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ʇʈɽɼɻʆɺʆʈ 

 

ʇʦʰʪʦʚʘʥʠ,  

ʇʨʝʜ ɺʘʤʘ ʿʝ ʟʙʦʨʥʠʢ ʨʘʜʦʚʘ X ʄʝ́ʫʥʘʨʦʜʥʦʛ ʉʘʚʝʪʦʚʘˁʘ Ăʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ 

ʠʥʞʝˁʝʨʠʥʛñ. 

ʇʦʢʫʰʘʣʠ ʩʤʦ ʜʘ ʢʨʦʟ ʦʚʦ ʉʘʚʝʪʦʚʘˁʝ ʠ ʧʨʦʠʩʪʝʢʣʝ ʧʫʙʣʠʢʘʮʠʿʝ ʜʘʤʦ ʜʦʧʨʠʥʦʩ ʨʘʟʚʦʿʫ 

ʥʘʫʯʥʠʭ ʠ ʩʪʨʫʯʥʠʭ ʟʥʘˁʘ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ, ʩ ʦʙʟʠʨʦʤ ʥʘ ˁʝʥ ʠʟʫʟʝʪʘʥ ʟʥʘʯʘʿ, ʫ ʮʠˀʫ ʙʨʞʝʛ 

ʥʘʧʨʝʪʢʘ ʥʘʰʝʛ ʜʨʫʰʪʚʘ ʠ ʜʦʩʪʠʟʘˁʘ ʝʚʨʦʧʩʢʠʭ ʩʪʘʥʜʘʨʜʘ. 

ʂʘʦ ʰʪʦ ʿʝ ʠ ʜʦ ʩʘʜʘ ʙʠʣʘ ʧʨʘʢʩʘ, ʪʝʤʘʪʩʢʝ ʦʙʣʘʩʪʠ ʩʫ ʧʨʦʰʠʨʝʥʝ, ʪʘʢʦ ʜʘ ʩʝ, ʧʦʨʝʜ 

ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ, ʚʝʣʠʢʠ ʜʝʦ ʨʘʜʦʚʘ ʙʘʚʠ ʟʘʰʪʠʪʦʤ ʦʜ ʧʦʞʘʨʘ, ʟʘʰʪʠʪʦʤ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ ʠ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ,ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʠ ʧʨʠʩʪʫʧ ʜʘʥʘʩ ʥʝʦʧʭʦʜʘʥ ʫ 

ʩʚʠʤ ʥʘʫʯʥʠʤ ʦʙʣʘʩʪʠʤʘ ʘ ʫ ʟʘʰʪʠʪʠ ʧʦʩʝʙʥʦ. 

ʅʘʜʘʤʦ ʩʝ ʜʘ ˂ʝʪʝ ʠʟ ʧʫʙʣʠʢʦʚʘʥʠʭ ʨʘʜʦʚʘ ʧʨʦʰʠʨʠʪʠ ʜʦʤʝʥ ʩʚʦʿʠʭ ʟʥʘˁʘ ʠ ʙʠʪʠ ʠʥʜʫʢʦʚʘʥʠ 

ʟʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ.  

ɿʙʦʨʥʠʢ ʦʙʫʭʚʘʪʘ ʦʢʦ 80 ʨʘʜʦʚʘ ʦʜ ʢʦʛʘ ʩʫ 10 ʨʘʜʦʚʠ ʠʟ ʩʪʨʘʥʠʭ ʜʨʞʘʚʘ (ʈʫʩʠʿʝ, ʈʫʤʫʥʠʿʝ,  

ʍʨʚʘʪʩʢʝ, ʠ ɹʦʩʥʝ ʠ ʍʝʨʮʝʛʦʚʠʥʝ). 

ʀʩʪʠʯʝʤʦ ʜʘ  ʩʫ ʫʯʝʩʥʠʮʠ ʩʘʚʝʪʦʚʘˁʘ ʠ ʩʪʫʜʝʥʪʠ ɺʠʩʦʢʝ ʪʝʭʥʠʯʢʝ ʰʢʦʣʝ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ 

ʫ ʅʦʚʦʤ ʉʘʜʫ  ʠ ʉʘʥʧʝʪʝʨʩʙʫʨʰʢʦʛ ʫʥʠʚʝʨʟʠʪʝʪʘ ɽʄɽʈʂʆʈʄ ʢʦʿʠ ʧʦʭʘʹʘʿʫ ʠ ʦʙʫʢʫ  ʠʟ ʩʢʠʿʘˁʘ ʠ 

ʩʧʘʰʘʚʘˁʘ ʫ ʟʠʤʩʢʠʤ ʫʩʣʦʚʠʤʘ. 

ʇʦʩʝʙʥʦ ʩʝ ʟʘʭʚʘˀʫʿʝʤʦ ʩʚʠʤ ʘʫʪʦʨʠʤʘ ʥʘ ʫʢʘʟʘʥʦʤ ʧʦʚʝʨʝˁʫ, ʩʧʨʝʤʥʦʩʪʠ ʠ ʩʘʨʘʜˁʠ 

ʧʨʠʣʠʢʦʤ ʠʟʜʘʚʘˁʘ ʦʚʦʛ ɿʙʦʨʥʠʢʘ.  

 

 

ʅʦʚʠ ʉʘʜ, jaʥʫʘʨ 2015. ʛʦʜ.  
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ʇʈɽɺɽʅʊʀɺʅʀ ɸʊʈʀɹʋʊʀ ʇʈʆʎɽʉɸ ʇʈʆʎɽʅɽ ʈʀɿʀʂɸ 

 ʋ ɺɸʅʈɽɼʅʀʄ ʉʀʊʋɸʎʀɱɸʄɸ 
ʅʝʥʘʜ ʂʦʤʘʟʝʮ

1
, ɸʮʘ ʈʘʥʹʝʣʦʚʠ˂

1
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2
 

REZIME  

ɺʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ ʠ ˁʠʭʦʚʝ ʧʦʩʣʝʜʠʮʝ, ʫ ʩʘʚʨʝʤʝʥʦʤ ʜʨʫʰʪʚʫ, ʜʦʙʠʿʘʿʫ ʧʦʪʧʫʥʦ ʥʦʚʫ 

ʜʠʤʝʥʟʠʿʫ ʠ ʟʥʘʯʘʿ. ʉʚʝ ʿʝ  ʚʝ˂ʠ ʙʨʦʿ ʨʘʟʣʠʯʠʪʠʭ ʦʧʘʩʥʦʩʪʠ, ʛʝʥʝʨʠʩʘʥʠʭ ʢʘʢʦ ʪʝʭʥʦʣʦʰʢʠʤ ʨʘʟʚʦʿʝʤ 

ʜʨʫʰʪʚʘ, ʥʘ ʣʦʢʘʣʥʦʤ ʠ ʛʣʦʙʘʣʥʦʤ ʥʠʚʦʫ, ʪʘʢʦ ʠ ʩʚʝ ʝʚʠʜʝʥʪʥʠʿʠʤ ʧʨʦʤʝʥʘʤʘ ʫ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ. ʋ 

ʪʘʢʚʠʤ ʫʩʣʦʚʠʤʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ ʚʠʩʦʢʫ ʦʪʧʦʨʥʦʩʪ ʜʨʫʰʪʚʘ ʥʘ ʥʝʛʘʪʠʚʥʦ ʜʝʣʦʚʘˁʝ ʚʘʥʨʝʜʥʠʭ 

ʩʠʪʫʘʮʠʿʘ, ʘ ʜʨʫʰʪʚʝʥʦʿ ʟʘʿʝʜʥʠʮʠ ʦʤʦʛʫ˂ʠʪʠ ʜʘ ʩʧʨʝʯʠ ʥʝʛʘʪʠʚʥʝ ʜʦʛʘʹʘʿʝ ʦʜʥʦʩʥʦ ʧʨʠʧʨʝʤʫ ʟʘ 

ʢʚʘʣʠʪʝʪʥʦ ʨʝʘʛʦʚʘˁʝ ʫ ʩʣʫʯʘʿʫ ʥʘʩʪʘʥʢʘ ʥʝʛʘʪʠʚʥʦʛ ʜʦʛʘʹʘʿʘ. 

ʆʜ ʩʫʰʪʠʥʩʢʦʛ ʿʝ ʟʥʘʯʘʿʘ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʩʚʝ ʠʟʘʟʦʚʝ ʧʦ ʙʝʟʙʝʜʥʦʩʪ ˀʫʜʠ, ʤʘʪʝʨʠʿʘʣʥʠʭ 

ʩʨʝʜʩʪʘʚʘ ʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʧʨʦʮʝʥʠʪʠ ʨʠʟʠʢʝ ʦʜ ʥʘʩʪʘʥʢʘ ʠʩʪʠʭ ʠ ʜʦ˂ʠ ʜʦ ʩʘʟʥʘˁʘ ʜʘ ʣʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʨʝʪˁʫ ʧʦ ʰʪʠ˂ʝʥʝ ʚʨʝʜʥʦʩʪʠ. ɼʠʟʘʿʥʠʨʘˁʝ ʧʨʦʮʝʩʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʿʝ ʚʝʦʤʘ ʚʘʞʘʥ ʤʦʤʝʥʘʪ ʟʘ 

ʫʩʤʝʨʘʚʘˁʝ ʠ ʫʩʧʝʰʥʦʩʪ ʧʨʦʮʝʩʘ ʧʨʝʚʝʥʮʠʿʝ ʠ ʧʦʩʪʠʟʘˁʝ ʥʘʿʙʦˀʠʭ ʝʬʝʢʘʪʘ ʟʘʰʪʠʪʝ ʠ ʩʧʘʩʘʚʘˁʘ. 

ɽʬʠʢʘʩʥʘ ʠ ʝʬʝʢʪʠʚʥʘ ʧʨʝʚʝʥʮʠʿʘ ʜʠʨʝʢʪʥʦ ʩʤʘˁʫʿʝ ˀʫʜʩʢʝ ʛʫʙʠʪʢʝ ʠ ʤʘʪʝʨʠʿʘʣʥʘ ʨʘʟʘʨʘˁʘ. 

ʋ ʨʘʜʫ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʧʨʦʮʝʩ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ, ʫ ʢʦʥʪʝʢʩʪʫ ʫʧʨʘʚˀʘˁʘ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, 

ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ ʦʧʠʩ ʦʧʘʩʥʦʩʪʠ, ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʨʠʟʠʢʘ, ʧʨʝʮʠʟʥʦ ʜʝʬʠʥʠʩʘˁʝ ʤʦʛʫ˂ʠʭ ʧʦʩʣʝʜʠʮʘ ʠ 

ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʟʘ ʧʨʝʚʝʥʮʠʿʫ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʚʘʥʨʝʜʥʘ ʩʠʪʫʘʮʠʿʘ, ʫʧʨʘʚˀʘˁʝ ʨʠʟʠʢʦʤ, ʧʨʝʚʝʥʮʠʿʘ 

PREVENTIVE ATTRIBUTE S OF RISK ASSESSMENT PROCESS IN 

EMERGENCIES 

ABSTRACT 

In the contemporary society, emergency situations and their consequences have gained a new 

dimension and importance. There is an increasing number of different hazards generated through the 

technological development of the society, both locally and globally, and through more evident changes in the 

environment. In such circumstances it is necessary to provide a high resistance of society to the negative effect 

of emergencies. It is also important to ensure that the community holds all the necessary emergency preventions 

or preparations for a quality response in the case of emergency. It is essential to identify the challenges regarding 

the security of people, material resources and the environment, assess the risks and determine whether these pose 

a threat to the protected values. Creating the risk assessment process is crucial for the direction and success of 

the prevention process and for achieving the best protection and rescue effects. Efficient and effective prevention 

directly reduces human losses and material damage.  

The paper analyzes the process of risk assessment in the context of disaster management, which 

involves hazard, risk quantification, precise definition of possible consequences and is also the basis for 

prevention in emergency situations. 

Key words: emergency, risk management, prevention 

1. ʋɺʆɼ 

ʇʨʠʨʦʜʥʝ ʠ ʪʝʭʥʠʯʢʦ ʪʝʭʥʦʣʦʰʢʝ ʦʧʘʩʥʦʩʪʠ ʩʫ ʬʘʢʪʦʨʠ ʢʦʿʠ ʟʥʘʯʘʿʥʦ ʫʪʠʯʫ ʥʘ 

ʢʚʘʣʠʪʝʪ ʞʠʚʦʪʘ, ʢʘʢʦ ʫ ʧʦʿʝʜʠʥʘʯʥʠʤ ʜʝʣʦʚʠʤʘ ʿʝʜʥʝ ʟʝʤˀʝ, ʪʘʢʦ ʠ ʫ ʮʝʣʦʿ ʟʝʤˀʠ. 

ʉʪʝʧʝʥ ʪʝʭʥʠʯʢʦ ʪʝʭʥʦʣʦʰʢʦʛ ʠ ʧʨʠʨʦʜʥʦʛ ʨʠʟʠʢʘ, ʫ ʩʤʠʩʣʫ ʚʘʥʨʝʜʥʠʭ ʩʠʪʫʘʮʠʿʘ,  

                                                             
1
 ʋʥʠʚʝʨʟʠʪʝʪ ʦʜʙʨʘʥʝ, ɺʦʿʥʘ ʘʢʘʜʝʤʠʿʘ, ɹʝʦʛʨʘʜ, ʉʨʙʠʿʘ, nkomazec@gmail.com 

2
 ʅʘʮʠʦʥʘʣʥʘ ʘʩʦʮʠʿʘʮʠʿʘ ʟʘ ʙʝʟʙʝʜʥʦʩʪ, ʢʨʠʟʥʝ ʠ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ-ɹʝʟʙʝʜʥʘ ʉʨʙʠʿʘ, ɹʝʦʛʨʘʜ 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

2 
 

ʢʦʿʠʤʘ ʿʝ ʠʟʣʦʞʝʥʘ ʟʘʿʝʜʥʠʮʘ ʠ ʩʚʘʢʘ ʠʥʜʠʚʠʜʫʘ ʟʘʚʠʩʠ ʦʜ ʪʨʠ ʬʘʢʪʦʨʘ: ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʥʘʩʪʘʥʢʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʥʝʧʦʛʦʜʘ ʠ ʜʨʫʛʠʭ ʥʝʩʨʝ˂ʘ, ʪʝʞʠʥʝ ˁʠʭʦʚʠʭ ʧʦʩʣʝʜʠʮʘ ʠ ʥʠʚʦʘ 

ʟʘʰʪʠʪʝ ʠʥʜʠʚʠʜʫʝ ʠ ʟʘʿʝʜʥʠʮʝ ʫ ʮʝʣʠʥʠ, ʢʦʿʫ ʩʫ ʜʦʩʪʠʛʣʠ ʢʘʦ ʩʫʙʿʝʢʪʠ ʩʠʩʪʝʤʘ 

ʟʘʰʪʠʪʝ ʠ ʩʧʘʩʘʚʘˁʘ. ɺʝʨʦʚʘʪʥʦ˂ʘ ʥʘʩʪʘʥʢʘ ʪʝʭʥʠʯʢʦ ʪʝʭʥʦʣʦʰʢʠʭ ʥʝʩʨʝ˂ʘ ʠ ʪʝʞʠʥʘ 

ˁʠʭʦʚʠʭ ʧʦʩʣʝʜʠʮʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʢʦʥʢʨʝʪʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʦʙʿʝʢʘʪʘ,ʩʪʝʧʝʥʘ ʟʘʰʪʠʪʝ ʦʙʿʝʢʘʪʘ , ʦʜ ʨʝʟʫʣʪʘʪʘ ʦʜʣʫʢʘ ʦ ʨʘʟʤʝʰʪʘˁʫ 

ʧʨʦʠʟʚʦʜʥʠʭ, ʩʦʮʠʿʘʣʥʠʭ ʠ ʩʪʘʤʙʝʥʠʭ ʦʙʿʝʢʘʪʘ ʫ ʨʝʛʠʦʥʫ, ʢʚʘʣʠʪʝʪʘ ʛʨʘʜˁʝ, 

ʧʦʰʪʦʚʘˁʘ ʦʜʨʝʹʝʥʠʭ ʥʦʨʤʠ ʠ ʧʨʘʚʠʣʘ ʧʨʠ ʠʟʛʨʘʜˁʠ ʠ ʜʨ. ʋ ʧʨʦʮʝʩʫ ʩʤʘˁʝˁʘ 

ʫʢʫʧʥʦʛ ʨʠʟʠʢʘ, ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʨʘʜʘ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʜʦʚʦʜʝ ʜʦ ʚʝʣʠʢʦʛ ʙʨʦʿʘ 

ʧʨʦʙʣʝʤʘ ʧʨʘʢʪʠʯʥʦʛ ʢʘʨʘʢʪʝʨʘ, ʘ ʧʨʝ ʩʚʝʛʘ ʧʨʦʙʣʝʤʘ ʫ ʧʨʠʤʝʥʠ ʝʬʠʢʘʩʥʦʛ ʩʠʩʪʝʤʘ 

ʧʣʘʥʠʨʘˁʘ ʠ ʦʧʝʨʘʪʠʚʥʦʛ ʨʫʢʦʚʦʹʝˁʘ ʢʦʤʧʣʝʢʩʥʠʤ ʤʝʨʘʤʘ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʠ ʦʪʢʣʘˁʘˁʝ 

ʧʦʩʣʝʜʠʮʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʥʝʧʦʛʦʜʘ ʠ ʜʨʫʛʠʭ ʥʝʩʨʝ˂ʘ. ʄʝʨʝ ʦʜʛʦʚʦʨʘ ʩʝ ʤʦʨʘʿʫ ʭʠʪʥʦ 

ʜʦʥʝʪʠ, ʘʣʠ ʠʧʘʢ ʫ ʩʤʠʰˀʝʥʦʤ, ʧʨʦʿʝʢʪʦʚʘʥʦʤ ʧʨʦʮʝʩʫ, ʰʪʦ ʩʫʙʿʝʢʪʝ ʩʪʘʚˀʘ ʧʨʝʜ 

ʠʩʢʫʰʝˁʝ ʠ ʧʦʪʨʝʙʫ ʟʘ ʧʨʦʚʝʨʦʤ ʩʧʨʝʤʥʦʩʪʠ ʟʘ ʨʝʘʛʦʚʘˁʝ. 

2. ʇʈʆʎɽʅɸ ʈʀɿʀʂɸ ʀ  ɺɸʅʈɽɼʅɽ ʉʀʊʋɸʎʀɱɽ 

ɺʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ ʩʘʤʝ ʧʦ ʩʝʙʠ ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ ʧʨʝʜʫʟʠʤʘˁʝ ʚʘʥʨʝʜʥʠʭ ʤʝʨʘ, 

ʜʘʢʣʝ, ʤʝʨʘ ʢʦʿʝ ʥʠʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ ʩʚʘʢʦʜʥʝʚʥʦ ʧʦʩʣʦʚʘˁʝ ʠ ʬʫʥʢʮʠʦʥʠʩʘˁʝ [2]. 

ʇʦʪʨʝʙʘ ʟʘ ʧʨʝʜʫʟʠʤʘˁʝʤ ʚʘʥʨʝʜʥʠʭ ʤʝʨʘ ʿʝ ʩʨʘʟʤʝʨʥʘ ʙʨʦʿʫ ʨʝʘʣʥʠʭ ʠ ʧʨʘʢʪʠʯʥʦ 

ʧʨʝʜʫʟʝʪʠʭ ʤʝʨʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʨʘˁʠʚʦʩʪʠ ʜʨʫʰʪʚʘ. ʈʘˁʠʚʦʩʪ ʜʨʫʰʪʚʘ ʤʦʞʝ ʜʘ ʙʫʜʝ 

ʩʤʘˁʝʥʘ ʧʨʝʚʝʥʪʠʚʥʠʤ ʜʝʣʦʚʘˁʝʤ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʠ ʩʧʘʩʘʚʘˁʘ (ʉʣʠʢʘ 1.). 

ʉʤʘˁʠʚʘˁʝ ʨʘˁʠʚʦʩʪʠ ʤʦʨʘ ʜʘ ʙʫʜʝ ʩʠʩʪʝʤʩʢʠ ʠ ʧʝʨʤʘʥʝʥʪʘʥ ʧʨʦʮʝʩ. ʊʘʢʦʹʝ, 

ʩʤʘˁʠʚʘˁʝ ʨʘˁʠʚʦʩʪʠ, ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ, ʤʝʨʝ ʦʙʠʤʥʠʿʝʛ ʢʘʨʘʢʪʝʨʘ, ʤʦʨʘ ʜʘ ʙʫʜʝ 

ʧʣʘʥʩʢʦʛ ʢʘʨʘʢʪʝʨʘ ʠ ʫ ʩʪʘʣʥʦʤ ʜʦʜʠʨʫ ʩʘ ʧʨʦʮʝˁʠʚʘˁʝʤ ʫʛʨʦʞʝʥʦʩʪʠ. ɿʘ ʧʝʨʠʦʜ ʜʦʢ 

ʩʝ ʥʝ ʧʨʝʜʫʟʤʫ ʩʚʝ ʧʣʘʥʩʢʝ ʤʝʨʝ, ʜʦʥʝʪʝ ʥʘ ʦʩʥʦʚʫ ʚʝʣʠʯʠʥʝ ʨʝʘʣʥʝ ʦʧʘʩʥʦʩʪʠ ʫ 

ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʣʘʥʠʨʘˁʝ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʘʤʘ ʟʘʰʪʠʪʝ ʰʪʠ˂ʝʥʠʭ 

ʚʨʝʜʥʦʩʪʠ. ʆʜʥʦʩ ʙʨʦʿʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʦʧʘʩʥʦʩʪʠ ʠ ʧʨʝʜʫʟʝʪʠʭ ʤʝʨʘ ʟʘ ˁʠʭʦʚʫ 

ʧʨʝʚʝʥʮʠʿʫ ʠʣʠ ʩʘʥʠʨʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʙʿʝʢʪʘ ʜʘ ʟʘʰʪʠʪʠ ʰʪʠ˂ʝʥʝ 

ʚʨʝʜʥʦʩʪʠ. ʄʦʛʫ˂ʥʦʩʪ ʥʘʩʪʘʥʢʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʦʧʘʩʥʦʩʪʠ ʠ ʩʪʝʧʝʥ ʝʬʠʢʘʩʥʦʩʪʠ 

ʧʨʝʜʫʟʝʪʠʭ ʤʝʨʘ, ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʩʫʙʿʝʢʪʘ ʜʘ ʫʧʨʘʚˀʘ ʦʧʘʩʥʦʩʪʠʤʘ. 

ʆʧʘʩʥʦʩʪʠ ʢʦʿʝ ʫʟʨʦʢʫʿʫ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ ʩʫ ʢʦʤʧʣʝʢʩʥʝ ʩʘ ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ 

ʥʝʠʟʚʝʩʥʦʩʪʠ. ʇʨʦʮʝʩ ʫʧʨʘʚˀʘˁʘ ʢʦʤʧʣʝʢʩʥʠʤ ʦʧʘʩʥʦʩʪʠʤʘ, ʧʦʜʨʘʟʫʤʝʚʘ 

ʜʝʢʦʤʧʦʟʠʮʠʿʫ ʧʨʦʙʣʝʤʘ, ʩʠʩʪʝʤʩʢʠ ʧʨʠʩʪʫʧ ʧʨʦʙʣʝʤʫ ʠ ʨʝʰʘʚʘˁʝ ʧʦʿʝʜʠʥʘʯʥʠʭ 

ʧʨʦʙʣʝʤʘ ʩʪʘʣʥʦ ʫʩʤʝʨʘʚʘʿʫ˂ʠ ʨʝʰʝˁʘ ʢʘ ʧʦʪʨʝʙʥʦʤ ʢʚʘʣʠʪʝʪʫ ʢʦʤʧʣʝʢʩʥʦʛ ʩʠʩʪʝʤʘ. 

ɱʝʜʘʥ ʦʜ ʥʘʿʨʘʟʚʠʿʝʥʠʿʠʭ ʤʝʪʦʜʘ ʟʘ ʨʝʰʘʚʘˁʝ ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʙʣʝʤʘ, ʟʘ ʢʦʿʝ ʿʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʧʨʠʩʫʩʪʚʦ ʥʝʠʟʚʝʩʥʦʩʪʠ, ʿʝ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ, ʢʘʦ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʘ 

ʠʥʪʝʛʨʘʣʥʦʛ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ. 
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ʉʣʠʢʘ 1. ʇʨʦʮʝʩʥʠ ʢʘʨʘʢʪʝʨ ʨʘˁʠʚʦʩʪʠ ʠ ʦʧʘʩʥʦʩʪʠ 

ʀʟʚʦʨ: ɹʠʨʢʤʘʥʥ, 2005, ʆʙʨʘʜʘ:ʘʫʪʦʨ 

ʉʫʰʪʠʥʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʩʝ ʦʛʣʝʜʘ ʫ ʜʝʬʠʥʠʩʘˁʫ ʢʨʠʪʠʯʥʠʭ ʪʘʯʘʢʘ ʩʠʩʪʝʤʘ 

ʨʘʜʠ ʧʨʝʚʝʥʮʠʿʝ ʫ ʧʨʝʜʢʨʠʟʥʦʤ ʧʝʨʠʦʜʫ ʠ ʩʪʚʘʨʘˁʫ ʫʩʣʦʚʘ ʟʘ ʜʦʥʦʰʝˁʝ ʦʧʪʠʤʘʣʥʠʭ 

ʦʜʣʫʢʘ ʫ ʢʨʠʟʥʦʤ ʠ ʧʦʩʪ ʢʨʠʟʥʦʤ ʧʝʨʠʦʜʫ.  ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʤʦʨʘ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʢʘʦ 

ʧʣʘʥʠʨʘʥ ʧʨʦʮʝʩ, ʜʝʬʠʥʠʩʘʥ ʧʦ ʚʨʝʤʝʥʫ ʠ ʨʝʩʫʨʩʠʤʘ. ʇʣʘʥʦʚʠ ʧʨʝʚʝʥʮʠʿʝ ʠ 

ʫʙʣʘʞʘʚʘˁʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ 

ʦʧʘʩʥʦʩʪʠ ʠ ʧʨʝʪˁʠ ʠ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ. ʋ ʧʨʦʮʝʩʫ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ, ʘ ʥʘ ʦʩʥʦʚʫ 

ʨʝʟʫʣʪʘʪʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ, ʩʫʙʿʝʢʘʪ ʨʘʟʤʘʪʨʘ ʦʪʢʣʘˁʘˁʝ, ʝʣʠʤʠʥʘʮʠʿʫ ʠʣʠ ʫʙʣʘʞʘʚʘˁʝ 

ʧʨʝʪˁʠ ʠ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʦʧʘʩʥʦʩʪʠ ʢʨʦʟ ʤʝʪʦʜʦʣʦʰʢʝ ʠ ʪʝʭʥʦʣʦʰʢʝ ʦʧʮʠʿʝ ʠ ʠʩʢʫʩʪʚʘ 

ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʿʘ ʠ ʩʫʙʿʝʢʘʪʘ, ʫʟʠʤʘʿʫ˂ʠ ʧʨʠʪʦʤ ʫ ʦʙʟʠʨ ʬʠʥʘʥʩʠʿʩʢʝ, ʦʧʝʨʘʪʠʚʥʝ ʠ 

ʧʦʩʣʦʚʥʝ ʧʦʪʨʝʙʝ, ʢʘʦ ʠ ʛʣʝʜʠʰʪʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠʭ ʩʪʨʘʥʘ[9].  

ʇʦʪʨʝʙʘ ʟʘ ʦʚʘʢʚʠʤ ʧʨʠʩʪʫʧʦʤ ʫʧʨʘʚˀʘˁʫ ʨʠʟʠʢʦʤ ʥʘʣʘʟʠ ʩʝ ʫ ʧʨʠʩʫʪʥʦʿ 

ʪʝʥʜʝʥʮʠʿʠ ʨʘʩʪʘ ʤʘʪʝʨʠʿʘʣʥʠʭ, ʝʥʝʨʛʝʪʩʢʠʭ ʠ ʝʢʦʥʦʤʩʢʠʭ ʧʦʪʝʥʮʠʿʘʣʘ ʧʨʠʨʦʜʥʠʭ ʠ 

ʧʨʦʠʟʚʦʜʥʠʭ ʩʠʩʪʝʤʘ, ʢʘʦ ʠ ʫ ʧʦʨʘʩʪʫ ʨʘʟʤʝʨʘ ʠ ʝʬʝʢʘʪʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʨʠʟʠʯʥʠʭ 

ʜʦʛʘʹʘʿʘ, ʘ ʢʦʿʠ ʩʝ ʦʛʣʝʜʘʿʫ ʫ (ɹʝʣʦʚ, 1996): 

- ʧʨʦʰʠʨʠʚʘˁʫ ʧʦˀʘ ʜʝʿʩʪʚʘ ʬʘʢʪʦʨʘ ʦʧʘʩʥʦʩʪʠ;                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

- ʧʦʨʘʩʪʫ ʙʨʦʿʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʫʛʨʦʞʝʥʠʭ ˀʫʜʠ ʠ ʤʘʪʝʨʠʿʘʣʥʠʭ ʨʝʩʫʨʩʘ; 

- ʧʦʨʘʩʪʫ ʪʝʞʠʥʝ ʧʦʚʨʝʹʠʚʘˁʘ ʠ ʚʝʣʠʯʠʥʝ ʨʘʟʘʨʘˁʘ; 

- ʧʦʚʝ˂ʘˁʫ ʪʝʨʠʪʦʨʠʿʝ ʤʦʛʫ˂ʝʛ ʥʘʨʫʰʘʚʘˁʘ ʝʢʦʣʦʰʢʝ ʨʘʚʥʦʪʝʞʝ; 

- ʧʦʚʝ˂ʘʥʦʤ ʦʙʠʤʫ ʥʝʦʧʭʦʜʥʠʭ ʨʝʩʫʨʩʘ ʟʘ ʧʨʝʚʝʥʮʠʿʫ ʠ ʩʘʥʘʮʠʿʫ ʨʠʟʠʯʥʠʭ 

ʜʦʛʘʹʘʿʘ[6]. 

3. ʇʈʆʎɽʉ ʇʈʆʎɽʅɽ ʈʀɿʀʂɸ 

ʇʨʦʮʝʩ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ (ʉʣʠʢʘ. 2) ʿʝ ʜʠʤʝʟʠʦʥʠʩʘʥ ʠ ʧʣʘʥʠʨʘʥ ʧʨʦʮʝʩ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʦʧʘʩʥʦʩʪʠ, ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ, ʫ ʫʩʣʦʚʠʤʘ ʧʝʨʤʘʥʝʥʪʥʝ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʦ ʨʠʟʠʢʫ ʠ ʧʦʜʚʨʛʥʫʪ ʩʪʘʣʥʦʤ ʧʨʝʠʩʧʠʪʠʚʘˁʫ ʫ ʩʚʠʤ ʬʘʟʘʤʘ. ɽʣʝʤʝʥʪʠ 

ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʩʫ ʢʚʘʥʪʠʪʘʪʠʚʥʦʛ ʠ ʢʚʘʣʠʪʘʪʠʚʥʦʛ ʢʘʨʘʢʪʝʨʘ[3]. ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ 

ʫʢˀʫʯʫʿʝ ʧʨʦʮʝʩ ʠʜʝʥʪʠʬʠʢʦʚʘˁʘ ʫʥʫʪʨʘʰˁʠʭ ʠ ʩʧʦˀʘʰˁʠʭ ʧʨʝʪˁʠ ʠ ʨʘˁʠʚʦʩʪʠ, 

ʠʜʝʥʪʠʬʠʢʦʚʘˁʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʦʛʘʹʘʿʘ ʩʘ ʧʦʨʘʩʪʦʤ ʪʘʢʚʠʭ ʧʨʝʪˁʠ ʠ ʨʘˁʠʚʦʩʪʠ, 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʤʦʛʫ˂ʠʭ ʧʦʩʣʝʜʠʮʘ, ʜʝʬʠʥʠʩʘˁʘ ʢˀʫʯʥʠʭ ʬʫʥʢʮʠʿʘ ʧʦʪʨʝʙʥʠʭ ʟʘ 

ʢʦʥʪʠʥʫʠʪʝʪ ʦʧʝʨʘʮʠʿʘ, ʜʝʬʠʥʠʩʘˁʘ ʢʦʥʪʨʦʣʝ ʥʘ ʤʝʩʪʫ ʧʦʪʨʝʙʥʦʤ ʟʘ ʩʤʘˁʝˁʝ 

ʠʟʣʦʞʝʥʦʩʪʠ ʠ ʘʥʘʣʠʟʫ ʪʨʦʰʢʦʚʘ ʪʘʢʚʝ ʢʦʥʪʨʦʣʝ. ʅʘʚʝʜʝʥʦ ʫʢʘʟʫʿʝ ʥʘ ʧʦʪʨʝʙʫ 

ʧʣʘʥʠʨʘˁʘ ʠ ʢʦʦʨʜʠʥʘʮʠʿʝ ʩʥʘʛʘ ʠ ʩʨʝʜʩʪʘʚʘ ʫ ʜʝʬʠʥʠʩʘʥʦʤ ʦʢʚʠʨʫ ʧʨʦʮʝʥʝ, 

ʧʦʰʪʫʿʫ˂ʠ ʟʘʢʦʥʩʢʘ ʦʛʨʘʥʠʯʝˁʘ ʠ ʧʨʝʧʦʨʫʢʝ ʩʪʘʥʜʘʨʜʘ[9]. ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʿʝ ʧʨʦʮʝʩ 

ʠʤʘʥʝʥʪʘʥ ʧʨʦʮʝʩʫ ʫʧʨʘʚˀʘˁʘ ʦʨʛʘʥʠʟʘʮʠʿʦʤ ʫ ʦʩʪʚʘʨʠʚʘˁʫ ʧʦʩʪʘʚˀʝʥʠʭ ʮʠˀʝʚʘ. 

ʅʠʿʝ ʤʦʛʫ˂ʝ ʨʘʟʜʚʦʿʠʪʠ ʧʨʦʮʝʩ ʫʧʨʘʚˀʘˁʘ ʦʨʛʘʥʠʟʘʮʠʿʦʤ ʦʜ ʧʨʦʮʝʩʘ ʧʨʦʮʝʥʝ ʠ 

ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ. ʉʚʘʢʦ ʨʘʟʜʚʘʿʘˁʝ ʙʠ ʠʤʧʣʠʮʠʨʘʣʦ ʧʦʩʪʦʿʘˁʝ ʧʨʦʮʝʩʘ ʢʦʿʠ ʥʠʩʫ 

ʧʦʜ ʢʦʥʪʨʦʣʦʤ ʦʨʛʘʥʠʟʘʮʠʿʝ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʥʘʩʪʘʥʘʢ ʥʝʢʦʥʪʨʦʣʠʩʘʥʠʭ 

ʦʢʦʣʥʦʩʪʠ ʢʦʿʝ ʙʠ ʜʦʧʨʠʥʝʣʝ ʥʘʨʫʰʘʚʘˁʫ ʧʦʩʪʘʚˀʝʥʠʭ ʮʠˀʝʚʘ. 

ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʠʤʘ ʥʘʨʦʯʠʪ ʟʥʘʯʘʿ, ʟʙʦʛ ʩʚʦʛ 

ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʦʛ ʢʘʨʘʢʪʝʨʘ. ʇʨʚʘ ʜʠʤʝʥʟʠʿʘ ʿʝʩʪʝ ʧʨʝʚʝʥʪʠʚʥʘ, ʢʘʜʘ ʩʝ ʚʨʰʠ 

ʧʨʦʮʝˁʠʚʘˁʝ ʨʠʟʠʢʘ ʦʜ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʦʧʘʩʥʦʩʪʠ, ʦʜʥʦʩʥʦ ʦʥʠʭ ʢʦʿʝ ʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʠʩʢʫʩʪʚʠʤʘ ʠ ʧʨʝʚʠʹʘˁʠʤʘ. ɼʨʫʛʘ ʜʠʤʝʥʟʠʿʘ ʿʝʩʪʝ ʦʧʝʨʘʪʠʚʥʘ, ʫ ʢʦʿʦʿ ʩʝ ʦʨʛʘʥʠʟʘʮʠʿʘ 

ʘʥʛʘʞʫʿʝ ʫ ʙʦʨʙʠ ʧʨʦʪʠʚ ʥʘʩʪʘʣʝ ʦʧʘʩʥʦʩʪʠ ʦʜʥʦʩʥʦ ʧʨʝʪˁʝ. ɿʘ ʦʚʘʿ ʨʘʜ ʦʧʝʨʘʪʠʚʥʠ ʜʝʦ 

ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʥʠʿʝ ʟʥʘʯʘʿʘʥ, ʘʣʠ ʿʝʜʥʘ ʜʠʤʝʥʟʠʿʘ ʦʧʝʨʘʪʠʚʥʦʛ ʧʦʩʪʫʧʘˁʘ ʥʘ ʦʩʥʦʚʫ 

ʨʝʟʫʣʪʘʪʘ ʧʨʦʮʝʥʘ ʿʝ ʚʝʦʤʘ ʙʠʪʥʘ. ʇʦʩʪʫʧʮʠ ʘʢʪʝʨʘ ʚʘʥʨʝʜʥʠʭ ʩʠʪʫʘʮʠʿʘ, ʟʘʩʥʦʚʘʥʠ ʥʘ 
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ʫʩʤʝʨʝˁʠʤʘ ʣʠʮʘ ʢʦʿʘ ʨʫʢʦʚʦʜʝ ʘʢʮʠʿʘʤʘ ʩʧʘʩʘʚʘˁʘ, ʠʤʘʿʫ ʧʨʝʚʝʥʪʠʚʥʠ ʢʘʨʘʢʪʝʨ ʫ 

ʦʜʥʦʩʫ ʥʘ ʙʫʜʫ˂ʝ ʘʢʪʠʚʥʦʩʪʠ. ʏʠˁʝʥʠʮʘ ʿʝ ʜʘ, ʜʦʛʘʹʘʿʠ ʠ ʧʦʿʘʚʝ ʢʦʿʝ ʫʟʨʦʢʫʿʫ ʚʘʥʨʝʜʥʝ 

ʩʠʪʫʘʮʠʿʝ, ʧʦ ʧʨʘʚʠʣʫ, ʥʠʢʘʜʘ ʥʝ ʥʘʩʪʫʧʘʿʫ ʩʘʤʠ. ʋ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ, ʿʘʚˀʘʿʫ ʩʝ 

ʝʬʝʢʪʠ ʤʫʣʪʠʨʠʟʠʢʘ, ʢʦʿʠ ʤʥʦʛʦʩʪʨʫʢʦ ʫʚʝ˂ʘʚʘʿʫ ʧʦʩʣʝʜʠʮʝ, ʘʣʠ ʠ ʚʝʨʦʚʘʪʥʦ˂ʫ 

ʥʘʩʪʫʧʘˁʘ ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʝʜʠʮʘ. ʋʧʨʘʚʦ ʫ ʪʦʤ ʩʤʠʩʣʫ, ʩʚʘʢʠ ʧʨʝʜʫʟʝʪʠ ʦʧʝʨʘʪʠʚʥʠ 

ʧʦʩʪʫʧʘʢ, ʦʪʚʘʨʘ ʧʦˀʝ ʟʘ ʣʘʢʰʝ ʜʝʣʦʚʘˁʝ ʧʨʝʤʘ ʥʘʩʪʫʧʘʿʫ˂ʠʤ ʦʧʘʩʥʦʩʪʠʤʘ. 
 

 

ʉʣʠʢʘ.2 ʇʨʦʮʝʩ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ 

ʀʟʚʦʨ: ʋʧʫʪʩʪʚʦ ʦ ʤʝʪʦʜʦʣʦʛʠʿʠ ʟʘ ʠʟʨʘʜʫ ʧʨʦʮʝʥʝ ʫʛʨʦʞʝʥʦʩʪʠ ʠ ʧʣʘʥʦʚʘ ʟʘʰʪʠʪʝ 

ʠ ʩʧʘʩʘʚʘˁʘ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, ʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ ʈʉ 92/2012, ʆʙʨʘʜʘ: ɸʫʪʦʨ 

ʋʧʨʘʚˀʘˁʝ ʨʠʟʠʢʦʤ ʧʨʝʜʩʪʘʚˀʘ ʘʩʧʝʢʪ ʫʧʨʘʚˀʘˁʘ ʢʚʘʣʠʪʝʪʦʤ ʠ ʠʤʘ 

ʧʦʜʨʞʘʚʘʿʫ˂ʫ ʫʣʦʛʫ ʫ ʦʩʪʚʘʨʠʚʘˁʫ ʟʘʭʪʝʚʘʥʦʛ ʢʚʘʣʠʪʝʪʘ ʩʠʩʪʝʤʘ. ʆʩʥʦʚʥʠ ʮʠ ˀ

ʫʧʨʘʚˀʘˁʘ ʢʚʘʣʠʪʝʪʦʤ ʿʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʩʪʨʘʪʝʰʢʦʛ ʧʣʘʥʘ ʫʧʨʘʚˀʘˁʘ ʢʦʿʘ ʦʙʝʟʙʝʹʫʿʝ 

ʟʘʭʪʝʚʘʥʠ ʢʚʘʣʠʪʝʪ ʩʠʩʪʝʤʘ, ʜʦʢ ʿʝ ʮʠ ˀ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʟʘʜʨʞʘʚʘˁʝ ʢʚʘʣʠʪʝʪʘ 

ʩʠʩʪʝʤʘ ʠ ʫ ʩʣʫʯʘʿʫ ʨʝʘʣʠʟʘʮʠʿʝ ʨʠʟʠʯʥʠʭ ʜʦʛʘʹʘʿʘ[1]. ʋʧʨʘʚˀʘˁʝ ʨʠʟʠʢʦʤ ʪʨʝʙʘ ʜʘ 

ʦʙʝʟʙʝʜʠ ʢʦʥʪʠʥʫʘʣʥʫ ʝʛʟʠʩʪʝʥʮʠʿʫ ʩʠʩʪʝʤʘ. ʄʘʪʝʨʠʿʘʣʠʟʘʮʠʿʘ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʩʝ 

ʚʨʰʠ ʧʨʝʢʦ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʫʟ ʘʥʛʘʞʦʚʘˁʝ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʨʠʟʠʢʦʤ. ʉʠʩʪʝʤʠ 

ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʩʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚˀʘˁʘ ʯʠʿʠ ʿʝ ʮʠ ˀ ʧʣʘʥʠʨʘˁʝ, ʢʦʥʪʨʦʣʘ ʠ 

ʨʝʜʫʢʮʠʿʘ ʨʠʟʠʢʘ. [12]  ʈʘʟʥʦʚʨʩʥʦʩʪ ʠ ʩʣʦʞʝʥʦʩʪ ʟʘʜʘʪʘʢʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʧʨʠ ʥʘʩʪʘʥʢʫ 

ʠ ʨʘʟʚʦʿʫ ʨʠʟʠʯʥʦʛ ʜʦʛʘʹʘʿʘ, ʦʜʥʦʩʥʦ ʧʦʪʝʥʮʠʿʘʣʥʝ ʦʧʘʩʥʦʩʪʠ, ʢʘʦ ʠ ʥʝʦʧʭʦʜʥʦʩʪ 

ˁʠʭʦʚʦʛ ʙʨʟʦʛ ʨʝʰʘʚʘˁʘ, ʟʘʭʪʝʚʘ ʜʝʢʦʤʧʦʟʠʮʠʿʫ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʥʘ ʥʠʟ 

ʤʝʹʫʩʦʙʥʦ ʢʦʦʨʜʠʥʠʩʘʥʠʭ ʧʦʜʩʠʩʪʝʤʘ. ʇʨʠ ʪʦʤʝ ʿʝ ʥʝʦʧʭʦʜʥʦ ʦʙʝʟʙʝʜʠʪʠ ʠ ʦʜʨʞʘʪʠ 

ʦʧʪʠʤʘʣʥʦʩʪ ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʫ ʩʤʠʩʣʫ ʟʘʜʦʚʦˀʝˁʘ ʧʦʩʪʘʚˀʝʥʦʛ ʮʠˀʘ ʩʠʩʪʝʤʘ. ʇʨʦʮʝʥʘ 

ʨʠʟʠʢʘ, ʢʘʦ ʧʦʜʩʠʩʪʝʤ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ, ʦʤʦʛʫ˂ʫʿʝ ʧʨʠʢʫʧˀʘˁʝ ʠ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʿʫ ʧʦʢʘʟʘʪʝˀʘ, ʢʦʿʠʤʘ ʩʝ ʩʠʩʪʝʤ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʠʥʪʝʛʨʠʰʝ ʫ ʩʠʩʪʝʤ 

ʫʧʨʘʚˀʘˁʘ ʚʘʥʨʝʜʥʦʤ ʩʠʪʫʘʮʠʿʦʤ. 

3.1 ʂʦʥʪʝʢʩʪ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ  

ʉʠʩʪʝʤʠ ʫ ʞʠʚʦʪʥʦʤ ʦʢʨʫʞʝˁʫ (ʪʝʭʥʠʯʢʠ, ʙʠʦʣʦʰʢʠ, ʝʢʦʣʦʰʢʠ, ʝʢʦʥʦʤʩʢʠ, 

ʜʨʫʰʪʚʝʥʠ) ʩʫ ʩʚʝ ʢʦʤʧʣʝʢʩʥʠʿʠ. ɳʠʭʦʚʘ ʢʦʤʧʣʝʢʩʥʦʩʪ ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʘʿʘ ʫ 

ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. ʏʝʩʪʦ ʧʨʠʩʫʪʥʘ ʧʨʦʪʠʚʫʨʝʯʥʦʩʪ ˁʠʭʦʚʠʭ ʮʠˀʝʚʘ ʫʩʣʦʚˀʘʚʘ 

ʥʝʦʜʨʝʹʝʥʦʩʪ, ʘ ʥʝʨʝʪʢʦ ʠ ʥʝʠʟʚʝʩʥʦʩʪ ʧʘʨʘʤʝʪʘʨʘ ʦʚʠʭ ʩʠʩʪʝʤʘ. ɸʥʘʣʠʟʘ ʠ ʫʧʨʘʚˀʘˁʝ 

ʢʦʤʧʣʝʢʩʥʠʤ ʩʠʩʪʝʤʠʤʘ ʥʝ ʤʦʛʫ ʩʝ ʟʘʩʥʠʚʘʪʠ ʥʘ ʢʣʘʩʠʯʥʠʤ ʠʥʞʝˁʝʨʩʢʠʤ ʧʨʠʩʪʫʧʠʤʘ 

ʠ ʤʝʪʦʜʘʤʘ, ʙʝʟ ʜʫʙˀʝʛ ʩʘʛʣʝʜʘʚʘˁʘ ʧʨʦʙʣʝʤʘ, ʧʨʠʦʨʠʪʝʪʘ, ʠʥʪʝʨʘʢʮʠʿʘ, ʨʘʩʧʦʣʦʞʠʚʠʭ 

ʨʝʩʫʨʩʘ, ʘ ʥʘʨʦʯʠʪʦ ʙʝʟ ʦʮʝˁʠʚʘˁʘ ʝʬʝʢʘʪʘ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʠʟʘʙʨʘʥʠʭ ʪʝʭʥʠʯʢʠʭ 
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ʨʝʰʝˁʘ ʠʣʠ ʜʦʥʝʪʠʭ ʦʜʣʫʢʘ. ɱʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤʘ, ʧʨʠʩʫʪʥʠʭ ʫ ʢʦʤʧʣʝʢʩʥʠʤ 

ʩʠʩʪʝʤʠʤʘ ʿʝʩʪʝ ʧʨʦʙʣʝʤ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ[4]. ʉʧʝʮʠʬʠʯʥʦʩʪ 

ʩʚʘʢʦʛ ʩʫʙʿʝʢʪʘ ʿʝ ʚʝʦʤʘ ʚʘʞʥʘ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʦʢʚʠʨʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʫ ʚʘʥʨʝʜʥʠʤ 

ʩʠʪʫʘʮʠʿʘʤʘ.  

3.2 ɸʥʘʣʠʟʘ ʠ ʦʮʝʥʘ ʨʠʟʠʢʘ 

ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ ʢʦʥʪʝʢʩʪʘ ʠ ʦʢʚʠʨʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ, ʩʫʙʿʝʢʘʪ ʚʨʰʠ ʘʥʘʣʠʟʫ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʨʠʟʠʢʘ. ʀʜʝʥʪʠʬʠʢʦʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʦʧʘʩʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʘʢʪʠʚʥʦʩʪʠ, ʜʦʛʘʹʘʿʘ ʠʣʠ ʩʫʙʿʝʢʘʪʘ ʢʦʿʠ ʩʫ ʨʝʣʝʚʘʥʪʥʠ ʟʘ ʧʨʦʮʝʥʫ 

ʨʠʟʠʢʘ[4]. ʆʨʛʘʥʠʟʘʮʠʿʘ ʪʨʝʙʘ ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʝ ʠʟʚʦʨʝ ʨʠʟʠʢʘ, ʜʦʛʘʹʘʿʝ ʠʣʠ ʥʠʟ 

ʦʢʦʣʥʦʩʪʠ, ʢʘʦ ʠ ˁʠʭʦʚʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʧʦʩʣʝʜʠʮʝ. ʎʠ ˀ ʦʚʦʛ ʢʦʨʘʢʘ ʿʝ ʩʘʩʪʘʚˀʘˁʝ 

ʩʚʝʦʙʫʭʚʘʪʥʝ ʣʠʩʪʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʦʧʘʩʥʦʩʪʠ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʦʥʠʤ ʜʦʛʘʹʘʿʠʤʘ ʠ 

ʦʢʦʣʥʦʩʪʠʤʘ ʢʦʿʝ ʤʦʛʫ ʧʦʤʦ˂ʠ, ʩʧʨʝʯʠʪʠ, ʫʤʘˁʠʪʠ ʠʣʠ ʫʩʧʦʨʠʪʠ ʦʩʪʚʘʨʠʚʘˁʝ 

ʧʣʘʥʠʨʘʥʠʭ ʮʠˀʝʚʘ[2,6]. ʉʚʝʦʙʫʭʚʘʪʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʠ  ʨʝʛʠʩʪʨʦʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ 

ʦʧʘʩʥʦʩʪʠ ʢʦʿʝ ʤʦʛʫ ʨʝʟʫʣʪʠʨʘʪʠ ʥʝʛʘʪʠʚʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ ʿʝ ʦʜ ʩʫʰʪʠʥʩʢʝ ʚʘʞʥʦʩʪʠ, 

ʿʝʨ ʧʦʪʝʥʮʠʿʘʣʥʘ ʦʧʘʩʥʦʩʪ ʢʦʿʘ ʫ ʦʚʦʤ ʩʪʘʜʠʿʫʤʫ ʥʠʿʝ ʠʜʝʥʪʠʬʠʢʦʚʘʥʘ ʦʩʪʘʿʝ 

ʥʝʦʙʫʭʚʘ˂ʝʥʘ ʜʘˀʦʤ ʘʥʘʣʠʟʦʤ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʪʨʝʙʘ ʜʘ ʫʢˀʫʯʠ ʩʚʝ ʧʦʪʝʥʮʠʿʘʣʥʝ 

ʦʧʘʩʥʦʩʪʠ ʙʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʩʫ ʧʦʜ ʢʦʥʪʨʦʣʦʤ ʩʫʙʿʝʢʪʘ ʠʣʠ ʥʠʩʫ, ʙʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʩʫ ʫ 

ʜʘʪʦʤ ʤʦʤʝʥʪʫ ʘʢʪʫʝʣʥʝ ʠʣʠ ʥʝ.ʈʘʜʠ ʝʬʠʢʘʩʥʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʧʦʪʝʥʮʠʿʘʣʥʠʭ 

ʦʧʘʩʥʦʩʪʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʢˀʫʯʠʚʘˁʝ ʩʪʨʫʯʥʠʭ ʠ ʝʢʩʧʝʨʪʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʿʘ ʠ ˁʠʭʦʚʠʭ 

ʙʘʟʘ ʧʦʜʘʪʘʢʘ[8]. 

ɸʥʘʣʠʟʘ ʨʠʟʠʢʘ ʨʝʟʫʣʪʫʿʝ ʜʝʪʝʨʤʠʥʠʩʘˁʝʤ ʥʠʚʦʘ ʨʠʟʠʢʘ, ʥʘʿʯʝʰ˂ʝ ʧʨʠʢʘʟʘʥʦʛ 

ʤʘʪʨʠʮʦʤ ʨʠʟʠʢʘ (ʉʣʠʢʘ 3). ʆʙʟʠʨʦʤ ʜʘ ʨʠʟʠʢ ʧʨʝʜʩʪʘʚˀʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʥʝʢʠ ʰʪʝʪʘʥ 

ʜʦʛʘʹʘʿ ʨʝʘʣʠʟʫʿʝ ʠ ʠʟʘʟʦʚʝ ʥʝʛʘʪʠʚʥʝ ʝʬʝʢʪʝ ʧʦ ʰʪʠ˂ʝʥʝ ʚʨʝʜʥʦʩʪʠ[3,9], ʥʝʦʧʭʦʜʥʦ ʿʝ, 

ʥʘ ʰʪʦ ʧʨʠʭʚʘʪˀʠʚʠʿʠ ʥʘʯʠʥ ʢʚʘʥʪʠʬʠʢʦʚʘʪʠ ʠ ʧʨʠʢʘʟʘʪʠ ʨʝʟʫʣʪʘʪʝ ʘʥʘʣʠʟʝ ʨʠʟʠʢʘ.  
 

ʇʆʉʃɽɼʀʎɽ ʤʠʥʠʤʘʣʥʝ ʤʘʣʝ ʫʤʝʨʝʥʝ ʦʟʙʠˀʥʝ ʢʘʪʘʩʪʨʦʬʘʣʥʝ 

ɺɽʈʆɺɸʊʅʆɴɸ 1 2 3 4 5 

ʥʝʤʦʛʫ˂ʝ 1 1 2 3 4 5 

ʥʝʚʝʨʦʚʘʪʥʦ 2 2 4 6 8 10 

ʚʝʨʦʚʘʪʥʦ 3 3 6 9 12 15 

ʩʢʦʨʦ ʠʟʚʝʩʥʦ 4 4 8 12 16 20 

ʩʠʛʫʨʥʦ 5 5 10 15 20 25 

ʉʣʠʢʘ. 3 ʄʘʪʨʠʮʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʥʠʚʦʘ ʨʠʟʠʢʘ 

ʀʟʚʦʨ: ʋʧʫʪʩʪʚʦ ʦ ʤʝʪʦʜʦʣʦʛʠʿʠ ʟʘ ʠʟʨʘʜʫ ʧʨʦʮʝʥʝ ʫʛʨʦʞʝʥʦʩʪʠ ʠ ʧʣʘʥʦʚʘ ʟʘʰʪʠʪʝ 

ʠ ʩʧʘʩʘʚʘˁʘ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, ʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ ʈʉ 92/2012 

ʆʜʨʝʹʝʥʠ ʥʠʚʦʠ ʨʠʟʠʢʘ ʧʦʢʘʟʫʿʫ ʤʝʹʫʩʦʙʥʠ ʦʜʥʦʩ ʚʝʣʠʯʠʥʝ ʨʠʟʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ʢʨʠʪʝʨʠʿʫʤʝ ʧʨʠʭʚʘʪˀʠʚʦʩʪʠ ʟʘ ʜʘʪʠ ʩʫʙʿʝʢʪʘ. ʇʦʨʝʹʝˁʝʤ ʩʘ ʪʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ, ʚʨʰʠ 

ʩʝ ʦʮʝʥʘ ʨʠʟʠʢʘ, ʠ ʨʠʟʠʮʠ ʩʝ ʢʣʘʩʠʬʠʢʫʿʫ ʢʘʦ ʧʨʠʭʚʘʪˀʠʚʠ ʠ ʥʝʧʨʠʭʚʘʪˀʠʚʠ. ʎʠ ˀ

ʦʮʝʥʝ ʨʠʟʠʢʘ ʿʝ ʧʦʤʦ˂ ʫ ʜʦʥʦʰʝˁʫ ʦʜʣʫʢʘ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʘʥʘʣʠʟʝ ʨʠʟʠʢʘ ʦ ʪʦʤʝ 

ʢʦʿʠʤ ʩʝ ʨʠʟʠʮʠʤʘ ʪʨʝʙʘ ʙʘʚʠʪʠ ʠ ʦ ʧʨʠʦʨʠʪʝʪʠʤʘ ʪʨʝʪʤʘʥʘ ʨʠʟʠʢʘ. ʆʮʝʥʘ ʨʠʟʠʢʘ 

ʦʙʫʭʚʘʪʘ ʧʦʨʝʹʝˁʝ ʩʪʝʧʝʥʘ ʨʠʟʠʢʘ ʢʦʿʠ ʩʫ ʧʨʦʥʘʹʝʥʠ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʘʥʘʣʠʟʝ ʠ 

ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʨʠʟʠʢʝ ʢʦʿʠ ʩʫ ʫʪʚʨʹʝʥʠ ʫ ʪʦʢʫ ʨʘʟʤʘʪʨʘˁʘ ʯʠʪʘʚʦʛ ʢʦʥʪʝʢʩʪʘ[5].  

ʈʝʟʫʣʪʘʪʠ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʩʫ ʜʠʨʝʢʪʥʦ ʫʩʤʝʨʝʥʠ ʢʘ ʜʦʥʦʩʠʦʮʠʤʘ ʦʜʣʫʢʘ. ʆʜʣʫʢʝ 

ʪʨʝʙʘ ʜʘ ʫʟʤʫ ʫ ʦʙʟʠʨ ʰʠʨʠ ʢʦʥʪʝʢʩʪ ʨʠʟʠʢʘ ʠ ʫʢˀʫʯʝ ʨʘʟʤʘʪʨʘˁʝ ʪʦʣʝʨʘʥʮʠʿʝ ʨʠʟʠʢʘ, 

ʦʥʠʭ ʢʦʿʝ ʿʝ ʧʨʦʮʝʥʠʦ ʰʪʘʙ ʟʘ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ ʠʣʠ  ʢʦʿʝ ʩʫ ʧʨʦʥʘʰʣʠ ʜʨʫʛʠ ʩʫʙʿʝʢʪʠ 
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ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʧʨʝʢʦʛʨʘʥʠʯʥʝ. ʆʜʣʫʢʝ ʪʘʢʦʹʝ ʤʦʨʘ ʜʘ ʫʟʤʫ ʫ ʦʙʟʠʨ ʟʘʢʦʥʩʢʘ 

ʦʛʨʘʥʠʯʝˁʘ, ʿ ʝʨ ʠ ʜʝʣʦʚʘˁʝ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʠʤʘ ʩʚʦʿʫ ʟʘʢʦʥʩʢʫ ʟʘʩʥʦʚʘʥʦʩʪ. 

3.3 ʄʝʨʝ ʟʘ ʪʨʝʪʤʘʥ ʨʠʟʠʢʘ 

ʄʝʨʘʤʘ ʟʘ ʪʨʝʪʤʘʥ ʥʝʧʨʠʭʚʘʪˀʠʚʠʭ ʨʠʟʠʢʘ ʦʜʥʦʩʥʦ ʧʨʝʜʫʟʠʤʘˁʝʤ ʨʘʟʥʦʚʨʩʥʠʭ 

ʧʣʘʥʩʢʠʭ  ʤʝʨʘ, ʨʝʜʫʢʫʿʝ ʩʝ ʥʠʚʦ ʨʠʟʠʢʘ ʥʘ ʧʨʠʭʚʘʪˀʠʚ ʥʠʚʦ. ʀʟʨʘʹʫʿʝ ʩʝ ʧʣʘʥ ʟʘ 

ʪʨʝʪʤʘʥ ʨʠʟʠʢʘ, ʢʦʿʠ ʥʘʯʝʣʥʦ ʩʘʜʨʞʠ: ʨʠʟʠʢ, ʘʢʪʠʚʥʦʩʪ, ʥʦʩʠʦʮʘ ʘʢʪʠʚʥʦʩʪʠ, ʚʨʝʤʝ 

ʨʝʘʣʠʟʘʮʠʿʝ, ʩʘʨʘʜʥʠʢʝ ʫ ʨʝʘʣʠʟʘʮʠʿʠ ʘʢʪʠʚʥʦʩʪʠ, ʚʨʝʤʝ ʠ ʥʘʯʠʥ ʠʟʚʝʰʪʘʚʘˁʘ[10,9]. 

ʈʘʜʠ ʩʤʘˁʠʚʘˁʘ ʥʠʚʦʘ ʨʠʟʠʢʘ ʦʜ ʜʝʿʩʪʚʘ ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʝʜʠʮʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʝ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʦʧʘʩʥʦʩʪʠ ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʘ ʦʧʘʩʥʦʩʪʠ ʧʨʝʜʫʟʠʤʘ ʩʝ ʿʝʜʥʘ ʠʣʠ 

ʢʦʤʙʠʥʘʮʠʿʘ ʩʣʝʜʝ˂ʠʭ ʤʝʨʘ: ʠʟʙʝʛʘʚʘˁʝ ʨʠʟʠʢʘ, ʩʤʘˁʠʚʘˁʝ ʨʠʟʠʢʘ ʠʟʤʝʥʦʤ ʧʨʦʮʝʜʫʨʝ, 

ʩʤʘˁʠʚʘˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʝʰʘʚʘˁʘ, ʩʤʘˁʠʚʘˁʝ ʧʦʩʣʝʜʠʮʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʦʧʘʩʥʦʩʪʠ, 

ʟʘʜʨʞʘʚʘˁʝ ʠʣʠ ʧʨʠʭʚʘʪʘˁʝ ʨʠʟʠʢʘ. 

ʇʣʘʥʠʨʘˁʝ ʤʝʨʘ ʟʘ ʪʨʝʪʤʘʥ ʨʠʟʠʢʘ ʿʝ ʫ ʥʘʜʣʝʞʥʦʩʪʠ ʰʪʘʙʘ. ɿʘ ʨʝʘʣʠʟʘʮʠʿʫ ʩʫ 

ʦʜʛʦʚʦʨʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʯʠʿʠ ʩʫ ʧʨʝʜʩʪʘʚʥʠʮʠ ʫ ʰʪʘʙʫ ʟʘ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ. ʄʝʨʝ ʟʘ 

ʪʨʝʪʤʘʥ ʨʠʟʠʢʘ, ʩʫʰʪʠʥʩʢʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʚʠ ʢʦʨʘʢ ʧʨʝʚʝʥʮʠʿʝ. ʅʘ ʦʩʥʦʚʫ ʜʦʥʝʪʠʭ 

ʤʝʨʘ, ʥʘʣʝʞʥʠ ʦʨʛʘʥ, ʥʘʿʯʝʰ˂ʝ ʰʪʘʙ, ʜʦʥʦʩʠ ʦʜʣʫʢʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʬʦʨʤʠʨʘʿʫ 

ʩʥʘʛʝ ʠ ʩʨʝʜʩʪʚʘ ʟʘ ʟʘʰʪʠʪʫ ʠ ʩʧʘʩʘʚʘˁʝ. ʋ ʦʧʝʨʘʪʠʚʥʦʤ ʩʤʠʩʣʫ, ʤʝʨʝ ʟʘ ʪʨʝʪʤʘʥ 

ʦʧʝʨʘʪʠʚʥʠʭ ʨʠʟʠʢʘ ʩʝ ʜʦʥʦʩʝ ʫ ʫʩʣʦʚʠʤʘ ʨʘʟʚʠʿʝʥʝ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ. 

3.4 ʂʦʤʫʥʠʢʘʮʠʿʘ ʦ ʨʠʟʠʢʫ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ 

ʋ ʫʩʣʦʚʠʤʘ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ ʩʧʦʩʦʙʥʦʩʪ ʟʘ ʝʬʝʢʪʠʚʥʦ ʢʦʤʫʥʠʮʠʨʘˁʝ ʩʘ 

ʢˀʫʯʥʠʤ ʘʢʪʝʨʠʤʘ ʿʝ ʦʜ ʮʝʥʪʨʘʣʥʦʛ ʟʥʘʯʘʿʘ. ʐʪʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʧʨʝʜʤʝʪ ʢʦʤʫʥʠʢʘʮʠʿʝ, 

ʧʨʝʤʘ ʢʦʤʝ ʿʝ ʦʥʘ ʫʩʤʝʨʝʥʘ, ʢʦ ʿʝ ʟʘ ˁʫ ʟʘʜʫʞʝʥ, ʪʦ ʩʫ ʟʥʘʯʘʿʥʘ ʧʠʪʘˁʘ ʟʘ ʯʣʘʥʦʚʝ 

ʰʪʘʙʘ ʟʘ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ. ɼʘ ʙʠ ʩʝ ʩʘʩʚʠʤ ʨʘʟʫʤʝʣʘ ʫʣʦʛʘ ʢʦʤʫʥʠʮʠʨʘˁʘ ʦ ʨʠʟʠʢʫ ʫ 

ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʧʦʪʨʝʙʥʦ ʿʝ ʨʘʟʣʠʢʦʚʘʪʠ ʢʦʤʫʥʠʮʠʨʘˁʝ ʫ ʚʘʥʨʝʜʥʠʤ 

ʩʠʪʫʘʮʠʿʘʤʘ ʫʦʧʰʪʝ ʠ ʢʦʤʫʥʠʮʠʨʘˁʝ ʦ ʨʠʟʠʢʫ. 

ʂʦʤʫʥʠʮʠʨʘˁʝ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʿʝ "ʢʦʤʫʥʠʮʠʨʘˁʝ ʠʟʤʝʹʫ ʦʨʛʘʥʠʟʘʮʠʿʝ 

ʠ ˁʝʥʠʭ ʿʘʚʥʦʩʪʠ ʧʨʝ, ʟʘ ʚʨʝʤʝ ʠ ʧʦʩʣʝ ʥʝʛʘʪʠʚʥʦʛ ʜʦʛʘʹʘʿʘ". ʉʪʨʘʪʝʛʠʿʝ ʠ ʪʘʢʪʠʢʝ ʩʫ 

ʜʠʟʘʿʥʠʨʘʥʝ ʪʘʢʦ ʜʘ ʤʘʢʩʠʤʘʣʥʦ ʩʤʘˁʝ ʰʪʝʪʫ ʧʦ ʠʤʠ˅ ʦʨʛʘʥʠʟʘʮʠʿʝ. ʊʦʢʦʤ 

ʢʦʤʫʥʠʢʘʮʠʦʥʝ ʬʘʟʝ ʦʨʛʘʥʠʟʘʮʠʿʘ ʤʦʨʘ ʜʘ ʜʨʞʠ ʩʪʚʘʨʠ ʧʦʜ ʢʦʥʪʨʦʣʦʤ ʠʣʠ ʜʘ ʙʘʨʝʤ 

ʪʘʢʦ ʜʝʣʫʿʝ ʧʦʩʤʘʪʨʘʯʠʤʘ ʩʧʦˀʘ[10]  .  

ʂʦʤʫʥʠʢʘʮʠʿʘ ʦ ʨʠʟʠʢʫ, ʿʝ ʫʞʝʛ ʢʘʨʘʢʪʝʨʘ, ʘʣʠ ʥʝʦʜʚʦʿʠʚʘ ʦʜ ʧʨʦʮʝʩʘ 

ʢʦʤʫʥʠʢʘʮʠʿʝ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. ʅʘʠʤʝ, ʧʨʦʮʝʩ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʩʘʜʨʞʘʥ ʫ 

ʧʨʦʮʝʩʫ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʿʝ ʠʤʘʥʝʥʪʘʥ ʧʨʦʮʝʩʫ ʫʧʨʘʚˀʘˁʘ ʫ ʚʘʥʨʝʜʥʠʤ 

ʩʠʪʫʘʮʠʿʘʤʘ. ʊʦ ʧʨʘʢʪʠʯʥʦ ʟʥʘʯʠ, ʜʘ ʩʚʘʢʠ ʩʝʛʤʝʥʪ ʪʦʛ ʧʨʦʮʝʩʘ, ʤʦʨʘ ʜʘ ʙʫʜʝ ʜʦʩʪʫʧʘʥ 

ʣʠʮʠʤʘ ʢʦʿʘ ʫʧʨʘʚˀʘʿʫ ʨʠʟʠʢʦʤ ʠ ʦʤʦʛʫ˂ʝʥʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʩʘ ʩʚʠʤ ʫʯʝʩʥʠʮʠʤʘ ʫ 

ʧʨʦʮʝʩʫ ʫʧʨʘʚˀʘˁʘ ʚʘʥʨʝʜʥʦʤ ʩʠʪʫʘʮʠʿʦʤ. ʇʝʨʤʘʥʝʥʪʥʘ ʠ ʠʥʪʝʥʟʠʚʥʘ ʢʦʤʫʥʠʢʘʮʠʿʘ ʦ 

ʨʠʟʠʢʫ, ʜʦʧʨʠʥʦʩʠ ʫʯʝʰ˂ʫ ʣʠʮʘ ʟʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʫ ʩʚʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ʠ ʜʦʙʠʿʘˁʫ 

ʧʦʚʨʘʪʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʜʝʣʦʚʘˁʫ ʧʨʝʜʫʟʝʪʠʭ ʤʝʨʘ[10]. ʅʘ ʪʘʢʘʚ ʥʘʯʠʥ, ʢʦʤʫʥʠʢʘʮʠʿʘ 

ʦ ʨʠʟʠʢʫ ʧʦʩʪʘʿʝ, ʩʫʰʪʠʥʩʢʘ ʘʢʪʠʚʥʦʩʪ, ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʠ ʚʘʥʨʝʜʥʦʤ ʩʠʪʫʘʮʠʿʦʤ, 

ʢʦʘʿ ʜʘʿʝ ʩʪʨʘʪʝʰʢʫ ʧʨʝʜʥʦʩʪ ʜʦʥʦʩʠʦʮʠʤʘ ʦʜʣʫʢʘ. 

3.5 ʂʦʥʪʨʦʣʘ ʠ ʨʝʚʠʟʠʿʘ ʫ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ 

ʇʨʝʜʫʟʠʤʘˁʝʤ ʤʝʨʘ ʟʘ ʪʨʝʪʤʘʥ ʨʠʟʠʢʘ, ʥʝ ʟʘʚʨʰʘʚʘ ʩʝ ʧʨʦʮʝʩ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ. 

ʅʝʦʧʭʦʜʥʦ ʿʝ ʠʩʧʨʘʪʠʪʠ ʩʚʘʢʫ ʧʦʩʝʙʥʫ ʤʝʨʫ ʠ ʫʪʚʨʜʠʪʠ ʢʘʢʚʦ ʜʝʿʩʪʚʦ ʦʩʪʚʘʨʫʿʝ ʥʘ 
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ʦʜʨʝʹʝʥʫ ʘʢʪʠʚʥʦʩʪ. ʇʨʘ˂ʝˁʝ ʩʪʘˁʘ ʧʨʠʤʝʥʝ ʠ ʝʬʝʢʘʪʘ ʧʨʠʤʝˁʝʥʠʭ ʤʝʨʘ  ʚʨʰʠ ʩʝ 

ʧʫʪʝʤ ʢʦʥʪʨʦʣʝ. ʂʦʥʪʨʦʣʘ ʤʦʞʝ ʜʘ ʙʫʜʝ ʧʣʘʥʩʢʘ ʠ ʥʝʧʣʘʥʩʢʘ. ʂʦʥʪʨʦʣʘ ʩʝ ʚʨʰʠ 

ʧʦʨʝʹʝˁʝʤ ʧʨʦʥʘʹʝʥʦʛ ʩʪʘˁʘ ʩʘ ʧʨʦʿʝʢʪʦʚʘʥʠʤ ʩʪʘˁʝʤ. ʆʜʩʪʫʧʘˁʘ ʦʜ ʧʨʦʿʝʢʪʦʚʘʥʦʛ 

ʩʪʘˁʘ ʩʫ ʧʦʢʘʟʘʪʝˀʠ ʝʬʠʢʘʩʥʦʩʪʠ ʤʝʨʘ, ʠ ʫʢʦʣʠʢʦ ʠʭ ʠʤʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝʜʫʟʠʤʘʪʠ 

ʜʦʜʘʪʥʝ ʤʝʨʝ. ʂʦʥʪʨʦʣʦʤ ʩʝ ʤʦʛʫ ʧʨʘʚʦʚʨʝʤʝʥʦ ʨʝʛʠʩʪʨʦʚʘʪʠ ʧʨʦʤʝʥʝ ʧʘʨʘʤʝʪʘʨʘ, 

ʧʨʦʮʝʥʠʪʠ ʪʨʝʥʜʦʚʠ ʧʨʦʤʝʥʘ ʠ ˁʠʭʦʚ ʫʪʠʮʘʿ ʥʘ ʨʠʟʠʢ ʠ ʦ ʪʦʤʝ ʠʟʚʝʩʪʠʪʠ ʦʜʛʦʚʦʨʥʘ 

ʣʠʮʘ ʠʣʠ ʪʠʤʦʚʠ[6]. ɺʝʦʤʘ ʚʘʞʥʘ ʬʫʥʢʮʠʿʘ ʤʦʥʠʪʦʨʠʥʛʘ ʿʝʩʪʝ ʠ ʠʟʚʦʨ ʧʦʜʘʪʘʢʘ ʟʘ 

ʘʥʘʣʠʟʫ ʠ ʦʮʝʥʫ ʧʦʜʘʪʘʢʘ ʧʨʦʮʝʩʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ. ʋʪʚʨʹʠʚʘˁʝ ʯʠˁʝʥʠʮʘ ʦ 

ʫʩʢʣʘʹʝʥʦʩʪʠ ʥʠʚʦʘ ʨʠʟʠʢʘ ʩʘ ʜʝʬʠʥʠʩʘʥʠʤ ʮʠˀʝʚʠʤʘ ʦʜʥʦʩʥʦ ʨʘʟʚʦʿʝʤ ʜʦʛʘʹʘʿʘ 

ʜʦʧʨʠʥʦʩʠ ʜʘ ʩʝ ʧʨʦʮʝʩ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʥʘʩʪʘʚˀʘ ʙʝʟ ʠʟʤʝʥʘ. ʋ ʩʫʧʨʦʪʥʦʤ ʥʝʦʧʭʦʜʥʦ 

ʿʝ ʧʨʝʜʫʟʝʪʠ ʜʦʜʘʪʥʝ ʤʝʨʝ ʟʘ ʪʨʝʪʤʘʥ ʨʠʟʠʢʘ. ʈʝʚʠʟʠʿʘ ʧʨʦʮʝʩʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʩʝ 

ʦʜʥʦʩʠ ʥʘ ʧʨʦʮʝʥʫ ʫʩʧʝʰʥʦʩʪʠ ʪʨʝʪʤʘʥʘ ʨʠʟʠʢʘ ʠ ʦʜʣʫʯʠʚʘˁʝ ʦ ʥʘʩʪʘʚʢʫ ʠʣʠ ʥʦʚʦʤ 

ʧʨʠʩʪʫʧʫ.  

4. ʇʈɽɺɽʅʎʀɱɸ ʋ ɺɸʅʈɽɼʅʀʄ ʉʀʊʋɸʎʀɱɸʄɸ 

ʇʨʝʚʝʥʮʠʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʢʫʧ ʩʚʠʭ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʫʙʿʝʢʘʪ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʠ 

ʩʧʘʩʘʚʘˁʘ ʧʨʝʜʫʟʠʤʘ ʨʘʜʠ ʩʧʨʝʯʘʚʘˁʘ ʥʘʩʪʘʥʢʘ ʦʜʨʝʹʝʥʦʛ ʜʦʛʘʹʘʿʘ ʠʣʠ ʨʘʜʠ ʩʤʘˁʝˁʘ 

ˁʝʛʦʚʠʭ ʧʦʩʣʝʜʠʮʘ. ɱʝʜʘʥ ʦʜ ʦʩʥʦʚʥʠʭ ʘʣʘʪʘ ʧʨʝʚʝʥʮʠʿʝ ʿʝʩʪʝ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ. 

4.1 ʇʨʝʚʝʥʪʠʚʥʠ ʘʪʨʠʙʫʪʠ ʧʨʦʮʝʩʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ 

ʋ ʩʚʘʢʦʤ ʧʦʛʣʝʜʫ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ ʦʜʣʠʢʫʿʝ ʠʟʨʘʟʠʪʘ ʩʣʦʞʝʥʦʩʪ ʫʟʨʦʢʘ, 

ʨʘʟʚʦʿʘ, ʦʙʣʠʢʘ ʤʘʥʠʬʝʩʪʦʚʘˁʘ ʠ ʠʥʪʝʥʟʠʪʝʪʘ ʫʪʠʮʘʿʘ ʠ ʧʨʝʪˁʠ ʥʘ ʰʪʠ˂ʝʥʝ ʚʨʝʜʥʦʩʪʠ. 

ʅʘʿʩʣʦʞʝʥʠʿʠ ʧʨʦʙʣʝʤ ʢʦʜ ʫʧʨʘʚˀʘˁʘ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʿʝ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ 

ˁʠʭʦʚʦʛ ʥʘʩʪʘʥʢʘ ʠ ʨʘʟʚʦʿʘ. ʆʜ ʤʦʤʝʥʪʘ ʧʨʠʿʝʤʘ ʠʥʬʦʨʤʘʮʠʿʝ ʜʦʚʦˀʥʝ ʟʘ ʧʨʦʮʝʥʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʨʘ, ʥʘʩʪʘʿʝ ʜʝʬʠʮʠʪ ʚʨʝʤʝʥʘ ʟʘ ˁʠʭʦʚʫ ʨʝʘʣʠʟʘʮʠʿʫ. ʊʦ ʜʦʚʦʜʠ ʜʦ 

ʧʘʨʘʜʦʢʩʘ ʫ ʫʩʣʦʚʠʤʘ ʚʘʥʨʝʜʥʠʭ ʩʠʪʫʘʮʠʿʘ: ʦʯʝʢʫʿʫ˂ʠ ʧʨʠʿʝʤ ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʿʘ ʿʝ 

ʚʝʨʦʜʦʩʪʦʿʥʘ ʠ ʜʦʚʦˀʥʘ ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ, ʦʨʛʘʥʠʟʘʮʠʿʘ ʪʨʧʠ ʛʫʙʠʪʢʝ ʟʙʦʛ 

ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʧʨʦʤʝʥʘ ʠ ʥʝ ʤʦʞʝ ʧʨʝʜʫʟʝʪʠ ʧʣʘʥʩʢʝ ʠ ʣʦʛʠʯʥʝ ʤʝʨʝ ʫ ʮʠˀʫ ʨʝʰʘʚʘˁʘ 

ʥʘʩʪʘʣʠʭ ʧʨʦʙʣʝʤʘ [9]. ʅʘ ʧʦʯʝʪʥʠʤ ʩʪʘʜʠʿʫʤʠʤʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʦʧʘʩʥʦʩʪʠ, ʧʨʝʧʦʨʫʯʫʿʫ 

ʩʝ ʤʝʨʝ ʦʧʰʪʠʿʝʛ ʢʘʨʘʢʪʝʨʘ, ʫʩʤʝʨʝʥʝ ʥʘ ʧʦʚʝ˂ʘˁʝ ʩʪʨʘʪʝʛʠʿʩʢʝ ʝʣʘʩʪʠʯʥʦʩʪʠ 

ʦʨʛʘʥʠʟʘʮʠʿʝ. ʇʨʠʿʝʤʦʤ ʢʦʥʢʨʝʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʥʢʨʝʪʠʟʫʿʫ ʩʝ ʠ ʤʝʨʝ ʟʘ ʦʪʢʣʘˁʘˁʝ 

ʦʧʘʩʥʦʩʪʠ ʠʣʠ ʩʘʥʠʨʘˁʝ ʧʦʩʣʝʜʠʮʘ. ʋʢʦʣʠʢʦ ʩʝ ʠʟʚʨʰʠ ʣʦʰʘ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʢʦʿʘ 

ʟʘʧʨʘʚʦ ʧʨʝʜʩʪʘʚˀʘ ʩʫʰʪʠʥʩʢʠ ʜʝʦ ʫʧʨʘʚˀʘˁʘ ʚʘʥʨʝʜʥʦʤ ʩʠʪʫʘʮʠʿʦʤ ʫ ʩʚʠʤ ˁʝʥʠʤ 

ʬʘʟʘʤʘ, ʩʚʝ ʧʨʝʜʫʟʝʪʝ ʤʝʨʝ ʥʝ ʤʦʛʫ ʜʘ ʥʘʜʦʢʥʘʜʝ ʛʫʙʠʪʢʝ. ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʦʤʦʛʫ˂ʘʚʘ 

ʜʦʥʦʩʠʦʮʫ ʦʜʣʫʢʘ ʦʜʣʫʯʠʚʘˁʝ ʟʘʩʥʦʚʘʥʦ ʥʘ ʯʠˁʝʥʠʮʘʤʘ, ʩʘʛʣʝʜʘʥʠʤ ʫ ʨʝʘʣʥʦʤ 

ʚʨʝʤʝʥʫ. ʅʘʠʤʝ, ʧʨʦʮʝʥʦʤ ʨʠʟʠʢʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʩʚʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʦʧʘʩʥʦʩʪʠ, ʚʨʰʠ 

ˁʠʭʦʚʘ ʘʥʘʣʠʟʘ ʫʪʠʮʘʿʘ ʧʦ ʚʨʝʤʝʥʫ, ʧʨʦʩʪʦʨʫ ʠ ʧʦʩʣʝʜʠʮʘʤʘ ʠ ʜʦʥʦʩʠ ʦʜʣʫʢʘ ʦ ʤʝʨʘʤʘ 

ʟʘ ʪʨʝʪʤʘʥ ʨʠʟʠʢʘ[6][9] . 

4.2 ʋʪʠʮʘʿ ʧʨʝʚʝʥʮʠʿʝ ʥʘ ʧʦʩʣʝʜʠʮʝ ʚʘʥʨʝʜʥʠʭ ʩʠʪʫʘʮʠʿʘ 

ʇʦʩʣʝʜʠʮʝ ʚʘʥʨʝʜʥʠʭ ʩʠʪʫʘʮʠʿʘ ʩʝ ʦʜʨʝʹʫʿʫ ʢʘʦ ʫʢʫʧʥʠ ʠʩʭʦʜ ʠʣʠ ʝʬʝʢʘʪ ʢʦʿʠ 

ʝʣʝʤʝʥʪʘʨʥʝ ʥʝʧʦʛʦʜʝ ʠ ʜʨʫʛʝ ʥʝʩʨʝ˂ʝ ʠʩʧʦˀʘʚʘʿʫ ʥʘ ʰʪʠ˂ʝʥʝ ʚʨʝʜʥʦʩʪʠ. ʇʦʣʘʟʝ˂ʠ, 

ʧʨʝ ʩʚʝʛʘ, ʦʜ ʧʨʘʚʥʠʭ ʩʭʚʘʪʘˁʘ, ʪʘʿ ʧʦʿʘʤ ʙʠ ʤʦʛʘʦ ʜʘ ʩʝ ʦʜʨʝʜʠ ʠ ʢʘʦ ʧʦʩʣʝʜʠʮʝ 

ʥʘʩʪʘʣʝ ʛʫʙʠʪʢʦʤ ʞʠʚʦʪʘ ʠ ʟʜʨʘʚˀʘ ˀʫʜʠ, ʬʠʟʠʯʢʠʤ ʠ ʧʩʠʭʠʯʢʠʤ ʙʦʣʦʤ ʠʣʠ ʩʪʨʘʭʦʤ ʠ 

ʛʫʙʠʪʢʦʤ, ʥʝʩʪʘʥʢʦʤ, ʫʤʘˁʝˁʝʤ ʚʨʝʜʥʦʩʪʠ ʠʣʠ ʫʥʠʰʪʝˁʝʤ ʠʤʦʚʠʥʝ, ʥʘ ʧʨʦʩʪʦʨʫ ʠ ʚʘʥ 

ʧʨʦʩʪʦʨʘ ʫʛʨʦʞʝʥʦʛ ʚʘʥʨʝʜʥʦʤ ʩʠʪʫʘʮʠʿʦʤ. ʉʘʤ ʧʦʿʘʤ "ʧʦʩʣʝʜʠʮʘ" ʿʝ ʦʧʰʪʝʛ, 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

8 
 

ʥʝʝʢʦʥʦʤʩʢʦʛ ʢʘʨʘʢʪʝʨʘ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʦʿʤʘ ʰʪʝʪʝ, ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʝʢʦʥʦʤʩʢʠ, 

(ʢʦʣʠʯʠʥʩʢʠ) ʠʟʥʦʩ, ʠʟʨʘʞʝʥ ʦʙʠʯʥʦ ʫ ʥʦʚʮʫ[5] . ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʰʪʝʪʘ ʧʨʝʜʩʪʘʚˀʘ ʥʘ 

ʦʜʨʝʹʝʥʠ ʥʘʯʠʥ ʧʨʦʮʝˁʝʥʝ ʧʦʩʣʝʜʠʮʝ. ʇʦʜʝʣʘ ʧʦʩʣʝʜʠʮʘ ʚʘʥʨʝʜʥʠʭ ʩʠʪʫʘʮʠʿʘ ʤʦʞʝ ʜʘ 

ʩʝ ʚʨʰʠ ʧʨʠʤʝʥʦʤ ʙʨʦʿʥʠʭ  ʢʨʠʪʝʨʠʿʫʤʘ, ʦʜ ʢʦʿʠʭ ʩʫ ʥʘʿʚʘʞʥʠʿʠ: ʥʘʯʠʥ ʫʪʠʮʘʿʘ ʥʘ 

ʦʙʿʝʢʪʝ ʠ ˀʫʜʝ, ʚʨʩʪʝ ʥʘʥʝʪʝ ʰʪʝʪʝ, ʚʨʝʤʝʥʩʢʠ ʧʨʦʩʪʦʨ, ʦʙʠʤ ʠ ʧʦʪʨʝʙʘ ʧʨʦʮʝʥʝ. 

ʇʦʣʘʟʝ˂ʠ ʦʜ ʢʦʤʙʠʥʘʮʠʿʝ ʪʠʭ ʢʨʠʪʝʨʠʿʫʤʘ, ʿʝʜʘʥ ʦʜ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʠʭ ʤʦʜʝʣʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʧʦʩʣʝʜʠʮʘ ʚʘʥʨʝʜʥʠʭ ʩʠʪʫʘʮʠʿʘ ʧʨʝʤʘ ʦʙʿʝʢʪʠʤʘ ʠ ʥʘʯʠʥʫ  ʫʪʠʮʘʿʘ, 

ʚʨʩʪʝ ʥʘʥʝʪʝ ʰʪʝʪʝ ʠ ʚʨʝʤʝʥʫ ʤʘʥʠʬʝʩʪʘʮʠʿʝ ʥʘ ʧʨʚʦʤ ʥʠʚʦʫ ʧʦʜʝʣʝ, ʪʝ ʧʦʩʣʝʜʠʮʝ ʩʝ 

ʢʣʘʩʠʬʠʢʫʿʫ ʥʘ ʜʠʨʝʢʪʥʝ ʠ ʠʥʜʠʨʝʢʪʥʝ. ʆʩʥʦʚʥʠ ʢʨʠʪʝʨʠʿʫʤ ʨʘʟʚʨʩʪʘʚʘˁʘ ʧʦʩʣʝʜʠʮʘ 

ʥʘ ʪʦʤ ʥʠʚʦʫ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʢʘʦ ʥʘʯʠʥ ʫʪʠʮʘʿʘ ʚʘʥʨʝʜʥʠʭ ʩʠʪʫʘʮʠʿʘ ʥʘ ˀʫʜʝ, 

ʤʘʪʝʨʠʿʘʣʥʘ ʩʨʝʜʩʪʚʘ ʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʦʜʥʦʩʥʦ ʢʘʦ ʥʠʚʦ ʦʯʠʛʣʝʜʥʦʩʪʠ 

ʫʟʨʦʯʥʦʧʦʩʣʝʜʠʯʥʝ ʚʝʟʝ ʠʟʤʝʹʫ ʚʘʥʨʝʜʥʠʭ ʩʠʪʫʘʮʠʿʘ ʠ ʥʘʩʪʘʣʝ ʧʦʩʣʝʜʠʮʝ[9]. ʀ ʿʝʜʥʝ ʠ 

ʜʨʫʛʝ ʤʦʛʫ ʩʝ ʜʘˀʝ ʧʦʜʝʣʠʪʠ ʥʘ ʤʘʪʝʨʠʿʘʣʥʝ ʠ ʥʝʤʘʪʝʨʠʿʘʣʥʝ, ʘ ʦʥʝ ʥʘ ʧʨʠʤʘʨʥʝ, 

ʩʝʢʫʥʜʘʨʥʝ ʠ ʪʝʨʮʠʿʘʣʥʝ.   
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ABSTRACT 

The methods of fabrication polyurethane products range from small, hand pour piece-part operations to 

high-volume bunstock and boardstock production lines. Regardless of the end-product, the manufacturing 

principle is the same: to meter the liquid isocyanate and reaction mixture with polyols catalyst, chain extenders 

at a specified stoichiometric ratio, mix them together until a homogeneous blend is obtained, dispense the 

reacting liquid into a mold or on to a surface, wait until polymer network with permanent or temporary 

crosslinked points is formed, then demold the finished part. The greatest dangers in polyurethanes fabrication 

appear during preparation of blocs in a continuous manner, during fabrication in closed rooms, and during foam 

spraying in coating production. The problems also occur in the final stages during the cutting of PU foams with 

hot wires. The aim of this paper was to assess the mechanical properties and the activation energy of polyurethne 

network formation reaction for the potentially biodegradable materials based on castor oil and isocyanates with 

different structure. 

Key words: Polyurethanes, polymer network, reaction kinetic. 

ɽʂʆʃʆʐʂʀ ʀ ɹɽɿɹɽɼʅʆʉʅʀ ɸʉʇɽʂʊʀ ʇʈʆʀɿɺʆɼɳɽ 

ʇʆʃʀʋʈɽʊɸʅʉʂʀʍ ʄɸʊɽʈʀɱɸʃɸ 

ʈɽɿʀʄɽ 

ʄʝʪʦʜʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʧʦʣʠʫʨʝʪʘʥʩʢʠʭ ʧʨʦʠʟʚʦʜʘ ʩʝ ʢʨʝ˂ʫ ʦʜ ʨʫʯʥʝ ʠʟʨʘʜʝ ʤʘʣʠʭ ʢʦʤʘʜʘ ʜʦ 

ʧʨʦʠʟʚʦʜʘ ʚʝʣʠʢʠʭ ʛʘʙʘʨʠʪʘ ʥʘ ʦʛʨʦʤʥʠʤ ʧʨʦʠʟʚʦʜʥʠʤ ʣʠʥʠʿʘʤʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʢʦʥʘʯʘʥ ʧʨʦʠʟʚʦʜ 

ʧʨʠʥʮʠʧʠ ʬʘʙʨʠʢʦʚʘˁʘ ʩʫ ʠʩʪʠ: ʪʝʯʥʠ ʠʟʦʮʠʿʘʥʘʪʠ ʠ ʨʝʘʢʮʠʦʥʘ ʩʤʝʰʘ ʩʘ ʧʦʣʠʦʣʠʤʘ, ʢʘʪʘʣʠʟʘʪʦʨʦʤ, 

ʝʚʝʥʪʫʘʣʥʦ ʧʨʦʜʫʞʠʚʘʯʠʤʘ ʣʘʥʘʮʘ ʩʝ ʤʝʰʘ ʫ ʩʧʝʮʠʬʠʯʥʦʤ ʩʪʝʭʠʦʤʝʪʨʠʿʩʢʦʤ ʙʘʣʘʥʩʫ ʩʚʝ ʜʦʢ ʩʝ ʥʝ 

ʜʦʙʠʿʝ ʭʦʤʦʛʝʥ ʩʠʩʪʝʤ ʢʦʿʠ ʩʝ ʠʟʣʠʚʘ ʫ ʢʘʣʫʧʝ ʠʣʠ ʥʘʥʦʩʠ ʥʘ ʧʦʚʨʰʠʥʫ, ʟʘʪʠʤ ʩʝ ʯʝʢʘ ʜʘ ʩʝ ʬʦʨʤʠʨʘ 

ʧʦʣʠʤʝʨʥʘ ʤʨʝʞʘ ʩʘ ʧʨʠʚʨʝʤʝʥʠʤ ʠʣʠ ʪʨʘʿʥʠʤ ʯʚʦʨʦʚʠʤʘ ʠ ʥʘʢʦʥ ʪʦʛʘ ʩʝ ʦʪʚʘʨʘʿʫ ʢʘʣʫʧʠ ʠʣʠ ʫʢʣʘˁʘʿʫ 

ʧʦʜʣʦʛʝ. ʅʘʿʚʝ˂ʝ ʦʧʘʩʥʦʩʪʠ ʫ ʧʨʦʠʟʚʦʜˁʠ ʧʦʣʠʫʨʝʪʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʤʦʛʫ ʩʝ ʿʘʚʠʪʠ ʫ ʢʦʥʪʠʥʫʘʣʥʦʿ 

ʧʨʦʠʟʚʦʜˁʠ ʙʣʦʢʦʚʘ ʪʦʢʦʤ ʠʟʨʘʜʝ ʫ ʟʘʪʚʦʨʝʥʠʤ ʧʨʦʩʪʦʨʠʿʘʤʘ ʠ ʪʦʢʦʤ ʥʘʥʦʰʝˁʘ ʧʨʝʚʣʘʢʘ ʩʧʨʝʿ 

ʤʝʪʦʜʦʤ. ʅʝʞʝˀʝʥʠ ʝʬʝʢʪʠ ʩʝ ʪʘʢʦʹʝ ʤʦʛʫ ʠʩʧʦˀʠʪʠ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʧʨʠʧʨʝʤʘʿʫ 

ʩʠʨʦʚʠʥʝ. ʊʘʢʦʹʝ, ʪʦʢʦʤ ʟʘʚʨʰʥʠʭ ʬʘʟʘ ʦʙʨʘʜʝ ʧʦʣʠʫʨʝʪʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʠʟʣʦʞʝʥʦʩʪʠ 

ʰʪʝʪʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ, ʥʘʠʤʝ ʪʦʢʦʤ ʩʝʯʝˁʘ ʧʦʣʠʫʨʝʪʘʥʩʢʠʭ ʧʝʥʘ ʩʘ ʟʘʛʨʝʿʘʥʠʤ ʞʠʮʘʤʘ ʤʦʛʫ ʜʘ ʩʝ ʩʪʚʦʨʝ 

ʪʦʢʩʠʯʥʘ ʠʩʧʘʨʝˁʘ. ʎʠˀ ʦʚʦʛ ʨʘʜʘ ʿʝ ʙʠʦ ʜʘ ʩʝ ʦʜʨʝʜʝ ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʠ ʝʥʝʨʛʠʿʝ ʘʢʪʠʚʘʮʠʿʝ ʟʘ 

ʨʝʘʢʮʠʿʫ ʥʘʩʪʘʿʘˁʘ ʧʦʣʠʫʨʝʪʘʥʩʢʠʭ ʤʨʝʞʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʙʠʦʜʝʛʨʘʜʘʙʠʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʦʩʥʦʚʫ 

ʨʠʮʠʥʫʩʦʚʦʛ ʫˀʘ ʠ ʠʟʦʮʠʿʘʥʘʪʘ ʨʘʟʣʠʯʠʪʝ ʩʪʨʫʢʪʫʨʝ. 

Kˀʫʯʥʝ ʨʝʯʠ: ʇʦʣʠʫʨʝʪʘʥʠ, ʧʦʣʠʤʝʨʥʝ ʤʨʝʞʝ, ʨʝʘʢʮʠʦʥʘ ʢʠʥʝʪʠʢʘ. 

1. INTRODUCTION  

Polyurethane (PU) materials include use in adhesives, printing inks, damping 

elastomers, and many other areas. This materials are composed of organic chain units 

connected via carbamate links. While most PU are thermosets that do not melt when heated, 

thermoplastic elastomers with temporary crosslink points are also available. PU are most 

commonly formed by reacting a di- or polyisocyante with a polyol. Both reactants used to 

fabricate this materials contain two or more functional groups per molecule [1,2]. 
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Polyurethane networks can be prepared from polyols and polyisocyanates. Their functionality 

must be such that the system gels and network is formed. For reactive system [A,fA] + [B,fB], 

in which groups form bonds A-B, the earliest gelation and maximum crosslink density is 

obtained for stoichiometric balance of reactive groups. In off-stoichiometric balance, the gel 

point is shifted to higher conversions of minority groups. In PU formulations the adequate 

structure of isocyanate component is important due to the severe toxicity issues. Isocyanates 

are very reactive and thus very useful for PU preparation but also requires special care in use 

and handling. The aromatic isocyanates, diphenylmethane diisocyanate (MDI) or 

toluenediisocyanate (TDI) are more reactive than aliphatic isocyanates, such as aliphatic 

hexamethylene diisocyanate (HDI) or cycloaliphatic isophorone diisocyanate (IPDI). Most of 

the isocyanates are difunctional, that is they have exactly two isocyanate groups per molecule. 

An important exception to this is polymeric diphenylmethane diisocyanate, which is a mixture 

of molecules with two-, three-, and four- or more isocyanate groups. In cases like this the 

material has an average functionality greater than two. TDI and MDI are generally less 

expensive and more reactive than other isocyanates. They are used to make flexible foam for 

mattresses or molded foams for car seats, rigid foam for refrigerators, elastomers for shoe 

soles. Although all of the isocyanates are hazardous, TDI is considered the most toxic. 

Exposure to this isocyanate can be controlled by removing the substance from the working 

place. When isocyanate products are used, exposure can be controlled with the use of 

engineering controls such as enclosed systems, as well as local ventilation. The isocyanates 

can be modified by partially reacting them with polyols or introducing some other materials to 

reduce volatility and toxicity of the isocyanates, decrease their freezing points to make 

handling easier or to improve the properties of the final products. Aliphatic and cycloaliphatic 

isocyanates are used in smaller volumes, most often in coatings and applications where color 

and transparency are important since PU based on aromatic isocyanates tend to darken on 

exposure to light. Aliphatic diisocyanates are used, not in the production of foam, but in 

special applications, such as enamel coatings which are resistant to abrasion and degradation 

from ultraviolet light. These properties are particularly desirable in, for instance, the exterior 

paint applied to aircraft. The polyols used to prepare PU materials are not "pure" compounds 

since they are often mixtures of similar molecules with different molecular masses and 

combination of molecules with different numbers of hydroxyl groups, which is why the 

"average functionality" is often used. Industrial grade polyols have their composition 

sufficiently well controlled to produce Pu with desired topology and properties. Polyols for 

rigid PU have molecular masses in the hundreds, while those used to make flexible 

polyurethanes have molecular weights up to ten thousand or more. The reaction makes a 

polymer containing the urethane linkage, -RNHCOOR'- is often catalyzed by tertiary amines, 

such as 1,4-diazabicyclo[2.2.2]octane, and metallic compounds, such as bismuth octanoate or 

dibutyl dilaurate. PU are more efficient than other types of insulating material due to the 

reduced volume of the material required. As a result, the manufacture of insulated containers 

needs less energy and they are lighter to transport. The formation of PU can be conducted in a 

mold, in an extruder, or continuously on a conveyor (block foam preparation). Flexible foams 

convinient for furniture upholstery, mattresses, shoe soles, packing materials, and moldings 

for the automotive production are made by mixing polyols with a isocyanates and a blowing 

agent, using a foaming head which delivers the mixture to either a mould or to a paper lined 

conveyor. The reaction mixture expands to fill the space and then is left for final network 

formation. Solid moldings are made using similar plant and the flexibility can be varied. The 

foam mixture can be sprayed or injected and the equipment is often portable. In paint spraying 

two pack paints are mixed together and applied before the mixture begins to crosslink. Often 

the paint is applied by spraying and heat network formation may be used. These paints are 
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particularly used in the motor vehicle trade. In the motor industry polyurethane is used to 

reduce the weight of vehicles and, in turn, to reduce fuel consumption and CO2 emissions. In 

furniture fabrication the PU slow-resilience foam, which is also called memory sponge and 

viscoelastic foam, can be adapted to the shapes of different human body parts. PU coatings 

are industrially very important due to their excellent mechanical properties [3]. Therefore 

their fabrication is a great challenge with regard to environmental aspects. The challenge can 

be faced equally if one avoids the use of a diisocyanate or a prepolymer, whilst still ensuring 

successful synthesis. The aliphatic diisocyanates can form trimer aducts, which are 

structurally related to cyanuric acid. Using this aducts seems to be the best option for reducing 

toxicity. Three diisocyanate molecules combine to form a cyclic ring structure by the reaction 

of one of the isocyanate groups with the other. The resulting cyclic structure is a cyanurate 

ring with three free isocyanate groups attached to it. These groups are utilized for chain 

extension and the crosslinking. Prepolymers have a high viscosity and therefore diluents are 

required to achieve the applicable viscosity needed for applications such as coatings and 

paints. However, this approach also does not eliminate the risk because the solvents which are 

used contribute to a higher volatile content. Furthermore, blocked diisocyanates require 

elevated temperatures for cross-linking. The cyclic trimers are best-suited basic reactants for 

the safe preparation of PU coatings. In particular, isophorone diisocyanate (IPDI) trimers are 

useful because they contain isocyanurate rings which increase the thermal stability, chemical 

resistance, and flame resistance of the final products. Aliphatic polyisocyanates based on 

hexamethylene 1,6-diisocyanate (HDI) are components of lacquers, coatings, and spray 

paints. They are mainly composed of HDI trimer (a viscous liquid) but also contain larger 

oligomers, and small amounts of monomer. is a viscous liquid used for durable coatings and is 

applied by brushing or spraying. The threats from PU production appear during fabricating 

blocs in a continuous manner, during works in closed ambient, during spraying for coating 

preparation. The problems also occur on the workplaces where the reactants for foaming are 

mixing, during the final stages there may appear exposure to toxic substances. The glues that 

are used for element connections contain the solvents which are often sprayed with a spray-

gun, which can cause the fire. One of the most desirable attributes of polyurethanes is their 

ability to be turned into foam. Making a foam requires the formation of a gas at the same time 

as the polyurethane network is forming. The gas can be carbon dioxide, either generated by 

reacting isocyanate with water, or added as a gas or produced by boiling volatile liquids. 

Foamed PU materials have low thermal stability, lose mechanical strength above 150-200 °C, 

and can generate various toxic products. The control of the PU biodegradability is favorable 

for specific applications in the regenerative medicine for flexible polyurethane scaffolds [4]. 

For many years engineers have been trying to design the properties of PU adhesives for 

different application via, combination of different polyols as well as isocyanates adducts. The 

adhesives based on PU are using in woodworking, furniture restoration, boat building, cabinet 

making, stone working, light aircraft building, and many others. The bonding mechanisms of 

PU adhesives are different on wood and metal surface. Wood bonding deals with the complex 

chemistry through celluloid hydrogen bonding while metal bonding takes a part through the 

polarity of metal substrate i.e. orientation of polar group. In the past few years, ecologically 

safe biodegradable polyurethane materials have been the focus of momentous attention in 

industrial research for wide applications from a environmental and energy standpoint, with the 

increasing emphasis on issues concerning waste disposal and depletion of non-renewable 

resources [5,6,7]. These materials are good candidates for biodegradable, injectable 

polyurethane scaffolds for bone and soft tissue engineering and for surgical adhesives due to 

the possibility of being biodegradable, biocompatible and if synthesised in the form of 

prepolymer, have the capacity to react with amino groups present in the biological molecules. 
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Surgical adhesives must have some special requirements (must hold the two sides of the tissue 

together until it has enough mechanical strength to properly support wound healing). Bone 

tissue necrosis can occur when exposed to temperatures greater than 50 °C for longer than 1 

min, so it is important to address the reaction temperatures of injectable systems (the reaction 

of polyol and isocyanate to form urethane bonds is exothermic) [8,9]. The castor oil can be 

used for PU manufacturing, which are attractive due to their structural versatility as 

thermoplastic, elastomer, thermosets, rigid and flexible foams. The unique feature of castor 

oil is that it contains hydroxylated triacylglycerols, which are important ingredients for 

polyurethane preparation. Long pendant chains of the fatty acids impart flexibility and 

hydrolytic resistance to the network and the double bond present in the castor oil serves as a 

grafting center. They still present the particularity to be more compatible to natural fibers in 

relation to other polymers, due to possible reaction of hydroxyl groups of the fibers and the 

isocyanate groups of the PU. The proposal of this work was to determine mechanical 

properties and reaction kinetic of polyurethanes based on castor oil and isocyantes with 

different structure and toxicity (HDI, IPDI, 2,4-TDI, HDIt). 

2. EXPERIMENTAL PART  

2.1. Materials 

The castor oil (clear pale yellow oil with density 0.961 g/mL at 25 °C) was supplied 

from Sigma-Aldrich Company. The aliphatic 1,6-diisocyanatohexane (HDI), aliphatic 

isophorone diisocyanate (IPDI) and aromatic 2,4-tolylene diisocyanate (2,4-TDI) were 

purchased from Sigma-Aldrich. The solvent-free syclo-trimer hydrophilic aliphatic 

polyisocyanate (HDIt) based on hexamethylene diisocyanate (HDI), with NCO content 

17.4±0.5% and monomeric HDI less than 0.15% (Bayhydur 3100 with functionality 3,1) was 

received from Bayer. The catalyst dibutyltindilaurate (DBTDL) was obtained from Sigma-

Aldrich. 

2.2. Sample preparation and characterization 

The samples were prepared with stoichiometric balance of NCO and OH groups with 

and without the catalyst. Before synthesis the castor oil was dried in the vacuum, 4 hours at 70 

°C in a 100 ml reaction flask. The addition of isocyanate was done under rigorous stirring. 

The reactive mixture was cast into preheated silicon mold and cured in an oven at 110 °C 

during 12 h. The stress-strain experiments were performed at 25 °C on a tensile testing 

machine Instron 1122. For each data, five specimens were tested, and the average value was 

taken. For DSC experiments the flask with reactive mixture was stored at a temperature lower 

than 5 °C to prevent the reaction. The calibration of DSC (Q200, TA Instruments) was 

assessed using indium. 2-3 mg of reaction mixture was sealed in pans by press. The DSC 

curves were obtained at different heating rate (5, 10, 20 °C/min).  

3. RESULTS AND DISCUSSION 

The synthesys of PU based on vegetable oil formulations is very complex and thus for 

industrial fabrication of this materials it is important to assess the optimal reaction 

temperature and to obtain materials with the adequate topology and mechanical properties. 

Since the hydroxyl functionality of castor oil is theoretically 3 the corresponding materials are 

thermosets. Having in mind the industrial productivity, isocyanate groups react rather slowly, 
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thus choice of catalyst type is usually made toward obtaining an appropriate reactions that can 

occur during the process. The structure of obtained biodegradable polyurethane network 

based on aliphatic 1,6 diisocyanatohexane (HDI) is given in the figure 1. The data for 

mechanical properties of obtained materials with and without use of the catalyst are given in 

the Table 1. The smallest value for tensile strength have polyurethane material based on 

hydrophilic aliphatic polyisocyanate based on hexamethylene diisocyanate (Bayhydur 3100). 

As the hardener component this cyclotrimer is convenient for high-quality aqueous two-

component PU systems and as for improving the property profile of aqueous coating and 

adhesive systems. The activation energy Ea for the network formation reactions were 

determined using DSC curves according Ozava method [10,11]. This value is the minimum 

energy that must be input to a reactive system with potential reactants to cause a chemical 

reaction, and may also be assess as the minimum energy required to start a reaction and can 

be defined as the height of the energy barrier separating the minimum of the reactants and 

reaction products potential energy. The thermograms for catalysed system based on different 

isocyanates and castor oil are given in the Figure 2. At heating rate 20 °C/min it was obtained 

that for catalysed reactive system with aromatic 2,4-TDI the value of Ea was 44.7 kJ/mol. The 

smallest value 39.7 kJ/mol was obtained for system with Bayhydur 3100, and the highest 45,3 

kJ/mol was for the reactive system based on aliphatic HDI. For non catalysed system based on 

2,4-TDI the conversion degree of 90% was reached for 35 minutes at 120 °C. It was estimated 

that the catalyst reduced the activation energy. It was assessed that aliphatic HDI is more 

reactive than cycloaliphatic IPDI. This latter has NCO groups with different relativities 

because of the cyclic structure. The values for estimated reaction rate maxima position are 

determined from scans at heating rate 20 °C/min.  

 

 

Figure 1. The structure of polyurethane network based on castor oil and aliphatic  

1,6-diisocyanatohexane (HDI). 

Table 1. The mechanical properties of biodegradable polyurethane materials based on castor 

oil and isocyanates with different properties  

Isocyanate 

NCO 

content 

[%] 

Reactivity of NCO group  
Tensile strength 

[MPa] 

Elongation at 

break [%] 

Aromathic 2,4-TDI 48.3 
The 4-position is four times more 

reactive than the 2-position. 
0.693 100 

Cycloaliphatic IPDI 37.8 
Primary NCO group is more reactive 

than the secondary 
0.891 130 

Aliphatic HDI 49.9 NCO groups of equal reactivity 0.485 155 

Cyclo-aliphatic 

trimer HDIt  17.1 

 
NCO groups of equal reactivity  

 

0.217 132 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

14 
 

 

Figure 2. DSC curves for catalysed reactive system based on castor oil and different 

diisocyanates and cyclotrimer Bayhydur obtained at heating rate 20 °C/min.  

Table 2. The kinetic data obtained at different heating rate for catalysed and non-catalysed 

systems based on castor oil and different isocyanates for different possible application. The 

temperature of reaction rate maxima Tmax
 
was determined at heating rate 20 °C/min. 

Used isocyanate 
Possible  

application 

Tmax [°C] 

20 °C/min 

Ea [kJ/mol] 

5°C/min 

Ea [kJ/mol] 

10 °C/min 

Ea [kJ/mol] 

20°C/min 

Catalysed reactive 

systems 
     

Aromathic 2,4-TDI  Rigid foams 88.9 31.1 34.9 44.6 

Cyclo aliphatic IPDI  Adhesives 104.0 30.1 38.9 44.7 

Aliphatic HDI  Coatings 60.3 38.4 41.1 45.3 

Cycloaliphatic trimer 

HDIt  

Biodegradabe 

scaffolds 
70.4 34.8 35.4 39.7 

Noncatalysed reactive 

system 
     

Aromathic 2,4-TDI  - 166.1 40.3 41.3 51.3 

Cyclo aliphatic IPDI  - 191.3 39.8 52.6 55.1 

Aliphatic HDI  - 182.2 51.2 52.3 57.9 

Cycloaliphatic trimer 

HDIt  
- 196.2 46.3 59.9 64.6 

4. CONCLUSION 

The proposal of this applicative work was to determine the activation energy of 

network formation reaction for eco-friendly polyurethane materials based on castor oil using 

the differential scanning calorimetry. The Ozawa isoconversion method was used for the 

kinetic determination. Four type of isocyanates were used. The activation energy is regarded 

as an parameter that indicates the sensitivity of the reaction rate to temperature, thus its value 

is very important for the optimal synthesys condition assessment. It was estimated that the 

reaction kinetic was dependant on the used isocyanate type and that the catalyst reduced the 

activation energy. It was observed that the aliphatic HDI is more reactive than cycloaliphatic 

IPDI. The highest reduction of activation energy was observed for the reactive systems based 
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on HDI which is considered more biodegradable. The activation energy is regarded as an 

parameter that indicates the sensitivity of the reaction rate to temperature, thus this value is 

very important for the optimal fabrication condition assesment. 
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DIAGNOSTIC  THERMAL SOURCES ON CNC MACHINE  TOOLS FOR 
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ABSTRACT:  

This paper presents the values of the temperature of metal, ceramic and plastic materials in which there 

is a causation of burns in contact with hot surfaces. Experiments were performed on heat sources and thermal 

dangers on the machine tool Index GU 600 in the stationary state of the machine and they show values of 

temperature on the characteristic points of the machine. The temperature source diagnostics and its quantitative 

values were measured using the infrared thermography (IR). The paper shows the influence of ambient 

temperature on the temperature values of the characteristic machine zone. The experiment was carried out for 

two values of ambient temperature 21.6 [ºC]  and 32.3 [ºC] . 

Key words: machine tools, thermal sources, infrared thermography (IR). 

ɼʀɱɸɻʅʆʉʊʀʂɸ ʀɿɺʆʈɸ ʊʆʇʃʆʊɽ ʅɸ CNC ʄɸʐʀʅɸʄɸ ɿɸ 

ʈɸɿʃʀʏʀʊɽ ɸʄɹʀɱɽʅʊɸʃʅɽ ʊɽʄʇɸʈɸʊʋʈɽ ʇʆʄʆɴʋ 

ʀʅʌʈɸʎʈɺɽʅɽ ʊɽʈʄʆɻʈɸʌʀɱɽ  

ʈɽɿʀʄɽ: 

ʆʚʘʿ ʨʘʜ ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʝʪʘʣʘ, ʢʝʨʘʤʠʢʝ ʠ ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʜ 

ʢʦʿʠʭ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʧʦʿʘʚʝ ʦʧʝʢʦʪʠʥʘ ʫ ʜʦʜʠʨʫ ʩʘ ʪʦʧʣʠʤ ʧʦʚʨʰʠʥʘʤʘ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʫ ʨʘʹʝʥʠ ʥʘ 

ʠʟʚʦʨʠʤʘ ʪʦʧʣʦʪʝ ʠ ʪʝʨʤʠʯʢʠʭ ʦʧʘʩʥʦʩʪʠ ʥʘ ʘʣʘʪʥʦʿ ʤʘʰʠʥʠ Index GU 600 ʫ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʪʘˁʫ 

ʤʘʰʠʥʝ ʠ ʦʥʠ ʧʦʢʘʟʫʿʫ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʤ ʪʘʯʢʘʤʘ ʤʘʰʠʥʝ. ɼʠʿʘʛʥʦʩʪʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʟʚʦʨʘ ʠ ʝˁʥʝ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʤʝʨʝʥʝ ʧʨʝʢʦ ʠʥʬʨʘʮʨʚʝʥʝ ʪʝʨʤʦʛʨʘʬʠʿʝ (ʀʈ). 

ʈʘʜ ʧʦʢʘʟʫʿʝ ʫʪʠʮʘʿ ʘʤʙʠʿʝʥʪʘʣʥʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʝ ʚʨʝʜʥʦʩʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʤʘʰʠʥʩʢʝ 

ʟʦʥʝ. ɽʢʩʧʝʨʠʤʝʥʪ ʿʝ ʠʟʚʝʜʝʥ ʥʘ ʜʚʝ ʚʨʝʜʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʠʥʝ ʦʜ  21,6 [ºC] ʠ 32,3 [ºC]. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʘʣʘʪʥʝ ʤʘʰʠʥʝ, ʠʟʚʦʨʠ ʪʦʧʣʦʪʝ, ʠʥʬʨʘʮʨʚʝʥʘ ʪʝʨʤʦʛʨʘʬʠʿʘ (ʀʎ). 

1. INTRODUCTION  

Temperature is probably the most measured industrial variable since virtually every 

process, in nature and industry, is temperature dependent. Temperature has a significant role 

as the indicator of the product or the machine part condition, both in production and in quality 

control. The occurrence of high temperatures on machine tools during the processing 

operations can cause danger from the aspect of the occupational safety of the operator. In the 

contact between the operator and hot surfaces, burns can occur. Temperature areas where 

burns can occur are determined on the basis of scientific results of diverse groups. Moritz and 

Henriques have performed experiments on the pigs skin which is similar to the human one. 

They were researching skin temperatures when burns occur [1]. 

In concrete, the temperature influence on machine tools is manifold. The increase in 

temperature and heat deformation of the main spindle (machine element) directly influences 

the accuracy of the workpiece and the working ability of the bearing. Therefore, the permitted 

increase in the temperature of the main spindle bearing is defined by the demanded accuracy 

of the machine tool. Temperature in the cutting zone has a great impact to the machine itself, 

the workpiece and the tool as well, and the researches related to this phenomenon deserve 

greater attention. Apart from the previously mentioned heat sources on machine tools, there 

                                                             
1
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are also heat sources in the motors as well (for the main motion, supplementary motion, chip 

transport, etc.), their gears for the main and supplementary motion, electrical cabinets, 

operational units, etc. 

As a diagnostic tool for revealing temperature sources, the infrared thermovision 

camera is applied. This technique is employed for the measurement of surface characteristics 

for a variety of researches involving all possible heat transfer phenomena. The method is 

especially important and useful because it gives spatially resolved surface temperature 

distributions non-intrusively, even when large gradients of surface temperature are present 

[2]. 

2. METHODOLOGY INFRARED  THERMOGRAPHY  

Each body with the temperature above the absolute zero has infrared radiation in the 

function of oneôs own temperature. In physics, it is well-known that the temperature is a 

measure of average atomic kinetic energy, and based on this definition, a buildingôs 

temperature can be determined by measuring the intensity of the emitted electromagnetic 

radiation in the infrared spectrum respecting the Stefan-Bolzmannôs law. Electromagnetic 

waves originating from the mechanical particle motion can be characterized with their 

intensity and wavelength. Both these characteristics refer to temperature, i.e. a warmer object 

has shorter wavelength and vice versa. Infrared radiation emitted from the black body is 

described using the Plankôs radiation law [3]. 

Emissivity is a ratio between emitted radiation from a body and the black body at the 

same temperature and wavelength. Emissivity value is in the interval from 0 (emissivity value 

of the body reflecting all its radiation) to 1 (emissivity value of the ideal emitter, i.e. a black 

body). Apart from temperature and wavelength, emissivity of real objects depends on the 

factors such as material composition, surface condition of the analyzed material, observation 

angle and polarization. In measuring with IR thermovision cameras, the determination of the 

accurate emissivity value of the observed object presents a basis for obtaining real 

temperatures. Different methods for emissivity calibration have been described in literature. 

This paper uses the method where the same object is measured by the contact thermometer, 

i.e. using thermocouple and thermovision camera at the same time. Different temperature 

readings provide a basis for emissivity correction. 

The energy which reaches the thermal sensor consists not only of the energy emitted 

by the surroundings and intercepted by the objectôs surface. The radiation reaching the 

thermovision camera consists of the radiation emitted by the analyzed object and the radiation 

reflected by other sources in the object vicinity, as well as from the transmitted radiation [4]. 

The atmosphere between the scanner and the object partly absorbs and therefore 

weakens the radiation, but then, at the same time, the emissivity of the atmospheric gases 

helps strengthening it. All the above are major sources of the method-related errors and 

should be considered when calculating the object temperature. For obtaining accurate 

measuring results, it is necessary to recognize the reflected radiation sources and prevent their 

influence on the overall measuring result. Apart from these factors, the accuracy of measuring 

results is also influenced by the following: ambient temperature, observation angle, air 

humidity, and the distance between the thermovision camera sensor and the analyzed object. 

3. EXPERIMENTAL RESE ARCH OF TEMPERATURE ON THE CONTACT 

SURFACES OF THE CNC MACHINE ï INDEX GU 600 

For the demands of the present study, a ThermoPro TP8S thermal camera (Wuhan 

Guide Infrared Technology) is used. The field of this camera is 16° × 12°/35 (mm) and the IR 
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resolution is 384 × 288 pixels. The camera performs measurements in the long-wavelength 

infrared range of the electromagnetic spectrum, with the measuring insecurity of ±0.5°C [5]. 

For the emissivity value calibration, a contact thermocouple PCE-T396 with the accuracy 

±0.2% is used. Emissivity value is corrected in the thermovision camera software, so that the 

temperature measures from the thermocouple and from the thermovision camera can be 

identical on an analyzed CNC machine. Researchers are performed in the stationary 

temperature condition. Generally, on all machine tools, the heat generation locations are 

motors for motion on determined axes, a motor for the hydro aggregate, main spindle bedding 

(contact between rolling elements with bearing rings), processing zone, electrical cabinets, 

managing area electronics, etc. Heat sources in beddings and processing zone have been 

described in details in a large number of papers dealing with the issue. When considering the 

joints of the main spindles, whether bedded by cylindrical roller bearings or ball bearings in 

the front or the rear bedding, there will not be any surface heating which can cause the burns. 

[6]. 

In the case of heat generation in the processing zone, the contact surface temperature 

can reach the value that can cause burns if the cooling and lubricant agent is off or it is simply 

missing from the process zone. The machine tool Index GU 600, on which the heat sources 

and the heat dangers were researched, is presented in Fig. 1. 
 

  

Fig. 1. Machine tool -Index GU 600 

The analysis of the infrared thermal images of the software package of the IR camera 

presents the temperature values that can prove the fact that the burns will not occur during the 

contact of the employees with the machine surfaces. Ambient temperature during the 

experiment was TP=32.3 °C. Experiment results of temperature measurement for ambient 

temperature of TP=21.6 °C are shown in Table 2 [7]. The appearance of the infrared thermal 

image of the transfer for the main motion is presented in Fig. 2a, and for the front of the 

machine is shown in Fig. 2b. 

 

 
 

a.)                                                                            b.) 

Fig. 2. Transfer for the main motion (a) and for the front of the machine (b) 

Temperature value on the characteristic points of the transfer for the main motions was 

TS1=44.1 °C and TS2=42.1 °C. Temperature of the warmest surface from the Figure 2b was 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

19 
 

TR1tp=43.8 °C with the thermal vapour, and TR1 tv.k=44.3 °C with the thermovision 

camera. The image also shows temperature on the managing board keys, and that temperature 

is TS1t=36.6 °C, while the temperature on the protection door handle is TS2r =37.2°C. Figure 

3 presents the appearance of the machine workplace with the surfaces on the revolver support 

tools and on surface chunks, on which the temperature was also measured. Temperature on 

the revolver support tool was TRN=42.2 °C, and on the surface chunk machine was TSG=43 

°C (surface temperatures were measured using the four-channel measuring instrument with 

thermocouples). 

 
Fig. 3. Workplace of the machine tool 

Temperature value on the motor for (supplementary) transversal motion (y axis) using 

the temperature measuring instrument with the thermocouple in a stationary temperature 

condition was TMP=41.5 °C, and on the protective motor box for longitudinal motion (z axis) 

was TMU=40.6°C. Measuring the temperature from the side of the machine defines heat 

sources on the surfaces, and temperature was measured with the thermocouple, and its value 

on the characteristic point was T2st=43.4 °C (Fig. 4a); on the motor gear for chip transporter 

was TTS=51.0 °C (Fig. 4b); while on the motor for driven tools was TGA=39.7 °C 

(temperature value on the motor for driven tools depends on the spin number, processing 

operations, etc.). It is important to mention that temperature on the surface of the motor gear 

for the chip transporter can vary depending on the chip type and the type of material, and the 

temperature value is higher in the transportation of the band chip). 

 

  
a.)                                                         b.) 

Fig. 4. Side of the machine (a) and motor gear for chip transporter (b) 

From the rear side of the machine, heat sources are the motor for hydro-aggregate, 

motor for the main motion and the system for electrical cabinet cooling. Temperature value on 

the motor for hydro-aggregate was THA=44.2 °C, and on the hydro-aggregate gear was 

TPHA=45,9 °C. On the motor for the main motion, using the infrared thermometer, 

temperature was TMGK=44.2°C. Figure 5 a) shows the motor for the hydro-aggregate, and 

5b) shows the motor for the main motion. 
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    a.)                                                         b.) 
Fig. 5. Motor for hydro-aggregate (a) and motor for the main motion (b) 

Temperature value on the plastic opening for the electrical cabinet ventilation, using 

the infrared thermometer, was TUS=54.1 °C from the inside, and TBS=47.8 °C from the side 

of the ventilation element. Workpiece temperature after processing depends on the type of 

material being processes, processing operations, processing regimes, cooling and lubricant 

agents, etc. Workpiece temperature after processing and applying the cooling agent was 

TIZ=44 °C. In the cases when the cooling and lubricant agent is spent, or it is excluded from 

the process, the workpiece temperature can go up to TIZ=80-120 °C. 

Table 1 presents the temperature values during the beginning of the chip occurrence 

for the contact time over ten seconds, and Table 2 shows the experimentally obtained 

temperature values on the characteristic points of the machine tool. 

Table 1. Beginning of the chip occurrence in the surface contact for the contact length of 1 

min and longer 

MATERIAL 

Beginning of the chip occurrence for the contact time TP 

10 sec 

°C 

1 min 

°C 

10 min 

°C 

8 h and longer 

°C 

Metal 60 51 48 43 

Ceramics, glass and stone 71 56 48 43 

Plastic masses 77 60 48 43 

Table 2. Temperature values on characteristic points 

Action zone 
Characteristic 

points 

Ambient temperature [ºC] 

21,6 32,3 

Temperature values [ºC] 

Front of the machine 

TR1 33.8 42.3 

TS1t 27.5 36.6 

TS2r 27.0 37.2 

Machine workplace 
TRN 31.0 42.2 

TSG 32.5 43.0 

Main motion gear 
TS1 33.8 44.1 

TS2 31.6 42.1 

Motors for longitudinal and 

transverse motion 

TMP 32.0 41.5 

TMU 28.0 40.6 

Side of the machine 

T2st 33.1 43.4 

TTS 41.2 51.0 

TGA 29.7 39.7 
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Rear of the machine 

THA 33.1 44.2 

TPHA 45.9 56.8 

TMGK 33.0 44.2 

TUS 43.0 54.1 

TBS 37.2 47.8 

4. CONCLUSION 

The application of contemporary measuring instruments can be used to define heat 

sources on machine tools. The comparison of theoretical temperature values when burns occur 

with the experimentally obtained values can be useful for defining the potential burn 

locations. If these locations exist, the application of the infrared thermography can be a useful 

and fast manner to diagnose these locations and warn all the employees who can have any 

contacts with these hot surfaces. Ambient temperature has a significant impact on the value of 

the temperature in machine zone and it is necessary to pay special attention. 
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ʈɽɿʀʄE 

ɻʣʦʙʘʣʥʠ ʝʢʦʣʦʰʢʠ ʧʨʦʙʣʝʤʠ, ʢʘʦ ʟʘʛʘʹʝˁʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʩʤʘˁʝˁʝ ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ, 

ʛʣʦʙʘʣʥʦ ʟʘʛʨʝʚʘˁʝ, ʫʥʠʰʪʘʚʘˁʝ ʦʟʦʥʩʢʦʛ ʦʤʦʪʘʯʘ, ʧʦʩʪʘʿʫ ʩʚʝ ʘʢʪʫʝʣʥʠʿʠ. ʋ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ 

ʛʦʜʠʥʘ ʦʚʠ ʧʨʦʙʣʝʤʠ ʧʦʩʪʘʣʠ ʩʫ ʬʦʢʫʩ ʠʥʪʝʨʝʩʦʚʘˁʘ ʿʘʚʥʦʩʪʠ. ɻʨʘʹʘʥʠ ʧʦʩʪʘʿʫ ʩʚʝʩʥʠ ʝʚʝʥʪʫʘʣʥʠʭ 

ʧʦʩʣʝʜʠʮʘ ʦʚʠʭ ʧʨʦʙʣʝʤʘ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʫʣʦʛʝ ʢʦʿʫ ʙʠ ʤʦʛʣʠ ʠʤʘʪʠ ʫ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ. ʅʘ ʦʜʥʦʩ ʩʪʘʥʦʚʥʦʰʪʚʘ ʧʨʝʤʘ ʧʨʦʙʣʝʤʫ ʦʪʧʘʜʘ ʤʦʞʝ ʩʝ ʫʪʠʮʘʪʠ ʨʘʟʚʠʿʘˁʝʤ ʩʚʝʩʪʠ ʦ 

ʥʝʛʘʪʠʚʥʠʤ ʫʪʠʮʘʿʠʤʘ ʧʦʛʨʝʰʥʦʛ ʦʜʥʦʩʘ ʧʨʝʤʘ ʦʚʦʤ ʧʨʦʙʣʝʤʫ, ʫʪʠʮʘʿʫ ʦʪʧʘʜʘ ʥʘ ʟʜʨʘʚˀʝ ˀʫʜʠ ʠ ʩʪʘˁʝ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʫʨʘʹʝʥʦ ʩʘ ʮʠˀʝʤ ʫʪʚʨʹʠʚʘˁʘ ʩʧʨʝʤʥʦʩʪʠ ʩʪʘʥʦʚʥʠʢʘ ʉʨʙʠʿʝ ʜʘ 

ʚʨʰe ʧʨʠʤʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ ʫ ʮʠˀʫ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʂʦʨʠʰ˂ʝʥʠ ʤʝʪʦʜ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ 

ʧʦʧʫˁʘʚʘˁʝ ʫʧʠʪʥʠʢʘ ʩʘ ʫʥʘʧʨʝʜ ʧʦʥʫʹʝʥʠʤ ʦʜʛʦʚʦʨʠʤʘ. ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫʧʦʨʝʹʝʥʠ ʩʫ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʟʝʤˀʠ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ï ʐʚʝʜʩʢʦʿ ʠ ʧʦʢʘʟʫʿʫ ʜʘ ʩʝ ʥʠʚʦ ʩʚʝʩʪʠ ʦ ʩʪʘˁʫ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʩʧʨʝʤʥʦʩʪ ʜʘ ʚʨʰʝ ʧʨʠʤʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʢʫʿʝ ʢʦʜ ʩʪʘʥʦʚʥʠʢʘ ʦʚʝ 

ʜʚʝ ʜʨʞʘʚʝ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ɼʨʫʰʪʚʝʥʘ ʧʨʠʭʚʘʪˀʠʚʦʩʪ, ʩʝʣʝʢʮʠʿʘ ʦʪʧʘʜʘ, ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ, ʘʥʢʝʪʘ.  

ANALYSIS OF SOCIAL A CCEPTABILITY OF PRIMARY WASTE 

SELECTION CONCERNING ENVIRONMENTAL PROTEC TION  

ABSTRACT 

Global environmental problems such as pollution, reduction of biodiversity, global warming, ozone 

depletion are becoming more topical. In recent years, these problems have become the focus of public interest. 

Citizens are becoming aware of the potential consequences of these problems in everyday life and the role they 

might have in protecting the environment. The attitude of the population towards the problem of waste could be 

affected by developing awareness of the negative impact of a wrong attitude towards the problem, the impact of 

waste on human health and the environment. This research was conducted with the aim of determining 

willingness of the population of Serbia to perform primary selection of waste in order to protect the environment. 

The method of questionnaire survey with the answers provided in advance was used.  The results were compared 

with the results of research in the member state of the European Union ï Sweden and show that the level of 

awareness about the state of the environment and willingness to perform primary selection of waste varies 

significantly among the inhabitants of the two countries. 

Key words: Social acceptability, waste selection, environment, questionnaire. 

1. ʋɺʆɼ 

ʋ ʉʨʙʠʿʠ ʿʝ, 2009. ʛʦʜʠʥʝ ʜʦʥʝʪ ɿʘʢʦʥ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ.  ʎʠ ˀʦʚʦʛ ɿʘʢʦʥʘ 

[1] ʿʝ ʜʘ ʩʝ ʦʙʝʟʙʝʜʝ ʠ ʦʩʠʛʫʨʘʿʫ ʫʩʣʦʚʠ ʟʘ: ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ ʥʘ ʥʘʯʠʥ ʢʦʿʠʤ ʩʝ ʥʝ 

ʫʛʨʦʞʘʚʘ ʟʜʨʘʚˀʝ ˀʫʜʠ ʠ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ; ʧʨʝʚʝʥʮʠʿʫ ʥʘʩʪʘʿʘˁʘ ʦʪʧʘʜʘ, ʧʦʩʝʙʥʦ 

ʨʘʟʚʦʿʝʤ ʯʠʩʪʠʿʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʨʘʮʠʦʥʘʣʥʠʤ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʠʨʦʜʥʠʭ ʙʦʛʘʪʩʪʘʚʘ, ʢʘʦ 

ʠ ʦʪʢʣʘˁʘˁʝ ʦʧʘʩʥʦʩʪʠ ʦʜ ˁʝʛʦʚʦʛ ʰʪʝʪʥʦʛ ʜʝʿʩʪʚʘ ʥʘ ʟʜʨʘʚˀʝ ˀʫʜʠ ʠ ʞʠʚʦʪʥʫ 

ʩʨʝʜʠʥʫ; ʧʦʥʦʚʥʦ ʠʩʢʦʨʠʰ˂ʝˁʝ ʠ ʨʝʮʠʢʣʘʞʫ ʦʪʧʘʜʘ, ʠʟʜʚʘʿʘˁʝ ʩʝʢʫʥʜʘʨʥʠʭ ʩʠʨʦʚʠʥʘ 

ʠʟ ʦʪʧʘʜʘ ʠ ʢʦʨʠʰ˂ʝˁʝ ʦʪʧʘʜʘ ʢʘʦ ʝʥʝʨʛʝʥʪʘ; ʨʘʟʚʦʿ ʧʦʩʪʫʧʘʢʘ ʠ ʤʝʪʦʜʘ ʟʘ ʦʜʣʘʛʘˁʝ 

ʦʪʧʘʜʘ; ʩʘʥʘʮʠʿʫ ʥʝʫʨʝʹʝʥʠʭ ʦʜʣʘʛʘʣʠʰʪʘ ʦʪʧʘʜʘ; ʧʨʘ˂ʝˁʝ ʩʪʘˁʘ ʧʦʩʪʦʿʝ˂ʠʭ ʠ 

ʥʦʚʦʬʦʨʤʠʨʘʥʠʭ ʦʜʣʘʛʘʣʠʰʪʘ ʦʪʧʘʜʘ ʠ ʨʘʟʚʠʿʘˁʝ ʩʚʝʩʪʠ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ. 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʅʠʰ 

mailto:petar.djekic@vtsnis.edu.rs


ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

23 
 

ʋ ʉʨʙʠʿʠ ʩʝ ʛʦʜʠʰˁʝ ʛʝʥʝʨʠʰʝ ʦʢʦ 2,2 ʤʠʣʠʦʥʘ ʪʦʥʘ ʦʪʧʘʜʘ [2], ʘ ʪʝʢ ʥʘʢʦʥ 

ʜʦʥʦʰʝˁʘ ɿʘʢʦʥʘ ʧʦʯʝʣʘ ʿʝ ʠʟʛʨʘʜˁʘ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʠ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʥʘ 

ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʢʦʿʝ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʠʤʘʿʫ ʠ ʧʦʩʪʨʦʿʝˁʘ ʫ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ 

ʩʝʢʫʥʜʘʨʥʘ ʩʝʣʝʢʮʠʿʘ ʦʪʧʘʜʘ, ʘ ʪʘʢʦʹʝ ʩʫ ʩʝ ʧʦʿʘʚʠʣʝ ʠ ʬʠʨʤʝ ʢʦʿʝ ʩʝ ʙʘʚʝ ʨʝʮʠʢʣʘʞʦʤ 

ʦʜʨʝʹʝʥʠʭ ʚʨʩʪʘ ʦʪʧʘʜʘ (ʤʝʪʘʣ, ʧʘʧʠʨ, ʧʣʘʩʪʠʢʘ, ʝʣʝʢʪʨʠʯʥʠ ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʦʪʧʘʜ). 

ɼʨʫʛʝ ʚʨʩʪʝ ʪʨʝʪʤʘʥʘ ʦʪʧʘʜʘ ʩʝ ʫ ʉʨʙʠʿʠ ʿʦʰ ʫʚʝʢ ʥʝ ʧʨʠʤʝˁʫʿʫ. ɱʝʜʘʥ ʦʜ ʨʘʟʣʦʛʘ ʿʝ ʠ 

ʥʝʧʦʩʪʦʿʘˁʝ ʧʨʠʤʘʨʥʝ ʩʝʣʝʢʮʠʿʝ ʦʪʧʘʜʘ (ʩʝʣʝʢʮʠʿʘ ʦʪʧʘʜʘ ʥʘ ʠʟʚʦʨʫ), ʢʦʿʘ ʿʝ ʧʨʝʜʫʩʣʦʚ 

ʜʘ ʙʠ ʩʝ ʦʪʧʘʜ ʢʦʨʠʩʪʠʦ ʢʘʦ ʝʥʝʨʛʝʥʪ ʠʣʠ ʢʘʦ ʠʟʚʦʨ ʩʝʢʫʥʜʘʨʥʠʭ ʩʠʨʦʚʠʥʘ. ʋ ʥʘʿʚʝ˂ʝʤ 

ʙʨʦʿʫ ʦʧʰʪʠʥʘ ʫ ʉʨʙʠʿʠ ʥʝ ʧʦʩʪʦʿʠ ʧʨʠʤʘʨʥʘ ʩʝʣʝʢʮʠʿʘ ʦʪʧʘʜʘ [2]. ʇʨʠʤʘʨʥʘ ʩʝʣʝʢʮʠʿʘ 

ʦʪʧʘʜʘ ʧʦʩʪʦʿʠ ʫ ʋʞʠʮʫ ʠ ʀʥʹʠʿʠ, ʜʦʢ ʫ ɿʘʿʝʯʘʨʫ ʧʨʠʤʘʨʥʘ ʩʝʣʝʢʮʠʿʘ ʦʪʧʘʜʘ ʧʦʩʪʦʿʠ ʫ 

ʬʠʨʤʘʤʘ ʢʦʿʝ ʩʢʣʦʧʝ ʜʦʛʦʚʦʨ ʩʘ ʦʧʝʨʘʪʝʨʦʤ. ʋ ʥʝʢʠʤ ʛʨʘʜʦʚʠʤʘ ʫ ʉʨʙʠʿʠ ʧʦʩʪʦʿʝ 

ʨʝʮʠʢʣʘʞʥʘ ʦʩʪʨʚʘ ʟʘ ʇɽʊ ʘʤʙʘʣʘʞʫ, ʘ ʧʦʥʝʛʜʝ ʟʘ ʩʪʘʢʣʦ ʠ ʧʘʧʠʨ, ʤʝʹʫʪʠʤ ʤʘʣʠ ʙʨʦʿ 

ʩʪʘʥʦʚʥʠʢʘ ʠʤʘ ʥʘʚʠʢʫ ʜʘ ʦʪʧʘʜ ʩʝʣʝʢʪʫʿʝ ʠ ʜʦʥʦʩʠ ʫ ʦʚʘ ʨʝʮʠʢʣʘʞʥʘ ʦʩʪʨʚʘ. ɿʙʦʛ ʩʚʝʛʘ 

ʛʦʨʝ ʥʘʚʝʜʝʥʦʛ ʧʨʦʮʝʥʘʪ ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʨʝʮʠʢʣʠʨʘ ʫ ʉʨʙʠʿʠ ʿʝ ʚʨʣʦ ʤʘʣʠ. 

ɸʢʦ ʩʝ ʦʚʠ ʧʦʜʘʮʠ ʫʧʦʨʝʜʝ ʩʘ ʟʝʤˀʘʤʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ, ʫʦʯʘʚʘ ʩʝ ʢʦʣʠʢʦ ʿʝ 

ʩʠʩʪʝʤ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ ʫ ʉʨʙʠʿʠ ʿʦʰ ʫʚʝʢ ʥʝʨʘʟʚʠʿʝʥ. ʅʘ ʧʨʠʤʝʨ, ʐʚʝʜʩʢʘ, ʟʝʤˀʘ 

ʩʘ 9,5 ʤʠʣʠʦʥʘ ʩʪʘʥʦʚʥʠʢʘ ʛʦʜʠʰˁʝ ʛʝʥʝʨʠʰʝ 380.000 ʪʦʥʘ ʦʪʧʘʜʘ ʠ 90% ʦʚʦʛ ʦʪʧʘʜʘ 

ʩʝ ʨʝʮʠʢʣʠʨʘ ʠʣʠ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʥʝʨʛʠʿʝ [3]. ɽʬʠʢʘʩʥʠ ʩʠʩʪʝʤ ʟʘ ʩʝʣʝʢʮʠʿʫ 

ʦʪʧʘʜʘ ʠ ʩʠʩʪʝʤ ʨʝʮʠʢʣʘʞʝ ʿʝ ʜʦ ʩʘʜʘ ʜʦʧʨʠʥʝʦ ʜʘ ʩʝ ʩʘʤʦ 4% ʦʪʧʘʜʘ ʫ ʐʚʝʜʩʢʦʿ 

ʦʜʣʘʞʝ ʥʘ ʜʝʧʦʥʠʿʝ. ʐʚʝʜʩʢʘ ʿʝ ʚʝ˂ ʧʦʯʝʪʢʦʤ 1990-ʪʠʭ ʟʘʧʦʯʝʣʘ ʩʚʝʦʙʫʭʚʘʪʥʠ 

ʝʬʝʢʪʠʚʥʠ ʩʠʩʪʝʤ ʢʨʦʟ ʠʟʤʝʥʫ ʟʘʢʦʥʘ, ʙʣʠʩʢʫ ʩʘʨʘʜˁʫ ʩʘ ʧʨʠʚʨʝʜʦʤ ʠ ʧʨʦʤʝʥʫ ʩʚʝʩʪʠ 

ʩʪʘʥʦʚʥʠʢʘ ʢʘʢʦ ʙʠ ʜʨʫʰʪʚʦ ʫʯʠʥʠʣʠ ʝʢʦʣʦʰʢʠ ʦʜʛʦʚʦʨʥʠʤ. ʋʚʝʜʝʥʝ ʩʫ ʪʘʢʩʝ ʠ 

ʟʘʙʨʘʥʝ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʝ ʠ ʧʦʩʪʘʚˀʝʥʠ ʮʠˀʝʚʠ ʫ ʦʙʣʘʩʪʠ ʨʝʮʠʢʣʘʞʝ 

ʦʪʧʘʜʘ. ʐʚʝʜʩʢʘ ʩʧʨʦʚʦʜʠ ʧʦʣʠʪʠʢʫ ʢʦʿʦʤ ʩʪʠʤʫʣʠʰʝ ʤʘʩʦʚʥʫ ʨʝʮʠʢʣʘʞʫ ʦʪʧʘʜʘ ʫ 

ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʩʥʘʞʥʠʤ ʝʢʦʥʦʤʩʢʠʤ ʧʦʜʩʪʠʮʘʿʠʤʘ ʢʘʦ ʰʪʦ ʩʫ ʧʦʜʩʪʠʮʘʿʠ ʟʘ 

ʩʘʢʫʧˀʘˁʝ ʦʪʧʘʜʘ ʩʘ ʦʣʘʢʰʘʥʠʤ ʧʨʠʩʪʫʧʦʤ ʧʦʩʝʙʥʠʤ ʤʝʩʪʠʤʘ ʟʘ ʨʝʮʠʢʣʘʞʫ. 2005. 

ʛʦʜʠʥʝ ʐʚʝʜʩʢʘ ʿʝ ʟʘʙʨʘʥʠʣʘ ʦʜʣʘʛʘˁʝ ʦʨʛʘʥʩʢʦʛ ʦʪʧʘʜʘ ʥʘ ʜʝʧʦʥʠʿʝ. ʋʤʝʩʪʦ ʪʦʛʘ, 

ʦʨʛʘʥʩʢʠ ʦʪʧʘʜ ʩʝ ʢʦʤʧʦʩʪʠʨʘ ʠʣʠ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʙʠʦʛʘʩʘ. 

ʋ ʦʚʦʤ ʨʘʜʫ ʧʨʠʢʘʟʘʥʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ ʢʦʿʘ ʿʝ ʫʨʘʹʝʥʘ ʫ ʉʨʙʠʿʠ, ʫ ʮʠˀʫ 

ʫʪʚʨʹʠʚʘˁʘ ʥʠʚʦʘ ʝʢʦʣʦʰʢʝ ʩʚʝʩʪʠ ʩʪʘʥʦʚʥʠʢʘ ʉʨʙʠʿʝ ʠ ˁʠʭʦʚʝ ʩʧʨʝʤʥʦʩʪʠ ʜʘ ʚʨʰʝ 

ʧʨʠʤʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ ʫ ʮʠˀʫ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʂʦʨʠʰ˂ʝʥʠ ʤʝʪʦʜ 

ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʧʦʧʫˁʘʚʘˁʝ ʫʧʠʪʥʠʢʘ ʩʘ ʫʥʘʧʨʝʜ ʧʦʥʫʹʝʥʠʤ ʦʜʛʦʚʦʨʠʤʘ. ɼʦʙʠʿʝʥʠ 

ʨʝʟʫʣʪʘʪʠ ʫʧʦʨʝʹʝʥʠ ʩʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʟʝʤˀʠ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ ï 

ʐʚʝʜʩʢʦʿ, ʢʘʦ ʿʝʜʥʦʿ ʦʜ ʟʝʤʘˀʘ ʩʘ ʥʘʿʨʘʟʚʠʿʝʥʠʿʠʤ ʩʠʩʪʝʤʦʤ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ.  

2. ʄɽʊʆɼʆʃʆɻʀɱɸ 

ʄʝʪʦʜ ʢʦʿʠʤ ʿʝ ʚʨʰʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʘʥʢʪʝʪʠʨʘˁʝ, ʢʚʘʥʪʠʪʘʪʠʚʥʦ 

ʠʩʪʨʘʟʠʚʘˁʝ ʤʝʪʦʜʦʤ ʩʘʤʦ-ʧʦʧʫˁʘʚʘˁʘ ʫʧʠʪʥʠʢʘ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 21 ʧʠʪʘˁʘ ʩʘ ʚʝ˂ 

ʫʥʘʧʨʝʜ ʧʦʥʫʹʝʥʠʤ ʦʜʛʦʚʦʨʠʤʘ: 1-ʫʦʧʰʪʝ ʩʝ ʥʝ ʩʣʘʞʝʤ, 2-ʥʝ ʩʣʘʞʝʤ ʩʝ, 3-ʥʠʪʠ ʩʝ 

ʩʣʘʞʝʤ, ʥʠʪʠ ʩʝ ʥʝ ʩʣʘʞʝʤ, 4-ʩʣʘʞʝʤ ʩʝ, 5-ʧʦʪʧʫʥʦ ʩʝ ʩʣʘʞʝʤ [4]. 

ɸʥʢʝʪʘ ʿʝ ʧʦʜʝˀʝʥʘ ʥʘ 2 ʜʝʣʘ. ʇʨʚʠ ʜʝʦ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 8 ʧʠʪʘˁʘ (ʠʟʿʘʚʘ) ʢʦʿʠʤʘ ʩʝ 

ʠʩʧʠʪʫʿʝ ʥʠʚʦ ʝʢʦʣʦʰʢʝ ʩʚʝʩʪʠ ʩʪʘʥʦʚʥʠʢʘ. ʇʠʪʘˁʘ ʩʘʜʨʞʘʥʘ ʫ ʧʨʚʦʤ ʜʝʣʫ ʩʫ ʩʣʝʜʝ˂ʘ: 

1. ɾʠʚʦʪʥʘ ʩʨʝʜʠʥʘ (ʚʘʟʜʫʭ, ʚʦʜʘ ʠ ʟʝʤˀʠʰʪʝ) ʫ ʤʦʤ ʛʨʘʜʫ ʿʝ ʟʘʛʘʹʝʥʘ. 

2. ɿʘʛʘʹʝˁʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʟʜʨʘʚˀʝ ˀʫʜʠ.  

3. ʂʦʿʠ ʦʜ ʩʣʝʜʝ˂ʠʭ ʧʨʦʙʣʝʤʘ ʩʤʘʪʨʘʪʝ ʥʘʿʚʝ˂ʠʤ ʝʢʦʣʦʰʢʠʤ ʧʨʦʙʣʝʤʦʤ ʩʘ ʢʦʿʠʤ 

ʩʝ ʩʫʦʯʘʚʘʤʦ: ʦʟʦʥʩʢʝ ʨʫʧʝ, ʛʦʤʠʣʘʘˁʝ ʦʪʧʘʜʘ, ʟʘʛʘʹʝˁʝ ʚʘʟʜʫʭʘ, ʟʘʛʘʹʝˁʝ ʚʦʜʝ. 

4. ʉʤʘʪʨʘʤ ʜʘ ʿʝ ʥʘʿʚʝ˂ʠ ʟʘʛʘʹʠʚʘʯ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ: ʠʥʜʫʩʪʨʠʿʘ, ʩʪʘʥʦʚʥʠʰʪʚʦ, 
ʠʥʩʪʠʪʫʮʠʿʘ ʦʜ ʩʦʮʠʿʘʣʥʦʛ ʟʥʘʯʘʿʘ (ʙʦʣʥʠʮʝ, ʰʢʦʣʝ), ʩʘʦʙʨʘ˂ʘʿ. 
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5. ʋ ʤʦʤ ʛʨʘʜʫ ʥʘʿʚʠʰʝ ʿʝ ʟʘʛʘʹʝʥ (ʚʘʟʜʫʭ, ʚʦʜʘ, ʟʝʤˀʠʰʪʝ). 

6. ɼʨʞʘʚʘ ʥʝ ʫʣʘʞʝ ʜʦʚʦˀʥʦ ʥʘʧʦʨʘ ʫ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʦʜ ʟʘʛʘʹʝˁʘ. 

7. ʄʦʿʠ ʩʫʛʨʘʹʘʥʠ ʥʝ ʚʦʜʝ ʨʘʯʫʥʘ ʦ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʦʜ ʟʘʛʘʹʝˁʘ. 

8. ʋʢˀʫʯʠʦ/ʣʘ ʙʠʭ ʩʝ ʫ ʘʢʪʠʚʥʦʩʪʠ ʚʝʟʘʥʝ ʟʘ ʧʦʙʦˀʰʘˁʝ ʩʪʘˁʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʫ 
ʤʦʤ ʛʨʘʜʫ. 

ɼʨʫʛʘ ʛʨʫʧʘ ʧʠʪʘˁʘ (ʠʟʿʘʚʘ) ï 13 ʧʠʪʘˁʘ ʿʝ ʢʦʥʮʠʧʠʨʘʥʘ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʫʪʚʨʜʠ 

ʢʦʣʠʢʦ ʩʫ ʠʩʧʠʪʘʥʠʮʠ ʫʧʫ˂ʝʥʠ ʫ ʧʨʦʙʣʝʤ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ,  ʥʠʚʦ ʩʧʨʝʤʥʦʩʪʠ 

ʩʪʘʥʦʚʥʠʢʘ ʜʘ ʩʝ ʘʢʪʠʚʥʦ ʫʢˀʫʯʝ ʫ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʦʪʧʘʜʘ ʫ ʩʚʦʿʦʿ ʩʨʝʜʠʥʠ, ʢʘʦ ʠ 

ʧʦʟʥʘʚʘˁʝ ʧʨʝʜʥʦʩʪʠ ʠ ʥʝʜʦʩʪʘʪʘʢʘ ʤʝʪʦʜʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʪʨʝʪʤʘʥ ʦʪʧʘʜʘ. ʇʠʪʘˁʘ 

ʩʘʜʨʞʘʥʘ ʫ ʜʨʫʛʦʤ ʜʝʣʫ ʩʫ ʩʣʝʜʝ˂ʘ: 

1. ʄʦʿ ʛʨʘʜ ʠʤʘ ʧʨʦʙʣʝʤ ʩʘ ʦʪʧʘʜʦʤ. 

2. ʇʨʦʙʣʝʤ ʦʪʧʘʜʘ ʫ ʤʦʤ ʛʨʘʜʫ ʪʨʝʙʘ ʨʝʰʘʚʘʪʠ ʠ ʥʘ ʜʨʫʛʠ ʥʘʯʠʥ ʦʩʠʤ ʦʜʣʘʛʘˁʘ ʥʘ 
ʜʝʧʦʥʠʿʫ. 

3. ʆʜʨʝʹʝʥʝ ʚʨʩʪʝ ʦʪʧʘʜʘ (ʧʘʧʠʨ, ʩʪʘʢʣʦ, ʤʝʪʘʣʤ ʧʣʘʩʪʠʢʘ) ʤʦʛʫ ʩʝ 

ʨʝʮʠʢʣʠʨʘʪʠ(ʧʨʝʨʘʜʘ ʦʪʧʘʜʘ ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ ʩʝʢʫʥʜʘʨʥʠʭ ʩʠʦʚʠʥʘ). 

4. ɺʨʰʠʦ/ʣʘ ʙʠʭ ʩʦʨʪʠʨʘˁʝ ʦʪʧʘʜʘ ʫ ʩʚʦʤ ʜʦʤʘ˂ʠʥʩʪʚʫ ʥʘ ʦʥʘʿ ʥʘʯʠʥ ʢʦʿʠ ʩʝ ʤʦʞʝ 
ʨʝʮʠʢʣʠʨʘʪʠ ʦʜ ʦʥʦʛ ʢʦʿʠ ʩʝ ʥʝ ʨʝʮʠʢʣʠʨʘ. 

5. ɺʝ˂ʠʥʘ ʤʦʿʠʭ ʧʦʟʥʘʥʠʢʘ ʚʨʰʠʣʘ ʙʠ ʩʦʨʪʠʨʘˁʝ ʦʪʧʘʜʘ ʫ ʩʚʦʤ ʜʦʤʘ˂ʠʥʩʪʚʫ ʥʘ 

ʦʥʘʿ ʢʦʿʠ ʩʝ ʤʦʞʝ ʨʝʮʠʢʣʠʨʘʪʠ ʦʜ ʦʥʦʛ ʢʦʿʠ ʩʝ ʥʝ ʨʝʮʠʢʣʠʨʘ. 

6.  ʋ ʤʦʤ ʛʨʘʜʫ ʠʤʘ ʜʦʚʦˀʘʥ ʙʨʦʿ ʢʦʥʪʝʿʥʝʨʘ ʟʘ ʦʪʧʘʜ ʢʦʿʠ ʩʝ ʤʦʞʝ ʨʝʮʠʢʣʠʨʘʪʠ 

(ʧʣʘʩʪʠʢʘ, ʩʪʘʢʣʦ, ʣʠʤʝʥʢʝ, ʧʘʧʠʨ). 

7. ʆʨʛʘʥʩʢʠ ʦʪʧʘʜ (ʦʩʪʘʮʠ ʙʠˀʘʢʘ, ʧʘʧʠʨ, ʙʘʰʪʝʥʩʢʠ ʦʪʧʘʜ) ʩʝ ʤʦʞʝ ʢʦʤʧʦʩʪʠʨʘʪʠ 

(ʨʘʟʛʨʘʜˁʘ ʦʪʧʘʜʘ ʥʘ ʧʨʦʜʫʢʪʝ ʢʦʨʠʩʥʝ ʫ ʧʨʠʭʨʘʥʠ ʙʠˀʘʢʘ). 

8. ʅʘʿʙʦˀʠ ʥʘʯʠʥ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʦʪʧʘʜʘ ʿʝ: ʦʜʣʘʛʘˁʝ ʥʘ ʜʝʧʦʥʠʿʫ, 
ʨʝʮʠʢʣʘʞʘ ʦʪʧʘʜʘ, ʩʧʘˀʠʚʘˁʝ ʦʪʧʘʜʘ, ʢʦʤʧʦʩʪʠʨʘˁʝ. 

9. ʇʨʠʭʚʘʪʠʦ ʙʠʭ ʜʘ ʩʝ ʥʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ 10 ʢʤ ʦʜ ʥʘʩʝˀʘ ʛʜʝ ʞʠʚʠʤ ʠʟʛʨʘʜʠ: 

ʩʘʥʠʪʘʨʥʘ ʜʝʧʦʥʠʿʘ, ʮʝʥʪʘʨ ʟʘ ʨʝʮʠʢʣʘʞʫ ʦʪʧʘʜʘ, ʩʧʘʣʠʦʥʠʮʘ ʦʪʧʘʜʘ, ʧʦʩʪʨʦʿʝˁʝ 

ʟʘ ʢʦʤʧʦʩʪʠʨʘˁʝ ʦʪʧʘʜʘ. 

10. ʄʦʿʠ ʧʦʟʥʘʥʠʮʠ ʧʨʠʭʚʘʪʠʣʠ ʙʠ ʜʘ ʩʝ ʥʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ 10 ʢʤ ʦʜ ʥʘʩʝˀʘ ʛʜʝ 
ʞʠʚʝ ʠʟʛʨʘʜʠ: ʮʘʥʠʪʘʨʥʘ ʜʝʧʦʥʠʿʘ, ʮʝʥʪʘʨ ʟʘ ʨʝʮʠʢʣʘʞʫ ʦʪʧʘʜʘ, ʩʧʘʣʠʦʥʠʮʘ 

ʦʪʧʘʜʘ, ʧʦʩʪʨʦʿʝˁʝ ʟʘ ʢʦʤʧʦʩʪʠʨʘˁʝ ʦʪʧʘʜʘ. 

11. ʅʘʿʚʠʰʝ ʟʘʛʘʹʫʿʝ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ: ʩʘʥʠʪʘʨʥʘ ʜʝʧʦʥʠʿʘ, ʮʝʥʪʘʨ ʟʘ ʨʝʮʠʢʣʘʞʫ 
ʦʪʧʘʜʘ, ʩʧʘʣʠʦʥʠʮʘ ʦʪʧʘʜʘ, ʧʦʩʪʨʦʿʝˁʝ ʟʘ ʢʦʤʧʦʩʪʠʨʘˁʝ ʦʪʧʘʜʘ. 

12. ʆʜʚʦʞʝˁʝ ʦʪʧʘʜʘ ʪʨʝʙʘ ʥʘʧʣʘ˂ʠʚʘʪʠ ʧʨʝʤʘ ʢʦʣʠʯʠʥʠ ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʦʜʚʦʟʠ. 

13. ʇʣʘ˂ʘʦ ʙʠʭ ʚʝ˂ʝ ʨʘʯʫʥʝ ʟʘ ʦʜʚʦʞʝˁʝ ʦʪʧʘʜʘ ʫʢʦʣʠʢʦ ʙʠ ʪʦ ʨʝʰʠʣʦ ʧʨʦʙʣʝʤ 

ʟʘʛʘʹʝˁʘ ʦʪʧʘʜʦʤ ʫ ʤʦʤ ʛʨʘʜʫ. 

ɸʥʢʝʪʠʨʘʥʦ ʿʝ 100 ʩʪʘʥʦʚʥʠʢʘ ʛʨʘʜʘ ʅʠʰʘ ʫ ʉʨʙʠʿʠ ʠ 100 ʩʪʘʥʦʚʥʠʢʘ ʛʨʘʜʦʚʘ 

ʉʪʦʢʭʦʣʤ ʠ ʉʪʨʝʤʩʥʝʩʙʨʫʢ ʫ ʐʚʝʜʩʢʦʿ, ʩʪʘʨʦʩʪʠ ʠʟʤʝʹʫ 40 ʠ 54 ʛʦʜʠʥʝ.  

3. ʈɽɿʋʃʊɸʊʀ ʀ ɼʀʉʂʋʉʀɱɸ 

3.1. ʈʝʟʫʣʪʘʪʠ ʩʧʨʦʚʝʜʥʝ ʘʥʢʝʪʝ ʫ ʅʠʰʫ (ʉʨʙʠʿʘ)  

ʉʘ ʪʚʨʜˁʦʤ ʜʘ ʿʝ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ (ʚʘʟʜʫʭ, ʚʦʜʘ ʠ ʟʝʤˀʠʰʪʝ) ʫ ʛʨʘʜʫ ʿʝ 

ʟʘʛʘʹʝʥʘ, ʩʘʛʣʘʩʠʣʦ ʩʝ 70% ʠʩʧʠʪʘʥʠʢʘ (ʉʣʠʢʘ 1). ʄʝʹʫʪʠʤ, ʪʦ ʰʪʦ ʩʝ 8% ʠʩʧʠʪʘʥʠʢʘ 

ʥʝ ʩʣʘʞʝ ʩʘ ʠʟʿʘʚʦʤ ʠ 22% ʿ ʝ ʥʝʫʪʨʘʣʥʦ, ʛʦʚʦʨʠ ʜʘ ʛʨʘʹʘʥʠ ʤʦʞʜʘ ʥʠʩʫ ʫ ʜʦʚʦˀʥʦʿ ʤʝʨʠ 

ʠʥʬʦʨʤʠʩʘʥʠ ʦ ʫʪʠʮʘʿʫ ʨʘʟʥʠʭ ʠʟʚʦʨʘ ʟʘʛʘʹʝˁʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʇʦʣʘʟʥʘ ʪʘʯʢʘ ʢʦʜ 

ʧʦʜʠʟʘˁʘ ʝʢʦʣʦʰʢʝ ʩʚʝʩʪʠ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʫʧʨʘʚʦ ʫʩʤʝʨʘʚʘˁʝ ʧʘʞˁʝ ʛʨʘʹʘʥʘ ʥʘ 

ʟʘʛʘʹʠʚʘʯʝ. 
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ʉʣʠʢʘ 1 ï ɾʠʚʦʪʥʘ ʩʨʝʜʠʥʘ ʫ ʤʦʤ ʛʨʘʜʫ ʿʝ ʟʘʛʘʹʝʥʘ. 

ɺʝʣʠʢʠ ʧʨʦʮʝʥʘʪ ʠʩʧʠʪʘʥʠʢʘ, ˁʠʭ 93% ʩʤʘʪʨʘ ʜʘ ʜʨʞʘʚʘ ʥʝ ʫʣʘʞʝ ʜʦʚʦˀʥʦ 

ʥʘʧʦʨʘ ʫ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʦʜ ʟʘʛʘʹʝˁʘ. ʆʚʘʿ ʩʢʦʨʦ ʿʝʜʥʦʛʣʘʩʘʥ ʩʪʘʚ ʫʢʘʟʫʿʝ ʥʘ 

ʪʦ ʜʘ ʦʢʦ ʩʝʙʝ ʥʝ ʚʠʜʝ ʜʝʣʦʚʘˁʝ ʥʘʜʣʝʞʥʠʭ ʫ ʧʨʘʚʮʫ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʫ 

ʩʤʠʩʣʫ ʙʨʠʛʝ ʦ ʢʦʥʪʝʿʥʝʨʠʤʘ ʟʘ ʨʝʮʠʢʣʘʙʠʣʥʝ ʤʘʪʝʨʠʿʘʣʝ, ʩʘʥʘʮʠʿʝ ʜʠʚˀʠʭ ʜʝʧʦʥʠʿʘ, 

ʤʦʪʠʚʠʩʘˁʘ ʠ ʩʪʠʤʫʣʠʩʘˁʘ ˁʠʭ ʩʘʤʠʭ ʦʜ ʩʪʨʘʥʝ ʣʦʢʘʣʥʝ ʩʘʤʦʫʧʨʘʚʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʧʦʩʪʘʚˀʘ ʩʝ ʧʠʪʘˁʝ ʢʦʣʠʢʦ ʿʝ ʿʘʚʥʦʩʪ ʫʧʦʟʥʘʪʘ ʩʘ ʘʢʪʠʚʥʦʩʪʠʤʘ ʥʝʜʣʝʞʥʠʭ. ʊʘʢʦʹʝ, 

ʚʝʣʠʢʠ ʧʨʦʮʝʥʘʪ ʠʩʧʠʪʘʥʠʢʘ (78%) ʩʤʘʪʨʘ ʜʘ ʠ ˁʠʭʦʚʠ ʩʫʛʨʘʹʘʥʠ ʥʝ ʚʦʜʝ ʨʘʯʫʥʘ ʦ 

ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʦʜ ʟʘʛʘʹʝˁʘ. 

81% ʠʩʧʠʪʘʥʠʢʘ ʩʝ ʠʟʿʘʩʥʠʣʦ ʜʘ ʩʫ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʟʘ ʫʯʝʰ˂ʝ ʫ ʘʢʪʠʚʥʦʩʪʠʤʘ 

ʢʦʿʝ ʩʫ ʚʝʟʘʥʝ ʟʘ ʧʦʙʦˀʰʘˁʝ ʩʪʘˁʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʜʦʢ ʩʝ ʩʘʤʦ 4% ʥʠʿʝ ʩʣʦʞʠʣʦ ʩʘ 

ʪʦʤ ʠʟʿʘʚʦʤ (ʉʣʠʢʘ 2). 

 

ʉʣʠʢʘ 2 ï ʋʢˀʫʯʠʦ/ʣʘ ʙʠʭ ʩʝ ʫ ʘʢʪʠʚʥʦʩʪʠ ʚʝʟʘʥʝ ʟʘ ʧʦʙʦˀʰʘˁʝ ʩʪʘˁʘ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ ʫ ʤʦʤ ʛʨʘʜʫ 

ʉʘ ʠʟʿʘʚʦʤ ʜʘ ʛʨʘʜ ʅʠʰ ʠʤʘ ʧʨʦʙʣʝʤʘ ʩʘ ʦʪʧʘʜʦʤ ʩʣʦʞʠʣʦ ʩʝ 81% ʠʩʧʠʪʘʥʠʢʘ 

(ʉʣʠʢʘ 3), ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ˁʠʭʦʚʫ ʩʚʝʩʪ ʦ ʩʪʘˁʫ ʫ ʛʨʘʜʫ ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʜʠʚˀʝ 

ʜʝʧʦʥʠʿʝ, ʩʤʝʪʣʠʰʪʘ, ʟʘʛʘʹʝʥʝ ʨʝʢʝ, ʧʨʝʟʘʩʠ˂ʝʥʠ ʢʦʥʪʝʿʥʝʨʠ. 

 

ʉʣʠʢʘ 3 ï ʄʦʿ ʛʨʘʜ ʠʤʘ ʧʨʦʙʣʝʤʘ ʩʘ ʦʪʧʘʜʦʤ 

˹͔ ͔ͫ͊͗ͣ͡ ͔ͫ 
8% 

˹͙͙ͭ ͔ͫ 
͔ͫ͊͗ͣ͡Σ ͙͙ͤͭ 
͔ͫ ͔ͤ ͔ͫ͊͗ͣ͡ 

22% 

˿͔͊͗ͣ͡ ͔ͫ 
33% 

˽ͦͭͨͯͤͦ ͔ͫ 
͔ͫ͊͗ͣ͡ 

37% 

 
70% 

˹͔ ͔ͫ͊͗ͣ͡ ͔ͫ 
4% 

˹͙͙ͭ ͔ͫ 
͔ͫ͊͗ͣ͡Σ ͙͙ͤͭ 
͔ͫ ͔ͤ ͔ͫ͊͗ͣ͡ 

15% 

˿͔͊͗ͣ͡ ͔ͫ 
52% 

˽ͦͭͨͯͤͦ ͔ͫ 
͔ͫ͊͗ͣ͡ 

29% 

 
81% 

˹͔ ͔ͫ͊͗ͣ͡ 
ͫ ͔
8% 

˹͙͙ͭ ͔ͫ 
͔ͫ͊͗ͣ͡Σ 
͙͙ͤͭ ͔ͫ ͔ͤ 
͔ͫ͊͗ͣ͡ Χ 

˿͔͊͗ͣ͡ ͔ͫ 
22% 

˽ͦͭͨͯͤͦ ͔ͫ 
͔ͫ͊͗ͣ͡ 

59% 

 
81% 
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ʉʚʠʭ 100% ʠʩʧʠʪʘʥʠʢʘ ʠʟʨʘʟʠʣʦ ʿʝ ʩʧʨʝʤʥʦʩʪ ʜʘ ʚʨʰʠ ʧʨʠʤʘʨʥʫ ʩʝʣʝʢʮʠʿʫ 

ʦʪʧʘʜʘ. ʅʘʨʘʚʥʦ, ʦʚʘʢʘʚ ʨʝʟʫʣʪʘʪ ʿʝ ʦʭʨʘʙʨʫʿʫ˂ʠ, ʤʝʹʫʪʠʤ ʫ ʨʝʘʣʠʟʘʮʠʿʠ ʦʚʝ ʘʢʪʠʚʥʦʩʪʠ 

ʥʠʢʘʜʘ ʥʝ ʫʯʝʩʪʚʫʿʝ 100% ʩʪʘʥʦʚʥʠʢʘ. ʆʚʦ ʿʝ ʧʦʪʢʨʝʧˀʝʥʦ ʠ ʪʠʤʝ ʜʘ ʩʘʤʦ 52% ʪʠʭ 

ʠʩʪʠʭ ʠʩʧʠʪʘʥʠʢʘ (ʉʣʠʢʘ 4) ʩʤʘʪʨʘ ʜʘ ʙʠ ˁʠʭʦʚʠ ʩʫʛʨʘʹʘʥʠ ʚʨʰʠʣʠ ʧʨʠʤʘʨʥʫ 

ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ. ʊʘʢʦʹʝ, ʨʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ ʩʧʨʦʚʝʜʝʥʝ ʫ ʐʚʝʜʩʢʦʿ ʧʦʢʘʟʫʿʫ ʜʘ 86% 

ʠʩʧʠʪʘʥʠʢʘ ʨʝʜʦʚʥʦ ʚʨʰʠ ʧʨʠʤʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ.   

 

 

ʉʣʠʢʘ 4 ï ɺʝ˂ʠʥʘ ʤʦʿʠʭ ʧʦʟʥʘʥʠʢʘ ʚʨʰʠʣʘ ʙʠ ʩʦʨʪʠʨʘˁʝ ʦʪʧʘʜʘ ʫ ʩʚʦʤ ʜʦʤʘ˂ʠʥʩʪʚʫ 

ʥʘ ʦʥʘʿ ʢʦʿʠ ʩʝ ʤʦʞʝ ʨʝʮʠʢʣʠʨʘʪʠ ʦʜ ʦʥʦʛ ʢʦʠʿ ʩʝ ʥʝ ʨʝʮʠʢʣʠʨʘ 

ʀʩʧʠʪʘʥʠʮʠ ʩʫ ʫ 85% ʩʣʫʯʘʿʝʚʘ ʠʟʨʘʟʠʣʠ ʥʝʟʘʜʦʚʦˀʩʪʚʦ ʦʙʝʟʙʝʹʝʥʠʤ ʙʨʦʿʝʤ 

ʢʦʥʪʝʿʥʝʨʘ ʟʘ ʦʪʧʘʜ ʢʦʿʠ ʩʝ ʤʦʞʝ ʨʝʮʠʢʣʠʨʘʪʠ. ʅʘ ʧʦʿʝʜʠʥʠʤ ʣʦʢʘʮʠʿʘʤʘ, ʫʛʣʘʚʥʦʤ ʫ 

ʮʝʥʪʨʘʣʥʦʤ ʛʨʘʜʩʢʦʤ ʧʦʜʨʫʯʿʫ ʫ ʅʠʰʫ, ʧʦʩʪʘʚˀʝʥʦ ʿʝ 250 ʪʠʧʩʢʠʭ ʢʦʥʪʝʿʥʝʨʘ ʟʘ ʇɽʊ 

ʘʤʙʘʣʘʞʫ ʦʜ 1 ʤ
3
 ʦʜʥʦʩʥʦ ʫʢʫʧʥʝ ʟʘʧʨʝʤʠʥʝ 250 ʤ

3
 ʠ 57 ʪʠʧʩʢʠʭ ʢʦʥʪʝʿʥʝʨʘ ʟʘ ʤʝʪʘʣʥʫ 

ʘʤʙʘʣʘʞʫ ʦʜ ʧʦ 4,5 ʤ
3
, ʫʢʫʧʥʝ ʟʘʧʨʝʤʠʥʝ 256 ʤ

3
 [5]. 

 

 

ʉʣʠʢʘ 5 ï ʋ ʛʨʘʜʫ ʠʤʘ ʜʦʚʦˀʘʥ ʙʨʦʿ ʢʦʥʪʝʿʥʝʨʘ ʟʘ ʦʪʧʘʜ ʢʦʿʠ ʩʝ ʤʦʞʝ ʨʝʮʠʢʣʠʨʘʪʠ 

(ʧʣʘʩʪʠʢʘ, ʩʪʘʢʣʦ, ʣʠʤʝʥʢʝ, ʧʘʧʠʨ) 

3.2. ʋʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʨʝʟʫʣʪʘʪʘ ʩʧʨʦʚʝʜʥʝ ʘʥʢʝʪʝ ʫ ʅʠʰʫ (ʉʨʙʠʿʘ) ʠ ʫ ʐʚʝʜʩʢʦʿ  

 
ʋ ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʘ ʥʠʚʦʘ ʝʢʦʣʦʰʢʝ ʩʚʝʩʪʠ ʩʪʘʥʦʚʥʠʢʘ ʉʨʙʠʿʝ, ʢʘʦ ʠ ʘʥʘʣʠʟʝ 

ʧʦʪʨʝʙʥʠʭ ʤʝʨʘ ʢʦʿʠʤʘ ʙʠ ʩʝ ʦʥʘ ʧʦʜʠʛʣʘ ʥʘ ʚʠʰʠ ʥʠʚʦ, ʫʨʘʹʝʥʦ ʿʝ ʫʧʦʨʝʹʠʚʘˁʝ 

ʨʝʟʫʣʪʘʪʘ ʘʥʢʝʪʝ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʘʥʢʝʪʝ ʢʦʿʘ ʿʝ ʠʟʚʨʰʝʥʘ ʫ ʐʚʝʜʩʢʦʿ. ʅʘ ʩʣʠʮʠ 6. 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫʧʦʨʝʜʥʠ ʩʪʘʚʦʚʠ ʠʩʧʠʪʘʥʠʢʘ ʠʟ ʉʨʙʠʿʝ ʠ ʐʚʝʜʩʢʝ ʚʝʟʘʥʠ ʟʘ ʧʦʿʝʜʠʥʝ 

ʠʟʿʘʚʝ ʠʟ ʘʥʢʝʪʝ. 

ʂʘʜʘ ʩʝ ʩʘʛʣʝʜʘʿʫ ʠ ʫʧʦʨʝʜʝ ʨʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ, ʧʨʠʤʝ˂ʫʿʫ ʩʝ ʦʜʨʝʹʝʥʝ ʙʠʪʥʝ 

ʨʘʟʣʠʢʝ. ʀʩʧʠʪʘʥʠʮʠ ʠʟ ʐʚʝʜʩʢʝ (70%) ʩʫ ʩʝ ʠʟʿʘʩʥʠʣʠ ʜʘ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ ʫ ˁʠʭʦʚʦʤ 

ʛʨʘʜʫ ʥʠʿʝ ʟʘʛʘʹʝʥʘ, ʜʦʢ ʛʨʘʹʘʥʠ ʉʨʙʠʿʝ (ʪʘʢʦʹʝ 70%) ʩʤʘʪʨʘ ʜʘ ʿʝ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ ʫ 

ˁʠʭʦʚʦʤ ʛʨʘʜʫ ʟʘʛʘʹʝʥʘ. ʀʩʧʠʪʘʥʠʮʠ ʠʟ ʦʙʝ ʜʨʞʘʚʝ ʧʦʢʘʟʘʣʠ ʩʫ ʥʝʟʘʜʦʚʦˀʩʪʚʦ 

ʫʣʘʛʘˁʝʤ ʜʨʞʘʚʝ ʫ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʠ ʪʘʢʦʹʝ ʧʦʢʘʟʘʣʠ ʥʝ ʪʘʢʦ ʩʚʝʪʣʦ 
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ʤʠʰˀʝˁʝ ʦ ʩʫʛʨʘʹʘʥʠʤʘ ʢʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʚʦʹʝˁʝ ʨʘʯʫʥʘ ʦ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ. 

ɿʘʥʠʤˀʠʚʦ ʿʝ ʜʘ ʩʝ ʚʝ˂ʠ ʙʨʦʿ ʠʩʧʠʪʘʥʠʢʘ ʠʟ ʉʨʙʠʿʝ (82%), ʥʝʛʦ ʐʚʝʜʩʢʝ (72%), 

ʠʟʿʘʩʥʠʦ ʜʘ ʙʠ ʫʯʝʩʪʚʦʚʘʦ ʫ ʘʢʪʠʚʥʦʩʪʠʤʘ ʢʦʿʝ ʩʫ ʚʝʟʘʥʝ ʟʘ ʧʦʙʦˀʰʘˁʝ ʩʪʘˁʘ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ. 

ɹʠʪʥʘ ʨʘʟʣʠʢʘ ʫ ʤʠʰˀʝˁʠʤʘ ʩʝ ʧʦʿʘʚˀʫʿʝ ʠ ʢʦʜ ʧʠʪʘˁʘ ʦ ʧʨʦʙʣʝʤʫ ʩʘ ʦʪʧʘʜʦʤ 

ʫ ʛʨʘʜʫ, ʛʜʝ ʩʫ ʩʝ ʠʩʧʠʪʘʥʠʮʠ ʠʟ ʐʚʝʜʩʢʝ ʠʟʿʘʩʥʠʣʠ ʫ 86% ʩʣʫʯʘʿʝʚʘ ʜʘ ˁʠʭʦʚ ʛʨʘʜ 

ʥʝʤʘ ʧʨʦʙʣʝʤ ʩʘ ʦʪʧʘʜʦʤ, ʜʦʢ ʩʫ ʩʝ ʠʩʧʠʪʘʥʠʮʠ ʠʟ ʉʨʙʠʿʝ ʠʟʿʘʩʥʠʣʠ ʫ 81% ʩʣʫʯʘʿʝʚʘ ʜʘ 

ˁʠʭʦʚ ʛʨʘʜ ʠʤʘ ʧʨʦʙʣʝʤ ʥʘʛʦʤʠʣʘʚʘˁʘ ʦʪʧʘʜʘ, ʰʪʦ ʦʜʛʦʚʘʨʘ ʨʝʘʣʥʦʤ ʩʪʘˁʫ.  

ɺʝ˂ʠʥʘ, ʪʘʯʥʠʿʝ 86% ʠʩʧʠʪʘʥʠʢʘ ʠʟ ʐʚʝʜʩʢʝ ʩʝ ʠʟʿʘʩʥʠʣʦ ʜʘ ʚʨʰʠ ʧʨʠʤʘʨʥʫ 

ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ. ʋ ʉʨʙʠʿʠ ʩʫ ʩʝ ʠʩʧʠʪʘʥʠʮʠ ʿʝʜʥʦʛʣʘʩʥʦ ʩʣʦʞʠʣʠ ʜʘ 

ʙʠ ʚʨʰʠʣʠ ʧʨʠʤʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ, ʤʝʹʫʪʠʤ, ʟʝʤˀʘ ʩʘ ʥʘʿʚʝ˂ʠʤ ʧʨʦʮʝʥʪʦʤ 

ʨʝʮʠʢʣʘʞʝ ʛʦʚʦʨʠ ʜʘ ʿʝ ʧʨʘʢʩʘ ʤʦʞʜʘ ʤʘʣʦ ʜʨʫʛʘʯʠʿʘ ʦʜ ʪʝʦʨʠʿʝ. ʊʘʢʦʹʝ, ʨʘʟʣʠʢʘ ʫ 

ʩʪʘʚʦʚʠʤʘ ʩʝ ʧʦʿʘʚʠʣʘ ʠ ʢʦʜ ʧʠʪʘˁʘ ʦ ʥʝ/ʜʦʚʦˀʥʦʤ ʙʨʦʿʫ ʢʦʥʪʝʿʥʝʨʘ, ʛʜʝ ʩʝ ʫ ʐʚʝʜʩʢʦʿ 

100% ʠʩʧʠʪʘʥʠʢʘ ʩʣʦʞʠʣʦ ʜʘ ʫ ʛʨʘʜʫ ʧʦʩʪʦʿʠ ʜʦʚʦˀʘʥ ʙʨʦʿ ʢʦʥʪʝʿʥʝʨʘ, ʜʦʢ ʫ ʉʨʙʠʿʠ 

86% ʠʩʧʠʪʘʥʠʢʘ ʩʤʘʪʨʘ ʜʘ ʥʝ ʧʦʩʪʦʿʠ ʜʦʚʦˀʘʥ ʙʨʦʿ ʢʦʥʪʝʿʥʝʨʘ ʟʘ ʨʝʮʠʢʣʘʙʠʣʥʠ ʦʪʧʘʜ.  

 

ʉʣʠʢʘ 6 ï ʋʧʦʨʝʜʥʠ ʨʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ ʩʧʨʦʚʝʜʝʥʝ ʫ ʉʨʙʠʿʠ ʠ ʐʚʝʜʩʢʦʿ 

4. ɿɸʂɲʋʏɸʂ 

ɻʣʦʙʘʣʥʠ ʝʢʦʣʦʰʢʠ ʧʨʦʙʣʝʤʠ, ʢʘʦ ʩʫ ʟʘʛʘʹʝˁʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʩʤʘˁʝˁʝ 

ʙʠʦʜʠʚʝʨʟʠʪʝʪʘ, ʛʣʦʙʘʣʥʦ ʟʘʛʨʝʚʘˁʝ, ʫʥʠʰʪʘʚʘˁʝ ʦʟʦʥʩʢʦʛ ʦʤʦʪʘʯʘ ʧʦʩʪʘʿʫ ʩʚʝ 

ʘʢʪʫʝʣʥʠʿʠ. ʋ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʦʚʠ ʧʨʦʙʣʝʤʠ ʧʦʩʪʘʣʠ ʩʫ ʬʦʢʫʩ 

ʠʥʪʝʨʝʩʦʚʘˁʘ ʿʘʚʥʦʩʪʠ. ɻʨʘʹʘʥʠ ʧʦʩʪʘʿʫ ʩʚʝʩʥʠ ʝʚʝʥʪʫʘʣʥʠʭ ʧʦʩʣʝʜʠʮʘ ʦʚʠʭ ʧʨʦʙʣʝʤʘ 

ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ ʠ ʫʣʦʛʝ ʢʦʿʫ ʙʠ ʤʦʛʣʠ ʠʤʘʪʠ ʫ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ʅʘ 

ʦʜʥʦʩ ʩʪʘʥʦʚʥʦʰʪʚʘ ʧʨʝʤʘ ʧʨʦʙʣʝʤʫ ʦʪʧʘʜʘ ʤʦʞʝ ʩʝ ʫʪʠʮʘʪʠ ʨʘʟʚʠʿʘˁʝʤ ʩʚʝʩʪʠ ʦ 
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ʥʝʛʘʪʠʚʥʠʤ ʫʪʠʮʘʿʠʤʘ ʧʦʛʨʝʰʥʦʛ ʦʜʥʦʩʘ ʧʨʝʤʘ ʦʚʦʤ ʧʨʦʙʣʝʤʫ, ʫʪʠʮʘʿʫ ʦʪʧʘʜʘ ʥʘ 

ʟʜʨʘʚˀʝ ˀʫʜʠ ʠ ʩʪʘˁʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. 

ʋ ʮʠˀʫ ʫʪʚʨʹʠʚʘˁʘ ʥʠʚʦʘ ʝʢʦʣʦʰʢʝ ʩʚʝʩʪʠ ʩʪʘʥʦʚʥʠʢʘ ʉʨʙʠʿʝ ʠ ˁʠʭʦʚʝ 

ʩʧʨʝʤʥʦʩʪʠ ʜʘ ʚʨʰʝ ʧʨʠʤʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ ʫ ʮʠˀʫ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ 

ʠʟʚʨʰʝʥʦ ʿʝ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʉʨʙʠʿʠ, ʫ ʛʨʘʜʫ ʅʠʰʫ ʠ ʫ ʐʚʝʜʩʢʦʿ ʫ ʛʨʘʜʦʚʠʤʘ ʉʪʦʢʭʦʣʤ 

ʠ ʉʪʨʝʤʩʥʝʩʙʨʫʢ. ʋ ʨʘʜʫ ʩʫ ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ ʢʦʿʘ ʿʝ ʫʨʘʹʝʥʘ ʫ ʉʨʙʠʿʠ. 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʫʧʦʨʝʹʝʥʠ ʩʫ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʟʝʤˀʠ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ 

ï ʐʚʝʜʩʢʦʿ, ʢʘʦ ʿʝʜʥʦʿ ʦʜ ʟʝʤʘˀʘ ʩʘ ʥʘʿʨʘʟʚʠʿʝʥʠʿʠʤ ʩʠʩʪʝʤʦʤ ʫʧʨʘʚˀʘˁʘ ʦʪʧʘʜʦʤ. 

ʂʦʨʠʰ˂ʝʥʠ ʤʝʪʦʜ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʧʦʧʫˁʘʚʘˁʝ ʫʧʠʪʥʠʢʘ ʩʘ ʫʥʘʧʨʝʜ ʧʦʥʫʹʝʥʠʤ 

ʦʜʛʦʚʦʨʠʤʘ. 

ʅʘ ʦʩʥʦʚʫ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʥʠʚʦ ʝʢʦʣʦʰʢʝ ʩʚʝʩʪʠ ʫ 

ʉʨʙʠʿʠ ʥʘ ʚʠʩʦʢʦʤ ʥʠʚʦʫ (70%) ʠ ʜʘ ʩʫ ʛʨʘʹʘʥʠ ʉʨʙʠʿʝ ʩʚʝʩʥʠ ʧʨʦʙʣʝʤʘ ʟʘʛʘʹʝˁʘ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʩʘ ʢʦʿʠʤʘ ʩʝ ʩʫʩʨʝ˂ʫ, ʢʘʦ ʠ ʧʨʦʙʣʝʤʘ ʥʘʛʦʤʘʠʣʘʚʘˁʘ ʦʪʧʘʜʘ ʠ 

ʦʜʣʘʛʘˁʘ ʥʘ ʩʤʝʪʣʠʰʪʘ ʠ ʜʠʚˀʝ ʜʝʧʦʥʠʿʝ. 

ʋ ʚʝʣʠʢʦʿ ʤʝʨʠ ʦʭʨʘʙʨʫʿʝ ʯʠˁʝʥʠʮʘ ʜʘ ʿʝ 100% ʠʩʧʠʪʘʥʠʢʘ ʠʟʨʘʟʠʣʦ ʩʧʨʝʤʥʦʩʪ 

ʜʘ ʚʨʰʠ ʧʨʠʤʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ ʫ ʜʦʤʘ˂ʠʥʩʪʚʠʤʘ, ʤʝʹʫʪʠʤ ʩʘʤʦ ʧʦʣʦʚʠʥʘ 

ʠʩʧʠʪʘʥʠʢʘ ʤʠʩʣʠ ʜʘ ʙʠ ˁʠʭʦʚʠ ʧʦʟʥʘʥʠʮʠ ʚʨʰʠʣʠ ʧʨʠʤʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ, ʰʪʦ ʿʝ 

ʤʥʦʛʦ ʨʝʘʣʥʠʿʝ, ʥʘʨʦʯʠʪʦ ʘʢʦ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʨʝʟʫʣʪʘʪʠ ʘʥʢʝʪʝ ʜʦʙʠʿʝʥʝ ʫ ʐʚʝʜʩʢʦʿ, 

ʛʜʝ ʩʝ 86% ʠʩʧʠʪʘʥʠʢʘ ʠʟʿʘʩʥʠʣʦ ʜʘ ʨʝʜʦʚʥʦ ʚʨʰʠ ʧʨʠʤʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ. 

ʀʟ ʩʚʝʛʘ ʛʦʨʝ ʥʘʚʝʜʝʥʦʛ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʚʨʰʠʪʠ ʢʦʥʩʪʘʥʪʥʫ 

ʝʜʫʢʘʮʠʿʫ ʩʪʘʥʦʚʥʠʰʪʚʘ ʠ ʢʘʤʧʘˁʫ ʫ ʧʨʦʤʦʚʠʩʘˁʫ ʧʨʠʤʘʨʥʝ ʩʝʣʩʢʮʠʿʝ ʦʪʧʘʜʘ ʠ 

ʧʦʪʨʝʙʝ ʨʝʮʠʢʣʘʞʝ ʦʪʧʘʜʘ ʫ ʮʠˀʫ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʢʘʦ ʠ ʧʦʪʨʝʙʝ ʟʘ 

ʦʜʚʘʿʘˁʝʤ ʦʧʘʩʥʦʛ ʦʜ ʥʝʦʧʘʩʥʦʛ ʦʪʧʘʜʘ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʙʠ ʩʝ ʩʪʚʦʨʠʣʠ ʫʩʣʦʚʠ ʟʘ 

ʫʚʦʹʝˁʝ ʨʘʟʣʠʯʠʪʠʭ ʪʨʝʪʤʘʥʘ ʦʪʧʘʜʘ ʢʦʿʠ ʟʘ ʩʘʜʘ ʿʦʰ ʥʝ ʧʦʩʪʦʿʝ ʫ ʉʨʙʠʿʠ 

(ʢʦʤʧʦʩʪʠʨʘˁʝ, ʠʥʩʠʥʝʨʘʮʠʿʘ), ʘ ʪʘʢʦʹʝ ʙʠ ʩʝ ʩʤʘˁʠʣʘ ʢʦʣʠʯʠʥʘ ʦʪʧʘʜʘ ʢʦʿʘ ʩʝ ʦʜʣʘʞʝ 

ʥʘ ʜʝʧʦʥʠʿʝ. 

5. ʈɽʌɽʈɽʅʎɽ 

[1] ɿʘʢʦʥ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ ("ʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ ʈʉ", ʙʨ. 36/2009 ʠ 88/2010). 

[2] ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʦʚʦʤ ʉʘʜʫ, ʋʪʚʨʹʠʚʘˁʝ ʩʘʩʪʘʚʘ 
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REZIME  

Preventiva, kao najslabija taļka sistema zaġtite i spasavanja Republike Srbije u proteklom periodu, 

pokazala je sve svoje slabosti posebno tokom 2014. godine, nametnula je potrebu subjektima odbrane da u 

narednom periodu preduzimaju propisane i definisane mere na zaġtiti ġtiĺenih vrednosti (stanovniġtva i 

materijalnih/kulturnih dobara), da otklanjaju uoļene nedostatke i slabosti i da bezbednost podignu na viġi nivo. 

Pozitivnim zakonskim propisima definisano je kako to uraditi, kojim snagama i sredstvima i u kom vremenskom 

periodu. Rad ukazuje na znaļaj preventivnog delovanja u sistemu zaġtite i spasavanja Republike Srbije.  

Kljuļne reļi: preventiva, vanredne situacije, subjekti odbrane 

PREVENTION IN EMERGE NCY SITUATIONS  

ABSTRACT 

Prevention, being the weakest part of the protection and rescue system of the Republic of Serbia in the 

past years, manifested all its weaknesses especially during 2014. It also imposed the future need to the subejcts 

of defense system to take assigned and defined measures in order to defend protected values (the population, 

material and cultural goods), remove noticed flaws, shortcomings and weaknesses and elevate protection to a 

higher level. Positive law regulations define how to do so, which forces and means are to be used and in what 

time period. The paper points out the importance of preventive measures in the protection and rescue system of 

the Republic of Serbia. 

Keywords: prevention, emergency situations, defence subjects 

1. UVOD 

Do sada se problematika prevencije i preventivnog delovanja (po reļima naļelnika 

Sektora za vanredne situacije) posmatrala iz ugla Ănaknade ġtete kada se desi elementarna 

nepogodañ, ali se to mora napustiti i okrenuti preventivnom delovanju, jer Ăjedan evro uloģen 

u preventivu vraĺa se desetostrukoñ, ġto se vidi na primerima zemalja EU. Republika Srbija, 

na osnovu Zakona o vanrednim situacijama, izgraĽuje jedinstven sistem zaġtite i spasavanja 

na ļitavoj teritoriji i preduzima preventivne i operativne mere u borbi sa vanrednim 

situacijama. Osnovnu snagu u borbi protiv vanrednih situacija predstavljaju subjekti civilne 

odbrane, posebno jedinice lokalne samouprave (grad/opġtina). Od njihove pripremljenosti za 

preventivno delovanje na podruļju za koju su odgovorni, zavisi sveukupna bezbednost 

stanovniġtva, kao i materijalnih/kulturnih dobara i zdrave i bezbedne ģivotne sredine.  

2. NORMATIVNO -PRAVNA UREņENOST PREVENTIVE  

Preventiva i preventivno delovanje na spreļavanju elementarnih i drugih nesreĺa i 

nepogoda, kao i nastanka tehniļko-tehnoloġkih udesa i katastrofa, posebno je regulisano u 

nekoliko zakonskih i podzakonskih akata. 
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2.1. Zakon o vanrednim situacijama  

[1] (u daljem tekstu: Zakon) defiġe 11 osnovnih zadatake sistema zaġtite i spasavanja 

(u daljem tekstu: ZiS), posebno zaġtitu, kao skup preventivnih mera usmerenih na jaļanje 

otpornosti zajednice, otklanjanje moguĺih uzroka ugroģavanja, smanjenje uticaja 

elementarnih nepogoda, spreļavanje drugih nesreĺa i u sluļaju da do njih doĽe, umanjenje 

njihovih posledica. 

Sistem ZiS R.Srbije je deo sistema nacionalne bezbednosti i integrisani oblik 

upravljanja i organizovanja subjekata sistema ZIS na sprovoĽenju preventivnih i operativnih 

mera i izvrġavanju zadataka ZiS ljudi i dobara od posledica elementarnih nepogoda i drugih 

nesreĺa, ukljuļujuĺi i mere oporavka od tih posledica.  

Definisane zadatke u sistemu ZiS obavljaju subjekti sistema civilne odbrane:  

1) organi drģavne uprave, organi autonomne pokrajine i organi jedinica lokalne 

samouprave;  

2) privredna druġtva, druga pravna lica i preduzetnici;  

3) graĽani, grupe graĽana, udruģenja, profesionalne i druge organizacije.  

Subjekti treba da obezbede izgradnju jedinstvenog sistema ZiS na teritoriji Republike 

Srbije, na osnovu zakona, podzakonskih akata, programa, planova i drugih dokumenata 

kojima se ureĽuje organizacija, razvoj, pripremanje i upotreba snaga i sredstava ZiS. U 

sprovoĽenju ZiS subjekti civilne odbrane sprovode propisana naļela ZiS i svoj rad zasnivaju 

se na saradnji, solidarnosti, pravovremenom i usklaĽenom delovanju. Od izuzetne vaģnosti je 

primena i sprovoĽenje naļela preventivne zaġtite kojom se obezbeĽuje prioritetno 

sprovoĽenje preventivnih mere zaġtite u skladu sa svojim nadleģnostima.  

Po Zakonu, preventivne mere ZiS, obuhvataju:  

- uspostavljanje Nacionalne strategije ZiS u vanrednim situacijama (u daljem tekstu: 

VrSi),  

- procenu rizika i ugroģenosti od elementarnih nepogoda i drugih nesreĺa,  

- mere pri izgradnji na trusnom podruļju ili izgradnji objekata (brane, skladiġta, 

pumpne stanice i dr.) koji mogu ugroziti ģivote ljudi i materijalna dobra,  

- izgradnju odbrambenih nasipa,  

- obeleģavanje mesta i procenu rizika od lavina,  

- regulisanje vodotokova,  

- protivgradnu odbranu,  

- razbijanje leda na vodotokovima,  

- izgradnju potpornih zidova,  

- protivpoģarne mere,  

- mere kojima se spreļava eksplozija ubojnih sredstava,  

- nekontrolisano oslobaĽanje, izlivanje ili rasturanje ġtetnih ili ļvrstih hemijskih, 

nuklearnih i radioaktivnih materijala,  

- otkrivanje i prognoziranje razvoja i kretanja atmosferskih elementarnih nepogoda,  

- organizovanje sistema osmatranja, obaveġtavanja i uzbunjivanja,  

- epidemioloġke, veterinarske i druge mere kojima se spreļavaju prirodne i tehniļke 

nesreĺe ili ublaģava njihovo dejstvo.  

U ostvarivanju prava i duģnosti u pitanjima ZiS jedinice lokalne samouprave, preko 

svojih organa prate opasnosti, obaveġtavaju stanovniġtvo o opasnostima i preduzimaju druge 

preventivne mere za smanjenje rizika od elementarnih nepogoda i drugih nesreĺa. U 

izvrġavanju preventivnih zadataka ZiS mogu dobrovoljno da uļestvuju pojedinci i udruģenja, 

prema svojim moguĺnostima a uz saglasnost nadleģne sluģbe.  



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

31 
 

Planom ZiS u VrSi planiraju se preventivne i operativne mere za spreļavanje i 

umanjenje posledica elementarnih nepogoda, tehniļko-tehnoloġkih nesreĺa - udesa i 

katastrofa, kao i snage i sredstva subjekata sistema ZiS, njihovo organizovano i koordinirano 

angaģovanje i delovanje u VrSi u cilju ZiS ljudi, materijalnih i kulturnih dobara i obezbeĽenja 

osnovnih uslova za ģivot.  

 

Zakon posebno definiġe mere civilne zaġtite (u daljem tekstu: CZ) koje sprovode 

subjekti sistema ZiS:  

1) preventivne mere;  

2) mere zaġtite u sluļaju neposredne opasnosti od elementarnih nepogoda i drugih 

nesreĺa;  

3) mere zaġtite kada nastupe elementarne nepogode i druge nesreĺe;  

4) mere ublaģavanja i otklanjanja neposrednih posledica od elementarnih nepogoda i 

drugih nesreĺa.  

Podaci o potencijalnim opasnostima od udesa, preventivnim bezbednosnim merama i 

postupcima i merama u sluļaju udesa privrednog druġtva i drugog pravnog lica moraju biti 

dostupni javnosti.  

Zaġtita od ruġenja sprovodi se kao preventivna mera u okviru prostornog i 

urbanistiļkog planiranja, uz primenu graĽevinsko-tehniļkih i drugih mera, a u skladu sa 

procenjenim seizmiļkim rizikom, za ġta su odgovorni organi urbanistiļko-graĽevinske 

delatnosti.  

Zaġtita i spasavanje od poģara i eksplozija obuhvata organizaciju i sprovoĽenje 

preventivnih mera u svim sredinama, a posebno objektima u kojima se skladiġte zapaljive i 

eksplozivne materije i prostorima gde postoji moguĺnost nastanka poģara.  

Zaġtita i spasavanje ģivotinja sprovodi se, prvenstveno, blagovremenim pripremama 

privrednih druġtava i drugih organizacija koje se bave uzgojem stoke i proizvodnjom 

namirnica ģivotinjskog porekla, kao i osposobljavanjem vlasnika stoke za vrġenje 

preventivnih mera i postupaka u zaġtiti ģivotinja.  

Radi sticanja potrebnih znanja iz oblasti liļne i kolektivne zaġtite, graĽani se 

obuļavaju i osposobljavaju za preventivu zaġtitu i spasavanje.  

Planiranje i programiranje sistema ZiS, kroz dugoroļne planove, posebno sadrģi 

razvoj preventivnih mera i delatnosti od znaļaja za ZiS.  

Sredstva Fonda za VrSi koriste se za finansiranje pripreme, sprovoĽenja i razvoja 

programa, projekata i drugih aktivnosti u oblasti preventive, smanjivanja rizika, upravljanja i 

reagovanja u VrSi i za sufinansiranje preventivnih i interventnih mera u vanrednim 

situacijama;  

2.2. Nacionalna strategija zaġtite i spasavanja u vanrednim situacijama [2] definiġe da je 

naļelo preventivne zaġtite jedno od osnovnih naļela na kojima se zasniva integrisani 

sistem ZiS R.Srbije. 

Vlada je odgovorna za sve aspekte upravljanja VrSi. U njeno ime, odgovornost za 

planiranje i sprovoĽenje preventivnih mera, spremnosti, odgovora na VrSi i otklanjanje 

posledica istih, preneta je na zajedniļku aktivnost nadleģnih organa drģavne uprave, 

autonomnih pokrajina i jedinica lokalne samouprave. Odgovornosti svakog od nabrojanih 

subjekata definisane su Zakonom (ļl. 9-15).  

Dosadaġnji obim sprovedenih obuka ne moģe na adekvatan naļin da odgovori svim 

zahtevima integrisanog sistema upravljanja, rukovoĽenja i kontrole u oblasti VrSi. Sistem 

obuke treba proġiriti, modernizovati i poboljġati kreiranjem plana i programa za dalje 
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usavrġavanje steļenih znanja. SprovoĽenjem treninga kojima se jaļaju kapaciteti smanjuje se 

nedovoljna obuļenost angaģovanih, kako za reagovanje u VrSi, tako i za definisanje i 

primenu preventivnih mera, mera za ublaģavanje posledica, mera obnove i saniranja 

posledica VrSi..  

Sprovedenom analizom, koja je obuhvatala oblast VrSi u Republici Srbiji dobijen je 

dokument (Aneks) u kome je posebno prepoznata neodgovarajuĺa organizacija i 

nesprovoĽenje preventivnih mera  u sistemu ZiS.  

 

Strategija istiļe da postojeĺi, kako ljudski resursi tako i opremljenost sluģbi za 

preventivno i operativno reagovanje, nisu na zadovoljavajuĺem nivou. 

Preventivne mere zaġtite prilikom transporta opasnog tereta u drumskom i 

ģelezniļkom saobraĺaju se sprovode kroz redovan inspekcijski nadzor svih nadleģnih organa, 

kod svih uļesnika u transportu opasnog tereta. Preventivne mere su i pravilna primena 

propisa, obuļavanje i ġkolovanje lica koja uļestvuju u transportu opasnog tereta. 

TakoĽe, operater Seveso postrojenja kod koga se desio udes, duģan je da obavesti 

nadleģne organe o naknadno prikupljenim podacima koji utiļu na ranije utvrĽene ļinjenice i 

zakljuļke, kao i da sprovede hitne, srednjoroļne i dugoroļne mere otklanjanja posledica 

hemijskog udesa i da, nakon izvrġene analize svih aspekata hemijskog udesa, d© preporuke za 

buduĺe preventivne mere. 

S obzirom da u preļniku od 1.000 km od drģavne granice trenutno rade 44 operativna 

nuklearna reaktora, postoji opasnost da bi se i u Republici Srbiji mogle osetiti znaļajne 

posledice nuklearnog akcidenta na nekom od reaktora u okruģenju. Zbog toga je neophodno 

preduteti sledeĺe preventivne mere: 

- izraditi plan za delovanje u sluļaju nuklearnog ili radijacionog akcidenta Republike 

Srbije, 

- unaprediti i osavremeniti sistem za ranu najavu radijacionog ili nuklearnog 

akcidenta, 

- uspostaviti sistem podrġke pri odluļivanju o merama zaġtite u sluļaju nuklearnog 

akcidenta, npr. RODOS sistem, 

 obezbediti opremu i obuku jedinica za delovanje u sluļaju nuklearnog ili radijacionog 

akcidenta, 

- obezbediti opremu i organizaciju zdravstvenih ustanova za delovanje u sluļaju 

nuklearnog ili radijacionog akcidenta. 

2.3. Zakon o vodama 

[3] kroz Opġti plan za odbranu od poplava definiġe posebno mere koje se moraju 

preduzeti preventivno i u periodu nailaska velikih voda (spoljnih i unutraġnjih).  

Radi spreļavanja i otklanjanja ġtetnog dejstva erozije i bujica sprovode se preventivne 

mere, grade i odrģavaju vodni objekti za zaġtitu od erozije i bujica i izvode zaġtitni radovi. 

Preventivnim merama smatraju se naroļito:  

1 zabranjene radnje: 

- pustoġenje, krļenje i ļista seļa ġuma;  

- ogoljavanje povrġina;  

- nekontrolisano kopanje i preoravanje livada, paġnjaka i neobraĽenih povrġina, radi 

uzgoja jednogodiġnjih kultura;  

- zatrpavanje izvora i nekontrolisano sakupljanje i odvoĽenje tih voda;  

- dugotrajno skladiġtenje ļvrstog materijala;  

- izgradnja objekata bez odgovarajuĺe planske i projektne dokumentacije;  
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- eksploatacija reļnih nanosa sa dna ili padina, osim za potrebe obezbeĽenja propusne 

sposobnosti korita bujica;  

- izgradnja objekata koji bi mogli da ugroze stabilnost zemljiġta (vodenice, brane, 

kanali, ribnjaci i sliļno);  

- druge radnje kojima se pospeġuje erozija i stvaranje bujica;  

2) koriġĺenje poljoprivrednog i drugog zemljiġta u skladu sa zahtevima antierozionog 

ureĽenja zemljiġta. Zaġtitnim radovima smatraju se:  

- poġumljavanje;  

- uzgoj i odrģavanje zaġtitne vegetacije;  

- krļenje rastinja;  

- zatravljivanje;  

- terasiranje, podizanje voĺnjaka i veġtaļkih livada;  

- melioracija paġnjaka;  

- ļiġĺenje korita i  

drugi sliļni radovi.  

Preventivne mere i zaġtitne radove sprovodi jedinica lokalne samouprave, u skladu sa 

planom upravljanja vodama. 

2.4. Uputstvo o metodologiji za izradu procene ugroģenosti i planova zaġtite i spasavanja 

u vanrednim situacijama [4], u delu Procene: 

-  identifikuje opasnosti, izvore i oblike ugroģavanja;  

- moguĺe efekti i posledice;  

- daje procenu ugroģenosti-rizika;  

- sagledava snage, sredstava i preventivne mere za odgovor na opasnosti izazvane 

elementarnim nepogodama i drugim nesreĺama;  

- definiġe ZiS ģivota i zdravlja ljudi, ģivotinja, zaġtite materijalnih, kulturnih dobara i 

ģivotne sredine.  

Procena posebno sadrģi identifikaciju opasnosti i procenu rizika od elementarnih 

nepogoda i drugih nesreĺa i daje procenu potrebnih snaga, sredstava i preventivnih mera za 

ZiS po svim vrstama opasnosti.   

U Proceni snaga, sredstava i preventivnih mera za ZiS posebno se utvrdjuju:  

- postojeĺe snage i sredstva organa, sluģbi i drugih pravnih lica koje se bave ZiS u 

okviru svoje redovne delatnosti;  

- drugih operativnih snaga ZiS;  

- snaga i sredstava CZ;  

- fiziļkih lica i ostalih raspoloģivih materijalnih resursa koji se mogu angaģovati na 

spreļavanju nastanka i otklanjanju posledica elementarnih nepogoda i drugih nesreĺa.  

Preventivne mere za ZiS se preduzimaju radi spreļavanja ili smanjenja verovatnoĺe 

nastanka elementarnih nepogoda o drugih nesreĺa kao i umanjenja posledica. Mere prevencije 

ļine:  

1) mere koje su predviĽene i/ili  realizovane prostornim planiranjem, projektovanjem i 

izgradnjom objekta postrojenja ï kompleksa;  

2) mere koje su predviĽene za odrģavanje i kontrolu infrastrukture (PTT, ģelezniļki, 

reļni, drumski i vazduġni saobraĺaj);  

3) mere koje su predviĽene za odrģavanje i kontrolu saobraĺajnica na nivou lokalne 

zajednice;  

4) mere koje su predviĽene u sistemu bezbednosti: nadzor, upravljanje sistemima 

bezbednosti i zaġtite, detekcija i identifikacija opasnosti;  
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5) edukacija - permanentna edukacija stanovniġtva, ukljuļujuĺi decu veĺ od 

predġkolskog doba, o svim aspektima ZiS;  

6) propisi u svim oblastima ZiS u VrSi;  

7) mere koje su predviĽene organizacijom osposobljavanja i opremanja ljudskih 

kapaciteta za reagovanje u sluļaju VrSi;  

8) mere koje su predviĽene izradom i proverom planske dokumentacije za reagovanje 

u sluļaju VrSi.  

U delu koji obradjuje Planove ZiS od svih vrsta opasnosti (prirodne nepogode, TT 

udes i katastrofe, nuklearne i radioloġke nesreĺe, epidemija, epizootija i biljne bolesti, 

posledice terorizma...) posebna paģnja se posveĺuje preventivnim merama, praĺenju 

postudesne situacije i na preduzimanju preventivnih mera otklanjanja opasnosti od ponovnog 

nastanka udesa.  

2.5. Pravilnik o naļinu izrade i sadrģaju plana zaġtite od udesa  

[5] u delu Mere zaġtite i spasavanja od udesa razraĽujuje mere i zadatke za 

sprovoĽenje, a posebno preventivne mere:  

- procenu nastalog stanja ugroģenosti od udesa i donoġenje odluke o sprovoĽenju ZiS,  

- organizaciju obaveġtavanja,  

- organizaciju rukovoĽenja,  

- organizaciju pruģanje pomoĺi, prve medicinske pomoĺi i zdravstvenog zbrinjavanja 

(nosioci 

- zdravstvene ustanove, organizaciona struktura, kapaciteti, pravci prevoģenja 

povreĽenih, materijalno obezbeĽenje i dr.),  

- organizaciju sklanjanja i zbrinjavanja ugroģenog stanovniġtva (nosioci, 

specijalizovane ekipe i zadaci, kategorije i broj ugroģenih mesta, kapacitet objekata, 

materijalno obezbeĽenje, pravci kretanja, organizacija i naļin prevoģenja i dr.),  

- organizaciju evakuacija zaposlenih (nosioci - pregled i sastav ekipe i zadaci, 

kategorija i broj, materijalno obezbeĽenje, pravci, mesta evakuacije, prihvat - razmeġtaj po 

objektima i dr.),  

- organizaciju zaġtite i zbrinjavanja materijalnih i kulturnih dobara u zoni ugroģenosti 

(nosioci, ekipe i zadaci, pregled materijalnih dobara, mesta - objekti gde ĺe se izvrġiti 

zbrinjavanje i dr.),  

- organizaciju monitoringa kvaliteta vazduha, zemljiġta i vode (nosioci, organizaciona 

struktura, zone i organizacija monitoringa i dr.),  

- organizaciju bezbednosnih mera (lokacija objekata i pravaca za zbrinjavanje, 

evakuaciju, dekontaminaciju, pruģanja medicinske zaġtite, izmeġtanje materijalnih dobara i 

dr.),  

- organizaciju saobraĺaja (posebno u zoni ugroģenosti, nosioci i vremenski period),  

- organizaciju spasavanja i zaġtite od poģara (nosioci, organizacijska struktura, 

preventivne i zaġtitne mere u objektima ġkola, vrtiĺa stambenim i drugim objektima),  

3. ZAKLJUĻAK 

O znaļaju preventive se mnogo piġe, naģalost malo preduzima. Najbolji primer su za 

to dogaĽaja u R.Srbiji od 2012. godine, posebno 2014. godine, kada su nas snaġle 

mnogobrojne i raznovrsne VrSi (neispravne vode za piĺe, orkanska koġava, sneg i sneģni 

nanosi-smetovi, led, niske temperature, grad, kliziġta, aerozagaĽenja od poģara, poplave, 

najezde komaracaé). Na neke je sistem mogao pravovremeno i odgovoriti, da je postojala 
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ģelja (i volja) subjekata odbrane, od kojih posebno treba istaĺi jedinice lokalne samouprave. I 

pored Ustavne obaveze, obaveze koje nalaģe Zakon o lokalnoj samoupravi, a posebno Zakon 

o vanrednim situacijama, lokalna samouprava nije preduzela sve mere, posebno preventivne, 

da zaġtiti svoje graĽane, materijalna i kulturna dobra i ģivotnu sredinu u celini.  

 

Treba posebno i naglasiti i slabosti koje su identifikovane u Nacionalnoj strategiji ZiS, 

joġ 2011. godine, a koje su se na ģalost pokazale i tokom 2014. godine:  

1) institucionalno-organizacione slabosti:  

- nepostojanje uslova za doslednu primenu propisa;   

- neodgovarajuĺa organizacija i sprovoĽenje preventivnih mera;  

- nedostupnost specijalizovanih katastara;   

- nepostojanje sveobuhvatnih mapa rizika;   

- neravnomerna raspodela kapaciteta sluģbi za reagovanje na teritoriji Republike 

Srbije; 

- neuspostavljen sistem 112;  

- nepostojanje metodologije upravljanja opasnim otpadom;   

2)  materijalno-tehniļke slabosti:  

- nezadovoljavajuĺi nivo saobraĺajne i druge infrastrukture;   

- zastarela, nepouzdana oprema, sredstva i vozila sluģbi za reagovanje u VrSi;  

- neadekvatno finansiranje odrģavanja sistema ZiS;  

3) slaba saradnja, koordinacija i raspoloģivost informacija:  

- nedovoljna koordinacija izmeĽu subjekata sistema ZiS u VrSi;  

- nedovoljna saradnja izmeĽu nauļnih i istraģivaļkih institucija i direktnih korisnika 

istraģivanja;  

- nedovoljna saradnja sa nevladinim i privatnim sektorom;  

4) ljudski resursi i edukacija:  

- neadekvatna struļna kvalifikovanost i tehnoloġka disciplina raspoloģivih ljudskih 

resursa; 

- nedostatak specijalizovanih kadrova;  

- nedovoljna obuļenost profesionalnog kadra;  

- nepripremljenost i nizak nivo kapaciteta lokalne samouprave;  

- nerazvijena kultura prevencije. 

Treba istaĺi da je, kao jedan od razloga slabe preventive  i sporost donoġenja 

podzakonskih akata u oblasti planiranja i izrade Procena ugroģenosti  i Planova ZiS. Istiļemo 

samo ļetiri dokumenta od 32 koja su trebala biti doneta do polovine juna 2010. godine:  

1.  Nacionalna strategija ZiS sa zakaġnjenjem od 17 meseci;  

2. Uredba o sastavu i naļinu rada ġtabova za vanredne situacije-kaġnjenje od 7 meseci; 

3. Uputstvo o metodologiji za izradu procene ugroģenosti - rizika i planova ZiS u 

VrSi- kaġnjenje od 27 meseci;  

4. Uredba o sadrģaju i naļinu izrade planova ZiS u VrSi-sa kaġnjenjem od  7 meseci.  

Kao direktna posledica ovakvog stanja, potrebni Planovi i Procene od republiļkog 

nivoa pa do nivoa lokalne samouprave, joġ nisu donate, pa samim tim i preduzimanje 

prevenetivnih mera nije bilo vrġeno.  

Na nivou lokalne samouprave nisu formirane snage civilne zaġtite, nisu odreĽena 

sredstva za angaģovanje u sluļaju potrebe, nije izvrġena obuka-edukacija gradjana, 

poverenika i zamenika poverenika CZ, kao ni pripadnika jedinica CZ opġte namene. Krajnja 

posledica takvog stanja je dobro poznata-poplavljene-sruġene kuĺe; evakuisano stanovniġtvo; 

uniġtena ģivotna sredina; devastirana kulturna i materijalna dobra; ġtete nenadoknadive. 
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U izjavama nadleģnih iz Vlade R.Srbije, MUP-a, Sektora za vanredne situacije, a 

posebno lokalnih organa vlasti, vidljiv je i problem koji se javljao i zbog partijskih 

neistomiġljenika i slabe saradnje na preventivnom i operativnom delovanju protiv 

elementarnih i drugih nepogoda i katastrofa. 

U svim vanrednim situacijama tokom 2014. godine jedine i organizovane snage koje 

su odmah reagovale i preduzimale mere na spasavanju ġtiĺenih vrednosti, su bili pripadnici 

Vojske Srbije i Sektora za vanredne situacije. Svi ostali subjekti su kasnije reagovali, kao 

pomoĺ navedenim snagama, a ne kao glavni nosioci aktivnosti na svojoj teritoriji. To se jako 

dobro videlo posebno tokom majskih poplava i otklanjanja posledica kliziġta i visokih voda na 

podruļju opġtina Majdanpek, Negotin, Kladovo u septembru mesecu. 
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ʇʈɽɻʃɽɼ ʀʅʉʊʀʊʋʎʀɱɸ ʉʀʉʊɽʄɸ ʂʆɱɽ ʋʏɽʉʊɺʋɱʋ ʋ 

ʀʅʊɽɻʈʀʉɸʅʆʄ ʋʇʈɸɺɲɸɳʋ ɼʆɻɸɫɸɱʀʄɸ ʉɸ 

ʂɸʊɸʉʊʈʆʌɸʃʅʀʄ ʇʆʉʃɽɼʀʎɸʄɸ  
ʅʝʥʘʜ ʄʝʜʠ˂ 

1
, ɱʦʚʘʥʘ ʉʠʤʠ˂ 

2
, ʄʠʨʿʘʥʘ ʃʘʙʘʥ 

3
, ɫʦʨʹʝ ɴʦʩʠ˂ 

4
, ɼʨʘʛʦʤʠʨ 

ʐʘʛʦʚʥʦʚʠ˂ 
5
 

ʈɽɿʀʄɽ 

ʉʚʝ ʟʝʤˀʝ ʩʝ ʩʫʦʯʘʚʘʿʫ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʭʘʟʘʨʜʠʤʘ ʢʦʿʠ ʣʘʢʦ ʤʦʛʫ ʧʨʝʨʘʩʪʠ ʫ ʜʦʛʘʹʘʿʝ ʩʘ 

ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ, ʫʢʦʣʠʢʦ ʩʝ ˁʠʤʘ ʥʝ ʫʧʨʘʚˀʘ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ. ʏʝʩʪʦ ʿʝ ʥʘʩʪʘʥʘʢ 

ʭʘʟʘʨʜʘ ʥʝʠʟʙʝʞʘʥ, ʘʣʠ ʩʝ ʦʙʠʤ ˁʝʛʦʚʠʭ ʧʦʩʣʝʜʠʮʘ ʤʦʞʝ ʟʥʘʯʘʿʥʦ ʨʝʜʫʢʦʚʘʪʠ ʘʜʝʢʚʘʪʥʦʤ ʫʣʦʛʦʤ ʠ 

ʧʨʘʚʠʣʥʠʤ ʨʝʘʛʦʚʘˁʝʤ ʩʚʠʭ ʦʜʛʦʚʦʨʥʠʭ ʘʢʪʝʨʘ ʫ ʦʜʨʝʹʝʥʦʤ ʜʨʫʰʪʚʫ. ʋʧʨʘʚˀʘˁʝ ʜʦʛʘʹʘʿʠʤʘ ʩʘ 

ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ ʩʝ ʦʜʚʠʿʘ ʫ ʯʝʪʠʨʠ ʬʘʟʝ: ʫʙʣʘʞʘʚʘˁʝ, ʧʨʠʧʨʝʤˀʝʥʦʩʪ, ʦʜʛʦʚʦʨ ʠ ʦʧʦʨʘʚʘʢ. 

ʋ ʦʚʦʤ ʨʘʜʫ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥ ʧʨʝʛʣʝʜ ʠʥʩʪʠʪʫʮʠʿʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʢʦʿʝ ʫʯʝʩʪʚʫʿʫ ʫ ʩʚʘʢʦʿ ʦʜ ʬʘʟʘ 

ʫʧʨʘʚˀʘˁʘ ʜʦʛʘʹʘʿʠʤʘ ʩʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ, ʢʘʦ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʟʘʢʦʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ ʢʦʿʘ 

ʜʝʬʠʥʠʰʝ ʫʩʧʦʩʪʘʚˀʘˁʝ ʠʥʪʝʛʨʠʩʘʥʦʛ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʠ ʩʧʘʩʘʚʘˁʘ. ɻʣʘʚʥʫ ʫʣʦʛʫ ʫ ʫʧʨʘʚˀʘˁʫ 

ʜʦʛʘʹʘʿʠʤʘ ʩʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ ʠʤʘ ʄʠʥʠʩʪʘʨʩʪʚʦ ʫʥʫʪʨʘʰˁʠʭ ʧʦʩʣʦʚʘ, ʦʜʥʦʩʥʦ ʉʝʢʪʦʨ ʟʘ 

ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ, ʘʣʠ ʩʫ ʟʘʢʦʥʦʤ ʜʝʬʠʥʠʩʘʥʠ ʠ ʜʨʫʛʠ ʫʯʝʩʥʠʮʠ ʫ ʦʚʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʭʘʟʘʨʜ, ʢʘʪʘʩʪʨʦʬʘ, ʫʧʨʘʚˀʘˁʝ, ʩʠʩʪʝʤ, ʠʥʩʪʠʪʫʮʠʿʘ, ʟʘʢʦʥ 

REWIEW OF THE SYSTEM  INSTITUTIONS PARTICIP ATING IN THE 

DISASTER MANAGEMENT  

ABSTRACT 

All countries are faced with a variety of hazards that can easily turn into disasters, if they are not 

managed appropriately. Often the occurrence of a hazard is inevitable, but the scope of its consequences can be 

significantly reduced by a proper role and adequate reaction of all responsible actors in the society. There are 

four phases in disaster management: mitigation, preparedness, response and recovery. This paper will describe 

the role of institutions of the Republic of Serbia participating in each of the phases of the disaster management, 

as well as relevant legislations that define the establishment of an integrated system of safety and protection. The 

Ministry of Interior, Sector for Emergency Management has the main role in disaster management, but there are 

also other participants involved in these activities defined by the laws. 

Key words: hazard, disaster, management, system, institution, law 

ʋɺʆɼ 

ʇʨʠʨʦʜʥʝ ʧʦʿʘʚʝ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʦʛ, ʙʠʦʣʦʰʢʦʛ ʠʣʠ ʛʝʦʣʦʰʢʦʛ ʧʦʨʝʢʣʘ ʢʘʦ 

ʰʪʦ ʩʫ ʧʦʧʣʘʚʝ, ʙʫʿʠʮʝ, ʩʫʰʝ, ʟʝʤˀʦʪʨʝʩʠ, ʩʥʝʞʥʠ ʥʘʥʦʩʠ, ʝʢʩʪʨʝʤʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʦʜʨʦˁʘʚʘˁʝ ʠ ʢʣʠʟʘˁʝ ʟʝʤˀʠʰʪʘ ʠʤʘʿʫ ʧʦʪʝʥʮʠʿʘʣ ʫʛʨʦʞʘʚʘˁʘ ˀʫʜʩʢʠʭ ʞʠʚʦʪʘ ʢʘʦ ʠ 

ʠʟʘʟʠʚʘˁʘ ʚʝʣʠʢʝ ʤʘʪʝʨʠʿʘʣʥʝ ʰʪʝʪʝ.  ʊʘʢʦʹʝ, ʫʛʨʦʞʘʚʘˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʞʠʚʦʪʘ ˀʫʜʠ, 

ʤʘʪʝʨʠʿʘʣʥʠʭ ʜʦʙʘʨʘ ʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʥʝʢʦʥʪʨʦʣʠʩʘʥʠʭ 
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ʜʦʛʘʹʘʿʘ ʧʨʠʣʠʢʦʤ ʫʧʨʘʚˀʘˁʘ ʦʜʨʝʹʝʥʠʤ ʪʝʭʥʠʯʢʦ-ʪʝʭʥʦʣʦʰʢʠʤ ʧʨʦʮʝʩʠʤʘ. ʀʟʘʟʚʘʥʠ 

ʧʨʠʨʦʜʥʠʤ ʧʦʿʘʚʘʤʘ ʠʣʠ ˀʫ.ʜʩʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ, ʫ ʧʨʦʪʝʢʣʠʭ ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ, 

ʧʦʪʝʥʮʠʿʘʣʥʠ ʭʘʟʘʨʜʠ ʩʚʝ ʫʯʝʩʪʘʣʠʿʝ ʧʨʝʨʘʩʪʘʿʫ ʫ ʨʘʟʦʨʥʝ ʢʘʪʘʩʪʨʦʬʘʣʥʝ ʜʦʛʘʹʘʿʝ 

ʨʘʩʧʨʦʩʪʨʘˁʝʥʝ ʰʠʨʦʤ ʩʚʝʪʘ.  

ɻʣʦʙʘʣʥʘ ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʩʪ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʜʦʛʘʹʘʿʘ ʤʦʞʝ ʩʝ ʪʫʤʘʯʠʪʠ, ʦʩʠʤ 

ʢʨʦʟ ʥʝʛʘʪʠʚʥʝ ʢʣʠʤʘʪʩʢʝ ʧʨʦʤʝʥʝ, ʪʘʢʦʹʝ ʠ ʢʨʦʟ ʧʦʿʘʚʫ ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʥʦʩʪʠ 

ʧʦʧʫʣʘʮʠʿʝ ʢʦʿʘ ʤʦʞʝ ʙʠʪʠ ʠʟʣʦʞʝʥʘ ʰʪʝʪʥʠʤ ʜʦʛʘʹʘʿʠʤʘ. ʆʩʪʚʘʨʝʥʝ ˀʫʜʩʢʝ, 

ʤʘʪʝʨʠʿʘʣʥʝ, ʝʢʦʥʦʤʩʢʝ, ʢʘʦ ʠ ʰʪʝʪʝ ʥʘʥʝʪʝ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ ʟʘʭʪʝʚʘʿʫ ʨʘʟʚʦʿ 

ʥʘʧʨʝʜʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʫʧʨʘʚˀʘˁʘ ʩʦʮʠʦ-ʜʝʤʦʛʨʘʬʩʢʠʤ ʨʘʟʚʦʿʝʤ ʢʘʦ ʠ ʩʘʚʨʝʤʝʥʦ ʠ 

ʠʥʪʝʛʨʠʩʘʥʦ ʫʧʨʘʚˀʘˁʝ ʨʠʟʠʢʦʤ ʦʜ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʜʦʛʘʹʘʿʘ.  

ʉʪʨʘʪʝʛʠʿʝ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʦʜ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʜʦʛʘʹʘʿʘ ʤʦʛʫ ʩʝ ʨʘʟʚʠʿʘʪʠ 

ʢʦʥʮʝʧʪʫʘʣʥʦ (ʢʦʥʮʝʧʪʫʘʣʥʠ ʦʢʚʠʨ ʩʘ ʮʠˀʝʤ ʦʧʝʨʘʮʠʦʥʘʣʠʟʘʮʠʿʝ ʫʩʧʦʩʪʘʚˀʝʥʦʛ 

ʦʢʚʠʨʘ) ʢʘʦ ʠ ʧʫʪʝʤ ʟʘʢʦʥʦʜʘʚʥʦʛ ʦʜʥʦʩʥʦ ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʦʛ ʦʢʚʠʨʘ. ʋ ʨʘʜʫ ʩʫ 

ʨʘʟʤʦʪʨʝʥʘ ʦʙʘ ʧʨʠʩʪʫʧʘ ʫʟ ʘʥʘʣʠʟʫ ʧʨʠʤʝʥʝ ʢʦʥʮʝʧʪʫʘʣʥʦʛ ʦʢʚʠʨʘ ʫ ʟʘʢʦʥʦʜʘʚʥʦʿ ʠ 

ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʦʿ ʧʨʘʢʩʠ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. 

ʌɸɿɽ ʋʇʈɸɺɲɸɳɸ ɼʆɻɸɫɸɱʀʄɸ ʉɸ ʂɸʊɸʉʊʈʆʌɸʃʅʀʄ 

ʇʆʉʃɽɼʀʎɸʄɸ 

ʋʧʨʘʚˀʘˁʝ ʜʦʛʘʹʘʿʠʤʘ ʩʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ ʤʦʞʝʤʦ ʧʦʜʝʣʠʪʠ ʫ 

ʯʝʪʠʨʠ ʬʘʟʝ: ʫʙʣʘʞʘʚʘˁʝ, ʧʨʠʧʨʝʤˀʝʥʦʩʪ, ʦʜʛʦʚʦʨ ʠ ʦʧʦʨʘʚʘʢ [1]. ʋʙʣʘʞʘʚʘˁʝ ʠ 

ʧʨʠʧʨʝʤˀʝʥʦʩʪ ʩʧʘʜʘʿʫ ʫ ʧʨʦʘʢʪʠʚʥʝ ʤʝʨʝ ʫʧʨʘʚˀʘˁʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘʹʘʿʠʤʘ, ʢʦʿʝ 

ʩʝ ʨʝʘʣʠʟʫʿʫ ʧʨʝ ʥʘʩʪʘʥʢʘ ʩʘʤʦʛ ʢʘʪʘʩʪʨʦʬʘʣʥʦʛ ʜʦʛʘʹʘʿʘ, ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʩʧʨʝʯʠ 

ʥʘʩʪʘʥʘʢ ʠʣʠ ʥʝʫʪʨʘʣʠʰʫ, ʦʜʥʦʩʥʦ ʫʙʣʘʞʝ ʧʦʩʣʝʜʠʮʝ ʢʘʪʘʩʪʨʦʬʘʣʥʦʛ ʜʦʛʘʹʘʿʘ. 

ʆʜʛʦʚʦʨ ʠ ʦʧʦʨʘʚʘʢ ʩʧʘʜʘʿʫ ʫ ʨʝʘʢʪʠʚʥʝ ʤʝʨʝ ʫʧʨʘʚˀʘˁʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘʹʘʿʠʤʘ, 

ʢʦʿʝ ʩʝ ʨʝʘʣʠʟʫʿʫ ʥʘʢʦʥ ʥʘʩʪʘʥʢʘ ʢʘʪʘʩʪʨʦʬʘʣʥʦʛ ʜʦʛʘʹʘʿʘ, ʩʘ ʦʩʥʦʚʥʠʤ ʮʠˀʝʤ 

ʤʠʥʠʤʠʟʠʨʘˁʘ ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʝʜʠʮʘ ʠ ʚʨʘ˂ʘˁʘ ʧʦʛʦʹʝʥʝ ʟʘʿʝʜʥʠʮʝ ʫ ʬʫʥʢʮʠʦʥʘʣʥʦ 

ʩʪʘˁʝ ʫ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʢʨʘ˂ʝʤ ʨʦʢʫ.  

ʉʚʘʢʘ ʦʜ ʥʘʚʝʜʝʥʠʭ ʬʘʟʘ ʫʧʨʘʚˀʘˁʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘʹʘʿʠʤʘ ʩʘʜʨʞʠ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʝʣʝʤʝʥʪʝ ʢʦʿʠ ˂ʝ ʫ ʥʘʩʪʘʚʢʫ ʨʘʜʘ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʠ. 

ʋʙʣʘʞʘʚʘˁʝ 

ʋʙʣʘʞʘʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʩʚʘʢʠ ʥʘʧʦʨ ʧʨʝʜʫʟʝʪ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʩʤʘˁʠ ʨʠʟʠʢ ʦʜ 

ʦʜʨʝʹʝʥʦʛ ʭʘʟʘʨʜʘ, ʢʨʦʟ ʩʤʘˁʝˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʠʣʠ ʧʦʩʣʝʜʠʮʘ ʢʦʿʝ ʥʘʩʪʘʿʫ 

ʫʩʣʝʜ ʨʝʘʣʠʟʘʮʠʿʝ ʧʦʩʤʘʪʨʘʥʦʛ ʭʘʟʘʨʜʘ [1]. ʉʘʤʘ ʧʦʿʘʚʘ ʭʘʟʘʨʜʘ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘ 

ʘʫʪʦʤʘʪʩʢʠ ʠ ʥʘʩʪʘʥʘʢ ʢʘʪʘʩʪʨʦʬʘʣʥʦʛ ʜʦʛʘʹʘʿʘ. ʋ ʥʝʢʠʤ ʩʠʪʫʘʮʠʿʘʤʘ ʧʦʩʪʦʿʠ 

ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʩʧʨʦʚʦʹʝˁʝʤ ʤʝʨʘ ʫʙʣʘʞʘʚʘˁʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʙʝʛʥʝ ʧʦʿʘʚʘ ʭʘʟʘʨʜʘ, ʘ 

ʩʘʤʠʤ ʪʠʤ ʠ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʝʚʝʥʪʫʘʣʥʠ ʜʦʛʘʹʘʿ ʩʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ. 

ʋʢʦʣʠʢʦ ʥʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʠʟʙʝʛʘʚʘˁʘ ʭʘʟʘʨʜʘ, ʦʥʜʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʙʘʟʠʨʘʪʠ ʩʝ ʥʘ 

ʤʝʨʘʤʘ ʢʦʿʝ ˂ʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʣʠ ʜʝʣʠʤʠʯʥʦ ʥʝʫʪʨʘʣʠʩʘʪʠ ˁʝʛʦʚʝ ʧʦʩʣʝʜʠʮʝ ʠ ʥʘ ʪʘʿ 

ʥʘʯʠʥ ʩʧʨʝʯʠʪʠ ʜʘ ʭʘʟʘʨʜ ʧʨʝʨʘʩʪʝ ʫ ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʜʦʛʘʹʘʿ.  

ʇʦʩʪʦʿʝ ʜʚʝ ʚʨʩʪʝ ʤʝʨʘ ʫʙʣʘʞʘʚʘˁʘ: ʩʪʨʫʢʪʫʨʥʝ ʠ ʥʝʩʪʨʫʢʪʫʨʥʝ. ʉʪʨʫʢʪʫʨʥʝ 

ʤʝʨʝ ʫʙʣʘʞʘʚʘˁʘ ʩʫ ʦʥʝ ʢʦʿʝ  ʫʢˀʫʯʫʿʫ ʥʝʢʫ ʚʨʩʪʫ ʢʦʥʩʪʨʫʢʮʠʿʩʢʠʭ, ʠʥʞʝˁʝʨʩʢʠʭ ʠʣʠ 

ʜʨʫʛʠʭ ʤʝʭʘʥʠʯʢʠʭ ʧʨʦʤʝʥʘ, ʦʜʥʦʩʥʦ ʧʦʙʦˀʰʘˁʘ, ʩʘ ʮʠˀʝʤ ʩʤʘˁʝˁʘ ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʥʘʩʪʘʥʢʘ ʠʣʠ ʧʦʩʣʝʜʠʮʘ ʦʜʨʝʹʝʥʦʛ ʭʘʟʘʨʜʘ. ʅʝʩʪʨʫʢʪʫʨʥʝ ʤʝʨʝ ʫʙʣʘʞʘʚʘˁʘ 

ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʩʤʘˁʝˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʠʣʠ ʧʦʩʣʝʜʠʮʘ ʭʘʟʘʨʜʘ ʢʨʦʟ ʧʨʦʤʝʥʝ ˀʫʜʩʢʦʛ 

ʧʦʥʘʰʘˁʘ ʠʣʠ ʧʨʠʨʦʜʥʠʭ ʩʪʨʫʢʪʫʨʘ, ʙʝʟ ʫʢˀʫʯʠʚʘˁʘ ʠʢʘʢʚʠʭ ʬʠʟʠʯʢʠʭ ʧʨʦʤʝʥʘ.   
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ʇʨʠʧʨʝʤˀʝʥʦʩʪ 

ʇʨʠʧʨʝʤˀʝʥʦʩʪ ʧʦʜʨʘʟʫʤʝʚʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʝ ʨʝʘʣʠʟʫʿʫ ʧʨʝ ʥʘʩʪʘʥʢʘ 

ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʜʦʛʘʹʘʿʘ, ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʦʙʝʟʙʝʜʠ ʘʜʝʢʚʘʪʘʥ ʦʜʛʦʚʦʨ ʥʘ ˁʝʛʦʚʝ ʫʪʠʮʘʿʝ 

ʠ ʦʧʦʨʘʚʘʢ ʦʜ ʧʦʩʣʝʜʠʮʘ [1]. ʇʨʠʧʨʝʤˀʝʥʦʩʪ ʿʝ ʚʝʦʤʘ ʚʘʞʥʘ ʬʘʟʘ ʮʠʢʣʫʩʘ ʢʘʢʦ ʙʠ ʩʝ 

ʠʟʙʝʛʣʝ ʦʜʨʝʹʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ʩʤʘˁʝˁʘ ʫʪʠʮʘʿʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʜʦʛʘʹʘʿʘ ʫ ʧʦʩʣʝʜˁʠ 

ʤʦʤʝʥʘʪ. ʆʩʥʦʚʥʠ ʮʠˀ ʧʨʠʧʨʝʤˀʝʥʦʩʪʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʩʘʟʥʘˁʝ ʦ ʪʦʤʝ ʰʪʘ ʪʨʝʙʘ 

ʫʨʘʜʠʪʠ ʢʘʜʘ ʜʦ ʢʘʪʘʩʪʨʦʬʘʣʥʦʛ ʜʦʛʘʹʘʿʘ ʜʦʹʝ, ʢʘʦ ʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʪʦ ʪʨʝʙʘ ʫʨʘʜʠʪʠ ʫʟ 

ʧʦʩʝʜʦʚʘˁʝ ʘʜʝʢʚʘʪʥʝ ʦʧʨʝʤʝ ʢʘʢʦ ʙʠ ʩʚʝ ʙʠʣʦ ʠʟʚʝʜʝʥʦ ʥʘ ʰʪʦ ʝʬʠʢʘʩʥʠʿʠ ʠ 

ʝʬʝʢʪʠʚʥʠʿʠ ʥʘʯʠʥ.  

ʆʜʛʦʚʦʨ 

ʂʨʦʟ ʬʘʟʝ ʫʙʣʘʞʘʚʘˁʘ ʠ ʧʨʠʧʨʝʤˀʝʥʦʩʪʠ ʟʘʿʝʜʥʠʮʘ ʧʦʢʫʰʘʚʘ ʜʘ ʩʤʘˁʠ 

ʨʘˁʠʚʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ ʦʜʨʝʹʝʥʠ ʭʘʟʘʨʜʘ. ʀ ʧʦʨʝʜ ʥʘʿʚʝ˂ʝʛ ʪʨʫʜʘ ʫ ʥʘʚʝʜʝʥʠʤ ʬʘʟʘʤʘ, 

ʭʘʟʘʨʜʠ, ʘ ʩʘ ˁʠʤʘ ʠ ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʜʦʛʘʹʘʿʠ ʥʝʤʠʥʦʚʥʦ ʥʘʩʪʘʿʫ. ʆʜʛʦʚʦʨ ʧʨʝʜʩʪʘʚˀʘ 

ʧʨʚʫ ʬʘʟʫ ʫʧʨʘʚˀʘˁʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘʹʘʿʠʤʘ ʢʦʿʘ ʩʝ ʨʝʘʣʠʟʫʿʝ ʥʘʢʦʥ ʦʩʪʚʘʨʝˁʘ 

ʢʘʪʘʩʪʨʦʬʘʣʥʦʛ ʜʦʛʘʹʘʿʘ. ʎʠˀ ʦʜʛʦʚʦʨʘ ʿʝ ʦʛʨʘʥʠʯʘʚʘˁʝ ʙʨʦʿʘ ʧʦʚʨʝʹʝʥʠʭ ʠ ʧʦʛʠʥʫʣʠʭ, 

ʢʘʦ ʠ ʰʪʝʪʝ ʢʦʘʿ ʥʘʩʪʘʿʝ ʥʘ ʠʤʦʚʠʥʠ ʠ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ [1]. ʅʘʯʠʥ ʦʜʛʦʚʦʨʘ ʿʝ 

ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʘʥ ʩʘ ʦʙʠʤʦʤ ʢʘʪʘʩʪʨʦʬʘʣʥʦʛ ʜʦʛʘʹʘʿʘ. ʌʘʟʘ ʦʜʛʦʚʦʨʘ ʟʘʧʦʯʠˁʝ ʦʥʦʛ 

ʤʦʤʝʥʪʘ ʢʘʜʘ ʿʝ ʿʘʩʥʦ ʜʘ ˂ʝ ʜʦ ʭʘʟʘʨʜʘ ʜʦ˂ʠ ʠ ʪʨʘʿʝ ʩʚʝ ʜʦʢ ʩʝ ʥʝ ʦʙʿʘʚʠ ʧʨʝʩʪʘʥʘʢ 

ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ.  

ʆʜʛʦʚʦʨ ʧʨʝʜʩʪʘʚˀʘ ʥʘʿʢʦʤʧʣʝʢʩʥʠʿʫ ʦʜ ʩʚʝ ʯʝʪʠʨʠ ʬʘʟʝ ʫʧʨʘʚˀʘˁʘ 

ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘ˂ʘʿʝʤ ʿʝʨ ʩʝ ʦʜʚʠʿʘ ʫ ʚʝʦʤʘ ʩʪʨʝʩʥʦʤ ʦʢʨʫʞʝˁʫ, ʫʩʣʦʚʠʤʘ ʢʦʿʠ ʩʫ 

ʚʨʝʤʝʥʩʢʠ ʦʛʨʘʥʠʯʝʥʠ ʠ ʩʘ ʧʨʠʩʪʫʧʦʤ ʦʛʨʘʥʠʯʝʥʦʤ ʙʨʦʿʫ ʠʥʬʦʨʤʘʮʠʿʘ. ʆʚʦ ʿʝ ʫʿʝʜʥʦ ʠ 

ʬʘʟʘ ʢʦʿʘ ʿʝ ʥʘʿʠʟʣʦʞʝʥʠʿʘ ʤʝʜʠʿʠʤʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʠʟʫʟʝʪʥʦ ʧʦʜʣʦʞʥʘ ʢʨʠʪʠʮʠ 

ʿʘʚʥʦʩʪʠ. ʉʚʘʢʘ ʘʢʪʠʚʥʦʩʪ ʫ ʦʚʦʿ ʬʘʟʠ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʙʨʦʿ ʧʦʚʨʝʹʝʥʠʭ ʠ ʩʪʨʘʜʘʣʠʭ, 

ʢʘʦ ʠ ʥʘ ʰʪʝʪʫ ʢʦʿʘ ʥʘʩʪʘʿʝ ʥʘ ʠʤʦʚʠʥʠ ʠ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ.   

ʆʧʦʨʘʚʘʢ 

ʆʧʦʨʘʚʘʢ ʧʨʝʜʩʪʘʚˀʘ ʬʘʟʫ ʫʧʨʘʚˀʘˁʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘʹʘʿʠʤʘ ʢʦʿʘ ʠʤʘ ʟʘ 

ʮʠˀ ʦʙʥʘʚˀʘˁʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʧʦʨʝʤʝ˂ʝʥʠʭ ʩʦʮʠʿʘʣʥʠʭ  ʠ ʝʢʦʥʦʤʩʢʠʭ ʪʦʢʦʚʘ ʥʘʢʦʥ 

ʢʘʪʘʩʪʨʦʬʘʣʥʦʛ ʜʦʛʘʹʘʿʘ, ʢʘʦ ʠ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʥʘʩʪʘʥʢʘ ʩʣʠʯʥʠʭ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ 

ʜʦʛʘʹʘʿʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ [1]. ʋ ʦʜʥʦʩʫ ʥʘ ʦʩʪʘʣʝ ʬʘʟʝ ʫʧʨʘʚˀʘˁʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ 

ʜʦʛʘʹʘʿʠʤʘ, ʬʘʟʘ ʦʧʦʨʘʚʢʘ ʠʤʘ ʜʘʣʝʢʦ ʥʘʿʚʝ˂ʝ ʪʨʦʰʢʦʚʝ.  

ʆʧʦʨʘʚʘʢ ʩʝ ʤʦʞʝ ʧʦʜʝʣʠʪʠ ʥʘ ʢʨʘʪʢʦʨʦʯʘʥ ʠ ʜʫʛʦʨʦʯʘʥ. ʂʨʘʪʢʦʨʦʯʘʥ ʦʧʦʨʘʚʘʢ 

ʟʘʧʦʯʠˁʝ ʿʦʰ ʜʦʢ ʩʫ ʭʠʪʥʝ ʠʥʪʝʨʚʝʥʮʠʿʝ ʫ ʪʦʢʫ ʠ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʩʪʘʙʠʣʠʟʫʿʝ ʞʠʚʦʪ 

ˀʫʜʠ ʠʟ ʧʦʛʦʹʝʥʝ ʟʘʿʝʜʥʠʮʝ ʢʘʢʦ ʙʠ ʙʠʣʠ ʩʧʨʝʤʥʠ ʟʘ ʜʫʛʦʨʦʯʘʥ ʦʧʦʨʘʚʘʢ ʢʦʿʠ ʠʭ ʯʝʢʘ. 

ɼʫʛʦʨʦʯʘʥ ʦʧʦʨʘʚʘʢ ʟʘʧʦʯʠˁʝ ʢʘʜʘ ʿʝ ʚʘʥʨʝʜʥʘ ʩʠʪʫʘʮʠʿʘ ʦʢʦʥʯʘʥʘ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ 

ʧʦʛʦʹʝʥʘ ʟʘʿʝʜʥʠʮʘ ʰʪʦ ʧʨʝ ʚʨʘʪʠ ʫ ʬʫʥʢʮʠʦʥʘʣʥʦ ʩʪʘˁʝ, ʩʘ ʪʝʞˁʦʤ ʜʘ ʩʝ ʢʚʘʣʠʪʝʪ 

ʬʫʥʢʮʠʦʥʠʩʘˁʘ ʟʘʿʝʜʥʠʮʝ ʧʦʙʦˀʰʘ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʘˁʝ ʧʨʝ ʥʘʩʪʘʥʢʘ ʢʘʪʘʩʪʨʦʬʘʣʥʦʛ 

ʜʦʛʘʹʘʿʘ. 

ʀʅʉʊʀʊʋʎʀɱɽ ʋ ʉʈɹʀɱʀ ʂʆɱɽ ʋʏɽʉʊɺʋɱʋ ʋ ʋʇʈɸɺɲɸɳʋ 

ɼʆɻɸɫɸɱʀʄɸ ʉɸ ʂɸʊɸʉʊʈʆʌɸʃʅʀʄ ʇʆʉʃɽɼʀʎɸʄɸ 

ʋʧʨʘʚˀʘˁʝ ʜʦʛʘʹʘʿʠʤʘ ʩʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ ʿʝ ʨʝʛʫʣʠʩʘʥʦ 

ʦʜʨʝʹʝʥʠʤ ʟʘʢʦʥʠʤʘ ʠ ʧʦʜʟʘʢʦʥʩʢʠʤ ʘʢʪʠʤʘ. ɿʘʢʦʥ ʦ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ 
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(Ăʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ ʈʉñ, ʙʨʦʿ 111/2009) ʠ ɿʘʢʦʥ ʦ ʟʘʰʪʠʪʠ ʦʜ ʧʦʞʘʨʘ (Ăʉʣʫʞʙʝʥʠ 

ʛʣʘʩʥʠʢ ʈʉñ, ʙʨʦʿ 111/2009) ʯʠʥʝ ʦʧʰʪʠ ʧʨʘʚʥʠ ʦʢʚʠʨ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ, ʘʣʠ ʿʝ ʦʙʣʘʩʪ 

ʫʨʝʹʝʥʘ ʠ ʢʨʦʟ ʜʨʫʛʝ ʟʘʢʦʥʝ ʢʦʿʠ ʥʠʩʫ ʧʨʠʤʘʨʥʦ ʫʩʤʝʨʝʥʠ ʥʘ ʫʧʨʘʚˀʘˁʝ ʜʦʛʘʹʘʿʠʤʘ ʩʘ 

ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ. ʋ ʦʚʦʤ ʜʝʣʫ ʨʘʜʘ ʘʥʘʣʠʟʠʨʘʥʝ ʩʫ ʥʘʿʠʩʪʘʢʥʫʪʠʿʝ 

ʠʥʩʪʠʪʫʮʠʿʝ ʢʦʿʝ ʧʨʠʤʘʨʥʦ ʫʯʝʩʪʚʫʿʫ ʫ ʫʧʨʘʚˀʘˁʫ ʜʦʛʘʹʘʿʠʤʘ ʩʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ 

ʧʦʩʣʝʜʠʮʘʤʘ, ʢʘʦ ʠ ʥʘʜʣʝʞʥʦʩʪʠ ʨʘʟʤʦʪʨʝʥʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʦʧʠʩʘʥʠʤ 

ʟʘʢʦʥʩʢʠʤ ʦʢʚʠʨʠʤʘ.   

ɺʣʘʜʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ 

ɺʣʘʜʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʫ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʠ ʩʧʘʩʘʚʘˁʘ, ʦʙʝʟʙʝʹʫʿʝ ʠʟʛʨʘʜˁʫ ʠ 

ʨʘʟʚʦʿ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ ʠ ʩʧʘʩʘʚʘˁʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʠ ʧʣʘʥʩʢʦ ʧʦʚʝʟʠʚʘˁʝ ʜʝʣʦʚʘ 

ʩʠʩʪʝʤʘ ʠ ʟʘʜʘʪʘʢʘ ʫ ʿʝʜʠʥʩʪʚʝʥʫ ʮʝʣʠʥʫ [2]. ʆʩʥʦʚʥʘ ʫʣʦʛʘ ɺʣʘʜʝ ʧʦʜʨʘʟʫʤʝʚʘ 

ʧʨʝʜʣʘʛʘˁʝ, ʫʩʚʘʿʘˁʝ, ʢʦʦʨʜʠʥʘʮʠʿʫ, ʧʨʘ˂ʝˁʝ ʠ ʠʟʚʝʰʪʘʚʘˁʝ ʦ ʩʚʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ʢʦʿʝ 

ʩʫ ʚʝʟʘʥʝ ʟʘ ʫʧʨʘʚˀʘˁʝ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘʹʘʿʠʤʘ.  

ʄʠʥʠʩʪʘʨʩʪʚʦ ʫʥʫʪʨʘʰˁʠʭ ʧʦʩʣʦʚʘ 

ʄʠʥʠʩʪʘʨʩʪʚʦ ʫʥʫʪʨʘʰˁʠʭ ʧʦʩʣʦʚʘ ʧʨʝʢʦ ʉʝʢʪʦʨʘ ʟʘ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ, ʢʦʿʠ 

ʿʝ ˁʝʛʦʚ ʩʘʩʪʘʚʥʠ ʜʝʦ, ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʥʦʛ ʥʦʩʠʦʮʘ ʩʚʠʭ ʘʢʪʠʚʥʦʩʪʠ ʫ ʦʙʣʘʩʪʠ 

ʫʧʨʘʚˀʘˁʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘʹʘʿʠʤʘ [3][4]. ɺʘʪʨʦʛʘʩʥʦ-ʩʧʘʩʠʣʘʯʢʝ ʿʝʜʠʥʠʮʝ, ʢʦʿʝ 

ʯʠʥʝ ʪʝʨʠʪʦʨʠʿʘʣʥʝ ʚʘʪʨʦʛʘʩʥʝ ʠ ʩʧʘʩʠʣʘʯʢʝ ʿʝʜʠʥʠʮʝ, ʢʦʿʝ ʫʯʝʩʪʚʫʿʫ ʫ ʧʨʠʧʨʝʤʠ ʠ 

ʦʜʛʦʚʦʨʫ ʥʘ ʢʘʪʘʩʪʨʦʬʘʣʥʝ ʜʦʛʘʹʘʿʝ ʧʨʠʧʘʜʘʿʫ ʉʝʢʪʦʨʫ ʟʘ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ. 

ʄʠʥʠʩʪʘʨʩʪʚʦ ʫʥʫʪʨʘʰˁʠʭ ʧʦʩʣʦʚʘ ʠʟʨʘʹʫʿʝ ʩʚʝ ʧʦʪʨʝʙʥʝ ʜʦʢʫʤʝʥʪʝ ʢʦʿʠ 

ʜʝʬʠʥʠʰʫ ʥʘʯʠʥ ʟʘʰʪʠʪʝ ʠ ʩʧʘʩʘʚʘˁʘ, ʫ ʩʢʣʘʜʫ ʩʘ ɿʘʢʦʥʦʤ ʦ ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. 

ʇʦʨʝʜ ʪʦʛʘ, ʦʨʛʘʥʠʟʫʿʝ ʩʠʩʪʝʤ ʦʩʤʘʪʨʘˁʘ, ʦʙʘʚʝʰʪʘʚʘˁʘ, ʨʘʥʦʛ ʫʧʦʟʦʨʘʚʘˁʘ ʠ 

ʫʟʙʫˁʠʚʘˁʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʄʠʥʠʩʪʘʨʩʪʚʦ ʫʥʫʪʨʘʰˁʠʭ ʧʦʩʣʦʚʘ 

ʩʧʨʦʚʦʜʠ ʦʙʫʢʝ ʠ ʦʙʨʘʟʫʿʝ ʅʘʮʠʦʥʘʣʥʠ ʠ ʨʝʛʠʦʥʘʣʥʝ ʪʨʝʥʠʥʛ ʮʝʥʪʨʝ ʟʘ ʟʘʰʪʠʪʫ ʠ 

ʩʧʘʩʘʚʘˁʝ.  

ʀʟ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʦʛ, ʿʘʩʥʦ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʫ ʄʠʥʠʩʪʘʨʩʪʚʦ 

ʫʥʫʪʨʘʰˁʠʭ ʧʦʩʣʦʚʘ ʠ ʉʝʢʪʦʨ ʟʘ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ ʫʢˀʫʯʝʥʠ ʫ ʚʝʣʠʢʠ ʙʨʦʿ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʦʙʫʭʚʘʪʘʿʫ ʩʚʝ ʬʘʟʝ ʫʧʨʘʚˀʘˁʘ ʜʦʛʘʹʘʿʠʤʘ ʩʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ 

ʧʦʩʣʝʜʠʮʘʤʘ.  

ɿʜʨʘʚʩʪʚʝʥʝ ʠʥʩʪʠʪʫʮʠʿʝ 

ʈʝʧʫʙʣʠʯʢʠ ʦʧʰʪʠ ʠʥʪʝʨʝʩ ʫ ʟʜʨʘʚʩʪʚʝʥʦʿ ʟʘʰʪʠʪʠ ʿʝ ʩʧʨʝʯʘʚʘˁʝ ʠ ʦʪʢʣʘˁʘˁʝ 

ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʦʩʣʝʜʠʮʘ ʧʨʦʫʟʨʦʢʦʚʘʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʤ ʠ ʜʨʫʛʠʤ ʥʝʧʦʛʦʜʘʤʘ ʠ 

ʚʘʥʨʝʜʥʠʤ ʧʨʠʣʠʢʘʤʘ [5]. ʋ ʜʦʤʝʥʫ ʟʜʨʘʚʩʪʚʝʥʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʿʝ ʠ ʦʙʘʚʝʰʪʘʚʘˁʝ 

ʛʨʘʹʘʥʘ ʫ ʩʣʫʯʘʿʫ ʠʟʙʠʿʘˁʘ ʝʧʠʜʝʤʠʿʘ ʠ ʜʨʫʛʠʭ ʥʝʧʦʛʦʜʘ, ʪʘʢʦ ʰʪʦ ˂ʝ ʦ ʪʦʤʝ ʠʟʚʝʩʪʠʪʠ 

ʥʘʜʣʝʞʥʝ ʦʨʛʘʥʝ. ɿʘʚʦʜ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ʫʪʚʨʹʫʿʝ ʧʦʩʝʙʥʝ ʤʝʨʝ ʫ ʝʣʝʤʝʥʪʘʨʥʠʤ ʠ 

ʜʨʫʛʠʤ ʥʝʧʦʛʦʜʘʤʘ ʠ ʫ ʩʘʨʘʜˁʠ ʩʘ ʜʨʫʛʠʤ ʫʩʪʘʥʦʚʘʤʘ ʚʨʰʠ ˁʠʭʦʚʦ ʩʧʨʦʚʦʹʝˁʝ. ɿʘʚʦʜ 

ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ʿʝ ʟʘʜʫʞʝʥ ʠ ʜʘ ʦʙʝʟʙʝʜʠ ʧʨʘʚʦʚʨʝʤʝʥ ʧʨʦʪʦʢ ʢʚʘʣʠʪʝʪʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ ʫʥʫʪʘʨ ʩʠʩʪʝʤʘ ʿʘʚʥʦʛ ʟʜʨʘʚˀʘ [6].  

ɿʜʨʘʚʩʪʚʝʥʝ ʠʥʩʪʠʪʫʮʠʿʝ ʫ ʫʧʨʘʚˀʘˁʫ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘʹʘʿʝʤ ʥʘʿʟʥʘʯʘʿʥʠʿʫ 

ʫʣʦʛʫ ʠʤʘʿʫ ʫ ʬʘʟʠ ʦʜʛʦʚʦʨʘ, ʢʘʜʘ ʿʝ ʦʜ ʥʘʿʚʝ˂ʝ ʚʘʞʥʦʩʪʠ ʜʘ ʩʝ ʙʨʦʿ ʧʦʚʨʝʹʝʥʠʭ ʠ 

ʧʦʛʠʥʫʣʠʭ ʩʚʝʜʝ ʥʘ ʤʠʥʠʤʫʤ. ʊʦ ʿʝ ʤʦʛʫ˂ʝ ʨʝʘʣʠʟʦʚʘʪʠ ʩʘʤʦ ʫʟ ʜʦʙʨʦ ʧʣʘʥʠʨʘˁʝ ʠ 

ʦʨʛʘʥʠʟʘʮʠʿʫ, ʢʘʦ ʠ ʩʧʨʝʤʥʦʩʪ ʠ ʦʩʧʦʩʦʙˀʝʥʦʩʪ ʦʩʦʙˀʘ ʟʜʨʘʚʩʪʚʝʥʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʜʘ 

ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʫʿʫ ʫ ʭʠʪʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. ɿʜʨʘʚʩʪʚʝʥʝ ʠʥʩʪʠʪʫʮʠʿʝ ʫʯʝʩʪʚʫʿʫ ʠ ʫ ʬʘʟʠ 
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ʧʨʠʧʨʝʤˀʝʥʦʩʪʠ ʙʣʘʛʦʚʨʝʤʝʥʠʤ ʦʙʘʚʝʰʪʘʚʘˁʝʤ ʿʘʚʥʦʩʪʠ ʦ ʤʦʛʫ˂ʠʤ ʝʧʠʜʝʤʠʿʘʤʘ ʠ 

ʜʨʫʛʠʤ ʥʝʧʦʛʦʜʘʤʘ.  

ʈʝʧʫʙʣʠʯʢʠ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʠ ʟʘʚʦʜ 

ʈʝʧʫʙʣʠʯʢʠ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʠ ʟʘʚʦʜ ʿʝ ʟʘʜʫʞʝʥ ʜʘ ʦʙʘʚˀʘ ʧʦʩʣʦʚʝ ʧʨʦʛʥʦʟʝ ʠ 

ʫʧʦʟʦʨʝˁʘ ʧʨʝ, ʟʘ ʚʨʝʤʝ ʠ ʥʝʧʦʩʨʝʜʥʦ ʧʦʩʣʝ ʧʨʝʩʪʘʥʢʘ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʠ ʭʠʜʨʦʣʦʰʢʠʭ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʥʝʧʦʛʦʜʘ ʠ ʢʘʪʘʩʪʨʦʬʘ ʠ ʠʟʨʘʜʫ ʠ ʠʟʜʘʚʘˁʝ ʘʥʘʣʠʟʘ ʠ ʧʨʦʛʥʦʟʘ ʢʚʘʣʠʪʝʪʘ 

ʚʦʜʘ ʫ ʩʣʫʯʘʿʫ ʭʘʚʘʨʠʿʩʢʠʭ ʟʘʛʘʹʝˁʘ [7]. ʈʝʧʫʙʣʠʯʢʠ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʠ ʟʘʚʦʜ ʧʨʫʞʘ 

ʧʦʜʨʰʢʫ ʦʜʙʨʘʥʠ ʠ ʟʘʰʪʠʪʠ ʦʜ ʧʦʧʣʘʚʘ, ʣʝʜʝʥʠʭ ʧʦʿʘʚʘ ʠ ʜʨʫʛʠʭ ʭʠʜʨʦʣʦʰʢʠʭ ʠ 

ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʥʝʧʦʛʦʜʘ ʠ ʢʘʪʘʩʪʨʦʬʘ. ʈʝʧʫʙʣʠʯʢʠ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʠ 

ʟʘʚʦʜ ʠʟʨʘʹʫʿʝ ʢʘʨʪʝ ʫʛʨʦʞʝʥʦʩʪʠ ʠ ʨʠʟʠʢʘ ʦʜ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʥʝʧʦʛʦʜʘ ʠ 

ʫʯʝʩʪʚʫʿʝ ʫ ʠʟʨʘʜʠ ʢʘʨʘʪʘ ʫʛʨʦʞʝʥʦʩʪʠ ʦʜ ʧʦʧʣʘʚʘ, ʠ ʫ ʦʢʚʠʨʫ ʩʚʦʛ ʜʝʣʦʢʨʫʛʘ ʠʟʨʘʹʫʿʝ 

ʧʨʦʮʝʥʫ ʫʛʨʦʞʝʥʦʩʪʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ.  

ʉʣʫʞʙʝʥʠʮʠ ʫ ʈʝʧʫʙʣʠʯʢʦʤ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʦʤ ʟʘʚʦʜʫ ʩʝ ʢʦʥʩʪʘʥʪʥʦ 

ʫʩʘʚʨʰʘʚʘʿʫ ʢʨʦʟ ʢʫʨʩʝʚʝ ʠ ʦʙʫʢʝ ʠʟ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʘ ʨʘʥʦʛ ʫʧʦʟʦʨʝˁʘ, 

ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʝ, ʦʙʨʘʜʝ ʠ ʘʨʭʠʚʠʨʘˁʘ ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʧʦʜʘʪʘʢʘ, 

ʢʦʨʠʰ˂ʝˁʘ ʩʘʪʝʣʠʪʩʢʠʭ ʠ ʨʘʜʘʨʩʢʠʭ ʧʨʦʜʫʢʘʪʘ ʫ ʜʝʪʝʢʪʦʚʘˁʫ ʠ ʧʨʦʛʥʦʟʠ ʦʧʘʩʥʠʭ 

ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʦʿʘʚʘ, ʢʦʨʠʰ˂ʝˁʘ ʠ ʨʘʟʚʦʿʘ ʥʘʿʩʘʚʨʝʤʝʥʠʿʠʭ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʛʥʦʟʫ ʦʧʘʩʥʠʭ ʘʪʤʦʩʬʝʨʩʢʠʭ ʧʦʿʘʚʘ [2].  

ʇʨʠʤʘʨʥʘ ʫʣʦʛʘ ʈʝʧʫʙʣʠʯʢʦʛ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʦʛ ʟʘʚʦʜʘ ʫ ʫʧʨʘʚˀʘˁʫ 

ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘʹʘʿʝʤ ʩʝ ʨʝʘʣʠʟʫʿʝ ʫ ʬʘʟʠ ʧʨʠʧʨʝʤˀʝʥʦʩʪʠ ʢʨʦʟ ʩʠʩʪʝʤʝ ʨʘʥʦʛ 

ʿʘʚˀʘˁʘ ʠ ʫʧʦʟʦʨʝˁʘ, ʘʣʠ ʿʝ ʩʚʘʢʘʢʦ ʟʥʘʯʘʿʥʘ ʫʣʦʛʘ ʠ ʫ ʬʘʟʠ ʦʜʛʦʚʦʨʘ ʢʨʦʟ 

ʢʦʥʪʠʥʫʠʨʘʥʦ ʦʙʝʟʙʝʹʠʚʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʦʜʣʫʢʝ ʦ 

ʦʜʨʝʹʝʥʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ʫ ʧʦʛʣʝʜʫ ʩʤʘˁʝˁʘ ʧʦʩʣʝʜʠʮʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʜʦʛʘʹʘʿʘ.  

ɱʘʚʥʘ ʚʦʜʦʧʨʠʚʨʝʜʥʘ ʧʨʝʜʫʟʝ˂ʘ 

ʈʘʜʠ ʟʘʰʪʠʪʝ ʦʜ ʧʦʧʣʘʚʘ ʦʙʝʟʙʝʹʫʿʝ ʩʝ ʧʣʘʥʠʨʘˁʝ, ʠʟʛʨʘʜˁʘ, ʦʜʨʞʘʚʘˁʝ ʠ 

ʫʧʨʘʚˀʘˁʝ ʚʦʜʥʠʤ ʦʙʿʝʢʪʠʤʘ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʧʦʧʣʘʚʘ, ʫʨʝʹʝˁʝ ʚʦʜʦʪʦʢʘ ʠ ʠʟʚʦʹʝˁʝ 

ʜʨʫʛʠʭ ʨʘʜʦʚʘ ʠ ʤʝʨʘ, ʩʧʨʦʚʦʹʝˁʝ ʦʜʙʨʘʥʝ ʦʜ ʧʦʧʣʘʚʘ ʠ ʩʘʥʘʮʠʿʘ ʧʦʩʣʝʜʠʮʘ ʧʦʧʣʘʚʘ 

[8]. ɱʘʚʥʦ ʚʦʜʦʧʨʠʚʨʝʜʥʦ ʧʨʝʜʫʟʝ˂ʝ ʦʨʛʘʥʠʟʫʿʝ ʠ ʩʧʨʦʚʦʜʠ ʦʜʙʨʘʥʫ ʦʜ ʧʦʧʣʘʚʝ ʥʘ 

ʚʦʜʘʤʘ ʧʨʚʦʛ ʨʝʜʘ ʢʦʿʝ ʩʫ ʧʨʝʪʝʞʥʦ ʚʝʣʠʢʠ ʚʦʜʦʪʦʢʦʚʠ, ʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʠ ʩʧʨʦʚʦʹʝˁʝ 

ʤʝʨʘ ʟʘʰʪʠʪʝ ʦʜ ʙʫʿʠʮʘ, ʢʦʿʝ ʩʧʘʜʘʿʫ ʫ ʚʦʜʝ ʜʨʫʛʦʛ ʨʝʜʘ, ʿʝ ʧʨʝʧʫʰʪʝʥʘ ʿʝʜʠʥʠʮʘʤʘ 

ʣʦʢʘʣʥʝ ʩʘʤʦʫʧʨʘʚʝ. ʊʘʢʦʹʝ ʿʝ, ʫ ʩʤʠʩʣʫ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʮʠʤʘ ʦʜ ʰʪʝʪʥʦʛ ʜʝʿʩʪʚʘ ʚʦʜʝ, 

ʥʝʦʧʭʦʜʥʦ ʠʟʨʘʜʠʪʠ ʧʨʝʣʠʤʠʥʘʨʥʝ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʦʜ ʧʦʧʣʘʚʘ, ʠʟʨʘʜʠʪʠ ʠ ʩʧʨʦʚʦʜʠʪʠ 

ʧʣʘʥʦʚʝ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʮʠʤʘ ʦʜ ʧʦʧʣʘʚʘ, ʦʧʰʪʝ ʠ ʦʧʝʨʘʪʠʚʥʝ ʧʣʘʥʦʚʝ ʦʜʙʨʘʥʝ ʦʜ 

ʧʦʧʣʘʚʘ. 

ɱʘʚʥʘ ʚʦʜʦʧʨʠʚʨʝʜʥʘ ʧʨʝʜʫʟʝ˂ʘ ʫʯʝʩʪʚʫʿʫ ʫ ʩʚʠʤ ʬʘʟʘʤʘ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ 

ʢʦʿʠ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʧʦʧʣʘʚʘ. ɳʠʭʦʚʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʠˁʫ ʩʘ ʠʜʝʿʦʤ ʜʘ ʜʦ ʭʘʟʘʨʜʘ ʥʝ ʜʦʹʝ, 

ʘʣʠ ʤʦʨʘʿʫ ʙʠʪʠ ʧʨʠʧʨʝʤˀʝʥʠ ʜʘ ʥʘ ʭʘʟʘʨʜ ʘʜʝʢʚʘʪʥʦ ʦʜʛʦʚʦʨʝ ʩʘ ʧʨʠʤʘʨʥʠʤ ʮʠˀʝʤ ʜʘ 

ˁʝʛʦʚʝ ʧʦʩʣʝʜʠʮʝ ʥʝ ʜʦʙʠʿʫ ʢʘʪʘʩʪʨʦʬʘʣʥʝ ʨʘʟʤʝʨʝ. ʋʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ʦʰʪʝ˂ʝˁʘ ʫʩʣʝʜ 

ʧʦʧʣʘʚʘ, ʫʯʝʩʪʚʫʿʫ ʫ ʩʘʥʘʮʠʿʠ ʧʦʧʣʘʚˀʝʥʦʛ ʪʝʨʝʥʘ.  

ɱʇ Ăʉʨʙʠʿʘʰʫʤʝñ ʠ ɱʇ Ăɺʦʿʚʦʜʠʥʘʰʫʤʝñ 

ʋ ʛʘʰʝˁʫ ʧʦʞʘʨʘ ʫʯʝʩʪʚʫʿʫ ʢʦʨʠʩʥʠʮʠ ʰʫʤʘ ʠ ʩʣʫʞʙʝ ʢʦʨʠʩʥʠʢʘ ʰʫʤʘ ʫ 

ʩʘʨʘʜˁʠ ʩʘ ʚʘʪʨʦʛʘʩʥʦ-ʩʧʘʩʠʣʘʯʢʠʤ ʿʝʜʠʥʠʮʘʤʘ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʄʠʥʠʩʪʘʨʩʪʚʫ 

ʫʥʫʪʨʘʰˁʠʭ ʧʦʩʣʦʚʘ, ʦʜʥʦʩʥʦ ʉʝʢʪʦʨʫ ʟʘ ʚʘʥʨʝʜʥʝ ʩʠʪʫʘʮʠʿʝ [9]. 
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ɱʘʚʥʦ ʧʨʝʜʫʟʝ˂ʝ ʟʘ ʛʘʟʜʦʚʘˁʝ ʰʫʤʘʤʘ Ăʉʨʙʠʿʘʰʫʤʝñ ʠ ɱʘʚʥʦ ʧʨʝʜʫʟʝ˂ʝ ʟʘ 

ʛʘʟʜʦʚʘˁʝ ʰʫʤʘʤʘ Ăɺʦʿʚʦʜʠʥʘʰʫʤʝñ ʢʦʿʘ ʛʘʟʜʫʿʫ ʰʫʤʘʤʘ ʫ ʜʨʞʘʚʥʦʿ ʩʚʦʿʠʥʠ ʜʫʞʥʘ ʩʫ 

ʜʘ ʩʚʦʿʝ ʧʦʩʣʦʚʘˁʝ ʠ ʦʧʰʪʘ ʘʢʪʘ ʫʩʢʣʘʜʝ ʩʘ ʦʜʨʝʜʙʘʤʘ ʦʚʦʛ ʟʘʢʦʥʘ. ʋ ʩʢʣʘʜʫ ʩʘ ʟʘʢʦʥʦʤ 

ʦʚʘ ʿʘʚʥʘ ʧʨʝʜʫʟʝ˂ʘ ʫʯʝʩʪʚʫʿʫ ʫ ʩʚʠʤ ʬʘʟʘʤʘ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʦʜ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ 

ʜʦʛʘʹʘʿʘ ʢʦʿʠ ʤʦʛʫ ʧʦʛʦʜʠʪʠ ʰʫʤʩʢʦ ʧʦʜʨʫʯʿʝ. 

ʈʝʧʫʙʣʠʯʢʠ ʩʝʠʟʤʦʣʦʰʢʠ ʟʘʚʦʜ 

ʆʩʥʦʚʥʠ ʟʘʜʘʪʘʢ ʈʝʧʫʙʣʠʯʢʦʛ ʩʝʠʟʤʦʣʦʰʢʦʛ ʟʘʚʦʜʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʧʨʘ˂ʝˁʝ 

ʩʝʠʟʤʝʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʢʘʢʦ ʙʠ ʩʝ ʿʘʚʥʦʩʪ ʤʦʛʣʘ ʧʨʘʚʦʚʨʝʤʝʥʦ ʠʥʬʦʨʤʠʩʘʪʠ ʦ ʛʣʘʚʥʠʤ 

ʧʘʨʘʤʝʪʨʠʤʘ ʟʝʤˀʦʪʨʝʩʘ ʠ ʧʨʦʮʝʥʠ ˁʝʛʦʚʠʭ ʧʦʩʣʝʜʠʮʘ, ʘ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʧʨʝʜʫʟʤʫ 

ʥʝʦʧʭʦʜʥʝ ʤʝʨʝ ʧʦʤʦ˂ʠ ʫʛʨʦʞʝʥʦʤ ʩʪʘʥʦʚʥʠʰʪʚʫ [10]. ɼʘʢʣʝ, ʫʣʦʛʘ ʈʝʧʫʙʣʠʯʢʦʛ 

ʩʝʠʟʤʦʣʦʰʢʦʛ ʟʘʚʦʜʘ ʫ ʫʧʨʘʚˀʘˁʫ ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʜʦʛʘʹʘʿʝʤ ʩʝ ʧʨʝʧʦʟʥʘʿʝ ʫ ʬʘʟʠ 

ʧʨʠʧʨʝʤˀʝʥʦʩʪʠ ʠ ʦʜʛʦʚʦʨʘ ʢʨʦʟ ʧʨʫʞʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʟʝʤˀʦʪʨʝʩʫ ʢʦʿʠ ʙʠ ʤʦʛʘʦ ʜʘ 

ʧʦʛʦʜʠ ʠʣʠ ʿʝ ʚʝ˂ ʧʦʛʦʜʠʦ ʥʝʢʦ ʧʦʜʨʫʯʿʝ. 

ɸʛʝʥʮʠʿʘ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʿʦʥʠʟʫʿʫ˂ʝʛ ʟʨʘʯʝˁʘ ʠ ʥʫʢʣʝʘʨʥʫ ʩʠʛʫʨʥʦʩʪ ʉʨʙʠʿʝ 

ɺʣʘʜʘ ʿʝ ʦʩʥʦʚʘʣʘ ɸʛʝʥʮʠʿʫ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʿʦʥʠʟʫʿʫ˂ʝʛ ʟʨʘʯʝˁʘ ʠ ʥʫʢʣʝʘʨʥʫ 

ʩʠʛʫʨʥʦʩʪ ʉʨʙʠʿʝ ʩʘ ʮʠˀʝʤ ʜʘ ʩʝ ʦʙʝʟʙʝʜʝ ʫʩʣʦʚʠ ʟʘ ʝʬʝʢʪʠʚʥʦ ʠ ʝʬʠʢʘʩʥʦ ʩʧʨʦʚʦʹʝˁʝ 

ʤʝʨʘ ʟʘʰʪʠʪʝ ʦʜ ʿʦʥʠʟʫʿʫ˂ʝʛ ʟʨʘʯʝˁʘ ʠ ʤʝʨʘ ʥʫʢʣʝʘʨʥʝ ʩʠʛʫʨʥʦʩʪʠ ʠ ʫ ʦʢʚʠʨʫ ʩʚʦʿʝ 

ʜʝʣʘʪʥʦʩʪʠ ʫʯʝʩʪʚʫʿʝ ʫ ʩʚʠʤ ʬʘʟʘʤʘ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʦʜ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʜʦʛʘʹʘʿʘ 

[11]. 

ʉʣʠʢʘ 1 ʧʦʢʘʟʫʿʝ ʠʥʩʪʠʪʫʮʠʿʝ ʢʦʿʝ ʫʯʝʩʪʚʫʿʫ ʫ ʫʧʨʘʚˀʘˁʫ ʜʦʛʘʹʘʿʠʤʘ ʩʘ 

ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ ʠ ʬʘʟʝ ʫ ʢʦʿʠʤʘ ʩʫ ˁʠʭʦʚʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʝ. 

 

 

ʉʣʠʢʘ 1 ï ʇʨʠʢʘʟ ʬʘʟʘ ʠ ʠʥʩʪʠʪʠʮʠʿʘ ʢʦʿʝ ʫʯʝʩʪʚʫʿʫ ʫ ʫʧʨʘʚˀʘˁʫ ʜʦʛʘʹʘʿʠʤʘ ʩʘ 

ʢʘʪʘʩʪʨʦʬʘʣʥʠʤ ʧʦʩʣʝʜʠʮʘʤʘ  
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ʃʝʛʝʥʜʘ: 

ɺʣʘʜʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ 

ʄʠʥʠʩʪʘʨʩʪʚʦ ʫʥʫʪʨʘʰˁʠʭ ʧʦʩʣʦʚʘ 

ɱʘʚʥʘ ʚʦʜʦʧʨʠʚʨʝʜʥʘ ʧʨʝʜʫʟʝ˂ʘ   

ɱʇ Ăʉʨʙʠʿʘʰʫʤʝñ ʠ ɱʇ Ăɺʦʿʚʦʜʠʥʘʰʫʤʝñ 

ɸʛʝʥʮʠʿʫ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʿʦʥʠʟʫʿʫ˂ʝʛ ʟʨʘʯʝˁʘ ʠ ʥʫʢʣʝʘʨʥʫ ʩʠʛʫʨʥʦʩʪ ʉʨʙʠʿʝ 

ɿʜʨʘʚʩʪʚʝʥʝ ʠʥʩʪʠʪʫʮʠʿʝ 

ʈʝʧʫʙʣʠʯʢʠ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʠ ʟʘʚʦʜ 

ʈʝʧʫʙʣʠʯʢʠ ʩʝʠʟʤʦʣʦʰʢʠ ʟʘʚʦʜ 

ɿɸʂɲʋʏɸʂ 

ɸʥʘʣʠʟʘ ʥʘʜʣʝʞʥʦʩʪʠ ʦʜʘʙʨʘʥʠʭ ʠʥʩʪʠʪʫʮʠʿʘ ʧʨʦʧʠʩʘʥʠʭ ʟʘʢʦʥʩʢʠʤ ʦʢʚʠʨʠʤʘ 

ʫʢʘʟʫʿʝ ʥʘ ʢʦʥʮʝʧʪʫʘʣʥʫ ʨʘʟʚʠʿʝʥʦʩʪ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʦʜ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʜʦʛʘʹʘʿʘ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ.  ʈʘʟʤʦʪʨʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ ʠʥʩʪʠʪʫʮʠʿʝ ʠ 

ʧʨʝʜʫʟʝ˂ʘ ʦʙʘʚʝʟʥʝ ʜʘ ʩʧʨʦʚʦʜʝ ʦʙʫʭʚʘʪʘʿʫ ʩʚʝ ʯʝʪʠʨʠ ʬʘʟʝ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʦʜ 

ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʜʦʛʘʹʘʿʘ. ʋ ʦʢʚʠʨʫ ʧʨʝʧʦʨʫʯʝʥʠʭ ʤʝʨʘ ʫ ʬʘʟʠ ʧʨʝ ʥʘʩʪʘʥʢʘ 

ʢʘʪʘʩʪʨʦʬʘʣʥʦʛ ʜʦʛʘʹʘʿʘ ʢʘʦ ʥʘʿʟʘʧʘʞʝʥʠʿʝ ʠʟʜʚʘʿʘʿʫ ʩʝ ʝʜʫʢʘʮʠʿʘ ʧʝʨʩʦʥʘʣʘ ʠ ʨʘʟʚʦʿ 

ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ.   

ʅʝʩʪʨʫʢʪʫʨʥʘ ʤʝʨʘ ʝʜʫʢʘʮʠʿʝ ʧʝʨʩʦʥʘʣʘ ʟʘʩʪʫʧˀʝʥʘ ʿʝ ʫ ʚʝ˂ʠʥʠ ʨʘʟʤʦʪʨʝʥʠʭ 

ʠʥʩʪʠʪʫʮʠʿʘ ʠ ʧʨʝʜʫʟʝ˂ʘ. ʆʩʠʤ ʘʜʝʢʚʘʪʥʦ ʝʜʫʢʦʚʘʥʦʛ ʧʝʨʩʦʥʘʣʘ ʫ ʦʢʚʠʨʫ ʨʘʟʣʠʯʠʪʠʭ 

ʠʥʩʪʠʪʫʮʠʿʘ, ʧʨʝʜʫʟʝ˂ʘ ʠ ʦʨʛʘʥʘ ʦʜʣʫʯʠʚʘˁʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʫʩʧʦʩʪʘʚˀʘˁʝ 

ʬʫʥʢʮʠʦʥʘʣʥʝ ʠ ʧʨʘʚʦʚʨʝʤʝʥʝ ʨʘʟʤʝʥʘ ʟʥʘˁʘ ʠ ʠʥʬʦʨʤʘʮʠʿʘ ʥʘ ʩʚʠʤ ʥʠʚʦʠʤʘ 

ʫʧʨʘʚˀʘˁʘ ʠ ʠʟʚʨʰʘʚʘˁʘ.  

ʈʘʟʚʦʿ ʘʜʝʢʚʘʪʥʝ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ ʢʘʦ ʟʥʘʯʘʿʘʥ ʢʦʨʘʢ ʫ ʧʨʦʮʝʩʫ 

ʫʩʧʦʩʪʘʚˀʘˁʘ ʠʥʪʝʛʨʠʩʘʥʦʛ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ ʨʠʟʠʢʦʤ ʦʜ ʢʘʪʘʩʪʨʦʬʘʣʥʠʭ ʜʦʛʘʹʘʿʘ ʫ 

ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʩʪʝʧʝʥʘ ʫʩʢʣʘʹʝʥʦʩʪʠ ʢʦʥʮʝʧʪʫʘʣʥʦʛ ʦʢʚʠʨʘ ʠ ʟʘʢʦʥʩʢʝ 

ʨʝʛʫʣʘʪʠʚʝ ʥʘ ʥʘʮʠʦʥʘʣʥʦʤ ʥʠʚʦʫ ʩʘ ʧʨʝʧʦʨʫʢʘʤʘ ʠ ʨʝʛʫʣʘʪʠʚʦʤ ɽʚʨʦʧʩʢʝ ʋʥʠʿʝ ʠ 

ʋʿʝʜʠˁʝʥʠʭ ʅʘʮʠʿʘ. ʋ ʦʢʚʠʨʫ ʨʘʟʚʦʿʘ ʥʘʮʠʦʥʘʣʥʝ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ ʫ ʦʙʟʠʨ ʩʫ ʫʟʝʪʠ 

ʤʦʜʝʣʠ ʨʘʟʚʦʿʘ ʧʨʝʧoʨʫʯʝʥʠ ʫ ʜʦʢʫʤʝʥʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ: ʄʠʣʝʥʠʿʫʤʩʢʠ ʮʠˀʝʚʠ ʨʘʟʚʦʿʘ, 

ʍʿʦʛʦ ʦʢʚʠʨ ʟʘ ʜʝʣʦʚʘˁʝ 2005-2015: ʈʘʟʚʦʿ ʦʪʧʦʨʥʦʩʪʠ ʥʘʮʠʿʘ ʠ ʟʘʿʝʜʥʠʮʘ ʥʘ 

ʢʘʪʘʩʪʨʦʬʝ, ʉʪʨʘʪʝʛʠʿʘ ʫʥʫʪʨʘʰˁʝ ʙʝʟʙʝʜʥʦʩʪʠ ɽʚʨʦʧʩʢʝ ʋʥʠʿʝ ʠ ʉʪʨʘʪʝʛʠʿʘ ɽʚʨʦʧʩʢʝ 

ʋʥʠʿʝ ʟʘ ʧʦʜʨʰʢʫ ʩʤʘˁʝˁʫ ʨʠʟʠʢʘ ʦʜ ʢʘʪʘʩʪʨʦʬʘ ʫ ʟʝʤˀʘʤʘ ʫ ʨʘʟʚʦʿʫ. ʅʘʚʝʜʝʥʠ ʪʨʝʥʜ 

ʨʘʟʚʦʿʘ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʦʜʘʪʥʦ ʨʘʟʚʠʿʘʪʠ ʫ ʩʤʠʩʣʫ 

ʦʧʝʨʘʮʠʦʥʘʣʠʟʘʮʠʿʝ ʢʦʥʮʝʧʪʫʘʣʥʦʛ ʠ ʟʘʢʦʥʦʜʘʚʥʦʛ ʦʢʚʠʨʘ.  
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VANREDNE SITUACIJE U  2014. - DA LI JE MORALO TAKO   
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REZIME  

Moģe se sa sigurnoġĺu reĺi, da je 2014. godina, godina vanrednih situacija u Republici Srbiji. 

Proglaġavane su za celu teritoriju ili za deo teritorije, na nivou lokalne samouprave (neispravnost vode za piĺe, 

orkanska koġava, sneg i sneģni nanosi-smetovi, led, niske temperature, grad, kliziġta, aerozagaĽenja od poģara, 

poplave, najezde komaraca itd.). Pokazale su gradjanima Srbije, a posebno subjektima odbrane, da sistem zaġtite 

i spasavnja joġ ne funkcioniġe, da nije formiran posebno u delu koji se odnosi na snage sistema, njihovu 

obuļenost i osposbljenost, pre svega za preventivno delovanje. Rad daje pregled vanrednih situacija u Republici 

Srbiji u 2014. godini i ukazuje na propuste i slabosti subjekata sistema civilne odbrane.  

Kljuļne reļi: vanredne situacije, subjekti civilne odbrane 

EMERGENCY SITUATIONS  IN 2014 ï DID IT HAVE TO HAPPE N 

THAT WAY  

ABSTRACT 

It can be safely said that 2014 was the year of emergency situations in the Republic of Serbia. They 

were pronounced on a part or the whole territory, on the level of local self-government (contaminated drinking 

water, hurricanes, snow and show drift, ice, low temperatures, landslides, air pollution caused by fires, floods, 

invasion of mosquitoes, etc.). They proved, both to the citizens of Serbia and the subjects of defence, that the 

protection and rescue system is not yet functioning and formed, especially the part regarding the forces of the 

system, their training and ability for, most importantly, preventive actions. The paper presents an overview of the 

emergency situations in the Republic of Serbia in 2014 and points out the shortcomings and weaknesses of the 

subjects of the civil defence system. 

Key words: emergency situations, civil defence subjects 

1. UVOD 

Vanredne situacije tokom 2014. godine su dokazale koliko je ranjiv sistem zaġtite 

ispasavanja R.Srbije. Posebno su istakle slabosti u oblasti normativne uredjenosti, slabosti 

kod subjekata civilne odbrane, naroļito jedinica lokalne samouprave i njene nepripremljenosti 

za preventivno delovanje, a zatim i na otklanjanju posledica elementarnih nepogoda. Pokazale 

su, da posle pet godina od poļetka formiranja integrisanog sistema zaġtite i spasavanja, nismo 

daleko stigli i da propisano ne sprovodimo u praksi. Svakako da bi posledice i ġtete vanrednih 

situacija bile manje da je sistem formiran i da svaki subjekt sistema izvrġava planirane 

obaveze i zadatke. 

2.VANREDNA SITUACIJA U  REPUBLICI  SRBIJI 2014. GODINE 

U Republici Srbiji tokom 2014. godine Vlada R.Srbije je proglasila u maju vanrednu situaciju 

na celoj teritoriji zbog visokih voda i poplava, dok su lokalne samouprave na svojoj teritoriji 

proglasile 11 vanrednih situacija zbog elementarnih nepogoda i drugih nesreĺa.  

                                                             
1
 Visoka tehniļka ġkola strukovnih studija, Novi Sad, Republika Srbija 
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2.1. Vanredna situacija u Srbiji zbog poplava u maju 2014. godine 

Vlada Srbije je15. maja proglasila vanrednu situaciju na celoj teritoriji Srbije kako bi 

se iskoristili resursi iz ļitave zemlje i uputili na ugroģena podruļja. Pored toga, upuĺen je i 

zahtev za pomoĺ meĽunarodnoj zajednici - vladama Ruske federacije, Slovenije i MaĽarske, 

kao i Evropskoj komisiji.  

Najveĺi deo MUP-a ukljuļio se u proces odbrane od poplava, proseļno dnevno 

angaģovao je oko 7.300 pripadnika.  

Ministarstvo odbrane angaģovalo je 10.949 pripadnika ministarstva i Vojske Srbije, a 

Vojska je evakuisala 10.299 osoba kopnenim i vazduġnim putem, dok je u vojnim objektima 

smeġteno oko 2.500 evakuisanih lica. Pripadnici Vojske Srbije i ministarstva odbrane bili su 

angaģovani i na zbrinjavanju evakuisanih lica, izgradnji nasipa, postavljanju mostnih prelaza, 

ļiġĺenju, sanaciji kliziġta, vodosnadbevanju...  

Posledice poplavnog talasa od 14. do 20. maja su katastrofalne:  

- na kategorisanim putevima sruġeno je 30, a oġteĺeno 50 mostova;  

- na opġtinskim i nekategorisanim putevima sruġeno i oġteĺeno je oko 200 mostova;  

- usled odrona ili kliziġta, oġteĺeno je oko 20 kategorisanih i viġe stotina lokalnih 

puteva, a bujica je odnela oko 10 kilometara pruge u Tamnavi na podruļju Uba;  

- sruġeno je oko 200 stambenih objekata, viġe stotina kuĺa je oġteĺeno, dok je nekoliko 

hiljada kuĺa neupotrebljivo za stanovanje;  

- preko 50 (najviġe osnovnih ġkola) i 300 poslovnih objekata je oġteĺeno i 

onesposobljeno; 

- poplavni talas umanjio je pouzdanost velikih sistema za prenos elektriļne energije, 

posebno vitalnih objekata za prenos iz termoelektrane Kolubara i TENT-a u Obrenovcu;  

- na teritoriji Srbije evakuisano je ukupno 31.879 graĽana sa ugroģnih podruļja;  

-evakuisani su smeġteni u 136 prihvatnih centara, dok je jedan deo smeġten kod 

porodice i prijatelja.  

Ukupna ġteta koju je R.Srbija pretrpela u majskim poplavama iznosi 1,7 milijardi evra. 

Ovaj iznos je do 15 % veĺi nego ġto je procenjena vrednost uniġtenih dobara u 24 opġtine koje 

su najviġe stradale u poplavama.  

Bujiļne poplave, koje su se desile maja 2014. godine u Srbiji, posledica su klimatsko-

mateoroloġkog fenomena. Koliļine padavina su u periodu od tri dana iznosile od 120 do preko 

200 mm. Ciklon je doveo do poplava na prostoru koji obuhvata oko 20.000 km
2
, ġto se do 

sada nije dogaĽalo. Ovaj klimatsko-meteoroloġki fenom ne bi mogao biti spreļen ali bi 

njegovo destruktivno dejstvo bilo znatno manje da su poslednjih dvadesetak godina preduzeti 

preventivni radovi. Srbija ima oko 12.000 bujiļnih vodotokova, razliļitim stepenom 

ugroģavaju odreĽena podruļja, nastaju kao posledica erozije zemljiġta pod uticajem prirodnih 

i antropogenih faktora. Nastaju naglo posle intenzivnih padavina, nose velike koliļine nanosa, 

traju nekoliko sati. Uspeġna odbrana od bujiļnih poplava moguĺa je jedino preduzimanjem 

preventivnih radova i mera. Primenjuju se dve osnovne grupe radova: bioloġki i biotehniļki 

radovi - poġumljavanje, ġumski zaġtitni pojasevié, i tehniļki radovi u koritu vodotoka za 

spreļavanje izlivanja velike vode - regulacije vodotokova i pregrade.  

Srbiji preti stalni rizik od bujiļnih poplava i, ukoliko ģele da se spreļe ġtetne 

posledice, neophodno je:  

- izgraditi nove sisteme odbrane od poplava uz redovno odrģavanje postojeĺih;  

- promeniti zakonsku regulative - posebno u delu stalnog finansiranja;  

- organizaciono ojaļati odbranu od bujiļnih poplava, od nadleģnog ministarstva do 

lokalnih uprava i preduzeĺa;  
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- izraditi dokumenta (Karta erozije, Karta bujiļnih tokova Srbije i Karta izvedenih 

protiverozionih radova);  

- utvrditi nove prioritete u strateġkim dokumentima vodoprivrede i uvesti sisteme 

ranog obaveġtavanja o nadolasku bujiļnog poplavnog talasa.  

 

Od poļetka 90-tih godina XX veka, drastiļno se smanjuje finansiranje vodoprivrede, a 

time i protiverozionih radova, da bi u 2013. godini dostiglo svoj minimum. Izdvajanja za 

protiverozione radove u Srbiji 2006. godine iznosilo je 1.351 mil evra, a 2010. godine 0.462 

mil evra. Finansijska sredstva izdvajana poslednjih godina nisu bila dovoljna ni za redovno 

odrģavanje izgraĽenih objekata, bez ļega oni gube svoju funkcionalnost. Potrebno godiġnje 

finansiranje radova za spreļavanje bujiļnih poplava u Srbiji je oko 30 mil evra. Pored 

smanjenog finansiranja, uzrok neadekvatne odbrane od bujiļnih poplava je i loġa 

institucionalna organizovanost vodoprivrede. Vodoprivredna preduzeĺa zaduģena za poslove 

zaġtite zemljiġta od erozije i ureĽenje bujiļnih slivova nisu u procesu privatizacije 

transformisana u drģavna preduzeĺa, ġto je jedino ispravno reġenje jer su to poslovi od 

interesa drģave. U Operativnom planu odbrane od poplave mnoge institucije i preduzeĺa su 

hijerarhijski zaduģena za odbranu, ali ona nemaju ni zaposlene struļnjake, a ni potrebnu 

mehanizaciju da bi adekvatno reagovali u sluļaju nadolaska poplavnih voda. TakoĽe, ne 

postoji ni horizontalna koordinacija javnih vodoprivrednih preduzeĺa u Srbiji, a i saradnja sa 

relevantnim institucijama (Republiļki hidrometeoroloġki zavod) i Sektorom za vanredne 

situacije je nezadovoljavajuĺa.  

Mnogobrojna pitanja koja su postavljana u toku poplava: óôZaġto niko od nadleģnih 

organa i nadleģnih sluģbi nije reagovao na prognozu i upozorenje Hidrometeoroloġkog zavoda 

Srbije, crveno upozorenje od 12. maja, u kome su za podruļje Obrenovca najavljeni vodostaji 

preko granice vanredne odbrane od poplavaôô?; óôZaġto nisu smenjeni direktor ĂSrbijavoda" i 

komandanti Opġtinskog ġtaba Obrenovac i Gradskog ġtaba Beograd, kada su utvrĽeni propusti 

u odbrani Obrenovcaôô?; óôKo je odgovoran za to ġto Termoelektrana ĂNikola Tesla" nema 

aģurne planove zaġtite od poplave i zaġto postrojenja TENT-a i povrġinskog kopa nisu 

osigurani od ġteta nastalih u poplavamaôô?; óôZaġto Vlada Srbije nije donela podzakonske akte 

neophodne za sprovoĽenje Zakona o vanrednim situacijama, koji je donet 2010. godine, kada 

je ļlanom 146. tog zakona za donoġenje podzakonskih akata odreĽen rok od ġest meseciôô?;  

2.2.Vanredne situacije u pojedinim opġtinama R.Srbije tokom 2014. godine 

2.2.1. Uģice, 6.1.- vanredna situacija zbog neispravne vode za piĺe-na predlog Ġtaba 

za vanredne situacije gradonaļelnik Uģica doneo je odluku o proglaġenju VrSi na delu 

teritorije grada koji se snabdeva vodom sa akumulacije Vrutci, zbog opasnosti po sistem 

vodosnabdevanja grada Uģica. U gradu je zabrana koriġĺenja vode za piĺe i pripremanje hrane 

od 26.decembra 2013. U cilju uspostavljanja redovnog snabdevanja i spreļavanja nastanka 

teģih posledica po sistem vodosnabdevanja potrebno je preduzeti hitne mere na sanaciji 

postojeĺeg gradskog vodovoda u delu postrojenja i obezbeĽivanja alternativnih izvora 

snabdevanja, kao i na sanaciji jezera Vrutci. Vlada Srbije traģila je  utvrĽivanje odgovornosti 

svih institucija i inspekcija koji su odgovorni za taloģenje algi u jezeru Vrutci, ali odgovor je 

izostao. Voda iz gradskog vodovoda moģe se bezbedno koristiti kao tehniļka voda za 

kupanje, pranje zuba i ostale sanitarne potrebe. Kao reġenje problema, uradjen je krak 

cevovoda od jedan i po kilometar kojim ĺe se spojiti vodovod u Ļajetini sa uģiļkim 

vodovodom. Uģice ĺe dobiti pijaĺu vodu protoka 400 litara u sekundi. Na radovima je 

angaģovana Vojska Srbije, kao najodgovornija organizacija, jer ni jedno gradjevinsko ili 

drugo preduzeĺe nije bilo sposobno da izvrġi izgradnju vodovoda u kratkom vremenu. 
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2.2.2. Teritorija AP Vojvodina- 30.01.- 5.2. 2014. - orkanska koġava, sneg i sneģni 

nanosi-smetovi: zavejani putevi, na 1000 ljudi blokirano na putevima; prekid rada ġkola; 

kolona od oko 300 kamiona ļetiri dana stajala na autoputu Subotica-Novi Sad, zbog velikih 

sneģnih nanosa kod mesta Ģednik; zimske sluģbe tek su treĺi dan poļele da raġļiġĺavaju put, 

kada je stigla i pomoĺ Crvenog krsta; na graniļnom prelazu Horgoġ se nalazio veliki broj 

kamiona koji su ļekali na ulazak u Srbiju; ģelezniļki saobraĺaj na pruzi Panļevo - Vrġac u 

prekidu zbog izuzetnih smetova i sneģnih nanosa koji su zavejali dve dizel lokomotive izmeĽu 

Banatskog Novog Sela i Vladimirovca. Nanosi snega na pojedinim mestima na ovoj deonici 

pruge su ļetiri, pet, pa i ġest metara visine. Po reļima naļelnika Sektora za VrSi óô  Plan za 

ovakve situacije izradili smo u decembru 2012. kada su zbog neraġļiġĺenog dela autoputa 

kolone vozila bile zavejane. Tada je odgovornost bila na onima koji nisu oļistili sneg, ali 

ovog puta smo se borili sa orkanskim vetrom koji je nanosio smetove na putôô. Inaļe, 29. 01. 

2014. naļelnik sektora za vanredne situacije MUP Srbije Predrag Mariĺ rekao je da su 

spremni za zimske uslove, moguĺe sneģne vejavice i kao i deblokadu, ukoliko se desi i  

kolone automobila budu zavejane na putevima. On je gostujuĺi na RTS-u kazao da je ovaj 

sektor sada tehniļki bolje optremljen i da je MUP Srbije uspeo da nabavi ġest motornih sanki, 

koje su neophodne u zimskim uslovima. "Ljudi usled sneģnih padavina mogu da budu 

blokirani u duģem vremenskom periodu. Mislim da smo se za takav scenario dobro pripremili. 

Kad to govorim ne mislim samo na Sektor za VrSi, veĺ i na ministarstva odbrane i saobraĺaja 

sa kojima saradjujemo". 

 

2.2.3. Protivgradna zaġtita i poplave u aprilu od 18.-21.- Kraljevo, Kurġumlija, 

Zajeļar, ĢitoraĽa...VrSi u 11 opġtina- Predsednik Vlade je izrazio nezadovoljstvo time ġto se 

ponavljaju situacije o ugroģenim podruļjima od poplave iz 2011. godine, jer su sada opet 

poptuno ista podruļja ponovo ugroģena, ġto, kako je naveo, óôgovori o nebrizi lokalne 

samouprave o stanju zaġtite vodotokova na svojoj teritorijiôô. Srbija bi do poļetka sezone 

odbrane od grada, 15. aprila, trebalo da raspolaģe sa oko 8.000 protivgradnih raketa, ġto je tri 

puta manje od optimalnih godiġnjih potreba od 25.000 raketa. Za normalno funkcionisanje 

sistema protivgradne zaġtite u Srbiji je potrebno izmeĽu sedam i osam miliona evra godiġnje, 

ġto nije velika suma, imajuĺi u vidu da se samo proġlogodiġnja ġteta od grada procenjuje na 

oko 50 miliona evra. Novac je obezbeĽen za nabavku oko 3.000 protivgradnih raketa, ļija je 

cena oko 130 evra po komadu. Sezona u oktobru 2013. je zavrġena  sa zalihama koje iznose 

manje od tri protivgradne rakete po protivgradnom mestu. Optimalan broj raketa po 

protivgradnim mestu je 12 komada.  

Po reļima naļelnika Sektora 14. 02. 2014. Srbiji ne preti "prelivanje poplava" iz 

Hrvatske a Sektor MUP za VrSi je dobro opremljen za reagovanje u sluļaju te vrste 

elementarne nepogode. Po podacima Republiļkog hidrometeoroloġkog zavoda nama ne prete 

poplave. On je rekao i da se taj Sektor, u prethodnom periodu dobro pripremio za reagovanje 

u sluļju poplava i da u toj oblasti "imamo velike kapacitete". Oformljeni su i specijalni 

timovi za spasavanje na vodi sa odgovarajuĺom opremom a tu su i pripadni Crvenog krsta. 

Naveo je i da znaļajnu pomoĺ za reagovanje u sluļaju poplava obezbeĽuje i rusko srpski 

Centar za humanitarno reagovanje u Niġu. "Ima Srbija dosta kapaciteta za to (reagovanje u 

sluļju poplava" i nismo baġ slabi u tome").  
Direktor Javnog preduzeĺa "Srbijavode" Goran Puzoviĺ izjavio da je za potpunu 

zaġtitu od poplava u Srbiji potrebno izdvojiti 11 milijardi dinara za 175 ugroģenih lokacija. 

Rekao da su vodotoci prvog reda u je ogovornosti drģave, dok su vodotoci drugog reda u 

nadleģnosti lokalnih samouprava, da je preventiva kljuļna za zaġtitu od polava, jer kada 

poļnu da se izlivaju reļni tokovi, "moģete samo da spaġavate najugroģenije delove teritorije". 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

49 
 

"Srbijavode" raspolaģu sa svega 20-30 odsto potrebnih sredstava, kako bi izgradili i odrģavali 

neophodne nasipe i obaloutvrde.  

Ġtab za vanredne situacije Republike Srbije 20.04.2014. godine  zatraģio je poġtovanje 

Zakona o VrSi na terenu i zaduģio Sektor za VrSi MUP da pojaļa mere odbrane od poplava. 

Predsednik Vlade Srbije rekao je da su prioriteti ovog ġtaba ZiS ljudi. Lokalne samouprave, 

koje su pogoĽene poplavama, moraju biti aģurnije i koordinirati rad sa republiļkim organima i 

dodao da se mora poġtovati Zakon o VrSi, ġto znaļi da ne treba da ļekaju pomoĺ iz Beograda, 

veĺ da to uļine sopstvenim sredstvima. Izrazio je svoje nezadovoljstvo ġto se ponavljaju 

situacije sa ugroģenim podruļjima od poplave iz 2011. godine, gde su ista podruļja ponovo 

ugroģena, ġto reļito govori o nebrizi lokalne samouprave o stanju zaġtite vodotokova na 

svojoj teritoriji, ġto je nedopustivo. Ukoliko se desi da Sektor za VrSi MUP-a Srbije nema 

dovoljno tehniļkih sredstava za otklanjanje posledica nepogoda, mora se uvesti radna obaveza 

po zakonu i angaģovati ljudstvo i tehnika iz lokalnih preduzeĺa.  On je zatraģio od 

Republiļkog hidrometeoroloġkog zavoda (RHMZ) da na vreme upozori Ġtab za VrSi o 

potencijalno jakim padavinama i drugim vremenskim nepogodama i veĺu kooperativnost i 

koordinaciju javnog preduzeĺa "Srbijavode" i Direkcije za vode u reġavanju problema na 

terenu, izazvanih poplavama. 

 

2.2.4. Kliziġta - svakog proleĺa u Srbiji ista priļa. Otopi se sneg, padne velika kiġa, a 

posle bujica aktiviraju se kliziġta. Ġteta se meri desetinama milijardi dinara svake godine. I 

stalno se drģava bavi posledicama, a ne uzrocima. Srbija moģe da sanira sva kliziġta, koja 

ugroģavaju bezbednost graĽana i infrastrukturna zdanja, novcem kojim u pet godina plati 

otklanjanje posledica, procena je Saobraĺajnog instituta CIP. Za poļetak treba napraviti bazu 

podataka, obaviti istraģivanja i konaļno taļno utvrditi koliko u Srbiji uopġte ima kliziġta. Sada 

se samo barata procenama da ih je oko 35.000 (slika) ili da je oko 30 odsto naġe zemlje 

podloģno kliziġtima. Izrada baze podataka sa istraģivanjima koġtala bi oko 100 miliona dinara. 

Milutin Ignjatoviĺ, generalni direktor CIP izjavljuje: óôNajopasniji geoloġki procesi u naġim 

podruļjima su zemljotresi, kliziġta, odroni i bujice. Ne moģemo ih izbeĺi, ali zato postoji 

preventiva. Pre svega, pri urbanistiļkom planiranju gradova treba uvaģavati reļ struke i 

graditi objekte samo na geoloġki najkvalitetnijim terenimaôô. Naģalost, u poslednje vreme se 

urbanistiļki planovi usvajaju bez adekvatnih inģenjersko-geoloġkih podloga. Za razliku od 

zemljotresa i odrona, pomeranje kliziġta se odvija znatno duģe - viġe godina pa ļak i vekova, 

poput kliziġta Umka-Duboko na desnoj obali Save. 

 

2.2.5. Olujne kiġe, cikloni, grad- jun-jul 2014.- Topola, AranĽelovac, Vranje, 

Beograd, Niġ, zapadna Srbije, Kraljevo, Vrnjaļka Banja, Kruġevac, Kurġumlija, Srem-Sektor 

za vanredne situacije MUP-a Srbije je kontaktirao vodoprivredna preduzeĺa koja su nosilac 

odbrane od poplava na vodama prvog reda, vrġi se obilazak vodotokova i saniranje pojedinih 

kritiļnih mesta na nasipima. Na vodama drugog reda, kojim gazduju lokalne samouprave, 

komandanti ġtabova na teritoriji opġtina u kojima se oļekuje eventualno izlivanje reka 

upoznati su sa prognozom i naloģeno je preduzimanje mera kako bi se efekti eventualne 

poplave umanjili, a to, izmeĽu ostalog, podrazumeva podizanje pripravnosti komunalnih 

preduzeĺa. U susret nevremenu, podignut je i nivo pripravnosti specijalistiļkih timova za 

spasavanje u vodi i pod vodom. 

 

2.2.6. Vanredna situacija zbog komaraca u Kovinu i Panļevu-jul  ï akcija tretiranja 

komaraca iz vazduha, sa zemlje i larvicidima, je poļela joġ u maju mesecu  u Sremskoj 

Mitrovici i Ġapcu zbog preteĺe epidemioloġke situacije, dezinsekcija je bila neophodna u ġto 

kraĺem vremenskom periodu u cilju zaġtite zdravlja stanovniġtva od zaraznih bolesti. Ġtabovi 
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za VrSi su obaveġtavali sve nadleģne sluģbe da je neophodno sprovesti i mere sistematske 

deratizacije, zbog prisustva veĺeg broja glodara, prenosilaca leptospiroze, pogotovo ġto su 

plavljena podruļja sa kojih se povukla voda, idealna mesta za opstanak uzroļnika bolesti, 

bakterije leptospire. Naģalost postoje opġtine u Vojvodini koje nisu planirale sredstva u 

budģetu za tretman komaraca iako je kod njih situacija katastrofalna, óôkomarci lete u 

rojevima koji zaklanjaju pogledôô. Ovako visok broj komaraca nije zabeleģen duģi niz 

godina, a situacija je alarmantna na podruļju cele Vojvodine. Veliki broj graĽana ģabaljske 

opġtine je sa pravom postavljao pitanje: "Da li ĺe se neġto preduzeti protiv opġte najezde 

komaraca" , kojih kao da nikada nije bilo viġe. Opġtina je na vreme (29. aprila) pokrenula 

postupak za usluge suzbijanja komaraca, ali je postupak javne nabavke propao i morao se 

ponovo pokrenuti, dok  óôkomarci ne ļekaju i rade svoj posaoôô. Sve je ponovljeno 29. maja, 

ali se moralo ļekati na predviĽene rokove, kako bi se konaļno odabrala firma koja ĺe se 

upustiti u borbu sa dosadnim insektima. Ovo je na neki naļin objaġnjenje zaġto se kasni sa 

zapraġivanjem komaraca, uz izvinjenje graĽanima zbog ovakvog razvoja situacije. Sliļno 

stanje je bilo i u Zrenjaninu koji je posebno specifiļan zbog velikog broja vodenih povrġina - 

Tise, Begeja, Tamiġa, Ļenĺanskih jezera, Okanj bare, Peskare, Bagljaġkog kanala, Male i 

Velike Rusande, Begejskog kanala, zbog ļega je cela teritorija pogodna za komarce.  

Cela zemlja se borila sa komarcima, ali u Kovinu je bilo najgore - tamo je Ġtab za 

VrSi doneo odluku o proglaġenju vanredne situacije zbog najezde komaraca i potencijalne 

epidemije od bolesti zapadnog Nila. Po reļima odgovornih iz lokalne samouprave óôako neko 

uģiva u ovakvim promenljivim vremenskim prilikama, to su sigurno komarci. Oni se trenutno 

nalaze u raju, dok Srbija nikako ne moģe da ih se otrese, jer su postali imuni na razne otroveôô.  

Gradonaļelnik Panļeva 7. jula je proglasio VrSi u zbog efikasnijeg uniġtavanja 

komaraca koji prenose groznicu zapadnog Nila. Populacija komaraca se u Panļevu kreĺe od 

200 jedinki do viġe od 1.500 po klopci, a poģeljlan broj je do 150. U Panļevu nije bilo 

obolelih od groznice zapadnog Nila, mada je ceo Juģni Banat 2013. godine bio po broju 

zaraģenih odmah iza Beograda. Prvi sluļaj groznice Zapadnog Nila evidentiran je u Kraljevu, 

kod jednog pacijenta koji je, nakon toga, smeġten na Infektivnu kliniku u Beogradu. 

 

2.2.7. Ĺuprija-jul - zbog aerozagaĽenja od poģara, koji je 10 dana tinjao na staroj 

deponiji smeĺa, Ġtab za vanredne situacije u Ĺupriji proglasio je vanrednu situaciju u selima 

Supska, Vlaġka, Kruġar, Isakovo, Ivankovac, Paljane i Dobriļevo. Poģar na nekadaġnjoj 

deponiji je lokalizovan i spreļeno je ġirenje vatre, ali opasnost za okolna sela predstavlja dim. 

Ġtab je saopġtio óôImamo preliminarne rezultate o koliļini i sastavu dima na deponiji, a dali 

smo nalog da se urade i analize vazduha u okolnim selima. Poģar na deponiji je specifiļan i 

moģe da se ugasi samo peskom i zemljom, ġto ni malo nije lakoôô. Podneta je i kriviļna prijava 

protiv NN lica zbog izazivanja poģara i prijava policiji za nestanak buldoģera koji je radio na 

deponiji do 2010. godine, kada je zatvorena. Opġtina je zapocela postupak trajne sanacije 

deponije i raspisala javnu nabavaku za izradu projekta. 

 

2.2.8. Uģice- jul - zbog problema sa pijaĺom vodom, uvedena vanredna situacija u 

Uģicu. Na akumulaciji u Vrutcima ponovo cvetaju alge, zbog ļega se proverava da li je voda 

iz Vrutaka prodrla u vodosistem Uģica. Za to vreme, cisterne su ponovo na ulicama tog grada 

sa vodom za piĺe i kuvanje poġto je sanitarna inspekcija zabranila koriġĺenje vode sa uģiļkog 

vodovoda zbog pojave algi i poveĺanog broja nematoda, parazitskih crva. Sliļan problem 

Uģiļani su imali i poļetkom godine, kada su se alge pojavile u akumulaciji Vrutci, a problem 

je reġen alternativnim cevovodom sa Suġiļkih vrela. Cisterne su ponovo na ulicama, ali ih 

nema dovoljno-za sada ih je 10. Cisterne se ovog puta sporije rasporeĽuju jer je zbog visokih 
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temperatura potrebna duģa priprema. Najviġe cisterni i ovog puta stiģe od Vojske, od Sektora 

za VrSi i okolnih opġtina.  

 

2.2.9. Nestabilno vreme i jake padavine u Srbiji  priļinile su materijalnu ġtetu i 

plavljenje stambenih objekata. Vanredna situacija proglaġena u Poģarevcu, MedveĽi, Topoli, 

Sokobanji i Boljevcu 01. avgusta. Ispaljeno je preko 200 protivgradnih raketa, evakuisano je 

24 lica, dok je ġest spaseno.  Poģarevac su posle majskih poplava ponovo zadesile nepogode 

tokom kojih je grad imao puno problema.  

 

2.2.10. Kosjeriĺ-avgust- zbog ġtete koju je nanelo nevreme u kosjeriĺkim selima Seļa 

reka i Godeļevo proglaġena je VrSi. Voda je prodrla u osam kuĺa, njive su potopljene, a 

bujiļni potoci i reke odneli su desetine nekategorisanih puteva. Mehanizacija je poslata na 

teren i radi na raġļiġĺavanju puteva, kako bi se normalizovala saobra-ĺajna komunikacija za 

140  domaĺinstava, koja se nalaze na poplavljenom podruļju. Prioritet u otklanjanju posledica  

je, pored sanacije ġtete, ļiġĺenje korita reka. 

 

2.2.11. Vanredna situacija zbog poplava na teritoriji opġtina Kladovo, Negotin i 

Majdanpek- 15. septembar 2014.- Na podruļjima opġtina Negotin, Kladovo i Majdanpek, 

proglaġene su vanredne situacije zbog obilnih padavina,  izlivanja Boljetinske i Podvrġke 

reke, pokretanja kliziġta, a u brdskim predelima i do odrona. Naneta je velika ġteta 

meġatanima sela u ovim opġtinama. Na teritoriji Kladova, usled pojave bujiļnih potoka, 

ugroģeno je 15 seoskih mesnih zajednica. Sruġen je most u selu Milutinovac, a putni pravac 

Kladovo-Donji Milanovac je u prekidu. Naselje Tekija je odseļeno od Kladova. Selo 

Podvrġka sa dvadesetak stanovnika nepristupaļno je usled kliziġta. Jedno domaĺinstvo u 

Maloj Vrbici je ugroģeno. Bez struje su MZ Podvrġka, Petrovo selo, Donji kljuļ, Vajuga, 

Milutinovac, Korbovo, Rtkovo, Velika Vrbica. Fiksna telefonija, a delimiļno i mobilna 

mreģa, su u prekidu. Kladovo je od 15.09. odseļeno od sveta, jer su obilne padavine 

prouzrokovale bujice koje su sa obronka planine Miroļ sruġile dva mosta koja iz Negotina 

vode ka ovom gradu. Zbog ruġenja mostova, ali i ļinjenice da se s druge strane Tekije uruġilo 

brdo, i stanovnici ovog mesta takoĽe su izolovani od sveta. Pripadnici MUP-a Srbije 

evakuisali su sa podruļja ugroģenih poplavama u opġtini Kladovo oko 370 osoba. Iz mesne 

zajednice Tekija evakuisano je oko 300 ljudi. Specijalistiļki tim za spasavanje i rad na vodi 

vrġi evakuaciju graĽana. Iz sela Podvrġka evakuisano je 65 ljudi, a iz mesta Blizina dvoje. Na 

podruļjima ugroģenim poplava u Borskom okrugu angaģovani su pripadnici Sektora za 

vanredne situacije MUP-a sa vozilima i ļamcima, pripadnici Ģandarmerije i policijske snage 

iz Beograda, ukljuļena je i Gorska sluģba spasavanja. Po reļima naļelnika Sektora za VrSi 

dana 15.9. ne oļekuje se nikakvo prekoraļenje redovne odbrane od poplava, te nema veĺe 

opasnosti po ljude i njihovu imovinu, iako se u samom poļetku VrSi ukazala potreba za 

evakuacijom 20 stanovnika sa helikopterima MUP-a a Kladovo je bilo bukvalno odseļeno od 

sveta. Povrġka reka je zbog obilnih padavina sruġila most na putu Kladovo-Negotin. Na 

teritoriji opġtine Majdanpek stanje je ozbiljno kod Oreġkovice i poplavljenog sela Boljetin.  

 

Javno preduzeĺe "Elektroprivreda Srbije" saopġtilo je da je nezapamĺena vremenska 

nepogoda, koja je pogodila opġtine Kladovo i Negotin, nanela veliku ġtetu hidroelektranama 

Ăņerdap 1ñ i Ăņerdap 2ñ, ļiji zaposleni ļine ogromne napore u borbi sa bujicama i velikom 

koliļinom vode. U HE ñņerdap 2ñ dva agregata su van pogona zbog toga ġto su voda i mulj 

sa okolnih brda delimiļno prodrli u taj deo elektrane. Zaposleni su efikasnim merama uspeli 

da spreļe veĺu katastrofu i teģe posledice jer je u jednom trenutku pretilo da doĽe do 

potpunog zaustavljanja svih postrojenja i agregata. Tri agregata zaustavljena su zbog velikog 
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nanosa trave, bambusa i drva, kao i ugroģenosti ulaznih reġetki ovih agregata. Na HE Ăņerdap 

1ñ reka Kosovica teġko je oġtetila postrojenje za snabdevanje pijaĺom vodom, pri ļemu se, 

prema prvim procenama, postojeĺi objekat mora sruġiti i iznova izgraditi. Bujica je potpuno 

odnela prilazni put u duģini od pribliģno 100 metara, a do ovog postrojenja moģe se stiĺi samo 

helikopterom. Zaposleni su vanrednim naporima spreļili prodor vode kroz galerije i 

kablovske tunele u elektranu. MeĽutim, i pored svih poteġkoĺa, najveĺa elektrana na Dunavu 

je prebacila plan proizvodnje i umesto 21 milion kilovat-sati proizvela 21,176 miliona kilovat-

sati. 

Posledice nevremena u Tekiji su veoma ozbiljne. Bujice su odnele mostove, nanele 

mulj i poļupale drveĺe. u naselju nema vode, struje, ni mobilnog signala; devedeset posto 

stambenih zgrada zatrpano je blatom i stablima koje je nanela bujica. Na brdu iznad Tekije i 

dalje radi jako kliziġte koje stvara dodatne probleme posebno meġtanima koji nisu ģeleli da se 

evakuiġu. 

3. ZAKLJUĻAK 

Navedene vanredne situacije na celoj/delu teritorije R.Srbije tokom 2014. godine su 

pokazale da mora da postoji bolja priprema subjekata odbrane, posebno u preventivnom 

delovanju, a zatim i na sanaciji posledica elementarnih nepogoda i nesreĺa. Doslednim 

sprovodjenjem obaveza koje definiġe Ustav i Zakon o lokalnoj samoupravi i vanrednim 

situacijama, subjekti odbrane bi mogli spreļiti katastrofalne posledice pojedinih elementarnih 

nepogoda i poboljġati stepen bezbednosti svojih gradjana, materijalnih/kulturnih dobara i 

ģivotne sredine. Da li su posledice vanrednih situacija mogle biti manje? Da svakako, da je 

formiran integrisani sistem zaġtite i spasavanja. Za sada funkcioniġe samo Vojska Srbije i 

Sektor za vanredne situacije MUP-a. Ostali subjekti-jedinice lokalne samouprave i privredna 

druġtva i druga pravna lica ne, a u tome leģi najveĺa snaga sistema civilne odbrane, u 

jedinicama CZ i obuļenim poverenicima/zamenicima poverenika CZ i u samim gradjanima 

po mestu stanovanja i rada.   

Priroda je nepredvidiva, menja ĺudi, moģe da iznenadi na svakom koraku, ali to ne 

daje pravo nikom u R.Srbiji, ko se bavi vanrednim situacijama, da spava, bude nepripremljen, 

neobuļen, nesposoban da deluje kada je najpotrebnije. Odgovornim licima iz lokalne 

samouprave koja su nesposobna da to shvate, nije mesto u sistemu zaġtite i spasavanja 

R.Srbije. To mesto treba da ustupe sposobnijim koji su spremni da sve uļine za svoje gradjane 

i uļine ih bezbednijim i spokojnijim. 
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ʋʊʀʎɸɱ ʆʈɻɸʅʀɿɸʎʀɱɽ ʈɸɼɸ ʅɸ ɹɽɿɹɽɼʅʆʉʊ ʀ ɿɼʈɸɺɲɽ 

ɿɸʇʆʉʃɽʅʀʍ 
ɹʨʘʥʢʦ ʉʘʚʠ˂

1
, ɻʦʨʘʥ ɺʫʣʝʪʠ˂

2
, ɸʥʠʪʘ ʇʝʪʨʦʚʠ˂

1
 

ʈɽɿʀʄɽ 

ʅʝʬʠʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿ ʪʝʣʘ ʠ ʝʨʛʦʥʦʤʠʿʘ ʨʘʜʥʦʛ ʤʝʩʪʘ ʥʝ ʫʪʠʯʫ ʦʜʤʘʭ ʥʘ ˀʫʜʩʢʦ ʟʜʨʘʚˀʝ, ʘʣʠ 

ʜʫʛʦʪʨʘʿʥʘ ʠʟʣʦʞʝʥʦʩʪ ʦʩʪʘʚˀʘ ʜʘʣʝʢʦʩʝʞʥʝ ʧʦʩʣʝʜʠʮʝ ʧʦ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ. ʇʦʩʪʦʿʝ ʧʨʝʜʫʟʝ˂ʘ ʢʦʜ 

ʢʦʿʠʭ ʿʝ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩ ʧʨʦʿʝʢʪʦʚʘʥ ʪʘʢʦ ʜʘ ʟʘʭʪʝʚʘ ʜʫʛʦʪʨʘʿʥʦ ʩʪʘʿʘˁʝ ʠʣʠ ʩʝʜʝˁʝ ʟʘʧʦʩʣʝʥʠʭ ʙʝʟ 

ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʦʤʝʥʝ ʧʦʣʦʞʘʿʘ ʪʝʣʘ. ʈʘʜʝ˂ʠ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʫ ʧʨʝʜʫʟʝ˂ʫ ʢʦʿʝ ʩʝ ʙʘʚʠ  ʨʝʮʠʢʣʘʞʦʤ ʪʦʥʝʨ 

ʢʘʩʝʪʘ ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ ʜʘ ʫ ʧʦʛʦʥʠʤʘ ʛʜʝ ʩʝ ʚʨʰʠ ʨʘʩʢʣʘʧʘˁʝ, ʩʢʣʘʧʘˁʝ, ʧʘʢʦʚʘˁʝ, ʧʫˁʝˁʝ ʪʦʥʝʨ ʢʘʩʝʪʘ 

ʠ ʦʩʪʘʣʝ ʦʧʝʨʘʮʠʿʝ ʫ ʪʝʭʥʦʣʦʰʢʦʤ ʧʨʦʮʝʩʫ, ʟʘʧʦʩʣʝʥʠ ʩʫ ʩʘʪʠʤʘ ʠʟʣʦʞʝʥʠ ʥʝʬʠʟʠʦʣʦʰʢʦʤ ʧʦʣʦʞʘʿʫ 

ʪʝʣʘ. ʅʝʧʨʝʢʠʜʥʦ ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʧʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ, ʠʟʚʦʜʝ˂ʠ ʤʝʨʝˁʘ ʮʝʣʦʛ ʧʨʦʮʝʩʘ ʠ ˁʝʛʦʚʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʜʦʰʣʦ ʩʝ ʜʦ ʟʘʢˀʫʯʢʘ ʜʘ ʩʫ ʧʦʪʨʝʙʥʝ ʧʨʦʤʝʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʫ ʚʝ˂ʝʤ ʜʝʣʫ ʧʨʦʠʟʚʦʜʥʦʛ 

ʧʨʦʮʝʩʘ. ʈʝʟʫʣʪʘʪ ʧʨʦʤʝʥʝ ʿʝ ʜʦʚʝʦ ʜʦ ʚʝ˂ʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘˁʘ ʫʯʠʥʢʘ ʨʘʜʘ, ʘ ʟʙʦʛ ʫʚʦʹʝˁʘ ʥʦʚʝ 

ʤʝʪʦʜʝ ʨʘʜʘ ʫʯʝʩʪʘʣʦʩʪ ʠʟʣʦʞʝʥʦʩʪʠ ʟʘʧʦʩʣʝʥʠʭ ʥʝʬʠʟʠʦʣʦʰʢʦʤ ʧʦʣʦʞʘʿʫ ʧʨʠ ʦʙʘʚˀʘˁʫ ʨʘʜʥʠʭ 

ʘʢʪʠʚʥʦʩʪʠ ʿʝ ʩʤʘˁʝʥʘ ʥʘ ʥʘʿʤʘˁʫ ʤʦʛʫ˂ʫ ʤʝʨʫ. 

ʈʘʜ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʥʝʢʦʣʠʢʦ ʮʝʣʠʥʘ. ʋ ʧʨʚʦʤ ʜʝʣʫ ʨʘʜʘ ʜʘʿʫ ʩʝ ʦʩʥʦʚʝ ʦʚʘʢʚʦʛ ʪʠʧʘ ʧʨʝʜʫʟʝ˂ʘ. ʋ 

ʥʘʩʪʘʚʢʫ ʩʝ ʘʥʘʣʠʟʠʨʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʘ ʠ ʚʨʰʠ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʟʘ ʟʘʧʦʩʣʝʥʝ. ʇʦʪʦʤ ʩʝ ʧʨʝʜʣʘʞʫ ʤʝʨʝ 

ʢʦʿʝ ˂ʝ ʫ ʤʘˁʦʿ ʠʣʠ ʚʝ˂ʦʿ ʤʝʨʠ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ. ʉʚʝ ʦʚʦ ʿʝ ʧʨʦʧʨʘ˂ʝʥʦ ʠ 

ʘʥʘʣʠʟʦʤ ʙʨʦʿʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ.  

ɼʘʢʣʝ, ʮʠˀ ʨʘʜʘ ʿʝ ʧʦʢʘʟʘʪʠ ʜʘ ʩʝ ʫ ʧʨʝʜʫʟʝ˂ʠʤʘ ʢʦʿʘ ʩʝ ʙʘʚʝ ʩʧʝʮʠʬʠʯʥʠʤ ʧʨʦʠʟʚʦʜʥʠʤ 

ʧʨʦʛʨʘʤʦʤ, ʧʨʦʤʝʥʦʤ ʦʨʛʘʥʠʟʘʮʠʿʝ ʧʨʦʮʝʩʘ ʨʘʜʘ ʤʦʞʝ ʩʤʘˁʠʪʠ ʠ ʩʢʦʨʦ ʝʣʠʤʠʥʠʩʘʪʠ ʰʪʝʪʘʥ ʫʪʠʮʘʿ ʥʘ 

ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ, ʘ ʪʠʤʝ ʫʪʠʮʘʪʠ ʠ ʥʘ ʩʤʘˁʝˁʝ ʙʨʦʿʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʅʝʬʠʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿ ʪʝʣʘ, ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ 

THE EFFECT OF WORK O RGANIZATION ON OCCUP ATIONAL 

SAFETY AND HEALTH  

ABSTRACT 

Non-physiological posture and ergonomics of the workplace does not affect immediately on human 

health, but long-term exposure leaves far-reaching consequences for the health of employees. There are 

companies in which the manufacturing process is designed to require prolonged standing or sitting of employees 

without the possibility of changes in body position. By doing risk assessment of the company that recycles toner 

cartridge it was found that in plants where disassembly, assembly, packaging, filling of toner cartridges and other 

operations in the technological process are carried out, employees are subjected to adverse postures of the body 

for hours. Constantly analyzing the production process, performing measurements of the whole process and its 

productivity, it was concluded that changes in the organization of the greater part of the production process were 

necessary. The result of changes led to a higher productivity and improved work performance, and the 

introduction of new methods of working reduced to a minimum the frequency of exposure to adverse postures of 

the employed in carrying out the work activity. 

The paper consists of several parts. In the first part it presents the basics of this type of a company. In 

the following part the organization of work is analyzed and risk assessments for employees is performed. Then, 

the measures leading in a greater or lesser extent to the workplace risk reduction are proposed. All this is 

accompanied by the analysis of the number of injuries in the workplace. 

Therefore, the aim of this paper is to show that in companies dealing with a specific production 

program it is possible to reduce and almost eliminate the detrimental impact on the health of employees by 

changing the organization of the work process, enabling thus the reduction in the number of injuries at work. 

Key words: Non-physiological body position, safety and health of employees 

 

                                                             
1 ʕ ͙ͫͦ͊͟ ͔́ͻ͙ͤ;͊͟ ΄ͦ͊͟͡ ͍͙ͫͭͪͯͦͤ͟ͻ ͙ͫͭͯ͒͊͞Σ ˹͍͙ͦ ˿͊͒Σ ˾͔͙ͨͯ͋͊͟͡ ˿͙ͪ͋͊͞ 
2 TRS Europe ͒ Φo.oΦΣ˾͔͊͒ ͦͤ͟;͊ͪ͊ мΣ˽͔͍͙ͭͪͦ͊ͪ͊͒ͤ 
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1.ʋɺʆɼ  

ʇʨʝʜʫʟʝ˂ʝ ʫ ʢʦʤʝ ʩʝ ʨʘʜʝ ʠʩʪʨʘʞʠʚʘˁʘ ʊRS AG ʦʩʥʦʚʘʥ ʿʝ 1998. ʛʦʜʠʥʝ. ʅʘʢʦʥ 

ʰʪʦ ʿʝ ʧʦʩʪʘʦ ʣʠʜʝʨ ʥʘ ʪʨʞʠʰʪʫ ʫ ʐʚʘʿʮʘʨʩʢʦʿ ʦʜ 2000. ʛʦʜʠʥʝ ʩʝ ʘʬʠʨʤʠʰʝ ʠ ʥʘ 

ʝʚʨʦʧʩʢʦʤ ʪʨʞʠʰʪʫ. ʆʜ 2006. ʛʦʜʠʥʝ ʧʦʛʦʥ ʠ ʨʘʟʚʦʿ ʩʫ ʧʨʝʩʝˀʝʥʠ ʠʟ ʐʚʘʿʮʘʨʩʢʝ ʫ 

ʉʨʙʠʿʫ ʫ ʇʝʪʨʦʚʘʨʘʜʠʥ, a oʜ 2011. ʛʦʜʠʥʝ ʊRS Swiss Production d.o.o. ʿʝ ʫ ʦʢʚʠʨʫ Clover 

Technologies Group. ɼʘʥʘʩ ʧʨʝʜʫʟʝ˂ʝ ʟʘʧʦʰˀʘʚʘ ʦʢʦ 514 ʟʘʧʦʩʣʝʥʠʭ ʠ ʥʦʩʠ ʥʘʟʠʚ ʊRS 

EUROPE d.o.o. ɼʝʣʘʪʥʦʩʪ ʧʨʝʜʫʟʝ˂ʘ ʿʝ ʨʝʮʠʢʣʘʞʘ ʦʜʥʦʩʥʦ ʨʝʧʨʦʠʟʚʦʜˁʘ ʪʦʥʝʨ ʢʘʩʝʪʘ 

ʟʘ ʣʘʩʝʨʝʩʢʝ ʰʪʘʤʧʘʯʝ. 

ʇʦʩʪʫʧʘʢ ʨʝʧʨʦʠʟʚʦʜˁʝ ʧʦʩʣʝ ʜʦʧʨʝʤʘˁʘ ʪʦʥʝʨ ʢʘʩʝʪʘ ʠʟ ʩʢʣʘʜʠʰʪʘ ʩʝ ʦʜʚʠʿʘ 

ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

- ʜʝʪʝʢʮʠʿʘ ʠʩʧʨʘʚʥʦʩʪʠ ʿʝʜʥʦʤ ʢʦʨʠʰʪʝʥʝ ʪʦʥʝʨ ʢʘʩʝʪʝ, 

- ʨʘʩʢʣʘʧʘˁʝ ʪʦʥʝʨ ʢʘʩʝʪʝ ʥʘ ʜʝʣʦʚʝ, 

- ʯʠʰ˂ʝˁʝ ʢʘʩʝʪʝ ʦʜ ʟʘʦʩʪʘʣʦʛ ʪʦʥʝʨ ʧʨʘʭʘ, 

- ʟʘʤʝʥʘ ʧʦʪʨʦʰʥʠʭ ʠ ʦʰʪʝ˂ʝʥʠʭ ʜʝʣʦʚʘ ʥʦʚʠʤ, 

- ʤʘʰʠʥʩʢʦ ʧʫˁʝˁʝ, 

- ʩʢʣʘʧʘˁʝ ʪʦʥʝʨ ʢʘʩʝʪʝ, 

- ʪʝʩʪʠʨʘˁʝ ʪʦʥʝʨ ʢʘʩʝʪʝ ʠ 

- ʧʘʢʦʚʘˁʝ 

ɼʝʪʝʢʮʠʿʘ ʠʩʧʨʘʚʥʦʩʪʠ ʩʝ ʚʨʰʠ ʧʨʝ ʧʦʯʝʪʢʘ ʨʘʩʢʣʘʧʘˁʘ ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʚʠʟʫʝʣʥʝ 

ʢʦʥʪʨʦʣʝ ʜʘ ʣʠ ʿʝ ʢʘʩʝʪʘ ʤʝʭʘʥʠʯʢʠ ʦʰʪʝ˂ʝʥʘ, ʦʜʥʦʩʥʦ ʜʘ ʣʠ ʩʝ ˁʝʥʠ ʜʝʣʦʚʠ ʜʘˀʝ ʫ 

ʧʦʩʪʫʧʢʫ  ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ. ʂʘʜʘ ʩʝ ʫʪʚʨʜʠ ʜʘ ʢʘʩʝʪʘ ʥʝʤʘ ʤʝʭʘʥʠʯʢʠʭ ʦʰʪʝ˂ʝˁʘ 

ʧʨʠʩʪʫʧʘ ʩʝ ʨʘʩʢʣʘʧʘˁʫ, ʘ ʟʘʪʠʤ ʠ ʯʠʰ˂ʝˁʫ ʦʜ ʟʘʦʩʪʘʣʦʛ ʪʦʥʝʨ ʧʨʘʭʘ. ʇʦʩʣʝ ʟʘʤʝʥʝ 

ʧʦʪʨʦʰʥʠʭ ʠ ʦʰʪʝ˂ʝʥʠʭ ʜʝʣʦʚʘ ʚʨʰʠ ʩʝ ʧʫˁʝˁʝ, ʘ ʟʘʪʠʤ ʩʢʣʘʧʘˁʝ ʢʘʩʝʪʝ. ʊʝʩʪʠʨʘˁʝ 

ʪʦʥʝʨ ʢʘʩʝʪʘ ʩʝ ʚʨʰʠ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʤʦʜʝʣʠʤʘ ʰʪʘʤʧʘʯʘ ʠ ʘʢʦ ʢʘʩʝʪʘ ʫʩʧʝʰʥʦ ʧʨʦʹʝ 

ʪʝʩʪʠʨʘˁʝ ʚʨʰʠ ʩʝ ʧʘʢʦʚʘˁʝ ʠ ʜʘˀʝ ˁʝʥʦ ʩʢʣʘʜʠʰʪʝˁʝ.  

ʈʘʜʝ˂ʠ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʫ ʧʨʝʜʫʟʝ˂ʫ ʢʦʿʝ ʩʝ ʙʘʚʠ  ʨʝʮʠʢʣʘʞʦʤ ʪʦʥʝʨ ʢʘʩʝʪʘ 

ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ ʜʘ ʫ ʧʦʛʦʥʠʤʘ ʛʜʝ ʩʝ ʚʨʰʠ ʨʘʩʢʣʘʧʘˁʝ, ʩʢʣʘʧʘˁʝ, ʧʘʢʦʚʘˁʝ, ʧʫˁʝˁʝ 

ʪʦʥʝʨ ʢʘʩʝʪʘ ʠ ʦʩʪʘʣʝ ʦʧʝʨʘʮʠʿʝ ʫ ʪʝʭʥʦʣʦʰʢʦʤ ʧʨʦʮʝʩʫ, ʟʘʧʦʩʣʝʥʠ ʩʫ ʯʘʩʦʚʥʦ 

ʠʟʣʦʞʝʥʠ ʥʝʬʠʟʠʦʣʦʰʢʦʤ ʧʦʣʦʞʘʿʫ ʪʝʣʘ. ʅʝʧʨʝʢʠʜʥʦ ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʧʨʦʮʝʩ 

ʧʨʦʠʟʚʦʜˁʝ, ʠʟʚʦʜʝ˂ʠ ʤʝʨʝˁʘ ʮʝʣʦʛ ʧʨʦʮʝʩʘ ʠ ˁʝʛʦʚʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʜʦʰʣʦ ʩʝ ʜʦ  

ʟʘʢˀʫʯʢʘ ʜʘ ʩʫ ʧʦʪʨʝʙʥʝ ʧʨʦʤʝʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʫ ʚʝ˂ʝʤ ʜʝʣʫ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ. 

ʈʝʟʫʣʪʘʪ ʧʨʦʤʝʥʝ ʜʦʚʝʦ ʿʝ ʜʦ ʚʝ˂ʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʧʦʚʝ˂ʘˁʘ ʫʯʠʥʢʘ ʨʘʜʘ, ʘ ʟʙʦʛ 

ʫʚʦʹʝˁʘ ʥʦʚʝ ʤʝʪʦʜʝ ʨʘʜʘ ʫʯʝʩʪʘʣʦʩʪ ʠʟʣʦʞʝʥʦʩʪʠ ʟʘʧʦʩʣʝʥʠʭ ʥʝʬʠʟʠʦʣʦʰʢʦʤ 

ʧʦʣʦʞʘʿʫ  ʧʨʠ ʦʙʘʚˀʘˁʫ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʿʝ ʩʤʘˁʝʥʘ ʥʘ ʥʘʿʤʘˁʫ ʤʦʛʫ˂ʫ ʤʝʨʫ ʰʪʦ ʿʝ 

ʜʦʚʝʣʦ ʜʦ ʩʤʘˁʝˁʘ ʠ ʨʠʟʠʢʘ. 

ʋ ʥʘʩʪʘʚʢʫ ʨʘʜʘ ʚʨʰʠ ʩʝ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʠ ʘʥʘʣʠʟʠʨʘ ʩʝ ʦʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʘ. 

ʇʦʪʦʤ ʩʝ ʧʨʝʜʣʘʞʫ ʤʝʨʝ ʢʦʿʝ ˂ʝ ʫ ʤʘˁʦʿ ʠʣʠ ʚʝ˂ʦʿ ʤʝʨʠ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ ʨʠʟʠʢʘ ʥʘ 

ʨʘʜʥʦʤ ʤʝʩʪʫ. ʉʚʝ ʦʚʦ ʿʝ ʧʨʦʧʨʘ˂ʝʥʦ ʠ ʘʥʘʣʠʟʦʤ ʙʨʦʿʘ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ. ɼʘʢʣʝ, 

ʦʩʥʦʚʥʠ ʮʠˀ ʨʘʜʘ ʿʝ ʧʦʢʘʟʘʪʠ ʜʘ ʩʝ ʫ ʧʨʝʜʫʟʝ˂ʠʤʘ  ʢʦʿʘ ʩʝ ʙʘʚʝ ʩʧʝʮʠʬʠʯʥʠʤ 

ʧʨʦʠʟʚʦʜʥʠʤ ʧʨʦʛʨʘʤʦʤ ʧʨʦʤʝʥʦʤ ʦʨʛʘʥʠʟʘʮʠʿʝ ʧʨʦʮʝʩʘ ʨʘʜʘ ʤʦʛʫ˂ʝ ʠʟʙʝ˂ʠ ʰʪʝʪʥʝ 

ʫʪʠʮʘʿʝ ʥʘ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ, ʘ ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ ʤʝʨʘ, ʤʦʞʝ 

ʩʝ ʩʤʘˁʠʪʠ ʠ ʩʢʦʨʦ ʝʣʠʤʠʥʠʩʘʪʠ ʰʪʝʪʘʥ ʫʪʠʮʘʿ ʥʘ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ. 
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2. ʇʈʆʎɽʅɸ ʈʀɿʀʂɸ 

2.1 ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʠ ʦʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʘ  

ʂʦʥʩʪʘʥʪʥʦ ʦʜ ʩʚʦʛ ʦʩʥʠʚʘˁʘ ʫ ʇʝʪʨʦʚʘʨʘʜʠʥʫ ʧʘ ʜʦ ʜʘʥʘʩ ʧʨʝʜʫʟʝ˂ʝ ʿʝ 

ʙʝʣʝʞʠʣʦ ʨʘʩʪ ʙʨʦʿʘ ʟʘʧʦʩʣʝʥʠʭ, ʦʜʥʦʩʥʦ, ʩʚʠʭ ʩʚʦʿʠʭ ʢʘʧʘʮʠʪʝʪʘ. ʇʨʠʣʠʢʦʤ ʧʨʦʮʝʥʝ 

ʨʠʟʠʢʘ 2008. ʛʦʜʠʥʝ ʧʨʝʜʫʟʝ˂ʝ ʿʝ ʟʘʫʟʠʤʘʣʦ ʧʦʚʨʰʠʥʫ ʦʙʿʝʢʪʘ ʦʜ 6680 ʤĮ ʢʦʿʠ ʿʝ ʙʠʦ 

ʧʦʜʝˀʝʥ ʫ ʪʨʠ ʮʝʣʠʥʝ: ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠ, ʩʢʣʘʜʠʰʥʠ ʠ ʧʨʦʠʟʚʦʜʥʠ ʜʝʦ. ʋ ʩʚʠʤ 

ʧʨʦʩʪʦʨʠʿʘʤʘ ʫ ʪʝʭʥʦʣʦʰʢʦʤ ʧʨʦʮʝʩʫ ʧʨʝʪʝʞʥʦ ʦʩʥʦʚʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʨʘʜ ʩʫ ʤʝʪʘʣʥʠ 

ʩʪʦʣʦʚʠ ʥʘ ʢʦʿʠʤʘ ʩʫ ʩʝ ʦʙʘʚˀʘʣʝ ʩʚʝ ʚʝ˂ ʧʦʤʝʥʫʪʝ ʦʧʝʨʘʮʠʿʝ ʨʘʩʢʣʘʧʘˁʘ, ʩʢʣʘʧʘˁʘ, 

ʪʝʩʪʠʨʘˁʘ ʠ ʧʘʢʦʚʘˁʘ. ɸʣʘʪ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠʦ ʿʝ ʙʠʦ ʨʫʯʥʠ ʠ ʨʫʯʥʠ ʘʣʘʪ ʥʘ 

ʤʝʭʘʥʠʟʦʚʘʥʠ ʧʦʛʦʥ. ʏʠʰ˂ʝˁʝ ʠ ʧʫˁʝˁʝ ʩʝ ʚʨʰʠʣʦ ʤʘʰʠʥʩʢʠ ʥʘ ʤʘʰʠʥʘʤʘ ʢʦʿʝ ʩʫ 

ʧʦʩʝʙʥʦ ʢʦʥʩʪʨʫʠʩʘʥʝ ʟʘ ʪʘʢʚʫ ʥʘʤʝʥʫ.  

 

ʘ) ʙ) 

ʉʣʠʢʘ 1. ʇʨʦʩʪʦʨʠʿʝ ʫ ʧʨʦʠʟʚʦʜʥʦʤ ʧʦʛʦʥʫ ʘ) ʨʘʩʢʣʘʧʘˁʝ ʠ ʙ) ʩʢʣʘʧʘˁʝ 

 

ʇʨʦʠʟʚʦʜʥʠ ʧʦʛʦʥ ʿʝ ʙʠʦ ʠʟʜʝˀʝʥ ʥʘ ʪʨʠ ʜʝʣʘ ʧʦ ʬʘʟʘʤʘ. 

- ʋ ʧʨʚʦʿ ʬʘʟʠ ʩʝ ʚʨʰʠ ʨʘʩʢʣʘʧʘˁʝ ʪʦʥʝʨ ʢʘʩʝʪʝ ʠ ʯʠʰ˂ʝˁʝ. ʋ ʦʚʦʿ ʬʘʟʠ ʩʚʠ 
ʟʘʧʦʩʣʝʥʠ ʢʦʿʠ ʩʫ ʨʘʩʧʦʨʝʹʝʥʠ ʥʘ ʨʘʜʥʦ ʤʝʩʪʦ ʧʨʦʠʟʚʦʜʥʦʛ ʨʘʜʥʠʢʘ ʧʦʨʝʜ 

ʠʟʣʦʞʝʥʦʩʪʠ ʜʨʫʛʠʤ ʰʪʝʪʥʦʩʪʠʤʘ, ʩʚʝ ʦʧʝʨʘʮʠʿʝ ʥʘ ʨʘʩʢʣʘʧʘˁʫ ʩʫ ʠʟʚʦʜʠʣʠ ʫ 

ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ, ʙʝʟ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʦʤʝʥʝ ʧʦʣʦʞʘʿʘ ʪʝʣʘ, ʦʜʥʦʩʥʦ, ʤʦʛʫ˂ʥʦʩʪʠ 

ʜʘ ʩʝʜʥʫ. ʇʨʠʣʠʢʦʤ ʨʘʩʢʣʘʧʘˁʘ ʪʦʥʝʨ ʢʘʩʝʪʝ ʙʠʣʝ ʩʫ ʧʦʩʪʘʚˀʝˁʝ ʥʘ ʩʪʦʣʦʚʝ, 

ʰʪʦ ʿʝ ʠʟʠʩʢʠʚʘʣʦ ʢʨʝʪʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʦʜ ʢʘʩʝʪʝ ʜʦ ʢʘʩʝʪʝ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ 

ʯʠʰ˂ʝˁʘ ʢʦʿʝ ʿʝ ʠʟʠʩʢʠʚʘʣʦ ʩʪʘʿʘˁʝ ʫ ʤʝʩʪʫ ʧʦʨʝʜ ʤʘʰʠʥʝ. 

- ʋ ʜʨʫʛʦʿ ʬʘʟʠ, ʧʦʩʣʝ ʯʠʰ˂ʝˁʘ ʠ ʧʦʩʣʝ ʟʝʤʝʥʝ ʧʦʪʨʦʰʥʠʭ ʜʝʣʦʚʘ ʥʘ ʪʦʥʝʨ ʢʘʩʝʪʠ 

ʚʨʰʠʣʦ ʩʝ ʧʫˁʝˁʝ ʜʝʣʘ ʪʦʥʝʨ ʢʘʩʝʪʝ. ʋ ʧʨʦʠʟʚʦʜʥʦʤ ʜʝʣʫ ʧʦʩʝʙʥʦ ʩʫ ʙʠʣʝ 

ʠʟʜʚʦʿʝʥʝ ʩʚʝ ʤʘʰʠʥʝ ʟʘ ʧʫˁʝˁʝ ʫ ʧʨʦʩʪʦʨʠʿʫ ʢʦʿʘ ʿʝ ʦʜʚʦʿʝʥʘ ʦʜ ʦʩʪʘʣʦʛ ʜʝʣʘ 

ʧʦʛʦʥʘ. ʆʧʝʨʘʪʝʨʠ ʥʘ ʤʘʰʠʥʘʤʘ ʟʘ ʧʫˁʝˁʝ ʪʦʥʝʨʘ ʩʫ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ 

ʧʫʥʠʣʠ ʪʦʥʝʨ ʢʘʩʝʪʝ ʩʘ ʤʘʰʠʥʦʤ, ʙʝʟ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʪʦʿʝ ʧʨʠʣʠʢʦʤ ʧʫˁʝˁʘ.  

-  ʋ ʪʨʝ˂ʦʿ ʬʘʟʠ ʩʝ ʚʨʰʠ ʩʢʣʘʧʘˁʝ ʠ ʥʘʢʦʥ ʪʦʛʘ ʪʝʩʪʠʨʘˁʝ ʠ ʧʘʢʦʚʘˁʝ. ɿʘʧʦʩʣʝʥʠ 

ʢʦʿʠ ʩʫ ʫ ʦʚʦʤ ʜʝʣʫ ʧʦʛʦʥʘ ʫʯʝʩʪʚʦʚʘʣʠ ʫ ʧʨʦʮʝʩʫ ʨʘʜʘ ʩʚʝ ʦʧʝʨʘʮʠʿʝ ʩʫ 

ʦʙʘʚˀʘʣʠ ʠ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ, ʩ ʪʠʤ ʰʪʦ ʩʫ ʩʝ ʧʨʠʣʠʢʦʤ ʩʢʣʘʧʘˁʘ ʪʘʢʦʹʝ 

ʢʨʝʪʘʣʠ ʦʜ ʢʘʩʝʪʝ ʜʦ ʢʘʩʝʪʝ, ʢʦʿʝ ʩʫ ʙʠʣʝ ʧʦʩʪʘʚˀʝˁʝ ʥʘ ʩʪʦʣʦʚʠʤʘ, ʘ ʧʨʠʣʠʢʦʤ 

ʪʝʩʪʠʨʘˁʘ ʠ ʧʘʢʦʚʘˁʝ ʩʫ ʩʪʘʿʘʣʠ ʫ ʤʝʩʪʫ. ʊʝʩʪʠʨʘˁʝ ʠ ʧʘʢʦʚʘˁʝ ʩʫ ʦʜʚʦʿʝʥʠ ʫ 

ʟʘʩʝʙʥʝ ʧʨʦʩʪʦʨʠʿʝ ʫ ʧʦʛʦʥʫ.  



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

56 
 

ʇʨʦʩʪʦʨʠʿʝ ʧʦʛʦʥʘ ʩʫ ʠʟʛʨʘʹʝʥʝ ʦʜ ʯʚʨʩʪʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʧʦʜ ʿʝ ʙʝʪʦʥʩʢʠ. ʇʣʘʬʦʥ 

ʿʝ ʦʜ ʛʠʧʩʘʥʠʭ ʧʣʦʯʘ. ʆʩʚʝʪˀʝʥʦʩʪ ʫ ʧʨʦʩʪʦʨʠʿʘʤʘ ʿʝ ʧʨʠʨʦʜʥʘ (ʧʨʦʟʦʨʠ) ʠ ʚʝʰʪʘʯʢʘ 

(ʚʝ˂ʠ ʙʨʦʿ ʬʣʫʦ ʮʝʚʠ). 

ʅʘ ʦʩʥʦʚʦ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʠʟʤʝʹʫ ʦʩʪʘʣʠʭ ʦʧʘʩʥʦʩʪʠ  ʰʪʝʪʥʦʩʪʠ, ʧʨʝʧʦʟʥʘʪʝ ʩʫ 

ʰʪʝʪʥʦʩʪʠ ʢʦʿʝ ʧʨʦʠʩʪʠʯʫ ʠʟ ʧʩʠʭʠʯʢʠʭ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʰʢʠʭ ʥʘʧʦʨʘ ʢʦʿʠ ʩʝ ʫʟʨʦʯʥʦ 

ʚʝʟʫʿʫ ʟʘ ʨʘʜʥʦ ʤʝʩʪʦ ʠ ʧʦʩʣʦʚʝ ʢʦʿʝ ʟʘʧʦʩʣʝʥʠ ʦʙʘʚˀʘ, ʠ ʪʦ: 

- ʥʝʬʠʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿ ʪʝʣʘ (ʜʫʛʦʪʨʘʿʥʦ ʩʪʘʿʘˁʝ, ʩʝʜʝˁʝ, ʯʫʯʘˁʝ, ʢʣʝʯʘˁʝ ʠ ʩʣ.), 

- ʥʘʧʦʨʠ ʧʨʠ ʦʙʘʚˀʘˁʫ ʦʜʨʝʹʝʥʠʭ ʧʦʩʣʦʚʘ ʢʦʿʠ ʧʨʦʫʟʨʦʢʫʿʫ ʧʩʠʭʦʣʦʰʢʘ 

ʦʧʪʝʨʝ˂ʝˁʘ (ʩʪʨʝʩ, ʤʦʥʦʪʦʥʠʿʘ ʠ ʩʣ.). 

ʋ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ ʟʘʧʦʩʣʝʥʠ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʧʨʦʠʟʚʦʜʥʦʛ ʨʘʜʥʠʢʘ ʙʠʣʠ ʩʫ 

ʧʦʜʝˀʝʥʠ ʧʦ ʛʨʫʧʘʤʘ, ʘ ʛʨʫʧʝ ʩʫ ʙʠʣʝ ʧʦʜʝˀʝʥʝ ʥʘ ʜʝʦ ʛʨʫʧʝ ʢʦʿʠ ʨʘʩʢʣʘʧʘ ʠ ʯʠʩʪʠ ʠ 

ʜʝʦ ʛʨʫʧʝ ʢʦʿʠ ʚʨʰʠ ʩʢʣʘʧʘˁʝ ʢʘʩʝʪʝ. ʆʚʘʢʘʚ ʥʘʯʠʥ ʦʨʛʘʥʠʟʘʮʠʿʝ ʿʝ ʜʦʚʝʦ ʜʦ ʪʦʛʘ ʜʘ 

ʟʘʧʦʩʣʝʥʠ ʫ ʜʫʞʝʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ ʩʪʘʣʥʦ ʧʦʥʘʚˀʘʿʫ ʠʩʪʝ ʨʘʜʥʝ ʦʧʝʨʘʮʠʿʝ, ʰʪʦ ʿʝ 

ʜʦʚʦʜʠʣʦ ʜʦ ʤʦʥʦʪʦʥʠʿʝ ʠ ʧʩʠʭʦʣʦʰʢʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʅʘ ʦʩʥʦʚʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʘʢʪʦʤ ʦ 

ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʫʪʚʨʹʝʥ ʿʝ ʥʘʯʠʥ ʠ ʤʝʨʝ ʟʘ ʦʪʢʣʘˁʘˁʝ ʠ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʥʘ ʥʘʿʤʘˁʫ 

ʤʦʛʫ˂ʫ ʤʝʨʫ ʠ ʪʦ:  

- ʦʙʝʟʙʝʜʠʪʠ ʟʘʧʦʩʣʝʥʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʧʨʦʤʝʥʝ ʜʫʛʦʪʨʘʿʥʠ ʨʘʜʥʠ ʧʦʣʦʞʘʿ, 

- ʩʪʠʤʫʣʠʩʘʪʠ ʟʘʧʦʩʣʝʥʝ ʜʘ ʧʨʘʚʝ ʢʨʘʪʢʝ ʧʘʫʟʝ ʫ ʮʠˀʫ ʨʘʟʛʠʙʘʚʘˁʘ ʠ 

ʧʨʘʢʪʠʢʦʚʘˁʘ ʣʘʢʠʭ ʚʝʞʙʠ ʟʘ ʦʧʫʰʪʘˁʝ ʠ ʠʩʪʝʟʘˁʝ, 

- ʘʢʦ ʿʝ ʤʦʛʫ˂ʝ ʫ ʩʝʜʝ˂ʝʤ ʧʦʣʦʞʘʿʫ ʦʙʘʚˀʘʪʠ ʨʘʜʥʫ ʘʢʪʠʚʥʦʩʪ, ʦʙʝʟʙʝʜʠʪʠ 

ʟʘʧʦʩʣʝʥʠʤʘ ʩʪʦʣʠʮʫ, 

- ʟʘʧʦʩʣʝʥʠʤʘ ʦʙʝʟʙʝʜʠʪʠ ʘʜʝʢʚʘʪʥʫ ʘʥʘʪʦʤʩʢʫ ʦʙʫ˂ʫ ʠ 

- ʦʙʝʟʙʝʜʠʪʠ ʨʦʪʘʮʠʿʫ ʟʘʧʦʩʣʝʥʠʭ ʥʘ ʤʝʩʪʠʤʘ ʢʦʿʘ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʨʘʜ ʧʦʜ 

ʧʦʚʝ˂ʘʥʠʤ ʧʩʠʭʦʣʦʰʢʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ ʠ ʥʝʬʠʟʠʦʣʦʰʢʠʤ ʧʦʣʦʞʘʿʠʤʘ 

2.2  ʇʦʚʨʝʜʝ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʜʦ 2011. ʛʦʜʠʥʝ   

ʊʘʙʝʣʘ 1. ɹʨʦʿ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʫ ʧʝʨʠʦʜʫ ʜʦ 2011. ʛʦʜʠʥʝ 

 2009 ʛʦʜʠʥʝ 2010 ʛʦʜʠʥʝ 2011 ʛʦʜʠʥʝ 

ɹʨʦʿ ʟʘʧʦʩʣʝʥʠʭ 329 364 391 

ɹʨʦʿ ʧʦʚʨʝʜʘ 6 15 (4) 10 (3) 

 

ʋ ʧʝʨʠʦʜʫ ʦʜ 2008. ʛʦʜʠʥʝ ʧʘ ʜʦ ʢʨʘʿʘ 2011. ʛʦʜʠʥʝ ʙʨʦʿ ʟʘʧʦʩʣʝʥʠʭ ʩʝ ʫʚʝ˂ʘʦ ʟʘ 

ʦʢʦ 150 ʥʦʚʠʭ ʟʘʧʦʩʣʝʥʠʭ. ʅʦʚʠ ʟʘʧʦʩʣʝʥʠ ʢʘʦ ʠ ʬʣʫʢʪʫʘʮʠʿʘ ʟʘʧʦʩʣʝʥʠʭ ʠ ʫʚʦʹʝˁʝ 

ʥʦʚʠʭ ʘʣʘʪʘ ʿʝ ʜʦʚʝʣʦ ʜʦ ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʘ ʧʦʚʨʝʜʘ, ʥʘʨʦʯʠʪʦ ʫ 2010. ʛʦʜʠʥʠ ʥʘ ʫʢʫʧʘʥ 

ʙʨʦʿ ʦʜ ʧʝʪʥʘʝʩʪ ʫ ʦʢʚʠʨʫ ʢʦʿʠʭ ʩʫ ʯʝʪʠʨʠ ʧʦʚʨʝʜʝ ʚʘʥ ʨʘʜʥʦʛ ʤʝʩʪʘ, ʦʜʥʦʩʥʦ, 

ʧʨʠʣʠʢʦʤ ʦʜʣʘʩʢʘ ʩʘ ʧʦʩʣʘ ʠ ʜʦʣʘʩʢʘ ʥʘ ʧʦʩʘʦ. ʋ 2011 ʛʦʜʠʥʫ ʬʣʫʢʪʫʘʮʠʿʘ ʟʘʧʦʩʣʝʥʠʭ 

ʿʝ ʙʠʣʘ ʤʘˁʘ ʰʪʦ ʩʝ ʫʢʫʧʥʦ ʦʜʨʘʟʠʣʦ ʠ ʥʘ ʙʨʦʿ ʧʦʚʨʝʜʘ ʢʦʿʠ ʿʝ ʠʟʥʦʩʠʦ ʜʝʩʝʪ.  

3. ʅʆɺɸ ʆʈɻɸʅʀɿɸʎʀɱɸ ʈɸɼʅʀʍ ʄɽʉʊɸ 

3.1  ʉʤʘˁʝʥʝ ʰʪʝʪʥʦʩʪʠ ʫ ʥʦʚʦʿ ʦʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʘ  

ʉʘ ʢʨʘʿʝʤ 2011. ʛʦʜʠʥʝ ʧʨʦʮʝʩ ʨʘʜʘ ʩʝ ʧʦʩʪʝʧʝʥʦ ʤʝˁʘʦ ʠʟ ʧʦʩʪʦʿʝ˂ʝ 

ʦʨʛʘʥʠʟʘʮʠʿʫ ʫ ʣʠʥʠʿʩʢʠ ʨʘʜ ʜʦ ʢʨʘʿʘ 2012. ʛʦʜʠʥʝ. ʋ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʦʨʛʘʥʠʟʘʮʠʿʫ 

ʨʘʜʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʿʝ ʜʘ ʢʘʜʘ ʩʝ ʧʦʯʥʝ ʩʘ ʨʘʜʦʤ ʥʘ ʧʦʯʝʪʢʫ ʣʠʥʠʿʝ ʥʘ ʩʚʠʤ ʦʩʪʘʣʠʤ 

ʜʝʣʦʚʠʤʘ ʣʠʥʿʝ ʩʚʘʢʦ ʤʦʨʘ ʜʘ ʦʙʘʚʠ ʨʘʜʥʫ ʦʧʝʨʘʮʠʿʫ ʥʘ ʚʨʝʤʝ, ʧʘ ʩʝ ʤʦʞʝ ʨʝ˂ʠ ʜʘ ʿʝ 

ʝʬʠʢʘʩʥʠʿʘ ʦʜ ʧʨʝʪʭʦʜʥʦʛ ʥʘʯʠʥʘ ʦʨʛʘʥʠʟʘʮʠʿʝ. ʅʘ ʧʦʯʝʪʢʫ ʣʠʥʠʿʝ ʩʝ ʚʨʰʠ ʨʘʩʢʣʘʧʘˁʝ 

ʠ ʯʠʰ˂ʝˁʝ, ʘ ʢʨʝ˂ʫ ˂ʠ ʩʝ ʧʨʝʤʘ ʢʨʘʿʫ ʣʠʥʠʿʝ ʠ ʦʩʪʘʣʝ ʦʧʝʨʘʮʠʿʝ ʩʢʣʘʧʘˁʘ, ʪʝʩʪʠʨʘˁʘ ʠ 
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ʥʘ ʢʨʘʿʫ ʧʘʢʦʚʘˁʘ ʧʦʣʫ-ʧʨʦʠʟʚʦʜʘ. ʋ ʩʣʫʯʘʿʫ ʥʦʚʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʨʘʜʘ ʪʦʥʝʨ ʢʘʩʝʪʝ ʩʝ 

ʢʨʝ˂ʫ, ʜʦʢ ʩʫ ʟʘʧʦʩʣʝʥʠ ʩʪʘʪʠʯʥʠ ʠ ʩʚʘʢʦ ʥʘ ʩʚʦʤ ʤʝʩʪʫ. ʆʙʟʠʨʦʤ ʜʘ ʿʝ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʜʘʮʠʤʘ ʢʦʿʠ ʥʠʩʫ ʙʠʣʠ ʘʞʫʨʠʨʘʥʠ, ʧʨʠʩʪʫʧʠʣʦ ʩʝ ʧʦʥʦʚʥʦʿ ʧʨʦʮʝʥʠ ʠ 

ʫʪʚʨʹʠʚʘˁʫ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ. 

 

   
                                   ʘ)                                                                        ʙ)      

ʉʣʠʢʘ 2. ʇʨʦʩʪʦʨʠʿʝ ʘ ʠ ʙ ʫ ʧʨʦʠʟʚʦʜʥʦʤ ʧʦʛʦʥʫ ʩʘ ʣʠʥʠʿʩʢʦʤ ʦʨʛʘʥʠʟʘʮʠʿʦʤ ʧʨʦʮʝʩʘ 

ʨʘʜʘ 

ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʝʪʭʦʜʥʦ ʧʨʦʿʝʢʪʦʚʘʥʦʛ ʪʝʭʥʦʣʦʰʢʦʛ ʧʨʦʮʝʩʘ ʨʘʜʘ ʧʨʠʣʠʢʦʤ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʥʦʚʦʛ ʧʨʠʤʝʥʦʤ ʩʘʚʨʝʤʝʥʠʭ ʪʝʭʥʠʯʢʠʭ, ʝʨʛʦʥʦʤʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ 

ʤʝʨʘ ʦʙʝʟʙʝʹʝʥʝ ʩʫ ʠ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʫ ʦʩʪʚʘʨʠʚʘˁʫ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʘ 

ʨʘʜʠ ʦʪʢʣʘˁʘˁʘ ʨʠʟʠʢʘ ʦʜ ʧʦʚʨʝʹʠʚʘˁʘ ʠ ʦʰʪʝ˂ʝˁʘ ʟʜʨʘʚˀʘ ʟʘʧʦʩʣʝʥʠʭ ʠ ˁʠʭʦʚʦʛ 

ʩʚʦʹʝˁʘ ʥʘ ʥʘʿʤʘˁʫ ʤʦʛʫ˂ʫ ʤʝʨʫ. ʇʦʙʦˀʰʘˁʝ ʢʦʿʝ ʿʝ ʚʠʜʥʦ, ʘ ʦʜʥʦʩʠʣʦ ʩʝ ʥʘ 

ʪhʝʪʥʦʩʪʠ ʢʦʿʝ ʧʨʦʠʩʪʠʯʫ ʠʟ ʧʩʠʭʠʯʢʠʭ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʰʢʠʭ ʥʘʧʦʨʘ ʿʝ ʧʨʝ ʩʚʝʛʘ 

ʩʤʘˁʝʥʘ ʫʯʝʩʪʘʣʦʩʪ ʠʟʣʦʞʝʥʦʩʪʠ ʰʪʝʪʥʦʩʪʠ ʠ ʪʦ: 

- ʟʘʧʦʩʣʝʥʠʤʘ ʿʝ ʦʤʦʛʫ˂ʥʦ ʜʘ ʧʨʦʤʝʥʝ ʜʫʛʦʪʨʘʿʥʠ ʨʘʜʥʠ ʧʦʣʦʞʘʿ, 

- ʥʘ ʣʠʥʠʿʘʤʘ ʧʨʠʣʠʢʦʤ ʨʘʜʘ ʟʘʧʦʩʣʝʥʠ ʤʦʛʫ ʜʘ ʧʨʘʚʝ ʢʨʘʪʢʝ ʧʘʫʟʝ ʫ ʮʠˀʫ 

ʨʘʟʛʠʙʘʚʘˁʘ ʠ ʧʨʘʢʪʠʢʦʚʘˁʘ ʣʘʢʠʭ ʚʝʞʙʠ ʟʘ ʦʧʫʰʪʘˁʝ ʠ ʠʩʪʝʟʘˁʝ, 

- ʦʙʝʟʙʝʹʝʥʘ ʿʝ ʩʪʦʣʠʮʘ ʟʘʧʦʩʣʝʥʠʤʘ ʥʘ ʣʠʥʠʿʘʤʘ ʛʜʝ ʧʦʩʣʝ ʜʫʛʦʛ ʩʪʘʿʘˁʘ ʤʦʛʫ ʜʘ 

ʩʝʜʥʫ, ʢʦʿʘ ʩʝ ʤʦʞʝ ʝʨʛʦʥʦʤʩʢʠ ʦʙʣʠʢʦʚʘʪʠ ʧʨʝʤʘ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʧʦʪʨʝʙʘʤʘ 

ʟʘʧʦʩʣʝʥʦʛ ʠ 

- ʦʙʝʟʙʝʹʝˁʘ ʿʝ ʨʦʪʘʮʠʿʘ ʟʘʧʦʩʣʝʥʠʭ ʥʘ ʩʘʤʠʤ ʣʠʥʠʿʘ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʘ 

ʤʦʥʦʪʦʥʠʿʘ ʫ ʨʘʜʫ ʠ ʥʝʬʠʟʠʦʣʦʹʢʠ ʧʦʣʦʞʘʿ ʪʝʣʘ 

3.2  ʇʦʚʨʝʜʝ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʜʦ 2014. ʛʦʜʠʥʝ   

ʊʘʙʝʣʘ 2. ɹʨʦʿ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʫ ʧʝʨʠʦʜʫ ʦʜ 2012. ʛʦʜʠʥʝ ʜʦ ʜʘʥʘʩ 

 2012 ʛʦʜʠʥʝ 2013 ʛʦʜʠʥʝ 2014 ʛʦʜʠʥʝ 
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ʋ ʧʝʨʠʦʜʫ ʧʨʦʤʝʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʨʘʜʘ ʠ ʥʘʿʚʝ˂ʝʛ ʨʘʩʪʘ ʙʨʦʿʘ ʟʘʧʦʩʣʝʥʠʭ ʥʘ 

ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʫ 2013. ʛʦʜʠʥʝ ʙʨʦʿ ʧʦʚʨʝʜʘ ʿʝ ʦʩʪʘʦ ʥʘ ʥʠʩʢʦʤ ʥʠʚʦʫ ʦʜʥʦʩʥʦ ʥʠʿʝ 

ʨʘʩʪʘʦ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʟʘʧʦʩʣʝʥʠʭ. ʋʪʠʮʘʿ ʥʘ ʪʦ ʿʝ ʠʤʘʦ ʠ ʥʘʯʠʥ ʫʚʦʹʝˁʘ 

ʟʘʧʦʩʣʝʥʠʭ ʫ ʨʘʜʥʠ ʧʨʦʮʝʩ ʢʦʿʠ ʿʝ ʧʦʩʪʫʧʘʥ ʠ ʛʜʝ ʟʘʧʦʩʣʝʥʠ ʧʨʝʣʘʟʝ ʩʘ ʿʝʜʥʝ ʨʘʜʥʝ 
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ʦʧʝʨʘʮʠʿʝ ʥʝ ʜʨʫʛʫ ʪʝʢ ʢʘʜ ʦʚʣʘʜʘʿʫ ʨʘʜʥʠʤ ʨʫʪʠʥʘʤʘ. ʋ 2014. ʛʦʜʠʥʝ ʙʨʦʿ ʧʦʚʨʝʜʘ ʫ 

ʨʘʜʥʦʤ ʧʨʦʮʝʩʫ ʿʝ ʙʠʦ ʥʘʿʤʘˁʠ, ʫʢʫʧʥʦ ʯʝʪʠʨʠ ʩ ʪʠʤ ʰʪʦ ʩʫ ʝʚʠʜʝʥʪʠʨʘʥʝ ʠ ʜʚʝ 

ʧʦʚʨʝʜʝ ʚʘʥ ʧʨʦʮʝʩʘ ʨʘʜʘ. 

4. ʇʈʆɼʋʂʊʀɺʅʆʉʊ ʀ ʇʈʆʎɽʅɸ ʈʀɿʀʂɸ 

ʇʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʝ ʩʘ ʠʩʪʠʤ ʫʪʨʦʰʢʦʤ ʨʘʜʘ ʧʦʚʝ˂ʘʚʘ 

ʧʨʦʠʟʚʦʜˁʘ ʠ ʟʘʚʠʩʠ ʦʜ ʠʟʤʝʹʫ ʦʩʪʘʣʠʭ ʬʘʢʪʦʨʘ ʠ ʦʨʛʘʥʠʟʘʮʠʿʝ ʨʘʜʘ. ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ 

ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʠ ʨʘʜʥʝ ʦʢʦʣʠʥʝ ʤʦʞʝ ʩʝ ʧʦʩʤʘʪʨʘʪʠ ʠ ʢʘʦ ʢʦʨʝʢʪʠʚʘʥ ʝʣʝʤʝʥʪ 

ʪʝʭʥʦʣʦʰʢʦʛ ʧʨʦʮʝʩʘ ʥʘ ʧʫʪʫ ʢʘ ʚʝ˂ʦʿ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʅʠʚʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʤʦʞʝ ʙʠʪʠ 

ʠʩʢʘʟʘʥʘ ʥʘ ʜʚʘ ʥʘʯʠʥʘ ʠ ʪʦ:  

- ʢʘʦ ʫʯʠʥʘʢ ʨʘʜʥʠʢʘ ʫ ʿʝʜʠʥʠʮʠ ʚʨʝʤʝʥʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʢʦʣʠʯʠʥʝ 
ʧʨʦʠʟʚʦʜʘ ʠ ʫʣʦʞʝʥʝ ʢʦʣʠʯʠʥʝ ʨʘʜʘ ʠ 

- ʢʘʦ ʫʪʨʦʰʝʥʦ ʚʨʝʤʝ ʧʦ ʿʝʜʠʥʠʮʠ ʧʨʦʠʟʚʦʜʘ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʫʣʦʞʝʥʝ 

ʢʦʣʠʯʠʥʝ ʨʘʜʘ ʠ ʢʦʣʠʯʠʥʝ ʧʨʦʠʟʚʦʜʘ. 

ʊʘʙʝʣʘ 3. ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʟʘ ʧʦʩʣʝ ʧʨʦʤʝʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʨʘʜʘ ʟʘ ʰʪʝʪʥʦʩʪ 

ʥʝʬʠʟʠʦʣʦʰʢʦʛ ʧʦʣʦʞʘʿʘ ʪʝʣʘ 

 
 

ʋ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢ ʿʝ ʩʤʘˁʝʥ ʥʘ ʥʘʿʤʘˁʫ ʤʦʛʫ˂ʫ ʤʝʨʫ ʘʣʠ ʿʝ 

ʠ ʜʘˀʝ ʥʠʚʦ ʨʠʟʠʢʘ ʟʥʘʯʘʿʘʥ ʟʙʦʛ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʟʘʧʦʩʣʝʥʠʭ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ 

ʧʨʦʠʟʚʦʜʥʦʛ ʨʘʜʥʠʢʘ.  

5. ɿɸʂɲʋʏɸʂ 

ʇʨʦʤʝʥʦʤ ʦʨʛʘʥʠʟʘʮʠʿʝ ʨʘʜʘ ʠ ʧʨʠʤʝʥʦʤ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʧʨʠʣʠʢʦʤ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʪʝʭʥʦʣʦʰʢʦʛ ʧʨʦʮʝʩʘ, ʧʨʝ ʩʚʠʭ ʝʨʛʦʥʦʤʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ ʦʩʪʚʘʨʫʿʫ 

ʩʝ ʜʚʘ ʮʠˀʘ ʦʜ ʢʦʿʠʭ ʿʝ ʿʝʜʘʥ ʚʝ˂ʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʘ ʜʨʫʛʠ ʙʦˀʝ ʟʜʨʘʚˀʝ ʠ ʙʝʟʙʝʜʥʦʩʪ 

ʟʘʧʦʩʣʝʥʠʭ, ʧʘ ʩʝ ʥʘʤʝ˂ʝ ʟʘʢˀʫʯʘʢ ʩʘʤ ʧʦ ʩʝʙʠ ʜʘ ʩʝ ʜʦʙʨʦ ʠʩʧʨʦʿʝʢʪʦʚʘʥ ʪʝʭʥʦʣʦʰʢʠ 

ʧʨʦʮʝʩ ʩʘ ʩʚʠʤ ˁʝʛʦʚʠʤ ʝʣʝʤʝʥʪʠʤʘ  ʥʝ ʤʦʞʝ ʧʦʩʤʘʪʨʘʪʠ ʧʘʨʮʠʿʘʣʥʦ ʢʘʦ ʥʠ 

ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ ʫ ʦʢʚʠʨʫ ʧʨʦʮʝʩʘ ʨʘʜʘ. ʏʝʩʪʦ ʩʝ ʫ ʧʨʘʢʩʠ ʜʝʰʘʚʘ ʜʘ ʩʝ 

ʪʝʭʥʦʣʦʰʢʠ ʧʨʦʮʝʩ ʧʨʦʿʝʢʪʫʿʝ ʙʝʟ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ ʟʘʧʦʩʣʝʥʦʛ ʢʘʦ ʜʝʣʘ ʧʨʦʮʝʩʘ, ʧʘ ʩʝ 

ʟʘʧʦʩʣʝʥʠ ʜʦʚʦʜʠ ʫ ʩʠʪʫʘʮʠʿʫ ʜʘ ʨʘʜʠ ʫ ʥʝʧʨʠʣʘʛʦʹʝʥʠʤ ʫʩʣʦʚʠʤʘ. ʈʝʟʫʣʪʘʪ 

ʥʝʧʨʠʣʘʛʦʹʝʥʠʭ ʫʩʣʦʚʘ ʨʘʜʥʦʛ ʤʝʩʪʘ ʿʝ ʚʝ˂ʝ ʥʘʧʨʝʟʘˁʝ ʟʘʧʦʩʣʝʥʦʛ ʠ ʚʝ˂ʠ ʫʪʨʦʰʘʢ ʨʘʜʘ 

ʟʘ ʦʜʨʝʹʝʥʫ ʢʦʣʠʯʠʥʫ ʧʨʦʠʟʚʦʜʘ, ʘ ʪʠʤʝ ʩʝ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ. 

ʅʝʧʨʠʣʘʛʦʹʝʥʠ ʫʩʣʦʚʠ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʧʦʚʝ˂ʘˁʝ ʩʪʨʝʩʘ ʠ ʥʝʟʘʜʦʚʦˀʩʪʚʘ ʫʩʣʝʜ ʯʝʩʪʠʭ 

ʧʦʥʘʚˀʘˁʘ ʠʩʪʝ ʦʧʝʨʘʮʠʿʝ ʠ ʧʦʚʝ˂ʘˁʝ ʥʘʧʨʝʟʘˁʘ ʫʩʣʝʜ ʥʝʬʠʟʠʦʣʦʰʢʦʛ ʧʦʣʦʞʘʿʘ ʪʝʣʘ 

ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʰʪʝʪʥʠʭ ʫʪʠʮʘʿʘ ʥʘ ʟʜʨʘʚˀʝ ʠ ʩʤʘˁʝˁʝ ʙʝʟʙʝʜʥʦʩʪʠ.  
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ʥʘʫʯʥʝ ʠ ʜʨʫʛʝ ʩʧʝʮʠʬʠʯʥʝ ʩʚʨʭʝ, ʘ ʫʤʝʩʪʦ ˁʠʭ ʥʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʜʨʫʛʝ ʘʣʪʝʨʥʘʪʠʚʥʝ ʭʝʤʠʢʘʣʠʿʝ, ʩʪʠʯʝ 

ʜʦʟʚʦʣʫ ʟʘ ˁʠʭʦʚʦ ʢʦʨʠʰ˂ʝˁʝ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ, ʜʦʟʚʦʣʝ, ʢʦʨʠʰ˂ʝˁʝ 

LICENSES FOR USE OF PARTICULARLY  HAZARDOUS CHEMICALS  

ABSTRACT 

This paper shows how natural person who uses particularly hazardous chemicals in the artistic, scientific and 

other specific purposes, but cannot use other alternative chemicals instead, acquires a license for their use. 

Key words: particularly hazardous chemicals, licenses, usage 

1. ʋɺʆɼ 

ʊʦʢʦʤ ʜʫʛʦʛʦʜʠʰˁʝʛ ʨʘʜʘ ʩʘ ʩʪʫʜʝʥʪʠʤʘ ɻʨʘʬʠʯʢʦʛ ʦʜʩʝʢʘ ɺʠʩʦʢʝ ʪʝʭʥʠʯʢʝ ʰʢʦʣʝ 

ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʫ ʅʦʚʦʤ ʉʘʜʫ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʨʝʜʤʝʪʠʤʘ (ʍʝʤʠʿʘ ʫ ʛʨʘʬʠʯʢʦʿ 

ʠʥʜʫʩʪʨʠʿʠ, ʌʦʪʦʭʝʤʠʿʘ ʠ ʬʦʪʦʛʨʘʬʩʢʘ ʧʨʘʢʩʘ ʠ ʇʨʠʤʝˁʝʥʘ ʭʝʤʠʿʘ) ʢʦʿʠ ʩʫ ʦʙʫʭʚʘʪʘʣʠ 

ʪʝʤʘʪʩʢʝ ʿʝʜʠʥʠʮʝ ʢʦʿʝ ʩʝ ʪʠʯʫ ʬʦʪʦʦʩʝʪˀʠʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ˁʠʭʦʚʦʛ ʭʝʤʠʿʩʢʦʛ ʪʨʝʪʤʘʥʘ, 

ʯʝʩʪʦ ʩʘʤ ʩʝ ʩʫʩʨʝʪʘʦ ʩʘ ʩʪʫʜʝʥʪʠʤʘ ʢʦʿʝ ʿʝ ʠʥʪʝʨʝʩʦʚʘʦ ʥʘʯʠʥ ʢʘʢʦ ʜʘ ʥʘʙʘʚʝ ʭʝʤʠʢʘʣʠʿʝ, ʜʘ 

ʙʠ ʩʝ ʠ ʚʘʥ ʥʘʰʝ ʋʩʪʘʥʦʚʝ ʤʦʛʣʠ ʙʘʚʠʪʠ ʩʪʝʯʝʥʠʤ ʟʥʘˁʠʤʘ (ʢʣʘʩʠʯʘʥ ʮʨʥʦ-ʙʝʣʠ ʧʦʟʠʪʠʚʩʢʠ 

ʠ ʥʝʛʘʪʠʚʩʢʠ ʧʨʦʮʝʩ, ʩʝʧʠʘ ʪʦʥʠʨʘˁʝ, ʮʠʿʘʥʦʪʠʧʩʢʠ ʧʦʩʪʫʧʘʢ). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʧʦʣʘʞʫ˂ʠ ʟʘ 

ʧʨʝʜʘʚʘʯʘ ʟʘ ʩʘʚʝʪʥʠʢʘ ʟʘ ʭʝʤʠʢʘʣʠʿʝ, ʫ ʩʢʣʘʜʫ ʩʘ ɿʘʢʦʥʦʤ ʦ ʭʝʤʠʢʘʣʠʿʘʤʘ [1], ʫʧʦʟʥʘʦ ʩʘʤ 

ʦʚʫ ʦʙʣʘʩʪ ʧʦʣʦʞʠʚʰʠ ʩʚʠʭ ʯʝʪʨʥʘʝʩʪ ʪʝʤʘʪʩʢʠʭ ʿʝʜʠʥʠʮʘ ʠʟ ʪʝʤʘʪʩʢʝ ʦʙʣʘʩʪʠ ʍʝʤʠʢʘʣʠʿʝ, 

ʫ ʙʠʚʰʦʿ ɸʛʝʥʮʠʿʠ ʟʘ ʭʝʤʠʢʘʣʠʿʝ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ʎʠˀ ʧʠʩʘˁʘ ʦʚʦʛ ʨʘʜʘ ʿʝ ʙʠʦ 

ʠʩʧʠʪʠʚʘˁʝ ʩʠʪʫʘʮʠʿʝ ʫ ʧʨʘʢʩʠ, ʜʘ ʙʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠʤ ʦʩʦʙʘʤʘ ʦʣʘʢʰʘʣʠ ʜʘ ʦʩʪʚʘʨʝ ʩʚʦʿʝ 

ʟʘʢʦʥʩʢʦ ʧʨʘʚʦ ʠ ʥʘʙʘʚʝ ʧʦʪʨʝʙʥʝ ʭʝʤʠʢʘʣʠʿʝ. ʅʝʦʧʭʦʜʥʦ ʧʨʝʜʟʥʘˁʝ ʠʟ ʦʙʣʘʩʪʠ ʍʝʤʠʢʘʣʠʿʝ, 

ʥʘ ʧʨʝʜʤʝʪʫ ʇʨʠʤʝˁʝʥʘ ʭʝʤʠʿʘ, ʩʪʫʜʝʥʪʠ ʩʪʫʜʠʿʩʢʠʭ ʧʨʦʛʨʘʤʘ ɻʨʘʬʠʯʢʦ ʠʥʞʝˁʝʩʪʚʦ ʠ 

ʇʨʠʤʝˁʝʥʘ ʬʦʪʦʛʨʘʬʠʿʘ ʩʪʠʯʫ ʢʨʦʟ ʧʨʝʜʘʚʘˁʝ ɹʝʟʙʝʜʥʦʩʥʠ ʣʠʩʪ ï ʧʨʦʧʠʩʠ ʠ ʧʨʠʤʝʥʘ. ʆʚʦ 

ʧʨʝʜʘʚʘˁʝ ʿʝ ʧʠʩʘʥʦ ʩʘ ʮʠˀʝʤ ʧʦʜʠʟʘˁʘ ʥʠʚʦʘ ʟʥʘˁʘ ʩʪʫʜʝʥʘʪʘ ʠʟ ʦʙʣʘʩʪʠ ʙʝʟʙʝʜʥʦʩʪʠ ʠ 

ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ, ʫ ʦʢʚʠʨʫ ʊʝʤʧʫʩ ʧʨʦʿʝʢʪʘ 158781, ʫ ʢʦʤʝ ʿʝ ʫʯʝʩʪʚʦʚʘʣʘ ʥʘʰʘ ʋʩʪʘʥʦʚʘ. 

2. ɿɸʂʆʅ 

ɿʘʢʦʥ ʦ ʭʝʤʠʢʘʣʠʿʘʤʘ [1], ʙʘʚʠ ʩʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʤ ʭʝʤʠʢʘʣʠʿʘʤʘ ʫ ʯʣʘʥʦʚʠʤʘ 63-72. 

ʉʪʘʚˀʘˁʝ ʫ ʧʨʦʤʝʪ ʦʜʨʝʹʝʥʠʭ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ (ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ: ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ 

ʭʝʤʠʢʘʣʠʿʝ) ʤʦʛʫ ʜʘ ʦʙʘʚˀʘʿʫ ʩʘʤʦ ʧʨʘʚʥʘ ʣʠʮʘ ʠʣʠ ʧʨʝʜʫʟʝʪʥʠʮʠ ʢʦʿʠ ʠʤʘʿʫ ʜʦʟʚʦʣʫ ʟʘ 

ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʪʠʭ ʭʝʤʠʢʘʣʠʿʘ. 

ɼʦʟʚʦʣʘ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʠʟʜʘʿʝ ʩʝ 

ʧʨʘʚʥʦʤ ʣʠʮʫ ʠʣʠ ʧʨʝʜʫʟʝʪʥʠʢʫ ʢʦʿʠ ʿʝ ʦʙʝʟʙʝʜʠʦ ʪʘʢʚʦ ʩʢʣʘʜʠʰʪʝˁʝ ʠ ʯʫʚʘˁʝ ʥʘʨʦʯʠʪʦ 

ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʜʘ ʦʥʝ ʥʝ ʤʦʛʫ ʙʠʪʠ ʜʦʩʪʫʧʥʝ ʣʠʮʠʤʘ ʢʦʿʘ ʠʭ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫ 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʫ ʅʦʚʦʤ ʉʘʜʫ 
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ʥʝʜʦʟʚʦˀʝʥʝ ʩʚʨʭʝ ʠ ʢʦʿʠ ʿʝ ʫʪʚʨʜʠʦ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʟʘ ʙʝʟʙʝʜʥʦ ʯʫʚʘˁʝ ʠ ʩʢʣʘʜʠʰʪʝˁʝ 

ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ.  

ʄʠʥʠʩʪʘʨʩʪʚʦ ʥʘʜʣʝʞʥʦ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ (ʪʨʝʥʫʪʥʦ ʿʝ ʪʦ ʄʠʥʠʩʪʘʨʩʪʚʦ 

ʧʦˀʦʧʨʠʚʨʝʜʝ ʠ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ) ʧʨʦʧʠʩʫʿʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʟʘ ʢʦʿʝ ʩʝ 

ʠʟʜʘʿʝ ʜʦʟʚʦʣʘ, ʢʘʦ ʠ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʟʘ ʢʦʿʝ ʥʠʿʝ ʧʦʪʨʝʙʥʘ ʜʦʟʚʦʣʘ. ʊʦ ʩʝ 

ʧʨʦʧʠʩʫʿʝ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʜʦʟʚʦʣʘʤʘ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ, ʦʜʥʦʩʥʦ ʜʦʟʚʦʣʘʤʘ ʟʘ 

ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ [2]. 

ʌʠʟʠʯʢʘ ʣʠʮʘ ʢʦʿʘ ʢʦʨʠʩʪʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʜʫʞʥʘ ʩʫ ʜʘ ʠʤʘʿʫ ʜʦʟʚʦʣʫ ʟʘ 

ʢʦʨʠʰ˂ʝˁʝ ʪʠʭ ʭʝʤʠʢʘʣʠʿʘ. 

ɼʦʟʚʦʣʘ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʠʟʜʘʿʝ ʩʝ ʬʠʟʠʯʢʦʤ ʣʠʮʫ ʢʦʿʝ ʠʭ 

ʢʦʨʠʩʪʠ ʫ ʫʤʝʪʥʠʯʢʝ, ʥʘʫʯʥʝ ʠ ʜʨʫʛʝ ʩʧʝʮʠʬʠʯʥʝ ʩʚʨʭʝ, ʘʢʦ ʩʝ ʫʤʝʩʪʦ ʪʠʭ ʭʝʤʠʢʘʣʠʿʘ ʥʝ 

ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʜʨʫʛʝ ʘʣʪʝʨʥʘʪʠʚʥʝ ʭʝʤʠʢʘʣʠʿʝ, ʘʢʦ ʠʭ ʙʝʟʙʝʜʥʦ ʢʦʨʠʩʪʠ ʠ ʯʫʚʘ, ʢʘʦ ʠ ʘʢʦ 

ʥʠʿʝ ʦʩʫʹʠʚʘʥʦ ʥʘ ʙʝʟʫʩʣʦʚʥʫ ʢʘʟʥʫ ʟʘʪʚʦʨʘ ʫ ʪʨʘʿʘˁʫ ʜʫʞʝʤ ʦʜ ʰʝʩʪ ʤʝʩʝʮʠ. 

ʋʟ ʟʘʭʪʝʚ ʟʘ ʠʟʜʘʚʘˁʝ ʜʦʟʚʦʣʝ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ 

ʭʝʤʠʢʘʣʠʿʘ ʧʨʠʣʘʞʝ ʩʝ ʜʦʢʘʟ ʜʘ ʿʝ ʦʙʝʟʙʝʹʝʥʦ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʢʣʘʜʠʰʪʝ ʠ ʜʘ ʩʫ ʫʪʚʨʹʝʥʝ 

ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʟʘ ʙʝʟʙʝʜʥʦ ʯʫʚʘˁʝ ʠ ʩʢʣʘʜʠʰʪʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ. 

ʋʟ ʟʘʭʪʝʚ ʟʘ ʠʟʜʘʚʘˁʝ ʜʦʟʚʦʣʝ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʧʨʠʣʘʞʝ 

ʩʝ ʦʙʨʘʟʣʦʞʝˁʝ ʟʘ ʥʘʯʠʥ ʢʦʨʠʰ˂ʝˁʘ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ, ʥʘʯʠʥ ʯʫʚʘˁʘ ʪʠʭ 

ʭʝʤʠʢʘʣʠʿʘ, ʢʘʦ ʠ ʜʦʢʘʟ ʜʘ ʬʠʟʠʯʢʦ ʣʠʮʝ ʥʠʿʝ ʦʩʫʹʠʚʘʥʦ ʥʘ ʙʝʟʫʩʣʦʚʥʫ ʢʘʟʥʫ ʟʘʪʚʦʨʘ ʫ 

ʪʨʘʿʘˁʫ ʜʫʞʝʤ ʦʜ ʰʝʩʪ ʤʝʩʝʮʠ. 

ʄʠʥʠʩʪʘʨʩʪʚʦ ʥʘʜʣʝʞʥʦ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʧʨʦʧʠʩʫʿʝ: 

1) ʦʙʨʘʟʘʮ ʟʘʭʪʝʚʘ ʠ ʦʙʨʘʟʘʮ ʜʦʟʚʦʣʝ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ, ʦʜʥʦʩʥʦ, 

ʜʦʟʚʦʣʝ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ (ʫ ʇʨʘʚʠʣʥʠʢʫ ʦ ʜʦʟʚʦʣʘʤʘ ʟʘ ʦʙʘʚˀʘˁʝ 
ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ, ʦʜʥʦʩʥʦ ʜʦʟʚʦʣʘʤʘ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ [2]); 

2) ʋʧʫʪʩʪʚʦ ʦ ʫʪʚʨʹʠʚʘˁʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʟʘ ʙʝʟʙʝʜʥʦ ʯʫʚʘˁʝ, ʩʢʣʘʜʠʰʪʝˁʝ 

ʦʜʥʦʩʥʦ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ [3]. 

ʋ ʧʦʩʪʫʧʢʫ ʠʟʜʘʚʘˁʘ ʜʦʟʚʦʣʝ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʠ ʜʦʟʚʦʣʝ ʟʘ 

ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʚʨʰʠ ʩʝ ʧʨʦʮʝʥʘ ʜʘ ʣʠ ʿʝ ʫ ʜʦʟʚʦʣʠ ʧʦʪʨʝʙʥʦ 

ʫʧʠʩʘʪʠ ʠ ʫʩʣʦʚʝ ʟʘ ʙʝʟʙʝʜʥʦ ʯʫʚʘˁʝ ʠ ʩʢʣʘʜʠʰʪʝˁʝ ʪʠʭ ʭʝʤʠʢʘʣʠʿʘ, ʘ ʦʜʨʝʹʫʿʝ ʩʝ ʠ ʨʦʢ 

ʚʘʞʝˁʘ ʜʦʟʚʦʣʝ ʢʦʿʠ ʥʝ ʤʦʞʝ ʙʠʪʠ ʜʫʞʠ ʦʜ ʧʝʪ ʛʦʜʠʥʘ. ʈʦʢ ʚʘʞʝˁʘ ʜʦʟʚʦʣʝ ʤʦʞʝ ʩʝ 

ʧʨʦʜʫʞʠʪʠ ʥʘ ʟʘʭʪʝʚ ʠʤʘʦʮʘ ʜʦʟʚʦʣʝ. 

ɼʦʟʚʦʣʫ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʫʚʦʟʥʠʢʫ, 

ʧʨʦʠʟʚʦʹʘʯʫ ʦʜʥʦʩʥʦ ʜʘˀʝʤ ʢʦʨʠʩʥʠʢʫ ʠʟʜʘʿʝ ʤʠʥʠʩʪʘʨʩʪʚʦ ʥʘʜʣʝʞʥʦ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ. 

ɼʦʟʚʦʣʫ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʜʠʩʪʨʠʙʫʪʝʨʫ 

ʢʦʿʠ ʥʠʿʝ ʫʚʦʟʥʠʢ, ʧʨʦʠʟʚʦʹʘʯ ʦʜʥʦʩʥʦ ʜʘˀʠ ʢʦʨʠʩʥʠʢ, ʢʘʦ ʠ ʜʦʟʚʦʣʫ ʟʘ ʢʦʨʠʰ˂ʝˁʝ 

ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʠʟʜʘʿʝ ʥʘʜʣʝʞʘʥ ʦʨʛʘʥ ʿʝʜʠʥʠʮʝ ʣʦʢʘʣʥʝ ʩʘʤʦʫʧʨʘʚʝ. 

ʅʘʜʣʝʞʘʥ ʦʨʛʘʥ ʿʝʜʠʥʠʮʝ ʣʦʢʘʣʥʝ ʩʘʤʦʫʧʨʘʚʝ ʜʦʩʪʘʚˀʘ ʿʝʜʥʦʤ ʛʦʜʠʰˁʝ ʠʟʚʝʰʪʘʿ ʦ 

ʠʟʜʘʪʠʤ ʜʦʟʚʦʣʘʤʘ ʠʟ ʩʚʦʿʝ ʥʘʜʣʝʞʥʦʩʪʠ ʤʠʥʠʩʪʘʨʩʪʚʫ ʥʘʜʣʝʞʥʦʤ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ, ʘ ʥʘʿʢʘʩʥʠʿʝ ʜʦ 31. ʤʘʨʪʘ ʪʝʢʫ˂ʝ ʛʦʜʠʥʝ ʟʘ ʧʨʝʪʭʦʜʥʫ ʛʦʜʠʥʫ. 

ʅʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʠʤ ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ, ʣʠʮʠʤʘ ʢʦʿʘ ʦʙʘʚˀʘʿʫ ʢʫʣʪʫʨʥʫ ʜʝʣʘʪʥʦʩʪ, 

ʦʨʛʘʥʠʤʘ ʜʨʞʘʚʥʝ ʫʧʨʘʚʝ, ʿʘʚʥʠʤ ʘʛʝʥʮʠʿʘʤʘ ʠ ʦʨʛʘʥʠʤʘ ʿʝʜʠʥʠʮʘ ʣʦʢʘʣʥʝ ʩʘʤʦʫʧʨʘʚʝ 

ʢʦʿʠʤʘ ʩʫ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʥʝʦʧʭʦʜʥʝ ʟʘ ʦʙʘʚˀʘˁʝ ʧʦʩʣʦʚʘ, ʢʘʦ ʠ ʧʨʘʚʥʠʤ ʠ 

ʬʠʟʠʯʢʠʤ ʣʠʮʠʤʘ ʢʦʿʘ ʠʤʘʿʫ ʜʦʟʚʦʣʫ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʦʜʥʦʩʥʦ ʧʨʦʤʝʪ ʣʝʢʦʚʘ ʫ ʩʢʣʘʜʫ ʩʘ 

ʟʘʢʦʥʦʤ ʢʦʿʠʤ ʩʝ ʫʨʝʹʫʿʫ ʣʝʢʦʚʠ, ʥʠʿʝ ʧʦʪʨʝʙʥʘ ʜʦʟʚʦʣʘ ʟʘ ʦʙʘʚˀʘˁʘ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ 

ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ. 

ʀʤʘʣʘʮ ʜʦʟʚʦʣʝ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʤʦʞʝ 

ʜʘ ʚʨʰʠ ʧʨʦʤʝʪ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʧʨʘʚʥʠʤ ʣʠʮʠʤʘ ʦʜʥʦʩʥʦ ʧʨʝʜʫʟʝʪʥʠʮʠʤʘ 

ʢʦʿʠ ʠʭ ʢʦʨʠʩʪʝ ʫ ʠʥʜʫʩʪʨʠʿʩʢʝ ʠʣʠ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʩʚʨʭʝ, ʢʘʦ ʠ ʜʨʫʛʠʤ ʠʤʘʦʮʠʤʘ ʜʦʟʚʦʣʝ ʟʘ 

ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʠʣʠ ʜʦʟʚʦʣʝ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ. 
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ʀʤʘʣʘʮ ʜʦʟʚʦʣʝ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʠʤʘ ʦʙʘʚʝʟʫ ʚʦʹʝˁʘ ʝʚʠʜʝʥʮʠʿʝ ʦ 

ʧʨʦʤʝʪʫ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʥʘ ʥʘʯʠʥ ʢʘʢʦ ʿʝ ʪʦ ʧʨʦʧʠʩʘʥʦ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʥʘʯʠʥʫ 

ʚʦ́ʝˁʘ ʝʚʠʜʝʥʮʠʿʝ ʦ ʭʝʤʠʢʘʣʠʿʘʤʘ [4], ʫʢʦʣʠʢʦ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʧʨʦʜʘʿʝ ʠʣʠ 

ʫʩʪʫʧʘ ʧʨʘʚʥʠʤ ʣʠʮʠʤʘ ʢʦʿʘ ʧʦʩʝʜʫʿʫ ʜʦʟʚʦʣʫ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʠʣʠ ʧʨʘʚʥʠʤ 

ʣʠʮʠʤʘ ʢʦʿʘ ʢʦʨʠʩʪʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʫ ʠʥʜʫʩʪʨʠʿʩʢʝ ʠʣʠ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʩʚʨʭʝ, ʘ 

ʥʝʤʘʿʫ ʦʙʘʚʝʟʫ ʧʦʩʝʜʦʚʘˁʘ ʜʦʟʚʦʣʝ [1] [5]. 

ʀʤʘʣʘʮ ʜʦʟʚʦʣʝ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʠʤʘ ʦʙʘʚʝʟʫ ʚʦʹʝˁʘ ʝʚʠʜʝʥʮʠʿʝ ʦ 

ʧʨʦʤʝʪʫ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʥʘ ʥʘʯʠʥ ʢʘʢʦ ʿʝ ʪʦ ʧʨʦʧʠʩʘʥʦ ʇʨʘʚʠʣʥʠʢʦʤ ʦ 

ʜʦʟʚʦʣʘʤʘ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʦʜʥʦʩʥʦ ʜʦʟʚʦʣʘʤʘ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ 

ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ [2], ʫʢʦʣʠʢʦ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʧʨʦʜʘʿʝ ʠʣʠ ʫʩʪʫʧʘ ʬʠʟʠʯʢʠʤ 

ʣʠʮʠʤʘ ʢʦʿʘ ʧʦʩʝʜʫʿʫ ʜʦʟʚʦʣʫ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ [1] [5]. 

3. ʇʈɸɺʀʃʅʀʂ 

ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʜʦʟʚʦʣʘʤʘ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʦʜʥʦʩʥʦ ʜʦʟʚʦʣʘʤʘ ʟʘ 

ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ [2], ʧʨʦʧʠʩʫʿʫ ʩʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʟʘ 

ʢʦʿʝ ʩʝ ʠʟʜʘʿʝ ʜʦʟʚʦʣʘ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʠ ʜʦʟʚʦʣʘ ʟʘ ʢʦʨʠʰ˂ʝˁʝ, ʢʘʦ ʠ 

ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʟʘ ʢʦʿʝ ʥʠʿʝ ʧʦʪʨʝʙʥʘ ʜʦʟʚʦʣʘ, ʦʙʨʘʟʘʮ ʟʘʭʪʝʚʘ ʟʘ ʠʟʜʘʚʘˁʝ 

ʜʦʟʚʦʣʝ ʠ ʦʙʨʘʟʘʮ ʜʦʟʚʦʣʝ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʦʜʥʦʩʥʦ ʜʦʟʚʦʣʝ ʟʘ ʢʦʨʠʰ˂ʝˁʝ 

ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʠ ʥʘʯʠʥ ʚʦʹʝˁʘ ʝʚʠʜʝʥʮʠʿʝ ʦ ʧʨʦʤʝʪʫ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ 

ʭʝʤʠʢʘʣʠʿʝ. 

ʅʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʟʘ ʢʦʿʝ ʩʝ ʠʟʜʘʿʝ ʜʦʟʚʦʣʘ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ 

ʧʨʦʤʝʪʘ ʦʜʥʦʩʥʦ ʢʦʨʠʰ˂ʝˁʘ ʿʝʩʫ ʭʝʤʠʢʘʣʠʿʝ ʢʦʿʝ ʩʫ ʢʣʘʩʠʬʠʢʦʚʘʥʝ ʫ ʥʘʿʤʘˁʝ ʿʝʜʥʫ ʦʜ ʢʣʘʩʘ 

ʦʧʘʩʥʦʩʪʠ, ʠ ʪʦ: 

1) ʢʘʜʘ ʩʫ ʭʝʤʠʢʘʣʠʿʝ ʢʣʘʩʠʬʠʢʦʚʘʥʝ ʫ ʩʢʣʘʜʫ ʩʘ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʢʣʘʩʠʬʠʢʘʮʠʿʠ, 
ʧʘʢʦʚʘˁʫ, ʦʙʝʣʝʞʘʚʘˁʫ ʠ ʦʛʣʘʰʘʚʘˁʫ ʭʝʤʠʢʘʣʠʿʝ ʠ ʦʜʨʝʹʝʥʦʛ ʧʨʦʠʟʚʦʜʘ [6], DSD/DPS 

ʇʨʘʚʠʣʥʠʢ, ʫ ʢʣʘʩʝ ʦʧʘʩʥʦʩʪʠ ʢʦʿʝ ʩʫ ʜʘʪʝ ʫ ʊʘʙʝʣʠ 1; ʠ 

2) ʢʘʜʘ ʩʫ ʭʝʤʠʢʘʣʠʿʝ ʢʣʘʩʠʬʠʢʦʚʘʥʝ ʫ ʩʢʣʘʜʫ ʩʘ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʢʣʘʩʠʬʠʢʘʮʠʿʠ, 

ʧʘʢʦʚʘˁʫ, ʦʙʝʣʝʞʘʚʘˁʫ ʠ ʦʛʣʘʰʘʚʘˁʫ ʭʝʤʠʢʘʣʠʿʝ ʠ ʦʜʨʝʹʝʥʦʛ ʧʨʦʠʟʚʦʜʘ ʫ ʩʢʣʘʜʫ ʩʘ 

ɻʣʦʙʘʣʥʦ ʭʘʨʤʦʥʠʟʦʚʘʥʠʤ ʩʠʩʪʝʤʦʤ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʿʫ ʠ ʦʙʝʣʝʞʘʚʘˁʝ ʋʅ [7], CLP/GHS 

ʇʨʘʚʠʣʥʠʢ, ʫ ʢʣʘʩʝ ʦʧʘʩʥʦʩʪʠ ʢʦʿʝ ʩʫ ʜʘʪʝ ʫ ʊʘʙʝʣʠ 2. 

ʋ ʊʘʙʝʣʠ 1. ʧʦʨʝʜ ʢʣʘʩʘ ʦʧʘʩʥʦʩʪʠ ʜʘʪʠ ʩʫ ʠ ʟʥʘʮʠ ʦʧʘʩʥʦʩʪʠ ʠ ʦʟʥʘʢʝ ʨʠʟʠʢʘ, ʘ ʫ 

ʊʘʙʝʣʠ 2. ʧʦʨʝʜ ʢʣʘʩʘ ʦʧʘʩʥʦʩʪʠ ʜʘʪʝ ʩʫ ʠ ʢʘʪʝʛʦʨʠʿʝ ʦʧʘʩʥʦʩʪʠ ʠ ʦʙʘʚʝʰʪʝˁʘ ʦ ʦʧʘʩʥʦʩʪʠ. 

ʅʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʟʘ ʢʦʿʝ ʥʠʿʝ ʧʦʪʨʝʙʥʘ ʜʦʟʚʦʣʘ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ 

ʧʨʦʤʝʪʘ, ʦʜʥʦʩʥʦ ʢʦʨʠʰ˂ʝˁʘ ʩʫ: 

¶ ʭʨʦʤʘʪʠ; 

¶ ʢʘʪʨʘʥ ʫʛˀʘ; 

¶ ʝʢʩʧʣʦʟʠʚʠ; 

¶ ʭʝʤʠʢʘʣʠʿʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʤʝʪʘʣʫʨʛʠʿʠ ʢʘʦ ʘʛʝʥʩʠ ʟʘ ʣʝʤˀʝˁʝ, ʟʘʚʘʨʠʚʘˁʝ ʠ 

ʝʣʝʢʪʨʦʧʣʘʪʠʥʠʨʘˁʝ; 

¶ ʙʦʿʝ ʟʘ ʩʣʠʢʘˁʝ ʫ ʦʙʣʠʢʫ ʧʘʩʪʝ; 

¶ ʤʦʪʦʨʥʘ ʛʦʨʠʚʘ; 

¶ ʩʨʝʜʩʪʚʘ ʟʘ ʟʘʰʪʠʪʫ ʙʠˀʘ; 

¶ ʙʠʦʮʠʜʥʠ ʧʨʦʠʟʚʦʜʠ; 

¶ ʥʘʪʨʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ; 

¶ ʢʘʣʠʿʫʤ-ʭʠʜʨʦʢʩʠʜ. 
ʅʘʚʝʜʝʥʝ ʭʝʤʠʢʘʣʠʿʝ ʩʫ ʠʟʫʟʝʪʝ, ʿʝʨ ʩʫ ʜʝʪʘˀʥʠʿʝ ʫʨʝʹʝʥʝ ʜʨʫʛʠʤ ʧʨʦʧʠʩʠʤʘ ï ʥʧʨ. 

ʭʨʦʤʘʪʠ ʠ ʢʘʪʨʘʥ ʫʛˀʘ, ˁʠʭʦʚʦ ʩʪʘʚˀʘˁʝ ʫ ʧʨʦʤʝʪ ʠ ʢʦʨʠʰ˂ʝˁʝ ʜʝʬʠʥʠʩʘʥʦ ʿʝ 

http://eko.minpolj.gov.rs/dokumenti/Hemikalije/Pravilnici/hemikalije/Opasne/#wpfb-cat-84
http://eko.minpolj.gov.rs/dokumenti/Hemikalije/Pravilnici/hemikalije/Opasne/#wpfb-cat-84
http://eko.minpolj.gov.rs/dokumenti/Hemikalije/Pravilnici/hemikalije/Opasne/#wpfb-cat-84
http://eko.minpolj.gov.rs/dokumenti/Hemikalije/Pravilnici/hemikalije/Opasne/#wpfb-cat-84
http://eko.minpolj.gov.rs/dokumenti/Hemikalije/Pravilnici/hemikalije/Opasne/#wpfb-cat-84
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ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʦʛʨʘʥʠʯʝˁʠʤʘ ʠ ʟʘʙʨʘʥʘʤʘ ʧʨʦʠʟʚʦʜˁʝ, ʩʪʘʚˀʘˁʘ ʫ ʧʨʦʤʝʪ ʠ ʢʦʨʠʰ˂ʝˁʘ 

ʭʝʤʠʢʘʣʠʿʘ [8] [9]. 

ʊʘʙʝʣʘ 1: ʅʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʧʦ ʇʨʘʚʠʣʥʠʢʫ [6] 

ʂʣʘʩʘ ʦʧʘʩʥʦʩʪʠ  ɿʥʘʢ ʦʧʘʩʥʦʩʪʠ, ʦʟʥʘʢʘ ʨʠʟʠʢʘ  

ɺʝʦʤʘ ʪʦʢʩʠʯʥʦ  

ʊ+, R26:  ɺʝʦʤʘ ʪʦʢʩʠʯʥʦ ʘʢʦ ʩʝ ʫʜʠʰʝ  

ʊ+, R27:  ɺʝʦʤʘ ʪʦʢʩʠʯʥʦ ʘʢʦ ʿʝ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʞʦʤ  

ʊ+, R28:  ɺʝʦʤʘ ʪʦʢʩʠʯʥʦ ʘʢʦ ʩʝ ʧʨʦʛʫʪʘ  

ʊ+, 

R39/26:  

ɺʝʦʤʘ ʪʦʢʩʠʯʥʦ: ʦʧʘʩʥʦʩʪ ʦʜ ʚʝʦʤʘ ʪʝʰʢʠʭ 

ʠʨʝʚʝʨʟʠʙʠʣʥʠʭ ʝʬʝʢʘʪʘ ʘʢʦ ʩʝ ʫʜʠʰʝ  

ʊ+, 

R39/27:  

ɺʝʦʤʘ ʪʦʢʩʠʯʥʦ: ʦʧʘʩʥʦʩʪ ʦʜ ʚʝʦʤʘ ʪʝʰʢʠʭ 

ʠʨʝʚʝʨʟʠʙʠʣʥʠʭ ʝʬʝʢʘʪʘ ʘʢʦ ʿʝ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʞʦʤ  

ʊ+, 

R39/28:  

ɺʝʦʤʘ ʪʦʢʩʠʯʥʦ: ʦʧʘʩʥʦʩʪ ʦʜ ʚʝʦʤʘ ʪʝʰʢʠʭ 

ʠʨʝʚʝʨʟʠʙʠʣʥʠʭ ʝʬʝʢʘʪʘ ʘʢʦ ʩʝ ʧʨʦʛʫʪʘ  

ʊʦʢʩʠʯʥʦ  

ʊ, R23:  ʊʦʢʩʠʯʥʦ ʘʢʦ ʩʝ ʫʜʠʰʝ  

ʊ, R24:  ʊʦʢʩʠʯʥʦ ʘʢʦ ʿʝ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʞʦʤ  

ʊ, R25:  ʊʦʢʩʠʯʥʦ ʘʢʦ ʩʝ ʧʨʦʛʫʪʘ  

ʊ, 

R39/23:  

ʊʦʢʩʠʯʥʦ: ʦʧʘʩʥʦʩʪ ʦʜ ʚʝʦʤʘ ʪʝʰʢʠʭ 

ʠʨʝʚʝʨʟʠʙʠʣʥʠʭ ʝʬʝʢʘʪʘ ʘʢʦ ʩʝ ʫʜʠʰʝ  

ʊ, 

R39/24:  

ʊʦʢʩʠʯʥʦ: ʦʧʘʩʥʦʩʪ ʦʜ ʚʝʦʤʘ ʪʝʰʢʠʭ 

ʠʨʝʚʝʨʟʠʙʠʣʥʠʭ ʝʬʝʢʘʪʘ ʘʢʦ ʿʝ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʞʦʤ  

ʊ, 

R39/25:  

ʊʦʢʩʠʯʥʦ: ʦʧʘʩʥʦʩʪ ʦʜ ʚʝʦʤʘ ʪʝʰʢʠʭ 

ʠʨʝʚʝʨʟʠʙʠʣʥʠʭ ʝʬʝʢʘʪʘ ʘʢʦ ʩʝ ʧʨʦʛʫʪʘ  

ʊ, 

R48/23:  

ʊʦʢʩʠʯʥʦ: ʦʧʘʩʥʦʩʪ ʦʜ ʪʝʰʢʦʛ ʦʰʪʝ˂ʝˁʘ ʟʜʨʘʚˀʘ 

ʧʨʠ ʧʨʦʜʫʞʝʥʦʤ ʠʟʣʘʛʘˁʫ ʫʜʠʩʘˁʝʤ  

ʊ, 

R48/24:  

ʊʦʢʩʠʯʥʦ: ʦʧʘʩʥʦʩʪ ʦʜ ʪʝʰʢʦʛ ʦʰʪʝ˂ʝˁʘ ʟʜʨʘʚˀʘ 

ʧʨʠ ʧʨʦʜʫʞʝʥʦʤ ʠʟʣʘʛʘˁʫ ʧʨʝʢʦ ʢʦʞʝ  

ʊ, 

R48/25:  

ʊʦʢʩʠʯʥʦ: ʦʧʘʩʥʦʩʪ ʦʜ ʪʝʰʢʦʛ ʦʰʪʝ˂ʝˁʘ ʟʜʨʘʚˀʘ 

ʧʨʠ ʧʨʦʜʫʞʝʥʦʤ ʠʟʣʘʛʘˁʫ ʛʫʪʘˁʝʤ  

ʂʘʨʮʠʥʦʛʝʥʦ, ʢʘʪʝʛʦʨʠʿʘ 1 

ʠʣʠ 2  
ʊ, R45:  ʄʦʞʝ ʠʟʘʟʚʘʪʠ ʢʘʨʮʠʥʦʤ  

ʄʫʪʘʛʝʥʦ, ʢʘʪʝʛʦʨʠʿʘ 1 ʠʣʠ 2  ʊ, R46:  ʄʦʞʝ ʠʟʘʟʚʘʪʠ ʥʘʩʣʝʜʥʘ ʛʝʥʝʪʩʢʘ ʦʰʪʝ˂ʝˁʘ  

ʊʦʢʩʠʯʥʦ ʧʦ ʨʝʧʨʦʜʫʢʮʠʿʫ, 

ʢʘʪʝʛʦʨʠʿʘ 1 ʠʣʠ 2  

ʊ, R60, 

R61:  

ʄʦʞʝ ʩʤʘˁʠʪʠ ʧʣʦʜʥʦʩʪ; ʄʦʞʝ ʰʪʝʪʥʦ ʜʝʣʦʚʘʪʠ ʥʘ 

ʧʣʦʜ  

ʂʦʨʦʟʠʚʥʦ  C, R35:  ʀʟʘʟʠʚʘ ʪʝʰʢʝ ʦʧʝʢʦʪʠʥʝ  

 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

64 
 

   
ʊʦʢʩʠʯʥʦ ɺʝʦʤʘ ʪʦʢʩʠʯʥʦ  ʂʦʨʦʟʠʚʥʦ 

ʉʣʠʢʘ 1: ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟʠ ʦʧʘʩʥʦʩʪʠ ʟʘ ʢʣʘʩʝ ʦʧʘʩʥʦʩʪʠ ʥʘʚʝʜʝʥʝ ʫ ʊʘʙʝʣʠ 1 

ʊʘʙʝʣʘ 2: ʅʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʧʦ ʇʨʘʚʠʣʥʠʢʫ [7] 

ʂʣʘʩʘ ʦʧʘʩʥʦʩʪʠ ʠ ʢʘʪʝʛʦʨʠʿʘ ʦʧʘʩʥʦʩʪʠ  ʆʙʘʚʝʰʪʝˁʝ ʦ ʦʧʘʩʥʦʩʪʠ  

ɸʢʫʪʥʘ ʪʦʢʩʠʯʥʦʩʪ, ʢʘʪʝʛʦʨʠʿʘ 1  

H300:  ʉʤʨʪʦʥʦʩʥʦ ʘʢʦ ʩʝ ʧʨʦʛʫʪʘ  

H310:  ʉʤʨʪʦʥʦʩʥʦ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʞʦʤ  

H330:  ʉʤʨʪʦʥʦʩʥʦ ʘʢʦ ʩʝ ʫʜʠʰʝ  

ɸʢʫʪʥʘ ʪʦʢʩʠʯʥʦʩʪ, ʢʘʪʝʛʦʨʠʿʘ 2  

H300:  ʉʤʨʪʦʥʦʩʥʦ ʘʢʦ ʩʝ ʧʨʦʛʫʪʘ  

H310:  ʉʤʨʪʦʥʦʩʥʦ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʞʦʤ  

H330:  ʉʤʨʪʦʥʦʩʥʦ ʘʢʦ ʩʝ ʫʜʠʰʝ  

ɸʢʫʪʥʘ ʪʦʢʩʠʯʥʦʩʪ, ʢʘʪʝʛʦʨʠʿʘ 3  

H301:  ʊʦʢʩʠʯʥʦ ʘʢʦ ʩʝ ʧʨʦʛʫʪʘ  

H311:  ʊʦʢʩʠʯʥʦ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʢʦʞʦʤ  

H331:  ʊʦʢʩʠʯʥʦ ʘʢʦ ʩʝ ʫʜʠʰʝ  

ʉʧʝʮʠʬʠʯʥʘ ʪʦʢʩʠʯʥʦʩʪ ʟʘ ʮʠˀʥʠ ʦʨʛʘʥ - 

ʿʝʜʥʦʢʨʘʪʥʘ ʠʟʣʦʞʝʥʦʩʪ, ʢʘʪʝʛʦʨʠʿʘ 1  
H370:  ɼʦʚʦʜʠ ʜʦ ʦʰʪʝ˂ʝˁʘ ʦʨʛʘʥʘ  

ʉʧʝʮʠʬʠʯʥʘ ʪʦʢʩʠʯʥʦʩʪ ʟʘ ʮʠˀʥʠ ʦʨʛʘʥ - 

ʚʠʰʝʢʨʘʪʥʘ ʠʟʣʦʞʝʥʦʩʪ, ʢʘʪʝʛʦʨʠʿʘ 1  
H372:  

ɼʦʚʦʜʠ ʜʦ ʦʰʪʝ˂ʝˁʘ ʦʨʛʘʥʘ ʫʩʣʝʜ 

ʜʫʛʦʪʨʘʿʥʦʛ ʠʣʠ ʚʠʰʝʢʨʘʪʥʦʛ ʠʟʣʘʛʘˁʘ  

ʄʫʪʘʛʝʥʦʩʪ ʛʝʨʤʠʥʘʪʠʚʥʠʭ ˂ʝʣʠʿʘ, 

ʢʘʪʝʛʦʨʠʿʘ 1ɸ ʠʣʠ 1ɹ  
H340:  ʄʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʛʝʥʝʪʩʢʠʭ ʜʝʬʝʢʘʪʘ  

ʂʘʨʮʠʥʦʛʝʥʦʩʪ, ʢʘʪʝʛʦʨʠʿʘ 1ɸ ʠʣʠ 1ɹ  H350:  ʄʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʦʿʘʚʝ ʢʘʨʮʠʥʦʤʘ  

ʊʦʢʩʠʯʥʦʩʪ ʧʦ ʨʝʧʨʦʜʫʢʮʠʿʫ, ʢʘʪʝʛʦʨʠʿʘ 1ɸ 

ʠʣʠ 1ɹ  
H360:  

ʄʦʞʝ ʰʪʝʪʥʦ ʜʘ ʫʪʠʯʝ ʥʘ ʧʣʦʜʥʦʩʪ ʠʣʠ 

ʥʘ ʧʣʦʜ  

ʂʦʨʦʟʠʚʥʦ ʦʰʪʝ˂ʝˁʝ ʢʦʞʝ, ʢʘʪʝʛʦʨʠʿʘ 1ɸ  H314:  
ʀʟʘʟʠʚʘ ʪʝʰʢʝ ʦʧʝʢʦʪʠʥʝ ʢʦʞʝ ʠ 

ʦʰʪʝ˂ʝˁʝ ʦʢʘ  
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ɸʢʫʪʥʘ ʪʦʢʩʠʯʥʦʩʪ ʂʘʨʮʠʥʦʛʝʥʦ, ʄʫʪʘʛʝʥʦ, ʊʦʢʩʠʯʥʦ ʧʦ 

ʨʝʧʨʦʜʫʢʮʠʿʫ, ʉʧʝʮʠʬʠʯʥʘ ʪʦʢʩʠʯʥʦʩʪ ʟʘ 

ʮʠˀʥʠ ʦʨʛʘʥ - ʿʝʜʥʦʢʨʘʪʥʘ ʠʟʣʦʞʝʥʦʩʪ, 

ʢʘʪ. 1, ʉʧʝʮʠʬʠʯʥʘ ʪʦʢʩʠʯʥʦʩʪ ʟʘ ʮʠˀʥʠ 

ʦʨʛʘʥ - ʚʠʰʝʢʨʘʪʥʘ ʠʟʣʦʞʝʥʦʩʪ, ʢʘʪ. 1 

ʂʦʨʦʟʠʚʥʦ ʦʰʪʝ˂ʝˁʝ 

ʢʦʞʝ 

ʉʣʠʢʘ 2: ʇʠʢʪʦʛʨʘʤʠ ʦʧʘʩʥʦʩʪʠ ʟʘ ʢʣʘʩʝ ʦʧʘʩʥʦʩʪʠ ʥʘʚʝʜʝʥʝ ʫ ʊʘʙʝʣʠ 2 

ʆʙʨʘʟʘʮ ʟʘʭʪʝʚʘ ʟʘ ʠʟʜʘʚʘˁʝ ʜʦʟʚʦʣʝ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ 

ʭʝʤʠʢʘʣʠʿʘ 
  

   

ɹʨʦʿ:        ɼʘʪʫʤ:     

               

ʀʤʝ:  
  

   

   

ɱʝʜʠʥʩʪʚʝʥʠ  

ʤʘʪʠʯʥʠ ʙʨʦʿ 

ʛʨʘʹʘʥʘ 

(ɱʄɹɻ):  

   

               

ɸʜʨʝʩʘ:    

   

   

ɼʘʪʫʤ ʠ ʙʨʦʿ 

ʧʨʝʪʭʦʜʥʦ 

ʠʟʜʘʪʝ ʜʦʟʚʦʣʝ:  
   

               

ʊʝʣʝʬʦʥ:         

            

ʝ-mail:        

               

   

 

ʇʦʜʘʮʠ ʦ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ 

1. ʇʦʜʘʮʠ ʦ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʦʿ ʭʝʤʠʢʘʣʠʿʠ ʢʣʘʩʠʬʠʢʦʚʘʥʦʿ ʫ ʩʢʣʘʜʫ ʩʘ DSD/DPS 

ʇʨʘʚʠʣʥʠʢʦʤ: 

- ʟʘ ʩʫʧʩʪʘʥʮʝ: 

ʈʝʜʥʠ 

ʙʨʦʿ  

ʍʝʤʠʿʩʢʠ 

ʥʘʟʠʚ 

ʩʫʧʩʪʘʥʮʝ*  

ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʠ ʙʨʦʿ (ʀʥʜʝʢʩ 

ʙʨʦʿ ʘʢʦ ʿʝ ʩʫʧʩʪʘʥʮʘ ʫ ʉʂʉ** 

ʦʜʥʦʩʥʦ EC ʙʨʦʿ ʠʣʠ CAS ʙʨʦʿ)*  

ʇʦʜʘʮʠ ʦ ʢʣʘʩʠʬʠʢʘʮʠʿʠ 

(ʢʣʘʩʘ ʦʧʘʩʥʦʩʪʠ, ʟʥʘʢ 

ʦʧʘʩʥʦʩʪʠ ʠ ʦʟʥʘʢʘ ʨʠʟʠʢʘ - 

R)***  

ʂʦʣʠʯʠʥʘ  
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* - ʍʝʤʠʿʩʢʠ ʥʘʟʠʚ ʩʫʧʩʪʘʥʮʝ ʿʝʩʪʝ ʭʝʤʠʿʩʢʠ ʥʘʟʠʚ ʠʟ ʉʧʠʩʢʘ ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠʣʠ 

ʭʝʤʠʿʩʢʠ ʥʘʟʠʚ ʧʨʝʤʘ EINECS, ELINCS, IUPAC ʠʣʠ ISO ʥʦʤʝʥʢʣʘʪʫʨʠ, ʘʢʦ ʩʫʧʩʪʘʥʮʘ ʥʠʿʝ ʫ 

ʉʧʠʩʢʫ ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʩʫʧʩʪʘʥʮʠ; 

** - ʉʂʉ ʿʝʩʪʝ ʉʧʠʩʘʢ ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʩʫʧʩʪʘʥʮʠ [10]; 

*** - ʥʘʚʦʜʝ ʩʝ ʩʘʤʦ ʢʣʘʩʝ ʦʧʘʩʥʦʩʪʠ, ʟʥʘʮʠ ʦʧʘʩʥʦʩʪʠ ʠ ʦʟʥʘʢʝ ʨʠʟʠʢʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ 

ʭʝʤʠʢʘʣʠʿʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʘ ʢʘʦ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʘ ʭʝʤʠʢʘʣʠʿʘ. 

ʇʦʜʘʮʠ ʢʦʿʠ ʩʝ ʥʘʚʦʜʝ ʫ ʪʘʙʝʣʠ ʜʘʪʠ ʩʫ ʫ ʙʝʟʙʝʜʥʦʩʥʦʤ ʣʠʩʪʫ, ʢʘʦ ʠ ʥʘ ʝʪʠʢʝʪʠ ʥʘʨʦʯʠʪʦ 

ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ (ʦʩʠʤ ʢʣʘʩʝ ʦʧʘʩʥʦʩʪʠ). 

- ʟʘ ʩʤʝʰʝ: 

ʈʝʜʥʠ 

ʙʨʦʿ 

ʊʨʛʦʚʘʯʢʦ ʠʤʝ ʠʣʠ ʜʨʫʛʘ ʦʟʥʘʢʘ 

ʢʦʿʦʤ ʩʝ ʩʤʝʰʘ ʠʜʝʥʪʠʬʠʢʫʿʝ 

ʇʦʜʘʮʠ ʦ ʢʣʘʩʠʬʠʢʘʮʠʿʠ (ʢʣʘʩʘ 

ʦʧʘʩʥʦʩʪʠ, ʟʥʘʢ ʦʧʘʩʥʦʩʪʠ ʠ ʦʟʥʘʢʘ 

ʨʠʟʠʢʘ - R)*  

ʂʦʣʠʯʠʥʘ 

    

    

* - ʅʘʚʦʜʝ ʩʝ ʩʘʤʦ ʢʣʘʩʝ ʦʧʘʩʥʦʩʪʠ, ʟʥʘʮʠ ʦʧʘʩʥʦʩʪʠ ʠ ʦʟʥʘʢʝ ʨʠʟʠʢʘ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ 

ʭʝʤʠʢʘʣʠʿʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʘ ʢʘʦ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʘ ʭʝʤʠʢʘʣʠʿʘ. 

ʇʦʜʘʮʠ ʢʦʿʠ ʩʝ ʥʘʚʦʜʝ ʫ ʪʘʙʝʣʠ ʜʘʪʠ ʩʫ ʫ ʙʝʟʙʝʜʥʦʩʥʦʤ ʣʠʩʪʫ, ʢʘʦ ʠ ʥʘ ʝʪʠʢʝʪʠ ʥʘʨʦʯʠʪʦ 

ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ (ʦʩʠʤ ʢʣʘʩʝ ʦʧʘʩʥʦʩʪʠ). 

2. ʇʦʜʘʮʠ ʦ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʦʿ ʭʝʤʠʢʘʣʠʿʠ ʢʣʘʩʠʬʠʢʦʚʘʥʦʿ ʫ ʩʢʣʘʜʫ ʩʘ CLP/GHS 

ʇʨʘʚʠʣʥʠʢʦʤ: 

- ʟʘ ʩʫʧʩʪʘʥʮʝ: 

ʈʝʜʥʠ 

ʙʨʦʿ 

ʍʝʤʠʿʩʢʠ 

ʥʘʟʠʚ 

ʩʫʧʩʪʘʥʮʝ

* 

ʀʜʝʥʪʠʬʠʢʘʮʠʦʥʠ ʙʨʦʿ 

(ʀʥʜʝʢʩ ʙʨʦʿ ʘʢʦ ʿʝ 

ʩʫʧʩʪʘʥʮʘ ʫ ʉʂʉ ʦʜʥʦʩʥʦ 

EC ʙʨʦʿ ʠʣʠ CAS ʙʨʦʿ)* 

ʇʦʜʘʮʠ ʦ ʢʣʘʩʠʬʠʢʘʮʠʿʠ (ʢʣʘʩʘ 

ʦʧʘʩʥʦʩʪʠ, ʢʘʪʝʛʦʨʠʿʘ ʦʧʘʩʥʦʩʪʠ ʠ 

ʦʙʘʚʝʰʪʝˁʝ ʦ ʦʧʘʩʥʦʩʪʠ - H 

ʦʟʥʘʢʘ)** 

ʂʦʣʠʯʠʥ

ʘ 

     

     

* - ʍʝʤʠʿʩʢʠ ʥʘʟʠʚ ʩʫʧʩʪʘʥʮʝ ʿʝʩʪʝ ʭʝʤʠʿʩʢʠ ʥʘʟʠʚ ʠʟ ʉʧʠʩʢʘ ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠʣʠ 

ʭʝʤʠʿʩʢʠ ʥʘʟʠʚ ʧʨʝʤʘ EINECS, ELINCS, IUPAC ʠʣʠ ISO ʥʦʤʝʥʢʣʘʪʫʨʠ, ʘʢʦ ʩʫʧʩʪʘʥʮʘ ʥʠʿʝ ʫ 

ʉʧʠʩʢʫ ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʩʫʧʩʪʘʥʮʠ; 

** - ʥʘʚʦʜʝ ʩʝ ʩʘʤʦ ʢʣʘʩʝ ʦʧʘʩʥʦʩʪʠ, ʢʘʪʝʛʦʨʠʿʝ ʦʧʘʩʥʦʩʪʠ ʠ H ʦʟʥʘʢʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ 

ʭʝʤʠʢʘʣʠʿʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʘ ʢʘʦ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʘ ʭʝʤʠʢʘʣʠʿʘ. 

ʇʦʜʘʮʠ ʢʦʿʠ ʩʝ ʥʘʚʦʜʝ ʫ ʪʘʙʝʣʠ ʥʘʣʘʟʝ ʩʝ ʫ ʙʝʟʙʝʜʥʦʩʥʦʤ ʣʠʩʪʫ, ʢʘʦ ʠ ʥʘ ʝʪʠʢʝʪʠ ʥʘʨʦʯʠʪʦ 

ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ (ʦʩʠʤ ʢʣʘʩʝ ʠ ʢʘʪʝʛʦʨʠʿʝ ʦʧʘʩʥʦʩʪʠ). 

- ʟʘ ʩʤʝʰʝ: 

ʈʝʜʥʠ 

ʙʨʦʿ 

ʊʨʛʦʚʘʯʢʦ ʠʤʝ ʠʣʠ 

ʦʟʥʘʢʘ ʟʘ ʩʤʝʰʫ 

ʇʦʜʘʮʠ ʦ ʢʣʘʩʠʬʠʢʘʮʠʿʠ (ʢʣʘʩʘ ʦʧʘʩʥʦʩʪʠ, ʢʘʪʝʛʦʨʠʿʘ 

ʦʧʘʩʥʦʩʪʠ ʠ ʦʙʘʚʝʰʪʝˁʝ ʦ ʦʧʘʩʥʦʩʪʠ - H ʦʟʥʘʢʘ)* 
ʂʦʣʠʯʠʥʘ 

    

    

* - ʅʘʚʦʜʝ ʩʝ ʩʘʤʦ ʢʣʘʩʝ ʦʧʘʩʥʦʩʪʠ, ʢʘʪʝʛʦʨʠʿʝ ʦʧʘʩʥʦʩʪʠ ʠ H ʦʟʥʘʢʝ ʥʘ ʦʩʥʦʚʫ ʢʦʿʠʭ ʿʝ 

ʭʝʤʠʢʘʣʠʿʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʘ ʢʘʦ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʘ ʭʝʤʠʢʘʣʠʿʘ. 

ʇʦʜʘʮʠ ʢʦʿʠ ʩʝ ʥʘʚʦʜʝ ʫ ʪʘʙʝʣʠ ʜʘʪʠ ʩʫ ʫ ʙʝʟʙʝʜʥʦʩʥʦʤ ʣʠʩʪʫ, ʢʘʦ ʠ ʥʘ ʝʪʠʢʝʪʠ ʥʘʨʦʯʠʪʦ 

ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ (ʦʩʠʤ ʢʣʘʩʝ ʠ ʢʘʪʝʛʦʨʠʿʝ ʦʧʘʩʥʦʩʪʠ). 
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ʉʚʨʭʘ ʟʘ ʢʦʿʫ ʩʝ ʜʦʟʚʦʣʘ 

ʪʨʘʞʠ:  

   

ʋ ʧʨʠʣʦʛʫ ʿʝ ʜʦʩʪʘʚˀʝʥʦ:  1) ʆʙʨʘʟʣʦʞʝˁʝ ʥʘʯʠʥʘ ʯʫʚʘˁʘ ʠ ʢʦʨʠʰ˂ʝˁʘ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ 

ʭʝʤʠʢʘʣʠʿʝ; 

2) ɹʝʟʙʝʜʥʦʩʥʠ ʣʠʩʪ; 

3) ʀʟʿʘʚʘ ʦ ʦʙʝʟʙʝʹʝʥʦʤ ʧʨʦʩʪʦʨʫ ʟʘ ʯʫʚʘˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ 

ʭʝʤʠʢʘʣʠʿʝ; 

4) ʀʟʿʘʚʘ - ʦʙʨʘʟʣʦʞʝˁʝ ʟʘʰʪʦ ʩʝ ʥʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʜʨʫʛʝ 

ʘʣʪʝʨʥʘʪʠʚʥʝ ʭʝʤʠʢʘʣʠʿʝ; 

5) ɼʦʢʘʟ ʜʘ ʥʠʿʝ ʦʩʫʹʠʚʘʥ ʥʘ ʙʝʟʫʩʣʦʚʥʫ ʢʘʟʥʫ ʟʘʪʚʦʨʘ ʫ ʪʨʘʿʘˁʫ 

ʜʫʞʝʤ ʦʜ 6 ʤʝʩʝʮʠ; 

6) ɼʦʢʘʟ ʦ ʫʧʣʘ˂ʝʥʦʿ ʥʘʢʥʘʜʠ ʟʘ ʠʟʜʘʚʘˁʝ ʜʦʟʚʦʣʝ ʟʘ ʢʦʨʠʰ˂ʝˁʝ 

ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ.  

 
      ʇʦʜʥʦʩʠʣʘʮ ʟʘʭʪʝʚʘ  

        

4 ʇʈʀʄɽʅɸ 

ɼʦʟʚʦʣʘ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʥʝ ʠʟʜʘʿʝ ʩʝ ʟʘ ʩʚʘʢʫ ʭʝʤʠʢʘʣʠʿʫ ʧʦʥʘʦʩʦʙ. 

ɼʠʩʪʨʠʙʫʪʝʨ ʢʦʿʠ ʠʤʘ ʜʦʟʚʦʣʫ, ʧʨʠ ʧʨʦʤʝʥʠ ʘʩʦʨʪʠʤʘʥʘ ʭʝʤʠʢʘʣʠʿʘ, ʥʠʿʝ ʫ ʦʙʘʚʝʟʠ ʜʘ 

ʧʦʥʦʚʦ ʧʦʜʥʦʩʠ ʟʘʭʪʝʚ ʟʘ ʜʦʙʠʿʘˁʝ ʜʦʟʚʦʣʝ, ʘʣʠ ʫʢʦʣʠʢʦ ʪʘ ʧʨʦʤʝʥʘ ʫʪʠʯʝ ʥʘ ʫʩʣʦʚʝ 

ʥʘʚʝʜʝʥʝ ʫ ʜʦʟʚʦʣʠ ʠʣʠ ʥʘ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʠʟʚʨʰʠ ʠʟʤʝʥʝ ʫ ʧʨʝʪʭʦʜʥʦ 

ʫʪʚʨʹʝʥʠʤ ʤʝʨʘʤʘ, ʧʨʠʣʘʛʦʜʠ ʠʭ ʥʦʚʦʥʘʩʪʘʣʦʿ ʩʠʪʫʘʮʠʿʠ ʠ ʜʘ ʧʨʦʤʝʥʝ ʧʨʠʿʘʚʠ ʿʝʜʠʥʠʮʠ 

ʣʦʢʘʣʥʝ ʩʘʤʦʫʧʨʘʚʝ. ɱʝʜʠʥʠʮʘ ʣʦʢʘʣʥʝ ʩʘʤʦʫʧʨʘʚʝ, ʘʢʦ ʿʝ ʧʦʪʨʝʙʥʦ, ʫ ʦʙʘʚʝʟʠ ʿʝ ʜʘ ʠʟʚʨʰʠ 

ʠʟʤʝʥʝ ʠ ʜʦʧʫʥʝ ʜʦʟʚʦʣʝ. 

ɼʠʩʪʨʠʙʫʪʝʨ ʢʦʿʠ ʠʤʘ ʜʦʟʚʦʣʫ ʤʦʞʝ ʜʘ ʚʨʰʠ ʧʨʦʤʝʪ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ 
ʩʘʤʦ: 

¶ ʜʘˀʠʤ ʢʦʨʠʩʥʠʮʠʤʘ ʢʦʿʠ ʠʭ ʢʦʨʠʩʪʝ ʫ ʠʥʜʫʩʪʨʠʿʩʢʝ ʠʣʠ ʧʨʦʬʝʩʠʦʥʘʣʥʝ ʩʚʨʭʝ (ʩ 
ʦʙʟʠʨʦʤ ʜʘ ʥʝ ʦʙʘʚˀʘʿʫ ʜʝʣʘʪʥʦʩʪ ʧʨʦʤʝʪʘ ʥʠʿʝ ʠʤ ʧʦʪʨʝʙʥʘ ʜʦʟʚʦʣʘ); 

¶ ʜʠʩʪʨʠʙʫʪʝʨʠʤʘ ʠ ʜʘˀʠʤ ʢʦʨʠʩʥʠʮʠʤʘ ʢʦʿʠ ʧʨʦʠʟʚʦʜʝ ʩʤʝʰʫ ʨʘʜʠ ʩʪʘʚˀʘˁʘ ʫ 
ʧʨʦʤʝʪ, ʘ ʢʦʿʠ ʠʤʘʿʫ ʜʦʟʚʦʣʫ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ; 

¶ ʬʠʟʠʯʢʠʤ ʣʠʮʠʤʘ ʢʦʿʘ ʠʤʘʿʫ ʜʦʟʚʦʣʫ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ. 
ɼʦʟʚʦʣʝ ʟʘ ʢʦʨʠʰ˂ʝˁʝ, ʪʘʢʦʹʝ, ʩʝ ʥʝ ʠʟʜʘʿʫ ʟʘ ʩʚʘʢʫ ʭʝʤʠʢʘʣʠʿʫ ʧʦʥʘʦʩʦʙ. ʌʠʟʠʯʢʦ 

ʣʠʮʝ ʢʦʿʝ ʠʤʘ ʜʦʟʚʦʣʫ, ʧʨʠ ʧʨʦʤʝʥʠ ʘʩʦʨʪʠʤʘʥʘ ʭʝʤʠʢʘʣʠʿʘ, ʜʫʞʥʦ ʿʝ ʜʘ ʪʫ ʧʨʦʤʝʥʫ ʧʨʠʿʘʚʠ 

ʠ ʜʘ ʟʘ ʩʚʘʢʫ ʜʦʜʘʪʥʫ ʭʝʤʠʢʘʣʠʿʫ ʜʦʩʪʘʚʠ ʜʦʢʫʤʝʥʪʘʮʠʿʫ. ɱʝʜʠʥʠʮʘ ʣʦʢʘʣʥʝ ʩʘʤʦʫʧʨʘʚʝ, ʘʢʦ 

ʿʝ ʧʦʪʨʝʙʥʦ, ʫ ʦʙʘʚʝʟʠ ʿʝ ʜʘ ʠʟʚʨʰʠ ʠʟʤʝʥʝ ʠ ʜʦʧʫʥʝ ʜʦʟʚʦʣʝ. ʇʨʠʤʝʨʠ ʜʝʣʘʪʥʦʩʪʠ ʟʘ ʢʦʿʝ 

ʬʠʟʠʯʢʘ ʣʠʮʘ ʤʦʛʫ ʜʘ ʢʦʨʠʩʪʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʩʫ: ʧʨʠʧʨʝʤʘ ʠ ʦʙʨʘʜʘ 

ʬʦʪʦʦʩʝʪˀʠʚʦʛ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʩʨʝʙʨʦ-ʭʘʣʦʛʝʥʠʜʥʠ ʬʦʪʦʛʨʘʬʩʢʠ ʧʨʦʮʝʩ, ʘʣʪʝʨʥʘʪʠʚʥʠ 

ʬʦʪʦʛʨʘʬʩʢʠ ʧʨʦʮʝʩʠ, ʩʣʠʢʘˁʝ, ʧʨʝʧʘʨʠʨʘˁʝ ʞʠʚʦʪʠˁʘ [9]. 

ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ ʜʦʙʠʿʝʥʠʤ ʥʘ ʦʩʥʦʚʫ ʟʚʘʥʠʯʥʦ, ʧʠʩʤʝʥʠʤ ʧʫʪʝʤ, ʜʦʩʪʘʚˀʝʥʝ ʤʦʣʙʝ 

ɻʨʘʜʩʢʦʿ ʫʧʨʘʚʠ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ɻʨʘʜʘ ʅʦʚʦʛ ʉʘʜʘ, ʢʦʿʘ ʿʝ ʥʘʜʣʝʞʥʠ ʦʨʛʘʥ 

ʿʝʜʠʥʠʮʝ ʣʦʢʘʣʥʝ ʩʘʤʦʫʧʨʘʚʝ ʟʘ ʠʟʜʘʚʘˁʝ ʜʦʟʚʦʣʘ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ ʥʘʨʦʯʠʪʦ 

ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʜʠʩʪʨʠʙʫʪʝʨʫ ʢʦʿʠ ʥʠʿʝ ʫʚʦʟʥʠʢ, ʧʨʦʠʟʚʦʹʘʯ ʦʜʥʦʩʥʦ ʜʘˀʠ ʢʦʨʠʩʥʠʢ, 

ʦʚʘ ʋʧʨʘʚʘ ʿʝ ʫ ʧʝʨʠʦʜʫ 2011-2014. ʛʦʜʠʥʝ ʟʘʧʨʠʤʠʣʘ ʜʝʩʝʪ ʟʘʭʪʝʚʘ ʟʘ ʠʟʜʘʚʘˁʝ ʧʨʝʜʤʝʪʥʝ 

ʜʦʟʚʦʣʝ. ɿʘʢˀʫʯʥʦ ʩʘ 01.12.2014. ʛʦʜʠʥʝ ʠʟʜʘʪʝ ʩʫ ʪʨʠ ʜʦʟʚʦʣʝ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ 

ʧʨʦʤʝʪʘ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ. ɿʘʭʪʝʚʘ ʟʘ ʠʟʜʘʚʘˁʝ ʜʦʟʚʦʣʘ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ 

ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ, ʥʠʿʝ ʙʠʣʦ [11]. 

ʅʘ ʦʩʥʦʚʫ ʪʝʣʝʬʦʥʩʢʦʛ ʫʧʠʪʘ ʆʜʘˀʝˁʫ ʟʘ ʭʝʤʠʢʘʣʠʿʝ ʉʝʢʪʦʨʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ 

ʩʨʝʜʠʥʝ, ʄʠʥʠʩʪʘʨʩʪʚʘ ʧʦˀʦʧʨʠʚʨʝʜʝ ʠ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʜʦ 

01.12.2014. ʛʦʜʠʥʝ, ʠʟʜʘʪʦ ʿʝ ʯʝʪʨʜʝʩʝʪʦʩʘʤ ʜʦʟʚʦʣʘ ʟʘ ʦʙʘʚˀʘˁʝ ʜʝʣʘʪʥʦʩʪʠ ʧʨʦʤʝʪʘ 
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ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʫʚʦʟʥʠʢʫ, ʧʨʦʠʟʚʦʹʘʯʫ, ʦʜʥʦʩʥʦ ʜʘˀʝʤ ʢʦʨʠʩʥʠʢʫ. ʆʥʠ ʥʝʤʘʿʫ 

ʩʘʟʥʘˁʝ ʜʘ ʿʝ ʥʝʢʦʤʝ ʜʦ ʪʦʛ ʜʘʪʫʤʘ ʠʟʜʘʪʘ ʜʦʟʚʦʣʘ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ 

ʭʝʤʠʢʘʣʠʿʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. 

ʅʘ ʦʩʥʦʚʫ CAS ʙʨʦʿʘ ʥʝʢʠʭ ʯʝʩʪʦ ʟʘʩʪʫʧˀʝʥʠʭ ʬʦʪʦʛʨʘʬʩʢʠʭ ʭʝʤʠʢʘʣʠʿʘ ʠʟʚʨʰʝʥʦ ʿʝ 

ʧʨʝʪʨʘʞʠʚʘˁʝ ʉʧʠʩʢʘ ʢʣʘʩʠʬʠʢʦʚʘʥʠʭ ʩʫʧʩʪʘʥʮʠ ʜʘ ʩʝ ʚʠʜʠ ʜʘ ʣʠ ʪʝ ʩʫʧʩʪʘʥʮʝ 

ʟʘʜʦʚʦˀʘʚʘʿʫ ʢʨʠʪʝʨʠʿʫʤ ʜʘ ʩʝ ʩʚʨʩʪʘʿʫ ʫ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ. ɺʝ˂ʠʥʘ ʠʩʧʠʪʘʥʠʭ 

ʬʦʪʦʛʨʘʬʩʢʠʭ ʭʝʤʠʢʘʣʠʿʘ ʥʝ ʩʧʘʜʘʿʫ ʫ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ (ʤʝʪʦʣ - CAS ʙʨʦʿ: 55-55-

0; ʭʠʜʨʦʭʠʥʦʥ - CAS ʙʨʦʿ: 123-31-9; ʬʝʥʠʜʦʥ - CAS ʙʨʦʿ: 92-43-3; ʥʘʪʨʠʿʫʤ-ʩʫʣʬʠʪ - CAS 

ʙʨʦʿ: 7757-83-7 ï ʥʠʿʝ ʫ ʉʂʉ; ʥʘʪʨʠʿʫʤ-ʪʠʦʩʫʣʬʘʪ ʧʝʥʪʘʭʠʜʨʘʪ - CAS ʙʨʦʿ: 10102-17-7ï ʥʠʿʝ 

ʫ ʉʂʉ; ʥʘʪʨʠʿʫʤ-ʤʝʪʘʙʠʩʫʣʬʠʪ - CAS ʙʨʦʿ:7681-57-4; ʢʘʣʠʿʫʤ-ʭʝʢʩʘʮʠʿʘʥʦʬʝʨʘʪ(III) - CAS 

ʙʨʦʿ: 13746-66-2). ʀʧʘʢ, ʥʝʢʝ ʦʜ ʦʚʠʭ ʭʝʤʠʢʘʣʠʿʘ ʩʧʘʜʘʿʫ ʫ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ (p-

ʬʝʥʠʣʝʥʜʠʘʤʠʥ - CAS ʙʨʦʿ: 106-50-3; ʥʘʪʨʠʿʫʤ-ʩʫʣʬʠʜ - CAS ʙʨʦʿ: 1313-82-2). ʇʨʠʢʘʟʘʥʝ 

ʩʫʧʩʪʘʥʮʝ ʩʫ ʦʜʘʙʨʘʥʝ ʠʟ ʫ˅ʙʝʥʠʢʘ ʇʨʠʤʝˁʝʥʘ ʭʝʤʠʿʘ [12]. 

5 ɿɸʂɲʋʏɸʂ 

ʀʘʢʦ, ʥʘ ʧʨʚʠ ʧʦʛʣʝʜ ʚʝʦʤʘ ʢʦʤʧʣʠʢʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ, ʜʘ ʙʠ ʩʝ ʜʦʰʣʦ ʫ ʧʦʩʝʜ 

ʞʝˀʝʥʠʭ Ăʬʦʪʦʭʝʤʠʢʘʣʠʿʘñ, ʠʧʘʢ ʧʨʫʞʘ ʟʘʢʦʥʩʢʫ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠ ʦʩʪʚʘʨʝ ʩʚʦʿʝ 

ʞʝˀʝ. ʆʜʨʝʜʙʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʝ ʭʝʤʠʢʘʣʠʿʝ ʥʝ ʧʦʩʪʦʿʝ ʫ ʧʨʦʧʠʩʠʤʘ 

ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ. ʎʠˀ ʦʚʠʭ ʦʜʨʝʜʙʠ ʙʠʦ ʿʝ ʜʘ ʩʝ ʫ ʰʪʦ ʚʝ˂ʦʿ ʤʝʨʠ ʦʥʝʤʦʛʫ˂ʠ ʜʦʩʪʫʧʥʦʩʪ 

ʥʘʨʦʯʠʪʦ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʦʧʰʪʦʿ ʧʦʧʫʣʘʮʠʿʠ. ʅʘ ʦʩʥʦʚʫ ʠʟʥʝʪʠʭ ʧʦʜʘʪʘʢʘ ʠʟ ɻʨʘʜʩʢʝ 

ʫʧʨʘʚʝ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ɻʨʘʜʘ ʅʦʚʦʛ ʉʘʜʘ ʠ ʆʜʘˀʝˁʘ ʟʘ ʭʝʤʠʢʘʣʠʿʝ ʉʝʢʪʦʨʘ ʟʘ 

ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʄʠʥʠʩʪʘʨʩʪʚʘ ʧʦˀʦʧʨʠʚʨʝʜʝ ʠ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ 

ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʚʠʜʠ ʩʝ ʜʘ ʩʝ ʦʩʪʚʘʨʠʣʘ ʥʘʤʝʨʘ ʟʘʢʦʥʦʜʘʚʮʘ. 

6 ʀɿʈɸɿʀ ɿɸʍɺɸʃʅʆʉʊʀ 

ɸʫʪʦʨ ʩʝ ʟʘʭʚʘˀʫʿʝ ɻʨʘʜʩʢʦʿ ʫʧʨʘʚʠ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ɻʨʘʜʘ ʅʦʚʦʛ ʉʘʜʘ, 

ʆʜʘˀʝˁʫ ʟʘ ʭʝʤʠʢʘʣʠʿʝ ʉʝʢʪʦʨʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʄʠʥʠʩʪʘʨʩʪʚʘ ʧʦˀʦʧʨʠʚʨʝʜʝ 

ʠ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʢʘʦ ʠ ˁʠʭʦʚʠʤ ˀʫʙʘʟʥʠʤ ʩʣʫʞʙʝʥʠʮʠʤʘ ʥʘ 

ʫʩʪʫʧˀʝʥʠʤ ʧʦʜʘʮʠʤʘ ʠ ʫʣʦʞʝʥʦʤ ʪʨʫʜʫ. 
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ɹɽɿɹɽɼʅʆʉʅʀ ɸʉʇɽʂʊʀ ʂʆɻɽʅɽʈɸʊʀɺʅʆɻ ʇʆʉʊʈʆɱɽɳɸ ʅɸ 

ɹʀʆɻɸʉ 
ɹʦʨʠʩʣʘʚ ʉʠʤʝʥʜʠ˂

1
, ɺʝʩʥʘ ʄʘʨʠʥʢʦʚʠ˂

1
, ʄʠʣʘʥ ɹʦʢʘʥ

2
 

REZIME  

ʂʦʨʠʰ˂ʝˁʝ ʙʠʦʤʘʩʝ ʫ ʉʨʙʠʿʠ ʠʤʘ ʟʥʘʯʘʿ, ʥʝ ʩʘʤʦ ʟʘ ʪʨʝʥʫʪʥʦ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʤʘˁʢʘ ʝʥʝʨʛʠʿʝ  ʠ 

ˁʝʥʝ ʚʠʩʦʢʝ ʮʝʥʝ, ʚʝ˂ ʠ ʟʘ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ. ɽʥʝʨʛʝʪʩʢʠ ʧʦʪʝʥʮʠʿʘʣ ʙʠʦʤʘʩʝ ʫ 

ʉʨʙʠʿʠ ʧʨʦʮʝˁʫʿʝ ʩʝ ʥʘ 3 ʤʠʣʠʦʥʘ ʪʦʥʘ ʫ ʨʘʪʘʨʩʪʚʫ ʠ 1,1 ʤʠʣʠʦʥʘ ʪʦʥʘ ʫ ʚʦ˂ʘʨʩʪʚʫ ʠ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ. ʇʦʩʝʙʥʫ 

ʧʦʛʦʜʥʦʩʪ ʫ ʢʦʨʠʰ˂ʝˁʫ ʙʠʦʤʘʩʝ ʢʘʦ ʦʙʥʦʚˀʠʚʦʛ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʜʘʿʝ ʙʠʦʛʘʩ. ɹʠʦʛʘʩʥʠ ʜʠʛʝʩʪʦʨʠ ʢʦʨʠʩʪʝ 

ʨʘʟʛʨʘʜˀʠʚʝ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ, ʦʜ ʢʦʿʠʭ ʩʝ ʜʦʙʠjʘʿʫ ʜʚʘ ʢʦʨʠʩʥʘ ʧʨʦʠʟʚʦʜʘ, ʙʠʦʛʘʩ ʠ ʬʝʨʤʝʥʪʠʩʘʥʦ ʹʫʙʨʠʚʦ. ʋ  

ʨʘʜʘ ʿʝ ʜʘʪ ʧʨʠʢʘʟ ʿʝʜʥʦʛ ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʙʠʦʛʘʩʘ ʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. ɸʥʘʣʠʟʦʤ ʨʘʜʘ ʧʦʩʪʨʦʿʝˁʘ 

ʫʢʘʟʘʥʦ ʿʝ ʥʘ ʦʧʘʩʥʦʩʪʠ ʢʦʿʝ ʧʨʘʪʝ ˁʝʛʦʚ ʨʘʜ, ʢʘʦ ʠ ʥʘ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʟʘ ˁʠʭʦʚʦ ʦʪʢʣʘˁʘˁʝ ʠ ʩʤʘˁʝˁʘ 

ʨʠʟʠʢʘ ʥʘ ʤʠʥʠʤʫʤ ʠ ˁʝʛʦʚʝ ʝʬʝʢʪʝ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʙʠʦʤʘʩʘ, ʙʠʦʛʘʩ, ʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ, ʨʠʟʠʢ, ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ 

SAFETY ASPECTS OF COGENERATION BIOGAS PL ANT 

ABSTRACT 

The use of biomass in Serbia has significance, not only for the current troubleshooting lack of energy and its 

high prices, but also to solve the problem of environmental protection. Energetic biomass potential in Serbia is 

estimated to 3 million tons in crop and 1.1 million tons in fruit and wine plants. Especially convenient in the use of 

biomass as a renewable energy source is biogas. Biogas digesters use organic degradable substances, thus producing 

two useful products, biogas and fermented fertilizer. This paper presents a plant for the production of biogas and 

electricity. The analysis of the plant indicates the dangers that accompany its operation, as well as preventive measures 

for the elimination and reduction of risk to a minimum and its effects on the environment.  

Keywords: biomass, biogas, renewable energy, risk, preventive measures 

1. ʋɺʆɼ 

ɸʣʪʝʨʥʘʪʠʚʥʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʥʝʨʛʝʪʩʢʝ ʨʝʩʫʨʩʝ ʢʦʿʠ ʩʝ ʤʦʛʫ 

ʥʘʜʦʢʥʘʜʠʪʠ ʧʨʠʨʦʜʥʠʤ ʧʨʦʮʝʩʠʤʘ ʠ ʢʦʨʠʩʪʠʪʠ ʥʝʦʛʨʘʥʠʯʝʥʦ ʜʫʛʦ ʩʘ ʪʠʤ ʜʘ ˁʠʭʦʚʘ 
ʧʦʪʨʦʰˁʘ ʥʝ ʧʨʝʤʘʰʫʿʝ ʢʘʧʘʮʠʪʝʪ ˁʠʭʦʚʦʛ ʦʙʥʘʚˀʘˁʘ. ɳʠʭ ʯʠʥʝ ʥʝʧʦʪʨʦʰʠʚʠ ʨʝʩʫʨʩʠ ʢʘʦ 

ʩʪʦ ʩʫ: ʩʦʣʘʨʥʘ ʝʥʝʨʛʠʿʘ, ʛʝʦʪʝʨʤʘʣʥʘ ʝʥʝʨʛʠʿʘ, ʝʥʝʨʛʠʿʘ ʚʝʪʨʘ, ʭʠʜʨʦʝʥʝʨʛʠʿʘ, ʝʥʝʨʛʠʿʘ 

ʧʦʢʨʝʪʘˁʘ ʤʦʨʩʢʝ ʚʦʜʝ ʠ ʦʙʥʦʚˀʠʚʠ ʨʝʩʫʨʩʠ ʢʘʦ ʰʪʦ ʩʫ ʝʥʝʨʛʠʿʘ ʙʠʦʤʘʩʝ ʠ ʥʫʢʣʝʘʨʥʘ 

ʬʫʟʠʿʘ. 

ʅʝʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʧʦʩʪʦʿʝ ʩʘʤʦ ʫ ʦʛʨʘʥʠʯʝʥʠʤ ʢʦʣʠʯʠʥʘʤʘ ʥʘ ɿʝʤˀʠ ʠ 

ʩʘʚ ʤʘʪʝʨʠʿʘʣ ʧʨʠʩʫʪʘʥ ʫ ʦʙʣʠʢʫ ʥʝʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ˂ʝ ʩʝ ʥʘ ʢʨʘʿʫ ʧʦʪʨʦʰʠʪʠ, ʠ 

ʟʙʦʛ ʪʦʛʘ ʩʝ ʦʚʠʤ ʠʟʚʦʨʠʤʘ ʤʦʨʘ ʥʘ˂ʠ ʟʘʤʝʥʘ. 

ɺʦʜʝ˂ʠ ʩʚʝʪʩʢʠ ʧʨʦʙʣʝʤ ʿʝ ʜʘʥʘʩ ʫʛʨʦʞʘʚʘˁʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʟʙʦʛ ʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ 

ʦʙʝʟʙʝʜʠʪʠ ʘʣʪʝʨʥʘʪʠʚʥʝ ʠʟʚʦʨʝ ʝʥʝʨʛʠʿʝ ʢʦʿʝ ʥʝ ʙʠ ʠʤʘʣʝ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ ʫʛʨʦʞʘʚʘˁʝ 

ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ [1,2]. 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʜʝʬʠʮʠʪ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ (ʥʘʬʪʝ ʠ ʛʘʩʘ), ʫ ɽʋ ʿʝ 

ʧʦʩʪʠʛʥʫʪ ʩʧʦʨʘʟʫʤ ʜʘ ʩʝ ʧʦʚʝ˂ʘ ʢʦʨʠʰ˂ʝˁʝ ʫʜʝʣʘ ʝʥʝʨʛʠʿʝ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʩʘ 14 ʥʘ 

20%, ʪʝʞʝ˂ʠ ʜʘ ʩʝ ʜʦ 2020. ʛʦʜʠʥʝ ʫʢʫʧʥʘ ʝʤʠʩʠʿʘ ʛʘʩʦʚʘ ʩʤʘˁʠ ʟʘ 12% ʫ ʦʜʥʦʩʫ ʥʘ 1990. 

ʛʦʜʠʥʫ[2,3,4.]. ɿʘʪʦ ʩʫ ʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʩʪʘʚˀʝʥʠ ʫ ʩʘʤʦ ʩʨʝʜʠʰʪʝ ˁʝʥʝ ʨʘʟʚʦʿʥʝ 

ʧʦʣʠʪʠʢʝ. ɿʘʿʝʜʥʠʯʢʘ ʦʩʦʙʠʥʘ ʩʚʠʭ ʦʙʥʦʚˀʠʚʠʭ ʠ ʘʣʪʝʨʥʘʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʿʝ ʨʝʣʘʪʠʚʥʦ 

ʚʠʩʦʢ ʩʪʝʧʝʥ ʧʦʯʝʪʥʝ ʠʥʚʝʩʪʠʮʠʿʝ, ʘʣʠ ʠ ˁʠʭʦʚʘ ʥʠʩʢʘ ʦʧʝʨʘʪʠʚʥʘ ʮʝʥʘ. ʅʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ 

ʪʝʭʥʦʣʦʰʢʠʭ ʮʠʢʣʫʩʘ, ʦʚʦ ʯʠʥʠ ʜʘ ʿʝ ˁʠʭʦʚʘ ʫʢʫʧʥʘ ʮʝʥʘ ʧʦʚʦˀʥʠʿʘ. ʂʘʢʦ ʿʝ ʧʦʪʝʥʮʠʿʘʣ 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʫ ʅʦʚʦʤ ʉʘʜʫ 

2
 ɸɼ Ăʉʘʚʘ ʂʦʚʘʯʝʚʠ˂ñ ɺʨʙʘʩ 
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ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʝʥʝʨʛʠʿʝ ʦʛʨʦʤʘʥ, ˁʠʭʦʚʦ ʜʘˀʝ ʪʝʭʥʦʣʦʰʢʦ ʫʩʘʚʨʰʘʚʘˁʝ ʠ ʧʨʠʤʝʥʘ 

ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʧʨʠʦʨʠʪʝʪ ʝʢʦʥʦʤʩʢʦʛ ʨʘʟʚʦʿʘ ʢʦʜ ʥʘʩ. 

ʆʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ ʧʦʧʫʪ ʙʠʦʤʘʩʝ ʜʦʙʠʿʘʿʫ ʩʚʝ ʚʝ˂ʫ ʧʘʞˁʫ ʦʜ ʩʪʨʘʥʝ ʚʣʘʜʘ, 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʠʥʚʝʩʪʠʪʦʨʘ ʠ ʧʦʪʨʦʰʘʯʘ.  

ɺʣʘʜʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʿʝ ʧʦʩʪʘʚʠʣʘ ʩʦʧʩʪʚʝʥʠ ʮʠˀ ʜʘ ʜʦ 2015. ʛʦʜʠʥʝ 12% ʫʢʫʧʥʝ 

ʝʥʝʨʛʝʪʩʢʝ ʧʦʪʨʦʰˁʝ ʤʦʨʘ ʧʦʪʠʮʘʪʠ ʠʟ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ[3,4,]. 

ɽʥʝʨʛʝʪʩʢʠ ʧʦʪʝʥʮʠʿʘʣ ʙʠʦʤʘʩʝ ʧʨʦʮʝˁʫʿʝ ʩʝ ʫ ʨʘʪʘʨʩʪʚʫ ʥʘ ʦʢʦ ʪʨʠ ʤʠʣʠʦʥʘ ʪʦʥʘ, ʘ ʫ 

ʚʦ˂ʘʨʩʪʚʫ ʠ ʚʠʥʦʛʨʘʜʘʨʩʪʚʫ ʦʢʦ 1,1 ʤʠʣʠʦʥ ʪʦʥʘ. ʇʦʪʝʥʮʠʿʘʣ ʦʚʦʛ ʝʥʝʨʛʝʥʪʘ ʠʟ ʰʫʤʘʨʩʪʚʘ 

ʪʘʢʦʹʝ ʥʠʿʝ ʟʘʥʝʤʘʨˀʠʚ, ʿʝʨ ʿʝ ʥʘʮʠʦʥʘʣʥʠʤ ʧʣʘʥʦʤ ʧʨʝʜʚʠʹʝʥʦ ʜʘ ʟʘ ʜʚʝ ʛʦʜʠʥʝ 31,5 ʦʜʩʪʦ 

ʪʝʨʠʪʦʨʠʿʝ ʉʨʙʠʿʝ ʙʫʜʝ ʧʨʝʢʨʠʚʝʥʦ ʰʫʤʘʤʘ[4,5]. 

ʅʘʩʪʘʿʘˁʝ ʙʠʦʛʘʩʘ ʠʟ ʦʨʛʘʥʩʢʠʭ ʩʫʧʩʪʘʥʮʠ ʢʘʦ ʠ ʢʦʨʠʰ˂ʝˁʝ ʤʝʪʘʥʘ ʫ ʝʥʝʨʛʝʪʩʢʝ 

ʩʚʨʭʝ ʦʜʘʚʥʦ ʿʝ ʧʦʟʥʘʪʦ. ʋ ʙʣʠʩʢʦʿ ʧʨʦʰʣʦʩʪʠ, ʧʦˀʦʧʨʠʚʨʝʜʥʘ ʙʠʦʛʘʩ ʧʦʩʪʨʦʿʝˁʘ ʙʠʣʘ ʩʫ 

ʩʨʘʟʤʝʨʥʦ ʿʝʜʥʦʩʪʘʚʥʘ , ʥʠʩʢʝ ʩʥʘʛʝ, ʤʘˁʝ ʦʜ 100 kW. ʊʘ ʧʦʩʪʨʦʿʝˁʘ ʩʚʦʿ ʨʘʜ ʩʫ ʙʘʟʠʨʘʣʘ ʥʘ 

ʧʨʠʤʝʥʠ ʠ ʧʨʠʣʘʛʦʹʘʚʘˁʫ ʧʦʩʪʦʿʝ˂ʠʭ ʧʦʩʪʫʧʘʢʘ ʤʘʥʠʧʫʣʘʮʠʿʦʤ ʦʩʦʢʦʤ, ʥʘ ʠʩʢʫʩʪʚʠʤʘ ʠʟ 

ʧʨʘʢʩʝ ʛʘʟʜʠʥʩʪʘʚʘ ʢʦʿʘ ʩʫ ʠʤʘʣʘ ʙʠʦʛʘʩ ʧʦʩʪʨʦʿʝˁʘ. ʊʦʢʦʤ ʧʦʩʣʝʜˁʠʭ 15 -20 ʛʦʜʠʥʘ, ʘ 

ʥʘʨʦʯʠʪʦ  ʦʜ ʢʘʜʘ ʩʝ ʚʝ˂ʠ ʟʥʘʯʘʿ ʧʨʠʜʘʿʝ ʬʝʨʤʝʥʪʘʮʠʿʠ, ʨʘʟʚʠʿʘʿʫ ʩʝ ʪʝʭʥʠʯʢʠ ʫʩʘʚʨʰʝʥʘ 

ʧʦʩʪʨʦʿʝˁʘ, ʚʠʰʠʭ ʢʣʘʩʘ ʩʥʘʛʝ[6]. 

ɹʠʦʛʘʩʥʠ ʜʠʛʝʩʪʦʨʠ ʫ ʪʦʢʫ ʬʝʨʤʝʥʪʘʮʠʿʝ ʢʦʨʠʩʪʝ ʨʘʟʛʨʘʜˀʠʚʝ ʤʘʪʝʨʠʿʝ, ʦʜ ʢʦʿʠʭ ʩʝ 

ʜʦʙʠʿʘʿʫ ʜʚʘ ʢʦʨʠʩʥʘ ʧʨʦʠʟʚʦʜʘ - ʙʠʦʛʘʩ ʠ ʬʝʨʤʝʥʪʠʩʘʥʦ ʙʠʦʹʫʙʨʠʚʦ. ɹʠʦʛʘʩ ʧʨʝʯʠʰ˂ʝʥ ʜʦ 

ʥʠʚʦʘ ʯʠʩʪʦ˂ʝ ʟʘ ʛʘʩʦʚʦʜ ʥʘʟʠʚʘ ʩʝ ʦʙʥʦʚˀʠʚʠ ʧʨʠʨʦʜʥʠ ʛʘʩ ʠ ʤʦʛʫ˂ʝ ʛʘ ʿʝ ʢʦʨʠʩʪʠʪʠ ʫ 

ʩʚʘʢʦʿ ʧʨʠʤʝʥʠ ʫ ʢʦʿʦʿ ʩʝ, ʠʥʘʯʝ ʢʦʨʠʩʪʠ ʟʝʤʥʠ ʛʘʩ, ʰʪʦ ʫʢˀʫʯʫʿʝ ˁʝʛʦʚʫ ʜʠʩʪʨʠʙʫʮʠʿʫ 

ʧʫʪʝʤ ʛʘʩʦʚʦʜʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʩʪʨʫʿʝ, ʛʨʝʿʘˁʝ, ʟʘʛʨʝʚʘˁʘ ʚʦʜʝ ʠ ʫʧʦʪʨʝʙʫ ʫ ʨʘʟʥʠʤ 

ʪʝʭʥʦʣʦʰʢʠʤ ʧʨʦʮʝʩʠʤʘ. ʀʥʘʯʝ ʙʠʦʛʘʩ ʿʝ ʚʠʩʦʢʦ ʢʚʘʣʠʪʝʪʥʦ ʛʦʨʠʚʦ, ʢʦʿʝ ʤʦʞʝ ʜʘ ʟʘʤʝʥʠ 
ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ. ʋ ʚʨʝʤʝ ʢʘʜʘ ʨʝʟʝʨʚʝ ʬʦʩʠʣʥʠʭ ʛʦʨʠʚʘ ʦʧʘʜʘʿʫ, ʝʥʝʨʛʝʪʩʢʠ ʪʨʦʰʢʦʚʠ ʨʘʩʪʫ, 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʫʛʨʦʞʘʚʘ ʥʝʧʨʘʚʠʣʥʦ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ, ʧʨʦʥʘʣʘʞʝˁʝ ʨʝʰʝˁʘ ʟʘ ʧʨʦʙʣʝʤʝ 

ʙʠʦʣʦʰʢʦʛ ʦʪʧʘʜʘ ʠ ʪʨʝʪʤʘʥ ʦʪʧʘʜʥʠʭ ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ, ʧʨʦʠʟʚʦʜˁʘ ʙʠʦʛʘʩʘ ʧʦʩʪʘʿʝ 

ʘʢʮʠʿʘ ʦʜ ʥʘʿʚʝ˂ʝ ʥʘʮʠʦʥʘʣʥʝ ʚʘʞʥʦʩʪʠ, ʧʦʩʝʙʥʦ ʰʪʦ ʿʝ ʨʘʟʚʦʿ ʪʝʭʥʠʢʝ ʦʤʦʛʫ˂ʠʦ ʠʟʛʨʘʜˁʫ 

ʚʨʣʦ ʝʬʠʢʘʩʥʠʭ ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʥʝʨʛʠʿʝ[6,7]. 

ʋʦʚʦʤ ʨʘʜʫ ʿʝ ʦʙʨʘʹʝʥʦ ʢʦʛʝʥʝʨʘʪʠʚʥʦ ʙʠʦʛʘʩʥʦ ʧʦʩʪʨʦʿʝˁʝ, ʩʥʘʛʝ 1,6 ʄW ʠʟʛʨʘʹʝʥʦʛ 

ʫ  ʩʢʣʦʧʫ ʛʦʚʝʜʘʨʩʢʝ ʬʘʨʤʝ. 

ʎʠˀ ʨʘʜʘ ʿʝ ʜʘ ʩʝ ʦʧʠʰʝ ʠ ʧʨʘʢʪʠʯʥʦ ʦʙʿʘʩʥʠ ʨʘʜ ʿʝʜʥʦʛ ʢʦʛʝʥʝʨʘʪʠʚʥʦʛ 

ʙʠʦʝʥʝʨʛʝʪʩʢʦʛ ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʙʠʦʛʘʩʘ ʠ ʝʣ. ʝʥʝʨʛʠʿʝ ʠʟ ʙʠʦʤʘʩʝ ʦʜ 

ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʦʩʪʘʪʘʢʘ ʠ ʦʩʪʘʪʘʢʘ ʠʟ ʧʨʝʭʨʘʤʙʝʥʝ ʠʥʜʫʩʪʨʠʿʝ.ʂʘʦ ʥʫʩ ʧʨʦʜʫʢʪʠ ʩʝ 

ʜʦʙʠʿʘʿʫ ʪʦʧʣʦʪʥʘ ʝʥʝʨʛʠʿʘ ʠ ʪʝʨʤʠʯʢʠ ʦʙʨʘʹʝʥ ʭʫʤʫʩ ʢʦʿʠ ʩʝ ʚʨʘ˂ʘ ʥʘʟʘʜ ʥʘ ʦʙʨʘʜʠʚʦ 

ʟʝʤˀʠʰʪʝ. 

ɼʨʫʛʠ ʮʠˀ ʿʝʩʪʝ ʜʘ ʩʝ ʥʘ ʧʨʘʢʪʠʯʥʠʤ ʧʨʠʤʝʨʠʤʘ ʠ ʠʩʢʫʩʪʚʠʤʘ ʟʘʧʦʩʣʝʥʠʭ ʥʘ 

ʦʜʨʞʘʚʘˁʫ ʠ ʢʦʥʪʨʦʣʠ ʨʘʜʘ ʙʠʦʛʘʩʥʦʛ ʧʦʩʪʨʦʿʝˁʘ ʧʨʝʧʦʟʥʘʿʫ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʧʦ 

ʟʜʨʘʚˀʝ, ʩʘ ʧʨʝʜʣʦʛʦʤ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʟʘ ʦʪʢʣʘˁʘˁʝ ʠʣʠ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʥʘ ʤʠʥʠʤʫʤ. 

2. ɹʀʆɻɸʉ 

ʇʦʜ ʧʦʿʤʦʤ ʙʠʦʛʘʩʧʦʜʨʘʟʫʤʝʚʘ ʩʝ ʛʘʩ ʥʘʩʪʘʦ ʫ ʘʥʘʝʨʦʙʥʠʤ ʬʝʨʤʝʥʪʦʨʠʤʘ ʠ 

ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʫʩʣʦʚʠʤʘ, ʦʜʥʦʩʥʦ ʫ ʙʠʦʛʘʩʥʠʤ ʧʦʩʪʨʦʿʝˁʠʤʘ. 

ɹʠʦʛʘʩ ʥʘʩʪʘʿʝ ʤʠʢʨʦʙʠʦʣʦʰʢʠʤ ʧʨʦʮʝʩʦʤ ʫ ʘʥʘʝʨʦʙʥʠʤ ʫʩʣʦʚʠʤʘ (ʙʝʟ ʧʨʠʩʫʩʪʚʘ 

ʢʠʩʝʦʥʠʢʘ).ɸʥʘʝʨʦʙʥʝ ʙʘʢʪʝʨʠʿʝ ʨʘʟʛʨʘʫ́ʿʫ ʦʨʛʘʥʩʢʫ ʤʘʪʝʨʠʿʫ, ʘ ʢʘʦ ʧʨʦʜʫʢʪ ʦʚʦʛ ʧʨʦʮʝʩʘ 

ʥʘʩʪʘʿʝ ʙʠʦʛʘʩ, ʪʦʧʣʦʪʘ ʠ ʦʩʪʘʪʘʢ ʬʝʨʤʝʥʪʘʮʠʿʝ. ʇʨʦʮʝʩ ʘʥʘʝʨʦʙʥʝ ʨʘʟʛʨʘʜˁʝ (ʬʝʨʤʝʥʪʘʮʠʿʝ) 

ʰʠʨʦʢʦ ʿʝ ʨʘʩʧʨʦʩʪʨʘˁʝʥ ʫ ʧʨʠʨʦʜʠ, ʛʜʝ ʛʦʜ ʧʦʩʪʦʿʝ ʘʥʘʝʨʦʙʥʠ ʫʩʣʦʚʠ ʠ ʘʥʘʝʨʦʙʥʝ 

ʙʘʢʪʝʨʠʿʩʢʝ ʚʨʩʪʝ. ʇʨʠʤʝʨʠ ʩʫ ʤʫˀ ʫ ʤʦʯʚʘʨʘʤʘ, ʜʥʦ ʤʦʨʘ ʠ ʦʢʝʘʥʘ, ʙʫʨʘʛ ʧʨʝʞʠʚʘʨʘ, ʘ 

ʧʨʦʮʝʩ ʩʝ ʜʝʣʠʤʠʯʥʦ ʦʜʚʠʿʘ ʠ ʧʨʠʣʠʢʦʤ ʩʢʣʘʜʠʰʪʝˁʘ ʩʪʘʿˁʘʢʘ[6,7].  
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ɹʠʦʛʘʩ ʿʝ ʤʝʰʘʚʠʥʘ ʛʘʩʦʚʘ, ʯʠʿʫ ʟʘʧʨʝʤʠʥʫ ʯʠʥʠ ʦʢʦ ʜʚʝ ʪʨʝ˂ʠʥʝ ʤʝʪʘʥʘ (CH4) ʠ ʿʝʜʥʫ 

ʪʨʝ˂ʠʥʫ ʫʛˀʝʥ-ʜʠʦʢʩʠʜ (Cʆ2). ʆʩʠʤ ʤʝʪʘʥʘ ʠ ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ, ʟʘʧʨʝʤʠʥʫ ʙʠʦʛʘʩʘ ʯʠʥʝ 

ʠʜʨʫʛʠ ʛʘʩʦʚʠ ʫ ʟʥʘʪʥʦ ʤʘˁʝʤ ʫʜʝʣʫ, ʘ ʧʨʝʛʣʝʜ ʿʝ ʜʘʪ ʫ ʪʘʙ. 1. ɿʘʧʨʝʤʠʥʩʢʠ ʫʜʝʣʠ ʧʨʠʢʘʟʘʥʠ 

ʩʫ ʫ ʦʧʩʝʟʠʤʘ, ʘ ʟʘʚʠʩʝ ʦʜ ʩʠʨʦʚʠʥʝ (ʩʫʧʩʪʨʘʪʘ) ʠ ʫʩʣʦʚʘ ʫ ʢʦʿʠʤʘ ʙʠʦʛʘʩ ʥʘʩʪʘʿʝ. 

ʊʘʙ. 1. ʉʘʩʪʘʚ ʙʠʦʛʘʩʘ  

ʉʘʩʪʦʿʘʢ ʍʝʤʠʿʩʢʠ ʩʠʤʙʦʣ ɿʘʧʨʝʤʠʥʩʢʠ ʫʜʝʦ, % 

ʄʝʪʘʥ CH4 50-75 

ʋʛˀʝʥ-ʜʠʦʢʩʠʜ CO2 25-45 

ɺʦʜʝʥʘ ʧʘʨʘ H2ʆ 2-7 

ʂʠʩʝʦʥʠʢ ʆ2 < 2 

ɸʟʦʪ N2 < 2 

ɸʤʦʥʠʿʘʢ NH3 < 1 

ɺʦʜʦʥʠʢ H2 < 1 

ɺʦʜʦʥʠʢ-ʩʫʣʬʠʜ H2S 20-20.000 ppm 

(ʤʠʣʠʦʥʠʪʠʭ ʜʝʣʦʚʘ) 

 

ɿʥʘʯʘʿ ʘʥʘʝʨʦʙʥʝ ʬʝʨʤʝʥʪʘʮʠʿʝ ʥʘʿʣʘʢʰʝ ʩʝ ʫʚʠʘ́ ʧʦʨʝʝ́ˁʝʤ ʩ ʘʝʨʦʙʥʦʤ (ʧʨʠʤʝʨ ʿʝ 

ʧʨʦʮʝʩ ʢʦʤʧʦʩʪʠʨʘˁʘ), ʘ ʦʩʥʦʚʥʘ ʨʘʟʣʠʢʘ ʿʝ ʫ ʥʘʩʪʘʣʠʤ ʧʨʦʜʫʢʪʠʤʘ. ʉʫʰʪʠʥʘ ʿʝ ʜʘ ʩʝ ʥʘʢʦʥ 

ʘʥʘʝʨʦʙʥʝ ʬʝʨʤʝʥʪʘʮʠʿʝ ʦʩʣʦʙʘʘ́ ʟʥʘʯʘʿʥʦ ʤʘˁʝ ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ. ɸʝʨʦʙʥʦʤ 

ʬʝʨʤʝʥʪʘʮʠʿʦʤ ʦʨʛʘʥʩʢʘ ʤʘʩʘ ʩʝ ʨʘʟʛʨʘʫ́ʿʝ ʜʦ ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ, ʜʦʢ ʩʝ ʘʥʘʝʨʦʙʥʦʤ ʜʦʙʠʿʘ 

ʤʝʪʘʥ. ʄʝʪʘʥ ʿʝ ʛʦʨʠʚʠ ʛʘʩ, ʘ ʮʠˀ ʿʝ ʫʧʨʘʚʦ ˁʝʛʦʚʘ ʧʨʦʠʟʚʦʜˁʘ ʠ ʝʥʝʨʛʝʪʩʢʦ 

ʢʦʨʠʰ˂ʝˁʝ[1,6]. 

 

 

ʉʣʠʢʘ 1.ʐʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʜʦʙʠʿʘˁʘ ʙʠʦʛʘʩʘ ʠ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ʧʦˀʦʧʨʠʚʨʝʜʥʦʤ 

ʦʢʨʫʞʝˁʫ 

2.1.ʌʘʟʝ ʘʥʘʝʨʦʙʥʝ ʬʝʨʤʝʥʪʘʮʠʿʝ 

ʇʨʦʮʝʩ ʧʨʦʠʟʚʦʜˁʝ ʙʠʦʛʘʩʘ, ʦʜʥʦʩʥʦ ʘʥʘʝʨʦʙʥʝ ʬʝʨʤʝʥʪʘʮʠʿʝ, ʦʜʚʠʿʘ ʩʝ ʫ ʯʝʪʠʨʠ 

ʬʘʟʝ: ʭʠʜʨʦʣʠʟʘ, ʢʠʩʝʣʠʥʩʢʘ, ʩʠʨ˂ʝʪʥʘ ʠ ʤʝʪʘʥʦʛʝʥʘ. ʋ ʩʚʘʢʦʿ ʬʘʟʠ ʫʯʝʩʪʚʫʿʫ ʜʨʫʛʝ ʛʨʫʧʝ 

ʙʘʢʪʝʨʠʿʘ, ʘ ʧʨʦʜʫʢʪʠ ʧʨʝʪʭʦʜʥʝ ʧʦʣʘʟʥʝ ʩʫ ʩʠʨʦʚʠʥʝ ʟʘ ʦʜʚʠʿʘˁʝ ʥʘʨʝʜʥʝ ʬʘʟʝ. ʉʚʝ ʬʘʟʝ 

ʦʜʚʠʿʘʿʫ ʩʝ ʧʨʦʩʪʦʨʥʦ ʠ ʚʨʝʤʝʥʩʢʠ ʧʘʨʘʣʝʣʥʦ, ʘ ʩʚʘʢʦʿ ʛʨʫʧʠ ʙʘʢʪʝʨʠʿʘ ʦʜʛʦʚʘʨʘʿʫ ʜʨʫʛʘʯʠʿʠ 

ʫʩʣʦʚʠ. ɹʘʢʪʝʨʠʿʝ ʤʝʪʘʥʦʛʝʥʝ ʬʘʟʝ ʥʘʿʦʩʝʪˀʠʚʠʿʝ ʩʫ ʥʘ ʧʦʨʝʤʝ˂ʘʿʝ ʦʢʦʣʥʠʭ ʫʩʣʦʚʘ, ʘ ʠ ʚʝʦʤʘ 
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ʩʧʦʨʦ ʩʝ ʨʘʟʤʥʦʞʘʚʘʿʫ. ɿʙʦʛ ʪʦʛʘ ʩʝ ʫʩʣʦʚʠ ʧʨʠʣʘʛʦʘ́ʚʘʿʫ ʦʚʦʿ ʛʨʫʧʠ ʙʘʢʪʝʨʠʿʘ, ʜʘ ʩʝ 

ʧʦʩʪʠʛʥʫ ʥʘʿʚʠʰʠ ʧʨʠʥʦʩʠ ʙʠʦʛʘʩʘ ʠ ʦʙʝʟʙʝʜʠ ʩʪʘʙʠʣʥʦʩʪ ʧʨʦʮʝʩʘ[1,6]. 

ʊʦʢʦʤ ʧʨʚʝ ʬʘʟʝ, ʭʠʜʨʦʣʠʟʝ, ʦʨʛʘʥʩʢʘ ʤʘʩʘ ʨʘʟʛʨʘʫ́ʿʝ ʩʝ ʙʠʦʭʝʤʠʿʩʢʠʤ ʧʨʦʮʝʩʦʤ, 

ʦʩʣʦʙʘʘ́ˁʝʤ ʝʥʟʠʤʘ ʙʘʢʪʝʨʠʿʘ. ʂʦʤʧʣʝʢʩʥʘ ʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ (ʧʨʦʪʝʠʥʠ, ʫʛˀʝʥʠ ʭʠʜʨʘʪʠ, 

ʤʘʩʪʠ) ʨʘʟʣʘʞʫ ʩʝ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʿʘ (ʘʤʠʥʦ-ʢʠʩʝʣʠʥʝ, ʧʨʦʩʪʝ ʰʝ˂ʝʨʝ, ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ).  

ʇʨʦʜʫʢʪʠ ʭʠʜʨʦʣʠʟʝ ʩʝ ʫ ʢʠʩʝʣʠʥʩʢʦʿ ʬʘʟʠ ʜʘˀʝ ʨʘʟʛʨʘʫ́ʿʫ. ɺʝ˂ʠʥʦʤ ʥʘʩʪʘʿʫ ʘʮʝʪʘʪ, 

ʫʛˀʝʥʜʠʦʢʩʠʜ ʠ ʚʦʜʦʥʠʢ, ʘ ʤʘˁʠ ʜʝʦ ʯʠʥʝ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ (ʩʠʨ˂ʝʪʥʘ, 

ʧʨʦʧʠʦʥʩʢʘ,ʙʫʪʝʨʥʘ) ʠ ʘʣʢʦʭʦʣʠ. ʋ ʪʨʝ˂ʦʿ, ʩʠʨ˂ʝʪʥʦʿ ʬʘʟʠ, ʨʘʟʣʘʞʫ ʩʝ ʿʝʜʥʦʩʪʘʚʥʠʿʝ ʤʘʩʥʝ 

ʢʠʩʝʣʠʥʝ ʠ ʘʣʢʦʭʦʣʠ ʠ ʥʘʩʪʘʿʫ ʩʠʨ˂ʝʪʥʘ ʢʠʩʝʣʠʥʘ, ʚʦʜʦʥʠʢ ʠ ʫʛˀʝʥ-ʜʠʦʢʩʠʜ. ʋ ʧʦʩʣʝʜˁʦʿ 

ʬʘʟʠ, ʤʝʪʘʥ ʥʘʩʪʘʿʝ ʠʟ ʩʠʨ˂ʝʪʥʝ ʢʠʩʝʣʠʥʝ ʠʣʠ ʚʦʜʦʥʠʢʘ ʠ ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ. 

ʊʝʭʥʦʣʦʛʠʿʘ ʧʨʦʠʟʚʦʜˁʝ ʙʠʦʛʘʩʘ ʦʤʦʛʫ˂ʫʿʝ ʢʦʨʠʰ˂ʝˁʝ ʰʠʨʦʢʝ ʣʝʧʝʟʝ ʦʪʧʘʜʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ; ʤʘʪʝʨʠʿʘʣʘ ʠ ʦʩʪʘʪʘʢʘ ʠʟ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʧʨʦʠʟʚʦʜˁʝ , ʦʩʦʢʝ, ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ, 

ʙʠʦʦʪʧʘʜʘ  ʠ ʙʠʦʦʪʧʘʜʘ ʠʟ ʧʨʝʭʨʘʤʙʝʥʝ ʠʥʜʫʩʪʨʠʿʝ. ʌʝʨʤʝʥʪʘʮʠʿʦʤ ʥʘʚʝʜʝʥʠʭ ʩʠʨʦʚʠʥʘ 

ʜʦʙʠʿʘ ʩʝ ʫʧʦʪʨʝʙˀʠʚʘ ʝʥʝʨʛʠʿʘ ʫ ʦʙʣʠʢʫ ʙʠʦʛʘʩʘ. ɽʥʝʨʛʠʿʘ ʢʦʿʘ ʿʝ ʧʦʪʨʝʙʥʘ ʟʘ ʧʨʦʮʝʩ 

ʬʝʨʤʝʥʪʘʮʠʿʝ ʿʝ ʨʝʣʘʪʠʚʥʦ ʤʘʣʘ, ʥʘʨʦʯʠʪʦ ʟʘ ʤʘʪʝʨʠʿʘʣʝ ʢʦʿʠ ʩʝ ʚʝ˂ ʥʘʣʘʟʝ ʫ ʪʝʯʥʦʤ 

ʩʪʘˁʫ.ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ, ʫ ʮʠˀʫ ʝʬʠʢʘʩʥʠʿʝ 

ʬʝʨʤʝʥʪʘʮʠʿʝ ʤʝʰʘʿʫ ʩʝ ʩʘ ʪʝʯʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʢʘʦ ʰʪʦ ʿʝ ʦʩʦʢʘ. ʋ ʩʣʫʯʘʿʫ ʧʦʪʨʝʙʝ ʟʘ 

ʜʦʜʘʪʥʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ( ʩʠʪˁeˁʝ, ʩʝʧʘʨʘʮʠʿʘ ) ʫʢʫʧʘʥ ʥʠʚʦ ʧʦʪʨʝʙʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʧʦʚʝ˂ʘʚʘ[7 

].  

ʋ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʟʘ ʙʠʦʛʘʩʥʘ ʧʦʩʪʨʦʿʝˁʘ ʢʦʨʠʩʪʝ ʙʠˀʥʠ ʤʘʪʝʨʠʿʘʣʠ ʩʘ ʿʘʢʦʤ 

ʩʪʨʫʢʪʫʨʦʤ ʢʘʦ ʰʪʦ ʩʫ, ʮʝʣʫʣʦʟʘ, ʭʝʤʠʮʝʣʫʣʦʟʘ ʠ ʣʠʛʥʠʥ, ʭʠʜʨʦʣʠʟʘ ʦʜʨʝʹʫʿʝ ʙʨʟʠʥʫ ˁʠʭʦʚʝ 

ʨʘʟʛʨʘʜʘʜˁʝ [6,7]. ʆʩʠʤ ʦʜ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʿʘʣʘ ʙʨʟʠʥʘ ʨʘʟʛʨʘʜˁʝ ʟʘʚʠʩʠ ʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘ ʢʦʿʦʿ ʩʝ ʧʨʦʮʝʩ ʦʜʚʠʿʘ. ʋ ʪʘʙʝʣʠ 2., ʥʘʚʝʜʝʥʝ ʩʫ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ 50 % 
ʨʘʟʛʨʘʜˁʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʩʫʧʩʪʨʘʪʘ[6 ].  

ʊʘʙʝʣʘ 2.ʇʦʜʨʫʯʿʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʨʝʤʝʥʘ ʟʘʜʨʞʘʚʘˁʘ ʟʘ ʫʦʙʠʯʘʿʥʝ ʧʦˀʦʧʨʠʚʨʝʜʥʝ 

ʩʫʩʧʩʪʨʘʪʝ ʫ ʙʠʦʛʘʩʥʠʤ ʧʦʩʪʨʦʿʝˁʠʤʘ  

ʋʩʣʦʚʠ ʧʨʠʤʝʥʝ 
ʇʦʜʨʫʯʿʝ ʪʝʤʧʝʨʘʪʫʨʥʝ 

ʧʨʠʤʝʥʝ 
ɺʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ 

ʇʩʠʭʨʦʬʠʣʥʠ ɼʦ 20 
o
C 70 ï 80 ʜʘʥʘ 

ʄʝʟʦʬʠʣʥʠ 30 ï 44 
o
C 30 ï 40 ʜʘʥʘ 

ʊʝʨʤʦʬʠʣʥʠ 45 ï 55 
o
C 15 ï 20 ʜʘʥʘ 

 

ɺʝ˂ʠ ʩʪʝʧʝʥ ʨʘʟʛʨʘʜˁʝ ʤʦʛʫ˂ʝ ʿʝ ʦʩʪʚʘʨʠʪʠ, ʘʣʠ ʫʟ ʫʩʣʦʚ ʜʫʞʝʛ ʚʨʝʤʝʥʘ ʬʝʨʤʝʥʪʘʮʠʿʝ 

ʠ ʚʝ˂ʝ ʟʘʧʨʝʤʠʥʝ ʬʝʨʤʝʥʪʘʪʦʨʘ. 

2.2. ʇʨʦʙʣʝʤʘʪʠʢʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʅʘʢʦʥ ʟʘʚʨʰʨʥʦʛ ʧʨʦʮʝʩʘ ʬʝʨʤʝʥʪʘʮʠʿʝ, ʦʩʪʘʮʠ ʙʠʦ ʨʘʟʛʨʘʜˁʝ ʥʘʿʯʝʰ˂ʝ ʩʝ ʨʘʟʙʘʮʫʿʫ 

ʧʦ ʧʦˀʦʧʨʠʚʨʝʜʥʠʤ ʧʦʚʨʰʠʥʘʤʘ ʫ ʮʠˀʫ ʧʦʚʝ˂ʘˁʘ ʢʦʣʠʯʠʥʝ ʹʫʙʨʠʚʘ. ʅʘʢʦʥ ʧʨʦʮʝʩʘ 

ʬʝʨʤʝʥʪʘʮʠʿʝ ʫ ʦʩʪʘʮʠʤʘ ʙʠʦʨʘʟʛʨʘʜˁʝ ʤʦʛʫ ʜʘ ʧʨʝʦʩʪʘʥʫ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʘ 

ʜʦʩʧʝʿʫ ʫ ʣʘʥʘʮ ʠʩʭʨʘʥʝ. ʊʨʝʪʤʘʥ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʰʪʝʪʥʠʭ ʦʪʧʘʜʥʠʭ ʤʘʪʝʨʠʿʘ ʫ ʙʠʦʛʘʩʥʠʤ 

ʧʦʩʪʨʦʿʝˁʠʤʘ ʪʨʝʙʘ ʫ ʧʨʠʥʮʠʧʫ ʠʟʙʝʛʘʚʘʪʠ. ʋ ʪʦʢʫ ʬʝʨʤʝʥʪʘʮʠʿʝ ʧʨʠʩʫʪʥʠ ʪʝʰʢʠ ʤʝʪʘʣʠ ʩʝ 

ʥʝ ʨʘʟʛʨʘʹʫʿʫ, ʥʝʛʦ ʩʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʣʠʯʠʥʫ ʩʫʚʝ ʤʘʪʝʨʠʿʝ, ˁʠʭʦʚ ʩʘʜʨʞʘʿ ʧʦʚʝ˂ʘʚʘ. 

ʇʨʠʩʫʩʪʚʦ ʦʨʛʘʥʩʢʠʭ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘ ʪʦʢʦʤ ʬʝʨʤʝʥʪʘʮʠʿʝ ʩʘʤʦ ʩʝ ʜʝʣʠʤʠʯʥʦ ʩʤʘˁʫʿʝ, ʜʦʢ 

ʙʠʦʣʦʰʢʠ ʦʪʧʘʮʠ, ʫˀʘ , ʤʘʩʪʠ, ʜʝʪʝʨ˅ʝʥʪʠ ʪʘʢʦʹʝ ʦʩʪʘʿʫ ʫ ʦʩʪʘʮʠʤʘ ʥʘʢʦʥ ʙʠʦʨʘʟʛʨʘʜˁʝ. 

ʃʘʢʦ ʠʩʧʘʨˀʠʚʝ ʰʪʝʪʥʝ ʤʘʪʝʨʠʿʝ ʧʨʝʣʘʟʝ ʫ ʙʠʦʛʘʩ ʠ ʩʘ ˁʠʤʝ ʩʘʛʦʨʝʚʘʿʫ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ 

ʩʘʛʦʨʝʚʘˁʘ[6].  
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3.ʂʆʆɻɽʅɽʈɸʊʀɺʅʆ ʇʆʉʊʈʆɱɽɳɽ ʅɸ ɹʀʆɻɸʉ 

3.1.ʇʣʘʥʠʨʘʥʘ ʢʦʣʠʯʠʥʘ ʩʠʨʦʚʠʥʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʧʨʦʮʝʩʫ  

ʇʣʘʥʠʨʘʥʦ ʿʝ ʜʘ ʩʝ ʫ ʫʨʝʹʘʿʫ ʛʦʜʠʰˁʝ ʧʨʝʨʘʜʠ ʦʢʦ 37.545t ʟʘ ʛʝʥʝʨʘʪʦʨ ʦʜ 1,13ʄW. 

ʂʦʣʠʯʠʥʝ ʩʠʨʦʚʠʥʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 3. 

ʊʘʙ. 3. ʂʦʣʠʯʥʝ ʩʠʨʦʚʠʥʘ ʧʨʝʜʚʠʹʝʥʝ  ʪʝʭʥʦʣʦʰʢʠʤ ʧʨʦʿʝʢʪʦʤ 

ʋʣʘʟʥʘ ʤʘʩʘ ʩʠʨʦʚʠʥʝ ʉʚʝʞʘ 

ʩʠʨʦʚʠʥʘ[ʪ/ʛ] 

ʉʫʚʘ ʤʘʪʝʨʠʿʘ 

[%]  

ʉʫʚʘ ʤʘʪʝʨʠʿʘ 

[ʪ/ʛ] 

ʉʚʝʞʘ ʩʠʨʦʚʠʥʘ 

[ʤį/ʜ] 

ɻʦʚʝʹʠ ʪʝʯʥʠ ʩʪʘʿˁʘʢ 4.800 0.6 % 29 13 

ɻʦʚʝʹʠ ʯʚʨʩʪʠ ʩʪʘʿˁʘʢ 
ʩʪʘʿˁʘʢʩʪʘʿˁʘʢʹʫʙʘʨ 

22.000 24% 5.280 93 

ʂʫʢʫʨʫʟʥʘ ʩʠʣʘʞʘ 10.363 29.4% 3.159 45 

ʋʢʫʧʥʦ 37.163 22.48% 8.356 150 

 

ʆʩʠʤ ʛʦʨʝ ʥʘʚʝʜʝʥʠʭ ʩʠʨʦʚʠʥʘ ʢʦʿʝ ʩʫ ʧʨʝʜʚʠʹʝʥʝ ʧʨʦʿʝʢʪʦʤ ʫ ʛʘʩʥʦʤ ʧʦʩʪʨʦʿʝˁʫ ʩʫ 

ʫʚʝʜʝʥʝ ʠ ʜʨʫʛʝ ʩʠʨʦʚʠʥʝ ʢʦʿʝ ʩʣʫʞʝ ʢʘʦ ʟʘʤʝʥʘ ʟʘ ʢʫʢʫʨʫʟʥʫ ʩʠʣʘʞʫ ʢʦʿʘ ʿʝ ʫʿʝʜʥʦ ʠ 

ʥʘʿʩʢʫʧˀʘ ʢʦʤʧʦʥʝʥʪʘ, ʘ ʪʦ ʩʫ; ʩʠʣʘʞʘ ʦʜ ʩʣʘʪʢʦʛ ʩʠʨʢʘ, ʨʝʧʠ˂ ʦʜ ʰʝ˂ʝʨʥʝ ʨʝʧʝ, ʩʠʨʦʚʠ 

ʨʝʧʥʠ ʨʝʟʘʥʘʮ, ʦʩʪʘʣʠ ʙʠˀʥʠ ʦʩʪʘʮʠ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ. ʂʘʦ ʪʝʯʥʠ ʩʫʧʩʪʨʘʪʠ ʦʩʠʤ ʪʝʯʥʦʛ 

ʩʪʘʿʩʢʦʛ ʹʫʙʨʠʚʘ ʫʚʦʜʝ ʩʝ ʠ ʦʩʪʘʮʠ ʠʟ ʧʨʦʠʟʚʦʜˁʝ ʤʣʝʢʘ, ʩʫʨʫʪʢʘ, ˅ʠʙʨʘ ʦʜ ʧʝʯʝˁʘ ʨʘʢʠʿʝ, 

˅ʠʙʨʘ ʠʟ ʧʦʛʦʥʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʝʪʘʥʦʣʘ, ʠʪʜ.  

3.2.ʋʦʯʝʥʠ ʥʝʜʦʩʪʘʮʠ ʫ ʧʦʣʘʟʥʦʿ ʬʘʟʠ ʨʘʜʘ ʧʦʩʪʨʦʿʝˁʘ 

ʇʨʠʣʠʢʦʤ ʩʥʠʤʘˁʘ ʦʙʿʝʢʘʪʘ ʫ ʪʦʢʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʫ ʯʝʩʪʠ ʢʚʘʨʦʚʠ ʠ 

ʟʘʩʪʦʿʠ ʥʘ ʤʝʰʘʯʠʤʘ ʜʠʛʝʩʪʘʪʘ, ʧʫʞʥʠʤ ʪʨʘʥʩʧʦʨʪʝʨʠʤʘ ʟʘ ʫʥʦʩ ʩʪʘʿˁʘʢʘ ʠ ʩʠʣʘʞʝ ʫ 

ʬʝʨʤʝʥʪʦʨ ʟʙʦʛ ʣʦʤʦʚʘ ʩʧʠʨʘʣʝ ʫʩʣʝʜ ʫʥʦʩʘ ʢʘʤʝˁʘ, ʢʦʤʘʜʘ ʙʝʪʦʥʘ ʠʣʠ ʧʚʮ ʤʨʝʞʝ. ɼʘ ʙʠ ʩʝ 

ʢʚʘʨ ʦʪʢʣʦʥʠʦ ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʠʩʪʫʧʠʪʠ ʝʣʝʢʪʨʦʤʦʪʦʨʫ, ʦʪʚʦʨʠʪʠ ʙʦʯʥʝ ʧʦʢʣʦʧʮʝ ʥʘ 

ʪʨʘʥʩʧʦʨʪʝʨʫ ʠ ʦʜʛʫʰʠʪʠ ʟʘʯʝʧˀʝˁʝ, ʦʜʥʦʩʥʦ ʦʜʩʪʨʘʥʠʪʠ ʩʪʨʘʥʝ ʧʨʝʜʤʝʪʝ, ʘ ʥʝʨʝʪʢʦ ʩʝ 

ʜʦʛʘʹʘ ʠ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʚʘʜʠʪʠ ʢʦʤʧʣʝʪʥʫ ʩʧʠʨʘʣʫ ʨʘʜʠ ʟʘʚʘʨʠʚʘˁʘ. ɽʣʝʢʪʦʤʦʪʦʨʠ ʩʝ ʥʘʣʘʟʠ 

ʥʘ ʚʠʩʠʥʠ ʦʜ ʦʢʦ 10m, ʥʦʨʤʘʣʘʥ ʧʨʠʩʪʫʧ ʿʝ ʦʤʦʛʫ˂ʝʥ ʩʘ ʩʧʝʮʠʿʘʣʥʠʤ ʚʦʟʠʣʦʤ ʠ ʩʠʛʫʨʥʦʩʥʦʤ 

ʢʦʨʧʦʤ ʠʣʠ ʧʣʘʪʬʦʨʤʦʤ. ʋ ʟʠʤʩʢʦʤ ʧʝʨʠʦʜʫ ʠ ʪʦ ʧʨʝʜʩʪʘʚˀʘʣʦ ʧʨʦʙʣʝʤ ʧʦʰʪʦ ʪʝʨʝʥ ʦʢʦ 

ʬʝʨʤʝʥʪʦʨʘ ʛʜʝ ʚʦʟʠʣʦ ʤʦʞʝ ʜʘ ʧʨʠʩʪʫʧʠ ʥʠʿʝ ʙʝʪʦʥʠʨʘʥ, ʦʜʥʦʩʥʦ ʜʦʩʪʘ ʿʝ ʥʝʩʪʘʙʠʣʘʥ. 

ʇʨʝʜʣʦʞʝʥʦ ʿʝ ʜʘ ʩʝ ʥʘ ʦʚʦʤ ʠ ʦʩʪʘʣʠʤ ʧʫʞʥʠʤ ʪʨʘʥʩʧʦʨʪʝʨʠʤʘ, ʤʝʰʘʯʠʤʘ ʫʛʨʘʜʝ ʨʘʜʥʝ 

ʧʣʘʪʬʦʨʤʝ ʰʪʦ ʿʝ ʠ ʫʨʘʹʝʥʦ. 

 

ʉʣʠʢʘ 2. ɽʣʝʢʪʨʦʤʦʪʦʨ ʧʫʞʥʦʛ ʪʨʘʥʩʦʨʪʝʨʘ ʩʪʘʿˁʘʢʘ ʧʨʝ ʠ ʧʦʩʣʝ ʢʦʨʝʢʪʠʚʥʠʭ ʤʝʨʘ  
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ʋʢˀʫʯʠʚʘˁʝ ʝʣʝʢʪʨʦʤʦʪʦʨʥʝ ʧʫʤʧʝ ʟʘ ʠʟʙʘʮʠʚʘˁʝ ʚʦʜʝ ʠʟ ʰʘʭʪʘ ʟʘ ʢʦʥʜʝʥʟʘʮʠʿʫ 

ʧʨʝʜʚʠʹʝʥʦ ʿʝ ʪʘʢʦ ʜʘ ʟʘʧʦʩʣʝʥʠ ʤʦʨʘ ʜʘ ʫʹʝ ʫ ʰʘʭʪ ʠ ʧʨʦʜʫʞʥʠ ʢʘʙʝʣ ʦʜ ʧʫʤʧʝ ʫʢˀʫʯʠ ʫ 

ʫʪʠʯʥʠʮʫ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʰʘʭʪʫ ʩʘ ʧʦʚʝ˂ʘʥʦʤ ʚʣʘʛʦʤ ʫʩʣʝʜ ʦʩʣʦʙʘʹʘˁʘ ʢʦʥʜʝʥʟʘʪʘ. 

ʆʙʟʠʨʦʤ ʜʘ ʩʝ ʨʘʜʠ ʦ ʰʘʭʪʫ ʛʜʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʮʫʨʝˁʘ ʤʝʪʘʥʘ ʠ ʩʪʚʘʨʘˁʘ ʝʢʩʧʣʦʟʠʚʥʠʭ 

ʩʤʝʰʘ, ʠʥʚʝʩʪʠʪʦʨʫ ʿʝ ʧʨʝʜʣʦʞʝʥʦ ʜʘ ʩʝ ʦʚʘʿ ʧʨʦʙʣʝʤ ʨʝʰʠ ʫʢˀʫʯʠʚʘˁʝʤ ʧʫʤʧʝ ʙʝʟ ʫʣʘʩʢʘ ʫ 

ʰʘʭʪ. ʋʤʝʩʪʦ ʦʚʦʛ ʩʠʩʪʝʤʘ ʠʥʩʪʘʣʠʨʘʥ ʿʝ ʥʦʚʠ ʢʦʥʜʝʥʟʘʪʦʨ ʥʘ ʢʨʦʚʫ CHP ʧʦʩʪʨʦʿʝˁʘ.  
 

 

ʉʣʠʢʘ 3. ʂʦʥʜʝʥʟʘʪʦʨ ʧʨʝ ʠ ʧʦʩʣʝ ʢʦʨʝʢʪʠʚʥʠʭ ʤʝʨʘ 

ʆʩʠʤ ʦʚʠʭ ʫʦʯʝʥʦ ʿʝ ʿʦʰ ʥʠʟ ʩʠʪʥʠʭ ʜʝʪʘˀʘ ʠ ʥʝʧʨʘʚʠʣʥʦʩʪʠ ʢʦʿʠ ʩʫ ʫʛʣʘʚʥʦʤ 

ʦʪʢʣʦˁʝʥʠ, ʠʣʠ ʿʝ ʫʨʘʹʝʥʘ ʧʨʝʧʨʘʚʢʘ ʩʠʩʪʝʤʘ ʜʦʛʦʚʦʨʦʤ ʧʨʦʿʝʢʪʘʥʪʘ, ʠʟʚʦʹʘʯʘ ʨʘʜʦʚʘ ʠ 

ʠʥʚʝʩʪʠʪʦʨʘ. 

3.3. ʅʘʿʯʝʰ˂ʠ ʢʚʘʨʦʚʠ ʠ ʫʟʨʦʮʠ ʢʚʘʨʦʚʘ ʫ ʪʦʢʫ ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʧʦʩʪʨʦʿʝˁʘ 

ʊʦʢʦʤ ʜʚʦʛʦʜʠʰˁʝʛ ʠʩʢʫʩʪʚʘ ʦʧʝʨʘʪʝʨʘ ʩʠʩʪʝʤʘ, ʥʘʿʚʝ˂ʠ ʧʨʦʙʣʝʤ ʠ ʥʘʿʫʯʝʩʪʘʣʠʿʠ 

ʢʚʘʨʦʚʠ ʠ ʟʘʩʪʦʿʠ ʫ ʨʘʜʫ ʩʫ ʣʦʤ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʩʧʠʨʘʣʘ ʠʣʠ ʣʦʤ ʦʩʦʚʠʥʘ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʠ 

ʤʝʰʘʯʘ, ʢʘʦ ʠ ʟʘʧʫʰʝˁʘ. ʋʟʨʦʢ ʪʦʤʝ ʿʝ ʿʦʰ ʫʚʝʢ ʥʝʫʨʝʹʝʥʘ ʜʝʧʦʥʠʿʘ ʟʘ ʦʜʣʘʛʘˁʝ ʩʪʘʿˁʘʢʘ, 

ʫʥʦʩ ʢʘʤʝˁʘ ʠ ʢʦʤʘʜʘ ʙʝʪʦʥʘ ʩʘ ʩʪʘʿˁʘʢʦʤ, ʫʥʦʩ ʦʪʧʘʜʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ( ʤʘʥʠʣʝ ʠ 

ʤʨʝʞʝ ʦʜ ʙʘʣʘ ʩʣʘʤʝ ʢʦʿʝ ʩʝ ʫʥʦʩʝ ʩʘ ʯʚʨʩʪʠʤ ʩʪʘʿˁʘʢʦʤ). ʅʘ ʦʩʥʦʚʫ ʜʦʩʘʜʘʰˁʠʭ ʣʦʰʠʭ 

ʠʩʢʫʩʪʘʚʘ ʧʦʢʫʰʘʚʘ ʩʝ ʫʚʝʩʪʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʝ ʫʥʦʰʝˁʘ ʰʪʝʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ (ʦʪʧʘʜʥʠʭ 

ʮʠʛʘʣʘ, ʢʘʤʝˁʘ, ʤʘʥʠʣʝ, ʤʝʪʘʣʥʠʭ ʰʠʧʢʠ ʠʩʣ.) ʠ ʪʦ ʦʜ ˁʠʚʝ, ʰʪʘʣʝ ʧʘ ʜʦ ʫʥʦʰʝˁʘ ʫ 

ʙʠʦʛʘʩʥʦ ʧʦʩʪʨʦʿʝˁʝ. 

 

ʉʣʠʢʘ4. ʋʥʦʩ ʙʝʪʦʥʘ,ʮʠʛʘʣʘ ʠ ʜʨʫʛʦʛ ʦʪʧʘʜʘ 

3.4.ɹʠʦʣʦʰʢʝ ʰʪʝʪʥʦʩʪʠ (ʠʥʬʝʢʮʠʿʝ , ʠʟʣʘʛʘˁʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʤʘ ʠ ʘʣʝʨʛʝʥʪʠʤʘ) 

ʇʨʠʣʠʢʦʤ ʨʘʜʘ ʥʘ ʬʝʨʤʝʥʪʦʨʫ, ʫʩʠʧʥʠʤ ʢʦʰʝʚʠʤʘ, ʜʝʧʦʥʠʿʠ ʩʠʣʘʞʝ ʠ ʩʪʘʿˁʘʢʘ, ʫ 

ʙʣʠʟʠʥʠ ʙʘʟʝʥʘ ʩʘ ʪʝʯʥʠʤ ʬʘʟʘʤʘ ʛʜʝ ʩʝ ʧʦʿʘʚˀʫʿʝ ʥʠʟ ʙʠʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ ʨʘʩʧʘʜʘˁʘ ʠ 
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ʨʘʟʣʘʛʘˁʘ ʙʠʦʨʘʟʛʨʘʜʠʚʠʭ ʢʦʤʧʦʥʝʥʪʠ ʙʠʦʤʘʩʝ, ʨʘʟʥʝ ʙʫʙʝ, ʢʦʤʘʨʮʠ, ʙʫʚʝ, ʤʫʚʝ, ʧʘʮʦʚʠ. 

ʊʦʢʦʤ ʨʘʜʘ ʫ ʥʘʚʝʜʝʥʠʤ ʫʩʣʦʚʠʤʘ, ʟʘʧʦʩʣʝʥʠ ʩʫ ʠʟʣʦʞʝʥʠ ʙʠʦʣʦʰʢʠʤ ʰʪʝʪʥʦʩʪʠʤʘ ʫʩʣʝʜ 

ʫʿʝʜʘ ʢʦʤʘʨʘʮʘ, ʢʨʧʝˀʘ, ʦʩʘ, ʙʫʚʘ, ʛʣʦʜʘʨʘ, ʧʘʫʢʦʚʘ ʠ ʜʨʫʛʠʭ ʠʥʩʝʢʘʪʘ ʠʣʠ ʫʥʦʰʝˁʘ 

ʙʘʢʪʝʨʠʿʘ ʧʨʝʢʦ ʦʪʚʦʨʝʥʠʭ ʨʘʥʘ ʧʨˀʘʚʠʭ ʨʫʢʫ, ʧʨˀʘʚʝ ʦʜʝ˂ʝ ʠ ʩʣ. 

ʇʦʩʣʝʜʠʮʝ ʜʝʿʩʪʚʘ ʙʠʦʣʦʰʢʠʭ ʰʪʝʪʥʦʩʪʠ: 

ʅʘʿʯʝʰ˂ʝ ʧʦʩʣʝʜʠʮʝ ʜʝʿʩʪʚʘ ʙʠʦʣʦʰʢʠʭ ʰʪʝʪʥʦʩʪʠ ʩʫ ʘʣʝʨʛʠʿʩʢʝ ʙʦʣʝʩʪʠ ʜʠʩʘʿʥʦʛ 

ʩʠʩʪʝʤʘ, ʙʨʦʥʭʠʪʠʩ, ʦʪʝʞʘʥʦ ʜʠʩʘˁʝ, ʛʫʰʝˁʝ, ʩʫʟʝˁʝ ʦʯʠʿʫ ʩʤʘˁʝʥʦ ʚʠʜʥʦ ʧʦˀʝ, ʧʦʚʝ˂ʘʥ 

ʧʨʠʪʠʩʘʢ, ʧʦʿʘʯʘʥʦ ʟʥʦʿʝˁʝ, ʤʠʰʿʘ ʛʨʦʟʥʠʮʘ, ʢʨʧʝˀʩʢʠ ʝʥʮʝʬʘʣʠʪʠʩ. ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ 

ʦʙʦʣʝˁʘ ʧʨʠʩʫʩʪʚʦ ʙʠʦʣʦʰʢʠʭ ʰʪʝʪʥʦʩʪʠ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʢʦʜ ʟʘʧʦʩʣʝʥʦʛ ʧʦʨʝʤʝ˂ʘʿ ʩʚʝʩʪʠ 

ʫʟ ʨʘʟʣʠʯʠʪʝ ʥʝʫʨʦʣʦʰʢʝ ʠʩʧʘʜʝ. ɼʫʛʦʪʨʘʿʥʘ ʠʟʣʘʛʘˁʘ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʪʝʰʢʦ ʦʙʦˀʝˁʝ 

ʥʝʨʚʥʦʛ ʩʠʩʪʝʤʘ. ʂʨʘʪʢʦʪʨʘʿʥʘ ʠʟʣʘʛʘˁʘ  ʥʘʚʝʜʝʥʠʤ ʙʠʦʣʦʰʢʠʤ ʰʪʝʪʥʦʩʪʠʤʘ ʤʦʛʫ ʠʟʘʟʚʘʪʠ 

ʨʘʟʥʝ ʜʨʫʛʝ ʟʘʨʘʟʥʝ ʙʦʣʝʩʪʠ ʠʣʠ ʪʨʦʚʘˁʘ ʟʙʦʛ ʫʿʝʜʘ ʨʘʟʥʠʭ ʧʘʫʢʦʚʘ, ʢʘʦ ʠ ʢʦʞʥʘ ʦʙʦʣʝˁʘ. 

ʇʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ: 

¶ ʆʙʘʚʝʟʥʘ ʫʧʦʪʨʝʙʘ ʩʨʝʜʩʪʘʚʘ ʟʘ ʣʠʯʥʫ ʟʘʰʪʠʪʫ.  

¶ ʇʨʝʚʝʥʪʠʚʥʘ ʚʘʢʮʠʥʘʮʠʿʘ ʧʨʦʪʠʚ ʪʝʪʘʥʫʩʘ. 

¶ ʆʙʝʟʙʝʹʠʚʘˁʝ ʜʦʚʦˀʥʦ ʩʨʝʜʩʪʘʚʘ ʟʘ ʣʠʯʥʫ ʭʠʛʠʿʝʥʫ ʟʘʧʦʩʣʝʥʠʭ 

¶  ɻʘʨʜʝʨʦʙʝ ʩʥʘʙʜʝʪʠ ʩʘ ʜʫʧʣʠʤ ʛʘʨʜʝʨʦʙʥʠʤ ʦʨʤʘʥʠʤʘ. 

4.ɿɸʂɲʋʏɸʂ 

ʋ ʨʘʜʫ ʿʝ ʧʨʠʢʘʟʘʥʥʦ ʢʦʦʛʝʥʝʨʘʮʠʦʥʦ ʙʠʦʛʘʩʥʦ ʧʦʩʪʨʦʿʝˁʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʙʠʦʛʘʩʘ ʠʟ 

ʙʠʦʤʘʩʝ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ, ʦʩʪʘʪʘʢʘ ʫ ʧʨʝʭʨʘʤʙʝʥʦʿ ʠʥʜʫʩʪʨʠʿʠ ʠ ʩʪʘʿˁʘʢʘ ʩʘ ʛʦʚʝʜʘʨʩʢʝ 

ʬʘʨʤʝ.  

ʀʟʛʨʘʜˁʦʤ ʧʨʚʝ ʬʘʟʝ ʧʦʩʪʨʦʿʝˁʘ ʩʥʘʛʝ 1,5MW ʠ 1,5MW ʪʦʧʣʦʪʥʝ ʝʥʝʨʛʠʿʝ ʥʠʩʫ 

ʧʦʩʪʠʛʥʫʪʠ ʬʠʥʘʥʩʠʿʩʢʠ ʝʬʝʢʪʠ ʫ ʩʤʠʩʣʫ ʠʩʢʦʨʠʰʪʝʥʦʩʪʠ ʢʦʣʠʢʝ ʩʫ ʩʪʚʘʨʥʝ ʤʦʛʫ˂ʥʦʩʪʠ. 

ʈʘʟʣʦʛ ʰʪʦ ʩʝ ʪʦʧʣʦʪʥʘ ʝʥʝʨʛʠʿʘ ʢʦʨʠʩʪʠ ʩʚʝʛʘ 20-30% ʦʜ ʫʢʫʧʥʦ ʧʨʦʠʟʚʝʜʝʥʝ. ʊʦʧʣʦʪʥʘ 

ʝʥʝʨʛʠʿʘ ʩʝ ʢʦʨʠʩʪʠ ʫ ʪʦʢʫ ʛʦʜʠʥʝ ʟʘ ʟʘʛʨʝʚʘˁʝ ʜʠʛʝʩʪʘʪʘ ʫ ʬʝʨʤʝʥʪʦʨʫ, ʘ ʫ ʟʠʤʩʢʦʤ ʧʝʨʠʦʜʫ 

ʩʝ ʢʦʨʠʩʪʠ ʠ ʟʘ ʟʘʛʨʝʚʘˁʝ ʧʦʩʣʦʚʥʠʭ ʦʙʿʝʢʘʪʘ ʠ ʦʙʿʝʢʘʪʘ ʥʘ ʬʘʨʤʠ.   

ʋ ʧʦʛʣʝʜʫ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʧʨʦʠʟʚʦʜˁʘ ʙʠʦʛʘʩʘ ʩʤʘˁʫʿʝ  ʠʩʧʘʨʝˁʘ ʩʪʘʿˁʘʢʘ 

ʠ ʜʨʫʛʦʛ ʰʪʝʪʥʦʛ ʙʠʦʨʘʟʛʨʘʜʠʚʦʛ ʦʪʧʘʜʘ ʠ ʪʦ ʦʜ ʰʝ˂ʝʨʥʝ ʨʝʧʝ, ʚʦ˂ʘ, ʧʨʝʨʘʜʝ ʧʦʚʨ˂ʘ, ʧʨʝʨʘʜʝ 

ʤʣʝʢʘ, ʧʨʦʠʟʚʦʜˁʝ ʝʪʘʥʦʣʘ, ʰʧʠʨʠʪʘ ʠʪʜ, ʫʤʝʩʪʦ ʥʘ ʛʨʘʜʩʢʫ ʜʝʧʦʥʠʿʫ ʦʚʘʿ ʦʪʧʘʜ ʩʝ ʪʝʨʤʠʯʢʠ 

ʦʙʨʘʹʫʿʝ ʠ ʧʨʝʯʠʰ˂ʘʚʘ ʫ ʙʠʦʛʘʩʥʦʤ ʧʦʩʪʨʦʿʝˁʫ ʠ ʢʘʦ ʢʦʨʠʩʪʘʥ ʢʦʤʧʦʩʪ ʩʝ ʚʨʘ˂ʘ ʟʝʤˀʠ.  

ʇʦʢʨʝʪʘˁʝʤ ʙʠʦʛʘʩʥʦʛ ʧʦʩʪʨʦʿʝˁʘ ʦʪʚʦʨʝʥʘ ʩʫ ʥʦʚʘ ʨʘʜʥʘ ʤʝʩʪʘ, ʫʚʝʜʝʥʠ ʥʦʚʠ 

ʪʝʭʥʦʣʦʰʢʠ ʧʦʩʪʫʧʮʠ, ʠ ʫʚʝʜʝʥʘ ʥʦʚʘ ʦʧʨʝʤʘ ʟʘ ʨʘʜ, ʰʪʦ ʿʝ ʠʟʠʩʢʠʚʘʣʦ ʥʦʚʝ ʦʙʫʢʝ, ʠ 

ʪʨʝʥʠʥʛʝ ʟʘʧʦʩʣʝʥʠʭ, ʩʪʨʫʯʥʘ ʦʩʧʦʩʦʙˀʘʚʘˁʘ ʠ ʫʩʘʚʨʰʘʚʘˁʘ. 

ʋ ʪʦʤ ʩʤʠʩʣʫ ʿʝ ʫ ʦʚʦʤ ʨʘʜʫ ʦʙʨʘʹʝʥ ʜʝʦ ʧʨʝʧʦʟʥʘʪʠʭ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʧʦ 

ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ ʫ ʪʦʢʫ ʫʧʨʘʚˀʘˁʘ ʠ ʦʜʨʞʘʚʘˁʘ ʙʠʦʛʘʩʥʦʛ ʧʦʩʪʨʦʿʝˁʘ ʙʝʟ ʦʙʟʠʨʘ ʥʘ 

ʧʨʝʜʚʠʹʝʥʝ ʪʝʭʥʠʯʢʝ ʤʝʨʝ ʢʦʿʝ ʩʫ ʚʝ˂ ʩʘʤʦʤ ʢʦʥʩʪʨʫʢʮʠʿʦʤ ʦʧʨʝʤʝ ʩʧʨʦʚʝʜʝʥʝ ʥʘ ʦʧʨʝʤʠ ʟʘ 

ʨʘʜ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʧʦ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ ʩʫ ʩʪʘʣʥʦ ʧʨʠʩʫʪʥʝ.  

ɿʥʘʯʘʿʥʦ ʿʝ ʩʧʦʤʝʥʫʪʠ ʜʘ ʩʫ ʩʝ ʫ ʧʝʨʠʦʜʫ ʦʜ 2012 ʛʦʜ. ʜʦ ʤʦʤʝʥʪʘ ʠʟʨʘʜʝ ʦʚʦʛ ʨʘʜʘ ʥʘ 

ʦʚʦʤ ʧʦʩʪʨʦʿʝˁʫ ʜʦʛʦʜʠʣʝ ʩʚʝʛʘ ʪʨʠ ʣʘʢʰʝ ʧʦʚʨʝʜʝ ʘʣʠ ʿʝ ʙʠʣʦ ʚʠʰʝ ʧʦʿʘʚʘ ʢʦʞʥʠʭ ʦʙʦʣʝˁʘ 

ʥʘʨʦʯʠʪʦ ʫ ʩʘʤʦʤ ʧʦʯʝʪʢʫ ʨʘʜʘ ʧʦʩʪʨʦʿʝˁʘ ʤʘʣʦ ʟʙʦʛ ʥʝʠʩʢʫʩʪʚʘ ʤʘʣʦ ʟʙʦʛ ʥʝ ʧʨʠʜʨʞʘʚʘˁʘ 

ʭʠʛʠʿʝʥʩʢʠʭ ʤʝʨʘ ʦʜ ʩʪʨʘʥʝ ʟʘʧʦʩʣʝʥʠʭ. ʇʨʦʰʠʨʝˁʝʤ ʢʘʧʘʮʠʪʝʪʘ,ʥʦʚʠʭ ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ 

ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʟʘʧʦʰˀʘʚʘˁʝʤ ʥʦʚʠʭ ʨʘʜʥʠʢʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʠ ʨʠʟʠʢ ʦʜ ʧʦʚʨʝʜʝ.  

5.ʃʀʊɽʈɸʊʋʈɸ 

[1] ʊ. ʇʘʚʣʦʚʠ˂, ɼ. ʄʠʣʦʩʘʚˀʝʚʠ˂, ɼ. ʄʠʨʿʘʥʠ˂: ʆʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʝʥʝʨʛʠʿʝ,ʉʘʚʨʝʤʝʥʠ 

ʤʘʪʝʨʠʿʘʣʠ, ɹʘˁʘ ʃʫʢʘ, 2013 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

77 
 

[2] ʄ. ɱʦʚʘʥʦʚʠ˂, ɼ. ʈʘʜʘʢʦʚʠ˂, ʌ. ʂʠʰ: ɿʥʘʯʘʿ ʧʨʦʠʟʚʦʜˁʝ ʙʠʦʛʘʩʘ ʥʘ ʧʦˀʦʧʨʠʚʨʝʜʥʠʤ 

ʛʘʟʜʠʥʩʪʚʠʤʘ Vʦʿʚʦʜʠʥʝ, Ekonomika poljoprivrede, 2008, Vol. 2, ʩʪʨ. 177- 187 

[3] ɹ.ʉʠʤʝʥʜʠ˂, ʈ.ʄʠ˂ʠ˂, ʄʦʛʫ˂ʥʦʩʪʠ ʧʨʠʤʝʥʝ ʙʠʦʤʘʩʝ ʢʘʦ ʦʙʥʦʚˀʠʚʦʛ ʦʟʚʦʨʘ ʝʥʝʨʛʠʿʝ, 
ɹʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ, ʂʦʧʘʦʥʠʢ 2013 

[4] ʄ. ɹʨʢʠ˂, T. ɱʘʥʠ˂: ʅʦʚʘ ʧʨʦʮʝʥʘ ʚʨʩʪʘ ʠ ʢʦʣʠʯʠʥʘ ʙʠʦʤʘʩʘ ɺʦʿʚʦʜʠʥʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ 
ʝʥʝʨʛʠʿʝ, ʉʘʚʨʝʤʝʥʘ ʧʦˀʦʧʨʠʚʨʝʜʥʘ ʪʝʭʥʠʢʘ 36.2, ʅʦʚʠ ʉʘʜ, 2010, ʩʪʨ. 178-188. 

[5] ʄ. ʄʘʨʪʠʥʦʚ, ɫ. ɫʘʪʢʦʚ, ɱ. ʂʨʩʪʠ˂, ʄ. ʊʝʰʠ˂, ɻ. ɼʨʘʛʫʪʠʥʦʚʠ˂, ʄ. ɻʦʣʫʙ, ʉ. ɹʦʿʠ˂, 
ʄ. ɹʨʢʠ˂, ɹ. ʆʛʨʠʟʦʚʠ˂: ʉʪʫʜʠʿʘ ʦ ʧʨʦʮʝʥʠ ʫʢʫʧʥʠʭ ʧʦʪʝʥʮʠʿʘʣʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠʤʘ 

ʧʨʦʠʟʚʦʜˁʝ ʠ ʢʦʨʠʰ˂ʝˁʘ ʙʠʦʛʘʩʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ɸʇ Vʦʿʚʦʜʠʥʝ, ʇʦʢʨʘʿʠʥʩʢʠ 

ʩʝʢʨʝʪʘʨʠʿʘʪ ʟʘ ʝʥʝʨʛʝʪʠʢʫ ʠ ʤʠʥʝʨʘʣʥʝ ʩʠʨʦʚʠʥʝ, ʅʦʚʠ ʉʘʜ, 2011  

[6] M.Efenberger, A.Gronauer, M.Bukurov, Doprinos zaġtiti  ģivotne sredine koriġĺenjem 

biogasa, PTEP 8(2004) 

[7] M.Efenberger, A.Gronauer, R.Kissel, M.Tesiĺ, Savremeni sistemi za proizvodnju gasa i 

struje- tehniļki, ekonomski i ekoloġki aspekti, PTEP 8(2004)

  



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

78 
 

ɿɸʐʊʀʊɸ ʆɼ ɽʃɽʂʊʆʉʊɸʊʀʏʂʆɻ ɽʌɽʂʊɸ ʅɸ ʇʆɼʆɺʀʄɸ 
ɹʨʘʥʠʩʣʘʚ ʉʘʥʪʨʘʯ

1
 

 santrac@vtsns.edu.rs 

ɸʇʉʊʈɸʂʊ 

ʉʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʥʘ ʧʦʜʦʚʠʤʘ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʧʦʛʦʥʠʤʘ ʠ ʢʘʥʮʝʣʘʨʠʿʩʢʦʤ ʦʢʨʫʞʝˁʫ ʿʝ ʦʧʘʩʘʥ 

ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ ʠ ʰʪʝʪʘʥ ʟʘ ʝʣʝʢʪʨʦʥʩʢʫ ʦʧʨʝʤʫ. ʋ ʧʠʪʘˁʫ ʿʝ ʧʦʤʘʣʦ ʟʘʥʝʤʘʨʝʥʘ ʪʝʤʘ. ʅʝʢʝ ʦʜ  ʪʠʭ ʦʧʘʩʥʦʩʪʠ 

ʠ ʰʪʝʪʥʦʩʪʠ ʩʫ ʦʧʠʩʘʥʝ ʫ ʨʘʜʫ. ʊʘʢʦʹʝ ʿʝ ʦʧʠʩʘʥ ʥʘʩʪʘʥʘʢ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ. 

 ʇʨʝʜʣʦʞʝʥ ʿʝ ʥʘʯʠʥ ʟʘ ʢʦʤʧʝʥʟʘʮʠʿʫ ʰʪʝʪʝ ʧʦ ˀʫʜʝ ʠ ʧʦ ʮʝʣʦʢʫʧʥʫ ʦʧʨʝʤʫ ʫ ʧʦʛʦʥʫ ʧʨʠʤʝʥʦʤ 

ʟʘʰʪʠʪʥʠʭ ʧʦʜʦʚʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʉʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ, ʥʘʩʪʘʥʘʢ, ʦʧʘʩʥʦʩʪ 

STATIC ELECTRICITY P ROTECTION ON FLOORS  

ABSTRACT 

Static electricity, in industry and in office environment is harmful, both for the electronic equipment and 

people working there. Some of these risks are described in the paper. Also, static electricity generation mechanism in 

the plastic machines is described.  

Paper proposes technical measures to compensate these risks, both on the workers and machines applying 

protective conductive floors. 

Key words: Static electricity, generation mechanism, risk 

ʋɺʆɼ 

ʐʪʝʪʥʦʩʪ ʠ ʦʧʘʩʥʦʩʪʠ ʧʦ ˀʫʜʝ ʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, ʪʝ ʧʦ ʤʘʰʠʥʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʢʘʦ 

ʧʦʩʣʝʜʠʮʘ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʩʫ ʟʥʘʯʘʿʥʝ. ɿʘ ˁʠʭʦʚʦ ʝʣʠʤʠʥʠʩʘˁʝ ʩʝ ʢʦʨʠʩʪʝ 

ʧʨʠʛʦʜʥʝ ʤʝʨʝ. ʊʝ ʤʝʨʝ ʩʣʫʞʝ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʧʦ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ˀʫʜʠ ʠ 

ʝʚʝʥʪʫʘʣʥʦʛ ʦʰʪʝ˂ʝˁʘ ʦʧʨʝʤʝ ʢʦʿʘ ʿʝ ʠʟʣʦʞʝʥʘ ʩʪʘʪʠʯʢʦʤ ʝʣʝʢʪʨʠʮʠʪʝʪʫ. 

ʉʚʘʢʦ ʪʝʣʦ ʤʦʞʝ ʙʠʪʠ ʥʘʝʣʝʢʪʨʠʩʘʥʦ. ʇʨʠʤʝʨʠ ʟʘ ʪʦ ʫ ʧʨʠʨʦʜʠ ʩʫ ʤʥʦʛʦʙʨʦʿʥʠ. 

ʄʝʹʫʪʠʤ, ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʥʠʿʝ ʫʚʝʢ ʙʝʟʘʟʣʝʥ, ʧʦʧʫʪ ʣʘʙʦʨʘʪʦʨʠʿʩʢʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ 
ʩʪʘʢʣʝʥʠʤ ʰʪʘʧʦʤ. ʉʥʘʛʘ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʤʦʞʝ ʜʘ ʙʫʜʝ 

ʧʨʠʣʠʯʥʦ ʚʝʣʠʢʘ. ɽʢʩʪʨʝʤʥʠ ʩʣʫʯʘʿ ʿʝ ʧʦʿʘʚʘ ʤʫˁʘ ʠ ʛʨʦʤʦʚʘ ʢʦʿʝ ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ 

ʪʨʝˁʘ ʤʦʣʝʢʫʣʘ ʚʦʜʝ ʫ ʦʙʣʘʮʠʤʘ, ʢʘʜʘ ʜʦʣʘʟʠ ʜʦ ʧʨʝʣʘʩʢʘ ʩʣʦʙʦʜʥʠʭ ʥʦʩʠʣʘʮʘ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʩʘ ʤʦʣʝʢʫʣʘ ʥʘ ʤʦʣʝʢʫʣ, ʪʝ ʜʦʣʘʟʠ ʜʦ ʩʪʚʘʨʘˁʘ ʦʛʨʦʤʥʝ ʢʦʣʠʯʠʥʝ ʩʪʘʪʠʯʢʦʛ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ. 

ʉʊɸʊʀʏʂʀ ɽʃɽʂʊʈʀʎʀʊɽʊ 

ʉʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ [1] ʫʦʧʰʪʝ, ʿʝ ʧʦʿʘʚʘ ʢʦʿʘ ʧʦʪʠʯʝ ʦʜ ʚʠʰʢʘ ʧʦʟʠʪʠʚʥʦʛ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ (q
+
) ʠʣʠ ʚʠʰʢʘ ʥʝʛʘʪʠʚʥʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ (q

 ï
). ɸʢʦ ʪʝʣʦ ʠʤʘ ʚʠʰʘʢ 

ʥʝʛʘʪʠʚʥʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ, ʢʘʞʝʤʦ ʜʘ ʿʝ ʦʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʦ ʥʝʛʘʪʠʚʥʦʤ ʢʦʣʠʯʠʥʦʤ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʪʿ. ʜʘ ʿʝ ʥʘʝʣʝʢʪʨʠʩʘʥʦ ʥʝʛʘʪʠʚʥʦ. ɸʥʘʣʦʛʥʦ ʪʦʤʝ, ʘʢʦ ʥʝʢʦ ʪʝʣʦ ʠʤʘ ʚʠʰʘʢ 

ʧʦʟʠʪʠʚʥʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ, ʢʘʞʝʤʦ ʜʘ ʿʝ ʦʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʦ ʧʦʟʠʪʠʚʥʦʤ ʢʦʣʠʯʠʥʦʤ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʪʿ. ʜʘ ʿʝ ʥʘʝʣʝʢʪʨʠʩʘʥʦ ʧʦʟʠʪʠʚʥʦ. ʉʣʦʙʦʜʥʠ ʥʦʩʠʦʮʠ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʩʫ 

ʟʘʧʨʘʚʦ ʩʣʦʙʦʜʥʠ ʝʣʝʢʪʨʦʥʠ. ʂʦʣʠʯʠʥʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʥʝʢʦʛ ʪʝʣʘ (q) ʿʝ: 
 

q =q
-
 - q

+ 
                                                    (1) 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ, ʅʦʚʠ ʉʘʜ 

mailto:santrac@vtsns.edu.rs
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ʛʜʝ q
+
 -ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʥʫ ʢʦʣʠʯʠʥʫ ʧʦʟʠʪʠʚʥʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫ ʪʝʣʫ, ʘ q

 -
 ʫʢʫʧʥʫ 

ʢʦʣʠʯʠʥʫ ʥʝʛʘʪʠʚʥʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫ ʪʦʤ ʪʝʣʫ. 

ɼʦʚʦʹʝˁʝ ʥʝʢʦʛ ʪʝʣʘ ʫ ʥʘʝʣʝʢʪʨʠʩʘʥʦ ʩʪʘˁʝ ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ ʥʘ ʨʘʟʥʝ ʥʘʯʠʥʝ [1]: 
 

1. ʤʝʹʫʩʦʙʥʠʤ ʪʨʝˁʝʤ ʜʚʘ ʪʝʣʘ; 

2. ʨʘʩʪʚʘʨʘˁʝʤ ʪʝʣʘ ʫ ʝʣʝʢʪʨʦʣʠʪʫ; 

3. ʜʝʣʦʚʘˁʝʤ ʩʚʝʪʣʦʩʪʠ ʥʘ ʪʝʣʘ ʦʜ ʧʦʿʝʜʠʥʠʭ ʚʨʩʪʘ ʤʝʪʘʣʘ; 

4. ʟʘʛʨʝʚʘˁʝʤ ʩʧʦʿʘ ʜʚʘ ʪʝʣʘ ʥʘʧʨʘʚˀʝʥʠʭ ʦʜ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʤʝʪʘʣʘ. 
 

1. ʄʝʹʫʩʦʙʥʠʤ ʪʨʝˁʝʤ ʜʚʘ ʪʝʣʘ ʜʦʣʘʟʠ ʜʦ ˁʠʭʦʚʦʛ ʥʘʝʣʝʢʪʨʠʩʘʚʘˁʘ. ʊʦʤ ʧʨʠʣʠʢʦʤ 

ʜʦʣʘʟʠ ʜʦ ʧʨʝʣʘʩʢʘ ʜʝʣʘ ʝʣʝʢʪʨʦʥʘ ʩʘ ʿʝʜʥʦʛ ʪʝʣʘ ʥʘ ʜʨʫʛʦ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʩʝ ʥʘ ʪʝʣʠʤʘ ʩʪʚʘʨʘ 

ʚʠʰʘʢ ʥʝʛʘʪʠʚʥʦʛ, ʦʜʥʦʩʥʦ ʧʦʟʠʪʠʚʥʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 1.  
 

 

ʉʣʠʢʘ 1.: ʇʨʦʮʝʩ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʪʝʣʘ 

 

ʇʨʝʤʘ ʠʩʪʨʘʞʠʚʘˁʫ ʦʙʿʘʚˀʝʥʦʛ ʥʘ ʩʘʿʪʫ ĂElectrostatic Discharge Associationñ [2]:, 

ʯʦʚʝʢ ʧʨʘʚʠ ʝʢʩʪʨʝʤʥʦ ʿʘʢʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʫ ʦʢʨʫʞʝˁʫ, ʪʘʙʝʣʘ 1: 

ʊʘʙʝʣʘ 1.: ʈʝʟʫʣʪʘʪʠ ʠʩʪʨʘʞʠʚʘˁʘ ʩʘʿʪʘ ĂElectrostatic Discharge Associationñ-ʘ 

ʈʘʜˁʘ ʅʘʧʦʥ 

͔̆ͦ͒͊ͥ ͔͙ͭͨͻͦͣ  1500 V  

͔̆ͦ͒͊ͥ ͔ͨͪͦ͟ ͍͙͙͙ͤͤ͡ͻ ͨͦ͡;͙ͼ͊  250 V  

˾͙͊͒ͤ͟ ͙ͦ͟͞ ͎ͯͪ͊ ͎ͪ͊Ώ͔͍͙ͤͫ͊͟ ͙ͦ͟͡ͼ͊ 100 V  

˽͙͙ͪͦͣ͟͡ ͤͦ΄͔ͥ͊ ͙͍͙͙͔ͨͦͤͫ͟͡͡ ͍͔ͪΐ͔  1200 V  

˿͔͔͒ΐ͙ ͤ͊ ͙ͫͭͦ͡ͼ͙ ͔͍ͨͪͫͯ;͔ͤͦ͞ ͔ͯͪͭ͊ͤͦͣ  1500 V  

 

2. ʇʨʠ ʨʘʩʪʚʘʨʘˁʫ ʥʝʢʠʭ ʪʝʣʘ ʫ ʝʣʝʢʪʨʦʣʠʪʫ ʧʦʿʝʜʠʥʠ ʧʦʟʠʪʠʚʥʠ ʿʦʥʠ ʧʨʝʣʘʟʝ ʫ 

ʨʘʩʪʚʦʨ, ʘ ʫ ʩʘʤʦʤ ʤʘʪʝʨʠʿʘʣʫ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʿʘʚˀʘ ʚʠʰʘʢ ʥʝʛʘʪʠʚʥʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ, ʧʘ ʩʝ 

ʪʝʣʦ ʝʣʝʢʪʨʠʰʝ ʥʝʛʘʪʠʚʥʦ. 

3. ɼʝʣʦʚʘˁʝʤ ʩʚʝʪʣʦʩʪʠ ʥʘ ʥʝʢʝ ʤʝʪʘʣʝ ʜʦʣʘʟʠ ʜʦ ʦʩʣʦʙʘʹʘˁʘ ʿʝʜʥʦʛ ʙʨʦʿʘ 

ʝʣʝʢʪʨʦʥʘ ʢʦʿʠ ʥʘʧʫʰʪʘʿʫ ʤʝʪʘʣ (ʬʦʪʦ ʝʬʝʢʘʪ). ʅʘ ʪʘʿ ʥʘʯʠʥ ʫ ʤʝʪʘʣʫ ʦʩʪʘʿʝ ʚʠʰʘʢ 
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ʧʦʟʠʪʠʚʥʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʠ ʤʝʪʘʣ ʧʦʩʪʘʿʝ ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥ. ʅʘ ʦʚʦʤ ʧʨʠʥʮʠʧʫ ʩʫ 

ʟʘʩʥʦʚʘʥʝ ʬʦʪʦ-˂ʝʣʠʿʝ, ʢʦʿʝ ʧʦʜ ʜʝʿʩʪʚʦʤ ʩʫʥʯʝʚʝ ʩʚʝʪʣʦʩʪʠ ʜʘʿ ʩʪʨʫʿʫ. 
 

 

ʉʣʠʢʘ 2.: ʇʨʠʢʘʟ ʦʩʣʦʙʘʹʘˁʘ ʝʣʝʢʪʨʦʥʘ ʬʦʪʦ ʝʬʝʢʪʦʤ 

4. ɿʘʛʨʝʚʘˁʝʤ ʩʧʦʿʘ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʤʝʪʘʣʘ ʜʦʣʘʟʠ ʜʦ ʧʨʝʣʘʩʢʘ ʝʣʝʢʪʨʦʥʘ ʩʘ ʿʝʜʥʦʛ 

ʥʘ ʜʨʫʛʠ, ʪʘʢʦ ʜʘ ʿʝʜʘʥ ʤʝʪʘʣ ʧʦʩʪʘʿʝ ʧʦʟʠʪʠʚʥʦ ʘ ʜʨʫʛʠ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥ. 
ʉʠʣʘ ʧʨʠʚʣʘʯʝˁʘ ʠʣʠ ʦʜʙʠʿʘˁʘ ʜʚʘ ʥʘʝʣʝʢʪʨʠʩʘʥʘ ʪʝʣʘ (1) ʿʝ ʚʝ˂ʘ ʫʢʦʣʠʢʦ ʩʫ ʢʦʣʠʯʠʥʝ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫ ʪʝʣʠʤʘ ʚʝ˂ʝ, ʘ ʦʙʨʥʫʪʦ ʿʝ ʩʨʘʟʤʝʨʥʘ ʢʚʘʜʨʘʪʫ ʨʘʩʪʦʿʘˁʘ ʪʘ ʜʚʘ ʪʝʣʘ. ɿʘ ʠʩʪʦ ʨʘʩʪʦʿʘˁʝ 

ʠʟʤʝʹʫ ʥʘʝʣʝʢʪʨʠʩʘʥʠʭ ʪʝʣʘ ʩʠʣʘ ʟʘʚʠʩʠ ʦʜ ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʩʝ ʦʥʘ ʥʘʣʘʟʝ. 

[]N
r4

qq
F

2
a

21

pe

Ö
= ,                                                (2) 

ʛʜʝ ʿʝ F ʩʠʣʘ ʫʟʘʿʘʤʥʦʛ ʜʝʿʩʪʚʘ ʠʟʨʘʞʝʥʘ ʫ ˁʫʪʥʠʤʘ (N), q1 ʠ q2 ʩʫ ʢʦʣʠʯʠʥʝ 

ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʠʟʨʘʞʝʥʝ ʫ ʢʫʣʦʥʠʤʘ (ʉ), r ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʠʟʨʘʞʝʥʦ ʫ 

ʤʝʪʨʠʤʘ (m), eʘ ʿʝ ʘʧʩʦʣʫʪʥʘ ʜʠʝʣʝʢʪʨʠʯʥʘ ʢʦʥʩʪʘʪʘ ʩʨʝʜʠʥʝ ʫ ʢʦʿʦʿ ʩʝ ʥʘʣʘʟʝ ʥʘʝʣʝʢʪʨʠʩʘʥʘ 

ʪʝʣʘ. 

ʉʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʿʝ ʝʣʝʢʪʨʠʯʥʠ ʥʘʙʦʿ ʫ ʩʪʘˁʫ ʤʠʨʦʚʘˁʘ. ʅʘʿʯʝʰ˂ʝ ʥʘʩʪʘʿʝ 

ʪʨʝˁʝʤ ʠ ʧʦʪʦʤ ʨʘʟʜʚʘʿʘˁʝʤ. ʊʨʝˁʝʤ ʥʘʩʪʘʿʝ ʪʦʧʣʦʪʘ ʢʦʿʘ ʧʦʢʨʝ˂ʝ ʤʦʣʝʢʫʣʝ ʥʝʢʦʛ 

ʤʘʪʝʨʠʿʘʣʘ. ʂʘʜʘ ʩʝ ʟʘʪʠʤ ʜʚʘ ʤʘʪʝʨʠʿʘʣʘ ʨʘʟʜʚʦʿʝ, ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʧʨʝʣʘʟʘ ʝʣʝʢʪʨʦʥʘ ʠʟ ʿʝʜʥʦʛ 

ʫ ʜʨʫʛʠ ʤʘʪʝʨʠʿʘʣ. 

ʄʘʪʝʨʠʿʘʣʝ, ʢʦʿʠ ʣʘʢʦ ʨʘʟʤʿʝˁʫʿʫ ʝʣʝʢʪʨʦʥʝ (ʠʣʠ ʥʘʙʦʿʝ) ʠʟʤʝʹʫ ʘʪʦʤʘ, ʥʘʟʠʚʘʤʦ 

ʚʦʜʠʯʠʤʘ, ʠ ʦʥʠ ʧʦʩʝʜʫʿʫ ʩʣʦʙʦʜʥʦ ʧʦʢʨʝʪʥʝ ʝʣʝʢʪʨʦʥʝ. ʇʨʠʤʝʨʠ ʚʦʜʠʯʘ ʩʫ ʤʝʪʘʣʠ, ʫʛˀʝʥʠʢ 

ʠ ʩʣʦʿ ʟʥʦʿʘ ʥʘ ˀʫʜʩʢʦʤ ʪʝʣʫ.  

ʄʘʪʝʨʠʿʘʣʝ ʢʦʿʠ ʝʣʝʢʪʨʦʥʝ ʥʝ ʨʘʟʤʝˁʫʿʫ ʪʘʢʦ ʣʘʢʦ, ʥʘʟʠʚʘʤʦ ʠʟʦʣʘʪʦʨʠʤʘ. ʅʝʢʠ 

ʧʦʟʥʘʪʠ ʠʟʦʣʘʪʦʨʠ ʩʫ ʧʣʘʩʪʠʢʘ, ʩʪʘʢʣʦ ʠ ʚʘʟʜʫʭ. ʀ ʚʦʜʠʯʠ ʠ ʠʟʦʣʘʪʦʨʠ ʤʦʛʫ ʙʠʪʠ Ăʥʘʙʠʿʝʥʠñ 

ʩʪʘʪʠʯʢʠʤ ʝʣʝʢʪʨʠʮʠʪʝʪʦʤ. ɸʢʦ ʿʝ ʥʝʢʠ ʚʦʜʠʯ ʥʘʙʠʿʝʥ, ʩʣʦʙʦʜʥʠ ʝʣʝʢʪʨʦʥʠ ʜʘʿʫ ʤʫ 

ʤʦʛʫ˂ʥʦʩʪ ʙʨʟʦʛ ʧʨʘʞˁʝˁʘ, ʯʠʤ ʜʦʹʝ ʫ ʢʦʥʪʘʢʪ ʩ ʥʝʢʠʤ ʜʨʫʛʠʤ ʚʦʜʠʯʝʤ ʠʣʠ ʯʠʤ ʩʝ ʫʟʝʤˀʠ. 

ʋ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʧʦˀʝ ʠʤʘ ʧʦʚʦˀʘʥ ʫʪʠʮʘʿ ʥʘ ˀʫʜʝ, ʘʣʠ, ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, 

ʫʪʠʮʘʿ ʧʦˀʘ ʥʘ ʯʦʚʝʢʘ ʤʦʞʝ ʜʘ ʙʫʜʝ ʠ ʣʦʰ.  

ʋ ʨʘʜʫ ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʥʠʿʝ ʧʦʩʚʝ˂ʝʥʘ ʝʢʩʪʨʝʤʥʦʤ ʩʣʫʯʘʿʫ, ʘ ʪʦ ʿʝ, ʢʘʜʘ ʿʝ ʨʘʟʣʠʢʘ 

ʢʦʣʠʯʠʥʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʜʚʘ ʪʝʣʘ ʜʦʚʦˀʥʦ ʤʘʣʘ ʜʘ ʥʝ ʤʦʞʝ ʬʠʟʠʯʢʠ ʜʘ ʧʨʠʤʘʢʥʝ 

ʥʘʝʣʝʢʪʨʠʩʘʥʘ ʪʝʣʘ, ʘ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʜʦʚʦˀʥʦ ʚʝʣʠʢʘ ʜʘ ʨʘʟʣʠʢʘ ʧʦʪʝʥʮʠʿʘʣʘ ʪʝ ʜʚʝ ʪʘʯʢʝ 

ʧʨʝʤʘʰʠ ʜʠʝʣʝʢʪʨʠʯʥʫ ʯʚʨʩʪʦ˂ʫ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʠʟʤʝʹʫ ʪʝʣʘ ʥʘʣʘʟʠ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, 

ʿʘʚˀʘ ʩʝ ʚʘʨʥʠʮʘ ʠʟʤʝʹʫ ʜʚʘ ʪʝʣʘ.  
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ʇʆɼʆɺʀ ʋ ʇʆɼʈʋʏɱʀʄɸ ɽʃɽʂʊʈʆʉʊɸʊʉʂʆɻ ʇʈɸɾɳɽɳɸ 

ɼʘ ʙʠ ʩʝ ʤʦʛʣʘ ʛʘʨʘʥʪʦʚʘʪʠ ʧʦʫʟʜʘʥʦʩʪ ʠ ʢʚʘʣʠʪʝʪʘ ʜʘʥʘʰˁʠʭ ʝʣʝʢʪʨʦʥʠʯʢʠʭ 

ʧʨʦʠʟʚʦʜʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʢʦʤʧʦʥʝʥʪʝ ʢʦʿʝ ʩʫ ʦʩʿʝʪˀʠʚʝ ʥʘ ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ, ʦʙʨʘʹʠʚʘʪʠ 

ʩʘʤʦ ʫ ʨʘʜʥʦʤ ʦʢʨʫʞʝˁʫ ʟʘʰʪʠ˂ʝʥʦʤ ʦʜ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ (ɽʇɸ). ʇʦʜʨʫʯʿʝ 

ʟʘʰʪʠ˂ʝʥʦ ʦʜ ESD-ʘ ʿʝ ʚʨʣʦ ʩʣʦʞʝʥʦ ʫʨʝʹʝʥʦ (ʩʣʠʢʘ 3.). 

 

 

ʉʣʠʢʘ 3.: ʇʦʜʨʫʯʿʝ ʟʘʰʪʠ˂ʝʥʦ ʦʜ ESD-ʘ 

ʇʨʦʩʪʦʨʠ ʫ ʢʦʿʠʤʘ ʜʦʣʘʟʠ ʜʦ ʝʣʝʢʪʨʦʩʪʘʪʩʢʦʛ ʧʨʘʞˁʝˁʘ, ʥʧʨ. ʢʦʜ ʧʨʦʠʟʚʦʜʝˁ 

ʤʠʢʨʦʯʠʧʦʚʘ, ʤʦʛʫ ʙʠʪʠ ʠʩʧʫˁʝʥʠ ʟʘʜʘʮʠʤʘ ʩʘʤʦ ʘʢʦ ʩʝ ʤʘʪʝʨʠʿʘʣʠ ʠ ʦʧʨʝʤʘ ʢʦʿʠ ʩʝ ʪʘʤʦ 

ʢʦʨʠʩʪʝ ʫʩʢʣʘʜʝ ʩʘ ʟʘʭʪʝʚʠʤʘ. ʋ ʪʠʧʠʯʥʫ ʦʧʨʝʤʫ ʫ ʧʨʦʩʪʦʨʠʤʘ ESD-ʘ ʩʧʘʜʘʿʫ ʚʦʜˀʠʚʠ 

ʩʪʦʣʦʚʠ, ʩʪʦʣʠʮʝ, ʮʠʧʝʣʝ, ʦʜʝ˂ʘ, ʪʨʘʢʝ ʟʘ ʫʟʝʤˀʝˁʝ ʦʢʦ ʨʫʯʥʠʭ ʟʛʣʦʙʦʚʘ, ʠʦʥʠʟʘʪʦʨʠ ï ʠ 

ʥʘʨʘʚʥʦ ʚʦʜˀʠʚʠ ʧʦʜʥʠ ʧʨʝʤʘʟʠ. 

ɺʦʜʠˀʚʠ ʧʨʝʤʘʟʠ ʠʛʨʘʿʫ ʧʦʩʝʙʥʦ ʚʘʞʥʫ ʫʣʦʛʫ ʿʝʨ ʤʦʨʘʿʫ ʩʚʝ ʥʘʙʦʿʝ, ʛʝʥʝʨʠʨʘʥʝ ʫ 

ʧʦʜʨʫʯʿʠʤʘ ʝʣʝʢʪʨʦʩʪʘʪʩʢʦʛ ʧʨʘʞˁʝˁʘ, ʦʜʚʝʩʪʠ ʫ ʟʝʤˀʫ.  

ɺʦʜˀʠʚʠ ʧʦʜʥʠ ʧʨʝʤʘʟʠ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʩʝ ʫ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʧʦʜʨʫʯʿʘ: 

1. ʧʦʜʨʫʯʿʘ ʟʘʰʪʠ˂ʝʥʘ ʦʜ ʝʢʩʧʣʦʟʠʿʝ 

2. ʧʦʜʨʫʯʿʘ ʟʘʰʪʠ˂ʝʥʘ ʦʜ ESD-ʘ 

ʋ ʦʙʘ ʩʣʫʯʘʿʘ ʚʦʜˀʠʚʠ ʧʦʜʥʠ ʧʨʝʤʘʟ ʩʧʨʝʯʘʚʘ ʜʘ ʩʝ ʦʩʦʙʝ ʢʦʿʝ ʩʝ ʪʘʤʦ ʥʘʣʘʟʝ, 

ʝʣʝʢʪʨʠʟʠʨʘʿʫ. ʊʘʢʦ ʩʝ ʫ ʩʧʦˀʘʰˁʠʤ ʟʘʰʪʠ˂ʝʥʠʤ ʧʨʦʩʪʦʨʠʤʘ ʩʧʨʝʯʘʚʘ ʝʢʩʧʣʦʟʠʿʘ 

ʟʘʧʘˀʠʚʠʭ ʤʝʜʠʿʘ ʢʦʿʠ ʩʫ ʫ ˁʠʤʘ ʫʩʢʣʘʜʠʰʪʝʥʠ.  

ʆ ʟʘʰʪʠʪʠ ʦʩʝʪˀʠʚʠʭ ʝʣʝʢʪʨʦʥʠʯʢʠʭ ʢʦʤʧʦʥʝʥʘʪʘ ʦʜ ʝʣʝʢʪʨʦʩʪʘʪʩʢʦʛ ʧʨʘʞˁʝˁʘ 

ʨʘʜʠ ʩʝ ʢʦʜ ʧʨʦʩʪʦʨʘ, ʢʦʿʠ ʩʫ ʟʘʰʪʠ˂ʝʥʠ ʦʜ ESD-ʘ.  

ʉʘʩʪʘʚ ʚʦʜˀʠʚʦʛ ʧʦʜʥʦʛ ʧʨʝʤʘʟʘ - ʂʦʤʧʦʥʝʥʪʝ ʠ ˁʠʭʦʚʘ ʬʫʥʢʮʠʿʘ 

 

ʉʣʠʢʘ 4.: ʂʦʤʧʦʥʝʥʪʝ ʚʦʜˀʠʚʦʛ ʧʦʜʥʦʛ ʧʨʝʤʘʟʘ 
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(1) ɿʘʰʪʠʪʥʠ ʧʦʚʨʰʠʥʩʢʠ ʧʨʝʤʘʟ [8] - ʩʠʩʪʝʤʠ ʢʦʿʠ ʩʫ ʦʧʨʝʤˀʝʥʠ ʟʘʚʨʰʥʠʤ 

ʧʨʝʤʘʟʠʤʘ, ʧʦʩʝʜʫʿʝ ʜʦʚʦˀʥʫ ʝʣʝʢʪʨʠʯʥʫ ʚʦʜˀʠʚʦʩʪ ʢʘʢʦ ʙʠ ʟʘʜʦʚʦˀʠʣʠ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ 

ʟʘʰʪʠʪʝ ʦʜ ʝʢʩʧʣʦʟʠʿʝ, ʘʣʠ ʦʥʠ ʥʝ ʠʩʧʫˁʘʚʘʿʫ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ ʟʘʰʪʠʪʝ ʦʜ ESD-ʘ. ɿʙʦʛ ʪʦʛʘ, 

ʟʘʚʨʰʥʠ ʩʝ ʩʣʦʿʝʚʠ ʜʦʜʘʪʥʦ ʧʨʝʤʘʟʫʿʫ ʧʠʛʤʝʥʪʠʨʘʥʠʤ, ʚʦʜˀʠʚʠʤ ʧʦʚʨʰʠʥʩʢʠʤ ʧʨʝʤʘʟʠʤʘ. 

ʊʘʢʚʠ ʧʨʝʤʘʟʠ ʩʫ ʚʨʣʦ ʦʪʧʦʨʥʠ ʥʘ ʘʙʨʘʟʠʿʫ ʠ ʠʤʘʿʫ ʠʟʚʝʩʥʫ ʚʦʜʦʨʘʚʥʫ ʚʦʜˀʠʚʦʩʪ. 

ɿʘʭʚʘˀʫʿʫ˂ʠ ʪʦʤʝ, ʤʦʛʫ ʭʦʤʦʛʝʥʠʟʠʨʘʪʠ ʝʣʝʢʪʨʠʯʥʫ ʚʦʜˀʠʚʦʩʪ ʮʝʣʦʛ ʩʠʩʪʝʤʘ ʧʨʝʤʘ ʢʦʤʝ 

ʩʫ, ʟʘʜʦʚʦˀʝʥʝ ʩʚʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ESD ʥʦʨʤʝ.  

(2) ɿʘʚʨʰʥʠ ʩʣʦʿ - ɺʦʜˀʠʚʘ ʩʚʦʿʩʪʚʘ ʟʘʚʨʰʥʦʛ ʩʣʦʿʘ ʧʦʩʪʠʞʫ ʩʝ ʢʦʜ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʭ ʩʠʩʪʝʤʘ ʜʦʜʘʚʘˁʝʤ ʫʛˀʝʥʠʭ ʚʣʘʢʘʥʘ. ʉʘʚʨʝʤʝʥʠ ʧʨʝʤʘʟʠ ʢʦʿʠ ʧʦʩʝʜʫʿʫ 

ʝʣʝʢʪʨʠʯʥʫ ʧʨʦʚʦʜˀʠʚʦʩʪ, ʥʝ ʩʘʜʨʞʝ ʫʛˀʝʥʠʯʥʘ ʚʣʘʢʥʘ, ʚʝ˂ ʩʧʝʮʠʿʘʣʥʘ ʚʦʜˀʠʚʘ ʧʫʥʠʣʘ. 

ʇʨʝʤʘʟʠ ʢʦʿʠ ʦʜʚʦʜʝ ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʤʦʛʫ ʩʝ ʨʘʜʠ ʧʦʚʝ˂ʘˁʘ ʩʠʛʫʨʥʦʩʪʠ ʦʜ ʢʣʠʟʘˁʘ 

ʜʦʜʘʪʥʦ ʧʦʩʫʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʤʘʪʝʨʠʿʘʣʦʤ (ʩʠʣʠʮʠʿʫʤ ʢʘʨʙʠʜ). 
 

  

ʉʣʠʢʘ 5.: ʆʜʚʦʜʥʠ ʧʨʝʤʘʟ ʥʘ 

ʥʝʨʘʚʥʦʿ ʧʦʜʣʦʟʠ ʙʝʟ ʤʘʩʝ ʟʘ 

ʟʘʛʣʘʹʠʚʘˁʝ ʠ ʠʟʨʘʚʥʘʚʘˁʝ 

ʉʣʠʢʘ 6.: ʄʘʩʘ ʟʘ ʟʘʛʣʘʹʠʚʘˁʝ ʠ 

ʠʟʨʘʚʥʘʚʘˁʝ ʿʘʤʯʠ ʿʝʜʠʥʩʪʚʝʥʫ 

ʜʝʙˀʠʥʫ ʟʘʚʨʰʥʦʛ ʩʣʦʿʘ, ʘ ʪʠʤʝ ʠ 

ʿʝʜʠʥʩʪʚʝʥʠ ʦʜʚʦʜʥʠ ʦʪʧʦʨ. 

 

(3) ɺʦʜˀʠʚʠ ʩʣʦʿ/ʫʟʝʤˀʝˁʝ - ɹʫʜʫ˂ʠ ʜʘ ʚʦʜˀʠʚʘ ʩʚʦʿʩʪʚʘ ʙʝʪʦʥʘ ʪʦʢʦʤ ʚʨʝʤʝʥʘ 

ʫʩʣʠʿʝʜ ʧʨʦʮʝʩʘ ʠʩʫʰʠʚʘˁʘ ʩʣʘʙʝ, ʘ ʛʨʫʥʜʠʨʘˁʝ ʧʦʚʨʭ ʪʦʛʘ ʜʝʣʫʿʝ ʠ ʢʘʦ ʠʟʦʣʘʮʠʿʩʢʠ ʩʣʦʿ, 

ʧʦʪʨʝʙʥʘ ʿʝ ʧʨʠʤʝʥʘ ʪʘʢʦʟʚʘʥʦʛ ʧʨʦʚʦʜˀʠʚʦʛ ʩʣʦʿʘ. ɿʘʭʚʘˀʫʿʫ˂ʠ ʦʚʦʤ ʤʝʹʫʩʣʦʿʫ, 

ʝʣʝʢʪʨʦʩʪʘʪʩʢʠ ʩʝ ʥʘʙʦʿʠ ʤʦʛʫ Ăʢʘʥʘʣʠʟʦʚʘʪʠñ ʪʘʢʦ ʜʘ ʧʨʝʢʦ ʧʨʦʚʦʜˀʠʚʦʛ ʩʣʦʿʘ ʩ 

ʢʦʥʩʪʘʥʪʥʠʤ ʦʪʧʦʨʦʤ ʦʜʣʘʟʝ ʫ ʟʝʤˀʫ. ʇʨʦʚʦʜˀʠʚʠ ʩʣʦʿ ʫ ʧʨʘʚʠʣʫ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʚʦʜʝʥʘʩʪʝ 

ʜʠʩʧʝʨʟʠʿʝ ʝʧʦʢʩʠʜʥʝ ʩʤʦʣʝ, ʩʘ ʯʘʹʦʤ ʢʘʦ ʧʫʥʠʣʦʤ. ɺʝʟʘ ʠʟʤʝʹʫ ʧʨʦʚʦʜˀʠʚʦʛ ʩʣʦʿʘ ʠ 

ʫʟʝʤˀʝˁʘ ʧʦʩʪʠʞʝ ʩʝ ʠʣʠ ʩʘʤʦˀʝʧʠʚʠʤ ʙʘʢʨʝʥʠʤ ʪʨʘʢʘʤʘ ʠʣʠ ʪʘʢʦʟʚʘʥʠʤ ʧʨʠʙʦʨʦʤ ʟʘ 

ʦʜʚʦʹʝˁʝ ʩʪʘʪʠʯʢʦʛ ʝʢʪʨʠʮʠʪʝʪʘ. ɺʨʝʜʠ ʧʨʘʚʠʣʦ ʜʘ ʩʝ ʥʘ 100 ʤ
2 
ʧʦʜʥʝ ʧʦʚʨʰʠʥʝ ʠʟʚʝʜʝ 

ʿʝʜʘʥ ʧʨʠʢˀʫʯʘʢ ʥʘ ʫʟʝʤˀʝˁʝ. 

(4) ʄʘʩʘ ʟʘ ʟʘʛʣʘʹʠʚʘˁʝ ʠ ʠʟʨʘʚʥʘʚʘˁʝ - ʦʜʚʦʜʥʠ ʦʪʧʦʨ ʥʝʢʦʛ ʚʦʜˀʠʚʦʛ ʩʘʩʪʘʚʘ 

ʧʨʝʤʘʟʘ ʨʝʟʫʣʪʠʨʘ ʫ ʧʨʚʦʤ ʨʝʜʫ ʠʟ ʜʝʙˀʠʥʝ ʟʘʚʨʰʥʦʛ ʩʣʦʿʘ. ɼʘ ʙʠ ʩʝ ʧʦ ʮʝʣʦʿ ʧʦʚʨʰʠʥʠ 

ʧʦʩʪʠʛʘʦ ʿʝʜʠʥʩʪʚʝʥʠ ʦʪʧʦʨ, ʤʦʨʘ ʩʝ ʧʨʠʧʘʟʠʪʠ ʜʘ ʧʦʢʨʦʚʥʠ ʩʣʦʿ ʤʿʝʨʥʫ ʜʝʙˀʠʥʫ. ʉʪʦʛʘ ʢʦʜ 

ʭʨʘʧʘʚʠʭ ʠ ʥʝʨʘʚʥʠʭ ʧʦʜʣʦʛʘ ʜʘ ʩʝ ʥʘʢʦʥ ʛʨʫʥʜʠʨʘˁʘ ʥʘʥʝʩʝ ʤʘʩʘ ʟʘ ʠʟʨʘʚʥʘʚʘˁʝ. 

(5) ɻʨʫʥʜʠʨʘˁʝ - ʢʘʦ ʠ ʢʦʜ ʩʚʠʭ ʩʘʩʪʘʚʘ ʚʝʟʘʥʠʭ ʨʝʘʢʪʠʚʥʦʤ ʩʤʦʣʦʤ, ʛʨʫʥʜʠʨʘˁʝ 

ʧʨʝʫʟʠʤʘ ʫʣʦʛʫ ʩʨʝʜʩʪʚʘ ʟʘ ʧʨʠʘˁʘˁʝ ʠʟʤʝʹʫ ʧʦʜʣʦʛʝ ʠ ʧʨʝʤʘʟʘ. ɻʨʫʥʜʠʨʘˁʝ ʩʝ ʦʙʠʯʥʦ 

ʩʘʩʪʦʿʠ ʦʜ ʥʠʩʢʦʚʠʩʢʦʟʥʝ ʧʨʦʟʠʨʥʝ ʩʤʦʣʝ. ɸʢʦ ʩʝ ʩʤʦʣʘ ʟʘ ʛʨʫʥʜʠʨʘˁʝ ʧʦʧʫʥʠ ʚʨʫ˂ʝ 

ʩʫʰʝʥʠʤ ʢʚʘʨʮʥʠʤ ʧʝʩʢʦʤ, ʥʘ ʪʘʿ ʩʝ ʥʘʯʠʥ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʤʘʩʘ ʟʘ ʟʘʛʣʘʹʠʚʘˁʝ ʠ 

ʠʟʨʘʚʥʘʚʘˁʝ.  

(6) ʇʦʜʣʦʛʘ ï ʧʦ ʧʨʘʚʠʣʫ ʩʝ ʧʨʝʤʘʟʫʿʫ ʧʦʜʣʦʛʝ ʚʝʟʘʥʝ ʮʝʤʝʥʪʦʤ, ʢʘʦ ʰʪʦ ʩʫ ʮʝʤʝʥʪʥʠ 

ʝʩʪʨʠʭ ʠʣʠ ʙʝʪʦʥ, ʨʝʹʝ ʠ ʤʘʛʥʝʟʠʪʥʠ ʦʜʥʦʩʥʦ ʘʥʭʠʜʨʠʪʥʠ ʝʩʪʨʠʭ. ɸʢʦ ʧʦʩʪʦʿʠ ʦʧʘʩʥʦʩʪ ʦʜ 

ʧʨʦʚʣʘʞʠʚʘˁʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʜʘʙʨʘʪʠ ʜʠʬʫʟʠʿʩʢʠ ʦʪʚʦʨʝʥʠ ʩʠʩʪʝʤ. ʊʝʨʤʦʧʣʘʩʪʠʯʥʝ ʧʦʜʣʦʛʝ, 

ʢʘʦ ʰʪʦ ʿʝ ʥʘ ʧʨʠʤʝʨ ʣʠʚʘʥʠ ʘʩʬʘʣʪ, ʟʘʭʪʝʚʘ ʞʠʣʘʚʦ ʝʣʘʩʪʠʯʥʠ ʧʨʝʤʘʟ. 

ʇʨʦʚʦʜˀʠʚʠ ʧʦʜʦʚʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʩʠʩʪʝʤʫ ʟʘ ʦʜʚʦʝ́ˁʝ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ, 

ʤʦʨʘʿʫ ʠʤʘʪʠ ʧʨʝʣʘʟʥʫ ʦʪʧʦʨʥʦʩʪ ʤʘˁʫ ʦʜ 10
6 
ʦʤʘ [7]. ʇʨʝʣʘʟʥʘ ʦʪʧʦʨʥʦʩʪ ʧʦʜʦʚʘ ʤʦʨʘ ʩʝ 
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ʢʦʥʪʨʦʣʠʩʘʪʠ ʫ ʚʨʝʤʝʥʩʢʠʤ ʨʘʟʤʘʮʠʤʘ ʢʦʿʝ ʦʜʨʝʹʫʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʩʪʨʫʯʥʘ ʩʣʫʞʙʘ 

ʦʨʛʘʥʠʟʘʮʠʿʝ ʫʜʨʫʞʝʥʦʛ ʨʘʜʘ.  
 

 

ʉʣʠʢʘ 7.: ʆʤʤʝʪʘʨ (ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʤʝʨʝˁʝ ʦʪʧʦʨʥʦʩʪʠ) 

ʋʊʀʎɸɱ ʉʊɸʊʀʏʂʆɻ ɽʃɽʂʊʈʀʎʀʊɽʊɸ ʅɸ ɲʋɼɽ 

ʋʥʫʪʨʘʰˁʠ ʠ ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʦʢʨʫʞʝˁʘ 

ʆʜ ʩʚʦʿʠʭ ʧʦʯʝʪʘʢʘ, ˀʫʜʩʢʘ ʨʘʩʘ ʿʝ ʞʠʚʝʣʘ ʫ ʜʠʨʝʢʪʥʦʤ ʢʦʥʪʘʢʪʫ ʩʘ ʟʝʤˀʠʥʦʤ 

ʧʦʚʨʰʠʥʦʤ, ʪʘʢʦ ʜʘ ʿʝ ˀʫʜʩʢʦ ʪʝʣʦ ʙʠʣʦ ʧʨʠʨʦʜʥʦ ʫʟʝʤˀʝʥʦ. ʇʝʨʠʦʜ ʤʦʜʝʨʥʠʟʘʮʠʿʝ, ʧʦʯʝʚ 

ʦʜ ʜʦʙʘ ʢʘʜʘ ʩʫ ˀʫʜʠ ʧʦʯʝʣʠ ʜʘ ʥʦʩʝ ʦʙʫ˂ʫ ʩʘ ʢʦʞʥʠʤ ʹʦʥʦʚʠʤʘ, ʯʦʚʝʢʦʚ ʢʦʥʪʘʢʪ ʩʘ ʟʝʤˀʦʤ 

ʩʝ ʩʚʝ ʚʠʰʝ ʩʤʘˁʠʚʘʦ. ɼʘʥʘʩ, ʜʦʰʣʠ ʩʤʦ ʜʦ ʜʦʙʘ ʫ ʢʦʿʝʤ ʿʝ ʩʘʩʚʠʤ ʥʦʨʤʘʣʥʦ ʜʘ ʩʝ ʢʦʨʠʩʪʝ 

ʩʠʥʪʝʪʠʯʢʠ ʹʦʥʦʚʠ ʥʘ ʦʙʫ˂ʠ ʠ ʧʨʠʣʠʯʥʦ ʩʤʦ ʦʜʚʦʿʝʥʠ ʦʜ ʟʝʤˀʝ. ɱʦʰ ʿʝ ʚʝ˂ʠ ʧʨʦʙʣʝʤ ʰʪʦ ʩʫ 

ʩʝ ʤʦʜʝʨʥʠʟʦʚʘʣʠ ʠ ʩʪʘʤʙʝʥʠ ʦʙʿʝʢʪʠ, ʧʘ ʜʘʥʘʩ ʫʤʝʩʪʦ ʜʘ ʿʝ ʧʦʜ ʢʫ˂ʝ ʠʟʨʘʹʝʥ ʦʜ ʠʟʨʘʟʠʪʦ 

ʥʘʙʠʿʝʥʝ ʟʝʤˀʝ, ʢʘʦ ʥʝʢʘʜʘ, ʧʦʜʦʚʠ ʩʫ ʦʜ ʙʝʪʦʥʘ. ʆʩʠʤ ʪʦʛʘ, ʤʦʜʝʨʥʦ ʜʦʙʘ ʥʘʤ ʿʝ ʜʦʥʝʣʦ ʠ 

ʚʠʰʝʩʧʨʘʪʥʠʮʝ, ʯʘʢ ʠ ʥʘʩʝˀʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʛʨʘʹʝʥʘ ʥʘ ʚʦʜʠ ʪʘʢʦ ʜʘ ʩʝ ʯʦʚʝʢ ʦʜ ʧʦʯʝʪʢʘ ʜʦ 

ʜʘʥʘʩ ʦʜ ʟʝʤˀʝ ʦʜʚʦʿʠʦ ʩʢʦʨʦ ʫ ʧʦʪʧʫʥʦʩʪʠ. ʇʨʦʙʣʝʤ ʿʝ ʪʠʤ ʚʝ˂ʠ ʰʪʦ ʩʤʦ ʜʘʥʘʩ, ʫ ʠʩʪʦ 

ʚʨʝʤʝ, ʩʘ ʨʘʟʥʠʭ ʩʪʨʘʥʘ ʠʟʣʦʞʝʥʠ ʜʝʣʦʚʘˁʠʤʘ ʟʨʘʯʝˁʘ ʠ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʤʥʦʛʦ 

ʚʝ˂ʠʤ ʜʦʟʘʤʘ. 

ʂʘʢʦ ʩʝ ʥʘʙʦʿ ʥʝ ʤʦʞʝ ʦʜʚʝʩʪʠ ʫ ʟʝʤˀʫ, ʦʥ ʩʝ ʫ ʪʝʣʫ ʘʢʫʤʫʣʠʨʘ, ʠʟʘʟʠʚʘʿʫ˂ʠ ʙʨʦʿʥʝ 

ʟʜʨʘʚʩʪʚʝʥʝ ʪʝʛʦʙʝ. ʊʝ ʥʝʧʨʠʨʦʜʥʝ ʩʣʘʙʝ ʩʪʨʫʿʝ ʢʦʿʝ ʩʫ ʫ ʜʘʥʘʰˁʝ ʚʨʝʤʝ ʧʨʠʩʫʪʥʝ ʫ ʪʝʣʫ 

ʯʦʚʝʢʘ, ʧʦʩʣʝʜʠʮʘ ʩʫ ʪʦʛʘ ʰʪʦ ʿʝ ʪʝʣʦ ʠʟʦʣʦʚʘʥʦ ʦʜ ʟʝʤˀʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ ˀʫʜʩʢʦ ʪʝʣʦ ʧʦʜ 

ʢʦʥʩʪʘʥʪʥʠʤ ʩʪʨʝʩʦʤ. ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ɸʤʝʨʠʯʢʦʛ ʀʥʩʪʠʪʫʪʘ ʟʘ ʩʪʨʝʩ (American Instutite 

of Stress), 75% ʩʚʠʭ ʧʦʩʝʪʘ ʣʝʢʘʨʠʤʘ ʦʧʰʪʝ ʧʨʘʢʩʝ ʿʝ ʟʙʦʛ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʨʦʙʣʝʤʘ 

ʫʟʨʦʢʦʚʘʥʠʭ ʩʪʨʝʩʦʤ. 

ʈʝʟʫʣʪʘʪʠ ʨʘʟʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʦ ʫʪʠʮʘʿʫ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʥʘ 

ʟʜʨʘʚˀʝ ˀʫʜʠ [3] 

- ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʫʙʨʟʘʚʘ ʤʝʪʘʙʦʣʠʟʘʤ ʢʘʣʮʠʿʫʤʘ, ʰʪʦ ʫʙʨʟʘʚʘ ʧʦʿʘʚʫ ʫʤʦʨʘ; 

- ʧʨʦʫʟʨʦʢʫʿʝ ʛʫʙʠʪʘʢ ʚʠʪʘʤʠʥʘ ʎ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʧʦʜʠʞʝ ʥʠʚʦ ʰʝ˂ʝʨʘ ʫ ʢʨʚʠ, ʰʪʦ ʚʦʜʠ 
ʜʘˀʝʤ ʫʤʘʨʘˁʫ; 

- ʿʝʜʘʥ ʿʝ ʦʜ ʫʟʨʦʯʥʠʢʘ ʘʫʪʦʥʦʤʥʝ ʥʝʨʘʚʥʦʪʝʞʝ; 

- ʧʨʠʣʠʢʦʤ ʠʟʙʠʿʘˁʘ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʥʘʢʫʧˀʝʥʦʛ ʫ ʦʜʝ˂ʠ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʦʰʪʝ˂ʝˁʘ 

ʦʩʝʪˀʠʚʝ ʢʦʞʝ (ʜʝʨʤʘʪʠʪʠʩ); 

- ʘʢʫʤʫʣʠʨʘʥʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʣʘʢʦ ʧʨʠʚʣʘʯʠ ʯʝʩʪʠʮʝ ʧʨˀʘʚʰʪʠʥʝ, ʢʣʠʮʝ ʠ ʙʘʢʪʝʨʠʿʝ, 
ʢʦʿʝ ʩʫ ʫʟʨʦʢ ʥʝʧʨʠʿʘʪʥʠʭ ʪʝʣʝʩʥʠʭ ʤʠʨʠʩʘ ʠ ʦʰʪʝ˂ʝˁʘ ʢʦʞʝ; 

- ʦʤʝʪʘ ʜʝʣʦʚʘˁʝ ʧʨʦʙʘʚʥʠʭ ʝʥʟʠʤʘ; 

- ʦʤʝʪʘ ʘʧʩʦʨʧʮʠʿʫ ʚʠʪʘʤʠʥʘ ʠ ʤʠʥʝʨʘʣʘ ʫ ʢʨʚʦʪʦʢ; 

- ʦʤʝʪʘ ʝʣʝʢʪʨʠʯʥʝ ʘʢʪʠʚʥʦʩʪʠ ˂ʝʣʠʿʘ, ʰʪʦ ʠʟʘʟʠʚʘ ʪʘʣʦʞʝˁʝ ʧʨʦʪʝʠʥʩʢʝ ʧʣʘʟʤʝ, ʰʪʦ 
ʦʧʝʪ ʠʟʘʟʠʚʘ ʜʦʜʘʪʥʠ ʫʤʦʨ, ʛʫʙʠʪʘʢ ʝʥʝʨʛʠʿʝ ʠ ʩʣ. 
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ʀʩʪʨʘʞʠʚʘˁʝ ʩʘʿʪʘ ĂEDS journalñ [2] 
 

ʉʪʘˁʝ ʥʘʟʚʘʥʦ ʭʠʧʝʨʦʩʝʪˀʠʚʦʩʪ ʥʘ ʝʣʝʢʪʨʦʩʪʨʝʩ (ʝʥʛ. Electrostress Hyper-sensitivity 

EHS) ʢʦʨʠʩʪʠ ʩʝ ʟʘ ʦʧʠʩ ʩʠʪʫʘʮʠʿʝ ʢʘʜ ʿʝ ʦʩʦʙʘ ʭʠʧʝʨʦʩʝʪˀʠʚʘ ʥʘ ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʠ 

ʟʘʛʘʹʝʥʦʩʪ ʝʣʝʢʪʨʠʮʠʪʝʪʦʤ ʫ ʩʚʦʤ ʦʢʨʫʞʝˁʫ. ʐʦʢ ʩʝ ʧʦʿʘʚˀʫʿʝ ʫ ʪʦʧʣʦʤ ʠʣʠ ʭʣʘʜʥʦʤ 

ʧʨʦʩʪʦʨʫ ʠ ʫ ʧʨʦʩʪʦʨʠʤʘ ʥʠʩʢʝ ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ. 

ʉʠʤʧʪʦʤʠ ʤʦʛʫ ʚʘʨʠʨʘʪʠ ʦʜ ʙʣʘʛʠʭ ʜʦ ʚʨʣʦ ʿʘʢʠʭ. ʇʦʜ ʙʣʘʛʝ ʙʠ ʩʧʘʜʘʣʠ ʤʠʰʠ˂ʥʘ 

ʩʣʘʙʦʩʪ/ʫʤʦʨ, ʥʝʩʧʨʝʪʥʦʩʪ, ʩʫʰʝˁʝ ʦʯʠʿʫ, ʧʨʦʙʣʝʤʠ ʩʘ ʧʘʤ˂ʝˁʝʤ, ʪʝ ʧʨʦʙʣʝʤʠ ʫ ʧʦʥʘʰʘˁʫ. 

ɹʦʣʝʩʪ ʢʨʝʪʘˁʘ (ʝʥʛ. motion sickness) ʩʚʠʤʘ ʿʝ ʜʦʙʨʦ ʧʦʟʥʘʪʘ ʠ ʙʘʨʝʤ ʿʝʜʥʦʤ ʫ ʞʠʚʦʪʫ 

ʩʫ ʿʝ ʠ ʩʘʤʠ ʜʦʞʠʚʝʣʠ. ʄʝʹʫʪʠʤ, ʥʠʿʝ ʫʚʝʢ ʫ ʧʠʪʘˁʫ ʢʨʝʪʘˁʝ ʢʦʿʝ ʿʝ ʠʟʘʟʠʚʘ, ʚʝ˂ ʨʘʟʣʦʛ ʤʦʞʝ 

ʙʠʪʠ ʠ ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ. ʇʨʘʚʘ ʙʦʣʝʩʪ ʢʨʝʪʘˁʘ ʤʦʞʝ ʩʝ ʜʦʞʠʚʝʪʠ ʥʘ ʦʪʚʦʨʝʥʦʤ ʤʦʨʫ 

ʥʘ ʧʨʝʢʦʦʢʝʘʥʩʢʠʤ ʙʨʦʜʦʚʠʤʘ, ʢʘʦ ʠ ʥʘ ʤʘˁʠʤ ʙʨʦʜʠʮʘʤʘ, ʛʜʝ ʩʝ ʧʫʪʥʠʮʠ ʞʘʣʝ ʥʘ 

ʛʣʘʚʦʙʦˀʝ, ʤʫʯʥʠʥʫ ʠ ʩʣ. ʀʧʘʢ, ʤʦʨʥʘʨʠ ʠ ʤʦʨʝʧʣʦʚʮʠ, ʢʦʿʠ ʩʫ ʯʝʩʪʦ ʥʘ ʤʦʨʫ, ʙʠʣʠ ʩʫ 

ʙʦʣʝʩʥʠ ʿʝʜʥʦʤ ʫ ʞʠʚʦʪʫ ʠ ʥʠʢʘʜ ʚʠʰʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʧʦʩʪʦʿʝ ˀʫʜʠ, ʢʦʜ ʢʦʿʠʭ ʩʝ ʙʦʣʝʩʪ 

ʢʨʝʪʘˁʘ ʧʦʥʘʚˀʘ ʩʝ ʩʚʘʢʠ ʧʫʪ ʧʨʠʣʠʢʦʤ ʧʫʪʦʚʘˁʘ ʘʫʪʦʤ ʠʣʠ ʘʚʠʦʥʦʤ ʠ ʦʥʘ ʿʝ ʫʟʨʦʢʦʚʘʥʘ 

ʩʪʘʪʠʯʢʠʤ ʝʣʝʢʪʨʠʮʠʪʝʪʦʤ (ʢʦʿʠ ʩʝ ʛʝʥʝʨʠʰʝ ʪʨˀʘˁʝʤ ʦʛʨʦʤʥʠʭ ʢʦʣʠʯʠʥʘ ʚʘʟʜʫʰʥʝ ʤʘʩʝ ʦ 

ʩʧʦˀʘʰˁʠ ʧʣʘʰʪ ʘʚʠʦʥʘ, ʘʫʪʦʙʫʩʘ ʠʣʠ ʘʫʪʦʤʦʙʠʣʘ). ʆʩʠʤ ʪʦʛʘ, ʧʨʠʣʠʢʦʤ ʩʝʜʝˁʘ ʫ ʿʝʜʥʦʤ 

ʦʜ ʥʘʚʝʜʝʥʠʭ ʧʨʝʚʦʟʥʠʭ ʩʨʝʜʩʪʘʚʘ, ʚʝʣʠʢʘ ʿʝ ʧʦʚʨʰʠʥʘ ʪʨʝˁʘ ʦ ʩʝʜʠʰʪʝ, ʢʦʿʝ ʿʝ ʫʛʣʘʚʥʦʤ 

ʠʟʨʘʹʝʥʦ ʦʜ ʩʠʥʪʝʪʠʯʢʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʪʘʙʣʝʪʝ ʧʨʦʪʠʚ ʤʫʯʥʠʥʝ ʨʝʪʢʦ ʢʘʜʘ 

ʤʦʛʫ ʧʦʤʦ˂ʠ. ɿʘʥʠʤˀʠʚ ʿʝ ʧʨʠʤʝʨ ʚʦʟʘʯʘ ʪʘʢʩʠʿʘ, ʧʠʣʦʪʘ ʠ ʩʪʿʫʘʨʜʝʩʘ ʢʦʿʠ ʩʫ ʙʠʣʠ 

ʧʨʠʩʠˀʝʥʠ ʦʜʫʩʪʘʪʠ ʦʜ ʩʚʦʛ ʧʦʩʣʘ ʟʙʦʛ ʫʯʝʩʪʘʣʠʭ ʩʤʝʪˁʠ ʞʠʚʯʘʥʦʛ ʩʫʩʪʘʚʘ ʫʟʨʦʢʦʚʘʥʠʭ 

ʙʦʣʝʰ˂ʫ ʢʨʝʪʘˁʘ, ʪʿ. ʩʪʘʪʠʯʢʠʤ ʝʣʝʢʪʠʨʮʠʪʝʪʦʤ. 

ʂʦʨʠʩʥʝ ʩʠʪʫʘʮʠʿʝ 

ʅʘʫʯʥʠʮʠ ʩʤʘʪʨʘʿʫ ʜʘ ʩʫ ʫ ʪʨʝʥʫʪʢʫ ʧʦʿʘʚʝ ʧʠʩʘʤʘ ʟʘʨʘʞʝʥʠʭ ʘʥʪʨʘʢʩʦʤ 2001. ʛʦʜʠʥʝ 

ʤʥʦʛʝ ʩʧʦʨʝ ʙʠʣʝ ʫʥʠʰʪʝʥʝ ʫʧʨʘʚʦ ʩʪʘʪʠʯʢʠʤ ʝʣʝʢʪʨʠʮʠʪʝʪʦʤ ʠ ʪʠʤʝ ʩʧʨʝʯʝʥʝ ʜʘʝˀ ʟʘʨʘʟʝ. 

ʇʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʿʝ ʜʦ ʩʪʚʘʨʘˁʘ ʩʪʘʪʠʯʢʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʜʦʰʣʦ ʧʨʠʣʠʢʦʤ ʦʙʨʘʜʝ ʧʠʩʤʘ ʫ 

ʘʫʪʦʤʘʪʩʢʦʤ ʨʘʟʚʨʩʪʘʚʘʯʫ, ʪʨʝˁʝʤ ʧʠʩʤʘ ʦ ʜʝʣʦʚʝ ʨʘʟʜʚʘʿʘʯʘ. 

ɿɸʐʊʀʊɸ ʆɼ ʉʊɸʊʀʏʂʆɻ ɽʃɽʂʊʈʀʎʀʊɽʊɸ ɲʋɼʀ  

ʆʩʥʦʚʥʘ ʬʠʣʦʟʦʬʠʿʘ ʟʘʰʪʠʪʝ ʦʜ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʿʝ ʫ ʦʜʚʦʹʝˁʫ 

ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʝʣʝʢʪʨʦʧʨʦʚʦʜʥʠʤ ʤʘʪʝʨʠʿʘʣʦʤ ʫ ʟʝʤˀʫ. 

ɿʘʰʪʠʪʘ ʦʜ ʫʥʫʪʨʘʰˁʝʛ ʠ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʦʢʨʫʞʝˁʘ 

ʂʘʜʘ ʿʝ ʨʝʯ ʦ ʫʥʫʪʨʘʰˁʝʤ ʠ ʩʪʘʪʠʯʢʦʤ ʝʣʝʢʪʨʠʮʠʪʝʪʫ ʦʢʨʫʞʝˁʘ, ʧʦʜ ʟʘʰʪʠʪʦʤ ʦʜ 

ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʚʝʟʠʚʘˁʝ ʩʚʠʭ ʪʝʣʘ ʥʘ ʫʟʝʤˀʝˁʝ ʦʙʿʝʢʪʘ ʫ ʢʦʿʝʤ ʩʝ 

ʥʘʣʘʟʝ, ʘ ʢʦʿʘ ʩʫ ʩʢʣʦʥʘ ʛʦʤʠʣʘˁʫ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʠʣʠ ʛʘ ʩʪʚʘʨʘʿʫ. ʅʘ ʪʦʤ ʧʨʠʥʮʠʧʫ 

ʨʘʜʠ ʚʝ˂ʠʥʘ ʝʣʠʤʠʥʘʪʦʨʘ ʩʪʘʪʠʯʢʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ. ʆʩʠʤ ʪʦʛʘ, ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʧʦʚʠʰʝˁʝ 

ʨʝʣʘʪʠʚʥʝ ʚʣʘʞʥʦʩʪʠ ʚʘʟʜʫʭʘ ʫ ʧʨʦʩʪʦʨʠʿʘʤʘ ʫ ʢʦʿʠʤʘ ˀʫʜʠ ʙʦʨʘʚʝ ʠ ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ 

ʢʦʨʠʰ˂ʝˁʝ ʘʥʪʠʩʪʘʪʠʯʢʠʭ ʩʧʨʝʿʝʚʘ ʠ ʪʝʯʥʦʩʪʠ.  

ʇʦʩʪʦʿʝ ʨʘʟʥʠ ʝʣʠʤʠʥʘʪʦʨʠ ʩʪʘʪʠʯʢʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʢʦʿʠ ʩʫ ʫ ʩʚʝ ʚʝ˂ʦʿ ʤʝʨʠ 

ʧʨʠʩʫʪʥʠ ʥʘ ʪʨʞʠʰʪʫ. ʅʝʢʠ ʦʜ ˁʠʭ ʩʫ: 

- ʫʟʝʤˀʝʥʘ ʪʨʘʢʘ/ʧʦʿʘʩ; 

- ʫʟʝʤˀʝʥʝ ʧʦʜʣʦʛʝ ʟʘ ʩʪʦʣʠʮʫ ʠ ʢʨʝʚʝʪ; 

- ʫʟʝʤˀʝʥʠ ʬʠʣʪʝʨʠ ʟʘ ʝʢʨʘʥʝ; 

- ʩʧʨʝʿʝʚʠ ʟʘ ʦʪʢʣʘˁʘˁʝ ʩʪʘʪʠʯʢʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ. 

ʅʘʿʙʦˀʘ ʟʘʰʪʠʪʘ ʩʝ ʦʙʝʟʙʝʹʫʿʝ ʢʦʤʙʠʥʘʮʠʿʦʤ ʥʘʚʝʜʝʥʠʭ ʧʦʤʘʛʘʣʘ. 

ʋʟʝʤˀʝʥʘ ʪʨʘʢʘ 
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ʋʟʝʤˀʝʥʘ ʪʨʘʢʘ ʩʝ ʥʦʩʠ ʢʘʦ ʥʘʨʫʢʚʠʮʘ. ʇʨʠʣʘʛʦʜˀʠʚʝ ʿʝ ʜʫʞʠʥʝ. ʆʙʠʯʥʦ ʿʝ 

ʥʘʧʨʘʚˀʝʥʘ ʿ ʝ ʦʜ ʥʝʨʹʘʿʫ˂ʝʛ ʯʝʣʠʢʘ, ʠ ʞʠʮʦʤ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʫʟʝʤˀʝˁʝʤ ʠʟʚʘʥ ʟʛʨʘʜʝ. 

ɳʝʥʘ ʬʫʥʢʮʠʿʘ ʿʝ ʜʘ ʫʟʝʤˀʠ ʪʝʣʦ ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʰʪʠʪʠ ʦʜ ʜʝʣʦʚʘˁʘ ʩʪʘʪʠʯʢʦʛ 

ʝʣʝʢʪʨʠʮʠʪʝʪ. ɼʦʢ ʿʝ ʥʦʩʠ, ʯʦʚʝʢʫ ʿʝ ʩʤʘˁʝʥʘ ʧʦʢʨʝʪˀʠʚʦʩʪ, ʿʝʨ ʿʝ ʪʨʘʢʘ ʚʝʟʘʥʘ ʟʘ ʫʟʝʤˀʝˁʝ 

ʫ ʢʦʥʝʢʪʦʨʫ ʢʦʿʠ ʿʝ ʥʝʧʦʢʨʝʪʘʥ. ʆʙʠʯʥʦ ʩʝ ʢʦʨʠʩʪʠ ʧʨʠʣʠʢʦʤ ʨʘʜʘ ʥʘ ʨʘʯʫʥʘʨʫ ʜʘ ʙʠ 

ʝʣʠʤʠʥʠʩʘʣʘ ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʫ ʪʝʣʫ, ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʟʙʦʛ ʧʨʦʩʫʪʥʦʩʪʠ ʩʪʨʫʿʥʠʭ ʢʘʙʣʦʚʘ 

ʦʢʦ ʥʦʛʫ. 
 

 

ʉʣʠʢʘ 8. :ʀʟʛʣʝʜ ʫʟʝʤˀʝʥʝ ʪʨʘʢʝ [5] 

ʋʟʝʤˀʝʥʝ ʧʦʜʣʦʛʝ ʟʘ ʩʪʦʣʠʮʫ ʠʣʠ ʢʨʝʚʝʪ 

ʀʟʛʣʝʜʘʿʫ ʧʦʧʫʪ ʦʙʠʯʥʝ ʪʝʢʩʪʠʣʥʝ ʧʦʜʣʦʛʝ, ʤʝʹʫʪʠʤ ʥʘʧʨʘʚˀʝʥʝ ʩʫ ʪʝʢʩʪʠʣʦʤ ʩʘʤʦ 

ʧʨʝʩʚʫʯʝʥʝ, ʘ ʠʟʨʘʹʝʥʝ ʩʫ ʦʜ ʤʝʪʘʣʥʠʭ ʪʨʘʯʠʮʘ ʢʦʿʠ ʧʨʦʚʦʜʠ ʩʪʨʫʿʫ. ʇʦʚʝʟʘʥʝ ʩʫ ʟʘ 

ʫʟʝʤˀʝˁʝ ʦʙʿʝʢʪʘ ʫ ʢʦʿʝʤ ʩʝ ʢʦʨʠʩʪʝ ʠ ʦʙʠʯʥʦ ʩʫ ʬʠʢʩʥʝ. 

 

 

ʉʣʠʢʘ 9.:
 
 ʀʟʛʣʝʜ ʫʟʝʤˀʝʥʝ ʧʦʜʣʦʛʝ ʟʘ ʩʪʦʣʠʮʫ ʠʣʠ ʢʨʝʚʝʪ [4]  

ʋʟʝʤˀʝʥʠ ʬʠʣʪʝʨʠ ʟʘ ʝʢʨʘʥʝ 

ʌʠʣʪʝʨʠ ʢʦʿʠ ʩʝ ʤʦʥʪʠʨʘʿʫ ʥʘ ʤʦʥʠʪʦʨ, ʧʨʝʢʦ ʚʠʜʥʝ ʧʦʚʨʰʠʥʝ ʝʢʨʘʥʘ, ʫʩʧʝʰʥʦ 

ʦʪʢʣʘˁʘʿʫ ʙʦʣ ʠ ʥʘʧʝʪʦʩʪ ʫ ʦʯʠʤʘ ʯʠʿʠ ʿʝ ʫʟʨʦʢ ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ. ʇʦʨʝʜ ʪʦʛʘ, 

ʧʦʙʦˀʰʘʚʘʿʫ ʢʚʘʣʠʪʝʪ ʩʣʠʢʝ (ʩʤʘˁʫʿʫ˂ʠ ʦʜʙˀʝʩʘʢ) ʠ ʩʧʨʝʯʘʚʘʿʫ ʛʦʤʠʣʘˁʝ ʧʨʘʰʠʥʝ. 

 

 

ʉʣʠʢʘ 10.: ʀʟʛʣʝʜ ʫʟʝʤˀʝʥʝ ʧʦʜʣʦʛʝ ʟʘ ʩʪʦʣʠʮʫ ʠʣʠ ʢʨʝʚʝʪ [5]  
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ʉʧʨʝʿʝʚʠ ʟʘ ʦʪʢʣʘˁʘˁʝ ʩʪʘʪʠʯʢʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ 

ʅʘ ʪʨʞʠʰʪʫ ʩʫ ʜʦʩʪʫʧʥʠ ʠ ʨʘʟʣʠʯʠʪʠ ʩʧʨʝʿʝʚʠ ʟʘ ʦʪʢʣʘˁʘˁʝ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ 

ʢʦʿʠ ʩʝ ʤʦʛʫ ʧʦʭʚʘʣʠʪʠ ʫʯʠʥʢʦʚʠʪʦʰ˂ʫ ʠ ʿʝʜʥʦʩʪʘʚʥʦʰ˂ʫ ʫʧʦʪʨʝʙʝ. 

 

 

ʉʣʠʢʘ 11.: ʀʟʛʣʝʜ ʙʦʯʠʮʝ ʩʧʨʝʿʘ [6] 

ɿɸʂɲʋʏɸʂ 

ʉʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʿʝ ʩʘʩʚʠʤ ʥʦʨʤʘʣʥʘ ʧʦʿʘʚʘ ʫ ʧʨʠʨʦʜʠ. ɿʘʰʪʠʪʘ ʦʜ ʫʥʫʪʨʘʰˁʝʛ 

ʩʪʘʪʠʯʢʦʛ ʥʝʣʝʢʪʨʠʩʘˁʘ ʠ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʦʢʨʫʞʝˁʘ ʿʝ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʟʜʨʘʚ ʞʠʚʦʪ 

ʯʦʚʝʢʘʠ ʩʠʛʫʨʥʦʩʪ ʠʥʩʪʘʣʠʨʘʥʝ ʦʧʨʝʤʝ   

ʉʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʫʪʠʯʝ ʠ ʥʘ ˀʫʜʝ ʠ ʥʘ ʦʧʨʝʤʫ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʚʦʜʠʪʠ 

ʨʘʯʫʥʘ ʦ ʦʙʝ ʚʨʩʪʝ ʟʘʰʪʠʪʝ.  

ɿʘ ʟʘʰʪʠʪʫ ˀʫʜʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʦʧʨʝʤʘ ʢʦʿʘ, ʫ ʧʨʠʥʮʠʧʫ, ʦʜʚʦʜʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʩʘ ʪʝʣʘ 

ˀʫʜʠ ʠ ʤʘʰʠʥʘ ʧʫʪʝʤ ʧʨʦʚʦʜʥʠʭ ʧʦʜʦʚʘ. 

ɿʘ ʟʘʰʪʠʪʫ ʤʘʰʠʥʘ ʩʝ ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ ʤʦʨʘ ʦʜʚʝʩʪʠ ʩʘ ʤʝʪʘʣʥʠʭ ʧʦʚʨʰʠʥʘ. ʋ 

ʪʫ ʩʚʨʭʫ ʩʝ ʢʦʨʠʩʪʝ ʧʦʩʝʙʥʦ ʢʦʥʩʪʨʫʠʩʘʥʠ ʫʨʝʹʘʿʠ. 

ʅʘ ʦʚʘʿ ʥʘʯʠʥ ʩʪʘʪʠʯʢʠ ʝʣʝʢʪʨʠʮʠʪʝʪ, ʠʘʢʦ ʧʦʩʪʦʿʠ, ʤʦʞʝ ʙʠʪʠ ʫʩʧʝʰʥʦ ʥʝʫʪʨʘʣʠʩʘʥ. 
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SUMMARY  

The paper gives an overview of the new national standards that are applied in the design of reinforced concrete 

structures to fire. The accent in the paper is given to the design of reinforced concrete beams, which are the most 

integral part of the horizontal load-bearing structures in the framework of the building structure as a whole. The design 

process is based on the realization of the required performances of structures in fire conditions, as possible incidental 

occurrences during the projected service life of the structure, with the continual provision of the necessary level of 

security on reaching critical load, elemental ultimate limit state and sectional resistance. 

The existing set of the new national standards enables simple treatment of sensitive issues and provides an 

appropriate solution for daily practice. The Annexes in the mentioned new national standards, which have an 

informative character, are presented some of the more complex methods of analysis and calculation procedures of 

reinforced concrete beams, slabs, columns and walls, which can be applied in a more sophisticated treatment of the 

design of building structures exposed to fire. 
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PROJEKTOVANJE PREMA PERFORMANSAMA  ARMIRANOBETONSKIH 

GREDA NA DEJSTVO POĢARA PRIMENOM  NOVI H NACIONALNI H 

STANDARDA 

REZIME  

U radu je dat pregled novih nacionalnih standarda koji se primenjuju pri projektovanju armiranobetonskih 

konstrukcija na dejstvo poģara. Akcenat u radu je dat na projektovanje armiranobetonskih greda, koje predstavljaju 

najļeġĺi sastavni deo horizontalnih noseĺih konstrukcija u sklopu konstrukcije objekta kao celine. Proces projektovanja 

je zasnovan na realizaciji zahtevanih performansi konstrukcije u uslovima poģara, kao moguĺe incidentne pojave tokom 

projektovanog eksploatacionog veka konstrukcije objekta, uz kontinualno obezbeĽenje neophodnog nivoa sigurnosti na 

dostizanje kritiļnog optereĺenja i graniļne nosivosti. 

Postojeĺi set novih nacionalnih standarda omoguĺuje jednostavan tretman ove osetljive problematike i daje za 

svakodnevnu praksu primereno reġenje. U aneksima navedenih novih nacionalnih standarda, koji imaju informativan 

karakter, prikazani su neki od sloģenijih postupaka analize i proraļuna armiranobetonskih greda, ploļa, stubova i 

zidova, koji se mogu primeniti pri sofisticiranijem tretiranju problema projektovanja konstrukcija objekata izloģenih 

dejstvu poģara. 

Kljuļne reļi: Projektovanje konstrukcija, svojstva pri poģaru, otpornost na poģar, poģarno optereĺenje, zaġtita od 

poģara 

1. INTRODUCTION  - REVIEW OF RELATED NATI ONAL STANDARDS 

The design principles, with safety level being achieved by partial safety factors for loading 

and material modeling, are described in the standard SRPS EN 1990:2012. This standard is identical 

as standard EN 1990:2002/A1 CEN/TC 250 (reference [1]) and is published on in Serbian 

23.05.2012. and have name Eurocode : Basis of structural design. The National Annex SRPS EN 

1990/NA:2012 is published on in Serbian 29.11.2012. This National Annex is applied in 

conjunction with SRPS EN 1990 in Serbia and this national Annex defines national determined 

parameters for clauses of SRPS EN 1990, where national choices are allowed. 

The fire and mechanical loads are specified in the standard SRPS EN 1991-1-2:2012. This 

standard is identical as standard EN 1991-1-2:2004 CEN/TC 250 (reference [2]) and is published on 
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in English 25.07.2012. and have name Eurocode 1: Actions on structures - Part 1-2: General 

actions - Actions on structures exposed to fire. This standard deals with the assessment of actions to 

be used in the structural design of buildings and civil engineering works where they are required to 

give adequate performance in fire exposure. The standard is intended for clients (formulation of 

their specific requirements), designers, contractors and relevant authorities. The general objectives 

of fire protection are to limit risks with respect to the individual and society, neighboring property, 

and where required, environment or directly exposed property, in the case of fire. 

The fire resistance design of concrete structures is specified in the standard SRPS EN 1992-

1-2:2014. This standard is identical as standard EN 1992-1-2:2004 CEN/TC 250 (reference [3]) and 

is published on in English 30.05.2014. and have name Eurocode 2: Design of concrete structures - 

Part 1-2: General rules - Structural fire design. This standard deals with the design of concrete 

structures for the accidental situation of fire exposure and is intended to be used in conjunction with 

SRPS EN 1992-1-1 and SRPS EN 1991-1-2. This standard deals with specific aspects of passive 

fire protection in terms of designing structures and parts thereof for adequate load bearing resistance 

and for limiting fire spread as relevant. 

However, the standard nkSRPS EN 1992-1-1:2014 Eurocode 2: Design of concrete 

structures - Part 1-1: General rules and rules for buildings and national Annex prSRPS EN 1992-

1-1/NA: 2015 are not published yet. In addition, in preparation is the standard prSRPS EN 1992-1-

1:2014/A1:2015 which represents the first change of the basic standard. Basic standard contains 

general rules for the structural design of buildings and civil engineering works in reinforced and 

prestressed concrete made with normal and lightweight aggregates, plain or lightly reinforced 

concrete and precast concrete for the design of reinforced concrete components with unbonded 

tendons. It is estimated that the National Annex for SRPS EN 1992-1-1 will be adopted at the 
beginning of 2015, as well as the recommended values stipulated therein. The national technical 

committee estimates that the recommended values will mainly be adopted. 

The standard SRPS EN 1992-1-2:2014 only identifies differences from normal temperature 

design and deals only with passive methods of fire protection. The active methods are not covered 

and the standard applies to concrete structures that are required to fulfill certain functions when 

exposed to fire, in terms of avoiding premature collapse of the structure and limiting fire spread 

beyond designated areas. 

The standard SRPS EN 1992-1-2:2014 gives principles and application rules for designing 

structures for specified requirements in respect of the aforementioned functions and the levels of 

performance and applies to structures, or parts of structures, that are within the scope of  EN 1992-

1-1 and are designed accordingly. However, it does not cover structures prestressed by external 

tendons and shell structures. The methods given in this Part 1-2 of EN 1992 are applicable to 

normal weight concrete up to strength class C90/105 and for lightweight concrete up to strength 

class LC55/60. Additional rules for strength classes above C50/60 are given in section 6. 

The standard naSRPS EN 1992-1-2/NA:2014 represents the National Annex and is still in 

preparation. The National Annex defines national determined parameters for clauses of SRPS EN 

1992-1-2, where national choices are allowed. It also gives decisions on the application of other 

Annexes of SRPS EN 1992-1-2:2014 in Serbia. 

2. THEORETICAL BASIS  OF THE STRUCTURAL FI RE RESISTANCE DESIGN  

The essential safety requirement for the limitation of fire risks is that the construction works 

must be designed and built in such a way, that in the event of an outbreak of fire: the load bearing 

resistance of the construction can be assumed for a specified period of time, the generation and 

spread of fire and smoke within the works are limited, the spread of fire to neighboring construction 

works is limited, the occupants can leave the works or can be rescued by other means, the safety of 

rescue teams is taken into consideration. The essential requirement may be observed by following 
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various possibilities for fire safety strategies like conventional fire scenarios (nominal fires) or 

"natural" (parametric) fire scenarios, including passive and/or active fire protection measures. 

Required functions and levels of performance can be specified either in terms of nominal 

(standard) fire resistance rating, generally given in national fire regulations or, where allowed by 

national fire regulations, by referring to fire safety engineering for assessing passive and active 

measures. Supplementary requirements concerning to the possible installation and maintenance of 

sprinkler systems; conditions on occupancy of building or fire compartment; the use of approved 

insulation and coating materials, including their maintenance are not given in this document, 

because they are subject to specification by the competent authority. Numerical values for partial 

factors and other reliability elements are given as recommended values that provide an acceptable 

level of reliability. They have been selected assuming that an appropriate level of workmanship and 

of quality management applies. 

 

Figure 1- Alternative design procedures 

A full analytical procedure for structural fire design would take into account the behavior of 

the structural system at elevated temperatures, the potential heat exposure and the beneficial effects 

of active and passive fire protection systems, together with the uncertainties associated with these 

three features and the importance of the structure (consequences of failure). At the present time it is 

possible to undertake a procedure for determining adequate performance which incorporates some, 

if not all, of these parameters and to demonstrate that the structure, or its components, will give 

adequate performance in a real building fire. However where the procedure is based on a nominal 

(standard) fire, the classification system, which calls for specific periods of fire resistance, takes 

into account (though not explicitly) the features and uncertainties described above. The prescriptive 
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approach and the performance-based approach are identified. The prescriptive approach uses 

nominal fires to generate thermal actions. The performance-based approach, using fire safety 

engineering, refers to thermal actions based on physical and chemical parameters. 

3. THE ELEMENT BASED AP PROACH FOR FIRE RESISTANCE DESIGN 

Structural fire resistance design may be carried out at three different levels: 

1. Using design tables. The design is simple, but design choice will be conservative and 

limited. 

2. Using analytical models according to basic mechanical principles and good engineering 

practice. these models are suitable for structural elements with clearly defined loading 

and boundary conditions. 

3. Using numerical models. This approach can be complex and time consuming, but it 

does allow complex structures to be dealt with and can give very detailed and accurate 

results. 

The paper consider element based analytical approach that adopts the structural Eurocodes 

as basis. The Eurocodes are generally based on ultimate limit states. The design principles, with 

safety level being achieved by partial safety factors for loading and material modeling are described 

in EN 1990:2002/A1 CEN/TC 250 (reference [1]). The fire and mechanical loads on structures are 

specified in EN 1991-1-2:2004 CEN/TC 250 (reference [2]). The fire resistance design of the 

concrete structures is covered in EN 1992-1-2:2004 CEN/TC 250 (reference [3]). The main 

objective of this paper is to present the fundamentals of the element based fire resistance design 

methods for reinforced concrete beam structural elements. 

The design value mechanical material property in fire situation is described as: 

fiM
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fid

X
kX

,

,
g

qÖ¢  (1) 

where: Xk is the characteristic value of strength or deformation property for usual 

temperature design, k  is reduction factor dependent on material temperature ,  m,fi is the 

partial safety factor of the relevant mechanical property for the fire limit state. The detailed data of 

reduction factor k  for reinforced concrete elements can be found in Chapter 3 at EN 1992-1-

2:2004 CEN/TC 250 (reference [3]). 

Verification of fire resistance may be made in the time domain, in the strength domain or in 

the temperature domain. The required fire resistance time of the structure should be equal to or less 

than the available fire resistance time. Verification by strength is similar the usual approach of 

structural design under the cold condition. Critical temperature in the structure should be lower than 

the limiting temperature of the structure. 

A element based fire resistance design approach does not consider effects caused by thermal 

deformation at elevated temperatures. The approaches described in this paper only are applicable 

where these effects may be recognized a priory to be either negligible or favorable. They are 

accounted for by conservatively chosen support and boundary condition. Another way is that are 

implicitly considered by conservatively specified fire safety requirements. 

The first step in structural fire resistance design is to select a fire scenario, in other words 

thermal loading, that may based on Standard Fire temperature-time curves, other simplified models 

for localized and compartment fire or output from fire test or numerical simulation models. The fire 

is considered as an accidental loading condition and for obtaining the relevant effects of action 

during fire exposure the mechanical actions should be combined in accordance with EN 

1990:2002/A1 CEN/TC 250 (reference [1]) for accidental design situations. The representative 

value of variable action may use the quasi-permanent value or the frequent value depending on the 

nature of the action. When performing element based structural fire resistance design indirect fire 
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actions are not considered. The effects of actions are the same as at ambient temperature. These 

effects of actions are applied as constant values throughout the design fire exposure. As a 

substantial simplification, the effects of actions may be deduced from those determined in normal 

temperature design using the following expression: 

dfidfitdfi EEE Ö== h,,,  (2) 

where: Ed is design value of the of the relevant effects of actions from the basic load 

combination, Efi,d is the corresponding (required) value for the fire situation, and hfi is reduction 

factor expressing the ratio of the applied load in fire to the applied load under normal temperature. 

If the load combination for the fire design is 1,kfik QG Ö+y and load the load combination for 

normal temperature design is 1,1, kQkG QG Ö+gg  then reduction factor hfi can be taken as: 
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where: Qk,1 is principal variable action, Gk is permanent action, gG is the partial factor for 

permanent actions for normal temperature design, gQ,1 is the partial factor for the leading variable 

action for normal temperature design, and yfi is combination factor for either quasi-permanent value 

y1,1 or frequent value y2,1 as previously explained. As further simplification, for evaluation of 

structural fire resistance without calculation, a value of hfi = 0.70 may be used for concrete 
structures. 

4. THE FIRE RESISTANCE DESIGN METHODS FOR CONCRETE ELEMENTS  

Due to concrete structural element size, low thermal conductivity of concrete and transport of 

water during heating, temperature distributions in concrete elements are complex and non-uniform. 

Numerical heat transfer analysis is often necessary to obtain temperature distributions for fire 

resistance design. For structural elements exposed to nominal standard fire temperature-time 

profiles in Annex A to SRPS EN 1992-1-2:2014 provides useful tables of temperature distribution 

for durations from 30min to 240 min with moisture content up to 1.6%. In addition to load bearing, 

a concrete structural element may have to fulfill the fire resistance requirements for integrity and 

insulation because the concrete structure may serve as fire compartment wall or floor. The Annex B 

to SRPS EN 1992-1-2:2014 provides two simplified calculation methods: the 500ºC isotherm 

method and the zone method. 

4.1 The 500ºC isotherm method 

500ºC isotherm method is based on the hypothesis that concrete at a temperature of more 

than 500ºC is neglected in calculation of load bearing capacity, while concrete at a temperature 

below 500ºC is assumed to retain its full strength and stiffness. This method is applicable to 

reinforced and prestressed concrete cross sections with respect to axial force and bending moment. 
On the basis of the above reduced cross-section approach, the procedure for calculating the 

resistance of a reinforced concrete cross-section in the fire situation may be carried out as follows: 

¶ Determine the isotherm of 500°C for the specified fire exposure, standard fire or 
parametric fire. 

¶ Determine a new width bfi  and a new effective height dfi of the cross-section by excluding 

the concrete outside the 500°C isotherm. The rounded corners of isotherms can be regarded 

by approximating the real form of the isotherm to a rectangle or a square. 

¶ Determine the temperature of reinforcing bars in the tension and compression zones. The 
temperature of the individual reinforcing bar can be evaluated from the temperature 

profiles in Annex A and is taken as the temperature in the centre of the bar. Some of the 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

92 
 

reinforcing bars may fall outside the reduced cross-section. Despite this, they may be 

included in the calculation of the ultimate load bearing capacity of the fire exposed cross-

section, 

¶ Determine the reduced strength of the reinforcement due to the temperature. 

¶ Use conventional calculation methods for the reduced cross-section for the determination 
of the ultimate load bearing capacity with previously obtained strength of the reinforcing 

bars, and 

¶ Compare the ultimate load-bearing capacity with the design load effect or, alternatively, 

the estimated fire resistance with the required resistance. 

 

Figure 2 - Reduction of strength and cross section for sections exposed to fire 

4.2 The Zone method 

The zone method is based on subdividing the cross-section into several zones. This method, 

although more laborious, provides a more accurate method than the 500°C isotherm method, 

especially for walls and columns. The method is applicable to the standard temperature-time curve 

only. The cross-section is divided into a number of parallel zones of equal thickness where the 

mean temperature and the corresponding mean compressive strength and modulus of elasticity of 

each zone is assessed. 

The fire damaged cross-section is represented by a reduced cross-section ignoring a 

damaged zone of thickness azi at the fire exposed sides (Figure 1). Reference is made to an 

equivalent wall. The point M is an arbitrary point on the centerline of the equivalent wall used to 

determine the reduced compressive strength for the whole of the reduced cross section. When two 

opposite sides are exposed to fire the width is assumed to be 2w. For a rectangural cross-section 

exposed to fire on one face only the width is assumed to be 2w. This is represented by a wall with 

equal to 2w. The flange is related to the first equivalent wall, and the web is related to the second 

equivalent wall. For the bottom and ends of rectangular members exposed to fire, where the width is 

less than the height, the value of az is assumed to be the same as the calculated values for the sides. 

The reduction of the cross-section is based on a damaged zone of thickness az at the fire exposed 

surfaces which is calculated as follows. The damaged zone, az, is estimated for an equivalent wall 

exposed on both sides. The half thickness of the wall is divided into n parallel zones of equal 

thickness, where nÓ3. The temperature is calculated for the middle of each zone. The corresponding 

reduction factor for compressive strength, kc(ɗi) is determined. 
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Figure 3 - Division of an equivalent wall, with both sides exposed to fire, into zones 

The mean reduction coefficient for a particular section, incorporating a factor (1-0,2/n), 

which allows for the variation in temperature within each zone, may be calculated approximately by 

following expression: 
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q  (4) 

where: n is the number of parallel zones in width w, w is half the total width, and i is the zone 

number. 

      

Figure 4 - Reduction of compression strength kc(ɗM) for reduced cross-section and  

reduction in cross-section az of a beam using siliceous aggregate concrete 

The width of the damaged zone for beams, slabs or members in plane shear may be 

calculated using expression: 
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where: kc(ɗM) denotes the reduction coefficient for concrete at point M. 

When the reduced cross-section is found and the strength and modulus of elasticity are 

determined for the fire situation, the fire design follows the normal temperature design procedure by 

using ɔM,fi  values. 
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5. SIMPLIFIED DESIGN OF  THE REINFORCED CONCR ETE BEAMS 

The Annex E to EN 1992-1-2 provides simplified calculation method for beams and slabs. 

As with structural design under ambient temperature, structural fire resistance design of the 

reinforced may be carried out using design tables. This simplified method only applies where the 

loading is predominantly uniformly distributed and the design at ambient temperature has been 

based on linear analysis or linear analysis with limited redistribution as described in Section 5 of 

EN 1992-1-1. The method can be applied for continuous beams or slabs where moment 

redistribution is higher than 15% if sufficient rotational capacity is provided at the supports for the 

required fire exposure conditions. This simplified method of calculation provides an extension to 

the use of the tabular method for beams exposed on three sides and slabs, Tables 5.5 to 5.11 of EN 

1992-1-1. It determines the effect on bending resistance for situations where the axis distance, a, to 

bottom reinforcement is less than that required by the tables. The minimum cross-section 

dimensions (bmin, bw, hs) given in Tables 5.5 to 5.11 of EN 1992-1-1 should not be reduced.  

5.1Simply supported reinforced concrete beams 

It should be verified that: 

fiRdfiEd MM ,, ¢  (6) 

The loading under fire conditions should be determined from EN 1991-1-2. The maximum 

fire design moment MEd,fi  for predominantly uniformly distributed load may be calculated using: 

2
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8

1
efffiEdfiEd lwM ÖÖ=  (7) 

where: wEd,fi is the uniformly distributed load under fire conditions and leff is the effective length of 

beam or slab. 
The moment of resistance MRd.fi  for design for the fire situation may be calculated using: 
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where: gs is the partial material factor for steel used in EN 1992-1-1, gs,fi is the partial material factor 
for steel under fire conditions, ks(ɗ) is a strength reduction factor of the steel for the given 

temperature ɗunder the required fire resistance. Temperature ɗmay be taken from Annex A for the 

chosen axis distance, MEd is the applied moment for cold design to EN 1992-1-1, As,prov is the area 

of tensile steel provided, As,req is the area of tensile steel required for the design at ambient 

temperature to EN 1992-1-1, As,prov /As,req should not be taken as greater than 1.3. 

5.2 Continuous reinforced concrete beams 

Static equilibrium of flexural moments and shear forces should be ensured for the full length 

of continuous beams and slabs under the design fire conditions. In order to satisfy equilibrium for 

fire design, moment redistribution from the span to the supports is permitted where sufficient area 

of reinforcement is provided over the supports to take the design fire loading. This reinforcement 

should extend a sufficient distance into the span to ensure a safe bending moment envelope. The 

moment of resistance MRd,fi,Span of the section at the position of maximum sagging moment should 

be calculated for fire conditions in accordance with eq. (7). The maximum free bending moment for 

applied loads in the fire situation for uniformly distributed load, 2

,,
8

1
efffiEdfiEd lwM ÖÖ= should be 
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fitted to this moment of resistance such that the support moments: MRd1,fi and MRd2,fi provide 

equilibrium as shown in Figure 5.  
In the absence of more rigorous calculations, the moment of resistance at supports for design 

for the fire situation may be calculated using: 
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where: ɔs, ɔs,fi, MEd, As,prov, As,req are as defined in expresion (7), a is the required average bottom 

axis distance given in Table 5.5, Column 5, d is the effective depth of section. As,prov /As,req should 

not be taken as greater than 1.3. Expression (9) is valid where the temperature of the top steel over 

the supports does not exceed 350°C for reinforcing bars. For higher temperatures MRd,fi should be 

reduced by ks(ɗcr) or kp(ɗcr) according to Fig.5.  

 

Figure 5 - Positioning the free bending moment diagram to establish equilibrium 

6. CONCLUSIONS 

The existing set of the new national standards enables simple treatment of sensitive issues 

and provides for daily practice appropriate solution. The Annexes in mentioned new national 

standards, which have an informative character, presents some of the more complex methods of 

analysis and calculation procedures of reinforced concrete beams, slabs, columns and walls, which 

can be applied in a more sophisticated treatment of the design of building structures exposed to fire. 
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ʩʘʩʪʘʚʥʠ ʜʝʦ ʩʪʝʥʘ ʢʦʿʝ ʠʟʛʨʘʹʫʿʫ ɿʝʤˀʠʥʫ ʢʦʨʫ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʝʦʣʦʰʢʝ ʬʦʨʤʘʮʠʿʝ ʪʣʘ, ʩʨʝ˂ʝ ʩʝ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ. ʋ ʨʫʨʘʣʥʠʤ ʧʦʜʨʫʯʿʠʤʘ ˁʝʛʦʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʿʝ ʚʨʣʦ ʥʠʩʢʘ ʠ ʠʟʥʦʩʠ ʩʚʝʛʘ 3Ö10
-7
 ʜʦ 10

-6
 ʚʣʘʢʘʥʘ 

ʧʦ ʢʫʙʥʦʤ ʮʝʥʪʠʤʝʪʨʫ, ʜʦʢ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʤʦʞʝ ʜʘ ʜʦʩʪʠʛʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʦʜ 3Ö10
-4
 ʚʣʘʢʘʥʘ ʧʦ ʢʫʙʥʦʤ 

ʮʝʥʪʠʤʝʪʨʫ ʠ ʚʠʰʝ. 

ʈʝʛʠʩʪʨʦʚʘˁʝ ʧʨʠʩʫʩʪʚʘ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ ʠ ʦʜʨʝʹʠʚʘˁʝ ˁʠʭʦʚʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ 

ʚʨʰʠ ʩʝ ʫ ʤʥʦʛʠʤ ʟʝʤˀʘʤʘ ʫ ʩʚʝʪʫ (ʀʪʘʣʠʿʘ, ʈʫʩʠʿʘ, ɱʫʞʥ ɸʬʨʠʢʘ, ʠʪʜ.). ʇʦ ʫʟʦʨʫ ʥʘ ˁʠʭ, ʠʟʚʨʰʝʥʦ ʿʝ 

ʨʝʛʠʩʪʨʦʚʘˁʝ ʠ ʦʜʨʝʹʠʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ ʥʘ ʿʝʜʥʦʿ ʣʦʢʘʮʠʿʠ ʫ ʅʦʚʦʤ ʉʘʜʫ ʟʘ ʩʚʘ ʯʝʪʠʨʠ 

ʛʦʜʠʰˁʘ ʜʦʙʘ.  

ʂˀʫʯʥʝ ʨʝʯʠ: ʘʟʙʝʩʪ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

DETERMINATION OF THE  PRESENCE OF ASBESTOS FIBERS  

IN THE ENVIRONMEN  

ABSTRACT 

Unique physical and chemical properties of asbestos has had a great influence on the wide usage of the 

material. According to the papers of American authors, there are about 5,000 products in modern economies that 

contain asbestos. In addition to these products, asbestos is everywhere in nature because it is an integral part of the 

rocks that make up Earth's crust. Depending on the geological formation of the soil, it can be found in various 

concentrations. In rural areas, its concentration is very low, amounting to only 3Ö10
-7
 to 10

-6
 fibers per cubic centimeter, 

while in urban areas it can reach concentrations of 3Ö10
-4
 fibers per cubic centimeter and more.  

Registering the presence of asbestos fibers and determining their concentration in the environment is carried 

out in many countries in the world (Italy, Russia, South Africa, etc.). Following their example, recording and 

determining the concentration of asbestos fibers was carried out in one location in Novi Sad for all four seasons. 

Key words: asbestos, concentration 

ʋɺʆɼ 

ɸʟʙʝʩʪ ʿʝ ʢʦʤʝʨʮʠʿʘʣʥʠ ʥʘʟʠʚ (ʥʝ ʠ ʤʠʥʝʨʦʣʦʰʢʠ) ʟʘ ʰʝʩʪ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʭʠʜʨʘ-

ʪʠʩʘʥʠʭ ʩʠʣʠʢʘʪʥʠʭ ʤʠʥʝʨʘʣʘ ʯʠʿʫ ʦʩʥʦʚʥʫ ʿʝʜʠʥʠʮʫ ʛʨʘʹʝ ʯʠʥʝ SiO4 ʪʝʪʨʘʝʜʨʠ. ʆʚʘ ʛʨʫʧʘ 
ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʧʨʝʤʘ ʩʪʨʫʢʪʫʨʠ ʜʝʣʠ ʥʘ ʜʚʝ ʧʦʜʛʨʫʧʝ: ʩʝʨʧʝʥʪʠʥʝ ʠ ʘʤʬʠʙʦʣʝ. ʇʦʜʛʨʫʧʠ 

ʩʝʨʧʝʥʪʠʥʘ ʧʨʠʧʘʜʘ ʩʘʤʦ ʂʨʠʟʦʪʠʣ (ʙʝʣʠ ʘʟʙʝʩʪ - ʭʝʤʠʿʩʢʝ ʬʦʨʤʫʣʝ Mg3(Si2O5) (OH)4) ʜʦʢ 

ʧʦʜʛʨʫʧʫ ʘʤʬʠʙʦʣʘ ʩʘʯʠˁʘʚʘʿʫ ʂʨʦʮʠʜʦʣʠʪ (ʧʣʘʚʠ ʘʟʙʝʩʪ - 

Na2Fe2(Fe
2+

Mg)3Si8O22(OH)2), ɸʤʦʟʠʪ (ʩʤʝʹʠ ʘʟʙʝʩʪ -  (Fe
2+

Mg)7Si8O22(OH)2) , 

ʊʨʝʤʦʣʠʪ ( Ca2Mg5 Si8O22(OH)2),  ɸʢʪʠʥʦʣʠʪ ( Ca2(Fe
2+

Mg)5Si8O22(OH)2)  ʠ 

ɸʥʪʦʬʠʣʠʪ ( Mg7Si8O22(OH)2)  [1-3].  

ɻʝʦʣʦʰʢʘ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʫʢʘʟʘʣʘ ʜʘ ʿʝ ʘʟʙʝʩʪ ʩʘʩʪʘʚʥʠ ʜʝʦ ʯʝʪʠʨʠ ʪʠʧʘ ʩʪʝʥʘ: (alpine-

type ultramafic rocks, stratiform ultramafic intrusions, serpentine limestone and banded ironstones) 

ʢʦʿʝ ʧʦʢʘʟʫʿʝ ʚʝʦʤʘ ʧʨʝʮʠʟʥʫ ʛʝʦʛʨʘʬʩʢʫ ʟʘʩʪʫʧˀʝʥʦʩʪ. ʊʘʢʦ ʩʝ ʥʧʨ. ʂʨʠʟʦʪʠʣ ʥʘʣʘʟʠ ʫ 

ʂʚʝʙʝʢʫ, ʈʦʜʝʟʠʿʠ, ʈʫʩʠʿʠ, ʂʠʥʠ, ʀʪʘʣʠʿʠ ʠ ʉɸɼ; ʂʨʦʮʠʜʦʣʠʪʝ ʫ ɱʫʞʥʦʿ ɸʬʨʠʮʠ, 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʫ ʅʦʚʦʤ ʉʘʜʫ 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

97 
 

ɸʫʩʪʨʘʣʠʿʠ, ʂʦʣʫʤʙʠʿʠ ʠ ʈʦʜʝʟʠʿʠ; ɸʤʦʩʠʪ ʠ ɸʢʪʠʥʦʣʠʪ ʫ ɱʫʞʥʦʿ ɸʬʨʠʮʠ ʠ ʀʥʜʠʿʠ; 

ʊʨʝʤʦʣʠʪ ʫ ʤʝʜʠʪʝʨʘʥʩʢʦʤ ʨʝʛʠʦʥʫ, ʇʘʢʠʩʪʘʥʫ ʠ ɱʫʞʥʦ ʿʂʦʨʝʿʠ; ɸʥʪʦʬʠʣʠʪ ʫ ʌʠʥʩʢʦʿ ʠ 

ʉɸɼ [4].  

ʋ ʉʨʙʠʿʠ ʩʫ ʩʝ ʥʘʣʘʟʠʣʘ ʜʚʘ ʨʫʜʥʠʢʘ ʘʟʙʝʩʪʘ, ʉʪʨʘʛʘʨʠ ʠ ʂʦʨʣʘ˂ʝ, ʦʜ ʢʦʿʠʭ ʿʝ ʨʫʜʥʠʢ 

ʉʪʨʘʛʘʨʠ ʙʠʦ ʥʘʿʚʝ˂ʠ ʨʫʜʥʠʢ ʘʟʙʝʩʪʘ ʫ ɽʚʨʦʧʠ. ʆʙʘ ʨʫʜʥʠʢʘ ʩʫ ʜʘʥʘʩ ʟʘʪʚʦʨʝʥʘ, ʘʣʠ ʧʨʝʤʘ 

ʧʦʜʘʮʠʤʘ ʠʟ 2005. ʠ 2006. ʛʦʜʠʥʝ ʧʨʦʠʟʚʝʜʝʥʦ ʿʝ 4.080, ʦʜʥʦʩʥʦ 4.500 ʪʦʥʘ ʘʟʙʝʩʪʘ. ɸʟʙʝʩʪ ʠʟ 

ʦʚʠʭ ʨʫʜʥʠʢʘ ʢʦʨʠʩʪʠʣʘ ʩʫ ʫ ʉʨʙʠʿʠ ʧʨʝʜʫʟʝ˂ʘ ɱʫʛʦɸʟʙʝʩʪ (ʧʨʘʚʠʦ ʿʝ ʧʨʦʠʟʚʦʜʝ ʦʜ ʘʟʙʝʩʪʘ ʟʘ 

ʛʨʘʹʝʚʠʥʘʨʩʪʚʦ) ʠ ʌʀɸɿ (ʢʦʨʠʩʪʠʦ ʿʝ ʘʟʙʝʩʪ ʫ ʧʨʦʠʟʚʦʜˁʠ ʢʦʯʠʦʥʠʭ ʜʠʩʢʦʚʘ) [5].  

ʆʩʥʦʚʥʘ ʘʧʣʠʢʘʪʠʚʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʿʝ ʜʘ ʧʦʩʝʜʫʿʫ ʝʢʩʪʨʝʤʥʦ ʪʘʥʢʫ 

ʚʣʘʢʥʘʩʪʫ ʩʪʨʫʢʪʫʨʫ, ʟʙʦʛ ʢʦʿʝ ʠʭ ʦʜʣʠʢʫʿʝ ʚʠʩʦʢʘ ʦʪʧʦʨʥʦʩʪ ʥʘ ʢʠʜʘˁʝ, ʤʘʣʘ ʪʦʧʣʦʪʥʘ ʧʨʦ-

ʚʦʜˀʠʚʦʩʪ ʠ ʚʝʣʠʢʘ ʪʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ (ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ ʿʝ ʠʟʥʘʜ 1200
0
 C). ʇʦʤʝʥʫʪʝ 

ʦʩʦʙʠʥʝ ʩʫ ʫʪʠʮʘʣʝ ʥʘ ʚʝʣʠʢʫ ʧʨʠʤʝʥʫ ʘʟʙʝʩʪʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʠʟʚʦʜʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʘʟʙʝ-

ʩʪʥʦ - ʮʝʤʝʥʪʥʠ ʢʨʦʚʥʠ ʧʦʢʨʠʚʘʯʠ - ʪʟʚ. "ʩʘʣʦʥʠʪ ʧʣʦʯʝ", ʟʠʜʦʚʠ ʤʘʣʪʝʨʠʩʘʥʠ ʮʝʤʝʥʪʥʦ ï 

ʘʟʙʝʩʥʦʤ ʩʤʝʰʦʤ, ʧʦʜʥʝ ʧʣʦʯʠʮʝ ʦʜ ʩʤʝʰʝ ʇɺʎ-ʘ ʠ ʘʟʙʝʩʪʘ - ʪʟʚ. "ʚʠʥʘʟ ʧʣʦʯʝ", ʥʝʢʝ ʚʦʜʦ-

ʚʦʜʥʝ ʮʝʚʠ, ʧʨʦʪʠʚ ʧʦʞʘʨʥʘ ʠʟʦʣʘʮʠʿʘ, ʦʙʣʦʛʝ ʟʘ ʘʫʪʦʤʦʙʠʣʩʢʝ ʢʦʯʥʠʮʝ, ʠʪʜ. ʆʜ aʟʙʝʩʪʥʠʭ 

ʚʣʘʢʘʥʘ ʩʝ ʤʦʛʫ Ăʠʩʧʣʝʩʪʠñ ʧʨʝʜʠʚʘ ʘ ʧʦʪʦʤ ʠ ʪʝʨʤʦʪʧʦʨʥʠ ʪʝʢʩʪʠʣ ʦʜ ʢʦʛ ʩʫ ʧʦʪʦʤ ʧʨʘʚˀʝ-

ʥʘ ʪʝʨʤʦʦʪʧʦʨʥʘ ʦʜʝʣʘ, ʢʝʮʝˀʝ, ʨʫʢʘʚʠʮʝ ʠ ʜʨʫʛʠ ʧʨʦʠʟʚʦʜʠ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨʘ. ʉʤʘʪʨʘ ʩʝ ʜʘ ʜʘʥʘʩ ʧʦʩʪʦʿʠ ʚʠʰʝ ʦʜ 5000 ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʘʜʨʞʝ ʘʟʙʝʩʪ 

[1,2,7]. ʅʝʢʠ ʦʜ ʧʨʦʠʟʚʦʜʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 1. ʊʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ ʫ ʚʝ˂ʠʥʠ ʦʚʠʭ 

ʧʨʦʠʟʚʦʜʘ ʘʟʙʝʩʪ ʚʝʟʘʥ ʫ ʥʝʢʠ ʢʦʤʧʦʟʠʪʥʠ ʤʘʪʝʨʠʿʘʣ, ʦʜʥʦʩʥʦ ʥʠʿʝ Ăʯʠʩʪñ. ʊʦʢʦʤ ʚʨʝʤʝʥʘ, 

ʤʝʹʫʪʠʤ, ʜʦʣʘʟʠ ʜʦ ʪʨʦʰʝˁʘ ʢʦʤʧʦʟʠʪʘ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʨʘʟʛʨʘʜˁʝ ʤʘʪʨʠʮʝ ʠ ʦʩʣʦʙʘʹʘˁʘ 

ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ. ʆʩʣʦʙʦʹʝʥʘ ʚʣʘʢʥʘ ʪʘʜʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʧʘʩʥʦʩʪ ʟʘ ʟʜʨʘʚˀʝ ˀʫʜʠ. ʆʚʘ 

ʚʣʘʢʥʘ ʩʝ ʣʘʢʦ ʧʦʜʠʞʫ ʫ ʚʘʟʜʫʭ ʠ ʘʢʦ ʜʦʹʝ ʜʦ ʠʥʭʘʣʘʮʠʿʝ ʫ ʧʣʫ˂ʘ, ʚʣʘʢʥʘ ʤʦʛʫ ʜʘ ʧʨʦʹʫ 
ʧʨʠʨʦʜʥʦ ʬʠʣʪʨʠʨʘˁʝ, ʟʘʙʦʜʫ ʩʝ ʜʫʙʦʢʦ ʫ ʧʣʫ˂ʥʦ ʪʢʠʚʦ ʠ ʠʟʘʟʦʚʫ ʦʟʙʠˀʥʝ ʟʜʨʘʚʩʪʚʝʥʝ 

ʧʨʦʙʣʝʤʝ. ʉʚʝʪʩʢʘ ʟʜʨʘʚʩʪʚʝʥʘ ʦʨʛʘʥʠʟʘʮʠʿʘ (Worl Health Organisation ï WHO) ʿʝ ʜʝʬʠʥʠʩʘʣʘ 

ʙʦʣʝʩʪʠ ʢʦʿʝ ʩʫ ʜʠʨʝʢʪʥʦ ʧʦʚʝʟʘʥʝ ʩʘ ʠʥʭʘʣʘʮʠʿʦʤ ʘʟʙʝʩʪʘ. ʊʦ ʩʫ: ʘʟʙʝʩʪʦʟʘ, ʤʘʣʠʛʥʘ ʙʦʣʝʩʪ 

ʧʣʫ˂ʘ (lung cancer by asbestosis) ʠ ʤʝʟʦʪʝʣʠʦʤʠʿʘ [2, 9]. 

 
 

 

ʉʣʠʢʘ 1 ʇʨʦʠʟʚʦʜʠ ʫ ʢʦʿʝ ʩʝ ʫʛʨʘʹʠʚʘʦ ʘʟʙʝʩʪ [8]  

ʉʘʟʥʘˁʘ ʦ ʰʪʝʪʥʦʤ ʫʪʠʮʘʿʫ ʘʟʙʝʩʪʘ ʥʘ ʟʜʨʘʚˀʝ ˀʫʜʠ, ʫʪʠʮʘʣʦ ʿʝ ʥʘ ʜʦʥʦʰʝˁʝ ɿʘʢʦʥʘ 

ʢʦʿʠʤʘ ʩʝ ʦʛʨʘʥʠʯʘʚʘ ʠʣʠ ʟʘʙʨʘˁʫʿʝ ˁʝʛʦʚʘ ʫʧʦʪʨʝʙʘ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʜʨʞʘʚʘ. ʆʚʘʢʚʘ ʟʘʢʦ-

ʥʩʢʘ ʨʝʛʫʣʘʪʠʚʘ ʨʝʟʫʣʪʠʨʘʣʘ ʿʝ ʟʥʘʯʘʿʥʠʤ ʩʤʘˁʝˁʝʤ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ ʩʘʜʨʞʝ ʘʟʙʝʩʪ ʠ 

ˁʝʛʦʚʦʤ ʟʘʤʝʥʦʤ ʜʨʫʛʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ. ʆʚʘʿ ʧʨʦʮʝʩ ʟʘʤʝʥʝ ʿʝ, ʤʝʹʫʪʠʤ, ʚʝʦʤʘ ʩʢʫʧ ʠ ʟʘ ʩʘʜʘ 

ʛʘ ʩʝʙʠ ʤʦʛʫ ʧʨʠʫʰʪʠʪʠ ʩʘʤʦ ʙʦʛʘʪʝ ʟʝʤˀʝ, ʜʦʢ ʩʝ ʫ ʚʝ˂ʠʥʠ ʜʨʫʛʠʭ ʟʝʤʘˀʘ ʦʚʠ ʧʨʦʠʟʚʦʜʠ 

ʚʝʦʤʘ ʩʧʦʨʦ ʟʘʤʝˁʫʿʫ, ʘ ʫ ʥʝʢʠʤʘ ʩʝ ʦʥ ʿʦʰ ʫʚʝʢ ʢʦʨʠʩʪʠ.  

ɸʟʙʝʩʪ, ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʩʘʩʪʘʚʥʠ ʜʝʦ ɿʝʤˀʠʥʝ ʢʦʨʝ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʛʝʦʣʦʰʢʝ ʬʦʨʤʘ-

ʮʠʝʿ ʪʣʘ ʘʣʠ ʠ ʦʢʨʫʞʝˁʘ ʩʘ ʧʨʦʠʟʚʦʜʠʤʘ ʢʦʿʠ ʩʘʜʨʞʝ ʘʟʙʝʩʪ, ʥʘʣʘʟʠ ʩʝ ʠ ʫ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ.ʋ ʨʫʨʘʣʥʠʤ ʧʦʜʨʫʯʿʠʤʘ ˁʝʛʦʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʿʝ ʚʨʣʦ ʥʠʩʢʘ ʠ 
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ʠʟʥʦʩʠ ʩʚʝʛʘ 3Ö10
-7
 ʜʦ 10

-6
 ʚʣʘʢʘʥʘ ʧʦ ʢʫʙʥʦʤ ʮʝʥʪʠʤʝʪʨʫ, ʜʦʢ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʤʦʞʝ ʜʘ 

ʜʦʩʪʠʛʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠ ʦʜ 3Ö10
-4
 ʚʣʘʢʘʥʘ ʧʦ ʢʫʙʥʦʤ ʮʝʥʪʠʤʝʪʨʫ ʠ ʚʠʰʝ [1,2]. 

ɿʙʦʛ ʪʦʛʘ ʿʝ ʚʝʦʤʘ ʟʥʘʯʘʿʥʦ ʠʩʪʨʘʞʠʪʠ ʧʨʠʩʫʩʪʚʦ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ ʫ ʚʘʟʜʫʭʫ ʠ ʫ 

ʨʘʜʥʦʤ ʠ ʞʠʚʦʪʥʦʤ ʦʢʨʫʞʝˁʫ ʘʣʠ ʠ ʧʨʘʪʠʪʠ ˁʝʛʦʚʦ ʧʨʠʩʫʩʪʚʦ. ʋ ʤʥʦʛʠʤ ʜʨʞʘʚʘʤʘ ʫ ʩʚʝʪʫ, 

ʧʦʩʝʙʥʦ ʫ ʦʥʠʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʫ ʧʨʦʪʝʢʣʦʤ ʧʝʨʠʦʜ ʘʟʙʝʩʪ ʠʥʪʝʥʟʠʚʥʦ ʢʦʨʠʩʪʠʦ, ʚʨʰʠ 

ʠʩʪʨʘʞʠʚʘˁʝ ʚʘʟʜʫʭʘ ʥʘ ˁʝʛʦʚʦ ʧʨʠʩʫʩʪʚʦ. ʊʫ ʧʦʩʝʙʥʦ ʧʨʝʜˁʘʯʝ ʀʪʘʣʠʿʘ, ʂʘʥʘʜʘ, ʈʫʩʠʿʘ ʠ 

ɱʫʞʥʦ ʘʬʨʠʯʢʘ ʨʝʧʫʙʣʠʢʘ, ʘʣʠ ʠ ʤʥʦʛʝ ʜʨʫʛʝ [10-13]. 

ɸɿɹɽʉʊʅɸ ɺʃɸʂʅɸ ʋ ɾʀɺʆʊʅʆɱ ʉʈɽɼʀʅʀ 

ɺʝʦʤʘ ʦʙʠʤʥʘ ʠʩʪʨʘʞʠʚʘˁʘ ʦʜʨʝʹʠʚʘˁʘ ʧʨʠʩʫʩʪʚʘ ʘʟʙʝʩʪʘ ʫ ʀʪʘʣʠʿʠ ʠʟʚʨʰʝʥʘ ʩʫ ʦʜ 

ʩʪʨʘʥʝ ʄʠʥʠʩʪʘʨʩʪʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ Ministero dell'Ambiente e della Tutela del 

Territorio e del Mare (MATTM) ʀʪʘʣʠʿʝ. ʈʝʛʠʩʪʨʦʚʘʥʠ ʩʫ ʩʪʘʤʙʝʥʠ ʦʙʿʝʢʪʠ ʢʦʿʠ ʩʘʜʨʞʝ 

ʧʨʦʠʟʚʦʜʝ ʦʜ ʘʟʙʝʩʪʘ, ʠʥʜʫʩʪʨʠʿʩʢʘ ʧʦʩʪʨʦʿʝˁʘ ʠ ʜʨ ʠ ʧʨʠʤʝˁʝʥ ʿʝ ʘʣʛʦʨʠʪʘʤ ʟʘ ʧʨʦʮʝʥʫ 

ʭʠʪʥʦʩʪʠ ʩʘʥʘʮʠʿʝ. ʈʝʟʫʣʪʘʪ ʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʦʤʦʛʫ˂ʠʦ ʜʘ ʩʝ ʠʟʚʨʰʠ ʤʘʧʠʨʘˁʝ ʀʪʘʣʠʿʘ 

ʥʘ ʧʨʠʩʫʩʪʚʦ ʘʟʙʝʩʪʘ ʫ 13 ʨʝʛʠʿʘ ʠ ʫ ɸʫʪʦʥʦʤʥʦʿ ʇʦʢʨʘʠʥʠ ɹʦʣʮʘʥʦ, ʩʣʠʢʘ 2 [14].  

 

 

ʉʣʠʢʘ 2 ʇʨʠʩʫʩʪʚʦ ʘʟʙʝʩʪʘ ʫ ʀʪʘʣʠʿʠ - 13 ʨʝʛʠʿʘ ʠ ʫ ɸʫʪʦʥʦʤʥʦʿ ʇʦʢʨʘʠʥʠ ɹʦʣʮʘʥʦ [14]  

ɿʝʣʝʥʘ ʇʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʧʨʠʤʝʥʦʤ ʘʣʛʦʨʠʪʤʘ 

ɾʫʪʘ ʇʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʙʝʟ ʧʨʠʤʝʥʝ ʘʣʛʦʨʠʪʤʘ 

ʇʣʘʚʘ ʇʨʠʚʨʝʤʝʥʠ ʧʦʜʘʮʠ 

ʉʠʚʘ ʅʝʤʘ ʧʦʜʘʪʘʢʘ 

 

ʆʩʠʤ ʦʚʦʛʘ, ʫ ʀʪʘʣʠʿʠ ʿʝ ʩʧʨʦʚʝʜʝʥʘ ʠ ʰʠʨʦʢʘ ʝʧʠʜʝʤʠʦʣʦʰʢʘ ʩʪʫʜʠʿʘ ʦ ʩʤʨʪʥʦʩʪʠ ʦʜ 

ʤʝʟʦʪʝʣʠʦʤʘ ʫ ʧʝʨʠʦʜʫ ʦʜ 1988. ʜʦ 1992. ʛʦʜʠʥʝ [15]. ʉʪʫʜʠʿʘ ʿʝ ʧʦʢʘʟʘʣʘ ʚʠʩʦʢʫ ʠ ʥʝʦʙʠʯʥʫ 

ʟʘʩʪʫʧˀʝʥʦʩʪ ʦʚʦʛ ʦʙʦˀʝˁʘ ʤʝʹʫ ˀʫʜʠʤʘ ʢʦʿʠ ʞʠʚʝ ʫ ɹʠʘʥʢʘʚʠʣʠ
2
. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʠʩʪʨʘʞʠʚʘˁʘ ʫʟʦʨʘʢʘ ʚʘʟʜʫʭʘ ʩʫ ʧʦʢʘʟʘʣʘ ʧʨʠʩʫʩʪʚʦ ʘʤʬʠʙʦʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʦʙʣʘʩʪʠʤʘ ʦʢʦ 

ʮʝʥʪʨʘ ʛʨʘʜʘ (ʢʚʘʜʨʘʪʠʤʘ ʦʙʝʣʝʞʝʥʝ), ʩʣʠʢʘ 3. ʅʘʢʦʥ ʜʝʪʘˀʥʝ ʘʥʘʣʠʟʝ ʦʙʿʝʢʘʪʘ ʠ ʢʘʤʝʥʦʣʦʤʘ 

ʠʟ ʦʢʦʣʠʥʝ ʫʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʧʨʠʩʫʩʪʚʦ ʦʚʠʭ ʚʣʘʢʘʥʘ ʧʦʩʣʝʜʠʮʘ ʦʩʣʦʙʘʹʘˁʘ ʘʤʬʠʙʦʣʘ ʪʦʢʦʤ 
ʛʨʘʹʝʚʠʥʩʢʠʭ ʨʘʜʦʚʘ ʫ ʢʦʿʠʤʘ ʩʝ ʢʦʨʠʩʪʠʦ ʚʫʣʢʘʥʩʢʠ ʤʘʪʝʨʠʿʘʣ ʪʦʢʦʤ ʛʨʘʜˁʝ ʦʙʿʝʢʘʪʘ, 

ʧʫʪʝʚʘ ʠ ʜʨ. ʋʪʚʨʹʝʥʦ ʿʝ ʥʧʨ. ʜʘ ʩʫ ʫʟʦʨʮʠ ʤʘʣʪʝʨʘ ʩʘʜʞʘʣʠ ʠʟʤʝʹʫ ʥʝʢʦʣʠʢʦ ʭʠˀʘʜʘ ʧʘ ʜʦ 

ʯʘʢ 40Ā10
3
 ʚʣʘʢʘʥʘ/mg ʤʘʣʪʝʨʘ. ʆʙʣʘʩʪʠ ʥʘ ʢʦʿʠʤʘ ʩʫ ʚʨʰʝʥʘ ʠʩʢʦʧʘʚʘˁʘ ʩʫ ʢʨʫʛʦʚʠʤʘ 

ʦʙʝʣʝʞʝʥʝ ʥʘ ʩʣʠʮʠ 3.  

                                                             
2
 ɹʠʘʥʢʘʚʠʣʠ ï ʛʨʘʜ ʢʦʿʠ ʿʝ ʣʦʮʠʨʘʥ ʿʫʛʦ-ʟʘʧʘʜʥʦ ʚʫʣʢʘʥʘ ɽʪʥʘ, ʪʿ. ʥʘ ʩʘʤʠʤ ʦʙʦʜʠʤʘ ʚʫʣʢʘʥʘ. 
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ʉʣʠʢʘ 3 ʇʦʜʨʫʯʿʘ ʛʨʘʜʘ ɹʠʘʥʢʘʚʠʣʘ ʫ ʢʦʿʠʤʘ ʩʫ ʧʨʦʥʘʹʝʥʘ ʚʣʘʢʥʘ ʘʤʬʠʙʦʣʘ ï ʢʚʘʜʨʘʪʠ 

ʠʟʚʦʨʠ ʚʣʘʢʘʥʘ ʘʤʬʠʙʦʣʘ ï ʢʨʫʛʦʚʠ [15]  

ʀʩʪʨʘʞʠʚʘˁʝ ʧʨʠʩʫʩʪʚʘ ʘʟʙʝʩʪʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʫ ʦʙʿʝʢʪʠʤʘ ʫ ʄʦʩʢʚʠ ʠʟʚʨʰʠʣʠ 

ʩʫ ʀʥʩʪʠʪʫʪ ʟʘ ʤʝʜʠʮʠʥʫ ʨʘʜʘ ʈʫʩʢʝ ʘʢʘʜʝʤʠʿʝ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢʘ ʠʟ ʄʦʩʢʚʘ, ʠ ʌʠʥʩʢʠ 

ʀʥʩʪʠʪʫʪ ʟʘ ʤʝʜʠʮʠʥʫ ʨʘʜʘ ʠʟ ʍʝʣʩʠʥʢʠʿʘ. ɳʠʭʦʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ʩʫ ʦʙʫʭʚʘʪʠʣʘ ʠʩʪʨʘʞʠʚʘˁʝ 

ʚʘʟʜʫʭʘ ʫʥʫʪʘʨ ʠ ʠʟʚʘʥ ʜʚʝʜʝʩʝʪ ʦʙʿʝʢʘʪʘ [10].  

ʉʚʠ ʦʙʿʝʢʪʠ ʫ ʢʦʿʠʤʘ ʿʝ ʚʨʰʝʥʦ ʫʟʦʨʢʦʚʘˁʝ ʩʘʜʨʞʝ ʥʝʢʝ ʘʟʙʝʩʪʥʝ ʤʘʪʝʨʠʿʘʣʝ, ʥʘʿʯʝ-

ʰ˂ʝ ʿʝ ʪʦ ʘʟʙʝʩʪʥʠ ʮʝʤʝʥʪ ʠ ʮʝʚʠ ʟʘ ʛʨʝʿʘˁʝ. ʊʝʭʥʠʯʢʘ ʩʪʘˁʘ ʦʙʿʝʢʘʪʘ ʠ ʦʜʨʞʘʚʘˁʝ ʭʠʛʠʿʝʥʝ 

ʫ ˁʠʤʘ ʩʫ ʙʠʣʠ ʧʦʪʧʫʥʦ ʨʘʟʣʠʯʠʪʘ ʠ ʢʨʝʪʘʣʘ ʩʫ ʩʝ ʦʜ ʣʦʰʠʭ ʜʦ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠʭ. ʋʟʦʨʮʠ ʩʫ 

ʫʟʝʪʠ ʥʘ ʚʠʰʝ ʤʝʩʪʘ ʫ ʦʙʿʝʢʪʠʤʘ: ʫ ʧʨʠʟʝʤˀʫ ʦʙʿʝʢʘʪʘ, ʫ ʙʣʠʟʠʥʠ ʦʪʧʘʜʥʠʭ ʢʘʥʘʣʘ, ʚʘʪʨʦ-

ʛʘʩʥʦʛ ʩʪʝʧʝʥʠʰʪʘ ʠ ʫ ʩʪʘʥʙʝʥʠʤ ʧʨʦʩʪʦʨʠʿʘʤʘ. ʋ ʥʝʢʠʤ ʦʙʿʝʢʪʠʤʘ ʫʟʦʨʢʦʚʘˁʝ ʿʝ ʠʟʚʨʰʝʥʦ 

ʪʦʢʦʤ ʨʝʥʦʚʠʨʘˁʘ, ʧʨʠ ʯʝʤʫ ʫ ʪʨʝʥʫʪʢʫ ʫʟʦʨʢʦʚʘˁʘ ʥʠʩʫ ʚʨʰʝʥʝ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ [10].   

ʈʝʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʟʘʚʠʩʥʦʩʪ ʙʨʦʿʘ ʚʣʘʢʘʥʘ ʫ ʚʘʟʜʫʭʫ ʦʜ ʪʝʭʥʠʯʢʦ/ʭʠʛʠʿʝʥʩʢʦʛ ʩʪʘˁʘ 

ʦʙʿʝʢʪʘ. ʆʙʿʝʢʪʠ ʢʦʿʠ ʩʫ ʙʠʣʠ ʫ ʜʦʙʨʦʤ ʪʝʭʥʠʯʢʦʤ ʩʪʘˁʫ ʠ ʭʠʛʠʿʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ ʩʨʝʜˁʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ (ʢʨʠʟʦʪʠʣʘ) ʿʝ ʙʠʣʘ ʠʩʧʦʜ 0,001 ʚʣʘʢʥʘ/ml, ʜʦʢ ʿʝ ʫ 

ʦʙʿʝʢʪʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʣʦʰʝ ʪʝʭʥʠʯʢʦ ʩʪʘˁʝ ʠ ʭʠʛʠʿʝʥʩʢʠ ʫʩʣʦʚʠ ʩʨʝʜˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʠʟʥʦʩʠʣʘ 0,004 ʚʣʘʢʥʘ/ml. ʋ ʦʙʿʝʢʪʠʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʚʨʰʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʿʘ ʩʨʝʜˁʘ ʢʦʥʮʝʥʪʨʘ-

ʮʠʿʘ ʿʝ ʠʟʥʦʩʠʣʘ 0,125 ʚʣʘʢʥʘ/ml [10]. 

ɽʢʩʧʣʦʘʪʘʮʠʿʘ ʘʟʙʝʩʪʘ ʫ ɱʫʞʥʦ ʘʬʨʠʯʢʦʿ ʨʝʧʫʙʣʠʮʠ ʿʝ ʚʨʰʝʥʘ ʫ ʯʝʪʠʨʠ ʧʦʢʨʘʠʥʝ 

(Northern Cape, North West, Limpopo and Mpumalanga) ʫ ʢʦʿʠʤʘ ʿʝ ʜʦʤʠʥʠʨʘʣʘ ʝʢʩʧʣʦʘʪʘʮʠʿʘ 

ʘʟʙʝʩʪʘ ʠʟ ʛʨʫʧʝ ʘʤʬʠʙʦʣʘ (97% ʫʢʫʧʥʝ ʩʚʝʪʩʢʝ ʧʨʦʠʟʚʦʜˁʝ) [12]. ʅʠʟ ʯʣʘʥʘʢʘ [16-18] ʦ 

ʟʘʛʘʹʝˁʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʢʘʦ ʧʦʩʣʝʜʠʮʝ ʨʘʜʘ ʨʫʜʥʠʢʘ ʠʣʠ ʥʝʘʜʝʢʚʘʪʥʦʛ ʜʝʧʦʥʦʚʘˁʘ ʫʩʧʝʣʦ 

ʿʝ ʜʘ ʩʢʨʝʥʝ ʧʘʞˁʫ ʥʘʜʣʝʞʥʠʭ, ʧʘ ʿʝ ʄʠʥʠʩʪʘʨʩʪʚʦ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʪʫʨʠʟʤʘ 

ɱʫʞʥʦ ʘʬʨʠʯʢʝ ʨʝʧʫʙʣʠʢʝ (DEAT) ʪʦʢʦʤ 2004 ʠ 2005.-ʪʝ ʩʧʦʥʟʦʨʠʩʘʣʦ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʨʝʛʠ-

ʦʥʠʤʘ ʛʜʝ ʩʫ ʨʘʥʠʿʝ ʧʦʩʪʦʿʘʣʠ ʨʫʜʥʠʮʠ. ʅʘ ʦʩʥʦʚʫ ʠʥʬʦʨʤʘʮʠʿʘ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ ʩʫ ʠʟʚʦʨʠ 

ʢʦʥʪʘʤʠʥʘʮʠʿʝ, ʢʘʦ ʰʪʦ ʩʫ ʜʝʧʦʥʠʿʘ ʠ ʜʨ., ʠ ʥʘ ʦʩʥʦʚʫ ʛʝʦʛʨʘʬʩʢʦʛ ʠʥʬʦʨʤʘʮʠʦʥʦʛ ʩʦʬʪʚʝʨʘ 

(ɻʀʉ) ʜʦʙʠʿʝʥʝ ʩʫ 46 ʤʘʧʝ ʩʘ 79 ʣʦʢʘʮʠʿʘ. ʈʝʟʫʣʪʘʪʠ ɻʀʉ ʤʘʧʘ ʩʫ ʧʦʪʦʤ ʙʠʣʠ ʧʦʣʘʟʥʘ ʪʘʯʢʘ 

ʟʘ ʬʦʨʤʠʨʘˁʝ ʧʨʠʦʨʠʪʝʪʘ ʩʘʥʮʠʿʘ: 

V ʚʠʩʦʢʠ ʧʨʠʦʨʠʪʝʪ: ʤʘʧʠʨʘʥʝ ʩʝʣʘ ʠ ʟʘʿʝʜʥʠʮʝ ʫʥʫʪʘʨ 1-2 km ʦʢʦ ʠʟʚʦʨʘ 

V ʫʤʝʨʝʥʠ ʧʨʠʦʨʠʪʝʪʥʠ: ʤʘʧʠʨʘʥʘ ʩʝʣʘ ʠ ʟʘʿʝʜʥʠʮʝ ʫʥʫʪʘʨ 5 km ʦʜ ʠʟʚʦʨ ʠ ʜʘ ʩʫ ʫ 

ʜʦʤʠʥʘʥʪʥʦʤ ʧʨʘʚʮʘ ʚʝʪʨʘ ʠʣʠ ʜʘ ʠʤʘʿʫ ʠʜʝʥʪʠʬʠʢʦʚʘʥ ʚʦʜʦʪʦʢ ʠʣʠ ʧʨʠʩʪʫʧʥʠ ʧʫʪ 

ʢʦʿʠ ʧʦʚʝʟʫʿʝ ʠʟʚʦʨ ʪʘʯʢʘ ʟʘ ʟʘʿʝʜʥʠʮʫ 

V ʥʠʩʢʠ ʧʨʠʦʨʠʪʝʪ: ʚʨʣʦ ʥʠʩʢa ʛʫʩʪʠʥʝa ʥʘʩʝˀʝʥʦʩʪʠ ʫʥʫʪʘʨ 5 km ʧʨʝʯʥʠʢʘ, ʘʣʠ ʫʟ 

ʚʝʪʘʨ ʦʜ ʠʟʚʦʨ ʟʘʛʘʹʝˁʘ ʠʣʠ ʟʘʿʝʜʥʠʮʝ ʠʟʚʘʥ 5 km ʧʨʝʯʥʠʢʘ ʦʜ ʠʟʚʦʨʘ [12]. 

ʀʩʪʨʘʞʠʚʘˁʘ ʚʘʟʜʫʭʘ ʫ ɳʫʿʦʨʢʫ ʥʘ ʧʨʠʩʫʩʪʚʦ ʘʟʙʝʩʪʘ ʠʟʚʨʰʝʥʦ ʿʝ ʥʘʢʦʥ ʥʘʧʘʜʘ ʥʘ 

ʩʚʝʪʩʢʠ ʪʨʛʦʚʠʥʩʢʠ ʮʝʥʪʘʨ (WTC - World trade Center) 11.09.2001. [19]. ʆʚʦ ʿʝ ʙʠʣʦ 

ʥʝʦʧʭʦʜʥʦ ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʛʨʘʜˁʘ ʢʫʣʘ ʙʠʣʘ ʙʘʰ ʫ ʧʝʨʠʦʜʫ ʢʘʜʘ ʿʝ ʘʟʙʝʩʪ ʙʠʦ ʚʝʦʤʘ 
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ʟʘʩʪʫʧˀʝʥ ʫ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ (ʛʨʘʜˁʘ ʿʝ ʧʦʯʝʣʘ 1966. ʛʦʜ., ʘ 1971. ʿʝ ʟʘʚʨʰʝʥʘ ʉʝʚʝʨʥʘ, ʠ 

1974. ɱʫʞʥʘ ʢʫʣʘ).ʋʟʦʨʢʦʚʘˁʝ ʿʝ ʦʙʫʭʚʘʪʠʣʦ ʩʢʫʧˀʘˁʝ ʫʟʦʨʘʢʘ ʧʨʘʰʠʥʝ ʠ ʚʘʟʜʫʭʘ ʩʘ ʚʠʰʝ 

ʦʜ 35 ʣʦʢʘʮʠʿʘ ʫ ʧʨʝʯʥʠʢʫ ʦʜ 1 km ʦʜ WTC ʠ ʪʦ 16, 18, 22, ʠ 23 ʩʝʧʪʝʤʙʨʘ 2001. ɸʥʘʣʠʟʘ ʿʝ 

ʠʟʚʨʰʝʥʘ ʚʠʜˀʠʚʠʤ ʠ ʠʥʬʨʘʮʨʚʝʥʠʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ (Airborne Visible/Infrared Imaging 

Spectrometer (AVIRIS)) ʩʘ ʜʘˀʠʥʩʢʦʤ ʜʝʪʝʢʮʠʿʦʤ, ʘ ʨʝʟʫʣʪʘʪʠ
3
 ʫʢʘʟʫʿʫ ʥʘ ʩʣʝʜʝ˂ʝ: 

V ʧʨʘʰʠʥʘ ʫʢʘʟʫʿʝ ʥʘ ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʩʪʘʢʣʝʥʠʭ ʚʣʘʢʘʥʘ, ʛʠʧʩʘ, ʙʝʪʦʥʘ, ʧʘʧʠʨʘ, ʠ 
ʜʨʫʛʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʧʨʠ ʠʟʛʨʘʜˁʠ; 

V ʧʦʪʚʨʹʝʥʦ ʿʝ ʧʨʠʩʫʩʪʚʦ ʘʟʙʝʩʪʘ ʢʨʠʟʦʪʠʣʘ ʫ ʧʨʝʤʘʟʠʤʘ ʠ ʚʘʟʜʫʭʫ, ʘʣʠ ʥʠ ʿʝʜʘʥ ʪʠʧ 

ʘʟʙʝʩʪʘ ʠʟ ʛʨʫʧʝ ʘʤʬʠʙʦʣʘ ʥʠʿʝ ʨʝʛʠʩʪʨʦʚʘʥ; 

V ʢʨʠʟʦʪʠʣ ʿʝ ʫ ʚʘʟʜʫʭʫ ʥʘʹʝʥ ʩʘʤʦ ʫ ʪʨʘʛʦʚʠʤʘ, ʜʦʢ ʿʝ ʧʦʪʚʨʹʝʥʦ ˁʝʛʦʚʦ ʧʨʠʩʫʩʪʚʦ 
ʫ ʢʦʣʠʯʠʥʠ ʦʜ 20 ʟʘʧʨʝʤʠʥʩʢʠʭ ʧʨʦʮʝʥʘʪʘ ʫ ʧʨʝʤʘʟʠʤʘ; 

V ʠʟʤʝʨʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 16.09. 2001. ʥʝ ʥʝʢʠʤ ʤʝʩʪʠʤʘ ʿʝ ʧʦʢʘʟʘʣʘ ʚʨʝʜʥʦʩʪʠ ʦʜ 430 
ï 700 

0
C [19]. 

ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀ ɼɽʆ 

3.1 ʄʝʪʦʜʝ ʤʝʨʝˁʘ ʘʟʙʝʩʪʘ  

ɿʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʘʟʙʝʩʪʘ, ʥʝʦʨʛʘʥʩʢʠʭ ʚʣʘʢʘʥʘ ʠ ʤʠʥʝʨʘʣʘ ʨʘʟʚʠʿʝʥʦ ʿʝ ʚʠʰʝ 

ʤʝʪʦʜʘ, ʪʦ ʩʫ: ʜʠʬʨʘʢʮʠʿʘ ʭ-ʟʨʘʢʘ ʠʣʠ ʝʣʝʢʪʨʦʥʘ, ʝʣʝʢʪʨʦʥʩʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ (ʩʢʝʥʠʨʘʿʫ˂ʘ-

Sɽʄ ʠ ʪʨʘʥʩʤʠʩʠʦʥʘ - ʊɽʄ), ʠʥʬʨʘʮʨʚʝʥʘ (ʀʈ) ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʠ ʬʘʟʥʦ ʢʦʥʪʨʘʩʥʘ ʦʧʪʠʯʢʘ 

ʤʠʢʨʦʩʢʦʧʠʿʘ. ʆʜ ʥʘʙʨʦʿʘʥʠʭ ʤʝʪʦʜʘ - ʌʘʟʥʦ ʢʦʥʪʨʘʩʥʘ ʦʧʪʠʯʢʘ ʤʠʢʨʦʩʢʦʧʠʿʘ ʿʝ 

ʧʨʝʧʦʨʫʯʝʥʘ ʤʝʪʦʜʘ ʦʜ ʩʪʨʘʥʝ ʨʘʜʥʝ ʛʨʫʧʘ ʢʦʿʘ ʿʝ ʠʟʫʯʘʚʘʣʘ ʤʝʪʦʜʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʘʟʙʝʩʪʘ. 

ʆʚʘ ʛʨʫʧʘ ʿʝ ʜʝʬʠʥʠʩʘʣʘ ʠ ʧʨʘʚʠʣʦ ʙʨʦʿʘˁʘ ʚʣʘʢʘʥʘ [20].  

ɹʨʦʿʠʚʦ ʚʣʘʢʥʦ ʿʝ ʚʣʘʢʥʦ ʜʫʞʝ ʦʜ 5 mm, ʯʠʿʘ ʿʝ ʰʠʨʠʥʘ ʤʘˁʘ ʦʜ 3 mm, ʘ ʦʜʥʦʩ ʜʫʞʠʥʝ 
ʠ ʰʠʨʠʥʝ ʿʝ ʚʝ˂ʠ ʦʜ 3:1, ʧʨʠ ʯʝʤʫ ʩʝ ʦʙʘ ʢʨʘʿʘ ʚʣʘʢʥʘ ʥʘʣʘʟʝ ʫ ʧʦˀʫ ʦʢʫʣʘʨʘ ʩʝ ʙʨʦʿʠ ʢʘʦ 1 

ʚʣʘʢʥʦ. ʋʢʦʣʦʢʦ ʿʝ ʩʘʤʦ ʿʝʜʘʥ ʢʨʘʿ ʚʣʘʢʥʘ ʫ ʚʠʜʥʦʤ ʧʦˀʫ ʦʢʫʣʘʨʘ ʙʨʦʿʠ ʩʝ ʢʘʦ ʧʦʣʦʚʠʥʘ 

ʚʣʘʢʥʘ. ɺʣʘʢʥʦ ʢʦʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʨʝʣʘʟʠ ʦʢʫʣʘʨ, ʪʘʢʦ ʜʘ ʩʝ ʥʠʿʝʜʘʥ ʢʨʘʿ ʥʝ ʥʘʣʘʟʠ ʫ ʧʦˀʫ 

ʦʢʫʣʘʨʘ ʩʝ ʥʝ ʨʘʯʫʥʘ, ʩʣʠʢʘ 4. [21]. 
 

 

 

 
 

ʉʣʠʢʘ 4 ʇʨʘʚʠʣʘ ʙʨʦʿʘˁʘ ʚʣʘʢʘʥʘ ʘʟʙʝʩʪʘ ʩʘ ʦʧʪʠʯʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ 

                                                             
3
 ɹʠ˂ʝ ʧʨʝʟʝʥʪʦʚʘʥʪʦʚʥʠ ʨʝʟʫʣʪʘʪʠ ʢʦʿʠ ʠʤʘʿʫ ʜʠʨʝʢʪʥʫ ʠʣʠ ʠʥʜʠʨʝʢʪʥʫ ʚʝʟʫ ʩʘ ʘʟʙʝʩʪʦʤ 
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ʄʝʨʝˁʝ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ ʫ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ  

ʆʜʨʝʹʠʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ ʫ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ ʫ ʛʨʘʜʫ ʅʦʚʦʤ 

ʉʘʜʫ ʠʟʚʨʰʝʥʦ ʿʝ ʟʘ ʩʚʘ ʯʝʪʠʨʠ ʛʦʜʠʰˁʘ ʜʦʙʘ ʪʦʢʦʤ 2013 ʠ 2014. ʛʦʜʠʥʝ. ʋ ʩʚʘʢʦʤ ʛʦʜʠ-

ʰˁʝʤ ʜʦʙʫ ʠʟʚʨʰʝʥʘ ʩʫ ʧʦ ʧʝʪ ʫʟʦʨʢʦʚʘˁʘ (ʪʦʢʦʤ ʿʝʜʥʝ ʥʝʜʝˀʝ). 

ʉʚʘ ʫʟʦʨʢʦʚʘˁʘ ʩʫ ʚʨʰʝʥʘ APEX ʧʫʤʧʦʤ, ʩʘ ʧʨʦʪʦʢʦʤ ʦʜ 2 l/min, ʧʦʤʦ˂ʫ ʮʝʣʫʣʦʟʥʠʭ 

ʬʠʣʪʝʨʘ ʧʨʝʯʥʠʢʘ 25 mm. ʂʘʩʝʪʝ ʩʘ ʬʠʣʪʝʨʠʤʘ ʩʫ ʧʨʦʿʝʢʪʦʚʘʥʝ ʪʘʢʦ ʜʘ ʟʘʜʦʚʦˀʘʚʘʿʫ 

ʩʪʘʥʜʘʨʜʝ NIOSH, OSHA, ʠ EPA [22]. ɺʨʝʤʝ ʫʟʦʨʢʦʚʘˁʘ ʿʝ ʚʘʨʠʨʘʣʦ ʦʜ 4,5 h ʜʦ 8 h.  

ʅʘʢʦʥ ʫʟʦʨʢʦʚʘˁʘ ʬʠʣʪʝʨʠ ʩʫ ʧʦʩʪʘʚˀʝʥʠ ʥʘ ʧʨʝʜʤʝʪʥʘ ʩʪʘʢʣʘ ʠ ʧʦʪʦʤ ʦʯʠʰ˂ʝʥʠ. 

ʆʜʘʙʨʘʥʘ ʤʝʪʦʜʘ ʯʠʰ˂ʝˁʘ ʿʝ ʤʝʪʦʜʘ ʚʨʫ˂ʝ ʢʘʜʝ ʫ ʢʦʿʦʿ ʿʝ ʬʠʣʪʝʨ ʠʟʣʦʞʝʥ ʧʘʨʘʤʘ ʘʮʝʪʦʥʘ 

ʥʘʢʦʥ ʯʝʛʘ ʿʝ ʧʦʩʪʘʦ ʧʨʦʚʠʜʘʥ ʠ ʟʘʣʝʧˀʝʥ ʟʘ ʧʨʝʜʤʝʪʥʦ ʩʪʘʢʣʦ. ʂʘʢʦ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʦ ʦʧʪʠ-

ʤʘʣʘʥ ʢʦʥʪʨʘʩʪ, ʥʘ ʦʚʘʢʦ ʧʨʠʧʨʝʤˀʝʥ ʬʠʣʪʝʨ ʩʝ ʥʘʥʝʩʝ ʢʘʧ ʪʨʠʘʮʝʪʘʪʘ  ʠ ʧʦʨʢʨʠʿʝ ʧʦʢʨʦ-

ʚʥʠʤ ʩʪʘʢʣʦʤ. ʆʚʘʢʦ ʧʨʠʧʨʝʤˀʝʥ ʫʟʦʨʘʢ ʩʝ ʧʦʪʦʤ ʧʦʩʤʘʪʨʘ ʧʦʜ ʬʘʟʥʦ ʢʦʥʪʨʘʩʥʠʤ ʦʧʪʠ-

ʯʢʠʤ ʤʠʢʨʦʩʢʦʧʦʤ (Motic 102M), ʙʨʦʿʝ ʩʝ ʚʣʘʢʥʘ ʠ ʦʜʨʝʹʫʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʝʤʘ ʤʝʪʦʜʦʣʦ-

ʛʠʿʠ [21].   

ʈɽɿʋʃʊɸʊʀ ʄɽʈɽɳɽ ʀ ɸʅɸʃʀɿɸ 

ʈʝʟʫʣʪʘʪʠ ʦʜʨʝʹʠʚʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʅʦʚʦʛ ʉʘʜʘ 

ʤʝʨʝʥʠʭ ʥʘ ʿʝʜʥʦʤ ʤʝʨʥʦʤ ʤʝʩʪʫ ʟʘ ʩʚʘ ʯʝʪʠʨʠ ʛʦʜʠʰˁʘ ʜʦʙʘ ʜʘʪʠ ʩʫ ʫ ʪʘʙʝʣʠ 1. 

ʊʘʙʝʣʘ 1 ï ʈʝʟʫʣʪʘʪʠ ʦʜʨʝʹʠʚʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʙʝʩʪʘ ʫ ʅʦʚʦʤ ʉʘʜʫ 

ʧʘʨʘʤʝʪʘʨ/ʛʦʜʠʰˁʝ ʜʦʙʘ ʟʠʤʘ ʧʨʦʣʝ˂ʝ ʣʝʪʦ ʿʝʩʝʥ 

ʧʨʦʩʝʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

(ʚʣʘʢʘʥʘ/cm
3
) 

0 0 2,1·10
-10

 0 

 

ʇʨʝʤʘ ʨʝʟʫʣʪʘʪʠʤʘ ʧʨʠʢʘʟʘʥʠʤ ʫ ʪʘʙʝʣʠ 1 ʥʘ ʤʝʨʥʦʤ ʤʝʩʪʫ ʫ ʅʦʚʦʤ ʉʘʜʫ 

ʨʝʛʠʩʪʨʦʚʘʥo ʿʝ ʿʝʜʥʦ ʟʙʝʩʪʥʘ ʚʣʘʢʥʘ ʩʘʤʦ ʫ ʿʝʜʥʦʤ ʫʟʦʨʢʫ ʫ ʣʝʪˁʝʤ ʧʝʨʠʦʜʫ. ʅʘʢʦʥ 

ʠʟʨʘʯʫʥʘʚʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘ ʿʝʜʘʥ ʫʟʦʨʘʢ ʘ ʧʦʪʦʤ ʠ ʧʨʦʩʝʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘ ʣʝʪˁʠ 

ʧʝʨʠʦʜ (ʧʨʝʤʘ ʇʨʘʚʠʣʥʠʢ ʦ ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠ ʠʟʣʘʛʘˁʫ 

ʘʟʙʝʩʪʫ) ʜʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ ʠʟʥʦʩʠ 2,1Ā10
-10 
ʚʣʘʢʘʥʘ/cm

3
. ʀʟʨʘʯʫʥʘʪʘ ʚʨʝʜʥʦʩʪ ʿʝ ʠʟʫʟʝʪʥʦ 

ʤʘʣʘ, ʯʘʢ ʟʘ ʧʝʪ ʨʝʜʦʚʘ ʚʝʣʠʯʠʥʝ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʠʟ ʣʠʪʝʨʘʪʫʨʝ, ʠ ʟʙʦʛ ʪʦʛʘ ʙʠ 

ʙʠʣʦ ʧʨʝʧʦʨʫʯˀʠʚʦ ʠʟʚʨʰʠʪʠ ʧʨʦʚʝʨʫ ʜʦʙʠʿʝʥʠʭ  ʨʝʟʫʣʪʘʪʘ 

ʈʝʟʫʣʪʘʪʠ ʠʟ ʣʠʪʝʨʘʪʫʨʝ [23] ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʧʨʦʩʝʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ 

ʫ ʛʨʘʜʦʚʠʤʘ ʫ ɸʤʝʨʠʮʠ (ʤʝʨʝʥʘ ʫ 48 ʛʨʘʜʦʚʘ) 5Ā10
-5
 ʚʣʘʢʘʥʘ/cm

3
. ʀʜʝʥʪʠʯʥʘ ʚʨʝʜʥʦʩʪ ʿʝ 

ʜʦʙʠʿʝʥʘ ʠ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ ʫ ʀʪʘʣʠʿʠ, ʫ ʦʙʣʘʩʪʠ ɹʘʟʠʣʠʢʘʪʘ [11].  

ɿɸʂɲʋʏɸʂ 

ʆʜʨʝʹʠʚʘˁʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ ʫ ʞʠʚʦʪʥʦʿ ʩʨʝʜʠʥʠ ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʦʙʫʭʚʘʪʠ ʠ 

ʠʩʧʠʪʠʚʘˁʝ ʚʘʟʜʫʭʘ ʥʘ ʧʨʠʩʫʩʪʚʦ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʨʝʪʤʘʥʘ ʤʘʪʝʨʠʿʘʣʘ 

(ʤʝʭʘʥʠʯʢʦʛ ʠʣʠ ʪʝʨʤʠʯʢʦʛ) ʢʦʿʠ ʤʦʛʫ ʜʘ ʩʘʜʨʞʝ ʘʟʙʝʩʪ, ʤʦʞʝ ʩʝ ʦʯʝʢʠʚʘʪʠ ˁʝʛʦʚʦ 

ʧʨʠʩʫʩʪʚʦ ʫ ʚʘʟʜʫʭʫ. ʋ ʩʣʫʯʘʿʫ ʤʝʭʘʥʠʯʢʦʛ ʪʨʝʪʤʘʥʘ, ʛʦʪʦʚʦ ʿʝ ʩʠʛʫʨʥʦ ʜʘ ˂ʝ ʜʦ˂ʠ ʜʦ 

ʦʩʣʦʙʘʹʘˁʘ ʚʣʘʢʘʥʘ, ʢʘʦ ʰʪʦ ʩʝ ʜʝʩʠʣʦ ʫ ʛʨʘʜʫ ɹʠʘʥʢʘʚʠʣ ʥʘ ʉʠʮʠʣʠʿʠ. ʉʠʪʫʘʮʠʿʘ ʿʝ, 

ʤʝʹʫʪʠʤ, ʧʦʪʧʫʥʦ ʜʨʫʛʘʯʠʿʘ ʫ ʩʣʫʯʘʿʫ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ ʫ ʢʦʿʠʤʘ ʩʝ ʜʦʩʪʠʞʫ ʚʠʩʦʢʝ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʠʟʥʘʜ 700
0
C. ʋ ʪʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʘʟʙʝʩʪʥʘ ʚʣʘʢʥʘ ʩʝ ʥʝ ʨʝʛʠʩʪʨʫʿʫ ʫ 

ʟʥʘʯʘʿʥʠʤ ʢʦʣʠʯʠʥʘʤʘ - ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʥʘʧʘʜʘ ʥʘ ʩʚʝʪʩʢʠ ʪʨʛʦʚʠʥʩʢʠ ʮʝʥʪʘʨ ʫ New Yorku. 

ʋ ʨʘʜʫ ʩʫ ʜʘʪʠ ʨʝʟʫʣʪʘʪʠ ʦʜʨʝʹʠʚʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ 

ʛʨʘʜʘ ʅʦʚʦʛ ʉʘʜʘ ʤʝʨʝʥʠʭ ʥʘ ʿʝʜʥʦʤ ʤʝʨʥʦʤ ʤʝʩʪʫ ʟʘ ʩʚʘ ʯʝʪʠʨʠ ʛʦʜʠʰˁʘ ʜʦʙʘ. 

ʈʝʛʠʩʪʨʦʚʘʥʦ ʿʝ ʧʨʠʩʫʩʪʚʦ ʘʟʙʝʩʪʥʠʭ ʚʣʘʢʘʥʘ ʩʘʤʦ ʫ ʣʝʪˁʝʤ ʧʝʨʠʦʜʫ ʠ ʪʦ ʫ ʧʨʦʩʝʯʥʦʿ 
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ʢʦʥʮʝʥʪʘʨʮʠʿʠ ʦʜ 2,1Ā10
-10 
ʚʣʘʢʘʥʘ/cm

3
, ʰʪʦ ʿʝ ʟʥʘʪʥʦ ʠʩʧʦʜ ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʨʝʥʠʭ ʫ 

ʛʨʘʜʦʚʠʤʘ ɽʚʨʦʧʝ ʠ ɸʤʝʨʠʢʝ. 
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ʅɸʏʀʅ ɼɽʃʆɺɸɳɸ ʅɸ ʇʈɸɺʎɽ ʐʀʈɽɳɸ ɹʋʂɽ ʂɸʆ ɼɽʆ 

ʇʆʊʈɽɹʅʀʍ ʄɽʈɽ ɿɸ ʋɹʃɸɾɸɺɸɳɽ ʉɸʆɹʈɸɴɸɱʅɽ ɹʋʂɽ  
ɼʨʘʛʘʥ ʇʝʨʠ˂

1
 

ʈɽɿʀʄɽ 

ʋ ʨʘʜʫ ʿʝ ʩʠʩʪʝʤʘʪʩʢʠ ʦʙʨʘʹʝʥʘ ʩʘʦʙʨʘ˂ʘʿʥʘ ʙʫʢʘ ʢʦʿʘ ʥʘʩʪʘʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʧʦ 

ʢʦʣʦʚʦʟʫ ʧʫʪʘ. ʉʘʛʣʝʜʘʥʝ ʩʫ ʠ ʜʘʪʝ ʧʦʪʨʝʙʥʝ ʤʝʨʝ ʟʘ ˁʝʥʦ ʫʙʣʘʞʘʚʘˁʝ, ʘ ʧʦʩʝʙʘʥ ʘʢʮʝʥʘʪ ʿʝ ʜʘʪ ʥʘ ʘʢʪʠʚʥʦʩʪʠ 

ʫ ʦʢʚʠʨʫ ʜʝʣʦʚʘˁʘ ʥʘ ʧʨʘʚʮʝ ʰʠʨʝˁʘ ʙʫʢʝ. ʊʘʢʦʹʝ,  ʩʫ ʜʘʪʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʫʛʝʩʪʠʿʝ ʫ ʮʠˀʫ ʥʫʞʥʦʛ ʤʠʥʠʤʫʤʘ 

ʜʨʫʰʪʚʝʥʦʛ ʨʝʛʫʣʠʩʘˁʘ  ʦʙʘʚʝʟʥʦʛ ʧʨʝʜʫʟʠʤʘˁʘ ʥʝʢʠʭ ʦʜ ʥʘʚʝʜʝʥʠʭ ʤʝʨʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʩʘʦʙʨʘ˂ʘʿ, ʙʫʢʘ, ʧʫʪʝʚʠ, ʚʦʟʠʣʘ, zaġtita od buke, graĽevinske mere zaġtite, zaġtitni zid, izrada zaġtitne 

konstrukcije 

THE MODE OF ACTION O N THE DIRECTIONS OF NOISE AS PART OF 

NECESSARY MEASURES TO MITIGATE TRAFFIC N OISE 

ABSTRACT 

The paper systematically analyzes traffic noise that occurs as a result of the movement of vehicles on the road 

carriageway. To review and provide necessary measures for its mitigation, special emphasis is given to activities 

concerning noise directions. Also, appropriate suggestions are given for the necessary minimum of social regulation of 

compulsory taking of some of these measures.  

Key words: traffic, noise, roads, vehicles, noise protection, protective construction measures, noise protective wall, 

building of protective construction 

1. ʋɺʆɼ 

ɹʫʢʘ ʢʘʦ ʰʪʝʪʥʘ ʧʦʿʘʚʘ ʟʘ ʯʦʚʝʢʦʚʦ ʟʜʨʘʚˀʝ, ʿʝ ʧʦʩʪʘʣʘ ʧʨʝʜʤʝʪ ʨʘʟʥʦʚʨʩʥʦʛ 

ʠʩʧʠʪʠʚʘˁʘ, ʪʝʢ ʢʘʜʘ ʩʝ ʫʦʯʠʣʦ ʜʘ ʩʫʚʠʰʝ ʿʘʢʘ ʙʫʢʘ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʟʜʨʘʚˀʝ ʠ ʧʨʠʤʝʪʥʦ 

ʩʤʘˁʫʿʝ ʨʘʜʥʫ ʩʧʦʩʦʙʥʦʩʪ ʯʦʚʝʢʘ. ʅʘ ʙʫʢʫ ʢʘʦ ʧʦʩʣʝʜʠʮʫ ʠʥʪʝʟʠʚʥʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʦʪʧʘʜʘ ʯʘʢ 

80 % ʦʜ ʩʚʠʭ ʠʟʚʦʨʘ ʢʦʤʫʥʘʣʥʝ ʙʫʢʝ ʫ ʚʝ˂ʠʤ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ, ʜʦʢ ʦʜ ʪʦʛʘ 50 % ʦʪʧʘʜʘ ʥʘ 

ʜʨʫʤʩʢʠ ʩʘʦʙʨʘ˂ʘʿ, ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ. ɹʫʢʘ ʫ ʜʨʫʤʩʢʦʤ ʩʘʦʙʨʘ˂ʘʿʫ ʿʝ 
ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʘ ʚʨʩʪʘ ʙʫʢʝ ʠ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʦʟʙʠˀʥʠ ʧʨʦʙʣʝʤ, 

ʢʦʤʝ ʪʨʝʙʘ ʧʦʩʚʝʪʠʪʠ ʧʦʩʝʙʥʫ ʧʘʞˁʫ. 

 

 

ʉʣʠʢʘ 1.-ʆʜʥʦʩ ʧʦʿʝʜʠʥʠʭ ʠʟʚʦʨʘ ʙʫʢʝ ʫ ʩʘʦʙʨʘ˂ʘʿʫ 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʫ ʅʠʰʫ 
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ɿʙʦʛ ʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫ ʟʥʘʯʘʿʥʠʿʦʿ ʤʝʨʠ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʦ  ʜʝʣʦʚʘˁʝ ʥʘʫʢʝ ʠ 

ʧʨʘʢʩʝ ʥʘ ʠʟʥʘʣʘʞʝˁʫ ʥʘʯʠʥʘ ʟʘ ʩʫʟʙʠʿʘˁʝ ʰʪʝʪʥʠʭ ʜʝʿʩʪʘʚʘ  ʙʫʢʝ ʠ ʤʝʨʘ ʢʦʿʠʤʘ ʩʝ ʯʦʚʝʢ 

ʤʦʞʝ ʟʘʰʪʠʪʠʪʠ ʦʜ ˁʝ, ʦʜʥʦʩʥʦ ʢʦʿʝ ʝ˂ ʤʫ ʦʤʦʛʫʠ˂ʪʠ ʥʝʦʤʝʪʘʥʦ ʦʜʚʠʿʘˁʝ ʩʚʦʿʠʭ ʨʘʜʥʠʭ, 

ʜʨʫʰʪʚʝʥʠʭ, ʨʝʢʨʝʘʪʠʚʥʠʭ, ʩʪʚʘʨʘʣʘʯʢʠʭ ʠ ʜʨʫʛʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʋ ʦʚʦʤ ʨʘʜʫ ʝ˂ ʙʠʪʠ 

ʩʪʘʚˀʝʥʦ ʪʝʞʠh ʪʝ ʥʘ ʟʘʰʪʠʪʫ ʦʜ ʙʫʢʫ ʢʦʿʫ ʛʝʥʝʨʠʝh ʢʨʝʪʘˁʝ ʚʦʟʠʣʘ ʧʦ ʢʦʣʦʚʦʟʫ ʧʫʪʘ.  

2. ʋʊʀʎɸɱ ɼʈʋʄʉʂʆɻ ʉɸʆɹʈɸɴɸɱɸ ʅɸ ʅʀɺʆ ɹʋʂɽ 

ʋʪʠʮʘʿ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘʘ˂ʿʘ ʥʘ ʥʠʚʦ ʙʫʢʝ ʧʨʝ ʩʚʝʛʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʢʨʝʪʘˁʝ ʚʦʟʠʣʘ ʧʦ 

ʢʦʣʦʚʦʟʫ ʠ ʙʫʢʫ ʢʦʿʫ ʩʪʚʘʨʘʿʫ ʚʦʟʠʣʘ. ʉʪʚʦʨʝʥʘ ʙʫʢʘ ʧʦʪʠʯʝ ʦʜ ʪʨʠ ʥʘʿʟʥʘʯʘʿʥʠʿʘ ʠ ʥʝʟʘʚʠʩʥʘ 

ʠʟʚʦʨʘ ʙʫʢʝ ʠ ʪʦ ʦʜ ʤʦʪʦʨʘ, ʦʜ ʢʦʥʪʘʢʪʘ ʜʦʜʠʨʥʝ ʧʦʚʨʰʠʥʝ ʧʥʝʫʤʘʪʠʢʘ ʩʘ ʧʦʚʨʰʠʥʦʤ 

ʢʦʣʦʚʦʟʘ ʠ ʦʜ ʨʝʘʢʮʠʿʝ ʩʘʤʦʛ ʚʦʟʘʯʘ ʚʦʟʠʣʘ. ʊʘʢʦʹʝ, ʦʥʘ ʟʘʚʠʩʠ ʠ ʦʜ ʩʨʝʜʠʥʝ ʢʨʦʟ ʢʦʿʫ ʩʝ 

ʚʦʟʠʣʦ ʢʨʝ˂ʝ. ɹʫʢʫ ʢʦʿʘ ʥʘʩʪʘʿʝ ʟʘ ʚʨʝʤʝ ʢʨʝʪʘˁʘ ʤʦʪʦʨʥʦʛ ʚʦʟʠʣʘ, ʤʦʞʝʤʦ ʧʦʜʝʣʠʪʠ ʫ 

ʯʝʪʠʨʠ ʛʨʫʧʝ: 

¶ ʙʫʢʘ ʦʜ ʧʨʦʣʘʟʘ ʚʦʟʠʣʘ ʢʨʦʟ ʚʘʟʜʫʭ, ʢʘʦ ʩʨʝʜʠʥʘ ʛʜʝ ʩʝ ʢʨʝ˂ʝ, 

¶ ʙʫʢʘ ʦʜ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ, 
o ʨʘʜʘ ʤʦʪʦʨʘ ʚʦʟʠʣʘ 

o ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ, 

o ʧʨʘʚʘʮʘ ʠ ʢʨʠʚʠʥʘ, ʠ 

o ʧʦʜʫʞʥʦʛ ʥʘʛʠʙʘ ʧʫʪʘ, 

¶ ʙʫʢʘ ʦʜ ʠʥʪʝʨʘʢʮʠʿʝ ʧʥʝʫʤʘʪʠʢʘ ʠ ʚʦʟʥʝ ʧʦʚʨʰʠʥʝ, 
o ʚʨʩʪʝ ʠ ʩʪʘˁʘ ʧʥʝʫʤʘʪʠʢʘ ʥʘ ʚʦʟʠʣʠʤʘ, 

o ʪʠʧʘ ʧʦʚʨʰʠʥʝ ʢʦʣʦʚʦʟʘ ʧʫʪʘ, ʠ 

o ʚʣʘʞʥʦʩʪʠ ʢʦʣʦʚʦʟʘ ʧʫʪʘ,  

1. ʙʫʢʝ ʫʩʣʝʜ ʨʝʘʢʮʠʿʝ ʩʘʤʦʛ ʚʦʟʘʯʘ ʚʦʟʠʣʘ ʫ ʪʦʢʫ ʚʦʞˁʝ. 

2.1. ɹʫʢʘ ʦʜ ʧʨʦʣʘʟʘ ʚʦʟʠʣʘ ʢʨʦʟ ʚʘʟʜʫʭ 

 ɹʫʢʘ ʢʦʿʘ ʥʘʩʪʘʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ ʧʨʠʣʠʢʦʤ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ 

ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʝʤʠʩʠʿʩʢʘ ʙʫʢʘ ʫʩʣʝʜ ʢʨʝʪʘˁʘ ʚʘʟʜʫʭʘ ʦʢʦ ʠ ʜʝʣʠʤʠʯʥʦ ʢʨʦʟ ʚʦʟʠʣʦ. 

ʊʘʿ ʠʟʚʦʨ ʝʤʠʩʠʿʝ ʙʫʢʝ ʥʝ ʩʤʘʪʨʘ ʩʝ ʫʪʠʮʘʿʥʠʿʠʤ ʬʘʢʪʦʨʦʤ ʙʫʢʝ ʢʦʿʫ ʚʦʟʠʣʦ ʝʤʠʪʫʿʝ ʫ 

ʦʢʦʣʠʥʠ (ʧʨʠ ʤʘʣʠʤ ʠ ʩʨʝʜˁʠʤ ʙʨʟʠʥʘʤʘ) ʠ ʟʙʦʛ ʪʦʛʘ ʦ ˁʝʤʫ ʥʝ˂ʝ ʙʠʪʠ ʛʦʚʦʨʘ. 

2.2. ɹʫʢʘ ʦʜ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ 

ɹʫʢʘ ʢʦʿʫ ʩʪʚʘʨʘ ʚʦʟʠʣʦ ʧʨʠʣʠʢʦʤ ʢʨʝʪʘˁʘ ʿʝ ʝʤʠʩʠʿʩʢʘ ʙʫʢʘ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʚʠʰʝ 

ʢʦʤʧʦʥʝʥʪʠ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʧʨʠ ʧʦʢʨʝʪʘˁʫ ʩʘʤʦʛ ʚʦʟʠʣʘ ʠ ʧʨʠ ʧʦʚʝ˂ʘˁʫ ʙʨʟʠʥʝ ʚʦʟʠʣʘ ʜʘ ʙʠ 

ʩʝ ʧʦʩʪʠʛʣʘ ʞʝˀʝʥʘ ʙʨʟʠʥʘ.  

ʈʘʜ ʤʦʪʦʨʘ ʚʦʟʠʣʘ ʧʨʦʠʟʚʦʜʠ ʙʫʢʫ ʢʦʿʘ ʿʝ ʨʝʟʫʣʪʘʪ ʨʘʜʘ ʿʝʜʥʦʛ ʙʨʦʿʘ ʫʨʝʹʘʿʘ ʠ ʩʠʩʪʝʤʘ 

ʢʦʿʠ ʧʦʢʨʝ˂ʫ ʚʦʟʠʣʦ. ʈʘʟʣʠʢʫʿʫ ʩʝ [4]: 

- ʙʫʢʘ ʠʟʜʫʚʥʦʛ ʠ ʫʩʠʩʥʦʛ ʩʠʩʪʝʤʘ ʤʦʪʦʨʘ ʚʦʟʠʣʘ, 

- ʙʫʢʘ ʩʘʛʦʨʝʚʘˁʘ ʛʦʨʠʚʘ ʫ ʤʦʪʦʨʫ ʚʦʟʠʣʘ, 

- ʙʫʢʘ ʤʝʭʘʥʠʯʢʦʛ ʧʦʨʝʢʣʘ ʥʘʩʪʘʣʘ ʨʘʜʦʤ ʟʫʧʯʘʥʠʢʘ ʟʘ ʧʦʛʦʥ ʨʘʟʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʫ 

ʤʦʪʦʨʫ ʠ ʤʝˁʘʯʫ, 

- ʙʫʢʘ ʩʠʩʪʝʤʘ ʟʘ ʭʣʘʹʝˁʝ ʤʦʪʦʨʘ, 

- ʙʫʢʘ ʩʠʩʪʝʤʘ ʧʨʠʣʠʢʦʤ ʢʦʯʝˁʘ ʚʦʟʠʣʘ. 

ʅʘʿʚʝ˂ʠ ʠʟʚʦʨ ʙʫʢʝ ʥʘ ʚʦʟʠʣʫ ʧʨʠʣʠʢʦʤ ʨʘʜʘ ʤʦʪʦʨʘ ʿʝ ʠʟʜʫʚʥʠ ʩʠʩʪʝʤ. ɹʫʢʘ ʿʝ 

ʧʨʦʠʟʚʦʜ ʠʟʥʝʥʘʜʥʦʛ ʦʩʣʦʙʘʹʘˁʘ ʛʘʩʘ ʫ ʠʟʜʫʚʥʦʤ ʩʠʩʪʝʤʫ ʠ ʟʘʚʠʩʠ ʦʜ ʪʠʧʘ ʠ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ʤʦʪʦʨʘ, ʨʝʞʠʤʘ ʨʘʜʘ ʤʦʪʦʨʘ, ʢʘʦ ʠ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʛʫʰʠʚʘʯʘ. ɹʫʢʘ ʠʟʜʫʚʥʦʛ ʩʠʩʪʝʤʘ 

ʩʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ ʦʙʨʪʘʿʘ ʤʦʪʦʨʘ. 
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ʅʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ ʤʦʞʝʤʦ ʚʠʜʝʪʠ ʟʘʚʠʩʥʦʩʪ ʙʫʢʝ ʦʜ ʙʨʦʿʘ ʦʙʨʪʘʿʘ ʤʦʪʦʨʘ. 

 

 

ʉʣʠʢʘ 2-ɱʘʯʠʥʘ ʠ ʨʘʩʧʦʥ ʜʝʣʦʚʘˁʘ ʙʫʢʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʨʦʿʘ ʦʙʨʪʘʿʘ ʤʦʪʦʨʘ 

ɸʥʘʣʠʟʘ ʧʦʿʝʜʠʥʠʭ ʠʟʚʦʨʘ ʙʫʢʝ ʥʘ ʤʦʪʦʨʥʦʤ ʚʦʟʠʣʫ ʿʝ ʚʨʣʦ ʩʣʦʞʝʥʘ ʠ ʟʘʚʠʩʠ ʦʜ ʪʦʛʘ 

ʜʘ ʣʠ ʩʝ ʨʘʜʠ ʦ ʚʦʟʠʣʠʤʘ ʩʘ ʙʝʥʟʠʥʩʢʠʤ ʠʣʠ ʜʠʟʝʣ ʤʦʪʦʨʦʤ, ʦʜʥʦʩʥʦ ʧʫʪʥʠʯʢʠʤ ʠʣʠ 

ʪʝʨʝʪʥʠʤ ʚʦʟʠʣʦʤ. 

ɺʦʟʠʣʘ ʩʘ ʜʠʟʝʣ ʤʦʪʦʨʦʤ ʩʪʚʘʨʘʿʫ ʚʝ˂ʫ ʙʫʢʫ ʧʨʠ ʢʨʝʪʘˁʫ ʫ ʦʜʥʦʩʫ ʥʘ ʙʝʥʟʠʥʩʢʝ 

ʤʦʪʦʨʝ, ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʥʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ. 

 

 

 
 

ʉʣʠʢʘ 3.-ʋʪʠʮʘʿ ʚʨʩʪʝ ʤʦʪʦʨʘ ʥʘ ʙʫʢʫ: 1. ɼʠʟʝʣ ʤʦʪʦʨ, 2. ɹʝʥʟʠʥʩʢʠ ʤʦʪʦʨ 

ʊʘʢʦʹʝ, ʧʦʚʝ˂ʘˁʝ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʧʦʚʝ˂ʘʚʘ ʿʘʯʠʥʫ ʙʫʢʝ ʢʦʿʘ ʩʝ ʩʪʚʘʨʘ ʠ 

ʟʘʚʠʩʥʦʪ ʙʫʢʝ ʦʜ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʥʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ. 
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ʉʣʠʢʘ 4-ɱʘʯʠʥʘ ʠ ʨʘʩʧʦʥ ʜʝʣʦʚʘˁʘ ʙʫʢʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʨʟʠʥʝ ʚʦʞˁʝ 

 2.3. ɹʫʢʘ ʦʜ ʠʥʪʝʨʘʢʮʠʿʝ ʧʥʝʫʤʘʪʠʢʘ ʠ ʚʦʟʥʝ ʧʦʚʨʰʠʥʝ 

ɹʫʢʘ ʦʜ ʠʥʪʝʨʘʢʮʠʿʝ ʧʥʝʫʤʘʪʠʢʘ ʠ ʚʦʟʥʝ ʧʦʚʨʰʠʥʝ ʿʝ ʙʫʢʘ ʢʦʿʘ ʥʘʩʪʘʿʝ ʫʩʣʝʜ 

ʢʦʪʨˀʘˁʘ ʪʦʯʢʦʚʘ ʧʦ ʧʦʚʨʰʠʥʠ ʢʦʣʦʚʦʟʘ ʧʫʪʘ. ʆʥʘ ʜʦʣʘʟʠ ʜʦ ʠʟʨʘʞʘʿʘ ʧʨʠ ʚʝ˂ʠʤ ʙʨʟʠʥʘʤʘ, 

ʧʨʠ ʢʦʿʠʤʘ ʩʝ ˁʝʥ ʠʥʪʝʥʟʠʪʝʪ ʧʦʚʝ˂ʘʚʘ, ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʩʤʘˁʫʿʝ ʙʫʢʘ ʤʦʪʦʨʘ (ʢʘʜʘ ʤʦʪʦʨ 

ʨʘʜʠ ʫ ʚʝ˂ʠ ʩʪʝʧʝʥ ʧʨʝʥʦʩʘ). 

ɹʫʢʘ ʢʦʿʘ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʢʦʪʨˀʘˁʘ ʧʥʝʫʤʘʪʠʢʘ ʧʦ ʢʦʣʦʚʦʟʫ ʿʝ ʜʦʤʠʥʘʥʪʥʘ ʧʨʠ 

ʙʨʟʠʥʘʤʘ ʚʝ˂ʠʤ ʦʜ 80 ʢʤ/h, ʜʦʢ ʟʘ ʙʨʟʠʥʝ ʠʩʧʦʜ 50 ʢʤ/h ʥʠʿʝ ʟʥʘʪʥʦ ʠʟʨʘʞʝʥʘ. ʂʦʪʨˀʘˁʝ 

ʧʥʝʫʤʘʪʠʢʘ ʧʦ ʢʦʣʦʚʦʟʫ ʧʨʦʠʟʚʦʜʠ ʙʫʢʫ ʢʦʿʘ ʥʘʩʪʘʿʝ ʫʩʣʝʜ ʧʦʚʝ˂ʘˁʘ ʧʨʠʪʠʩʢʘ ʚʘʟʜʫʭʘ ʠ 

ˁʝʛʦʚʦʛ ʩʪʨʫʿʘˁʘ ʢʨʦʟ ʧʨʦʪʝʢʪʦʨʝ ʧʥʝʫʤʘʪʠʢʘ (ʢʦʜ ʢʦʣʦʚʦʟʘ ʩʘ ʛʣʘʪʢʦʤ ʪʝʢʩʪʫʨʦʤ) ʢʘʦ ʠ 

ʫʩʣʝʜ ʜʦʜʠʨʘ ʧʥʝʫʤʘʪʠʢʘ ʠ ʧʦʚʨʰʠʥʝ ʢʦʣʦʚʦʟʘ ʰʪʦ ʧʨʦʠʟʚʦʜʠ ʚʠʙʨʘʮʠʿʝ ʫ ʧʥʝʫʤʘʪʠʢʫ ʢʦʿʝ 

ʨʝʟʫʣʪʠʨʘʿʫ ʝʤʠʪʦʚʘˁʝʤ ʙʫʢʝ (ʢʦʜ ʢʦʣʦʚʦʟʘ ʩʘ ʛʨʫʙʦʤ ʪʝʢʩʪʫʨʦʤ). ʂʦʜ ʧʫʪʥʠʯʢʠʭ ʚʦʟʠʣʘ 

ʢʦʿʘ ʩʝ ʢʨʝ˂ʫ ʙʨʟʠʥʦʤ ʚʝ˂ʦʤ ʦʜ 30 ʢʤ/h, ʢʘʦ ʠ ʢʦʜ ʪʝʨʝʪʥʠʭ ʚʦʟʠʣʘ ʢʦʿʘ ʩʝ ʢʨʝ˂ʫ ʙʨʟʠʥʦʤ 

ʚʝ˂ʦʤ ʦʜ 60 ʢʤ/h, ʙʫʢʘ ʧʨʦʫʟʨʦʢʦʚʘʥʘ ʢʦʪʨˀʘˁʝʤ ʧʥʝʫʤʘʪʠʢʘ ʧʦ ʢʦʣʦʚʦʟʫ ʜʦʤʠʥʘʥʪʥʠʿʘ ʿʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʙʫʢʫ ʧʨʦʫʟʨʦʢʦʚʘʥʫ ʨʘʜʦʤ ʤʦʪʦʨʘ. ʇʨʠʣʠʢʦʤ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʤʘˁʦʤ ʙʨʟʠʥʦʤ ʦʜ 

ʥʘʚʝʜʝʥʝ ʜʦʤʠʥʘʥʪʥʠʿʠ ʿʝ ʫʪʠʮʘʿ ʨʘʜʘ ʤʦʪʦʨʘ ʥʘ ʧʨʦʫʟʨʦʢʦʚʘˁʝ ʙʫʢʝ. ʆʜʥʦʩ ʙʫʢʝ ʦʜ 

ʠʥʪʝʨʘʢʮʠʿʝ ʧʥʝʫʤʘʪʠʢʘ ʠ ʚʦʟʥʝ ʧʦʚʨʰʠʥʝ ʠ ʦʜ ʨʘʜʘ ʤʦʪʦʨʘ ʚʦʟʠʣʘ ʤʦʞʝʤʦ ʚʠʜʝʪʠ ʥʘ 

ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ. 
 

 

ʉʣʠʢʘ 5.-ʆʜʥʦʩ ʙʫʢʝ ʦʜ ʠʥʪʝʨʘʢʮʠʿʝ ʧʥʝʫʤʘʪʠʢʘ ʠ ʚʦʟʥʝ ʧʦʚʨʰʠʥʝ ʠ ʦʜ ʨʘʜʘ ʤʦʪʦʨʘ ʚʦʟʠʣʘ 
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ɹʫʢʘ ʟʘʚʠʩʠ ʠ ʦʜ ʦʙʣʠʢʘ ʰʘʨʘ ʧʥʝʫʤʘʪʠʢʘ. ɿʘ ʧʦʧʨʝʯʥʦ ʧʦʩʪʘʚˀʝʥʝ ʞʣʝʙʦʚʝ, ʦʥʘ ʿʝ 

ʠʟʨʘʞʝʥʠʿʘ ʥʝʛʦ ʢʦʜ ʨʝʙʨʘʩʪʦ ʧʦʩʪʘʚˀʝʥʝ ʞʣʝʙʦʚʝ ʠ ʠʟʥʦʩʠ ʦʜ 80-85 dB(ɸ) ʥʘ ʨʘʩʪʦʿʘˁʫ ʦʜ 

15 ʤ ʧʨʠ ʙʨʟʠʥʠ ʚʦʟʠʣʘ ʦʜ 90 ʢʤ/h. ʇʨʠʣʠʢʦʤ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʧʦ ʢʦʣʦʚʦʟʫ, ʚʝʦʤʘ ʿʝ ʚʘʞʘʥ 

ʪʠʧ ʧʦʜʣʦʛʝ ʠ ˁʝʛʦʚʘ ʭʨʘʧʘʚʦʩʪ. ʐʪʦ ʿʝ ʚʝ˂ʘ ʭʨʘʧʘʚʦʩʪ ʧʦʜʣʦʛʝ, ʚʝ˂ʠ ʿʝ ʥʠʚʦ ʙʫʢʝ ʢʦʿʘ 

ʦʪʧʨʠʣʠʢʝ ʣʠʥʝʘʨʥʦ ʨʘʩʪʝ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʭʨʘʧʘʚʦʩʪʠ ʧʦʜʣʦʛʝ. ʂʦʣʦʚʦʟʠ ʦʜ ʙʝʪʦʥʘ ʩʪʚʘʨʘʿʫ 

ʿʘʯʫ ʙʫʢʫ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʣʦʚʦʟʝ ʦʜ ʘʩʬʘʣʪʘ, ʧʨʠ ʤʘʣʠʤ ʙʨʟʠʥʘʤʘ ʢʨʝʪʘˁʘ. ɹʫʯʥʠʿʝ ʩʫ 

ʢʦʣʦʚʦʟʥʝ ʧʦʚʨʰʠʥʝ ʩʘ ʛʨʫʙˀʦʤ ʤʘʢʨʦʩʪʨʫʢʪʫʨʦʤ ʠ ʩʣʘʙʠʿʦʤ ʨʘʚʥʦʰ˂ʫ. ʅʘʠʤʝ, ʥʠʚʦ ʙʫʢʝ 

ʥʘ ʙʝʪʦʥʩʢʦʿ ʧʦʜʣʦʟʠ ʿʝ ʚʝ˂ʠ ʟʘ 8 dB(ɸ) ʦʜ ʙʫʢʝ ʥʘ ʘʩʬʘʣʪʥʦʤ ʢʦʣʦʚʦʟʫ, ʠʣʠ ʥʠʚʦ ʙʫʢʝ ʥʘ 

ʢʨʫʧʥʦʿ ʢʦʮʢʠ ʿʝ ʚʝ˂ʠ ʦʜ ʥʠʚʦʘ ʙʫʢʝ ʥʘ ʘʩʬʘʣʪ-ʙʝʪʦʥʩʢʦʿ ʧʦʚʨʰʠʥʠ ʧʫʪʘ. ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ 

ʚʨʰʝʥʘ ʥʘ ʩʫʚʦʤ ʢʦʣʦʚʦʟʫ. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʚʣʘʞʥʘ ʢʦʣʦʚʦʟʥʘ ʧʦʚʨʰʠʥʘ ʠʟʘʟʠʚʘ 

ʜʦʜʘʪʥʫ ʙʫʢʫ ʦʜ 10 dB(ɸ) 

ʉʘ ʩʣ. 4 ʩʝ ʚʠʜʠ ʜʘ ʧʨʠ ʙʨʟʠʥʠ ʚʦʟʠʣʘ ʦʜ 40 km/h ʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʥʠʚʦ ʙʫʢʝ ʠʤʘ ʨʘʜ 

ʤʦʪʦʨʘ, ʜʦʢ ʧʨʠ ʙʨʟʠʥʠ ʚʝ˂ʦʿ ʦʜ 50 km /h ʜʦʤʠʥʘʮʠʿʫ ʧʨʝʫʟʠʤʘ ʙʫʢʘ ʦʜ ʠʥʪʝʨʘʢʮʠʿʝ 

ʧʥʝʫʤʘʪʠʢʘ ʠ ʚʦʟʥʝ ʧʦʚʨʰʠʥʝ. 

2.4. ɹʫʢʘ ʫʩʣʝʜ ʨʝʘʢʮʠʿʝ ʩʘʤʦʛ ʚʦʟʘʯʘ ʫ ʪʦʢʫ ʚʦʞˁʝ 

ʋʪʠʮʘʿʠ ʚʦʟʘʯʘ ʚʦʟʠʣʘ ʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʙʫʢʝ ʨʝʘʣʥʦ ʧʦʩʪʦʿʝ. 

ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʟʘ ʜʚʝ ʝʢʩʪʨʝʤʥʝ ʧʦʧʫʣʘʮʠʿʝ ʚʦʟʘʯʘ: ʧʘʩʠʚʥʝ ʠ ʘʛʨʝʩʠʚʥʝ 

ʧʦʩʪʦʿʠ ʨʘʟʣʠʢʘ ʫ ʜʦʧʨʠʥʦʩʫ ʥʠʚʦa ʙʫʢʝ ʫ ʛʨʘʥʠʮʘʤʘ ʦʜ 0-2 dB(ɸ). ʉʚʘʢʘʢʦ, ʦʚʘʿ ʜʦʧʨʠʥʦʩ 

ʧʨʚʝʥʩʪʚʝʥʦ ʟʘʚʠʩʠ ʦʜ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʅʘʠʤʝ, ʟʘ ʤʘʣʘ ʩʘʦʙʨʘ˂ʘʿʥʘ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʜʘʢʣʝ ʟʘ ʫʩʣʦʚʝ ʩʣʦʙʦʜʥʦʛ ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʪʦʢʘ, ʦʥʝ ʠʟʥʦʩʝ ʦʢʦ 2 dB(ɸ). ʉʘ ʧʦʨʘʩʪʦʤ 

ʩʘʦʙʨʘ˂ʘʿʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ ʠ ʩʪʚʘʨʘˁʘ ʫʩʣʦʚʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʢʦʣʦʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʦʟʘʯʘ 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʿʫ ʥʠʢʘʢʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʥʠʚʦ ʩʘʦʙʨʘ˂ʘʿʥʝ ʙʫʢʝ. ʇʦʤʝʥʫʪʝ ʢʦʥʢʨʝʪʥʝ ʚʨʝʜʥʦʩʪʠ 

ʦʜʥʦʩʝ ʩʝ ʥʘ ʝʢʚʠʚʘʣʝʥʪʥʠ ʥʠʚʦ ʙʫʢʝ Leq.  
 

3. ʇʆʊʈɽɹʅɽ ʄɽʈɽ ɿɸ ʋɹʃɸɾɸɺɸɳɽ ʉɸʆɹʈɸɴɸɱʅɽ ɹʋʂɽ 

ʉʘʦʙʨʘ˂ʘʿʥʘ ʙʫʢʘ ʩʝ ʤʦʞʝ ʫʙʣʘʞʠʪʠ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ [6]: 

¶ ʝʢʦʥʦʤʩʢʠʤ ʤʝʨʘʤʘ ʠ ʨʝʛʫʣʘʪʠʚʦʤ. 

¶ ʜʝʣʦʚʘˁʝʤ ʥʘ ʠʟʚʦʨʝ ʙʫʢʝ, 

¶ ʜʝʣʦʚʘˁʝʤ ʥʘ ʧʨʠʤʘʦʮʝ ʙʫʢʝ, 

¶ ʜʝʣʦʚʘˁʝʤ ʥʘ ʧʨʘʚʮʝ ʰʠʨʝˁʘ ʙʫʢʝ, 

3.1. ɽʢʦʥʦʤʩʢʝ ʤʝʨʝ ʠ ʨʝʛʫʣʘʪʠʚʘ 

 ɽʢʦʥʦʤʩʢʝ ʤʝʨʝ ʟʘʰʪʠʪʝ ʫʟ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʧʨʘʚʥʫ ʨʝʛʫʣʘʪʠʚʫ ʤʦʞʝ ʩʝ ʫʪʠʮʘʪʠ 

ʥʘ ʩʤʘˁʝˁʝ ʩʘʦʙʨʘ˂ʘʿʥʝ ʙʫʢʝ. ʆʚʝ ʤʝʨʝ ʦʙʫʭʚʘʪʘʿʫ: 

¶ ʧʦʩʝʙʥʝ ʥʘʢʥʘʜʝ ʟʘ ʚʦʟʠʣʘ ʯʠʿʘ ʿʝ ʿʘʯʠʥʘ ʙʫʢʝ ʚʝ˂ʘ ʦʜ ʟʘʢʦʥʦʤ ʧʨʦʧʠʩʘʥʝ, 

¶ ʦʩʣʦʙʘʹʘˁʘ ʨʘʟʥʠʭ ʜʘʞʙʠʥʘ ʠ ʧʦʨʝʟʘ ʩʚʠʭ ʦʥʠʭ ʢʦʿʠ ʩʝ ʫʢˀʫʯʫʿʫ ʫ ʩʤʘˁʝˁʝ ʿʘʯʠʥʝ 
ʙʫʢʝ, 

¶ ʧʦʚʝ˂ʘˁʝʤ ʮʝʥʘ ʛʦʨʠʚʘ ʧʨʝʢʦ ʧʦʩʝʙʥʠʭ ʘʢʮʠʟʘ ʟʘ ʚʦʟʠʣʘ ʢʦʿʘ ʩʪʚʘʨʘʿʫ ʚʝ˂ʫ ʙʫʢʫ, ʠʪʜ. 

ʀʘʢʦ ʩʝ ʝʢʦʥʦʤʩʢʠʤ ʤʝʨʘʤʘ ʤʦʞʝ ʥʘ ʿʝʜʥʦʩʪʘʚʘʥ ʥʘʯʠʥ ʜʝʣʦʚʘʪʠ ʥʘ ʩʤʘˁʝˁʝ 

ʚʝʣʠʯʠʥʝ ʙʫʢʝ, ʦʥʝ ʩʝ ʠ ʫ ʨʘʟʚʠʿʝʥʠʤ ʝʚʨʦʧʩʢʠʤ ʟʝʤˀʘʤʘ ʧʨʠʤʝˁʫʿʫ ʦʛʨʘʥʠʯʝʥʦ. 

3.2. ɼʝʣʦʚʘˁʝ ʥʘ ʠʟʚʦʨʝ ʙʫʢʝ 

ɼʝʣʦʚʘˁʝʤ ʥʘ ʠʟʚʦʨʝ ʙʫʢʝ ʫʢʫʧʘʥ ʥʠʚʦ ʩʘʦʙʨʘ˂ʘʿʥʘ ʙʫʢʝ ʤʦʞʝ ʩʝ ʫʙʣʘʞʠʪʠ [7]: 

¶ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤ ʤʝʨʘʤʘ ʥʘ ʤʦʪʦʨʥʠʤ ʚʦʟʠʣʠʤʘ, 
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¶ ʧʨʘʚʠʣʥʠʤ ʠʟʙʦʨʦʤ ʧʥʝʫʤʘʪʠʢʘ, 

¶ ʦʛʨʘʥʠʯʝˁʝʤ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ, 

¶ ʟʘʙʨʘʥʦʤ ʩʘʦʙʨʘ˂ʘʿʘ ʟʘ ʧʦʿʝʜʠʥʝ ʢʘʪʝʛʦʨʠʿʝ ʚʦʟʠʣʘ ʠ ˁʠʭʦʚʠʤ ʫʩʤʝʨʘʚʘˁʝʤ ʥʘ ʧʨʘʚʮʝ 
ʤʘˁʝ ʦʩʝʪˀʠʚʝ ʥʘ ʙʫʢʫ, 

¶ ʙʦˀʦʤ ʨʝʛʫʣʘʮʠʿʦʤ ʩʘʦʙʨʘ˂ʘʿʘ, 

¶ ʧʦʙʦˀʰʘˁʝʤ ʧʦʚʨʰʠʥʝ ʢʦʣʦʚʦʟʥʦʛ ʟʘʩʪʦʨʘ. 

3.3.  ɼʝʣʦʚʘˁʝ ʥʘ ʧʨʠʤʘʦʮʝ ʙʫʢʝ 

ɸʜʝʢʚʘʪʥʘ ʟʘʰʪʠʪʘ ʦʙʿʝʢʘʪʘ ʦʜ ʙʫʢʝ ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ ʿʦʰ ʫ ʬʘʟʠ ʧʨʦʿʝʢʪʦʚʘˁʘ ʪʦʛ 

ʦʙʿʝʢʪʘ, ʘʢʦ ʩʫ ʧʦʟʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ʤʝʨʝˁʘ ʙʫʢʝ, ʢʘʦ ʠ ˁʝʥʝ ʦʯʝʢʠʚʘʥʝ ʚʨʝʜʥʦʩʪʠ. ʉʚʘʢʠ 

ʘʨʭʠʪʝʢʪʦʥʩʢʦ-ʛʨʘʹʝʚʠʥʩʢʠ ʧʨʦʿʝʢʘʪ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʟʘʰʪʠʪʝ ʥʦʜ ʙʫʢʝ ʤʦʨʘ ʜʘ ʩʘʜʨʞʠ: 

¶ ʧʨʦʨʘʯʫʥ ʟʚʫʯʥʝ ʟʘʰʪʠʪʝ ʛʨʘʹʝʚʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, 

¶ ʧʨʝʮʠʟʥʝ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ ʟʚʫʯʥʝ ʟʘʰʪʠʪʝ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ (ʧʨʦʟʦʨʘ, ʚʨʘʪʘ, ʠ 
ʩʣ.), 

¶ ʢʘʪʝʛʦʨʠʟʘʮʠʿʫ ʧʨʦʩʪʦʨʠʿʘ ʫ ʧʦʛʣʝʜʫ ʜʦʟʚʦˀʝʥʠʭ ʥʠʚʦʘ ʙʫʢʝ, ʠ, 

¶ ʧʦʚʦˀʥʫ ʜʠʩʧʦʟʠʮʠʿʫ ʧʨʦʩʪʦʨʠʿʘ ʩʘ ʜʝʬʠʥʠʩʘˁʝʤ ʧʨʝʛʨʘʜʘ (ʼʠʜʦʚʘ ʠ ʪʘʚʘʥʠʮʘ). 
ʇʨʠʤʝʨʘ ʨʘʜʠ ʟʘʪʚʦʨʝʥʠ ʧʨʦʟʦʨʠ ʩʤʘˁʫʿʫ ʙʫʢʫ ʟʘ 12 dB(ɸ), ʟʘʧʪʠʚʝʥʠ ʟʘ 27 dB(ɸ), ʘ 

ʟʘʧʪʠʚʝʥʠ ʩʘ ʜʚʦʩʪʨʫʢʠʤ ʩʪʘʢʣʠʤʘ ʩʘ 5.0 ʮʤ ʨʘʟʤʘʢʘ ʟʘ 31-37 dB(ɸ). 

ɿʘʰʪʠʪʘ ʚʝ˂ ʠʟʛʨʘʹʝʥʠʭ ʦʙʿʝʢʘʪʘ ʦʜ ʙʫʢʝ ʿʝ ʩʢʫʧʘ ʠ ʥʝʨʘʮʠʦʥʘʣʥʘ. 

3.4. ɼʝʣʦʚʘˁʝ ʥʘ ʧʨʘʚʮʝ ʰʠʨʝˁʘ ʙʫʢʝ 

ɼʝʣʦʚʘˁʝʤ ʥʘ ʧʨʘʚʮʝ ʰʠʨʝˁʘ ʙʫʢʝ ʫʢʫʧʘʥ ʥʠʚʦ ʩʘʦʙʨʘ˂ʘʿʥʝ ʙʫʢʝ ʤʦʞʝ ʩʝ ʫʙʣʘʞʠʪʠ: 

¶ ʭʦʨʪʠʢʫʣʪʫʨʥʠʤ ʫʨʝʹʝˁʝʤ ʧʦʿʘʩʘ ʜʫʞ ʧʫʪʥʝ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ, 

¶ ʠʟʛʨʘʜˁʦʤ ʟʘʰʪʠʪʥʠʭ ʥʘʩʠʧʘ, 

¶ ʠʟʛʨʘʜˁʦʤ ʚʝʨʪʠʢʘʣʥʠʭ ʟʘʰʪʠʪʥʠʭ ʟʠʜʦʚʘ, 

¶ ʠʟʛʨʘʜˁʦʤ ʢʦʥʩʪʨʠʢʮʠʿʘ ʫ ʚʠʜʫ ʟʜʨʫʞʝʥʦʛ ʥʘʩʠʧʘ ʠ ʚʝʨʪʠʢʘʣʥʠʭ ʟʠʜʦʚʘ, 

¶ ʜʝʣʠʤʠʯʥʠʤ ʠʣʠ ʧʦʪʧʫʥʠʤ ʧʦʢʨʠʚʘˁʝʤ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ (ʛʘʣʝʨʠʿʘʤʘ ʠ ʪʫʥʝʣʠʤʘ), ʠ 

¶ ʧʦʩʪʘʚˀʘˁʝʤ ʦʙʿʝʢʘʪʘ (ʤʘʛʘʮʠʥʘ, ʛʘʨʘʞʘ ʠ ʩʣ.) ʢʦʿʠʤʘ ʙʫʢʘ ʥʝ ʩʤʝʪʘ ʠʟʤʝʹʫ ʠʟʚʦʨʘ ʠ 
ʧʨʠʤʘʦʮʘ ʙʫʢʝ. 

3.4.1. ʍʦʨʪʠʢʫʣʘʨʥʦ   ʫʨʝʹʝˁʝ   ʧʦʿʘʩʘ   ʜʫʞ    ʧʫʪʥʝ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ 

ɽʩʪʝʪʩʢʠ, ʝʢʦʣʦʰʢʠ ʠ ʝʢʦʥʦʤʩʢʠ ʥʘʿʧʦʚʦˀʥʠʿʝ ʨʝʰʝˁʝ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʙʫʢʝ 

ʧʨʝʜʩʪʘʚˀʘ ʦʟʝʣʝˁʘʚʘˁʝ ʧʦʿʘʩʘ ʜʫʞ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ.  

ɺʝʛʝʪʘʮʠʿʘ, ʘʢʦ ʿʝ ʜʦʚʦˀʥʦ ʚʠʩʦʢʘ, ʠhʨʦʢʘ ʠ ʛʫʩʪʘ ʜʘ ʩʝ ʧʨʝʢʦ ˁʝ ʠ ʢʨʦʟ ˁʫ ʥʝ ʤʦʞʝ 

ʚʠʜʝʪʠ, ʤʦʞʝ ʩʤʘˁʠʪʠ ʩʘʦʙʨʘʘ˂ʿʥʫ ʙʫʢʫ. ʐʠʨʦʢ ʜʨʚʦʨʝʜ ʧʦʨʝʜ ʢʦʿʝʛ ʿʝ ʟʘʩʘʝ́ʥʦ ʚʝʦʤʘ ʛʫʩʪʦ 

ʥʠʩʢʦ ʨʘʩʪʠˁʝ ʩʥʠʞʘʚʘ ʥʠʚʦ ʙʫʢʝ. ɺʝʛʝʪʘʮʠʿʘ ʠhʨʠʥʝ 30ʤ ʤʦʞʝ ʩʤʘˁʠʪʠ ʙʫʢʫ ʟʘ 5Db. ʀʧʘʢ, 

ʥʠʿʝ ʠʟʚʦʜˀʠʚʦ ʧʦʩʘʜʠʪʠ ʜʦʚʦˀʘʥ ʙʨʦʿ ʜʨʚʝʘ˂ ʠ ʜʨʫʛʝ ʚʝʛʝʪʘʮʠʿʝ ʫʟ ʘʫʪʦʧʫʪ ʜʘ ʙʠ ʩʝ 

ʧʦʩʪʠʛʣʦ ʪʦʣʠʢʦ ʩʤʘˁʝˁʝ. ɼʨʚʝʝ˂ ʠ ʜʨʫʛʝ ʚʨʩʪʝ ʟʝʣʝʥʠʣʘ ʤʦʛʫ ʙʠʪʠ ʧʦʩʘʝ́ʥʝ ʟʙʦʛ 

ʧʩʠʭʦʣʦʢhʦʛ ʝʬʝʢʪʘ, ʘʣʠ ʥʝ ʠ ʜʘ ʩʝ ʩʥʠʟʠ ʨʝʘʣʘʥ ʥʠʚʦ ʙʫʢʝ. 

ʆʚʘʿ ʚʠʜ ʟʘʰʪʠʪʝ ʦʜ ʙʫʢʝ ʟʘʭʪʝʚʘ ʚʝʣʠʢʫ ʧʦʚʨʰʠʥʫ, ʥʠʿʝ ʜʦʚʦˀʥʦ ʝʬʠʢʘʩʘʥ ʠ ʟʙʦʛ 

ʪʦʛʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʚʠʜʦʚʠʤʘ ʟʘʰʪʠʪʝ. 

3.4.2. ʀʟʛʨʘʜˁʘ ʟʘʰʪʠʪʥʠʭ ʥʘʩʠʧʘ 

ʂʘʦ ʟʘʰʪʠʪʘ ʦʜ ʙʫʢʝ ʠʟʚʘʥ ʥʘʩʝˀʘ ʫʛʣʘʚʥʦʤ ʩʝ ʢʦʨʠʩʪʝ ʥʘʩʠʧʠ. ʅʘʩʠʧʠ ʤʦʛʫ 

ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʜʝʧʦʥʠʿʘ ʟʘ ʚʠʰʘʢ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʝ ʪʦʢʦʤ ʛʨʘʜˁʝ. ʄʘʩʘ ʦʚʠʭ 
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ʥʘʩʠʧʘ ʧʨʠʣʠʯʥʦ ʘʧʩʦʨʙʫʿʝ ʙʫʢʫ, ʘ ʫʟ ʧʨʘʚʠʣʥʦ ʦʟʝʣʝˁʘʚʘˁʝ ʝʩʪʝʪʩʢʠ ʩʝ ʫʢʣʘʧʘʿʫ ʫ ʦʢʦʣʠʥʫ. 

ʅʘʩʠʧʠ ʟʘʭʪʠʿʝʚʘʿʫ ʤʥʦʛʦ ʧʨʦʩʪʦʨʘ ʯʠʤʝ ʠʤ ʿʝ ʦʥʝʤʦʛʫ˂ʝʥʘ ʨʘʰʠʨʝʥʦʩʪ ʧʨʠʤʿʝʥʝ 

ʅʘʩʠʧʠ ʢʘʦ ʛʨʘʹʝʚʠʥʩʢʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʦʜ ʟʝʤˀʘʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʠ ʦʜ ʨʘʟʥʦʛ 

ʛʨʘʹʝʚʠʥʩʢʦʛ ʦʪʧʘʜʘ (ʰʠʨʠʥʝ ʫ ʢʨʫʥʠ 1.0 ʤ, ʥʘʛʠʙʘ ʢʦʩʠʥʝ 1:1.5 ʠ ʧʨʦʤʝʥˀʠʚʝ ʚʠʩʠʥʝ), 

ʧʨʝʪʝʞʥʦ ʘʧʩʦʨʙʮʠʿʦʤ ʟʚʫʯʥʠʭ ʪʘʣʘʩʘ ʝʬʝʢʪʠʚʥʦ ʚʨʰʝ ʟʘʰʪʠʪʫ ʦʜ ʙʫʢʝ, ʧʦʜ ʫʩʣʦʚʦʤ ʜʘ ʩʫ 

ʧʨʘʚʠʣʥʦ ʜʠʤʝʥʟʠʦʥʠʩʘʥʠ. ɳʠʭʦʚʘ ʠʟʨʘʜʘ ʟʘʭʪʝʚʘ ʚʝʣʠʢʫ ʧʦʚʨʰʠʥʫ ʩʣʦʙʦʜʥʦʛ ʧʨʦʩʪʦʨʘ ʦʢʦ 

ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʢʘʦ ʟʘʰʪʠʪʥʠʮʠ ʦʜ ʙʫʢʝ ʨʘʜʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʚʝʨʪʠʢʘʣʥʠʤ 

ʟʠʜʦʚʠʤʘ, ʠʣʠ ʩʘ ʜʨʚʦʨʝʜʦʤ.  

3.4.3. ʀʟʛʨʘʜˁʘ ʚʝʨʪʠʢʘʣʥʠʭ ʟʘʰʪʠʪʥʠʭ ʟʠʜʦʚʘ (ʙʘʨʠʿʝʨʘ) 

ʅʘʿʯʝʰ˂ʠ ʠ ʥʘʿʩʠʛʫʨʥʠʿʠ ʥʘʯʠʥʘ ʟʘ ʧʦʩʪʠʟʘˁʝ ʩʤʘˁʝˁʘ ʨʘʩʧʨʦʩʪʠʨʘˁʘ ʙʫʢʝ ʩʫ 

ʙʘʨʠʿʝʨʝ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʙʫʢʝ. ɹʘʨʠʿʝʨʝ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʙʫʢʝ ʩʫ ʣʠʥʠʿʩʢʝ ʛʨʘʹʝʚʠʥʝ ʯʠʿʠ ʧʨʝʩʝʢ 

ʦʜʛʦʚʘʨʘ ʩʪʦʿʝ˂ʝʤ ʫʩʢʦʤ ʧʨʘʚʦʫʛʘʦʥʠʢʫ. ʇʨʝʜʚʠʹʘʿʫ ʩʝ, ʢʘʜ ʥʝʤʘ ʜʦʚʦˀʥʦ ʨʘʩʧʦʣʦʞʠʚʦʛ 

ʧʨʦʩʪʦʨʘ ʟʘ ʧʨʘʚʠ ʟʝʤˀʘʥʠ ʥʘʩʠʧ ʠʣʠ ʩʪʨʤʠ ʥʘʩʠʧ,  ʘʣʠ ʠ ʥʘ ʤʦʩʪʦʚʠʤʘ. ʆʥʝ ʩʝ ʧʦʩʪʘʚˀʘʿʫ 

ʥʝʧʦʩʨʝʜʥʦ ʫʟ ʩʘʦʙʨʘ˂ʘʿʥʠʮʫ. ʆʩʥʦʚʥʠ ʟʘʭʪʝʚ ʿʝ ʜʘ ʙʘʨʠʿʝʨʘ ʠʤʘ ʜʦʚʦˀʥʫ ʚʠʩʠʥʫ ʠ ʜʫʞʠʥʫ 

ʩʘ ʢʦʿʠʤʘ ʩʝ ʧʦʩʪʠʞʝ ʚʝʨʪʠʢʘʣʥʦ ʠ ʭʦʨʠʟʦʥʪʘʣʥʦ ʧʨʝʢʣʘʧʘˁʝ ʩʘ ʧʫʪʝʤ ʠʟ ʫʛʣʘ ʛʣʝʜʘˁʘ 

ʟʘʰʪʠ˂ʝʥʦʛ ʦʙʿʝʢʪʘ. ʇʨʝʤʘ ʧʨʘʚʠʣʠʤʘ ʩʪʨʫʢʝ ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʜʘ ʚʠʩʠʥʘ ʟʘʰʪʠʪʥʠʭ ʙʘʨʠʿʝʨʘ 

ʙʫʜʝ ʤʠʥʠʤʘʣʥʦ 1,5 ʤ, ʦʜʥʦʩʥʦ ʤʘʢʩʠʤʘʣʥʦ 5 ʤ, ʠ ʜʝʙˀʠʥʝ 120ʤʤ.  

 

ʉʣʠʢʘ 6. ɱʝʜʘʥ ʦʜ ʪʠʧʦʚʠ ʙʘʨʠʿʝʨʝ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʙʫʢʝ 

ʂʘʢʦ ʟʘʰʪʠʪʥʝ ʙʘʨʠʿʝʨʝ ʚʠʩʠʥʝ ʚʝ˂ʝ ʦʜ 5 ʤ ʧʦ ʧʨʘʚʠʣʫ ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʩʪʚʘʨʠʪʠ 

ʫʦʙʠʯʘʿʝʥʠʤ ʠʥʞʠˁʝʨʩʢʠʤ ʤʝʪʦʜʘʤʘ ʠ ʫʟ ʨʘʟʫʤʥʝ ʪʨʦʰʢʦʚʝ, ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʜʘ ʩʝ ʚʠʩʠʥʘ 

ʦʛʨʘʥʠʯʠ ʥʘ 5 ʤ, ʠʣʠ ʫ ʩʣʫʯʘʿʫ ʜʘ ʪʘ ʚʠʩʠʥʘ ʥʠʿʝ ʜʦʚʦˀʥʘ ʨʘʟʤʦʪʨʝ ʥʝʢʘ ʜʨʫʛʘ  ʨʝʰʝˁʘ 

ʀʟʛʨʘʜˁʘ ʙʘʨʠʿʝʨʝ ʩʝ ʧʨʝʜʣʘʞʝ ʪʝʢ ʢʦʜ ʩʫ ʘʢʫʩʪʠʯʢʠ ʧʦʪʨʝʙʥʝ ʚʠʩʠʥʝ ʚʝ˂ʝ ʦʜ 1,5 ʤ, ʟʙʦʛ 

ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʦʛ ʫʜʝʣʘ ʪʨʦʰʢʦʚʘ ʪʝʤʝˀʝˁʝ ʢʦʜ ʥʠʞʠʭ ʟʠʜʦʚʘ.  
ɹʘʨʠʿʝʨʝ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ ʦʙʣʠʢʫ, ʤʘʪʝʨʠʿʘʣʫ ʦʜ ʢʦʿʝʛ  ʩʫ ʠʟʚʝʜʝʥʝ ʪʝ ʧʨʝʤʘ 

ʘʢʫʩʪʠʯʥʠʤ ʩʚʦʿʩʪʚʠʤʘ. ʇʨʠ ʛʨʘʜˁʠ ʙʘʨʠʿʝʨʘ ʢʦʨʠʩʪʠ ʩʝ ʰʠʨʦʢʠ ʩʧʝʢʪʘʨ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠʤʘ 

ʩʝ ʧʦʩʪʠʞʫ ʨʘʟʣʠʯʠʪʠ ʚʠʟʫʘʣʥʠ ʝʬʝʢʪʠ ʠ ʨʘʟʣʠʯʠʪʠ ʫʯʠʥʮʠ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ 

ʤʘʪʝʨʠʿʘʣʠ ʩʫ ʙʝʪʦʥ, ʘʣʫʤʠʥʠʿʫʤ, ʜʨʚʦ, ʯʝʣʠʢ, ʧʦʣʠʤʝʨʥʠ ʤʘʪʝʨʠʿʘʣʠ, ʟʘʪʠʤ ʢʦʤʙʠʥʘʮʠʿʘ ʩʘ 
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ʟʝʤˀʘʥʠʤ ʥʘʩʠʧʦʤ, ʠʣʠ ʚʝʛʝʪʘʮʠʿʦʤ, ʠʣʠ ʨʘʟʥʝ ʢʦʤʙʠʥʘʮʠʿʝ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʝʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ. 

ʄʥʦʛʝ ʦʜ ʥʘʚʝʜʝʥʠʭ ʙʘʨʠʿʝʨʘ, ʩʝ ʥʘ ʩʪʨʘʥʠ ʢʦʿʘ ʿʝ ʜʠʨʝʢʪʥʦ ʠʟʣʦʞʝʥʘ ʙʫʮʠ ʦʙʣʘʞʫ 

ʘʧʩʦʨʙʠʨʘʿʫ˂ʠʤ ʤʘʪʝʨʠʿʘʣʦʤ, ʢʦʿʠʤʘ ʩʝ ʧʦʩʪʠʞʝ ʩʤʘˁʝˁʝ ʨʝʬʣʝʢʪʠʨʘʥʝ ʙʫʢʝ.  

ʇʨʝʤʘ ʪʦʤʝ ʨʘʟʣʠʢʫʿʝʤʦ: ʘʧʩʦʨʙʫʿʫ˂ʝ ʠ ʨʝʬʣʝʢʪʫʿʫ˂ʝ ʙʘʨʠʿʝʨʝ. ʆʩʥʦʚʥʘ ʨʘʟʣʠʢʘ 

ʠʟʤʝʹʫ ʦʚʘ ʜʚʘ ʪʠʧʘ ʙʘʨʠʿʝʨʘ ʿʝ ʪʘ ʰʪʦ ʨʝʬʣʝʢʪʠʨʘʿʫ˂ʝ ʦʜʙʠʿʘʿʫ ʟʚʫʯʥʝ ʪʘʣʘʩʝ ʙʝʟ ʩʤʘˁʝˁʘ 

ˁʠʭʦʚʦʛ ʠʥʪʝʥʟʠʪʝʪʘ, ʜʦʢ ʘʧʩʦʨʙʠʨʘʿʫ˂ʝ Ăʫʧʠʿʘʿʫñ ʜʝʦ ʟʚʫʯʥʝ ʝʥʝʨʛʠʿʝ ʠ ʨʝʬʣʝʢʪʠʨʘʿʫ 

ʟʚʫʯʥʠ ʪʘʣʘʩ ʩʤʘˁʝʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ. 

ɸʢʫʩʪʠʯʢʝ ʙʘʨʠʿʝʨʝ, ʢʘʦ ʥʫʞʘʥ ʫʩʣʦʚ ʤʦʨʘʿʫ ʟʘʜʦʚʦˀʠʪʠ ʟʘʭʪʝʚʝ ʫ ʧʦʛʣʝʜʫ ʟʘʰʪʠʪʝ 

ʦʜ ʙʫʢʝ, ʘ ʪʦ ʩʫ: ʘʜʝʢʚʘʪʥʘ ʟʚʫʯʥʘ ʠʟʦʣʘʮʠʿʘ Rw ʠ ʘʜʝʢʚʘʪʥʘ ʘʧʩʦʨʧʮʠʿʘ ʟʚʫʢʘ ȹLŬ. ɿʚʫʯʥʘ 

ʠʟʦʣʘʮʠʿʘ ʙʘʨʠʿʝʨʝ ʫʩʣʦʚʥʦ ʿʝ ʩʘ ʧʦʪʨʝʙʥʦʤ ʨʝʜʫʢʮʠʿʦʤ ʙʫʢʝ ʢʦʜ ʰʪʠ˂ʝʥʠʭ ʦʙʿʝʢʘʪʘ. ɿʘ 

ʟʚʫʯʥʫ ʠʟʦʣʘʮʠʿʫ ʙʘʨʠʿʝʨʘ ʧʦʩʪʘʚˀʘ ʩʝ ʢʨʠʪʝʨʠʿ ʜʘ Rw ʤʦʨʘ ʙʠʪʠ ʤʠʥʠʤʘʣʥʦ 24 dB ʟʘ ʩʚʝ 

ʚʨʩʪʝ ʙʘʨʠʿʝʨʘ. ɸʧʩʦʨʧʮʠʿʘ ʟʚʫʢʘ ʙʘʨʠʿʝʨʘ ʫʩʣʦʚˀʝʥʘ ʿʝ ʧʦʪʨʝʙʦʤ ʟʘ ʦʛʨʘʥʠʯʘʚʘˁʝʤ ʙʫʢʝ ʥʘ 

ʩʫʧʨʦʪʥʦʿ ʩʪʨʘʥʠ ʦʜ ʰʪʠ˂ʝʥʝ ʫʢʦʣʠʢʦ ʩʝ ʪʘʤʦ ʥʘʣʘʟʝ ʛʨʘʹʝʚʠʥʝ ʢʦʿʝ ʪʨʝʙʘ ʰʪʠʪʠʪʠ ʦʜ ʙʫʢʝ. 

 

  

ʉʣʠʢʘ 7. ʆʩʥʦʚʥʠ ʪʠʧʦʚʠ ʙʘʨʠʿʝʨʘ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʙʫʢʝ 

3.4.4. ʀʟʛʨʘʜˁʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʫ ʚʠʜʫ ʟʜʨʫʞʝʥʦʛ ʥʘʩʠʧʘ ʠ ʚʝʨʪʠʢʘʣʥʠʭ ʟʠʜʦʚʘ 

ʆʚʘʿ ʚʠʜ ʟʘʰʪʠʪʝ ʦʜ ʙʫʢʝ ʢʦʨʠʩʪʠ ʩʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʨʘʩʧʦʣʦʞʠʚʠ ʧʨʦʩʪʦʨ ʦʢʦ 

ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʥʠʿʝ ʜʦʚʦˀʘʥ ʟʘ ʠʟʨʘʜʫ ʥʘʩʠʧʘ. ʆʚʘ ʛʨʘʹʝʚʠʥʩʢʘ ʢʦʥʩʪʫʢʮʠʿʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ 

ʟʝʤˀʘʥʦʛ ʥʘʩʠʧʘ ʥʘ ʢʦʤʝ ʩʫ ʠʟʛʨʘʹʝʥʠ ʚʝʨʪʠʢʘʣʥʠ ʟʠʜʦʚʠ. ʇʨʝʜʩʪʘʚˀʘʿʫ ʝʬʠʢʘʩʥʫ ʟʘʰʪʠʪʫ 

ʟʘʩʥʦʚʘʥʫ ʫʛʣʘʚʥʦʤ ʥʘ ʘʧʩʦʨʙʮʠʿʠ ʟʚʫʯʥʠʭ ʪʘʣʘʩʘ. ʊʘʢʚʦʤ ʢʦʤʙʠʥʘʮʠʿʦʤ ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ 

ʩʤʘˁʝˁʝ ʙʫʢʝ ʦʜ 6 ʜʦ 15 ʜɹ (ɸ). ʂʘʢʦ ʩʝ ʟʠʜʦʚʠ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʙʫʢʝ ʝʩʪʝʪʩʢʠ ʪʝʰʢʦ ʫʢʣʘʧʘʿʫ 

ʫ ʦʢʦʣʠʥʫ, ʧʦʞʝˀʥʦ ʿʝ ʜʘ ʩʝ ʩʘ ʩʚʘʢʝ ʩʪʨʘʥʝ ʟʘʰʪʠʪʥʦʛ ʟʠʜʘ ʟʘʩʘʜʠ ʧʦʿʘʩ ʧʨʠʢʣʘʜʥʝ 

ʚʝʛʝʪʘʮʠʿʝ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʝʜʝ˂ʦʿ ʩʣʠʮʠ. 

 

 

 

ʉʣʠʢʘ 7- ɿʘʰʪʠʪʥʠ ʥʘʩʠʧ, ʧʦʿʘʩ ʚʝʛʝʪʘʮʠʿʝ ʠ ʟʘʰʪʠʪʥʠ ʟʠʜ (ʙʘʨʠʿʝʨʘ) 
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3.4.5. ɼʝʣʠʤʠʯʥʦ ʠ  ʧʦʪʧʫʥʦ ʧʦʢʨʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ (ʛʘʣʝʨʠʿʝ ʠ ʪʫʥʝʣʠ) 

ɼʝʣʠʤʠʯʥʦ ʠ ʧʦʪʧʫʥʦ ʧʦʢʨʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ, ʢʘʦ ʤʝʨʘ ʟʘʰʪʠʪʝ ʦʜ ʙʫʢʝ, ʢʦʨʠʩʪʠ ʩʝ 

ʚʝʦʤʘ ʨʝʪʢʦ ʠ ʪʦ ʠʩʢˀʫʯʠʚʦ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʥʘ ʣʦʢʘʮʠʿʘʤʘ ʩʘ ʚʝʦʤʘ ʿʘʢʦʤ ʝʤʠʩʠʿʦʤ 

ʙʫʢʝ. ʆʚʠ ʨʘʜʦʚʠ ʩʫ ʚʝʦʤʘ ʩʢʫʧʠ ʠ ʥʝʤʘ ʝʢʦʥʦʤʩʢʝ ʦʧʨʘʚʜʘʥʦʩʪʠ ʟʘ ˁʠʭʦʚʦ ʠʟʚʨʰʝˁʝ. 

3.4.6. ʇʦʩʪʘʚˀʘˁʝ ʦʙʿʝʢʘʪʘ ʢʦʿʠʤʘ ʙʫʢʘ ʥʝ ʩʤʝʪʘ ʠʟʤʝʹʫ ʠʟʚʦʨʘ ʠ ʧʨʠʤʘʦʮʘ ʙʫʢʝ 

ʋ ʬʘʟʠ ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ ʜʦʜʘʪʥʘ ʟʘʰʪʠʪʘ ʦʜ ʙʫʢʝ ʤʦʞʝ ʩʝ ʧʦʩʪʠ˂ʠ 

ʧʦʩʪʘʚˀʘˁʝʤ ʟʛʨʘʜʘ ʢʘʦ ʙʘʨʠʿʝʨʘ ʥʘ ʥʘʯʠʥ ʜʘ  ʩʝ ʦʥʝ ʩʤʝʩʪʝ ʠʟʤʝʹʫ ʠʟʚʦʨʘ ʙʫʢʝ ʠ 

ʨʝʣʝʚʘʥʪʥʦʛ ʤʝʩʪʘ ʠʤʠʩʠʿʝ. ɼʫʛʘʯʢʘ ʟʛʨʘʜʘ ʠʣʠ ʢʫ˂ʝ ʫ ʥʠʟʫ ʢʦʿʝ ʩʫ ʧʘʨʘʣʝʣʥʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʩʘʦʙʨʘ˂ʘʿʥʠʮʫ, ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʘʜʝʢʚʘʪʥʘ ʟʘʰʪʠʪʘ ʫʜʘˀʝʥʠʿʠʤ ʦʙʿʝʢʪʠʤʘ ʠʟʘ ˁʠʭ. 

ɿʛʨʘʜʘ, ʠʣʠ ʢʫ˂ʘ ʩʘ ʜʚʘ ʩʧʨʘʪʘ ʧʘʨʘʣʝʣʥʘ ʩ ʩʘʦʙʨʘ˂ʘʿʥʠʮʦʤ ʤʦʞʝ ʩʤʘˁʠʪʠ ʿʘʯʠʥʫʫ ʙʫʢʝ ʥʘ 

ʩʪʨʘʥʠ ʟʛʨʘʜʝ ʢʦʿʘ ʿʝ ʫʜʘˀʝʥʠʿʘ ʦʜ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʟʘ ʧʨʠʙʣʠʞʥʦ 13 Db(ɸ). ʉʘʤʦʩʪʦʿʝ˂ʝ ʟʛʨʘʜʝ 

ʙʠ ʫʚʝʢ ʪʨʝʙʘʣʝ ʙʠʪʠ ʧʘʨʘʣʝʣʥʝ ʩʘ ʧʫʪʝʤ ʠ ʩʘ ʧʨʦʟʦʨʠʤʘ ʩʤʿʝʰʪʝʥʠʤ ʥʘ ʙʦʯʥʠʤ ʩʪʨʘʥʘʤʘ ʥʘ 

ʢʦʿʠʤʘ ʿʝ ʿʘʯʠʥʘ ʙʫʢʝ ʟʥʘʪʥʠʿʝ ʥʠʞʘ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʝʜˁʫ ʩʪʨʘʥʫ. ʅʝ ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ 

ʦʨʠʿʝʥʪʠʩʘʪʠ ʟʛʨʘʜʫ ʦʢʦʤʠʪʦ ʧʨʝʤʘ ʧʫʪʫ ʿʝʨ ʩʫ ʥʘ ʪʘʿ ʥʘʯʠʥ ʦʙʝ ʙʦʯʥʝ ʩʪʨʘʥʝ ʛʦʪʦʚʦ ʧʦʪʧʫʥʦ 

ʠʟʣʦʞʝʥʝ ʙʫʮʠ. 

ʅʘʿʙʦˀʠ ʥʘʯʠʥ ʦʩʠʛʫʨʘʚʘˁʘ ʪʠʭʠʭ ʟʦʥʘ ʿʝ ʛʨʘʜˁʘ ʟʘʪʚʦʨʝʥʠʭ ʨʝʜʦʚʘ ʟʛʨʘʜʝ ʢʦʿʝ 

ʫʿʝʜʥʦ ʰʪʠʪʝ ʦʙʿʝʢʪʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʠʟʘ ˁʠʭ. ʋʢʦʣʠʢʦ ʿʝ ʤʦʛʫ˂ʝ, ʪʨʝʙʘʣʦ ʙʠ ʟʘʪʚʦʨʠʪʠ ʩʚʝ 

ʧʨʦʣʘʟʝ ʤʝʹʫ ʟʛʨʘʜʘʤʘ. ɺʠʩʠʥʘ ʟʛʨʘʜʝ ʪʘʢʦʹʝ ʦʜʨʝʹʫʿʝ ʧʦʪʝʥʮʠʿʘʣ ʩʤʘˁʝˁʘ ʿʘʯʠʥʝ ʙʫʢʝ. ʐʪʦ 

ʿʝ ʟʛʨʘʜʘ ʚʠʰʘ, ʪʦ ʿʝ ʠ ʟʚʫʯʥʘ ʟʘʰʪʠʪʘ ʚʝ˂ʘ. 

4. ɿɸʂɲʋʏɸʂ 

ʅʘʰʘ ʨʘʟʤʘʪʨʘˁʘ ʫ ʦʚʦʤ ʨʘʜʫ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʩʘʦʙʨʘ˂ʘʿʥʘ ʙʫʢʘ ʧʨʝʜʩʪʘʚˀʘ ʚʝʣʠʢʠ 

ʧʨʦʙʣʝʤ ʩʪʘʥʦʚʥʰʪʚʫ ʢʦʿʝ ʞʠʚʠ ʧʦʨʝʜ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ. ʊʘʢʦʹʝ, ʨʘʟʤʘʪʨʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ 

ʙʫʢʘ ʦʜ ʚʦʟʠʣʘ ʧʦʪʠʯʝ ʠʟ ʚʠʰʝ ʠʟʚʦʨʘ. ʋʪʠʮʘʿ ʦʜ ʩʚʘʢʦʛ ʠʟʚʦʨʘ ʜʝʪʘˀʥʦ ʿʝ ʦʙʨʘʹʝʥ ʫ ʨʘʜʫ. 
ʊʘʢʦʹʝ, ʩʤʦ ʫʢʘʟʘʣʠ ʠ ʥʘ ʤʥʦʛʦʙʨʦʿʥʝ ʠ ʨʘʟʥʦʚʨʩʥʝ ʤʝʨʝ ʢʦʿʠʤʘ ʩʝ ʩʘʦʙʨʘ˂ʘʿʥʘ ʙʫʢʘ ʤʦʞʝ 

ʦʪʢʣʦʥʠʪʠ ʠʣʠ ʫʙʣʘʞʠʪʠ. ʇʦʩʝʙʘʥ ʘʢʮʝʥʘʪ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʙʫʢʝ ʩʤʦ ʜʘʣʠ ʥʘ ʜʝʣʦʚʘˁʝ ʥʘ 

ʧʨʘʚʮʝ ʰʠʨʘˁʘ ʙʫʢʝ, ʠ ʥʘʚʝʣʠ ʚʠʰʝ ʥʘʯʠʥʘ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʰʠʨʝˁʘ ʙʫʢʝ.   
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ʇʝʪʘʨ ɫʝʢʠ˂ 

ʈɽɿʀʄE 

ʋ ʉʨʙʠʿʠ ʿʝ ʟʘʜˁʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʧʦʯʝʣʦ ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʥʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʢʦʿʝ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ 

ʠʤʘʿʫ ʠ ʧʦʩʪʨʦʿʝˁʘ ʫ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʩʝʢʫʥʜʘʨʥʘ ʩʝʣʝʢʮʠʿʘ ʠ ʧʨʝʨʘʜʘ ʦʪʧʘʜʘ. ʋʚʦʹʝˁʝʤ ʦʚʘʢʚʦʛ ʥʘʯʠʥʘ 

ʪʨʝʪʠʨʘˁʘ ʦʪʧʘʜʘ ʧʦʿʘʚʠʣʘ ʩʫ ʩʝ ʥʦʚʘ ʟʘʥʠʤʘˁʘ, ʢʘʦ ʰʪʦ ʿʝ ʨʘʜʥʠʢ ʥʘ ʩʝʣʝʢʮʠʿʠ ʠ ʩʝʧʘʨʘʮʠʿʠ ʦʪʧʘʜʘ. ʉ ʦʙʟʠʨʦʤ 

ʥʘ ʨʘʟʥʦʚʨʩʥʦʩʪ ʦʪʧʘʜʘ ʩʘ ʢʦʿʠʤ ʜʦʣʘʟʝ ʫ ʢʦʥʪʘʢʪ, ʘ ʤʝʹʫ ʢʦʿʠʤ ʩʝ ʥʘʣʘʟʠ ʠ ʦʧʘʩʘʥ ʦʪʧʘʜ, ʨʘʜʥʠʮʠ ʢʦʿʠ 

ʦʙʘʚˀʘʿʫ ʦʚʘʢʚʝ ʧʦʩʣʦʚʝ ʠʟʣʦʞʝʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠʤ ʰʪʝʪʥʠʤ ʜʝʿʩʪʚʠʤʘ ʦʚʠʭ ʚʨʩʪʘ ʦʪʧʘʜʘ (ʭʝʤʠʿʩʢʠʤ, 

ʙʠʦʣʦʰʢʠʤ ʠʪʜ.). ʋ ʮʠˀʫ ʩʤʘˁʝˁʘ ʨʠʟʠʢʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʩʘʛʣʝʜʘʪʠ ʩʚʝ ʦʧʘʩʥʦʩʪʠ, ʘ ʥʘʨʦʯʠʪʦ ʰʪʝʪʥʦʩʪʠ ʢʦʿʠʤʘ 

ʩʫ ʦʚʠ ʨʘʜʥʠʮʠ ʠʟʣʦʞʝʥʠ, ʢʘʦ ʠ ʩʧʨʦʚʦʜʠʪʠ ʤʝʨʝ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ. ʋ ʦʚʦʤ ʨʘʜʫ ʿʝ, ʥʘʢʦʥ ʩʧʨʦʚʝʜʝʥʝ ʧʨʦʮʝʥʝ 

ʨʠʟʠʢʘ ʠ ʫʪʚʨʹʠʚʘˁʘ ʥʠʚʦʘ ʨʠʟʠʢʘ ʠʟʣʦʞʝʥʦʩʪʠ ʫʩʣʝʜ ʧʨʝʧʦʟʥʘʪʠʭ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʠ ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʨʘ 

ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʥʘ ʧʨʠʭʚʘʪˀʠʚ ʥʠʚʦ, ʠʟʚʨʰʝʥʘ ʧʦʥʦʚʥʘ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʫʪʠʮʘʿʘ 

ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʨʘ ʥʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ.  

ʂˀʫʯʥʝ ʨʝʯʠ:, ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ, ʦʧʘʩʥʦʩʪʠ, ʰʪʝʪʥʦʩʪʠ, ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ, ʩʝʣʝʢʮʠʿʘ ʦʪʧʘʜʘ.  

EFFECT OF PREVENTIVE  MEASURES TO REDUCE THE RISK IN THE 

WORKPLACE OF WORKERS ON THE SELECTION AND SEPARATION 

OF WASTE ON THE SANITARY LANDFILL  

ABSTRACT 

Serbia has in recent years begun the disposal of waste in sanitary landfills, which contain material recovery 

facilities. With the introduction of this type of waste treatment new professions appeared, such as a worker on the 

selection and separation of waste. Given the diversity of waste with which they come into contact, including the 

hazardous waste, workers who perform such jobs are exposed to various harmful effects of these types of waste 

(chemical, biological, etc.). In order to reduce the risks it is necessary to consider and identify all the hazards and 

implement risk reduction measures. In this paper, after conducting risk assessments and determining the level of risk 

exposure due to the identified hazards and the proposed measures to reduce the risk to an acceptable level, ʘ 

reassessment of the risk was performed in order to determine the impact of proposed measures to reduce risk. 

Keywords: Preventive measures, risk assessment, hazard, harmful effects, waste selection   

1. ʋɺʆɼ 

ʋ ʉʨʙʠʿʠ ʿʝ, ʥʘʢʦʥ ʜʦʥʦʰʝˁʘ ɿʘʢʦʥʘ ʦ ʫʧʨʘʚˀʘˁʫ ʦʪʧʘʜʦʤ 2009. ʛʦʜʠʥʝ, ʧʦʯʝʣʦ 

ʦʜʣʘʛʘˁʝ ʦʪʧʘʜʘ ʥʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʢʦʿʝ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʠʤʘʿʫ ʠ ʧʦʩʪʨʦʿʝˁʘ ʫ ʢʦʿʠʤʘ ʩʝ 

ʚʨʰʠ ʩʝʢʫʥʜʘʨʥʘ ʩʝʣʝʢʮʠʿʘ ʦʪʧʘʜʘ. ʉʝʢʫʥʜʘʨʥʘ ʩʝʣʝʢʮʠʿʘ ʦʪʧʘʜʘ ʧʨʝʜʩʪʘʚˀʘ ʨʘʟʚʨʩʪʘʚʘˁʝ ʠ 

ʦʜʚʘʿʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʦʪʧʘʜʘ, ʫʛʣʘʚʥʦʤ ʨʝʮʠʢʣʘʙʠʣʥʦʛ (ʧʘʧʠʨ, ʢʘʨʪʦʥ, ʩʪʘʢʣʦ, 

ʧʣʘʩʪʠʢʘ, ʤʝʪʘʣ ʠʪʜ.) ʦʜ ʥʝʨʝʮʠʢʣʘʙʠʣʥʦʛ ʦʪʧʘʜʘ. ɹʝʟ ʦʙʟʠʨʘ ʰʪʦ ʩʝ ʫ ʧʦʩʪʨʦʿʝˁʫ ʧʨʦʮʝʩ 

ʜʝʣʠʤʠʯʥʦ ʘʫʪʦʤʘʪʠʟʦʚʘʥ, ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʦʪʧʘʜʘ ʩʝ ʨʫʯʥʦ ʩʝʣʝʢʪʫʿʝ ʠ ʦʜʚʘʿʘ. ʈʘʜʥʠʮʠ ʢʦʿʠ 

ʦʙʘʚˀʘʿʫ ʦʚʝ ʧʦʩʣʦʚʝ ʩʪʘʣʥʦ ʩʫ ʫ ʢʦʥʪʘʢʪʫ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ ʦʪʧʘʜʘ, ʦʧʘʩʥʠʤ ʠ 

ʥʝʦʧʘʩʥʠʤ, ʠ ʠʟʣʦʞʝʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠʤ ʦʧʘʩʥʦʩʪʠʤʘ ʠ ʰʪʝʪʥʦʩʪʠʤʘ. 

ʇʦʩʣʦʚʠ ʫ ʦʙʣʘʩʪʠ ʪʨʘʪʤʘʥʘ ʦʪʧʘʜʘ (ʩʘʢʫʧˀʘˁʝ, ʨʝʮʠʢʣʘʞʘ ʠʪʜ), ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ 

HSE (Health and Safety Executive), ʩʧʘʜʘʿʫ ʫ ʚʠʩʦʢʦ ʨʠʟʠʯʥʝ ʧʦʩʣʦʚʝ [1]. ʋ 2012/13 ʛʦʜʠʥʠ, 

ʧʨʝʤʘ ʧʦʩʣʝʜˁʠʤ ʧʦʜʘʮʠʤʘ RIDDOR-a (Reporting of injuries, Diseases and Dangerous 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʅʠʰ 

mailto:petar.djekic@vtsnis.edu.rs
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Occirrenes Regulations), ʩʪʦʧʘ ʧʦʚʨʝʹʠʚʘˁʘ ʥʘ ʧʦʩʣʦʚʠʤʘ ʩʘʢʫʧˀʘˁʘ ʠ ʪʨʝʪʤʘʥʘ ʦʪʧʘʜʘ ʿʝ 

435,7 ʥʘ 100 000 ʟʘʧʦʩʣʝʥʠʭ, ʰʪʦ ʿʝ ʚʠʰʝ ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʩʝʢ ʢʦʿʠ ʠʟʥʦʩʠ 369,8 ʥʘ 100 000 

ʟʘʧʦʩʣʝʥʠʭ, ʘ ʤʥʦʛʦ ʚʝ˂ʘ ʥʝʛʦ ʫ ʧʦˀʦʧʨʠʚʨʝʜʠ (239,4) ʠʣʠ ʛʨʘʹʝʚʠʥʘʨʩʪʚʫ (156) [1]. ʀʩʪʠ ʿʝ 

ʩʣʫʯʘʿ ʠ ʩʘ ʦʙʦʣʝʚʘˁʠʤʘ ʟʘʧʦʩʣʝʥʠʭ ʫ ʦʚʦʿ ʜʝʣʘʪʥʦʩʪʠ. ʅʝʢʝ ʦʜ ʥʘʿʯʝʰ˂ʝ ʟʘʙʝʣʝʞʝʥʠʭ 

ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʙʦʣʝʩʪʠ ʩʫ: ʠʥʬʝʢʮʠʿʝ ʫʩʣʝʜ ʜʠʨʝʢʪʥʦʛ ʢʦʥʪʘʢʪʘ ʩʘ ʢʦʥʪʘʤʠʥʠʨʘʥʠʤ 

ʤʘʪʝʨʠʿʘʣʠʤʘ, ʫʙʦʜʥʝ ʨʘʥʝ ʫʩʣʝʜ ʢʦʥʪʘʢʪʘ ʩʘ ʦʰʪʨʠʤ ʜʝʣʦʚʠʤʘ ʦʪʧʘʜʘ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ 

ʪʝʪʘʥʫʩʘ, ʭʝʧʘʪʠʪʠʩʘ ʠ ʍʀɺ ʠʥʬʝʢʮʠʿʝ; ʨʝʩʧʠʨʘʪʦʨʥʝ ʙʦʣʝʩʪʠ ʫʩʣʝʜ ʫʜʠʩʘˁʘ ʯʝʩʪʠʮʘ, ʙʠʦ-

ʘʝʨʦʩʦʣʘ, ʠ ʠʩʧʘʨˀʠʚʠʭ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ [2]. 

ʇʦʰʪʦ ʩʝ ʙʨʦʿ ʩʘʥʠʪʘʨʥʠʭ ʜʝʧʦʥʠʿʘ ʢʦʿʝ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʠʤʘʿʫ ʦʚʘʢʚʘ ʧʦʩʪʨʦʿʝˁʘ ʫ 

ʉʨʙʠʿʠ ʩʝ ʫʚʝ˂ʘʚʘ, ʪʦ ʫʟʨʦʢʫʿʝ ʦʪʚʘʨʘˁʝ ʥʦʚʠʭ ʨʘʜʥʠʭ ʤʝʩʪʘ ʤʝʹʫ ʢʦʿʠʤʘ ʿʝ ʠ ʨʘʜʥʦ ʤʝʩʪʦ 

ʨʘʜʥʠʢ ʥʘ ʩʝʣʝʢʮʠʿʠ ʠ ʩʝʧʘʨʘʮʠʿʠ ʦʪʧʘʜʘ. ʧʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʩʘʛʣʝʜʘʪʠ ʩʚʝ ʦʧʘʩʥʦʩʪʠ, ʘ 

ʥʘʨʦʯʠʪʦ ʰʪʝʪʥʦʩʪʠ ʢʦʿʠʤʘ ʩʫ ʟʘʧʦʩʣʝʥʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʦʚʝ ʧʦʩʣʦʚʝ ʠʟʣʦʞʝʥʠ. ʋ ʦʚʦʤ ʨʘʜʫ 

ʿʝ, ʥʘʢʦʥ ʩʧʨʦʚʝʜʝʥʝ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʠ ʫʪʚʨʹʠʚʘˁʘ ʥʠʚʦʘ ʨʠʟʠʢʘ ʠʟʣʦʞʝʥʦʩʪʠ ʫʩʣʝʜ 

ʧʨʝʧʦʟʥʘʪʠʭ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝ ʧʨʝʜʣʦʞʝʥʠʭ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʥʘ 

ʧʨʠʭʚʘʪˀʠʚ ʥʠʚʦ, ʠʟʚʨʰʝʥʘ ʧʦʥʦʚʥʘ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʫʪʠʮʘʿʘ ʧʨʝʜʣʦʞʝʥʠʭ 

ʤʝʨʘ ʥʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ. 

2. ɸʅɸʃʀɿɸ ʈɸɼʅʆɻ ʄɽʉʊɸ ʈɸɼʅʀʂ ʅɸ ʉɽʃɽʂʎʀɱʀ ʀ ʉɽʇɸʈɸʎʀɱʀ 

ʆʊʇɸɼɸ  

ʆʪʧʘʜ ʩʝ ʫ ʧʦʩʪʨʦʿʝˁʝ ʟʘ ʩʝʢʫʥʜʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ ʢʘʤʠʦʥʠʤʘ ʜʦʚʦʟʠ ʠ ʠʩʪʦʚʘʨʫʿʝ 

ʫ ʟʘ ʪʦ ʦʜʨʝʹʝʥ ʧʨʦʩʪʦʨ ʦʜʘʢʣʝ ʩʝ ʙʘʛʝʨʠʤʘ ʫʙʘʮʫʿʝ ʥʘ ʧʦʢʨʝʪʥʫ ʪʨʘʢʫ ʢʦʿʘ ʥʦʩʠ ʦʪʧʘʜ ʜʦ 

ʤʘʛʥʝʪʥʠʭ ʩʝʧʘʨʘʪʦʨʘ ʟʘ ʦʜʚʘʿʘˁʝ ʬʝʨʦʤʘʛʥʝʨʥʠʭ ʤʝʪʘʣʘ ʠ ʜʘˀʝ ʜʦ Eddy current ʩʝʧʘʨʘʪʦʨʘ 

ʟʘ ʦʜʚʘʿʘˁʝ ʦʩʪʘʣʠʭ ʚʨʩʪʘ ʤʝʪʘʣʘ. ɼʘˀʝ ʩʝ ʦʪʧʘʜ ʢʦʥʚʝʿʝʨʠʤʘ ʪʨʘʥʩʧʦʨʪʫʿʝ ʜʦ ʧʨʦʩʪʦʨʘ ʟʘ 

ʨʫʯʥʦ ʦʜʚʘʿʘˁʝ ʦʪʧʘʜʘ, ʛʜʝ ʨʘʜʥʠʮʠ ʚʨʰʝ ʩʝʣʝʢʮʠʿʫ ʠ ʦʜʚʘʿʘˁʝ ʦʪʧʘʜʘ ʢʦʿʠ ʫʙʘʮʠʿʫ ʠ 
ʧʦʩʝʙʥʝ ʧʨʝʛʨʘʜʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʠʩʧʦʜ ˁʠʭ. ʊʘʢʦ ʦʜʚʦʿʝʥ ʨʝʮʠʢʣʘʙʠʣʥʠ ʦʪʧʘʜ ʩʝ ʜʘˀʝ 

ʢʦʥʚʝʿʝʨʠʤʘ ʪʨʘʥʩʧʦʨʪʫʿʝ ʜʦ ʧʨʝʩʝ ʛʜʝ ʩʝ ʚʨʰʠ ʩʘʙʠʿʘˁʝ ʦʪʧʘʜʘ ʫ ʙʘʣʝ [3]. 

ʇʨʦʩʪʦʨ ʟʘ ʨʫʯʥʦ ʦʜʚʘʿʘˁʝ ʦʪʧʘʜʘ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 1. ʈʘʜʥʠʮʠ ʫ ʩʪʦʿʝ˂ʝʤ 

ʧʦʣʦʞʘʿʫ ʩʘ ʧʦʢʨʝʪʥʝ ʪʨʘʢʝ ʨʫʯʥʦ ʦʜʚʘʿʘʿʫ ʨʝʮʠʢʣʘʙʠʣʥʠ ʦʪʧʘʜ (ʧʘʧʠʨ, ʢʘʨʪʦʥ, ʧʣʘʩʪʠʢʘ, 

ʩʪʘʢʣʦ, ʘʣʫʤʠʥʠʿʫʤʩʢʝ ʣʠʤʝʥʢʝ ʠʪʜ) ʦʜ ʥʝʨʝʮʠʢʣʘʙʠʣʥʦʛ ʦʪʧʘʜʘ. 

 

 

ʉʣʠʢʘ 1 ï ʇʨʦʩʪʦʨ ʟʘ ʨʫʯʥʦ ʦʜʚʘʿʘˁʝ ʦʪʧʘʜʘ. 

ʇʦʩʪʦʿʠ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʢʦʿʠʤʘ ʩʫ ʠʟʣʦʞʝʥʠ ʟʘʧʦʩʣʝʥʠ ʫ 

ʧʦʩʪʨʦʿʝˁʫ ʟʘ ʩʝʢʫʥʜʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ. ɺʝʣʠʢʘ ʦʧʘʩʥʦʩʪ ʦʜ ʧʦʚʨʝʹʠʚʘˁʘ ʟʘʧʦʩʣʝʥʠʭ 

ʧʦʩʪʦʿʠ ʫʩʣʝʜ ʢʦʥʪʘʢʪʘ ʩʘ ʧʦʢʨʝʪʥʠʤ ʜʝʣʦʚʠʤʘ ʧʦʩʪʨʦʿʝˁʘ ʠ ʦʧʨʝʤʝ, ʢʘʦ ʰʪʦ ʩʫ: ʢʘʤʠʦʥʠ, 

ʪʨʘʢʪʦʨʠ, ʚʠˀʫʰʢʘʨʠ, ʙʘʛʝʨʠ, ʫʪʦʚʘʨʠʚʘʯʠ, ʪʨʘʥʩʧʦʨʪʝʨʠ, ʢʦʥʚʝʿʝʨʠ ʠ ʧʨʝʩʝ ʟʘ ʧʨʝʩʦʚʘˁʝ ʠ 
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ʙʘʣʠʨʘˁʝ. ʂʨʝʪʘˁʝ ʧʦ ʩʪʝʧʝʥʠʰʪʫ, ʚʠʩʦʢʠʤ ʧʣʘʪʬʦʨʤʘʤʘ, ʢʘʦ ʠ ʠʟʤʝʹʫ ʙʘʣʘ ʧʨʝʩʦʚʘʥʦʛ 

ʤʘʪʝʨʠʿʘʣʘ, ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʩʘʧʣʠʪʘˁʘ, ʢʣʠʟʘˁʘ ʠʣʠ ʧʘʜʘˁʘ ʟʘʧʦʩʣʝʥʠʭ (ʉʣʠʢʘ 2). ʄʘʛʥʝʪʥʠ 

ʠ ɽddi curent ʩʝʧʘʨʘʪʦʨʠ ʟʙʦʛ ʿʘʢʦʛ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʧʦˀʘ ʤʦʛʫ ʠʤʘʪʠ ʰʪʝʪʘʥ ʫʪʠʮʘʿ ʥʘ 

ʧʝʿʩʤʝʿʢʝʨʝ.  

 

 

ʉʣʠʢʘ 2 ï ʇʨʠʣʘʟ ʧʨʦʩʪʦʨʫ ʟʘ ʨʫʯʥʦ ʦʜʚʘʿʘˁʝ ʦʪʧʘʜʘ. 

ʃʦʰʘ ʝʨʛʦʥʦʤʠʿʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ, ʨʘʜ ʟʘ ʧʦʢʨʝʪʥʦʤ ʪʨʘʢʦʤ ʫ ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ, 

ʫʩʣʦʚˀʝʥʘ ʿʝ ʚʠʩʠʥʦʤ ʠ ʰʠʨʠʥʦʤ ʧʦʢʨʝʪʥʝ ʪʨʘʢʝ ʠ ˁʝʥʦʤ ʙʨʟʠʥʦʤ (ʉʣʠʢʘ 3). ɹʨʟʠʥʘ 

ʧʦʢʨʝʪʥʝ ʪʨʘʢʝ ʢʦʿʘ ʿʝ ʚʝ˂ʘ ʦʜ 10 m/min ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʦʿʘʚʝ ʤʫʯʥʠʥʝ. ʇʨʦʩʪʦʨʠ ʿʝ ʫ 

ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʨʫʯʥʦ ʦʜʚʘʿʘˁʝ ʦʪʧʘʜʘ ʩʫ ʦʙʠʯʥʦ ʢʦʥʪʝʿʥʝʨʩʢʦʛ ʪʠʧʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʨʘʜʠ ʦ 

ʩʢʫʯʝʥʦʤ ʠ ʟʘʪʚʦʨʝʥʦʤ ʧʨʦʩʪʦʨʫ.  

 

 

ʉʣʠʢʘ 3 ï ʈʘʜ ʟʘ ʧʦʢʨʝʪʥʦʤ ʪʨʘʢʦʤ ʫ ʧʨʦʩʪʦʨʫ ʟʘ ʨʫʯʥʦ ʦʜʚʘʿʘˁʝ ʦʪʧʘʜʘ 

ʋ ʧʦʩʪʨʦʿʝˁʝ ʟʘ ʩʝʢʫʥʜʘʨʥʫ ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ ʜʦʚʦʟʠ ʩʝ ʤʝʰʘʥʠ ʦʪʧʘʜ, ʫ ʢʦʤʝ ʩʝ ʤʦʛʫ 

ʥʘ˂ʠ ʠ ʦʧʘʩʘʥ ʦʪʧʘʜ, ʦʰʪʨʠ ʧʨʝʜʤʝʪʠ ʠʣʠ ʢʨʭʦʪʠʥʝ (ʩʣʦʤˀʝʥʦ ʩʪʘʢʣʦ, ʧʣʘʩʪʠʯʥʠ ʜʝʣʦʚʠ ʩʘ 

ʦʰʪʨʠʤ ʠʚʠʮʘʤʘ ʠʪʜ.) ʢʦʿʝ ʤʦʛʫ ʫʟʨʦʢʦʚʘʪʠ ʧʦʚʨʝʹʠʚʘˁʝ ʠʣʠ ʦʰʪʝ˂ʝˁʝ ʟʘʧʦʩʣʝʥʠʭ ʢʦʿʠ 

ʜʦʣʘʟʝ ʫ ʜʦʜʠʨ ʩʘ ˁʠʤʘ. ʋ ʢʦʤʫʥʘʣʥʦʤ ʦʪʧʘʜʫ, ʫ ʚʝʣʠʢʦʤ ʧʨʦʮʝʥʪʫ ʥʘʣʘʟʠ ʩʝ ʠ ʘʤʙʘʣʘʞʥʠ 

ʦʪʧʘʜ ʦʜ ʩʨʝʜʩʪʘʚʘ ʟʘ ʭʠʛʠʿʝʥʫ ʠ ʢʫ˂ʥʝ ʭʝʤʠʿʝ, ʩʘ ʟʘʦʩʪʘʣʦʤ ʦʜʨʝʹʝʥʦʤ ʢʦʣʠʯʠʥʦʤ ʦʧʘʩʥʝ 

ʤʝʪʝʨʠʿʝ (ʩʫʤʧʦʨʥʘ ʢʠʩʝʣʠʥʘ, ʩʦʥʘ ʢʠʩʝʣʠʥʘ, ʠʪʜ). ʏʝʩʪʦ ʩʝ ʫ ʢʦʤʫʥʘʣʥʦʤ ʦʪʧʘʜʫ ʤʦʞʝ ʥʘ˂ʠ 

ʠ ʦʪʧʘʜ ʢʦʿʠ ʿʝ ʠʥʬʝʢʪʠʚʘʥ, ʧʘ ʧʦʩʪʦʿʠ ʦʧʘʩʥʦʩʪ ʦʜ ʪʝʪʘʥʫʩʘ, ʭʝʧʘʪʠʪʠʩʘ ʠ ʍʀɺ ʠʥʬʝʢʮʠʿʝ. 

ʅʝʧʨʠʿʘʪʥʠ ʤʠʨʠʩʠ, ʧʨʘʰʠʥʘ ʠ ʜʠʤ ʢʦʿʠ ʩʫ ʧʦʩʣʝʜʠʮʘ ʧʨʦʮʝʩʘ ʨʘʩʧʘʜʘˁʘ ʦʨʛʘʥʩʢʦʛ ʦʪʧʘʜʘ, 

ʪʘʢʦʹʝ ʩʝ ʿʘʚˀʘʿʫ ʢʘʦ ʰʪʝʪʥʦʩʪʠ ʢʦʿʦʿ ʩʫ ʟʘʧʦʩʣʝʥʠ ʠʟʣʦʞʝʥʠ. 
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3. ʄɽʊʆɼʆʃʆɻʀɱɸ ʇʈʆʎɽʅɽ ʈʀɿʀʂɸ 

ʅʘ ʦʩʥʦʚʫ ʧʨʠʢʫʧˀʝʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʧʨʝʧʦʟʥʘʪʠʭ, ʦʜʥʦʩʥʦ ʫʪʚʨʹʝʥʠʭ ʦʧʘʩʥʦʩʪʠ ʠ 

ʰʪʝʪʥʦʩʪʠ ʫ ʨʘʜʥʦʿ ʦʢʦʣʠʥʠ ʥʘ ʩʚʘʢʦʤ ʨʘʜʥʦʤ ʤʝʩʪʫ, ʠʟʙʦʨʦʤ ʠ ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʤʝʪʦʜʘ ʚʨʰʠ ʩʝ ʧʨʦʮʝˁʠʚʘˁʝ ʨʠʟʠʢʘ ï ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʠ ʪʝʞʠʥʝ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, 

ʦʰʪʝ˂ʝˁʘ ʟʜʨʘʚˀʘ ʠʣʠ ʦʙʦˀʝˁʘ ʟʘʧʦʩʣʝʥʦʛ [4]. ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʘʥʘʣʠʟʠ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʠ ʪʝʞʠʥʝ ʤʦʛʫ˂ʝ ʧʦʚʨʝʜʝ ʥʘ ʨʘʜʫ, ʦʰʪʝ˂ʝˁʘ ʟʜʨʘʚˀʘ ʠʣʠ ʦʙʦˀʝˁʘ 

ʟʘʧʦʩʣʝʥʦʛ ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ ʧʨʦʫʟʨʦʢʦʚʘʥʠʭ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʠ ʫ ʨʘʜʥʦʿ ʦʢʦʣʠʥʠ.  

ʇʨʝ ʧʨʠʩʪʫʧʘˁʫ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʘʙʨʘʪʠ ʤʝʪʦʜʦʣʦʛʠʿʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ. 

ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ: Guardmaster, Kinney, Pilz, Wko, Auva, ʠʪʜ. 

ʋ ʦʚʦʤ ʨʘʜʫ ˂ʝ ʙʠʪʠ ʧʨʠʤʝˁʝʥʘ Kinney ʤʝʪʦʜʘ ʟʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ.  

Kinney ʤʝʪʦʜʘ ʩʘʛʣʝʜʘʚʘ ʪʨʠ ʢʨʠʪʝʨʠʿʫʤʘ ʢʦʿʠ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ: 

1. ʇʦʩʣʝʜʠʮʘ-ʪʝʞʠʥʘ ʧʦʚʨʝʜʘ ʠʣʠ ʦʙʦˀʝˁʘ (T). 

2. ɺʝʨʦʚʘʪʥʦ˂ʘ- ʥʘʩʪʘʥʢʘ ʥʝʞʝˀʝʥʦʛ ʜʦʛʘʹʘʿʘ (ɺ).  

3. ʋʯʝʩʪʘʣʦʩʪ-ʚʨʝʤʝ ʠʟʣʘʛʘˁʘ ʦʧʘʩʥʦʩʪʠʤʘ ʠʣʠ ʰʪʝʪʥʦʩʪʠʤʘ (ʋ). 

ʅʘʢʦʥ ʘʥʘʣʠʟʝ ʦʚʘ ʪʨʠ ʢʨʠʪʝʨʠʿʫʤʘ ʧʨʠʩʪʫʧʘ ʩʝ ʠʟʨʘʯʫʥʘʚʘˁʫ ʨʠʟʠʢʘ, ʫ ʢʦʤʝ ʩʝ ʥʠʚʦ 

ʨʠʟʠʢʘ ʜʝʬʠʥʠʰʝ ʢʘʦ ʧʨʦʠʟʚʦʜ ʧʦʩʣʝʜʠʮʘ, ʚʝʨʦʚʘʪʥʦ˂ʝ ʠ ʫʯʝʩʪʘʣʦʩʪʠ.   

 

ʈ = ʊ ʭ ɺʭ ʋ 

 

ʅʘʢʦʥ ʧʨʦʨʘʯʫʥʘ ʨʠʟʠʢʘ ʟʘ ʩʚʘʢʫ ʦʧʘʩʥʦʩʪ/ʰʪʝʪʥʦʩʪ ʚʨʰʠ ʩʝ ʨʘʥʛʠʨʘˁʝ ʥʘ ʦʩʥʦʚʫ 

ʥʠʚʦʘ (ʨʘʥʛʘ) ʨʠʟʠʢʘ (ʊʘʙʝʣʘ 1): 

ʊʘʙʝʣʘ 1 ï ʅʠʚʦ ʨʠʟʠʢʘ ʧʦ Kinney ʤʝʪʦʜʠ 

ʈɸʅɻ ʆʇʀʉ ʂʃɸʉʀʌʀʂɸʎʀɱɽ 

1 ʈÒ20 ʇʨʠʭʚʘʪˀʠʚ 

2 
20<ʈÒ70 ʄʘʣʠ; ʇʦʪʨʝʙʘʥ ʦʧʨʝʟ, ʨʝʰʠʪʠ ʛʘ ʨʝʜʦʚʥʦʤ ʧʨʦʮʝʜʫʨʦʤ ï ʨʘʜʥʠʤ 

ʫʧʫʩʪʚʦʤ. 

3 70<ʈÒ200 ʋʤʝʨʝʥʠ; ʇʦʪʨʝʙʥʝ ʤʝʨʝ  

4 200<ʈÒ400 ɺʠʩʦʢʠ; ʇʦʪʨʝʙʥʘ ʙʨʟʘ ʨʝʘʢʮʠʿʘ ʦʜ ʩʪʨʘʥʝ ʚʠʰʝʛ ʨʫʢʦʚʦʜʩʪʚʘ, 

ʟʘʭʪʝʚʘʪʠ ʧʦʙʦˀʰʘˁʝ ʦʜ ʧʨʚʦʛ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦʛ. 

5 ʈ>400 ɽʢʩʪʨʝʤʥʠ ʨʠʟʠʢ; ʇʨʝʢʠʥʫʪʠ ʘʢʪʠʚʥʦʩʪ; ʇʦʪʨʝʙʥʘ ʤʦʤʝʥʪʘʣʥʘ ʘʢʮʠʿʘ 

ʦʜ ʩʪʨʘʥʝ ʥʘʿʚʠʰʝʛ ʨʫʢʦʚʦʜʩʪʘʚʘ 

 

ʂʘʜʘ ʩʝ ʧʨʦʨʘʯʫʥʘʿʫ ʩʚʠ ʨʠʟʠʮʠ, ʩʘʛʣʝʜʘʚʘ ʩʝ ʩʚʘʢʘ ʦʧʘʩʥʦʩʪ ʠ ʰʪʝʪʥʦʩʪ, ʘ ʥʘʿʚʝ˂ʠ ʦʜ 

ˁʠʭ ʩʝ ʫʟʠʤʘ ʢʘʦ ʤʝʨʦʜʘʚʘʥ ʟʘ ʪʦ ʨʘʜʥʦ ʤʝʩʪʦ. ɿʘ ʨʘʜʥʦ ʤʝʩʪʦ ʩʘ ʧʦʚʝ˂ʘʥʠʤ ʨʠʟʠʢʦʤ ʩʤʘʪʨʘ 

ʩʝ ʨʘʜʥʦ ʤʝʩʪʦ ʟʘ ʢʦʿʝ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʚʨʝʜʥʦʩʪ ʨʠʟʠʢʘ ʚʝ˂ʘ ʦʜ 70. 

3.1. ɸʥʘʣʠʟʘ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ  

ʋ ʪʘʙʝʣʠ 2. ʩʫ ʧʨʠʢʘʟʘʥʝ ʩʚʝ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʚʝʟʘʥʝ ʟʘ ʨʘʜʥʦ ʤʝʩʪʦ, ʢʘʦ ʠ 

ˁʠʭʦʚʝ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʫʯʝʩʪʘʣʦʩʪ ʥʘʩʪʘʥʢʘ ʠ ʪʝʞʠʥʘ ʧʦʚʨʝʜʘ ʠ ʠʟʨʘʯʫʥʘʪʠ ʥʠʚʦ ʨʠʟʠʢʘ. 
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 ʊʘʙʝʣʘ 2 ï ʅʠʚʦ ʨʠʟʠʢʘ ʟʘ ʧʨʝʧʦʟʥʘʪʝ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ 

ʈʝʜʥʠ 

ʙʨʦʿ 
ʇʈɽʇʆɿʅɸʊʀ ʈʀɿʀʎʀ 

ʇʈʆʎɽʅɸ ʈʀɿʀʂɸ 

ʇʦʩʣʝʜʠʮʝ 

ʇ 

ɺʝʨʦʚʘʪʥʦ˂ʘ 

ɺ 

ʋʯʝʩʪʘʣʦʩʪ 

ʋ 

ʅʠʚʦ ʨʠʟʠʢʘ 

ʈ=ʇxɺxʋ 

ʄʝʭʘʥʠʯʢʝ ʦʧʘʩʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʢʦʨʠʰʪʝˁʝʤ ʦʧʨʝʤʝ ʟʘ ʨʘʜ 

1 
ʅʝʜʦʚʦˀʥʘ ʙʝʟʙʝʜʥʦʩʪ ʟʙʦʛ ʨʦʪʠʨʘʿʫ˂ʠʭ ʠʣʠ 

ʧʦʢʨʝʪʥʠʭ ʜʝʣʦʚʘ  
6 3 10 180 

2 
ʅʝʤʦʛʫ˂ʥʦʩʪ ʠʣʠ ʦʛʨʘʥʠʯʝʥʦʩʪ ʧʨʘʚʦʚʨʝʤʝʥʦʛ 

ʫʢʣʘˁʘˁʘ ʩʘ ʨʘʜʥʦʛ ʤʝʩʪʘ  
6 3 10 180 

3 
ʉʣʦʙʦʜʥʦ ʢʨʝʪʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʤʦʛʫ 

ʥʘʥʝʪʠ ʧʦʚʨʝʜʫ ʟʘʧʦʩʣʝʥʦʤ 
6 3 10 180 

4 ʋʥʫʪʨʘʰˁʠ ʪʨʘʥʩʧʦʨʪ 6 1 10 60 

5 ʂʨʝʪʘˁʝ ʨʘʜʥʠʭ ʤʘʰʠʥʘ 6 1 10 60 

ʆʧʘʩʥʦʩʪʠ ʢʦʿʝ ʧʦʿʘʚˀʫʿʫ ʫ ʚʝʟʠ ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʦʛ ʤʝʩʪʘ 

6 
ʆʧʘʩʥʝ ʧʦʚʨʰʠʥʝ ï ʧʦʜʦʚʠ, ʩʚʝ ʚʨʩʪʝ ʛʘʟʠʰʪʘ, 

ʧʦʚʨʰʠʥʝ ʩʘ ʢʦʿʠʤʘ ʟʘʧʦʩʣʝʥʠ ʜʦʣʘʟʠ ʫ ʜʦʜʠʨ 

ʠ ʩʣ.  
2 3 10 60 

7 ʄʦʛʫ˂ʥʦʩʪ ʢʣʠʟʘˁʘ ʠ ʩʧʦʪʠʮʘˁʘ  2 3 10 60 

8 

ʈʘʜ ʫ ʩʢʫʯʝʥʦʤ, ʦʛʨʘʥʠʯʝʥʦʤ ʠʣʠ ʦʧʘʩʥʦʤ 

ʧʨʦʩʪʦʨʫ (ʠʟʤʝʹʫ ʜʚʘ ʠʣʠ ʚʠʰʝ ʬʠʢʩʠʨʘʥʠʭ 

ʜʝʣʦʚʘ, ʠʟʤʝʹʫ ʧʦʢʨʝʪʥʠʭ ʜʝʣʦʚʘ ʠʣʠ ʚʦʟʠʣʘ, 

ʨʘʜ ʫ ʟʘʪʚʦʨʝʥʦʤ ʧʨʦʩʪʦʨʫ ʢʦʿʠ ʿʝ ʥʝʜʦʚʦˀʥʦ 

ʦʩʚʝʪˀʝʥ ʠʣʠ ʧʨʦʚʝʪʨʘʚʘʥ, ʠ ʩʣ.)  

2 3 10 60 

ɹʠʦʣʦʰʢʝ ʰʪʝʪʥʦʩʪʠ 

9 ɹʘʢʪʝʨʠʿʝ 2 6 10 120 

10 ɻˀʠʚʠʮʝ 2 6 10 120 

11 ʇʘʨʘʟʠʪʠ 2 6 10 120 

12 ɺʠʨʫʩʠ 6 3 10 180 

13 ʆʩʪʘʣʝ ʙʠʦʣʦʰʢʝ ʰʪʝʪʥʦʩʪʠ 6 3 10 180 

ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ ʠ ʜʠʤʦʚʠ 

14 ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ, ʧʨʘʰʠʥʘ ʠ ʜʠʤʦʚʠ  3 3 10 90 

15 ʀʟʣʦʞʝʥʦʩʪ ʥʝʭʠʛʠʿʝʥʩʢʠʤ ʫʩʣʦʚʠʤʘ ʨʘʜʘ  2 3 10 60 

ʌʠʟʠʯʢʝ ʰʪʝʪʥʦʩʪʠ 

16 ɹʫʢʘ ʠ ʚʠʙʨʘʮʠʿʝ 3 1 10 30 

ʐʪʝʪʥʦʩʪʠ ʢʦʿʝ ʥʘʩʪʘʿʫ ʢʦʨʠʰ˂ʝˁʝʤ ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ 

17 

ɼʨʫʛʝ ʰʪʝʪʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʫ ʨʘʜʥʦʤ 

ʧʨʦʮʝʩʫ, ʘ ʢʦʿʝ ʤʦʛʫ ʜʘ ʙʫʜʫ ʫʟʨʦʢ ʧʦʚʨʝʜʝ ʥʘ 

ʨʘʜʫ ʟʘʧʦʩʣʝʥʦʛ, ʧʨʦʬʝʩʠʦʥʘʣʥʦʛ ʦʙʦˀʝˁʘ 

ʠʣʠ ʦʙʦˀʝˁʘ ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ 

3 3 10 90 

ʐʪʝʪʥʦʩʪʠ ʢʦʿʝ ʧʨʦʠʩʪʠʯʫ ʠʟ ʧʩʠʭʦʬʠʟʠʯʢʠʭ ʥʘʧʦʨʘ 

18 
ʅʝʬʠʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿ ʪʝʣʘ  

(ʜʫʛʦʪʨʘʿʥʦ ʩʪʘʿʘˁʝ) 
3 1 10 30 

19 
ʅʘʧʦʨʠ ʠʣʠ ʪʝʣʝʩʥʘ ʥʘʧʨʝʟʘˁʘ - ʜʫʛʦʪʨʘʿʥʝ 

ʧʦʚʝ˂ʘʥʝ ʪʝʣʝʩʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʣ 
2 1 10 30 

ʐʪʝʪʥʦʩʪʠ ʢʦʿʝ ʧʨʦʠʩʪʠʯʫ ʠʟ ʧʩʠʭʠʯʢʠʭ ʥʘʧʦʨʘ 
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20 ʇʩʠʭʦʣʦʰʢʘ ʦʧʪʝʨʝ˂ʝˁʘ - ʩʪʨʝʩ 2 3 6 36 

21 ʇʩʠʭʦʣʦʰʢʘ ʦʧʪʝʨʝ˂ʝˁʘ - ʤʦʥʦʪʦʥʠʿʘ 2 3 6 36 

22 ʀʥʪʝʥʟʠʪʝʪ ʫ ʨʘʜʫ 2 1 10 30 

23 ʇʨʦʩʪʦʨʥʘ ʫʩʣʦʚˁʝʥʦʩʪ ʨʘʜʥʦʛ ʤʝʩʪʘ 2 1 10 30 

24 ʅʝʜʦʚʦˀʥʘ ʤʦʪʠʚʘʮʠʿʘ ʟʘ ʨʘʜ 2 1 10 30 

ʐʪʝʪʥʦʩʪʠ ʚʝʟʘʥʝ ʟʘ ʦʨʛʘʥʠʟʘʮʠʿʫ ʨʘʜʘ 

25 
ʈʘʜ ʫ ʩʤʝʥʘʤʘ, ʘ ʜʫʞʠ ʦʜ ʧʫʥʦʛ ʨʘʜʥʦʛ 

ʚʨʝʤʝʥʘ 2 3 6 36 

4. ʄɽʈɽ ɿɸ ʉʄɸɳɽɳɽ ʈʀɿʀʂɸʆɼ ʆʇɸʉʅʆʉʊʀ ʀ ʐʊɽʊʅʆʉʊʀ  

ʅʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʠʟʨʘʯʫʥʘʪʦʛ ʥʠʚʦʘ ʨʠʟʠʢʘ ʟʘ ʩʚʝ ʧʨʝʧʦʟʥʘʪʝ ʦʧʘʩʥʦʩʪʠ ʠ 

ʰʪʝʪʥʦʩʪʠ, ʘ ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʥʠʚʦʘ ʨʠʟʠʢʘ ʧʨʝʢʦ 70, ʧʦʪʨʝʙʥʦ ʿʝ ʤʝʨʝ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ. 

ʆʚʝ ʤʝʨʝ ʤʦʛʫ ʩʝ ʧʦʜʝʣʠʪʠ ʫ ʜʚʝ ʦʙʣʘʩʪʠ. ʇʨʚʘ ʦʙʣʘʩʪ ʿʝ ʟʘ ʩʤʘˁʝˁʝ ʦʧʘʩʘʥʦʩʪʠ ʚʝʟʘʥʝ ʟʘ 

ʢʦʨʠʰ˂ʝˁʝ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʠ ʜʨʫʛʘ ʟʘ ʩʤʘˁʝˁʝ ʰʪʝʪʥʦʩʪʠ ʧʨʚʝʥʩʪʚʝʥʦ ʙʠʦʣʦʰʢʠʭ ʧʘ ʦʥʜʘ ʠ 

ʭʝʤʠʿʩʢʠʭ.  

ʋ ʮʠˀʫ ʩʤʘˁʝˁʘ ʨʠʟʠʢʘ ʚʝʟʘʥʦʛ ʟʘ ʢʦʨʠʰ˂ʝˁʝ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʧʦʪʨʝʙʥʦ ʿʝ ʫʛʨʘʜʠʪʠ 

ʩʠʛʫʨʥʦʩʥʝ ʢʦʯʥʠʮʝ ʢʦʿʝ ʙʣʦʢʠʨʘʿʫ ʨʘʜ ʪʨʘʢʘ ʟʘ ʪʨʘʥʩʧʦʨʪ ʦʪʧʘʜʘ. ʆʚʘʿ ʩʠʩʪʝʤ ʤʦʞʝ ʙʠʪʠ 

ʜʝʬʠʥʠʩʘʥ: ʟʘʰʪʠʪʥʠʤ ʢʘʙʣʦʤ, ʟʘʰʪʠʪʥʠʤ (ʩʪʦʧ) ʪʘʩʪʝʨʠʤʘ ʠʣʠ ʟʘʰʪʠʪʥoʤ ʦʛʨʘʜʦʤ. 

ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʩʣʦʙʦʜʥʦ ʢʨʝʪʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʤʦʛʫ ʥʘʥʝʪʠ ʧʦʚʨʝʜʫ ʟʘʧʦʩʣʝʥʦʤ, 

ʫʥʫʪʨʘʰˁʠ ʪʨʘʥʩʧʦʨʪ ʠ ʢʨʝʪʘˁʝ ʨʘʜʥʠʭ ʤʘʰʠʥʘ ʪʨʝʙʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʜʘ ʩʝ ʨʘʜʥʠʮʠʤʘ  

ʦʥʝʤʦʛʫ˂ʠ ʧʨʠʩʪʫʧ ʪʦʿ ʟʦʥʠ, ʘ ʘʢʦ ʪʦ ʥʠʿʝ ʤʦʛʫ˂ʝ ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʩʝ ʤʘʰʠʥʝ ʦʧʨʝʤʝ ʟʚʫʯʥʠʤ 

ʠ ʩʚʝʪʣʦʩʥʠʤ ʩʠʛʥʘʣʠʤʘ, ʢʘʦ ʠ ʜʘ ʩʝ ˁʠʭʦʚʘ ʙʨʟʠʥʘ ʦʛʨʘʥʠʯʠ ʥʘ 5 km/h. 

ʂʘʜʘ ʿʝ ʨʝʯ ʦ ʰʪʝʪʥʦʩʪʠʤʘ, ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʩʝ ʤʦʨʘ ʧʦʢʣʦʥʠʪʠ ʩʤʘˁʝˁʫ ʙʠʦʣʦʰʢʠʭ 

ʰʪʝʪʥʦʩʪʠ. ʂʘʢʦ ʩʝ ʫ ʉʨʙʠʿʠ ʥʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʠʿʝ ʪʨʝʥʫʪʥʦ ʦʜʣʘʞʝ ʠ ʠʥʬʝʢʪʠʚʥʠ ʦʪʧʘʜ 

ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʟʘʧʦʩʣʝʥʠ ʜʦʹʝ ʫ ʢʦʥʪʘʢʪ ʩʘ ʪʘʢʚʦʤ ʚʨʩʪʦʤ ʦʪʧʘʜʘ ʠ ʙʫʜʝ ʟʘʨʘʞʝʥ 

ʠʥʬʝʢʪʠʚʥʠʤ ʙʦʣʝʩʪʠʤʘ (ʭʝʧʘʪʠʪʠʩ, ʤʦʥʦʥʫʢʣʝʦʟʘ, ʍʀɺ...) ʢʦʜ ʢʦʿʠʭ ʩʤʨʪʥʠ ʠʩʭʦʜ ʥʠʿʝ 

ʠʩʢˀʫʯʝʥ. ɿʙʦʛ ʪʦʛʘ ʟʘʧʦʩʣʝʥʠ ʤʦʨʘ ʙʠʪʠ ʦʙʫʯʝʥ ʜʘ ʧʨʝʧʦʟʥʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʘʥ ʦʪʧʘʜ, ʜʘ 

ʙʫʜʝ ʦʧʨʝʤˀʝʥ ʨʫʢʘʚʠʮʘʤʘ ʢʦʿʝ ʩʫ ʦʪʧʦʨʥʝ ʥʘ ʧʨʦʜʠʨʘˁʝ ʦʰʪʨʠʭ ʧʨʝʜʤʝʪʘ, ʢʘʦ ʠ ʜʘ ʩʝ 

ʧʨʠʣʘʛʦʜʠ ʙʨʟʠʥʘ ʢʨʝʪʘˁʘ ʪʨʘʢʝ ʢʘʢʦ ʙʠ ʟʘʧʦʩʣʝʥʠ ʠʤʘʦ ʚʨʝʤʝʥʘ ʜʘ ʫʦʯʠ ʪʘʢʚʝ ʧʨʝʜʤʝʪʝ ʠ 

ʙʝʟ ʦʧʘʩʥʦʩʪʠ ʠʭ ʫʢʣʦʥʠ ʩʘ ʪʨʘʢʝ. ɼʘ ʙʠ ʩʝ ʩʤʘˁʠʦ ʨʠʟʠʢ ʦʜ ʦʙʦʣʝʚʘˁʘ ʫʩʣʝʜ ʥʘʚʝʜʝʥʠʭ 

ʠʥʬʝʢʮʠʿʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʟʘʧʦʩʣʝʥʝ ʧʦʜʚʨʛʘʚʘʪʠ ʧʝʨʠʦʜʠʯʥʠʤ ʣʝʢʘʨʩʢʠʤ ʧʨʝʛʣʝʜʠʤʘ, ʢʘʦ ʠ 

ʚʘʢʮʠʥʘʮʠʿʘʤʘ. 

ʋ ʦʪʧʘʜʫ ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʥʘ ʩʘʥʠʪʘʨʥʝ ʜʝʧʦʥʫʿʝ ʪʘʢʦʹʝ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʠ ʘʤʙʘʣʘʞʘ ʦʜ 

ʢʫ˂ʥʝ ʭʝʤʠʿʝ ʫ ʢʦʿʦ ʿʿʝ ʟʘʦʩʪʘʣʘ ʦʜʨʝʹʝʥʘ ʢʦʣʠʯʠʥʘ ʦʧʘʩʥʝ ʤʝʪʝʨʠʿʝ (ʩʫʤʧʦʨʥʘ ʢʠʩʝʣʠʥʘ, 

ʩʦʥʘ ʢʠʩʝʣʠʥʘ, ʠʪʜ). ɿʘʧʦʩʣʝʥʠ ʤʦʨʘ ʙʠʪʠ ʦʙʫʯʝʥ ʜʘ ʧʨʝʧʦʟʥʘ ʦʚʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʫ 

ʘʤʙʘʣʘʞʫ ʠ ʢʘʢʦ ʜʘ ʩʘ ˁʦʤ ʧʦʩʪʫʧʘ. ʈʘʜʥʦ ʦʜʝʣʦ ʠ ʨʫʢʘʚʠʮʝ ʢʦʿʠʤʘ ʿʝ ʟʘʧʦʩʣʝʥʠ ʦʧʨʝʤˀʝʥ 

ʤʦʨʘʿʫ ʙʠʪʠ ʦʪʧʦʨʥʝ ʥʘ ʪʘʢʘʚ ʩʘʜʨʞʘʿ. ʊʘʢʦʹʝ, ʤʦʨʘ ʩʝ ʩʧʨʝʯʠʪʠ ʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʜʦʹʝ ʠ 

ʢʦʥʪʘʢʪʘ ʩʘ ʦʯʠʤʘ, ʧʘ ʟʘʧʦʩʣʝʥʠ ʤʦʨʘ ʜʘ ʥʦʩʠ ʠ ʟʘʰʪʠʪʥʝ ʥʘʦʯʘʨʝ. 

ʂʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʣʠ ʥʝʧʨʠʿʘʪʥʠ ʤʠʨʠʩʠ, ʧʨʘʰʠʥʘ ʠ ʜʠʤ ʢʦʿʠ ʩʫ ʧʦʩʣʝʜʠʮʘ ʧʨʦʮʝʩʘ 

ʨʘʩʧʘʜʘˁʘ ʦʨʛʘʥʩʢʦʛ ʦʪʧʘʜʘ, ʧʨʦʩʪʦʨʠʿʘ ʤʦʨʘ ʙʠʪʠ ʦʧʨʝʤˀʝʥʘ ʩʠʩʪʝʤʦʤ ʟʘ ʚʝʥʪʠʣʘʮʠʿʫ, ʢʘʦ 

ʪhʦ ʿʝ ʠ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3. 

5. ʇʈʆʎɽʅɸ ʈʀɿʀʂɸ ʅɸʂʆʅ ʇʈʀʄɽɳɽʅʀʍ ʄɽʈɸ ɿɸ ʉʄɸɳɽɳɽ 

ʈʀɿʀʂɸ ʆɼ ʆʇɸʉʅʆʉʊʀ ʀ ʐʊɽʊʅʆʉʊʀ 

ʋ ʪʘʙʝʣʠ 3. ʧʨʠʢʘʟʘʥ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʥʠʚʦ ʨʠʟʠʢʘ ʥʘʢʦʥ ʩʧʨʦʚʝʜʝʥʠʭ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ 

ʨʠʟʠʢʘ ʟʘ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʟʘ ʢʦʿʝ ʿʝ, ʫ ʧʨʚʦʤ ʢʦʨʘʢʫ ʥʠʚʦ ʨʠʟʠʢʘ ʠʟʥʦʩʠʦ ʚʠʰʝ ʦʜ 70. 
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 ʊʘʙʝʣʘ 3 ï ʅʠʚʦ ʨʠʟʠʢʘ ʥʘʢʦʥ ʩʧʨʦʚʝʜʝʥʠʭ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ 

ʈʝʜʥʠ 

ʙʨʦʿ 
ʇʈɽʇʆɿʅɸʊʀ ʈʀɿʀʎʀ 

ʇʈʆʎɽʅɸ ʈʀɿʀʂɸ 

ʇʦʩʣʝʜʠʮʝ 

ʇ 

ɺʝʨʦʚʘʪʥʦ˂ʘ 

ɺ 

ʋʯʝʩʪʘʣʦʩʪ 

ʋ 

ʅʠʚʦ ʨʠʟʠʢʘ 

ʈ=ʇxɺxʋ 

ʄʝʭʘʥʠʯʢʝ ʦʧʘʩʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʢʦʨʠʰʪʝˁʝʤ ʦʧʨʝʤʝ ʟʘ ʨʘʜ 

1 
ʅʝʜʦʚʦˀʥʘ ʙʝʟʙʝʜʥʦʩʪ ʟʙʦʛ ʨʦʪʠʨʘʿʫ˂ʠʭ ʠʣʠ 

ʧʦʢʨʝʪʥʠʭ ʜʝʣʦʚʘ  6 1 10 60 

2 
ʅʝʤʦʛʫ˂ʥʦʩʪ ʠʣʠ ʦʛʨʘʥʠʯʝʥʦʩʪ ʧʨʘʚʦʚʨʝʤʝʥʦʛ 

ʫʢʣʘˁʘˁʘ ʩʘ ʨʘʜʥʦʛ ʤʝʩʪʘ  
6 1 10 60 

3 
ʉʣʦʙʦʜʥʦ ʢʨʝʪʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʤʦʛʫ ʥʘʥʝʪʠ 

ʧʦʚʨʝʜʫ ʟʘʧʦʩʣʝʥʦʤ 
6 1 10 60 

ɹʠʦʣʦʰʢʝ ʰʪʝʪʥʦʩʪʠ 

4 ɹʘʢʪʝʨʠʿʝ 2 3 10 60 

5 ɻˀʠʚʠʮʝ 2 3 10 60 

6 ʇʘʨʘʟʠʪʠ 2 3 10 60 

7 ɺʠʨʫʩʠ 6 1 10 60 

8 ʆʩʪʘʣʝ ʙʠʦʣʦʰʢʝ ʰʪʝʪʥʦʩʪʠ 6 1 10 60 

ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ ʠ ʜʠʤʦʚʠ 

9 ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ, ʧʨʘʰʠʥʘ ʠ ʜʠʤʦʚʠ  3 1 10 30 

ʐʪʝʪʥʦʩʪʠ ʢʦʿʝ ʥʘʩʪʘʿʫ ʢʦʨʠʰ˂ʝˁʝʤ ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ 

10 

ɼʨʫʛʝ ʰʪʝʪʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʫ ʨʘʜʥʦʤ 

ʧʨʦʮʝʩʫ, ʘ ʢʦʿʝ ʤʦʛʫ ʜʘ ʙʫʜʫ ʫʟʨʦʢ ʧʦʚʨʝʜʝ ʥʘ 

ʨʘʜʫ ʟʘʧʦʩʣʝʥʦʛ, ʧʨʦʬʝʩʠʦʥʘʣʥʦʛ ʦʙʦˀʝˁʘ ʠʣʠ 

ʦʙʦˀʝˁʘ ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ 

3 1 10 30 

6. ɿɸʂɲʋʏɸʂ 

ʇʦʩʣʦʚʠ ʫ ʦʙʣʘʩʪʠ ʪʨʘʪʤʘʥʘ ʦʪʧʘʜʘ (ʩʘʢʫʧˀʘˁʝ, ʨʝʮʠʢʣʘʞʘ ʠʪʜ), ʩʧʘʜʘʿʫ ʫ ʚʠʩʦʢʦ 

ʨʠʟʠʯʥʝ ʧʦʩʣʦʚʝ. ʆʙʟʠʨʦʤ ʥʘ ʨʘʟʥʦʚʨʩʥʦʩʪ ʦʪʧʘʜʘ ʩʘ ʢʦʿʠʤ ʜʦʣʘʟʝ ʫ ʢʦʥʪʘʢʪ, ʘ ʤʝʹʫ ʢʦʿʠʤ ʩʝ 

ʥʘʣʘʟʠ ʠ ʦʧʘʩʘʥ ʦʪʧʘʜ, ʨʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʦʚʘʢʚʝ ʧʦʩʣʦʚʝ ʠʟʣʦʞʝʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠʤ 

ʰʪʝʪʥʠʤ ʜʝʿʩʪʚʠʤʘ ʦʚʠʭ ʚʨʩʪʘ ʦʪʧʘʜʘ (ʭʝʤʠʿʩʢʠʤ, ʙʠʦʣʦʰʢʠʤ,...). ɹʨʦʿ ʨʘʜʥʠʢʘ ʢʦʿʠ ʦʙʘʚˀʘ 

ʦʚʝ ʧʦʩʣʦʚʝ ʫ ʉʨʙʠʿʠ ˂ʝ ʩʝ ʧʦʚʝ˂ʘʚʘʪʠ, ʦʙʟʠʨʦʤ ʥʘ ʩʚʝ ʚʝ˂ʠ ʙʨʦʿ ʧʦʩʪʨʦʿʝˁʘ ʟʘ ʩʝʢʫʥʜʘʨʥʫ 

ʩʝʣʝʢʮʠʿʫ ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʛʨʘʜʠ ʫ ʉʨʙʠʿʠ, ʧʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʩʘʛʣʝʜʘʪʠ ʩʚʝ ʦʧʘʩʥʦʩʪʠ, ʘ 

ʥʘʨʦʯʠʪʦ ʰʪʝʪʥʦʩʪʠ ʢʦʿʠʤʘ ʩʫ ʦʥʠ ʠʟʣʦʞʝʥʠ.  

ʋ ʨʘʜʫ ʿʝ, ʥʘʢʦʥ ʠʟʚʨʰʝʥʝ ʘʥʘʣʠʟʝ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʟʘ ʨʘʜʥʦ ʤʝʩʪʦ ʨʘʜʥʠʢ ʥʘ 

ʩʝʣʝʢʮʠʿʠ ʠ ʩʝʧʘʨʘʮʠʿʠ ʦʪʧʘʜʘ, ʠʟʚʨʰʝʥʘ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʧʨʠʤʝʥʦʤ Kinney ʤʝʪʦʜʝ ʟʘ 

ʧʨʦʮʝʥʫ ʥʠʚʦʘ ʨʠʟʠʢʘ. ʅʘʢʦʥ ʩʧʨʦʚʝʜʝʥʝ ʧʨʦʮʝʜʫʨʝ ʟʘ ʧʨʦʮʝʥʫ ʥʠʚʦʘ ʨʠʟʠʢʘ, ʟʘʢˀʫʯʝʥʦ ʿʝ 

ʜʘ ʿʝ ʟʘ ʤʝʭʘʥʠʯʢʝ ʦʧʘʩʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʢʦʨʠʰʝ˂ˁʝʤ ʦʧʨʝʤʝ ʟʘ ʨʘʜ, ʢʘʦ ʠ ʟʘ 

ʙʠʦʣʦʰʢʝ ʰʪʝʪʥʦʩʪʠ, ʠʟʨʘʯʫʥʘʪʠ ʥʠʚʦ ʨʠʟʠʢʘ ʠʟʥʘʜ 70, ʧʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʨʠʤʝʥʠʪʠ ʤʝʨʝ ʟʘ 

ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ. ʂʘʦ ʤʝʨʝ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʦʧʘʩʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʝ ʩʫ ʫʛʨʘʜˁʘ 

ʩʠʛʫʨʥʦʩʥʠʭ ʢʦʯʥʠʮʘ. ʂʘʦ ʤʝʨʝ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʰʪʝʪʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʝ ʩʫ: ʦʙʫʢʘ 

ʟʘʧʦʩʣʝʥʠʭ ʟʘ ʨʫʢʦʚʘˁʝ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ, ʧʝʨʠʦʜʠʯʥʠ ʣʝʢʘʨʩʢʠ ʧʨʝʛʣʝʜʠ ʠ ʚʘʢʮʠʥʘʮʠʿʝ, 

ʢʘʦ ʠ ʫʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ ʚʝʥʪʠʣʘʮʠʿʫ ʫ ʧʨʦʩʪʦʨʠʿʠ ʟʘ ʨʫʯʥʦ ʦʜʚʘʿʘˁʝ ʦʪʧʘʜʘ. 

ʋ ʜʨʫʛʦʤ ʢʦʨʘʢʫ ʿʝ, ʥʘʢʦʥ ʧʨʠʤʝˁʝʥʠʭ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ, ʠʟʚʨʰʝʥʦ ʧʦʥʦʚʥʦ 

ʠʟʨʘʯʫʥʘʚʘˁʝ ʥʠʚʦʘ ʨʠʟʠʢʘ ʠ ʥʘʢʦʥ ʪʦʛʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʧʨʠʤʝʥʦʤ ʧʨʝʜʣʦʞʝʥʠʭ 

ʤʝʨʘ ʥʦʚʠ ʨʠʟʠʢʘ ʩʚʝʜʝʥ ʥʘ ʧʨʠʭʚʘʪˀʠʚ ʥʠʚʦ (ʠʩʧʦʜ 70), ʰʪʦ ʟʥʘʯʠ ʜʘ ʦʚʦ ʨʘʜʥʦ ʤʝʩʪʦ ʥʠʿʝ 

ʩʘ ʧʦʚʝ˂ʘʥʠʤ ʨʠʟʠʢʦʤ ʫʢʦʣʠʢʦ ʩʝ ʧʨʠʤʝˁʫʿʫ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʢʘʦ ʰʪʦ ʩʫ: ʫʛʨʘʜˁʘ 
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ʩʠʛʫʨʥʦʩʥʠʭ ʢʦʯʥʠʮʘ ʢʦʿʝ ʙʣʦʢʠʨʘʿʫ ʨʘʜ ʪʨʘʢʘ ʟʘ ʪʨʘʥʩʧʦʨʪ ʦʪʧʘʜʘ, ʦʧʨʝʤʘˁʝ ʤʘʰʠʥʘ 

ʟʚʫʯʥʠʤ ʠ ʩʚʝʪʣʦʩʥʠʤ ʩʠʛʥʘʣʠʤʘ, ʢʘʦ ʠ ʦʛʨʘʥʠʯʘʚʘˁʝ ʙʨʟʠʥʝ ʥʘ 5 km/h, ʦʙʫʢʘ ʟʘʧʦʩʣʝʥʠʭ ʜʘ 

ʧʨʝʧʦʟʥʘʿʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʘʥ ʦʪʧʘʜ, ʦʧʨʝʤʘˁʝ ʣʠʯʥʦʤ ʟʘʰʪʠʪʥʦʤ ʦʧʨʝʤʦʤ ʟʘʧʦʩʣʝʥʠʭ, 

ʧʨʠʣʘʛʦʹʘʚʘˁʝ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʪʨʘʥʩʧʦʨʪʥʝ ʪʨʘʢʝ, ʧʦʜʚʨʛʘʚʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʧʝʨʠʦʜʠʯʥʠʤ 

ʣʝʢʘʨʩʢʠʤ ʧʨʝʛʣʝʜʠʤʘ, ʢʘʦ ʠ ʚʘʢʮʠʥʘʮʠʿʘʤʘ, ʫʛʨʘʜˁʘ ʩʠʩʪʝʤʘ ʟʘ ʚʝʥʪʠʣʘʮʠʿʫ ʫ ʧʨʦʩʪʦʨʠʿʝ 

ʛʜʝ ʩʝ ʚʨʰʠ ʩʝʢʫʥʜʘʨʥʘ ʩʝʣʝʢʮʠʿʘ ʦʪʧʘʜʘ. 
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ʋ ʨʘʜʫ ʿʝ ʧʨʠʢʘʟʘʥʦ ʛʘʩʥʦʭʨʦʤʘʪʦʛʨʘʬʩʢʦ ʦʜʨʝʹʠʚʘˁʝ BTEX ʿʝʜʠˁʝˁʘ ʥʘʩʪʘʣʠʭ ʪʝʨʤʠʯʢʠʤ ʪʨʝʪʤʘʥʦʤ 

ˀʫʩʢʝ ʢʦʰʪʠʮʝ ʢʘʿʩʠʿʝ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʢʦʰʪʠʮʝ ʢʘʿʩʠʿʝ, ʪʝʨʤʠʯʢʠ ʪʨʝʪʤʘʥ, BTEX 

BTEX IN PRODUCTS OF THERMAL TREATMENT  OF APRICOT STONE 

ABSTRACT 

The paper presents the gas chromatographic determination of BTEX compounds produced by thermal 

treatment of apricot stone. 

Key words: apricot stone, thermal treatment, BTEX 

1 ʋɺʆɼ 

ʆʙʥʦʚˀʠʚʘ ʝʥʝʨʛʠʿʘ ʿʝ ʚʨʩʪʘ ʝʥʝʨʛʠʿʝ ʠʟ ʙʠʣʦ ʢʦʛ ʠʟʚʦʨʘ ʢʦʿʠ ʤʦʞʝ ʦʙʝʟʙʝʜʠʪʠ 

ʢʦʥʩʪʘʥʪʥʦ ʩʥʘʙʜʝʚʘˁʝ ʪʦʢʦʤ ʚʨʝʤʝʥʘ. ɿʥʘʯʘʿʥʠ ʠʟʚʦʨʠ ʦʙʥʦʚˀʠʚʝ ʝʥʝʨʛʠʿʝ ʩʝ ʤʦʛʫ 

ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʢʘʦ: ʩʦʣʘʨʥʠ, ʚʝʪʘʨ, ʛʝʦʪʝʨʤʘʣʥʠ, ʪʘʣʘʩʠ ʠ ʙʠʦʤʘʩʘ. ʄʝʹʫ ʦʚʠʤ ʠʟʚʦʨʠʤʘ 

ʙʠʦʤʘʩʘ ʿʝ ʥʘʿʚʘʞʥʠʿʠ, ʙʫʜʫ˂ʠ ʜʘ ʿʝ ʧʨʠʢʣʘʜʥʘ ʟʘʤʝʥʘ ʟʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ. 

ʋʧʦʪʨʝʙʘ ʙʠʦʤʘʩʝ ʫʪʠʯʝ ʥʘ ʩʤʘˁʝˁʝ ʛʣʦʙʘʣʥʦʛ ʟʘʛʨʝʚʘˁʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʝʣʝʢʪʨʘʥʘʤʘ ʢʦʿʝ 

ʨʘʜʝ ʥʘ ʬʦʩʠʣʥʘ ʛʦʨʠʚʘ. ɹʠˀʢʝ ʫʟʠʤʘʿʫ ʠ ʩʢʣʘʜʠʰʪʝ CO2 ʪʦʢʦʤ ʩʚʦʛ ʨʘʟʚʦʿʘ. CO2 

ʋʩʢʣʘʜʠʰʪʝʥ ʫ ʙʠˀʢʘʤʘ, ʙʠʚʘ ʦʩʣʦʙʦʹʝʥ ʢʘʜʘ ʩʝ ʙʠˀʢʘ ʩʧʘʣʠ ʠʣʠ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʪʨʫˀʝˁʘ. 

ʆʙʥʘʚˀʘˁʝʤ ʟʘʩʘʜʘ ʙʠʦʤʘʩʝ, ʥʦʚʝ ʙʠˀʢʝ ʫʩʚʘʿʘʿʫ CO2 ʥʘʩʪʘʦ ʩʧʘˀʠʚʘˁʝʤ ʙʠʦʤʘʩʝ ʠʟ 

ʧʨʝʪʭʦʜʥʦʛ ʟʘʩʘʜʘ, ʯʠʤʝ ʩʝ ʟʘʪʚʘʨʘ ʮʠʢʣʫʩ ʫʛˀʝʥʜʠʦʢʩʠʜʘ. ʀʟʚʦʨʠ ʙʠʦʤʘʩʝ ʩʫ 

ʫʛˀʝʥʦʭʠʜʨʘʪʥʠ ʤʘʪʝʨʠʿʘʣʠ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʫʛˀʝʥʠʢʘ, ʚʦʜʦʥʠʢʘ, ʢʠʩʝʦʥʠʢʘ ʠ ʘʟʦʪʘ. ʅʝʢʠ 

ʠʟʚʦʨʠ ʙʠʦʤʘʩʝ ʩʘʜʨʞʝ ʟʥʘʪʥʝ ʢʦʣʠʯʠʥʝ ʥʝʦʨʛʘʥʩʢʠʭ ʩʫʧʩʪʘʥʮʠ. ʅʝʦʨʛʘʥʩʢʝ ʩʫʧʩʪʘʥʮʝ 

ʩʘʯʠˁʘʚʘʿʫ ʧʝʧʝʦ, ʘ ˁʝʛʦʚʘ ʢʦʣʠʯʠʥʘ ʚʘʨʠʨʘ ʦʜ ʤʘˁʝ ʦʜ 1% ʟʘ ʣʠʩʪʦʧʘʜʥʦ ʜʨʚʦ ʜʦ 15% ʟʘ 

ʟʝˀʘʩʪʫ ʙʠʦʤʘʩʫ ʠ ʧʦˀʦʧʨʠʚʨʝʜʥʝ ʦʩʪʘʪʢʝ. ɻʣʘʚʥʝ ʦʨʛʘʥʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʙʠʦʤʘʩʝ ʩʫ: 

ʮʝʣʫʣʦʟʘ, ʭʝʤʠʮʝʣʫʣʦʟʘ ʠ ʣʠʛʥʠʥ [1]. 

2 ʃʀɻʅʀʅ 

ɴʝʣʠʿʩʢʠ ʟʠʜ ʙʠˀʥʝ ˂ʝʣʠʿʝ ʿʝ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʠ ʢʦʤʧʦʟʠʪ ʢʦʿʠ ʫʨʘʚʥʦʪʝʞʘʚʘ ʪʫʨʛʦʨ 

˂ʝʣʠʿʝ, ʦʣʘʢʰʘʚʘ ʫʩʤʝʨʝʥʠ ʨʘʩʪ ˂ʝʣʠʿʝ ʠ ʦʜʨʝʹʫʿʝ ʦʙʣʠʢ ʠ ʬʫʥʢʮʠʿʫ ʙʠˀʢʝ. ɴʝʣʠʿʩʢʠ ʟʠʜ ʩʝ 

ʩʘʩʪʦʿʠ ʧʨʠʤʘʨʥʦ ʦʜ ʮʝʣʫʣʦʟʝ, ʣʠʛʥʠʥʘ, ʭʝʤʠʮʝʣʫʣʦʟʝ ʠ ʧʝʢʪʠʥʘ, ʢʦʿʠ ʩʫ ʩʪʨʫʢʪʫʨʥʠ 

ʙʠʦʧʦʣʠʤʝʨʠ, ʢʘʦ ʠ ʦʙʠˀʘ ʚʠʩʦʢʦ ʛʣʠʢʦʟʠʣʦʚʘʥʠʭ ʧʨʦʪʝʠʥʘ. ʋʜʝʦ ʦʚʠʭ ʢʦʤʧʦʥʝʥʪʠ ʫ 

˂ʝʣʠʿʩʢʦʤ ʟʠʜʫ ʚʘʨʠʨʘ ʦʜ ʪʢʠʚʘ ʜʦ ʪʢʠʚʘ, ʘ ʟʘʚʠʩʠ ʠ ʦʜ ʨʘʟʚʦʿʥʦʛ ʩʪʘʪʫʩʘ ʙʠˀʢʝ. ɼʚʘ 

ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʘ ʦʙʥʦʚˀʠʚʘ ʫʛˀʝʥʠʯʥʘ ʢʦʥʩʪʠʪʫʝʥʪʘ ʙʠʦʩʬʝʨʝ, ʮʝʣʫʣʦʟʘ ʠ ʣʠʛʥʠʥ, ʩʫ 

ʚʝʦʤʘ ʠʥʪʝʨʝʩʘʥʪʥʠ ʟʘ ʧʨʦʠʚʦʜˁʫ ʦʙʥʦʚˀʠʚʠʭ ʛʦʨʠʚʘ ʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʘ. ʎʝʣʫʣʦʟʘ ʿʝ ʫ 

ʦʚʦʤ ʧʦʛʣʝʜʫ ʠ ʜʦ ʩʘʜʘ ʤʥʦʛʦ ʧʨʦʫʯʘʚʘʥʘ, ʢʘʢʦ ʫ ʧʦʛʣʝʜʫ ʙʠʦʭʝʤʠʿʩʢʝ ʨʘʟʛʨʘʜˁʝ 

ʝʥʟʠʤʘʪʩʢʦʤ ʭʠʜʨʦʣʠʟʦʤ ʪʘʢʦ ʠ ʫ ʧʦʛʣʝʜʫ ʪʝʨʤʦʭʝʤʠʿʩʢʝ ʨʘʟʛʨʘʜˁʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ˁʝ, ʥʘ 

ʣʠʛʥʠʥ ʩʝ ʦʙʠʯʥʦ ʛʣʝʜʘʣʦ ʢʘʦ ʥʘ ʦʪʧʘʜʥʠ ʧʨʦʠʟʚʦʜ, ʥʘʿʚʠʰʝ ʟʙʦʛ ˁʝʛʦʚʝ ʩʪʨʫʢʪʫʨʥʝ 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʫ ʅʦʚʦʤ ʉʘʜʫ 

2
 ʊʝʭʥʦʣʦʰʢʠ ʬʘʢʫʣʪʝʪ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʦʚʦʤ ʉʘʜʫ 
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ʰʘʨʦʣʠʢʦʩʪʠ ʠ ʭʝʪʝʨʦʛʝʥʦʩʪʠ, ʢʦʿʘ ʢʦʤʧʣʠʢʫʿʝ ʨʘʟʛʨʘʜˁʫ. ʋʧʨʢʦʩ ʪʦʤʝ, ʣʠʛʥʠʥ ʩʘʜʨʞʠ 

ʩʪʨʫʢʪʫʨʥʝ ʿʝʜʠʥʠʮʝ ʢʦʿʝ ʤʦʛʫ ʧʦʩʣʫʞʠʪʠ ʢʘʦ ʠʟʚʦʨ ʛʦʨʠʚʘ ʠ ʚʠʩʦʢʦ ʚʨʝʜʥʠʭ ʭʝʤʠʢʘʣʠʿʘ, ʫ 

ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʧʨʦʥʘʹʝ ʥʘʯʠʥ ʟʘ ʦʩʣʦʙʘʹʘˁʝ ʦʚʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʿʝʜʠʥʠʮʘ ʠʟ ʧʦʣʠʤʝʨʘ. ʃʠʛʥʠʥ 

ʠʟʛʨʘʹʫʿʫ ʪʨʠ ʘʣʢʦʭʦʣʥʘ ʧʨʝʢʫʨʩʦʨʘ ʬʝʥʠʣʧʨʦʧʘʥʩʢʦʛ ʙʠʦʩʠʥʪʝʪʠʯʢʦʛ ʧʫʪʘ (p-ʢʫʤʘʨʠʣ 

ʘʣʢʦʭʦʣ, ʢʦʥʠʬʝʨʠʣ ʘʣʢʦʭʦʣ ʠ ʩʠʥʘʧʠʣ ʘʣʢʦʭʦʣ) ʥʠʟʦʤ ʦʢʩʠʜʘʮʠʦʥʠʭ ʢʦʨʘʢʘ. 

ʃʠʛʥʠʬʠʢʘʮʠʿʘ ʤʝˁʘ ʙʠʦʬʠʟʠʯʢʝ ʦʩʦʙʠʥʝ ʙʠˀʥʝ ˂ʝʣʠʿʝ ʢʘʦ ʠ ʪʢʠʚʘ ʫ ʢʦʤʝ ʩʝ ʪʘʢʚʘ ˂ʝʣʠʿʘ 

ʥʘʣʘʟʠ, ʦʿʘʯʘʚʘʿʫ˂ʠ ʩʪʨʫʢʪʫʨʥʠ ʠʥʪʝʛʨʠʪʝʪ ʠ ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʚʦʜʦʥʝʧʨʦʧʫʩʥʦʩʪ [2]. 

ʂʦʰʪʫʥʠʯʘʚʠ ʧʣʦʜʦʚʠ ʠʤʘʿʫ ʚʝʦʤʘ ʣʠʛʥʠʬʠʢʦʚʘʥ ʝʥʜʦʢʘʨʧ, ʉʣʠʢʘ 1, ʢʦʿʠ ʰʪʠʪʠ ʩʝʤʝ ʦʜ 

ʬʠʟʠʯʢʦʛ ʦʰʪʝ˂ʝˁʘ ʠ ʛʝʥʝʨʘʣʥʦ ʦʙʝʟʙʝʹʫʿʝ ʪʦʣʝʨʘʥʮʠʿʫ ʥʘ ʩʪʨʝʩ ʘʙʠʦʪʠʯʢʦʛ ʠʣʠ ʙʠʦʪʠʯʢʦʛ 

ʧʦʨʝʢʣʘ. 

 

ʉʣʠʢʘ 1: ʇʨʝʩʝʢ ʢʦʰʪʫʥʠʯʘʚʦʛ ʧʣʦʜʘ, ʩʣʠʢʘ ʧʨʝʫʟʝʪʘ ʩʘ ʠʥʪʝʨʥʝʪʘ, ʨʝʬʝʨʝʥʮʘ [3]  

ʃʠʛʥʠʬʠʢʘʮʠʿʘ ʝʥʜʦʢʘʨʧʘ ʢʦʜ Arabidopsis (ʥʧʨ., Arabidopsis thaliana ʧʦʧʫʣʘʨʥʠ ʤʦʜʝʣ 

ʦʨʛʘʥʠʟʘʤ ʫ ʙʠˀʥʦʿ ʙʠʦʣʦʛʠʿʠ ʠ ʛʝʥʝʪʠʮʠ, ʧʦʧʫʪ ʤʠʰʝʚʘ ʠ ʚʠʥʩʢʝ ʤʫʰʠʮʝ ï Drosophila, ʫ 

ʘʥʠʤʘʣʥʦʿ ʙʠʦʣʦʛʠʿʠ) ʠʥʪʝʥʟʠʚʥʦ ʿʝ ʧʨʦʫʯʘʚʘʥʘ ʫ ʧʦʛʣʝʜʫ ʜʝʭʠʩʮʝʥʮʠʿʝ (ʨʘʟʜʚʘʿʘˁʝ, 

ʟʿʘʧˀʝˁʝ, ʧʫʮʘˁʝ ʝʥʜʦʢʘʨʧʘ, ʧʦʧʫʪ ʩʧʦʥʪʘʥʦʛ ʨʘʟʠʣʘʞʝˁʘ ʦʧʝʨʘʪʠʚʥʝ ʨʘʥʝ). ɼʝʭʠʩʮʝʥʮʠʿʘ 

ʩʣʫʞʠ ʢʘʦ ʤʝʭʘʥʠʟʘʤ ʟʘ ʨʘʩʧʨʦʩʪʠʨʘˁʝ ʩʝʤʝʥʘ ʢʦʜ ʤʥʦʛʠʭ ʝʢʦʥʦʤʩʢʠ ʚʘʞʥʠʭ ʙʠˀʥʠʭ ʚʨʩʪʘ. 

ʃʠʛʥʠʬʠʢʘʮʠʿʘ ʪʘʥʢʦʛ ʩʣʦʿʘ ʝʥʜʦʢʘʨʧʘ ʧʦʟʥʘʪʦʛ ʢʘʦ ʝʥʜʦʢʘʨʧ ʙ, ʦʙʝʟʙʝʹʫʿʝ ʟʘʪʝʟʥʝ ʩʠʣʝ ʢʦʿʝ 

Ăʦʢʠʜʘʿʫñ ʩʠʣʦʚʠʪʦ ʦʪʚʘʨʘˁʝ ʤʘʭʫʥʝ ʩʘ ʩʝʤʝʥʢʘʤʘ ʫʩʣʝʜ ʩʫʰʝˁʘ ʠʣʠ ʤʝʭʘʥʠʯʢʝ ʩʪʠʤʫʣʘʮʠʿʝ 

[4]. 

ʂʘʜʘ ʿʝ ʨʝʯ ʦ ʙʠʦʛʦʨʠʚʠʤʘ, ʬʦʢʫʩ ʩʝ ʟʘʜˁʠʭ ʛʦʜʠʥʘ ʧʦʤʝʨʘ ʩʘ ʧʨʦʠʟʚʦʜˁʝ ʘʣʢʦʭʦʣʘ 

ʥʘ ʧʨʦʠʟʚʦʜˁʫ ʫʛˀʦʚʦʜʦʥʠʯʥʠʭ ʛʦʨʠʚʘ ʧʫʪʝʤ ʪʝʨʤʦʭʝʤʠʿʩʢʝ ʨʘʟʛʨʘʜˁʝ. ʊʘʢʚʘ ʛʦʨʠʚʘ ʩʫ 

ʟʘʤʝʥʘ ʟʘ ʙʝʥʟʠʥ, ʜʠʟʝʣ, ʘʚʠʦʥʩʢʦ ʛʦʨʠʚʦ, ʘ ʙʫʜʫ˂ʠ ʜʘ ʩʝ ʫ ʧʦʩʪʦʿʝ˂ʠʤ ʤʦʪʦʨʠʤʘ ʤʦʛʫ 

ʢʦʨʠʩʪʠʪʠ ʜʠʨʝʢʪʥʦ ʠʣʠ ʥʘʢʦʥ ʤʝʰʘˁʘ ʩʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʤ ʛʦʨʠʚʠʤʘ, ʦʥʘ ʩʫ 
ʠʥʪʝʨʝʩʘʥʪʥʠʿʘ ʦʜ ʝʪʘʥʦʣʘ ʟʘ ʧʦʩʪʦʿʝ˂ʝ ʤʦʪʦʨʝ ʩʘ ʫʥʫʪʨʘʰˁʠʤ ʩʘʛʦʨʝʚʘˁʝʤ. ʄʦʣʝʢʫʣʩʢʠ 

ʩʘʩʪʘʚ ʙʠʦʫˀʘ (ʙʠʦʥʘʬʪʘ, ʧʠʨʦʣʠʪʠʯʢʦ ʫˀʝ) ʟʘʚʠʩʠ ʦʜ ʩʦʧʩʪʚʝʥʦʛ ʩʘʩʪʘʚʘ ʙʠʦʤʘʩʝ ʠ 

ʧʠʨʦʣʠʪʠʯʢʠʭ ʫʩʣʦʚʘ. ʆʢʩʠʛʝʥʘʪʠ ʥʘʩʪʘʣʠ ʦʢʩʠʜʘʪʠʚʥʦʤ ʨʘʟʛʨʘʜˁʦʤ ʣʠʛʥʠʥʘ ʤʦʛʫ ʙʠʪʠ 

ʜʝʦʢʩʠʛʝʥʦʚʘʥʠ ʨʘʜʠ ʧʨʝʚʦʹʝˁʘ ʫ ʫʛˀʦʚʦʜʦʥʠʢʝ ʠʣʠ ʧʨʝʪʭʦʜʥʦ ʧʦʜʚʨʛʥʫʪʠ ʩʝʧʘʨʘʮʠʿʠ 

ʢʦʨʠʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ ʢʘʦ ʰʪʦ ʩʫ ʬʝʥʦʣʠ ʠ ʢʨʝʟʦʣʠ. ʃʠʛʥʠʥ ʿʝ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʥʠʩʢʦʤ ʩʘʜʨʞʘʿʫ 

http://upload.wikimedia.org/wikipedia/commons/1/11/Drupe_fruit_diagram-en.svg
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ʢʠʩʝʦʥʠʢʘ, ʦʙʝ˂ʘʚʘʿʫ˂ʘ ʩʠʨʦʚʠʥʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʙʠʦʫˀʘ, ʘʣʠ ʧʦʪʨʝʙʥʦ ʿʝ ʿʦʰ ʜʦʩʪʘ ʨʘʜʘ 

ʫʣʦʞʠʪʠ ʟʘ ʨʘʟʚʦʿ ʢʦʥʚʝʨʟʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʟʘ ʣʠʛʥʠʥʩʢʝ ʩʠʨʦʚʠʥʝ. 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʧʨʝʜˁʝ ʨʝʯʝʥʦ, ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʙʠʦʫˀʘ ʩʫ ʠʥʪʝʨʝʩʘʥʪʥʝ ʩʚʝ ʩʠʨʦʚʠʥʝ 

ʩʘ ʧʨʠʨʦʜʥʦ ʚʠʩʦʢʠʤ ʩʘʜʨʞʘʿʝʤ ʣʠʛʥʠʥʘ. ʂʣʘʩʠʯʘʥ ʠʟʚʦʨ ʜʨʚʝʥʘʩʪʝ ʙʠʦʤʘʩʝ ʩʫ ʧʣʘʥʪʘʞʝ 

ʪʦʧʦʣʝ (Populus spp.), ʢʨʘʪʢʝ ʦʧʭʦʜˁʝ, ʘ ʧʨʦʩʝʯʘʥ ʩʘʜʨʞʘʿ ʣʠʛʥʠʥʘ ʫ ʪʦʧʦʣʠ ʿʝ ʦʢʦ 25%. 

ʄʝʹʫʪʠʤ, ʢʦʰʪʫˁʘʚʠ ʦʪʧʘʜ (ʝʥʜʦʢʘʨʧ) ʢʦʰʪʫʥʠʯʘʚʠʭ ʧʣʦʜʦʚʘ ʢʦʿʠ ʩʝ ʫʟʛʘʿʘʿʫ ʧʣʘʥʪʘʞʥʦ 

ʰʠʨʦʤ ʩʚʝʪʘ, ʧʨʝʜʩʪʘʚˀʘ ʩʠʨʦʚʠʥʫ ʢʦʿʘ ʠʤʘ ʥʘʿʚʝ˂ʠ ʩʘʜʨʞʘʿ ʣʠʛʥʠʥʘ, ʫ ʧʨʦʩʝʢʫ ʦʢʦ 42%, 

ʜʦʢ ʿʝ ʥʘʿʚʝ˂ʠ ʩʘʜʨʞʘʿ ʣʠʛʥʠʥʘ ʥʘʹʝʥ ʫ ʦʯʚʨʩʣʦʤ ʝʥʜʦʢʘʨʧʫ ʢʦʢʦʩʦʚʦʛ ʦʨʘʭʘ (44%) [2] ʠ 

ʝʥʜʦʢʘʨʧʫ ʙʨʝʩʢʚʝ (å 50%) [4]. ʅʝʢʝ ʦʜ ʦʚʠʭ ʙʠˀʘʢʘ ʩʫ: ʤʘʩʣʠʥʘ (Olea europaea) [2] [4], 

ʢʦʢʦʩ (Cocos nucifera) [2] [4], ʙʨʝʩʢʚʘ (Prunus persica) [2] [4] [5], ʪʨʝʰˁʘ (Prunus avium) [4] 

[5], ʚʠʰˁʘ (Prunus cerasus) [4] [5], ʰˀʠʚʘ (Prunus domestica) [4], ʢʘʿʩʠʿʘ (Prunus armeniaca) 

[1] [4] [5]  [6] [7] [8] [9] [10] [11], ʙʘʜʝʤ (Prunus dulcis) [4] [9] [11], ʣʝʰʥʠʢ (Corylus avellana) 

[1] [9] [11], ʦʨʘʭ (Juglans regia) [9] [11], ʧʠʩʪʘ˂ (Pistacia vera) [4] [11]. ʄʝʜʠʪʝʨʘʥʩʢʝ ʟʝʤˀʝ 

ʢʘʦ: ʊʫʨʩʢʘ [1] [8] [9] [10], ɻʨʯʢʘ [5], ʐʧʘʥʠʿʘ [6] [7], ʀʪʘʣʠʿʘ [4], ʘʣʠ ʠ ʀʨʘʥ [11], ʉɸɼ [2] 

[4], ʅʦʚʠ ɿʝʣʘʥʜ [4] ʠ ʜʨ., ʠʤʘʿʫ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʦʪʧʘʜʥʦʛ ʝʥʜʦʢʘʨʧʘ ʫʩʣʝʜ ʠʥʪʝʥʟʠʚʥʝ 

ʧʨʦʠʟʚʦʜˁʝ ʧʨʝʜˁʝ ʥʘʚʝʜʝʥʠʭ ʙʠˀʘʢʘ. ɿʘʪʦ ʿʝ ʣʦʛʠʯʥʦ ʜʘ ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʨʘʜʦʚʘ ʚʝʟʘʥʠʭ ʟʘ ʦʚʫ 

ʪʝʤʘʪʠʢʫ ʜʦʣʘʟʠ ʠʟ ʪʠʭ ʟʝʤʘˀʘ, ʢʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʠʤʝʪʠʪʠ ʠʟ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʝ ʥʘʚʝʜʝʥʝ 

ʫʟ ʦʚʘʿ ʨʘʜ. 

Mendu et al. [2] ʩʫ ʢʘʣʦʨʠʤʝʪʨʠʿʩʢʦʤ ʙʦʤʙʦʤ ʦʜʨʝʜʠʣʠ ʜʦˁʫ ʢʘʣʦʨʠʯʥʫ ʚʨʝʜʥʦʩʪ ʩʫʚʝ 

ʙʠʦʤʘʩʝ ʨʘʟʣʠʯʠʪʦʛ ʧʦʨʝʢʣʘ, ʧʨʠ ʪʦʤʝ ʥʘʰʘʚʰʠ ʥʘʿʚʠʰʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʝʥʜʦʢʘʨʧ ʙʨʝʩʢʚʝ 

(20,5 MJkg
-1
) ʠ ˀʫʩʢʫ ʢʦʢʦʩʦʚʦʛ ʦʨʘʭʘ (19,8 MJkg

-1
), ʰʪʦ ʿʝ ʧʨʦʩʝʯʥʦ ʟʘ ʦʢʦ 12% ʚʠʰʝ ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʨʦʩʝʯʥʫ ʝʥʝʨʛʝʪʩʢʫ ʚʨʝʜʥʦʩʪ ʙʠʦʤʘʩʝ ʪʦʧʦʣʝ (17,4 MJkg
-1
). ʋʢʦʣʠʢʦ ʩʝ ʠʤʘ ʥʘ 

ʫʤʫ ʜʘ ʿʝ ʢʘʣʦʨʠʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʥʠʩʢʦ ʢʚʘʣʠʪʝʪʥʝ ʫʛˀʝʚʝ 10-16 MJkg
-1
, ʘ ʟʘ ʚʠʩʦʢʦ 

ʢʚʘʣʠʪʝʪʥʝ 18-25,5 MJkg
-1
, ʚʠʜʠ ʩʝ ʜʘ ʿʝ ʦʚʘ ʚʝʣʠʯʠʥʘ ʟʘ ʝʥʜʦʢʘʨʧ ʢʦʰʪʫˁʘʚʠʭ ʧʣʦʜʦʚʘ 

ʙʣʠʩʢʘ ʚʠʩʦʢʦ ʢʚʘʣʠʪʝʪʥʠʤ ʫʛˀʝʚʠʤʘ. ʆʚʦ ʠʩʪʨʘʞʠʚʘˁʝ ʿʝ ʦʪʢʨʠʣʦ ʜʠʨʝʢʪʥʫ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʦʩʪ ʠʟʤʝʹʫ ʧʨʦʮʝʥʪʘ ʣʠʛʥʠʥʘ ʫ ʩʠʨʦʚʠʥʠ ʠ ʢʘʣʦʨʠʯʥʝ ʚʨʝʜʥʦʩʪʠ, ʥʘʠʤʝ, ʜʦˁʘ 

ʢʘʣʦʨʠʯʥʘ ʚʨʝʜʥʦʩʪ ʨʘʩʪʝ ʟʘ 1 MJkg
-1
 ʥʘ ʩʚʘʢʠʭ 8,375% ʣʠʛʥʠʥʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʣʠʛʥʠʥʘ, ʥʠʿʝ 

ʫʦʯʝʥʘ ʟʘʚʠʩʥʦʩʪ ʠʟʤʝʹʫ ʩʘʜʨʞʘʿʘ ʮʝʣʫʣʦʟʝ ʠ ʝʥʝʨʛʝʪʩʢʦʛ ʩʘʜʞʘʿʘ ʧʦʩʤʘʪʨʘʥʝ ʩʠʨʦʚʠʥʝ. 

ʀʩʪʠ ʘʫʪʦʨʠ ʜʘˀʝ ʦʪʢʨʠʚʘʿʫ ʜʘ ʧʦʚʝ˂ʘˁʝʤ ʩʘʜʨʞʘʿʘ ʣʠʛʥʠʥʘ ʫ ʫʟʦʨʢʫ ʙʠʦʤʘʩʝ: ʨʘʩʪʝ ˁʝʛʦʚʘ 

ʧʠʨʦʣʠʪʠʯʢʘ ʪʝʤʧʝʨʘʪʫʨʘ, ʦʧʘʜʘ ʙʨʟʠʥʘ ʛʫʙʠʪʢʘ ʤʘʩʝ (%w/ÁC) ʠ ʫʩʧʦʨʘʚʘ ʩʝ ʪʝʨʤʠʯʢʘ 

ʨʘʟʛʨʘʜˁʘ. ɺʠʩʦʢ ʩʘʜʨʞʘʿ ʝʥʝʨʛʠʿʝ ʠ ʚʝʦʤʘ ʥʠʟʘʢ ʩʘʜʨʞʘʿ ʧʝʧʝʣʘ ʯʠʥʠ ʙʠʦʤʘʩʫ ʝʥʜʦʢʘʨʧʘ 

ʚʝʦʤʘ ʘʪʨʘʢʪʠʚʥʦʤ ʩʠʨʦʚʠʥʦʤ. 

Cañellas et al. [6] ʦʜʨʝʜʠʣʠ ʩʫ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ. ʅʘʰʣʠ ʩʫ ʜʘ ʩʘʜʨʞʘʿ 

ʭʝʤʠʮʝʣʫʣʦʟʝ, ʮʝʣʫʣʦʟʝ ʠ ʣʠʛʥʠʥʘ ʠʟʥʦʩʠ ʫʢʫʧʥʦ 920 gkg
-1
 ʩʫʚʝ ʤʘʩʝ, ʠʣʠ 335, 336 ʠ 234 gkg

-

1
, ʨʝʩʧʝʢʪʠʚʥʦ. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʫˀʘ, ʨʘʩʪʚʦʨʥʠʭ ʰʝ˂ʝʨʘ, ʧʝʢʪʠʥʘ, ʧʦʣʠʬʝʥʦʣʥʠʭ ʢʦʤʧʦʥʝʥʪʠ, 

ʧʨʦʪʝʠʥʘ ʠ ʤʠʥʝʨʘʣʥʠʭ ʤʘʪʝʨʠʿʘ, ʥʠʿʝ ʧʨʝʣʘʟʠʣʘ ʥʠʚʦ ʦʜ 25 gkg
-1
. ʂʘʣʠʿʫʤ (2,44 gkg

-1
) ʠ 

ʤʘʛʥʝʟʠʿʫʤ (1,15 gkg
-1
) ʩʫ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʤʝʹʫ ʝʣʝʤʝʥʪʠʤʘ, ʘ ʩʘʜʨʞʘʿ ʧʝʧʝʣʘ ʠʟʥʦʩʠ 16,7 

gkg
-1
. ʅʘ ʦʩʥʦʚʫ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʠʟʨʘʯʫʥʘʪʘ ʛʦʨˁʘ ʢʘʣʦʨʠʯʥʘ ʚʨʝʜʥʦʩʪ (ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʩʚʫ ʚʣʘʛʫ ʠ ʤʠʥʝʨʘʣʥʝ ʤʘʪʝʨʠʿʝ ʢʦʿʝ ʬʦʨʤʠʨʘʿʫ ʧʝʧʝʦ) ʠʟʥʦʩʠ 17,262 MJkg
-1
. ʋ ʫʚʦʜʥʦʤ ʜʝʣʫ 

ʩʚʦʛ ʨʘʜʘ ʠʩʪʠ ʘʫʪʦʨʠ ʜʘʿʫ ʧʨʝʛʣʝʜ ʜʦʪʘʜʘʰˁʝ ʫʧʦʪʨʝʙʝ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ, ʥʘʚʦʜʝ˂ʠ ʜʘ 

Stavrakelis (1988) ʢʦʨʠʩʪʠ ʦʚʫ ʩʠʨʦʚʠʥʫ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʧʣʘʩʪʠʯʥʠʭ ʧʘʥʝʣʘ, ʪʘʢʦ ʰʪʦ ʿʝ ʤʝʰʘ 

ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʧʣʘʩʪʠʯʥʦʤ ʤʘʩʦʤ ʠ ʧʦʩʪʫʧʢʦʤ ʣʠʚʝˁʘ ʧʨʦʠʟʚʦʜʠ ʧʘʥʝʣʝ ʢʦʿʠ ʜʘʿʫ ʜʦʿʘʤ 

ʜʘ ʩʫ ʥʘʯʠˁʝʥʠ ʦʜ ʜʨʚʝʪʘ. ʅʘ ʧʦʩʣʝʪʢʫ ʟʘʢˀʫʯʫʿʫ ʜʘ ʩʝ, ʟʙʦʛ ʥʠʩʢʦʛ ʩʘʜʨʞʘʿʘ ʧʨʦʪʝʠʥʘ ʠ 

ʣʦʰʝ ʩʚʘʨˀʠʚʦʩʪʠ (ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʣʠʛʥʠʥʘ), ʝʥʜʦʢʘʨʧ ʢʘʿʩʠʿʝ ʥʝ ʤʦʞʝ ʫʧʦʪʨʝʙˀʘʚʘʪʠ ʢʘʦ 

ʩʠʨʦʚʠʥʘ ʟʘ ʩʪʦʯʥʫ ʭʨʘʥʫ, ʘʣʠ ʿʝ ʧʦʛʦʜʘʥ ʢʘʦ ʛʦʨʠʚʦ (ʢʘʣʦʨʠʯʥʘ ʤʦ˂) ʠ ʩʠʨʦʚʠʥʘ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʬʫʨʬʫʨʘʣʘ ʠ ʢʩʠʣʦʟʝ (ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʭʝʤʠʮʝʣʫʣʦʟʝ). 

ʉʘʩʪʘʚ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫˀʘ ʠʟ ʩʝʤʝʥʢʠ ʢʘʿʩʠʿʝ, ʙʨʝʩʢʚʝ ʠ ʚʠʰˁʝ ʘʥʣʠʟʠʨʘʦ ʿʝ Lazos 

[5]. ʉʠʨʦʚʦ ʫˀʝ ʯʠʥʠ 38,4, 48,0 ʠ 26,0% ʩʫʚʝ ʤʘʪʝʨʠʿʝ ʩʝʤʝʥʢʠ ʢʘʿʩʠʿʝ, ʙʨʝʩʢʚʝ ʠ ʚʠʰˁʝ, 

ʨʝʩʧʝʢʪʠʚʥʦ; ʩʘʜʨʞʘʿ ʩʠʨʦʚʠʭ ʧʨʦʪʝʠʥʘ ʿʝ 21,2, 26,7 ʠ 25,3%; ʩʠʨʦʚʠʭ ʚʣʘʢʘʥʘ 5,0, 5,4 ʠ 

9,5%; ʫʢʫʧʥʠʭ ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ 32,4, 16,0 ʠ 34,5%, ʦʜ ʯʝʛʘ ʩʫ ʨʝʜʫʢʫʿʫ˂ʠ ʰʝ˂ʝʨʠ 9,3, 7,1 ʠ 
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11,3%; ʠ ʧʝʧʝʦ 3,0, 4,0 ʠ 4,6%, ʨʝʩʧʝʢʪʠʚʥʦ. ʉʝʤʝʥʢʝ ʩʘʜʨʞʝ ʟʥʘʯʘʿʥʝ ʢʦʣʠʯʠʥʝ K, P, Mg ʠ 

Ca. ɿʘʚʠʩʥʦ ʦʜ ʩʦʨʪʝ, ʩʝʤʝʥʢʝ ʢʘʿʩʠʿʝ, ʙʨʝʩʢʚʝ ʠ ʚʠʰˁʝ ʠʤʘʿʫ ʛʦʨʘʢ ʫʢʫʩ ʧʨʦʫʟʨʦʢʦʚʘʥ 

ʧʨʠʩʫʩʪʚʦʤ ʘʤʠʛʜʘʣʠʥʘ. ʇʨʝʤʜʘ ʩʣʫʯʘʿʥʘ ʪʨʦʚʘˁʘ ʫʟʨʦʢʦʚʘʥʘ ʮʠʿʘʥʠʜʦʤ ʫʩʣʝʜ ʢʦʥʟʫʤʠʨʘˁʘ 

ʦʚʘʢʚʠʭ ʩʝʤʝʥʢʠ ʥʠʩʫ ʯʝʩʪʘ, ʫʚʝʢ ʧʦʩʪʦʿʠ ʧʦʪʨʝʙʘ ʟʘ ʫʢʣʘˁʘˁʝʤ ʘʤʠʛʜʘʣʠʥʘ ʧʨʝ ʫʧʦʪʨʝʙʝ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ ʭʨʘʥʝ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʨʝʟʫʣʪʘʪʘ ʩʝ ʚʠʜʠ ʜʘ ʩʫ ʩʝʤʝʥʢʝ ʢʘʿʩʠʿʝ, ʙʨʝʩʢʚʝ ʠ ʚʠʰˁʝ 

ʙʦʛʘʪʝ ʭʨʘˁʠʚʠʤ ʤʘʪʝʨʠʿʘʤʘ ʪʝ ʩʝ ʤʦʛʫ ʠʩʢʦʨʠʩʪʠʪʠ ʢʘʦ ʠʟʚʦʨ ʧʨʦʪʝʠʥʘ, ʥʘʨʦʯʠʪʦ 

ʜʝʪʦʢʩʠʬʠʢʦʚʘʥʝ ʩʝʤʝʥʢʝ ʢʘʿʩʠʿʝ ʠ ʙʨʝʩʢʚʝ, ʘ ʙʨʘʰʥʦ ʠ ʧʨʦʪʝʠʥʩʢʠ ʠʟʦʣʘʪʠ ʫ ʧʝʢʘʨʩʪʚʫ ʠ 

ʧʦʩʣʘʩʪʠʯʘʨʩʪʚʫ. ʋˀʝ ʩʝʤʝʥʢʠ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʢʫʚʘˁʝ ʠ ʫ ʢʦʟʤʝʪʠʯʢʠʤ ʧʨʦʠʟʚʦʜʠʤʘ, 

ʛʜʝ ʟʘʤʝˁʫʿʝ ʤʥʦʛʦ ʩʢʫʧˀʝ ʙʘʜʝʤʦʚʦ ʫˀʝ, ʙʫʜʫ˂ʠ ʜʘ ʿʝ ʫˀʝ ʙʨʝʩʢʚʝ ʠ ʢʘʿʩʠʿʝ ʚʝʦʤʘ ʩʣʠʯʥʦ 

ʙʘʜʝʤʦʚʦʤ ʫˀʫ. 

ʋˀʝ ʩʝʤʝʥʢʠ ʢʘʿʩʠʿʝ ʩʝ ʫ ʅʝʤʘʯʢʦʿ ʠ ʉɸɼ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʩʫʰʠʚʠʭ ʫˀʘ ʠ 

ʤʘʨʮʠʧʘʥ ʧʘʩʪʝ [7]. 

ʇʝʩʘʢ ʧʨʠʟʚʝʜʝʥ ʤʣʝʚʝˁʝʤ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ ʿʝ: ʧʦ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʙʝʟʙʝʜʘʥ, 

ʙʠʦʜʝʛʨʘʜʘʙʠʣʘʥ, ʢʦʤʧʣʝʪʥʦ ʧʨʠʨʦʜʘʥ, ʚʨʝʤʝʥʩʢʠ ʧʦʩʪʦʿʘʥ, ʤʝʢʘʥ ʘʙʨʘʟʠʚʥʠ ʧʨʦʠʟʚʦʜ 

ʚʝʦʤʘ ʟʘʩʪʫʧˀʝʥ ʫ ʢʦʟʤʝʪʠʯʢʦʿ ʠʥʜʫʩʪʨʠʿʠ. ʆʚʘʿ ʧʝʩʘʢ ʢʦʟʤʝʪʠʯʢʦʛ ʩʪʝʧʝʥʘ ʯʠʩʪʦ˂ʝ ʿʝ 

ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʘʥ ʫ ʰʠʨʦʢʦʤ ʜʠʿʘʧʘʟʦʥʫ ʛʨʘʥʫʣʘʮʠʿʘ ʟʘ ʫʧʦʪʨʝʙʫ ʫ ʧʨʦʠʟʚʦʜʠʤʘ ʟʘ 

ʥʝʛʫ ʢʦʞʝ, ʢʨʝʤʘʤʘ, ʝʢʩʬʦʣʠʿʘʥʪʠʤʘ (ʩʨʝʜʩʪʚʘ ʟʘ ʧʠʣʠʥʛ) ʠ ʩʘʧʫʥʠʤʘ [12]. 

3. ɸʂʊʀɺʅʀ ʋɻɸɲ 

ʃʠʛʥʦʮʝʣʫʣʦʟʥʠ ʤʘʪʝʨʠʿʘʣʠ ʪʠʧʘ ʝʥʜʦʢʘʨʧʘ ʢʦʰʪʫˁʘʚʠʭ ʧʣʦʜʦʚʘ ʩʫ ʚʝʦʤʘ ʜʦʙʨʠ 

ʧʨʝʢʫʨʩʦʨʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʘʢʪʠʚʥʦʛ ʫʛˀʘ (ʫʛˀʝʥʠʢʘ). ʋ ʧʦʛʣʝʜʫ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, 

ʫʧʦʪʨʝʙʘ ʦʚʦʛ ʦʪʧʘʜʘ ʿʝ ʧʨʦʙʫʜʠʣʘ ʠʥʪʝʨʝʩ ʟʘ ʧʨʦʮʝʩʝ ʧʨʦʠʟʚʦʜˁʝ ʫʛˀʝʥʠʯʥʠʭ ʘʜʩʦʨʙʝʥʘʪʘ 

ʙʘʟʠʨʘʥʠʭ ʥʘ ʧʦˀʦʧʨʠʚʨʝʜʥʦʤ ʦʪʧʘʜʫ. ʂʘʢʦ ʧʨʠʨʦʜʘ ʧʨʝʢʫʨʩʦʨʘ ʪʘʢʦ ʠ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩ 

ʠʤʘ ʟʥʘʯʘʿʘʥ ʫʪʠʮʘʿ ʥʘ ʧʦʨʦʟʥʫ ʩʪʨʫʢʪʫʨʫ ʠ ʘʜʩʦʨʧʮʠʦʥʝ ʦʩʦʙʠʥʝ ʨʝʟʫʣʪʫʿʫ˂ʝʛ ʘʢʪʠʚʥʦʛ 
ʫʛˀʘ. ɽʥʜʦʢʘʨʧ ʙʘʜʝʤʘ, ʦʨʘʭʘ, ʣʝʰʥʠʢʘ ʠ ʢʘʿʩʠʿʝ ʿʝ ʚʝʦʤʘ ʧʨʠʢʣʘʜʘʥ ʧʦʣʘʟʥʠ ʤʘʪʝʨʠʿʘʣ ʟʘ 

ʜʦʙʠʿʘˁʝ ʘʢʪʠʚʥʦʛ ʫʛˀʘ ʟʙʦʛ ʥʠʩʢʦʛ ʩʘʜʨʞʘʿʘ ʧʝʧʝʣʘ (0,31-0,78%). ɽʥʜʦʢʘʨʧ ʙʘʜʝʤʘ ʠ ʢʘʿʩʠʿʝ 

ʠʤʘ ʚʝʦʤʘ ʩʣʠʯʘʥ ʝʣʝʤʝʥʪʘʨʥʠ ʩʘʩʪʘʚ. ɸʢʪʠʚʥʠ ʫʛʘˀ ʜʦʙʠʿʝʥ ʠʟ ʦʚʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠʤʘ ʚʠʩʦʢʫ 

ʟʘʧʨʝʤʠʥʩʢʫ ʤʘʩʫ ʠ ʪʚʨʜʦ˂ʫ, ʰʪʦ ʩʝ ʤʦʞʝ ʦʙʿʘʩʥʠʪʠ ʚʠʩʦʢʠʤ ʩʘʜʨʞʘʿʝʤ ʣʠʛʥʠʥʘ ʠ ʥʠʩʢʠʤ 

ʩʘʜʨʞʘʿʝʤ ʧʝʧʝʣʘ. ʂʦʨʠʩʪ ʿʝ ʜʚʦʩʪʨʫʢʘ, ʩ ʿʝʜʥʝ ʩʪʨʘʥʝ ʩʝ ʨʝʰʘʚʘ ʧʨʦʙʣʝʤ ʧʦˀʦʧʨʠʚʨʝʜʥʦʛ 

ʦʪʧʘʜʘ, ʘ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʩʝ ʜʦʙʠʿʘ ʘʢʪʠʚʥʠ ʫʛʘˀ ʟʘ ʪʨʝʪʤʘʥ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʧʦ ʨʘʟʫʤʥʠʤ 

ʮʝʥʘʤʘ [9]. 

ʂʘʪʿʦʥʩʢʝ ʙʦʿʝ, ʧʦʟʥʘʪʝ ʢʘʦ ʙʘʟʥʝ ʙʦʿʝ, ʩʝ ʰʠʨʦʢʦ ʢʦʨʠʩʪʝ ʟʘ ʙʦʿʝˁʝ ʘʢʨʠʣʘ, ʥʘʿʣʦʥʘ, 

ʩʚʠʣʝ ʠ ʚʫʥʝ. ɺʝʣʠʢʝ ʟʘʧʨʝʤʠʥʝ ʙʦʿʦʤ ʢʦʥʪʘʤʠʥʠʨʘʥʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʩʝ ʦʩʣʦʙʘʹʘʿʫ ʪʦʢʦʤ 

ʧʨʦʮʝʩʘ ʙʦʿʝˁʘ ʪʝʢʩʪʠʣʘ ʠ 10-15% ʙʦʿʝ ʩʝ ʠʟʛʫʙʠ ʫ ʦʪʧʘʜʥʠʤ ʚʦʜʘʤʘ. ʆʙʦʿʝʥʝ ʦʪʧʘʜʥʝ ʚʦʜʝ 

ʥʘʨʫʰʘʚʘʿʫ ʧʨʠʨʦʜʥʫ ʝʩʪʝʪʠʢʫ ʚʦʜʝ, ʨʝʜʫʢʫʿʫ ʧʨʦʜʠʨʘˁʝ ʩʚʝʪʣʦʩʪʠ ʢʨʦʟ ʧʦʚʨʰʠʥʫ ʚʦʜʝ ʠ 

ʬʦʪʦʩʠʥʪʝʪʠʯʢʫ ʘʢʪʠʚʥʦʩʪ ʚʦʜʝʥʠʭ ʦʨʛʘʥʠʟʘʤʘ. ɹʘʟʥʝ ʙʦʿʝ ʤʦʛʫ, ʪʘʢʦʹʝ, ʠʟʘʟʚʘʪʠ ʘʣʝʨʛʠʿʩʢʠ 

ʜʝʨʤʘʪʠʪʠʩ, ʠʨʠʪʘʮʠʿʫ ʢʦʞʝ, ʢʘʥʮʝʨ ʠ ʤʫʪʘʮʠʿʝ. ʉʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʫʢʣʦʥʠʪʠ ʦʚʫ ʚʨʩʪʫ 

ʟʘʛʘʹʫʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ ʠʟ ʚʦʜʝ. ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʤʝʪʦʜʘ ʟʘ ʫʢʣʘˁʘˁʝ ʙʦʿʝ, ʢʘʦ ʰʪʦ ʩʫ: 

ʢʦʘʛʫʣʘʮʠʿʘ ʠ ʭʝʤʠʿʩʢʘ ʦʢʩʠʜʘʮʠʿʘ, ʤʝʤʙʨʘʥʩʢʠ ʩʝʧʘʨʘʮʠʦʥʠ ʧʨʦʮʝʩ, ʝʣʝʢʪʨʦʭʝʤʠʿʩʢʠ 

ʧʦʩʪʫʧʘʢ, ʬʠʣʪʨʘʮʠʿʘ, ʨʝʚʝʨʩʥʘ ʦʩʤʦʟʘ, ʘʝʨʦʙʥʘ ʠ ʘʥʘʝʨʦʙʥʘ ʤʠʢʨʦʙʠʦʣʦʰʢʘ ʨʘʟʛʨʘʜˁʘ, ʘʣʠ 

ʩʚʝ ʦʚʝ ʤʝʪʦʜʝ ʠʤʘʿʫ ʿʝʜʥʦ ʠʣʠ ʚʠʰʝ ʦʛʨʘʥʠʯʝˁʘ, ʪʝ ʥʠʿʝʜʥʘ ʥʠʿʝ ʩʧʦʩʦʙʥʘ ʟʘ ʢʦʤʧʣʝʪʥʦ 

ʫʢʣʘˁʘˁʝ ʙʦʿʝ ʠʟ ʦʪʧʘʜʥʠʭ ʚʦʜʘ. ɹʦʿʝ ʩʝ ʤʦʛʫ ʝʬʠʢʘʩʥʦ ʫʢʣʦʥʠʪʠ ʠ ʘʜʩʦʨʧʮʠʦʥʠʤ ʧʨʦʮʝʩʦʤ, 

ʫ ʪʦʢʫ ʢʦʛʘ ʩʝ ʨʘʩʪʚʦʨʝʥʝ ʙʦʿʝ ʚʝʟʫʿʫ ʟʘ ʧʦʚʨʰʠʥʫ ʘʜʩʦʨʙʝʥʪʘ. ɻʨʘʥʫʣʠʩʘʥʠ ʠʣʠ ʧʨʘʰʢʘʩʪʠ 

ʘʢʪʠʚʥʠ ʫʛʘˀ ʿʝ ʥʘʿʰʠʨʝ ʧʨʠʤʝˁʠʚʘʥʠ ʘʜʩʦʨʙʝʥʪ ʟʘ ʫʢʣʘˁʘˁʝ ʙʦʿʘ ʠ ʪʨʝʪʤʘʥ ʦʪʧʘʜʥʠʭ ʚʦʜʘ 

ʪʝʢʩʪʠʣʥʝ ʠʥʜʫʩʪʨʠʿʝ, ʙʫʜʫ˂ʠ ʜʘ ʠʤʘ ʚʝʦʤʘ ʚʝʣʠʢʫ ʩʧʝʮʠʬʠʯʥʫ ʧʦʚʨʰʠʥʫ ʠ ʚʠʩʦʢ 

ʘʜʩʦʨʧʮʠʦʥʠ ʢʘʧʘʮʠʪʝʪ ʟʘ ʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ, ʘʣʠ ʿʝ ˁʝʛʦʚʘ ʫʧʦʪʨʝʙʘ ʚʝʦʤʘ ʦʛʨʘʥʠʯʝʥʘ ʟʙʦʛ 

ʚʠʩʦʢʝ ʮʝʥʝ [10]. 

ɸʜʩʦʨʧʮʠʿʘ ʫʧʦʪʨʝʙʦʤ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʦʛ ʘʢʪʠʚʥʦʛ ʫʛˀʘ ʿʝ ʝʬʠʢʘʩʥʘ ʪʝʭʥʠʢʘ ʟʘ 

ʫʩʧʝʰʘʥ ʪʨʝʪʤʘʥ ʚʦʜʘ ʠ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʩʘ ʮʠˀʝʤ ʫʢʣʘˁʘˁʘ ʪʝʰʢʠʭ ʤʝʪʘʣʘ. ʇʨʠʨʦʜʥʠ 
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ʙʠʦʧʦʣʠʤʝʨʠ ʩʫ ʠʥʜʫʩʪʨʠʿʩʢʠ ʠʥʪʝʨʝʩʘʥʪʥʠ ʟʙʦʛ ʩʧʦʩʦʙʥʦʩʪʠ ʜʘ ʩʤʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʫ 

ʧʨʝʣʘʟʥʠʭ ʤʝʪʘʣʘ ʥʘ ppb ʥʠʚʦ. ɸʢʪʠʚʥʠ ʫʛˀʝʚʠ ʜʦʙʠʿʝʥʠ ʠʟ ʝʥʜʦʢʘʨʧʘ ʦʨʘʭʘ, ʣʝʰʥʠʢʘ, 

ʙʘʜʝʤʘ ʠ ʢʘʿʩʠʿʝ, ʠʤʘʿʫ ʟʥʘʯʘʿʘʥ ʘʜʩʦʨʧʮʠʦʥʠ ʢʘʧʘʮʠʪʝʪ ʟʘ Cu, Zn, Cd ʠ Pb [11]. 

4 ɽʂʉʇɽʈʀʄɽʅʊɸʃʅʀ ɼɽʆ 

4.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʤʝʪʦʜʝ 

ʆʛʣʝʜʠ ʩʫ ʠʟʚʝʜʝʥʠ ʫ ʜʠʛʝʩʪʦʨʫ, ʩʘ ʧʦʜʠʛʥʫʪʠʤ ʩʪʘʢʣʝʥʠʤ ʬʨʦʥʪʦʤ, ʙʝʟ ʚʝʰʪʘʯʢʝ 

ʚʝʥʪʠʣʘʮʠʿʝ, ʫʧʦʪʨʝʙʦʤ ʘʧʘʨʘʪʫʨʝ ʧʨʠʢʘʟʘʥʝ ʫ ʨʝʬʝʨʝʥʮʠ [13]. ɻʘʩʥʠ ʧʣʘʤʝʥʠʢ ʩʘʛʦʨʝʚʘ 

ʩʤʝʰʫ ʧʨʦʧʘʥ-ʙʫʪʘʥ. ʋʟʦʨʮʠ ʩʫ ʪʝʨʤʠʯʢʠ ʪʨʝʪʠʨʘʥʠ ʥʘ ʧʣʦʯʘʤʘ ʦʜ inoxa (20í20í0,1 cm). 

ʇʠʨʦʣʠʪʠʯʢʠ ʧʨʦʮʝʩ ʩʝ ʠʟʚʦʜʠ ʥʘ ʢʦʤʧʘʢʪʥʦʿ ʧʣʦʯʠ, ʘ ʧʨʦʮʝʩ ʩʘʛʦʨʝʚʘˁʘ ʥʘ ʧʣʦʯʠ ʠʩʪʠʭ 

ʜʠʤʝʥʟʠʿʘ, ʢʦʿʘ ʫ ʩʨʝʜʠʰˁʝʤ ʜʝʣʫ (ʜʠʤʝʥʟʠʿʘ 10í10 cm), ʠʤʘ 81 ʦʪʚʦʨ ʧʨʝʯʥʠʢʘ 2,5 mm, 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʨʝʹʝʥ. ʆʙʦʜ ʣʝʚʢʘ ʥʘʣʘʟʠ ʩʝ ʥʘ ʫʜʘˀʝʥʦʩʪʠ 105 cm ʦʜ ʧʦʚʨʰʠʥʝ ʩʪʦʣʘ (ʜʘ 

ʙʠ ʘʧʩʦʨʙʦʚʘʥʠ ʛʘʩʦʚʠ ʙʠʣʠ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ). ʇʨʠ ʠʟʚʦʹʝˁʫ ʦʛʣʝʜʘ ʤʝʨʝʥʠ ʩʫ 

ʘʤʙʠʿʝʥʪʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʠʪʠʩʘʢ ʫ ʧʨʦʩʪʦʨʠʿʠ (23°C, 103,4 kPa). ʉʚʘʢʦʤ ʫʟʦʨʢʫ ʿʝ ʧʨʝ 

ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ ʠʟʤʝʨʝʥʘ ʤʘʩʘ, ʘ ʟʘʪʠʤ ʿʝ ʪʨʝʪʠʨʘʥ ʠ ʤʝʨʝʥʠ ʩʫ ʧʘʨʘʤʝʪʨʠ ʧʨʠʢʘʟʘʥʠ ʫ 

ʊʘʙʝʣʠ 2 ʠ ʊʘʙʝʣʠ 3. ɻʘʩʥʠ ʧʣʘʤʝʥʠʢ ʿʝ ʢʦʜ ʧʨʦʮʝʩʘ ʩʘʛʦʨʝʚʘˁʘ ʛʘʰʝʥ ʫ ʪʨʝʥʫʪʢʫ ʧʘˀʝˁʘ 

ʫʟʦʨʢʘ. ʂʦʜ ʧʨʦʮʝʩʘ ʧʠʨʦʣʠʟʝ ʧʣʘʤʝʥʠʢ ʿʝ ʦʩʪʘʿʘʦ ʫʧʘˀʝʥ ʩʚʝ ʜʦ ʧʨʝʣʘʩʢʘ ʫʟʦʨʢʘ ʫ ʧʝʧʝʦ. 

ʋʟʦʨʢʦʚʘˁʝ ʛʘʩʦʚʠʪʠʭ ʧʨʦʠʟʚʦʜʘ, ʩʘ ʮʠˀʝʤ ʦʜʨʝʹʠʚʘˁʘ ʙʝʥʟʝʥʘ, ʪʦʣʫʝʥʘ, ʝʪʠʣʙʝʥʟʝʥʘ ʠ 

ʢʩʠʣʝʥʘ, BTEX ʿʝʜʠˁʝˁʘ, ʿʝ ʨʘʹʝʥʦ ʩʘ Apex Personal Air Sampling Pump ʫʟ ʧʨʦʪʦʢ ʚʘʟʜʫʭʘ ʦʜ 

1 l/min. ʊʝʤʧʝʨʘʪʫʨʝ ʫʟʦʨʘʢʘ ʩʫ ʤʝʨʝʥʝ ʫʧʦʪʨʝʙʦʤ ʜʠʛʠʪʘʣʥʦʛ ʪʝʨʤʦʤʝʪʨʘ DTI, ʧʦʤʦ˂ʫ 

ʪʝʨʤʦʧʘʨʘ NiCr-Ni, ʩʘ ʪʘʯʥʦʰ˂ʫ ʤʝʨʝˁʘ 1ÁC. 

BTEX ʉʫ ʘʜʩʦʨʙʦʚʘʥʠ ʠʟ ʚʘʟʜʫʭʘ ʧʦʤʦ˂ʫ ʘʜʩʦʨʧʮʠʦʥʠʭ ʮʝʚʯʠʮʘ ʩʘ ʘʢʪʠʚʥʠʤ ʫʛˀʝʤ 

Orbo 32 Large, LOT: ORB00287, Cat. No. 20228, ʜʝʩʦʨʙʦʚʘʥʠ ʩʘ 1,5 ml ʫʛˀʝʥʜʠʩʫʣʬʠʜʘ (CS2) 

ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʧʦʤʦ˂ʫ ʛʘʩʥʦʛ ʭʨʦʤʘʪʦʛʨʘʬʘ. 
ɿʘ ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʦʜʨʝʹʠʚʘˁʝ ʢʦʨʠʰ˂ʝʥ ʿʝ ʩʪʘʥʜʘʨʜʥʠ ʨʘʩʪʚʦʨ BTEX, ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

2000 µg/ml ʩʚʘʢʝ ʧʦʿʝʜʠʥʘʯʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʧʨʦʠʟʚʦʹʘʯʘ Supelco, ʢʘʪʘʣʦʰʢʠ ʙʨʦʿ 47993. 

ɽʢʩʪʨʘʢʪʠ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʥʘ ʛʘʩʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʫ Agilent 7890A ʩʘ FID ʜʝʪʝʢʪʦʨʦʤ. ɿʘ 

ʨʘʟʜʚʘʿʘˁʝ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʥʝʧʦʣʘʨʥʘ ʢʦʣʦʥʘ HP ï 5, 30 m Ĭ 0,32 mm, ʠ ʘʟʦʪ ʢʘʦ ʛʘʩ ʥʦʩʘʯ. 

ʊʝʤʧʝʨʘʪʫʨʥʠ ʧʨʦʛʨʘʤ ʢʦʣʦʥʝ: ʧʦʯʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 40ÁC, 2 ʤʠʥʫʪʘ; ʧʨʚʘ ʨʘʤʧʘ 

20ÁC/ʤʠʥʫʪʫ; 230ÁC, 2 ʤʠʥʫʪʘ. ɺʨʝʤʝ ʪʨʘʿʘˁʘ ʘʥʘʣʠʟʝ 16,5 ʤʠʥʫʪʘ. 

ɲʫʩʢʝ ʢʦʰʪʠʮʝ ʢʘʿʩʠʿʝ (ʝʥʜʦʢʘʨʧ) ʩʫ ʫʩʠʪˁʝʥʝ ʫʧʦʪʨʝʙʦʤ ʛʚʦʟʜʝʥʦʛ ʯʝʢʠ˂ʘ ʤʘʩʝ 2200 

g ʥʘ ʧʦʜʣʦʟʠ ʦʜ ʣʠʚʝʥʦʛ ʛʚʦʞʹʘ. ʄʝʪʘʣʥʠ ʜʝʣʦʚʠ ʯʝʢʠ˂ʘ ʠ ʧʦʜʣʦʛʝ ʩʫ ʧʨʝ ʦʚʦʛ ʧʦʩʪʫʧʢʘ 

ʦʧʨʘʥʠ ʪʝʯʥʠʤ ʘʙʨʘʟʠʚʦʤ ʠ ʚʦʜʦʤ, ʘ ʟʘʪʠʤ ʦʜʤʘʰ˂ʝʥʠ ʪʨʠʭʣʦʨʝʪʠʣʝʥʦʤ. ʋʩʠʪˁʝʥʠ 

ʤʘʪʝʨʠʿʘʣ ʩʝ ʯʫʚʘ ʫ ʩʪʘʢʣʝʥʠʤ ʪʝʛʣʘʤʘ ʩʘ ʤʝʪʘʣʥʠʤ ʧʦʢʣʦʧʮʝʤ ʥʘ ʥʘʚʨʪʘˁ. 

ʈʘʩʧʦʜʝʣʘ ʯʝʩʪʠʮʘ ʧʦ ʚʝʣʠʯʠʥʠ, ʫ ʫʟʦʨʢʫ ʫʩʠʪˁʝʥʦʛ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ, ʦʜʨʝʹʝʥʘ ʿʝ 

ʧʦʤʦ˂ʫ ʚʠʙʨʘʮʠʦʥʦʛ ʫʨʝʹʘʿʘ, VEB LABORTECHNIK THYR 65375, ʢʦʿʠ ʩʘʜʨʞʠ ʩʝʪ ʩʠʪʘ 

ʨʘʟʣʠʯʠʪʝ ʚʝʣʠʯʠʥʝ ʦʪʚʦʨʘ, ʘ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʊʘʙʝʣʠ 1. 

ʉʘʜʨʞʘʿ ʫʢʫʧʥʝ ʚʣʘʛʝ, ʫ ʫʟʦʨʢʫ ʫʩʠʪˁʝʥʦʛ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ, ʦʜʨʝʹʝʥ ʿʝ ʧʦ ʩʪʘʥʜʘʨʜʫ 

SRPS EN 14774-2 [14], ʘ ʨʝʟʫʣʪʘʪ ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʊʘʙʝʣʘʤʘ 2 ʠ 3. 

4.2 ʈʝʟʫʣʪʘʪʠ 
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ʊʘʙʝʣʘ 1: ʈʘʩʧʦʜʝʣʘ ʯʝʩʪʠʮʘ ʧʦ ʚʝʣʠʯʠʥʠ, ʫ ʫʟʦʨʢʫ ʫʩʠʪˁʝʥʦʛ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ 
ʌʨʘʢʮʠʿʘ ʙʨʦʿ ɺʝʣʠʯʠʥʘ ʯʝʩʪʠʮʘ (mm) ʄʘʩʘ ʬʨʘʢʮʠʿʝ (g) ʄʘʩʝʥʠ ʫʜʝʦ ʬʨʘʢʮʠʿʝ 

(%)  

1. > 5 55,63 20,13 

2. 2-5 195,76 70,85 

3. 1-2 17,70 6,40 

4. 0,5-1 4,23 1,53 

5. 0,315-0,5 1,30 0,47 

6. 0,125-0,315 0,90 0,32 

7. 0,063-0,125 0,22 0,08 

8. < 0,063 0,11 0,04 

ɿʙʠʨ ʤʘʩʘ ʬʨʘʢʮʠʿʘ (g) 275,85  

ɻʫʙʠʪʘʢ ʤʘʩʝ (g) 0,46  

ʇʦʯʝʪʥʘ ʤʘʩʘ ʫʟʦʨʢʘ (g) 276,31  

ʊʘʙʝʣʘ 2: ʇʨʦʮʝʩ ʩʘʛʦʨʝʚʘˁʘ 

ʉʘʛʦʨʝʚʘˁʝ ʋʟʦʨʘʢ ʙʨʦʿ 1 ʋʟʦʨʘʢ ʙʨʦʿ 2 ʋʟʦʨʘʢ ʙʨʦʿ 3 

ʄʘʩʘ ʫʟʦʨʢʘ (g) 5,04 5,02 5,04 

ʉʘʜʨʞʘʿ ʫʢʫʧʥʝ ʚʣʘʛʝ ʫ ʫʟʦʨʢʫ (%) 9,64 

ɿʘʧʨʝʤʠʥʘ ʫʟʦʨʢʦʚʘʥʦʛ ʚʘʟʜʫʭʘ (l) 5,9 5,9 5,4 

ʇʦʯʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫʟʦʨʢʘ (ÁC) 24 24 24 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʿʘʚʝ ʜʠʤʘ (ÁC) 25 26 25 

ɺʨʝʤʝ ʧʦʿʘʚʝ ʜʠʤʘ (s) 5 10 4 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʿʘʚʝ ʧʣʘʤʝʥʘ (ÁC) 117 405 415 

ɺʨʝʤʝ ʧʦʿʘʚʝ ʧʣʘʤʝʥʘ (s) 72 103 107 

ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫʟʦʨʢʘ (ÁC) 680 526 544 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʝʩʪʘʥʢʘ ʧʣʘʤʝʥʘ (ÁC) 641 527 544 

ɺʨʝʤʝ ʧʨʝʩʪʘʥʢʘ ʧʣʘʤʝʥʘ (s) 147 124 129 

ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʞʘʨʘ (ÁC) 320 483 530 

ɺʨʝʤʝ ʧʦʪʧʫʥʦʛ ʧʨʝʩʪʘʥʢʘ ʛʦʨʝˁʘ/ʞʘʨʝˁʘ (s) 295 344 314 

ʄʘʩʘ ʙʝʥʟʝʥʘ ʧʦ ʢʠʣʦʛʨʘʤʫ ʫʟʦʨʢʘ (mgkg-1) 1,74 1,62 1,74 

ʇʨʦʩʝʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʙʝʥʟʝʥʘ ʫ ʫʟʦʨʢʦʚʘʥʦʿ 

ʟʘʧʨʝʤʠʥʠ ʚʘʟʜʫʭʘ (mgm
-3
) 

1,48 1,38 1,62 

ʊʘʙʝʣʘ 3: ʇʨʦʮʝʩ ʧʠʨʦʣʠʟʝ 
ʇʠʨʦʣʠʟʘ ʋʟʦʨʘʢ ʙʨʦʿ 1 ʋʟʦʨʘʢ ʙʨʦʿ 2 ʋʟʦʨʘʢ ʙʨʦʿ 3 

ʄʘʩʘ ʫʟʦʨʢʘ (g) 5,07 5,04 5,00 

ʉʘʜʨʞʘʿ ʫʢʫʧʥʝ ʚʣʘʛʝ ʫ ʫʟʦʨʢʫ (%) 9,64 

ɿʘʧʨʝʤʠʥʘ ʫʟʦʨʢʦʚʘʥʦʛ ʚʘʟʜʫʭʘ (l) 24,2 25,8 25,9 

ʇʦʯʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʫʟʦʨʢʘ (ÁC) 21 26 25 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʿʘʚʝ ʜʠʤʘ (ÁC) 26 46 32 

ɺʨʝʤʝ ʧʦʿʘʚʝ ʜʠʤʘ (s) 21 19 21 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʝʩʪʘʥʢʘ ʜʠʤʘ (ÁC) 376 368 251 

ɺʨʝʤʝ ʧʨʝʩʪʘʥʢʘ ʜʠʤʘ (s) 216 214 250 

ʄʘʢʩʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʞʘʨʘ (ÁC) 405 416 411 

ɺʨʝʤʝ ʧʦʪʧʫʥʦʛ ʧʨʝʩʪʘʥʢʘ ʛʦʨʝˁʘ/ʞʘʨʝˁʘ (s) 1440 1430 1523 

ʄʘʩʘ ʙʝʥʟʝʥʘ ʧʦ ʢʠʣʦʛʨʘʤʫ ʫʟʦʨʢʘ (mgkg
-1
) 1,50 1,92 1,94 

ʇʨʦʩʝʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʙʝʥʟʝʥʘ ʫ ʫʟʦʨʢʦʚʘʥʦʿ 

ʟʘʧʨʝʤʠʥʠ ʚʘʟʜʫʭʘ (mgm
-3
) 

0,31 0,37 0,37 
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5 ɼʀʉʂʋʉʀɱɸ ʀ ɿɸʂɲʋʏʎʀ 

ʋ ʪʦʢʫ ʧʨʦʮʝʩʘ ʩʘʛʦʨʝʚʘˁʘ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ ʧʣʘʤʝʥʦ ʩʘʛʦʨʝʚʘˁʝ ʪʨʘʿʝ ʢʨʘʪʢʦ, ʜʦʢ 

ʬʘʟʝ ʪʠˁʘˁʘ ʠ ʞʘʨʝˁʘ ʧʨʘʢʪʠʯʥʦ ʠʟʦʩʪʘʿʫ, ʧʨʠ ʯʝʤʫ ʦʩʪʘʿʝ ʜʦʩʪʘ ʫʛˀʝʥʠʢʘ, ʜʦʢ ʧʝʧʝʣʘ ʠʤʘ 

ʩʘʤʦ ʫ ʪʨʘʛʦʚʠʤʘ ʠ ʪʦ ʜʦʤʠʥʘʥʪʥʦ ʧʦ ʨʫʙʫ ʛʦʤʠʣʝ ʢʦʿʘ ʩʘʛʦʨʝʚʘ. ʂʦʜ ʧʠʨʦʣʠʟʝ, ʧʨʦʮʝʩ 

ʫʟʦʨʢʦʚʘˁʘ ʩʝ ʧʨʝʢʠʜʘ ʢʘʜ ʥʝʩʪʘʥʫ ʠ ʧʦʩʣʝʜˁʠ ʪʨʘʛʦʚʠ ʞʘʨʘ ʠ ʧʨʝʦʩʪʘʥʝ ʩʘʤʦ ʙʝʦ ʧʝʧʝʦ. ʋ 

ʭʨʦʤʘʪʦʛʨʘʤʠʤʘ ʩʝ ʥʘʟʠʨʝ ʠ ʧʨʠʩʫʩʪʚʦ ʪʦʣʫʝʥʘ, ʘʣʠ ʥʠʿʝ ʤʦʛʘʦ ʙʠʪʠ ʢʚʘʥʪʠʬʠʢʦʚʘʥ ʿʝʨ ʿʝ 

ʧʨʠʩʫʪʘʥ ʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʢʦʿʝ ʩʫ ʤʘˁʝ ʦʜ ʣʠʤʠʪʘ ʜʝʪʝʢʮʠʿʝ. ɽʪʠʣʙʝʥʟʝʥ ʠ ʢʩʠʣʝʥʠ ʥʠʩʫ 

ʜʝʪʝʢʪʦʚʘʥʠ. ʉʪʦʛʘ ʟʘ ʙʫʜʫ˂ʝ ʝʢʩʧʝʨʠʤʝʥʪʝ ʦʚʝ ʚʨʩʪʝ ʧʣʘʥʠʨʘʤʦ ʧʦʚʝ˂ʘˁʝ ʚʝʣʠʯʠʥʝ ʫʟʦʨʢʘ ʠ 

ʫʧʦʪʨʝʙʫ ʤʘˁʠʭ ʘʜʩʦʨʧʮʠʦʥʠʭ ʮʝʚʯʠʮʘ ʨʘʜʠ ʧʦʚʝ˂ʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʘʥʘʣʠʪʘ. 

Özçimen et al. [1] ʩʫ ʢʘʨʙʦʥʠʟʘʮʠʿʦʤ ʫʟʦʨʘʢʘ ʙʠʦʤʘʩʝ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ, ˀʫʩʢʝ 

ʣʝʰʥʠʢʘ, ʩʝʤʝʥʢʠ ʛʨʦʞʹʘ (Vitis vinifera) ʠ ʩʤʝʹʝ ˀʫʩʢʝ ʧʣʦʜʦʚʘ ʧʠʪʦʤʦʛ ʢʝʩʪʝʥʘ (Castanea 

sativa) ʧʨʦʠʟʚʝʣʠ ʙʠʦʫʛʘˀ ʠ ʙʠʦʫˀʝ, ʘ ʧʦʪʦʤ ʩʫ ʦʢʘʨʘʢʪʝʨʠʩʘʣʠ ʧʦʣʘʟʥʝ ʙʠʦʤʘʩʝ ʠ ʜʦʙʠʿʝʥʝ 

ʧʨʦʠʟʚʦʜʝ. ʇʨʝʤʘ ʦʚʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʛʦʨˁʘ ʢʘʣʦʨʠʯʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʝʥʜʦʢʘʨʧ ʢʘʿʩʠʿʝ, 

ʧʨʠʧʘʜʘʿʫ˂ʠ ʙʠʦʫʛʘˀ ʠ ʙʠʦʫˀʝ ʠʟʥʦʩʠ: 19,28 MJkg
-1
, 30,76 MJkg

-1
 ʠ 22,72 MJkg

-1
, 

ʨʝʩʧʝʢʪʠʚʥʦ. ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʧʦʣʘʟʥʦʤ ʙʠʦʤʘʩʦʤ ʙʠʦʫʛʘˀ ʠ ʙʠʦʫˀʝ ʠʤʘʿʫ ʚʝ˂ʫ ʢʘʣʦʨʠʯʥʫ 

ʤʦ˂. ɸʥʘʣʦʛʥʦ ʧʦʥʘʰʘˁʝ ʟʘʧʘʞʝʥʦ ʿʝ ʠ ʢʦʜ ˀʫʩʢʝ ʣʝʰʥʠʢʘ, ʢʦʰʪʠʮʘ ʛʨʦʞʹʘ ʠ ˀʫʩʢʝ 

ʢʝʩʪʝʥʘ. ʄʝʹʫ ʧʦʩʤʘʪʨʘʥʠʤ ʫʟʦʨʮʠʤʘ ʧʦʣʘʟʥʝ ʙʠʦʤʘʩʝ ʝʥʜʦʢʘʨʧ ʢʘʿʩʠʿʝ ʠʤʘ ʥʘʿʚʝ˂ʠ 

ʧʨʦʮʝʥʘʪ ʚʦʣʘʪʠʣʥʠʭ ʤʘʪʝʨʠʿʘ (77,12%) ʠ ʥʘʿʤʘˁʠ ʧʨʦʮʝʥʘʪ ʥʝʠʩʧʘʨˀʠʚʦʛ ʫʛˀʝʥʠʢʘ (21,47), 

ʜʦʢ ʙʠʦʫʛʘˀ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ, ʤʝʹʫ ʧʦʩʤʘʪʨʘʥʠʤ ʙʠʦʫʛˀʝʚʠʤʘ, ʠʤʘ ʥʘʿʤʘˁʠ ʧʨʦʮʝʥʘʪ 

ʚʦʣʘʪʠʣʥʠʭ ʤʘʪʝʨʠʿʘ (19,83%) ʠ ʥʘʿʚʝ˂ʠ ʧʨʦʮʝʥʘʪ ʥʝʠʩʧʘʨˀʠʚʦʛ ʫʛˀʝʥʠʢʘ (71,70%). ʆʚʦ 

ʛʦʚʦʨʠ ʦ ʩʢʣʦʥʦʩʪʠ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ ʢʘ ʬʦʨʤʠʨʘˁʫ ʙʠʦʫʛˀʘ ʧʨʠ ʪʝʨʤʠʯʢʦʤ ʪʨʝʪʤʘʥʫ. 

ʋ ʊʘʙʝʣʠ 4 ʧʨʠʢʘʟʘʥʘ ʿʝ ʤʘʩʘ ʙʝʥʟʝʥʘ ʧʦ ʢʠʣʦʛʨʘʤʫ ʫʟʦʨʢʘ ʧʨʠ ʪʝʨʤʠʯʢʦʤ ʪʨʝʪʤʘʥʫ 

ʧʝʣʝʪʘ ʪʦʧʦʣʝ [13], ʧʠˀʝʚʠʥʝ ʪʦʧʦʣʝ [15] ʠ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ (ʠʟ ʊʘʙʝʣʘ 2 ʠ 3 ʦʚʦʛʘ ʨʘʜʘ). ɿʘ 
ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʥʠʩʫ ʫʟʠʤʘʥʠ ʙʨʦʿʝʚʠ ʫ ʦʙʦʿʝʥʠʤ ʧʦˀʠʤʘ. 

ʊʘʙʝʣʘ 4: ʄʘʩʘ ʙʝʥʟʝʥʘ ʧʦ ʢʠʣʦʛʨʘʤʫ ʫʟʦʨʢʘ ʧʨʠ ʪʝʨʤʠʯʢʦʤ ʪʨʝʪʤʘʥʫ ʧʝʣʝʪʘ ʪʦʧʦʣʝ, 

ʧʠˀʝʚʠʥʝ ʪʦʧʦʣʝ ʠ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ 
 ʇʨʦʮʝʩ 

 ʉʘʛʦʨʝʚʘˁʝ ʇʠʨʦʣʠʟʘ 

 ʄʘʩʘ ʙʝʥʟʝʥʘ ʧʦ ʢʠʣʦʛʨʘʤʫ ʫʟʦʨʢʘ (mgkg
-1
) 

ʋʟʦʨʘʢ 
ʋʟʦʨʘʢ 

ʙʨʦʿ 1 

ʋʟʦʨʘʢ 

ʙʨʦʿ 2 

ʋʟʦʨʘʢ 

ʙʨʦʿ 3 

ʉʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ 

ʋʟʦʨʘʢ 

ʙʨʦʿ 1 

ʋʟʦʨʘʢ 

ʙʨʦʿ 2 

ʋʟʦʨʘʢ 

ʙʨʦʿ 3 

ʉʨʝʜˁʘ 

ʚʨʝʜʥʦʩʪ 

ʇʝʣʝʪʝ 

ʪʦʧʦʣʝ 
1,66 1,66 1,70 1,66 1,82 1,73 1,82 1,82 

ʇʠˀʝʚʠʥʘ 

ʪʦʧʦʣʝ 
1,72 1,86 1,80 1,83 1,88 1,73 1,75 1,74 

ɽʥʜʦʢʘʨʧ 

ʢʘʿʩʠʿʝ 
1,74 1,62 1,74 1,74 1,50 1,92 1,94 1,93 

 

ʇʦʰʪʦ ʿʝ ʩʘʜʨʞʘʿ ʣʠʛʥʠʥʫ ʫ ʝʥʜʦʢʘʨʧʫ ʢʘʿʩʠʿʝ ʚʝ˂ʠ ʥʝʛʦ ʫ ʜʨʚʝʪʫ ʪʦʧʦʣʝ [15], 

ʦʯʝʢʠʚʘʣʠ ʩʤʦ ʚʠʰʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʙʝʥʟʝʥʘ ʧʨʠʣʠʢʦʤ ʪʝʨʤʠʯʢʦʛ ʪʨʝʪʤʘʥʘ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ 

ʥʝʛʦ ʢʦʜ ʧʝʣʝʪʘ ʠ ʧʠˀʝʚʠʥʝ ʪʦʧʦʣʝ, ʰʪʦ ʩʝ ʠ ʧʦʪʚʨʜʠʣʦ ʟʘ ʧʨʦʮʝʩ ʧʠʨʦʣʠʟʝ. ʄʝʹʫʪʠʤ, ʟʘ 

ʧʨʦʮʝʩ ʩʘʛʦʨʝʚʘˁʘ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ, ʢʦʿʠ ʪʨʘʿʝ ʢʨʘ˂ʝ ʥʝʛʦ ʘʥʘʣʦʛʥʠ ʧʨʦʮʝʩʠ ʠʩʪʝ ʤʘʩʝ 

ʫʟʦʨʘʢʘ ʧʝʣʝʪʘ ʠ ʧʠˀʝʚʠʥʝ ʪʦʧʦʣʝ, ʊʘʙʝʣʘ 5 (ʟʘ ʩʨʝʜˁʫ ʚʨʝʜʥʦʩʪ ʥʠʩʫ ʫʟʠʤʘʥʠ ʙʨʦʿʝʚʠ ʫ 

ʦʙʦʿʝʥʠʤ ʧʦˀʠʤʘ), ʦʯʠʛʣʝʜʥʦ ʿʝ ʟʘʩʪʫʧˀʝʥʠʿʘ ʢʘʨʙʦʥʠʟʘʮʠʿʘ ʣʠʛʥʠʥʘ (ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ 

ʧʨʝʦʩʪʘʣʦʛ ʫʛˀʘ), ʯʘʢ ʠ ʧʨʠ ʦʚʠʤ ʥʘʰʠʤ ʦʢʩʠʜʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ, ʥʝʛʦ ˁʝʛʦʚʘ 

ʬʨʘʛʤʝʥʪʘʮʠʿʘ (ʥʘʩʪʘʿʘˁʝ ʚʦʣʘʪʠʣʥʠʭ ʿʝʜʠˁʝˁʘ), ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʧʦʪʧʫʥʠʿʝ ʩʘʛʦʨʝʚʘˁʝ 

ʦʩʣʦʙʦʹʝʥʦʛ ʙʝʥʟʝʥʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʿʝ ˁʝʛʦʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ ʧʨʦʠʟʚʦʜʠʤʘ ʩʘʛʦʨʝʚʘˁʘ ʤʘˁʘ. 

ʆʚʦ ʿʝ ʩʘʛʣʘʩʥʦ ʩʘ ʧʦʤʝʥʫʪʠʤ ʠʩʪʨʘʞʠʚʘˁʝʤ ¥z­imen et al. [1]. 
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ʊʘʙʝʣʘ 5: ɺʨʝʤʝ ʧʨʝʩʪʘʥʢʘ ʧʣʘʤʝʥʦʛ ʩʘʛʦʨʝʚʘˁʘ ʧʨʠ ʪʝʨʤʠʯʢʦʤ ʪʨʝʪʤʘʥʫ ʧʝʣʝʪʘ ʪʦʧʦʣʝ, 

ʧʠˀʝʚʠʥʝ ʪʦʧʦʣʝ ʠ ʝʥʜʦʢʘʨʧʘ ʢʘʿʩʠʿʝ 
 ʇʨʦʮʝʩ ʩʘʛʦʨʝʚʘˁʘ 

 ɺʨʝʤʝ ʧʨʝʩʪʘʥʢʘ ʧʣʘʤʝʥʘ (s) 

ʋʟʦʨʘʢ ʋʟʦʨʘʢ ʙʨʦʿ 1 ʋʟʦʨʘʢ ʙʨʦʿ 2 ʋʟʦʨʘʢ ʙʨʦʿ 3 ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

ʇʝʣʝʪʝ ʪʦʧʦʣʝ 163 236 209 222 

ʇʠˀʝʚʠʥʘ ʪʦʧʦʣʝ 183 196 194 195 

ɽʥʜʦʢʘʨʧ ʢʘʿʩʠʿʝ 147 124 129 126 

6 ʀɿʈɸɿʀ ɿɸʍɺɸʃʅʆʉʊʀ 

ɸʫʪʦʨʠ ʩʝ ʟʘʭʚʘˀʫʿʫ ʛʦʩʧʦʹʘʤʘ ʄʘʨʠ ʄʠʪʨʦʚʠ˂ ʠ ɹʦʩʠ ʉʘʚʯʠ˂ ʥʘ ʫʩʪʫʧˀʝʥʠʤ 

ˀʫʩʢʘʤʘ ʢʦʰʪʠʮʘ ʢʘʿʩʠʿʝ, ʢʦʿʝ ʩʫ ʥʘ ʚʘʟʜʫʭʫ ʦʩʫʰʝʥʝ, ʦʩʣʦʙʦʹʝʥʝ ʩʝʤʝʥʘ ʠ ʯʫʚʘʥʝ ʫ 

ʧʘʧʠʨʥʠʤ ʚʨʝ˂ʠʮʘʤʘ. 
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ʈɽɿʀʄɽ 

ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʠ ʫ ʨʘʜʥʦʿ ʦʢʦʣʠʥʠ ʫ ʝʢʩʧʣʦʟʠʚʥʠʤ ʘʪʤʦʩʬʝʨʘʤʘ, ʫ ʩʢʣʘʜʫ ʩʘ 

ʟʘʢʦʥʩʢʠʤ ʟʘʭʪʝʚʠʤʘ, ʤʦʨʘ ʦʙʫʭʚʘʪʘʪʠ ʠ ɼʦʢʫʤʝʥʪ ʦ ʟʘʰʪʠʪʠ ʦʜ ʝʢʩʧʣʦʟʠʿʝ. ʋ ʜʦʢʫʤʝʥʪʫ, ʧʦʨʝʜ ʦʩʪʘʣʦʛ, ʤʦʨʘ 

ʙʠʪʠ ʥʘʚʝʜʝʥʦ: ʜʘ ʿʝ ʨʠʟʠʢ ʦʜ ʝʢʩʧʣʦʟʠʿʝ ʫʪʚʨʹʝʥ ʠ ʧʨʦʮʝˁʝʥ; ʜʘ ˂ʝ ʩʚʝ ʤʝʨʝ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʫʪʚʨʹʝʥʝ ʫ 

ʩʢʣʘʜʫ ʩʘ ʋʨʝʜʙʦʤ ʦ ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʫʩʣʝʜ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ 

(ñʉʣ. ʛʣ. ʈʉò ʙʨ. 101/12) [1] ʙʠʪʠ ʩʧʨʦʚʝʜʝʥʝ; ʢʦʿʠ ʧʨʦʩʪʦʨ ʿʝ ʢʣʘʩʠʬʠʢʦʚʘʥ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʟʦʥʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʂʣʘʩʠʬʠʢʘʮʠʿʦʤ ʧʨʦʩʪʦʨʘ ʫ ʢʦʿʠʤʘ ʩʝ ʤʦʛʫ ʧʦʿʘʚʠʪʠ ʝʢʩʧʣʦʟʠʚʥʝ ʘʪʤʦʩʬʝʨʝ; ʫ ʢʦʿʝʤ ʧʨʦʩʪʦʨʫ ˂ʝ ʩʝ 

ʧʨʠʤʝˁʠʚʘʪʠ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʥʘʚʝʜʝʥʝ ʫ ʇʨʝʛʣʝʜʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʫʩʣʝʜ ʨʠʟʠʢʘ 

ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ ʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʠʟʙʦʨ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʠ ʟʘʰʪʠʪʥʠʭ ʩʠʩʪʝʤʘ; ʜʘ ʩʫ ʨʘʜʥʘ ʤʝʩʪʘ ʠ 

ʦʧʨʝʤʘ ʟʘ ʨʘʜ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʫʨʝʹʘʿʝ ʟʘ ʫʧʦʟʦʨʘʚʘˁʝ, ʧʨʦʿʝʢʪʦʚʘʥʠ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʠ ʦʜʨʞʘʚʘʿʫ ʪʘʢʦ ʜʘ ʿʝ 

ʦʤʦʛʫ˂ʝʥ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ; ʜʘ ʩʝ ʧʨʠʣʠʢʦʤ ʢʦʨʠʰ˂ʝˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʧʨʠʤʝˁʫʿʫ ʧʨʦʧʠʩʘʥʝ ʧʨʝʚʝʥʪʠʚʥʝ 

ʤʝʨʝ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ.  

ʂˀʫʯʥʝ ʨʝʯʠ: ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ, ʝʢʩʧʣʦʟʠʚʥʘ ʘʪʤʦʩʬʝʨʘ, ʨʘʜʥʦ ʤʝʩʪʦ 

RISK ASSESSMENT IN THE WORKPLACE AND IN WORKING 

ENVIRONMENT IN EXPLO SIVE ATMOSPHERES 

ABSTRACT  

Risk assessment in the workplace and in the working environment in explosive atmospheres, in accordance 

with legal requirements, must include the Document of explosion protection. In the document, among other things, the 

following must be noted: the risk of explosion is identified and assessed; all measures for safe and healthy work as 

determined in accordance with the Regulation on preventive measures for safe and healthy work due to risk from 

explosive atmospheres [1] will be implemented; the space is classified in an appropriate zone in accordance with the 

classification of spaces where explosive atmospheres may occur; areas for which shall apply preventive measures listed 

in the Review of preventive measures for safe and healthy work due to risk from explosive atmospheres and criteria for 

the selection of work equipment and protective systems; the workplace and work equipment, including warning devices, 

are designed, and are used and maintained so as to enable the safe and healthy work; when using the work equipment, 

prescribed preventive measures for safe and healthy work are applied. 

Keywords: risk assessment, explosive atmosphere, workplace 

1.ʋɺʆɼ 

ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʠ ʫ ʨʘʜʥʦʿ ʦʢʦʣʠʥʠ ʫ ʝʢʩʧʣʦʟʠʚʥʠʤ ʘʪʤʦʩʬʝʨʘʤʘ 

ʟʘʭʪʝʚʘ ʫʩʘʛʣʘʰʘʚʘˁʝ ʩʘ ʟʘʭʪʝʚʠʤʘ ʋʨʝʜʙʝ ʦ ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ 

ʫʩʣʝʜ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ (ñʉʣ. ʛʣ. ʈʉò ʙʨ. 101/12) [1]. ʋ ʨʘʜʫ ʜʘʪʘ ʿʝ ʧʨʦʮʝʥʘ 

ʨʠʟʠʢʘ ʟʘ ʨʘʜʥʦ ʤʝʩʪʦ ʪʦʯʠʦʮ ʛʦʨʠʚʘ ʫ ʩʢʣʘʜʫ ʩʘ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʥʘʯʠʥʫ ʠ ʧʦʩʪʫʧʢʫ ʧʨʦʮʝʥʝ 

ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʠ ʫ ʨʘʜʥʦʿ ʦʢʦʣʠʥʠ, ʦ ʧʦʢʨʝʪʘˁʫ ʧʦʩʪʫʧʢʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ (ñʉʣ. ʛʣ. 

ʈʉò ʙʨ.72/06)
 
[2], ʂʠʥʠ ʤʝʪʦʜʦʤ, ʩʘ ʧʨʝʜʣʦʛʦʤ ʤʝʨʘ ʠ ʨʦʢʦʚʘ ʟʘ ʩʧʨʝʯʘʚʘˁʝ, ʦʪʢʣʘˁʘˁʝ ʠʣʠ 

ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, ʧʨʦʬʝʩʠʦʥʘʣʥʠʭ ʦʙʦˀʝˁʘ ʠʣʠ ʦʙʦˀʝˁʘ ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ, 

ʧʨʠ ʯʝʤʫ ʿʝ  ʧʨʠʢʘʟʘʥ ʠ ʟʘʢʦʥʩʢʠ ʟʘʭʪʝʚ ʟʘ ʤʠʥʠʤʘʣʥʠ ʩʘʜʨʞʘʿ ʜʦʢʫʤʝʥʪʘ ʦ ʟʘʰʪʠʪʠ ʦʜ 

ʝʢʩʧʣʦʟʠʿʘ ʢʦʿʠ ʿʝ ʜʘʪ ʢʘʦ ʧʨʠʣʦʛ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ. ɿʙʦʛ ʦʙʠʤʥʦʩʪʠ ʜʦʢʫʤʝʥʪʘ, ʫ ʨʘʜʫ ʩʫ 

ʠʟʣʦʞʝʥʠ ʩʘʤʦ ˁʝʛʦʚʠ ʢˀʫʯʥʠ ʜʝʣʦʚʠ. 

 

                                                             
1
 ñMD PROJEKT INSTITUTò DOO, Niġ, Trg Kralja Aleksandra Ujedinitelja 2/5 

2
 Univerzitet za bibliotekarstvo i informacione tehnologije, Bugarska, Sofija, Carigradska 119 
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2.ʇʈʆʎɽʅɸ ʈʀɿʀʂɸ ʅɸ ʈɸɼʅʆʄ ʄɽʉʊʋ ʊʆʏʀʆʎ ɻʆʈʀɺɸ ʅɸ 

ɹɽʅɿʀʅʉʂʆɱ ʉʊɸʅʀʎʀ  

ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʠ ʨʘʜʥʦʿ ʦʢʦʣʠʥʠ ʚʨʰʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʨʠʢʫʧˀʝʥʠʭ 

ʧʦʜʘʪʘʢʘ ʦ ʧʦʩʪʦʿʝ˂ʝʤ ʩʪʘˁʫ ʠ ʤʦʛʫ˂ʠʤ ʦʧʘʩʥʦʩʪʠʤʘ ʫ ʩʚʠʤ ʘʩʧʝʢʪʠʤʘ ʨʘʜʘ ʢʦʿʝ ʤʦʛʫ 

ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʨʠʟʠʢ ʠ ʚʨʰʠ ʩʝ ˁʠʭʦʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʦ ʯʝʤʫ ʩʝ ʩʘʩʪʘʚˀʘ ʣʠʩʪʘ ʦʧʘʩʥʦʩʪʠ 

ʠ ʰʪʝʪʥʦʩʪʠ. 

ʄʝʩʪʦ ʠ ʥʘʯʠʥ ʦʜʚʠʿʘˁʘ ʧʦʩʣʘ: ʫ ʟʘʪʚʦʨʝʥʦʤ ʧʨʦʩʪʦʨʫ-ʧʨʦʜʘʿʥʦʤ ʧʨʦʩʪʦʨʫ ʙʝʥʟʠʥʩʢʝ 

ʩʪʘʥʠʮʝ ͙ ʥʘ ʦʪʚʦʨʝʥʦʤ-ʠʩʧʦʜ ʥʘʜʩʪʨʝʰʥʠʮʝ. ʈʘʜ ʩʝ ʦʜʚʠʿʘ ʚʝ˂ʠʤ ʜʝʣʦʤ ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ ʫ 
ʩʪʦʿʝ˂ʝʤ ʧʦʣʦʞʘʿʫ. ʆʧʨʝʤʘ ʟʘ ʨʘʜ: ʘʫʪʦʤʘʪ ʟʘ ʪʦʯʝˁʝ ʪʝʯʥʠʭ ʛʦʨʠʚʘ. 

ʆʧʠʩ ʧʦʩʣʦʚʘ ʟʘʧʦʩʣʝʥʦʛ-ʬʘʢʪʠʯʢʦ ʩʪʘˁʝ: ʚʨʰʠ ʫʩʣʫʞʠʚʘˁʝ ʢʫʧʘʮʘ-ʠʩʪʘʢʘˁʝ ʛʦʨʠʚʘ 

ʫ ʨʝʟʝʨʚʦʘʨʝ ʚʦʟʠʣʘ, ʚʨʰʠ ʧʨʦʜʘʿʫ ʠ ʥʘʧʣʘʪʫ ʨʦʙʝ ʫ ʧʨʦʜʘʿʥʦʤ ʧʨʦʩʪʦʨʫ (ʘʫʪʦʢʦʟʤʝʪʠʢʝ, 

ʤʝʰʦʚʠʪʝ ʨʦʙʝ), ʦʜʛʦʚʘʨʘ ʟʘ ʧʨʘʚʠʣʥʦ ʦʙʘʚˀʘˁʝ ʧʦʩʣʦʚʘ ʠ ʢʦʨʝʢʪʘʥ ʦʜʥʦʩ ʧʨʝʤʘ ʢʫʧʮʠʤʘ, 
ʦʜʛʦʚʘʨʘ ʟʘ ʧʨʠʤʝʥʫ ʤʝʨʘ ʧʨʦʪʠʚʧʦʞʘʨʥʝ ʟʘʰʪʠʪʝ, ʧʨʘʪʠ ʩʪʘˁʝ ʛʦʨʠʚʘ ʫ ʨʝʟʝʨʚʦʘʨʠʤʘ, 
ʦʙʘʚˀʘ ʠ ʜʨʫʛʝ ʧʦʩʣʦʚʝ ʧʦ ʥʘʣʦʛʫ ʨʫʢʦʚʦʜʠʦʮʘ. 

ʊʘʙʝʣʘ 1-ʀʟʣʦʞʝʥʦʩʪ ʦʧʘʩʥʦʩʪʠʤʘ ʠ ʰʪʝʪʥʦʩʪʠʤʘ, ʧʨʦʮʝˁʝʥʠ ʥʠʚʦʠ ʨʠʟʠʢʘ ʠ ʧʨʝʜʣʦʛ 

ʤʝʨʘ 

ʇʆʊɽʅʎʀɱɸʃʅɽ 

ʆʇɸʉʅʆʉʊʀ-ʐʊɽʊʅʆʉʊʀ 

ʇʈʆʎɽʅɸ 

ʈʀɿʀʂɸ 

ʄɽʈɽ ɿɸʐʊʀʊɽ 
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ʩ
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1) ʄʝʭʘʥʠʯʢʝ ʦʧʘʩʥʦʩʪʠ, ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʢʦʨʠʰ˂ʝˁʝʤ ʦʧʨʝʤʝ ʟʘ ʨʘʜ 

ʉʣʦʙʦʜʥʦ ʢʨʝʪʘˁʝ ʜʝʣʦʚʘ ʠʣʠ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʤʦʛʫ ʥʘʥʝʪʠ 

ʧʦʚʨʝʜʫ ʟʘʧʦʩʣʝʥʦʤ 

3 3 6 5

4 

ʈʝʜʦʚʥʠ ʧʨʝʛʣʝʜ ʦʧʨʝʤʝ ʟʘ ʨʘʜ (ʇʨʘʚʠʣʥʠʢ ʦ 

ʧʦʩʪʫʧʢʫ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʠ 

ʠʩʧʠʪʠʚʘˁʘ ʫʩʣʦʚʘ ʨʘʜʥʝ ʦʢʦʣʠʥʝ Ăʉʣ. ʛʣ. ʈʉñ ʙʨ. 

94/06 ʠ 108/06). ʆʩʧʦʩʦʙˀʘʚʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʟʘ 

ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ (ʯʣ. 27 ɿʘʢʦʥʘ ʦ ʙʝʟʙʝʜʥʦʩʪʠ 

ʠ ʟʜʨʘʚˀʫ ʥʘ ʨʘʜʫ Ăʉʣ. ʛʣ. ʈʉñ ʙʨ. 101/05). 

ʂʨʝʪʘˁʝ ʚʦʟʠʣʘ ʫ 

ʤʘʥʠʧʫʣʘʪʠʚʥʦʤ ʧʨʦʩʪʦʨʫ 

ʩʪʘʥʠʮʝ 

4 2 6 4

8 

ʆʙʝʣʝʞʘʚʘˁʝ ʧʫʪʝʚʘ ʢʨʝʪʘˁʘ ʚʦʟʠʣʘ ʠ ʧʦʰʪʦʚʘˁʘ 

ʦʛʨʘʥʠʯʝˁʘ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ.  

ʂʦʨʠʰ˂ʝˁʝ ʦʧʘʩʥʠʭ 

ʩʨʝʜʩʪʘʚʘ ʟʘ ʨʘʜ, ʢʦʿʘ ʤʦʛʫ 

ʧʨʦʠʟʚʝʩʪʠ ʝʢʩʧʣʦʟʠʿʝ ʠʣʠ 

ʧʦʞʘʨ (ʥʘʬʪʥʠ ʜʝʨʠʚʘʪʠ) 

1

0 

3 6 1

8

0 

ʉʪʨʫʯʥʘ ʦʩʧʦʩʦʙˀʝʥʦʩʪ ʟʘ ʨʫʢʦʚʘˁʝ ʦʧʘʩʥʠʤ 

ʤʘʪʝʨʠʿʘʤʘ (ʯʣ. 37 ɿʘʢʦʥʘ ʦ ʪʨʘʥʩʧʦʨʪʫ ʦʧʘʩʥʦʛ 

ʪʝʨʝʪʘ ñʉʣ. ʛʣ. ʈʉò ʙʨ. 88/10). 

ʆʩʥʦʚʥʘ ʦʙʫʢʘ ʟʘʧʦʩʣʝʥʠʭ ʠʟ ʦʙʣʘʩʪʠ ʟʘʰʪʠʪʝ ʦʜ 

ʧʦʞʘʨʘ. (ʯʣ. 53 ɿʘʢʦʥʘ ʦ ʟʘʰʪʠʪʠ ʦʜ ʧʦʞʘʨʘ (ñʉʣ. 

ʛʣ.ò ʈʉ ʙʨ. 111/09). 

ʅʝʤʦʛʫ˂ʥʦʩʪ ʠʣʠ 

ʦʛʨʘʥʠʯʝʥʦʩʪ ʧʨʘʚʦʚʨʝʤʝʥʦʛ 

ʫʢʣʘˁʘˁʘ ʩʘ ʨʘʜʥʦʛ ʤʝʩʪʘ, 

ʠʟʣʦʞʝʥʦʩʪ ʟʘʪʚʘʨʘˁʫ, 

ʤʝʭʘʥʠʯʢʦʤ ʫʜʘʨʫ, 

ʧʦʢʣʘʧʘˁʫ ʠ ʩʣ.  

1

0 

3 6 1

8

0 

ʈʝʜʦʚʥʘ ʧʨʠʤʝʥʘ ʠ ʩʧʨʦʚʦʹʝˁʝ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ 

ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʠ ʟʘʰʪʠʪʫ ʦʜ ʧʦʞʘʨʘ. 

ɼʨʫʛʠ ʬʘʢʪʦʨʠ ʢʦʿʠ ʤʦʛʫ ʜʘ 

ʩʝ ʧʦʿʘʚʝ ʢʘʦ ʤʝʭʘʥʠʯʢʠ 

ʠʟʚʦʨʠ ʦʧʘʩʥʦʩʪʠ  

2 6 6 7

2 

ʆʩʧʦʩʦʙˀʘʚʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ 

ʨʘʜ (ʯʣ. 27 ɿʘʢʦʥʘ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʫ ʥʘ ʨʘʜʫ 

Ăʉʣ. ʛʣ. ʈʉñ ʙʨ. 101/05). 

2) ʆʧʘʩʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʫ ʚʝʟʠ ʩʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʦʛ ʤʝʩʪʘ 

ʆʧʘʩʥʝ ʧʦʚʨʰʠʥʝ (ʧʦʜʦʚʠ ʠ 

ʩʚʝ ʚʨʩʪʝ ʛʘʟʠʰʪʘ, ʧʦʚʨʰʠʥʝ 

3 3 6 5

4 

ʄʝʭʘʥʠʯʢʘ ʟʘʰʪʠʪʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ, ʢʦʨʠʰ˂ʝˁʝ 

ʣʠʯʥʝ ʟʘʰʪʠʪʥʝ ʦʧʨʝʤʝ. 
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ʩʘ ʢʦʿʠʤʘ ʟʘʧʦʩʣʝʥʠ ʜʦʣʘʟʠ ʫ 

ʜʦʜʠʨ, ʘ ʢʦʿʝ ʠʤʘʿʫ ʦʰʪʨʝ 

ʠʚʠʮʝ-ʨʫʙʦʚʝ, ʰʠˀʢʝ, ʛʨʫʙʝ 

ʧʦʚʨʰʠʥʝ ʠ ʩʣ.)  

ʆʩʧʦʩʦʙˀʘʚʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ 

ʨʘʜ (ʯʣ. 27 ɿʘʢʦʥʘ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʫ ʥʘ ʨʘʜʫ 

Ăʉʣ. ʛʣ. ʈʉñ ʙʨ. 101/05). 

ʇʘʜ ʧʨʝʜʤʝʪʘ 2 6 6 7

2 

ɿʘʰʪʠʪʥʝ ʮʠʧʝʣʝ ʩʘ ʯʝʣʠʯʥʦʤ ʢʘʧʠʮʦʤ, 

ʘʥʪʠʩʪʘʪʠʢ.  

ʄʦʛʫ˂ʥʦʩʪ ʢʣʠʟʘˁʘ ʠʣʠ 

ʩʧʦʪʠʮʘˁʘ (ʤʦʢʨʝ ʠʣʠ 

ʢʣʠʟʘʚʝ ʧʦʚʨʰʠʥʝ) 

3 3 6 5

4 

ʆʧʨʝʟʥʦʩʪ ʧʨʠʣʠʢʦʤ ʢʨʝʪʘˁʘ. 

ɿʘʰʪʠʪʥʝ ʮʠʧʝʣʝ ʩʘ ʯʝʣʠʯʥʦʤ ʢʘʧʠʮʦʤ, 

ʘʥʪʠʩʪʘʪʠʢ. 

ʆʧʘʩʥʦʩʪʠ ʢʦʿʝ ʩʝ ʤʦʛʫ 

ʧʦʿʘʚʠʪʠ ʫ ʚʝʟʠ ʩʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʜʥʦʛ 

ʤʝʩʪʘ ʠ ʥʘʯʠʥʦʤ ʨʘʜʘ-ʈʘʜ ʫ 

ʟʦʥʘʤʘ ʫʛʨʦʞʝʥʠʤ ʦʜ ʧʦʞʘʨʘ 

ʠ ʝʢʩʧʣʦʟʠʿʘ  

1

0 

3 6 1

8

0 

ʈʝʜʦʚʘʥ ʧʨʝʛʣʝʜ ʠ ʦʜʨʞʘʚʘˁʝ ʫʨʝʹʘʿʘ ʫ ɽx 

ʟʘʰʪʠʪʠ (ʯʣ. 15, ʩʪʘʚ 1, ʪʘʯʢʘ 6, ɿʘʢʦʥʘ ʦ 

ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʫ ʥʘ ʨʘʜʫ Ăʉʣ. ʛʣ. ʈʉñ ʙʨ. 

101/05). 

3) ʆʧʘʩʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʢʦʨʠʰ˂ʝˁʝʤ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ 

ʆʧʘʩʥʦʩʪ ʦʜ ʠʥʜʠʨʝʢʪʥʦʛ 

ʜʦʜʠʨʘ 

6 1 6 1

8 

ʄʝʨʝ ʟʘʰʪʠʪʝ ʫʩʢʣʘʹʝʥʝ ʩʘ ʩʪʘʥʜʘʨʜʦʤ SRPS 

NB2.741 

ʆʧʘʩʥʦʩʪʠ ʫʩʣʝʜ ʫʜʘʨʘ ʛʨʦʤʘ 

ʠ ʧʦʩʣʝʜʠʮʘ ʘʪʤʦʩʬʝʨʩʢʦʛ 

ʧʨʘʞˁʝˁʘ  

1

0 

1 6 6

0 

ʈʝʜʦʚʥʠ ʧʨʝʛʣʝʜ ʠ ʦʜʨʞʘʚʘˁʝ ʫ ʠʩʧʨʘʚʥʦʤ ʩʪʘˁʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʠ ʛʨʦʤʦʙʨʘʥʩʢʠʭ ʠʥʩʪʘʣʘʮʠʿʘ 

(ʇʨʘʚʠʣʥʠʢ ʦ ʪʝʭʥʠʯʢʠʤ ʥʦʨʤʘʪʠʚʠʤʘ ʟʘ ʟʘʰʪʠʪʫ 

ʦʙʿʝʢʘʪʘ ʦʜ ʘʪʤʦʩʬʝʨʩʢʦʛ ʧʨʘʞˁʝˁʘñʉʣ. ʣʠʩʪ ʉʈɱò 

ʙʨ.11/96). 

4) ʐʪʝʪʥʦʩʪʠ ʢʦʿʝ ʥʘʩʪʘʿʫ ʠʣʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʫ ʧʨʦʮʝʩʫ ʨʘʜʘ 

ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ 

(ʫʜʠʩʘˁʝ), 

ʥʘ ʦʩʥʦʚʫ ʢʦʥʪʠʥʫʘʣʥʠʭ 

ʠʩʧʠʪʠʚʘˁʘ [9] 

2 6 1

0 

1

2

0 

ʇʨʠʤʝʥʘ ʥʘʯʝʣʘ ʧʨʝʚʝʥʮʠʿʝ ʧʨʠ ʠʟʣʘʛʘˁʫ 

ʭʝʤʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ (ʯʣ 6, ʇʨʘʚʠʣʥʠʢ ʦ 

ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠ 

ʠʟʣʘʛʘˁʫ ʭʝʤʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ (ñʉʣ. ʛʣ. ʈʉò, ʙʨ. 

106/09)). 

ʀʥʬʦʨʤʠʩʘˁʝ ʠ ʦʩʧʦʩʦʙˀʘʚʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʧʨʠ 

ʠʟʣʘʛʘˁʫ ʭʝʤʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ (ʯʣ 9, ʇʨʘʚʠʣʥʠʢ ʦ 

ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠ 

ʠʟʣʘʛʘˁʫ ʭʝʤʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ (ñʉʣ. ʛʣ. ʈʉò, ʙʨ. 

106/09)). 

ʉʠʩʪʝʤ ʟʘ ʧʦʚʨʘ˂ʘʿ ʧʘʨʘ 

ʈʝʜʦʚʥʠ ʧʨʝʚʝʥʪʠʚʥʠ ʠ ʮʠˀʘʥʠ ʣʝʢʘʨʩʢʠ ʧʨʝʛʣʝʜʠ 

ʟʘʧʦʩʣʝʥʠʭ ʫ ʮʠˀʫ ʢʦʥʪʨʦʣʠʩʘˁʘ ʟʜʨʘʚʩʪʚʝʥʦʛ 

ʩʪʘˁʘ: ʟʘ ʟʘʧʦʩʣʝʥʝ ʢʦʿʠ ʩʫ ʧʦʜ ʫʪʠʮʘʿʝʤ ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ ʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʨʘʜ ʫ ʧʨʠʩʫʩʪʚʫ 

ʰʪʝʪʥʠʭ ʛʘʩʦʚʘ (ʘʣʠʬʘʪʠʯʥʠ ʠ ʘʣʠʮʠʢʣʠʯʥʠ 

ʫʛˀʦʚʦʜʦʥʮʠ, ʮʠʢʣʠʯʥʠ ʫʛˀʦʚʦʜʦʥʠʮʠ 

(ʘʨʦʤʘʪʠʯʥʠ ʫʛˀʦʚʦʜʦʥʠʮʠ), ʠ ʫʛˀʝʥ ʤʦʥʦʢʩʠʜ), 

ʫʧʫ˂ʫʿʫ ʩʝ ʥʘ ʣʝʢʘʨʩʢʝ ʧʨʝʛʣʝʜʝ ʥʘ 12 ʤʝʩʝʮʠ (ʯʣ 

2. ʩʪʘʚ 1. ʪʘʯʢʝ 3.2.1., 3.2.2 ʠ 3.3.6, ʇʨʘʚʠʣʥʠʢ ʦ 

ʧʨʝʜʭʦʜʥʠʤ ʠ ʧʝʨʠʦʜʠʯʥʠʤ ʣʝʢʘʨʩʢʠʤ ʧʨʝʛʣʝʜʠʤʘ 

ʟʘʧʦʩʣʝʥʠʭ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʩʘ ʧʦʚʝ˂ʘʥʠʤ 

ʨʠʟʠʢʦʤ Ăʉʣ. ʛʣ. ʈʉò ʙʨ. 120/07). 

ʄʘʿʘ ɲʫʙʠ˂, ɹʦʞʠʜʘʨ ʈʘʢʦʚʠ˂, ʀʚʘʥ ɻʘʨʚʘʥʦʚ, 
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ɿʥʘʯʘʿ ʠʩʧʠʪʠʚʘˁʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʫ ʨʘʜʥʦʿ 

ʦʢʦʣʠʥʠ  ʧʨʠ ʚʨʰʝˁʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʦʤ 

ʤʝʩʪʫ [9]. 

ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ (ʢʦʥʪʘʢʪ 

ʢʦʞʝ, ʧʨʩʢʘˁʝ ʫ ʦʢʦ) 

2 3 6 3

6 

ɿʘʰʪʠʪʥʝ ʨʫʢʘʚʠʮʝ ʢʦʿʝ ʰʪʠʪʝ ʦʜ ʭʝʤʠʢʘʣʠʿʘ SRPS 

EN 374.  

ʌʠʟʠʯʢʝ ʰʪʝʪʥʦʩʪʠ (ʙʫʢʘ ʠ 

ʚʠʙʨʘʮʠʿʝ)  

2 6 6 7

2 

ʇʦʰʪʦʚʘˁʘ ʦʛʨʘʥʠʯʝˁʘ ʙʨʟʠʥʝ ʢʨʝʪʘˁʘ ʤʦʪʦʨʥʠʭ 

ʚʦʟʠʣʘ ʠ ʟʘʢʦʥʩʢʦʛ ʟʘʭʪʝʚʘ ʟʘ ʛʘʰʝˁʝ ʤʦʪʦʨʘ 

ʧʨʠʣʠʢʦʤ ʪʦʯʝˁʘ ʛʦʨʠʚʘ.  

ʐʪʝʪʥʠ ʢʣʠʤʘʪʩʢʠ ʫʪʠʮʘʿʠ 

(ʨʘʜ ʥʘ ʦʪʚʦʨʝʥʦʤ) 

2 6 6 7

2 

ɿʘʰʪʠʪʥʦ ʦʜʝʣʦ ʣʝʪˁʝ ʠ ʟʠʤʩʢʦ,  

ʜʚʦʜʝʣʥʦ ʠʣʠ ʢʦʤʙʠʥʝʟʦʥ, ʘʥʪʠʩʪʘʪʠʢ.  

ʇʨʩʣʫʢ, ʧʣʘʪʥʝʥʠ, ʧʦʩʪʘʚˀʝʥ ʢʨʟʥʦʤ, ʩʘ ʠʣʠ ʙʝʟ 

ʨʫʢʘʚʘ, ʘʥʪʠʩʪʘʪʠʢ. 

ɿʘʰʪʠʪʥʘ ʿʘʢʥʘ, ʘʥʪʠʩʪʘʪʠʢ.  

ʂʘʧʘ ʩʘ ʰʪʠʪʥʠʢʦʤ ʟʘ ʫʰʠ. 

ɿʘʰʪʠʪʥʝ ʨʫʢʘʚʠʮʝ ʢʦʿʝ ʰʪʠʪʝ ʦʜ ʭʣʘʜʥʦ˂ʝ SRPS 

EN 511. 

ɿʘʰʪʠʪʥʝ ʛʫʤʝʥʝ ʯʠʟʤʝ SRPS EN 20345.  

ʂʘʙʘʥʠʮʘ ʢʠʰʥʘ PVC ʩʘ ʢʘʧʫˀʘʯʦʤ.  

ʐʪʝʪʥʦʩʪʠ ʢʦʿʝ ʥʘʩʪʘʿʫ 

ʢʦʨʠʰ˂ʝˁʝʤ ʦʧʘʩʥʠʭ 

ʤʘʪʝʨʠʿʘ ʫ ʧʨʦʠʟʚʦʜˁʠ, 

ʪʨʘʥʩʧʦʨʪʫ, ʧʘʢʦʚʘˁʫ, 

ʩʢʣʘʜʠʰʪʝˁʫ ʠʣʠ 

ʫʥʠʰʪʘʚʘˁʫ  

3 3 6 5

4 

ʂʦʨʠʰ˂ʝˁʝ ʣʠʯʥʝ ʟʘʰʪʠʪʥʝ ʦʧʨʝʤʝ ʇʨʘʚʠʣʥʠʢ ʦ 

ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠ 

ʢʦʨʠʰ˂ʝˁʫ ʩʨʝʜʩʪʘʚʘ ʠ ʦʧʨʝʤʝ ʟʘ ʣʠʯʥʫ ʟʘʰʪʠʪʫ 

ʥʘ ʨʘʜʫ (Ăʉʣ. ʛʣ. ʈʉñ ʙʨ. 92/08). 

ɼʨʫʛʝ ʰʪʝʪʥʦʩʪʠ ʢʦʿʝ ʩʝ 

ʧʦʿʘʚˀʫʿʫ ʫ ʨʘʜʥʦʤ ʧʨʦʮʝʩʫ-

ʠʟʣʦʞʝʥʦʩʪ ʥʝʭʠʛʠʿʝʥʩʢʠʤ 

ʫʩʣʦʚʠʤʘ ʨʘʜʘ (ʧʨˀʘˁʝ ʨʫʢʫ, 

ʪʝʣʘ ʠ ʦʜʝ˂ʝ)  

2 6 6 7

2 

ʈʝʜʦʚʥʦ ʪʝʭʥʠʯʢʦ ʦʜʨʞʘʚʘˁʝ ʨʘʜʥʦʛ ʤʝʩʪʘ ʠ 

ʦʧʨʝʤʝ ʟʘ ʨʘʜ 

(ʯʣ. 5, ʇʨʘʚʠʣʥʠʢ ʦ ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ 

ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ Ăʉʣ. ʛʣ. ʈʉñ 

ʙʨ. 21/09). 

5) ʐʪʝʪʥʦʩʪʠ ʢʦʿʝ ʧʨʦʠʩʪʠʯʫ ʠʟ ʧʩʠʭʠʯʢʠʭ ʠ ʧʩʠʭʦʬʠʟʠʦʣʦʰʢʠʭ ʥʘʧʦʨʘ 

ʅʘʧʦʨʠ ʠʣʠ ʪʝʣʝʩʥʘ 

ʥʘʧʨʝʟʘˁʘ  

2 6 6 7

2 

ʇʨʘʚʠʣʥʦ ʧʦʜʠʟʘˁʝ, ʤʘʥʠʧʫʣʘʮʠʿʘ ʪʝʨʝʪʦʤ ʠ 

ʢʦʨʠʰ˂ʝˁʝ ʧʦʤʦ˂ʥʠʭ ʩʨʝʜʩʪʘʚʘ ʟʘ ʤʘʥʠʧʫʣʘʮʠʿʫ 

ʪʝʨʝʪʦʤ 

ʂʦʞʥʝ ʟʘʰʪʠʪʥʝ ʨʫʢʘʚʠʮʝ SRPS EN 388 ʟʘ ʟʘʰʪʠʪʫ 

ʦʜ ʤʝʭʘʥʠʯʢʠʭ ʨʠʟʠʢʘ. 

ʅʝʬʠʟʠʦʣʦʰʢʠ ʧʦʣʦʞʘʿ ʪʝʣʘ 

(ʜʫʛʦʪʨʘʿʥʦ ʩʪʘʿʘˁʝ) 

3 6 6 1

0

8 

ɸʥʘʪʦʤʩʢʘ ʦʙʫ˂ʘ, ʢʘʦ ʠ 

ʢʨʘʪʢʦʪʨʘʿʥʝ ʠʟʤʝʥʝ ʩʪʘʿʘˁʘ ʠ ʩʝʜʝˁʘ. 

ʆʜʛʦʚʦʨʥʦʩʪ ʫ ʢʦʨʠʰ˂ʝˁʫ 

ʟʥʘˁʘ ʠ ʩʧʦʩʦʙʥʦʩʪʠ 

2 6 6 7

2 

ʉʪʨʫʯʥʘ ʦʩʧʦʩʦʙˀʝʥʦʩʪ ʟʘ ʨʫʢʦʚʘˁʝ ʦʧʘʩʥʠʤ 

ʤʘʪʝʨʠʿʘʤʘ ʠ ʩʪʘʣʥʦ ʩʪʨʫʯʥʦ ʫʩʘʚʨʰʘʚʘˁʝ ʠ 

ʫʧʦʪʧʫˁʘʚʘˁʝ ʟʥʘˁʘ ʠ ʚʝʰʪʠʥʘ. 

ʆʜʛʦʚʦʨʥʦʩʪ ʫ ʧʨʘʚʠʣʠʤʘ 

ʧʦʥʘʰʘˁʘ 

2 6 6 7

2 

ʂʦʨʝʢʪʥʦ, ʧʦʩʣʦʚʥʦ ʧʦʥʘʰʘˁʝ. 

ʈʘʜ ʩʘ ʩʪʨʘʥʢʘʤʘ, ʢʦʥʬʣʠʢʪʥʝ 

ʩʠʪʫʘʮʠʿʝ 

2 6 6 7

2 

ʇʨʦʬʝʩʠʦʥʘʣʥʦʩʪ ʫ ʦʧʭʦʹʝˁʫ ʩʘ ˀʫʜʠʤʘ ʠ 

ʩʤʠʨʝʥʦʩʪ ʧʨʠ ʨʝʘʛʦʚʘˁʫ. 

ʈʘʜ ʩʘ ʢʦʣʝʛʘʤʘ (ʢʦʥʬʣʠʢʪʥʝ 

ʩʠʪʫʘʮʠʿʝ ʩʘ ʢʦʣʝʛʘʤʘ, 

2 6 6 7

2 

ʋʧʨʘʚˀʘˁʝ ʩʪʨʝʩʦʤ ʠ ʢʦʥʪʨʦʣʘ ʨʝʘʛʦʚʘˁʘ ʫ 

ʩʪʨʝʩʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. 
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ʇʆʊɽʅʎʀɱɸʃʅɽ 

ʆʇɸʉʅʆʉʊʀ-ʐʊɽʊʅʆʉʊʀ 

ʇʈʆʎɽʅɸ 

ʈʀɿʀʂɸ 

ʄɽʈɽ ɿɸʐʊʀʊɽ 

ʧ
ʦ
ʩ
ʣ
ʝ
ʜ
ʠ
ʮ

ʘ ʚ
ʝ
ʨ
ʦ
ʚ
ʘ
ʪ
ʥ

ʦ
˂
ʘ

 
ʫ
ʯ
ʝ
ʩ
ʪ
ʘ
ʣ
ʦ

ʩ
ʪ 
ʥ
ʠ
ʚ
ʦ
 

ʨ
ʠ
ʟ
ʠ
ʢ
ʘ

 

ʥʘʜʨʝʹʝʥʠʤʘ)  

ʈʘʜ ʩʘ ʥʦʚʮʝʤ 2 6 6 7

2 

ʂʦʨʝʢʪʘʥ ʠ ʧʨʦʬʝʩʠʦʥʘʣʘʥ ʦʜʥʦʩ ʫ ʨʘʜʫ ʠ 

ʧʨʘʚʠʣʥʘ ʤʘʥʠʧʫʣʘʮʠʿʘ ʥʦʚʮʝʤ. 

ʆʜʛʦʚʦʨʥʦʩʪ ʫ ʨʘʜʫ 2 6 6 7

2 

ʇʨʦʬʝʩʠʦʥʘʣʥʦʩʪ ʫ ʠʟʚʨʰʝˁʫ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ. 

6) ʐʪʝʪʥʦʩʪʠ ʚʝʟʘʥʝ ʟʘ ʦʨʛʘʥʠʟʘʮʠʿʫ ʨʘʜʘ 

ʈʘʜ ʫ ʩʤʝʥʘʤʘ/ʈʘʜ ʥʦ˂ʫ 3 6 3 5

4 

ʆʧʪʠʤʘʣʘʥ ʨʘʩʧʦʨʝʜ ʠʟʚʨʰʠʣʘʮʘ ʧʦ ʩʤʝʥʘʤʘ, ʢʘʦ 

ʠ ʨʘʩʧʦʨʝʜ ʩʤʝʥʘ. 

ʈʘʜ ʜʫʞʠ ʦʜ ʧʫʥʦʛ ʨʘʜʥʦʛ 

ʚʨʝʤʝʥʘ (ʧʨʝʢʦʚʨʝʤʝʥʠ ʨʘʜ)  

3 6 3 5

4 

ʆʨʛʘʥʠʟʦʚʘˁʝ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʧʨʝʤʘ 

ʧʨʠʦʨʠʪʝʪʠʤʘ. 

 

ʇʨʠʧʨʘʚʥʦʩʪ ʟʘ ʩʣʫʯʘʿ 

ʠʥʪʝʨʚʝʥʮʠʿʘ  

1

0 

3 6 1

8

0 

ʉʘʦʙʨʘ˂ʘʿʥʝ ʧʦʚʨʰʠʥʝ ʠ ʧʫʪʝʚʠ ʟʘ ʝʚʘʢʫʘʮʠʿʫ ʫ 

ʩʣʫʯʘʿʫ ʦʧʘʩʥʦʩʪʠ ʤʦʨʘʿʫ ʫʚʝʢ ʙʠʪʠ ʩʣʦʙʦʜʥʠ. 

ʆʧʨʝʤʘ ʟʘ ʛʘʰʝˁʝ ʧʦʞʘʨʘ ʤʦʨʘ ʙʠʪʠ ʣʘʢʦ 

ʜʦʩʪʫʧʥʘ ʠ ʿʝʜʥʦʩʪʘʚʥʘ ʟʘ ʫʧʦʪʨʝʙʫ. 

ʆʙʫʢʘ ʟʘʧʦʩʣʝʥʠʭ ʟʘ ʫʧʨʘʚˀʘˁʝ ʫ ʨʝʜʦʚʥʠʤ ʠ 

ʚʘʥʨʝʜʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. 

7) ʆʩʪʘʣʝ ʰʪʝʪʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ 

ʐʪʝʪʥʦʩʪʠ ʢʦʿʝ ʧʨʦʫʟʨʦʢʫʿʫ 

ʜʨʫʛʘ ʣʠʮʘ (ʥʘʧʘʜʠ ʠʣʠ 

ʥʘʩʨʪʘʿʠ ʫ ʧʦʢʫʰʘʿʫ ʢʨʘʹʝ) 

6 1 6 3

6 

ʌʠʟʠʯʢʦ-ʪʝʭʥʠʯʢʘ ʟʘʰʪʠʪʘ (ʩʠʩʪʝʤ ʚʠʜʝʦ 

ʥʘʜʟʦʨʘ). 

 

ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʪʦʯʠʦʮ ʛʦʨʠʚʘ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʮʠ ʿʝ ʈ=180 - ʅʠʚʦ 

ʨʠʟʠʢʘ: ʋʤʝʨʝʥ. ʈʘʜʥʦ ʤʝʩʪʦ ʪʦʯʠʦʮ ʛʦʨʠʚʘ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʮʠ ʥʠʿʝ ʩʘ ʧʦʚʝ˂ʘʥʠʤ 

ʨʠʟʠʢʦʤ. 

3.ʇʈʆʎɽʅɸ ʈʀɿʀʂɸ ʆɼ ɽʂʉʇʆʃʆɿʀɺʅʀʍ ɸʊʄʆʉʌɽʈɸ 

ʅʘ ʦʩʥʦʚʫ ʋʨʝʜʙʝ [1], ʧʦʩʣʦʜʘʚʘʮ ʿʝ ʜʫʞʘʥ ʜʘ ʠʟʚʨʰʠ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʿʝ ʠ 

ʜʦʥʝʩʝ ʜʦʢʫʤʝʥʪ ʦ ʟʘʰʪʠʪʠ ʦʜ ʝʢʩʧʣʦʟʠʿʝ. ɼʦʢʫʤʝʥʪ ʦ ʟʘʰʪʠʪʠ ʦʜ ʝʢʩʧʣʦʟʠʿʝ ʫʨʘʹʝʥ ʿʝ ʪʘʢʦ 

ʜʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʣʦʛ ʘʢʪʘ ʦ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʢʦʿʠ ʿʝ ʧʦʩʣʦʜʘʚʘʮ ʜʦʥʝʦ ʫ ʩʢʣʘʜʫ ʇʨʘʚʠʣʥʠʢʦʤ 

[2]. ʇʦʩʣʦʜʘʚʘʮ ʿʝ ʜʫʞʘʥ ʜʘ ʦʙʝʟʙʝʜʠ ʜʘ ʜʦʢʫʤʝʥʪ ʦ ʟʘʰʪʠʪʠ ʦʜ ʝʢʩʧʣʦʟʠʿʝ ʫʚʝʢ ʙʫʜʝ 

ʘʞʫʨʠʨʘʥ, ʦʜʥʦʩʥʦ ʜʘ ˁʝʛʦʚʘ ʩʘʜʨʞʠʥʘ ʦʜʛʦʚʘʨʘ ʩʪʚʘʨʥʦʤ ʩʪʘˁʫ ʩʪʚʘʨʠ ʥʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʠ. ʋ 

ɼʦʢʫʤʝʥʪʫ ʦ ʟʘʰʪʠʪʠ ʦʜ ʝʢʩʧʣʦʟʠʿʝ ʧʦʨʝʜ ʦʩʪʘʣʦʛ, ʤʦʨʘʿʫ ʙʠʪʠ ʥʘʚʝʜʝʥʘ ʩʣʝʜʝ˂ʘ ʧʦʛʣʘʚˀʘ: 

ʋʪʚʨʹʠʚʘˁʝ ʠ ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʿʝ 

ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʿʝ ʚʨʰʝʥʘ ʧʦ ʤʦʜʠʬʠʢʦʚʘʥʦʿ ʂʠʥʠ ʤʝʪʦʜʠ, ʥʘ ʦʩʥʦʚʫ ʨʘʟʤʘʪʨʘˁʘ: 

¶ ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ ʠ ˁʠʭʦʚʝ ʧʦʩʪʦʿʘʥʦʩʪʠ 

¶ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ʩʫ ʠʟʚʦʨʠ ʧʘˀʝˁʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʘ ʧʨʘʞˁʝˁʘ, ʧʨʠʩʫʪʥʠ, 
ʢʘʦ ʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʘ ʧʦʩʪʘʥʫ ʘʢʪʠʚʥʠ ʠ ʝʬʝʢʪʥʠ; 

¶ ʠʥʩʪʘʣʘʮʠʿʘ, ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʠ ʧʨʦʮʝʩʘ, ʢʘʦ ʠ ˁʠʭʦʚʝ ʤʦʛʫ˂ʝ ʠʥʪʝʨʘʢʮʠʿʝ; 

¶ ʪʝʞʠʥʝ ʤʦʛʫ˂ʠʭ ʧʦʩʣʝʜʠʮʘ. 
ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʿʘ ʩʝ ʦʮʝˁʫʿʝ ʧʦʤʦ˂ʫ ʤʝʪʦʜʦʣʦʛʠʿʝ ʩʘ 

ʧʦʣʫʢʚʘʥʪʠʪʘʪʠʚʥʠʤ ʧʦʢʘʟʘʪʝˀʠʤʘ. ɸʥʘʣʠʪʠʯʢʠ ʝʚʘʣʫʘʮʠʿʘ ʨʠʟʠʢʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ ʫ 

ʩʢʣʘʜʫ ʩʘ ʩʣʝʜʝ˂ʦʤ ʬʦʨʤʫʣʦʤ: 

R = P * C * D 
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R - ʥʠʚʦ ʨʠʟʠʢʘ  

P - ʬʘʢʪʦʨ ʨʠʟʠʢʘ (ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʦʿʘʚʝ ʦʧʘʩʥʦʩʪʠ)  

C- ʬʘʢʪʦʨ ʢʦʥʪʘʢʪ (ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʦʧʘʩʥʦʩʪ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʧʦʩʣʝʜʠʮʝ 

(ʧʦʚʨʝʜʘ/ʰʪʝʪʘ))  

D - ʬʘʢʪʦʨ ʧʦʩʣʝʜʠʮʘ (ʙʠʣʦ ʢʦʿʘ ʧʦʚʨʝʜʘ/ʰʪʝʪʘ ʢʦʿʝ ʤʦʞʝ ʥʘʩʪʘʪʠ) 

ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʿʘ ʩʝ ʩʧʨʦʚʦʜʠ ʢʨʦʟ ʯʝʪʠʨʠ ʢʦʨʘʢʘ. ʇʨʚʠ ʢʦʨʘʢ 

ʧʨʝʜʩʪʘʚˀʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʦʧʘʩʥʦʩʪʠ ʦʜ ʝʢʩʧʣʦʟʠʿʝ ʠ ʦʜʨʝʹʠʚʘˁʝ ʧʦʿʘʚʝ ʦʧʘʩʥʝ 

ʝʢʩʧʣʦʟʠʚʥʝ ʘʪʤʦʩʬʝʨʝ, ʦʚʦʿ ʢʨʘʢ ʿʝ ʜʝʪʘˀʥʦ ʨʘʟʨʘʹʝʥ ʫ ʜʝʣʫ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʧʨʦʩʪʦʨʘ ʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʟʦʥʝ. ɼʨʫʛʠ ʢʦʨʘʢ ʧʨʝʜʩʪʘʚˀʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʦʧʘʩʥʦʩʪʠ ʧʘˀʝˁʘ ʠ ʦʜʨʝʹʠʚʘˁʝ 

ʚʝʨʦʚʘʪʥʦ˂ʝ ʥʘʩʪʘʥʢʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʠʟʚʦʨʘ ʧʘˀʝˁʘ. ʆʚʘʿ ʢʦʨʘʢ ʩʝ ʩʧʨʦʚʦʜʠ ʥʘ ʦʩʥʦʚʫ 

ʉʪʘʥʜʘʨʜʘ [6]. ʂʦʨʘʢ ʪʨʠ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʧʨʫʞʠ  ʧʨʦʮʝʥʫ ʤʦʛʫ˂ʠʭ ʝʬʝʢʘʪʘ ʝʢʩʧʣʦʟʠʿʝ, 

ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ: ʧʣʘʤʝʥ ʠ ʚʨʫ˂ʝ ʛʘʩʦʚʝ, ʪʦʧʣʦʪʥʫ ʨʘʜʠʿʘʮʠʿʫ, ʧʦʚʝ˂ʘˁʝ ʧʨʠʪʠʩʢʘ, ʧʦʿʘʚʫ 

ʰʨʘʧʥʝʣʘ ʠ ʠʩʧʫʰʪʘˁʝ ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ. ʏʝʪʚʨʪʠ ʢʦʨʘʢ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ ʠ 

ʜʦʩʪʠʛʥʫʪʠʭ ʥʠʚʦʘ ʟʘʰʪʠʪʝ. 

ʀʟʨʘʯʫʥʘʪʠ ʠ ʧʨʦʮʝˁʝʥʠ ʧʘʨʘʤʝʪʨʠ ʟʘ ʠʟʘʙʨʘʥʦ ʨʘʜʥʦ ʤʝʩʪʦ ʜʘʪʠ ʩʫ ʫ ʩʣʝʜʝ˂ʦʿ 

ʪʘʙʝʣʠ. 

ʊʘʙʝʣʘ 2-ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʿʘ ʟʘ ʨʘʜʥʦ ʤʝʩʪʦ ʫ ʨʘʜʥʦʢ ʦʢʦʣʠʥʠ ʫ ʝʢʩʧʦʟʠʚʥʦʿ 
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ʅʘ ʨʘʜʥʦʤ ʤʝʩʪʫ, ʥʠʚʦ ʨʠʟʠʢʘ ʩʧʘʜʘ ʫ: 

¶ ʥʠʟʘʢ ʩʘ ʥʠʚʦʝʤ ʨʠʟʠʢʘ ʠʟʤʝʹʫ 1 ʠ 9, ʠ ʦʜʥʦʩʠ ʩʝ ʜʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʨʠʩʫʩʪʚʘ 
ʝʢʩʧʣʦʟʠʚʥʝ ʘʪʤʦʩʬʝʨʝ ʠʟʫʟʝʪʥʦ ʦʛʨʘʥʠʯʝʥʘ, ʢʘʦ ʠ ʧʨʠʩʫʩʪʚʦ ʝʬʠʢʘʩʥʠʭ ʠʟʚʦʨʘ 

ʧʘˀʝˁʘ, ʫ ʩʣʫʯʘʿʫ ʝʢʩʧʣʦʟʠʿʝ ʥʠʚʦ ʠʟʣʦʞʝʥʦʩʪʠ ʿʝ ʥʠʟʘʢ, ʩʘ ʦʛʨʘʥʠʯʝʥʠʤ ʦʰʪʝ˂ʝˁʝʤ 

ʣʠʮʘ ʠ ʠʤʦʚʠʥʝ ʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʨʦʩʪʠʨʘˁʘ ʝʢʩʧʣʦʟʠʿʝ ʩʝ ʩʤʘʪʨʘ ʠʟʫʟʝʪʥʦ ʦʛʨʘʥʠʯʥʦʤ. 

¶ ʩʨʝʜˁʠ ʥʠʚʦ ʩʘ ʥʠʚʦʝʤ ʨʠʟʠʢʘ ʠʟʤʝʹʫ 9 ʠ 18, ʦʜʥʦʩʠʠ ʩʝ ʥʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʧʨʠʩʫʩʪʚʘ 
ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ ʢʦʿʘ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʠ ʤʦʛʫ ʧʦʩʪʦʿʘʪʠ ʝʬʠʢʘʩʥʠ ʠʟʚʦʨʠ 

ʧʘˀʝˁʘ, ʫ ʩʣʫʯʘʿʫ ʝʢʩʧʣʦʟʠʿʝ, ʥʠʚʦ ʠʟʣʦʞʝʥʦʩʪʠ ʿʝ ʫʤʝʨʝʥ, ʩʘ ʫʤʝʨʝʥʠʤ ʦʰʪʝ˂ʝˁʝʤ 

ʣʠʮʘ ʠ ʠʤʦʚʠʥʝ ʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʧʨʦʩʪʠʨʘˁʘ ʝʢʩʧʣʦʟʠʿʝ ʩʝ ʩʤʘʪʨʘ ʦʛʨʘʥʠʯʝʥʦʤ. 

ʉʧʨʦʚʦʹʝˁʝ ʩʚʠʭ ʤʝʨa ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʫʪʚʨʹʝʥʠʭ ʋʨʝʜʙʦʤ [1]: 

ʊʝʭʥʠʯʢʝ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʝʢʩʧʣʦʟʠʿʝ ʤʦʛʫ ʙʠʪʠ: 

¶ ʄʝʨʝ ʧʨʝʚʝʥʮʠʿʝ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ 

¶ ʄʝʨʝ ʠʟʙʝʛʘʚʘˁʘ ʠʟʚʦʨʘ ʧʘˀʝˁʘ 

¶ ʄʝʨʝ ʫʙʣʘʞʘʚʘˁʘ ʝʬʝʢʘʪʘ ʝʢʩʧʣʦʟʠʿʝ 

¶ ʄʝʨʝ ʧʨʦʮʝʩʥʝ ʢʦʥʪʨʦʣʝ 
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¶ ʀʩʧʫˁʘʚʘˁʝ ʟʘʭʪʝʚʘ ʚʝʟʘʥʠʭ ʟʘ ʦʧʨʝʤʫ ʟʘ ʨʘʜ 
ʅʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʧʨʠʤʝˁʝʥʝ ʩʫ ʤʝʨʝ ʧʨʝʚʝʥʮʠʿʝ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ ʠ ʪʦ: 

¶ ɿʘʧʘˀʠʚʝ ʤʘʪʝʨʠʿʝ ʥʘʣʘʟʝ ʩʝ ʫʥʫʪʘʨ ʟʘʪʚʦʨʝʥʠʭ ʩʠʩʪʝʤʘ ʫ ʦʢʚʠʨʫ ʦʧʨʝʤʝ ʟʘ ʨʘʜ. 

¶ ʇʨʠʤʝˁʝʥʘ ʿʝ ʧʨʠʨʦʜʥʘ ʚʝʥʪʠʣʘʮʠʿʘ. ʆʧʨʝʤʘ ʩʝ ʥʘʣʘʟʠ ʥʘ ʦʪʚʦʨʝʥʦʤ ʧʨʦʩʪʦʨʫ. 

ʇʨʠʤʝˁʝʥʝ ʤʝʨʝ ʠʟʙʝʛʘʚʘˁʘ ʠʟʚʦʨʘ ʧʘˀʝˁʘ ʩʫ: 

¶ ʀʟʚʨʰʝʥʦ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʪʠʧʘ ʠ ʦʙʠʤʘ ʟʦʥʘ ʦʧʘʩʥʦʩʪʠ ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ. 
ʇʨʦʩʪʦʨʠ ʩʫ ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʫ ʟʦʥʝ 0, 1 ʠ 2. ʅʝ ʧʦʩʪʦʿʝ ʧʨʦʩʪʦʨʠ ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʫ 

ʟʦʥʝ ʦʧʘʩʥʦʩʪʠ 20, 21 ʠ 22. 

¶ ʋ ʟʦʥʘʤʘ ʦʧʘʩʥʦʩʪʠ ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ ʥʝ ʧʦʩʪʦʿʝ ʚʨʫ˂ʝ ʧʦʚʨʰʠʥʝ ʯʠʿʝ 
ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʝʣʘʟʝ ʚʨʝʜʥʦʩʪʠ ʜʘʪʝ ʩʪʘʥʜʘʨʜʦʤ SRPS EN 1127-1. 

¶ ʆʪʚʦʨʝʥ ʧʣʘʤʝʥ ʠ ʚʨʝʣʠ ʛʘʩʦʚʠ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʩʘʛʦʨʝʚʘˁʘ ʩʫ ʟʘʙʨʘˁʝʥʠ ʫ ʟʦʥʘʤʘ 
ʦʧʘʩʥʦʩʪʠ 0 ʠ 20, ʫ ʟʦʥʘʤʘ ʦʧʘʩʥʦʩʪʠ 1 ʠ 21 ʠ 2 ʠ 22 ʩʫ ʦʪʢʣʦˀʝʥʠ ʫ ʩʢʣʘʜʫ ʩʘ 

ʩʪʘʥʜʘʨʜʦʤ SRPS EN 1127-1. 

¶ ʆʧʨʝʤʘ ʟʘ ʨʘʜ ʥʝ ʧʨʦʠʟʚʦʜʠ ʪʨʝˁʝ ʢʦʿʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʘˀʝˁʘ, ʫʜʘʨʥʝ ʠʣʠ 
ʘʙʨʘʟʠʦʥʝ ʚʘʨʥʠʮʝ ʫ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ ʠ ʩʣʫʯʘʿʝʚʠʤʘ ʦʪʢʘʟʘ ʫ ʦʜʥʦʩʫ ʥʘ ʟʦʥʝ ʦʧʘʩʥʦʩʪʠ 

ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ. 

¶ ʆʧʨʝʤʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʧʨʦʠʟʚʝʜʝ ʤʝʭʘʥʠʯʢʝ ʚʘʨʥʠʮʝ ʿʝ ʟʘʙʨʘˁʝʥʘ ʫ ʟʦʥʘʤʘ ʦʧʘʩʥʦʩʪʠ 

¶ ʋ ʟʦʥʘʤʘ ʦʧʘʩʥʦʩʪʠ ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ ʢʦʨʠʩʪʝ ʩʝ ʧʨʦʪʠʚʝʢʩʧʣʦʟʠʩʢʦ 
ʟʘʰʪʠ˂ʝʥʠ ʝʣʝʢʪʨʠʯʥʠ ʫʨʝʹʘʿʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʘʪʝʛʦʨʠʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʭʘʨʤʦʥʠʟʦʚʘʥʠʤ 

ʩʪʘʥʜʘʨʜʠʤʘ 

¶ ʇʨʝʜʚʠʹʝʥ ʿʝ ʩʠʩʪʝʤ ʠʟʿʝʜʥʘʯʝˁʘ ʧʦʪʝʥʮʠʿʘʣʘ ʢʦʿʠ ʩʝ ʠʟʚʦʜʠ ʤʝʹʫʩʦʙʥʠʤ 

ʧʦʚʝʟʠʚʘˁʝʤ ʠʟʦʣʦʚʘʥʠʭ ʠ ʩʪʨʘʥʠʭ ʧʨʦʚʦʜʥʠʭ ʜʝʣʦʚʘ ʫ ʦʜʥʦʩʫ ʥʘ ʟʦʥʝ ʦʧʘʩʥʦʩʪʠ ʦʜ 

ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ. 

¶ ʇʨʝʜʚʠʹʝʥ ʿʝ ʩʠʩʪʝʤ ʠʟʿʝʜʥʘʯʝˁʘ ʧʦʪʝʥʮʠʿʘʣʘ ʥʘ ʩʚʠʤ ʧʨʦʚʦʜʥʠʤ ʜʝʣʦʚʠʤʘ. ʆʧʨʝʤʘ 
ʟʘ ʨʘʜ ʥʝ ʩʤʝ ʜʘ ʧʨʦʠʟʚʝʜʝ ʧʨʘʞˁʝˁʝ ʢʦʿʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʘˀʝˁʘ ʫ ʥʦʨʤʘʣʥʦʤ ʨʘʜʫ 

ʠ ʩʣʫʯʘʿʝʚʠʤʘ ʦʪʢʘʟʘ ʫ ʦʜʥʦʩʫ ʥʘ ʟʦʥʝ ʦʧʘʩʥʦʩʪʠ ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ. 

¶ ʀʟʚʝʜʝʥʘ ʿʝ ʟʘʰʪʠʪʘ ʦʜ ʘʪʤʦʩʬʝʨʩʢʦʛ ʧʨʘʞˁʝˁʘ, ʠ ʧʨʠ ʪʦʤ ʟʘʛʨʝʚʘˁʝ, ʟʘʧʘˀʠʚʝ 
ʚʘʨʥʠʮʝ ʠʣʠ ʘʣʪʝʨʥʘʪʠʚʥʦ ʧʦʿʘʚʘ ʨʘʩʧʨʰʝʥʠʭ ʚʘʨʥʠʮʘ ʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʟʚʦʨʝ 

ʧʘˀʝˁʘ. 

ʇʨʠʤʝˁʝʥʝ ʤʝʨʝ ʫʙʣʘʞʘʚʘˁʘ ʝʬʝʢʘʪʘ ʝʢʩʧʣʦʟʠʿʝ ʩʫ: 

¶ ʇʨʠʤʝˁʝʥʘ ʿʝ ʦʧʨʝʤʘ (ʝʣʝʢʪʨʠʯʥʠ ʫʨʝʹʘʿʠ) ʢʦʿʘ ʿʝ ʢʦʥʩʪʨʫʠʩʘʥʘ ʪʘʢʦ ʜʘ ʫ ʩʣʫʯʘʿʫ 
ʫʥʫʪʨʘʰˁʠʭ ʝʢʩʧʣʦʟʠʿʘ ʟʘʜʨʞʝ ʠʥʪʝʛʨʠʪʝʪ. 

ʆʨʛʘʥʠʟʘʮʠʦʥʝ ʤʝʨʝ ʢʦʿʝ ʩʝ ʧʨʠʤʝʫˁʿʫ ʤʦʛʫ ʙʠʪʠ:  

¶ ʆʩʧʦʩʦʙˀʘʚʘˁʝ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ 

¶ ɿʘ ʨʘʜ ʫ ʦʧʘʩʥʦʤ ʧʨʦʩʪʦʨʫ ʦʙʝʟʙʝʹʫʿʫ ʩʝ ʠʥʩʪʨʫʢʮʠʿʝ ʫ ʧʠʩʤʝʥʦʿ ʬʦʨʤʠ ʠ ʠʟʜʘʿʫ ʩʝ 
ʜʦʟʚʦʣʝ ʟʘ ʨʘʜ ʦʜ ʩʪʨʘʥʝ ʦʜʛʦʚʦʨʥʦʛ ʣʠʮʘ 

ʅʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʧʨʠʤʝˁʫʿʫ ʩʝ ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʤʝʨʝ ʧʨʝʚʝʥʮʠʿʝ ʠ ʟʘʰʪʠʪʝ ʦʜ 

ʝʢʩʧʣʦʟʠʿʘ ʫ ʦʧʘʩʥʠʤ ʟʦʥʘʤʘ ʠ ʪʦ: 

¶ ʅʘ ʩʚʘʢʦʤ ʨʘʜʥʦʤ ʤʝʩʪʫ ʦʙʝʟʙʝʹʝʥ ʿʝ ʜʦʚʦˀʘʥ ʙʨʦʿ ʨʘʜʥʠʢʘ ʩʘ ʥʝʦʧʭʦʜʥʠʤ ʠʩʢʫʩʪʚʦʤ 
ʠ ʦʙʫʢʘʤʘ ʜʘ ʦʙʘʚʝ ʜʦʜʝˀʝˁʝ ʟʘʜʘʪʢʝ ʚʝʟʘʥʝ ʟʘ ʧʨʦʪʠʚʝʢʩʧʣʦʟʠʿʩʢʫ ʟʘʰʪʠʪʫ. 

¶ ʋ ʧʨʦʩʪʦʨʠʤʘ ʫ ʢʦʿʠʤʘ ʝʢʩʧʣʦʟʠʚʥʝ ʘʪʤʦʩʬʝʨʝ ʤʦʛʫ ʜʘ ʜʦʚʝʜʫ ʜʦ ʫʛʨʦʞʘʚʘˁʘ 
ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʟʘʧʦʩʣʝʥʠʭ ʩʧʨʦʚʝʜʝʥ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʪʝʭʥʠʯʢʠ ʥʘʜʟʦʨ 

ʟʘʧʦʩʣʝʥʠʭ (ʢʦʨʠʰ˂ʝˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʪʝʭʥʠʯʢʠʭ ʤʝʨʘ-ʚʠʜʝʦ ʥʘʜʟʦʨʘ). 

¶ ʋʩʧʦʩʪʘʚˀʝʥ ʿʝ ʩʠʩʪʝʤ ʜʦʟʚʦʣʘ ʟʘ ʨʘʜ ʫ ʩʣʫʯʘʿʫ ʨʘʜʘ ʢʦʿʠ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʝʢʩʧʣʦʟʠʿʫ 
ʘ ʦʜʚʠʿʘ ʩʝ ʫ ʙʣʠʟʠʥʠ ʟʦʥʘ ʦʧʘʩʥʦʩʪʠ. 

¶ ʆʜʨʞʘʚʘˁʝ, ʧʦʧʨʘʚʢʝ ʠ ʧʨʝʛʣʝʜʠ ʩʧʨʦʚʦʜʝ ʩʝ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʝʪʝʥʪʥʠʭ ʦʩʦʙʘ 
ʢʦʨʠʰ˂ʝˁʝʤ ʧʠʩʘʥʠʭ ʫʧʫʪʩʪʘʚʘ. 

¶ ʀʟʚʨʰʝʥʘ ʿʝ ʧʨʦʚʝʨʘ ʧʨʠʤʝʥʝ ʤʝʨʘ ʙʝʟʙʝʜʥʦʩʪʠ ʦʜ ʝʢʩʧʣʦʟʠʿʝ ʧʨʝ ʦʪʧʦʯʠˁʘˁʘ ʨʘʜʘ, 
ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʝʪʝʥʪʥʠʭ ʣʠʮʘ.  
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¶ ʉʧʨʦʚʦʜʝ ʩʝ ʧʝʨʠʦʜʠʯʥʠ ʧʨʝʛʣʝʜʠ ʦʜ ʩʪʨʘʥʝ ʢʦʤʧʝʪʝʥʪʥʠʭ ʣʠʮʘ ʫ ʫʪʚʨʹʝʥʠʤ 
ʚʨʝʤʝʥʩʢʠʤ ʠʥʪʝʨʚʘʣʠʤʘ.  

¶ ʇʨʦʩʪʦʨʠ ʫ ʢʦʿʠʤʘ ʝʢʩʧʣʦʟʠʚʥʝ ʘʪʤʦʩʬʝʨʝ ʤʦʛʫ ʜʘ ʜʦʚʝʜʫ ʜʦ ʫʛʨʦʞʘʚʘˁʘ ʙʝʟʙʝʜʥʦʩʪʠ 
ʠ ʟʜʨʘʚˀʘ ʟʘʧʦʩʣʝʥʠʭ ʩʫ ʦʟʥʘʯʝʥʠ ʆʟʥʘʢʦʤ ʫʧʦʟʦʨʝˁʘ ñɽxò. 

¶ ʇʨʦʩʪʦʨ ʙʝʥʟʠʥʩʢʝ ʩʪʘʥʠʮʝ ʿʝ ʦʧʨʝʤˀʝʥ ʫʧʫʪʩʪʚʠʤʘ ʫ ʩʢʣʘʜʫ ʩʘ ʇʨʘʚʠʣʥʠʢʦʤ [5]. 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʧʨʦʩʪʦʨʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʟʦʥʝ 

ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʫʛʨʦʞʝʥʦʛ ʧʨʦʩʪʦʨʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʦʣʦʛʠʿʠ ʧʨʠʢʘʟʘʥʦʿ ʫ 

ʉʪʘʥʜʘʨʜʫ SRPS EN 60079-10-1 [6]. ɸʥʘʣʠʟʦʤ ʟʦʥʘ ʦʧʘʩʥʦʩʪʠ ʜʦʙʠʿʘ ʩʝ ʜʘ ʩʫ ʧʨʦʨʘʯʫʥʘʪʠ 

ʨʘʜʠʿʫʩʠ ʨʝʜʘ ʚʝʣʠʯʠʥʝ ʠʣʠ ʤʘˁʠ ʦʜ ʟʦʥʘ ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ ʧʨʦʧʠʩʘʥʝ ʇʨʘʚʠʣʥʠʢʦʤ [5], ʧʘ 

ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʜʘ ʩʝ ʟʦʥʝ ʦʧʘʩʥʦʩʪʠ ʦʜ ʠʟʙʠʿʘˁʘ ʝʢʩʧʣʦʟʠʿʝ ʧʦʢʣʘʧʘʿʫ ʩʘ ʟʦʥʘʤʘ ʟʘʰʪʠʪʝ 
ʦʜ ʧʦʞʘʨʘ ʢʦʿʝ ʩʫ ʧʨʦʧʠʩʘʥʝ ʇʨʘʚʠʣʥʠʢʦʤ [5]. 

ʅʘ ʩʪʘʥʠʮʠ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʛʦʨʠʚʦʤ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ  ʢʣʘʩʠʬʠʢʦʚʘʥʝ ʩʫ ʟʦʥʝ 

ʦʧʘʩʥʦʩʪʠ: 

¶ Zona 0 AII T3 (ʟʦʥʘ I ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ) ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʫʥʫʪʨʘʰˁʦʩʪ ʨʝʟʝʨʚʦʘʨʘ ʠ 
ʙʝʪʦʥʩʢʦʛ ʢʦʨʠʪʘ, ʦʢʥʘ ʫʣʘʟʥʦʛ ʦʪʚʦʨʘ ʨʝʟʝʨʚʦʘʨʘ, ʦʢʥʦ ʫ ʢʦʤʝ ʩʫ ʩʤʝʰʪʝʥʠ 

ʧʨʠʢˀʫʯʮʠ ʟʘ ʧʫˁʝˁʝ, ʘʫʪʦʤʘʪ ʟʘ ʧʫˁʝˁʝ, ʤʝʨʘʯ ʧʨʦʪʦʢʘ, ʘʨʤʘʪʫʨʫ ʠ ʦʩʪʘʣʫ ʦʧʨʝʤʫ 

ʢʦʿʘ ʯʠʥʠ ʮʝʣʠʥʫ ʫʨʝʹʘʿʘ ʟʘ ʧʫˁʝˁʝ. 

¶ Zona 1 AII  T3 (ʟʦʥʘ II ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ) ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʧʨʦʩʪʦʨ ʦʢʦ ʦʢʥʘ ʫʣʘʟʥʦʛ 
ʦʪʚʦʨʘ ʧʦʜʟʝʤʥʦʛ ʨʝʟʝʨʚʦʘʨʘ, ʦʢʥʘ ʫ ʢʦʤʝ ʩʫ ʩʤʝʰʪʝʥʠ ʧʨʠʢˀʫʯʮʠ ʟʘ ʧʫˁʝˁʝ, 

ʦʜʫʰʥʦʛ ʮʝʚʦʚʦʜʘ ʠ ʚʝʥʪʠʣʘ, ʧʦʣʫʧʨʝʯʥʠʢʘ 3 m ʤʝʨʝʥʦ ʭʦʨʠʟʦʥʪʘʣʥʦ ʠ ʚʠʩʠʥʝ 1 m 

ʠʟʥʘʜ ʦʜʥʦʩʥʦʛ ʦʢʥʘ, ʦʜʫʰʥʦʛ ʮʝʚʦʚʦʜʘ ʠ ʚʝʥʪʠʣʘ ʤʝʨʝʥʦ ʦʜ ʪʣʘ, ʧʨʦʩʪʦʨ ʦʢʦ 

ʘʫʪʦʤʘʪʘ ʟʘ ʠʩʪʘʢʘˁʝ ʛʦʨʠʚʘ ʦʜʥʦʩʥʦ ʦʪʚʦʨʘ ʟʘ ʠʩʪʘʢʘˁʝ ʘʫʪʦ-ʮʠʩʪʝʨʥʝ ʧʦʣʫʧʨʝʯʥʠʢʘ 

2,5 m ʤʝʨʝʥʦ ʭʦʨʠʟʦʥʪʘʣʥʦ ʠ ʚʠʩʠʥʝ 1 m ʠʟʥʘʜ ʪʦʛ ʘʫʪʦʤʘʪʘ ʦʜʥʦʩʥʦ ʦʪʚʦʨʘ ʤʝʨʝʥʦ 

ʦʜ ʪʣʘ ʠ ʧʨʦʩʪʦʨ ʦʢʦ ʦʪʚʦʨʘ ʟʘ ʧʫˁʝˁʝ ʧʦʛʦʥʩʢʠʭ ʨʝʟʝʨʚʦʘʨʘ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʢʦʿʘ ʩʝ 

ʩʥʘʙʜʝʚʘʿʫ ʛʦʨʠʚʦʤ ʥʘ ʩʪʘʥʠʮʠ ʧʦʣʫʧʨʝʯʥʠʢʘ 1 m ʤʝʨʝʥʦ ʭʦʨʠʟʦʥʪʘʣʥʦ ʠ ʚʠʩʠʥʝ 1 

mʠʟʥʘʜ ʦʪʚʦʨʘ ʤʝʨʝʥʦ ʦʜ ʪʣʘ. 

¶ Zona 2 AII  T3 (ʟʦʥʘ III  ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ) ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʧʨʦʩʪʦʨ ʠʟʥʘʜ ʦʢʦʣʥʦʛ 
ʪʝʨʝʥʘ, ʰʠʨʠʥʝ 5 m ʤʝʨʝʥʦ ʭʦʨʠʟʦʥʪʘʣʥʦ ʦʜ ʠʚʠʮʝ ʟʦʥʝ II ʠ ʚʠʩʠʥʝ 0,5 m ʤʝʨʝʥʦ ʦʜ 

ʪʣʘ. 

ʆʜʨʝʹʠʚʘˁʝ ʫ ʧʨʦʩʪʦʨʘ ʫ ʢʦʤʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ 

ʠʟʙʦʨ ʦʧʨʝʤʝ 

ʇʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠʤʝˁʫʿʫ ʩʝ ʥʘ ʟʦʥʝ ʦʧʘʩʥʦʩʪʠ ʦʜ 

ʝʢʩʧʣʦʟʠʚʥʠʭ ʩʤʝʰʘ ʦʜʨʝʹʝʥʠʭ ʫ ʜʝʣʫ ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʧʨʦʩʪʦʨʘ. ʋ ʥʘʟʥʘʯʝʥʠʤ ʟʦʥʘʤʘ 

ʦʧʘʩʥʦʩʪʠ ʤʦʨʘʿʫ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʩʣʝʜʝ˂ʝ ʢʘʪʝʛʦʨʠʿʝ ʦʧʨʝʤʝ, ʢʦʿʘ ʤʦʨʘ ʜʘ ʙʫʜʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʟʘ 

ʛʘʩʦʚʝ, ʧʘʨʝ ʠʣʠ ʤʘʛʣʝ ʠ/ʠʣʠ ʧʨʘʰʠʥʝ ʠ ʪʦ:  

¶ ʫ ʟʦʥʠ 0 ʠʣʠ ʟʦʥʠ 20, ʦʧʨʝʤʘ ʢʘʪʝʛʦʨʠʿʝ 1; 

¶ ʫ ʟʦʥʠ 1 ʠʣʠ ʟʦʥʠ 21, ʦʧʨʝʤʘ ʢʘʪʝʛʦʨʠʿʝ 1 ʠʣʠ 2; 

¶ ʫ ʟʦʥʠ 2 ʠʣʠ ʟʦʥʠ 22, ʦʧʨʝʤʘ ʢʘʪʝʛʦʨʠʿʝ 1, 2 ʠʣʠ 3. 
ʆʧʨʝʤʘ ʤʦʨʘ ʜʘ ʙʫʜʝ ʠʟʨʘʹʝʥʘ ʠ ʩʝʨʪʠʬʠʢʦʚʘʥʘ ʫ ʩʢʣʘʜʫ ʩʘ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʦʧʨʝʤʠ ʠ 

ʟʘʰʪʠʪʥʠʤ ʩʠʩʪʝʤʠʤʘ ʥʘʤʝˁʝʥʠʤ ʟʘ ʫʧʦʪʨʝʙʫ ʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʝʢʩʧʣʦʟʠʚʥʠʤ ʘʪʤʦʩʬʝʨʘʤʘ 

(ñʉʣ. ʛʣ. ʈʉò ʙʨ. 01/13). 

ʇʨʦʿʝʢʪʦʚʘˁʝ, ʦʜʨʞʘʚʘˁʝ ʠ ʢʦʨʠʰ˂ʝˁʝ ʨʘʜʥʠʭ ʤʝʩʪʘ ʠ ʦʧʨʝʤʘ ʟʘ ʨʘʜ ʥʘ ʥʘʯʠʥ 

ʜʘ ʿʝ ʦʤʦʛʫ˂ʝʥ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ 

ʋ ʮʠʫˀ ʩʤʘʝˁˁʘ ʥʠʚʦʘ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ ʧʨʝʜʣʘʞʝ ʩʝ: 

¶ ʇʨʝʚʝʥʮʠʿʘ ʠ ʦʛʨʘʥʠʯʝˁʝ ʩʠʩʪʝʤʘ ʟʘ ʧʦʚʨʘ˂ʘʿ ʧʘʨʘ 

¶ ʇʨʝʚʝʥʮʠʿʘ ʠ ʦʛʨʘʥʠʯʝˁʝ ʬʦʨʤʠʨʘˁʘ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ ʫ ʦʢʦʣʠʥʠ ʦʧʨʝʤʝ ʟʘ 

ʨʘʜ ʧʨʠʤʝʥʦʤ ʩʠʩʪʝʤʘ ʟʘ ʜʝʪʝʢʮʠʿʫ ʝʢʩʧʣʦʟʠʚʥʠʭ ʛʘʩʦʚʘ. 

¶ ʆʙʝʟʙʝʹʠʚʘˁʝ ʧʠʩʘʥʠʭ ʧʨʦʮʝʜʫʨʝ ʩʘ ʠʥʩʪʨʫʢʮʠʿʘʤʘ ʠ ʧʨʘʚʠʣʠʤʘ ʟʘ ʨʘʜ ʫ ʧʨʦʩʪʦʨʠʤʘ 
ʫʛʨʦʞʝʥʠʤ ʝʢʩʧʣʦʟʠʚʥʠʤ ʘʪʤʦʩʬʝʨʘʤʘ ʠ 
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¶ ʆʙʫʢʘ ʟʘʧʦʩʣʝʥʠʭ ʫ ʢʦʿʦʿ ʩʫ ʟʘʧʦʩʣʝʥʠ ʫʧʦʟʥʘʪʠ ʩʘ ʩʚʠʤ ʚʨʩʪʘʤʘ ʨʠʟʠʢʘ ʦʜ 
ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ ʠ ʧʨʝʜʫʟʝʪʠʤ ʤʝʨʘʤʘ. 

ʇʨʠʤʘʥʘ ʧʨʦʧʠʩʘʥʠʭ ʤʝʨʘ ʧʨʠʣʠʢʦʤ ʢʦʨʠʰ˂ʝˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ 

ʇʨʠʣʠʢʦʤ ʢʦʨʠʰ˂ʝˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʠʜʨʞʘʚʘʪʠ ʩʝ ʫʧʫʪʩʪʚʘ 

ʧʨʦʠʟʚʦʹʘʯʘ ʢʦʿʘ ʤʦʨʘʿʫ ʙʠʪʠ ʫ ʩʢʣʘʜʫ ʩʘ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʦʧʨʝʤʠ ʠ ʟʘʰʪʠʪʥʠʤ ʩʠʩʪʝʤʠʤʘ 

ʥʘʤʝˁʝʥʠʤ ʟʘ ʫʧʦʪʨʝʙʫ ʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʝʢʩʧʣʦʟʠʚʥʠʤ ʘʪʤʦʩʬʝʨʘʤʘ (ñʉʣ. ʛʣ. ʈʉò ʙʨ. 01/13), 

ʇʨʘʚʠʣʥʠʢ ʦ ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠ ʢʦʨʠʰ˂ʝˁʫ ʦʧʨʝʤʝ ʟʘ ʨʘʜ 

(ñʉʣ. ʛʣ. ʈʉò ʙʨ. 23/09 ʠ 123/12) ʠ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʤʘʰʠʥʘ (Ăʉʣ. ʛʣ. ʈʉñ, ʙʨʦʿ 

13/10). 

ʆʜʨʞʘʚʘˁʝ ʫʨʝʹʘʿʘ ʠ ʦʧʨʝʤʝ ʟʘ ʝʢʩʧʣʦʟʠʚʥʝ ʘʪʤʦʩʬʝʨʝ ʤʦʨʘ ʜʘ ʩʧʨʦʚʦʜʠ ʦʙʫʯʝʥʦ 

ʦʩʦʙˀʝ ʧʦʰʪʫʿʫ˂ʠ ʟʘʭʪʝʚʝ ʩʪʘʥʜʘʨʜʘ SRPS EN 60079-19. ʇʨʝʛʣʝʜʠ ʥʘ ʦʧʨʝʤʠ ʟʘ ʨʘʜ ʫ 

ʝʢʩʧʣʦʟʠʚʥʠʤ ʘʪʤʦʩʬʝʨʘʤʘ ʩʧʨʦʚʦʜʝ ʩʝ ʫ ʦʙʠʤʫ ʚʠʟʫʝʣʥʦʛ, ʥʝʧʦʩʨʝʜʥʦʛ ʠ ʜʝʪʘˀʥʦʛ 

ʧʨʝʛʣʝʜʘ ʫ ʩʢʣʘʜʫ ʩʘ ʩʪʘʥʜʘʨʜʦʤ SRPS EN 60079-17 ʠ ʫ ʩʚʝʤʫ ʧʦʰʪʫʿʫ˂ʠ ʦʜʨʝʜʙʝ 

ʇʨʘʚʠʣʥʠʢʘ ʦ ʧʦʩʪʫʧʢʫ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʠ ʠʩʧʠʪʠʚʘˁʘ ʫʩʣʦʚʘ ʨʘʜʥʝ 

ʦʢʦʣʠʥʝ (ñʉʣ. ʛʣ. ʈʉò ʙʨ. 94/06, 108/06 ʠ 114/14). 

4.ɿɸʂɲʋʏɸʂ 

ʇʦʨʝʜ ʩʚʠʭ ʥʘʚʝʜʝʥʠʭ ʟʘʭʪʝʚʘ ʧʨʦʧʠʩʘʥʠʭ ɿʘʢʦʥʦʤ ʠ ʧʨʘʪʝ˂ʠʤ ʧʦʜʟʘʢʦʥʩʢʠʤ ʘʢʪʠʤʘ 

ʠʟ ʦʙʣʘʩʪʠ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ, ʧʦʤʝʥʫʪʠʤ ʇʨʘʚʠʣʥʠʮʠʤʘ, ʋʨʝʜʙʘʤʘ ʠ 

ʩʪʘʥʜʘʨʜʠʤʘ, ʯʠʿʘ ʿʝ ʧʨʠʤʝʥʘ ʦʙʘʚʝʟʫʿʫ˂ʘ, ʧʨʠʣʠʢʦʤ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʠ ʫ 

ʨʘʜʥʦʿ ʦʢʦʣʠʥʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝʜʚʠʜʝʪʠ ʠ ʧʨʦʮʝʥʠʪʠ ʥʠʚʦʝ ʨʠʟʠʢʘ ʫ ʝʢʩʧʣʦʟʠʚʥʠʤ 

ʘʪʤʦʩʬʝʨʘʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʦʧʠʩʘʥʦ ʋʨʝʜʙʦʤ ʦ ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ 

ʫʩʣʝʜ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ (ñʉʣ. ʛʣʘʩʥʠʢ ʈʉò ʙʨ. 101/12) ʠ ʜʦʥʝʪʠ ɼʦʢʫʤʝʥʪ ʦ 

ʟʘʰʪʠʪʠ ʦʜ ʝʢʩʧʣʦʟʠʿʝ. ʅʘ ʪʘʿ ʥʘʯʠʥ, ʦʙʝʟʙʝʹʝʥʦ ʿʝ ʜʘ ʿʝ ʨʠʟʠʢ ʦʜ ʝʢʩʧʣʦʟʠʿʝ, ʫʪʚʨʹʝʥ ʠ 

ʧʨʦʮʝˁʝʥ, ʦʜʨʝʹʝʥʦ ʿʝ ʫ ʢʦʿʝʤ ʧʨʦʩʪʦʨʫ ˂ʝ ʩʝ ʧʨʠʤʝˁʠʚʘʪʠ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʟʘ ʙʝʟʙʝʜʘʥ ʠ 

ʟʜʨʘʚ ʨʘʜ ʫʩʣʝʜ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ ʘʪʤʦʩʬʝʨʘ ʠ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʠʟʙʦʨ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʠ 

ʟʘʰʪʠʪʥʠʭ ʩʠʩʪʝʤʘ, ʧʨʝʜʚʠʹʝʥʦ ʿʝ ʜʘ ʩʫ ʨʘʜʥʘ ʤʝʩʪʘ ʠ ʦʧʨʝʤʘ ʟʘ ʨʘʜ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʫʨʝʹʘʿʝ ʟʘ 

ʫʧʦʟʦʨʘʚʘˁʝ, ʧʨʦʿʝʢʪʦʚʘʥʠ, ʦʜʥʦʩʥʦ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʠ ʦʜʨʞʘʚʘʿʫ ʪʘʢʦ ʜʘ ʿʝ ʦʤʦʛʫ˂ʝʥ ʙʝʟʙʝʜʘʥ 

ʠ ʟʜʨʘʚ ʨʘʜ ʠ ʜʘ ʩʝ ʧʨʠʣʠʢʦʤ ʢʦʨʠʰ˂ʝˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʧʨʠʤʝˁʫʿʫ ʧʨʦʧʠʩʘʥʝ ʧʨʝʚʝʥʪʠʚʥʝ 

ʤʝʨʝ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ.  

5. ʃʀʊɽʈɸʊʋʈɸ 

[1] ʋʨʝʜʙʘ ʦ ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʫʩʣʝʜ ʨʠʟʠʢʘ ʦʜ ʝʢʩʧʣʦʟʠʚʥʠʭ 

ʘʪʤʦʩʬʝʨʘ (ñʉʣ. ʛʣʘʩʥʠʢ ʈʉò ʙʨ. 101/12) 

[2] ʇʨʘʚʠʣʥʠʢ ʦ ʥʘʯʠʥʫ ʠ ʧʦʩʪʫʧʢʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʠ ʫ ʨʘʜʥʦʿ ʦʢʦʣʠʥʠ, 

ʦ ʧʦʢʨʝʪʘˁʫ ʧʦʩʪʫʧʢʘ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ (ñʉʣ. ʛʣʘʩʥʠʢ ʈʉò ʙʨ. 72/2006) 

[3] ʇʨʘʚʠʣʥʠʢʘ ʦ ʧʦʩʪʫʧʢʫ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʠ ʠʩʧʠʪʠʚʘˁʘ ʫʩʣʦʚʘ 

ʨʘʜʥʝ ʦʢʦʣʠʥʝ (ñʉʣ. ʛʣ. ʈʉò ʙʨ. 94/06, 108/06 ʠ 114/14) 

[4] ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʦʧʨʝʤʠ ʠ ʟʘʰʪʠʪʥʠʤ ʩʠʩʪʝʤʠʤʘ ʥʘʤʝˁʝʥʠʤ ʟʘ ʫʧʦʪʨʝʙʫ ʫ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʝʢʩʧʣʦʟʠʚʥʠʤ ʘʪʤʦʩʬʝʨʘʤʘ (ñʉʣ. ʛʣ. ʈʉò ʙʨ. 01/13) 

[5] ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʠʟʛʨʘʜˁʠ ʩʪʘʥʠʮʘ ʟʘ ʩʥʘʙʜʝʚʘˁʝ ʛʦʨʠʚʦʤ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʠ ʦ 

ʫʩʢʣʘʜʠʰʪʝˁʫ ʠ ʧʨʝʪʘʢʘˁʫ ʛʦʨʠʚʘ (ñʉʣ. ʣʠ. ʉʌʈɱò ʙʨ. 27/71, 29/71-ʠʩʧʨʘʚʢʘ, ñʉʣ.ʛʣ. 

ʈʉò ʙʨ. 749/13-ʜʦʧʫʥʘ) 

[6] SRPS EN 60079-10-1:2011 - ɽʢʩʧʣʦʟʠʚʥʝ ʘʪʤʦʩʬʝʨʝ - ɼʝʦ 10-1: ʂʣʘʩʠʬʠʢʘʮʠʿʘ 

ʫʛʨʦʞʝʥʠʭ ʧʨʦʩʪʦʨʘ - ɽʢʩʧʣʦʟʠʚʥʝ ʛʘʩʦʚʠʪʝ ʘʪʤʦʩʬʝʨʝ 

[7] SRPS EN 1127-1:2012: ɽʢʩʧʣʦʟʠʚʥʝ ʘʪʤʦʩʬʝʨʝ - ʉʧʨʝʯʘʚʘˁʝ ʝʢʩʧʣʦʟʠʿʝ ʠ ʟʘʰʪʠʪʘ ʦʜ 

ʝʢʩʧʣʦʟʠʿʝ - ɼʝʦ 1: ʆʩʥʦʚʥʘ ʥʘʯʝʣʘ ʠ ʤʝʪʦʜʦʣʦʛʠʿʘ 
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[8] Non-binding guide togood practice for implementing Directive 1999/92/EC on minimum 

requirements for improving the safety and health protection of workers potentially at risk 

from explosive atmospheres, European Commission Directorate-General for Employment, 

Social Affairs and Equal Opportunities Unit D.4 Manuscript completed in April 2003 

[9] ʄʘʿʘ ɲʫʙʠ˂, ɹʦʞʠʜʘʨ ʈʘʢʦʚʠ˂, ʀʚʘʥ ɻʘʨʚʘʥʦʚ, ɿʥʘʯʘʿ ʠʩʧʠʪʠʚʘˁʘ ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ ʫ ʨʘʜʥʦʿ ʦʢʦʣʠʥʠ  ʧʨʠ ʚʨʰʝˁʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ 

[10] ʀʅʌʆʈʄɸʎʀɱɽ ʆ ɸʋʊʆʈʀʄɸ 

[11] ʄʨ ʄʘʿʘ ɲʫʙʠ˂, ʨʫʢʦʚʦʜʠʦʮ ʢʚʘʣʠʪʝʪʦʤ, ñʄɼ ʇʈʆɱɽʂʊ ʀʅʉʊʀʊʋʊò ɼʆʆ, 18000 

ʅʠʰ, ʊʨʛ ʂʨʘˀʘ ɸʣʝʢʩʘʥʜʨʘ ʋʿʝʜʠʥʠʪʝˀʘ 2/5, VII/2, ʤʘʛʠʩʪʘʨ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ ʟʘ 

ʟʘʰʪʠʪʫ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, 062/260-137, maja.ljubic@mdinstitut.co.rs 

[12] ɹʦʞʠʜʘʨ ʈʘʢʦʚʠ˂, ʨʫʢʦʚʦʜʠʦʮ ʩʝʢʪʦʨʘ ʟʘ ʢʦʥʩʘʣʪʠʥʛ ʠ ʪʝʭʠʯʢʫ ʜʦʢʫʤʝʥʪʘʮʠʿʫ, ñʄɼ 

ʇʈʆɱɽʂʊ ʀʅʉʊʀʊʋʊò ɼʆʆ, 18000 ʅʠʰ, ʊʨʛ ʂʨʘˀʘ ɸʣʝʢʩʘʥʜʨʘ ʋʿʝʜʠʥʠʪʝˀʘ 2/5, 

VII/1, ʜʠʧʣʦʤʠʨʘʥʠ ʠʥʞʝˁʝʨ ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ ʟʘ ʠʥʜʫʩʪʨʠʿʩʢʫ ʝʥʝʨʛʝʪʠʢʫ, 063/1023-

483, bozidar.rakovic@mdinstitut.co.rs 

[13] ʚʘʥ.ʧʨʦʬ. ʀʚʘʥ ɻʘʨʚʘʥʦʚ, ʰʝʬ ʢʘʪʝʜʨʝ ʟʘ ʠʥʬʦʨʤʘʮʠʦʥʝ ʩʠʩʪʝʤʝ ʠ ʪʝʭʥʦʣʦʛʠʿʝ, 

ʋʥʠʚʝʨʟʠʪʝʪ ʟʘ ʙʠʙʣʠʦʪʝʢʘʨʩʪʚʦ ʠ ʠʥʬʦʨʤʘʮʠʦʥʝ ʪʝʭʥʦʣʦʛʠʿʝ, ɹʫʛʘʨʩʢʘ, 1784 ʉʦʬʠʿʘ, 

ɹʫʣʝʚʘʨ ʎʘʨʠʛʨʘʜʩʢʦ ʐʦʩʝ 119, VIII , ɼʦʢʪʦʨ ʥʘʫʢʘ, 029708595, igarvanov@yahoo.com
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ɿʅɸʏɸɱ ʀʉʇʀʊʀɺɸɳɸ ʍɽʄʀɱʉʂʀʍ ʐʊɽʊʅʆʉʊʀ ʋ ʈɸɼʅʆɱ 

ʆʂʆʃʀʅʀ ʋ ʇʈʆʎɽʅʀ ʈʀɿʀʂɸ ʅɸ ʈɸɼʅʆʄ ʄɽʉʊʋ 
ʄʘʿʘ ɲʫʙʠ˂

1
, ɹʦʞʠʜʘʨ ʈʘʢʦʚʠ˂

1
, ʀʚʘʥ ɻʘʨʚʘʥʦʚ

2
 

maja.ljubic@mdinstitut.co.rs 

ʈɽɿʀʄɽ: 

ʋ ʧʦʩʪʫʧʢʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ, ʥʘ ʢʦʿʠʤʘ ʿʝ ʫʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ʦʧʘʩʥʠʭ ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ, ʧʦʪʨʝʙʥʝ ʩʫ ʰʪʦ ʦʙʿʝʢʪʠʚʥʠʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʥʠʚʦʫ, ʚʨʩʪʠ ʠ ʪʨʘʿʘˁʫ ʠʟʣʦʞʝʥʦʩʪʠ, ʢʘʢʦ ʙʠ ʩʝ 

ʦʙʿʝʢʪʠʚʥʦ ʩʘʛʣʝʜʘʦ ʨʠʟʠʢ ʧʦ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ʪʠʭ ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ. ʈʘʜʠ ʩʘʛʣʝʜʘʚʘˁʘ ʥʠʚʦʘ ʠ ʪʨʘʿʘˁʘ ʠʟʣʦʞʝʥʦʩʪʠ ʭʝʤʠʿʩʢʠʤ ʰʪʝʪʥʦʩʪʠʤʘ ʟʘʧʦʩʣʝʥʦʛ, ʧʨʠ ʦʙʘʚˀʘˁʫ 

ʨʘʟʣʠʯʠʪʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʚʨʰʠʪʠ ʠʩʧʠʪʠʚʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʪʦʢʦʤ ʦʙʘʚˀʘˁʘ 

ʪʠʭ ʘʢʪʠʚʥʦʩʪʠ. ʉʚʘʢʘ ʧʨʦʤʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʠʩʫʪʥʠʭ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʫ ʪʦʢʫ ʧʦʩʤʘʪʨʘʥʦʛ ʚʨʝʤʝʥʩʢʦʛ 

ʠʥʪʝʨʚʘʣʘ, ʤʦʞʝ ʩʝ ʫʪʚʨʜʠʪʠ ʢʦʥʪʠʥʫʠʨʘʥʠʤ ʤʝʨʝˁʝʤ. ʋ ʩʢʣʘʜʫ ʩʘ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʧʦʩʪʫʧʢʫ ʧʨʝʛʣʝʜʘ ʠ 

ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʠ ʠʩʧʠʪʠʚʘˁʘ ʫʩʣʦʚʘ ʨʘʜʥʝ ʦʢʦʣʠʥʝ, ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ [1] ʥʘ ʢʦʿʠʤʘ ʿʝ ʫ ʧʦʩʪʫʧʢʫ 

ʠʩʧʠʪʠʚʘˁʘ ʫʪʚʨʹʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʠʟʥʘʜ ʜʦʟʚʦˀʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʇʨʘʚʠʣʥʠʢʦʤ ʦ 

ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠ ʠʟʣʘʛʘˁʫ ʭʝʤʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ (Ăʉʣ. ʛʣʘʩʥʠʢ ʈʉò, ʙʨ. 

106/09) [3] ʚʨʰʠ ʩʝ ʢʦʥʪʠʥʫʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʨʘʜʠ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʠ ʧʨʝʜʫʟʠʤʘˁʘ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ ʰʪʝʪʥʦʩʪʠ ʠ 

ʟʘʰʪʠʪʫ ʟʜʨʘʚˀʘ ʟʘʧʦʩʣʝʥʠʭ. ʄʝʹʫʪʠʤ, ʠʩʢʫʩʪʚʦ ʠʟ ʧʨʘʢʩʝ ʧʨʠ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ ʥʘʚʦʜʠ ʥʘ 

ʧʦʪʨʝʙʫ ʢʦʥʪʠʥʫʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʫ ʮʠˀʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʧʦ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ 

ʟʘʧʦʩʣʝʥʠʭ, ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ʦʧʘʩʥʠʭ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ, ʥʘʨʦʯʠʪʦ ʧʨʠ ʪʘʢʚʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ, 

ʧʨʠ ʢʦʿʠʤʘ ʿʝ ʠʟʣʘʛʘˁʝ ʭʝʤʠʿʩʢʠʤ ʪhʝʪʥʦʩʪʠʤʘ ʧʨʦʤʝʥˀʠʚʦ ʩʘ ʚʨʝʤʝʥʦʤ.  

ʂˀʫʯʥʝ ʨʝʯʠ: ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ, ʭʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ, ʫʩʣʦʚʠ ʨʘʜʥʝ ʦʢʦʣʠʥʝ 

IMPORTANCE OF  CHEMICAL  TESTS IN WORKING  ENVIRONMENT  IN 

RISK ASSESSMENT IN THE WORKPLACE  

ABSTRACT 

In risk assessment in the workplace, where the presence of hazardous chemical harmfulness was determined, 

informsation is needed as objective as possible on the level, type and duration of exposure, in order to objectively 

review the risk for the safety and health of employees that occurs due to the presence of chemical harms. In order to 

evaluate the level and duration of exposure to chemical harms of the employed in carrying out various activities it is 

necessary to test the concentration of chemical harms during these activities. Any change in the concentration of 

chemical harms in the observed time interval can be determined by continuous measurement. In accordance with the 

Regulations on inspection procedure and equipment testing for the operation and testing of working environment [1], in 

the workplace where in the process of testing a concentration of chemical harms above the allowable is identified by the 

Regulations on preventive measures for safe and healthy work when exposed to chemical substances (ĂOfficial Gazette 

of RSò, No. 106/09) [3] continuous testing is carried out to assess the risk and take measures to reduce the harm and 

protect employeesô health. However, experience from practice, when assessing risks in the workplace, suggests the need 

for continuous testing of chemical harms to assess the risk regarding employees, which occurs due to the presence of 

hazardous chemical harms, especially in such activities, in which exposure to chemical harms varies with atmospheric 

conditions. 

Keywords: risk assessment, chemical hazards, conditions of the working environment 

1. ʋɺʆɼ 

ɿʥʘʯʘʿ ʠʩʧʠʪʠʚʘˁʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʫ ʨʘʜʥʦʿ ʦʢʦʣʠʥʠ ʧʨʠʣʠʢʦʤ ʚʨʰʝˁʘ ʧʨʦʮʝʥʝ 

ʨʠʟʠʢʘ  ʧʨʠʢʘʟʘʥ ʿʝ ʢʨʦʟ ʧʨʠʤʝʨ ʢʦʥʪʠʥʫʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʥʘ ʨʘʜʥʠʤ 

ʤʝʩʪʠʤʘ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ, ʥʘ ʢʦʿʠʤʘ ʿʝ ʫʪʚʨʹʝʥʦ ʧʨʠʩʫʩʪʚʦ ʦʧʘʩʥʠʭ ʭʝʤʠʿʩʢʠʭ 

ʤʘʪʝʨʠʿʘ, ʢʘʢʦ ʙʠ ʩʝ ʦʙʿʝʢʪʠʚʥʦ ʩʘʛʣʝʜʘʦ ʨʠʟʠʢ ʧʦ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ ʢʦʿʠ ʩʝ 

ʿʘʚˀʘ ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ ʪʠʭ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ. 

                                                             
1
 ñMD PROJEKT INSTITUTò DOO, Niġ, Trg Kralja Aleksandra Ujedinitelja 2/5 

2
 Univerzitet za bibliotekarstvo i informacione tehnologije, Bugarska, Sofija, Carigradska 119 
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2. ʄɽʈʅɸ ʄɽʉʊɸ, ʋʉʃʆɺʀ ʈɸɼɸ, ɺʈɽʄɽʅʉʂʀ ʋʉʃʆɺʀ, ʂʆʈʀʐɴɽʅʀ 

ʀʅʉʊʈʋʄɽʅʊʀ ʀ ʄɽʊʆɼɸ ʀʉʇʀʊʀɺɸɳɸ 

ʀʟʚʨʰʝʥʦ ʿʝ ʢʦʥʪʠʥʫʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ:  

1. ʋ ʪʦʢʫ ʧʦʩʪʫʧʢʘ ʧʨʝʪʘʢʘˁʘ ʪʝʯʥʦʛ ʛʦʨʠʚʘ ɽɺʈʆ ɹʄɹ-95 ʠʟ ʘʫʪʦʮʠʩʪʝʨʥʝ ʫ 

ʨʝʟʝʨʚʦʘʨ ʟʘʧʨʝʤʠʥʝ ɺ=30 ʤ
3
, ʫ ʨʘʜʥʦʤ ʧʨʦʩʪʦʨʫ ʨʘʜʥʠʢʘ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ (ʤʝʨʥʦ 

ʤʝʩʪʦ ʄ 1), ʫ ʨʘʜʥʦʤ ʧʨʦʩʪʦʨʫ ʚʦʟʘʯʘ ʘʫʪʦ ʮʠʩʪʝʨʥʝ (ʤʝʨʥʦ ʤʝʩʪʦ ʄ 2) ʠ ʫ ʥʝʧʦʩʨʝʜʥʦʿ 

ʙʣʠʟʠʥʠ ʧʨʝʪʘʢʘʯʢʦʛ ʤʦʩʪʘ (ʩʪʘʮʠʦʥʘʨʥʦ) (ʤʝʨʥʦ ʤʝʩʪʦ ʄ 3), ʫ ʪʨʘʿʘˁʫ ʦʜ 45 ʤʠʥʫʪʘ, ʢʦʣʠʢʦ 

ʿʝ ʪʨʘʿʘʦ ʧʨʦʮʝʩ ʧʨʝʪʘʢʘˁʘ. 

2. ʋ ʪʦʢʫ ʫʦʙʠʯʘʿʝʥʦʛ ʨʘʜʘ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ, ʧʨʠ ʪʦʯʝˁʫ ʪʝʯʥʠʭ ʛʦʨʠʚʘ ʫ 

ʨʝʟʝʨʚʦʘʨʝ, ʫ ʨʘʜʥʦʤ ʧʨʦʩʪʦʨʫ ʨʘʜʥʠʢʘ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ-ʪʦʯʠʦʮʘ (ʤʝʨʥʦ ʤʝʩʪʦ ʄ 4) ʠ 

ʥʘ ʤʘʥʠʧʫʣʘʪʠʚʥʦʤ ʧʨʦʩʪʦʨʫ (ʩʪʘʮʠʦʥʘʨʥʦ) (ʤʝʨʥʦ ʤʝʩʪʦ ʄ 5), ʫ ʪʨʘʿʘˁʫ ʦʜ 1 ʩʘʪʘ. 

ʄʝʨʝˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʚʨʰʝʥʘ ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ ʢʨʝʪʘˁʝʤ ʠ 

ʧʦʣʦʞʘʿʝʤ ʨʘʜʥʠʢʘ ʧʨʠ ʨʘʜʫ, ʫ ʙʣʠʟʠʥʠ ʜʠʩʘˁʘ ʨʘʜʥʠʢʘ.  

¶ ɺʨʝʤʝ ʠʩʧʠʪʠʚʘˁʘ: ʜʘʥʘ 29.06.2012. ʛʦʜ, 09
00

-13
00

 h.  

¶ ʉʧʦˀʥʠ ʫʩʣʦʚʠ: ʪʝʤʧʝʨʘʪʫʨʘ T=29,5
ʦ
C, ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ Rv=37,6%, 

ʙʨʟʠʥʘ ʚʝʪʨʘ v=1,62 m/s.  

¶ ʄʝʨʝˁʝ ʧʨʠ ʧʨʝʪʘʢʘˁʫ ʧʨʝʤʠʿʫʤ ɹʄɹ-95 ʠʟ ʘʫʪʦʮʠʩʪʝʨʥʝ ʿʝ ʚʨʰʝʥʦ ʫ ʧʝʨʠʦʜʫ ʦʜ 
10

21
 ʜʦ 11

10 
h.  

¶ ʊʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ ʫ ʚʨʝʤʝ ʤʝʨʝˁʘ ʿʝ ʙʠʣʘ 28ÁC, ʧʨʠʪʠʩʘʢ 994 mbar-ʘ. 

¶ ʂʘʧʘʮʠʪʝʪ ʨʝʟʝʨʚʦʘʨʘ ʫ ʢʦʿʠ ʿʝ ʚʨʰʝʥʦ ʫʪʘʢʘˁʝ ʿʝ 30 m3
, ʜʦʢ ʿʝ ʢʘʧʘʮʠʪʝʪ ʮʠʩʪʝʨʥʝ ʠʟ 

ʢʦʿʝ ʿʝ ʚʨʰʝʥʦ ʧʨʝʪʘʢʘˁʝ 7500 l.  

ʋ ʪʦʢʫ ʧʨʝʪʘʢʘˁʘ ʦʙʘʚˀʘʿʫ ʩʝ ʧʘʨʘʣʝʣʥʦ ʘʢʪʠʚʥʦʩʪʠ ʪʦʯʠʦʮʘ ʛʦʨʠʚʘ ʥʘ ʙʝʥʟʠʥʩʢʦʿ 

ʩʪʘʥʠʮʠ ʠ ʚʦʟʘʯʘ ʘʫʪʦʮʠʩʪʝʨʥʝ. ʋ ʪʦʢʫ ʧʨʝʪʘʢʘˁʘ ʤʝʨʝ ʩʝ ʭʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ ʫ ʙʣʠʟʠʥʠ 

ʟʦʥʝ ʜʠʩʘˁʘ ʪʦʯʠʦʮʘ ʛʦʨʠʚʘ ʠ ʚʦʟʘʯʘ ʘʫʪʦʮʠʩʪʝʨʥʝ (ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʤʝʨʝˁʝ ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ ʿʝ ʩʚʝ ʚʨʝʤʝ ʧʨʦʮʝʩʘ ʧʨʝʪʘʢʘˁʘ ʙʠʦ ʧʨʠʯʚʨʰ˂ʝʥ ʥʘ ʟʘʰʪʠʪʥʦʤ ʦʜʝʣʫ ʟʘʧʦʩʣʝʥʠʭ). 

ʂʦʨʠʰ˂ʝʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʠʩʧʠʪʠʚʘˁa: ʀʥʩʪʨʫʤʝʥʪʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʛʘʩʦʚʘ, ʧʘʨʘ ʠ 

ʠʩʧʘʨʝˁʘ ʄʫʣʪʠ-ʛʘʩ ʤʦʥʠʪʦʨ MULTIRAE PLUS, ʤʦʜʝʣ: PGM50-5P, ʬʘʙʨʠʯʢʠ ʙʨʦʿ: 095-

108669 ʠ ʬʘʙʨʠʯʢʠ ʙʨʦʿ: 095-095-514012, ʧʨʦʠʟʚʦʹʘʯ: ñRAE SYSTEMS INC.ñ, USA, FTIR 

ʛʘʩʥʠ ʘʥʘʣʠʟʘʪʦʨ, ʤʦʜʝʣ ñGASMETò DX-4000, ʩʝʨʠʿʩʢʠ ʙʨʦʿ 101824, ʧʨʦʠʟʚʦʹʘʯ ñGasmet 

Tehnologiesò Oy-ʌʠʥʩʢʘ, ʀʥʩʪʨʫʤʝʥʪ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʘʰʠʥʝ HAZ-DUST, 

ʤʦʜʝʣ EPAM-5000, ʬʘʙʨʠʯʢʠ ʙʨʦʿ 03102990, ʧʨʦʠʟʚʦʹʘʯ ñEnviromental Devices Corporationñ 

UK, ʀʥʩʪʨʫʤʝʥʪ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʨʘʰʠʥʝ AEROSOL MONITOR MODEL, ʪʠʧ 

3020, ʬʘʙʨʠʯʢʠ ʙʨʦʿ 3020ɸ202980412, ʧʨʦʠʟʚʦʹʘʯ: ñRupprecht & Patashnick Co. Inc.ò, USA. 

ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ, ʢʘʦ ʠ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʠʟʣʦʞʝʥʦʩʪʠ ʥʘ 

ʨʘʜʥʦʤ ʤʝʩʪʫ ʿʝʩʪʝ ʧʨʦʩʝʯʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʧʘʩʥʝ ʭʝʤʠʿʩʢʝ ʤʘʪʝʨʠʿʝ ʫ ʚʘʟʜʫʭʫ ʥʘ ʨʘʜʥʦʤ 

ʤʝʩʪʫ ʫ ʟʦʥʠ ʜʠʩʘˁʘ ʪʦʯʠʦʮʘ ʛʦʨʠʚʘ, ʧʨʠ ʥʦʨʤʘʣʥʠʤ ʤʠʢʨʦʢʣʠʤʘʪʩʢʠʤ ʫʩʣʦʚʠʤʘ ʨʘʜʘ ʠ ʫʟ 

ʣʘʢʰʠ ʬʠʟʠʯʢʠ ʨʘʜ, ʘ ʠʟʨʘʯʫʥʘʪʘ ʫ ʦʜʨʝʹʝʥʦʤ ʚʨʝʤʝʥʩʢʦʤ ʧʝʨʠʦʜʫ, ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʟʥʘʯʝʥʠ 

ʨʝʬʝʨʝʥʪʥʠ ʧʝʨʠʦʜ, ʟʘ ʢʦʿʫ ʩʝ ʩʤʘʪʨʘ ʜʘ ʥʠʿʝ ʰʪʝʪʥʘ ʧʦ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʦʛ, ʘʢʦ ʟʘʧʦʩʣʝʥʠ 

ʨʘʜʠ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʦʧʘʩʥʝ ʭʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ ʦʩʘʤ ʩʘʪʠ ʜʥʝʚʥʦ. 

3. ʆʇʀʉ ʇʆʉʃʆɺɸ ʊʆʏʀʆʎɸ ʊʆʏʀʆʎ ɻʆʈʀɺɸ (ɿɸ ɺʈɽʄɽ ʊʆʏɽɳɸ 

ʊɽʏʅʀʍ ɻʆʈʀɺɸ) 

ʊʦʯʠʦʮ ʛʦʨʠʚʘ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ ʦʙʘʚˀʘ ʧʦʩʣʦʚʝ, ʦʜ ʢʦʿʠʭ ʠʟʜʚʘʿʘʤʦ:  

¶ ʪʦʯʠ ʛʦʨʠʚʦ ʠ ʦʙʘʚˀʘ ʜʦʧʫʥʩʢʝ ʫʩʣʫʛʝ ʢʫʧʮʠʤʘ (ʧʨʘˁʝ ʩʪʘʢʘʣʘ, ʢʦʥʪʨʦʣʘ ʧʨʠʪʠʩʢʘ 
ʚʘʟʜʫʭʘ ʫ ʧʥʝʫʤʘʪʠʮʠʤʘ, ʢʦʥʪʨʦʣʘ ʫˀʘ ʫ ʤʦʪʦʨʫ ʠ ʜʦʣʠʚʘˁʝ...), ʫʪʠʯʝ ʥʘ ʧʨʦʜʘʿʫ 

ʤʘʟʠʚʘ ʠ ʜʦʧʫʥʩʢʦʛ ʘʩʦʨʪʠʤʘʥʘ, ʠʥʬʦʨʤʠʰʝ ʢʫʧʮʝ ʦ ʨʝʢʣʘʤʥʠʤ ʘʢʮʠʿʘʤʘ ʠ ʫʩʣʫʛʘʤʘ 

ʢʦʿʝ ʤʦʛʫ ʜʦʙʠʪʠ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ; 
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¶ ʧʦʤʘʞʝ ʧʦʩʣʦʚʦʹʠ ʠʣʠ ʧʨʦʜʘʚʮʫ ʢʦʛʘ ʿʝ ʧʦʩʣʦʚʦʹʘ ʦʚʣʘʩʪʠʦ, ʧʨʠ ʧʨʠʿʝʤʫ ʛʦʨʠʚʘ ʠ 
ʦʩʪʘʣʝ ʨʦʙʝ ʥʘʤʝˁʝʥʝ ʧʨʦʜʘʿʠ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ; 

¶ ʧʨʠʭʚʘʪʘ ʘʫʪʦʮʠʩʪʝʨʥʫ ʩʘ ʧʨʠʩʧʝʣʠʤ ʛʦʨʠʚʦʤ ʧʦʰʪʫʿʫ˂ʠ ʤʝʨʝ ʙʝʟʙʝʜʥʦʩʪʠ ʧʦ ʥʘʣʦʛʫ 
ʧʦʩʣʦʚʦʹʝ ʠʣʠ ʦʚʣʘʰ˂ʝʥʦʛ ʣʠʮʘ, ʪʿ. ʧʨʦʜʘʚʮʘ, ʨʫʢʦʚʦʜʝ˂ʠ ʩʝ ʧʨʠ ʪʦʤʝ ʚʘʞʝ˂ʠʤ 

ʧʨʘʚʠʣʥʠʮʠʤʘ ʠ ʫʧʫʪʩʪʚʠʤʘ; 

¶ ʧʨʦʚʝʨʘʚʘ ʠʩʧʨʘʚʥʦʩʪ ʫʨʝʹʘʿʘ ʟʘ ʪʦʯʝˁʝ ʛʦʨʠʚʘ; 

¶ ʫʯʝʩʪʚʫʿʝ ʫ ʧʝʨʠʦʜʠʯʥʠʤ ʧʦʧʠʩʠʤʘ ʨʦʙʝ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ; 
ʆʧʠʩ ʘʢʪʠʚʥʦʩʪʠ ʫ ʪʦʢʫ ʧʨʝʪʘʢʘˁʘ ʛʦʨʠʚʘ ʟʘ ʚʨʝʤʝ ʤʝʨʝˁʘ: 

¶ ʦʪʚʘʨʘ ʧʦʢʣʦʧʘʮ ʧʨʝʪʘʢʘʯʢʦʛ ʤʦʩʪʘ, ʛʜʝ ˂ʝ ʩʝ ʚʨʰʠʪʠ ʧʨʠʢˀʫʯʘʢ ʬʣʝʢʩʠʙʠʣʥʠʭ ʮʨʝʚʘ 

(2 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʧʦʤʘʞʝ ɺʦʟʘʯʫ ʧʨʠ ʧʨʠʢˀʫʯʠʚʘˁʫ ʜʦʚʦʜʥʠʭ ʬʣʝʢʩʠʙʠʣʥʠʭ ʮʨʝʚʘ ʥʘ ʮʠʩʪʝʨʥʠ ʠ 

ʧʨʝʪʘʢʘʯʢʦʤ ʤʦʩʪʫ (3 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʨʘʜ ʘʫʪʦ ʮʠʩʪʝʨʥʝ ʨʘʜʠ ʧʦʤʝʨʘˁʘ ʙʣʠʞʝ ʧʨʠʢˀʫʯʢʫ ʥʘ ʧʨʝʪʘʢʘʯʢʦʤ ʤʦʩʪʫ (4 ʤʠʥ ʦʜ 

ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʧʝˁʝ ʩʝ ʥʘ ʘʫʪʦ ʮʠʩʪʝʨʥʫ ʨʘʜʠ ʦʪʚʘʨʘˁʘ ʧʦʢʣʦʧʮʘ ʥʘ ʘʫʪʦ ʮʠʩʪʝʨʥʠ ʠ ʢʚʘʣʠʪʘʪʠʚʥʝ ʠ 

ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʘʥʘʣʠʟʝ ʛʦʨʠʚʘ (ʦʜ 7 ʜʦ 12 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʩʠʣʘʟʘʢ ʩʘ ʘʫʪʦ ʮʠʩʪʝʨʥʝ (12 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʚʨʰʠ ʢʚʘʣʠʪʘʪʠʚʥʫ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʛʦʨʠʚʘ ʢʦʿʝ ʩʝ ʚʝ˂ ʥʘʣʘʟʠ ʫ ʨʝʟʝʨʚʦʘʨʫ 

(ʦʜ 14 ʜʦ 17 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʢʦʥʪʨʦʣʠʰʝ ʠʩʪʘʢʘˁʝ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʧʨʝʪʘʢʘʯʢʦʛ ʤʦʩʪʘ (17 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ 

ʤʝʨʝˁʘ); 

¶ ʧʝˁʝ ʩʝ ʥʘ ʘʫʪʦ ʮʠʩʪʝʨʥʫ ʨʘʜʠ ʫʟʠʤʘˁʘ ʫʟʦʨʢʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʛʫʩʪʠʥʝ ʛʦʨʠʚʘ (17 ʤʠʥ 

ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʩʠʣʘʟʘʢ ʩʘ ʘʫʪʦ ʮʠʩʪʝʨʥʝ (19 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʚʨʰʠ ʤʝʨʝˁʝ ʛʫʩʪʠʥʝ ʛʦʨʠʚʘ (20 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʢʦʥʪʨʦʣʠʰʝ ʠʩʪʘʢʘˁʝ ʥʘ ʫʜʘˀʝʥʦʩʪʠ ʦʜ 4 ʤ ʦʜ ʧʨʝʪʘʢʘʯʢʦʛ ʤʦʩʪʘ (ʦʜ 21 ʜʦ 34 ʤʠʥ ʦʜ 

ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʧʝˁʝ ʩʝ ʥʘ ʮʠʩʪʝʨʥʫ ʨʘʜʠ ʧʨʦʚʝʨʝ ʠʩʪʘʢʘˁʘ ʠ ʢʦʥʪʨʦʣʝ ʧʨʝʦʩʪʘʣʝ ʢʦʣʠʯʠʥʝ ʛʦʨʠʚʘ 

(37 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʚʨʰʠ ʟʘʪʚʘʨʘˁʝ ʧʦʢʣʦʧʮʘ ʥʘ ʘʫʪʦʮʠʩʪʝʨʥʠ (37 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʚʨʰʠ ʚʨʘ˂ʘˁʝ ʫʟʦʨʢʘ ʫ ʨʝʟʝʨʚʦʘʨ (39 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʧʨʝʪʘʢʘˁʘ); 

¶ ʚʨʰʠ ʦʜʚʨʪʘˁʝ ʮʨʝʚʘ ʩʘ ʧʨʠʢˀʫʯʢʘ ʧʨʝʪʘʢʘʯʢʦʛ ʤʦʩʪʘ ʠ ʟʘʿʝʜʥʦ ʩʘ  

¶ ʚʦʟʘʯʝʤ ʘʫʪʦ ʮʠʩʪʝʨʥʝ ʟʘʪʚʘʨʘ ʧʦʢʣʦʧʘʮ ʥʘ ʧʨʝʪʘʢʘʯʢʦʤ ʤʦʩʪʫ (40 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ 

ʧʨʝʪʘʢʘˁʘ); 

¶ ʚʨʰʠ ʢʚʘʣʠʪʘʪʠʚʥʫ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʛʦʨʠʚʘ ʫ ʨʝʟʝʨʚʦʘʨʫ ʥʘʢʦʥ ʫʪʘʢʘˁʘ (41 

ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʧʨʝʪʘʢʘˁʘ); 

¶ ʟʘʪʚʘʨʘ ʧʦʢʣʦʧʘʮ ʨʝʟʝʨʚʦʘʨʘ (48 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʧʨʝʪʘʢʘˁʘ). 

ʄʝʨʝˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʦʙʘʚˀʝʥʘ ʩʫ ʫ ʫʩʣʦʚʠʤʘ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ, 

ʟʘ ʚʨʝʤʝ ʪʦʯʝˁʘ ʪʝʯʥʠʭ ʛʦʨʠʚʘ ʫ ʨʝʟʝʨʚʦʘʨʝ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʠ ʢʘʥʠʩʪʝʨʝ. ʇʝʨʠʦʜ 

ʫʟʦʨʢʦʚʘˁʘ ʠʟʥʦʩʠʦ ʿʝ 60 s ʧʨʠʣʠʢʦʤ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʤʝʨʝˁʘ ʦʜ 1 ʩʘʪʘ. ʋʟʦʨʮʠ ʩʫ ʫʟʠʤʘʥʠ ʫ 

ʟʦʥʠ ʜʠʩʘˁʘ ʠ ʢʨʝʪʘˁʘ ʪʦʯʠʦʮʘ ʛʦʨʠʚʘ, ʧʨʠ ʦʙʘʚˀʘˁʫ ʧʦʩʣʦʚʘ ʥʘ ʪʦʯʝˁʫ. 

4. ʆʇʀʉ ʇʆʉʃʆɺɸ ɺʆɿɸʏɸ ɸʋʊʆʎʀʉʊɽʈʅɽ (ɿɸ ɺʈɽʄɽ ʇʈɽʊɸʂɸɳɸ 

ɻʆʈʀɺɸ) 

ɺʦʟʘʯ ʘʫʪʦʮʠʩʪʝʨʥʝ ʦʙʘʚˀʘ ʧʦʩʣʦʚʝ, ʦʜ ʢʦʿʠʭ ʠʟʜʚʘʿʘʤʦ:  

¶ ʚʨʰʠ ʧʨʠʤʦʧʨʝʜʘʿʫ ʨʦʙʝ-ʛʦʨʠʚʘ;   

¶ ʚʨʰʠ ʧʨʠʧʨʝʤʥʝ ʨʘʜˁʝ ʟʘ ʫʪʦʚʘʨ ʠ ʠʩʪʦʚʘʨ ʨʦʙʝ-ʛʦʨʠʚʘ; 

¶ ʦʙʘʚˀʘ ʟʘʚʨʰʥʝ ʨʘʜʦʚʝ ʧʦ ʧʨʝʜʘʿʠ ʨʦʙʝ-ʛʦʨʠʚʘ; 
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ʆʧʠʩ ʘʢʪʠʚʥʦʩʪʠ ʫ ʪʦʢʫ ʧʨʝʪʘʢʘˁʘ ʛʦʨʠʚʘ ʫ ʦʜʥʦʩʫ ʟʘ ʚʨʝʤʝ ʤʝʨʝˁʘ: 

¶ ʚʨʰʠ ʫʟʝʤˀʝˁʝ ʘʫʪʦ ʮʠʩʪʝʨʥʝ (1 ʤʠʥ ʚʨʝʤʝ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʚʨʰʠ ʧʨʠʢˀʫʯʘʢ ʜʦʚʦʜʥʠʭ ʬʣʝʢʩʠʙʠʣʥʠʭ ʮʨʝʚʘ ʥʘ ʮʠʩʪʝʨʥʠ ʠ ʧʨʝʪʘʢʘʯʢʦʤ ʤʦʩʪʫ (3 

ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʩʪʘʨʪʫʿʝ ʘʫʪʦ ʮʠʩʪʝʨʥʫ ʜʘ ʙʠ ʿʝ ʧʨʠʙʣʠʞʠʦ ʧʨʠʢˀʫʯʢʫ ʥʘ ʧʨʝʪʘʢʘʯʢʦʤ ʤʦʩʪʫ (4 ʤʠʥ 

ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʧʨʘʪʠ ʧʨʦʮʝʩ ʧʨʝʪʘʢʘˁʘ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʮʠʩʪʝʨʥʝ ʠ ʧʨʠʢˀʫʯʢʘ ʥʘ ʧʨʝʪʘʢʘʯʢʦʤ 

ʤʦʩʪʫ (ʦʜ 5 ʜʦ 36 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʚʨʰʠ ʦʜʚʨʪʘˁʝ ʮʨʝʚʘ ʩʘ ʮʠʩʪʝʨʥʝ ʠ ʪʦʤ ʧʨʠʣʠʢʦʤ ʠʩʪʘʯʝ ʟʘʦʩʪʘʣʫ ʢʦʣʠʯʠʥʫ ʛʦʨʠʚʘ 

(37 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ); 

¶ ʚʨʰʠ ʦʜʚʨʪʘˁʝ ʮʨʝʚʘ ʩʘ ʧʨʠʢˀʫʯʢʘ ʧʨʝʪʘʢʘʯʢʦʛ ʤʦʩʪʘ ʠ ʟʘʿʝʜʥʦ ʩʘ ʈʘʜʥʠʢʦʤ ʥʘ 

ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ ʟʘʪʚʘʨʘ ʧʦʢʣʦʧʘʮ ʥʘ ʧʨʝʪʘʢʘʯʢʦʤ ʤʦʩʪʫ (40 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ 

ʤʝʨʝˁʘ); 

¶ ʧʨʘʪʠ ʠ ʧʦʤʘʞʝ ʫ ʦʩʪʘʣʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ ʪʦʯʠʦʮʘ ʛʦʨʠʚʘ ʧʨʠ ʚʨʰʝˁʫ  ʢʚʘʣʠʪʘʪʠʚʥʝ ʠ 

ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʘʥʘʣʠʟʝ ʛʦʨʠʚʘ ʫ ʨʝʟʝʨʚʦʘʨʫ ʥʘʢʦʥ ʫʪʘʢʘˁʘ (41 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ 

ʧʨʝʪʘʢʘˁʘ); 

¶ ʧʨʘʪʠ ʦʩʪʘʣʝ ʘʢʪʠʚʥʦʩʪʠ ʈʘʜʥʠʢʘ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ 

ʮʠʩʪʝʨʥʝ (48 ʤʠʥ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ). 

ʄʝʨʝˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʦʙʘʚˀʝʥʘ ʩʫ ʫ ʫʩʣʦʚʠʤʘ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ, 

ʟʘ ʚʨʝʤʝ ʠʩʪʘʢʘˁʘ ʪʝʯʥʦʛ ʛʦʨʠʚʘ ʠ ʪʦ ɽɺʈʆ ɹʄɹ-ʘ 95 ʠʟ ʘʫʪʦ-ʮʠʩʪʝʨʥʝ ʫ ʧʦʜʟʝʤʥʠ ʨʝʟʝʨʚʦʘʨ 

V=30 m
3
. ʇʝʨʠʦʜ ʫʟʦʨʢʦʚʘˁʘ ʠʟʥʦʩʠʦ ʿʝ 30 s ʧʨʠʣʠʢʦʤ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʤʝʨʝˁʘ ʦʜ 1 ʩʘʪʘ. 

ʋʟʦʨʮʠ ʩʫ ʫʟʠʤʘʥʠ ʫ ʟʦʥʠ ʢʨʝʪʘˁʘ ʚʦʟʘʯʘ ʘʫʪʦʮʠʩʪʝʨʥʝ, ʧʨʠ ʦʙʘʚˀʘˁʫ ʧʦʩʣʦʚʘ ʥʘ 

ʧʨʝʪʘʢʘˁʫ, ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʜʠʩʘˁʘ. 

5. ʈɽɿʋʃʊɸʊʀ ʀʉʇʀʊʀɺɸɳɸ 

ʋ ʪʘʙʝʣʘʤʘ 1-3 ʠ 5-6, ʜʘʪʝ ʩʫ ʤʠʥʠʤʘʣʥʝ, ʤʘʢʩʠʤʘʣʥʝ ʠ ʧʨʦʩʝʯʥʝ ʠʟʤʝʨʝʥʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ (ʫ ʿʝʜʠʥʠʮʘʤʘ ppm ʠ mg/m
3
), ʘ ʛʨʘʬʠʯʢʠ ʧʨʠʢʘʟʠ ʧʨʦʤʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʘ 

ʚʨʝʤʝʥʦʤ ʥʘ ʩʣʠʢʘʤʘ 1 ʠ 2. ʆʮʝʥʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ, ʫ ʦʜʥʦʩʫ ʥʘ ʄɼʂ [2] ʠ ɻɺʀ [3] ʜʘʪʘ 

ʿʝ ʟʘ ʧʨʦʩʝʯʥʫ ʢʦʥʮʝʥʪʨʘʮʠʿʫ, ʟʘ ʦʩʤʦʯʘʩʦʚʥʦ ʨʘʜʥʦ ʚʨʝʤʝ. 

ʊʘʙʝʣʘ 1.-ʂʦʥʪʠʥʫʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʊʆʏʀʆʎɸ 

ɻʆʈʀɺɸ, ʟʘ ʚʨʝʤʝ ʧʨʝʪʘʢʘˁʘ ɽɺʈʆ ɹʄɹ-ʘ 95 
ʄʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʦʙʘʚˀʝʥʘ ʩʫ ʫ ʫʩʣʦʚʠʤʘ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ, ʟʘ ʚʨʝʤʝ ʠʩʪʘʢʘˁʘ ʪʝʯʥʦʛ 

ʛʦʨʠʚʘ ʠ ʪʦ ɽɺʈʆ ɹʄɹ-ʘ 95 ʠʟ ʘʫʪʦ-ʮʠʩʪʝʨʥʝ ʫ ʧʦʜʟʝʤʥʠ ʨʝʟʝʨʚʦʘʨ ɺ=30 m
3
  

ʇʝʨʠʦʜ ʫʟʦʨʢʦʚʘˁʘ ʠʟʥʦʩʠʦ ʿʝ 60 s ʧʨʠʣʠʢʦʤ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʤʝʨʝˁʘ ʦʜ 1 ʩʘʪʘ. 

ʋʟʦʨʮʠ ʩʫ ʫʟʠʤʘʥʠ ʫ ʟʦʥʠ ʢʨʝʪʘˁʘ ʨʘʜʥʠʢʘ, ʧʨʠ ʦʙʘʚˀʘˁʫ ʧʦʩʣʦʚʘ ʥʘ ʧʨʝʪʘʢʘˁʫ, ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ 

ʜʠʩʘˁʘ 

ʄʝʨʥʦ 

ʤʝʩʪʦ 

 

ɺʨʩʪʘ ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ 

ʀʟʤʝʨʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

(ppm) 
ʄɼʂ

2
 

ʇʨʝʢʦʨʘ

ʯʝˁʝ 

ʢʦʥʮʝʥʪʨ

ʘʮʠʿʝ 

ɻɺʀ
3 

ʇʨʝʢʦʨʘ

ʯʝˁʝ 

ʢʦʥʮʝʥʪ

ʨʘʮʠʿʝ 
ʤʠʥ. ʤʘʢʩ. ʧʨʦʩ. 

ʄ 1-ʨʘʜʥʦ 

ʤʝʩʪʦ 

ʪʦʯʠʦʮ 

ʛʦʨʠʚʘ ʥʘ 

ʙʝʥʟʠʥʩʢʦʿ 

ʩʪʘʥʠʮʠ 

ʠʩʧʘʨʝˁʘ  

ʙʝʥʟʠʥʘ 
0,2 ppm 28,3 ppm 3,0 ppm 107 ppm - - - 

ʫʛˀʝʥ ʤʦʥʦʢʩʠʜ  

(Cʆ) 
0,0 ppm 3,2 ppm 0,3 ppm 50 ppm - - - 

ʘʟʦʪʦʚʠ ʦʢʩʠʜʠ 

(Nʆx, ʢʘʦ Nʆ2) 
0,0 ppm 0,0 ppm 0,0 ppm 3 ppm - - - 

ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ ʥʘ ʤʝʨʥʦʤ ʤʝʩʪʫ ʨʘʜʥʦʛ ʤʝʩʪʘ ʨʘʜʥʠʢʘ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ, ʟʘ ʚʨʝʤʝ ʧʨʝʪʘʢʘˁʘ ɽɺʈʆ 

ɹʄɹ-ʘ 95, ʩʫ ʠʩʧʦʜ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 
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ʊʘʙʝʣʘ 2.-ʂʦʥʪʠʥʫʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ɺʆɿɸʏ 

ɸʋʊʆʎʀʉʊɽʈʅɽ, ʟʘ ʚʨʝʤʝ ʧʨʝʪʘʢʘˁʘ ɽɺʈʆ ɹʄɹ-ʘ 95 
ʄʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʦʙʘʚˀʝʥʘ ʩʫ ʫ ʫʩʣʦʚʠʤʘ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ, ʟʘ ʚʨʝʤʝ ʠʩʪʘʢʘˁʘ ʪʝʯʥʦʛ 

ʛʦʨʠʚʘ ʠ ʪʦ ɽɺʈʆ ɹʄɹ-ʘ 95 ʠʟ ʘʫʪʦ-ʮʠʩʪʝʨʥʝ ʫ ʧʦʜʟʝʤʥʠ ʨʝʟʝʨʚʦʘʨ ɺ=30 m
3
  

ʇʝʨʠʦʜ ʫʟʦʨʢʦʚʘˁʘ ʠʟʥʦʩʠʦ ʿʝ 30 s ʧʨʠʣʠʢʦʤ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʤʝʨʝˁʘ ʦʜ 1 ʩʘʪʘ. 

ʋʟʦʨʮʠ ʩʫ ʫʟʠʤʘʥʠ ʫ ʟʦʥʠ ʢʨʝʪʘˁʘ ʚʦʟʘʯʘ ʘʫʪʦ ʮʠʩʪʝʨʥʝ, ʧʨʠ ʦʙʘʚˀʘˁʫ ʧʦʩʣʦʚʘ ʥʘ ʧʨʝʪʘʢʘˁʫ, ʫ ʥʝʧʦʩʨʝʜʥʦʿ 

ʙʣʠʟʠʥʠ ʜʠʩʘˁʘ 

ʄʝʨʥʦ 

ʤʝʩʪʦ 

ɺʨʩʪʘ ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ 

ʀʟʤʝʨʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

(ppm) 
ʄɼʂ

2
 

ʇʨʝʢʦʨʘ

ʯʝˁʝ 

ʢʦʥʮʝʥʪ

ʨʘʮʠʿʝ 

ɻɺʀ
3
 

ʇʨʝʢʦʨʘ

ʯʝˁʝ 

ʢʦʥʮʝʥʪ

ʨʘʮʠʿʝ 
ʤʠʥ. ʤʘʢʩ. ʧʨʦʩ. 

ʄ 2-ʨʘʜʥʦ 

ʤʝʩʪʦ 

ʚʦʟʘʯʘ ʘʫʪʦ 

ʮʠʩʪʝʨʥʝ 

ʠʩʧʘʨʝˁʘ  ʙʝʥʟʠʥʘ 0,1 ppm 21,2 ppm 1,4 ppm 107 ppm - - - 

ʫʛˀʝʥ ʤʦʥʦʢʩʠʜ  

(Cʆ) 
0,0 ppm 9,0 ppm 1,3 ppm 50 ppm - - - 

ʘʟʦʪʦʚʠ ʦʢʩʠʜʠ 

(Nʆx, ʢʘʦ Nʆ2) 
0,0 ppm 0,0 ppm 0,0 ppm 3 ppm - - - 

ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ ʥʘ ʤʝʨʥʦʤ ʤʝʩʪʫ ʨʘʜʥʦʛ ʤʝʩʪʘ ʚʦʟʘʯʘ ʘʫʪʦ ʮʠʩʪʝʨʥʝ, ʟʘ ʚʨʝʤʝ ʧʨʝʪʘʢʘˁʘ ɽɺʈʆ ɹʄɹ-ʘ 95, 

ʩʫ ʠʩʧʦʜ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

 

ʉʣʠʢʘ 1-ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʘ ʚʨʝʤʝʥʦʤ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ɺʆɿɸʏ 

ɸʋʊʆʎʀʉʊɽʈʅɽ, ʟʘ ʚʨʝʤʝ ʧʨʝʪʘʢʘˁʘ ɽɺʈʆ ɹʄɹ-ʘ 95 

ʊʘʙʝʣʘ 3.-ʂʦʥʪʠʥʫʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʥʘ ʇʈɽʊɸʂɸʏʂʆʄ ʄʆʉʊʋ,  

ʟʘ ʚʨʝʤʝ ʧʨʝʪʘʢʘˁʘ ɽɺʈʆ ɹʄɹ-ʘ 95 
ʄʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʦʙʘʚˀʝʥʘ ʩʫ ʫ ʫʩʣʦʚʠʤʘ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ, ʟʘ ʚʨʝʤʝ ʠʩʪʘʢʘˁʘ ʪʝʯʥʦʛ 

ʛʦʨʠʚʘ ʠ ʪʦ ɽɺʈʆ ɹʄɹ-ʘ 95 ʠʟ ʘʫʪʦ-ʮʠʩʪʝʨʥʝ ʫ ʧʦʜʟʝʤʥʠ ʨʝʟʝʨʚʦʘʨ ɺ=30 m
3
 

ʇʝʨʠʦʜ ʫʟʦʨʢʦʚʘˁʘ ʠʟʥʦʩʠʦ ʿʝ 20 s ʧʨʠʣʠʢʦʤ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʤʝʨʝˁʘ ʦʜ 1 ʩʘʪʘ. 

̂ͦͪ͘ͼ͙ ͫͯ ͙͙ͯͣ͊ͤ͘ ͯ ͔͔ͤͨͦͫͪ͒ͤͦ͞ ͙͙͙͋ͤ͘͡ ͙͒ͫ͊ͥ͊ ͭͦ;͙ͦͼ͊ ͎ ͙͍ͦͪ͊Σ ͤ͊ ͔͒ͤͦ͞͞Σ ͫͭ͊ͼ͙ͦͤ͊ͪͤͦ͞ ͭ͊;͙͟ 
͍ͯͦͪͦ͊ͥ͊͘͟Σ ͯ ͙͙͙͋ͤ͘͡ ͔ͨͪͭ͊͊͟;͎ͦ͟ ͣͦͫͭ͊ 

ʄʝʨʥʦ ʤʝʩʪʦ 
ɺʨʩʪʘ ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ 

ʀʟʤʝʨʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

(ppm) 
ʄɼʂ

2
 

ʇʨʝʢʦʨʘ

ʯʝˁʝ 

ʢʦʥʮʝʥʪ

ʨʘʮʠʿʝ 

ɻɺʀ
3
 

ʇʨʝʢʦʨʘʯ

ʝˁʝ 

ʢʦʥʮʝʥʪʨʘ

ʮʠʿʝ ʧʨʦʩʝʯʥʘ 

ʄ 3-

ʧʨʝʪʘʢʘʯʢʠ 

ʤʦʩʪ 

ʫʛˀʝʥ ʤʦʥʦʢʩʠʜ (Cʆ) 0,75 ppm 50 ppm - - - 

ʩʫʤʧʦʨ ʜʠʦʢʩʠʜ (Sʆ2) 0,2 ppm 3 ppm - - - 

ʘʟʦʪʦʚʠ ʦʢʩʠʜʠ 

(NʆX, ʢʘʦ Nʆ2) 
0,93 ppm 2 ppm - - - 

ʭʣʦʨʦʚʦʜʦʥʠʢ 0,1 ppm 5 ppm - 5 ppm - 

ʬʣʫʦʨʦʚʦʜʦʥʠʢ 0,8 ppm 3,5 ppm - 1,8 ppm - 

ʤʝʪʘʥ 1,8 ppm - - - - 

ʝʪʘʥ 0,2 ppm - - - - 
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ʧʨʦʧʘʥ 1,0 ppm 1000 ppm - - - 

ʙʫʪʘʥ 0,9 ppm 800 ppm - - - 

ʧʝʥʪʘʥ 1,7 ppm 600 ppm - - - 

ʭʝʢʩʘʥ 1,4 ppm 50 ppm - 20 - 

ʭʝʧʪʘʥ 0,6 ppm 384 ppm - 500 ppm - 

ʦʢʪʘʥ 0,3 ppm 300 ppm - - - 

1,3-ʙʫʪʘʜʠʝʥ 1,9 ppm 10 ppm - 1 - 

ʙʝʥʟʝʥ 0,3 ppm 1 ppm - 1 ppm - 

ʪʦʣʫʝʥ 3,0 ppm 100 ppm - 50 ppm - 

ʩʪʠʨʝʥ 0,3 ppm 50 ppm - - - 

ʢʩʠʣʝʥ (ʩʚʠ ʠʟʦʤʝʨʠ) 1,1 ppm 100 ppm - 50 ppm - 

ʬʦʨʤʘʣʜʝʭʠʜ 0,2 ppm 1,22 ppm - - - 

ʝʪʘʥʦʣ 3,5 ppm 1000 ppm - - - 

ʙʫʪʘʥʦʣ 1,1 ppm 50 ppm - - - 

ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ 

ʠʟʨʘʞʝʥʝ ʢʘʦ ʫʢʫʧʥʠ C 
21,4 ppm - - - - 

ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ ʥʘ ʤʝʨʥʦʤ ʤʝʩʪʫ ʨʘʜʥʦʛ ʧʨʦʩʪʦʨʘ ʧʨʝʪʘʢʘˁʘ-ʧʨʝʪʘʢʘʯʢʦʛ ʤʦʩʪʘ, ʩʫ ʠʩʧʦʜ ʤʘʢʩʠʤʘʣʥʦ 

ʜʦʟʚʦˀʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʌʨʝʢʚʝʥʮʠʿʘ ʢʦʨʠʩʥʠʢʘ ʿʝ ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ ʙʠʣʘ ʚʝʣʠʢʘ. ʆʜʥʦʩʥʦ ʫ ʪʦʤ ʧʝʨʠʦʜʫ 

ʙʠʣʦ ʿʝ 34 ʪʦʯʝˁʘ ʫ ʨʝʟʝʨʚʦʘʨʝ ʘʫʪʦʤʦʙʠʣʘ, 3 ʪʦʯʝˁʘ ʫ ʢʘʥʠʩʪʝʨʝ ʠ 4 ʪʦʯʝˁʘ ʫ ʨʝʟʝʨʚʦʘʨʝ 

ʤʦʪʦʮʠʢʘʣʘ, ʪʘʢʦ ʜʘ ʩʝ ʪʦʯʝˁʝ ʚʨʰʠʣʦ ʫ ʥʝʢʠʤ ʧʝʨʠʦʜʠʤʘ ʙʝʟ ʧʨʝʢʠʜʘ, ʠ ʩʘ ʢʨʘ˂ʠʤ 

ʧʨʝʢʠʜʠʤʘ ʥʘʿʚʠʰʝ ʜʦ 2 ʤʠʥ. 

ʊʘʙʝʣʘ 4.-ʆʧʠʩ ʘʢʪʠʚʥʦʩʪʠ ʪʦʯʠʦʮʘ ʛʦʨʠʚʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʚʨʝʤʝ ʤʝʨʝˁʘ 
ʈʝʜ. ʙʨ. ʊʠʧ ʛʦʨʠʚʘ ʂʦʨʠʩʥʠʢ ʂʦʣʠʯʠʥʘ (l) ɺʨʝʤʝ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ (ʤʠʥ) 

1. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʢʘʥʠʩʪʝʨ 5 1 

2. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 6,88 2 

3. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 3,44 4 

4. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʢʘʥʠʩʪʝʨ 2,76 4 

5. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 6,89 5 

6. ɽʋʈʆ ɼʀɿɽʃ ʘʫʪʦʤʦʙʠʣ 7,12 6 

7. ɽʋʈʆ ɼʀɿɽʃ ʘʫʪʦʤʦʙʠʣ 6,97 7 

8. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 3,44 9 

9. ɽʋʈʆ ɼʀɿɽʃ ʘʫʪʦʤʦʙʠʣ 13,95 10 

10. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 2,06 11 

11. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 3,45 12 

12. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 2,98 14 

13. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 4,13 13 

14. ɽʋʈʆ ɼʀɿɽʃ ʘʫʪʦʤʦʙʠʣ 20,94 15 

15. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 6,88 17 

16. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʢʘʥʠʩʪʝʨ 6,89 22 

17. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 20,66 25 

18. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 2,48 29 

19. ɽʋʈʆ ɼʀɿɽʃ ʘʫʪʦʤʦʙʠʣ 20,94 30 

20. ɽʋʈʆ ɼʀɿɽʃ ʘʫʪʦʤʦʙʠʣ 6,98 31 

21. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 6,89 32 

22. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 4,13 33 

23. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 6,90 34 

24. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 6,90 35 

25. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʤʦʪʦʮʠʢʣ 9,03 36 

26. ɽʋʈʆ ɼʀɿɽʃ ʘʫʪʦʤʦʙʠʣ 13,96 37 

27. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 4,13 39 

28. ɽʋʈʆ ɼʀɿɽʃ ʘʫʪʦʤʦʙʠʣ 13,95 40 

29. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 6,89 41 

30. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 3,44 42 

31. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʤʦʪʦʮʠʢʣ 6,83 43 

32. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 17,22 45 
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ʈʝʜ. ʙʨ. ʊʠʧ ʛʦʨʠʚʘ ʂʦʨʠʩʥʠʢ ʂʦʣʠʯʠʥʘ (l) ɺʨʝʤʝ ʦʜ ʧʦʯʝʪʢʘ ʤʝʨʝˁʘ (ʤʠʥ) 

33. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʤʦʪʦʮʠʢʣ 3,44 47 

34. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 5,51 48 

35. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʤʦʪʦʮʠʢʣ 2,96 49 

36. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 6,89 51 

37. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 6,89 53 

38. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 20,66 55 

39. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 13,78 58 

40. ʇʨʝʤʠʿʫʤ ɹʄɹ 95 ʘʫʪʦʤʦʙʠʣ 10,33 59 

41. ɽʋʈʆ ɼʀɿɽʃ ʘʫʪʦʤʦʙʠʣ 10,47 60 

ʇʨʠʣʠʢʦʤ ʢʦʥʪʠʥʫʘʣʥʠʭ ʤʝʨʝˁʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʨʘʜʥʦʛ ʤʝʩʪʘ ʪʦʯʠʦʮʘ ʛʦʨʠʚʘ 

ʥʘ ʙʝʥʟʠʥʩʢʦʿ ʩʪʘʥʠʮʠ ʠ ʨʘʜʥʦʛ ʤʝʩʪʘ ʚʦʟʘʯʘ ʘʫʪʦʮʠʩʪʝʨʥʝ, ʟʘ ʚʨʝʤʝ ʧʨʝʪʘʢʘˁʘ ɽɺʈʆ ɹʄɹ-ʘ 

95, ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʥʝ ʧʨʝʢʦʨʘʯʫʿʫ, ʪʿ. ʜʘʣʝʢʦ ʩʫ ʠʩʧʦʜ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ (ʄɼʂ), ʦʜʥʦʩʥʦ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʠʟʣʦʞʝʥʦʩʪʠ (ɻɺʀ) (ʧʨʝʤʘ ʇʨʘʚʠʣʥʠʢʫ 

ʦ ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠ ʠʟʣʘʛʘˁʫ ʭʝʤʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ 

("ʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ ʈʉ" ʙʨʦʿ 106/09)
 1
). 

ʊʘʙʝʣʘ 5.-ʂʦʥʪʠʥʫʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʪʦʯʠʦʮʘ 

ʛʦʨʠʚʘ, ʟʘ ʚʨʝʤʝ ʪʦʯʝˁʘ ʪʝʯʥʠʭ ʛʦʨʠʚʘ 
ʄʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʦʙʘʚˀʝʥʘ ʩʫ ʫ ʫʩʣʦʚʠʤʘ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ, ʟʘ ʚʨʝʤʝ ʪʦʯʝˁʘ ʪʝʯʥʠʭ 

ʛʦʨʠʚʘ ʫ ʨʝʟʝʨʚʦʘʨʝ ʤʦʪʦʨʥʠʭ ʚʦʟʠʣʘ ʠ ʢʘʥʠʩʪʝʨʝ  

ʇʝʨʠʦʜ ʫʟʦʨʢʦʚʘˁʘ ʠʟʥʦʩʠʦ ʿʝ 60 ʩ ʧʨʠʣʠʢʦʤ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʤʝʨʝˁʘ ʦʜ 1 ʩʘʪʘ. 

ʋʟʦʨʮʠ ʩʫ ʫʟʠʤʘʥʠ ʫ ʟʦʥʠ ʢʨʝʪʘˁʘ ʪʦʯʠʦʮʘ ʛʦʨʠʚʘ ʧʨʠ ʦʙʘʚˀʘˁʫ ʧʦʩʣʦʚʘ ʥʘ ʪʦʯʝˁʫ, ʫ ʟʦʥʠ ʜʠʩʘˁʘ 

ʄʝʨʥʦ ʤʝʩʪʦ 

ɺʨʩʪʘ 

ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ 

ʀʟʤʝʨʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

(ppm) 
ʄɼʂ

2
 

ʇʨʝʢʦʨʘ

ʯʝˁʝ 

ʢʦʥʮʝʥʪ

ʨʘʮʠʿʝ 

ɻɺʀ
3
 

ʇʨʝʢʦʨʘ

ʯʝˁʝ 

ʢʦʥʮʝʥʪ

ʨʘʮʠʿʝ 
ʤʠʥ. ʤʘʢʩ. ʧʨʦʩ. 

ʄ 4-ʨʘʜʥʦ 

ʤʝʩʪʦ 

ʪʦʯʠʦʮʘ 

ʛʦʨʠʚʘ ʥʘ 

ʙʝʥʟʠʥʩʢʦʿ 

ʩʪʘʥʠʮʠʘ 

ʠʩʧʘʨʝˁʘ 

ʙʝʥʟʠʥʘ 
0,0 ppm 

304,3 

ppm 
24,1 ppm 107 ppm - - - 

ʠʩʧʘʨʝˁʘ ʜʠʟʝʣ 

ʛʦʨʠʚʘ 
0,0 ppm 4,83 ppm 0,29ppm 34 ppm - - - 

ʫʛˀʝʥ ʦʥʦʢʩʠʜ  

(Cʆ) 
0,0 ppm 17,8 ppm 1,9 ppm 50 ppm - - - 

ʘʟʦʪʦʚʠ ʦʢʩʠʜʠ 

(Nʆx, ʢʘʦ Nʆ2) 
0,0 ppm 13,4 ppm 2,7 ppm 3 ppm - - - 

ʜʠʤ-ʫʛˀʝʥʠʢ 

(ʯʘʹ) 

0,000 

mg/m
3
 

0,394 

mg/m
3
 

0,220 

mg/m
3
 

4  

mg/m
3
 

- - - 

ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ ʥʘ ʤʝʨʥʦʤ ʤʝʩʪʫ ʨʘʜʥʦʛ ʤʝʩʪʘ ʪʦʯʠʦʮʘ ʛʦʨʠʚʘ, ʟʘ ʚʨʝʤʝ ʪʦʯʝˁʘ ʪʝʯʥʠʭ ʛʦʨʠʚʘ, ʩʫ ʠʩʧʦʜ 

ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

 

ʉʣʠʢʘ 2-ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʤʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʘ ʚʨʝʤʝʥʦʤ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʪʦʯʠʦʮʘ 

ʛʦʨʠʚʘ ʟʘ ʚʨʝʤʝ ʪʦʯʝˁʘ ʪʝʯʥʠʭ ʛʦʨʠʚʘ 
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ɿʘ ʚʨʝʤʝ ʠʩʧʠʪʠʚʘˁʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʥʘʿʚʝ˂ʠʤ ʜʝʣʦʤ ʩʝ ʚʨʰʠʣʦ ʪʦʯʝˁʝ 

ʤʦʪʦʨʥʦʛ ʙʝʥʟʠʥʘ (ʫʛʣʘʚʥʦʤ ɹʄɹ-95 ʠ ʫ ʤʘˁʦʿ ʤʝʨʠ ɽɺʈʆ ɹʄɹ-95). ʊʦʯʝˁʝ ʜʠʟʝʣ ʛʦʨʠʚʘ 

(ɽʋʈʆ ɼʀɿɽʃ) ʩʝ ʚʨʰʠʣʦ ʫ ʤʘˁʝʤ ʙʨʦʿʫ ʚʦʟʠʣʘ. ɽʚʠʜʝʥʪʥʘ ʢʨʘʪʢʦʪʨʘʿʥʘ ʧʦʚʝ˂ʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠʩʧʘʨʝˁʘ ʙʝʥʟʠʥʘ (ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʧʠʢʦʚʠ ʥʘ ʛʨʘʬʠʯʢʦʤ ʧʨʠʢʘʟʫ ʫ ʧʨʠʣʦʛʫ) 

ʩʝ ʿʘʚˀʘ ʫʛʣʘʚʥʦʤ ʧʨʠʣʠʢʦʤ ʪʦʯʝˁʘ ʤʦʪʦʨʥʦʛ ʙʝʥʟʠʥʘ ʫ ʢʘʥʠʩʪʝʨʝ. 

ʊʘʙʝʣʘ 6.-ʂʦʥʪʠʥʫʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʥʘ ʄɸʅʀʇʋʃɸʊʀɺʅʆʄ 

ʇʈʆʉʊʆʈʋ,  ʟʘ ʚʨʝʤʝ ʪʦʯʝˁʘ ʪʝʯʥʠʭ ʛʦʨʠʚʘ 
ʄʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʦʙʘʚˀʝʥʘ ʩʫ ʫ ʫʩʣʦʚʠʤʘ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ, ʟʘ ʚʨʝʤʝ ʫʦʙʠʯʘʿʝʥʦʛ 

ʨʘʜʘ ʥʘ ʪʦʯʝˁʫ ʪʝʯʥʠʭ ʛʦʨʠʚʘ 

ʇʝʨʠʦʜ ʫʟʦʨʢʦʚʘˁʘ ʠʟʥʦʩʠʦ ʿʝ 20 ʩ ʧʨʠʣʠʢʦʤ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʤʝʨʝˁʘ ʦʜ 1 ʩʘʪʘ. 

ʋʟʦʨʮʠ ʩʫ ʫʟʠʤʘʥʠ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʜʠʩʘˁʘ ʨʘʜʥʠʢʘ, ʥʘ ʿʝʜʥʦʿ, ʩʪʘʮʠʦʥʘʨʥʦʿ ʪʘʯʢʠ ʫʟʦʨʢʦʚʘˁʘ, ʫ 

ʙʣʠʟʠʥʠ ʘʫʪʦʤʘʪʘ 

ʄʝʨʥʦ 

ʤʝʩʪʦ 

ɺʨʩʪʘ ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ 

ʀʟʤʝʨʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

(ppm) 
ʄɼʂ

2
 

ʇʨʝʢʦʨʘʯ

ʝˁʝ 

ʢʦʥʮʝʥʪʨ

ʘʮʠʿʝ 

ɻɺʀ
3
 

ʇʨʝʢʦʨʘʯ

ʝˁʝ 

ʢʦʥʮʝʥʪʨ

ʘʮʠʿʝ ʧʨʦʩʝʯʥʘ 

ʄ 6-

ʤʘʥʠʧʫʣʘʪʠ

ʚʥʠ 

ʧʨʦʩʪʦʨ 

ʫʛˀʝʥ ʤʦʥʦʢʩʠʜ (Cʆ) 2,8 ppm 50 ppm - - - 

ʩʫʤʧʦʨ ʜʠʦʢʩʠʜ (Sʆ2) 0,3 ppm 3 ppm - - - 

ʘʟʦʪʦʚʠ ʦʢʩʠʜʠ 

(NʆX, ʢʘʦ Nʆ2) 
0,53 ppm 2 ppm - - - 

ʭʣʦʨʦʚʦʜʦʥʠʢ 0,1 ppm 5 ppm - 5 ppm - 

ʬʣʫʦʨʦʚʦʜʦʥʠʢ 0,3 ppm 3,5 ppm - 1,8 ppm - 

ʤʝʪʘʥ 2,3 ppm - - - - 

ʝʪʘʥ 0,1 ppm - - - - 

ʧʨʦʧʘʥ 0,4 ppm 1000 ppm - - - 

ʙʫʪʘʥ 0,7ppm 800 ppm - - - 

ʧʝʥʪʘʥ 0,3 ppm 600 ppm - - - 

ʭʝʢʩʘʥ 0,8 ppm 50 ppm - 20 - 

ʭʝʧʪʘʥ 0,1 ppm 384 ppm - 500 ppm - 

ʦʢʪʘʥ 0,2 ppm 300 ppm - - - 

1,3-ʙʫʪʘʜʠʝʥ 0,9 ppm 10 ppm - - - 

ʙʝʥʟʝʥ 0,0 ppm 1 ppm - 1 ppm - 

ʪʦʣʫʝʥ 1,2 ppm 100 ppm - 50 ppm - 

ʩʪʠʨʝʥ 0,4 ppm 50 ppm - - - 

ʢʩʠʣʝʥ (ʩʚʠ ʠʟʦʤʝʨʠ) 0,6 ppm 100 ppm - 50 ppm - 

ʬʦʨʤʘʣʜʝʭʠʜ 0,5 ppm 1,22 ppm - - - 

ʝʪʘʥʦʣ 1,7 ppm 1000 ppm - - - 

ʙʫʪʘʥʦʣ 0,0 ppm 50 ppm - - - 

ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ 

ʠʟʨʘʞʝʥʝ ʢʘʦ ʫʢʫʧʥʠ 

C 

21,4 ppm - - - - 

ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ ʥʘ ʤʝʨʥʦʤ ʤʝʩʪʫ ʤʘʥʠʧʫʣʘʪʠʚʥʦʛ ʧʨʦʩʪʦʨʘ ʩʫ ʠʩʧʦʜ ʤʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

6. ɿɸʂɲʋʏɸʂ 

ʅʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʢʦʥʪʠʥʫʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ, ʤʦʞʝ ʩʝ 

ʦʙʿʝʢʪʠʚʥʠʿʝ ʠʟʚʨʰʠʪʠ  ʧʨʦʮʝʥʘ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ, ʫ ʮʠˀʫ ʩʤʘˁʝˁʘ ʠʣʠ ʧʦʪʧʫʥʦʛ 

ʝʣʠʤʠʥʠʩʘˁʘ ʨʠʟʠʢʘ ʧʦ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ, ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫʩʣʝʜ ʧʨʠʩʫʩʪʚʘ 

ʦʧʘʩʥʠʭ ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ, ʥʘʨʦʯʠʪʦ ʧʨʠ ʪʘʢʚʠʤ ʘʢʪʠʚʥʦʩʪʠʤʘ, ʧʨʠ ʢʦʿʠʤʘ ʿʝ ʠʟʣʘʛʘˁʝ 

ʭʝʤʠʿʩʢʠʤ ʰʪʝʪʥʦʩʪʠʤʘ ʧʨʦʤʝʥˀʠʚʦ ʩʘ ʚʨʝʤʝʥʦʤ, ʢʘʦ ʠ ʧʨʝʜʚʠʹʘˁʝ ʥʝʦʧʭʦʜʥʠʭ ʤʝʨʘ ʢʦʿʝ ʿʝ 

ʧʦʪʨʝʙʥʦ ʧʨʝʜʫʟʝʪʠ ʟʘ ʢʦʥʪʨʦʣʫ ʨʠʟʠʢʘ.  

 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

147 
 

7. ʃʀʊɽʈɸʊʋʈɸ 

[1] ʇʨʘʚʠʣʥʠʢ ʦ ʧʦʩʪʫʧʢʫ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʠ ʠʩʧʠʪʠʚʘˁʘ  

ʫʩʣʦʚʘ ʨʘʜʥʝ ʦʢʦʣʠʥʝ (ñʉʣ. ʛʣʘʩʥʠʢ ʈʉò ʙʨ. 94/06 ʠ ñʉʣ. ʛʣʘʩʥʠʢ ʈʉò ʙʨ. 108/06) 

[2] SRPS Z.B.001, ʄʘʢʩʠʤʘʣʥʦ ʜʦʟʚʦˀʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʢʦʜˀʠʚʠʭ ʛʘʩʦʚʘ,  

ʧʘʨʘ ʠ ʘʝʨʦʩʦʣʘ ʫ ʘʪʤʦʩʬʝʨʠ ʨʘʜʥʠʭ ʧʨʦʩʪʦʨʠʿʘ ʠ ʨʘʜʠʣʠʰʪʘ (ñʉʣ. ʣʠʩʪ ʉʌʈɱò ʙʨ. 

54/91) 

[3] ʇʨʘʚʠʣʥʠʢ ʦ ʧʨʝʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠ ʠʟʣʘʛʘˁʫ ʭʝʤʠʿʩʢʠʤ 

ʤʘʪʝʨʠʿʘʤʘ (ñʉʣ. ʛʣʘʩʥʠʢ ʈʉò ʙʨ. 106/09).
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ʇʈʀʄɱɽʅɸ ʄɽʊʆɼɽ ʇʈʆʎɽʉʅʀʍ ʌʋʅʂʎʀɱɸ ɿɸ ʇʈʆʎɱɽʅʋ 
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ʈɽɿʀʄɽ 

ʇʦʩʪʦʿʠ ʚʠʰʝ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʧʨʦʮʿʝˁʠʚʘˁʝ ʥʠʚʦʘ ʦʨʛʘʥʠʟʦʚʘʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʿʝ ʠʣʠ 

ʧʦʿʝʜʠʥʠʭ ʦʨʛʘʥʠʟʘʮʠʦʥʠʭ ʮʿʝʣʠʥʘ. ʎʠˀ ˁʠʭʦʚʝ ʧʨʠʤʿʝʥʝ ʿʝ ʩʪʠʮʘˁʝ ʫʚʠʜʘ ʦ ʧʦʩʪʦʿʝ˂ʠ ʥʘʯʠʥ ʦʨʛʘʥʠʟʦʚʘˁʘ ʠ 

ʥʘ ʦʩʥʦʚʫ ʪʦʛʘ ʫʢʣaˁʘˁʝ ʫʦʯʝʥʠʭ ʥʝʜʦʩʪʘʪʘʢʘ. ɱʝʜʥʘ ʦʜ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ ʟʘ ʧʨʦʮʿʝʥʫ ʥʠʚʦʘ 

ʦʨʛʘʥʠʟʦʚʘʥʦʩʪʠ ʿʝ ʤʝʪʦʜʘ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ. ʄʝʪʦʜʦʤ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ ʤʦʞʝ ʩʝ ʦʮʿʝˁʠʚʘʪʠ 

ʦʨʛʘʥʠʟʦʚʘʥʦʩʪ ʧʦʩʣʦʚʥʠʭ ʬʫʥʢʮʠʿʘ, ʦʨʛʘʥʠʟʘʮʠʿʩʢʝ ʿʝʜʠʥʠʮʝ, ʧʦʜʨʫʯʿʘ ʨʘʜʘ, ʝʣʝʤʝʥʘʪʘ ʧʦʩʣʦʚʘˁʘ, ʨʘʜʥʠʭ 

ʤʿʝʩʪʘ ʠ ʩʣ. ʋ ʦʚʦʤ ʨʘʜʫ ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʨʠʤʿʝʥʘ ʤʝʪʦʜʝ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘʟʘ ʧʨʦʮʿʝʥʫ ʥʠʚʦʘ ʦʨʛʘʥʠʟʦʚʘʥʦʩʪʠ 

ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ ʠ ʝʢʩʧʣʦʟʠʿʘ ʫ ʿʝʜʥʦʿ ʦʜ ʿʝʜʠʥʠʮʘ ɺʦʿʩʢʝ ʉʨʙʠʿʝ. 

ʂˀʫʯʥʝ ʨʠʿʝʯʠ: ʧʨʦʮʝʩʥʝ ʬʫʥʢʮʠʿʝ, ʦʨʛʘʥʠʟʦʚʘʥʦʩʪ, ʟʘʰʪʠʪʘ ʦʜ ʧʦʞʘʨʘ ʠ ʝʢʩʧʣʦʟʠʿʘ 

APPLICATION OF METHOD OF  PROCESS FUNCTION FOR 

EVALUATION OF THE OR GANIZATIONAL  LEVEL OF FIRE AND 

EXPLOSION PROTECTION  

ABSTRACT 

There are several analytical methods for assessing the organizational level of the organization itself or 

particular organizational units. The objective of their application is gaining an insight on the existing organizational 

level and, based on findings, removal of the identified deficiencies. One of the most common analytical methods for 

assessing the organizational level is the method of process functions. The method of process functions can be used to 

evaluate the organization of business functions, organizational units, work areas, elements of business, work posts, etc. 

This paper describes the application of the method of process functions for evaluation of the organizational level of fire 

and explosion protection in one of the units of the Army of Serbia. 

Key words: process functions, organization, fire and explosion protection 

ʋɺʆɼ 

ʈʘʟʚʦʿ ʪʝʭʥʦʣʦʛʠʿʘ, ʫʨʙʘʥʠʟʘʮʠʿʘ ʛʨʘʜʦʚʘ ʠ ʥʘʩʝˀʘ, ʨʘʟʚʦʿ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ 

ʠʥʜʫʩʪʨʠʿʝ ʫ ʮʿʝʣʠʥʠ, ʧʦʨʝʜ ʩʚʝʛʘ ʧʦʟʠʪʠʚʥʦʛ ʫ ʧʦʛʣʝʜʫ ʨʘʟʚʦʿʘ ʜʨʫʰʪʚʘ, ʥʦʩʠ ʩʘ ʩʦʙʦʤ ʠ 

ʚʝ˂ʫ ʦʧʘʩʥʦʩʪ ʦʜ ʧʦʞʘʨʘ ʠ ʝʢʩʧʣʦʟʠʿʘ. ʉʘʤʘ ʦʚʘ ʯʠˁʝʥʠʮʘ ʟʘʭʪʠʿʝʚʘ ʜʘ ʩʝ, ʫʧʦʨʝʜʦ ʩʘ 

ʨʘʟʚʦʿʝʤ ʧʨʠʚʨʝʜʝ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ, ʫʚʦʹʝˁʘ ʨʘʟʥʦʚʨʩʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ ʠ ʩʠʩʪʝʤʘ, ʠʟʛʨʘʜˁʝ 

ʦʙʿʝʢʘʪʘ ʫ ʢʦʿʠʤʘ ʞʠʚʠ ʠʣʠ ʨʘʜʠ ʚʝʣʠʢʠ ʙʨʦʿ ˀʫʜʠ, ʤʦʨʘʿʫ ʧʨʝʜʫʟʠʤʘʪʠ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʿʝʨʝ 

ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ ʠ ʝʢʩʧʣʦʟʠʿʘ. ʋʯʝʩʪʘʣʦʩʪ ʧʦʞʘʨʘ ʠ ʝʢʩʧʣʦʟʠʿʘ, ˀʫʜʩʢʝ ʞʨʪʚʝ ʠ ʦʛʨʦʤʥʝ 

ʤʘʪʝʨʠʿʘʣʥʝ ʰʪʝʪʝ ʢʦʿʝ ʦʥʝ ʟʘ ʩʦʙʦʤ ʦʩʪʘʚˀʘʿʫ, ʥʘʤʝ˂ʫ ʧʦʪʨʝʙʫ ʢʦʤʧʣʝʢʩʥʠʿʝʛ ʩʘʛʣʝʜʘʚʘˁʘ 

ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʠ ʧʨʝʜʫʟʠʤʘˁʝ ʝʬʠʢʘʩʥʠʿʠʭ ʤʿʝʨʘ ʧʨʝʚʝʥʪʠʚʥʝ ʟʘʰʪʠʪʝ ʠ ʩʫʟʙʠʿʘˁʘ ʪʝʞʠʭ 

ʧʦʩʣʝʜʠʮʘ. 

ɺʦʿʩʢʘ, ʢʘʦ ʦʨʛʘʥʠʟʘʮʠʿʘ ʢʦʿʫ ʢʘʨʘʢʪʝʨʠʰʝ ʧʦʚʝ˂ʘʥʠ ʨʠʟʠʢ ʟʘ ʥʘʩʪʘʥʘʢ ʧʦʞʘʨʘ ʠ 

ʝʢʩʧʣʦʟʠʿʘ, ʢʦʥʩʪʘʥʪʥʦ ʤʦʨʘ ʪʝʞʠʪʠ ʰʪʦ ʝʬʠʢʘʩʥʠʿʝʤ ʩʠʩʪʝʤʫ ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ ʠ 

ʝʢʩʧʣʦʟʠʿʘ. ʄʝʪʦʜʘ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ, ʢʘʦ ʿʝʜʥʘ ʦʜ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠʭ ʘʥʘʣʠʪʠʯʢʠʭ ʤʝʪʦʜʘ 

ʟʘ ʧʨʦʮʿʝʥʫ ʥʠʚʦʘ ʦʨʛʘʥʠʟʦʚʘʥʦʩʪʠ, ʚʝʦʤʘ ʿʝ ʧʦʛʦʜʘʥ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʝ 

ʦʥʦʛʘ ʰʪʦ ʪʨʝʙʘ ʧʨʦʤʠʝʿʥʠʪʠ ʠʣʠ ʧʦʙʦˀʰʘʪʠ ʫ ʧʦʩʪʦʿʝ˂ʝʤ ʩʠʩʪʝʤʫ ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ ʠ 

ʝʢʩʧʣʦʟʠʿʘ.  

                                                             
1
 ʋʥʠʚʝʨʟʠʪʝʪ ʦʜʙʨʘʥʝ, ɺʦʿʥʘ ʘʢʘʜʝʤʠʿʘ 
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ʇʈʀʄɱɽʅɸ ʄɽʊʆɼɽ ʇʈʆʎɽʉʅʀʍ ʌʋʅʂʎʀɱɸ  

ʄʝʪʦʜʘ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ ʤʦʞʝ ʩʝ ʫʧʦʪʨʠʿʝʙʠʪʠ ʟʘ ʦʮʿʝˁʠʚʘˁʝ ʦʨʛʘʥʠʟʘʮʠʿʩʢʦʛ 

ʥʠʚʦʘ ʮʿʝʣʦʢʫʧʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ ʠʣʠ ʩʘʤʦ ʧʦʿʝʜʠʥʠʭ ʦʨʛʘʥʠʟʘʮʠʿʩʢʠʭʿʝʜʠʥʠʮʘ, ʬʫʥʢʮʠʿʘ ʠ 

ʜʨ.ʇʦʜ ʧʦʿʤʦʤ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ ʧʨʝʤʘ [1] ʧʦʜʨʘʟʫʤʠʿʝʚʘʿʫ ʩʝ ʜʿʝʣʘʪʥʦʩʪʠ ʢʦʿʝ ʩʫ 

ʥʝʦʧʭʦʜʥʝ ʟʘ ʫʩʧʿʝʰʥʦ ʠʟʚʨʰʘʚʘˁʝ ʮʿʝʣʦʢʫʧʥʦʛ ʟʘʜʘʪʢʘ ʥʘ ʩʚʠʤ ʥʠʚʦʠʤʘ ʨʘʜʥʠʭ ʤʿʝʩʪʘ ʫ 

ʦʨʛʘʥʠʟʘʮʠʿʠ. ʋʨʘʜʥʦʤ ʧʨʦʮʝʩʫ ʩʝ ʿʘʚˀʘ ʜʝʚʝʪ ʦʩʥʦʚʥʠʭ ʬʘʟʘ -ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ, ʪʘʙʝʣʘ 1. 

ʊʘʙʝʣʘ 1. ʇʨʝʛʣʝʜ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ ʩʘ ʦʟʥʘʢʘʤʘ ʠ ʟʥʘʯʝˁʝʤ[2] 

ʇʈʆʎɽʉʅɽ 

ʌʋʅʂʎʀɱɽ 
ʆɿʅɸʂɸ ɿʅɸʏɽɳɽ 

ɽʚʠʜʝʥʪʠʨʘˁʝ ɽʚ ʆʙʫʭʚʘʪʘˁʝ ʩʚʠʭ ʧʦʩʣʦʚʥʠʭ ʟʙʠʚʘˁʘ ʫ ʦʨʛʘʥʠʟʘʮʠʿʠ. 

ʆʙʘʚʿʝʰʪʘʚʘˁʝ ʆʙ 
ɼʦʩʪʘʚˀʘˁʝ ʧʦʜʘʪʘʢʘ ʠ ʠʥʬʦʨʤʘʮʠʿʘ ʥʘ ʩʚʘ ʨʘʜʥʘ ʤʝʿʩʪʘ ʫ 

ʦʨʛʘʥʠʟʘʮʠʿʠ. 

ʂʦʥʪʨʦʣʠʩʘˁʝ ʂʪ 
ʋʧʦʨʝʹʠʚʘˁʝʦʙʘʚˀʝʥʠʭʘʢʪʠʚʥʦʩʪʠʩʘʫʥʘʧʨʝʜʧʦʩʪʘʚˀʝʥʠʤʤʿʝʨ

ʠʣʠʤʘ, ʩʪʘʥʜʘʨʜʠʤʘ ʠ ʩʤʿʝʨʥʠʮʘʤʘ 

ɸʥʘʣʠʟʠʨʘˁʝ ɸʥ 
ʈʘʩʪʘʚˀʘˁʝ, ʫʧʦʨʝʹʠʚʘˁʝ ʠ ʟʘʢˀʫʯʠʚʘˁʝ ʦ ʫʟʨʦʮʠʤʘ 

ʦʜʩʪʫʧʘˁʘ. 

ʆʜʣʫʯʠʚʘˁʝ ʆʜʣ 
ʇʦʥʦʚʥʦ ʠʥʪʝʨʚʝʥʠʩʘˁʝ ʥʘ ʟʙʠʚʘˁʘ ʫ ʧʦʩʪʦʿʝ˂ʠʤ ʧʨʦʮʝʩʠʤʘ ʠ 

ʦʙʣʠʢʦʚʘˁʝ ʙʫʜʫ˂ʠʭ ʧʨʦʮʝʩʘ. 

ʇʣʘʥʠʨʘˁʝ ʇʣ ʆʩʠʛʫʨʘʚʘˁʝ ʧʦʪʨʝʙʥʠʭ ʝʣʝʤʝʥʘʪʘ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʦʜʣʫʢʘ. 

ʋʩʢʣʘʹʠʚʘˁʝ ʋʩ 
ʂʦʤʙʠʥʦʚʘˁʝ ʠ ʫʩʤʝʿʨʘʚʘˁʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʥʘʧʦʨʘ ʫ ʫʢʫʧʘʥ 

ʥʘʧʦʨ. 

ʆʨʛʘʥʠʟʦʚʘˁʝ ʆʨʛ 
ʊʨʘʞʝˁʝ ʠ ʦʙʣʠʢʦʚʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʦʨʛʘʥʠʟʘʮʠʿʩʢʠʭ 

ʧʦʩʪʫʧʘʢʘ ʠ ʠʟʚʨʰʘʚʘˁʝ ʨʘʜʥʠʭ ʟʘʜʘʪʘʢʘ. 

ʀʟʚʦʹʝˁʝ ʀʟʚ 
ʂʦʥʢʨʝʪʥʦ ʠʟʚʨʰʝˁʝ ʟʘʜʘʪʘʢʘ ʥʘ ʩʚʠʤ ʨʘʜʥʠʤ ʤʝʿʩʪʠʤʘ ʫ 

ʦʨʛʘʥʠʟʘʮʠʿʠ. 

ʋ ʨʘʜʫ ʩʫ ʘʥʘʣʠʟʠʨʘʥʠ ʧʦʩʣʦʚʠ ʢʦʿʝ ʦʙʘʚˀʘ ʣʠʮʝ ʟʘʜʫʞʝʥʦ ʟʘ ʦʨʛʘʥʠʟʘʮʠʿʫ ʟʘʰʪʠʪʝ 

ʦʜ ʧʦʞʘʨʘ ʠ ʝʢʩʧʣʦʟʠʿʘ (ɿʆʇʀɽ) ʫ ʿʝʜʥʦʿ ʦʜ ʿʝʜʠʥʠʮʘ ɺʦʿʩʢʝ ʉʨʙʠʿʝ (ɺʉ) [3], ʘ ʢʦʿʠ ʩʫ 

ʨʝʛʫʣʠʩʘʥʠ "ʇʣʘʥʦʤ ʟʘʰʪʠʪʝ ʦʜ ʧʦʞʘʨʘ ʫ ʢʘʩʘʨʥʠ" ʪʝ ʿʝʜʠʥʠʮʝ, ʪʘʙʝʣʘ 2. 

ʊʘʙʝʣʘ 2. ʇʨʝʛʣʝʜ ʧʦʩʣʦʚʘ ʩʘ ʦʟʥʘʢʘʤʘ  

ʆɿʅɸʂɸ ʇʆʉʃʆɺʀ 

01  ʆʨʛʘʥʠʟʫʿʝ ɿʆʇʀɽ ʧʨʝʤʘ ʦʜʨʝʜʙʘʤʘ ʧʨʘʚʠʣʘ ʠ ʥʘʨʝʹʝˁʘ ʢʦʤʘʥʜʝ ʛʘʨʥʠʟʦʥʘ.  

02  ʀʟʨʘʹʫʿʝ ʠ ʘʞʫʨʠʨʘ ʧʣʘʥ ɿʆʇʀɽ ʟʘ ʢʘʩʘʨʥʫ ʠ ʢʦʥʪʨʦʣʠʰʝ ˁʝʛʦʚʦ ʩʧʨʦʚʦʹʝˁʝ. 

03  ʆʙʝʟʙʿʝʹʫʿʝ ʨʝʜʦʚʥʦ ʧʣʘʥʠʨʘˁʝ ʠ ʠʟʚʦʹʝˁʝ ʥʘʩʪʘʚʝ-ʦʙʫʢʝ ʠʟ ʦʙʣʘʩʪʠ ɿʆʇʀɽ. 

04  
ɼʘʿʝ ʫʧʫʪʩʪʚʘ ʠ ʩʤʿʝʨʥʠʮʝ ʟʘ ʨʘʜ ʩʪʨʫʯʥʦ ʧʦʪʯʠˁʝʥʠʤ ʦʨʛʘʥʠʤʘ ʠ ʿʝʜʠʥʠʮʠʤʘ 

(ʨʝʬʝʨʝʥʪʠʤʘ ɿʆʇʀɽ ʠ ʧʨʦʪʠʚʧʦʞʘʨʥʠʤ ʝʢʠʧʘʤʘ), ʧʨʘʪʠ ʠ ʧʨʦʮʿʝˁʫʿʝ ˁʠʭʦʚ ʨʘʜ. 
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05  
ʂʦʥʪʨʦʣʠʰʝ ʩʧʨʦʚʦʹʝˁʝ ʧʨʦʪʠʚʧʦʞʘʨʥʠʭ ʤʿʝʨʘ ʫ ʦʨʛʘʥʠʟʘʮʠʦʥʠʤ ʮʿʝʣʠʥʘʤʘ ʠ 

ʧʨʝʜʣʘʞʝ ʦʪʢʣʘˁʘˁʝ ʫʦʯʝʥʠʭ ʥʝʜʦʩʪʘʪʘʢʘ. 

06  
ʉʘʨʘʹʫʿʝ ʩʘ ʦʨʛʘʥʠʤʘ ʪʝʭʥʠʯʢʝ ʩʣʫʞʙʝ ʫ ʧʣʘʥʠʨʘˁʫ ʨʝʤʦʥʪʘ ʠ ʦʜʨʞʘʚʘˁʘ 

ʧʨʦʪʠʚʧʦʞʘʨʥʠʭ ʩʨʝʜʩʪʘʚʘ ʠ ʦʧʨʝʤʝ. 

07  
ɺʦʜʠ ʝʚʠʜʝʥʮʠʿʫ ʧʦʧʫʥʝ ʿʝʜʠʥʠʮʘ-ʫʩʪʘʥʦʚʘ ʧʨʦʪʠʚʧʦʞʘʨʥʠʤ ʩʨʝʜʩʪʚʠʤʘ ʧʨʝʤʘ ʰʝʤʠ 

ʧʨʦʪʠʚʧʦʞʘʨʥʦʛ ʦʜʥʦʩʥʦ ʣʦʛʠʩʪʠʯʢʦʛ ʦʙʝʟʙʿʝʹʝˁʘ. 

08  

ʇʨʝʜʣʘʞʝ ʢʦʤʘʥʜʘʥʪʫ ʢʘʩʘʨʥʝ ʟʘʙʨʘʥʫ ʫʧʦʪʨʝʙʝ ʥʝʠʩʧʨʘʚʥʠʭ ʦʙʿʝʢʘʪʘ, ʫʨʝʹʘʿʘ, 

ʣʦʞʠʰʪʘ, ʝʣʝʢʪʨʠʯʥʠʭ ʠʥʩʪʘʣʘʮʠʿʘ ʠ ʦʩʪʘʣʦʛ ʰʪʦ ʙʠ ʤʦʛʣʦ ʠʟʘʟʚʘʪʠ ʧʦʞʘʨ ʠʣʠ 

ʝʢʩʧʣʦʟʠʿʫ ʜʦ ʦʪʢʣʘˁʘˁʘ ʥʝʜʦʩʪʘʪʘʢʘ. 

09  ɺʦʜʠ ʧʨʦʧʠʩʘʥʫ ʝʚʠʜʝʥʮʠʿʫ ʦ ʥʘʩʪʘʣʠʤ ʧʦʞʘʨʠʤʘ. 

10  
ʉʘʨʘʹʫʿʝ ʩʘ ʠʩʪʨʘʞʥʠʤ ʦʨʛʘʥʠʤʘ ʠ ʦʨʛʘʥʠʤʘ ʙʝʟʙʿʝʜʥʦʩʪʠ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʫʟʨʦʢʘ 

ʧʦʞʘʨʘ ʠ ʧʨʦʧʫʩʪʘ ʧʨʠʣʠʢʦʤ ʛʘʰʝˁʘ. 

ʂʘʢʦ ʩʚʘʢʠ ʧʦʩʘʦ, ʥʝ ʤʦʨʘ ʩʘʜʨʞʘʪʠ ʩʚʝ ʧʨʦʮʝʩʥʝ ʬʫʥʢʮʠʿʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʫʪʚʨʜʠʪʠ 

ˁʠʭʦʚʫ ʧʦʚʝʟʘʥʦʩʪ. ʇʦʚʝʟʘʥʦʩʪ ʧʦʩʣʦʚʘ ʩʘ ʧʨʦʮʝʩʥʠʤ ʬʫʥʢʮʠʿʘʤʘ ʩʝ ʫʪʚʨʹʫʿʝ ʪʘʢʦ ʰʪʦ ʩʝ ʫ 

ʪʘʙʝʣʠ "ʧʦʩʣʦʚʠ ï ʧʨʦʮʝʩʥʝ ʬʫʥʢʮʠʿʝ" (ʪʘʙʝʣʘ 3), ʟʘ ʧʦʩʘʦ ʢʦʿʠ ʩʘʜʨʞʠ ʥʝʢʫ ʦʜ ʧʨʦʮʝʩʥʠʭ 

ʬʫʥʢʮʠʿʘ ʫʥʦʩʠ ʟʥʘʢ + , ʧʨʠ ʯʝʤʫ ʟʙʠʨ ʟʥʘʢʦʚʘ + ʧʨʝʜʩʪʘʚˀʘ ʩʫʤʫ ʬʨʝʢʚʝʥʮʠʿʘ (ʌ). ɸʢʦ 

ʧʦʩʘʦ ʥʝ ʩʘʜʨʞʠ ʥʝʢʫ ʦʜ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ, ʫ ʪʘʙʝʣʫ ʩʝ ʫʥʦʩʠ ʟʥʘʢ -. 

ʊʘʙʝʣʘ 3. ʇʨʠʢʘʟ ʬʫʥʢʮʠʿʩʢʝ ʧʦʚʝʟʘʥʦʩʪʠ ʧʦʩʣʦʚʘ ʩʘ ʧʨʦʮʝʩʥʠʤ ʬʫʥʢʮʠʿʘʤʘ 

ʇʈʆʎɽʉʅɽ 

ʌʋʅʂʎʀɱɽ 

 

 

 

     ʇʆʉʃʆɺʀ 

ɽʚ ʆʙ ʂʪ ɸʥ ʆʜʣ ʇʣ ʋʩ ʆʨʛ ʀʟʚ ʌ 

01  + + + + + + + + + 9 

02  + + + + + + + + + 9 

03  + + + + + + + + + 9 

04  + + + + + + + + + 9 

05  + + + + + + + + + 9 

06  + + + + - + + + - 7 

07  + + + + + + + + + 9 

08  + + + + + + + + + 9 

09  + + + + + + + + + 9 

10  + + + + - + + + + 8 

ʌ 9 9 9 9 7 9 9 9 8 87 

ʂʘʢʦ ʩʚʠ ʧʦʩʣʦʚʠ ʥʝʤʘʿʫ ʠʩʪʠ ʟʥʘʯʘʿ ʪʿ. ʿʝʜʥʠ ʩʫ ʚʠʰʝ, ʘ ʜʨʫʛʠ ʤʘˁʝ ʟʥʘʯʘʿʥʠ, 

ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ˁʠʭʦʚʦ ʧʦʥʜʝʨʠʩʘˁʝ. ʇʦʥʜʝʨʠʩʘˁʝ ʩʝ ʚʨʰʠ ʠʟʙʦʨʦʤ ʥʝʢʦʛ ʦʜ 

ʧʦʥʜʝʨʘʥʘ ʩʢʘʣʠ ʦʜ 0 ʜʦ 5, ʧʨʝʤʘ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʢʦʿʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 4. 
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ʊʘʙʝʣʘ 4. ʂʨʠʪʝʨʠʿʫʤʠ ʟʘ ʠʟʙʦʨ ʧʦʥʜʝʨʘ ʧʦʩʣʦʚʘ 

ʇʆʅɼɽʈ ʂʈʀʊɽʈʀɱʋʄ 

5 ʀʟʚʨʰʘʚʘˁʝ ʧʦʩʣʦʚʘ ʿʝ ʧʦʪʨʝʙʥʦ, ʧʦʩʣʦʚʘˁʝ ʥʝ ʙʠ ʙʠʣʦ ʤʦʛʫ˂ʝ. 

4 ʀʟʚʨʰʘʚʘˁʝ ʧʦʩʣʦʚʘ ʚʨʣʦ ʫʪʠʯʝ ʥʘ ʮʿʝʣʦʢʫʧʥʦ ʧʦʩʣʦʚʘˁʝ. 

3 ʀʟʚʨʰʘʚʘˁʝ ʧʦʩʣʦʚʘ ʫʪʠʯʝ ʥʘ ʝʢʦʥʦʤʠʯʥʦʩʪ ʧʦʩʣʦʚʘˁʘ. 

2 
ʅʝ ʠʟʚʨʰʘʚʘˁʝ ʧʦʩʣʦʚʘ ʫʟʨʦʢʫʿʝ ʤʘˁʢʘʚʦʩʪ ʫ ʧʦʩʣʦʚʘˁʫ, ʘʣʠ ʿʝ 

ʧʦʩʣʦʚʘˁʝ ʫʧʨʢʦʩ ʪʦʤʝ ʤʦʛʫ˂ʝ. 

1 ʀʟʚʨʰʘʚʘˁʝ ʧʦʩʣʦʚʘ ʫʪʠʯʝ ʥʘ ʮʿʝʣʦʚʠʪʦʩʪ ʧʦʩʣʦʚʘˁʘ. 

0 ʀʟʚʨʰʘʚʘˁʝ ʧʦʩʣʦʚʘ ʥʠʿʝ ʧʦʪʨʝʙʥʦ. 

ʇʨʝʤʘ ʠʩʪʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʧʦʥʜʝʨʠʰʫ ʩʝ ʠ ʧʨʦʮʝʩʥʝ ʬʫʥʢʮʠʿe ʿʝʨ ʥʠ ʦʥʝ ʩʚʝ ʥʝʤʘʿʫ 

ʿʝʜʥʘʢ ʟʥʘʯʘʿ ʟʘ ʦʙʘʚˀʘˁʝ ʧʦʩʣʘ.  

ʀʟʘʙʨʘʥʠ ʧʦʥʜʝʨʠ ʟʘ ʧʦʩʣʦʚʝ, ʢʘʦ ʠ ʠʟʘʙʨʘʥʠ ʧʦʥʜʝʨʠ ʟʘ ʧʨʦʮʝʩʥʝ ʬʫʥʢʮʠʿʝ, ʨʝʟʫʣʪʘʪ 

ʩʫ ʘʥʢʝʪʝ ʩʧʨʦʚʝʜʝʥʝ ʩʘ ʣʠʮʝʤ ʢʦʿʝ ʦʙʘʚˀʘ ʦʚʝ ʧʦʩʣʦʚʝ ʫ ʿʝʜʠʥʠʮʠ ɺʉ ʢʦʿʘ ʿʝ ʙʠʣʘ ʧʨʝʜʤʝʪ 

ʦʚʝ ʥʘʣʠʟʝ. 

ʇʦʥʜʝʨʠʩʘˁʝ ʧʦʩʣʦʚʘ ʠ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ ʚʨʰʠ ʩʝ ʪʘʢʦ ʰʪʦ ʩʝ ʠʟʘʙʨʘʥʠ ʧʦʥʜʝʨʠ 

ʧʦʩʣʦʚʘ ʤʥʦʞʝ ʩʘ ʠʟʘʙʨʘʥʠʤ ʧʦʥʜʝʨʠʤʘ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ ʠ ʜʦʙʠʿʝʥʠ ʧʨʦʠʟʚʦʜʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʪʝʦʨʝʪʩʢʝ ʧʦʥʜʝʨʝ ʟʘ ʧʦʩʣʦʚʝ ʧʦ ʧʨʦʮʝʩʥʠʤ ʬʫʥʢʮʠʿʘʤʘ, ʦʜʥʦʩʥʦ ʟʘ ʧʨʦʮʝʩʥʝ 

ʬʫʥʢʮʠʿʝ ʧʦ ʧʦʩʣʦʚʠʤʘ, ʪʘʙʝʣʘ5. 

ʊʘʙʝʣʘ 5. ʊʝʦʨʝʪʩʢʠ ʧʦʥʜʝʨʠ ʧʦʩʣʦʚʘ ʧʦ ʧʨʦʮʝʩʥʠʤ ʬʫʥʢʮʠʿʘʤʘ 

               ʇʈʆʎɽʉʅɽ 

               ʌʋʅʂʎʀɱɽ 

ʇʆʉʃʆɺʀ 

ɽʚ ʆʙ ʂʪ ɸʥ ʆʜʣ ʇʣ ʋʩ ʆʨʛ ʀʟʚ 

ä ʇʆʅɼɽʈ 

ʆɿʅɸʂɸ ʇʆʅɼɽʈ 2 3 4 3 5 5 4 4 4 

01  5 10 15 20 15 25 25 20 20 20 170 

02  5 10 15 20 15 25 25 20 20 20 170 

03  3 6 9 12 9 15 15 12 12 12 102 

04  4 8 12 16 12 20 20 16 16 16 136 

05  5 10 15 20 15 25 25 20 20 20 170 

06  5 10 15 20 15 - 25 20 20 - 125 

07  4 8 12 16 12 20 20 16 16 16 136 

08  5 10 15 20 15 25 25 20 20 20 170 

09  2 4 6 8 6 10 10 8 8 8 68 

10  4 8 12 16 12 - 20 16 16 16 116 

ä 84 126 168 126 165 210 168 168 148 1363 
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ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ ʦʮʿʝˁʠʚʘˁʝ ʧʦʩʣʦʚʘ ʧʦ ʧʨʦʮʝʩʥʠʤ ʬʫʥʢʮʠʿʘʤʘ ʦʮʿʝʥʘʤʘ ʦʜ 1 ʜʦ 5, 

ʧʨʝʤʘ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʮʿʝʥʘ ʥʘ ʦʩʥʦʚʫ ʫʦʯʝʥʦʛ ʦʨʛʘʥʠʟʘʮʠʿʩʢʦʛ ʩʪʘʚʘ ʥʘ 

ʧʦʩʤʘʪʨʘʥʦʤ ʨʘʜʥʦʤ ʤjʝʩʪʫ, ʘ ʢʦʿʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʪʘʙʝʣʦʤ 6. 

ʊʘʙʝʣʘ 6. ʂʨʠʪʝʨʠʿʫʤʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʦʮʿʝʥʘ ʧʦʩʣʦʚʘ 

ʆʎɱɽʅɸ ʂʈʀʊɽʈʀɱʋʄʀ ɿɸ ʆɼʈɽɫʀɺɸɳɽ ʆʎɱɽʅɸ 

1 ʇʦʩʣʦʚʠ ʩʝ ʥʝ ʦʙʘʚˀʘʿʫ. 

2 ʇʦʩʣʦʚʠ ʩʝ ʦʙʘʚˀʘʿʫ ʧʦʚʨʝʤʝʥʦ. 

3 ʇʦʩʣʦʚʠ ʩʝ ʦʙʘʚˀʘʿʫ ʥʘ ʚʣʘʩʪʠʪʫ ʠʥʠʮʠʿʘʪʠʚʫ, ʘʣʠ ʧʦ ʜʦʛʦʚʦʨʫ. 

4 ʇʦʩʣʦʚʠ ʩʝ ʦʙʘʚˀʘʿʫ ʧʨʝʤʘ ʫʧʫʪʩʪʚʠʤʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠʭ. 

5 ʇʦʩʣʦʚʠ ʩʝ ʦʙʘʚˀʘʿʫ ʧʨʝʤʘ ʦʨʛʘʥʠʟʘʮʠʿʩʢʠʤ ʧʨʦʧʠʩʠʤʘ. 

ʆʮʿʝʥʝ ʧʦʩʣʦʚʘ ʧʦ ʧʨʦʮʝʩʥʠʤ ʬʫʥʢʮʠʿʘʤʘ, ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 7 ʠ ʪʘʢʦʹʝ ʩʫ 

ʨʝʟʫʣʪʘʪ ʘʥʢʝʪʝ ʩʧʨʦʚʝʜʝʥʝ ʩʘ ʣʠʮʝʤ ʢʦʿʝ ʦʙʘʚˀʘ ʧʦʩʣʦʚʝ ʢʦʿʠ ʩʫ ʧʨʝʜʤʝʪ ʦʚʝ ʘʥʘʣʠʟʝ. 

ʊʘʙʝʣʘ 7. ʆʮʿʝʥʝ ʧʦʩʣʦʚʘ ʧʦ ʧʨʦʮʝʩʥʠʤ ʬʫʥʢʮʠʿʘʤʘ 

              ʇʈʆʎɽʉʅɽ   

              ʌʋʅʂʎʀɱɽ 

 

       ʇʆʉʃʆɺʀ      

ɽʚ ʆʙ ʂʪ ɸʥ ʆʜʣ ʇʣ ʋʩ ʆʨʛ ʀʟʚ 

01  5 5 5 5 5 5 5 4 4 

02  5 5 5 5 5 5 4 5 5 

03  4 4 4 4 4 5 3 5 2 

04  5 4 5 4 5 5 3 4 4 

05  4 3 5 4 4 5 4 4 3 

06  4 5 5 4 - 5 3 3 - 

07  5 2 5 4 5 5 3 5 5 

08  5 5 5 5 5 5 5 5 5 

09  5 3 2 2 3 3 2 5 5 

10  5 2 2 4 - 4 3 4 4 

ʅʘʢʦʥ ʦʮʿʝˁʠʚʘˁʘ ʧʦʩʣʦʚʘ ʧʦ ʧʨʦʮʝʩʥʠʤ ʬʫʥʢʮʠʿʘʤʘ ʩʣʠʿʝʜʠ ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʪʚʘʨʥʠʭ 

ʧʦʥʜʝʨʘ ʧʦʩʣʦʚʘ ( sP ) ʧʦʤʦ˂ʫ ʬʦʨʤʫʣʝ: 

o

p
s

S

OP
P

Ö
=                      (1) 

ʛʜʿʝ ʿʝ: 

pP ï ʧʦʪʨʝʙʥʠ (ʪʝʦʨʝʪʩʢʠ) ʧʦʥʜʝʨ ʧʦʩʣʘ, 

ʆ  ï ʦʮʿʝʥʘ ʧʦʩʣʘ ʧʦ ʧʨʦʮʝʩʥʠʤ ʬʫʥʢʮʠʿʘʤʘ, 

oS ï ʩʢʘʣʘ ʦʮʝʿʥʝ (5). 

ʉʪʚʘʨʥʠ ʧʦʥʜʝʨʠ ʧʦʩʣʦʚʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʪʘʙʝʣʦʤ 8. 
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ʊʘʙʝʣʘ 8. ʉʪʚʘʨʥʠ ʧʦʥʜʝʨʠ ʧʦʩʣʦʚʘ 

             ʇʈʆʎɽʉʅɽ 

             ʌʋʅʂʎʀɱɽ 

       ʇʆʉʃʆɺʀ      

ɽʚ ʆʙ ʂʪ ɸʥ ʆʜʣ ʇʣ ʋʩ ʆʨʛ ʀʟʚ S 

01  10 15 20 15 25 25 20 16 16 162 

02  10 15 20 15 25 25 16 20 20 166 

03  4,8 7,2 9,6 7,2 12 15 7,2 12 4,8 79,8 

04  8 9,6 16 9,6 20 20 9,6 12,8 12,8 118,4 

05  8 9 20 12 20 25 16 16 12 138 

06  8 15 20 12 - 25 12 12 - 104 

07  8 4,8 16 9,6 20 20 9,6 16 16 120 

08  10 15 20 15 25 25 20 20 20 170 

09  4 3,6 3,2 2,4 6 6 3,2 8 8 44,4 

10  8 4,8 6,4 9,6 - 16 9,6 12,8 12,8 80 

S 78,8 99 151,2 107,4 153 202 123,2 145,6 122,4 1182,6 

ʉʣʝʜʝ˂ʘ ʬʘʟʘ ʫ ʧʨʠʤʿʝʥʠ ʦʚʝ ʤʝʪʦʜʝ ʿʝ ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʨʦʩʿʝʯʥʠʭ ʦʮʿʝʥʘ ʧʦʩʣʦʚʘ (O ) 

ʧʦʤʦ˂ʫ ʬʦʨʤʫʣʝ: 

o
p

s
S

P

P
O Ö=
ä
ä

                (2) 

ʇʨʦʩʿʝʯʥʝ ʦʮʝʿʥʝ ʧʦʩʣʦʚʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʪʘʙʝʣʠ 9. 

ʊʘʙʝʣʘ 9. ʇʨʦʩʿʝʯʥʝ ʦʮʿʝʥʝ ʧʦʩʣʦʚʘ 

ʇʆʉʃʆɺʀ ä sP  ä pP  O  

01  162 170 4,76 

02  166 170 4,88 

03  79,8 102 3,91 

04  118,4 136 4,35 

05  138 170 4,06 

06  104 125 4,16 

07  120 136 4,41 

08  170 170 5 

09  44,4 68 3,26 

10  80 116 3,45 

ʋʂʋʇʅʆ 1182,6 1363 4,34 
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ʇʦʤʦ˂ʫ ʧʦʥʜʝʨʘ ʠʟ ʪʘʙʝʣʝ 5 ʠ ʪʘʙʝʣʝ 8 ʚʨʰʠ ʩʝ ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʨʦʩʿʝʯʥʠʭ ʦʮʿʝʥʘ 

ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ (pfO ) ʧʦʤʦ˂ʫ ʬʦʨʤʫʣʝ: 

o
p

s
pf S

P

P
O Ö=
ä
ä

(3) 

ʛʜʿʝʿʝ: 

sP ï ʩʪʚʘʨʥʠ ʧʦʥʜʝʨ ʧʨʦʮʝʩʥʝ ʬʫʥʢʮʠʿʝ, 

pP ï ʧʦʪʨʝʙʥʠ ʧʦʥʜʝʨ ʧʨʦʮʝʩʥʝ ʬʫʥʢʮʠʿʝ, 

oS ï ʩʢʘʣʘ ʦʮʝʿʥʘ (5). 

ʇʨʦʩʿʝʯʥʝ ʦʮʝʿʥʝ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʪʘʙʝʣʦʤ 10. 

ʊʘʙʝʣʘ 10. ʆʮʿʝʥʝ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ 

ʇʈʆʎɽʉʅɽ 

ʌʋʅʂʎʀɱɽ ä sP  ä pP  pfO  

ɽʚʠʜʝʥʪʠʨʘˁʝ 78,8 84 4,69 

ʆʙʘʚjʝʰʪʘʚʘˁʝ 99 126 3,93 

ʂʦʥʪʨʦʣʠʩʘˁʝ 151,2 168 4,5 

ɸʥʘʣʠʟʠʨʘˁʝ 107,4 126 4,26 

ʆʜʣʫʯʠʚʘˁʝ 153 165 4,64 

ʇʣʘʥʠʨʘˁʝ 202 210 4,81 

ʋʩʢʣʘʹʠʚʘˁʝ 123,2 168 3,67 

ʆʨʛʘʥʠʟʦʚʘˁʝ 145,6 168 4,33 

ʀʟʚʦʹʝˁʝ 122,4 148 4,14 

ʋʂʋʇʅʆ 1182,6 1363 4,34 

ʅʘ ʦʩʥʦʚʫ ʧʨʦʩʿʝʯʥʠʭ ʦʮʿʝʥʘ ʧʦʩʣʦʚʘ ʠ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ, ʧʨʠʩʪʫʧʘ ʩʝ ʨʘʥʛʠʨʘˁʫ 

ʧʦʩʣʦʚʘ (ʪʘʙʝʣʘ11) ʠ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ (ʪʘʙʝʣʘ12). 

ʊʘʙʝʣʘ 11. ʈʘʥʛʠʨʘˁʝ ʧʦʩʣʦʚʘ 

ʈɸʅɻ ʆɿʅɸʂɸ ʇʆʉʃɸ ʇʆʅɼɽʈ ʇʈʆʉɱɽʏʅɸ ʆʎɱɽʅɸ 

1. 08 5 5 

2. 02 5 4,88 

3. 01 5 4,76 

4. 07 4 4,41 

5. 04 4 4,35 

6. 06 5 4,16 

7. 05 5 4,06 

8. 03 3 3,91 

9. 10 4 3,45 

10. 09 2 3,26 
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ʊʘʙʝʣʘ 12. ʈʘʥʛʠʨʘˁʝ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ 

ʈɸʅɻ ʇʈʆʎɽʉʅɽʌʋʅʂʎʀɱɽ ʇʆʅɼɽʈ ʇʈʆʉɱɽʏʅɸʆʎɱɽʅɸ 

1. ʇʣʘʥʠʨʘˁʝ 5 4,81 

2. ɽʚʠʜʝʥʪʠʨʘˁʝ 2 4,69 

3. ʆʜʣʫʯʠʚʘˁʝ 5 4,64 

4. ʂʦʥʪʨʦʣʠʩʘˁʝ 4 4,5 

5. ʆʨʛʘʥʠʟʦʚʘˁʝ 4 4,33 

6. ɸʥʘʣʠʟʠʨʘˁʝ 3 4,26 

7. ʀʟʚʦʹʝˁʝ 4 4,14 

8. ʆʙʘʚʿʝʰʪʘʚʘˁʝ 3 3,93 

9. ʋʩʢʣʘʹʠʚʘˁʝ 4 3,67 

ɿɸʂɲʋʏɸʂ 

ʇʨʦʩʿʝʯʥʘ ʦʮʿʝʥʘ ʧʦʩʣʦʚʘ ʧʨʝʜʩʪʘʚˀʘ ʦʮʿʝʥʫ ʥʠʚʦʘ ʦʨʛʘʥʠʟʦʚʘʥʦʩʪʠ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 

ʨʘʜʥʦʤ ʤʿʝʩʪʫ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ˁʝʥʫ ʙʨʦʿʯʘʥʫ ʚʨʠʿʝʜʥʦʩʪ ʦʜ 4,34 ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʫ 

ʧʠʪʘˁʫ ʪʘʢʘʚ ʥʠʚʦ ʦʨʛʘʥʠʟʦʚʘʥʦʩʪʠ ʟʘ ʢʦʿʠ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʜʘ ʩʝ ʠʟʚʨʰʝˁʝ ʧʦʩʣʦʚʘ ʥʝ 

ʟʘʩʥʠʚʘ ʩʘʤʦ ʥʘ ʫʧʫʪʩʪʚʠʤʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠʭ ʚʝ˂ ʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʩʢʠʤ ʧʨʦʧʠʩʠʤʘ. ʊʦ 

ʧʨʚʝʥʩʪʚʝʥʦ ʚʘʞʠ ʟʘ ʧʦʩʣʦʚʝ ʢʦʿʠ ʩʫ ʦʮʠʿʝˁʝʥʠ ʚʝ˂ʠʤ ʦʮʿʝʥʘʤʘ ʦʜ ʧʨʦʩʿʝʯʥʝ ʦʮʿʝʥʝ ʧʦʩʣʦʚʘ, 

ʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʪʦ ʩʫ ʧʦʩʣʦʚʠ ʩʘ ʦʟʥʘʢʘʤʘ "08", "02", "01", "07" ʠ "04", ʜʦʢ ʢʦʜ ʧʨʝʦʩʪʘʣʠʭ 

ʧʦʩʣʦʚʘ ʠʤʘ ʧʨʦʩʪʦʨʘ ʟʘ ˁʠʭʦʚʦ ʧʦʙʦˀʰʘˁʝ. 

ʅʘ ʦʩʥʦʚʫ ʧʨʦʩʿʝʯʥʝ ʦʮʿʝʥʝ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ ʩʪʠʯʝ ʩʝ ʩʣʠʢʘ ʦ ʪʦʤʝ ʢʦʿʝ ʧʨʦʮʝʩʥʝ 

ʬʫʥʢʮʠʿʝ ʪʨʝʙʘ ʙʠʪʥʦ ʠʟʤʠʿʝʥʠʪʠ ʠʣʠ ʧʦʙʦˀʰʘʪʠ. ʊʦ ʩʝ ʦʜʥʦʩʠ ʧʨʚʝʥʩʪʚʝʥʦ ʥʘ ʦʥʝ 

ʧʨʦʮʝʩʥʝ ʬʫʥʢʮʠʿʝ ʢʦʿʝ ʩʫ ʦʮʠʿʝˁʝʥʝ ʠʩʧʦʜ ʧʨʦʩʿʝʯʥʝ ʦʮʝʥʝ (4,34), ʧʘ ʙʠ ʫ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʿʫ ʤʿʝʨʝ ʟʘ ʧʦʙʦˀʰʘˁʝ ʪʨʝʙʘʣʦ ʫʩʤʿʝʨʠʪʠ ʥʘ "ʘʥʘʣʠʟʠʨʘˁʝ" (4,26), "ʠʟʚʦʹʝˁʝ" (4,14), 

"ʦʙʘʚʿʝʰʪʘʚʘˁʝ" (3,93) ʠ "ʫʩʢʣʘʹʠʚʘˁʝ" (3,67).  

ɼʦʙʨʝ ʠ ʣʦʰʝ ʩʪʨʘʥʝ ʥʠʚʦʘ ʦʨʛʘʥʠʟʦʚʘʥʦʩʪʠ ʧʦʢʘʟʫʿʝ ʠ ʨʘʥʛ ʧʨʦʮʝʩʥʠʭ ʬʫʥʢʮʠʿʘ ʠ 

ʧʦʩʣʦʚʘ. ʀʟ ʪʦʛ ʨʘʥʛʘ ʩʝ ʤʦʞʝ ʚʠʜʿʝʪʠ ʢʦʿʠʤ ʪʦ ʧʨʦʮʝʩʥʠʤ ʬʫʥʢʮʠʿʘʤʘ ʠ ʧʦʩʣʦʚʠʤʘ ʪʨʝʙʘ 

ʧʦʩʚʝʪʠʪʠ ʚʝ˂ʫ ʧʘʞˁʫ, ʘ ʪʦ ʩʝ ʦʜʥʦʩʠ ʧʨʝʚʘʩʭʦʜʥʦ ʥʘ ʦʥʝ ʧʨʦʮʝʩʥʝ ʬʫʥʢʮʠʿʝ ʠ ʧʦʩʣʦʚʝ 

ʢʦʿʠʤʘ ʩʫ ʜʦʜʠʿʝˀʝʥʠ ʚʠʩʦʢʠ ʧʦʥʜʝʨʠ ʘ ʠʤʘʿʫ ʥʠʩʢʝ ʧʨʦʩʿʝʯʥʝ ʦʮʝʥʝ. ʉʘ ʪʦʛ ʩʪʘʥʦʚʠʰʪʘ ʩʫ ʫ 

ʦʚʦʤ ʩʣʫʯʘʿʫ ʠʥʪʝʨʝʩʘʥʪʥʠ ʧʦʩʣʦʚʠ ʩʘ ʦʟʥʘʢʘʤʘ "06", "05" ʠ "10", ʯʠʿʝ ʩʫ ʧʨʦʩʿʝʯʥʝ ʦʮʿʝʥʝ 

ʥʠʞʝ ʦʜ ʚʨʠʿʝʜʥʦʩʪʠ ʜʦʜʠʿʝˀʝʥʠʭ ʠʤ ʧʦʥʜʝʨʘ.  

ʈʝʟʫʣʪʘʪʝ ʦʚʝ ʘʥʘʣʠʟʝ ʪʨʝʙʘ ʧʦʩʤʘʪʨʘʪʠ ʢʨʠʪʠʯʢʠ, ʿʝʨ ʙʠ ʟʘ ʧʦʜʦʙʥʠʿʫ ʘʥʘʣʠʟʫ 

ʧʦʩʤʘʪʨʘʥʦʛ ʧʨʦʙʣʝʤʘ ʪʨʝʙʘʣʦ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʤʠʰˀʝˁʝ ʚʝ˂ʝʛ ʙʨʦʿʘ ʣʠʮʘ ʢʦʿʘ ʩʫ ʫʧʫ˂ʝʥʘ ʫ 

ʧʨʝʜʤʝʪʥʫ ʧʨʦʙʣʝʤʘʪʠʢʫ (ʦʜʥʦʩʥʦ ʛʨʫʧʫ ʝʢʩʧʝʨʘʪʘ ʠʟ ʦʙʣʘʩʪʠ ɿʆʇʀɽ). 

ʃʀʊɽʈɸʊʋʈɸ 
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ʇʈʀʂɸɿ ʇʈʆʈɸʏʋʅʉʂʀʍ ʄʆɼɽʃɸ ʀ ʄɽʊʆɼɸ ɸʅɸʃʀɿɽ ɿɸ 

ʇʈʆʎɽʅʋ ʉʊɸɳɸ ɿʀɼɸʅʀʍ ɿɻʈɸɼɸ ʇʈɽʄɸ ɽɺʈʆʂʆɼʋ 8 
ɫʦʨʹʝ ʃʘʹʠʥʦʚʠ˂1, ɸʥʜʨʠʿʘ ʈʘʰʝʪʘ1, ɸʣʝʢʩʘʥʜʨʘ ʈʘʜʫʿʢʦʚʠ˂1,  

ʀʛʦʨ ɷʦʣʝ1, ɸʥʢʘ ʉʪʘʨʯʝʚ ɴʫʨʯʠʥ1 

ladjin@uns.ac.rs   

ʈɽɿʀʄɽ 

ʋ ʥʘʰʦʿ ʟʝʤˀʠ, ʢʘʦ ʠ ʫ ʦʢʨʫʞʝˁʫ, ʩʪʘʤʙʝʥʠ ʦʙʿʝʢʪʠ ʟʘ ʠʥʜʠʚʠʜʫʘʣʥʦ ʠ ʢʦʣʝʢʪʠʚʥʦ ʩʪʘʥʦʚʘˁʝ 

ʥʘʿʯʝʰ˂ʝ ʩʫ ʛʨʘʹʝʥʠ ʢʘʦ ʟʠʜʘʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʦʜ ʥʝʘʨʤʠʨʘʥʠʭ ʟʠʜʦʚʘ ʩʘ ʠʣʠ ʙʝʟ ʚʝʨʪʠʢʘʣʥʠʭ ʩʝʨʢʣʘʞʘ. ɿʠʜʘʥʝ 

ʟʛʨʘʜʝ ʩʫ ʩʝ ʪʦʢʦʤ ʜʦʛʦʹʝʥʠʭ ʟʝʤˀʦʪʨʝʩʘ, ʢʘʢʦ ʫ ʥʘʰʦʿ ʟʝʤˀʠ, ʪʘʢʦ ʠ ʰʠʨʦʤ ʩʚʝʪʘ, ʧʦʢʘʟʘʣʝ ʢʘʦ ʦʙʿʝʢʪʠ ʢʦʿʠ ʩʫ 

ʚʝʦʤʘ Ăʨʘˁʠʚʠò ʪʦʢʦʤ ʿʘʢʠʭ, ʧʘ ʯʘʢ ʠ ʫʤʝʨʝʥʠʭ ʟʝʤˀʦʪʨʝʩʘ. ʆʰʪʝ˂ʝˁʘ ʟʠʜʘʥʠʭ ʟʛʨʘʜʘ ʫʩʣʝʜ ʟʝʤˀʦʪʨʝʩʘ ʧʦ 

ʧʨʘʚʠʣʫ ʠʟʘʟʠʚʘʿʫ ʚʝʣʠʢʫ ʤʘʪʝʨʠʿʘʣʥʫ ʰʪʝʪʫ, ʘ ʯʝʩʪʦ ʠ ʚʝʣʠʢʠ ʙʨʦʿ ʠʟʛʫʙˀʝʥʠʭ ˀʫʜʩʢʠʭ ʞʠʚʦʪʘ. ʋ ʨʘʜʫ ʿʝ ʜʘʪ 

ʢʨʘʪʘʢ ʧʨʠʢʘʟ ʝʚʨʦʧʩʢʦʛ ʩʪʘʥʜʘʨʜʘ ɽʅ 1998-3 ʢʦʿʠ ʩʣʫʞʠ ʟʘ ʧʨʦʮʝʥʫ ʩʪʘˁʘ ʠ ʦʿʘʯʘˁʝ ʧʦʩʪʦʿʝ˂ʠʭ ʟʛʨʘʜʘ ʫ 

ʩʝʠʟʤʠʯʢʠ ʘʢʪʠʚʥʠʤ ʧʦʜʨʫʯʿʠʤʘ.  

ʂˀʫʯʥʝ ʨʝʯʠ: ʟʠʜʘʥʝ ʟʛʨʘʜʝ, ʟʝʤˀʦʪʨʝʩ, ʧʨʦʮʝʥʘ ʩʪʘˁʘ, ʦʰʪʝ˂ʝˁʘ, ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ, ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ 

REVIEW OF ANALYSIS  MODEL S AND METHODS FOR ASSESSMENT   

OF MASONRY BUILDINGS ACC ORDING TO EUROCODE 8 

ABSTRACT 

In our country, as well as in neighboring countries, residential buildings for individual and collective housing 

are usually built as structures with unreinforced or confined masonry walls. Masonry buildings during earthquakes, both 

in our country and around the world, have shown as structures that are very "vulnerable" during strong and even 

moderate earthquakes. Damage of masonry buildings due to earthquakes typically cause great property damage and 

often a large number of lives lost. The paper gives a brief overview of the European standard EN 1998-3, which is used 

for structural assessment and strengthening of existing buildings in seismically active areas.  
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ʋɺʆɼ 

ʂʘʢʦ ʩʝ ʫ ʥʘʰʦʿ ʟʝʤˀʠ ʫʩʢʦʨʦ ʦʯʝʢʫʿʝ ʫʚʦʹʝˁʝ ʝʚʨʦʧʩʢʠʤ ʥʦʨʤʠ ʢʘʦ ʥʘʰʠʭ 

ʪʝʭʥʠʯʢʠʭ ʧʨʦʧʠʩʘ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʛʨʘʹʝʚʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ, ʫ ʨʘʜʫ ʿʝ ʜʘʪ ʢʨʘʪʘʢ ʧʨʠʢʘʟ 

ʦʩʥʦʚʥʦʛ ʢʦʥʮʝʧʪʘ ʧʨʦʮʝʥʝ ʩʪʘˁʘ ʠ ʦʿʘʯʘˁʘ ʟʠʜʘʥʘʥʠʭ ʟʛʨʘʜʘ ʫ ʩʝʠʟʤʠʯʢʠʤ ʧʦʜʨʫʯʿʠʤʘ 

ʩʘʛʣʘʩʥʦ ɽʚʨʦʢʦʜʫ EN 1998-1 [1] ʠ EN 1998-3 [2]. ʇʨʦʿʝʢʪʦʚʘˁʝ ʠ ʛʨʘʹʝˁʝ ʥʦʚʠʭ ʟʠʜʘʥʠʭ 

ʟʛʨʘʜʘ ʫ ʪʨʫʩʥʠʤ ʧʦʜʨʫʯʿʠʤʘ ʩʝ ʩʧʨʦʚʦʜʠ ʩʘʛʣʘʩʥʦ ɽʚʨʦʢʦʜʫ 8 [3], [4], ʜʦʢ ʩʝ ʟʘ ʧʨʦʮʝʥʫ 

ʩʝʠʟʤʠʯʢʝ ʦʪʧʦʨʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʠʭ ʟʛʨʘʜʘ ʠ ˁʠʭʦʚʦ ʝʚʝʥʪʫʘʣʥʦ ʦʿʘʯʘˁʝ ʠ ʩʘʥʘʮʠʿʫ ʜʦʜʘʪʥʦ 

ʧʨʠʤʝˁʫʿʫ ʦʜʨʝʜʙʝ EN 1998-3. ʇʨʦʮʝʥʘ ʩʪʘˁʘ ʥʦʩʝ˂ʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʟʛʨʘʜʘ ʧʨʝʤʘ EN 1998-3 

ʿʝ ʢʚʘʥʪʠʪʘʪʠʚʥʠ ʧʦʩʪʫʧʘʢ ʦʜʨʝʹʠʚʘˁʘ ʜʘ ʣʠ ʧʦʩʪʦʿʝ˂ʘ ʥʝʦʰʪʝ˂ʝʥʘ ʠʣʠ ʦʰʪʝ˂ʝʥʘ ʟʛʨʘʜʘ 

ʟʘʜʦʚʦˀʘʚʘ ʧʦʪʨʝʙʥʦ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ ʩʝʠʟʤʠʯʢʦʛ ʜʝʿʩʪʚʘ.  

ʎʠˀ ʦʚʦʛ ʩʪʘʥʜʘʨʜʘ ʿʝ ʜʘ ʦʙʝʟʙʝʜʠ ʢʨʠʪʝʨʠʿʫʤʝ ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʩʝʠʟʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ 

ʧʦʩʪʦʿʝ˂ʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʟʛʨʘʜʘ, ʜʘ ʦʧʠʰʝ ʧʨʠʩʪʫʧ ʧʨʠ ʠʟʙʦʨʫ ʧʦʪʨʝʙʥʠʭ ʢʦʨʝʢʪʠʚʥʠʭ ʤʝʨʘ 

ʠ ʜʘ ʧʦʩʪʘʚʠ ʜʘˀʝ ʢʨʠʪʝʨʠʿʫʤʝ ʟʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʤʝʨʘ ʦʿʘʯʘˁʘ ʢʘʦ ʰʪʦ ʩʫ ʢʦʥʮʝʧʮʠʿʘ, ʘʥʘʣʠʟʘ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʠʥʪʝʨʚʝʥʮʠʿʩʢʝ ʤʝʨʝ, ʢʦʥʘʯʥʦ ʜʠʤʝʥʟʠʦʥʠʩʘˁʝ ʥʦʚʠʭ ʜʝʣʦʚʘ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ˁʠʭʦʚʠʭ ʚʝʟʘ ʩʘ ʧʦʩʪʦʿʝ˂ʠʤ ʢʦʥʩʪʨʫʢʮʠʿʩʢʠʤ ʝʣʝʤʝʥʪʠʤʘ. ʅʘʤʝˁʝʥ ʿʝ ʧʨʦ-

ʮʝʥʠ ʩʪʘˁʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʟʛʨʘʜʘ, ʨʘʜʠ ʦʜʣʫʯʠʚʘˁʘ ʦ ʧʦʪʨʝʙʘʤʘ ʟʘ ʢʦʥʩʪʨʫʢʮʠʿʩʢʠʤ ʠʥʪʝʨ-

ʚʝʥʮʠʿʘʤʘ ʠ ʨʘʜʠ ʧʨʦʿʝʢʪʦʚʘˁʘ ʤʝʨʘ ʟʘ ʦʿʘʯʘˁʝ ʢʦʿʝ ʤʦʛʫ ʙʠʪʠ ʧʦʪʨʝʙʥʝ. ʆʚʘʿ ʩʪʘʥʜʘʨʜ ʥʠʿʝ 

ʥʘʤʝˁʝʥ ʧʨʦʮʝʥʠ ʧʦʚʨʝʜˀʠʚʦʩʪʠ ʥʘʩʝˀʘ ʠʣʠ ʛʨʫʧʘ ʟʛʨʘʜʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʝʠʟʤʠʯʢʦʛ 

                                                             
1
 ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʦʚʦʤ ʉʘʜʫ, ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ, ɼʝʧʘʨʪʤʘʥ ʟʘ ʛʨʘʹʝʚʠʥʘʨʩʪʚʦ ʠ ʛʝʦʜʝʟʠʿʫ,  

21000 ʅʦʚʠ ʉʘʜ, ʊʨʛ ɼʦʩʠʪʝʿʘ ʆʙʨʘʜʦʚʠ˂ʘ 6 
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ʨʠʟʠʢʘ ʫ ʨʘʟʥʝ ʩʚʨʭʝ (ʥʧʨ. ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʨʠʟʠʢʘ ʦʩʠʛʫʨʘˁʘ, ʨʘʜʠ ʫʙʣʘʞʘʚʘˁʘ ʨʠʟʠʢʘ ʟʘ 

ʧʦʩʪʘʚˀʘˁʝ ʧʨʠʦʨʠʪʝʪʘ, ʠʪʜ.). ʋ ˁʝʤʫ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʩʘʤʦ ʢʦʥʩʪʨʫʢʮʠʿʩʢʠ ʘʩʧʝʢʪʠ ʩʝʠʟʤʠʯʢʝ 

ʧʨʦʮʝʥʝ ʠ ʦʿʘʯʘˁʘ, ʰʪʦ ʯʠʥʠ ʩʘʤʦ ʿʝʜʥʫ ʢʦʤʧʦʥʝʥʪʫ ʰʠʨʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʫʙʣʘʞʘʚʘˁʝ 

ʩʝʠʟʤʠʯʢʦʛ ʨʠʟʠʢʘ.  

ʇʈʆʎɽʅɸ ʉʊɸɳɸ ɿʀɼɸʅʀʍ ɿɻʈɸɼɸ ʇʈɽʄɸ ʉʊɸʅɼɸʈɼʋ ɽʅ 1998-3 

ʆʩʥʦʚʥʠ ʟʘʭʪʝʚʠ ʦʜʥʦʩʝ ʩʝ ʥʘ ʩʪʝʧʝʥ ʦʰʪʝ˂ʝˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʥʘʢʦʥ ʟʝʤˀʦʪʨʝʩʘ ʠ 

ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʧʨʝʢʦ ʪʨʠ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ (Limit States ï LS): "ʙʣʠʟʫ ʨʫʰʝˁʘ" (Near Collapse ï 

NC), "ʟʥʘʯʘʿʥʦ ʦʰʪʝ˂ʝˁʝ" (Significant Damage ï SD) ʠ "ʦʛʨʘʥʠʯʝˁʝ ʦʰʪʝ˂ʝˁʘ" (Damage 

Limitation ï DL). ʆʚʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ ʢʘʨʘʢʪʝʨʠʰʝ ʩʣʝʜʝ˂ʝ: 

ɻʨʘʥʠʯʥʦ ʩʪʘˁʝ ʙʣʠʟʫ ʨʫʰʝˁʘ (NC). ʂʦʥʩʪʨʫʢʮʠʿʘ ʿʝ ʪʝʰʢʦ ʦʰʪʝ˂ʝʥʘ, ʩʘ ʥʠʩʢʦʤ 

ʧʨʝʦʩʪʘʣʦʤ ʙʦʯʥʦʤ ʥʦʩʠʚʦʰ˂ʫ ʠ ʢʨʫʪʦʰ˂ʫ, ʠʘʢʦ ʩʫ ʚʝʨʠʢʘʣʥʠ ʝʣʝʤʝʥʪʠ ʿʦʰ ʫʚʝʢ ʩʧʦʩʦʙʥʠ 

ʜʘ ʧʨʠʭʚʘʪʝ ʚʝʨʪʠʢʘʣʥʘ ʦʧʪʝʨʝ˂ʝˁʘ. ɺʝ˂ʠʥʘ ʥʝʢʦʥʩʪʨʫʢʮʠʿʩʢʠʭ ʝʣʝʤʝʥʘʪʘ ʿʝ ʩʨʫʰʝʥʘ. 

ʇʨʠʩʫʪʥʝ ʩʫ ʚʝʣʠʢʝ ʟʘʦʩʪʘʣʝ ʜʝʬʦʨʤʘʮʠʿʝ ʠ ʢʦʥʩʪʨʫʢʮʠʿʘ ʿʝ ʙʣʠʟʫ ʣʦʤʘ ʠ ʚʝʨʦʚʘʪʥʦ ʥʝ ʙʠ 

ʧʨʝʞʠʚʝʣʘ ʥʦʚʠ ʟʝʤˀʦʪʨʝʩ, ʯʘʢ ʠ ʫʤʝʨʝʥʦʛ ʠʥʪʝʟʠʪʝʪʘ. 

ɻʨʘʥʠʯʥʦ ʩʪʘˁʝ ʟʥʘʯʘʿʥʦʛ ʦʰʪʝ˂ʝˁʘ (SD). ʂʦʥʩʪʨʫʢʮʠʿʘ ʿʝ ʟʥʘʯʘʿʥʦ ʦʰʪʝ˂ʝʥʘ, ʩʘ 

ʤʘʣʦʤ ʧʨʝʦʩʪʘʣʦʤ ʙʦʯʥʦʤ ʥʦʩʠʚʦʰ˂ʫ ʠ ʢʨʫʪʦʰ˂ʫ, ʘ ʚʝʨʪʠʢʘʣʥʠ ʝʣʝʤʝʥʪʠ ʩʫ ʩʧʦʩʦʙʥʠ ʜʘ 

ʧʨʠʭʚʘʪʝ ʚʝʨʪʠʢʘʣʥʘ ʦʧʪʝʨʝ˂ʝˁʘ. ʅʝʢʦʥʩʪʨʫʢʮʠʿʩʢʠ ʝʣʝʤʝʥʪʠ ʩʫ ʦʰʪʝ˂ʝʥʠ, ʠʘʢʦ ʧʨʝʛʨʘʜʝ ʠ 

ʠʩʧʫʥʝ ʥʠʩʫ ʧʨʝʪʨʧʝʣʝ ʣʦʤ ʠʟʚʘʥ ʩʚʦʿʝ ʨʘʚʥʠ. ʇʨʠʩʫʪʥʝ ʩʫ ʟʘʦʩʪʘʣʝ ʜʝʬʦʨʤʘʮʠʿʝ ʩʨʝʜˁʝ 

ʚʝʣʠʯʠʥʝ. ʂʦʥʩʪʫʢʮʠʿʘ ʤʦʞʝ ʜʘ ʧʨʝʪʨʧʠ ʥʘʢʥʘʜʥʝ ʧʦʪʨʝʩʝ ʩʨʝʜˁʝʛ ʠʥʪʝʥʟʠʪʝʪʘ. 

ʂʦʥʩʪʨʫʢʮʠʿʘ ˂ʝ ʚʝʨʦʚʘʪʥʦ ʙʠʪʠ ʥʝʝʢʦʥʦʤʠʯʥʘ ʟʘ ʩʘʥʘʮʠʿʫ. 

ɻʨʘʥʠʯʥʦ ʩʪʘˁʝ ʦʛʨʘʥʠʯʝˁʘ ʦʰʪʝ˂ʝˁʘ (DL) . ʂʦʥʩʪʨʫʢʮʠʿʘ ʿʝ ʩʘʤʦ ʣʘʢʦ ʦʰʪʝ˂ʝʥʘ, 

ʩʘ ʥʦʩʝ˂ʠʤ ʝʣʝʤʝʥʪʠʤʘ ʢʦʜ ʢʦʿʠʭ ʿʝ ʩʧʨʝʯʝʥʦ ʟʥʘʯʘʿʥʠʿʝ ʪʝʯʝˁʝ ʠ ʢʦʜ ʢʦʿʠʭ ʩʫ ʟʘʜʨʞʘʥʘ 

ʩʚʦʿʩʪʚʘ ʥʦʩʠʚʦʩʪʠ ʠ ʢʨʫʪʦʩʪʠ. ʂʦʜ ʥʝʥʦʩʝ˂ʠʭ ʝʣʝʤʝʥʘʪʘ, ʢʘʦ ʰʪʦ ʩʫ ʧʨʝʛʨʘʜʝ ʠ ʠʩʧʫʥʝ, ʤʦʛʫ 
ʩʝ ʧʦʿʘʚʠʪʠ ʨʘʩʧʦʜʝˀʝʥʝ ʧʨʩʣʠʥʝ, ʘʣʠ ʩʝ ʦʰʪʝ˂ʝˁʘ ʤʦʛʫ ʝʢʦʥʦʤʠʯʥʦ ʩʘʥʠʨʘʪʠ. ʊʨʘʿʥʝ 

ʜʝʬʦʨʤʘʮʠʿʝ ʩʫ ʥʝʟʥʘʪʥʝ ʠ ʥʠʩʫ ʧʦʪʨʝʙʥʝ ʥʠʢʘʢʚʝ ʤʝʨʝ ʟʘ ʩʘʥʘʮʠʿʫ ʢʦʥʩʪʨʫʢʮʠʿʝ. 

ʆʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦʠ ʟʘʰʪʠʪʝ, ʟʘ ʩʚʘʢʦ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ, ʧʦʩʪʠʞʫ ʩʝ ʠʟʙʦʨʦʤ ʧʦʚʨʘʪʥʦʛ 

ʧʝʨʠʦʜʘ ʩʝʠʟʤʠʯʢʦʛ ʜʝʿʩʪʚʘ. ɿʘʰʪʠʪʘ ʢʦʿʘ ʩʝ ʦʙʠʯʥʦ ʩʤʘʪʨʘ ʧʨʠʢʣʘʜʥʦʤ ʟʘ ʛʨʘʥʠʯʥʘ ʩʪʘˁʘ 

ʙʣʠʟʫ ʨʫʰʝˁʘ (NC), ʟʥʘʯʘʿʥʦʛ ʦʰʪʝ˂ʝˁʘ (SD) ʠ ʦʛʨʘʥʠʯʝˁʘ ʦʰʪʝ˂ʝˁʘ (DL), ʦʩʪʚʘʨʫʿʝ ʩʝ 

ʠʟʙʦʨʦʤ ʩʣʝʜʝ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʦʚʨʘʪʥʝ ʧʝʨʠʦʜʝ: 2.475, 475 ʠ 225 ʛʦʜʠʥʘ, ʨʝʩʧʝʢʪʠʚʥʦ. 

ʋʩʘʛʣʘʰʝʥʦʩʪ ʩʘ ʟʘʭʪʝʚʠʤʘ ʧʦʥʘʰʘˁʘ ʧʦʩʪʠʞʝ ʩʝ ʫʩʚʘʿʘˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʥʠʚʦʘ 

ʩʝʠʟʤʠʯʢʦʛ ʜʝʿʩʪʚʘ, ʤʝʪʦʜʘ ʘʥʘʣʠʟʝ, ʢʘʦ ʠ ʧʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʦʩʪʫʧʘʢʘ ʧʨʦʚʝʨʝ 

ʢʘʧʘʮʠʪʝʪʘ ʥʦʩʠʚʦʩʪʠ ʠ/ʠʣʠ ʜʝʬʦʨʤʘʮʠʿʘ ʠ ʢʦʥʩʪʨʫʠʩʘˁʘ ʜʝʪʘˀʘ ʩʘʜʨʞʘʥʠʤ ʫ ʦʚʦʤ ʜʝʣʫ EN 

1998, ʫ ʩʢʣʘʜʫ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʢʦʥʩʪʨʫʢʮʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʫ ˁʠʭʦʚʦʿ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ 

(ʥʧʨ. ʙʝʪʦʥ, ʯʝʣʠʢ, ʝʣʝʤʝʥʪʠ ʟʘ ʟʠʜʘˁʝ). ʇʨʠ ʚʝʨʠʬʠʢʘʮʠʿʠ ʢʦʥʩʪʨʫʢʮʠʿʩʢʠʭ ʝʣʝʤʝʥʘʪʘ, 

ʥʘʧʨʘʚˀʝʥʘ ʿʝ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ "ʜʫʢʪʠʣʥʠʭ" ʠ "ʢʨʪʠʭ" ʝʣʝʤʝʥʘʪʘ. ʆʩʠʤ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ 

ʧʨʠʩʪʫʧʘ ʟʘʩʥʦʚʘʥʦʛ ʥʘ ʧʨʠʤʝʥʠ ʬʘʢʪʦʨʘ ʧʦʥʘʰʘˁʘ (q ʬʘʢʪʦʨʘ), "ʜʫʢʪʠʣʥʠ" ʝʣʝʤʝʥʪʠ ʩʝ 

ʚʝʨʠʬʠʢʫʿʫ ʧʨʦʚʝʨʦʤ ʜʘ ʚʝʣʠʯʠʥʘ ʟʘʭʪʝʚʘ ʥʝ ʧʨʝʢʦʨʘʯʫʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʘʧʘʮʠʪʝʪʝ ʫ 

ʬʫʥʢʮʠʿʠ ʜʝʬʦʨʤʘʮʠʿʘ. "ʂʨʪʠ" ʝʣʝʤʝʥʪʠ ʩʝ ʚʝʨʠʬʠʢʫʿʫ ʧʨʦʚʝʨʦʤ ʜʘ ʟʘʭʪʝʚʠ ʥʝ ʧʨʝʢʦʨʘʯʫʿʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʘʧʘʮʠʪʝʪʝ ʫ ʬʫʥʢʮʠʿʠ ʥʦʩʠʚʦʩʪʠ. 

ɸʣʪʝʨʥʘʪʠʚʥʦ, ʤʦʞʝ ʩʝ ʢʦʨʠʩʪʠʪʠ ʧʨʠʩʪʫʧ ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʠ q ʬʘʢʪʦʨʘ, ʫ ʢʦʿʝʤ ʩʝ 

ʢʦʨʠʩʪʠʪʠ ʩʝʠʟʤʠʯʢʦ ʜʝʿʩʪʚʦ ʨʝʜʫʢʦʚʘʥʦ ʧʦʤʦ˂ʫ q ʬʘʢʪʦʨʘ. ɿʘ ʜʦʢʘʟ ʩʠʛʫʨʥʦʩʪʠ ʩʚʠ 

ʢʦʥʩʪʨʫʢʮʠʿʩʢʠ ʝʣʝʤʝʥʪʠ ʪʨʝʙʘ ʜʘ ʩʝ ʚʝʨʠʬʠʢʫʿʫ ʧʨʦʚʝʨʦʤ ʜʘ ʚʝʣʠʯʠʥʘ ʟʘʭʪʝʚʘ ʫʩʣʝʜ 

ʨʝʜʫʢʦʚʘʥʦʛ ʩʝʠʟʤʠʯʢʦʛ ʜʝʿʩʪʚʘ, ʥʝ ʧʨʝʢʦʨʘʯʫʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʘʧʘʮʠʪʝʪʝ ʥʦʩʠʚʦʩʪʠ. ɿʘ ʧʨʦ-

ʨʘʯʫʥ ʢʘʧʘʮʠʪʝʪʘ ʜʫʢʪʠʣʥʠʭ ʠʣʠ ʢʨʪʠʭ ʝʣʝʤʝʥʘʪʘ, ʢʦʨʠʩʪʝ ʩʝ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʢʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ ʧʦʩʪʦʿʝ˂ʠʭ ʤʘʪʝʨʠʿʘʣʘ ʜʠʨʝʢʪʥʦ ʜʦʙʠʿʝʥʠʭ ʠʟ in-situ ʠʩʧʠʪʠʚʘˁʘ ʠ ʠʟ ʜʦʜʘʪʥʠʭ 

ʠʟʚʦʨʘ ʧʦʜʘʪʘʢʘ, ʢʦʿʝ ʩʫ ʧʦʜʝˀʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʬʘʢʪʦʨʠʤʘ ʧʦʫʟʜʘʥʦʩʪʠ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʜʦʩʪʠʛʥʫʪʠ ʥʠʚʦ ʟʥʘˁʘ. ɿʘ ʥʦʚʝ ʠʣʠ ʜʦʜʘʪʝ ʤʘʪʝʨʠʿʘʣʝ ʢʦʨʠʩʪʝ ʩʝ ʥʦʤʠʥʘʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʩʘʛʣʘʩʥʦ ʚʘʞʝ˂ʠʤ ʪʝʭʠʯʢʠʤ ʧʨʦʧʠʩʠʤʘ. 
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ʇʨʠ ʧʨʦʮʝʥʠ ʩʝʠʟʤʠʯʢʝ ʦʪʧʦʨʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʠʭ ʢʦʥʩʪʨʫʢʮʠʿʘ ʧʨʝʤʘ ɽʚʨʦʢʦʜʫ ɽN 

1998-3, ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʟʘ ʧʨʦʮʝʥʫ ʩʪʘˁʘ ʥʝʢʦʛ ʦʙʿʝʢʪʘ ʩʝ ʧʨʠʢʫʧˀʘʿʫ ʠʟ ʨʘʟʥʦʚʨʩʥʠʭ ʠʟʚʦʨʘ, 

ʫʢˀʫʯʫʿʫ˂ʠ: 1) ʜʦʩʪʫʧʥʫ ʜʦʢʫʤʝʥʪʘʮʠʿʫ ʩʚʦʿʩʪʚʝʥʫ ʠʩʧʠʪʠʚʘʥʦʿ ʟʛʨʘʜʠ; 2) ʙʠʪʥʝ ʠʟʚʦʨʝ 

ʧʦʜʘʪʘʢʘ (ʥʧʨ. ʪʝʭʥʠʯʢʠ ʧʨʦʧʠʩʠ ʠ ʩʪʘʥʜʘʨʜʠ); 3) ʪʝʨʝʥʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ; ʠ 4) ʫ ʚʝ˂ʠʥʠ 

ʩʣʫʯʘʿʝʚʘ, in-situ ʠ/ʠʣʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ ʤʝʨʝˁʘ ʠ ʠʩʧʠʪʠʚʘˁʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʫʨʘʜʠʪʠ ʫʥʘʢʨʩʥʝ 

ʢʦʥʪʨʦʣʝ ʟʘ ʧʦʜʘʪʢʝ ʩʘʢʫʧˀʝʥʝ ʠʟ ʨʘʟʣʠʯʠʪʠʭ ʠʟʚʦʨʘ, ʨʘʜʠ ʩʤʘˁʝˁʘ ʥʝʧʦʫʟʜʘʥʦʩʪʠ. ʇʦʜʘʮʠ 

ʟʘ ʝʚʘʣʫʘʮʠʿʫ ʥʦʩʝ˂ʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʪʨʝʙʘ ʜʘ ʦʙʫʭʚʘʪʝ ʩʣʝʜʝ˂ʝ ʪʘʯʢʝ: 1) ʆʜʨʝʹʠʚʘˁʝ 

ʢʦʥʩʪʨʫʢʮʠʿʩʢʦʛ ʩʠʩʪʝʤʘ ʠ ˁʝʛʦʚʝ ʫʩʘʛʣʘʰʝʥʦʩʪʠ ʩʘ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʨʝʛʫʣʘʨʥʦʩʪʠ ʜʘʪʠʭ ʫ 

ɽN 1998-1. ʇʦʜʘʮʠ ʩʝ ʧʨʠʢʫʧˀʘʿʫ ʠʣʠ ʪʝʨʝʥʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʠʣʠ ʠʟ ʦʨʠʛʠʥʘʣʥʠʭ 

ʮʨʪʝʞʘ ʧʨʦʿʝʢʪʘ, ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʠʙʘʚʠʪʠ ʧʦʜʘʪʢʝ ʦ ʤʦʛʫ˂ʠʤ ʠʟʤʝʥʘʤʘ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ʥʘʢʦʥ ʠʟʛʨʘʜˁʝ ʦʙʿʝʢʪʘ; 2) ʆʜʨʝʹʠʚʘˁʝ ʪʠʧʘ ʬʫʥʜʠʨʘˁʘ ʟʛʨʘʜʝ ʠ ʢʘʪʝʛʦʨʠʿʝ ʪʣʘ ʧʨʝʤʘ 

ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʠʟ ɽN 1998-1; 3) ʇʦʜʘʮʠ ʦ ʩʚʝʫʢʫʧʥʠʤ ʜʠʤʝʥʟʠʿʘʤʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ 

ʧʦʧʨʝʯʥʠʭ ʧʨʝʩʝʢʘ ʝʣʝʤʝʥʘʪʘ ʟʛʨʘʜʝ ʠ ʤʝʭʘʥʠʯʢʠʤ ʦʩʦʙʠʥʘʤʘ ʠ ʩʪʘˁʫ ʧʨʠʤʝˁʝʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ; 4) ʇʦʜʘʮʠ ʦ ʥʝʜʦʩʪʘʮʠʤʘ ʤʘʪʝʨʠʿʘʣʘ ʠ ʦ ʥʝʘʜʝʢʚʘʪʥʠʤ ʨʝʰʝˁʠʤʘ ʜʝʪʘˀʘ; 5) 

ʇʦʜʘʮʠ ʦ ʩʝʠʟʤʠʯʢʠʤ ʧʨʦʿʝʢʪʥʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ ʢʦʨʠʰ˂ʝʥʠʤ ʟʘ ʧʦʯʝʪʥʦ ʧʨʦʿʝʢʪʦʚʘˁʝ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʨʝʜʫʢʮʠʿʝ ʩʠʣʘ (q ʬʘʢʪʦʨʘ), ʘʢʦ ʿʝ ʧʨʠʤʝʥˀʠʚʦ; 6) ʆʧʠʩ 

ʪʨʝʥʫʪʥʝ ʠ/ʠʣʠ ʧʣʘʥʠʨʘʥʝ ʥʘʤʝʥʝ ʟʛʨʘʜʝ (ʩʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʦʤ ʢʣʘʩʝ ʟʥʘʯʘʿʘ ʧʨʝʤʘ ɽʅ 1998-

1); 7) ʇʦʥʦʚʥʘ ʧʨʦʮʝʥʘ ʥʘʥʝʪʠʭ ʜʝʩʿʪʘʚʘ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʘʤʝʥʫ ʟʛʨʘʜʝ; ʠ 8) ʇʦʜʘʮʠ ʦ 

ʪʠʧʫ ʠ ʩʪʝʧʝʥʫ ʧʨʝʪʭʦʜʥʠʭ ʠ ʧʨʠʩʫʪʥʠʭ ʦʰʪʝ˂ʝˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʝ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʨʘʥʠʿʝ ʤʝʨʝ ʩʘʥʘʮʠʿʝ. 

ʋ ʮʠˀʫ ʠʟʙʦʨʘ ʧʨʠʭʚʘʪˀʠʚʝ ʚʨʩʪʝ ʘʥʘʣʠʟʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ 

ʧʦʫʟʜʘʥʦʩʪʠ, ʜʝʬʠʥʠʩʘʥʘ ʩʫ ʪʨʠ ʥʠʚʦʘ ʟʥʘˁʘ: 1) KL1 ï ʦʛʨʘʥʠʯʝʥʦ ʟʥʘˁʝ; 2) KL2 ï ʥʦʨʤʘʣʥʦ 

ʟʥʘˁʝ; ʠ 3) KL3 ï ʧʦʪʧʫʥʦ ʟʥʘˁʝ. ʌʘʢʪʦʨʠ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ ʟʥʘˁʘ ʩʫ: ʘ) 

ʛʝʦʤʝʪʨʠʿʘ: ʛʝʦʤʝʪʨʠʿʩʢʘ ʩʚʦʿʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʿʩʢʦʛ ʩʠʩʪʝʤʘ ʠ ʦʥʠʭ ʥʝʥʦʩʝ˂ʠʭ ʝʣʝʤʝʥʘʪʘ 

(ʥʧʨ. ʧʨʝʛʨʘʜʥʠ ʟʠʜʦʚʠ) ʢʦʿʠ ʤʦʛʫ ʜʘ ʫʪʠʯʫ ʥʘ ʦʜʛʦʚʦʨ ʢʦʥʩʪʨʫʢʮʠʿʝ; ʙ) ʜʝʪʘˀʠ: ʦʙʫʭʚʘʪʘʿʫ 

ʢʦʣʠʯʠʥʫ ʠ ʧʣʘʥ ʘʨʤʘʪʫʨʝ ʢʦʜ ʘʨʤʠʨʘʥʦʛ ʙʝʪʦʥʘ, ʩʧʦʿʝʚʝ ʠʟʤʝʹʫ ʯʝʣʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, 

ʩʧʦʿʝʚʝ ʩʧʨʘʪʥʠʭ ʜʠʿʘʬʨʘʛʤʠ ʩʘ ʝʣʝʤʝʥʪʠʤʘ ʟʘ ʙʦʯʥʫ ʦʪʧʦʨʥʦʩʪ, ʚʝʟʝ ʠ ʤʘʣʪʝʨʩʢʝ ʩʧʦʿʥʠʮʝ 

ʟʠʜʘʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʧʨʠʨʦʜʫ ʩʚʠʭ ʘʨʤʠʨʘʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ʟʠʜʘʥʠʤ ʢʦʥʩʪʨʫʢʮʠʿʘʤʘ; ʠ 

ʮ) ʤʘʪʝʨʠʿʘʣʠ: ʤʝʭʘʥʠʯʢʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ ʥʦʩʝ˂ʝ ʢʦʥʩʪʨʫʢʮʠʿʝ.  

ʆʩʪʚʘʨʝʥʠ ʥʠʚʦ ʟʥʘˁʘ ʦʜʨʝʹʫʿʝ ʜʦʟʚʦˀʝʥʝ ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ, ʢʘʦ ʠ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ˂ʝ ʩʝ 

ʫʩʚʦʿʠʪʠ ʟʘ ʬʘʢʪʦʨʝ ʧʦʫʟʜʘʥʦʩʪʠ (confidence factors ï CF). ɺʨʝʜʥʦʩʪʠ ʬʘʢʪʦʨʘ ʧʦʫʟʜʘʥʦʩʪʠ ʟʘ 

ʫʧʦʪʨʝʙʫ ʫ ʥʝʢʦʿ ʟʝʤˀʠ ʤʦʛʫ ʩʝ ʥʘ˂ʠ ʫ ˁʝʥʦʤ ʅʘʮʠʦʥʘʣʥʦʤ ʘʥʝʢʩʫ, ʘ ʧʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦ-

ʩʪʠ ʩʫ: CFKL1 = 1,35, CFKL2 = 1,20 ʠ CFKL3 = 1,00. ʆʩʪʚʘʨʝʥʠ ʥʠʚʦ ʟʥʘˁʘ ʦʜʨʝʹʫʿʝ ʜʦʟʚʦˀʝʥʝ 

ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ, ʢʘʦ ʠ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ˂ʝ ʩʝ ʫʩʚʦʿʠʪʠ ʟʘ ʬʘʢʪʦʨʝ ʧʦʫʟʜʘʥʦʩʪʠ. 

ʅʠʚʦ ʟʥʘˁʘ KL1 ʦʜʛʦʚʘʨʘ ʩʣʝʜʝ˂ʝʤ ʩʪʘˁʫ ʩʘʟʥʘˁʘ ʦ ʧʨʝʜʤʝʪʥʦʤ ʦʙʿʝʢʪʫ: 1) 

ɻʝʦʤʝʪʨʠʿʘ: ʫʢʫʧʥʘ ʛʝʦʤʝʪʨʠʿʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʜʠʤʝʥʟʠʿʝ ʝʣʝʤʝʥʘʪʘ ʩʫ ʧʦʟʥʘʪʠ ʠʣʠ ʠʟ 

ʠʟʚʝʰʪʘʿʘ ʥʘ ʦʩʥʦʚʫ ʧʨʝʛʣʝʜʘ ʦʙʿʝʢʪʘ ʠʣʠ ʠʟ ʦʨʠʛʠʥʘʣʥʠʭ ʮʨʪʝʞʘ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʢʦʨʠʰ˂ʝʥʠʭ 

ʠ ʟʘ ʛʨʘʹʝˁʝ ʠ ʟʘ ʩʚʝ ʥʘʨʝʜʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ. ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ  ʧʦʪʨʝʙʥʦ ʿʝ ʧʨʦʚʝʨʠʪʠ ʥʘ 

ʣʠʮʫ ʤʝʩʪʘ ʜʦʚʦˀʘʥ ʫʟʦʨʘʢ ʜʠʤʝʥʟʠʿʘ ʢʘʢʦ ʦʧʰʪʝ ʛʝʦʤʝʪʨʠʿʝ ʪʘʢʦ ʠ ʜʠʤʝʥʟʠʿʘ ʝʣʝʤʝʥʘʪʘ. 

ʋʢʦʣʠʢʦ ʧʦʩʪʦʿʝ ʚʝʣʠʢʘ ʦʜʩʪʫʧʘˁʘ ʦʜ ʧʦʩʪʦʿʝ˂ʠʭ ʮʨʪʝʞʘ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʪʨʝʙʘ ʠʟʚʝʩʪʠ 

ʧʦʪʧʫʥʠʿʝ ʧʨʝʤʝʨʘʚʘˁʝ ʜʠʤʝʥʟʠʿʘ. 2) ɼʝʪʘˀʠ: ʢʦʥʩʪʨʫʢʮʠʿʩʢʠ ʜʝʪʘˀʠ ʥʠʩʫ ʧʦʟʥʘʪʠ ʠʟ 

ʮʨʪʝʞʘ ʜʝʪʘˀʘ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʘʣʠ ʩʝ ʤʦʛʫ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʥʘ ʦʩʥʦʚʫ ʩʠʤʫʣʠʨʘʥʦʛ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʫ ʩʢʣʘʜʫ ʩʘ ʫʦʙʠʯʘʿʝʥʦʤ ʧʨʘʢʩʦʤ ʫ ʚʨʝʤʝ ʛʨʘʹʝˁʘ; ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʪʨʝʙʘ 

ʩʧʨʦʚʝʩʪʠ ʦʛʨʘʥʠʯʝʥʫ ʢʦʥʪʨʦʣʫ ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʝʣʝʤʝʥʘʪʘ ʨʘʜʠ ʧʨʦʚʝʨʝ ʧʨʝʪʧʦʩʪʘʚʢʠ ʩʘ 

ʩʪʚʘʨʥʠʤ ʩʪʘˁʝʤ. ʋ ʧʨʦʪʠʚʥʦʤ, ʧʦʪʨʝʙʘʥ ʿʝ ʦʙʠʤʥʠʿʠ in-situ ʧʨʝʛʣʝʜ. 3) ʄʘʪʝʨʠʿʘʣʠ: ʥʠʩʫ 

ʜʦʩʪʫʧʥʠ ʥʝʧʦʩʨʝʜʥʠ ʧʦʜʘʮʠ ʦ ʤʝʭʘʥʠʯʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʢʦʥʩʪʨʫʢʮʠʿʩʢʠʭ ʤʘʪʝʨʠʿʘʣʘ ʥʠ ʠʟ 

ʦʨʠʛʠʥʘʣʥʝ ʧʨʦʿʝʢʪʥʝ ʪʝʭʥʠʯʢʝ ʜʦʢʫʤʝʥʪʘʮʠʿʝ ʥʠ ʠʟ ʦʨʠʛʠʥʘʣʥʠʭ ʠʟʚʝʰʪʘʿʘ ʠʩʧʠʪʠʚʘˁʘ. 

ʇʦʜʨʘʟʫʤʝʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʪʨʝʙʘ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʫ ʩʢʣʘʜʫ ʩʘ ʩʪʘʥʜʘʨʜʠʤʘ ʫ ʪʨʝʥʫʪʢʫ ʛʨʘʹʝˁʘ 

ʠ ʦʛʨʘʥʠʯʝʥʠʤ in-situ ʠʩʧʠʪʠʚʘˁʠʤʘ ʟʘ ʥʘʿʢʨʠʪʠʯʥʠʿʝ ʝʣʝʤʝʥʪʝ. 
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ʅʦʨʤʘʣʥʦ ʟʥʘˁʝ KL2 ʦʜʛʦʚʘʨʘ ʩʣʝʜʝ˂ʝʤ ʩʪʘˁʫ ʩʘʟʥʘˁʘ: 1) ɻʝʦʤʝʪʨʠʿʘ: ʫʢʫʧʥʘ ʛʝʦʤʝ-

ʪʨʠʿʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʜʠʤʝʥʟʠʿʝ ʝʣʝʤʝʥʘʪʘ ʩʫ ʧʦʟʥʘʪʠ ʠʣʠ ʠʟ ʧʨʦʰʠʨʝʥʦʛ ʠʟʚʝʰʪʘʿʘ ʠʣʠ ʠʟ 

ʦʨʠʛʠʥʘʣʥʠʭ ʮʨʪʝʞʘ ʢʦʥʩʪʨʫʢʮʠʿʝ, ʢʦʨʠʰ˂ʝʥʠʭ ʠ ʟʘ ʦʨʠʛʠʥʘʣʥʦ ʛʨʘʹʝˁʝ ʠ ʟʘ ʩʚʝ ʥʘʨʝʜʥʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ (ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʨʦʚʝʨʘ ʩʝ ʩʧʨʦʚʦʜʠ ʢʘʦ ʢʦʜ ʦʛʨʘʥʠʯʝʥʦʛ ʥʠʚʦʘ ʟʥʘˁʘ ï KL1). 

2) ɼʝʪʘˀʠ: ʜʝʪʘˀʠ ʢʦʥʩʪʨʫʢʮʠʿʝ ʩʫ ʧʦʟʥʘʪʠ ʠʣʠ ʠʟ ʧʨʦʰʠʨʝʥʠʭ in-situ ʠʩʧʠʪʠʚʘˁʘ ʠʣʠ ʠʟ 

ʥʝʧʦʪʧʫʥʠʭ ʮʨʪʝʞʘ ʜʝʪʘˀʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ, ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʝʩʪʠ ʦʛʨʘʥʠʯʝʥʝ 

in-situ ʧʨʝʛʣʝʜʝ ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʝʣʝʤʝʥʘʪʘ ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʧʦʜʫʜʘʨʥʦʩʪʠ ʜʦʩʪʫʧʥʠʭ 

ʧʦʜʘʪʘʢʘ ʩʘ ʩʪʚʘʨʥʠʤ ʩʪʘˁʝʤ. 3) ʄʘʪʝʨʠʿʘʣʠ: ʧʦʜʘʮʠ ʦ ʤʝʭʘʥʠʯʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʤʘʪʝʨʠʿʘʣʘ ʟʘ 

ʛʨʘʹʝˁʝ ʜʦʩʪʫʧʥʠ ʩʫ ʠʣʠ ʠʟ ʧʨʦʰʠʨʝʥʠʭ in-situ ʠʩʧʠʪʠʚʘˁʘ ʠʣʠ ʠʟ ʦʨʠʛʠʥʘʣʥʝ ʧʨʦʿʝʢʪʥʝ 

ʪʝʭʥʠʯʢʝ ʜʦʢʫʤʝʥʪʘʮʠʿʝ. ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ, ʪʨʝʙʘ ʠʟʚʝʩʪʠ ʦʛʨʘʥʠʯʝʥʦ ʠʥ-ʩʠʪʫ ʠʩʧʠʪʠʚʘˁʝ. 

ʅʠʚʦ ʟʥʘˁʘ KL3 ʦʜʛʦʚʘʨʘ ʩʣʝʜʝ˂ʝʤ ʩʪʘˁʫ ʩʘʟʥʘˁʘ: 1) ɻʝʦʤʝʪʨʠʿʘ: ʫʢʫʧʥʘ ʛʝʦʤʝʪʨʠʿʘ 

ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʜʠʤʝʥʟʠʿʝ ʝʣʝʤʝʥʘʪʘ ʩʫ ʧʦʟʥʘʪʠ ʠʣʠ ʠʟ ʩʚʝʦʙʫʭʚʘʪʥʠʭ ʠʟʚʝʰʪʘʿʘ ʠʣʠ ʠʟ 

ʢʦʤʧʣʝʪʥʦʛ ʩʝʪʘ ʮʨʪʝʞʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʢʦʨʠʰ˂ʝʥʠʭ ʠ ʟʘ ʦʨʠʛʠʥʘʣʥʦ ʛʨʘʹʝˁʝ ʠ ʟʘ ʩʚʝ ʥʘʨʝʜʥʝ 

ʤʦʜʠʬʠʢʘʮʠʿʝ (ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʧʨʦʚʝʨʘ ʩʝ ʩʧʨʦʚʦʜʠ ʢʘʦ ʢʦʜ ʦʛʨʘʥʠʯʝʥʦʛ ʥʠʚʦʘ ʟʥʘˁʘ ï KL1) 

2) ɼʝʪʘˀʠ: ʜʝʪʘˀʠ ʢʦʥʩʪʨʫʢʮʠʿʝ ʩʫ ʧʦʟʥʘʪʠ ʠʣʠ ʠʟ ʩʚʝʦʙʫʭʚʘʪʥʠʭ in-situ ʠʩʪʨʘʞʠʚʘˁʘ ʠʣʠ ʠʟ 

ʢʦʤʧʣʝʪʥʦʛ ʩʝʪʘ ʮʨʪʝʞʘ ʜʝʪʘˀʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ, ʪʨʝʙʘ ʠʟʚʝʩʪʠ ʦʛʨʘʥʠʯʝʥʝ 

in-situ ʧʨʝʛʣʝʜʝ ʥʘʿʢʨʠʪʠʯʥʠʿʠʭ ʝʣʝʤʝʥʘʪʘ ʨʘʜʠ ʫʪʚʨʹʠʚʘˁʘ ʧʦʜʫʜʘʨʥʦʩʪʠ ʜʦʩʪʫʧʥʠʭ ʧʦʜʘ-

ʪʘʢʘ ʩʘ ʩʪʚʘʨʥʠʤ ʩʪʘˁʝʤ. 3) ʄʘʪʝʨʠʿʘʣʠ: ʧʦʜʘʮʠ ʦ ʤʝʭʘʥʠʯʢʠʤ ʩʚʦʿʩʪʚʠʤʘ ʤʘʪʝʨʠʿʘʣʘ ʟʘ 

ʛʨʘʹʝˁʝ ʜʦʩʪʫʧʥʠ ʩʫ ʠʣʠ ʠʟ ʩʚʝʦʙʫʭʚʘʪʥʠʭ in-situ ʠʩʧʠʪʠʚʘˁʘ ʠʣʠ ʠʟ ʦʨʠʛʠʥʘʣʥʠʭ ʠʟʚʝʰʪʘʿʘ 

ʠʩʧʠʪʠʚʘˁʘ. ʋ ʜʨʫʛʦʤ ʩʣʫʯʘʿʫ, ʪʨʝʙʘ ʠʟʚʝʩʪʠ ʦʛʨʘʥʠʯʝʥʦ in-situ ʠʩʧʠʪʠʚʘˁʝ. 

ʉʘʢʫʧˀʝʥʠ ʧʦʜʘʮʠ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʜʦʚʦˀʥʠ ʟʘ ʠʟʚʦʹʝˁʝ ʣʦʢʘʣʥʠʭ ʧʨʦʚʝʨʘ ʢʘʧʘʮʠʪʝʪʘ 

ʥʦʩʠʚʦʩʪʠ ʠ ʜʝʬʦʨʤʘʮʠʿʘ ʝʣʝʤʝʥʘʪʘ ʠ ʟʘ ʫʩʧʦʩʪʘʚˀʘˁʝ ʧʨʦʨʘʯʫʥʩʢʦʛ ʤʦʜʝʣʘ ʟʘ ʩʝʠʟʤʠʯʢʫ 

ʘʥʘʣʠʟʫ ʢʦʥʩʪʨʫʢʮʠʿʝ. ɽʚʘʫʣʘʮʠʿʫ ʢʦʥʩʪʨʫʢʮʠʿʝ ʟʘʩʥʦʚʘʥʫ ʥʘ ʩʪʘˁʫ ʦʛʨʘʥʠʯʝʥʦʛ ʟʥʘˁʘ, 
ʪʨʝʙʘ ʠʟʚʨʰʠʪʠ ʧʨʝʢʦ ʣʠʥʝʘʨʥʝ ʩʪʘʪʠʯʢʝ ʠʣʠ ʜʠʥʘʤʠʯʢʝ ʘʥʘʣʠʟʝ, ʜʦʢ ʩʝ ʟʘ ʥʦʨʤʘʣʥʦ ʠ 

ʧʦʪʧʫʥʦ ʟʥʘˁʝ, ʝʚʘʫʣʘʮʠʿʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʤʦʞʝ ʠʟʚʝʩʪʠ ʣʠʥʝʘʨʥʠʤ ʠʣʠ ʥʝʣʠʥʝʘʨʥʠʤ 

ʤʝʪʦʜʘʤʘ ʘʥʘʣʠʟʝ, ʙʠʣʦ ʩʪʘʪʠʯʢʠʤ ʠʣʠ ʜʠʥʘʤʠʯʢʠʤ. 

ʇʨʠ ʚʝʨʠʬʠʢʘʮʠʿʠ ʢʦʥʩʪʨʫʢʮʠʿʩʢʠʭ ʝʣʝʤʝʥʘʪʘ ʫ ɽʅ 1998-3 ʿʝ ʥʘʧʨʘʚˀʝʥʘ ʨʘʟʣʠʢʘ 

ʠʟʤʝʹʫ "ʜʫʢʪʠʣʥʠʭ" ʠ "ʢʨʪʠʭ" ʝʣʝʤʝʥʘʪʘ. ʆʩʠʤ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʧʨʠʩʪʫʧʘ ʟʘʩʥʦʚʘʥʦʛ ʥʘ 

ʧʨʠʤʝʥʠ q ʬʘʢʪʦʨʘ, "ʜʫʢʪʠʣʥʠ" ʝʣʝʤʝʥʪʠ ʩʝ ʚʝʨʠʬʠʢʫʿʫ ʧʨʦʚʝʨʦʤ ʜʘ ʟʘʭʪʝʚʠ ʥʝ ʧʨʝʢʦʨʘʯʫʿʫ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʘʧʘʮʠʪʝʪʝ ʫ ʬʫʥʢʮʠʿʠ ʜʝʬʦʨʤʘʮʠʿʘ, ʜʦʢ ʩʝ "ʢʨʪʠ" ʝʣʝʤʝʥʪʠ ʚʝʨʠʬʠʢʫʿʫ ʧʨʦʚʝ-

ʨʦʤ ʜʘ ʟʘʭʪʝʚʠ ʥʝ ʧʨʝʢʦʨʘʯʫʿʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʘʧʘʮʠʪʝʪʝ ʫ ʬʫʥʢʮʠʿʠ ʥʦʩʠʚʦʩʪʠ. ɿʘ ʧʨʦʨʘʯʫʥ 

ʢʘʧʘʮʠʪʝʪʘ ʜʫʢʪʠʣʥʠʭ ʠʣʠ ʢʨʪʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʨʠʩʪʝ ʩʝ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʩʪʦʿʝ˂ʠʭ ʤʘʪʝʨʠʿʘʣʘ ʜʠʨʝʢʪʥʦ ʜʦʙʠʿʝʥʠʭ ʠʟ in-situ ʠʩʧʠʪʠʚʘˁʘ ʠ ʠʟ ʜʦʜʘʪʥʠʭ ʠʟʚʦʨʘ 

ʧʦʜʘʪʘʢʘ, ʢʦʿʝ ʩʫ ʧʦʜʝˀʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʬʘʢʪʦʨʠʤʘ ʧʦʫʟʜʘʥʦʩʪʠ CF, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʜʦʩʪʠʛʥʫʪʠ ʥʠʚʦ ʟʥʘˁʘ. ɿʘ ʥʦʚʝ ʠʣʠ ʜʦʜʘʪʝ ʤʘʪʝʨʠʿʘʣʝ ʢʦʨʠʩʪʝ ʩʝ ʥʦʤʠʥʘʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ. 

ʀɼɽʅʊʀʌʀʂɸʎʀɱɸ ɻɽʆʄɽʊʈʀɱɽ, ɼɽʊɸɲɸ ʀ ʄɸʊɽʈʀɱɸʃɸ  

ɿʘ ʫʪʚʨʹʠʚʘˁʝ ʤʘʪʝʨʠʿʘʣʘ, ʛʝʦʤʝʪʨʠʿʝ ʠ ʜʝʪʘˀʘ ʢʦʜ ʟʠʜʘʥʠʭ ʟʛʨʘʜʘ, ʩʣʝʜʝ˂ʠ ʘʩʧʝʢʪʠ 

ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʧʘʞˀʠʚʦ ʠʩʧʠʪʘʥʠ: ʚʨʩʪʘ ʝʣʝʤʝʥʘʪʘ ʟʘ ʟʠʜʘˁʝ (ʥʧʨ. ʛʣʠʥʘ, ʙʝʪʦʥ, ʦʰʫʧˀʝʥʘ 

ʠʣʠ ʧʫʥʘ ʦʧʝʢʘ, ʠʪʜ.), ˁʠʭʦʚʦ ʬʠʟʠʯʢʦ ʩʪʘˁʝ ʠ ʧʨʠʩʫʩʪʚʦ ʙʠʣʦ ʢʘʢʚʦʛ ʚʠʜʘ ʜʝʛʨʘʜʘʮʠʿʝ; 

ʦʙʣʠʢ ʟʠʜʘʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ˁʠʭʦʚʠʭ ʩʧʦʿʝʚʘ, ʢʘʦ ʠ ʢʦʥʪʠʥʫʠʪʝʪ ʧʨʝʥʦʩʘ ʩʠʣʘ ʠʟʤʝʹʫ ʦʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʯʠʥʝ ʩʠʩʪʝʤ ʟʘ ʧʨʠʭʚʘʪʘˁʝ ʙʦʯʥʠʭ ʩʠʣʘ; ʦʩʦʙʠʥʝ ʩʘʩʪʘʚʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʟʠʜʘʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʢʚʘʣʠʪʝʪ ʩʧʦʿʝʚʘ; ʧʨʠʩʫʩʪʚʦ ʠ ʥʘʯʠʥ ʧʨʠʯʚʨʰ˂ʠʚʘˁʘ ʬʘʩʘʜʥʠʭ ʦʙʣʦʛʘ, 

ʧʨʠʩʫʩʪʚʦ ʥʝʥʦʩʝ˂ʠʭ ʢʦʤʧʦʥʝʥʪʠ, ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʨʝʛʨʘʜʥʠʭ ʟʠʜʦʚʘ ʠ ʩʣ.; ʠ ʠʥʬʦʨʤʘʮʠʿʝ 

ʦ ʩʫʩʝʜʥʠʤ ʦʙʿʝʢʪʠʤʘ ʢʦʿʠ ʤʦʛʫ ʠʤʘʪʠ ʫʪʠʮʘʿʘ ʥʘ ʨʘʟʤʘʪʨʘʥʫ ʟʛʨʘʜʫ. 

ʉʘʢʫʧˀʝʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʛʝʦʤʝʪʨʠʿʫ ʟʠʜʘʥʠʭ ʟʛʨʘʜʘ ʠ ˁʝʥʠʭ ʥʦʩʝ˂ʠʭ 

ʝʣʝʤʝʥʘʪʘ, ʪʨʝʙʘ ʜʘ ʩʘʜʨʞʝ ʚʝʣʠʯʠʥʫ ʠ ʧʦʣʦʞʘʿ ʩʚʠʭ ʩʤʠʯʫ˂ʠʭ (ʥʦʩʝ˂ʠʭ) ʟʠʜʦʚʘ, ʫʢˀʫʯʫʿʫ˂ʠ 

ˁʠʭʦʚʫ ʚʠʩʠʥʫ, ʜʫʞʠʥʫ ʠ ʜʝʙˀʠʥʫ, ʢʘʦ ʠ ʜʠʤʝʥʟʠʿʝ ʝʣʝʤʝʥʘʪʘ ʟʘ ʟʠʜʘˁʝ. ʊʘʢʦʹʝ, ʧʦʪʨʝʙʥʦ 
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ʿʝ ʦʜʨʝʜʠʪʠ ʧʦʣʦʞʘʿ ʠ ʚʝʣʠʯʠʥʫ ʦʪʚʦʨʘ ʫ ʟʠʜʦʚʠʤʘ (ʚʨʘʪʘ, ʧʨʦʟʦʨʠ) ʠ ʨʘʩʧʦʜʝʣʫ ʛʨʘʚʠʪʘʮʠʦ-

ʥʠʭ ʦʧʪʝʨʝ˂ʝˁʘ ʥʘ ʥʦʩʝ˂ʝ ʟʠʜʦʚʝ.  

ɿʘ ʧʨʦʮʝʥʫ ʩʪʘˁʘ ʧʦʩʪʦʿʝ˂ʠʭ ʟʠʜʘʥʠʭ ʟʛʨʘʜʘ ʚʝʦʤʘ ʿʝ ʚʘʞʥʦ ʜʘ ʩʝ ʧʨʠʢʫʧʝ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʜʝʪʘˀʝ. ʆʚʠ ʧʦʜʘʮʠ ʪʨʝʙʘ ʜʘ ʩʘʜʨʞʝ ʩʣʝʜʝ˂ʝ ʩʪʘʚʢʝ: 

1) ʂʣʘʩʠʬʠʢʘʮʠʿʫ ʟʠʜʦʚʘ ʥʘ ʥʝʘʨʤʠʨʘʥʝ, ʩʘ ʩʝʨʢʣʘʞʠʤʘ ʠʣʠ ʘʨʤʠʨʘʥʝ; 2) ʇʨʠʩʫʩʪʚʦ ʠ 

ʢʚʘʣʠʪʝʪ ʤʘʣʪʝʨʘ; 3) ʂʦʣʠʯʠʥʫ ʭʦʨʠʟʦʥʪʘʣʥʝ ʠ ʚʝʨʪʠʢʘʣʥʝ ʘʨʤʘʪʫʨʝ ʟʘ ʘʨʤʠʨʘʥʝ ʟʠʜʘʥʝ 

ʟʠʜʦʚʝ; 4) ʋʪʚʨʹʠʚʘˁʝ ʙʨʦʿʘ ʩʣʦʿʝʚʘ ʟʘ ʚʠʰʝʩʣʦʿʥʝ ʟʠʜʦʚʝ, ʙʠʪʥʝ ʨʘʟʜʘˀʠʥʝ ʠ ʧʦʣʦʞʘʿ 

ʚʝʟʥʠʭ ʛʨʝʜʘ (ʩʝʨʢʣʘʞʘ), ʫʢʦʣʠʢʦ ʠʭ ʠʤʘ; 5) ɿʘ ʟʘʧʫˁʝʥʝ ʟʠʜʦʚʝ (grouted masonry ï ʟʠʜʦʚʠ ʦʜ 

ʰʫʧˀʠʭ ʙʣʦʢʦʚʘ ʫ ʢʦʿʠʤʘ ʩʫ ʰʫʧˀʠʥʝ ʧʦʧʫˁʝʥʝ ʤʘʣʪʝʨʦʤ), ʧʨʦʮʝʥʫ ʪʠʧʘ, ʢʚʘʣʠʪʝʪʘ ʠ ʤʝʩʪʘ 

ʠʩʧʫʥʝ; 6) ʀʜʝʥʪʠʬʠʢʘʮʠʿʫ ʪʠʧʘ ʠ ʩʪʘˁʘ ʤʘʣʪʝʨʘ ʠ ʤʘʣʪʝʨʩʢʠʭ ʩʧʦʿʥʠʮʘ; ʀʩʧʠʪʠʚʘˁʝ 

ʯʚʨʩʪʦ˂ʝ, ʝʨʦʟʠʿʝ ʠ ʦʪʧʦʨʥʦʩʪʠ ʤʘʣʪʝʨʘ; ʋʪʚʨʹʠʚʘˁʝ ʦʰʪʝ˂ʝˁʘ ʢʘʦ ʰʪʦ ʩʫ ʧʨʩʣʠʥʝ, 

ʫʥʫʪʨʘʰˁʝ ʧʨʘʟʥʠʥʝ, ʩʣʘʙʝ ʢʦʤʧʦʥʝʥʪʝ ʠ ʜʝʪʝʨʠʦʨʘʮʠʿʘ  ʤʘʣʪʝʨʘ; 7) ʀʜʝʥʪʠʬʠʢʘʮʠʿʫ ʪʠʧʘ ʠ 

ʩʪʘˁʘ ʩʧʦʿʝʚʘ ʠʟʤʝʹʫ ʫʧʨʘʚʥʠʭ ʟʠʜʦʚʘ; 8) ʀʜʝʥʪʠʬʠʢʘʮʠʿʫ ʪʠʧʘ ʠ ʩʪʘˁʘ ʩʧʦʿʝʚʘ ʠʟʤʝʹʫ 

ʟʠʜʦʚʘ ʠ ʪʘʚʘʥʠʮʘ ʠ/ʠʣʠ ʢʨʦʚʘ; ʠ 9) ʀʜʝʥʪʠʬʠʢʘʮʠʿʫ ʧʨʠʩʫʩʪʚʘ ʠ ʧʦʣʦʞʘʿ ʭʦʨʠʟʦʥʪʘʣʥʠʭ 

ʧʨʩʣʠʥʘ ʫ ʥʘʣʝʞʫ˂ʠʤ ʩʧʦʿʥʠʮʘʤʘ, ʚʝʨʪʠʢʘʣʥʠʭ ʧʨʩʣʠʥʘ ʫ ʚʝʨʪʠʢʘʣʥʠʤ ʩʧʦʿʥʠʮʘʤʘ ʠʟʤʝʹʫ 

ʝʣʝʤʝʥʘʪʘ ʟʘ ʟʠʜʘˁʝ, ʢʘʦ ʠ ʜʠʿʘʛʦʥʘʣʥʠʭ ʧʫʢʦʪʠʥʘ ʫ ʦʢʦʣʠʥʠ ʦʪʚʦʨʘ. 

ʅʝʜʝʩʪʨʫʢʪʠʚʥʘ ʠʩʧʠʪʠʚʘˁʘ ʤʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʠʟʤʝʨʠʣʘ ʠ ʫʪʚʨʜʠʣʘ 

ʫʿʝʜʥʘʯʝʥʦʩʪ ʢʚʘʣʠʪʝʪʘ ʠʟʛʨʘʜˁʝ ʢʘʦ ʠ ʝʚʝʥʪʫʘʣʥʦ ʧʨʠʩʫʩʪʚʦ ʠ ʩʪʝʧʝʥ ʦʰʪʝ˂ʝˁʘ. ɼʘ ʙʠ ʩʝ 

ʫʪʚʨʜʠʣʘ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ ʤʦʛʫ˂ʝ ʿʝ ʢʦʨʠʩʪʠʪʠ ʩʣʝʜʝ˂ʝ ʚʨʩʪʝ ʠʩʧʠʪʠʚʘˁʘ: ʠʩʧʠʪʠʚʘˁʘ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʙʨʟʠʥʠ ʧʨʦʩʪʠʨʘˁʘ ʪʘʣʘʩʘ ʟʘ ʦʪʢʨʠʚʘˁʝ ʚʘʨʠʿʘʮʠʿʝ ʫ ʟʘʧʨʝʤʠʥʩʢʦʿ ʪʝʞʠʥʠ ʠ 

ʤʦʜʫʣʫ ʝʣʘʩʪʠʯʥʦʩʪʠ ʠ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʧʦʩʪʦʿʘˁʘ ʧʨʩʣʠʥʘ ʠ ʜʠʩʢʦʥʪʠʥʫʠʪʝʪʘ; ʫʜʘʨʥʠ ʝʭʦ 

ʪʝʩʪ ʟʘ ʧʨʦʚʝʨʫ ʠʩʧʫˁʝʥʦʩʪʠ ʘʨʤʠʨʘʥʠʭ ʟʠʜʦʚ; ʨʘʜʠʛʨʘʬʩʢʘ ʢʦʥʪʨʦʣʘ ʠ ʤʝʨʝˁʝ ʜʝʙˀʠʥʝ 

ʟʘʰʪʠʪʥʦʛ ʩʣʦʿʘ, ʛʜʝ ʿʝ ʧʨʠʢʣʘʜʥʦ, ʟʘ ʧʦʪʚʨʜʫ ʧʦʣʦʞʘʿʘ ʯʝʣʠʢʘ ʟʘ ʘʨʤʠʨʘˁʝ. 
ʄʦʛʫ˂ʝ ʿʝ ʠʟʚʝʩʪʠ ʜʦʜʘʪʥʘ ʠʩʧʠʪʠʚʘˁʘ ʢʘʢʦ ʙʠ ʩʝ ʧʦʜʠʛʘʦ ʥʠʚʦ ʧʦʫʟʜʘʥʦʩʪʠ ʫ 

ʦʩʦʙʠʥʝ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʟʠʜʘˁʝ ʠʣʠ ʧʨʦʮʝʥʫ ʩʪʘˁʝ ʛʨʘʹʝʚʠʥʝ, ʢʘʦ ʰʪʦ ʩʫ ʠʩʧʠʪʠʚʘˁʝ 

ʐʤʠʪʦʚʠʤ ʯʝʢʠ˂ʝʤ, ʠʩʧʠʪʠʚʘˁʘ ʧʦʤʦ˂ʫ ʭʠʜʨʘʫʣʠʯʢʠʭ ʧʨʝʩʘ ʟʘ ʤʝʨʝˁʝ in-situ ʩʤʠʯʫ˂ʝ 

ʯʚʨʩʪʦ˂ʝ ʟʠʜʦʚʘ ʟʘ ʤʝʨʝˁʝ in-situ ʚʝʨʪʠʢʘʣʥʦʛ ʥʘʧʦʥʘ ʧʨʠʪʠʩʢʘ ʫ ʟʠʜʦʚʠʤʘ, ʠʩʧʠʪʠʚʘˁʝ 

ʧʨʠʪʠʩʥʫʪʝ ʜʠʿʘʛʦʥʘʣʝ ʟʘ ʧʨʦʨʘʯʫʥ ʩʤʠʯʫ˂ʝ ʥʦʩʠʚʦʩʪʠ ʠ ʤʦʜʫʣʘ ʩʤʠʮʘˁʘ ʟʠʜʦʚʘ ʠ 

ʜʝʩʪʨʫʢʪʠʚʥʘ ʠʩʧʠʪʠʚʘˁʘ ʫ ʚʝʣʠʢʦʿ ʨʘʟʤʝʨʠ ʫ ʦʜʨʝʹʝʥʠʤ ʦʙʣʘʩʪʠʤʘ ʠʣʠ ʢʦʜ ʧʦʿʝʜʠʥʠʭ 

ʝʣʝʤʝʥʘʪʘ, ʟʘ ʧʦʚʝ˂ʘʚʘˁʝ ʥʠʚʦʘ ʧʦʟʜʘʥʦʩʪʠ ʫ ʫʢʫʧʥʝ ʦʩʦʙʠʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠʣʠ ʟʘ ʧʨʫʞʘˁʝ 

ʦʜʨʝʹʝʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʢʘʦ ʰʪʦ ʿʝ ʥʦʩʠʚʦʩʪ ʟʠʜʘ ʫʧʨʘʚʥʦ ʥʘ ˁʝʛʦʚʫ ʨʘʚʘʥ, ʧʦʥʘʰʘˁʝ 

ʩʧʦʿʝʚʘ ʠ ʦʪʚʦʨʘ, ʢʘʧʘʮʠʪʝʪ ʜʝʬʦʨʤʘʮʠʿʝ ʠ ʥʦʩʠʚʦʩʪ ʫ ʨʘʚʥʠ ʟʠʜʘ ʠ ʩʣ. 

ʇʈʆʈɸʏʋʅʉʂʀ ʄʆɼɽʃ, ʄɽʊʆɼɽ ɸʅɸʃʀɿɽ ʀ ɼʆʂɸɿ ʉʀɻʋʈʅʆʉʊʀ  

ʇʨʦʿʝʢʪʥʦ ʩʝʠʟʤʠʯʢʦ ʜʝʿʩʪʚʦ ʟʘ ʧʨʦʮʝʥʫ ʩʝʠʟʤʠʯʢʝ ʦʪʧʦʨʥʦʩʪʠ ʧʦʩʪʦʿʝ˂ʠʭ ʟʛʨʘʜʘ 

ʢʦʤʙʠʥʫʿʝ ʩʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʪʘʣʥʠʤ ʠ ʧʨʦʤʝʥˀʠʚʠʤ ʜʝʿʩʪʚʠʤʘ ʫ ʩʢʣʘʜʫ ʩʘ ʦʜʨʝʜʙʘʤʘ 

ʜʘʪʠʤ ʫ ɽʅ 1998-1, ʜʝʦ 3.2.4. ʋʪʠʮʘʿʠ ʦʜ ʩʝʠʟʤʠʯʢʠʭ ʜʝʿʩʪʘʚʘ, ʢʦʿʠ ʩʝ ʢʦʤʙʠʥʫʿʫ ʩʘ 

ʫʪʠʮʘʿʠʤʘ ʦʜ ʜʨʫʛʠʭ ʩʪʘʣʥʠʭ ʠ ʧʨʦʤʝʥˀʠʚʠʭ ʦʧʪʝʨʝ˂ʝˁʘ, ʤʦʛʫ ʩʝ ʦʜʨʝʜʠʪʠ ʢʦʨʠʩʪʝ˂ʠ ʿʝʜʘʥ 

ʦʜ ʥʘʨʝʜʥʠʭ ʤʝʪʦʜʘ ʘʥʘʣʠʟʝ: 1) ɸʥʘʣʠʟʘ ʙʦʯʥʠʭ ʩʠʣʘ (ʣʠʥʝʘʨʥʘ); 2) ʄʦʜʘʣʥʘ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ 

ʦʜʛʦʚʦʨʘ (ʣʠʥʝʘʨʥʘ); 3) ʅʝʣʠʥʝʘʨʥʘ ʩʪʘʪʠʯʢʘ (pushover) ʘʥʘʣʠʟʘ; 4) ʅʝʣʠʥʝʘʨʥʘ ʚʨʝʤʝʥʩʢʘ 

(ʜʠʥʘʤʠʯʢʘ) ʘʥʘʣʠʟʘ; ʠ 5) ʇʨʠʩʪʫʧ ʟʘʩʥʦʚʘʥ ʥʘ ʧʨʠʤʝʥʠ q ʬʘʢʪʦʨʘ. 

ʅʘ ʦʩʥʦʚʫ ʠʥʬʦʨʤʘʮʠʿʘ ʩʘʢʫʧˀʝʥʠʭ ʥʘ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥ ʥʘʯʠʥ, ʧʦʩʪʘʚˀʘ ʩʝ 

ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʄʦʜʝʣ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʪʘʢʘʚ ʜʘ ʩʝ ʫʪʠʮʘʿʠ ʦʜ ʜʝʿʩʪʘʚʘ ʫ ʩʚʠʤ 

ʢʦʥʩʪʨʫʢʮʠʿʩʢʠʤ ʝʣʝʤʝʥʪʠʤʘ ʤʦʛʫ ʦʜʨʝʜʠʪʠ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʦʤʙʠʥʘʮʠʿʝ ʩʝʠʟʤʠʯʢʠʭ 

ʦʧʪʝʨʝ˂ʝˁʘ. ʇʨʠ ʧʦʩʪʘʚˀʘˁʫ ʤʦʜʝʣʘ ʟʘ ʘʥʘʣʠʟʫ, ʪʨʝʙʘ ʧʨʦʮʝʥʠʪʠ ʢʨʫʪʦʩʪ ʟʠʜʦʚʘ ʫʟʠʤʘʿʫ˂ʠ 

ʫ ʦʙʟʠʨ ʜʝʬʦʨʤʘʮʠʿʝ ʠ ʦʜ ʩʘʚʠʿʘˁʘ ʠ ʦʜ ʩʤʠʮʘˁʘ, ʢʦʨʠʩʪʝ˂ʠ ʢʨʫʪʦʩʪ ʠʩʧʨʩʢʘʣʠʭ ʧʨʝʩʝʢʘ. 

ʋʢʦʣʠʢʦ ʥʝ ʧʦʩʪʦʿʝ ʧʨʝʮʠʟʥʠʿʝ ʧʨʦʮʝʥʝ, ʦʙʘ ʜʦʧʨʠʥʦʩʘ ʢʨʫʪʦʩʪʠ (ʢʦʿʘ ʧʦʪʠʯʫ ʠ ʦʜ ʩʘʚʠʿʘˁʝ 

ʠ ʦʜ ʩʤʠʮʘˁʘ) ʤʦʛʫ ʩʝ ʫʟʝʪʠ ʢʘʦ ʿʝʜʥʘ ʧʦʣʦʚʠʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʢʨʫʪʦʩʪʠ ʝʣʝʤʝʥʘʪʘ ʩʘ 
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ʥʝʠʩʧʨʩʢʘʣʠʤ ʧʨʝʩʝʮʠʤʘ. ɿʠʜʘʥʠ ʥʘʜʚʦʿʠ ʤʦʛʫ ʩʝ ʫ ʧʨʦʨʘʯʫʥʩʢʦʤ ʤʦʜʝʣʫ ʫʚʝʩʪʠ ʢʘʦ ʚʝʟʥʝ 

ʛʨʝʜʝ ʠʟʤʝʹʫ ʜʚʘ ʟʠʜʥʘ ʝʣʝʤʝʥʪʘ.  

ɸʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʙʦʯʥʠʭ ʩʠʣʘ ʤʦʛʫ˂ʘ ʿʝ ʫʟ ʟʘʜʦʚʦˀʝˁʝ ʫʩʣʦʚʘ 

ʜʘʪʠʭ ʫ ɽN 1998-1, ʜʝʦ 4.3.3.2.1, ʩʘ ʜʦʜʘʪʢʦʤ ʩʣʝʜʝ˂ʝʛ: ʦʟʥʘʯʘʚʘʿʫ˂ʠ ʩʘ ri = Di / Ci ʦʜʥʦʩ 
ʠʟʤʝʹʫ ʚʝʣʠʯʠʥʝ ʟʘʭʪʝʚʘ Di, ʜʦʙʠʿʝʥʝ ʠʟ ʘʥʘʣʠʟʝ ʫʩʣʝʜ ʢʦʤʙʠʥʘʮʠʿʝ ʩʝʠʟʤʠʯʢʦʛ ʜʝʿʩʪʚʘ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʢʘʧʘʮʠʪʝʪʘ Ci ʟʘ i-ʪʠ "ʜʫʢʪʠʣʥʠ" ʧʨʠʤʘʨʥʠ ʝʣʝʤʝʥʪ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʩʘ rmax ʠ 

rmin ʤʘʢʩʠʤʘʣʥʝ ʠ ʤʠʥʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ri ʩʚʠʭ "ʜʫʢʪʠʣʥʠʭ" ʧʨʠʤʘʨʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʥ-

ʩʪʨʫʢʮʠʿʝ ʩʘ ri > 1, ʦʜʥʦʩ rmax / rmin ʥʝ ʪʨʝʙʘ ʜʘ ʧʨʝʤʘʰʠ ʤʘʢʩʠʤʘʣʥʦ ʧʨʠʭʚʘʪˀʠʚʫ ʚʨʝʜʥʦʩʪ 

ʫ ʠʥʪʝʨʚʘʣʫ ʦʜ 2 ʜʦ 3. ɿʘ ʧʨʦʨʘʯʫʥ ʢʘʧʘʮʠʪʝʪʘ Ci ʫ ʧʨʦʨʘʯʫʥʩʢʦʤ ʤʦʜʝʣʫ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ʢʦʨʠʩʪʝ ʩʝ ʩʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ. ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʢʘʧʘʮʠʪʝʪʘ ʤʦʤʝʥʘ-

ʪʘ ʩʘʚʠʿʘˁʘ Ci ʚʝʨʪʠʢʘʣʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʚʨʝʜʥʦʩʪ ʘʢʩʠʿʘʣʥʝ ʩʠʣʝ ʤʦʞʝ ʩʝ ʫʟʝʪʠ ʩʘʤʦ ʦʜ ʜʝʿʩʪʚʘ 

ʚʝʨʪʠʢʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʋʩʣʦʚʠ ʟʘ ʧʨʠʤʝʥʫ ʤʫʣʪʠ-ʤʦʜʘʣʥʝ ʩʧʝʢʪʨʘʣʥʝ ʤʝʪʦʜʝ ʜʘʪʠ ʩʫ ʫ ɽN 

1998-1, ʜʝʦ 4.3.3.3.1, ʩʘ ʜʦʜʘʪʥʠʤ ʫʩʣʦʚʠʤʘ ʢʘʦ ʢʦʜ ʤʝʪʦʜʝ ʙʦʯʥʠʭ ʩʠʣʘ. 

ʅʝʣʠʥʝʘʨʥʘ ʚʨʝʤʝʥʩʢʘ ʘʥʘʣʠʟʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʧʦʜ ʫʩʣʦʚʠʤʘ ʢʦʿʠ ʩʫ ʜʘʪʠ ʫ ɽN 1998-1. 

ʂʦʜ ʥʝʣʠʥʝʘʨʥʝ ʩʪʘʪʠʯʢʝ ʘʥʘʣʠʟʝ ʧʨʠʤʝˁʫʿʝ ʩʝ ʢʦʥʩʪʘʥʪʥʦ ʛʨʘʚʠʪʘʮʠʦʥʦ ʦʧʪʝʨʝ˂ʝˁʝ ʠ 

ʤʦʥʦʪʦʥʦ ʨʘʩʪʫ˂ʝ ʭʦʨʠʟʦʥʪʘʣʥʦ ʦʧʪʝʨʝ˂ʝˁʝ. ɿʛʨʘʜʝ ʢʦʿʝ ʥʝ ʟʘʜʦʚʦˀʘʚʘʿʫ ʢʨʠʪʝʨʠʿʫʤʝ 

ʨʝʛʫʣʘʨʥʦʩʪʠ ʫ ʦʩʥʦʚʠ ʠʟ ɽN 1998-1, ʘʥʘʣʠʟʠʨʘʿʫ ʩʝ ʧʨʠʤʝʥʦʤ ʧʨʦʩʪʦʨʥʦʛ ʤʦʜʝʣʘ, ʘ ʘʥʘʣʠʟʘ 

ʨʝʛʫʣʘʨʥʠʭ ʟʛʨʘʜʘ ʩʝ ʤʦʞʝ ʩʧʨʦʚʝʩʪʠ ʢʦʨʠʰ˂ʝˁʝʤ ʜʚʘ ʨʘʚʘʥʩʢʘ ʤʦʜʝʣʘ, ʧʦ ʿʝʜʘʥ ʟʘ ʩʚʘʢʠ 

ʛʣʘʚʥʠ ʭʦʨʠʟʦʥʪʘʣʘʥ ʧʨʘʚʘʮ ʟʛʨʘʜʝ. ɸʥʘʣʠʟʫ ʪʨʝʙʘ ʩʧʨʦʚʝʩʪʠ ʥʘʿʤʘˁʝ ʟʘ ʜʚʝ ʨʘʩʧʦʜʝʣʝ 

ʙʦʯʥʠʭ ʩʠʣʘ: "ʫʥʠʬʦʨʤʥʫ" ʨʘʩʧʦʜʝʣʫ, ʛʜʝ ʩʫ ʙʦʯʥʝ ʩʠʣʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʝ ʤʘʩʠ ʙʝʟ ʦʙʟʠʨʘ ʥʘ 

ʚʠʩʠʥʫ ʠ "ʤʦʜʘʣʥʫ" ʨʘʩʧʦʜʝʣʫ, ʩʘ ʨʘʩʧʦʜʝʣʦʤ ʙʦʯʥʠʭ ʩʠʣʘ ʦʜʨʝʹʝʥʦʤ ʫ ʝʣʘʩʪʠʯʥʦʿ ʘʥʘʣʠʟʠ. 

ɹʦʯʥʘ ʦʧʪʝʨʝ˂ʝˁʘ ʪʨʝʙʘ ʜʘ ʩʝ ʥʘʥʝʩʫ ʥʘ ʤʝʩʪʠʤʘ ʧʦʣʦʞʘʿʘ ʤʘʩʘ ʫ ʧʨʦʨʘʯʫʥʩʢʦʤ ʤʦʜʝʣʫ, ʫʟ 

ʫʟʠʤʘˁʝ ʫ ʦʙʟʠʨ ʠ ʩʣʫʯʘʿʥʦʛ ʝʢʩʮʝʥʪʨʠʮʠʪʝʪʘ. ʎʠˀʥʦ ʧʦʤʝʨʘˁʝ ʠ ʚʝʟʘ ʠʟʤʝʹʫ ʫʢʫʧʥʝ 

ʩʤʠʯʫ˂ʝ ʩʠʣʝ ʫ ʦʩʥʦʚʠ ʠ ʮʠˀʥʦʛ ʧʦʤʝʨʘˁʘ, ʪʿ. "ʢʨʠʚʘ ʢʘʧʘʮʠʪʝʪʘ", ʪʨʝʙʘ ʜʘ ʩʝ ʦʜʨʝʜʠ ʫ 

ʩʢʣʘʜʫ ʩʘ ʦʜʨʝʜʙʘʤʘ ʜʘʪʠʤ ʫ ɽʅ 1998-1, ʜʝʦ 4.3.3.4.  

ʋ ʧʨʠʩʪʫʧʫ ʟʘʩʥʦʚʘʥʦʤ ʥʘ ʧʨʠʤʝʥʠ q ʬʘʢʪʦʨʘ (q-factor approach), ʧʨʠʤʝˁʫʿʝ ʩʝ 

ʤʝʪʦʜʜʘʪ ʫ ɽN 1998-1, ʜʝʦ 4.3.3.2 ʠʣʠ 4.3.3.3, ʟʘ ʜʚʝ ʭʦʨʠʟʦʥʪʘʣʥʝ ʢʦʤʧʦʥʝʥʪʝ ʩʝʠʟʤʠʯʢʦʛ 

ʜʝʿʩʪʚʘ. 

ɼʦʢʘʟʝ ʩʠʛʫʨʥʦʩʪʠ ʟʘ "ʢʨʪʝ" ʢʦʤʧʦʥʝʥʪʝ ʠʣʠ ʤʝʭʘʥʠʟʤʝ ʪʨʝʙʘ ʠʟʚʝʩʪʠ ʩʘ ʟʘʭʪʝʚʠʤʘ 

ʠʟʨʘʯʫʥʘʪʠʤ ʠʟ ʫʩʣʦʚʘ ʨʘʚʥʦʪʝʞʝ, ʥʘ ʦʩʥʦʚʫ ʫʪʠʮʘʿʘ ʦʜ ʜʝʿʩʪʘʚʘ ʢʦʿʠ ʩʝ ʥʘ ʢʨʪʝ ʢʦʤʧʦʥʝʥʪʝ 

ʠʣʠ ʤʝʭʘʥʠʟʤʝ ʧʨʝʥʦʩʝ ʧʨʝʢʦ ʜʫʢʪʠʣʥʠʭ ʢʦʤʧʦʥʝʥʪʠ. ʋ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ ʩʚʘʢʠ ʫʪʠʮʘʿ ʦʜ 
ʜʝʿʩʪʘʚʘ, ʧʨʝʥʝʩʝʥ ʩʘ ʜʫʢʪʠʣʥʝ ʢʦʤʧʦʥʝʥʪʝ ʥʘ ʨʘʟʤʘʪʨʘʥʫ ʢʨʪʫ ʢʦʤʧʦʥʝʥʪʫ/ʤʝʭʘʥʠʟʘʤ, ʪʨʝʙʘ 

ʫʟʝʪʠ ʿʝʜʥʘʢ: 1) ʚʨʝʜʥʦʩʪʠ ʟʘʭʪʝʚʘ D ʜʦʙʠʿʝʥʦʛ ʠʟ ʘʥʘʣʠʟʝ, ʘʢʦ ʢʘʧʘʮʠʪʝʪ C ʜʫʢʪʠʣʥʝ ʢʦʤʧʦ-

ʥʝʥʪʝ, ʠʟʨʘʯʫʥʘʪ ʢʦʨʠʰ˂ʝˁʝʤ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʿʘʣʘ, ʟʘʜʦʚʦˀʘʚʘ 

ʫʩʣʦʚ r = D / C ¢ 1; ʠʣʠ 2) ʢʘʧʘʮʠʪʝʪʫ ʜʫʢʪʠʣʥʝ ʢʦʤʧʦʥʝʥʪʝ, ʧʨʦʮʝˁʝʥʠʤ ʧʦʤʦ˂ʫ ʩʨʝʜˁʠʭ 

ʚʨʝʜʥʦʩʪʠ ʩʚʦʿʩʪʘʚʘ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʘ ʩʫ ʧʦʤʥʦʞʝʥʘ ʬʘʢʪʦʨʠʤʘ ʧʦʫʟʜʘʥʦʩʪʠ CF, ʮʝʥʝ˂ʠ 

ʜʦʩʪʠʛʥʫʪʠ ʥʠʚʦ ʟʥʘˁʘ, ʘʢʦ ʿʝ r = D / C > 1. 
ʃʠʥʝʘʨʥʝ ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ ʟʘ ʧʨʦʮʝʥʫ ʝʬʝʢʘʪʘ ʟʝʤˀʦʪʨʝʩʘ ʥʘ ʧʦʩʪʦʿʝ˂ʝ ʦʙʿʝʢʪʝ ʩʝ ʤʦʛʫ 

ʧʨʠʤʝʥʠʪʠ ʧʦʜ ʩʣʝʜʝ˂ʠʤ ʫʩʣʦʚʠʤʘ: 1) ɿʠʜʦʚʠ ʟʘ ʧʨʠʿʝʤ ʙʦʯʥʦʛ ʦʧʪʝʪʝ˂ʝˁʘ ʩʫ ʧʨʘʚʠʣʥʦ 

ʨʘʩʧʦʨʝʹʝʥʠ ʫ ʦʙʘ ʭʦʨʠʟʦʥʪʘʣʥʘ ʧʨʘʚʮʘ  ʠ ʤʦʨʘʿʫ ʙʠʪʠ ʢʦʥʪʠʥʫʘʣʥʠ ʜʫʞ ʩʚʦʿʝ ʚʠʩʠʥʝ;  

2) ʊʘʚʘʥʠʮʝ ʥʘ ʩʫʧʨʦʪʥʠʤ ʩʪʨʘʥʘʤʘ ʟʘʿʝʜʥʠʯʢʦʛ ʟʠʜʘ ʩʫ ʥʘ ʠʩʪʦʿ ʚʠʩʠʥʠ ʠ ʠʤʘʿʫ ʜʦʚʦˀʥʫ 

ʢʨʫʪʦʩʪ ʫ ʩʚʦʿʦʿ ʨʘʚʥʠ ʠ ʜʦʚʦˀʥʦ ʩʫ ʩʧʦʿʝʥʠ ʩʘ ʟʠʜʦʚʠʤʘ ʜʘ ʢʘʦ ʢʨʫʪʝ ʜʠʿʘʬʨʘʛʤʝ ʤʦʛʫ 

ʨʘʩʧʦʜʝʣʠʪʠ ʠʥʝʨʮʠʿʘʣʥʝ ʩʠʣʝ ʥʘ ʟʠʜʦʚʝ; 3) ʅʘ ʩʚʘʢʦʤ ʩʧʨʘʪʫ ʦʜʥʦʩ ʠʟʤʝʹʫ ʙʦʯʥʠʭ ʢʨʫʪʦʩʪʠ 

ʫ ʩʦʧʩʪʚʝʥʦʿ ʨʘʚʥʠ ʥʘʿʢʨʫ˂ʝʛ ʟʠʜʘ ʠ ʥʘʿʩʣʘʙʠʿʝʛ ʧʨʠʤʘʨʥʦʛ ʩʝʠʟʤʠʯʢʦʛ ʟʠʜʘ, ʧʨʦʮʝˁʝʥ ʫʟ 

ʚʦʹʝˁʝ ʨʘʯʫʥʘ ʦ ʧʦʩʪʦʿʘˁʫ ʦʪʚʦʨʘ, ʥʝ ʪʨʝʙʘ ʜʘ ʧʨʝʣʘʟʠ ʚʨʝʜʥʦʩʪ 2,50; ʠ 4) ʅʘʜʚʦʿʠ ʢʦʿʠ ʩʫ 

ʫʢˀʫʯʝʥʠ ʫ ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣ ʩʫ ʥʘʧʨʘʚˀʝʥʠ ʠʣʠ ʦʜ ʙʣʦʢʦʚʘ ʢʦʿʠ ʩʫ ʘʜʝʢʚʘʪʥʦ ʩʧʦʿʝʥʠ ʩʘ 

ʦʥʠʤʘ ʫ ʩʫʩʝʜʥʠʤ ʟʠʜʦʚʠʤʘ ʠʣʠ ʠʤʘʿʫ ʚʝʟʥʝ ʛʨʝʜʝ.   

ʅʝʣʠʥʝʘʨʥʝ ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ (ʩʪʘʪʠʯʢʝ ʠ/ʠʣʠ ʜʠʥʘʤʠʯʢʝ) ʪʨʝʙʘ ʧʨʠʤʝʥʠʪʠ ʫ ʩʣʫʯʘʿʫ 

ʢʘʜʘ ʧʨʝʪʭʦʜʥʠ ʫʩʣʦʚʠ ʥʠʩʫ ʠʩʧʫˁʝʥʠ  ʠ ʪʘʜʘ ʩʝ ʢʘʧʘʮʠʪʝʪ ʜʝʬʠʥʠʰʝ ʫ ʬʫʥʢʮʠʿʠ ʧʦʤʝʨʘˁʘ 
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ʚʨʭʘ ʟʛʨʘʜʝ. ɿʘʭʪʝʚ ʟʘ ʨʘʟʤʘʪʨʘʥʦ ʩʝʠʟʤʠʯʢʦ ʜʝʿʩʪʚʦ, ʢʦʿʠ ʩʝ ʫʧʦʨʝʹʫʿʝ ʩʘ ʢʘʧʘʮʠʪʝʪʦʤ, ʫʟʠʤʘ 

ʩʝ ʢʘʦ ʧʦʤʝʨʘˁʝ ʚʨʭʘ ʟʛʨʘʜʝ ʢʦʿʝ ʦʜʛʦʚʘʨʘ ʮʠˀʥʦʤ ʧʦʤʝʨʘˁʫ ʩʘʛʣʘʩʥʦ ʦʜʨʝʜʙʘʤʘ ɽN 1998-1.  

ɿʘ ʧʨʦʮʝʥʫ ʢʘʧʘʮʠʪʝʪʘ ʢʦʨʠʩʪʝ ʩʝ ʧʨʦʨʘʯʫʥʩʢʠ ʤʦʜʝʣʠ ʟʘ ʛʣʦʙʘʣʥʫ ʧʨʦʮʝʥʫ ʟʛʨʘʜʝ ʠ 

ʤʦʜʝʣʠ ʟʘ ʧʨʦʮʝʥʫ ʥʦʩʝ˂ʠʭ ʝʣʝʤʝʥʘʪʘ, ʩʚʘʢʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ. 

ʂʨʠʪʝʨʠʿʫʤʠ ʧʨʦʮʝʥʝ ʜʘʪʠ ʫ ʬʫʥʢʮʠʿʠ ʛʣʦʙʘʣʥʝ ʦʮʝʥʝ ʦʜʛʦʚʦʨʘ ʟʛʨʘʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʨʠʤʝʥʠ 

ʥʝʣʠʥʝʘʨʥʠʭ ʘʥʘʣʠʟʘ ʢʦʨʠʩʪʝ ʩʝ ʟʘ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʙʣʠʟʫ ʨʫʰʝˁʘ ʠ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʟʥʘʯʘʿ-

ʥʦʛ ʦʰʪʝ˂ʝˁʘ. ʇʨʠ ʨʘʟʤʘʪʨʘˁʫ ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ ʙʣʠʟʫ ʨʫʰʝˁʘ, ʟʘ ʛʨʘʥʠʯʥʠ ʢʘʧʘʮʠʪʝʪ ʧʦʤʝ-

ʨʘˁʘ ʫʟʠʤʘ ʩʝ ʧʦʤʝʨʘˁʝ ʚʨʭʘ ʟʛʨʘʜʝ ʧʨʠ ʢʦʿʝʤ ʫʢʫʧʥʘ ʩʤʠʯʫʯʘ ʩʠʣʘ ʫ ʦʩʥʦʚʠ ʟʛʨʘʜʝ, ʫʩʣʝʜ 

ʧʨʦʛʨʝʩʠʚʥʦʛ ʦʰʪʝ˂ʝˁʘ ʠ ʣʦʤʘ ʧʦʿʝʜʠʥʠʭ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ ʟʘ ʧʨʠʿʝʤ ʙʦʯʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ, 

ʦʧʘʜʥʝ ʠʩʧʦʜ 80% ʤʘʢʩʠʤʘʣʥʝ ʥʦʩʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʿʝ. ʇʨʠ ʨʘʟʤʘʪʨʘˁʫ ʛʨʘʥʠʯʥʦʛ ʩʪʘˁʘ 

ʟʥʘʯʘʿʥʦʛ ʦʰʪʝ˂ʝˁʘ ʫʟʠʤʘ ʩʝ ʜʘ ʛʣʦʙʘʣʥʠ ʢʘʧʘʮʠʪʝʪ ʠʟʥʦʩʠ 3/4 ʛʨʘʥʠʯʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʧʦʤʝ-

ʨʘˁʘ ʜʝʬʠʥʠʩʘʥʦʛ ʟʘ ʩʪʘˁʝ ʙʣʠʟʫ ʨʫʰʝˁʘ. 

ɿʘ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʦʛʨʘʥʠʯʝʥʦʛ ʦʰʪʝ˂ʝˁʘ (DL), ʤʦʛʫ˂ʘ ʩʫ ʜʚʘ ʧʨʠʩʪʫʧʘ. ɸʢʦ ʩʝ 

ʧʨʠʤʝˁʫʿʝ ʣʠʥʝʘʨʥʘ ʘʥʘʣʠʟʘ, ʢʨʠʪʝʨʠʿʫʤ ʟʘ ʛʣʦʙʘʣʥʫ ʧʨʦʮʝʥʫ ʜʝʬʠʥʠʰʝ ʩʝ ʫ ʬʫʥʢʮʠʿʠ 

ʫʢʫʧʥʝ ʩʤʠʯʫ˂ʝ ʩʠʣʝ ʫ ʦʩʥʦʚʠ ʟʛʨʘʜʝ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʨʘʚʮʫ ʩʝʠʟʤʠʯʢʦʛ ʜʝʿʩʪʚʘ. ʄʦʞʝ ʩʝ 

ʫʟʝʪʠ ʜʘ ʿʝ ʫʢʫʧʥʠ ʢʘʧʘʮʠʪʝʪ ʿʝʜʥʘʢ ʟʙʠʨʫ ʩʤʠʯʫ˂ʠʭ ʢʘʧʘʮʠʪʝʪʘ ʧʦʿʝʜʠʥʘʯʥʠʭ ʟʠʜʦʚʘ, ʧʦʰʪʦ 

ʿʝ ʦʥ ʢʦʥʪʨʦʣʠʩʘʥ ʩʘʚʠʿʘˁʝʤ ʠʣʠ ʩʤʠʮʘˁʝʤ ʟʘ ʭʦʨʠʟʦʥʪʘʣʥʠ ʧʨʘʚʘʮ ʩʝʠʟʤʠʯʢʦʛ ʜʝʿʩʪʚʘ. 

ɿʘʭʪʝʚ (ʢʦʿʠ ʩʝ ʫʧʦʨʝʹʫʿʝ ʩʘ ʢʘʧʘʮʠʪʝʪʦʤ) ʿʝ ʧʨʦʮʝˁʝʥʘ ʤʘʢʩʠʤʘʣʥʘ ʩʤʠʯʫ˂ʘ ʩʠʣʘ ʫ ʦʩʥʦʚʠ 

ʟʛʨʘʜʝ ʫ ʪʦʤ ʧʨʘʚʮʫ ʠʟ ʣʠʥʝʘʨʥʝ ʘʥʘʣʠʟʝ. ɸʢʦ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʝʣʠʥʝʘʨʥʘ ʘʥʘʣʠʟʘ, ʢʘʧʘʮʠʪʝʪ 

ʟʘ ʛʣʦʙʘʣʥʫ ʧʨʦʮʝʥʫ ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʪʘʯʢʘ ʧʦʯʝʪʢʘ ʪʝʯʝˁʘ ʠʜʝʘʣʠʟʦʚʘʥʝ ʝʣʘʩʪʠʯʥʝ-ʠʜʝʘʣʥʦ 

ʧʣʘʩʪʠʯʥʝ ʚʝʟʝ ʩʠʣʘ ï ʧʦʤʝʨʘˁʘ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʩʠʩʪʝʤʘ ʩʘ ʿʝʜʥʠʤ ʩʪʝʧʝʥʦʤ ʩʣʦʙʦʜʝ. 

ʇʨʦʮʝʥʘ ʢʘʧʘʮʠʪʝʪʘ ʥʦʩʝ˂ʠʭ ʝʣʝʤʝʥʘʪʘ ʩʧʨʦʚʦʜʠ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʛʨʘʥʠʯʥʦʛ 

ʩʪʘˁʘ ʠ ʩʪʘˁʘ ʥʘʧʨʝʟʘˁʘ ʝʣʝʤʝʥʪʘ: 

ʘ) ɽʣʝʤʝʥʪʠ ʠʟʣʦʞʝʥʠ ʜʝʿʩʪʚʫ ʥʦʨʤʘʣʥʝ ʩʠʣʝ ʠ ʤʦʤʝʥʪʘ ʩʘʚʠʿʘˁʘ: 

ɿʘ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʟʥʘʯʘʿʥʦʛ ʦʰʪʝ˂ʝˁʘ (SD) ʩʤʘʪʨʘ ʩʝ ʜʘ ʿʝ ʢʘʧʘʮʠʪʝʪ ʥʝʘʨʤʠʨʘʥʦʛ 

ʟʠʜʘ ʢʦʥʪʨʦʣʠʩʘʥ ʩʘʚʠʿʘˁʝʤ ʘʢʦ ʿʝ ˁʝʛʦʚ ʩʤʠʯʫ˂ʠ ʢʘʧʘʮʠʪʝʪ, ʜʘʪ ʿʝʜʥʘʯʠʥʦʤ (3), ʤʘˁʠ ʦʜ 

ʚʨʝʜʥʦʩʪʠ ʜʘʪʝ ʠʟʨʘʟʦʤ (6). ʂʘʧʘʮʠʪʝʪ ʥʝʘʨʤʠʨʘʥʦʛ ʟʠʜʘʥʦʛ ʟʠʜʘ ʢʦʿʠ ʿʝ ʢʦʥʪʨʦʣʠʩʘʥ ʩʘʚʠʿʘ-

ˁʝʤ, ʤʦʞʝ ʩʝ ʠʟʨʘʟʠʪʠ ʧʨʝʢʦ ʫʛʣʘ ʦʪʢʣʦʥʘ dr ʠ ʤʦʞʝ ʩʝ ʫʩʚʦʿʠʪʠ ʜʘ ʠʟʥʦʩʠ: 

í
ì
ë

Ö

Ö
=

ʟʠʜʦʚʝ ʩʝʢʫʥʜʘʨʥʝ ʟʘ012,0

ʟʠʜʦʚʝ ʧʨʠʤʘʨʥʝ ʟʘ008,0

0

0

DH

DH
dr  (1) 

ʧʨʠ ʯʝʤʫ ʿʝ D ʭʦʨʠʟʦʥʪʘʣʥʘ ʜʠʤʝʥʟʠʿʘ ʟʠʜʘ ʫ ʨʘʚʥʠ (ʚʠʩʠʥʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʟʠʜʘ), 

ʘ H0 ʨʘʩʪʦʿʘˁʝ ʠʟʤʝʹʫ ʧʨʝʩʝʢʘ ʫ ʢʦʿʝʤ ʿʝ ʜʦʩʪʠʛʥʫʪ ʢʘʧʘʮʠʪʝʪ ʩʘʚʠʿʘˁʘ ʠ ʧʨʝʚʦʿʥʝ ʪʘʯʢʝ. 

ʉʤʠʯʫ˂ʠ ʢʘʧʘʮʠʪʝʪ ʥʝʘʨʤʠʨʘʥʦʛ ʟʠʜʘ, ʢʦʥʪʨʦʣʠʩʘʥ ʩʘʚʠʿʘˁʝʤ ʧʦʜ ʘʢʩʠʿʘʣʥʠʤ ʦʧʪʝ-

ʨʝ˂ʝˁʝʤ N, ʫʟʠʤʘ ʩʝ ʢʘʦ: 

)15,11(
2 0

df
H

ND
V nÖ-

Ö

Ö
=  (2) 

ʛʜʝ ʿʝ nd ʥʦʨʤʘʣʠʟʦʚʘʥʘ ʘʢʩʠʿʘʣʥʘ ʩʠʣʘ: 

d

d
ftD

N

ÖÖ
=n  (3) 

ʋ ʠʟʨʘʟʫ (3) t ʿʝ ʜʝʙˀʠʥʘ ʟʠʜʘ, ʜʦʢ ʿʝ ʩʘ fd ʿʝ ʦʟʥʘʯʝʥʘ ʚʨʝʜʥʦʩʪ: 

m

m
d

CF

f
f =  (4) 

ʛʜʝ ʿʝ fm ʩʨʝʜˁʘ ʯʚʨʩʪʦ˂ʘ ʧʨʠ ʧʨʠʪʠʩʢʫ ʜʦʙʠʿʝʥʘ ʠʟ in-situ ʠʩʧʠʪʠʚʘˁʘ ʠ ʜʦʜʘʪʥʠʭ 

ʠʟʚʦʨʘ ʠʥʬʦʨʤʘʮʠʿʘ, ʘ CFm ʿʝ ʚʨʝʜʥʦʩʪ ʬʘʢʪʦʨʘ ʧʦʫʟʜʘʥʦʩʪʠ ʟʠʜʘ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ 

ʟʥʘˁʘ.  

ɿʘ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʦʛʨʘʥʠʯʝʥʦʛ ʦʰʪʝ˂ʝˁʘ (DL), ʢʘʧʘʮʠʪʝʪ ʟʠʜʘ ʢʦʥʪʨʦʣʠʩʘʥ 

ʩʘʚʠʿʘˁʝʤ ʩʝ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʧʨʝʢʦ ʫʛʣʘ ʦʪʢʣʦʥʘ ʜʘʪʠʤ ʠʟʨʘʟʦʤ (1), ʜʦʢ ʩʝ ʟʘ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ 

ʙʣʠʟʫ ʨʫʰʝˁʘ (NC) ʤʦʞʝ ʫʩʚʦʿʠʪʠ ʜʘ ʫʛʘʦ ʦʪʢʣʦʥʘ ʠʟʥʦʩʠ 4/3 ʚʨʝʜʥʦʩʪʠ ʜʘʪʝ ʿʝʜʥʘʯʠʥʦʤ (1). 
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ʙ) ɽʣʝʤʝʥʪʠ ʠʟʣʦʞʝʥʠ ʜʝʿʩʪʚʫ ʩʤʠʯʫ˂ʝ ʩʠʣʝ: 

ɿʘ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʟʥʘʯʘʿʥʦʛ ʦʰʪʝ˂ʝˁʘ (ʉɼ) ʩʤʘʪʨʘ ʩʝ ʜʘ ʿʝ ʢʘʧʘʮʠʪʝʪ ʥʝʘʨʤʠʨʘʥʦʛ 

ʟʠʜʘ ʢʦʥʪʨʦʣʠʩʘʥ ʩʤʠʮʘˁʝʤ ʘʢʦ ʿʝ ʚʨʝʜʥʦʩʪ ʩʤʠʯʫ˂ʝʛ ʢʘʧʘʮʠʪʝʪʘ ʜʘʪʘ ʿʝʜʥʘʯʠʥʦʤ (6), ʤʘˁʘ 

ʠʣʠ ʿʝʜʥʘʢʘ ʚʨʝʜʥʦʩʪʠ ʢʦʿʘ ʿʝ ʜʘʪʘ ʠʟʨʘʟʦʤ (2). ʂʘʧʘʮʠʪʝʪ ʥʝʘʨʤʠʨʘʥʦʛ ʟʠʜʘʥʦʛ ʟʠʜʘ ʢʦʿʠ ʿʝ 

ʢʦʥʪʨʦʣʠʩʘʥ ʩʤʠʮʘˁʝʤ, ʤʦʞʝ ʩʝ ʠʟʨʘʟʠʪʠ ʧʨʝʢʦ ʫʛʣʘ ʦʪʢʣʦʥʘ dr ʠ ʤʦʞʝ ʩʝ ʫʩʚʦʿʠʪʠ ʢʘʦ: 

í
ì
ë
=

ʟʠʜʦʚʝ ʩʝʢʫʥʜʘʨʥʝ ʟʘ006,0

ʟʠʜʦʚʝ ʧʨʠʤʘʨʥʝ ʟʘ004,0
rd  (5) 

ʉʤʠʯʫ˂ʠ ʢʘʧʘʮʠʪʝʪ ʥʝʘʨʤʠʨʘʥʦʛ ʟʠʜʘ ʢʦʿʠ ʿʝ ʢʦʥʪʨʦʣʠʩʘʥ ʩʤʠʮʘˁʝʤ, ʿʝʜʥʘʢ ʿʝ: 

tDfV df Ö¡Ö=n  (6) 

ʛʜʝ ʿʝ t ʿʝ ʜʝʙˀʠʥʘ ʟʠʜʘ, D' ʚʠʩʠʥʘ ʧʨʠʪʠʩʥʫʪʝ ʟʦʥʝ ʧʦʧʨʝʯʥʦʛ ʧʝʩʝʢʘ ʟʠʜʘ, ʘ fnd 

ʯʚʨʩʪʦ˂ʘ ʟʠʜʘ ʥʘ ʩʤʠʮʘˁʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʧʨʠʩʫʩʪʚʦ ʚʝʨʪʠʢʘʣʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ: 

tD

N
ff md

Ö¡
+= 4,00nn  (7) 

ʋ (7) ʿʝ ʩʘ fnm0 ʦʙʝʣʝʞʝʥʘ ʩʨʝʜˁʘ ʯʚʨʩʪʦ˂ʘ ʥʘ ʩʤʠʮʘˁʝ ʙʝʟ ʧʨʠʩʫʩʪʚʘ ʚʝʨʪʠʢʘʣʥʦʛ 

ʦʧʪʝʨʝ˂ʝˁʘ, ʘ fm ʩʨʝʜˁʘ ʯʚʨʩʪʦ˂ʘ ʥʘ ʧʨʠʪʠʩʘʢ, ʦʙʝ ʜʦʙʠʿʝʥʝ ʠʟ in-situ ʠʩʧʠʪʠʚʘˁʘ ʠ ʜʦʜʘʪʥʠʭ 

ʠʟʚʦʨʘ ʠʥʬʦʨʤʘʮʠʿʘ ʠ ʧʦʜʝˀʝʥʝ ʬʘʢʪʦʨʦʤ ʧʦʫʟʜʘʥʦʩʪʠ, ʮʝʥʝ˂ʠ ʜʦʩʪʠʛʥʫʪʠ ʥʠʚʦ ʟʥʘˁʘ. ɿʘ 

ʧʨʠʤʘʨʥʝ ʩʝʠʟʤʠʯʢʝ ʟʠʜʦʚʝ, ʦʙʝ ʯʚʨʩʪʦ˂ʝ ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʜʘˀʝ ʜʝʣʝ ʩʘ ʧʘʨʮʠʿʘʣʥʠʤ ʢʦʝʬʠ-

ʮʠʿʝʥʪʦʤ ʩʠʛʫʨʥʦʩʪʠ ʟʘ ʝʣʝʤʝʥʪʝ ʟʘ ʟʠʜʘˁʝ ʫ ʩʢʣʘʜʫ ʩʘ ɽN 1998-1, ʜʝʦ 9.6. 

 ɿʘ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʦʛʨʘʥʠʯʝʥʦʛ ʦʰʪʝ˂ʝˁʘ (DL), ʢʘʧʘʮʠʪʝʪ ʟʠʜʘ ʢʦʥʪʨʦʣʠʩʘʥ 

ʩʤʠʮʘˁʝʤ ʩʝ ʫʟʠʤʘ ʧʨʝʢʦ ʫʛʣʘ ʦʪʢʣʦʥʘ ʜʘʪ ʠʟʨʘʟʦʤ (5), ʜʦʢ ʩʝ ʟʘ ʛʨʘʥʠʯʥʦ ʩʪʘˁʝ ʙʣʠʟʫ 

ʨʫʰʝˁʘ (NC) ʤʦʞʝ ʫʩʚʦʿʠʪʠ ʜʘ ʫʛʘʦ ʦʪʢʣʦʥʘ ʠʟʥʦʩʠ 4/3 ʚʨʝʜʥʦʩʪʠ ʜʘʪʝ ʿʝʜʥʘʯʠʥʦʤ (5). 

ɿɸʂɲʋʏɸʂ 

ʅʘ ʦʩʥʦʚʫ ʟʘʢˀʫʯʘʢʘ ʦ ʧʨʦʮʝʥʠ ʩʪʘˁʘ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ/ʠʣʠ ʦ ʧʨʠʨʦʜʠ ʠ ʚʝʣʠʯʠʥʠ 

ʦʰʪʝ˂ʝˁʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʦʥʝʪʠ ʦʜʣʫʢʫ ʦ ʢʦʥʩʪʨʫʢʮʠʿʩʢʦʿ ʠʥʪʝʨʚʝʥʮʠʿʠ. ʀʟʙʦʨ ʚʨʩʪʝ, ʪʝʭʥʠʢʝ, 

ʦʙʠʤʘ ʠ ʭʠʪʥʦʩʪʠ ʠʥʪʝʨʚʝʥʮʠʿʝ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʟʘʩʥʦʚʘʥ ʥʘ ʧʦʜʘʮʠʤʘ ʦ ʢʦʥʩʪʨʫʢʮʠʿʠ ʩʘʢʫʧˀʝ-

ʥʠʤ ʪʦʢʦʤ ʧʨʦʮʝʥʝ ʩʪʘˁʘ ʟʛʨʘʜʝ, ʧʨʠ ʯʝʤʫ ʩʚʝ ʫʦʯʝʥʝ ʚʝʣʠʢʝ ʣʦʢʘʣʥʝ ʛʨʝʰʢʝ ʪʨʝʙʘ ʥʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ ʠʩʧʨʘʚʠʪʠ. ʋ ʩʣʫʯʘʿʫ ʠʟʨʘʟʠʪʦ ʥʝʨʝʛʫʣʘʨʥʠʭ ʟʛʨʘʜʘ (ʠ ʫ ʩʤʠʩʣʫ ʢʨʫʪʦʩʪʠ 

ʠ ʫ ʩʤʠʩʣʫ ʨʘʩʧʦʜʝʣʝ ʧʨʝʢʦʤʝʨʥʝ ʥʦʩʠʚʦʩʪʠ), ʪʨʝʙʘ ʧʦʙʦˀʰʘʪʠ ʨʝʛʫʣʘʨʥʦʩʪ ʢʦʥʩʪʨʫʢʮʠʿʝ 

ʰʪʦ ʿʝ ʚʠʰʝ ʤʦʛʫ˂ʝ ʠ ʫ ʧʨʝʩʝʢʫ ʠ ʫ ʦʩʥʦʚʠ. ɿʘʭʪʝʚʘʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʝʛʫʣʘʨʥʦʩʪʠ ʠ ʦʪʧʦʨ-

ʥʦʩʪʠ ʤʦʛʫ ʩʝ ʧʦʩʪʠ˂ʠ ʠʣʠ ʠʟʤʝʥʦʤ ʥʦʩʠʚʦʩʪʠ ʠ/ʠʣʠ ʢʨʫʪʦʩʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʙʨʦʿʘ ʧʦʩʪʦ-

ʝʿ˂ʠʭ ʢʦʤʧʦʥʝʥʪʠ ʠʣʠ ʫʚʦʹʝˁʝʤ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʠʿʩʢʠʭ ʝʣʝʤʝʥʘʪʘ.  

ʇʦʚʝ˂ʘˁʝ ʣʦʢʘʣʥʝ ʜʫʢʪʠʣʥʦʩʪʠ ʪʨʝʙʘ ʠʟʚʝʩʪʠ ʛʜʝ ʛʦʜ ʿʝ ʪʦ ʧʦʪʨʝʙʥʦ, ʘ ʧʦʚʝ˂ʘˁʝ 

ʥʦʩʠʚʦʩʪʠ ʥʘʢʦʥ ʠʥʪʝʨʚʝʥʮʠʿʝ ʥʝ ʩʤʝ ʜʘ ʫʤʘˁʠ ʨʘʩʧʦʣʦʞʠʚʫ ʛʣʦʙʘʣʥʫ ʜʫʢʪʠʣʥʦʩʪ. ʂʦʜ 

ʟʠʜʘʥʠʭ ʟʛʨʘʜʘ ʥʝʜʫʢʪʠʣʥʝ ʥʘʜʚʨʘʪʥʝ ʛʨʝʜʝ ʪʨʝʙʘ ʟʘʤʝʥʠʪʠ, ʥʝʘʜʝʢʚʘʪʥʝ ʩʧʦʿʝʚʝ ʠʟʤʝʹʫ 

ʪʘʚʘʥʠʮʘ ʠ ʟʠʜʦʚʘ ʪʨʝʙʘ ʧʦʙʦˀʰʘʪʠ, ʘ ʭʦʨʠʟʦʥʪʘʣʥʝ ʧʨʠʪʠʩʢʝ ʢʦʿʠ ʜʝʣʫʿʫ ʫʧʨʘʚʥʦ ʥʘ ʨʘʚʘʥ 

ʟʠʜʦʚʘ ʪʨʝʙʘ ʫʢʣʦʥʠʪʠ. 

ʋ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ, ʫ ʦʢʚʠʨʫ ʩʝʠʟʤʠʯʢʝ ʨʝʭʘʙʠʣʠʪʘʮʠʿʝ ʟʠʜʘʥʠʭ ʟʛʨʘʜʘ, 

ʥʘʿʚʝ˂ʘ ʧʘʞˁʘ ʩʝ ʧʦʩʚʝ˂ʫʿʝ ʤʝʪʦʜʘʤʘ ʟʘ ʦʿʘʯʘˁʝ ʚʝʨʪʠʢʘʣʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʥʩʪʨʫʢʮʠʿʝ. 

ʆʩʥʦʚʥʠ ʨʘʟʣʦʛ ʟʘ ʦʚʘʢʘʚ ʧʨʠʩʪʫʧ ʿʝ ʟʥʘʯʘʿ ʢʦʿʠ ʟʠʜʦʚʠ ʠ ʩʪʫʙʦʚʠ ʠʤʘʿʫ, ʢʘʢʦ ʟʘ ʙʦʯʥʫ 

ʩʪʘʙʠʣʥʦʩʪ, ʪʘʢʦ ʠ ʟʘ ʧʨʠʿʝʤ ʛʨʘʚʠʪʘʮʠʦʥʦʛ ʦʧʪʝʨʝ˂ʝˁʘ. ʋ ʘʥʝʢʩʫ ʎ ʜʦʢʫʤʝʥʪʘ ɽN 1998-3 

ʧʨʝʜʚʠʹʝʥʝ ʩʫ ʩʣʝʜʝ˂ʝ ʪʝʭʥʠʢʝ ʩʘʥʘʮʠʿʘ ʠ ʦʿʘʯʘˁʘ ʟʠʜʘʥʠʭ ʟʛʨʘʜʘ: ʩʘʥʘʮʠʿʘ ʧʫʢʦʪʠʥʘ; 

ʩʘʥʘʮʠʿʘ ʠ ʦʿʘʯʘˁʝ ʩʧʦʿʝʚʘ ʟʠʜʦʚʘ; ʦʿʘʯʘˁʝ ʠ ʫʢʨʫ˂ʠʚʘˁʝ ʭʦʨʠʟʦʥʪʘʣʥʠʭ ʜʠʿʘʬʨʘʛʤʠ 

(ʪʘʚʘʥʠʮʘ); ʩʘʥʘʮʠʿʘ ʚʝʟʥʠʭ ʛʨʝʜʘ; ʦʿʘʯʘˁʝ ʟʛʨʘʜʘ ʧʦʤʦ˂ʫ ʯʝʣʠʯʥʠʭ ʟʘʪʝʛʘ; ʦʿʘʯʘˁʝ 

ʚʠʰʝʩʣʦʿʥʠʭ ʟʠʜʦʚʘ; ʦʿʘʯʘˁʝ ʟʠʜʦʚʘ ʧʦʤʦ˂ʫ ʘʨʤʠʨʘʥʦʙʝʪʦʥʩʢʠʭ ʦʙʚʦʿʥʠʮʘ ʠʣʠ ʯʝʣʠʯʥʠʭ 

ʧʨʦʬʠʣʘ ʠ ʦʿʘʯʘˁʝ ʟʠʜʦʚʘ ʧʦʤʦ˂ʫ ʦʙʘʚʠʿʘˁʘ ʧʦʣʠʤʝʨʥʠʤ ʤʨʝʞʘʤʘ. 
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ʈɽɿʀʄɽ 

ʋ ʨʘʯʫʥʘʨʩʢʠʤ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʚʝʣʠʢʠ ʙʨʦʿ ʦʩʦʙʘ ʢʦʨʠʩʪʠ ʟʘʿʝʜʥʠʯʢʫ ʦʧʨʝʤʫ. ʇʨʠ ʪʦʤʝ, ʥʝʢʠ ʜʝʣʦʚʠ 

ʦʧʨʝʤʝ, ʢʘʦ ʰʪʦ ʩʫ ʨʘʯʫʥʘʨʩʢʠ ʤʠʰ ʠ ʪʘʩʪʘʪʫʨʘ ʩʫ ʥʘʿʠʟʣʦʞʝʥʠʿʠ ʜʦʜʠʨʠʤʘ.  ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʨʘʜʘ ʿʝ ʠʟʚʨʰʝʥʘ 

ʙʘʢʪʝʨʠʦʣʦʰʢʘ ʘʥʘʣʠʟʘ ʨʘʯʫʥʘʩʢʠʭ ʤʠʰʝʚʘ. ʊʘʢʦʹʝ ʿʝ ʠ ʠʟʚʨʰʝʥʦ ʘʥʢʝʪʠʨʘˁʝ ʩʪʫʜʝʥʘʪʘ, ʢʦʨʠʩʥʠʢʘ 

ʨʘʯʫʥʘʨʩʢʠʭ ʫʯʠʦʥʠʮʘ, ʫ ʚʝʟʠ ʩʘ ˁʠʭʦʚʠʤ ʭʠʛʠʿʝʥʩʢʠʤ ʥʘʚʠʢʘʤʘ ʟʘ ʚʨʝʤʝ ʦʜʨʞʘʚʘˁʘ ʥʘʩʪʘʚʝ ʫ ʥʘʚʝʜʝʥʠʤ 

ʫʯʠʦʥʠʮʘʤʘ.  

ʂˀʫʯʥʝ ʨʝʯʠ: ʈʘʯʫʥʘʨʩʢʘ ʦʧʨʝʤʘ, ʭʠʛʠʿʝʥʩʢʝ ʥʘʚʠʢʝ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ, ʝʰʝʨʠʭʠʿʘ ʢʦʣʠ 

ABSTRACT 

In computer labs, many people use the common computer equipment. Thereby, some parts of the equipment, 

like the mouse or the keyboard, are most frequently exposed to contacts. Herein, we conducted the bacteriological 

analysis of the computer mouse. In addition, we interviewed computer lab users (students) in order to obtain data about 

their hygiene habits during lessons in computer labs. 

Keywords: Computer equipment, hygiene habits, bacteria, Escherichia coli 

ʋɺʆɼ 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʨʛʘʥʠʟʤʝ ʤʠʢʨʦʩʢʦʧʩʢʠʭ ʚʝʣʠʯʠʥʘ. ɺʝ˂ʠʥʘ ˁʠʭ 

ʤʦʞʝ ʩʝ ʫʦʯʠʪʠ ʫʟ ʧʦʤʦ˂ ʩʚʝʪʣʦʩʥʦʛ ʤʠʢʨʦʩʢʦʧʘ. ʄʝ́ʫʪʠʤ, ʥʝʢʠ ʦʜ ˁʠʭ, ʥʧʨ. ʚʠʨʫʩʠ, ʪʘʢʦ 

ʩʫ ʩʠʪʥʠ, ʜʘ ʿʝ ʟʘ ˁʠʭʦʚʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʧʦʪʨʝʙʥʘ ʧʨʠʤʝʥʘ ʝʣʝʢʪʨʦʥʩʢʦʛ ʤʠʢʨʦʩʢʦʧʘ. 

ʄʠʢʨʦʦʨʛʘʥʠʟʤʠ ʤʝ́ʫʩʦʙʥʦ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʨʝʤʘ: ʤʦʨʬʦʣʦʢhʠʤ, ʬʠʟʠʦʣʦʢhʠʤ ʠ 

ʙʠʦʭʝʤʠʿʩʢʠʤ ʦʩʦʙʠʥʘʤʘ. ʆʜʣʠʢʫʿʫ ʩʝ ʚʝʣʠʢʠʤ ʨʘʩʧʨʦʩʪʨʘˁʝʥʦʰ˂ʫ. ʉʪʘʥʦʚʥʠʮʠ ʩʫ 

ʟʝʤˀʠʪhʘ, ʚʦʜʝ ʠ ʚʘʟʜʫʭʘ, ʧʦʟʥʘʪʠ ʩʫ ʢʘʦ ʟʘʛʘʠ́ʚʘʯʠ ʩʪʦʯʥʝ ʭʨʘʥʝ ʠ ʞʠʚʦʪʥʠʭ ʥʘʤʠʨʥʠʮʘ, 

ʢʘʦ ʠ ʩʠʨʦʚʠʥʘ ʟʘ ˁʠʭʦʚʫ ʧʨʦʠʟʚʦʜˁʫ. ʅʝʢʠ ʦʜ ˁʠʭ ʠʤʘʿʫ ʩʧʦʩʦʙʥʦʩʪ ʧʘʨʘʟʠʪʠʨʘˁʘ ʫ 

ʙʠˀʥʦʤ, ʞʠʚʦʪʠˁʩʢʦʤ ʠ ʯʦʚʝʯʠʿʝʤ ʦʨʛʘʥʠʟʤʫ ʠ ʫʟʨʦʯʥʠʮʠ ʩʫ ʨʘʟʣʠʯʠʪʠʭ ʦʙʦˀʝˁʘ. ʉʘ 
ʜʨʫʛʝ ʩʪʨʘʥʝ, ʫ ʪʦʤ ʤʥʦhʪʚʫ ʧʦʩʪʦʿʝ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʢʦʿʠ ʩʫ ʢʦʨʠʩʥʠ ʟʘ ʯʦʚʝʢʘ [1].  

ʂʘʦ ʢʦʥʪʘʤʠʥʝʥʪʠ ʠ ʫʟʨʦʯʥʠʮʠ ʨʘʟʥʠʭ ʙʦʣʝʩʪʠ ʧʦʿʘʚˀʫʿʫ ʩʝ: ʙʘʢʪʝʨʠʿʝ, ʛˀʠʚʝ ʠ 

ʚʠʨʫʩʠ. ʉʚʦʿʝ ʢʦʣʦʥʠʿʝ ʧʨʘʚʝ ʥʘ ʙʨʦʿʥʠʤ ʧʨʝʜʤʝʪʠʤʘ ʢʦʿʝ ʩʚʘʢʦʜʥʝʚʥʦ ʢʦʨʠʩʪʠʤʦ: ʥʘ 

ʯʝʪʢʠʮʘʤʘ ʟʘ ʟʫʙʝ, ʯʘʰʘʤʘ, ʩʫʥʹʝʨʠʤʘ, ʘʣʠ, ʚʝʨʦʚʘʣʠ ʠʣʠ ʥʝ, ʠ ʥʘ ʪʘʩʪʘʪʫʨʠ  ʠ ʤʠʰʝʚʠʤʘ 

ʨʘʯʫʥʘʨʘ. 

ʆʜ ʩʚʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʫ ʦʚʦʤ ʨʘʜʫ ʧʘʞˁʘ ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʧʨʠʩʫʩʪʚʫ ʙʘʢʪʝʨʠʿʘ ʠ ʪʦ 

ʥʘ ʤʠʰʝʚʠʤʘ ʫ ʨʘʯʫʥʘʨʩʢʠʤ ʫʯʠʦʥʠʮʘʤʘ.  

ɹɸʂʊɽʈʀɱɽ ʅɸ ʈɸʏʋʅɸʈʉʂʆɱ ʆʇʈɽʄʀ 

ɹʘʢʪʝʨʠʿʝ ʩʫ ʿʝʜʥʦ˂ʝʣʠʿʩʢʠ ʦʨʛʘʥʠʟʤʠ ʢʦʿʠ ʥʠʩʫ ʚʠʜˀʠʚʠ ʛʦʣʠʤ ʦʢʦʤ. ʅʘʿʩʪʘʨʠʿʠ ʩʫ, 

ʥʘʩʪʘʣʠ ʧʨʝ ʦʢʦ 3,4 ʤʠʣʠʿʘʨʜʝ ʛʦʜʠʥʘ ʠ ʥʘʿʙʨʦʿʥʠʿʠ ʦʨʛʘʥʠʟʤʠ ʥʘ ʥʘʰʦʿ ʧʣʘʥʝʪʠ. ʅʝʢʠ ʩʫ 

ʿʘʢʦ ʢʦʨʠʩʥʠ ʟʘ ʯʦʚʝʢʘ, ʘ ʥʝʢʠ ʧʘʢ ʠʟʘʟʠʚʘʿʫ ʚʝʣʠʢʝ ʧʨʦʙʣʝʤʝ ʫ ʬʫʥʢʮʠʦʥʠʩʘˁʫ ʥʘʰʝʛ 

ʦʨʛʘʥʠʟʤʘ ʠ ʠʟʘʟʠʚʘʿʫ ʙʨʦʿʥʝ ʙʦʣʝʩʪʠ. ʀʘʢʦ ʪʦʛʘ ʤʦʞʜʘ ʥʠʩʤʦ ʩʚʝʩʥʠ, ʙʘʢʪʝʨʠʿʝ ʩʫ 

ʧʨʠʩʫʪʥʝ ʫ ʩʚʠʤ ʚʨʩʪʘʤʘ ʩʪʘʥʠʰʪʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ˀʫʜʩʢʠ ʦʨʛʘʥʠʟʘʤ. ʋ ʦʨʛʘʥʠʟʘʤ ʜʦʩʧʝʚʘʿʫ 

ʩʘ ʨʘʟʥʠʭ ʧʨʝʜʤʝʪʘ ʫ ʪʦʢʫ ʢʦʨʠʰ˂ʝˁʘ. ʇʨʦʙʣʝʤ ʥʘʩʪʘʿʝ ʢʘʜʘ ʧʦʩʪʦʿʠ ʚʠʰʝ ʢʦʨʠʩʥʠʢʘ ʠʩʪʝ 

ʦʧʨʝʤʝ, ʘ ʠ ʢʦʨʠʩʥʠʢʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʞʠʚʦʪʥʠʤ ʥʘʚʠʢʘʤʘ. ʋ ʪʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʤʦʛʫ˂ʥʦʩʪ 

ʜʘ ʜʦʹʝ ʜʦ ʥʝʢʝ ʟʘʨʘʟʝ ʿʝ ʟʥʘʪʥʦ ʚʝ˂ʘ. ʋ ʨʘʜʫ ʿʝ ʧʠʩʘʥʦ ʦ ʥʘʚʠʢʘʤʘ ʩʪʫʜʝʥʘʪʘ ʧʨʠ ʨʘʜʫ ʥʘ 

ʨʘʯʫʥʘʨʠʤʘ ʫ ʪʦʢʫ ʰʢʦʣʩʢʠʭ ʚʝʞʙʠ. ʋ ʢʘʩʥʠʿʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ˂ʝ ʩʝ ʚʠʜʝʪʠ ˁʠʭʦʚʝ ʥʘʚʠʢʝ ʠ 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʠʥʠʭ ʩʪʫʜʠʿʘ, ʅʦʚʠ ʉʘʜ 
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ʧʨʠʩʫʩʪʚʦ ʦʜʨʝʹʝʥʠʭ ʙʘʢʪʝʨʠʿʘ. ʇʦʨʝʜ ʧʨʠʩʫʩʪʚʘ ʦʜʨʝʹʝʥʠʭ ʧʘʪʦʛʝʥʠʭ ʙʘʢʪʝʨʠʿʘ ʣʦʰʘ 

ʥʘʚʠʢʘ ʿʝ ʥʝʰʪʦ ʰʪʦ ʜʦʧʨʠʥʦʩʠ ʩʪʚʘʨʘˁʫ ʠ ʰʠʨʝˁʫ ʠʥʬʝʢʮʠʿʘ.  

ʀʥʬʝʢʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʙʦʣʝʩʪ ʢʦʿʘ ʥʘʩʪʘʿʝ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʫʥʦʩʘ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʢʦʿʠ 

ʠʟʘʟʠʚʘʿʫ ʙʦʣʝʩʪʠ. ʀʥʬʝʢʪʠʚʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʙʦʣʝʩʪ ʧʨʦʠʟʚʦʜˁʦʤ 

ʝʥʪʝʨʦʪʦʢʩʠʥʘ ʫ ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʦʤ ʪʨʘʢʪʫ ʠʣʠ ʩʨʘʩʪʘˁʝʤ ʠ/ʠʣʠ ʫʨʘʩʪʘˁʝʤ ʫ ʪʢʠʚʘ [2]. 

ɽʬʠʢʘʩʥʝ ʩʘʥʠʪʘʨʥʝ ʧʨʦʮʝʜʫʨʝ ʩʫ ʥʝʦʧʭʦʜʥʝ ʢʘʢʦ ʙʠ ʩʝ ʫʩʧʝʥhʦ ʩʫʧʨʦʪʩʪʘʚʠʣʠ 

ˁʠʭʦʚʦʤ ʫʙʨʟʘʥʦʤ ʨʘʟʤʥʦʞʘʚʘˁʫ ʠ ʨʘʩʪʫ ʠ ʘʢʪʠʚʥʦʩʪʠ. ɻʣʘʚʥʠ ʠʟʘʟʦʚ ʟʘ ʩʘʥʠʪʘʨʥʦʛ 

ʨʘʜʥʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʟʘhʪʠʪʘ ʧʨʦʠʟʚʦʜʥʝ ʦʙʣʘʩʪʠ, ʠ ʜʨʫʛʠʭ ʣʦʢʘʮʠʿʘ ʢʦʿʝ ʩʫ ʫ ʪʦ ʫʢˀʫʯʝʥʝ, 

ʦʜ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʢʦʿʠ ʫʤʘˁʫʿʫ ʟʜʨʘʚʩʪʚʝʥʫ ʩʠʛʫʨʥʦʩʪ. ʂʦʥʪʘʤʠʥʘʮʠʿʘ ʨʘʟʥʠʭ ʧʦʚʨʰʠʥʘ 

ʩʝ ʿʘʚˀʘ  ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʣʦhʝ ʭʠʛʠʿʝʥʝ ʢʦʨʠʩʥʠʢʘ ʦʜʨʝʹʝʥʠʭ ʧʨʝʜʤʝʪʘ. 

ʅʘ ʨʘʩʪ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʫʪʠʯʫ ʠ ʬʘʢʪʦʨʠ ʦʢʨʫʞʝˁʘ. ʅʘʨʦʯʠʪʦ ʚʘʞʥʠ ʬʘʢʪʦʨʠ ʟʘ 

ʨʘʩʪ, ʨʘʟʤʥʦʞʘʚʘˁʝ ʠ ʧʨʝʞʠʚˀʘʚʘˁʝ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʩʫ: ʪʝʤʧʝʨʘʪʫʨʘ ʫʩʢʣʘʜʠʪhʝˁʘ, 

ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʦʢʦʣʠʥʝ, ʧʨʠʩʫʪʥʦʩʪ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʛʘʩʦʚʘ, ʧʨʠʩʫʪʥʦʩʪ ʠ ʜʝʣʦʚʘˁʝ 

ʜʨʫʛʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ[3].  

ʊʝʤʧʝʨʘʪʫʨʘ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʫʪʠʯʝ ʥʘ ʨʘʩʪ 

ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ. ʄʠʢʨʦʦʨʛʘʥʠʟʤʠ ʠʤʘʿʫ ʦʧʪʠʤʘʣʥʫ, ʤʠʥʠʤʘʣʥʫ ʠ ʤʘʢʩʠʤʘʣʥʫ ʪʝʤʧʝʨʘʪʫʨʫ 

ʟʘ ʨʘʩʪ. ɴʝʣʠʿʝ ʨʘʩʪʫ ʫ ʦʢʚʠʨʫ ʧʦʪʧʫʥʦ ʦʜʨʝʝ́ʥʦʛ ʨʘʩʧʦʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʪʘ. ʊʘʿ ʨʘʩʧʦʥ 

ʨʘʩʪʘ ʦʜʨʝʝ́ʥ ʿʝ ʤʠʥʠʤʘʣʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ, ʠʩʧʦʜ ʢʦʿʝ ʩʫ ʝ˂ʣʠʿʝ ʤʝʪʘʙʦʣʠʯʢʠ ʥʝʘʢʪʠʚʥʝ, ʠ 

ʤʘʢʩʠʤʘʣʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ, ʠʟʥʘʜ ʢʦʿʝ ʝ˂ʣʠʿʝ ʥʝ ʨʘʩʪʫ. ʀʟʤʝ́ʫ ʪʠʭ ʝʢʩʪʨʝʤʘ ʿʝ ʦʧʪʠʤʘʣʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʩʪʘ ʧʨʠ ʢʦʿʦʿ ʝ˂ʣʠʿʝ ʥʘʿʙʨʞʝ ʨʘʩʪʫ ʠ ʨʘʟʤʥʦʞʘʚʘʿʫ ʩʝ. ʉʪʦʛʘ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʢʨʫʞʝˁʘ ʥʝ ʦʜʨʝʫ́ʿʝ ʩʘʤʦ ʙʨʟʠʥʫ ʨʘʟʤʥʦʞʘʚʘˁʘ, ʚʝ˂ ʠ ʨʦʜ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʢʦʿʠ ʝ˂ ʩʝ 

ʨʘʟʚʠʿʘʪʠ ʠ ʩʪʝʧʝʥ ʘʢʪʠʚʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ. ʅʘ ʧʨʠʤʝʨ, ʧʨʦʤʝʥʘ ʟʘ ʩʘʤʦ ʥʝʢʦʣʠʢʦ 

ʩʪʝʧʝʥʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʦʞʝ ʧʦʜʩʪʘʠ˂ ʨʘʩʪ ʧʦʪʧʫʥʦ ʜʨʫʛʘʯʠʿʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʠ 
ʨʝʟʫʣʪʠʨʘʪʠ ʜʨʫʛʘʯʠʿ ʦʿ ʠʥʬʝʢʮʠʿʠ ʠ ʧʦʿʘʚʠ ʜʨʫʛʝ ʙʦʣʝʩʪʠ. [3].       

ʇʨʠ ʥʦʨʤʘʣʥʦʤ ʘʪʤʦʩʬʝʨʩʢʦʤ ʧʨʠʪʠʩʢʫ ʤʠʢʨʦʙʠʦʣʦʰʢʠ ʩʝ ʨʘʩʪ ʤʦʞʝ ʦʜʚʠʿʘʪʠ ʫ 

ʨʘʩʧʦʥʫ ʪʝʤʧʝʨʘʪʫʨʝ ʦʜ -10°C do 110°C. ʅʘʿʚʘʞʥʠʿʠ ʿʝ ʧʨʠ ʪʦʤʝ ʟʘʭʪʝʚ ʜʘ ʩʝ ʚʦʜʘ, ʢʘʦ ʦʩʥʦʚʘ 

ʨʘʩʪʘ, ʥʘʣʘʟʠ ʫ ʦʙʣʠʢʫ ʢʦʿʠ ʤʦʛʫ ʜʘ ʢʦʨʠʩʪʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ. [3].      ʆʧʪʠʤʘʣʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʘ ʨʘʟʤʥʦʞʘʚʘˁʝ ʚʝ˂ʠʥʝ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʿʝ ʦʜ 14ÁC do 40°C, ʠʘʢʦ ʥʝʢʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ 

ʨʘʩʪʫ ʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʠʩʧʦʜ 0ÁC, ʘ ʧʦʿʝʜʠʥʠ ʨʦʜʦʚʠ ʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʯʘʢ ʠ ʜʦ 100°C [2].  

ʈʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ - ʆʚʘʿ ʩʧʦˀʘʰˁ ʠ ʬʘʢʪʦʨ ʫʪʠʯʝ ʥʘ ʨʘʩʪ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʠ 

ʤʦʞʝ ʙʠʪʠ ʧʦʜ ʫʪʠʮʘʿʝʤ ʪʝʤʧʝʨʘʪʫʨʝ. ʉʚʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ ʠʤʘʿʫ ʚʝʣʠʢʝ ʧʦʪʨʝʙʝ ʟʘ ʚʦʜʦʤ, 

ʢʦʿʘ ʧʦʜʩʪʠʯʝ ˁʠʭʦʚ ʨʘʩʪ ʠ ʘʢʪʠʚʥʦʩʪ. ɺʠʩʦʢʘ ʨʝʣʘʪʠʚʥʘ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ 

ʢʦʥʜʝʥʟʘʮʠʿʝ ʚʣʘʛʝ ʥʘ ʦʧʨʝʤʠ, ʟʠʜʦʚʠʤʘ ʠ ʪʘʚʘʥʠʮʘʤʘ. ʂʦʥʜʝʥʟʘʮʠʿʘ ʜʦʚʦʜʠ ʜʦ ʚʣʘʞʥʦʩʪʠ 

ʧʦʚʨʠhʥʘ, ʪhʦ ʧʦʛʦʜʫʿʝ ʨʘʩʪʫ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ. ʇʦʰʪʦ ʩʝ ʨʘʜ ʦʜʥʦʩʠ ʥʘ ʧʨʠʩʫʩʪʚʦ 

ʙʘʢʪʝʨʠʿʘ ʥʘ ʨʘʯʫʥʘʨʩʢʠʤ ʤʠʰʝʚʠʤʘ, ʤʦʞʝʤʦ ʨʝ˂ʠ ʜʘ ʿʝ ʫʩʣʝʜ ʟʥʦʿʝˁʘ ʨʫʢʫ ʢʦʨʠʩʥʠʢʘ 

ʧʨʠʩʫʩʪʚʦ ʚʣʘʛʝ ʧʦʚʝ˂ʘʥʦ ʘ ʪʠʤʝ ʩʫ ʦʙʝʟʙʝʹʝʥʠ ʫʩʣʫʚʠ ʟʘ ʧʦʚʝ˂ʘʥʦ ʨʘʟʤʥʦʞʘʚʘˁʝ ʙʘʢʪʝʨʠʿʘ. 

ɹʘʢʪʝʨʠʿʝ ʟʘʭʪʝʚʘʿʫ ʚʝ˂ʫ ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʦʜ ʢʚʘʩʘʮʘ ʠ ʧʣʝʩʥʠ [2]. ʆʜ ʙʘʢʪʝʨʠʿʘ ʢʦʿʝ 

ʩʫ ʥʘʹʝʥʝ ʧʨʠʣʠʢʦʤ ʫʟʠʤʘˁʘ ʙʨʠʩʘ ʩʘ ʨʘʯʫʥʘʨʩʢʠʭ ʤʠʰʝʚʘ ʧʨʠʩʫʪʥʘ ʤʝ ʙʘʢʪʝʨʠʿʘ 

Escherichia coli. ɽʰʝʨʠʭʠʿʘ ʢʦʣʠ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʚʠʿʘ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʤʘ ʦʜ 8 do 44,5ÁC ʩʘ 

ʦʧʪʠʤʘʣʥʦʤ ʪʝʤʧʝʨʘʪʫʨʦʤ ʦʜ 30 ʜʦ 42ÁC. ʆʚʘʿ ʧʘʪʦʛʝʥ ʿʝ ʫ ʧʦʚʦˀʥʠʤ ʫʩʣʦʚʠʤʘ ʤʦʞʝ 

ʧʨʝʞʠʚʝʪʠ ʠ ʥʝʢʦʣʠʢʦ ʥʝʜʝˀʘ [2]. E. coli ʩʧʘʜʘ ʫ ʧʨʠʣʠʯʥʦ ʦʪʧʦʨʥʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʝ. ɻʣʘʚʥʠ 

ʠʟʚʦʨ ʩʚʠʭ ʩʝʨʦʪʧʠʦʚʘ E. coli ʿʝ ʯʦʚʝʢ. ʆʚʘʿ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤ ʩʝ ʥʘʣʘʟʠ ʫ ʬʝʢʘʣʠʿʘʤʘ ʠ ʤʦʞʝ 

ʠʟʘʟʚʘʪʠ ʟʘʨʘʟʫ ʘʢʦ ʩʝ ʫʥʝʩʝ ʫ ʦʨʛʘʥʠʟʘʤ. ɽʥʪʝʨʦʪʦʢʩʠʛʝʥʠ ʩʦʿʝʚʠ E. coli (ETEC) ʩʠʥʪʝʪʠʰʫ 

ʨʘʟʣʠʯʠʪʘ ʪʦʢʩʠʯʥʘ ʿʝʜʠˁʝˁʘ, ʦʜ ʢʦʿʠʭ ʿʝ ʟʘ ʯʦʚʝʢʘ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʝʥʪʝʨʦʪʦʢʩʠʥ. 

ʊʝʨʤʦʩʪʘʙʠʣʥʘ ʢʦʤʧʦʥʝʥʪʘ ʦʪʧʦʨʥʘ ʿʝ ʥʘ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ˁʝʛʦʚʘ ʩʪʨʫʢʪʫʨʘ ʥʘʨʫʰʘʚʘ 

ʩʝ ʪʝʢ ʥa 100ÁC ʥʘʢʦʥ 30 ʤʠʥ. ʜʝʣʦʚʘˁʘ. ʊʝʨʤʦʣʘʙʠʣʥʠ ʜʝʦ ʦʚʦʛ ʪʦʢʩʠʥʘ ʦʩʝʪˀʠʚ ʿʝ ʥʘ 

ʧʦʚʠʰʝʥʫ ʪʝʤʧʝʨʘʪʫʨʫ, ʰʪʦ ʿʝ ʜʦʙʨʦ ʿʝʨ ʿʝ ʦʜʛʦʚʦʨʘʥ ʟʘ ʢʦʤʧʣʝʪʥʦ ʜʝʿʩʪʚʦ ʪʦʢʩʠʥʘ. 

ʋʥʠʰʪʘʚʘ ʛʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʜ 65ÁC ʫ ʪʨʘʿʘˁʫ ʦʜ 30 ʤʠʥʫʪʘ [1]. 

Enterotoksin E. coli ʧʦ ʩʚʦʤ ʜʝʣʦʚʘˁʫ ʩʣʠʯʘʥ ʿʝ ʝʥʪʝʨʦʪʦʢʩʠʥʫ Vibrio cholerae, 

ʫʟʨʦʯʥʠʢʫ ʢʦʣʝʨʝ. ʇʦʜ ˁʝʛʦʚʠʤ ʜʝʿʩʪʚʦʤ ʜʦʣʘʟʠ ʜʦ ʧʦʚʣʘʯʝˁʘ ʚʦʜʝ ʠʟ ʪʢʠʚʘ ʦʨʛʘʥʘ ʫ ʣʫʤʝʥ 
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ʮʨʝʚʘ, ʰʪʦ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʛʫʙʠʪʘʢ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʚʦʜʝ, ʜʝʭʠʜʨʘʪʘʮʠʿʫ ʠ 

ʜʝʤʠʥʝʨʘʣʠʟʘʮʠʿʫ ʦʨʛʘʥʠʟʤʘ. ʂʦʜ ʙʦʣʝʩʥʠʢʘ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ ʧʨʦʣʠʚʘ, ʤʫʯʥʠʥʝ ʩʘ ʠʣʠ ʙʝʟ 

ʧʦʚʨʘ˂ʘˁʘ ʠ ʦʧʰʪʝ ʤʘʣʘʢʩʘʣʦʩʪʠ [1]. ɽʥʪʝʨʦʠʥʚʘʟʠʦʥʠ ʩʦʿʝʚʠ E. coli (EIEC) ʠʟʘʟʠʚʘʯʠ ʩʫ 

ʜʠʿʘʨʝʿʘʣʥʠʭ ʦʙʦˀʝˁʘ. ʂʦʜ ʦʙʦʣʝʣʦʛ ʤʘʥʠʬʝʩʪʫʿʫ ʩʝ ʘʙʜʦʤʠʥʘʣʥʠ ʛʨʯʝʚʠ, ʯʝʩʪʠ ʧʨʦʣʠʚʠ, ʘ ʫ 

ʠʟʤʝʪʫ ʩʝ ʤʦʞʝ ʢʦʥʩʪʘʪʦʚʘʪʠ ʧʨʠʩʫʩʪʚʦ ʢʨʚʠ, ʛʥʦʿʘ, ʩʣʫʟʠ ʠ ʤʥʦʛʦʙʨʦʿʥʠʭ ʣʝʫʢʦʮʠʪʘ [1]. 

ɱʝʜʥʦʩʪʘʚʥʠʤ ʤʝʨʘʤʘ ʣʠʯʥʝ ʭʠʛʠʿʝʥʝ ʠ ʭʠʛʠʿʝʥʩʢʦʛ ʥʘʯʠʥʘ ʧʨʠʧʨʝʤʝ ʭʨʘʥʝ ʤʦʞʝʪʝ 

ʩʧʨʝʯʠʪʠ ʧʦʿʘʚʫ ʜʠʿʘʨʝʿʘʣʥʠʭ ʦʙʦˀʝˁʘ ʫʟʨʦʢʦʚʘʥʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʤʘ ʫʢˀʫʯʫʿʫ˂ʠ ʠ E.coli: 

ʫʚʝʢ ʦʧʝʨʠʪʝ ʨʫʢʝ ʩʘ ʩʘʧʫʥʦʤ ʧʦʩʣʝ ʦʙʘʚˀʘˁʘ ʥʫʞʜʝ ʠ ʦʧʝʨʠʪʝ ʨʫʢʝ ʧʨʝ ʥʝʛʦ ʰʪʦ ʧʦʯʥʝʪʝ 

ʢʦʥʟʫʤʠʨʘʪʠ ʭʨʘʥʫ. [5] 

ɸʅɸʃʀɿɸ ɹɽɿɹɽɼʅʆʉʊʀ ʈɸɼɸ ʋ ʈɸʏʋʅɸʈʉʂʀʄ ʃɸɹʆʈɸʊʆʈʀɱɸʄɸ  

ʈʘʯʫʥʘʨʩʢʝ ʣʘʙʦʨʘʪʦʨʠʿʝ ʫ ʦʙʨʘʟʦʚʥʠʤ ʫʩʪʘʥʦʚʘʤʘ ʥʘ ʥʝʢʠ ʥʘʯʠʥ ʧʨʝʜʩʪʘʚˀʘʿʫ ʿʘʚʥʘ 

ʤʝʩʪʘ, ʿʝʨ ʢʨʦʟ ˁʠʭ ʧʨʦʣʘʟʠ ʜʥʝʚʥʦ ʚʝʣʠʢʠ ʙʨʦʿ ʩʪʫʜʝʥʘʪʘ ʢʦʿʠ ʢʦʨʠʩʪʝ ʠʩʪʝ ʤʠʰʝʚʝ, 

ʪʘʩʪʘʪʫʨʝ ʠ ʜʨʫʛʝ ʜʝʣʦʚʝ ʨʘʯʫʥʘʨʩʢʝ ʦʧʨʝʤʝ. ʋ ɺʠʩʦʢʦʿ ʪʝʭʥʠʯʢʦʿ ʰʢʦʣʠ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ 

ʫ ʅʦʚʦʤ ʉʘʜʫ, ʫ ʨʘʯʫʥʘʨʩʢʠʤ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʜʥʝʚʥʦ ʙʦʨʘʚʠ ʫ ʧʨʦʩʝʢʫ ʦʢʦ 150 ʩʪʫʜʝʥʘʪʘ. 

ʉʪʦʛʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʜʘ ʩʝ ʥʘ ʜʝʣʦʚʠʤʘ ʨʘʯʫʥʘʨʩʢʝ ʦʧʨʝʤʝ ʩʢʫʧˀʘʿʫ 

ʤʠʢʨʦʦʨʛʘʥʟʤʠ. ɼʘ ʙʠ ʧʦʪʚʨʜʠʣʠ ʧʨʝʪʧʦʩʪʘʚʢʫ, ʩʣʫʯʘʿʥʠʤ ʠʟʙʦʨʦʤ ʩʫ ʦʜʥʝʰʝʥʘ ʜʚʘ 

ʢʦʤʧʿʫʪʝʨʩʢʘ ʤʠʘh ʠʟ ʜʚʝ ʨʘʟʣʠʯʠʪʝ ʨʘʯʫʥʘʨʩʢʝ ʣʘʙʦʨʘʪʦʨʠʿʝ ʥʘ ʙʘʢʪʝʨʠʦʣʦʰʢʫ ʘʥʘʣʠʟʫ. 

ʈʝʟʫʣʪʘʪʠ ʦʚʝ ʘʥʘʣʠʟʝ ʩʫ ʧʦʪʚʨʜʠʣʠ ʧʨʠʩʫʩʪʚʦ ʙʘʢʪʝʨʠʿʝ ʝʰʝʨʠʭʠʿʝ ʢʦʣʠ ʫ ʤʘʣʦʤ ʙʨʦʿʫ, ʩʣ.1.  

ʊʘʢʦʹʝ, ʜʘ ʙʠ ʩʝ ʩʘʛʣʝʜʘʣʝ ʭʠʛʠʿʝʥʩʢʝ ʥʘʚʠʢʝ ʩʪʫʜʝʥʘʪʘ, ʠʟʚʨʰʝʥʦ ʿʝ ʘʥʢʝʪʠʨʘˁʝ ʦʢʦ 140 

ʩʪʫʜʝʥʘʪʘ ʨʘʟʣʠʯʠʪʠʭ ʩʪʫʜʠʿʩʢʠʭ ʧʨʦʛʨʘʤʘ. ʀʟ ʛʨʫʧʝ ʘʥʢʝʪʠʨʘʥʠʭ ʩʪʫʜʝʥʘʪʘ ʠʟʜʚʦʿʝʥʦ ʿʝ 118 

ʢʦʿʠ ʩʫ ʦʜʛʦʚʦʨʠʣʠ ʥʘ ʩʚʘ ʧʠʪʘˁʘ. ɸʥʢʝʪʘ ʩʝ ʩʘʩʪʦʿʘʣʘ ʠʟ ʩʣʝʜʝ˂ʠʭ ʧʝʪ ʧʠʪʘˁʘ: 

1. ʋ ʧʘʫʟʘʤʘ ʠʟʤʝʹʫ ʚʝʞʙʠ ʫ ʨʘʯʫʥʘʨʩʢʠʤ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ: 

a. ʅʝ ʧʝʨʝʤ ʨʫʢʝ ʿʝʨ ʞʫʨʠʤ ʥʘ ʫʞʠʥʫ ʠʣʠ ʮʠʛʘʨʝʪ ʧʘʫʟʫ ʟʙʦʛ ʢʨʘʪʢʦʛ ʚʨʝʤʝʥʘ 
ʠʟʤʝʹʫ ʯʘʩʦʚʘ 

b. ʆʙʘʚʝʟʥʦ ʧʝʨʝʤ ʨʫʢʝ ʠʣʠ ʙʨʠʰʝʤ ʚʣʘʞʠʥʠʤ ʤʘʨʘʤʠʮʘʤʘ 

2. ʂʘʜʘ ʠʤʘʤ  ʧʫʥʦ ʦʙʘʚʝʟʘ, ʘ ʢʨʘʪʢʘ ʿʝ ʧʘʫʟʘ 

a. ɱʝʜʝʤ ʟʘ ʨʘʯʫʥʘʨʦʤ 

b. ʇʨʝʩʢʘʯʝʤ ʦʙʨʦʢʝ 

c. ʇʨʘʚʠʤ ʧʘʫʟʫ ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʩʚʝ ʦʙʘʚʝʟʝ 

3. ʋʢʦʣʠʢʦ ʿʝʜʝʤ ʟʘ ʨʘʯʫʥʘʨʦʤ 

a. ʍʨʘʥʫ ʫʟʠʤʘʤ ʩʘʣʚʝʪʦʤ 

b. ʍʨʘʥʫ ʫʟʠʤʘʤ ʨʫʢʦʤ 

4. ɼʦʢ ʨʘʜʠʤ ʫ ʨʘʯʫʥʘʨʩʢʠʤ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʜʝʣʠʤ ʪʘʩʪʘʪʫʨʫ ʠ ʤʠʰ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ 
ˀʫʜʠ. 

a. ɿʙʦʛ ʪʦʛʘ ʩʘʤ ʟʘʙʨʠʥʫʪ ʟʙʦʛ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘʨʘʟʝ 

b. ʅʠʩʘʤ ʨʘʟʤʠʰˀʘʦ ʦ ʪʦʤʝ 

c. ʄʠʩʣʠʤ ʜʘ ʩʝ ʥʘ ʪʘʢʘʚ ʥʘʯʠʥ ʥʝ ʤʦʞʝ ʧʨʝʥʝʪʠ ʥʝʢʘ ʟʘʨʘʟʘ 

5. ɸʢʦ ʥʘ ʧʘʫʟʠ ʦʩʪʘʥʝʤ ʫ ʨʘʯʫʥʘʨʩʢʦʿ ʫʯʠʦʥʠʮʠ ʥʘʩʣʦʥʠʤ ʛʣʘʚʫ ʥʘ ʪʘʩʪʘʪʫʨʫ ʠʣʠ 
ʠʩʧʨʝʜ ˁʝ ʠ ʤʘʣʦ ʦʜʤʘʨʘʤ 

a. ʋʚʝʢ 

b. ʇʦʥʝʢʘʜ 

c. ʥʠʢʘʜʘ  
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ʉʣʠʢʘ 1 ï ɹʘʢʪʝʨʠʦʣʦʰʢʘ ʘʥʘʣʠʟʘ ʢʦʤʧʿʫʪʝʨʩʢʦʛ ʤʠʰʘ 

ʈʝʟʫʣʪʘʪʠ ʦʜʛʦʚʦʨʘ ʥʘ ʦʚʘ ʧʠʪʘˁʘ ʩʝ ʤʦʛʫ ʚʠʜʝʪʠ ʨʝʜʦʤ ʫ ʪʘʙʝʣʘʤʘ 1-5. ʀʩʧʠʪʘʥʠʮʠ 

ʩʫ ʨʘʟʚʨʩʪʘʥʠ ʧʦ ʧʦʣʫ, ʠ ʩʪʫʜʠʿʩʢʠʤ ʧʨʦʛʨʘʤʠʤʘ. ʇʨʠ ʪʦʤʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʩʣʝʜʝ˂ʝ ʦʟʥʘʢʝ (ʠʪ 

ï ʠʥʬʦʨʤʘʮʠʦʥʝ ʪʝʭʥʦʣʦʛʠʿʝ, ʚʜ ï ʚʝʙ ʜʠʟʘʿʥ, ʤʤ - ʤʫʣʪʠʤʝʜʠʿʝ, ʝʧ ï ʝʣʝʢʪʨʦʥʩʢʦ ʧʦʩʣʦʚʘˁʝ, 

ʛʜ -  ʛʨʘʬʠʯʢʠ ʜʠʟʘʿʥ, ʛʠ ï ʛʨʘʬʠʯʢʦ ʠʥʞʝˁʝʨʩʪʚʦ, ʧʬ ï ʧʨʠʤʝˁʝʥʘ ʬʦʪʦʛʨʘʬʠʿʘ, ʟʞʩ ï 

ʟʘʰʪʠʪʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʮʟ ï ʮʠʚʠʣʥʘ ʟʘʰʪʠʪʘ). ʈʘʟʚʨʩʪʘʚʘˁʝ ʨʝʟʫʣʪʘʪʘ ʧʦ ʩʪʫʜʠʿʩʢʠʤ 

ʧʨʦʛʨʘʤʠʤʘ  ʿʝ ʠʟʚʨʰʝʥʦ ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ʩʪʫʜʝʥʪʠ ʩʪʫʜʠʿʩʢʠʭ ʧʨʦʛʨʘʤʘ ʠʪ, ʚʜ, ʝʧ ʠ ʤʤ 

ʧʨʦʚʦʜʝ ʥʘʿʚʠʰʝ ʚʨʝʤʝʥʘ ʫ ʨʘʯʫʥʘʨʩʢʠʤ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ, ʿʝʨ ʠʤ ʿʝ ʚʝ˂ʠʥʘ ʩʪʨʫʯʥʠʭ ʧʨʝʜʤʝʪʘ 

ʚʝʟʘʥʘ ʟʘ ʨʘʜ ʥʘ ʨʘʯʫʥʘʨʠʤʘ, ʜʦʢ ʩʪʫʜʝʥʪʠ ʩʪʫʜʠʿʩʢʠʭ ʧʨʦʛʨʘʤʘ ʟʞʩ ʠ ʮʟ ʧʨʦʚʦʜʝ ʥʘʿʤʘˁʝ 

ʚʨʝʤʝʥʘ ʫ ʦʚʠʤ ʫʯʠʦʥʠʮʘʤʘ, ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʩʫ ʟʙʦʛ ʩʚʦʿʝ ʩʪʨʫʢʝ, ʚʠʰʝ ʠʥʬʦʨʤʠʩʘʥʠ ʦ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʠʤʘ ʠ ˁʠʭʦʚʦʤ ʰʪʝʪʥʦʤ ʜʝʿʩʪʚʫ ʦʜ ʜʨʫʛʠʭ ʩʪʫʜʝʥʘʪʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʩʪʫʜʝʥʪʠ ʩʪʫʜʠʿʩʢʠʭ ʧʨʦʛʨʘʤʘ ʛʜ, ʛʠ ʠ ʧʬ ʠʤʘʿʫ ʤʥʦʛʦ ʤʘˁʝ ʯʘʩʦʚʘ ʫ ʨʘʯʫʥʘʨʩʢʠʤ 

ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʦʜ ʩʪʫʜʝʥʘʪʘ ʠʥʬʦʨʤʘʪʠʯʢʠʭ ʫʩʤʝʨʝˁʘ, ʘʣʠ ʤʥʦʛʦ ʚʠʰʝ ʦʜ ʩʪʫʜʝʥʘʪʘ 

ʟʘʰʪʠʪʝ. 

ʊʘʙʝʣʘ 1 ï ʧʠʪʘˁʝ 1                                            ʊʘʙʝʣʘ 2 ï ʧʠʪʘˁʝ 2 

ʇʠʪʘˁʝ 1. a) % b) % 

 ʠʪ- ʤ 17 77.27 5 22.73 

ʠʪ-ʞ 0 0 0 0 

ʚʜ-ʤ 8 61.54 5 38.46 

ʚʜ-ʞ 3 33.33 6 66.67 

ʤʤ-ʤ 6 100 0 0 

ʤʤ-ʞ 0 0 0 0 

ʝʧ-ʤ 3 100 0 0 

ʝʧ-ʞ 0 0 0 0 

ʛʜ-ʤ 5 55.55 4 44.44 

ʇʠʪʘˁʝ 2. a) % b) % c) % 

ʠʪ- ʤ 5 22.73 8 36.36 9 36.36 

ʠʪ-ʞ 0 0 0 0 0 0 

ʚʜ-ʤ 4 30.77 8 61.54 1 7.69 

ʚʜ-ʞ 1 11.11 7 77.78 1 11.11 

ʤʤ-ʤ 0 0 4 66.67 2 33.33 

ʤʤ-ʞ 0 0 0 0 0 0 

ʝʧ-ʤ 0 0 3 100 0 0 

ʝʧ-ʞ 0 0 0 0 1 100 

ʛʜ-ʤ 0 0 7 77.78 2 22.22 
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ʛʜ-ʞ 6 60 4 40 

ʛʠ-ʤ 10 90.9 1 9.09 

ʛʠ-ʞ 2 28.57 5 71.43 

ʧʬ-ʤ 0 0 2 100 

ʧʬ-ʞ 2 50 2 50 

ʟʞʩ-ʤ 3 37.5 5 62.5 

ʟʞʩ-ʞ 3 42.8 4 57.14 

ʮʟ-ʤ 4 57.14 3 42.86 

ʮʟ-ʞ 0 0 0 0 

ʫʢʫʧʥʦ 72 61.01 46 38.98 
 

ʛʜ-ʞ 1 10 7 70 2 20 

ʛʠ-ʤ 2 18.18 7 63.64 2 18.18 

ʛʠ-ʞ 2 28.57 2 28.57 3 42.85 

ʧʬ-ʤ 0 0 1 50 1 50 

ʧʬ-ʞ 1 25 2 50 1 25 

ʟʞʩ-ʤ 2 25 3 37.5 3 37.5 

ʟʞʩ-ʞ 1 14.29 4 57.14 2 28.57 

ʮʟ-ʤ 1 14.29 3 42.86 3 42.85 

ʮʟ-ʞ 0 0 0 0 0 0 

ʫʢʫʧʥʦ 20 16.81 66 55.46 33 27.73 
 

 

 ʀʟ ʪʘʙʝʣʝ 1. ʩʝ ʚʠʜʠ ʜʘ ʧʨʝʢʦ 60%  ʩʪʫʜʝʥʘʪʘ ʤʫʰʢʦʛ ʧʦʣʘ ʠ ʦʢʦ 30-50% ʩʪʫʜʝʥʘʪʘ ʞʝʥʩʢʦʛ 

ʧʦʣʘ ʚʝ˂ʠʥʝ ʩʪʫʜʠʿʩʢʠʭ ʧʨʦʛʨʘʤʘ ʥʝ ʧʝʨʫ ʨʫʢʝ ʫ ʧʘʫʟʘʤʘ ʠʟʤʝʹʫ ʚʝʞʙʠ ʫ ʨʘʯʫʥʘʨʩʢʠʤ 

ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ. ʂʦʜ ʩʪʫʜʝʥʘʪʘ ʟʘʰʪʠʪʝ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʩʠʪʫʘʮʠʿʘ ʿʝ ʦʙʨʥʫʪʘ: ɺʝ˂ʠ ʿʝ ʙʨʦʿ 

ʦʥʠʭ ʩʪʫʜʝʥʘʪʘ ʢʦʿʠ ʚʦʜʝ ʨʘʯʫʥʘ ʦ ʧʨʘˁʫ ʨʫʢʫ ʧʦʩʣʝ ʫʧʦʪʨʝʙʝ ʨʘʯʫʥʘʨʩʢʝ ʦʧʨʝʤʝ ʢʦʜ ʦʙʘ 

ʧʦʣʘ. 

ʀʟ ʪʘʙʝʣʝ 2. ʩʝ ʚʠʜʠ ʜʘ ʫ ʧʨʦʩʝʢʫ, ʦʜ 10-30% ʩʪʫʜʝʥʘʪʘ ʿʝʜʝ ʟʘ ʨʘʯʫʥʘʨʦʤ ʫ 

ʨʘʯʫʥʘʨʩʢʠʤ ʫʯʠʦʥʠʮʘʤʘ. ʊʘʢʦʹʝ ʚʝʣʠʢʠ ʙʨʦʿ ʩʪʫʜʝʥʘʪʘ ʧʨʝʩʢʘʯʝ ʦʙʨʦʢʝ ʟʙʦʛ ʥʝʜʦʩʪʘʪʢʘ 

ʚʨʝʤʝʥʘ. ʂʦʜ ʦʚʦʛ ʧʠʪʘˁʘ ʥʝ ʚʠʜʠ ʩʝ ʿʘʩʥʘ ʨʘʟʣʠʢʘ ʫ ʧʦʥʘʰʘˁʫ ʫ ʦʜʥʦʩʫ ʥʘ ʧʦʣʦʚʝ ʠʣʠ 

ʩʪʫʜʠʿʩʢʝ ʧʨʦʛʨʘʤʝ. 

ʀʟ ʪʘʙʝʣʝ 3. ʩʝ ʚʠʜʠ ʜʘ ʫ ʧʨʦʩʝʢʫ Ĳ ʩʪʫʜʝʥʘʪʘ ʭʨʘʥʫ ʫʟʠʤʘ ʨʫʢʦʤ ʫʢʦʣʠʢʦ ʿʝʜʫ ʟʘ 

ʨʘʯʫʥʘʨʦʤ, ʜʦʢ ʿʝ ʤʘˁʠ ʙʨʦʿ ʦʥʠʭ ʢʦʿʠ ʭʨʘʥʫ ʫʟʠʤʘʿʫ ʩʘʣʚʝʪʦʤ. 

ʀʟ ʪʘʙʝʣʝ 4. ʩʝ ʚʠʜʠ ʜʘ ʚʝ˂ʠʥʘ ʩʪʫʜʝʥʘʪʘ ʦʙʘ ʧʦʣʘ ʠ ʩʚʠʭ ʩʪʫʜʠʿʩʢʠʭ ʧʨʦʛʨʘʤʘ (ʦʜ 50-

100%)  ʥʝ ʨʘʟʤʠʰˀʘ ʦ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘʨʘʟʝ ʧʫʪʝʤ ʨʘʯʫʥʘʨʩʢʝ ʦʧʨʝʤʝ ʠʟ ʨʘʯʫʥʘʨʩʢʠʭ 

ʣʘʙʦʨʘʪʦʨʠʿʘ. ɹʨʦʿ ʩʪʫʜʝʥʘʪʘ ʢʦʿʠ ʩʤʘʪʨʘʿʫ ʜʘ ʩʝ ʟʘʨʘʟʘ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʥʝ ʤʦʞʝ ʧʨʝʥʝʪʠ ʿʝ 

ʚʝʦʤʘ ʥʠʟʘʢ, ʜʦʢ ʙʨʦʿ ʟʘʙʨʠʥʫʪʠʭ ʚʘʨʠʨʘ, ʘʣʠ ʿʝ ʫ ʧʨʦʩʝʢʫ ʠʩʧʦʜ 30%. 

                    ʊʘʙʝʣʘ 3 ï ʧʠʪʘˁʝ 3                                             ʊʘʙʝʣʘ 4 ï ʧʠʪʘˁʝ 4 
ʇʠʪʘˁʝ 3. a)   % b) % 

ʠʪ- ʤ 5 22.73 17 77.27 

ʠʪ-ʞ 0 0 0 0 

ʚʜ-ʤ 3 23.08 10 76.92 

ʚʜ-ʞ 4 44.44 5 55.56 

ʤʤ-ʤ 2 33.33 4 66.67 

ʤʤ-ʞ 0 0 0 0 

ʝʧ-ʤ 0 0 3 100 

ʝʧ-ʞ 1 100 0 0 

ʛʜ-ʤ 5 55.56 4 44.44 

ʛʜ-ʞ 2 20 8 80 

ʛʠ-ʤ 3 27.27 8 72.73 

ʛʠ-ʞ 4 57.14 3 42.86 

ʧʬ-ʤ 0 0 2 100 

ʧʬ-ʞ 1 25 3 75 

ʟʞʩ-ʤ 1 12.5 7 87.5 

ʟʞʩ-ʞ 0 0 7 100 

ʮʟ-ʤ 1 14.29 6 85.71 

ʮʟ-ʞ 0 0 0 0 

ʫʢʫʧʥʦ 32 26.89 87 73.11 
 

ʇʠʪʘˁʝ 4. a)   % b)   % c)  % 

ʠʪ- ʤ 2 9.09 20 90.91 0 0 

ʠʪ-ʞ 0 0 0 0 0 0 

ʚʜ-ʤ 3 23.08 8 61.54 2 15.38 

ʚʜ-ʞ 4 44.44 5 55.56 0 0 

ʤʤ-ʤ 3 50 3 50 0 0 

ʤʤ-ʞ 0 0 0 0 0 0 

ʝʧ-ʤ 1 33.33 2 66.67 0 0 

ʝʧ-ʞ 1 100 0 0 0 0 

ʛʜ-ʤ 4 44.44 5 55.56 0 0 

ʛʜ-ʞ 0 0 8 80 2 20 

ʛʠ-ʤ 1 9.091 10 90.91 0 0 

ʛʠ-ʞ 2 28.57 5 71.43 0 0 

ʧʬ-ʤ 0 0 2 100 0 0 

ʧʬ-ʞ 1 25 3 75 0 0 

ʟʞʩ-ʤ 0 0 7 87.5 1 12.5 

ʟʞʩ-ʞ 2 28.57 5 71.43 0 0 

ʮʟ-ʤ 3 42.86 4 57.14 0 0 

ʮʟ-ʞ 0 0 0 0 0 0 

ʫʢʫʧʥʦ 27 22.69 87 73.11 5 4.2 
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ʀʟ ʪʘʙʝʣʝ 5. ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʥʝʰʪʦ ʤʘʣʦ ʤʘˁʝ ʦʜ ʯʝʪʚʨʪʠʥʝ ʠʩʧʠʪʘʥʠʢʘ 

ʧʦʚʨʝʤʝʥʦ ʩʧʫʰʪʘ ʛʣʘʚʫ ʥʘ ʪʘʩʪʘʪʫʨʫ ʜʘ ʙʠ ʩʝ ʦʜʤʦʨʠʣʠ ʫ ʢʨʘʪʢʠʤ ʧʘʫʟʘʤʘ ʠʟʤʝʹʫ ʚʝʞʙʠ. 

ʆʚʦ ʨʘʜʝ ʩʪʫʜʝʥʪʠ ʦʙʘ ʧʦʣʘ, ʠ ʥʝʟʘʚʠʩʥʦ ʦʜ ʙʨʦʿʘ ʩʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʫ ʨʘʯʫʥʘʨʩʢʠʤ 

ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ. 

ʊʘʙʝʣʘ 5 ï  ʧʠʪʘˁʝ 5 

ʇʠʪʘˁʝ 5. a) % b) % c) % 

ʠʪ- ʤ 2 9.09 6 27.27 14 63.64 

ʠʪ-ʞ 0 0 0 0 0 0 

ʚʜ-ʤ 2 15.38 3 23.08 8 61.54 

ʚʜ-ʞ 0 0 2 22.22 7 77.78 

ʤʤ-ʤ 0 0 1 16.67 5 83.33 

ʤʤ-ʞ 0 0 0 0 0 0 

ʝʧ-ʤ 0 0 2 66.67 1 33.33 

ʝʧ-ʞ 0 0 0 0 0 0 

ʛʜ-ʤ 0 0 1 11.11 8 88.89 

ʛʜ-ʞ 0 0 1 10 9 90 

ʛʠ-ʤ 0 0 2 18.18 9 81.82 

ʛʠ-ʞ 0 0 2 28.57 5 71.43 

ʧʬ-ʤ 0 0 1 50 1 50 

ʧʬ-ʞ 0 0 1 25 3 75 

ʟʞʩ-ʤ 0 0 2 25 6 75 

ʟʞʩ-ʞ 0 0 1 14.29 6 85.71 

ʮʟ-ʤ 0 0 0 0 7 100 

ʮʟ-ʞ 0 0 0 0 0 0 

ʫʢʫʧʥʦ 4 3.39 25 21.19 89 75.42 

ɿɸʂɲʋʏɸʂ 

ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʨʘʜʘ ʧʦʪʚʨʹʝʥʘ ʿʝ ʪʝʟʘ ʜʘ ʩʝ ʥʘ ʨʘʯʫʥʘʨʩʢʦʿ ʦʧʨʝʤʠ ʫ ʨʘʯʫʥʘʨʩʢʠʤ 

ʫʯʠʦʥʠʮʘʤʘ ʩʢʫʧˀʘʿʫ ʙʘʢʪʝʨʠʿʝ. ʉʪʦʛʘ ʿʝ ʫ ʫʩʣʦʚʠʤʘ ʢʦʣʝʢʪʠʚʥʦʛ ʢʦʨʠʰ˂ʝˁʘ ʨʘʯʫʥʘʨʘ   

ʚʘʞʥʦ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʭʠʛʠʿʝʥʠ ʨʫʢʫ. ʊʘʢʦʹʝ ʿʝ ʙʠʪʥʦ ʜʦʜʠʨʠʚʘˁʝ ʜʝʣʦʚʘ ʦʧʨʝʤʝ ʣʠʮʝʤ 

ʩʤʘˁʠʪʠ ʥʘ ʥʘʿʤʘˁʫ ʤʦʛʫ˂ʫ ʤʝʨʫ.  

ʀʟ ʘʥʢʝʪʝ ʩʪʫʜʝʥʘʪʘ ʢʦʨʠʩʥʠʢʘ ʨʘʯʫʥʘʨʩʢʠʭ ʫʯʠʦʥʠʮʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʚʝ˂ʠʥʘ 

ʩʪʫʜʝʥʘʪʘ ʥʝʠʥʬʦʨʤʠʩʘʥʘ ʦ ʤʦʛʫ˂ʥʦʩʪʠ ʢʦʥʪʘʤʠʥʘʮʠʿʝ ʜʝʣʦʚʘ ʨʘʯʫʥʘʨʩʢʝ ʦʧʨʝʤʝ. ʉʚʝʩʪ ʦ 

ʧʦʪʨʝʙʠ ʧʨʘˁʘ ʨʫʢʫ ʥʘʢʦʥ ʢʦʨʠʰ˂ʝˁʘ ʟʘʿʝʜʥʠʯʢʝ ʨʘʯʫʥʘʨʩʢʝ ʦʧʨʝʤʝ ʿʝ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʘ. 

ʉʪʦʛʘ ʧʨʝʜʣʘʞʝʤʦ ʜʘ ʩʝ ʩʪʫʜʝʥʪʠʤʘ ʠ ʫʯʝʥʠʮʠʤʘ ʫ ʪʦʢʫ ʥʘʩʪʘʚʝ ʢʦʥʪʠʥʫʠʨʘʥʦ ʩʢʨʝ˂ʝ ʧʘʞˁʘ 

ʫ ʪʦʤ ʧʨʘʚʮʫ.  
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ʈɽɿʀʄɽ 

ʎʠˀ ʨʘʜʘ ʿʝ  ʦʧʠʩ ʤʝʨʘ ʙʝʟʙʝʜʥʦʩʪʠ, ʩʠʛʫʨʥʦʩʪʠ ʠ ʩʘʤʦʟʘʰʪʠʪʝ ʢʦʿʝ ʩʫ ʧʨʝʜʚʠʹʝʥʝ ʟʘ ʿʝʜʥʦ ʩʣʦʞʝʥʦ 

ʛʘʹʘˁʝ.  ɼʘ ʙʠ ʠʟʙʝʛʣʠ ʦʧʘʩʥʦʩʪ  ʠ ʩʧʨʝʯʠʣʠ ʥʝʞʝˀʝʥʠ (ʚʘʥʨʝʜʥʠ) ʜʦʛʘʹʘʿʠ ʫ ʪʦʢʫ ʧʨʠʧʨʝʤʝ ʠ ʠʟʚʨʰʝˁʘ 

ʛʘʹʘˁʘ, ʨʫʢʦʚʦʜʠʣʘʮ ʛʘʹʘˁʘ ʠ ʩʚʠ ʦʨʛʘʥʠ ʥʘ ʩʪʨʝʣʠʰʪʫ ʢʘʦ  ʠ ʧʦʩʣʫʞʠʦʮʠ ʦʨʫʹʘ ʧʨʝʜʫʟʠʤʘʿʫ ʤʝʨʝ 

ʙʝʟʙʝʜʥʦʩʪʠ, ʩʠʛʫʨʥʦʩʪʠ ʠ ʟʘʰʪʠʪʝ. ʅʘʚʝʜʝʥʝ ʤʝʨʝ ʩʫ ʫ ʫʟʨʦʯʥʦ-ʧʦʩʣʝʜʠʯʥʦʿ ʚʝʟʠ ʠ ˁʠʭʦʚʦʤ ʧʨʠʤʝʥʦʤ 

ʩʤʘˁʫʿʝ ʩʝ ʨʠʟʠʢ  ʪʦʢʦʤ ʧʨʠʧʨʝʤʝ ʠ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʩʠʛʫʨʥʦʩʪ, ʙʝʟʙʝʜʥʦʩʪ, ʛʘʹʘˁʝ, ʙʘʮʘʯ ʛʨʘʥʘʪʘ 

SAFETY, SECURITY AND  SELF-PROTECTIVE MEASURES DURING 

SHOOTING BY THE AUTO MATIC GRENADE LAUNCH ER 30 MM M93 

SUMMARY  

The aim of this paper is to describe safety, security and self-protective measures that are prescribed for a very 

complex shooting. In order to avoid danger and prevent undesirable events during the process of shooting preparation 

and execution, the commander and all other authorities at the shooting range as well as the weapon crew undertake 

security, safety and protective measures. The mentioned measures are in a cause-effect relationship and their 

implementation reduces the risk during the process of shooting preparation and execution. 

Keywords: safety, security, shooting, grenade throwing 

ʋɺʆɼ 

ɿʘ ʫʩʧʝʰʥʫ ʨʝʘʣʠʟʘʮʠʿʫ ʛʘʹʘˁʘ ʠʟ ɹʘʮʘʯʘ ʛʨʘʥʘʪʘ ʘʫʪʦʤʘʪʩʢʦʛ 30 mm ʄ93(ɹɻɸ), 

ʧʦʨʝʜ ʢʚʘʣʠʪʝʪʥʝ ʦʙʫʢʝ ʠ ʧʨʠʧʨʝʤʝ ʟʘ ʛʘʹʘˁʝ ʠ ʜʦʩʣʝʜʥʦʛ ʧʨʠʜʨʞʘʚʘˁʘ ʧʨʘʚʠʣʩʢʠʭ ʦʜʨʝʜʙʠ 

ʫ ʪʦʢʫ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʧʨʝʜʫʟʝʪʠ ʠ ʤʝʨʝ ʢʦʿʠʤʘ ʩʝ ʠʟʙʝʛʘʚʘ ʫʛʨʦʞʘʚʘˁʝ 

ʟʜʨʘʚˀʘ ʠ ʞʠʚʦʪʘ ˀʫʜʠ ʠ ʦʰʪʝ˂ʝˁʝ ʤʘʪʝʨʠʿʘʣʥʦ-ʪʝʭʥʠʯʢʠʭ ʩʨʝʜʩʪʘʚʘ.ʂʚʘʣʠʪʝʪʥʘ ʦʙʫʢʘ ʩʝ 
ʨʝʘʣʠʟʫʿʝ ʧʨʚʝʥʩʪʚʝʥʦ ʧʦ ʢʚʘʣʠʪʝʪʥʦ ʫʨʘʹʝʥʠʤ ʥʘʩʪʘʚʥʠʤ ʧʣʘʥʦʤ ʠ ʧʨʦʛʨʘʤʦʤ. ʅʘʩʪʘʚʥʠʤ 

ʧʣʘʥʦʤ ʠ ʧʨʦʛʨʘʤʦʤ ʦʙʫʭʚʘ˂ʝʥʠ ʩʫ  ʩʘʜʨʞʘʿʠ ʦʙʫʯʘʚʘˁʘ ʧʦ ʢˀʫʯʥʠʤ  ʪʝʤʘʤʘ ʢʘʢʦ ʙʠ 

ʠʟʚʨʰʠʦʮʠ ʛʘʹʘˁʘ ʙʠʣʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʩʠʛʫʨʥʠ ʜʘ ʿʝ ʙʘʮʘʯ ʛʨʘʥʘʪʘ ʩʠʛʫʨʘʥ ʠ ʙʝʟʙʝʜʘʥ, ʘʢʦ ʩʝ 

ʨʘʜʠ ʧʦ ʧʨʘʚʠʣʠʤʘ ʠ ʧʨʦʧʠʩʠʤʘ, ʩʪʘʥʜʘʨʜʠʤʘ.ʋ ʨʘʟʨʘʹʝʥʠʤ ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʦʮʝʜʫʨʘʤʘ 

ʧʨʠʣʠʢʦʤ ʦʙʫʢʝ ʩʘ ʙʘʮʘʯʝʤ ʛʨʘʥʘʪʘ 30ʤʤ, ʨʘʟʨʘʹʝʥʝ ʩʫ ʥʦʨʤʝ ʠ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʩʚʘʢʫ ʨʘʜˁʫ 

ʢʘʦ ʥʘ ʧʨʠʤʝʨ: ʨʘʩʢʣʘʧʘˁʝ ɹɻɸ, ʩʢʣʘʧʘˁʝ ɹɻɸ, ʥʘʙʨʘʿʘˁʝ ʛʣʘʚʥʠʭ ʜʝʣʦʚʘ ʥʠʰʘʥʩʢʝ ʩʧʨʘʚʝ 

ʠ ʧʦʜʝʰʘʚʘˁʝ ʠʩʪʠʭ ʥʘ ʥʠʰʘʥʩʢʦʿ ʩʧʨʘʚʠ, ʧʨʝʚʦʹʝˁʝ ʧʦʩʪʦˀʘ ʠʟ ʤʘʨʰʝʚʩʢʦʛ ʫ ʙʦʨʙʝʥʠ 

ʧʦʣʦʞʘʿ, ʧʦʩʝʜʘˁʝ ʚʘʪʨʝʥʦʛ ʧʦʣʦʞʘʿʘ ʠʪʜ. 

ʄɽʈɽ ɹɽɿɹɽɼʅʆʉʊʀ ʇʈʀ ɻɸɫɸɳʋ ɹɻɸ 30 MM  

ɼʘ ʙʠ ʠʟʙʝʛʣʠ ʦʧʘʩʥʦʩʪ
2
 ʠ ʩʧʨʝʯʠʣʠ ʥʝʞʝˀʝʥʠ (ʚʘʥʨʝʜʥʠ) ʜʦʛʘʹʘʿʠ ʫ ʪʦʢʫ ʧʨʠʧʨʝʤʝ ʠ 

ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ  ɹɻɸ 30 mm ʨʫʢʦʚʦʜʠʣʘʮ ʛʘʹʘˁʘ  ʠ ʧʦʩʣʫʞʠʦʮʠ ʦʨʫʹʘ ʧʨʝʜʫʟʠʤʘʿʫ ʤʝʨʝ 

                                                             
1
 ʋʥʠʚʝʨʟʠʪʝʪ ʦʜʙʨʘʥʝ, ɺʦʿʥʘ ʘʢʘʜʝʤʠʿʘ 

2
 ʆʧʘʩʥʦʩʪ ʿʝ ʩʪʘˁʝ ʢʘʜʘ ʥʘ ʦʜʨʝʹʝʥʦʤ ʧʨʦʩʪʦʨʫ ʠ ʟʘ ʚʝʦʤʘ ʢʨʝʪʢʦ ʚʨʝʤʝ ʜʦʹʝ ʜʦ ʪʘʢʚʦʛ ʦʰʪʝ˂ʝˁʘ ʧʨʠʨʦʜʝ, 

ʢʫʣʪʫʨʥʠʭ, ʤʘʪʝʨʠʿʘʣʥʠʭ ʜʦʙʘʨʘ ʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ, ʦʜʥʦʩʥʦ ʫʛʨʦʞʝʥʦʩʪʠ ʟʜʨʘʚˀʘ ʠʣʠ ʞʠʚʦʪʘ ˀʫʜʠ, ʯʠʿʝ 

ʧʦʩʣʝʜʠʮʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʪʢʣʦʥʠʪʠ ʫ ʧʦʞʝˀʥʦ ʚʨʝʤʝ ʧʦʩʪʦʿʝ˂ʠʤ ʤʝʪʦʜʘʤʘ ʨʘʜʘ ʠ ʧʦʩʪʦʿʝ˂ʦʤ ʦʨʛʘʥʠʟʘʮʠʿʦʤ. 

ʂʝʢʦʚʠ˂ ɿ. ʀ ʂʝʰʝʪʦʚʠ˂ ɾ. "ʂʨʠʟʥʠ ʤʝʥʘ˅ʤʝʥʪ I- ʇʨʝʚʝʥʮʠʿʘ ʢʨʠʟʝ",  ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ, ʌʘʢʫʣʪʝʪ 

ʙʝʟʙʝʜʥʦʩʪʠ, ɹʝʦʛʨʘʜ, 2006., ʩʪʨ. 134. 

mailto:ljubinko.karapetrovic@gmail.com
mailto:terzicmiroslav@yahoo.com
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ʙʝʟʙʝʜʥʦʩʪʠ, ʩʠʛʫʨʥʦʩʪʠ ʠ ʟʘʰʪʠʪʝ. ʆʜʥʦʩ ʨʠʟʠʢʘ, ʤʝʨʘ ʙʝʟʙʝʜʥʦʩʪʠ, ʤʝʨʘ ʩʠʛʫʨʥʦʩʪʠ ʠ 

ʟʘʰʪʠʪʝ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 1. 

 

                          

ʉʣʠʢʘ 1: ʄʝʨʝ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʪʦʢʦʤ ʧʨʠʧʨʝʤʝ ʠ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ  ɹɻɸ 30 mm 

ɹʝʟʙʝʜʥʦʩʪ ʛʘʹʘˁʘ ʿʝ ʩʪʘˁʝ ʫ ʢʦʤʝ ʥʝ ʧʦʩʪʦʿʠ ʦʧʘʩʥʦʩʪ ʧʦ ˀʫʜʩʢʝ ʠ ʤʘʪʝʨʠʿʘʣʥʝ 

ʨʝʩʫʨʩʝ ʫ ʪʦʢʫ ʧʨʠʧʨʝʤʝ ʠ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ. 

ɼʘ ʙʠ ʩʝ ʠʟʙʝʛʣʘ ʦʧʘʩʥʦʩʪ ʫ ʪʦʢʫ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ, ʧʨʝʜʫʟʠʤʘʿʫ ʩʝ ʤʝʨʝ ʙʝʟʙʝʜʥʦʩʪʠ. 

ʄʝʨʝ ʙʝʟʙʝʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʢʫʧ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʠʤʘ ʩʝ ʫ ʥʘʿʚʝ˂ʦʿ ʤʦʛʫ˂ʦʿ ʤʝʨʠ 

ʩʤʘˁʫʿʫ ʧʦʚʨʝʜʝ ˀʫʜʩʢʠʭ ʠ ʦʰʪʝ˂ʝˁʘ ʤʘʪʝʨʠʿʘʣʥʠʭ ʨʝʩʫʨʩʘ ʫ ʪʦʢʫ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ. 

ʇʨʝʜʫʟʠʤʘˁʝʤ ʤʝʨʘ ʙʝʟʙʝʜʥʦʩʪʠ ʩʪʚʘʨʘʿʫ ʩʝ ʫʩʣʦʚʠ ʟʘ ʧʫʥʦ ʧʩʠʭʦʬʠʟʠʯʢʦ ʙʣʘʛʦʩʪʘˁʝ  

ʨʫʢʦʚʦʜʠʦʮʘ ʛʘʹʘˁʘ ʠ ʧʦʩʣʫʞʠʣʘʮʘ ʦʨʫʹʘ. 

ɿʘ ʠʟʚʨʰʝˁʝ ʛʘʹʘˁʘ ɹɻɸ 30 mm ʧʨʝʜʫʟʠʤʘʿʫ ʩʝ ʩʣʝʜʝ˂ʝ ʤʝʨʝ ʙʝʟʙʝʜʥʦʩʪʠ: 

- ʧʦʩʣʫʞʠʦʮʠʤʘ ʦʨʫʹʘ ʟʘʙʨʘˁʫʿʝ ʩʝ, ʧʫˁʝˁʝ ʠ ʨʫʢʦʚʘˁʝ ɹɻɸ 30 mm ʙʝʟ ʢʦʤʘʥʜʝ ʠ 

ʦʜʦʙʨʝˁʘ ʨʫʢʦʚʦʜʠʦʮʘ ʛʘʹʘˁʘ; 

- ʧʨʝ ʧʨʦʤʝʥʝ ʚʘʪʨʝʥʦʛ ʧʦʣʦʞʘʿʘ ʥʠʰʘʥ˅ʠʿʘ ɹɻɸ 30 mm ʦʙʘʚʝʟʥʦ ʫʢʦʯʠ; 

- ʧʦʩʣʝ ʠʟʚʨʰʝʥʦʛ ʛʘʹʘˁʘ ʧʦʩʣʫʞʠʦʮʠ ʦʨʫʹʘ ʢʦʯʝ ʠ ʧʨʘʟʥʝ ɹɻɸ 30 mm ʘ ʨʫʢʦʚʦʜʠʣʘʮ 

ʛʘʹʘˁʘ ʧʨʝʛʣʝʜʘ ʦʨʫʹʘ ʠ ʦʜʨʝʹʫʿʝ ʜʘˀʠ ʧʦʩʪʫʧʘʢ ʩʘ ʤʫʥʠʮʠʿʦʤ; 

- ʦʜ ʢʦʤʘʥʜʝ ''ʇʈɽʂʀʅʀ-ʀʉʇʈɸɿʅʀ!'' ʜʦ ʥʦʚʝ ʢʦʤʘʥʜʝ ʟʘ ʛʘʹʘˁʝ ʟʘʙʨʘˁʫʿʝ ʩʝ 

ʨʫʢʦʚʘˁʝ ʩʘ ʦʨʫʹʠʤʘ; 

- ʨʫʢʦʚʦʜʠʣʘʮ ʛʘʹʘˁʘ ʠ ʧʦʩʣʫʞʠʦʮʠ ʦʨʫʹʘ ʦʙʘʚʝʟʥʦ ʥʦʩʝ ʰʣʝʤʦʚʝ ʥʘ ʛʣʘʚʠ ʠ ʙʦʨʙʝʥʫ 

ʦʧʨʝʤʫ; 

- ɹɻɸ 30 mm ʢʦʿʠ ʩʝ ʠʩʢˀʫʯʫʿʝ ʠʟ ʛʘʹʘˁʘ ʟʙʦʛ ʪʝʞʝʛ ʟʘʩʪʦʿʘ (ʢʚʘʨʘ), ʨʫʢʦʚʦʜʠʣʘʮ ʛʘʹʘˁʘ  

ʧʨʝʛʣʝʜʘ ʠ ʧʨʘʟʥʠ ʥʘ ʚʘʪʨʝʥʦʤ ʧʦʣʦʞʘʿʫ; 

- ʠʟʚʨʰʠʦʮʠʤʘ ʛʘʹʘˁʘ ʩʢʨʝ˂ʝ ʩʝ ʧʘʞˁʘ ʥʘ ʥʘʯʠʥ ʢʨʝʪʘˁʘ ʥʘ ʩʪʨʝʣʠʰʪʫ ʥʘ ʢʦʿʝʤ ʿʝ 

ʧʨʝʪʭʦʜʥʦ ʨʝʘʣʠʟʦʚʘʥʦ ʛʘʹʘˁʝ ʨʘʟʥʠʤ ʧʨʦʿʝʢʪʠʣʠʤʘ; 
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- ʧʦʩʣʫʞʠʦʮʠʤʘ ʦʨʫʹʘ ʦʙʘʚʝʟʥʦ ʩʝ ʜʘʿʫ ʫʧʫʪʩʪʚʘ ʢʘʢʦ ʜʘ ʧʦʩʪʫʧʝ ʫ ʩʣʫʯʘʿʫ ʥʘʠʣʘʩʢʘ ʥʘ  

ʟʘʦʩʪʘʣʘ ʫʙʦʿʥʘ ʩʨʝʜʩʪʚʘ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʜʝʿʩʪʘʚʘ; 

- ʧʨʝʪʧʦʩʪʘʚˀʝʥʠ ʩʪʘʨʝʰʠʥʘ ʦʙʘʚʝʟʥʦ ʦʨʛʘʥʠʟʫʿʝ ʦʜʙʨʘʥʫ ʝʣʝʤʝʥʘʪʘ ʙʦʨʙʝʥʦʛ ʨʘʩʧʦʨʝʜʘ 

ʫ ʪʦʢʫ ʧʨʠʧʨʝʤʝ ʠ ʠʟʚʨʰʝˁʘ ʚʘʪʨʝʥʠʭ ʟʘʜʘʪʘʢʘ; ʠ 

- ʜʨʫʛʝ ʤʝʨʝ ʨʘʜʠ ʦʪʢʣʘˁʘˁʘ ʢʦʥʢʨʝʪʥʠʭ ʦʧʘʩʥʦʩʪʠ ʧʦ ˀʫʜʩʪʚʦ, ʥʘʦʨʫʞʘˁʝ, ʤʫʥʠʮʠʿʫ ʠ 

ʪʨʘʥʩʧʦʨʪʥʦ ʩʨʝʜʩʪʚʦ ʫ ʪʦʢʫ ʧʨʠʧʨʝʤʝ ʠ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ.  

ʄɽʈɽ ʉʀɻʋʈʅʆʉʊʀ ʇʈʀ ɻɸɫɸɳʋ ɹɻɸ 30 MM 

ʉʠʛʫʨʥʦʩʪ ʛʘʹʘˁʘ  ʿʝ ʧʨʦʮʝʩ ʦʜʨʞʘʚʘˁʘ ʧʨʠʭʚʘʪˀʠʚʦʛ ʥʠʚʦʘ ʨʠʟʠʢʘ, ʢʦʿʠʤ ʩʝ 

ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʧʨʝʤʘ ʠ ʠʟʚʨʰʝˁʝ ʛʘʹʘˁʘ ʙʝʟ ʥʝʞʝˀʝʥʠʭ (ʚʘʥʨʝʜʥʠʭ ʜʦʛʘʹʘʿʘ). ʉʠʛʫʨʥʦʩʪ 

ʥʠʿʝ ʟʘʚʨʰʥʦ ʩʪʘˁʝ ʥʝʛʦ ʜʠʥʘʤʠʯʥʦ ʩʧʨʦʚʦʹʝˁʝ ʤʝʨʘ ʥʘ ʦʧʰʪʝʤ ʥʠʚʦʫ ʨʘʜʠ ʩʪʚʘʨʘˁʘ 

ʧʦʪʧʫʥʠʭ ʫʩʣʦʚʘ ʟʘ ʠʟʚʨʰʘʚʘˁʝ ʚʘʪʨʝʥʠʭ ʟʘʜʘʪʘʢʘ ʙʝʟ ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʝʜʠʮʘ ʟʘ ʨʝʩʫʨʩʝ. 

ɿʘ ʠʟʚʨʰʝˁʝ ʛʘʹʘˁʘ ɹɻɸ 30 mm ʧʨʝʜʫʟʠʤʘʿʫ ʩʝ ʩʣʝʜʝ˂ʝ ʤʝʨʝ ʩʠʛʫʨʥʦʩʪʠ: 

- ʛʘʹʘˁʝ ʤʦʞʝ ʠʟʚʨʰʘʚʘʪʠ ʩʘʤʦ ʧʦʪʧʫʥʦ ʦʙʫʯʝʥʦ ˀʫʜʩʪʚʦ ʫ ʨʫʢʦʚʘˁʫ ʩʘ ɹɻɸ 30 mm; 

- ʧʦʩʣʫʞʠʦʮʠ ʦʨʫʹʘ ʨʫʢʫʿʫ ʩʘ ɹɻɸ 30 mm ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʘʚʠʣʠʤʘ ʛʘʹʘˁʘ ʧʨʦʧʠʩʘʥʠʭ 

ʪʘʯʢʘʤʘ ʧʨʘʚʠʣʘ ʟʘ ʙʘʮʘʯ ʛʨʘʥʘʪʘ ʘʫʪʦʤʘʪʩʢʠ 30 mm ʄ93; 

- ɹɻɸ 30 mm  ʠʟ ʢʦʛʘ ʩʝ ʛʘʹʘ ʧʨʝʛʣʝʜʘ ʩʝ ʠ ʤʦʨʘ ʙʠʪʠ ʠʩʧʨʘʚʘʥ; 

- ʟʘʙʨʘˁʫʿʝ ʩʝ ʫʧʦʪʨʝʙʘ ʥʝʠʩʧʨʘʚʥʠʭ ʠ ʥʝʧʨʝʛʣʝʜʘʥʠʭ  ɹɻɸ 30 mm ʠ ʧʨʦʿʝʢʪʠʣʘ; 

- ʧʨʝ ʚʨʰʝˁʘ ʙʠʣʦ ʢʘʢʚʠʭ ʨʘʜˁʠ ʦʨʫʹʝ ʩʝ ʧʨʘʟʥʠ ʠ ʧʨʦʚʝʨʘʚʘ ʜʘ ʣʠ ʿʝ ʧʨʘʟʥʦ; 

- ʟʘ ʚʨʝʤʝ ʧʫˁʝˁʘ, ʧʨʘʞˁʝˁʘ ʠ ʦʪʢʣʘˁʘˁʘ ʟʘʩʪʦʿʘ ʥʠʿʝ ʜʦʟʚʦˀʝʥʦ ʢʨʝʪʘˁʝ ʠʩʧʨʝʜ ʮʝʚʠ 

ʦʨʫʹʘ; 

- ʦʨʫʹʝ ʿʝ ʫʚʝʢ ʫʢʦʯʝʥʦ ʘ ʦʩʣʦʙʘʹʘˁʝ ʢʦʯʥʠʮʝ ʧʘˀʙʝ ʜʦʟʚʦˀʝʥʦ ʿʝ ʩʘʤʦ ʧʨʝʜ ʦʪʚʘʨʘˁʝ 

ʧʘˀʙʝ; 

- ʧʨʝ ʩʚʘʢʦʛ ʛʘʹʘˁʘ ʦʙʘʚʝʟʥʦ ʩʝ ʧʨʦʚʝʨʘʚʘ ʠ ʧʦʜʝʰʘʚʘ ʥʠʰʘʥʩʢʘ ʩʧʨʘʚʘ; 
- ʟʘʫʟʠʤʘˁʝ ʝʣʝʤʝʥʘʪʘ ʟʘ ʛʘʹʘˁʝ ʤʦʨʘ ʙʠʪʠ ʪʘʯʥʦ, ʘ ʣʠʙʝʣʝ ʤʦʨʘʿʫ ʜʘ ʚʨʭʫʥʝ ʥʘʢʦʥ 

ʟʘʚʨʰʝʥʦʛ ʥʠʰʘˁʝˁʘ; 

- ʦʙʘʚʝʟʘʥ ʧʨʝʛʣʝʜ ʤʫʥʠʮʠʿʝ ʧʨʝ ʫʧʦʪʨʝʙʝ; 

- ʤʫʥʠʮʠʿʘ ʩʝ ʟʘʰʪʠ˂ʫʿʝ ʦʜ ʥʝʧʦʚʦˀʥʠʭ ʘʪʤʦʩʬʝʨʩʢʠʭ ʫʪʠʮʘʿʘ (ʚʣʘʛʝ, ʜʠʨʝʢʪʥʠʭ 

ʩʫʥʯʝʚʠʭ ʟʨʘʢʘ, ʥʠʩʢʝ ʠ ʚʠʩʦʢʝ ʪʝʤʧʝʨʘʪʫʨʝ) ʠ ʦʙʝʟʙʝʹʫʿʝ ʩʪʨʘʞʦʤ; 

- ʤʫʥʠʮʠʿʦʤ ʩʝ ʨʫʢʫʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʦʜʨʝʜʙʘʤʘ ʋʧʫʪʩʪʚʘ ʦ ʨʫʢʦʚʘˁʫ ʤʫʥʠʮʠʿʦʤ ʠ 

ʝʢʩʧʣʦʟʠʚʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ; 

- ʪʨʘʥʩʧʦʨʪ ʤʫʥʠʮʠʿʝ ʠʩʢˀʫʯʠʚʦ ʫ ʦʨʠʛʠʥʘʣʥʦʤ ʧʘʢʦʚʘˁʫ; 

- ʥʝ ʜʦʟʚʦˀʘʚʘ ʩʝ ʧʨʝʢʦʨʘʯʝˁʝ ʧʨʦʧʠʩʘʥʦʛ ʨʝʞʠʤʘ ʧʘˀʙʝ ʫ ʪʦʢʫ ʛʘʹʘˁʘ; 

- ʟʘʙʨʘˁʫʿʝ ʩʝ ʫʧʦʪʨʝʙʘ ʯʝʢʠ˂ʘ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʥʠʭ ʧʨʝʜʤʝʪʘ ʟʘ ʬʠʢʩʠʨʘˁʝ ʤʝʪʢʘ ʫ 

ʯʣʘʥʘʢ, ʧʨʠ ʧʫˁʝˁʫ ʨʝʜʝʥʠʢʘ; ʠ 

- ʜʨʫʛʝ ʤʝʨʝ ʫ ʮʠˀʫ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ ʙʝʟ ʚʘʥʨʝʜʥʠʭ ʜʦʛʘʹʘʿʘ. 

ʄɽʈɽ ɿɸʐʊʀʊɽ ʇʈʀ ɻɸɫɸɳʋ ɹɻɸ 30 MM  

ɿʘʰʪʠʪʘ ʥʘ ʛʘʹʘˁʫ ʿʝ ʧʨʦʮʝʩ ʧʨʝʜʫʟʠʤʘˁʘ ʢʦʥʢʨʝʪʥʠʭ ʤʝʨʘ ʫ ʜʘʪʦʿ ʩʠʪʫʘʮʠʿʠ ʥʘ 

ʟʝʤˀʠʰʪʫ. ʄʝʨʝ ʟʘʰʪʠʪʝ ʧʨʝʜʫʟʠʤʘʿʫ ʩʚʠ ʦʨʛʘʥʠ ʥʘ ʩʪʨʝʣʠʰʪʫ ʨʘʜʠ ʩʪʚʘʨʘˁʘ ʫʩʣʦʚʘ ʫ ʪʦʢʫ 

ʧʨʠʧʨʝʤʝ ʠ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ ʢʦʠʿ ʥʝ ʜʦʚʦʜʝ ʜʦ ʧʦʚʨʝʹʠʚʘˁʘ ʠ ʢʦʿʠ ʩʪʚʘʨʘʿʫ ʫʩʣʦʚʝ ʟʘ ʧʫʥʫ 

ʬʠʟʠʯʢʫ ʠ ʧʩʠʭʠʯʢʫ ʙʝʟʙʝʜʥʦʩʪ ʧʦʩʣʫʞʠʣʘʮʘ ʦʨʫʹʘ ʠ ʨʫʢʦʚʦʜʠʦʮʘ ʛʘʹʘˁʘ. 

ɿʘ ʧʨʠʧʨʝʤʫ ʠ ʠʟʚʨʰʝˁʝ ʛʘʹʘˁʘ ʠʟ ɹɻɸ 30 mm ʧʨʝʜʫʟʠʤʘʿʫ ʩʝ ʩʣʝʜʝ˂ʝ ʤʝʨʝ ʟʘʰʪʠʪʝ: 

- ˀʫʜʩʪʚʦ ʫ ʧʦʩʣʫʛʘʤʘ ʥʝ ʩʤʝ ʩʢʠʜʘʪʠ ʰʣʝʤ; 

- ʮʝʚ ʦʨʫʹʘ ʿʝ ʫʚʝʢ ʦʢʨʝʥʫʪʘ ʫ ʧʨʘʚʮʫ ʛʘʹʘˁʘ ʢʘ ʟʦʥʠ ʜʝʿʩʪʚʘ ʠ ʧʨʦʪʠʚʥʠʢʫ; 

- ʧʦʩʣʫʞʠʦʮʠ ʦʨʫʹʘ ʧʨʘʪʝ ʪʝʨʝʥ ʧʨʠ ʜʦʣʘʩʢʫ ʠ ʧʦʩʝʜʘˁʫ ʚʘʪʨʝʥʦʛ ʧʦʣʦʞʘʿʘ; 

- ʧʦʩʣʫʞʠʦʮʠ ʦʨʫʹʘ ʫʦʯʘʚʘʿʫ ʤʝʩʪʦ ʟʘʢʣʦʥʘ ʠ ʫʣʘʟʝ ʫ ʟʘʢʣʦʥ ʚʦʜʝ˂ʠ ʨʘʯʫʥʘ ʜʘ ʩʝ ʥʝ 

ʧʦʚʨʝʜʝ ʠ ʜʘ ʫ ʟʘʢʣʦʥʫ ʥʝʤʘ ʞʠʚʦʪʠˁʘ ʢʦʿʝ ʙʠ ʤʦʛʣʝ ʜʘ ʥʘʥʝʩʫ ʧʦʚʨʝʜʫ; 
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- ʤʫʥʠʮʠʿʘ ʩʝ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʨʘʚʥʘ ʠ ʥʝʦʰʪʝ˂ʝʥʘ ʠʟʜʘʿʝ ʧʦʩʣʫʛʘʤʘ ʟʘ ʠʟʚʨʰʝˁʝ ʚʘʪʨʝʥʠʭ 

ʟʘʜʘʪʘʢʘ; 

- ʧʦʩʣʫʞʠʦʮʠ ʦʨʫʹʘ ʟʘʩʪʦʿʝ ʦʪʢʣʘˁʘʿʫ ʠʩʢˀʫʯʠʚʦ ʧʦ ʦʜʦʙʨʝˁʫ ʨʫʢʦʚʦʜʠʦʮʘ ʛʘʹʘˁʘ; 

- ʧʨʠ ʧʨʦʤʝʥʠ ʚʘʪʨʝʥʦʛ ʧʦʣʦʞʘʿʘ ɹɻɸ 30 mm, ʩʝ ʜʨʞʠ ʧʨʘʚʠʣʥʦ ʠ ʧʦʩʣʫʞʠʦʮʠ ʦʨʫʹʘ 

ʚʦʜʝ ʨʘʯʫʥʘ ʜʘ ʩʝ ʥʝ ʧʦʚʨʝʜʝ ʧʨʠ ʢʨʝʪʘˁʫ;  

- ʧʦʩʣʫʞʠʦʮʠ ʦʨʫʹʘ  ʩʘʤʦʩʪʘʣʥʦ ʧʨʝʢʠʜʘʿʫ ʛʘʹʘˁʝ ʫ ʩʣʫʯʘʿʫ ʙʠʣʦ ʢʘʢʚʦʛ ʫʛʨʦʞʘʚʘˁʘ 

ʩʦʧʩʪʚʝʥʠʭ  ˀʫʜʩʢʠʭ ʠ ʤʘʪʝʨʠʿʘʣʥʠʭ ʨʝʩʫʨʩʘ; ʠ 

- ʜʨʫʛʝ ʤʝʨʝ ʨʘʜʠ ʟʘʰʪʠʪʝ ˀʫʜʩʪʚʘ  ʪʦʢʦʤ ʧʨʠʧʨʝʤʝ ʠ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ. 

ʅʘʚʝʜʝʥʝ ʤʝʨʝ ʩʫ ʫ ʫʟʨʦʯʥʦ-ʧʦʩʣʝʜʠʯʥʦʿ ʚʝʟʠ ʠ ˁʠʭʦʚʦʤ ʧʨʠʤʝʥʦʤ ʩʤʘˁʫʿʝ ʩʝ ʨʠʟʠʢ
3
 

ʪʦʢʦʤ ʧʨʠʧʨʝʤʝ ʠ ʠʟʚʨʰʝˁʘ ʛʘʹʘˁʘ. 

ɻɸɫɸɳɽ  ɹɸʎɸʏɽʄ ɻʈɸʅɸʊɸ ɸʋʊʆʄɸʊʉʂʀʄ 30 MM  

ʇʨʦʮʝʩ ʢʦʿʠʤ ʩʝ ʦʨʛʘʥʠʟʫʿʝ ʧʨʠʧʨʝʤʘ ʠ ʠʩʧʘˀʫʿʝ ʧʨʦʿʝʢʪʠʣ ʥʘ ʮʠˀ, ʩʘ ʪʝʞˁʦʤ ʜʘ ʩʝ 

ʨʝʰʠ ʧʨʦʙʣʝʤ ˁʠʭʦʚʦʛ ʩʫʩʨʝʪʘ  ʫ ʦʜʨʝʹʝʥʦʤ ʧʨʦʩʪʦʨʫ ʠ ʟʘ ʦʜʨʝʹʝʥʦ ʚʨʝʤʝ ʥʘʟʠʚʘ ʩʝ ʛʘʹʘˁʝ. 

ɻʝʦʤʝʪʨʠʿʩʢʠ ʛʣʝʜʘʥʦ ʮʠˀ ʛʘʹʘˁʘ ʧʨʝʜʩʪʘʚˀʘ ʪʝʞˁʫ ʜʘ ʩʝ ʩʣʠʢʘ (ʝʣʠʧʩʘ) ʨʘʩʪʫʨʘˁʘ 

ʧʦʛʦʜʘʢʘ ʦʜʨʝʹʝʥʦʛ ʦʨʫʞʿʘ ʧʦʢʣʦʧʠ ʩʘ ʩʣʠʢʦʤ ʫ ʧʨʦʩʪʦʨʫ ʢʦʿʘ ʿʝ ʠʟʘʙʨʘʥʘ ʟʘ ʮʠˀ(ʚʦʿʥʠʢ, 

ʪʝʥʢ, ʙʦʨʙʝʥʦ ʚʦʟʠʣʦ, ʫʪʚʨʹʝʥʘ ʟʛʨʘʜʘ ʠ ʜʨ.) ʊʘʯʥʦʩʪ ʦʩʪʚʘʨʝˁʘ ʥʘʚʝʜʝʥʦʛ ʮʠˀʘ ʦʜʨʝʹʫʿʝ ʩʝ 

ʥʘ ʦʩʥʦʚʫ ʦʜʩʪʫʧʘˁʘ ʩʨʝʜˁʝʛ ʧʦʛʦʪʢʘ.  

ɻʘʹʘˁʝʤ ʩʝ ʦʩʪʚʘʨʫʿʝ ʞʝˀʝʥʠ ʝʬʝʢʘʪ ʜʝʿʩʪʚʦʤ ʛʨʘʥʘʪʘ ʥʘ ʮʠˀʫ. ɻʘʹʘˁʝ ʙʘʮʘʯʝʤ 

ʛʨʘʥʘʪʘ ʦʙʫʭʚʘʪʘ: ʧʨʠʧʨʝʤʫ ʟʘ ʛʘʹʘˁʝ (ʠʟʙʦʨ, ʠʟʣʘʟʘʢ ʠ ʧʦʩʝʜʘˁʝ ʚʘʪʨʝʥʦʛ ʧʦʣʦʞʘʿʘ (ɺʇ) ʠ 

ʦʩʤʘʪʨʘʯʥʠʮʝ, ʦʩʤʘʪʨʘˁʝ, ʫʦʯʘʚʘˁʝ  ʠ ʠʟʙʦʨ ʮʠˀʘ, ʦʜʨʝʹʠʚʘˁʝ ʜʘˀʠʥʝ ʜʦ ʮʠˀʘ, ʦʪʢʣʘˁʘˁʝ 

ʥʝʛʘʪʠʚʥʠʭ ʫʪʠʮʘʿʘ ʥʘ ʛʘʹʘˁʝ ʠ ʧʨʠʧʨʝʤʘ ʝʣʝʤʝʥʘʪʘ ʟʘ ʛʘʹʘˁʝ), ʠʟʚʨʰʝˁʝ ʛʘʹʘˁʘ 

(ʦʪʚʘʨʘˁʝ ʧʘˀʙʝ, ʧʨʝʢʠʜ ʧʘˀʙʝ, ʠ ʦʙʫʩʪʘʚʘ ʛʘʹʘˁʘ. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʛʘʹʘˁʘ  ʚʨʰʠ ʩʝ 

ʧʨʝʤʘ ʥʘʯʠʥʫ ʥʠʰʘˁʝˁʘ, ʦʙʣʠʮʠʤʘ ʧʫʪʘˁʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʮʠˀʘ.  ʅʘ ʩʣʠʮʠ 2 ʧʨʠʢʘʟʘʥʠ 
ʩʫ ʠʟʚʨʰʠʦʮʠ ʫ ʛʦʪʦʚʦʩʪʠ ʟʘ ʛʘʹʘˁʝ. 
 

 

ʉʣʠʢʘ 2: ʨʘʩʧʦʨʝʜ ʧʦʩʣʫʞʠʣʘʮʘ ʥʘ ʚʘʪʨʝʥʦʤ ʧʦʣʦʞʘʿʫ 

 

                                                             
3
 ʈʠʟʠʢ ï ʠʩʧʦˀʘʚʘˁʝ ʦʜʨʝʹʝʥʠʭ ʦʧʘʩʥʠʭ ʜʦʛʘʹʘʿʘ ʠ ˁʠʭʦʚʠʭ ʚʝʨʦʚʘʪʥʠʭ ʧʦʩʣʝʜʠʮʘ ʧʦ ˀʫʜʝ, ʤʘʪʝʨʠʿʘʣʥʘ ʜʦʙʨʘ 

ʠ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʂʝʢʦʚʠ˂ ɿ. ʠ ʂʝʰʝʪʦʚʠ˂ ɾ. "ʂʨʠʟʥʠ ʤʝʥʘ˅ʤʝʥʪ I- ʇʨʝʚʝʥʮʠʿʘ ʢʨʠʟʝ",  ʋʥʠʚʝʨʟʠʪʝʪ ʫ 

ɹʝʦʛʨʘʜʫ, ʌʘʢʫʣʪʝʪ ʙʝʟʙʝʜʥʦʩʪʠ, ɹʝʦʛʨʘʜ, 2006., ʩʪʨ. 135. 
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ɹɸʎɸʏ ɻʈɸʅɸʊɸ ɸʋʊʆʄɸʊʉʂʀʄ 30 MM  

ɹʘʮʘʯ ʛʨʘʥʘʪʘ ʘʫʪʦʤʘʪʩʢʠ 30ʤʤ ʄ93 (ɹɻɸ) ʿʝ ʦʨʫʹʝ ʟʘ ʧʦʜʨʰʢʫ  ʧʝʰʘʜʠʿʝ, 

ʥʘʤʝˁʝʥʦ ʿʝ ʟʘ ʥʝʫʪʨʘʣʠʩʘˁʝ ʞʠʚʝ ʩʠʣʝ ʠ ʚʘʪʨʝʥʠʭ ʩʨʝʜʩʪʘʚʘ ʫ ʥʝʧʦʪʧʫʥʠʤ ʟʘʢʣʦʥʠʤʘ ʠ ʚʘʥ 

ˁʠʭ ʢʘʦ ʠ ʫʥʠʰʪʘʚʘˁʝ ʣʘʢʦ ʦʢʣʦʧˀʝʥʠʭ  ʙʦʨʙʝʥʠʭ ʠ ʥʝʙʦʨʙʝʥʠʭ ʚʦʟʠʣʘ. ʇʦʛʦʜʘʥ ʿʝ ʟʘ 

ʛʘʹʘˁʝ ʮʠˀʝʚʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʠʟʘ ʧʨʠʨʦʜʥʠʭ ʧʨʝʧʨʝʢʘ( ʫ ʫʚʘʣʘʤʘ, ʿʘʨʫʛʘʤʘ ʠ ʥʘ ʟʘʜˁʠʤ 

ʥʘʛʠʙʠʤʘ).ʅʘ ʩʣʠʮʠ 3 ʧʨʠʢʘʟʘʥ ʿʝ ʥʠʰʘʥ˅ʠʿʘ ʩʘ ʙʘʮʘʯʝʤ ʛʨʘʥʘʪʘ ʘʫʪʦʤʘʪʩʢʠʤ.   

 

 

ʉʣʠʢʘ 3: ʥʠʰʘʥ˅ʠʿʘ  ʥʘ ʚʘʪʨʝʥʦʤ ʧʦʣʦʞʘʿʫ ʩʘ ɹɻɸ 30mm 

ʋʩʧʝʰʥʦ ʜʝʿʩʪʚʦ ɹɻɸ ʧʨʠ ʥʝʧʦʩʨʝʜʥʦʤ ʛʘʹʘˁʫ  ʿʝ ʥʘ ʜʘˀʠʥʘʤʘ ʜʦ 700 ʤʝʪʘʨʘ, ʘ ʧʨʠ 

ʧʦʣʫʧʦʩʨʝʜʥʦʤ ʠ ʧʦʩʨʝʜʥʦʤ ʛʘʹʘˁʫ ʥʘ ʜʘˀʠʥʘʤʘ ʜʦ 1700ʤʝʪʘʨʘ.ʇʘˀʘʙʘ ʠʟ ʙʘʮʘʯʘ ʛʨʘʥʘʪʘ 

ʤʦʞʝ ʙʠʪʠ ʨʘʬʘʣʥʘ ʢʨʘʪʢʠ ʨʘʬʘʣʠ ʜʦ 5 ʛʨʘʥʘʪʘ ʠ ʜʫʛʠ ʜʦ 10 ʛʨʘʥʘʪʘ ʠ ʥʝʧʨʝʢʠʜʥʘ ʜʦ 29 

ʛʨʘʥʘʪʘ. ɻʘʹʘˁʝ ʤʦʞʝ ʙʠʪʠ ʫʩʧʦʨʝʥʦʤ ʙʨʟʠʥʦʤ  ʜʦ 30 ʛʨʘʥʘʪʘ ʫ ʤʠʥʫʪʠ    ʠʣʠ ʤʘʢʩʠʤʘʣʥʦʤ 

ʦʜ 65 ʜʦ 70 ʛʨʘʥʘʪʘ ʫ ʤʠʥʫʪʠ. ʇʨʠ ʤʠʥʠʤʘʣʥʦʿ ʙʨʟʠʥʠ ʛʘʹʘˁʘ  ʤʦʛʫ˂ʝ ʿʝ ʧʦʿʝʜʠʥʘʯʥʦ 

ʠʩʧʘˀʠʚʘˁʝ ʛʨʘʥʘʪʘ. 

ɿɸʂɲʋʏɸʂ 

ʋ ʨʘʜʫ ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ ʤʝʨʝ ʨʘʜʥʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ  ʦʙʘʚˀʘʿʫ ʟʘʧʦʩʣʝʥʠ ʠʥʩʪʨʫʢʪʦʨʠ 

ʥʘʦʨʫʞʘˁʘ ʫ ʆʜʩʝʢʫ ʟʘ ʧʝʰʘʜʠʿʩʢʦ ʥʘʦʨʫʞʘˁʝ ʂʘʪʝʜʨʝ ʥʘʦʨʫʞʘˁʘ ʠ ʚʦʿʥʝ ʦʧʨʝʤʝ. ʉʚʝ 

ʥʘʚʝʜʝʥʝ ʤʝʨʝ  ʩʝ ʧʨʝʜʫʟʠʤʘʿʫ ʜʘ ʙʠ ʩʝ Ăʜʦʛʘʹʘʿʠñ (ʚʘʥʨʝʜʥʠ ʜʦʛʘʹʘʿʠ) ʩʚʝʣʠ ʥʘ ʤʠʥʠʤʫʤ. 

ɻʣʦʙʘʣʥʠ ʮʠˀ ʥʘʩʪʘʚʥʠʢʘ-ʠʥʩʪʨʫʢʪʦʨʘ ʿʝ Ă0ñ ʠʥʮʠʜʝʥʪʥʠʭ ʩʠʪʫʘʮʠʿʘ ʫ ʪʦʢʫ ʛʦʜʠʥʝ. ɼʝʪʘˀʥʦ 

ʿʝ ʦʙʨʘʹʝʥʦ ʫʧʫʩʪʚʦ  ʟʘ ʙʝʟʙʝʜʘʥ ʨʘʜ ʧʨʠ ʛʘʹʘˁʫ ɹɻɸ ʠ ʥʘʩʪʘʚʥʠʮʠ ʩʫ ʫʚʝʨʝʥʠ ʜʘ ˂ʝ ʩʝ 

ˁʝʛʦʚʦʤ ʠʤʧʣʝʤʝʥʪʘʮʠʿʦʤ ʠ ʩʪʘʣʥʦʤ ʝʜʫʢʘʮʠʿʦʤ ʟʘʧʦʩʣʝʥʠʭ ʥʘ ʚʦʿʥʦʿ ʘʢʘʜʝʤʠʿʠ, ʮʠˀ ʢʦʿʠ 
ʿʝ ʧʨʝʜ ˁʠʤʘ ʧʦʩʪʘʚˀʝʥ ʠ ʦʩʪʚʘʨʠʪʠ. ʋ ʚʦʿʥʦʿ ʘʢʘʜʝʤʠʿʠ ʩʧʨʦʚʦʜʝ ʩʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 

ʧʦʜʠʟʘˁʫ  ʩʚʝʩʪʠ ʟʘʧʦʩʣʝʥʠʭ ʦ ʥʝʦʧʭʦʜʥʦʩʪʠ ʧʨʠʜʨʞʘʚʘˁʘ ʤʝʨʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ 

ʨʘʜʫ ʠ ʦʨʛʘʥʠʟʘʮʠʿʠ ʦʙʫʢʝ ʠ ʨʘʜʘ, ʛʜʝ ˂ʝ ʩʝ ʚʝ˂ʘ ʧʘʞˁʘ ʧʦʩʚʝʪʠʪʠ  ʧʨʘʢʪʠʯʥʦʤ ʦʙʣʠʮʠʤʘ 

ʥʘʩʪʘʚʥʦʛ ʧʨʦʮʝʩʘ, ʦʜʥʦʩʥʦ ʫʯʝʰ˂ʫ  ʟʘʧʦʩʣʝʥʠʭ ʫ ʨʝʘʣʥʠʤ ʩʠʪʫʘʮʠʿʘʤʘ. 

ʋ ʠʟʚʨʰʝˁʫ ʛʘʹʘˁʘ  ʙʘʮʘʯʝʤ  ʛʨʘʥʘʪʘ 30 mm ʄ93, ʪʝʞʠʰʪʝ ʿʝ ʥʘ ʧʨʠʜʨʞʘʚʘˁʫ ʠ 

ʩʧʨʦʚʦʹʝˁʫ ʤʝʨʘ ʙʝʟʙʝʜʥʦʩʪʠ ʩʚʠʭ ʫʯʝʩʥʠʢʘ (ʠʟʚʨʰʠʦʮʘ) ʥʘ ʛʘʹʘˁʫ, ʨʘʜʫ ʨʫʢʦʚʦʜʠʦʮʘ 

ʛʘʹʘˁʘ, ʧʦʤʦ˂ʥʠʢʘ ʨʫʢʦʚʦʜʠʦʮʘ ʛʘʹʘˁʘ, ʧʨʠ ʨʫʢʦʚʘˁʫ ʚʘʪʨʦʤ ʠ ʫ ʦʪʢʣʘˁʘˁʫ ʫʪʠʮʘʿʘ 

ʩʪʚʘʨʥʠʭ ʫʩʣʦʚʘ ʛʘʹʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʪʘʙʣʠʯʥʝ ʫʩʣʦʚʝ ʛʘʹʘˁʘ. ʊʘʢʦʹʝ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʧʨʠʜʨʞʘʚʘˁʝ ʩʚʠʭ ʧʨʦʧʠʩʘʥʠʭ ʤʝʨʘ ʙʝʟʙʝʜʥʦʩʪʠ, ʩʠʛʫʨʥʦʩʪʠ ʠ ʟʘʰʪʠʪʝ ˀʫʜʩʪʚʘ ʧʨʠ 

ʨʫʢʦʚʘˁʫ ʤʫʥʠʮʠʿʦʤ ʢʘʣʠʙʨʘ 30ʤʤ ʠ ʧʨʘʚʠʣʥʝ ʫʧʦʪʨʝʙʝ ʩʦʧʩʪʚʝʥʠʭ  ʤʘʪʝʨʠʿʘʣʥʦ-ʪʝʭʥʠʯʢʠʭ 

ʩʨʝʜʩʪʘʚʘ  ʥʘ ʟʝʤˀʠʰʪʫ ʫ ʪʦʢʫ ʨʝʰʘʚʘˁʘ ʚʘʪʨʝʥʠʭ ʟʘʜʘʪʘʢʘ ʫ ʙʦʨʙʝʥʠʤ ʜʝʿʩʪʚʠʤʘ. ʊʨʝʙʘ 

ʠʤʘʪʠ ʫ ʚʠʜʫ ʜʘ ʧʦʨʝʜ ʧʨʝʜʫʟʝʪʠʭ ʤʝʨʘ ʙʝʟʙʝʜʥʦʩʪʠ, ʩʠʛʫʨʥʦʩʪʠ ʠ ʟʘʰʪʠʪʝ ʜʝʰʘʚʘ ʩʝ ʜʘ, 

ʿʝʜʥʦʩʪʘʚʥʦ, ʚʘʪʨʝʥʦ ʩʨʝʜʩʪʚʦ  ʦʪʢʘʞʝ (ʨʘʩʧʨʩʥʝ), ʘʣʠ ʪʦ ʿʝ ʨʠʟʠʢ ʧʦʩʣʘ ʥʘʩʪʘʚʥʠʢʘ 

ʥʘʦʨʫʞʘˁʘ ʥʘ ɺʦʿʥʦʿ ʘʢʘʜʝʤʠʿʠ.   
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ʋ ʨʘʜʫ ʿʝ ʧʨʠʢʘʟʘʥ ʧʨʝʛʣʝʜ ʨʝʬʝʨʝʥʪʥʠʭ ʇʨʘʚʠʣʥʠʢʘ ʚʝʟʘʥʠʭ ʟʘ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʫ ʧʦʛʣʝʜʫ ʦʧʨʝʤʝ ʟʘ 

ʨʘʜ. ɿʘ ʧʦʪʨʝʙʝ ʨʘʜʘ ʠʟʚʨʰʝʥʦ ʿʝ ʠʩʧʠʪʠʚʘˁʝ ʢʦʣʠʢʦ ʩʝ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʜʝʬʠʥʠʩʘʥʝ ʧʨʦʮʝʥʦʤ ʨʠʟʠʢʘ, ʚʝʟʘʥʝ 

ʟʘ ʤʘʰʠʥʝ ʠ ʦʧʨʝʤʫ,  ʩʧʨʦʚʦʜʝ ʫ ʧʨʝʜʫʟʝ˂ʠʤʘ, ʢʘʦ ʠ ʙʨʦʿ ʧʦʚʨʝʜʘ ʟʘ ʢʦʿʝ ʩʫ ʩʫ ʦʥʠ ʫʟʨʦʯʥʠʮʠ. ʇʨʠʢʘʟʘʥʦ ʿʝ 

ʢʘʢʦ ʚʦʹʝˁʝ OHSAS (Occupational Health and Safety Assessment Series)   ʩʪʘʥʜʘʨʜʘ ʜʦʚʦʜʠ ʜʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʿʝ 

ʩʠʛʫʨʥʦʩʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʙʦˀʰʘˁʘ ʧʨʦʮʝʩʘ ʩʘ ʘʩʧʝʢʪʘ ɹɿʈ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ɹɿʈ, OHSAS, ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ 

THE IMPORTANCE  OF QUALITY MANAGEMEN T IN THE 

APPLICATION  OF PREVENTIVE  OHS MEASURES 

ABSTRACT 

This paper presents an overview of reference Rule books relating to preventive measures in respect of work 

equipment. For the purposes of this paper the examination was conducted considering how much preventive measures 

defined by risk assessment, related to machinery and equipment, are carried out in enterprises, as well as the number of 

injuries they cause. It is shown how the conduct of OHSAS (Occupational Health and Safety Assessment Series) 

standards leads to the systematization of safety activities and process improvement in terms of OHS. 

Keywords: OHS, OHSAS, preventive measures 

ʋɺʆɼ 

ʋʨʝʹʝʥ ʠ ʩʠʩʪʝʤʘʪʠʟʦʚʘʥ ʧʨʠʩʪʫʧ ʟʘ ʠʜʝʥʪʠʬʠʢʦʚʘˁʝ ʦʧʘʩʥʦʩʪʠ ʠ ʫʧʨʘʚˀʘˁʝ 

ʨʠʟʠʢʦʤ ʜʦʧʨʠʥʦʩʠ, ʢʘʢʦ ʦʙʝʟʙʝʹʝˁʫ ʟʜʨʘʚʠʿʝʛ ʠ ʩʠʛʫʨʥʠʿʝʛ ʨʘʜʥʦʛ ʦʢʨʫʞʝˁʘ, ʪʘʢʦ ʠ 

ʠʟʙʝʛʘʚʘˁʫ ʥʘʩʪʘʥʢʘ ʠʥʮʠʜʝʥʘʪʘ/ʘʢʮʠʜʝʥʘʪʘ, ʥʘʨʫʰʘʚʘˁʘ ʟʜʨʘʚˀʘ, ʢʘʦ ʠ  ʩʤʘˁʝˁʫ 

ʠʟʛʫʙˀʝʥʦʛ ʨʘʜʥʦʛ ʚʨʝʤʝʥʘ ʟʙʦʛ ʙʦʣʝʩʪʠ ʠ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʟʘʧʦʩʣʝʥʠʭ. 
ʋʚʦʹʝˁʝ OHSAS (Occupational Health and Safety Assessment Series)   ʩʪʘʥʜʘʨʜʘ ʜʦʚʦʜʠ 

ʜʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʿʝ ʩʠʛʫʨʥʦʩʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʦʙʦˀʰʘˁʘ ʧʨʦʮʝʩʘ. ɱʘʯʘ ʩʝ ʩʚʝʩʪ ʦ ʨʠʟʠʮʠʤʘ 

ʠʟ ʦʙʣʘʩʪʠ ʩʠʛʫʨʥʦʩʪʠ ʥʘ ʨʘʜʫ, ʠʩʧʫˁʘʚʘʿʫ ʩʝ ʟʘʢʦʥʩʢʠ ʟʘʭʪʝʚʠ ʫ ʧʦʛʣʝʜʫ ʩʠʛʫʨʥʦʩʪʠ ʥʘ 

ʨʘʜʫ, ʚʦʜʠ ʩʝ ʦʪʚʦʨʝʥʘ ʠʥʬʦʨʤʘʮʠʦʥʘ ʧʦʣʠʪʠʢʘ ʨʘʟʚʦʿʘ ʩʠʛʫʨʥʦʩʪʠ ʥʘ ʨʘʜʫ ʠ ʟʘʰʪʠʪʝ 

ʟʜʨʘʚˀʘ ʰʪʦ ʨʝʟʫʣʪʠʨʘ ʢʦʥʪʠʥʫʠʨaʥʠʤ  ʧʦʙʦˀʰʘˁʠʤʘ ʩʠʛʫʨʥʦʩʪʠ ʥʘ ʨʘʜʫ ʠ ʟʘʰʪʠʪʝ 

ʟʜʨʘʚˀʘ. ʇʨʦʠʟʚʦʜʠ ʠ ʧʨʦʮʝʩʠ ʩʝ ʩʠʩʪʝʤʘʪʩʢʠ ʠʩʧʠʪʫʿʫ, ʘ ʤʝʨʝ ʫʪʚʨʹʫʿʫ, ʩʧʨʦʚʦʜʝ, 

ʥʘʜʛʣʝʜʘʿʫ ʠ ʦʮʝˁʫʿʫ. 

ʇʦʨʝʜ ʪʦʛʘ ʮʠˀ ʫʚʦʹʝˁʘ ʦʚʠʭ ʩʪʘʥʜʘʨʜʘ ʿʝʩʪʝ ʧʦʜʠʟʘˁʝ ʤʦʨʘʣʘ ʟʘʧʦʩʣʝʥʠʭ, ʤʘˁʝ 

ʥʝʟʘʜʦʚʦˀʩʪʚʦ,  ʥʠʞʝ ʧʨʝʤʠʿʝ ʦʩʠʛʫʨʘˁʘ, ʢʘʦ ʠ ʧʦʚʝ˂ʘʥ ʢʨʝʜʠʙʠʣʠʪʝʪ ʠ ʠʤʠ˅ ʧʨʝʜʫʟʝ˂ʘ. 

ʆɼɻʆɺʆʈʅʆʉʊʀ ɿɸ ɹɿʈ 

ʋ ʩʢʣʘʜʫ ʩʘ ʦʙʘʚʝʟʘʤʘ ʢʦʿʝ ʧʨʦʠʩʪʠʯʫ ʠʟ ɿʘʢʦʥʘ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʫ ʥʘ ʨʘʜʫ, 

ʜʠʨʝʢʪʦʨ  je ʜʫʞʘʥ ʜʘ ʠʤʝʥʫʿʝ ʃʠʮʝ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ (ʃʠʮʝ ʟʘ ɹɿʈ).  

ʆʚʦ ʣʠʮʝ ʦʙʘʚˀʘ ʩʚʝ ʧʦʩʣʦʚʝ ʢʦʿʠ ʧʨʦʠʩʪʠʯʫ ʠʟ ʧʦʩʪʫʧʘʢʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚˀʘˁʘ 

OHSAS, ʢʘʦ ʰʪʦ ʩʫ: 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʫ ʅʦʚʦʤ ʉʘʜʫ 
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¶ ʋ ʩʘʨʘʜˁʠ ʩʘ ʩʪʨʫʯʥʠʤ ʣʠʮʠʤʘ ʢʦʿʘ ʚʨʰʝ ʧʨʦʮʝʥʫ ʨʠʟʠʢʘ - ʋʯʝʩʪʚʫʿʝ ʫ ʧʨʦʮʝʥʠ 
ʨʠʟʠʢʘ, ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʦʮʝʜʫʨʦʤ - ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʠ ʧʨʦʮʝʥʘ 

ʨʠʟʠʢʘ; 

- ʧʨʠʧʨʝʤʘ ʠ ʯʫʚʘ ʚʘʞʝ˂ʫ ʜʦʢʫʤʝʥʪʘʮʠʿʫ ʠ ʩʧʝʮʠʬʠʯʥʝ ʦʙʨʘʩʮʝ; 

- ʦʨʛʘʥʠʟʫʿʝ ʠ ʚʦʜʠ ʧʨʝʛʣʝʜʝ ʨʘʜʥʠʭ ʤʝʩʪʘ ʠ ʚʨʝʜʥʫʿʝ ʦʧʘʩʥʦʩʪ ʠ ʨʠʟʠʢʝ; 

- ʦʙʘʚˀʘ ʥʘʜʟʦʨ ʥʘʜ ʠʟʚʨʰʘʚʘˁʝʤ ʧʨʦʛʨʘʤʘ ʤʝʨʘ ; 

- ʫʪʚʨʹʫʿʝ ʜʘ ʩʫ ʩʚʝ ʤʝʨʝ ʠ ʨʠʟʠʮʠ ʫ ʚʝʟʠ  ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʫʢˀʫʯʝʥʠ ʫ 

ʦʩʧʦʩʦʙˀʘʚʘˁʝ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ . 

¶ ʇʨʠʧʨʝʤʘ ʧʦʜʣʦʛʝ ʟʘ ʧʨʘ˂ʝˁʝ ʠ ʤʝʨʝˁʝ ʫʯʠʥʢʘ ʩʠʩʪʝʤʘ OHSAS ʘ ʦʩʥʦʚʫ 
ʧʦʩʪʘʚˀʝʥʠʭ ʮʠˀʝʚʘ ʠ ʧʦʜʘʪʘʢʘ ʠʟ ʇʨʦʛʨʘʤʘ ʤʝʨʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ, ʢʘʦ ʰʪʦ 

ʩʫ: 

o ʀʟʨʘʜʘ ʩʪʨʫʯʥʠʭ ʥʘʣʘʟʘ ʦ ʠʟʚʨʰʝʥʠʤ ʧʨʝʛʣʝʜʠʤʘ ʠ ʠʩʧʠʪʠʚ. ʦʧʨʝʤʝ ʟʘ ʨʘʜ, 

o ʈʝʟʫʣʪʘʪʝ ʦ ʠʟʚʨʰʝʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʫʩʣʦʚʘ ʨʘʜʥʝ ʦʢʦʣʠʥʝ, 

o ʨʝʟʫʣʪʘʪʝ ʧʨʝʚʝʥʪʠʚʥʠʭ ʠ ʧʝʨʠʦʜʠʯʥʠʭ ʣʝʢʘʨʩʢʠʭ ʧʨʝʛʣʝʜʘ ʟʘʧʦʩʣʝʥʠʭ   

o ʛʦʜʠʰˁʝʛ ʠʟʚʝʰʪʘʿʘ ʦ ʧʦʚʨʝʜʘʤʘ ʥʘ ʨʘʜʫ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʠʤ ʙʦʣʝʩʪʠʤʘ ʠ ʙʦʣʝʩʠʤʘ 

ʫ ʚʝʟʠ ʩʘ ʨʘʜʦʤ.  

ʅʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʜʘ ʣʠ ˂ʝ ʥʝʢʘ ʦʧʨʝʤʘ ʟʘ ʨʘʜ ʙʠʪʠ ʙʝʟʙʝʜʥʘ ʠʣʠ ʥʝʙʝʟʙʝʜʥʘ ʠʤʘ ʣʠʮʝ ʟʘ 

ɹɿʈ, ʘ ʧʦʛʦʪʦʚʦ ʧʦʩʣʦʜʘʚʘʮ. ʃʠʮʝ ʟʘ ɹɿʈ ʠʤʘ ʦʙʘʚʝʟʫ ʜʘ ʦʨʛʘʥʠʟʫʿʝ ʧʦʩʣʦʚʝ ʟʘ ɹɿʈ ʫ ʩʢʣʘʜʫ 

ʩʘ ɿʘʢʦʥʦʤ, ʘ ʿʝʜʥʘ ʦʜ ʟʥʘʯʘʿʥʠʿʠʭ ʿʝ ʜʘ ʫ ʢʦʦʨʜʠʥʘʮʠʿʠ ʩʘ ʧʦʩʣʦʚʦʹʦʤ ʠ/ʠʣʠ ʩʣʫʞʙʦʤ 

ʦʜʨʞʘʚʘˁʘ ʦʨʛʘʥʠʟʫʿʝ ʧʨʠʧʨʝʤʫ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʟʘ ʧʨʝʛʣʝʜʝ ʠ ʠʩʧʠʪʠʚʘˁʘ. [1]  

ʅʘʿʟʥʘʯʘʿʥʠʿʠ ʘʢʮʝʥʘʪ ʤʦʨʘ ʜʘ ʙʫʜʝ ʥʘ ʧʨʝʚʝʥʪʠʚʥʦʤ ʜʝʣʦʚʘˁʫ. 

ʋ ʜʘˀʝʤ ʜʝʣʫ ʜʘʪ ʿʝ ʧʨʠʢʘʟ ʧʦʿʝʜʠʥʠʭ ʇʨʘʚʠʣʥʠʢʘ ʢʦʿʠʤʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʦʚʘ ʦʙʣʘʩʪ. 

ʂʆʄɽʅʊɸʈʀ ʇʆɱɽɼʀʅʀʍ ʇʈɸɺʀʃʅʀʂɸ ʀɿ ɹɿʈ 

ʇʨʘʚʠʣʥʠʢ ʦ ʧʦʩʪʫʧʢʫ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ oʧʨʝʤʝ ʟʘ ʨʘʜ ʠ ʠʩʧʠʪʠʚʘˁʘ ʫʩʣʦʚʘ 

ʨʘʜʥʝ ʦʢʦʣʠʥʝ  

ʆʚʠʤ ʧʨʘʚʠʣʥʠʢʦʤ ʧʨʦʧʠʩʫʿʫ ʩʝ ʧʦʩʪʫʧʘʢ ʠ ʨʦʢʦʚʠ ʧʨʝʚʝʥʪʠʚʥʠʭ ʠ ʧʝʨʠʦʜʠʯʥʠʭ 

ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ, ʢʘʦ ʠ ʧʨʝʚʝʥʪʠʚʥʠʭ ʠ ʧʝʨʠʦʜʠʯʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʫʩʣʦʚʘ 

ʨʘʜʥʝ ʦʢʦʣʠʥʝ, ʦʜʥʦʩʥʦ ʭʝʤʠʿâʩʢʠʭ, ʙʠʦʣʦʰʢʠʭ ʠ ʬʠʟʠʯʢʠʭ ʰʪʝʪʥʦʩʪʠ (ʦʩʠʤ ʿʦʥʠʟʫʿʫ˂ʠʭ 

ʟʨʘʯʝˁʘ), ʤʠʢʨʦʢʣʠʤʝ ʠ ʦʩʚʝʪˀʝʥʦʩʪʠ.  

ʇʝʨʠʦʜʠʯʥʠ ʠ ʧʨʝʚʝʥʪʠʚʥʠ ʧʨʝʛʣʝʜʠ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ 

ʀʟʙʦʨ ʠ ʩʧʨʦʚʦʹʝˁʝ ʤʝʨʘ ʟʘ ʦʪʢʣʘˁʘˁʝ, ʩʧʨʝʯʘʚʘˁʝ ʠʣʠ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʿʝ 

ʩʫʰʪʠʥʩʢʠ ʜʝʦ ɸʢʪʘ ʦ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ ʠ ʛʣʘʚʥʘ ʩʚʨʭʘ ʮʝʣʦʛ ʧʦʩʣʘ.  

ʄʝʨʝ ʤʦʛʫ ʜʘ ʙʫʜʫ ʨʘʟʥʦʚʩʥʝ, ʘʣʠ ʧʨʝʤʘ ʇʨʘʚʠʣʥʠʢʫ ʥʘʿʤʘˁʝ ʦʙʫʭʚʘʪʘʿʫ [2]: 

¶ ʧʨʝʛʣʝʜ, ʠʩʧʠʪʠʚʘˁʝ ʠ ʦʜʨʞʘʚʘˁʝ ʫ ʠʩʧʨʘʚʥʦʤ ʩʪʘˁʫ ʩʨʝʜʩʪʘʚʘ ʟʘ ʨʘʜ, 

¶ ʦʙʝʟʙʝʹʠʚʘˁʝ ʧʨʦʧʠʩʘʥʠʭ ʫʩʣʦʚʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ, 

¶ ʦʩʧʦʩʦʙˀʘʚʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ, 

¶ ʦʙʝʟʙʝʹʠʚʘˁʝ, ʦʜʨʞʘʚʘˁʝ ʠ ʠʩʧʠʪʠʚʘˁʝ ʦʧʨʝʤʝ ʠ ʩʨʝʜʩʪʘʚʘ ʟʘ ʣʠʯʥʫ ʟʘʰʪʠʪʫ 
ʥʘ ʨʘʜʫ ʠ  

¶ ʫʧʫ˂ʠʚʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʥʘ ʧʨʝʚʝʥʪʠʚʥʝ ʣʝʢʘʨʩʢʝ ʧʨʝʛʣʝʜʝ. 
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ʇʨʝʛʣʝʜʠ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ 

ʇʦʜ ʦʧʨʝʤʦʤ ʟʘ ʨʘʜ, ʧʨʝʤʘ ʫʩʚʦʿʝʥʦʿ ʜʝʬʠʥʠʮʠʿʠ ʫ ʯʣ.4 ɿʘʢʦʥʘ, ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʩʝ 

ʤʘʰʠʥʝ, ʫʨʝʹʘʿʠ, ʧʦʩʪʨʦʿʝˁʘ, ʠʥʩʪʘʣʘʮʠʿʝ, ʘʣʘʪʠ ʠ ʩʣʠʯʥʦ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʧʨʦʮʝʩʫ ʨʘʜʘ. 

ʋ ʩʢʣʘʜʫ ʩʘ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʧʦʩʪʫʧʢʫ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʠ 

ʠʩʧʠʪʠʚʘˁʝ ʫʩʣʦʚʘ ʨʘʜʥʝ ʦʢʦʣʠʥʝ,ʜʝʬʠʥʠʩʘʥʘ ʩʫ  ʩʣʝʜʝ˂ʘ ʧʠʪʘˁʘ:  

ʂʦʿʝ ʚʨʩʪʝ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʧʦʩʪʦʿʝ? 

ʂʦʿʘ ʦʧʨʝʤʘ ʟʘ ʨʘʜ ʧʦʜʣʝʞʝ ʧʨʝʛʣʝʜʫ ʠ ʠʩʧʠʪʠʚʘˁʫ? 

ʂʦʿʠ ʩʫ ʨʦʢʦʚʠ ʚʨʰʝˁʘ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ? 

ʂʦ ʩʚʝ ʤʦʞʝ ʜʘ ʚʨʰʠ ʧʨʝʛʣʝʜʝ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ? 

ɽʣʝʢʪʨʦ ʧʨʝʛʣʝʜ - ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʿʝ ʝʣʝʢʪʨʦ ʧʨʝʛʣʝʜ ʦʙʘʚʝʟʘʥ ʜʝʦ ʩʚʘʢʦʛ 

ʧʨʝʛʣʝʜʘ ʦʧʨʝʤʝ.  

ʀʩʧʠʪʠʚʘˁʝ ʫʩʣʦʚʘ ʨʘʜʥʝ ʦʢʦʣʠʥʝ 

ʇʦʚʦˀʥʘ ʨʘʜʥʘ ʩʨʝʜʠʥʘ ʦʤʦʛʫ˂ʘʚʘ ʨʘʜ ʫ ʦʧʪʠʤʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʰʪʦ ʩʝ ʧʦʚʦˀʥʦ 

ʦʜʨʘʞʘʚʘ ʥʘ ʟʜʨʘʚˀʝ ʨʘʜʥʠʢʘ ʢʘʦ ʠ ʥʘ ˁʝʛʦʚʝ ʨʘʜʥʝ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʀʩʧʠʪʠʚʘˁʝ ʤʠʢʨʦʢʣʠʤʝ ʦʙʫʭʚʘʪʘ ʠʩʧʠʪʠʚʘˁʝ ʝʣʝʤʝʥʘʪʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʟʜʫʭʘ, 

ʚʣʘʞʥʦʩʪ ʚʘʟʜʫʭʘ ʠ  ʙʨʟʠʥʘ ʩʪʨʫʿʘˁʘ ʚʘʟʜʫʭʘ. 

ʋ ʨʘʜʥʠʤ ʧʨʦʩʪʦʨʠʿʘʤʘ ʫ ʢʦʿʠʤʘ ʩʝ ʿʘʚˀʘʿʫ ʜʨʫʛʝ ʰʪʝʪʥʦʩʪʠ (ʬʠʟʠʯʢʝ, ʭʝʤʠʿʩʢʝ ʠʣʠ 

ʙʠʦʣʦʰʢʝ) ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʠ ˁʠʭʦʚʦ ʠʩʧʠʪʠʚʘˁʝ, ʢʘʢʦ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʜʘ ʣʠ ʩʫ 

ʠʩʧʫˁʝʥʠ ʫʩʣʦʚʠ ʟʘ çʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫè, ʠ ʝʚʝʥʪʫʘʣʥʦ ʩʧʨʦʚʝʣʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʨʝ ʟʘʰʪʠʪʝ. 

ʇʨʘʚʠʣʥʠʢ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʤʘʰʠʥʘ 

Ăʇʨʘʚʠʣʥʠʢ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʤʘʰʠʥʘñʫ ʧʦʪʧʫʥʦʩʪʠ ʧʦʜʨʞʘʚʘ ɼʠʨʝʢʪʠʚʫ 2006/42/ɽʉ 
ʢʦʿʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʤʘʰʠʥʝ ʠ ʢʦʿʦʤ ʩʝ ʜʦʧʫˁʘʚʘʿʫ ʚʝ˂ ʫʩʚʦʿʝʥʘ ɼʠʨʝʢʪʠʚʘ 95/16/ɽʉ ʉʘʚʝʪʘ 
ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ. Ăʇʨʘʚʠʣʥʠʢʦʤ ʩʝ ʧʨʦʧʠʩʫʿʫ: ʙʠʪʥʠ ʟʘʭʪʝʚʠ ʟʘ ʟʘʰʪʠʪʫ ʟʜʨʘʚˀʘ ʠ 
ʙʝʟʙʝʜʥʦʩʪʠ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʨʦʿʝʢʪʦʚʘˁʝ ʠ ʠʟʨʘʜʫ ʤʘʰʠʥʘ, ʢʘʦ ʠ ʜʨʫʛʠ ʟʘʭʪʝʚʠ ʠ ʫʩʣʦʚʠ 
ʢʦʿʠ ʤʦʨʘʿʫ ʙʠʪʠ ʠʩʧʫˁʝʥʠ ʟʘ ˁʠʭʦʚʦ ʩʪʘʚˀʘˁʝ ʥʘ ʪʨʞʠʰʪʝ ʠ/ʠʣʠ ʫʧʦʪʨʝʙʫ; ...ñ. [2] 

ɹʠʪʥʠ ʟʘʭʪʝʚʠ ʟʘ ɹɿʈ ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʠ ʠʟʨʘʜʠ ʤʘʰʠʥʝ 

ʇʨʦʠʟʚʦʹʘʯ ʤʘʰʠʥʘ ʥʘ ʧʨʦʩʪʦʨʫ ʈʉʨʙʠʿʝ ʠʣʠ ʧʨʦʠʟʚʦʹʘʯ ʤʘʰʠʥʘ ʠʟ ʜʨʫʛʠʭ ʜʨʞʘʚʘ 

ʩʘ ʦʚʣʘʰ˂ʝʥʠʤ ʟʘʩʪʫʧʥʠʢʦʤ ʫ ʈʉʨʙʠʿʠ ʤʦʨʘ ʦʙʝʟʙʝʜʠʪʠ ʦʮʝʥʫ ʨʠʟʠʢʘ ʟʘ ʧʨʦʿʝʢʪʦʚʘʥʫ ʠ 
ʧʨʦʠʟʚʝʜʝʥʫ ʤʘʰʠʥʫ, ʢʦʿʘ ʩʝ ʩʪʘʚˀʘ ʫ ʫʧʦʪʨʝʙʫ ʥʘ ʧʨʦʩʪʦʨʫ ʈ ʉʨʙʠʿʝ. 

ʇʦʩʪʫʧʘʢ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʧʨʝʜʤʝʪʥʝ ʤʘʰʠʥʝ ʿʝ ʦʙʘʚʝʟʘʥ ʩʘʤʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʧʦʩʪʦʿʠ 

ʧʦʪʝʥʮʠʿʘʣʥʘ ʦʧʘʩʥʦʩʪ ʫ ʩʢʣʘʜʫ ʩʘ ʤʝʹʫʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʠʣʠ ʫ ʩʣʫʯʘʿʫ ʤʦʛʫ˂ʝ 

ʥʝʨʘʟʫʤʥʝ ʫʧʦʪʨʝʙʝ ʜʦʪʠʯʥʝ ʤʘʰʠʥʝ.  

ɹʠʪʥʠ ʟʘʭʪʝʚʠ ɹɿʈ ʜʘʪʠ ʫ ʇʨʠʣʦʛʫ 1. ʇʨʘʚʠʣʥʠʢʘ ʩʫ ʦʙʘʚʝʟʫʿʫ˂ʠ ʠ ʦʙʫʭʚʘʪʘʿʫ: 

ʘ) ʙʝʟʙʝʜʥʦʩʥʘ ʥʘʯʝʣʘ: Ăʄʘʰʠʥʘ ʤʦʨʘ ʙʠʪʠ ʧʨʦʿʝʢʪʦʚʘʥʘ ʠ ʠʟʨʘʹʝʥʘ ʪʘʢʦ ʜʘ 

ʦʜʛʦʚʘʨʘ ʩʚʦʿʦʿ ʥʘʤʝʥʠ ʠ ʜʘ ʩʝ ˁʦʤ ʤʦʞʝ ʫʧʨʘʚˀʘʪʠ, ʜʘ ʩʝ ʤʦʞʝ ʧʨʠʢˀʫʯʠʚʘʪʠ, ʧʦʜʝʰʘʚʘʪʠ 

ʠ ʦʜʨʞʘʚʘʪʠ ʙʝʟ ʠʟʣʘʛʘˁʘ ʨʠʟʠʢʫ ʣʠʮʘ ʢʦʿʘ ʪʦ ʯʠʥʝ, ʢʘʜʘ ʩʝ ʪʝ ʨʘʜˁʝ ʠʟʚʨʰʘʚʘʿʫ ʫ 

ʧʨʝʜʚʠʹʝʥʠʤ ʫʩʣʦʚʤʘ, ʧʨʠ ʯʝʤʫ ʩʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʩʚʘʢʘ ʥʝʧʨʘʚʠʣʥʘ ʧʨʠʤʝʥʘ ʤʘʰʠʥʝ ʢʦʿʘ ʩʝ 

ʤʦʞʝ ʨʘʟʫʤʥʦ ʧʨʝʜʚʠʜʝʪʠñ [2],  

ʙ) ʫʧʦʪʨʝʙˀʝʥʝ ʤʘʪʝʨʠʿʘʣʝ ʠ ʧʨʦʠʟʚʦʜʝ ʢʦʿʠ ʩʫ ʩʪʚʦʨʝʥʠ ʫ ʪʦʢʫ ʫʧʦʪʨʝʙʝ ʤʘʰʠʥʝ 

(ʬʣʫʠʜʠ), 

ʮ) ʥʘʯʠʥ ʦʩʚʝʪˀʘʚʘˁʘ ʧʦʛʦʜʘʥ ʟʘ ʧʨʝʜʚʠʹʝʥʠ ʨʘʜ, 

ʜ) ʧʨʦʿʝʢʪʦʚʘˁʝ ʤʘʰʠʥʝ ʟʘ ʣʘʢʦ ʨʫʢʦʚʘˁʝ, ʧʦʜʝʰʘʚʘˁʝ, ʪʨʘʥʩʧʦʨʪ, ʩʢʣʘʜʠʰʪʝˁʝ, 

ʠʥʩʪʘʣʠʩʘˁʝ, ʦʜʨʞʘʚʘˁʝ ʠ ʯʠʰ˂ʝˁʝ, 

ʝ) ʧʨʠʤʝʥʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʙʝʟʙʝʜʥʦʩʥʠʭ ʥʘʯʝʣʘ, 
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ʬ) ʨʘʜʥʠ ʧʦʣʦʞʘʿ ʨʫʢʦʚʘʦʮʘ (ʥʘʨʦʯʠʪʘ ʧʘʞˁʘ ʩʝ ʤʦʨʘ ʦʙʨʘʪʠʪʠ ʧʨʠ ʫʧʦʪʨʝʙʠ ʫ 

ʦʧʘʩʥʦʤ ʦʢʨʫʞʝˁʫ) ʠ 

ʛ) ʫʩʣʦʚʝ ʟʘ ʙʝʟʙʝʜʥʘ ʩʝʜʠʰʪʘ ʨʫʢʦʚʘʦʮʘ ʤʘʰʠʥʦʤ. 

ʀʟʙʦʨ ʙʝʟʙʝʜʥʦʩʥʠʭ ʤʝʨʘ 

ʆʧʘʩʥʦʩʪʠ ʢʦʿʝ ʩʪʚʘʨʘ ʤʘʰʠʥʘ 

ʆʧʘʩʥʦʩʪʠ ʢʦʿʝ ʩʪʚʘʨʘ ʤʘʰʠʥʘ ʩʚʦʿʠʤ ʨʘʜʦʤ ʩʫ ʨʘʟʥʦʚʨʩʥʝ ʠ ʢʦʤʧʣʝʢʩʥʝ ʧʨʠʨʦʜʝ, 

ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʝʙʘʥ ʧʨʦʙʣʝʤ ʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʦʧʘʩʥʦʩʪʠ ʠ ʦʪʢʣʘˁʘˁʫ ʨʠʟʠʢʘ. 

ʄʝʭʘʥʠʯʢʝ ʦʧʘʩʥʦʩʪʠ 

ʄʝʭʘʥʠʯʢʝ ʦʧʘʩʥʦʩʪʠ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʬʠʟʠʯʢʠʭ ʬʘʢʪʦʨʘ ʢʦʿʝ ʧʨʦʫʟʨʦʢʫʿʝ ʜʝʿʩʪʚʦ 

ʤʘʰʠʥʝ, ʘʣʘʪʘ, ʦʙʨʘʜʢʘ ʠʣʠ ʠʟʣʝʪʘˁʝ ʯʚʨʩʪʠʭ ʠʣʠ ʪʝʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʄʝʭʘʥʠʯʢʝ ʦʧʘʩʥʦʩʪʠ 

ʧʨʦʫʟʨʦʢʫʿʫ ʨʠʟʠʢ ʦʜ: 

¶ ʛʫʙʠʪʢʘ ʩʪʘʙʠʣʥʦʩʪʠ ʤʘʰʠʥʝ, 

¶ ʣʦʤʘ ʜʝʣʦʚʘ ʤʘʰʠʥʝ ʫ ʪʦʢʫ ʨʘʜʘ, 

¶ ʧʘʜʘˁʝ ʠʣʠ ʠʟʙʘʮʠʚʘˁʝ ʜʝʣʦʚʘ ʠ/ʠʣʠ ʧʨʝʜʤʝʪʘ, 

¶ ʦʰʪʨʠʭ ʠʚʠʮʘ, ʫʛʣʦʚʘ ʠʣʠ ʛʨʫʙʠʭ ʧʦʚʨʰʠʥʘ, 

¶ ʢʦʤʙʠʥʦʚʘʥʠʭ ʤʘʰʠʥʘ (ʧʦʿʘʚʘ ʠʩʪʦʚʨʝʤʝʥʦ ʚʠʰʝ ʨʘʟʣʠʯʠʪʠʭ ʦʧʘʩʥʦʩʪʠ) 

¶ ʧʨʦʤʝʥʘ ʨʘʜʥʠʭ ʫʩʣʦʚʘ, 

¶ ʧʦʢʨʝʪʥʠʭ ʜʝʣʦʚʘ ʧʨʝʥʦʩʥʠʢʘ ʠ 

¶ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʛ ʢʨʝʪʘˁʘ (ʩʘʤʦʧʦʤʝʨʘˁʝ ʠ ʩʣʠʯʥʦ). 
ʉʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʤʝʭʘʥʠʯʢʠʭ ʦʧʘʩʥʦʩʪʠ ʫʩʣʦʚˀʝʥʦ ʿʝ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʘʢʪʠʚʥʠʤ 

(ʧʨʝʚʝʥʪʠʚʥʠʤ) ʤʝʨʘʤʘ: 

¶ ʧʦʚʝ˂ʘˁʝ ʧʦʫʟʜʘʥʦʩʪʠ ʤʘʰʠʥʝ, ʢʦʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʩʤʘˁʝˁʝ ʙʨʦʿʘ ʦʪʢʘʟʘ, ʘ ʪʠʤʝ ʠ 
ʦʧʨʘʚʢʠ ʤʘʰʠʥʝ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʩʢʨʘ˂ʠʚʘˁʘ ʚʨʝʤʝʥʘ ʠʟʣʦʞʝʥʦʩʪʠ ʦʧʘʩʥʦʩʪʠʤʘ,  

¶ ʫʚʦʹʝˁʝ ʚʠʰʝʛ ʥʠʚʦʘ ʤʝʭʘʥʠʟʘʮʠʿʝ ʠ ʘʫʪʦʤʘʪʠʟʘʮʠʿʝ, 

¶ ʧʦʜʝʰʘʚʘˁʝ ʠ ʦʜʨʞʘʚʘˁʝ ʤʘʰʠʥʝ ʠʟʚʘʥ ʧʦʜʨʫʯʿʘ ʦʧʘʩʥʦʩʪʠ, 

¶ ʠʟʙʦʨ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛ ʨʝʰʝˁʘ ʯʠʤʝ ʦʩʦʙʘ - ʨʫʢʦʚʘʦʮ ʥʝʤʘ ʧʦʪʨʝʙʝ ʜʘ ʧʨʝʜʫʟʠʤʘ 
ʨʘʜˁʝ ʫ ʧʦʜʨʫʯʿʫ ʦʧʘʩʥʦʩʪʠ  

¶ ʫʛʨʘʜˁʘ ʟʘʰʪʠʪʥʠʢʘ ʠ/ʠʣʠ ʟʘʰʪʠʪʥʠʭ ʫʨʝʹʘʿʘ.  

ɿʘʰʪʠʪʥʠʮʠ ʠ ʟʘʰʪʠʪʥʠ ʫʨʝʹʘʿʠ 
ɿʘʪhʠʪʠʥʠʮʠ ʠ ʟʘʰʪʠʪʥʠ ʫʨʝʹʘʿʠ ʤʦʨʘʿʫ ʜʘ ʠʩʧʫʥʝ ʥʝʢʝ ʦʧʰʪʝ ʟʘʭʪʝʚʝ ʠ ʪʦ: 
- ʤʦʨʘʿʫ ʙʠʪʠ ʨʦʙʫʩʥʝ ʢʦʥʩʪʨʫʢʮʠʿʝ, 
- ʤʦʨʘʿʫ ʙʠʪʠ ʩʠʛʫʨʥʦ ʧʨʠʯʚʨʰ˂ʝʥʠ, 
- ʥʝ ʩʤʝʿʫ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʜʦʜʘʪʥʝ ʦʧʘʩʥʦʩʪʠ, 
- ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʠʟʚʝʜʝʥʝ ʪʘʢʦ ʜʘ ʩʝ ʥʝ ʤʦʛʫ ʟʘʦʙʠ˂ʠ ʠʣʠ ʠʭ ʫʯʠʥʠʪʠ 
ʥʝʬʫʥʢʮʠʦʥʘʣʥʠʤ, 

- ʤʦʨʘʿʫ ʩʝ ʧʦʩʪʘʚʠʪʠ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʨʘʩʪʦʿʘˁʫ ʦʜ ʧʦʜʨʫʯʠʿʘ ʦʧʘʩʥʦʩʪʠ, ʜʘ ʰʪʦ 
ʤʘˁʝ ʦʤʝʪʘʿʫ ʧʨʦʠʟʚʦʜʥʠ ʧʨʦʮʝʩ ʠ 

- ʤʦʨʘʿʫ ʦʤʦʛʫ˂ʠʪʠ ʟʘʭʪʝʚʘʥʝ ʨʘʜˁʝ ʧʨʠ ʠʥʩʪʘʣʘʮʠʿʠ ʠ/ʠʣʠ ʟʘʤʝʥʠ ʘʣʘʪʘ ʢʘʦ ʠ 
ʦʜʨʞʘʚʘˁʫ, ʪʘʢʦ ʜʘ ʦʛʨʘʥʠʯʘʚʘʿʫ ʧʨʠʩʪʫʧ ʩʘʤʦ ʥʘ ʤʝʩʪʫ ʛʜʝ ʩʝ ʪʘ ʨʘʜˁʘ ʤʦʨʘ 
ʠʟʚʨʰʠʪʠ, ʘʢʦ ʿʝ ʤʦʛʫ˂ʝ ʙʝʟ ʫʢʣʘˁʘˁʘ ʟʘʰʪʠʪʥʠʢʘ ʠʣʠ ʦʥʝʩʧʦʩʦʙˀʘʚʘˁʘ ʫʨʝʹʘʿʘ ʟʘ 
ʟʘʰʪʠʪʫ. [2] 

ʈʠʟʠʮʠ ʦʜ ʜʨʫʛʠʭ ʦʧʘʩʥʦʩʪʠ ʩʫ ʨʠʟʠʮʠ ʢʦʿʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʧʨʠ ʨʘʜʫ ʩʘ ʤʘʰʠʥʦʤ, ʘ 
ʥʠʩʫ ʤʝʭʘʥʠʯʢʝ ʦʧʘʩʥʦʩʪʠ  ʩʝ ʥʝ ʩʤʝʿʫ ʟʘʥʝʤʘʨʠʪʠ. 

ʉʪʨʘʪʝʛʠʿʘ ʟʘ ʩʤʘˁʝˁʝ ʠʣʠ ʦʪʢʣʘˁʘˁʝ ʨʠʟʠʢʘ ʧʨʠ ʨʘʜʫ 

ʉʤʘˁʝˁʝ ʠ ʦʪʢʣʘˁʘˁʝ ʨʠʟʠʢʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʨʠʤʝʥʫ ʙʝʟʙʝʜʥʦʩʥʠʭ ʤʝʨʘ ʢʦʿʝ ʤʦʨʘ 

ʦʙʝʟʙʝʜʠʪʠ, ʢʘʢʦ ʢʦʥʩʪʨʫʢʪʦʨ ʫ ʬʘʟʠ ʧʨʦʿʝʢʪʦʚʘˁʘ ʪʘʢʦ ʠ ʢʦʨʠʩʥʠʢ ʫ ʬʘʟʠ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. 

ʆʙʘʚʝʟʘ ʢʦʥʩʪʨʫʢʪʦʨʘ ʿʝ ʜʘ ʧʦʩʪʫʧʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

182 
 

¶ ʫʪʚʨʜʠ ʛʨʘʥʠʮʝ ʤʘʰʠʥʝ, 
¶ ʫʪʚʨʜʠ ʥʘʤʝʥʫ ʤʘʰʠʥʝ ʧʨʝʤʘ ʫʧʫʪʩʪʚʠʤʘ ʧʨʦʠʟʚʦʹʘʯʘ, 
¶ ʫʩʢʣʘʜʠ ʩʘ ʪʝʭʥʠʯʢʠʤ ʧʨʦʧʠʩʠʤʘ, 
¶ ʧʨʝʜʚʠʜʠ ʤʦʛʫ˂ʝ ʟʣʦʫʧʦʪʨʝʙʝ (ʥʝʧʘʞˁʘ, ʨʝʬʣʝʢʩʥʝ ʨʘʜˁʝ, ʪʨʘʞʝˁʝ ʣʠʥʠʿʝ ʤʘˁʝʛ 
ʦʪʧʦʨʘ ʫ ʠʟʚʨʰʝˁʫ ʟʘʜʘʪʢʘ), 

¶ ʫʪʚʨʜʠ ʦʧʘʩʥʦʩʪʠ ʠ ʦʮʝʥʠ ʨʠʟʠʢ, 
¶ ʦʪʢʣʦʥʠ ʦʧʘʩʥʦʩʪ ʠʣʠ ʦʛʨʘʥʠʯʠ ʨʠʟʠʢ ʢʦʣʠʢʦ ʿʝ ʪʦ ʤʦʛʫ˂ʝ, 
¶ ʧʦʩʪʘʚʠ ʟʘʰʪʠʪʥʠʢʝ ʠ ʟʘʰʪʠʪʥʝ ʫʨʝʹʘʿʝ, 
¶ ʠʥʬʦʨʤʠʰʝ ʢʦʨʠʩʥʠʢʘ ʦ ʧʨʝʦʩʪʘʣʠʤ ʨʠʟʠʮʠʤʘ ʠ 
¶ ʧʨʝʜʫʟʤʝ ʩʚʝ ʤʝʨʝ ʧʨʝʜʦʩʪʨʦʞʥʦʩʪʠ (ʫ ʩʣʫʯʘʿʫ ʥʦʨʤʘʣʥʦʛ ʨʘʜʘ ʠʣʠ ʦʪʢʘʟʘ ʤʘʰʠʥʝ). 

ʀʥʬʦʨʤʘʮʠʿʝ ʠ ʫʧʦʟʦʨʝˁʘ ʥʘ ʤʘʰʠʥʠ 

ʀʥʬʦʨʤʘʮʠʿʝ ʠ ʫʧʦʟʦʨʝˁʘ ʦʙʘʚʝʟʥʦ ʩʝ ʩʪʘʚˀʘʿʫ ʥʘ ʤʘʰʠʥʫ, ʘ ʤʦʨʘʿʫ ʙʠʪʠ ʣʘʢʦ 

ʨʘʟʫʤˀʠʚʠ ʫ ʦʙʣʠʢʫ ʩʠʤʙʦʣʘ ʠʣʠ ʧʠʢʪʦʛʨʘʤʘ. ɿʘ ʩʚʝ ʤʘʰʠʥʝ ʢʦʿʝ ʩʫ ʥʘ ʪʨʞʠʰʪʫ ʠʣʠ ʫ ʨʘʜʫ 

ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʈ ʉʨʙʠʿʝ ʤʦʨʘʿʫ ʙʠʪʠ ʜʘʪʠ ʥʘ ʩʨʧʩʢʦʤ ʿʝʟʠʢʫ. ʋʨʝʹʘʿʠ ʟʘ ʠʥʬʦʨʤʠʩʘˁʝ 

(ʜʠʩʧʣʝʿʠ) ʠʣʠ ʥʝʢʘ ʜʨʫʛʘ ʩʨʝʜʩʪʚʘ ʤʦʨʘʿʫ ʙʠʪʠ ʣʘʢʦ ʨʘʟʫʤˀʠʚʘ ʠ ʿʝʜʥʦʩʪʘʚʥʘ ʟʘ ʫʧʦʪʨʝʙʫ. 

ʋʨʝʹʘʿʠ ʟʘ ʫʧʦʟʦʨʝˁʝ ʤʦʨʘʿʫ ʙʠʪʠ ʫʩʘʛʣʘʰʝʥʠ ʩʘ ʧʨʦʧʠʩʠʤʘ ʦ ʠʟʙʦʨʫ ʙʦʿʘ ʠʣʠ ʙʝʟʙʝʜʥʦʩʥʠʭ 

ʩʠʛʥʘʣʘ. ʉʚʘʢʘ ʤʘʰʠʥʘ ʤʦʨʘ ʙʠʪʠ ʚʠʜˀʠʚʦ ʠ ʯʠʪˀʠʚʦ ʦʟʥʘʯʝʥʘ ʩʘ ʧʨʦʧʠʩʘʥʠʤ ʧʦʜʘʮʠʤʘ. 

ʋʧʫʪʩʪʚʘ 

ʉʚʘʢʫ ʤʘʰʠʥʫ ʢʦʿʘ ʩʝ ʩʪʘʚˀʘ ʥʘ ʪʨʞʠʰʪʝ ʈ ʉʨʙʠʿʝ ʠʣʠ ʧʫʰʪʘ ʫ ʫʧʦʪʨʝʙʫ ʫ ʈʉʨʙʠʿʠ, 

ʤʦʨʘ ʜʘ ʧʨʘʪʝ ʦʨʠʛʠʥʘʣʥʘ ʫʧʫʪʩʪʚʘ ʧʨʦʠʟʚʦʹʘʯʘ ʠʣʠ ˁʝʛʦʚʦʛ ʦʚʣʘʰ˂ʝʥʦʛ ʟʘʩʪʫʧʥʠʢʘ ʥʘ 

ʩʨʧʩʢʦʤ ʿʝʟʠʢʫ, ʫʟ ʦʨʠʛʠʥʘʣʥʦ ʫʧʫʪʩʪʚʦ ʥʘ ʠʟʚʦʨʥʦʤ ʿʝʟʠʢʫ ʧʨʦʠʟʚʦʹʘʯʘ ʠʣʠ ˁʝʛʦʚʦʛ 

ʦʚʣʘʰ˂ʝʥʦʛ ʟʘʩʪʫʧʥʠʢʘ ʘʢʦ ʩʝ ʤʘʰʠʥʝ ʫʚʦʟʝ ʫ ʈʉʨʙʠʿʫ.  [2] 

ʇʆɺʈɽɼɽ ʅɸ ʈɸɼʋ ʋ ʈɽʇʋɹʃʀʎʀ ʉʈɹʀɱʀ 

 ʇʨʝʛʣʝʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʧʨʝʤʘ ʠʟʚʦʨʫ ʧʦʚʨʝʜʝ 

ʇʦʚʨʝʜʝ ʥʘ ʨʘʜʫ ʥʘʿʯʝʰ˂ʝ ʩʝ ʜʝʰʘʚʘʿʫ ʧʨʠʣʠʢʦʤ ʫʧʦʪʨʝʙʝ ʘʣʘʪʘ (25,21%), ʦʩʪʘʣʠ 

ʠʟʚʦʨʠ ʧʦʚʨʝʜʘ ʟʘʧʦʩʣʝʥʠʭ (25.62%) (ʬʘʢʪʦʨʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʜʥʝ ʦʢʦʣʠʥʝ), ʟʘʪʠʤ ʫ 

ʦʙʿʝʢʪʠʤʘ (12,47%), ʠ ʥʘ ʤʘʰʠʥʘʤʘ ʠ ʫʨʝʹʘʿʠʤʘ (10,53%), ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʠ 1. 

Tabela 1: Pregled povreda na radu prema izvoru povrede [3] 

ʀʟʚʦʨ ʧʦʚʨʝʜʝ ɹʨ.ʧʦʚʨʝʜʘ. % 

1. ʇʦʩʪʨʦʿʝˁʘ 4 0.56 

1.1. ʇʦʩʪʨʦʿʝˁʘ ʟʘ ʭʝʤʠʿʩʢʦ-ʪʝʭʥʦʣʦʰʢʝ ʧʦʩʪʫʧʢʝ 1 0.14 

1.2. ʇʦʩʪʨʦʿʝˁʘ ʠ ʠʥʩʪʘʣʘʮʠʿʝ ʟʘ ʩʢʣʘʜʠʰʪʝˁʝ ʠ ʧʨʝʥʦʩ 

ʤʘʪʝʨʠʿʘʣʘ ʠ ʤʘʪʝʨʠʿʘ ʩʚʠʭ ʚʨʩʪʘ 
3 0.42 

2. ʄʘʰʠʥʝ ʠ ʫʨʝʹʘʿʠ 76 10.53 

2.1. ʋʨʝʹʘʿʠ ʠ ʤʘʰʠʥʝ ʟʘ ʧʨʝʨʘʜʫ ʤʝʭʘʥʠʯʢʫ ʠ ʪʦʧʣʦʪʥʫ ʦʙʨʘʜʫ 

ʤʝʪʘʣʘ 
5 0.69 

2.2. ʄʘʰʠʥʝ ʠ ʫʨʝʹʘʿʠ ʟʘ ʩʝʯʝˁʝ ʰʫʤʘ ʠ ʦʙʨʘʜʫ ʜʨʚʝʪʘ ʠ 

ʩʣʠʯʥʦʛ ʤʘʪʝʨʠʿʘʣʘ 
7 0.97 

2.3. ʇʦˀʦʧʨʠʚʨʝʜʥʝ ʤʘʰʠʥʝ ʠ ʫʨʝʹʘʿʠ 1 0.14 
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2.4. ʄʘʰʠʥʝ ʠ ʫʨʝʹʘʿʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʧʘʧʠʨʘ 2 0.28 

2.5. ɻʨʘʬʠʯʢʝ ʤʘʰʠʥʝ ʠ ʫʨʝʹʘʿʠ 3 0.42 

2.6. ɻʨʘʹʝʚʠʥʩʢʝ ʤʘʰʠʥʝ ʠ ʫʨʝʹʘʿʠ 4 0.55 

2.7. ʄʘʰʠʥʝ ʠ ʫʨʝʹʘʿʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʧʨʝʭʨʘʤʙʝʥʠʭ ʧʨʦʠʟʚʦʜʘ ʠ 

ʧʠ˂ʘ 
7 0.97 

2.8. ʆʩʪʘʣʘ ʥʘʚʝʜʝʥʘ ʧʦʩʪʨʦʿʝˁʘ, ʤʘʰʠʥʝ ʠ ʫʨʝʹʘʿʠ. 47 6.51 

3. ʇʨʝʚʦʟʥʘ ʩʨʝʜʩʪʚʘ 48 6.65 

3.1. ʇʨʝʚʦʟʥʘ ʩʨʝʜʩʪʚʘ ʞʝʣʝʟʥʠʯʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ 3 0.42 

3.2. ʇʨʝʚʦʟʥʘ ʩʨʝʜʩʪʚʘ ʜʨʫʤʩʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ 45 6.23 

4. ʊʨʘʥʩʧʦʨʪʥʘ ʩʨʝʜʩʪʚʘ 19 2.63 

4.1. ʃʠʬʪʦʚʠ (ʧʫʪʥʠʯʢʠ ʠ ʪʝʨʝʪʥʠ) 1 0.14 

4.2. ʉʨʝʜʩʪʚʘ ʟʘ ʭʦʨʠʟʦʥʪʘʣʥʠ ʧʨʝʥʦʩ ʪʝʨʝʪʘ (ʚʠˀʫʰʢʘʨʠ, 

ʝʣʝʢʪʨʦʢʦʣʠʮʘ) 
6 0.83 

4.3. ʆʩʪʘʣʘ ʪʨʘʥʩʧʦʨʪʥʘ ʩʨʝʜʩʪʚʘ 12 1.66 

5. ɽʣʝʢʪʨʠʯʥʠ ʫʨʝʹʘʿʠ, ʩʧʨʘʚʝ, ʠʥʩʪʘʣʘʮʠʿʝ ʠ ʘʣʘʪ ʥʘ ʝʣʝʢʪʨʠʯʥʠ 

ʧʦʛʦʥ 
12 1.66 

6. ʇʦʢʨʝʪʥʝ ʨʘʤʧʝ ʠ ʣʝʪʚʝ 12 1.66 

7. ɸʣʘʪ 182 25.21 

7.1. ɸʣʘʪ ʥʘ ʤʝʭʘʥʠʯʢʠ ʧʦʛʦʥ (ʦʩʠʤ ʝʣʝʢʪʨʠʯʥʦʛ) 2 0.28 

7.2. ʈʫʯʥʠ ʘʣʘʪ 6 0.83 

7.3. ʆʩʪʘʣʘ (ʩʨʝʜʩʪʚʘ) ʦʧʨʝʤʘ 174 24.10 

8. ʀʟʚʦʨʠ ʟʘʚʠʩʥʦ ʦʜ ʧʨʦʮʝʩʘ ʨʘʜʘ 20 2.77 

8.1. ɽʢʩʧʣʦʟʠʚʥʝ ʤʘʪʝʨʠʿʝ 1 0.14 

8.2. ʍʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ 1 0.14 

8.3. ʈʘʩʭʣʘʹʝʥʠ ʤʘʪʝʨʠʿʘʣʠ ʠ ʤʘʪʝʨʠʿʝ 1 0.14 

8.4. ɿʘʛʨʝʿʘʥʠ ʤʘʪʝʨʠʿʘʣʠ ʠ ʤʘʪʝʨʠʿʘ 1 0.14 

8.5. ɼʨʫʛʠ ʠʟʚʦʨʠ ʟʘʚʠʩʥʦ ʦʜ ʧʨʦʮʝʩʘ ʨʘʜʘ 16 2.22 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

184 
 

9. ʆʙʿʝʢʪʠ 90 12.47 

9.1. ʇʨʦʩʪʦʨʠʿʝ ʠ ʧʦʚʨʰʠʥʝ ʟʘ ʢʨʝʪʘˁʝ ʟʘʧʦʩʣʝʥʠ ʥʘ ʨʘʜʫ 3 0.42 

9.2. ʇʦʤʦ˂ʥʝ ʧʨʦʩʪʦʨʠʿʝ ʠ ˁʠʭʦʚʝ ʠʥʩʪʘʣʘʮʠʿʝ ʠ ʫʨʝʹʘʿʠ 86 11.91 

9.3. ʇʨʦʩʪʦʨʠ, ʧʦʚʨʰʠʥʝ ʠ ʧʨʘʪʝ˂ʝ ʠʥʩʪʘʣʘʮʠʿʝ ʠʟʚʘʥ ʥʘʚʝʜʝʥʠʭ 

ʦʙʿʝʢʘʪʘ ʠ ʧʨʦâʩʪʦʨʠʿʘ ʩ ʢʦʿʠʭ ʩʝ ʦʙʘʚˀʘ ʨʘʜ ʠ ʧʦ ʢʦʿʠʤʘ ʩʝ 

ʢʨʝ˂ʫ ʟʘʧʦʩʣʝʥʠ ʥʘ ʨʘʜʫ 

1 0.14 

10. ɽʣʝʤʝʥʪʘʨʥʝ ʥʝʧʦʛʦʜʝ 1 0.14 

11. ʆʩʪʘʣʠ ʠʟʚʦʨʠ ʧʦʚʨʝʜʘ ʟʘʧʦʩʣʝʥʠʭ 185 25.62 

11.1. ɼʨʫʛʠ ʠʟʚʦʨʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʜʥʝ ʦʢʦʣʠʥʝ 160 22.16 

11.2. ɼʨʫʛʠ ʟʘʧʦʩʣʝʥʠ ʫʯʝʩʥʠʮʠ ʫ ʧʨʦʮʝʩʫ ʨʘʜʘ 2 0.28 

11.3. ɾʠʚʦʪʠˁʝ 5 0.69 

11.4. ɼʨʫʛʠ ʫʯʝʩʥʠʮʠ ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʢʘʦ ʠʟʚʦʨʠ ʧʦʚʨʝʜʘ 

ʨʘʜʥʠʢʘ 
18 2.49 

12. ʆʩʪʘʣʠ ʠʟʚʦʨʠ ʧʦʚʨʝʜʘ ʟʘʧʦʩʣʝʥʠʭ ʥʘ ʨʘʜʫ ʢʦʿʠ ʥʠʩʫ 

ʧʨʝʪʭʦʜʥʦ ʦʙʫʭʚʘ˂ʝʥʠ 
31 4.29 

13. ɹʝʟ ʧʦʜʘʪʘʢʘ 42 5.82 

ʋʢʫʧʥʦ: 722 100.00 

ʇʨʝʛʣʝʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʧʨʝʤʘ ʫʟʨʦʢʫ ʧʦʚʨʝʜʝ 

ʂʘʦ ʥʘʿʯʝʰ˂ʠ ʫʟʨʦʢ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʫʦʯʘʚʘ ʩʝ ʥʝʧʨʠʤʝˁʠʚʘˁʝ ʧʨʘʚʠʣʘ ʙʝʟʙʝʜʥʦʩʪʠ 

ʥʘ ʨʘʜʫ (16,76%), ʟʘʪʠʤ ʠʟʚʦʹʝˁʝ ʨʘʜʥʠʭ ʦʧʝʨʘʮʠʿʘ ʥʘ ʥʘʯʠʥ ʩʫʧʨʦʪʘʥ ʧʨʘʚʠʣʠʤʘ ʦʜʥʦʩʥʦ 

ʤʝʨʘʤʘ ʙʝʟʙʝʜʥʦʩʪʠ ʥʘ ʨʘʜʫ (42,24%) ʠ ʟʘʤʦʨʫ ʟʘʧʦʩʣʝʥʠʭ ʟʙʦʛ ʪʝʰʢʦʛ ʠ ʧʨʝʢʦʚʨʝʤʝʥʦʛ 

ʨʘʜʘ, ʥʝʜʦʚʦˀʥʦʛ ʦʜʤʦʨʘ (17,59%) ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʠ 2. 

ʊʘʙʝʣʘ 2: ʇʨʝʛʣʝʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʧʨʝʤʘ ʫʟʨʦʢʫ ʧʦʚʨʝʜʝ [3] 

ʋʟʨʦʢ ʧʦʚʨʝʜʝ ʙʨʦʿ % 

1. ʅʝʠʩʧʨʘʚʥʦʩʪ ʩʨʝʜʩʪʘʚʘ ʟʘ ʨʘʜ 27 3.74 

2. ʅʝʠʩʧʨʘʚʥʦʩʪ, ʢʣʠʟʘʚʦʩʪ ʠ ʟʘʢʨʯʝʥʦʩʪ ʧʨʦʣʘʟʘ ʀ ʧʦʚʨʰʠʥʘ ʩ ʢʦʿʠʭ ʩʝ 

ʦʙʘʚˀʘ ʨʘʜ 
22 3.05 

3. ʅʝʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʠʣʠ ʥʝʠʩʧʨʘʚʥʦʩʪ ʟʘʰʪʠʪʥʝ ʩʧʨʘʚʝ ʥʘ ʦʧʨʝʤʠ ʟʘ ʨʘʜ 1 0.14 

4.ʅʝʠʩʧʨʘʚʥʦʩʪ ʠʣʠ ʩʤʘˁʝˁʝ ʟʘʰʪʠʪʝ ʦʜ ʩʣʫʯʘʿʥʦʛ ʜʦʜʠʨʘ ʜʝʣʦʚʘ ʧʦʜ 

ʥʘʧʦʥʦʤ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ 
1 0.14 
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5. ʀʟʚʦʹʝˁʝ ʨʘʜʥʝ ʦʧʝʨʘʮʠʿʝ ʥʘ ʥʘʯʠʥ ʧʨʦʪʠʚʘʥ ʧʨʘʚʠʣʠʤʘ ʙʝʟʙʝʜʥʦʩʪʠ 

ʥʘ ʨʘʜʫ 
121 16.76 

6. ʀʟʚʦʹʝˁʝ ʨʘʜʥʝ ʦʧʝʨʘʮʠʿʝ ʙʝʟ ʫʧʦʪʨʝʙʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʩʨʝʜʩʪʚʘ ʠ 

ʦʧʨʝʤʝ ʟʘ ʣʠʯʥʫ ʟʘʰʪʠʪʫ ʥʘ ʨʘʜʫ 
19 2.63 

7. ɿʘʤʦʨ ʟʘʧʦʩʣʝʥʦʛ ʟʙʦʛ ʪʝʰʢʦʛ ʠ ʧʨʝʢʦʚʨʝʤʝʥʦʛ ʨʘʜʘ, ʥʝʜʦʚʦˀʥʦʛ 

ʦʜʤʦʨʘ ʠ ʩʣ. 
127 17.59 

8. ʃʦʰʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʘ 15 2.08 

9. ɸʢʫʪʥʝ ʠ ʭʨʦʥʠʯʥʝ ʙʦʣʝʩʪʠ 4 0.55 

10.ʆʩʪʘʣʘ ʥʝʧʨʠʤʝˁʝʥʘ ʧʦʩʝʙʥʘ ʧʨʘʚʠʣʘ ʙʝʟʙʝʜʥʦʩʪʠ ʥʘ ʨʘʜʫ ʢʦʿʘ ʥʠʩʫ 

ʥʘʚʝʜʝʥʘ 
305 42.24 

11. ʇʨʦʪʠʚʧʨʘʚʥʦ ʜʝʣʦʚʘˁʘ ʪʨʝ˂ʝʛ ʣʠʮʘ 22 3.05 

12. ɺʠʰʘ ʩʠʣʘ 15 2.08 

13. ɹʝʟ ʧʦʜʘʪʘʢʘ 43 5.96 

ʋʢʫʧʥʦ: 722 100.00 

ɸʥʘʣʠʟʘ ʩʤʨʪʥʠʭ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ, 

ʋ ʪʘʙʝʣʠ ʙʨ.3 ʧʨʠʢʘʟʘʥ ʿʝ ʜʝʦ ʘʥʘʣʠʟʝ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʢʦʿʝ ʩʫ ʩʝ ʜʦʛʦʜʠʣʝ ʪʦʢʦʤ 

ʧʝʨʠʦʜʘ 2010 - 2013. ɻʦʜʠʥʝ 

ʊʘʙʝʣʘ 3: ʇʨʝʛʣʝʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ ʧʨʝʤʘ ʫʟʨʦʢʫ ʧʦʚʨʝʜʝ [4]  

 2010 2011 2012 

ʜʝʣʘʪʥʦʩʪʠ ʫ 

ʢʦʿʠʤʘ ʩʫ 

ʧʨʠʿʘʚˀʝʥʝ  

ʩʤʨʪʥʝ ʧʦʚʨʝʜʝ 

ʥʘ ʨʘʜʫ 

46,54% 
73% ʛʨʘʹʝʚʠʥʘʨʩʪʚʘ ʠ 

ʠʥʜʫʩʪʨʠʿʝ 

84% ʛʨʘʹʝʚʠʥʘʨʩʪʚʘ ʠ 

ʠʥʜʫʩʪʨʠʿʝ 

ʥʘʿʯʝʰ˂ʠ 

ʫʟʨʦʮʠ 

ʩʤʨʪʥʠʭ 

ʧʦʚʨʝʜʘ ʥʘ 

ʨʘʜʫ 

ʅʝʤʘ 

ʜʝʪʘˀʥʠʭ 

ʧʦʜʘʪʘʢʘ 

¶ ʈʘʜʥʘ ʩʨʝʜʠʥʘ ʠ ʤʘʰʠʥʝ - 
ʦʧʨʝʤʘ ʟʘ ʨʘʜ (ʥʝʧʦʩʪʦʿʘˁʝ 

ʫʧʫʪʩʪʘʚʘ ʟʘ ʙʝʟʙʝʜʘʥ ʨʘʜ), 

¶ ʥʝʧʨʘʚʠʣʥʦ ʨʫʢʦʚʘˁʝ 
ʦʧʨʝʤʦʤ ʟʘ ʨʘʜ ʠ 

ʥʝʜʦʨʞʘʚʘˁʝ ʠʩʪʝ ʫ 

ʠʩʧʨʘʚʥʦʤ ʩʪʘˁʫ 

¶ ʧʘʜ ʩʘ ʚʠʩʠʥʝ - 37% 

¶ ʩʣʫʯʘʿʝʚʘ ʩʪʨʫʿʥʠ ʫʜʘʨ - 
23% ʩʣʫʯʘʿʝʚʘ ʧʦʢʨʝʪʥʠ 

ʜʝʣʦʚʠ ʤʘʰʠʥʘ-12% 

ʩʣʫʯʘʿʝʚʘ 

¶ ʧʘʜ ʧʨʝʜʤʝʪʘ ʩʘ ʚʠʩʠʥʝ-
12% ʩʣʫʯʘʿʝʚʘ 

ɿʅɸʏɸɱ ʇʈɽɺɽʅʊʀɺʅʀʍ ʄɽʈɸ ï ʉʇʈʆɺɽɼɽʅʆ ʀʉʊʈɸɾʀɺɸɳɽ 

ʋ ʨʘʜʫ ʿʝ ʧʨʠʢʘʟʘʥ ʜʝʦ ʠʩʪʨʘʞʠʚʘˁʘ ʩʪʘˁʘ ʫ ʈʉʨʙʠʿʠ ʠʟ ʦʙʣʘʩʪʠ ɹɿʈ. 

ʊʝʭʥʠʢʝ ʠʩʪʨʘʞʠʚʘˁʘ - ʧʨʠʤʝˁʝʥʝ  ʩʫ ʩʣʝʜʝ˂ʝ ʪʝʭʥʠʢʝ (ʧʦʩʪʫʧʮʠ):  

¶ ʩʠʩʪʝʤʘʪʩʢʦ ʧʦʩʤʘʪʨʘˁʝ ï ʧʦʩʤʘʪʨʘˁʝ ʩʪʘˁʘ ʫ ʦʙʣʘʩʪʠ ɹɿʈ  ʠ  
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¶ ʘʥʢʝʪʠʨʘˁʝ ï ʧʨʠʙʘʚˀʘˁʝ ʤʠʰˀʝˁʘ ʣʠʮʘ ʟʘ ɹɿʈ  

ʆʩʥʦʚʥʝ ʤʝʪʦʜʝ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʧʦʜʘʪʘʢʘ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʩʫ: ʠʩʧʠʪʠʚʘˁʝ, 

ʧʦʩʤʘʪʨʘˁʝ ʠ ʨʘʜ ʥʘ ʪʝʨʝʥʫ.  

1.ʀʩʧʠʪʠʚʘˁʝ ʿʝ ʩʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʧʨʠʢʫʧˀʘˁʘ ʝʤʧʠʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʧʦʩʨʝʜʩʪʚʦʤ  

ʠʩʢʘʟʘ (ʢʦʤʙʠʥʘʮʠʿʦʤ ʩʪʘʪʠʩʪʠʯʢʝ ʤʝʪʦʜʝ ʫʟʦʨʢʘ ʩ ʤʝʪʦʜʦʤ ʘʥʢʝʪʝ/ʠʥʪʝʨʚʿʫʘ)  

2.ʄʝʪʦʜʝ ʦʙʨʘʜʝ ʧʦʜʘʪʘʢʘ - ʋ ʩʪʘʪʠʩʪʠʯʢʦʿ ʦʙʨʘʜʠ ʠ ʘʥʘʣʠʟʠ ʧʨʠʢʫʧˀʝʥʠʭ ʧʦʜʘʪʘʢʘ ʫ 

ʬʘʟʠ ʜʝʩʢʨʠʧʪʠʚʥʝ ʩʪʘʪʠʩʪʠʢʝ ʫʧʦʪʨʝʙˀʝʥʝ ʩʫ ʤʝʨʝ ʧʨʦʩʝʢʘ (ʮʝʥʪʨʘʣʥʝ ʪʝʥʜʝʥʮʠʿʝ) ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʨʝ ʚʘʨʠʿʘʙʠʣʥʦʩʪʠ (ʜʠʩʧʝʨʟʠʿʝ): ʘʨʠʪʤʝʪʠʯʢʘ ʩʨʝʜʠʥʘ ʠ ʩʪʘʥʜʘʨʜʥʘ 

ʜʝʚʠʿʘʮʠʿʘ, ʤʝʜʠʿʘʥʘ, ʤʦʜʫʩ.  ï ʫ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʫ ʥʝʧʘʨʘʤʝʪʘʨʩʢʠ ʪʝʩʪʦʚʠ ɢ2 ʊɽʉʊ 

(ʇʝʘʨʩʦʥ-ʦʚ ɢ2 ʪʝʩʪ) ʪʝʩʪ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʨʝʟʫʣʪʘʪʘ ʢʦʥʪʨʦʣʥʝ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʛʨʫʧʝ.  

3.ʇʦʜʘʮʠ ʩʫ ʦʙʨʘʹʝʥʠ ʩʪʘʪʠʩʪʠʯʢʠʤ ʧʨʦʛʨʘʤʦʤ SPSS 8.5.  

ʇʦʩʪʘʚˀʝʥʘ  ʿʝ ʭʠʧʦʪʝʟʘ :  

Mʦʛʫ˂ʝ ʿʝ ʨʘʟʚʦʿʝʤ ʩʦʧʩʪʚʝʥʠʭ ʧʨʦʮʝʜʫʨʘ ʫ ʧʦʛʣʝʜʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʠ ʢʦʨʝʢʪʠʚʥʠʭ 

ʤʝʨʘ ʧʦʙʦˀʰʘʪʠ ʩʠʩʪʝʤ ɹɿʈ ʫ ʨʘʜʥʦʿ ʦʨʛʘʥʠʟʘʮʠʿʠ; 

ʉʊɸʊʀʉʊʀʏʂɸ ʆɹʈɸɼɸ ʀ ɸʅɸʃʀɿɸ ɼʆɹʀɱɽʅʀʍ ʈɽɿʋʃʊɸʊɸ  

ɿɸ ʇʈʆʀɿɺʆɼʅɸ ʀ ʅɽʇʈʆʀɿɺʆɼʅɸ ʇʈɽɼʋɿɽɴɸ 

 ʋʟʦʨʘʢ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʨʝʜʫʟʝ˂ʘ ʢʦʿʘ ʠʤʘʿʫ/ʥʝʤʘʿʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʩʪʘʥʜʘʨʜʝ 

ʢʚʘʣʠʪʝʪʘ. 

ʅʘ ʩʣʠʢʘʤʘ 1 ʠ 2 ʧʨʠʢʘʟʘʥʠ ʩʫ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʩʤʘʪʨʘʥʠ ʥʘ ʫʟʦʨʢʫ ʟʘ 

ʢʨʠʪʝʨʠʿʫʤ : ʇʨʠʤʝʥʝ ʧʨʦʧʠʩʘʥʠʭ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʠ ʇʨʦʚʝʨʝ ʝʬʠʢʘʩʥʦʩʪʠ 

ʧʨʠʤʝˁʝʥʠʭ ʤʝʨʘ, ʘ ʫ ʪʘʙʝʣʘʤʘ 4 ʠ 5 ʜʘʪʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʩʪʘʪʠʩʪʠʯʢʦʤ ʦʙʨʘʜʦʤ ʠ 

ʧʨʠʤʝʥʦʤ ʥʝʧʘʨʘʤʝʪʘʨʩʢʦʛ ʪʝʩʪʘ ɢ2 ʊɽʉʊ (ʇʝʘʨʩʦʥ-ʦʚ ɢ2 ʪʝʩʪ). 

 

  ͊ ύ      ͋ ύ   

ʉʣʠʢʘ 1: ʘ) ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʩʤʘʪʨʘʥʠ ʥʘ ʫʟʦʨʢʫ ʟʘ  
ʢʨʠʪʝʨʠʿʫʤ : ʇʨʠʤʝʥʝ ʧʨʦʧʠʩʘʥʠʭ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ 

ʙ) ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʧʦʩʤʘʪʨʘʥʠ ʥʘ ʫʟʦʨʢʫ ʟ 

ʘ ʢʨʠʪʝʨʠʿʫʤ ʇʨʦʚʝʨʝ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʠʤʝˁʝʥʠʭ ʤʝʨʘ [5]  
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ʊʘʙʝʣʘ 4: ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʝʠ ʩʪʘʪʠʩʪʠʯʢʦʤ ʦʙʨʘʜʦʤ  
ʠ ʧʨʠʤʝʥʦʤ neparametarskʦʛ testʘ ɢ2 TEST[5]  

ʇʨʠʤʿʝˁʠʚʘˁʝ ʤʝʨʘ  ʚʨʝʜʥʦʩʪ ʉʪʝʧʝʥ ʩʣʦʙʦʜʝ ʅʠʚʦ ʟʥʘʯʘʿʥʦʩʪʠ 

Pirsonov ɢ2 ʢʚʘʜʨʘʪ ʪʝʩʪ  3,892 1 0,049 

ɼʦʙʠʿʝʥʘ ʚʨʝʜʥʦʩʪ ʪʝʩʪ ʩʪʘʪʠʩʪʠʢʘ ʠʟʥʦʩʠ 3,892, ʢʘʦ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ ʟʥʘʯʘʿʥʦʩʪʠ 

ʢʦʿʠ ʠʟʥʦʩʠ 0,049 (ʘʢʦ ʩʫ ʜʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʤʘˁʠ ʦʜ 0.05, ʩʤʘʪʨʘʤʦ ʜʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ - 

ʧʦʚʝʟʥʦʩʪ ʜʦʙʠʿʝʥʘ ʩʣʫʯʘʿʥʦ ʧʨʠʭʚʘʪˀʠʚʦ ʤʘʣʘ ʪʝ ʜʘ ʧʦʚʝʟʥʦʩʪ ʫ ʧʦʧʫʣʘʮʠʿʠ ʚʝʨʦʚʘʪʥʦ 

ʧʦʩʪʦʿʠ).  

ʊʘʙʝʣʘ 5: ʈʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʝʠ ʩʪʘʪʠʩʪʠʯʢʦʤ ʦʙʨʘʜʦʤ  

ʠ ʧʨʠʤʝʥʦʤ ʥʝʧʘʨʘʤʝʪʘʨʩʢʦʛ ʪʝʩʪʘ ɢ2 ʊɽʉʊ[5] 

ʇʨʦʚʝʨʘ ʝʬʠʢʘʩʥʦʩʪʠ 

ʤʝʨʘ  
ʚʨʝʜʥʦʩʪ ʉʪʝʧʝʥ ʩʣʦʙʦʜʝ ʅʠʚʦ ʟʥʘʯʘʿʥʦʩʪʠ 

Pirsonov ɢ2 ʢʚʘʜʨʘʪ ʪʝʩʪ 8,496 2 0,014 

ʀʟ ʪʦʛʘ ʩʣʝʜʠ ʟʘʢˀʫʯʘʢ ʜʘ ʧʨʝʜʫʟʝ˂ʘ ʢʦʿʘ ʠʤʘʿʫ ʩʝʨʪʠʬʠʢʦʚʘʥʝ ʩʪʘʥʜʘʨʜ ʢʚʘʣʠʪʝʪʘ 

ʚʝ˂ʠ ʟʥʘʯʘʿ ʧʨʠʜʘʿʫ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʠʤʝˁʝʥʠʭ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ï ʰʪʦ ʜʦʧʨʠʥʦʩʠ 

ʧʦʪʚʨʹʠʚʘˁʫ ʧʦʩʪʘʚˀʝʥʝ ʭʠʧʦʪʝʟʝ:  

ʄʦʛʫ˂ʝ ʿʝ ʨʘʟʚʦʿʝʤ ʩʦʧʩʪʚʝʥʠʭ ʧʨʦʮʝʜʫʨʘ ʫ ʧʦʛʣʝʜʫ ʧʨʝʚʝʥʪʠʚʥʠʭ ʠ ʢʦʨʝʢʪʠʚʥʠʭ ʤʝʨʘ 

ʧʦʙʦˀʰʘʪʠ ʩʠʩʪʝʤ ɹɿʈ ʫ ʨʘʜʥʦʿ ʦʨʛʘʥʠʟʘʮʠʿʠ. 

ʋʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ 

ʅʘ ʩʣʠʮʠ ʙʨ.2 ʧʨʠʢʘʟʘʥʘ ʿʝ ʫʧʦʨʝʜʥʘ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ. 

 

ʉʣʠʢʘ ʙʨ.2 ʋʧʦʨʝʜʥʘ  ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ [5] 

ɿɸʂɲʋʏɸʂ 

ʅʝʦʧʭʦʜʥʦ ʿʝ ʥʘʛʣʘʩʠʪʠ ʜʘ ʥʠʿʝ ʜʦʚʦˀʥʦ ʜʘ ʦʧʨʝʤʘ ʟʘ ʨʘʜ ʠʤʘ ʚʘʞʝ˂ʠ ʩʪʨʫʯʥʠ ʥʘʣʘʟ 

ʩʘ ʧʦʟʠʪʠʚʥʠʤ ʤʠʰˀʝˁʝʤ, ʚʝ˂ ʜʘ ʿʝ ʤʥʦʛʦ ʚʘʞʥʠʿʝ ʜʘ ʩʝ ʦʥʘ ʨʝʜʦʚʥʦ ʦʜʨʞʘʚʘ ʫ ʠʩʧʨʘʚʥʦʤ 

ʩʪʘˁʫ ʧʨʝʤʘ ʫʧʫʪʩʪʚʠʤʘ ʧʨʦʠʟʚʦʹʘʯʘ ʠ/ʠʣʠ ʦʨʛʘʥʠʟʦʚʘˁʝʤ ʜʥʝʚʥʠʭ, ʥʝʜʝˀʥʠʭ, ʤʝʩʝʯʥʠʭ, 

ʛʦʜʠʰˁʠʭ ʠ ʚʘʥʨʝʜʥʠʭ ʧʨʝʛʣʝʜʘ ʠʩʧʨʘʚʥʦʩʪʠ. ʎʠˀ ʧʨʠʤʝʥʝ ʧʨʦʧʠʩʘ ʫ ʦʙʣʘʩʪʠ ɹɿʈ ʿʝ ʜʘ ʩʝ 
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ʦʤʦʛʫ˂ʠ ʜʘ ʟʘʧʦʩʣʝʥʠ ʨʘʜʝ ʥʘ ʙʝʟʙʝʜʥʠʤ ʠ ʟʜʨʘʚʠʤ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ, ʘ ʪʦ ʩʝ ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ 

ʤʦʞʝ ʦʩʪʚʘʨʠʪʠ ʦʜʨʞʘʚʘˁʝʤ ʦʧâʨʝʤʝ ʟʘ ʨʘʜ ʫ ʠʩʧʨʘʚʥʦʤ ʩʪʘˁʫ.  

ʆʩʥʦʚʫ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʩʠʩʪʝʤʘ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ ʧʨʝʜʩʪʘʚˀʘ ʨʝʜʦʚʥʦ 

ʚʨʰʝˁʝ ʩʚʠʭ ʧʦʪʨʝʙʥʠʭ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʠ ˁʠʭʦʚʦ ʜʦʢʫʤʝʥʪʦʚʘˁʝ ʟʘ ʯʝʛʘ ʜʦʙʨʫ ʦʜʥʦʚʫ 

ʧʨʝʜʩʪʘʚˀʘ ʉʠʩʪʝʤʫ ʤʝʥʘ˅ʤʝʥʪʘ ʢʚʘʣʠʪʝʪʦʤ - ISO 9001:2008, ʘ ʟʘʪʠʤ ʠ ʩʪʘʥʜʘʨʜʫ ʢʦʿʠʤ ʩʝ 

ʫʨʝʹʫʿʝ ʦʙʣʘʩʪ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ - OHSAS 18001:2007. 

ʃʀʊɽʈɸʊʋʈɸ 
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ʤʝʥʘ˅ʤʝʥʪʘ ʧʨʝʜʫʟʝ˂ʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ-ʌʊʅ, ʅʦʚʠ ʉʘʜ, 2011.
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ʇʈɽɼʅʆʉʊʀ ʋɺʆɫɽɳɸ  ʇʈʆʌɽʉʀʆʅɸʃʅɽ ʈɸɼʅɽ ʂɳʀɾʀʎɽ 
Dejan Has

1
 

hasd@izoprogres.rs 

ʈɽɿʀʄɽ 

ɿʘ ʫʯʝʩʪʚʦʚʘˁʝ ʥʘ ʪʝʥʜʝʨʠʤʘ, ʧʦʪʨʝʙʥʘ ʿʝ ʪʝʭʥʠʯʢʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘ ʚʝʟʘʥʘ ʟʘ ʫʩʣʫʛʝ ʢʦʿʝ ˂ʝ ʩʝ 

ʦʙʘʚˀʘʪʠ. ʀʟ ʦʙʣʘʩʪʠ ʠʟʚʦʹʝˁʘ ʛʨʘʹʝʚʠʥʩʢʠʭ ʨʘʜʦʚʘ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ ʪʘʢʦʹʝ ʪʨʝʙʘ 

ʜʦʩʪʘʚʠʪʠ ʟʘ ʩʚʘʢʦʛ ʨʘʜʥʠʢʘ ʦʢʦ ʜʝʩʝʪ ʧʘʧʠʨʘ. ɿʘ 30-35 ʨʘʜʥʠʢʘ ʪʦ ʿʝ ʫʢʫʧʥʦ 350 ʣʠʩʪʦʚʘ, ʠ ʩʚʝ ʪʦ ʫ ʪʨʠ 

ʧʨʠʤʝʨʢʘ, ʟʥʘʯʠ ʦʢʦ ʭʠˀʘʜʫ ʣʠʩʪʦʚʘ. ɿʘʪʠʤ ʩʚʝ ʪʦ ʧʦʥʦʚʦ ʢʘʜʘ ʜʦʙʠʿʝʪʝ ʧʦʩʘʦ, ʫʟ ʧʨʠʿʘʚʫ, ʦʜʥʦʩʥʦ 

ʝʣʘʙʦʨʘʪ ʦ ʫʨʝʹʝˁʫ ʛʨʘʜʠʣʠʰʪʘ, ʟʥʘʯʠ ʿʦʰ ʭʠˀʘʜʫ ʣʠʩʪʦʚʘ. 

ʋ ʨʘʜʫ ʿʝ ʜʘʪ ʧʨʝʜʣʦʛ ʫʚoʹʝˁʘ ʇʨʦʬʝʩʠʦʥʘʣʥʝ ʨʘʜʥʝ ʢˁʠʞʠʮʝ. 

ɳʝʥʦʤ ʧʨʠʤʝʥʦʤ ʩʘʤʘ ʢʦʥʪʨʦʣʘ ʙʠ˂ʝ ʙʨʞʘ, ʿʝʜʥʦʩʪʘʚʥʠʿʘ ʠ ʜʘ˂ʝ ʥʘʤ ʪʘʯʥʝ ʠ ʥʝʦʙʦʨʠʚʝ 

ʧʦʜʘʪʢʝ, ʧʦʩʝʙʥʦ ʟʘ ʬʠʨʤʝ ʢʦʿʝ ʠʟʚʦʜʝ ʨʘʜʦʚʝ ʢʘʦ ʰʪʦ ʩʫ ʛʨʘʹʝʚʠʥʩʢʠ ʠ ʢʦʿʝ ʯʝʩʪʦ ʤʝˁʘʿʫ ʣʦʢʘʮʠʿʝ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ɹɿʈ, ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʨʘʜʥʘ ʢˁʠʞʠʮʘ 

ADVANTAGES OF INTROD UCING THE PROFESSIONAL CARD 

SUMMARY  

To participate in tenders, bidders are required technical documentation regarding the services to be 

performed. In the field of construction works it is also necessary to submit for each worker about ten papers 

concerning safety and health at work. For 30-35 workers a total of 350 sheets are needed, all in triplicate, 

meaning about a thousand sheets is required altogether. Then it starts all over again when you get a job, along 

with the application, or the study of construction site, meaning that another thousand sheets is necessary. 

This paper presents a proposal concerning the introduction of the Professional Card. 

Through its application the control itself will be faster, simpler and give us accurate and irrefutable data, 

especially for companies that perform work such as construction and that frequently change locations. 

Keywords: OHS, Professional Card 

1. ʋɺʆɼ 

   - Ăʈʘʟʤʠʩʣʠʪʝ ʦ ʟʘʰʪʠʪʠ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʠ  ʧʨʝ ʥʝʛʦ ʰʪʦ ʰʪʘʤʧʘʪʝ ʦʚʦ ʧʠʩʤʦñ 

   - Ăʇʨʠʨʦʜʘ ʥʝ ʤʦʞʝ ʙʝʟ ʜʨʚʝ˂ʘ, ʤʠ ʤʦʞʝʤʦ ʙʝʟ ʰʪʘʤʧʘˁʘ ʦʚʦʛ ʧʠʩʤʘ.ñ 

ʆʚʫ ʧʦʨʫʢʫ ʜʦʙʠʿʘʤʦ ʫʛʣʘʚʥʦʤ ʥʘ ʩʚʘʢʦʤ ʝ-ʤʘʠʣʫ ʢʦʿʠ ʥʘʤ ʩʪʠʞʝ. 

ʊʦ ʤʝ ʿʝ ʧʦʜʩʪʘʢʣʦ ʜʘ ʨʘʟʤʠʩʣʠʤ ʢʘʢʦ ʜʘ ʫ ʥʘʰʝʤ ʧʦʩʣʫ, ʘ ʪʦ ʿʝ ɹʝʟʙʝʜʥʦʩʪ ʠ 

ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ, ʫʰʪʝʜʠʤʦ  ʚʨʝʤʝ, ʩʤʘˁʠʤʦ ʘʜʤʠʥʠʩʪʨʘʮʠʿʫ  ʠ ʥʝ ʧʦʪʨʦʰʠʤʦ ʪʦʥʝ 

ʭʘʨʪʠʿʝ ʙʝʩʧʦʪʨʝʙʥʦ, ʘ  ʦʧʝʪ ʜʘ ʩʝ ʥʘ ʜʨʫʛʦʿ ʩʪʨʘʥʠ ʜʦʙʠʿʝ ʢʚʘʣʠʪʝʪʥʠʿʠ ʨʝʟʫʣʪʘʪ.  

ɼʘ ʣʠ ʿʝ ʪʦ ʤʦʛʫ˂ʝ?  ʅʘʨʘʚʥʦ ʜʘ ʿʝ ʪʦ ʤʦʛʫ˂ʝ. 

2. ʆ ʂʆʄʇɸʅʀɱʀ ʀɿʆʇʈʆɻʈɽʉ 

ʇɼ Ăʀɿʆʇʈʆɻʈɽʉñ ɸɼ ʿʝ ʛʨʘʹʝʚʠʥʩʢʘ ʬʠʨʤʘ ʦʩʥʦʚʘʥʘ 1967 ʛʦʜʠʥʝ, ʢʦʿʘ ʩʝ 

ʩʢʦʨʦ ʧʝʜʝʩʝʪ ʛʦʜʠʥʘ ʙʘʚʠ ʘʢʫʩʪʠʯʥʦʤ ʠ ʪʝʨʤʠʯʢʦʤ ʠʟʦʣʘʮʠʿʦʤ, ʩʢʝʣʘʨʩʢʠʤ ʠ 

ʰʘʤʦʪʝʨʩʢʠʤ ʨʘʜʦʚʠʤʘ, ʢʘʦ ʠ ʠʥʜʫʩʪʨʠʩʢʠʤ ʫʩʠʩʘʚʘˁʝʤ, ʦʜʥʦʩʥʦ ʯʠʰ˂ʝˁʝʤ. 

ʇʦʩʝʜʫʿʝʤʦ ʜʚʘʜʝʩʝʪʘʢ ʠʥʜʫʩʪʨʠʩʢʠʭ ʫʩʠʩʠʚʘʯʘ, ʦʜ ʪʦʛʘ ʜʚʘ ʤʦʙʠʣʘʥʘ ʘʛʨʝʛʘʪʠʨʘʥʘ ʥʘ 

ʚʦʟʠʣʠʤʘ,ʢʘʤʠʦʥʠʤʘ. ʊʘʿʢʦʹʝ ʨʘʩʧʦʣʘʞʝʤʦ ʩʘ 45.000m2 ʩʢʝʣʘ Layer ʠ 55.000m2 ʮʝʚʥʠʭ 

ʩʢʝʣʘ. ɿʘ ʠʟʨʘʜʫ ʠ ʢʨʦʿʝˁʝ ʣʠʤʝʥʠʭ ʜʝʣʦʚʘ ʢʦʜ ʠʟʚʦʹʝˁʘ ʠʟʦʣʘʪʝʨʩʢʠʭ ʨʘʜʦʚʘ, ʧʦʨʦʜ 

ʢʣʘʩʠʯʥʦʛ ʨʫʯʥʦʛ ʢʨʦʿʝˁʘ,  ʧʦʩʣʝʜˁʝ ʜʚʝ ʛʦʜʠʥʝ ʟʘ ʢʨʦʿʝˁʝ ʢʦʨʠʩʪʠʤʦ ʎʅʎ ʤʘʰʠʥʫ, ʘ 

ʪʦ je ʨʘʯʫʥʘʨʩʢʘ ʥʫʤʝʨʠʯʢʠ ʫʧʨʘʚˀʘʥʘ ʤʘʰʠʥʘ. (Computerized numerical comtrol). 

                                                             
1
 Izoprogres Beograd 
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ʐʘʤʦʪʝʨʩʢʠ ʨʘʜʦʚʠ ʟʘʭʪʝʚʘʿʫ ʪʦʨʢʝʪ ʤʘʰʠʥʝ ʠ ʚʠʿʯʘʥʝ ʢʦʤʧʨʝʩʦʨʝ ʢʦʿʝ ʧʦʩʝʜʫʿʝʤʦ. 

ʄʘʥʠʧʫʣʘʮʠʿʫ ʠ ʪʨʘʥʩʧʦʨʪ ʥʘʰʠʭ  ʧʨʦʠʟʚʦʜʘ ʠ ʦʧʨʝʤʝ ʦʙʘʚˁˀʘʤʦ ʩʘ ʰʝʩʪ 

ʚʠˀʫʰʢʘʨʘ,  ʦʩʘʤ ʢʘʤʠʦʥʘ, ʰʝʩʪ ʪʨʘʢʪʦʨʘ ʩʘ ʧʨʠʢʦʣʠʮʘʤʘ, ʜʦʢ ʨʘʜʥʠʢʝ ʧʨʝʚʦʟʠʤʦ ʩʘ 

ʯʝʪʠʨʠ ʢʦʤʙʠ ʚʦʟʠʣʘ.ʋ ʧʦʩʣʝʜʥʿʦʿ ʜʝʮʝʥʠʿʠ ʫʩʚʦʿʠʣʠ ʩʤʦ ʩʪʘʥʜʘʨʜʝ ʀʉʆ 9000, 18000, 

ʠ 14000 ʠ ʧʨʠʤʝˁʫʿʝʤʦ ʠʭ, ʘ ʢʦʥʪʨʦʣʫ, ʩʪʨʫʯʥʫ ʩʝʨʪʠʬʠʢʘʮʠʿʫ ʦʙʘʚˀʘ ʥʘʤ Lloyd.  

ʉʚʠ ʧʦʩʣʦʚʠ ʢʦʿʝ ʦʙʘʚˀʘʤʦ ʩʧʘʜʘʿʫ ʫ ʚʠʩʦʢʦ ʨʠʟʠʯʥʝ ʧʦʩʣʦʚʝ. ʇʨʠʤʝˁʫʿʝʤʦ ʩʚʝ 

ʧʨʦʧʠʩʝ ʠ ʧʨʘʚʠʣʘ, ʢʘʦ ʠ ʟʘʰʪʠʪʥʘ ʩʨʝʜʩʪʚʘ ʢʘʢʦ ʥʝ ʙʠ ʜʦʰʣʦ ʜʦ ʧʦʚʨʝʜʝ ʨʘʜʥʠʢʘ. 

ʇʨʝʢʦ ʭʠˀʘʜʫ ʜʘʥʘ ʥʠʩʤʦ ʠʤʘʣʠ ʧʦʚʨʝʜʫ ʥʘ ʨʘʜʫ. 

ʋ  ʢʦʤʧʘʥʠʿʠ  ʇɼ Ăʀɿʆʇʈʆɻʈɽʉñ ɸɼ  ʿʘ ʩʘʤ ʃʠʮʝ ʟʘ ɹɿʈ ʠ  ʠʩʢʫʩʪʚʝʥʦ  ʩʘʤ 

ʜʦʰʘʦ ʜʦ ʿʝʜʥʦʛ ʧʨʝʜʣʦʛʘ.  

3. ʇʈɽɼʃʆɻ ʋɺʆɫɽɳɸ ʇʈʆʌɽʉʀʆʅɸʃʏʅʀʍ ʈɸɼʅʀʍ ʂɳʀɾʀʎɸ 

ʇʨʝʜʣʦʛ ʿʝ ʢʘʢʦ ʜʘ ʫʰʪʝʜʠʤʦ ʚʨʝʤʝ ʠ ʥʦʚʘʮ, ʜʘ ʩʝ ʦʩʣʦʙʦʜʠʤʦ ʥʝʧʦʪʨʝʙʥʝ 

ʘʜʤʠʥʠʩʪʨʘʮʠʿʝ ʠ ʜʘ ʥʝ ʫʥʠʰʪʘʚʘʤʦ ʭʝʢʪʘʨʝ ʥʘʰʠʭ ʰʫʤʘ ʟʘ ʙʝʩʧʦʪʨʝʙʥʦ ʫʧʦʪʨʝʙˀʝʥʠ 

ʧʘʧʠʨ.  

ʆ ʯʝʤʫ ʩʝ ʨʘʜʠ: 

ɿʘ ʫʯʝʩʪʚʦʚʘˁʝ ʥʘ ʪʝʥʜʝʨʠʤʘ, ʧʦʪʨʝʙʥʘ ʿʝ ʪʝʭʥʠʯʢʘ ʜʦʢʫʤʝʥʪʘʮʠʿʘ ʚʝʟʘʥʘ ʟʘ 

ʫʩʣʫʛʝ ʢʦʿʝ ʤʠ ʦʙʘʚˀʘʤʦ. ʀʟ ʥʘʰʝ ʦʙʣʘʩʪʠ, ɹʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ, ʪʘʢʦʹʝ ʪʨʝʙʘ 

ʜʦʩʪʘʚʠʪʠ ʟʘ ʩʚʘʢʦʛ ʨʘʜʥʠʢʘ ʦʢʦ ʜʝʩʝʪ ʣʠʩʪʦʚʘ ʧʘʧʠʨʘ. ɿʘ 30-35 ʨʘʜʥʠʢʘ ʪʦ ʿʝ ʫʢʫʧʥʦ 

350 ʣʠʩʪʦʚʘ, ʠ ʩʚʝ ʪʦ ʫ ʪʨʠ ʧʨʠʤʝʨʢʘ, ʟʥʘʯʠ ʦʢʦ ʭʠˀʘʜʫ ʣʠʩʪʦʚʘ.  

ɿʘʪʠʤ ʩʚʝ ʪʦ ʧʦʥʦʚʦ ʢʘʜʘ ʜʦʙʠʿʝʪʝ ʧʦʩʘʦ, ʫʟ ʧʨʠʿʘʚʫ, ʦʜʥʦʩʥʦ ʝʣʘʙʦʨʘʪ ʦ 

ʫʨʝʹʝˁʫ ʛʨʘʜʠʣʠʰʪʘ ʠ ʪʦ ʫ ʧʝʪ ʧʨʠʤʝʨʘʢʘ, ʟʥʘʯʠ ʿʦʰ ʭʠˀʘʜʫ ʠ ʧʝʪʩʪʦ ʣʠʩʪʦʚʘ. ʀ ʪʘʢʦ 

ʥʘʤ ʦʜʣʘʟʝ ʭʝʢʪʘʨʠ ʰʫʤʝ, ʙʝʩʧʦʪʨʝʙʥʦ. 

ʇʦʜʩʝʪʠ˂ʫ, ʜʘ ʿʝ ʧʨʠʣʠʢʦʤ ʧʨʝʜʘʿʝ  ɽʣʘʙʦʨʘʪʘ ʦ ʫʨʝʹʝˁʫ ʛʨʘʜʠʣʠʰʪʘ, ʦʙʘʚʝʟʘ 

ʜʘ ʩʝ ʜʦʩʪʘʚʝ ʄʠʥʠʩʪʘʨʩʪʚʫ ʨʘʜʘ, ʟʘʧʦʰˀʘʚʘˁʘ ʠ ʩʦʮʠʿʘʣʥʝ ʧʦʣʠʪʠʢʝ, ʠʥʩʧʝʢʪʦʨʘʪʫ ʟʘ 

ʨʘʜ, ʩʣʝʜʝ˂ʘ ʜʦʢʫʤʝʥʪʘ : 

- ʄɸ ʦʙʨʘʟʘʮ ( ʥʝʢʘʜʘ ʄ3) 

- ʆʙʨʘʟʘʮ 6 

- ʃʝʢʘʨʩʢʦ ʫʚʝʨʝˁʝ 

- ʆʩʠʛʫʨʘˁʝ ʨʘʜʥʠʢʘ 

- ʋʛʦʚʦʨ ʦ ʨʘʜʫ 

- ʈʝʚʝʨʩ ʟʘ ʩʨʝʜʩʪʚʘ ʟʘ ʣʠʯʥʫ ʟʘʰʪʠʪʫ, ʠ ʪʦ ʚʠʰʝ ʣʠʩʪʦʚʘ, ʦʥʘʢʦ 

ʢʘʢʦ ʿʝ ʚʨʝʤʝʥʩʢʠ ʟʘʜʫʞʠʚʘʦ ʧʦʿʝʜʠʥʫ ʦʧʨʝʤʫ  

- ɼʠʧʣʦʤʫ ʦ ʰʢʦʣʩʢʦʿ ʩʧʨʝʤʠ 

- ɼʠʧʣʦʤʝ ʩʪʝʯʝʥʝ ʪʦʢʦʤ ʨʘʜʘ 

- ʆʙʫʯʝʥ ʟʘ ɿʆʇ 

- ʆʙʫʯʝʥ ʟʘ ʉʪʘʥʜʘʨʜ 14001. 

ʐʪʘ ʿʝ ʧʨʝʜʣʦʛ?  

ʋʚʦʹʝˁʝ ʇʈʆʌɽʉʀʆʅɸʃʅɽ ʈɸɼʅɽ ʂɳʀɾʀʎɽ, ʯʠʿʦʤ ʫʧʦʪʨʝʙʦʤ ʙʠ ʩʝ 

ʩʤʘˁʠʦ ʫʪʨʦʰʘʢ ʧʘʧʠʨʘ ʥʘʿʤʘˁʝ ʜʝʩʝʪ ʧʫʪʘ  ʠʣʠ 1000 ʧʦʩʪʦ, ʘ ʜʘ ʥʝ ʛʦʚʦʨʠʤʦ ʦ 

ʫʪʨʦʰʝʥʦʤ ʚʨʝʤʝʥʫ ʟʘ ʬʦʨʤʠʨʘˁʝ ʪʝ ʧʨʝʦʙʠʤʥʝ  ʠ ʫ ʪʘʢʚʦʤ ʦʙʣʠʢʫ ʥʝʧʦʪʨʝʙʥʝ 

ʜʦʢʫʤʝʥʪʘʮʠʿʝ. 

ʇʦʩʝʙʥʦ ʿʝ ʟʥʘʯʘʿʥʦ ʜʘ, ʫʚʦʹʝˁʝʤ ʇʈʆʌɽʉʀʆʅɸʃʅɽ ʈɸɼʅɽ ʂɳʀɾʀʎɽ 

(ʇʈʂ), ʥʠʩʫ ʤʦʛʫ˂ʝ ʥʠʢʘʢʚʝ ʤʘʣʚʝʨʟʘʮʠʿʝ.  
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4. ʀʉʂʋʉʊɺɸ ʀɿ ʇʈɸʂʉɽ 

ʋ ʧʨʘʢʩʠ ʥʘ ʛʨʘʜʠʣʠʰʪʠʤʘ ʜʘʥʘʩ ʨʘʜʠ ʚʝʣʠʢʠ ʙʨʦʿ ʥʝ ʧʨʠʿʘʚˀʝʥʠʭ ʠ ʥʝ 

ʦʩʠʛʫʨʘʥʠʭ ʨʘʜʥʠʢʘ. ʊʦ ʿʝ ʚʝʣʠʢʦ ʟʣʦ ʪʨʘʥʟʠʮʠʿʝ. ʇʦʩʣʦʜʘʚʮʠ ʛʣʝʜʘʿʫ ʜʘ ʩʘ ʰʪʦ ʤʘˁʝ 

ʫʣʦʞʝʥʦʛ ʥʦʚʮʘ ʩʪʝʢʥʫ ʚʝ˂ʠ ʢʘʧʠʪʘʣ. 

ʀʥʩʧʝʢʮʠʿʘ ʢʦʣʠʢʦ ʛʦʜ ʩʝ ʪʨʫʜʠ ʜʘ ʪʦ ʦʪʢʨʠʿʝ ʠ ʩʧʨʝʯʠ , ʿʝʜʥʦʩʪʘʚʥʦ ʥʝ 

ʧʦʩʪʠʞʝ, ʿʝʨ ʿʝ ʪʦ ʧʦʩʪʘʣʘ ʤʘʩʦʚʥʘ ʧʦʿʘʚʘ. 

ɿʘʰʪʦ ʪʦ ʩʧʦʤʠˁʝʤ.  

ʄʠ ʢʘʦ ʦʟʙʠˀʥʘ ʬʠʨʤʘ, ʛʜʝ ʩʫ ʩʚʠ ʨʘʜʥʠʮʠ ʦʧʨʝʤˀʝʥʠ ʧʦ ʧʨʦʧʠʩʠʤʘ  ʠʟ 

ʦʙʣʘʩʪʠ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚˀʘ ʥʘ ʨʘʜʫ, ʥʘʨʘʚʥʦ ʩʚʠ ʨʘʜʥʠʮʠ ʩʫ ʧʨʠʿʘʚˀʝʥʠ ʠ 

ʦʩʠʛʫʨʘʥʠ, ʪʨʧʠʤʦ ʥʝʣʦʿʘʣʥʫ ʢʦʥʢʫʨʝʥʮʠʿʫ ʤʘˁʠʭ ʬʠʨʤʠ, ʢʦʿʝ ʥʠʯʫ ʢʘʦ ʧʝʯʫʨʢʝ ʠ 

ʦʧʩʪʘʿʫ ʢʘʦ ʚʠʣʠʥ ʢʦˁʠʮ ʟʘ ʿʝʜʘʥ ʧʦʩʘʦ. 

ʇʦʩʪʘʣʦ ʿʝ ʫʦʙʠʯʘʿʥʦ ʜʘ ʧʨʠʿʘʚʝ ʨʘʜʥʠʢʝ, ʟʘ ʦʜʨʝʹʝʥʠ ʪʝʥʜʝʨ, ʧʦʩʘʦ ʜʦʙʠʿʫ, ʿʝʨ 

ʟʘ ʩʚʦʿʝ ʫʩʣʫʛʝ ʥʫʜʝ ʥʝʨʝʘʣʥʦ ʥʠʩʢʝ ʮʝʥʝ. ʈʘʜʥʠʢʝ ʫʚʝʜʫ ʫ ʠʥʜʫʩʪʨʠʩʢʠ ʦʙʿʝʢʘʪ, ʠʟʚʘʜʝ 

ʠʤ ʀɼ ʢʘʨʪʠʮʝ, ʘ ʦʥʜʘ  ʠʩʪʝ ʪʝ ʨʘʜʥʠʢʝ ʦʜʿʘʚʝ.  

ʊʘʢʦ ʪʝ ʬʠʨʤʝ ʤʦʛʫ ʜʘ ʧʦʥʫʜʝ ʫʩʣʫʛʝ ʧʦ ʥʠʞʦʿ ʮʝʥʠ, ʠ ʪʘʢʦ ʩʝ ʬʦʨʤʠʨʘ ʨʘʟʣʠʢʘ 

ʫ ʧʦʥʫʹʝʥʦʿ ʮʝʥʠ ʫʩʣʫʛʘ. ɼʘ ʥʝ ʛʦʚʦʨʠʤʦ, ʰʪʦ ʩʫ ʦʜ ʪʠʭ ˀʫʜʠ, ʨʘʜʥʠʢʘ,  ʥʘʧʨʘʚʠʣʠ. 

ʅʘʧʨʘʚʠʣʠ ʩʫ ʨʦʙʦʚʝ, ʠ ʪʦ ʜʘʥʘʩ, ʫ ʜʚʘʜʝʩʝʪʧʨʚʦʤ ʚʝʢʫ. 

ʅʘ ʩʣʠʮʠ ʙʨ. 1 ʧʨʠʢʘʟʘʥ ʿʝ ʇʨʠʤʝʨ ʠʟʛʣʝʜʘ ʇʈʂ. 

5. ʐʊɸ ʅɸʄ ʆʄʆɻʋɴɸɺɸ  ʇʈʆʌɽʉʀʆʅɸʃʅɸ ʈɸɼʅɸ ʂɳʀɾʀʎɸ 

ʋʢʦʣʠʢʦ ʩʝ ʧʨʠʭʚʘʪʠ , ʦʚʘʿ ʧʨʝʜʣʦʛ, ʜʘ ʨʘʜʥʠʮʠ  ʧʦʩʝʜʫʿʫ  ʇʈʂ ʫʰʪʝʜʝ˂ʝʤʦ ʠ  

ʚʨʝʤʝ ʠ ʥʦʚʘʮ. ʉʘʤʘ ʢʦʥʪʨʦʣʘ ʙʠ˂ʝ ʙʨʞʘ, ʿʝʜʥʦʩʪʘʚʥʠʿʘ ʠ ʜʘ˂ʝ ʥʘʤ ʪʘʯʥʝ ʠ ʥʝʦʙʦʨʠʚʝ 

ʧʦʜʘʪʢʝ.  

ʂʦʿʝ ʩʚʝ ʚʨʩʪʝ ʧʨʝʜʥʦʩʪʠ ʠʤʘ ʦʚʘʢʚʦ ʚʦʹʝˁʝ ʘʜʤʠʥʠʩʪʨʘʮʠʿʝ ʦ ʨʘʜʥʠʮʠʤʘ ʿʝ 

ʦʯʠʛʣʝʜʥʦ: 

- ʈʘʜʥʠʢ ʙʠ ʩʪʫʧʘʿʫ˂ʠ ʥʘ ʨʘʜ, ʇʈʂ  ʦʩʪʘʚˀʘʦ ʫ ʩʣʫʞʙʠ ɹɿʈ  ʛʜʝ ʩʝ ʠʟʚʦʜʝ ʨʘʜʦʚʠ.  

- ʇʦ ʟʘʚʨʰʝʥʦʤ ʧʦʩʣʫ,  ʢʘʜʘ ʦʜʣʘʟʠ ʥʘ ʜʨʫʛʦ ʛʨʘʜʠʣʠʰʪʝ ʥʦʩʠʦ ʙʠ ʇʈʂ ʩʘ ʩʦʙʦʤ  ʠ 

ʧʨʝʜʘʚʘʦ ʙʠ ʪʘʤʦʰˁʦʿ ʩʣʫʞʙʠ ɹɿʈ.  

- ʇʦʜʘʮʠ ʠʟ ʇʈʂ, ʤʦʛʣʠ ʙʠ ʩʝ ʫ ʩʚʘʢʦʤ ʪʨʝʥʫʪʢʫ ʧʨʦʚʝʨʘʚʘʪʠ 

- ʍʘʿʜʝ ʜʘ ʩʭʚʘʪʠʤʦ ʜʘ ʿʝ ʠ ʥʘʰʘ ʉʨʙʠʿʘ ʫʰʣʘ ʫ XXI ʚʝʢ, ʠ ʜʘ  ʥʝ ʯʝʢʘʤʦ ʜʘ ʥʘʤ 

ɽʚʨʦʧʩʢʘ ʫʥʠʿʘ ʥʝʰʪʦ ʩʣʠʯʥʦ ʫʚʝʜʝ ʢʘ ʦʙʘʚʝʟʥʦ, ʭʘʿʜʝ ʜʘ ʤʠ ʪʦ ʠ ʫʯʠʥʠʤʦ ʟʘ 

ʥʘʰʫ ʩʪʨʫʢʫ, ʠ ʜʘ ʩʝ ʦʚʘʢʚʦ ʚʦʹʝˁʝ ʘʜʤʠʥʠʩʪʨʘʮʠʿʝ ʫʚʝʜʝ ʢʘʦ ʦʙʘʚʝʟʥʦ, ʰʪʦ 

ʧʨʝ. 

ʀ ʥʠʿʝ ʪʦ ʩʚʝ. ʆʚʦ ʙʠ ʙʠʣʘ ʩʘʤʦ ʧʨʝʣʘʟʥʘ ʬʘʟʘ.  

ʂʦʣʠʢʦ ʩʫʪʨʘ ʦʚʘ ʚʨʩʪʘ ʇʈʂ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʫ ʝʣʝʢʪʨʦʥʩʢʦʤ ʦʙʣʠʢʫ. ʂʘʦ ʰʪʦ ʩʫ 

ʣʠʯʥʝ ʢʘʨʪʝ ʩʘ ʯʠʧʦʤ. ʏʠʧ ʙʠ ʩʘʜʨʞʘʦ ʩʚʝ ʧʦʜʘʪʢʝ ʢʘʦ ʠ ʦʚʘ ʧʨʝʜʣʦʞʝʥʘ ʢʣʘʩʠʯʥʘ 

ʇʈʂ. ʀʥʚʝʩʪʠʪʦʨ ʙʠ, ʦʜʥʦʩʥʦ ʬʠʨʤʘ ʛʜʝ ʩʝ ʠʟʚʦʜʝ ʨʘʜʦʚʠ, ʧʦʩʪʦʿʝ˂ʦʿ ʝʣʝʢʪʨʦʥʩʢʦʿ 

ʇʈʂ ʜʦʜʘʦ ʥʘ ʯʠʧ ʧʦʜʘʪʢʝ ʜʘ ʨʘʜʥʠʢ ʤʦʞʝ ʜʘ ʫʣʘʟʠ  ʫ ʦʙʿʝʢʘʪ ʛʜʝ ʩʝ ʠʟʚʦʜʝ ʨʘʜʦʚʠ ʫ 

ʧʝʨʠʜʫ ʦʜ ʢʘʜʘ ʠ ʜʦ ʢʘʜʘ ʩʝ ʧʦ ʫʛʦʚʦʨʫ ʨʘʜʦʚʠ ʠʟʚʦʜʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʧʨʠʤʝʥʦʤ 

ʝʣʝʢʪʨʦʥʩʘʢʝ ʇʈʂ, ʫʰʪʝʜʝʣʘ ʙʠ ʩʝ ʚʝ˂ ʧʦʤʝʥʫʪʘ ʥʝʙʨʦʿʝʥʘ ʢʦʣʠʯʠʥʘ ʧʘʧʠʨʘ, 

ʥʝʧʦʪʨʝʙʥʦ ʠʟʛʫʙˀʝʥʦʛ ʚʨʝʤʘʥʘ , ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʥʦʚʮʘ.  
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ʉʣʠʢʘ ʙʨ.1: ʇʨʠʤʝʨ ʠʟʛʣʝʜʘ ʇʈʂ 

ʆʥʦ ʰʪʦ ʿʝ ʥʦʚʦ ʢʦʜ ʧʨʠʤʝʥʝ ʯʠʧʦʚʘʥʝ ʇʈʂ ʿʝ ʜʘ ʠʥʚʝʩʪʠʪʦʨ ʥʝ ʤʦʨʘ ʜʘ 

ʰʪʘʤʧʘ, ʘ ʩʘʤʠʤ ʪʠʤ  ʪʨʦʰʠ ʥʦʚʘʮ ʠ ʚʨʝʤʝ ʧʨʠʣʠʢʦʤ ʠʟʜʘʚʘˁʝ ʀɼ ʢʘʨʪʠʮʘ. ʊʘʢʦ ʿʝ 

ʠʥʚʝʩʪʠʪʦʨ ʫʰʪʝʜʝʦ ʥʦʚʮʘ ʟʘ ʧʨaʚˀʝˁʘ ʢʘʨʪʠʮʘ,  ʢʘʦ ʠ ʚʨʝʤʝ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʧʦʪʨʝʙʥʝ 

ʜʦʢʫʤʝʥʪʘʮʠʿʝ, ʦʜ ʠʟʚʦʹʘʯʘ ʨʘʜʦʚʘ, ʟʘ ʠʟʜʘʚʘˁʝ ʀɼ. ʉʘ ʧʨʠʤʝʥʦʤ ʯʠʧʦʚʘʥʝ ʇʈʂ  

ʠʥʚʝʩʪʠʪʦʨ ʥʝ ʙʠ ʤʦʨʘʦ ʜʘ ʰʪʘʤʧʘ ʩʦʧʩʪʚʝʥʝ ʀɼ ʢʘʨʪʠʮʝ. 

ʉʘʜʘ ʥʘ ʧʨʠʤʝʨ ʠʤʘʤʦ ʩʣʫʯʘʿ, ʧʨʠʣʠʢʦʤ ʧʦʩʣʝʜˁʝʛ ʨʝʤʦʥʪʘ,  ʥʘ ʊɽʅʊ-ʫ  Ăɸñ, 

ʜʘ ʿʝʜʥʦʩʪʘʚʥʦ ʥʝʤʘ ʀɼ ʢʘʨʪʠʮʘ ʟʘ ʠʟʚʦʹʘʯʝ, ʥʝ ʧʨʦʠʟʚʦʜʝ ʩʝ, ʧʨʦʠʟʚʦʹʘʯ ʢʘʨʪʠʮʘ ʿʝ 

ʥʝʩʪʘʦ. ʇʨʠʙʝʛʣʦ ʩʝ ʢʦʨʠh ˂ʝˁʫ ʩʧʠʩʢʦʚʘ, ʛʜʝ ʩʝ ʧʨʫʞʘ ʚʝʣʠʢʘ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʠʟʚʦʹʘʯʠ 

ʥʝʧʨʠʿʘʚˀʝʥʝ ʠ ʥʝʦʙʫʯʝʥʝ ʨʘʜʥʠʢʝ ʜʦʚʝʜʫ ʥʘ ʛʨʘʜʠʣʠʰʪʝ. 
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6. ɿɸʂɲʋʏɸʂ 

ʅʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʯʝʢʘʤʦ ʜʘ ʥʘʤ ɽʋ ʜʝʥʝʩʝ ʥʝʢʘ ʩʣʠʯʥʘ ʧʨʘʚʠʣʘ ʚʝ˂ ʢʨʝʥʠʤʦ ʫ 

ʨʝʘʣʠʟʘʮʠʿʫ ʦʚʦʛ ʧʨʦʿʝʢʪʘ ʠ ʢʦʥʢʫʨʠʰʠʤʦ ʟʘ ʩʨʝʜʩʪʚʘ ʢʦʿʘ ˂ʝ ʦʤʦʛʫ˂ʠʪʠ 

ɽʃɽʂʊʈʆʅʉʂʋ ʇʈʆʌɽʉʀʆʅɸʃʅʋ ʈɸɼʅʋ ʂɳʀɾʀʎʋ.  

ʅʝ ʯʝʢʘʿʤʦ ʩʫʪʨʘ, ʧʦʯʥʠʤʦ ʦʜʤʘʭ ʩʘ ʧʨʦʤʝʥʘʤʘ, ʧʨʦʤʝʥʘʤʘ ʥʘ ʙʦˀʝ. 

7. ʃʀʊɽʈɸʊʋʈɸ 

[1] ɿʘʢʦʥ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʠ ʟʜʨʘʚʫˀ ʥʘ ʨʘʜʫ, ʯʣʘʥ 18. ʩʪʘʚ 4. (Ăʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ 

ʈʉñ, ʙʨʦʿ 101/05) 

[2] ʇʨʘʚʠʣʥʠʢ ʦ ʩʘʜʨʞʘʿʫ ʝʣʘʙʦʨʘʪʘ ʦ ʫʨʝʹʘˁʫ ʛʨʘʜʠʣʠʰʪʘ( Ăʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ ʈʉ 

ʙʨʦʿ 12 ʦʜ 24.12.2012)
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ʇʈɽɺɽʅʊʀɺʅɽ ʄɽʈɽ ʇʈʀ ʇʈʆʀɿɺʆɼɳʀ ʀ ʂʆʈʀʐɴɽɳʋ 

ʃɽʇʂʆɺɸ ʅɸ ɹɸɿʀ ʆʈɻɸʅʉʂʀʍ ʈɸʉʊɺɸʈɸʏɸ 
ʇʝʪʘʨ ʉ. ɫʝʢʠ˂

1
, ɹʠˀʘʥʘ ʄʠʣʫʪʠʥʦʚʠ˂

1
 

petar.djekic@vtsnis.edu.rs,  

ʈɽɿʀʄE 

ʋ ʨʘʟʥʠʤ ʛʨʘʥʘʤʘ ʠʥʜʫʩʪʨʠʿʝ ʢʦʨʠʩʪʝ ʩʝ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʣʝʧʢʦʚʘ ʟʘ ʫʯʚʨʰ˂ʠʚʘˁʝ ʠ ʧʦʚʝʟʠʚʘˁʝ 

ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʧʦʣʫʧʨʦʠʟʚʦʜʘ, ʧʨʦʠʟʚʦʜʘ ʠ ʩʢʣʦʧʦʚʘ. ʅʘ ʪʨʞʠʰʪʫ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʨʘʟʥʝ ʚʨʩʪʝ ʣʝʧʢʦʚʘ, ʘ 

ʥʘʿʚʠʰʝ ʣʝʧʢʦʚʠ ʥʘ ʙʘʟʠ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ (ʪʦʣʫʝʥ, ʝʪʠʣ-ʤʝʪʠʣ-ʢʝʪʦʥ, ʠʪʜ.) ʠ ʮʠʿʘʥʠʜʘ. ʂʦʜ ʧʨʦʠʟʚʦʜʘ ʢʦʿʠ 

ʪʨʧʝ ʦʜʨʝʹʝʥʘ ʜʠʥʘʤʠʯʢʘ ʥʘʧʨʝʟʘˁʘ (ʦʜʝ˂ʘ, ʦʙʫ˂ʘ, ʘʫʪʦʤʦʙʠʣʩʢʘ ʠʜʫʩʪʨʠʿʘ ʠʪʜ.) ʢʦʨʠʩʪʝ ʩʝ ʣʝʧʢʦʚʠ ʥʘ ʙʘʟʠ 

ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ, ʘ ʟʘ ʦʩʪʘʣʝ ʧʨʦʠʚʦʜʝ ʢʦʿʠ ʩʫ ʤʘʭʦʤ ʥʘʤʝˁʝʥʠ ʢʫ˂ʥʦʿ ʫʧʦʪʨʝʙʠ ʢʦʨʠʩʪʝ ʩʝ ʣʝʧʢʦʚʠ ʥʘ 

ʙʘʟʠ ʮʠʿʘʥʠʜʘ. ʈʘʜʥʠʮʠ ʢʦʿʠ ʦʙʘʚˀʘʿʫ ʧʦʩʣʦʚʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʢʦʨʠʰ˂ʝˁʘ ʣʝʧʢʦʚʘ ʥʘ ʙʘʟʠ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ 

ʠʟʣʦʞʝʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠʤ ʭʝʤʠʿʩʢʠʤ ʰʪʝʪʥʦʩʪʠʤʘ. ʉ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʫ ʙʠʪʥʘ ʩʚʦʿʩʪʘʚʘ ʨʘʩʪʚʘʨʘʯʘ ʚʝʣʠʢʘ 

ʟʘʧʘˀʠʚʦʩʪ  ʠ ʝʢʩʧʣʦʟʠʚʥʦʩʪ ʫ ʧʘʨʥʦʤ/ʛʘʩʦʚʠʪʦʤ ʩʪʘˁʫ, ʧʘ ʩʝ ʥʘ ʦʚʝ ʧʦʿʘʚʝ ʤʦʨʘ ʦʙʨʘʪʠʪʠ ʧʦʩʝʙʥʘ ʧʘʞˁʘ. ʋ 

ʦʚʦʤ ʨʘʜʫ ʧʨʠʢʘʟʘʥʝ ʩʫ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠ ʧʨʦʠʟʚʦʜˁʠ ʠ ʢʦʨʠʰ˂ʝˁʫ ʣʝʧʢʦʚʘ ʥʘ 

ʙʘʟʠ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ:, ʣʝʧʘʢ, ʦʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯʠ, ʭʝʤʠʿʩʢʝ ʰʪʝʪʥʦʩʪʠ, ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ. 

SAFETY MEASURES IN PRODUCTION AND USAGE OF ADHESIVES 

BASED ON ORGANIC SOLVENTS 

ABSTRACT 

In many industries different types of adhesives are used for fixing and connecting different types of semi 

products,  products and assemblies. On the market one can find a variety of adhesives, and the adhesives based on the 

most organic solvents (toluene, ethyl methyl ketone, etc.) and cyanide. In products that are affected by  certain dynamic 

stresses (clothing, footwear, automotive, material handling, etc.) are used adhesives based on organic solvents, whereas 

for others that are mainly used in households adhesives based on cyanide are used. Workers in production and usage of 

adhesives based on organic solvents are exposed to various chemical substances. Considering that the essential 

properties of the solvent are great flammability and explosiveness in a vaporous/gaseous state, special attention must be 

paid to such occurrences. In this paper the preventive measures for safe and healthy work in the manufacture and usage 

of adhesives based on organic solvents are presented. 

Keywords: Glue, organic solvents, chemical hazards, safety measures. 

1. ʋɺʆɼ 

ʋ ʨʘʟʣʠʯʠʪʠʤ ʛʨʘʥʘʤʘ ʠʥʜʫʩʪʨʠʿʝ ʢʦʨʠʩʪʝ ʩʝ ʨʘʟʥʝ ʚʨʩʪʝ ʣʝʧʢʦʚʘ ʟʘ ʫʯʚʨʰ˂ʠʚʘˁʝ ʠ 

ʧʦʚʝʟʠʚʘˁʝ ʧʦʣʫʧʨʦʠʟʚʦʜʘ, ʧʨʦʠʟʚʦʜʘ ʠ ʩʢʣʦʧʦʚʘ. ʃʝʧʢʦʚʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʟʘ ʩʧʘʿʘˁʝ 

ʨʘʟʣʠʯʠʪʠ ʪʠʧʦʚʘ ʤʘʪʝʨʠʿʘʣʘ (ʪʝʢʩʪʠʣʘ, ʛʫʤʝ, ʧʣʘʩʪʠʢʝ ʠʪʜ). ʃʝʧʢʦʚʠ ʥʘ ʙʘʟʠ ʦʨʛʘʥʩʢʠʭ 

ʨʘʩʪʚʘʨʘʯʘ ʥʘʿʚʠʰʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʠʥʜʫʩʪʨʠʿʠ ʪʝʢʩʪʠʣʘ, ʢʦʞʝ, ʦʜʝ˂ʝ, ʦʙʫ˂ʝ ʠ ʧʨʦʠʟʚʦʜˁʠ 

ʥʘʤʝʰʪʘʿʘ ʠ ʨʘʟʥʝ ʛʘʣʘʥʪʝʨʠʿʝ, ʜʦʢ ʩʝ ʦʩʪʘʣʠ ʪʠʧʦʚʠ ʣʝʧʢʦʚʘ ʢʦʨʠʩʪʝ ʫ ʠʥʜʫʩʪʨʠʿʠ 

ʧʣʘʩʪʠʯʥʠʭ ʧʨʦʠʟʚʦʜʘ ʠ ʘʫʪʦʤʦʙʠʣʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ. 

ɿʚʘʥʠʯʥʘ ʩʪʘʪʠʩʪʠʢʘ ʢʘʞʝ ʜʘ ʩʝ ʧʨʦʠʟʚʦʜˁʦʤ ʪʝʢʩʪʠʣʘ, ʦʜʝ˂ʝ ʠ ʦʙʫ˂ʝ ʫ ʉʨʙʠʿʠ ʙʘʚʠ 

ʦʢʦ 1.800 ʬʠʨʤʠ ʠ ʜʘ ʟʘʧʦʰˀʘʚʘʿʫ ʦʢʦ 30.000 ˀʫʜʠ, ʜʦʢ ʫ ʇʨʠʚʨʝʜʥʦʿ ʢʦʤʦʨʠ ʉʨʙʠʿʝ ʪʚʨʜʝ 

ʜʘ ʦʜʝ˂ʫ ʠ ʦʙʫ˂ʫ ʥʝʣʝʛʘʣʥʦ ʧʨʦʠʟʚʦʜʠ ʿʦʰ ʦʢʦ 60.000 ˀʫʜʠ. ʊʘʢʦʹʝ ʪʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʫ 

ʪʨʠʜʝʩʝʪʘʢ ʬʠʨʤʠ ʨʘʜʠ ʭʠˀʘʜʫ ʨʘʜʥʠʢʘ ʥʘ ʧʨʦʠʟʚʦʜˁʠ ʣʝʧʢʦʚʘ ʧʨʠ ʯʝʤʫ ʩʝ ʩʤʘʪʨʘ ʜʘ ʟʙʦʛ 

ʩʧʝʮʠʬʠʯʥʦʩʪʠ ʩʘʤʦʛ ʧʦʩʪʫʧʢʘ ʧʨʦʠʟʚʦʜˁʝ ʣʝʧʢʦʚʘ ʠ ʚʝʣʠʢʝ ʠʩʧʘʨˀʠʚʦʩʪʠ ʨʘʩʪʚʘʨʘʯʘ ʚʨʣʦ 

ʤʘʣʠ ʙʨʦʿ ˀʫʜʠ ʨʘʜʠ ʫ ʥʝʣʝʛʘʣʥʦʿ ʧʨʦʠʟʚʦʜˁʠ [1].  

ʇʨʦʙʣʝʤʠ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʫ ʧʦʩʪʫʧʢʫ ʢʦʨʠʰ˂ʝˁʘ ʠ ʧʨʦʠʟʚʦʜˁʝ ʣʝʧʢʦʚʘ ʥʘ ʙʘʟʠ 

ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ ʣʝʞʝ ʫ ʚʝʣʠʢʦʿ ʠʩʧʘʨˀʠʚʦʩʪʠ ʨʘʩʪʚʘʨʘʯʘ ʢʦʿʠ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʅʠʰ 
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ʠʨʠʪʘʮʠʿʝ ʜʠʩʘʿʥʠʭ ʧʫʪʝʚʘ, ʢʦʞʝ ʠ ʦʯʠʿʫ, ʘ ʢʦʜ ʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʠ ʜʦ ʝʢʩʧʣʦʟʠʿʝ ʢʦʿʘ 

ʤʦʞʝ ʜʘ ʠʤʘ ʧʦʩʣʝʜʠʮʝ ʩʘ ʩʤʨʪʥʠʤ ʠʩʭʦʜʦʤ. ʋ ʥʘʰʦʿ ʟʝʤˀʠ ʟʘʙʝʣʝʞʝʥʦ ʿʝ ʥʝʢʦʣʠʢʦ ʧʦʞʘʨʘ 

ʫ ʧʦʛʦʥʠʤʘ ʟʘ ʧʨʦʟʚʦʜˁʫ ʣʝʧʢʦʚʘ (Ăɽʣʘʥñ ʇʨʠʿʝʧʦˀʝ, Ăɺʫʣʢʘʥñ ʅʠʰ, Ăʊʠʛʘʨñ ʇʠʨʦʪ) ʜʦʢ ʩʝ 

ʧʦʩʣʝʜˁʠ ʠʥʮʠʜʝʥʪ ʜʦʛʦʜʠʦ ʫ ʩʝʧʪʝʤʙʨʫ 2013. ʛʦʜʠʥʝ ʫ ʠʟʤʝʰʪʝʥʦʤ ʧʦʛʦʥʫ ʬʘʙʨʠʢʝ Ăʊʠʛʘʨ 

ʭʝʤʠʿʩʢʠ ʧʨʦʠʚʦʜʠñ [2]. ɸʢʮʠʜʝʥʪʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʜʝʰʘʚʘʿʫ ʫ ʩʘʤʦʤ ʧʦʩʪʫʧʢʫ ʧʨʦʠʟʚʦʜˁʝ, ʢʘʦ 

ʫ ʧʦʤʝʥʫʪʦʤ ʩʣʫʯʘʿʫ ʫʩʣʝʜ ʥʝʧʘʞˁʝ ʨʘʜʥʠʢʘ, ʘʣʠ ʥʝʨʝʪʢʦ ʠ ʫ ʩʢʣʘʜʠʰʪʠʤʘ ʩʠʨʦʚʠʥʘ, 

ʧʦʣʫʧʨʦʠʟʚʦʜʘ ʠ ʛʦʪʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʧʨʚʝʥʩʪʚʝʥʦ ʟʙʦʛ ʣʦʰʝ ʚʝʥʪʠʣʘʮʠʿʝ. 

2. ʃɽʇʂʆɺʀ ʀ ɳʀʍʆɺɸ ʋʇʆʊʈɽɹɸ  

2.1. ʌʠʟʠʯʢʦ ï ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ 

ʆʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯʠ ʩʫ ʭʝʪʝʨʦʛʝʥʘ ʛʨʫʧʘ ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ ʩʘ ʟʘʿʝʜʥʠʯʢʦʤ 

ʦʩʦʙʠʥʦʤ ʜʘ ʨʘʩʪʚʘʨʘʿʫ ʜʨʫʛʝ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ. ʆʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯʠ ʩʝ ʜʝʣʝ ʥʘ: 

ʘʣʠʬʘʪʠʯʥʝ ʫʛˀʦʚʦʜʦʥʠʢʝ; ʘʨʦʤʘʪʠʯʥʝ ʫʛˀʦʚʦʜʦʥʠʢʝ; ʘʤʠʥʦ ʠ ʥʠʪʨʦ ʜʝʨʠʚʘʪʝ 

ʫʛˀʦʚʦʜʦʥʠʢʘ; ʭʘʣʦʛʝʥʠ ʜʝʨʠʚʘʪʝ ʫʛˀʦʚʦʜʦʥʠʢʘ; ʘʣʢʦʭʦʣʝ, ʘʣʜʝʭʠʜʝ, ʢʝʪʦʥʝ, ʝʪʨʝ ʠ ʝʩʪʨʝ. 

ʆʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯʠ ʩʫ ʚʨʣʦ ʠʩʧʘʨˀʠʚʠ ʠ ʟʘʧʘˀʠʚʠ. ɳʠʭʦʚʝ ʧʘʨʝ ʩʫ ʪʝʞʝ ʦʜ ʚʘʟʜʫʭʘ 

ʧʘ ʿʝ ʤʦʛʫ˂ʝ ʥʘʩʪʘʿʘˁʝ ʝʢʩʧʣʦʟʠʚʥʠʤ ʩʤʝʰʘʤʘ ʩʘ ʚʘʟʜʫʭʦʤ ʯʠʤʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʨʠʟʠʢ ʦʜ 

ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ. ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʝ ʦʩʦʙʠʥʝ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ Tʘʙʝʣʠ 1 

[3]. 

ʊʘʙʝʣʘ 1 ï ʌʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ 

ʆʙʣʠʢ ʊʝʯʥʦʩʪ 

ɹʦʿʘ ɹʝʟʙʦʿʥʦ 

ʄʠʨʠʩ ʂʘʦ ʨʘʩʪʚʘʨʘʯ 

Ph ʚʨʝʜʥʦʩʪ (20ºC) ʥʝʫʪʨʘʣʥʦ 

ɺʠʩʢʦʟʠʪʝʪ ʜʠʥʘʤʠʯʢʠ (20ºC) 0,40 mPas 

ʊʘʯʢʘ ʪʦʧˀʝˁʘ -86ºC 

ʊʘʯʢʘ ʢˀʫʯʘˁʘ 79,6ºC 

ʊʘʯʢʘ ʩʘʤʦʟʘʧʘˀʝˁʘ 514ºC 

ʊʘʯʢʘ ʧʘˀʝˁʘ -4ºC 

ɻʨʘʥʠʮʝ ʝʢʩʧʣʦʟʠʿʝ ɼʦˁʘ 1,8 ɺʦʣ%; ʛʦʨˁʘ 11,5 ɺʦʣ % 

ʇʨʠʪʠʩʘʢ ʧʘʨʘ (20ºC) 105 hPa 

ʈʝʣʘʪʠʚʥʘ ʛʫʩʪʠʥʘ ʧʘʨʘ 2,48 

ɻʫʩʪʠʥʘ (20ºC) 0805 g/cm
3
 

ʈʘʩʪʚʦʨˀʠʚʦʩʪ ɺʦʜʘ (20ÜC) 292 g/l 
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2.2. ʇʦʩʪʫʧʘʢ ʧʨʦʠʟʚʦʜˁʝ ʣʝʧʢʦʚʘ  

ʇʦʩʪʫʧʘʢ ʧʨʦʠʟʚʦʜˁʝ ʣʝʧʢʦʚʘ ʟʘʚʠʩʠ ʦʜ ʪʠʧʘ ʩʤʝʝh, ʦʜʥʦʩʥʦ ʚʨʩʪʝ ʢʘʫʯʫʢʘ 

(ʧʨʠʨʦʜʥʦʛ ʢʘʫʯʫʢʘ, ʭʣʦʨʦʧʨʝʥʩʢʦʛ ʢʘʫʯʫʢʘ ʠʣʠ ʧʦʣʠʫʨʝʪʘʥʘ) ʦʜ ʢʦʿʠʭ ʩʝ ʠʟʨʘʹʫʿʝ ʣʝʧʘʢ. 

ʇʨʠʣʠʢʦʤ ʧʨʦʠʟʚʦʜˁʝ ʣʝʧʢʦʚʘ ʥʘ ʙʘʟʠ ʧʨʠʨʦʜʥʦʛ ʠ ʭʣʦʨʦʧʨʝʥʩʢʦʛ ʢʘʫʯʫʢʘ ʫ ʤʝʰʘʣʠʮʫ ʟʘ 

ʤʝʰʘˁʝ ʣʝʧʢʘ ʧʨʚʦ ʩʝ ʜʦʜʘʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʦʨʛʘʥʩʢʠ ʨʘʩʪʘʚʘʯ, ʧʘ ʟʘʪʠʤ ʩʤʝʰʘ ʢʘʫʯʫʢʘ ʠ 

ʘʜʠʪʠʚʘ. ʅʘʢʦʥ 24-ʦʨʦ ʯʘʩʦʚʥʦʛ ʤʝʰʘˁʘ ʜʦʜʘʿʝ ʩʝ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʩʤʦʣʘ ʠ ʧʦʥʘʚˀʘ ʩʝ ʧʦʩʪʫʧʘʢ 

ʤʝʰʘˁʘ. ʂʘʜʘ ʩʝ ʣʝʧʘʢ ʫʤʝʰʘ ʠ ʧʦʩʪʠʛʥʝ ʦʜʨʝʹʝʥʠ ʩʪʝʧʝʥ ʭʦʤʦʛʝʥʠʟʘʮʠʿʝ ʢʨʦʟ ʦʜʛʦʚʘʨʘʿʫ˂ʫ 

ʩʣʘʚʠʥʫ ʚʨʰʠ ʩʝ ʧʘʢʦʚʘˁʝ ʣʝʧʢʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʤʝʪʘʣʥʫ ʘʤʙʘʣʘʞʫ.  

ʋ ʩʣʫʯʘʿʫ ʧʨʦʠʟʚʦʜˁʝ ʣʝʧʢʦʚʘ ʥʘ ʙʘʟʠ ʧʦʣʠʫʨʝʪʘʥʘ ʧʨʚʦ ʩʝ ʜʦʜʘʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʦʨʛʘʥʩʢʠ ʨʘʩʪʨʘʚʘʯ, ʟʘʪʠʤ ʩʝ ʜʦʜʘʿʝ ʩʤʝʰʘ ʦʜʛʦʚʨʘʿʫ˂ʝʛ ʢʘʫʯʫʢʘ ʠ ʘʜʠʪʠʚʘ ʠ ʚʨʰʠ ʩʝ 24-ʦʨʦ 

ʯʘʩʦʚʥʦ ʤʝʰʘˁʝ. ʅʘʢʦʥ ʧʦʩʪʫʧʢʘ ʫʤʝʰʘʚʘˁʘ ʚʨʰʠ ʩʝ ʧʘʢʦʚʘˁʝ ʫ ʦʜʛʦʚʘʨʫʿʫ˂ʫ ʤʝʪʘʣʥʫ 

ʘʤʙʘʣʘʞʫ [3]. 

2.3. ʇʨʠʤʝʥʘ ʣʝʧʢʦʚʘ ʥʘ ʙʘʟʠ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ 

ʃʝʧʢʦʚʠ ʥʘ ʙʘʟʠ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ ʩʫ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʘ ʫ ʪʝʢʩʪʠʣʥʦʿ, ʦʙʫ˂ʘʨʩʢʦʿ, 

ʢʦʞʥʦ-ʧʨʝʨʘʹʠʚʘʯʢʦʿ ʠ ʧʨʦʠʟʚʦʜˁʠ ʥʘʤʝʰʪʘʿʘ ʠ ʢʦʞʥʝ ʛʘʣʘʥʪʝʨʠʿʝ ʩ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ˁʠʭʦʚʘ 

ʛʣʘʚʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʙʨʘ ʜʠʥʘʤʠʯʢʘ ʠʟʜʨʞˀʠʚʦʩʪ ʣʝʧˀʝʥʦʛ ʩʣʦʿʘ. ʋ ʦʚʠʤ ʛʨʘʥʘʤʘ 

ʠʥʜʫʩʪʨʠʿʝ ʩʝ ʣʝʧʘʢ ʢʦʨʠʩʪʝ ʟʘ ʩʧʘʿʘˁʝ ʤʘʪʝʨʠʿʘʣʘ ʠʩʪʝ (ʪʝʢʩʪʠʣ-ʪʝʢʩʪʠʣ, ʢʦʞʘ-ʢʦʞʘ, ʛʫʤʘ-

ʛʫʤʘ ʠʪʜ.) ʠ ʨʘʟʣʠʯʠʪʝ (ʪʝʢʩʪʠʣ-ʢʦʞʘ, ʪʝʢʩʪʠʣ-ʛʫʤʘ, ʪʝʢʩʪʠʣ-ʩʫʥʹʝʨ, ʢʦʞʘ-ʛʫʤʘ ʠʪʜ.) ʚʨʩʪʝ. 

ʋ ʥʘʚʝʜʝʥʠʤ ʪʠʧʦʚʠʤʘ ʧʨʦʠʟʚʦʜˁʝ ʣʝʧʘʢ ʩʝ ʥʘʥʦʩʠ ʨʫʯʥʦ, ʫʟ ʧʦʤʦ˂ ʯʝʪʢʝ ʠʣʠ ʜʨʫʛʦʛ 

ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦʛ ʘʣʘʪʘ ʠʟ ʧʣʘʩʪʠʯʥʝ ʧʦʩʫʜʝ (ʉʣʠʢʘ 1), ʘ ʨʝʹʝ ʧʠʰʪʦˀʝʤ ʩʘ ʢʦʤʧʨʠʤʦʚʘʥʠʤ 

ʚʘʟʜʫʭʦʤ ʪʿ. ʥʘʥʦʰʝˁʝʤ ʫ ʬʠʣʤʫ, ʥʘ ʨʘʜʥʠ ʢʦʤʘʜ. ɺʨʣʦ ʯʝʩʪʦ ʨʘʜʥʠ ʢʦʤʘʜʠ ʩʫ ʧʦʨʦʟʥʝ 

ʩʪʨʫʢʪʫʨʝ (ʢʦʞʘ, ʩʫʥʹʝʨ, ʠʪʜ.) ʧʘ ʩʝ ʢʘʦ ʪʘʢʚʠ ʤʦʨʘʿʫ ʚʠʰʝ ʧʫʪʘ ʧʨʝʤʘʟʘʪʠ ʪʘʥʢʠʤ ʩʣʦʿʝʤ 

ʣʝʧʢʘ ʧʨʝ ʩʧʘʿʘˁʘ.   
 

 

ʘ)       ʙ) 

ʉʣʠʢʘ 1ï ʋʧʦʪʨʝʙʘ ʣʝʧʢʦʚʘ ʫ ʦʙʫ˂ʘʨʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ (ʘ) ʠ ʪʝʢʩʪʠʣʥʦʿ ʠʥʜʫʩʪʨʠʿʠ (ʙ) 

ʅʘʢʦʥ ʥʘʥʦʰʝˁʘ ʣʝʧʢʘ ʚʨʰʠ ʩʝ ʩʧʘʿʘˁʝ ʨʘʜʥʠʭ ʢʦʤʘʜʘ, ʘ ʧʦ ʧʦʪʨʝʙʠ ʧʦʛʦʪʦʚʫ ʫ 

ʢʦʞʘʨʩʢʦʿ ʠ ʦʙʫ˂ʘʨʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ ʫ ʟʘ ʪʦ ʧʨʠʣʘʛʦʹʝʥʠʤ ʧʨʝʩʘʤʘ. 

3. ʐʊɽʊʅʆʉʊʀ ʇʈʀ ʈɸɼʋ ʉɸ ʃɽʇʂʆɺʀʄɸ ʀ ʆʈɻɸʅʉʂʀʄ 

ʈɸʉʊɺɸʈɸʏʀʄɸ 

ʇʦʜ ʭʝʤʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ ʩʤʘʪʨʘʿʫ ʩʝ ʩʚʝ ʢʚʘʣʠʬʠʢʦʚʘʥʝ ʠ ʥʝʢʚʘʣʠʬʠʢʦʚʘʥʝ 

ʤʘʪʝʨʠʿʝ ʢʘʦ ʦʧʘʩʥʝ, ʢʦʿʝ ʟʙʦʛ ʩʚʦʿʠʭ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ, ʭʝʤʠʿʩʢʠʭ ʠʣʠ ʪʦʢʩʠʢʦʣʦʰʢʠʭ 
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ʩʚʦʿʩʪʘʚʘ ʠ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʠʣʠ ʿʝ ʧʨʠʩʫʪʥʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʧʨʝʜʩʪʘʚˀʘ ʨʠʟʠʢ ʟʘ 

ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ [5]. 

ʌʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʥʠʚʦ ʨʠʟʠʢʘ ʦʜ ʠʪʣʦʞʝʥʦʩʪʠ ʭʝʤʠʿʩʢʠʤ ʰʪʝʪʥʦʩʪʠʤʘ ʥʘ 

ʨʘʜʥʦʤ ʤʝʩʪʫ ʩʫ ʨʘʟʣʠʯʠʪʠ ʠ ʤʥʦʛʦʙʨʦʿʥʠ: ʬʠʟʠʯʢʘ ʬʦʨʤʘ ʩʫʧʩʪʘʥʮʝ, ʬʦʨʤʫʣʘʮʠʿʘ, ʦʩʦʙʠʥʝ 

ʪʝʭʥʦʣʦʰʢʦʛ ʧʨʦʮʝʩʘ, ʚʨʩʪʘ ʠ ʪʨʘʿʘˁʝ ʝʢʩʧʦʟʠʮʠʿʝ, ʙʠʦʨʘʩʧʦʣʦʞʠʚʦʩʪ, ʪʠʧ ʪʦʢʩʠʯʥʦʩʪʠ, 

ʮʠˀʥʠ ʦʨʛʘʥʠ, ʜʦʟʘ-ʦʜʛʦʚʦʨ, ʬʠʟʠʯʢʦ (ʠ ʪʦʧʣʦʪʥʦ) ʦʧʪʝʨʝ˂ʝˁʝ ʠʪʜ, ʩʨʝʜʩʪʚʘ ʣʠʯʥʝ ʟʘʰʪʠʪʝ. 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʮʝʥʪʘʮʠʿʝ ʠ ʚʨʝʤʝʥʘ ʠʟʣʦʞʝʥʦʩʪʠ ʟʘʧʦʩʣʝʥʠʭ ʭʝʤʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ 

ʧʦʩʪʦʿʝ ʜʚʘ ʪʠʧʘ ʟʜʨʘʚʩʪʚʝʥʠʭ ʝʬʝʢʘʪʘ (ʊʘʙʝʣʘ 2).   

ʊʘʙʝʣʘ 2 ï ɿʜʨʘʚʩʪʚʝʥʠ ʝʬʝʢʪʠ ʠʟʣʦʞʝʥʦʩʪʠ ʭʝʤʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ 

ɿɼʈɸɺʉʊɺɽʅʀ ɽʌɽʂʊʀ ʀɿʃʆɾɽʅʆʉʊ 

ɸʢʫʪʥʠ  ʅʘʩʪʘʿʫ ʦʜʤʘʭ ʠʣʠ ʢʨʘʪʢʦ ʚʨʝʤʝ ʥʘʢʦʥ 

ʠʟʣʦʞʝʥʦʩʪʠ, (ʤʠʥʫʪʠ ʠʣʠ ʩʘʪʠ); ʤʦʛʫ˂ 

ʠ ʩʤʨʪʥʠ ʠʩʭʦʜ ʢʦʜ ʥʝʢʠʭ ʩʫʧʩʪʘʥʮʠ - 

ʦʧʝʢʦʪʠʥʝ ʫʟʨʦʢʦʚʘʥʝ ʢʦʨʦʟʠʚʥʠʤ 

ʤʘʪʝʨʠʿʘʤʘ, ʫʜʠʩʘˁʝ ʪʦʢʩʠʯʥʠʭ ʛʘʩʦʚʘ, 

ʠʨʠʪʘʮʠʿʘ ʦʯʠʿʫ.  

ʀʟʥʝʥʘʜʥʘ, ʢʨʘʪʢʦʪʨʘʿʥʘ, 

ʚʠʩʦʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ.  

ʍʨʦʥʠʯʥʠ  ʆʙʠʯʥʦ ʥʘʩʪʘʿʫ ʩʧʦʨʦ, ʠ ʜʦ 15-20 

ʛʦʜʠʥʘ ʠ ʚʠʰʝ.  

ʂʦʥʪʠʥʫʠʨʘʥʘ ʠʣʠ ʧʦʥʘʚˀʘʥʘ 

ʠʟʣʦʞʝʥʦʩʪ ʪʦʢʦʤ ʜʫʛʦʛ ʧʝʨʠʦʜʘ, 

ʦʙʠʯʥʦ ʛʦʜʠʥʘʤʘ.  

 

ʅʘʚʿʝ˂ʘ ʦʧʘʩʥʦʩʪ ʧʦ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʠʭ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʩʧʘʨʝˁʘ ʦʨʛʘʥʩʢʠʭ 

ʨʘʩʪʚʘʨʘʯʘ ʢʘʜʘ ʩʝ ʨʘʜʠ ʫ ʟʘʪʚʦʨʝʥʦʤ ʠʣʠ ʩʢʫʯʝʥʦʤ ʧʨʦʩʪʦʨʫ, ʠʣʠ ʢʦʜ ʫʜʠʩʘˁʘ 

ʧʫʣʚʝʨʠʟʦʚʘʥʠʭ ʯʝʩʪʠʮʘ. ʆʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯʠ ʥʘʜʨʘʞʫʿʫ ʩʣʫʟʦʢʦʞʝ ʦʯʠʿʫ, ʥʦʩʘ, ʛʨʣʘ; 

ʠʟʘʟʠʚʘʿʫ, ʚʨʪʦʛʣʘʚʠʮʫ, ʤʫʯʥʠʥʫ, ʛʣʘʚʦʙʦˀʫ, ʥʝʩʚʝʩʪʠʮʫ; ʫʪʠʯʫ ʥʘ ʨʘʩʫʹʠʚʘˁʝ ʠ 

ʢʦʦʨʜʠʥʘʮʠʿʫ; ʦʰʪʝ˂ʫʿʫ ʿʝʪʨʫ; ʩʫʰʝ ʠ ʥʘʜʨʘʞʫʿʫ ʢʦʞʫ.  

ʇʘʨʝ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ, ʢʘʦ ʠ ʦʥʠ ʩʘʤʠ, ʘ ʪʘʢʦʹʝ ʠ ʣʝʧʢʦʚʠ ʤʦʛʫ ʩʝ ʫʥʝʪʠ ʫ 

ʦʨʛʘʥʠʟʘʤ ʠʣʠ ʜʦ˂ʠ ʫ ʢʦʥʪʘʢʪ ʩʘ ʪʝʣʦʤ ʟʘʧʦʩʣʝʥʠʭ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ. ʅaʯʠʥʠ ʫʥʦʰʝˁʘ ʫ 

ʦʨʛʘʥʠʟʘʤ ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʊʘʙʝʣʠ 3. 

ʊʘʙʝʣʘ 3 ï ʅʘʯʠʥʠ ʫʥʦʰʝˁʘ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ ʫ ʦʨʛʘʥʠʟʘʤ 

 

ˮͤͻ͊͊͡ͼ͙ͦͣ͞ ςͯ ͙͔͒ͫ͊ͥͣ  
ʀʥʭʘʣʘʮʠʿʘ ʿʝ ʥʘʿʯʝʰ˂ʠ ʧʫʪ ʫʥʦʩʘ ʫ 

ʧʨʦʬʝʩʠʦʥʘʣʥʦʿ ʠʟʣʦʞʝʥʦʩʪʠ (ʠ ʜʦ 80%) 

 

 

ʀʥʛʝʩʪʠʿʦʤ ï ʘʢʮʠʜʝʥʪʘʣʥʠʤ ʛʫʪʘˁʝʤ ʫʟ 

ʿʝʣʦ, ʧʠ˂ʝ ʠʣʠ ʧʫʰʝˁʝʤ  

 

 

ˢͨ ͫͦͪͨͼ͙ͦͣ͞ ς ͊ͨ ͍͙ͫͦͪ͋ͦ͊ͤ ͦͤͭ͊ͭͦͣ͟͟ 
͔ͨͪͦ͟ ͔ͦ͗͟ ͙͙͡ ͦ;͙ͯ͞  
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ʆʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯʠ ʨʘʟʣʠʯʠʪʦ ʫʪʠʯʫ ʥʘ ˀʫʜʩʢʠ ʦʪʛʘʥʠʟʘʤ: ʘʢʫʪʥʦ ʥʘ ʧʣʫ˂ʘ ʠ ʦʨʛʘʥʝ 

ʟʘ ʚʘʨʝˁʝ ʠ ʭʨʦʥʠʯʥʦ ʧʨʠ ʯʝʤʫ ʥʘʩʪʘʿʫ ʪʨʘʿʥʝ ʧʦʩʣʝʜʠʮʝ ʥʘ ʿʝʪʨʠ, ʥʝʨʚʥʦʤ ʩʠʩʪʝʤʫ, 

ʙʫʙʨʝʟʠʤʘ ʠ ʢʦʞʠ. ʇʨʠʣʠʢʦʤ ʨʘʜʘ ʩʘ ʣʝʧʢʦʚʠʤʘ ʢʦʿʠ ʫ ʩʝʙʠ ʩʘʜʨʞʝ ʦʨʛʘʥʩʢʝ ʨʘʩʪʚʘʨʘʯʝ, 

ʟʘʧʦʩʣʝʥʠ ʢʦʿʠ ʩʫ ʫ ʘʢʪʠʚʥʦʤ ʠ ʧʘʩʠʚʥʦʤ ʢʦʥʪʘʢʪʫ ʩʘ ʣʝʧʢʦʤ ʤʦʛʫ ʠʤʘʪʠ ʨʘʟʣʠʯʠʪʝ ʪʝʛʦʙʝ. 

ʅʘʢʦʥ ʫʜʠʩʘˁʘ ʠʟʘʟʠʚʘʿʫ ʠʨʠʪʘʮʠʿʫ ʩʣʫʟʦʢʦʞʝ, ʢʘʰʘˀ, ʦʪʝʞʘʥʦ ʜʠʩʘˁʝ, ʧʦʩʧʘʥʦʩʪ. ʅʘʢʦʥ 

ʜʦʜʠʨʘ ʩʘ ʢʦʞʦʤ ʠʟʘʟʠʚʘʿʫ ʩʣʘʚʫ ʠʨʠʪʘʮʠʿʫ, ʠʩʫʰʠʚʘˁʝ ʢʦʞʝ, ʘ ʧʦʩʪʦʿʠ ʦʧʘʩʥʦʩʪ ʦʜ 

ʘʧʩʦʨʧʮʠʿʝ ʢʨʦʟ ʢʦʞʫ. ʅʘʢʦʥ ʛʫʪʘˁʘ ʥʘʩʪʘʿʫ ʤʫʯʥʠʥʘ ʠ ʧʦʚʨʘ˂ʘˁʝ, ʘ ʥʘʢʦʥ ʘʧʩʦʨʧʮʠʿʝ ʚʝ˂ʠʭ 

ʢʦʣʠʯʠʥʘ ʤʦʛʫ ʥʘʩʪʘʪʠ ʎʅʉ ʩʤʝʪˁʝ, ʧʦʩʧʘʥʦʩʪ, ʚʨʪʦʛʣʘʚʠʮʘ, ʦʧʠʿʝʥʦʩʪ, ʧʘʜ ʢʨʚʥʦʛ 

ʧʨʠʪʠʩʢʘ, ʥʘʨʢʦʟʘ. ʈʘʥʠʿʠʭ ʛʦʜʠʥʘ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʠ ʨʘʩʪʚʘʨʘʯʠ ʢʦʿʠ ʩʫ ʠʤʘʣʠ 

ʧʩʠʭʦʭʘʣʫʮʠʛʝʥʘ ʩʚʦʿʩʪʚʘ, ʤʘʜʘ ʩʝ ˁʠʭʦʚʘ ʫʧʦʪʨʝʙʘ ʩʚʝ ʚʠʰʝ ʩʤʘˁʫʿʝ. 

ʆʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯʠ ʩʝ ʤʦʛʫ ʝʣʠʤʠʥʠʩʘʪʠ ʠʟ ʦʨʛʘʥʠʟʤʘ ʫʨʠʥʦʤ, ʩʪʦʣʠʮʦʤ, 

ʠʟʜʘʭʥʫʪʠʤ ʚʘʟʜʫʭʦʤ ʢʘʦ ʠ ʧʨʝʢʦ ʢʦʞʝ ʠ ʟʥʦʿʘ.  

4. ʇʈɽɺɽʅʊʀɺʅɽ ʄɽʈɽ ɿɸ ɹɽɿɹɽɼɸʅ ʈɸɼ ʉɸ ʃɽʇʂʆɺʀʄɸ 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʝʭʥʦʣʦʰʢʦʛ ʧʦʩʪʫʧʢʘ ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʨʠʤʝʥʝ ʣʝʧʢʦʚʘ ʩʘ ʦʨʛʘʥʩʢʠʤ 

ʨʘʩʪʚʘʨʘʯʠʤʘ ʟʘʚʠʩʝ ʠ ʤʝʨʝ ʢʦʿʝ ʩʝ ʤʦʨʘʿʫ ʧʨʝʜʫʟʝʪʠ ʢʘʢʦ ʙʠ ʩʝ ʩʤʘˁʠʦ ʨʠʟʠʢ ʦʜ ʧʦʩʣʝʜʠʮʘ 

ʠʟʣʦʞʝʥʦʩʪʠ ʭʝʤʠʿʩʢʠʤ ʰʪʝʪʥʦʩʪʠʤʘ. ɺʨʣʦ ʯʝʩʪʦ ʟʘʧʦʩʣʝʥʠ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʨʘʜʥʠʤ ʤʝʩʪʠʤʘ 

ʫ ʦʢʚʠʨʫ ʿʝʜʥʦʛ ʪʝʭʥʦʣʦʰʢʦʛ ʧʨʦʮʝʩʘ ʜʦʣʘʟʝ ʫ ʢʦʥʪʘʢʪ ʩʘ ʣʝʧʢʦʚʠʤʘ ʠ ʨʘʩʪʚʘʨʘʯʠʤʘ 

(ʟʘʧʦʩʣʝʥʠ ʫ ʪʨʘʥʩʧʦʨʪʫ, ʧʨʦʠʟʚʦʜˁʠ, ʧʘʢʦʚʘˁʫ ʠ ʦʪʧʨʝʤʘˁʫ). ɿʙʦʛ ʪʦʛʘ ʩʝ ʧʨʝʚʝʥʪʠʚʥʝ 

ʤʝʨʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʜʚʝ ʚʨʩʪʝ: ʤʝʨʝ ʫ ʩʣʫʯʘʿʫ ʧʨʦʩʠʧʘˁʘ ʣʝʧʢʦʚʘ (ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ) 

ʧʨʠ ʧʘʢʦʚʘˁʫ,  ʩʢʣʘʜʠʰʪʝˁʫ ʠ ʪʨʘʥʩʧʦʨʪʫ  ʠ ʤʝʨʝ ʫ ʩʘʤʦʿ ʧʨʦʠʟʚʦʜˁʠ ʠ ʢʦʨʠʰ˂ʝˁʫ 

ʣʝʧʢʦʚʘ. 

ɹʝʟʙʝʜʥʦʩʥʝ ʤʝʨʝ ʫ ʩʣʫʯʘʿʫ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʛ ʧʨʦʩʠʧʘˁʘ ʣʝʧʢʦʚʘ ʠ ʦʨʛʘʥʩʠʭ 

ʨʘʩʪʚʘʨʘʯʘ [6,7]: 

¶ ʇʨʠʤʝʥʘ ʣʠʯʥʠʭ ʟʘʰʪʠʪʥʠʭ ʩʨʝʜʩʪʘʚʘ, 

¶ ʀʟʙʝʛʘʚʘˁʝ ʙʠʣʦ ʢʘʢʚʦʛ ʜʦʜʠʨʘ ʩʘ ʧʨʦʩʫʪʦʤ ʤʘʪʝʨʠʿʦʤ,  

¶ ʆʤʦʛʫ˂ʠʪʠ ʥʝʩʤʝʪʘʥ ʫʣʘʟʘʢ ʚʝʣʠʢʝ ʢʦʣʠʯʠʥʝ ʩʚʝʞʝʛ ʚʘʟʜʫʭʘ ʫ ʟʘʪʚʦʨʝʥʝ 
ʧʨʦʩʪʦʨʠʿʝ,  

¶ ʉʧʨʝʯʠʪʠ ʥʘʩʪʘʥʘʢ  ʚʘʨʥʠʮʘ ʠ ʦʪʚʦʨʝʥʦʛ ʧʣʘʤʝʥʘ,  

¶ ʉʧʨʝʯʠʪʠ ʦʜʣʘʟʘʢ ʧʨʦʩʫʪʠʭ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ ʠ ʣʝʧʢʦʚʘ  ʫ ʢʘʥʘʣʠʟʘʮʠʿʫ,  

¶ ʇʨʦʩʫʫ ʤʘʪʝʨʠʿʫ ʧʦʢʫʧʠʪʠ ʩʘ ʤʘʪʝʨʠʿʘʣʦʤ ʢʦʿʠ ʘʧʩʦʨʙʫʿʝ ʪʝʯʥʦʩʪʠ ʠ ʫʢʣʦʥʠʪʠ ʥʘ 
ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʘʯʠʥ,  

¶ ʆʙʝʟʙʝʜʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʩʫʧʩʪʘʮʝ ʟʘ ʛʘʰʝˁʝ ʧʦʞʘʨʘ: ʚʦʜʘ, ʧʨʘʭ, ʧʝʥʘ, 

¶ ʋ ʩʣʫʯʘʿʫ ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʜʠʩʣʦʮʠʨʘˁʘ ʧʨʦʠʟʚʦʜʘ ʧʨʠ ʧʦʞʘʨʫ ʭʣʘʜʠʪʠ ʘʤʙʘʣʘʞʫ 
ʚʝʣʠʢʦʤ ʢʦʣʠʯʠʥʦʤ ʭʣʘʜʥʝ ʚʦʜʝ ʩʘ ʙʝʟʙʝʜʥʦʛ ʨʘʩʪʦʿʘˁʘ. 

ʇʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʠ ʢʦʨʠʰ˂ʝˁʫ ʣʝʧʢʦʚʘ: 

¶ ʆʙʫʢʘ ʟʘʧʦʩʣʝʥʠʢ ʧʨʠ ʨʫʢʦʚʘˁʫ ʣʝʧʢʦʚʠʤʘ,  

¶ ɿʘʤʝʥa ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ ʧʦʪʧʫʥʦ ʙʝʟʦʧʘʩʥʠʤ ʠʣʠ ʤʘˁʝ ʦʧʘʩʥʠʤ ʛʜʝ ʛʦʜ ʿʝ ʪʦ 
ʤʦʛʫ˂ʝ ʘ ʜʘ ʩʝ ʥʝ ʥʘʨʫʰʠ ʢʚʘʣʠʪʝʪ ʧʨʦʠʟʚʦʜʘ [4], 

¶ ʄʝʭʘʥʠʟʘʮʠʿʘ ʠ ʘʫʪʦʤʘʪʠʟʘʮʠʿʘ ʧʨʦʮʝʩʘ ʫ ʮʠˀʫ ʩʤʝˁʝˁʘ ʙʨʦʿʘ ʠʟʣʦʞʝʥʠʭ 

ʟʘʧʦʩʣʝʥʠʭ,  

¶ ʋʧʦʪʨʝʙʘ ʤʠʥʠʤʘʣʥʝ ʢʦʣʠʯʠʥʝ ʣʝʧʢʘ ʧʦ ʧʨʦʠʟʚʦʜʫ, 

¶ ɼʦʙʨʘ ʦʧʰʪʘ ʠ ʣʦʢʘʣʥʘ ʠʟʜʫʚʥʘ, ʦʜʩʠʩʥʘ ʚʝʥʪʠʣʘʮʠʿʘ (ʜʠʛʝʩʪʦʨʠ, ʭʘʫʙʝ) (ʉʣʠʢʘ 2),  

¶ ʇʨʝʢʠʜ ʨʘʜʥʦʛ ʧʨʦʮʝʩʘ ʫ ʩʣʫʯʘʿʫ ʟʘʩʪʦʿʘ ʠʣʠ ʢʚʘʨʘ ʥʘ ʚʝʥʪʠʣʘʮʠʦʥʦʤ ʩʠʩʪʝʤʫ, 

¶ ʆʙʝʟʙʝʹʠʚʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʧʨʦʩʪʦʨʠʿʝ ʟʘ ʯʫʚʘˁʝ ʛʦʪʦʚʠʭ ʧʨʦʠʟʚʦʜʘ,  

¶ ʆʙʝʟʙʝʹʠʚʘˁʝ ʩʠʩʪʝʤʘ ʟʘ ʘʣʘʤʠʨʘˁʝ ʫ ʩʣʫʯʘʿʫ ʧʦʚʠʰʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʨʛʘʥʩʢʠʭ 
ʨʘʩʪʚʘʨʘʯʘ ʠ ʜʦʧʫʥʩʢʠ ʩʠʩʪʝʤ ʚʝʥʪʠʣʘʮʠʿʝ ʫ ʮʠˀʫ ʙʨʟʦʛ ʩʤʘˁʝˁʘ ʢʦʣʠʯʠʥʝ ʧʘʨʘ ʫ 

ʧʨʦʩʪʦʨʠʿʠ, 
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¶ ʉʚʠ ʝʣʝʢʪʨʠʯʥʠ ʩʠʩʪʝʤʠ ʤʦʨʘʿʫ ʙʠʪʠ ʫ "ʉ" ʠʟʚʝʜʙʠ, 

¶ ʉʨʝʯʠʪʠ ʧʦʿʘʚʫ ʥʘʩʪʘʥʢʘ ʚʘʨʥʠʮʘ ʠ ʦʪʚʦʨʝʥʦʛ ʧʣʘʤʝʥʘ, 

¶ ʉʧʨʝʯʠʪʠ ʥʘʩʪʘʥʘʢ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦʛ ʧʨʘʞˁʝˁʘ, 

¶ ʆʙʝʟʙʝʹʝˁʝ ʠ ʩʣʦʙʦʜʘʥ ʧʨʠʩʪʫʧ ʩʨʝʜʩʪʚʠʤʘ ʟʘ ʛʘʰʝˁʝ ʧʦʞʘʨʘ, 

¶ ʉʨʝʜʩʪʚʘ ʣʠʯʥʝ ʟʘʰʪʠʪʝ (ʟʘʰʪʠʪʥʝ ʥʘʦʯʘʨʝ, ʤʘʩʢʝ, ʟʘʰʪʠʪʥʝ ʨʫʢʘʚʠʮʝ, ʨʘʜʥʝ 
ʢʝʮʝˀʝ ʠ ʟʘʰʪʠʪʥʝ ʢʘʧʝ) [6,7]. 

 

 

ʉʣʠʢʘ 2 ï ʇʨʠʤʝʨ ʧʨʠʤʝˁʝʥʠʭ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ 

5. ɿɸʂɲʋʏɸʂ 

ʉʘ ʨʘʟʚʦʿʝʤ ʠʥʜʫʩʪʨʿʩʢʝ ʧʨʦʠʟʚʦʜˁʝ ʠ ʨʘʟʚʦʿʝʤ ʥʦʚʠʭ ʤʘʪʝʨʠʿʘʣʝ ʧʦʚʝ˂ʘʚʘ ʩʝ ʠ ʰʠʨʠ 

ʫʧʦʪʨʝʙʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʣʝʧʢʦʚʘ, ʘ ʩʘ ʧʦʨʘʩʪʦʤ ʩʪʘʥʜʘʨʜʘ ʧʦʚʝ˂ʘʚʘ ʩʝ ʠ ʧʦʪʨʦʰˁʘ 

ʧʨʦʠʟʚʦʜʠʤʘ ʰʠʨʦʢʝ ʧʦʪʨʦʰˁʝ (ʨʘʟʥʠʭ ʦʜʝʚʥʠʭ ʧʨʝʜʤʝʪʘ, ʦʙʫ˂ʝ, ʘʤʙʘʣʘʞʝ, ʥʘʤʝʰʪʘʿʘ, 

ʠʪʜ.) ʢʦʿʠ ʩʝ ʧʨʦʠʟʚʦʜʝ ʣʝʧˀʝˁʝʤ. ʉʚʝ ʦʚʦ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʟʘʧʦʩʣʝʥʠʭ ʢʦʿʠ 

ʢʦʨʠʩʪʝ ʣʝʧʢʦʚʝ ʢʦʿʠ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ ʩʘʜʨʞʝ ʦʧʘʩʥʝ ʤʘʪʝʨʠʿʝ (ʥʧʨ. ʦʨʛʘʥʩʢʝ ʨʘʩʪʚʘʨʘʯʝ), ʧʘ ʩʝ 

ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʤʦʨʘ ʧʦʢʣʦʥʠʪʠ ʩʤʘˁʝˁʫ ʨʠʟʠʢʘ ʦʜ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʢʦʿʠʤʘ ʩʫ 

ʟʘʧʦʩʣʝʥʠ ʢʦʿʠ ʜʦʣʘʟʝ ʫ ʢʦʥʪʘʢʪ ʩʘ ʦʚʠʤ ʭʝʤʠʿʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ ʠʟʣʦʞʝʥʠ. 

 ʋ ʨʘʜʫ ʩʫ ʧʨʠʢʘʟʘʥʠ  ʬʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʥʠʚʦ ʨʠʟʠʢʘ ʦʜ ʠʟʣʦʞʝʥʦʩʪʠ ʭʝʤʠʿʩʢʠʤ 

ʰʪʝʪʥʦʩʪʠʤʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʫ ʧʨʦʠʟʚʦʜˁʠ ʠ ʨʘʜʫ ʩʘ ʣʝʧʢʦʚʠʤʘ ʠ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ. 

ʌʘʢʪʦʨʠ ʢʦʿʠ ʫʪʠʯʫ ʥʘ ʥʠʚʦ ʨʠʟʠʢʘ ʦʜ ʠʟʣʦʞʝʥʦʩʪʠ ʭʝʤʠʿʩʢʠʤ ʰʪʝʪʥʦʩʪʠʤʘ ʩʫ ʤʥʦʛʦʙʨʦʿʥʠ 

ʠ ʨʘʟʥʦʚʨʩʥʠ (ʬʠʟʠʯʢʘ ʬʦʨʤʘ ʩʫʧʩʪʘʥʮʠʿʝ, ʬʦʨʤʫʣʘʮʠʿʘ, ʦʩʦʙʠʥʝ ʪʝʭʥʦʣʦʰʢʦʛ ʧʨʦʮʝʩʘ, 

ʚʨʩʪʘ ʠ ʪʨʘʿʘˁʝ ʝʢʩʧʦʟʠʮʠʿʝ, ʪʠʧ ʪʦʢʩʠʯʥʦʩʪʠ, ʠʪʜ...). ʅʘʿʚʝ˂ʘ ʦʧʘʩʥʦʩʪ ʧʦ ʟʜʨʘʚˀʝ  

ʟʘʧʦʩʣʝʥʠʭ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʩʧʘʨʝˁʘ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ ʢʘʜʘ ʩʝ ʨʘʜʠ ʫ ʟʘʪʚʦʨʝʥʦʤ ʠʣʠ 

ʩʢʫʯʝʥʦʤ ʧʨʦʩʪʦʨʫ ʢʦʿʠ ʥʝʤʘ ʜʦʙʨʫ ʚʝʥʪʠʣʘʮʠʿʫ. ʆʨʛʘʥʩʢʠ ʨʘʩʪʚʘʨʘʯʠ ʨʘʟʣʠʯʠʪʦ ʫʪʠʯʫ ʥʘ 

ˀʫʜʩʢʠ ʦʨʛʘʥʠʟʘʤ: ʘʢʫʪʥʦ ʠ ʭʨʦʥʠʯʥʦ ʧʨʠ ʯʝʤʫ ʥʘʩʪʘʿʫ ʪʨʘʿʥʝ ʧʦʩʣʝʜʠʮʝ ʥʘ ʿʝʪʨʠ, ʥʝʨʚʥʦʤ 

ʩʠʩʪʝʤʫ, ʙʫʙʨʝʟʠʤʘ ʠ ʢʦʞʠ. ʇʦʨʝʜ ʭʝʤʠʿʩʢʠ ʰʪʝʪʥʦʩʪʠ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ, ʟʘʧʦʩʣʝʥʠ ʩʫ 

ʠʟʣʦʞʝʥʠ ʠ ʦʧʘʩʥʦʩʪʠʤʘ ʟʙʦʛ ʦʧʘʩʥʠʭ ʩʚʦʿʩʪʘʚʘ ʨʘʩʪʚʘʨʘʯʘ ʢʘʦ ʰʪʦ ʩʫ ʚʝʣʠʢʘ ʠʩʧʘʨˀʠʚʦʩʪ ʠ 

ʟʘʧʘˀʠʚʦʩʪ, ʰʪʦ ʧʦʚʝ˂ʘʚʘ ʨʠʟʠʢ ʦʜ ʧʦʞʘʨʘ ʠ ʝʢʩʧʣʦʟʠʿʘ. 

ʇʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʢʦʿʝ ʩʝ ʤʦʨʘʿʫ ʩʧʨʦʚʝʩʪʠ ʠ ʧʨʠʤʝʥʠʪʠ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʪʨʝʙʘ ʜʘ 

ʙʫʜʫ ʫ ʧʨʘʚʮʫ ʩʤʘˁʝˁʘ ʨʠʟʠʢʘ ʦʜ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ (ʝʢʩʧʣʦʟʠʿʝ) ʠ ʩʤʘˁʝˁʫ ʨʠʟʠʢʘ ʦʜ 
ʭʝʤʠʿʩʢʠʭ ʰʪʝʪʥʦʩʪʠ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ. ʇʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʨʦʪʠʚʧʦʞʘʨʥʠʭ ʤʝʨʘ 

ʧʨʠ ʧʨʦʿʝʢʪʦʚʘˁʫ ʪʝʭʥʦʣʦʰʢʦʛ ʧʦʩʪʫʧʢʘ, ʩʠʩʪʝʤʘ ʘʣʘʨʤʠʨʘˁʘ ʠ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʘʮʠʿʝ ʫ 

ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ ʩʝ ʩʤʘˁʫʿʝ ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʧʦʞʘʨʘ ʠ ʝʢʩʧʣʦʟʠʿʝ. ʇʨʠʤʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʩʨʝʜʩʪʘʚʘ ʣʠʯʥʝ ʟʘʰʪʠʪʝ (ʟʘʰʪʠʪʥʝ ʥʘʦʯʘʨʝ, ʤʘʩʢʝ, ʟʘʰʪʠʪʥʝ ʨʫʢʘʚʠʮʝ, ʨʘʜʥʝ ʢʝʮʝˀʝ ʠ 

ʟʘʰʪʠʪʥʝ ʢʘʧʝ) ʢʘʦ ʠ ʫʟ ʧʦʤʦ˂ ʘʜʝʢʚʘʪʥʝ ʚʝʥʪʠʣʘʮʠʿʝ ʩʤʘˁʫʿʝ ʩʝ ʨʠʟʠʢ ʦʜ ʭʝʤʠʿʩʢʠʭ 

ʰʪʝʪʥʦʩʪʠ ʧʨʠ ʠʟʣʦʞʝʥʦʩʪʠ ʟʘʧʦʩʣʝʥʠʭ ʣʝʧʢʦʚʠʤʘ ʠ ʠʩʧʘʨʝˁʠʤʘ ʦʨʛʘʥʩʢʠʭ ʨʘʩʪʚʘʨʘʯʘ.  



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

200 
 

6. ʈɽʌɽʈɽʅʎɽ 

[1] ʇʨʠʚʨʝʜʥʘ ʢʦʤʦʨʘ ʉʨʙʠʿʝ ï http://www.pks.rs/  [15.12.2014.] 

[2] http://www.blic.rs/Vesti/Drustvo/406610/Pozar-u-fabrici-hemijskih-proizvoda-u-Pirotu-2-

radnika-povredjena-gradom-se-siri-miris-hemikalija [16.12.2014.] 

[3] ɹʝʟʙʝʜʥʦʩʥʠ ʣʠʩʪ Ăʎʝʥʪʨʦʭʝʤñ ʟʘ ʤʝʪʠʣ ʝʪʠʣ ʢʝʪʦʥ 

[4] D.E.Packman, Handbook of adhesion, Second edition, John Waley&Sons, Ltd, England, 

2005 

[5] ʇʨʘʚʠʣʥʠʢ ʦ ʧʨʚʝʥʪʠʚʥʠʤ ʤʝʨʘʤʘ ʟʘ ʙʝʟʙʝʜʘʥ ʠ ʟʜʨʘʚ ʨʘʜ ʧʨʠ ʠʟʣʘʛʘˁʫ ʭʝʤʠʿʩʢʠʤ 
ʤʘʪʝʨʠʿʘʤʘ (ʉʣʫʞʙʝʥʠ ʛʣʘʩʥʠʢ ʈʉ ʙʨʦʿ 106/09) 

[6] Health and Safety Executive, Working with solvents, A guide to safe working practices ï 

http://www.hse.gov.uk/pubns/indg273.pdf  [15.12.2014.] 

[7] Health and Safety Executive, Vapour from solvent-based adhesives (small scale work), 

Engineering control SR22 ï http://www.coshh-essentials.org.uk/assets/live/sr22.pdf  

[15.12.2014.]

  



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

201 
 

ɹɽɿɹɽɼɸʅ ʈɸɼ ʅɸ ʂʈʋɾʅʀʄ ʊɽʉʊɽʈɸʄɸ 
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ʈɽɿʀʄɽ 

ʈʘʜ ʥʘ ʢʨʫʞʥʦʿ ʪʝʩʪʝʨʠ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʿʝ ʚʝʟʠ ʩʘ ʤʥʦʛʦʙʨʦʿʥʠʤ ʨʠʟʠʮʠʤʘ, ʢʦʿʠ ʧʨʝʪʝ ʜʘ ʫʛʨʦʟʝ 

ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʟʘʧʦʩʣʝʥʦʛ. ʋ ʮʠˀʫ ʧʨʫʞʘˁʘ ʧʦʤʦ˂ʠ ʣʠʮʠʤʘ ʟʘʜʫʞʝʥʠʤ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʟʜʨʘʚˀʝ ʥʘ ʨʘʜʫ 

ʠ ʧʨʦʮʝˁʠʚʘʯʠʤʘ ʫ ʧʦʩʪʫʧʢʫ ʧʨʦʮʝʥʝ ʨʠʟʠʢʘ ʟʘ ʨʘʜʥʦ ʤʝʩʪʦ ʩʪʦʣʘʨa, ʧʨʝʧʦʟʥʘʪʝ ʠ ʫʪʚʨʹʝʥʝ ʩʫ ʧʦʪʝʥʮʠʿʘʣʥʝ 

ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ, ʠ ʜʘʪʝ ʩʫ ʤʝʨʝ ʟʘ ʫʧʨʘʚˀʘˁʝ ʨʠʟʠʢʦʤ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʢʨʫʞʥʘ ʪʝʩʪʝʨʘ, ʙʝʟʙʝʜʥʦʩʪ, ʦʧʘʩʥʦʩʪ, ʨʠʟʠʢ. 

SAFETY WORK ON CIRKULAR SAWS  

ABSTRACT 

Working with circular saws carries a number of risks towards the safety and health of workers. In order to 

assist health and safety officers as well as risk assessors during the process of risk assessment for the circular saw 

operator, potential hazards and harms are identified and measures for risk management are given. 

Keywords: Circular saw, safety, hazard, risk. 

ʋɺʆɼʅɸ ʈɸɿʄɸʊʈɸɳɸ 

ʇʦʩʣʦʜʘʚʘʮ ʿʝ ʜʫʞʘʥ ʜʘ, ʫ ʩʢʣʘʜʫ ʩʘ ʯʣʘʥʦʤ 15. ʩʪʘʚ 7. ɿʘʢʦʥʘ ʦ ʙʝʟʙʝʜʥʦʩʪʠ ʠ 

ʟʜʨʘʚˀʫ ʥʘ ʨʘʜʫ [1], ʘʥʛʘʞʫʿʝ ʧʨʘʚʥʦ ʣʠʮʝ ʩʘ ʣʠʮʝʥʮʦʤ ʫ ʮʠˀʫ ʩʧʨʦʚʦʹʝˁʘ ʧʨʝʚʝʥʪʠʚʥʠʭ ʠ 

ʧʝʨʠʦʜʠʯʥʠʭ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ. ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʫ ʫ ʯʣʘʥʫ 3. 

ʇʨʘʚʠʣʥʠʢʘ ʦ ʧʦʩʪʫʧʢʫ ʧʨʝʛʣʝʜʘ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʠ ʠʩʧʠʪʠʚʘˁʘ ʫʩʣʦʚʘ ʨʘʜʥʝ 

ʦʢʦʣʠʥʝ [2] ʧʨʦʧʠʩʘʥʝ ʢʘʪʝʛʦʨʠʿʝ ʦʧʨʝʤʝ ʟʘ ʨʘʜ ʢʦʿʝ ʧʦʜʣʝʞʫ ʧʨʝʚʝʥʪʠʚʥʠʤ ʠ ʧʝʨʠʦʜʠʯʥʠʤ 

ʧʨʝʛʣʝʜʠʤʘ ʠ ʠʩʧʠʪʠʚʘˁʘ. ʄʘʰʠʥʝ ʟʘ ʦʙʨʘʜʫ ʠ ʧʨʝʨʘʜʫ ʜʨʚʝʪʘ ʩʫ ʝʢʩʧʣʠʮʠʪʥʦ ʥʘʚʝʜʝʥʝ ʫ 

ʯʣʘʥʫ 3. ʧʦʜ ʪʘʯʢʦʤ 7. 

ʄʘʰʠʥʝ ʟʘ ʦʙʨʘʜʫ ʜʨʚʝʪʘ ʩʚʨʩʪʘʚʘʿʫ ʩʝ ʫ ʥʘʿʦʧʘʩʥʠʿʝ ʤʘʰʠʥʝ ʠʟ ʛʨʫʧʝ ʟʘ ʦʙʨʘʜʫ 

ʤʘʪʝʨʠʿʘʣʘ ʧʨʚʝʥʩʪʚʝʥʦ ʟʙʦʛ ʚʝʣʠʢʝ ʙʨʟʠʥʝ ʨʝʟʥʦʛ ʘʣʘʪʘ ʠ ʯʝʩʪʠʭ ʧʦʤʦ˂ʥʠʭ ʦʧʝʨʘʮʠʿʘ ʢʦʿʝ ʩʝ 

ʦʙʘʚˀʘʿʫ ʨʫʯʥʦ ʧʨʠ ʧʦʪʠʩʢʠʚʘˁʫ ʤʘʪʝʨʠʿʘʣʘ. 

ʅʘ ʦʩʥʦʚʫ ʚʨʩʪʝ ʤʝʭʘʥʠʯʢʝ ʦʙʨʘʜʝ ʠ ʧʨʝʨʘʜʝ ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʦʚʝ ʤʘʰʠʥʝ 

ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ: ʤʘʰʠʥʝ ʟʘ ʨʝʟʘˁʝ, ʩʝʯʝˁʝ ʠ ˀʫʰʪʝˁʝ ï ʩʢʠʜʘˁʝ ʩʪʨʫʛʦʪʠʥʝ (ʛʘʪʝʨʠ, 

ʢʨʫʞʥʝ ʠ ʪʨʘʢʘʩʪʝ ʪʝʩʪʝʨʝ, ʨʘʚʥʘʣʠʮʝ, ʜʝʙˀʘʯʝ, ʛʣʦʜʘʣʠʮʝ, ʜʫʙʠʣʠʮʝ, ʙʨʫʩʠʣʠʮʝ, ʙʫʰʠʣʠʮʝ 

ʠʣʠ ʢʦʤʙʠʥʦʚʘʥʝ ʩʪʦʣʘʨʩʢʝ ʤʘʰʠʥʝ) ʠ ʥʘ ʤʘʰʠʥʝ ʟʘ ʦʙʣʠʢʦʚʘˁʝ ʜʝʬʦʨʤʠʩʘˁʝʤ (ʧʨʝʩʝ, 

ʤʘʰʠʥʝ ʟʘ ʩʘʚʠʿʘˁʝ, ʤʘʰʠʥʝ ʟʘ ʥʘʥʦʰʝˁʝ ʨʘʟʥʠʭ ʧʨʝʤʘʟʘ ʠʣʠ ʤʘʰʠʥʝ ʟʘ ʣʝʧˀʝˁʝ 

ʬʫʨʥʠʨʘ).[3] 

ʂʨʫʞʥʝ ʪʝʩʪʝʨʝ (ʮʠʨʢʫʣʘʨʠ) ʩʫ ʚʝʦʤʘ ʟʘʩʪʫʧˀʝʥʝ ʤʘʰʠʥʝ ʟʘ ʦʙʨʘʜʫ ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ 

ʧʣʦʯʘʩʪʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʨʚʝʥʩʪʚʝʥʦ ʟʙʦʛ ʿʝʜʥʦʩʪʘʚʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ ʟʙʦʛ ʤʦʛʫ˂ʥʦʩʪʠ 

ʧʨʠʤʝʥʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʦʙʨʘʜʝ. ʋʧʦʪʨʝʙˀʘʚʘʿʫ ʩʝ ʟʘ ʧʦʧʨʝʯʥʦ ʠ ʫʟʜʫʞʥʦ ʨʝʟʘˁʝ ʜʨʚʝʪʘ. 

ɻʣʘʚʥʦ ʢʨʝʪʘˁʝ ʿʝ ʦʙʨʪʥʦ (G) ʠ ʠʟʚʦʜʠ ʛʘ ʘʣʘʪ ï ʣʠʩʪ ʪʝʩʪʝʨʝ (1) ʫ ʦʙʣʠʢʫ ʪʘʥʢʝ 

ʢʨʫʞʥʝ ʧʣʦʯʝ ʢʦʿʘ ʿʝ ʥʘʟʫʙˀʝʥʘ ʧʦ ʦʙʦʜʫ, ʜʦʢ ʧʦʤʦ˂ʥʦ ʧʨʘʚʦʣʠʥʠʿʩʢʦ (P) ʢʨʝʪʘˁʝ ʚʨʰʠ 

ʧʨʝʜʤʝʪ ʦʙʨʘʜʝ (2), ʩʣʠʢʘ 1. [4] 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ, ʅʦʚʠ ʉʘʜ 
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ʉʣʠʢʘ 1: ʂʨʝʪʘˁʘ ʧʨʠ ʦʙʨʘʜʠ ʥʘ ʢʨʫʞʥʦʿ ʪʝʩʪʝʨʠ 

ʂʨʫʞʥʝ ʪʝʩʪʝʨʝ ʥʠʩʫ ʚʝʟʘʥʝ ʩʘʤʦ ʟʘ ʜʨʚʥʦʧʨʝʨʘʹʠʚʘʯʢʫ ʠʥʜʫʩʪʨʠʿʫ, ʦʜʥʦʩʥʦ ʟʘ 

ʧʨʝʜʫʟʝ˂ʘ ʯʠʿʘ ʿʝ ʦʩʥʦʚʥʘ ʜʝʣʘʪʥʦʩʪ ʦʙʨʘʜʘ ʠ ʧʨʝʨʘʜʘ ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʦʩʪʦʿʠ 

ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʝʜʫʟʝ˂ʘ ʢʦʿʠʤʘ ʤʝʭʘʥʠʯʢʘ ʦʙʨʘʜʘ ʜʨʚeʪʘ ʥʠʿʝ ʦʩʥʦʚʥʘ ʚʝ˂ ʩʧʦʨʝʜʥʘ ʜʝʣʘʪʥʦʩʪ. 

ʊʦ ʩʫ ʛʨʘʹʝʚʠʥʩʢʘ ʧʨʝʜʫʟʝ˂ʘ, ʧʨʦʜʘʚʥʠʮʝ ʜʨʚʝʥʝ ʛʨʘʹʝ, ʿʘʚʥʘ ʧʨʝʜʫʟʝ˂ʘ ʫ ʛʨʘʜʦʚʠʤʘ, 

ʧʦˀʦʧʨʠʚʨʝʜʥʘ ʧʨʝʜʫʟʝ˂ʘ, ʣʠʚʥʠʮʝ, ʪʦʧʣʘʥʝ, ʫʩʣʫʞʥʘ ʧʨʝʜʫʟʝ˂ʘ, ʠʪʜ. 

ʆʩʥʦʚʥʠ ʜʝʣʦʚʠ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʩʣʠʮʠ 2, [5]. 

 

 

ʉʣʠʢʘ 2 - ʆʩʥʦʚʥʠ ʜʝʣʦʚʠ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ 

ɹʨʟʠʥʘ ʨʝʟʘˁʘ ʢʦʜ ʢʨʫʞʥʠʭ ʪʝʩʪʝʨʘ ʩʝ ʢʨʝ˂ʝ ʫ ʛʨʘʥʠʮʘʤʘ ʦʜ 50 m/s ʜʦ 80 m/s, ʜʦʢ ʿʝ 

ʙʨʟʠʥʘ ʧʦʤʦ˂ʥʦʛ ʢʨʝʪʘˁʘ ʦʜ 6 m/min ʜʦ 30 m/min, [3]. 
ɿʙʦʛ ʰʠʨʦʢʝ ʧʨʠʤʝʥʝ, ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʝ ʦʙʠʤʩʢʝ ʙʨʟʠʥʝ ʨʝʟʥʦʛ ʘʣʘʪʘ ʠ ʥʘʯʠʥʘ ʨʘʜʘ 

(ʜʨʚʦ ʩʝ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʨʫʯʥʦ ʧʦʪʠʩʢʫʿʝ ʢʘ ʨʝʟʥʦʤ ʘʣʘʪʫ) ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʚʝʦʤʘ ʦʧʘʩʥʝ ʤʘʰʠʥʝ ʥʘ ʢʦʿʠʤʘ ʩʫ ʝʚʠʜʝʥʪʠʨʘʥʝ ʙʨʦʿʥʝ ʧʦʚʨʝʜʝ ʨʘʜʥʠʢʘ. 

ʆʇɸʉʅʆʉʊʀ ʇʈʀ ʆɹʈɸɼʀ ʅɸ ʂʈʋɾʅʆɱ ʊɽʉʊɽʈʀ 

ʇʨʠ ʦʙʘʚˀʘˁʫ ʨʘʜʥʠʭ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʢʨʫʞʥʦʿ ʪʝʩʪʝʨʠ, ʧʨʠʢʘʟʘʥʦʿ ʥʘ ʩʣʠʮʠ 3, ʤʦʛʫ ʩʝ 

ʧʨʝʧʦʟʥʘʪʠ ʠ ʫʪʚʨʜʠʪʠ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ, ʢʦʿʝ ʩʫ ʜʘʪʝ ʫ ʪʘʙʝʣʠ 1. 
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ʉʣʠʢʘ 3 - ʂʨʫʞʥʘ ʪʝʩʪʝʨʘ ʩʘ ʥʘʟʥʘʯʝʥʠʤ ʦʧʘʩʥʦʩʪʠʤʘ 

ʊʘʙʝʣʘ 1 - ʇʨʝʧʦʟʥʘʪʝ ʠ ʫʪʚʨʹʝʥʝ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ  

ʧʨʠ ʦʙʨʘʜʠ ʥʘ ʢʨʫʞʥʦʿ ʪʝʩʪʝʨʠ, [6,7] 
 

ʈ. 

ʙʨ. 

ʆʇɸʉʅʆʉʊʀ ʀ 

ʐʊɽʊʅʆʉʊʀ 
ʆʇʀʉʅɸ ɸʅɸʃʀɿɸ 

1. 
ʈʦʪʠʨʘʿʫ˂ʠ ʠʣʠ 

ʧʦʢʨʝʪʥʠ ʜʝʣʦʚʠ 

ɿʘʭʚʘʪʘˁʝ ʧʨʩʪʠʿʫ ʠʣʠ ʰʘʢʝ ʨʘʜʥʠʢʘ ʣʠʩʪʦʤ ʪʝʩʪʝʨʝ ʟʘ ʚʨʝʤʝ ʨʝʟʘˁʘ 

(ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 1), ʢʘʜʘ ʩʝ ʢʨʫʞʥʘ ʪʝʩʪʝʨʘ ʢʦʨʠʩʪʠ ʙʝʟ ʟʘʰʪʠʪʥʝ ʢʘʧʝ 

ʠ ʨʫʯʥʦʛ ʧʦʪʠʩʢʠʚʘʯʘ ʠʣʠ ʢʘʜʘ ʨʘʜʥʠʢʫ ʨʫʢʝ ʩʢʣʠʟʥʫ ʜʦʢ ʧʦʪʠʩʢʫʿʝ ʧʨʝʜ-

ʤʝʪ ʧʨʝʤʘ ʥʘʟʫʙˀʝʥʦʤ ʣʠʩʪʫ ʪʝʩʪʝʨʝ ʠʣʠ ʢʘʜʘ ʩʝ ʢʨʫʞʥʘ ʪʝʩʪʝʨʘ ʧʦʜʤʘʟʫʿʝ 

ʜʦʢ ʿʝ ʫ ʧʦʢʨʝʪʫ.  

1. 

ʈʦʪʠʨʘʿʫ˂ʠ ʠʣʠ 

ʧʦʢʨʝʪʥʠ ʜʝʣʦʚʠ 

(ʥʘʩʪʘʚʘʢ) 

ɿʘʭʚʘʪʘˁʝ ʧʨʩʪʠʿʫ ʠʣʠ ʰʘʢʝ ʨʘʜʥʠʢʘ ʣʠʩʪʦʤ ʪʝʩʪʝʨʝ ʠʟʥʘʜ ʠʣʠ ʠʩʧʦʜ 

ʨʘʜʥʦʛ ʩʪʦʣʘ ʟʘ ʚʨʝʤʝ ʫʢʣʘˁʘˁʘ ʩʪʨʫʛʦʪʠʥʝ (ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 2), [7]. 

ʇʦʚʨʘʪʥʠ ʫʜʘʨ ʠʣʠ ʚʨʘ˂ʘˁʝ ʢʦʤʘʜʘ ʧʨʝʤʘ ʨʘʜʥʠʢʫ ʟʘ ʚʨʝʤʝ ʦʙʨʘʜʝ 

(ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 3) ʥʝʭʦʤʦʛʝʥʦʛ ʠ ʩʠʨʦʚʦʛ ʤʘʪʝʨʠʿʘʣʘ, ʘʢʦ ʠʟʘ ʣʠʩʪʘ 

ʪʝʩʪʝʨʝ ʥʝʤʘ ʨʘʟʜʝʣʥʦʛ ʢʣʠʥʘ. 

ɿʘʧʠˁʘˁʝ ʠ ʧʦʛʨʝʰʥʦ ʦʜʚʦʹʝˁʝ ʨʘʜʥʦʛ ʢʦʤʘʜʘ ʥʘ ʨʘʜʥʦʤ ʩʪʦʣʫ ʠʣʠ ʥʘ 

ʚʦʜʠʣʠʮʠ ʟʘ ʚʨʝʤʝ ʦʙʨʘʜʝ (ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 4), [7]. 

ɿʘʫʩʪʘʚˀʘˁʝ ʣʠʩʪʘ ʪʝʩʪʝʨʝ ʨʫʢʦʤ ʠʣʠ ʢʦʤʘʜʦʤ ʜʨʚʝʪʘ (ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 

5), [3,30]. 

ʅʝʠʩʧʨʘʚʘʥ ʨʘʜʥʠ ʧʦʩʪʫʧʘʢ (ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 6),[8]. 

ʉʣʫʯʘʿʥʦ ʫʢˀʫʯʠʚʘˁʝ ʤʘʰʠʥʝ ʫ ʨʘʜ (ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 7), [8]. 

2. 

ʉʣʦʙʦʜʥʦ ʢʨʝʪʘˁʝ 

ʜʝʣʦʚʘ ʠ ʤʘʪʝʨʠʿʘʣʘ 

ʢʦʿʠ ʤʦʛʫ ʥʘʥʝʪʠ 

ʧʦʚʨʝʜʫ ʟʘʧʦʩʣʝʥʦʤ 

ʀʩʢʣʠʟʥʫ˂ʝ ʧʨʝʜʤʝʪʘ ʦʙʨʘʜʝ ʠʟ ʨʫʢʝ ʠ ˁʝʛʦʚ ʧʘʜ ʥʘ ʥʦʛʝ, ʩʪʦʧʘʣʦ ʠ 

ʜʨʫʛʝ ʜʝʣʦʚʝ ʪʝʣʘ ʨʘʜʥʠʢʘ. 

3. 

ʂʦʨʠʰ˂ʝˁʝ ʩʨʝʜʩʪʘʚʘ 

ʟʘ ʨʘʜ ʢʦʿʘ ʤʦʛʫ 

ʧʨʦʫʟʨʦʢʦʚʘʪʠ 

ʥʘʩʪʘʥʘʢ ʧʦʞʘʨʘ ʠ 

ʝʢʩʧʣʦʟʠʿʝ 

ʇʨʠ ʦʙʨʘʜʠ ʜʨʚʝʪʘ ʜʦʣʘʟʠ ʜʦ ʚʝʣʠʢʦʛ ʪʨʝˁʘ ʠʟʤʝʹʫ ʜʨʚʝʪʘ ʠ ʣʠʩʪʘ 

ʪʝʩʪʝʨʝ ʰʪʦ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʩʪʚʘʨʘˁʘ ʪʦʧʣʦʪʝ ʩʘ ʧʦʚʠʰʝʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʦʤ ʠ ʧʦʿʘʚʝ ʩʪʘʪʠʯʢʦʛ ʝʣʝʢʪʨʠʮʠʪʝʪʘ ʥʘ ʤʘʰʠʥʠ ʠ ʦʜʝ˂ʠ 

ʨʘʜʥʠʢʘ ʰʪʦ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʧʦʞʘʨ ʠ ʝʢʩʧʣʦʟʠʿʫ. ʇʨʠʩʫʩʪʚʦ ʦʪʚʦʨʝʥʦʛ 

ʧʣʘʤʝʥʘ. 

4. 
ɼʝʣʦʚʠ ʠ ʯʝʩʪʠʮʝ ʢʦʿʝ 

ʣʝʪʝ 

ʆʜʣʝʪʘˁʝ ʜʝʣʦʚʘ ʧʨʝʜʤʝʪʘ ʦʙʨʘʜʝ, ʩʪʨʫʛʦʪʠʥʝ ʠ ʧʨʘhʠʥʝ ʢʘ ʣʠʮʫ ʠ ʦʯʠʤʘ 

ʨʘʜʥʠʢʘ (ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 8). 

ʆʜʣʝʪʘˁʝ ʢʦʤʘʜʠ˂ʘ ʣʠʩʪʘ ʪʝʩʪʝʨʝ (ʫʩʣʝʜ ʣʦʤʘ ʘʢʦ ʿʝ ʙʠʣʘ ʪʝʩʪʝʨʘ 

ʦʰʪʝ˂ʝʥʘ) ʢʘ ʣʠʮʫ ʠ ʦʯʠʤʘ ʨʘʜʥʠʢʘ (ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 9). 

5. ʆʧʘʩʥʝ ʧʦʚʨʰʠʥʝ 
ʐʠˀʘʩʪʠ ʠ ʦʰʪʨʠ ʟʫʙʮʠ ʣʠʩʪʘ ʪʝʩʪʝʨʝ. ʎʝʧʘˁʝʤ ʜʨʚʝʪʘ ʩʪʚʘʨʘʿʫ ʩʝ 

ʦʰʪʨʝ ʠʚʠʮʝ ï ʨʫʙʦʚʠ, ʰʠˀʮʠ, ʛʨʫʙʝ ʧʦʚʨʰʠʥʝ ʠ ʠʟʙʦʯʝʥʠ ʜʝʣʦʚʠ. 
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6. 
ʂʣʠʟʘˁʝ ʠʣʠ 

ʩʧʦʪʠʮʘˁʝ 

ʉʧʦʪʠʮʘˁʝ ʦ ʝʣʝʢʪʨʠʯʥʝ ʢʘʙʣʦʚʝ ʠ ʧʘʜ ʨʘʜʥʠʢʘ ʥʘ ʣʠʩʪ ʪʝʩʪʝʨʝ ʠʣʠ ʥʘ ʧʦʜ 

ʧʨʦʩʪʦʨʠʿʝ ʫʩʣʝʜ ʟʘʢʨʯʝʥʦʩʪʠ ʠ ʥʝʫʨʝʜʥʦʩʪʠ ʨʘʜʥʝ ʧʦʚʨʰʠʥʝ (ʧʨʦʩʪʦʨ ʦʢʦ 

ʤʘʰʠʥʝ ʠʣʠ ʧʨʦʩʪʦʨ ʟʘ ʧʨʠʧʨʝʤʫ ʠ ʦʜʣʘʛʘˁʝ ʦʙʨʘʹʝʥʠʭ ʧʨʝʜʤʝʪʘ). 

ʂʣʠʟʘˁʝ ʫʩʣʝʜ ʧʨʦʩʠʧʘˁʘ ʫˀʘ ʧʦ ʧʦʜʫ ʫ ʟʦʥʠ ʨʘʜʘ (ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 

10). 

7. 
ʆʧʘʩʥʦʩʪ ʦʜ ʜʠʨʝʢʪʥʦʛ 

ʠ ʠʥʜʠʨʝʢʪʥʦʛ ʜʦʜʠʨʘ  

ʋʜʘʨ ʝʣʝʢʪʨʠʯʥʝ ʩʪʨʫʿʝ ʧʨʠʣʠʢʦʤ ʜʦʜʠʨʘ ʩʘ ʦʰʪʝ˂ʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʢʘʙʣʦʚʠʤʘ, ʫʪʠʯʥʠʮʦʤ ʠʣʠ ʧʨʝʢʠʜʘʯʝʤ (ʩʣʠʢʘ 4.5, ʧʦʟʠʮʠʿʘ 11). 

ʃʦʰʝ ʫʟʝʤˀʝˁʝ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ. 

9. 
ʍʝʤʠʿʩʢʘ ʰʪʝʪʥʦʩʪ - 

ʧʨʘʰʠʥʘ 

ʇʨʠ ʨʘʜʫ ʩʘ ʜʨʚʝʪʦʤ ʠ ʩʣʠʯʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʜʦʣʘʟʠ ʜʦ ʬʦʨʤʠʨʘˁʘ 

ʩʠʪʥʠʭ ʯʝʩʪʠʮʘ ʜʨʚʝʥʝ ʧʨʘʰʠʥʝ ʫ ʚʘʟʜʫʭʫ, ʧʘ ʩʫ ʨʘʜʥʠʮʠ ʠʟʣʦʞʝʥʠ 

ʠʥʭʘʣʘʮʠʿʠ ʧʨʘʰʠʥʝ ʠ ʪʝʰʢʠʤ ʘʣʝʨʛʠʿʩʢʠʤ ʦʙʦˀʝˁʠʤʘ ʜʠʩʘʿʥʠʭ ʦʨʛʘʥʘ ʠ 

ʧʦʿʘʚʠ ʢʘʥʮʝʨʘ ʢʦʜ ʦʙʨʘʜʝ ʭʨʘʩʪʘ ʠ ʙʫʢʚʝ. 

10. 
ʌʠʟʠʯʢʘ ʰʪʝʪʥʦʩʪ - 

ʙʫʢʘ 
ʂʨʫʞʥʘ ʪʝʩʪʝʨʘ ʫ ʨʘʜʠʦʥʠʮʠ ʩʪʚʘʨʘ ʧʨʝʢʦʤʝʨʥʫ ʙʫʢʫ. 

11. 
ʅʘʧʦʨʠ ʠ ʪʝʣʝʩʥʘ 

ʥʘʧʨʝʟʘˁʘ 

ɼʠʟʘˁʝ ʠ ʩʧʫʰʪʘˁʝ ʧʨʝʜʤʝʪʘ ʦʙʨʘʜʝ. ʇʦʪʠʩʢʠʚʘˁʝ ʜʨʚʝʪʘ ʧʦ ʨʘʜʥʦʤ 

ʩʪʦʣʫ ʤʘʰʠʥʝ. 

12. 
ʅʝʬʠʟʠʦʣʦʰʢʠ 

ʧʦʣʦʞʘʿ ʪʝʣʘ ʨʘʜʥʠʢʘ 
ɼʫʛʦʪʨʘʿʥʦ ʩʪʘʿʘˁʝ ʠ ʩʘʛʠˁʘˁʝ. 

ʇʋɹʃʀʂɸʎʀɱɸ ʅʀɱɽ ʅɸʄɽɳɽʅɸ ɼɸ ʆɹʋʍɺɸʊʀ ʉɺɽ ʇʆʊɽʅʎʀɱɸʃʅɽ ʆʇɸʉʅʆʉʊʀ ʀ 

ʐʊɽʊʅʆʉʊʀ ʇʈʀ ʈɸɼʋ ʅɸ ʂʈʋɾʅʆɱ ʊɽʉʊɽʈʀ. 

ʇʨʠʤʝʨ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ ʥʘ ʢʦʿʦʿ ʥʠʩʫ ʧʨʠʤʝˁʝʥʝ ʠ ʩʧʨʦʚʝʜʝʥʝ ʧʨʦʧʠʩʘʥʝ ʤʝʨʝ 

ʙʝʟʙʝʜʥʦʩʪʠ ʧʨʠʢʘʟʘʥ ʿʝ ʥʘ ʩʣʠʮʠ 4. ʇʨʠʢʘʟʘʥʘ ʢʨʫʞʥʘ ʪʝʩʪʝʨʘ ʥʠʿʝ ʙʝʟʙʝʜʥʘ ʟʘ ʨʘʜ, ʿʝʨ ʥʠʿʝ 

ʦʧʨʝʤˀʝʥʘ ʟʘʰʪʠʪʥʦʤ ʢʘʧʦʤ ʠ ʨʘʟʜʝʣʥʠʤ ʢʣʠʥʦʤ (ʩʣʠʢʘ ʣʝʚʦ), ʢʘʦ ʠ ʟʘʰʪʠʪʥʠʢʦʤ ʦʢʦ 

ʧʨʝʥʦʩʥʦʛ ʤʝʭʘʥʠʟʤʘ (ʩʣʠʢʘ ʜʝʩʥʦ). 

 

   

ʉʣʠʢʘ 4 - ʅʝʙʝʟʙʝʜʥʘ ʢʨʫʞʥʘ ʪʝʩʪʝʨʘ 

ʄɽʈɽ ɹɽɿɹɽɼʅʆʉʊʀ ʇʈʀ ʆɹʈɸɼʀ ʅɸ ʂʈʋɾʅʆɱ ʊɽʉʊɽʈʀ 

ɸʥʘʣʠʟʦʤ ʪʝʭʥʦʣʦʰʢʦʛ ʧʨʦʮʝʩʘ ʦʙʨʘʜʝ ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʧʨʝʧʦʟʥʘʪʠʭ 

ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʫʪʚʨʹʝʥʝ ʩʫ ʩʣʝʜʝ˂ʝ ʤʝʨʝ ʟʘ ʩʧʨʝʯʘʚʘˁʝ, ʦʪʢʣʘˁʘˁʝ ʠ/ʠʣʠ ʩʤʘˁʝˁʝ 

ʨʠʟʠʢʘ: 

¶ ʦʜʨʞʘʚʘʪʠ ʢʨʫʞʥʫ ʪʝʩʪʝʨʫ ʧʨʝʤʘ ʫʧʫʪʩʪʚʫ ʧʨʦʠʟʚʦʹʘʯʘ, 

¶ ʦʜʨʞʘʚʘˁʝ, ʧʦʧʨʘʚʢʫ ʠ ʧʦʜʝʰʘʚʘˁʝ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ ʿʝʜʠʥʦ ʤʦʞʝ ʚʨʰʠʪʠ ʩʪʨʫʯʥʦ ʠ 
ʦʚʣʘʰ˂ʝʥʦ ʣʠʮʝ, 

¶ ʚʨʰʠʪʠ ʧʝʨʠʦʜʠʯʥʝ ʧʨʝʛʣʝʜʝ ʠ ʠʩʧʠʪʠʚʘˁʘ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ, 

¶ ʚʨʰʠʪʠ ʦʩʧʦʩʦʙˀʘʚʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʟʘ ʙʝʟʙʝʜʘʥ ʨʘʜ ʩʘ ʢʨʫʞʥʦʤ ʪʝʩʪʝʨʦʤ, 

¶ ʦʙʝʟʙʝʜʠʪʠ ʜʦʧʫʥʩʢʘ ʫʧʦʟʥʘʚʘˁʘ ʟʘʧʦʩʣʝʥʠʭ ʩʘ ʦʧʘʩʥʦʩʪʠʤʘ ʧʫʪʝʤ ʫʧʫʪʩʪʘʚʘ, 
ʥʘʪʧʠʩʘ ʠ ʟʥʘʢʦʚʘ ʫʧʦʟʦʨʝˁʘ, 
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¶ ʚʨʰʠʪʠ ʜʥʝʚʥʫ ʧʨʦʚʝʨʫ ʠʩʧʨʘʚʥʦʩʪʠ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ, 

¶ ʦʙʝʟʙʝʜʠʪʠ ʧʨʘʚʠʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʧʨʦʧʠʩʘʥʠʭ ʩʨʝʜʩʪʘʚʘ ʟʘ ʣʠʯʥʫ ʟʘʰʪʠʪʫ ʥʘ ʨʘʜʫ, 
ʋ ʧʨʦʧʠʩʘʥʘ ʩʨʝʜʩʪʚʘ ʟʘ ʣʠʯʥʫ ʟʘʰʪʠʪʫ ʥʘ ʨʘʜʫ ʩʧʘʜʘʿʫ: ʟʘʰʪʠʪʥʦ ʦʜʝʣʦ (ʜʚʦʜʝʣʥʦ 

ʠʣʠ ʢʦʤʙʠʥʝʟʦʥ, ʦʜ ʧʘʤʫʯʥʝ ʪʢʘʥʠʥʝ - ʢʝʧʝʨʘ), ʟʘʰʪʠʪʥʘ ʢʘʧʘ (ʦʜ ʣʘʛʘʥʝ ʧʘʤʫʯʥʝ ʪʢʘʥʠʥʝ, ʩʘ 

ʰʪʠʪʥʠʢʦʤ) ʠʣʠ ʟʘʰʪʠʪʥʠ ʰʣʝʤ, ʟʘʰʪʠʪʥʝ ʥʘʦʯʘʨʝ (ʩʘ ʧʨʦʟʠʨʥʠʤ ʩʪʘʢʣʦʤ ʠ ʙʦʯʥʦʤ 

ʟʘʰʪʠʪʦʤ) ʠʣʠ ʰʪʠʪʥʠʢ ʟʘ ʦʯʠ ʠ ʣʠʮʝ, ʟʘʰʪʠʪʥʝ ʮʠʧʝʣʝ (ʢʦʞʥʝ, ʩʘ ʦʿʘʯʘʥʦʤ ʢʘʧʠʮʦʤ ʠ 

ʛʫʤʝʥʠʤ ʨʝʙʨʘʩʪʠʤ ʹʦʥʦʤ), ʢʝʮʝˀʘ (ʢʦʞʥʘ, ʢʨʘʪʢʘ, ʧʦ ʤʦʛʫ˂ʥʦʩʪʠ ʫ ʧʨʝʜʝʣʫ ʪʨʙʫʭʘ ʧʦʿʘʯʘʥʘ 

ʧʦʩʪʘʚʦʤ ʦʜ ʢʦʞʝ ʠ ʘʨʤʠʨʘʥʠʤ ʰʠʧʢʘʤʘ ʠʣʠ ʧʣʦʯʠʮʘʤʘ), ʰʪʠʪʥʠʢ ʟʘ ʫʰʠ (ʧʦ ʧʦʪʨʝʙʠ), 

ʨʝʩʧʠʨʘʪʦʨ ʠʣʠ ʟʘʰʪʠʪʥʘ ʤʘʩʢʘ (ʧʦ ʧʦʪʨʝʙʠ). 

¶ ʟʘʙʨʘˁʝʥʦ ʿʝ ʧʨʠ ʨʘʜʫ ʥʦʩʠʪʠ ʩʘʪ, ʧʨʩʪʝˁʝ, ʥʘʨʫʢʚʠʮʝ, ʣʘʥʯʠ˂ʝ ʠʣʠ ʢʨʘʚʘʪʫ ï ʟʘʰʪʠʪʥʘ 
ʦʜʝ˂ʘ ʤʦʨʘ ʙʠʪʠ ʧʨʠʪʝʛʥʫʪʘ ʫʟ ʪʝʣʦ ʠ ʟʘʢʦʧʯʘʥʘ, 

¶ ʢʦʨʠʩʪʠʪʠ ʠ ʧʨʘʚʠʣʥʦ ʧʦʩʪʘʚʠʪʠ ʟʘʰʪʠʪʥʫ ʢʘʧʫ, 

ɿʘʰʪʠʪʥʘ ʢʘʧʘ, ʢʦʿʘ ʩʧʨʝʯʘʚʘ ʜʦʜʠʨ ʨʫʢʝ ʨʘʜʥʠʢʘ ʩʘ ʣʠʩʪʦʤ ʪʝʩʪʝʨʝ, ʢʘʦ ʠ ʦʜʣʝʪʘˁʝ 

ʯʝʩʪʠʮʘ ʤʘʪʝʨʠʿʘʣʘ ʫ ʦʯʠ ʨʘʜʥʠʢʘ, ʤʦʨʘ ʠʩʧʫˁʘʚʘʪʠ ʩʣʝʜʝ˂ʝ ʟʘʭʪʝʚʝ ʙʝʟʙʝʜʥʦʩʪʠ: 

­ ʤʦʨʘ ʧʦʪʧʫʥʦ ʧʨʝʢʨʠʚʘʪʠ ʣʠʩʪ ʪʝʩʪʝʨʝ ʢʘʜʘ ʿʝ ʫ ʩʪʘˁʫ ʤʠʨʦʚʘˁʘ, 

­ ʤʦʨʘ ʩʝ ʣʘʢʦ ʠ ʙʨʟʦ ʧʨʠʣʘʛʦʜʠʪʠ ʚʠʩʠʥʠ ʧʨʝʜʤʝʪʘ ʦʙʨʘʜʝ ʠ ʚʝʣʠʯʠʥʠ ʧʨʝʯʥʠʢʘ 
ʣʠʩʪʘ ʪʝʩʪʝʨʝ, 

­ ʤʦʨʘ ʙʠʪʠ ʜʦʚʦˀʥʦ ʫʩʢʘ, ʜʘ ʥʝ ʙʠ ʩʤʘˁʠʚʘʣʘ ʚʠʜˀʠʚʦʩʪ ʨʘʜʥʠʢʫ ʧʨʠ ʦʙʨʘʜʠ 

ʤʝʪʝʨʠʿʘʣʘ, 

­ ʤʦʨʘ ʦʙʝʟʙʝʜʠʪʠ ʥʝʩʤʝʪʘʥʦ ʧʦʜʝʰʘʚʘˁʝ ʨʘʟʜʝʣʥʦʛ ʢʣʠʥʘ, 

­ ʤʦʨʘ ʙʠʪʠ ʜʦʚʦˀʥʦ ʫʜʘˀʝʥʘ ʦʜ ʣʠʩʪʘ ʪʝʩʪʝʨʝ ʠ 

­ ʤʦʨʘ ʧʦʩʝʜʦʚʘʪʠ ʦʜʚʦʜ ʟʘ ʩʪʨʫʛʦʪʠʥʫ ʠ ʧʨʘʰʠʥʫ ʩʘ ʨʝʙʨʘʩʪʠʤ ʮʨʝʚʦʤ. 
ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʢʦʥʩʪʨʫʢʮʠʿʝ ʟʘʰʪʠʪʥʠʭ ʢʘʧʘ, ʘʣʠ ʩʝ ʤʦʛʫ ʩʚʨʩʪʘʪʠ ʫ ʜʚʝ ʛʨʫʧʝ ʠ 

ʪʦ: 

­ I ʛʨʫʧʫ ʯʠʥʝ ʧʦʢʨʝʪʥʝ ʟʘʰʪʠʪʥʝ ʢʘʧʝ (ʩʣʠʢʘ 4.9), ʢʦʿʝ ʩʝ ʦʩʣʘˁʘʿʫ ʥʘ ʧʨʝʜʤʝʪ 

ʦʙʨʘʜʝ ʠʣʠ ʥʘ ʨʘʜʥʠ ʩʪʦ ʩʦʧʩʪʚʝʥʦʤ ʪʝʞʠʥʦʤ ʠʣʠ ʩʠʣʦʤ ʦʧʨʫʛʝ. ʇʦʪʠʩʢʠʚʘˁʝʤ 

ʧʨʝʜʤʝʪʘ ʢʦʿʠ ʩʝ ʦʙʨʘʹʫʿʝ, ʟʘʰʪʠʪʥʘ ʢʘʧʘ ʩʝ ʧʦʜʠʞʝ ʩʘʤʦ ʟʘ ʜʝʙˀʠʥʫ ʧʨʝʜʤʝʪʘ, ʘ 

ʧʦ ʟʘʚʨʰʝʪʢʫ ʦʙʨʘʜʝ ʧʦʥʦʚʦ ʩʝ ʩʧʫʰʪʘ ʥʘ ʨʘʜʥʠ ʩʪʦ, ʫʩʣʝʜ ʩʦʧʩʪʚʝʥʝ ʪʝʞʠʥʝ ʠʣʠ 

ʩʠʣʝ ʦʧʨʫʛʝ. 

 

ʉʣʠʢʘ 4.9: ʇʦʢʨʝʪʥʘ ʟʘʰʪʠʪʥʘ ʢʘʧʘ 

­ II ʛʨʫʧʫ ʯʠʥʝ ʥʝʧʦʢʨʝʪʥʝ / ʧʦʜʝʩʠʚʝ ʟʘʰʪʠʪʥʝ ʢʘʧʝ (ʩʣʠʢʘ 4.10), ʢʦʿʝ ʥʝ ʣʝʞʝ ʥʘ 

ʨʘʜʥʦʤ ʩʪʦʣʫ, ʚʝ˂ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʝʙˀʠʥʝ ʧʨʝʜʤʝʪʘ ʦʙʨʘʜʝ ʫʯʚʨʰ˂ʫʿʫ 

(ʬʠʢʩʠʨʘʿʫ) ʥʘ ʦʜʨʝʹʝʥʫ ʚʠʩʠʥʫ ʢʦʿʘ ʤʦʞʝ ʠʟʥʦʩʠʪʠ ʥʘʿʚʠʰʝ 5 mm ʠʟʥʘʜ ˁʝʛʦʚʝ 

ʛʦʨˁʝ ʧʦʚʨʰʠʥʝ. ʅʝʦʧʭʦʜʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʦʚʘʢʦ ʧʦʩʪʘʚˀʝʥʘ ʟʘʰʪʠʪʥʘ ʢʘʧʘ ʥʝ 

ʤʝˁʘ ʩʚʦʿʫ ʧʦʟʠʮʠʿʫ ʩʚʝ ʜʦʢ ʩʝ ʚʨʰʠ ʦʙʨʘʜʘ ʧʨʝʜʤʝʪʘ ʠʩʪʝ ʜʝʙˀʠʥʝ. ʅʝʧʦʢʨʝʪʥʝ 

ʟʘʰʪʠʪʥʝ ʢʘʧʝ ʩʝ ʢʦʨʠʩʪʝ ʥʘʨʦʯʠʪʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʝ ʦʙʨʘʹʫʿʫ ʜʝʙˀʠ ʧʨʝʜʤʝʪʠ 

ʠʣʠ ʢʘʜʘ ʩʝ ʨʘʜ ʦʙʘʚˀʘ ʩʝʨʠʿʩʢʠ. 
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ʉʣʠʢʘ 4.10: ʅʝʧʦʢʨʝʪʥe / ʧʦʜʝʩʠʚʝ ʟʘʰʪʠʪʥe ʢʘʧe 

¶ ʦʛʨʘʹʠʚʘˁʝ ʣʠʩʪʘ ʪʝʩʪʝʨʝ ʠʩʧʦʜ ʨʘʜʥʦʛ ʩʪʦʣʘ, 
ɿʫʧʮʠ ʣʠʩʪʘ ʪʝʩʪʝʨʝ ʠʩʧʦʜ ʩʪʦʣʘ ʤʦʛʫ ʙʠʪʠ ʦʧʘʩʥʠ ʘʢʦ ʨʘʜʥʠʢ ʥʝʭʦʪʠʯʥʦ ʧʨʠʹʝ ʥʦʛʦʤ ʠʣʠ 

ʨʫʢʦʤ ʫ ʦʧʘʩʥʠ ʧʨʦʩʪʦʨ ʠʩʧʦʜ ʨʘʜʥʦʛ ʩʪʦʣʘ. ɿʘʰʪʠʪʘ ʩʝ ʚʨʰʠ ʦʛʨʘʹʠʚʘˁʝʤ ʣʠʩʪʘ ʪʝʩʪʝʨʝ 

ʧʦ ʮʝʣʦʤ ʦʧʩʝʛʫ ʠ ʪʦ ʜʨʚʝʥʦʤ ʠʣʠ ʯʝʣʠʯʥʦʤ ʦʛʨʘʜʦʤ. ɽʬʠʢʘʩʥʠʿʠ ʥʘʯʠʥ ʟʘʰʪʠʪʝ ʨʘʜʥʠʢʘ 

ʦʜ ʟʘʭʚʘʪʘˁʘ ʣʠʩʪʦʤ ʪʝʩʪʝʨʝ ʠʩʧʦʜ ʨʘʜʥʦʛ ʩʪʦʣʘ ʿʝ ʢʘʜʘ ʿʝ ʯʠʪʘʚʘ ʢʦʥʩʪʨʫʢʮʠʿʘ ʠʩʧʦʜ 

ʨʘʜʥʦʛ ʩʪʦʣʘ ʫ ʟʘʪʚʦʨʝʥʦʤ ʢʫ˂ʠʰʪʫ ʢʦʿʠ ʿʝ ʦʛʨʘʹʝʥ ʩʘ ʩʚʠʭ ʩʪʨʘʥʘ ʦʙʠʯʥʦ ʯʝʣʠʯʥʠʤ 

ʣʠʤʦʤ. ɿʘʪʚʦʨʝʥʦ ʢʫ˂ʠʰʪʝ ʠʩʪʦʚʨʝʤʝʥʦ ʟʘʰʪʠ˂ʫʿʝ ʨʘʜʥʠʢʘ ʠ ʦʜ ʟʘʭʚʘʪʘˁʘ ʨʝʤʝʥʩʢʠʤ 

ʧʨʝʥʦʩʥʠʢʦʤ, ʢʦʿʠ ʩʝ ʫʦʙʠʯʘʿʝʥʦ ʥʘʣʘʟʠ ʠʩʧʦʜ ʨʘʜʥʦʛ ʩʪʦʣʘ. 

¶ ʢʦʨʠʩʪʠʪʠ ʠ ʧʨʘʚʠʣʥʦ ʧʦʩʪʘʚʠʪʠ ʨʘʟʜʝʣʥʠ ʢʣʠʥ (ʨʘʟʜʚʦʿʥʠ ʢʣʠʥ), 

ʈʘʟʜʝʣʥʠ ʢʣʠʥ ʿʝ ʠʟʨʘʹʝʥ ʫ ʦʙʣʠʢʫ ʣʫʢʘ ʯʠʿʘ ʟʘʢʨʠʚˀʝʥʦʩʪ ʦʜʛʦʚʘʨʘ ʚʝʣʠʯʠʥʠ ʨʘʜʠʿʫʩʘ 

ʣʠʩʪʘ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ. 

ʆʩʥʦʚʥʠ ʟʘʜʘʪʘʢ ʨʘʟʜʝʣʥʦʛ ʢʣʠʥʘ ʿʝ ʜʘ ʨʘʟʜʚʦʿʠ ʧʨʝʜʤʝʪ ʦʙʨʘʜʝ ï ʜʘʩʢʫ ʧʨʠʣʠʢʦʤ 

ʨʝʟʘˁʘ, ʦʜʥʦʩʥʦ ʜʘ ʧʨʝʨʝʟʘʥʠ ʤʘʪʝʨʠʿʘʣ ʜʨʞʠ ʦʪʚʦʨʝʥ ʪʘʢʦ ʜʘ ʩʝ ʜʝʣʦʚʠ ʜʨʚʝʪʘ ʥʝ ʙʠ 

ʩʢʫʧʠʣʠ ʠ ʧʨʠʣʝʧʠʣʠ ʫʟ ʣʠʩʪ ʪʝʩʪʝʨʝ. ʋʢʦʣʠʢʦ ʩʝ ʪʦ ʜʦʛʦʜʠ, ʪʘʜʘ ˂ʝ ʚʨʭʦʚʠ / ʙʦʢʦʚʠ ʟʫʙʘʮʘ 

ʣʠʩʪʘ ʪʝʩʪʝʨʝ ʟʘʭʚʘʪʠʪʠ ʤʘʪʝʨʠʿʘʣ ʢʦʿʠ ʩʝ ʦʙʨʘʹʫʿʝ ʠ ʚʝʣʠʢʦʤ ʩʥʘʛʦʤ ʛʘ ʦʜʙʘʮʠʪʠ ʫʥʘʟʘʜ, ʘ ʪʘ 

ʧʦʿʘʚʘ ʤʦʞʝ ʨʘʜʥʠʢʫ ʥʘʥʝʪʠ ʪʝʰʢʝ ʧʦʚʨʝʜʝ. 

ʈʘʟʜʝʣʥʠ ʢʣʠʥ, ʦʩʠʤ ʰʪʦ ʩʧʨʝʯʘʚʘ ʧʦʚʨʘʪʥʠ ʫʜʘʨ (ʚʨʘ˂ʘˁʝ ʢʦʤʘʜʘ), ʩʧʨʝʯʘʚʘ ʠ ʜʦʜʠʨ 

ʩʘ ʣʠʩʪʦʤ ʪʝʩʪʝʨʦʤ ʩʘ ʟʘʜˁʝ ʩʪʨʘʥʝ, ʧo ʙʦʢʦʚʠʤʘ. 

ʉʚʘʢʠ ʨʘʟʜʝʣʥʠ ʢʣʠʥ, ʜʘ ʙʠ ʦʩʪʚʘʨʠʦ ʩʚʦʿʫ ʟʘʰʪʠʪʥʫ ʬʫʥʢʮʠʿʫ, ʤʦʨʘ ʜʘ ʠʩʧʫʥʠ 

ʩʣʝʜʝ˂ʝ ʫʩʣʦʚʝ: 

- ʨʘʟʜʝʣʥʠ ʢʣʠʥ ʤʦʨʘ ʙʠʪʠ ʧʦʜʿʝʜʥʘʢʦ ʫʜʘˀʝʥ ʦʜ ʚʨʭʦʚʘ ʟʫʙʘʮʘ ʣʠʩʪʘ ʪʝʩʪʝʨʝ ʠ ʪʦ 
ʥʘʿʚʠʰʝ 10 mm, ʘ ʥʘʿʤʘˁʝ 3 mm (ʩʣʠʢʘ 4.12), 

 
ʉʣʠʢʘ 4.12: ʇʦʣʦʞʘʿ ʨʘʟʜʝʣʥʦʛ ʢʣʠʥʘ ʧʨʝʤʘ ʣʠʩʪʫ ʪʝʩʪʝʨʝ 

 

- ʜʝʙˀʠʥʘ ʨʘʟʜʝʣʥʦʛ ʢʣʠʥʘ ʤʦʨʘ ʙʠʪʠ ʤʘˁʘ ʦʜ ʰʠʨʠʥʝ ʨʝʟʘ, ʘ ʥʘʿʤʘˁʝ ʟʘ ı ʚʝ˂ʘ ʦʜ 
ʜʝʙˀʠʥʝ ʣʠʩʪʘ ʪʝʩʪʝʨʝ (ʩʣʠʢʘ 4.13), 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

207 
 

 

ʉʣʠʢʘ 4.13: ɼʝʙˀʠʥʘ ʨʘʟʜʝʣʥʦʛ ʢʣʠʥʘ ʫ ʦʜʥʦʩʫ ʥʘ ʣʠʩʪ ʪʝʩʪʝʨʝ 
(A - ʜʝʙˀʠʥʘ ʨʘʟʜʝʣʥʦʛ ʢʣʠʥʘ; B - ʜʝʙˀʠʥʘ ʨʘʟʤʝʪʘ ʟʫʙʘ ʣʠʩʪʘ ʪʝʩʪʝʨʝ;  

C - ʜʝʙˀʠʥʘ ʣʠʩʪʘ ʪʝʩʪʝʨʝ; A je ʚʝ˂ʝ ʦʜ C, a ʤʘˁʝ ʦʜ B), [5] 

- ʚʨʭ ʨʘʟʜʝʣʥʦʛ ʢʣʠʥʘ ʤʦʨʘ ʙʠʪʠ ʧʦʩʪʘʚˀʝʥ ʪʘʢʦ ʜʘ ʥʠʿʝ ʥʠʞʠ ʦʜ ʜʥʘ ʥʘʿʚʠʰʝʛ ʟʫʙʘ 
ʣʠʩʪʘ ʪʝʩʪʝʨʝ, 

- ʧʨʠ ʧʨʦʤʝʥʠ ʣʠʩʪʘ ʪʝʩʪʝʨʝ, ʨʘʟʣʠʯʠʪʦʛ ʧʨʝʯʥʠʢʘ, ʤʝˁʘ ʩʝ ʠ ʨʘʟʜʝʣʥʠ ʢʣʠʥ ʠʣʠ ʩʝ 
ʧʦʜʝʰʘʚʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʠ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʨʘʚʮʫ ʧʨʝʤʘ ʚʝʣʠʯʠʥʠ ʣʠʩʪʘ ʪʝʩʪʝʨʝ ʠ 

- ʨʘʟʜʝʣʥʠ ʢʣʠʥ ʤʦʨʘ ʙʠʪʠ ʠʟʨʘʹʝʥ ʦʜ ʢʚʘʣʠʪʝʪʥʦʛ ʯʝʣʠʢʘ (ʯʚʨʩʪʦ˂ʝ 450 N/mm²) ʠ 

ʦʜʨʝʹʝʥʝ ʰʠʨʠʥʝ ʜʘ ʙʠ ʙʠʦ ʜʦʚʦˀʥʦ ʦʪʧʦʨʘʥ ʥʘ ʩʘʚʠʿʘˁʝ, [3]. 

¶ ʩʪʨʫʛʦʪʠʥʫ ʫʢʣʘˁʘʪʠ ʩʘ ʨʘʜʥʦʛ ʩʪʦʣʘ ʯʝʪʢʦʤ ʠʣʠ ʤʝʪʣʠʮʦʤ, 

¶ ʧʨʘʚʠʣʥʦ ʧʦʩʪʘʚʠʪʠ ʠʩʧʨʘʚʘʥ ʫʨʝʹʘʿ ʟʘ ʦʜʚʦʹʝˁʝ ʧʨʘʰʠʥʝ ʠ ʩʪʨʫʛʦʪʠʥʝ, [8], 
ʂʨʫʞʥʘ ʪʝʩʪʝʨʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʦʧʨʝʤˀʝʥʘ, ʠʟʥʘʜ ʠ ʠʩʧʦʜ ʨʘʜʥʦʛ ʩʪʦʣʘ, ʩʘ ʝʬʠʢʘʩʥʦʤ 

ʣʦʢʘʣʥʦʤ ʠʟʜʫʚʥʦʤ ʚʝʥʪʠʣʘʮʠʿʦʤ ʟʘ ʢʦʥʪʨʦʣʫ ʜʨʚʥʝ ʧʨʘʰʠʥʝ, ʩʣʠʢʘ 4.3. 

¶ ʫʚʝʢ ʧʦʩʪʘʚʠʪʠ ʠʩʧʨʘʚʘʥ ï ʥʝʦʰʪʝ˂ʝʥ ʣʠʩʪ ʪʝʩʪʨʝ, ʢʦʿʠ ʠʤʘ ʥʘʦʰʪʨʝʥʘ ʠ ʨʘʟʤʝʪʝʥʘ 
ʩʝʯʠʚʘ, 

¶ ʧʨʘʚʠʣʥʦ ʧʦʪʠʩʢʠʚʘʪʠ ʨʘʜʥʠ ʢʦʤʘʜ ʪʘʢʦ ʜʘ ʨʫʢʝ ʤʦʨʘʿʫ ʙʠʪʠ ʚʘʥ ʟʘʭʚʘʪʘ ʣʠʩʪʘ 
ʪʝʩʪʝʨʝ, ʘ ʧʘʣʮʠ ʩʪʠʩʥʫʪʠ ʫʟ ʰʘʢʝ (ʩʣʠʢʘ 4.14), 

 
ʉʣʠʢʘ 4.14: ʇʨʘʚʠʣʥʦ ʧʦʪʠʩʢʠʚʘˁʝ ʨʘʜʥʦʛ ʢʦʤʘʜʘ 

 

¶ ʧʨʠ ʨʘʜʫ ʩʘ ʢʨʫʞʥʦʤ ʪʝʩʪʝʨʦʤ ʨʘʜʥʠʢ ʤʦʨʘ ʩʪʘʿʘʪʠ ʩʘ ʩʪʨʘʥʝ ʨʘʚʥʠ ʨʝʟʘˁʘ, ʢʘʢʦ ʙʠ ʩʝ 
ʟʘʰʪʠʪʦ ʦʜ ʤʦʛʫ˂ʝʛ ʧʦʚʨʘʪʥʦʛ ʫʜʘʨʘ ʧʨʝʜʤʝʪʘ ʦʙʨʘʜʝ ʠ ʦʜ ʣʝʪʝ˂ʠʭ ʯʝʩʪʠʮʘ ʧʨʝʜʤʝʪʘ 

ʦʙʨʘʜʝ ʠʣʠ ʨʝʟʥʦʛ ʘʣʘʪʘ, 

¶ ʧʨʘʚʠʣʥʦ ʢʦʨʠʩʪʠʪʠ ʧʦʪʠʩʢʠʚʘʯʝ ʠ ʚʦʜʠʣʠʮʝ, 

ʇʨʠ ʦʙʨʘʜʠ ʛʘʙʘʨʠʪʥʦ ʠʣʠ ʜʠʤʝʥʟʠʦʥʦ ʤʘʣʠʭ, ʘ ʥʘʨʦʯʠʪʦ ʫʩʢʠʭ ʢʦʤʘʜʘ, ʢʘʜʘ ʨʫʢʝ 

ʨʘʜʥʠʢʘ ʜʦʣʘʟʝ ʧʨʝʙʣʠʟʫ ʣʠʩʪʘ ʪʝʩʪʝʨʝ, ʥʘʿʯʝʰ˂ʝ ʜʦʣʘʟʠ ʜʦ ʧʦʚʨʝʹʠʚʘˁʘ ʧʨʠʣʠʢʦʤ 

ʟʘʭʚʘʪʘˁʘ ʠ ʫʚʣʘʯʝˁʘ ʧʨʩʪʠʿʫ ʨʫʢʝ ʨʘʜʥʠʢʘ ʫ ʦʧʘʩʥʫ ʟʦʥʫ ʦʢʦ ʣʠʩʪʘ ʪʝʩʪʝʨʝ. ɼʘ ʙʠ ʩʝ 

ʧʦʪʝʥʮʠʿʘʣʥʝ ʦʧʘʩʥʦʩʪʠ ʧʨʠ ʦʙʨʘʜʠ ʦʚʘʢʚʠʭ ʧʨʝʜʤʝʪʘ ʦʙʨʘʜʝ ʝʣʠʤʠʥʠʩʘʣʝ ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ 

ʨʘʜʥʠʢ ʥʝ ʧʦʪʠʩʢʫʿʝ ʢʦʤʘʜ ʥʝʧʦʩʨʝʜʥʦ ʨʫʢʦʤ, ʚʝ˂ ʨʫʯʥʠʤ ʧʦʪʠʩʢʠʚʘʯʝʤ (ʩʣʠʢʘ 4.15).  
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ʇʨʠ ʨʘʜʫ ʩʘ ʨʫʯʥʠʤ ʧʦʪʠʩʢʠʚʘʯʠʤʘ ʧʦʥʝʢʘʜ ʩʝ ʥʝ ʤʦʞʝ ʧʦʩʪʘʚʠʪʠ ʟʘʰʪʠʪʥʘ ʢʘʧʘ 

(ʩʣʠʢʘ 4.15/a), ʿʝʨ ʙʠ ʩʤʝʪʘʣʘ ʥʘʧʨʠʤʝʨ ʧʨʠ ʠʟʨʘʜʠ ʞˀʝʙʘ ʥʘ ʢʨʘʿʝʚʠʤʘ ʨʘʜʥʠʭ ʢʦʤʘʜʘ, [3]. 

 

ʉʣʠʢʘ 4.15: ʇʦʪʠʩʢʠʚʘʯ ʟʘ ʜʠʤʝʥʟʠʦʥʦ ʤʘʣʝ ʢʦʤʘʜʝ ʜʨʚʝʪʘ 

ʈʫʯʥʠ ʧʦʪʠʩʢʠʚʘʯ ʩʝ ʠʟʨʘʹʫʿʝ ʦʜ ʪʚʨʹʝʛ ʜʨʚʝʪʘ ʠʣʠ ʧʣʘʩʪʠʢʝ ʠ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʪʘʢʦ 

ʦʙʣʠʢʦʚʘʥ ʜʘ ʩʧʨʝʯʘʚʘ ʜʦʜʠʨ ʧʨʩʪʠʿʫ ʨʫʢʝ ʩʘ ʣʠʩʪʦʤ ʪʝʩʪʝʨʝ ʫ ʙʠʣʦ ʢʦʤ ʧʦʣʦʞʘʿʫ 

ʧʦʪʠʩʢʠʚʘˁʘ ʢʦʤʘʜʘ. ʂʦʨʠʩʪʠ ʩʝ ʢʘʜʘ ʩʝ ʨʝʞʝ ʢʦʤʘʜ ʢʨʘ˂ʠ ʦʜ 300 mm ʠʣʠ ʢʘʜʘ ʩʝ ʧʦʪʠʩʢʫʿʝ 

ʧʦʩʣʝʜˁʠʭ 300 mm ʥʝʢʦʛ ʜʫʛʘʯʢʦʛ ʢʦʤʘʜʘ, [5]. 

ʈʫʢʘ ʢʦʿʘ ʚʦʜʠ ʨʘʜʥʠ ʢʦʤʘʜ ʥʠʢʘʜʘ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʙʣʠʞʝ ʥʝʛʦ ʰʪʦ ʿʝ ʧʦʪʨʝʙʥʦ 

ʠʩʧʨʝʜ ʣʠʩʪʘ ʪʝʩʪʝʨʝ ʠ ʨʫʢʝ ʥʠʢʘʜʘ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʫ ʫ ʨʘʚʥʠ ʩʘ ʣʠʩʪʦʤ ʪʝʩʪʝʨʝ, [5]. 
ʈʫʯʥʠ ʧʦʪʠʩʢʠʚʘʯ ʪʨʝʙʘ ʫʚʝʢ ʢʦʨʠʩʪʠʪʠ ʟʘ ʫʢʣʘˁʘˁʝ ʠʩʝʯʝʥʦʛ ʢʦʤʘʜʘ ʠʟʤʝʹʫ ʣʠʩʪʘ 

ʪʝʩʪʝʨʝ ʠ ʚʦʜʠʣʠʮʝ, ʦʩʠʤ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʰʠʨʠʥʘ ʠʩʝʯʝʥʦʛ ʢʦʤʘʜʘ ʧʨʝʣʘʟʠ 150 mm, [5]. 

ʂʨʫʞʥʘ ʪʝʩʪʝʨʘ, ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 4.16, ʦʧʨʝʤˀʝʥʘ ʿʝ ʤʝʭʘʥʠʟʦʚʘʥʠʤ ʧʦʪʠʩʢʠʚʘʯʝʤ 

ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʦʜ ʜʦʜʠʨʘ ʩʘ ʣʠʩʪʦʤ ʪʝʩʪʝʨʝ. ʄʝʭʘʥʠʟʦʚʘʥʠ ʧʦʪʠʩʢʠʚʘʯ ʥʠʿʝ 

ʟʘʤʝʥʘ ʟʘ ʨʘʟʜʝʣʥʠ ʢʣʠʥ. ɺʘʞʥʦ ʿʝ ʟʥʘʪʠ ʜʘ ʩʝ ʨʘʟʜʝʣʥʠ ʢʣʠʥ ʫʚʝʢ ʤʦʨʘ ʜʨʞʘʪʠ ʧʦʜʝʰʝʥ ʥʘ 

ʦʜʨʝʹʝʥʦʤ ʤʝʩʪʫ ʯʘʢ ʠ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʤʝʭʘʥʠʟʦʚʘʥʠ ʧʦʪʠʩʢʠʚʘʯ, [5]. 

 

ʉʣʠʢʘ 4.16: ʄʝʭʘʥʠʟʦʚʘʥʠ ʧʦʪʠʩʢʠʚʘʯ ʠʥʩʪʘʣʠʨʘʥ ʥʘ ʢʨʫʞʥʦʿ ʪʝʩʪʝʨʠ 

ʅʠʢʘʜʘ ʩʝ ʥʝ ʩʤʝ ʨʘʜʠʪʠ ʙʝʟ ʚʦʜʠʣʠʮʝ, ʢʦʿʘ ʩʣʫʞʠ ʟʘ ʧʨʠʩʣʘˁʘˁʝ ʤʘʪʝʨʠʿʘʣʘ. 

ʋʟʜʫʞʥʦ ʨʝʟʘˁʝ ʙʝʟ ʢʦʨʠʰ˂ʝˁʘ ʚʦʜʠʣʠʮʝ ʫʛʨʦʞʘʚʘ ʨʫʢʝ, ʘ ʤʦʞʝ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʠ ʠʩʢʦʰʝˁʝ 

ʤʘʪʝʨʠʿʘʣʘ.  

¶ ʧʦʩʪʦʿʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʨʦʨʝʟʘ ʫ ʨʘʜʥʦʤ ʩʪʦʣʫ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ, 
ʇʨʦʨʝʟ ʫ ʨʘʜʥʦʤ ʩʪʦʣʫ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ ʤʦʨʘ ʙʠʪʠ ʰʪʦ ʫʞʠ ï ʰʠʨʠʥʘ ʥʝ ʩʤʝ ʙʠʪʠ 

ʤʘˁʘ ʦʜ ʰʠʨʠʥʝ ʨʘʟʤʝʪʝʥʠʭ ʟʫʙʘʮʘ ʪʝʩʪʝʨʝ, ʫʚʝ˂ʘʥʝ ʟʘ 1 mm ʜʦ 3 mm. 

ʆʙʘʚʝʟʥʦ ʿʝ ʧʦʩʪʘʚˀʘˁʝ ʜʨʚʝʥʦʛ ʫʤʝʪʢʘ (1) ʫ ʨʘʜʥʦʤ ʩʪʦʣʫ, ʩʣʠʢʘ 4.17. 
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ʉʣʠʢʘ 4.17: ɼʨʚʝʥʠ ʫʤʝʪʘʢ ʫ ʨʘʜʥʦʤ ʩʪʦʣʫ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ 

¶ ʩʘʥʢʮʠʦʥʠʩʘʪʠ ʥʝʢʦʨʠʰ˂ʝˁʝ ʣʠʯʥʝ ʟʘʰʪʠʪʥʝ ʦʧʨʝʤʝ - ʃɿʆ (ʥʧʨ. ʥʦʚʯʘʥʦ ʢʘʞˁʘʚʘˁʝ, 
ʫʜʘˀʘʚʘˁʝ ʩʘ ʨʘʜʥʦʛ ʤʝʩʪʘ ʠʣʠ ʦʪʢʘʟ), 

¶ ʟʘʙʨʘʥʠʪʠ ʜʘ ʨʘʜʥʠʢ ʨʫʢʫʿʝ ʢʨʫʞʥʦʤ ʪʝʩʪʝʨʦʤ ʘʢʦ ʿʝ ʧʦʜ ʫʪʠʮʘʿʝʤ ʘʣʢʦʭʦʣʘ, ʜʨʦʛʝ ʠʣʠ 
ʣʝʢʦʚʘ, 

¶ ʟʘ ʚʨʝʤʝ ʦʙʘʚˀʘˁʘ ʧʦʩʣʦʚʘ ʥʘ ʢʨʫʞʥʦʿ ʪʝʩʪʝʨʠ ʢʦʥʮʝʥʪʨʠʩʘʪʠ ʩʝ ʥʘ ʨʘʜ ʠ ʥʝ 
ʨʘʟʛʦʚʘʨʘʪʠ ʩʘ ʜʨʫʛʠʤ ʨʘʜʥʠʮʠʤʘ - ʧʦʩʝʙʥʦ ʩʫ ʦʧʘʩʥʝ ʨʘʟʣʠʯʠʪʝ ʰʘʣʝ ʠ ʠʛʨʝ ʦʢʦ 

ʤʘʰʠʥʝ, ʿʝʨ ʤʦʛʫ ʙʠʪʠ ʫʟʨʦʢ ʧʦʚʨʝʜʝ, 

¶ ʟʘʙʨʘˁʝʥ ʿʝ ʨʘʜ ʩʘ ʢʨʫʞʥʦʤ ʪʝʩʪʝʨʦʤ ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʠ ʤʝʭʘʥʠʯʢʦ ʦʰʪʝ˂ʝˁʝ ʢʘʙʣʦʚʘ ʠʣʠ 
ʧʨʠʙʦʨʘ ʟʘ ʥʘʧʘʿʘˁʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ, 

¶ ʟʘʙʨʘˁʝʥʦ ʿʝ ʟʘʤʝˁʠʚʘʪʠ ʜʝʣʦʚʝ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʠʤ, 

¶ ʠʟʚʨʰʠʪʠ ʙʣʘʛʦʚʨʝʤʝʥʫ ʟʘʤʝʥʫ ʜʦʪʨʘʿʘʣʠʭ ʜʝʣʦʚʘ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ, 

¶ ʧʨʝ ʧʦʯʝʪʢʘ ʯʠʰ˂ʝˁʘ, ʧʦʧʨʘʚʢʝ ʠʣʠ ʥʝʢʝ ʜʨʫʛʝ ʠʥʪʝʨʚʝʥʮʠʿʝ ʥʘ ʢʨʫʞʥʦʿ ʪʝʩʪʝʨʠ, ʢʘʦ ʠ 
ʥʘʢʦʥ ʟʘʚʨʰʝʪʢʘ ʜʥʝʚʥʦʛ ʨʘʜʘ, ʦʙʘʚʝʟʥʦ ʠʩʢˀʫʯʠʪʠ ʛʣʘʚʥʠ ʧʨʝʢʠʜʘʯ ʟʘ ʥʘʧʘʿʘˁʝ ʢʨʫʞʥʝ 

ʪʝʩʪʝʨʝ ʝʣʝʢʪʨʠʯʥʦʤ ʝʥʝʨʛʠʿʦʤ ʠ ʦʙʝʟʙʝʜʠʪʠ ʿʝ ʦʜ ʩʣʫʯʘʿʥʦʛ ʧʦʥʦʚʥʦʛ ʫʢˀʫʯʝˁʘ ʠ 

¶ ʢʘʜʘ ʟʘʚʨʰʠʪʝ ʨʘʜ, ʨʘʜʥʦ ʤʝʩʪʦ ʨʘʩʧʨʝʤʠʪʠ ʠ ʢʨʫʞʥʫ ʪʝʩʪʝʨʫ ʦʯʠʩʪʠʪʠ ï ʨʘʜʥʠ 
ʧʨʦʩʪʦʨ ʪʨʝʙʘ ʦʜʨʞʘʚʘʪʠ ʜʘ ʙʫʜʝ ʫʨʝʜʘʥ ʠ ʙʝʟ ʧʨʝʧʨʝʢʘ. 

ɿɸʂɲʋʏɸʂ 

ʈʘʜ ʿʝ ʜʦʢʘʟʘʦ ʨʘʟʥʦʚʨʩʥʦʩʪ ʠ ʩʣʦʞʝʥʦʩʪ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ, ʢʦʿʝ ʩʝ ʧʦʿʘʚˀʫʿʫ ʧʨʠ 

ʢʦʨʠʰ˂ʝˁʫ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ. 

ʅʘ ʦʩʥʦʚʫ ʠʩʢʫʩʪʚʘ ʘʫʪʦʨʘ ʥʘʤʝ˂ʝ ʩʝ ʥʝʦʧʭʦʜʥʦʩʪ ʜʘ ʢʨʫʞʥʝ ʪʝʩʪʝʨʝ ʤʦʨʘʿʫ ʙʠʪʠ 

ʦʧʨʝʤˀʝʥʝ ʟʘʰʪʠʪʥʠʮʠʤʘ ʠ ʙʝʟʙʝʜʥʦʩʥʠʤ ʫʨʝʹʘʿʠʤʘ. 

ʆʧʰʪʝ ʿʝ ʧʦʟʥʘʪʦ ʜʘ ʟʘʰʪʠʪʥʠʮʠ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʫʨʝʹʘʿʠ ʥʝ ʤʦʛʫ ʩʧʨʝʯʠʪʠ ʩʚʝ ʧʦʚʨʝʜʝ ʥʘ 

ʨʘʜʫ, ʧʘ ʿʝ ʟʙʦʛ ʪʦʛʘ ʥʝʦʧʭʦʜʥʦ ʢʦʨʠʩʪʠʪʠ ʩʚʘ ʧʨʦʧʠʩʘʥʘ ʩʨʝʜʩʪʚʘ ʣʠʯʥʝ ʟʘʰʪʠʪʝ ʥʘ ʨʘʜʫ, 

ʚʨʰʠʪʠ ʧʝʨʠʦʜʠʯʥʝ ʧʨʝʛʣʝʜʝ ʠ ʠʩʧʠʪʠʚʘˁʘ ʦʧʨʝʤʝ ʟʘ ʨʘʜ, ʢʘʦ ʠ ʧʝʨʤʘʥʝʥʪʥʦ 

ʦʩʧʦʩʦʙˀʘʚʘˁʝ ʟʘʧʦʩʣʝʥʠʭ ʟʘ ʙʝʟʙʝʜʘʥ ʨʘʜ. 
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ʆʇɸʉʅʆʉʊʀ ʀ ʇʈɽɺɽʅʊʀɺʅɽ ʄɽʈɽ ʇʈʀ ʈɸɼʋ ʉɸ ɻʃʆɼɸʃʀʎʆʄ 

ɿɸ ʆɹʈɸɼʋ ɼʈɺɽʅʀʍ ʄɸʊEʈʀɱɸʃɸ 
ɿʚʦʥʠʤʠʨ ɹʫʢʪʘ

1
, ʐʤʘˁʘ ʎʚʠʿʦ

2
 

ʈɽɿʀʄɽ 

ʇʨʦʮʝʥʘ ʨʠʟʠʢʘ ʥʘ ʨʘʜʥʦʤ ʤʝʩʪʫ ʛʜʝ ʩʝ ʢʦʨʠʩʪʠ ʤʘʰʠʥʘ ʟʘ ʤʝʭʘʥʠʯʢʫ ʦʙʨʘʜʫ ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʩʢʠʜʘˁʝʤ ʩʪʨʫʛʦʪʠʥʝ ʿʝ ʩʣʦʞʝʥ ʧʦʩʘʦ ʢʦʿʠ ʟʘʭʪʝʚʘ ʚʨʣʦ ʰʠʨʦʢʘ ʟʥʘˁʘ ʠ ʦʙʣʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʿʝ ʠ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʤʘʰʠʥʘ ʠ ʧʨʠʤʝˁʝʥʠʭ ʨʝʟʥʠʭ ʘʣʘʪʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʟʘʭʪʝʚʘ ʩʠʩʪʝʤʩʢʫ 

ʘʥʘʣʠʟʫ ʫʟʨʦʢʘ ʧʦʚʨʝʹʠʚʘˁʘ ʧʫʪʝʤ ʨʘʟʛʦʚʦʨʘ ʩʘ ʜʠʨʝʢʪʥʠʤ ʫʯʝʩʥʠʮʠʤʘ ʫ ʧʨʦʠʟʚʦʜʥʦʤ ʧʨʦʮʝʩʫ.  

ʅʘʿʯʝʰ˂ʠ ʫʟʨʦʯʥʠʮʠ ʿʘʚˀʘʿʫ ʩʝ ʫʩʣʝʜ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʤʘʰʠʥʘ ʠ ʨʝʟʥʠʭ ʘʣʘʪʘ ʢʘʦ ʠ ˁʠʭʦʚʦʿ ʥʝʩʪʨʫʯʥʦʿ 

ʠ ʥʝʥʘʤʝʥʩʢʦʿ ʫʧʦʪʨʝʙʠ.   ʀʩʪʨʘʞʠʚʘˁʘ ʠ ʠʩʢʫʩʪʚʘ ʠʟ ʦʚʝ ʦʙʣʘʩʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʥʝʠʩʧʨʘʚʥʘ ʦʧʨʝʤʘ ʟʘ ʨʘʜ 

ʚʠʰʝʩʪʨʫʢʦ ʧʦʚʝ˂ʘʚʘ ʨʠʟʠʢ ʦʜ ʧʦʚʨʝʜʘ ʥʘ ʨʘʜʫ.ʀʩʧʨʘʚʥʦʩʪ ʤʘʰʠʥʝ ʩʝ ʜʦʢʘʟʫʿʝ ʜʦʢʫʤʝʥʪʦʤ ʢʦʿʠ ʩʝ ʥʘʟʠʚʘ 

Ăʠʟʚʝʰʪʘʿ ʦ ʩʪʨʫʯʥʦʤ ʥʘʣʘʟʫñ ʢʦʿʠ ʿʝ ʦʙʘʚʝʟʘʥ ʟʘ ʤʘʰʠʥʝ ʟʘ ʤʝʭʘʥʠʯʢʫ ʦʙʨʘʜʫ ʜʨʚʝʪʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʛʣʦʜʘʣʠʮʘ, ʛʣʦʜʘʣʦ, ʦʙʨʘʜʘ ʜʨʚʝʪʘ, ʙʝʟʙʝʜʥʦʩʪ 

HAZARDS AND PREVENTIVE  MEASURES WHEN WORK WITH 

MILLING MACHINES FOR  PROCESSING OF WOOD MATERIALS  

SUMMARY  

Risk assessment at workplaces where machines for mechanical processing of wood and 

similar materials by chip removal are used is a complex job that requires a broad knowledge in 

fields of construction and operation of both machines and applied cutting tools. Identification of 

hazards and harms requires systematic analysis of the causes injury through interviews with direct 

participants in the production process. The most common causes occur due to malfunctioning of 

machines and cutting tools as well as their unqualified and improper use. Research and experience 

in this field show that defective work equipment increases the risk of injury at work. The soundness 

of the machine is proved by a document called "Report on the expert finding" that is required for 

equipment for mechanical wood processing. 
Keywords: milling, milling cutter, woodworking, safety 

ʋɺʆɼ 

ɹʨʦʿ ʦʨʛʘʥʠʟʘʮʠʿʘ ʨʘʜʘ ʯʠʿʘ ʿʝ ʦʩʥʦʚʥʘ ʜʝʣʘʪʥʦʩʪ ʤʝʭʘʥʠʯʢʘ ʦʙʨʘʜʘ ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ 

ʤʘʪʝʨʠʿʘʣʘ ʥʘ ʪʝʨʠʪʦʨʠʿʠ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʪʘʯʥʦ ʫʪʚʨʜʠʪʠ ʘʣʠ ʩʝ ʩʘ 

ʩʠʛʫʨʥʦʰ˂ʫ ʤʦʞʝ ʧʨʝʜʧʦʩʪʘʚʠʪʠ ʜʘ ʠʟʥʦʩʠ ʯʘʢ ʠ ʥʝʢʦʣʠʢʦ ʭʠˀʘʜʘ. ʄʝʭʘʥʠʯʢʘ ʦʙʨʘʜʘ 

ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ  ʚʨʣʦ ʯʝʩʪʦ ʿʝ ʠ ʧʦʤʦ˂ʥʘ ʜʝʣʘʪʥʦʩʪ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʦʨʛʘʥʠʟʘʮʠʿʘʤʘ ʨʘʜʘ ʠ ʚʠʰʝʩʪʨʫʢʦ ʿʝ ʚʝ˂ʘ ʥʝʛʦ ʛʦʨʝ ʧʦʤʝʥʫʪʠ ʙʨʦʿ.ʇʨʦʩʪʠʤ ʣʦʛʠʯʢʠʤ 

ʧʦʩʤʘʪʨʘˁʝʤ ʤʦʛʫ˂ʝʿʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʝ ʙʨʦʿ ʟʘʧʦʩʣʝʥʠʭ ʢʨʝ˂ʝʠ ʜʦ ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ 

ʭʠˀʘʜʘ. 

ɹʝʟʙʝʜʥʦʩʪ ʧʨʠ ʤʝʭʘʥʠʯʢʦʿ ʦʙʨʘʜʠ ʜʨʚʝʪʘ ʠ ʠ ʩʣʠʯʥʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ ʟʘʚʠʩʠ˂ʝ ʦʜ ʥʠʟʘ 

ʬʘʢʪʦʨʘ: 

¶ ʥʘʤʝʥʩʢʦʿ ʫʧʦʪʨʝʙʠ ʠ ʠʩʧʨʘʚʥʦʩʪʠ ʤʘʰʠʥʘ (ʛʣʦʜʘʣʠʮʝ), 

¶ ʘʪʝʩʪʠʨʘʥʠʤ ʠ ʥʘʦʰʪʝʨʥʠʤ ʨʝʟʥʠʤ ʘʣʘʪʠʤʘ (ʛʣʦʜʘʣʘ), 

¶ ʧʨʠʤʝʥʝ ʟʘʰʪʠʪʥʠʢʘ ʠ ʙʝʟʙʝʜʥʦʩʥʠʭ ʫʨʝʹʘʿʘ ʥʘ ʤʘʰʠʥʘʤʘ, 

¶ ʧʨʠʤʝʥʦʤ ʣʠʯʥʝ ʟʘʰʪʠʪʥʝ ʦʧʨʝʤʝ, 

¶ ʦʙʘʚʝʟʥʦʤ ʧʦʩʝʜʦʚʘˁʫ ʩʪʨʫʯʥʦʛ ʥʘʣʘʟʘ ʟʘ ʢʦʥʢʨʝʪʥʫ ʤʘʰʠʥʫ, 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ, ʅʦʚʠ ʉʘʜ 

2
 1ʀʥʩʪʠʪʫʪ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʠ ʩʠʛʫʨʥʦʩʪ ʥʘ ʨʘʜʫ, ʅʦʚʠ ʉʘʜ 
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¶ ʩʪʨʫʯʥʦʰ˂ʫ ʠ ʦʙʫʯʝʥʦʩʪʠ ʟʘʧʦʩʣʝʥʠʭ, 

¶ ʧʨʠʤʝʥʝ ʙʝʟʙʝʜʥʦʩʥʠʭ ʤʝʪʦʜʘ ʨʘʜʘ ʠʪʜ. 
ʀʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʯʢʝ ʦʙʨʘʜʝ ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʧʦʩʪʫʧʢʦʤ 

ʛʣʦʜʘˁʘ ʧʦʢʘʟʘʣʘ ʩʫ ʜʘ ʿʝ ʥʘʿʯʝʰ˂ʠ ʫʟʨʦʯʥʠʢ ʧʦʚʨʝʹʠʚʘˁʘ ʧʦʚʨʘʪʥʠ ʫʜʘʨ ʦʙʨʘʪʢʘ  ʠ ʠʟʥʦʩʠ 

ʦʢʦ 70[%]  ʦʜ ʩʚʠʭ ʦʩʪʘʣʠʭ ʫʟʨʦʯʥʠʢʘ ʧʦʚʨʝʹʠʚʘˁʘ.ʂʦʥʪʨʘ ʧʦʚʨʘʪʥʠ ʫʜʘʨ ʦʙʨʘʪʢʘ ʥʘʩʪʘʿʝ ʫ 

ʧʨʦʮʝʩʫ ʦʙʨʘʜʝ ʫʩʣʝʜ ʧʦʿʘʚʝ ʯʚʦʨʘ ʫ ʜʨʚʝʪʫ.ʏʚʦʨ ʿʝ ʤʝʩʪʦ ʛʜʝ ʩʝ ʩʧʘʿʘʿʫ ʜʚʝ ʛʨʘʥʝ ʥʘ ʩʪʘʙʣʫ ʠ 

ʧʨʝʜʩʪʘʚˀʘ ʠʟʫʟʝʪʥʦ ʪʚʨʜʠ ʜʝʦ ʜʨʚʝʥʠʭ ʤʘʪʝʨʠʿʘʣʘ.ʇʨʘʚʠʣʦ ʿʝ ʜʘ ʩʝ ʯʚʦʨ ʚʘʜʠ ʧʦʤʦ˂ʫ 

ʩʧʝʮʠʿʘʣʥʠʭ ʨʝʟʥʠʭ ʘʣʘʪʘ ʥʘ ʚʝʨʪʠʢʘʣʥʠʤ ʙʫʰʠʣʠʮʘʤʘ.ʄʘʪʝʨʠʿʘʣʠ ʩʣʠʯʥʠʭ ʜʨʚʝʪʫ ʩʫ 

ʪʘʢʦʟʚʘʥʝ ʜʨʚʝʥʝ ʧʣʦʯʝ ʠʟʨʘʹʝʥʝ ʦʜ ʦʪʧʘʜʘʢʘ ʜʨʚʝʪʘ(ʠʚʝʨʠʮʝ, ʩʪʦʣʘʨʩʢʝ ʧʣʦʯʝ, ʚʠʰʝʩʣʦʿʥʠ 

ʬʫʨʥʠʨʠ ʠʪʜ.). ɿʙʦʛ ʧʨʠʨʦʜʝ ʜʨʚʝʥʠʭ ʧʣʦʯʘ ʫ ʩʘʜʨʞʘʿʫ ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʚʨʣʦ ʯʝʩʪʦ ʥʘʣʘʟʝ 

ʢʘʤʝʥʯʠ˂ʠ ʠʣʠ ʜʝʣʠ˂ʠ ʤʝʪʘʣʘ ʢʘʦ ʦʩʪʘʮʠ ʦʜ ʣʦʤˀʝʥʠʭ ʨʝʟʥʠʭ ʘʣʘʪʘ ʪʘʢʦ ʜʘ ʧʨʠ ʦʙʨʘʜʠ 

ʧʨʝʜʩʪʘˀʘʿʫ ʠʟʥʝʥʘʹʫʿʫ˂ʘ ʪʚʨʜʘ ʤʝʩʪʘ ʢʦʿʘ ʩʫ ʧʦʛʦʜʥʘ ʟʘ ʧʦʿʘʚʫ ʢʦʥʪʨʘ ʫʜʘʨʘ. 

ʇʈʀʅʎʀʇ ʈɸɼɸ ɻʃʆɼɸʃʀʎɽ ɿɸ ɼʈɺʆ 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʪʦʥʝ ʛʣʦʜʘʣʠʮʝ ʟʘ ʤʝʭʘʥʠʯʢʫ ʦʙʨʘʜʫ ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ɻʣʦʜʘʣʠʮʝ ʩʫ ʤʘʰʠʥʝ ʘʣʘʪʢʝ ʥʘʤʝˁʝʥʝ ʟʘ ʤʝʭʘʥʠʯʢʫ ʦʙʨʘʜʫ ʠ ʧʨʝʨʘʜʫ ʜʨʚʝʪʘ ʠ 

ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʩʢʠʜʘˁʝʤ ʩʪʨʫʛʦʪʠʥʝ ʛʜʝ ʨʝʟʥʠ ʘʣʘʪ ʠʟʚʦʜʠ ʛʣʘʚʥʦ ʨʦʪʘʮʠʦʥʦ ʢʨʝʪʘˁʝ , 

ʜʦʢ ʩʝ ʦʙʨʘʜʘʢ ʢʨʝ˂ʝ ʧʨʘʚʦʣʠʥʠʿʩʢʠ.  

ʅʘ ʛʣʦʜʠʣʠʮʘʤʘ ʤʦʛʫ˂ʘ ʿʝ ʦʙʨʘʜʘ: 

¶ ʿʝʜʥʦʩʪʘʚʥʠʭ ʠ ʩʣʦʞʝʥʠʭ ʧʨʦʬʠʣʠʩʘʥʠʭ ʧʦʨʰʠʥʘ, 

¶ ʞˀʝʙʦʚʘ ʨʘʟʣʠʯʠʪʠʭ ʦʙʣʠʢʘ ʠ ʜʠʤʝʥʟʠʿʘ, 

¶ ʜʨʚʝʥʠʭ ʦʙʣʠʢʘ ʟʘ ʩʧʘʿʘˁʝ ʜʨʚʝʥʠʭ ʜʝʣʦʚʘ, 

¶ ʦʙʨʘʜʝ ʫʥʫʪʨʘʰˁʠʭ ʧʦʚʨʰʠʥʘ ʩʣʦʞʝʥʝ ʛʝʦʤʝʪʨʠʿʝ. 

¶ ʦʙʨʘʜʫ ʨʝˀʝʬʥʠʭ ʧʦʚʨʰʠʥʘ, 

¶ ʨʝʟʙʘʨʩʢʫ ʦʙʨʘʜʫ ʠʪʜ. 
ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʘʤʝʥʝ ʦʜʨʝ˂ʝʥʝ ʩʫ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʣʦʜʘʣʠʮʘ ʠ ʪʦ ʦʜ: 

¶ ʥʘʤʝʥʝ ʠ ʚʨʩʪʝʦʙʨʘʜʝ, 

¶ ʙʨʦʿʘ ʛʣʘʚʥʠʭ (ʨʘʜʥʠʭ) ʚʨʝʪʝʥʘ, 

¶ ʧʦʣʦʞʘʿʘ ʛʣʘʚʥʠʭ ʚʨʝʪʝʥʘ, 

¶ ʦʙʣʠʢʘ ʠ ʥʘʯʠʥʘ ʤʦʥʪʘʞʝ ʨʘʜʥʠʭ ʚʨʝʪʝʥʘ ʠ 

¶ ʧʨʝʤʘ ʚʨʩʪʠ ʧʦʤʦ˂ʥʦʛ ʢʨʝʪʘˁʘ. 
ʋ ʨʘʜʫ ˂ʝ ʙʠʪʠ ʦʧʠʩʘʥʘ ʩʪʦʥʘ ʛʣʦʜʘʣʠʮʘ. ʉʪʦʥʘ ʛʣʦʜʘʣʠʮʘ ʩʝ ʩʚʨʩʪʘʚʘ ʫ 

ʥʘʿʝʜʥʦʩʪʘʚʥʠʿʝ ʛʣʦʜʘʣʠʮʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʫ ʩʪʨʫʢʪʫʨʫ ʯʠʥʝ (ʩʣʠʢʘ.1): 

¶ ʥʦʩʝ˂ʘ ʩʪʨʫʢʪʫʨʘ, 

¶ ʨʘʜʥʠ ʩʪʦ, 

¶ ʚʝʨʪʠʢʘʣʥʦ ʛʣʘʚʥʦ ʨʘʜʥʦ ʚʨʝʪʝʥʦ ʥʘ ʢʦʿʝ ʩʝ ʤʦʥʪʠʨʘ ʢʦʪʫʨʘʩʪʦ ʠʣʠ ʧʨʦʬʠʣʥʦ ʛʣʦʜʘʣʦ, 

¶ ʚʦʜʠʣʠʮʝ ʟʘ ʦʙʨʘʜʘʢ, 

¶ ʟʘʰʪʠʪʥʠʢʘ ʠ ʟʘʰʪʠʪʥʠʭ ʫʨʝʹʘʿʘ, 

¶ ʫ ʢʫ˂ʠʰʪʫ ʩʫ ʫʛʨʘʹʝʥʠ ʧʨʝʥʦʩʥʠʮʠ ʢʨʝʪʘˁʘ ʠ 

¶ ʧʦʛʦʥʩʢʦʛ ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʩʘ ʢʦʤʘʥʜʘʤʘ. 
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ʉʣʠʢʘ 1. ʉʪʦʥʘ ʛʣʦʜʘʣʠʮʘ ʩʘ ʫʩʠʩʥʦʤ ʮʝʚʠ 

ʇʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ ʚʨʝʪʘʥʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʦʤʦ˂ʫ ʥʘʤʝʥʩʢʠ 

ʢʦʥʩʪʨʫʠʩʘʥʦʛ ʢʣʠʟʘʯʘ (ʩʫʧʦʨʪʘ). ɻʣʘʚʥʦ ʚʨʝʪʝʥʦ ʩʝ ʤʦʞʝ ʫʛʣʦʚʥʦ ʟʘʢʨʝʪʘʪʠ ʫ ʦʜʨʝʹʝʥʠʤ 

ʛʨʘʥʠʮʘʤʘ, ʥʘʜ ʤʦʥʪʠʨʘʥʠʤ ʛʣʦʜʘʣʦʤ ʦʙʘʚʝʟʥʦ ʩʝ ʧʦʩʪʘʚˀʘ ʟʘʰʪʠʪʥʘ ʢʘʧʘ. ʉʝʤ ʟʘʰʪʠʪʥʝ 

ʢʘʧʝ ʦʙʘʚʝʟʥʘ ʟʘʰʪʠʪʥʘ ʢʦʤʧʦʥʝʥʪʘ ʢʦʿʘ ʩʝ ʤʦʨʘ ʧʦʩʪʘʚʠʪʠ ʿʝ ʚʦʜʠʣʠʮʘ ʦʙʨʘʪʢʘ, ʟʘ ʫʟʜʫʞʥʫ 

ʠʣʠ ʧʦʧʨʝʯʥʫ ʦʙʨʘʜʫ. ʂʘʦ ʧʦʩʝʙʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʦʧʮʠʿʘ ʧʨʠ ʨʫʯʥʦʤ ʧʦʤʦ˂ʥʦʤ ʢʨʝʪʘˁʫ 

(ʨʫʯʥʦ ʧʦʪʠʩʢʠʚʘˁʝ ʦʙʨʘʪʢʘ) ʤʦʞʝ ʩʝ ʫʛʨʘʜʠʪʠ ʫʨʝʹʘʿ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʧʦʚʨʘʪʥʦʛ ʫʜʘʨʘ, 

ʪʘʢʦʟʚʘʥʘ ʧʨʠʪʠʩʥʘ ʦʧʨʫʛʘ ʠʟʨʘ˂ʝʥʘ ʦʜ ʜʨʚʝʪʘ ʠʣʠ ʤʝʪʘʣʘ. ʋ ʟʘʚʠʩʥʦʪʠ ʦʜ ʟʘʭʪʝʚʘ 

ʪʝʭʥʦʣʦʛʠʿʝ ʧʨʠʪʠʩʥʝ ʦʧʨʫʛʝ ʧʦʩʪʘʚˀʘʿʫ ʩʝ ʙʦʯʥʦ ʩʘ ʩʫʧʨʦʪʥʝ ʩʪʨʘʥʝ ʦʜ ʫʟʜʫʞʥʝ ʚʦʜʠʣʠʮʝ 

ʠʣʠ ʚʝʨʪʠʢʘʣʥʦ, ʧʨʠʪʠʩʢʘʿʫ˂ʠ ʦʙʨʘʜʘʢ ʢʘ ʩʪʦʣʫ ʛʣʦʜʘʣʠʮʝ. ʇʨʠʪʠʩʥʝ ʦʧʨʫʛʝ ʩʝ ʣʘʢʦ ʤʦʛʫ 

ʤʦʥʪʠʨʘʪʠ/ʜʝʤʦʥʪʠʨʪʠ ʧʨʠʯʚʨʰ˂ʫʿʫ˂ʠ ʠʭ ʟʘ ʩʪʦ ʛʣʦʜʘʣʠʮʝ ʧʦʤʦ˂ʫ ʨʫʯʥʠʭ ʩʪʦʣʘʨʩʢʠʭ ʩʪʝʛʘ 

(ʩʣʠʢʘ2).  

 

ʉʣʠʢʘ 2. ʇʨʠʪʠʩʥʘ ʦʧʨʫʛʘ ʦʜ ʜʨʚʝʪʘ ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʧʦʚʨʘʪʥʦʛ ʫʜʘʨʘ ʦʙʨʘʪʢʘ 

ɼʨʫʛʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘ ʦʧʮʠʿʘ  ʟʘ ʩʧʨʝʯʘʚʘˁʝ ʧʦʚʨʘʪʥʦʛ ʫʜʘʨʘ ʿʝ ʜʘ ʩʝ ʫʤʝʩʪʦ ʨʫʯʥʦʛ 

ʧʦʤʝʨʘˁʘ ʦʙʨʘʪʢʘ ʫʛʨʘʜʠ ʢʦʥʚʝʿʝʨ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʧʦʤʝʨʘˁʝ ʦʙʨʘʪʢʘ. ʂʦʥʚʝʿʝʨ ʩʝ ʠʟʨʘ˂ʝʿʝ  ʩʘ 

ʚʘˀʮʠʤʘ, ʪʦʯʢʠ˂ʠʤʘ ʠʣʠ ʙʝʩʢʦʥʘʯʥʝ ʯʣʘʥʢʦʚʠʪʝ ʪʨʘʢʝ. ʋʨʝʹʘʿ ʩʝ ʧʦ ʧʨʘʚʠʣʫ ʫʛʨʘʹʫʿʝ ʥʘ ʩʪʦ 

ʛʣʦʜʘʣʠʮʝ ʩʘ ʚʣʘʩʪʠʪʠʤ ʥʝʟʘʚʠʩʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʛʦʥʩʢʠʤ ʤʦʪʦʨʦʤ.  
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ʈʝʟʥʠ ʘʣʘʪ ʟʘ ʤʝʭʘʥʠʯʢʫ ʦʙʨʘʜʫ ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ 

ʂʦʜ ʛʣʦʜʘʣʠʮʘ  ʟʘ ʦʙʨʘʜʫ ʜʨʚʝʪʘ ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʢʘʦ ʨʝʟʥʠ ʘʣʘʪ ʩʝ ʢʦʨʠʩʪʠ 

ʛʣʦʜʘʣʦ.ɻʣʦʜʘʣʦ ʿʝ ʚʠʰʝʩʝʯʥʠ ʘʣʘʪ ʩʘ ʧʨʦʤʝʥˀʠʚʠʤ ʙʨʦʿʝʤ ʨʝʟʥʠʭ ʩʝʯʠʚʘ ʫ ʢʦʣʠʟʠʿʠ ʩʘ 

ʦʙʨʘʪʢʦʤ ʫ ʧʨʦʮʝʩʫ ʦʙʨʘʜʝ. ɿʘ ʧʨʦʮʝʩ ʛʣʦʜʘˁʘ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʜʘ ʩʝ ʧʦʚʨʰʠʥʘ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʩʪʨʫʛʦʪʠʥʝ ʤʝˁʘ ʦʜ ʥʫʣʪʝ ʚʨʝʜʥʦʩʪʠ ʜʦ ʥʝʢʝ ʤʘʢʩʠʤʘʣʥʝ ʪʿ. ʦʜ ʥʫʣʪʝ ʚʨʝʜʥʦʩʪʠ ʜʦ 

ʤʘʢʩʠʤʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʜʝʙˀʠʥʝ ʩʪʨʫʛʦʪʠʥʝ.   ʇʨʦʤʝʥˀʠʚ ʙʨʦʿ ʩʝʯʠʚʘ ʫ ʢʦʣʠʟʠʿʠ ʩʘ 

ʧʨʝʜʤʝʪʦʤ ʦʙʨʘʜʝ ʠ ʧʨʦʤʝʥˀʠʚʘ ʚʨʝʜʥʦʩʪ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʩʪʨʫʛʦʪʠʥʝ ʫʩʣʦʚˀʘʚʘ 

ʧʨʦʤʝʥˀʠʚʦʩʪ ʩʠʣʝ ʨʝʟʘˁʘ (ʧʨʠʙʣʠʞʥʦ ʩʠʥʫʩʥʦʿ ʬʫʥʢʮʠʿʠ). 

ɿʘ ʘʥʘʣʠʟʫ ʧʨʦʮʝʩʘ ʦʙʨʘʜʝ ʛʣʦʜʘˁʝʤ ʚʨʣʦ ʚʘʞʥʦ ʿʝ ʧʦʩʤʘʪʨʘʪʠ ʠ ʨʝʞʠʤ ʦʙʨʘʜʝ ʫ ʢʦʿʝ 

ʩʧʘʜʘ: 

¶ ʦʙʠʤʩʢʘ ʙʨʟʠʥʘ ʨʝʟʘˁʘ, 

¶ ʜʫʙʠʥʘ ʨʝʟʘˁʘ ʠ  

¶ ʧʦʤʘʢ. 
ʆʙʠʤʩʢʝ ʙʨʟʠʥʝ ʨʝʟʘˁʘ ʢʦʜ ʦʙʨʘʜʝ ʜʨʚʝʪʘ ʠ ʩʣʠʯʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʩʫ ʥʝʢʦʣʠʢʦ ʧʫʪʘ 

ʚʝ˂ʝ ʦʜ ʦʙʠʩʢʠʭ ʙʨʟʠʥʘ ʟʘ ʦʙʨʘʜʫ ʤʝʪʘʣʥʠʭ ʤʘʪʝʨʠʿʘʣʘ ʠ ʢʨʝ˂ʝ ʩʝ ʦʜ 30m/s  ʜʦ 80m/s, ʟʘʚʠʩʥʦ 

ʦʜ ʟʘʭʪʝʚʘ ʢʚʘʣʠʪʝʪʘ ʦʙʨʘʹʝʥʝ ʧʦʚʨʰʠʥʝ. ʂʦʜ ʩʪʦʥʝ ʛʣʦʜʘʣʠʮʝ ʦʙʘʚʝʟʥʘ ʿʝ ʧʨʠʤʝʥʘ 

ʩʫʧʨʦʪʥʦʩʤʝʨʥʦʛ ʛʣʦʜʘˁʘ. ʂʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʫʧʨʦʪʥʦʤʝʨʥʦʛ ʛʣʦʜʘˁʘ ʿʝ ʪʘ ʜʘ ʿʝ ʚʝʢʪʦʨ 

ʦʙʠʤʩʢʝ ʙʨʟʠʥʘ ʛʣʦʜʘʣʘ ʫ ʩʫʧʨʦʪʥʦʤ ʩʤʝʨʫ ʦʜ ʚʝʢʪʦʨʘ ʙʨʟʠʥʝ ʧʦʤʦ˂ʥʦʛ ʢʨʝʪʘˁʘ.   

ɿʙʦʛ ʧʨʦʤʝʥˀʠʚʦʩʪʠ ʩʠʣʝ ʨʝʟʘˁʘ ʜʫʙʠʥʘ ʨʝʟʘˁʘ ʤʦʨʘ ʙʠʪʠ ʤʘʣʘ ʠ ʫʿʝʜʥaʯʝʥʘ. 

ʅʘʿʟʥʘʯʘʿʥʠʿʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʞʠʤʘ ʦʙʨʘʜʝ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʿʝ ʤʘʢʩʠʤʘʣʥʘ ʜʝʙˀʠʥʘ 

ʩʪʨʫʛʦʪʠʥʝ. ʀʩʪʨʘʞʠʚʘˁʘ ʩʫ ʧʦʢʘʟʘʣʘ ʜʘ ʜʦ 0,8[mm]ʜʝʙˀʠʥʝ ʩʪʨʫʛʦʪʠʥʝ ʥʝ ʜʦʣʘʟʠ ʜʦ 
ʧʦʚʨʘʪʥʦʛ ʫʜʘʨʘ ʦʙʨʘʪʢʘ.ʇʦʩʪʠʟʘˁʝ ʠ ʦʜʨʞʘʚʘˁʝ ʢʦʥʩʪʘʥʪʥʝ ʠ ʤʘʣʝ ʜʝʙˀʠʥʝ ʩʪʨʫʛʦʪʠʥʝ 

ʧʦʩʪʠʞʝ ʩʝ ʫʿʝʜʥʘʯʝʥʠʤ ʨʫʯʥʠʤ ʧʦʤʝʨʘˁʝʤ ʦʙʨʘʪʢʘ,ʧʨʝʯʥʠʢʦʤ ʛʣʦʜʘʣʘ ʠ ʜʫʙʠʥʦʤ ʛʣʦʜʘˁʘ. 

hmax = 2z szᶻ  ɀ  

 ʊʦ ʿʝ ʚʨʣʦ ʪʝʰʢʦ ʧʦʩʪʠ˂ʠ ʪʝ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ, ʢʘʜ ʿʝ ʪʦ ʤʦʛʫ˂ʝ ʠ ʨʘʮʠʦʥʘʣʥʦ, 

ʢʦʨʠʩʪʠʪʠ ʢʦʥʚʝʿʝʨʝ ʟʘ ʠʟʚʦ˂ʝˁʝ ʘʫʪʦʤʘʪʩʢʦ ʧoʤʦ˂ʥʦʛ ʢʨʝʪʘˁʘ. 

ʈʝʟʥʠ ʘʣʘʪ ʧʨʝʜʩʪʘʚˀʘ ʙʠʪʘʥ ʬʘʢʪʦʨ ʟʘ ʙʝʟʙʝʜʥʦʩʪ ʧʦ ʟʘʧʦʩʣʝʥʝ ʫ ʧʨʦʮʝʩʫ ʦʙʨʜʝ 

ʛʣʦʜʘˁʝʤ. ʇʨʚʝʥʩʪʚʝʥʦ ʛʣʦʜʘʣʦ ʤʦʨʘ ʙʠʪʠ ʠʩʧʨʘʚʥʦ ʠʟʘʙʨʘʥʦ ʧʨʝʤʘ ʩʚʦʿʠʤ ʫʛʨʘʜʥʠʤ 

ʟʘʭʪʝʚʠʤʘ ʠ ʫʚʝʢ ʧʨʘʚʠʣʥʦ ʥʘʦʰʪʨʝʥʦ (ʩʣʠʢʘ 3). ʇʦʜ ʩʚʠʤ ʦʩʪʘʣʠʤ ʠʩʪʠʤ ʫʩʣʦʚʠʤʘ 

ʝʢʩʧʣʦʘʪʘʮʠʿʝ ʛʣʦʜʘʣʘ ʧʨʘʚʠʣʥʦ ʥʘʦʰʪʝʨʥʦ ʛʣʦʜʘʣʦ ʦʙʝʟʙʝʹʫʿʝ ʤʘˁʝ ʩʠʣʝ ʨʝʟʘˁʘ. 

 

 

ʉʣʠʢʘ 3. ʌʦʪʦʛʨʘʬʠʿʘ ʦʰʪʝ˂ʝʥʦʛ ʩʝʯʠʚʘ ʛʣʦʜʘʣʘ 
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ʊʝʭʥʠʯʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʛʣʦʜʘʣʘ ʩʫ: 

¶ ʤʘʢʩʠʤʘʣʥʘ ʧʦʩʪʦʿʘʥʦʩʪ ʛʣʦʜʘʣʘ, 

¶ ʧʨʘʚʠʣʥʦ ʦʜʨʞʘʚʘˁʝ ʛʝʦʤʝʪʨʠʿʝ ʩʝʯʠʚʘ ʚʝʣʠʯʠʥʘ ʫʛʣʦʚʘ ʟʘʚʠʩʝ ʦʜ ʤʘʪʝʨʠʿʘʣʘ ʛʣʦʜʘʣʘ 

ʠ ʤʘʪʝʨʠʿʘʣʘ ʦʙʨʘʪʢʘ‌ ʣʝʹʥʠȠ ‍ ʫʛʘʦ ʢʣʠʥʘ ʠ   ʛʨʫʜʥʠ, 

¶ ʚʝʢ ʪʨʘʿʘˁʘ (ʤʘʢʩʠʤʘʣʥʠʦ 50 ʦʰʪʨʝˁʘ ʢʘʜʘ ʿʝ ʙʨʟʦʨʝʟʥʠ ʯʝʣʠʢ, ʦʜʥʦʩʥʦ 200 ʦʰʪʨʝˁʘ 
ʢʘʜʘ ʿʝ ʪʚʨʜʠ ʤʝʪʘʣ ʊʄ) ʠ  

¶ ʧʦʩʝʜʦʚʘˁʝ ʦʙʘʚʝʟʥʦʛ ʘʪʝʩʪʘ. 
ɸʪʝʩʪʠʨʘˁʝ ʛʣʦʜʘʣʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʩʝʜʦʚʘʥʿʝ ʫʪʠʩʥʫʪʫ ʦʟʥʘʢʫBG ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ 

ʿʝ: 

¶ ʠʟʚʨʰʝʥʦ ʩʪʘʪʠʯʢʦ/ʜʠʥʘʤʠʯʢʦ ʫʨʘʚʥʦʪʝʞʝˁʝ ʛʣʦʜʘʣʘ, 

¶ ʚʨʩʪʫ ʤʘʪʝʨʠʿʘʣʘ ʛʣʦʜʘʣʘ, 

¶ ʦʟʥʘʯʝʥʫ ʙʨʟʠʥʫ ʦʙʨʪʘˁʘ (n), 

¶ ʦʟʥʘʢʫ ʧʨʦʠʟʚʦ˂ʘʯʘ (ʬʘʙʨʠʯʢʠ ʣʦʛʦ), 

¶ ʠʟʚʨʰʝʥʫ ʢʦʥʪʨʦʣʫ ʥʘʧʨʩʣʠʥʘ, 

¶ ʪʦʣʝʨʘʥʮʠʿʫ ʦʪʚʦʨʘ ʟʘ ʮʝʥʪʨʠʨʘˁʝ ʠ ʩʪʝʟʘˁʝ ʠʪʜ. 

ɿɸʂɲʋʏɸʂ 

ʆʜ ʧʨʝʚʝʥʪʠʚʥʠʭ ʙʝʟʙʝʜʥʦʩʥʠʭ ʤʝʨʘ ʤʦʨʘ ʩʝ ʧʨʠʤʝʥʠʪʠ: 

¶ ʦʙʘʚʝʟʥʘ ʟʘʙʨʘʥʘ ʫʧʦʪʨʝʙʝ ʦʰʪʝ˂ʝʥʠʭ ʘʣʘʪʘ ʠ ʥʝʠʩʧʨʘʚʥʝ ʤʘʰʠʥʝ, 

¶ ʦʙʘʚʝʟʥʘ ʫʧʦʪʨʝʙʘ ʘʪʝʩʪʠʨʘʥʠʭ ʛʣʦʜʘʣʘ, 

¶ ʦʙʘʚʝʟʥʘ ʫʧʦʪʝʨʙʘ ʟʘʰʪʠʪʥʠʢʘ ʠ ʙʝʟʙʝʜʥʦʩʥʠʭ ʫʨʝʹʘʿʘ, 

¶ ʧʨʠʤʝʥʘ ʙʝʟʙʝʜʥʦʩʥʠʭ ʤʝʪʦʜʘ ʨʘʜʘ ʦʜ ʩʪʨʘʥʝ ʨʫʢʦʚʘʦʮʘ (ʨʫʢʦʚʘʦʮʠ) 

¶ ʠʟʙʝʛʘʚʘʪʠ ʜʨʙʦʩʘ ʯʚʦʨʦʚʠʤʘ ʠ ʧʨʠʤʝʥʫ ʥʝʘʪʝʩʪʠʨʘʥʠʭ ʜʨʚʝʥʠʭ ʧʣʦʯʘ, 

¶ ʧʦʩʪʘʚˀʘˁʝ ʦʟʥʘʢʘ ʦ ʧʨʠʩʫʪʥʠʤ ʦʧʘʩʥʦʩʪʠʤʘ,  

¶ ʩʧʨʦʚʦʜʠʪʠ ʧʝʨʤʘʥʝʥʪʥʫ ʦʙʫʢʫ ʟʘʧʦʩʣʝʥʠʭ ʠ ʪʦ ʜʦʢʫʤʝʥʪʦʚʘʪʠ, 

¶ ʧʦʩʪʘʚʠʪʠ ʥʘ ʚʠʜʥʦʤ ʤʝʩʪʫ ʫʧʫʪʩʪʚʦ ʟʘ ʙʝʟʙʝʜʘʥ ʨʘʜ,  

¶ ʦʙʘʚʝʟʥʘ ʫʧʦʪʨʝʙʘ ʣʠʯʥʝ ʟʘʰʪʠʪʥʝ ʦʧʨʝʤʝ,( ʥʠʢʘʜʘ ʥʝ ʩʪʦʿʠ ʫ ʨʘʚʥʠ ʨʝʟʘˁʘ ʠ ʧʨʘʚʮʘ 
ʧʦʤʝʨʘʿʘ ʦʙʨʘʪʢʘ),  

¶ ʧʦʩʝʜʦʚʘˁʝ ʩʪʨʫʯʥʦʛ ʥʘʣʘʟʘʦ ʠʩʧʠʪʠʚʘˁʫ ʦʧʨʝʤʘ ʟʘ ʨʘʜ ʦʜ ʩʪʨʘʥʝ ʣʠʮʝʥʮʠʨʘʥʦʛ 
ʧʨʘʚʥʦʛ ʣʠʮʘ, 

¶ ʧʦʩʝʜʦʚʘˁʝ ʘʢʪʘ ʦ ʧʨʦʮʝʥʠ ʨʠʟʠʢʘ, 

¶ ʦʙʘʚʝʟʥʘ ʫʧʦʪʨʝʙʘ ʦʪʧʨʘʰʠʚʘʯʘ. 
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ʈɽɿʀʄɽ  

ʋ ʨʘʜʫ ʩʫ ʧʨʚʦ ʧʨʝʜʩʪʘʚˀʝʥʝ ʦʧʘʩʥʦʩʪʠ ʠ ʧʦʩʣʝʜʠʮʝ ʠʟʣʘʛʘˁʘ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦʤ ʟʨʘʯʝˁʫ, ʘ ʟʘʪʠʤ ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʫʣʪʨʘˀʫʙʠʯʘʩʪʦʛ ʟʨʘʯʝˁʘ ʫ ʤʝʜʠʮʠʥʩʢʦʿ ʠʥʩʪʠʪʫʮʠʿʠ, ʛʜʝ ʩʝ ʧʦʩʝʙʥʝ ʩʚʝʪʠˀʢʝ 

ʢʦʨʠʩʪʝ ʟʘ ʩʪʝʨʠʣʠʟʘʮʠʿʫ ʧʨʦʩʪʦʨʠʿʘ, ʢʘʦ ʠ ʪʨʝʪʤʘʥ ʧʘʮʠʿʝʥʘʪʘ ʩʘ ʜʝʨʤʘʪʦʣʦʰʢʠʤ ʧʨʦʙʣʝʤʠʤʘ. ʅʘʢʦʥ ʪʦʛʘ, 

ʘʥʘʣʠʟʠʨʘʥʝ ʩʫ ʧʨʦʮʝʜʫʨʝ ʙʝʟʙʝʜʥʦʛ ʨʘʜʘ ʩʘ ʬʠʢʩʥʠʤ ʠ ʧʦʢʨʝʪʥʠʤ ʫʣʪʨʘˀʫʙʠʯʘʩʪʠʤ ʩʚʝʪʠˀʢʘʤʘ, ʪʝ ʩʫ ʜʘʪʝ 

ʧʨʝʧʦʨʫʢʝ ʟʘ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʧʦ ʟʘʧʦʩʣʝʥʦ ʤʝʜʠʮʠʥʩʢʦ ʠ ʧʦʤʦ˂ʥʦ ʦʩʦʙˀʝ.  

ʂˀʫʯʥʝ ʨʝʯʠ:  ʫʣʪʨʘˀʫʙʠʯʘʩʪʦ ʟʨʘʯʝˁʝ, ʤʝʜʠʮʠʥʩʢʝ ʫʩʪʘʥʦʚʝ, ʧʨʦʮʝʜʫʨʝ ʟʘ ʙʝʟʙʝʜʘʥ ʨʘʜ.  

EXPOSURE TO ULTRAVIOLET IRRADIAT ION IN MEDICAL 

INSTITUTIONS  

ABSTRACT  

The paper first presents hazards and consequences of exposure to ultraviolet irradiation, followed by 

measurement results of ultraviolet irradiation in a medical institution, where special lamps are used for sterilization of 

rooms, as well as in the treatment of patients with dermatologic problems. Procedures for safe work with fixed and 

portable ultraviolet lights are then analyzed and the recommendations for the risk reduction are given for medical and 

auxiliary staff.  

Key words:  UV irradiation, medical institutions, procedures for safe work.  

1. ʋɺʆɼ 

ʋʣʪʨʘˀʫʙʠʯʘʩʪʦ (ʋɺ) ʟʨʘʯʝˁʝ ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʛ ʟʨʘʯʝˁʘ ʫ 

ʠʥʪʝʨʚʘʣʫ ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ ʦʜ 100 ʜʦ 400 nm. ʋɺ ʟʨʘʯʝˁʝ ʝʤʠʪʫʿʝ ʉʫʥʮʝ ʠ ʦʥʦ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʫ ʝʚʦʣʫʮʠʿʠ ʠ ʥʘʩʪʘʥʢʫ ʞʠʚʦʛ ʩʚʝʪʘ, ʟʙʦʛ ʩʚʦʿʝ ʫʣʦʛʝ ʫ ʨʘʟʥʠʤ ʙʠʦʭʝʤʠʿʩʢʠʤ ʧʨʦʮʝʩʠʤʘ ʫ 

˂ʝʣʠʿʘʤʘ ʞʠʚʠʭ ʙʠ˂ʘ. ɾʠʚʠ ʩʚʝʪ ʩʝ ʝʚʦʣʫʪʠʚʥʦ ʧʨʠʣʘʛʦʜʠʦ ʥʠʚʦʠʤʘ ʠ ʩʧʝʢʪʨʠʤʘ ʩʦʣʘʨʥʦʛ 
UV ʟʨʘʯʝˁʘ ʫ ʩʚʦʤ ʞʠʚʦʪʥʦʤ ʩʪʘʥʠʰʪʫ-ʧʦʜʥʝʙˀʫ [1-3].  

ʀʘʢʦ ʩʫ ʰʪʝʪʥʠ ʝʬʝʢʪʠ ʜʝʿʩʪʚʘ ʋɺ ʟʨʘʯʝˁʘ ʥʘ ʞʠʚʝ ʦʨʛʘʥʠʟʤʝ ʧʦʟʥʘʪʠ ʿʦʰ ʫ 19. ʚʝʢʫ, 

ʋɺ ʟʨʘʯʝˁʝ ʿʝ ʠʟʘʟʚʘʣʦ ʦʧʰʪʫ ʤʝʜʠʿʩʢʫ ʧʘʞˁʫ ʪʝʢ 80-ʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, ʦʪʢʨʠ˂ʝʤ 

ʩʤʘˁʝʥʝ ʜʝʙˀʠʥʝ ʦʟʦʥʩʢʦʛ ʦʤʦʪʘʯʘ ʠʟʥʘʜ ɸʥʪʘʨʢʪʠʢʘ ʠ ʧʦʿʘʚʦʤ Ăʦʟʦʥʩʢʠʭ ʨʫʧʘñ. ʆʟʦʥ (ʆ3) 

ʿʝ ʥʝʩʪʘʙʠʣʘʥ ʛʘʩ, ʢʦʿʠ ʫ ʚʠʰʠʤ ʩʣʦʿʝʚʠʤʘ ʘʪʤʦʩʬʝʨʝ ʚʨʰʠ ʫʣʦʛʫ ʘʙʩʦʨʙʝʨʘ ʟʨʘʯʝˁʘ ʘ 

ʧʦʩʝʙʥʦ ʿʝ ʚʘʞʥʘ ˁʝʛʦʚʘ ʫʣʦʛʘ ʫ ʘʧʩʦʨʙʮʠʿʠ ʋɺ-ʎ ʟʨʘʯʝˁʘ. ʀʥʪʝʥʟʠʪʝʪ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ 

ʢʦʿʝ ʜʦʩʧʝʚʘ ʜʦ ʧʦʚʨʰʠʥʝ ɿʝʤˀʝ, ʫ ʦʧʩʝʟʠʤʘ ʋɺ, ʚʠʜˀʠʚʦʛ ʠ ʠʥʬʨʘʮʨʚʝʥʦʛ ʟʨʘʯʝˁʘ, 

ʜʠʨʝʢʪʥʦ ʟʘʚʠʩʠ ʦʜ ʜʝʙˀʠʥʝ ʦʟʦʥʩʢʦʛ ʩʣʦʿʘ. ʉʚʘʢʘ ʧʨʦʤʝʥʘ ʫ ʦʚʠʤ ʟʨʘʯʝˁʠʤʘ ʠʤʘ ʧʦʩʣʝʜʠʮʝ 

ʧʦ ʛʣʦʙʘʣʥʫ ʢʣʠʤʫ, ʙʠʦʩʬʝʨʫ ʠ ʙʠʦʮʝʥʦʟʫ, ʘ ʪʠʤʝ ʠ ʧʦ ʟʜʨʘʚˀʝ ˀʫʜʠ. ʋʚʝʜʝʥʘ ʿʝ ʩʢʘʣʘ 

ʠʥʪʝʥʟʠʪʝʪʘ ʦʜ 0 ʜʦ 10, ʛʜʝ ʿʝʜʘʥ ʧʦʜʝʦʢ ʧʨʝʜʩʪʘʚˀʘ ʩʥʘʛʫ ʦʜ 25 mW/cm
2 [1,2]  

ʈʘʟʚʦʿʝʤ ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ ʜʦʣʘʟʠ ʜʦ ʫʩʘʚʨʰʘʚʘˁʘ ʚʝʰʪʘʯʢʠʭ ʠʟʚʦʨʘ ʩʚʝʪʣʦʩʪʠ 

ʙʘʟʠʨʘʥʠʤ ʥʘ ʧʨʘʞˁʝˁʠʤʘ ʛʘʩʦʚʘ ʠ ʜʦ ˁʠʭʦʚʝ ʩʚʝ ʰʠʨʝ ʧʨʠʤʝʥʝ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʞʠʚʦʪʫ. 

ʅʝʢʠ ʦʜ ʪʠʭ ʠʟʚʦʨʘ ʫ ʩʚʦʤ ʩʧʝʢʪʨʫ ʩʘʜʨʞʝ ʠ ʦʜʨʝʹʝʥʫ ʢʦʣʠʯʠʥʫ ʋɺ ʟʨʘʯʝˁʘ. ʋ ʚʝʰʪʘʯʢʝ 

ʠʟʚʦʨʝ ʋɺ ʟʨʘʯʝˁʘ ʩʧʘʜʘʿʫ: ʫʞʘʨʝʥʝ ʣʘʤʧʝ, ʬʣʫʦʨʝʩʮʝʥʪʥʝ ʣʘʤʧʝ, ʋɺ ʃɽɼ ʣʘʤʧʝ, ʭʘʣʦʛʝʥʝ 

ʣʘʤʧʝ ʠ ʋɺ ʣʘʩʝʨʠ [4-6]. ʋ ʠʥʜʫʩʪʨʠʿʠ, ʧʦʩʝʙʥʝ ʋɺ ʣʘʤʧʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʰʪʘʤʧʠ (ʦʬʩʝʪ, ʩʫʚʠ 

ʦʬʩʝʪ, ʬʣʝʢʩʦ ʰʪʘʤʧʘ, ʰʪʘʤʧʘˁʝ ʥʘʣʝʧʥʠʮʘ, ʥʘ ʩʪʘʢʣʫ, ʥʘ ʧʣʘʩʪʠʯʥʠʤ ʰʦˀʘʤʘ ʠ ʜʨʫʛʦʿ 

ʘʤʙʘʣʘʞʠ), ʠʟʨʘʜʠ ʰʪʘʤʧʘʥʠʭ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʣʦʯʘ, ʰʪʘʤʧʘˁʫ ʥʘ ʢʦʤʧʘʢʪ ʜʠʩʢʦʚʠʤʘ, 

                                                             
1
 ɺʠʩʦʢʘ ʊʝʭʥʠʯʢʘ ʐʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ ʫ ʅʦʚʦʤ ʉʘʜʫ, ʐʢʦʣʩʢʘ 1, ʅʦʚʠ ʉʘʜ, ʉʨʙʠʿʘ 
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ʦʯʚʨʰ˂ʘʚʘˁʫ ʧʦʩʝʙʥʠʭ ʣʝʧʠʣʘ ʠ ʧʦʣʠʤʝʨʘ ʟʘ ʧʨʝʩʚʣʘʯʝˁʝ ʤʝʪʘʣʘ, ʜʨʚʝʪʘ ʠ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʿʘʣʘ. ʂʨʘʪʢʦʪʘʣʘʩʥʦ ʋɺ-ʎ ʟʨʘʯʝˁʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʩʪʝʨʠʣʠʟʘʮʠʿʫ ʚʦʜʝ ʠ ʚʘʟʜʫʭʘ. 

ʀʟʚʦʨʠ ʋɺ-ɹ ʟʨʘʯʝˁʘ, ʢʚʘʨʮʥʝ ʣʘʤʧʝ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʝ ʮʝʚʠ ʟʘ ʋɺ-ɹ ʦʙʣʘʩʪ, ʩʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝˁʫʿʫ ʫ ʙʠʦʣʦʛʠʿʠ, ʤʝʜʠʮʠʥʠ, ʠ ʢʦʟʤʝʪʠʮʠ. ʉʥʘʞʥʝ ʭʘʣʦʛʝʥʝ ʩʠʿʘʣʠʮʝ, ʢʦʿʝ ʩʫ ʪʘʢʦʹʝ 

ʠʥʪʝʥʟʠʚʘʥ ʠʟʚʦʨ ʋɺ ʟʨʘʯʝˁʘ, ʢʦʨʠʩʪʝ ʩʝ ʫ ʢʦʟʤʝʪʠʯʢʝ ʠ ʜʝʨʤʘʪʦʣʦʰʢʝ ʩʚʨʭʝ.  

 ʆʩʥʦʚʥʠ ʤʘʪʝʨʠʿʘʣ ʫ ʋɺ ʣʘʤʧʘʤʘ ʥʠʩʢʦʛ ʧʨʠʪʠʩʢʘ ʿʝ ʞʠʚʘ, ʘʣʠ ʩʝ ʟʘ ʦʜʨʝʹʝʥʝ 

ʩʚʨʭʝ ʣʘʤʧʝ ʜʦʧʠʨʘʿʫ ʛʘʣʠʿʫʤʦʤ, ʠʥʜʠʿʫʤʦʤ, ʛʚʦʞʹʝʤ ʠ ʢʦʤʙʠʥʘʮʠʿʘʤʘ. ʊʠʤʝ ʩʝ ʫʪʠʯʝ ʥʘ 

ʪʘʯʘʥ ʩʘʩʪʘʚ ʩʧʝʢʪʨʘ ʣʘʤʧʝ [4-6].  

 ʇʦʨʝʜ ʚʝ˂ ʧʦʟʥʘʪʠʭ ʦʧʘʩʥʦʩʪʠ ʠ ʰʪʝʪʥʦʩʪʠ ʋɺ ʟʨʘʯʝˁʘ ʧʦ ʢʦʞʫ ʠ ʦʯʠ, ʋɺ 

ʟʨʘʯʝˁʝ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʩʪʚʘʨʘˁʘ ʪʦʢʩʠʯʥʠʭ ʿʝʜʠˁʝˁʘ. ʅʘʠʤʝ ʋɺ-ʎ ʟʨʘʯʝˁʘ, ʪʘʣʘʩʥʝ 

ʜʫʞʠʥʝ ʠʩʧʦʜ 250 nm ʤʦʞʝ ʧʨʦʠʟʚʝʩʪʠ ʦʟʦʥ ʠ ʘʟʦʪʥʝ ʦʢʩʠʜʝ, ʘʣʠ ʤʦʞʝ ʠ ʜʘ ʧʨʝʚʝʜʝ 

ʭʣʦʨʠʩʘʥʝ ʫʛˀʦʚʦʜʦʥʠʢʝ ʫ ʦʪʨʦʚʥʠ ʬʦʟʛʝʥ ʠ ʭʣʦʨʦʚʦʜʦʥʠʢ. ɼʘʢʣʝ, ʧʨʦʩʪʦʨʠʿʝ ʫ ʢʦʿʠʤʘ ʩʝ 

ʥʘʣʘʟʝ ʚʝʰʪʘʯʢʠ ʠʟʚʦʨʠ ʋɺ ʟʨʘʯʝˁʘ ʤʦʨʘʿʫ ʠʤʘʪʠ ʠ ʘʜʝʢʚʘʪʥʫ ʚʝʥʪʠʣʘʮʠʿʫ.  

 ʋ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ, ʨʘʜʠ ʤʦʜʝ ʠʣʠ ʢʘʦ ʧʨʠʧʨʝʤʫ ʟʘ ʣʝʪˁʠ 

ʛʦʜʠʰˁʠ ʦʜʤʦʨ, ʩʚʝ ʚʝ˂ʠ ʙʨʦʿ ˀʫʜʠ ʧʨʠʙʝʛʘʚʘ ʚʝʰʪʘʯʢʦʤ ʩʫʥʯʘˁʫ ʫ ʢʦʟʤʝʪʠʯʢʠʤ ʩʘʣʦʥʠʤʘ 

- ʩʦʣʘʨʠʿʫʤʠʤʘ. ʄʥʦʛʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫʧʫ˂ʫʿʫ ʥʘ ʰʪʝʪʥʘ ʜʝʿʩʪʚʘ ʚʝʰʪʘʯʢʦʛ ʋɺ ʟʨʘʯʝˁʘ, 

ʥʘʨʦʯʠʪʦ ʟʘ ˀʫʜʝ ʩʘ ʦʩʝʪˀʠʚʦʤ ʢʦʞʦʤ, ʪʝ ʩʝ ʠʟʣʘʛʘˁʝ ʦʚʠʤ ʚʝʰʪʘʯʢʠʤ ʠʟʚʦʨʠʤʘ ʋɺ 

ʟʨʘʯʝˁʘ ʫ ʢʦʟʤʝʪʠʯʢʝ ʩʚʨʭʝ ʥʝ ʧʨʝʧʦʨʫʯʫʿʝ. 

 ʅʘʞʘʣʦʩʪ, ʰʪʝʪʥʠ ʝʬʝʢʪʠ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʨʝʢʦʤʝʨʥʦʛ ʠʟʣʘʛʘˁʘ 

ʋɺ ʟʨʘʯʝˁʫ ʥʠʩʫ ʪʨʝʥʫʪʥʠ ʠ ʦʜʤʘʭ ʚʠʜˀʠʚʠ, ʚʝ˂ ʩʝ ʘʢʫʤʫʣʠʨʘʿʫ ʫ ʦʨʛʘʥʠʟʤʫ ʠ ʠʩʧʦˀʘʚʿʫ 

ʛʦʜʠʥʘʤʘ ʢʘʩʥʠʿʝ, ʢʘʜ ʚʝ˂ ʫʚʝʣʠʢʦ ʧʦʩʪʦʿʝ ʦʰʪʝ˂ʝˁʘ. ʂʘʢʦ ʿʝ ʋɺ ʟʨʘʯʝˁʝ ʥʝʚʠʜˀʠʚʦ ʟʘ 

ˀʫʜʩʢʦ ʦʢʦ ʠ ʥʝʦʩʝʪʥʦ ʟʘ ʦʩʪʘʣʘ ˀʫʜʩʢʘ ʯʫʣʘ, ʯʦʚʝʢ ʥʠʿʝ ʫ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʘʤ ʧʨʦʮʝʥʠ ʥʠʚʦ 

ʩʚʦʿʝ ʠʟʣʦʞʝʥʦʩʪʠ ʋɺ ʟʨʘʯʝˁʫ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʧʦʚʝ˂ʘʪʠ ʠʥʬʦʨʤʠʩʘʥʦʩʪ ʠ ʝʜʫʢʘʮʠʿʫ 
ʩʪʘʥʦʚʥʠʰʪʚʘ ʦ ʰʪʝʪʥʦʤ ʜʝʿʩʪʚʫ ʋɺ ʟʨʘʯʝˁʘ ʢʘʦ ʠ ʦ ʤʝʨʘʤʘ ʟʘʰʪʠʪʝ. 

ʋ ʤʥʦʛʠʤ ʟʝʤˀʘʤʘ ʧʦʩʪʦʿʝ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ ʠ ʧʨʦʧʠʩʠ ʢʦʿʠʤʘ ʩʝ ʨʝʛʫʣʠʰʝ 

ʢʦʨʠʰ˂ʝˁʝ ʠ ʢʦʥʪʨʦʣʘ ʚʝʰʪʘʯʢʠʭ ʠʟʚʦʨʘ ʋɺ ʟʨʘʯʝˁʘ, ʧʦʩʝʙʥʦ ʦʥʠʭ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʚʝʰʪʘʯʢʦ ʩʫʥʯʘˁʝ. ʋ ʨʘʟʥʠʤ ʟʝʤˀʘʤʘ ʿʝ ʦʙʘʚʝʟʘ ʜʘ ʩʝ ʩʘʚʝʪʠ ʠ ʧʨʝʧʦʨʫʢʝ ʦ ʠʟʣʘʛʘˁʫ ʚʠʜʥʦ 

ʠʩʪʘʢʥʫ ʫ ʩʚʘʢʦʤ ʩʦʣʘʨʠʿʫʤʫ.  

2. ɺʈʉʊɽ ʋʃʊʈɸɲʋɹʀʏɸʉʊʆɻ ɿʈɸʏɽɳɸ ʀ ɳʀʍʆɺ ʋʊʀʎɸɱ  

ɽʬʝʢʪʠ ʉʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ ʥʘ ˀʫʜʩʢʠ, ʘʣʠ ʠ ʥʘ ʩʚʘʢʠ ʜʨʫʛʠ ʞʠʚʠ ʦʨʛʘʥʠʟʘʤ, ʟʘʚʠʩʝ ʦʜ 

ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ, ʠʥʪʝʥʟʠʪʝʪʘ ʠ ʜʫʞʠʥʝ ʜʝʿʩʪʚʘ ʟʨʘʯʝˁʘ, ʢʘʦ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʩʚʘʢʦʛ ʦʨʛʘʥʠʟʤʘ 

ʜʘ ʩʝ ʦʜʙʨʘʥʠ ʦʜ ʰʪʝʪʥʦʛ ʜʝʿʩʪʚʘ.  

2.1. ʆʩʥʦʚʥʘ ʧʦʜʝʣʘ ʋɺ ʟʨʘʯʝˁʘ 

ɿʘʚʠʩʥʦ ʦʜ ʙʠʦʣʦʰʢʠʭ ʝʬʝʢʘʪʘ, ʋɺ ʟʨʘʯʝˁʝ ʿʝ ʧʦʜʝˀʝʥʦ ʫ ʪʨʠ ʦʩʥʦʚʥʝ ʦʙʣʘʩʪʠ [1-3]: 

1) ʋɺ-ʎ ʟʨʘʯʝˁʝ (100-290 nm) ʿʝ ʥʘʿʚʝ˂ʝʛ ʩʧʝʮʠʬʠʯʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʠ ˁʝʛʘ ʘʧʩʦʨʙʫʿʫ 

ʩʚʝ ˂ʝʣʠʿʩʢʝ ʢʦʤʧʦʥʝʥʪʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʥʫʢʣʝʠʥʩʢʝ ʢʠʩʝʣʠʥʝ, ʪʝ ʦʥʦ ʜʠʨʝʢʪʥʦ ʜʝʣʫʿʝ 

ʥʘ ʛʝʥʝʪʩʢʠ ʤʘʪʝʨʠʿʘʣ ʠ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʩʤʨʪ ˂ʝʣʠʿʘ. ʉʫʥʯʝʚʦ ʋɺ-ʎ ʟʨʘʯʝˁʝ ʿʝ ʩʘʩʚʠʤ 

ʘʧʩʦʨʙʦʚʘʥʦ ʦʜ ʩʪʨʘʥʝ ʦʟʦʥʩʢʦʛ ʦʤʦʪʘʯʘ, ʪʘʢʦ ʜʘ ʥʝ ʤʦʞʝ ʫʛʨʦʟʠʪʠ ʞʠʚʠ ʩʚʝʪ ɿʝʤˀʝ. 

ʆʚʦ ʟʨʘʯʝˁʝ, ʧʦʛʦʪʦʚʦ ʥʘ ʪʘʣʘʩʥʠʤ ʜʫʞʠʥʘʤʘ ʤʘˁʠʤ ʦʜ 200 nm, ʩʣʘʙʦ ʧʨʦʣʘʟʠ ʢʨʦʟ 

ʦʙʠʯʥʦ ʩʪʘʢʣʦ ʘ ʠ ʜʝʣʠʤʠʯʥʦ ʩʝ ʘʧʩʦʨʙʫʿʝ ʫ ʚʘʟʜʫʭʫ. ʅʘʿʦʧʘʩʥʠʿʝ ʿʝ ʜʝʣʦʚʘˁʝ ʥʘ 

ʪʘʣʘʩʥʠʤ ʜʫʞʠʥʘʤʘ ʦʢʦ 270 nm, ʢʦʿʝ ʠʟʘʟʠʚʘ ʬʦʪʦʢʝʨʘʪʠʪʠʩ ʠ ʬʦʪʦʢʦˁʫʢʪʠʚʠʪʠʩ.  

2) ʋɺ-ɹ ʟʨʘʯʝˁʝ (290-320 nm) ʿʝ ʫʛʣʘʚʥʦʤ ʘʧʩʦʨʙʦʚʘʥʦ ʦʜ ʩʪʨʘʥʝ ʘʪʤʦʩʬʝʨʝ ʪʦ ʿʝ ʤʘʣʦ 

ʟʘʩʪʫʧˀʝʥʦ ʫ ʉʫʥʯʝʚʦʤ ʟʨʘʯʝˁʫ ʢʦʿʝ ʜʦʩʧʝʚʘ ʜʦ ʧʦʚʨʰʠʥʝ ɿʝʤˀʝ (ʩʚʝʛʘ ʦʢʦ 2%). 

ʄʝʹʫʪʠʤ, ʦʚʘʿ ʜʝʦ ʋɺ ʟʨʘʯʝˁʘ ʿʝ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʟʘ ʞʠʚʝ ʦʨʛʘʥʠʟʤʝ ʿʝʨ ʿʝ ʦʜʛʦʚʦʨʘʥ ʟʘ 

ʥʘʿʚʝ˂ʠ ʙʨʦʿ ʧʨʦʤʝʥʘ - ʢʦʥʚʝʨʟʠʿʫ ʚʠʪʘʤʠʥʘ ɼ3, ʦʧʝʢʦʪʠʥʝ, ʤʫʪʘʮʠʿʝ, ʩʪʚʘʨʘˁʝ 
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ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ, ʧʨʝʚʨʝʤʝʥʦ ʩʪʘʨʝˁʝ, ʢʘʨʮʠʥʦʛʝʥʝʟʫ ʠ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʘʥ 

ʬʘʢʪʦʨ ʫ ʨʘʟʚʦʿʫ ʢʘʪʘʨʘʢʪʝ ʦʢʘ. ɼʝʣʠʤʠʯʥʦ ʛʘ ʫʧʠʿʘ ʦʙʠʯʥʦ ʩʪʘʢʣʦ. 

3) ʋɺ-ɸ ʟʨʘʯʝˁʝ (320-400 nm) ʧʨʦʜʠʨʝ ʜʫʙˀʝ ʫ ʢʦʞʫ ʦʜ ʋɺ-ɹ ʟʨʘʯʝˁʘ, ˁʝʛʦʚʦ ʜʝʿʩʪʚʦ 

ʿʝ ʢʫʤʫʣʘʪʠʚʥʦ ʠ ʠʩʧʦˀʘʚʘ ʩʝ ʤʥʦʛʦ ʢʘʩʥʠʿʝ ʥʘʢʦʥ ʠʟʣʘʛʘˁʘ ʉʫʥʮʫ. ʅʝ ʤʦʞʝ ʜʘ ʩʝ 

ʦʩʝʪʠ ʯʫʣʠʤʘ ʠ ʟʙʦʛ ʪʦʛʘ ʩʝ ʚʝʨʦʚʘʣʦ ʜʘ ʿʝ ʙʝʟʦʧʘʩʥʦ. ʄʝʹʫʪʠʤ, ʦʥʦ ʠʟʘʟʠʚʘ ʩʪʚʘʨʘˁʝ 

ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ, ʢʦʿʠ ʜʝʣʫʿʫ ʥʘ ʛʝʥʝʪʩʢʠ ʤʘʪʝʨʠʿʘʣ, ɼʅʂ ʬʫʥʢʮʠʦʥʘʣʥʝ ʧʨʦʪʝʠʥʝ 

ʠ ˂ʝʣʠʿʩʢʝ ʤʝʤʙʨʘʥʝ. ʋɺ-ɸ ʟʨʘʯʝˁʝ ʿʝ ʦʜʛʦʚʦʨʥʦ ʟʘ ʧʦʿʘʚʫ ʬʦʪʦʜʝʨʤʘʪʦʟʘ ʠ 

ʬʦʪʦʩʝʥʟʠʙʠʣʘʮʠʿʫ ʝʛʟʦʛʝʥʠʭ ʠʣʠ ʝʥʜʦʛʝʥʠʭ ʩʫʧʩʪʘʥʮʠ ʧʨʠʩʫʪʥʠʭ ʫ ʢʦʞʠ. ʋɺ-ɸ 

ʟʨʘʯʝˁʝ ʧʦʿʘʯʘʚʘ ʝʬʝʢʪʝ ʋɺ-ɹ ʟʨʘʯʝˁʘ, ʜʦʧʨʠʥʦʩʠ ʭʨʦʥʠʯʥʠʤ ʦʰʪʝ˂ʝˁʠʤʘ ʢʦʞʝ ʠ 

ʦʯʠʿʫ, ʠʤʫʥʦʣʦʰʢʠʤ ʨʝʘʢʮʠʿʘʤʘ, ʩʪʘʨʝˁʫ ʠ ʧʦʿʘʚʠ ʙʦʨʘ, ʘ ʚʝʨʫʿʝ ʩʝ ʜʘ ʿʝ ʫ ʜʠʨʝʢʪʥʦʿ 

ʚʝʟʠ ʩʘ ʧʦʿʘʚʦʤ ʤʝʣʘʥʦʤʘ. 

 ʆʩʪʘʣʘ ʋɺ ʟʨʘʯʝˁʘ, ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ ʠʩʧʦʜ 100 nm, ʩʝ ʥʝ ʿʘʚˀʘʿʫ ʫ ʧʨʠʨʦʜʠ, 

ʪʝ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʩʘʤʦ ʫ ʧʦʩʝʙʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ.  

 ʆʜ ʫʢʫʧʥʦʛ ʋɺ ʟʨʘʯʝˁʘ ʢʦʿʝ ʜʦʩʧʝʚʘ ʜʦ ʙʠʦʩʬʝʨʝ ɿʝʤˀʝ, 98% ʯʠʥʠ ʋɺ-ɸ 

ʟʨʘʯʝˁʝ (ɚ= 320-400 nm), ʘ ʩʚʝʛʘ ʦʢʦ 2% ʋɺ-ɹ (ɚ= 290-320 nm) ʜʝʦ ʩʧʝʢʪʨʘ. ʋɺ-ɹ ʟʨʘʯʝˁʝ ʿʝ 

ʦʜʛʦʚʦʨʥʦ ʟʘ ʧʦʿʘʚʫ ʮʨʚʝʥʠʣʘ ʠ ʦʧʝʢʦʪʠʥʘ ʥʘ ʢʦʞʠ. ɼʝʿʩʪʚʦ ʋɺ-ɸ ʟʨʘʯʝˁʘ ʩʝ ʥʠ ʥʘ ʢʦʿʠ 

ʥʘʯʠʥ ʥʝ ʤʦʞʝ ʦʩʝʪʠʪʠ ʠ ʟʙʦʛ ʪʦʛʘ ʩʝ ʜʫʛʦ ʚʝʨʦʚʘʣʦ ʜʘ ʿʝ ʟʘ ʦʨʛʘʥʠʟʘʤ ʙʝʟʦʧʘʩʥʦ. ʆʚʘʢʚʦ 

ʤʠʰˀʝˁʝ ʿʝ ʦʧʦʚʨʛʥʫʪʦ ʠʩʧʠʪʠʚʘˁʠʤʘ ʢʦʿʘ ʩʫ ʦʙʘʚˀʝʥʘ ʫ ʧʦʩʣʝʜˁʠʭ ʜʚʘʜʝʩʝʪʘʢ ʛʦʜʠʥʘ. 

2.2. ʅʝʞʝˀʝʥʠ ʝʬʝʢʪʠ ʢʦʜ ʯʦʚʝʢʘ 

ɽʥʝʨʛʠʿʘ ʬʦʪʦʥʘ ʧʨʠʨʦʜʥʦʛ ʋɺ ʟʨʘʯʝˁʘ ʿʝ ʜʦʚʦˀʥʘ ʜʘ ʨʘʟʛʨʘʜʠ ʭʝʤʠʿʩʢʝ ʚʝʟʝ ʫ 

ʤʦʣʝʢʫʣʠʤʘ ʢʦʞʝ ʠ ʦʯʠʿʫ ʠ ʪʠʤʝ ʠʟʘʟʦʚʝ ʦʟʙʠˀʥʝ ʙʠʦʣʦʰʢʝ ʰʪʝʪʝ, ʧʦʛʦʪʦʚʦ ʥʘ ʪʘʣʘʩʥʠʤ 

ʜʫʞʠʥʘʤʘ ʠʩʧʦʜ 315 nm.  

ʆʧʝʢʦʪʠʥʝ (ʝʨʠʪʝʤ) ʩʫ ʥʘʿʯʝʰ˂ʘ ʨʝʘʢʮʠʿʘ ʠ ʧʨʚʠ ʦʜʛʦʚʦʨ ʢʦʞʝ ʥʘ ʜʝʿʩʪʚʦ ʋɺ ʟʨʘʯʝˁʘ 
ʫʩʣʝʜ ʧʨʝʢʦʤʝʨʥʝ ʠʟʣʦʞʝʥʦʩʪʠ. ʅʘʩʪʘʿʫ ʧʦʩʣʝ ʥʠʟʘ ʬʦʪʦʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʠʟʘʟʚʘʥʠʭ 

ʘʧʩʦʨʧʮʠʿʦʤ ʬʦʪʦʥʘ ʦʜ ʩʪʨʘʥʝ ʭʨʦʤʦʬʦʨʘ ʨʘʩʧʦʨʝʹʝʥʠʭ ʫ ʢʦʞʠ ʘ ʤʘʥʠʬʝʩʪʫʿʫ ʩʝ ʧʦʿʘʚʦʤ 

ʮʨʚʝʥʠʣʘ ʫʩʣʝʜ ʟʘʧʘˀʝʥʩʢʠʭ ʧʨʦʮʝʩʘ ʢʦʞʝ. ʋ ʦʟʙʠˀʥʠʿʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʜʦʣʘʟʠ ʜʦ ʧʦʿʘʚʝ 

ʧʣʠʢʦʚʘ, ʙʦʣʘ, ʧʝʯʝˁʘ, ʩʚʨʘʙʘ, ʧʦʚʠʰʝʥʝ ʪʝʤʧʝʨʘʪʫʨʝ, ʤʫʯʥʠʥʝ, ʛʣʘʚʦʙʦˀʝ. ʆʩʥʦʚʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʨʠʪʝʤʘ ʩʝ ʨʘʟʣʠʢʫʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʠ ʜʦʟʝ ʟʨʘʯʝˁʘ ʢʦʿʝ ʛʘ 

ʿʝ ʠʟʘʟʚʘʣʦ. ʄʘʢʩʠʤʘʣʥʠ ʠʥʪʝʥʟʠʪʝʪ ʝʨʠʪʝʤ ʜʦʩʪʠʞʝ ʧʦʩʣʝ 8 ʜʦ 24 ʩʘʪʘ ʦʜ ʚʨʝʤʝʥʘ 

ʦʟʨʘʯʠʚʘˁʘ, ʘ ʟʘʪʠʤ ʩʝ ʧʦʚʣʘʯʠ ʧʦʩʣʝ ʥʝʢʦʣʠʢʦ ʜʘʥʘ. 

ɼʝʿʩʪʚʦ ʋɺ ʟʨʘʯʝˁʘ ʥʘ ʧʦʿʘʚʫ ʝʨʠʪʝʤʘ ʿʝ ʥʘʿʚʝ˂ʝ ʫ ʋɺ-ɹ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʥʘ ɚ= 297 nm 

ʠ ʩʤʘˁʫʿʝ ʩʝ ʧʨʝʤʘ ʛʨʘʥʠʮʠ ʩʘ ʋɺ-ɸ ʟʨʘʯʝˁʝʤ. ʋɺ-ɸ ʟʨʘʯʝˁʝ ʟʥʘʪʥʦ ʤʘˁʝ ʠʟʘʟʠʚʘ ʝʨʠʪʝʤ.  

ʌʦʪʦʜʝʨʤʘʪʦʟʝ (ʘʣʝʨʛʠʿʝ ʥʘ ʉʫʥʮʝ) ʩʫ ʦʙʦˀʝˁʘ ʢʦʞʝ ʟʙʦʛ ʜʝʿʩʪʚʘ ʋɺ ʟʨʘʯʝˁʘ. ʆʚʘʿ 

ʪʝʨʤʠʥ ʥʝ ʦʙʫʭʚʘʪʘ ʢʘʥʮʝʨʦʛʝʥʝ ʧʨʦʤʝʥʝ ʢʦʞʝ ʢʦʿʝ ʠʟʘʟʠʚʘ ʦʚʘʿ ʜʝʦ ʉʫʥʯʝʚʦʛ ʩʧʝʢʪʨʘ. 

ʋʟʨʦʮʠ ʥʘʩʪʘʥʢʘ ʬʦʪʦʜʝʨʤʘʪʦʟʝ ʤʦʛʫ ʙʠʪʠ: ʧʦʨʝʤʝ˂ʘʿ ʤʝʪʘʙʦʣʠʯʢʠʭ ʧʨʦʮʝʩʘ, ʣʝʢʦʚʠ ʠʣʠ 

ʭʝʤʠʢʘʣʠʿʝ ʢʦʿʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʩʠʩʪʝʤʘʪʩʢʠ ʠʣʠ ʧʨʝʢʦ ʢʦʞʝ, ʠʜʠʦʧʘʪʩʢʘ ʦʙʦˀʝˁʘ ʠ ʧʦʩʪʦʿʝ˂ʘ 

ʦʙʦˀʝˁʘ ʧʦʛʦʨʰʘʥʘ ʋɺ ʟʨʘʯʝˁʝʤ. 

ʌʦʪʦʩʝʥʟʠʙʠʣʘʮʠʿʝ ʩʫ ʥʝʫʦʙʠʯʘʿʝʥʝ ʨʝʘʢʮʠʿʝ ʦʨʛʘʥʠʟʤʘ ʥʘ ʜʝʿʩʪʚʦ ʩʦʣʘʨʥʦʛ ʟʨʘʯʝˁʘ 

ʫ ʧʨʠʩʫʩʪʚʫ ʦʜʨʝʹʝʥʠʭ ʩʫʧʩʪʘʥʮʠ. ʋ ʦʩʥʦʚʠ ʩʫ ʪʦ ʬʦʪʦʭʝʤʠʿʩʢʝ ʨʝʘʢʮʠʿʝ ʫ ʢʦʿʠʤʘ ʩʝ 

ʝʥʝʨʛʠʿʘ ʧʨʝʥʦʩʠ ʩʘ ʤʦʣʝʢʫʣʘ ʢʦʿʠ ʿʝ ʘʧʩʦʨʙʦʚʘʦ ʟʨʘʯʝˁʝ ʥʘ ʥʝʢʠ ʜʨʫʛʠ ʤʦʣʝʢʫʣ. 

ʌʦʪʦʩʝʥʟʠʙʠʣʘʪʦʨʠ ʤʦʛʫ ʙʠʪʠ ʝʛʟʦʛʝʥʝ (ʣʝʢʦʚʠ, ʭʨʘʥʘ, ʧʘʨʬʝʤʠ ʠ ʢʦʟʤʝʪʠʯʢʠ ʧʨʝʧʘʨʘʪʠ) 

ʠʣʠ ʝʥʜʦʛʝʥʝ (ʘʙʥʦʨʤʘʣʥʠ ʤʝʪʘʙʦʣʠʪʠ ʢʘʦ ʠ ʥʦʨʤʘʣʥʠ ʩʘʩʪʦʿʮʠ) ʩʫʧʩʪʘʥʮʝ, ʠʟʣʦʞʝʥʝ ʜʝʿʩʪʚʫ 

ʥʘ ʠʟʛʣʝʜ ʙʝʟʘʟʣʝʥʦʛ ʋɺ-ɸ ʟʨʘʯʝˁʘ. ʌʦʪʦʩʝʥʟʠʙʠʣʘʮʠʿʘ ʥʘ ʢʦʞʠ ʩʝ ʤʘʥʠʬʝʩʪʫʿʝ ʧʦʿʘʚʦʤ 

ʩʚʨʘʙʘ, ʧʣʠʢʦʚʘ, ʦʪʦʢʘ, ʧʦʿʘʯʘʥʝ ʧʠʛʤʝʥʪʘʮʠʿʝ ʠ ʥʝʦʯʝʢʠʚʘʥʦ ʿʘʢʠʭ ʦʧʝʢʦʪʠʥʘ. 

ʉʪʘʨʝˁʝ ʿʝ ʧʨʠʨʦʜʘʥ, ʨʝʛʨʝʩʠʚʘʥ ʧʨʦʮʝʩ, ʢʦʤʝ ʧʦʜʣʝʞʝ ʩʚʘʢʘ ʿʝʜʠʥʢʘ, ʧʨʘʢʪʠʯʥʦ ʚʝ˂ 

ʦʜ ʨʦʹʝˁʘ. ʉʪʘʨʝˁʝ ʧʦʜʨʘʟʫʤʝʚʘ ʠ ʧʨʦʤʝʥʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʫʩʣʝʜ ʩʪʘʣʥʦʛ ʥʝʧʦʚʦˀʥʦʛ ʜʝʿʩʪʚʘ 

ʘʛʨʝʩʠʚʥʠʭ ʬʘʢʪʦʨʘ. ʉʪʘʨʝˁʝ ʢʦʞʝ ʤʦʞʝ ʙʠʪʠ ʧʨʠʨʦʜʥʦ ʠʣʠ ʧʨʝʚʨʝʤʝʥʦ. ʇʨʠʨʦʜʥʦ ʩʪʘʨʝˁʝ 

ʿʝ ʛʝʥʝʪʩʢʠ ʧʨʝʦʜʨʝʹʝʥʦ ʠ ʦʜʨʘʞʘʚʘ ʩʝ ʥʘ ʢʦʞʠ ʪʝʢ ʦʢʦ 50. ʛʦʜʠʥʝ ʞʠʚʦʪʘ. ʇʨʝʚʨʝʤʝʥʦ 
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ʩʪʘʨʝˁʝ ʿʝ ʨʝʟʫʣʪʘʪ ʩʪʘʣʥʦʛ ʜʝʿʩʪʚʘ ʥʝʛʘʪʠʚʥʠʭ ʩʧʦˀʘʰˁʠʭ ʬʘʢʪʦʨʘ. ɿʘ ʢʦʞʫ ʿʝ 

ʥʘʿʘʛʨʝʩʠʚʥʠʿʝ ʫʧʨʘʚʦ ʋɺ ʟʨʘʯʝˁʝ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʧʨʦʤʝʥʝ ʢʦʿʝ ʦʥʦ ʠʟʘʟʠʚʘ ʦʟʥʘʯʘʚʘʿʫ ʢʘʦ 

ʬʦʪʦʩʪʘʨʝˁʝ. ʋɺ-ɸ ʟʨʘʯʝˁʝ ʟʘʧʦʯʠˁʝ ʦʢʩʠʜʘʮʠʦʥʝ ʧʨʦʮʝʩʝ ʠ ʜʦʚʦʜʠ ʜʦ ʩʪʚʘʨʘˁʘ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ.  

ʆʰʪʝ˂ʝˁʝ ʠʤʫʥʦʣʦʰʢʦʛ ʩʠʩʪʝʤʘ - ʋɺ-ɹ ʟʨʘʯʝˁʝ ʠʟʘʟʠʚʘ ʩʫʧʨʝʩʠʿʫ ʠʤʫʥʦʣʦʰʢʦʛ 

ʦʜʛʦʚʦʨʘ ʢʦʞʝ, ʢʘʦ ʰʪʦ ʿʝ ʢʦʥʪʘʢʪʥʘ ʘʣʝʨʛʠʿʩʢʘ ʨʝʘʢʮʠʿʘ ʥʘ ʭʝʤʠʢʘʣʠʿʝ, ʙʣʦʢʠʨʘ ˂ʝʣʠʿʩʢʠ 

ʠʤʫʥʠʪʝʪ, ʧʨʦʮʝʩ ʬʘʛʦʮʠʪʦʟʝ, ʝʣʠʤʠʥʠʘʮʠʿʫ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʠʟ ʣʠʤʬʥʦʛ ʪʢʠʚʘ ʠ ʩʧʨʝʯʘʚʘ 

ʦʜʙʘʮʠʚʘˁʝ ʠʟʤʝˁʝʥʠʭ ʝʧʠʜʝʨʤʘʣʥʠʭ ˂ʝʣʠʿʘ-˂ʝʣʠʿʘ ʪʫʤʦʨʘ. ʋɺ-ɸ ʟʨʘʯʝˁʝ ʧʨʦʜʠʨʝ ʫ ʜʫʙˀʝ 

ʩʣʦʿʝʚʝ ʢʦʞʝ ʠ ʠʤʘ ʩʝʣʝʢʪʠʚʥʦ ʜʝʿʩʪʚʦ ʥʘ ʣʠʧʠʜʥʝ ˂ʝʣʠʿʝ. 

ɼʝʿʩʪʚʦ ʥʘ ʦʯʠ ï ʠʘʢʦ ʿʝ ʦʢʦ ʩʚʦʿʠʤ ʧʦʣʦʞʘʿʝʤ ʟʘʰʪʠ˂ʝʥʦ ʦʜ ʜʠʨʝʢʪʥʦʛ ʜʝʿʩʪʚʘ 

ʉʫʥʯʝʚʦʛ ʟʨʘʯʝˁʘ, ʨʝʬʣʝʢʪʦʚʘʥʦ ʟʨʘʯʝˁʝ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʟʥʘʯʘʿʥʦʛ ʠʟʣʘʛʘˁʘ. ɺʠʰʝ ʦʜ 

99% ʋɺ ʟʨʘʯʝˁʘ ʩʝ ʘʧʩʦʨʙʫʿʝ ʫ ʧʨʝʜˁʠʤ ʜʝʣʦʚʠʤʘ ʦʢʘ, ʘʣʠ ʠ ʤʘʣʠ ʜʝʦ ʢʦʿʠ ʜʦʩʧʝʚʘ ʜʦ 

ʨʝʪʠʥʝ, ʜʝʣʘ ʦʢʘ ʦʩʝʪˀʠʚʦʛ ʥʘ ʩʚʝʪʣʦʩʪ, ʠʤʘ ʧʦʩʣʝʜʠʮʝ. ʅʘʿʚʝ˂ʠ ʜʝʦ ʋɺ-ɹ ʟʨʘʯʝˁʘ ʘʧʩʦʨʙʫʿʫ 

ʢʦʨʦʥʝʘ ʠ ʦʯʥʦ ʩʦʯʠʚʦ, ʰʪʦ ʠʟʘʟʠʚʘ ʦʰʪʝ˂ʝˁʘ ʫ ʦʚʠʤ ʜʝʣʦʚʠʤʘ ʦʢʘ. ʋɺ-ɸ ʟʨʘʯʝˁʝ ʠʤʘ ʚʝ˂ʫ 

ʧʨʦʜʦʨʥʦʩʪ ʠ ʠʟʘʟʠʚʘ ʦʰʪʝ˂ʝˁʝ ʥʘ ʜʥʫ ʦʢʘ. ʉʚʝʫʢʫʧʥʦ, ʋɺ ʟʨʘʯʝˁʝ ʜʦʚʦʜʠ ʜʦ 

ʬʦʪʦʢʝʨʘʪʠʪʠʩʘ ʠ ʬʦʪʦʢʦˁʫʢʪʠʚʠʪʠʩʘ ʢʘʦ ʘʢʫʪʥʠʭ ʦʙʦˀʝˁʘ, ʢʦʿʘ ʪʨʘʿʫ ʜʦ ʥʝʢʦʣʠʢʦ ʜʘʥʘ. 

ʄʝʹʫʪʠʤ, ʢʫʤʫʣʘʪʠʚʥʦ ʜʝʿʩʪʚʦ ʩʝ ʦʛʣʝʜʘ ʫ ʨʘʟʚʦʿʫ ʢʘʪʘʨʘʢʪʝ, ʧʪʝʨʠʛʠʿʫʤʘ ʠ ʜʝʛʝʥʝʨʘʪʠʚʥʠʭ 

ʧʨʦʤʝʥʘ ʢʦʨʥʝʝ, ʢʘʦ ʠ ʤʘʣʠʛʥʠʭ ʧʨʦʤʝʥʘ ʢʦʞʝ ʦʢʦ ʦʯʠʿʫ.  

ʂʘʪʘʨʘʢʪʘ ʠʣʠ ʦʯʥʘ ʤʨʝʥʘ ʿʝ ʟʘʤʫ˂ʝˁʝ ʦʯʥʦʛ ʩʦʯʠʚʘ. ʆʩʥʦʚʥʠ ʫʟʨʦʢ ʢʘʪʘʨʘʢʪʝ ʿʝ 

ʜʝʿʩʪʚʦ ʋɺ-ɹ ʟʨʘʯʝˁʘ, ʢʦʿʝ ʜʝʣʫʿʝ ʠʥʜʠʨʝʢʪʥʦ, ʧʨʝʢʦ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ. ɹʦʣʝʩʪ ʩʝ ʨʘʟʚʠʿʘ 

ʪʦʢʦʤ ʚʠʰʝ ʛʦʜʠʥʘ ʠ ʫʛʣʘʚʥʦʤ ʩʝ ʿʘʚˀʘ ʢʦʜ ʩʪʘʨʠʿʠʭ ʦʩʦʙʘ 

ʌʦʪʦʢʝʨʘʪʠʪʠʩ ʿʝ ʜʝʿʩʪʚʦ ʨʝʬʣʝʢʪʦʚʘʥʦʛ ʟʨʘʯʝˁʘ ʦʜ ʧʦʚʨʰʠʥʝ ʚʦʜʝ, ʩʥʝʛʘ, ʧʝʩʢʘ ʠ 

ʚʝʦʤʘ ʿʝ ʦʧʘʩʥʦ ʟʘ ʦʯʠ. ʉʥʝʞʥʝ ʧʦʚʨʰʠʥʝ ʨʝʬʣʝʢʪʫʿʫ ʠ ʜʦ 95% ʟʨʘʯʝˁʘ.  
ʄʘʢʫʣʘʨʥʘ ʜʝʛʝʥʝʨʘʮʠʿʘ ʨʘʟʚʠʿʘ ʩʝ ʟʙʦʛ ʧʨʝʢʦʤʝʨʥʦʛ ʠʟʣʘʛʘˁʘ ʋɺ ʟʨʘʯʝˁʫ ʠ 

ʠʥʪʝʥʟʠʚʥʦ ʧʣʘʚʦ-ˀʫʙʠʯʘʩʪʦʤ ʩʚʝʪʣʫ, ʧʨʠ ʯʝʤʫ ʩʝ ʦʰʪʝ˂ʫʿʝ ʪʢʠʚʦ ʨʝʪʠʥʝ.  

2.3. ɺʝʰʪʘʯʢʠ ʠʟʚʦʨʠ ʋɺ ʟʨʘʯʝˁʘ 

ʇʦʩʪʦʿʝ ʤʥʦʛʠ ʧʨʦʠʟʚʦʹʘʯʠ ʋɺ ʩʚʝʪʠˀʢʠ, ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʚʨʭʝ. ɺʝʣʠʢ ʙʨʦʿ ʩʝ ʫʛʨʘʹʫʿʝ 

ʜʠʨʝʢʪʥʦ ʫ ʤʘʰʠʥʝ (ʥʧʨ. ʰʪʘʤʧʘʨʩʢʝ, ʩʣʠʢʘ 1), ʪʝ ʩʘ ˁʠʤʘ ʫ ʢʦʥʪʘʢʪ ʜʦʣʘʟʝ ʩʘʤʦ ʩʪʨʫʯʥʘ 

ʣʠʮʘ ʧʨʠʣʠʢʦʤ ʫʛʨʘʜˁʝ ʠ ʦʜʨʞʘʚʘˁʘ ʤʘʰʠʥʘ.  

 

     

ʉʣʠʢʘ 1: ʀʟʛʣʝʜ ʠ ʩʧʝʢʪʘʨ ʩʪʘʥʜʘʨʜʥʝ ʋɺ ʣʘʤʧʝ [4] 
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ɿʘʪʠʤ, ʟʥʘʯʘʿʥʘ ʿʝ ʫʧʦʪʨʝʙʘ ʧʨʝʥʦʩʥʠʭ ʋɺ ʩʚʝʪʠˀʢʠ ʤʘʣʝ ʩʥʘʛʝ, ʩʣʠʢʘ 2.ʘ, ʢʦʿʝ ʩʝ 

ʢʦʨʠʩʪʝ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʜʦʢʫʤʝʥʘʪʘ ʠ ʥʦʚʯʘʥʠʮʘ, ʦʟʨʘʯʘʚʘˁʝ ʙʠʦʣʦʰʢʠʭ ʠ ʤʝʜʠʮʠʥʩʢʠʭ 

ʫʟʦʨʘʢʘ, ʪʝʩʪʠʨʘˁʝ ʤʘʪʝʨʠʿʘʣʘ, ʜʝʪʝʢʮʠʿʫ ʮʫʨʝˁʘ/ʟʘʧʪʠʚʝʥʦʩʪʠ ʠ ʩʣʠʯʥʦ. ʀʘʢʦ ʿʝ ʩʥʘʛʘ ʦʚʠʭ 

ʫʨʝʹʘʿʘ ʚʨʣʦ ʤʘʣʘ, ʜʦ 0,5 mW/cm
2
 [4,5] ʧʨʦʠʟʚʦʹʘʯʠ ʠʤʘʿʫ ʦʙʘʚʝʟʫ ʜʘ ʚʠʜʥʦ ʦʟʥʘʯʝ ʧʦʩʪʦʿʘˁʝ 

ʋɺ ʟʨʘʯʝˁʘ ʠ ʜʘ ʠʩʧʦʨʫʯʝ ʫʧʫʪʩʪʚʦ ʟʘ ʙʝʟʙʝʜʘʥ ʨʘʜ.  

ɿʘ ʠʥʜʫʩʪʨʠʿʩʢʝ ʧʨʠʤʝʥʝ, ʋɺ ʠʟʚʦʨʠ ʚʝ˂ʝ ʩʥʘʛʝ ʩʝ ʥʘʣʘʟʝ ʫ ʧʦʩʝʙʥʠʭ ʢʫ˂ʠʰʪʠʤʘ ʘ 

ʟʨʘʯʝˁʝ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘ ʞʝˀʝʥʫ ʧʦʚʨʰʠʥʫ ʦʧʪʠʯʢʠʤ ʢʘʙʣʦʚʠʤʘ, ʩʣʠʢʘ 2.ʙ. ʉʥʘʛʘ ʟʨʘʯʝˁʘ 

ʜʦʩʪʠʞʫ ʣʦʢʘʣʥʝ ʠ ʧʨʝʢʦ 1000 mW/cmĮ ʫ ʋɺ-ɸ ʦʧʩʝʛʫ ʦʜʥʦʩʥʦ 200 mW/cmĮ ʫ ʋɺ-ɹ ʦʧʩʝʛʫ. 

ɿʙʦʛ ʪʦʛʘ ʦʚʝ ʫʨʝʹʘʿʝ ʩʤʝʿʫ ʜʘ ʢʦʨʠʩʪʝ ʩʘʤʦ ʧʦʩʝʙʥʦ ʦʙʫʯʝʥʠ ʨʘʜʥʠʮʠ, ʠ ʜʘ ʧʨʠ ʪʦʤ ʢʦʨʠʩʪʝ 

ʢʦʤʧʣʝʪʥʝ ʟʘʰʪʠʪʝ ʢʦʞʝ ʠ ʦʯʠʿʫ.  
 

      

ʘ.        ʙ. 

ʉʣʠʢʘ 2: ʋɺ ʣʘʤʧa ʤʘʣʝ ʩʥʘʛʝ ʟʘ ʧʨʦʚʝʨʫ ʥʦʚʯʘʥʠʮʘ (ʘ) ʠ ʫʩʤʝʨʝʥʘ ʣʘʤʧʘ ʚʝʣʠʢʝ ʩʥʘʛʝ ʟʘ 

ʦʯʚʨʰ˂ʘʚʘˁʝ ʧʦʣʠʤʝʨʘ (ʙ) [5] 

ʋ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ ʫ ʤʝʜʠʮʠʥʩʢʠʤ ʫʩʪʘʥʦʚʘʤʘ ʩʫ ʩʝ ʢʦʨʠʩʪʠʣʝ ʋɺ-ʎ 

ʣʘʤʧʝ, ʩʣʠʢʘ 3.ʘ, ʟʘ ʜʝʟʠʥʬʝʢʮʠʿʫ ʧʨʦʩʪʦʨʘ, ʥʘʿʯʝʰ˂ʝ ʫ ʦʧʝʨʘʮʠʦʥʠʤ ʩʘʣʘʤʘ, ʥʘ ʦʜʝˀʝˁʠʤʘ 

ʠʥʪʝʥʟʠʚʥʝ ʥʝʛʝ, ʠʥʬʝʢʪʠʚʥʠʤ ʠ ʛʠʥʝʢʦʣʦʰʢʦ-ʘʢʫʰʝʨʩʢʠʤ ʦʜʝˀʝˁʠʤʘ. ʊʠʤʝ ʩʝ ʩʤʘˁʠʚʘʣʘ 

ʫʧʦʪʨʝʙʘ ʭʝʤʠʢʘʣʠʿʘ ʟʘ ʜʝʟʠʥʬʝʢʮʠʿʫ. ʃʘʤʧʝ ʩʫ ʙʠʣʝ ʘʢʪʠʚʠʨʘʥʝ ʥʘ ʢʨʘʿʫ ʩʤʝʥʝ ʫ 

ʭʠʨʫʨʰʢʠʤ ʩʘʣʘʤʘ, ʦʜʥʦʩʥʦ ʧʨʠʣʠʢʦʤ ʧʨʦʤʝʥʝ ʧʘʮʠʿʝʥʪʘ ʫ ʙʦʣʥʠʯʢʠʤ ʩʦʙʘʤʘ. ʋ ʧʦʩʣʝʜˁʠʭ 

ʜʝʩʝʪʘʢ ʛʦʜʠʥʘ ˁʠʭʦʚʘ ʫʧʦʪʨʝʙʘ ʫ ʭʠʨʫʨʰʢʠʤ ʩʘʣʘʤʘ ʿʝ ʩʤʘˁʝʥʘ, ʿʝʨ ʋɺ-ʎ ʟʨʘʯʝˁʝ 

ʨʘʟʛʨʘʹʫʿʝ ʥʝʢʝ ʦʜ ʭʝʤʠʢʘʣʠʿʘ ʫ ʤʦʜʝʨʥʠʤ ʘʥʝʩʪʝʪʠʮʠʤʘ, ʯʘʢ ʠ ʢʨʦʟ ʟʘʪʘʤˁʝʥʦ ʩʪʘʢʣʦ. 

ʄʝʹʫʪʠʤ, ʦʚʝ ʣʘʤʧʝ ʩʝ ʠ ʜʘˀʝ ʤʦʛʫ ʩʫʩʨʝʩʪʠ ʫ ʧʨʠʿʝʤʥʠʤ ʠ ʙʦʣʥʠʯʢʠʤ ʩʦʙʘʤʘ ʧʦʿʝʜʠʥʠʭ 

ʢʣʠʥʠʢʘ. ʆʚʝ ʣʘʤʧʝ ʤʦʛʫ ʠ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʠʤ ʩʠʩʪʝʤʠʤʘ ʟʘ ʚʝʥʪʠʣʘʮʠʿʫ ʠ 

ʢʣʠʤʘʪʠʟʘʮʠʿʫ ʟʛʨʘʜʘ, ʢʘʢʦ ʦʪʚʦʨʝʥʦʛ, ʪʘʢʦ ʠ ʟʘʪʚʦʨʝʥʦʛ ʪʠʧʘ .  

ʆʩʥʦʚʥʦ ʟʨʘʯʝˁʝ ʦʚʠʭ ʣʘʤʧʠ ʿʝ ʥʘ ʪʘʣʘʩʥʦʿ ʜʫʞʠʥʠ ʦʜ 253 nm, ʘ ˁʠʭʦʚʦ ʩʧʝʮʠʿʘʣʥʦ 

ʩʪʘʢʣʦ ʠʤʘ ʦʩʦʙʠʥʫ ʜʘ ʬʠʣʪʨʠʨʘ ʟʨʘʯʝˁʝ ʥʘ 185 nm, ʢʦʿʝ ʜʦʚʦʜʠ ʜʦ ʬʦʨʤʠʨʘˁʘ ʦʟʦʥʘ. 

ʇʨʦʠʟʚʦʜʝ ʩʝ ʫ ʦʧʩʝʛʫ ʩʥʘʛʘ ʦʜ 10 ʜʦ 75 W, ʦʜ ʯʝʛʘ ʿʝ ʦʢʦ 30% ʩʥʘʛʝ ʫ ʋɺ-ʎ ʦʧʩʝʛʫ. ʃʘʤʧʝ 

ʠʤʘʿʫ ʚʝʢ ʪʨʘʿʘˁʘ ʠ ʜʦ ʧʨʝʢʦ 15 000 ʩʘʪʠ, ʦʜʥʦʩʥʦ 2 ʛʦʜʠʥʝ ʢʦʥʪʠʥʫʘʣʥʦʛ ʨʘʜʘ. ʅʦʚʠʿʝ 

ʩʚʝʪʠˀʢʝ ʠʤʘʿʫ ʧʦʩʝʙʥʝ ʩʚʝʪʣʦʩʥʝ ʠʥʜʠʢʘʮʠʿʝ ʜʘ ʿʝ ʣʘʤʧʘ ʘʢʪʠʚʥʘ, ʰʪʦ ʜʦʧʨʠʥʦʩʠ 

ʙʝʟʙʝʜʥʦʩʪʠ ʤʝʜʠʮʠʥʩʢʦʛ ʠ ʧʦʤʦ˂ʥʦʛ ʦʩʦʙˀʘ ʢʦʿʝ ʤʦʞʝ ʜʘ ʩʣʫʯʘʿʥʦ ʫʹʝ ʫ ʧʨʦʩʪʦʨʠʿʫ.  

ʉʣʠʯʥʝ ʣʘʤʧʝ ʩʝ ʢʦʨʠʩʪʝ ʠ ʟʘ ʜʝʟʠʥʬʝʢʮʠʿʫ ʚʦʜʝ, ʦʜʥʦʩʥʦ ʩʧʨʝʯʘʚʘˁʝ ʧʨʝʢʦʤʝʨʥʝ 

ʙʘʢʪʝʨʠʦʣʦʰʢʝ ʘʢʪʠʚʥʦʩʪʠ ʫ ʬʦʥʪʘʥʘʤʘ, ʘʢʚʘʨʠʿʫʤʠʤʘ ʧʘ ʯʘʢ ʠ ʙʘʟʝʥʠʤʘ. ɱʝʜʥʘ ʚʨʣʦ 

ʧʦʩʝʙʥʘ ʧʨʠʤʝʥʘ ʿʝ ʟʘ ʩʫʟʙʠʿʘˁʝ ʨʘʟʤʥʦʞʘʚʘˁʘ ʤʠʢʨʦʦʨʛʘʥʠʟʘʤʘ ʫ ʙʘʣʘʩʪʥʠʤ ʨʝʟʝʨʚʦʘʨʠʤʘ 

ʙʨʦʜʦʚʘ ʠ ʧʦʜʤʦʨʥʠʮʘ. ʋ ʩʧʝʮʠʿʘʣʥʦʿ ʠʟʚʝʜʙʠ, ʋɺ-ʎ ʣʘʤʧʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʜʝʟʠʥʬʝʢʮʠʿʫ 

ʧʠʪʢʝ ʚʦʜʝ.   
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ʋ ʣʝʯʝˁʫ ʧʩʦʨʠʿʘʟʝ, ʚʠʪʠʣʠʛʘ ʠ ʜʨʫʛʠʭ ʜʝʨʤʘʪʦʣʦʰʢʠʭ ʦʙʦˀʝˁʘ ʢʦʨʠʩʪʝ ʩʝ ʧʦʩʝʙʥʝ 

ʋɺ ʣʘʤʧʝ. ɿʘ ʧʩʦʨʠʿʘʟʫ ʩʝ ʢʦʨʠʩʪʝ ʣʘʤʧʝ ʢʦʿʝ ʦʜʘʿʫ ʟʨʘʯʝˁʝ ʚʨʣʦ ʫʩʢʦʛ ʩʧʝʢʪʨʘ, 305 ʜʦ 315 

nm, ʜʦʢ ʩʝ ʟʘ ʚʠʪʠʣʠʛʦ ʢʦʨʠʩʪʝ ʣʘʤʧʝ ʥʝʰʪʦ ʰʠʨʝʛ ʩʧʝʢʪʨʘ, ʦʜ 320 ʜʦ 380 nm. ʇʦʩʪʦʿʝ ʠ 

ʣʘʤʧʝ ʢʦʿʝ ʜʘʿʫ ʢʦʤʙʠʥʘʮʠʿʫ ʋɺ-ɸ ʠ ʚʠʜˀʠʚʝ ʩʚʝʪʣʦʩʪʠ, ʟʘ ʪʨʝʪʤʘʥ ʬʠʟʠʦʣʦʰʢʝ ʞʫʪʠʮʝ ʢʦʜ 

ʥʦʚʦʨʦʹʝʥʯʘʜʠ.   

         

         ʘ.            ʙ.           ʮ. 

ʉʣʠʢʘ 3: (ʘ) ɻʝʨʤʠʮʠʜʥʘ ʠ ʙʘʢʪʝʨʠʮʠʜʥʘ ʋɺ ʣʘʤʧa, (ʙ) ʜʝʨʤʘʪʦʣʦʰʢʘ ʣʘʤʧʘ   

(ʮ) ʋɺɸ ʢʘʙʠʥʘ ʟʘ ʪʨʝʪʤʘʥ ʧʩʦʨʠʿʘʟʝ  [6] 

2.4. ʇʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ ʟʘ ʟʘʰʪʠʪʫ ʦʜ ʋɺ ʟʨʘʯʝˁʘ 

ʉ ʦʙʟʠʨʦʤ ʥʘ ʥʝʤʦʛʫ˂ʥʦʩʪ ʜʝʪʝʢʮʠʿʝ ʯʫʣʠʤʘ, ʥʝʦʧʭʦʜʥʝ ʩʫ ʧʦʩʝʙʥʝ ʧʨʝʚʝʥʪʠʚʥʝ ʤʝʨʝ 

ʟʘʰʪʠʪʝ. ʉʭʦʜʥʦ [7], ʦʥʝ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʥʘ ʯʝʪʠʨʠ ʢʘʪʝʛʦʨʠʿʝ:  

ʊʝʭʥʠʯʢʝ ʤʝʨʝ ʩʝ ʩʚʦʜʝ ʥʘ ʢʦʤʧʣʝʪʥʦ ʟʘʪʚʘʨʘˁʝ ʠʟʚʦʨʘ ʋɺ ʟʨʘʯʝˁʘ, ʪʘʢʦ ʜʘ ʩʝ 

ʩʚʝʪʠˀʢʝ ʫʛʨʘʹʫʿʫ ʫ ʤʘʰʠʥʝ (ʥʧʨ. ʰʪʘʤʧʘʨʩʢʝ), ʪʝ ʩʘ ˁʠʤʘ ʫ ʢʦʥʪʘʢʪ ʜʦʣʘʟʝ ʩʘʤʦ ʩʪʨʫʯʥʘ 

ʣʠʮʘ ʟʘ ʫʛʨʘʜˁʫ ʠ ʦʜʨʞʘʚʘˁʝ ʤʘʰʠʥʘ. ʇʦʨʝʜ ʪʦʛʘ, ʧʦʩʪʘʚˀʘʿʫ ʩʝ ʙʣʦʢʘʜʝ ʨʘʜʘ, ʯʠʤʝ ʩʝ ʋɺ 

ʠʟʚʦʨʠ ʠʩʢˀʫʯʫʿʫ ʯʠʤ ʩʝ ʦʪʚʦʨʠ ʧʨʚʠ ʧʦʢʣʦʧʘʮ/ʰʪʠʪʥʠʢ ʫʨʝʹʘʿʘ.  

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʝ ʤʝʨʝ ʟʘʰʪʠʪʝ ʫʢˀʫʯʫʿʫ ʚʠʜʥʦ ʦʙʝʣʝʞʘʚʘˁʝ ʟʦʥʘ ʠ ʧʨʦʩʪʦʨʠʿʘ ʫ 

ʢʦʿʠʤʘ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ ʋɺ ʟʨʘʯʝˁʝ, ʢʘʦ ʠ ʧʨʦʧʠʩʠʚʘˁʝ ʧʨʦʮʝʜʫʨʘ ʙʝʟʙʝʜʥʦʛ ʨʘʜʘ.  

ʆʨʛʘʥʠʟʘʮʠʦʥʝ ʤʝʨʝ ʩʫ ʥʘʿʚʘʞʥʠʿʠ ʘʩʧʝʢʪ ʟʘ ʦʩʦʙʝ ʢʦʿʘ ʤʦʨʘʿʫ ʜʘ ʨʘʜʝ ʩʘ ʘʧʘʨʘʪʠʤʘ 

ʢʦʿʠ ʧʨʦʠʟʚʦʜʝ ʋɺ ʟʨʘʯʝˁʝ. ʂʘʦ ʧʨʚʦ, ʦʙʫʢʘ ʟʘʧʦʩʣʝʥʠʭ ʦ ʦʧʘʩʥʦʩʪʠʤʘ ʠ ʰʪʝʪʥʦʩʪʠʤʘ, ʦ 

ʧʨʘʚʠʣʥʦʤ ʢʦʨʠʰ˂ʝˁʫ ʘʧʘʨʘʪʘ ʠ ʫʨʝʹʘʿʘ ʩʘ ʋɺ ʠʟʚʦʨʠʤʘ, ʢʘʦ ʠ ʦ ʧʨʘʚʠʣʥʦʤ ʢʦʨʠʰ˂ʝˁʫ 

ʣʠʯʥʝ ʟʘʰʪʠʪʥʝ ʦʧʨʝʤʝ. ɼʨʫʛʠ ʘʩʧʝʢʪ ʿʝ ʧʦʩʪʘʚˀʘˁʝ ʋɺ ʦʧʨʝʤʝ ʫ ʧʦʩʝʙʥʝ ʧʨʦʩʪʦʨʠʿʝ, ʩʘ 

ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʧʨʠʩʪʫʧʦʤ, ʢʘʦ ʠ ʤʠʥʠʤʠʟʘʮʠʿʘ ʨʘʜʘ ʩʘ ʋɺ ʠʟʚʦʨʠʤʘ.  

 ʃʠʯʥʘ ʟʘʰʪʠʪʥʘ ʩʨʝʜʩʪʚʘ ʦʙʫʭʚʘʪʘʿʫ ʰʪʠʪʥʠʢʝ ʟʘ ʮʝʣʦ ʣʠʮʝ, ʨʫʢʘʚʠʮʝ, 

ʿʘʢʥʝ ʠ ʢʦʤʧʣʝʪʥʘ ʦʜʝʣʘ.  

3. ʄɽʈɽɳɽ ɺʈɽɼʅʆʉʊʀ ʋʃʊʈɸɲʋɹʀʏɸʉʊʆɻ ɿʈɸʏɽɳɸ 

3.1 ʃʦʢʘʮʠʿʘ ʠ ʤʝʨʥʝ ʪʘʯʢʝ 

ʄʝʨʝˁʘ ʩʫ ʦʙʘʚˀʝʥʘ ʫ ʩʦʙʠ ʟʘ ʧʨʝʛʣʝʜʝ ʫ ʛʠʥʝʢʦʣʦʰʢʦʿ ʦʨʜʠʥʘʮʠʿʠ. ɱʝʜʥʘ ʋɺ-ʎ 

ʩʚʝʪʠˀʢʘ ʩʘ ʿʝʜʥʦʤ ʮʝʚʠ ʩʥʘʛʝ 40 W, ʦʙʣʠʢʘ ʢʘʦ ʥʘ ʩʣʠʮʠ 3ʘ. ʿʝ ʬʠʢʩʥʦ ʧʦʩʪʘʚˀʝʥʘ ʥʘ ʟʠʜ. 

ʉʚʝʪʠˀʢʘ ʠʤʘ ʨʘʩʪʝʨ ʠ ʦʛʣʝʜʘʣʘ ʢʦʿʘ ʫʩʤʝʨʘʚʘʿʫ ʟʨʘʯʝˁʝ ʦʜ ʭʦʨʠʟʦʥʪʘʣʥʝ ʜʦ ʚʝʨʪʠʢʘʣʥʝ 

ʨʘʚʥʠ, ʪʿ. ʫ ʨʘʩʧʦʥʫ ʦʜ 90 ʩʪʝʧʝʥʠ. ʉʚʝʪʠˀʢʘ ʠʤʘ ʠ ʩʪʘʢʣʦ ʟʘ ʬʠʣʪʨʠʨʘˁʝ ʬʠʣʪʨʠʨʘ ʟʨʘʯʝˁʝ 
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ʥʘ 185 nm, ʢʦʿʝ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʩʪʚʘʨʘˁʘ ʦʟʦʥʘ ʠ ʦʩʪʘʣʠʭ ʦʧʘʩʥʠʭ ʭʝʤʠʢʘʣʠʿʘ. ʃʘʤʧʘ ʩʝ 

ʘʢʪʠʚʠʨʘ ʨʫʯʥʠʤ ʫʢˀʫʯʠʚʘˁʝʤ ʥʘʧʦʿʥʦʛ ʢʘʙʣʘ ʫ ʩʪʘʥʜʘʨʜʥʫ ʫʪʠʯʥʠʮʫ.  

ʂʦʨʠʰ˂ʝʥʠ ʠʥʩʪʨʫʤʝʥʪ ʿʝ VLX-3W, ʧʨʦʠʟʚʦʹʘʯʘ ɺʠʣʙʝʨ ʃʦʫʨʤʘʥʪ ʠʟ ʌʨʘʥʮʫʩʢʝ, 

ʢʦʿʠ ʠʤʘ ʪʨʠ ʩʝʥʟʦʨʘ, ʟʘ ʤʝʨʝˀʘ ʫ ʋɺ-ɸ, ʋɺ-ɹ ʠ ʋɺ-ʎ ʦʧʩʝʛʫ. ɺʨʭʦʚʠ ʦʩʝʪˀʠʚʦʩʪʠ ʩʝʥʟʦʨʘ 

ʩʫ ʪʘʣʘʩʥʠʤ ʜʫʞʠʥʘʤʘ 365 nm, 312 nm ʠ 254 nm, ʨʝʩʧʝʢʪʠʚʥʦ.  

ʄʝʨʝˁʘ ʩʫ ʠʟʚʨʰʝʥʘ ʫ 40 ʪʘʯʢʝ, ʧʦʜʝˀʝʥʝ ʫ 4 ʨʘʚʥʠ (ʧʦʜ ʫʛʣʦʚʠʤʘ ʦʜ 0, 30, 60 ʠ 90 

ʩʪʝʧʝʥʠ), ʥʘ ʨʘʩʪʦʿʘˁʠʤʘ ʦʜ 0,5 ʠ 1 m, ʦʜ ʢʦʿʠʭ ʿʝ 24 ʪʘʯʥʦ ʠʩʧʨʝʜ ʩʚʝʪʠˀʢʝ, ʘ 16 ʥʘ ʦʢʦ 30 

cm ʙʦʯʥʦ ʦʜ ʩʚʝʪʠˀʢʝ.   

3.2 ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ɼʝʦ ʨʝʟʫʣʪʘʪʘ ʤʝʨʝˁʘ ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʪʘʙʝʣʠ 1.  

ʊʘʙʝʣʘ 1: ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʋɺ ʟʨʘʯʝˁʘ ʬʠʢʩʥʝ ʛʝʨʤʠʮʠʜʥʝ ʩʚʝʪʠˀʢʝ 

͔̂͒͊ͤͦͫͭ͢ 
[m] 

͎̂͊ͦ 
[°] 

̂ˤ ςs 
[mW/cm2] 

̂ˤ ςx 
[mW/cm2] 

̂ˤ ς̇  
[mW/cm2] 

лΣр ͙͔ͫͨͪ͒ 0 0,002 0,021 780 

0,5 ͋ ͦ;ͤͦ 0 0 0,012 250 

лΣр ͙͔ͫͨͪ͒ 30 0,004 0,015 890 

0,5 ͋ ͦ;ͤͦ 30 0 0,007 240 

лΣр ͙͔ͫͨͪ͒ 60 0,0085 0,01 650 

0,5 ͋ ͦ;ͤͦ 60 0 0,003 200 

м   ͙͔ͫͨͪ͒ 0 0,008 0,012 219 

м   ͋ͦ;ͤͦ 0 0 0,008 90 

м  ͙͔ͫͨͪ͒ 30 0,002 0,008 230 

м ͋ͦ;ͤͦ 30 0 0,002 83 

м  ͙͔ͫͨͪ͒ 60 0,002 0,004 308 

м ͋ͦ;ͤͦ 60 0 0,001 120 

 
 ʀʟʤʝʨʝʥʝ ʚʨʝʜʥʦʩʪʠ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʯʘʿʥʫ ʩʥʘʛʫ ʟʨʘʯʝˁʘ ʫ ʋɺ-ʎ ʦʧʩʝʛʫ, ʢʦʿʘ ʥʘ 

ʫʜʘˀʝʥʦʩʪʠ ʦʜ 0,5 m ʜʦʩʪʠʞʝ ʚʨʝʜʥʦʩʪ ʠ ʧʨʝʢʦ 3,5 ʧʫʪʘ ʚʝ˂ʫ ʦʜ ʤʘʢʩʠʤʘʣʥʦʛ ʉʫʥʯʝʚʦʛ 

ʠʥʜʝʢʩʘ ʦʜ 10. ʅʘ ʫʜʘˀʝʥʦʩʪʠ 1 m, ʚʨʝʜʥʦʩʪ ʿʝ ʜʦ 1,2 ʧʫʪʘ ʚʝ˂ʘ ʦʜ ʤʘʢʩʠʤʘʣʥʦʛ ʉʫʥʯʝʚʦʛ 

ʠʥʜʝʢʩʘ.  

4. ɿɸʂɲʋʏɸʂ 

ʋʣʪʨʘˀʫʙʠʯʘʩʪʦ ʟʨʘʯʝˁʝ ʠʟʘʟʠʚʘ ʧʦʩʝʙʥʫ ʧʘʞˁʫ ʦʧʰʪʝ ʠ ʥʘʫʯʥʝ ʿʘʚʥʦʩʪʠ ʧʦʩʣʝʜˁʠʭ 

ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ. ʉʚʝʦʧʰʪʠʤ ʨʘʟʚʦʿʝʤ ʪʝʭʥʦʣʦʛʠʿʝ, ʚʝʰʪʘʯʢʠ ʠʟʚʦʨʠ ʋɺ ʟʨʘʯʝˁʘ ʥʘʰʣʠ ʩʫ 

ʚʨʣʦ ʨʘʟʥʦʣʠʢʝ ʧʨʠʤʝʥʝ ʫ ʤʥʦʛʠʤ ʦʙʣʘʩʪʠʤʘ ʪʝʭʥʦʣʦʛʠʿʝ, ʪʝ ʩʝ ʤʦʨʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ 

ʠʟʣʘʛʘˁʫ ʟʘʧʦʩʣʝʥʠʭ. ɿʘ ʦʚʘʿ ʧʦʪʝʥʮʠʿʘʣʥʠ ʧʨʦʙʣʝʤ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʥʝ ʧʦʩʪʦʿʠ 

ʨʝʛʫʣʘʪʠʚʘ, ʚʝ˂ ʩʝ ʦʩʣʘˁʘʤʦ ʥʘ ʫʧʫʪʩʪʚʘ ʟʘ ʫʧʦʪʨʝʙʫ ʜʘʪʘ ʦʜ ʧʨʦʠʟʚʦʹʘʯʘ.  

ʄʝʨʝˁʘ ʫʢʘʟʫʿʫ ʜʘ ʿʝ ʩʥʘʛʘ ʟʨʘʯʝˁʘ ʋɺ-ʎ ʣʘʤʧʠ ʫ ʤʝʜʠʮʠʥʩʢʠʤ ʫʩʪʘʥʦʚʘʤʘ ʟʥʘʯʘʿʥʘ, 

ʪʝ ʩʝ ʩʤʘˁʝˁʝ ʨʠʟʠʢʘ ʤʦʨʘ ʚʨʰʠʪʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʠʤ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʠʤ ʚʨʩʪʘʤʘ 

ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ.  
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ʈɽɿʀʄɽ 

ʅʘ ʢʚʘʣʠʪʝʪ ʚʘʟʜʫʭʘ ʫ ʫʨʙʘʥʠʤ ʩʨʝʜʠʥʘʤʘ ʫʪʠʯʫ ʤʥʦʛʠ ʬʘʢʪʦʨʠ, ʫʛʣʘʚʥʦʤ ʘʥʪʨʦʧʦʛʝʥʠ. ʇʨʘʚʠʣʥʘ 

ʧʨʦʮʝʥʘ ʨʘʩʧʦʜʝʣʝ ʧʦʣʫʪʘʥʘʪʘ ʿʝ ʚʝʦʤʘ ʚʘʞʥʘ ʟʘ ʜʦʥʦʰʝˁʝ ʦʜʣʫʢʘ ʟʘ ʧʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ.ʋ ʦʚʦʤ 

ʨʘʜʫ ʿʝ ʫʨʘʹʝʥʦ ʠʩʪʨʘʞʠʚʘˁʝ ʫʪʠʮʘʿʘ ʝʤʠʩʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʦʜ ʩʘʦʙʨʘ˂ʘʿʘ ʫ ʛʨʘʜʫ ʅʠʰʫ. ɿʘ ʧʨʦʮʝʥʫ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʩʧʝʮʠʬʠʯʥʠ ʬʘʢʪʦʨʠ ʝʤʠʩʠʿʝ ʠ ʫʯʝʩʪʘʣʦʩʪ ʩʘʦʙʨʘ˂ʘʿʘ, ʢʘʦ 

ʠ ʙʨʟʠʥʘ ʚʝʪʨʘ. ʇʨʦʮʝˁʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʿʝ ʫʧʦʨʝʹʝʥʘ ʩʘ ʠʟʤʝʨʝʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ, ʢʘʦ ʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʨʫʛʠʭ 

ʘʫʪʦʨʘ. ʅʘ ʢʨʘʿʫ ʨʘʜʘ ʿʝ ʜʘʪʘ ʧʨʦʮʝʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘ ʪʠʧʠʯʥʝ ʫʩʣʦʚʝ ʫ ʛʨʘʜʫ ʠ ʩʤʝʨʥʠʮʝ ʟʘ ʧʦʙʦˀʰʘˁʝ 

ʢʚʘʣʠʪʝʪʘ ʚʘʟʜʫʭʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʝʤʠʩʠʿʘ, ʩʘʦʙʨʘ˂ʘʿ, ʟʘʛʘʹʝˁʝ 

AN ESTIMATION OF TRA FFIC INDUCED AIR POL LUTANTS 

CONCENTRATION  

ABSTRACT 

Air quality in urban areas is being influenced by many factors, mostly anthropogenic. Proper estimation of 

pollutant distribution is very important for making decisions for air quality improvement. In this paper influence of 

traffic induced pollution in the city of Niġ is investigated. A calculation procedure with specific emission factors and 

traffic frequency, as well as wind speed is used to estimate pollution concentration. The estimated concentrations are 

compared to measurement results and other authorsô results. In the end of the paper, an estimation of traffic induced 

pollution for typical conditions in the city is given, along with guidelines for the improvement of air quality. 
Key words: emission, pollution, traffic  

ʋɺʆɼ 

ʋʪʠʮʘʿ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ, ʢʦʿʝ ʥʘʩʪʘʿʫ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʩʘʦʙʨʘ˂ʘʿʘ (CO, NOx, SO2, 

SOx, VOC) ʿʝ, ʫ ʜʦʩʘʜʘʰˁʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʚʨʣʦ ʜʦʙʨʦ ʜʦʢʫʤʝʥʪʦʚʘʥ [1,2]. ʇʦʩʣʝʜˁʠʭ 

ʛʦʜʠʥʘ, ʦʜʢʘʢʦ ʿʝ ʫʦʯʝʥ ʧʨʦʙʣʝʤ ʛʣʦʙʘʣʥʦʛ ʟʘʛʨʝʚʘˁʘ, ʩʚʝ ʚʠʰʝ ʩʝ ʦʙʨʘ˂ʘ ʧʘʞˁʘ ʠ ʥʘ 

ʝʤʠʩʠʿʫ Cʆ2.ɿʙʦʛ ʩʚʝ ʚʝ˂ʝ ʧʦʪʨʝʙʝ ʟʘ ʤʦʙʠʣʥʦʰ˂ʫ, ʿʝʜʘʥ ʦʜ ʥʘʿʚʝ˂ʠʭ ʟʘʛʘʹʠʚʘʯʘ ʚʘʟʜʫʭʘ 

ʧʨʝʜʩʪʘʚˀʘ ʩʘʦʙʨʘ˂ʘʿ, ʢʦʿʠ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʚʝ˂ʠʭ ʝʤʠʪʝʨʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ.ʂʘʦ 

ʠʣʫʩʪʨʘʮʠʿʘ, ʤʦʞʝ ʧʦʩʣʫʞʠʪʠ ʧʦʜʘʪʘʢ ʜʘ ʫ ʩʚʝʫʢʫʧʥʦʤ ʙʠʣʘʥʩʫ, ʩʘʦʙʨʘ˂ʘʿ ʫʯʝʩʪʚʫʿʝ ʩʘ 10%, 

ʘ ʫ ɽʚʨʦʧʠ ʩʘ 20% ʦʜ ʫʢʫʧʥʝ ʘʥʪʨʦʧʦʛʝʥʝ ʝʤʠʩʠʿʝ ʫʛˀʝʥʜʠʦʢʩʠʜʘ [1].ʋ ʟʝʤˀʘʤʘ ʩʘ ʫʙʨʟʘʥʦʤ 

ʫʨʙʘʥʠʟʘʮʠʿʦʤ, ʢʘʦ ʰʪʦ ʩʫʥʧʨ. ʀʥʜʠʿʘ ʠ ʂʠʥʘ [3,4], ʩʚʝ ʚʠʰʝ ʩʪʘʥʦʚʥʠʰʪʚʘ ʧʦʩʪʘʿʝ ʟʘʚʠʩʥʦ 

ʦʜ ʘʫʪʦʤʦʙʠʣʩʢʦʛ ʪʨʘʥʩʧʦʨʪʘ ʢʦʿʠ ʧʦʩʪʘʿʝ ʛʣʘʚʥʠ ʟʘʛʘʹʠʚʘʯ ʚʘʟʜʫʭʘ ʫ ʫʨʙʘʥʠʤ ʟʦʥʘʤʘ [3,5,6]. 

ʉʭʦʜʥʦ ʪʦʤʝ ʠ ʫ ʛʨʘʜʫ ʅʠʰʫ ʝʤʠʩʠʿʘ ʫʛˀʝʥʜʠʦʢʩʠʜʘ ʦʜ ʩʘʦʙʨʘ˂ʘʿʘ ʟʘʭʚʘʪʘ ʯʘʢ 38% ʦʜ 

ʫʢʫʧʥʝ ʘʥʪʨʦʧʦʛʝʥʝ ʝʤʠʩʠʿʝ [6]. ʀʘʢʦ ʤʝʨʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʛʘʩʦʚʘ ʩʘʤʦ ʧʦ ʩʝʙʠ ʥʠʿʝ 

ʟʘʭʪʝʚʥʦ, ʙʣʠʞʝ ʦʜʨʝʹʠʚʘˁʝ ʩʘʦʙʨʘ˂ʘʿʘ, ʢʘʦ ʠʟʚʦʨʘ, ʿʝ ʿʘʢʦ ʢʦʤʧʣʠʢʦʚʘʥʦ ʟʙʦʛ ʩʚʦʿʝ 

ʩʪʦʭʘʩʪʠʯʢʝ ʧʨʠʨʦʜʝ [4].ʀʟ ʪʦʛ ʨʘʟʣʦʛʘ ʩʝ ʫ ʧʦʩʣʝʜˁʝ ʚʨʝʤʝ ʿʘʚˀʘʿʫ ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʟʘ 

ʤʦʜʝʣʠʨʘˁʝ ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ ʦʜ ʩʘʦʙʨʘ˂ʘʿʘ, ʢʘʦ ʠ ˁʠʭʦʚʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫ ʦʢʦʣʥʦʤ 

ʚʘʟʜʫʭʫ.ʆʚʘʢʚʝ ʧʨʦʮʝʥʝ ʩʫ ʦʜ ʚʝʣʠʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʝʬʠʢʘʩʥʦ ʫʧʨʘʚˀʘˁʝ ʢʚʘʣʠʪʝʪʦʤ ʚʘʟʜʫʭʘ. 

ɽʤʠʩʠʿʘ ʛʘʩʦʚʘ ʦʜ ʩʘʦʙʨʘ˂ʘʿʘ ʟʘʚʠʩʠ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʘʨʘʤʝʪʘʨʘ: ʚʨʩʪʝ ʚʦʟʠʣʘ, ʨʘʜʥʝ 

ʟʘʧʨʝʤʠʥʝ ʤʦʪʦʨʘ, ʩʪʘʨʦʩʪʠ ʚʦʟʠʣʘ, ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ ʠ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʚʦʟʠʣʦ, 

ʠʪʜ. 

                                                             
1
 ɺʠʩʦʢʘ ʪʝʭʥʠʯʢʘ ʰʢʦʣʘ ʩʪʨʫʢʦʚʥʠʭ ʩʪʫʜʠʿʘ, ɸʣʝʢʩʘʥʜʨʘ ʄʝʜʚʝʜʝʚʘ 20, ʅʠʰ. 
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ʇʨʦʪʝʢʣʠʭ ʛʦʜʠʥʘ ʫʣʘʛʘʥʠ ʩʫ ʟʥʘʪʥʠ ʥʘʧʦʨʠ ʫ ʠʩʪʨʘʞʠʚʘˁʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʪʟʚ. 

ʩʧʝʮʠʬʠʯʥʦʛ ʬʘʢʪʦʨʘ ʝʤʠʩʠʿʝ ʫ ʬʫʥʢʮʠʿʠ ʚʨʩʪʝ ʤʦʪʦʨʘ, ʨʘʜʥʝ ʟʘʧʨʝʤʠʥʝ ʠ ʙʨʟʠʥʝ ʢʦʿʦʤ ʩʝ 

ʚʦʟʠʣʦ ʢʨʝ˂ʝ [9,10,11]. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʠʩʪʨʘʞʠʚʘˁʘ, ʨʘʟʚʠʿʝʥʠ ʩʫ ʨʘʟʣʠʯʠʪʠ ʤʦʜʝʣʠ ʢʘʢʦ ʟʘ 

ʧʨʦʮʝʥʫ ʝʤʠʩʠʿʝ ʛʘʩʦʚʘ, ʪʘʢʦ ʠ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ˁʠʭʦʚʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ [1,2,12,13,14]. ʇʨʘʚʠʣʥʦ 

ʨʘʟʚʠʿʝʥ ʤʦʜʝʣ ʤʦʞʝ ʩʣʫʞʠʪʠ ʢʘʦ ʜʦʧʫʥʘ ʠʣʠ ʟʘʤʝʥʘ ʤʝʨʝˁʠʤʘ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʚʨʝʜʥʦʩʪʠ 

ʟʘʛʘʹʫʿʫ˂ʝ ʩʫʧʩʪʘʥʮʝ ʥʘʹʫ ʠʩʧʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʨʝʜʥʦʩʪʠ ʜʦˁʝ, ʦʜʥʦʩʥʦ ʛʦʨˁʝ ʛʨʘʥʠʮʝ 

ʦʮʝˁʠʚʘˁʘ. 

ʉʇɽʎʀʌʀʏʅʀ ʌɸʂʊʆʈʀ ɽʄʀʉʀɱɽ ɿɸ ɺʆɿʅʀ ʇɸʈʂ ʋ ɻʈɸɼʋ ʅʀʐʋ 

ʅʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʫʪʠʯʫ ʬʘʢʪʦʨʠ ʧʦʧʫʪ ʩʧʝʮʠʬʠʯʥʦʛ ʬʘʢʪʦʨʘ 

ʝʤʠʩʠʿʝ ʟʘ ʦʜʨʝʹʝʥʫ ʩʫʧʩʪʘʥʮʫ, ʫʯʝʩʪʘʣʦʩʪʠ ʩʘʦʙʨʘ˂ʘʿʘ, ʛʝʦʤʝʪʨʠʿʘ ʫʨʙʘʥʦʛ ʢʘˁʦʥʘ ʦʙʣʘʩʪʠ 

ʟʘ ʢʦʿʫ ʩʝ ʦʜʨʝʹʫʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ (ʰʠʨʠʥʘ ʫʣʠʮʝ, ʨʘʩʧʦʨʝʜ ʦʙʿʝʢʘʪʘ 

ʠʪʜ.), ʙʨʟʠʥʘ ʚʝʪʨʘ ʠ ʩʪʘʙʠʣʥʦʩʪ ʘʪʤʦʩʬʝʨʝ [14, 15,16]. 

ɺʦʟʥʠ ʧʘʨʢ ʫ ʛʨʘʜʫ ʅʠʰʫ ʯʠʥʝ ʚʦʟʠʣʘ ʧʨʦʩʝʯʥʝ ʩʪʘʨʦʩʪʠ ʦʜ 14 ʛʦʜʠʥʘ ʠ ʨʘʜʥʝ 

ʟʘʧʨʝʤʠʥʝ ʤʦʪʦʨʘ ʦʜ 1,4 l. ʇʦ ʚʨʩʪʠ ʧʦʛʦʥʩʢʦʛ ʛʦʨʠʚʘ, 62,95% ʚʦʟʠʣʘ ʩʫ ʩʘ ʧʦʛʦʥʦʤ ʥʘ 

ʙʝʥʟʠʥ, 9,69% ʩʘ ʧʦʛʦʥʦʤ ʥʘ ʘʫʪʦʛʘʩ, 17,88% ʥʘ ʜʠʟʝʣ, ʜʦʢ ʦʩʪʘʣʘ ʚʦʟʠʣʘ ʯʠʥʝ 9,49% [15,16]. 

ʉʧʝʮʠʬʠʯʥʠ ʬʘʢʪʦʨʠ ʝʤʠʩʠʿʝ ʟʘ ʚʦʟʥʠ ʧʘʨʢ ʫ ʛʨʘʜʫ ʅʠʰʫ ʩʫ ʜʘʪʠ ʫ ʊʘʙʝʣʠ 1 [17]. 

ʊʘʙʝʣʘ 1 - ʉʧʝʮʠʬʠʯʥʠ ʬʘʢʪʦʨʠ ʝʤʠʩʠʿʝ ʟʘ ʧʫʪʥʠʯʢʘ ʚʦʟʠʣʘ ʫ ʛʨʘʜʫ ʅʠʰ [17]. 

˿ͯͨͫͭ͊ͤͼ͊ 
˿͔ͨͼ͙ͺ͙;͙ͤ ͺ͊ͭͦͪ͟ ͔͙͙͔ͣͫ͞ ͊͘ ͙ͨͯͭͤ;ͦ͟ ͍͙ͦͦ͘͡ 

<g/ km> 

CO2 242 

CO 9,7 

NOx 0,763 

ɸʪʤʦʩʬʝʨʩʢʘ ʩʪʘʙʠʣʥʦʩʪ ʩʝ ʤʦʞʝ ʫʦʧʰʪʝʥʦ ʧʦʜʝʣʠʪʠ ʫ ʩʣʝʜʝ˂ʝ ʢʘʪʝʛʦʨʠʿʝ: 

¶ ʩʪʘʙʠʣʥʘ ʘʪʤʦʩʬʝʨʘ, 

¶ ʥʝʫʪʨʘʣʥʘ ʘʪʤʦʩʬʝʨʘ ʠ 

¶ ʥʝʩʪʘʙʠʣʥʘ ʘʪʤʦʩʬʝʨʘ. 

ʂʦʜ ʥʝʩʪʘʙʠʣʥʝ ʘʪʤʦʩʬʝʨʝ, ʧʦʨʮʠʿʘ ʚʘʟʜʫʭʘ ʩʝ ʫʩʣʝʜ ʫʟʛʦʥʩʢʠʭ ʩʠʣʘ ʫʟʜʠʞʝ, ʪʝ 

ʜʦʣʘʟʠ ʜʦ ʤʝʰʘˁʘ ʚʘʟʜʫʭʘ ʠ ʩʤʘˁʝˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʣʫʪʘʥʘʪʘ.ʋ ʩʣʫʯʘʿʫ ʥʝʫʪʨʘʣʥʝ 

ʘʪʤʦʩʬʝʨʝ, ʧʦʨʮʠʿʘ ʚʘʟʜʫʭʘ ʥʝʤʘ ʪʝʥʜʝʥʮʠʿʫ ʧʝˁʘˁʘ ʥʠ ʪʦˁʝˁʘ, ʜʦʢ ʫ ʩʣʫʯʘʿʫ ʩʪʘʙʠʣʥʝ 

ʘʪʤʦʩʬʝʨʝ ʧʦʨʮʠʿʘ ʚʘʟʜʫʭʘ ʠʤʘ ʪʝʥʜʝʥʮʠʿʫ ʤʠʨʦʚʘˁʘ.ʋ ʟʠʤʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʢʘʜʘ ʿʝ ʩʫʥʯʝʚʦ 

ʟʨʘʯʝˁʝ ʩʣʘʙʠʿʝ, ʢʘʦ ʠ ʫ ʥʦ˂ʥʠʤ ʫʩʣʦʚʠʤʘ, ʘʪʤʦʩʬʝʨʘ ʿʝʛʝʥʝʨʘʣʥʦ ʥʝʫʪʨʘʣʥʘ ʠʣʠ ʩʪʘʙʠʣʥʘ 

[18].  

ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʠʥʜʫʢʦʚʘʥʠʭ ʩʘʦʙʨʘ˂ʘʿʝʤ ʩʝ ʨʘʯʫʥʩʢʠ ʤʦʞʝ 

ʦʜʨʝʜʠʪʠ ʢʘʦ [19]: 

 Ўὅ
ὉϽὒϽὲϽρπππ

ύϽὰϽὬ
ȟ (1) 

ʛʜʝ ʿʝ Ўὅ-ʧʦʚʝ˂ʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ i-ʪʝ ʩʫʧʩʪʘʥʮʝ ʧʦʜ ʫʪʠʮʘʿʝʤ ʩʘʦʙʨʘ˂ʘʿʘ ʫ <mg/m
3
>, 

Ὁ - ʩʧʝʮʠʬʠʯʘʥ ʬʘʢʪʦʨ ʝʤʠʩʠʿʝ i-te ʩʫʧʩʪʘʥʮʝ ʫ <g/km>, L - ʜʫʞʠʥʘ ʧʦʩʤʘʪʨʘʥʝ ʜʝʦʥʠʮʝ ʫ 

<km>, n-ʫʯʝʩʪʘʣʦʩʪ ʩʘʦʙʨʘ˂ʘʿʘ ʫ <s
-1
>, w ʙʨʟʠʥʘ ʚʝʪʨʘ ʫ <m/s>, l- ʰʠʨʠʥʘ ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʫ 

<m>, h- ʚʠʩʠʥʘ <m>. 
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ɿʘ ʩʣʫʯʘʿ ʘʟʦʪʥʠʭ ʦʢʩʠʜʘ ʠ ʫʛˀʝʥʤʦʥʠʢʩʠʜʘ ʤʦʞʝ ʩʝ ʩʤʘʪʨʘʪʠ ʫ ʩʣʫʯʘʿʫ ʦʜʩʫʩʪʚʘ 

ʜʨʫʛʠʭ ʠʟʚʦʨʘ ʢʘʦ ʰʪʦ ʿʝ ʠʥʜʫʩʪʨʠʿʘ ʠʣʠ ʠʥʜʠʚʠʜʫʘʣʥʦ ʣʦʞʝˁʝ, ʜʘ ʩʫ ʧʦʯʝʪʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʿʝʜʥʘʢʝ 0, ʜʦʢ ʿʝ ʟʘ ʢʦʥʮʝʥʪʨʘʮʠʿʫ ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ ʫʩʚʦʿʝʥʦ ʜʘ ʿʝ ʫ ʧʦʯʝʪʥʦʤ ʪʨʝʥʫʪʢʫ 

ʿʝʜʥʘʢʘ 775 mg/m
3
 ʦʜʥʦʩʥʦ, 400 ppm. 

ʋʯʝʩʪʘʣʦʩʪ ʩʘʦʙʨʘ˂ʘʿʘ, ʢʘʦ ʿʝʜʥʘ ʦʜ ʙʠʪʥʠʭ ʚʝʣʠʯʠʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ, ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʥʘ ʛʣʘʚʥʠʤ ʩʘʦʙʨʘ˂ ʘʿʥʠʮʘʤʘ ʫ ʛʨʘʜʫ, ʩʝ ʢʨʝ˂ʝ ʦʜ 5 ʚʦʟʠʣʘ ʥʘ 5 ʤʠʥʫʪʘ 

ʜʦ 100, ʦʜʥʦʩʥʦ 140 ʚʦʟʠʣʘ ʥʘ 5 ʤʠʥʫʪʘ ʫ ʪʦʢʫ ʨʘʜʥʦʛ ʜʘʥʘ (ʩʣʠʢʘ 1) [16, 20]. 

 

ʉʣʠʢʘ 7 ʋʯʝʩʪʘʣʦʩʪ ʧʫʪʥʠʯʢʦʛ ʩʘʦʙʨʘ˂ʘʿʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʜʝʦʥʠʮʘʤʘ ʫ ʛʨʘʜʫ ʅʠʰʫ [16, 20]  

ɺɸʃʀɼɸʎʀɱɸ ʄɸʊɽʄɸʊʀʏʂʆɻ ʄʆɼɽʃɸ  

ɺʘʣʠʜʘʮʠʿʘ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ, ʧʨʠʢʘʟʘʥʦʛ ʿʝʜʥʘʯʠʥʦʤ (1) ʿʝ ʠʟʚʨʰʝʥʘ ʧʦʨʝʹʝˁʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʧʨʠʢʘʟʘʥʠʤ ʫ ʨʘʜʫ ʇ. ɾʠʚʢʦʚʠ˂ʘ [16] (ʩʣʠʢʘ 

1), ʢʘʦ ʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʤ ʤʝʨʝˁʝʤ ʥʘ ʤʝʨʥʦʿ ʩʪʘʥʠʮʠ ɼʨʞʘʚʥʝ ʤʨʝʞʝ ʟʘ 

ʘʫʪʦʤʘʪʩʢʠ ʤʦʥʠʪʦʨʠʥʛ ʚʘʟʜʫʭʘ ʫ ʉʨʙʠʿʠ [21].ʂʘʦ ʣʦʢʘʮʠʿʝ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʩʫ ʠʟʘʙʨʘʥʝ 

ʧʦʟʠʮʠʿʝ ʥʘ ʢʦʿʠʤʘ ʥʝʤʘ ʪʘʯʢʘʩʪʠʭ ʠʟʚʦʨʘ ʠʣʠ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʧʦʛʦʥʘ, ʪʝ ʩʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ ʜʘ 

ʿʝ ʮʝʣʦʢʫʧʥʘ ʝʤʠʩʠʿʘ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʦʜ ʩʘʦʙʨʘ˂ʘʿʘ. ʋ ʊʘʙʝʣʠ 2 ʩʫ ʜʘʪʘ ʧʦʨʝʹʝˁʘ 

ʨʝʟʫʣʪʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ ʙʘʟʠʨʘʥʠʭ ʥʘ ʥʫʤʝʨʠʯʢʦʿ ʩʠʤʫʣʘʮʠʿʠ ʠ 

ʤʘʪʝʤʘʪʠʯʢʦʤ ʤʦʜʝʣʫ ʧʨʠʢʘʟʘʥʠʭ ʥʘ ʩʣʠʮʠ 2, ʥʘ ʿʝʜʥʦʿ ʦʜ ʠʟʘʙʨʘʥʠʭ ʣʦʢʘʮʠʿʘ ʫ ʛʨʘʜʫ ʅʠʰʫ. 

ʅʘ ʩʣʠʮʠ 3 ʠ ʫ ʊʘʙʝʣʠ 3 ʩʫ ʜʘʪʘ ʧʦʨʝʹʝˁʘ ʠʟʤʝʨʝʥʠʭ ʠ ʩʨʘʯʫʥʘʪʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 

ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ. 

 

ʉʣʠʢʘ 8 ʂʦʥʮʝʥʪʨʘʮʠʿʝ CO2 ʫ ʪʦʢʫ ʜʘʥʘ ʫ ʛʨʘʜʫ ʅʠʰʫ ʫ ʨʘʥʠʤ ʿʫʪʘʨˁʠʤ ʩʘʪʠʤʘ (ʣʝʚʦ) ʠ ʫ 

ʧʦʧʦʜʥʝʚʥʠʤ ʩʘʪʠʤʘ(ʜʝʩʥʦ) [16]  
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ʊʘʙʝʣʘ 2 - ʇʦʨʝʹʝˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫʛˀʝʥʜʠʦʢʩʠʜʘ 

 
˾͔͘Φ ͤͯͣΦ ͙ͫͣΦ ώмрϐ 

<ppm> 

ˢ͎͔͙͋͊ͪͫ͟͡ ͔ͣͦ͒͡ 

<ppm> 
˻͔͒ͫͭͯͨ͊ͥ 

˸͙͙ͤͣ͊͊ͤ͡ ͫ͊ͦ͋ͪ͊ΐ͊͞Σ 

͍͔ͭ͊ͪ ͔͍͔͙ͫͪͦͫͭͦ;͙ͤ 
550 423 15,0% 

˸͙͊ͫͣ͊͊ͤ͟͡ ͫ͊ͦ͋ͪ͊ΐ͊͞Σ 

͍͔ͭ͊ͪ ͔͍͔͙ͫͪͦͫͭͦ;͙ͤ 
1100 1157 2,3% 

˸͙͙ͤͣ͊͊ͤ͡ ͫ͊ͦ͋ͪ͊ΐ͊͞Σ 

͍͔ͭ͊ͪ ͙ͫͭͦ;͙ͤ 
550 414 12,3% 

˸͙͊ͫͣ͊͊ͤ͟͡ ͫ͊ͦ͋ͪ͊ΐ͊͞Σ 

͍͔ͭ͊ͪ ͔͍͔͙ͫͪͦͫͭͦ;͙ͤ 
1000 925 3,8% 

 

 

ʉʣʠʢʘ 9 ʇʦʨʝʹʝˁʝ ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ CO ʫ ʪʦʢʫ ʜʘʥʘ (ʣʝʚʦ) 

ʠ ʠʟʤʝʨʝʥʠʭ ʠ ʤʦʜʝʣʠʨʘʥʠʭ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ CO ʟʘ ʧʝʨʠʦʜ ʦʜ 1, 3, 7 ʠ 30 ʜʘʥʘ 

ʊʘʙʝʣʘ 3 - ʇʦʨʝʹʝˁʝ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫʛˀʝʥʤʦʥʦʢʩʠʜʘ ʥʘ ʣʦʢʘʮʠʿʠ ʫ ʛʨʘʜʫ ʅʠʰʫ 

ˤ͔͔ͪͣ ғƘҔ ˣͪ͘Φ ͍͔ͭͪ͊ ғƳκǎҔ ˸͔͔ͪͤ͊ ͦͤ͟ͼΦ ғƳƎκƳ3> ˸͊ͭΦ ͣͦ͒Φ ғƳƎκƳ3> ˻͔͒ͫͭͯͨ͊ͥ 

16 1,9 1,37 1,4 2,2% 

17 2,1 1,28 1,27 0,8% 

18 2 1,29 1,33 3,1% 

19 1,7 1,34 1,38 3,0% 

20 1,7 1,35 1,38 2,2% 

21 1,4 1,73 1,73 0,0% 

22 1,6 1,5 1,35 10,0% 



ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

228 
 

ʈʝʟʫʣʪʘʪʠ ʧʦʨʝʹʝˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ ʫ ʊʘʙʝʣʠ 2 ʜʘʿʫ ʦʜʩʪʫʧʘˁʘ ʫ 

ʦʧʩʝʛʫ ʜʦ 15% ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʜʦʙʨʦ ʧʦʢʣʘʧʘˁʝ ʨʝʟʫʣʪʘʪʘ, ʦʙʟʠʨʦʤ ʥʘ ʩʪʦʭʘʩʪʠʯʢʫ ʧʨʠʨʦʜʫ 

ʩʘʦʙʨʘ˂ʘʿʘ. 

ʀʟ ʨʝʟʫʣʪʘʪʘ ʧʨʠʢʘʟʘʥʠʭ ʫ ʊʘʙʝʣʠ 3 ʠ ʥʘ ʩʣʠʮʠ 3, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʛʨʝʰʢʘ 

ʧʨʦʮʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠʟʥʦʩʠ ʩʣʠʯʥʦ ʢʘʦ ʠ ʟʘ ʩʣʫʯʘʿ ʫʛˀʝʥ-ʜʠʦʢʩʠʜʘ, ʜʦ 

10%.ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ, ʜʘ ʩʝ ʫ ʩʣʫʯʘʿʫ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ 

ʤʦʞʝ ʫʩʧʝʰʥʦ ʢʦʨʠʩʪʠʪʠ ʠ ʢʘʜʘ ʿʝ ʚʨʝʜʥʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠʩʧʦʜ ʜʦˁʝ ʛʨʘʥʠʮʝ ʦʮʝˁʠʚʘˁʘ. 

ɿʘ ʩʣʫʯʘʿʝʚʝ ʢʘʜʘ ʥʝ ʧʦʩʪʦʿʝ ʤʝʨʝˁʘ, ʟʘ ʚʨʰʝˁʝ ʧʦʨʝʹʝˁʘ ʨʝʟʫʣʪʘʪʘ ʤʦʜʝʣʘ, ʫʢʫʧʥʘ 

ʛʨʝʰʢʘ ʤʦʜʝʣʘ ʩʝ ʤʦʞʝ ʧʨʦʮʝʥʠʪʠ ʥʘ ʦʩʥʦʚʫ ʠʟʨʘʟʘ (2), ʛʜʝ ʿʝ ‏ὲ ʛʨʝʰʢʘ ʫ ʦʜʨʝʹʠʚʘˁʫ 
ʫʯʝʩʪʘʣʦʩʪʠ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ‏Ὁ ʥʝʩʠʛʫʨʥʦʩʪ ʬʘʢʪʦʨʘ ʝʤʠʩʠʿʝ [17]. ʅʘ ʦʩʥʦʚʫ ʦʚʦʛʘ ʩʝ ʤʦʞʝ 
ʦʜʨʝʜʠʪʠ ʛʨʝʰʢʘ ʧʨʦʮʝʥʝ ʝʤʠʩʠʿ ʝ ʦʜ ʩʘʦʙʨʘ˂ʘʿʘ ʢʘʦ 

Ўὅ‏ 

Ўὅ

ϽϽϽ

ϽϽ

ϽϽ Ͻ

ϽϽ

Ўὅ
ϽρππϷ Ȣ (2) 

ɸʅɸʃʀɿɸ ʈɽɿʋʃʊɸʊɸ ʀ ɼʀʉʂʋʉʀɱɸ 

ʅʘ ʦʩʥʦʚʫ ʧʦʜʘʪʘʢʘ ʦ ʙʨʦʿʫ ʚʦʟʠʣʘ ʠ ʩʧʝʮʠʬʠʯʥʠʤ ʬʘʢʪʦʨʠʤʘ ʧʨʠʢʘʟʘʥʠʤ ʥʘ ʩʣʠʮʠ 1, 

ʦʜʥʦʩʥʦ ʫ ʊʘʙʝʣʠ 1, ʠʟʚʨʰʝʥʘ ʿʝ ʧʨʦʮʝʥʘ ʝʤʠʩʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʟʘ ʜʚʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʩʣʫʯʘʿʘ ʫ ʛʨʘʜʫ ʅʠʰʫ: 

¶ ʤʠʥʠʤʘʣʘʥ ʩʘʦʙʨʘ˂ʘʿ ʫ ʨʘʥʠʤ ʿʫʪʘʨˁʠʤ ʩʘʪʠʤʘ ʩʘ 5 ʚʦʟʠʣʘ ʥʘ 5 ʤʠʥʫʪʘ ʠ 

¶ ʤʘʢʩʠʤʘʣʘʥ ʩʘʦʙʨʘ˂ʘʿ ʫ ʰʧʠʮʫ (ʫ 9.30 ʠ 16 ʯʘʩʦʚʘ) ʩʘ ʫʯʝʩʪʘʣʦʰ˂ʫ ʦʜ 100 ʚʦʟʠʣʘ ʥʘ 5 

ʤʠʥʫʪʘ. 

ɿʘ ʧʨʦʩʝʯʥʫ ʜʫʞʠʥʫ ʜʝʦʥʠʮʝ ʿʝ ʫʩʚʦʿʝʥʦ ʜʘ ʠʟʥʦʩʠ 1 km, ʜʦʢ ʿʝ ʟʘ ʙʨʟʠʥʫ ʚʝʪʨʘ 

ʫʩʚʦʿʝʥʦ ʜʘ ʠʟʥʦʩʠ 2,1 m (ʩʣʠʢʘ 4). ɿʘʤʝˁʠʚʘˁʝʤ ʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʫ ʠʟʨʘʟ (1) ʜʦʙʠʿʝʥʝ ʩʫ 

ʧʨʦʮʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʛˀʝʥʜʠʦʢʩʠʜʘ, ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠ ʘʟʦʪʥʠʭ ʦʢʩʠʜʘ. 

ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʝʣʠ 4.ʀʘʢʦ ʩʫ ʜʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫʛˀʝʥ-ʤʦʥʦʢʩʠʜʘ ʠ ʘʟʦʪʥʠʭ ʦʢʩʠʜʘ ʛʝʥʝʨʘʣʥʦ ʙʝʟʙʝʜʥʝ ʟʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ, 

ʦʥʝ ʙʠ ʧʦ ʩʨʝʜˁʦʿ ʚʨʝʜʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫ ʪʦʢʫ ʜʘʥʘ ʤʦʛʣʝ ʣʘʢʦ ʧʨʝ˂ʠ ʪʦʣʝʨʘʥʪʥʝ 

ʚʨʝʜʥʦʩʪʠ [22].ʄʝʹʫʪʠʤ ʫ ʩʣʫʯʘʿʫ ʥʠʞʠʭ ʚʨʝʜʥʦʩʪʠ ʙʨʟʠʥʝ ʚʝʪʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫʛˀʝʥ-

ʤʦʥʦʢʩʠʜʘ ʙʠ ʤʦʛʣʘ ʚʠʰʝʩʪʨʫʢʦ ʜʘ ʥʘʜʤʘʰʠ ʪʦʣʝʨʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ.ʋ ʩʣʫʯʘʿʫ ʘʟʦʪʦʚʠʭ 

ʦʢʩʠʜʘ, ʦʜʥʦʩʥʦ ʘʟʦʪ ʜʠʦʢʩʠʜʘ ʪʦʣʝʨʘʥʪʥʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʢʦʥʩʪʘʥʪʥʦ ʥʘʨʫʰʝʥʝ. 

ʊʘʙʝʣʘ 4 ʇʨʦʮʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʠʥʜʫʢʦʚʘʥʠʭ ʩʘʦʙʨʘ˂ʘʿʝʤ 

 ˴ͦͤͼ͔ͤͭͪ͊ͼ͙͊͞ ғǇǇƳҔ 

˿ͯͨͫͭ͊ͤͼ͊ CO2 CO NOx 

˸͙͙ͤͣ͊͊ͤ͡ ͫ͊ͦ͋ͪ͊ΐ͊͞ 409 0,45 0,1 

͙ͣ͊ͫͣ͊͊ͤ͟͡ ͫ͊ͦ͋ͪ͊ΐ͊͞ 1468 22,5 3,0 
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ʉʣʠʢʘ 10 ʉʨʝʜˁʝ ʚʨʝʜʥʦʩʪʠ ʙʨʟʠʥʝ ʚʝʪʨʘ ʧʦ ʤʝʩʝʮʠʤʘ [15] 

ʅʝʢʝ ʦʜ ʤʝʨʘ ʟʘ ʩʤʘˁʝˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʠʥʜʫʢʦʚʘʥʠʭ 

ʩʘʦʙʨʘ˂ʘʿʝʤ ʙʠ ʙʠʣʝ: 

¶ ʧʨʝʣʘʟʘʢ ʚʦʟʠʣʘ ʩʘ ʙʝʥʟʠʥʘ ʥʘ ʘʫʪʦʛʘʩ, ʯʠʤʝ ʙʠ ʩʝ ʝʤʠʩʠʿʘ, ʘ ʩʘʤʠʤ ʪʠʤʝ ʠ 
ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʤʘˁʠʣʘ ʟʘ ʧʨʠʙʣʠʞʥʦ ʪʨʝ˂ʠʥʫ [23], 

¶ ʦʩʘʚʨʝʤʝˁʘʚʘˁʝ ʚʦʟʥʦʛ ʧʘʨʢʘ ʯʠʤʝ ʙʠ ʩʝ ʟʥʘʯʘʿʥʦ ʩʤʘˁʠʣʘ ʝʤʠʩʠʿʘ ʟʘʛʘʹʫʿʫ˂ʠʭ 

ʩʫʧʩʪʘʥʮʠ [24], 

¶ ʧʦʚʝ˂ʘˁʝ ʧʨʦʭʦʜʥʦʩʪʠ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ, ʯʠʤʝ ʙʠ ʩʝ ʩʤʘˁʠʦ ʨʘʜ ʫ ʧʨʘʟʥʦʤ ʭʦʜʫ 
ʘʫʪʦʤʦʙʠʣʘ [25]. 

ɿɸʂɲʋʏɸʂ 

ʋ ʦʚʦʤ ʨʘʜʫ ʿʝ ʘʥʘʣʠʟʠʨʘʥʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʮʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘʛʘʹʫʿʫ˂ ʠʭ ʩʫʧʩʪʘʥʮʠ 

ʠʥʜʫʢʦʚʘʥʠʭ ʩʘʦʙʨʘ˂ʘʿʝʤ.ʂʘʦ ʫʣʘʟʥʠ ʧʦʜʘʮʠ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʩʧʝʮʠʬʠʯʘʥ ʬʘʢʪʦʨ ʝʤʠʩʠʿʝ, 

ʫʯʝʩʪʘʣʦʩʪ ʩʘʦʙʨʘ˂ʘʿʘ, ʛʝʦʤʝʪʨʠʿʘ ʫʨʙʘʥʦʛ ʢʘˁʦʥʘ ʠ ʙʨʟʠʥʘ ʚʝʪʨʘ.ʉʨʘʯʫʥʘʪʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 

ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʩʫ ʧʦʪʦʤ ʫʧʦʨʝʹʝʥʝ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʨʫʛʠʭ ʘʫʪʦʨʘ, ʢʘʦ ʠ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʥʘ ʤʝʨʥʦʿ ʩʪʘʥʠʮʠ ɼʨʞʘʚʥʝ ʤʨʝʞʝ ʟʘ ʘʫʪʦʤʘʪʩʢʠ ʤʦʥʠʪʦʨʠʥʛ ʚʘʟʜʫʭʘ ʫ ʉʨʙʠʿʠ. 

ʇʦʨʝʹʝˁʝʤ ʿʝ ʫʩʪʘʥʦʚˀʝʥʦ ʜʘ ʿʝ ʨʘʟʣʠʢʘ ʫ ʧʨʠʭʚʘʪˀʠʚʦʤ ʦʧʩʝʛʫ.ʅʘ ʦʩʥʦʚʫ ʠʟʣʦʞʝʥʦʛ 

ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʿʝ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʝʬʠʢʘʩʘʥ ʟʘ ʧʨʦʮʝʥʫ ʝʤʠʩʠʿʝ ʦʜ ʩʘʦʙʨʘ˂ʘʿʘ ʠ ʜʘ ʿʝ 

ʧʨʠʤʝʥˀʠʚ ʢʘʜʘ ʥʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʠʟʚʨʰʝ ʤʝʨʝˁʘ.ʅʘ ʢʨʘʿʫ ʨʘʜʘ ʿʝ ʜʘʪʘ ʜʠʩʢʫʩʠʿʘ 

ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʩʤʘˁʝˁʝ ʝʤʠʩʠʿʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʟʘʛʘʹʫʿʫ˂ʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʚʘʟʜʫʭʫ. 
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ʈɽɿʀʄɽ 

ɺʦʿʥʝ ʦʧʝʨʘʮʠʿʝ ʪʘʢʪʠʯʢʦʛ ʥʠʚʦʘ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʢʦʤʘʥʜʦʚʘˁʝ, ʦʨʛʘʥʠʟʘʮʠʿʫ ʜʝʿʩʪʘʚʘ ʠ ʧʨʦʪʠʚʜʝʿʩʪʘʚʘ ʠ 

ʦʙʝʟʙʝʹʝˁʝ ʙʦʨʙʝʥʠʭ ʜʝʿʩʪʘʚʘ ʢʨʦʟ ʯʝʪʠʨʠ ʬʘʟʝ. ʋ ʚʦʿʥʠʤ ʜʦʢʪʨʠʥʘʤʘ ʪʘʢʪʠʯʢʠ ʥʠʚʦ ʚʦʿʥʠʭ ʦʧʝʨʘʮʠʿʘ ʦʜʥʦʩʠ 

ʩʝ ʥʘ ʚʦʿʥʝ ʦʧʝʨʘʮʠʿʝ ʚʦʿʥʠʭ ʿʝʜʠʥʠʮʘ ʜʦ ʥʠʚʦʘ ʙʨʠʛʘʜʝ. ʌʘʟʝ ʚʦʿʥʠʭ ʦʧʝʨʘʮʠʿʘ ʩʫ: ʧʨʠʧʨʝʤʘ ʚʦʿʥʝ ʦʧʝʨʘʮʠʿʝ, 

ʠʟʚʦʹʝˁʝ ʚʦʿʥʝ ʦʧʝʨʘʮʠʿʝ, ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʩʪʘˁʘ ʥʘ ʧʨʦʩʪʦʨʫ ʠʟʚʦʹʝˁʘ ʚʦʿʥʝ ʦʧʝʨʘʮʠʿʝ ʠ ʜʝʟʘʥʛʘʞʦʚʘˁʝ ʩʥʘʛʘ. 

ɺʦʿʥʝ ʜʦʢʪʨʠʥʝ ʧʦʤʠˁʫ ʧʝʪ ʬʘʢʪʦʨʘ, ʯʠʿʝ ʧʦʟʥʘʚʘˁʝ ʜʦʚʦʜʠ ʜʦ ʫʩʧʝʭʘ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ.  ʊʠ ʬʘʢʪʦʨʠ ʩʫ: 

ʥʝʧʨʠʿʘʪʝˀʝʚʝ ʩʥʘʛʝ, ʩʦʧʩʪʚʝʥʝ ʩʥʘʛʝ, ʧʨʦʩʪʦʨ ʠʟʚʦʹʝˁʘ ʚʦʿʥʝ ʦʧʝʨʘʮʠʿʝ, ʚʨʝʤʝ ʠ ʠʥʬʦʨʤʘʮʠʿʝ. 

ʎʠˀ ʨʘʜʘ ʿʝ ʧʨʠʢʘʟ ʤʝʨʘ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʝ ʤʦʛʫ ʩʧʨʦʚʦʜʠʪʠ ʨʘʜʠ ʟʘʰʪʠʪʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ 

ʩʦʧʩʪʚʝʥʠʤ ʩʥʘʛʘʤʘ ʠ ʤʝʨʘ ʟʘ  ʧʨʠʢʫʧˀʘˁʝ ʠ ʢʦʨʠʰ˂ʝˁʝ ʧʦʜʘʪʘʢʘ ʦ ʥʝʧʨʠʿʘʪʝˀʝʚʠʤ ʩʥʘʛʘʤʘ. 

ʋ ʨʘʜʫ ʩʫ, ʪʝʞʠʰʥʦ, ʧʨʠʤʝˁʝʥʝ ʤʝʪʦʜʝ ʘʥʘʣʠʟʝ ʩʘʜʨʞʘʿʘ, ʧʦʩʤʘʪʨʘˁʘ ʠ ʠʥʜʫʢʪʠʚʥʦ-ʜʝʫʜʢʪʠʚʥʘ 

ʤʝʪʦʜʘ. ʈʝʟʫʣʪʘʪʠ ʨʘʜʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʦʙʿʝʜʠˁʝʥ ʧʨʠʢʘʟ ʤʝʨʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʨʠʤʝˁʠʚʘʪʠ ʨʘʜʠ ʟʘʰʪʠʪʝ ʠ 

ʢʦʨʠʰ˂ʝˁʘ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʠʥʬʦʨʤʘʮʠʿʘ, ʙʝʟʙʝʜʥʦʩʪ, ʚʦʿʥʝ ʦʧʝʨʘʮʠʿʝ. 

INFORMATION SECURITY  OF MILITARY OPERATIO NS OF TACTICAL 

LEVEL  

ABSTRACT 

Military operations involve tactical level command, organization of combat operations and providing combat 

operations through four phases. The military doctrines the tactical level of military operations presupposes military 

operations of military units up to the brigade. The phases of military operations are preparing military operations, the 

implementation of military operations, the stabilization of the situation in the territory of the military operations and 

disengagement of forces. Military doctrines mention five factors, the knowledge of which leads to a success in military 

operations. These factors are: the enemy forces, our forces, area of the military operations, time and information. 

The aim of the study was to review the measures and activities that can be implemented to protect information 

about its own efforts and measures to collect and use data about the enemy forces. 

In this paper, principally, the methods of content analysis, observation, and inductive-deductive methods are 

applied. We present a unified view on the measures that can be applied for the protection and use of information in 

military operations. 

Key words: information, security, military operations. 

ʋɺʆɼ 

ʈʘʟʚʦʿ ʙʦʨʙʝʥʠʭ ʩʠʩʪʝʤʘ ʠ ʢʦʤʘʥʜʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʫʩʣʦʚʠʦ ʿʝ ʠ ʨʘʟʚʦʿ 

ʜʦʢʪʨʠʥʝ ʦʨʫʞʘʥʠʭ ʩʥʘʛʘ. ɼʦʢʪʨʥʠʥʘ ʦʨʫʞʘʥʠʭ ʩʥʘʛʘ, ʥʘ ʥʝʢʠ ʥʘʯʠʥ ʧʨʝʜʩʪʘʚˀʘ ʫʧʫʪʩʪʚʦ ʦ 

ʪʦʤʝ ʢʘʢʦ ʪʨʝʙʘ ʦʧʪʠʤʘʣʥʦ ʚʦʜʠʪʠ ʦʨʫʞʘʥʫ ʙʦʨʙʫ ʫ ʩʢʣʘʜʫ ʩʘ ʢʦʥʢʨʝʪʥʠʤ ʫʩʣʦʚʠʤʘ. 

ʆʙʫʭʚʘʪʘ ʩʠʩʪʝʤ ʫʩʚʦʿʝʥʠʭ ʩʪʘʚʦʚʘ, ʧʨʠʥʮʠʧʘ ʠ ʧʦʛʣʝʜʘ ʦ ʧʨʠʧʨʝʤʘˁʫ ʠ ʚʦʹʝˁʫ ʦʨʫʞʘʥʝ 

ʙʦʨʙʝ (ʚʦʿʥʠʭ ʦʧʝʨʘʮʠʿʘ) ʥʘ ʩʪʨʘʪʝʛʠʩʿʢʦʤ, ʦʧʝʨʘʪʠʚʥʦʤ ʠ ʪʘʢʠʯʢʦʤ ʥʠʚʦʫ. ʈʘʥʠʿʝ ʚʦʿʥʝ 

ʜʦʢʪʨʠʥʝ ʢʘʦ ʯʠʥʠʦʮʝ ʦʨʫʞʘʥʝ ʙʦʨʙʝ ʨʘʟʤʘʪʨʘʣʝ ʩʫ: ʮʠˀ, ʩʥʘʛʝ, ʧʨʦʩʪʦʨ ʠ ʚʨʝʤʝ. ʉʘʚʨʝʤʝʥʝ 

ʚʦʿʥʝ ʜʦʢʪʨʠʥʝ ʫ ʯʠʥʠʦʮʝ ʚʦʿʥʠʭ ʦʧʝʨʘʮʠʿʘ ʩʚʨʩʪʘʚʘʿʫ ʮʠˀ, ʩʥʘʛʝ, ʧʨʦʩʪʦʨ, ʚʨʝʤʝ ʠ 

ʠʥʬʦʨʤʘʮʠʿʝ.  ɼʘʢʣʝ, ʠʥʬʦʨʤʘʮʠʿʝ ʜʦʙʠʿʘʿʫ ʩʚʝ ʚʝ˂ʠ ʟʥʘʯʘʿ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ. 

ʊʨʘʜʠʮʠʦʥʘʣʘʥ ʧʨʠʩʪʫʧ ʟʘʰʪʠʪʠ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʟʘʩʥʠʚʘʦ ʩʝ ʥʘ ʧʨʠʤʝʥʠ: 

ʦʨʛʘʥʠʟʘʮʠʿʩʢʠʭ, ʦʧʝʨʘʪʠʚʥʦ-ʪʘʢʪʠʯʢʠʭ ʠ ʪʝʭʥʠʯʢʠʭ ʤʝʨʘ ʝʣʝʢʪʨʦʥʩʢʝ ʟʘʰʪʠʪʝ.  

                                                             
1
 ʋʥʠʚʝʨʟʠʪʝʪ ʦʜʙʨʘʥʝ, ɺʦʿʥʘ ʘʢʘʜʝʤʠʿʘ, ɹʝʦʛʨʘʜ 

2
 ɻʝʥʝʨʘʣʰʪʘʙ ɺʦʿʩʢʝ ʉʨʙʠʿʝ, ɻʘʨʜʘ, ɹʝʦʛʨʘʜ 
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ʊʨʘʜʠʮʠʦʥʘʣʥʠ ʧʨʠʩʪʫʧ ʫ ʟʘʰʪʠʪʠ ʠʥʬʦʨʤʘʮʠʿʘ ʩʝ ʧʦʢʘʟʘʦ ʢʘʦ ʚʝʦʤʘ ʝʬʠʢʘʩʘʥ, 

ʤʝʹʫʪʠʤ ʨʘʟʚʦʿʝʤ ʢʦʤʘʥʜʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʠ ʩʠʩʪʝʤʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ 

ʦʙʘʚʝʰʪʘʿʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʙʦʨʙʝʥʠʭ ʩʠʩʪʝʤʘ ʯʠʿʝ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʟʘʚʠʩʠ ʦʜ ʦʜʨʝʹʝʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ (ʥʧʨ. ʥʘʚʦʹʝˁʝ ʧʨʝʢʦ ʩʠʩʪʝʤʘ ʟʘ ʛʣʦʙʘʣʥʦ ʥʘʚʦʹʝˁʝ ʠ ʫʧʨʘʚˀʘˁʝ) ʥʝʦʧʭʦʜʥʦ 

ʛʘ ʿʝ ʫʥʘʧʨʝʜʠʪʠ. 

ʋ ʨʘʜʫ ʩʫ ʦʧʠʩʘʥʝ ʚʦʿʥʝ ʦʧʝʨʘʮʠʿʝ ʪʘʢʪʠʯʢʦʛ ʥʠʚʦʘ, ʧʨʠʢʘʟʘʥ ʿʝ ʟʥʘʯʘʿ ʠʥʬʦʨʤʘʮʠʿʘ ʫ 

ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʪʘʢʪʠʯʢʦʛ ʥʠʚʦʘ ʠ ʢʨʦʟ ʦʙʿʘʰˁʝˁʝ ʠʥʬʦʨʤʘʮʠʦʥʝ ʙʝʟʙʝʜʥʦʩʪʠ ʫ ʚʦʿʥʠʤ 

ʦʧʝʨʘʮʠʿʘʤʘ ʧʨʠʢʘʟʘʥ ʿʝ ʧʨʠʩʪʫʧ ʤʦʜʝʣʫ ʟʘʰʪʠʪʥʠʭ ʧʨʩʪʝʥʦʚʘ. ʂʨʦʟ ʤʦʜʝʣ ʟʘʰʪʠʪʥʠʭ 

ʧʨʩʪʝʥʦʚʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʤʝʨʝ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ ʩʝ ʤʦʛʫ ʩʧʨʦʚʦʜʠʪʠ ʨʘʜʠ ʫʥʘʧʨʝʹʝˁʘ 

ʠʥʬʦʨʤʘʮʠʦʥʝ ʙʝʟʙʝʜʥʦʩʪʠ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʪʘʢʪʠʯʢʦʛ ʥʠʚʦʘ. 

ɺʆɱʅɽ ʆʇɽʈɸʎʀɱɽ ʊɸʂʊʀʏʂʆɻ ʅʀɺʆɸ 

ʋ ɼʦʢʪʨʠʥʠ ɺʦʿʩʢʝ ʉʨʙʠʿʝ ʦʧʝʨʘʮʠʿʘ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʢʘʦ ʩʢʫʧ ʙʦʨʙʝʥʠʭ ʠ/ʠʣʠ 

ʥʝʙʦʨʙʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʧʦʢʨʝʪʘ ʠ ʜʨʫʛʠʭ ʘʢʮʠʿʘ ʢʦʿʝ ʩʝ ʧʨʝʜʫʟʠʤʘʿʫ ʧʦ ʿʝʜʠʥʩʪʚʝʥʦʿ 

ʟʘʤʠʩʣʠ, ʩʘʤʦʩʪʘʣʥʦ ʠʣʠ ʫ ʩʘʨʘʜˁʠ ʩ ʜʨʫʛʠʤ ʩʥʘʛʘʤʘ ʦʜʙʨʘʥʝ, ʨʘʜʠ ʦʩʪʚʘʨʝˁʘ ʦʧʰʪʝʛ ʮʠˀʘ 

ʨʘʟʣʠʯʠʪʦʛ ʟʥʘʯʘʿʘ.
3
   

ʊʘʢʦʹʝ ʫ ɼʦʢʪʨʠʥʠ ɺʦʿʩʢʝ ʉʨʙʠʿʝ ʩʝ ʥʘʚʦʜʝ ʥʠʚʦʠ ʦʧʝʨʘʮʠʿʘ ʠ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ 

ʫʪʚʨʹʠʚʘˁʝ ʥʠʚʦʘ ʦʧʝʨʘʮʠʿʘ.  

ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ ʩʫ ʜʝʬʠʥʠʩʘʥʘ ʪʨʠ ʥʠʚʦʘ ʦʧʝʨʘʮʠʿʘ: 

- ʩʪʨʘʪʝʛʠʿʩʢʠ ʥʠʚʦ ʦʧʝʨʘʮʠʿʘ, 

- ʦʧʝʨʘʪʠʚʥʠ ʥʠʚʦ ʦʧʝʨʘʮʠʿʘ ʠ  

- ʪʘʢʪʠʯʢʠ ʥʠʚʦ ʦʧʝʨʘʮʠʿʘ. 

ʊʘʢʪʠʯʢʠ ʥʠʚʦ (ʚʦʿʥʠʭ) ʦʧʝʨʘʮʠʿʘ ʦʙʫʭʚʘʪʘ ʧʨʠʧʨʝʤʫ ʠ ʫʧʦʪʨʝʙʫ ʿʝʜʠʥʠʮʘ ʫ 

ʜʠʨʝʢʪʥʦʤ ʢʦʥʪʘʢʪʫ ʩ ʥʝʧʨʠʿʘʪʝˀeʤ, ʨʘʜʠ ʥʝʧʦʩʨʝʜʥʝ ʨʝʘʣʠʟʘʮʠʿʝ ʜʦʜʝˀʝʥʠʭ ʤʠʩʠʿʘ ʠ 
ʟʘʜʘʪʘʢʘ. ʅʘ ʦʚʦʤ ʥʠʚʦʫ, ʨʘʩʧʦʣʦʞʠʚʠ ʚʦʿʥʠ ʧʦʪʝʥʮʠʿʘʣʠ ʘʥʛʘʞʫʿʫ ʩʝ ʫ ʦʧʝʨʘʮʠʿʘʤʘ 

ʪʘʢʪʠʯʢʦʛ ʟʥʘʯʘʿʘ, ʢʦʿʝ ʤʦʛʫ ʙʠʪʠ ʩʘʤʦʩʪʘʣʥʝ ʠʣʠ ʜʝʦ ʢʘʤʧʘˁʝ.  

ʏʠʥʠʦʮʠ ʦʧʝʨʘʮʠʿʘ ʜʠʤʝʥʟʠʦʥʠʨʘʿʫ ʠ ʦʙʣʠʢʫʿʫ  ʚʦʿʥʫ ʦʧʝʨʘʮʠʿʫ. ʏʠʥʠʦʮʠ ʦʧʝʨʘʮʠʿʘ 

ʩʫ: ʮʠˀ ʦʧʝʨʘʮʠʿʝ, ʩʥʘʛʝ, ʧʨʦʩʪʦʨ, ʚʨʝʤʝ ʠ ʠʥʬʦʨʤʘʮʠʿʝ.  ʇʣʘʥʩʢʠ  ʩʝ ʧʦʚʝʟʫʿʫ  ʫ  

ʿʝʜʠʥʩʪʚʝʥʫ ʮʝʣʠʥʫ  ʢʦʿʘ ʯʠʥʠ ʚʦʿʥʫ ʦʧʝʨʘʮʠʿʫ ʫʩʤʝʨʝʥʫ ʢʘ ʦʩʪʚʘʨʝˁʫ ʧʦʩʪʘʚˀʝʥʦʛ ʮʠˀʘ ʫ 

ʢʦʥʢʨʝʪʥʦʿ ʤʠʩʠʿʠ.
4
   

ʆʧʰʪʠ ʮʠˀ ʦʧʝʨʘʮʠʿʝ ʪʝʤʝˀʠ ʩʝ ʥʘ ʦʧʰʪʠʤ ʮʠˀʝʚʠʤʘ ʠ ʠʥʪʝʨʝʩʠʤʘ  ʟʥʘʯʘʿʥʠʤ  ʟʘ  

ʦʜʙʨʘʥʫ  ʟʝʤˀʝ. ʆʧʨʝʜʝˀʫʿʫ  ʛʘ  ʩʦʧʩʪʚʝʥʝ ʤʦʛʫ˂ʥʦʩʪʠ,  ʿʘʯʠʥʘ  ʠ  ʨʘʩʧʦʨʝʜ  ʥʝʧʨʠʿʘʪʝˀʘ,  

ʢʘʨʘʢʪʝʨ  ʥʝʚʦʿʥʝ ʧʨʝʪˁʝ ʠ ʤʝʩʪʦ ʠʟʚʦʹʝˁʘ. ʎʠˀ ʫʚʝʢ ʤʦʨʘ ʙʠʪʠ ʨʝʘʣʘʥ ʠ ʫʩʢʣʘʹʝʥ ʩʘ 

ʩʪʚʘʨʥʠʤ ʤʦʛʫ˂ʥʦʩʪʠʤʘ ʟʘ ˁʝʛʦʚʦ ʧʦʩʪʠʟʘˁʝ. ʆʜʨʝʹʠʚʘˁʝ ʮʠˀʘ ʠ ˁʝʛʦʚʘ ʨʝʘʣʥʦʩʪ ʟʘʚʠʩʝ ʦʜ 

ʧʦʟʥʘʚʘˁʘ ʩʠʪʫʘʮʠʿʝ ʠ ʩʭʚʘʪʘˁʘ ʩʫʰʪʠʥʝ ʟʘʜʘʪʢʘ, ʢʘʦ ʠ ʦʜ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʚʠʹʘˁʘ ʤʦʛʫ˂ʠʭ 

ʩʠʪʫʘʮʠʿʘ ʫ ʪʦʢʫ ʠʟʚʦʹʝˁʘ ʦʧʝʨʘʮʠʿʘ.  

ɲʫʜʩʢʠ ʠ ʤʘʪʝʨʠʿʘʣʥʠ ʨʝʩʫʨʩʠ ʩʘ ʩʚʦʿʠʤ ʢʚʘʣʠʪʘʪʠʚʥʠʤ ʠ ʢʚʘʥʪʠʪʘʪʠʚʥʠʤ 

ʦʙʝʣʝʞʿʠʤʘ ʦʙʣʠʢʫʿʫ ʩʥʘʛʝ ʟʘ ʠʟʚʦʹʝˁʝ ʦʧʝʨʘʮʠʿʘ. ʂʚʘʥʪʠʪʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ʩʥʘʛʘ ʠʩʢʘʟʫʿʫ ʩʝ 

ʙʨʦʿʝʤ ˀʫʜʠ ʠ ʩʨʝʜʩʪʘʚʘ ʫ ʨʘʟʥʦʚʨʩʥʠʤ ʦʨʛʘʥʠʟʘʮʠʿʩʢʦ-ʬʦʨʤʘʮʠʿʩʢʠʤ ʠ ʧʨʠʚʨʝʤʝʥʦ 

ʤʦʜʝʣʦʚʘʥʠʤ ʩʘʩʪʘʚʠʤʘ ʥʘʤʝˁʝʥʠʤ ʟʘ ʠʟʚʦʹʝˁʝ ʦʧʝʨʘʮʠʿʘ. ʂʚʘʣʠʪʘʪʠʚʥʘ ʩʚʦʿʩʪʚʘ ˀʫʜʩʢʦʛ 

ʨʝʩʫʨʩʘ ʠʩʧʦˀʘʚʘʿʫ ʩʝ ʧʨʝʢʦ ʙʦʨʙʝʥʦʛ ʤʦʨʘʣʘ, ʥʠʚʦʘ ʦʙʫʯʝʥʦʩʪʠ ʠ ʬʠʟʠʯʢʝ 

ʧʨʠʧʨʝʤˀʝʥʦʩʪʠ. ʂʚʘʣʠʪʘʪʠʚʥʘ  ʩʚʦʿʩʪʚʘ  ʤʘʪʝʨʠʿʘʣʥʠʭ  ʨʝʩʫʨʩʘ  ʠʩʢʘʟʫʿʫ  ʩʝ  ʧʨʝʢʦ 

ʪʘʢʪʠʯʢʦ-ʪʝʭʥʠʯʢʠʭ  ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ  ʥʘʦʨʫʞʘˁʘ  ʠ  ʚʦʿʥʝ  ʦʧʨʝʤʝ, ʚʨʩʪʝ ʠ ʢʦʣʠʯʠʥʝ 

ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʦʙʝʟʙʝʹʝˁʝ ʦʧʝʨʘʮʠʿʝ.   

ʇʨʦʩʪʦʨ  ʿʝ  ʛʝʦʛʨʘʬʩʢʠ  ʧʦʿʘʤ  ʢʦʿʠ  ʦʙʫʭʚʘʪʘ  ʪʝʨʠʪʦʨʠʿʫ,  ʚʘʟʜʫʰʥʠ ʧʨʦʩʪʦʨ ʠ 

ʫʥʫʪʨʘʰˁʝ ʧʣʦʚʥʝ ʧʫʪʝʚʝ. ʇʦʜʨʘʟʫʤʝʚʘ ʨʘʩʧʦʨʝʹʝʥʝ ʝʣʝʤʝʥʪʝ ʦʧʝʨʘʪʠʚʥʦʛ ʨʘʩʧʦʨʝʜʘ 

                                                             
3
 ɼʦʢʪʨʠʥʘ ɺʦʿʩʢʝ ʉʨʙʠʿʝ, ʄʝʜʠʿʘ ʮʝʥʪʘʨ Ăʆʜʙʨʘʥʘñ, ɹʝʦʛʨʘʜ, 2010. ʩʪʨ 28. 

4
 ɼʦʢʪʨʠʥʘ ʦʧʝʨʘʮʠʿʘ ɺʦʿʩʢʝ ʉʨʙʠʿʝ, ʄʝʜʠʿʘ ʮʝʥʪʘʨ Ăʆʜʙʨʘʥʘñ, ɹʝʦʛʨʘʜ, 2012. ʩʪʨ 43. 
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ʩʦʧʩʪʚʝʥʠʭ ʠ ʥʝʧʨʠʿʘʪʝˀʝʚʠʭ ʩʥʘʛʘ ʠ ʫ ˁʝʤʫ ʩʝ ʠʟʚʦʜʝ ʚʦʿʥʝ ʦʧʝʨʘʮʠʿʝ. ʇʨʦʩʪʦʨ ʩʝ ʠʟʨʘʞʘʚʘ 

ʧʨʝʢʦ ʢʚʘʣʠʪʘʪʠʚʥʠʭ ʜʠʤʝʥʟʠʿʘ (ʜʫʞʠʥʘ, ʰʠʨʠʥʘ ʠ ʧʦʚʨʰʠʥʘ)  ʠ  ʢʚʘʥʪʠʪʘʪʠʚʥʠʭ  ʩʚʦʿʩʪʘʚʘ 

(ʥʘʩʝˀʝʥʦʩʪ,  ʢʦʤʫʥʠʢʘʪʠʚʥʦʩʪ, ʨʝˀʝʬ, ʭʠʜʨʦʛʨʘʬʠʿʘ ʠ ʜʨʫʛʦ).  ʈʘʜʠ  ʫʩʧʦʩʪʘʚˀʘˁʘ  

ʦʧʪʠʤʘʣʥʝ  ʫʩʢʣʘʹʝʥʦʩʪʠ  ʮʠˀʝʚʘ,  ʩʥʘʛʘ ʧʨʝʜʚʠʹʝʥʠʭ ʟʘ ʦʩʪʚʘʨʝˁʝ ʪʠʭ ʮʠˀʝʚʘ, ʧʨʦʩʪʦʨʘ ʫ 

ʢʦʿʝʤ ʩʝ ʟʘʜʘʪʘʢ ʦʙʘʚˀʘ, ʚʨʝʤʝʥʘ ʠ ʥʘʯʠʥʘ ʦʙʘʚˀʘˁʘ ʟʘʜʘʪʘʢʘ, ʚʨʰʠ ʩʝ ʩʪʘʣʥʘ ʧʨʦʮʝʥʘ.   

ɺʦʿʥʝ ʦʧʝʨʘʮʠʿʝ  ʩʝ ʧʣʘʥʠʨʘʿʫ, ʧʨʠʧʨʝʤʘʿʫ ʠ ʠʟʚʦʜʝ ʫ ʦʜʨʝʹʝʥʦʤ  ʚʨʝʤʝʥʫ.  ɿʙʦʛ  

ʩʣʦʞʝʥʦʩʪʠ  ʠ  ʟʥʘʯʘʿʘ,  ʚʨʝʤʝ  ʢʘʦ  ʬʘʢʪʦʨ ʦʨʫʞʘʥʝ  ʙʦʨʙʝ  ʫ  ʮʝʣʠʥʠ  ʠʩʧʦˀʘʚʘ  ʩʝ  ʢʘʦ  

ʠʩʪʦʨʠʿʩʢʠ  ʧʝʨʠʦʜ  ʫ ʢʦʿʝʤ ʩʝ ʠʟʚʦʜʝ ʦʧʝʨʘʮʠʿʝ, ʢʘʦ ʪʨʘʿʘˁʝ, ʢʘʦ ʜʦʙʘ ʛʦʜʠʥʝ ʠ ʜʘʥʘ ʠ ʢʘʦ  

ʤʝʪʝʦʨʦʣʦʰʢʘ  ʧʦʿʘʚʘ. 

ʀʥʬʦʨʤʘʮʠʿʝ ʧʨʫʞʘʿʫ ʧʦʪʧʫʥʠʿʫ ʩʣʠʢʫ ʦ ʦʧʝʨʘʪʠʚʥʦʤ ʦʢʨʫʞʝˁʫ, ʩʤʘˁʫʿʫ 

ʥʝʦʜʨʝʹʝʥʦʩʪ, ʥʝʠʟʚʝʩʥʦʩʪ ʠ ʨʠʟʠʢ  ʠ ʦʤʦʛʫ˂ʘʚʘʿʫ ʫʩʧʝʰʥʦ ʢʦʤʘʥʜʦʚʘˁʝ ʫ ʩʚʠʤ 

ʦʧʝʨʘʮʠʿʘʤʘ.   

ʇʦʜʘʪʘʢ ʿʝ ʧʨʝʜʩʪʘʚˀʘˁʝ ʯʠˁʝʥʠʮʝ ʠʣʠ ʠʜʝʿʝ ʧʦʛʦʜʥʝ ʟʘ ʢʦʤʫʥʠʢʘʮʠʿʫ, 

ʠʥʪʝʨʧʨʝʪʘʮʠʿʫ ʠ ʦʙʨʘʜʫ. ʇʦʜʘʮʠ ʝʣʝʤʝʥʪʘʨʥʦ ʦʧʠʩʫʿʫ ʩʪʚʘʨʠ, ʜʦʛʘʹʘʿʝ, ʘʢʪʠʚʥʦʩʪʠ ʠ 

ʪʨʘʥʩʘʢʮʠʿʝ ʢʦʿʠ ʩʫ ʟʘʙʝʣʝʞʝʥʠ,  ʢʣʘʩʠʬʠʢʦʚʘʥʠ  ʠ  ʫʩʢʣʘʜʠʰʪʝʥʠ,  ʘʣʠ  ʥʠʩʫ  ʦʨʛʘʥʠʟʦʚʘʥʠ  

ʜʘ ʧʨʝʥʝʩʫ  ʥʝʢʦ  ʢʦʥʢʨʝʪʥʦ  ʟʥʘʯʝˁʝ.  ʀʥʬʦʨʤʘʮʠʿʘ  ʿʝ  ʧʦʜʘʪʘʢ  ʢʦʿʠ ʧʦʚʝ˂ʘʚʘ ʟʥʘˁʝ 

ʧʨʠʤʘʦʮʘ ʦ ʥʝʢʦʤ ʧʦʿʤʫ.   

ɹʠʪʥʘ ʩʚʦʿʩʪʚʘ ʠʥʬʦʨʤʘʮʠʿʝ ʩʫ: 

- ʟʘ ʩʚʘʢʫ ʠʥʬʦʨʤʘʮʠʿʫ ʤʦʨʘ ʧʦʩʪʦʿʘʪʠ ʧʦʰʠˀʘʣʘʮ ʠ ʧʨʠʤʘʣʘʮ;  

- ʠʥʬʦʨʤʘʮʠʿʘ  ʧʦʚʝ˂ʘʚʘ  ʥʠʚʦ  ʟʥʘˁʘ  ʧʨʠʤʘʦʮʘ  ʠ  ʩʤʘˁʫʿʝ ʥʝʦʜʨʝʹʝʥʦʩʪ;  

- ʠʥʬʦʨʤʘʮʠʿʘ ʤʦʨʘ ʙʠʪʠ ʨʘʟʫʤˀʠʚʘ ʟʘ ʧʨʠʤʘʦʮʘ ʠ  

- ʚʨʝʜʥʦʩʪ (ʢʦʣʠʯʠʥʘ)  ʧʨʠʤˀʝʥʝ  ʠʥʬʦʨʤʘʮʠʿʝ  ʟʘʚʠʩʠ  ʦʜ  ʧʨʝʪʭʦʜʥʦʛ ʟʥʘˁʘ 

ʧʨʠʤʘʦʮʘ.
5
 

ʉʘʚʨʝʤʝʥʝ ʦʧʝʨʘʮʠʿʝ ʠʟʚʦʜʝ ʩʝ ʫ ʚʝʦʤʘ ʩʣʦʞʝʥʦʤ ʦʢʨʫʞʝˁʫ ʢʦʿʝ  ʟʘʭʪʝʚʘ 

ʧʨʝʜʫʟʠʤʘˁʝ ʤʝʨʘ  ʟʘ ʧʦʩʪʠʟʘˁʝ  ʝʬʠʢʘʩʥʦʩʪʠ,  ʘ ʠʥʬʦʨʤʘʮʠʿʝ  ʫ  ʨʝʘʣʥʦʤ  ʚʨʝʤʝʥʫ  ʧʦʩʪʘʿʫ  

ʢʘʧʠʪʘʣʥʘ  ʚʨʝʜʥʦʩʪ.  ʀʥʬʦʨʤʘʮʠʿʝ, ʟʘʚʠʩʥʦ ʦʜ ˁʠʭʦʚʝ ʧʨʝʮʠʟʥʦʩʪʠ, ʪʘʯʥʦʩʪʠ ʠ 

ʙʣʘʛʦʚʨʝʤʝʥʦʩʪʠ, ʫʪʠʯʫ ʥʘ ʫʙʨʟʘʚʘˁʝ ʠʣʠ ʫʩʧʦʨʘʚʘˁʝ ʙʦʨʙʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ.   

ɿʅɸʏɸɱ ʀʅʌʆʈʄɸʎʀɱɸ ʋ ɺʆɱʅʀʄ ʆʇɽʈɸʎʀɱɸʄɸ ʊɸʂʊʀʏʂʆɻ ʅʀɺʆɸ 

ʋ ʩʘʚʨʝʤʝʥʠʤ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʠʟʨʘʞʝʥʘ ʿʝ ʧʦʪʨʝʙʘ ʧʦʜʝʣʝ  ʠ  ʢʦʨʠʰ˂ʝˁʘ  

ʠʥʬʦʨʤʘʮʠʿʘ  ʠʟʤʝʹʫ  ʨʘʟʣʠʯʠʪʠʭ  ʫʯʝʩʥʠʢʘ  ʫʥʫʪʘʨ  ʚʦʿʥʠʭ  ʩʥʘʛʘ  ʠ  ʚʦʿʥʠʭ  ʩʥʘʛʘ  ʩʘ  

ʜʨʫʛʠʤ  ʫʯʝʩʥʠʮʠʤʘ  ʫ  ʦʧʝʨʘʪʠʚʥʦʤ ʦʢʨʫʞʝˁʫ.  

ʄʦʛʫ˂ʥʦʩʪ ʧʨʠʩʪʫʧʘ ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʿʝʜʘʥ ʿʝ ʦʜ ʬʘʢʪʦʨʘ ʢʦʿʠ ʦʜʨʝʹʫʿʫ ʩʪʝʧʝʥ 

ʠʥʪʝʛʨʘʮʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʚʦʿʥʠʭ ʠ ʥʝʚʦʿʥʠʭ ʩʥʘʛʘ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʢʦʿʝ ʠʟʚʦʜʝ ʜʝʿʩʪʚʘ ʫ 

ʧʨʦʤʝʥˀʠʚʦʤ ʦʢʨʫʞʝˁʫ ʢʦʿʝ ʫʢˀʫʯʫʿʝ ʠ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʠ ʩʧʝʢʪʘʨ.   

ʇʦʚʝʟʠʚʘˁʝ ʩʚʠʭ ʫʯʝʩʥʠʢʘ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʧʫʪʝʤ ʝʣʝʢʪʨʦʥʩʢʠʭ  ʢʦʤʫʥʠʢʘʮʠʿʘ  

ʦʤʦʛʫ˂ʘʚʘ  ʢʦʦʨʜʠʥʘʮʠʿʫ,  ʦʙʿʝʜʠˁʘʚʘˁʝ, ʜʦʩʪʘʚˀʘˁʝ ʠ ʧʨʠʢʘʟʠʚʘˁʝ ʨʝʣʝʚʘʥʪʥʠʭ 

ʠʥʬʦʨʤʘʮʠʿʘ. ʅʘ ʪʘʿ ʥʘʯʠʥ ʤʦʛʫ˂ʝ  ʿʝ  ʩʪʚʦʨʠʪʠ  ʿʝʜʠʥʩʪʚʝʥʫ  ʠʥʬʦʨʤʘʮʠʦʥʫ  ʜʠʤʝʥʟʠʿʫ 

ʦʧʝʨʘʪʠʚʥʦʛ ʦʢʨʫʞʝˁʘ ʚʦʿʥʠʭ ʦʧʝʨʘʮʠʿʘ.   

ʉʚe  ʚojʥe oʧeʨaʮʠje  ʠʟʚʦʜʝ  ʩe  ʫ oʜʨeʹeʥoʤ  ʠʥʬoʨʤaʮʠoʥoʤ oʢʨʫʞeˁʫ, ʢoje ʥʠʿʝ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʧʦʜ ʢoʥʪʨoʣʦʤ ʚojʥʠʭ ʩʥaʛa. ɼʦʤʠʥʘʮʠʿʘ ʫ ʝʣʝʢʪʨʦʤʘʛʥʝʪʥʦʤ ʩʧʝʢʪʨʫ ʿʝ ʚʝʦʤʘ 

ʟʥʘʯʘʿʥʘ ʫ ʠʥʬʦʨʤʘʮʠʦʥʦʤ ʦʢʨʫʞʝˁʫ. 

ʅʝʧʨʝʢʠʜʥʦ  ʩʥʘʙʜʝʚʘˁʝ  ʨʘʩʧʦʣʦʞʠʚʠʤ  ʠʥʬʦʨʤʘʮʠʿʘʤʘ  ʫ  ʨʝʘʣʥʦʤ ʠʣʠ ʩʢʦʨʦ 

ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʦʤʦʛʫ˂ʘʚʘ ʢʦʤʘʥʜʘʤʘ ʠ ʢʦʤʘʥʜʘʥʪʠʤʘ ʙʦˀʫ  ʧʨʦʮʝʥʫ  ʩʠʪʫʘʮʠʿʝ  ʠ  

ʜʦʥʦʰʝˁʝ  ʩʚʨʩʠʩʭʦʜʥʠʿʠʭ  ʦʜʣʫʢʘ ʫ ʢʨʘ˂ʝʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ.  

ɹʨʟ  ʪʝʭʥʠʯʢʦ-ʪʝʭʥʦʣʦʰʢʠ  ʨʘʟʚʦʿ  ʩʨʝʜʩʪʘʚʘ  ʟʘ  ʧʨʠʢʫʧˀʘˁʝ, ʯʫʚʘˁʝ, ʦʙʨʘʜʫ, ʧʨʠʢʘʟ 

ʠ ʜʠʩʪʨʠʙʫʮʠʿʫ ʧʦʜʘʪʘʢʘ ʠ ʠʥʬʦʨʤʘʮʠʿʘ ʧʨʦʤʝʥʠʦ  ʿʝ ʬʠʟʠʦʥʦʤʠʿʫ ʦʨʫʞʘʥʠʭ ʩʫʢʦʙʘ. ʊʦ  ʿʝ 
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ʫʩʣʦʚʠʣʦ ʥʦʚʠ ʧʨʠʩʪʫʧ  ʫ ʫʧʦʪʨʝʙʠ ʚʦʿʥʠʭ ʩʥʘʛʘ ʫ ʦʧʝʨʘʮʠʿʘʤʘ,  ʟʘʩʥʦʚʘʥ ʥʘ ʠʥʬʦʨʤʘʪʠʯʢʦʿ 

ʤʨʝʞʠ.
6
 

ʇʨʠʩʪʫʧ  ʟʘʩʥʦʚʘʥ  ʥʘ  ʠʥʬʦʨʤʘʪʠʯʢʦʿ  ʤʨʝʞʠ  ʫ  ʥʘʿʰʠʨʝʤ ʩʤʠʩʣʫ  ʦʤʦʛʫ˂ʘʚʘ  

ʧʨʝʜʥʦʩʪ  ʫ  ʢʦʨʠʰ˂ʝˁʫ,  ʦʙʝʟʙʝʹʠʚʘˁʫ,  ʦʙʨʘʜʠ ʠ ʜʠʩʪʨʠʙʫʮʠʿʠ ʠʥʬʦʨʤʘʮʠʿʘ  ʩʥʘʛʘʤʘ ʫ 

ʦʧʝʨʘʮʠʿʘʤʘ ʨʘʜʠ  ʿʝʜʠʥʩʪʚʝʥʦʛ  ʧʦʟʥʘʚʘˁʘ  ʩʠʪʫʘʮʠʿʝ  ʠ  ʿʝʜʥʦʚʨʝʤʝʥʦʛ  ʠʟʚʨʰʘʚʘˁʘ 

ʟʘʜʘʪʘʢʘ ʫ ʜʦʩʪʠʟʘˁʫ ʞʝˀʝʥʦʛ ʢʨʘʿˁʝʛ ʩʪʘˁʘ. ʀʥʬʦʨʤʘʪʠʯʢʦ  ʫʤʨʝʞʘʚʘˁʝ ʧʨʝʜʩʪʘʚˀʘ ʥʘʯʠʥ  

ʦʨʛʘʥʠʟʘʮʠʿʝ  ʩʥʘʛʘ ʠ ˁʠʭʦʚʠʭ ʜʝʿʩʪʘʚʘ ʫ ʠʥʬʦʨʤʘʮʠʦʥʦʤ ʜʦʙʫ ʠ ʧʨʝʚʦʜʠ ʠʥʬʦʨʤʘʮʠʦʥʫ 

ʥʘʜʤʦ˂ʥʦʩʪ ʫ ʙʦʨʙʝʥʫ ʥʘʜʤʦ˂ʥʦʩʪ. ʀʥʬʦʨʤʘʮʠʦʥʘ ʥʘʜʤʦ˂ʥʦʩʪ ʦʤʦʛʫ˂ʝʥʘ  ʿʝ ʫʤʨʝʞʘʚʘˁʝʤ  

ʩʥʘʛʘ ʢʦʿʝ  ʩʫ  ʛʝʦʛʨʘʬʩʢʠ ʨʘʩʧʦʨʝʹʝʥʝ ʠ ʜʦʙʨʦ ʠʥʬʦʨʤʠʩʘʥʝ.
7
   

ʀʥʬʦʨʤʘʪʠʯʢʦ ʫʤʨʝʞʘʚʘˁʝ ʢʘʨʘʢʪʝʨʠʰʝ: 

- ʜʝˀʝˁʝ ʠʥʬʦʨʤʘʮʠʿʘ (ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʠʟʚʦʨ ʙʦʨʙʝʥʝ ʤʦ˂ʠ), 

- ʟʘʿʝʜʥʠʯʢʘ ʩʚʝʩʥʦʩʪ ʦ ʩʠʪʫʘʮʠʿʠ ʠ 

- ʧʦʟʥʘʚʘˁʝ ʥʘʤʝʨʘ ʢʦʤʘʥʜʘʥʘʪʘ. 

ʇʨʠʩʪʫʧ ʟʘʩʥʦʚʘʥ ʥʘ ʠʥʬʦʨʤʘʪʠʯʢʦʿ ʤʨʝʞʠ ʦʤʦʛʫ˂ʘʚʘ ʨʘʟʤʝʥʫ ʠʥʬʦʨʤʘʮʠʿʘ ʠʟʤʝʹʫ 

ʩʝʥʟʦʨʘ (ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʧʣʘʪʬʦʨʤʫ), ʠʟʚʨʰʠʦʮʘ (ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʩʝʨʚʠʩʝ) ʠ ʜʦʥʦʩʠʦʮʘ ʦʜʣʫʢʘ ʠ 

ʦʨʛʘʥʠʟʘʮʠʿʝ ʧʦʜʨʰʢʝ (ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʣʦʢʘʮʠʿʫ).
8
   

ʀʅʌʆʈʄɸʎʀʆʅɸ ɹɽɿɹɽɼʅʆʉʊ ʋ ɺʆɱʅʀʄ ʆʇɽʈɸʎʀɱɸʄɸ 

ʇʦʿʘʤ ʠʥʬʦʨʤʘʮʠʿʘ ʦʧʠʩʫʿʝ ʠʥʩʪʨʫʢʮʠʿʫ, ʟʥʘˁʝ, ʫʧʫʪʩʪʚʦ ʠʣʠ ʦʙʘʚʝʰʪʝˁʝ, ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʪʝʢʩʪʘ ʫ ʢʦʿʝʤ ʩʝ ʢʦʨʠʩʪʠ. ʀʥʬʦʨʤʘʮʠʿʘ ʫʢʘʟʫʿʝ ʥʘ ʩʤʠʩʣʝʥʫ ʧʦʨʫʢʫ ʢʦʿʘ 

ʩʘʜʨʞʠ ʯʠˁʝʥʠʮʝ ʠʟ ʢʦʿʠʭ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʝʩʪʠ ʟʘʢˀʫʯʘʢ, ʘ ʤʦʞʝ ʙʠʪʠ ʚʝʨʙʘʣʥʘ, ʧʠʩʘʥʘ, 

ʰʪʘʤʧʘʥʘ ʠʣʠ ʜʠʛʠʪʘʣʥʦ ʟʘʧʠʩʘʥʘ.  

ʆʙʘʚʝʰʪʘʿʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ ʧʦʜʘʪʘʢʘ ʦʙʨʘʹʝʥʠʭ ʧʨʠʤʝʥʦʤ 

ʦʙʘʚʝʰʪʘʿʥʠʭ ʧʨʦʮʝʜʫʨʘ ʠʣʠ ʧʨʦʠʟʚʦʜ ʚʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʿʝ ʥʘʚʦʜʝ ʥʘ ʟʘʢˀʫʯʢʝ ʢʦʿʠ 
ʝʢʩʧʣʠʮʠʪʥʦ ʫʢʘʟʫʿʫ ʥʘ ʩʫʰʪʠʥʫ ʧʦʿʘʚʘ ʠʣʠ ʧʨʦʮʝʩʘ.   

ʉʘ ʩʪʘʥʦʚʠʰʪʘ ʩʘʚʨʝʤʝʥʠʭ ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʪʝʭʥʦʣʦʛʠʿʘ,  ʢʚʘʣʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʦ-

ʢʦʤʫʥʠʢʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʦʜʨʝʹʫʿʝ ʥʘ ʢʦʿʠ ʥʘʯʠʥ ˂ʝ ʧʦʜʘʮʠ ʙʠʪʠ ʢʨʝʠʨʘʥʠ, ʦʙʨʘʹʠʚʘʥʠ, 

ʩʢʣʘʜʠʰʪʝʥʠ ʠ ʧʨʝʥʦʰʝʥʠ, ʘʣʠ ʠ ʥʘ  ʢʦʿʠ ˂ʝ ʥʘʯʠʥ ʙʠʪʠ ʠʟʚʝʜʝʥʘ ˁʠʭʦʚʘ  ʟʘʰʪʠʪʘ ʠ  ʢʘʢʦ ˂ʝ 

ʦʥʠ ʙʠʪʠ  ʫʥʠʰʪʘʚʘʥʠ. 

ʀʥʬʦʨʤʘʮʠʦʥʘ ʙʝʟʙʝʜʥʦʩʪ  ʧʨʝʜʩʪʘʚˀʘ ʩʚʘʢʫ ʘʢʪʠʚʥʦʩʪ ʢʦʿʘ ʦʙʝʟʙʝʹʫʿʝ ʟʘʰʪʠʪʫ 

ʠʥʬʦʨʤʘʮʠʿʘ ʩ ʮʠˀʝʤ ʜʘ ʙʫʜʝ ʦʤʦʛʫ˂ʝʥ ʢʦʥʪʠʥʫʠʪʝʪ ʫ ʨʘʜʫ ʠ ʤʠʥʠʤʠʟʠʨʘʥ ʫʪʠʮʘʿ ʨʠʟʠʢʘ ʠ 

ʧʨʝʪˁʠ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʠ ʩʠʩʪʝʤ. ʀʥʬʦʨʤʘʮʠʦʥʘ ʙʝʟʙʝʜʥʦʩʪ ʧʦʜʨʘʟʫʤʝʚʘ ʟʘʰʪʠʪʫ 

ʧʦʚʝʨˀʠʚʦʩʪʠ, ʠʥʪʝʛʨʠʪʝʪʘ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʧʦʜʘʪʘʢʘ ʦʜ ʥʝʘʫʪʦʨʠʟʦʚʘʥʦʛ ʧʨʠʩʪʫʧʘ,  ʧʨʦʤʝʥʝ 

ʠʣʠ  ʫʥʠʰʪʝˁʘ,  ʫʟ  ʧʨʠʤʝʥʫ  ʢʦʥʪʨʦʣʥʠʭ ʤʝʭʘʥʠʟʘʤʘ  ʢʦʿʠ  ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʫʥʘʧʨʝʜ ʦʜʨʝʹʝʥʠ, 

ʫʛʨʘʹʝʥʠ, ʥʘʜʛʣʝʜʘʥʠ, ʧʨʦʚʝʨʘʚʘʥʠ ʠ ʧʦʙʦˀʰʘʚʘʥʠ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ.
9
 

ʀʥʬʦʨʤʘʮʠʦʥʘ ʙʝʟʙʝʜʥʦʩʪ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ, ʫ ʥʘʿʰʠʨʝʤ ʩʤʠʩʣʫ, ʦʙʫʭʚʘʪʘ, ʩʘ 

ʿʝʜʥʝ ʩʪʨʘʥʝ, ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠ ʟʘʰʪʠʪʝ ʩʦʧʩʪʚʝʥʦʛ ʢʦʤʘʥʜʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʠ ʨʘʜʠ 

ʩʧʨʝʯʘʚʘˁʘ ʠʥʬʦʨʤʘʮʠʦʥʦʛ ʜʝʣʦʚʘˁʘ ʥʝʧʨʠʿʘʪʝˀʘ ʘ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʝ 

ʦʤʦʛʫ˂ʫʿʫ ʝʬʠʢʘʩʥʦ ʜʝʣʦʚʘˁʝ ʝʣʝʤʝʥʘʪʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʦʙʘʚʝʰʪʘʿʥʠʭ ʧʦʜʘʪʘʢʘ ʦ 

ʥʝʧʨʠʿʘʪʝˀʫ. 

                                                             
6
 ɿʘ ʚʨʝʤʝ ʦʧʝʨʘʮʠʿʝ Ăʀʨʘʯʢʘ ʩʣʦʙʦʜʘñ ʢʦʨʠʩʪʠʦ ʩʝ ʜʠʛʠʪʘʣʥʠ ʩʠʩʪʝʤ ʆʉ ʉɸɼ ʢʦʿʠ ʫʧʦʪʨʝʙˀʘʚʘ ʪʘʢʪʠʯʢʠ 

ʠʥʪʝʨʥʝʪ ʟʘ ʩʣʘˁʝ ʧʦʜʘʪʘʢʘ ʩʘ ʙʦʿʠʰʪʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ ʩʥʘʛʘʤʘ ʥʘ ʪʝʨʝʥʫ. ʉʠʩʪʝʤ ʩʝ ʢʦʨʠʩʪʠʦ ʥʘ 

ʧʦʢʨʝʪʥʠʤ ʧʣʘʪʬʦʨʤʘʤʘ (ʧʦʿʝʜʠʥʠʤ ʙʦʨʙʝʥʠʤ ʚʦʟʠʣʠʤʘ ʧʝʰʘʜʠʿʝ ʪʠʧʘ Ăʙʨʝʜʣʠñ ʠ ʥʘ ʧʦʿʝʜʠʥʠʤ ʪʝʥʢʦʚʠʤʘ 

ʪʠʧʘ ʄ1ɸ1 Ăɸʙʨʘʤʩñ, ʢʘʦ ʫʩʧʝʰʥʘ ʟʘʤʝʥʘ ʟʘ ʢʣʘʩʠʯʥʝ ʢʘʨʪʝ ʠ ʠʟʚʝʰʪʘʚʘˁʝ ʦ ʩʦʧʩʪʚʝʥʦʿ ʧʦʟʠʮʠʿʠ ʨʘʜʠʦ-

ʚʝʟʦʤ. ʂʦʤʧʿʫʪʝʨʩʢʘ ʩʣʠʢʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠ GPS-a ʦʤʦʛʫ˂ʘʚʘʣʝ ʩʫ ʧʦʩʘʜʘʤʘ ʪʝʥʢʘ ʦʜʨʝʹʠʚʘˁʝ ʪʘʯʥʝ ʣʦʢʘʮʠʿʝ.  
7
 ɼʦʢʪʨʠʥʘ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʦ-ʠʥʬʦʨʤʘʪʠʯʢʦʛ ʦʙʝʟʙʝʹʝˁʘ ɺʦʿʩʢʝ ʉʨʙʠʿʝ, ʄʝʜʠʿʘ ʮʝʥʪʘʨ Ăʆʜʙʨʘʥʘñ, 

ɹʝʦʛʨʘʜ, 2012. ʩʪʨ. 13. 
8
 ʀʩʪʦ, ʩʪʨ. 14. 

9
 ʇʨʦʪʠ˂, ɼ, ɼ.: ʀʥʬʦʨʤʘʮʠʦʥʘ ʙʝʟʙʝʜʥʦʩʪ: ʩʪʘʥʜʘʨʜʠ ʠʣʠ ʧʨʘʚʠʣʘ, ɺʦʿʥʦ ʜʝʣʦ ï ʧʨʦʣʝ˂ʝ 2013. ʄʝʜʠʿʘ ʮʝʥʪʘʨ 

Ăʆʜʙʨʘʥʘñ, ɹʝʦʛʨʘʜ, 2013. ʩʪʨ. 135. 
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ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʧʨʝʪʭʦʜʥʫ ʜʝʬʠʥʠʮʠʿʫ ʠ ʘʥʘʣʠʟʠʨʘʿʫ˂ʠ ʤʦʜʝʣʝ ʠʥʬʦʨʤʘʮʠʦʥʝ 

ʙʝʟʙʝʜʥʦʩʪʠ ʤʦʞʝ ʩʝ ʧʨʝʜʣʦʞʠʪʠ ʦʜʨʝʹʝʥʠ ʤʦʜʝʣ ʠʥʬʦʨʤʘʮʠʦʥʝ ʙʝʟʙʝʜʥʦʩʪʠ ʫ ʚʦʿʥʠʤ 

ʦʧʝʨʘʮʠʿʘʤʘ, ʦʜʥʦʩʥʦ ʤʦʜʝʣ ʟʘʰʪʠʪʥʠʭ ʧʨʩʪʝʥʦʚʘ ʩʝ ʤʦʞʝ ʧʨʠʤʝʥʠʪʠ ʠ ʥʘ ʚʦʿʥʝ ʦʧʝʨʘʮʠʿʝ. 

ʄʦʜʝʣ ʟʘʰʪʠʪʥʠʭ ʧʨʩʪʝʥʦʚʘ ʩʝ ʨʘʟʤʘʪʨʘ ʩʘ ʚʠʰʝ ʘʩʧʝʢʘʪʘ: ʧʨʘʚʥʝ ʥʦʨʤʝ, 

ʦʨʛʘʥʠʟʘʮʠʦʥʝ ʤʝʨʝ, ʤʝʨʝ ʥʝʧʦʩʨʝʜʥʝ ʟʘʰʪʠʪʝ, ʟʘʰʪʠʪʘ ʦʧʨʝʤʝ, ʟʘʰʪʠʪʘ ʧʨʦʛʨʘʤʩʢʝ 

ʧʦʜʨʰʢʝ ʠ ʟʘʰʪʠʪʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ.
10

 

ʋ ʦʢʚʠʨʫ ʩʚʘʢʦʛ ʧʨʩʪʝʥʘ ʧʨʝʫʟʠʤʘʿʫ ʩʝ ʦʜʨʝʹʝʥʝ ʤʝʨʝ ʠ ʨʝʘʣʠʟʫʿʫ ʦʜʨʝʹʝʥʝ 

ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠ ʫʥʘʧʨʝʹʝˁʘ ʠʥʬʦʨʤʘʮʠʦʥʝ ʙʝʟʙʝʜʥʦʩʪʠ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ.  

ɲʫʜʩʢʠ ʧʨʩʪʝʥ ʯʠʥʠ ʫʢʫʧʥʦʩʪ ˀʫʜʩʢʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʩʪʨʘʥʘ ʫ ʩʫʢʦʙʫ. ʂʚʘʣʠʪʘʪʠʚʥʘ 

ʩʚʦʿʩʪʚʘ ˀʫʜʩʢʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʩʪʨʘʥʘ ʫ ʩʫʢʦʙʫ ʫʪʠʯʫ ʥʘ ʠʥʬʦʨʤʘʮʠʦʥʫ ʙʝʟʙʝʜʥʦʩʪ 

ʠʩʧʦˀʘʚʘˁʝʤ ʚʠʩʦʢʦʛ ʤʦʨʘʣʘ, ʚʠʩʦʢʠʤ ʩʪʝʧʝʥʦʤ ʙʝʟʙʝʜʥʦʩʥʝ ʢʫʣʪʫʨʝ, ʚʠʩʦʢʠʤ ʥʠʚʦʦʤ 

ʦʧʝʨʘʪʠʚʥʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʩʧʦʩʦʩʙʥʦʩʪʠ (ʩʧʨʝʤʥʦʰ˂ʫ ʟʘ ʠʟʚʨʰʝˁʝ ʢʦʥʢʨʝʪʥʦʛ ʟʘʜʘʪʢʘ ʫ 

ʦʜʨʝʹʝʥʦʤ ʩʠʪʫʘʮʠʦʥʦʤ ʦʢʫʨʫʞʝˁʫ...). 

ʅʦʨʤʘʪʠʚʥʠ ʧʨʩʪʝʥ ʦʙʫʭʚʘʪʘ ʦʙʘʚʝʟʝ ʠ ʧʨʦʧʠʩʫʿʝ ʠʟʚʨʰʝˁʝ ʠ ʥʘʯʠʥ ʠʟʚʨʰʝˁʘ 

ʦʜʨʝʹʝʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʜʝʬʠʥʠʩʘʥ ʤʘʪʨʠʮʦʤ ʦʚʣʘʰ˂ʝˁʘ. ʇʦʰʪʦʚʘˁʝʤ ʥʦʨʤʘʪʠʚʥʦʛ ʧʨʩʪʝʥʘ 

ʟʘʭʪʝʚʠ ʟʘ ʠʥʬʦʨʤʘʮʠʿʘʤʘ, ʧʨʠʢʫʧˀʘˁʝ, ʦʙʨʘʜʘ ʠ ʜʦʩʪʘʚˀʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦʙʘʚˀʘ ʩʝ ʫ 

ʩʢʣʘʜʫ ʩʘ ʦʚʣʘʰ˂ʝˁʠʤʘ (ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʠʥʬʦʨʤʘʮʠʿʝ ʩʝ ʤʦʛʫ ʜʦʩʪʘʚˀʘʪʠ ʧʦ ʣʠʥʠʿʠ 

ʢʦʤʘʥʜʦʚʘˁʘ, ʣʠʥʠʿʠ ʣʦʛʠʩʪʠʢʝ, ʧʨʝʤʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦʿ ʢʦʤʘʥʜʠ, ʧʨʝʤʘ ʧʦʪʯʠˁʝʥʠʤ 

ʩʘʩʪʘʚʠʤʘ ʧʨʝʤʘ ʩʫʩʝʜʥʠʤ ʿʝʜʠʥʠʮʘʤʘ...) ʘ ʩʧʨʝʯʘʚʘ ʩʝ ʜʦʩʪʘʚˀʘˁʝ ʠʥʬʦʨʤʘʮʠʿʘ 

Ăʥʝʦʚʣʘʰ˂ʝʥʠʤñ ʣʠʮʠʤʘ ʠ ʧʨʝʜʚʠʹʘʿʫ ʩʝ ʦʜʨʝʹʝʥʝ ʩʘʥʢʮʠʿʝ ʟʘ ʥʝʧʦʰʪʦʚʘˁʝ ʧʨʦʧʠʩʘʥʠʭ 

ʥʦʨʤʠ.   

ʆʨʛʘʥʠʟʘʮʠʦʥʠ ʧʨʩʪʝʥ ʦʙʫʭʚʘʪʘ ʤʝʨʝ ʠ ʘʢʪʠʚʥʦʩʪʠ, ʥʘʜʣʝʞʥʦʩʪʠ ʠ ʦʙʘʚʝʟʝ ʢʦʨʠʩʥʠʢʘ 

ʠʟʚʨʰʠʣʘʮʘ. ʋ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʦʨʛʘʥʠʟʘʮʠʦʥʠ ʧʨʩʪʝʥ ʩʝ ʦʜʥʦʩʠ ʥʘ ʦʨʛʘʥʠʟʘʮʠʿʫ ʦʙʫʢʝ ʫ 
ʩʧʨʦʚʦʹʝˁʫ ʤʝʨʘ ʠʥʬʦʨʤʘʮʠʦʥʝ ʠ ʙʝʟʙʝʜʥʦʩʥʝ ʟʘʰʪʠʪʝ, ʦʨʛʘʥʠʟʦʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ 

ʢʦʤʫʥʠʢʘʮʠʿʘ ʨʘʜʠ ʬʣʝʢʩʠʙʠʣʥʦʩʪʠ ʠ ʥʝʧʨʝʢʠʜʥʦʩʪʠ ʢʦʤʘʥʜʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ, 

ʠʟʙʦʨ ʠ ʫʨʝʹʝˁʝ ʦʜʨʝʹʝʥʠʭ ʧʦʣʦʞʘʿʘ ʟʘ ʝʣʝʢʪʨʦʥʩʢʝ ʫʨʝʹʘʿʝ ʠ ʩʠʩʪʝʤʝ ʠ ʧʦʣʦʞʘʿʘ ʟʘ 

ʧʨʠʢʫʧˀʘʯʢʝ ʝʣʝʤʝʥʪʝ, ʤʝʹʫʩʦʙʥʘ ʧʦʚʝʟʘʥʦʩʪ ʚʠʰʝ ʩʠʩʪʝʤʘ ʠ ʩʨʝʜʩʪʘʚʘ, ʠʟʨʘʜʘ ʣʘʞʥʠʭ 

ʧʦʣʦʞʘʿʘ. 

ʇʨʩʪʝʥ ʬʠʟʠʯʢʝ ʟʘʰʪʠʪʝ ʦʥʝʤʦʛʫ˂ʘʚʘ ʬʠʟʠʯʢʠ ʧʨʠʩʪʫʧ ʥʘʧʘʜʘʯʫ. ʋ ʚʦʿʥʠʤ 

ʦʧʝʨʘʮʠʿʘʤʘ ʬʠʟʠʯʢʘ ʟʘʰʪʠʪʘ (ʥʝʧʦʩʨʝʜʥʘ ʟʘʰʪʠʪʘ ʠʣʠ ʙʦʨʙʝʥʦ ʦʙʝʟʙʝʹʝˁʝ) ʩʝ ʧʨʠʤʝˁʫʿʝ ʟʘ 

ʥʝʩʤʝʪʘʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʢʦʤʘʥʜʥʠʭ ʤʝʩʪʘ, ʦʩʝʪˀʠʚʠʭ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʫʨʝʹʘʿʘ, 

ʩʠʩʪʝʤʘ, ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʠʭ ʣʠʥʠʿʘ, ʠʟʜʚʦʿʝʥʠʭ ʝʣʝʤʝʥʘʪʘ ʟʘ ʢʦʤʘʥʜʦʚʘˁʝ ʠʣʠ 

ʧʨʠʢʫʧˀʘˁʝ ʦʙʘʚʝʰʪʘʿʥʠʭ ʧʦʜʘʪʘʢʘ, ʤʘʥʝʚʘʨ ʝʣʝʢʪʨʦʥʩʢʠʤ ʩʨʝʜʩʪʚʠʤʘ ʠ ʩʠʩʪʝʤʠʤʘ, 

ʩʘʜʝʿʩʪʚʦ ʠʟʤʝʹʫ ʧʦʿʝʜʠʥʠʭ ʩʠʩʪʝʤʘ ʠ ʢʦʤʧʣʝʢʩʘ, ʠʟʚʦʹʝˁʝ ʝʣʝʢʪʨʦʥʩʢʦʛ ʥʘʧʘʜʘ ʥʘ 

ʥʝʧʨʠʿʘʪʝˀʝʚʝ ʩʠʩʪʝʤʝ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʦʙʘʚʝʰʪʘʿʥʠʭ ʧʦʜʘʪʘʢʘ .  

ɿʘʰʪʠʪʘ ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʦʥʠʭ, ʝʣʝʢʪʨʦʥʩʢʠʭ ʫʨʝʹʘʿʘ ʠ ʩʦʬʪʚʝʨʘ ʧʦʜʨʘʟʫʤʝʚʘ 

ʢʦʥʪʨʦʣʠʩʘʥʦ ʯʫʚʘˁʝ ʠ ʢʦʧʠʨʘˁʝ ʦʧʝʨʘʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʠ ʘʧʣʠʢʘʪʠʚʥʠʭ ʧʨʦʛʨʘʤʘ, ʯʫʚʘˁʝ 

ʢʦʥʩʪʨʫʢʮʠʿʩʢʠʭ ʨʝʰʝˁʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʩʨʝʜʩʪʘʚʘ ʠ ʩʠʩʪʝʤʘ ʦʪʧʦʨʥʠʭ ʥʘ ʝʣʝʢʪʨʦʥʩʢʦ 

ʦʤʝʪʘˁʝ. 

ɿʘʰʪʠʪʘ ʠʥʨʘʩʪʨʫʢʪʫʨʝ ʦʙʝʟʙʝʹʫʿʝ ʦʧʪʠʤʘʣʥʝ ʫʩʣʦʚʝ ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʩʚʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʢʦʤʘʥʜʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ. ʊʘʢʦʹʝ ʧʦʜʨʘʟʫʤʝʚʘ ʠ 

ʟʘʰʪʠʪʫ ʦʜ ʝʣʝʢʪʨʦʥʩʢʦʛ ʠʟʚʠʹʘˁʘ ʠ ʜʝʿʩʪʚʘ ʚʦʹʝʥʠʤ ʫʙʦʿʥʠʤ ʩʨʝʜʩʪʚʠʤʘ. 

ʇʨʦʪʠʚʧʦʞʘʨʥʘ ʟʘʰʪʠʪʘ ʦʙʫʭʚʘʪʘ ʠʥʞʠˁʝʨʠʿʩʢʦ ʫʨʝʹʝˁʝ ʩʪʘʥʠʮʘ ʟʘ 

ʪʝʣʝʢʦʤʫʥʠʢʘʮʠʿʝ, ʘʛʨʝʛʘʪʘ, ʢʦʤʘʥʜʥʠʭ ʤʝʩʪʘ, ʧʨʠʤʝʥʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʨʝʜʩʪʘʚʘ ʟʘ ʛʘʰʝˁʝ 

ʧʦʞʘʨʘ ʠ ʦʙʫʢʫ ˀʫʜʩʪʚʘ ʫ ʛʘʰʝˁʫ ʧʦʞʘʨʘ. 

ɿʘʰʪʠʪʘ ʢʦʤʘʥʜʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʫ ʨʘʜʫ ʫ ʤʨʝʞʥʦʤ ʦʢʨʫʞʝˁʫ ʧʦʜʨʘʟʫʤʝʚʘ 

ʧʨʠʤʝʥʫ ʩʚʠʭ ʤʝʨʘ ʢʨʠʧʪʦʟʘʰʪʠʪʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦʜ ʢʦʥʪʨʦʣʝ ʧʨʠʩʪʫʧʘ ʤʨʝʞʠ, ʧʨʠʤʝʥʝ 

                                                             
10
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ʉʠʥʛʠʜʫʥʫʤ, ɹʝʦʛʨʘʜ, 2010. 
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ʪʘʙʣʠʮʝ ʩʠʛʥʘʣʘ, ʢʦʜʥʠʭ ʪʘʙʣʠʮʘ, ʧʦʰʪʦʚʘˁʝ ʧʨʘʚʠʣʘ ʦ ʪʝʣʝʬʦʥʩʢʦ-ʪʝʣʝʛʨʘʬʩʢʦʤ 

ʩʘʦʙʨʘ˂ʘʿʫ, ʧʨʠʤʝʥʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʰʠʬʘʨʩʢʠʭ ʩʠʩʪʝʤʘ ʟʘ ʩʣʘˁʝ ʧʦʨʫʢʘ ʠ ʧʦʜʘʪʘʢʘ ʫʥʫʪʘʨ 

ʢʦʤʘʥʜʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʦʛ ʩʠʩʪʝʤʘ ʠ ʧʨʝʤʘ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦʿ ʿʝʜʠʥʠʮʠ... 

ɿɸʂɲʋʏɸʂ 

ʀʥʬʦʨʤʘʮʠʦʥʘ ʙʝʟʙʝʜʥʦʩʪ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʪʘʢʪʠʯʢʦʛ ʥʠʚʦʘ ʧʦʩʪʘʿʝ ʚʝʦʤʘ 

ʟʥʘʯʘʿʘʥ ʩʝʛʤʝʥʪ ʥʘ ʢʦʿʠ ʪʨʝʙʘ ʦʙʨʘʪʠʪʠ ʥʘʨʦʯʠʪʫ ʧʘʞˁʫ ʧʨʠʣʠʢʦʤ ʧʨʠʧʨʝʤʝ ʠ ʘʥʛʘʞʦʚʘˁʘ 

ʿʝʜʠʥʠʮʘ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʜʦʜʝˀʝʥʠʭ ʤʠʩʠʿʘ ʠ ʟʘʜʘʪʘʢʘ. ʇʦʩʝʙʥʫ ʧʘʞˁʫ ʪʨʝʙʘ ʧʦʩʚʝʪʠʪʠ 

ʠʥʬʦʨʤʘʮʠʿʘʤʘ ʟʘʪʦ ʰʪʦ ʦʥʝ ʧʦʩʪʘʿʫ ʢˀʫʯʥʠ ʨʝʩʫʨʩ ʫ ʦʨʫʞʘʥʠʤ ʩʫʢʦʙʠʤʘ. ʇʨʘʚʦʚʨʝʤʝʥʘ, 

ʪʘʯʥʘ ʠ ʧʦʫʟʜʘʥʘ ʠʥʬʦʨʤʘʮʠʿʘ ʜʦʧʨʠʥʦʩʠ ʩʪʚʘʨʘˁʫ  ʦʧʝʨʘʪʠʚʥʝ ʩʣʠʢʝ ʙʦʿʠʰʪʘ ʫ ʨʝʘʣʥʦʤ 

ʠʣʠ ʧʨʠʙʣʠʞʥʦ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʈʘʟʚʦʿ ʙʦʨʙʝʥʠʭ ʦʨʫʞʿʘ ʠ ʦʨʫʹʘ, ʩʨʝʜʩʪʘʚʘ ʠ ʩʠʩʪʝʤʘ ʟʘ 

ʧʨʠʢʫʧˀʘˁʝ ʦʙʘʚʝʰʪʘʿʥʠʭ ʧʦʜʘʪʘʢʘ ʠ ʢʦʤʘʥʜʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ ʫʩʣʦʚˀʘʚʘ ʩʪʘʣʥʦ 

ʫʥʘʧʨʝʹʝˁʝ ʠʥʬʦʨʤʘʮʠʦʥʝ ʙʝʟʙʝʜʥʦʩʪʠ.  

ɱʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʫʥʘʧʨʝʹʝˁʘ ʠʥʬʦʨʤʘʮʠʦʥʝ ʙʝʟʙʝʜʥʦʩʪʠ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ 

ʪʘʢʪʠʯʢʦʛ ʥʠʚʦʘ ʿʝ ʧʨʠʤʝʥʘ ʤʦʜʝʣʘ ʟʘʰʪʠʪʥʠʭ ʧʨʩʪʝʥʦʚʘ. ʄʦʜʝʣ ʟʘʰʪʠʪʥʠʭ ʧʨʩʪʝʥʦʚʘ ʤʦʞʝ 

ʦʙʫʭʚʘʪʠʪʠ ʩʢʦʨʦ ʩʚʝ ʤʝʨʝ ʠ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠ ʟʘʰʪʠʪʝ ʠʥʬʦʨʤʘʮʠʿʘ. ʊʘʢʦʹʝ ʤʦʜʝʣ 

ʟʘʰʪʠʪʥʠʭ ʧʨʩʪʝʥʦʚʘ ʿʝ ʤʦʛʫ˂ʝ ʫʥʘʧʨʝʹʠʚʘʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʟʚʦʿʘ ʢʦʤʘʥʜʥʦ-

ʠʥʬʦʨʤʘʮʠʦʥʠʭ ʩʠʩʪʝʤʘ, ʙʦʨʙʝʥʝ ʪʝʭʥʠʢʝ ʠ ʩʨʝʜʩʪʘʚʘ ʟʘ ʧʨʠʢʫʧˀʘˁʝ ʦʙʘʚʝʰʪʘʿʥʠʭ 

ʧʦʜʘʪʘʢʘ. 

ʇʝʨʩʧʝʢʪʠʚʝ ʠʥʬʦʨʤʘʮʠʦʥʝ ʙʝʟʙʝʜʥʦʩʪʠ ʫ ʚʦʿʥʠʤ ʦʧʝʨʘʮʠʿʘʤʘ ʪʘʢʪʠʯʢʦʛ ʥʠʚʦʘ ʤʦʛʫ 

ʙʠʪʠ ʥʘ ʢʨʝʠʨʘˁʫ ʘʜʘʧʪʠʚʥʠʭ ʤʦʜʝʣʘ ʠʥʬʦʨʤʘʮʠʦʥʝ ʙʝʟʙʝʜʥʦʩʪʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʢʦʥʢʨʝʪʥʝ 

ʚʦʿʥʝ ʦʧʝʨʘʮʠʿʝ. ʂʨʝʠʨʘˁʝ ʤʦʜʝʣʘ ʠʥʬʦʨʤʘʮʠʦʥʝ ʙʝʟʙʝʜʥʦʩʪʠ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ (ʙʦʨʙʝʥʦʿ 

ʩʠʪʫʘʮʠʿʠ) ʿʝ ʚʝʦʤʘ ʪʝʰʢʦ, ʤʝʹʫʪʠʤ ʢʨʝʠʨʘˁʝ ʤʦʜʝʣʘ ʠʥʬʦʨʤʘʮʠʦʥʝ ʙʝʟʙʝʜʥʦʩʪʠ ʿʝ ʤʦʛʫ˂ʝ 

ʪʦʢʦʤ ʤʦʜʝʣʦʚʘˁʘ ʠ ʨʝʰʘʚʘˁʘ ʪʘʢʪʠʯʢʠʭ ʟʘʜʘʪʘʢʘ. 
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ʈɽɿʀʄɽ 

ʉʪʘʢʣʝʥʘ ʘʤʙʘʣʘʞʘ, ʢʦʿʘ ʩʝ ʧʨʘʚʠ ʦʜ ʧʦʜʢʣʘʩʝ ʦʢʩʠʜʥʠʭ ʩʪʘʢʘʣʘ ʢʦʿʫ ʢʘʨʘʢʪʝʨʠʰʝ ʚʠʩʦʢʘ 

ʭʝʤʠʿʩʢʘ ʠ ʪʝʨʤʠʯʢʘ ʩʪʘʙʠʣʥʦʩʪ, ʠʤʘ ʟʘʥʝʤʘʨˀʠʚʫ ʜʝʛʨʘʜʘʮʠʿʫ ʥʘ ʜʝʧʦʥʠʿʘʤʘ, ʰʪʦ ʧʦʚʨʘʪʥʦ, ʠʤʘ 

ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. ʄʝʹʫʪʠʤ, ʦʚʘ ʚʠʩʦʢʘ ʩʪʘʙʠʣʥʦʩʪ ʠʘʢʦ ʩʘ ʘʩʧʝʢʪʘ ʫʪʠʮʘʿʘ ʥʘ 

ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ ʧʨʝʜʩʪʘʚˀʘ ʥʝʛʘʪʠʚʥʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʩʘ ʘʩʧʝʢʪʘ ʫʧʦʪʨʝʙʝ ʤʘʪʝʨʠʿʘʣʘ ʩʝ ʩʤʘʪʨʘ 

ʢʚʘʣʠʪʝʪʥʦʤ ʦʜʣʠʢʦʤ, ʢʦʿʘ ʜʦʥʦʩʠ ʟʥʘʯʘʿʘʥ ʘʧʣʠʢʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʤʘʪʝʨʠʿʘʣʠʤʘ. ʈʘʜ ʧʨʝʟʝʥʪʫʿʝ 

ʨʝʟʫʣʪʘʪʝ ʠʩʪʨʘʞʠʚʘˁʘ ʢʦʿʘ ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʫ ʮʠˀʫ ʢʦʨʠʰ˂ʝˁʘ ʦʪʧʘʜʥʦʛ ʘʤʙʘʣʘʞʥʦʛ ʩʪʘʢʣʘ ʟʘ 

ʜʦʙʠʿʘˁʝ ʛʨʘʹʝʚʠʥʩʢʠʭ ʙʣʦʢʦʚʘ. ʇʨʠʢʘʟʘʥʘ ʿʝ ʧʨʠʧʨʝʤʘ ʩʪʘʢʣʝʥʦʛ ʨʝʮʠʢʣʘʪʘ ʦʜ ʦʪʧʘʜʥʝ ʩʪʘʢʣʝʥʝ 

ʘʤʙʘʣʘʞʝ, ʢʘʦ ʠ ʧʦʩʪʫʧʘʢ ˁʝʛʦʚʦʛ ʜʘˀʝʛ ʢʦʨʠʰ˂ʝˁʘ ʢʘʦ ʩʝʢʫʥʜʘʨʥʝ ʩʠʨʦʚʠʥʝ ʟʘ ʜʦʙʠʿʘˁʝ 

ʛʨʘʹʝʚʠʥʩʢʦʛ ʙʣʦʢʘ. ʀʩʪʨʘʞʠʚʘˁa ʩʫ ʩʧʨʦʚʝʜʝʥʘ ʩʘ ʮʠˀʝʤ ʠʟʥʘʣʘʞʝˁʘ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʩʤʘˁʝˁʝ 

ʢʦʣʠʯʠʥʝ ʦʪʧʘʜʘ ʢʦʿʠ ʩʝ ʦʜʣʘʞʝ ʥʘ ʜʝʧʦʥʠʿʠ ʫ ʅʦʚʦʤ ʉʘʜʫ, ʦʜʥʦʩʥʦ ʩʤʘˁʝˁa ʧʦʪʨʝʙʥʦʛ ʧʨʦʩʪʦʨʘ ʟʘ 

ʦʜʣʘʛʘˁʝ ʠ ʫʪʠʮʘʿʘ ʥʘ ʞʠʚʦʪʥʫ ʩʨʝʜʠʥʫ. 

ʂˀʫʯʥʝ ʨʝʯʠ: ʩʪʘʢʣʝʥʘ ʘʤʙʘʣʘʞʘ, ʩʝʢʫʥʜʘʨʥʘ ʩʠʨʦʚʠʥʘ, ʤʣʝʚʝˁʝ 

THE USE OF WASTE GLASS PACKAGING AS A SECONDARY 

RAW MATERIAL IN THE MANUFACTURE OF BUILD ING 

BLOCKS 

ABSTRACT 

Glass containers, which are made from a subclass of oxide glasses characterized by high chemical 

and thermal stability, have negligible degradation in landfills, which in turn has a great impact on the 

environment. However, even though this high stability is environmentally a negative characteristic, in terms 

of the use of the material it is considered to be a quality distinction, which brings a significant application 

potential to the material. This paper presents the results of research conducted in order to use waste glass 

containers for obtaining building blocks. The preparation of the glass recycled from the waste glass 

containers, as well as the method of its further use as a secondary raw material for building blocks is 

presented. The research goal was to find ways to reduce the amount of waste disposed of at the landfill in 

Novi Sad, reducing thus the required storage space and the impact on the environment. 

Keywords: glass containers, secondary raw materials, grinding 

ʋɺʆɼ  

ʈʘʩʪ ʧʦʧʫʣʘʮʠʿʝ ʠ ʧʨʦʜʫʢʮʠʿʘ ʩʚʝ ʚʝ˂ʠʭ ʢʦʣʠʯʠʥʘ ʦʪʧʘʜʘ ʯʠʥʠ ʜʘ ʫ ʩʚʠʤ 

ʟʝʤˀʘʤʘ ʩʚʝʪʘ ʜʦʣʘʟʠ ʜʦ ʧʦʚʝ˂ʘˁʘ, ʢʘʢʦ ʫ ʘʧʩʦʣʫʪʥʦʿ ʢʦʣʠʯʠʥʠ ʧʨʦʠʟʚʝʜʝʥʦʛ 

ʦʪʧʘʜʘ, ʪʘʢʦ ʠ ʫ ʢʦʣʠʯʠʥʠ ʦʪʧʘʜʘ ʧʦ ʦʩʦʙʠ. ʆʪʧʘʜ ʥʘʩʪʘʿʝ ʧʨʠ ʩʚʘʢʦʜʥʝʚʥʠʤ 

ʘʢʪʠʚʦʩʪʠʤʘ ˀʫʜʠ. ʉʪʘʣʥʦ ʧʦʚʝ˂ʘˁʝ ʫʢʫʧʥʝ ʢʦʣʠʯʠʥʝ ʦʪʧʘʜʥʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʝ 

ʧʨʦʠʟʚʦʜʝ ʠʥʜʫʩʪʨʠʿʘ ʠ ʩʪʘʥʦʚʥʠʰʪʚʦ ʠ ʫʙʨʟʘʥʦ ʠʩʮʨʧˀʠʚʘˁʝ ʧʨʠʨʦʜʥʠʭ, 

ʝʥʝʨʛʝʪʩʢʠʭ ʠ ʩʠʨʦʚʠʥʩʢʠʭ ʨʝʩʫʨʩʘ ʟʘʭʪʝʚʘʿʫ ʢʦʨʝʥʠʪʫ ʧʨʦʤʝʥʫ ʪʨʘʜʠʮʠʦʥʘʣʥʦʛ 

ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʤʦʜʝʣʘ ʪʨʝʪʤʘʥʘ ʦʪʧʘʜʘ. ʋʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ ʦʙʫʭʚʘʪʘ ʤʝʨʝ ʠ 

ʧʦʩʝʙʥʘ ʧʨʘʚʠʣʘ ʧʦʥʘʰʘˁʘ ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʢʦʥʩʢʦʤ ʨʝʛʫʣʘʪʠʚʦʤ ʠ ʟʘʭʪʝʚʠʤʘ 

ʩʪʘʥʜʘʨʜʘ ʀʉʆ 14001. ʄʝʨʝ ʩʝ ʧʨʠʤʝˁʫʿʫ ʦʜ ʥʘʩʪʘʥʢʘ ʦʪʧʘʜʘ ʜʦ ˁʝʛʦʚʦʛ ʦʜʣʘʛʘˁʘ 

                                                             
1
 ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʦʚʦʤ ʉʘʜʫ, ʌʘʢʫʣʪʝʪ ʪʝʭʥʠʯʢʠʭ ʥʘʫʢʘ 

2
 ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʦʚʦʤ ʉʘʜʫ, ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ 

mailto:draganastrbac@uns.ac.rs


ʈʠʟʠʢ ʠ ʙʝʟʙʝʜʥʦʩʥʠ ʠʥʞʝˁʝʨʠʥʛ 
 

238 
 

(ʜʠʩʣʦʮʠʨʘˁʘ, ʨʝʮʠʢʣʘʞʝ). ʇʦʤʝʥʫʪʝ ʤʝʨʝ ʟʘʚʠʩʝ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʿʝ ʦʪʧʘʜ ʦʧʘʩʘʥ ʠʣʠ 

ʙʝʟʦʧʘʩʘʥ. ʋ ʥʦʚʦʤ, ʠʥʪʝʛʨʠʩʘʥʦʤ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʩʠʩʪʝʤʫ, ʧʦʪʨʦʰˁʘ ʝʥʝʨʛʠʿʝ ʠ 

ʩʠʨʦʚʠʥʘ ʤʦʨʘ ʙʠʪʠ ʦʧʪʠʤʠʟʠʨʘʥʘ, ʘ ʥʘʩʪʘʿʘˁʝ ʦʪʧʘʜʘ ʤʠʥʠʤʠʟʠʨʘʥʦ. ʋ ʦʚʘʢʚʠʤ 

ʩʠʩʪʝʤʠʤʘ ʦʪʧʘʜ ʠʟ ʿʝʜʥʦʛ ʧʨʦʠʟʚʦʜʥʦʛ ʧʨʦʮʝʩʘ ʢʦʨʠʩʪʠ ʩʝ ʢʘʦ ʩʠʨʦʚʠʥʘ ʫ ʜʨʫʛʦʤ 

ʧʨʦʮʝʩʫ. ʈʝʮʠʢʣʘʞʘ ʠ ʧʦʥʦʚʥʘ ʫʧʦʪʨʝʙʘ ʦʪʧʘʜʥʦʛ ʤʘʪʝʨʠʿʘʣʘ ʠʤʘ ʟʥʘʯʘʿʘʥ 

ʝʢʦʥʦʤʩʢʠ ʠ ʝʢʦʣʦʰʢʠ ʟʥʘʯʘʿ. ʄʘʪʝʨʠʿʘʣ ʢʦʿʠ ʿʝ ʠʜʝʘʣʘʥ ʧʨʠʤʝʨ ʟʘ ʪʦ ʿʝ ʫʧʨʘʚʦ 

ʩʪʘʢʣʦ ʦʜʥʦʩʥʦ ʩʪʘʢʣʝʥʘ ʘʤʙʘʣʘʞʘ. 

ʉʪʘʢʣʦ ʿʝ ʠʜʝʘʣʘʥ ʤʘʪʝʨʠʿʘʣ ʟʘ ʧʘʢʦʚʘˁʝ. ʉʘʯʠˁʝʥʦ ʿʝ ʦʜ ʨʘʩʧʨʦʩʪʨʘˁʝʥʠʭ, 

ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʇʝʩʘʢ ʿʝ ʦʩʥʦʚʥʠ ʝʣʝʤʝʥʪ, ʩʦʜʘ ʦʤʦʛʫ˂ʘʚʘ ʪʦʧˀʝˁʝ ʠ 

ʬʣʫʠʜʥʦʩʪ, ʘ ʢʨʝʯˁʘʢ ʩʪʘʢʣʫ ʜʘʿʝ ʧʦʩʪʦʿʘʥʦʩʪ [1]. ʉʪʘʢʣʦ ʿʝ, ʢʘʦ ʿʝʜʥʘ ʦʜ ʦʩʥʦʚʥʠʭ 

ʚʨʩʪʘ ʤʘʪʝʨʠʿʘʣʘ ʩʘ ʪʝʥʜʝʮʠʿʦʤ ʧʨʝʣʘʩʢʘ ʫ ʦʪʧʘʜ, ʫ ʧʦʟʘʜʠʥʠ ʩʚʘʢʦʜʥʝʚʥʦʛ ʞʠʚʦʪʘ 

ʚʝ˂ʠʥʝ ˀʫʜʠ. ʊʝʦʨʝʪʩʢʠ, ʩʪʘʢʣʦ ʩʝ ʤʦʞʝ ʨʝʮʠʢʣʠʨʘʪʠ ʜʦ ʙʝʩʢʦʥʘʯʥʦʩʪʠ [2]. 

ʄʝʹʫʪʠʤ, ʢʘʜʘ ʩʝ ʧʦʤʠˁʝ ʨʝʮʠʢʣʘʞʘ ʩʪʘʢʣʘ, ʤʠʩʣʠ ʩʝ ʥʘ ʨʝʮʠʢʣʘʞʫ ʩʪʘʢʣʝʥʝ 

ʘʤʙʘʣʘʞʝ (ʬʣʘʰʝ, ʪʝʛʣʝ ʠ ʜʨ.). ʆʢʦ 80-85% ʧʨʦʠʟʚʦʜʘ ʦʜ ʩʪʘʢʣʘ ʢʦʿʠ ʩʝ ʧʨʦʠʟʚʦʜʝ ʫ 

ʬʘʙʨʠʢʘʤʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʩʪʘʢʣʘ ʰʠʨʦʤ ʩʚʝʪʘ, ʯʠʥʝ ʩʪʘʢʣʝʥʝ ʘʤʙʘʣʘʞʝ ʟʘ ʧʘʢʦʚʘˁʝ 

ʭʨʘʥʝ ʠ ʧʠ˂ʘ ʠ ʟʘ ʧʨʠʤʝʥʫ ʫ ʬʘʨʤʘʮʝʫʪʩʢʦʿ ʠʥʜʫʩʪʨʠʿʠ, ʠ ʩʪʘʢʣʦ ʟʘ ʘʫʪʦʤʦʙʠʣʩʢʫ 

ʠʥʜʫʩʪʠʿʫ [3]. ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʧʦʙʦˀʰʘˁʘ ʫ ʞʠʚʦʪʥʦʤ ʩʪʘʥʜʘʨʜʫ ʠ ʪʝʭʥʦʣʦʰʢʠ 

ʨʘʟʚʦʿʫ ʜʦʚʝʣʝ ʩʫ ʜʦ ʟʥʘʯʘʿʥʝ ʧʦʚʝ˂ʘʥʝ ʧʦʪʨʦʰˁʝ ʩʪʘʢʣʝʥʠʭ ʬʣʘʰʘ ʟʘ ʿʝʜʥʦʢʨʘʪʥʫ 

ʫʧʦʪʨʝʙʫ. 

ɼʘʥʘʩ ʩʝ ʚʠʰʝ ʦʜ 67% ʩʪʘʢʣʝʥʠʭ ʬʣʘʰʘ ʠ ʪʝʛʣʠ ʩʘʢʫʧˀʘ ʟʘ ʨʝʮʠʢʣʘʞʫ ʫ 

ʟʝʤˀʘʤʘ ɽʚʨʦʧʩʢʝ ʫʥʠʿʝ, ʦʜʥʦʩʥʦ ʦʢʦ 11 ʤʠʣʠʦʥʘ ʪʦʥʘ ʠʣʠ 25 ʤʠʣʠʿʘʨʜʠ ʬʣʘʰʘ ʠ 

ʪʝʛʣʠ ʩʘʢʫʧˀʝʥʠʭ ʰʠʨʦʤ ɽʚʨʦʧʝ. ʇʨʝʢʦ 80% ʩʘʢʫʧˀʝʥʠʭ ʬʣʘʰʘ ʠ ʪʝʛʣʠ ʨʝʮʠʢʣʠʨʘ 

ʩʝ ʫ ʦʢʚʠʨʫ ʝʚʨʦʩʧʢʠʭ ʬʘʙʨʠʢʘ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʩʪʘʢʣʝʥʝ ʘʤʙʘʣʘʞʝ ʨʘʜʠ ʜʦʙʠʿʘˁʘ 

ʥʦʚʠʭ ʬʣʘʰʘ ʠ ʪʝʛʣʠ [4].   

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʝ ʧʨʦʠʟʚʝʜʝ ʧʨʠʙʣʠʞʥʦ 2 500 000 t/ʛʦʜʠʰˁʝ 

ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ, ʦʜ ʯʝʛʘ ʩʪʘʢʣʝʥʠ ʦʪʧʘʜ ʯʠʥʠ ʧʨʠʙʣʠʞʥʦ 130 000 t/ʛʦʜʠʰˁʝ 

ʦʜʥʦʩʥʦ ʦʜ ʪʝ ʢʦʣʠʯʠʥʝ 90 000 t/ʛʦʜʠʰˁʝ ʩʝ ʦʜʥʦʩʠ ʥʘ ʩʪʘʢʣʝʥʫ ʘʤʙʘʣʘʞʫ, ʢʦʿʘ 

ʯʠʥʠ ʦʢʦ 27% ʫʜʝʣʘ ʫ ʫʢʫʧʥʦʿ ʢʦʣʠʯʠʥʠ ʘʤʙʘʣʘʞʥʦʛ ʦʪʧʘʜʘ ʧʨʦʟʚʝʜʝʥʦʛ ʫ 

ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ. ʂʦʣʠʯʠʥʘ ʘʤʙʘʣʘʞʥʦʛ ʦʪʧʘʜʘ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʩʝ ʥʝ ʤʝʨʠ ʧʘ 

ʩʝ ʝʚʠʜʝʥʮʠʿʘ ʥʝ ʚʨʰʠ ʥʘ ʩʠʩʪʝʤʘʪʩʢʠ ʥʘʯʠʥ, ʘ ʧʦʤʝʥʫʪʠ ʧʦʜʘʮʠ ʩʫ ʧʨʦʮʝˁʝʥʠ ʥʘ 

ʦʩʥʦʚʫ ʤʝʨʝˁʘ ʫ ʥʝʢʦʣʠʢʦ ʛʨʘʜʦʚʘ, ʦʜʥʦʩʥʦ ʦʙʫʭʚʘʪʘ ʦʜ 30% ʩʪʘʥʦʚʥʠʰʪʚʘ, ʰʪʦ 

ʫʢʘʟʫʿʝ ʜʘ ʦʚʝ ʢʦʣʠʯʠʥʝ ʤʦʛʫ ʙʠʪʠ ʠ ʟʥʘʪʥʦ ʚʝ˂ʝ [5]. 

ʋ ʅʦʚʦʤ ʉʘʜʫ ʿʝ ʣʦʮʠʨʘʥʘ ʥʘʿʚʝ˂ʘ ʜʝʧʦʥʠʿʘ ʟʘ ʦʜʣʘʛʘˁʝ ʢʦʤʫʥʘʣʥʦʛ ʦʪʧʘʜʘ 

ʫ ɺʦʿʚʦʜʠʥʠ, ʢʦʿʘ ʿʝ ʩʫʦʯʝʥʘ ʩʘ ʩʪʘʣʥʠʤ ʧʨʦʙʣʝʤʦʤ ʥʝʜʦʩʪʘʪʢʘ ʧʨʦʩʪʦʨʘ ʟʘ 

ʜʝʧʦʥʦʚʘˁʝ ʦʪʧʘʜʘ. ʅʘ ʜʝʧʦʥʠʿʠ ʫ ʅʦʚʦʤ ʉʘʜʫ ʛʦʜʠʰˁʝ ʩʝ ʜʝʧʦʥʫʿʝ ʧʨʝʢʦ 6000 

ʪʦʥʘ ʩʪʘʢʣʝʥʝ ʘʤʙʘʣʘʞʝ, ʘ ʫʢˀʫʯʠʚʘˁʝʤ ʥʦʚʠʭ ʦʧʰʪʠʥʘ ʯʣʘʥʠʮʘ ɱʫʞʥʦʙʘʯʢʦʛ 

ʨʝʛʠʦʥʘ ʩʘ ʮʝʥʪʨʦʤ ʫ ʅʦʚʦʤ ʉʘʜʫ ʧʨʝʤʘ ʫʩʚʦʿʝʥʦʤ ʈʝʛʠʦʥʘʣʥʦʤ ʧʣʘʥʫ ʫʧʨʘʚˀʘˁʘ 

ʦʪʧʘʜʦʤ, ʢʦʣʠʯʠʥʘ ʩʪʘʢʣʝʥʝ ʘʤʙʘʣʘʞʝ ʢʦʿʘ ʙʠ ʩʝ ʜʝʧʦʥʦʚʘʣʘ ʥʘ ʜʝʧʦʥʠʿʫ ʫ ʅʦʚʦʤ 

ʉʘʜʫ ʠʟʥʦʩʠʣʘ ʙʠ ʧʨʝʢʦ 10 000 t ʛʦʜʠʰˁʝ, ʯʠʥʝ˂ʠ ʿʝ ʚʝʦʤʘ ʟʥʘʯʘʿʥʠʤ ʨʝʩʫʨʩʦʤ [6]. 

ʉʧʨʘʤ ʩʚʦʿʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʩʪʘʢʣʦ ʦʜʣʦʞʝʥʦ ʥʘ ʜʝʧʦʥʠʿʫ ʥʠʢʘʜʘ ʩʝ ʥʝ˂ʝ 

ʨʘʟʛʨʘʜʠʪʠ, ʠ ʢʘʦ ʪʘʢʚʦ, ʩʪʚʘʨʘ ʚʝʣʠʢʠ ʧʨʦʙʣʝʤ ʥʘ ʜʝʧʦʥʠʿʘʤʘ ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ʩʝ 

ˁʝʛʦʚʘ ʢʦʣʠʯʠʥʘ ʧʦʚʝ˂ʘʚʘ, ʫʢʦʣʠʢʦ ʩʝ ʥʝ ʧʨʝʜʫʟʠʤʘʿʫ ʧʨʝʪʭʦʜʥʦ ʦʜʨʝʹʝʥʠ ʢʦʨʘʮʠ 

ʩʘʥʘʮʠʿʝ ʦʚʝ ʚʨʩʪʝ ʦʪʧʘʜʘ (ʢʘʦ ʥʧʨ. ʧʦʥʦʚʥʘ ʫʧʦʪʨʝʙʘ, ʨʝʮʠʢʣʘʞʘ ʩʪʘʢʣʝʥʝ 

ʘʤʙʘʣʘʞʝ ʩʘ ʮʠˀʝʤ ʜʦʙʠʿʘˁʘ ʠʩʪʦʛ ʠʣʠ ʥʦʚʦʛ ʧʨʦʠʟʚʦʜʘ ʠʪʜ.). ʉʪʘʢʣʝʥʘ ʘʤʙʘʣʘʞʘ 

ʩʝ ʢʘʦ ʩʝʢʫʥʜʘʨʥʘ ʩʠʨʦʚʠʥʘ ʤʦʞʝ ʠʩʢʦʨʠʩʪʠʪʠ ʟʘ ʜʦʙʠʿʘˁʝ ʥʦʚʦʛ ʧʨʦʠʟʚʦʜʘ ï ʦʧʝʢʝ 

ʦʜʥʦʩʥʦ ʛʨʘʹʝʚʠʥʩʢʦʛ ʙʣʦʢʘ [7], [8]. ʈʝʮʠʢʣʘʞʦʤ ʩʝ ʩʤʘˁʫʿʝ ʢʦʣʠʯʠʥʘ ʦʪʧʘʜʘ ʢʦʿʠ 

ʩʝ ʰʘˀʝ ʥʘ ʜʝʧʦʥʠʿʝ ʠ ʫʙʣʘʞʘʚʘ ʧʨʦʙʣʝʤ ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʠ ʩʪʚʘʨʘˁʘ ʜʠʚˀʠʭ 

ʜʝʧʦʥʠʿʘ. ʋʧʦʪʨʝʙʘ ʦʪʧʘʜʥʝ ʩʪʘʢʣʝʥʝ ʘʤʙʘʣʘʞʝ ʫ ʧʨʦʠʟʚʦʜˁʠ ʛʨʘʹʝʚʠʥʩʢʦʛ 

ʤʘʪʝʨʠʿʘʣʘ (ʢʘʦ ʰʪʦ ʿʝ ʥʘ ʧʨʠʤʝʨ ʛʨʘʹʝʚʠʥʩʢʠ ʙʣʦʢ) ʧʦʢʘʟʘʣʘ ʩʝ ʚʨʣʦ ʟʥʘʯʘʿʥʦʤ, ʠʟ 

ʨʘʟʣʦʛʘ ʰʪʦ ʩʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʩʤʘˁʫʿʝ ʧʦʪʨʦʰˁʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʘ ʠ ʪʨʦʰʢʦʚʘ 
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ʦʜʣʘʛʘˁʘ ʦʪʧʘʜʘ ʘ ʫ ʠʩʪʦ ʚʨʝʤʝ ʩʝ ʰʪʠʪʠ ʞʠʚʦʪʥʘ ʩʨʝʜʠʥʘ ʦʜ ʧʦʪʝʥʮʠʿʘʣʥʠʭ 

ʪhʝʪʥʠʭ ʫʪʠʮʘʿʘ ʦʜʨʝʹʝʥʠʭ ʩʫʧʩʪʘʥʮʠ [7]. 

ʂʦʥʪʠʥʫʘʣʥʦ ʢʦʨʠʰ˂ʝˁʝ ʥʝʦʙʥʦʚˀʠʚʠʭ ʨʝʩʫʨʩʘ, ʧʦʚʝ˂ʘˁʝ ʪʨʦʰʢʦʚʘ 

ʝʥʝʨʛʠʿʝ ʠ ʫʧʨʘʚˀʘˁʝ ʦʪʧʘʜʦʤ, ʜʦʚʝʣʠ ʩʫ ʜʦ ʩʚʝ ʚʝ˂ʝ ʧʦʪʨʝʙʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʦʤ 

ʧʨʦʮʝʩʘ ʧʨʦʠʟʚʦʜˁʝ ʛʨʘʹʝʚʠʥʩʢʝ ʦʧʝʢʝ ʢʦʿʘ ʿʝ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʦʜʨʞʠʚʦʩʪ 

ʮʠʛʣʘʨʩʢʝ ʠʥʜʫʩʪʨʠʿʝ. ɱʝʜʥʘ ʦʜ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʨʝʰʘʚʘˁʝ ʦʚʠʭ ʧʨʦʙʣʝʤʘ, ʢʦʿʘ ʩʝ 

ʢʦʨʠʩʪʠ ʫ ʩʚʝʪʫ, ʿʝ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʦʜʨʝʹʝʥʠ ʘʜʠʪʠʚʠ, ʧʦʨʝʢʣʦʤ ʠʟ ʦʪʧʘʜʘ, ʢʦʿʠ ʩʝ 

ʤʝʰʘʿʫ ʟʘʿʝʜʥʦ ʩʘ ʛʣʠʥʦʤ ʨʘʜʠ ʧʨʦʠʟʚʦʜˁʝ ʛʨʘʹʝʚʠʥʩʢʦʛ ʙʣʦʢʘ ʦʜʥʦʩʥʦ ʮʠʛʣʝ. 

ʋʧʦʪʨʝʙʘ ʦʜʨʝʹʝʥʠʭ ʘʜʠʪʠʚʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʩʤʘˁʝˁʘ ʢʦʨʠʰ˂ʝˁʘ ʥʝʦʙʥʦʚˀʠʚʠʭ 

ʨʝʩʫʨʩʘ ʟʘ ʧʦʪʨʝʙʝ ʧʨʦʠʟʚʦʜˁʝ ʦʧʝʢʝ, ʘʣʠ ʩʝ ʪʘʢʦʹʝ ʤʦʛʫ ʧʦʙʦˀʰʘʪʠ ʠ ʩʥʘʛʘ ʠ 

ʠʟʜʨʞˀʠʚʦʩʪ ʦʧʝʢʝ. ʋ ʥʘʫʯʥʦʤ ʨʘʜʫ [9] ʫʧʨʘʚʦ ʿʝ ʢʘʦ ʧʨʠʤʝʨ ʧʦʢʘʟʘʥʘ ʫʧʦʪʨʝʙʘ 

ʦʪʧʘʜʥʝ ʩʪʘʢʣʝʥʝ ʘʤʙʘʣʘʞʝ, ʢʘʦ ʘʜʠʪʠʚʘ, ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʛʨʘʹʝʚʠʥʩʢʝ ʦʧʝʢʝ. ɺʝ˂ʠʥʘ 

ʩʪʘʢʣʝʥʝ ʘʤʙʘʣʘʞʝ ʿʝ ʧʦʤʝʰʘʥʘ ʤʝʹʫʩʦʙʥʦ, ʫ ʨʘʟʣʠʯʠʪʠʤ ʙʦʿʘʤʘ ʩʪʘʢʣʘ (ʙʝʣʦ, 

ʩʤʝʹʝ, ʟʝʣʝʥʦ), ʧʘ ʠʭ ʿʝ ʠʟ ʪʦʛ ʨʘʟʣʦʛʘ ʪʝʰʢʦ ʨʝʮʠʢʣʠʨʘʪʠ, ʿʝʨ ʨʝʮʠʢʣʘʞʘ ʩʪʘʢʣʘ 

ʟʘʭʪʝʚʘ ʩʦʨʪʠʨʘˁʝ ʧʨʝʤʘ ʙʦʿʠ ʟʙʦʛ ʨʘʟʣʠʯʠʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧˀʝˁʘ ʩʪʘʢʣʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʿʝ ʿʝ ʙʦʿʝ, ʧʘ ʪʦ ʜʦʜʘʪʥʦ ʧʦʩʢʫʧˀʫʿʝ ʧʨʦʮʝʩ, ʠ ʥʘ ʢʨʘʿʫ ʥʘʿʚʝ˂ʠ 

ʜʝʦ ʪʘʢʚʝ ʦʪʧʘʜʥʝ ʩʪʘʢʣʝʥʝ ʘʤʙʘʣʘʞʝ ʟʘʚʨʰʠ ʥʘ ʜʝʧʦʥʠʿʠ.  

ɿʙʦʛ ʩʘʜʨʞʘʿʘ Na2ʆ ʠ ʥʝʢʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ, ʩʪʘʢʣʝʥʘ ʘʤʙʘʣʘʞʘ ʧʦʢʘʟʘʣʘ ʩʝ 

ʢʘʦ ʜʦʙʘʨ ʘʜʠʪʠʚ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʛʨʘʹʝʚʠʥʩʢʝ ʦʧʝʢʝ, ʩʤʘˁʫʿʫ˂ʠ ʧʦʪʨʝʙʥʝ 

ʪʝʤʧʝʨʘʪʫʨʝ ʟʘ ʩʠʥʪʝʨʦʚʘˁʝ ʦʧʝʢʝ. ʇʦʨʝʜ ʪʦʛʘ, ʜʦʜʘʪʥʦ ʧʨʠʩʫʩʪʚʦ ʩʪʘʢʣʘʩʪʝ ʬʘʟʝ ʫ 

ʛʨʘʹʝʚʠʥʩʢʦʿ ʦʧʝʢʠ ʜʦʧʨʠʥʝʣʦ ʿʝ ʠ ʧʦʙʦˀʰʘˁʫ ʩʪʨʫʢʪʫʨʝ ʩʘʤʝ ʦʧʝʢʝ ʫ ʩʤʠʩʣʫ 

ˁʝʥʝ ʪʨʘʿʥʦʩʪʠ [9].  

ʋ ʮʠˀʫ ʠʟʥʘʣʘʞʝˁʘ ʥʦʚʠʭ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʧʦʥʦʚʥʫ ʫʧʦʪʨʝʙʫ ʦʪʧʘʜʥʦʛ 

ʘʤʙʘʣʘʞʥʦʛ ʩʪʘʢʣʘ ʠʟʚʨʰʝʥʘ  ʿʝ ʧʨʝʧʘʨʘʮʠʿʘ ʩʪʘʢʣʝʥʦʛ ʧʨʘʭʘ ʠ ˁʝʛʦʚʘ 

ʛʨʘʥʫʣʦʤʝʪʨʠʿʩʢʘ ʩʝʧʘʨʘʮʠʿʘ. ʇʦʟʥʘʪʦ ʿʝ ʥʘʠʤʝ, ʜʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʘʭʦʚʘ ʟʘʚʠʩʝ 

ʦʜ ʚʨʩʪʝ ʤʘʪʝʨʠʿʘʣʘ, ʘʣʠ ʠ ʦʜ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʧʨʘʭʘ. ʉʘʤʠʤ ʪʠʤ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʩʝ ʜʦʙʠʿʘʿʫ ʥʘʢʥʘʜʥʠʤ ʪʨʝʪʤʘʥʦʤ ʠʩʪʠʭ, ʟʘʚʠʩʝ ʦʜ ʨʝʞʠʤʘ ʜʘˀʝ 

ʦʙʨʘʜʝ, ʘʣʠ ʠ ʚʝʣʠʯʠʥʝ ʟʨʥʘ ʧʨʘʭʘ. ʆʚʦ ʜʘˀʝ ʦʜʨʝʹʫʿʝ ʤʦʛʫ˂ʝ ʧʨʠʤʝʥʝ ʤʘʪʝʨʠʿʘʣʘ. 

ʈɽɿʋʃʊɸʊʀ ʀ ɼʀʉʂʋʉʀɱɸ 

ʀʟʚʨʰʝʥʦ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʜʦʙʠʿʘˁʝ ʦʧʝʢʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʫʜʝʣʦʤ 

ʩʪʘʢʣʝʥʦʛ ʨʝʮʠʢʣʘʪʘ. ʇʨʚʦ ʝʿ ʠʟʚʨʰʝʥʘ ʧʨʦʮʝʜʫʨʘ ʫ ʮʠˀʫ ʦʜʨʝʹʠʚʘˁʘ ʦʧʪʠʤʘʣʥʦʛ 

ʨʝʞʠʤʘ ʠ ʧʝʨʠʦʜʘ ʤʣʝʚʝˁʘ ʩʪʘʢʣʝʥʝ ʦʪʧʘʜʥʝ ʘʤʙʘʣʘʞʝ ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʠʟʚʝʦ ʧʨʘʭ 

ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝʛ ʛʨʘʥʫʣʦʤʝʪʨʠʿʩʢʦʛ ʩʘʩʪʘʚʘ.  

ʇʦʨʮʝʜʫʨʘ ʿʝ ʦʙʫʭʚʘʪʘʣʘ ʩʣʝʜʝ˂ʝ ʬʘʟʝ: ʩʘʢʫʧˀʘˁʝ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠʭ ʫʟʦʨʘʢʘ 

ʦʪʧʘʜʥʦʛ ʘʤʙʘʣʘʞʥʦʛ ʩʪʘʢʣʘ; ʠʟʙʦʨ ʠ ʧʨʠʤʝʥʫ ʨʝʣʝʚʘʥʪʥʠʭ ʤʝʪʦʜʘ ʟʘ ʬʠʟʠʯʢʦ-

ʭʝʤʠʿʩʢʠ ʧʨʝʜ-ʪʨʝʪʤʘʥ ʫʟʦʨʢʘ ʩʪʘʢʣʘ; ʤʣʝʚʝˁʝ ʫʟʦʨʘʢʘ ʫ ʧʦʣʫʠʥʜʫʩʪʨʠʿʩʢʦʤ 

ʤʣʠʥʫ; ʛʨʘʥʫʣʦʤʝʪʨʠʿʩʢʫ ʩʝʧʘʨʘʮʠʿʫ ʜʦʙʠʿʝʥʦʛ ʧʨʘʭʘ ʥʘ ʤʝʭʘʥʠʯʢʦʿ ˁʠʭʘʿʫ˂ʦʿ 

ʩʝʿʘʣʠʮʠ ʩʘ ʩʠʩʪʝʤʦʤ ʩʠʪʘ ʧʦ ʊʘʿʣʝʨʫ ʢʘʦ ʠ ʩʪʘʪʠʩʪʠʯʢʫ ʦʙʨʘʜʫ ʜʦʙʠʿʝʥʠʭ 

ʨʝʟʫʣʪʘʪʘ.  

ʅʘ ʩʣʠʮʠ 1. ʜʘʪʘ ʿʝ ʰʝʤʘ ʧʦʣʫʠʥʜʫʩʪʨʠʿʩʢʦʛ ʤʣʠʥʘ, ʢʘʦ ʠ ʰʝʤʘ ʧʦʧʨʝʯʥʦʛ 

ʧʨʝʩʝʢʘ ʤʣʠʥʘ ʩʘ ʪʝʣʦʤ ʟʘ ʜʨʦʙˀʝˁʝ, ʢʦʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ ʜʦʙʠʿʘˁʝ ʩʪʘʢʣʝʥʦʛ 

ʧʨʘʭʘ. 
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ʉʣʠʢʘ 1- ʐʝʤʘ ʧʦʣʫʠʥʜʫʩʪʨʠʿʩʢʦʛ ʤʣʠʥʘ, ʢʘʦ ʠ ʰʝʤʘ ʧʦʧʨʝʯʥʦʛ ʧʨʝʩʝʢʘ ʤʣʠʥʘ ʩʘ 

ʪʝʣʦʤ ʟʘ ʜʨʦʙˀʝˁʝ 

ʅʘ ʩʣʠʮʠ 2. ʜʘʪʘ ʿʝ ʬʦʪʦʛʨʘʬʠʿʘ ʛʨʘʥʫʣʦʤʝʪʨʠʿʩʢʠʭ ʩʠʪʘ ʧʦ ʊʘʿʣʝʨʫ ʩʘ 

ʧʨʘʰʢʘʩʪʠʤ ʫʟʦʨʮʠʤʘ ʩʪʘʢʣʘ, ʥʘʢʦʥ ʩʝʧʘʨʘʮʠʿʝ. 

 

ʉʣʠʢʘ 2- ɻʨʘʥʫʣʦʤʝʪʨʠʿʩʢʘ ʩʠʪʘ ʩʘ ʧʨʘʰʢʘʩʪʠʤ ʫʟʦʨʮʠʤʘ ʜʦʙʠʿʝʥʠʭ ʤʣʝʚʝˁʝʤ 

ʦʪʧʘʜʥʦʛ ʘʤʙʘʣʘʞʥʦʛ ʩʪʘʢʣʘ 

 

 


