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ÞċċČĐþĔĆĝ 

âþċ ĈĎþĐĈĆć ČÿąČĎ ċăČÿęĕċęē ďĀČćďĐĀ čĎăĂĈĎĆ-

ďĐþĉĉĆąþĔĆČċċęē ĈĉþďĐăĎČĀ, ċþąĀþċċęē ĈĀþĐþĎČ-

ċþĊĆ Ć ĎþďďĊþĐĎĆĀþăĊęē ĈþĈ ČďČÿþĝ ĒČĎĊþ 

þĐČĊċČ-ĊČĉăĈđĉĝĎċČć ČĎāþċĆąþĔĆĆ ĀăėăďĐĀþ ċþ 

ċþċČđĎČĀċă (ċČĀČă ĒþąČĀČă ďČďĐČĝċĆă). èĀþĐþĎČċę 

ċă ĝĀĉĝĜĐďĝ ąþĎČĂęĖþĊĆ ċČĀČć Ēþąę, ěĐČ µ ĕþď-

ĐĆĔę ČďČÿČć čĎČĐČĒþąę, ĈČĐČĎęă ĉĆĖĚ čĎĆ ČčĎă-

Ăăĉăċċęē đďĉČĀĆĝē ĐĎþċďĒČĎĊĆĎđĜĐďĝ Ā čĎČĐČ-

ĊĆċăĎþĉę, Ā ĈĎĆďĐþĉĉĆĕăďĈĆă ąþĎČĂęĖĆ ĆĉĆ 

Ćċęă ĐĆčę ċþċČĕþďĐĆĔ. âĆċþĊĆĕăďĈþĝ ďĐĎđĈĐđ-

Ďþ, ĒĉđĈĐđþĔĆĝ ĀċăĖċăć čČĀăĎēċČďĐĆ, ČďĔĆĉĉĆ-

ĎđĜėĆć ēþĎþĈĐăĎ ĎĝĂþ ďĀĝąăć ĊăĄĂđ þĐČĊþĊĆ, 

čĎĆďđėĆć ĆĊ ĄĆĂĈČďĐċČ-ĐĀăĎĂČĒþąċęć ĂđþĉĆąĊ, 

ČĐċČďĝĐďĝ Ĉ ĕĆďĉđ ċăČÿęĕċęē ďĀČćďĐĀ ĈĀþĐþĎČ-

ċČĀ, ĈČĐČĎęă ČĐĉĆĕþĜĐ Ćē ČĐ Čÿęĕċęē ěċăĎāăĐĆ-

ĕăďĈĆ ĊĆċĆĊĆąĆĎČĀþċċęē Ć čĎČďĐĎþċďĐĀăċċČ Čč-

ĐĆĊĆąĆĎČĀþċċęē ÉĈĉþďďĆĕăďĈĆēÙ ĈĉþďĐăĎČĀ. âĉĝ 

ĂþĉĚċăćĖăāČ čČċĆĊþċĆĝ ċăČÿęĕċęē ďĀČćďĐĀ ĈĀþ-

ĐþĎČċČĀ ċăČÿēČĂĆĊę ěĈďčăĎĆĊăċĐę ď ĆďčČĉĚąČĀþ-

ċĆăĊ ĎăċĐāăċČĀďĈČāČ ĉþąăĎþ ċþ ďĀČÿČĂċęē ěĉăĈ-

ĐĎČċþē ď in situ ċþÿĉĜĂăċĆăĊ ąþ čĎČĔăďďþĊĆ Ćē 

ČÿĎþąČĀþċĆĝ, ěĀČĉĜĔĆĆ Ć ĐĎþċďĒČĎĊþĔĆĆ Ā Ďþą-

ĉĆĕċęē đďĉČĀĆĝē. 

èĉĜĕăĀęă ďĉČĀþ:  ČčĂāćčąĎďýĈĈąĄýēąċĊĊĘĂ ćĈý-

ĎďĂčĘ, ćÿýďýčċĊĘ, čċĎď ćčąĎďýĈĈċÿ 

Abstract  

A brief overview of the unusual properties of pre -

crystallization clusters called quatarons, which are 

considered as a special form (new state) of the 

atomic -molecular organization of matter at the 

nanoscale, is given. W e predicted the formation of 

such special particles - quatarons - in 1998. Even 

then, we noted that quatarons are not nuclei of a 

new phase. These are particles of a peculiar 

protophase, which, under certain conditions, trans -

form into protominerals, cryst alline nuclei, or ot h-

er types of nanoparticles. Quatarons have a number 

of unusual properties. They have no phase bound a-

ries in the usual macroscopic sense. Their mo r-

phology cannot be predicted due to their lack of 

structure. The dynamic structure, the flu ctuation 

of the outer surface, the oscillating character of a 

number of bonds between atoms distinguish 

quatarons from ordinary energetically minimized 

and spatially optimized "classical" clusters. The 

liquid -solid -phase dualism inherent in quatarons 

and t he associated "polymorphism", open the way 

for their structural evolution. The crystallogenetic 

significance of quatarons is that they are ideally 

suited for the role of crystal -forming particles. 

However, quatarons are not actually building 

units, since g rowth is not carried out by their se -

quential stacking. In contrast to atomic (Kossel) or 

microblock (Balarev) mechanisms, the quataron 

growth of crystals involves a stage of adaptation of  

the quataron to the crystal structure. For further  

development of ideas about the unusual properties 

of quatarons, experiments using a free -electron 
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laser are necessary to study in situ the processes of 

quatarons formation and evolution under various 

conditions.  

Keywords:  pre-crystallization clusters, quat arons, 

crystal growth  

 

¶ 
 

ɺʚʝʜʝʥʠʝ 
 

ɹʦʣʝʝ 20 ʣʝʪ ʥʘʟʘʜ ʘʚʪʦʨ ʚʳʩʢʘʟʘʣ ʠʜʝʶ ʦ 
ʚʦʟʤʦʞʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʥʘʥʦʤʠʨʝ ʦʩʦʙʳʭ ʯʘʩ-
ʪʠʮ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʟʚʘʥʳ ʢʚʘʪʘʨʦʥʘʤʠ [1]. ɿʘ 
ʧʨʦʰʝʜʰʝʝ ʚʨʝʤʷ ʵʪʘ ʠʜʝʷ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ 
ʦʨʠʛʠʥʘʣʴʥʫʶ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʫʶ ʢʦʥʮʝʧʮʠʶ. 
ʆʩʥʦʚʥʳʝ ʠʜʝʠ ʥʦʚʦʡ (ʢʚʘʪʘʨʦʥʥʦʡ) ʢʦʥʮʝʧʮʠʠ ʠ 
ʥʝʢʦʪʦʨʳʝ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʮʝʣʦʤ ʨʷʜʝ ʨʘʙʦʪ [2ï5], ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʪʘʪʴʝ, ʦʧʫʙ-
ʣʠʢʦʚʘʥʥʦʡ ʚ ʞʫʨʥʘʣʝ çʀʟʚʝʩʪʠʷ ʂʦʤʠ ʥʘʫʯʥʦʛʦ 
ʮʝʥʪʨʘ ʋʨʆ ʈɸʅè [6]. ʕʪʦʡ ʢʦʥʮʝʧʮʠʠ ʫʜʘʣʦʩʴ ʨʘʟ-
ʨʝʰʠʪʴ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
ʚ ʧʨʠʨʦʜʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ, 
ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 
ʘʤʦʨʬʥʳʭ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [2ï6]. ɺ 
ʨʘʤʢʘʭ ʢʚʘʪʘʨʦʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʦʙʩʫʞʜʘʣʠʩʴ ʠ ʥʘ-
ʭʦʜʠʣʠ ʦʪʚʝʪʳ ʪʘʢʞʝ ʠ ʜʘʣʝʢʠʝ ʦʪ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ 
ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʧʨʦʙʣʝʤʳ (ʘʙʠʦʛʝʥʥʦʡ ʩʙʦʨʢʠ ʧʝʨ-
ʚʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʞʠʚʦʡ ʤʘʪʝʨʠʠ, ʧʨʦʠʩʭʦʞʜʝʥʠʷ 
ʰʘʨʦʚʦʡ ʤʦʣʥʠʠ ʠ ʜʨ.) [7ï8]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʘ ʢʦʥ-
ʮʝʧʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʘ ʛʦʨʠʟʦʥʪʳ ʧʦʥʠʤʘ-
ʥʠʷ ʥʘʥʦʤʠʨʘ ʠ ʥʘʥʦʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʮʝʣʦʤ.  
ʉʘʤʠ ʢʚʘʪʘʨʦʥʳ ʧʨʠʦʙʨʝʣʠ ʯʝʨʪʳ ʦʩʦʙʦʡ ʬʦʨʤʳ 
ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ ʥʘ 
ʥʘʥʦʫʨʦʚʥʝ, ʥʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʥʝ 
ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʤʘʢʨʦʫʨʦʚʥʝ. ʉʪʘʣʦ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ 
ʩʪʨʫʢʪʫʨʥʳʡ ʥʘʥʦʫʨʦʚʝʥʴ ï ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʦʜʠʥ ʠʟ 
ʫʨʦʚʥʝʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʘ ʫʨʦʚʝʥʴ ʦʩʦʙʦʡ ʩʪʨʫʢ-
ʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʧʝʨʝʭʦʜʘ ʚ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ ʩ ʥʦʚʳʤʠ ʩʚʦʡʩʪ-
ʚʘʤʠ. ɿʘʯʘʩʪʫʶ ʵʪʠ ʩʚʦʡʩʪʚʘ ʚ ʩʠʣʫ ʩʚʦʝʡ ʥʝʦʙʳʯ-
ʥʦʩʪʠ, ʢʘʟʘʣʦʩʴ, ʧʨʦʪʠʚʦʨʝʯʠʣʠ ʫʩʪʘʥʦʚʠʚʰʠʤʩʷ ʚ 
ʥʘʫʢʝ ʚʟʛʣʷʜʘʤ. ʈʷʜ ʩʚʦʡʩʪʚ ʢʚʘʪʘʨʦʥʦʚ ʜʦ ʩʠʭ ʧʦʨ 
ʚʳʟʳʚʘʝʪ ʫʜʠʚʣʝʥʠʝ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʥʝʜʦ-
ʧʦʥʠʤʘʥʠʝ.  

ʉʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʢʚʘʪʘʨʦʥʳ ï ʵʪʦ ʚʘʞʥʝʡ-
ʰʠʝ ʦʙʲʝʢʪʳ ʧʨʦʪʦʤʠʥʝʨʘʣʴʥʦʛʦ ʤʠʨʘ. ʆʥʠ ʧʨʠ-
ʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ. ʊʝʧʝʨʴ ʫʞʝ ʥʝ 
ʪʦʣʴʢʦ ʢʘʢ ʧʨʝʜʟʘʨʦʜʳʰʝʚʳʝ ʢʣʘʩʪʝʨʳ, ʢʦʪʦʨʳʝ 
ʦʧʨʝʜʝʣʷʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ 
ʢʨʠʩʪʘʣʣʦʚ. ʆʯʝʚʠʜʝʥ ʠʥʪʝʨʝʩ ʢ ʩʚʦʡʩʪʚʘʤ ʢʚʘʪʘ-
ʨʦʥʦʚ ʩʦ ʩʪʦʨʦʥʳ ʥʘʥʦʪʝʭʥʦʣʦʛʦʚ, ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ, 
ʵʢʦʣʦʛʦʚ ʠ ʜʨ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʳ ʩʯʠʪʘʝʤ ʥʝʦʙʭʦ-
ʜʠʤʳʤ ʝʱʝ ʨʘʟ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʠʙʦʣʝʝ 
ʥʝʦʙrʯʥʳʝ ʠ ʫʜʠʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʚʘʪʘʨʦʥʦʚ ʠ 
ʠʭ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ ʢʨʠʩʪʘʣʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʊʝʤʘ 
ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʩʚʦʡʩʪʚ ʢʚʘʪʘʨʦʥʦʚ ʚʩʝ ʝʱʝ 
ʘʢʪʫʘʣʴʥʘ. ʏʘʩʪʠʯʥʦ ʦʥʘ ʫʞʝ ʦʙʩʫʞʜʘʣʘʩʴ ʥʘʤʠ ʚ 
ʩʪʘʪʴʝ, ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ çɼʦʢʣʘʜʘʭ ɸʢʘ-
ʜʝʤʠʠ ʥʘʫʢè [9]. ɸʜʨʝʩʦʚʘʥʘ ʵʪʘ ʟʘʤʝʪʢʘ, ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ, ʪʝʤ, ʢʪʦ ʧʨʦʜʦʣʞʘʝʪ ʩʯʠʪʘʪʴ ʢʚʘʪʘʨʦʥʳ 
ʦʙʳʯʥʳʤʠ ʢʣʘʩʪʝʨʘʤʠ ʠʣʠ ʦʯʝʥʴ ʤʘʣʝʥʴʢʠʤʠ ʢʨʠ-
ʩʪʘʣʣʠʯʝʩʢʠʤʠ ʟʘʨʦʜʳʰʘʤʠ. ʄʳ ʪʘʢʞʝ ʭʦʪʠʤ ʦʭʣʘ-
ʜʠʪʴ ʧʳʣ ʪʝʭ, ʢʪʦ ʚ ʢʘʞʜʦʤ ʥʘʥʦʨʘʟʤʝʨʥʦʤ ʰʘʨʦ-
ʦʙʨʘʟʥʦʤ ʦʙʲʝʢʪʝ ʚʠʜʠʪ ʢʚʘʪʘʨʦʥ, ʯʪʦ ʪʦʞʝ ʯʘʩʪʦ 

ʧʨʦʠʩʭʦʜʠʪ. ʎʝʣʴ ʩʪʘʪʴʠ ï ʧʦʢʘʟʘʪʴ ʝʱʝ ʨʘʟ, ʯʪʦ 
ʢʚʘʪʘʨʦʥʳ ï ʵʪʦ ʩʦʚʝʨʰʝʥʥʦ ʫʜʠʚʠʪʝʣʴʥʳʝ ʘʪʦʤ-
ʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʪʦʤʠʥʝʨʘʣʴʥʦʤ ʥʘʥʦʤʠʨʝ ʠ 
ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʧʦʙʫʜʠʪʴ ʠʥʪʝʨʝʩ ʢ ʜʘʣʴʥʝʡʰʝʤʫ 
ʜʝʪʘʣʴʥʦʤʫ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ.  

 

ʆʪ ʢʚʘʪʘʨʦʥʦʚ ʢ ʧʨʦʪʦʤʠʥʝʨʘʣʴʥʦʤʫ ʤʠʨʫ 
 

ʅʘʯʥʝʤ ʩ ʫʪʚʝʨʞʜʝʥʠʷ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠ-
ʩʪʘʣʣʠʯʝʩʢʠʭ ʟʘʨʦʜʳʰʝʡ ʚ ʧʝʨʝʩʳʱʝʥʥʳʭ ʩʨʝʜʘʭ 
ʧʨʝʜʰʝʩʪʚʫʝʪ ʩʪʘʜʠʷ ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ, ʥʝ 
ʩʚʦʜʠʤʘʷ ʢ ʦʙʳʯʥʳʤ ʛʝʪʝʨʦʬʘʟʥʳʤ ʬʣʫʢʪʫʘʮʠʷʤ, 
ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ. ʕʪʦ 
ʢʣʶʯʝʚʦʝ ʧʦʣʦʞʝʥʠʝ ʢʚʘʪʘʨʦʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʥʘ 
ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʢʘʞʝʪʩʷ ʪʨʠʚʠʘʣʴʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʷʚ-
ʣʝʥʠʝ ʧʨʝʜʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ 
ʚʝʱʝʩʪʚʘ ʚ ʧʝʨʝʩʳʱʝʥʥʳʭ ʩʨʝʜʘʭ ʥʠʢʦʛʜʘ ʢʘʪʝʛʦ-
ʨʠʯʝʩʢʠ ʥʝ ʦʪʨʠʮʘʣʦʩʴ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ 
ʪʦʤ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʝʜʟʘʨʦʜʳʰʝʚʳʭ ʢʣʘʩʪʝ-
ʨʦʚ, ʢʘʢ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʫʢʪʫʨ, ʥʝ ʫʜʘʚʘʣʦʩʴ ʥʠ ʪʝʦ-
ʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʪʴ (ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦ-
ʨʠʠ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ), ʥʠ ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨ-
ʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʵʪʦʤ ʢʦʩ-
ʚʝʥʥʳʭ ʬʘʢʪʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦʙ ʠʭ ʩʫʱʝʩʪ-
ʚʦʚʘʥʠʠ, ʙʳʣʦ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ. ʊʘʢ, ʝʱʝ ʚ 
80-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʚʷʟʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚʝ-
ʱʝʩʪʚʘ ʚ ʧʝʨʝʩʳʱʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ 
ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ [10, 11]. ɺ ʥʘʰʠ ʜʥʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʩʫʱʝʩʪ-
ʚʝʥʥʦ ʨʘʩʰʠʨʠʣʘʩʴ, ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʳ ʢʨʠʦʵʣʝʢʪʨʦʥʥʦʡ 
ʤʠʢʨʦʩʢʦʧʠʠ [12]. ɺ ʠʪʦʛʝ, ʬʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 
ʧʨʝʜʟʘʨʦʜʳʰʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʝʨʝʩʳʱʝʥʥʳʭ 
ʩʨʝʜʘʭ ʫʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʢʝʤ ʥʝ ʦʩʧʘʨʠʚʘʝʪʩʷ. ʏʪʦ 
ʢʘʩʘʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 
ʚ ʢʨʠʩʪʘʣʣʦʦʙʨʘʟʫʶʱʠʭ ʩʨʝʜʘʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 
ʧʨʝʜʟʘʨʦʜʳʰʝʚʳʭ ʢʣʘʩʪʝʨʦʚ (ʢʚʘʪʘʨʦʥʦʚ), ʪʦ ʦʥʦ 
ʙʳʣʦ ʜʘʥʦ ʥʘʤʠ ʝʱʝ ʚ 1998 ʛ. [1]. 

ʆʜʥʘʢʦ ʥʦʚʠʟʥʘ ʠ ʧʦʨʘʟʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 
ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʚ ʪʦʡ ʨʘʙʦʪʝ ʥʦʚʳʭ ʯʘʩʪʠʮ ʩʪʘʣʠ 
ʨʘʩʢʨʳʚʘʪʴʩʷ, ʢʦʛʜʘ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 
ʠʭ ʧʨʠʨʦʜʫ ʢʘʢ ʟʘʨʦʜʳʰʝʚʳʭ ʯʘʩʪʠʮ ʥʦʚʦʡ ʬʘʟʳ. 
ʇʦʯʪʠ ʩʨʘʟʫ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ ʦʥʠ ʥʠʢʘʢ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 
ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʤʘʣʝʥʴʢʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 
ʯʘʩʪʠʮʳ ï ʟʘʨʦʜʳʰʠ ʢʨʠʩʪʘʣʣʦʚ. ʉʦʙʣʘʟʥ ʧʨʦʩʪʦ 
ʥʘʟʚʘʪʴ ʠʭ ʜʦʟʘʨʦʜʳʰʘʤʠ, ʠ ʥʘ ʵʪʦʤ ʟʘʢʨʳʪʴ ʚʦ-
ʧʨʦʩ, ʥʝ ʚʳʜʝʨʞʠʚʘʣ ʢʨʠʪʠʢʠ. ʆʪʩʶʜʘ, ʩʦʙʩʪʚʝʥʥʦ, 
ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʩʚʦʝʥʠʷ ʵʪʠʤ ʯʘʩʪʠʮʘʤ ʩʧʝʮʠ-
ʘʣʴʥʦʛʦ ʥʘʟʚʘʥʠʷ ï ʢʚʘʪʘʨʦʥʳ. ʕʪʦ ʞʝ ʩʘʤʦʝ ʚʳʥʫ-
ʞʜʝʥʳ ʙʳʣʠ ʩʜʝʣʘʪʴ ʟʘʪʝʤ ʠ ʜʨʫʛʠʝ ʘʚʪʦʨʳ: ʢ ʧʨʠ-
ʤʝʨʫ, ʚ ʨʘʙʦʪʝ ʥʝʤʝʮʢʠʭ ʘʚʪʦʨʦʚ ʦʥʠ ʙʳʣʠ ʥʘʟʚʘʥʳ 
çʜʦʣʣʦʧʘʤʠè [13].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʢʣʘ-
ʩʪʝʨʳ ʩʫʱʝʩʪʚʫʶʪ, ʠ ʵʪʦ ʥʝ ʟʘʨʦʜʳʰʠ ʢʨʠʩʪʘʣʣʦʚ, 
ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦ- 




