
ƓƬƭƫƺƴƧƷƵƫƴƧǆ ƴƧƺƾƴƧǆ ƱƵƴƻƬƷƬƴƽƯǆ «ƙƬƼƴƵƱƵƴƪƷƬƸƸ»                                                      www.t-

nauka.ru 

1  



ƓƬƭƫƺƴƧƷƵƫƴƧǆ ƴƧƺƾƴƧǆ ƱƵƴƻƬƷƬƴƽƯǆ «ƙƬƼƴƵƱƵƴƪƷƬƸƸ»                                                      www.t-nauka.ru 

         1 
 

  

           ʉɹʆʈʅʀʂ ʉʊɸʊɽʁ ʉɽʄʅɸɼʎɸʊʆʁ ʄɽɾɼʋʅɸʈʆɼʅʆʁ ʅɸʋʏʅʆʁ ʂʆʅʌɽʈɽʅʎʀʀ 

çʊɽʍʅʆʂʆʅɻʈɽʉʉè 

20 ʥʦʙ̫ʨʷ 2017 ʛ. 

ɹɹʂ ʏ 214(2ʈʦʩ-4ʂʝ)73ʷ431 

ISBN  

ʂʝʤʝʨʦʚʦ ʋɼʂ 378.001. ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ XVII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 
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ʅʠʢʠʪʠʥ ʇʘʚʝʣ ʀʛʦʨʝʚʠʯ - ʛʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʚʳʧʫʩʢ ʞʫʨʥʘʣʘ. 

ɹʘʷʥʦʚ ʀʛʦʨʴ ɺʘʜʠʤʦʚʠʯ - ʤʘʪʝʤʘʪʠʢ, ʩʧʝʮʠʘʣʠʩʪ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
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ʤʦʜʝʨʘʮʠʶ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʩʪʘʪʝʡ. 

ɿʠʤʠʥʘ ʄʘʨʠʷ ʀʛʦʨʝʚʥʘ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʬʠʥʘʣʴʥʫʶ 

ʤʦʜʝʨʘʮʠʶ ʠ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ ʩʪʘʪʝʡ. 

ɸ.ʆ. ʉʝʨʛʝʝʚʘ (ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʘʜʤʠʥʠʩʪʨʘʪʦʨ) [ʠ ʜʨ.];  

ʂʝʤʝʨʦʚʦ 2017 

ɺ ʩʙʦʨʥʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʜʦʢʣʘʜʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 

ʎʝʣʴ ï ʧʨʠʚʣʝʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʢ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʦʚ ʚʳʧʦʣʥʝʥʠʷ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʨʘʟʚʠʪʠʝ ʠʥʠʮʠʘʪʠʚʳ ʚ ʫʯʝʙʝ ʠ ʙʫʜʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 

ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ.  

ɼʣʷ ʩʪʫʜʝʥʪʦʚ, ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʚʫʟʦʚ. 
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ʌʦʨʤʘʪ 14,8Ĭ21 1/4. | ʋʩʣ. ʧʝʯ. ʣ. 2.2. | ʊʠʨʘʞ 200. 

ɺʩʝ ʩʪʘʪʴʠ ʧʨʦʭʦʜʷʪ ʨʝʮʝʥʟʠʨʦʚʘʥʠʝ (ʵʢʩʧʝʨʪʥʫʶ ʦʮʝʥʢʫ). 

ʊʦʯʢʘ ʟʨʝʥʠʷ ʨʝʜʘʢʮʠʠ ʥʝ ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʟʨʝʥʠʷ ʘʚʪʦʨʦʚ ʧʫʙʣʠʢʫʝʤʳʭ ʩʪʘʪʝʡ. 

ɸʚʪʦʨʳ ʩʪʘʪʝʡ ʥʝʩʫʪ ʧʦʣʥʫʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʩʪʘʪʝʡ ʠ ʟʘ ʩʘʤ ʬʘʢʪ ʠʭ ʧʫʙʣʠʢʘʮʠʠ. 

ʈʝʜʘʢʮʠʷ ʥʝ ʥʝʩʝʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʝʨʝʜ ʘʚʪʦʨʘʤʠ ʠ/ʠʣʠ ʪʨʝʪʴʠʤʠ ʣʠʮʘʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʟʘ 

ʚʦʟʤʦʞʥʳʡ ʫʱʝʨʙ, ʚʳʟʚʘʥʥʳʡ ʧʫʙʣʠʢʘʮʠʝʡ ʩʪʘʪʴʠ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʟʘʠʤʩʪʚʦʚʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʩʩʳʣʢʘ ʦʙʷʟʘʪʝʣʴʥʘ.  
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ɻʨʠʮʝʥʢʦ ʖʣʠʷ ʉʝʨʛʝʝʚʥʘ 

Gritsenko Julia Sergeevna 

ʩʪʫʜʝʥʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʧʨʦʬ. 

ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ, ʬʘʢʫʣʴʪʝʪ ʀɺʆ, E-mail: gricenco.yulya@yandex.ru  

 

ɼʫʥʘʝʚʘ ɸʥʘʩʪʘʩʠʷ ɸʣʝʢʩʝʝʚʥʘ 

Dunaeva Anastasia Alexeevna 
ʩʪʫʜʝʥʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʧʨʦʬ. 

ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ, ʬʘʢʫʣʴʪʝʪ ʀɺʆ, E-mail: anastasiydunaeva@yandex.ru  

 

ʆʢʠʰʝʚʘ ʂʩʝʥʠʷ ʖʨʴʝʚʥʘ 

Okisheva Ksenia Yurievna 

ʩʪʫʜʝʥʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʧʨʦʬ. 

ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ, ʬʘʢʫʣʴʪʝʪ ʀɺʆ 

 

ʉʫʶʥʜʫʢʦʚʘ ɸʣʠʥʘ ɸʣʠʢʦʚʥʘ 

Suyundukova Alina Alikovna 
ʩʪʫʜʝʥʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʧʨʦʬ. 

ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ, ʬʘʢʫʣʴʪʝʪ ʀɺʆ 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʉʘʛʜʝʝʚ ɸʣʝʢʩʘʥʜʨ ʂʦʥʩʪʘʥʪʠʥʦʚʠʯ 

Sagdeev Alexander Konstantinovich 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʮʠʢʣʘ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʩʨʝʜʩʪʚ ʠ ʢʦʤʧʣʝʢʩʦʚ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠʤ. ʧʨʦʬ. ʄ.ɸ. ɹʦʥʯ-ɹʨʫʝʚʠʯʘ 
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LUN SECURITY CON CERNS FOR STORAGE AREA NETWORKS 

 

ɸʥʥʦʪʘʮʠʷ: SAN ʧʨʝʜʣʘʛʘʝʪ IT-ʦʪʜʝʣʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʩʝʨʚʝʨʦʚ ʚ 

ʩʝʪʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʫ ʭʨʘʥʝʥʠʷ, ʧʦʜʢʣʶʯʝʥʥʦʤʫ ʢ ʵʪʦʡ ʩʝʪʠ. LUN 

ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠʣʠ ʜʦʩʪʫʧʘ ʢ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤʫ ʭʦʩʪʫ. 

ʉʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ LUN: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʭʦʩʪʘ, 

ʫʪʠʣʠʪʳ ʘʜʘʧʪʝʨʘ ʭʦʩʪ-ʰʠʥʳ, ʟʦʥʠʨʦʚʘʥʠʝ ʟʦʥ ʠʣʠ ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʢʦʥʪʨʦʣʣʝʨʝ ʭʨʘʥʝʥʠʷ.  

Abstract:  SAN offers IT departments the ability to connect multiple servers to a network and share 

access to a storage resource that is connected to that network. LUNs must be protected from unauthorized 

access or access to an unlimited host. There are four approaches to ensuring LUN security: host software, 

host bus adapter utilities, zone zoning, or display in the storage controller. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: SAN, LUN, SCSI, ʟʦʥʠʨʦʚʘʥʠʝ, ʇʆ. 

Key words: SAN, LUN, SCSI, zoning, software. 

ʊʝʭʥʦʣʦʛʠʷ ʩʝʪʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ (SAN) ʧʨʝʜʣʘʛʘʝʪ IT-ʦʪʜʝʣʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʩʝʨʚʝʨʦʚ ʚ ʩʝʪʠ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʣʶʙʦʤʫ ʨʝʩʫʨʩʫ ʭʨʘʥʝʥʠʷ, 

ʧʦʜʢʣʶʯʝʥʥʦʤʫ ʢ ʵʪʦʡ ʩʝʪʠ. SAN ʩʦʢʨʘʱʘʶʪ ʟʘʪʨʘʪʳ ʟʘ ʩʯʝʪ ʦʙʲʝʜʠʥʝʥʠʷ ʨʝʩʫʨʩʦʚ ʭʨʘʥʝʥʠʷ, ʦʥʠ 

ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʘʥʥʳʝ ʥʘ ʦʙʱʝʤ ʭʨʘʥʠʣʠʱʝ ʜʣʷ ʜʦʩʪʫʧʘ ʥʝʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʧʝʨʝʟʘʧʠʩʳʚʘʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʫʟʣʘʤʠ. ʕʪʠ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʘʜʨʝʩʦʚʘʥʳ ʣʦʛʠʯʝʩʢʦʡ ʝʜʠʥʠʮʝʡ 

(LUN), ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʠʣʠ ʜʦʩʪʫʧʘ ʢ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤʫ 

ʭʦʩʪʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʯʝʪʳʨʝ ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ LUN: 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʭʦʩʪʘ, ʫʪʠʣʠʪʳ ʘʜʘʧʪʝʨʘ ʭʦʩʪ-ʰʠʥʳ, ʟʦʥʠʨʦʚʘʥʠʝ ʟʦʥ ʠʣʠ ʦʪʦʙʨʘʞʝʥʠʝ ʚ 

ʢʦʥʪʨʦʣʣʝʨʝ ʭʨʘʥʝʥʠʷ.  
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ʀʥʪʝʨʬʝʡʩ ʤʘʣʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ (SCSI) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʪʦʢʦʣʦʤ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʜʘʥʥʳʭ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʦʤ ʭʦʩʪʘ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʭʨʘʥʝʥʠʷ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ UNIX ʠ 

Windows NT ʩʠʩʪʝʤʳ. SCSI ʦʩʥʦʚʘʥ ʥʘ ʧʘʨʘʜʠʛʤʝ ʚʝʜʫʱʝʛʦ/ʧʦʜʯʠʥʝʥʥʦʛʦ. ʉʦʝʜʠʥʝʥʠʝ ʤʝʞʜʫ 

ʩʝʨʚʝʨʦʤ ʠ ʭʨʘʥʠʣʠʱʝʤ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤ (UNIX ʠʣʠ Windows NT) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʘʜʘʧʪʝʨ 

ʛʣʘʚʥʦʡ ʰʠʥʳ (HBA). HBA ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʩʣʦʪʫ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʰʠʥʝ ʩʝʨʚʝʨʘ ʠ ʧʦʜʢʣʶʯʘʝʪ ʢʘʙʝʣʴ 

SCSI ʢ ʟʘʧʦʤʠʥʘʶʱʝʤʫ ʫʩʪʨʦʡʩʪʚʫ ʠʣʠ ʧʦʜʩʠʩʪʝʤʝ. ʀʟʚʝʩʪʥʳʡ ʢʘʢ ʠʥʠʮʠʘʪʦʨ, HBA ʥʘʯʠʥʘʝʪ 

ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʥʘ ʮʝʣʝʚʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʦʙʨʘʪʥʦ. ʍʦʪʷ ʧʨʦʪʦʢʦʣ SCSI ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʦʤʙʠʥʘʮʠʶ 

ʠʥʠʮʠʘʪʦʨʦʚ ʠ ʮʝʣʝʡ ʥʘ ʦʙʱʝʡ ʰʠʥʝ, ʨʘʥʝʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʙʳʣʠ ʦʛʨʘʥʠʯʝʥʳ ʦʜʥʠʤ ʠʥʠʮʠʘʪʦʨʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʥʝ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴ ʦʙʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ HBA ʥʘʟʳʚʘʣʠʩʴ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣʠ ʥʘʧʨʷʤʫʶ ʩ ʜʠʩʢʘʤʠ, ʢʦʪʦʨʳʝ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʣʫʞʠʣʠ ʮʝʣʷʤʠ. ʂʦʛʜʘ ʥʘ ʧʦʜʩʠʩʪʝʤʝ ʭʨʘʥʠʣʠʱʘ ʥʘ ʦʩʥʦʚʝ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʠʭʦʜʠʣʠ 

ʥʘ ʩʮʝʥʫ, ʪʨʝʙʦʚʘʣʩʷ ʜʨʫʛʦʡ ʫʨʦʚʝʥʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʜʣʷ ʘʜʨʝʩʘ ʧʦʨʪʘ ʢʦʥʪʨʦʣʣʝʨʘ ʚ ʧʦʜʩʠʩʪʝʤʝ 

ʭʨʘʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʠʩʢʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʟʘ ʢʦʥʪʨʦʣʣʝʨʦʤ. ʇʨʠ ʥʦʚʦʡ ʤʘʨʢʠʨʦʚʢʝ ʠʥʠʮʠʘʪʦʨ ʫʚʠʜʠʪ 

ʧʦʨʪ ʧʘʤʷʪʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʦʜʢʣʶʯʝʥ ʢ ʰʠʥʝ SCSI ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʠ, ʠ ʮʝʣʴ ʙʫʜʝʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʜʠʩʢʠ, ʩʪʦʷʱʠʝ ʟʘ ʥʝʡ, ʢʘʢ LUN. ʉʝʛʦʜʥʷ ʙʣʦʢʠ ʭʨʘʥʝʥʠʷ ʘʜʨʝʩʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʥʝʤʥʦʛʦ ʜʨʫʛʦʡ 

ʢʦʤʙʠʥʘʮʠʠ ʢʦʥʪʨʦʣʣʝʨʘ, ʮʝʣʠ ʠ LUN. çʂʦʥʪʨʦʣʣʝʨè ʪʝʧʝʨʴ ʦʪʥʦʩʠʪʩʷ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʜʘʧʪʝʨʘ 

ʛʣʘʚʥʦʡ ʰʠʥʳ ʥʘ ʩʠʩʪʝʤʥʦʡ ʰʠʥʝ, ʘ ʥʝ ʢ ʚʥʝʰʥʝʤʫ ʙʣʦʢʫ ʫʧʨʘʚʣʝʥʠʷ ʭʨʘʥʠʣʠʱʝʤ. ʉʧʝʮʠʬʠʢʘʮʠʠ 

SCSI-2 ʧʦʜʜʝʨʞʠʚʘʶʪ ʚʦʩʝʤʴ LUN ʥʘ ʮʝʣʴ. ʅʦʚʳʝ ʩʧʝʮʠʬʠʢʘʮʠʠ SCSI-3 ʦʧʨʝʜʝʣʷʶʪ ʢʦʜʠʨʦʚʘʥʥʳʡ 

64-ʙʠʪʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʱʝ ʤʥʦʛʦ LUN. ʆʜʥʘʢʦ ʧʦʩʪʘʚʱʠʢ 

ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ LUN, ʜʦʩʪʫʧʥʳʭ ʥʘ ʣʶʙʦʤ ʫʩʪʨʦʡʩʪʚʝ. 

ʂʦʛʜʘ ʠʥʠʮʠʘʣʠʟʠʨʫʶʪʩʷ ʰʠʥʥʳʝ ʩʠʩʪʝʤʳ SCSI, ʜʨʘʡʚʝʨ SCSI ʚ ʘʜʘʧʪʝʨʝ ʭʦʩʪ-ʰʠʥʳ ʙʫʜʝʪ 

çʭʦʜʠʪʴè ʧʦ ʰʠʥʝ, ʯʪʦʙʳ ʫʟʥʘʪʴ, ʢʘʢʠʝ ʮʝʣʠ ʦʥʘ ʟʘʥʠʤʘʝʪ. ʆʥ ʧʨʦʩʠʪ ʢʘʞʜʫʶ ʮʝʣʴ ʩʦʦʙʱʘʪʴ ʦ LUN, 

ʢ ʢʦʪʦʨʳʤ ʦʥ ʧʦʜʢʣʶʯʘʝʪʩʷ. ʂʘʞʜʳʡ ʠʥʠʮʠʘʪʦʨ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʰʠʥʫ, ʙʫʜʝʪ ʚʠʜʝʪʴ ʪʝ 

ʞʝ ʮʝʣʠ ʠ LUN. ʅʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʥʘ ʫʨʦʚʥʝ LUN ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ, ʪʦ ʥʝʩʢʦʣʴʢʦ ʠʥʠʮʠʘʪʦʨʦʚ ʤʦʛʫʪ ʧʝʨʝʟʘʧʠʩʳʚʘʪʴ ʜʘʥʥʳʝ ʜʨʫʛ ʜʨʫʛʘ. ʕʪʦ ʩʦʟʜʘʝʪ ʪʘʢ 

ʥʘʟʳʚʘʝʤʫʶ ʧʨʦʙʣʝʤʫ ʙʝʟʦʧʘʩʥʦʩʪʠ LUN. 

ɺ UNIX LUN ʥʘ ʰʠʥʝ SCSI ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʤʝʞʜʫ ʩʠʩʪʝʤʘʤʠ. ʉʠʩʪʝʤʳ UNIX ʙʫʜʫʪ 

ʚʠʜʝʪʴ ʚʩʝ LUN ʥʘ ʰʠʥʝ, ʥʦ ʧʦʟʚʦʣʷʪ ʦʧʝʨʘʪʦʨʫ ʤʦʥʪʠʨʦʚʘʪʴ ʠʣʠ ʚʳʙʠʨʘʪʴ ʪʦʣʴʢʦ LUN, ʥʘ ʢʦʪʦʨʳʝ 

ʦʧʝʨʘʪʦʨ ʠʤʝʝʪ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʉʠʩʪʝʤʘ Windows NT ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʝʡ 

ʧʨʠʥʘʜʣʝʞʘʪ ʚʩʝ LUN, ʢʦʪʦʨʳʝ ʦʥʘ ʦʙʥʘʨʫʞʠʚʘʝʪ, ʠ ʟʘʧʠʩʳʚʘʝʪ ʧʦʜʧʠʩʴ ʥʘ ʢʘʞʜʦʤ LUN ʚʦ ʚʨʝʤʷ 

ʧʨʦʮʝʩʩʘ ʦʙʥʘʨʫʞʝʥʠʷ. ʕʪʘ ʧʦʜʧʠʩʴ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʯʪʦʙʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʦʙʥʘʨʫʞʝʥʥʳʡ 

LUN ʫʥʠʢʘʣʴʥʳʡ ʠ ʥʝ ʜʫʙʣʠʨʫʝʪʩʷ. 

ʇʨʦʙʣʝʤʘ ʙʝʟʦʧʘʩʥʦʩʪʠ LUN ʩʪʘʥʦʚʠʪʩʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʚ ʩʨʝʜʝ SAN. SAN ʧʦʟʚʦʣʷʝʪ 

ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʘʜʘʧʪʝʨʘʤ ʭʦʩʪ-ʰʠʥʳ SCSI ʧʦʜʢʣʶʯʘʪʴʩʷ ʢ ʧʦʜʩʠʩʪʝʤʘʤ ʭʨʘʥʝʥʠʷ ʧʦ ʩʝʪʠ (ʘ ʥʝ ʢ 

ʰʠʥʝ) ʠ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢʦ ʤʥʦʛʠʤ ʜʨʫʛʠʤ LUN. ʎʠʢʣ SAN Fibre Channel (FC-AL) ʤʦʞʝʪ 

ʘʜʨʝʩʦʚʘʪʴ ʜʦ 126 ʫʟʣʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʦʣʦʢʦʥʥʘʷ ʪʢʘʥʴ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʫʧ ʢ 16 ʤʠʣʣʠʦʥʘʤ 

ʫʟʣʦʚ. ʋʟʝʣ ʤʦʞʝʪ ʙʳʪʴ ʠʥʠʮʠʘʪʦʨʦʤ SCSI ʠʣʠ LUN ʩ ʣʶʙʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʣʶʙʦʤʫ ʫʟʣʫ ʚ ʮʠʢʣʝ 

ʠʣʠ ʩʪʨʫʢʪʫʨʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʩʝʪʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʜʣʷ 

ʟʘʱʠʪʳ LUN. 

ʈʷʜ ʧʦʩʪʘʚʱʠʢʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ Data Direct, Mercury Computer 

Systems, CrosStor, Retrieve ʠ ʜʨʫʛʠʝ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʦʤʦʯʴ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ LUN. ʕʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʭʚʘʪʳʚʘʝʪ 

ʟʘʧʨʦʩʳ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʠ ʥʘʧʨʘʚʣʷʝʪ ʠʭ ʧʦ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʥʘ ʬʘʡʣʦʚʳʡ ʩʝʨʚʝʨ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʜʦʩʪʫʧ ʢ ʧʫʣʫ ʭʨʘʥʠʣʠʱʘ, ʢʦʪʦʨʳʡ ʫʧʨʘʚʣʷʝʪʩʷ ʬʘʡʣʦʚʳʤ ʩʝʨʚʝʨʦʤ. ʌʘʡʣʦʚʳʡ ʩʝʨʚʝʨ ʫʧʨʘʚʣʷʝʪ 

ʬʘʡʣʘʤʠ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʟʘʧʨʘʰʠʚʘʶʱʝʡ ʩʠʩʪʝʤʝ. Data Direct ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʧʨʠʝʪʘʨʥʫʶ 

ʬʘʡʣʦʚʫʶ ʩʠʩʪʝʤʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʝʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʘʡʣʦʚʳʝ ʩʠʩʪʝʤʳ, ʪʘʢʠʝ 

ʢʘʢ NFS, NTFS ʠʣʠ CIFS. ʇʨʝʠʤʫʱʝʩʪʚʦ ʭʦʩʪ-ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ 

ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʫʧʨʘʚʣʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʠ ʙʣʦʢʠʨʦʚʢʦʡ ʟʘ ʧʨʝʜʝʣʘʤʠ LUN 

ʜʦ ʫʨʦʚʥʷ ʙʣʦʢʘ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʪʨʝʙʫʝʪʩʷ ʜʣʷ ʙʫʜʫʱʝʛʦ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʘʥʥʳʭ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʫʨʦʚʥʷ ʚ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʭʨʘʥʝʥʠʷ ʥʝʚʦʟʤʦʞʥʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʫʨʦʚʝʥʴ ʬʘʡʣʘ ʥʝ ʩʪʘʥʝʪ ʜʦʩʪʫʧʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʠʥʬʦʨʤʘʮʠʠ ʫʨʦʚʥʷ ʙʣʦʢʘ ʟʘ ʧʨʝʜʝʣʘʤʠ ʭʦʩʪʘ. 
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ʈʠʩʫʥʦʢ 1: ʇʨʦʛʨʘʤʤʥʳʡ ʧʦʜʭʦʜ ʢ ʙʝʟʦʧʘʩʥʦʩʪʠ LUN. ʌʘʡʣʦʚʳʡ ʩʝʨʚʝʨ ʢʦʥʪʨʦʣʠʨʫʝʪ 

ʤʝʪʘʜʘʥʥʳʝ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʘʚʪʦʨʠʟʘʮʠʠ, ʧʨʦʚʝʨʢʠ ʧʦʜʣʠʥʥʦʩʪʠ ʠ 

ʙʣʦʢʠʨʦʚʢʠ. ʄʝʪʘʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʧʦ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ NFS. ʂʣʠʝʥʪʩʢʠʡ ʘʛʝʥʪ 

ʧʝʨʝʭʚʘʪʳʚʘʝʪ ʯʪʝʥʠʝ/ʟʘʧʠʩʴ NFS ʠ ʠʥʠʮʠʠʨʫʝʪ ʙʣʦʢ ʚʚʦʜʘ-ʚʳʚʦʜʘ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʬʘʡʣʦʚʫʶ 

ʩʠʩʪʝʤʫ NFS. 

 

ɽʩʣʠ ʩʝʪʴ Fiber Channel ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʤʤʫʪʘʪʦʨʝ ʪʠʧʘ ANCOR, Brocade ʠʣʠ Vixel, 

ʟʦʥʠʨʦʚʘʥʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʩʢʠʨʦʚʢʠ ʜʦ ʫʨʦʚʥʷ ʧʦʨʪʘ 

ʜʣʷ ʚʩʝʭ ʫʟʣʦʚ, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʢʦʤʤʫʪʘʪʦʨʫ. ɺʩʝ LUN, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʧʦʨʪʫ, ʤʦʛʫʪ 

ʤʘʩʢʠʨʦʚʘʪʴʩʷ ʩ ʭʦʩʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʠʤʝʶʪ ʜʦʩʪʫʧʘ ʢ ʵʪʦʤʫ ʧʦʨʪʫ ʩ ʧʦʤʦʱʴʶ ʟʦʥʠʨʦʚʘʥʠʷ 

ʢʦʤʤʫʪʘʪʦʨʘ. ʇʝʨʝʢʣʶʯʝʥʠʝ ʟʦʥʠʨʦʚʘʥʠʷ ʥʝ ʤʦʞʝʪ ʤʘʩʢʠʨʦʚʘʪʴ ʦʪʜʝʣʴʥʳʝ LUN, ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʟʘ ʧʦʨʪʦʤ. ɺʩʝ ʭʦʩʪʳ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʦʜʥʦʤʫ ʧʦʨʪʫ, ʙʫʜʫʪ ʚʠʜʝʪʴ ʚʩʝ LUN, 

ʘʜʨʝʩʦʚʘʥʥʳʝ ʯʝʨʝʟ ʵʪʦʪ ʧʦʨʪ. (ʈʠʩ. 2, ʇʨʠʤʝʨ ʚʳʙʦʨʘ ʟʦʥʠʨʦʚʘʥʠʷ). ʇʝʨʝʢʣʶʯʘʪʝʣʠ Fabric ʪʨʝʙʫʶʪ, 

ʯʪʦʙʳ ʣʶʙʦʡ ʫʟʝʣ, ʢʦʪʦʨʳʡ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʢʦʤʤʫʪʘʪʦʨʫ, ʜʦʣʞʝʥ ʚʦʡʪʠ ʚ ʢʦʤʤʫʪʘʪʦʨ ʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʩʚʦʡ WWN ʚ ʬʫʥʢʮʠʠ Simple Name Server (SNS) ʢʦʤʤʫʪʘʪʦʨʘ. ɺʥʫʪʨʝʥʥʠʡ 24-

ʙʠʪʥʳʡ ʘʜʨʝʩ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʢʘʞʜʦʤʫ WWN ʚ SNS. SNS ʤʦʞʝʪ ʙʳʪʴ ʟʦʥʠʨʦʚʘʥ WWN, ʢʦʪʦʨʳʡ 

ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦ ʛʠʙʢʦʩʪʠ ʠʣʠ ʘʧʧʘʨʘʪʥʳʤ ʧʦʨʪʦʤ. ʂʦʥʬʠʛʫʨʘʮʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ WWN, ʤʦʞʝʪ 

ʙʳʪʴ ʜʠʥʘʤʠʯʝʩʢʠ ʠʟʤʝʥʝʥʘ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʝʜʦʩʪʘʪʢʦʤ ʟʦʥʠʨʦʚʘʥʠʷ WWN ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ 

ʤʦʞʥʦ ʧʦʜʜʝʣʘʪʴ, ʝʩʣʠ ʢʪʦ-ʪʦ ʟʥʘʝʪ WWN. ɿʦʥʠʨʦʚʘʥʠʝ ʧʦ ʘʧʧʘʨʘʪʥʳʤ ʧʦʨʪʘʤ ʤʝʥʝʝ ʛʠʙʢʦʝ, ʥʦ 

ʠʤʝʝʪ ʪʘʢʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʢʘʢ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺ Hitachi Freedom Storage 7700E ʧʦʨʪ ʤʦʞʝʪ ʙʳʪʴ 

ʟʦʥʠʨʦʚʘʥ ʫʪʠʣʠʪʦʡ ʢʦʤʤʫʪʘʪʦʨʘ, ʘ ʫʪʠʣʠʪʘ ʜʠʩʧʝʪʯʝʨʘ LUN ʚ ʫʜʘʣʝʥʥʦʡ ʢʦʥʩʦʣʠ 7700E ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʥʘʟʥʘʯʝʥʠʷ LUN ʜʣʷ ʵʪʦʛʦ ʧʦʨʪʘ. ɹʫʜʫʱʠʝ ʨʝʘʣʠʟʘʮʠʠ ʟʦʥʠʨʦʚʘʥʠʷ WWN 

ʧʨʦʚʝʜʫʪ ʧʨʦʚʝʨʢʫ ʠʩʪʦʯʥʠʢʘ WWN, ʯʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʩʧʫʬʠʥʛ ʩ ʧʦʤʦʱʴʶ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ 

WWN. ʇʝʨʝʢʣʶʯʝʥʠʝ ʟʦʥʠʨʦʚʘʥʠʷ ʣʝʛʢʦ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʠʥʪʝʨʬʝʡʩʳ 

ʫʧʨʘʚʣʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ Ethernet. ʅʝʜʦʩʪʘʪʦʢ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʦʣʴʢʦ ʪʝʭ 

ʠʥʠʮʠʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʢʦʤʤʫʪʘʪʦʨʫ. ʆʥ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʫʨʦʚʥʷ ʧʦʨʪʘ ʧʦʜʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ ʠ ʥʝ ʤʦʞʝʪ ʤʘʩʢʠʨʦʚʘʪʴ LUN ʦʪ ʠʥʠʮʠʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʨʘʱʘʶʪʩʷ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʧʦʨʪʫ ʭʨʘʥʝʥʠʷ. 

 

ʈʠʩʫʥʦʢ 2: ʇʨʠʤʝʨ ʚʳʙʦʨʘ ʟʦʥʠʨʦʚʘʥʠʷ. 

 

ʅʝʢʦʪʦʨʳʝ ʧʦʜʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ Freedom Storage 7700E, ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʧʦʣʥʷʪʴ ʤʘʩʢʠʨʦʚʘʥʠʝ LUN ʚ ʩʚʦʠʭ ʢʦʥʪʨʦʣʣʝʨʘʭ ʭʨʘʥʝʥʠʷ. ʏʝʨʝʟ ʫʜʘʣʝʥʥʫʶ ʢʦʥʩʦʣʴ, 
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ʧʦʜʢʣʶʯʝʥʥʫʶ ʢ ʥʝʩʢʦʣʴʢʠʤ ʧʦʜʩʠʩʪʝʤʘʤ ʭʨʘʥʝʥʠʷ 7700E ʚ ʯʘʩʪʥʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, WWN ʚʩʝʭ 

ʘʜʘʧʪʝʨʦʚ ʛʣʘʚʥʦʡ ʰʠʥʳ ʩ FC ʤʦʞʝʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʣʝʥ ʩ LUN, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ 7700E. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʠʤ ʘʜʘʧʪʝʨʘʤ ʛʣʘʚʥʦʡ ʰʠʥʳ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ ʨʘʟʣʠʯʥʳʤ LUN ʯʝʨʝʟ ʦʜʠʥ ʠ ʪʦʪ 

ʞʝ ʧʦʨʪ ʭʨʘʥʝʥʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʣʶʙʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ SAN, ʥʘʧʨʠʤʝʨ, 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʠʣʠ ʢʦʤʤʫʪʘʪʦʨʦʚ. ʋʪʠʣʠʪʫ ʙʝʟʦʧʘʩʥʦʩʪʠ LUN ʥʘ ʫʜʘʣʝʥʥʦʡ ʢʦʥʩʦʣʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ LUN ʠʟ ʤʘʩʢʠ ʜʣʷ ʢʘʞʜʦʛʦ WWN ʘʜʘʧʪʝʨʘ ʛʣʘʚʥʦʡ 

ʰʠʥʳ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʵʪʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʦ, ʠʥʠʮʠʘʪʦʨʳ ʙʫʜʫʪ ʚʠʜʝʪʴ ʪʦʣʴʢʦ LUN, 

ʥʘ ʢʦʪʦʨʳʝ ʫ ʥʠʭ ʝʩʪʴ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʧʨʦʩʤʦʪʨ ʚʦ ʚʨʝʤʷ IOSCAN ʟʘʛʨʫʟʢʠ. ʋʜʘʣʝʥʥʘʷ ʢʦʥʩʦʣʴ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʢʣʶʯʝʥʘ ʢ ʜʨʫʛʦʡ ʣʦʢʘʣʴʥʦʡ ʩʝʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʟʘʧʫʩʪʠʪʴ ʫʪʠʣʠʪʫ ʤʘʩʢʠʨʦʚʘʥʠʷ 

LUN ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʢʦʥʩʦʣʠ ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʘʢ Remotely Possible ʠʣʠ 

Symantec pcʘnywhere. ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʘʩʢʠʨʦʚʘʥʠʷ LUN ʚ ʢʦʥʪʨʦʣʣʝʨʝ ʭʨʘʥʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʭʦʩʪʘʤ, ʪʘʢʠʤ ʢʘʢ Windows NT, ʧʨʠʩʦʝʜʠʥʷʪʴʩʷ ʢ ʜʘʥʥʦʤʫ 7700E 

ʯʝʨʝʟ ʦʙʱʠʡ ʧʦʨʪ Fiber Channel ʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ LUN. ʆʥ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ 

ʚ ʨʝʞʠʤʝ çʪʦʯʢʘ-ʪʦʯʢʘè ʠʣʠ ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʪʦʨʳ, ʘ ʪʘʢʞʝ ʧʝʨʝʢʣʶʯʘʪʝʣʠ ʚ ʨʝʞʠʤʝ ʧʝʪʣʠ ʠʣʠ ʪʢʘʥʠ. 

ʇʦʩʢʦʣʴʢʫ ʦʥ ʦʩʥʦʚʘʥ ʥʘ WWN ʘʜʘʧʪʝʨʘ ʛʣʘʚʥʦʡ ʰʠʥʳ, ʦʥ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʥʪʫʨʘ ʠʣʠ 

ʘʜʨʝʩʘ ʢʦʤʤʫʪʘʪʦʨʘ. ʕʪʘ ʤʘʩʢʠʨʦʚʢʘ LUN ʨʝʘʣʠʟʦʚʘʥʘ ʠʣʠ ʧʨʦʚʝʨʝʥʘ ʚʦ ʚʨʝʤʷ IOSCAN ʟʘʛʨʫʟʢʠ, ʘ 

ʥʝ ʩ ʢʘʞʜʳʤ ʚʚʦʜʦʤ-ʚʳʚʦʜʦʤ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 7700E. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʩ ʧʨʘʚʠʣʴʥʦʡ ʘʚʪʦʨʠʟʘʮʠʝʡ ʩʠʩʪʝʤ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʩʣʝ 

IOSCAN ʠ ʦʙʭʦʜʠʪʴ ʤʘʩʢʫ. ʆʥ ʜʦʣʞʝʥ ʙʳʪʴ ʧʝʨʝʥʘʟʥʘʯʝʥ, ʝʩʣʠ ʘʜʘʧʪʝʨ ʛʣʘʚʥʦʡ ʰʠʥʳ ʥʝ ʨʘʙʦʪʘʝʪ ʠ 

ʥʫʞʜʘʝʪʩʷ ʚ ʟʘʤʝʥʝ. ʇʨʦʩʪʦʪʘ ʜʦʩʪʫʧʘ ʢ WWN ʘʜʘʧʪʝʨʘ ʛʣʘʚʥʦʡ ʰʠʥʳ ʟʘʚʠʩʠʪ ʦʪ ʦʧʝʨʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʠ ʜʨʘʡʚʝʨʘ. Hitachi Data Systems ʥʘʤʝʨʝʥʘ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʫʪʠʣʠʪʫ 7700E LUN Security 

Utility  ʩ ʧʨʦʛʨʘʤʤʘʤʠ ʫʧʨʘʚʣʝʥʠʷ SAN, ʪʘʢʠʤʠ ʢʘʢ SANITI Computer Associates, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʦʪʦʙʨʘʞʘʪʴ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ SAN.  

ɺ ʠʪʦʛʝ, ʩʫʱʝʩʪʚʫʶʪ ʯʝʪʳʨʝ ʩʧʦʩʦʙʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʩʝʛʦʜʥʷ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʙʝʟʦʧʘʩʥʦʩʪʴ LUN. ɺ ʩʤʝʰʘʥʥʦʡ ʩʨʝʜʝ ʩ ʤʥʦʞʝʩʪʚʦʤ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ ʭʨʘʥʝʥʠʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʠʣʠ ʚʩʝʭ ʵʪʠʭ ʤʝʪʦʜʦʚ. ʉʦ ʩʪʦʨʦʥʳ ʘʚʪʦʨʠʟʘʮʠʠ ʠ 

ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʥʝʪ ʟʘʱʠʪʳ. ʄʝʪʦʜʳ ʤʘʩʢʠʨʦʚʘʥʠʷ LUN ʨʘʙʦʪʘʶʪ ʢʦʨʨʝʢʪʥʦ ʚ ʭʦʨʦʰʦ 

ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʨʝʜʝ, ʥʦ ʠʭ ʤʦʞʥʦ ʣʝʛʢʦ ʦʙʦʡʪʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʟʥʘʪʴ ʦ ʥʝʜʦʩʪʘʪʢʘʭ ʢʘʞʜʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʠ ʧʨʠʥʠʤʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʊʘʢʠʝ ʤʝʨʳ ʤʦʛʫʪ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ ʧʨʦʮʝʩʩ ʘʚʪʦʨʠʟʘʮʠʠ ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʵʪʠʤ ʬʫʥʢʮʠʷʤ ʠ ʨʝʘʣʠʟʘʮʠʶ ʥʝʩʢʦʣʴʢʠʭ 

ʤʝʪʦʜʦʚ ʤʘʩʢʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʢʨʝʩʪʥʦʡ ʧʨʦʚʝʨʢʠ ʤʝʞʜʫ HBA ʠ ʧʦʜʩʠʩʪʝʤʦʡ 

ʭʨʘʥʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʦʨʜʠʥʘʮʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʵʪʠʤʠ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʝ 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ. ʇʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʫʪʠʣʠʪʳ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʟʘʧʫʱʝʥʳ ʩ ʦʙʳʯʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ, ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʩʦʧʦʩʪʘʚʠʪʴ ʢʦʥʬʠʛʫʨʘʮʠʠ LUN ʠ ʩʝʨʚʝʨʘ ʚ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʘʙʣʠʮʝ, ʯʪʦʙʳ ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʯʝʨʝʟ ʵʪʠ ʨʘʟʣʠʯʥʳʝ ʨʝʘʣʠʟʘʮʠʠ.  
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ʂʆʅʎɽʇʎʀʗ ʈɸɿɺʀʊʀʗ ɺɽʈʊʀʂɸʃʔʅʓʍ ɻʆʈʆɼʆɺ 

 

THE CONCEPT OF DEVELOPMENT OF VERTICAL CITIES  

 
ɸʥʥʦʪʘʮʠʷ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʥʝʙʦʩʢʨʸʙʦʚ ʠ ʧʨʠʚʝʜʝʥʳ 

ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʘʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ çʚʝʨʪʠʢʘʣʴʥʳʭ ʛʦʨʦʜʦʚè. 

Abstract:  this article analyzes the history of development of skyscrapers and the factors that are 

prerequisites for the development of "vertical cities". 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʙʦʩʢʨʸʙʳ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʦʨʦʜʘ, ʵʢʦ-ʫʨʙʘʥʠʟʘʮʠʷ. 

Keywords: skyscrapers, a vertical city, an eco-friendly urbanization. 

ʉʦʚʨʝʤʝʥʥʳʝ ʛʦʨʦʜʘ ʧʦʩʪʝʧʝʥʥʦ ʟʘʨʘʩʪʘʶʪ ʛʠʛʘʥʪʩʢʠʤʠ ʥʝʙʦʩʢʨʸʙʘʤʠ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ 

ʚʚʳʩʴ ʥʘ ʩʦʪʥʠ ʤʝʪʨʦʚ. ʉʝʡʯʘʩ ʵʪʦ ʧʨʦʩʪʦ ʟʜʘʥʠʷ, ʥʦ ʚʦʟʤʦʞʥʦ, ʚ ʩʢʦʨʦʤ ʙʫʜʫʱʝʤ ʦʥʠ ʧʨʝʚʨʘʪʷʪʩʷ ʚ 

ʮʝʣʳʝ ʛʦʨʦʜʩʢʠʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʠʩʪʝʤʳ.  

 
ʈʠʩ.1 20 ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʥʝʙʦʩʢʨʝʙʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ 2013 ʛʦʜʫ. 

 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʝʙʦʩʢʨʝʙʦʚ ʠ ʠʭ ʚʳʩʦʪʘ. ʅʘʯʠʥʘʷ ʩ 1960  ʧʦ 

2014 ʛʦʜʘ, ʢʦʣʠʯʝʩʪʚʦ ʵʪʠʭ ʛʠʛʘʥʪʦʚ ʚʳʨʦʩʣʦ ʩ ʝʜʠʥʠʮ ʜʦ ʩʦʪʥʠ, ʘ ʚʳʩʦʪʘ ʩ 200 ʜʦ 1200 ʤʝʪʨʦʚ. 

ʊʘʢʠʝ ʟʜʘʥʠʷ ʫʞʝ ʩʝʡʯʘʩ ʠʤʝʶʪ ʚʥʫʪʨʝʥʥʠʝ ʟʝʣʝʥʳʝ ʩʘʜʳ, ʟʦʥʳ ʨʝʢʨʝʘʮʠʡ, ʢʘʬʝ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʦʬʠʩʳ.  

ʊʝʭʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʠʣ ʥʘʯʘʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʘʢʠʭ ʛʠʛʘʥʪʦʚ. ʀʭ ʦʧʨʘʚʜʘʥʠʝʤ 

ʷʚʣʷʣʘʩʴ ʙʦʣʴʰʘʷ ʮʝʥʘ ʥʘ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ.  

 ɺ 1970 ʛʦʜʫ ʛʦʣʣʘʥʜʩʢʠʡ ʘʨʭʠʪʝʢʪʦʨ ʈʝʤ ʂʦʣʭʘʩ ʥʘʧʠʩʘʣ ʢʥʠʛʫ çʆʙʝʟʫʤʝʚʰʠʡ ʅʴʶ-ʁʦʨʢè, ʚ 

ʢʦʪʦʨʦʡ ʥʘʟʳʚʘʝʪ ʄʘʥʭʝʪʪʝʥ ʢʘʢ ʷʚʣʝʥʠʝ  ʥʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʪʝʦʨʠʠ. ʅʝʙʦʩʢʨʝʙ 

ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢ çʛʦʨʦʜ ʚ ʛʦʨʦʜʝè. ʅʘ ʢʘʞʜʦʤ ʵʪʘʞʝ ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʤʠʨ, ʥʝ 

ʩʚʷʟʘʥʥʳʡ ʩ ʦʩʪʘʣʴʥʳʤʠ: ʥʘ 80 ʵʪʘʞʝ ʨʘʩʧʦʣʦʞʝʥ çʜʚʦʨʝʮè , ʘ ʥʘ 75 çʩʝʣʴʩʢʘʷ ʭʠʞʠʥʘè, ʥʦ ʚʩʝ ʵʪʠ 

ʨʘʟʥʦʩʪʦʨʦʥʥʠʝ ʤʠʨʳ ʩʦʝʜʠʥʝʥʳ ʦʜʥʠʤ ʝʜʠʥʳʤ ʢʘʨʢʘʩʦʤ . ɿʜʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʯʘʩʪʥʳʭ 

ʚʣʘʜʝʥʠʡ [1]. ʅʝʙʦʩʢʨʝʙ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʳʡ ʛʦʨʦʜ. 

ʇʨʝʜʧʦʩʳʣʢʘʤʠ ʨʘʟʚʠʪʠʷ ʠʤʝʥʥʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʦʨʦʜʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ: 

mailto:79531205081@yandex.ru
mailto:lizavetaprivet@yandex.ru
mailto:tat-rh@yandex.ru
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1) ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ; 

2) ʵʢʦ-ʪʝʥʜʝʥʮʠʠ ʚ ʨʘʟʚʠʪʠʠ ʛʦʨʦʜʦʚ. 

ʇʦʢʘʟʘʪʝʣʴ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʟʝʤʣʠ ʚ 19 ʚʝʢʝ ʨʦʚʥʷʣʩʷ ʦʜʥʦʤʫ ʤʠʣʣʠʦʥʫ, ʘ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʦʩʪʘʚʣʷʝʪ 7,3 ʤʠʣʣʠʘʨʜʘ! ʅʘʩʝʣʝʥʠʝ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ, ʘ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʠ 

ʩʦʢʨʘʱʘʝʪʩʷ ʪʝʨʨʠʪʦʨʠʷ ʟʝʤʣʠ. ɻʦʨʦʜʘʤ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʩʪʘʥʝʪ ʪʨʫʜʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʧʨʠʨʦʩʪʦʤ 

ʥʘʩʝʣʝʥʠʷ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʫʞʝ ʠ ʩʝʡʯʘʩ: ʦʛʨʦʤʥʳʝ ʧʝʰʝʭʦʜʥʳʝ ʧʦʪʦʢʠ, ʢʠʣʦʤʝʪʨʦʚʳʝ 

ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʧʨʦʙʢʠ. ʈʘʟʚʠʪʠʝ ʛʦʨʦʜʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʠʥʘʤʠʢʝ ʧʦʟʚʦʣʠʪ ʨʘʟʛʨʫʟʠʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʝʪʠ. ɺʥʫʪʨʠ ʵʪʦʡ ʚʝʨʪʠʢʘʣʠ ʙʫʜʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʩʝ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʣʶʜʷʤ ʜʣʷ 

ʢʦʤʬʦʨʪʥʦʡ ʞʠʟʥʠ: ʙʦʣʴʥʠʮʳ, ʰʢʦʣʳ, ʤʘʛʘʟʠʥʳ, ʧʘʨʢʠ ʠ ʚʩʝ ʵʪʦ ʙʫʜʝʪ ʚ ʰʘʛʦʚʦʡ ʜʦʩʪʫʧʥʦʩʪʠ, ʪʦ 

ʝʩʪʴ ʦʪʧʘʜʝʪ ʥʘʜʦʙʥʦʩʪʴ ʚ ʪʨʘʥʩʧʦʨʪʝ, ʘ ʪʝʤ ʩʘʤʳʤ ʠ ʫʤʝʥʴʰʠʪʴ ʚʳʙʨʦʩ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʉʝʡʯʘʩ  ʚʩʝ ʙʦʣʴʰʝ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʢʦʨʦʤ ʙʫʜʫʱʝʤ ʤʳ ʫʚʠʜʠʤ ʚʝʨʪʠʢʘʣʴʥʳʝ ʛʦʨʦʜʘ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʦʣʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ ʩʘʤʠʭ ʩʝʙʷ: ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʚʝʪʝʨ, ʜʦʞʜʴ ʠ 

ʪʝʧʣʦ ʟʝʤʣʠ ʧʦʤʦʛʫʪ ʚ ʵʪʦʤ. ʉʠʩʪʝʤʘ ʩʙʦʨʘ ʠ ʦʯʠʩʪʢʠ ʜʦʞʜʝʚʦʡ ʚʦʜʳ, ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʢʦʪʣʳ 

ʫʪʠʣʠʟʘʮʠʠ ï ʵʪʠ ʠ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʪ ʩʜʝʣʘʪʴ ʟʜʘʥʠʝ ʘʚʪʦʥʦʤʥʳʤ.  

ʄʥʦʞʝʩʪʚʦ ʘʨʭʠʪʝʢʪʦʨʦʚ ʩʦʟʜʘʶʪ ʧʨʦʝʢʪʳ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʦʨʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʭʦʞʠ ʥʘ ʮʝʣʳʝ 

ʤʠʨʳ ʠʟ ʬʘʥʪʘʩʪʠʯʝʩʢʠʭ ʬʠʣʴʤʦʚ (ʨʠʩ.2).  

          

 

                                                   
ʘ)                                                                                   ʙ) 

 

ʈʠʩ.2 ʘ) ɻʨʘʥʜ-ʩʠʪʠ  ʙ) 3D-ʛʦʨʦʜ 

 

ʅʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ ʤʳ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʪʘʢʦʛʦ ʥʝ ʤʦʛʣʠ, ʥʦ ʫʞʝ ʩʝʡʯʘʩ ʤʥʦʛʦ ʠʟ 

ʪʦʛʦ, ʯʪʦ ʢʘʟʘʣʦʩʴ ʥʝʩʙʳʪʦʯʥʳʤ ʨʝʘʣʠʟʦʚʘʥʦ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚʝʨʪʠʢʘʣʴʥʳʭ ʛʦʨʦʜʦʚ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ 

ʩʝʨʴʝʟʥʳʝ ʥʘʩʫʱʥʳʝ ʧʨʦʙʣʝʤʳ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʩʝʨʴʝʟʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʡ 

ʙʘʨʴʝʨ ʣʶʜʝʡ: ʤʳ ʧʨʠʚʳʢʣʠ ʞʠʪʴ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʛʦʨʦʜʘʭ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ɺʝʨʪʠʢʘʣʴʥʳʝ ʛʦʨʦʜʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://artelectronics.ru/posts/vertikalnye-goroda 

2.  ɹʘʪʴʢʦʚ,ɽ.ɺ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʛʦʨʦʜʘ/ ɽ.ɺ. ɹʘʪʴʢʦʚ // ʈʦʩʪʦʚʩʢʠʡ  ʥʘʫʯʥʳʡ ʞʫʨʥʘʣ ï 2017. - 

ˉ5. ï ʉ. 636- 657. 
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ʋʉʊʈʆʁʉʊɺʆ ɼʃʗ ɸɺʊʆʄɸʊʀʏɽʉʂʆɻʆ ʀɿʄɽʈɽʅʀʗ ʌʏʍ 

 

DEVICE  FOR AUTOMATIC  PFC MEASUREMENT  

 

ɸʥʥʦʪʘʮʠʷ: ʈʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʌʏʍ 

ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ 

ʙʘʟʝ ʢʚʘʜʨʘʪʫʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

Abstract: The device for automatic measurement of the PFC of the quadripole, which is part of a 

universal laboratory stand, built on the basis of a quadrature generator of harmonic oscillations, has been 

developed. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʌʏʍ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʤʝʨʝʥʠʝ ʌʏʍ, ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʦʜʫʣʴ 

Keywords: PFC, automatic measurement of PFC, laboratory module 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥʠʝ ʧʨʘʢʪʠʢʫʤʦʚ ʧʦ ʙʘʟʦʚʳʤ ʫʯʝʙʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ ʦʙʱʝ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʩʪʫʜʝʥʪʘʤ ʟʘʢʨʝʧʠʪʴ ʣʝʢʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʘ ʪʘʢ ʞʝ 

ʧʨʦʚʝʨʠʪʴ ʩʪʝʧʝʥʴ ʧʦʥʠʤʘʥʠʷ ʠ ʫʩʚʦʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʫʨʩʦʚ [1, 2]. 

ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʬʘʟʦ-

ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʌʏʍ) ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ 

ʠʥʩʪʠʪʫʪʘ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʚʝʪʦʪʝʭʥʠʢʠ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʥʘʤʠ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʌʏʍ ʦʩʥʦʚʘʥ 

ʥʘ  ʤʝʪʦʜʝ, ʠʩʧʦʣʴʟʫʝʤʦʤ ʚ ʬʘʟʦʤʝʪʨʘʭ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʦʧʠʩʘʥʥʦʤ ʚ [3, ʩʪʨ. 304]. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʩʭʦʞ ʩ ʦʧʠʩʘʥʥʳʤ ʚ [5] ʮʠʬʨʦʚʳʤ ʬʘʟʦʤʝʪʨʦʤ. ʆʪʣʠʯʠʝ ʵʪʠʭ ʜʚʫʭ ʤʝʪʦʜʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʚʫʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʘʭ. ɼʘʥʥʳʝ ʙʣʦʢʠ ʜʦʙʘʚʣʝʥʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 

ɺʳʙʦʨ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʠʩʭʦʜʷ ʠʟ ʘʥʘʣʠʟʘ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʷ ʬʘʟʳ, ʠʭ 

ʩʭʝʤʦʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʫʣʷ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʦʜʫʣʷ ʩʦʩʪʦʠʪ ʠʟ: ɻʋʅ ï ʛʝʥʝʨʘʪʦʨ ʫʧʨʘʚʣʷʝʤʳʡ 

ʥʘʧʨʷʞʝʥʠʝʤ, ʏʍʇ ï ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢʘ, ʌʀ1 ʠ ʌʀ2 ï 1-ʦʛʦ ʠ 2-ʦʛʦ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʠʤʧʫʣʴʩʦʚ; 

ʕʂ1 ʠ ʕʂ2- 1-ʦʛʦ ʠ 2-ʦʛʦ ʵʣʝʢʪʨʦʥʥʳʭ ʢʣʶʯʝʡ, ɻʊʀ ï ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʌʀʀ ï 

ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʌɼ ï ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʋʋ ï ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʋʆʇʇ ï ʫʩʪʨʦʡʩʪʚʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʋɿʏ ï ʫʩʪʨʦʡʩʪʚʘ ʟʘʜʘʥʠʷ ʯʘʩʪʦʪʳ, ʇɿʋ ï 

ʧʦʩʪʦʷʥʥʦʛʦ ʟʘʧʦʤʠʥʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʆʋ ï ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʪʨʠʛʛʝʨʘ, ʩʯʝʪʯʠʢʘ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʫʜʦʙʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʚʳʜʝʣʷʷ ʚ ʥʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʟʘʢʦʥʯʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ʌʀ1, ʌʀ2 ʠ ʪʨʠʛʛʝʨ ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʚʦ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ. 

ɿʘʜʘʯʘ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʬʘʟʦʚʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʵʪʘʣʦʥʥʳʤ ʩʠʛʥʘʣʦʤ ʠ 

ʩʠʛʥʘʣʦʤ, ʧʨʦʰʝʜʰʠʤ ʯʝʨʝʟ ʯʝʪʳʨʝʭʧʦʣʶʩʥʠʢ, ʚ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ̑̉Ȣ̒ρȟὟ . ʌʀ1 ʠ ʌʀ2 
ʧʨʝʦʙʨʘʟʫʶʪ ʩʠʛʥʘʣʳ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ. ʇʦʩʪʫʧʘʶʱʠʝ ʠʤʧʫʣʴʩʳ 

ʩ ʌʀ1 ʠ ʌʀ2 ʧʦʦʯʝʨʝʜʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʠ ʩʙʨʘʩʳʚʘʶʪ ʪʨʠʛʛʝʨ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʤʧʫʣʴʩ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ.  

ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʕʧʶʨʳ ʥʘʧʨʷʞʝʥʠʡ ʫʩʪʨʦʡʩʪʚʘ 

 

ʉʣʝʜʫʶʱʠʤ ʟʘʢʦʥʯʝʥʥʳʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʙʣʦʢʦʤ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ  ʚ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ. ɺ ʥʝʛʦ ʚʭʦʜʷʪ ʕʂ1, ʕʂ2, ɻʊʀ, ʌʀʀ, ʋʋ ʠ ʩʯʝʪʯʠʢ. ʀʤʧʫʣʴʩʳ ʠʟ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʚ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʧʦʩʪʫʧʘʶʪ ʥʘ 1-ʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ. ʉ 

ʧʦʤʦʱʴʶ ɻʊʀ Ὕ , ʜʘʥʥʳʡ ʠʤʧʫʣʴʩ ʢʚʘʥʪʫʝʪʩʷ ʠ ʦʪʧʨʘʚʣʷʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʡ, ʚʪʦʨʦʡ ʵʣʝʢʪʨʦʥʥʳʡ 
ʢʣʶʯ. ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʬʦʨʤʠʨʫʝʪ ʠʥʪʝʨʚʘʣ ʠʟʤʝʨʝʥʠʷ Ὗ  ʠʩʭʦʜʷ ʠʟ 
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ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ. ɺ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʧʨʦʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʢʚʘʥʪʦʚʘʥʥʳʭ ʠʤʧʫʣʴʩʦʚ Ὗ  ʩ ʧʝʨʚʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ï ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʦʛʨʝʰʥʦʩʪʴ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʧʦʛʨʝʰʥʦʩʪʠ ʦʪ ʰʫʤʦʚʳʭ ʧʦʤʝʭ ʠ ʪ. ʜ. ɺʝʣʠʯʠʥʘ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

Ў• ὔ
σφπ

ὑ̅

ὔ

Ὧ
ȟ 

ʛʜʝ ὑ̅ ȟ N ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʚʘʥʪʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ ʚ ʦʜʥʦʤ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ. 

 ɼʨʫʛʠʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʟʘʚʝʨʰʝʥʥʳʤ ʙʣʦʢʦʤ ʷʚʣʷʝʪʩʷ ʬʘʟʦʚʳʡ ʜʝʪʝʢʪʦʨ. ʌʘʟʦʚʳʡ ʜʝʪʝʢʪʦʨ 

ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʪʨʝʭ ʨʝʞʠʤʘʭ. 

- ʚ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʜʫʣʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ; 

- ʚ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʢʘ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ; 

- ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ.  

ʊʘʢ ʢʘʢ ʜʘʥʥʳʡ ʬʘʟʦʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪ ʤʦʜʫʣʴ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ, ʪʦ ʤʳ 

ʠʩʧʦʣʴʟʫʝʤ ʌɼ ʚ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʢʘ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʌɼ, ʨʘʙʦʪʘʶʱʠʡ ʚ 

ʪʘʢʦʤ ʨʝʞʠʤʝ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴ ʬʘʟʦʚʳʤ ʢʦʤʧʘʨʘʪʦʨʦʤ ʌʂ [4]. 

ɺ ʢʘʯʝʩʪʚʝ ʛʝʥʝʨʘʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʝʤ, ʠʩʧʦʣʴʟʦʚʘʥ ʫʧʨʘʚʣʷʝʤʳʡ ʛʝʥʝʨʘʪʦʨ 

ʦʧʠʩʘʥʥʳʡ ʚ [6]. ɼʘʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʚʳʙʨʘʥ ʧʦʪʦʤʫ,  ʯʪʦ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ, ʥʠʟʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʠ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʠʩʢʘʞʝʥʠʡ [6, ʪʘʙʣ.1]. 

ʋʩʪʨʦʡʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ [6], ʦʧʨʝʜʝʣʷʝʪ ʦʢʦʥʯʘʥʠʝ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ.  

ʋʩʪʨʦʡʩʪʚʦ ʟʘʜʘʥʠʷ ʯʘʩʪʦʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦʪʦʡ ʛʝʥʝʨʘʪʦʨʘ. ʆʜʠʥ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʧʠʩʘʥ ʚ [7, 8]. ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʧʦʩʦʙʥʦ 

ʠʟʤʝʥʷʪʴ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʜʠʥʦʯʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʠʤʧʫʣʴʩʘ. 

ʌʘʟʦʤʝʪʨ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʀʟʤʝʨʝʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʢʥʦʧʢʠ ñʇʋʉʂò. 

ʌʘʟʦʚʦʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ, ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ ʚ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, 

ʤʝʞʜʫ ʩʠʛʥʘʣʘʤʠ U1 ʠ U2 ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ. ʇʦʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ (ʨʠʩ. 2 Ὗ) ʧʦʩʣʝ 
ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʩʫʪʩʪʚʠʷ ʧʝʨʝʭʦʜʥʦʛʦ  ʧʨʦʮʝʩʩʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 

ʚ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ, ʛʜʝ ʦʥ ʢʚʘʥʪʫʝʪʩʷ. ʇʦʣʫʯʝʥʥʳʝ ʠʤʧʫʣʴʩʳ (ʨʠʩ. 2 Ὗ) ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜ 
ʩʯʝʪʯʠʢʘ, ʛʜʝ ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʠʤʧʫʣʴʩʦʚ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʵʪʠʤ ʌʂ 

ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʢ ʬʘʟʦʚʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʦʪʧʨʘʚʣʷʝʪ ʜʘʥʥʳʝ ʦ ʟʥʘʢʝ ʚ ʇɿʋ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʳʭ 

ʜʝʡʩʪʚʠʡ ʚ ʇɿʋ ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʯʘʩʪʦʪʝ, ʤʦʜʫʣʝ ʬʘʟʦʚʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʠ ʟʥʘʢʝ 

ʬʘʟʦʚʦʛʦ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. 

ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 1 ʰʘʛʘ ʠʟʤʝʨʝʥʠʷ (ʨʠʩ. 2 Ὗ), ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʩʙʨʘʩʳʚʘʝʪ ʩʯʝʪʯʠʢ ʠ 

ʤʝʥʷʝʪ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʧʦʤʦʱʠ ʋɿʏ. ʀ ʚʩʝ ʧʦʚʪʦʨʷʝʪʩʷ ʚʥʦʚʴ ʜʦ ʦʢʦʥʯʘʥʠʷ 

ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ.  

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ  ʩʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʙʳʩʪʨʦʜʝʡʩʪʚʫʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʌʏʍ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʠʟʤʝʨʝʥʠʷ ʥʝ ʙʦʣʝʝ 0,1 % ʠ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʷ 

1-100 ʢɻʮ. 
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ʀʄʀʊɸʎʀʗ ʃɸɹʆʈɸʊʆʈʅʆɻʆ ʉʊɽʅɼɸ ʉ ʄʀʂʈʆʉʍɽʄʆʁ ʂ1561ɻɻ1 

 

IMITATION OF THE LABORATORY STAND WITH MICROCIRCUIT K15 61GG1 

 

ɸʥʥʦʪʘʮʠʷ: ʨʘʟʨʘʙʦʪʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʵʤʠʪʠʨʫʶʱʝʝ ʩʪʝʥʜ ʩ ʤʠʢʨʦʩʭʝʤʦʡ 

ʂ1561ɻɻ1 ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʦʚʝʜʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʜʦ ʤʦʤʝʥʪʘ 

ʟʘʭʚʘʪʳ ʯʘʩʪʦʪʳ, ʧʦʩʣʝ ʟʘʭʚʘʪʘ ʯʘʩʪʦʪʳ. ʇʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ.  

Abstract:  software was developed that emits a stand with the K1561GG1 chip for laboratory work. 

The behavior of the program up to the instant of frequency capture is considered, after the frequency 

capture. An algorithm for performing the work is given. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʦʩʘ ʟʘʭʚʘʪʘ, ʧʦʣʦʩʘ ʫʜʝʨʞʘʥʠʷ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʦʧʦʨʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʣʘʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ. 

Key words: capture band, holdband, software, programming, reference oscillator, lazer work. 

I.ɺʚʝʜʝʥʠʝ 
ʋʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʚʳʩʰʝʤ ʫʯʝʙʥʦʤ ʟʘʚʝʜʝʥʠʠ ï ʵʪʦ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ, ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʩʪʦʨʦʥʥʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʪʦʡ ʠʣʠ ʠʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ. ʋʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʝʙʷ: 

¶ ʣʝʢʮʠʠ; 

¶ ʩʝʤʠʥʘʨʳ; 

¶ ʧʨʘʢʪʠʢʫʤʳ; 

¶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʘʙʦʪʳ; 

¶ ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʠ ʜʨ. 

 ʃʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʟʘʢʨʝʧʣʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʚʳʩʰʘʷ ʰʢʦʣʘ, ʚ ʢʦʪʦʨʦʡ ʦʙʫʯʘʝʪʩʷ ʙʫʜʫʱʠʡ ʩʧʝʮʠʘʣʠʩʪ, ʥʝ ʚʩʝʛʜʘ ʠʤʝʝʪ ʚ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʠʪʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʩʪʝʥʜ ʢʘʞʜʦʤʫ ʦʙʫʯʘʶʱʝʤʫʩʷ. 
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II.ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
 ɿʘʜʘʯʘ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʠʤʠʪʠʨʫʶʱʝʛʦ 

ʩʪʝʥʜ ʩ ʤʠʢʨʦʩʭʝʤʦʡ ʂ1561ɻɻ1, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ çʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳè, ʘ ʪʘʢʞʝ ʝʛʦ ʧʨʦʚʝʨʢʠ ʥʘ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

III .ʊʝʦʨʠʷ 

ʉʠʩʪʝʤʘ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ ʯʘʩʪʦʪʳ (ʌɸʇʏ) ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʜʩʪʨʘʠʚʘʝʪ ʬʘʟʫ ʛʝʥʝʨʘʪʦʨʘ j̄ ʪʘʢ, ʯʪʦʙʳ ʦʥʘ ʙʳʣʘ ʨʘʚʥʘ ʬʘʟʝ ʦʧʦʨʥʦʛʦ 

ʩʠʛʥʘʣʘ j̏, ʩ ʧʦʤʦʱʴʶ ʥʘʣʠʯʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ.  

ɻʝʥʝʨʘʪʦʨ, ʫʧʨʘʚʣʷʝʤʳʡ ʥʘʧʨʷʞʝʥʠʝʤ (ɻʋʅ) ï ʵʣʝʢʪʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʚ ʢʦʪʦʨʦʤ ʯʘʩʪʦʪʘ 

ʢʦʣʝʙʘʥʠʡ f ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʛʝʥʝʨʘʪʦʨ ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ U.  
 

 
ʈʠʩ. 1. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʌɸʇʏ 

 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʨʝʜʝ ʨʘʟʨʘʙʦʪʢʠ Microsoft Visual 

Studio 2015 ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. ɺ ʧʨʦʜʫʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 17 ʛʣʦʙʘʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, 

ʩʤ. ʊʘʙʣ.1, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʦʩʥʦʚʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʘʨʠʘʥʪʦʚ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʟʥʘʯʝʥʠʡ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ. ʋʨʦʚʝʥʴ ʟʘʱʠʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʘʨʦʣʴ.  

 

ʊɸɹʃʀʎɸ 1 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɻʃʆɹɸʃʔʅʓʍ ʇɽʈɽʄɽʅʅʓʍ 

ʉʦʢʨʘʱʝʥʥʦʝ 

ʥʘʟʚʘʥʠʝ  

ʇʦʣʥʦʝ ʥʘʟʚʘʥʠʝ  ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ  ʅʘʯʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

a1 maxValueOfFrequency ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʯʘʩʪʦʪʳ 

750 ʢɻʮ 

a2 minValueOfFrequency ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʯʘʩʪʦʪʳ 

250 ʢɻʮ 

a3 frequencyOfGenerator ʏʘʩʪʦʪʘ ʦʧʦʨʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ 

500 ʢɻʮ 

a4 maxHoldband ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʫʜʝʨʞʘʥʠʷ 

650 ʢɻʮ 

a5 minHoldband ʄʠʥʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ ʫʜʝʨʞʘʥʠʷ 

350 ʢɻʮ 

a6 maxLane ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ 

600 ʢɻʮ 

a7 minLane ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʦʩʳ 

ʟʘʭʚʘʪʘ 

400 ʢɻʮ 

a8 voltageOfReferenceOscillator ʅʘʧʨʷʞʝʥʠʝ ʦʧʦʨʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ 

0 ɺ 

a9=a14 phaseShiftOfReferenceOscillator ʌʘʟʦʚʳʡ ʩʜʚʠʛ ʦʧʦʨʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ 

90Ü 

a10 minVoltageOfLane ʄʠʥʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ 

-2 ɺ 

a11 maxVoltageOfLane ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ 

2 ɺ 

a12 minVoltageOfHoldband ʄʠʥʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʦʣʦʩʳ ʫʜʝʨʞʘʥʠʷ 

-2.5 ɺ 

a13 maxVoltageOfHoldband ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʧʦʣʦʩʳ ʫʜʝʨʞʘʥʠʷ 

2.5 ɺ 

a15 minPhaseOfLane ʄʠʥʠʤʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ 

ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ 

70Ü 
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a16 maxPhaseOfLane ʄʘʢʩʠʤʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ 

ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ 

110Ü 

a17 minPhaseOfHoldband ʄʠʥʠʤʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ 

ʧʦʣʦʩʳ ʫʜʝʨʞʘʥʠʷ 

60Ü 

a18 maxPhaseOfHoldband ʄʘʢʩʠʤʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ 

ʧʦʣʦʩʳ ʫʜʝʨʞʘʥʠʷ 

120Ü 

  

ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ. ɼʣʷ ʵʪʦʛʦ ʨʘʟʨʘʙʦʪʘʥʘ ʦʪʜʝʣʴʥʘʷ ʬʦʨʤʘ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʥʘʩʪʨʦʡʢʠ ï ʟʥʘʯʝʥʠʷ 

ʚʝʣʠʯʠʥ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʜʘʥʥʳʭ ʚʝʣʠʯʠʥ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ 

ʚʩʪʨʦʝʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʚʝʨʢʘ: 

╪ ὥ ὥ ὥ ὥ ὥ ὥ ̐̑̏̃̆̑̋́ ̘́̒̓̏̓Ƞ 
╪ ὥ ὥ ὥ ὥ ̐̑̏̃̆̑̋́ ̠̎́̐̑̇̆̎̉̊Ƞ 

╪ ὥ ὥ ╪ ὥ ὥ ̐̑̏̃̆̑̋́ ̜̖́̈̏̃̕ ̒̅̃̉̄̏̃Ȣ 
ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʚʚʝʜʝʪ ʜʘʥʥʳʝ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʝ, 

ʧʨʦʛʨʘʤʤʘ ʚʳʜʘʩʪ ʦʰʠʙʢʫ ʠ ʧʦʧʨʦʩʠʪ ʚʚʝʩʪʠ ʢʦʨʨʝʢʪʥʳʝ ʜʘʥʥʳʝ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ Microsoft 

Visual Studio, ʪʘʢʠʝ ʢʘʢ: Label, PictureBox, TextBox, trackBar, Button ʠ ʜʨ. ɺ ʧʨʦʮʝʩʩʝ ʙʳʣʦ ʩʦʟʜʘʥʦ 3 

ʬʦʨʤʳ: ʬʦʨʤʘ, ʵʤʠʪʠʨʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ çʨʠʩ. 2è, ʬʦʨʤʘ, ʦʪʚʝʯʘʶʱʘʷ ʟʘ ʥʘʩʪʨʦʡʢʠ, ʬʦʨʤʘ, 

ʩʦʜʝʨʞʘʱʘʷ ʚ ʩʝʙʝ ʩʚʝʜʝʥʠʷ ʦʙ ʘʚʪʦʨʘʭ. 

 

 
ʈʠʩ. 2. ʌʦʨʤʘ, ʵʤʠʪʠʨʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ 

 

IV.ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ (ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ, 

ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʝʤ, ʠ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʝ ʩʦʚʧʘʜʘʶʪ), ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʠʜʠʪ ʩʣʝʜʫʶʱʠʝ 

ʛʨʘʬʠʢʠ:  

¶ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʠʤʧʫʣʴʩʳ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘʙʣʶʜʘʶʪʩʷ ʯʝʪʢʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʠʤʧʫʣʴʩʳ ʛʝʥʝʨʘʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʝʤ, çʧʣʳʚʫʪè çʨʠʩ. 3è; 

¶ ʥʘ ʚʳʭʦʜʝ ʬʘʟʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʠʝʥʠʝ ʯʘʩʪʦʪ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ 

ʛʝʥʝʨʘʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʝʤ çʨʠʩ. 4è. 

 
ʈʠʩ. 3. ɺʥʝʰʥʠʡ ʚʠʜ ʛʨʘʬʠʢʦʚ ʜʦ ʤʦʤʝʥʪʘ ʟʘʭʚʘʪʘ ʯʘʩʪʦʪʳ 
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ʈʠʩ. 4. ɹʠʝʥʠʝ ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ ʛʝʥʝʨʘʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʝʤ, ʠ ʦʧʦʨʥʳʤ 

ʛʝʥʝʨʘʪʦʨʦʤ ʜʦ ʤʦʤʝʥʪʘ ʟʘʭʚʘʪʘ 

 
ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʩʳ ʫʜʝʨʞʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴ 

ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʛʨʘʬʠʢʠ:       

¶ ʠʤʧʫʣʴʩ ʛʝʥʝʨʘʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʝʤ, ʪʘʢʞʝ ʩʪʘʥʝʪ ʯʝʪʢʠʤ, ʘ ʩʜʚʠʛ ʬʘʟ 

ʤʝʞʜʫ ʛʝʥʝʨʘʪʦʨʦʤ, ʫʧʨʘʚʣʷʝʤʳʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʠ ʦʧʦʨʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʙʫʜʝʪ ʨʘʚʥʷʪʴʩʷ 90Ü 

çʨʠʩ.5è; 

¶ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʯʘʩʪʦʪʳ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʢ ʫʯʘʩʪʢʫ ʟʘʭʚʘʪʘ ʙʠʝʥʠʷ ʧʨʝʦʙʨʘʟʫʶʪʩʷ 

ʚ ʧʦʩʪʦʷʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ çʨʠʩ. 6è. 

 
ʈʠʩ. 5. ɺʥʝʰʥʠʡ ʚʠʜ ʛʨʘʬʠʢʦʚ ʧʦʩʣʝ ʟʘʭʚʘʪʘ ʯʘʩʪʦʪʳ 

 

 
ʈʠʩ. 6. ʇʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʚ ʤʦʤʝʥʪ ʟʘʭʚʘʪʘ 

 

V.ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

 ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʛʨʘʬʠʢʦʚ ʜʦ ʤʦʤʝʥʪʘ ʟʘʭʚʘʪʘ ʯʘʩʪʦʪʳ ʠ ʧʦʩʣʝ ʟʘʭʚʘʪʘ 

ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʘʣʛʦʨʠʪʤ, ʥʘ ʢʦʪʦʨʳʡ ʦʙʫʯʘʶʱʠʡʩʷ ʙʫʜʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ. 

1. ʆʧʨʝʜʝʣʠʪʴ ʦʙʣʘʩʪʴ ʨʘʙʦʯʠʭ ʯʘʩʪʦʪ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘʭʚʘʪ ʠ ʫʜʝʨʞʘʥʠʝ. 

2. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʦʪ ʧʦʣʦʩʳ ʫʜʝʨʞʘʥʠʷ, ʧʦʣʦʩʳ ʟʘʭʚʘʪʘ. 

3. ʇʨʦʚʝʨʠʪʴ ʫʜʝʨʞʘʥʠʝ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʝʤ. 

4. ɿʘʬʠʢʩʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪ. 

5. ʇʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʝʤ, ʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʬʠʣʴʪʨʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪ ʦʪ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʥʘʧʨʷʞʝʥʠʝʤ. 

VI. ɺʳʚʦʜʳ ʠ ʟʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ çʀʩʩʣʝʜʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʬʘʟʦʚʦʡ ʘʚʪʦʧʦʜʩʪʨʦʡʢʠ 

ʯʘʩʪʦʪʳè ʙʳʣʘ ʫʩʧʝʰʥʦ ʩʳʤʠʪʠʨʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ 

Microsoft Visual Studio 2015 ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. ʉʦʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ 

ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 
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ʆʜʥʠʤ ʠʟ ʟʘʙʳʪʳʭ ʚʠʜʦʚ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʙʠʦʛʘʟ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʝʱʸ ʚ ɼʨʝʚʥʝʤ ʂʠʪʘʝ ʠ 

ʚʥʦʚʴ ʦʪʢʨʳʪʳʡ ʚ ʥʘʰʝ ʚʨʝʤʷ. ɹʠʦʛʘʟ ï ʛʘʟʦʦʙʨʘʟʥʳʡ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʘʝʤʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʵʨʦʙʥʦʡ, 

ʪ.ʝ. ʧʨʦʠʩʭʦʜʷʱʝʡ ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ, ʬʝʨʤʝʥʪʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʘʤʦʛʦ ʨʘʟʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɽʛʦ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʤʝʪʘʥ (ʉʅ4) ï 55ï70% ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (ʉʆ2) ï 28ï

43%, ʘ ʪʘʢʞʝ ʚ ʦʯʝʥʴ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʜʨʫʛʠʝ ʛʘʟʳ, ʥʘʧʨʠʤʝʨ ʩʝʨʦʚʦʜʦʨʦʜ (ʅ2S). 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʢ ʧʨʦʮʝʩʩʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʛʘʟʘ ï ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʚʦʟʨʘʩʪʘʶʱʝʤ  ʢʦʣʠʯʝʩʪʚʝ ʧʣʘʥʠʨʫʶʱʠʭʩʷ ʠ ʩʪʨʦʷʱʠʭʩʷ 

ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʥʦ ʠ ʚ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʠ ʚʩʝ ʙʦʣʴʰʝʛʦ ʯʠʩʣʘ ʬʝʨʤʝʨʦʚ, ʢʦʤʤʫʥʘʣʴʥʳʭ 

ʭʦʟʷʡʩʪʚ, ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʣʠʪʠʢʦʚ ʠ ʯʘʩʪʥʳʭ ʭʦʟʷʡʩʪʚ, ʢʦʪʦʨʳʝ ʚʥʠʤʘʪʝʣʴʥʦ ʥʘʙʣʶʜʘʶʪ ʟʘ 

ʨʘʟʚʠʪʠʝʤ ʵʪʦʛʦ ʩʝʢʪʦʨʘ. ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʫʞʝ ʪʘʢʞʝ ʥʝ ʦʪʥʦʩʠʪʩʷ ʩ ʪʘʢʦʡ ʦʩʪʦʨʦʞʥʦʩʪʴʶ ʢ 

ʜʝʮʝʥʪʨʘʣʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʣʘʛʦʜʘʨʷ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. ɼʣʷ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʘʩʪʨʦʥʦʤʠʠ, ʙʦʣʴʰʠʭ ʨʝʩʪʦʨʘʥʦʚ, ʫʯʨʝʞʜʝʥʠʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʧʠʱʝʚʳʭ ʦʪʭʦʜʦʚ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʛʘʟʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʘʥʩ 

ʜʝʰʝʚʦʡ ʫʪʠʣʠʟʘʮʠʠ  ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʠ ʦʩʪʘʪʢʦʚ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʚ ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ 

ʩ ʧʦʣʴʟʦʡ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘʚʦʝʚʳʚʘʝʪ ʪʘʢʞʝ ʚʩʝ ʙʦʣʴʰʝ ʩʪʦʨʦʥʥʠʢʦʚ ʩʨʝʜʠ 

ʣʶʜʝʡ, ʣʠʯʥʦ ʫʙʝʜʠʚʰʠʭʩʷ ʚ ʝʝ ʧʦʣʴʟʝ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [1]. 

      ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʉʅɻ ʠ ʜʘʣʴʥʝʤ ʟʘʨʫʙʝʞʴʝ ʟʘʧʨʦʩ ʙʠʦʛʘʟʘ ʚʳʰʝ ʯʝʤ ʜʨʫʛʠʝ. ɼʦ 1993 

ʛ. ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ɻʝʨʤʘʥʠʠ ʚʦʟʨʦʩʣʘ ʜʦ ʙʦʣʝʝ ʯʝʤ 250, ʠʟ ʥʠʭ ʦʢʦʣʦ 130 

ʥʘʭʦʜʠʣʠʩʴ ʚ ɹʘʚʘʨʠʠ ʠ 80 ʚ ɹʘʜʝʥ-ɺʶʨʪʝʤʙʝʨʛʝ. ʃʠʰʴ ʧʦʷʚʣʝʥʠʝ ʟʘʢʦʥʘ, ʛʘʨʘʥʪʠʨʫʶʱʝʛʦ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʜʘʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʦʙʱʝʩʪʚʝʥʥʳʝ ʩʝʪʠ ʦʪ 1990 ʛ. ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ 

ʦʧʣʘʪʦʡ ʪʘʢʦʡ ʵʥʝʨʛʠʠ ʚ ʨʘʟʤʝʨʝ ʣʠʰʴ 10 ʮʝʥʪʦʚ/ʢɺʪ, ʧʨʠʚʝʣ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʘʥʦʚʦʢ 

ʧʦʯʪʠ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʜʦ 1000 ʫʩʪʘʥʦʚʦʢ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2000 ʛ. ʇʦʚʳʰʝʥʠʝ ʪʘʨʠʬʦʚ ʟʘ 
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ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʧʦʜʘʶʱʫʶʩʷ ʚ ʵʣʝʢʪʨʦʩʝʪʠ ʠ ʛʘʨʘʥʪʠʷ ʧʦʢʫʧʢʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ (2000 ʛ.) ʚʳʟʚʘʣʠ 

ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʩʪʘʥʦʚʦʢ ʥʘ 250% ʪʦʣʴʢʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʯʝʪʳʨʝʭ ʣʝʪ. ʇʦʣʥʳʡ ʧʨʦʨʳʚ 

ʧʨʦʠʟʦʰʝʣ ʚ 2004 ʛ., ʢʦʛʜʘ ʙʳʣʦ ʧʨʠʥʷʪʦ ʟʘʢʦʥ ɽʉ ʦ ʧʦʦʱʨʝʥʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʧʦʩʣʝ ʢʦʪʦʨʦʛʦ ʪʦʣʴʢʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʜʥʦʛʦ ʛʦʜʘ ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʦʚʦʢ ʚʦʟʨʦʩʣʘ ʥʘ 4000 

(ʨʘʙʦʪʘʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʩʪʨʦʷʱʠʭʩʷ ʀʟʦʙʨ. 1.8). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɻʝʨʤʘʥʠʷ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ 

ʙʠʦʛʘʟʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ  ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʣʘ ʚ ʵʪʦʡ ʩʬʝʨʝ ʝʚʨʦʧʝʡʩʢʠʤ ʣʠʜʝʨʦʤ.  

[2] 

ʇʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʛʦʨʶʯʝʛʦ ʛʘʟʘ ʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʙʳʪʫ ʠʟʚʝʩʪʥʳ ʜʘʚʥʦ: ʚ ʂʠʪʘʝ ʠʭ ʠʩʪʦʨʠʷ ʥʘʩʯʠʪʳʚʘʝʪ 5 ʪʳʩ. ʣʝʪ, ʚ ʀʥʜʠʠ ï 2 ʪʳʩ. 

ʣʝʪ. ʇʨʠʨʦʜʘ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʪʘʥʘ ʟʘ 

ʧʨʦʰʝʜʰʠʝ ʪʳʩʷʯʝʣʝʪʠʷ ʥʝ ʠʟʤʝʥʠʣʘʩʴ. ʅʦ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʫʢʘ ʠ ʪʝʭʥʠʢʘ ʩʦʟʜʘʣʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʜʝʣʘʪʴ ʵʪʠ ñʜʨʝʚʥʠʝò ʪʝʭʥʦʣʦʛʠʠ ʨʝʥʪʘʙʝʣʴʥʳʤʠ ʠ ʧʨʠʤʝʥʷʝʤʳʤʠ ʥʝ 

ʪʦʣʴʢʦ ʚ ʩʪʨʘʥʘʭ ʩ ʪʝʧʣʳʤ ʢʣʠʤʘʪʦʤ, ʥʦ ʠ ʚ ʩʪʨʘʥʘʭ ʩ ʩʫʨʦʚʳʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʢʣʠʤʘʪʦʤ, 

ʥʘʧʨʠʤʝʨ ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʂʘʟʘʭʩʪʘʥʘ ʩʝʛʦʜʥʷ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʫʪʠʣʠʟʘʮʠʠ 

ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ ï ʯʘʱʝ ʚʩʝʛʦ ʦʥʠ ʧʨʦʩʪʦ ʚʳʚʦʟʷʪʩʷ ʩ ʪʝʨʨʠʪʦʨʠʡ ʬʝʨʤ ʠ 

ʩʢʣʘʜʠʨʫʶʪʩʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʘʤ ʦʢʠʩʣʝʥʠʷ ʧʦʯʚ, ʦʪʯʫʞʜʝʥʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʟʝʤʝʣʴ (ʙʦʣʝʝ 2 ʤʣʥ ʛʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ ʟʘʥʷʪʳ ʧʦʜ ʭʨʘʥʝʥʠʝ ʥʘʚʦʟʘ), ʟʘʛʨʷʟʥʝʥʠʶ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʚʳʙʨʦʩʘʤ ʚ ʘʪʤʦʩʬʝʨʫ ʤʝʪʘʥʘ ï ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʘ. ɽʩʣʠ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ 

ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʛʣʫʙʠʥʳ ʧʝʨʝʨʘʙʦʪʢʠ, ʵʪʫ ʧʨʦʙʣʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʘʪʴ. 

ʆʪʭʦʜʳ ɸʇʂ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ, ʩʘʤʠ ʧʦ ʩʝʙʝ ʷʚʣʷʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʝʩʫʨʩʦʤ, ʪʘʢ ʢʘʢ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʙʠʦʛʘʟʘ 

ʧʦʯʪʠ ʠʟ ʚʩʝʭ ʚʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʙʠʦʛʘʟʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʦʪʭʦʜʦʚ, ʥʦ ʠ ʝʱʝ ʨʝʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ.  

ɸ ʵʪʠ ʧʨʦʙʣʝʤʳ ʩʫʱʝʩʪʚʫʶʪ: ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʛʠʦʥʦʚ ʩ ʨʘʟʚʠʪʳʤ ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʛʘʟʘ (ʖʞʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ, 

ʉʝʚʝʨʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ, ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ, ɸʣʤʘʪʠʥʩʢʘʷ ʠ ɸʢʤʦʣʠʥʩʢʘʷ ʦʙʣʘʩʪʴ) ʷʚʣʷʶʪʩʷ 

ʵʥʝʨʛʦʜʝʬʠʮʠʪʥʳʤʠ (ʧʨʠʭʦʜʠʪʩʷ 2 ʢɺʪ/ʯ. ʚ ʩʫʪʢʠ ʥʘ ʯʝʣʦʚʝʢʘ, ʪʦʛʜʘ ʢʘʢ ʚ ʩʨʝʜʥʝʤ ʧʦ ʩʪʨʘʥʝ ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʚ 5 ʨʘʟ ʚʳʰʝ) ʠ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʟʜʝʩʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʦʩʪʘʪʦʯʥʦʤʫ ʧʨʠʥʮʠʧʫ. ɺʦ ʚʩʝʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʛʠʦʥʘʭ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʢʨʘʡʥʝ 

ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʜʦʩʪʫʧʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. 

ɺ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ, ʧʦʪʝʥʮʠʘʣ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʂʘʟʘʭʩʪʘʥʝ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 35 ʤʣʨʜ. ʢɺʪ/ʯ, ʠ 44 ɻʢʘʣ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʛʦʜ . ɽʩʣʠ 

ʚʝʩʴ ʙʠʦʛʘʟ ʙʫʜʝʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴʩʷ ʥʘ ʢʦʛʝʥʝʨʘʮʠʦʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʫʤʤʘʨʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʚ ʧʨʠʨʦʜʥʦʤ ʛʘʟʝ ʠʣʠ ʞʝ 

ʧʦʣʥʦʩʪʴʶ ʦʙʝʩʧʝʯʠʪʴ ʩʝʣʴʩʢʠʝ ʨʘʡʦʥʳ ʜʦʩʪʫʧʦʤ ʢ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ ʠ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ. ʂʨʦʤʝ 

ʪʦʛʦ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʠʦʛʘʟ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʝʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʩʝʛʦ 0,025-0,075 ʜʦʣʣʘʨʘ ʟʘ ʢɺʪ/ʯ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʦʙʭʦʜʠʪʩʷ ʚ 0,1-0,15 ʜʦʣʣʘʨʘ ʟʘ ʢɺʪ/ʯ. 

ɼʨʫʛʠʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʛʘʟʘ, ʢʦʪʦʨʳʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟ ʦʪʭʦʜʦʚ ʬʝʨʤ ʠ ʧʪʠʮʝʬʘʙʨʠʢ, ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʥʘ 

ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ.ʂʘʟʘʭʩʪʘʥ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʛʦʣʦʚʴʝ ʩʢʦʪʘ ʠ ʧʪʠʮʳ. ʇʦʪʝʥʮʠʘʣ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʥʘ ʠʟ ʦʪʭʦʜʦʚ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 85 ʪʳʩ. ʪʦʥʥ, ʠʣʠ ʙʦʣʝʝ 52 

ʪʳʩʷʯ  ʪ.ʥ.ʵ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ, ʩʳʨʴʸʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʛʘʟʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘʚʦʟ, 

ʥʦ ʠʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʭʦʜʳ: ʟʝʨʥʦʚʘʷ ʠ ʤʝʣʘʩʥʘʷ ʧʦʩʣʝʩʧʠʨʪʦʚʘʷ ʙʘʨʜʘ, ʧʠʚʥʘʷ ʜʨʦʙʠʥʘ, 

ʩʚʝʢʦʣʴʥʳʡ ʞʦʤ, ʬʝʢʘʣʴʥʳʝ ʦʩʘʜʢʠ, ʦʪʭʦʜʳ ʨʳʙʥʦʛʦ ʠ ʟʘʙʦʡʥʦʛʦ ʮʝʭʘ (ʢʨʦʚʴ, ʞʠʨ, ʢʠʰʢʠ, ʢʘʥʳʛʘ), 

ʪʨʘʚʘ, ʙʳʪʦʚʳʝ ʦʪʭʦʜʳ, ʦʪʭʦʜʳ ʤʦʣʦʢʦʟʘʚʦʜʘ ð ʣʘʢʪʦʟʘ, ʤʦʣʦʯʥʘʷ ʩʳʚʦʨʦʪʢʘ, ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʜʠʟʝʣʷ ð ʪʝʭʥʠʯʝʩʢʠʡ ʛʣʠʮʝʨʠʥ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʠʟʝʣʷ ʠʟ ʨʘʧʩʘ, ʦʪʭʦʜʳ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʦʢʦʚ ð ʞʦʤ ʬʨʫʢʪʦʚʳʡ, ʷʛʦʜʥʳʡ, ʚʠʥʦʛʨʘʜʥʘʷ ʚʳʞʠʤʢʘ, ʚʦʜʦʨʦʩʣʠ, ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʨʘʭʤʘʣʘ ʠ ʧʘʪʦʢʠ ð ʤʝʟʛʘ ʠ ʩʠʨʦʧ, ʦʪʭʦʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʢʘʨʪʦʬʝʣʷ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʠʧʩʦʚ ð 

ʦʯʠʩʪʢʠ, ʰʢʫʨʢʠ, ʛʥʠʣʳʝ ʢʣʫʙʥʠ. 

ɺ ʤʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ (ɺʀʕ) ʟʘʥʠʤʘʶʪ 
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ʦʢʦʣʦ 7%. ɺ ʂʘʟʘʭʩʪʘʥʝ ʜʦʣʷ ɺʀʕ ʚ ʵʥʝʨʛʦʙʘʣʘʥʩʝ ʤʝʥʝʝ 0,5%, ʧʦʪʝʥʮʠʘʣ ɺʀʕ ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʦʛʨʦʤʝʥ ï ʦʢʦʣʦ 1 ʪʨʣʥ. ʢɺʪ/ʯ ʚ ʛʦʜ (ʧʨʠʤʝʨʥʦ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 

ʩʪʨʘʥʝ). ʅʦ ʨʝʘʣʴʥʦ çʟʝʣʝʥʦʡè ʵʥʝʨʛʠʠ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 0,4-0,5 ʤʣʨʜ. ʢɺʪ/ʯ ʚ ʛʦʜ. ʊʦ ʝʩʪʴ 

ʧʦʪʝʥʮʠʘʣ ɺʀʕ ʩʝʛʦʜʥʷ ʨʝʘʣʠʟʦʚʘʥ ʥʘ 0,05% ʚ ʂʘʟʘʭʩʪʘʥʝ. ʅʦ ʜʦ 2014 ʛʦʜʘ ʜʦʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚ ʙʘʣʘʥʩʝ ʈʝʩʧʫʙʣʠʢʝ ʜʦʣʞʥʘ ʚʳʨʘʩʪʠ ʤʠʥʠʤʫʤ ʚʜʚʦʝ. 

ɺ ʮʝʣʦʤ ʞʝ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʛʘʟʘ ʚ ʨʝʩʧʫʙʣʠʢʝ ʦʯʝʥʴ 

ʭʦʨʦʰʠ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʳʨʴʷ, 

ʧʨʦʩʪʦʪʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʛʘʟʘ, ʘ ʪʘʢʞʝ ʪʦʪ ʧʦʪʝʥʮʠʘʣ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʠʦʛʘʟ ʧʨʠ ʟʘʤʝʥʝ ʠʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠ ʪʝʧʣʘ. 

ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʚʝʜʝʥʠʷ ʙʠʦʛʘʟʦʚʦʡ ʧʨʦʛʨʘʤʤʳ ʂʘʟʘʭʩʪʘʥʫ ʥʝʦʙʭʦʜʠʤʦ ʚʟʷʪʴ 

ʫʨʦʢʠ ʫ ʂʠʪʘʷ, ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʭ ʢʣʘʩʪʝʨʘʤʠ. ʀʥʚʠʩʪʠʮʠʠ ʜʦʣʞʥʳ ʠʩʭʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʦʪ 

ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʄʠʥʠʩʪʝʨʩʚʘ ʬʠʥʘʥʩʦʚ ʈʂ, ʘ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʠʚʣʝʯʴ ʄʠʨʦʚʦʡ 

ɹʘʥʢ New Countryside and Eco-household Program, ɸʟʠʘʪʩʢʠʡ ɹʘʥʢ ʨʘʟʚʠʪʠʷ ʠ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ. ʊʘʢ 

ʢʘʢ ʧʝʨʝʥʷʚ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ, ʤʳ ʨʝʰʘʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, 

ʤʦʜʝʨʥʠʟʘʮʠʦʥʥʳʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ.[3] 

ɹʠʦʛʘʟʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʩʪʘʥʫʪ ʥʝʧʣʦʭʠʤ ʧʦʜʩʧʦʨʴʝʤ ʚ ʭʦʟʷʡʩʪʚʝ. ʂ ʪʦʤʫ ʞʝ ʩʳʨʴʝʤ ʜʣʷ ʥʝʝ 

ʩʪʘʥʝʪ ʪʦ, ʯʝʛʦ ʚʩʝʛʜʘ ʚ ʠʟʙʳʪʢʝ: ʥʘʚʦʟ, ʧʠʱʝʚʳʝ ʦʪʭʦʜʳ, ʦʧʘʚʰʘʷ ʣʠʩʪʚʘ, ʩʛʥʠʚʰʝʝ ʟʝʨʥʦ, ʙʦʪʚʘ ʠ 

ʪ.ʧ., ʪʦ, ʯʪʦ ʦʙʳʯʥʦ ʠʜʝʪ ʚ ʢʦʤʧʦʩʪʥʫʶ ʷʤʫ. ʊʘʢʘʷ ʢʫʣʴʪʫʨʘ, ʢʘʢ ʪʦʧʠʥʘʤʙʫʨ, ʷʚʣʷʝʪʩʷ ʦʪʣʠʯʥʳʤ 

ʩʳʨʴʝʤ ʜʣʷ ʙʠʦʪʦʧʣʠʚʘ, ʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʤʦʞʥʦ ʟʘʩʝʚʘʪʴ ʠʤ ʜʦ 160 ʪʳʩ. ʛʘ ʧʣʦʱʘʜʠ. ʇʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʧʠʨʪʘ ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʧʦʣʫʯʘʶʪ ʧʦʩʣʝʩʧʠʨʪʦʚʫʶ ʙʘʨʜʫ, ʠʟ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠ ʙʠʦʛʘʟ ʠ ʜʦʙʘʚʢʠ ʩ ʚʠʪʘʤʠʥʦʤ B12 ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, 

ʧʦʚʳʰʘʶʱʠʝ ʝʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʠʦʛʘʟʘ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʦ ʚ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʛʜʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʤʢʥʫʪʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ. 

ɹʠʦʛʘʟ ʤʦʞʥʦ ʥʘʢʘʧʣʠʚʘʪʴ, ʧʝʨʝʢʘʯʠʚʘʪʴ, ʠʟʣʠʰʢʠ ʧʨʦʜʘʚʘʪʴ. ɼʣʷ ʟʘʧʨʘʚʢʠ ʘʚʪʦʤʦʙʠʣʝʡ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʯʠʩʪʢʠ ʙʠʦʛʘʟʘ, ʧʦʩʣʝ ʯʝʛʦ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ 

ʪʦʧʣʠʚʦ. ʆʯʠʱʝʥʥʳʤ ʙʠʦʛʘʟʦʤ ʤʦʞʥʦ ʟʘʧʨʘʚʣʷʪʴ ʪʝʭʥʠʢʫ, ʯʪʦ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʩʪʦʷʥʥʦʛʦ ʨʦʩʪʘ ʮʝʥ ʥʘ ʩʦʣʷʨʢʫ. ʇʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʦʯʠʩʪʢʠ ð ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʦʪ 

ʢʦʪʦʨʦʛʦ ʪʦʞʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʫʶ ʧʨʠʙʳʣʴ ð ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʩʫʭʦʡ ʣʝʜ, ʜʣʷ ʛʘʟʠʨʦʚʢʠ 

ʠʣʠ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʦ ʦʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʙʠʦʛʘʟʦʚʦʡ ʫʩʪʥʦʚʢʠ: 

 

- 

ʈʠʩʫʥʦʢ 1. 

 

1 - ʬʝʨʤʘ;2 ï ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʘʚʦʟʘ;3 - ʥʘʩʦʩ; 

4 - ʤʝʪʘʥʪʘʥʢ;5 - ʛʘʟʛʦʣʴʜʝʨ;6 - ʪʝʧʣʦʦʙʤʝʥʥʠʢ; 7 - ʢʦʪʝʣ;  

8 - ʭʨʘʥʠʣʠʱʝ ʫʜʦʙʨʝʥʠʷ 

ɺ 2004 ʛʦʜʫ ʚ ʤʠʨʝ ʥʘʩʯʠʪʳʚʘʣʦʩʴ ʦʢʦʣʦ 3,8 ʤʣʥ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʟʘʧʨʘʚʣʷʝʤʳʭ 

ʙʠʦʛʘʟʦʤ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʠʭ ʚ ʀʪʘʣʠʠ, ɹʨʘʟʠʣʠʠ, ɸʨʛʝʥʪʠʥʝ, ʇʘʢʠʩʪʘʥʝ. ʇʨʠʯʠʥʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʠʦʛʘʟʘ ʢʘʢ ʪʦʧʣʠʚʘ: ʫʤʝʥʴʰʝʥʠʝ ʚʳʙʨʦʩʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʩʥʠʞʝʥʠʝ ʠʤʧʦʨʪʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ, 

ʫʤʝʥʴʰʝʥʠʝ ʚʳʙʨʦʩʘ ʤʝʪʘʥʘ. ʇʦʩʣʝ ʦʯʠʩʪʢʠ ʙʠʦʛʘʟ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʥʘ ʟʘʧʨʘʚʦʯʥʳʝ ʩʪʘʥʮʠʠ. [4]. 

ɺʳʚʦʜ 
ʂʘʢ ʧʦʢʘʟʘʣ ʨʝʟʫʣʴʪʘʪ ʙʠʦʛʘʟʦʚʳʝ ʪʝʭʥʦʣʦʛʠʷ ʨʝʰʘʝʪ ʚʘʞʥʳʝ ʧʨʦʙʣʝʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʚ ʵʢʦʣʦʛʠʠ ï ʩʦʟʜʘʥʠʝ ʙʝʟʦʪʭʦʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚ, ʫʤʝʥʴʰʝʥʠʝ çʧʘʨʥʠʢʦʚʳʭè ʚʳʙʨʦʩʦʚ, ʚ 
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ʵʥʝʨʛʝʪʠʢʝ ï ʧʝʨʝʨʘʙʦʪʢʘ ʙʠʦʤʘʩʩʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ ʪʦʧʣʠʚʦ, ʪʝʧʣʦʚʫʶ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. 
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ʋʥʘʩʧʝʢʦʚ ɹʝʨʠʢ ɸʢʠʙʘʝʚʠʯ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
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ɻʆʈɽʃʂʀ ʀʅʌʈɸʂʈɸʉʅʆɻʆ ʀɿʃʋʏɽʅʀʗ (ɻʀʀ) ɼʃʗ ʆʊʆʇʃɽʅʀʗ 

ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʇʆʄɽʑɽʅʀʁ 

 

BURNERS OF INFRARED RADIATION (BIR) FOR HEATING INDUSTRIAL P REMISES 

 

ɸʥʥʦʪʘʮʠʷ: ʈʘʩʩʤʦʪʨʝʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʝʣʦʢ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠ,̫ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʠ ʚ ʜʘʣʴʥʝʤ ʟʘʨʫʙʝʞʴʝ. ʕʞʝʢʪʦʨʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ. ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʨʦʙʥʦʛʦ ʠʟʫʯʝʥʠʷ ʵʞʝʢʪʦʨʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ɻʀʀ.  

ɸnnotation: Designs of modern burners of infrared radiation which is used in the CIS countries and 

far abroad. It is shown that the ejector device is a key element of a gas burner. Based the necessity for a 

detailed study of the ejector device of GII. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʝʣʢʘ, ʢʦʥʩʪʨʫʢʮʠʷ, ʵʞʝʢʪʦʨ, ʧʦʤʝʱʝʥʠʝ, ʦʪʦʧʣʝʥʠʝ.  

ʂeywords: burner, design, ejector,room, heating. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʪʳ (ʢʦʪʝʣʴʥʳʡ), ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʜʘʥʠʡ, ʥʘʣʠʯʠʷ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʦʥʪʘʞʘ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʬʠʥʘʥʩʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ.  

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʣʫʯʠʩʪʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ ʛʘʟʦʚʳʭ ʩʠʩʪʝʤ [1-5], ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 

ʦʪʘʧʣʠʚʘʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ. ʊʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʦʪ ʠʥʬʨʘʢʨʘʩʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʥʝ ʧʦʛʣʦʱʘʝʪʩʷ 

ʚʦʟʜʫʭʦʤ, ʧʦʵʪʦʤʫ ʚʩʷ ʵʥʝʨʛʠʷ ʙʝʟ ʧʦʪʝʨʴ ʜʦʩʪʠʛʘʝʪ ʦʙʦʛʨʝʚʘʝʤʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʣʶʜʝʡ. ʃʫʯʠʩʪʦʝ 

ʦʪʦʧʣʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʥʘʠʣʫʯʰʠʤ ʠ ʩ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʣʫʯʠʩʪʦʛʦ ʪʝʧʣʘ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʧʦʤʝʱʝʥʠʷ. ʃʫʯʠʩʪʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʦʣʫʯʝʥʠʝ ʂʇɼ ʜʦ 80% ʧʨʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʤ ʦʪʚʦʜʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʠ ʜʦ 100% ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ 

ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʚ ʦʪʘʧʣʠʚʘʝʤʦʝ ʧʦʤʝʱʝʥʠʝ. ʉʠʩʪʝʤʳ ʣʫʯʠʩʪʦʛʦ ʦʪʦʧʣʝʥʠʷ ʥʘ ʙʘʟʝ 

ʠʥʬʨʘʢʨʘʩʥʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʵʢʦʥʦʤʠʠ ʟʘʪʨʘʪ ʥʘ ʦʪʦʧʣʝʥʠʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɻʦʨʝʣʢʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ 

ʵʞʝʢʮʠʦʥʥʳʭ ʛʦʨʝʣʦʢ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ  ρȟπς
ρȟπχȟ ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʥʦʪʫ ʩʛʦʨʘʥʠʷ ʛʘʟʘ. ʆʙʱʠʡ ʚʠʜ ʠ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ɻʀʀ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.  
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ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʛʦʨʝʣʢʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: 

1 ï ʢʦʨʧʫʩ; 2 ï ʨʝʬʣʝʢʪʦʨ; 3 ï ʩʝʪʢʘ; 4 ï ʢʝʨʘʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ (ʥʘʩʘʜʢʘ); 

5 ï ʩʦʧʣʦ; 6 ï ʩʤʝʩʠʪʝʣʴ; 7 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ. 

 

ɻʀʀ ʨʘʙʦʪʘʶʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʪʨʫʷ ʛʘʟʘ ʠʩʪʝʢʘʝʪ ʠʟ ʩʦʧʣʘ 5 ʠ ʵʞʝʢʪʠʨʫʝʪ ʚ ʩʤʝʩʠʪʝʣʴ 

6 ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ. ɻʘʟʦʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ 

7.ʀʟ ʢʘʤʝʨʳ 7 ʩʤʝʩʴ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʢʝʨʘʤʠʯʝʩʢʦʡ ʥʘʩʘʜʢʠ 4 ʚʳʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʛʜʝ ʩʛʦʨʘʝʪ ʚ 

ʪʦʥʢʦʤ ʩʣʦʝ: ʧʨʠʤʝʨʥʦ 1ï1,5 ʤʤ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʝʧʣʘ ʧʨʠ ʛʦʨʝʥʠʠ ʧʝʨʝʜʘʝʪʩʷ ʢʝʨʘʤʠʯʝʩʢʠʤ 

ʧʣʠʪʢʘʤ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʯʝʨʝʟ 40ï50 ʩ ʧʦʩʣʝ ʟʘʞʠʛʘʥʠʷ ʛʦʨʝʣʢʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʨʘʙʦʯʝʡ 

ʪʝʤʧʝʨʘʪʫʨʳ 800ï1200Áʉ. ʇʦʚʝʨʭʥʦʩʪʴ ʠʟʣʫʯʘʶʱʝʡ ʥʘʩʘʜʢʠ ʩʪʘʥʦʚʠʪʩʷ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʀʟʣʫʯʘʶʱʠʝ ʥʘʩʘʜʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʢʝʨʘʤʠʯʝʩʢʠʝ ʠ ʢʝʨʘʤʠʯʝʩʢʠʝ ʩ 

ʩʝʪʢʦʡ 3. 

ɺ ʜʘʣʴʥʝʤ ʟʘʨʫʙʝʞʴʝ ʨʘʟʨʘʙʦʪʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ɻʀʀ ʚʝʜʫʱʠʤʠ ʤʠʨʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ ʠ 

ʬʠʨʤʘʤʠ: SOLARONICS (ʌʨʘʥʮʠʷ), CARLIEUKLIMA  ʠ FRACCARO (ʀʪʘʣʠʷ), DETROIT RADIANT 

PRODUCTS (ʉʐɸ), PAKOLE (ɺʝʥʛʨʠʷ) [3-5]. 

ʆʥʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ ʫ ʵʪʠʭ ʛʦʨʝʣʦʢ ʚ ʢʘʯʝʩʪʚʝ ʠʟʣʫʯʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʴʚʝʦʣʷʨʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ. ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʥʦʝ ʩʛʦʨʘʥʠʝ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ʊʘʢʦʡ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʜʝʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ ʠ ʩʦʙʣʶʜʝʥʠʝ ʩʪʨʦʛʠʭ ʥʦʨʤ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʋʧʦʤʷʥʫʪʳʤʠ ʚʳʰʝ ʢʦʤʧʘʥʠʷʤʠ ʠ ʬʠʨʤʘʤʠ ʦʩʚʦʝʥ ʚʳʧʫʩʢ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʛʦ ʤʦʜʝʣʴʥʦʛʦ 

ʨʷʜʘ ɻʀʀ. ʕʪʠ ʛʦʨʝʣʢʠ  ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ ʜʨʫʛʠʝ ʦʪʣʠʯʠʷ, ʚʳʟʚʘʥʥʳʝ ʩʧʝʮʠʬʠʢʦʡ 

ʧʦʤʝʱʝʥʠʡ, ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʢʦʪʦʨʳʭ ʦʥʠ ʩʦʟʜʘʥʳ. ʅʦʤʠʥʘʣʴʥʘʷ ʪʝʧʣʦʚʘʷ ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʝʡ 

ʦʪʢʨʳʪʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1 ʜʦ 54,2 ʢɺʪ, ʘ ʚʝʩ ʦʪ 0,9 ʜʦ 43ʢʛ.  

ɼʣʷ ʦʪʦʧʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʦʩʦʙʝʥʥʦ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʦʣʫʯʘʶʪ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʙʣʦʯʥʳʝ ʤʫʣʴʪʠʛʦʨʝʣʦʯʥʳʝ ʠʥʬʨʘʢʨʘʩʥʳʝ ʛʦʨʝʣʢʠ [6]. 

ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʜʫʣʝʡ ʪʝʧʣʦʠʟʣʫʯʘʶʱʠʭ ʪʨʫʙ ʩ ʨʝʬʣʝʢʪʦʨʘʤʠ ʠ ʛʦʨʝʣʢʘʤʠ, ʠʟ 

ʢʦʪʦʨʳʭ ʩʦʙʠʨʘʝʪʩʷ ʣʶʙʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʪʨʝʙʫʝʤʦʡ ʤʦʱʥʦʩʪʠ. ʊʘʢʠʝ 

ʛʦʨʝʣʢʠ ʩʥʘʙʞʘʶʪʩʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʤ ʦʪʚʦʜʦʤ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʛʘʟʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʭ ʫʜʘʣʝʥʠʝ 

ʦʩʱʫʝʩʪʚʣʷʝʪʩʷ ʦʜʥʠʤ ʚʝʥʪʠʣʷʪʦʨʦʤ (ʜʳʤʦʩʦʩʦʤ). ɹʣʦʯʥʳʝ ʤʫʣʴʪʠʛʦʨʝʣʦʯʥʳʝ ʛʦʨʝʣʢʠ ʙʳʚʘʶʪ ʪʨʝʭ 

ʤʦʜʠʬʠʢʘʮʠʡ: ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ, ʧʘʨʘʣʣʝʣʴʥʳʤ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ -ʧʘʨʘʣʣʝʣʴʥʳʤ 

(ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ) ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʛʘʟʦʚʳʭ ʛʦʨʝʣʦʢ.   

ʆʩʥʘʚʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʦʚʦʟʜʫʰʥʳʡ ʩʤʝʩʠ ʚ ʛʦʨʝʣʢʘʭ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʧʘ  

ʷʚʣʷʝʪʩʷ ʵʞʝʢʪʦʨ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦʝ ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ ʠ 

ʧʦʚʳʰʝʥʠʝ ʂʇɼ ʛʘʟʦʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ.  
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ɺ ʨʘʙʦʪʝ [7] ʧʨʦʬ. ɸ.ɸ. ʀʦʥʠʥʘ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʵʞʝʢʪʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ 

ʛʘʟʦʚʳʭ ʛʦʨʝʣʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʛʘʟʦʚʳʭ ʧʣʠʪʘʭ ʠ ʦʪʦʧʠʪʝʣʴʥʳʭ ʢʦʪʣʘʭ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ,ʯʪʦ ʚ ʨʘʙʦʪʝ [8] ʧʨʦʬ. ɹ.ɸ. ʋʥʘʩʧʝʢʦʚʘ ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʞʝʢʪʦʨʥʳʭ  ʫʩʪʨʦʡʩʪʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʝʯʘʭ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ.  

ʉʦʚʨʝʤʝʥʥʳʡ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʞʝʢʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʛʦʨʝʣʢʘʭ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʨʘʙʦʪʳ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝ ʠʟʫʯʝʥʳ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ: 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʞʝʢʪʦʨʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʠ ʨʝʞʠʤʳ ʠʭ ʨʘʙʦʪʳ.  

ɺʳʚʦʜ 

1. ɺʳʧʦʣʥʝʥ ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ  ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʠ ɻʀʀ ʚ ʩʪʨʘʥʘʭ ʉʅɻ ʠ ʚ 

ʜʘʣʴʥʝʤ ʟʘʨʫʙʝʞʴʝ. ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ  ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ.  

2. ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʫʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʘʙʦʪʝ ʵʞʝʢʪʦʨʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʛʦʨʝʣʦʢ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʉʀʅɻʋʃʗʈʅʆ   ɺʆɿʄʋʑɽʅʅʆɽ   ʀʅʊɽɻʈɸʃʔʅʆɽ   ʋʈɸɺʅɽʅʀɽ   ʉ   

ɺʓʈʆɾɼɸʖʑʀʄʉʗ   ʗɼʈʆʄ 

 

ɸʥʥʦʪʘʮʠʷ: ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʠʟʫʯʝʥʘ ʩʢʘʣʷʨʥʦʝ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ 

ʚʳʨʦʞʜʘʶʱʠʤʩʷ ʷʜʨʘʤʠ. ɼʚʘʞʜʳ ʜʠʬʬʝʨʝʥʮʠʨʫʷ ʫʨʘʚʥʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ. ɿʘʪʝʤ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʥʦʚʥʳʝ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʠ ʘʣʛʦʨʠʪʤ 

ʥʘʭʦʞʜʝʥʠʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʷʜʘ ʧʦ ʩʭʝʤʝ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʃʦʤʦʚʘ. ɼʦʢʘʟʘʥʘ ʦʜʥʦʟʥʘʯʥʘʷ 

ʨʘʟʨʝʰʠʤʦʩʪʴ ʠʪʝʨʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʠ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʦʩʪʘʪʦʯʥʦʛʦ ʯʣʝʥʘ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʷʜʘ.     

Abstract:  In this paper we study the scalar singularly perturbed equation with degenerate kernels. 

Double differentiating of the equation is reduced to the integro-differential equation. Then, we identify the 

key singularities and the algorithm for finding asymptotic series according to the scheme of regularization 

Lomov. Proved the unique solvability of the iterative task and the estimate of the remainder term of the 

asymptotic series. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʠʷ, ʠʪʝʨʘʪʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʘʩʠʤʧʪʦʪʠʢʘ   

Key words: singular perturbation, iteratsionnye task asymptotics 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʩʪʘʪʴʝ [2,3] ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʫʨʘʚʥʝʥʠʷ, ʜʠʘʛʦʥʘʣʴʥʳʝ ʷʜʨʘ ʢʦʪʦʨʳʭ ʥʝ 

ʚʳʨʦʞʜʘʣʠʩʴ, ʪ. ʝ. [ ]).,00),( *Í"¸ TtttK  ʇʨʠ ʵʪʦʤ ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʩʧʝʢʪʨʫ 
ý
ü
û

í
ì
ë

)(tjl  ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʷʜʨʘ. ɺ ʩʣʫʯʘʝ ʙʳʩʪʨʦ ʠʟʤʝʥʷʶʱʠʭʩʷ ʷʜʝʨ 

ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʚʳʜʝʣʷʣʠʩʴ ʩʧʝʢʪʨʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ )(tm  ʷʜʨʘ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠ ʩʧʝʢʪʨʦʤ 

çʩʤʝʱʝʥʥʦʛʦè ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʷʜʨʘ .),()( ttKIt +m  ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ  
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ʊʘʢʠʝ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʧʦʟʠʮʠʡ ʤʝʪʦʜʘ ʨʝʛʫʣʷʨʠʟʘʮʠʠ [1] ʨʘʥʝʝ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ 

ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʚ ʩʠʩʪʝʤʝ (1), ʧʦʨʦʞʜʘʝʤʳʭ ʦʩʦʙʦʡ ʪʦʯʢʦʡ e=0.  ʇʦʩʢʦʣʴʢʫ ʩʧʝʢʪʨ ʜʠʘʛʦʥʘʣʴʥʦʛʦ 

ʷʜʨʘ ʟʜʝʩʴ ʥʫʣʝʚʦʡ (ʠʙʦ ( ) stʧʨʠstKst =¹- 0),( ), ʪʦ ʥʝ ʷʩʥʦ, ʢʘʢʠʝ ʬʫʥʢʮʠʠ ʦʪʚʝʯʘʝʪ ʟʘ 

ʦʧʠʩʘʥʠʝ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ. ʋʨʘʚʥʝʥʠʷ, ʪʠʧʘ (1) ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠ ʩ ʧʦʟʠʮʠʡ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ. 

ʀʤʝʝʪʩʷ ʯʘʩʪʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʩʤ.[1],ʩ.62-64), ʢʘʩʘʶʱʠʡʩʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ  
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0

tfdssystK

t
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ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʝʛʦ ʨʘʟʨʝʰʠʤʦʩʪʠ ʥʘ ʦʪʨʝʟʢʝ [ ]T,0  ʠ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʨʦʞʜʝʥʥʦʩʪʠ 

ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʷʜʨʘ .),( ttK  ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʤʝʩʪʦ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (3) ʨʘʩʩʤʦʪʨʝʪʴ 

ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ  

 )()0(),(
0

)(),()( eee bztf
t

dsszstKtz ==ñ+¡     (4) 

ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʘʚʦʡ ʯʘʩʪʴʶ )(tfe  ʠ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ )(eb . ʇʨʠ ʵʪʦʤ 

ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (3) ʤʦʞʥʦ ʧʨʠʙʣʠʟʠʪʴ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʤʝʪʨʠʢʝ ʨʝʰʝʥʠʝʤ 

ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (4). ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤ. ʄʝʪʦʜʠʢʘ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ ʝʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ, ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1) 

ʠʣʠ (4)) ʣʶʙʦʛʦ ʧʦʨʷʜʢʘ (ʧʦ e); ʢʨʦʤʝ ʪʦʛʦ, ʩ ʝʝ ʧʦʤʦʱʴʶ ʥʝ ʫʜʘʝʪʩʷ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʢʘʢʠʝ 
ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʫʯʘʩʪʚʫʶʪ ʚ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ (1) ʩ ʚʳʨʦʞʜʝʥʥʳʤ ʷʜʨʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ, ʩ ʮʝʣʴʶ ʨʝʰʠʪʴ ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʜʝʣʘʝʪʩʷ ʘʢʮʝʥʪ ʥʘ ʨʘʟʚʠʪʠʠ 

ʘʣʛʦʨʠʪʤʘ ʤʝʪʦʜʘ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʜʣʷ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʚʳʨʦʞʜʘʶʱʠʤʠʩʷ 

ʷʜʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʨʘʚʳʝ ʯʘʩʪʠ )(th . ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʦʜʦʣʞʠʪʴ ʧʨʦʮʝʩʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ. 

ʆʜʥʘʢʦ ʧʦʚʪʦʨʥʦʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʫʨʘʚʥʝʥʠʝ(ʩʤ.ʥʠʞʝ (5)), ʧʦʵʪʦʤʫ 

ʧʨʠʤʝʥʝʥʠʝ ʝʛʦ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ.  
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ʆʪʩʶʜʘ, ʢʩʪʘʪʠ, ʚʠʜʥʦ, ʯʪʦ ʧʦʚʪʦʨʥʦʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʫʨʘʚʥʝʥʠʝ, ʥʦ 

ʤʳ ʥʝ ʩʦʙʠʨʘʝʤʩʷ ʝʛʦ ʠʩʩʣʝʜʦʚʘʪʴ. ʅʘʤ ʥʫʞʥʘ ʣʠʰʴ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʠʥʛʫʣʷʨʥʦʩʪʷʭ ʚ ʝʛʦ ʨʝʰʝʥʠʠ. 

ʇʦʩʢʦʣʴʢʫ ,0),( ¸ttK  ʪʦ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʦʧʠʩʳʚʘʶʪʩʷ ʩʧʝʢʪʨʦʤ ʧʨʝʜʝʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʟʘʜʘʯʠ (5), 

ʪ.ʝ. ʬʫʥʢʮʠʷʤʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤʠ ʘʣʛʝʙʨʘʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ .0),()(2 =- ttKtl  

ɽʩʣʠ ().,,0),( 2,1 ttKʪʦttK °=l.  ʊʦʛʜʘ ʠʟ ʤʝʪʦʜʘ ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ (5) (ʘ ʟʥʘʯʠʪ, ʠ ʚ ʨʝʰʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1)) ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʦʧʠʩʳʚʘʶʪʩʷ 
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 ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʩʪʨʝʤʠʪʩʷ 

ʢ ʥʫʣʶ (ʧʨʠ0+e  ʠ ʧʨʠ 0̧t ), ʚʪʦʨʘʷ--ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʌʦʨʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʧʨʠ 

( ) 0, >ttK  ʙʫʜʝʪ ʥʝʫʩʪʦʡʯʠʚʳʤ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʡ ʩʣʫʯʘʡ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ. ɿʘʤʝʪʠʤ, ʦʜʥʘʢʦ, 

ʯʪʦ ʜʣʷ ʨʘʟʚʠʚʘʝʤʦʛʦ ʥʠʞʝ ʬʦʨʤʘʣʠʟʤʘ ʟʥʘʢ ()ttK ,  ʥʝʩʫʱʝʩʪʚʝʥ. 

ʈʝʛʫʣʷʨʠʟʘʮʠʷ   ʟʘʜʘʯʠ. 

ʈʘʟʨʝʰʠʤʦʩʪʴ   ʠʪʝʨʘʮʠʦʥʥʳʭ   ʟʘʜʘʯ 

ʅʘʤ ʙʫʜʝʪ ʫʜʦʙʥʝʝ ʚʤʝʩʪʦ ʠʩʭʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʟʘʜʘʯʫ (2). ɸʣʛʦʨʠʪʤ 

ʧʦʩʪʨʦʝʥʠʷ ʨʝʛʫʣʷʨʠʟʦʚʘʥʥʦʛʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1) ʙʫʜʝʤ ʨʘʟʚʠʚʘʪʴ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʬʫʥʢʮʠʠ ),( stK  ʠ )(th  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ:  
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ʛʜʝ ʚʚʝʜʝʥʳ ʦʙʦʟʥʘʯʝʥʠʷ:  

 

( )

( ).)(2),(1)(

,
),(

),(),(,

2
2

1
1

ttt

t

stK
ststKstGL

yyy

t
l

t
l

¹

µ

µ
-+¹

µ

µ
+

µ

µ
¹

 

 ɿʘʜʘʯʫ (6) ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ çʨʘʩʰʠʨʝʥʥʦʡè ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʡ (2), ʪʘʢ ʢʘʢ ʚ ʥʝʡ ʥʝ 

ʧʨʦʠʟʚʝʜʝʥʘ ʨʝʛʫʣʷʨʠʟʘʮʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʯʣʝʥʘ ( ) .
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ʨʝʛʫʣʷʨʠʟʘʮʠʠ ʧʦʩʣʝʜʥʝʛʦ ʥʘʜʦ ʦʧʠʩʘʪʴ ʢʣʘʩʩ eM , ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʠʥʚʘʨʠʘʥʪʥʳʡ (ʧʨʠ 0+e ) 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʝʨʘʪʦʨʘ I [1,cʪʨ.62-64]  

 ʆʧʨʝʜʝʣʝʥʠʝ 1. ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ ( )t,ty  ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ U, ʝʩʣʠ ʦʥʘ 

ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ ʩʫʤʤʳ  
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 ʠʥʚʘʨʠʘʥʪʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ I.  
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 ʇʦʜʩʪʘʚʣʷʷ (7) ʚ yI ,  ʙʫʜʝʤ ʠʤʝʪʴ  
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ʀʥʪʝʛʨʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʵʢʩʧʦʥʝʥʪʳ, ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ ʨʷʜʘ ʧʦ ʩʪʝʧʝʥʷʤ e, ʠʩʧʦʣʴʟʫʷ 
ʦʧʝʨʘʮʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ (ʩʤ. [2], [3]):  
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 ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʨʷʜ ʩʭʦʜʠʪʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʢ ʠʥʪʝʛʨʘʣʫ ),( etJ j  ʧʨʠ 
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M  ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʠʥʚʘʨʠʘʥʪʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʝʨʘʪʦʨʘ yI ~ . 
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 ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ (7) ʧʨʦʩʪʨʘʥʩʪʚʘ .U  

 ʇʨʝʜʩʪʘʚʠʤ ( )et,,~ tyI  ʚ ʚʠʜʝ  
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 ʆʧʨʝʜʝʣʝʥʠʝ 2. ʅʘʟʦʚʝʤ ʦʧʝʨʘʪʦʨ  
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ʨʘʩʰʠʨʝʥʠʝʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ I .  

 ʊʝʧʝʨʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʟʘʜʘʯʫ, ʨʘʩʰʠʨʝʥʥʫʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʝ (2). ʆʥʘ ʠʤʝʝʪ 
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ʕʪʦ ʨʘʩʰʠʨʝʥʠʝ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʢʣʘʩʩʝ ʨʷʜʦʚ (9) ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ( )Utyk Ít,  

ʠ ʩʭʦʜʷʱʠʤʠʩʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʧʨʠ 0+e  ʠ ʧʨʠ ( )[ ]{ }.2,1,0Re,0, =¢³Í jTt jtt  

 ʇʦʜʩʪʘʚʠʚ ʨʷʜ (9) ʚ ʩʠʩʪʝʤʫ (10) ʠ ʧʨʠʨʘʚʥʷʚ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʩʪʝʧʝʥʷʭ e, 
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ʠ ʪ. ʜ. 

 ʇʦʢʘʞʝʤ, ʯʪʦ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʘʜʘʯʠ ʵʪʦʡ ʩʝʨʠʠ ʦʧʨʝʜʝʣʷʶʪ ʨʝʰʝʥʠʝ ʧʝʨʚʦʡ ʠʟ ʥʠʭ 

ʦʜʥʦʟʥʘʯʥʦ ʚ ʢʣʘʩʩʝ U . ʅʘʯʥʝʤ ʩ ʧʝʨʚʦʡ ʪʨʦʡʢʠ. ʆʧʨʝʜʝʣʷʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (11) ʚ ʚʠʜʝ ʩʫʤʤʳ  
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ʇʨʠʨʘʚʥʠʚʘʷ ʟʜʝʩʴ ʩʚʦʙʦʜʥʳʝ ʯʣʝʥʳ, ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ  
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ɼʣʷ ʨʘʟʨʝʰʠʤʦʩʪʠ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ  
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ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʧʨʝʜʝʣʠʪʝʣʴ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʳ (12), (17): 
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ʥʝ ʨʘʚʝʥ ʥʫʣʶ (ʩʤ. ʫʩʣʦʚʠʝ 2)), ʥʘʡʜʝʤ ʦʜʥʦʟʥʘʯʥʦ ʟʥʘʯʝʥʠʷ ()0)2(
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-y  ʠʟ ʵʪʦʡ 

ʩʠʩʪʝʤʳ.  

 ʇʨʠʨʘʚʥʠʚʘʥʠʝ ʚ (15) ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʵʢʩʧʦʥʝʥʪʘʭ ʧʨʠʚʦʜʠʪ ʢ ʨʘʚʝʥʩʪʚʘʤ 
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l ʠʟ ʢʦʪʦʨʳʭ, (ʧʦʩʢʦʣʴʢʫ () ()),2 ttGtj ¹l ʚʳʚʦʜʠʤ, ʯʪʦ () [ ]-Í ¤- TCty j ,0)2(

ʧʨʦʠʟʚʦʣʴʥʳʝ ʬʫʥʢʮʠʠ. ʇʨʠ ʵʪʦʤ ʠʟ ʫʨʘʚʥʝʥʠʷ (16) ʥʘʭʦʜʠʤ, ʯʪʦ () ,0
)1(

0 ¹
-

ty  ʪʘʢ ʢʘʢ ʚ ʩʠʣʫ (17) 

ʧʨʘʚʘʷ ʯʘʩʪʴ (16) ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʘ ʥʫʣʶ. ʀʪʘʢ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʟʘʜʘʯ (11) ʠ (12) 

ʧʨʠʚʝʣʦ ʢ ʦʜʥʦʟʥʘʯʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʩʚʦʙʦʜʥʳʭ ʯʣʝʥʦʚ () () 0,0 )1(
0

)2(
0 ¹¹ -- tyty  ʠ ʢ ʬʠʢʩʘʮʠʠ 

ʬʫʥʢʮʠʡ ()ty )2(
1
-

 ʠ ()ty )2(
2
-  ʣʠʰʴ ʚ ʪʦʯʢʝ .0=t  ʇʦʣʥʦʝ ʚʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʡ ()ty

j

)2(-
 ʧʨʦʠʟʦʡʜʝʪ ʥʘ 

ʩʣʝʜʫʶʱʝʤ ʰʘʛʝ.  

 ɺ ʩʘʤʦʤ ʜʝʣʝ, ʦʧʨʝʜʝʣʷʷ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ( )013 ʚ ʚʠʜʝ ʩʫʤʤʳ  
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ʜʣʷ ʨʘʟʨʝʰʠʤʦʩʪʠ ʢʦʪʦʨʳʭ ʚ ʢʣʘʩʩʝ [ ]TC ,0¤  ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ  
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ʇʦʣʫʯʠʣʠ ʦʜʥʦʨʦʜʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʡ 

.2,1),()2( =- jty
j

 ʇʨʠʩʦʝʜʠʥʷʷ ʢ ʥʠʤ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ),0()2(-

j
y ʥʘʡʜʝʥʥʳʝ ʠʟ (14), (17), 

ʦʧʨʝʜʝʣʠʤ ʦʜʥʦʟʥʘʯʥʦ ʬʫʥʢʮʠʠ .2,1),()2( =- jty
j

 ʕʪʠʤ ʟʘʚʝʨʰʘʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʝ ʚʳʯʠʩʣʝʥʠʝ 

ʨʝʰʝʥʠʷ ( )t,
2

ty
-

ʟʘʜʘʯʠ (3.11). ʗʩʥʦ, ʯʪʦ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʣʝʜʫʶʱʫʶ ʪʨʦʡʢʫ ʟʘʜʘʯ ()( )
0

13,12 ʠ 
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( ),131 ʧʦʩʪʨʦʠʤ ʦʜʥʦʟʥʘʯʥʦ ʨʝʰʝʥʠʝ ( )t,
1

ty
-

ʟʘʜʘʯʠ (12). 

 ʉʬʦʨʤʫʣʠʨʫʝʤ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ, ʢʘʩʘʶʱʠʡʩʷ ʨʘʟʨʝʰʠʤʦʩʪʠ ʠʪʝʨʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ U .  

 ʈʘʩʩʤʦʪʨʠʤ ʪʨʠ ʫʨʘʚʥʝʥʠʷ:  

 ( ) ( ) ( ) ,0,0,,, 0

0
yytHtyR ==- tt       (18) 

 

 ( ) ( ) ( ) ( ) ,)0,0(,,,,, 0
10 zztPtLytyRtzR =+-=- tttt    (19) 

( ) ( ) ( ) ( ) ( ) ,)0,0(,,,,,, 0
210 wwtQtyR

z

y
tzLtzRtwR =++
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µ
--=- ttttt  (20) 

ʛʜʝ ( ) ( ) ( )-ttt ,,,,, tQtHtP  ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ, -0,0,0 wzy ʠʟʚʝʩʪʥʳʝ ʯʠʩʣʘ.  

ʉʧʨʘʚʝʜʣʠʚʘ 

 ʊ ʝ ʦ ʨ ʝ ʤ ʘ 1. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ 1), 2) ʠ ʬʫʥʢʮʠʠ( ) ( ) ( )-ttt ,,,,, tQtHtP

ʧʨʠʥʘʜʣʝʞʘʪ ʧʨʦʩʪʨʘʥʩʪʚʫ U . ʊʦʛʜʘ ʜʣʷ ʨʘʟʨʝʰʠʤʦʩʪʠ ʟʘʜʘʯʠ (18) ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, 
ʯʪʦʙʳ  
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.                 (21) 

ɿʘʜʘʯʘ (18) ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ  
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ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ  U . 

 ɿʘʤʝʪʠʤ, ʯʪʦ ʚ (21), (22) ʫʯʘʩʪʚʫʝʪ ʩʢʘʣʷʨʥʦʝ (ʧʨʠ ʢʘʞʜʦʤ [ ])Tt ,0Í  ʧʨʦʠʟʚʝʜʝʥʠʝ:  
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 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 1. ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʪʦʡ ʞʝ ʩʭʝʤʝ, ʧʦ ʢʦʪʦʨʦʡ ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʧʝʨʚʦʡ 

ʠʪʝʨʘʮʠʦʥʥʦʡ  ʟʘʜʘʯʠ (11).  
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BUILD A MODEL OF THREE -PHASE FILTRATION WITH MODIFIED PFD AT AREAL 

FLOODING  

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʥʝʥʠʷ ʦʩʨʝʜʥʝʥʥʳʭ 

ʤʦʜʝʣʝʡ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ (ʆʌʇ). ʈʘʩʩʤʦʪʨʝʥʦ 

ʪʨʝʭʬʘʟʥʦʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚʦʜʦʡ ʧʨʠ ʧʣʦʱʘʜʥʦʤ ʟʘʚʦʜʥʝʥʠʠ ʚ ʩʣʦʠʩʪʦʤ 

ʧʣʘʩʪʝ ï ʧʷʪʠʪʦʯʝʯʥʦʡ ʠ ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʘʭ ʟʘʚʦʜʥʝʥʠʷ. 

Abstract:  The work investigated the suitability of averaged models with modified relative phase 

permeability. Is considered three-phase isothermal displacement of oil and gas with water at areal flooding 

in a layered reservoir ï and five-point systems devyatietazhki flooding. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʬʘʟʥʘʷ ʬʠʣʴʪʨʘʮʠʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʘʟʦʚʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʘʙʩʦʣʶʪʥʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

Keywords: polyphase filtering, the modified relative permeability, absolute permeability, relative 

permeability. 

ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʨʝʭʤʝʨʥʳʝ 

ʯʠʩʣʝʥʥʳʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʥʦʛʦʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʩʦʟʜʘʥʳ ʦʧʠʨʘʷʩʴ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʱʠʝ ʜʦ 100 ʤʣʥ. ʷʯʝʝʢ ʨʘʟʥʦʩʪʥʦʡ 

ʩʝʪʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʠʙʝʛʘʶʪ ʢ ʨʝʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ (upôscaling). ʆʙʲʝʜʠʥʷʶʪ ʤʝʣʢʠʝ 

ʷʯʝʡʢʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʝʪʢʠ ʚ ʢʨʫʧʥʳʝ ʷʯʝʡʢʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʝʪʢʠ. ɺ ʨʘʙʦʪʝ ʧʨʠ ʧʦʤʦʱʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʭʦʨʦʰʦ ʟʥʘʢʦʤʳʭ [1] 

ʦʩʨʝʜʥʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ (ʆʌʇ), ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʥʝʝ ʧʨʠ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ [2]. ɹʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 

ʪʨʝʭʬʘʟʥʦʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚʦʜʦʡ ʧʨʠ ʧʣʦʱʘʜʥʦʤ ʟʘʚʦʜʥʝʥʠʠ ʚ ʩʣʦʠʩʪʦʤ 

ʧʣʘʩʪʝ ï ʧʷʪʠʪʦʯʝʯʥʦʡ ʠ ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʘʭ ʟʘʚʦʜʥʝʥʠʷ. ʇʷʪʠʪʦʯʝʯʥʘʷ ʩʠʩʪʝʤʘ ʟʘʚʦʜʥʝʥʠʷ 
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ʠʤʝʝʪ ʦʜʥʫ ʥʘʛʥʝʪʘʪʝʣʴʥʫʶ ʩʢʚʘʞʠʥʫ ʚ ʮʝʥʪʨʝ ʢʚʘʜʨʘʪʘ, ʘ ʚʦʢʨʫʛ ï 4 ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥʳ. 

ɼʝʚʷʪʠʪʦʯʝʯʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʦʜʥʫ ʥʘʛʥʝʪʘʶʱʫʶ ʩʢʚʘʞʠʥʫ ʚ ʮʝʥʪʨʝ, ʘ ʚʦʢʨʫʛ ï 8 ʜʦʙʳʚʘʶʱʠʭ 

ʩʢʚʘʞʠʥ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʪʨʝʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 
ɿʘʜʘʯʘ ʙʳʣʘ ʨʝʰʝʥʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʠ ʜʦʙʳʚʘʶʱʠʤʠ 

ʩʢʚʘʞʠʥʘʤʠ, ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʟʘʜʘʚʘʣʘʩʴ ʥʝʧʨʦʥʠʮʘʝʤʦʡ. ʇʨʠ ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʝʪʢʠ ʠʟ 

ʙʣʦʢʦʚ: 11x11x10 (x,y,z) ʜʣʷ ʵʪʘʣʦʥʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʩʣʫʯʘʷ; ʠ 11x11x1 ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʷ 

(ʨʝʤʘʰʪʘʙʠʨʦʚʘʥʥʘʷ). ɺ  ʨʘʩʯʝʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʣʥʦʩʪʴʶ ʥʝ ʷʚʥʘʷ ʩʭʝʤʘ. 

ɺ ʤʦʜʝʣʠ ʙʳʣʠ ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: 128 ï ʥʘʯʘʣʴʥʦʝ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, 

ʘʪʤ; 22 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʩʪʘ, ʉ; 100 ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʢʘʯʠʚʘʝʤʦʡ ʚʦʜʳ, ʉ; 55 ï ʟʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ 

ʥʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʝ, ʘʪʤ.; 170 - ʟʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʝ, ʘʪʤ.; 
0

rok =0.5 

ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʆʌʇ ʚʦʜʳ; 
0

rwk =0.7 ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʆʌʇ ʥʝʬʪʠ; 0

rgk =0.8 ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʆʌʇ ʛʘʟʘ; 

Sor=0.2 ï ʦʩʪʘʪʦʯʥʘʷ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ; Swc=0.2 ï ʥʘʩʳʱʝʥʥʦʩʪʴ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ; Sgc=0.1 ï 

ʥʘʩʳʱʝʥʥʦʩʪʴ ʟʘʱʝʤʣʝʥʥʦʛʦ ʛʘʟʘ; Sw,So,Sg ï ʚʦʜʦ-, ʥʝʬʪʝ- ʠ ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʠ, Swc ÒSwÒ 1- Sor.- Sgc. 

ʈʘʩʯʝʪʳ ʜʣʷ ʧʷʪʠʪʦʯʝʯʥʦʡ ʠ ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʯʝʪʳʨʝʭ ʚʘʨʠʘʥʪʦʚ: 

ɼʚʫʤʝʨʥʳʝ ʨʝʰʝʥʠʷ (ʦʩʨʝʜʥʝʥʥʳʝ): 

1. C ï ʨʝʰʝʥʠʝ ï ʦʩʨʝʜʥʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩ ʣʠʥʝʡʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʆʌʇ krw(Sw), krg(Sg,Sw), 

kro(Sg,Sw), ʚʠʜʘ (1) ʠ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʘʨʩʠ 0.5* =k . ɿʘʜʘʚʘʣʩʷ 1 ʧʨʦʧʣʘʩʪʦʢ, 

ʚʳʩʦʪʦʡ H = 10ʤ 
*0)( wrwwrw SkSk = , fix
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fix

grg SkSk 0)( = , [ ]fix
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fix
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ʛʜʝ )1/()()(*
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wwgcgwg

fix

g SSSSSSS --= ; 

(1) 

ʊʨʝʭʤʝʨʥʳʝ ʨʝʰʝʥʠʷ (ʵʪʘʣʦʥʥʳʝ): 

2. ɺ1 ï ʨʝʰʝʥʠʝ ï ʦʩʨʝʜʥʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʛʘʟ ʥʘʭʦʜʠʣʩʷ ʪʦʣʴʢʦ ʚ ʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʟʦʥʝ 

ʥʝʬʪʠ, ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʆʌʇ )( w

m

rw Sk , ),( fix

gw

m

ro SSk , ),( fix
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m

rg SSk  ʚʠʜʘ (2) ʠ 

ʩʨʝʜʥʝʡ ʜʘʨʩʠ 0.5* =k  ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

k(z) ʠʩʭʦʜʥʦʛʦ ʩʣʦʠʩʪʦʛʦ ʧʣʘʩʪʘ.  ɿʘʜʘʚʘʣʩʷ 1 ʧʨʦʧʣʘʩʪʦʢ, ʚʳʩʦʪʦʡ H = 10ʤ. 
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3. A8 ïʨʝʰʝʥʠʝ (ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʧʣʘʩʪʢʘʤʠ) ï ʵʪʘʣʦʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʪʨʸʭʤʝʨʥʦʝ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ ʜʝʩʷʪʠʩʣʦʡʥʦʛʦ ʧʣʘʩʪʘ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʧʣʘʩʪʢʘʤʠ (ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʝʨʝʪʦʢʠ), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʪʦʨʳʭ ʧʦʜʯʠʥʷʣʦʩʴ ʨʘʚʥʦʤʝʨʥʦʤʫ ʟʘʢʦʥʫ. 

ɿʘʜʘʚʘʣʠʩʴ 10 ʧʨʦʧʣʘʩʪʢʦʚ ʢʘʞʜʳʡ ʚʳʩʦʪʦʡ H1 = H2 = H3 = H4 é H10 = 1ʤ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʝʨʝʤʳʯʢʘʤʠ; 

4. A7 ï ʨʝʰʝʥʠʝ (ʩ ʥʝʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʧʣʘʩʪʢʘʤʠ) ï ʪʦʞʝ, ʯʪʦ ʠ ʧʨʝʜʳʜʫʱʘʷ ʤʦʜʝʣʴ, ʥʦ ʩ 

ʥʝʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʧʣʘʩʪʢʘʤʠ. ʟʘʜʘʚʘʣʠʩʴ 10 ʧʨʦʧʣʘʩʪʢʦʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. ʇʨʦʧʣʘʩʪʢʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʣʫʯʰʠʡè 

(ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ  ʧʨʦʥʠʮʘʝʤʦʩʪʠ) ʨʷʜʦʤ ʩ çʭʫʜʰʠʤè (ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʘʙʩʦʣʶʪʥʦʡ  ʧʨʦʥʠʮʘʝʤʦʩʪʠ), çʣʫʯʰʠʡè ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʨʷʜʦʤ ʩ çʭʫʜʰʠʤè ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʠ ʪ.ʜ.  

ʩʥʠʟʫ-ʚʚʝʨʭ. 

ʅʘ ʈʠʩ. ʭʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʦʩʨʝʜʥʝʥʥʦʝ ʨʝʰʝʥʠʝ B1 ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʆʌʇ ʠʤʝʶʪ 

ʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʣʦʥʥʦʛʦ ʨʝʰʝʥʠʷ A8, ʘ ʨʝʰʝʥʠʝ C ʩ ʠʩʭʦʜʥʳʤʠ ʆʌʇ 

ʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʣʦʥʥʦʛʦ ʨʝʰʝʥʠʷ A7. ʊʘʢʠʝ ʞʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʜʣʷ 

ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ ʟʘʚʦʜʥʝʥʠʷ, ʠ ʜʣʷ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ, ʢʘʢ ʜʣʷ ʛʘʟʘ, ʪʘʢ ʠ ʥʝʬʪʠ. 

ʈʝʰʝʥʠʷ B1 ʠ C ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʩʝ ʪʨʝʭʤʝʨʥʳʝ ʵʪʘʣʦʥʥʳʝ ʨʝʰʝʥʠʷ Ai ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʠʩʴ 

ʚʳʯʠʩʣʝʥʠʷ. ʕʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʜʚʫʭ ʦʩʨʝʜʥʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠ ʧʣʦʱʘʜʥʦʤ ʟʘʚʦʜʥʝʥʠʠ ʚ ʩʣʦʠʩʪʳʭ ʧʣʘʩʪʘʭ ʧʨʠ ʪʨʝʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 
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ʈʠʩ. ɿʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʜʦʙʳʪʳʭ ʥʝʬʪʠ ʠ ʛʘʟʘ Vp ʦʪ ʚʨʝʤʝʥʠ Date ʜʣʷ ʧʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʚʦʜʥʝʥʠʷ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʨʝʰʝʥʠʡ ï A7,A8,C,B1 

ɿʘʢʣʶʯʝʥʠʝ 

 ɺ ʨʘʤʢʘʭ ʦʧʠʩʘʥʥʦʡ ʨʘʙʦʪʳ ʩ ʧʦʤʦʱʴʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʦʜʠʣʦʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʭʦʨʦʰʦ ʟʥʘʢʦʤʳʭ [1] ʦʩʨʝʜʥʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʷ 

ʤʦʜʝʣʠ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʧʨʠ 

ʫʢʘʟʘʥʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʠ ʜʦʙʳʚʘʶʱʠʤʠ ʩʢʚʘʞʠʥʘʤʠ, ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ 

ʙʳʣʘ ʟʘʜʘʥʘ ʥʝʧʨʦʥʠʮʘʝʤʦʡ. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʠʣʠ ʜʣʷ ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ 

ʟʘʚʦʜʥʝʥʠʷ, ʠ ʧʨʠ ʠʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʨʘʟʨʘʙʦʪʢʠ, ʜʣʷ ʛʘʟʘ ʠ ʪʘʢʞʝ ʜʣʷ ʥʝʬʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʤʝʥʝʥʠʝ ʦʧʠʩʘʥʥʳʭ ʜʚʫʭ ʦʩʨʝʜʥʝʥʥʳʭ ʤʦʜʝʣʝʡ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠ 

ʧʣʦʱʘʜʥʦʤ ʟʘʚʦʜʥʝʥʠʠ ʚ ʩʣʦʠʩʪʳʭ ʧʣʘʩʪʘʭ ʧʨʠ ʪʨʝʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ. 
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ʇʈʆʅʀʎɸɽʄʆʉʊɽʁ ʌɸɿ 

 

THE ALGORITHM FOR CALCULATION OF MODIFIED RELATIVE PERMEABILITIES 

OF THE PHASES 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʬʘʟʦʚʳʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʨʠʚʦʜʷʪʩʷ ʬʦʨʤʫʣʳ ʠ ʘʣʛʦʨʠʪʤ ʜʣʷ ʠʭ ʚʳʯʠʩʣʝʥʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʣʠʥʝʡʥʳʡ ʠ 

ʥʝʣʠʥʝʡʥʳʡ ʩʣʫʯʘʠ. 

Abstract:  In the article the modified relative permeability, the formulas and algorithm to calculate 

them. We consider linear and nonlinear cases. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʫʩʝʯʝʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

Keywords: absolute permeability, usechange distribution, relative permeability. 

ɺʚʝʜʝʥʠʝ 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʳʚʘʝʪʩʷ ʘʣʛʦʨʠʪʤ, ʜʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, ʢʦʛʜʘ ʨʘʟʥʠʮʘ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ 

ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʘ ʧʦʜʯʠʥʷʝʪʩʷ ʥʝʢʦʪʦʨʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ ʣʠʥʝʡʥʳʡ ʠ 

ʥʝʣʠʥʝʡʥʳʡ. ɺ ʚʳʯʠʩʣʝʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʩʨʝʜʥʝʥʥʳʝ ʧʦ ʪʦʣʱʠʥʝ ʧʣʘʩʪʘ ʤʦʜʝʣʠ.  

ɸʣʛʦʨʠʪʤ ʚʳʯʠʩʣʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʬʘʟ 
 ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʩʣʦʠʩʪʳʡ ʥʝʬʪʷʥʦʡ ʧʣʘʩʪ. ʇʦʩʢʦʣʴʢʫ ʤʦʱʥʦʩʪʷʤ ʚʦʜʥʦʡ ʠ ʥʝʬʪʷʥʦʡ ʟʦʥ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʥʪʝʨʚʘʣʳ ʧʨʦʥʠʮʘʝʤʦʩʪʠ  

kkʘ <¢ , ʚkk ¢¢ ,                                                                                (1) 

ʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʤʦʱʥʦʩʪʠ ʟʦʥʳ, ʟʘʥʷʪʦʡ i -ʦʡ ʬʘʟʦʡ, ʤʦʞʥʦ 

ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʝʯʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʧʨʝʜʝʣʦʤ ʫʩʝʯʝʥʠʷ k . ʇʨʠʯʝʤ, ʜʣʷ 
ʥ

K  

ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʧʨʘʚʦʩʪʦʨʦʥʥʝʝ, ʘ ʜʣʷ 
ʚ

K  ʣʝʚʦʩʪʦʨʦʥʥʝʝ ʫʩʝʯʝʥʠʝ ʟʘʢʦʥʘ )(kF . ʇʣʦʪʥʦʩʪʴ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʫʩʝʯʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʦʡ  [1,2] 

mailto:klangelica@yandex.ru
mailto:klangelica@yandex.ru
mailto:sergey.gomyzhov@hotmail.com
mailto:sergey.gomyzhov@hotmail.com
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/j         (2), 

ʛʜʝ ()kf  - ʧʣʦʪʥʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʢʦʥʫ ()kF ,ʘ 0k , 1k -ʧʨʝʜʝʣʳ ʫʩʝʯʝʥʠʷ. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʝʯʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʩʪʴ ʠʥʪʝʛʨʘʣ 
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ʀʩʧʦʣʴʟʫʷ ʵʪʠʤ ʚʳʨʘʞʝʥʠʝʤ, ʜʣʷ ʩʨʝʜʥʠʭ ʘʙʩʦʣʶʪʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, ʚʟʷʪʳʤ ʧʦ ʟʦʥʘʤ, 

ʟʘʥʷʪʳʤ i -ʦʡ ʬʘʟʦʡ, ʧʦʣʫʯʠʤ, ʫʯʠʪʳʚʘʷ (1), 
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ʇʦʜʩʪʘʚʣʷʷ ʵʪʠ ʚʳʨʘʞʝʥʠʷ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʫʜʫʪ 

ʚʳʛʣʷʜʝʪʴ ʢʘʢ (7). 

ʇʨʝʜʝʣ ʫʩʝʯʝʥʠʷ k , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʟʘʜʘʥʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ s~, ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ 
(5). 

ʇʨʝʜʩʪʘʚʠʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤʫʣ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ: 
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ʛʜʝ  *K  - ʩʨʝʜʥʷʷ ʘʙʩʦʣʶʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʌʦʨʤʫʣʳ (7) ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʣʴʢʦ ʜʣʷ ʩʣʫʯʘʷ ʣʠʥʝʡʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ. 

ɺ ʥʝʣʠʥʝʡʥʦʤ ʩʣʫʯʘʝ ʦʥʠ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  
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i
 ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʘʣʛʦʨʠʪʤʘ: 

1. ɿʘʜʘʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ s ʠʟ ʠʥʪʝʨʚʘʣʘ ; 

2. ɺʳʯʠʩʣʝʥʠʝ )(SSʇ  ʧʦ ʬʦʨʤʫʣʝ (4); 

3. ʅʘʭʦʞʜʝʥʠʝ ()sK  ʢʘʢ ʢʦʨʥʷ ʫʨʘʚʥʝʥʠʷ (5); 

4. ɺʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʘ (6); 

5. ʅʘʭʦʞʜʝʥʠʝ )(SK ʤ

ʚ
 ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ s ʧʦ ʬʦʨʤʫʣʘʤ (7); 

6. ʋʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ s ʥʘ ʰʘʛ ʠ, ʝʩʣʠ *ss¢ , ʧʝʨʝʭʦʜ ʢ ʧʫʥʢʪʫ ʚʪʦʨʦʤʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ )(SKʤ

i
 ʦʪ 

ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ s. ɽʩʣʠ *ss> , ʪʦ ʟʘʜʘʯʘ ʨʝʰʝʥʘ. 

ʅʘʡʪʠ ʢʦʨʝʥʴ ʫʨʘʚʥʝʥʠʷ (5) ʚ ʷʚʥʦʤ ʚʠʜʝ ʫʜʘʝʪʩʷ ʣʠʰʴ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʧʦʵʪʦʤʫ 

ʫʨʘʚʥʝʥʠʝ (5) ʨʝʰʘʝʪʩʷ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʣʛʦʨʠʪʤ, ʦʧʠʩʘʥʥʳʡ ʚ ʨʘʙʦʪʝ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʨʘʟʥʠʮʘ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʤʦʱʥʦʩʪʠ 

ʧʣʘʩʪʘ ʧʦʜʯʠʥʷʝʪʩʷ ʢʘʢʦʤʫ-ʣʠʙʦ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʥʘ 

ʚʯrʠʩʣʝʥʠʝ )(SKʤ

i
 ʜʣʷ ʟʘʢʦʥʦʚ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʳ: 

1. ɻʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʪʨʝʪʠʡ ʪʠʧ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʇʠʨʩʦʥʘ).   

2. ɹʝʪʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʝʛʦ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ.  

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
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2. ʇʣʦʭʦʪʥʠʢʦʚ ʉ.ʇ. ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ 
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ʇʣʦʭʦʪʥʠʢʦʚ ʉʝʨʛʝʡ ʇʘʚʣʦʚʠʯ 

Plohotnikov Sergey Pavlovich 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ ʢʘʬ. ʀʥʬʦʨʤʘʪʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

E-mail: klangelica@yandex.ru 

 

ʂʣʠʤʦʚʘ ɸʥʞʝʣʠʢʘ ʉʝʨʛʝʝʚʥʘ 

Klimova Angelica Sergeevna 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬ. ʀʥʬʦʨʤʘʪʠʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʌɻɹʆʋ ɺʆ çʂʘʟʘʥʩʢʠʡ 

ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

E-mail: klangelica@yandex.ru 
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CONSTRUCTION OF A MODEL OF NONISOTHERMAL TWO -PHASE FILTRATION AT 

AREAL FLOODING  

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʠʤʦʩʪʠ ʦʩʨʝʜʥʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ (ʆʌʇ). ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʜʚʫʭʬʘʟʥʦʝ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʧʨʠ ʧʣʦʱʘʜʥʦʤ ʟʘʚʦʜʥʝʥʠʠ ʚ 

ʩʣʦʠʩʪʦʤ ʧʣʘʩʪʝ. 

Abstract:  The work investigated the suitability of averaged models with modified relative phase 

permeability. Is considered a two-phase non-isothermal oil displacement by hot water at areal flooding in 

layered reservoir. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʩʨʝʜʥʝʥʥʘʷ ʤʦʜʝʣʴ, ʜʚʫʭʬʘʟʥʦʝ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʚʳʪʝʩʥʝʥʠʝ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʘʟʦʚʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

Keywords: the averaged model, two-phase non-isothermal displacement, the modified permeability. 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠ ʧʦʤʦʱʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʠʤʝʥʝʥʠʷ ʭʦʨʦʰʦ ʟʥʘʢʦʤʳʭ [1] ʦʩʨʝʜʥʝʥʥʳʭ ʤʦʜʝʣʝʡ, ʚʢʣʶʯʘʷ ʤʦʜʝʣʠ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʤʠ ʬʘʟʦʚʳʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʷʤʠ (ʆʌʇ). ʇʨʝʞʜʝ ʦʥʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ [2]. ʈʘʩʩʤʦʪʨʝʥʦ ʜʚʫʭʬʘʟʥʦʝ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ 

ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ɹʘʢʣʝʷ-ʃʝʚʝʨʝʪʪʘ ʧʨʠ ʧʣʦʱʘʜʥʦʤ ʟʘʚʦʜʥʝʥʠʠ ʚ ʩʣʦʠʩʪʦʤ ʧʣʘʩʪʝ ï 

ʧʷʪʠʪʦʯʝʯʥʦʡ ʠ ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʘʭ ʟʘʚʦʜʥʝʥʠʷ. ʇʷʪʠʪʦʯʝʯʥʘʷ ʩʠʩʪʝʤʘ ʟʘʚʦʜʥʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʥʘʛʥʝʪʘʪʝʣʴʥʫʶ ʩʢʚʘʞʠʥʫ ʚ ʮʝʥʪʨʝ ʢʚʘʜʨʘʪʘ, ʘ ʚʦʢʨʫʛ ï 4 ʜʦʙʳʚʘʶʱʠʭ 

ʩʢʚʘʞʠʥʳ. ɼʝʚʷʪʠʪʦʯʝʯʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʦʜʥʫ ʥʘʛʥʝʪʘʶʱʫʶ ʩʢʚʘʞʠʥʫ ʚ ʮʝʥʪʨʝ, ʘ ʚʦʢʨʫʛ ï 8 

ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ 
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ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʟʘʜʘʥʥʦʤ ʧʝʨʝʧʘʜʝ ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʠ 

ʜʦʙʳʚʘʶʱʠʤʠ ʩʢʚʘʞʠʥʘʤʠ, ʚʥʝʰʥʷʷ ʛʨʘʥʠʮʘ ʟʘʜʘʥʘ ʥʝʧʨʦʥʠʮʘʝʤʦʡ. ɺ ʚʳʯʠʩʣʝʥʠʷʭ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʝʪʢʠ ʠʟ ʙʣʦʢʦʚ: 11x11x10 (x,y,z) ʜʣʷ ʵʪʘʣʦʥʥʦʛʦ ʪʨʝʭʤʝʨʥʦʛʦ ʩʣʫʯʘʷ; ʠ 11x11x1 ʜʣʷ 

ʜʚʫʤʝʨʥʦʛʦ ʩʣʫʯʘʷ (ʨʝʤʘʰʪʘʙʠʨʦʚʘʥʥʘʷ). ɺ ʨʘʩʯʝʪʘʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʣʥʦʩʪʴʶ ʥʝ ʷʚʥʘʷ ʩʭʝʤʘ. 

ɺ ʤʦʜʝʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: 128 ï ʥʘʯʘʣʴʥʦʝ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, 

ʘʪʤ; 22 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʩʪʘ, ʉ; 100 ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʢʘʯʠʚʘʝʤʦʡ ʚʦʜʳ, ʉ; 55 ï ʟʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ 

ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʝ, ʘʪʤ.; 170 - ʟʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʝ, ʘʪʤ.; 
0

rok =0.5 ï 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʆʌʇ ʚʦʜʳ; 
0

rwk =0.7 ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʆʌʇ ʥʝʬʪʠ; Sor=0.2 ï ʦʩʪʘʪʦʯʥʘʷ 

ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ; Swc=0.3 ï ʥʘʩʳʱʝʥʥʦʩʪʴ ʩʚʷʟʘʥʥʦʡ ʚʦʜʳ; Sw,, So ï ʚʦʜʦ- ʠ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʠ, 

Swc ÒSwÒ 1- Sor , So=1- Sw.. 

ʈʘʩʯʝʪʳ ʜʣʷ ʧʷʪʠʪʦʯʝʯʥʦʡ ʠ ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʯʝʪʳʨʝʭ 

ʚʦʟʤʦʞʥʦʩʪʷʭ: 

ɼʚʫʤʝʨʥʳʝ ʨʝʰʝʥʠʷ (ʦʩʨʝʜʥʝʥʥʳʝ): 

1. C ï ʨʝʰʝʥʠʝ ï ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʩ ʣʠʥʝʡʥʳʤʠ ʠʩʭʦʜʥʳʤʠ ʆʌʇ krw(Sw), kro(Sw) ʚʠʜʘ (1) ʠ 

ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʜʘʨʩʠ 0.5* =k  ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ. ɹʳʣ ʟʘʜʘʥ 1 

ʧʨʦʧʣʘʩʪʦʢ, ʚʳʩʦʪʦʡ H = 10ʤ 

[ ])1/()()( 0

orwcwcwrwwrw SSSSkSk ---= , [ ])1()()( orwcorororo SSSSkSk ---= ; (1) 

2. ɺ ï ʨʝʰʝʥʠʝ ï ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʆʌʇ 

)( w

m

rw Sk  )( w

m

ro Sk  ʚʠʜʘ (2) ʠ ʜʘʨʩʠ 0.5* =k  ʜʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʜʘʥʠʷ 

ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ )(zk  ʠʩʭʦʜʥʦʛʦ ʩʣʦʠʩʪʦʛʦ ʧʣʘʩʪʘ.  ɿʘʜʘʚʘʣʩʷ 1 ʧʨʦʧʣʘʩʪʦʢ, ʚʳʩʦʪʦʡ H = 

10ʤ. 

( ) )](ln1[)( *

wwwrww

m

rw SSSkSk -Ö= ,  ( )[ ])(1)(ln)(1)()( ***

wwwwwwrww

m

rw SSSSSSSkSk -Ö+Ö= , 

ʛʜʝ )1/()()(*

orwcwcwww SSSSSS ---= ; 

(2) 

ʊʨʝʭʤʝʨʥʳʝ ʨʝʰʝʥʠʷ (ʵʪʘʣʦʥʥʳʝ):  

3. A8 ï ʨʝʰʝʥʠʝ (ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʧʣʘʩʪʢʘʤʠ) ï ʵʪʘʣʦʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʪʨʸʭʤʝʨʥʦʝ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʣʷ ʜʝʩʷʪʠʩʣʦʡʥʦʛʦ ʧʣʘʩʪʘ ʩ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʧʣʘʩʪʢʘʤʠ (ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʝʨʝʪʦʢʠ), ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʪʦʨʳʭ ʧʦʜʯʠʥʷʣʦʩʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ. ɿʘʜʘʚʘʣʠʩʴ 10 ʧʨʦʧʣʘʩʪʢʦʚ, ʢʘʞʜʳʡ ʚʳʩʦʪʦʡ H1 = H2 = H3 = H4 é H10 = 1ʤ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʝʨʝʤʳʯʢʘʤʠ; 

4. A7 ï ʨʝʰʝʥʠʝ (ʩ ʥʝʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʧʣʘʩʪʢʘʤʠ) ï ʪʦʞʝ, ʯʪʦ ʠ ʧʨʝʜʳʜʫʱʘʷ ʤʦʜʝʣʴ, ʥʦ ʩ 

ʥʝʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʧʣʘʩʪʢʘʤʠ. ɿʘʜʘʚʘʣʠʩʴ 10 ʧʨʦʧʣʘʩʪʢʦʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ. ʇʨʦʧʣʘʩʪʢʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʜʨʫʛ ʜʨʫʛʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: çʣʫʯʰʠʡè 

(ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʡ  ʧʨʦʥʠʮʘʝʤʦʩʪʠ) ʨʷʜʦʤ ʩ çʭʫʜʰʠʤè (ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʘʙʩʦʣʶʪʥʦʡ  ʧʨʦʥʠʮʘʝʤʦʩʪʠ), çʣʫʯʰʠʡè ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʨʷʜʦʤ ʩ çʭʫʜʰʠʤè ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʠ ʪ.ʜ.  

ʩʥʠʟʫ-ʚʚʝʨʭ. 

ʇʦ ʈʠʩ.1 ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦʩʨʝʜʥʝʥʥʦʝ ʨʝʰʝʥʠʝ B ʩ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʆʌʇ ʩʦʜʝʨʞʘʪ 

ʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʣʦʥʥʦʛʦ ʨʝʰʝʥʠʷ A8, ʘ ʨʝʰʝʥʠʝ C ʩ ʠʩʭʦʜʥʳʤʠ ʆʌʇ 

ʤʝʥʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʣʦʥʥʦʛʦ ʨʝʰʝʥʠʷ A7. ʇʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪʩʷ ʜʣʷ 

ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ ʟʘʚʦʜʥʝʥʠʷ, ʠ ʜʣʷ ʠʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʬʪʝʨʘʟʨʘʙʦʪʢʠ. ʈʝʰʝʥʠʷ B ʠ C 

ʷʚʣʷʶʪʩʷ ʛʨʘʥʴʶ ʜʣʷ ʚʩʝʭ ʪʨʝʭʤʝʨʥʳʭ ʵʪʘʣʦʥʥʳʭ ʨʝʰʝʥʠʡ Ai. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʜʚʫʭ ʦʩʨʝʜʥʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠ ʧʣʦʱʘʜʥʦʤ ʟʘʚʦʜʥʝʥʠʠ ʚ ʩʣʦʠʩʪʳʭ 

ʧʣʘʩʪʘʭ ʧʨʠ ʜʚʫʭʬʘʟʥʦʡ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ. 
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ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʦʙʲʝʤʘ ʜʦʙʳʪʦʡ ʥʝʬʪʠ Vp ʦʪ ʚʨʝʤʝʥʠ Date ʜʣʷ ʧʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ ʟʘʚʦʜʥʝʥʠʷ, ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʨʝʰʝʥʠʡ ï A7,A8,C,B 

ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʢʦʥʪʝʢʩʪʝ ʨʘʙʦʪʳ ʦʧʠʩʘʥʦ ʜʚʫʭʬʘʟʥʦʝ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʚ 

ʨʘʤʢʘʭ ʤʦʜʝʣʠ ɹʘʢʣʝʷ-ʃʝʚʝʨʝʪʪʘ ʧʨʠ ʧʣʦʱʘʜʥʦʤ ʟʘʚʦʜʥʝʥʠʠ ʚ ʩʣʦʠʩʪʦʤ ʧʣʘʩʪʝ ï ʧʪ̫ʠʪʦʯʝʯʥʦʡ ʠ 

ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʘʭ ʟʘʚʦʜʥʝʥʠʷ. ʈʝʰʝʥʘ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʜʚʫʭʬʘʟʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʧʨʠ ʧʣʦʱʘʜʥʦʤ ʟʘʚʦʜʥʝʥʠʠ. ʇʨʠʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ 

ʦʩʨʝʜʥʝʥʥʳʭ ʤʦʜʝʣʝʡ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʠ ʧʣʦʱʘʜʥʦʤ ʟʘʚʦʜʥʝʥʠʠ ʚ ʩʣʦʠʩʪʳʭ ʧʣʘʩʪʘʭ ʧʨʠ 

ʜʚʫʭʬʘʟʥʦʡ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 

1. ʇʣʦʭʦʪʥʠʢʦʚ ʉ.ʇ. ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚ ʩʣʦʠʩʪʳʭ ʧʣʘʩʪʘʭ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ / ʉ.ʇ. ʇʣʦʭʦʪʥʠʢʦʚ, ɺ.ɺ. ɽʣʠʩʝʝʥʢʦʚ // 

ʇʨʠʢʣʘʜʥʘʷ ʤʝʭʘʥʠʢʘ ʠ ʪʝʭʥʠʯʝʩʢʘʷ ʬʠʟʠʢʘ. (ʇʄʊʌ). ï ʅʦʚʦʩʠʙʠʨʩʢ: ʈɸʅ ʉʆ,2001. ï ʊ.42, ˉ5, 

2001, ʩ. 115ï121. 

2. ʇʣʦʭʦʪʥʠʢʦʚ ʉ. ʇ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʦʜʝʣʠ ʩʭʝʤʳ ʩʪʨʫʡ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʘʢʦʥʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ / ʉ. ʇ. ʇʣʦʭʦʪʥʠʢʦʚ, ʈ.ʍ. ʅʠʟʘʝʚ, ɺ.ɺ. ɽʣʠʩʝʝʥʢʦʚ, ɺ. ɸ. 

ɹʦʛʦʤʦʣʦʚ, ʆ.ʈ. ɹʫʣʛʘʢʦʚʘ, ɺ.ɺ.ɽʣʠʩʝʝʥʢʦʚ,  // ʆʇʠʇʄ. ï ʄ: ʆʇʠʇʄ, 2009. ï ʊ.16, C. 1109-1010. 
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ɸʙʠʨʦʚ ɸʩʢʘʨ ɸʙʘʰʝʚʠʯ 
ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ; 

ɸʫʙʘʢʠʨʦʚ ɼʘʫʨʝʥ ɸʫʙʘʢʠʨʦʚʠʯ 

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʈʘʜʠʦʪʝʭʥʠʢʠ, ʵʣʝʢʪʨʦʥʠʢʠ ʠ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡè, ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʃ.ʅ. ɻʫʤʠʣʝʚʘ, ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ; 

ɸʙʜʨʘʭʤʘʥʦʚ ʈʘʰʠʜ ʂʘʙʜʝʰʝʚʠʯ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ; 

ʐʘʨʠʬʦʚ ɼʞʫʤʘʭʦʥ ʄʫʭʪʦʨʦʚʠʯ 
ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ; 

ʉʝʨʠʢʙʘʝʚ ʅʫʨʞʘʥ ʉʘʛʳʥʜʳʢʦʚʠʯ 
ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʀʥʩʪʠʪʫʪ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ; 

ʄʘʭʤʫʜʦʚ ɹʝʭʨʫʟ ʅʦʟʠʨʦʚʠʯ 

ʘʩʧʠʨʘʥʪ, ʣʘʙʦʨʘʪʦʨʠʷ çʃʘʙʦʨʘʪʦʨʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷè, ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʉ.ʋ. ʋʤʘʨʦʚʘ, ʛ. ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ. 
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ʊɽʇʃʆɻɽʅɽʈɸʊʆʈɸ ʀ ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɽɻʆ ʌʋʅʂʎʀʆʅʀʈʆɺɸʅʀʗ  

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʨʘʩʯʝʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʠʭʨʝʚʦʛʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘ (ɺɻʊ). ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʦʜʝʣʠʨʫʶʱʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɺɻʊ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʠʭʨʝʚʦʡ ʪʝʧʣʦʛʝʥʝʨʘʪʦʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʟʘʚʠʭʨʠʪʝʣʴ. 

ɺʠʭʨʝʚʳʝ (ʟʘʢʨʫʯʝʥʥʳʝ) ʧʦʪʦʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʠ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʨʫʜʥʳʭ ʨʘʟʜʝʣʦʚ ʤʝʭʘʥʠʢʠ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ, ʠ ʙʝʟʫʩʣʦʚʥʦ ʵʪʦʪ ʬʘʢʪ ʥʝ ʚʳʟʳʚʘʝʪ ʫ ʤʥʦʛʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʠʢʘʢʠʭ ʩʦʤʥʝʥʠʡ [1-3]. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʠʭʨʝʚʳʭ ʜʚʠʞʝʥʠʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʬʘʢʪʳ, 

ʢʦʪʦʨʳʝ ʧʦʩʣʫʞʠʣʠ ʩʪʠʤʫʣʦʤ ʢ ʥʦʚʳʤ ʘʩʧʝʢʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʭʨʷ, ʪ.ʝ. ʬʠʟʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʨʦʷʚʣʝʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʘʵʨʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ. ʆʥʠ 
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