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ʉɽʂʎʀʗ çʊɽʍʅʀʏɽʉʂʀɽ ʅɸʋʂʀè 
 

OʎEHKA  HAɼɪɾHOCTʀ BʓʏʀCʃʀTEʃʔHʓX CʀCTEM   

ʇPʀ ʇOMOʑʀ ʀMʀTAʎʀOHHOɻO MOɼEʃʀPOBAHʀʗ 

 

ɸʡʥʘʢʫʣ ʅ.ɸ. 

ʩʪ.ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ çʂʦʤʧʴʶʪʝʨʥʘʷ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷè  

ʫʥʠʚʝʨʩʠʪʝʪʘ çʊʫʨʘʥè,  

ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ  

 

ɿʠʷʪʙʝʢʦʚʘ ɻ.ɿ. 

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʂʦʤʧʴʶʪʝʨʥʘʷ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷè  

ʫʥʠʚʝʨʩʠʪʝʪʘ çʊʫʨʘʥè,  

ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ 

 

ɺʘʩʶʢ ɼ. 

ʩʪʫʜʝʥʪ 3-ʢʫʨʩʘ ʩʧʝʮ. ɺʊʇʆ ʢʘʬʝʜʨʳ çʂʦʤʧʴʶʪʝʨʥʘʷ ʠ ʧʨʦʛʨʘʤʤʥʘʷ 

ʠʥʞʝʥʝʨʠʷè ʫʥʠʚʝʨʩʠʪʝʪʘ çʊʫʨʘʥè,  

ʂʘʟʘʭʩʪʘʥ, ʛ. ɸʣʤʘʪʳ 
 

B cʪʘʪʴʝ paccʤaʪpʠʚʘʶʪcʷ ʚoʟʤoʞʥʳʝ ʚapʠaʥʪʳ oʮeʥʢʠ ʥaʜʸʞʥocʪʠ ʤeʪoʜoʤ 

ʠʤʠʪaʮʠoʥʥoʛo ʤoʜeʣʠpoʚaʥʠʷ, a ʪaʢʞʝ ʧpoʚoʜʠʪcʷ ʠx cpaʚʥeʥʠe. Oʙocʥoʚʳʚaeʪcʷ ʚʳʙop 

ʥaʠʙoʣee ʧepcʧeʢʪʠʚʥʳx ʚapʠaʥʪoʚ ʜʣʷ peaʣʠʟaʮʠʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʯʠcʣʠʪeʣʴʥa̫  cʠcʪeʤa (BC), ʠʤʠʪaʮʠoʥʥoe ʤoʜeʣʠpoʚaʥʠe, 

aʥaʣʠʟ ʥaʜeʞʥocʪʠ, oʪʢaʟoycʪoʡʯʠʚa̫  cʠcʪeʤa (Oʋ-cʠcʪeʤ), ʥaʜʸʞʥocʪʴ BC.  

 

Coʚpeʤeʥʥer ʠʥʬopʤaʮʠoʥʥo-ʚʳʯʠcʣʠʪeʣʴʥʳe ʠ yʧpaʚʣʷʶʱʠe 

cʠcʪeʤʳ oʪʥoc̫ ʪcʷ, ʢaʢ ʧpaʚʠʣo, ʢ ʢʣaccy pacʧpeʜeʣeʥʥxr ʚʳʯʠcʣʠʪeʣʴʥʳx 

cʠcʪeʤ (PBC). Ceʛoʜʥʷ oʥʠ cʪaʣʠ ʥeoʪ e̡ʤʣeʤoʡ cocʪaʚʣʷʶʱeʡ oʪʚeʪcʪʚeʥ-

ʥ xr ʪexʥʠʯecʢʠx ʢoʤʧʣeʢcoʚ: ʙeʟ ʪaʢoʡ cʠcʪeʤʳ ʬyʥʢʮʠoʥʠpoʚaʥʠe 

ʢoʤʧʣeʢca ʚooʙ eɦ ʥeʚoʟʤoʞʥo, ʚcʣeʜcʪʚʠe ʯeʛo ʚʥeʟaʧʥʳʡ ʚʳxoʜ ee ʠʟ 

cʪpo̫  ʧpʠʚoʜʠʪ ʚ ʣyʯ ehʤ cʣyʯae ʢ ʧoʣʥoʡ ocʪaʥoʚʢe yʧpaʚʣʷeʤoʛo oʙe̡ʢʪa 

(ʟaʯacʪyʶ ʧpʠ ʙoʣʴʰʠx ʤaʪepʠaʣʴʥʳx ʧoʪep̫ x), a ʚ xyʜ ehʤ ï ʢ aʚapʠʷʤ c 

ʢaʪacʪpoʬʠʯecʢʠʤʠ ʧocʣeʜcʪʚʠʷʤʠ. Tpeʙoʚaʥʠe ʯpeʟʚʳʯaʡʥo ʚcroʢoʡ 

ʥaʜeʞʥocʪʠ PBC, ʚxoʜʷʱʠx ʚ cocʪaʚ ʪaʢʠx ʪexʥʠʯecʢʠx ʢoʤʧʣeʢcoʚ 

(ʪexʥoʣoʛʠʯecʢʠe ycʪaʥoʚʢʠ, ʵʥepʛocʠcʪeʤʳ, cʠcʪeʤʳ cʚʷʟʠ ʠ ʪpaʥcʧopʪa, 

aʚʠaʢocʤʠʯecʢʠe cʠcʪeʤʳ ʠ ʜp.), ʷʚʣʷeʪcʷ oʯeʚʠʜʥʳʤ, ʥo ʥe ʣeʛʢo ʜocʪʠʞʠ-

ʤʳʤ. ʏepeʜa ʪʷʞeʣ xr aʚapʠʡ ʧpoʜoʣʞaeʪcʷ, ʥecʤoʪpʷ ʥa ʥeʧpepr ʚʥoe 

ʧoʚʳehʥʠe ʢaʯecʪʚa ʠ ʥaʜeʞʥocʪʠ ʢoʤʧoʥeʥʪoʚ ʚʳʯʠcʣʠʪeʣʴʥʳx cʠcʪeʤ 

(BC), ʜa eɦ e ʧpʠ ʪʱaʪeʣʴʥoʤ ʠx oʪʙope ʜʣʷ oʪʚeʪcʪʚeʥʥxr ʧpʠʤeʥeʥʠʡ. ʕʪo 

oʟʥaʯaeʪ, ʯʪo ʧoʚʳehʥʠe ʥaʜeʞʥocʪʠ ʵʣeʤeʥʪʥoʡ ʙaʟʳ xoʪʷ ʠ ʠʛpaeʪ ʚaʞʥyʶ 

poʣʴ, ʥo ʚcʣeʜcʪʚʠe ʯpeʟʚʳʯaʡʥo ʙ crʪpoʛo pocʪa cʣoʞʥocʪʠ BC, ʥe ʤoʞeʪ 

ʧoʣʥocʪʴʶ peh ʠʪʴ ʧpoʙʣeʤy ʠx ʥaʜeʞʥocʪʠ, ecʣʠ cʪpyʢʪypa BC ʪaʢoʚa, ʯʪo 

oʪʢaʟ eʜʠʥcʪʚeʥʥoʛo ʵʣeʤeʥʪa ʧpʠʚoʜʠʪ ʢ oʪʢaʟy ʚceʡ cʠcʪeʤʳ. Taʢ ʯʪo 

ʧoʧʳʪʢʠ "ʟaʢpʳʪʴ" ʧpoʙʣeʤy ʥaʜeʞʥocʪʠ, oʧʠpa̫ cʴ ʥa ʧpoʛpecc ʪexʥoʣoʛʠʠ, 
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ʥe ʧpeʜcʪaʚʣʷeʪcʷ ʚoʟʤoʞʥoʡ. Oʯeʚʠʜʥo, ʯʪo peh ʠʪʴ ʧpoʙʣeʤy ʥaʜeʞʥocʪʠ 

ʜeʡcʪʚʠʪeʣʴʥo cʣoʞʥxr cʠcʪeʤ, ʥe ʟaʪpaʛʠʚa̫  ʠx cʪpyʢʪypy ʠ opʛaʥʠʟaʮʠʶ 

ʬyʥʢʮʠoʥʠpoʚaʥʠʷ, ʥeʚoʟʤoʞʥo.  

Peh eʥʠe ʵʪoʡ ʧpoʙʣeʤʳ ʣeʞʠʪ ʥa ʧyʪʠ coʟʜaʥʠʷ oʪʢaʟoycʪoʡʯʠʚʳx 

cʠcʪeʤ (Oʋ-cʠcʪeʤ), ʪ.e. cʠcʪeʤ, cʧocoʙʥxr ʚʳʧoʣʥʷʪʴ cʚoʠ ʬyʥʢʮʠʠ, 

ʚoʟʤoʞʥo c ʜoʧycʪʠʤoʡ ʧoʪepeʡ ʢaʯecʪʚa, ʧpʠ oʪʢaʟax oʧpeʜeʣeʥʥoʛo ʯʠʩʣa 

ʵʣeʤeʥʪoʚ. B ʵʪoʤ ʥaʧpaʚʣeʥʠʠ (ʢoʥeʯʥo, ʧpʠ yʯeʪe ʜocʪʠʞeʥʠʡ ʪexʥoʣoʛʠʠ 

CɹʀC), ʚeʜyʪcʷ ʚce ocʥoʚʥer ʠccʣeʜoʚaʥʠʷ ʠ paʟpaʙoʪʢʠ ʚ oʙʣacʪʠ coʟʜaʥʠʷ 

ʚcroʢoʥaʜeʞʥxr cʠcʪeʤ. Baʞʥo oʪʤeʪʠʪʴ, ʯʪo ʢ ʧpoʙʣeʤe oʪʢaʟoycʪoʡ-

ʯʠʚocʪʠ ʚeʜyʱʠe ʟapyʙeʞʥer ʬʠpʤʳ, coʟʜaʁ ʱʠe oʪʚeʪcʪʚeʥʥer yʧpaʚʣʷʁ-

ʱʠe ʠ ʠʥʬopʤaʮʠoʥʥo-ʚʳʯʠcʣʠʪeʣʴʥʳe cʠcʪeʤʳ, yʜeʣʷʶʪ ʧepʚocʪeʧeʥʥoe 

ʚʥʠʤaʥʠe. 

ʂoʥeʯʥo, ʠʤeeʪcʷ ʪpaʜʠʮʠoʥʥer ʤeʪoʜʳ ʧocʪpoeʥʠʷ oʪʢaʟoycʪoʡʯʠʚʳx 

(pacʧpeʜeʣeʥʥxr ʠʣʠ ʥe pacʧpeʜeʣeʥʥxr) ʚʳʯʠcʣʠʪeʣʴʥʳx cʠcʪeʤ. ʕʪʠ 

ʤeʪoʜʳ ʟaʥʠʤaeʪ ʚaʞʥoe ʠ ʧpoʯʥoe ʤecʪo ʢaʢ ʚ ʧpaʢʪʠʯecʢʠx paʟpaʙoʪʢax, 

ʪaʢ ʠ ʚ ʥoʚxr ʨʘʟʚʠʪʳx ʧpoeʢʪax, ʢoʪopr e cʣoʞʠʣʠcʴ ʠ paʟʚʠʚaʣʠcʴ ʟa ʚce 

ʚpeʤʷ cy eɦcʪʚoʚaʥʠʷ oʪpacʣʠ BT. ʂ ʥʠʤ (ʪ.e. ʪpaʜʠʮʠoʥʥʳʤ ʤeʪoʜaʤ) 

oʪʥoc̫ ʪ [1]: 

¶ paʟʣʠʯʥʳe ʚʠʜʳ peʟepʚʠpoʚaʥʠʷ,  

¶ N-ʤoʜyʣʴʥyʶ ʠʟʙʳʪoʯʥocʪʴ c ʛoʣocoʚaʥʠeʤ,  

¶ ʜyʙʣʠpoʚaʥʠe ʇM co cpaʚʥeʥʠeʤ peʟyʣʴʪaʪoʚ ʠ ʜp.  

ʕʪʠ ʤeʪʦʜʳ ʠ ʚ ʥaʩʪʦʷʱʠe ʚʨeʤʷ coʚʝpʰʝʥʩʪʚyʶʪʩʷ ʠ pʘʟʚʠʚaʁ ʪcʷ. 

Oʜʥʘʢo, ʚ ʯʠcʪʦʤ ʚʠʜe ʦʥʠ ʥʝ yʯʠʪʳʚʘʶʪ pʘʩʧʨʝʜʝʣʝʥʥoʩʪʴ cʪpʫʢʪʫpʳ cʦ-

ʚʨʝʤʝʥʥʳx BC ʠ ʥʘʣʠʯʠe ʚ ʥʠx "ecʪʝʩʪʚʝʥʥoʡ" aʧʧʘpʘʪʥʦʡ ʠ ʚpʝʤʝʥʥoʡ ʠʟ-

ʙʳʪoʯʥʦʩʪʠ, ʢoʪʦʨa̫  ʤoʞʝʪ ʙʳʪʴ ʠcʧʦʣʴʟʦʚʘʥa ʜʣʷ oʙʝʩʧʝʯʝʥʠʷ 

oʪʢʘʟoyʩʪʦʡʯʠʚoʩʪʠ. Bcʣʝʜʩʪʚʠʝ ʵʪoʛʦ ʧpʠ ʚʳʩoʢʠx ʪʨʝʙoʚʘʥʠʷx ʢ ʥaʜʝʞ-

ʥocʪʠ BC ʧpʠʤʝʥʝʥʠe ʵʪʠx ʤʝʪoʜʦʚ ʧpʠʚʦʜʠʪ ʢ ʯpʝʟʤʝpʥʦʡ ʠʟʙʳʪoʯʥʦʩʪʠ ʠ 

ʙoʣʴʰʠʤ ʜoʧʦʣʥʠʪeʣʴʥʳʤ ʟaʪʨʘʪaʤ, ʘ ʯaʩʪʦ ʠ ʥe ʧʦʟʚoʣʷʝʪ ʜocʪʠʯʴ 

ʧoʩʪaʚʣʝʥʥʳx ʪpeʙʦʚʘʥʠʡ ʢ ʥaʜʝʞʥocʪʠ ʧpʠ ʟaʜʘʥʥʳx ʩʪoʠʤʦcʪʥxr, aʧ-

ʧʘpʘʪʫʨʥʳx, ʚeʩo-ʛʘʙʘpʠʪʥʳx, ʪʝxʥʦʣoʛʠʯʝcʢʠx ʠ ʜʨyʛʠx oʛpʘʥʠʯʝʥʠʷx. 

ʀʤʠʪaʮʠʦʥʥʦe ʤoʜʝʣʠpʦʚʘʥʠe ʠʥʪeʥʩʠʚʥo ʧpʠʤʝʥʷʝʪcʷ ʥa ʵʪaʧe 

ʧpʦʝʢʪʠpoʚʘʥʠʷ BC ʜʣʷ pʝʰʝʥʠʷ cʣʝʜyʶʱʠx ʟʘʜaʯ: 

¶ ʇpʦʛʥoʟʠpʦʚʘʥʠe ʧpʦʠʟʚoʜʠʪʝʣʴʥoʩʪʠ cʠcʪʝʤʳ c ʧoʩʣʝʜyʶʱʠʤ 

aʥʘʣʠʟoʤ ey  cʪpʫʢʪyʨʳ; 

¶ Pʘʟpʘʙʦʪʢa ʠ oʪʣʘʜʢa pʘʩʧpʝʜʝʣʸʥʥʳx ʧpʦʛʨaʤʤ ʥa ʜʝʪaʣʴʥoʡ ʤoʜʝ-

ʣʠ aʧʧʘpʘʪʫpʳ; 

¶ Oʧʪʠʤʠʟaʮʠʷ ʩʪpyʢʪʫpʳ BC ʧo ʟʘʜaʥʥʦʤy ʢpʠʪʝpʠʶ. 

ʇʦʩʢoʣʴʢy, ʢaʢ ʚʠʜʥo, ʥa ʵʪʘʧe ʧpʦʝʢʪʠpʦʚʘʥʠʷ cʦʟʜay ʪʩʷ ʤoʜʝʣʴ, yʯʠ-

ʪʳʚaʁ ʱʘʷ cʪʨyʢʪʫpy paʟpʘʙʘʪʳʚaʝʤʦʡ BC, a ʪʘʢʞe ʧpʦʛʨʘʤʤʥyʶ ʠ 

aʧʧʘʨaʪʥyʶ cʦʩʪaʚʣʷʶʱʠe cʠcʪʝʤʳ, ʪo ʚoʟʥʠʢaʝʪ ʠʜe̫  ʠcʧʦʣʴʟoʚʘʥʠʷ 

ʜaʥʥoʡ ʠʤʠʪaʮʠʦʥʥoʡ ʤoʜʝʣʠ ʜʣʷ oʮeʥʢʠ ʥaʜʸʞʥʦcʪʠ BC. 

B [4] yʢʘʟaʥʳ oʩʥoʚʥer ʵʪaʧʳ ʠʤʠʪaʮʠʦʥʥoʛo ʵʢcʧʝpʠʤʝʥʪa: 

¶ Oʧʠʩaʥʠʝ ʤoʜʝʣʠ; 

¶ ʇpʦʛoʥ ʤoʜʝʣʠ (ʠʤʠʪaʮʠʷ); 
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¶ Aʥʘʣʠʟ ʠ ʠʥʪepʧʨʝʪʘʮʠʷ pʝʟʫʣʴʪaʪʦʚ ʵʢcʧʝpʠʤʝʥʪoʚ. 

Oʮʝʥʠʤ ʥeʦʙʭoʜʠʤʳʝ ʠʟʤeʥʝʥʠʷ ʚ cxʝʤʫ ʠʤʠʪaʮʠʦʥʥʦʛo ʵʢcʧʝpʠʤʝʥʪa 

ʜʣʷ oʮʝʥʢʠ ʥaʜʸʞʥocʪʠ ʥa ʢʘʞʜoʤ ʵʪaʧʝ. 

ɼʣʷ ʜaʣʴʥʝʡʰʝʛo pʘʩcʤʦʪpʝʥʠʷ cʣʝʜʫeʪ ʨaʟʣʠʯʠʪʴ ʜʚa ʚʦʟʤoʞʥxr 

ʚapʠʘʥʪa ʠʩxʦʜʥʳx ʜʘʥʥʳx o ʥaʜʸʞʥocʪʠ ʢoʤʧʦʥeʥʪʦʚ cʠcʪʝʤʳ:  

¶ Oʪʩʫʪʩʪʚʠe xʘʨʘʢʪʝpʠʩʪʠʢ ʥaʜʸʞʥocʪʠ ʢaʢʠx-ʪo ʢʦʤʧoʥʝʥʪʦʚ; 

¶ ʇoʣʥʦʝ ʥaʣʠʯʠʝ xʘʨʘʢʪʝpʠʩʪʠʢ ʥaʜʸʞʥoʩʪʠ ʢoʤʧʦʥeʥʪʦʚ BC; 

Haʜo ʟaʤʝʪʠʪʴ, ʯʪo ʥa ʵʪʘʧe ʧpʦʝʢʪʠpoʚʘʥʠʷ ʧeʨʚa̫  cʠʪyʘʮʠʷ 

ʚcʪʨʝʯaʝʪcʷ ʜocʪʘʪʦʯʥo ʯacʪʦ. ʕʪo ʧpʦʠʩʭʦʜʠʪ oʪʪʦʛo, ʯʪo ʘʧʧʘpʘʪʥʳʝ ʢoʤ-

ʧʦʥʝʥʪʳ BC ʥa ʵʪʘʧe ʧpʦʝʢʪʠʨoʚʘʥʠʷ ʤoʛyʪ eɦ ʸ ʥe ʩyʱʝʩʪʚoʚʘʪʴ. 

Ecʣʠ ʚo ʚʪʦpʦʤ cʣyʯʘʝ ʤoʞʥo pʘʟʚʠʪʴ cyʱʝʩʪʚyʶʱʠe ʤeʪʦʜʳ oʮʝʥʢʠ 

ʥaʜʸʞʥocʪʠ, ʪo ʚ ʧeʨʚoʤ ʥeʦʙʭoʜʠʤʦ ʠcʧʦʣʴʟoʚʘʪʴ cʦʚʝpʰʝʥʥo ʥʦʚʳe 

ʤʝʪoʜʳ. Hʘ ʨʠʩyʥʢʝ ʧpʝʜʩʪʘʚʣeʥʳ ʚoʟʤʦʞʥʳe ʧoʜʭʦʜʳ, oʧʠʩʘʥʥʳe ʥʠʞe. 
 

 
Pʠc. ʇpʝʜʣʘʛʘʝʤʳe ʧoʜʭʦʜʳ ʜʣʷ aʥʘʣʠʟa ʥʘʜʸʞʥocʪʠ 

 

Hʝʩʤʦʪpʷ ʥa ʪʦ, ʯʪo ʠʤʠʪaʮʠʦʥʥoʝ ʤoʜʝʣʠʨoʚʘʥʠe ʥa ʕBM ʷʚʣʷeʪcʷ 

ʤoʱʥʳʤ ʠʥcʪʨyʤʝʥʪoʤ ʠccʣʝʜʦʚaʥʠʷ cʠcʪʝʤ, eʛʦ ʧpʠʤʝʥeʥʠʝ pʘʮʠoʥʘʣʴʥo 

ʥe ʚʦ ʚcʝʭ cʣyʯʘʷx. ʀʟʚeʩʪʥo ʤʥoʞʝʩʪʚo ʟaʜʘʯ, pʝʰʘʝʤʳx ʙoʣʝe ʵʬʬʝʢʪʠʚʥo 

ʜpyʛʠʤʠ ʤeʪʦʜaʤʠ. Bʤʝʩʪe c ʪʝʤ ʜʣʷ ʙoʣʴʰʦʛo ʢʣaccʘ ʟaʜʘʯ ʠcʩʣʝʜʦʚaʥʠʷ ʠ 

ʧpʦʝʢʪʠpʦʚʘʥʠʷ cʠʩʪeʤ ʤeʪʦʜ ʠʤʠʪaʮʠʦʥʥoʛʦ ʤoʜʝʣʠpʦʚʘʥʠʷ ʥaʠʙʦʣee ʧpʠ-

ʝʤʣeʤ. ʇpʘʚʠʣʴʥoʝ eʛʦ yʧʦʪpʝʙʣʝʥʠe ʚʦʟʤoʞʥʦ ʣʠʰʴ ʚ cʣyʯʘʝ ʯeʪʢʦʛo 

ʧoʥʠʤaʥʠʷ cyʱʥʦʩʪʠ ʤeʪʦʜʘ ʠʤʠʪaʮʠʦʥʥʦʛo ʤʦʜeʣʠpʦʚʘʥʠʷ ʠ yʩʣʦʚʠʡ eʛʦ 

ʠcʧʦʣʴʟoʚʘʥʠʷ ʚ ʧpʘʢʪʠʢe ʠʩcʣʝʜʦʚaʥʠʷ pʝʘʣʴʥʳx cʠʩʪʝʤ ʧpʠ yʯʝʪe 

ʦcʦʙʝʥʥʦcʪʝʡ ʢoʥʢpʝʪʥʳx ʩʠcʪʝʤ ʠ ʚoʟʤʦʞʥoʩʪʝʡ ʠx ʠʩcʣʝʜoʚʘʥʠʷ pʘʟʣʠʯ-

ʥʳʤʠ ʤeʪʦʜaʤʠ. 

B ʢaʯʝʩʪʚe ocʥʦʚʥʳx ʢpʠʪʝpʠʝʚ ʮeʣʝʩʦoʙʨʘʟʥoʩʪʠ ʧpʠʤʝʥeʥʠʷ ʤeʪʦʜa 

ʠʤʠʪaʮʠʦʥʥoʛʦ ʤoʜʝʣʠpʦʚʘʥʠʷ ʥa ʕBM ʤoʞʥo yʢʘʟaʪʴ cʣʝʜyʶʱʠe: 

oʪʩʫʪʩʪʚʠʝ ʠʣʠ ʥʝʧpʠʝʤʣʝʤʦcʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠx, ʯʠcʣʝʥʥʳʭ ʠ ʢaʯʝʩʪʚʝʥʥʳx 

ʤʝʪʦʜoʚ pʝʰʝʥʠʷ ʧoʩʪʘʚʣʝʥʥoʡ ʟaʜʘʯʠ; ʥʘʣʠʯʠe ʜoʩʪʘʪʦʯʥʦʛo ʢʦʣʠʯeʩʪʚʘ 

ʠʩxʦʜʥʦʡ ʠʥʬʦpʤʘʮʠʠ o ʤʦʜʝʣʠpʫʝʤʦʡ cʠʩʪʝʤe ʜʣʷ oʙʝʩʧʝʯeʥʠʷ 

ʚoʟʤʦʞʥʦcʪʠ ʧʦʩʪpʦʝʥʠʷ aʜʝʢʚʘʪʥoʡ ʠʤʠʪaʮʠʦʥʥoʡ ʤoʜʝʣʠ; ʥeʦʙʭʦʜʠʤoʩʪʴ 

ʧpʦʚʝʜʝʥʠʷ ʥa ʙaʟʝ ʜpʫʛʠx ʚʦʟʤoʞʥxr ʤʝʪʦʜoʚ pʝʰʝʥʠʷ oʯʝʥʴ ʙʦʣʴʰoʛʦ 

ʢʦʣʠʯeʩʪʚa ʚʳʯʠcʣʝʥʠʡ, ʪpyʜʥʦ pʝʘʣʠʟyʝʤxr ʜaʞʝ c ʠcʧoʣʴʟʦʚaʥʠʝʤ ʕBM; 

ʅʦʚʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ʥʘʜʸʞʥʦʩʪʠ 

ɺʥʝʜʨʝʥʠʝ 

ʦʪʢʘʟʦʚ 

Run-Time 

(ɺʨʝʤʝʥʠ 

ɺʳʧʦʣʥʝʥʠʷ) 

Compile-Time 

(ɺʨʝʤʝʥʠ 

ʂʦʤʧʠʣʷʮʠʠ) 

ʈʘʟʚʠʪʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ 

ʅʘ ʵʪʘʧʝ ʧʨʦʛʦʥʘ 

ʤʦʜʝʣʝʡ 

ʅʘ ʵʪʘʧʝ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ 
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ʚoʟʤoʞʥʦcʪʴ ʧoʠcʢʘ oʧʪʠʤaʣʴʥʦʛo ʚapʠʘʥʪʘ cʠʩʪʝʤʳ ʧpʠ eʝ ʤʦʜʝʣʠpʦʚʘʥʠʠ 

ʥa ʕBM. 

ʀʤʠʪaʮʠʦʥʥʦe ʤʦʜeʣʠpʦʚʘʥʠe ʥa ʕBM, ʢaʢ ʠ ʣʶʙoʡ ʤeʪʦʜ 

ʠccʣʝʜoʚʘʥʠʡ, ʠʤeʝʪ ʜoʩʪʦʠʥcʪʚʘ ʠ ʥeʜʦʩʪaʪʢʠ, ʧpʦʷʚʣʷʶʱʠeʩʷ ʚ 

ʢoʥʢpʝʪʥʳx ʧpʠʣoʞʝʥʠʷx [2,3]. ʂ ʯʠcʣy oʩʥʦʚʥʳx ʜocʪʦʠʥcʪʚ ʤeʪʦʜa 

ʠʤʠʪaʮʠoʥʥʦʛo ʤoʜʝʣʠpʦʚʘʥʠʷ ʧpʠ ʠcʩʣʝʜoʚʘʥʠʠ cʣʦʞʥʳx cʠʩʪʝʤ ʤoʞʥʦ 

oʪʥʝʩʪʠ cʣʝʜʫʶʱʠe: ʤah ʠʥʥʳʡ ʵʢcʧʝpʠʤeʥʪ c ʠʤʠʪaʮʠoʥʥʦʡ ʤoʜʝʣʴʶ ʜaʝʪ 

ʚoʟʤʦʞʥoʩʪʴ ʠcʩʣʝʜʦʚaʪʴ ocʦʙʝʥʥʦʩʪʠ ʧpʦʮeʩʩʘ ʬyʥʢʮʠoʥʠpʦʚʘʥʠʷ cʠʩʪeʤʳ 

ʚ ʣʶʙʳx yʩʣʦʚʠʷx; ʧpʠʤʝʥeʥʠʝ ʕBM ʚ ʠʤʠʪaʮʠʦʥʥoʤ ʵʢcʧʝpʠʤʝʥʪe 

cʫʱʝʩʪʚeʥʥʦ cʦʢpʘʱʘʝʪ ʧpʦʜʦʣʞʠʪeʣʴʥʦʩʪʴ ʠcʧʳʪʘʥʠʡ ʧo cpʘʚʥʝʥʠʶ c 

ʥaʪypʥʳʤ ʵʢcʧʝpʠʤʝʥʪoʤ; ʠʤʠʪaʮʠʦʥʥʘʷ ʤoʜʝʣʴ ʧoʟʚʦʣʷeʪ ʚʢʣʶʯaʪʴ 

pʝʟyʣʴʪaʪʳ ʥaʪypʥ xr ʠcʧʳʪaʥʠʡ pʝaʣʴʥʦʡ cʠʩʪeʤʳ ʠʣʠ eʝ ʯacʪʝʡ ʜʣʷ 

ʧpʦʚʝʜeʥʠʷ ʜaʣʴʥʝʡʰʠx ʠcʩʣʝʜoʚʘʥʠʡ; ʠʤʠʪaʮʠʦʥʥa̫  ʤoʜʝʣʴ oʙʣʘʜʘeʪ 

ʠʟʚʝcʪʥʦʡ ʛʠʙʢʦcʪʴʶ ʚaʨʴʠpʦʚʘʥʠʷ cʪʨyʢʪʫpʳ, aʣʛʦʨʠʪʤoʚ ʠ ʧʘpʘʤʝʪʨoʚ 

ʤʦʜeʣʠʨyʝʤʦʡ cʠʩʪeʤʳ, ʯʪo ʚaʞʥʦ c ʪʦʯʢʠ ʟpʝʥʠʷ ʧoʠʩʢʘ oʧʪʠʤʘʣʴʥoʛʦ 

ʚʘpʠʘʥʪa cʠʩʪʝʤʳ; ʠʤʠʪaʮʠʦʥʥoʝ ʤoʜʝʣʠpʦʚʘʥʠe cʣʦʞʥʳx cʠʩʪeʤ ʯʘcʪʦ 

ʷʚʣʷʝʪcʷ eʜʠʥʩʪʚeʥʥʳʤ ʧpʘʢʪʠʯeʩʢʠ pʝʘʣʠʟyʝʤʳʤ ʤeʪʦʜʦʤ ʠcʩʣʝʜoʚʘʥʠʷ 

ʧpʦʮʝʩʩa ʬyʥʢʮʠoʥʠpʦʚʘʥʠʷ ʪaʢʠx ʩʠcʪʝʤ ʥa ʵʪʘʧe ʠx ʧpʦʝʢʪʠpʦʚʘʥʠʷ. 

Ocʥoʚʥʳʤ ʥeʜʦʩʪaʪʢʦʤ, ʧpʦʷʚʣʷʶʱʠʤcʷ ʧpʠ ʤah ʠʥʥoʡ pʝʘʣʠʟaʮʠʠ 

ʤeʪʦʜʘ ʠʤʠʪaʮʠʦʥʥʦʛo ʤoʜʝʣʠpʦʚʘʥʠʷ, ʷʚʣʷeʪʩʷ ʪo, ʯʪo pʝʰʝʥʠe, ʧʦʣyʯʝʥʥoʝ 

ʧpʠ ʘʥaʣʠʟʝ ʠʤʠʪaʮʠʦʥʥoʡ ʤoʜʝʣʠ, ʚcʝʛʜʘ ʥoʩʠʪ ʯacʪʥʳʡ xʘpʘʢʪʝp, ʪaʢ ʢaʢ 

oʥʦ cʦʦʪʚʝʪcʪʚyʝʪ ʬʠʢcʠpʦʚʘʥʥʳʤ ʵʣeʤʝʥʪaʤ cʪʨyʢʪʫpʳ, aʣʛʦpʠʪʤaʤ 

ʧoʚʝʜeʥʠʷ ʠ ʟʥaʯʝʥʠʷʤ ʧapʘʤʝʪʨʦʚ cʠʩʪʝʤʳ, ʥaʯʘʣʴʥʳx yʩʣʦʚʠʡ ʠ 

ʚoʟʜʝʡcʪʚʠʡ ʚʥeh ʥʝʡ cpʝʜʳ. ʇʦʵʪoʤʫ ʜʣʷ ʧoʣʥʦʛʦ aʥʘʣʠʟʘ xʘʨʘʢʪʝpʠʩʪʠʢ 

ʧpʦʮʝʩcʘ ʬyʥʢʮʠʦʥʠpʦʚʘʥʠʷ cʠʩʪʝʤ, a ʥʝ ʧoʣʫʯʝʥʠʷ ʪoʣʴʢʦ oʪʜʝʣʴʥoʡ ʪoʯʢʠ 

ʧpʠʭʦʜʠʪcʷ ʤʥoʛʦʢpʘʪʥʦ ʚoʩʧʨʦʠʟʚoʜʠʪʴ ʠʤʠʪaʮʠʦʥʥʳʡ ʵʢcʧʝpʠʤʝʥʪ, 

ʚʘpʴʠpyʷ ʠcʭʦʜʥʳe ʜaʥʥer ʟʘʜaʯʠ. ʇpʠ ʵʪoʤ, ʢaʢ ʩʣʝʜcʪʚʠʝ, ʚoʟʥʠʢaʝʪ 

yʚʝʣʠʯeʥʠʝ ʟʘʪpʘʪ ʤah ʠʥʥoʛʦ ʚpʝʤʝʥʠ ʥa ʧpʦʚʝʜʝʥʠʝ ʵʢcʧʝʨʠʤʝʥʪa c 

ʠʤʠʪaʮʠʦʥʥoʡ ʤʦʜeʣʴʶ ʧpʦʮʝʩcʘ ʬyʥʢʮʠʦʥʠpʦʚʘʥʠʷ ʠcʩʣʝʜyʝʤʦʡ cʠʩʪeʤʳ. 

B ʜʘʥʥoʡ cʪʘʪʴe ʧpʠʚʝʜeʥʳ ʚoʟʤʦʞʥʳe cʦʚpʝʤʝʥʥʳe ʧoʜʭʦʜʳ ʢ oʮʝʥʢe 

ʥaʜʸʞʥʦcʪʠ BC. ʇpʠʚʝʜeʥʳ ʚoʟʤʦʞʥʳe ʚʘpʠʘʥʪʳ aʜʘʧʪaʮʠʠ ʜaʥʥxr 

ʧoʜʭʦʜoʚ ʜʣʷ oʮʝʥʢʠ ʥaʜʸʞʥoʩʪʠ BC ʚ cʣʫʯʘe ʠʤʠʪaʮʠʦʥʥʦʛo 

ʤoʜʝʣʠpʦʚʘʥʠʷ ʠcʩʣʝʜyʝʤʦʡ cʠcʪʝʤʳ. ʇʦʢaʟʘʥʳ ʜoʩʪʦʠʥcʪʚʘ ʠ ʥeʜʦʩʪʘʪʢʠ 

ʧpʝʜʣaʛʘʝʤʳx ʧʦʜxʦʜʦʚ. Bʳʜʝʣeʥʳ ʚʦʟʤʦʞʥʳe ʤeʪʦʜʳ ʜʣʷ pʝʘʣʠʟaʮʠʠ. 

B ʢaʯʝʩʪʚe ʙʣʠʞaʡʰʠx ʧʝpʩʧʝʢʪʠʚ pʘʟʚʠʪʠʷ ʤoʞʥʦ yʢʘʟʘʪʴ cʣʝʜyʶʱʠʝ 

ʥʘʧpʘʚʣʝʥʠʷ: 

¶ Mʘʪʝʤʘʪʠʯeʩʢʘʷ ʬʦpʤʘʣʠʟaʮʠʷ ʠ ʩʪpʦʛʦʝ oʙʦʩʥʦʚaʥʠʝ ʢʦpʨʝʢʪʥoʩʪʠ 

ʚʳʜʝʣeʥʥxr ʤʝʪoʜʦʚ oʮʝʥʢʠ ʥaʜʸʞʥoʩʪʠ; 

¶ ʇpʦʛʨaʤʤʥʘʷ pʝʘʣʠʟaʮʠʷ ʚʳʜʝʣeʥʥxr ʤʝʪʦʜoʚ ʚ pʘʤʢʘx ʝʜʠʥoʛʦ 

ʧoʜʭʦʜʘ, ʧpʠʯʸʤ ʚ ʧeʨʚʫʶ oʯʝʨʝʜʴ ʥeʦʙʭoʜʠʤʦ pʝʘʣʠʟoʚʘʪʴ ʛʠʙpʠʜʥʳʡ 

ʤeʪʦʜ ʠ ʤeʪʦʜ ʚʥʝʜpʝʥʠʷ oʪʢʘʟʦʚ ʥa ʵʪʘʧʝ aʥʘʣʠʟʘ pʝʟʫʣʴʪaʪʦʚ, ʚcʣʝʜʩʪʚʠe ʠx 

ʤʝʥʴʰeʡ ʪpʫʜʦʸʤʢocʪʠ; 

¶ Cʨʘʚʥeʥʠʝ pʝʟʫʣʴʪaʪʦʚ oʮʝʥʢʠ ʥaʜʸʞʥʦcʪʠ ʧpʝʜʣaʛʘʝʤʳx ʧʦʜxʦʜʦʚ 

c pʝʟʫʣʴʪaʪʘʤʠ cʫʱʝʩʪʚyʶʱʠx ʤʝʪoʜʦʚ ʠ c pʝʘʣʴʥo ʧʦʣyʯʝʥʥʳʤʠ pʝ-

ʟʫʣʴʪaʪaʤʠ. 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ 

ɺʓʉʆʂʆʏɸʉʊʆʊʅʆɻʆ ʂɸʅɸʃɸ ʉʊʈʋʂʊʋʈʀʈʆɺɸʅʅʆʁ 

ʂɸɹɽʃʔʅʆʁ ʉɽʊʀ 

 

ɹʘʣʘʰʦʚʘ ʊ.ɺ., ʉʠʜʦʨʦʚʘ ɸ.ʉ. 
ʙʘʢʘʣʘʚʨʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ, 

ʌʠʥʘʥʩʦʚʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ, 

ʈʦʩʩʠʷ, ʛ. ʂʦʨʦʣʝʚ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʮʝʥʢʦʡ ʟʘʪʫʭʘʥʠʷ, ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ, 

ʜʣʠʥʳ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʤʝʞʧʘʨʥʦʛʦ ʩʜʚʠʛʘ ʢʘʥʘʣʘ ʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ (ʉʂʉ) ʢʘʪʝʛʦʨʠʠ 6. ʇʦʣʫʯʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʥʘʣʘ ʢʘʪʝʛʦʨʠʠ 6 ʦʪ ʯʘʩʪʦʪʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʢʘʙʝʣʴʥʘʷ ʩʝʪʴ, ʪʝʩʪʠʨʦʚʘʥʠʝ, ʢʘʙʝʣʴ ʢʘʪʝʛʦ-

ʨʠʠ 6. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʭʦʜʠʪ ʪʝʭʥʦʣʦʛʠʷ Gigabit Ethernet (GigE) [1ï3]. 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʯʥʦ ʟʘʥʷʣʘ ʩʚʦʝ ʤʝʩʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥ-

ʥʳʭ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ [14, 15], ʩʠʩʪʝʤ 

ʙʣʠʞʥʝʡ ʨʘʜʠʦʣʦʢʘʮʠʠ [5, 8, 9, 13], ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ 

[4, 6, 7, 10]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʝʭʥʦʣʦʛʠʡ Ethernet (10BaseT), TokenRing ʠ FastEthernet 

(100BaseT) [11, 12], ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʝ (ʉʂʉ) ʩ GigE 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ ʧʘʨʳ ʢʘʙʝʣʷ, ʧʨʠʯʝʤ ʚʩʝ ʦʥʠ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ [13, 16]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʉʂʉ ʥʝʦʙʭʦʜʠʤʦ 

ʦʮʝʥʠʪʴ ʩʫʤʤʘʨʥʫʶ ʤʦʱʥʦʩʪʴ ʚʩʝʭ ʧʝʨʝʭʦʜʥʳʭ ʧʦʤʝʭ ʚ ʢʘʞʜʦʡ ʧʘʨʝ ʩʦ ʩʪʦ-

ʨʦʥʳ ʪʨʝʭ ʦʩʪʘʣʴʥʳʭ ʧʘʨ, ʧʨʠʯʝʤ ʢʘʢ ʥʘ ʙʣʠʞʥʝʤ, ʪʘʢ ʠ ʥʘ ʜʘʣʴʥʝʤ ʢʦʥʮʝ 

ʣʠʥʠʠ [1, 2]. 

ʅʦʨʤʘʣʴʥʘʷ ʨʘʙʦʪʘ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʟʘʚʠʩʠʪ ʦʪ 

ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʝʝ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ. ʉʘʤʠ ʧʘʨʘʤʝʪʨʳ 

ʜʝʣʷʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ ʠ ʧʘʨʘʤʝʪʨʳ ʚʣʠʷʥʠʷ. ʂ ʧʝʨʚʳʤ 

ʦʪʥʦʩʷʪʩʷ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʫʩʣʦʚʠʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʦʪ ʧʝʨʝʜʘʶ-
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ʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢ ʧʨʠʝʤʥʠʢʫ; ʢʦ ʚʪʦʨʳʤ ï ʧʘʨʘʤʝʪʨʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʚʟʘʠʤ-

ʥʦʝ ʚʣʠʷʥʠʝ ʤʝʞʜʫ ʧʘʨʘʤʠ, ʘ ʪʘʢʞʝ ʵʢʨʘʥʠʨʦʚʘʥʠʝ ʢʘʙʝʣʷ.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʯʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʣʠʷʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʉʂʉ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʉʂʉ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʧʣʘʥʘʤ-ʛʨʘʬʠʢʘʤ ʧʦ-

ʵʪʘʧʥʦ ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʪʘʞʘ ʠʣʠ ʧʦʩʣʝ ʝʛʦ ʟʘʚʝʨʰʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʠʨʦ-

ʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʦʪʦʢʦʣʳ ʠʩʧʳʪʘʥʠʡ ʢʘʞʜʦʡ ʣʠʥʠʠ/ʢʘʥʘʣʘ, ʢʦʪʦʨʳʝ ʩʦʜʝʨ-

ʞʘʪ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥʳ, ʟʘʪʫʭʘʥʠʷ, ʧʝʨʝʢʨʝʩʪʥʳʭ ʠ ʦʜʥʦʥʘʧʨʘʚ-

ʣʝʥʥʳʭ ʥʘʚʦʜʦʢ, ʟʘʜʝʨʞʢʠ, ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ, ʦʪʥʦʰʝʥʠʷ ʟʘʪʫʭʘʥʠʷ ʢ ʤʝʞʧʘʨ-

ʥʳʤ ʠ ʩʫʤʤʘʨʥʳʤ ʥʘʚʦʜʢʘʤ ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ.  

ʈʘʩʩʤʦʪʨʠʤ ʠ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʉʂʉ ʥʘ ʧʨʠ-

ʤʝʨʝ ʢʘʙʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʢʘʪʝʛʦʨʠʠ 6. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ: ʟʘʪʫʭʘʥʠʷ, ʨʝʬʣʝʢʪʦʤʝʪʨʠʷ, ʜʣʠʥʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʟʘʜʝʨʞʢʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʤʝʞʧʘʨʥʳʡ ʩʜʚʠʛ. ʊʝʩʪʠʨʦʚʘʣʩʷ ʢʘʥʘʣ ʜʣʠʥʦʡ 75 ʤʝʪʨʦʚ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 75% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʜʣʠʥʳ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ɿʥʘʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪ ʪʝʩʪʠʨʦʚʘʥʠʷ (Test Summary) PASS 

ʊʠʧʢʘʙʝʣʷ Cable Type STP 100 Ohm Cat 6 

ʄʠʥʠʤʘʣʴʥʳʡ ʨʝʟʝʨʚ ʟʘʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

(Headroom) 

11,1 dB (NEXT @ Remote 36-78) 

ʆʙʲʝʢʪ (SITE) West Bridge 9 (Date/Time) 

ʆʧʝʨʘʪʦʨ (OPERATOR) Limit: ISO11801 Channel Class E 

ɺʝʨʩʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (SoftwareVersion) 3.906 

ʅʦʤʠʥʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (NVP) 73,8% Fault anomaly threshold 15% 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʵʢʨʘʥʘ (ShieldTest) ʟʘʜʝʡʩʪʚʦʚʘʥ (Enable) 

ʂʘʨʪʘ ʩʦʝʜʠʥʝʥʠʡ (WireMap) PASS, Result RJ45 
 

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ: ʜʣʠʥʘ ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ (Length), ʩʦʧʨʦʪʠʚ-

ʣʝʥʠʝ (Resistance), ʟʘʜʝʨʞʢʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ (Delay Skew), ʤʝʞʧʘʨʥʳʡ 

ʩʜʚʠʛ (Prop.Delay). 
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ʊʘʙʣʠʮʘ 2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʇʘʨʘ ɿʥʘʯʝʥʠʝ 

Length, ʤ Limit 100,0 Pair 78 75,2 

Resistance, ʆʤ  Limit  25,0 Pair 12 10,4 

Delay Skew, ʥʩ Limit 50 Pair 36 6 

Prop. Delay, ʥʩ Limit 555 Pair 36 346 
 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʘʪʫʭʘʥʠʷ ʢʘʥʘʣʘ ʥʘ ʧʨʝʜʝʣʴʥʦʡ ʯʘʩʪʦʪʝ ʦʪ-

ʨʘʞʝʥʳ ʚ ʪʘʙʣ. 3. 
ʊʘʙʣʠʮʘ 3 

ɿʘʪʫʭʘʥʠʝ ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʇʘʨʘ ɿʥʘʯʝʥʠʝ 

Attenuation, ʜɹ Pair 36 13,7 

Frequency, Mɻʮ Pair 36 250,0 

Limit, ʜɹ Pair 36 36,0 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʝʟʝʨʚ ʟʘʪʫʭʘʥʠʷ (Attenuation) ʩʦʩʪʘʚʠʣ: 

ʥʘ ʯʘʩʪʦʪʝ (Frequency) 100 ʄɻʮ ï 10 ʜɹ, ʥʘ ʯʘʩʪʦʪʝ 250 ʄɻʮ ï 13,7 ʜɹ.  

ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʢʘʥʘʣʘ ʦʪ ʯʘʩʪʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 
 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʪʫʭʘʥʠʷ ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ ʦʪ ʯʘʩʪʦʪʳ 

 

ʈʝʬʣʝʢʪʦʛʨʘʤʤʘ ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. ɽʝ ʘʥʘʣʠʟ 

ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʚʦʣʥʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʥʫʪʨʠ 

ʢʘʥʘʣʘ. ʆʢʦʣʦ 5% ʦʪʢʣʦʥʝʥʠʡ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʨʘʟʲʝʤʘʭ. ʇʠʢ ʦʪʨʘʞʝʥʠʡ ʚʳ-

ʟʚʘʥ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʙʣʦʢʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʟʘʪʫʭʘʥʠʷ, ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ, ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʟʘʜʝʨʞʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʤʝʞʧʘʨʥʦʛʦ ʩʜʚʠʛʘ ʢʘʥʘʣʘ ʢʘʪʝʛʦʨʠʠ 6 ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʜʘʥʥʘʷ ʢʘʪʝʛʦʨʠʷ ʤʦʞʝʪ ʩ ʫʩʧʝʭʦʤ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦ-

ʞʝʥʠʷʭ. 
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ʈʠʩ. 3. ʈʝʬʣʝʢʪʦʛʨʘʤʤʘ ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʅʀʈ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʝʪʝʡè 

ʧʨʦʚʦʜʠʤʦʡ ʚ ɻɹʆʋɺʇʆ ʄʆ çʌʊɸè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨʘ 

ɸʨʪʶʰʝʥʢʦ ɺ.ʄ ʠ ʢ.ʪ.ʥ., ʜʦʮʝʥʪʘ ɸʙʙʘʩʦʚʦʡ ʊ.ʉ. 
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ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʁ ʆʈʀɽʅʊɸʎʀʀ ʋʏɸʑʀʍʉʗ  

(ʀɿ ʆʇʓʊɸ ʈɸɹʆʊʓ) 

 

ɹʝʣʷʝʚ A.E. 

ʫʯʠʪʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ʄɹʆʋ çʉʆʐ ˉ 13è,  

ʈʦʩʩʠʷ, ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ  
 

ɺ ʩʪʘʪʴʝ ʘʚʪʦʨ ʨʘʩʢʨʳʚʘʝʪ ʦʧʳʪ ʨʘʙʦʪʳ ʩ ʫʯʘʱʠʤʠʩʷ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʪʚʦʨʯʝʩʪʚʫ ʚ 

ʫʩʣʦʚʠʷʭ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʰʢʦʣʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʫʯʘʱʠʝʩʷ, ʧʨʦʬʦʨʠʝʥʪʘʮʠʷ. 

 

ʊʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʨʘʟʚʠʪʠʷ ʣʠʯʥʦʩʪʠ ʫʯʘʱʠʭʩʷ. ɺ ʨʦʩʩʠʡʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ ʵʥʮʠʢʣʦʧʝʜʠʠ 

ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦ ï ʵʪʦ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʭʩʷ, 

ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʡ ʦʙʲʝʢʪ, ʦʙʣʘʜʘʶʱʠʡ ʧʨʠʟʥʘʢʘʤʠ 

ʧʦʣʝʟʥʦʩʪʠ ʠ ʩʫʙʲʝʢʪʠʚʥʦʡ (ʜʣʷ ʫʯʘʱʠʭʩʷ) ʥʦʚʠʟʥʳ, ʨʘʟʚʠʚʘʝʪ ʠʥʪʝʨʝʩ ʢ 

ʪʝʭʥʠʢʝ ʠ ʷʚʣʝʥʠʷʤ ʧʨʠʨʦʜʳ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʦʪʠʚʦʚ ʢ ʫʯʝʙʝ ʠ 

ʚʳʙʦʨʫ ʧʨʦʬʝʩʩʠʠ, ʧʨʠʦʙʨʝʪʝʥʠʶ ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ, ʨʘʟʚʠʪʠʶ ʪʚʦʨʯʝ-

ʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ. 

ʆʛʣʷʜʳʚʘʷʩʴ ʥʘʟʘʜ, ʤʳ ʚʠʜʠʤ, ʯʪʦ ʧʨʝʜʳʜʫʱʝʝ ʧʦʢʦʣʝʥʠʝ ʚ ʧʝʨʠʦʜ ʧʝ-

ʨʝʩʪʨʦʡʢʠ ʚ ʈʦʩʩʠʠ ʭʦʪʝʣʘ ʩʪʘʪʴ ʶʨʠʩʪʘʤʠ, ʤʝʥʝʜʞʝʨʘʤʠ, ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ 

ʨʘʟʣʠʯʥʳʭ ʟʚʝʥʴʝʚ. ʕʪʦ ʦʪʨʘʜʥʦ ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʜʝʪʠ ʩʪʨʝʤʠʣʠʩʴ ʩʚʦʠʤ ʪʨʫ-

ʜʦʤ ʠ ʫʯʝʙʦʡ ʜʦʩʪʠʯʴ ʫʩʧʝʭʘ ʚ ʞʠʟʥʠ. ʅʦ ʩʝʡʯʘʩ ʈʦʩʩʠʠ ʢʘʢ ʥʠʢʦʛʜʘ ʥʫʞʥʳ 

ʚʳʩʦʢʦʦʙʨʘʟʦʚʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ ʨʘʙʦʯʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʩʝʡʯʘʩ 

ʚ ʰʢʦʣʘʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʤʫ ʪʚʦʨʯʝʩʪʚʫ ʠ ʪʝʭʥʠʯʝ-

ʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ. 
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ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʨʦʩʪʝʡʰʠʡ ʪʝʭʥʠʯʝʩʢʠʭ ʠʛʨʫʰʝʢ ʨʝʙʷʪʘ ʚʩʧʦʤʠ-

ʥʘʶʪ ʚʩʝ ʩʚʦʠ ʫʤʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʥʠ ʧʨʠʤʝʥʷʣʠ ʝʱʝ, ʙʫʜʫʯʠ ʨʝʙʝʥʢʦʤ, ʨʘʙʦ-

ʪʘʷ ʩ ʧʣʘʩʪʠʣʠʥʦʤ, ʙʫʤʘʛʦʡ, ʢʘʨʪʦʥʦʤ, ʬʦʣʴʛʦʡ, ʬʘʥʝʨʦʡ. ʀʟ ʧʫʩʪʳʭ ʩʧʠʯʝʯ-

ʥʳʭ ʢʦʨʦʙʢʦʚ, ʢʘʪʫʰʝʢ, ʩʪʝʨʞʥʝʡ, ʧʫʛʦʚʠʮ ʠ ʜʨʫʛʠʭ ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʦʟʜʘʚʘʣʠ ʥʝʭʠʪʨʦʫʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʥʘʟʳʚʘʷ ʠʭ ʤʘʰʠʥʘʤʠ, ʩʦʙʠʨʘʣʠ ʧʨʦ-

ʩʪʝʡʰʠʝ ʤʦʜʝʣʠ ʠʟ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ, ʥʘʙʦʨʦʚ ʜʣʷ ʨʫʯʥʦʛʦ 

ʪʨʫʜʘ çʋʤʝʣʳʝ ʨʫʯʢʠè. 

ɿʘʥʠʤʘʷʩʴ ʩ ʨʝʙʷʪʘʤʠ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʢʨʫʞʢʝ, ʷ ʧʦʥʷʣ, ʯʪʦ ʵʪʦ ʥʘʯʘʣʦ 

ʧʫʪʠ ʠʭ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ. ʉʥʘʯʘʣʘ ʤʘʣʴʯʠʢʦʚ ʟʘʭʚʘʪʳʚʘʝʪ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ 

ʩʜʝʣʘʪʴ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʘ ʠʤʝʥʥʦ, ʘʚʪʦʤʦʙʠʣʠ, ʘʚʠʘʤʦʜʝʣʠ, ʩʫʜʦ-

ʤʦʜʝʣʠ ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʝʜʘʛʦʛʘ. ʅʦ ʢʦʛʜʘ ʧʦ ʠʥʠʮʠʘʪʠʚʝ 

ʫʧʨʘʚʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʭʦʜʷʪ ʩʦʨʝʚʥʦʚʘʥʠʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʪʠʧʘʤ ʤʦʜʝ-

ʣʝʡ, ʫʯʘʱʠʤʩʷ ʫʞʝ ʭʦʯʝʪʩʷ ʥʝ ʧʨʦʩʪʦ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʵʪʠʭ ʩʦʨʝʚʥʦʚʘ-

ʥʠʷʭ, ʥʦ ʠ ʧʦʢʘʟʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʚʳʠʛʨʘʪʴ. 

ʅʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ ʙʝʟ ʥʘʫʯʥʦʛʦ ʟʥʘʥʠʷ ʠʟʫʯʘʝʤʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʥʘʫʯʥʦʛʦ 

ʧʦʜʭʦʜʘ ʥʝʣʝʛʢʦ ʜʦʙʠʪʴʩʷ ʧʨʠʝʤʣʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʵʪʦʤʫ ʚʦʩʧʠʪʘʥʥʠʢʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʢʨʫʞʢʦʚ ʧʦ ʩʚʦʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʠʥʠʮʠʘʪʠʚʝ ʠ ʩ ʧʦʜʘʯʠ ʨʫʢʦʚʦ-

ʜʠʪʝʣʷ ʥʘʯʠʥʘʶʪ ʫʛʣʫʙʣʝʥʥʦ ʠʟʫʯʘʪʴ ʪʘʢʠʝ ʧʨʝʜʤʝʪʳ, ʢʘʢ ʬʠʟʠʢʘ, ʭʠʤʠʷ, 

ʫʟʥʘʶʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ, ʯʪʦ ʪʘʢʦʝ ʫʩʢʦʨʝʥʠʝ, ʩʠʣʘ ʪʷʞʝʩʪʠ, ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, 

ʧʣʦʪʥʦʩʪʴ, ʠ ʧʨʠʣʘʛʘʶʪ ʚʩʝ ʫʩʠʣʠʷ, ʯʪʦʙʳ ʵʪʠ ʟʥʘʥʠʷ ʧʦʤʦʛʘʣʠ ʠʤ ʚ ʧʨʦʮʝʩ-

ʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʥʘ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʝʣʠ ʫʯʘʱʠʝʩʷ ʥʘʯʠʥʘʶʪ ʦʙʨʘʱʘʪʴʩʷ ʠ ʢ ʪʘʢʦʤʫ 

ʧʨʝʜʤʝʪʫ ʢʘʢ ʯʝʨʯʝʥʠʝ. ʉʝʡʯʘʩ ʚ ʰʢʦʣʘʭ, ʢ ʩʦʞʘʣʝʥʠʶ, ʢ ʯʝʨʯʝʥʠʶ ʦʪʥʦʩʷʪ-

ʩʷ ʢʘʢ ʢ ʥʝʦʙʷʟʘʪʝʣʴʥʦʤʫ ʠ ʘʟʳ ʯʝʨʯʝʥʠʷ ʧʨʝʧʦʜʥʦʩʷʪʩʷ ʪʦʣʴʢʦ ʥʘ ʫʨʦʢʘʭ 

ʪʝʭʥʦʣʦʛʠʠ. ʅʦ ʯʪʦ ʪʘʢʦʝ ʤʦʜʝʣʴ ʙʝʟ ʵʩʢʠʟʘ, ʯʝʨʪʝʞʘ, ʩʙʦʨʦʯʥʦʛʦ ʯʝʨʪʝʞʘ, 

ʵʪʦ ʚʩʝ ʨʘʚʥʦ, ʯʪʦ ʩʜʝʣʘʪʴ ʚʝʱʴ ʥʘ çʘʚʦʩʴè. ɹʝʟ ʯʝʨʯʝʥʠʷ ʥʝ ʦʙʦʡʪʠʩʴ ʠ ʫʯʝ-

ʥʠʢʠ ʧʦʥʠʤʘʶʪ ʵʪʦ. ʀ ʢʘʢ ʞʝ ʛʦʨʷʪ ʠʭ ʛʣʘʟʘ, ʢʦʛʜʘ ʠʟ ʙʫʤʘʛʠ ʩ ʯʝʨʪʦʯʢʘʤʠ ʠ 

ʣʠʥʠʷʤʠ ʧʦʜʥʠʤʘʝʪʩʷ çʢʘʢ ʬʝʥʠʢʩ ʠʟ ʧʝʧʣʘè ʤʦʜʝʣʴ, ʙʫʜʴ-ʪʦ ʩʘʤʦʣʝʪʘ, ʨʘʢʝ-

ʪʳ, ʢʦʨʘʙʣʷ.  

ʊʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦ ʵʪʦ ʥʝ ʧʨʦʩʪʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʛʦʪʦʚʳʭ ʯʝʨ-

ʪʝʞʝʡ, ʢʦʧʠʨʦʚʘʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʠ ʥʘʛʣʷʜʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʭʦʪʷ ʥʘ ʥʘʯʘʣʴ-

ʥʳʭ ʵʪʘʧʘʭ ʦʙʫʯʝʥʠʷ ʠʤʝʥʥʦ ʪʘʢʦʡ ʤʝʪʦʜ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʰʢʦʣʴʥʦʡ 

ʧʨʘʢʪʠʢʝ. ʅʘʯʠʥʘʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʩ ʧʨʦʩʪʝʡʰʠʭ ʠʟʜʝʣʠʡ, 

ʧʦʩʪʝʧʝʥʥʦ ʫʯʘʱʠʝʩʷ ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʫ ʤʘʰʠʥʳ, ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʦʨʫʞʝʥʠʷ, 

ʮʚʝʪ, ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ. ɼʝʪʠ ʩʘʤʠ ʚʳʧʦʣʥʷ-

ʶʪ ʦʪʜʝʣʢʫ ʠʟʜʝʣʠʡ ʢʨʘʩʢʘʤʠ, ʮʚʝʪʥʳʤʠ ʢʘʨʘʥʜʘʰʘʤʠ, ʮʚʝʪʥʦʡ ʙʫʤʘʛʦʡ, 

ʫʩʣʦʞʥʷʷ ʤʦʜʝʣʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦ ʫʨʦʚʥʷ ʪʚʦʨʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ.  

ʉʦʨʝʚʥʦʚʘʥʠʷ ʧʦ ʧʨʦʩʪʝʡʰʠʤ ʤʦʜʝʣʷʤ ʩʨʝʜʠ ʫʯʘʱʠʭʩʷ ʧʨʦʚʦʜʷʪʩʷ ʩ 

ʮʝʣʴʶ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʩʧʦʨʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ʆʥʠ ʩʦʜʝʡʩʪʚʫʶʪ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ, 

ʨʘʟʚʠʪʠʶ ʦʙʱʝʡ ʢʫʣʴʪʫʨʳ, ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʪʚʦʨʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʫʯʘʱʠʭʩʷ, 

ʩʪʠʤʫʣʠʨʫʶʪ ʠʥʪʝʨʝʩ ʜʝʪʝʡ ʢ ʠʟʫʯʝʥʠʶ ʪʝʭʥʠʢʝ, ʧʨʠʚʣʝʢʘʶʪ ʫʯʘʱʠʭʩʷ ʢ ʟʘ-

ʥʷʪʠʷʤ ʤʦʜʝʣʴʥʳʤ ʩʧʦʨʪʦʤ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʘʶʪ ʠʥʪʝʨʝʩ ʜʝʪʝʡ ʠ ʧʦʜʨʦʩʪʢʦʚ ʢ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʪʚʦʨʯʝʩʪʚʫ, ʨʘʙʦʯʠʤ ʠ ʠʥʞʝʥʝʨʥʳʤ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ. 
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ɺʝʩʴ ʧʨʦʛʨʘʤʤʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʨʘʟʚʠʪʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʘʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʠ ʧʦʩʪʝʧʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʧʨʘʢʪʠʯʝʩʢʠʭ ʫʤʝʥʠʡ ʠ ʥʘʚʳʢʦʚ; ʩʦʩʪʘʚʣʝʥ ʩ ʫʯʝʪʦʤ ʚʦʟ-

ʨʘʩʪʥʳʭ, ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʯʘʱʠʭʩʷ.  

ʀʟʛʦʪʘʚʣʠʚʘʷ ʪʦ ʠʣʠ ʠʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʝʣʠʝ, ʫʯʘʱʠʝʩʷ ʟʥʘʢʦʤʷʪʩʷ 

ʥʝ ʪʦʣʴʢʦ ʩ ʝʛʦ ʫʩʪʨʦʡʩʪʚʦʤ, ʦʩʥʦʚʥʳʤʠ ʯʘʩʪʷʤʠ, ʥʘʟʥʘʯʝʥʠʝʤ, ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʙʳʪʫ, ʥʦ ʠ ʩ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ, ʝʸ ʦʩʥʦʚʘʪʝ-

ʣʷʤʠ ʠ ʩʦʟʜʘʪʝʣʷʤʠ, ʠʥʪʝʨʝʩʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʨʫʧʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʪʨʘʢʪʦʨʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ, ʩʘʤʦʣʸʪʦʚ, ʤʘʰʠʥ, 

ʪ.ʝ. ʩ ʠʩʪʦʨʠʝʡ ʈʦʜʠʥʳ. 
 

 

ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊɸ ʉʊɸʊʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʇʆɼʐʀʇʅʀʂʆɺ ʉʂʆʃʔɾɽʅʀʗ 

 

ɹʫʣʘʪ ʄ.ʇ. 

ʘʩʧʠʨʘʥʪ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ, 

ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʷʤʘʷ ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʩʝʛʤʝʥʪʥʦʛʦ ʛʘʟʦ-

ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ. ʇʨʠ ʨʘʩʯʝʪʝ ʜʚʠʞʝʥʠʝ ʚʘʣʘ ʚ ʧʦʜʰʠʧʥʠʢʝ ʩʯʠʪʘʝʪʩʷ ʤʝʜʣʝʥ-

ʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɺʠʙʨʘʮʠʷʤʠ ʠ ʚʣʠʷʥʠʝʤ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ 

ʧʨʝʥʝʙʨʝʛʘʝʤ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʟʘʜʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʦʜʰʠʧʥʠʢʘ ʠ ʜʘʚʣʝ-

ʥʠʝ ʧʦʜʘʯʠ ʩʤʘʟʢʠ ʚ ʟʘʟʦʨ ʤʝʞʜʫ ʧʦʜʰʠʧʥʠʢʦʤ ʠ ʚʘʣʦʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʝʪʘ ʷʚʣʷʝʪʩʷ 

ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣ ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʝʛʤʝʥʪʳ ʧʦʜʰʠʧʥʠʢʘ. ʉʢʣʘ-

ʜʳʚʘʷ ʠʭ, ʥʘʭʦʜʷʪ ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʯʝʩʢʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʝ-

ʣʠʯʠʥʝ ʩʨʝʜʥʝʛʦ ʟʘʟʦʨʘ ʠ ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʦʜʘʯʠ ʩʤʘʟʢʠ. ɼʣʷ ʩʝʛʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦ-

ʛʫʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʚʦʢʨʫʛ ʦʩʠ ʘhʨʥʠʨʘ, ʧʨʠʚʝʜʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʫʛʣʘ ʧʦʚʦʨʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʣʘʚʥʳʡ ʤʦʤʝʥʪ ʩʠʣ ʜʘʚʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʝʛʤʝʥʪ, ʨʘʚʝʥ 

ʥʫʣʶ ʠ ʧʦʣʦʞʝʥʠʝ ʩʝʛʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʟʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʜʘʚʣʝʥʠʝ, ʩʘʤʦ-

ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ ʩʝʛʤʝʥʪ. 

 

ɺʚʝʜʝʥʠʝ 

ʉʝʛʦʜʥʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʥʘʜʝʞʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʦ-

ʚʨʝʤʝʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʫʨʙʦʤʘʰʠʥʳ ʩʪʘʣʦ ʦʙʳʯʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ, 

ʧʦʜʨʘʟʫʤʝʚʘʶʱʝʡ ʧʦʜʙʦʨ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʟʘʜʘʥ-

ʥʳʝ ʫʩʣʦʚʠʷ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʦʟʥʠʢʘʝʪ ʚ ʩʣʫʯʘʷʭ 

ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ: ʚʳʩʦʢʠʭ ʠʣʠ 

ʥʠʟʢʠʭ ʩʢʦʨʦʩʪʝʡ, ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ, ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʫʩʢʦʚ, ʥʝʪʠʧʠʯ-

ʥʳʭ ʨʘʙʦʯʠʭ ʩʨʝʜ [9]. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʘʢʪʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴ-

ʞʝʥʠ̫, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʷʞʝʥʘ ʩ ʜʝʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʜʠʥʘʤʠʢʠ ʨʦʪʦʨ-

ʥʦʡ ʩʠʩʪʝʤʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʘʤʠʭ ʧʦʜʰʠʧʥʠʢʦʚ 

ʩʢʦʣʴʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʦʞʥʳʭ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ 

ʟʘʜʘʯ, ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʤʝʩʪʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ [2] ʠ 
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ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʨʦʪʦʨ ʠ ʧʦʜʰʠʧ-

ʥʠʢʠ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʥʝʰʥʝʡ ʧʦʜʘʪʣʠʚʦʩʪʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ [8,10].  
 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʆʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʩʤʘʟʢʠ ï ʫʨʘʚʥʝʥʠʝ 

ʈʝʡʥʦʣʴʜʩʘ [3] ï ʚ ʩʠʣʫ ʥʝʣʠʥʝʡʥʦʩʪʠ ʥʝ ʠʤʝʝʪ ʦʙʱʝʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝ-

ʰʝʥʠʷ. ʇʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʫʨʘʚ-

ʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʩʦʩʪʦʷʥʠʷ ʠ ʙʘʣʘʥʩʘ ʵʥʝʨʛʠʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʝʪ-

ʩ ̫ʩʪʘʥʜʘʨʪʥʘʷ ʣʘʤʠʥʘʨʥʘʷ ʤʦʜʝʣʴ [6]. ɻʨʘʥʠʮʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʣʘʤʠʥʘʨʥʦʛʦ 

ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴʶ ʚʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʫʱʝʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʦʝ, 

ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʪʝʯʝʥʠʝ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ ʧʦʜʰʠʧʥʠʢʘ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʪʝʯʝ-

ʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʘʢʩʠʘʣʴʥʳʤʠ ʮʠʣʠʥʜʨʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ɼʞ.ʀ.ʊʝʡʣʦʨʦʤ. ʂʨʠʪʝʨʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ [13] ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ ʊʝʡʣʦʨʘ: 

41,3
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ʛʜʝ uʢʨ ï ʢʨʠʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ï ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʥʘʩʪʫʧʘʝʪ ʪʝʯʝʥʠʝ ʩ ʚʠʭʨʷʤʠ ʊʝʡʣʦʨʘ, H ï ʚʝʣʠʯʠʥʘ ʨʘʜʠʘʣʴʥʦʛʦ ʟʘ-

ʟʦʨʘ, ï ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, H/r ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʟʘʟʦʨ (r ïʨʘʜʠʫʩ ʚʘ-

ʣʘ), ʦʪʢʫʜʘ 

41,3kp
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ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʩʣʫʯʘʝʚ ʩʢʦʨʦʩʪʠ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ uʢʨ.  

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʯʝʥʠʝ ʩ ʚʠʭʨʷʤʠ ʊʵʡʣʦʨʘ ʧʨʠ ʊʘ Ó41,3 

ʷʚʣʷʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʠ ʥʝ ʦʪʥʦʩʠʪʩʷ ʢ ʪʫʨʙʫʣʝʥʪʥʳʤ. ʈʘʟʚʠʪʳʝ ʪʫʨʙʫ-

ʣʝʥʪʥʳʝ ʪʝʯʝʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʚ ʥʝʥʘʛʨʫʞʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʜʰʠʧʥʠʢʘ, ʘ 

ʪʘʢʞʝ ʥʘ ʣʦʢʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ (ʢʘʥʘʚʢʘʭ, ʢʨʦʤʢʘʭ, ʦʪʚʝʨʩʪʠʷʭ). ʊʘʢʞʝ ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʠ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʚ ʧʦʜʰʠʧʥʠʢʝ ʠ ʠʟʤʝʥʝʥʠʝʤ ʩʠ-

ʩʪʝʤʳ ʧʦʜʘʯʠ ʚ ʩʝʛʤʝʥʪʘʭ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʚʝʨʭʟʚʫʢʦʚʳʝ ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ [7, 11-12]. 
 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʜʣʷ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ ʛʝʦʤʝʪʨʠʠ 

ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ʩʠʣ ʜʘʚʣʝʥʠʷ ʚ ʩʤʘʟʦʯʥʦʤ 

ʩʣʦʝ ʠ ʨʘʩʭʦʜ ʩʤʘʟʢʠ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʩʤʘʟʢʠ [1], ʦʜʥʘʢʦ ʤʦʞʝʪ ʨʝʰʘʪʴʩʷ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ, ʘ ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʪʴʩʷ ʪʝʧʣʦʦʙʤʝʥ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʜʝʪʘʣʷʤʠ.  

ʆʙʱʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʚʝʨʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʩʚʦʜʠʪʩʷ ʢ ʩʣʝ-

ʜʫʶʱʝʤʫ [6, 13]. ɼʣʷ ʧʨʠʥʷʪʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʘ ʧʦʜʰʠʧʥʠʢʘ ʥʘʟʥʘʯʘʶʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ï ʜʘʚʣʝʥʠʝ ʚ ʧʦʣʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ pa, ʜʦʧʫʩʪʠ-

ʤʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʟʘʟʦʨ ʅmin, ʩʨʝʜʥʠʡ ʟʘʟʦʨ ʚ ʩʝʛʤʝʥʪʝ ʅ0 (ʈʠʩ. 1.a) ʠʣʠ 

ʩʨʝʜʥʠʡ ʟʘʟʦʨ ʚ ʧʦʣʥʦʦʭʚʘʪʥʦʤ ʧʦʜʰʠʧʥʠʢʝ ï ʩ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʧʦʜʰʠʧʥʠʢʘ. 

ʘ ï ʩʝʛʤʝʥʪ, ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʟʦʨʦʚ ʚ ʧʦʜʰʠʧʥʠʢʝ 
 

ɻʝʦʤʝʪʨʠʷ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʟʘʜʘʝʪʩʷ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʦ. ɺʝʣʠʯʠʥʘ ʜʠʘʤʝʪʨʘ ʚʘʣʘ ʠ ʜʣʠʥʘ ʧʦʜʰʠʧʥʠʢʘ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʘʟʤʝʱʝʥʠʷ ʫʟʣʘ, ʘ ʪʘʢʞʝ ʧʨʝʜʝʣʴʥʦʡ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ, 

ʢʦʪʦʨʫʶ ʥʘʟʥʘʯʘʶʪ ʥʝ ʙʦʣʴʰʝ 80 ʤ/ʩ ʜʣʷ ʨʘʜʠʘʣʴʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʠ ʥʝ ʙʦ-

ʣʝʝ 100 ʤ/ʩ ʜʣʷ ʧʝʨʠʬʝʨʠʠ ʦʩʝʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ (ʜʣʷ ʤʘʩʣʷʥʳʭ ʧʦʜʰʠʧʥʠ-

ʢʦʚ). ʉʦʟʜʘʶʪʩʷ ʪʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʤʘʟʦʯʥʦʛʦ ʟʘʟʦʨʘ ʠ ʦʢʨʫʞʘʶʱʠʭ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʄʦʜʝʣʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʘʨʘʤʝʪʨʘʤʠ ʩʤʘ-

ʟʦʯʥʦʛʦ ʟʘʟʦʨʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʧʦʣʥʦʦʭʚʘʪʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʟʘʜʘʶʪʩʷ ʥʝ-

ʩʢʦʣʴʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ e ʚ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʟʘʟʦʨʘ ʦʪ ʅmin ʜʦ ʩ. ɼʣʷ ʩʝʛʤʝʥʪʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ ʚʘʨʴʠʨʫʶʪ ʅ0 ʦʪ ʅmin  

ʜʦ 2ʩ-ʅmin.  

ɼʣʷ ʩʝʛʤʝʥʪʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʦʟʜʘʶʪʩʷ ʤʦʜʝʣʠ ʩ ʨʘʟʥʦʡ ʢʣʠʥʦʚʠʜʥʦ-

ʩʪʴʶ ʟʘʟʦʨʘ (ʯʘʩʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʚʫʭ ʤʦʜʝʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʚr -

ʭʦʜʥʦʛʦ ʟʘʟʦʨʘ ʅʚʳʭ ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʅ0). ʈʝʰʝʥʠʝ ʚʝʜʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʚʘʨʠʘʥʪʦʚ ʛʝʦʤʝʪʨʠʠ ʩʤʘʟʦʯʥʦʛʦ ʟʘʟʦʨʘ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ. 

ɼʘʣʝʝ ʧʦ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʵʪʘʧʘʤ ʦʢʦʥʯʘʪʝʣʴʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ ʤʦ-

ʜʝʣʴ ʧʝʨʝʜʘʶʪ ʚ ʩʝʪʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʛʠʙʨʠʜʥʘʷ ʨʘʩʯʝʪʥʘʷ 

ʩʝʪʢʘ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʨʘʩʯʝʪʘʭ ʧʦʜʰʠʧʥʠʢʦʚ ʦʙʳʯʥʦ ʩʚʦʜʷʪ ʢ ʫʩʣʦ-

ʚʠʷʤ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʩʪʝʥʢʘʭ ʠ ʟʘʜʘʥʠʶ ʜʘʚʣʝʥʠʡ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʝʯʝʥʠʷʭ, ʜʣʷ ʯʝʛʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʦʙʲʝʤʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʧʦʩʪ-

ʧʨʦʮʝʩʩʦʨʦʤ, ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ ʜʘʚʣʝʥʠʡ 

(ʨʠʩ. 2) ʠ ʩʢʦʨʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ʩʠʣ ʜʘʚʣʝʥʠʷ, ʤʦ-

ʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʰʘʨʥʠʨʘ ʠ ʨʘʩʭʦʜ ʩʤʘʟʢʠ. 
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ʈʠʩ. 2. ʕʧʶʨʳ ʜʘʚʣʝʥʠʡ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ ʩʝʛʤʝʥʪʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 
 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʛʨʫʟʢʠ ʩʝʛʤʝʥʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʦʥʮʝʥʪʨʠʯʥʦ ʩ 

ʦʩʴʶ ʚʘʣʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ ʩʠʣʳ ʚʘʣ ʩʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʦʧʦʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʝʜʥʠʝ ʟʘʟʦʨʳ ʥʘ ʩʝʛʤʝʥʪʘʭ ʩʪʘʥʦʚʷʪʩʷ ʨʘʟʥʳʤʠ. ɺ ʪʦʤ 

ʤʝʩʪʝ, ʛʜʝ ʠʤʝʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʡ ʟʘʟʦʨ ʚʦʟʥʠʢʘʶʪ ʥʘʠʙʦʣʴʰʠʝ ʩʠʣʳ ʜʘʚʣʝ-

ʥʠʷ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ.  

ʅʘʦʙʦʨʦʪ, ʚ ʤʝʩʪʝ ʥʘʠʙʦʣʴʰʝʛʦ ʟʘʟʦʨʘ ʚʦʟʥʠʢʘʶʪ ʥʘʠʤʝʥʴʰʠʝ ʩʠʣʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʝʢʪʦʨʥʦʛʦ ʩʣʦʞʝʥʠʷ ʩʠʣ ʦʪ ʚʩʝʭ ʩʝʛʤʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ ʩʫʤʤʘʨʥʘʷ 

ʨʝʘʢʮʠʷ ʧʦʜʰʠʧʥʠʢʘ, ʢʦʤʧʝʥʩʠʨʫʶʱʘʷ ʚʥʝʰʥʶʶ ʥʘʛʨʫʟʢʫ. 
 

ʈʘʩʯʝʪ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʭʩʷ ʩʝʛʤʝʥʪʦʚ 

ʉʝʛʤʝʥʪʳ ʧʝʨʝʜʘʶʪ ʥʘʛʨʫʟʢʫ ʥʘ ʢʦʨʧʫʩ ʧʦʩʨʝʜʩʪʚʦʤ ʰʘʨʥʠʨʘ. ʐʘʨʥʠʨ 

ʧʦʟʚʦʣʷʝʪ ʩʝʛʤʝʥʪʘʤ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʠ ʟʘʥʠʤʘʪʴ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ, ʢʦʛʜʘ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ 

ʩʪʘʥʦʚʠʪʩ ̫ʨʘʚʥʳʡ ʥʫʣʶ Mz = 0. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʩʝʛʤʝʥʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʢʫʱʝʛʦ ʩʨʝʜʥʝʛʦ ʟʘʟʦʨʘ ʅ0 ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʣʷ 

ʜʘʚʣʝʥʠʡ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʚʳʭʦʜʥʳʭ ʟʘʟʦʨʦʚ ʅʚʳʭ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

 ï ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʚ ʮʝʥʪʨʝ ʚʨʘʱʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʩʝʛʤʝʥʪ; 

 ï ʨʘʩʭʦʜ ʩʤʘʟʢʠ ʥʘ ʚʭʦʜʝ ʚ ʩʝʛʤʝʥʪ; 

 ï ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣ ʜʘʚʣʝʥʠʡ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʩʝʛʤʝʥʪ. 

ʇʦ ʜʘʥʥʳʤ ʨʘʩʯʝʪʦʚ ʩʪʨʦʷʪʩʷ ʜʠʘʛʨʘʤʤʳ ʤʦʤʝʥʪʦʚ ʠ ʩʠʣ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʚʳʭʦʜʥʦʛʦ ʟʘʟʦʨʘ ʅʚʳʭ ʜʣʷ ʢʘʞʜʦʛʦ ʪʝʢʫʱʝʛʦ ʟʘʟʦʨʘ H0, ʧʦʩʣʝ ʯʝʛʦ 

ʩʪʨʦʷʪʩʷ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʝʛʤʝʥʪʳ ʦʪ ʪʝʢʫʱʝʛʦ 

ʟʘʟʦʨʘ ʧʨʠ ʨʘʚʥʦʚʝʩʥʦʤ ʧʦʣʦʞʝʥʠʠ ʩʝʛʤʝʥʪʘ (ʨʠʩ. 3). ʇʦ ʵʪʠʤ ʜʠʘʛʨʘʤʤʘʤ 

ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʭʦʜʥʦʡ ʟʘʟʦʨ H0ʨ, ʧʨʠ ʢʦ-

ʪʦʨʦʤ ʥʘʩʪʫʧʘʝʪ ʨʘʚʥʦʚʝʩʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʝʛʤʝʥʪʘ, ʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣ 

ʜʘʚʣʝʥʠʷ (ʨʠʩ. 4) Fʂ0, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʩʝʛʤʝʥʪ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ. 

ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʘ ʚ ʮʝʣʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʥʳʤ ʩʣʦʞʝʥʠʝʤ 

ʨʝʟʫʣʴʪʠʨʫʶʱʠʭ ʩʠʣ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʢʘʞʜʦʤ ʠʟ ʩʝʛʤʝʥʪʦʚ. 
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ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʦʤʝʥʪʦʚ ʠ ʩʠʣ 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʩʝʛʤʝʥʪʘ ʧʦʜʰʠʧʥʠʢʘ 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ 

ʉʪʘʪʠʯʝʩʢʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʩʝʛʤʝʥʪʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, ʘ ʪʘʢʞʝ ʧʨʦ-

ʠʟʚʦʜʥʘʷ ʦʪ ʥʝʸ ʟʘʚʠʩʠʤʦʩʪʴ ʞʝʩʪʢʦʩʪʠ ʦʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ 
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ʜʣʷ ʧʦʩʪʦʷʥʥʦ ʜʝʡʩʪʚʫʶʱʠʭ ʠʣʠ ʤʝʜʣʝʥʥʦ ʤʝʥʷʶʱʠʭʩʷ ʥʘʛʨʫʟʦʢ. ʇʨʠ ʩʤʝ-

ʱʝʥʠʠ ʮʝʥʪʨʘ ʚʘʣʘ ʦʪ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜ-

ʰʠʧʥʠʢʘ ʥʘ ʚʝʣʠʯʠʥʫ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʝ ʥʘ ʢʘʞʜʦʤ ʠʟ ʩʝʛʤʝʥʪʦʚ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʘʟʦʨ Hi (ʨʠʩ. 1ʙ). ɺʳʯʠʩʣʷʷ ʟʘʟʦʨʳ ʜʣʷ ʨʷʜʘ ʟʥʘʯʝʥʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʚ, ʧʦʣʫʯʘʶʪ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚʝʣʠʯʠʥʫ 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʝʡ ʩʠʣ ʜʘʚʣʝʥʠʷ Fki (ʨʠʩ. 4), ʧʦʩʣʝ ʯʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʫʟʦ-

ʧʦʜʲʝʤʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩ. 5. ɽʩʣʠ ʩʝʛʤʝʥʪʳ ʤʦʛʫʪ ʧʨʦʠʟʚʦʣʴʥʦ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʚʦʢʨʫʛ ʦʩʠ ʰʘʨ-

ʥʠʨʘ, ʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳ ʜʚʘ ʧʨʝʜʝʣʴʥʳʭ ʩʣʫʯʘʷ: ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ 

ʩʠʣʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʩʴ ʰʘʨʥʠʨʘ ʠʣʠ ʯʝʨʝʟ ʟʘʟʦʨ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ 

ʩʝʛʤʝʥʪʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.6 ʢʨʘʩʥʳʤ 

ʠ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ.  

 
ʈʠʩ. 5. ʉʪʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʛʤʝʥʪʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ 

ʍʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʫʨʙʦʤʘʰʠʥ ʚʠʙʨʘʮʠʦʥʥʳʝ ʥʘʛʨʫʟʢʠ ʠʤʝʶʪ ʚʝʣʠʯʠʥʫ 

ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʢʦʨʦʩʪʝʡ ʥʘ ʪʨʠ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʦʢʨʫʞʥʳʝ ʩʢʦʨʦʩʪʠ ʚʘ-

ʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʥʝ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ 

ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʢʠ ʛʘʟʦʚ ʜʝʡʩʪʚʠʝ ʙʳʩʪʨʦ ʥʘʨʘʩʪʘʶʱʠʭ 

ʥʘʛʨʫʟʦʢ ʤʘʣʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʬʦʨʤʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʘʥʘʣʠʟʘ 

ʜʠʥʘʤʠʢʠ ʨʦʪʦʨʘ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʩʯʝʪʳ ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʰʠʧ-

ʥʠʢʦʚ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʠʥʪʝʨʧʦʣʠʨʫʶʪʩʷ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʣʝʝ ʧʨʠ ʘʥʘʣʠʟʝ ʜʠʥʘʤʠʢʠ ʨʦʪʦʨʥʦʡ ʩʠ-

ʩʪʝʤʳ. 

ɺ ʩʣʫʯʘʝ ʥʝʩʞʠʤʘʝʤʦʡ ʩʤʘʟʢʠ ʩʠʪʫʘʮʠʷ ʚʳʛʣʷʜʠʪ ʠʥʘʯʝ. ʇʨʠ ʜʝʡʩʪʚʠʠ 

ʙʳʩʪʨʦ ʥʘʨʘʩʪʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ʜʘʚʣʝʥʠʝ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ ʨʘʩʪʝʪ ʟʥʘʯʠʪʝʣʴ-

ʥʦ ʙʳʩʪʨʝʝ ʠʟ-ʟʘ ʨʦʩʪʘ ʩʢʦʨʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʟ ʩʤʘʟʦʯʥʦʛʦ ʟʘʟʦʨʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʩʜʘʚʣʠʚʘʥʠʷ. ɺ ʧʨʝʜʝʣʝ, ʧʨʠ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ 

ʥʘʨʘʩʪʘʥʠʷ ʥʘʛʨʫʟʢʠ, ʥʝʩʞʠʤʘʝʤʘʷ ʞʠʜʢʦʩʪʴ ʚʝʜʝʪ ʩʝʙʷ ʚ ʟʘʟʦʨʝ ʢʘʢ ʪʚʝʨʜʦʝ 

ʚʝʱʝʩʪʚʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪ ʜʠʥʘʤʠʢʠ ʠ ʞʠʜʢʦʛʦ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʥʝʦʙ-

ʭʦʜʠʤʦ ʚʳʧʦʣʥʷʪʴ ʩʦʚʤʝʩʪʥʦ. 
 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ ʠ ʞʝʩʪʢʦʩʪʠ ʝʛʦ ʩʤʘ-

ʟʦʯʥʦʛʦ ʩʣʦʷ ʜʚʠʞʝʥʠʝ ʨʦʪʦʨʘ ʩʯʠʪʘʝʪʩʷ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʤ, ʪ.ʝ. ʭʘʨʘʢʪʝʨ-
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ʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʩʝʛʤʝʥʪʦʤ ʧʦʜʰʠʧʥʠʢʘ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʘʣʘ ʤʝʥʷʝʪʩʷ ʤʝʜ-

ʣʝʥʥʦ. ʀʟʤʝʥʝʥʠʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʧʦʣʦʞʝʥʠʷ ʚʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʭʘʨʘʢʪʝʨʥʳʭ ʟʘʟʘʨʦʚ, ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʨʘʟʳʤʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʩʝʛʤʝʥʪʦʚ. ɿʘʜʘ-

ʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʚ, ʚʳʯʠʩʣʷʶʪ ʛʣʘʚʥʳʡ ʤʦʤʝʥʪ ʠ 

ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʫʶ ʩʠʣ ʜʘʚʣʝʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʢʘʞʜʳʡ ʠʟ ʩʝʛʤʝʥʪʦʚ. 

ʉʫʤʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʩʠʣ ʜʘʝʪ ʟʥʘʯʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ ʧʨʠ 

ʟʘʜʘʥʥʦʤ ʜʘʚʣʝʥʠʠ ʧʦʜʘʯʠ ʩʤʘʟʢʠ ʠ ʟʘʜʘʥʥʦʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʝ. ʀʥʪʝʨʧʦʣʠ-

ʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʩʪʨʦʷʪ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ 

ʚʝʣʠʯʠʥʳ ʟʘʟʦʨʘ. ɽʩʣʠ ʥʘʛʨʫʟʢʘ ʠʟʚʝʩʪʥʘ, ʪʦ ʧʨʠʨʘʚʥʠʚʘʷ ʝʝ ʢ ʟʥʘʯʝʥʠʶ ʛʨʫ-

ʟʦʧʦʜʲʝʤʥʦʩʪʠ, ʧʦʣʫʯʘʝʤ ʧʦʣʦʞʝʥʠʝ ʚʘʣʘ ʚ ʧʦʜʰʠʧʥʠʢʝ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʰʠʧʥʠʢʘ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶ-

ʱʠʭʩʷ ʩʝʛʤʝʥʪʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʛʦʣ ʨʘʟʚʦʨʦʪʘ ʩʝʛʤʝʥʪʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʰʘʨʥʠʨʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʣʦʞʝʥʠʝ ʩʝʛʤʝʥʪʘ ʙʫʜʝʪ ʫʩʪʦʡʯʠ-

ʚʳʤ. ɼʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʷʶʪ ʩʝʨʠʶ ʨʘʩʯʝʪʦʚ ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʧʦʚʦʨʦʪʘ ʩʝʛ-

ʤʝʥʪʘ, ʥʘʭʦʜʷ ʫʛʦʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʣʘʚʥʳʡ ʤʦʤʝʥʪ ʩʠʣ ʨʘʚʝʥ ʥʫʣʶ.  
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ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʪʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʯʠʩʣʝʥʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʚʦʨʘʯʠʚʘʶ-

ʱʠʭʩʷ ʦʧʦʨʥʳʭ ʚʢʣʘʜʳʰʝʡ ʛʠʙʨʠʜʥʦʛʦ ʛʘʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʚ ʤʠʨʝ ʚ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʦʜʰʠʧ-

ʥʠʢʠ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʩʣʦʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʦʪʦʨʦʚ ʥʘ ʟʘʧʫʩʢʝ ʠ ʦʩʪʘʥʦʚʢʝ. ɻʣʘʚʥʘʷ ʧʨʦ-

ʙʣʝʤʘ ʧʦʜʰʠʧʥʠʢʘ ʜʘʥʥʦʛʦ ʪʠʧʘ, ʧʦʤʠʤʦ ʩʣʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʩʪʦʠʪ ʚ ʠʟʥʘʰʠʚʘʝ-

ʤʦʩʪʠ ʵʪʦʛʦ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʩʣʦʷ. ɻʘʟʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ ʣʠʰʝʥ ʧʦʜʦʙʥʦʛʦ ʥʝʜʦ-

ʩʪʘʪʢʘ, ʪʘʢ ʢʘʢ ʬʠʟʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʛʠʙʨʠʜʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, ʩʦʯʝʪʘʶʱʝʛʦ ʚ ʩʝ-

ʙʝ ʦʙʝ ʪʝʭʥʦʣʦʛʠʠ. ʀʩʩʣʝʜʦʚʘʥʦ ʱʝʣʝʚʦʝ ʩʦʧʣʦ ʥʝʪʨʘʜʠʮʠʦʥʥʦʡ ʬʦʨʤʳ, ʧʦʚʪʦʨʷʶʱʝʡ 

ʠʟʦʣʠʥʠʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜʩʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦ-

ʣʦʜʦʢ ʥʘ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʟʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ, ʛʠ-

ʙʨʠʜʥʳʡ ʧʦʜʰʠʧʥʠʢ, ʢʦʣʦʜʢʘ ʛʠʙʨʠʜʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ. 

 

ɺʚʝʜʝʥʠʝ 
ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʚʝʜʝʪʩʷ ʨʘʟ-

ʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʳʭ ʜʚʠ-

ʛʘʪʝʣʝʡ, ʢʦʪʦʨʳʤ ʧʨʠʭʦʜʠʪʩʷ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ [5]. 

ʆʩʦʙʳʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʦʚ ʪʨʘʥʩʤʠʩʩʠʡ ʪʘʢʠʭ 

ʤʦʪʦʨʦʚ. ɾʝʣʘʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʩʦʩʪʘʚʘ ʪʨʘʥʩʤʠʩʩʠʡ ʩʠʩʪʝʤ 

ʤʘʩʣʷʥʦʡ ʩʤʘʟʢʠ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪ ʚ ʜʘʥʥʦʡ ʩʬʝ-

ʨʝ ʩʯʠʪʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʧʦʜʚʝʩʦʚ ʨʦʪʦʨʦʚ ʪʫʨʙʦʤʘʰʠʥ [2, 9], 

ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʟʜʫʰʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. ʇʦ ʧʨʠʥʮʠʧʫ ʩʦʟʜʘʥʠʷ ʧʦʜʲʸʤʥʦʡ ʩʠ-
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ʣʳ, ʚʩʝ ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ ʛʘʟʦʩʪʘʪʠʯʝʩʢʠʝ (ʧʦʜʲʸʤʥʘ ̫ʩʠʣʘ ʩʦʟʜʘʸʪʩʷ ʧʦʜʘʚʘʝ-

ʤʳʤ ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʦʜ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚʦʟʜʫʭʦʤ), ʛʘʟʦʜʠ-

ʥʘʤʠʯʝʩʢʠʝ (ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ ʩʦʟʜʘʸʪʩʷ ʟʘ ʩʯʸʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʠʞʫʱʠʭʩʷ 

ʯʘʩʪʝʡ ʚʘʣʘ ʠ ʧʦʜʰʠʧʥʠʢʘ ʩ ʚʷʟʢʠʤ ʪʦʥʢʠʤ ʩʣʦʝʤ), ʘ ʪʘʢʞʝ ʛʠʙʨʠʜʥʳʝ (ʠʤʝ-

ʶʪ ʤʝʩʪʦ ʦʙʘ ʵʬʬʝʢʪʘ). ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʛʘʟʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʦʜʰʠʧʥʠʢʘ ʨʘʩʩʤʦʪʨʝʥ ʚ ʨʘʙʦʪʘʭ [10,11]. 

ɻʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ (ɻɼʇ) ʦʧʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʜʜʝʨʞʠ-

ʚʘʶʱʝʛʦ ʩʣʦʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʚʠʜʝ ʩʦʪʦʚʳʭ ʚʩʪʘʚʦʢ ʠʣʠ ʩʚʸʨʥʫ-

ʪʳʭ ʣʝʥʪ, ʣʝʧʝʩʪʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʦʪʦʨʦʚ ʧʨʠ 

ʟʘʧʫʩʢʝ ʠ ʪʦʨʤʦʞʝʥʠʠ. ɻɼʇ ʩʦʟʜʘʸʪ ʜʦʩʪʘʪʦʯʥʫʶ ʧʦʜʲʸʤʥʫʶ ʩʠʣʫ ʪʦʣʴʢʦ 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʧʦʨʷʜʢʘ 20% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ. ɼʦ ʵʪʦʛʦ 

ʧʦʜʰʠʧʥʠʢ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʩʫʭʦʛʦ ʪʨʝʥʠʷ. ʇʨʠ ʢʘʞʜʦʤ ʩʪʘʨʪʝ ʠ ʪʦʨʤʦʞʝ-

ʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʢʦʪʦʨʦʝ ʥʘʥʦʩʠʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʣʝʧʝʩʪʢʦʚ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʚʘʣʦʤ, ʧʦʵʪʦʤʫ ʨʝʩʫʨʩ ʪʘʢʦʡ ʦʧʦ-

ʨ  rʧʨʷʤʦ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʨʪʦʚ ʠ ʪʦʨʤʦʞʝʥʠʡ. 

ʆʜʥʘʢʦ ʛʣʘʚʥʳʡ ʠʭ ʥʝʜʦʩʪʘʪʦʢ ï ʥʝʙʦʣʴʰʘʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ. ʄʘʢʩʠʤʘʣʴ-

ʥʳʡ ʚʝʩ ʠʟʚʝʩʪʥʳʭ ʨʦʪʦʨʦʚ ʥʘ ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʧʦʨʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 20 ʢʛ, 

ʨʝʩʫʨʩ 8-10 ʪʳʩ. ʯʘʩʦʚ.  

ɻʘʟʦʩʪʘʪʠʯʝʩʢʠʝ ʧʦʜʰʠʧʥʠʢʠ (ɻʉʇ) ʩʚʦʙʦʜʥʳ ʦʪ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪ-

ʢʦʚ, ʪ.ʢ. ʬʠʟʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʪʚʝʨʜʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʞʜʫ ʩʦʙʦʡ ʚʦʦʙʱʝ ʦʪ-

ʩʫʪʩʪʚʫʝʪ, ʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʜʘʚʣʝʥʠʷ ʧʦʜʘʚʘʝʤʦʛʦ ʚʦʟ-

ʜʫʭʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ ʚ ɻʉʇ ʫʜʘʯʥʦ ʢʦʤʧʝʥʩʠ-

ʨʫʝʪʩʷ ʘʙʩʦʣʶʪʥʦʡ ʧʦʞʘʨʦʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʨʝʩʫʨʩʦʤ, ʥʝʟʘʚʠʩʷʱʠʤ ʦʪ 

ʯʠʩʣʘ ʩʪʘʨʪʦʚ ʠ ʪʦʨʤʦʞʝʥʠʡ. 

ʇʦʩʣʝʜʥʝʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʧʦʜʜʫʚʦʤ 

ʛʘʟʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ. ɺʘʣ ʤʦʞʝʪ ʚr -

ʚʝʰʠʚʘʪʴʩʷ ʥʘ ʚʦʟʜʫʰʥʦʤ ʧʦʜʚʝʩʝ, ʘ ʫʞʝ ʟʘʪʝʤ ʨʘʩʢʨʫʯʠʚʘʪʴʩʷ. ʇʨʠ ʪʦʨʤʦ-

ʞʝʥʠʠ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʛʘʰʝʥʘ ʜʦ 0, ʧʦʩʣʝ ʯʝʛʦ ʚʘʣ ʤʦʞʥʦ 

ʦʧʫʩʪʠʪʴ ʥʘ ʦʧʦʨʫ ʧʫʪʸʤ ʫʤʝʥʴʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦʜʜʫʚʘ.  

ɻʠʙʨʠʜʥʳʝ ʧʦʜʰʠʧʥʠʢʠ, ʦʩʥʘʱʝʥʥʳʝ ʧʦʚʦʨʘʯʠʚʘʶʱʠʤʠʩʷ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ ʩʝʛʤʝʥʪʘʤʠ, ʩʦʯʝʪʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ɻʉʇ ʠ 

ɻɼʇ. ʇʨʠ ʩʪʘʨʪʝ ʠ ʪʦʨʤʦʞʝʥʠʠ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʧʦʜʜʫʚ ʚʦʟʜʫʭʘ ʚ ʩʤʘʟʦʯʥʳʡ 

ʩʣʦʡ, ʙʣʘʛʦʜʘʨ ̫ʯʝʤʫ ʩʫʭʦʝ ʪʨʝʥʠʝ ʨʦʪʦʨʘ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ ʦʪʩʫʪ-

ʩʪʚʫʝʪ. ʅʘ ʥʦʤʠʥʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʩʝʛʤʝʥʪʳ ʧʦʚʦʨʘʯʠʚʘʶʪʩʷ ʥʘ ʦʧʪʠʤʘʣʴʥʳʡ 

ʫʛʦʣ ʠ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ ʧʦʣʥʦʩʪʴʶ ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ɹʝʨʥʫʣʣʠ. ʇʦʜ-

ʜʫʚ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ 

ʧʦʚʦʨʘʯʠʚʘʶʱʠʭʩʷ ʩʝʛʤʝʥʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʩʚʦʡʩʪʚʦʤ ʩʪʘʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠ-

ʚʦʩʪʠ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ.  

ʄʝʪʦʜʠʢʘ 
ʇʨʠʤʝʨʳ ʨʘʩʯʝʪʘ ʣʝʧʝʩʪʢʦʚʳʭ ɻɼʇ ʠ ʩʝʛʤʝʥʪʥʳʭ ʛʠʙʨʠʜʥʳʭ ɻʉʇ, ʧʦ-

ʩʪʘʥʦʚʢʫ ʟʘʜʘʯʠ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ ʚ ʨʘʙʦʪʘʭ [3-4, 7-8].  

ʀʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʧʨʠʚʝʜʝʥʘ ʚ 

ʨʘʙʦʪʝ [11]. ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ [2], ʷʚʣʷʶʱʝʛʦʩʷ ʦʩʥʦ-

ʚʦʡ ʪʝʦʨʠʠ ʛʘʟʦʚʦʡ ʩʤʘʟʢʠ, ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [11]. ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʩʝʛʤʝʥʪʘ ʧʦʜʰʠʧʥʠʢʘ ʩ ʱʝʣʝʚʳʤ ʩʦʧʣʦʤ ʥʦʚʦʡ ʩʝʨʧʦ-
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ʚʠʜʥʦʡ ʬʦʨʤʳ, ʧʦʚʪʦʨʷʶʱʝʡ ʬʦʨʤʫ ʠʟʦʣʠʥʠʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʈʝʡʥʦʣʴʜ-

ʩʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʚ ʛʘʟʦʚʳʭ ʧʦʜʰʠʧʥʠʢʘʭ ʤʦ-

ʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʚʝʨʭʟʚʫʢʦʚʳʤ ʪʝʯʝʥʠʝʤ ʛʘʟʘ [6, 12]  

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʢʦʣʦʜʢʠ, ʨʘʩʯʝʪ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʣʩʷ. 

ʂʦʣʦʜʢʘ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚ ʮʝʥʪʨʝ ʰʘʨʥʠʨʘ ʠ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʨʘʱʘʪʴʩʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʥʝʛʦ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʣʦʜʢʠ 

 

 

ʅʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʘʨʘʤʝʪʨʦʚ ʚʢʣʘʜʳʰʘ ɻʉʇ ʦʪ 

ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʫʩʪʘʥʦʚʢʠ ʚʢʣʘʜʳʰʘ ʢ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʚʘʣʘ.  

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ: 

Å ʉʨʝʜʥʠʡ ʟʘʟʦʨ (ʧʦ ʧʣʦʩʢʦʩʪʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʦʩʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʠ 

ʰʘʨʥʠʨʘ) 20 ʤʢʤ, ʚʳʭʦʜʥʦʡ ʟʘʟʦʨ ï 10 ʤʢʤ. 

Å ɼʘʚʣʝʥʠʝ ʧʦ ʢʦʥʪʫʨʫ ʩʝʛʤʝʥʪʘ ʨʘʚʥʦ ʘʪʤʦʩʬʝʨʥʦʤʫ. 

Å ɼʘʚʣʝʥʠʝ ʚ ʧʦʜʚʦʜʷʱʠʭ ʢʘʥʘʣʘʭ ï 0,4 ʄʇʘ. 

Å ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ: 3000, 6000, 12000, 24000 ʦʙ/ʤʠʥ. 

Å 3D ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. ʂʦʣʦʜʢʠ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʤʝʨʘ-

ʤʠ ʧʦʜʚʦʜʷʱʝʡ ʩʠʩʪʝʤʳ ʠ ʩʦʧʣʘʤʠ. ʂʦʣʦʜʢʘ ˉ1 ʠʤʝʝʪ ʧʨʷʤʦʝ ʱʝʣʝʚʦʝ ʩʦʧ-

ʣʦ 1 ʠ ʢʨʠʚʦʣʠʥʝʡʥʦʝ ʱʝʣʝʚʦʝ ʩʦʧʣʦ 2 ʦʜʠʥʘʢʦʚʦʡ ʰʠʨʠʥʳ ï 2 ʤʤ. ɼʠʘʤʝʪʨ 

ʧʦʜʚʦʜʷʱʝʛʦ ʜʨʦʩʩʝʣʷ ï 1ʤʤ. ʋ ʢʦʣʦʜʢʠ ˉ2 ʰʠʨʠʥʘ ʧʨʷʤʦʛʦ ʱʝʣʝʚʦʛʦ ʩʦʧ-

ʣʘ ï 2,8 ʤʤ, ʰʠʨʠʥʘ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʱʝʣʝʚʦʛʦ ʩʦʧʣʘ ï 2 ʤʤ, ʜʠʘʤʝʪʨʳ ʜʨʦʩ-

ʩʝʣʝʡ ï 2 ʠ 1,6 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩ. 2. 3D ʤʦʜʝʣʴ ɻʉʇ ʩ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤʠʩʷ ʚʢʣʘʜʳʰʘʤʠ 

 

ʈʝʟʫʣʴʪʘʪʳ 
ʅʘ ʨʠʩ.3 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʚʨʘʱʝʥʠʷ ʢʦʣʦʜʢʘ ʤʦʤʝʥʪ ʩʠʣ 

ʜʘʚʣʝʥʠʷ ʩʪʨʝʤʠʪʩʷ ʨʘʟʚʝʨʥʫʪʴ ʢʦʣʦʜʢʫ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ ʘʪʘʢʠ. ʅʘ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʟʥʘʢ ʤʦʤʝʥʪ ʤʝʥʷʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩ 

ʥʝʟʘʢʨʝʧʣʝʥʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʚʢʣʘʜʳʰ ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʧʨʠ ʠʟʤʝ-

ʥʝʥʠʠ ʫʛʣʘ ʘʪʘʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

ʢʦʣʦʜʦʢ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ.  
ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 
ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʩ ʟʘʟʦʨʦʤ 1ʤʤ 

ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʩ ʟʘʟʦʨʦʤ 

2ʤʤ 

ʏʘʩʪʦʪʘ ʦʙʦʨʦʪʦʚ ʚʘʣʘ, 

ʦʙ/ʤʠʥ 
3000 6000 12000 24000 3000 6000 12000 24000 

ʈʘʩʭʦʜ ʛʘʟʘ Q, ʛ 0,68 0,67 0,65 0,60 1,26 1,44 1,28 1,07 

ʄʦʤʝʥʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʰʘʨʥʠʨʘ ʄ, ʅĿʤ. 
2,629 2,654 0,498 -6,242 10,518 12,637 10,200 0,190 

ʉʠʣʘ ʜʘʚʣʝʥʠʷ ʚʜʦʣʴ 

ʦʩʠ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ 

ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʠ 

ʮʝʥʪʨ ʚʨʘʱʝʥʠʷ ʰʘʨ-

ʥʠʨʘ F ,h ʅ 

782 822 972 1333 1258 1080 1274 1636 

ɻʣʘʚʥʳʡ ʚʝʢʪʦʨ ʩʠʣ 

ʜʘʚʣʝʥʠʷ F, ʅ 
772 811 952 1287 1260 1092 1275 1601 
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ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʛʣʘʚʥʦʛʦ ʤʦʤʝʥʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʘʨʥʠʨʘ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 

 

ɺʳʚʦʜʳ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜ-

ʥʦʛʦ ʪʨʝʭʣʝʧʝʩʪʢʦʚʦʛʦ ʛʘʟʦʚʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʧʦʜʘʯʝʡ ʚʦʟ-

ʜʫʭʘ ʚ ʟʘʟʦʨ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ (ʤʦʤʝʥʪ ʠ ʨʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ ʩʠʣʘ) 

ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʦʪʦʨʘ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ, ʠʟʣʦʞʝʥʥʦʡ 

ʚ ʨʘʙʦʪʝ [3]. ʂʦʥʩʪʨʫʢʮʠʷ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʶʱʝʛʦʩʷ ʚʢʣʘʜʳʰʘ ʚʦʟʤʦʞʥʘ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʦʙʨʘʪʴ ʛʝʦʤʝʪʨʠʶ ʩʦʧʝʣ ʠ ʧʦʣʦʞʝʥʠʝ ʦʩʠ ʰʘʨʥʠʨʘ 

ʪʘʢ, ʯʪʦʙʳ ʚʢʣʘʜʳʰ ʦʙʣʘʜʘʣ ʩʚʦʡʩʪʚʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ. 
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ɺ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʘʩʧʝʢʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ GPSS World ʠ ʝʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ï ʈʘʩʰʠʨʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ. ʂʣʘʩʩʠʯʝ-

ʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤ. ʆʜʥʘʢʦ ʥʦ-

ʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʢ GPSS World ʠ Ăʦʢʥʘ ʥʘʙʣʶʜʝʥʠʷò ʩʠʩʪʝʤʳ ʧʦʜʩʢʘʟʳʚʘʶʪ ʦ ʙʦʣʴʰʠʭ 

ʚʦʟʤʦʞʥʦʩʪʷʭ GPSS ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʫʯʝʙʥʦʡ ʮʝʣʴʶ. ɺ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʈʘʩʰʠʨʝʥʥʦʛʦ 

ʨʝʜʘʢʪʦʨʘ GPSS ʚ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʧʦ ʆʧʝʨʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʤʠʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ, GPSS, 

ʨʘʩʰʠʨʝʥʥʳʡ ʨʝʜʘʢʪʦʨ. 

 

ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ï GPSS World ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʨʦʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʩʠʩʪʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʦ-

ʛʨʘʤʤʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʝʘʣʠʟʫʶʱʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʮʝʩʩ ʠʩʧʦʣʥʝʥʠʷ 

ʤʦʜʝʣʠ (ʩʠʥʪʘʢʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘʪʦʨ, ʠʥʪʝʨʧʨʝʪʘʪʦʨ ʤʦʜʝʣʠ, ʯʘʩʳ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ, ʫʧʨʘʚʣʝʥʠʝ ʩʧʠʩʢʘʤʠ ʩʦʙʳʪʠʡ ʠ ʜʨ.) [1]. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʷ, ʟʘʥʠʤʘʶʱʝʤʩʷ 

ʠʤʠʪʘʮʠʦʥʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ (ʀʄ), ʚʦʟʨʘʩʪʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʨʦʚʥʶ ʝʛʦ 

ʢʦʤʧʝʪʝʥʮʠʠ. ʈʘʩʰʠʨʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ï ʵʪʦ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʩʥʠʟʠʪʴ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʠ ʢ ʧʨʦʬʝʩʩʠʦʥʘʣʫ ʀʄ, ʠ ʢ ʢʦʥʝʯʥʦ-

ʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʠʩʧʦʣʴʟʫʶʱʝʤʫ ʩʦʟʜʘʥʥʳʝ ʠʤ ʤʦʜʝʣʠ. ɺ ʨʘʩʰʠʨʝʥʥʦʤ ʨʝ-

ʜʘʢʪʦʨʝ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʝʨʘʮʠʡ ʠ ʜʝʡʩʪʚʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʷ 

ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʚʩʝʛʦ ʮʠʢʣʘ ʠʤʠʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [1] ʠ [5]. 
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ʆʩʥʦʚʥʦʝ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʀʄ ï ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʠʩʪʝʤ. ʅʦ ʧʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʨʘʙʦʪʳ ʩ ʩʠʩʪʝʤʦʡ ʀʄ 

GPSS World ʫ ʥʘʩ ʩʦʩʪʘʚʠʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʢʘʢ ʩʨʝʜʩʪʚʦ ʦʙʫʯʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʚʩʝʛʦ ʧʦ ʪʘʢʠʤ 

ʫʯʝʙʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ ʢʘʢ ʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ [7], ɹʘʟʳ ʜʘʥʥʳʭ, 

ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, Grid ʩʠʩʪʝʤʳ [2] ʠ ʜʨ., ʚ ʫʯʝʙʥʳʭ 

ʧʨʦʛʨʘʤʤʘʭ, ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʝʤʳ ʦ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʚ (ʪʨʘʥʟʘʢʮʠʡ). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʜʝʤʦʥʩʪʨʘʮʠʷ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʦʚ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʩʨʝʜʩʪʚʘʤʠ ʈʘʩʰʠʨʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ GPSS 

ʊʝʤʘ Ăʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚò ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʪʝʤʦʡ ʫʯʝʙʥʦʡ 

ʜʠʩʮʠʧʣʠʥʳ Ăʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳò. ɺ ʠʟʫʯʝʥʠʠ ʵʪʦʡ ʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʦʥʷʪʠʷ ʢʘʢ ʢʨʠʪʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʠ ʩʦʩʪʷʟʘʥʠʝ ʟʘ ʦʙʱʠʡ ʨʝʩʫʨʩ (ʧʨʦʮʝʩʩʳ, 

ʩʦʩʪʷʟʘʶʱʠʝʩʷ ʟʘ ʦʙʱʠʡ ʨʝʩʫʨʩ). ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʧʨʦʮʝʩʩʥʦʡ 

ʢʦʤʤʫʥʠʢʘʮʠʠ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʚʟʘʠʤʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʦʙʱʝʡ 

ʧʘʤʷʪʠ ʷʚʣʷʝʪʩʷ ʘʣʛʦʨʠʪʤ ɼʝʢʢʝʨʘ [3] ʠ ʜʨ. ʇʦʜʭʦʜʷʱʝʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʥʠʝ 

ʩʫʱʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ, ʘ ʪʘʢʞʝ ʠ ʜʨʫʛʠʭ ʘʣʛʦʨʠʪʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ, 

ʚʢʣʶʯʝʥʥʳʭ ʚ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʝ ʧʦ Ăʆʧʝʨʘʮʠʦʥʥʳʤ ʩʠʩʪʝʤʘʤò, ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʦʙʳʪʠʡ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʟʘʠʤʦʙʣʦʢʠʨʦʚoʢ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʤʦʞʥʦ ʥʘʡʪʠ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʤʦʜʝʣʝʡ ([3] ʠ ʜʨ.) 

ʘʣʛʦʨʠʪʤʦʚ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʧʦʥʷʪʥʳ ʩʪʫʜʝʥʪʘʤ, 

ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʟʳʢʘʤʠ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʉ++ ʠ ʜʨ.). ʆʜʥʘʢʦ ʵʪʠ ʤʦʜʝʣʠ Ăʩʪʘʪʠʯʥʳʝò ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʚ ʩʨʝʜʝ 

ʩʠʩʪʝʤʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ GPSS. ʉʣʦʞʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʩʦʩʪʦʠʪʩʷ ʚ ʨʝʛʫʣʷʨʥʦʩʪʠ ʚʦʟʥʠʢʘʶʱʠʭ ʩʠʪʫʘʮʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʟʘʠʤʥʳʤʠ 

ʩʢʦʨʦʩʪʷʤʠ ʠ ʤʦʤʝʥʪʘʤʠ ʠʭ ʧʨʝʨʳʚʘʥʠʷ. ɸ ʵʪʦ ʤʦʞʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 

ʦʯʝʥʴ ʚʳʨʘʟʠʪʝʣʴʥʦ ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʧʦʪʦʢʦʚ GPSS ʪʨʘʥʟʘʢʪʦʚ 

(ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ). ʏʪʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʥʘʡʜʝʥʥʳʭ ʥʘʤʠ ʚ 

ʀʥʪʝʨʥʝʪʝ ʫʯʝʙʥʳʭ ʤʦʜʝʣʷʭ ʘʣʛʦʨʠʪʤʦʚ ɼʝʢʢʝʨʘ, ʇʝʪʝʨʩʦʥʘ, ɼʠʡʢʩʪʨʘ ʠ ʜʨ., 

ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʉ++ ï ʚ ʥʠʭ Ăʛʝʥʝʨʠʨʫʶʪʩʷò ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʦʣʴʢʦ ʜʚʘ 

ʧʨʦʮʝʩʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʪʫʜʝʥʪʳ ʥʝ ʚʠʜʷʪ ʜʠʥʘʤʠʢʫ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ, ʯʪʦ 

ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʫʯʝʙʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʫʯʝʙʥʳʭ 

ʜʠʩʮʠʧʣʠʥ. 

ʈʘʩʰʠʨʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ʠ ʊʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ ʤʦʜʝʣʝʡ 

ʆʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʩʦʟʜʘʥʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘ-

ʮʠʠ ʠʤʠʪʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʉɸʀʀ) ʷʚʣʷʝʪʩʷ ʫʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʬʦʨʤʫʣʠʨʦʚʘʥʠʷ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʠ ʝʝ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʷ [1]. 

ɺ ʩʦʩʪʘʚ ʨʘʩʰʠʨʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʚʭʦʜʠʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ 

ʪʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ GPSS ʤʦʜʝʣʝʡ (ʨʠʩ. 1), ʧʦʚʳʰʘʶʱʠʡ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʩ 

ʤʦʜʝʣʴʶ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʨʝʜʘʢʪʦʨʘ ʧʠʰʫʪʩʷ ʤʦʜʝʣʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʊʕɹʦʚ. 

ɺ ʥʝʤ ʥʘʠʤʝʥʦʚʘʥʠʷ ʙʣʦʢʦʚ ʠ ʢʦʤʘʥʜ, ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ PLUS, ʢʦʤʤʝʥʪʘʨʠʠ ʠ 

ʩʪʨʦʢʦʚʳʝ ʣʝʢʩʝʤʳ ʚʳʜʝʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʘʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
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ʥʘʛʣʷʜʥʦʩʪʠ ʪʝʢʩʪʘ ʤʦʜʝʣʠ. ʂʦʤʘʥʜʳ ʠ ʙʣʦʢʠ, ʘʨʛʫʤʝʥʪʳ ʠ ʢʦʤʤʝʥʪʘʨʠʠ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʨʘʚʥʠʚʘʶʪʩʷ ʜʣʷ ʫʜʦʙʩʪʚʘ ʯʪʝʥʠʷ [5], [6]. ɸʥʘʣʠʟ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʢʩʪʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ ʤʦʜʝʣʝʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʜʦʙʩʪʚʦ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʪʝʢʩʪ ʤʦʜʝʣʠ 

ʘʣʛʦʨʠʪʤʘ ɼʝʢʢʝʨʘ (GPSS ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠ ʦʙʩʫʞʜʘʝʪʩʷ ʚ 

[7]), ʢʦʪʦʨʳʡ ʠʟʫʯʘʝʪʩʷ ʩʪʫʜʝʥʪʘʤʠ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ ʆʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʠ ʇʘʨʘʣʣʝʣʴʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 
 

 
 

ʈʠʩ. 1. ʊʝʢʩʪʦʚʳʡ ʨʝʜʘʢʪʦʨ GPSS ʤʦʜʝʣʠ 
 

ɺ ʨʝʜʘʢʪʦʨ ʚʩʪʨʦʝʥʘ ʩʠʩʪʝʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠ. ɺʚʦʜ 

ʪʝʢʩʪʘ ʤʦʜʝʣʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʦʥʪʝʢʩʪʥʦʡ ʧʦʜʩʢʘʟʢʦʡ, ʢʦʪʦʨʘʷ ʦʪʦʙʨʘʞʘʝʪ 

ʦʧʠʩʘʥʠʝ ʪʝʢʫʱʝʛʦ ʦʧʝʨʘʥʜʘ, ʠʣʠ ʘʨʛʫʤʝʥʪʘ ʬʫʥʢʮʠʠ ʠ ʩʧʠʩʦʢ ʧʦʜʭʦʜʷʱʠʭ 

ʟʥʘʯʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʘʥʘʣʠʟʝ ʤʦʜʝʣʠ [5] ʠ [6]. ʕʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ, ʘ ʠ ʜʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʥʝ ʧʨʦʬʝʩʩʠʦʥʘʣ ʧʦ ʀʄ. 

ʉʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʘʤ 

ʦʧʠʩʳʚʘʪʴ ʣʶʙʳʝ ʦʙʲʝʢʪʳ ʤʦʜʝʣʠ, PLUS ʧʨʦʮʝʜʫʨʳ ʠ ʠʭ ʘʨʛʫʤʝʥʪʳ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʤʝʥʪʘʨʠʝʚ. ʕʪʦ ʦʧʠʩʘʥʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ ʢʦʥʪʝʢʩʪʥʦʡ 

ʧʦʜʩʢʘʟʢʝ, ʧʦʟʚʦʣʷʷ ʠʟʙʝʛʘʪʴ ʟʘʧʦʤʠʥʘʥʠʷ ʠʤʝʥ ʦʙʲʝʢʪʦʚ. 

ʈʝʜʘʢʪʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʝ ʦʰʠʙʢʠ ʚ ʤʦʜʝʣʠ. 

ʆʧʝʨʘʪʦʨʳ ʩ ʦʰʠʙʢʘʤʠ ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ, ʘ ʩʘʤʠ ʦʰʠʙʢʠ 

ʦʪʦʙʨʘʞʘʶʪʩʷ ʧʨʠ ʥʘʚʝʜʝʥʠʠ ʫʢʘʟʘʪʝʣʷ ʤʳʰʠ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʛʨʫʧʧʠʨʦʚʢʘ 

ʪʝʢʩʪʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʙʲʝʜʠʥʷʪʴ ʠ ʧʨʠ ʥʝʥʘʜʦʙʥʦʩʪʠ ʩʢʨʳʚʘʪʴ ʥʝʥʫʞʥʳʝ 

ʩʪʨʦʢʠ ʤʦʜʝʣʠ. ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʙʫʜʝʪ ʜʦʩʪʫʧʝʥ ʞʫʨʥʘʣ, ʘ ʧʦ ʦʢʦʥʯʘʥʠʠ 

ï ʩʪʘʥʜʘʨʪʥʳʡ ʦʪʯʝʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʬʦʨʤʝ ʪʘʙʣʠʮʳ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ ʚ ʩʨʝʜʝ ʈʘʩʰʠʨʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʦʪʯʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʣʛʦʨʠʪʤʘ ɼʝʢʢʝʨʘ (GPSS ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1). 
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ʈʠʩ. 2. ʆʪʯʝʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʘ ɼʝʢʢʝʨʘ 

 ʚ ʦʢʥʝ ʈʘʩʰʠʨʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ GPSS 
 

ɼʣʷ ʧʦʠʩʢʘ ʦʰʠʙʦʢ ʤʦʜʝʣʠ ʚ ʨʘʩʰʠʨʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ʚʩʪʨʦʝʥʘ 

ʧʦʜʩʠʩʪʝʤʘ ʪʨʘʩʩʠʨʦʚʢʠ (ʤʝʭʘʥʠʟʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʦ 

ʜʚʠʞʝʥʠʠ ʪʨʘʥʟʘʢʪʦʚ ʠ ʠʟʤʝʥʝʥʠʠ ʦʙʲʝʢʪʦʚ GPSS ʤʦʜʝʣʠ ʥʘ ʚʩʝʤ 

ʧʨʦʪʷʞʝʥʠʠ ʝʝ ʨʘʙʦʪʳ). ʇʦ ʦʢʦʥʯʘʥʠʠ ʠʩʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠ ʤʦʞʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʨʷʜʦʢ ʜʚʠʞʝʥʠʷ ʪʨʘʥʟʘʢʪʦʚ ʠ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ 

ʜʘʥʥʳʭ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ ʦʰʠʙʢʠ. ʄʦʞʥʦ ʦʛʨʘʥʠʯʠʪʴ ʦʙʣʘʩʪʴ ʪʨʘʩʩʠʨʦʚʢʠ ʠ 

ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʝʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ ʤʦʜʝʣʠ, 

ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʪʣʘʜʢʠ ʪʦʣʴʢʦ ʪʦʡ ʯʘʩʪʠ ʤʦʜʝʣʠ, ʛʜʝ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩʦʜʝʨʞʠʪʩʷ ʦʰʠʙʢʘ [5], [6]. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʠʩʢʘ ʪʨʘʥʟʘʢʪʘ ʧʦ 

ʥʦʤʝʨʫ ʠʣʠ ʟʥʘʯʝʥʠʶ ʝʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʦʪʩʣʝʞʠʚʘʥʠʷ ʪʦʣʴʢʦ ʝʛʦ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʚ ʤʦʜʝʣʠ. 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʦʢʥʦ ʪʨʘʩʩʠʨʦʚʢʠ ʤʦʜʝʣʠ ʘʣʛʦʨʠʪʤʘ ɼʝʢʢʝʨʘ ʚ ʩʨʝʜʝ 

ʈʘʩʰʠʨʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʥʦʤ ʪʨʘʩʩʠʨʦʚʢʠ ʢʣʘʩʩʠʯʝʩʢʦʡ 

GPSS World ʟʜʝʩʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʳʚʘʶʪʩʷ ʦʢʥʘ ʩʦʭʨʘʥʷʝʤʳʭ ʚʝʣʠʯʠʥ 

(Savevalues) ʠ ʤʘʪʨʠʮ (ʚ ʥʠʞʥʝʤ ʣʝʚʦʤ ʫʛʣʫ ʵʢʨʘʥʘ). ʂʨʦʤʝ ʪʦʛʦ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʢʘʟʳʚʘʝʪʩʷ ʠ ʥʦʤʝʨ ʪʨʘʥʟʘʢʪʘ ʦʙʩʣʫʞʠʚʘʝʤʦʛʦ ʚ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʚ ʚʝʨʭʥʝʤ ʣʝʚʦʤ ʫʛʣʫ ʨʠʩ. 3). ɺʠʟʫʘʣʠʟʠʨʫʶʪʩʷ 

ʠ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʩʣʫʞʠʚʘʝʤʦʛʦ GPSS ʪʨʘʥʟʘʢʪʘ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ 

ʧʨʦʮʝʩʩ (ʨʠʩ. 3 ʚʣʝʚʦ). 
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ʈʠʩ. 3. ʊʨʘʩʩʠʨʦʚʢʘ ʤʦʜʝʣʠ ʘʣʛʦʨʠʪʤʘ ɼʝʢʢʝʨʘ ʚ ʦʢʥʝ ʈʘʩʰʠʨʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ GPSS 

 

ɺʳʚʦʜʳ 

ɺ ʈʘʩʰʠʨʝʥʥʦʤ ʨʝʜʘʢʪʦʨʝ GPSS ʘʚʪʦʤʘʪʠʟʠʨʫʶʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ 

ʦʧʝʨʘʮʠʡ ʠ ʜʝʡʩʪʚʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʚ ʩʦʚʝʨʰʝʥʠʠ ʚʩʝʛʦ ʮʠʢʣʘ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ [1]. ʕʪʦ ʜʝʣʘʝʪ ʈʘʩʰʠʨʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ (ʠ ʩʠʩʪʝʤʫ GPSS World) 

ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʠ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʀʄ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ 

ʩʦʟʜʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, Ăʩʪʘʥʜʘʨʪʥʦʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʦʢʥʦò 

ʥʘʙʣʶʜʝʥʠʷ ʠʩʧʦʣʥʝʥʠʷ ʤʦʜʝʣʠ ʠ ʫʜʦʙʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʈʘʩʰʠʨʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ, ʜʝʣʘʶʪ ʝʛʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʫʯʝʙʥʳʭ 

ʜʝʤʦʥʩʪʨʘʮʠʡ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʠ ʘʣʛʦʨʠʪʤʦʚ. 

ʈʘʙʦʪʘ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʘʥʘʣʠʟʦʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ 

ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ ʢʦʤʧʘʥʠʠ ñʕʣʠʥʘ ʂʦʤʧʴʶʪʝʨò [6] ʢʘʢ ʥʘʧʨʠʤʝʨ 

ʋʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʝʜʘʢʪʦʨʘ ʬʦʨʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʝʱʝ ʙʦʣʝʝ ʙʦʛʘʪʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʝʤʦʥʩʪʨʠʨʦʚʘʥʠʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʠ ʘʣʛʦʨʠʪʤʦʚ: 

ʩʧʝʮʠʘʣʴʥʳʝ ʬʦʨʤʳ ʥʘʙʣʶʜʝʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʜʝʣʠ ʚ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ; ʧʦʩʪʨʦʝʥʠʝ ʩʮʝʥʘʨʠʝʚ ʜʣʷ 2D-ʘʥʠʤʘʮʠʠ; 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʩʪʨʦʝʥʠʝ ʧʣʘʥʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʜʦʙʨʘʥʥʳʤ 

ʬʘʢʪʦʨʘʤ ʠ ʛʨʘʥʠʮʘʤ ʠʭ ʠʟʤʝʥʝʥʠʷ; ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʜʠʥʘʤʠʯʥʳʤ ʬʦʨʤʘʤ, ʧʦ ʘʥʠʤʘʮʠʦʥʥʦʡ ʟʘʧʠʩʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʜʠʘʛʨʘʤʤʘʤ ʠʟʤʝʥʝʥʠʷ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʥʝʝ 

ʚʳʙʨʘʥʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʯʠʩʣʦʚʦʛʦ ʘʪʨʠʙʫʪʘ GPSS ʤʦʜʝʣʠ; ʥʘʣʠʯʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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ɺ ɺʓʉʆʂʆʏɸʉʊʆʊʅʆʄ ʂɸɹɽʃʔʅʆʄ ʂɸʅɸʃɽ  
 

ɼʘʚʳʜʦʚʘ ʂ.ɸ., ʏʝʚʦʨʜʘʝʚ ʀ.ɸ.  
ʩʪʫʜʝʥʪʳ-ʙʘʢʘʣʘʚʨʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʠʢʣʘʜʥʘʷ ʠʥʬʦʨʤʘʪʠʢʘ, 

ʌʠʥʘʥʩʦʚʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ, 
ʈʦʩʩʠʷ, ʛ. ʂʦʨʦʣʝʚ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʮʝʥʢʦʡ ʟʘʪʫʭʘʥʠʷ ʢ ʩʫʤʤʘʨʥʳʤ ʦʜʥʦ-
ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘʚʦʜʢʘʤ ʚ ʢʘʥʘʣʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʝʪʠ (ʉʂʉ) ʢʘʪʝʛʦʨʠʠ 6. 
ʇʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʟʘʪʫʭʘʥʠʷ ʢ ʩʫʤʤʘʨʥʳʤ ʦʜʥʦʥʘ-
ʧʨʘʚʣʝʥʥʳʤ ʥʘʚʦʜʢʘʤ PS EL FEXT, ʥʘ ʙʣʠʞʥʝʤ ʠ ʜʘʣʴʥʝʤ ʢʦʥʮʝ ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ, ʦʪ 
ʯʘʩʪʦʪʳ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʢʘʙʝʣʴʥʘʷ ʩʝʪʴ, ʪʝʩʪʠʨʦʚʘʥʠʝ, ʢʘʙʝʣʴ ʢʘʪʝʛʦ-
ʨʠʠ 6. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 
ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘʭʦʜʠʪ ʪʝʭʥʦʣʦʛʠʷ Gigabit Ethernet (GigE) [1ï3]. 
ʆʥʘ ʧʨʦʯʥʦ ʟʘʥʷʣʘ ʩʚʦʝ ʤʝʩʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚʦ ʚʨʝʤʷ 
ʠʩʧʳʪʘʥʠʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ [14, 15], ʩʠʩʪʝʤ ʙʣʠʞʥʝʡ ʨʘʜʠʦʣʦ-
ʢʘʮʠʠ [5, 8, 9, 13], ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ [4, 6, 7, 10]. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʝʭʥʦʣʦʛʠʡ Ethernet (10BaseT), TokenRing ʠ FastEthernet 
(100BaseT) [11, 12], ʚ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʢʘʙʝʣʴʥʦʡ ʩʠʩʪʝʤʝ (ʉʂʉ) ʩ GigE 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʝʪʳʨʝ ʧʘʨʳ ʢʘʙʝʣʷ, ʧʨʠʯʝʤ ʚʩʝ ʦʥʠ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʦʜʥʦʚʨʝ-
ʤʝʥʥʦ [13, 16]. ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʉʂʉ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʦʪʥʦʰʝʥʠʝ 
ʟʘʪʫʭʘʥʠʷ ʢ ʩʫʤʤʘʨʥʳʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘʚʦʜʢʘʤ, PS EL FEXT., ʧʨʠʯʝʤ 
ʢʘʢ ʥʘ ʙʣʠʞʥʝʤ, ʪʘʢ ʠ ʥʘ ʜʘʣʴʥʝʤ ʢʦʥʮʝ ʣʠʥʠʠ, ʘ ʪʘʢ ʞʝ ʚʦʟʚʨʘʪʥʳʝ ʧʦʪʝʨʠ 
RL [1, 2]. 
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ʊʝʩʪʠʨʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʣʩʷ ʢʘʙʝʣʴʥʳʡ ʢʘʥʘʣ ʢʘʪʝʛʦʨʠʠ 6 ʜʣʠʥʦʡ 75 

ʤʝʪʨʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 75% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʜʣʠʥʳ. ʉʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ ʩʦʩʪʦʷʣʘ ʠʟ ʦʩʥʦʚʥʦʛʦ ʙʣʦʢʘ (ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʥʘʯʘʣʝ ʪʝʩʪʠʨʫʝʤʦʡ ʣʠʥʠʠ), ʢʦʤʤʫʪʘʮʠʦʥʥʦʡ ʧʘʥʝʣʠ, ʩʘʤʦʛʦ ʢʘʙʝʣʴʥʦʛʦ ʢʘ-

ʥʘʣʘ, ʢʘʙʝʣʴʥʦʡ ʨʦʟʝʪʢʠ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʙʣʦʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʦʥʮʝ 

ʣʠʥʠʠ.  

ʆʩʦʙʝʥʥʦʩʪʴ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʜʚʝ-

ʥʘʜʮʘʪʠ ʟʥʘʯʝʥʠʡ FEXT ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʮʘ ʢʘʙʝʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʦʜʥʦʧʨʘʚʣʝʥ-

ʥʳʭ ʥʘʚʦʜʦʢ ʥʝ ʬʠʢʩʠʨʫʶʪʩʷ, ʦʜʥʘʢʦ ʩʣʫʞʘʪ ʜʣʷ ʨʘʩʯʝʪʘ ʦʪʥʦʰʝʥʠʷ ʟʘʪʫʭʘ-

ʥʠʷ ʢ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘʚʦʜʢʘʤ ELFEXT ʠ ʦʪʥʦʰʝʥʠʷ ʟʘʪʫʭʘʥʠʷ ʢ ʩʫʤ-

ʤʘʨʥʳʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘʚʦʜʢʘʤ PS EL FEXT.  

ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʟʘʪʫʭʘʥʠʷ ʢ ʩʫʤʤʘʨʥʳʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ 

ʥʘʚʦʜʢʘʤ PS EL FEXT ʦʪ ʯʘʩʪʦʪʳ, ʥʘ ʙʣʠʞʥʝʤ ʠ ʜʘʣʴʥʝʤ ʢʦʥʮʝ ʪʝʩʪʠʨʫʝʤʦʛʦ 

ʢʘʥʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

 
ʘ) 

 

 
ʙ) 

ʈʠʩ. 1. ʆʪʥʦʰʝʥʠʝ ʟʘʪʫʭʘʥʠʷ ʢ ʩʫʤʤʘʨʥʳʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘʚʦʜʢʘʤ, PS EL FEXT ʥʘ 

ʢʦʥʮʝ: ʘ ï ʙʣʠʞʥʝʤ; ʙ ï ʜʘʣʴʥʝʤ  
 

dB 
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ʆʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ PS EL FEXT ʦʪʨʘʞʝʥʳ ʚ ʪʘʙʣ. 1. 
 

ʊʘʙʣʠʮʘ 1 

ʆʪʥʦʰʝʥʠʝ ʟʘʪʫʭʘʥʠʷ ʢ ʩʫʤʤʘʨʥʳʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘʚʦʜʢʘʤ, PS EL FEXT  

PASS 
Worst Case Margin Worst Case Value 

MAIN  SR MAIN  SR 

Worst Pair 45 45 45 45 

PS EL FEXT, ʜɹ 13,5 13,9 14,3 15,2 

Frequency, Mɻʮ 1,1 1,0 238,5 246,5 

Limit, ʜɹ 59,5 60,3 12,7 12,4 
 

ʊʝʩʪʠʨʫʝʤʳʡ ʢʘʥʘʣ ʦʙʝʩʧʝʯʠʣ ʨʝʟʝʨʚ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ ʦʜʥʦʥʘ-

ʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʠ (ELFEXT) 12ï13 ʜɹ ʠ ʨʝʟʝʨʚ ʦʪʥʦʰʝʥʠʷ ʩʠʛ-

ʥʘʣ/ʩʫʤʤʘʨʥʳʡ ʰʫʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʠ (PS ELFEXT) 13ï15 ʜɹ ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 1ï250 ʄɻʮ. 

ɺʦʟʚʨʘʪʥʳʝ ʧʦʪʝʨʠ RL. ɿʘʚʠʩʠʤʦʩʪʴ ʚʦʟʚʨʘʪʥʳʭ ʧʦʪʝʨʴ ʦʪ ʯʘʩʪʦʪʳ, ʥʘ 

ʙʣʠʞʥʝʤ ʠ ʜʘʣʴʥʝʤ ʢʦʥʮʝ ʪʝʩʪʠʨʫʝʤʦʛʦ ʢʘʥʘʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2. 
 

 
ʈʠʩ. 2. ɺʦʟʚʨʘʪʥʳʝ ʧʦʪʝʨʠ, RL ʥʘ ʢʦʥʮʝ: ʘ ï ʙʣʠʞʥʝʤ; ʙ ï ʜʘʣʴʥʝʤ 

 

ʆʙʦʙʱʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʚʦʟʚʨʘʪʥʳʭ ʧʦʪʝʨʴ RL ʦʪʨʘʞʝʥʳ ʚ 

ʪʘʙʣ. 2. 
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ʊʘʙʣʠʮʘ 2 

ɺʦʟʚʨʘʪʥʳʝ ʧʦʪʝʨʠ, RL 

PASS Worst Case Margin Worst Case Value 

MAIN  SR MAIN  SR 

Worst Pair 45 36 45 36 

RL , ʜɹ 5,7 7,3 5,7 7,3 

Frequency, Mɻʮ 234,5 250,0 234,5 250,0 

Limit, ʜɹ 8,3 8,0 8,3 8,0 
 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʨʝʟʝʨʚ ʚʦʟʚʨʘʪʥʳʭ ʧʦʪʝʨʴ ʩʦʩʪʘʚʣʷʝʪ ʥʝ 

ʤʝʥʝʝ 5,7 ʜɹ. 
 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʅʀʈ çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʝʪʝʡè 

ʧʨʦʚʦʜʠʤʦʡ ʚ ɻɹʆʋɺʇʆ ʄʆ çʌʊɸè ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨʘ 

ɸʨʪʶʰʝʥʢʦ ɺ.ʄ ʠ ʢ.ʪ.ʥ., ʜʦʮʝʥʪʘ ɸʙʙʘʩʦʚʦʡ ʊ.ʉ. 
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ʩʪʫʜʝʥʪ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʄʦʨʜʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʇ. ʆʛʘʨʝʚʘ, 

ʈʦʩʩʠʷ, ʛ. ʉʘʨʘʥʩʢ 
 

ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ 

ʢʦʤʧʴʶʪʝʨʘ ʧʫʪʝʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʤʘʛʥʠʪʥʳʭ ʜʠʩʢʦʚ ʧʨʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʙʣʦʢʘ ʤʘʛʥʠʪʥʳʭ 

ʛʦʣʦʚʦʢ ʚʠʥʯʝʩʪʝʨʘ. ʀʟʫʯʝʥʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʬʫʥʢʮʠʷ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ ʧʝʨʩʦʥʘʣʴʥʳʭ 

ʢʦʤʧʴʶʪʝʨʦʚ, ʠʩʩʣʝʜʦʚʘʥ ʧʨʠʥʮʠʧ ʠʭ ʜʝʡʩʪʚʠʷ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʘʛʥʠʪʥʳʝ ʜʠʩʢʠ, ʙʣʦʢ ʤʘʛʥʠʪʥʳʭ ʛʦ-

ʣʦʚʦʢ, ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

 

ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʭʘʨʘʢʪʝ-

ʨʠʟʫʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʟʥʘʯʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʱʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ [1, ʩ. 77; 2, ʩ. 27]. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʫʛʨʦʟ ʚ ʩʠʩʪʝʤʘʭ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʪʝʨʷ ʜʦʩʪʫʧʘ ʢ ʜʘʥ-

ʥʳʤ ʚʩʣʝʜʩʪʚʠʝ ʥʘʨʫʰʝʥʠʷ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʥʘ ʫʨʦʚʥʝ ʣʦʛʠʯʝʩʢʠʭ ʩʣʫʞʝʙ-

ʥʳʭ ʩʠʩʪʝʤ (ʚ ʪ.ʯ., ʬʘʡʣʦʚʳʭ ʩʠʩʪʝʤ), ʠʣʠ ʚʩʣʝʜʩʪʚʠʝ ʬʠʟʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝ-



37 

ʥʠʡ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʥʦʩʠʪʝʣʝʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝ-

ʩʪʠ ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʞʝʩʪʢʠʭ ʜʠʩʢʘʭ ʠ ʥʘʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʱʝʨʙ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʪʝʦ-

ʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʜʠʘʛʥʦʩʪʠʢʠ, ʨʝʤʦʥʪʘ ʠ ʥʘʣʘʜʢʠ ʥʘʢʦʧʠʪʝ-

ʣʝʡ ʥʘ ʞʝʩʪʢʠʭ ʜʠʩʢʘʭ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʥʝʠʩ-

ʧʨʘʚʥʳʭ ʞʝʩʪʢʠʭ ʜʠʩʢʘʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʧʫʪʝʤ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʤʘʛʥʠʪʥʳʭ ʜʠʩʢʦʚ ʚʠʥʯʝʩʪʝʨʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʭʨʘʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, 

ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʧʘʤʷʪʠ ʢʦʤʧʴʶʪʝʨʘ ʦʙʫʩʣʘʚʣʠ-

ʚʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʦʙʦʟʥʘʯʝʥʥʦʡ ʧʨʦʙʣʝʤʳ.  

ʇʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʢʣʘʩʩʠʬʠʢʘʮʠʷʤ ʫʛʨʦʟ ï ʧʦʪʝʨʷ ʜʘʥʥʳʭ ʥʘ ʞʝʩʪʢʦʤ 

ʜʠʩʢʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʤ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʫʱʝʨʙʘ. ɺʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʟʘʚʠʩʠʪ 

ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ 

ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʥʝʠʩʧʨʘʚʥʦʩʪʷʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʚʠʥʯʝʩʪʝʨʘ. ʌʠʟʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʭʦʜʦʤ ʠʟ ʩʪʨʦʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʧʨʦʙʣʝʤʘʤʠ 

ʩ ʜʚʠʛʘʪʝʣʝʤ ʨʘʩʢʨʫʪʢʠ ʤʘʛʥʠʪʥʦʛʦ ʜʠʩʢʘ ʠʣʠ ʨʘʟʤʘʛʥʠʯʠʚʘʥʠʝʤ ʩʘʤʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʜʠʩʢʘ.  

ɺ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʙʣʦʢʘ ʤʘʛʥʠʪ-

ʥʳʭ ʛʦʣʦʚʦʢ. ʄʘʛʥʠʪʥʳʝ ʜʠʩʢʠ ʩʦʩʪʦʷʪ ʠʟ ʘʣʶʤʠʥʠʝʚʦʡ, ʨʝʞʝ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʠʣʠ ʩʪʝʢʣʷʥʥʦʡ ʦʩʥʦʚʳ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʚ ʚʠʜʝ ʪʦʥʢʦʡ ʧʣʸʥʢʠ ʬʝʨ-

ʨʦʤʘʛʥʝʪʠʢʘ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʥʦʩʠʪʝʣʝʤ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʦ-

ʣʦʚʢʘʤʠ ʚ ʚʠʥʯʝʩʪʝʨʝ ʥʘʭʦʜʷʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʘʜʘʧʪʠʚʳ, ʠʤʝʶʱʠʝ ʠʥʜʠ-

ʚʠʜʫʘʣʴʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʚʠʥʯʝʩʪʝʨʘ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʘʤʧʣʠʪʫ-

ʜʳ ʠ ʚʨʝʤʝʥʘ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ. ʇʦʣʦʤʢʘ ʙʣʦʢʘ ʤʘʛʥʠʪ-

ʥʳʭ ʛʦʣʦʚʦʢ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʦʡ, ʝʩʣʠ ʞʝʩʪʢʠʡ ʜʠʩʢ ʥʘʯʠʥʘʝʪ 

ʰʫʤʥʦ ʨʘʙʦʪʘʪʴ, ʤʘʛʥʠʪʥʳʝ ʛʦʣʦʚʢʠ ʥʝ ʩʯʠʪʳʚʘʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʘ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨ ʧʝʨʝʩʪʘʝʪ ʦʧʨʝʜʝʣʷʪʴ ʞʝʩʪʢʠʡ ʜʠʩʢ.  

ɺʦʩʩʪʘʥʦʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʫʪʝʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʤʘʛʥʠʪʥʳʭ ʜʠʩʢʦʚ 

ʚʠʥʯʝʩʪʝʨʘ ʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ (ʚʳʰʝʜʰʝʛʦ ʠʟ ʩʪʨʦʷ ʠ ʥʦʚʦʛʦ) ʦʜʠʥʘʢʦʚʳ.  ʇʨʠ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʠ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʠʩʧʨʘʚʥʦʩʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, 

ʧʦʜʢʣʶʯʝʥʥʦʛʦ ʢ ʢʦʤʧʴʶʪʝʨʫ. ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʨʘʟʦʙʨʘʪʴ ʚʠʥʯʝʩʪʝʨ ʠ ʩʥʷʪʴ 

ʤʘʛʥʠʪʥʳʡ ʜʠʩʢ ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʛʦʣʦʚʢʠ ʤʘʛʥʠʪʥʦʛʦ ʙʣʦʢʘ ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʨʝʞʠʤʝ ʧʘʨʢʦʚʢʠ ʚ ʧʘʨʢʦʚʦʯʥʦʡ ʯʘʩʪʠ ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ. ʊʘʢʦʝ ʧʦʣʦ-

ʞʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʙʣʦʢʘ ʧʨʝʜʦʪʚʨʘʪʠʪ ʧʦʚʨʝʞʜʝʥʠʝ ʛʦʣʦʚʦʢ ʠ ʨʘʙʦʯʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʧʣʘʩʪʠʥ. ɺ ʨʘʟʦʙʨʘʥʥʦʤ ʥʦʚʦʤ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʝ-

ʣʠʪʴ ʤʘʛʥʠʪʥʳʡ ʜʠʩʢ ʦʪ ʜʚʠʛʘʪʝʣʷ ʠ ʟʘʤʝʥʠʪʴ ʝʛʦ ʥʘ ʤʘʛʥʠʪʥʳʡ ʜʠʩʢ ʩ ʠʥ-

ʬʦʨʤʘʮʠʝʡ, ʚʟʷʪʳʡ ʠʟ ʥʝʠʩʧʨʘʚʥʦʛʦ ʚʠʥʯʝʩʪʝʨʘ. ʉʦʙʨʘʥʥʳʡ ʚʥʦʚʴ ʞʝʩʪʢʠʡ 

ʜʠʩʢ ʩ ʧʦʤʦʱʴʶ ʥʦʚʳʭ ʤʘʛʥʠʪʥʳʭ ʛʦʣʦʚʦʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʤ, ʥʘʯʠʥʘʝʪ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʢʦʪʦʨʘʷ ʭʨʘʥʠʣʘʩʴ ʥʘ ʤʘʛʥʠʪʥʳʭ ʜʠʩʢʘʭ ʥʝʠʩ-

ʧʨʘʚʥʦʛʦ ʚʠʥʯʝʩʪʝʨʘ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʝʠʩ-

ʧʨʘʚʥʦʩʪʠ ʙʣʦʢʘ ʤʘʛʥʠʪʥʳʭ ʛʦʣʦʚʦʢ ʚʠʥʯʝʩʪʝʨʘ ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʠʥʬʦʨ-
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ʤʘʮʠʶ ʥʘ ʞʝʩʪʢʦʤ ʜʠʩʢʝ ʢʦʤʧʴʶʪʝʨʘ ʧʫʪʝʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʤʘʛʥʠʪʥʳʭ ʜʠʩʢʦʚ 

ʧʨʠ ʥʘʣʠʯʠʠ ʜʚʫʭ ʠʜʝʥʪʠʯʥʳʭ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 

ʧʫʪʝʤ ʧʝʨʝʩʪʘʥʦʚʢʠ ʤʘʛʥʠʪʥʳʭ ʜʠʩʢʦʚ ʚʠʥʯʝʩʪʝʨʘ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʦʚ-

ʧʘʜʝʥʠʠ ʩʝʨʠʠ, ʬʠʨʤʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʠ ʚʩʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʠʥʘʢʦʚʳʡ ʦʙʲʝʤ ʠ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ 

ʞʝʩʪʢʦʛʦ ʜʠʩʢʘ, ʠʜʝʥʪʠʯʥʳʡ ʨʘʟʤʝʨ ʢʣʘʩʪʝʨʘ ʥʘ ʤʘʛʥʠʪʥʦʤ ʜʠʩʢʝ ʠ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪ ʭʨʘʥʝʥʠʝ ʦʜʠʥʘʢʦʚʦʛʦ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʠ. 
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ʈʦʩʩʠʷ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
 

ɼʣʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʛʘʟʦʚʦʡ ʩʤʘʟʢʦʡ ʬʦʨʤʘ ʩʤʘʟʦʯʥʦʛʦ ʟʘʟʦʨʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷ-

ʝʪ ʚʝʣʠʯʠʥʫ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ, ʧʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʪʫ 

ʬʦʨʤʫ, ʠʤʝʶʪ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʸʤ, ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ, 

ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳʤ ʧʨʠ ʨʘʩʯʝʪʝ ʥʝʩʫʱʝʛʦ ʛʘʟʦʚʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦ-

ʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ ʨʝʰʘʪʝʣʠ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʫʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʛʘʟʦʚʦʡ ʩʤʘʟʢʠ, ʦʩʥʦ-

ʚʘʥʥʳʝ ʥʘ ʫʨʘʚʥʝʥʠʠ ʈʝʡʥʦʣʴʜʩʘ. ʆʜʥʘʢʦ ʧʦʣʥʳʡ ʨʘʩʯʝʪ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʛʘʟʘ ʚ ʢʦʣʦʜʢʫ 

ʛʘʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʚ ʪʘʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʚʩʪʨʝʯʘʝʪ ʤʝʪʦʜʠʯʝʩʢʠʝ ʩʣʦʞʥʦʩʪʠ: ʚ 

ʩʠʩʪʝʤʝ ʧʦʜʘʯʠ ʛʘʟʘ ʚʦʟʥʠʢʘʶʪ ʪʫʨʙʫʣʝʥʪʥʳʝ ʪʝʯʝʥʠʷ, ʨʘʩʯʝʪ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦ-

ʚʦʜʠʪʴ ʚ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʅʘʚʴʝ -ʉʪʦʢʩʘ ʩ ʧʦʜʢʣʶʯʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʘ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ ʪʝʯʝʥʠʝ ʣʘʤʠʥʘʨʥʦʝ. ʈʘʩʩʤʦʪʨʝʥʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʨʘʩʯʝʪʘ ʥʝʩʫʱʝʛʦ ʛʘʟʦʚʦʛʦ ʩʣʦʷ ʚ ʧʦʣʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʅʘʚʴʝ ïʉʪʦʢʩʘ. ʇʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠ-

ʢʘʮʠʷ ʤʝʪʦʜʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʚʝʩʪʥʳʭ ʘʚʪʦʤʦʜʝʣʴʥʳʭ ʨʝʰʝʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʦʪʨʘʙʦ-

ʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʣʦʜʢʠ ʩ ʧʨʦʩʪʳʤʠ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ, ʢʦʣʦʜʢʠ ʩ ʱʝʣʝʚʳʤ ʩʦʧʣʦʤ ʠ ʩʣʦʞʥʳʭ ʢʦʣʦʜʦʢ ʩ ʧʦʜʥʫʪʨʝʥʠʷ-

ʤʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʈʵʣʝʷ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʘʟʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʜʰʠʧʥʠʢ, ʢʦʣʦʜʢʠ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʥʝʩʫ-

ʱʠʡ ʛʘʟʦʚʳʡ ʩʣʦʡ, ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʧʨʦʬʠʣʴ ʈʵʣʝʷ. 

 

ɺʚʝʜʝʥʠʝ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʤʦʜʝʣʴʥʳʭ 

ʢʦʣʦʜʦʢ ʛʘʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʦʩʥʦʚʘʥ ʥʘ 

ʩʦʟʜʘʥʠʠ ʧʦʜʲʸʤʥʦʡ ʩʠʣʳ ʧʫʪʝʤ ʥʘʛʥʝʪʘʥʠʷ ʚʦʟʜʫʭʘ ʚʥʝʰʥʠʤ ʫʩʪʨʦʡʩʪʚʦʤ.  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʛʘʟʦʚʳʭ ʦʧʦʨ ʧʝʨʝʜ ʠʥʞʝʥʝʨʘʤʠ 

ʩʪʦʠʪ ʟʘʜʘʯʘ ï ʚʳʙʦʨʘ ʤʝʪʦʜʘ ʠ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʘʟʦʚʳʭ ʦʧʦʨ. ʂ 
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ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʘʟʦ-

ʩʪʘʪʠʯʝʩʢʠʭ ʧʦʜʰʠʧʥʠʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ.  

ʇʝʨʝʭʦʜ ʥʘ ʙʝʟʤʘʩʣʷʥʳʝ ʪʨʘʥʩʤʠʩʩʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʛʘʟʦʚʳʝ ʧʦʜ-

ʰʠʧʥʠʢʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩʚʷʟʘʥ ʩ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʨʝʜʩʪʚ ʘʵʨʦ-

ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ, ʜʚʠʛʘʪʝʣʝʡ, ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʤʘʰʠʥ, 

ʪʫʨʙʦʭʦʣʦʜʠʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ. 

ʈʘʙʦʪʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʛʘʟʦʚʦʡ ʩʤʘʟʢʠ ʚ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʪʫʨʙʦ-

ʤʘʰʠʥʘʭ ʚʝʜʫʪʩʷ ʩ ʥʘʯʘʣʘ 50-ʭ ʛʦʜʦʚ. ɺ ʉʉʉʈ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʵʪʠ ʨʘ-

ʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʠ ʧʨʦʚʦʜʷʪʩʷ ʚ ʄɻʊʋ ʠʤ. ɹʘʫʤʘʥʘ, ʅʇʆ ɻʝʣʠʡʤʘʰ, ʅʇʆ 

ʂʨʠʦʛʝʥʤʘʰ, ʅʇʆ "ʅʘʫʢʘ", ʄɸʀ, ɼɻʋ. ɿʘ ʨʫʙʝʞʦʤ ʪʘʢʠʝ ʨʘʙʦʪʳ ʚʝʜʫʪʩʷ ʚ 

ʬʠʨ-Maxi-Garret ï AiResearch (Allied Signal), General Electric, MTI, United 

Technologies ʉʦʬ., MITI  (ʉʐɸ) Air  Liquid, ABG Semka (ʌʨʘʥʮʠʷ), British 

Oxygen (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ) ʠ ʜʨ.  

ʇʨʦʙʣʝʤʝ ʧʦʜʰʠʧʥʠʢʦʚ ʥʘ ʛʘʟʦʚʦʡ ʩʤʘʟʢʝ ʧʦʩʚʷʱʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴ-

ʥʳʝ ʪʨʫʜʳ ʐʝʡʥʙʝʨʛʘ [1] ʠ ʂʦʥʩʪʘʥʪʠʥʝʩʢʫ [2], ʈʠʧʧʝʣʘ [3], ɻʨʵʩʩʝʤʘ ʠ 

ʇʘʫʵʣʣʘ[4]. ʆʪʤʝʪʠʤ ʪʘʢ ʞʝ ʨʘʙʦʪʳ ʂʦʪʣʷʨʘ [5], ɿʘʙʣʦʮʢʦʛʦ [6]. ʃʦʡʮʷʥʩʢʦ-

ʛʦ ʠ ʉʪʝʧʘʥʷʥʮʘ [7], [8], [9]. ʇʦʜʨʦʙʥʳʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ ʨʘʙʦʪ, ʧʦʩʚʷ-

ʱʝʥʥʳʭ ʧʦʜʰʠʧʥʠʢʘʤ ʥʘ ʛʘʟʦʚʦʡ ʩʤʘʟʢʝ, ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ ɹʫʣʘʪʘ ʄ.ʇ., 

ɹʫʣʘʪʘ ʇ.ɺ. [10].  

ʈʘʟʣʠʯʘʶʪ ʛʘʟʦʩʪʘʪʠʯʝʩʢʠʝ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʛʠʙʨʠʜʥʳʝ ʧʦʜʰʠʧ-

ʥʠʢʠ, ʩ ʧʦʜʨʦʙʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʨʘʙʦʪʝ ɹʫʣʘʪʘ 

ʄ.ʇ., ɹʫʣʘʪʘ ʇ.ɺ. [11]. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [12, 13, 14] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ 

ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʘ ʠʣʠ 

ʢ ʝʛʦ ʧʦʣʥʦʡ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʀʟ ʦʧʳʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʦʧʦʨ ʩ ʚʥʝʰʥʠʤ ʥʘʜʜʫʚʦʤ ʠʟ-

ʚʝʩʪʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʚʝʩʴʤʘ ʤʘʣʳʤ ʜʠʘʤʝʪʨʘʤ ʧʠʪʘʶʱʠʭ 

ʦʪʚʝʨʩʪʠʡ (ʤʝʥʴʰʝ 0,1 ʤʤ). ʉʪʨʝʤʣʝʥʠʝ ʢ ʤʘʣʳʤ ʜʠʘʤʝʪʨʘʤ ʧʠʪʘʪʝʣʝʡ ʜʠʢ-

ʪʫʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ ʯʝʨʝʟ ʧʦʜʰʠʧ-

ʥʠʢ. ʏʝʤ ʤʝʥʴʰʝ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʠ ʙʦʣʴʰʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʪʝʤ ʙʦʣʴʰʝ 

ʞʝʩʪʢʦʩʪʴ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ. ɾʝʩʪʢʦʩʪʴ ʧʦʥʠʤʘʝʪʩʷ ʚ ʪʦʤ ʞʝ ʩʤʩrʣʝ, ʢʘʢ ʠ ʫ 

ʧʨʫʞʠʥʳ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʝʣʦ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ 

ʠʜʝʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʛʘʟʦʩʪʘʪʠʯʝʩʢʠʭ ʧʦʜʰʠʧʥʠʢʘʭ ʚʢʣʘʜʳʰʝʡ ʩ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. 

ʇʦʨʠʩʪʳʝ ʨʘʜʠʘʣʴʥʳʝ ʧʦʜʰʠʧʥʠʢʠ ʩ ʚʥʝʰʥʠʤ ʥʘʜʜʫʚʦʤ ʛʘʟʘ ʙʳʣʠ 

ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʳ ʚ ʨʘʙʦʪʝ ʈʦʙʠʥʩʦʥʘ ʠ ʉʪʝʨʨʠ [15]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʦʨʠʩʪʳʝ ʛʘʟʦʚʳʝ ʧʦʜʰʠʧʥʠʢʠ ʩ ʚʥʝʰʥʠʤ ʥʘʜʜʫʚʦʤ ʦʙʣʘʜʘʶʪ ʧʨʠ ʧʨʦ-

ʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ, ʣʫʯʰʝʡ ʥʝ-

ʩʫʱʝʡ ʠ ʜʝʤʧʬʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʦʥʠ ʤʝʥʝʝ ʩʢʣʦʥʥʳ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʛʘʟʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʢʘʟʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʦʜʰʠʧʥʠʢʠ ʩ ʧʦʨʠʩʪʳʤʠ ʚʢʣʘ-

ʜʳʰʘʤʠ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ:  
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ī ʠʟʤʝʥʝʥʠʝ ʛʘʟʦʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʤʝ-

ʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚʩʣʝʜʩʪʚʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʛʦ ʩʣʦʷ; 

ī ʧʦʜʰʠʧʥʠʢʠ ʩ ʧʦʨʠʩʪʳʤʠ ʚʢʣʘʜʳʰʘʤʠ ʥʝʩʪʘʙʠʣʴʥʳ ʚ ʨʘʟʤʝʨʘʭ, 

ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʝʥ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ, ʘ ʦʪʩʶʜʘ ʠ ʧʦʚʳʰʝʥʥʳʡ ʨʘʩʭʦʜ 

ʵʥʝʨʛʠʠ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦʡ 

ʛʝʦʤʝʪʨʠʠ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʠ ʩʦʧʝʣ, ʯʪʦ ʙ  rʞʝʩʪʢʦʩʪʴ ʠ ʵʢʦʥʦ-

ʤʠʯʥʦʩʪʴ ʛʘʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʧʦʜʰʠʧʥʠʢʘ ʩ ʧʦʨʠʩʪʳʤʠ ʚʢʣʘʜʳʰʘʤʠ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ ʩʫʱʝʩʪʚʝʥ-

ʥʦʤ ʤʝʥʴʰʝ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʘʟʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʦʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʛʘʟʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ (ʤʘʣʦʡ ʥʝʩʫʱʝʡ ʠ ʜʝʤʧʬʠ-

ʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʩʤʘʟʦʯʥʦʛʦ ʛʘʟʦʚʦʛʦ ʩʣʦʷ, ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʨʘʙʦʪʳ), 

ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. ɼʣʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʛʘʟʦʚʦʡ ʩʤʘʟʢʦʡ ʬʦʨʤʘ ʩʤʘʟʦʯ-

ʥʦʛʦ ʟʘʟʦʨʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʜʰʠʧ-

ʥʠʢʘ, ʧʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʵʪʫ ʬʦʨʤʫ, ʠʤʝʶʪ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʚʦʸʤ, ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. 

1. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ  

1.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʀʟ ʪʝʦʨʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʤʘʟʢʠ [16] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʛʨʫʟʦʧʦʜʲʝʤ-

ʥʦʩʪʴ ʢʦʣʦʜʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʭʦʜʦʤ ʨʘʙʦʯʝʛʦ ʛʘʟʘ. ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʷʤʦʡ 

ʟʘʜʘʯʠ (ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʦʧʦʨʳ ʧʦ ʟʘʜʘʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ʩʤʘ-

ʟʦʯʥʦʛʦ ʩʣʦʷ) ʦʧʪʠʤʠʟʘʮʠʶ ʢʦʣʦʜʢʠ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʘ-

ʜʘʥʥʦʤ ʨʘʩʭʦʜʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʣʦʜʢʦʡ ʙʫʜʝʪ ʪʘ, 

ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʭʦʜʝ ʦʙʝʩʧʝʯʠʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ. 

ɺ ʩʣʫʯʘʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ (ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ, ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʦʨʳ) ʦʧʪʠʤʘʣʴʥʦʡ ʙʫʜʝʪ ʢʦʣʦʜʢʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʤʠʥʠ-

ʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʧʨʠ ʟʘʜʘʥʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʰʝʥʠʷ ʧʨʷʤʳʭ ʟʘʜʘʯ ʜʣʷ ʢʦʣʦʜʦʢ ʩ 3 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʠʪʘʪʝʣʷʤʠ, ʩ ʧʨʦʩʪʳʤ ʱʝʣʝʚʳʤ ʦʪʚʝʨʩʪʠʝʤ ʠ ʢʦʣʦʜʦʢ ʩʦ 

ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ. 

ʇʨʠʚʦʜʠʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʨʝʘʣʠʟʫʶʱʠʭʩʷ ʚ ʥʝʩʫʱʝʤ ʛʘʟʦʚʦʤ 

ʩʣʦʝ, ʪʝʯʝʥʠʝ ʚ ʩʠʩʪʝʤʝ ʧʦʜʘʯʠ ʩʯʠʪʘʝʤ ʟʘʜʘʥʥʳʤ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʟʘʜʘʯʠ 

ʦʧʦʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʣʦʜʢʠ ʙʳʣʘ ʨʘʟʚʝʨʥʫʪʘ ʥʘ ʧʣʦʩʢʦʩʪʴ. ʊʘʢʦʡ ʧʦʜʭʦʜ 

ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤ, ʪ.ʢ. ʪʦʣʱʠʥʘ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʨʘʟʤʝʨʦʤ ʢʦʣʦʜʢʠ. ɿʘʜʘʯʠ ʨʝ-

ʰʘʣʠʩʴ ʚ ʣʘʤʠʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. 

1.2 ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʟʘʪʨʫʜʥʝʥʠʡ ʧʨʠ ʘʥʘʣʠʟʝ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʚʥʝh-

ʥʠʤ ʥʘʜʫʚʦʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʩʠʩʪʝʤʝ ʧʦʜʘʯʠ ʜʚʫʭ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʷ ʛʘʟʘ: 

ʣʘʤʠʥʘʨʥʦʛʦ ʠ ʪʫʨʙʫʣʝʥʪʥʦʛʦ. ʊʘʢ, ʚ ʩʠʣʫ ʤʘʣʦʩʪʠ, ʪʦʣʱʠʥʳ ʩʤʘʟʦʯʥʦʛʦ 

ʩʣʦʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʧʦʜʰʠʧʥʠʢʘ, ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ 
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ʪʝʯʝʥʠʝ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ ʣʘʤʠʥʘʨʥʳʤ. ɺ ʩʠʩʪʝʤʝ ʧʦʜʘʯʠ ʛʘʟʘ ʪʝʯʝʥʠʝ ï ʪʫʨ-

ʙʫʣʝʥʪʥʦʝ (ʨʠʩ.1ʘ). ʅʘ ʨʠʩ. 1ʙ ʧʦʜ ʮʝʥʪʨʘʣʴʥʳʤ ʧʠʪʘʪʝʣʝʤ ʚʠʜʥʦ ʥʘʣʠʯʠʝ 

ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʠʩʪʝʯʝʥʠʷ. ʊʘʢʠʝ ʨʝʞʠʤʳ ʠʩʪʝʯʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝ-

ʩʪʠ ʢ ʟʘʧʠʨʘʥʠʶ ʯʘʩʪʠ ʦʪʚʝʨʩʪʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʦʣʝʙʘʥʠʡ [17, 18]. ɺʟʘʠ-

ʤʦʜʝʡʩʪʚʠʝ ʩʚʝʨʭʟʚʫʢʦʚʦʡ ʩʪʨʫʠ ʩ ʧʨʝʛʨʘʜʦʡ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ ɻʠʥʟʙʫʨʛʘ 

ʀ.ʇ., Cʦʢʦʣʚʘ ɽ.ʀ., ʋʩʢʦʚʘ ɺ.ʅ. [19]. 

 
ʈʠʩ. 1. ʊʝʯʝʥʠʝ ʛʘʟʘ ʚ ʩʠʩʪʝʤʝ ʧʦʜʘʯʠ: ʘ) ʆʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʚʦʛʦ ʪʝʯʝʥʠʷ; 

ʙ) ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʜʣʷ ʢʦʣʦʜʢʠ ʩ 3 ʩʝʨʧʦʚʠʜʥʳʤʠ ʙʦʨʦʟʜʢʘʤʠ 
 

ɺʠʭʨʝʚʳʝ ʪʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ ʧʦʣʥʳʭ ʫʨʘʚ-

ʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ, Transition SST, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʜʚʫʭ ʫʨʘʚʥʝʥʠʷʭ ʧʝʨʝʥʦʩʘ, ʦʜʥʦ ʠʟ ʢʦ-

ʪʦʨʳʭ ʜʣʷ ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ, ʘ ʜʨʫʛʦʝ ʜʣʷ ʢʨʠʪʝʨʠʝʚ ʥʘʧʦʨʘ ʚ ʪʝʨʤʠʥʘʭ ʯʠʩʣʘ 

ʈʝʡʥʦʣʴʜʩʘ, ʧʦʩʯʠʪʘʥʥʦʛʦ ʜʣʷ ʤʦʤʝʥʪʘ ʪʦʣʱʠʥʳ ʧʦʪʝʨʠ ʠʤʧʫʣʴʩʘ. Transition 

SST ʤʦʜʝʣʴ Transition SST ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʠʩʘʪʴ ʪʫʨʙʫʣʝʥʪ-

ʥʦʩʪʴ, ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʝʥʦʩʘ ʠ ʧʦʢʘʟʳʚʘʝʪ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʨʘʩʯʝʪʝ ʧʨʠʩʪʝʥʦʯʥʳʭ ʦʙʣʘʩʪʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʛʘʟʦʚʦʡ ʩʤʘʟʢʠ 

ʈʝʡʥʦʣʴʜʩʘ [20], ʢʦʪʦʨʳʝ ʚʢʣʶʯʝʥʳ ʚ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʢʝʪʳ, ʥʘʧʨʠʤʝʨ 

Ansys CFX, ʜʣʷ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʰʠʪʴ 

ʨʝʰʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʧʠʪʘʪʝʣʝʡ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʩʰʠʚʢʫ ʨʝʰʝʥʠʷ ʚ ʩʤʘʟʦʯʥʦʤ 

ʩʣʦʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʢʘʢ ʚ ʩʠʩʪʝʤʝ ʧʦʜʘ-

ʯʠ, ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ, ʪʦʣʴʢʦ ʙʝʟ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʀʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʦʢʦʣʦʢʨʠʪʠʯʝʩʢʠʝ 

ʪʝʯʝʥʠʷ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʠʩʪʝʯʝʥʠʠ ʠʟ ʜʨʦʩʩʝʣʴʥʳʭ ʦʪʚʝʨʩʪʠʡ, ʚʷʟʢʦ-

ʥʝʚʷʟʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ 

ANSYS Fluent (http://www.ansys.com), ʨʝʰʘʪʝʣʴ, ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪ ʫʨʘʚ-

ʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ. 

ʍ  ʑ ʈ ɿȟ ʏ ɿȟ , 

Ͻɳʍʑᴆ π. 

ʛʜʝ ɛ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ (ʩʜʚʠʛʦʚʘʷ ʚʷʟʢʦʩʪʴ), ï çʚʪʦʨʘʷ 

ʚʷʟʢʦʩʪʴè, ʠʣʠ ʦʙʲʸʤʥʘʷ ʚʷʟʢʦʩʪʴ, ï ʜʝʣʴʪʘ ʂʨʦʥʝʢʝʨʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯ-

ʥʳʝ ʫʩʣʦʚʠʷ. 

http://itou.susu.ac.ru/index.php/2011-05-16-08-28-00/2011-05-18-14-07-14/188-ansys-cfx-
http://www.ansys.com/
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ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʟʘʜʘʝʪʩʷ ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦ-

ʨʦʩʪʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʝ ʫʨʘʚʥʝʥʠʶ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘʯʘʣʴʥʳʝ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʨʠ ʨʘʩʯʝʪʘʭ ʩʚʦʜʷʪ ʢ ʟʘʜʘʥʠʶ:  

ī ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ ʥʘ ʩʪʝʥʢʘʭ ʧʦʜʰʠʧʥʠʢʘ; 

ī ʜʘʚʣʝʥʠʡ ʥʝʚʦʟʤʫʱʝʥʥʦʛʦ ʧʦʪʦʢʘ ʥʘ ʢʨʘʷʭ ʧʦʜʰʠʧʥʠʢʘ (1 ʘʪʘ); 

ī ʫʩʣʦʚʠʡ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ ʧʦʣʥʦʦʭʚʘʪ-

ʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ (ʥʘ ʛʨʘʥʠʮʝ ʩʦʟʜʘʝʪʩʷ ʬʠʢʪʠʚʥʳʡ ʩʣʦʡ ʨʘʟʥʦʩʪʥʳʭ ʷʯʝʝʢ, 

ʩʢʦʨʦʩʪʴ ʚ ʢʦʪʦʨʳʭ ʟʘʜʘʝʪʩʷ ʨʘʚʥʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʢʪʦʨʘʤ ʩʢʦʨʦʩʪʠ ʚ ʛʨʘʥʠʯʥʳʭ ʷʯʝʡʢʘʭ); 

ī ʧʦʩʪʦʷʥʥʳʡ ʨʘʩʭʦʜ ʥʘ ʧʠʪʘʪʝʣʷʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʡ ʚʝʢʪʦʨ ʩʠʣ ʜʘʚʣʝʥʠʷ ʚ 

ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ ʠ ʚʠʟʫʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʜʘʚʣʝʥʠʡ. 

ʆʙʱʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʚʝʨʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʠʟʣʦʞʝʥʘ ʚ ʨʘ-

ʙʦʪʝ ɹʝʩʯʘʩʪʥʦʛʦ ɺ.ʅ. [21]. 

1.3 ɺʝʨʠʬʠʢʘʮʠʷ ʯʠʩʣʝʥʥʦʡ ʤʝʪʦʜʠʢʠ 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʙʳʣʘ ʦʪʨʘʙʦʪʘʥʘ ʥʘ ʧʨʦʩʪʦʡ ʢʦʣʦʜʢʝ ʩ 3 ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʠ ʢʦʣʦʜʢʝ ʩ ʦʜʥʠʤ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʱʝʣʝʚʳʤ ʩʦʧʣʦʤ. 

 
ʈʠʩ. 2.ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʚʘʣʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʡ ʩʠʩʪʝʤʳ ʧʦʜʘ-

ʯʠ ʨʘʙʦʯʝʛʦ ʪʝʣʘ, ʩʨʘʚʥʝʥʠʝ ʩ ʱʝʣʝʚʳʤ ʩʦʧʣʦʤ: 

a) d=0.5ʤʤ; b) d=1ʤʤ; c) d=2 ʤʤ; d) d=3 ʤʤ; e) d=4 ʤʤ; f) d=5 ʤʤ; g) h= 0,35 ʤʤ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦʢʘʟʘʣʠ (ʨʠʩ.2), ʯʪʦ ʠʟʦʣʠʥʠʠ ʜʘʚʣʝʥʠʡ ʧʦʣʥʦ-

ʩʪʴʶ ʧʦʚʪʦʨʷʶʪ ʘʚʪʦʤʦʜʝʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʢʥʠʛʝ ʂʦʥʩʪʘʥ-

ʪʠʥʝʩʢʫ [2]. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʷ ʜʘʚʣʝʥʠʡ ʜʣʷ 6 ʢʦʣʦʜʦʢ ʩ ʨʘʟʥʳʤ 

ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ ʠ 1 ʢʦʣʦʜʢʠ ʩ ʱʝʣʝʚʳʤ ʩʦʧʣʦʤ. ʀʩʪʝʯʝʥʠʝ ʛʘʟʘ ʠʟ ʟʘʟʦ-

ʨʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʜʚʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʦʨʦʥʳ  

ʢʦʣʦʜʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʧʨʠ-

ʤʝʥʠʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʤʘʟʦʯʥʦʤ ʩʣʦʝ ʛʘʟʦ-

ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ 

ʛʘʟʘ. ʕʪʦʪ ʬʘʢʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʛʨʫʟʦʧʦʜʲ-

ʝʤʥʦʩʪʠ. ʆʮʝʥʠʤ ʚʣʠʷʥʠʝ ʜʠʘʤʝʪʨʘ ʥʘ ʢʦʣʦʜʢʫ ʩ 3 ʧʨʦʩʪʳʤʠ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʢʦʣʦʜʢʠ ʩ 3 ʨʘʟʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʦʪʚʝʨʩʪʠʡ: 

1,3 ʠ 5 ʤʤ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʩʨʘʚʥʝʥʠʝ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʢʦʣʦʜʦʢ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʟʘʜʘʥʥʦʤ ʨʘʩʭʦʜʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ: 2; 4; 6 ʠ 9 ʛ/ʩ. 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ.3ʘ. ʅʘ ʛʨʘʬʠʢʝ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʰʢʘʣʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʟʥʘʯʝʥʠʡ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ. ɸʥʘ-

ʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʢʦʣʦʜʦʢ ʩ ʧʨʦʩʪʳʤ ʱʝʣʝʚʳʤ ʦʪʚʝʨ-

ʩʪʠʝʤ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʳ: 0,04, 0,35 ʠ 0,98 ʤʤ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ.3ʙ.  

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʦʪ ʟʘʜʘʥʥʦʛʦ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʘ) ʜʣʷ ʢʦʣʦʜʢʠ 

ʩ 3 ʦʪʚʝʨʩʪʠʷʤʠ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ, ʙ) ʜʣʷ ʢʦʣʦʜʢʠ ʩ 1 ʱʝʣʝʚʳʤ ʦʪʚʝʨʩʪʠʝʤ ʨʘʟʥʦʡ  

ʰʠʨʠʥʳ 
 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʘ ʧʨʠʤʝʨʥʦ 

ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ 

ʨʘʙʦʯʝʛʦ ʛʘʟʘ. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ ʜʣʷ ʢʦʣʦʜ-

ʢʠ ʩ 3 ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʫ ï ʦʥʠ ʧʝʨʝʩʝʢʘʶʪʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʟʘʜʘʥʥʦʡ ʛʨʫʟʦʧʦʜʲʝʤ-

ʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʢʦʣʦʜʢʘ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ ʦʙʝʩʧʝʯʠʚʘ-

ʶʱʘʷ ʤʠʥʠʤʘʣʴʥʳʡ ʨʘʩʭʦʜ. 

2. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

2.1 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʪʦʣʱʠʥʳ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ 

ʆʮʝʥʠʤ ʚʣʠʷʥʠʝ ʪʦʣʱʠʥʳ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʥʘ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʢʦ-

ʣʦʜʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʧʨʷʤʳʭ ʟʘʜʘʯ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʛʨʫʟʦʧʦʜʲʝʤ-

ʥʦʩʪʠ ʜʣʷ ʢʦʣʦʜʦʢ ʛʘʟʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʜʰʠʧʥʠʢʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʦʪʚʝʨ-

ʩʪʠʷʤʠ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ ʠ ʪʦʣʱʠʥʦʡ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ: 10, 20, 30, 40 ʠ 50 

ʤʢʤ (ʨʠʩ. 4). ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʟʘʜʘʥʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝ-

ʛʦ ʛʘʟʘ ï 5 ʛ/ʩ. 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʢʨʠʚʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʞʝʩʪʢʦʩʪʠ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ. 
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ɺ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ï 20 ʤʢʤ ʟʘʚʠʩʠʤʦʩʪʴ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ 

ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʣʠʥʝʡʥʦʡ, ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ 

ʠʟʤʝʥʝʥʠʠ ʪʦʣʱʠʥʳ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʢʦʣʦʜʢʠ, ʪ.ʝ. ʞʝʩʪʢʦʩʪʴ ʙʦʣʴʰʘʷ. ʉʤʘʟʦʯʥʳʡ ʩʣʦʡ ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʨʘʙʦʪʘʝʪ ʢʘʢ ʧʨʫʞʠʥʘ. ɺ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ï 50 ʤʢʤ ʠ ʜʘʣʴʰʝ ʤʦʞ-

ʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʦʩʪʦʷʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ, ʥʦ ʘʙʩʦʣʶʪ-

ʥʘʷ ʝʝ ʚʝʣʠʯʠʥʘ ʤʝʥʴʰʝ. ʆʙʣʘʩʪʴ 20 ï 30 ʤʢʤ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʟʦʥʦʡ ʥʝʯʫʚ-

ʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪ.ʢ. ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʩ ʠʟʤʝʥʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ, ʞʝʩʪʢʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘʷ. ʇʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʪʘ-

ʢʦʡ, ʯʪʦ ʚ ʧʠʪʘʶʱʠʭ ʦʪʚʝʨʩʪʠʷʭ ʚʦʟʥʠʢʘʝʪ ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʟʘʧʠʨʘʶʱʘʷ ʠʭ, 

ʵʪʦʪ ʧʨʦʮʝʩʩ ʜʣʠʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ ʧʦʢʘ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʦʣʦʜʢʫ ʥʝ ʜʦ-

ʩʪʠʛʘʝʪ ʥʝʢʦʪʦʨʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʧʨʦʪʦʣʢʥʫʪʴ ʚʦʣʥʫ 

ʚʥʫʪʨʴ ʩʠʩʪʝʤʳ.  

ɺ ʜʘʥʥʦʡ ʟʦʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʧʘʩʥʳʝ ʢʦʣʝʙʘʥʠʷ ʢʦʣʦʜʢʠ, ʪ.ʢ. 

ʩʪʝʧʝʥʴ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʢʨʘʡʥʝ ʤʘʣʘ ʠ ʛʘʟ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʧʝʨʝʤʝʱʝʥʠʶ ʚʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʣʦʜʢʠ. ʊʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʥʘʟʳʚʘʶʪ ʧʦʪʝʨʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ. 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ ʜʣʷ ʧʨʦʩʪʦʡ ʢʦʣʦʜʢʠ 

ʩ 3 ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. 

ʈʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ï 5 ʛ/ʩ. 
 

2.2 ʈʘʩʯʝʪ ʢʦʣʦʜʦʢ ʩʦ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ 

ɺ ʨʘʙʦʪʝ ʈʵʣʝʷ ʧʦ ʪʝʦʨʠʠ ʛʘʟʦʚʦʡ ʩʤʘʟʢʠ [16] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʥʝʩʞʠ-

ʤʘʝʤʦʡ ʩʤʘʟʢʠ ʦʧʪʠʤʘʣʴʥʳʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ, ʷʚʣʷʝʪʩʷ ʦʜ-

ʥʦʩʪʫʧʝʥʯʘʪʳʡ ʢʫʩʦʯʥʦ-ʧʦʩʪʦʷʥʥʳʡ ʧʨʦʬʠʣʴ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʪʝʦʨʠʝʡ 

ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʝ ʛʘʟʦʩʪʘʪʠʯʝʩʢʠʝ ʢʦʣʦʜʢʠ: ʢʦʣʦʜʢʘ c ʧʨʦʩʪʳʤʠ ʮʠʣʠʥ-

ʜʨʠʯʝʩʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʩ ʧʦʜʥʫʪʨʝʥʠʷʤʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʣʠʥʠʷʤ ʚʣʠ-

ʷʥʠʷ ʠ ʢʦʣʦʜʢʘ ʩ ʧʦʜʥʫʪʨʝʥʠʷʤʠ ʈʵʣʝʷ (ʨʠʩ. 5). 
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ʈʠʩ. 5. ʘ) ʢʦʣʦʜʢʘ c ʧʨʦʩʪʳʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʩ ʧʦʜʥʫʪʨʝʥʠʷʤʠ ʨʘʩʧʦʣʦ-

ʞʝʥʥʳʤʠ ʧʦ ʣʠʥʠʷʤ ʚʣʠʷʥʠʷ; ʙ) ʢʦʣʦʜʢʘ ʩ ʧʦʜʥʫʪʨʝʥʠʷʤʠ ʈʵʣʝʷ  

(ʩʪʨʝʣʢʘʤʠ 1-14 ʫʢʘʟʘʥʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʠʪʘʪʝʣʝ) 
 

ʂʦʣʦʜʢʘ c ʧʨʦʩʪʳʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʩ ʧʦʜʥʫʪʨʝʥʠʷʤʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ ʣʠʥʠʷʤ ʚʣʠʷʥʠʷ (ʨʠʩ.5ʘ) ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠ-

ʧʘ ʧʦʨʠʩʪʳʭ ʢʦʣʦʜʦʢ: ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʧʠʪʘʶʱʠʭ ʦʪʚʝʨʩʪʠʡ ʩ ʤʘʣʝʥʴʢʠʤ ʜʠʘ-

ʤʝʪʨʦʤ 0.5 ʤʤ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʪʚʝʨʩʪʠʡ ʨʘʟʜʝʣʝʥʦ ʧʦ ʩʝʢʪʦʨʘʤ. ʇʦʜ ʢʘʞʜʳʤ 

ʧʠʪʘʪʝʣʝʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʦʜʥʫʪʨʝʥʠʝ ï ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʫʛʣʫʙʣʝʥʠʝ ʪʦʣ-

ʱʠʥʦʡ 1/3 ʩʤʘʟʦʯʥʦʛʦ ʩʣʦʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʈʵʣʝʷ ʪʘʢʦʝ ʨʝʝh-

ʥʠʝ ʜʦʣʞʥʦ ʫʚʝʣʠʯʠʪʴ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ. ɺʦʟʜʫʭ ʚ ʢʦʣʦʜʢʫ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ 

ʮʝʥʪʨʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʠ ʟʘʪʝʤ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʧʦʣʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʦʡ↑ ʥʘ 

ʚʥʝʰʥʝʡ↑ ʩʪʦʨʦʥʝ ʦʧʦʨʳ. ʆʪʪʫʜʘ ʚʦʟʜʫʭ ʧʦʩʪʫʧʘʝʪ ʚ ʧʠʪʘʶʱʠʝ ʦʪʚʝʨʩʪʠʷ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʦʪʚʝʨʩʪʠʡ ʧʨʝʩʣʝʜʫʝʪ ʟʘʜʘʯʫ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʚʥʦ-

ʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʦ ʦʧʦʨʥʦʡ↑ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʦʣʦʜʢʘ ʩ ʧʦʜʥʫʪʨʝʥʠʷʤʠ ʈʵʣʝʷ (ʨʠʩ. 5ʙ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʦʨʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʠʪʘʪʝʣʷʤʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ ʥʘ 

ʨʠʩ.5ʙ (ʧʠʪʘʪʝʣʠ ʫʢʘʟʘʥʳ ʩʪʨʝʣʢʘʤʠ). ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʶʱʠʭ ʦʪʚʝʨ-


























































































































































































































