ ʽʥʩʪʨʫʢʮʽʡ ʜʣʷ 

ʩʢʣʘʜʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʪʘ ʦʧʝʨʘʪʠʚʥʦʾ ʟʚʽʪʥʦʩʪʽ. 
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ɿʘʜʘʶʪʴʩʷ ʢʨʠʪʝʨʽʾ ʜʦʩʷʛʥʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʢʽʥʮʝʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟ 

ʱʦʥʘʡʤʝʥʰʠʤʠ ʚʠʪʨʘʪʘʤʠ ʨʝʩʫʨʩʽʚ ʪʘ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʧʨʦʜʫʢʮʽʾ. ʏʠʩʝʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʜʘʥʠʭ ʢʨʠʪʝʨʽʾʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʬʽʥʘʥʩʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʬʦʨʤ 

ʩʪʘʪʠʩʪʠʯʥʦʾ ʽ ʦʧʝʨʘʪʠʚʥʦʾ ʟʚʽʪʥʦʩʪʽ ʽ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʫ ʚʠʜʽ ʚʽʜʩʦʪʢʦʚʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʜʦ ʙʘʟʠʩʥʦʛʦ (2.1): 

 

 

(1) 

 

ʜʝ ʍʽ ï ʧʨʦʮʝʥʪʥʝ ʚʽʜʥʦʰʝʥʥʷ ʽ-ʛʦ ʯʘʩʪʢʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ, %; 

ʈʬʽ ï ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʽ-ʛʦ ʧʦʢʘʟʥʠʢʘ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʟʘ ʟʚʽʪʥʠʡ 

ʧʝʨʽʦʜ; 

ʈʙʽ ï ʙʘʟʠʩʥʝ ʟʥʘʯʝʥʥʷ ʽ-ʛʦ ʧʦʢʘʟʥʠʢʘ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ (ʧʣʘʥ, ʥʦʨʤʘʪʠʚ, 

ʬʘʢʪ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʽʦʜʫ) ʟʘ ʟʚʽʪʥʠʡ ʧʝʨʽʦʜ. 

ʇʦʢʘʟʥʠʢ ʍʽ ʚʽʜʦʙʨʘʞʘʻ ʩʪʫʧʽʥʴ ʜʦʩʷʛʥʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʢʽʥʮʝʚʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʢʨʠʪʝʨʽʾ ʙʽʣʴʰ ʦʙ'ʻʢʪʠʚʥʦ ʚʽʜʦʙʨʘʞʘʣʠ ʨʝʟʫʣʴʪʘʪʠ 

ʢʝʨʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʪʘ ʥʝ ʧʝʨʝʢʨʠʚʘʣʠ ʦʜʠʥ ʦʜʥʦʛʦ, ʚʦʥʠ ʧʦʧʝʨʝʜʥʴʦ 

ʧʽʜʜʘʶʪʴʩʷ ʢʦʨʝʛʫʚʘʥʥʶ  ʧʦ ʬʦʨʤʫʣʽ (2.2). 

 

 

(2) 

 

ʜʝ ʇʽ ï ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʢʦʨʝʛʦʚʘʥʦʛʦ ʽ-ʛʦ ʧʦʢʘʟʥʠʢʘ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, 

%; f(ʍʽ) ï ʤʘʪʝʤʘʪʠʯʥʘ ʬʫʥʢʮʽʷ ʢʦʨʝʛʫʚʘʥʥʷ ʽ-ʛʦ ʧʦʢʘʟʥʠʢʘ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 4 ʟʘʣʝʞʥʦʩʪʽ: 

¶ ʣʽʥʽʡʥʘ ʚʠʩʭʽʜʥʘ (ʇ = ʍ), ʢʦʣʠ ʟʘʦʭʦʯʫʻʪʴʩʷ ʢʦʞʝʥ ʚʽʜʩʦʪʦʢ 

ʜʦʩʷʛʥʝʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʘ ʧʨʠ ʥʝʜʦʚʠʢʦʥʘʥʥʽ ʧʨʠʡʤʘʻʪʴʩʷ ʡʦʛʦ 

ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ (ʤʘʻ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʩʦʮʽʘʣʴʥʠʭ ʧʦʢʘʟʥʠʢʽʚ); 

¶ ʣʽʥʽʡʥʘ ʥʠʟʭʽʜʥʘ (ʇ = 200 ï ʍ), ʢʦʣʠ ʟʘʦʭʦʯʫʻʪʴʩʷ ʜʦʩʷʛʥʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʫ ʟ ʥʘʡʤʝʥʰʠʤʠ ʚʠʪʨʘʪʘʤʠ ʨʝʩʫʨʩʽʚ, ʘ ʟʘ ʧʝʨʝʚʠʪʨʘʪʫ ʨʝʩʫʨʩʽʚ 

ʥʘʨʘʭʦʚʫʻʪʴʩʷ ʤʝʥʰʘ ʢʽʣʴʢʽʩʪʴ ʙʘʣʽʚ. ʎʷ ʬʫʥʢʮʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʪʘʢʠʭ 

ʨʝʩʫʨʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʷʢ ʚʠʪʨʘʪʠ ʥʘ 1 ʛʨʥ. ʪʦʚʘʨʦʦʙʽʛʫ, ʬʦʥʜ ʟʘʨʦʙʽʪʥʦʾ ʧʣʘʪʠ, 

ʧʣʠʥʥʽʩʪʴ ʨʦʙʦʯʠʭ ʢʘʜʨʽʚ, ʚʪʨʘʪʠ ʨʦʙʦʯʦʛʦ ʯʘʩʫ; 

¶ ʧʽʨʘʤʽʜʘ, ʢʦʣʠ ʟʘʦʭʦʯʫʻʪʴʩʷ ʪʽʣʴʢʠ 100-ʚʽʜʩʦʪʢʦʚʝ ʜʦʩʷʛʥʝʥʥʷ 

ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʽ ʥʝ ʟʘʦʭʦʯʫʻʪʴʩʷ ʥʝʜʦʚʠʢʦʥʘʥʥʷ ʘʙʦ ʧʝʨʝʚʠʢʦʥʘʥʥʷ. ʇʨʠ 

ʮʴʦʤʫ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʩʢʦʨʝʛʦʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʦ 100% ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ ʇ = ʍ, ʘ ʧʨʠ ʍ > 100 % ï ʟʘ ʬʦʨʤʫʣʦʶ ʇ = 200 ï ʍ; 

¶ ʣʽʥʽʡʥʘ ʟʚʦʨʦʪʥʘ (ʰʪʨʘʬʥʽ ʩʘʥʢʮʽʾ) ʧʝʨʝʜʙʘʯʘʻ ʥʘʨʘʭʫʚʘʥʥʷ 

ʥʝʛʘʪʠʚʥʠʭ ʚʽʜʩʦʪʢʽʚ ʟʘ ʬʦʨʤʫʣʦʶ ʇ = -ʍ, ʢʦʣʠ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʘʢʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ ʫ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

(ʥʘʧʨʠʢʣʘʜ, ʨʦʟʢʨʘʜʘʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʮʽʥʥʦʩʪʝʡ, ʚʠʨʦʙʥʠʯʠʡ ʪʨʘʚʤʘʪʠʟʤ, 
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ʧʦʨʫʰʝʥʥʷ ʪʨʫʜʦʚʦʾ ʜʠʩʮʠʧʣʽʥʠ). ʎʽ ʧʦʢʘʟʥʠʢʠ ʥʝ ʧʣʘʥʫʶʪʴʩʷ, ʘ ʚʨʘʭʦʚʫʶʪʴʩʷ 

ʫ ʚʠʜʽ ʰʪʨʘʬʥʠʭ ʩʘʥʢʮʽʡ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʟʘʟʥʘʯʝʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ 

ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʫ ʷʢʦʤʫ ʧʦʨʽʚʥʶʶʪʴʩʷ ʨʽʟʥʽ ʝʢʦʥʦʤʽʯʥʽ, ʩʦʮʽʘʣʴʥʽ ʽ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʚʘʞʣʠʚʦʩʪʽ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʩʫʤʘ ʯʘʩʪʢʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʽʥʮʝʚʽ ʨʝʟʫʣʴʪʘʪʠ ʜʽʷʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʩʦʮʽʘʣʴʥʫ ʜʽʷʣʴʥʽʩʪʴ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʫ 

ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʏʘʩʪʢʦʚʽ ʧʦʢʘʟʥʠʢʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ 

ʝʢʦʥʦʤʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ 

ʚʽʜʩʦʪʢʽʚ ʾʭʥʴʦʛʦ ʚʠʢʦʥʘʥʥʷ ʥʘ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʟʥʘʯʠʤʦʩʪʽ ʬʫʥʢʮʽʡ 

ʢʝʨʽʚʥʠʮʪʚʘ (2.3): 

 

 

(3) 

 

ʜʝ ʏʇʽ ï ʟʥʘʯʝʥʥʷ ʽ-ʛʦ ʯʘʩʪʢʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ, ʙʘʣʠ; ʇʽ ï ʚʠʢʦʥʘʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, %; ɺʽ ï ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʽ-ʛʦ ʯʘʩʪʢʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʯʘʩʪʢʘ. 

ɺʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʢʘʟʫʻ ʚʽʜʥʦʩʥʫ ʚʘʞʣʠʚʽʩʪʴ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʦʢʘʟʥʠʢʘ 

ʫ ʟʘʛʘʣʴʥʽʡ ʩʫʢʫʧʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʢʦʤʧʣʝʢʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ɺʽʥ ʪʘʢʦʞ ʚʚʦʜʠʪʴʩʷ ʜʣʷ ʫʩʫʥʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʽ ʽʥʪʝʨʝʩʽʚ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʪʨʫʜʦʚʦʛʦ ʢʦʣʝʢʪʠʚʫ ʽ ʢʦʞʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ. ɺʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʯʘʩʪʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʙʦʪʠ. 

ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʤʝʪʦʜʦʤ ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ, ʰʣʷʭʦʤ ʨʘʥʞʠʨʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʽʟ ʧʨʠʩʚʦʻʥʥʷʤ ʾʤ ʧʠʪʦʤʠʭ ʚʘʛ ʫ ʯʘʩʪʢʘʭ ʦʜʠʥʠʮʽ. ʇʨʠ ʮʴʦʤʫ ʜʣʷ 

ʦʢʨʝʤʠʭ ʧʦʢʘʟʥʠʢʽʚ ʢʽʥʮʝʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʽʷʣʴʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʜʦʮʽʣʴʥʦ 

ʟʘʬʽʢʩʫʚʘʪʠ ʧʝʚʥʝ ʟʥʘʯʝʥʥʷ ʯʘʩʪʢʠ ʚ ʨʦʟʤʽʨʽ ʥʝ ʤʝʥʰ 0,5, ʟʘʣʠʰʠʚʰʠ ʥʘ 

ʧʦʢʘʟʥʠʢʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ʧʨʘʮʽ, ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʽ ʩʦʮʽʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʠʪʦʤʫ ʚʘʛʫ 0,5. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʧʨʽʦʨʠʪʝʪ ʨʝʟʫʣʴʪʘʪʽʚ 

ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ 

ʧʽʜʧʨʠʻʤʩʪʚʘ (ʝ ʫ ʙʘʣʘʭ) ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2.4): 

 

 

(4) 

 

ʜʝ n ï ʢʽʣʴʢʽʩʪʴ ʯʘʩʪʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʆʮʽʥʢʘ ʧʽʜʩʫʤʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ: 
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¶ ʷʢʱʦ ʚʦʥʦ ʤʝʥʰ 95 ʙʘʣʽʚ, ʪʦ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ 

ʥʝʟʘʜʦʚʽʣʴʥʠʤ; 

¶ ʷʢʱʦ ʚʦʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 95-100 ʙʘʣʽʚ, ʪʦ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʟʘʜʦʚʽʣʴʥʠʤ (ʘʣʝ ʥʝ ʚʠʢʦʨʠʩʪʘʥʽ ʫʩʽ ʤʦʞʣʠʚʦʩʪʽ); 

¶ ʷʢʱʦ ʚʦʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 100-105 ʙʘʣʽʚ ʽ ʚʠʢʦʥʘʥʽ ʫʩʽ ʯʘʩʪʢʦʚʽ 

ʧʦʢʘʟʥʠʢʠ, ʪʦ ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʜʦʙʨʠʤ; 

¶ ʷʢʱʦ ʚʦʥʦ ʙʽʣʴʰ 105 ʙʘʣʽʚ, ʪʦ ʟʘʛʘʣʴʥʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʧʝʨʩʦʥʘʣʦʤ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʚʽʜʤʽʥʥʦʶ. 

ʇʨʠʟʥʘʯʝʥʥʷ ʪʘ ʮʽʣʴ ʩʪʚʦʨʝʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʢʣʶʯʦʚʠʤʠ HR-ʧʨʦʮʝʩʘʤʠ ï ʩʧʨʦʱʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʤʝʥʝʜʞʝʨʽʚ ʪʘ ʟʚʠʯʘʡʥʠʭ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʟ ʧʦʚʩʷʢʜʝʥʥʠʤʠ ʢʘʜʨʦʚʠʤʠ ʟʘʜʘʯʘʤʠ, ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʘʮʽʷ 

ʚʙʫʜʦʚʘʥʦʛʦ ʚʽʜʙʦʨʫ ʢʘʥʜʠʜʘʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʢʨʫʪʝʨʘʤ ʜʦʩʷʛʘʪʠ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʘʰʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʜʦʚʦʣʴʥʠʪʠ ʥʘʩʪʫʧʥʠʤ ʫʤʦʚʘʤ: 

¶ ʤʘʢʩʠʤʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ ʜʦʩʪʫʧʫ ʜʦ ʽʥʬʦʨʤʘʮʽʾ; 

¶ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦʚʠʥʥʦ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʩʪʠʤ ʽ ʯʽʪʢʠʤ; 

¶ h ʚʠʜʢʠʡ ʜʦʩʪʫʧ ʜʦ ʚʩʽʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʦʟʜʽʣʽʚ; 

¶ ʨʦʟʜʽʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʫ ʩʠʩʪʝʤʠ ʥʘ ʨʦʣʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʢʦʨʠʩʪʫʚʘʯʽ ʤʘʣʠ 
ʜʦʩʪʫʧ ʣʠʰʝ ʜʦ ʪʽʻʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʾʭ ʧʦʩʘʜʽ, ʪʘʢʠʤ ʯʠʥʦʤ 

ʤʽʥʽʤʽʟʫʻʪʴʩʷ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʨʫʰʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʪʘ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʠʭ 

ʧʨʦʙʣʝʤ ʚ ʩʠʩʪʝʤʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʦ 

ʽʩʥʫʶʯʽ ʥʘ ʨʠʥʢʫ ʨʽʰʝʥʥʷ ʧʦ ʢʝʨʫʚʘʥʥʶ ʧʝʨʩʦʥʘʣʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʧʦʪʦʯʥʠʡ ʯʘʩ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ 

ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʧʝʨʩʦʥʘʣʦʤ, ʱʦ ʟʘʜʦʚʽʣʴʥʷʻ ʙʽʣʴʰʽʩʪʴ ʙʘʟʦʚʠʭ ʧʦʪʨʝʙ 

ʤʝʥʝʜʞʝʨʘ, ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʩʧʨʦʱʫʻ ʧʦʚʩʷʢʜʝʥʥʽ ʧʨʦʮʝʩʠ, ʘ ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʛʥʫʯʢʠʡ ʚʽʜʙʽʨ ʥʦʚʠʭ ʢʘʜʨʽʚ. 
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ʝʬʝʢʪʠʚʥʽʩʪʶ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʽʚ ʚ ʦʨʛʘʥʽʟʘʮʽʾ. ʉʠʩʪʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ˉ3, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2015, ʉ.43-47  
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ʃ.ɯ. ʄʝʱʝʨʷʢʦʚ1, ʆ.ɺ. ɿʙʝʨʦʚʩʴʢʠʡ1, ɸ.ʃ. ʐʠʨʽʥ1, ʉ.ʄ. ɼʝʥʠʩʶʢ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʇʆʊɽʅʎɯɸʃ ɺʀʂʆʈʀʉʊɸʅʅʗ ʆɹôɭʂʊɯɺ ʊʀʇʋ LOFT ʋ 

ʉɽʈɽɼʆɺʀʑɯ AUTODESK 3DS MAX 
 

ɸʥʦʪʘʮʽʷ. ʆʧʠʩʘʥʦ ʧʦʪʝʥʮʽʘʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʪʠʧʫ Loft ʫ ʩʝʨʝʜʦʚʠʱʽ 

Autodesk 3ds Max, ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ loft-ʦʙ'ʻʢʪʽʚ, 

ʨʦʟôʷʩʥʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʣʦʬʪʽʥʛʫ ʪʘ ʦʩʚʽʪʣʝʥʦ ʚʘʨʽʘʥʪʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʪʚʦʨʝʥʥʽ 

ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙ'ʻʢʪʠ, ʩʮʝʥʠ, loft-ʦʙ'ʻʢʪʠ, ʤʦʜʝʣʶʚʘʥʥʷ, Autodesk 3ds Max,  

ʤʦʜʠʬʽʢʘʪʦʨʠ ʛʝʦʤʝʪʨʽʾ.  

 

ɺʩʪʫʧ: Loft-ʦʙ'ʻʢʪʠ (ʦʙ'ʻʢʪʠ, ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʣʦʬʪʽʥʛʫ) ʻ ʥʘʡʙʽʣʴʰ 

ʩʢʣʘʜʥʠʤ ʪʘ ʮʽʢʘʚʠʤ ʪʠʧʦʤ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʫ ʩʝʨʝʜʦʚʠʱʽ 

Autodesk 3ds ʄʘʭ. ɺʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʦʜʠʬʽʢʘʪʦʨʫ Loft, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʚʽʜʢʨʠʚʘʻ ʚʝʣʠʯʝʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʎʽ ʤʦʞʣʠʚʦʩʪʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʟʤʽʥ, ʱʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʦ ʦʙôʻʢʪʽʚ ʪʠʧʫ Loft, ʘ ʪʘʢʦʞ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ 

ʚʠʙʦʨʫ ʬʦʨʤ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʜʘʥʽ ʝʣʝʤʝʥʪʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʣʠʰʝ ʦʜʥʦʛʦ 

ʤʦʜʠʬʽʢʘʪʦʨʘ. ʇʦʪʝʥʮʽʘʣ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ 

ʧʨʦʬʝʩʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ, ʪʘʢʽʡ ʷʢ ʣʽʢʘʨʩʴʢʘ, ʜʠʟʘʡʥʝʨʩʴʢʘ, 

ʧʨʦʝʢʪʫʚʘʣʴʥʘ ʪʘ ʽʥʞʝʥʝʨʥʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʫʟʴʢʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ, ʪʘʢʦʾ ʷʢ 3D-

ʚʽʟʫʘʣʽʟʘʪʦʨ ʘʙʦ 3D-ʤʦʜʝʣʣʝʨ.  

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʩʬʝʨʠ ʚʠʢʦʨʠʩʪʘʥʥʷ Loft-ʦʙ'ʻʢʪʽʚ, 

ʜʘʪʠ ʟʨʦʟʫʤʽʣʝ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ, ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ 

ʧʝʨʝʚʘʛʠ ʣʦʬʪʽʥʛʫ, ʱʦ ʥʘʜʘʶʪʴ ʮʴʦʤʫ ʪʠʧʫ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʧʦʪʫʞʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ: ʉʪʚʦʨʝʥʥʷ loft-ʦʙ'ʻʢʪʽʚ ʧʦʣʷʛʘʻ ʫ ʧʦʻʜʥʘʥʥʽ 

ʙʫʜʴ-ʷʢʠʭ ʬʦʨʤ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʠʥʦʯʥʦʾ ʬʦʨʤʠ ʰʣʷʭʫ. 

ʊʦʙʪʦ ʩʪʚʦʨʶʻʪʴʩʷ ʦʩʥʦʚʥʘ ʣʽʥʽʷ (ʰʣʷʭ) ʧʽʜʪʨʠʤʢʠ ʙʫʜʴ-ʷʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ (ʬʦʨʤ). ʇʨʦʬʝʩʽʦʥʘʣʠ ʭʫʜʦʞʥʠʢʠ ʪʘ ʩʢʫʣʴʧʪʦʨʠ 

ʩʪʚʦʨʶʶʪʴ ʛʦʣʦʚʥʫ ʣʽʥʽʶ ʪʘ ʜʦʜʘʶʪʴ ʣʽʥʽʷʤʠ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ, ʧʦʪʽʤ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʚʝʨʭʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʤʽʞʢʽʚ ʤʽʞ ʧʦʧʝʨʝʯʥʠʤʠ 

ʧʝʨʝʨʽʟʘʤʠ [1]. 

ʋ ʨʦʙʦʪʽ ʟ Loft-ʦʙ'ʻʢʪʘʤʠ ʢʦʨʠʩʪʫʚʘʯ ʩʪʠʢʘʻʪʴʩʷ ʟ ʨʷʜʦʤ ʪʘʢʠʭ ʚʠʟʥʘʯʝʥʴ, ʷʢ: 

¶ ɺʝʨʰʠʥʠ ï ʚʦʥʠ ʚʠʟʥʘʯʘʶʪʴ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʪʘ ʰʣʷʭʠ. 

ɺʦʥʠ ʤʘʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ Corner, Smooth ʪʘ ʦʙʠʜʚʘ ʪʠʧʠ Bezier. 

¶ ʉʝʛʤʝʥʪʠ ï ʯʘʩʪʠʥʘ ʩʧʣʘʡʥʫ ʤʽʞ ʜʚʦʤʘ ʚʝʨʰʠʥʘʤʠ. 

¶ ʉʧʣʘʡʥʠ ï ʩʫʢʫʧʥʽʩʪʴ ʟ'ʻʜʥʘʥʠʭ ʩʝʛʤʝʥʪʽʚ. 

¶ ʂʨʦʢʠ ï ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʣʽʚ ʩʝʛʤʝʥʪʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʜʘʥʥʷ ʢʨʠʚʦʾ. 

ʂʽʣʴʢʽʩʪʴ ʢʨʦʢʽʚ ʚʠʟʥʘʯʘʻ ʛʣʘʜʢʽʩʪʴ ʪʘ ʱʽʣʴʥʽʩʪʴ ʢʘʨʢʘʩʫ ʧʦʚʝʨʭʥʽ ʜʣʷ ʣʦʬʪʽʥʛʫ. 
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¶ ʐʣʷʭʠ ï ʦʧʠʩʫʶʪʴ ʦʜʥʫ ʬʦʨʤʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʦʩʥʦʚʥʫ ʣʽʥʽʶ loft-ʦʙ'ʻʢʪʘ. 

ɭ ʢʽʣʴʢʘ ʚʠʤʦʛ ʷʢ ʜʦ ʬʦʨʤ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʪʘʢ ʽ ʜʣʷ ʬʦʨʤʠ ʰʣʷʭʫ. 

ʌʦʨʤʠ ʰʣʷʭʫ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʪʽʣʴʢʠ ʦʜʠʥ ʩʧʣʘʡʥ. Autodesk 3ds ʄʘʭ 

ʚʽʜʤʦʚʣʷʻʪʴʩʷ ʧʨʠʡʤʘʪʠ ʙʫʜʴ-ʷʢʫ ʬʦʨʤʫ, ʱʦ ʤʽʩʪʠʪʴ ʷʢ ʰʣʷʭ ʙʽʣʴʰʝ ʦʜʥʦʛʦ 

ʩʧʣʘʡʥʫ (ʥʘʧʨʠʢʣʘʜ, ʧʦʥʯʠʢ). ɼʦ ʬʦʨʤ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʜʚʘ ʦʙʤʝʞʝʥʥʷ. ɺʩʽ ʬʦʨʤʠ ʥʘ ʰʣʷʭʫ ʧʦʚʠʥʥʽ ʤʽʩʪʠʪʠ ʦʜʥʘʢʦʚʫ ʢʽʣʴʢʽʩʪʴ 

ʩʧʣʘʡʥʽʚ. ʋʩʽ ʬʦʨʤʠ ʥʘ ʰʣʷʭʫ ʧʦʚʠʥʥʽ ʤʘʪʠ ʦʜʥʘʢʦʚʠʡ ʧʦʨʷʜʦʢ ʚʢʣʘʜʝʥʥʷ. 

ɹʘʛʘʪʦ loft-ʦʙ'ʻʢʪʽʚ ʩʪʚʦʨʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʽʻʾ ʬʦʨʤʠ ʥʘ ʰʣʷʭʫ, ʘʣʝ 

ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʮʽʢʘʚʽ ʪʘ ʩʢʣʘʜʥʽ ʦʙ'ʻʢʪʠ, ʧʦʤʽʩʪʠʚʰʠ ʥʘ ʰʣʷʭ ʙʝʟʣʽʯ ʬʦʨʤ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ Loft-ʦʙ'ʻʢʪʫ ʪʨʝʙʘ ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʠʪʠ ʙʘʟʦʚʽ ʬʦʨʤʠ ʪʘ 

ʚʠʜʽʣʠʪʠ ʩʧʣʘʡʥ-ʰʣʷʭ. ʇʽʩʣʷ ʮʴʦʛʦ ʦʙʨʘʪʠ ʧʫʥʢʪ ʤʝʥʶ Create/Compound 

Objects/Loft. ɸʢʪʠʚʫʚʘʚʰʠ ʽʥʩʪʨʫʤʝʥʪ, ʧʦʪʨʽʙʥʦ ʫʚʽʤʢʥʫʪʠ ʨʝʞʠʤ ʚʠʙʦʨʫ 

ʬʦʨʤʠ Get Shape, ʧʽʩʣʷ ʯʦʛʦ ʤʦʞʥʘ ʦʙʨʘʪʠ ʩʧʣʘʡʥ-ʬʦʨʤʫ ʦʙôʻʢʪʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʦʩʪʽ ʣʦʬʪʽʥʛʫ. ɼʦ ʩʪʚʦʨʝʥʠʭ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ 

ʬʦʨʤʠ, ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʧʦʪʦʯʥʦʛʦ ʰʣʷʭʫ ʫ ʩʚʠʪʢʫ Path Parameters 

(1, ʨʠʩ. 1) ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʪʦʛʦ, ʜʝ ʙʫʜʝ ʜʦʜʘʚʘʪʠʩʷ ʬʦʨʤʘ ʽ ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ 

Get Shape ʜʣʷ ʚʠʙʦʨʫ ʬʦʨʤʠ. ʊʘʢʦʞ ʧʝʨʝʜ ʚʠʙʦʨʦʤ ʤʦʞʥʘ ʦʙʨʘʪʠ ʤʝʪʦʜ 

ʢʣʦʥʫʚʘʥʥʷ Move, ʉʦʨʫ ʘʙʦ Instance (2, ʨʠʩ. 1). Move ï ʬʦʨʤʘ-ʧʝʨʝʪʠʥ, ʙʫʜʝ 

ʧʦʤʽʱʝʥʘ ʚ loft-ʦʙ'ʻʢʪ, ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ, ʽ ʧʝʨʝʩʪʘʥʝ ʽʩʥʫʚʘʪʠ ʷʢ ʥʝʟʘʣʝʞʥʠʡ 

ʦʙ'ʻʢʪ; Copy - ʫ ʩʢʣʘʜʽ ʩʪʚʦʨʶʚʘʥʦʛʦ loft-ʦʙ'ʻʢʪʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʘ ʥʝʟʘʣʝʞʥʘ 

ʢʦʧʽʷ ʚʠʭʽʜʥʦʾ ʬʦʨʤʠ-ʧʝʨʝʪʠʥʫ; Instance ï ʙʫʜʝ ʟʘʩʪʦʩʦʚʘʥʦ ʟʨʘʟʦʢ ʬʦʨʤʠ-

ʧʝʨʝʪʠʥʫ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʟʘ ʫʤʦʚʯʘʥʥʷʤ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʡʯʘʩʪʽʰʝ, 

ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʘ ʥʘʩʪʫʧʥʘ ʜʦʧʫʩʪʠʤʘ ʟʤʽʥʘ ʬʦʨʤʠ ʚʽʜʦʙʨʘʞʘʪʠʤʝʪʴʩʷ ʥʘ loft-

ʦʙ'ʻʢʪʽ [2]. ʇʝʨʝʭʦʜʠ ʤʽʞ ʬʦʨʤʘʤʠ ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʫ ʚʽʜʩʦʪʢʦʚʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʘʙʦ ʟʘ ʚʽʜʩʪʘʥʥʶ, ʘ ʥʘʚʽʛʘʮʽʷ ʧʦ ʨʽʚʥʷʤ ʬʦʨʤ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʥʦʧʦʢ (3, ʨʠʩ. 1). 

 

 
 

ʈʠʩ. 1. ʇʘʨʘʤʝʪʨʠ ʧʦʙʫʜʦʚʠ ʦʙôʻʢʪʫ ʪʠʧʫ Loft 

1 

3 
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ʈʦʟʛʣʷʥʝʤʦ ʥʘ ʧʨʠʢʣʘʜʽ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʫ ʪʠʧʫ Loft çʅʦʚʦʨʽʯʥʘ 

ʧʨʠʢʨʘʩʘè (ʨʠʩ. 2). ʅʘ ʩʮʝʥʫ ʙʫʣʦ ʜʦʜʘʥʦ ʪʨʠ ʩʧʣʘʡʥʠ: ʢʦʣʦ, ʢʚʘʜʨʘʪ ʪʘ ʣʽʥʽʷ, 

ʱʦ ʙʫʣʘ ʚʟʷʪʘ ʟʘ ʰʣʷʭ. ɼʦ ʣʽʥʽʾ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʤʦʜʠʬʽʢʘʪʦʨ Loft ʪʘ ʚʟʷʪʦ ʟʘ 

ʬʦʨʤʫ ʢʦʣʦ. ʐʣʷʭ ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʚʘʥʥʷ 

ʢʚʘʜʨʘʪʥʦʾ ʬʦʨʤʠ ʥʘ ʚʽʜʤʽʪʮʽ 75% Path. ʇʽʩʣʷ ʮʴʦʛʦ ʦʙôʻʢʪ ʙʫʣʦ ʜʝʬʦʨʤʦʚʘʥʦ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʬʦʨʤʘʪʦʨʘ Scale.  
 

 
 

ʈʠʩ. 2. ɻʦʪʦʚʠʡ ʦʙôʻʢʪ çʅʦʚʦʨʽʯʥʘ ʧʨʠʢʨʘʩʘè 

 

ɼʣʷ ʜʝʬʦʨʤʘʮʽʾ loft-ʦʙôʻʢʪʫ ʪʨʝʙʘ ʚʠʜʽʣʠʪʠ ʡʦʛʦ ʪʘ ʦʙʨʘʪʠ ʚʢʣʘʜʢʫ Modify 

ï ʪʦʜʽ ʫ ʩʧʠʩʢʫ ʧʘʨʘʤʝʪʨʽʚ ʟôʷʚʠʪʴʩʷ ʩʚʠʪʦʢ Deformations, ʜʝ ʙʫʜʫʪʴ ʜʦʩʪʫʧʥʽ 

ʜʝʬʦʨʤʘʪʦʨʠ Scale, Twist, Teeter, Bevel ʪʘ Fit. ʇʨʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟôʷʚʣʷʻʪʴʩʷ 

ʚʽʢʦʥʮʝ ʥʘʣʘʰʪʫʚʘʥʴ, ʫ ʷʢʦʤʫ ʤʦʞʥʘ ʜʦʜʘʪʠ ʪʦʯʢʠ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʥʠʭ 

Bezier-Smooth (ʨʠʩ. 3). 

 

 
 

ʈʠʩ. 3. ɺʽʢʥʦ ʥʘʣʘʰʪʫʚʘʥʴ ʜʝʬʦʨʤʘʪʦʨʘ Scale 
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ɼʦ ʦʙ'ʻʢʪʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʦʜʥʦʯʘʩʥʦ ʜʝʢʽʣʴʢʘ ʜʝʬʦʨʤʘʮʽʡ. ʊʘʢ, ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʥʘʩʪʫʧʥʦʛʦ ʦʙôʻʢʪʫ (ʨʠʩ. 4), ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʝʬʦʨʤʘʮʽʶ Scale ʜʣʷ 

ʥʘʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʬʦʨʤʠ, ʪʘ Twist ʜʣʷ ʟʘʢʨʫʯʫʚʘʥʥʷ ʬʦʨʤʠ. 

 

 
 

ʈʠʩ. 4. ɻʦʪʦʚʠʡ ʦʙôʻʢʪ çʅʦʚʦʨʽʯʥʘ ʧʨʠʢʨʘʩʘ ʰʠʰʢʘè 

 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʰʣʷʭʦʤ ʧʨʦʩʪʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʢʦʨʠʩʪʫʚʘʯ 

ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ loft-ʦʙôʻʢʪʠ ʽʟ ʩʢʣʘʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʨʠʤʽʪʠʚʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʪʨʠʤʽʨʥʽ ʤʦʜʝʣʽ ʧʨʦʩʪʠʭ ʷʣʠʥʢʦʚʠʭ 

ʧʨʠʢʨʘʩ (ʨʠʩ. 5). ʄʦʜʝʣʶʚʘʥʥʷ ʩʧʣʘʡʥʘʤʠ ʮʽʢʘʚʝ ʪʠʤ, ʱʦ ʚʦʥʦ ʜʫʞʝ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ. ʇʨʠ ʤʽʥʽʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʜʽʡ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦʚʥʦʮʽʥʥʠʡ 

ʦʙ'ʻʢʪ ʽʟ ʢʦʨʝʢʪʥʦʶ ʩʽʪʢʦʶ. ʇʨʠ ʮʴʦʤʫ ʩʘʤ ʽʥʩʪʨʫʤʝʥʪ ʜʦʩʠʪʴ ʛʥʫʯʢʠʡ ʽ ʜʦʙʨʝ 

ʧʨʘʮʶʻ ʟ ʙʫʜʴ-ʷʢʠʤʠ ʬʦʨʤʘʤʠ [3]. 

 

 
 

ʈʠʩ. 5. ʄʦʜʝʣʽ ʷʣʠʥʢʦʚʠʭ ʧʨʠʢʨʘʩ 
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ɺʠʩʥʦʚʢʠ. ɺ ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʣʦ ʦʧʠʩʘʥʦ ʥʘ ʧʨʠʢʣʘʜʘʭ ʧʦʪʝʥʮʽʘʣ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙôʻʢʪʽʚ ʪʠʧʫ Loft ʫ ʩʝʨʝʜʦʚʠʱʽ Autodesk 3ds Max, 

ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ, ʨʦʟôʷʩʥʝʥʦ 

ʩʧʝʮʠʬʽʯʥʽ ʚʠʟʥʘʯʝʥʥʷ ʜʣʷ loft-ʦʙ'ʻʢʪʽʚ ʪʘ ʦʩʚʽʪʣʝʥʦ ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʣʦʬʪʽʥʛʫ ʫ ʩʪʚʦʨʝʥʥʽ ʩʢʣʘʜʥʠʭ ʦʙ'ʻʢʪʽʚ. 
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ʉ.ɼ. ʇʨʠʭʦʜʯʝʥʢʦ1, ʄ.ʆ. ʅʫʛʫʤʘʥʦʚ1, ʆ.ɺ. ɯʚʘʥʯʝʥʢʦ1, ʆ.ɺ. ɻʦʣʽʥʴʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ɸʃɻʆʈʀʊʄɯɺ ʊʀʇʋ 

çʈʆɿɼɯʃʗʁ ɯ ɺʆʃʆɼɯʁè ɺ ɻɸʃʋɿɯ DATA  SCIENCE 

 
ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʠ ʧʽʜʚʘʣʠʥʠ ʨʦʟʨʘʭʫʥʢʽʚ ʯʘʩʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ 

ʚʟʘʛʘʣʽ. ʆʩʦʙʣʠʚʠʡ ʘʢʮʝʥʪ ʚ ʨʦʙʦʪʽ ʟʨʦʙʣʝʥʦ ʥʘ ʘʣʛʦʨʠʪʤʠ ʪʠʧʫ çʈʦʟʜʽʣʷʡ ʪʘ ʚʦʣʦʜʘʨʶʡè; ʾʭ 

ʧʽʜʪʠʧʠ, ʟʘʛʘʣʴʥʫ ʧʦʙʫʜʦʚʫ, ʪʘ ʯʘʩ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʮʠʤʠ ʪʠʧʘʤʠ ʘʣʛʦʨʠʪʤʽʚ. ʇʨʠʚʝʜʝʥʽ 

ʩʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘ ʧʨʠʢʣʘʜʠ ʢʦʜʫ ʜʣʷ ʮʠʭ ʪʠʧʽʚ ʘʣʛʦʨʠʪʤʽʚ. ʆʙʯʠʩʣʝʥʽ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘʪʨʘʪʠ ʯʘʩʫ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʮʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʣʛʦʨʠʪʤʠ, ʨʦʟʨʘʭʫʥʢʠ ʯʘʩʫ, ʦʙ'ʻʢʪʠ, ʩʪʨʫʢʪʫʨʥʽ ʩʭʝʤʠ ʨʝʘʣʽʟʘʮʽʾ, 
ʤʘʪʘʥʘʣʽʟ, ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʯʘʩ, ʢʦʥʮʝʧʮʽʻʶ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʧʦʟʥʘʯʝʥʥʷ.  

 

ɺʩʪʫʧ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʣʶʜʠʥʘ ʚʠʥʘʡʰʣʘ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʩʪʨʦʾʚ ʪʘ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʫʪʠʥʥʠʭ 

ʧʨʦʮʝʩʽʚ ʪʘ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʽʟ ʨʽʟʥʠʭ ʩʬʝʨ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɿʘʢʦʥ ʄʫʨʘ 

ʛʦʚʦʨʠʪʴ: "ʂʽʣʴʢʽʩʪʴ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʱʦ ʨʦʟʤʽʱʫʶʪʴʩʷ ʥʘ ʢʨʠʩʪʘʣʽ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʩʭʝʤʠ, ʧʦʜʚʦʶʻʪʴʩʷ ʢʦʞʥʽ 24 ʤʽʩʷʮʽ". ɼʽʡʩʥʦ ʩʫʯʘʩʥʽ ʢʦʤʧ'ʶʪʝʨʠ ʤʘʶʪʴ 

ʧʦʪʫʞʥʽʩʪʴ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʝ, ʥʽʞ ʢʦʤʧ'ʶʪʝʨʠ 20-ʨʽʯʥʦʾ ʜʘʚʥʦʩʪʽ, ʘʣʝ ʥʘʩʧʨʘʚʜʽ 

ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʢʦʤʧ'ʶʪʝʨʘ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʽ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʥʟʠʩʪʦʨʽʚ, ʘʣʝ ʽ ʚʽʜ ʷʢʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʴ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʨʦʙʦʪʽ ʟ BIGDATA. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ 

ʜʦʩʠʪʴ ʜʦʙʨʝ ʚʠʚʯʝʥʦ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʯʘʩʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ. ʋ computer 

science ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʥʷʪʪʷ - ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʯʘʩ [1]. ʈʽʟʥʽ ʘʣʛʦʨʠʪʤʠ 

ʤʘʶʪʴ ʨʽʟʥʫ ʩʢʣʘʜʥʽʩʪʴ (ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʨʦʙʦʪʠ ʚʽʜ ʨʦʟʤʽʨʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ 

ʤʦʞʝ ʟʘʜʘʚʘʪʠʩʷ ʤʘʪʝʤʘʪʠʯʥʦʶ ʬʦʨʤʫʣʦʶ): ʣʽʥʽʡʥʫ, ʢʚʘʜʨʘʪʠʯʥʫé ʅʝ ʩʢʣʘʜʥʦ 
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ʟʜʦʛʘʜʘʪʠʩʷ ʫ ʷʢʦʤʫ ʨʘʟʽ ʰʚʠʜʢʽʩʪʴ ʙʫʜʝ ʣʽʥʽʡʥʦʶ (ʫ ʨʘʟʽ, ʷʢʱʦ ʘʣʛʦʨʠʪʤ 

ʤʽʩʪʠʪʴ ʮʠʢʣ), ʢʚʘʜʨʘʪʠʯʥʘ ʩʢʣʘʜʥʽʩʪʴ ʟ'ʷʚʣʷʻʪʴʩʷ ʫ ʨʘʟʽ, ʷʢʱʦ ʫ ʧʨʦʛʨʘʤʽ ʻ 

ʚʢʣʘʜʝʥʠʡ ʮʠʢʣ (ʫ ʨʘʟʽ ʧʨʦʛʨʘʤʘ ʚʠʢʦʥʫʚʘʪʠʤʝ ʯʠʩʣʦ ʦʧʝʨʘʮʽʡ ʢʨʘʪʥʝ n*n, ʜʝ n 

ï ʨʦʟʤʽʨ ʚʭʽʜʥʠʭ ʜʘʥʠʭ). ʇʨʠʢʣʘʜʠ ʚʠʱʝ ʜʦʩʠʪʴ ʦʯʝʚʠʜʥʽ, ʘʣʝ, ʢʨʽʤ ʥʘʚʝʜʝʥʠʭ 

ʚʠʱʝ ʚʘʨʽʘʥʪʽʚ, ʽʩʥʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʟ ʣʦʛʘʨʠʬʤʽʯʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ï O(log(n)). 

ʇʨʦ ʥʠʭ ʤʠ ʡ ʧʦʛʦʚʦʨʠʤʦ ʚ ʦʩʥʦʚʥʽʡ ʯʘʩʪʠʥʽ ʩʪʘʪʪʽ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʝʨʝʜ ʪʠʤ ʷʢ ʟʘʛʣʠʙʠʪʴʩʷ ʚ ʘʣʛʦʨʠʪʤʠ ʪʠʧʫ 

ʨʦʟʜʽʣʷʡ ʽ ʚʣʘʜʘʨʶʡ ʩʣʽʜ ʧʦʟʥʘʡʦʤʠʪʠʩʷ ʟ ʧʦʟʥʘʯʝʥʥʷʤʠ ʽ ʨʦʟʽʙʨʘʪʠʩʷ ʟ ʾʭ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʟʤʽʩʪʦʤ. ʉʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʥʘʟʠʚʘʶʪʴ ʘʩʠʤʧʪʦʪʠʯʥʠʤ 

ʯʘʩʦʤ ʽ ʧʦʟʥʘʯʘʶʪʴ ʷʢ O (ʥʘʧʨʠʢʣʘʜ: ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʟ ʣʽʥʽʡʥʠʤ ʯʘʩʦʤ 

ʨʦʙʦʪʠ ʧʦʟʥʘʯʘʻʪʴʩʷ, ʷʢ O(n)). ʊʝʧʝʨ ʩʣʽʜ ʨʦʟʽʙʨʘʪʠʩʷ ʟʽ ʩʣʦʚʦʤ ʘʩʠʤʧʪʦʪʠʯʥʘ. 

ɼʣʷ ʣʶʜʠʥʠ, ʷʢʘ ʥʝ ʚʠʚʯʘʣʘ ʤʘʪʘʥʘʣʽʟ, ʮʝ ʤʦʞʝ ʟʜʘʪʠʩʷ ʥʝ ʪʘʢ ʧʨʦʩʪʦ, 

ʘʩʠʤʧʪʦʪʘ ï ʮʝ ʧʨʷʤʘ ʜʦ ʷʢʦʾ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʜʦ ʥʝʩʢʽʥʯʝʥʥʦʩʪʽ ʫʩʪʨʦʤʣʷʻʪʴʩʷ 

ʬʫʥʢʮʽʷ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʯʘʩ ʟʨʫʯʥʦ ʜʣʷ 

ʦʮʽʥʢʠ ʩʢʣʘʜʥʦʩʪʽ ʘʣʛʦʨʠʪʤʽʚ ʪʘʢ ʷʢ ʜʘʥʠʡ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʡʪʠ ʥʘ 

ʧʝʚʥʠʡ ʨʽʚʝʥʴ ʘʙʩʪʨʘʢʮʽʾ, ʧʦʟʙʘʚʠʪʴʩʷ ʯʣʝʥʽʚ ʥʠʞʯʦʛʦ ʧʦʨʷʜʢʫ ʽ ʢʣʘʩʠʬʽʢʫʚʘʪʠ 

ʘʣʛʦʨʠʪʤʠ ʾʭ ʘʩʠʤʧʪʦʪʠʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ: ʧʦʚʥʠʡ ʯʘʩ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ ʤʦʞʝ ʜʦʨʽʚʥʶʚʘʪʠ  ï ʫ ʪʘʢʦʤʫ ʨʘʟʽ ʤʠ ʛʦʚʦʨʠʪʠʤʝʤʦ, 

ʱʦ ʘʩʠʤʧʪʦʪʠʯʥʠʡ ʯʘʩ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʘʙʦ ʞ 

, ʜʝ - ʧʦʚʥʠʡ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ (ʫ ʥʘʰʦʤʫ 

ʧʨʠʢʣʘʜʽ - ). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʝ ʧʦʟʥʘʯʝʥʥʷ, ʤʦʞʥʘ ʛʦʚʦʨʠʤʦ, 

ʱʦ ʻ ʪʘʢʽ ʧʦʟʠʪʠʚʥʽ ʢʦʥʩʪʘʥʪʠ ʠ  ʧʨʠ ʷʢʠʭ  ʙʫʜʝ ʦʙʤʝʞʝʥʦ ʟʛʦʨʠ 

 ʧʨʠ  (ʨʠʩ. 1.), ʪʦʙʪʦ , ʧʨʠ ʚʩʽʭ .  

 
ʈʠʩ. 1. ɺʽʜʦʙʨʘʞʝʥʥʷ  ʚʽʜʥʦʩʥʦ  

 

ʊʝʧʝʨ, ʢʦʣʠ ʨʦʟʽʙʨʘʣʠʩʷ ʪʨʦʭʠ ʟ ʢʦʥʮʝʧʮʽʻʶ ʘʩʠʤʧʪʦʪʠʯʥʦʛʦ ʧʦʟʥʘʯʝʥʥʷ 

ʯʘʩʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ, ʜʘʚʘʡʪʝ ʟʛʘʜʘʻʤʦ ʧʨʦ ʪʽ ʟʘʛʘʜʢʦʚʽ ʘʣʛʦʨʠʪʤʠ, ʯʠʾ ʯʘʩ 

ʨʦʙʦʪʠ ʜʦʨʽʚʥʶʻ  [2].  ʰʚʠʜʰʝ ʥʽʞ , ʘ  
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ʰʚʠʜʰʝ ʥʽʞ , ʦʩʢʽʣʴʢʠ ʬʫʥʢʮʽʷ  ʟʨʦʩʪʘʻ ʧʦʚʽʣʴʥʽʰʝ ʘʥʽʞ 

ʬʫʥʢʮʽʷ  (ʨʠʩ. 2.), ʜʝ  ʎʝ ʤʦʞʥʘ ʟʨʦʟʫʤʽʪʠ, 

ʜʦʩʣʽʜʞʫʶʯʠ ʧʦʭʽʜʥʽ ʚʽʜ ʮʠʭ ʬʫʥʢʮʽʡ: , ʚ ʪʦ ʯʘʩ ʷʢ . ɺ 

ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʧʨʠ ʙʫʜʴ ʷʢʦʤʫ ʟʥʘʯʝʥʥʽ  ʠ  

ʬʫʥʢʮʽʷ   ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʥʫʣʷ . ʆʪʞʝ, 

ʚʨʘʭʦʚʫʶʯʠ ʧʨʠʨʦʜʫ ʧʦʭʽʜʥʦʾ (ʧʦʭʽʜʥʘ ʻ ʰʚʠʜʢʽʩʪʶ ʟʨʦʩʪʘʥʥʷ ʬʫʥʢʮʽʾ) 

ʤʦʞʣʠʚʦ ʩʢʘʟʘʪʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ n (ʚʭʽʜʥʠʭ ʜʘʥʠʭ) ʬʫʥʢʮʽʷ ʯʘʩʫ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ ʩʢʣʘʜʥʦʩʪʽ O(n) ʟʨʦʩʪʘʻ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ 

O(log(n) ) ï ʰʚʠʜʢʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʨʘʛʥʝ ʥʫʣʷ ʧʨʠ n Ÿ Ð. 

ʇʨʠʤʽʪʥʦ, ʱʦ ʚ ʟʘʧʠʩʽ O(log(n)) ʥʘʚʽʪʴ ʥʝ ʚʢʘʟʫʻʪʴʩʷ ʦʩʥʦʚʘ ʣʦʛʘʨʠʬʤʫ, 

ʦʩʢʽʣʴʢʠ ʦʩʦʙʣʠʚʦʾ ʨʦʣʽ ʚʦʥʦ ʥʝ ʚʽʜʽʛʨʘʻ. 

ʊʘʢʠʡ ʯʘʩ ʨʦʙʦʪʠ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ ʪʠʧʫ 

çʨʦʟʜʽʣʷʡ ʽ ʚʦʣʦʜʘʨʶʡè (ʭʦʯʘ ʥʝ ʚʩʽ ʘʣʛʦʨʠʪʤʠ ʜʘʥʦʛʦ ʪʠʧʫ ʜʘʜʫʪʴ ʪʘʢʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʘʣʝ ʧʨʦ ʮʝ ʧʽʟʥʽʰʝ). ʉʧʨʘʚʘ ʚ ʪʦʤʫ, ʱʦ ʜʘʥʽ ʘʣʛʦʨʠʪʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʦʚʩʽʤ ʽʥʰʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ. ʆʩʥʦʚʥʘ ʢʦʥʮʝʧʮʽʷ 

ʧʦʣʷʛʘʻ ʚ ʨʝʢʫʨʩʠʚʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʜʘʥʠʭ ʥʘ ʯʘʩʪʠʥʠ (ʚʽʜʙʠʚʘʻ ʩʝʥʩ ʩʣʦʚʘ 

çʨʦʟʜʽʣʷʡè ʫ ʥʘʟʚʽ ʤʝʪʦʜʫ) ʽ ʨʦʟʚ'ʷʟʘʥʥʽ ʟʘʜʘʯʽ ʜʣʷ ʤʝʥʰʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ 

(ʚʽʜʦʙʨʘʞʘʻ ʩʝʥʩ ʩʣʦʚʘ çʚʣʘʜʘʨʶʡè ʫ ʥʘʟʚʽ ʤʝʪʦʜʫ). çʇʦʜʽʣʷʡ ʽ ʚʦʣʦʜʘʨʶʡè ï 

ʢʦʥʮʝʧʮʽʷ, ʱʦ ʥʘʨʦʜʠʣʘʩʷ ʜʦʩʠʪʴ ʜʘʚʥʦ ʽ ʚʽʜʦʙʨʘʞʘʻ ʚʦʥʘ ʧʨʠʥʮʠʧ ʜʝʨʞʘʚʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ, ʚ ʷʢʦʤʫ ʨʽʟʥʦʨʽʜʥʘ ʜʝʨʞʘʚʘ ʬʫʥʢʮʽʦʥʫʻ ʰʣʷʭʦʤ ʧʦʜʽʣʫ ʩʠʣ ʥʘ 

ʥʝʚʝʣʠʢʽ ʯʘʩʪʠʥʠ ʪʘ ʟʰʪʦʚʭʫʚʘʥʥʷ ʾʭ ʤʽʞ ʩʦʙʦʶ. ɸʣʛʦʨʠʪʤʠ, ʱʦ ʚʠʤʘʛʘʶʪʴ 

ʨʦʟʜʽʣʠʪʠ ʜʘʥʽ ʜʣʷ ʨʦʙʦʪʠ ʟ ʥʝʚʝʣʠʢʠʤʠ ʾʭ ʥʘʙʦʨʘʤʠ, ʦʪʨʠʤʘʣʠ ʪʫ ʞ ʥʘʟʚʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʽʚ çʨʦʟʜʽʣʷʡ ʪʘ ʚʦʣʦʜʘʨʶʡè ʥʘ 

ʧʨʠʢʣʘʜʽ ʘʣʛʦʨʠʪʤʫ ʩʦʨʪʫʚʘʥʥʷ ʟʣʠʪʪʷʤ MergeSort, ʘʣʝ ʜʣʷ ʧʦʯʘʪʢʫ ʦʮʽʥʠʤʦ 

ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʩʦʨʪʫʚʘʥʥʷ ʚʠʙʦʨʦʤ SelectionSort [3]. 

 

ʇʩʝʚʜʦʢʦʜ SelectionSort: 

ɺʭʽʜ: ʜʦʚʽʣʴʥʠʡ n-ʨʦʟʤʽʨʥʠʡ ʤʘʩʠʚ A 

ɺʠʭʽʜ: ʫʧʦʨʷʜʢʦʚʘʥʠʡ n-ʨʦʟʤʽʨʥʠʡ ʤʘʩʠʚ 

minIndex := 0 

for  to  do  

 for  to  do 

  if   then 

    

 if   then 

   

    

 

 

ʅʘʚʝʜʝʥʠʡ ʚʠʱʝ ʘʣʛʦʨʠʪʤ ʤʘʻ ʩʢʣʘʜʥʽʩʪʴ . ʏʠ ʤʦʞʥʘ ʜʦʩʷʛʪʠ 

ʢʨʘʱʦʛʦ? 
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ʈʦʟʛʣʷʥʝʤʦ ʘʣʛʦʨʠʪʤ MargeSort. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʘʚʜʘʥʥʷ ï 

ʧʦʙʫʜʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʪʠʧʫ çʨʦʟʜʽʣʷʡ ʪʘ ʚʦʣʦʜʘʨʶʡè ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʤʘʩʠʚʫ. 

ʉʧʦʯʘʪʢʫ ʨʝʢʫʨʩʠʚʥʝ ʨʦʟʜʽʣʠʤʦ ʤʘʩʠʚ (ʨʠʩ. 2.). 

 

 
 

ʈʠʩ. 2. ʈʝʢʫʨʩʠʚʥʝ ʨʦʟʜʽʣʝʥʥʷ ʤʘʩʠʚʫ 

 

ɼʘʣʽ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʢʦʞʥʠʭ 2-ʭ ʨʝʢʫʨʩʠʚʥʠʭ ʜʟʚʽʥʢʽʚ ʚʠʢʦʥʘʪʠ ʟʣʠʪʪʷ 

Merge. ɼʘʚʘʡʪʝ ʧʦʜʠʚʠʤʦʩʷ ʥʘ ʧʩʝʚʜʦʢʦʜ ʬʫʥʢʮʽʾ Merge [4]. 

 

ʇʩʝʚʜʦʢʦʜ Merge: 

ɺʭʽʜ: ʚʽʜʩʦʨʪʦʚʘʥʽ ʤʘʩʠʚʠ C ʽ D (ʜʦʚʞʠʥʦʶ n/2 ʢʦʞʝʥ) 

ɺʠʭʽʜ: ʚʽʜʩʦʨʪʦʚʘʥʠʡ ʤʘʩʠʚ B 

 

 
for   to  do  

 if     then 

   

   

 else 

   

   
    

 

ʗʢ ʚʠʜʥʦ ʘʣʛʦʨʠʪʤ Merge ʣʽʥʽʡʥʠʡ ï ʦʪʞʝ ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʢʫʨʩʠʚʥʦʛʦ 

ʚʠʢʣʠʢʫ (ʨʠʩ. 3) ʙʫʜʝ ʚʠʢʦʥʘʥʦ ʣʽʥʽʡʥʫ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʢʨʽʤ ʙʘʟʦʚʦʛʦ 

(ʚʚʘʞʘʪʠʤʝʤʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʥʘ ʙʘʟʦʚʦʤʫ ʨʽʚʥʽ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʤʽʨʫ 

ʜʘʥʠʭ). 
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ʇʩʝʚʜʦʢʦʜ MergeSort: 

ɺʭʽʜ: ʜʦʚʽʣʴʥʠʡ n-ʨʦʟʤʽʨʥʠʡ ʤʘʩʠʚ A 

ɺʠʭʽʜ: ʚʽʜʩʦʨʪʦʚʘʥʠʡ ʤʘʩʠʚ A 

// ʙʘʟʦʚʽ ʚʠʧʘʜʢʠ ʽʛʥʦʨʦʚʘʥʽ 

 
 

 
 

 

 
 

ʈʠʩ. 3. ʈʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ MergeSort ʥʘ Python ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4 
 

ɼʣʷ 1 ʨʽʚʥʷ:  ʦʧʝʨʘʮʽʡ ʜʣʷ 4 ʨʝʢʫʨʩʠʚʥʠʭ ʚʠʢʣʠʢʽʚ, ʦʪʞʝ ʨʘʟʦʤ  

ʦʧʝʨʘʮʽʡ ʥʘ 1 ʨʽʚʝʥʴ. 

ɼʣʷ 2 ʨʽʚʥʷ:  ʦʧʝʨʘʮʽʡ ʜʣʷ 2 ʨʝʢʫʨʩʠʚʥʠʭ ʚʠʢʣʠʢʽʚ, ʦʪʞʝ ʨʘʟʦʤ  

ʦʧʝʨʘʮʽʡ ʥʘ 2 ʨʽʚʝʥʴ. 

ɼʣʷ 3 ʨʽʚʥʷ ʪʘʢʦʞ  ʦʧʝʨʘʮʽʡ. 

ɺʠʭʦʜʠʪʴ, ʱʦ ʫ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʚʠʢʦʥʫʻʪʴʩʷ n ʦʧʝʨʘʮʽʡ, ʦʪʞʝ ʚʩʴʦʛʦ 

ʦʧʝʨʘʮʽʡ n ʧʦʤʥʦʞʝʥʝ ʥʘ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ. ʇʠʪʘʥʥʷ, ʷʢ ʧʽʜʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʨʽʚʥʽʚ? ɿʘʫʚʘʞʠʤʦ, ʱʦ ʢʦʞʥʦʛʦ ʨʘʟʫ ʜʘʥʽ ʜʽʣʷʪʴʩʷ ʥʘ 2 ʽ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ 

ʜʦʨʽʚʥʶʻ ʤʦʞʣʠʚʽʡ ʢʽʣʴʢʦʩʪʽ ʧʦʜʽʣʽʚ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʫ, ʧʦʢʠ ʥʝ ʦʪʨʠʤʘʥʦ 

ʦʜʠʥʠʮʶ. ɺʠʱʝʦʧʠʩʘʥʘ ʦʧʝʨʘʮʽʷ ʧʦ ʩʫʪʽ ʻ ʦʧʝʨʘʮʽʻʶ ʟʚʦʨʦʪʥʦʛʦ ʟʚʝʜʝʥʥʷ ʚ 

ʩʪʫʧʽʥʴ ʘʙʦ ʣʦʛʘʨʠʬʤʦʤ ʥʘ ʧʽʜʩʪʘʚʽ 2. ɺʠʭʦʜʠʪʴ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʨʽʚʥʽʚ ʜʦʨʽʚʥʶʻ 

. ʆʪʨʠʤʫʻʤʦ, ʱʦ ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ MergeSort ï , ʱʦ 

ʥʘʙʘʛʘʪʦ ʰʚʠʜʰʝ ʥʽʞ  ʜʣʷ ʘʣʛʦʨʠʪʤʫ SelectionSort.  
 

def mergeSort(a, key = lambda x: x): 

    length = len(a) 

    if length > 1: 

        middle_index = length // 2 

        first_half = a[:middle_index] 

        second_half = a[middle_index:] 

        first_half = mergeSort(first_half, key) 

        second_half = mergeSort(second_half, key) 

        i = 0 

        j = 0  
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        output_list = [] 

        for k in range(length): 

            if i >= len(first_half): 

                output_list.append(second_half[j]) 

                j+=1 

            elif j >=  len(second_half): 

                output_list.append(first_half[i]) 

                i+=1 

            elif key(first_half[i]) > key(second_half[j]): 

                output_list.append(second_half[j]) 

                j+=1 

            else: 

                output_list.append(first_half[i]) 

                i+=1 

        return output_list 

    else: 

        return a       
     
ʈʠʩ. 4. ʈʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ MergeSort ʥʘ Python  
 

ɸʣʛʦʨʠʪʤʽʚ ʪʠʧʫ ʧʦʜʽʣʷʡ ʽ ʚʦʣʦʜʘʨ ʽʩʥʫʻ ʙʘʛʘʪʦ ʽ ʥʝ ʢʦʞʝʥ ʟ ʥʠʭ ʤʘʻ 

ʣʦʛʘʨʠʬʤʽʯʥʫ ʩʢʣʘʜʥʽʩʪʴ ʪʘʢʦʞ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʩʫʙʩʪʫʧʝʥʝʚʫ ʩʢʣʘʜʥʽʩʪʴ ʘʙʦ 

ʩʪʫʧʝʥʝʚʫ ʚ ʛʽʨʰʦʤʫ ʚʠʧʘʜʢʫ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʟʨʦʟʫʤʽʪʠ ʮʝ ʩʢʣʘʜʝʤʦ ʬʦʨʤʫʣʫ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʥʘ ʨʦʟʚ'ʷʟʘʪʠ ʟʘʜʘʯʫ ʧʨʦ ʟʥʘʭʦʜʞʝʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ ʪʠʧʫ çʨʦʟʜʽʣʷʡ ʽ ʚʣʘʜʘʨʶʡè. ʉʢʘʞʽʤʦ, ʱʦ ʥʘ ʢʦʞʥʦʤʫ ʨʝʢʫʨʩʠʚʥʦʤʫ 

ʚʠʢʣʠʢʫ ʚʠʢʦʥʫʻʪʴʩʷ f(n) ʦʧʝʨʘʮʽʡ, ʪʦʜʽ ʨʦʙʦʪʘ ʥʘ ʨʽʚʥʽ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ 

ʩʫʤʘ ʦʧʝʨʘʮʽʡ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʝʢʫʨʩʠʚʥʠʭ ʚʠʢʣʠʢʽʚ. ʂʽʣʴʢʽʩʪʴ ʨʝʢʫʨʩʠʚʥʠʭ 

ʚʠʢʣʠʢʽʚ ʥʘ ʨʽʚʥʽ ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ, ʧʦʜʽʣʠʚʰʠ ʢʽʣʴʢʽʩʪʴ ʚʠʢʣʠʢʽʚ ʥʘ 0-ʤʫ ʨʽʚʥʽ 

, ʜʝ ï ʥʦʤʝʨ ʨʽʚʥʷ, a ï ʢʽʣʴʢʽʩʪʴ ʨʝʢʫʨʩʠʚʥʠʭ ʚʠʢʣʠʢʽʚ ʥʘ ʦʜʥʫ ʛʽʣʢʫ ʜʝʨʝʚʘ 

(ʨʠʩ. 3.) (ʋ ʧʨʠʢʣʘʜʽ MergeSort ʨʝʢʫʨʩʠʚʥʠʭ ʚʠʢʣʠʢʽʚ ï 2). ʂʽʣʴʢʽʩʪʴ ʚʠʢʣʠʢʽʚ 

ʥʘ 0-ʤʫ ʨʽʚʥʽ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ, ʷʢ , ʜʝ  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʽʣʫ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ; a ï ʢʽʣʴʢʽʩʪʴ ʨʝʢʫʨʩʠʚʥʠʭ ʚʠʢʣʠʢʽʚ; n ï ʨʦʟʤʽʨ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʆʪʞʝ, 

ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʥʘ ʨʽʚʥʽ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʩʫʤʽ ʦʧʝʨʘʮʽʡ ʫ ʚʩʽʭ ʨʝʢʫʨʩʠʚʥʠʭ 

ʚʠʢʣʠʢʘʭ ʥʘ ʨʽʚʥʽ (1). 
 

                                                                (1) 

 

ʜʝ, ï ʥʦʤʝʨ ʨʽʚʥʷ,  ï ʥʦʤʝʨ ʨʝʢʫʨʩʠʚʥʦʛʦ ʚʠʢʣʠʢʘ ʥʘ ʨʽʚʥʽ,  ï ʢʦʝʬʽʮʽʻʥʪ 

ʜʣ̔ʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ,  ï ʢʽʣʴʢʽʩʪʴ ʨʝʢʫʨʩʠʚʥʠʭ ʚʠʢʣʠʢʽʚ, ï ʬʫʥʢʮʽʷ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʜʣʷ ʦʜʥʦʛʦ ʨʝʢʫʨʩʠʚʥʦʛʦ ʚʠʢʣʠʢʫ (. 

ʂʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʘʣʛʦʨʠʪʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʤʘ 

ʦʧʝʨʘʮʽʡ ʥʘ ʢʦʞʥʦʤʫ ʟ ʨʽʚʥʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʨʽʚʥʽʚ  ʤʦʞʝʤʦ 

ʩʢʣʘʩʪʠ ʥʝʦʙʭʽʜʥʫ ʬʦʨʤʫʣʫ (2). 
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                                                                                                                              (2) 

 

ʜʝ,  ï ʥʦʤʝʨ ʨʽʚʥʷ,  ï ʥʦʤʝʨ ʨʝʢʫʨʩʠʚʥʦʛʦ ʚʠʢʣʠʢʘ ʥʘ ʨʽʚʥʽ,  ï ʢʦʝʬʽʮʽʻʥʪ 

ʜʽʣʝʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ,  ï ʢʽʣʴʢʽʩʪʴ ʨʝʢʫʨʩʠʚʥʠʭ ʚʠʢʣʠʢʽʚ, ï ʬʫʥʢʮʽʷ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ, ʜʣʷ ʦʜʥʦʛʦ ʨʝʢʫʨʩʠʚʥʦʛʦ ʚʠʢʣʠʢʫ (. 

ɿʘ ʥʘʚʝʜʝʥʦʶ ʚʠʱʝ ʬʦʨʤʫʣʦʶ (ʬʦʨʤʫʣʘ 2) ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʩʢʣʘʜʥʽʩʪʴ 

ʙʫʜʴ-ʷʢʦʛʦ ʘʣʛʦʨʠʪʤʫ ʪʠʧʫ çʨʦʟʜʽʣʷʡ ʽ ʚʦʣʦʜʘʨʶʡè. ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʦʾ 

ʬʦʨʤʫʣʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʜʫʞʝ ʮʽʢʘʚʝ ʫʟʘʛʘʣʴʥʝʥʥʷ (3). 

 

                                            (3) 

 

ʜʝ,  ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʽʣʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ,  ï ʢʽʣʴʢʽʩʪʴ ʨʝʢʫʨʩʠʚʥʠʭ ʚʠʢʣʠʢʽʚ,  

ï ʩʪʫʧʽʥʴ , ʜʝ  ï ʬʫʥʢʮʽʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ 

ʜʣʷ ʦʜʥʦʛʦ ʨʝʢʫʨʩʠʚʥʦʛʦ ʚʠʢʣʠʢʫ. 

ʈʦʟʛʣʷʥʝʤʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʬʦʨʤʫʣ ʟ ʧʨʠʢʣʘʜʫ ʘʣʛʦʨʠʪʤʫ ʂʘʨʘʮʫʙʠ. ɼʣʷ 

ʘʣʛʦʨʠʪʤʫ ʤʥʦʞʝʥʥʷ ʂʘʨʘʮʫʙʠ:  ( ), d = 0. ʇʦʰʫʢ 

ʯʘʩʫ ʨʦʙʦʪʠ ʜʣʷ ʘʣʛʦʨʠʪʤʫ ʂʘʨʘʮʫʙʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 2 (ʨʝʘʣʽʟʘʮʽʶ 

ʘʣʛʦʨʠʪʤʫ ʂʘʨʘʮʫʙʠ ʥʘ python ʜʠʚ. ʨʠʩ. 5): 

 

 
 

                                                (4) 

 

def N(x): 

    x //= 10 

    n = 1 

    while x > 0: 

        x //= 10 

        n += 1 

    return n 

def karatsuba(x , y): 

    l = 0 

    if N(x) == 1:  

        return x * y 
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    if N(x)%2 !=0: 

        x *=10 

        l+=1 

    if N(y)%2 !=0: 

        y *=10  

        l+=1 

    while N(y) < N(x) and x!=0 and y!=0: 

        y *= 10  

        l+=1 

    while N(x) < N(y) and x!=0 and y!=0: 

        x *=10  

        l+=1 

    n = N(x) 

    a , b=  x // (10**(n//2)), x % (10**(n//2)) 

    c , d=  y // (10**(n//2)), y % (10**(n//2)) 

    ac = karatsuba(a,c) 

    bd = karatsuba(b,d) 

    pq = karatsuba(a+b,c+d) 

    adbc = pq - ac -bd 

    return (ac * (10**n) + adbc * (10 ** (n//2)) + bd )// 10 **l 

 

ʈʠʩ. 5. ʈʝʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʂʘʨʘʮʫʙʠ ʥʘ Python  

ʊʝ ʩʘʤʝ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ, ʩʢʦʨʠʩʪʘʚʰʠʩʴ ʬʦʨʤʫʣʦʶ 3: 

 

 
 

ɺʠʩʥʦʚʦʢ: ʘʣʛʦʨʠʪʤʠ ʪʠʧʫ çʨʦʟʜʽʣʷʡ ʽ ʚʦʣʦʜʘʨʶʡè ʮʽʢʘʚʽ ʜʦ ʚʠʚʯʝʥʥʷ, 

ʟʥʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʜʘʥʦʛʦ ʪʠʧʫ ʪʘ ʚʤʽʥʥʷ ʚʠʟʥʘʯʠʪʠ ʾʭʥʶ ʩʢʣʘʜʥʽʩʪʴ ï 

ʥʝʦʙʭʽʜʥʘ ʥʘʚʠʯʢʘ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʛʨʘʤʽʩʪʘ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʬʘʭʽʚʮʷ ʚ ʛʘʣʫʟʽ Data 
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ʄ.ɻ. ɹʝʨʜʥʠʢ1, ʆ.ʉ. ʂʦʚʘʣʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʇʈʆɻʈɸʄʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʃʗ ʄʆɼɽʃʖɺɸʅʅʗ 

ʆʇʊʀʄɸʃʔʅʆɻʆ ʈɸʎɯʆʅʋ ʍɸʈʏʋɺɸʅʅʗ 

 

ɸʥʦʪʘʮʽʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʪʚʦʨʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ 

ʨʘʮʽʦʥʫ ʭʘʨʯʫʚʘʥʥʷ ʭʚʦʨʠʭ ʥʘ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ ʜʨʫʛʦʛʦ ʪʠʧʫ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʾʭ ʧʝʨʩʦʥʘʣʴʥʠʭ 

ʜʘʥʠʭ ʪʘ ʥʘ ʦʩʥʦʚʽ ʦʙʨʘʥʦʛʦ ʧʨʦʜʫʢʪʦʚʦʛʦ ʢʦʰʠʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʨʘʮʽʦʥ ʭʘʨʯʫʚʘʥʥʷ, ʭʣʽʙʥʘ ʦʜʠʥʠʮʷ, ʦʧʪʠʤʽʟʘʮʽʷ, ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ, 

ʧʨʦʛʨʘʤʥ̔ ʟʘʩʦʙʠ ʉ#. 

 

ɺʩʪʫʧ. ʇʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʨʘʮʽʦʥʫ 

ʭʘʨʯʫʚʘʥʥʷ ʧʦʢʘʟʘʚ, ʱʦ ʪʘʢʽ ʘʙʦ ʥʝ ʽʩʥʫʶʪʴ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ, ʘʙʦ ʥʝ 

ʧʦʢʨʠʚʘʶʪʴ ʚʝʩʴ ʥʝʦʙʭʽʜʥʠʡ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʬʫʥʢʮʽʦʥʘʣ. ʎʝ ʨʦʙʠʪʴ ʧʠʪʘʥʥʷ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʮʽʦʥʫ 

ʭʘʨʯʫʚʘʥʥʷ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ. ʈʦʟʨʦʙʢʘ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʫʤʦʚʣʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʝʨʝʩʽʯʥʦʾ ʣʶʜʠʥʠ, ʦʩʦʙʣʠʚʦ, ʭʚʦʨʦʾ ʥʘ ʮʫʢʨʦʚʠʡ 

ʜʽʘʙʝʪ ʜʨʫʛʦʛʦ ʪʠʧʫ, ʧʦʩʪʽʡʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʩʚʦʾʤ ʨʘʮʽʦʥʦʤ ʭʘʨʯʫʚʘʥʥʷ ʟʘʜʣʷ 

ʥʝʜʦʧʫʱʝʥʥʷ ʧʝʨʝʚʠʱʝʥʥʷ ʥʦʨʤ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʣʝʚʦʜʽʚ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʩʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʜʦʜʘʪʢʫ ʤʦʚʦʶ C# ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʭʘʨʯʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʩʧʦʞʠʚʘʥʥʷ ʭʣʽʙʥʠʭ ʦʜʠʥʠʮʴ.  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʎʫʢʨʦʚʠʡ ʜʽʘʙʝʪ ï ʮʝ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʷʢʝ 

ʟʫʤʦʚʣʶʶʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʛʣʶʢʦʟʠ ʚ ʢʨʦʚʽ ʯʝʨʝʟ ʯʘʩʪʢʦʚʠʡ ʘʙʦ ʧʦʚʥʠʡ 

ʙʨʘʢ ʛʦʨʤʦʥʫ ʽʥʩʫʣʽʥʫ. ʎʫʢʨʦʚʠʡ ʜʽʘʙʝʪ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ ʥʠʟʢʫ ʽʥʰʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʫʨʘʞʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ, ʩʫʜʠʥ, ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ ʪʦʱʦ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʧʨʠʯʠʥʠ ʚʠʥʠʢʥʝʥʥʷ ʟʘʭʚʦʨʶʚʘʥʥʷ ʜʣʷ ʭʚʦʨʠʭ ʥʘ ʮʫʢʨʦʚʠʡ 

ʜʽʘʙʝʪ  ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʤʘʪʠ ʟʙʘʣʘʥʩʦʚʘʥʠʡ ʨʘʮʽʦʥ ʭʘʨʯʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʜʦʧʫʩʪʠʤʽ ʥʦʨʤʠ ʱʦʜʝʥʥʦʛʦ ʚʞʠʚʘʥʥʷ ʚʫʛʣʝʚʦʜʽʚ, ʘʜʞʝ ʚʦʥʠ 

ʥʘʡʩʠʣʴʥʽʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʮʫʢʨʫ ʚ ʢʨʦʚʽ. ʈʦʟʨʘʭʫʚʘʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʧʨʦʜʫʢʪʦʚʦʛʦ ʢʦʰʠʢʫ ʩʘʤʦʩʪʽʡʥʦ ʜʣʷ ʙʘʛʘʪʴʦʭ ʣʶʜʝʡ, ʷʢʠʤ 

ʥʝʦʙʭʽʜʥʦ ʚʣʘʩʥʦʨʫʯ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʽʚʝʥʴ ʮʫʢʨʫ ʚ ʢʨʦʚʽ, ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ. ʎʝ 

ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ, ʷʢʠʡ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʧʨʦʩʪʠʪʴ ʪʘ ʧʨʠʰʚʠʜʰʠʪʴ ʧʨʦʮʝʩ ʪʘʢʠʭ ʦʙʯʠʩʣʝʥʴ. 

ʍʣʽʙʥʘ ʦʜʠʥʠʮʷ (ʍʆ) ï ʮʝ ʰʪʫʯʥʠʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʦʮʽʥʢʠ ʚʤʽʩʪʫ 

ʚʫʛʣʝʚʦʜʽʚ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʧʨʦʜʫʢʪʽ ʭʘʨʯʫʚʘʥʥʷ. ʆʜʥʘ ʭʣʽʙʥʘ ʦʜʠʥʠʮʷ 

ʨʽʚʥʦʟʥʘʯʥʘ 10 ʛ ʧʨʦʩʪʠʭ ʚʫʛʣʝʚʦʜʽʚ ʚ ʧʨʦʜʫʢʪʽ ʘʙʦ 12 ʛ ʚʫʛʣʝʚʦʜʽʚ ʚʢʣʶʯʘʶʯʠ 

ʢʣʽʪʢʦʚʠʥʫ. ʑʦʜʝʥʥʝ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʣʝʚʦʜʽʚ ʧʨʠ ʮʫʢʨʦʚʦʤʫ 

ʜʽʘʙʝʪʽ ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ ʩʪʘʥʦʚʠʪʴ 18-24 ʍʆ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʽʥʜʝʢʩ ʤʘʩʠ ʪʽʣʘ 

(ɯʄʊ) ʣʶʜʠʥʠ ʥʝ ʧʝʨʝʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʫ 18,49 ʦʜʠʥʠʮʴ ï ʪʦʙʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʚʘʛʠ ï ʱʦʜʝʥʥʝ ʦʙʤʝʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʣʝʚʦʜʽʚ ʩʪʘʥʦʚʠʪʴ 18-
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30 ʍʆ. ʗʢʱʦ ɯʄʊ ʧʝʨʝʚʠʱʫʻ 35 ʦʜʠʥʠʮʴ ï ʢʽʣʴʢʽʩʪʴ ʚʫʛʣʝʚʦʜʽʚ ʥʘ ʜʝʥʴ 

ʩʪʘʥʦʚʠʪʴ 10 ʍʆ. ʇʨʠ ɯʄʊ ʚʠʱʝ 40 ʦʜʠʥʠʮʴ ï 6-8 ʍʆ ʥʘ ʜʝʥʴ. 

ʆʢʨʽʤ ʮʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʣʝʚʦʜʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʢʫ ʪʘ ʩʪʘʪʽ ʣʶʜʠʥʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʩʪʘʪʽ ʣʶʜʠʥʠ ʪʘ ʨʽʚʥʷ ʾʾ 

ʬʽʟʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʚʝʜʽʥʢʫ ʩʧʦʞʠʚʘʯʘ, ʷʢʠʡ ʤʘʻ ʥʘʤʽʨ ʟʘ ʜʦʙʫ ʟʘʢʫʧʠʪʠ 

ʧʨʦʜʫʢʪʠ ʚ ʢʽʣʴʢʦʩʪʽ: , , ʟʘ ʮʽʥʦʶ. ʅʘ ʟʘʢʫʧʢʫ ʧʨʦʜʫʢʪʽʚ 

ʩʧʦʞʠʚʘʯ ʚʠʜʽʣʷʻ  ʛʨʠʚʝʥʴ. ɺʢʘʟʘʥʽ ʚʝʣʠʯʠʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʚôʷʟʘʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 

 

 

 

 

ʅʘ ʩʫʤʫ ʪʦʚʘʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʢʫʧʣʝʥʽ ʥʝʦʜʥʦʟʥʘʯʥʦ. ʊʦʤʫ ʟ ʫʩʽʭ 

ʚʘʨʽʘʥʪʽʚ ʟʘʢʫʧʦʢ ʩʧʦʞʠʚʘʯ ʧʦʚʠʥʝʥ ʦʙʨʘʪʠ ʥʘʡʢʨʘʱʠʡ. 

ɼʣʷ ʮʴʦʛʦ ʧʦʢʫʧʝʮʴ ʧʦʚʠʥʝʥ ʦʙʨʘʪʠ ʩʪʨʘʪʝʛʽʶ ʟʘʢʫʧʦʢ: 

 

 
 

 
 

(

1.2) 

ʜʝ  ï ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʭʣʽʙʥʠʭ ʦʜʠʥʠʮʴ, 

 ï ʤʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʭʣʽʙʥʠʭ ʦʜʠʥʠʮʴ, 

 ï ʢʽʣʴʢʽʩʪʴ ʭʣʽʙʥʠʭ ʦʜʠʥʠʮʴ ʚ ʽ-ʤʫ ʧʨʦʜʫʢʪʽ. 

ʋ ʷʢʦʩʪʽ ʤʝʪʦʜʫ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ ʦʙʨʘʥʦ ʧʦʩʣʽʜʦʚʥʫ 

ʚʝʨʩʽʶ ʤʝʪʦʜʫ ʥʘʡʤʝʥʰʠʭ ʢʚʘʜʨʘʪʽʚ ʟ ʤʝʪʦʜʦʣʦʛʽʾ ʢʚʘʜʨʘʪʠʯʥʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʇʦʩʣʽʜʦʚʥʝ ʢʚʘʜʨʘʪʠʯʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʛʦʣʦʚʥʦʶ ʽʜʝʻʶ ʷʢʦʛʦ ʻ ʧʦʩʣʽʜʦʚʥʝ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʧʝʚʥʫ ʟʘʜʘʯʫ 

ʦʧʪʠʤʽʟʘʮʽʾ.  

ʇʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʨʝʘʣʽʟʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʰʘʙʣʦʥʫ 

ʧʨʦʝʢʪʫʚʘʥʥʷ MVVM (Model ï View ï ViewModel), ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ 

ʨʦʟʤʝʞʝʥʥʷ ʚʽʟʫʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʜʦʜʘʪʢʫ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʾ ʣʦʛʽʢʠ ʡʦʛʦ ʨʦʙʦʪʠ: 

1. Model ï ʦʧʠʩʫʻ ʜʘʥʽ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʜʦʜʘʪʢʫ. ʄʦʜʝʣʽ ʤʦʞʫʪʴ 

ʤʽʩʪʠʪʠ ʣʦʛʽʢʫ ʚʘʣʽʜʘʮʽʾ ʜʘʥʠʭ, ʧʨʦʪʝ ʥʝ ʧʦʚʠʥʥʽ ʚʠʟʥʘʯʘʪʠ ʣʦʛʽʢʫ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʮʠʭ ʜʘʥʠʭ ʘʙʦ ʚʟʘʻʤʦʜʽʾ ʟ ʝʣʝʤʝʥʪʘʤʠ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ. 

2. View ï ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʟ ʷʢʠʤ ʚʟʘʻʤʦʜʽʻ 

ʢʦʨʠʩʪʫʚʘʯ. ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʟʥʘʯʘʻ ʧʝʨʝʣʽʢ ʪʘ ʨʦʟʤʽʱʝʥʥʷ ʛʨʘʬʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷ ʪʘ ʣʦʛʽʢʫ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʘʥʜ. 
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3. ViewModel ï ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ï ʩʚʦʻʨʽʜʥʠʡ ʧʦʩʝʨʝʜʥʠʢ ʤʽʞ 

ʤʦʜʝʣʣʶ ʪʘ ʾʾ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ. ʄʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʧʝʨʝʧʨʘʚʣʝʥʥʷ ʜʘʥʠʭ, ʚʚʝʜʝʥʠʭ ʯʝʨʝʟ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʦ ʤʦʜʝʣʽ, ʪʘ 

ʥʘʚʧʘʢʠ ï ʧʨʠ ʟʤʽʥʽ ʜʘʥʠʭ ʚ ʤʦʜʝʣʽ ï ʚʽʜʦʙʨʘʟʠʪʠ ʮʽ ʟʤʽʥʠ ʫ ʛʨʘʬʽʯʥʦʤʫ 

ʽʥʪʝʨʬʝʡʩʽ. ʊʘʢʦʞ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʨʝʘʣʽʟʫʻ ʢʦʤʘʥʜʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ, ʥʘʧʨʠʢʣʘʜ, ʢʦʤʘʥʜʫ ʟʤʽʥʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ (ʥʘʚʽʛʘʮʽʶ). 

ɺʠʩʥʦʚʢʠ. ʉʪʚʦʨʝʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʜʦʜʘʪʦʢ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʧʦʙʫʪʽ ʣʶʜʴʤʠ, ʷʢʽ ʤʘʶʪʴ ʙʘʞʘʥʥʷ ʯʠ ʷʢʠʤ ʥʝʦʙʭʽʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʨʽʚʝʥʴ ʮʫʢʨʫ ʚ 

ʢʨʦʚʽ ʽ ʥʘʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

- ʧʨʦʚʦʜʠʪʠ ʦʧʪʠʤʽʟʘʮʽʶ ʩʚʦʛʦ ʨʘʮʽʦʥʫ ʭʘʨʯʫʚʘʥʥʷ; 

- ʩʪʚʦʨʶʚʘʪʠ ʦʙʣʽʢʦʚʠʡ ʟʘʧʠʩ ʫ ʩʠʩʪʝʤʽ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʧʪʠʤʽʟʘʮʽʾ; 

- ʘʚʪʦʨʠʟʫʚʘʪʠʩʷ ʚ ʩʠʩʪʝʤʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʜʦʜʘʚʘʪʠ 

ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʽ ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʾʭʥʴʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ; 

- ʜʦʜʘʚʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʽ ʧʨʦʜʫʢʪʠ ʭʘʨʯʫʚʘʥʥʷ ʪʘ 
ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʾʭʥʴʦʛʦ ʩʧʦʞʠʚʘʥʥʷ; 

- ʧʝʨʝʛʣʷʜʘʪʠ ʩʧʠʩʦʢ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘ ʢʦʨʠʩʪʫʚʘʣʴʥʠʮʴʢʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ 
ʦʙʤʝʞʝʥʴ; 

- ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʧʨʦʜʫʢʪʠ ʜʦ ʩʧʠʩʢʫ ʩʪʘʥʜʘʨʪʥʠʭ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ; 

- ʜʦʜʘʚʘʪʠ ʥʦʚʽ ʩʪʘʥʜʘʨʪʥʽ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʩʧʦʞʠʚʘʥʥʷ ʧʨʦʜʫʢʪʽʚ 
ʭʘʨʯʫʚʘʥʥʷ. 

 

 

 

ʋɼʂ 621.391.14:519 

 

ʄ.ʆ. ɸʣʝʢʩʻʻʚ1, ʆ.ʄ. ɸʣʝʢʩʻʻʚ1, ɸ.ɭ. ʃʷʰʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʂʆʅʊʈʆʃʔ ʇɸʈɸʄɽʊʈɯɺ ʈʆʊʆʈʅʀʍ ʆɹ'ɭʂʊɯɺ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʏɸʉʊʆʊʅʆ-ʍɺʀʃɽɺʆɻʆ  

ʉʇɽʂʊʈɸʃʔʅʆɻʆ ɸʅɸʃɯɿʋ 
 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʨʦʪʦʨʥʦʛʦ 

ʦʙ'ʻʢʪʫ ʧʦ ʯʘʩʪʦʪʥʦ-ʭʚʠʣʝʚʦʤʫ ʩʧʝʢʪʨʫ ʟʚʫʢʦʤʝʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ. ʄʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ 

ʢʦʦʨʜʠʥʘʪʠ ʜʞʝʨʝʣʘ ʟʚʫʢʦʤʝʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʟʚʫʢʦʤʝʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʯʘʩʪʦʪʥʦ-ʭʚʠʣʴʦʚʠʡ ʩʧʝʢʪʨ, ʢʦʦʨʜʠʥʘʪʠ 

ʜʞʝʨʝʣ ʦʙʫʨʝʥʥʷ. 

 

ɺʩʪʫʧ. ʇʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʨʦʪʦʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʻ 

ʩʢʣʘʜʥʠʤʠ ʜʠʥʘʤʽʯʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʙʝʟʣʽʯʽ ʧʽʜʩʠʩʪʝʤ, ʱʦ 

ʚʟʘʻʤʦʜʽʶʪʴ, ʚʠʥʠʢʘʶʪʴ ʦʙʫʨʶʚʘʣʴʥʽ ʩʠʣʠ ʽ ʤʦʤʝʥʪʠ, ʧʨʠʢʣʘʜʝʥʽ ʚ ʨʽʟʥʠʭ 

ʤʽʩʮʷʭ ʦʙ'ʻʢʪʘ. ʈʝʘʢʮʽʻʶ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʩʠʣʠ, ʱʦ ʦʙʫʨʶʶʪʴ, ʻ 
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ʤʝʭʘʥʽʯʥʽ ʽ ʟʚʫʢʦʚʽ ʢʦʣʠʚʘʣʴʥʽ ʧʨʦʮʝʩʠ, ʪʦʙʪʦ ʚʽʙʨʘʮʽʷ ʽ ʟʚʫʢʦʚʠʡ ʩʠʛʥʘʣ, ʷʢʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ, ʭʘʨʘʢʪʝʨʫ ʽ ʤʽʩʮʷ ʜʽʾ ʟʙʫʨʶʚʘʣʴʥʠʭ ʩʠʣ. ʊʦʤʫ ʟʘʚʜʘʥʥʷ 

ʢʝʨʫʚʘʥʥʷ ʨʦʪʦʨʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ, ʢʦʣʠ, ʧʦʨʷʜ ʟ ʦʮʽʥʢʦʶ ʧʘʨʘʤʝʪʨʽʚ ʩʠʛʥʘʣʽʚ ʷʢ ʨʝʘʢʮʽʾ ʩʠʣʠ, ʱʦ 

ʟʙʫʨʶʻ, ʤʦʞʥʘ ʩʧʽʚʚʽʜʥʝʩʪʠ ʟʤʽʥʠ ʚ ʩʧʝʢʪʨʽ ʩʠʛʥʘʣʽʚ ʽ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ 

ʜʞʝʨʝʣ ʩʠʛʥʘʣʽʚ ʚ ʦʙ'ʻʢʪʽ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʦʙ'ʻʢʪʽʚ, ʱʦ ʫ ʩʪʘʥʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʨʽʚʥʦʚʘʛʠ, 

ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʩʪʘʮʽʦʥʘʨʥʠʭ ʦʜʥʦʨʽʜʥʠʭ ʧʦʣʽʚ. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʦʟʥʘʢ, ʽʥʚʘʨʽʘʥʪʥʠʭ ʜʦ ʯʘʩʦʚʦʛʦ ʪʘ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʩʫʚʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʷʢ ʦʟʥʘʢʠ ʯʘʩʪʦʪʥʦ-ʭʚʠʣʴʦʚʠʡ ʩʧʝʢʪʨ ʌʫʨ'ʻ. ʇʨʦʩʪʦʨʦʚʦ-

ʯʘʩʦʚʫ ʬʫʥʢʮʽʶ ( )ɜ,S t  ʤʦʞʥʘ ʫ ʚʠʛʣʷʜʽ ʨʦʟʢʣʘʜʘʥʥʷ ʌʫʨ'ʻ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ (ʜʣʷ 

ʚʠʧʘʜʢʫ ʧʣʦʩʢʠʭ ʭʚʠʣʴ): 

 

( ) ( ) ( )[ ] ,2exp,G,S kkɜkɜ dtdftjft ññ
¤

¤-

-= p  

 

ʜʝ ( )[ ]kɜ-ftjp2exp  - ʤʦʥʦʭʨʦʤʘʪʠʯʥʘ ʭʚʠʣʷ; ɜ - ʚʝʢʪʦʨ, ʱʦ ʚʠʟʥʘʯʘʻ ʢʦʦʨʜʠʥʘʪʠ 

ʪʦʯʢʠ, ʚ ʷʢʽʡ ʦʮʽʥʶʻʪʴʩʷ ( )ɜ,S t ; k  - ʚʝʢʪʦʨʥʝ ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ (ʚʝʢʪʦʨ 

"ʧʨʦʩʪʦʨʦʚʦʾ ʯʘʩʪʦʪʠ"); ( )k,G t  - ʚʟʘʻʤʥʘ ʟʘ ʧʨʦʩʪʦʨʦʤ ʩʧʝʢʪʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ. 

ʊʦʜʽ ʯʘʩʪʦʪʥʦ-ʭʚʠʣʴʦʚʠʡ ʩʧʝʢʪʨ, ʧʦʚ'ʷʟʘʥʠʡ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨ'ʻ ʟ 

ʚʟʘʻʤʥʦʶ ʧʨʦʩʪʦʨʦʤ ʩʧʝʢʪʨʘʣʴʥʦʾ ʱʽʣʴʥʽʩʪʶ, ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ: 

 

( ) ( ) ( )ɜkɜkk djff ñ
¤

¤-

-= exp,G,E

 
 

ʘʙʦ ʟ ʬʫʥʢʮʽʻʶ ʯʘʩʪʦʪʥʦ-ʭʚʠʣʴʦʚʦʾ ʢʦʨʝʣʷʮʽʾ ʫ ʚʠʛʣʷʜʽ: 

 

( ) ( ) ( )[ ] ɜkɜɜk ddftjf tpt --=ññ

¤

¤-

2exp,R,E

 
 

ʜʝ ʙʘʛʘʪʦʚʠʤʽʨʥʘ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʜʦʨʽʚʥʶʻ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʦʯʽʢʫʚʘʥʥʶ 

 

( ) ( )( )[ ]ɜɜɜɜ 00 ++= ,,SM,R tt tst  

 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʥʦʭʨʦʤʘʪʠʯʥʫ ʭʚʠʣʶ ʚʠʜʫ: 

 

( ) ( )[ ]
( )[ ]Q++

=Q+-=

kɜ

Ŭɜɜ

tfa

tfAt

0

0

2cos

2cos,S

p

p
 

 

ʜʝ Ŭ - ʚʝʢʪʦʨ, ʱʦ ʚʢʘʟʫʻ ʥʘʧʨʷʤʦʢ ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ; 
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Q ï ʚʠʧʘʜʢʦʚʘ ʟʤʽʥʥʘ, ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʘ ʚ [ ]p2,0 . 

ʏʘʩʪʦʪʥʦ-ʭʚʠʣʴʦʚʠʡ ʩʧʝʢʪʨ ʜʣʷ ʮʴʦʛʦ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʫʷʚʠʪʠ: 

 

( ) ( ) ( )[ ]

( )[ ]

( )( ) ( )[ ].,,4

2exp

2cos2,E

00

2

0

2

00 kkkk

kɜ

kɜk

+++--=

=--

-=ññ
¤

¤-

ffffA

ddftj

fAf

dd

ntp

tp

 

 

ʇʨʠ ʪʘʢʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʯʘʩʪʦʪʥʦ-ʭʚʠʣʴʦʚʠʡ ʩʧʝʢʪʨ ʻ ʜʝʣʴʪʘ-ʬʫʥʢʮʽʻʶ, 

ʟʦʩʝʨʝʜʞʝʥʦʶ ʥʘ ʯʘʩʪʦʪʽ 
0f  ʪʘ ʭʚʠʣʴʦʚʦʤʫ ʯʠʩʣʽ 

0k . ʎʝ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦ-ʭʚʠʣʴʦʚʦʛʦ ʩʧʝʢʪʨʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʷʤʢʫ 

ʧʦʰʠʨʝʥʥʷ ʭʚʠʣʽ, ʱʦ ʙʽʞʠʪʴ. 

ʋ ʩʠʩʪʝʤʠ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʚʠʧʘʜʢʦʚʠʭ ʧʦʣʽʚ ʟʘʟʚʠʯʘʡ ʥʘʜʭʦʜʷʪʴ 

ʤʘʩʠʚʠ ʯʠʩʝʣ, ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦʣʷ ʧʨʦʩʪʦʨʦʚʠʤʠ ʟʤʽʥʥʠʤʠ. 

ɼʣʷ ʚʠʧʘʜʢʦʚʠʭ ʧʦʣʽʚ ʽʥʪʝʨʚʘʣ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʧʦʚʠʥʝʥ ʙʫʪʠ ʦʙʨʘʥʠʡ ʪʘʢ, ʱʦʙ 

ʧʨʷʤʦʢʫʪʥʘ ʦʙʣʘʩʪʴ, ʦʙʤʝʞʝʥʘ ʚʝʨʭʥʽʤʠ ʛʨʘʥʠʯʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʭʚʠʣʴʦʚʦʛʦ 

ʩʧʝʢʪʨʫ (kʭʛʨ, kyʛʨ), ʣʝʞʠʪʴ ʫʩʝʨʝʜʠʥʽ ʧʨʷʤʦʢʫʪʥʦʾ ʦʙʣʘʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʣʦʚʠʥʘʤʠ ʯʘʩʪʦʪ ʜʠʩʢʨʝʪʠʟʘʮʽʾ (kʭʜ/2, kyʜ/2). ʆʪʞʝ, ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ 

ʚʽʜʦʤʽ ʥʝʨʽʚʥʦʩʪʽ kʭʛʨ,Ò kʭʜ/2, kyʛʨ Ò kyʜ/2. ʎʷ ʫʤʦʚʘ ʝʢʚʽʚʘʣʝʥʪʥʘ ʪʝʦʨʝʤʽ 

ʂʦʪʝʣʴʥʠʢʦʚʘ ʧʨʦ ʜʠʩʢʨʝʪʠʟʘʮʽʶ ʦʜʥʦʚʠʤʽʨʥʠʭ ʩʠʛʥʘʣʽʚ, ʫ ʷʢʽʡ ʩʬʦʨʤʫʣʴʦʚʘʥʦ 

ʚʠʤʦʛʫ, ʱʦ ʯʘʩʪʦʪʘ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʤʘʻ ʭʦʯʘ ʙ ʫʜʚʽʯʽ ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʘʡʚʠʱʫ 

ʯʘʩʪʦʪʫ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʫ.. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʪʦʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦ-ʭʚʠʣʴʦʚʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟʚʫʢʦʤʝʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʧʨʠ ʢʝʨʫʚʘʥʥʽ ʨʦʪʦʨʥʠʤʠ 

ʦʙ'ʻʢʪʘʤʠ. 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʦʪʥʦ-ʭʚʠʣʴʦʚʠʭ ʩʧʝʢʪʨʽʚ, ʚʠʟʥʘʯʝʥʠʭ 

ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʟʚʫʢʦʤʝʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʨʦʪʦʨʥʠʭ ʦʙ'ʻʢʪʽʚ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʝ 

ʤʝʥʰʝ ʥʽʞ ʚʽʜ ʜʚʦʭ ʨʝʰʽʪʦʢ ʜʘʪʯʠʢʽʚ ʩʠʛʥʘʣʽʚ, ʧʦʨʽʚʥʷʥʦ ʟ ʤʝʪʦʜʘʤʠ 

ʦʜʥʦʤʽʨʥʠʭ ʌʫʨ'ʻ ʩʠʛʥʘʣʽʚ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʥʝ ʪʽʣʴʢʠ ʩʧʝʢʪʨʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ 

ʩʠʛʥʘʣʽʚ, ʘʣʝ ʽ ʢʦʦʨʜʠʥʘʪʠ ʜʞʝʨʝʣ ʦʙʫʨʝʥʥʷ, ʱʦ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʢʦʥʪʨʦʣʶ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʪʦʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙʣʘʩʪʽ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʚʫʢʦʚʦʾ ʝʥʝʨʛʽʾ. 
 

ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 
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ʋɼʂ 004.414.38 

 

ʊ.ɸ. ɾʝʣʜʘʢ1, ɺ.ʆ. ʂʦʚʨʘʡʩʴʢʘ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʈʆɿʈʆɹʂʀ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ʉʀʉʊɽʄʀ ʂʆʅʊʈʆʃʖ ɿɸ 

ʇʆɺʆɼɾɽʅʅʗʄ ɿ ɺɯɼʍʆɼɸʄʀ 
 

ɸʥʦʪʘʮʽʷ. ɺʠʢʦʥʘʥʦ ʙʽʟʥʝʩ-ʘʥʘʣʽʟ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʘ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʨʝʩʫʨʩʽʚ, ʧʨʠʙʫʪʢʽʚ ʦʢʫʧʥʦʩʪʽ ʪʘ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʧʨʦʝʢʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʨʥʝʪ-

ʘʥʘʣʽʪʠʢʠ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʦʣʦʛʽʷ, ʙʽʟʥʝʩ-ʘʥʘʣʽʟ, ʧʨʦʝʢʪ, ʚʠʤʦʛʠ, ʨʦʟʨʦʙʢʘ, ʽʥʬʦʨʤʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ, ʚʽʜʭʦʜʠ, ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ, ʜʦʜʘʪʦʢ. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʨʦʙʣʷʪʴ ʥʘʩ ʫʨʘʟʣʠʚʠʤʠ ʜʣʷ ʣʠʭ ʪʘ 

ʪʨʘʛʝʜʽʡ - ʷʢ ʟʘʨʘʟ, ʪʘʢ ʽ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. ʇʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʣʶʜʠ ʩʪʠʢʘʶʪʴʩʷ ʟ 

ʙʝʟʣʽʯʯʶ ʥʦʚʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ çʟʙʦʾʚè. ɼʝʷʢʽ ʟ ʥʠʭ ʤʘʣʽ ʽ ʟʘʯʽʧʘʶʪʴ 

ʣʠʰʝ ʢʽʣʴʢʘ ʝʢʦʩʠʩʪʝʤ, ʽʥʰʽ ʨʽʟʢʦ ʟʤʽʥʶʶʪʴ ʫʤʦʚʠ ʞʠʪʪʷ, ʷʢʽ ʤʠ ʚʚʘʞʘʻʤʦ 

ʥʦʨʤʘʣʴʥʠʤʠ. 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʨʝʚʦʣʶʮʽʷ ʪʘ ʥʝʜʙʘʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ 

ʟʝʤʣʽ ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʥʘ ʥʘʰʽʡ ʧʣʘʥʝʪʽ ʧʦʛʽʨʰʫʻʪʴʩʷ 

ʙʫʢʚʘʣʴʥʦ ʥʘ ʦʯʘʭ. ʈʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʜʨ, ʛʽʜʨʦʩʬʝʨʠ ʪʘ ʧʦʚʽʪʨʷʥʦʛʦ ʰʘʨʫ 

ʟʝʤʣʽ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ. ʃʶʜʩʪʚʦ ʩʪʦʾʪʴ ʥʘ ʧʦʨʦʟʽ ʩʚʽʪʦʚʦʾ 

ʢʘʪʘʩʪʨʦʬʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. ʅʘ ʱʘʩʪʷ, ʜʝʜʘʣʽ ʙʽʣʴʰʝ ʜʝʨʞʘʚʥʠʭ ʪʘ 

ʛʨʦʤʘʜʩʴʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʨʦʟʫʤʽʻ ʛʣʠʙʠʥʫ ʪʘ ʥʝʙʝʟʧʝʢʫ ʧʨʦʙʣʝʤʠ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʚʩʝ ʟʘʟʥʘʯʝʥʝ ʢʦʤʧʘʥʽʷ çContexxtè, ʷʢʘ ʦʙʨʘʥʘ ʷʢ ʙʘʟʦʚʝ ʧʽʜʧʨʠʻʤʩʪʚʦ,  

ʚʠʨʽʰʠʣʘ ʩʪʚʦʨʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ ʧʦ ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ ʟ ʝʢʦʣʦʛʽʾ. 

ʆʧʠʪʘʥʠʤʠ ʚ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʝʨʪʘʤʠ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʦʣʦʚʥʽ 

ʧʨʦʙʣʝʤʠ ʩʫʙʙʘʩʝʡʥʫ ɼʥʽʧʨʘ: 

¶ ʟʘʙʨʫʜʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʥʝʜʦʩʪʘʪʥʴʦʾ 

ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʘʙʦ ʞ ʾʾ ʚʽʜʩʫʪʥʦʩʪʽ; 

¶ ʟʘʙʨʫʜʥʝʥʥʷ ʙʽʦʛʝʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ (ʟʦʢʨʝʤʘ ʘʟʦʪʦʤ ʽ ʬʦʩʬʦʨʦʤ); 

¶ ʟʘʙʨʫʜʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ; 

¶ ʛʽʜʨʦʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ (ʩʧʨʷʤʣʝʥʥʷ ʪʘ ʟʘʨʝʛʫʣʶʚʘʥʥʷ ʨʫʩʝʣ 

ʨʽʯʦʢ). 

ʂʨʽʤ ʮʠʭ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ, ʜʦ ʧʝʨʝʣʽʢʫ ʩʣʽʜ ʚʢʣʶʯʠʪʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ (ʟʦʢʨʝʤʘ ʧʣʘʩʪʠʢʫ) ʪʘ ʟʤʽʥʠ ʢʣʽʤʘʪʫ (ʟ ʧʘʚʦʜʢʘʤʠ ʪʘ 

ʧʦʩʫʭʘʤʠ). 

ɺʩʽ ʧʝʨʝʣʽʯʝʥʽ ʬʘʢʪʦʨʠ ʦʙʫʤʦʚʣʶʶʪʴ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ, ʘ 

ʩʘʤʝ ʧʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʨʦʙʣʝʤ ʤʽʩʪʘ ɼʥʽʧʨʦ. 
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ɺʽʜʧʦʚʽʜʥʦ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʚʽʜʭʦʜʘʤʠ ʰʣʷʭʦʤ ʟʘʣʫʯʝʥʥʷ ʛʨʦʤʘʜʷʥ ʜʦ ʾʭ ʩʦʨʪʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʜʦʜʘʪʢʫ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʙʽʟʥʝʩ-ʘʥʘʣʽʟ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʷʢʠʡ ʟʙʽʣʴʰʫʻ ʤʦʪʠʚʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ 

ʩʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʪʘ ʾʭ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʨʦʙʢʠ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʚʠʨʽʰʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

¶ ɸʥʘʣʽʟ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʤʽʩʪʘ ɼʥʽʧʨʦ, ʬʘʢʪʦʨʽʚ ʱʦ ʾʭ 

ʚʠʟʥʘʯʘʶʪʴ ʪʘ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ. 

¶ ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʙʽʟʥʝʩ-ʘʥʘʣʽʟʫ ʪʘ ʚʠʙʽʨ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ 

ʜʦʙʫʚʘʥʥʷ, ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʽ ʬʦʨʤʘʣʽʟʘʮʽʾ ʚʠʤʦʛ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ. 

¶ ɺʠʢʦʥʘʥʥʷ ʙʽʟʥʝʩ-ʘʥʘʣʽʟʫ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʜʦʢʫʤʝʥʪʘʮʽʾ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʘ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ. 

¶ ɽʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʨʝʩʫʨʩʽʚ, ʧʨʠʙʫʪʢʽʚ ʦʢʫʧʥʦʩʪʽ ʪʘ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʧʨʦʝʢʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

¶ ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʨʥʝʪ-ʘʥʘʣʽʪʠʢʠ ʜʣʷ ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ 

ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ: 

¶ ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʽ ʟʙʦʨʫ ʝʢʩʧʝʨʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʜʣʷ ʘʥʘʣʽʟʫ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʤʽʩʪʘ ɼʥʽʧʨʦ, ʬʘʢʪʦʨʽʚ ʱʦ ʾʭ ʚʠʟʥʘʯʘʶʪʴ; 

¶ ʄʝʪʦʜ ʤʦʟʢʦʚʦʛʦ ʰʪʫʨʤʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʫ ʽʜʝʡ, ʧʦʪʝʥʮʽʡʥʦ 

ʢʦʨʠʩʥʠʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʤʽʩʪʘ ɼʥʽʧʨʘ; 

¶ ʄʝʪʦʜʠ ʧʨʦʝʢʪʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ ʩʪʚʦʨʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ; 

¶ ʄʝʪʦʜ RACI ʤʘʪʨʠʮʴ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ 

ʧʨʦʝʢʪʫ ʤʽʞ ʚʠʢʦʥʘʚʮʷʤʠ ʟ ʾʭ ʦʙʦʚôʷʟʢʘʤʠ. 

ɺʠʚʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʤʽʩʪʽ ʧʦʯʠʥʘʣʦʩʷ ʟ ʦʧʨʘʮʶʚʘʥʥʷ ʡʦʛʦ 

ʝʢʦʣʦʛʽʯʥʦʾ ʽʩʪʦʨʽʾ ʪʘ ʨʦʟʨʦʙʢʠ ʧʨʘʚʠʣʴʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ. 

ɼʘʣʽ ʧʨʦʚʦʜʠʣʘʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʩʫʩʧʽʣʴʩʪʚʘ, ʱʦ ʧʦʚ'ʷʟʘʥʽ ʟ ʝʢʦʣʦʛʽʯʥʠʤʠ ʪʝʤʘʤʠ. ʎʝ ʜʦʟʚʦʣʠʣʦ 

ʥʘʤ ʦʮʽʥʠʪʠ ʩʪʘʥ ʝʢʦʣʦʛʽʾ ʚ ʤʽʩʪʽ ɼʥʽʧʨʽ ʪʘ ʚʠʷʚʠʪʠ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ. 

ʂʦʤʘʥʜʘ ʚʠʨʽʰʠʣʘ ʚʠʢʦʨʠʩʪʘʪʠ çBrainstormingè activity ʜʣʷ ʪʦʛʦ ʱʦʙ 

ʟʽʙʨʘʪʠ ʽʜʝʾ ʟʘʚʜʷʢʠ ʷʢʠʤ ʤʦʞʥʘ ʙʫʜʝ ʚʠʨʽʰʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ. 

çBrainstormingè activity ï ʮʝ ʤʦʟʢʦʚʠʡ ʰʪʫʨʤ, ʤʝʪʦʜ, ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ 

ʥʝʚʠʤʫʰʝʥʠʡ, ʥʝʬʦʨʤʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʽʟ ʩʪʦʨʦʥʥʽʤ 

ʤʠʩʣʝʥʥʷʤ.  

ɺ ʭʦʜʽ ʤʦʟʢʦʚʦʛʦ ʰʪʫʨʤʫ ʢʦʤʘʥʜʘ ʦʪʨʠʤʘʣʘ ʜʝʢʽʣʴʢʘ ʽʜʝʡ, ʷʢ ʧʦʙʦʨʦʪʠ 

ʧʨʦʙʣʝʤʠ ʝʢʦʣʦʛʽʾ, ʘ ʩʘʤʝ: 

1. ʉʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʩʦʨʪʫʚʘʥʥʷ ʩʤʽʪʪʷ ʚ ʦʬʽʩʘʭ ʢʦʤʧʘʥʽʾ.  
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2. ʉʪʚʦʨʠʪʠ ʩʘʡʪ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʚʠʪʨʘʪʠ ʚʦʜʠ ʚ ʦʬʽʩʘʭ 

ʢʦʤʧʘʥʽʾ. 

3. ʉʪʚʦʨʠʪʠ ʜʦʜʘʪʦʢ ʜʣʷ ʟʘʦʭʦʯʫʚʘʥʥʷ ʧʝʨʝʨʦʙʢʠ ʧʣʘʩʪʠʢʦʚʠʭ 

ʧʣʷʰʦʢ. 

4. ɿʘʦʭʦʪʠʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʩʚʽʜʦʤʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʧʝʨʝʨʦʙʢʠ 

ʇʝʨʰ ʟʘ ʚʩʝ ʢʦʤʧʘʥʽʷ ʚʠʨʽʰʠʣʘ ʧʦʯʘʪʠ ʟ ʩʝʙʝ, ʘ ʩʘʤʝ ʚʠʨʽʰʝʥʥʶ ʧʨʦʙʣʝʤ 

ʷʢʽ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠʩʴ ʚ ʩʘʤʠʭ ʦʬʽʩʘʭ ʢʦʤʧʘʥʽʾ. ʊʘʢ ʷʢ ʦʬʽʩʠ ʢʦʤʧʘʥʽʾ 

ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʜʝʢʽʣʴʢʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ, ʛʦʣʦʚʥʠʡ ʦʬʽʩ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʃʦʥʜʦʥʽ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ ʪʘ ʫ ʢʦʤʧʘʥʽʾ ʻ ʦʬʽʩʠ ʚ ʋʢʨʘʾʥʽ, ɹʽʣʦʨʫʩʽ, ʇʦʣʴʱʽ ʪʘ ʇʦʨʪʫʛʘʣʽʾ. 

ʉʪʘʪʠʩʪʠʢʘ ʧʨʦʜʫʢʫʚʘʥʥʷ ʩʤʽʪʪʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʦʨʪʫʚʘʥʥʷ 

ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ ʥʘ ʨʠʩʫʥʢʫ 1.  

 

 
 

ʈʠʩ. 1. ʉʪʘʪʠʩʪʠʢʘ ʩʦʨʪʫʚʘʥʥʷ ʩʤʽʪʪʷ ʟʘ ʡʦʛʦ ʧʦʭʦʜʞʝʥʥʷʤ ʟʘ 3 ʤʽʩ 

 

ʅʘ ʜʫʤʢʫ ʙʽʣʴʰʦʩʪʽ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʢʦʤʧʘʥʽʾ çContexxtè ʽʜʝʷ ʩʦʨʪʫʚʘʥʥʷ 

ʩʤʽʪʪʷ ʚʠʷʚʠʣʘʩʷ ʜʫʞʝ ʧʨʠʚʘʙʣʠʚʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʩʪʦʪʠ ʜʦʪʨʠʤʘʥʥʷ, 

ʚʘʨʪʦʩʪʽ ʪʘ ʚʽʜʥʦʩʥʦʾ ʣʝʛʢʦʩʪʽ ʚʪʽʣʝʥʥʷ, ʦʜʞʝ ʚʦʥʠ ʥʝʛʘʡʥʦ ʨʦʟʧʦʯʘʣʠ 

ʩʦʨʪʫʚʘʥʥʷ ʩʤʽʪʪʷ. ʊʘʢ ʷʢ ʥʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ ʚ ʫʩʽʭ ʢʨʘʾʥʘʭ ʜʝ ʽʩʥʫʶʪʴ 

ʦʬʽʩʠ ʢʦʤʧʘʥʽʾ çContexxtè, ʦʢʨʽʤ ʋʢʨʘʾʥʠ ʩʦʨʪʫʚʘʥʥʷ ʚʞʝ ʚʽʜʙʫʚʘʣʦʩʷ. 

ʂʝʨʽʚʥʠʮʪʚʦ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʢʠ ʋʢʨʘʾʥʩʴʢʠʭ ʦʬʽʩʽʚ ʚʠʩʦʢʦ ʦʮʽʥʠʣʠ ʪʘʢʫ 

ʽʥʽʮʽʘʪʠʚ. ʂʦʤʧʘʥʽʷ ʧʦʯʘʣʘ ʚʠʨʘʭʦʚʫʚʘʪʠ ʩʢʽʣʴʢʠ ʪʦʥ ʩʤʽʪʪʷ ʢʦʞʝʥ ʦʬʽʩ 

ʚʠʨʦʙʣʷʻ ʢʦʞʥʦʛʦ ʤʽʩʷʮʷ. ɿʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʽʡ ʩʠʩʪʝʤʽ ʩʦʨʪʫʚʘʥʥʷ ʩʤʽʪʪʷ ʪʘ 

ʘʥʘʣʽʪʠʮʽ, ʚʞʝ ʯʝʨʝʟ ʪʨʠ ʤʽʩʷʮʽ ʤʦʞʥʘ ʙʫʣʦ ʧʦʙʘʯʠʪʠ ʪʘ ʦʮʽʥʠʪʠ ʧʨʦʛʨʝʩ.  

ɼʨʫʛʘ ʽʜʝʷ ʷʢʘ ʟôʷʚʠʣʘʩʷ ʧʽʜ ʯʘʩ ʤʦʟʢʦʚʦʛʦ ʰʪʫʨʤʫ ï ʮʝ ʚʨʘʭʦʚʫʚʘʪʠ 

ʩʢʽʣʴʢʠ ʚʦʜʠ ʢʦʞʥʠʡ ʦʬʽʩ ʚʠʪʨʘʯʘʻ ʚ ʤʽʩʷʮʴ. ʂʦʤʧʘʥʽʷ çContexxtè ʚʠʨʽʰʠʣʘ 

ʩʪʚʦʨʠʪʠ ʩʘʡʪ ʥʘ ʷʢʦʤʫ ʤʦʞʥʘ ʙʫʣʦ ʙ ʜʠʚʠʪʠʩʷ ʩʪʘʪʠʩʪʠʢʫ ʟ ʢʦʞʥʦʛʦ ʦʬʽʩʫ ʪʘ 

ʜʠʚʠʪʠʩʷ ʩʢʽʣʴʢʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʣʽʪʨʽʚ ʚʦʜʠ ʥʘ ʢʦʞʥʫ ʣʶʜʠʥʫ ʚʠʪʨʘʯʘʻʪʴʩʷ. ʎʶ 

ʽʜʝʶ ʧʽʜʪʨʠʤʘʣʦ ʢʝʨʽʚʥʠʮʪʚʦ, ʪʘ ʢʦʤʘʥʜʘ ʨʦʟʧʦʯʘʣʘ ʧʨʘʮʶʚʘʪʠ ʚ ʮʴʦʤʫ 

ʥʘʧʨʷʤʢʫ. ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʽʣʶʩʪʨʫʶʪʴʩʷ 

ʨʠʩ.2.  
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ʈʠʩ. 2. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʜʣʷ ʦʬʽʩʫ. 

 

ʊʘʢʦʞ ʢʦʤʧʘʥʽʷ ʚʠʨʽʰʠʣʘ ʩʪʚʦʨʠʪʠ ʩʠʩʪʝʤʫ ʟʚʽʪʽʚ, ʜʝ ʚʦʥʠ ʚʽʜʩʪʝʞʫʶʪʴ 

ʢʫʜʠ ʪʘ ʩʢʽʣʴʢʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚʦʜʠ ʢʦʞʥʦʛʦ ʢʚʘʨʪʘʣʫ ʱʦʨʦʢʫ. ʎʝ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʟ ʤʝʪʦʶ ʟʘʦʱʘʜʞʝʥʥʷ ʚʦʜʠ, ʚʩʫʧʝʨʝʯ ʦʯʽʢʫʚʘʥʥʶ ʱʦʜʦ ʟʘʦʱʘʜʞʝʥʥʷ 

ʢʦʰʪʽʚ. ʋ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ ʧʦʟʘ ʜʦʤʽʚʢʦʶ ʩʪʘʥʦʚʠʪʴ 

30 ʚʽʜʩʦʪʢʽʚ ʚʽʜ ʜʦʤʘʰʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘʣʝ ʤʦʞʝ ʙʫʪʠ ʥʘʙʘʛʘʪʦ ʚʠʱʠʤ ʫ 

ʧʦʩʫʰʣʠʚʽʰʠʭ ʯʘʩʪʠʥʘʭ ʢʨʘʾʥʠ ʪʘ ʫ ʣʘʥʜʰʘʬʪʘʭ ʟ ʙʽʣʴʰʦʶ ʚʠʪʨʘʪʦʶ ʚʦʜʠ. 

ʅʘʧʨʠʢʣʘʜ, ʧʦʩʫʰʣʠʚʽ ʨʝʛʽʦʥʠ ʋʢʨʘʾʥʠ ʤʘʶʪʴ ʦʜʥʝ ʟ ʥʘʡʚʠʱʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʥʷ ʟʘʚʜʷʢʠ ʬʝʨʤʝʨʩʴʢʠʤ ʫʛʽʜʜʷʤ. 

ʅʘʩʪʫʧʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʧʨʦʝʢʪʦʤ ʢʦʤʘʥʜʠ çContexxtè ʩʪʘʣʘ ʨʦʟʨʦʙʢʘ 

ʧʽʣʦʪʥʦʛʦ ʧʨʦʻʢʪʫ ʽʟ ʧʝʨʝʨʦʙʢʠ ʧʣʘʩʪʠʢʦʚʠʭ ʧʣʷʰʦʢ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʣʝʛʢʦ 

ʧʝʨʝʨʦʙʣʷʪʠ ʧʣʘʩʪʠʢʦʚʽ ʧʣʷʰʢʠ (ʢʨʝʜʠʪ ʥʘʜʭʦʜʠʪʴ ʥʘ ʢʘʨʪʢʫ çhelpfulè). ɿʘ 

ʧʦʧʝʨʝʜʥʽʤʠ ʧʽʜʨʘʭʫʥʢʘʤʠ, ʮʝ ʜʦʧʦʤʦʞʝ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ CO2 ʚ ʢʨʘʾʥʽ ʥʘ 160 

000 ʪʦʥ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʚʠʚʝʜʝʥʥʶ ʟ ʜʦʨʽʛ 83 000 ʘʚʪʦʤʦʙʽʣʽʚ. 

ʗʢ ʧʨʘʮʶʻ çRecycleè? ʗʢʱʦ ʫ ʣʶʜʠʥʠ ʻ ʢʽʣʴʢʘ ʧʣʘʩʪʠʢʦʚʠʭ ʘʙʦ ʩʢʣʷʥʠʭ 

ʧʣʷʰʦʢ, ʪʨʝʙʘ ʟʘʚʘʥʪʘʞʠʪʠ ʧʨʦʛʨʘʤʫ Recycle, ʚʽʜʩʢʘʥʫʚʘʪʠ ʰʪʨʠʭ-ʢʦʜʠ, 

ʚʠʢʠʥʫʪʠ ʚʽʜʩʢʘʥʦʚʘʥʽ ʧʣʷʰʢʠ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʤʽʪʪʻʚʦʛʦ ʙʘʢʫ, ʧʦʪʽʤ ʦʪʨʠʤʘʪʠ 

ʢʝʰʙʝʢ ʫ ʨʦʟʤʽʨʽ 1 ʘʙʦ 2 ʛʨʠʚʥʽ ʟʘ ʧʣʷʰʢʫ ʥʘ ʩʚʦʶ ʢʨʝʜʠʪʥʫ ʢʘʨʪʢʫ. 

ʂʦʤʧʘʥʽʷ ʩʪʚʦʨʠʣʘ ʩʘʡʪ ʟ ʢʘʣʴʢʫʣʷʮʽʾ ʨʝʩʫʨʩʽʚ, ʜʝ ʥʘʜ ʮʠʤ ʧʨʦʜʫʢʪʦʤ 

ʧʨʘʮʶʚʘʣʘ ʫʩʷ ʢʦʤʘʥʜʘ ʩʠʩʪʝʤʥʠʭ ʘʥʘʣʽʪʠʢʽʚ ʪʘ ʙʽʟʥʝʩ ʘʥʘʣʽʪʠʢʽʚ. ɺʦʥʠ 

ʨʦʟʨʘʭʫʚʘʣʠ ʪʘ ʩʪʚʦʨʠʣʠ ʧʨʦʜʫʢʪ ʷʢʠʡ ʜʦʧʦʤʘʛʘʻ ʚ ʧʦʚʩʷʢʜʝʥʥʦʤʫ ʞʠʪʪʽ ʜʣʷ 

ʪʘʢʠʭ ʢʨʘʾʥ ʷʢ ʋʢʨʘʾʥʘ ʪʘ ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ. ɼʝʷʢʽ ʽʥʪʝʨʬʝʡʩʠ ʜʦʜʘʪʢʫ ʽʣʶʩʪʨʫʻ 

ʨʠʩ. 3. 
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ʈʠʩ. 3. ʇʨʠʢʣʘʜʠ ʽʥʪʝʨʬʝʡʩʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ çRecycleè. 

 

ʊʘʢʦʞ ʚ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ 

ʨʝʩʫʨʩʽʚ, ʧʨʠʙʫʪʢʽʚ ʦʢʫʧʥʦʩʪʽ ʪʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʧʨʦʝʢʪʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ. ʇʦʢʘʟʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʾʾ 

ʦʢʫʧʥʽʩʪʴ. 

ɿʦʢʨʝʤʘ, ʯʠʩʪʘ ʪʝʧʝʨʽʰʥʷ ʚʘʨʪʽʩʪʴ (Net Present Value ) ʚʠʷʚʠʣʘʩʴ 

ʧʦʟʠʪʠʚʥʦʶ (131,5 ʪʠʩ. ʛʨʥ. ʧʨʠ ʧʦʯʘʪʢʦʚʠʭ ʽʥʚʝʩʪʠʮʽʷʭ 500 ʪʠʩ. ʛʨʥ.). ʮʝ 

ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ ʜʣʷ ɯʊ-ʧʨʦʝʢʪʫ, ʘʣʝ ʥʝ ʩʣʽʜ ʟʘʙʫʚʘʪʠ, ʱʦ ʤʦʚʘ ʡʜʝ 

ʧʨʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʟʘʭʠʩʪ ʝʢʦʣʦʛʽʾ ʪʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɺʽʜʪʘʢ, ʢʦʤʝʨʮʽʡʥʠʡ ʧʨʠʙʫʪʦʢ ʥʝ ʻ ʛʦʣʦʚʥʦʶ ʩʘʤʦʮʽʣʣʶ ʧʨʦʝʢʪʫ. 

ɺʥʫʪʨʽʰʥʷ ʥʦʨʤʘ ʧʨʠʙʫʪʢʫ (IRR) ï ʮʝ ʧʦʢʘʟʥʠʢ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ 

ʬʽʥʘʥʩʦʚʦʤʫ ʘʥʘʣʽʟʽ ʜʣʷ ʦʮʽʥʢʠ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʧʦʪʝʥʮʽʡʥʠʭ ʽʥʚʝʩʪʠʮʽʡ ï ʟʘ 

ʧʽʜʨʘʭʫʥʢʘʤʠ ʚʠʷʚʠʣʘʩʷ ʨʽʚʥʦʶ 16,61%. ʎʝ ʟʥʘʯʥʦ ʚʠʱʝ, ʥʽʞ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʚʽʜ 

ʽʥʚʝʩʪʠʮʽʡ ʥʘʧʨʠʢʣʘʜ ʫ ʙʘʥʢʽʚʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ, ʭʦʯʘ ʡ ʟʥʘʯʥʦ ʤʝʥʰʝ ʥʽʞ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʧʦ ɯʊ-ʛʘʣʫʟʽ. 

ɿʘʛʘʣʦʤ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʥʘʩʘʤʧʝʨʝʜ ʫ ʬʦʨʤʫʚʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʚʽʜʦʤʦʩʪʽ, ʽ ʣʠʰʝ ʚ ʜʨʫʛʫ ʯʝʨʛʫ ï ʚ ʬʽʥʘʥʩʦʚʠʭ ʨʝʟʫʣʴʪʘʪʘʭ ʜʽʷʣʴʥʦʩʪʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʧʨʦʝʢʪʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʚʽʜʦʤʦʩʪʽ. ʇʨʦʚʝʜʝʥʽ ʨʷʜ ʧʨʦʮʝʜʫʨ ʟ ʙʽʟʥʝʩ-ʘʥʘʣʽʟʫ ʪʘ 

ʧʽʜʛʦʪʦʚʣʝʥʦ ʜʦʢʫʤʝʥʪʘʮʽʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʟʘ 

ʧʦʚʦʜʞʝʥʥʷʤ ʟ ʚʽʜʭʦʜʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʤʦʟʢʦʚʦʛʦ ʰʪʫʨʤʫ ʚʠʢʦʥʘʥʦ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʫ ʽʜʝʡ, ʧʦʪʝʥʮʽʡʥʦ ʢʦʨʠʩʥʠʭ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʨʦʙʣʝʤ ʤʽʩʪʘ ɼʥʽʧʨʘ. ʇʦʙʫʜʦʚʘʥʽ RACI ʤʘʪʨʠʮʽ ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʟʘʚʜʘʥʴ ʥʘ ʚʩʽʭ 

ʝʪʘʧʘʭ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ ʤʽʞ ʚʠʢʦʥʘʚʮʷʤʠ ʟ ʾʭ ʦʙʦʚôʷʟʢʘʤʠ. ɺʠʢʦʥʘʥʠʡ 

ʝʢʦʥʦʤʽʯʥʠʡ ʘʥʘʣʽʟ ʨʝʩʫʨʩʽʚ, ʧʨʠʙʫʪʢʽʚ ʦʢʫʧʥʦʩʪʽ ʪʘ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʧʨʦʝʢʪʫ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʇʦʢʘʟʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʦʢʫʧʥʽʩʪʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʨʥʝʪ-ʘʥʘʣʽʪʠʢʠ ʜʣʷ 
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ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʟʘʻʤʦʜʽʾ 

ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ. 
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ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʩʫʯʘʩʥʦʛʦ ʬʨʝʡʤʚʦʨʢʫ Vue.js. 

ʈʦʟʢʨʠʪʦ ʦʩʥʦʚʥʽ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʪʘ ʟʨʦʙʣʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʬʨʝʡʤʚʦʨʢʫ Vue.js ʟ ʡʦʛʦ ʦʩʥʦʚʥʠʤʠ ʢʦʥʢʫʨʝʥʪʘʤʠ ï React, AngularJS ʪʘ Ember.js.  
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: Vue.js, ʬʨʝʡʤʚʦʨʢ, ʚʝʙ-ʜʦʜʘʪʦʢ, ʟʘʩʪʦʩʫʥʦʢ, ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ, 

ʚʝʙ-ʩʝʨʚʽʩ, ʢʦʤʧʦʥʝʥʪʠ, ʜʠʨʝʢʪʠʚʠ. 

 

ɺʩʪʫʧ. ɿ ʧʣʠʥʦʤ ʯʘʩʫ ʜʫʞʝ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʝʙ-ʽʥʜʫʩʪʨʽʷ ï 

ʟôʷʚʣʷʻʪʴʩʷ ʚʩʝ ʙʽʣʴʰʝ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʝʙ-

ʨʝʩʫʨʩʽʚ. ɼʝʷʢʽ ʟ ʥʠʭ ʩʢʝʨʦʚʘʥʽ ʥʘ ʧʦʣʝʛʰʝʥʥʷ ʨʦʙʦʪʠ ʨʦʟʨʦʙʥʠʢʽʚ, ʘʜʞʝ ʜʫʞʝ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʤʦʞʥʘ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ, ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ ʨʦʟʨʦʙʢʠ. 

ɻʘʨʥʠʤ ʧʨʠʢʣʘʜʦʤ ʻ ʬʨʝʡʤʚʦʨʢʠ, ʷʢʽ ʥʝ ʪʽʣʴʢʠ ʩʧʨʦʱʫʶʪʴ ʨʦʟʨʦʙʢʫ, ʘ ʡ 

ʜʦʟʚʦʣʷʶʪʴ ʩʪʘʥʜʘʨʪʠʟʫʚʘʪʠ ʚʠʭʽʜʥʽ ʧʨʦʜʫʢʪʠ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʻ Vue.js ï 

ʧʨʦʛʨʝʩʠʚʥʠʡ ʬʨʝʡʤʚʦʨʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ ʢʦʨʠʩʪʫʚʘʯʘ (UI). ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʬʨʝʡʤʚʦʨʢʽʚ-ʤʦʥʦʣʽʪʽʚ, Vue ʩʪʚʦʨʝʥʠʡ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʧʦʩʪʫʧʦʚʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ, ʱʦ ʩʧʨʦʱʫʻ ʽʥʪʝʛʨʘʮʽʶ ʟ ʽʥʰʠʤʠ ʙʽʙʣʽʦʪʝʢʘʤʠ ʪʘ ʽʩʥʫʶʯʠʤʠ 

ʧʨʦʝʢʪʘʤʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʌʨʝʡʤʚʦʨʢ (ʘʥʛʣ. Framework ï ʢʘʨʢʘʩ, 

ʩʪʨʫʢʪʫʨʘ) ï ʰʘʙʣʦʥ ʜʣʷ ʧʨʦʛʨʘʤʥʦʾ ʧʣʘʪʬʦʨʤʠ, ʱʦ ʚʠʟʥʘʯʘʻ ʫʥʽʬʽʢʦʚʘʥʫ 

ʩʪʨʫʢʪʫʨʫ ʜʣʷ ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʡʦʛʦ ʙʘʟʽ ʜʦʜʘʪʢʽʚ, ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʤʦʞʣʠʚʦ 

ʜʦʧʠʩʘʪʠ ʚʣʘʩʥʠʡ ʢʦʜ. ʅʘʞʘʣʴ, ʙʽʣʴʰʽʩʪʴ ʨʦʟʨʦʙʥʠʢʽʚ ʚʚʘʞʘʶʪʴ, ʱʦ ʬʨʝʡʤʚʦʨʢ 

ï ʮʝ ʥʘʙʽʨ ʙʽʙʣʽʦʪʝʢ, ʘʣʝ ʮʝ ʥʝ ʟʦʚʩʽʤ ʪʘʢ. ɹʽʙʣʽʦʪʝʢʠ ʪʘ ʬʨʝʡʤʚʦʨʢʠ ʤʽʞ ʩʦʙʦʶ 

ʨʽʟʥʷʪʴʩʷ ʧʦʪʦʢʦʤ ʫʧʨʘʚʣʽʥʥʷ. ɹʽʙʣʽʦʪʝʢʘ ʤʽʩʪʠʪʴ ʬʫʥʢʮʽʾ ʜʣʷ ʚʠʢʣʠʢʫ 

ʙʘʪʴʢʽʚʩʴʢʠʤ ʢʦʜʦʤ, ʫ ʪʦʡ ʯʘʩ, ʷʢ ʬʨʝʡʤʚʦʨʢ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʩʪʨʫʢʪʫʨʫ ʜʦʜʘʪʢʽʚ 

ʫ ʮʽʣʦʤʫ ï ʨʦʟʨʦʙʥʠʢ ʥʝ ʚʠʢʣʠʢʘʻ ʡʦʛʦ ʢʦʜ, ʮʝ ʬʨʝʡʤʚʦʨʢ ʚʠʢʣʠʢʘʻ ʢʦʜ 

ʨʦʟʨʦʙʥʠʢʘ ʽ ʢʦʨʠʩʪʫʻʪʴʩʷ ʥʠʤ. [1] 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ: 
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¶ ʊʝʭʥʦʣʦʛʽʷ ʤʝʥʰ ʟʘʪʨʘʪʥʘ ʚ ʝʢʦʥʦʤʽʯʥʦʤʫ ʩʝʥʩʽ; 

¶ ʈʝʟʫʣʴʪʘʪ ʙʽʣʴʰ ʷʢʽʩʥʠʡ, ʥʽʞ ʥʘʧʠʩʘʥʥʷ ʧʨʦʝʢʪʫ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʞʦʜʥʠʭ ʧʣʘʪʬʦʨʤ; 

¶ ʇʨʦʝʢʪʠ ʧʨʦʩʪʽʰʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠ ʪʘ ʜʦʧʨʘʮʴʦʚʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʾʭ 
ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʘʢʦʚʦʶ ʚ ʫʩʽʭ ʧʨʦʝʢʪʘʭ; 

¶ ʇʦʣʝʛʰʫʶʪʴ ʨʦʙʦʪʫ ʨʦʟʨʦʙʥʠʢʽʚ, ʦʩʢʽʣʴʢʠ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 
ʧʽʜʢʣʶʯʝʥʠʭ ʙʽʙʣʽʦʪʝʢ; 

¶ ɺʠʱʘ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ ʱʦ ʟʘʙʝʟʧʝʯʝʥʦ ʩʘʤʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. 

ʅʝʜʦʣʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʨʝʡʤʚʦʨʢʽʚ: 

¶ ɹʽʣʴʰʽʩʪʴ ʤʘʶʪʴ ʚʽʜʢʨʠʪʠʡ ʢʦʜ, ʦʪʞʝ ʜʦʜʘʪʢʦʚʦ ʧʦʪʨʽʙʥʦ ʙʫʜʝ 

ʚʠʨʽʰʫʚʘʪʠ ʧʠʪʘʥʥʷ ʙʝʟʧʝʢʠ ʧʨʦʝʢʪʫ; 

¶ ʆʙʤʝʞʫʶʪʴ ʨʦʟʨʦʙʥʠʢʽʚ ʩʚʦʻʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʙʫʜʝ 
ʨʦʟʨʦʙʠʪʠ ʥʝʩʪʘʥʜʘʨʪʥʠʡ ʧʨʦʝʢʪ, ʚʽʜ ʥʠʭ ʧʨʠʡʜʝʪʴʩʷ ʚʽʜʤʦʚʠʪʠʩʷ. 

Vue.js ï ʦʜʠʥ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ JavaScript-ʬʨʝʡʤʚʦʨʢʽʚ ʟ ʚʽʜʢʨʠʪʠʤ 

ʢʦʜʦʤ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ UI, ʣʝʛʢʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʚ ʧʨʦʝʢʪ ʟ 

ʽʥʰʠʤʠ JavaScript-ʙʽʙʣʽʦʪʝʢʘʤʠ. [2] Vue.js ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʽʚ, ʘ ʪʘʢʦʞ ʜʦʩʷʛʥʝʥʥʷ ʙʘʣʘʥʩʫ ʤʽʞ 

ʡʦʛʦ ʩʢʣʘʜʥʽʩʪʶ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ. ɺʽʥ ʧʦʙʘʯʠʚ ʩʚʽʪ ʫ 2014 ʨʦʮʽ ʽ, ʟʘʚʜʷʢʠ 

ʡʦʛʦ ʜʠʥʘʤʽʯʥʦʩʪʽ ʡ ʜʦʩʪʫʧʥʦʩʪʽ, ʽʟ ʨʷʜʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ ʚʽʥ ʩʪʘʚ 

ʦʜʥʽʻʶ ʟ ʥʘʡʫʣʶʙʣʝʥʽʰʠʭ ʧʣʘʪʬʦʨʤ ʩʝʨʝʜ ʧʨʦʬʝʩʽʦʥʘʣʽʚ. ʉʴʦʛʦʜʥʽ Vue.js 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʪʘʢʽ ʢʦʤʧʘʥʽʾ, ʷʢ Alibaba, Xiaomi, WizzAir, EuroNews, Sina Weibo, 

Baidu, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʧʦʟʠʪʦʨʽʷʤʠ GitLab. [3] 

ʋ Vue.js ʻ ʦʩʥʦʚʥʽ ʢʦʥʮʝʧʮʽʾ ï ʢʦʥʩʪʨʫʢʪʦʨ, ʜʠʨʝʢʪʠʚʠ, ʢʦʤʧʦʥʝʥʪʠ, 

ʧʝʨʝʭʦʜʠ. 

ʂʦʥʩʪʨʫʢʪʦʨ ʦʙôʻʢʪʽʚ.  

ɺʽʥ ʻ ʷʜʨʦʤ Vue.js ï ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʝʢʟʝʤʧʣʷʨʠ Vue. 

ʂʦʣʠ ʚʠ ʪʘʢʠʡ ʩʪʚʦʨʶʻʪʝ, ʚʘʤ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʘʪʠ ʦʧʮʽʾ ʦʙôʻʢʪʫ ï ʮʝ ʟʚʠʯʘʡʥʠʡ 

ʥʘʙʽʨ ʽʤʝʥʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʤʦʚʽ JavaScript, ʷʢʽ ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʬʫʥʢʮʽʶ. 

ɺʦʥʠ ʤʦʞʫʪʴ ʤʽʩʪʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ DOM-ʝʣʝʤʝʥʪ, ʦʙôʻʢʪ ʜʘʥʠʭ, ʟʤʽʰʘʥʽ 

ʤʝʪʦʜʠ, ʟʚʦʨʦʪʥʽ ʚʠʢʣʠʢʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʪʦʱʦ. ʉʘʤ ʢʦʥʩʪʨʫʢʪʦʨ ʪʘʢʦʞ ʥʘʜʘʻ 

ʛʣʦʙʘʣʴʥʠʡ API, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʶʚʘʪʠ ʢʣʘʩ, ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʛʣʦʙʘʣʴʥʽ 

ʧʘʨʘʤʝʪʨʠ ʪʘ ʨʝʻʩʪʨʫʚʘʪʠ ʛʣʦʙʘʣʴʥʽ ʩʧʝʮʽʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʪʘʢʽ ʷʢ ʢʦʤʧʦʥʝʥʪʠ, 

ʜʠʨʝʢʪʠʚʠ, ʬʽʣʴʪʨʠ ʪʦʱʦ. 

ɼʠʨʝʢʪʠʚʠ.  

ʎʝ ʩʧʝʮʽʘʣʴʥʽ ʢʦʤʘʥʜʠ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ, ʱʦ 

ʟʘʧʠʩʘʥʽ ʷʢ ʘʪʨʠʙʫʪʠ HTML-ʪʝʛʽʚ. ʋ Vue.js ʚʩʽ ʜʠʨʝʢʪʠʚʠ ʤʘʶʪʴ ʧʨʝʬʽʢʩ çv-è, ʘ 

ʜʝʷʢʽʤ ʟ ʥʠʭ ʤʦʞʥʘ ʧʝʨʝʜʘʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʘʨʛʫʤʝʥʪʠ ʯʝʨʝʟ ʜʚʦʢʨʘʧʢʫ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʟ ʚʙʫʜʦʚʘʥʠʭ ʜʠʨʝʢʪʠʚ ʻ: v-model; v-on; v-bind; v-once; v-

html; v-for; v-if ʪʘ v-else.  

ʂʦʤʧʦʥʝʥʪʠ.  

ɼʦʧʦʤʘʛʘʶʪʴ ʨʦʟʰʠʨʠʪʠ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʧʦʚʪʦʨʥʦ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʢʦʜ, ʪʦʙʪʦ ʯʘʩʪʠʥʠ UI. ʅʘ ʝʪʘʧʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʘʟʚʠʯʘʡ, 

ʨʦʟʙʠʚʘʶʪʴ ʟʘʩʪʦʩʫʥʦʢ ʥʘ ʜʝʢʽʣʴʢʘ ʥʝʟʘʣʝʞʥʠʭ ʯʘʩʪʠʥ ʡ ʦʪʨʠʤʫʶʪʴ 
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ʜʝʨʝʚʦʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʥʝʥʪʽʚ (ʨʠʩ. 1). ɺ Vue.j ʥʝʤʘʻ ʦʩʦʙʣʠʚʠʭ ʚʠʤʦʛ 

ʱʦʜʦ ʽʤʝʥ ʢʦʤʧʦʥʝʥʪʽʚ, ʘʣʝ ʙʽʣʴʰʽʩʪʴ ʨʦʟʨʦʙʥʠʢʽʚ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʨʘʚʠʣʘʤʠ 

W3C (The World Wide Web Consortium - ʤʽʞʥʘʨʦʜʥʘ ʩʧʽʣʴʥʦʪʘ, ʜʝ ʦʨʛʘʥʽʟʘʮʽʾ-

ʯʣʝʥʠ, ʰʪʘʪʥʠʡ ʧʝʨʩʦʥʘʣ ʽ ʛʨʦʤʘʜʩʴʢʽʩʪʴ ʨʘʟʦʤ ʧʨʘʮʶʶʪʴ ʥʘʜ ʨʦʟʨʦʙʢʦʶ ʚʝʙ-

ʩʪʘʥʜʘʨʪʽʚ), ʪʦʙʪʦ ʫ ʥʘʟʚʘʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʽʪʝʨʠ ʥʠʞʥʴʦʛʦ ʨʝʛʽʩʪʨʫ, 

ʨʦʟʜʽʣʝʥʽ ʜʝʬʽʩʦʤ. 

 

 
 

ʈʠʩ. 1. ɼʝʨʝʚʦʧʦʜʽʙʥʘ ʩʪʨʫʢʪʫʨʘ ʚʝʙ-ʟʘʩʪʦʩʫʥʢʫ. 

 

ʇʝʨʝʭʦʜʠ.  

Vue ʥʘʜʘʻ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʽʤʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ, ʢʦʣʠ ʝʣʝʤʝʥʪʠ 

ʥʘʤʘʣʴʦʚʘʥʽ, ʧʦʥʦʚʣʝʥʽ ʘʙʦ ʚʠʜʘʣʝʥʽ ʟ DOM. ɺʦʥʠ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ 

ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʽʚ ʜʣʷ CSS-ʧʝʨʝʭʦʜʽʚ ʪʘ 

ʘʥʽʤʘʮʽʡ, ʽʥʪʝʛʨʘʮʽʡ ʩʪʦʨʦʥʥʽʭ CSS- ʪʘ JavaScript-ʙʽʙʣʽʦʪʝʢ, ʥʘʧʨʠʢʣʘʜ, 

Animate.css ʘʙʦ Velocity.js, ʚʠʢʦʨʠʩʪʘʥʥʷ JavaScript ʜʣʷ ʤʘʥʽʧʫʣʷʮʽʡ ʟ DOM. [4] 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʘʥʘʣʽʟ ʬʨʝʡʤʚʦʨʢʫ Vue.js 

ʟ ʦʩʥʦʚʥʠʤʠ ʡʦʛʦ ʢʦʥʢʫʨʝʥʪʘʤʠ ï React, AngularJS ʪʘ Ember.js.  

ʇʦʨʽʚʥʷʥʥʷ ʟ React. 

Vue.js ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ React ʪʠʤ, ʱʦ ʚʩʽ ʝʣʝʤʝʥʪʠ ʽʥʪʝʨʬʝʡʩʫ ʫ React ʤʠ 

ʤʘʣʶʻʤʦ ʯʝʨʝʟ ʪʘʢ ʟʚʘʥʽ render-ʬʫʥʢʮʽʾ. ʎʝʡ ʧʽʜʭʽʜ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ, ʘʣʝ ʪʘʢʦʞ 

ʟʤʫʰʫʻ ʡʪʠ ʥʘ ʢʦʤʧʨʦʤʽʩʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ 

ʦʢʨʝʤʦʛʦ ʨʦʟʨʦʙʥʠʢʘ. Vue, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʦʭʦʧʣʶʻ ʢʣʘʩʠʯʥʽ ʚʝʙ-ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʠʭ. ʈʦʟʨʦʙʥʠʢʠ Vue ʚʚʘʞʘʶʪʴ, ʱʦ ʰʘʙʣʦʥʠ ï ʧʨʦʩʪʽʰʘ 

ʘʣʴʪʝʨʥʘʪʠʚʘ, ʭʦʯʘ ʫ Vue ʪʝʞ ʻ render-ʬʫʥʢʮʽʾ ʽ ʥʘʚʽʪʴ ʧʽʜʪʨʠʤʢʘ JSX 

(ʩʠʥʪʘʢʩʠʩ React).  

ɯʟ ʩʭʦʞʠʭ ʤʦʤʝʥʪʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: 

- ʚʠʢʦʨʠʩʪʘʥʥʷ Virtual DOM; 

- ʥʘʜʘʥʥʷ ʨʝʘʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʩʪʨʫʢʪʫʨ; 

- ʬʦʢʫʩʫʚʘʥʥʷ ʥʘ ʢʦʨʝʥʝʚʽʡ ʙʽʙʣʽʦʪʝʮʽ, ʚʠʥʦʩʷʯʠ ʽʥʰʽ ʧʠʪʘʥʥʷ, ʪʘʢʽ ʷʢ 
ʨʦʫʪʠʥʛ ʘʙʦ ʫʧʨʘʚʣʽʥʥʷ ʛʣʦʙʘʣʴʥʠʤ ʩʪʘʥʦʤ ʧʨʦʛʨʘʤʠ, ʚ ʜʦʜʘʪʢʦʚʽ ʙʽʙʣʽʦʪʝʢʠ. 

ʇʦʨʽʚʥʷʥʥʷ ʟ AngularJS.  

ɼʝʷʢʽ ʯʘʩʪʠʥʠ ʩʠʥʪʘʢʩʠʩʫ Vue (ʜʠʨʝʢʪʠʚʠ v-if, v-for) ʚʠʛʣʷʜʘʶʪʴ ʜʫʞʝ 

ʩʭʦʞʠʤb ʥʘ ʩʠʥʪʘʢʩʠʩ AngularJS (ʜʠʨʝʢʪʠʚʠ ngIf, ngFor). ɸʣʝ Vue ʟʥʘʯʥʦ 



 

 

 

126 

ʧʨʦʩʪʽʰʠʡ, ʷʢ ʫ ʩʝʥʩʽ API, ʪʘʢ ʽ ʚ ʩʝʥʩʽ ʘʨʭʽʪʝʢʪʫʨʠ. AngularJS ʤʘʻ ʞʦʨʩʪʢʫ 

ʩʪʨʫʢʪʫʨʫ ʚʝʙ-ʜʦʜʘʪʢʫ, ʪʦʜʽ ʷʢ Vue ʚʠʷʚʣʷʻ ʛʥʫʯʢʽʩʪʴ ʽ ʻ ʙʽʣʴʰ ʤʦʜʫʣʴʥʠʤ 

ʨʽʰʝʥʥʷʤ. ʋ Vue ʻ ʩʠʩʪʝʤʘ ʜʣʷ ʰʚʠʜʢʦʾ ʨʦʟʨʦʙʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʽʚ 

(CLI), ʷʢʘ ʤʘʻ ʩʪʘʪʠ ʩʪʘʥʜʘʨʪʥʠʤ ʙʘʟʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʝʢʦʩʠʩʪʝʤʠ Vue. 

ʎʝ ʛʘʨʘʥʪʫʻ, ʱʦ ʨʽʟʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʟʙʠʨʘʥʥʷ ʙʫʜʫʪʴ ʧʨʘʮʶʚʘʪʠ ʨʘʟʦʤ ʟ 

ʦʧʪʠʤʘʣʴʥʠʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʟʘ ʧʨʦʤʦʚʯʘʥʥʷʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʩʪʚʦʨʝʥʥʽ ʧʨʦʛʨʘʤʠ, ʘ ʥʝ ʚʠʪʨʘʯʘʪʠ ʯʘʩ ʥʘ ʢʦʥʬʽʛʫʨʫʚʘʥʥʷ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ Vue, ʷʢ ʽ ʨʘʥʽʰʝ, ʥʘʜʘʻ ʛʥʫʯʢʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʢʦʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ.  

ʇʦʨʽʚʥʷʥʥʷ ʟ Ember.js. 

Vue ʟʘʙʝʟʧʝʯʫʻ ʥʝʥʘʚ'ʷʟʣʠʚʫ ʨʝʘʢʪʠʚʥʽʩʪʴ ʥʘ ʧʨʦʩʪʽ ʦʙ'ʻʢʪʠ JavaScript ʽ 

ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʚ ʪʦʡ ʯʘʩ ʫ Ember.js ʧʦʪʨʽʙʥʦ 

ʦʙʝʨʥʫʪʠ ʚʩʝ ʚ Ember Objects ʽ ʚʨʫʯʥʫ ʦʛʦʣʦʩʠʪʠ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʦʙʯʠʩʣʝʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ. ʉʠʥʪʘʢʩʠʩ ʰʘʙʣʦʥʫ Vue ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʩʶ ʧʦʪʫʞʥʽʩʪʴ ʚʠʨʘʟʽʚ 

JavaScript, ʪʦʜʽ ʷʢ ʚʠʨʘʟ ʽ ʩʠʥʪʘʢʩʠʩ ʧʦʤʽʯʥʠʢʘ Handlebars ʥʘʚʤʠʩʥʦ ʜʦʩʠʪʴ 

ʦʙʤʝʞʝʥʽ ʚ ʧʦʨʽʚʥʷʥʥʽ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, Vue ʧʝʨʝʚʝʨʰʫʻ ʟʘʚʜʷʢʠ 

ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʧʘʢʝʪʫʚʘʥʥʶ ʦʥʦʚʣʝʥʴ, ʪʦʜʽ ʷʢ ʚ Ember ʧʦʪʨʽʙʥʦ ʚʨʫʯʥʫ 

ʢʝʨʫʚʘʪʠ ʮʠʢʣʘʤʠ ʟʘʧʫʩʢʫ ʚ ʢʨʠʪʠʯʥʠʭ ʜʣʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʠʪʫʘʮʽʷʭ. [5] 

ɺʠʩʥʦʚʢʠ. ʆʜʥʦʟʥʘʯʥʦ ʢʨʘʱʦʛʦ ʬʨʝʡʤʚʦʨʢʫ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ, ʘʣʝ ʚ 

ʦʩʪʘʥʥʽ ʨʦʢʠ Vue.js ʩʪʘʻ ʥʘʡʙʽʣʴʰ ʟʘʪʨʝʙʫʚʘʥʠʤ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʥʝʚʝʣʠʢʠʭ 

ʧʨʦʝʢʪʽʚ ʽ ʜʠʥʘʤʽʯʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ, ʱʦ ʘʜʘʧʪʦʚʘʥʽ ʧʽʜ ʢʦʨʠʩʪʫʚʘʯʘ. Vue.js ʤʘʻ 

ʛʘʨʥʫ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʽ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʪʦʤʫ ʩʧʨʘʚʣʷʻʪʴʩʷ ʟ ʦʙ'ʻʤʥʠʤʠ 

ʦʜʥʦʩʪʦʨʽʥʢʦʚʠʤʠ ʟʘʩʪʦʩʫʥʢʘʤʠ, ʘ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʡ 

ʜʠʥʘʤʽʯʥʦʩʪʽ ʩʪʨʽʤʢʦ ʩʪʘʻ ʦʜʥʽʻʶ ʟ ʥʘʡʫʣʶʙʣʝʥʽʰʠʭ ʧʣʘʪʬʦʨʤ ʩʝʨʝʜ ʚʝʙ-

ʨʦʟʨʦʙʥʠʢʽʚ. 
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ʊ.ɸ. ɾʝʣʜʘʢ1, ɼ.ʖ. ʉʢʽʨʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɹɯɿʅɽʉ-ɸʅɸʃɯɿ ɺʀʄʆɻ ɼʆ ɯʅʌʆʈʄɸʎɯʁʅʆɰ ɸʈʍɯʊɽʂʊʋʈʀ 

ʌɯʊʅɽʉ ɼʆɼɸʊʂʋ ʊɸ ʁʆɻʆ ʇʈʆɽʂʊʋɺɸʅʅʗ 
 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʪʝʤʫ ʛʝʡʤʽʬʽʢʘʮʽʾ ʮʠʬʨʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʛʝʡʤʽʬʽʢʘʮʽʾ ʥʘ ʾʭ ʤʦʪʠʚʘʮʽʶ ʜʦ ʟʘʥʷʪʴ ʩʧʦʨʪʦʤ, ʩʧʨʦʝʢʪʦʚʘʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʘʨʭʽʪʝʢʪʫʨʘ, ʪʘ ʥʘ ʾʾ ʦʩʥʦʚʽ ʩʧʨʦʝʢʪʦʚʘʥʦ ʜʠʟʘʡʥ ʽʥʪʝʨʬʝʡʩʫ ʜʦʜʘʪʢʫ. ʆʩʥʦʚʥʘ 

ʧʝʨʝʚʘʛʘ ʜʦʜʘʪʢʫ ʧʦʣʷʛʘʻ ʚ ʧʽʜʪʨʠʤʮʽ ʤʦʪʠʚʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʟʘʥʷʪʴ ʩʧʦʨʪʦʤ ʪʘ ʪʠʤ 

ʩʘʤʠʤ ʚ ʧʽʜʚʠʱʝʥʥʽ ʟʘʣʫʯʝʥʦʩʪʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʪʠʚʘʮʽʷ, ʛʝʡʤʽʬʽʢʘʮʽʷ, ʢʦʨʠʩʪʫʚʘʯ, UX ʜʦʩʣʽʜʞʝʥʥʷ, user interview, 

user survey, user stories, usability, ʽʥʬʦʨʤʘʮʽʡʥʘ ʘʨʭʽʪʝʢʪʫʨʘ. 

 

ɺʩʪʫʧ. ɿʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʬʽʪʥʝʩ ʪʨʝʥʝʨʽʚ ʧʦʥʘʜ 50% ʣʶʜʝʡ, ʷʢʽ 

ʧʦʯʠʥʘʶʪʴ ʟʘʡʤʘʪʠʩʷ ʩʧʦʨʪʦʤ, ʧʽʩʣʷ ʧʝʨʰʠʭ ʪʨʴʦʭ ʤʽʩʷʮʽʚ, ʟʘʚʝʨʰʫʶʪʴ ʪʨʝʥʫʚʘʥʥʷ 

ʪʘ ʚʽʜʚʽʜʫʚʘʥʥʷ ʩʧʦʨʪʠʚʥʠʭ ʟʘʣʽʚ. ʇʨʠʯʠʥʘʤʠ ʯʘʩʪʦ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʢʨʝʪʥʦʾ ʤʝʪʠ 

ʪʘ ʢʦʥʩʠʩʪʝʥʪʥʦʩʪʽ ʪʨʝʥʫʚʘʥʴ, ʱʦ ʥʝʩʫʪʴ ʟʘ ʩʦʙʦʶ ʚʪʨʘʪʫ ʤʦʪʠʚʘʮʽʾ. 

ɻʝʡʤʽʬʽʢʘʮʽʷï ʧʨʠʡʦʤ, ʷʢʠʡ ʧʽʰʦʚ ʟ ʢʦʤʧôʶʪʝʨʥʠʭ ʽʛʦʨ, ʚʩʝ ʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦʟʘ ʽʛʨʦʚʦʾ ʩʬʝʨʠ. ɼʦʜʘʪʢʠ ʦʥʣʘʡʥ ʙʘʥʢʽʥʛʫ, ʰʦʧʽʥʛʫ ʯʠ 

ʤʝʥʝʜʞʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʛʝʡʤʽʬʽʢʘʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʘʣʫʯʝʥʦʩʪʽ 

ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ 

(ʢʦʥʮʝʧʪʫ) ʬʽʪʥʝʩ-ʜʦʜʘʪʢʫ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʪʘ ʟʘʣʫʯʝʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʬʽʪʥʝʩ-ʜʦʜʘʪʢʫ ʜʦ ʟʘʥʷʪʴ ʩʧʦʨʪʦʤ ʪʘ ʧʽʜʪʨʠʤʢʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʫ 

ʞʠʪʪʷ ʰʣʷʭʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʛʝʡʤʽʬʽʢʘʮʽʾ. 

ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʛʝʡʤʽʬʽʢʘʮʽʾ ʮʠʬʨʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʪʘ ʟʘʣʫʯʝʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʦʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ: 

¶ ʇʽʜʛʦʪʫʚʘʪʠ ʪʘ ʧʨʦʚʝʩʪʠ UX ʜʦʩʣʽʜʞʝʥʥʷ, ʦʪʨʠʤʘʪʠ ʚʽʜʛʫʢʠ ʪʘ ʜʫʤʢʠ 
ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʱʦʜʦ ʪʝʭʥʽʢ ʛʝʡʤʽʬʽʢʘʮʽʾ. ʇʨʦʚʝʩʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ 

ʘʥʘʣʽʟ ʜʦʜʘʪʢʽʚ ʢʦʥʢʫʨʝʥʪʽʚ ʪʘ ʚʽʜʛʫʢʠ ʾʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

¶ ʆʙʨʦʙʠʪʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʥʽ ʪʘ ʩʬʦʨʤʫʣʶʚʘʪʠ User 
Stories, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʛʦʣʦʚʥʽ ʙʘʞʘʥʥʷ ʪʘ ʧʦʪʨʝʙʠ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

¶ ʈʦʟʨʦʙʠʪʠ ʥʘ ʙʘʟʽ ʦʪʨʠʤʘʥʠʭ ʽʥʩʘʡʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʧʨʦʝʢʪʫ. 

¶ ʈʦʟʨʦʙʠʪʠ ʜʠʟʘʡʥ ʜʦʜʘʪʢʫ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ 
ʽʥʩʘʡʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

¶ ʇʨʦʚʝʩʪʠ ʶʟʘʙʽʣʽʪʽ ʪʝʩʪʫʚʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʟʨʫʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʥʥʷ 
ʜʦʜʘʪʢʦʤ ʢʦʨʠʩʪʫʚʘʯʘʤʠ. 
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¶ ʇʦʙʫʜʫʚʘʪʠ ʧʝʨʚʠʥʥʫ ʙʘʟʫ ʜʘʥʠʭ ʜʦʜʘʪʢʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʥʘʜ 

ʜʦʜʘʪʢʦʤ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɻʝʡʤʽʬʽʢʘʮʽʷ ï ʮʝ ʪʝʭʥʽʢʘ, ʷʢʘ ʚ ʦʩʥʦʚʥʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʦʟʨʦʙʥʠʢʘʤʠ ʽʛʦʨ, ʘʣʝ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʦʶ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʥʝʽʛʨʦʚʦʤʫ ʢʦʥʪʝʢʩʪʽ. ʎʝ ʢʦʥʮʝʧʮʽʷ ʜʦʜʘʚʘʥʥʷ ʽʛʨʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʫ ʜʽʷʣʴʥʽʩʪʴ, ʱʦʙ ʧʽʜʚʠʱʠʪʠ ʤʦʪʠʚʘʮʽʶ ʪʘ ʟʘʣʫʯʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ 

ʘʙʦ ʫʯʘʩʥʠʢʽʚ. ɻʝʡʤʽʬʽʢʘʮʽʷ ï ʮʝ ʨʝʤʝʩʣʦ ʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʮʽʢʘʚʠʭ ʽ 

ʟʘʭʦʧʣʶʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʻ ʚ ʽʛʨʘʭ, ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʫ ʨʝʘʣʴʥʠʭ ʯʠ 

ʧʨʦʜʫʢʪʠʚʥʠʭ ʟʘʭʦʜʘʭ. ɻʝʡʤʽʬʽʢʘʮʽʷ ʥʝ ʻ ʥʦʚʦʶ ʢʦʥʮʝʧʮʽʻʶ, ʬʘʢʪʠʯʥʦ ʚʦʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʝʩʷʪʠʣʽʪʪʷʤʠ ʯʠ ʩʪʦʣʽʪʪʷʤʠ [1]. 

ɼʝʷʢʽ ʧʦʰʠʨʝʥʽ ʤʝʪʦʜʠ ʛʝʡʤʽʬʽʢʘʮʽʾ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʮʝ ʙʘʣʠ, 

ʟʥʘʯʢʠ ʪʘ ʪʘʙʣʠʮʽ ʣʽʜʝʨʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʠʩʷʯʦʣʽʪʪʷʤʠ ʜʣʷ ʥʘʚʯʘʥʥʷ, 

ʨʦʟʚʘʛʠ ʪʘ ʟʘʣʫʯʝʥʥʷ. ʄʝʪʘ ʮʠʭ ʤʝʪʦʜʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ 

ʧʝʚʥʽ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ ʚʩʝʨʝʜʠʥʽ ʥʘʩ, ʷʢʽ ʩʧʦʥʫʢʘʶʪʴ ʥʘʩ ʜʦ ʧʝʚʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ʋ ʢʦʞʥʦʾ ʣʶʜʠʥʠ ʻ ʚʽʩʽʤ ʦʩʥʦʚʥʠʭ ʜʨʘʡʚʝʨʽʚ, ʷʢʽ ʥʘ ʨʠʩʫʥʢʫ 1 ʨʦʟʨʦʙʣʝʥʽ ʫ 

ʬʦʨʤʽ ʚʦʩʴʤʠʢʫʪʥʠʢʘ ʟ ʦʢʨʝʤʠʤʠ ʩʪʦʨʦʥʘʤʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʦʩʥʦʚʥʽ 

ʜʨʘʡʚʝʨʠ. ʇʦʨʷʜʦʢ ʦʩʥʦʚʥʠʭ ʜʨʘʡʚʝʨʽʚ ʚʩʪʘʥʦʚʣʝʥʦ ʯʽʪʢʦ, ʦʩʢʽʣʴʢʠ ʜʠʟʘʡʥ 

ʚʢʣʶʯʘʻ ʝʣʝʤʝʥʪʠ çʃʽʚʦʛʦ ʤʦʟʢʫ ʪʘ ʇʨʘʚʦʛʦ ʤʦʟʢʫè. ʆʩʪʘʪʦʯʥʠʡ ʜʠʟʘʡʥ, ʷʢʠʡ 

ʩʪʘʚ ʬʨʝʡʤʚʦʨʢʦʤ ʛʝʡʤʽʬʽʢʘʮʽʾ, ʦʪʨʠʤʘʚ ʥʘʟʚʫ çOctalysisè [2]. 

 

 
ʈʠʩ. 1. ʌʨʝʡʤʚʦʨʢ ʛʝʡʤʽʬʽʢʘʮʽʾ Octalysis 
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ʋ ʮʽʡ ʢʚʘʣʽʬʽʢʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʛʝʡʤʽʬʽʢʘʮʽʷ ʨʦʟʛʣʷʜʘʪʠʤʝʪʴʩʷ ʷʢ 

ʤʦʪʠʚʘʮʽʡʥʘ ʪʝʭʥʽʢʘ ʜʠʟʘʡʥʫ, ʷʢʘ ʩʧʦʥʫʢʘʻ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʟʘʥʷʪʪʷ ʩʧʦʨʪʦʤ. 

ɿʦʢʨʝʤʘ, ʙʫʜʝ ʚʠʷʚʣʝʥʦ, ʷʢʽ ʤʝʪʦʜʠ ʛʝʡʤʽʬʽʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʧʦʧʫʣʷʨʥʠʭ ʜʦʜʘʪʢʘʭ ʜʣʷ ʚʧʨʘʚ ʪʘ ʷʢʽ ʮʽʢʘʚʣʷʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘʡʙʽʣʴʰʝ. ʅʘ 

ʨʠʩʫʥʢʫ 1, ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʚʝʣʠʯʝʟʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʪʝʭʥʽʢ, ʷʢʽ ʟʚʝʨʪʘʶʪʴʩʷ 

ʜʦ ʨʽʟʥʠʭ ʦʩʥʦʚʥʠʭ ʜʨʘʡʚʝʨʽʚ, ʽ ʜʣʷ ʘʥʘʣʽʟʫ ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʜʘʪʢʽʚ 

ʜʣʷ ʪʨʝʥʫʚʘʥʴ ʟʥʘʜʦʙʠʪʴʩʷ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʯʘʩʫ. ʊʦʤʫ, ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ 

ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʣʠʰʝ ʜʝʢʽʣʴʢʘ ʟ ʥʠʭ, ʷʢʽ ʙʫʜʫʪʴ ʜʦʨʝʯʥʽ ʚ ʢʦʥʪʝʢʩʪʽ ʪʨʝʥʫʚʘʥʴ 

ʪʘ ʟʘʥʷʪʴ ʩʧʦʨʪʦʤ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʝʨʰʦʾ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʥʢʫʨʝʥʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʘʤʠ ʽʥʪʝʨʚôʶ ʪʘ ʦʧʠʪʫʚʘʥʴ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʷʢ ʨʽʟʥʽ ʤʝʪʦʜʠ ʛʝʡʤʽʬʽʢʘʮʽʾ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʦʪʠʚʘʮʽʶ ʢʦʨʠʩʪʫʚʘʯʽ, ʪʘ ʱʦ 

ʨʝʩʧʦʥʜʝʥʪʠ ʧʨʦ ʥʠʭ ʜʫʤʘʶʪʴ. ʇʽʜ ʯʘʩ ʽʥʪʝʨʚôʶ ʪʘʢʦʞ ʙʫʣʠ ʟʽʙʨʘʥʽ ʜʘʥʽ ʱʦʜʦ 

ʚʣʘʩʥʠʭ ʜʫʤʦʢ ʧʨʦ ʥʘʡʙʽʣʴʰ ʪʘ ʥʘʡʤʝʥʰ ʫʣʶʙʣʝʥʽ ʪʝʭʥʽʢʠ ʛʝʡʤʽʬʽʢʘʮʽʾ 

ʫʯʘʩʥʠʢʽʚ. ɿ ʨʝʡʪʠʥʛʫ ʚʠʜʥʦ, ʱʦ ʬʫʥʢʮʽʦʥʘʣ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʤʝʪʦʜʘʭ 

çɿʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢè ʪʘ çʇʨʦʛʨʝʩè, ʮʽʢʘʚʠʪʴ ʙʽʣʴʰʽʩʪʴ ʫʯʘʩʥʠʢʽʚ, ʪʦʜʽ ʷʢ 

çʏʝʣʝʥʜʞè ʪʘ çʈʽʚʥʽè ʟʘʡʤʘʶʪʴ ʜʨʫʛʦʨʷʜʥʽ ʤʽʩʮʷ. 

ʈʘʥʞʫʶʯʠ ʤʝʪʦʜʠ, ʫʯʘʩʥʠʢʠ ʚʦʜʥʦʯʘʩ ʧʦʷʩʥʶʚʘʣʠ ʩʚʦʾ ʨʽʰʝʥʥʷ ʪʘ 

ʥʘʜʘʚʘʣʠ ʚʽʜʛʫʢʠ ʱʦʜʦ ʦʙʨʘʥʠʭ ʤʝʪʦʜʽʚ. ɹʘʟʫʶʯʠʩʴ ʥʘ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʽʥʩʘʡʪʠ ʱʦʜʦ ʤʝʪʦʜʽʚ ʛʝʡʤʽʬʽʢʘʮʽʾ ʪʘ ʚʠʨʽʰʠʪʠ ʷʢʽ ʟ ʥʠʭ ʚʘʨʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘ ʚ ʷʢʦʤʫ ʢʦʥʪʝʢʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʦʙʨʘʥʦ ʛʦʣʦʚʥʽ 

ʤʝʪʦʜʠ ʛʝʡʤʽʬʽʢʘʮʽʾ, ʷʢʽ ʟʛʦʜʦʤ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʩʘʤʦʤʫ ʜʦʜʘʪʢʫ, ʪʘ ʧʦʪʨʝʙʠ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦʜʦ ʬʽʪʥʝʩ ʜʦʜʘʪʢʫ, ʷʢʠʤ ʚʦʥʠ ʙ ʭʦʪʽʣʠ ʢʦʨʠʩʪʫʚʘʪʠʩʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ User Stories: 

1. ʗʢ ʢʦʨʠʩʪʫʚʘʯ, ʷ ʭʦʯʫ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʛʝʥʝʨʫʚʘʪʠ ʪʨʝʥʫʚʘʥʥʷ, ʱʦʙ 

ʥʝ ʨʦʙʠʪʠ ʮʝ ʩʘʤʦʩʪʽʡʥʦ ʪʘ ʥʝ ʚʠʪʨʘʯʘʪʠ ʥʘ ʮʝ ʯʘʩ. 

2. ʗʢ ʢʦʨʠʩʪʫʚʘʯ, ʷ ʭʦʯʫ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʚʽʡ ʧʨʦʛʨʝʩ, 

ʱʦʙ ʟʥʘʪʠ ʷʢʽ ʥʘʚʠʯʢʠ ʤʝʥʽ ʪʨʝʙʘ ʧʦʢʨʘʱʠʪʠ. 

3. ʗʢ ʢʦʨʠʩʪʫʚʘʯ, ʷ ʭʦʯʫ ʤʘʪʠ ʟʚôʷʟʦʢ ʟ ʚʥʫʪʨʽʰʥʴʦʶ ʩʧʽʣʴʥʦʪʦʶ, ʱʦʙ 

ʜʽʣʠʪʠʩʷ ʩʚʦʾʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʘ ʥʘʜʠʭʘʪʠʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʦʚʘʨʠʰʽʚ. 

4. ʗʢ ʢʦʨʠʩʪʫʚʘʯ, ʷ ʭʦʯʫ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʦʙʠʨʘʪʠ ʽʥʚʝʥʪʘʨ ʜʣʷ 

ʪʨʝʥʫʚʘʥʴ, ʱʦʙ ʤʝʥʽ ʙʫʣʦ ʟʨʫʯʥʦ ʪʨʝʥʫʚʘʪʠʩʷ ʚʜʦʤʘ. 

ʂʨʽʤ User Stories, ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʟʘʛʘʣʴʥʽ ʽʥʩʘʡʪʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ʉʧʝʮʠʬʽʯʥʘ ʤʝʪʘ. ʂʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʬʦʨʤʫʚʘʪʠ 

ʩʧʝʮʠʬʽʯʥʫ, ʚʠʤʽʨʥʫ, ʜʦʩʷʞʥʫ, ʨʝʘʣʽʩʪʠʯʥʫ ʪʘ ʦʙʤʝʞʝʥʫ ʯʘʩʦʤ ʤʝʪʫ. 

2. ɹʘʟʘ ʪʝʦʨʽʾ ʩʘʤʦʚʠʟʥʘʯʝʥʥʷ. ʂʦʨʠʩʪʫʚʘʯʽ ʤʘʶʪʴ ʚʽʜʯʫʚʘʪʠ ʢʦʥʪʨʦʣʴ 

ʥʘ ʩʚʦʻʶ ʤʝʪʦʶ; ʧʦʚʠʥʥʽ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʪʫʧʦʚʦ ʥʘʙʠʨʘʪʠʩʷ ʜʦʩʚʽʜʫ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʩʚʦʻʾ ʤʝʪʠ; ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʽʜʯʫʪʪʷ ʧʨʠʯʝʪʥʦʩʪʽ ʜʦ ʩʧʽʣʴʥʦʪʠ. 

3. ɿʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʃʶʜʠʥʘ ʧʦʚʠʥʥʘ ʚʠʪʨʘʯʘʪʠ ʷʢʦʤʦʛʘ ʤʝʥʰʝ 

ʟʫʩʠʣʴ ʥʘ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʦʜʘʪʢʫ. 

4. ʇʽʜʪʨʠʤʢʘ ʟʘʣʫʯʝʥʦʩʪʽ. ʆʢʨʽʤ ʧʨʦʩʪʦʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʜʦʜʘʪʦʢ ʤʘʻ 

ʧʽʜʢʨʽʧʣʶʚʘʪʠ ʟʘʚʜʘʥʥʷ ʮʽʢʘʚʠʤʠ ʯʝʣʝʥʜʞʘʤʠ ʪʘ ʽʛʨʘʤʠ. 
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5. ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ. ɹʫʜʴ ʷʢʘ ʽʥʬʦʛʨʘʬʽʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʽʜʢʨʽʧʣʝʥʘ 

ʧʦʷʩʥʝʥʥʷʤʠ ʘʙʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʚʠʩʥʦʚʢʘʤʠ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʨʦʩʪʦʛʦ ʪʘ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʙʫʣʦ 

ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʦʙʣʝʥʦ ʽʥʬʦʨʤʘʮʽʡʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʜʦʜʘʪʢʫ [3]. ɺʦʥʘ ʤʽʩʪʠʪʴ ʚ 

ʩʦʙʽ 5 ʦʩʥʦʚʥʠʭ ʙʣʦʢʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʝʨʩʦʥʘʣʽʟʦʚʘʥʠʡ ʜʦʩʚʽʜ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʦʤ, ʛʦʪʦʚʽ ʪʘ ʟʛʝʥʝʨʦʚʘʥʽ ʪʨʝʥʫʚʘʥʥʷ, ʚʽʜʩʪʝʞʝʥʥʷ 

ʧʨʦʛʨʝʩʫ, ʦʪʨʠʤʘʥʥʷ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ ʪʘ ʚʥʫʪʨʽʰʥʶ ʩʧʽʣʴʥʦʪʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʜʦʜʘʪʢʫ ʚ ʚʠʛʣʷʜʽ Mind Map ̔ ʣʶʩʪʨʫʻ ʨʠʩʫʥʦʢ 2. 

ʇʽʩʣʷ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʢʦʨʦʪʢʦʛʦ ʚʩʪʫʧʥʦʛʦ ʨʦʣʠʢʫ ʢʦʨʠʩʪʫʚʘʯʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʡʪʠ ʥʝʚʝʣʠʢʝ ʦʧʠʪʫʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʜʦʩʚʽʜʫ ʪʘ ʤʝʪʠ ʢʦʨʠʩʪʫʚʘʥʥʷ ʜʦʜʘʪʢʦʤ. ʅʘʜʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʦʜʘʪʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʣʷ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʪʨʝʥʫʚʘʥʴ. ʊʘʢʦʞ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʢʦʨʠʩʪʫʚʘʯ 

ʚʞʝ ʤʦʞʝ ʦʙʨʘʪʠ ʜʦʩʪʫʧʥʝ ʡʦʤʫ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʨʝʥʫʚʘʥʴ ʪʘ ʚʩʪʘʥʦʚʠʪʠ ʯʘʩ, 

ʢʦʣʠ ʡʦʤʫ ʟʨʫʯʥʦ ʟʘʡʤʘʪʠʩʴ ʚʧʨʘʚʘʤʠ. 

ʅʘ ʛʦʣʦʚʥʽʡ ʩʪʦʨʽʥʮʽ ʢʦʨʠʩʪʫʚʘʯʫ ʚʽʜʨʘʟʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʛʝʥʝʨʦʚʘʥʝ 

ʪʨʝʥʫʚʘʥʥʷ, ʢʦʪʨʝ ʙʫʜʝ ʦʥʦʚʣʶʚʘʪʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʡʦʛʦ ʛʨʘʬʽʢʫ ʪʨʝʥʫʚʘʥʴ. ɼʘʣʽ 

ʡʜʝ ʨʷʜ ʙʘʟʦʚʠʭ ʪʨʝʥʫʚʘʥʴ ʪʠʧʫ ʙʽʛʫ, ʡʦʛʠ ʘʙʦ ʨʦʟʪʷʞʢʠ ʪʘ ʩʧʠʩʦʢ ʛʦʪʦʚʠʭ 

ʪʨʝʥʫʚʘʥʴ ʥʘʮʽʣʝʥʠʭ ʥʘ ʨʽʟʥʽ ʛʨʫʧʠ ʤôʷʟʽʚ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ. 

ʄʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʩʚʦʻ ʪʨʝʥʫʚʘʥʥʷ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʝʥʘ. 
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ʇʽʜ ʯʘʩ ʪʨʝʥʫʚʘʥʥʷ ʫ ʢʦʨʠʩʪʫʚʘʯʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʜʘʛʫʚʘʪʠ ʚʧʨʘʚʠ, 

ʢʽʣʴʢʽʩʪʴ ʧʽʜʭʦʜʽʚ, ʚʘʛʫ, ʯʘʩ, ʪʦʱʦ. ɸ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʢʦʞʥʦʛʦ ʪʨʝʥʫʚʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʡʪʠ ʦʧʠʪʫʚʘʥʥʷ ʟ ʜʚʦʭ ʧʠʪʘʥʴ ʜʣʷ 

ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʡʦʛʦ ʜʦʩʚʽʜʫ. 

ʌʫʥʢʮʽʦʥʘʣ ʙʣʦʢʫ ʧʨʦʛʨʝʩʫ ʧʝʨʝʜʙʘʯʘʻ ʚʽʜʩʪʝʞʝʥʥʷ ʧʣʘʥʫ ʪʘ ʱʦʜʝʥʥʠʢʘ 

ʪʨʝʥʫʚʘʥʴ, ʨʽʟʥʫ ʩʪʘʪʠʩʪʠʢʫ ʦʩʥʦʚʘʥʫ ʥʘ ʧʦʧʝʨʝʜʥʽʭ ʪʨʝʥʫʚʘʥʥʷʭ ʪʘ ʟʥʘʯʝʥʥʷ 

ʤʘʩʠ ʪʽʣʘ ʢʦʨʠʩʪʫʚʘʯʘ. 

ɺʥʫʪʨʽʰʥʷ ʩʧʽʣʴʥʦʪʘ ʜʘʻ ʢʦʨʠʩʪʫʚʘʯʘʤ ʤʦʞʣʠʚʽʩʪʴ ʜʽʣʠʪʠʩʷ ʩʚʦʾʤʠ 

ʜʦʩʷʛʥʝʥʥʷʤʠ ʪʘ ʩʧʽʣʢʫʚʘʪʠʩʷ ʟ ʪʦʚʘʨʠʰʘʤʠ ʚ ʢʦʤʝʥʪʘʨʷʭ. 

ɺ ʧʨʦʬʽʣʽ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʦʧʝʨʫʚʘʪʠ ʜʘʥʠʤʠ ʡʦʛʦ ʧʫʙʣʽʯʥʦʛʦ ʘʢʘʫʥʪʫ, 

ʩʪʚʦʨʶʚʘʪʠ ʧʦʩʪʠ ʪʘ ʧʦʙʘʯʠʪʠ ʜʦʩʷʛʥʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʥʠʤ ʧʽʜ ʯʘʩ ʪʨʝʥʫʚʘʥʴ ʪʘ 

ʯʝʣʝʥʜʞʽʚ. 

ɼʠʟʘʡʥ ʜʦʜʘʪʢʫ ʙʫʚ ʩʧʨʦʝʢʪʦʚʘʥʠʡ ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʽʥʬʦʨʤʘʮʽʡʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ ʪʘ ʽʥʩʘʡʪʠ ʦʪʨʠʤʘʥʽ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ. ʋʩʴʦʛʦ ʙʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ 26 ʝʢʨʘʥʽʚ ʜʦʜʘʪʢʫ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴ ʡʦʛʦ ʦʩʥʦʚʥʠʡ ʬʫʥʢʮʽʦʥʘʣ. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʦ ʚʽʜʦʤʦ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʽ ʥʝ ʟʥʘʭʦʜʷʪʴ 

ʩʪʘʪʠʩʪʠʢʫ ʢʦʨʠʩʥʦʶ, ʷʢʱʦ ʥʝ ʟʥʘʶʪʴ ʷʢ ʥʝʶ ʢʦʨʠʩʪʫʚʘʪʠʩʷ, ʪʦʤʫ ʥʘ ʩʪʦʨʽʥʮʽ 

ʧʨʦʛʨʝʩʫ ʢʦʨʠʩʪʫʚʘʯʫ, ʦʢʨʽʤ ʥʝʦʙʭʽʜʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʥʘʜʘʻʪʴʩʷ ʧʦʷʩʥʝʥʥʷ ʱʦ 

ʚʦʥʘ ʩʦʙʦʶ ʧʨʝʜʩʪʘʚʣʷʻ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʟôʷʩʫʚʘʣʦʩʷ, ʱʦ ʢʦʨʠʩʪʫʚʘʯʽ ʙʽʣʴʰ 

ʩʭʠʣʴʥʽ ʜʽʣʠʪʠʩʷ ʩʧʦʨʪʠʚʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʫ ʪʝʤʘʪʠʯʥʦʤʫ ʢʦʤôʶʥʽʪʽ ʥʽʞ ʫ 

ʩʦʮ̔ʘʣʴʥʠʭ ʤʝʨʝʞʘʭ, ʷʢʠʤʠ ʚʦʥʠ ʢʦʨʠʩʪʫʶʪʴʩʷ ʱʦʜʥʷ. 

ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʬʫʥʢʮʽʡ, ʢʦʪʨʫ ʟʘʧʠʪʫʚʘʣʠ ʢʦʨʠʩʪʫʚʘʯʽ 

ʩʪʘʚ ʚʠʙʽʨ ʽʥʚʝʥʪʘʨʶ ʜʣʷ ʚʧʨʘʚ, ʷʢʠʡ ʤʦʞʥʘ ʦʙʨʘʪʠ ʚ ʥʘʣʘʰʪʫʚʘʥʥʷʭ ʧʨʦʬʽʣʶ. 

ʇʽʩʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʜʦʜʘʪʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʶʟʘʙʽʣʽʪʽ-ʪʝʩʪʫʚʘʥʥʷ 

[4], ʷʢʝ ʧʦʢʘʟʘʣʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ ʨʝʩʧʦʥʜʝʥʪʽʚ ʟʘʜʦʚʦʣʝʥʽ ʪʘ ʦʪʨʠʤʘʣʠ ʪʝ, ʱʦ 

ʦʯʽʢʫʚʘʣʠ ʚʽʜ ʜʦʜʘʪʢʘ.  

ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʦʥʣʘʡʥ, ʢʦʨʠʜʦʨʥʠʤ ʤʝʪʦʜʦʤ. ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ 

ʙʫʣʠ ʟʘʧʨʦʰʝʥʽ ʢʦʨʠʩʪʫʚʘʯʽ ʧʝʨʝʚʘʞʥʦ ʟʽ ʩʬʝʨʠ ʜʠʟʘʡʥʫ, ʫ ʢʽʣʴʢʦʩʪʽ 30 ʯʦʣʦʚʽʢ. 

ʈʝʩʧʦʥʜʝʥʪʘʤ ʙʫʣʦ ʜʦʟʚʦʣʝʥʦ ʚʽʣʴʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʦʪʦʪʠʧʦʤ ʙʝʟ ʢʦʥʢʨʝʪʥʦʾ 

ʤʝʪʠ ʪʘ ʟʘʜʘʯʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʟʚʦʨʦʪʥʽʡ ʟʚôʷʟʦʢ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

ɹʽʣʴʰʽʩʪʴ ʨʝʩʧʦʥʜʝʥʪʽʚ ʚʽʜʟʥʘʯʠʣʦ, ʱʦ ʦʪʨʠʤʘʣʠ ʚʽʜ ʜʦʜʘʪʢʘ ʪʝ, ʥʘ ʱʦ 

ʦʯʽʢʫʚʘʣʠ. 6 ʟ 20 ʫʯʘʩʥʠʢʽʚ ʚʽʜʟʥʘʯʠʣʠ ʧʦʟʠʪʠʚʥʽ ʤʦʤʝʥʪʠ, ʷʢʽ ʾʤ ʩʧʦʜʦʙʘʣʠʩʴ. 

ʑʝ 3 ʫʯʘʩʥʠʢʘ ʚʽʜʟʥʘʯʠʣʠ ʤʦʤʝʥʪʠ, ʷʢʽ ʚʠʢʣʠʢʘʣʠ ʚ ʥʠʭ ʥʝʟʨʫʯʥʦʩʪʽ. ʅʝʛʘʪʠʚʥʽ 

ʚʽʜʛʫʢʠ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʪʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʜʠʟʘʡʥ ʙʫʣʠ ʚʥʝʩʝʥʽ ʧʨʘʚʢʠ. 

ʆʩʪʘʥʥʽʤ ʝʪʘʧʦʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʜʘʪʢʫ ʙʫʣʘ ʨʦʟʨʦʙʢʘ ʙʘʟʠ ʜʘʥʠʭ ʜʦʜʘʪʢʫ, ʷʢʫ 

ʽʣʶʩʪʨʫʻ ʨʠʩʫʥʦʢ 3. ɼʣʷ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ Microsoft Access. ʋʩʴʦʛʦ ʚʦʥʘ 

ʥʘʨʘʭʦʚʫʻ 13 ʧʦʚôʷʟʘʥʠʭ ʤʽʞ ʩʦʙʦʶ ʪʘʙʣʠʮʴ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ 

ʧʨʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʛʦʪʦʚʠʭ ʪʨʝʥʫʚʘʥʴ, ʚʧʨʘʚ, ʽʥʚʝʥʪʘʨʶ, ʪʦʱʦ. 

ɺ ʮʝʥʪʨʽ ɹɼ ʩʪʦʾʪʴ ʢʦʨʠʩʪʫʚʘʯ, ʚʽʜ ʷʢʦʛʦ ʡʜʫʪʴ ʟʚôʷʟʢʠ ʜʦ ʪʘʙʣʠʮʴ ʟ ʡʦʛʦ 

ʦʩʦʙʠʩʪʠʤʠ ʜʘʥʠʤʠ, ʜʘʥʠʤʠ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʧʨʦʛʨʝʩʫ, ʜʦʩʷʛʥʝʥʥʷʤʠ ʪʘ ʽʥʰʽ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʽʚ ʛʝʡʤʽʬʽʢʘʮʽʾ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʤʦʪʠʚʘʮʽʾ ʪʘ ʟʘʣʫʯʝʥʦʩʪʽ ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʬʽʪʥʝʩ-

ʜʦʜʘʪʢʫ ʜʦ ʟʘʥʷʪʴ ʩʧʦʨʪʦʤ ʪʘ ʧʽʜʪʨʠʤʢʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʫ ʞʠʪʪʷ. 
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʙʘʟʠ ʜʘʥʠʭ ʜʦʜʘʪʢʫ 

 

ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʤʫ ʛʝʡʤʽʬʽʢʘʮʽʾ ʮʠʬʨʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʛʝʡʤʽʬʽʢʘʮʽʾ 

ʥʘ ʾʭ ʤʦʪʠʚʘʮʽʶ ʜʦ ʟʘʥʷʪʴ ʩʧʦʨʪʦʤ. ʗʢ ʨʝʟʫʣʴʪʘʪ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʦʝʢʪʦʚʘʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʫ, ʟʽʙʨʘʥʽ ʚʠʤʦʛʠ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ 

ʙʫʣʠ ʩʪʨʫʢʪʫʨʦʚʘʥʽ ʫ ʚʠʛʣʷʜʽ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʽʩʪʦʨʽʡ ʪʘ ʽʥʩʘʡʪʽʚ. ʅʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʜʦʜʘʪʢʫ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʜʠʟʘʡʥ ʽʥʪʝʨʬʝʡʩʫ 

ʜʦʜʘʪʢʫ. ʊʘʢʦʞ ʨʦʟʨʦʙʣʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʙʘʟʠ ʜʘʥʠʭ ʜʦʜʘʪʢʫ, ʷʢʘ ʤʽʩʪʠʪʴ 13 

ʪʘʙʣʠʮʴ, ʩʝʨʝʜ ʷʢʠʭ ʦʜʥʘ ʛʦʣʦʚʥʘ ʪʘʙʣʠʮʷ ʬʘʢʪʽʚ, ʨʝʰʪʘ ï ʜʦʧʦʤʽʞʥʽ. ʆʩʥʦʚʥʘ 

ʧʝʨʝʚʘʛʘ ʜʦʜʘʪʢʫ ʧʦʣʷʛʘʻ ʚ ʧʽʜʪʨʠʤʮʽ ʤʦʪʠʚʘʮʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʜʦ ʟʘʥʷʪʴ ʩʧʦʨʪʦʤ 

ʪʘ ʪʠʤ ʩʘʤʠʤ ʚ ʧʽʜʚʠʱʝʥʥʽ ʟʘʣʫʯʝʥʦʩʪʽ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʪʫ. 
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ʈʆɿɼɯʃ 4 

 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʊɸ ʆʇʊʀʄɯɿɸʎɯʗ ʉʀʉʊɽʄ 

ʆɹʈʆɹʂʀ ɯʅʌʆʈʄɸʎɯɰ ɼʃʗ ɺʀʈɯʐɽʅʅʗ ɿɸɺɼɸʅʔ ʆʉɺɯʊʀ, 

ʅɸʋʂʀ ɯ ʋʇʈɸɺʃɯʅʅʗ ɺʀʈʆɹʅʀʎʊɺʆʄ     

 

 

ʋɼʂ 519.673:622.272.6  

 

ɺ.ɺ. ʇʨʠʭʦʜʴʢʦ1, ʅ.ʇ. ʋʣʘʥʦʚʘ1, ʂ.ɼ. ʅʘʟʘʨʝʥʢʦ1 

1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʄɸʊɽʄɸʊʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɻɽʆʄɽʍɸʅɯʏʅʀʍ ʇʈʆʎɽʉɯɺ 

 ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɽʊʆɼɸ ɻʈɸʅʀʏʅʀʍ ɽʃɽʄɽʅʊɯɺ 

 
ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ, ʧʦʚôʷʟʘʥʽ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ  

ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʩʪʽ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʟ ʚʠʨʦʙʢʘʤʠ, ʫʪʚʦʨʝʥʠʤʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʚʠʾʤʢʠ ʢʦʨʠʩʥʠʭ 

ʢʦʧʘʣʠʥ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʅɼʉ ʪʘʢʦʾ ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʦʜ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʊʨʽʱʠʥʫʚʘʪʽʩʪʴ ʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ ʤʦʜʝʣʶʚʘʣʘʩʴ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ-ʽʟʦʪʨʦʧʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. 

ɺʠʟʥʘʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʩʦʪʠ ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʨʽʚʣʽ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚʽʜ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʢʠ ʪʘ ʧʦʩʣʘʙʣʝʥʦʩʪʽ ʧʦʨʽʜ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʤʘʩʠʚʫ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʨʝʛʫʣʷʨʥʦʾ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʥʘ ʧʝʨʽʦʜʠʯʥʽ ʧʦʩʘʜʢʠ ʧʦʢʨʽʚʣʽ ʚʫʛʽʣʴʥʦʛʦ 

ʧʣʘʩʪʘ, ʘ ʪʘʢʦʞ ʟʤʽʥʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʨʽʧʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʨʦʩʫʚʘʥʥʷ ʟʘʙʦʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ, ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʨʝʛʫʣʷʨʥʘ 

ʪʨʽʱʠʥʫʚʘʪʽʩʪʴ, ʪʦʥʢʠʡ ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ, ʟʘʣʠʰʢʦʚʘ ʤʽʮʥʽʩʪʴ, ʢʦʝʬʽʮʽʻʥʪ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʧʦʩʣʘʙʣʝʥʥʷ. 

 

ɺʩʪʫʧ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʧʦʰʫʢʠ ʥʦʚʠʭ ʨʽʰʝʥʴ ʟʽ 

ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʦʟʨʦʙʢʠ ʨʦʜʦʚʠʱ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ï 

ʦʩʥʦʚʘ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʦʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʟʦʢʨʝʤʘ ʚʫʛʽʣʴʥʦʾ. ʏʘʩʪʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ  ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʠʜʦʙʫʪʢʫ, ʧʦʚôʷʟʘʥʝ ʟ ʟʘʣʫʯʝʥʥʷʤ ʜʦ 

ʨʦʟʨʦʙʢʠ ʜʽʣʷʥʦʢ ʨʦʜʦʚʠʱ ʟʽ ʩʢʣʘʜʥʠʤʠ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ. 

ɺʽʜʦʤʦ, ʱʦ ʥʘʡʚʠʱʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʨʦʷʚʽʚ ʛʽʨʩʴʢʦʛʦ ʪʠʩʢʫ ʫ ʚʠʨʦʙʢʘʭ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪʠ ʘʢʪʠʚʥʦʾ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ 

ʧʦʙʣʠʟʫ ʟʘʙʦʶ, ʱʦ ʨʫʭʘʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʨʽʰʘʣʴʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʻ ʟʤʽʥʘ 

ʛʝʦʤʝʪʨʽʾ ʯʘʩʪʠʥʠ ʤʘʩʠʚʫ ʪʘ ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʘ ʪʘʢʦʞ ʚʟʘʻʤʦʚʧʣʠʚ 

ʦʯʠʩʥʦʛʦ ʟʘʙʦʶ ʪʘ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ. 

ɿʘʜʘʯʽ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚ ʦʙʣʘʩʪʽ ʚʠʨʦʙʦʢ 

ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ ʫ ʧʦʨʦʜʥʦʤʫ ʤʘʩʠʚʽ, ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ ʘʥʘʣʽʪʠʯʥʠʤ 

ʜʦʩʣʽʜʞʝʥʥʷʤ. ʅʘʡʯʘʩʪʽʰʝ ʾʭ ʨʦʟʚôʷʟʫʶʪʴ ʰʣʷʭʦʤ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʚʨʘʭʦʚʫʶʯʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʣʘʩʪʘ ʽ ʥʘʚʢʦʣʠʰʥʽʭ ʧʦʨʽʜ. ɿ 

ʨʦʟʚʠʪʢʦʤ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʠʣʠʩʷ ʤʦʞʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ 

ʩʪʨʫʢʪʫʨʥʦʾ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ, ʘ ʪʘʢʦʞ ʨʦʟʚʠʪʢʫ ʛʽʨʥʠʯʠʭ ʨʦʙʽʪ 

ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ.  
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ʅʘʡʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. ɸʣʝ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʨʽʰʝʥʴ ʽʟ ʧʨʠʡʥʷʪʥʦʶ ʪʦʯʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʘ ʚ 

ʪʨʠʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜ ʛʨʘʥʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ï 

ʥʘʷʚʥʽʩʪʴ ʟʦʥ ʟʨʫʡʥʦʚʘʥʠʭ ʧʦʨʽʜ, ʰʘʨʫʚʘʪʽʩʪʴ. ɺʘʞʣʠʚʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ 

ʤʝʪʦʜʫ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨʥʽʩʪʴ ʟʘʜʘʯʽ ʥʘ ʧʦʨʷʜʦʢ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʘ ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʦʙʣʘʩʪʽ 

ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʧʦʙʣʠʟʫ ʩʧʨʷʞʝʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʽʪʦʢ ʪʘ ʦʯʠʩʥʦʛʦ 

ʟʘʙʦʶ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ 

ʟʘʜʘʯʽ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʜʣʷ ʩʝʨʝʜʦʚʠʱʘ ʟ ʨʝʛʫʣʷʨʥʦʶ ʪʨʽʱʠʥʫʚʘʪʽʩʪʶ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʋ ʚʠʧʘʜʢʫ ʪʦʥʢʠʭ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ, 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʨʦʜʦʚʠʱ ɼʦʥʙʘʩʫ, ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ 

ʩʪʘʥʫ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʥʽʻʾ ʟ ʤʦʜʠʬʽʢʘʮʽʡ ʤʝʪʦʜʫ 

ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ [1], ʷʢʘ ʙʫʣʘ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʘʥʘ ʚ ʨʷʜʽ ʨʦʙʽʪ [2], [3], [4], 

[5], [6] ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʦʙʣʘʩʪʽ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ, ʱʦ ʤʽʩʪʠʪʴ 

ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ, ʧʽʜʛʦʪʦʚʯʽ ʪʘ ʦʯʠʩʥʫ ʚʠʨʦʙʢʠ, ʘ ʪʘʢʦʞ ʜʽʣʷʥʢʠ ʮʽʣʠʢʽʚ ʪʘ 

ʟʨʫʡʥʦʚʘʥʠʭ ʧʦʨʽʜ. ʏʘʩʪʢʦʚʦ ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ ʚʫʛʽʣʴʥʠʡ ʧʣʘʩʪ ʤʦʜʝʣʶʚʘʚʩʷ 

ʢʦʥʪʘʢʪʦʤ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʜʽʣʷʥʢʠ ʜʚʦʭ ʪʠʧʽʚ ï ʟ ʚʽʣʴʥʦ ʜʝʬʦʨʤʦʚʘʥʠʤʠ 

ʧʦʚʝʨʭʥʷʤʠ ʪʘ ʟʘʧʦʚʥʝʥʽ ʧʨʫʞʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ ʤʦʞʝ ʤʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ 

ʚʫʛʽʣʣʷ ʘʙʦ ʟʨʫʡʥʦʚʘʥʠʭ ʧʦʨʽʜ. ʇʽʜʛʦʪʦʚʯʽ ʚʠʨʦʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦʨʦʞʥʠʥʘʤʠ 

ʘʨʢʦʚʦʛʦ ʧʝʨʝʨʽʟʫ.  

ʆʧʠʩʘʥʘ ʦʙʣʘʩʪʴ ʧʝʨʝʙʫʚʘʻ ʚ ʫʤʦʚʘʭ ʪʨʴʦʭʦʩʥʦʛʦ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʩʪʠʩʢʫ. 

ɻʨʘʥʠʯʥʦʶ ʧʦʚʝʨʭʥʝʶ ʻ ʧʣʦʱʠʥʘ, ʷʢʦʶ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʪʦʥʢʠʡ ʚʫʛʽʣʴʥʠʡ 

ʧʣʘʩʪ. ʇʦʨʦʞʥʠʥʠ ʘʨʦʯʥʦʾ ʬʦʨʤʠ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʽʜʛʦʪʦʚʯʠʤ ʚʠʨʦʙʢʘʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘʙʦʨʦʤ ʧʨʷʤʦʢʫʪʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʘʭʠʣʝʥʠʭ ʧʽʜ ʨʽʟʥʠʤʠ ʢʫʪʘʤʠ 

ʜʦ ʧʣʦʱʠʥʠ ʧʣʘʩʪʘ.  

ɿʘʜʘʯʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʚ ʜʦʜʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʥʷʭ. ʇʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʫʤʦʶ ʧʦʯʘʪʢʦʚʠʭ ( )
0ijs , ʷʢʽ ʤʘʣʠ ʤʽʩʮʝ ʜʦ ʧʦʷʚʠ ʚʠʨʦʙʦʢ, ʪʘ 

ʜʦʜʘʪʢʦʚʠʭ ( )ijs
¡
, ʦʙʫʤʦʚʣʝʥʠʭ ʫʪʚʦʨʝʥʥʷʤ ʚʠʨʦʙʦʢ: ( ) ( )

0ij ij ijs s s¡= + . 

ʇʦʯʘʪʢʦʚʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʟʘʜʘʥʠʡ ʢʦʤʧʦʥʝʥʪʘʤʠ  

 

( ) ( )0 0xx yy Hs s lg= =- , ( )
0zz Hs g=- , 

 

ʜʝ      g- ʦʙôʻʤʥʘ ʚʘʛʘ ʥʘʚʢʦʣʠʰʥʽʭ ʧʦʨʽʜ,  

ʅ ï ʛʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʧʣʘʩʪʘ,  

/ (1 )l n n= - - ʢʦʝʬʽʮʽʻʥʪ ʙʽʯʥʦʛʦ ʪʠʩʢʫ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘʧʨʫʛʠ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ 

ʷʢ ʥʘ ʛʨʘʥʠʯʥʽʡ ʧʦʚʝʨʭʥʽ, ʪʘʢ ʽ ʚ ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʦʙʣʘʩʪʽ. 

ʄʝʞʽ ʦʙʣʘʩʪʽ ʟʨʫʡʥʦʚʘʥʠʭ ʧʦʨʽʜ ʚ ʧʦʢʨʽʚʣʽ  ʧʣʘʩʪʘ, ʱʦ ʚʽʜʧʨʘʮʴʦʚʫʻʪʴʩʷ, 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʷ [7]. ɺ ʷʢʦʩʪʽ  ʛʨʘʥʠʯʥʦʾ ʥʘʧʨʫʛʠ 
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ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ 
ns  ï ʥʘʧʨʫʛʘ, ʦʙʯʠʩʣʝʥʘ ʟʘ ʧʨʫʞʥʠʤ ʟʘʢʦʥʦʤ, ʷʢʘ   

ʚʽʜʧʦʚʽʜʘʻ ʤʝʞʽ ʟʘʣʠʰʢʦʚʦʾ ʤʽʮʥʦʩʪʽ ʥʘ ʪʨʠʣʘʥʢʦʚʽʡ ʜʽʘʛʨʘʤʽ ʩʪʠʩʥʝʥʥʷ ʜʣʷ 

ʤʘʪʝʨʽʘʣʫ ʚʤʽʱʫʶʯʠʭ ʧʦʨʽʜ.  

ʋ ʚʠʧʘʜʢʫ ʧʦʨʫʰʝʥʥʷ ʩʫʮʽʣʴʥʦʩʪʽ ʥʘʚʢʦʣʠʰʥʽʭ ʧʦʨʽʜ ʛʨʘʥʠʯʥʘ ʥʘʧʨʫʛʘ 

ʢʦʨʠʛʫʚʘʣʘʩʷ ʤʥʦʞʥʠʢʦʤ k ï ʢʦʝʬʽʮʽʻʥʪʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʩʣʘʙʣʝʥʥʷ, ʷʢʠʡ 

ʦʙʯʠʩʣʶʚʘʚʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʢʦʥʪʫʨʘ ʚʠʨʦʙʢʠ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʟ ʪʨʽʱʠʥʘʤʠ ʪʘ ʙʝʟ ʥʠʭ. ʊʨʽʱʠʥʫʚʘʪʠʡ ʧʦʨʦʜʥʠʡ ʤʘʩʠʚ 

ʤʦʜʝʣʶʚʘʚʩʷ ʪʨʘʥʩʚʝʨʩʘʣʴʥʦ ʽʟʦʪʨʦʧʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʚ ʷʢʦʤʫ ʚʠʜʽʣʝʥʦ 

ʛʦʣʦʚʥʠʡ ʥʘʧʨʷʤ ʪʨʽʱʠʥ, ʥʘʭʠʣʝʥʠʭ ʧʽʜ ʢʫʪʦʤ a ʜʦ ʧʣʦʱʠʥʠ ʧʣʘʩʪʘ.  

ɺ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʘʥʽ ʪʘʢʽ ʛʝʦʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʜʣʷ ʚʤʽʱʫʶʯʠʭ  ʧʦʨʽʜ  ʤʦʜʫʣʴ  ʖʥʛʘ  
43,5 10 ʄʇʘE= Ö ,  

ʢʦʝʬʽʮʽʝʥʪ ʇʫʘʩʩʦʥʘ 0,17n= , ʦʙôʻʤʥʘ ʚʘʛʘ 32,5ʪ/ʤg= ; ʚʣʘʩʪʠʚʦʩʪʽ ʚʫʛʽʣʣʷ 

33,2 10 ʄʇʘʚE = Ö , 0,13ʚn= . ɻʣʠʙʠʥʘ ʟʘʣʷʛʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ 450ʤʅ= , 

ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʴ 1ʤh= . ɺʣʘʩʪʠʚʦʩʪʽ ʟʨʫʡʥʦʚʘʥʠʭ ʧʦʨʽʜ 
23,0 10 ʄʇʘʟʨE = Ö , 

0,06ʟʨn = . ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ: ʚʟʜʦʚʞ ʪʨʽʱʠʥ 43,5 10 ʄʇʘsE = Ö , 

0,17sn= , ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʪʨʽʱʠʥ 33,5 10 ʄʇʘnE = Ö , 0,02nn= ; ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʪʨʽʱʠʥʘʤʠ 0,1 ʤ.  

ɿʥʘʯʝʥʥʷ ʢʫʪʽʚ ʥʘʭʠʣʫ ʪʨʽʱʠʥ a ʚʘʨʽʶʚʘʣʠʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0  ̄ʜʦ 90̄ . 

ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʦʩʣʘʙʣʝʥʥʷ k ʚʽʜ ʢʫʪʘ a (ʚ 

ʨʘʜʽʘʥʘʭ) 

 
1,220,068k e a= Ö . 

 

ɼʣʷ ʩʫʮʽʣʴʥʦʛʦ ʪʘ ʪʨʽʱʠʥʫʚʘʪʦʛʦ ʩʝʨʝʜʦʚʠʱ ʚʠʟʥʘʯʘʚʩʷ ʧʘʨʘʤʝʪʨ çʚʠʩʦʪʘ 

ʨʫʡʥʫʚʘʥʥʷè ï ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʝʨʪʠʢʘʣʴʥʠʡ ʨʦʟʤʽʨ ʟʦʥʠ ʟʨʫʡʥʦʚʘʥʠʭ ʧʦʨʽʜ ʫ 

ʧʦʢʨʽʚʣʽ ʧʣʘʩʪʘ. ɺʘʨʽʶʚʘʣʠʩʷ  ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ  ï ʚʽʜʩʪʘʥʴ  ʚʽʜ  ʨʦʟʨʽʟʥʦʾ  

ʧʝʯʽ  ʜʦ  ʣʽʥʽʾ  ʟʘʙʦʶ  l  ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ 0 ʜʦ 80 ʤ  ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʜʦʚʞʠʥʠ ʣʘʚʠ d, 

ʱʦ ʜʦʨʽʚʥʶʚʘʣʠ 72 ʤ, 152 ʤ ʽ 216 ʤ, ʘ ʪʘʢʦʞ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʣʘʙʣʝʥʥʷ 

k ʚʽʜ 0,068 ʜʦ 0,37, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʫʪʘʤ ʥʘʭʠʣʫ ʪʨʽʱʠʥ ʚʽʜ 0  ̄ʜʦ 90̄ . ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʠʩʦʪʠ ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʨʽʚʣʽ ʧʣʘʩʪʘ ʚʽʜ 

ʚʢʘʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʪʨʽʱʠʥʫʚʘʪʠʭ ʧʦʨʽʜ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ   

 
0,75 0,250,072ʪʨ

pH l d k= Ö Ö , ʤ. 

 

ʆʩʪʘʥʥʷ ʟʘʣʝʞʥʽʩʪʴ ʜʦʟʚʦʣʠʣʘ ʦʮʽʥʠʪʠ ʰʘʛ ʧʦʩʘʜʢʠ ʧʦʢʨʽʚʣʽ ʚ ʧʨʦʮʝʩʽ 

ʧʦʩʫʚʘʥʥʷ ʟʘʙʦʶ. ʇʨʠ ʮʴʦʤʫ ʢʦʨʠʩʪʫʚʘʣʠʩʷ ʧʨʠʧʫʱʝʥʥʷʤ, ʱʦ ʧʦʩʘʜʢʘ ʧʦʢʨʽʚʣʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʟʦʥʘ ʟʨʫʡʥʦʚʘʥʠʭ ʧʦʨʽʜ ʦʭʦʧʣʶʻ ʧʦ ʚʠʩʦʪʽ ʚʩʶ ʦʩʥʦʚʥʫ 

ʧʦʢʨʽʚʣʶ. ɿʥʘʯʝʥʥʷ ʚʽʜʩʪʘʥʽ l, ʧʨʠ ʷʢʽʡ ʚʠʩʦʪʘ ʨʫʡʥʫʚʘʥʥʷ ʜʦʩʷʛʘʻ ʧʦʪʫʞʥʦʩʪʽ 

ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ, ʽʥʪʝʨʧʨʝʪʫʚʘʣʦʩʴ, ʷʢ ʽʤʦʚʽʨʥʠʡ ʢʨʦʢ ʧʦʩʘʜʢʠ ʧʦʢʨʽʚʣʽ 
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ʧʣʘʩʪʘ. ʇʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʭʘʥʽʟʦʚʘʥʝ ʢʨʽʧʣʝʥʥʷ 

ʩʪʚʦʨʶʻʪʴʩʷ ʚʘʛʦʶ ʪʽʻʾ ʯʘʩʪʠʥʠ ʧʦʨʽʜ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʟʦʥʽ ʨʫʡʥʫʚʘʥʥʷ. 

ʅʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʤʝʭʘʥʽʟʦʚʘʥʝ ʢʨʽʧʣʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʦʩʴ, ʷʢ ʚʘʛʘ ʟʨʫʡʥʦʚʘʥʠʭ 

ʧʦʨʽʜ ʧʦʢʨʽʚʣʽ, ʚʽʜʥʝʩʝʥʘ ʜʦ ʩʫʤʘʨʥʦʾ ʧʣʦʱʽ ʚʩʽʭ ʩʝʢʮʽʡ ʢʨʽʧʣʝʥʥʷ. ʐʣʷʭʦʤ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʝʢʮʽʶ 

ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʦʩʫʚʘʥʥʷ ʟʘʙʦʶ 

 

0,66 ʪʨ
ʨ ʢʨF H l lg= Ö , ʪ ʤ, 

 

ʜʝ  
ʪʨ
ʨH - ʚʠʩʦʪʘ ʨʫʡʥʫʚʘʥʥʷ, ʤ;  

l - ʚʽʜʩʪʘʥʴ ʚʽʜ ʨʦʟʨʽʟʥʦʾ  ʧʝʯʽ  ʜʦ  ʣʽʥʽʾ  ʟʘʙʦʶ, ʤ;  

ʢʨl - ʩʫʤʘʨʥʘ ʜʦʚʞʠʥʘ ʧʝʨʝʢʨʠʪʴ ʢʨʽʧʣʝʥʥʷ, ʤ;  

g- ʦʙôʻʤʥʘ ʚʘʛʘ ʥʘʚʢʦʣʠʰʥʽʭ ʧʦʨʽʜ, 
3

ʪ ʤ.  

ʎʝ ʜʦʟʚʦʣʠʣʦ ʩʬʦʨʤʫʣʶʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʘʢʣʘʜʢʠ ʚʠʨʦʙʣʝʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʘʚʘʨʽʡʥʦʾ ʨʦʙʦʪʠ ʢʨʽʧʣʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʦʜʠʬʽʢʘʮʽʾ ʤʝʪʦʜʘ 

ʛʨʘʥʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʨʠʚʠʤʽʨʥʦʾ ʟʘʜʘʯʽ ʪʝʦʨʽʾ 

ʧʨʫʞʥʦʩʪʽ ʚ ʦʙʣʘʩʪʽ ʧʦʨʦʜʥʦʛʦ ʤʘʩʠʚʫ ʧʦʙʣʠʟʫ ʩʧʨʷʞʝʥʥʷ ʧʽʜʛʦʪʦʚʯʠʭ ʚʠʨʦʙʦʢ 

ʪʘ ʦʯʠʩʥʦʛʦ ʟʘʙʦʶ. ɺʠʟʥʘʯʝʥʦ ʚʝʣʠʯʠʥʫ ʢʨʦʢʫ ʧʦʩʘʜʢʠ ʦʩʥʦʚʥʦʾ ʧʦʢʨʽʚʣʽ 

ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ ʚ ʧʨʦʮʝʩʽ ʧʦʩʫʚʘʥʥʷ ʟʘʙʦʶ ʚ ʧʦʨʦʜʘʭ ʟ ʨʝʛʫʣʷʨʥʦʶ 

ʪʨʽʱʠʥʫʚʘʪʽʩʪʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʧʣʠʚ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʟʤʝʥʰʝʥʥʽ 

ʢʨʦʢʫ ʧʝʨʚʠʥʥʦʾ ʧʦʩʘʜʢʠ  ʧʦʢʨʽʚʣʽ  ʚ 1,57 ï 4 ʨʘʟʽʚ  ʧʨʠ ʚʢʘʟʘʥʠʭ  ʟʥʘʯʝʥʥʷʭ  

ʜʦʚʞʠʥʠ ʣʘʚʠ. ʆʙʯʠʩʣʝʥʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʨʽʧʣʝʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʦʩʫʚʘʥʥʷ 

ʟʘʙʦʶ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʜʦʚʞʠʥʠ ʣʘʚʠ ʪʘ ʢʫʪʘʭ ʥʘʭʠʣʫ ʪʨʽʱʠʥ ʜʦ 

ʥʘʧʣʘʩʪʫʚʘʥʥʷ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʘʚʘʨʽʡʥʦʾ ʨʦʙʦʪʠ ʢʨʽʧʣʝʥʥʷ ʧʨʠ ʜʘʥʦʤʫ 

ʚʘʨʽʘʥʪʽ ʫʧʨʘʚʣʽʥʥʷ ʧʦʢʨʽʚʣʝʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʯʘʩʪʢʦʚʦʾ ʟʘʢʣʘʜʢʠ 

ʚʠʨʦʙʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʩʤʫʛʘʤʠ ʰʠʨʠʥʦʶ 5 ʤ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʽʥʽʾ ʟʘʙʦʶ, 

ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʤʫʛʘʤʠ 4 ʤ. 
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ʈʆɿʈʆɹʂɸ ɼʆɼɸʊʂʋ ɼʃʗ ɸʅɸʃɯʊʀʂʀ ʂʆʈʀʉʊʋɺɸʎʔʂʀʍ 

 ɼɸʅʀʍ ʊɸ ʇʆɹʋɼʆɺʀ ʉʂʆʈʀʅɻʆɺʀʍ ʄʆɼɽʃɽʁ 
 

ɸʥʦʪʘʮʽʷ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʦʨʠʩʪʫʚʘʮʴʢʦʛʦ 

ʜʦʩʚʽʜʫ ʧʨʠ ʨʦʙʦʪʠ ʟ ʩʠʩʪʝʤʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʘʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʦʢʨʘʱʝʥʥʷ 

ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʧʪʠʤʽʟʘʮʽʾ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʣʽʥʽʡʥʦʾ ʪʘ ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʡ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʣʦʛʽʩʪʠʯʥʘ ʨʝʛʨʝʩʽʡ, ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ, ʙʘʟʘ ʜʘʥʠʭ, ʩʢʦʨʠʥʛʦʚʽ ʤʦʜʝʣʽ, 

ʤʘʰʠʥʝ ʥʘʚʯʘʥʥʷ, ʜʝʨʝʚʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, true negative, true positive. 

 

ɺʩʪʫʧ. ʋ ʜʘʥʠʡ ʯʘʩ ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʨʽʟʥʽ ʦʥʣʘʡʥ-

ʩʝʨʚʽʩʠ ʪʘ ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʠ. ʇʝʨʝʜ ʥʘʤʠ ʧʦʩʪʘʻ ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʽʥʪʝʨʥʝʪ-

ʤʘʛʘʟʠʥʽʚ, ʦʥʣʘʡʥ-ʢʽʥʦʪʝʘʪʨʽʚ, ʟʘʩʦʙʽʚ ʜʦʩʪʘʚʢʠ ʾʞʽ, ʧʣʘʪʬʦʨʤ ʜʣʷ ʥʘʚʯʘʥʥʷ ʫ 

ʙʘʛʘʪʴʦʭ ʦʩʚʽʪʥʽʭ ʥʘʧʨʷʤʢʘʭ, ʩʝʨʚʽʩʽʚ ʚʽʜʝʦʟʚôʷʟʢʫʶ. ɺʩʝ ʙʽʣʴʰʝ ʣʶʜʝʡ 

ʢʦʨʠʩʪʫʻʪʴʩʷ ʦʥʣʘʡʥ-ʩʝʨʚʽʩʘʤʠ, ʘ ʢʦʨʠʩʪʫʚʘʮʴʢʘ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʫ ʥʘʜʘʶʪʴ ʣʶʜʠ 

ʚʩʝ ʙʽʣʴʰʝ ʟʨʦʩʪʘʻ ʚ ʦʙôʻʤʽ. 

ɿʘ ʦʩʪʘʥʥʽ ʜʝʢʽʣʴʢʘ ʨʦʢʽʚ ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʨʽʩʪ ʧʦʧʫʣʷʨʥʦʩʪʽ ʧʨʦʬʝʩʽʾ 

ʘʥʘʣʽʪʠʢʘ ʟ ʨʽʟʥʠʤʠ ʩʧʝʮʽʘʣʽʟʘʮʽʷʤʠ. ɹʘʛʘʪʦ ʙʽʟʥʝʩ ʨʽʰʝʥʴ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʩʪʨʘʪʝʛʽʡ 

ʨʦʟʚʠʪʢʫ ʙʘʟʫʻʪʴʩʷ ʥʦ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʘʙʦ ʤʝʪʨʠʢ. ʎʝ ʟʨʽʩʪ ʩʪʚʦʨʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʧʨʦʱʝʥʥʷ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʢʦʨʠʩʪʫʚʘʮʴʢʠʤʠ ʜʘʥʠʤʠ. 

ʅʘʨʘʟʽ ʚʭʦʜʞʝʥʥʷ ʚ ʩʬʝʨʫ ʘʥʘʣʽʪʠʢʠ ʧʦʪʨʝʙʫʻ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ ʛʣʠʙʠʥʥʠʭ 

ʟʥʘʥʴ ʪʘ ʝʢʩʧʝʨʪʠʟʠ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ 

ʦʙôʻʤʽʚ ʜʘʥʠʭ ʪʘ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. 

ɿʘʨʘʟ ʫ ʩʬʝʨʽ ʘʥʘʣʽʪʠʢʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʜʘʥʠʭ ʥʝ ʪʘʢ ʙʘʛʘʪʦ ʛʦʪʦʚʠʭ 

ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ 

ʚʝʜʝʥʥʷ ʙʽʟʥʝʩʫ. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ; 

¶ ʩʧʨʦʻʢʪʫʚʘʪʠ ʪʘ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʫ ʯʘʩʪʠʥʫ; 

¶ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʽ ʘʧʘʨʘʪʥʽ ʯʘʩʪʠʥʠ; 

¶ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʧʦʜʽʙʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʙʫʣʽ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ 

ʤʝʪʦʜʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ: 

¶ ʤʘʪʝʤʘʪʠʯʥʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ; 

¶ Python, matplolib, sclearn, pandas. 

¶ ʂʽʥʮʝʚʠʡ ʽʥʪʝʨʬʝʡʩ ʪʘ ʘʧʘʨʘʪʥʽ ʚʠʤʦʛʠ. 

ʄʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ (ʘʥʛʣ. machine learning, ML) ï ʢʣʘʩ ʤʝʪʦʜʽʚ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ, ʭʘʨʘʢʪʝʨʥʦʶ ʨʠʩʦʶ ʷʢʠʭ ʻ ʥʝ ʧʨʷʤʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ, ʘ ʥʘʚʯʘʥʥʷ ʟʘ 

ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʰʝʥʴ ʙʝʟʣʽʯʽ ʧʦʜʽʙʥʠʭ ʟʘʚʜʘʥʴ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ 

ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʩʦʙʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ, 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʤʝʪʦʜʽʚ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʝʦʨʽʾ ʡʤʦʚʽʨʥʦʩʪʝʡ, ʪʝʦʨʽʾ ʛʨʘʬʽʚ, 

ʨʽʟʥʠʭ ʪʝʭʥʽʢ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ ʚ ʮʠʬʨʦʚʽʡ ʬʦʨʤʽ. 

ʈʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʪʠʧʠ ʥʘʚʯʘʥʥʷ: 

¶ ʥʘʚʯʘʥʥʷ ʟʘ ʧʨʝʮʝʜʝʥʪʘʤʠ, ʘʙʦ ʽʥʜʫʢʪʠʚʥʝ ʥʘʚʯʘʥʥʷ, ʟʘʩʥʦʚʘʥʝ ʥʘ 
ʚʠʷʚʣʝʥʥʽ ʝʤʧʽʨʠʯʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʜʘʥʠʭ; 

¶ ʜʝʜʫʢʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʘʣʽʟʘʮʽʶ ʟʥʘʥʴ ʝʢʩʧʝʨʪʽʚ ʪʘ 

ʡʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ ʢʦʤʧ'ʶʪʝʨ ʷʢ ʙʘʟʠ ʟʥʘʥʴ. 

ɼʝʜʫʢʪʠʚʥʝ ʥʘʚʯʘʥʥʷ ʧʨʠʡʥʷʪʦ ʚʽʜʥʦʩʠʪʠ ʜʦ ʛʘʣʫʟʽ ʝʢʩʧʝʨʪʥʠʭ ʩʠʩʪʝʤ, 

ʪʦʤʫ ʪʝʨʤʽʥʠ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʥʘʚʯʘʥʥʷ ʟʘ ʧʨʝʮʝʜʝʥʪʘʤʠ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʩʠʥʦʥʽʤʘʤʠ. 

ɹʘʛʘʪʦ ʤʝʪʦʜʽʚ ʽʥʜʫʢʪʠʚʥʦʛʦ ʥʘʚʯʘʥʥʷ ʨʦʟʨʦʙʣʷʣʠʩʷ ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʢʣʘʩʠʯʥʠʤ ʩʪʘʪʠʩʪʠʯʥʠʤ ʧʽʜʭʦʜʘʤ. ɹʘʛʘʪʦ ʤʝʪʦʜʽʚ ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ʽʟ 

ʚʠʣʫʯʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ (ʘʥʛʣ. information extraction, information retrieval), 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤ ʘʥʘʣʽʟʦʤ 

ɭ ʙʝʟʣʽʯ ʦʙ'ʻʢʪʽʚ (ʩʠʪʫʘʮʽʡ) ʪʘ ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʚʽʜʧʦʚʽʜʝʡ (ʚʽʜʛʫʢʽʚ, 

ʨʝʘʢʮʽʡ). ɯʩʥʫʻ ʧʝʚʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʚʽʜʧʦʚʽʜʷʤʠ ʪʘ ʦʙ'ʻʢʪʘʤʠ, ʘʣʝ ʚʦʥʘ 

ʥʝʚʽʜʦʤʘ. ɺʽʜʦʤʘ ʣʠʰʝ ʢʽʥʮʝʚʘ ʩʫʢʫʧʥʽʩʪʴ ʧʨʝʮʝʜʝʥʪʽʚ ï ʧʘʨʘ çʦʙ'ʻʢʪ, 

ʚʽʜʧʦʚʽʜʴè, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʥʘʚʯʘʣʴʥʦʶ ʚʠʙʽʨʢʦʶ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ 

ʧʦʪʨʽʙʥʦ ʚʽʜʥʦʚʠʪʠ ʥʝʷʚʥʫ ʟʘʣʝʞʥʽʩʪʴ, ʪʦʙʪʦ ʧʦʙʫʜʫʚʘʪʠ ʘʣʛʦʨʠʪʤ, ʟʜʘʪʥʠʡ ʜʣʷ 

ʙʫʜʴ-ʷʢʦʛʦ ʤʦʞʣʠʚʦʛʦ ʚʭʽʜʥʦʛʦ ʦʙ'ʻʢʪʘ ʚʠʜʘʪʠ ʜʦʩʠʪʴ ʪʦʯʥʫ ʚʽʜʧʦʚʽʜʴ, ʱʦ 

ʢʣʘʩʠʬʽʢʫʻ. ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʠʨʘʞʘʻʪʴʩʷ ʘʥʘʣʽʪʠʯʥʦ, ʽ ʪʫʪ 

ʥʝʡʨʦʤʝʨʝʞʽ ʨʝʘʣʽʟʫʶʪʴ ʧʨʠʥʮʠʧ ʨʽʰʝʥʥʷ, ʱʦ ʝʤʧʽʨʠʯʥʦ ʬʦʨʤʫʻʪʴʩʷ. 

ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʠ ʮʴʦʤʫ ʻ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʥʘʚʯʘʻʪʴʩʷ, ʜʦ 

ʫʟʘʛʘʣʴʥʝʥʥʷ, ʪʦʙʪʦ ʜʦ ʘʜʝʢʚʘʪʥʦʛʦ ʚʽʜʛʫʢʫ ʥʘ ʜʘʥʽ, ʱʦ ʚʠʭʦʜʷʪʴ ʟʘ ʤʝʞʽ 

ʥʘʷʚʥʦʾ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ. ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʚʽʜʧʦʚʽʜʝʡ 

ʟʘʧʨʦʚʘʜʞʫʻʪʴʩʷ ʦʮʽʥʥʠʡ ʬʫʥʢʮʽʦʥʘʣ ʷʢʦʩʪʽ. 

ʎʷ ʧʦʩʪʘʥʦʚʢʘ ʻ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʢʣʘʩʠʯʥʠʭ ʟʘʚʜʘʥʴ ʘʧʨʦʢʩʠʤʘʮʽʾ ʬʫʥʢʮʽʡ. 

ʋ ʢʣʘʩʠʯʥʠʭ ʟʘʜʘʯʘʭ ʘʧʨʦʢʩʠʤʘʮʽʾ ʦʙ'ʻʢʪʘʤʠ ʻ ʜʽʡʩʥʽ ʯʠʩʣʘ ʯʠ ʚʝʢʪʦʨʠ. ʋ 
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ʨʝʘʣʴʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʚʜʘʥʥʷʭ ʚʭʽʜʥʽ ʜʘʥʽ ʧʨʦ ʦʙ'ʻʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʥʝʧʦʚʥʠʤʠ, ʥʝʪʦʯʥʠʤʠ, ʥʝʯʠʩʣʦʚʠʤʠ, ʨʽʟʥʦʨʽʜʥʠʤʠ. ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʟʚʦʜʷʪʴ 

ʜʦ ʚʝʣʠʢʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʤʝʪʦʜʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ʈʦʟʜʽʣ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʫʪʚʦʨʠʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʜʽʣʫ 

ʥʘʫʢʠ ʧʨʦ ʥʝʡʨʦʤʝʨʝʞʽ ʥʘ ʤʝʪʦʜʠ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞ ʪʘ ʚʠʜʠ ʪʦʧʦʣʦʛʽʡ ʾʭʥʴʦʾ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ ï ʫʚʽʙʨʘʚ ʫ ʩʝʙʝ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ʅʘʚʝʜʝʥʽ ʥʠʞʯʝ ʩʧʦʩʦʙʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʥʝʡʨʦʤʝʨʝʞ, ʭʦʯʘ ʽʩʥʫʶʪʴ ʽ ʽʥʰʽ ʤʝʪʦʜʠ, ʟʘʩʥʦʚʘʥʽ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ð 

ʥʘʧʨʠʢʣʘʜ, ʜʠʩʢʨʠʤʽʥʘʥʪʥʠʡ ʘʥʘʣʽʟ, ʱʦ ʦʧʝʨʫʻ ʫʟʘʛʘʣʴʥʝʥʦʶ ʜʠʩʧʝʨʩʽʻʶ ʪʘ 

ʧʽʜʩʪʫʧʥʽʩʪʶ ʩʧʦʩʪʝʨʝʞʫʚʘʥʦʾ ʩʪʘʪʠʩʪʠʢʠ, ʘʙʦ ʙʘʡʻʩʦʚʩʴʢʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ. 

ɹʘʟʦʚʽ ʚʠʜʠ ʥʝʡʨʦʤʝʨʝʞ, ʪʘʢʽ ʷʢ ʧʝʨʮʝʧʪʨʦʥ ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʧʝʨʮʝʧʪʨʦʥ (ʘ 

ʪʘʢʦʞ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ), ʤʦʞʫʪʴ ʥʘʚʯʘʪʠʩʷ ʷʢ ʟ ʫʯʠʪʝʣʝʤ, ʪʘʢ ʽ ʙʝʟ ʚʯʠʪʝʣʷ, ʟ 

ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʪʘ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʻʶ. ɸʣʝ ʜʝʷʢʽ ʥʝʡʨʦʤʝʨʝʞʽ ʪʘ ʙʽʣʴʰʽʩʪʴ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʣʠʰʝ ʜʦ ʦʜʥʦʛʦ ʽʟ ʩʧʦʩʦʙʽʚ ʥʘʚʯʘʥʥʷ. 

ʊʦʤʫ, ʷʢʱʦ ʧʦʪʨʽʙʥʦ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʤʝʪʦʜʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʩʧʦʩʦʙʫ ʥʘʚʯʘʥʥʷ, ʪʦ ʙʫʜʝ ʥʝʢʦʨʝʢʪʥʠʤ ʚʽʜʥʦʩʠʪʠ ʥʝʡʨʦʤʝʨʝʞʽ ʜʦ ʧʝʚʥʦʛʦ 

ʚʠʜʫ, ʧʨʘʚʠʣʴʥʽʰʝ ʙʫʣʦ ʙ ʪʠʧʽʟʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ï ʮʝ ʢʦʨʠʩʪʫʚʘʮʴʢʽ ʜʘʥʽ, ʪʦʤʫ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʤʝʪʦʜʠ ʘʣʛʦʨʠʪʤʽʚ ʚʠʧʘʜʢʦʚʦʛʦ ʣʽʩʫ, ʜʝʨʝʚʘ 

ʨʽʰʝʥʴ ʣʽʥʽʡʥʦʾ ʪʘ ʣʦʛʽʩʪʠʯʥʦʾ ʨʝʛʨʝʩʽʡ. ʂʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ ʧʝʨʝʜʘʻ ʧʝʚʥʠʡ 

ʥʘʙʽʨ ʜʘʥʥʠʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʚʜʘʥʥʷ, ʢʦʞʥʽʡ ʤʝʪʨʠʮʽ ʧʨʠʩʚʦʶʶʪʴʩʷ ʧʝʚʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ, ʪʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʝʡ ʥʘʙʽʨ ʟʤʽʥʥʠʭ, ʛʝʥʝʨʫʻʪʴʩʷ ʬʫʥʢʮʽʶ, 

ʷʢʘ ʟʽʩʪʘʚʣʷʻ ʚʭʽʜʥʽ ʜʘʥʽ ʟ ʙʘʞʘʥʠʤʠ ʚʠʭʦʜʘʤʠ. ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʪʨʠʚʘʻ, ʜʦʢʠ 

ʤʦʜʝʣʴ ʥʝ ʜʦʩʷʛʥʝ ʙʘʞʘʥʦʛʦ ʨʽʚʥʷ ʪʦʯʥʦʩʪʽ ʜʘʥʠʭ ʥʘʚʯʘʥʥʷ.  

ʂʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʜʚʽ ʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ, 

ʷʢʽ ʙʫʜʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʮʽʥʢʠ ʢʦʨʠʩʪʫʚʘʯʘ, ʘ 

ʪʘʢʦʞ ʢʦʞʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ ʙʫʜʝ ʧʨʠʩʚʦʻʥʘ ʦʮʽʥʢʘ. ʈʝʟʫʣʴʪʘʪʠ ʙʫʜʫʪʴ 

ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʬʘʡʣʽ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ç.csvè. 

ʉʧʨʘʚʞʥʽʡ ʧʦʟʠʪʠʚʥʠʡ (TP): ʉʧʨʘʚʞʥʽʡ ʧʦʟʠʪʠʚʥʠʡ ʚʠʤʽʨʶʻ ʩʪʫʧʽʥʴ, ʜʦ 

ʷʢʦʾ ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʧʝʨʝʜʙʘʯʘʻ ʧʦʟʠʪʠʚʥʠʡ ʢʣʘʩ. ʊʦʙʪʦ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ, 

ʱʦ ʝʢʟʝʤʧʣʷʨ ʧʦʟʠʪʠʚʥʠʡ, ʘ ʝʢʟʝʤʧʣʷʨ ʥʘʩʧʨʘʚʜʽ ʧʦʟʠʪʠʚʥʠʡ. ʉʧʨʘʚʞʥʽ 

ʧʦʟʠʪʠʚʠ ʘʢʪʫʘʣʴʥʽ, ʢʦʣʠ ʢʦʨʠʩʪʫʚʘʯ ʭʦʯʝ ʟʥʘʪʠ, ʩʢʽʣʴʢʠ ʧʦʟʠʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʘʚʠʣʴʥʦ ʧʨʦʛʥʦʟʫʻ ʜʘʥʘ ʤʦʜʝʣʴ. ʅʘʧʨʠʢʣʘʜ, ʫ ʟʘʜʘʯʽ ʜʚʽʡʢʦʚʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟ ʢʣʘʩʘʤʠ çAè ʽ çBè, ʤʝʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʧʨʘʚʠʣʴʥʦ 

ʧʝʨʝʜʙʘʯʠʪʠ ʢʣʘʩ çAè, ʪʦʜʽ ʩʧʨʘʚʜʽ ʧʦʟʠʪʠʚʥʠʤ ʙʫʜʝ ʢʽʣʴʢʽʩʪʴ ʚʠʧʘʜʢʽʚ ʢʣʘʩʫ 

çAè, ʷʢʽ ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʧʝʨʝʜʙʘʯʠʣʘ ʷʢ ʢʣʘʩ çɸè. ʗʢʱʦ ʚʟʷʪʠ ʧʨʠʢʣʘʜ ʽʟ 

ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʷʢʱʦ ʤʦʜʝʣʴ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʪʦʛʦ, ʯʠ ʻ 

ʝʣʝʢʪʨʦʥʥʠʡ ʣʠʩʪ ʩʧʘʤʦʤ, ʩʧʨʘʚʜʽ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʽʜʙʫʜʝʪʴʩʷ, ʢʦʣʠ 

ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʧʝʨʝʜʙʘʯʠʪʴ, ʱʦ ʝʣʝʢʪʨʦʥʥʠʡ ʣʠʩʪ ʻ ʩʧʘʤʦʤ. ʉʧʨʘʚʞʥʽʡ 

ʧʦʟʠʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ ï ʮʝ ʚʽʜʩʦʪʦʢ ʫʩʽʭ ʝʢʟʝʤʧʣʷʨʽʚ, ʷʢʽ ʧʨʘʚʠʣʴʥʦ 

ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʷʢ ʥʘʣʝʞʥʽ ʜʦ ʧʝʚʥʦʛʦ ʢʣʘʩʫ. ʉʧʨʘʚʞʥʽ ʧʦʟʠʪʠʚʠ ʚʘʞʣʠʚʽ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʧʦʢʘʟʫʶʪʴ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ ʤʦʜʝʣʴ ʧʨʘʮʶʻ ʥʘ ʧʦʟʠʪʠʚʥʠʭ 

ʧʨʠʢʣʘʜʘʭ. ʋ ʥʘʚʝʜʝʥʽʡ ʥʠʞʯʝ ʤʘʪʨʠʮʽ ʧʣʫʪʘʥʠʥʠ (ʨʠʩ. 1) ʟʽ 107 ʬʘʢʪʠʯʥʠʭ 
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ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 104 ʻ ʧʨʘʚʠʣʴʥʦ ʧʨʦʛʥʦʟʦʚʘʥʠʤʠ ʧʦʟʠʪʠʚʥʠʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ True Positive ʜʦʨʽʚʥʶʻ 104. 

ʇʦʤʠʣʢʦʚʦ-ʧʦʟʠʪʠʚʥʠʡ (FP): ʇʦʤʠʣʢʦʚʦ-ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʥʠʢʘʻ, 

ʢʦʣʠ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʝʢʟʝʤʧʣʷʨ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ, ʷʢʦʛʦ ʚʽʥ ʥʘʩʧʨʘʚʜʽ 

ʥʝ ʤʘʻ. ʇʦʤʠʣʢʦʚʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤʠ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʠʡʥʷʪʪʷ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʨʽʰʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ 

ʤʦʜʝʣʴ ʤʝʜʠʯʥʦʛʦ ʜʽʘʛʥʦʟʫ ʤʘʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʥʝʧʦʪʨʽʙʥʦʛʦ ʣʽʢʫʚʘʥʥʷ ʧʘʮʽʻʥʪʽʚ. ʍʠʙʥʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ 

ʤʦʞʫʪʴ ʙʫʪʠ ʰʢʽʜʣʠʚʠʤʠ ʜʣʷ ʤʦʜʝʣʝʡ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʥʠʞʫʶʪʴ 

ʟʘʛʘʣʴʥʫ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ. ɭ ʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʟʦʢʨʝʤʘ ʧʦʢʘʟʥʠʢʠ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʈʽʚʝʥʴ 

ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ï ʮʝ ʯʘʩʪʢʘ ʚʩʽʭ ʥʝʛʘʪʠʚʥʠʭ ʧʨʠʢʣʘʜʽʚ, ʷʢʽ 

ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʷʢ ʧʦʟʠʪʠʚʥʽ. ʍʦʯʘ ʭʠʙʥʽ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʤʦʞʫʪʴ ʟʜʘʪʠʩʷ 

ʧʦʛʘʥʠʤʠ ʜʣʷ ʤʦʜʝʣʽ, ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʙʘʞʘʥʠʤʠ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʤʝʜʠʯʥʠʭ ʧʨʦʛʨʘʤʘʭ ʯʘʩʪʦ ʢʨʘʱʝ ʧʨʦʷʚʠʪʠ ʦʙʝʨʝʞʥʽʩʪʴ ʽ 

ʦʪʨʠʤʘʪʠ ʢʽʣʴʢʘ ʧʦʤʠʣʢʦʚʠʭ ʩʧʨʘʮʴʦʚʫʚʘʥʴ, ʥʽʞ ʧʦʚʥʽʩʪʶ ʧʨʦʧʫʩʪʠʪʠ ʜʽʘʛʥʦʟ. 

ʆʜʥʘʢ ʚ ʽʥʰʠʭ ʧʨʦʛʨʘʤʘʭ, ʪʘʢʠʭ ʷʢ ʬʽʣʴʪʨʘʮʽʷ ʩʧʘʤʫ, ʧʦʤʠʣʢʦʚʽ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʜʦʨʦʛʠʤʠ. ʊʦʤʫ ʚʘʞʣʠʚʦ ʫʚʘʞʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʢʦʤʧʨʦʤʽʩʠ, ʧʦʚôʷʟʘʥʽ ʟ ʚʠʙʦʨʦʤ ʤʽʞ ʨʽʟʥʠʤʠ ʤʦʜʝʣʷʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʋ 

ʥʘʚʝʜʝʥʦʤʫ ʥʠʞʯʝ ʧʨʠʢʣʘʜʽ (ʨʠʩ. 1) ʭʠʙʥʠʡ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʻ 

ʢʽʣʴʢʽʩʪʴ ʥʝʛʘʪʠʚʥʠʭ (ʽʟ 64), ʷʢʽ ʭʠʙʥʦ ʚʠʟʥʘʯʝʥʽ ʷʢ ʧʦʟʠʪʠʚʥʽ. ɿ 64 ʬʘʢʪʠʯʥʠʭ 

ʥʝʛʘʪʠʚʽʚ 3 ʧʦʤʠʣʢʦʚʦ ʧʨʦʛʥʦʟʦʚʘʥʽ ʷʢ ʧʦʟʠʪʠʚʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ False 

Positive ʜʦʨʽʚʥʶʻ 3. 

ɯʩʪʠʥʥʝ ʥʝʛʘʪʠʚʥʝ (TN): ʉʧʨʘʚʞʥʽ ʥʝʛʘʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ï ʮʝ ʨʝʟʫʣʴʪʘʪʠ, 

ʷʢʽ ʤʦʜʝʣʴ ʧʨʘʚʠʣʴʥʦ ʧʨʦʛʥʦʟʫʻ ʷʢ ʥʝʛʘʪʠʚʥʽ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʤʦʜʝʣʴ 

ʧʝʨʝʜʙʘʯʘʻ, ʯʠ ʻ ʫ ʣʶʜʠʥʠ ʟʘʭʚʦʨʶʚʘʥʥʷ ʯʠ ʥʽ, ʽʩʪʠʥʥʦ ʥʝʛʘʪʠʚʥʠʤ ʙʫʜʝ, ʢʦʣʠ 

ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʫ ʣʶʜʠʥʠ ʥʝʤʘʻ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʽ ʚʦʥʘ ʥʘʩʧʨʘʚʜʽ ʥʝ ʤʘʻ 

ʭʚʦʨʦʙʠ. ʉʧʨʘʚʞʥʽ ʥʝʛʘʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʻ ʦʜʥʠʤ ʽʟ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɿʘʛʘʣʦʤ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʧʨʘʚʞʥʽʭ ʥʝʛʘʪʠʚʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʦʜʝʣʴ ʧʨʘʮʶʻ ʜʦʙʨʝ. 

ɯʩʪʠʥʥʝ ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʧʦʤʠʣʢʦʚʠʤ 

ʥʝʛʘʪʠʚʥʠʤ, ʽʩʪʠʥʥʠʤ ʧʦʟʠʪʠʚʥʠʤ ʽ ʧʦʤʠʣʢʦʚʠʤ ʧʦʟʠʪʠʚʥʠʤ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʪʦʯʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ, 

ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʪʘ ʦʮʽʥʢʘ F1. ʍʦʯʘ ʩʧʨʘʚʞʥʻ ʥʝʛʘʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʜʘʻ ʮʽʥʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʡʦʛʦ ʩʣʽʜ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʚ 

ʢʦʥʪʝʢʩʪʽ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʦʚʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ. 

ɿ 64 ʬʘʢʪʠʯʥʠʭ ʥʝʛʘʪʠʚʽʚ 61 ʻ ʧʨʘʚʠʣʴʥʦ ʧʨʦʛʥʦʟʦʚʘʥʠʤ ʥʝʛʘʪʠʚʦʤ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ True Negative ʜʦʨʽʚʥʶʻ 61. 

ʍʠʙʥʦʥʝʛʘʪʠʚʥʠʡ (FN): ʍʠʙʥʦʥʝʛʘʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʥʠʢʘʻ, ʢʦʣʠ 

ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʫʻ ʝʢʟʝʤʧʣʷʨ ʷʢ ʥʝʛʘʪʠʚʥʠʡ, ʭʦʯʘ ʚʽʥ ʥʘʩʧʨʘʚʜʽ ʧʦʟʠʪʠʚʥʠʡ. 

ʇʦʤʠʣʢʦʚʽ ʥʝʛʘʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʜʫʞʝ ʜʦʨʦʛʠʤʠ, ʦʩʦʙʣʠʚʦ ʚ ʛʘʣʫʟʽ 

ʤʝʜʠʮʠʥʠ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʩʢʨʠʥʽʥʛʦʚʠʡ ʪʝʩʪ ʥʘ ʨʘʢ ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʫ 

ʧʘʮʽʻʥʪʘ ʥʝʤʘʻ ʨʘʢʫ, ʭʦʯʘ ʚʽʥ ʥʘʩʧʨʘʚʜʽ ʻ, ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʨʦʛʨʝʩʫʚʘʥʥʷ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʙʝʟ ʣʽʢʫʚʘʥʥʷ. ʇʦʤʠʣʢʦʚʽ ʥʝʛʘʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ 
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ʚʠʥʠʢʥʫʪʠ ʚ ʽʥʰʠʭ ʩʬʝʨʘʭ, ʥʘʧʨʠʢʣʘʜ ʫ ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʯʠ ʚʠʷʚʣʝʥʥʽ 

ʰʘʭʨʘʡʩʪʚʘ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʭʠʙʥʠʡ ʥʝʛʘʪʠʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʪʦʛʦ, ʱʦ ʭʪʦʩʴ 

ʦʪʨʠʤʘʻ ʜʦʩʪʫʧ ʘʙʦ ʩʭʚʘʣʠʪʴ ʪʨʘʥʟʘʢʮʽʶ, ʷʢʘ ʥʝ ʧʦʚʠʥʥʘ ʙʫʣʘ ʙʫʪʠ ʜʦʟʚʦʣʝʥʘ. 

ʍʠʙʥʦʥʝʛʘʪʠʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʯʘʩʪʦ ʻ ʙʽʣʴʰ ʩʝʨʡʦʟʥʠʤʠ, ʥʽʞ ʭʠʙʥʦʧʦʟʠʪʠʚʥʽ, 

ʪʦʤʫ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʾʭ ʧʽʜ ʯʘʩ ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ʎʝ ʟʥʘʯʝʥʥʷ ʧʨʝʜʩʪʘʚʣʷʻ ʢʽʣʴʢʽʩʪʴ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ (ʟʽ 

107), ʷʢʽ ʧʦʤʠʣʢʦʚʦ ʚʚʘʞʘʶʪʴʩʷ ʥʝʛʘʪʠʚʥʠʤʠ. ɿʽ 107 ʬʘʢʪʠʯʥʠʭ ʧʦʟʠʪʠʚʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ 3 ʧʦʤʠʣʢʦʚʦ ʧʨʦʛʥʦʟʦʚʘʥʽ ʷʢ ʥʝʛʘʪʠʚʥʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʥʘʯʝʥʥʷ 

False Negative ʩʪʘʥʦʚʠʪʴ  

 
ʈʠʩ.1. ʄʘʪʨʠʮʷ ʧʣʫʪʘʥʠʥʠ 

 

ʅʘʡʯʘʩʪʽʰʝ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʢʦʨʠʥʛʦʚʠʭ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʦʚʫ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python ʪʘ ʾʾ ʙʽʙʣʽʦʪʝʢʠ: 

¶ NumPy ʜʦʧʦʤʘʛʘʻ ʟ ʥʘʫʢʦʚʠʤʠ ʦʙʯʠʩʣʝʥʥʷʤʠ; 

¶ Matplotlib ʜʦʧʦʤʘʛʘʻ ʟ ʚʽʟʫʘʣʽʟʘʮʽʻʶ; 

¶ scikit-learn ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɺ ʝʢʦʩʠʩʪʝʤʽ Python pandas ʻ ʥʘʡʙʽʣʴʰ ʧʨʦʜʚʠʥʫʪʦʶ ʪʘ ʰʚʠʜʢʦʶ ʫ ʨʦʙʦʪʽ 

ʙʽʙʣʽʦʪʝʢʦʶ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɺʦʥʘ ʧʦʙʫʜʦʚʘʥʘ ʧʦʚʝʨʭ ʙʽʣʴʰ 

ʥʠʟʴʢʦʨʽʚʥʝʚʦʾ ʙʽʙʣʽʦʪʝʢʠ NumPy (ʥʘʧʠʩʘʥʘ ʥʘ ʉ), ʱʦ ʻ ʚʝʣʠʢʠʤ ʧʣʶʩʦʤ ʫ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʆʩʥʦʚʥʽ ʤʦʞʣʠʚʦʩʪʽ ʙʽʙʣʽʦʪʝʢʠ: 

¶ ʦʙ'ʻʢʪ DataFrame ʜʣʷ ʤʘʥʽʧʫʣʶʚʘʥʥʷ ʽʥʜʝʢʩʦʚʘʥʠʤʠ ʤʘʩʠʚʘʤʠ 

ʜʚʦʤʽʨʥʠʭ ʜʘʥʠʭ; 

¶ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ ʩʪʨʫʢʪʫʨʘʤʠ ʧʘʤ'ʷʪʽ ʪʘ ʬʘʡʣʘʤʠ 
ʨʽʟʥʠʭ ʬʦʨʤʘʪʽʚ 

¶ ʚʙʫʜʦʚʘʥʽ ʟʘʩʦʙʠ ʨʦʟʤʽʱʝʥʥʷ ʜʘʥʠʭ ʽ ʩʧʦʩʦʙʠ ʦʙʨʦʙʢʠ ʚʽʜʩʫʪʥʴʦʾ 
ʽʥʬʦʨʤʘʮʽʾ; 

¶ ʧʝʨʝʬʦʨʤʘʪʫʚʘʥʥʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʩʪʚʦʨʝʥʥʷ ʟʚʦʜʥʠʭ 
ʪʘʙʣʠʮʴ; 

¶ ʟʨʽʟ ʜʘʥʠʭ ʟʘ ʟʥʘʯʝʥʥʷʤ ʽʥʜʝʢʩʫ, ʨʦʟʰʠʨʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʽʥʜʝʢʩʫʚʘʥʥʷ, 

ʚʠʙʽʨ ʽʟ ʙʽʣʴʰʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ; 
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¶ ʤʦʞʣʠʚʦʩʪʽ ʛʨʫʧʫʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʥʫʚʘʪʠ ʪʨʠʝʪʘʧʥʽ ʦʧʝʨʘʮʽʾ 
ʪʠʧʫ çʨʦʟʜʽʣʝʥʥʷ, ʟʤʽʥʘ, ʦʙ'ʻʜʥʘʥʥʷè (ʘʥʛʣ. split-apply-combine); 

¶ ʟʣʠʪʪʷ ʽ ʦʙôʻʜʥʘʥʥʷ ʥʘʙʦʨʽʚ ʜʘʥʠʭ; 

¶ ʽʻʨʘʨʭʽʯʥʝ ʽʥʜʝʢʩʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʘʮʶʚʘʪʠ ʟ ʜʘʥʠʤʠ ʚʠʩʦʢʦʾ 

ʨʦʟʤʽʨʥʦʩʪʽ ʚ ʩʪʨʫʢʪʫʨʘʭ ʤʝʥʰʦʾ ʨʦʟʤʽʨʥʦʩʪʽ; 

¶ ʨʦʙʦʪʘ ʟ ʪʠʤʯʘʩʦʚʠʤʠ ʨʷʜʘʤʠ: ʬʦʨʤʫʚʘʥʥʷ ʪʠʤʯʘʩʦʚʠʭ ʧʝʨʽʦʜʽʚ ʽ ʟʤʽʥʘ 
ʽʥʪʝʨʚʘʣʽʚ; 

ɹʽʙʣʽʦʪʝʢʘ ʦʧʪʠʤʽʟʦʚʘʥʘ ʜʣʷ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ 

ʯʘʩʪʠʥʠ ʢʦʜʫ ʥʘʧʠʩʘʥʽ ʥʘ Cython ʽ ʉ. 

ʆʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʫ: 

¶ ʩʧʨʦʱʝʥʥʷ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʦʙôʻʤʘʤʠ ʜʘʥʠʭ; 

¶ ʦʮʽʥʶʚʘʥʥʷ ʢʦʞʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʦʢʨʝʤʦ; 

¶ ʦʧʪʠʤʽʟʘʮʽʷ ʨʦʙʦʪʠ call-ʮʝʥʪʨʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʜʦʜʘʪʦʢ ʧʦʚʠʥʝʥ ʫʤʽʪʠ ʦʙʨʦʙʣʶʚʘʪʠ 

ʚʝʣʠʢʽ ʦʙôʻʤʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʜʘʥʠʭ ʪʘ ʚʠʜʘʚʘʪʠ ʨʝʟʫʣʴʪʘʪ ʫ ʛʨʘʬʽʯʥʦʤʫ ʪʘ 

ʪʝʢʩʪʦʚʦʤʫ ʚʠʛʣʷʜʽ. 

ɼʣʷ ʧʽʜʪʨʠʤʢʠ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʜʦʜʫʪʢʫ, ʩʣʽʜ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʪʘʢʠʤ 

ʪʝʭʥʽʯʥʠʤ ʚʠʤʦʛʘʤ: 

¶ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ: Windows 10, Windows Server 2016 ʘʙʦ Windows 
Server 2019; 

¶ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤ'ʷʪʽ 4 ʛʽʛʘʙʘʡʪ; 

¶ ʧʨʦʮʝʩʦʨ x64 ʟ ʪʘʢʪʦʚʦʶ ʯʘʩʪʦʪʦʶ 1,4 ɻɻʮ; 

¶ 100 ʤʝʛʘʙʘʡʪ ʚʽʣʴʥʦʛʦ ʤʽʩʮʷ ʥʘ ʜʠʩʢʫ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʫʜʦʩʢʦʥʘʣʝʥʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʜʘʥʠʭ ʪʘ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʩʢʦʨʠʥʛʫ. 

ɺʠʩʥʦʚʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʩʧʨʦʝʢʪʦʚʘʥʦ ʥʘʜʽʡʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ 

ʘʥʘʣʽʪʠʢʠ ʢʦʨʠʩʪʫʚʘʮʴʢʠʭ ʜʘʥʠʭ. ʋ ʪʦʤʫ ʯʠʩʣʽ, ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʰʘʙʣʦʥʠ 

ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʧʨʦʛʨʘʤʥʽ ʤʦʞʣʠʚʦʩʪʽ Python ʙʽʙʣʽʦʪʝʢ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ.  
 

ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 
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ɺ.ʖ. ʂʘʰʪʘʥ1, ɺ.ʃ. ɿʠʤʘ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʄɽʊʆɼʀʂɸ ʂɸʈʊʆɻʈɸʌʋɺɸʅʅʗ ʇʆɾɽɾ ʅɸ ʎʀʌʈʆɺʀʍ 

ɿʅɯʄʂɸʍ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʄɸʐʀʅʅʆɻʆ ʅɸɺʏɸʅʅʗ 
 

ɸʥʦʪʘʮʽʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʤʘʪʠʯʥʠʡ ʥʘʧʽʚʢʦʥʪʨʦʣʴʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʞʝʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ çʪʨʘʜʠʮʽʡʥʠʭè ʤʝʪʦʜʽʚ ʪʘ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʚʠʷʚʣʝʥʥʷ 

ʧʦʨʫʰʝʥʴ ʧʦʢʨʠʚʫ ʟʝʤʣʽ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘʰʦʛʦ ʤʝʪʦʜʫ ʜʦʚʦʜʷʪʴ ʡʦʛʦ 

ʮʽʥʥʽʩʪʴ ʫ ʥʘʛʣʷʜʽ ʟʘ ʣʽʩʦʚʠʤʠ ʧʦʞʝʞʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʽ 

ʟʦʙʨʘʞʝʥʥʷ, ʧʦʞʝʞʽ. 

 

ɺʩʪʫʧ. ʇʦʞʝʞʘ ʻ ʚʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ ʫ ʝʢʦʩʠʩʪʝʤʽ ʪʘ ʚʽʜʽʛʨʘʻ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʣʘʥʜʰʘʬʪʽʚ, ʥʘʟʝʤʥʠʭ ʝʢʦʩʠʩʪʝʤ ʽ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ʂʨʽʤ ʪʦʛʦ, ʣʽʩʦʚʽ ʧʦʞʝʞʽ ʩʧʨʠʯʠʥʷʶʪʴ ʚʝʣʠʢʽ ʣʶʜʩʴʢʽ ʚʪʨʘʪʠ ʪʘ 

ʤʘʪʝʨʽʘʣʴʥʽ ʟʙʠʪʢʠ, ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ, ʧʦʰʢʦʜʞʝʥʥʷ ˇʨʫʥʪʫ ʪʦʱʦ. 

ɯʩʥʫʶʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʨʽʻʥʪʦʚʥʘ ʛʣʦʙʘʣʴʥʘ ʱʦʨʽʯʥʘ ʧʣʦʱʘ 

ʛʦʨʽʥʥʷ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ 420 ʤʽʣʴʡʦʥʽʚ ʛʝʢʪʘʨʽʚ [1]. ʊʦʤʫ, ʱʦʙ ʟʤʝʥʰʠʪʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʧʦʞʝʞʽ, ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʚʠʷʚʣʝʥʥʷ ʘʢʪʠʚʥʠʭ ʧʦʞʝʞ ʫ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʩʚʦʻʯʘʩʥʫ ʪʘ ʮʽʥʥʫ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʧʦʞʝʞʘʤʠ. ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ʚʩʝ ʙʽʣʴʰʝ ʜʦʩʣʽʜʥʠʢʽʚ ʦʙʠʨʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʧʫʪʥʠʢʦʚʠʭ 

ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʣʽʩʦʚʠʭ ʧʦʞʝʞ [2, 3]. ɿʘʛʘʣʴʥʠʤʠ 

ʦʟʥʘʢʘʤʠ ʧʦʞʝʞ ʻ ʷʩʢʨʘʚʝ ʧʦʣʫʤôʷ ʪʘ ʜʠʤ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʛʦʨʽʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʦʛʥʝʥʥʠʭ ʧʦʚʝʨʭʥʷʭ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʠʤ ʽ ʧʦʣʫʤôʷ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ ʛʦʨʽʥʥʷ, 

ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʫ ʩʤʫʛʘʭ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ, ʘ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʞʝʞ ʣʝʛʢʦ ʚʠʷʚʠʪʠ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ, ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʪʘ ʪʝʧʣʦʚʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ.  

ɸʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʪʘʣʠ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ 

ʩʫʯʘʩʥʦʤʫ ʙʘʛʘʪʦʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ ʟʦʙʨʘʞʝʥʴ, ʦʩʦʙʣʠʚʦ ʚ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʟʝʤʝʣʴʥʦʛʦ ʧʦʢʨʠʚʫ, ʯʝʨʝʟ ʾʭ ʙʝʟʧʨʝʮʝʜʝʥʪʥʫ ʧʨʦʛʥʦʩʪʠʯʥʫ ʩʠʣʫ [4 , 5]. ʆʜʥʘʢ 

ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʙʦʨʫ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʦʪʦʚʘʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʩʪʘʣʠ ʚʘʞʣʠʚʦʶ 

ʧʝʨʝʜʫʤʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ ʦʮʽʥʢʠ ʢʣʘʩʠʬʽʢʘʮʽʡ ʥʘ ʦʩʥʦʚʽ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʧʦʞʝʞʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (Fire_CNN) ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʴ Sentinel-

2. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʫ ʟʛʦʨʪʢʫ ʪʘ ʦʩʪʘʪʦʯʥʫ 

ʩʭʝʤʫ ʧʨʠʡʥʷʪʪʷ, ʷʢʘ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʞʝʞʥʠʭ 
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ʪʦʯʦʢ ʽ ʧʦʢʨʘʱʫʚʘʪʠ ʪʦʯʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ ʧʦʞʝʞʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʠʢʠ ʧʦʪʨʽʙʥʦ 

ʨʦʟʚôʷʟʘʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʧʨʦʛʨʘʤʥʠʭ ʘʥʘʣʦʛʽʚ ʪʘ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʫ 

ʧʨʝʜʤʝʪʥʽʡ ʛʘʣʫʟʽ; 

- ʧʽʜʛʦʪʫʚʘʪʠ ʥʘʚʯʘʣʴʥʫ ʪʘ ʪʝʩʪʦʚʫ ʚʠʙʽʨʢʠ; 

- ʨʦʟʨʦʙʠʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʦʞʝʞʽ; 

- ʥʘʚʯʠʪʠ ʪʘ ʧʨʦʪʝʩʪʫʚʘʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ; 

- ʚʠʢʦʥʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʥʘ ʟʥʽʤʢʫ ʩʫʧʫʪʥʠʢʘ 
Sentinel-2.  

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʉʫʯʘʩʥʽ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʄʅ), 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʚ ʩʝʨʝʜʠʥʽ 

ʤʠʥʫʣʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ. ʇʨʦʪʝ ʚʞʝ ʥʘʢʦʧʠʯʝʥʦ ʟʥʘʯʥʠʡ ʜʦʩʚʽʜ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ 

ʟʘʚʜʘʥʥʷʭ ʩʝʛʤʝʥʪʘʮʽʾ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʟʦʢʨʝʤʘ ʤʘʩʢʫʚʘʥʥʷ ʭʤʘʨʥʦʩʪʽ [] 

ʯʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʠʧʽʚ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ []. ɸʣʝ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʧʦʨʽʚʥʷʥʦ ʥʝʙʘʛʘʪʦ ʨʦʙʽʪ, ʜʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʴ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ []. ʆʪʞʝ, ʟʘʚʜʘʥʥʷ 

ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʴ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʠʭ ʘʣʛʦʨʠʪʤʽʚ ʤʘʻ 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʦʚʠʟʥʠ. 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʞʝʞ ʥʘ ʮʠʬʨʦʚʠʭ 

ʟʥʽʤʢʘʭ ʩʫʧʫʪʥʠʢʘ Sentinel-2 ʥʘ ʦʩʥʦʚʽ CNN ï ʤʝʨʝʞ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʠ 

ʢʨʦʢʽʚ: 

1. ɿʘʚʘʥʪʘʞʠʪʠ ʮʠʬʨʦʚʽ ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ.  

2. ʇʨʦʚʝʩʪʠ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʜʘʥʠʭ ʟ ʧʫʥʢʪʫ 1. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ 

ʧʨʦʧʦʥʫʻʤʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʽ ʝʢʚʘʣʽʟʘʮʽʾ, ʛʦʣʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ: 
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ʜʝ n ï ʩʧʦʩʪʝʨʝʞʝʥʴ, ʪʦʙʪʦ. ʚʠʭʽʜʥʠʡ ʤʘʩʠʚ ʛʝʦʜʘʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʘʪʨʠʮʝʶ 

X ʨʦʟʤʽʨʥʽʩʪʶ n * N , N ï ʤʦʞʝ ʙʫʪʠ ʯʠʩʣʦ ʧʨʦʬʽʣʽʚ ʟʡʦʤʢʠ. 

3. ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʢʣʘʩʪʝʨʥʠʡ ʘʥʘʣʽʟ ʟ ʤʝʪʦʶ 

ʨʦʟʙʠʪʪʷ ʧʦʞʝʞ (ʟʛʘʨʠʱ) ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ ʦʜʥʦʨʽʜʥʽ ʜʽʣʷʥʢʠ. ɿʘʩʥʦʚʘʥʠʡ ʜʘʥʠʡ ʝʪʘʧ 

ʥʘ ʚʣʘʩʪʠʚʦʩʪʷʭ ʚʝʛʝʪʘʮʽʡʥʠʭ ʽʥʜʝʢʩʽʚ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʠʪʠ ʧʦʨʫʰʝʥʥʷ ʣʽʩʦʚʦʛʦ 

ʧʦʢʨʠʚʫ. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʨʤʘʣʽʟʦʚʘʥʠʡ ʽʥʜʝʢʩ ʛʘʨʽ (NBR ï 

Normalized Burn Ratio) ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʠʛʦʨʽʣʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʤʘʻ ʚʠʩʦʢʫ ʢʦʨʝʣʷʮʽʶ ʟʽ 

ʩʪʫʧʝʥʝʤ ʧʦʰʢʦʜʞʝʥʥʷ ʣʽʩʽʚ ʧʦʞʝʞʘʤʠ [2]: 
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128

BandABand

BandABand
NBR

+

-
=                      (2) 
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ʜʝ Band8A ʪʘ Band12 ï ʟʥʘʯʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʷ (ʢʦʝʬʽʮʽʻʥʪʘ 

ʩʧʝʢʪʨʘʣʴʥʦʾ ʷʩʢʨʘʚʦʩʪʽ), ʦʪʨʠʤʘʥʽ ʚ ʙʣʠʞʥʴʦʤʫ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʪʘ ʩʝʨʝʜʥʴʦʤʫ 

ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ ʩʫʧʫʪʥʠʢʘ Sentinel-2. 

ɼʣʷ ʚʠʜʽʣʝʥʥʷ ʥʝʱʦʜʘʚʥʽʭ ʤʝʞ ʛʘʨʝʡ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʨʽʟʥʠʮʶ 

ʽʥʜʝʢʩʫ dNBR (Differenced Normalized Burn Ratio): 

 

dNBR = (NBRprefire ï NBRpostfire),                (3) 

 

ʜʝ NBRprefire ï ʟʥʘʯʝʥʥʷ ʜʦ ʧʦʞʘʨʫ; NBRpostfire ï ʧʽʩʣʷ ʧʦʞʘʨʫ. 

4. ʈʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʘʨʭʽʪʝʢʪʫʨʘ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʥʘ ʨʠʩ. 1. ʆʩʥʦʚʥʦʶ 

ʽʜʝʻʶ ʨʦʙʦʪʠ ʪʘʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʻ ʯʝʨʛʫʚʘʥʥʷ ʰʘʨʽʚ ʟʛʦʨʪʢʠ ʪʘ ʰʘʨʽʚ 

ʧʽʜʚʠʙʽʨʢʠ. ɸʨʭʽʪʝʢʪʫʨʘ ʤʽʩʪʠʪʴ 3 ʟʛʦʨʪʢʦʚʠʭ ʰʘʨʠ, 3 ʰʘʨʠ ʧʽʜʚʠʙʦʨʠ ʪʘ 2 

ʧʦʚʥʦʟʚ'ʷʟʢʦʚʽ ʰʘʨʠ. ʇʦʚʥʽʩʪʶ ʟʚôʷʟʘʥʠʡ ʨʽʚʝʥʴ ʧʨʠʡʤʘʻ ʦʙôʻʜʥʘʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ, ʚʨʘʭʦʚʫʶʯʠ ʚʩʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʽ, ʥʘʨʝʰʪʽ, ʚʠʚʦʜʠʪʴ 

ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʪʦʯʢʘ ʚʠʙʽʨʢʠ ʻ ʧʦʞʝʞʥʦʶ/ʥʝ ʧʦʞʝʞʥʦʶ ʪʦʯʢʦʶ;ʚʠʙʨʘʣʠ 

ʜʚʽʡʢʦʚʫ ʢʨʦʩ-ʝʥʪʨʦʧʽʡʥʫ ʬʫʥʢʮʽʶ ʷʢ ʬʫʥʢʮʽʶ ʚʪʨʘʪ. ɼʚʽʡʢʦʚʘ ʢʨʦʩ-ʝʥʪʨʦʧʽʡʥʘ 

ʬʫʥʢʮʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ [4]: 
 

)y - y)log(1 - (1 + ylog ·y   )y g(y, ĔĔ=
%

,           (4) 

 

ʜʝ y ï ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ, ʘ y
%

 ï ʩʧʨʘʚʞʥʻ ʟʥʘʯʝʥʥʷ. ʗʢʱʦ ʪʦʯʢʘ ʻ 

ʦʩʝʨʝʜʢʦʤ ʧʦʞʝʞʽ, y
%

 = 1, ʷʢʱʦ ʪʦʯʢʘ ʥʝ ʻ ʦʩʝʨʝʜʢʦʤ ʧʦʞʝʞʽ, y
%

 = 0, ʘ y ʻ 

ʡʤʦʚʽʨʥʽʩʪʶ ʪʦʛʦ, ʱʦ ʪʦʯʢʘ ʻ ʦʩʝʨʝʜʢʦʤ ʧʦʞʝʞʽ, 0 Ò y Ò 1. 

 

 
ʈʠʩ. 1. ɸʨʭʽʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʦʰʫʢʫ ʧʦʞʝʞ 
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5. ʅʘ ʟʘʚʝʨʰʘʣʴʥʦʤʫ ʝʪʘʧʽ ʚʠʜʽʣʷʻʤʦ ʟʦʥʫ ʧʦʞʝʞʽ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʛʦʥʫ. ɼʣʷ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʤʽʩʮʷ ʧʦʞʘʨʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʜʠʥʘʤʽʢʠ 

ʛʦʨʽʥʥʷ ʪʝʨʠʪʦʨʽʾ ʥʘ ʦʩʥʦʚʽ çʛʘʨʷʯʠʭè ʧʽʢʩʝʣʽʚ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʘʞʣʠʚʠʤ ʻ 

ʧʝʨʽʦʜ ʦʪʨʠʤʘʥʥʷ ʮʠʬʨʦʚʠʭ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ (ʜʦ ʪʘ ʧʽʩʣʷ ʧʦʞʘʨʫ). ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʪʠʤʯʘʩʦʚʽ ʩʝʨʽʾ ʧʦʣʽʛʦʥʽʚ ʧʦʞʝʞ, ʟʛʘʨʠʱ. ɸʣʛʦʨʠʪʤ ʤʽʩʪʠʪʴ 

ʧʨʦʮʝʜʫʨʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʝʨʝʚʽʨʢʠ ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ ʧʦʣʽʛʦʥʫ ʧʦʞʝʞʽ 

(ʟʛʘʨʠʱʘ) ʯʘʩʪʠʥʦʶ ʚʞʝ ʽʩʥʫʶʯʦʾ ʧʦʞʝʞʽ ʘʙʦ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ʜʦ ʙʘʟʠ ʜʘʥʠʭ 

ʷʢ ʥʦʚʫ ʟʦʥʫ ʧʦʞʝʞʽ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʠʜʽʣʝʥʥʷ ʧʦʣʽʛʦʥʫ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʢʨʠʪʝʨʽʾ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ (ʪʦʙʪʦ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ 

ʤʽʩʪʠʪʴʩʷ ʚ ɯʏ-ʢʘʥʘʣ). ʄʘʪʝʤʘʪʠʯʥʦ ʮʝ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ [5]:  
 

iii Ebyax ++Ö=                                   (4) 

 

ʜʝ ʭ̔ï̫ ʩʢʨʘʚʽʩʪʴ i-ʛʦ ʧʽʢʩʝʣʷ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʧʦʞʝʞʽ. ʫ̔ï̫ ʩʢʨʘʚʽʩʪʴ i-ʛʦ ʧʽʢʩʝʣʷ 

ʟʦʙʨʘʞʝʥʥʷ ʧʽʩʣʷ ʧʦʞʝʞʽ, ɽ̔ ï ʚʠʧʘʜʢʦʚʘ ʧʦʤʠʣʢʘ. 

ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʠʢʠ ʚʠʢʦʥʘʥʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ Python. ʅʘ ʨʠʩ. 

2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʠʢʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʞʝʞ 

ʥʘ ʮʠʬʨʦʚʠʭ ʟʥʽʤʢʘʭ.  
 

 
 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʪʚʦʨʝʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʤʦʚʦʶ Python 
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ʘ) 

 

 
ʙ) 

 

 
ʚ) 

ʈʠʩ. 3. ʎʠʬʨʦʚʽ ʟʥʽʤʢʠ ʩʫʧʫʪʥʠʢʘ Sentinel-2 ɸʚʩʪʨʘʣʽʾ ʨʝʛʽʦʥʫ Coffs 

Harbour: ʘ) ʧʝʨʚʠʥʥʽ; ʙ) ʧʽʩʣʷ ʦʙʨʦʙʢʠ; ʚ) ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

 

ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʩʫʧʫʪʥʠʢʘ Sentinel-2, 

ʚʽʜ 03.01.2020 ʨ. ʨʝʛʽʦʥʫ ɸʚʩʪʨʘʣʽʾ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʝʨʚʠʥʥʽ ʜʘʥʽ, ʧʽʩʣʷ 

ʢʦʨʝʢʮʽʾ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʞʝʞ. ʇʦʪʽʤ ʤʠ ʧʨʦʚʝʣʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ 

ʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʪʘ ʚʠʷʩʥʠʣʠ, ʱʦ ʥʝ ʚʩʽ ʛʘʨʽ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʽʩʥʫʶʯʠʤʠ 

ʤʝʪʦʜʘʤʠ. ʅʠʟʦʚʽ ʧʦʞʝʞʽ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʛʘʥʦ ʚʠʜʽʣʷʶʪʴʩʷ ʥʘ ʟʥʽʤʢʘʭ. ʄʘʪʨʠʮʷ 

ʧʦʤʠʣʦʢ ʷʚʣʷʻ ʩʦʙʦʶ ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʨʦʩ-ʪʘʙʫʣʷʮʽʶ ʜʣʷ ʧʦʢʘʟʫ 

ʪʦʛʦ, ʷʢ ʩʧʽʚʚʽʜʥʦʩʷʪʴʩʷ ʟʥʘʯʝʥʥʷ ʢʣʘʩʽʚ, ʱʦ ʟʙʽʛʘʶʪʴʩʷ, ʦʪʨʠʤʘʥʽ ʟ ʨʽʟʥʠʭ 
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ʜʞʝʨʝʣ. ʈʦʟʨʘʭʫʥʦʢ ʧʦʤʠʣʢʠ ʤʘʪʨʠʮʽ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ.1. ʇʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ 

ʤʝʨʝʞʘ ʧʦʢʘʟʘʣʘ ʟʥʘʯʝʥʥʷ ʪʦʯʥʦʩʪʽ 97%, ʘ ʬʫʥʢʮʽʷ ʚʪʨʘʪ ʩʪʘʥʦʚʠʣʘ 0,092.  

 

ʊʘʙʣʠʮʷ 1 

ʊʦʯʥʦʩʪʽ ʤʘʩʦʢ, ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʽʥʜʝʢʩʽʚ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ 

ʄʘʩʢʘ ʊʦʯʥʽʩʪʴ, % 

NBR 70,24 

dNBR 76,58 

MIRBI 59,14 

SWVI 29,25 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 93,88 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʟʛʦʨʪʢʦʚʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ ʤʘʩʰʪʘʙʥʫ ʟʛʦʨʪʢʫ ʪʘ ʦʩʪʘʪʦʯʥʫ 

ʧʨʠʡʥʷʪʥʫ ʩʭʝʤʫ ʨʽʰʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʪʦʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʩʮʷ ʚʦʛʥʠʱ ʪʘ ʢʘʨʪʦʛʨʘʬʫʚʘʪʠ ʥʘ ʮʠʬʨʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ. 

ɺʠʩʥʦʚʢʠ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠʢʫ ʚʠʷʚʣʝʥʥʷ ʧʦʞʝʞʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʦʜʠʬʽʢʦʚʘʥʦʾ CNN (Fire_CNN). ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʘʛʘʪʦʤʘʩʰʪʘʙʥʫ ʩʪʨʫʢʪʫʨʫ ʟʛʦʨʪʢʠ, ʷʢʘ ʤʦʞʝ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʬʫʥʢʮʽʷʤʠ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʽʚ, ʱʦʙ ʤʝʨʝʞʘ ʤʦʛʣʘ ʝʬʝʢʪʠʚʥʦ 

ʚʠʜʽʣʷʪʠ ʬʫʥʢʮʽʾ çʛʘʨʷʯʠʭè ʪʦʯʦʢ (ʷʢʽ ʥʝ ʻ ʧʦʞʝʞʥʠʤʠ). ʎʽ ʩʪʨʫʢʪʫʨʠ 

ʧʦʢʨʘʱʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʪʘ ʰʚʠʜʢʽʩʪʴ ʥʘʚʯʘʥʥʷ. ʑʦʙ ʦʮʽʥʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʡʦʛʦ ʙʫʣʦ ʧʨʦʪʝʩʪʦʚʘʥʦ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʦʙʨʘʞʝʥʥʷʭ Sentinel-2 ʨʝʛʽʦʥʫ ɸʚʩʪʨʘʣʽʾ ʪʘ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʚʠʷʚʣʷʪʠ ʣʽʩʦʚʽ ʧʦʞʝʞʽ ʟ ʪʦʯʥʽʩʪʶ ʥʘ 29,2% 

ʚʠʱʝ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ. 
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ʋɼʂ 681.518.5 

 

ʄ.ʆ. ɸʣʝʢʩʻʻʚ1, ʆ.ʄ. ɸʣʝʢʩʻʻʚ1, ɼ.ɯ. ɻʘʚʨʠʣʢʦ1  
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʂʃɸʉʀʌɯʂɸʎɯʗ ʉʀɻʅɸʃɯɺ ʆɹ'ɭʂʊɯɺ ʂɽʈʋɺɸʅʅʗ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʇɽʈɽɹʋɼʆɺɸʅʀʍ ʄɸʊʈʀʏʅʀʍ 

ʉʇɽʂʊʈɸʃʔʅʀʍ ʆʇɽʈɸʊʆʈɯɺ 
 

ɸʥʦʪʘʮʽʷ. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʠʛʥʘʣʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʢʝʨʫʚʘʥʥʷ, ʟʘ ʷʢʽʩʪʶ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚ ʙʘʟʠʩʘʭ, ʱʦ 

ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʙʝʟʣʽʯʽ ʢʣʘʩʽʚ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ..  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʧʘʜʢʦʚʽ ʩʠʛʥʘʣʠ, ʢʣʘʩʠʬʽʢʘʮʽʷ, ʧʝʨʝʙʫʜʦʚʘʥʽ ʦʧʝʨʘʪʦʨʠ. 

 

ɺʩʪʫʧ. ʇʨʠ ʢʦʥʪʨʦʣʽ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʟʘ ʚʝʢʪʦʨʦʤ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ [1]: 

ï ʧʦʜʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʴ ʙʫʜʴ-ʷʢʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙ'ʻʢʪʘ; 

ï ʚʠʜʽʣʝʥʥʷ ʭʘʨʘʢʪʝʨʥʠʭ (ʽʥʬʦʨʤʘʪʠʚʥʠʭ) ʦʟʥʘʢ ʪʘ ʟʥʠʞʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ 

ʚʝʢʪʦʨʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ; 

ï ʟʥʘʭʦʜʞʝʥʥʷ ʚʠʨʽʰʘʣʴʥʠʭ ʧʨʦʮʝʜʫʨ, ʥʝʦʙʭʽʜʥʠʭ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʩʠʛʥʘʣʫ ʟ ʤʝʪʦʶ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʘʚʠʣʴʥʦʛʦ ʚʠʙʦʨʫ ʟʨʘʟʢʘ ʟ ʢʦʜʦʚʦʾ ʢʥʠʛʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʅʝʭʘʡ ʩʪʠʩʢʫ ʧʽʜʣʷʛʘʶʪʴ M ʜʠʩʢʨʝʪʥʠʭ ʨʝʘʣʽʟʘʮʽʡ, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʥʘʣʝʞʠʪʴ ʦʜʥʦʤʫ ʟ ʢʣʘʩʽʚ m ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʫʤʦʚʠ 

ʥʘʷʚʥʦʩʪʽ ʘʧʨʽʦʨʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʢʣʘʩ ʧʨʦʮʝʩʽʚ ʫ ʚʠʛʣʷʜʽ ʝʪʘʣʦʥʘ. ɼʦ ʪʘʢʠʭ 

ʧʨʦʮʝʩʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʧʝʨʽʦʜʠʯʥʦ-ʢʦʨʝʣʴʦʚʘʥʽ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ ʟ ʧʝʨʽʦʜʠʯʥʠʤ 

ʧʦʚʪʦʨʝʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʤʘʪʝʤʘʪʠʯʥʽ ʦʯʽʢʫʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʾ, 

ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʽ ʬʫʥʢʮʽʾ). ʎʷ ʤʦʜʝʣʴ ʜʦʩʠʪʴ ʘʜʝʢʚʘʪʥʦ ʚʠʟʥʘʯʘʻ ʧʨʦʮʝʩʠ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʨʦʪʦʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʫʧʨʘʚʣʽʥʥʷ. ʅʝʭʘʡ mX  - 

ʚʝʢʪʦʨ ʨʦʟʤʽʨʦʤ MmN ,1, = . ɺʚʘʞʘʻʤʦ, ʱʦ ʚʝʢʪʦʨʠ ʥʘʣʝʞʘʪʴ N-ʤʽʨʥʦʤʫ 

ʝʚʢʣʽʜʦʚʦʤʫ ʧʨʦʩʪʦʨʫ. ʠ 1=mX  . ɺʚʘʞʘʻʤʦ ʪʘʢʦʞ, ʱʦ ʜʣʷ ʢʦʞʥʦʛʦ m ʚʽʜʦʤʘ 

ʢʣʘʩʠʬʽʢʦʚʘʥʘ (ʥʘʚʯʘʣʴʥʘ) ʚʠʙʽʨʢʘ { } Kl ,1, =m
lX  , ʜʝ K ï ʦʙʩʷʛ ʚʠʙʽʨʢʠ. ʊʦʜʽ 

ʥʝʟʤʽʱʝʥʦʶ ʦʙˇʨʫʥʪʦʚʘʥʦʶ ʦʮʽʥʢʦʶ ʻ ʩʝʨʝʜʥʷ ʟʘ ʙʝʟʣʽʯʯʶ ʢʣʘʩʠʬʽʢʦʚʘʥʦʾ 

ʚʠʙʽʨʢʠ 

 

ä=
=

K

l 1K

1
m
l

m
ʵʪ

XX  . (1) 

 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʩʧʝʢʪʨʘʣʴʥʠʡ ʦʧʝʨʘʪʦʨ ʩʫʙʦʧʪʠʤʘʣʴʥʠʡ ʧʦ ʂʘʨʫʥʝʥʫ-

ʃʦʝʚʫ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ [2], ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʦ ʝʪʘʣʦʥʫ ʢʣʘʩʫ m ʪʦʤʫ ʩʝʥʩʽ, 

ʱʦ ʫ ʩʧʝʢʪʨʘʣʴʥʦʾ ʦʙʣʘʩʪʽ ʧʝʨʝʙʫʜʦʚʘʥʦʛʦ ʙʘʟʠʩʫ ʝʪʘʣʦʥʫ ʟʽʩʪʘʚʣʷʻʪʴʩʷ ʣʠʰʝ 

ʦʜʠʥ ʢʦʝʬʽʮʽʻʥʪ, ʚʽʜʤʽʥʥʠʡ ʚʽʜ ʥʫʣʷ. ɹʘʟʠʩ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ, ʻ 
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ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʝʪʘʣʦʥʘ ʚ ʩʝʥʩʽ ʧʨʠʡʥʷʪʦʛʦ ʢʨʠʪʝʨʽʶ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʟʥʘʢ. ɿʘ ʧʨʦʮʝʜʫʨʦʶ ʧʦʙʫʜʦʚʠ ʙʘʟʠʩʫ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ
ʵʪ

X  ʻ 

ʧʝʨʰʠʡ ʨʷʜʦʢ ʤʘʪʨʠʮʽ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. ʇʦʟʥʘʯʠʤʦ ʤʘʪʨʠʮʶ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ, ʜʣʷ ʢʣʘʩʫ m ʯʝʨʝʟ 

[ ]Tm
N

m
2

m
1

m B,...,B,BB = . ɼʣʷ ʨʷʜʢʽʚ m
i

B  ʤʘʪʨʠʮʽ mB  ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 

ʦʨʪʦʥʦʨʤʦʚʘʥʦʩʪʽ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʘ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʟʘ ʚʝʢʪʦʨʦʤ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ X  ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʬʦʨʤʫʚʘʪʠ ʩʠʩʪʝʤʫ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʟʥʘʢ 

{ } Mm ,1, =mY : 

 

XB
N

1
Y mm =  . (2) 

 

ʂʦʞʝʥ ʚʝʢʪʦʨ mY  ʷʚʣʷʻ ʩʦʙʦʶ ʚʝʢʪʦʨ ʩʧʝʢʪʨʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʦ 

ʩʠʩʪʝʤʽ ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ ʜʣʷ ʢʣʘʩʫ m ʧʦ ʩʠʩʪʝʤʽ 
mB  ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʤʝʪʦʜʽ ʬʦʨʤʫʚʘʥʥʷ ʚʝʢʪʦʨʘ 

ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʧʘʨʘʣʝʣʴʥʦ ʬʦʨʤʫʶʪʴʩʷ ʄ ʩʠʩʪʝʤ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ 

(ʄ ʩʧʝʢʪʨʽʚ ʚ ʙʘʟʠʩʘʭ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ) ʧʦ N ʦʟʥʘʢ (N ʩʧʝʢʪʨʘʣʴʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ) ʫ ʢʦʞʥʽʡ ʩʠʩʪʝʤʽ.  

ʂʦʤʧʦʥʝʥʪʠ 
m

iy  ʚʝʢʪʦʨʘ mY  ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

n

N

n

m
i

m
i xB

N
y

nä
=

=

1

1
 , (3) 

 

ʜʝ 
m

in
B  - ʢʦʤʧʦʥʝʥʪʠ ʨʷʜʢʘ m

i
B  ʤʘʪʨʠʮʠ mB . 

ʑʦʙ ʦʮʽʥʠʪʠ ʷʢʽʩʪʴ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚ ʙʘʟʠʩʽ, ʱʦ 

ʧʝʨʝʙʫʜʦʚʫʻʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʪʦʯʥʽʩʪʴ ʦʧʠʩʫ ʚʝʢʪʦʨʘ ʯʘʩʪʠʥʦʶ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ. ɼʣʷ ʮʴʦʛʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʩʫʤʘ ʢʚʘʜʨʘʪʽʚ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʦʟʢʣʘʜʘʥʥʷ ʟʘ ʚʢʘʟʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ:  

 

( ) ( )ä=
=

p

i

m
i

y
1

2
m
p

A mY . (4) 

 

ɺʝʣʠʯʠʥʘ ( )mYm
p

A  ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʢʚʘʜʨʘʪ ʥʦʨʤʠ ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ mY , 

ʧʨʠʥʘʜʣʝʞʘʱʝʛʦ ʢʣʘʩʩʫ m ʥʘ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ, ʚʠʟʥʘʯʘʻʤʻ ʷʢ 
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ʂʦʞʥʘ ʚʝʣʠʯʠʥʘ m
iy , ʟʛʽʜʥʦ ʟ ʪʝʦʨʝʤʦʶ ʇʘʨʩʝʚʘʣʷ, ʻ ʧʦʪʫʞʥʽʩʪʶ, ʱʦ 

ʧʨʠʧʘʜʘʻ ʥʘ ʦʨʪʦʛʦʥʘʣʴʥʫ ʬʫʥʢʮʽʶ ʟ ʥʦʤʝʨʦʤ i. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (4) ʚʠʟʥʘʯʘʻ 

ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʰʠʭ p ʩʧʝʢʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʨʦʟʢʣʘʜʘʥʥʷ (2). 

ʗʢʱʦ ʚʝʢʪʦʨ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʚ ʙʘʟʠʩʽ ʪʦʛʦ ʢʣʘʩʫ m, ʜʦ ʷʢʦʛʦ ʥʘʣʝʞʠʪʴ ʩʘʤ, 

ʪʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʚʠʙʽʨʢʦʶ { } Kl ,1, =m
lX  ʟʥʘʯʝʥʥʷ ʢʚʘʜʨʘʪʘ ʧʨʦʝʢʮʽʾ ʥʘ ʧʝʨʰʽ 

p ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʙʽʣʴʰʝ, ʥʽʞ ʪʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʚʝʢʪʦʨʘ, ʱʦ ʥʘʣʝʞʠʪʴ 

ʽʥʰʦʤʫ ʢʣʘʩʫ s. ɿʥʘʯʝʥʥʷ ʢʚʘʜʨʘʪʽʚ ʧʨʦʝʢʮʽʡ ʥʘ ʧʝʨʰʽ p ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʬʫʥʢʮʽʡ 

ʪʠʤ ʙʽʣʴʰʝ ʚʽʜʨʽʟʥʷʪʠʤʫʪʴʩʷ ʜʣʷ ʨʽʟʥʠʭ ʚʝʢʪʦʨʽʚ, ʯʠʤ ʩʠʣʴʥʽʰʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʤʽʞ ʩʦʙʦʶ ʢʣʘʩʠ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʮʽ ʚʝʢʪʦʨʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʟʥʘʢ, ʦʪʨʠʤʘʥʠʭ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʝʟʣʽʯʽ ʙʘʟʠʩʽʚ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʠʡ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʫ ʩʠʛʥʘʣʽʚ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʢʨʠʪʝʨʽʡ ʧʦ ʤʘʢʩʠʤʫʤʫ ʥʦʨʤʠ 

ʧʨʦʝʢʮʽʾ ʚʝʢʪʦʨʘ ʥʘ ʧʽʜʧʨʦʩʪʽʨ ʩʧʝʢʪʨʘʣʴʥʠʭ ʦʟʥʘʢ, ʟʘ ʷʢʠʤ ʚʠʧʘʜʢʦʚʽ ʚʝʢʪʦʨʠ 

ʍ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ m: 

 

ʷʢʱʦ 0AAA s
p

m
p

ms >-=  

ʜʣʷ ʚʩʭ̔ ( )mss ¸= M,1  , ʪʦ { }m
XXÍ  . 

 

(5) 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʨʦʟʨʦʙʮʽ ʢʨʠʪʝʨʽʶ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʝʢʪʦʨʽʚ 

ʟʘ ʷʢʽʩʪʶ ʨʦʟʢʣʘʜʘʥʥʷ ʚʠʧʘʜʢʦʚʦʛʦ ʚʝʢʪʦʨʘ ʚ ʙʘʟʠʩʘʭ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ, 

ʚʽʜʧʦʚʽʜʥʠʭ ʙʝʟʣʽʯʽ ʢʣʘʩʽʚ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʦ ʢʨʠʪʝʨʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʠʛʥʘʣʫ (5), ʱʦ ʩʫʧʨʦʚʦʜʞʫʻ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ ʟʘ ʩʧʝʢʪʨʘʤʠ ʚ ʙʘʟʠʩʘʭ, ʱʦ ʧʝʨʝʙʫʜʦʚʫʶʪʴʩʷ, ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ ʢʝʨʫʚʘʥʥʷ. ʂʨʠʪʝʨʽʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʧʘʜʢʦʚʠʭ ʚʝʢʪʦʨʽʚ ʨʦʟʨʦʙʣʝʥʽ ʚʠʭʦʜʷʯʠ ʽʟ ʩʧʦʩʦʙʫ ʦʮʽʥʶʚʘʥʥʷ 

ʷʢʦʩʪʽ ʨʦʟʢʣʘʜʘʥʥʷ ʚʝʢʪʦʨʽʚ, ʱʦ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ, ʟʘ ʧʝʨʰʠʤʠ ʦʨʪʦʛʦʥʘʣʴʥʠʤʠ 

ʬʫʥʢʮʽʷʤʠ ʧʝʨʝʙʫʜʦʚʘʥʠʭ ʙʘʟʠʩʽʚ. ɺʠʨʽʰʘʣʴʥʽ ʧʨʘʚʠʣʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʦʟʨʦʙʣʝʥʽ ʢʨʠʪʝʨʽʾ, ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʫ ʨʦʟʜʽʣʴʥʽʩʪʴ ʚ ʦʟʥʘʢʦʚʦʤʫ 

ʧʨʦʩʪʦʨʽ ʧʦʨʽʚʥʷʥʦ ʟ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʤ ʧʨʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʝʢʪʦʨʽʚ ʢʨʠʪʝʨʽʻʤ 

ʤʽʥʽʤʫʤʫ ʝʚʢʣʽʜʦʚʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʝʪʘʣʦʥʥʦʛʦ ʧʨʝʜʩʪʘʚʥʠʢʘ ʢʣʘʩʫ ʚʝʢʪʦʨʽʚ. 

 
ʇɽʈɽʃɯʂ ʇʆʉʀʃɸʅʔ 
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ɯ.ʉ. ʃʘʢʪʽʦʥʦʚ1, ʆ.ʉ. ɾʘʙʢʦ2 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 
2ɼɺʅɿ çɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, ʤ. ʃʫʮʴʢ, ʋʢʨʘʾʥʘ 

 

ɸʅɸʃɯɿ ʌʋʅʂʎɯʆʅɸʃʔʅʀʍ ʄʆɾʃʀɺʆʉʊɽʁ ʇɸʂɽʊɯɺ  

ʇʈʀʂʃɸɼʅʀʍ ʇʈʆɻʈɸʄ ʄʆɼɽʃʖɺɸʅʅʗ ɹɽɿɼʈʆʊʆɺʀʍ  

ʉɽʅʉʆʈʅʀʍ ʄɽʈɽɾ 
 

ɸʥʦʪʘʮʽʷ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʤʝʪʦʜʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʪʘ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʻ ʜʦʩʠʪʴ ʝʬʝʢʪʠʚʥʠʤ ʽ ʜʽʻʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʫ ʜʦʩʣʽʜʥʠʮʴʢʽʡ ʪʘ ʽʥʞʝʥʝʨʥʽʡ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʽ ʜʦʮʽʣʴʥʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʧʨʠʢʣʘʜʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʩʪʘʪʪʽ ʧʦʣʷʛʘʻ ʚ ʢʨʠʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʪʘ ʣʦʛʽʯʥʦʤʫ 

ʫʟʘʛʘʣʴʥʝʥʥʽ ʚʽʜʦʤʠʭ ʥʘʫʢʦʚʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ ʤʝʪʦʜʽʚ ʽ ʧʨʦʛʨʘʤʥʦ-

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ. ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ: 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʩʝʨʝʜʦʚʠʱʘ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ; ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ ʱʦʜʦ ʧʦʨʽʚʥʷʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʧʫʣʷʨʥʠʭ 

ʤʦʜʝʣʶʶʯʠʭ ʩʝʨʝʜʦʚʠʱ; ʦʧʠʩʘʥʦ ʪʘ ʜʦʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʩʝʨʝʜʦʚʠʱ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʝʟʜʨʦʪʦʚʘ ʤʝʨʝʞʘ, ʩʝʨʝʜʦʚʠʱʝ ʤʦʜʝʣʶʚʘʥʥʷ, Cupcarbon, Matlab, 

Op-net. 

 

ɺʩʪʫʧ. ɹʝʟʜʨʦʪʦʚʘ ʩʝʥʩʦʨʥʘ ʤʝʨʝʞʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʦʙʽʣʴʥʠʤʠ 

ʧʨʠʩʪʨʦʷʤʠ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʪʴ ʤʽʞ ʩʦʙʦʶ ʟʘʩʦʙʘʤʠ ʨʘʜʽʦʢʘʥʘʣʽʚ. ʇʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʨʝʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʷʤʠ ʥʝ 

ʟʘʚʞʜʠ ʻ ʤʦʞʣʠʚʠʤ, ʦʪʞʝ, ʤʝʪʦʜʠ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʩʠʤʫʣʷʮʽʾ 

ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʨʝʘʣʴʥʫ ʽ ʜʦʮʽʣʴʥʫ ʘʣʴʪʝʨʥʘʪʠʚʫ.  

ʉʝʨʝʜ ʤʥʦʞʠʥʠ ʚʘʞʣʠʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ 

ʚʠʟʥʘʯʝʥʽ ʪʘ ʧʨʠʡʥʷʪʽ ʜʦ ʦʙʣʽʢʫ ʧʽʜ ʯʘʩ ʽʤʽʪʘʮʽʡʥʠʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʦʩʥʦʚʥʠʤʠ ʻ: ʤʦʜʝʣʴ ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʤʦʜʝʣʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʨʘʜʽʦʭʚʠʣʴ. ʆʙʠʜʚʘ ʟʘʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʦʙʽʣʴʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʧʨʦʪʦʢʦʣʽʚ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʮʠʭ ʤʦʜʝʣʝʡ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ 

ʥʘʫʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʜʞʝʨʝʣʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʤʦʜʝʣʝʡ ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʧʦʰʠʨʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ. ʇʨʦʪʝ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʙʽʣʴʰʽʩʪʴ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʮʽʣʝʡ ʽ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʦʜʥʦʟʥʘʯʥʦ ʘʜʘʧʪʦʚʘʥʘ ʽ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʢʦʞʥʦʛʦ ʬʽʟʠʯʥʦʛʦ 

ʩʮʝʥʘʨʽʶ [1].  

ʄʦʜʝʣʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʩʠʤʫʣʷʪʦʨʘʭ ʟʚʠʯʘʡʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ, ʟʘʟʚʠʯʘʡ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʨʦʩʪʠʭ 

ʤʦʜʝʣʷʭ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʨʘʜʽʦʭʚʠʣʴ ʽ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʥʘʷʚʥʽʩʪʴ ʧʝʨʝʰʢʦʜ ʫ 

ʩʝʨʝʜʦʚʠʱʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ [2].  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʩʪʘʪʪʽ ʧʦʣʷʛʘʻ ʚ ʢʨʠʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʪʘ 

ʣʦʛʽʯʥʦʤʫ ʫʟʘʛʘʣʴʥʝʥʥʽ ʚʽʜʦʤʠʭ ʥʘʫʢʦʚʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʱʦʜʦ 

ʤʝʪʦʜʽʚ ʽ ʧʨʦʛʨʘʤʥʦ-ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ 
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ʤʝʨʝʞ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ 

ʟʘʚʜʘʥʥʷ: 

ï ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʽʩʥʫʶʯʽ ʩʝʨʝʜʦʚʠʱʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʾʭ ʭʘʨʘʢʪʝʨʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ; 

ï ʚʩʪʘʥʦʚʠʪʠ ʦʩʥʦʚʥʽ ʢʨʠʪʝʨʽʾ ʱʦʜʦ ʧʦʨʽʚʥʷʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʜʝʣʶʶʯʠʭ ʩʝʨʝʜʦʚʠʱ;  

ï ʦʧʠʩʘʪʠ ʪʘ ʜʦʚʝʩʪʠ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʧʝʨʝʚʘʛʠ ʽ 

ʥʝʜʦʣʽʢʠ ʩʝʨʝʜʦʚʠʱ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʮʽʻʾ ʩʪʘʪʪʽ ʙʫʣʦ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʩʪʫʧʥʽ ʧʦʧʫʣʷʨʥʽ ʚ ʩʚʽʪʦʚʽʡ ʥʘʫʢʦʚʽʡ ʩʧʽʣʴʥʦʪʽ ʩʝʨʝʜʦʚʠʱʘ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʩʠʤʫʣʷʮʽʾ ʙʝʟʜʨʦʪʦʚʠʭ 

ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ: 

ï CupCarbon; 

ï MATLAB;  

ï OP-NET. 

CupCarbon ï ʮʝ ʙʘʛʘʪʦʘʛʝʥʪʥʠʡ ʩʠʤʫʣʷʪʦʨ ʙʝʟʜʨʦʪʦʚʦʾ ʤʝʨʝʞʽ ʜʘʪʯʠʢʽʚ ʽʟ 

ʜʠʩʢʨʝʪʥʠʤʠ ʧʦʜʽʷʤʠ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʛʝʦʣʦʢʘʮʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʤʦʜʝʣʶʚʘʪʠ ʪʘ ʽʤʽʪʫʚʘʪʠ ʩʝʥʩʦʨʥʽ ʤʝʨʝʞʽ ʚ ʮʠʬʨʦʚʦʤʫ ʛʝʦʛʨʘʬʽʯʥʦʤʫ 

ʽʥʪʝʨʬʝʡʩʽ OpenStreetMap. ɼʣʷ ʮʽʻʾ ʤʝʪʠ CupCarbon ʥʘʜʘʻ ʥʘʙʽʨ ʧʨʦʩʪʠʭ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʢʦʥʬʽʛʫʨʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ. CupCarbon ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ: ʤʫʣʴʪʠʘʛʝʥʪʥʝ ʩʝʨʝʜʦʚʠʱʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʩʦʙʠ 

ʤʦʙʽʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʚʙʫʜʦʚʘʥʠʡ ʩʠʤʫʣʷʪʦʨ WSN (WiSen).  

CupCarbon ʨʝʘʣʽʟʫʻ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʮʽʣʝʡ ʙʘʛʘʪʦʘʛʝʥʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʘʛʘʪʦʘʛʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʠʪʠ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ 

ʝʬʝʢʪʠʚʥʦ ʽʤʽʪʫʻ ʬʽʟʠʯʥʽ ʩʠʩʪʝʤʠ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ, ʜʝ ʢʦʞʝʥ ʦʙôʻʢʪ ʫ ʩʠʩʪʝʤʽ 

ʧʨʘʮʶʻ ʘʚʪʦʥʦʤʥʦ, ʦʙʤʽʥʶʶʯʠʩʴ ʽʥʬʦʨʤʘʮʽʻʶ ʟ ʽʥʰʠʤʠ ʦʙôʻʢʪʘʤʠ ʚ ʪʦʤʫ 

ʩʘʤʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɯʥʪʝʛʨʘʮʽʷ OpenStreetMap ʜʦ ʩʝʨʝʜʦʚʠʱʘ CupCarbon 

ʟʘʙʝʟʧʝʯʫʻ ʽʥʪʝʨʬʝʡʩ ʽ ʙʘʟʫ ʜʘʥʠʭ ʦʮʠʬʨʦʚʘʥʠʭ ʜʘʥʠʭ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟʽ ʟʘʜʘʯʘʤʠ 

ʛʝʦʣʦʢʘʮʽʾ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ ʘʛʝʥʪʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ ʤʦʜʝʣʶʚʘʥʥʷ CupCarbon 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʙʝʟʜʨʦʪʦʚʽ ʩʝʥʩʦʨʥʽ ʚʫʟʣʠ ʜʘʪʯʠʢʽʚ ʽ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʜʣʷ 

ʥʘʜʩʠʣʘʥʥʷ ʪʘ ʦʪʨʠʤʘʥʥʷ ʧʘʢʝʪʽʚ ʜʘʥʠʭ. ʊʘʢʦʞ ʻ ʤʦʜʝʣʽ ʛʝʥʝʨʘʪʦʨʽʚ ʘʥʘʣʦʛʦʚʠʭ 

ʧʦʜʽʡ, ʤʦʙʽʣʴʥʠʭ ʦʙô̒ ʢʪʽʚ ʪʘ ʽʥʰʝ. ʇʨʠʢʣʘʜ ʤʦʜʝʣʽ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʦʾ ʤʝʨʝʞʽ 

ʫ ʩʝʨʝʜʦʚʠʱʽ CupCarbon ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 

CupCarbon ʧʨʦʧʦʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʰʣʷʭʠ, ʚʽʣʴʥʽ ʘʙʦ ʧʦʚôʷʟʘʥʽ 

ʟ ʨʝʘʣʴʥʠʤʠ ʜʦʨʦʛʘʤʠ, ʪʘ ʧʨʠʟʥʘʯʘʪʠ ʾʤ ʘʛʝʥʪʽʚ, ʱʦʙ ʟʨʦʙʠʪʠ ʾʭ ʤʦʙʽʣʴʥʠʤʠ. 

ʂʦʞʝʥ ʰʣʷʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʙʦʨʦʤ ʦʧʦʨʥʠʭ ʪʦʯʦʢ ʥʘ ʢʘʨʪʽ OSM, ʘ ʢʦʞʥʘ ʪʦʯʢʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʜʘʪʦʶ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʥʽʡ ʜʘʪʽ ʧʨʠʙʫʪʪʷ ʦʙôʻʢʪʘ ʜʦ ʥʝʾ. ɯʟ 

ʤʽʨʢʫʚʘʥʴ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʤôʷʪʽ ʜʦ ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʣʠʰʝ 

ʪʨʘʻʢʪʦʨʽʾ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʦʙôʻʢʪʘʤʠ, ʱʦ ʽʥʪʝʛʨʦʚʘʥʽ ʜʦ ʧʨʦʮʝʩʫ ʩʠʤʫʣʷʮʽʾ [3]. 
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ʈʠʩ. 1. ʇʨʠʢʣʘʜ ʪʠʧʦʚʦʾ ʤʦʜʝʣʽ ʤʝʨʝʞʽ ʫ CupCarbon 

 

ʇʘʢʝʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ Matlab ʻ ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʙʝʟʜʨʦʪʦʚʠʭ ʩʝʥʩʦʨʥʠʭ 

ʤʝʨʝʞ. Matlab ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʨʦʜʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʛʥʘʣʽʚ ʽ ʤʘʻ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʜʣʷ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ. ʆʩʥʦʚʥʦʶ 

ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʰʠʨʦʢʠʡ ʬʫʥʢʮʽʦʥʘʣ ʤʦʞʣʠʚʦʩʪʝʡ, ʜʦ ʷʢʠʭ ʚʭʦʜʠʪʴ [4]: 

ï ʨʦʟʨʦʙʢʘ ʪʘ ʦʮʽʥʢʘ ʤʝʪʦʜʦʣʦʛʽʡ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʪʨʠʤʘʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʥʘ 

ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʧʨʦʻʢʪʫʚʘʥʥʷ; 

ï ʢʦʤʙʽʥʘʮʽʷ ʙʘʛʘʪʴʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʧʦʯʘʪʢʦʚʠʭ ʝʪʘʧʘʭ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʜʽʷʣʴʥʦʩʪʽ; 

ï ʤʦʜʝʣʴʥʝ ʧʨʦʻʢʪʫʚʘʥʥʷ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʝ ʚ ʷʢʦʩʪʽ ʩʪʨʘʪʝʛʽʾ 

ʜʣʷ ʩʢʦʨʦʯʝʥʥʷ ʮʠʢʣʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ; 

ï ʥʘʷʚʥʠʡ ʜʦʜʘʪʦʢ ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʨʦʪʦʪʠʧ ʟʽ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʨʦʛʨʘʤʥʦ-ʚʠʟʥʘʯʝʥʠʤʠ ʨʘʜʽʦʩʠʩʪʝʤʘʤʠ (SDR). 

ʇʨʠʢʣʘʜ ʤʦʜʝʣʽ ʤʝʨʝʞʽ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 2. 
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ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʤʦʜʝʣʽ ʚ ʧʘʢʝʪʽ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ Matlab [5] 

 

ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʣʽʧʰʫʶʪʴ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʨʽʰʝʥʴ ʪʘ ʚʠʢʦʥʘʥʥʷ ʛʣʠʙʦʢʦʾ ʜʝʢʦʤʧʦʟʠʮʽʾ ʤʝʨʝʞʝʚʦʾ ʩʠʩʪʝʤʠ. 

ʊʠʧʦʚʠʤʠ ʙʘʟʦʚʠʤʠ ʤʦʜʝʣʷʤʠ ʝʣʝʤʝʥʪʽʚ ʚʫʟʣʽʚ ʤʝʨʝʞʝʚʠʭ ʩʪʨʫʢʪʫʨ ʻ: 

ï ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʯʘʩʪʦʪ; 

ï ʮʠʬʨʦʚʘ ʩʤʫʛʘ ʯʘʩʪʦʪ; 

ï ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ; 

ï RF-ʩʠʤʫʣʷʪʦʨ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʤʘʥʥʷ / ʧʝʨʝʜʘʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʪʝʥʠ. 

ʇʘʢʝʪ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ OP-NET ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʦʙ'ʻʢʪʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʛʨʘʬʽʯʥʠʡ ʨʝʜʘʢʪʦʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʨʦʟʨʦʙʢʠ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ 

ʩʠʩʪʝʤ. ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʢʝʨʦʚʘʥʦʛʦ ʧʦʜʽʷʤʠ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʨʦʮʝʩʦʤ, ʱʦ ʢʝʨʫʻʪʴʩʷ ʯʘʩʦʤ, ʦʙʯʠʩʣʶʚʘʣʴʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʣʘ 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʝʥʘ. OP-NET ʟʘʙʝʟʧʝʯʫʻ ʪʨʠ ʤʝʭʘʥʽʟʤʠ ʤʦʜʝʣʶʚʘʥʥʷ: ʥʠʞʥʽʡ ï 

ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ, ʱʦ ʨʝʘʣʽʟʫʻ ʘʣʛʦʨʠʪʤ ʫʟʛʦʜʞʝʥʥʷ; ʩʝʨʝʜʥʽʡ ï ʤʦʜʝʣʴ ʚʫʟʣʘ, ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʬʫʥʢʮʽʾ ʦʙʣʘʜʥʘʥʥʷ; 

ʚʝʨʭʥʽʡ ï ʤʦʜʝʣʴ ʤʝʨʝʞʽ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʜʝʣʴ ʚʫʟʣʘ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʩʪʨʫʢʪʫʨʠ ʪʦʧʦʣʦʛʽʾ ʨʝʘʣʴʥʦʾ ʤʝʨʝʞʽ. ʊʨʠʨʽʚʥʝʚʽ ʤʦʜʝʣʽ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʶʪʴ 
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ʬʘʢʪʠʯʥʦʤʫ ʧʨʦʪʦʢʦʣʫ ʪʘ ʦʙʣʘʜʥʘʥʥʶ, ʷʢʽ ʧʦʚʥʽʩʪʶ ʚʽʜʦʙʨʘʞʘʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ 

ʤʝʨʝʞʽ. ʇʨʠʢʣʘʜ ʤʦʜʝʣʽ ʤʝʨʝʞʽ ʚ ʩʝʨʝʜʦʚʠʱʽ Matlab ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3. 

 

 
 

ʈʠʩ. 3. ʇʨʠʢʣʘʜ ʤʝʨʝʞʽ ʫ ʩʝʨʝʜʦʚʠʱʽ OP-NET [6] 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʻ ʘʥʘʣʽʟ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʙʘʛʘʪʴʤʘ ʧʘʨʘʤʝʪʨʘʤʠ, ʚʢʣʶʯʘʶʯʠ ʨʽʟʥʽ ʨʝʞʠʤʠ ʪʘ ʫʤʦʚʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʅʘ ʦʩʥʦʚʽ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʤʦʞʣʠʚʠʤ ʦʪʨʠʤʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʽʰʝʥʴ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ. 

ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʩʝʨʝʜʦʚʠʱʘ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ ʢʦʤʧôʁ ʪʝʨʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚôʷʟʢʫ. ʇʨʠ ʮʴʦʤʫ ʚʘʞʣʠʚʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʨʽʚʥʷʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢ ʮʝ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1, ʙʫʣʦ ʟʨʦʙʣʝʥʦ 

ʚʠʩʥʦʚʦʢ, ʱʦ Matlab ʻ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʽʟ ʪʦʯʢʠ ʟʦʨʫ, 

ʧʦʙʫʜʦʚʠ ʢʦʤʧʣʝʢʩʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʙʣʠʞʝʥʦʩʪʽ ʜʦ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʧʽʜ ʯʘʩ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʠʩʪʝʤʠ. ʅʘ ʙʘʟʽ ʩʝʨʝʜʦʚʠʱʘ Matlab ʤʦʞʣʠʚʠʤ ʻ ʧʨʦʻʢʪʫʚʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʨʽʰʝʥʴ ʽʟ ʧʦʜʘʣʴʰʠʤ ʪʝʩʪʫʚʘʥʥʷʤ ʪʘ ʤʦʥʽʪʦʨʠʥʛʦʤ. 

ʋ, ʩʚʦʶ ʯʝʨʛʫ, CupCarbon ʻ ʦʧʪʠʤʘʣʴʥʠʤ ʜʣʷ ʤʝʨʝʞ ʜʘʪʯʠʢʽʚ, mesh-ʤʝʨʝʞ ʪʘ 
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ʩʠʩʪʝʤ ʨʫʭʦʤʦʛʦ ʟʚôʷʟʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪ ʪʘ 

ʦʪʨʠʤʘʪʠ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʚʫʟʣʽʚ ʩʠʩʪʝʤʠ. OP-NET ʥʘʡʙʽʣʴʰ ʚʜʘʣʦ ʧʽʜʭʦʜʠʪʴ 

ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʤʝʨʝʞ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʩʝʛʤʝʥʪʫ. 

 

ʊʘʙʣʠʮʷ 1.  

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʨʝʜʦʚʠʱ ʤʦʜʝʣʶʚʘʥʥʷ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞ 

 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʩʝʨʝʜʦʚʠʱʘ ʤʦʜʝʣʶʚʘʥʥʷ 
CupCarbon MATLAB  OPNET 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤʠ 

ʧʦʙʫʜʦʚʘ ʥʘ ʙʘʟʽ 

ʛʝʦʣʦʢʘʮʽʾ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ 

ʫ ʚʠʛʣʷʜʽ ʙʣʦʢʽʚ 

ʽʤʽʪʘʮʽʷ ʤʝʨʝʞʽ ʥʘ 

ʣʦʛʽʯʥʦʤʫ ʨʽʚʥʽ 

ʅʘʣʘʰʪʫʚʘʥʥʷ ʚʫʟʣʽʚ ʘʚʪʦʥʦʤʥʝ ʟʘʛʘʣʴʥʝ ʟʘʛʘʣʴʥʝ 

ʉʪʫʧʽʥʴ ʜʝʢʦʤʧʦʟʠʮʽʾ ʩʝʨʝʜʥʽʡ ʚʠʩʦʢʠʡ ʥʠʟʴʢʠʡ 

ɹʘʟʦʚʘ ʥʘʧʨʘʚʣʝʥʽʩʪʴ ʤʝʨʝʞʽ ʜʘʪʯʠʢʽʚ 
ʟʘʛʘʣʴʥʽ ʩʠʩʪʝʤʠ 

ʧʝʨʝʜʘʯʽ 

ʢʦʤʧôʶʪʝʨʥʽ 

ʤʝʨʝʞʽ 

ʄʦʞʣʠʚʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʨʦʮʝʩ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ, 

ʝʥʝʨʛʝʪʠʯʥʽ 

ʨʽʚʥʽ 

ʫʩʽ ʤʦʞʣʠʚʽ 

ʧʘʨʘʤʝʪʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʩʠʩʪʝʤʠ 

ʉʪʫʧʽʥʴ ʽʥʪʫʾʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤʠ 
ʚʠʩʦʢʠʡ ʥʠʟʴʢʠʡ ʚʠʩʦʢʠʡ 

ʉʪʫʧʽʥʴ ʽʥʪʝʛʨʘʮʽʾ ʟ ʽʥʰʠʤʠ 

ʩʠʩʪʝʤʘʤʠ 
ʥʠʟʴʢʠʡ ʚʠʩʦʢʠʡ ʥʠʟʴʢʠʡ 

ʉʪʫʧʽʥʴ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʩʝʨʝʜʥʽʡ ʚʠʩʦʢʠʡ ʥʠʟʴʢʠʡ 

 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʣʷʛʘʻ ʫ ʚʩʪʘʥʦʚʣʝʥʥʽ 

ʢʨʠʪʝʨʽʾʚ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʧʦʢʘʟʥʠʢʽʚ ʱʦʜʦ ʘʥʘʣʽʟʫ ʩʝʨʝʜʦʚʠʱ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʝʟʜʨʦʪʦʚʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʧʪʠʤʽʟʫʚʘʪʠ ʚʠʙʽʨ ʧʽʜʭʦʜʫ ʧʽʜ ʯʘʩ 

ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʽʚ ʩʠʩʪʝʤ ʽʟ ʦʙʣʽʢʦʤ ʢʨʠʪʝʨʽʾʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ.  

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʝʨʝʜʦʚʠʱ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ 

ʦʨʛʘʥʽʟʘʮʽʾ ʙʝʟʜʨʦʪʦʚʦʾ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ 

ʢʨʠʪʝʨʽʘʣʴʥʽ ʦʮʽʥʢʠ ʢʦʞʥʦʛʦ ʟ ʩʝʨʝʜʦʚʠʱ (CupCarbon, Matlab ʽ Op-net) 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʟʥʘʯʝʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʘ ʚʠʷʚʣʝʥʦ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʽ 

ʩʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʧʘʜʢʫ ʟʽ ʟʘʟʥʘʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ. 
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ʄ.ɸ. ɼʝʤʠʜʝʥʢʦ1, ʆ.ʖ. ʏʫʨʽʢʘʥʦʚʘ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʄʆɼɽʃʔ ʆʇʊʀʄɯɿɸʎɯɰ ʄɸʈʂɽʊʀʅɻʆɺʀʍ ʂʆʄʇɸʅɯʁ 

ɺ ʇʆʐʋʂʆɺʀʍ ʉʀʉʊɽʄɸʍ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʩʪʘʪʪʽ ʧʨʦʧʦʥʫʶʪʴʩʷ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʚʠʨʽʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʧʨʦʙʣʝʤʠ ʚʝʜʝʥʥʷ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʦʾ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʢʦʤʧʘʥʽʾ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʨʝʢʣʘʤʠ Google ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʊʝʦʨʝʪʠʯʥʦʶ ʽ ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʦʣʦʞʝʥʥʷ ʩʫʯʘʩʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʾ ʪʝʦʨʽʾ, ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʚʯʝʥʠʭ. ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʘʢʽ 

ʤʝʪʦʜʠ: ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; ʛʨʘʬʽʯʥʠʡ; ʘʥʘʣʽʪʠʯʥʽ ʪʘ ʩʪʨʫʢʪʫʨʥʦ-

ʣʦʛʽʯʥʠʡ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʢʦʤʧʣʝʢʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʰʫʢʫ ʪʘʢʦʾ ʨʝʢʣʘʤʥʦʾ ʢʦʤʧʘʥʽʾ, ʷʢʘ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʢʣʽʻʥʪʘ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʙʨʦʢʝʨʫ ʤʽʥʽʤʘʣʴʥʠʡ ʨʠʟʠʢ ʦʪʨʠʤʘʥʥʷ ʧʨʠʙʫʪʢʫ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʙʦʨʫ ʢʣʶʯʦʚʠʭ 

ʩʣʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʙʨʦʢʝʨ ʤʦʞʝ ʫʪʨʠʤʫʚʘʪʠ ʧʨʠʙʫʪʢʦʚʫ ʨʝʢʣʘʤʥʫ ʢʦʤʧʘʥʽʶ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʨʠʟʠʢʘʤʠ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʪʦʜ, ʤʦʜʝʣʴ, ʦʧʪʠʤʽʟʘʮʽʷ, ʢʨʠʪʝʨʽʡ, Google Ads, ʢʣʶʯʦʚʽ ʩʣʦʚʘ, 

ʮʠʬʨʦʚʘ ʝʢʦʥʦʤʽʢʘ, ʢʦʥʪʝʢʩʪʥʘ ʨʝʢʣʘʤʘ, ʧʦʰʫʢʦʚʘ ʦʧʪʠʤʽʟʘʮʽʷ, ʨʝʢʣʘʤʘ. 

 

ɺʩʪʫʧ. ɺ ʩʫʯʘʩʥʽʡ ʮʠʬʨʦʚʽʡ ʝʢʦʥʦʤʮʽ ʤʘʨʢʝʪʠʥʛ ʚ ʧʦʰʫʢʦʚʠʭ ʩʠʩʪʝʤʘʭ, ʻ 

ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʨʝʢʣʘʤʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ɺ ʧʦʰʫʢʦʚʠʢʘʭ 

ʜʝʤʦʥʩʪʨʘʮʽʷ ʨʝʢʣʘʤʥʠʭ  ʦʛʦʣʦʰʝʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʟʘʧʠʪʽʚ 

ʷʢʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʢʣʶʯʦʚʠʤʠ ʩʣʦʚʘʤʠ ʦʛʦʣʦʰʝʥʴ. ɿʘ ʩʮʝʥʘʨʽʻʤ ʨʦʙʦʪʠ 

ʧʦʰʫʢʦʚʠʭ ʤʘʰʠʥ ʨʝʢʣʘʤʘ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʘ ʩʪʦʨʽʥʢʘʭ, ʧʦʚʝʨʥʫʪʠʭ ʧʽʩʣʷ 

ʧʦʰʫʢʦʚʠʭ ʟʘʧʠʪʽʚ. ʈʝʢʣʘʤʦʜʘʚʮʽ ʩʧʣʘʯʫʶʪʴ ʧʦʰʫʢʦʚʠʤ ʩʠʩʪʝʤʘʤ ʦʧʣʘʪʫ ʟʘ 

ʩʠʩʪʝʤʦʶ "ʧʣʘʪʘ ʟʘ ʢʣʽʢ" (Pay-per-click, PPC). ʂʦʞʝʥ ʨʝʢʣʘʤʦʜʘʚʝʮʴ ʤʘʻ 

ʦʙʣʽʢʦʚʠʡ ʟʘʧʠʩ ʚ ʩʠʩʪʝʤʽ, ʚ ʷʢʦʤʫ ʜʣʷ ʧʨʦʜʫʢʪʫ ʱʦ ʨʝʢʣʘʤʫʻʪʴʩʷ ʩʬʦʨʤʦʚʘʥʦ  

ʧʦʨʪʬʝʣʴ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʪʘʚʢʘʤʠ ʟʘ ʢʣʽʢ ʥʘ ʩʣʦʚʘʭ ʷʢʽ 

ʽʥʽʮʽʶʶʪʴ ʧʦʢʘʟ ʾʭ ʦʛʦʣʦʰʝʥʴ ʪʘ ʟʘʛʘʣʴʥʠʡ ʱʦʜʝʥʥʠʡ ʙʶʜʞʝʪ.  

ʌʦʨʤʫʚʘʥʥʷ ʧʨʠʙʫʪʢʦʚʦʛʦ ʧʦʨʪʬʝʣʷ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʩʢʣʘʜʥʠʤ ʜʣʷ 

ʙʘʛʘʪʴʦʭ ʨʝʢʣʘʤʦʜʘʚʮʽʚ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʯʝʨʝʟ ʙʨʘʢ ʯʘʩʫ, ʨʝʩʫʨʩʽʚ ʘʙʦ ʜʦʩʚʽʜʫ 

ʥʘ ʨʝʢʣʘʤʥʠʭ ʨʠʥʢʘʭ. ʊʦʤʫ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʧʦʨʪʬʝʣʽʚ ʜʦʨʫʯʘʻʪʴʩʷ ʩʪʦʨʦʥʥʽʤ 

ʦʨʛʘʥʽʟʘʮʽʷʤ-ʨʝʢʣʘʤʥʠʤ ʘʛʝʥʪʩʪʚʘʤ ʪʘ ʙʨʦʢʝʨʘʤ. ɺʟʘʻʤʦʜʽʷ ʤʽʞ ʩʪʦʨʦʥʥʽʤʠ 

ʧʘʨʪʥʝʨʘʤʠ ʪʘ ʨʝʢʣʘʤʦʜʘʚʮʷʤʠ ʩʪʚʦʨʶʻ ʚʪʦʨʠʥʥʠʡ ʨʠʥʦʢ ʧʦʰʫʢʦʚʦʛʦ 

ʤʘʨʢʝʪʠʥʛʫ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʚʠʥʥʦʛʦ ʨʠʥʢʫ, ʥʘ ʷʢʦʤʫ ʨʝʢʣʘʤʦʜʘʚʮʽ 
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ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʧʦʰʫʢʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ), ʜʝ ʪʨʝʪʽ ʩʪʦʨʦʥʠ 

ʧʨʦʜʘʶʪʴ ʧʦʩʣʫʛʠ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʢʣʘʤʥʠʭ ʢʘʤʧʘʥʽʡ, ʘ ʨʝʢʣʘʤʦʜʘʚʮʽ - 

ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʧʦʢʫʧʮʽ ʮʠʭ ʧʦʩʣʫʛ. ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʠʪʠ  ʝʢʦʥʦʤʽʢʦ-

ʤʘʪʝʤʘʪʠʯʥʫ  ʤʦʜʝʣʴ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʢʣʘʤʥʦʾ ʢʘʤʧʘʥʽʾ ʥʘ ʚʪʦʨʠʥʥʦʤʫ ʨʠʥʢʫ. ɺ 

ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʝʣʴ ʷʢʘ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢʠ ʙʨʦʢʝʨʘ ʽ 

ʦʪʨʠʤʘʪʠ ʟʘʧʣʘʥʦʚʘʥʠʡ ʧʨʠʙʫʪʦʢ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ɺʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʢʣʘʤʥʠʭ ʢʦʤʧʘʥʽʡ ʚ ɯʥʪʝʨʥʝʪʽ ʟʘʡʤʘʣʘʩʴ ʥʠʟʢʘ ʥʘʫʢʦʚʮʽʚ.  ɺ 

ʨʦʙʦʪʽ [1] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʽʟʘʮʽʾ ʢʣʶʯʦʚʠʭ ʩʣʽʚ.  ɺ ʨʦʙʦʪʽ [2] 

ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʣʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʚʝʨʩʽʾ  ʚ ʦʛʦʣʦʰʝʥʥʷʭ Google. 

ɸʚʪʦʨʠ [3] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʝʪʦʜ ʦʧʪʠʤʽʟʘʮʽʾ ʦʛʦʣʦʰʝʥʴ Google ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚ ʩʝʤʘʥʪʠʯʥʽ ʟʥʘʥʥʷ. ɸʚʪʦʨʠ [4] ʚʠʚʯʘʣʠ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʛʦʣʦʰʝʥʴ Google, ʧʦʟʠʮʽʻʶ ʨʝʢʣʘʤʠ ʪʘ ʨʝʡʪʠʥʛʦʤ 

ʧʦʰʫʢʦʚʦʾ ʩʠʩʪʝʤʠ Google. ʋ [5] ʽ [6] ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʙʘʛʘʪʦʟʘʜʘʯʥʘ 

ʨʝʢʦʤʝʥʜʘʮʽʡʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʩʧʝʮʠʬʽʯʥʽ ʪʝʢʩʪʦʚʽ ʩʪʨʫʢʪʫʨʠ 

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʠʩʦʢʦʛʦ ʨʝʡʪʠʥʛʫ ʢʣʽʢʽʚ ʥʘ ʨʝʢʣʘʤʽ ʚ ʧʦʰʫʢʦʚʦʤʫ 

ʤʘʨʢʝʪʠʥʛʫ. ɯʥʰʽ ʨʦʙʦʪʠ [7] ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʧʦʚʝʜʽʥʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʚ 

ʧʦʰʫʢʦʚʦʤʫ ʤʘʨʢʝʪʠʥʛʫ ʽ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʤʝʭʘʥʽʟʤʠ ʤʘʢʩʠʤʽʟʘʮʽʾ ʜʦʭʦʜʫ 

ʇʨʦʪʝ ʙʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʽʚ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʷ 

ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʚ ʧʦʰʫʢʦʚʦʤʫ ʤʘʨʢʝʪʠʥʛʫ, ʽ ʥʽʭʪʦ ʥʝ ʘʥʘʣʽʟʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʦʪʨʠʤʘʥʦʛʦ ʧʦʨʪʬʝʣʷ ʽ ʤʝʪʦʜʠʢʫ ʡʦʛʦ ʬʦʨʤʫʚʘʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʦʩʥʦʚ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʙʣʝʤ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʰʫʢʦʚʦʛʦ ʤʘʨʢʝʪʠʥʛʫ ʱʦ ʟʫʤʦʚʣʶʻ 

ʧʦʩʪʘʥʦʚʢʫ ʪʘʢʠʭ ʮʽʣʝʡ: 

 - ʨʦʟʨʦʙʠʪʠ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ 

ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʰʫʢʦʚʦʛʦ ʤʘʨʢʝʪʠʥʛʫ ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʙʘʞʘʥʫ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʨʠʟʠʢʘʭ ʟʙʠʪʢʽʚ ʜʣʷ ʙʨʦʢʝʨʘ ʽʟ 

ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʟʘʤʦʚʥʠʢʘ.  

- ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʰʫʢʦʚʦʛʦ ʤʘʨʢʝʪʠʥʛʫ , ʷʢʫ ʤʦʞʣʠʚʦ 

ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʧʨʠʢʣʘʜʥʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɺ ʩʫʯʘʩʥʽ ʮʠʬʨʦʚʽʡ ʝʢʦʥʦʤʽʮʽ ʧʨʦʚʝʜʝʥʥʷ 

ʤʘʨʢʝʪʠʥʛʫ ʯʝʨʝʟ ʦʛʦʣʦʰʝʥʥʷ Google ʻ ʦʩʦʙʣʠʚʦ ʝʬʝʢʪʠʚʥʠʤ, ʦʩʢʽʣʴʢʠ 

ʧʦʰʫʢʦʚʘ ʩʠʩʪʝʤʘ Google ʦʙʨʦʙʣʷʻ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʪʨʘʬʽʢʫ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʦʢʘʟʽʚ ʨʝʢʣʘʤʥʠʭ ʦʛʦʣʦʰʝʥʴ. 

ʆʛʦʣʦʰʝʥʥʷ Google (Google Ads) ʻ ʥʘʡʧʦʧʫʣʷʨʥʽʰʦʶ ʚ ʩʚʽʪʽ ʩʠʩʪʝʤʦʶ 

ʨʝʢʣʘʤʠ. ʇʣʘʪʬʦʨʤʘ Google Ads ʜʦʟʚʦʣʷʻ ʢʦʤʧʘʥʽʷʤ ʩʪʚʦʨʶʚʘʪʠ ʦʛʦʣʦʰʝʥʥʷ, 

ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʧʦʰʫʢʦʚʽʡ ʩʠʩʪʝʤʽ Google ʪʘ ʽʥʰʠʭ ʧʨʦʜʫʢʪʘʭ Google. 

Google Ads ʧʨʘʮʶʶʪʴ ʟʘ ʤʦʜʝʣʣʶ "ʧʣʘʪʘ ʟʘ ʢʣʽʢ" (Pay-per-click, PPC), ʟʘ 

ʷʢʦʶ ʢʦʨʠʩʪʫʚʘʯʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʩʪʘʚʢʠ ʟʘ ʢʣʶʯʦʚʠʤʠ ʩʣʦʚʘʤʠ ʪʘ ʩʧʣʘʯʫʶʪʴ ʟʘ 

ʢʦʞʝʥ ʢʣʽʢ ʥʘ ʨʝʢʣʘʤʽ. ʂʣʽʢ ʫ ʢʦʥʪʝʢʩʪʽ ʧʦʰʫʢʦʚʦʾ ʦʧʪʠʤʽʟʘʮʽʾ  ʦʟʥʘʯʘʻ ʧʝʨʝʭʽʜ 

ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʩʘʡʪ ʟʘ ʧʦʩʠʣʘʥʥʷʤ, ʨʦʟʤʽʱʝʥʦʾ ʥʘ ʩʪʦʨʽʥʮʽ ʧʦʰʫʢʦʚʠʢʘ ʘʙʦ 

ʩʪʦʨʦʥʥʴʦʤʫ ʩʘʡʪʽ. ʑʦʨʘʟʫ, ʢʦʣʠ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʧʦʰʫʢ, Google ʚʠʢʦʥʫʻ 

ʧʦʰʫʢ ʫ ʩʫʢʫʧʥʦʩʪʽ ʦʛʦʣʦʰʝʥʴ ʨʝʢʣʘʤʦʜʘʚʮʽʚ ʽ ʚʠʙʠʨʘʻ ʥʘʙʽʨ ʦʛʦʣʦʰʝʥʴ-

ʧʝʨʝʤʦʞʮʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʪʠʤʫʪʴʩʷ ʥʘ ʧʝʨʰʠʭ ʤʽʩʮʷʭ ʥʘ ʩʪʦʨʽʥʮʽ ʨʝʟʫʣʴʪʘʪʽʚ 
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ʧʦʰʫʢʫ. "ʇʝʨʝʤʦʞʮʽ" ʚʠʙʠʨʘʶʪʴʩʷ ʟʘ ʨʝʡʪʠʥʛʦʤ ʥʘ ʦʩʥʦʚʽ ʢʦʤʙʽʥʘʮʽʾ ʬʘʢʪʦʨʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʷʢʽʩʪʴ ʽ ʨʝʣʝʚʘʥʪʥʽʩʪʴ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʽ ʨʝʢʣʘʤʥʠʭ ʢʘʤʧʘʥʽʡ, ʘ ʪʘʢʦʞ 

ʨʦʟʤʽʨ ʩʪʘʚʦʢ ʜʣʷ ʢʣʶʯʦʚʠʭ ʩʣʽʚ. 

ʈʝʡʪʠʥʛ ʘʙʦ ʧʦʟʠʮʽʷ ʥʘ ʩʪʦʨʽʥʮʽ ʧʦʰʫʢʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

ʈʝʡʪʠʥʛ ʨʝʢʣʘʤʠ = ʄʘʢʩʠʤʘʣʴʥʘ ʩʪʘʚʢʘ x ʇʦʢʘʟʥʠʢ ʷʢʦʩʪʽ  x ʆʯʽʢʫʚʘʥʠʡ ʚʧʣʠʚ 

ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʨʦʟʰʠʨʝʥʴ)                                                            (1) 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʩʪʘʚʢʘ ʮʝ  ʥʘʡʙʽʣʴʰʘ ʮʽʥʘ, ʷʢʫ ʨʝʢʣʘʤʦʜʘʚʝʮʴ ʟʛʽʜʥʠʡ ʧʣʘʪʠʪʠ 

ʟʘ ʢʣʽʢ ʥʘ ʢʣʶʯʦʚʦʤʫ ʩʣʦʚʽ. ʇʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʮʝ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʨʦʟʨʘʭʦʚʫʻ Google ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʷʢʦʩʪʽ ʮʽʣʴʦʚʦʾ ʩʪʦʨʽʥʢʠ ʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʮʽʡ ʩʪʦʨʽʥʮʽ. 

ʆʯʽʢʫʚʘʥʠʡ ʚʧʣʠʚ ʨʦʟʰʠʨʝʥʴ ʦʛʦʣʦʰʝʥʴ - ʮʝ  ʚʝʣʠʯʠʥʘ ʷʢʘ ʚʨʘʭʦʚʫʻ ʝʬʝʢʪ ʚʽʜ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʦʛʦʣʦʰʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ ʥʦʤʝʨ ʪʝʣʝʬʦʥʫ ʘʙʦ 

ʽʥʰʽ ʧʦʩʠʣʘʥʥʷ ʥʘ ʧʝʚʥʽ ʩʪʦʨʽʥʢʠ ʩʘʡʪʫ. 

ʎʷ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʨʝʢʣʘʤʦʜʘʚʮʷʤ ʟʘʣʫʯʘʪʠ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ ʟʘ 

ʮʽʥʦʶ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʾʭʥʴʦʤʫ ʙʶʜʞʝʪʫ. ʎʝ ʧʦ ʩʫʪʽ ʩʚʦʻʨʽʜʥʠʡ ʘʫʢʮʽʦʥ.  

ʈʦʟʛʣʷʥʝʤʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʨʠʥʢʫ Google Ads, ʷʢʠʡ ʧʨʘʮʶʻ 

ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ. ʅʘ ʨʠʥʢʫ ʚʟʘʻʤʦʜʽʶʪʴ ʢʣʽʻʥʪʠ ʽ ʙʨʦʢʝʨʠ. ʂʣʽʻʥʪʠ 

ʜʦʨʫʯʘʶʪʴ ʙʨʦʢʝʨʘʤ ʧʨʦʚʝʩʪʠ ʨʝʢʣʘʤʥʫ ʢʦʤʧʘʥʽʶ ʾʭ ʧʨʦʜʫʢʪʫ. ʅʘ ʧʨʘʢʪʠʮʽ 

ʢʣʽʻʥʪ ʜʦʚʽʨʷʻ ʩʪʦʨʦʥʥʴʦʤʫ ʙʨʦʢʝʨʫ ʧʦʙʫʜʫʚʘʪʠ ʧʦʨʪʬʝʣʴ ʢʣʶʯʦʚʠʭ ʩʣʽʚ 

Google Ads ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʨʝʢʣʘʤʠ ʚ ʧʦʰʫʢʦʚʠʢʘʭ. ʂʣʽʻʥʪ ʩʧʣʘʯʫʻ ʙʨʦʢʝʨʫ 

ʧʣʘʪʫ ʟʘ ʧʦʩʣʫʛʠ. ɹʨʦʢʝʨ ʚʟʘʻʤʦʜʽʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ Google Ads, ʚʩʪʘʥʦʚʣʶʶʯʠ 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʩʪʘʚʦʢ, ʚʨʘʭʦʚʫʶʯʠ ʟʘʛʘʣʴʥʠʡ ʙʶʜʞʝʪ, ʽ ʩʧʣʘʯʫʻ ʚʠʪʨʘʪʠ 

ʥʘ ʧʦʢʘʟ ʦʛʦʣʦʰʝʥʴ Google. ʇʨʠʙʫʪʦʢ ʙʨʦʢʝʨʘ ï ʮʝ ʨʽʟʥʠʮʷ ʤʽʞ ʧʣʘʪʦʶ ʟʘ ʡʦʛʦ 

ʧʦʩʣʫʛʠ ʪʘ ʚʠʪʨʘʪʘʤʠ ʥʘ ʨʝʢʣʘʤʫ, ʩʧʣʘʯʝʥʠʤʠ Google. ʈʽʟʥʽ ʨʝʢʣʘʤʦʜʘʚʮʽ 

ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ ʮʽʣʽ ʜʣʷ ʩʚʦʾʭ ʨʝʢʣʘʤʥʠʭ ʢʘʤʧʘʥʽʡ, ʪʦʤʫ ʙʨʦʢʝʨ ʧʦʚʠʥʝʥ, 

ʫʟʛʦʜʞʫʚʘʪʠ ʩʚʦʶ ʤʝʪʫ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʟ ʧʦʪʨʝʙʘʤʠ ʡʦʛʦ ʢʣʽʻʥʪʘ. ʗʢ ʧʨʘʚʠʣʦ, 

ʤʽʞ ʨʝʢʣʘʤʦʜʘʚʮʝʤ ʽ ʙʨʦʢʝʨʦʤ ʤʦʞʣʠʚʽ ʜʚʘ ʪʠʧʠ ʜʦʛʦʚʦʨʽʚ:  

1. ʈʝʢʣʘʤʦʜʘʚʝʮʴ ʤʘʻ ʤʝʪʫ D (a) ʜʣʷ ʩʚʦʛʦ ʦʛʦʣʦʰʝʥʥʷ ʽ ʙʨʦʢʝʨ ʧʨʦʧʦʥʫʻ 

ʟʘʛʘʣʴʥʠʡ ʙʶʜʞʝʪ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ;  

2. ʈʝʢʣʘʤʦʜʘʚʝʮʴ ʤʘʻ ʟʘʛʘʣʴʥʠʡ ʙʶʜʞʝʪ ʜʣʷ ʩʚʦʻʾ ʢʦʤʧʘʥʽʾ, ʽ ʙʨʦʢʝʨ 
ʟʦʙʦʚ'ʷʟʫʻʪʴʩʷ ʜʦʩʷʛʪʠ ʮʽʣʴʦʚʦʾ ʤʝʪʠ D (a) ʜʣʷ ʮʴʦʛʦ ʙʶʜʞʝʪʫ ʟʘ ʫʟʛʦʜʞʝʥʠʡ ʟ 

ʢʣʽʻʥʪʦʤ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʢʦʥʪʨʘʢʪʫ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʨʦʢʝʨʘ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ, ʩʧʣʘʯʝʥʠʭ Google. ɺʘʨʪʽʩʪʴ ʦʧʣʘʪʠ Google Ads ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʮʽʥʠ ʟʘ ʢʣʽʢ (CPC), ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʝʨʝʟ ʤʝʭʘʥʽʟʤʠ ʦʥʣʘʡʥ-ʘʫʢʮʽʦʥʫ (1). 

ʊʦʤʫ ʻ ʜʦʮʽʣʴʥʠʤ ʨʦʟʨʦʙʠʪʠ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ, ʷʢʠʭ ʙʨʦʢʝʨ ʤʦʞʝ 

ʧʨʦʚʝʩʪʠ ʥʘʡʙʽʣʴʰ ʧʨʠʙʫʪʢʦʚʫ ʨʝʢʣʘʤʥʫ ʢʦʤʧʘʥʽʶ. 

ʅʝʭʘʡ ʨʝʢʣʘʤʫʻʤʦ ʪʦʚʘʨ ʍ, ʟ ʷʢʠʤ ʫ Google Ads ʧʦʚ'ʷʟʘʥʽ ʢʣʶʯʦʚʽ ʩʣʦʚʘ 

i= 1,2, é ,N , ʷʢʽ ʨʦʟʰʫʢʫʚʘʣʠʩʴ ʚ Google  ʫ ʥʘʩʪʫʧʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ t = 1,2,é,T. 
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ɹʨʦʢʝʨ ʧʨʦʧʦʥʫʻ ʩʚʦʾ ʧʦʩʣʫʛʠ ʟʘ ʮʽʥʦʶ  ʟʘ ʢʣʽʢ ʥʘ i-ʤʫ ʩʣʦʚʽ ʫ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ t. ʋ ʩʚʦʶ ʯʝʨʛʫ  Google  ʩʪʷʛʫʻ ʧʣʘʪʫ  ʟʘ ʢʣʽʢʠ ʥʘ ʢʣʶʯʦʚʠʭ 

ʩʣʦʚʘʭ i= 1,2, é ,N ʫ ʧʨʦʤʽʞʢʠ ʯʘʩʫ t = 1,2 , é ,T.  

ʊʦʜʽ ʧʨʠʙʫʪʦʢ ʙʨʦʢʝʨʘ ʩʪʘʥʦʚʠʪʠʤʝ 

 

.               (2) 

 

ʉʝʨʝʜʥʷ ʚʘʨʪʽʩʪʴ ʢʣʽʢʘ ʥʘ ʢʣʶʯʦʚʦʤʫ ʩʣʦʚʽ ʚ ʨʝʢʣʘʤʥʽʡ ʢʦʤʧʘʥʽʾ 

ʧʨʦʜʫʢʪʫ a ʚ ʧʦʰʫʢʦʚʠʢʫ Google ʩʪʘʥʦʚʠʪʠʤʝ 

 

 
 

ʜʝ S ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʽʢʽʚ ʥʘ i= 1,2, é , N ʢʣʶʯʦʚʠʭ ʩʣʦʚʘʭ ʟʘ ʯʘʩ t = 1,2 , 

é ,T ʧʨʦʚʝʜʝʥʥʷ ʨʝʢʣʘʤʥʽʡ ʢʦʤʧʘʥʽʾ ʧʨʦʜʫʢʪʫ ʘ.  

ʊʦʜʽ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʨʝʢʣʘʤʥʦʾ ʢʘʤʧʘʥʽʾ ʧʨʦʜʫʢʪʫ, ʘ ʜʣʷ ʙʨʦʢʝʨʘ 

ʦʙʯʠʩʣʠʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

 
 

ʜʝ  ï ʩʝʨʝʜʥʷ ʚʘʨʪʽʩʪʴ ʢʣʽʢʘ ʟʘ ʩʪʘʚʢʘʤʠ ʧʦʩʣʫʛ ʙʨʦʢʝʨʘ, ʷʢʫ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

 

 
ɹʨʦʢʝʨ ʤʘʻ ʩʬʦʨʤʫʚʘʪʠ ʪʘʢʠʡ ʥʘʙʽʨ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ 

ʟʘʜʘʥʠʡ ʨʽʚʝʥʴ ʧʨʠʙʫʪʢʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʠʟʠʢʫ ʦʪʨʠʤʘʪʠ ʟʙʠʪʢʠ.  

ʊʦʜʽ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʢʣʘʤʥʦʾ ʢʦʤʧʘʥʽʾ ʘ ʜʣʷ ʙʨʦʢʝʨʘ ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʷʢ ʤʽʥʽʤʽʟʘʮʽʶ ʨʠʟʠʢʫ ʪʦʛʦ, ʱʦ ʧʨʠʙʫʪʦʢ ʙʨʦʢʝʨʘ ʙʫʜʝ ʥʠʞʯʠʤ, 

ʥʽʞ ʮʽʥʘ ʷʢʫ ʚʽʥ ʩʧʣʘʯʫʻ Google ʟʘ ʢʣʽʢʠ ʥʘ ʢʣʶʯʦʚʠʭ ʩʣʦʚʘʭ. ʈʦʟʨʘʭʫʥʦʢ 

ʢʨʠʪʝʨʽʶ  ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ 

 

 
 

ʜʝ Ű ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʤʽʞʢʽʚ ʯʘʩʫ ʥʘ ʷʢʠʭ ʚʠʢʦʥʫʚʘʚʩʷ ʧʦʰʫʢ ʚ 

ʨʝʢʣʘʤʥʽʡ ʢʦʤʧʘʥʽʾ; Õ ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʢʣʶʯʦʚʠʭ ʩʣʽʚ. 
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ʂʣʶʯʦʚʽ ʩʣʦʚʘ i= 1,2, é ,N ʚ ʨʝʢʣʘʤʥʽʡ ʢʦʤʧʘʥʽʾ ʤʘʶʪʴ ʨʽʟʥʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʝʢʣʘʤʫʻʤʦʤʫ ʧʨʦʜʫʢʪʫ ʘ ̔ ʨʽʟʥʫ ʟʘʧʠʪʫʚʘʥʽʩʪʴ ʫ ʧʦʰʫʢʘʭ ʚ 

Google, ʪʦʤʫ ʜʦʮʽʣʴʥʦ ʧʨʠʩʚʦʾʪʠ ʾʤ ʨʽʟʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʘʛʠ. ʊʦʜʽ  ʢʦʝʬʽʮʽʻʥʪ 

ʚʘʛʠ i-ʛʦ ʢʣʶʯʦʚʦʛʦ ʩʣʦʚʘ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 

 

                

 
 

ʅʘ ʧʨʘʢʪʠʮʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʘʛʠ  ʻ ʚʠʧʘʜʢʦʚʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʷʢʽ 

ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ. 

ʊʦʜʽ ʤʦʜʝʣʴ ʦʧʪʠʤʘʣʴʥʦʾ ʨʝʢʣʘʤʥʦʾ ʢʦʤʧʘʥʽʾ ʙʨʦʢʝʨʘ ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ: 

 

 
 

 

 
 

 
ʜʝ ɟ ï ʧʨʠʙʫʪʦʢ ʙʨʦʢʝʨʘ, ʟʘ ʧʨʦʚʝʜʝʥʥʷ ʨʝʢʣʘʤʥʦʾ ʢʦʤʧʘʥʽʾ. 

ʄʦʜʝʣʴ (7) ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʨʽʟʥʦʚʠʜ ʤʦʜʝʣʽ ʄʘʨʢʦʚʽʮʘ, ʷʢʘ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʚʽʜʦʤʦʾ ʤʦʜʝʣʽ ʪʠʤ, ʱʦ ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʻ ʚʠʧʘʜʢʦʚʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ, ʘ ʨʠʟʠʢ ʦʮʽʥʶʻʪʴʩʷ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ ʧʨʠʙʫʪʢʫ 

(ʟʙʠʪʢʫ) ʙʨʦʢʝʨʘ. ʇʨʘʢʪʠʯʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʤʦʜʝʣʽ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ [6, 7] 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ. ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʷ ʢʣʶʯʦʚʠʭ 

ʩʣʽʚ ʨʝʢʣʘʤʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʧʪʠʤʘʣʴʥʠʡ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʧʨʠʙʫʪʢʦʚʽʩʪʶ ʪʘ 

ʨʠʟʠʢʦʤ ʙʨʦʢʝʨʘ, ʚ ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʦʪʦʯʥʦʾ ʧʣʘʪʠ ʟʘ ʢʣʽʢ ʽ ʢʽʣʴʢʦʩʪʽ  

ʢʣʽʢʽʚ ʫ ʤʘʨʢʝʪʠʥʛʦʚʦʤʫ ʧʦʰʫʢʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ  ʜʦʟʚʦʣʷʪʴ 
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ʫʯʘʩʥʠʢʘʤ ʧʦʰʫʢʦʚʦʛʦ ʤʘʨʢʝʪʠʥʛʫ ʧʽʜʚʠʱʠʪʠ ʧʨʠʙʫʪʢʦʚʽʩʪʴ ʽʥʚʝʩʪʠʮʽʡ ʫ 

ʨʝʢʣʘʤʥʫ ʢʘʤʧʘʥʽʶ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʜʦʜʘʪʢʘʭ 

ʜʣʷ ʢʦʤʧôʶʪʝʨʽʚ ʪʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʧʪʠʤʽʟʘʮʽʾ 

ʧʦʰʫʢʦʚʦʛʦ ʤʘʨʢʝʪʠʥʛʫ.  

ɺʠʩʥʦʚʢʠ. ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʧʨʦʙʣʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʧʦʨʪʬʝʣʶ ʢʣʶʯʦʚʠʭ 

ʩʣʽʚ ʧʦʰʫʢʦʚʦʛʦ ʤʘʨʢʝʪʠʥʛʫ ʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʽʥʚʝʩʪʠʮʽʡ ʫ ʨʝʢʣʘʤʥʫ ʢʘʤʧʘʥʽʶ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʢʨʠʪʝʨʽʡ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʢʣʘʤʥʦʾ ʢʘʤʧʘʥʽʾ ʜʣʷ ʙʨʦʢʝʨʘ ʥʘ ʚʪʦʨʠʥʥʦʤʫ ʨʠʥʢʫ ʧʦʰʫʢʦʚʦʛʦ 

ʤʘʨʢʝʪʠʥʛʫ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʦʥʦʤʽʢʦ-

ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʫʢʫʧʥʦʩʪʽ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ, 

ʷʢʠʭ ʙʨʦʢʝʨ ʤʦʞʝ ʧʨʦʚʝʩʪʠ ʧʨʠʙʫʪʢʦʚʫ ʨʝʢʣʘʤʥʫ ʢʦʤʧʘʥʽʶ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʨʠʟʠʢʘʤʠ. ʄʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʘ ʜʣʷ ʟʘʤʦʚʥʠʢʘ, ʷʢʱʦ ʡʦʛʦ ʨʦʟʛʣʷʜʘʪʠ 

ʷʢ ʙʨʦʢʝʨʘ ʡʦʛʦ ʨʝʢʣʘʤʥʠʭ ʦʛʦʣʦʰʝʥʴ. 
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ɺ.ʖ. ʂʘʰʪʘʥ1, ʂ.ʃ. ʉʝʨʛʻʻʚʘ1, ʆ.ɺ. ʂʦʨʦʙʢʦ1, ɼ.ɺ. ɯʚʘʥʦʚ1, ɸ.ʈ. ʂʫʯʝʨ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʄɽʊʆɼʀʂɸ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʈɽɻʋʃʖɺɸʅʅʗ  

ɼʆʈʆɾʅʔʆɻʆ ʈʋʍʋ ʅɸ ʆʉʅʆɺɯ ʅɽʁʈʆʅʅʆɰ ʄɽʈɽɾɯ 
 

ɸʥʦʪʘʮʽʷ. ʈʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʘʢʪʫʘʣʴʥʽʡ ʟʘʜʘʯʽ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʫ ʨʝʛʫʣʶʚʘʥʥʷ 

ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʧʽʜʚʠʱʠʪʴ ʧʦʚʥʦʪʫ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ, ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʨʦʧʦʨʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʜʘʥʠʭ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʦʨʦʞʥʽʡ ʨʫʭ, YOLO-ʤʝʨʝʞʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ, ʱʽʣʴʥʽʩʪʴ 

ʪʨʘʬʽʢʫ.. 

 

ɺʩʪʫʧ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʭʫ ʻ ʛʦʣʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʨʽʚʥʷ 

ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ 

ʚʠʟʥʘʯʘʶʪʴ ʪʘʢʠʡ ʧʘʨʘʤʝʪʨ, ʷʢ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ ï ʡʦʛʦ 

ʨʦʟʧʦʜʽʣ ʟʘ ʯʘʩʦʤ ʽ ʥʘʧʨʷʤʢʘʤʠ. ʑʦʜʥʷ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʤʘʰʠʥ ʩʪʦʾʪʴ ʫ 

ʧʨʦʙʢʘʭ ʪʘ ʧʘʨʘʣʽʟʫʻ ʨʫʭ ʫ ʤʽʩʪʽ. ʏʘʩʦʤ ʯʘʩ, ʟʘʛʫʙʣʝʥʠʡ ʫ ʧʨʦʙʢʘʭ, ʩʷʛʘʻ 

ʢʽʣʴʢʦʭ ʛʦʜʠʥ, ʱʦ ʚʠʣʠʚʘʻʪʴʩʷ ʥʘ ʰʢʦʜʫ ʝʢʦʥʦʤʽʯʥʠʡ, ʧʩʠʭʦʣʦʛʽʯʥʠʡ ʪʘ 

ʝʢʦʣʦʛʽʯʥʠʡ.  

ɼʣʷ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʪʨʘʥʩʧʦʨʪʫ ʥʠʥʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ ʢʝʨʫʚʘʪʠ ʤʝʨʝʞʝʶ ʜʦʨʦʞʥʽʭ ʢʦʥʪʨʦʣʝʨʽʚ (ʩʚʽʪʣʦʬʦʨʽʚ) ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʠʩʪʨʦʾʚ ʟʚ'ʷʟʢʫ ʟ ʜʦʨʦʞʥʽʤʠ ʢʦʥʪʨʦʣʝʨʘʤʠ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʈʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʢʝʨʫʚʘʥʥʷ ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʥʘ 

ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʎʷ ʥʦʚʘ ʩʠʩʪʝʤʘ ʧʦʣʝʛʰʫʻ ʨʫʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ 

ʧʝʨʝʭʨʝʩʪʷʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʪʦʨʽʚ, ʤʝʥʰʠʭ ʚʠʢʠʜʽʚ CO2 ʪʦʱʦ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

- ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʧʨʦʙʣʝʤʘʪʠʢʠ ʤʝʪʦʜʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 
ʧʦʪʦʢʫ ʫ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ; 

- ʦʙˇʨʫʥʪʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʜʫʤʦʚʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʧʦʪʦʢʫ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʴʦʾ 

ʤʝʨʝʞʽ; 

- ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʷʢ ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʜʣʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʙ'ʻʢʪʽʚ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʩʥʫʶʯʠʭ ʚʫʣʠʮʴ ʪʘ 

ʜʦʨʽʛ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɿʘʚʜʘʥʥʷ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʝʚʽʜʦʤʦʾ ʬʫʥʢʮʽʾ ʟ 

ʚʽʜʦʤʠʤ ʥʘʙʦʨʦʤ ʜʘʥʠʭ ʚʭʽʜʥʠʭ ʽ ʦʯʽʢʫʚʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʽʰʝʥʦ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [1]. ɯʜʝʷ ʥʘʚʯʘʥʥʷ ʰʪʫʯʥʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʥʘʜʘʪʠ ʥʘʙʽʨ ʜʘʥʠʭ ʽʟ ʚʭʽʜʥʠʤʠ ʪʘ 

ʦʯʽʢʫʚʘʥʠʤʠ ʚʠʭʦʜʘʤʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ 
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ʚʘʛʠ ʢʦʞʥʦʛʦ ʚʭʽʜʥʦʛʦ ʥʝʡʨʦʥʘ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʧʦʤʠʣʢʘ ʮʴʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ 

ʙʫʣʘ ʤʽʥʽʤʘʣʴʥʦʶ. 

ɸʣʛʦʨʠʪʤ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1 ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʝʪʘʧʽʚ:ʦʪʨʠʤʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʢʦʞʥʦʾ 

ʩʤʫʛʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ; ʩʢʘʥʫʚʘʪʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʱʽʣʴʥʽʩʪʴ ʪʨʘʬʽʢʫ; ʚʚʝʩʪʠ 

ʚʠʱʝʚʢʘʟʘʥʽ ʜʘʥʽ ʚ ʤʦʜʫʣʴ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ; ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʫʪʴ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ 

ʜʣʷ ʢʦʞʥʦʾ ʩʤʫʛʠ ʚʽʜʧʦʚʽʜʥʦ. 

 

 
 

ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ 

 

ʂʦʞʥʦʤʫ ʩʚʽʪʣʦʬʦʨʫ ʥʘ ʧʝʨʝʭʨʝʩʪʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʧʦʩʪʘʚʠʤʦ ʫ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʥʝʡʨʦʥ ʽ ʦʙ'ʻʜʥʘʻʤʦ ʚʩʽ ʩʚʽʪʣʦʬʦʨʠ ʧʝʨʝʭʨʝʩʪʷ ʚ ʥʝʡʨʦʥʥʫ 

ʤʝʨʝʞʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʻ ʪʝ, ʱʦ ʾʡ ʥʘʣʝʞʠʪʴ ʚʠʨʽʰʫʚʘʪʠ 
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ʢʦʤʙʽʥʦʚʘʥʫ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʊʦʤʫ ʤʝʨʝʞʘ, ʱʦ 

ʧʨʦʝʢʪʫʻʪʴʩʷ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. ʇʝʨʰʘ ʯʘʩʪʠʥʘ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʚʠʨʽʰʫʚʘʪʠʤʝ ʟʘʜʘʯʫ ʦʧʪʠʤʽʟʘʮʽʾ, ʾʾ ʚʠʭʦʜʠ ʙʫʜʫʪʴ ʚʭʦʜʘʤʠ ʜʣʷ ʜʨʫʛʦʾ ʯʘʩʪʠʥʠ 

ʤʝʨʝʞʽ, ʷʢʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʧʦʙʫʜʦʚʠ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʤʦʜʝʣʝʡ ʻ ʚʽʜʙʽʨ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʯʽʢʫʚʘʥʠʡ ʨʝʟʫʣʴʪʘʪ. ʊʦʤʫ, ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ 

ʧʨʦʝʢʪʦʚʘʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʙʫʜʝ ʦʮʽʥʢʘ ʜʦʨʦʞʥʴʦʾ ʩʠʪʫʘʮʽʾ ʜʦʨʦʞʥʴʦʛʦ 

ʧʝʨʝʭʨʝʩʪʷ, ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʘʚʘʥʪʘʞʝʥʦʩʪʽ ʢʦʞʥʦʛʦ ʟ ʥʘʧʨʷʤʢʽʚ ʨʫʭʫ ʚ ʜʘʥʠʡ 

ʯʘʩ, ʘ ʪʘʢʦʞ ʩʪʘʪʠʩʪʠʢʠ ʧʨʦ ʱʽʣʴʥʽʩʪʴ ʧʦʪʦʢʽʚ ʨʫʭʫ ʥʘ ʧʝʨʝʭʨʝʩʪʽ ʫ ʧʝʚʥʠʡ ʯʘʩ 

ʜʦʙʠ, ʫ ʧʝʚʥʠʡ ʜʝʥʴ ʪʠʞʥʷ [2]. ʊʘʢ ʷʢ, ʜʣʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʤʝʨʝʞʽ ʥʝʦʙʭʽʜʥʦ 

ʦʪʨʠʤʘʪʠ ʥʦʤʝʨ ʩʪʘʥʫ ʧʝʨʝʭʨʝʩʪʷ, ʚ ʷʢʦʤʫ ʚʽʥ ʧʦʚʠʥʝʥ ʟʥʘʭʦʜʠʪʠʩʴ ʚ 

ʥʘʩʪʫʧʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ, ʪʦʤʫ ʧʨʦʧʦʥʫʻʤʦ ʚʠʢʦʨʠʩʪʘʪʠ ʙʘʛʘʪʦʰʘʨʦʚʫ ʥʝʡʨʦʥʥʫ 

ʤʝʨʝʞʫ [1, 2], ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʰʘʨʽʚ. ɺʭʽʜʥʠʡ ʰʘʨ: ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ 

ʮʴʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʚʽʪʣʦʬʦʨʽʚ. ɼʣʷ ʧʝʨʝʭʨʝʩʪʷ ʚʭʽʜʥʠʡ ʰʘʨ 

ʤʽʩʪʠʪʴ 12 ʥʝʡʨʦʥʽʚ. ʌʫʥʢʮʽʷʤʠ ʮʴʦʛʦ ʰʘʨʫ ʻ ʦʪʨʠʤʘʥʥʷ ʜʘʥʠʭ, ʧʦʩʠʣʝʥʥʷ ʪʘ 

ʧʦʰʠʨʝʥʥʷ ʩʠʛʥʘʣʫ. 

ʆʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʩʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʯʝʨʝʟ ʧʝʨʝʭʨʝʩʪʷ. ɺʭʽʜʥʠʡ ʪʘ ʩʝʨʝʜʥʽʡ 

ʰʘʨʠ, ʘ ʪʘʢʦʞ ʤʘʪʨʠʮʷ ʟ ʚʘʛʘʤʠ ʤʽʞ ʥʠʤʠ ʩʪʘʥʦʚʠʪʠʤʫʪʴ ʧʝʨʰʫ ʯʘʩʪʠʥʫ ʚʩʽʻʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʅʘ ʚʠʭʦʜʘʭ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʨʽʰʝʥʥʷ ʤʝʨʝʞʽ ʨʽʚʝʥʴ 

ʘʢʪʠʚʥʦʩʪʽ ʢʦʞʥʦʛʦ ʩʚʽʪʣʦʬʦʨʘ, ʪʦʙʪʦ ʨʽʰʝʥʥʷ ʧʨʦ ʪʝ, ʷʢʽ ʩʚʽʪʣʦʬʦʨʠ ʤʘʶʪʴ 

ʙʫʪʠ ʫʚʽʤʢʥʝʥʽ. ɺʠʭʽʜʥʠʡ (ʨʝʟʫʣʴʪʫʶʯʠʡ) ʰʘʨ ʻ ʜʨʫʛʦʶ ʩʢʣʘʜʦʚʦʶ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ. ʅʘ ʚʠʭʦʜʘʭ ʮʴʦʛʦ ʰʘʨʫ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʮʽ ʩʘʤʽ ʚʠʭʦʜʠ ʽ ʙʫʜʫʪʴ ʚʠʭʦʜʘʤʠ ʚʩʽʻʾ ʤʝʨʝʞʽ ʟʘʛʘʣʦʤ. ʂʽʣʴʢʽʩʪʴ 

ʥʝʡʨʦʥʽʚ ʚʠʭʽʜʥʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʩʪʘʥʽʚ, ʚ ʷʢʽ ʤʦʞʝ 

ʧʝʨʝʢʣʶʯʠʪʠʩʷ ʧʝʨʝʭʨʝʩʪʷ. ɼʣʷ ʧʝʨʝʭʨʝʩʪʷ ʚʠʭʽʜʥʠʡ ʰʘʨ ʙʫʜʝ ʤʽʩʪʠʪʠ 4 

ʥʝʡʨʦʥʠ, ʟʥʘʯʝʥʥʷ ʦʜʥʦʛʦ ʟ ʷʢʠʭ ʙʫʜʝ ʜʦʨʽʚʥʶʻ 1 (ʥʦʤʝʨ ʮʴʦʛʦ ʥʝʡʨʦʥʘ 

ʚʠʟʥʘʯʠʪʴ ʥʦʤʝʨ ʦʙʨʘʥʦʛʦ ʩʪʘʥʫ ʧʝʨʝʭʨʝʩʪʷ), ʘ ʟʥʘʯʝʥʥʷ ʽʥʰʠʭ ï 0. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʥʘʤʠ ʩʠʩʪʝʤʘ ʦʪʨʠʤʫʻ ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨ 

ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʦʟʚôʷʟʢʘʭ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 

ʎʶ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 3 ʤʦʜʫʣʽ: ʤʦʜʫʣʴ ʚʠʷʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʘʣʛʦʨʠʪʤ ʧʝʨʝʤʠʢʘʥʥʷ ʩʠʛʥʘʣʽʚ ʽ ʤʦʜʫʣʴ ʤʦʜʝʣʶʚʘʥʥʷ. ɺ ʤʦʜʫʣʽ 

ʚʠʷʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ YOLO ʤʝʨʝʞʫ [3]. ʎʝ 

ʥʘʡʩʫʯʘʩʥʽʰʘ ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ʇʦʧʝʨʝʜʥʷ ʨʦʙʦʪʘ ʟ 

ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʧʝʨʝʧʨʦʬʽʣʶʻ ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʆʜʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʨʦʛʥʦʟʫʻ ʦʙʤʝʞʫʚʘʣʴʥʽ 

ʧʨʷʤʦʢʫʪʥʠʢʠ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʢʣʘʩʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʧʦʚʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚ ʦʜʥʽʡ 

ʦʮʽʥʮʽ. ɼʘʣʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʪʘʢʠʭ 

ʷʢ ʘʚʪʦʤʦʙʽʣʴ, ʚʝʣʦʩʠʧʝʜ, ʘʚʪʦʙʫʩ ʽ ʚʘʥʪʘʞʽʚʢʘ, ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʱʽʣʴʥʦʩʪʽ ʨʫʭʫ. 

ɸʣʛʦʨʠʪʤ ʧʝʨʝʤʠʢʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻ ʮʶ ʱʽʣʴʥʽʩʪʴ,  ʱʦʙ ʚʩʪʘʥʦʚʠʪʠ 

ʪʘʡʤʝʨ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʢʦʞʥʦʾ ʩʤʫʛʠ.  
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ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʬʘʢʪʦʨʠ: 

1. ʏʘʩ ʦʙʨʦʙʢʠ ʘʣʛʦʨʠʪʤʫ ʨʦʟʨʘʭʫʥʢʫ ʱʽʣʴʥʦʩʪʽ ʪʨʘʬʽʢʫ ʽ ʧʦʪʽʤ ʟʝʣʝʥʠʡ 

ʪʨʠʚʘʣʽʩʪʴ ʩʚʽʪʣʘ ï ʮʝ ʚʠʟʥʘʯʘʻ, ʫ ʷʢʠʡ ʯʘʩ ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʟʦʙʨʘʞʝʥʥʷ 

2. ʂʽʣʴʢʽʩʪʴ ʩʤʫʛ. 

3. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʪʘʢʠʭ ʷʢ 

ʘʚʪʦʤʦʙʽʣʽ, ʚʘʥʪʘʞʽʚʢʠ, ʤʦʪʦʮʠʢʣʠ ʪʦʱʦ. 

4. ʑʽʣʴʥʽʩʪʴ ʨʫʭʫ, ʨʦʟʨʘʭʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ 

ʬʘʢʪʦʨʽʚ 

5. ʏʘʩ, ʜʦʜʘʥʠʡ ʯʝʨʝʟ ʟʘʪʨʠʤʢʫ, ʷʢʫ ʩʪʨʘʞʜʘʻ ʢʦʞʝʥ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ 

ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ, ʽ ʥʝʣʽʥʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟʘʪʨʠʤʢʠ, ʷʢʫ ʟʘʟʥʘʶʪʴ ʪʨʘʥʩʧʦʨʪʥʽ 

ʟʘʩʦʙʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘʜʫ. 

6. ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʢʦʣʠ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟʝʣʝʥʝ ʩʚʽʪʣʦ, ʪʦʙʪʦ ʩʝʨʝʜʥʽʡ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʧʝʨʝʪʠʥʫ 

ʩʠʛʥʘʣʫ ʢʦʞʥʠʤ ʢʣʘʩʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ [4]. 

7. ʄʽʥʽʤʘʣʴʥʠʡ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʣʽʤʽʪ ʪʨʠʚʘʣʦʩʪʽ ʟʝʣʝʥʦʛʦ ʩʚʽʪʣʘ ï ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʪʦʨ. 

ʂʦʣʠ ʘʣʛʦʨʠʪʤ ʟʘʧʫʩʢʘʻʪʴʩʷ ʚʧʝʨʰʝ, ʯʘʩ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʣʷ ʧʝʨʰʦʛʦ ʩʠʛʥʘʣʫ ʧʝʨʰʦʛʦ ʮʠʢʣʫ, ʘ ʯʘʩ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ 

ʩʠʛʥʘʣʽʚ ʧʝʨʰʦʛʦ ʮʠʢʣʫ ʪʘ ʚʩʽʭ ʩʠʛʥʘʣʽʚ ʥʘʩʪʫʧʥʠʭ ʮʠʢʣʽʚ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ 

ʘʣʛʦʨʠʪʤʦʤ. ɿʘʧʫʩʢʘʻʪʴʩʷ ʦʢʨʝʤʠʡ ʧʦʪʽʢ, ʷʢʠʡ ʦʙʨʦʙʣʷʻ ʚʠʷʚʣʝʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʧʨʷʤʢʫ, ʘ ʦʩʥʦʚʥʠʡ ʧʦʪʽʢ ʦʙʨʦʙʣʷʻ ʪʘʡʤʝʨ 

ʧʦʪʦʯʥʦʛʦ ʩʠʛʥʘʣʫ. ʂʦʣʠ ʪʘʡʤʝʨ ʟʝʣʝʥʦʛʦ ʩʚʽʪʣʘ ʧʦʪʦʯʥʦʛʦ ʩʠʛʥʘʣʫ (ʘʙʦ ʪʘʡʤʝʨ 

ʯʝʨʚʦʥʦʛʦ ʩʚʽʪʣʘ ʥʘʩʪʫʧʥʦʛʦ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ) ʜʦʩʷʛʘʻ 0 ʩʝʢʫʥʜ, ʧʦʪʦʢʠ 

ʚʠʷʚʣʝʥʥʷ ʨʦʙʣʷʪʴ ʟʥʽʤʦʢ ʥʘʩʪʫʧʥʦʛʦ ʥʘʧʨʷʤʢʫ. ʇʦʪʽʤ ʨʝʟʫʣʴʪʘʪ ʘʥʘʣʽʟʫʻʪʴʩʷ 

ʪʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʪʘʡʤʝʨ ʥʘʩʪʫʧʥʦʛʦ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ. ɺʩʝ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ 

ʬʦʥʦʚʦʤʫ ʨʝʞʠʤʽ, ʧʦʢʠ ʦʩʥʦʚʥʠʡ ʧʦʪʽʢ ʚʽʜʨʘʭʦʚʫʻ ʪʘʡʤʝʨ ʧʦʪʦʯʥʦʛʦ ʟʝʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ. ʎʝ ʜʦʟʚʦʣʷʻ ʧʨʠʟʥʘʯʘʪʠ ʪʘʡʤʝʨ ʙʝʟ ʧʨʦʙʣʝʤ ʽ, ʦʪʞʝ, ʟʘʧʦʙʽʛʘʻ ʙʫʜʴ-

ʷʢʽʡ ʟʘʪʨʠʤʮʽ. ʂʦʣʠ ʟʝʣʝʥʠʡ ʪʘʡʤʝʨ ʧʦʪʦʯʥʦʛʦ ʩʠʛʥʘʣʫ ʩʪʘʻ ʥʫʣʴʦʚʠʤ, 

ʥʘʩʪʫʧʥʠʡ ʩʠʛʥʘʣ ʩʪʘʻ ʟʝʣʝʥʠʡ ʧʨʦʪʷʛʦʤ ʯʘʩʫ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʘʣʛʦʨʠʪʤʦʤ. 

ɿʦʙʨʘʞʝʥʥʷ ʙʫʜʝ ʟʥʷʪʦ, ʢʦʣʠ ʩʠʛʥʘʣ, ʷʢʠʡ ʤʘʻ ʩʪʘʪʠ ʟʝʣʝʥʠʤ, ʩʪʘʥʦʚʠʪʴ 0 

ʩʝʢʫʥʜ. ʎʝ ʜʘʻ ʩʠʩʪʝʤʽ ʟʘʛʘʣʦʤ 5 ʩʝʢʫʥʜ (ʱʦ ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ ʪʘʡʤʝʨʘ 

ʞʦʚʪʦʛʦ ʩʠʛʥʘʣʫ) ʜʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ, ʧʨʠʩʫʪʥʽʭ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʦʙʯʠʩʣʝʥʥʷ ʯʘʩʫ ʟʝʣʝʥʦʛʦ 

ʩʠʛʥʘʣʫ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʫ ʮʴʦʛʦ ʩʠʛʥʘʣ, ʘ ʪʘʢʦʞ ʯʘʩ ʯʝʨʚʦʥʦʛʦ 

ʩʠʛʥʘʣʫ ʥʘʩʪʫʧʥʦʛʦ ʩʠʛʥʘʣʫ. ʑʦʙ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʯʘʩ ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ 

ʦʩʥʦʚʽ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʥʘ ʩʠʛʥʘʣʽ, ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʩʝʨʝʜʥʽ ʰʚʠʜʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜ ʯʘʩ ʟʘʧʫʩʢʫ ʪʘ ʯʘʩ ʾʭ 

ʧʨʠʩʢʦʨʝʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʦʮʽʥʶʻʪʴʩʷ ʩʝʨʝʜʥʽʡ ʯʘʩ, ʷʢʠʡ ʧʦʪʨʽʙʝʥ ʢʦʞʥʦʤʫ 

ʢʣʘʩʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʜʣʷ ʧʝʨʝʪʠʥʫ ʧʝʨʝʭʨʝʩʪʷ ʟʥʘʡʜʝʥʦ. ʇʦʪʽʤ ʯʘʩ 

ʟʝʣʝʥʦʛʦ ʩʠʛʥʘʣʫ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [4]: 
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ʜʝ GST ï ʟʝʣʝʥʠʡ ʩʠʛʥʘʣʴʥʠʡ ʯʘʩ; ʚʽʜʩʫʪʥʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ï ʮʝ 

ʢʽʣʴʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʘ ʩʠʛʥʘʣ, 

ʚʠʟʥʘʯʝʥʠʡ ʤʦʜʫʣʝʤ ʚʠʷʚʣʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ; ʩʝʨʝʜʥʽʡ ʯʘʩ, ʧʦʪʨʽʙʥʠʡ 

ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʘʤ ʮʴʦʛʦ ʢʣʘʩʫ ʜʣʷ ʧʝʨʝʪʠʥʫ ʧʝʨʝʪʠʥ, ʽ Lanes ï ʢʽʣʴʢʽʩʪʴ 

ʩʤʫʛ ʥʘ ʧʝʨʝʭʨʝʩʪʽ. 

ʉʝʨʝʜʥʽʡ ʯʘʩ, ʧʦʪʨʽʙʥʠʡ ʢʦʞʥʦʤʫ ʢʣʘʩʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʜʣʷ 

ʧʝʨʝʪʠʥʫ ʧʝʨʝʭʨʝʩʪʷ, ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ, 

ʪʦʙʪʦ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʛʽʦʥʫ, ʤʽʩʪʘ, ʤʽʩʮʝʚʦʩʪʽ ʘʙʦ ʥʘʚʽʪʴ ʧʝʨʝʭʨʝʩʪʷ ʥʘ ʦʩʥʦʚʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʝʭʨʝʩʪʷ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʨʫʭ ʪʨʘʥʩʧʦʨʪʫ. ʝʬʝʢʪʠʚʥʽʰʝ 

ʫʧʨʘʚʣʽʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʚʽʜʧʦʚʽʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʦʨʛʘʥʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʤʝʪʦʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʦʩʥʦʚʽ YOLO-ʤʝʨʝʞʽ. 

ɺʠʩʥʦʚʢʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʦʜʠʢʫ ʢʝʨʫʚʘʥʥʷ 

ʜʦʨʦʞʥʽʤ ʨʫʭʦʤ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʉʧʦʯʘʪʢʫ ʢʘʤʝʨʘ ʥʘʜʩʠʣʘʻ 

ʟʦʙʨʘʞʝʥʥʷ ʯʝʨʝʟ ʨʝʛʫʣʷʨʥʽ ʢʦʨʦʪʢʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ. ɼʘʣʽ ʤʝʪʦʜʠʢʘ ʚʠʟʥʘʯʘʻ 

ʢʽʣʴʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʩʤʫʟʽ, ʘ ʦʪʞʝ ʦʙʯʠʩʣʶʻ ʾʭ ʚʽʜʥʦʩʥʫ ʱʽʣʴʥʽʩʪʴ ʚʽʜʥʦʩʥʦ 

ʽʥʰʠʭ ʩʤʫʛ. ʄʦʜʫʣʴ ʨʦʟʧʦʜʽʣʫ ʯʘʩʫ ʧʨʠʡʤʘʻ ʜʘʥʽ (ʷʢ ʱʽʣʴʥʽʩʪʴ ʪʨʘʬʽʢʫ) ʚʽʜ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʪʘ ʚʠʟʥʘʯʘʻ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʯʘʩʦʚʠʡ ʽʥʪʝʨʚʘʣ. ʇʦʪʽʤ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨ ʧʝʨʝʜʘʻ ʮʝ ʟʥʘʯʝʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʩʚʽʪʣʦʬʦʨ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʦʣʝʛʰʫʻ ʨʫʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʪʦʨʽʚ, ʤʝʥʰʠʭ ʚʠʢʠʜʽʚ CO2.  
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ʂ.ʉ. ʍʘʙʘʨʣʘʢ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ʅɸɺʏɸʅʅʗ ɸɼɸʇʊʀɺʅʆɰ ʅɽʁʈʆʅʅʆɰ ʄɽʈɽɾɯ  

ɼʃʗ ʉɽɻʄɽʅʊɸʎɯɰ ɿʆɹʈɸɾɽʅʔ 

 
ɸʥʦʪʘʮʽʷ. ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʚ ʟʘʜʘʯʘʭ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʟʦʨʫ ʪʘ, ʟʦʢʨʝʤʘ, ʚ ʟʘʜʘʯʽ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. ɺʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚʠʢʦʥʘʥʥʷ ʤʝʨʝʞʽ, ʷʢ ʥʘ 

ʧʦʪʫʞʥʠʭ, ʪʘʢ ʽ ʥʘ ʩʣʘʙʢʠʭ ʧʨʠʩʪʨʦʷʭ. ʆʜʥʘʢ, ʟʤʽʥʘ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʤʝʨʝʞʽ ʧʝʨʝʜʙʘʯʘʻ ʟʤʽʥʫ 

ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʧʝʨʝʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ, ʱʦ ʻ ʜʦʚʛʠʤ ʪʘ ʢʦʰʪʦʚʥʠʤ ʧʨʦʮʝʩʦʤ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʘʜʘʧʪʠʚʥʫ ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ, ʱʦ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʩʝʛʤʝʥʪʘʮʽʾ ʪʘ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʘʜʘʧʪʫʚʘʪʠ  ʤʝʨʝʞʫ ʜʦ 

ʧʨʠʩʪʨʦʾʚ ʽʟ ʨʽʟʥʦʶ ʦʙʯʠʩʣʶʚʘʣʴʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʜʘʧʪʠʚʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʩʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʴ, ʤʦʙʽʣʴʥʽ 

ʦʙʯʠʩʣʝʥʥʷ. 

 

ɺʩʪʫʧ. ʅʘʡʝʬʝʢʪʠʚʥʽʰʝ ʟʘʜʘʯʫ ʩʝʛʤʝʥʪʘʮʽʾ ʩʝʤʘʥʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʨʽʰʫʶʪʴ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ. ɿʘʛʘʣʦʤ, ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʪʨʝʙʫʻ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙʯʠʩʣʝʥʴ. ʆʩʦʙʣʠʚʦ ʮʝ ʧʦʤʽʪʥʦ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. 

ʊʘʢʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʦʙʤʝʞʝʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʨʝʩʫʨʩʠ ʪʘ ʟʘʟʚʠʯʘʡ ʧʨʘʮʶʶʪʴ 

ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʘ. ʋ [1] ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʢʽʣʴʢʘ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʦʙôʻʢʪʽʚ ʜʣʷ 

ʨʦʙʦʪʠ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ. ʎʽ ʘʣʛʦʨʠʪʤʠ ʚʢʣʶʯʘʶʪʴ ʷʢ ʩʪʘʪʠʩʪʠʯʥʽ, ʪʘʢ ʽ 

ʥʝʡʨʦ-ʤʝʨʝʞʝʚʽ. ʋ ʪʘʙʣʠʮʽ 1 ʩʪʘʪʪʽ [1] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʜʝ 

ʧʦʨʽʚʥʶʚʘʣʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 2 ʧʨʠʩʪʨʦʾʚ ʚʠʩʦʢʦʛʦ ʢʣʘʩʫ. ʆʜʠʥ ʽʟ ʧʨʠʩʪʨʦʾʚ ʙʫʚ 

ʚʠʧʫʱʝʥʠʡ ʫ 2013 ʨʦʮʽ, ʘ ʽʥʰʠʡ ï ʫ 2018. ʗʢ ʚʠʷʚʠʣʦʩʷ, ʩʪʘʨʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ 

ʙʫʪʠ ʚʽʜ 2,13 ʜʦ 5,64 ʨʘʟʽʚ ʧʦʚʽʣʴʥʽʰʠʤʠ ʟʘ ʥʦʚʽʰʽ. ʌʘʢʪʠʯʥʘ ʚʽʜʥʦʩʥʘ ʨʽʟʥʠʮʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʛʣʷʥʫʪʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ʎʷ ʚʝʣʠʯʝʟʥʘ ʨʽʟʥʠʮʷ ʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʻ ʧʨʦʙʣʝʤʘʪʠʯʥʦʶ, ʦʩʦʙʣʠʚʦ 

ʚʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʘʨʭʽʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʯʘʩ 

ʧʝʨʝʜʙʘʯʝʥʥʷ) ʥʝʤʦʞʣʠʚʦ ʟʤʽʥʠʪʠ ʜʠʥʘʤʽʯʥʦ ʙʝʟ ʧʦʚʪʦʨʥʦʛʦ ʥʘʚʯʘʥʥʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʆʜʥʘʢ, ʥʘ ʧʨʘʢʪʠʮʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʟʘʩʪʦʩʫʥʢʠ ʜʣʷ 

ʦʙʦʭ ʢʘʪʝʛʦʨʽʡ ʧʨʠʩʪʨʦʾʚ. ʆʪʞʝ, ʤʝʪʦʶ ʻ ʨʦʟʨʦʙʢʘ ʘʜʘʧʪʠʚʥʦʾ ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ 

ʤʝʨʝʞʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʝʛʤʝʥʪʘʮʽʾ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

¶ ʨʦʟʨʦʙʣʝʥʦ ʚʣʘʩʥʫ ʨʝʘʣʽʟʘʮʽʶ ʘʣʛʦʨʠʪʤʫ ʥʝʡʨʦ-ʤʝʨʝʞʝʚʦʾ ʩʝʛʤʝʥʪʘʮʽʾ 

ʟʦʙʨʘʞʝʥʴ U-Net; 

¶ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʠʬʽʢʘʮʽʶ ʧʽʜʭʦʜʫ ʘʜʘʧʪʠʚʥʠʭ ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (PTA), ʱʦ ʻ ʟʘʩʪʦʩʦʚʥʠʤ ʜʣʷ ʤʝʨʝʞʽ U-Net ʪʘ ʤʦʞʝ 

ʝʬʝʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʜʘʯʫ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ;  

¶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʽʜʭʦʜʫ 
ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʷʢ ʷʢʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ, ʪʘʢ ʽ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʤʘʩʢʠ ʩʝʛʤʝʥʪʘʮʽʾ. 
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ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʂʽʣʴʢʘ ʦʩʪʘʥʥʽʭ ʨʦʙʽʪ ʧʨʦʧʦʥʫʶʪʴ ʤʦʜʠʬʽʢʘʮʽʾ 

ʧʨʦʮʝʜʫʨʠ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʱʦʙ ʨʝʟʫʣʴʪʫʶʯʘ ʤʝʨʝʞʘ ʩʪʘʣʘ 

ʘʜʘʧʪʠʚʥʦʶ [2, 3]. ɿʦʢʨʝʤʘ, ʚ [2] ʚʧʝʨʰʝ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʥʘʚʯʘʥʥʷ 

ʪʘ ʧʦʙʫʜʦʚʠ ʘʜʘʧʪʠʚʥʦʾ ʧʽʩʣʷ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ (PTA), ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʨʝʘʣʽʟʫʚʘʪʠ ʜʠʥʘʤʽʯʥʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ. ɺ ʦʨʠʛʽʥʘʣʴʥʽʡ ʨʦʙʦʪʽ [2] 

ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʤʝʨʝʞʫ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ ʜʦ ʧʨʦʙʣʝʤʠ ʧʨʦʪʠ ʘʥʪʽ-ʩʧʫʬʽʥʛʫ 

ʦʙʣʠʯʯʷ. ɿʛʽʜʥʦ ʜʦ ʘʚʪʦʨʽʚ, ʧʽʜʭʽʜ PTA ʥʘʜʘʻ ʢʽʣʴʢʘ ʧʝʨʝʚʘʛ: 1) ʧʽʩʣʷ 

ʟʘʚʝʨʰʝʥʥʷ ʥʘʚʯʘʥʥʷ ʤʝʨʝʞʽ ʤʦʞʥʘ ʤʠʪʪʻʚʦ ʥʘʣʘʰʪʫʚʘʪʠ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʅʘ ʦʩʥʦʚʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʩʪʘʥʦʚʠʪʴ ʚʽʜ 80% ʜʦ 

107% ʯʘʩʫ ʨʦʙʦʪʠ ʥʝʜʠʥʘʤʽʯʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ; 2) ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʥʘʚʯʘʥʥʷ 

ʟʤʝʥʰʠʚʩʷ ʥʘ 14%; 3) ʪʦʯʥʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʨʦʩʣʘ ʟ 96,74% ʜʣʷ ʧʽʜʭʦʜʫ ʙʝʟ 

PTA ʜʦ 97,85% ʜʣʷ ʧʽʜʭʦʜʫ PTA. 

ʇʨʦʪʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʥʝ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ ʜʦ ʟʘʚʜʘʥʥʷ ʩʝʤʘʥʪʠʯʥʦʾ 

ʩʝʛʤʝʥʪʘʮʽʾ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʧʦʙʫʜʦʚʘʥʦ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ U-Net+PTA, ʷʢʘ ʟʜʘʪʥʘ 

ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʾʾ ʢʦʥʬʽʛʫʨʘʮʽʶ ʤʦʞʥʘ 

ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ʅʘʰ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽʡ ʤʦʜʝʣʽ U-Net, ʷʢʘ 

ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʟʘʜʘʯʽ ʩʝʛʤʝʥʪʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ. ʇʦʜʽʙʥʦ ʜʦ [2], ʤʠ 

ʟʘʤʽʥʶʻʤʦ 2 ʧʘʨʠ ʦʙʝʨʥʝʥʠʭ ʟʘʣʠʰʢʦʚʠʭ ʙʣʦʢʽʚ ʥʘ ʙʣʦʢʠ PTA. ʂʦʞʝʥ ʙʣʦʢ 

PTA ʤʘʻ ʣʝʛʢʽ ʪʘ ʚʘʞʢʽ ʛʽʣʢʠ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʜʣʷ 

ʦʙʯʠʩʣʝʥʥʷ. ʃʝʛʢʘ ʛʽʣʢʘ ʚ 2 ʨʘʟʠ ʰʚʠʜʰʘ ʟʘ ʚʘʞʢʫ. ʇʝʨʝʤʠʢʘʥʥʷ ʤʽʞ ʛʽʣʢʘʤʠ 

ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʚʩʽʻʾ ʤʝʨʝʞʽ. ʑʦʙ ʦʙʠʜʚʽ ʛʽʣʢʠ ʜʘʚʘʣʠ 

ʟʥʘʯʫʱʽ ʧʨʦʛʥʦʟʠ, ʟʘʩʪʦʩʦʚʘʥʦ ʩʪʨʘʪʝʛʽʶ ʥʘʚʯʘʥʥʷ ʽʟ ʚʠʧʘʜʢʦʚʦʶ ʚʠʙʽʨʢʦʶ 

ʢʦʥʬʽʛʫʨʘʮʽʡ PTA. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʭʦʜʫ PTA ʜʦ ʟʘʜʘʯʽ ʩʝʛʤʝʥʪʘʮʽʾ ʜʘʣʦ ʥʘʤ ʧʦʢʨʘʱʝʥʥʷ ʷʢ 

ʫ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʤʝʨʝʞʽ, ʪʘʢ ʽ ʚ ʯʘʩʽ ʚʠʢʦʥʘʥʥʷ. ʆʪʨʠʤʘʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʤʝʨʝʞʽ ʤʦʞʥʘ ʘʜʘʧʪʠʚʥʦ ʟʤʽʥʶʚʘʪʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʦʪʨʝʙ, ʘ 

ʩʘʤʝ ʚʽʜ 96,86% ʜʦ 102,98% ʚʽʜʥʦʩʥʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʦʨʠʛʽʥʘʣʴʥʦʾ ʤʝʨʝʞʽ U-

Net. ʈʝʟʫʣʴʪʫʶʯʘ ʷʢʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʝʨʝʞʽ ʟʨʦʩʣʘ ʟ 85,82% ʜʣʷ 

ʦʨʠʛʽʥʘʣʴʥʦʾ ʤʦʜʝʣʽ U-Net ʜʦ 86,70% ʜʣʷ ʥʦʚʦʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʦʜʝʣʽ U-

Net+PTA. ʆʙʠʜʚʘ ʧʦʢʨʘʱʝʥʥʷ ʙʫʣʠ ʜʦʩʷʛʥʫʪʽ ʙʝʟ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ 

ʥʘʚʯʘʥʥʷ. 
ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʥʦʚʽʡ ʘʜʘʧʪʠʚʥʽʡ ʧʽʩʣʷ 

ʥʘʚʯʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʝʛʤʝʥʪʘʮʽʾ 

ʟʦʙʨʘʞʝʥʴ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʨʝʞʘ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʩʝʛʤʝʥʪʘʮʽʾ, ʜʦʟʚʦʣʷʻ 

ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʤʝʨʝʞʽ ʪʘ ʘʜʘʧʪʫʚʘʪʠ ʾʾ ʜʦ ʧʨʠʩʪʨʦʾʚ ʽʟ 

ʨʽʟʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ. 

ɺʠʩʥʦʚʢʠ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʧʽʜʭʦʜ 

PTA ʜʦʟʚʦʣʷʻ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʽ ʘʨʭʽʪʝʢʪʫʨʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ʅʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ 

ʘʜʘʧʪʠʚʥʦʩʪʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʥʘʚʯʘʥʥʷ, ʤʦʞʥʘ ʜʦʜʘʪʢʦʚʦ 

ʥʘʣʘʰʪʫʚʘʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʥʝ ʚʠʪʨʘʯʘʶʯʠ ʙʽʣʴʰʝ ʯʘʩʫ ʥʘ ʥʘʚʯʘʥʥʷ. ʂʨʽʤ 

ʪʦʛʦ, ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ PTA ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʦʨʽʻʥʪʫʚʘʪʠʩʷ ʥʘ ʧʨʠʩʪʨʦʾ ʟ 

ʨʽʟʥʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʨʝʩʫʨʩʘʤʠ: ʚʽʜ ʧʦʚʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦ ʙʽʣʴʰ 
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ʧʦʪʫʞʥʠʭ, ʽ ʚʩʝ ʚ ʦʜʥʽʡ ʤʦʜʝʣʽ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʟʘʩʪʦʩʦʚʘʥʦ ʧʽʜʭʽʜ PTA ʜʦ 

ʟʘʚʜʘʥʥʷ ʩʝʤʘʥʪʠʯʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ. ʅʘʰ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʨʭʽʪʝʢʪʫʨʽ U-Net, 

ʷʢʫ ʤʦʜʠʬʽʢʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʽʚ ʪʘ ʩʪʨʘʪʝʛʽʾ ʥʘʚʯʘʥʥʷ PTA. ʅʘʰʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʦʢʨʽʤ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʘʨʭʽʪʝʢʪʫʨʠ, ʥʦʚʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʨʝʞʘ ʪʘʢʦʞ ʢʨʘʱʘ ʟʘ ʷʢʽʩʪʶ, ʥʽʞ 

ʦʨʠʛʽʥʘʣʴʥʘ U-Net. 
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ɺ.ʄ. ʂʫʚʘʻʚ1, ʆ.ʆ. ɹʦʡʢʦ1, ɭ.ʂ. ɺʦʩʢʦʙʦʡʥʠʢ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɺɯɼʊɺʆʈɽʅʅʗ ʉʀʅʊɽɿʆɺɸʅʆɰ ʄʆɼɽʃɯ ʉʀʉʊɽʄʀ ʂɽʈʋɺɸʅʅʗ  

ʅɸ ɹɸɿɯ ʇʈʆʄʀʉʃʆɺʆɻʆ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ 

 
ɸʥʦʪʘʮʽʷ. ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʝ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Structured Text ʚʠʭʦʜʷʯʠ ʟ ʾʭ 

ʤʦʜʝʣʝʡ ʪʘ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʤʠʩʣʦʚʽ ʩʠʩʪʝʤʠ, ʤʦʜʝʣʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Structured Text. 

 

ɺʩʪʫʧ. ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ 

ʢʝʨʫʚʘʥʥʷ ʫ ʩʚʽʪʽ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ. ʆʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʜʘʥʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʧʽʜʚʠʱʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʨʦʧʦʥʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨ, ʪʠʧʽʚ ʨʝʛʫʣʷʪʦʨʽʚ ʪʘ ʚʘʨʽʘʥʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʾʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʥʝʯʽʪʢʦʾ ʣʦʛʽʢʠ ʪʘ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ʆʜʥʘʢ ʙʽʣʴʰʽʩʪʴ ʮʠʭ ʨʦʟʨʦʙʦʢ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʨʷʤʦʛʦ ʧʝʨʝʥʦʩʫ 

ʦʪʨʠʤʘʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ ʤʦʜʝʣʝʡ ʜʦ ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʤʝʥʰʫʻ ʾʭ 

ʟʥʘʯʫʱʽʩʪʴ. 

ʆʢʨʽʤ ʪʦʛʦ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤ ʟʜʝʙʽʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʩʪʘʥʜʘʨʪʫ ʄɽʂ 61131-3. ɰʭ ʘʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʧʝʨʝʥʦʩʫ ʦʪʨʠʤʘʥʠʭ ʤʦʜʝʣʝʡ 

ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʠʪʴ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Structured Text, ʷʢʘ ʻ ʩʭʦʞʦʶ ʟʘ 

ʤʦʞʣʠʚʦʩʪʷʤʠ ʟ ʤʦʚʦʶ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Pascal. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠ ʧʨʷʤʦʤʫ 

ʧʝʨʝʥʦʩʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʟ ʤʦʚ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ, ʱʦ 
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ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʙôʻʢʪʥʘ ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʤʠʩʣʦʚʠʭ ʩʠʩʪʝʤ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʨʫʢʪʫʨʥʦ ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʚʠʥʠʢʘʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʜʦʜʘʪʢʦʚʠʭ ʟʘʚʜʘʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ 

ʟʘʚʜʘʥʴ ʜʦʟʚʦʣʠʪʴ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʧʝʨʝʥʦʩʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʦʜʝʣʝʡ, ʟʤʝʥʰʠʪʠ 

ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʪʘ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʡʦʛʦ 

ʚʽʜʣʘʜʢʠ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʋ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ 

çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʚ ʷʢʦʩʪʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʪʝʟʫ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʠʡ ʧʘʢʝʪ 

MATLAB, ʘ ʚ ʷʢʦʩʪʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ SCADA ʩʠʩʪʝʤʘ 

zenon Supervisor. ʂʦʞʥʠʡ ʟ ʮʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʡʤʘʻ ʙʽʣʴʰʝ 30 % ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʫ 

ʩʚʦʾʡ ʛʘʣʫʟʽ ʪʘʢʠʤ ʯʠʥʦʤ ʾʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʚ ʷʢʦʩʪʽ ʪʠʧʦʚʠʭ ʧʨʠʢʣʘʜʽʚ. 

ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ SCADA ʩʠʩʪʝʤʠ zenon ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʾʾ ʩʢʣʘʜʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ zenon Logic, ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʷʢʦʛʦ 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʫ ʄɽʂ 61131-3, ʘ ʩʘʤ ʢʦʥʪʨʦʣʝʨ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ 

ʧʨʠ ʩʠʤʫʣʷʮʽʾ ʨʦʙʦʪʠ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

ɿʜʝʙʽʣʴʰʦʛʦ ʩʠʥʪʝʟ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʧʘʢʝʪʫ MATLAB ʧʨʦʭʦʜʠʪʴ ʫ ʛʨʘʬʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ Simulink. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʝʟʧʝʨʝʨʚʥʽ ʤʦʜʝʣʽ 

ʪʠʧʦʚʠʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʣʘʥʦʢ, ʘʨʠʬʤʝʪʠʯʥʽ ʪʘ ʘʣʛʝʙʨʘʾʯʥʽ ʦʧʝʨʘʮʽʾ, ʥʝʣʽʥʽʡʥʽ 

ʝʣʝʤʝʥʪʠ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʮʴʢʽ ʤʦʜʝʣʽ ʥʘ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ MATLAB. ʊʘʢʠʤ ʯʠʥʦʤ ʩʠʥʪʝʟʦʚʘʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʥʝʩʪʠ ʜʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʝʨʘ zenon Logic ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝ ʟʘʟʥʘʯʝʥʝ ʥʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʩʠʥʪʝʟʦʚʘʥʫ 

ʤʦʜʝʣʴ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʷʢ ʥʘʙʽʨ ʟ ʪʨʴʦʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʤʦʜʝʣʽ 

ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ, ʤʦʜʝʣʽ ʨʝʛʫʣʷʪʦʨʘ ʪʘ ʤʦʜʝʣʽ ʟʙʫʨʝʥʥʷ. 

ʄʦʜʝʣʴ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ: 

ʙʝʟʧʝʨʝʨʚʥʠʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʷʢʽ ʟʘʤʽʥʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤʠ 

ʮʠʬʨʦʚʠʤʠ ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʘ ʾʭ ʧʘʨʘʤʝʪʨʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ z-

ʧʝʨʝʪʚʦʨʝʥʥʷʤ, ʟʘʪʨʠʤʦʢ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʷʢ ʯʝʨʛʠ FIFO, ʥʝʣʽʥʽʡʥʦʩʪʝʡ, ʷʢʽ 

ʟʘʜʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʤʦʚʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʪʘ ʘʨʠʬʤʝʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʢʩʪʫ ʧʨʦʛʨʘʤʠ ʤʦʜʝʣʽ ʦʙôʻʢʪʘ ʢʝʨʫʚʘʥʥʷ ʫ 

ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʧʘʢʝʪʽ MATLAB ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʟʘʤʽʥʫ ʚʩʽʭ ʙʝʟʧʝʨʝʨʚʥʠʭ 

ʬʫʥʢʮʽʡ ʥʘ ʮʠʬʨʦʚʽ ʪʘ ʟʛʝʥʝʨʫʚʘʪʠ ʢʦʜ ʥʘ ʤʦʚʽ Structured Text. ʅʘʞʘʣʴ ʽʩʥʫʶʪʴ 

ʚʠʧʘʜʢʠ ʢʦʣʠ ʛʝʥʝʨʘʪʦʨ ʥʝ ʤʦʞʝ ʚʠʢʦʥʘʪʠ ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ, ʪʦʜʽ ʪʝʢʩʪ 

ʧʨʦʛʨʘʤʠ ʬʦʨʤʫʻʪʴʩʷ ʜʣʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʜʝʣʽ, ʧʽʩʣʷ ʯʦʛʦ ʥʘ 

ʡʦʛʦ ʧʽʜʩʪʘʚʽ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʟʘʛʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʝʣʽ. 

ɺʨʘʭʦʚʫʶʯʠ ʮʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʜʘʚʘʪʠ ʜʣʷ ʚʩʽʭ ʙʣʦʢʽʚ ʤʦʜʝʣʽ ʪʘ ʾʭ ʚʭʦʜʽʚ ʽ 

ʚʠʭʦʜʽʚ ʟʨʦʟʫʤʽʣʽ ʥʘʟʚʠ. ʉʪʚʦʨʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʝʣʽ ʫ zenon 

Logic Workbench ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʦʛʦ ʪʝʢʩʪʫ ʧʨʦʛʨʘʤʠ ʫ ʚʠʛʣʷʜʽ 

User Defined Function Block ʷʢʠʡ ʨʝʘʣʽʟʫʻ ʦʙôʻʢʪʥʘ ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ. 
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ʗʢʱʦ ʤʦʜʝʣʴ ʨʝʛʫʣʷʪʦʨʘ ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ MATLAB ʫ 

ʥʝʾ ʚʠʜʽʣʷʶʪʴʩʷ ʚʭʽʜʥʽ, ʚʠʭʽʜʥʽ ʪʘ ʚʥʫʪʨʽʰʥʽ ʟʤʽʥʥʽ. ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʦʛʦ 

ʦʧʠʩʫ ʩʪʚʦʨʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ User Defined Function Block ʫ ʷʢʦʤʫ ʩʘʤʦʩʪʽʡʥʦ 

ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʨʝʛʫʣʷʪʦʨʘ ʟʘ ʥʘʷʚʥʠʤ ʢʦʜʦʤ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ 

ʪʠʤ, ʱʦ ʤʦʚʘ Structured Text ʻ ʞʦʨʩʪʢʦ ʪʠʧʽʟʦʚʘʥʦʶ, ʘ ʢʨʽʤ ʪʦʛʦ ʧʨʠʩʫʪʥʷ ʥʝ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʾʾ ʘʣʛʦʨʠʪʤʽʯʥʠʤʠ ʬʫʥʢʮʽʷʤʠ ʪʘ ʬʫʥʢʮʽʷʤʠ ʤʦʚʠ MATLAB . 

ʈʝʘʣʽʟʘʮʽʷ ʤʦʜʝʣʽ ʟʙʫʨʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʡʦʛʦ ʟʘʚʜʘʥʥʷ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʝʥʝʨʘʪʦʨʘ ʧʩʝʚʜʦʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʴ ʙʘʞʘʥʦ ʟʘʧʠʩʘʪʠ ʾʭ ʜʦ 

ʬʘʡʣʫ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʚʽʨʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʙʣʦʢʽʚ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʛʘʣʴʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʪʝʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘ ʤʦʚʽ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Function Block Diagram, ʷʢʘ ʥʘʦʯʥʦ ʚʽʜʦʙʨʘʞʘʻ ʩʪʨʫʢʪʫʨʫ 

ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ. 

ɼʣʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʪʝʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ 

ʢʝʨʫʚʘʥʥʷ ʩʪʚʦʨʶʻʪʴʩʷ ʣʶʜʠʥʦ ʤʘʰʠʥʥʠʡ ʽʥʪʝʨʬʝʡʩ ʷʢʠʡ ʟʘʧʠʩʫʻ ʨʝʟʫʣʴʪʘʪʠ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʫ ʪʝʢʩʪʦʚʠʡ ʬʘʡʣ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʧʘʢʝʪʽ MATLAB  

ʥʘ ʧʽʜʩʪʘʚʽ ʯʦʛʦ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʚ ʷʢʦʩʪʽ ʝʣʝʤʝʥʪʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʧʽʜʭʦʜʫ ʟʘʙʝʟʧʝʯʫʻ ʚʽʜʪʚʦʨʝʥʥʷ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʥʪʝʟʦʚʘʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘ ʙʘʟʽ 

ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʧʝʨʝʚʽʨʷʪʠ ʧʨʘʚʠʣʴʥʽʩʪʴ 

ʡʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʭʽʜʥʦʾ ʤʦʜʝʣʽ. 
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ɺ.ɯ. ʂʦʨʥʽʻʥʢʦ1, ɹ.ʆ. ʉʪʘʪʠʚʘ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼʋ ɿɸʍʀʉʊʋ ʍʄɸʈʅʀʍ ɼɸʅʀʍ ɯɿ 

ʂʆʅʊʈʆʃɽʄ ʃɯʅɯʁ ɿɺôʗɿʂʋ ɯʅʌʆʈʄɸʎɯʁʅʆ-ʂʆʄʋʅɯʂɸʎɯʁʅʀʍ 

ʉʀʉʊɽʄ 
 

ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʟʘ ʨʘʭʫʥʦʢ 

ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʝʪʘʜʘʥʠʭ ʫ ʘʥʪʠʚʽʨʫʩʥʽ ʭʤʘʨʥʽ ʩʠʩʪʝʤʠ. ʆʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ 

ʨʽʰʝʥʥʷʤʠ ʤʝʪʦʜʫ ʻ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʙʝʟʣʽʯʽ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʤʝʪʘʜʘʥʠʭ, ʢʦʥʪʨʦʣʶ 

ʣʽʥʽʡ ʟʚ'ʷʟʢʫ ʪʘ ʥʝʡʨʦʤʝʨʝʞʝʚʦʾ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ 

ʘʣʛʦʨʠʪʤʫ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʦʚʦʾ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʤʝʪʘʜʘʥʠʭ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʘ ʩʠʩʪʝʤʘ (ɯʂʉ), ʟʘʭʠʩʪ ʽʥʬʦʨʤʘʮʽʾ, ʣʽʥʽʾ 

ʟʚôʷʟʢʫ, ʘʥʪʠʚʽʨʫʩ, ʭʤʘʨʥʽ ʜʘʥʥʽ 

 

ɺʩʪʫʧ. ʉʪʨʽʤʢʠʡ ʨʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʨʝʞ 

(ɯʂʉ) ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʢʣʠʢʘʻ ʨʷʜ ʧʨʦʙʣʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ 

ʙʝʟʧʝʢʦʶ ʤʝʨʝʞʝʚʠʭ ʨʝʩʫʨʩʽʚ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʻ ʨʦʟʨʦʙʢʘ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʠʩʪʝʤ, ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʽ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ 

ʢʽʙʝʨʟʣʦʯʠʥʽʚ, ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʽ ʣʦʢʘʣʽʟʘʮʽʷ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʚʽʨʫʩʽʚ ʻ ʚʢʨʘʡ 

ʚʘʞʣʠʚʠʤ ʽ ʨʘʟʦʤ ʟ ʪʠʤ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʊʦʤʫ ʤʝʪʘ ʨʦʙʦʪʠ: ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʘʥʪʠʚʽʨʫʩʥʦʛʦ 

ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʚ ɯʂʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɸʥʘʣʽʟ ʧʨʦʮʝʩʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ɯʂʉ, ʘ ʪʘʢʦʞ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ, ʧʝʨʝʜʘʯʽ ʪʘ ʦʙʨʦʙʢʠ ʤʝʪʘʜʘʥʠʭ ʫ ʭʤʘʨʥʠʭ 

ʘʥʪʠʚʽʨʫʩʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʘʚʪʦʨʽʚ ʧʨʘʮʴ [1-4], ʜʦʟʚʦʣʠʣʠ 

ʚʠʟʥʘʯʠʪʠ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʯʘʩʫ ʧʝʨʝʜʘʯʽ ʭʝʰʬʘʡʣʫ 

ʤʝʪʘʜʘʥʠʭ ʫ ʭʤʘʨʥʽ ʘʥʪʠʚʽʨʫʩʥʽ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʦʙʨʦʙʢʠ ʪʘ ʜʦʩʪʘʚʢʠ ʢʦʤʘʥʜ 

ʧʝʨʝʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ, ʩʬʦʨʤʫʚʘʪʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʟʥʘʥʥʷ ʧʨʦ 

ʟʤʽʥʠ ʪʘ ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʽʥʢʠ ʦʩʥʦʚʥʠʭ ʽʤʦʚʽʨʥʦ-ʯʘʩʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚ ɯʂʉ. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ ʧʦʪʨʽʙʥʦ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ 

ʦʩʥʦʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʪʘʢʽ ʘʣʛʦʨʠʪʤʠ: 

1. ɸʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʤʽʞ ʚʫʟʣʘʤʠ ʚ ɯʂʉ. 

2. ɸʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʦʚʦʾ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. 
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3. ɸʣʛʦʨʠʪʤ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʙʘʟʦʚʽʡ ʙʝʟʣʽʯʽ ʰʣʷʭʽʚ ʧʝʨʝʜʘʯʽ 
ʤʝʪʘʜʘʥʠʭ ʫ ʧʨʦʛʨʘʤʥʠʡ ʩʝʨʚʝʨ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ɼʣʷ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ 

ʤʽʞ ʚʫʟʣʘʤʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʦʢʘʟʘʣʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʫ 

ʧʣʦʱʠʥʽ ʚʠʨʽʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʟʘʚʜʘʥʥʷ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʝʪʘʜʘʥʠʭ ʫ ʭʤʘʨʥʽ 

ʘʥʪʠʚʽʨʫʩʥʽ ʩʠʩʪʝʤʠ. ʊʦʤʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʙʦʨʫ ʙʘʟʦʚʦʛʦ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ 

ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ.  

ɿ ʘʥʘʣʽʟʫ ʚʽʜʦʤʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʙʫʚ ʦʙʨʘʥʠʡ 

ʦʜʠʥ ʟ ʥʘʡʦʧʝʨʘʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʚ ʟʘʜʘʥʠʤ ʚʠʤʦʛʘʤ (O(n2^n)) 

ï ʘʣʛʦʨʠʪʤ DôEsopo-Pape. ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʷʜʘ ʘʚʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʧʽʜʢʨʽʧʣʝʥʽ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ 

ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ [4].  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʘʥʘʣʽʟʘ ʘʣʛʦʨʠʪʤʽʚ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ. 

ʆʪʞʝ, ʪʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʜʦʢʽʣʴʥʽʩʪʴ ʚʠʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ 

ʘʣʛʦʨʠʪʤʫ (D'Esopo-Pape), ʷʢ ʙʘʟʦʚʠʡ ʧʨʠ ʧʦʢʫʰʫ ʥʘʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʤʽʞ 

ʚʫʟʣʘʤʠ ʚ ɯʂʉ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʻ ʘʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʦʚʦʾ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ 

ʧʝʨʝʜʘʯʽ ʤʝʪʘʜʘʥʠʭ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ, ʚʠʢʣʶʯʘʶʯʠ 

çʧʝʪʣʽè. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʜʘʥʦʾ ʟʘʜʘʯʽ ʧʦʰʫʢʫ ʥʘʡʢʦʨʦʪʰʠʭ ʰʣʷʭʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʫʩʪʨʽʪʠʩʷ ʟ 

ʧʨʦʙʣʝʤʦʶ çʟʘʮʠʢʣʶʚʘʥʥʷè ʜʘʥʠʭ ʫ ʟʥʘʡʜʝʥʠʭ ʰʣʷʭʘʭ, ʱʦ ʥʘʟʠʚʘʻʪʴʩʷ 

çʧʝʪʣʷʤʠè, ʽ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ, ʘ ʽʥʦʜʽ ʡ ʚʪʨʘʪʠ, ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʢʝʪʽʚ. ʇʦʟʙʫʪʠʩʷ çʧʝʪʝʣʴè ʤʦʞʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʚʘʥʥʷ 

ʯʘʩʦʚʠʭ ʦʙʤʝʞʝʥʴ. 

ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʦʚʦʾ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ ʧʝʨʝʜʘʯʽ ʤʝʪʘʜʘʥʠʭ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʧʦʩʪʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʢʘʥʘʣʽʚ ʟʚ'ʷʟʢʫ ʪʘ 

ʘʜʘʧʪʠʚʥʦ ʟʤʽʥʶʚʘʪʠ ʪʘʙʣʠʮʽ ʙʘʟʦʚʦʾ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ ʫ ʨʘʟʽ ʘʥʦʤʘʣʴʥʠʭ 

ʟʤʽʥ ʫ ʧʦʢʘʟʥʠʢʘʭ ʪʝʩʪʦʚʠʭ ʩʠʛʥʘʣʽʚ. ʆʪʞʝ, ʩʘʤʝ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ 

ʧʨʠʟʥʘʯʝʥʠʡ ʘʣʛʦʨʠʪʤ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʘ ʙʘʟʦʚʽʡ ʤʥʦʞʠʥʽ ʰʣʷʭʽʚ 

ʧʝʨʝʜʘʯʽ ʤʝʪʘʜʘʥʠʭ ʫ ʧʨʦʛʨʘʤʥʠʡ ʩʝʨʚʝʨ 

ɿ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʧʝʨʝʜʥʽʭ ʧʽʜʨʦʟʜʽʣʽʚ ʟôʷʩʦʚʘʥʦ, ʱʦ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʟʥʘʭʦʜʞʝʥʥʽ ʪʘʢʦʾ ʤʥʦʞʠʥʠ ʤʘʨʰʨʫʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʾ ʚ 

ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ, ʜʦʟʚʦʣʠʣʠ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠʤʘʣʴʥʫ 

ʤʦʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʙʝʟʧʝʢʫ, ʘ ʩʘʤʝ ʫ ʤʦʥʽʪʦʨʠʥʛʫ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ʪʘ ʚʠʙʦʨʽ 

ʟ ʚʩʽʻʾ ʟʥʘʡʜʝʥʦʾ ʤʥʦʞʠʥʠ ʰʣʷʭʽʚ ʦʧʪʠʤʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʤʘʨʰʨʫʪʽʚ. 

ʆʩʥʦʚʥʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʥʘʜʘʥʠʭ ʧʦʩʣʫʛ ʚ ɯʂʉ ʟʘʜʘʶʪʴʩʷ ʚ 

ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ, ʩʠʩʪʝʤʦʶ ʦʙʤʝʞʝʥʴ ʥʘ ʜʦʧʫʩʪʠʤʫ ʡʤʦʚʽʨʥʽʩʪʴ 

ʩʧʦʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʢʝʪʽʚ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʜʘʯʽ ʪʘ ʜʦʧʫʩʪʠʤʫ 

ʡʤʦʚʽʨʥʫʩʪʴ ʧʨʠʡʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʢʝʪʫ ʟʘ ʚʠʟʥʘʯʝʥʠʡ ʯʘʩ. 

ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʴʶ ʨʦʟʛʣʷʥʫʪʦʛʦ ʘʣʛʦʨʠʪʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʦʙʣʽʢ ʢʘʥʘʣʽʚ ʟʚôʷʟʢʫ ɯʂʉ ʥʘ ʤʘʨʰʨʫʪʘʭ ʚʫʟʣʽʚ ʧʨʦʛʨʘʤʥʦʛʦ 

ʩʝʨʚʝʨʘ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʷʚʣʷʪʠ ʤʦʞʣʠʚʦʩʪʽ ʢʽʙʝʨʘʪʘʢ ʪʘ 

ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ ʜʦʩʪʫʧʘ ʜʦ ɯʂʉ. 
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ɼʣʷ ʪʦʛʦ ʱʦʙ ʤʘʨʰʨʫʪʠʟʘʪʦʨ ʤʽʛ ʬʫʥʢʮʽʦʥʫʚʘʪʠ, ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʟ'ʻʜʥʘʥʴ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʜʘʥʦʛʦ ʚʫʟʣʘ. ʂʦʞʥʦʤʫ ʟ'ʻʜʥʘʥʥʶ 

ʥʘʜʘʻʪʴʩʷ ʧʝʚʥʠʡ ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ, ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʝʚʥʫ 

ʩʢʣʘʜʦʚʫ ʬʽʟʠʯʥʦʾ ʩʧʦʣʫʢʠ. 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʦʜʥʠʤ ʽʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʚʠʙʦʨʽ ʧʦʜʘʣʴʰʦʛʦ ʰʣʷʭʫ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʾ, ʻ ʪʠʧ 

ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ, ʡʦʛʦ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʜʘʯʽ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʙʝʟʧʝʢʘ. 

ɺʠʪʽʢ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ ʧʨʠʻʜʥʘʥʥʷ ʜʦ 

ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ ʪʘ ʟʯʠʪʫʚʘʥʥʷ ʾʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. ɺʥʘʩʣʽʜʦʢ 

ʮʴʦʛʦ ʤʘʻ ʙʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʧʨʦʙ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʢʘʥʘʣʫ. 

ʑʦʙ ʩʠʩʪʝʤʘ ʩʠʩʪʝʤʠ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʝʢʩʧʝʨʪʽʚ ʙʝʟʧʝʯʥʦʾ 

ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʥʦʨʤʘʣʴʥʦ ʬʫʥʢʮʽʦʥʫʚʘʣʘ ʥʝʦʙʭʽʜʥʦ ʧʽʜʛʦʪʫʚʘʪʠ ʪʘ 

ʩʠʩʪʝʤʘʪʠʟʫʚʘʪʠ ʜʘʥʽ, ʟʘ ʷʢʠʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘʚʯʘʥʥʷ ʡʦʛʦ ʦʢʨʝʤʠʭ 

ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʯʘʩʪʠʥʘ ʮʽʻʾ 

ʩʠʩʪʝʤʠ ʬʦʨʤʫʚʘʥʥʷʥʘʚʯʘʣʴʥʦʾ ʪʘ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ ʬʦʨʤʫʻ ʜʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʚʧʦʨʷʜʢʦʚʫʻ ʪʘ ʦʨʛʘʥʽʟʫʻ ʾʾ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʾʭ 

ʧʦʯʘʪʢʦʚʽ ʩʪʘʥʠ, ʚʠʨʘʞʝʥʽ ʧʦʧʝʨʝʜʥʴʦʶ ʫʩʪʘʥʦʚʢʦʶ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʗʢ ʙʫʣʦʟʘʟʥʘʯʝʥʦ ʨʘʥʽʰʝ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠʽʤʫʥʥʠʡ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʽʟʘʮʽʾ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ 

ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʽʚ ʽʤʫʥʽʪʝʪʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. 

ʆʪʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʽ, ʜʣʷ ʢʦʞʥʦʛʦ ʥʝʡʨʦʤʝʨʝʞʝʚʦʛʦ ʝʢʩʧʝʨʪʘ ʩʪʚʦʨʶʻʪʴʩʷ 

ʦʢʨʝʤʠʡ ʢʦʤʧʣʝʢʩ ʧʦʧʫʣʷʮʽʡ ʘʥʪʠʪʽʣ, ʫʩʝʨʝʜʠʥʽ ʢʦʞʥʦʾ ʧʦʧʫʣʷʮʽʾ ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʦʟʚʠʪʦʢ ʘʥʪʠʪʽʣ, ʤʫʪʘʮʽʷ ʪʘ ʚʠʜʘʣʝʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʮʽʥʢʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʦʜʦʤ 

ʦʜʥʦʢʦʣʽʡʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʫ ɯʂʉ ʟʘ 

ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʰʣʷʭʦʚʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʝʪʘʜʘʥʠʭ ʫ ʭʤʘʨʥʽ ʘʥʪʠʚʽʨʫʩʥʽ 

ʩʠʩʪʝʤʠ ʩʢʦʨʦʯʫʻ ʯʘʩ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʢʝʪʽʚ ʤʝʪʘʜʘʥʠʭ ʫ 1,9-3 ʨʘʟʠ. ɸ 

ʮʝ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʢʝʪʽʚ ʜʦ 15 ʨʘʟʽʚ. 

ʅʘ ʙʘʟʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʚʝʜʝʥʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʪʫʨ ʚ ɯʂʉ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 

1) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʥʘʣʽʟʘʪʦʨʠ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʟʘʩʦʙʠ 
ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ ʢʦʤʧʨʦʤʝʪʘʮʽʾ ʤʘʨʰʨʫʪʽʚ. 

2) ʤʦʞʣʠʚʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʚ ʦʜʠʥʠʮʶ ʯʘʩʫ ʪʘʢʫ ʢʽʣʴʢʽʩʪʴ ʧʘʢʝʪʽʚ, ʷʢʘ 
ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽʧʘʢʝʪʽʚ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʦʜʥʦʤʫ ʙʣʦʢʫ ʧʘʤ'ʷʪʽ ʙʫʬʝʨʘ. 

3) ʜʦʚʞʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʘʢʝʪʫ lp= 1024 ʙʽʪ. 

4) ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ N* = 100. 

ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʰʣʷʭʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʛʽʩʪʦʛʨʘʤʽ ʯʘʩʫ ʧʝʨʝʜʘʯʽ ʭʝʰ-ʬʘʡʣʫ ʤʝʪʘʜʘʥʠʭ 

ʫ ʭʤʘʨʥʽ ʘʥʪʠʚʽʨʫʩʥʽ ʩʠʩʪʝʤʠ (ʨʠʩ. 1). 
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ʈʠʩ 1. ɻʽʩʪʦʛʨʘʤʘ ʯʘʩʫ ʧʝʨʝʜʘʯʽ ʭʝʰ-ʬʘʡʣʫ ʤʝʪʘʜʘʥʠʭ ʫ ʭʤʘʨʥʽ 

ʘʥʪʠʚʽʨʫʩʥʽ ʩʠʩʪʝʤʠ 

 

ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʧʝʨʝʚʽʨʢʘ ʥʦʨʤʘʣʴʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʮʽʻʾ ʚʠʧʘʜʢʦʚʦʾ 

ʚʝʣʠʯʠʥʠ ʟ ʢʨʠʪʝʨʽʾ ʟʛʦʜʠ ʇʽʨʩʦʥʘ, ʷʢʘ ʜʦʚʝʣʘ ʧʨʘʚʜʦʧʦʜʽʙʥʽʩʪʴ ʛʽʧʦʪʝʟʠ, ʱʦ 

ʚʝʣʠʯʠʥʘ ʯʘʩʫ ʧʝʨʝʜʘʯʽ ʭʝʰ-ʬʘʡʣʫ ʤʝʪʘʜʘʥʠʭ ʫ ʭʤʘʨʥʽ ʘʥʪʠʚʽʨʫʩʥʽ ʩʠʩʪʝʤʠ 

ʨʦʟʧʦʜʽʣʝʥʦ ʟʘ ʥʦʨʤʘʣʴʥʠʤ ʟʘʢʦʥʦʤ. 

ʊʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʜʦʚʽʨʯʫ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʟʥʘʯʝʥʥʷ ʯʘʩʫ ʧʝʨʝʜʘʯʽ 

ʭʝʰʬʘʡʣʫ ʤʝʪʘʜʘʥʠʭ ʚ ʘʥʪʠʚʽʨʫʩʥʽ ʭʤʘʨʥʽ ʩʠʩʪʝʤʠ çʥʝ ʚʽʜʭʠʣʠʣʦʩʷè 

ʚʽʜʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 1. ɼʦʚʽʨʯʘ ʡʤʦʚʽʨʥʽʩʪʴ ʜʦʨʽʚʥʶʻ 0.95. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʘʥʪʠʚʽʨʫʩʥʦʛʦ 

ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʚɯʂʉ ʚ ʫʤʦʚʘʭ ʤʦʜʝʨʥʽʟʘʮʽʾ ʤʝʨʝʞʝʚʦʛʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʨʽʚʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʨʦʟʨʦʙʢʠ ʧʦʣʷʛʘʻ ʚ ʫʜʦʩʢʦʥʘʣʝʥʽ ʤʝʪʦʜʫ ʘʥʪʠʚʽʨʫʩʥʦʛʦ 

ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʚ ɯʂʉ ʟʘ ʨʘʭʫʥʦʢ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʝʪʘʜʘʥʠʭ ʫ 

ʘʥʪʠʚʽʨʫʩʥʽ ʭʤʘʨʥʽ ʩʠʩʪʝʤʠ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʟʘʛʨʦʟʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʥ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʚ 

ɯʂʉ ʪʘ ʟʘ ʮʠʤʠ ʜʘʥʠʤʠ ʦʧʠʩʘʥʽ ʚʠʤʦʛʠ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʟʘʭʠʩʪʫ, ʦʙʨʘʥʽ ʟʘʩʦʙʠ ʪʘ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʭ ʚʠʤʦʛ. 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʫ ʘʥʪʠʚʽʨʫʩʥʦʛʦ ʟʘʭʠʩʪʫ ʜʘʥʠʭ ʚ 

ɯʂʉ ʟʘ ʨʘʭʫʥʦʢ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ ʤʝʪʘʜʘʥʠʭ ʫ ʘʥʪʠʚʽʨʫʩʥʽ ʭʤʘʨʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʡʦʛʦ ʟʘʧʨʦʚʘʜʞʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ʨʽʰʝʥʥʷʤʠ ʤʝʪʦʜʫ ʻ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʫʚʘʥʥʷ ʙʝʟʣʽʯʽ ʤʘʨʰʨʫʪʽʚ 

ʧʝʨʝʜʘʯʽ ʤʝʪʘʜʘʥʠʭ, ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʣʽʥʽʡ ʟʚ'ʷʟʢʫ ɯʂʉ ʪʘ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ 

ʥʝʡʨʦʤʝʨʝʞʝʚʠʭ ʝʢʩʧʝʨʪʽʚ ʙʝʟʧʝʯʥʦʾ ʤʘʨʰʨʫʪʠʟʘʮʽʾ. 
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ʃ.ɯ. ʄʝʱʝʨʷʢʦʚ1, ɸ.ɺ. ʂʦʞʝʚʥʠʢʦʚ1, ʉ.ʄ. ʄʘʮʶʢ1, ɸ.ɸ. ʉʪʝʰʝʥʢʦ1 
1ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɸʅɸʃɯɿ ɹɽɿʇɽʏʅʆʉʊɯ ʊɸ ʐɺʀɼʂʆʉʊɯ ʉʋʏɸʉʅʀʍ  

ɸʃɻʆʈʀʊʄɯɺ ʐʀʌʈʋɺɸʅʅʗ 

 
ɸʥʦʪʘʮʽʷ. ʈʦʟʛʣʷʥʫʪʦ ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʮʝʩʫ ʢʨʠʧʪʦʛʨʘʬʽʾ ʪʘ ʡʦʛʦ ʧʦʰʠʨʝʥʽʩʪʴ ʚ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ. ɿʨʦʙʣʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʽʩʥʫʶʯʠʭ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʢʣʶʯʽʚ ʟ ʘʥʘʣʽʟʦʤ ʱʦʜʦ 

ʙʝʟʧʝʢʠ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʰʠʬʨʫʚʘʥʥʷ, ʦʙʯʠʩʣʶʚʘʣʴʥʝ ʩʝʨʝʜʦʚʠʱʝ, brute force, NIST, JDK. 

 

ɺʩʪʫʧ. ʂʨʠʧʪʦʛʨʘʬʽʷ ʻ ʦʩʥʦʚʦʶ ʙʝʟʧʝʢʠ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. 

ɺʦʥʘ ʦʪʦʯʫʻ ʥʘʩ ʧʦʚʩʶʜʠ: ʟʙʝʨʽʛʘʥʥʷ ʦʙʣʽʢʦʚʠʭ ʜʘʥʠʭ, ʟʚôʷʟʦʢ ʝʣʝʢʪʨʦʥʥʦʶ 

ʧʦʰʪʦʶ, ʤʦʙʽʣʴʥʽ ʧʣʘʪʝʞʽ ʪʘ ʮʠʬʨʦʚʘ ʛʦʪʽʚʢʘ ï ʮʝ ʣʠʰʝ ʯʘʩʪʠʥʘ 

ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʚʠʧʘʜʢʽʚ.  

ʂʨʠʧʪʦʛʨʘʬʽʷ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʪʝʤ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʥʝ 

ʤʦʞʥʘ ʧʽʜʜʘʚʘʪʠʩʷ ʩʧʦʢʫʩʽ ʟʘʧʨʦʚʘʜʠʪʠ ʚʣʘʩʥʽ ʙʽʙʣʽʦʪʝʢʠ, ʦʩʢʽʣʴʢʠ ʥʝʤʦʞʣʠʚʦ 

ʦʙʤʝʞʝʥʠʤʠ ʩʠʣʘʤʠ ʧʝʨʝʚʽʨʠʪʠ ʥʦʚʠʡ ʘʣʛʦʨʠʪʤ ʥʘ ʚʩʽ ʤʦʞʣʠʚʽ ʟʘʛʨʦʟʠ ʪʘ 

ʧʦʩʪʽʡʥʦ ʩʣʽʜʢʫʚʘʪʠ ʟʘ ʦʥʦʚʣʝʥʥʷʤ ʨʠʟʠʢʽʚ ʙʝʟʧʝʢʠ ʜʘʥʠʭ. ɹʽʣʴʰʽʩʪʴ ʩʫʯʘʩʥʠʭ 

ʤʦʚ ʤʘʶʪʴ ʨʝʘʣʽʟʦʚʘʥʽ ʢʨʠʧʪʦ ʙʽʙʣʽʦʪʝʢʠ ʪʘ ʤʦʜʫʣʽ, ʪʦʤʫ ʜʣʷ ʧʨʠʡʥʷʪʪʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʱʦʜʦ ʢʨʘʱʦʛʦ ʩʧʦʩʦʙʫ ʟʘʭʠʩʪʫ ʽʥʬʦʨʤʘʮʽʾ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʘʪʠ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʪʘ ʧʦʨʽʚʥʷʥʥʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɿʘʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʚ ʨʦʙʦʪʽ 

ʩʬʦʨʤʦʚʘʥʽ ʽ ʚʠʨʽʰʝʥʽ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 

¶ ʚʠʢʣʘʩʪʠ ʧʨʠʥʮʠʧʠ ʚʠʙʦʨʫ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʥʘʡʙʽʣʴʰ ʙʝʟʧʝʯʥʦʛʦ 

ʰʠʬʨʫʚʘʥʥʷ;  

¶ ʚʠʟʥʘʯʠʪʠ ʨʽʟʥʠʮʶ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʘʣʛʦʨʠʪʤʽʚ; 

¶ ʚʠʢʦʥʘʪʠ ʾʭ ʘʥʘʣʽʟ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʟʘ ʙʝʟʧʝʢʦʶ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ; 
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¶ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʠʡ, ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʠʡ ʨʦʟʤʽʨ ʢʣʶʯʘ; 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʚʠʙʦʨʫ. 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ. ʐʠʬʨʫʚʘʥʥʷ ï ʮʝ ʧʨʦʮʝʩ ʢʦʜʫʚʘʥʥʷ ʘʙʦ 

ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʱʦʙ ʾʭ ʤʽʛ ʧʨʦʯʠʪʘʪʠ ʣʠʰʝ ʪʦʡ, ʭʪʦ ʤʘʻ ʟʘʩʦʙʠ ʜʣʷ 

ʧʦʚʝʨʥʝʥʥʷ ʾʭ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ. ʊʝʭʥʦʣʦʛʽʾ ʰʠʬʨʫʚʘʥʥʷ ʻ ʦʜʥʠʤ ʽʟ 

ʚʘʞʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʙʫʜʴ-ʷʢʦʛʦ ʙʝʟʧʝʯʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɹʝʟʧʝʢʘ ʰʠʬʨʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʟʜʘʪʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ ʛʝʥʝʨʫʚʘʪʠ 

ʟʘʰʠʬʨʦʚʘʥʠʡ ʪʝʢʩʪ, ʷʢʠʡ ʥʝʣʝʛʢʦ ʧʦʚʝʨʥʫʪʠ ʜʦ ʧʦʯʘʪʢʦʚʦʛʦ ʚʽʜʢʨʠʪʦʛʦ ʩʪʘʥʫ. 

ɼʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʙʘʟʦʚʦʾ ʩʭʝʤʠ ʰʠʬʨʫʚʘʥʥʷ, ʜʫʞʝ ʚʘʞʣʠʚʦ, ʱʦʙ 

ʥʘʩʪʫʧʥʽ ʧʠʪʘʥʥʷ ʙʫʣʠ ʚʠʨʽʰʝʥʽ ʧʨʘʚʠʣʴʥʦ: 

¶ ʥʘʩʢʽʣʴʢʠ ʙʝʟʧʝʯʥʠʤ ʘʣʛʦʨʠʪʤ ʚʚʘʞʘʻʪʴʩʷ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʫ 

ʢʨʠʧʪʦʛʨʘʬʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ; 

¶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʣʛʦʨʠʪʤʫ (ʥʘʧʨʠʢʣʘʜ ʯʠ ʧʽʜʪʨʠʤʫʻ 
ʧʘʨʘʣʝʣʴʥʝ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʡʦʛʦ çʯʠʩʪʘ ʰʚʠʜʢʽʩʪʴè); 

¶ ʥʘʩʢʽʣʴʢʠ ʧʦʣʽʪʠʯʥʦ ʙʝʟʧʝʯʥʠʤ ʻ ʨʽʰʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʚʥʠʡ 
ʘʣʛʦʨʠʪʤ; 

¶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʭ ʢʣʶʯʽʚ ʽ ʾʭ ʨʦʟʤʽʨʽʚ. 

ɺʘʞʣʠʚʦ ʧʠʣʴʥʦ ʥʘʣʘʰʪʫʚʘʪʠ ʚʩʽ ʧʘʨʘʤʝʪʨʠ, ʘʜʞʝ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʠʡ ʧʨʦʨʘʭʫʥʦʢ 

ʚ ʙʝʟʧʝʮʽ ʢʦʥʬʽʛʫʨʘʮʽʾ ʟʨʦʙʠʪʴ ʚʩʶ ʢʨʠʧʪʦʩʠʩʪʝʤʫ ʚʽʜʢʨʠʪʦʶ ʜʣʷ ʘʪʘʢ. 

ɺ ʨʘʤʢʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ javax.crypto ʙʫʣʦ 

ʨʝʘʣʽʟʦʚʘʥʦ ʰʠʬʨʫʚʘʥʥʷ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʤʠ ʫ JDK Sun ʘʣʛʦʨʠʪʤʘʤʠ: AES128,  

AES256, SHA256, SHA512, DES, Triple DES ʽ Blowfish. ɼʣʷ ʢʦʞʥʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʙʫʣʦ ʚʠʤʽʨʷʥʦ ʰʚʠʜʢʽʩʪʴ ʰʠʬʨʫʚʘʥʥʷ ʫ ʤʽʣʽʩʝʢʫʥʜʘʭ (ʨʠʩ. 1) ʪʘ ʦʧʠʩʘʥʦ 

ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʘʞʣʠʚʽ ʜʣʷ ʙʝʟʧʝʢʠ ʜʘʥʠʭ (ʪʘʙʣ. 1). 

ɺʘʞʣʠʚʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ AES ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ ʷʢ Advanced Encryption 

Standard ʽ ʻ ʘʣʛʦʨʠʪʤʦʤ, ʷʢʠʡ ʙʽʣʴʰʽʩʪʴ ʣʶʜʝʡ ʟʨʝʰʪʦʶ ʚʠʢʦʨʠʩʪʘʻ, ʷʢʱʦ ʫ ʥʠʭ 

ʥʝʤʘʻ ʚʘʛʦʤʠʭ ʧʨʠʯʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʱʦʩʴ ʽʥʰʝ. ʎʝ ʨʽʰʝʥʥʷ ʻ ʧʦʣʽʪʠʯʥʦ 

ʙʝʟʧʝʯʥʠʤ, ʘʜʞʝ ʩʪʘʥʜʘʨʪ ʰʠʬʨʫʚʘʥʥʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʩʪʘʥʜʘʨʪʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ ʉʐɸ (NIST) ʩʭʚʘʣʶʻ AES ʽʟ 192 ʘʙʦ 256-ʙʽʪʥʠʤʠ ʢʣʶʯʘʤʠ ʜʣʷ 

ʰʠʬʨʫʚʘʥʥʷ ʩʝʢʨʝʪʥʠʭ ʜʘʥʠʭ. 

ʆʢʨʽʤ ʚʠʙʦʨʫ ʘʣʛʦʨʠʪʤʫ ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʨʦʟʤʽʨ ʢʣʶʯʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

çʤʽʮʥʽʩʪʴè ʰʠʬʨʫʚʘʥʥʷ, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʬʘʢʪʠʯʥʠʡ ʘʣʛʦʨʠʪʤ ʚ ʽʥʰʠʭ 

ʘʩʧʝʢʪʘʭ ʙʝʟʧʝʯʥʠʡ. ʈʦʟʤʽʨ ʢʣʶʯʘ ʟʘʟʚʠʯʘʡ ʢʦʨʝʣʶʻ ʟ ʢʽʣʴʢʽʩʪʶ ʧʨʠʧʫʱʝʥʴ, ʷʢʽ 

ʟʣʦʚʤʠʩʥʠʢʫ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʟʨʦʙʠʪʠ, ʱʦʙ ʟʥʘʡʪʠ ʢʣʶʯ ʟʘ ʜʦʧʦʤʦʛʦʶ çbrute 

forceè, ʧʨʠʧʫʩʢʘʶʯʠ, ʱʦ ʚʩʽ ʤʦʞʣʠʚʽ ʢʣʶʯʽ ʦʜʥʘʢʦʚʦ ʡʤʦʚʽʨʥʽ (ʨʠʩ. 1). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʣʶʯʽʚ ʜʦʜʘʻ ʥʦʚʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʜʦ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ 

ʽʥʬʦʨʤʘʮʽʾ. ɯʩʥʫʻ ʜʚʽ ʟʘʛʘʣʴʥʽ ʢʘʪʝʛʦʨʽʾ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʦʩʥʦʚʽ ʢʣʶʯʽʚ:  

¶ ʩʠʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ: ʩʠʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʡ ʩʘʤʠʡ ʢʣʶʯ ʜʣʷ ʰʠʬʨʫʚʘʥʥʷ ʪʘ ʜʝʰʠʬʨʫʚʘʥʥʷ. ʎʽ 

ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʧʦʪʦʢʦʚʦʤʫ ʨʝʞʠʤʽ (ʟ ʙʽʪʘʤʠ ʘʙʦ ʙʘʡʪʘʤʠ 

ʜʘʥʠʭ) ʘʙʦ ʚ ʙʣʦʯʥʦʤʫ ʨʝʞʠʤʽ (ʟ ʙʣʦʢʘʤʠ ʜʘʥʠʭ ʬʽʢʩʦʚʘʥʦʛʦ ʨʦʟʤʽʨʫ). ɺʦʥʠ 

ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʘʢʠʭ ʧʨʦʛʨʘʤ, ʷʢ ʰʠʬʨʫʚʘʥʥʷ ʜʘʥʠʭ, ʬʘʡʣʽʚ ʽ 
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ʦʩʦʙʣʠʚʦ ʜʘʥʠʭ ʫ ʤʝʨʝʞʘʭ ʟʚôʷʟʢʫ (ʥʘʧʨʠʢʣʘʜ ʝʣʝʢʪʨʦʥʥʽ ʣʠʩʪʠ, TLS, ʤʠʪʪʻʚʽ 

ʧʦʚʽʜʦʤʣʝʥʥʷ ʪʦʱʦ); 

ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʘʣʛʦʨʠʪʤʽʚ 

 
ɸʣʛʦʨʠʪʤ ʈʦʟʤʽʨʠ 

ʢʣʶʯʘ 

ʐʚʠʜʢʽʩʪʴ ɿʘʣʝʞʥʽʩʪʴ 

ʰʚʠʜʢʦʩʪʽ ʚʽʜ 

ʨʦʟʤʽʨʫ ʢʣʶʯʘ 

ʂʦʤʝʥʪʘʨ 

AES 128-256 ʉʝʨʝʜʥʷ ʊʘʢ ɹʝʟʧʝʯʥʠʡ, ʡʦʛʦ ʧʝʨʝʚʘʛʘ ʧʦʣʷʛʘʻ 

ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 256-ʙʽʪʥʠʡ 

ʨʦʟʤʽʨ ʢʣʶʯʘ, ʷʢʠʡ ʤʘʻ ʟʘʭʠʩʪʠʪʠ 

ʚʽʜ ʧʝʚʥʠʭ ʤʘʡʙʫʪʥʽʭ ʘʪʘʢ 

(collision attacks ʽ ʧʦʪʝʥʮʽʡʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʢʚʘʥʪʦʚʦʛʦ 

ʦʙʯʠʩʣʝʥʥʷ) 

DES 56 ʇʦʚʽʣʴʥʘ ʅ ̔ ɼʫʞʝ ʥʝʙʝʟʧʝʯʥʦ: ʥʘʚʽʪʴ ʦʜʥʘ 

ʤʘʰʠʥʘ Copacobana ʚʘʨʪʽʩʪʶ 

10000 USD ʤʦʞʝ ʟʥʘʡʪʠ ʢʣʶʯ 

DES ʧʨʠʙʣʠʟʥʦ ʟʘ ʪʠʞʜʝʥʴ. 

Triple DES 112-168 ɼʫʞʝ 

ʧʦʚʽʣʴʥʘ 

ʅ ̔ ɼʦʚʦʣʽ ʙʝʟʧʝʯʥʠʡ, ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʜʘʥʠʭ. 168-

ʙʽʪʥʠʡ ʚʘʨʽʘʥʪ, ʟʘ ʦʮʽʥʢʘʤʠ NIST, 

ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ ʜʘʥʠʭ ʜʦ 

20304 ʨʦʢʫ, ʧʨʦʪʝ AES ʧʨʦʧʦʥʫʻ 

ʚʠʱʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʟʘ ʤʝʥʰʦʾ 

ʚʘʨʪʦʩʪʽ CPU. 

Blowfish 128-448 ʐʚʠʜʢʘ ʅ ̔ ɺʚʘʞʘʻʪʴʩʷ ʙʝʟʧʝʯʥʠʤ, ʘʣʝ 

ʧʨʦʡʰʦʚ ʤʝʥʰʝ ʢʨʠʧʪʦ ʘʥʘʣʽʟʫ, 

ʥʽʞ ʽʥʰʽ ʘʣʛʦʨʠʪʤʠ. Blowfish ʙʫʣʦ 

ʟʘʤʽʥʝʥʦ Twofish, ʘʣʝ ʦʩʪʘʥʥʽʡ ʥʝ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʷʢ ʩʪʘʥʜʘʨʪ ʫ Java. 

SHA 256-512 ɼʫʞʝ 

ʰʚʠʜʢʘ 

ʊʘʢ ʇʨʦʙʣʝʤʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʣʠʰʝ SHA256 ʪʘ SHA512 (ʪʠʧ 

SHA2, ʷʢʠʡ ʛʝʥʝʨʫʻ 256/512-

ʙʽʪʦʚʝ ʭʝʰ-ʟʥʘʯʝʥʥʷ) ʟʘʣʠʰʘʻʪʴʩʷ 

ʙʝʟʧʝʯʥʠʤ ð SHA-1 (ʧʝʨʰʘ 

ʚʝʨʩʽʷ SHA, ʷʢʘ ʛʝʥʝʨʫʻ 160-

ʙʽʪʦʚʝ ʭʝʰ-ʟʥʘʯʝʥʥʷ) ʤʘʻ ʚʽʜʦʤʽ 

ʚʨʘʟʣʠʚʦʩʪʽ. 

¶ ʘʩʠʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʰʠʬʨʫʚʘʥʥʷ: ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʠʤʝʪʨʠʯʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʦʡ ʩʘʤʠʡ ʢʣʶʯ ʜʣʷ ʦʙʦʭ ʦʧʝʨʘʮʽʡ ʰʠʬʨʫʚʘʥʥʷ 

ʪʘ ʜʝʰʠʬʨʫʚʘʥʥʷ, ʘʩʠʤʝʪʨʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʦʢʨʝʤʠʭ ʢʣʶʯʽ 

ʜʣʷ ʮʠʭ ʜʚʦʭ ʦʧʝʨʘʮʽʡ. ʎʽ ʘʣʛʦʨʠʪʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ 

ʮʠʬʨʦʚʠʭ ʧʽʜʧʠʩʽʚ ʽ ʧʨʦʪʦʢʦʣʽʚ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʣʶʯʽʚ. 

 




