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ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʞʫʨʥʘʣ, ʠʟʜʘʸʪʩʷ ʩ 
ʠʶʣʷ 1997 ʛʦʜʘ, ʚʳʭʦʜʠʪ ʯʝʪʳʨʝ ʨʘʟʘ ʚ ʛʦʜ. 
 

ʋʯʨʝʜʠʪʝʣʠ:  
ɸʆ çʅʘʚʦʠʡʩʢʠʡ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè, ʅʘʚʦʠʡʩʢʠʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʩʢʠʡ 
ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ 
ʛʝʦʪʝʭʥʦʣʦʛʠʠ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʆʆʆ çOózGEORANGMETLITIè 
 

ʇʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ:  
ɸʆ çʅʘʚʦʠʡʩʢʠʡ ɻʄʂè 
 

ɻʣʘʚʥʳʡ ʨʝʜʘʢʪʦʨ:  
ʐʘʨʘʬʫʪʜʠʥʦʚ ʋ.ɿ. 
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ɿʘʠʨʦʚʘ ʌ.ʖ. 
 

ʉʦʩʪʘʚ ʨʝʜʢʦʣʣʝʛʠʠ ʧʦ ʨʘʟʜʝʣʘʤ: ʛʝʦʪʝʭʥʦʣʦʛʠʷ ï ʈʘʢʠʰʝʚ ɹ.ʈ. 
(ʂʘʟʘʭʩʪʘʥ), ʐʘʰʝʥʢʦ ɸ.ʅ. (ʋʢʨʘʠʥʘ), ɿʘʠʨʦʚ ʐ.ʐ. (ʋʟʙʝʢʠʩʪʘʥ), 
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ʈʘʠʤʞʘʥʦʚ ɹ.ʈ. (ʋʟʙʝʢʠʩʪʘʥ), ʋʤʘʨʦʚ ʌ.ʗ. (ʋʟʙʝʢʠʩʪʘʥ); 
ʛʝʦʣʦʛʠʷ ï ʉʥʠʪʢʘ ʅ.ʇ. (ʋʟʙʝʢʠʩʪʘʥ), ʊʫʨʝʩʝʙʝʢʦʚ ɸ.ʍ. 
(ʋʟʙʝʢʠʩʪʘʥ), ʍʘʤʨʦʝʚ ʀ.ʆ. (ʋʟʙʝʢʠʩʪʘʥ); ʦʙʦʛʘʱʝʥʠʝ ʠ 
ʤʝʪʘʣʣʫʨʛʠʷ ï ɼʝʤʝʥʪʴʝʚ ɺ.ɽ. (ʈʦʩʩʠʷ), ɸʙʜʫʨʘʭʤʦʥʦʚ ʉ.ɸ. 
(ʋʟʙʝʢʠʩʪʘʥ), ʉʘʥʘʢʫʣʦʚ ʂ. (ʋʟʙʝʢʠʩʪʘʥ), ʉʘʤʘʜʦʚ ɸ.ʋ 
(ʋʟʙʝʢʠʩʪʘʥ), ʍʘʩʘʥʦʚ ɸ.ʉ. (ʋʟʙʝʢʠʩʪʘʥ), ʕʨʛʘʰʝʚ ʋ.ɸ. 
(ʋʟʙʝʢʠʩʪʘʥ), ʗʢʫʙʦʚ ʄ.ʄ. (ʋʟʙʝʢʠʩʪʘʥ); ʥʘʫʯʥʦ-ʣʘʙʦʨʘʪʦʨʥʳʝ 
ʠʟʳʩʢʘʥʠʷ ï ʄʠʰʠʥʘ ʆ.ɺ. (ɻʝʨʤʘʥʠʷ), ʄʫʩʪʘʢʠʤʦʚ ʆ.ʄ. 
(ʋʟʙʝʢʠʩʪʘʥ), ʄʫʭʠʜʜʠʥʦʚ ɹ.ʌ. (ʋʟʙʝʢʠʩʪʘʥ), ʅʫʨʤʫʨʦʜʦʚ ʊ.ʀ. 
(ʋʟʙʝʢʠʩʪʘʥ), ʈʫʟʠʝʚ ʅ.ʈ. (ʋʟʙʝʢʠʩʪʘʥ), ʉʘʛʜʠʝʚʘ ʄ.ɻ. (ʋʟʙʝʢʠʩʪʘʥ), 
ʍʘʤʠʜʦʚ ʍ.ʀ. (ʋʟʙʝʢʠʩʪʘʥ); ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ ï ʊʘʙʘʢʤʘʥ ʀ.ɹ. 
(ʂʘʥʘʜʘ), ʄʘʭʤʫʜʦʚ ɸ.ʄ. (ʋʟʙʝʢʠʩʪʘʥ); ʵʢʦʣʦʛʠʷ ï ɺʦʨʦʙʴʸʚ ɸ.ɻ. 
(ʈʦʩʩʠʷ), ɻʫʣʷʤʦʚ ɹ.ɺ. (ʋʟʙʝʢʠʩʪʘʥ), ʈʘʟʳʢʦʚ ɿ.ɸ. 
(ʊʘʜʞʠʢʠʩʪʘʥ), ʈʘʭʤʘʪʦʚ ɸ.ɹ. (ʋʟʙʝʢʠʩʪʘʥ); ʵʢʦʥʦʤʠʢʘ ï      
ɺʦʨʦʙʴʸʚ ɸ.ɽ.  (ʈʦʩʩʠʷ), ɼʞʫʣʠʙʝʢʦʚ ʅ.ʂ. (ʋʟʙʝʢʠʩʪʘʥ) 
 
 

ɾʫʨʥʘʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʚ ʋʟʙʝʢʩʢʦʤ ɸʛʝʥʪʩʪʚʝ ʧʦ ʧʝʯʘʪʠ ʠ 
ʠʥʬʦʨʤʘʮʠʠ. ʈʝʛʠʩʪʨʘʮʠʦʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʟʘ ˉ 0033                
ʦʪ 13 ʜʝʢʘʙʨʷ 2006 ʛ. ISSN 2181-7383 ʨʝʛ. ˉ 01-22/37 S ʦʪ 
09.07.2013 ʛ. 
 

ʇʨʠ ʧʝʨʝʧʝʯʘʪʢʝ ʤʘʪʝʨʠʘʣʦʚ ʩʩʳʣʢʘ ʥʘ ʞʫʨʥʘʣ ʦʙʷʟʘʪʝʣʴʥʘ 
 

ɿʘ ʪʦʯʥʦʩʪʴ ʬʘʢʪʦʚ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 
ʠʥʬʦʨʤʘʮʠʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʥʝʩʫʪ ʘʚʪʦʨʳ 
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ʆʙʣʦʞʢʘ, ʜʠʟʘʡʥ, ʢʦʤʧʴʶʪʝʨʥʘʷ ʚʸʨʩʪʢʘ:  
ɿʘʠʨʦʚʘ ʌ.ʖ. 
 

ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʫʙʣʠʢʘʮʠʶ ʠ ʦʙʥʦʚʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 
ʬʦʨʤʳ ʞʫʨʥʘʣʘ: 
ʐʘʨʘʬʫʪʜʠʥʦʚ ʋ.ɿ. 
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ʊʝʣ.: +998 (79) 223-23-32, +998 (79) 223-49-66 
 

ʇʦʜʧʠʩʘʥʦ ʚ ʧʝʯʘʪʴ 27.06.2025 ʛ. 
ʌʦʨʤʘʪ ɸ3. ʊʠʨʘʞ 100 ʵʢʟ.  
É ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ 2025 
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KONCHILIK ISHLARI / ɻʆʈʅʓɽ ʈɸɹʆʊʓ 
ʅʙʮʥʬʝʧʛ ɹ.ʅ. ʊʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʢʘʤʥʷéééééééééééééé 
 
ʀʙʡʩʧʛ ʑ.ʑ., ʖʩʜʙʱʞʛ ʆ.ʎ., ʁʪʙʞʛ ɾ.ɹ., ʊʙʭʙʩʧʛʙ ʅ.ɽ.    
ʆʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ 
ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ 
ʢʘʨʴʝʨʘééééééééééééééééééé.éééééé 
 
ʃʧʪʡʥʧʛ ʅ.ʇ., ʃʧʚʡʤʧʛ ʑ.ɺ., ʅʡʩʠʙʤʡʞʛ ʆ.ʆ., ʅʡʩʠʙʤʡʞʛʙ ʅ.ʅ. 
ʋʤʝʥʴʰʝʥʠʝ ʧʳʣʝʚʳʜʝʣʝʥʠʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʦʨʥʦʡ 
ʤʘʩʩʳ ʥʘ ʂʘʨʘʭʪʘʡʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ..................................... 
 
ʆʬʫʭʬʤʤʧʞʛ ɼ.ʊ., ʃʙʫʙʦʧʛ ʁ.ɺ., ʃʧʚʡʤʧʛ ʑ.ɺ., ʉʡʠʙʞʛ ɹ.ɹ.    
ʆʙʦʩʥʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ ʠ ʧʘʨʘʤʝʪʨʳ ʨʘʟʨʫ-
ʰʝʥʠʷ ʤʘʩʩʠʚʘ ʩʢʚʘʞʠʥʥʳʤ ʟʘʨʷʜʦʤ ʩ ʟʘʙʦʡʢʦʡ ʧʝʨʝʤʝʥʥʦʛʦ 
ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷéé...ééééééééééééééé.. 
 
ʇʰʡʤʧʛ ʑ.ɹ., ʀʙʡʩʧʛʙ ʍ.ʗ., ʊʙʨʙʩʧʛ ʅ.ɹ., ʉʙʡʥʣʬʤʧʛʙ ʊ.ʅ. 
ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʟʨʳʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʝʭʘʥʠʟʤʳ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜééééé..... 
 
ʋʧʱʧʛ ɿ.ɺ., ʅʙʮʥʬʝʧʛ ʑ.ɹ., ʅʙʮʥʬʝʧʛʙ ɼ.ɹ. ʀʩʩʣʝʜʦʚʘ-
ʥʠʷ ʧʨʠʯʠʥ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʠ ʤʝʪʦʜʦʚ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠ-
ʪʝʣʴʥʳʭ ʨʘʙʦʪéééééééééééééééééééééé 
 
ʃʬʩʚʧʦʧʛ ʎ.ɹ., ʁʪʤʧʥʧʛ ʉ.ʁ., ʘʣʬʚʧʛ ʋ.ʑ. ʀʥʪʝʛʨʘʮʠʷ 
ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ 
ʚʳʨʘʙʦʪʦʢ: ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ʢʦʥʪʨʦʣʴ 
ʪʦʯʥʦʩʪʠééé.............................................................................. 
 

GEOLOQIYA-QIDIRUV ISHLARI /  
ɻɽʆʃʆɻʆʈɸɿɺɽɼʆʏʅʓɽ ʈɸɹʆʊʓ 

Sharipov Sh.F., Fatxullayeva Z.M., Qurbonov A.V., Yandashev R.E. 
Markaziy Qizilqumdagi zamonaviy tuz koóllarining hosil boólish 
geologiyasi va ularning geokimyoviy tarkibi boóyicha kompleks 
tahlil natijalariéééééééééé..éééééééééééé. 
 

BOYITISH VA METALLURGIYA /  
ʆɹʆɻɸʑɽʅʀɽ ʀ ʄɽʊɸʃʃʋʈɻʀʗ  
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ʋɾʎʆʁʃʇ-ʖʃʇʆʇʅʁʐɾʊʃɹʘ ʇʏɾʆʃɹ ʖʍʍɾʃʋʁɻʆʇʊʋʁ  
ʊʇɻɾʉʑɾʆʊʋɻʇɻɹʆʁʘ ʋɾʎʆʇʄʇɼʁʁ ɽʇɺʔʐʁ 
ʁ ʁʊʈʇʄʕʀʇɻɹʆʁʘ ʇɺʇʉʌɽʇɻɹʆʁʘ ɻ ʊʋʉʌʃʋʌʉɾ 
ʃʇʅʈʄɾʃʊʆʇʂ ʅɾʎɹʆʁʀɹʏʁʁ ʅɾʊʋʇʉʇɿɽɾʆʁʂ 
ʇɺʄʁʏʇɻʇʐʆʇɼʇ ʃɹʅʆʘ 

ʋɼʂ 621.036  DOI:10.54073/GV.2025.2.101.001 

Ushbu ishda qoziq shaklidagi asbob-uskunalar yordamida tosh bloklarini qazib olishga tayyorlashning tavsiya etilgan texnologiya-
larini qoԐllash samaradorligi koԐrib chiqilgan. Tadqiqot natijalariga koóra, shpurlar burgóilashning bir birlik hajmi portlovchi boólmagan 
buzuvchi vositalar (PBV) yordamida bloklarni ajratish texnologiyasiga nisbatan 15-36 % ga kamayadi. Bu esa sarf materiallariga boԐlgan 
xarajatlarning kamayishiga va mahsulot tannarxining pasayishiga olib keladi. 1 mį blok uchun tannarx taxminan 63 800 soómni tashkil 
etadi. Burgóilash ishlarining hajmini va sarf materiallari xarajatlarini kamaytirish hisobiga iqtisodiy samaradorlik 1 mį blok uchun 14 800 
soómga teng boóladi. Yillik 13 200 mį blok qazib olish hajmida umumiy yillik iqtisodiy effekt 195,36 million soómni tashkil etadi. 
Kalit soózlar: omillar, buzish, metodika, energiya sarflar, oôlchamlar, bogóliqlik, asbob. 
 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʛʦʪʦʚʢʠ ʙʣʦʢʦʚ ʢʘʤʥʷ ʢ  

ʚʳʝʤʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʠʥʦʚʠʜʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʜʝʣʴʥʳʡ ʦʙʲʸʤ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʩʥʠʞʘʝʪʩʷ ʥʘ 15-36 % 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʦʪʜʝʣʝʥʠʷ ʙʣʦʢʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʚʟʨʳʚʥʳʭ ʨʘʟʨʫʰʘʶʱʠʭ ʩʨʝʜʩʪʚ (ʅʈʉ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʫʤʝʥʴʰʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ. ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʢʫʙʠʯʝʩʢʦʛʦ 
ʤʝʪʨʘ ʙʣʦʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 63 800 ʩʫʤʦʚ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʩʥʠʞʝʥʠʷ ʦʙʲʸʤʦʚ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʠ ʟʘʪʨʘʪ ʥʘ 
ʤʘʪʝʨʠʘʣʳ ʜʦʩʪʠʛʘʝʪ 14 800 ʩʫʤʦʚ ʥʘ 1 ʤį, ʯʪʦ ʧʨʠ ʛʦʜʦʚʦʤ ʦʙʲʝʤʝ ʜʦʙʳʯʠ 13 200 ʤį ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʱʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 
ʵʬʬʝʢʪ ʚ ʨʘʟʤʝʨʝ 195,36 ʤʣʥ ʩʫʤʦʚ ʚ ʛʦʜ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʘʢʪʦʨʳ, ʨʘʟʨʫʰʝʥʠʝ, ʤʝʪʦʜʠʢʘ, ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʠʤʦʩʪʴ, ʠʥʩʪʨʫʤʝʥʪ.  

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʢʘʤʥʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʧʦʜ-
ʛʦʪʦʚʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢ ʚʳʝʤʢʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘ-
ʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ 
ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʫʯʸʪʦʤ ʮʝʣʦʛʦ ʨʷʜʘ 
ʬʘʢʪʦʨʦʚ. ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜ ʥʘ 
ʩʞʘʪʠʝ (ůʩʞ), ʫʜʝʣʴʥʘʷ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʤʘʩʩʠʚʘ (Uʪʨ) ʠ ʥʘʧʨʘʚʣʝ-
ʥʠʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʪʨʝʱʠʥ ʚ ʛʦʨʥʦʡ ʧʦʨʦʜʝ (ű). 
ʋʢʘʟʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʢʘʢ ʥʘ ʪʝʭʥʦʣʦʛʠʶ 
ʧʦʜʛʦʪʦʚʢʠ ʤʘʩʩʠʚʦʚ ʢ ʚʳʝʤʢʝ, ʪʘʢ ʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʩʣʝʜʫʶ-
ʱʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʦʪʜʝʣʝʥʠʶ ʙʣʦʢʦʚ [1-2]. 
ʂʘʞʜʳʡ ʩʧʦʩʦʙ ʧʦʜʛʦʪʦʚʢʠ ʙʣʦʢʦʚ ʢʘʤʥʷ ʢ ʚʳʝʤʢʝ, ʥʘʨʷʜʫ ʩ 

ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʤʠ 
ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʢʘʩʘʝʪʩʷ ʩʨʝʜʩʪʚ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ð ʦʪʜʝʣʝʥʠʷ ʤʦʥʦʙʣʦʢʘ ʠʟ ʤʘʩʩʠʚʘ. ɺʳʙʦʨ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʙʣʦʯʥʦʛʦ ʩʳʨʴʷ 
[3-5]. 
ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʣʠʮʦʚʦʯ-

ʥʦʛʦ ʢʘʤʥʷ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʛʣʘʚʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 
ʰʪʫʯʥʳʡ ʭʘʨʘʢʪʝʨ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʘʩʩʦʚʳʭ 
ʛʦʨʥʳʭ ʨʘʙʦʪ, ʟʜʝʩʴ, ʦʩʥʦʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 

ʦʪʜʝʣʴʥʳʭ ʙʣʦʢʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʢʘʯʝʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚʳʭʦʜ ʪʦʚʘʨʥʳʭ ʙʣʦʢʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʡ ʤʘʩʩʝ 
ʜʦʙʳʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚ-
ʣʷʝʪ ʚʩʝʛʦ 25-40 %. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 
ʵʢʦʥʦʤʠʢʫ ʧʨʦʝʢʪʘ ʠ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʮʠ-
ʦʥʘʣɹʥʦʤʫ ʠʩʧʦʣɹʟʦʚʘʥʠʁ ʨʝʩʫʨʩʦʚ. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠ ʚʳʙʦʨʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ 

ʜʦʙʳʯʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʦʧʨʦʩʳ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʦʪʜʝʣʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʙʣʦʢʦʚ, ʥʦ ʠ ʘʩʧʝʢʪʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʦʪʭʦʜʦʚ, 
ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʦʙʱʠʡ 
ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʩʥʠʟʠʪʴ    
ʟʘʪʨʘʪʳ ʥʘ ʨʝʢʫʣʴʪʠʚʘʮʠʶ ʥʘʨʫʰʝʥʥʳʭ ʟʝʤʝʣʴ ʠ ʧʦʚʳʩʠʪʴ ʵʢʦʣʦʛʠ-
ʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠ-
ʨʦʚʘʥʠʶ ʤʝʭʘʥʠʟʘʮʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʣʠʮʦʚʦʯʥʦʛʦ 
ʢʘʤʥʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ, ʫʣʫʯʰʝ-
ʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ. 
ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʙʣʦʢʦʚ ʢ ʚʳʝʤʢʝ, ʘ 

ʪʘʢʞʝ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʪʨʫʢʪʫʨʥʦʡ 
ʮʝʧʦʯʢʝ «ʤʘʩʩʠʚ ï ʢʦʥʝʯʥʘʷ ʧʨʦʜʫʢʮʠʷ», ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʜʦʩʪʠ-
ʞʝʥʠʝ ʥʘʠʣʫʯʰʠʭ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʨʘʟʨʘ-
ʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʢʘʤʥʷ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 
ʚʚʝʜʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ. ʕʪʠ ʢʨʠʪʝʨʠʠ ʥʘʧʨʘʚʣʝʥʳ 

ʅʙʮʥʬʝʧʛ ɹ.ʅ., 
ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

«ɻʦʨʥʘʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘ» ʅɻɻʊʋ, ʢ.ʪ.ʥ. 
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ʥʘ ʦʙʲʝʢʪʠʚʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ ʠ 
ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʠ-
ʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ. 
ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʪʥʝʩʝʥʳ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ 

ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʪʨʘʙʦʪʢʠ ʧʦ ʢʦʥʪʫʨʥʳʤ ʣʝʥʪʘʤ, ʩʪʦʠʤʦʩʪʴ 
ʝʜʠʥʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ 
ʨʘʙʦʯʠʭ, ʥʘʜʸʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʜʦʙʩʪʚʦ 
ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʷʜ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝ-
ʜʝʣʷʶʱʠʭ ʦʙʱʝʝ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʋʯʸʪ ʵʪʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʩʝʩʪʦʨʦʥʥʶʶ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ [6-9]. 
ɺ ʮʝʣʷʭ ʢʦʤʧʣʝʢʩʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʚʚʝʜʝʥʳ ʠʥʪʝʛʨʘʣʴʥʳʝ ʢʨʠʪʝʨʠʠ, ʚʢʣʶ-
ʯʘʶʱʠʝ ʩʪʝʧʝʥʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, 
ʫʨʦʚʝʥʴ ʪʨʫʜʦʸʤʢʦʩʪʠ ʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʪʝʧʝʥʴ 
ʧʨʦʛʨʝʩʩʠʚʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 
ʚʝʣʠʯʠʥʫ ʧʨʠʚʝʜʸʥʥʳʭ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ. ʉʪʝʧʝʥʴ ʧʨʦʛʨʝʩʩʠʚʥʦʩʪʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʩʦʚʨʝʤʝʥʥʳʤ    
ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ, ʵʥʝʨʛʦʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʨʠʪʝʨʠʝʚ ʧʦʟʚʦʣʷʝʪ   

ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 
ʢʦʥʢʨʝʪʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʡ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʢʘʤʥʷ, ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ 
ʠ ʩʥʠʞʝʥʠʶ ʩʦʚʦʢʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ. ɼʣʷ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʥʠʷ ʜʦʙʳʯ-
ʥʳʭ ʨʘʙʦʪ ʠ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʵʥʝʨʛʠʶ, 
ʢʦʪʦʨʘʷ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘ-
ʥʦʚ ʤʘʰʠʥ ʠ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʧʦʣʝʟʥʦʡ ʨʘʙʦʪʳ. ʈʘʩʭʦʜ ʧʝʨʚʦʡ 
ʯʘʩʪʠ ʵʥʝʨʛʠʠ ʫʯʠʪʳʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ, ʪʦ 
ʝʩʪʴ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʢ ʨʘʙʦʯʠʤ ʦʨʛʘʥʘʤ (Ŭ) ʠ ʢʦʵʬ-
ʬʠʮʠʝʥʪʦʤ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩʘʤʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ (ɖ), ʢʦʪʦʨʳʡ 
ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʂ) [10-11]. 

ʂ = Ŭɖ                                                  (1) 
ʈʘʩʭʦʜ ʚʪʦʨʦʡ ʯʘʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦ-

ʪʦʚʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢ ʚʳʝʤʢʝ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚ-
ʣʠʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠ ʤʘʩʩʠʚʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 
ʩʪʝʧʝʥʴ ʪʨʫʜʥʦʩʪʠ ʨʘʙʦʪʳ, ʪʦ ʝʩʪʴ ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʛʣʦʱʝʥʠʝ 
ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʨʘʙʦʪ. ɺ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ 
ʧʨʠ ʜʦʙʳʯʝ ʙʣʦʢʦʚ ʢʘʤʥʷ ʫʜʝʣʴʥʦʝ ʵʥʝʨʛʦʧʦʛʣʘʱʝʥʠʝ (Ůʪ) ʭʘʨʘʢʪʝ-
ʨʠʟʫʝʪ ʩʪʝʧʝʥʴ ʪʨʫʜʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʚʳʨʘʞʘʝʪʩʷ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝʤ ʧʦʨʦʜʳ (W), ʦʢʘʟʳʚʘʝʤʳʤ ʨʘʙʦʯʝʤʫ ʦʨʛʘʥʫ ʤʘʰʠʥʳ. 
ʇʨʠ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʫʯʠʪʳʚʘʶʪʩʷ ʯʝʨʝʟ ʧʫʪʴ (ŭ), 
ʢʦʪʦʨʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʧʨʝʦʜʦʣʝʚʘʝʪ, ʠ ʧʨʦʠʟʚʦʜʠʪ ʥʝʢʦʪʦʨʳʡ 
ʦʙʲʝʤ ʧʨʦʜʫʢ-ʮʠʠ (V) ʩ ʟʘʜʘʥʥʳʤ ʢʘʯʝʩʪʚʦʤ 

 Ůʪ = Wŭ/V ʢʛʤ/ʤ3                                                        (2) 
ʆʙʱʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʮʝʧʦʯʢʠ «ʤʘʩʩʠʚ-ʧʨʦʜʫʢʮʠʷ» ʩʦʩʪʦʷʪ ʠʟ ʩʫʤʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʦ ʧʨʦʮʝʩʩʘʤ ʠ ʦʮʝʥʠʚʘʶʪ ʩʪʝʧʝʥʴ ʝʸ ʩʦʚʝʨ-ʰʝʥʩʪʚʘ. 

   
(3) 

 
ʛʜʝ Ůmi ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʧʦ ʧʨʦʮʝʩʩʘʤ ʜʦʙʳʯʠ ʦʙʣʠʮʦʚʦʯ-
ʥʦʛʦ ʢʘʤʥʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʙʫʨʝʥʠʝ ʰʧʫʨʦʚ, 
ʦʪʜʝʣʝʥʠʝ ʤʦʥʦʣʠʪʦʚ ʢʘʤʥʷ, ʨʘʟʜʝʣʢʘ ʤʦʥʦʣʠʪʦʚ, ʧʦʛʨʫʟʢʘ ʙʣʦ-
ʢʦʚ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʙʣʦʢʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʫʙʦʨʢʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ 
ʦʪʭʦʜʦʚ). 
ʇʨʠ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʙʫʨʦʦʪʨʳʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʦʙʣʠ-

ʮʦʚʦʯʥʦʛʦ ʢʘʤʥʷ ʦʩʥʦʚʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ (ʜʦ 80 %) ʧʨʠ-
ʭʦʜʷʪʩʷ ʥʘ ʧʨʦʮʝʩʩʳ ʙʫʨʝʥʠʷ, ʦʪʜʝʣʝʥʠʝ ʙʣʦʢʦʚ ʢʘʤʥʷ ʦʪ ʤʘʩʩʠʚʘ 
ʠ ʥʘ ʚʳʝʤʢʝ ï ʧʦʛʨʫʟʢʝ ʝʛʦ.  

ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩʳ ʙʫʨʝʥʠʷ: 
 

 (4) 
 

ʛʜʝ n=dh ʧ/dr ï ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʠ ʙʫʨʝʥʠʠ;  
N=Vʙʫʨ/Vʙ1 ï ʫʜʝʣʴʥʳʡ ʦʙʲʸʤ ʙʫʨʝʥʠʷ; 
 
                     ï ʩʨʝʜʥʠʡ ʦʙʲʸʤ ʢʫʩʢʘ;  
 
Vʙʫʨ= nh ʧlh ʧSh ʧ ï ʦʙʲʸʤ ʙʫʨʝʥʠʷ;  
 
                       ï ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʨʫʛʘ. 
 
ʇʨʦʛʨʝʩʩʠʚʥʦʩʪʴ ʩʦʯʝʪʘʥʠʷ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʫʨʦʚʥʷʤʠ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦ-
ʤʘʪʠʟʘʮʠʠ: 

 
  (5) 

 
ʛʜʝ ʂʤ ï ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʭʘʥʠʟʘʮʠʠ;   
ɸʤ ï ʦʙʲʸʤ ʨʘʙʦʪ, ʚʳʧʦʣʥʷʝʤʳʡ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘ-

ʮʠʠ, ʤ3;  
ɸʨ ï ʦʙʲʸʤ ʨʫʯʥʳʭ ʨʘʙʦʪ, ʤ3. 
ɿʘ ʢʨʠʪʝʨʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩʪʨʫʢ-

ʪʫʨʥʦʡ ʮʝʧʦʯʢʠ ʧʨʠʥʠʤʘʶʪʩʷ ʧʨʠʚʝʜʝʥʥʳʝ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʧʦ 
ʧʨʦʮʝʩʩʘʤ (Sʫʜ), ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʪʨʝʤʠʪʩʷ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ 
ʟʥʘʯʝʥʠʶ: 

 
(6) 

 
 

ʛʜʝ                ï ʩʫʤʤʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʧʦ ʧʨʦʮʝʩʩʘʤ, 
ʩʫʤ/ʤ3;  
ɽʥ ï ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ;  
                  

ï ʩʫʤʤʘ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʤʦʥ-
ʪʘʞ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʧʨʦʮʝʩʩʘʤ, ʩʫʤ;  

 
           ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʙʣʦ-

ʢʘʤ ʢʘʤʥʷ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʢʘʨʴʝʨʘʭ ʙʣʦʯʥʦʛʦ ʢʘʤʥʷ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʩʦʯʝʪʘʥʠʝ ʢʦʤ-
ʧʣʝʢʪʘ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʨʝʟʝʨʚʦʤ ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ, ʧʨʦʮʝʩʩʦʤ ʙʫʨʝʥʠʷ, ʦʪʙʦʡʢʠ ʠ ʧʦʛʨʫʟʢʠ ʙʣʦʢʦʚ, ʢʘʯʝʩʪʚʝʥ-
ʥʳʤ ʨʝʟʝʨʚʦʤ, ʪ.ʝ. ʨʝʟʝʨʚʦʤ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʘʰʠʥ ʠ ʤʝʭʘ-
ʥʠʟʤʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʫʙʦʨʢʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ.  
ʈʘʩʯʸʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʜʦʙʳʯʠ ʙʣʦʢʦʚ ʢʘʤʥʷ ʫʧʨʘʚʣʝʥʠʝʤ ʨʘʟʨʫʰʘʶʱʠʤʠ ʫʩʠʣʠʷʤʠ 
ʚʳʧʦʣʥʝʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ «ʄʝʪʦʜʠʢʦʡ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʦʥʦʤʠʯʝ-
ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ ʥʦʚʦʡ 
ʪʝʭʥʠʢʠ, ʠʟʦʙʨʝʪʝʥʠʡ ʠ ʨʘʮʠʦʥʘʣʠʟʘʪʦʨʩʢʠʭ ʧʨʝʜʣʦʞʝʥʠʡ». 
ɻʦʜʦʚʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ 

ʩʧʦʩʦʙʘ ʧʦʜʛʦʪʦʚʢʠ ʙʣʦʢʦʚ ʢʘʤʥʷ ʢ ʚʳʝʤʢʝ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚʥʫʪʨʠ-
ʰʧʫʨʦʚʦʛʦ ʨʘʜʠʘʣʴʥʦ-ʙʦʢʦʚʦʛʦ ʫʜʘʨʥʦ-ʢʣʠʥʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

                                                                     ʩʫʤ/ʛʦʜ,         (7) 
ʛʜʝ ʉ1, ʉ2 ï ʦʙʱʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʜ-

ʨʝʥʠʷ ʩʧʦʩʦʙʘ, ʩʫʤ/ʤ3;   
ɽ ï ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʧʠʪʘʣʴʥʳʭ 

ʚʣʦʞʝʥʠʡ; 
ʂ1, ʂ2 ï ʫʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʜʦ ʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ 

ʩʧʦʩʦʙʘ, ʩʫʤ/ʤ3;  
Vɻ ï ʛʦʜʦʚʦʡ ʦʙʲʸʤ ʜʦʙʳʚʘʝʤʳʭ ʙʣʦʢʦʚ ʢʘʤʥʷ, ʤ3. 
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ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʪʘʪʝʡ ʟʘʪʨʘʪ ʥʘ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʧʣʘʪʳ ʪʨʫʜʘ ʩ ʫʯʝʪʦʤ 
ʩʦʮʠʘʣʴʥʳʭ ʩʪʨʘʭʦʚʘʥʠʡ, ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʥʘ 
ʥʘʢʣʘʜʥʳʝ ʨʘʩʭʦʜʳ ʧʦ ʙʘʟʦʚʦʤʫ ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ ʪʝʭʥʦʣʦʛʠʶ, 
ʢʦʪʦʨʳʝ ʚʥʝʜʨʝʥʳ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ɸʆ «ɻʘʟʛʘʥʤʨʘʤʦʨ». 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʜʝʣʴʥʳʤ ʦʙʲʸʤʦʤ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʥʘ ʝʜʠʥʠʮʫ ʠ ʫʚʝʣʠʯʝʥʠʝʤ  
ʚʳʭʦʜʘ ʙʣʦʢʦʚ ʢʘʤʥʷ ʥʘ 6-9 %. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʪʜʝʣʝʥʠʷ ʙʣʦ-
ʢʦʚ ʢʘʤʥʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʠʥʦʚʠʜʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʩʥʦʚʥʳʝ 
ʟʘʪʨʘʪʳ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʧʨʦʮʝʩʩ ʙʫʨʝʥʠʷ ʰʧʫʨʦʚ, ʢʦʪʦʨʳʝ ʥʘ 15-36 % 
ʤʝʥʴʰʝ, ʯʝʤ ʩʧʦʩʦʙ ʦʪʜʝʣʝʥʠʷ ʙʣʦʢʦʚ ʢʘʤʥʷ ʩ ʧʦʤʦʱʴʶ ʥʝʚʟʨʳʚ-
ʥʳʭ ʨʘʟʨʫʰʘʶʱʠʭ ʩʨʝʜʩʪʚ (ʅʈʉ). ʋʤʝʥʴʰʘʶʪʩʷ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ 
ʥʘ ʤʘʪʝʨʠʘʣʳ. ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ ʙʣʦʢʦʚ ʢʘʤʥʷ ʩʦʩʪʘʚʣʷʝʪ 
ʦʢʦʣʦ 63800 ʩʫʤʦʚ ʟʘ 1 ʤ3 ʙʣʦʢʘ.  
ʋʜʝʣʴʥʳʝ ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʧʦ ʙʘʟʦʚʦʡ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʪʨʘʪʘʤʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝ-
ʩʢʠ ʦʜʠʥʘʢʦʚʳ.   
ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʙʣʦʢʦʚ ʢʘʤʥʷ 

ʫʧʨʘʚʣʝʥʠʝʤ ʨʘʟʨʫʰʘʶʱʠʤʠ ʫʩʠʣʠʷʤʠ ʧʨʠ 13200 ʤ3 ʛʦʜʦʚʦʤ ʦʙʲʸ-
ʤʝ ʜʦʙʳʯʠ ʙʣʦʢʦʚ ʢʘʤʥʷ ʩʦʩʪʘʚʣʷʝʪ: 
ʕ=[(78600ï63800)ï0,15(34027ï34027)]Ŀ13200=195 360 000 ʩʫʤ/ʛʦʜ. 
ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʙʣʦʢʦʚ ʢ ʚʳʝʤʢʝ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʚʳʙʦʨʘ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʦʙʦʨʫʜʦʚʘ-
ʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʮʝʧʦʯʢʝ «ʤʘʩʩʠʚ ï ʢʦʥʝʯʥʘʷ ʧʨʦ-
ʜʫʢʮʠʷ», ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʚʝʜʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ 
ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ. ɼʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʩʝʩʪʦʨʦʥʥʶʶ ʠ 
ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘ-
ʮʠʡ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʦʙʣʠʮʦʚʦʯ-
ʥʦʛʦ ʢʘʤʥʷ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ ʠ ʫʣʫʯʰʝʥʠʶ ʢʦʥʝʯʥʳʭ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝ-
ʣʝʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
ʂ ʯʠʩʣʫ ʦʩʥʦʚʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʪʥʝʩʝʥʳ ʪʘʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ, ʢʘʢ ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʦʪʨʘʙʦʪʢʠ ʧʨʠʢʦʥʪʫʨʥʳʭ ʣʝʥʪ, 
ʩʪʦʠʤʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʜʘʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
ʪʨʫʜʘ ʨʘʙʦʯʠʭ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ, ʩʪʝʧʝʥʴ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, 
ʧʦʢʘʟʘʪʝʣʴ ʪʨʫʜʥʦʩʪʠ ʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ 
ʜʦʙʳʯʠ, ʩʪʝʧʝʥʴ ʧʨʦʛʨʝʩʩʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʦʙʦʨʫʜʦ-
ʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʧʨʠʚʝʜʸʥʥʳʭ ʫʜʝʣʴʥʳʭ ʟʘʪʨʘʪ. ɼʦʧʦʣʥʠ-
ʪʝʣʴʥʦ ʫʯʠʪʳʚʘʶʪʩʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʫʜʦʙʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʝʛʦ ʥʘʜʸʞʥʦʩʪʴ ʚ ʨʘʙʦʪʝ, 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʦʪʢʘʟʘʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʛʠʙʢʦʩʪʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚʳʝʤ-

ʢʠ ʙʣʦʢʦʚ ʢʘʤʥʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʜʝʣʴʥʳʤ ʦʙʲʸ-
ʤʦʤ ʙʫʨʦʚʳʭ ʨʘʙʦʪ, ʧʨʠʭʦʜʷʱʠʤʩʷ ʥʘ ʝʜʠʥʠʮʫ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, 
ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʭʦʜʘ ʪʦʚʘʨʥʳʭ ʙʣʦʢʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʊʘʢ, ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʠʥʦʚʠʜʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʪʜʝʣʝ-
ʥʠʷ ʙʣʦʢʦʚ ʢʘʤʥʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʳʭʦʜʘ ʢʘʯʝʩʪʚʝʥʥʳʭ 
ʙʣʦʢʦʚ ʥʘ 6-9 %, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘ-
ʪʝʣʠ ʚʩʝʡ ʨʘʟʨʘʙʦʪʢʠ. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʦʪʜʝʣʝʥʠʷ ʙʣʦʢʦʚ ʢʣʠʥʦʚʠʜʥʳ-

ʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʦʩʥʦʚʥʳʝ ʟʘʪʨʘʪʳ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʧʨʦʮʝʩʩ ʙʫʨʝ-

ʋʙʚʤʡʯʙ 1 
ʃʧʥʨʤʞʣʫʙʯʡʸ ʧʚʧʩʬʝʧʛʙʦʡʢ ʡ ʶʣʪʨʤʬʙʫʙʯʡʧʦʦʴʞ ʠʙʫʩʙʫʴ 

 ́
ɻʡʝ ʧʚʧʩʬʝʧʛʙʦʡʸ ʡ ʥʙʫʞ-

ʩʡʙʤʧʛ 
ʅʙʩʣʙ ʠʙʩʬʚʞʟʦʧʜʧ 

ʙʦʙʤʧʜʙ 
ʆʞʧʚʮʧʝʡʥʧʞ 
ʣʧʤʡʰʞʪʫʛʧ, ʰʪ. 

ʎʙʩʙʣʫʞʩʡʪʫʡʣʡ 
ʇʩʡʞʦʫʡʩʧʛʧʰʦʙʸ 
ʪʫʧʡʥʧʪʫʵ, ʪʳʩ. ʫ.ʝ. 

1. ʂʦʤʧʨʝʩʩʦʨ MCV -- 10000 4 
ï ʜʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ; 
ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 10000 ʣ/ʤʠʥ; 
ï ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 0,7 ʄʧʘ 

636,3 

2. ɺʳʩʦʢʦʥʘʧʦʨʥʳʝ ʰʣʘʥʛʠ 
Ø 25,4 ʤʤ 
Ø 38,1 ʤʤ 

300 ʤ 
150 ʤ 

  8,9 

3. ʉʪʘʥʦʢ ʩʪʨʦʯʝʯʥʦʛʦ ʙʫʨʝʥʠʷ 

Spherical 
  
  
  
  
  
  
  
  
  

GM/2 

3 
  
  
  
  
  
  
  
  
  
2 

ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʙʫʨʝʥʠʝ; 
ï ʜʣʠʥʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʨʝʣʴʩ 3 ʤ; ʢʦʤʧʣʝʢʪʫʝʪʩʷ 
ï ʧʝʨʬʦʨʘʪʦʨʦʤ ʊʋ85 ɼ ʤʘʩʩʦʡ 26 ʢʛ; 
ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 4500 ʣ/ʤʠʥ; 
ï ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 0,7 ʄʧʘ; 
ï ʜʠʘʤʝʪʨ ʙʫʨʝʥʠʷ 800 ʤʤ; 
ï ʛʣʫʙʠʥʘ ʙʫʨʝʥʠʷ ʜʦ 15 ʤ; 
ï ʦʙʱʘʷ ʤʘʩʩʘ 159 ʢʛ 
  
ï ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʙʫʨʝʥʠʝ; 
ï ʜʣʠʥʘ ʥʘʧʨʘʚʣʷʶʱʠʭ ʨʝʣʴʩ 4 ʤ; 
ï ʢʦʤʧʣʝʢʪʫʝʪʩʷ ʜʚʫʤʷ ʧʝʨʬʦʨʘʪʦʨʘʤʠ ʊʋ85 ɼ 
ʤʘʩʩʦʡ ʧʦ 26 ʢʛ ʢʘʞʜʳʡ; 
ï ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 8200 ʣ/ʤʠʥ; 
ï ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 0,7 ʄʧʘ 

148,2 
  
  
  
  
  
  
  
  

161,8 

4. 
ʉʪʘʥʦʢ ʩʪʨʦʯʝʯʥʦʛʦ ʙʫʨʝʥʠʷ 
ʜʣʷ ʩʧʣʦʰʥʦʛʦ ʚʳʙʫʨʠʚʘʥʠʷ 
ʱʝʣʝʡ ʜʣʠʥʦʡ ʜʦ 4 ʤ 

GM/2 1 

ï ʛʣʫʙʠʥʘ ʙʫʨʝʥʠʷ 4 ʤ; 
ï ʤʘʩʩʘ 350 ʢʛ; 
ï ʜʠʘʤʝʪʨ ʙʫʨʝʥʠʷ 90 ʤʤ; 
ï ʦʙʱʠʡ ʨʘʩʭʦʜ ʚʦʟʜʫʭʘ 6200 ʣ/ʤʠʥ; 
ï ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 0,7 ʄʧʘ 

141,9 

5. 
ʉʪʘʥʦʢ ʜʣʷ ʟʘʪʦʯʢʠ ʙʫʨʦʚʳʭ 
ʢʦʨʦʥʦʢ 

Jasco     13,3 

6. ɼʝʨʨʠʢʢʨʘʥ   1 ï ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 25-30 ʪ 643,6 
7. ʕʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ   1 ï ʤʦʱʥʦʩʪʴ 100-120 ʢɺɸ 118,6 
8. ɹʣʦʢʦʚʦʟ   1 ï ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 25-30 ʪ 265,4 
9. ʇʦʛʨʫʟʯʠʢ ʚʠʣʦʯʥʳʡ   1 ï ʤʦʱʥʦʩʪʴ 110-170 ʢɺʪ 80,0 

10. 
ɻʠʜʨʦʢʣʠʥʦʚʘʷ ʫʩʪʘʥʦʚʢʘ, 
ʬʠʨʤʘ 

Darda Porsfeld (ʌʈɻ) 1   84,8 
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ʊʘʰʢʝʥʪ, 2005. ï ̄  3. ï ʉ. 98-100. 

ʥʠʷ ʰʧʫʨʦʚ. ʆʜʥʘʢʦ ʦʙʲʸʤ ʙʫʨʦʚʳʭ ʨʘʙʦʪ ʧʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ 
ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ: ʥʘ 15-36 % ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʦʩʦʙʦʤ 
ʦʪʜʝʣʝʥʠʷ ʙʣʦʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʚʟʨʳʚʥʳʭ ʨʘʟʨʫʰʘʶʱʠʭ 
ʩʨʝʜʩʪʚ (ʅʈʉ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʨʘʩʭʦʜʘ 
ʤʘʪʝʨʠʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʫʨʦʚʳʭ ʰʪʘʥʛ, ʠʥʩʪʨʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 
ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 
ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʤʝʥʴʰʘʶʪʩʷ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʩʥʦʚʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʝʙʝ-
ʩʪʦʠʤʦʩʪʴ ʝʜʠʥʠʮʳ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ï 1 ʤį ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʢʘʤʥʷ  
ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 63 800 ʩʫʤʦʚ. ʇʨʠ ʵʪʦʤ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ       

ʵʬʬʝʢʪ, ʜʦʩʪʠʛʥʫʪʳʡ ʪʦʣʴʢʦ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ ʦʙʲʸʤʦʚ ʙʫʨʦʚʳʭ 
ʨʘʙʦʪ ʠ ʩʦʢʨʘʱʝʥʠʷ ʨʘʩʭʦʜʦʚ ʥʘ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʩʪʘʚʣʷʝʪ 
ʦʢʦʣʦ 14 800 ʩʫʤʦʚ ʥʘ ʢʘʞʜʳʡ 1 ʤį ʙʣʦʢʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʛʦʜʦʚʦʤ ʦʙʲʝʤʝ ʜʦʙʳʯʠ ʚ ʨʘʟʤʝʨʝ 13 200 ʤį 

ʙʣʦʢʦʚ ʦʙʱʠʡ ʦʞʠʜʘʝʤʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪ ʚʝʣʠ-
ʯʠʥʳ 195,36 ʤʠʣʣʠʦʥʘ ʩʫʤʦʚ/ʛʦʜ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦ-
ʣʦʛʠʠ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ    
ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʧʨʦ-
ʮʝʩʩʦʚ ʜʦʙʳʯʠ ʦʙʣʠʮʦʚʦʯʥʦʛʦ ʢʘʤʥʷ. 

ɸʆ çʅɻʄʂè 
ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ 

çʅʘʚʦʠʡʩʢʠʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜè 
www.ngmk.uz 

ɸʜʨʝʩ: ʛ. ʅʘʚʦʠ, ʫʣ. ʀʥʩʧʝʢʪʦʨʦʚ, 5 
ʊʝʣ.: (+99879) 2276214; 227-64-23 

ʌʘʢʩ: (+99879) 223-48-78 
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KONCHILIK ISHLARI 

ʂʦʥʪʫʨʥʦʝ ʚʟʨʳʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ, 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʨʴʝʨʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ.  
ɺ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʢʘʨʴʝʨʦʚ ʚʦʟʨʘʩʪʘʝʪ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ (ɹɺʈ) ʩ 
ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʘʢʦʥʪʫʨʥʦʤ ʤʘʩʩʠʚʝ, 
ʩʥʠʞʝʥʠʷ ʟʦʥʳ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʪʢʦʩʦʚ 
ʙʦʨʪʦʚ.  
ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦ-

ʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʚʳʙʦʨʘ ʩʭʝʤ ʟʘʨʷʜʦʚ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠʭ ʤʦʱ-
ʥʦʩʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʨʘʥʠʨʫʶʱʠʭ ʱʝʣʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠ-
ʤʠʟʠʨʦʚʘʪʴ ʟʦʥʫ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʭʘ-
ʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ.  
ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦ-
ʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʤʘʩʩʠʚʘ ʧʦʩʣʝ ʚʟʨʳʚʘ, ʯʪʦ ʢʨʠʪʠ-
ʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʨʝʰʝʥʠʶ 
ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ ɹɺʈ, ʩʥʠʞʝʥʠʝʤ 
ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʘʢʦʥʪʫʨʥʦʤ ʤʘʩʩʠʚʝ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘ-
ʥʠʝʤ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʨʘʟʨʫʰʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʝʤ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
ʆʧʪʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʥʪʫʨʥʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ɹɺʈ, ʪ.ʢ. ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ, ʩʪʝʧʝʥʴ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʠʘʤʝʪʨʘ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ɺɺ), ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ ʠ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʨʠ-
ʤʝʥʷʝʤʳʭ ɺɺ. ʇʣʦʪʥʦʩʪʴ ʟʘʨʷʞʘʥʠʷ ɺɺ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʚʣʠʷʥʠʝ ʥʘ ʚʳʙʦʨ ʜʠʘʤʝʪʨʘ ʩʢʚʘʞʠʥʳ, ʪ.ʢ. ʦʪ ʥʝʝ ʟʘʚʠʩʠʪ ʦʙʲʝʤ-
ʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʥʝʨʛʠʠ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʨʳʚʥʦʡ 
ʚʦʣʥʳ. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʘʤʝʪʨʘ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ dʢ.ʩ. ʦʪ ʧʣʦʪʥʦ-
ʩʪʠ ʟʘʨʷʜʘ ɟʚʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1]: 

ʋɼʂ  622.235 (043.3) DOI:10.54073/GV.2025.2.101.002 

Maqolada konturli portlatish parametrlari hamda togó jinslari va portlovchi moddalarning fizik-mexanik xususiyatlari oórtasidagi asosiy 
bogóliqliklar koórib chiqilgan. Massivning zichligi, mustahkamlik xususiyatlari, uzunlama toólqin tezligi va portlovchi moddalar parametr-
larining skvajina diametri, zaryadning chiziqli massasi hamda konturli skvajinalar orasidagi masofaga taôsiri tahlil qilingan. Konturli port-
latish ishlarining parametrlarini optimallashtirish imkonini beradigan umumlashtirilgan qonuniyatlar aniqlangan. Bu esa karer bortlarining 
barqarorligini oshirish, qoldiq kuchlanishlarni kamaytirish va kontur ortidagi portlatishlar zararini kamaytirishga xizmat qiladi. Tadqiqot 
natijalari ochiq kon ishlarida burgóilash va portlatish ishlarini samarali va xavfsiz olib borishni taôminlashga qaratilgan. 
Kalit soózlar: konturli portlatish, skvajina diametri, zaryadning chiziqli massasi, skvajinalar orasidagi masofa, portlovchi modda zi-

chligi, detonatsiya tezligi, togó jinsi mustahkamligi, uzunlama toólqin tezligi, parametrlarni optimallashtirish, energiya konsentratsiyasi, 
karer bortlarining barqarorligi, qoldiq kuchlanishlar, massivni yemirish, kon ishlarining xavfsizligi, iqtisodiy samaradorlik, kontur ortidagi 
togó jinslar, skvajina zaryadi radiusi, portlash toólqini, burgóilash va portlatish ishlari, fizik-mexanik xususiyatlar. 

 
ɺ  ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ, ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢ ʤʘʩʩʠʚʘ, ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ ʥʘ ʜʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ, ʣʠʥʝʡʥʫʶ 
ʤʘʩʩʫ ʟʘʨʷʜʘ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʥʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʳ ʦʙʦʙʱʸʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʧ-
ʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ, ʤʠʥʠʤʠʟʘʮʠʠ ʦʩʪʘʪʦʯʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʥʠʞʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ ʟʘʢʦʥʪʫʨʥʳʭ ʧʦʨʦʜ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʜʝʥʠʷ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʦʢ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʫʨʥʦʝ ʚʟʨʳʚʘʥʠʝ, ʜʠʘʤʝʪʨ ʩʢʚʘʞʠʥʳ, ʣʠʥʝʡʥʘʷ ʤʘʩʩʘ ʟʘʨʷʜʘ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ, 

ʧʣʦʪʥʦʩʪʴ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ, ʧʨʦʯʥʦʩʪʴ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ, ʦʧʪʠʤʠʟʘ-
ʮʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ, ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʟʨʫʰʝʥʠʝ 
ʤʘʩʩʠʚʘ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʟʘʢʦʥʪʫʨʥʳʝ ʧʦʨʦʜʳ, ʨʘʜʠʫʩ ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ, 
ʚʟʨʳʚʥʘʷ ʚʦʣʥʘ, ʙʫʨʦʚʟʨʳʚʥʳʝ ʨʘʙʦʪʳ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʇʈʋʁʅʁʀɹʏʁʘ ʈɹʉɹʅɾʋʉʇɻ ʃʇʆʋʌʉʆʇɼʇ ɻʀʉʔɻɹʆʁʘ ɽʄʘ 
ʊʆʁɿɾʆʁʘ ʇʊʋɹʋʇʐʆʔʎ ɽɾʍʇʉʅɹʏʁʂ ʁ ʈʇɻʔʑɾʆʁʘ 
ʌʊʋʇʂʐʁɻʇʊʋʁ ɺʇʉʋʇɻ ʃɹʉʕɾʉɹ 

ʀʙʡʩʧʛ ʑ.ʑ., 
ʥʘʯʘʣʴʥʠʢ ʩʝʢʪʦʨʘ 

 ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʥʥʦʚʘʮʠʡ ʠ 
ʧʦʜʛʦʪʦʚʢʠ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ 
ʢʘʜʨʦʚ ɸʌ ʅʀʊʋ «ʄʀʉʀʉ», 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ  

ʖʩʜʙʱʞʛ ʆ.ʎ.,  
ʟʘʤʝʩʪʠʪʝʣʴ ʥʘʯʘʣʴʥʠʢʘ 

ʇʊʆ ʨʫʜʥʠʢʘ «ɸʫʤʠʥʟʦ-ɸʤʘʥʪʦʡ» 
ʉʝʚʝʨʥʦʛʦ ʈʋ ɸʆ «ʅɻʄʂ» 

ʁʪʙʞʛ ɾ.ɹ., 
ʛʣʘʚʥʳʡ ʛʦʨʥʷʢ 

ʆʆʆ «ɸʭʘʥʛʘʨʘʥʮʝʤʝʥʪ» 
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ʊʙʭʙʩʧʛʙ ʅ.ɽ., 
ʜʦʢʪʦʨʘʥʪ ʢʘʬʝʜʨʳ  

«ɻʦʨʥʦʝ ʜʝʣʦ» ʅɻɻʊʋ 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

   (1) 
ʛʜʝ dʢ.ʩ.. ï ʜʠʘʤʝʪʨ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ, ʤ; 
ɟʚʚ ï ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ɺɺ, ʢʛ/ʤį; 
ʂ1 ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʪʠʧʘ ʛʦʨʥʦʡ 

ʧʦʨʦʜʳ; 
Ŭ1 ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ɺɺ. 
ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ɺɺ ʨʘʩʪʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʟʨʳʚʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʢʦʥʪʫʨʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʯʨʝʟʤʝʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʟʘʢʦʥʪʫʨʥʦʛʦ ʤʘʩʩʠʚʘ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜʳ ʦʧʨʝʜʝʣʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʩʪʠ ʠ ʩʪʝ-

ʧʝʥʴ ʟʘʪʫʭʘʥʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʘ-
ʤʝʪʨʘ ʩʢʚʘʞʠʥʳ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʨʦʜʳ ɟʛ.ʧ. ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝ-
ʥʘ ʫʨʘʚʥʝʥʠʝʤ [1]: 

  (2) 
ʛʜʝ ɟʛ.ʧ. ï ʧʣʦʪʥʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʢʛ/ʤį; 
ʂ2  ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʪʠʧ ʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʧʦʨʦʜʳ; 
Ŭ1 ï ɻ ʤʧʠʨʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ. 
ɹʦʣʝʝ ʧʣʦʪʥʳʝ ʧʦʨʦʜʳ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʦʥʪʫʨʥʳʭ ʩʢʚʘ-

ʞʠʥ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʦʣʥʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʯʪʦ 
ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʱʝʧʣʝʥʠʷ ʚʜʦʣʴ ʧʨʝʜʢʦʥʪʫʨʥʦʡ ʣʠʥʠʠ. 
ʇʨʦʯʥʦʩʪʴ ʧʦʨʦʜʳ ʥʘ ʩʞʘʪʠʝ ůʩʞ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʫʶ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʜʣʷ ʝʝ ʨʘʟʨʫʰʝʥʠʷ. ʉʚʷʟʴ ʧʨʝʜʝʣʘ 
ʧʨʦʯʥʦʩʪʠ ʩ ʜʠʘʤʝʪʨʦʤ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʟʘʚʠʩʠ-
ʤʦʩʪʴʶ [1]: 

 
          (3) 

 
ʛʜʝ ůʩʞ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ, ʄʧʘ. 
ɺ ʪʚʸʨʜʳʭ ʧʦʨʦʜʘʭ ʩ ʚʳʩʦʢʠʤ ʧʨʝʜʝʣʦʤ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʦʥʪʫʨʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʚʜʦʣʴ ʢʦʥʪʫʨʘ ʢʘʨʴʝʨʘ. 
ʉʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ vʧ.ʚ.. ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪ ʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʤʘʩʩʠʚʘ. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʠʘʤʝʪʨʦʤ ʩʢʚʘ-
ʞʠʥʳ ʠ vʧ.ʚ. ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʳʨʘʞʝʥʠʝʤ [2]: 

  (4) 
ʛʜʝ vʧ.ʚ.  ï ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ, ʤ/ʩ;  
ʂ4 ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʪʠʧ ʛʦʨʥʳʭ ʧʦʨʦʜ;  
Ŭ4 ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʪʨʫʢʪʫʨʳ ʤʘʩʩʠʚʘ. 
ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ vʧ.ʚ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʧʣʦʪʥʦʤʫ ʠ 

ʤʦʥʦʣʠʪʥʦʤʫ ʤʘʩʩʠʚʫ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʢʦʥʪʫʨʥʳʭ 
ʩʢʚʘʞʠʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʜʩʢʘʟʫʝʤʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. 
ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ vʜ. ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨ-

ʛʠʠ ʚ ʟʘʨʷʜʝ ʠ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʤʧʫʣʴʩʘ ʨʘʟʨʫʰʝʥʠʷ. ʉʚʷʟʴ 
ʜʠʘʤʝʪʨʘ ʩʢʚʘʞʠʥʳ ʩ vʜ  ʚʳʨʘʞʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ [2]: 

  (5) 
ʛʜʝ  vʜ  ï ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ɺɺ, ʤ/ʩ;  
ʂ5 ï ɻ ʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; 
Ŭ5 ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ. 
ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ɺɺ (ʥʘʧʨʠʤʝʨ, ʵʤʫʣʴʩʠʦʥʥʳʝ ʩʦʩʪʘʚʳ) ʪʨʝ-

ʙʫʶʪ ʫʚʝʣʠʯʝʥʠʷ ʜʠʘʤʝʪʨʘ ʢʦʥʪʫʨʥʳʭ ʩʢʚʘʞʠʥ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ 
ʟʘʨʷʜʳ ʩʦʟʜʘʶʪ ʙʦʣʝʝ ʨʝʟʢʠʡ ʠʤʧʫʣʴʩ ʨʘʟʨʫʰʝʥʠʷ, ʩʧʦʩʦʙʥʳʡ 
ʫʩʠʣʠʪʴ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʩʩʠʚʝ. 
ʇʨʠ ʢʦʥʪʫʨʥʦʤ ʚʟʨʳʚʘʥʠʠ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ ʚʘʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʝʥʦʢ ʢʦʥʪʫʨʥʳʭ ʩʢʚʘʞʠʥ, ʚʳ-
ʟʚʘʥʥʦʝ ʜʝʡʩʪʚʠʝʤ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ɺɺ. ʏʨʝʟʤʝʨʥʳʝ ʥʘʧʨʷʞʝ-
ʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʘʩʩʠʚʘ, 
ʫʚʝʣʠʯʝʥʠʶ ʟʦʥʳ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʥʘʨʫʰʝʥʠʶ ʫʩʪʦʡʯʠʚʦ-
ʩʪʠ ʧʨʝʜʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʢʘʨʴʝʨʘ. 
ʇʨʠ ʢʦʥʪʫʨʥʦʤ ʚʟʨʳʚʘʥʠʠ ʜʠʘʤʝʪʨ ʟʘʨʷʜʘ ʦʙʳʯʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ ʜʠʘʤʝʪʨʘ ʟʘʨʷʜʥʦʡ ʧʦʣʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 
ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʤʝʞʜʫ ʩʪʝʥʢʘʤʠ ʩʢʚʘʞʠʥʳ ʠ ʟʘʨʷʜʘ. ʕʪʦ 
ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʘʩʩʠʚ, ʫʤʝʥʴ-
ʰʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʟʘʢʦʥʪʫʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʨʦ-
ʜʳ ʚ ʟʦʥʝ ʚʟʨʳʚʘ. 
ʆʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ vʟ  ʢ ʦʙʲʸʤʫ ʟʘʨʷʜʥʦʡ 

ʧʦʣʦʩʪʠ vʩ ʥʘ 1 ʤ ʜʣʠʥʳ ʩʢʚʘʞʠʥʳ ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦ-
ʰʝʥʠʝʤ [2]: 

 
(6) 

 
ʛʜʝ Vʟ ï ʦʙʲʸʤ ʟʘʨʷʜʘ ʚ ʩʢʚʘʞʠʥʝ, ʤį; 

Vʩ ï ʦʙʲʸʤ ʚʩʝʡ ʟʘʨʷʜʥʦʡ ʧʦʣʦʩʪʠ (ʩʢʚʘʞʠʥʳ), ʤį; 
rʟ ï ʨʘʜʠʫʩ ʟʘʨʷʜʘ, ʤ; 
rʩ ï ʨʘʜʠʫʩ ʩʢʚʘʞʠʥʳ, ʤ. 
ʋʨʘʚʥʝʥʠʝ (6) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʟʘʨʷʜʘ ʚ 

ʩʢʚʘʞʠʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʦʦʪʥʦʰʝʥʠʝʤ ʨʘʜʠʫʩʦʚ ʟʘʨʷʜʘ ʠ 
ʩʢʚʘʞʠʥʳ. ɽʩʣʠ ʟʘʨʷʜ ʟʘʥʠʤʘʝʪ ʚʩʶ ʧʦʣʦʩʪʴ ʩʢʚʘʞʠʥʳ (rʟ = rʩ), ʪʦ 
Vʟ / Vʩ  = 1, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ. ɽʩʣʠ ʟʘʨʷʜ 
ʫʤʝʥʴʰʝʥ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ), ʪʦ Vʟ/Vʩ  < 1, ʯʪʦ 
ʩʥʠʞʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ (rʟ / rʩ ʫʤʝʥʴʰʘʝʪʩʷ 

ʜʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʨʠʩʢ 
ʠʟʙʳʪʦʯʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʢʦʥʪʫʨʥʳʭ ʧʦʨʦʜ. ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 
rʟ / rʩ ʜʣʷ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 0,5-0,7. 
ɼʣʷ ʚʳʩʦʢʦʤʦʱʥʳʭ ɺɺ (ʥʘʧʨʠʤʝʨ, ʵʤʫʣʴʩʠʦʥʥʳʭ) ʪʨʝʙʫʝʪʩʷ 

ʙʦʣʴʰʠʡ ʚʦʟʜʫʰʥʳʡ ʧʨʦʤʝʞʫʪʦʢ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʜʘʚʣʝʥʠʝ ʥʘ ʩʪʝʥ-
ʢʠ ʩʢʚʘʞʠʥʳ. ɼʣʷ ʤʝʜʣʝʥʥʦ ʜʝʪʦʥʠʨʫʶʱʠʭ ɺɺ (ʥʘʧʨʠʤʝʨ, ɸʅʌʆ) 
ʤʦʞʥʦ ʫʤʝʥʴʰʘʪʴ ʚʦʟʜʫʰʥʳʡ ʧʨʦʤʝʞʫʪʦʢ. 
ʇʨʝʦʙʨʘʟʫʷ (5) ʧʦʣʫʯʠʤ: 

 
(7) 

 
ʆʪʩʶʜʘ ʨʘʜʠʫʩ ʟʘʨʷʜʘ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ ʦʧʨʝʜʝʣʠʪʩʷ ʢʘʢ: 

 
(8) 

 
ʉʨʝʜʥʝʝ ʜʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 
 

(9) 
 

ʛʜʝ ɟʚʚ ï ʧʣʦʪʥʦʩʪʴ ɺɺ, ʢʛ/ʤ3; 
D ï ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ɺɺ, ʤ/c.  
ʌʦʨʤʫʣʘ (9) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ɺɺ ï ʝʛʦ ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦ-
ʩʪʠ ʜʝʪʦʥʘʮʠʠ.  
ʏʝʤ ʚʳʰʝ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ, ʪʝʤ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʚʳʜʝʣʷʝʪʩʷ 

ʧʨʠ ʜʝʪʦʥʘʮʠʠ. ɼʣʷ ɸʅʌʆ ɟʚʚ å 800 ʢʛ/ʤį, ʜʣʷ ʵʤʫʣʴʩʠʦʥʥʳʭ ɺɺ ï 
1100-1300 ʢʛ/ʤį. ɹʦʣʝʝ ʧʣʦʪʥʳʝ ɺɺ ʩʦʟʜʘʶʪ ʙʦʣʴʰʝʝ ʜʘʚʣʝʥʠʝ, ʯʪʦ 
ʪʨʝʙʫʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ. 

ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ $ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʜʘʨʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɼʣʷ ʥʠʟʢʦʩʢʦʨʦʩʪʥʳʭ ɺɺ ($ = 2000-3000 ʤ/ʩ) ʩʦʟʜʘʝʪ-
ʩʷ ʤʷʛʢʦʝ ʨʘʟʨʫʰʝʥʠʝ. ɼʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ɺɺ (D = 5000-7000     
ʤ/ʩ) ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʟʢʠʡ ʠʤʧʫʣʴʩ, ʩʧʦʩʦʙʥʳʡ ʚʳʟʚʘʪʴ ʠʟʙʳʪʦʯʥʦʝ 
ʨʘʟʨʫʰʝʥʠʝ ʟʘʢʦʥʪʫʨʥʳʭ ʧʦʨʦʜ. ɼʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ($2). 
ʋʜʚʦʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʯʝʪʳʨʝʭʢʨʘʪʥʦʤʫ ʫʚʝʣʠ-
ʯʝʥʠʶ ʜʘʚʣʝʥʠʷ PD. ʇʦʜʩʪʘʚʣʷʷ ʬʦʨʤʫʣʳ ʜʣʷ Pc ʠ PD ʚ (8) ʥʘʡʜʝʤ 
ʨʘʜʠʫʩ ʟʘʨʷʜʘ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ. 
ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ PD 

ʠ ʧʨʝʜʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʝʥʢʠ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ Pc, ʤʦʞʥʦ 
ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʨʘʜʠʫʩʘ ʟʘʨʷʜʘ rʟ ʚ ʢʦʥ-
ʪʫʨʥʦʡ ʩʢʚʘʞʠʥʝ: 

 
                              (10) 
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KONCHILIK ISHLARI 

ʠʣʠ 
                       

      (11) 
 

ɺ ʚʳʨʘʞʝʥʠʠ (11) ʩʦʜʝʨʞʘʪʩʷ ʤʥʦʞʠʪʝʣʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʘʢʫʩʪʠ-
ʯʝʩʢʫʶ ʞʝʩʪʢʦʩʪʴ ʧʦʨʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ɺɺ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘ-
ʤʠʯʥʦʩʪʠ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝ-
ʥʠʠ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 
ɺʪʦʨʦʡ ʤʥʦʞʠʪʝʣʴ ʚ ʚʳʨʘʞʝʥʠʠ (11) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʫʙʠ-

ʯʝʩʢʠʡ ʢʦʨʝʥʴ ʠʟ ʦʪʥʦʰʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʞʝʩʪʢʦʩʪʝʡ ʛʦʨʥʦʡ ʧʦʨʦ-
ʜʳ ʠ ɺɺ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 
(12) 

 
ʛʜʝ Zm = ɟmcm ï ʘʢʫʩʪʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʛʦʨʥʦʡ ʧʦʨʦʜʳ (ʟʘʚʠʩʷʱʘʷ ʦʪ 
ʝʸ ʧʣʦʪʥʦʩʪʠ ɟm ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ cm); 

ZBB = ɟBBD ï ʘʢʫʩʪʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ɺɺ (ʦʧʨʝʜʝʣʷʝʤʘʷ ʧʣʦʪʥʦ-
ʩʪʴʶ ɺɺ ɟɺɺ ʠ ʩʢʦʨʦʩʪʴʶ ʜʝʪʦʥʘʮʠʠ D). 
ʏʝʤ ʙʦʣʴʰʝ ʦʪʥʦʰʝʥʠʝ Zm / ZBB, ʪʝʤ ʭʫʞʝ ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ 

ʚʟʨʳʚʘ ʚ ʤʘʩʩʠʚ.  
ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʦʩʪʘʝʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ 

ʜʝʪʦʥʘʮʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʨʘʜʠʫʩʘ ʟʘʨʷʜʘ ʜʣʷ ʢʦʤʧʝʥʩʘ-
ʮʠʠ ʥʝʜʦʩʪʘʪʢʘ ʧʝʨʝʜʘʯʠ ʵʥʝʨʛʠʠ ʚ ʧʦʨʦʜʫ.  
ɺ ʧʦʨʦʜʘʭ ʩ ʚʳʩʦʢʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʴʶ (ʛʨʘʥʠʪʳ, ʢʚʘʨ-

ʮʠʪʳ) ʚʟʨʳʚʥʳʝ ʚʦʣʥʳ ʧʣʦʭʦ ʧʝʨʝʜʘʶʪʩʷ, ʧʦʵʪʦʤʫ ʨʘʜʠʫʩ ʟʘʨʷʜʘ 
ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ.  
ɺ ʩʣʘʙʳʭ ʧʦʨʦʜʘʭ (ʠʟʚʝʩʪʥʷʢʠ, ʧʝʩʯʘʥʠʢʠ) Zm / ZBB ʤʝʥʴʰʝ, ʯʪʦ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʵʥʝʨʛʠʠ ʚ ʤʘʩ-
ʩʠʚ, ʧʦʟʚʦʣʷʷ ʫʤʝʥʴʰʠʪʴ ʨʘʜʠʫʩ ʟʘʨʷʜʘ. 
ʋʯʠʪʳʚʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʜʠʘʤʝʪʨ ʟʘʨʷʜʘ ʢʦʥʪʫʨʥʦʡ 

ʩʢʚʘʞʠʥʳ ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ: 
 
 

 (13) 
 
ʅʘ ʨʠʩ. 1-5 ʧʦʢʘʟʘʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʠʘ-

ʤʝʪʨʘ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ ʧʨʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʠʟʘʮʠʷ ʜʠʘʤʝʪʨʘ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʯʝʪʘ ʩʚʦʡʩʪʚ ʧʦʨʦʜʳ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺɺ 
ʧʦʟʚʦʣʷʝʪ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ, ʤʠʥʠʤʠ-
ʟʠʨʦʚʘʪʴ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʩʩʠʚʝ ʠ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠ-
ʚʦʩʪʴ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. 
ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʨʘʙʦʪ [3-9] ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʣʠ-

ʥʝʡʥʘʷ ʤʘʩʩʘ ʟʘʨʷʜʘ qʣ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʝʜʫʶʱʠʭ 
ʧʘʨʘʤʝʪʨʦʚ: 
ð ʨʘʜʠʫʩ ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ rʟ. ʆʧʨʝʜʝʣʷʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʵʥʝʨʛʠʠ ʚ ʤʘʩʩʠʚʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ rʟ ʚʦʟʨʘʩʪʘʝʪ ʣʠʥʝʡʥʘʷ ʤʘʩʩʘ 
ʟʘʨʷʜʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʪʨʝʙʫʝʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʞʘʥʠʷ 
ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ; 
ð ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʩʞʘʪʠʝ ůʩʞ. ʏʝʤ ʧʨʦʯʥʝʝ 

ʤʘʩʩʠʚ, ʪʝʤ ʚʳʰʝ ʝʛʦ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʚʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʝ, ʯʪʦ 
ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʤʘʩʩʳ ʟʘʨʷʜʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚ-
ʥʷ ʜʨʦʙʣʝʥʠʷ. ɺ ʧʣʦʪʥʳʭ ʠ ʤʘʩʩʠʚʥʳʭ ʧʦʨʦʜʘʭ ʣʠʥʝʡʥʘʷ ʤʘʩʩʘ 
ʟʘʨʷʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ, ʯʝʤ ʚ ʪʨʝʱʠʥʦʚʘʪʳʭ ʠ ʩʣʘʙʳʭ ʧʦʨʦʜʘʭ; 
ð ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ɺɺ D ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʵʥʝʨʛʠʠ. ɼʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ɺɺ ʪʨʝʙʫʝʪʩʷ 
ʫʤʝʥʴʰʝʥʠʝ ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʠʟʙʳʪʦʯʥʦʛʦ ʜʠʥʘʤʠ-
ʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ; 
ï ʧʣʦʪʥʦʩʪʴ ɺɺ ɟʚʚ. ʆʧʨʝʜʝʣʷʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʟʘʨʷ-

ʜʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ɺɺ ʤʦʞʥʦ ʩʥʠʞʘʪʴ ʣʠʥʝʡʥʫʶ ʤʘʩʩʫ 
ʟʘʨʷʜʘ, ʩʦʭʨʘʥʷʷ ʥʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʨʘʟʨʫʰʝʥʠʷ; 
ð ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʛʦʨʥʦʡ ʧʦʨʦʜʝ vʧ.ʚ. ʦʧʨʝʜʝʣʷʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʘʩʩʠʚʘ ʧʝʨʝʜʘʚʘʪʴ ʚʟʨʳʚʥʫʶ ʚʦʣʥʫ. ɺ ʧʦʨʦʜʘʭ ʩ 

ʚʳʩʦʢʦʡ vʧ.ʚ. ʫʜʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʝʝ, 
ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʣʠʥʝʡʥʫʶ ʤʘʩʩʫ ʟʘʨʷʜʘ; 
ï ʧʣʦʪʥʦʩʪʴ ʚʟʨʳʚʘʝʤʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ɟm. ʏʝʤ ʚʳʰʝ ɟm, ʪʝʤ 

ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʤʘʩʩʠʚʘ. ɺ ʧʣʦʪʥʳʭ 
ʧʦʨʦʜʘʭ ʣʠʥʝʡʥʘʷ ʤʘʩʩʘ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚʳʰʝ, ʯʝʤ 
ʚ ʨʳʭʣʳʭ ʠ ʧʦʨʠʩʪʳʭ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʝʡ [9] ʫʩʪʘʥʦʚʣʝʥʘ ʦʙʦʙʱʝʥ-

ʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʦʧʠʩʳʚʘʝʤʘʷ ʩʣʝʜʫʶʱʝʡ ʬʫʥʢʮʠʝʡ: 
   (14) 

ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʥ-
ʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ʢ ʨʘʟʣʠʯʥʳʤ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, 
ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʩʩʠʚʘ ʠ ʟʘʱʠʪʫ ʟʘʢʦʥ-
ʪʫʨʥʳʭ ʧʦʨʦʜ. 
ʆʧʪʠʤʠʟʘʮʠʷ ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ ʟʘʨʷʜʘ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʜʠʥʘ-

ʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʝʜʝʣʴʥʳʡ ʢʦʥʪʫʨ, ʠʩʢʣʶʯʘʷ ʥʝʞʝʣʘ-
ʪʝʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʩʩʠʚʘ. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʧʘʨʘʤʝʪʨʦʚ ɹɺʈ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʚʦʡʩʪʚ ʧʦʨʦʜʳ ʠ ɺɺ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ. ʂʦʥʪʨʦʣʴ ʟʘ ʦʩʪʘʪʦʯʥʳʤʠ ʥʘʧʨʷʞʝ-
ʥʠʷʤʠ ʚ ʤʘʩʩʠʚʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʷʚʣʝʥʠʝ ʨʘʟʨʫʰʠʪʝʣʴʥʳʭ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʠ ʚʪʦʨʠʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ɺɺ ʟʘ ʩʯʝʪ ʪʦʯʥʦʛʦ ʧʦʜʙʦʨʘ 
ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ ʟʘʨʷʜʘ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ. 
ʆʙʦʙʱʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ ʢʦʥ-

ʪʫʨʥʦʛʦ ʟʘʨʷʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ, ʤʝ-
ʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ ʠ ʧʘʨʘʤʝʪʨʦʚ ɺɺ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘ-
ʙʦʪʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʞʠʤʳ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ, ʤʠʥʠʤʠʟʠʨʦ-
ʚʘʪʴ ʨʘʟʨʫʰʝʥʠʝ ʟʘʢʦʥʪʫʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʙʦʨ-
ʪʦʚ ʢʘʨʴʝʨʘ. 
ʃʠʥʝʡʥʘʷ ʤʘʩʩʘ ʟʘʨʷʜʘ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 
(15) 

ʇʨʝʦʙʨʘʟʫʷ ʜʘʥʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʧʦʣʫʯʠʤ:  
 

 
(16) 

 
ʅʘ ʨʠʩ. 6-11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ ʧʨʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪʘʭ. 
ʇʨʠ ʚʟʨʳʚʥʦʤ ʨʘʟʨʫʰʝʥʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʪʦʥʘ-

ʮʠʠ ʟʘʨʷʜʘ ʚ ʩʢʚʘʞʠʥʝ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʞʥʦʝ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷ-
ʥʠʝ ʤʘʩʩʠʚʘ, ʛʜʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ (ůʚ) ʠʛʨʘʶʪ ʢʣʶʯʝ-
ʚʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ. ɺʝ-

ʣʠʯʠʥʘ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ ʩʢʚʘʞʠʥʳ ʨʘʜʠʫʩʦʤ r  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ r ʦʪ ʦʩʠ ʩʢʚʘʞʠʥʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 
ʬʦʨʤʫʣʝ: 

 
(17) 

 
ʛʜʝ ůʚ  ï ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʦʨʦʜʝ, ʇʘ; 

P ï ʜʘʚʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʥʘ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ, ʇʘ; 

r̒  ï ʨʘʜʠʫʩ ʚʟʨʳʚʥʦʡ ʩʢʚʘʞʠʥʳ, ʤ; 
r ï ʪʝʢʫʱʝʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʩʢʚʘʞʠʥʳ, ʤ. 
ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ʩʢʚʘʞʠʥʳ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʷ-

ʞʝʥʠʷ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʶʪʩʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʜʠʩʩʠʧʘʮʠʝʡ ʵʥʝʨʛʠʠ 

ʚʟʨʳʚʘ ʚ ʤʘʩʩʠʚʝ. ɺʙʣʠʟʠ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ (r r̒  ʥʘʧʨʷʞʝʥʠʷ ʤʘʢ-
ʩʠʤʘʣʴʥʳ, ʯʪʦ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪ ʧʝʨʚʠʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ. 
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʤʝʪʨʘ ʩʢʚʘʞʠʥʳ ʚʝʣʠʯʠʥʘ ůʚ ʚʦʟʨʘʩʪʘʝʪ, 

ʪ.ʢ. ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʚ ʤʘʩʩʠʚ.  
ʕʪʦ ʪʨʝʙʫʝʪ ʢʦʨʨʝʢʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʯʪʦʙʳ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʠʟʙʳʪʦʯʥʦʝ ʨʘʟʨʫʰʝʥʠʝ.  
ʏʝʤ ʚʳʰʝ ʜʘʚʣʝʥʠʝ P, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʚʟʨʳʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʠ ʚʳʰʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʩʩʠʚʝ. ɼʣʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ɺɺ P ʚʳʰʝ, 
ʯʪʦ ʪʨʝʙʫʝʪ ʫʤʝʥʴʰʝʥʠʷ ʟʘʨʷʜʘ ʠʣʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʥʝʩʝʥʥʳʭ ʩʭʝʤ 
ʚʟʨʳʚʘʥʠʷ. 
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ɻʦʨʥʳʡ ʚʝʩʪʥʠʢ ʋʟʙʝʢʠʩʪʘʥʘ 2 (101) 2025 
 
 

ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʈʠʩ. 1. ɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ɺɺ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʘʤʝʪʨʘ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ ʦʪ ʧʣʦʪʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ 

ʈʠʩ. 3. ɺʣʠʷʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʩʞʘʪʠʝ ʥʘ ʜʠʘʤʝʪʨ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ 

ʈʠʩ. 4. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʛʦʨʥʦʡ ʧʦʨʦʜʝ ʥʘ ʜʠʘʤʝʪʨ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ  
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ʈʠʩ. 5. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ɺɺ ʥʘ ʠʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʘ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ 

ʈʠʩ. 6. ɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ ʟʘʨʷʜʘ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ 

ʈʠʩ. 8. ɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ 

ʈʠʩ. 7. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʛʦʨʥʦʡ ʧʦʨʦʜʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʈʠʩ. 9. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ɺɺ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ 

ʈʠʩ. 10. ɺʣʠʷʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʩʞʘʪʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ 

ʈʠʩ. 12. ɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʟʨʳʚʘʝʤʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʦʥʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ 

ʈʠʩ. 11. ɺʣʠʷʥʠʝ ʨʘʜʠʫʩʘ ʢʦʥʪʫʨʥʦʡ ʩʢʚʘʞʠʥʳ ʥʘ ʠʟʤʝʥʝʥʠʝ ʣʠʥʝʡʥʦʡ ʤʘʩʩʳ ʢʦʥʪʫʨʥʦʛʦ ʟʘʨʷʜʘ 
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ʈʠʩ. 13. ɺʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʦʣʴʥʦʡ ʚʦʣʥʳ ʚ ʛʦʨʥʦʡ ʧʦʨʦʜʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʦʥʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ 

ʈʠʩ. 14. ɺʣʠʷʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ɺɺ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʦʥʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ 

ʈʠʩ. 15. ɺʣʠʷʥʠʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʥʘ ʩʞʘʪʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʦʥʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ 

ʈʠʩ. 16. ɺʣʠʷʥʠʝ ʨʘʜʠʫʩʘ ʢʦʥʪʫʨʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʠʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ 
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ʌʦʨʤʫʣʘ (17) ʦʧʠʩʳʚʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʪʘʥʛʝʥʮʠ-
ʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ ʧʨʠ ʚʟʨʳʚʝ ʟʘʨʷʜʘ ʚ ʩʢʚʘʞʠʥʝ. 
ʋʯʠʪʳʚʘʷ ʫʩʣʦʚʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʩʪʝʥʢʘʭ ʢʦʥʪʫʨ-

ʥʦʡ ʩʢʚʘʞʠʥʳ: 
 

 (18) 
 

ʊʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ, ʝʩʣʠ ʚ ʪʦʯʢʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ 
ʥʘ ʧʦʣʦʚʠʥʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʩʢʚʘʞʠʥʘʤʠ 

 
 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ůʚ ʜʦʩʪʠʛʘʶʪ ʠʣʠ ʧʨʝʚʳʰʘʶʪ ʧʦʣʦʚʠ-
ʥʫ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ůɟ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ 
ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʝʤ: 

     
  (19) 

 
ʛʜʝ ůʚ  ï ʪʘʥʛʝʥʮʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʤʘʩʩʠʚʝ, ʇʘ; 
ůɟ ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ, ʇʘ;  
a ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʦʥʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ, ʤ; 
ɽʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ůʚ ʚ ʟʦʥʝ ʤʝʞʜʫ ʢʦʥʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ 

ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʠʥʠʮʠʘʮʠʷ ʪʨʝʱʠʥʳ, 
ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʩʪʦʨʦʥʫ ʩʦʩʝʜʥʝʡ ʩʢʚʘʞʠʥʳ. ɺ ʧʨʦʪʠʚʥʦʤ 
ʩʣʫʯʘʝ ʤʘʩʩʠʚ ʩʦʭʨʘʥʷʝʪ ʮʝʣʦʩʪʥʦʩʪʴ, ʯʪʦ ʤʦʞʝʪ ʫʭʫʜʰʠʪʴ ʢʘʯʝ-

ʩʪʚʦ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ. ɺ ʩʣʘʙʳʭ ʠ ʪʨʝʱʠʥʦʚʘʪʳʭ ʧʦʨʦʜʘʭ ůɟ  
ʥʠʞʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʝʱʠʥ ʜʘʞʝ ʧʨʠ 
ʫʤʝʨʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ. ɺ ʧʣʦʪʥʳʭ ʠ ʤʦʥʦʣʠʪʥʳʭ ʧʦʨʦʜʘʭ ʥʝʦʙʭʦ-
ʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ 
ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. 
ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʦʥʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʧʨʠ ʤʝʪʦʜʝ ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦʛʦ ʱʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʨʝʜʝʣʠʪʩʷ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ:  
        

  (20) 
 

ʅʘ ʨʠʩ. 12-17 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʠʟʤʝʥʝ-
ʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʦʥʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʧʨʠ ʚʟʨʳʚʥʳʭ 
ʨʘʙʦʪʘʭ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʬ-

ʬʝʢʪʠʚʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʫʨʥʦʛʦ ʚʟʨʳʚʘʥʠʷ ï ʪʘʢʠʭ 
ʢʘʢ ʜʠʘʤʝʪʨ ʠ ʣʠʥʝʡʥʘʷ ʤʘʩʩʘ ʟʘʨʷʜʘ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
ʢʦʥʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ï ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʯʸʪʘ ʬʠʟʠʯʝʩʢʠʭ 
ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺɺ.  
ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʩʪʘ-
ʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʦʛʨʘʥʠʯʠʪʴ ʟʦʥʫ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʨʝʜʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʧʦʚʳʰʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʠ ʦʙʱʝʡ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɹɺʈ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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The article examines the key relationships between contour blasting parameters and the physico-mechanical properties of rocks and explosives. The influence 

of density, strength characteristics of the rock mass, longitudinal wave velocity, and explosive parameters on borehole diameter, linear charge weight, and spacing 
between contour holes is analyzed. Generalized dependencies are established, enabling the optimization of blasting parameters to improve slope stability, minimize 
residual stresses, and reduce damage to the rock beyond the contour. The results of the study aim to enhance the efficiency and safety of blasting operations under 
open-pit mining conditions. 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʇʨʦʮʝʩʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠ-
ʪʝʣʴʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʧʳʣʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʠ 
ʫʭʫʜʰʘʝʪ ʫʩʣʦʚʠʷ ʪʨʫʜʘ.  
ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ ʷʚʣʷ-

ʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʧʨʠ ʜʦʙʳʯʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʦʨ-
ʥʦʡ ʤʘʩʩʳ ʥʘ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ. ʇʳʣʴ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ 
ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʥʝ ʪʦʣʴʢʦ ʫʭʫʜʰʘʝʪ ʫʩʣʦʚʠʷ ʪʨʫʜʘ  
ʨʘʙʦʪʥʠʢʦʚ, ʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, 
ʟʘʛʨʷʟʥʷʷ ʚʦʟʜʫʭ ʠ ʧʦʯʚʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ 
ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʤʝʥʴʰʝʥʠʷ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʪʨʘʥʩ-
ʧʦʨʪʠʨʦʚʢʝ ʛʦʨʥʦʡ ʤʘʩʩʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʪʘʧʦʤ ʚ ʧʦʚʳʰʝʥʠʠ 
ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ.  
ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʢʣʶʯʝʚʦʡ 

ʧʨʦʙʣʝʤʳ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʂʘʨʘʭʪʘʡʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʯʪʦ 
ʚʘʞʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʠ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 
ʩʦʮʠʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʠʡ ʤʠʨ.  
ɺʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ 
ʪʨʫʜʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʷ ʧʨʠʥʮʠʧʘʤ ʫʩʪʦʡʯʠ-
ʚʦʛʦ ʨʘʟʚʠʪʠʷ.  
ʋʯʠʪʳʚʘʷ ʩʣʦʞʥʳʝ ʛʝʦʣʦʛʦ-ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʷ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ 
ʟʥʘʯʠʤʦʩʪʴʶ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʝʢʪʘʭ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʠ 
ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ, 
ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʭʥʠʯʝʩʢʫʶ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ «ʂʘʨʘʭʪʘʡ» ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʶʞʥʳʭ ʩʢʣʦʥʘʭ 
ʏʘʪʢʘʣʴʩʢʦʛʦ ʭʨʝʙʪʘ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʳʨʴʝʚʫʶ ʙʘʟʫ ʆʆʆ 
«ɸʭʘʥʛʘʨʘʥʮʝʤʝʥʪ», ʢʘʢ ʢʘʨʙʦʥʘʪʥʳʡ ʢʦʤʧʦʥʝʥʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ.  
ɺ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʪʥʦʰʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠʟʚʝʩʪʥʷʢʦʚ 

«ʂʘʨʘʭʪʘʡ» ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ɸʭʘʥʛʘʨʘʥʩʢʦʛʦ ʨʘʡʦʥʘ     
ʊʘʰʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ʚ 75 ʢʤ ʶʛʦ-
ʚʦʩʪʦʯʥʝʝ ʛ. ʊʘʰʢʝʥʪʘ ʠ ʚ 10 ʢʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ ʛ. ɸʭʘʥʛʘʨʘʥ. 
ɹʣʠʞʘʡʰʘʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʩʪʘʥʮʠʷ ɸʭʘʥʛʘʨʘʥ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ 
ʊʘʰʢʝʥʪ-ɸʥʛʨʝʥ ʨʘʩʧʦʣʦʞʝʥʘ ʚ 10 ʢʤ ʢ ʶʛʫ ʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.         
ɺ 20 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʛ. ɸʭʘʥʛʘʨʘʥ ʨʘʩʧʦʣʦʞʝʥ ʛ. ɸʣʤʘʣʳʢ ï ʢʨʫʧ-
ʥʳʡ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʡ ʫʟʝʣ.  
ʂʘʨʘʭʪʘʡʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠʟʚʝʩʪʥʷʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʷʪʴʶ 

ʫʯʘʩʪʢʘʤʠ (ʨʠʩ. 1). 
ʈʘʩʩʤʦʪʨʠʤ ʤʠʨʦʚʫʶ ʧʨʘʢʪʠʢʫ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ. 
ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʚʳʙʨʦʩʘʤ ʧʳʣʠ, ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʦʨʥʦʡ ʤʘʩʩʳ ʩ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝʤ ʘʚʪʦʩʘʤʦʩʚʘʣʦʚ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʤʝ-
ʥʷʶʪʩʷ ʢʘʢ ʙʘʟʦʚʳʝ, ʪʘʢ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ: 
ï ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʪʨʘʥʩʧʦʨʪʥʳʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʜʲʸʤʘ ʧʳʣʠ; 
ï ʩʤʘʯʠʚʘʥʠʝ ʠʣʠ ʩʚʷʟʳʚʘʥʠʝ ʧʳʣʠ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʢʦʪʦ-
ʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʜʝʨʞʘʥʠʶ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ; 
ï ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʦʨʦʞʥʦʝ ʧʦʢʨʳʪʠʝ ʠ 
ʩʥʠʞʘʝʪ ʫʨʦʚʝʥʴ ʧʦʜʥʷʪʦʡ ʧʳʣʠ; 

ʋɼʂ 662.6:622.8 DOI:10.54073/GV.2025.2.101.003 

Maqolada Qoraxtoy konida togó jinslarini tashishda chang ajralishini kamaytirish usullari tahlil qilinadi, yuqori changlilik atrof-muhitga 
va mehnat sharoitlariga salbiy taôsir koórsatadi. Tadqiqot anôanaviy usullar (suv bilan sugóorish, tuz eritmalari) va innovatsion usullar 
(polimer modifikatorlar, masalan, çAkropol GSAè)ni solishtiradi, ularning afzalliklarini aniqlaydi: yangi usullar changni 80 % ga pa-
saytiradi, yoóllarning eskirishini minimallashtiradi va uzoq muddatli samara beradi. Mualliflar kompleks yondashuvning zarurligini 
taôkidlaydi, bunda transport yoóllarini optimallashtirish, muntazam ishlov berish va zamonaviy reagentlardan foydalanish kiradi, bu 
sharoitlari oóxshash boshqa konlarga ham qoóllanilishi mumkin. 
Kalit soózlar:  changni bosish, chang darajasi, togó-kon ishlari, tashish, modifikator, ekologik xavfsizlik, samaradorlik. 
 
ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʤʝʪʦʜʳ ʩʥʠʞʝʥʠʷ ʧʳʣʝʚʳʜʝʣʝʥʠʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ ʂʘʨʘʭʪʘʡʩʢʦʤ    

ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʛʜʝ ʚʳʩʦʢʘʷ ʟʘʧʳʣʸʥʥʦʩʪʴ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʵʢʦʣʦʛʠʶ ʠ ʫʩʣʦʚʠʷ ʪʨʫʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʨʘʚʥʠʚʘʝʪ 
ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʧʦʩʦʙʳ (ʧʦʣʠʚ ʚʦʜʦʡ, ʩʦʣʝʚʳʝ ʨʘʩʪʚʦʨʳ) ʩ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ (ʧʦʣʠʤʝʨʥʳʝ ʤʦʜʠʬʠʢʘʪʦʨʳ, ʥʘʧʨʠʤʝʨ, 
çɸʢʨʦʧʦʣ ɻʉɸè), ʚʳʷʚʣʷʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʧʦʩʣʝʜʥʠʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʥʠʞʝʥʠʝ ʧʳʣʠ ʥʘ 80 % ʩ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʵʬʬʝʢ-
ʪʦʤ, ʤʠʥʠʤʠʟʠʨʫʷ ʠʟʥʦʩ ʜʦʨʦʛ. ɸʚʪʦʨʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʦʧʪʠʤʠʟʘʮʠʶ 
ʤʘʨʰʨʫʪʦʚ, ʨʝʛʫʣʷʨʥʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʚʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʠ ʥʘ ʜʨʫʛʠʭ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷʭ ʩʦ ʩʭʦʞʠʤʠ ʫʩʣʦʚʠʷʤʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʳʣʝʧʦʜʘʚʣʝʥʠʝ, ʟʘʧʳʣʸʥʥʦʩʪʴ, ʛʦʨʥʳʝ ʨʘʙʦʪʳ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ, ʤʦʜʠʬʠʢʘʪʦʨ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
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ï ʫʜʘʣʝʥʠʝ ʠʟʥʦʰʝʥʥʦʛʦ ʩʣʦʷ ʧʦʢʨʳʪʠʷ ʩ ʧʦʤʦʱʴʶ ʤʘʰʠʥ, 
ʦʩʥʘʱʝʥʥʳʭ ʘʩʧʠʨʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʢʦʪʦʨʳʝ ʵʬʬʝʢʪʠʚʥʦ 
ʩʦʙʠʨʘʶʪ ʯʘʩʪʠʮʳ ʨʘʟʤʝʨʦʤ ʜʦ 5 ʤʤ. ʕʪʦʪ ʤʝʪʦʜ ʥʘʰʸʣ ʰʠʨʦʢʦʝ 
ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʨʴʝʨʘʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʘʢʠʭ ʩʪʨʘʥʘʭ, 
ʢʘʢ ʐʚʝʮʠʷ ʠ ʌʠʥʣʷʥʜʠʷ, ʥʦ ʚ ʫʛʦʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʨʝʞʝ; 
ï ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʳʣʠ ʠʟ ʢʫʟʦʚʘ ʩʘʤʦʩʚʘʣʦʚ ʧʫʪʸʤ ʠʭ ʥʘʢʨʳ-

ʪʠʷ ʟʘʱʠʪʥʳʤʠ ʢʦʞʫʭʘʤʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʠ ʦʪʢʨʳʪʦʡ    
ʧʦʚʝʨʭʥʦʩʪʠ ʧʳʣʷʱʝʛʦ ʛʨʫʟʘ. 
ʇʝʨʝʜ ʧʨʠʤʝʥʝʥʠʝʤ ʧʳʣʝʧʦʜʘʚʣʷʶʱʠʭ ʩʨʝʜʩʪʚ ʚʘʞʥʦ ʧʨʦʚʝʩʪʠ 

ʪʱʘʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ. ɼʣʷ ʵʪʦʛʦ    ʠʩʧʦʣʴ-
ʟʫʶʪʩʷ ʪʘʢʠʝ ʤʘʰʠʥʳ, ʢʘʢ:  
ï ʛʨʝʡʜʝʨʳ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ; 
ï ʢʘʪʢʠ ʜʣʷ ʫʧʣʦʪʥʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ; 
ï ʘʚʪʦʮʠʩʪʝʨʥʳ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ ʚʦʜʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʳʣʝʧʦ-

ʜʘʚʣʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʫʚʣʘʞʥʷʶʪ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʨʦʛʠ,   
ʩʦʟʜʘʚʘʷ ʩʣʦʡ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʡ ʧʳʣʝʦʙʨʘʟʦʚʘʥʠʶ. 
ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʜʛʦʪʦʚʢʝ ʠ ʧʨʠʤʝʥʝʥʠʶ ʧʳʣʝʧʦʜʘʚʣʷ-

ʶʱʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟ-
ʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ ʪʨʫʜʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʛʘʪʠʚ-
ʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʈʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʫʭʫʶ 
ʧʦʛʦʜʫ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʷ ʜʝʬʝʢʪʳ ʜʦʨʦʞʥʦʛʦ 
ʧʦʢʨʳʪʠʷ, ʪ.ʝ. ʚʩʝ ʥʝʨʦʚʥʦʩʪʠ ʠ ʚʳʙʦʠʥʳ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʝʣʘʥʳ.  
ʉ ʜʦʨʦʛʠ ʫʜʘʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ, ʥʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʜʦʨʦʞ-
ʥʦʛʦ ʧʦʢʨʳʪʠʷ. ɼʦʨʦʛʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʫʢʣʦʥ, ʯʪʦʙʳ ʚʦʜʘ ʤʦʛʣʘ   
ʩʪʝʢʘʪʴ ʠ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʟʘʩʪʦʡʥʳʝ ʟʦʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦ-
ʚʨʝʜʠʪʴ ʧʦʢʨʳʪʠʝ. ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠʤʝʥʷ-
ʶʪʩʷ ʧʳʣʝʧʦʜʘʚʣʷʶʱʠʝ ʩʨʝʜʩʪʚʘ. ʅʘ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʜʦʨʦʛʠ 
ʜʚʠʞʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʟʘʧʨʝʱʝʥʦ. ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʟʘʥʠʤʘʝʪ ʜʦ 
24 ʯ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʲʸʤʘ ʩʨʝʜʩʪʚ [1]. 
ʇʦʣʠʚ ʘʚʪʦʜʦʨʦʛ ʚʦʜʦʡ ʩʥʠʞʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʳʣʠ ʚ ʢʘʙʠʥʘʭ 

ʪʨʘʥʩʧʦʨʪʘ ʚ 2-2,5 ʨʘʟʘ [2].  
ʆʜʥʘʢʦ ʯʝʨʝʟ 30 ʤʠʥ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʚʣʘʞʥʝʥʠʷ ʩʥʠʞʘʝʪʩʷ ʜʦ 

30-40 %, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʅʀʀʆɻʈ [3]. 
ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚ ʉʐɸ ʥʘ ʫʛʦʣʴʥʳʭ ʨʘʟʨʝʟʘʭ 

ʚ ʉʝʚʝʨʥʦʡ ɼʘʢʦʪʝ [4]. ʇʨʠ ʥʘʥʝʩʝʥʠʠ 0,6 ʣ ʚʦʜʳ ʥʘ 1 ʤĮ ʢʦʥʮʝʥʪʨʘ-
ʮʠʷ ʧʳʣʠ ʚ ʚʦʟʜʫʭʝ ʫʤʝʥʴʰʘʣʘʩʴ ʥʘ 95 % ʚ ʧʝʨʚʳʝ 30 ʤʠʥ.  
ɺ ʜʨʫʛʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ ʨʘʩʭʦʜʝ 2,1 ʣ/ʤĮ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝ-

ʥʠʷ ʩʥʠʞʘʣʩʷ ʥʘ 74 % ʯʝʨʝʟ 3-4 ʯ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʚʣʘʞʥʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳ-
ʪʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 
ʜʦʨʦʛʫ ʫʚʣʘʞʥʷʪʴ ʢʘʞʜʳʡ ʯʘʩ, ʟʘʧʳʣʸʥʥʦʩʪʴ ʩʦʢʨʘʱʘʝʪʩʷ ʥʘ 40 %, 
ʘ ʧʨʠ ʧʦʣʠʚʝ ʢʘʞʜʳʝ 30 ʤʠʥ ï ʥʘ 55 % [5]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʧʳʣʝʧʦʜʘʚʣʷʶ-

ʱʠʭ ʤʝʨ, ʦʩʦʙʝʥʥʦ ʩ ʫʯʸʪʦʤ ʨʝʛʫʣʷʨʥʦʩʪʠ ʫʚʣʘʞʥʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ 
ʩʥʠʞʘʝʪ ʧʳʣʝʚʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʜʣʷ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʥʘ ʘʚʪʦʜʦʨʦʛʘʭ ʷʚʣʷ-

ʝʪʩʷ ʣʠʰʴ ʢʨʘʪʢʦʩʨʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦʚʨʝ-
ʤʝʥʥʦʛʦ ʵʬʬʝʢʪʘ. ʈʝʛʫʣʷʨʥʳʡ ʧʦʣʠʚ ʚʦʜʦʡ ʧʨʠʚʦʜʠʪ ʢ ʨʷʜʫ ʦʪʨʠ-
ʮʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ, ʪʘʢʠʭ ʢʘʢ:  
ï ʨʘʟʨʫʰʝʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʝʛʦ ʩʨʦʢ 

ʩʣʫʞʙʳ ʚ ʮʝʣʦʤ;  
ï ʫʩʢʦʨʝʥʥʳʡ ʠʟʥʦʩ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠʟ-ʟʘ ʢʦʥʪʘʢʪʘ ʩ 

ʫʚʣʘʞʥʝʥʥʦʡ ʠ ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ;  
ï ʫʚʝʣʠʯʝʥʠʝ ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩ-
ʧʦʨʪʘ, ʯʪʦ ʫʤʝʥʴʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ.  
ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʟʘʪʨʘʪ ʧʨʝʜʧʨʠʷʪʠʷ 

ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʨʝʤʦʥʪ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
ʠ ʪʝʭʥʠʢʠ [6]. 
ɺ ʨʘʡʦʥʘʭ ʩ ʚʳʩʦʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʴʶ ʚʦʟʜʫʭʘ        

(60-65 % ʠ ʚʳʰʝ) ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 
ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʦʣʝʡ ʜʣʷ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʩʧʦ-
ʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʚʣʘʛʫ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʷ ʟʘʱʠʪ-
ʥʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʳʣʠ [7]. ʆʜʥʘʢʦ 
ʧʨʠ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʠʝ ʩʦʣʠ ʪʝʨʷʶʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ, 
ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʯʘʩʪʦʡ ʦʙʨʘʙʦʪʢʠ 
ʜʦʨʦʛ, ʦʩʦʙʝʥʥʦ ʚ ʞʘʨʢʫʶ ʠ ʩʫʭʫʶ ʧʦʛʦʜʫ.  
ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʨʝʤʷ ʜʦʞʜʝʡ ʩʦʣʠ ʚʳʤʳʚʘʶʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʦʨʦʛ, ʚʳʟʳʚʘʷ ʢʦʨʨʦʟʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʪʨʘʥʩʧʦʨʪʥʳʭ 
ʩʨʝʜʩʪʚ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʵʪʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʪʨʝʙʫʝʪʩʷ    
ʜʦʙʘʚʣʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ 
ʦʙʱʠʝ ʨʘʩʭʦʜʳ ʥʘ ʧʳʣʝʧʦʜʘʚʣʝʥʠʝ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʩʨʝʜʩʪʚ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʜʦʣʞʝʥ ʫʯʠʪʳ-

ʚʘʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʟʜʝʨʞʢʠ. 
ɼʣʷ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʣʠʤʝʨʥʳʝ 

ʜʦʙʘʚʢʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠʟʫʯʝʥʘ ʣʠʰʴ ʯʘʩʪʠʯʥʦ. ʆʜʥʘʢʦ 
ʨʝʟʫʣʴʪʘʪʳ ʦʪʜʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ 
ʦʙ ʠʭ ʧʦʣʝʟʥʦʩʪʠ: 
ï ʚ ʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʧʨʦʚʝʜʸʥʥʦʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ 

ʦʙʲʝʢʪʝ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʳʣʠ ʯʝʨʝʟ 4 ʥʝʜʝʣʠ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʦʣʠ-
ʤʝʨʦʤ ʩʥʠʟʠʣʘʩʴ ʥʘ 74-81 %. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʧʫʩʪʷ 5 ʥʝʜʝʣʴ ʩʥʠʞʝ-
ʥʠʝ ʩʦʩʪʘʚʠʣʦ ʚʩʝʛʦ 3-14 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʩʪʝʧʝʥʥʦʤ 
ʫʤʝʥʴʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦ ʚʨʝʤʝʥʝʤ; 
ï ʚ ʜʨʫʛʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʧʨʦʚʝʜʸʥʥʦʤ ʥʘ ʦʙʱʝʩʪʚʝʥʥʦʡ ʛʨʫʥ-

ʪʦʚʦʡ ʜʦʨʦʛʝ, ʧʦʣʠʤʝʨʥʳʝ ʜʦʙʘʚʢʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 94-100 % ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ ʥʝʜʝʣʠ ʧʦʩʣʝ ʦʙʨʘ-
ʙʦʪʢʠ. ʆʜʥʘʢʦ ʯʝʨʝʟ 11 ʤʝʩʷʮʝʚ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʫʧʘʣʠ ʜʦ 37-65 %, 
ʯʪʦ ʪʘʢʞʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʜʦʣʛʦʚʝʯʥʦʩʪʠ [8]. 
ʇʦʣʠʤʝʨʥʳʝ ʜʦʙʘʚʢʠ ʠʤʝʶʪ ʨʷʜ ʢʣʶʯʝʚʳʭ ʧʨʝʠʤʫʱʝʩʪʚ:  
ï ʦʥʠ ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʪʨʘʥʩʧʦʨʪʘ ʠʣʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 
ï ʥʝ ʦʙʣʘʜʘʶʪ ʪʦʢʩʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ       

ʙʝʟʦʧʘʩʥʳʤʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ;  
ï ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʣʛʦʚʨʝʤʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʧʳʣʠ ʧʨʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ. 
ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʠ ʧʨʦʚʝʜʸʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʨʝʰʝʥʠʶ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ. 
ʆʮʝʥʢʘ ʠ ʨʘʩʯʸʪ ʚʳʙʨʦʩʦʚ ʦʪ ʥʝʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ «ʂʘʨʘʭʪʘʡ» ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ   
ʨʘʩʯʸʪʥʳʭ (ʨʘʩʯʸʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ) ʤʝʪʦʜʦʚ [9]. ʈʝʟʫʣʴʪʘʪʳ    
ʨʘʩʯʸʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1 ʠ 2. 

ʈʠʩ. 1.  ʆʙʟʦʨʥʘʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʢʘʨʪʘ ʨʘʡʦʥʘ ʨʘʙʦʪ 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʅʘ ʂʘʨʘʭʪʘʡʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ 
ʦʜʥʘ ʧʦʣʠʚʦʤʦʝʯʥʘʷ ʤʘʰʠʥʘ ʥʘ ʙʘʟʝ «ʂʨɸɿ-63221» ʩ ʮʠʩʪʝʨʥʦʡ 
ʚʤʝʩʪʠʤʦʩʪʴʶ 10 ʪ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ ʥʘ 
ʜʦʨʦʞʥʳʭ ʫʯʘʩʪʢʘʭ. 
ɼʘʥʥʘʷ ʧʦʣʠʚʦʤʦʝʯʥʘʷ ʤʘʰʠʥʘ ʨʘʟʜʝʣʷʝʪ ʚʝʩʴ ʫʯʘʩʪʦʢ ʜʦʨʦʛʠ 

ʥʘ ʯʝʪʳʨʝ ʯʘʩʪʠ (ʨʠʩ. 2), ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʠʚʘʝʪʩʷ ʦʪʜʝʣʴʥʳʤ 
ʧʨʦʝʟʜʦʤ. ʄʘʰʠʥʘ ʚʳʭʦʜʠʪ ʚ ʩʤʝʥʫ ʥʘ 7-8 ʭʦʜʦʢ, ʯʪʦʙʳ ʧʦʣʥʦʩʪʴʶ 
ʦʭʚʘʪʠʪʴ ʚʩʶ ʪʨʝʙʫʝʤʫʶ ʧʣʦʱʘʜʴ.  
ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʚʩʝʡ ʜʦʨʦʛʠ, ʪʨʝʙʫʶʱʝʡ ʧʦʣʠʚʘ, ʩʦʩʪʘʚʣʷʝʪ 8,5 

ʢʤ, ʘ ʰʠʨʠʥʘ ʜʦʨʦʛʠ ʜʣʷ ʧʦʣʠʚʘ  6 ʤ.  
ʆʙʱʘʷ ʧʣʦʱʘʜʴ, ʧʦʜʣʝʞʘʱʘʷ ʧʦʣʠʚʫ, ʜʦʩʪʠʛʘʝʪ 51000 ʤ2, ʯʪʦ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜʳ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ.  
ʅʦʨʤʘʪʠʚʥʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʧʳʣʝʧʦʜʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟ ʨʘʩʯʸʪʘ 0,5 ʣ ʥʘ 1 ʤ2. ʇʣʦʱʘʜʴ ʜʦʨʦʛʠ ʠ ʧʨʦʤʧʣʦʱʘʜʢʠ, ʧʦʜʣʝ-
ʞʘʱʘʷ ʧʦʣʠʚʫ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 51000 ʤ2, ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʧʦʣʠʚʝ 
102000 ʤ2   ʚ ʩʤʝʥʫ.  
ʇʨʠ ʯʘʩʪʦʪʝ ʧʦʣʠʚʘ 180 ʜʥʝʡ ʚ ʛʦʜ (ʩ ʫʯʸʪʦʤ ʜʦʞʜʣʠʚʳʭ ʜʥʝʡ), 

ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʧʳʣʝʧʦʜʘʚʣʝʥʠʝ ʩʦʩʪʘʚʠʪ 102 ʤ3/ʩʫʪ ʠʣʠ 18360   
ʤ3/ʛʦʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʤʘʰʠʥʘ ʚʳʧʦʣʥʷʝʪ ʩʚʦʶ ʟʘʜʘʯʫ, ʥʦ 
ʧʨʠ ʪʘʢʦʤ ʦʙʲʸʤʝ ʨʘʙʦʪ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʘʭ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ. 
ʇʨʦʙʣʝʤʘ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʝʪʩʷ ʂʘʨʘʭʪʘʡʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝ-

ʥʠʝ, ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʪʝʢʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʇʦʣʠʚʦʤʦʝʯʥʘʷ ʤʘʰʠʥʘ ʥʘ ʙʘʟʝ «ʂʨɸɿ-63221», ʭʦʪʴ ʠ ʚʳʧʦʣʥʷʝʪ 
ʩʚʦʶ ʬʫʥʢʮʠʶ, ʨʘʙʦʪʘʝʪ ʩ ʥʝʢʦʪʦʨʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʚʨʝʤʝʥʠ 
ʠ ʦʙʲʸʤʫ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʧʦʣʠʚʫ ʚ ʫʩʣʦʚʠʷʭ 
ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʧʝʨʝʚʦʟʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ. ɿʜʝʩʴ 
ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʯʘʩʪʦʪʳ ʧʦʣʠʚʘ ʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ 
ʚʦʜʳ. 
ʈʝʰʝʥʠʝ ʚʦʧʨʦʩʘ. 
ʋʯʠʪʳʚʘʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʚʘʞʥʦ ʚʥʝʜʨʠʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʳʣʝʧʦʜʘʚ-
ʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʣʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʤʠʥʠʤʘʣʴ-
ʥʳʭ ʟʘʪʨʘʪʘʭ ʚʦʜʳ ʠ ʨʝʩʫʨʩʦʚ.  
ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝ-

ʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʧʳʣʠ «ɸʢʨʦʧʦʣ ɻʉɸ», ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ     
ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʚʷʟʳʚʘʪʴ ʯʘʩʪʠʮʳ ʧʳʣʠ, ʦʙʨʘʟʫʷ ʧʨʦʯʥʳʡ ʟʘʱʠʪʥʳʡ 
ʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʚʪʦʜʦʨʦʛ. 

«ɸʢʨʦʧʦʣ ɻʉɸ» ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʡ ʞʠʜʢʠʡ 
ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʡ ʤʦʜʠʬʠʢʘʪʦʨ, ʛʦʪʦʚʳʡ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʧʨʝʜ-
ʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʧʳʣʠ ʥʘ ʨʘʟʣʠʯʥʳʭ 
ʪʠʧʘʭ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʛʨʫʥʪʦʚ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʜʦʣ-
ʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦ ʘʙʩʦʨʙʠʨʦʚʘʪʴ ʚʥʦʚʴ ʧʦʷʚʣʷʶʱʫʶʩʷ ʧʳʣʴ. 
ɸʥʪʠʧʳʣʝʚʦʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 12 ʤʝʩʷʮʝʚ. 
ɼʦʩʪʦʠʥʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʘ «ɸʢʨʦʧʦʣ ɻʉɸ»: 
ï ʥʝ ʠʤʝʝʪ ʮʚʝʪʘ ʠ ʟʘʧʘʭʘ; 
ï ʥʝ ʩʦʜʝʨʞʠʪ ʤʘʩʝʣ, ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ;  
ï ʥʝ ʩʦʜʝʨʞʠʪ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʥʝ ʪʦʢʩʠʯʝʥ;  
ï ʥʝ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʨʘʩʪʝʥʠʡ;  
ï ʥʝ ʦʙʨʘʟʫʝʪ ʧʝʥʳ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʤʝʪʦʜʦʤ ʧʦʣʠʚʘ ʠʣʠ ʨʘʩʧʳ-

ʣʝʥʠʷ;  
ï ʥʝ ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʢʦʣʝʩ ʩ ʜʦʨʦʛʦʡ;  
ï ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ;  
ï ʥʝ ʦʙʨʘʟʫʝʪ ʧʣʝʥʢʫ ʥʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ;  
ï ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʠʬʬʫʟʠʠ ʚʦʜʷʥʳʭ ʧʘʨʦʚ;  
ï ʥʝʛʦʨʶʯʠʡ, ʧʦʞʘʨʦ- ʠ ʚʟʨʳʚʦʙʝʟʦʧʘʩʝʥ;  
ï ʩʚʷʟʳʚʘʝʪ ʧʳʣʴ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʦʪ 2 ʤʢʤ. 
ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ ʥʘ ʂʘʨʘʭʪʘʡʩʢʦʤ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʩʪʚʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ 3,5 % 
ʞʠʜʢʦʩʪʠ «ɸʢʨʦʧʦʣ ɻʉɸ» ʠ 96,5 % ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ. ʇʦʩʣʝ ʩʤʝʰʠ-
ʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʤʦʞʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʧʦʣʠʚʫ ʜʦʨʦʛ. 

ʋʙʚʤʡʯʙ 1 
ʃʧʤʡʰʞʪʫʛʞʦʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʨʴʤʞʛʴʝʞʤʞʦʡʸ ʬʰʙʪʫʣʙ 5 

ʆʙʡʥʞʦʧʛʙʦʡʞ 
ʃʧʤʡʰʞʪʫʛʧ 
ʰʙʪʧʛ 

ʇʫʩʙʚʧʫʣʙ ʜ/ʪ ʫ/ʜʧʝ 

ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 
ʠʟʚʝʩʪʥʷʢ/
ʤʝʨʛʝʣʴ 

40,27 956,8 

ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 
ʠʟʚʝʩʪʥʷʢ/
ʤʝʨʛʝʣʴ 

40,02 950,3 

ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 
ʠʟʚʝʩʪʥʷʢ/
ʤʝʨʛʝʣʴ 

40,1 951,5 

ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 
ʠʟʚʝʩʪʥʷʢ/
ʤʝʨʛʝʣʴ 

40,08 951,4 

ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 ʚʩʢʨʳʰʘ 8,78 209,77 
ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 ʚʩʢʨʳʰʘ 8,86 210,58 

ʕʢʩʢʘʚʘʪʦʨ 6600 
ʠʟʚʝʩʪʥʷʢ/
ʤʝʨʛʝʣʴ 

0,18 4,03 

ʕʢʩʢʘʚʘʪʦʨ 6600 ʚʩʢʨʳʰʘ 0,21 5,05 

ʇʦʛʨʫʟʯʠʢ 6912 
ʠʟʚʝʩʪʥʷʢ/
ʤʝʨʛʝʣʴ 

0,05 1,24 

ɹʫʨ. ʩʪʘʥʢʠ 2835 ï  0,0044 0,046 
ɹʫʣʴʜʦʟʝʨ 6160  ï 0,08 1,7 
ʂʘʤʥʝʜʨʦʙʠʣʢʘ 6912 ʠʟʚʝʩʪʥʷʢ 0,035 0,79 
ʆʪʚʘʣ 8760 ʚʩʢʨʳʰʘ 0,217 5,34 
ʆʪʚʘʣ 8760 ʤʝʨʛʝʣʴ 0,35 8,61 
ɺʩʝʛʦ:     179,236 4257,156 

ʋʙʚʤʡʯʙ 2 
ʃʧʤʡʰʞʪʫʛʞʦʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʨʴʤʞʛʴʝʞʤʞʦʡʸ ʬʰʙʪʫʣʙ 2 

ʆʙʡʥʞʦʧʛʙʦʡʞ 
ʃʧʤʡʰʞʪʫʛʧ 
ʰʙʪʧʛ 

ʇʫʩʙʚʧʫʣʙ ʜ/ʪ ʫ/ʜʧʝ 

ɸʚʪʦʩʘʤʦʩʚʘʣ 3520/3080 ʚʩʢʨʳʰʘ + ʠʟʚʝʩʪʥʷʢ 34,11 390,851 
ɸʚʪʦʩʘʤʦʩʚʘʣ 3520/3080 ʚʩʢʨʳʰʘ + ʠʟʚʝʩʪʥʷʢ 34,007 389,748 
ɸʚʪʦʩʘʤʦʩʚʘʣ 3520/3080 ʚʩʢʨʳʰʘ + ʠʟʚʝʩʪʥʷʢ 33,57 384,68 
ʕʢʩʢʘʚʘʪʦʨ 3520/3080 ʚʩʢʨʳʰʘ + ʠʟʚʝʩʪʥʷʢ 0,141 3,35 
ɹʫʣʴʜʦʟʝʨ 6160 ï  0,1 2,36 
ɹʫʨ. ʩʪʘʥʢʠ 1728  ï 0,0022 0,013 
ʆʪʚʘʣ 8760 ʚʩʢʨʳʰʘ 0,86 19,81 
ʆʪʚʘʣ 8760 ʤʝʨʛʝʣʴ 0,63 15,24 
ɺʩʝʛʦ:     103,42 1206,05 

ʈʠʩ. 2. ʋʯʘʩʪʢʠ ʧʦʣʠʚʥʦʡ ʜʦʨʦʛʠ  
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KONCHILIK ISHLARI 

ʆʙʱʠʡ ʨʘʩʭʦʜ ʨʘʩʪʚʦʨʘ ʥʘ ʚʩʶ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʦʩʪʘʚʠʪ - 25500 
ʣ. ʆʙʱʠʡ ʨʘʩʭʦʜ ʤʦʜʠʬʠʢʘʪʦʨʘ ʧʨʠ ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʝ ï 893 ʣ. 
ʈʘʩʭʦʜ ʤʦʜʠʬʠʢʘʪʦʨʘ ʥʘ 1 ʤ2 - 0,0175 ʣ/ʤ2. ʇʨʠ ʧʦʚʪʦʨʥʦʡ ʦʙʨʘ-
ʙʦʪʢʝ ʧʦʪʨʝʙʫʝʪʩʷ 268 ʣʠʪʨʦʚ ʤʦʜʠʬʠʢʘʪʦʨʘ, ʛʜʝ ʨʘʩʭʦʜ ʥʘ 1 ʤ2 
ʩʦʩʪʘʚʠʪ - 0,0058 ʣ/ʤ2. 
ɺ ʩʝʟʦʥ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʙʦʪʦʢ ʩʦʩʪʘʚʠʪ 3 ʨʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʧʳʣʝʧʦʜʘʚʣʝʥʠʝ ʚ ʧʝʨʠʦʜ ʜʦʩʪʠʛʥʝʪ 80%. 
ʆʞʠʜʘʝʤʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʧʳʣʝʧʦʜʘʚʣʝʥʠʝ ʧʨʠʚʝʜʝʥʘ ʚ 

ʪʘʙʣ. 3 ʠ 4.  
ɺʳʚʦʜʳ:  
1. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʜʣʷ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʥʘ ʘʚʪʦʜʦʨʦʛʘʭ 

ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʢʨʘʪʢʦʩʨʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʣʛʦ-
ʚʨʝʤʝʥʥʦʛʦ ʵʬʬʝʢʪʘ (ʨʘʟʨʫʰʝʥʠʝ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʫʩʢʦʨʝʥ-
ʥʳʡ ʠʟʥʦʩ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʠʟ-ʟʘ ʢʦʥʪʘʢʪʘ ʩ ʫʚʣʘʞʥʝʥʥʦʡ ʠ 
ʟʘʛʨʷʟʥʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʦʨʦʛʠ, ʫʚʝʣʠʯʝʥʠʝ ʪʦʨʤʦʟʥʦʛʦ ʧʫʪʠ 
ʘʚʪʦʤʦʙʠʣʝʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ, ʯʪʦ ʧʨʠʚʦ-
ʜʠʪʴ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʨʦʩʪʫ ʟʘʪʨʘʪ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʚʦʩʩʪʘʥʦʚʠ-
ʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʠ ʨʝʤʦʥʪ ʜʦʨʦʞʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʪʝʭʥʠʢʠ). 
2. ʇʨʠʤʝʥʝʥʠʝ ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʦʣʝʡ ʜʣʷ ʧʳʣʝʧʦʜʘʚʣʝʥʠʷ 

ʚʦʟʤʦʞʥʦ ʚ ʪʝʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ 
ʩʦʩʪʘʚʣʷʝʪ 60ï65 % ʠ ʚʳʰʝ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ 
ʚʣʘʛʫ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ, ʩʦʟʜʘʚʘʷ ʟʘʱʠʪʥʳʡ ʩʣʦʡ, ʢʦʪʦʨʳʡ 
ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʳʣʠ. ʅʦ, ʧʨʠ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ ʛʠʛʨʦ-
ʩʢʦʧʠʯʝʩʢʠʝ ʩʦʣʠ ʪʝʨʷʶʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʤʝʥʝʝ    
ʵʬʬʝʢʪʠʚʥʳʤʠ.  
ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʪʨʝʙʫʝʪʩʷ ʯʘʩʪʘʷ ʦʙʨʘʙʦʪʢʘ ʜʦʨʦʛ, ʦʩʦʙʝʥʥʦ ʚ 

ʞʘʨʢʫʶ ʠ ʩʫʭʫʶ ʧʦʛʦʜʫ. ɸ ʚʦ ʚʨʝʤʷ ʜʦʞʜʝʡ ʩʦʣʠ ʚʳʤʳʚʘʶʪʩʷ ʩ 
ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʨʦʛ, ʚʳʟʳʚʘʷ ʢʦʨʨʦʟʠʶ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ.  
3. ɼʣʷ ʩʥʠʞʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʪʨʝʙʫʝʪʩʷ 

ʜʦʙʘʚʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 
ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʱʠʝ ʨʘʩʭʦʜʳ ʥʘ ʧʳʣʝʧʦʜʘʚʣʝʥʠʝ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʚʳʙʦʨʝ ʩʨʝʜʩʪʚ ʜʣʷ ʙʦʨʴʙʳ ʩ ʧʳʣʴʶ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʠʥʠʤʘʶʪʩʷ ʚʦ ʚʥʠʤʘʥʠʝ ʤʝʩʪʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 
ʫʩʣʦʚʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʜʙʠʨʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʧʨʦʧʦʨʮʠʠ ʧʳʣʝʧʦ-
ʜʘʚʣʷʶʱʠʭ ʩʦʩʪʘʚʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
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ʜʝʥʠʶ ʠʥʚʝʥʪʘʨʠʟʘʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʥʦʨʤʠʨʦʚʘʥʠʶ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʈʝʩʧʫʙʣʠʢʠ     
ʋʟʙʝʢʠʩʪʘʥ». 

ʋʙʚʤʡʯʙ 3 
ʃʧʤʡʰʞʪʫʛʞʦʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʨʴʤʞʛʴʝʞʤʞʦʡʸ ʬʰʙʪʫʣʙ 5 ʨʧʪʤʞ 

ʨʩʡʥʞʦʞʦʡʸ ʥʧʝʡʭʡʣʙʫʧʩʙ 

ʆʙʡʥʞʦʧʛʙʦʡʞ 
ʃʧʤʡʰʞʪʫʛʧ 
ʰʙʪʧʛ 

ʇʫʩʙʚʧʫʣʙ ʛ/ʩ ʪ/ʛʦʜ 

ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 ʠʟʚʝʩʪʥʷʢ/ʤʝʨʛʝʣʴ 8,054 191,36 
ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 ʠʟʚʝʩʪʥʷʢ/ʤʝʨʛʝʣʴ 8,004 190,06 
ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 ʠʟʚʝʩʪʥʷʢ/ʤʝʨʛʝʣʴ 8,02 190,3 
ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 ʠʟʚʝʩʪʥʷʢ/ʤʝʨʛʝʣʴ 8,016 190,28 
ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 ʚʩʢʨʳʰʘ 1,756 41,954 
ɸʚʪʦʩʘʤʦʩʚʘʣ 6600 ʚʩʢʨʳʰʘ 1,772 42,116 
ʕʢʩʢʘʚʘʪʦʨ 6600 ʠʟʚʝʩʪʥʷʢ/ʤʝʨʛʝʣʴ 0,18 4,03 
ʕʢʩʢʘʚʘʪʦʨ 6600 ʚʩʢʨʳʰʘ 0,21 5,05 
ʇʦʛʨʫʟʯʠʢ 6912 ʠʟʚʝʩʪʥʷʢ/ʤʝʨʛʝʣʴ 0,05 1,24 
ɹʫʨ. ʩʪʘʥʢʠ 2835  ï 0,0044 0,046 
ɹʫʣʴʜʦʟʝʨ 6160  ï 0,08 1,7 
ʂʘʤʥʝʜʨʦʙʠʣʢʘ 6912 ʠʟʚʝʩʪʥʷʢ 0,035 0,79 
ʆʪʚʘʣ 8760 ʚʩʢʨʳʰʘ 0,217 5,34 
ʆʪʚʘʣ 8760 ʤʝʨʛʝʣʴ 0,35 8,61 
ɺʩʝʛʦ:     36,7484 872,876 

ʋʙʚʤʡʯʙ 4 
ʃʧʤʡʰʞʪʫʛʞʦʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʨʴʤʞʛʴʝʞʤʞʦʡʸ ʬʰʙʪʫʣʙ 2 ʨʧʪʤʞ 

ʨʩʡʥʞʦʞʦʡʸ ʥʧʝʡʭʡʣʙʫʧʩʙ 

ʆʙʡʥʞʦʧʛʙʦʡʞ 
ʃʧʤʡʰʞʪʫʛʧ 
ʰʙʪʧʛ 

ʇʫʩʙʚʧʫʣʙ ʛ/ʩ ʪ/ʛʦʜ 

ɸʚʪʦʩʘʤʦʩʚʘʣ 3520/3080 ʚʩʢʨʳʰʘ + ʠʟʚʝʩʪʥʷʢ 6,822 78,1702 
ɸʚʪʦʩʘʤʦʩʚʘʣ 3520/3080 ʚʩʢʨʳʰʘ + ʠʟʚʝʩʪʥʷʢ 6,8014 77,9496 
ɸʚʪʦʩʘʤʦʩʚʘʣ 3520/3080 ʚʩʢʨʳʰʘ + ʠʟʚʝʩʪʥʷʢ 6,714 76,936 
ʕʢʩʢʘʚʘʪʦʨ 3520/3080 ʚʩʢʨʳʰʘ + ʠʟʚʝʩʪʥʷʢ 0,141 3,35 
ɹʫʣʴʜʦʟʝʨ 6160  ï 0,1 2,36 
ɹʫʨ. ʩʪʘʥʢʠ 1728  ï 0,0022 0,013 
ʆʪʚʘʣ 8760 ʚʩʢʨʳʰʘ 0,86 19,81 
ʆʪʚʘʣ 8760 ʤʝʨʛʝʣʴ 0,63 15,24 
ɺʩʝʛʦ:     22,0706 273,8288 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʂʘʨʴʝʨʳ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʟʥʘʯʠʪʝʣʴʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʟʨʘ-
ʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ, 
ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʤ ʧʦʜʛʦʪʦʚʢʫ ʛʦʨʥʦʡ ʤʘʩʩʳ ʢ ʚʳʝʤʢʝ ʚʟʨʳʚʦʤ 
ʩʢʚʘʞʠʥʥʳʭ ʟʘʨʷʜʦʚ. ɼʣʷ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʩʪʦʷʥʥʦ 
ʪʨʝʙʫʝʪʩʷ ʧʦʠʩʢ ʨʘʮʠʦʥʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʥʳʭ ʟʘʨʷʜʦʚ. 
ɺ ʦʩʥʦʚʝ ʧʦʠʩʢʘ ʣʝʞʠʪ ʥʘʫʯʥʘʷ ʢʦʥʮʝʧʮʠʷ, ʚ ʢʦʪʦʨʦʡ ʟʘʣʦʞʝʥʘ 

ʠʜʝʷ, ʨʝʘʣʠʟʫʝʤʘʷ ʥʘ ʧʨʠʥʮʠʧʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 
ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʥʘ ʨʘʟʨʫʰʘʝʤʳʡ ʤʘʩʩʠʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ 
ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʠʟʚʝʩʪʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʜʘ ʩʦ ʩʨʝʜʘʤʠ ʨʘʟʣʠʯʥʦʡ 
ʧʣʦʪʥʦʩʪʠ.  
ʊʚʸʨʜʘʷ ʟʘʙʦʡʢʘ ʩʢʚʘʞʠʥ ʠʟ ʙʫʨʦʚʦʡ ʤʝʣʦʯʠ ʥʝʜʦʩʪʘʪʦʯʥʦ  

ʵʬʬʝʢʪʠʚʥʘ, ʪ. ʢ. ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʠʟ ʫʩʪʴʝʚ ʩʢʚʘʞʠʥ ʚʩʝʛʦ ʯʝʨʝʟ 7-9 ʤʩ 

ʋɼʂ 662.235 DOI:10.54073/GV.2025.2.101.004 

Burgóilash-portlatish ishlari texnologiyasining tahlili va quduqlarni tiqinlash uchun qoóllaniladigan materiallar toógórisidagi maôlumotlar 
shuni koórsatdiki, qattiq tiqin yetarlicha yopish qobiliyatiga ega emas, gel hosil qiluvchi moddalarning suvli eritmalari asosidagi koópikli 
tiqinlar esa yetarlicha barqaror emas, chunki ulardan suyuqlik oqib tushganda pufakchalar devorlari buzilganda hajmning bir qismini 
yoóqotadi. Penogelning pufakchali tuzilishi devorlariga qattiqlikni taôminlash uchun elektrolit-koagulyator bilan polimerlanadigan kompozit 
material qoóshilgan uch komponentli gel hosil qiluvchi tarkib taklif etildi, bu esa qattiq koópikli tuzilishni hosil qiladi. Bundan tashqari, bun-
day tarkib yuqori yopish taôsirining samaradorligi boóyicha maôlum bir yangilikka ega. Oózgaruvchan agregat holatli penogelning amaliy 
ahamiyati skvajina konstruksiyasida skvajinaning portlovchi modda bilan zaryadlanmagan qismini 0,75 ltiq gacha toóldirish maqsadga 
muvofiqligi bilan skvajina zaryadidan foydalanish taklifidan iborat. Maqolada skvajinali zaryad portlashidan hosil boólgan zarba toólqinining 
togó jinslari massivi va oózgaruvchan agregat holatdagi koópikli tiqin bilan oózaro taôsirining fazoviy-vaqt parametrlarini asoslash keltirilgan. 
Havo va suvning hajmiy nisbati oózgarganda, kompozitning miqdori oózgarmaganda, koópikning zichligi 520 dan 220 kg/m3 gacha 
oózgarishi koórsatilgan. Ushbu koórsatkichlar koópik gel zarrachalarining siqilish paytida siljish tezligining oózgarishiga taôsir qilishi aniqlandi, 
bu mos ravishda 3000 dan 2000 m/s gacha oózgaradi, ammo togó jinsi zarrachalarining siljish tezligi bilan deyarli bir xil va taxminan 0,022 
s ni tashkil qiladi. Natijada, kuchlanish toólqinining tangensial tashkil etuvchisi tufayli quduq devorining buziladigan jinsi koópikli tiqin bilan 
toóldirilgan quduq boóshligóiga siljiydi va zaryadlash kamerasidagi detonatsiya mahsulotlarini bir xil togó massasi bilan yopadi. Detonatsiya 
mahsulotlarining zaryadlash kamerasida qulflanish vaqti koópik zichligining oórganilgan oraligóida 0,025-0,030 s ni tashkil qiladi, bu 
burgóulash mayda toshidan yasalgan tiqin bilan solishtirganda 3-5 baravar koóp, bu uning samaradorligini oshirishni taôminlaydi. 
Kalit soózlar: massiv, togó jinsi, quduq, zaryad, portlash, bosim, kuchlanish, tiqin, koópik, zichlik, tezlik, siljish, vaqt. 
 
ɸʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʦʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʠ ʩʚʝʜʝʥʠʷ ʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʘʭ ʜʣʷ ʟʘʙʦʡʢʠ ʩʢʚʘʞʠʥ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʪʚʸʨʜʘʷ ʟʘʙʦʡʢʘ ʥʝ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʟʘʧʠʨʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʘ ʧʝʥʦʛʝʣʝʚʳʝ ʟʘʙʦʡʢʠ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦ-
ʨʦʚ ʛʝʣʝʦʙʨʘʟʫʶʱʠʭ ʚʝʱʝʩʪʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ, ʪ. ʢ. ʪʝʨʷʶʪ ʯʘʩʪʴ ʦʙʲʸʤʘ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʩʪʝʥʦʢ ʧʫʟʳʨʴʢʦʚ 
ʧʨʠ ʩʪʝʢʘʥʠʠ ʩ ʥʠʭ ʞʠʜʢʦʩʪʠ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʞʸʩʪʢʦʩʪʠ ʩʪʝʥʢʘʤ ʧʫʟʳʨʴʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʝʥʦʛʝʣʷ ʧʨʝʜʣʦʞʝʥ ʪʨʝʭʢʦʤ-
ʧʦʥʝʥʪʥʳʡ ʛʝʣʝʦʙʨʘʟʫʶʱʠʡ ʩʦʩʪʘʚ ʩ ʜʦʙʘʚʢʦʡ ʧʦʣʠʤʝʨʠʟʫʶʱʝʛʦʩʷ ʵʣʝʢʪʨʦʣʠʪʦʤ-ʢʦʘʛʫʣʷʪʦʨʦʤ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣʘ, 
ʬʦʨʤʠʨʫʶʱʠʡ ʞʸʩʪʢʫʶ ʚʩʧʝʥʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʇʨʠʯʸʤ ʪʘʢʦʡ ʩʦʩʪʘʚ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʥʦʚʠʟʥʦʡ ʧʦ ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʠ ʧʦʚʳʰʝʥʥʦʛʦ ʟʘʧʠʨʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʝʥʦʛʝʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʩʪʦʠʪ ʚ 
ʧʨʝʜʣʦʞʝʥʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ ʩ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʠʷ ʜʦ 0,75 lʟʘʙ  ʧʨʦʩʪʨʘʥ-
ʩʪʚʘ ʥʝʟʘʨʷʞʝʥʥʦʡ ʚʟʨʳʚʯʘʪʳʤ ʚʝʱʝʩʪʚʦʤ ʯʘʩʪʠ ʩʢʚʘʞʠʥʳ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-
ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʪ ʚʟʨʳʚʘ ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ ʩ ʤʘʩʩʠʚʦʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʝʥʦʛʝʣʝ-
ʚʦʡ ʟʘʙʦʡʢʦʡ ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʟ-
ʜʫʭʘ ʠ ʚʦʜʳ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʦʤʧʦʟʠʪʘ ʧʣʦʪʥʦʩʪʴ ʧʝʥʦʛʝʣʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 520 ʜʦ 220 ʢʛ/ʤ3.    
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʚʣʠʷʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʧʝʥʦʛʝʣʷ ʧʨʠ ʝʛʦ ʩʞʘʪʠʠ, ʢʦʪʦʨʳʝ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ 3000 ʜʦ 2000 ʤ/ʩ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪ ʚʨʝʤʷ ʜʦ ʤʦʤʝʥʪʘ ʠʭ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʜʳ, ʢʦʪʦʨʦʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,022 ʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʟʘ ʩʯʸʪ ʪʘʥ-
ʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ ʨʘʟʨʫʰʘʝʤʘʷ ʧʦʨʦʜʘ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ ʩʤʝʱʘʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʢʚʘʞʠʥʳ, 
ʟʘʧʦʣʥʝʥʥʦʝ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʦʡ ʠ ʟʘʧʠʨʘʝʪ ʧʨʦʜʫʢʪʳ ʜʝʪʦʥʘʮʠʠ ʚ ʟʘʨʷʜʥʦʡ ʢʘʤʝʨʝ ʦʜʥʦʨʦʜʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʦʡ. ɺʨʝʤʷ 
ʟʘʧʠʨʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʚ ʟʘʨʷʜʥʦʡ ʢʘʤʝʨʝ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʣʦʪʥʦʩʪʠ ʧʝʥʦʛʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 0,025-
0,030 ʩ, ʯʪʦ ʚ 3-5 ʨʘʟ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʙʦʡʢʦʡ ʠʟ ʙʫʨʦʚʦʡ ʤʝʣʦʯʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʝʸ ʧʦʚʳʰʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʩʩʠʚ, ʧʦʨʦʜʘ, ʩʢʚʘʞʠʥʘ, ʟʘʨʷʜ, ʚʟʨʳʚ, ʜʘʚʣʝʥʠʝ, ʥʘʧʨʷʞʝʥʠʝ, ʟʘʙʦʡʢʘ, ʧʝʥʦʛʝʣʴ, ʧʣʦʪʥʦʩʪʴ,        

ʩʢʦʨʦʩʪʴ, ʩʤʝʱʝʥʠʝ, ʚʨʝʤʷ. 

ʇɺʇʊʆʇɻɹʆʁɾ ɻʇʀɽɾʂʊʋɻʁʘ ʌɽɹʉʆʔʎ ɻʇʄʆ ʁ ʈɹʉɹʅɾʋʉʔ 
ʉɹʀʉʌʑɾʆʁʘ ʅɹʊʊʁɻɹ ʊʃɻɹɿʁʆʆʔʅ ʀɹʉʘɽʇʅ 
ʊ ʀɹɺʇʂʃʇʂ ʈɾʉɾʅɾʆʆʇɼʇ ɹɼʉɾɼɹʋʆʇɼʇ ʊʇʊʋʇʘʆʁʘ 

ʆʬʫʭʬʤʤʧʞʛ ɼ.ʊ., 
 ʥʘʯʘʣʴʥʠʢ 

ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ  
ɸʌ ʅʀʊʋ «ʄʀʉʀʉ», 
ʜ.ʪ.ʥ., ʜʦʮʝʥʪ  

ʃʙʫʙʦʧʛ ʁ.ɺ., 
ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

ʆɻɼ ʂʫʟʊɻʋ  ʠʤ. ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ 
(ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʛ. ʂʝʤʝʨʦʚʦ), 

ʜ.ʪ.ʥ.  

ʉʡʠʙʞʛ ɹ.ɹ., 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ  
ʢʘʬʝʜʨʳ «ɻʦʨʥʦʝ ʜʝʣʦ», 
ɸʌ ʅʀʊʋ «ʄʀʉʀʉ»  

ʃʧʚʡʤʧʛ ʑ.ɺ., 
ʠ.ʦ. ʜʦʮʝʥʪʘ ʢʘʬʝʜʨʳ 

 «ɻʦʨʥʦʝ ʜʝʣʦ» ɸʌ ʅʀʊʋ «ʄʀʉʀʉ»,  
PhD 
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ʧʦʩʣʝ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ, ʪ. ʝ. ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʘʟʨʫ-
ʰʘʝʤʦʡ ʧʦʨʦʜʦʡ, ʧʦʪʦʤʫ ʯʪʦ, ʤʘʩʩʦʚʳʝ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ ʨʘʟʨʫʰʘʝ-
ʤʦʛʦ ʤʘʩʩʠʚʘ ʠ ʙʫʨʦʚʦʡ ʤʝʣʦʯʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʠʟʤʝʨʠʤʳ [1-2].  
ɺ ʨʘʙʦʪʘʭ [3-5] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʫʜʘʨʥʳʝ 

ʚʦʣʥʳ ʟʘʪʫʭʘʶʪ ʚ ʥʠʟʢʦʧʣʦʪʥʳʭ, ʛʘʟʦʞʠʜʢʦʩʪʥʳʭ ʩʨʝʜʘʭ ʠ, ʚ ʯʘʩʪ-
ʥʦʩʪʠ, ʧʝʥʦʛʝʣʷʭ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʚʩʧʝʥʝʥʥʦʛʦ ʛʝʣʝʦʙʨʘʟʫʶʱʝʛʦ ʢʦʤ-
ʧʦʥʝʥʪʘ ʠ ʵʣʝʢʪʨʦʣʠʪʘ ʢʦʘʛʫʣʷʪʦʨʘ [6-9]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʥʦʛʝ-
ʣʝʚʦʡ ʟʘʙʦʡʢʠ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ ʧʨʦʠʩʭʦʜʷʪ 
ʦʪʢʦʣʴʥʳʝ ʷʚʣʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʤʘʩʩʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʯʘʩʪʠʮ 
ʠ ʠʭ ʩʤʝʱʝʥʠʝʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʚ ʩʪʦʨʦʥʫ ʧʦʣʦʩʪʠ ʥʝʟʘʨʷʞʝʥʥʦʡ 
ɺɺ ʯʘʩʪʠ ʩʢʚʘʞʠʥʳ, ʟʘʧʦʣʥʝʥʥʦʡ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʦʡ, ʯʪʦ ʠ ʧʨʝʜ-
ʦʧʨʝʜʝʣʷʝʪ ʝʸ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʜʥʘʢʦ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʧʝʥʦʛʝʣʠ 
ʠʤʝʶʪ ʦʜʠʥ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 
ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ. ʏʝʨʝʟ 3-4 ʯ ʜʘʞʝ ʧʝʥʦʛʝʣʝʚʳʝ ʩʦʩʪʘʚʳ ʩ ʥʘʥʦ 
ʜʦʙʘʚʢʘʤʠ [10-11] ʥʘʯʠʥʘʶʪ ʪʝʨʷʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʧʝʨʚʦʥʘ-
ʯʘʣʴʥʳʡ ʦʙʲʸʤ. ʇʦʵʪʦʤʫ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʥʠʟʢʦʧʣʦʪʥʘʷ, ʧʦʨʠʩʪʘʷ 
ʟʘʙʦʡʢʘ ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʧʝʥʠʩʪʫʶ ʧʫʟʳʨʴʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʞʸʩʪʢʠʤʠ ʩʪʝʥʢʘʤʠ, ʤʝʞʜʫ 
ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʠʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ [12].  
ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʧʦʩʦ-

ʙʦʚ ʚʟʨʳʚʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʧʦ ʤʘʩʩʠʚʫ 
ʧʦʩʣʝ ʚʟʨʳʚʘ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʟʘʧʠʨʘʥʠʷ 
ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʚ ʟʘʨʷʜʥʦʡ ʢʘʤʝʨʝ ʧʨʠ ʧʦʤʦʱʠ ʥʠʟʢʦʧʣʦʪʥʦʡ, 
ʧʦʨʠʩʪʦʡ ʟʘʙʦʡʢʠ ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

 ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʣʦʪʥʦʩʪʴ ʧʝʥʦʛʝʣʷ, ʢʘʢ ʤʥʦʛʦʢʦʤʧʦ-
ʥʝʥʪʥʦʡ ʩʨʝʜʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʦʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʠ 
ʦʙʲʸʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ [13-15]: 

                                                       (1) 
ʛʜʝ Ŭ1, Ŭ2, Ŭ3 ï ʦʙʲʸʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ, ʚʦʜʳ ʠ ʪʚʝʨʜʦʛʦ;  
ɟ1, ɟ2, ɟ3 ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʚʦʜʳ ʠ ʪʚʝʨʜʦʛʦ. 
ɼʦʣʝʚʦʝ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʝʥʦʛʝʣʝ, ʚʢʣʶ-

ʯʘʷ ʚʦʟʜʫʭ ʠ ʚʦʜʫ, ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝ-
ʣʘʭ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʪʚʝʨʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ 
ʞʝʩʪʢʠʤʠ ʧʣʝʥʢʘʤʠ (ʩʪʝʥʢʘʤʠ ʧʫʟʳʨʴʢʦʚ), ʩʯʠʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 
(ʪʘʙʣ. 1). 
ʈʘʟʨʫʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ ʦʪ ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ ʭʘʨʘʢʪʝ-

ʨʠʟʫʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝʤ ʤʘʩʩʠʚʘ ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤ, ʚʦʣʥʘʤʠ ʥʘʧʨʷ-
ʞʝʥʠʡ ʠ ʬʫʛʘʩʥʳʤ ʜʝʡʩʪʚʠʝʤ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ. ɼʝʡʩʪʚʠʝ ʫʜʘʨ-
ʥʳʭ ʚʦʣʥ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʦʙʲʸʤʝ ʦʢʦʣʦ 1 % ʦʪ ʦʙʱʝʛʦ ʦʙʲʸʤʘ ʜʨʦʙ-
ʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʟʨʳʚʦʤ. ʇʦʣʝ ʥʘʧʨʷʞʝʥʠʡ ʬʦʨʤʠʨʫʝʪʩʷ ʚ 
ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʷʤʳʭ ʚʦʣʥ ʩʞʘʪʠʷ, ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʶʱʠʭʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʟʘʨʷʜʘ ɺɺ ʢ ʦʪʢʨʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʅʘʧʨʷʞʝʥʠʝ ʩʦʟʜʘʸʪʩʷ ʥʘʯʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʚ ʩʢʚʘʞʠʥʝ ʧʦʩʣʝ 
ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ ɺɺ. ɺʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʚʨʝʤʝʥʝʤ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ ʚʦʣʥʘʤʠ ʥʘʧʨʷʞʝʥʠʡ ʠ ʚʦʟʥʠʢʥʦʚʝ-
ʥʠʝʤ ʪʨʝʱʠʥ. ɺʨʝʤʷ ʟʘʧʠʨʘʥʠʷ ʛʘʟʦʦʙʨʘʟʥʳʭ ʇɼ ʚ ʩʢʚʘʞʠʥʝ ʦʧʨʝ-
ʜʝʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʚʳʣʝʪʘ ʟʘʙʦʡʢʠ. ʇʦʩʢʦʣʴʢʫ ʠ ʚ ʪʦʤ, ʠ ʜʨʫʛʦʤ 
ʩʣʫʯʘʝ, ʛʘʟʦʦʙʨʘʟʥʳʝ ʇɼ, ʨʘʩʰʠʨʠʚʰʠʝʩʷ ʧʨʠ ʚʟʨʳʚʝ, ʨʘʟʨʫʰʘʶʪ 
ʤʘʩʩʠʚ ʜʦ ʥʘʯʘʣʘ ʠʩʪʝʯʝʥʠʷ ʠʭ ʚ ʘʪʤʦʩʬʝʨʫ, ʪʦ ʦʙʱʝʝ ʚʨʝʤʷ ʜʝʡ-
ʩʪʚʠʷ ʠʤʧʫʣʴʩʘ ʚʟʨʳʚʘ ʥʘ ʤʘʩʩʠʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ ʟʥʘʯʝʥʠʝʤ 
ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʤʝʥʴʰʝ.  
ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʠ ʧʝʨʝ-

ʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʧʦʣʴʟʫʝʤ ʬʘʢʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
ɹɺʈ ʢʘʨʴʝʨʘ «ʂʘʣʴʤʘʢʳʨ» ʠ «ɪʰʣʠʢ-I», ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ɸʆ 
«ɸʣʤʘʣʳʢʩʢʠʡ ɻʄʂ» (ʪʘʙʣ. 2).  
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʩʢʚʘʞʠʥʥʳʡ 

ʟʘʨʷʜ ʚ ʚʠʜʝ ʢʦʣʦʥʢʠ ʩʬʝʨʠʯʝʩʢʠʭ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʟʘʨʷʜʦʚ ʨʘʜʠ-
ʫʩʦʤ r0. ʅʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ «ɺɺ-ʤʘʩʩʠʚ» ʠ «ɺɺ-ʟʘʙʦʡʢʘ» 
ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʚ ʤʘʩʩʠʚʝ ʦʙʨʘʟʫʝʪ ʟʦʥʫ ʩʤʷʪʠʷ, ʧʝʨʝʭʦʜʷʱʫʶ ʚ 
ʟʦʥʫ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ. ʃʫʯʠ, ʧʨʦʚʝʜʸʥʥʳʝ ʠʟ ʮʝʥʪʨʘ ʪʦʨʮʦʚʦʡ 
ʯʘʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ, ʩʬʝʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʯʝʨʝʟ ʪʦʯʢʠ ʩʦʧʨʷ-
ʞʝʥʠʷ ʛʨʘʥʠʮʳ ʟʦʥʳ ʩʤʷʪʠʷ ʩ ʦʙʨʘʟʫʶʱʝʡ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ, ʷʚʣʷ-
ʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 
ʚʳʟʚʘʥʦ ʜʝʡʩʪʚʠʝʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʣʥʳ ʩʞʘʪʠʷ.  
ʇʨʠ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 

ʜʝʪʦʥʘʮʠʠ ɺɺ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʝʰʝʥʠʷ 
ʫʨʘʚʥʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʶʪ 
ʜʦʧʫʱʝʥʠʝ ʦ ʩʦʚʧʘʜʝʥʠʠ ʠʟʦʪʝʨʤʳ, ʠʟʵʥʪʨʦʧʳ ʠ ʫʜʘʨʥʦʡ ʘʜʠʘʙʘʪʳ 
[16, 17]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ      
«ɺɺ-ʩʨʝʜʘ» ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ɺɺ, ʩʨʝʜʳ,     
ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ. ɼʝʡʩʪʚʠʝ ʚʦʣʥ 
ʥʘʧʨʷʞʝʥʠʡ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʘʢʫʩʪʠʯʝʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ. 
ʅʘʯʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʬʨʦʥʪʝ ʚʦʣʥʳ ʚ ʫʧʨʫʛʦʤ ʧʨʠʙʣʠʞʝ-

ʥʠʠ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʬʦʨʤʫʣʝ [1, 17]: 
 

                                           (2) 
 
ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷ-

ʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ:  
                                                               

(3) 
 

ʛʜʝ ɔ ï ʧʦʢʘʟʘʪʝʣʴ ʩʪʝʧʝʥʠ ʟʘʪʫʭʘʥʠʷ ʚʦʣʥʳ:  
 
 
 

rn, rk ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ ʚ 
ʥʘʯʘʣʝ ʠ ʦʢʦʥʯʘʥʠʠ ʟʦʥʳ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ: 

 
                                                     (5) 

 

ʋʙʚʤʡʯʙ 1 
ʇʚʳʹʥʦʧʞ ʪʧʝʞʩʟʙʦʡʞ ʣʧʥʨʧʦʞʦʫʧʛ ʛ ʨʞʦʧʜʞʤʞ 

 ́
ʇʚʳʹʥʦʧʞ ʪʧʝʞʩʟʙʦʡʞ ʣʧʥʨʧʦʞʦʫʧʛ, ʝʧʤʡ ʞʝ. ʈʤʧʫʦʧʪʫʵ ɟ0, 

(ʢʛ/ʤ3) Ŭ1 Ŭ2 Ŭ3 
1. 0,5 0,4 0,1 520,6 
2. 0,6 0,3 0,1 420,7 
3. 0,7 0,2 0,1 320,8 
4. 0,8 0,1 0,1 220,9 

ʋʙʚʤʡʯʙ 2 
ʈʧʣʙʠʙʫʞʤʡ ʝʤʸ ʧʚʧʪʦʧʛʙʦʡʸ ʨʩʧʪʫʩʙʦʪʫʛʞʦʦʧ-ʛʩʞʥʞʦʦʴʮ 
ʨʙʩʙʥʞʫʩʧʛ ʝʩʧʚʤʞʦʡʸ ʨʧʩʧʝʴ ʪʣʛʙʟʡʦʦʴʥ ʠʙʩʸʝʧʥ 

ʪ ʨʞʦʧʜʞʤʞʛʧʢ ʠʙʚʧʢʣʧʢ 

ʈʧʣʙʠʙʫʞʤʡ ɻʞʤʡʰʡʦʙ 

ʈʘʜʠʫʩ ʩʢʚʘʞʠʥʳ (ʟʘʨʷʜʘ) rʦ, ʤ 0,125 

ɼʣʠʥʘ ʢʦʣʦʥʢʠ ʩʧʣʦʰʥʦʛʦ ʟʘʨʷʜʘ ɺɺ lʟʘʨ, ʤ 9,9 

ɼʣʠʥʘ ʟʘʙʦʝʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ lʟʘʙ, ʤ 8,1 

ʄʘʩʩʘ ʩʧʣʦʰʥʦʛʦ ʟʘʨʷʜʘ ɺɺ ʚ ʩʢʚʘʞʠʥʝ Qʟ, ʢʛ 724 

ʇʣʦʪʥʦʩʪʴ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ ʕʤʫʣʴʛʠʪ-30 ɟʚʚ, ʢʛ/ʤ3 1350 

ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ D, ʤ/ʩ 4100 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ɟ1, ʢʛ/ʤ3 1,2 

ʇʣʦʪʥʦʩʪʴ ʚʦʜʳ ɟ2, ʢʛ/ʤ3 1000 

ʇʣʦʪʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ɟ3, ʢʛ/ʤ3 1200 

ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜʳ ɟ, ʢʛ/ʤ3    2600 

ʇʣʦʪʥʦʩʪʴ ʙʫʨʦʚʦʡ ʤʝʣʦʯʠ ɟ0ʙ.ʤ, ʢʛ/ʤ3  1950 

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʧʦʨʦʜʝ ʩʨ, ʤ/ʩ 4500 

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʟʜʫʭʝ ʩ1, ʤ/ʩ 320 

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʜʝ ʩ2, ʤ/ʩ 1500 

ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʢʦʤʧʦʟʠʪʥʦʤ ʤʘʪʝʨʠʘʣʝ ʩ3, ʤ/ʩ 2500 

ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ P0, ʇʘ 1,01Ŀ105 

ʇʦʢʘʟʘʪʝʣʴ ʠʟʵʥʪʨʦʧʳ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ k 3 

ʂʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ µ 0,28 

ʇʦʢʘʟʘʪʝʣʠ ʠʟʵʥʪʨʦʧʳ: 
ï ʚʦʟʜʫʭʘ, k1 
ï ʚʦʜʳ k2 
ï ʪʚʸʨʜʦʛʦ k3 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʛʜʝ R ï ʨʘʜʠʫʩ ʟʦʥʳ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ [15]: 
 

                                                     (6) 
 

ʛʜʝ Qʧ ï ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ɺɺ: 
 

                        (7) 
 

ɺ ʥʘʯʘʣʝ ʟʦʥʳ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʜʠʘʣʴʥʘʷ 
ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ ʙʫʜʝʪ ʨʘʚʥʘ 
ůĖrmax = 2,29Ā109 ʇʘ, ʘ ʚ ʢʦʥʮʝ ʟʦʥʳ ůĖrmax = 1,57Ā107 ʇʘ. 
ʊʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʪʦʨʮʘ 

ʟʘʨʷʜʘ [17]: 
                                                        

    (8) 
 

ʅʘ ʨʘʩʩʪʦʷʥʠʠ Śn=2 ʦʪ ʟʘʨʷʜʘ, ʪ. ʝ. ʚ ʥʘʯʘʣʝ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜʳ ʚ 
ʢʘʥʘʣ ʩʢʚʘʞʠʥʳ, ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ 
ʙʫʜʝʪ ůŰn = 5,725Ā108 ʇʘ, ʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ Śk = 32,33, ʪ. ʝ. ʦʢʦʥʯʘʥʠʠ 
ʩʤʝʱʝʥʠʷ ʧʦʨʦʜʳ ʚ ʢʘʥʘʣ ʩʢʚʘʞʠʥʳ ůŰk = 4,394Ā106 ʇʘ. 
ʂʦʛʜʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʚʦʣʥʳ ůŰ ʥʘ ʩʪʝʥʢʫ ʩʢʚʘʞʠʥʳ ʙʫʜʝʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠʶ  
ůŰ>ůp  (ʛʜʝ ůp ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ) ʦʙʨʘʟʫʝʪ-
ʩʷ ʪʨʝʱʠʥʘ, ʘ ʧʦʨʦʜʘ ʤʝʞʜʫ ʪʨʝʱʠʥʦʡ ʠ ʩʢʚʘʞʠʥʦʡ ʙʫʜʝʪ ʧʨʝʪʝʨ-
ʧʝʚʘʪʴ ʩʤʝʱʝʥʠʝ ʚ ʧʦʣʦʩʪʴ ʩʢʚʘʞʠʥʳ, ʟʘʧʦʣʥʝʥʥʦʡ ʧʝʥʦʛʝʣʝʚʦʡ 
ʟʘʙʦʡʢʦʡ. 
ʄʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ     ʚ ʩʪʦʨʦʥʫ ʧʦʣʦʩʪʠ ʥʝʟʘ-

ʨʷʞʝʥʥʦʡ ɺɺ ʯʘʩʪʠ ʩʢʚʘʞʠʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ     
ʩʦʩʪʘʚʣʷʶʱʝʡ ůŰ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ: 

 
                                                                . 
 
ʄʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʤʝʱʝʥʠʷ ʤʘʩʩʠʚʘ [17]:  
                                                            

   (9) 
 

 ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʤʘʩʩʠʚʘ ʚ ʨʘʜʠʘʣʴʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʥʘʯʘʣʝ ʟʦʥʳ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʩʦʩʪʘʚʠʪ vri=195,73 ʤ/ʩ, 
ʘ ʚ ʢʦʥʮʝ ʟʦʥʳ vʪn=48,93 ʤ/ʩ.  

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜʳ ʠ ʧʝʥʦʛʝʣʝʚʦʡ 
ʟʘʙʦʡʢʠ ʧʨʠ ʚʟʨʳʚʝ ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ: 1 ï ʟʦʥʘ ʠʥʪʝʥʩʠʚʥʦʡ    
ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ; 2 ï ʧʝʥʦʛʝʣʝʚʘʷ ʟʘʙʦʡʢʘ ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ   
ʩʦʩʪʦʷʥʠʷ; 3 ï ʟʦʥʘ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜʳ ʠʟ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ; 4 ï ʟʘʨʷʜ ɺɺ; 
r0  ï ʨʘʜʠʫʩ ʟʘʨʷʜʘ; r ï ʨʘʜʠʫʩ ʟʦʥʳ ʩʤʷʪʠʷ; R ï ʨʘʜʠʫʩ ʟʦʥʳ ʪʨʝʱʠʥʦʦʙ-
ʨʘʟʦʚʘʥʠʷ; ům, ůrk, ůŰn, ůŰk, ï ʨʘʜʠʘʣʴʥʳʝ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶ-
ʱʠʝ ʚʦʣʥʳ ʩʞʘʪʠʷ ʚ ʥʘʯʘʣʝ ʠ ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ; 
lʧʛʟʘʙ ï ʜʣʠʥʘ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʠ; v1 ï ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ 
ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ; v2 ï ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʧʝʥʦʛʝʣʝʚʦʡ 
ʟʘʙʦʡʢʠ 

ʋʙʚʤʡʯʙ 3 
ʈʩʧʪʫʩʙʦʪʫʛʞʦʦʧ-ʛʩʞʥʞʦʦʴʞ ʨʧʣʙʠʙʫʞʤʡ ʨʞʦʧʜʞʤʸ 

 ́
ʨ/ʨ 
ʈʤʧʫʦʧʪʫʵ ɟ0, 
ʢʛ/ʤ3 

ʅʙʣʪʡʥʙʤʵʦʙʸ 
ʪʣʧʩʧʪʫʵ ʪʥʞʲʞʦʡʸ 

v2ā103, ʤ/ʩ 

ɹʣʬʪʫʡʰʞʪʣʙʸ 
ʟʹʪʫʣʧʪʫʵ 

Aā10-4, ʢʛ/ʤ3Āʤ/ʩ 

ɻʩʞʥʸ 
ʪʟʙʫʡʸ 
tʩʞĀ10

-9, c 
1. 520,6 2,01 4,45 1,84 
2. 420,7 2,23 3,91 1,62 
3. 320,8 2,56 3,28 1,36 
4. 220,9 3,09 2,49 1,03 

ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʝʡ ʩʤʝʱʝʥʠʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʦʨʦʜʳ ʩʢʚʘʞʠʥʥʳʤ ʟʘʨʷʜʦʤ ʩ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʦʡ: ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ ï ʧʦ ʣʦʛʘʨʠʬ-
ʤʠʯʝʩʢʦʡ ʰʢʘʣʝ; 1 ï ʚ ʧʦʨʦʜʝ; 2 ï ʚ ʟʘʙʦʡʢʝ ʠʟ ʙʫʨʦʚʦʡ ʤʝʣʦʯʠ; 3, 4, 5, 6 ï ʚ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʸ ʧʣʦʪʥʦʩʪʠ 
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KONCHILIK ISHLARI 

ɸʥʘʣʦʛʠʯʥʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʤʘʩʩʠʚʘ ʚ 
ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʥʘʯʘʣʝ ʟʦʥʳ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʩʦʩʪʘ-
ʚʠʣʘ vrk = 1,5 ʤ/ʩ, ʘ ʚ ʢʦʥʮʝ ʟʦʥʳ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ vrk = 0ʙ376 ʤ/ʩ. 
ʄʘʢʩʠʤʘʣʴʥʫʶ ʤʘʩʩʦʚʫʶ ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ ʚ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʝ 

ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʢʘʢ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʨʝʜʝ, 
ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʠʪʩʷ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʜʫʭʘ, ʞʠʜʢʦʩʪʠ ʠ 
ʪʚʸʨʜʦʛʦ ʚ ʚʠʜʝ ʩʢʝʣʝʪʘ ʠʟ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʡ ʩʤʦʣʳ, ʦʧʨʝʜʝʣʝʥʦ 
ʧʦ ʬʦʨʤʫʣʝ ʄ.ɻ. ʃʷʭʦʚʘ [14-16 ]: 

 
 
 
 

(10) 
ʛʜʝ Pʩʨ ï ʩʨʝʜʥʝʝ ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ:  

 
(11) 

 
ʉʨʝʜʥʝʝ ʥʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʫʯʠʪʳʚʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ Pʩʨ = 2,837Ā109 ʇʘ. 
ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʘ ʛʨʘʥʠʮʝ «ɺɺ-ʟʘʙʦʡʢʘ» ʧʫʟʳ-

ʨʸʢ ʧʝʥʦʛʝʣʷ ʩʞʠʤʘʝʪʩʷ ʟʘ ʚʨʝʤʷ [15]: 
 
 
 

(12) 
 
 

ʛʜʝ Rʇ ï ʨʘʜʠʫʩ ʧʫʟʳʨʴʢʘ (Rʇ = 0,0005 ʤ);   
ɸ ï ʘʢʫʩʪʠʯʝʩʢʘʷ ʞʸʩʪʢʦʩʪʴ ʧʝʥʦʛʝʣʷ, ʢʛ/ʤ3Ŀʤ/ʩ. 
ʂʦʣʠʯʝʩʪʚʦ ʧʫʟʳʨʴʢʦʚ ʚ ʩʞʠʤʘʝʤʦʤ ʦʙʲʸʤʝ ʧʝʥʦʛʝʣʷ ʩʦʩʪʘʚʠ-

ʣʦ                                          ʰʪ., ʪʦʛʜʘ ʚʨʝʤʷ ʩʞʘʪʠʷ ʧʝʥʦʛʝʣʷ, ʪʦʨ-
ʤʦʟʷʱʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʦ ʢʘʥʘʣʫ ʩʢʚʘʞʠʥʳ 
ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ: 

ʈʠʩ. 3. ʉʭʝʤʘ ʟʘʧʠʨʘʥʠʷ ʢʘʥʘʣʘ ʩʢʚʘʞʠʥʳ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʨʦʜʦʡ ʧʨʠ 
ʚʟʨʳʚʝ ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ: 1 ï ʟʦʥʘ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ; 
2 ï ʧʝʥʦʛʝʣʝʚʘʷ ʟʘʙʦʡʢʘ ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ; 3 ï ʟʦʥʘ 
ʟʘʧʠʨʘʥʠʷ ʩʢʚʘʞʠʥʳ; 4 ï ʟʘʨʷʜ ɺɺ; 5 ï ʧʝʥʦʛʝʣʴ, ʚʳʜʘʚʣʝʥʥʳʡ ʠʟ ʫʩʪʴʷ 
ʩʢʚʘʞʠʥʳ; r0  ï ʨʘʜʠʫʩ ʟʘʨʷʜʘ; R ï ʨʘʜʠʫʩ ʟʦʥʳ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ;    
h0 ï ʚʳʩʦʪʘ ʩʞʘʪʠʷ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʠ; h1 ï ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʛʨʘʥʠʮʳ 
ʟʘʧʠʨʘʥʠʷ; Sn ï ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʜʳ ʧʨʠ ʚʳʨʘʚʥʠʚʘʥʠʠ ʩʢʦʨʦʩʪʝʡ; 
Sk ï ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʜʳ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ 

                                                               .  
ɸʢʫʩʪʠʯʝʩʢʘʷ ʞʸʩʪʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʚʨʝʤʷ ʩʞʘʪʠʷ ʧʝʥʦʛʝʣʷ, ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʸʤʥʦʛʦ 
ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ [15]: 

 
 
 

(13) 
 
 

ʆʩʥʦʚʥʳʝ ʨʘʩʯʸʪʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʧʝʥʦʛʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʛʦ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3. 
ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʧʦʜ-

ʯʠʥʷʶʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ [13, 18, 19]. ʇʦʩʢʦʣʴʢʫ ʜʘʚʣʝ-
ʥʠʝ (ʥʘʧʨʷʞʝʥʠʝ) ʠ ʤʘʩʩʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 
ʯʝʨʝʟ ʘʢʫʩʪʠʯʝʩʢʫʶ ʞʸʩʪʢʦʩʪʴ ʩʨʝʜʳ, ʪʦ ʦʥʠ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʟʘʢʦʥʫ 
ʦʜʥʦʛʦ ʚʠʜʘ [20]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʤʘʩʩʦʚʦʡ ʩʢʦʨʦʩʪʠ 
ʚ ʧʦʨʦʜʝ ʠ ʧʝʥʦʛʝʣʝ, ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

 
 .                                       

 (14) 
 

ʛʜʝ vrnimax ï ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʚ ʧʦʨʦʜʝ ʠ ʧʝʥʦ-
ʛʝʣʝ, ʤ/ʩ; 

t, tmax ï ʚʨʝʤʷ ʠ ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʩʢʦʨʦʩʪʠ ʜʦ ʤʘʢʩʠʤʫʤʘ, ʩ. 
ɺʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʤʘʩʩʦʚʦʡ ʩʢʦʨʦʩʪʠ ʜʦ ʤʘʢʩʠʤʫʤʘ ʦʧʨʝʜʝʣʝʥʦ 

ʩʫʤʤʦʡ ʚʨʝʤʝʥʠ ʜʝʪʦʥʘʮʠʠ tʜ ʟʘʨʷʜʘ ɺɺ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 2,415 
ʤʩ, ʠ ʥʘʭʦʜʠʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥʳ ʟʘʨʷʜʘ lʟʘʨ ʢ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘ-
ʮʠʠ D ʠ ʚʨʝʤʝʥʠ ʩʞʘʪʠʷ ʧʝʥʦʛʝʣʷ tcc. 
ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʜʳ ʠ 

ʧʝʥʦʛʝʣʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʪʥʦʩʪʠ ʧʦʣʫʯʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʸʪʘ 
ʧʦ ʧʨʦʛʨʘʤʤʝ Mathcad ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2. 
ɸʥʘʣʠʟ ʛʨʘʬʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʚʨʝʤʷ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʝʥʦʛʝʣʷ ʦʪ 2 ʜʦ 3 ʪʳʩ. ʤ/ʩ ʧʨʠ 
ʫʤʝʥʴʰʝʥʠʠ ʝʛʦ ʧʣʦʪʥʦʩʪʠ ʩ 520 ʜʦ 220 ʢʛ/ʤ3 ʠ ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʠ 
ʝʛʦ ʩʤʝʱʝʥʠʷ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʛʨʘʬʠʢʦʤ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ   
ʯʘʩʪʠʮ ʧʦʨʦʜʳ, ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,021-0,023 ʩ. 
ɺʨʝʤʷ ʟʘʧʠʨʘʥʠʷ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʨʦʜʦʡ, ʩʤʝʱʝʥʥʦʡ ʚ ʢʘʥʘʣ 

ʩʢʚʘʞʠʥʳ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʜʳ ʜʦ 
ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ 1-5 ʤ/ʩ, ʩʦʩʪʘʚʠʣʦ 0,02-0,025 ʩ. ɺ ʵʪʦʪ ʠʥʪʝʨ-
ʚʘʣ ʚʨʝʤʝʥʠ ʧʨʠ ʧʘʜʝʥʠʠ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʦʙʨʘʟʫʶʱʫʶ ʩʢʚʘ-
ʞʠʥʳ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ůŰ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝ-
ʥʠʶ ʚ ʩʣʦʝ ʧʦʨʦʜʳ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʩʪʝʥʢʝ ʩʢʚʘʞʠʥʳ ʩʣʦʞʥʦʛʦ 
ʩʢʦʣʴʟʷʱʝʛʦ ʚʦʣʥʦʚʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʝʥʢʠ ʠʩʧʳʪʳʚʘʝʪ 
ʩʤʝʱʝʥʠʝ [15]: 

 
 

                                                                  (16) 
 
 
ʛʜʝ, tʟʘʧ ï ʚʨʝʤʷ ʟʘʧʠʨʘʥʠʷ ʢʘʥʘʣʘ ʩʢʚʘʞʠʥʳ ʧʦʨʦʜʦʡ, ʩ. 
ʉʤʝʱʝʥʠʝ ʧʦʨʦʜʳ ʚ ʢʘʥʘʣ ʩʢʚʘʞʠʥʳ ʚ ʥʘʯʘʣʝ ʟʦʥʳ ʪʨʝʱʠʥʦʚʘ-

ʪʦʩʪʠ ʩʦʩʪʘʚʠʣʦ Sn = 0,127 ʤ, ʘ ʚ ʢʦʥʮʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ Sk = 0,055 ʤ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʟʘʧʠʨʘʥʠʷ ʢʘʥʘʣʘ ʩʢʚʘʞʠ-

ʥʳ ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʨʦʜʦʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ 
ɺɺ 1 ʟʘ ʬʨʦʥʪʦʤ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ ʯʘʩʪʠʮʳ ʧʦʨʦʜʳ ʩ ʤʘʩʩʦʚʦʡ 
ʩʢʦʨʦʩʪʴʶ vrn ʠ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʠ ʩ ʤʘʩʩʦʚʦʡ ʩʢʦʨʦʩʪʴʶ v2, ʧʨʠ-
ʜʫʪ ʚ ʜʚʠʞʝʥʠʝ (ʨʠʩ. 3). ʇʦʩʣʝ ʩʞʘʪʠʷ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʠ ʥʘ 
ʚʳʩʦʪʫ h0 ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʧʦʨʦʜʳ ʠ ʧʝʥʦʛʝʣʷ ʚʳʨʘʚʥʠʚʘʶʪʩʷ 
(ʨʠʩ. 2 ʙ) ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʘʥʛʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʦʣʥʳ 
ʥʘʧʨʷʞʝʥʠʡ ʠ ʩʢʦʨʦʩʪʠ ʩʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʜʳ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ, ʨʘʟʨʫʰʝʥʥʘʷ ʧʦʨʦʜʘ ʠʟ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ, ʩʤʝʱʘʝʪʩʷ 
ʥʘ ʚʝʣʠʯʠʥʫ Sn ʚʜʦʣʴ ʦʩʠ ʢ ʮʝʥʪʨʫ, ʧʝʨʝʢʨʳʚʘʷ ʢʘʥʘʣ. ʇʦ ʤʝʨʝ 
ʟʘʪʫʭʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʩʤʝʱʝʥʠʡ ʜʦ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ 1-5 ʤ/ʩ ʥʘ 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʨʘʩʩʪʦʷʥʠʠ h1 ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ «ɺɺ-ʟʘʙʦʡʢʘ», ʩʤʝʱʝʥʠʷ ʧʦʨʦʜʳ 
ʚ ʢʘʥʘʣ ʩʢʚʘʞʠʥʳ ʫʤʝʥʴʰʘʪʩʷ ʜʦ ʚʝʣʠʯʠʥʳ Sk. ʉʤʝʱʝʥʠʝ ʨʘʟʨʫ-
ʰʝʥʥʦʡ ʧʦʨʦʜʳ ʚ ʢʘʥʘʣ ʩʢʚʘʞʠʥʳ ʦʙʝʩʧʝʯʠʪ ʚʳʜʘʚʣʠʚʘʥʠʝ ʚʝʨʭ-
ʥʝʡ ʯʘʩʪʠ 5 ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʠ 2 ʠʟ ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ. ʕʪʘ ʯʘʩʪʴ 
ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʠ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʩ ʧʳʣʝʛʘʟʦʚʳʤ 
ʦʙʣʘʢʦʤ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʘʛʫʣʷʮʠʠ ʧʳʣʠ. 
ɿʘʢʣʶʯʝʥʠʝ. 
 ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʥʦʛʝʣʝʚʦʡ ʟʘʙʦʡʢʠ ʵʬʬʝʢʪʠʚ-

ʥʦʡ ʷʚʣʷʝʪʩʷ ʪʨʝʭʬʘʟʥʘʷ ʧʝʥʦʛʝʣʝʚʘʷ ʟʘʙʦʡʢʘ ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝ-
ʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʚʩʧʝʥʝʥʥʳʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ 
ʛʝʣʝʦʙʨʘʟʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠ ʢʦʤʧʦʟʠʪʥʫʶ ʜʦʙʘʚʢʫ, ʢʦʪʦʨʘʷ ʧʨʠ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʠ ʩ ʢʦʘʛʫʣʷʪʦʨʦʤ-ʦʪʚʝʨʜʠʪʝʣʝʤ ʦʙʨʘʟʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʞʸʩʪʢʠʝ ʩʪʝʥʢʠ ʧʫʟʳʨʴʢʦʚ. 

 ʇʣʦʪʥʦʩʪʴ ʧʝʥʦʛʝʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʘ ʩʯʸʪ 
ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʸʤʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ 

ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 220 ʜʦ 520 ʢʛ/ʤ3, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʸ 
ʚʦʣʥʳ ʩʞʘʪʠʷ ʦʧʨʝʜʝʣʷʝʪ ʤʘʩʩʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ 3000 ʜʦ 2000 ʤ/ʩ.  
ʇʨʠʯʸʤ ʚʨʝʤʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʩʤʝʱʝʥʠʡ ʯʘʩʪʠʮ 

ʤʘʩʩʠʚʘ ʠ ʧʝʥʦʛʝʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 
0,022 ʩ. 

 ɺʨʝʤʷ ʟʘʧʠʨʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ ʚ ʟʘʨʷʜʥʦʡ ʢʘʤʝʨʝ ʚ 
ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʣʦʪʥʦʩʪʠ ʧʝʥʦʛʝʣʷ ʩʦʩʪʘʚʣʷʝʪ 0,025-
0,030 ʩ, ʯʪʦ ʚ 3-5 ʨʘʟ ʙʦʣʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʙʦʡʢʦʡ ʠʟ ʙʫʨʦʚʦʡ 
ʤʝʣʦʯʠ. 

 ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʝʥʦʛʝʣʷ ʧʝʨʝʤʝʥʥʦʛʦ ʘʛʨʝʛʘʪʥʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ 
ʟʘʧʦʣʥʝʥʠʠ 0,75 lʟʘʙ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʟʘʨʷʞʝʥʥʦʡ ʚʟʨʳʚʯʘʪʳʤ ʚʝʱʝ-
ʩʪʚʦʤ ʯʘʩʪʠ ʩʢʚʘʞʠʥʳ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʫʩʣʦʚʠʷ ʧʝʨʝʞʘʪʠʷ ʢʘʥʘʣʘ 
ʨʘʟʨʫʰʝʥʥʦʡ ʧʦʨʦʜʦʡ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʩʪʝʥʢʝ ʩʢʚʘʞʠʥʳ. 

ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ ʩʧʠʩʦʢ: 
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KONCHILIK ISHLARI 

ʀʙʡʩʧʛʙ ʍ.ʗ., 
ʠʥʞʝʥʝʨ 

ɼʝʧʘʨʪʘʤʝʥʪʘ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 
ʨʘʟʚʠʪʠʷ ɸʆ «ʅɻʄʂ», PhD 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʨʳʚʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷ-
ʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥʥʦʡ ʩʝʪʠ ʚ ʤʘʩʩʠʚʝ, 
ʚʦʟʥʠʢʘʶʱʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʫʜʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 
ʵʥʝʨʛʠʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ (ɺɺ). ʍʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʦʛʦ 
ʤʘʩʩʠʚʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ, 
ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʩʪʨʫʢʪʫʨʫ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʥʘ 
ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ [1]. 
ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʚʟʨʳʚʘ ʦʙʫʩʣʦʚʣʝʥ ʩʣʦʞʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, 
ʚʢʣʶʯʘʶʱʠʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʜʝʬʦʨʤʘʮʠʶ ʩʨʝʜʳ 
ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʨʝʜʩʫʱʝʩʪʚʫʶʱʠʤʠ ʪʨʝʱʠʥʘʤʠ. ʀʟʤʝʥʝʥʠʝ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʧʨʠʚʦʜʠʪ ʢ ʚʘʨʴʠʨʦʚʘʥʠʶ ʨʘʟʤʝ-
ʨʦʚ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ ʪʨʝʱʠʥʥʦʡ ʩʝʪʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝ-
ʣʷʝʪ ʩʪʝʧʝʥʴ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʳʭ ʟʘʢʦ-
ʥʦʤʝʨʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʟʨʳʚ-
ʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʧʪʠʤʘʣʴʥʘʷ       
ʩʪʝʧʝʥʴ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ. 
ʇʨʦʮʝʩʩʳ ʚʟʨʳʚʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ 
ʢʘʢ ʩʦʩʪʘʚ ʤʘʩʩʠʚʘ, ʧʘʨʘʤʝʪʨʳ ʟʘʨʷʜʘ ʠ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ.      
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʜʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ɺɺ ʧʨʦʠʩʭʦʜʷʪ 
ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʭʘʥʠʟʤʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʝʪʦʥʘʮʠ-
ʦʥʥʦʡ ʚʦʣʥʳ ʩ ʛʦʨʥʦʡ ʧʦʨʦʜʦʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʨʦʙʣʝʥʠʷ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ.  

ʕʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʶʯʝʚʫʶ ʦʩʥʦʚʫ ʜʣʷ 
ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʜʨʦʙʣʝʥʠʝʤ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ 
ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ, ʛʜʝ ʨʘʟʤʝʨʳ ʤʘʩʩʠʚʦʚ ʠ ʩʣʦʞʥʦʩʪʴ ʠʭ ʩʪʨʫʢʪʫʨ 
ʪʨʝʙʫʶʪ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ. 
ʇʨʠ ʜʝʪʦʥʘʮʠʠ ʟʘʨʷʜʘ ɺɺ ʛʝʥʝʨʠʨʫʶʪʩʷ ʫʜʘʨʥʳʝ ʚʦʣʥʳ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚʳʟʳʚʘʷ ʝʛʦ 
ʨʘʟʨʫʰʝʥʠʝ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʟʨʳʚʥʦʡ ʵʥʝʨʛʠʠ ʩ 
ʧʦʨʦʜʦʡ [2]: 
ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʳ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ ʟʘʨʷʜʘ; 
ï ʧʝʨʝʭʦʜ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʫʧʨʫʛʫʶ ʠ ʧʣʘʩʪʠʯʝʩʢʫʶ ʟʦʥʳ; 
ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʝʱʠʥ ʚ ʟʦʥʝ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʠ ʜʨʦʙʣʝʥʠʷ. 
ɺʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʫʚʝʣʠʯʠʚʘʶʪ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʨʦʥʠʢʥʦ-
ʚʝʥʠʶ ʵʥʝʨʛʠʠ ʚ ʤʘʩʩʠʚ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʜʨʦʙʣʝʥʠʷ. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʟʦʥʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ ʜʝʣʠʪʩʷ ʥʘ ʟʦʥʫ ʜʨʦʙ-

ʣʝʥʠʷ (ʦʙʣʘʩʪʴ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʱʘʷ ʢ ʟʘʨʷʜʫ, ʛʜʝ ʧʦʨʦʜʘ 
ʨʘʟʨʫʰʘʝʪʩʷ ʥʘ ʤʝʣʢʠʝ ʬʨʘʛʤʝʥʪʳ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʚʳʩʦʢʠʭ ʥʘʧʨʷ-
ʞʝʥʠʡ) ʠ ʟʦʥʫ ʨʘʟʫʧʨʦʯʥʝʥʠʷ (ʦʙʣʘʩʪʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʟʦʥʳ ʜʨʦʙʣʝ-
ʥʠʷ, ʛʜʝ ʦʙʨʘʟʫʶʪʩʷ ʪʨʝʱʠʥʳ, ʩʥʠʞʘʶʱʠʝ ʧʨʦʯʥʦʩʪʴ ʤʘʩʩʠʚʘ).   
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʜʠʫʩ ʦʙʝ-
ʠʭ ʟʦʥ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʬʨʘʛʤʝʥʪʘʮʠʶ ʤʘʩʩʠʚʘ. ʌʨʘʛʤʝʥʪʘʮʠʷ ʛʦʨʥʦʡ 
ʤʘʩʩʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʨʦʜʫʢʪʦʚ 
ʜʨʦʙʣʝʥʠʷ. ʇʨʠ ʚʳʩʦʢʠʭ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶ-
ʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ:  
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Maqolada portlash taôsirining intensivligi oózgarganda, tosh massividagi yoriqlarni hosil qilish xususiyatlari koórib chiqilgan. Portlash 
moddalarining birlikdagi sarfi, zaryadlar orasidagi masofa koeffitsienti, portlash toólqini dinamik xususiyatlari va zaryadlar geometriyasi 
taôsirida buzilish rejimlari tahlil qilingan. Super-yanchish mexanizmi va kvazistatik buzilish rejimiga oótish alohida eôtibor qaratilgan. 
Chuqur karyerlarning murakkab geologiyasi sharoitida portlatish parametrlarini optimallashtirish boóyicha tavsiyalar keltirilgan. Portlash 
intensivligi va ishga tushirish rejimini toógóri nazorat qilish, maydalash samaradorligini oshirish, energiya xarajatlarini minimallashtirish va 
massivni keyingi qayta ishlashga tayyorlashni yaxshilash imkonini berishi koórsatilgan. 
Kalit soózlar: portlash taôsiri, yoriqlarni hosil qilish, togó jinslari, super-yanchish, portlash moddalarining birlikdagi sarfi, zaryadlar 

orasidagi masofa koeffitsienti, buzilish dinamikasi, kvazistatik rejim, maydalash samaradorligi, chuqur karyerlar. 
 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʟʨʳʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʙʣʠʞʝʥʠʷ 
ʟʘʨʷʜʦʚ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ ʠ ʛʝʦʤʝʪʨʠʠ ʟʘʨʷʜʦʚ ʥʘ ʨʝʞʠʤʳ ʨʘʟʨʫʰʝʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ   
ʫʜʝʣʝʥʦ ʤʝʭʘʥʠʟʤʫ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ ʠ ʧʝʨʝʭʦʜʫ ʢ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʝʞʠʤʫ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 
ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʥʦʡ ʛʝʦʣʦʛʠʠ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʤʦʪʥʦʝ 
ʫʧʨʘʚʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʟʨʳʚʘ ʠ ʨʝʞʠʤʦʤ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ, ʤʠʥʠʤʠʟʠ-
ʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʠ ʫʣʫʯʰʠʪʴ ʧʦʜʛʦʪʦʚʢʫ ʤʘʩʩʠʚʘ ʢ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʝ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʟʨʳʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ, ʩʫʧʝʨʜʨʦʙʣʝʥʠʝ, ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʙʣʠʞʝʥʠʷ ʟʘʨʷʜʦʚ, ʜʠʥʘʤʠʢʘ ʨʘʟʨʫʰʝʥʠʷ, ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ, ʛʣʫʙʦʢʠʝ 
ʢʘʨʴʝʨʳ. 
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ɼʇʉʆʔʎ ʈʇʉʇɽ 
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ï ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʝʣʢʦʬʨʘʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; 
ï ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʢʫʩʢʦʚ; 
ï ʧʦʚʳʰʝʥʠʝ ʦʜʥʦʨʦʜʥʦʩʪʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 
ʊʘʢʞʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʩʩʠʚʘ (ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, 

ʧʣʦʪʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ ʜʨ.) ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʜʨʦʙʣʝʥʠʷ, ʪ.ʝ. ʚ ʪʨʝʱʠʥʦʚʘʪʳʭ ʤʘʩʩʠʚʘʭ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʨʘʩʧʨʝ-
ʜʝʣʷʝʪʩʷ ʧʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʨʘʟʣʦʤʘʤ, ʫʚʝʣʠʯʠʚʘʷ ʟʦʥʫ ʨʘʟʫʧʨʦʯʥʝ-
ʥʠʷ, ʘ ʚ ʧʣʦʪʥʳʭ ʧʦʨʦʜʘʭ ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʵʥʝʨʛʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʜʨʦʙʣʝʥʠʷ. 
ɺʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ. 
ʏʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʫʭʦʜʷ-
ʱʠʭ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʛʝʥʝʨʘʮʠʶ ʪʝʧʣʘ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ 
ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ 
ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʟʘʨʷʜʘ ʠ ʝʛʦ ʨʘʟʤʝʱʝʥʠʝ. 
ʇʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ɺɺ ʵʥʝʨʛʠʷ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ [3]:  
ï ʜʦ 60 %  ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʧʦʨʦʜʳ ʚ ʟʦʥʝ ʜʨʦʙʣʝʥʠʷ; 
ï 30-40 % ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʪʨʝʱʠʥ ʚ ʟʦʥʝ ʨʘʟʫʧʨʦʯʥʝʥʠʷ; 
ï ʦʩʪʘʚʰʘʷʩʷ ʵʥʝʨʛʠʷ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʚʠʜʝ ʪʝʧʣʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʠʙʨʘʮʠʡ. 
ɺʳʩʦʢʘʷ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʠʥʠʮʠʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʨʘʜʠʘʣʴʥʳʭ 

ʠ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʪʨʝʱʠʥ, ʢʦʪʦʨʳʝ ʩʥʠʞʘʶʪ ʧʨʦʯʥʦʩʪʴ ʤʘʩʩʠʚʘ ʠ 
ʦʙʣʝʛʯʘʶʪ ʧʦʩʣʝʜʫʶʱʝʝ ʜʨʦʙʣʝʥʠʝ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʚʟʨʳʚʘʭ ʠʣʠ 
ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʵʥʝʨʛʠʠ ʨʘʜʠʫʩ ʟʦʥʳ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ 
ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʱʠʥ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʧʨʦʭʦʜʠʤʦʩʪʴ ʧʦʨʦʜʳ ʜʣʷ ʛʘʟʦʚ. 
ʋʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʟʘʨʷʜʘ ʧʨʠ ʚʳʩʦʢʠʭ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ɺɺ 
ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʜʠʫʩʘ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʶ ʜʦʣʠ 
ʵʥʝʨʛʠʠ, ʫʭʦʜʷʱʝʡ ʥʘ ʧʝʨʠʬʝʨʠʶ ʤʘʩʩʠʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦ-
ʧʣʦʪʥʳʭ ɺɺ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʥʝʨʛʠʠ ʚ ʟʦʥʝ 
ʜʨʦʙʣʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʙʨʘʮʠʡ 
ʠ ʪʝʧʣʘ. 
ʅʘ ʦʩʥʦʚʝ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ: 
ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʩ ʫʯʸʪʦʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ; 
ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ɺɺ ʜʣʷ ʟʦʥ ʩ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʤʘʩʩʠʚʘ; 
ï ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ 

ʜʨʦʙʣʝʥʠʷ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʜʨʦʙʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʪʴ ʟʦʥʫ ʜʨʦʙʣʝʥʠʷ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ, ʦʮʝʥʠʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʨʘʟʤʝʱʝʥʠʷ ʟʘʨʷʜʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʟʙʳʪʦʯ-
ʥʳʝ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʨʳʚʥʦʛʦ ʜʨʦʙʣʝ-

ʥʠʷ ʠ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʚʳʩʦʢʠʭ ʫʜʝʣʴʥʳʭ ʢʦʥʮʝʥ-
ʪʨʘʮʠʷʭ ʵʥʝʨʛʠʠ ɺɺ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ 
ʫʧʨʘʚʣʝʥʠʷ ʜʨʦʙʣʝʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠ-
ʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʜʨʦʙʣʝʥʠʷ ʠ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ 
ʜʣʷ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʩ ʠʭ ʩʣʦʞʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. 
ʈʘʟʨʫʰʝʥʠʝ ʧʨʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ  

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ: «ʚʟʨʳʚ ï ʜʨʦʙʣʝʥʠʝ ï ʠʟʤʝʣʴʯʝʥʠʝ», 
ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʢʫʩʢʦʚ ʦʪ        
ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʜʦ ʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ. ʅʘ ʟʘʚʝʨʰʘʶʱʠʭ ʩʪʘʜʠʷʭ 
ʧʦʨʦʜʳ ʜʨʦʙʷʪʩʷ ʜʦ ʨʘʟʤʝʨʦʚ ʦʪʜʝʣʴʥʳʭ ʟʸʨʝʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʧʨʦʚʦʜʠʪʴ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʪʠʭ ʦʧʝʨʘ-
ʮʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʚʤʝʱʘʶʱʠʭ 
ʧʦʨʦʜ ʦʪ ʟʝʨʝʥ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ.  
ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʥʝʩʤʦʪʨʷ 

ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ, ʫʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨ-
ʧʘʣʠ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-
ʥʦʩʪʠ ʰʘʨʦʚʳʭ ʠ ʙʝʟʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʠʭ ʢʦʥ-
ʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʇʨʠ ʪʝʢʫʱʝʤ ʫʨʦʚʥʝ ʪʝʭʥʦʣʦʛʠʠ 

ʜʘʣʴʥʝʡʰʝʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝ ʫʣʫʯʰʘʝʪ ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʢʘʯʝʩʪʚʦ 
ʢʦʥʮʝʥʪʨʘʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʦʩʪʨʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ 
ʧʦʠʩʢʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ.   
ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ 

ʜʦʣʠ ʚʟʨʳʚʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ. ɺʟʨʳʚʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʘʚʣʝʥʠʝ ʠ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ 
ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 
ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʯʝ-
ʩʢʦʛʦ ʫʜʘʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʛʥʘʪʴ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʜʦ ʩʢʦʨʦʩʪʝʡ ʚ 
ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ ʚ ʩʝʢʫʥʜʫ, ʯʪʦ ʥʝʜʦʩʪʠʞʠʤʦ ʧʨʠ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʤʘʪʝʨʠʘʣ ʚʟʨʳʚʥʳʭ ʚʦʣʥ 
ʥʘʧʨʷʞʝʥʠʷ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʥʸʤ ʬʦʨʤʠʨʫʶʪʩʷ ʪʨʝʱʠʥʳ ʠ 
ʟʦʥʳ ʥʘʨʫʰʝʥʠʷ ʩʧʣʦʰʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʥʘ ʢʦʥʪʘʢʪʘʭ ʤʝʞʜʫ ʟʸʨʥʘ-
ʤʠ ʧʦʣʝʟʥʦʛʦ ʤʠʥʝʨʘʣʘ ʠ ʧʦʨʦʜʘʤʠ, ʠʭ ʚʤʝʱʘʶʱʠʤʠ.  ɹʣʘʛʦʜʘʨʷ 
ʵʪʦʤʫ ʵʬʬʝʢʪʫ, ʚʟʨʳʚʥʦʝ ʥʘʛʨʫʞʝʥʠʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʜʨʦʙ-
ʣʝʥʠʶ ʢʨʫʧʥʳʭ ʢʫʩʢʦʚ, ʥʦ ʠ ʩʥʠʞʝʥʠʶ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 
ʜʘʣʴʥʝʡʰʝʤʫ ʠʟʤʝʣʴʯʝʥʠʶ. ʕʪʦ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʨʘʟʜʝʣʝʥʠʷ ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʦʯʠʩʪʢʠ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ 
ʢʦʥʮʝʥʪʨʘʪʝ. ʈʘʥʝʝ ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʣʠ 
ʵʪʠ ʵʬʬʝʢʪʳ, ʥʦ ʦʥʠ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʠʟʫʯʝʥʠʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʣʦ-
ʤʦʱʥʳʭ ʚʟʨʳʚʦʚ (ʧʦʨʷʜʢʘ 0,7-1,0 ʢʛ/ʤį ʚʟʨʳʚʯʘʪʦʛʦ ʚʝʱʝʩʪʚʘ).      
ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʤʘʩʩʠʚʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ 
ʚʙʣʠʟʠ ʟʘʨʷʜʘ, ʧʦʜʚʝʨʛʘʣʘʩʴ ʠʥʪʝʥʩʠʚʥʦʤʫ ʜʨʦʙʣʝʥʠʶ. ʕʪʦ ʦʛʨʘ-
ʥʠʯʠʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ 
ʦʮʝʥʢʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʘ.  
ʈʝʞʠʤ ʨʘʟʨʫʰʝʥʠʷ (ʩʫʧʝʨʜʨʦʙʣʝʥʠʝ), ʧʨʠ ʢʦʪʦʨʦʤ ʘʤʧʣʠʪʫʜʘ 

ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪ ʩʪʦʣʴ ʚʳʩʦʢʦʡ ʚʝʣʠʯʠʥʳ, ʯʪʦ ʨʘʟʨʫ-
ʰʝʥʠʝ ʤʘʩʩʠʚʘ ʥʘʯʠʥʘʝʪʩʷ ʝʱʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʚʦʣʥʦʡ ʩʚʦʙʦʜʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ (ʨʠʩ. 1) [1]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 
ʨʘʟʨʳʚʳ ʩʧʣʦʰʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚʦʟʥʠʢʘʶʪ ʚ ʪʦʯʢʘʭ ʤʘʩʩʠʚʘ ʧʨʠ 
ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʘʟʳ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ. 
ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʥʦʞʝʩʪʚʘ ʩʢʨʳʪʳʭ ʤʠʢʨʦʪʨʝʱʠʥ, 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʨʘʜʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʘ 
ʪʘʢʞʝ ʨʘʜʠʘʣʴʥʳʭ ʪʨʝʱʠʥ, ʚʳʟʚʘʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʬʘʟʦʡ 
ʥʘʧʨʷʞʝʥʠʡ.   
ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʨʘʟʨʫʰʝʥʠʷ ʚʠʜʠʤʳʝ ʬʨʘʛʤʝʥʪʳ ʧʦʨʦʜʳ ʥʝ 

ʦʙʨʘʟʫʶʪʩʷ, ʦʜʥʘʢʦ ʤʘʩʩʠʚ ʫʪʨʘʯʠʚʘʝʪ ʩʚʦʶ ʮʝʣʦʩʪʥʦʩʪʴ, ʯʪʦ ʟʥʘ-
ʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʝʛʦ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʨʫʰʝʥʠʶ 
ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠʣʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. ɼʘʥʥʳʡ ʚʠʜ ʨʘʟʨʫʰʝʥʠʡ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʨʠ ʣʶʙʦʤ ʚʟʨʳʚʝ, ʥʦ ʜʣʷ ʝʛʦ 
ʜʦʤʠʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʩʦʙʣʶʜʝʥʠʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 
ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ 
ʟʘʨʷʜʘʤʠ ʠʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʫʜʝʣʴʥʳʭ 
ʨʘʩʭʦʜʦʚ ʵʥʝʨʛʠʠ ɺɺ. ʇʨʠ ʵʪʦʤ ʨʦʣʴ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʦ-
ʚʠʪʩʷ ʤʝʥʝʝ ʟʥʘʯʠʤʦʡ, ʧʦʩʢʦʣʴʢʫ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ 
ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʝʸ ʨʘʟʤʝʨʦʚ.   
ʍʘʨʘʢʪʝʨ ʜʨʦʙʣʝʥʠʷ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʚʝʣʠʯʝʥʠʷ 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ. ʇʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʫʜʝʣʴʥʦʛʦ 

ʈʠʩ. 1. ʈʝʞʠʤ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʚʟʨʳʚʝ ʟʘʨʷʜʘ ɺɺ:          
1 ï ʧʝʨʝʜʥʠʡ ʬʨʦʥʪ ʚʦʣʥʳ  ʥʘʧʨʷʞʝʥʠʡ; 2 ï ʟʘʜʥʠʡ ʬʨʦʥʪ ʚʦʣʥʳ 
ʥʘʧʨʷʞʝʥʠʡ 
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ʨʘʩʭʦʜʘ ʦʩʥʦʚʥʦʡ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥ ʧʝʨʚʳʤ ʨʝʞʠ-
ʤʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʢʨʫʧʥʳʭ ʚʠʜʠʤʳʭ ʬʨʘʛʤʝʥʪʦʚ. ʈʘʟʨʫʰʝʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʪ 
ʟʘ ʩʯʸʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʥ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ.   
ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ ʧʨʦʮʝʩʩ ʜʨʦʙʣʝʥʠʷ   

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʚʙʣʠʟʠ ʟʘʨʷʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʢʫʩʢʦʚ. ʆʜʥʘʢʦ ʩʢʦʨʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʜʠʘʤʝʪ-
ʨʘ ʩʨʝʜʥʝʛʦ ʬʨʘʛʤʝʥʪʘ ʥʘʯʠʥʘʝʪ ʟʘʤʝʜʣʷʪʴʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 
ʯʪʦ ʚ ʜʘʣʴʥʝʡ ʟʦʥʝ, ʫʜʘʣʝʥʥʦʡ ʦʪ ʟʘʨʷʜʘ, ʢʨʫʧʥʳʝ ʬʨʘʢʮʠʠ ʧʨʘʢʪʠ-
ʯʝʩʢʠ ʧʝʨʝʩʪʘʶʪ ʠʟʤʝʥʷʪʴʩʷ ʚ ʨʘʟʤʝʨʝ, ʘ ʫʚʝʣʠʯʝʥʠʝ ʩʚʦʙʦʜʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʢʠʭ ʬʨʘʢʮʠʡ.   
ʅʘ ʨʘʩʩʪʦʷʥʠʷʭ ʩʚʳʰʝ 20 ʜʠʘʤʝʪʨʦʚ ʟʘʨʷʜʘ ʨʘʟʨʫʰʝʥʠʝ     

ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʦʙʱʝʡ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ, ʘ ʥʝ ʟʘ ʩʯʸʪ ʣʦʢʘʣʴʥʦʛʦ 
ʧʠʢʘ ʜʘʚʣʝʥʠʷ. ɿʜʝʩʴ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʧʘʨʘʤʝʪʨʳ 
ʟʘʨʷʜʘ, ʪʘʢʠʝ ʢʘʢ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ, ʘ ʥʝ ʩʢʦʨʦʩʪʴ ʜʝʪʦʥʘʮʠʠ ʠʣʠ 
ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ɺɺ.   
ʇʨʠ ʜʘʣʴʥʝʡʰʠʭ ʫʚʝʣʠʯʝʥʠʷʭ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ ʚ ʧʨʦʮʝʩʩ 

ʨʘʟʨʫʰʝʥʠʷ ʘʢʪʠʚʥʦ ʚʢʣʶʯʘʝʪʩʷ ʦʪʨʘʞʸʥʥʘʷ ʚʦʣʥʘ, ʢʦʪʦʨʘʷ ʩʪʘʥʦ-
ʚʠʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠʚʦ-
ʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʣʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʜʘʞʝ ʚ ʫʜʘʣʸʥʥʳʭ ʟʦʥʘʭ, ʯʪʦ 
ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʫʩʢʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 
ʨʘʚʥʦʤʝʨʥʦʤʫ ʜʨʦʙʣʝʥʠʶ ʤʘʩʩʠʚʘ.   
ʇʝʨʝʭʦʜ ʦʪ ʤʠʥʠʤʘʣʴʥʳʭ ʢ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʷʤ ʫʜʝʣʴʥʦʛʦ 

ʨʘʩʭʦʜʘ ɺɺ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʤʝʭʘ-
ʥʠʟʤʘʭ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ. ʅʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʚʠʜʠʤʳʭ 
ʬʨʘʛʤʝʥʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ 
ʦʢʘʟʳʚʘʶʪ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠ ʦʪʨʘʞʸʥʥʳʝ ʚʦʣʥʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ  
ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʘʞʥʦʩʪʴ ʪʦʥʢʦʡ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʥʦʛʦ 
ʥʘʛʨʫʞʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʨʦʙʣʝ-

ʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ.     
ʇʨʠ ʥʝʙʦʣʴʰʠʭ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ɺɺ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ ʥʘ 
ʤʘʩʩʠʚ ʧʦʨʦʜʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, 
ʢʦʪʦʨʘʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʨʘʚʥʦʝ ʧʨʠʤʝʨʥʦ 2-3 ʜʠʘ-
ʤʝʪʨʘʤ ʟʘʨʷʜʘ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʟʘʨʷʜʘ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʧʝʨʝʭʦ-
ʜʠʪ ʚ ʚʦʣʥʫ ʥʘʧʨʷʞʝʥʠʡ. ʅʘ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʩʚʦʙʦʜ-
ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʘʞʸʥʥʘʷ ʚʦʣʥʘ ʨʘʩʪʷʞʝʥʠʷ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʝʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʪʨʝʱʠʥ ʦʪʢʦʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʣʠʷʥʠʝ ʪʘʢʠʭ ʚʦʣʥ ʥʘ ʨʘʟʨʫʰʝʥʠʝ 
ʤʘʩʩʠʚʘ ʦʢʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ.   
ʂʦʛʜʘ ʦʪʨʘʞʸʥʥʘʷ ʦʪ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʥʘ ʚʦʟʚʨʘʱʘ-

ʝʪʩʷ ʢ ʟʘʨʷʜʫ, ʩʪʝʥʢʠ ʚʟʨʳʚʥʦʡ ʢʘʤʝʨʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʧʝʨʝʜ, 
ʩʦʟʜʘʚʘʷ ʥʦʚʫʶ ʚʦʣʥʫ ʩʞʘʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʢ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭ-
ʥʦʩʪʠ. ʕʪʦ ʮʠʢʣʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 
ʧʘʨʳ ʚʦʣʥ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ, ʚʳʟʳʚʘʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 
ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʦʨʦʜʳ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ  ʟʥʘʯʝʥʠʷ. 
ʇʦʨʦʜʘ ʨʘʟʨʫʰʘʝʪʩʷ ʠʟ-ʟʘ ʦʙʲʸʤʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʨʘʜʠʘʣʴʥʳʭ 
ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʪ ʟʘʨʷʜʘ, ʚʳʟʚʘʥʥʦʛʦ ʜʝʡʩʪʚʠʝʤ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ 
ʥʘʧʨʷʞʝʥʠʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʪʥʦʩʠʪʩʷ ʢ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ ʢʚʘʟʠʩʪʘ-
ʮʠʦʥʘʨʥʦʤʫ ʨʝʞʠʤʫ ʨʘʟʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ  ʭʘʨʘʢ-
ʪʝʨʥʳʭ ʧʨʠʟʥʘʢʦʚ [1]:   

1. ɿʘʜʝʨʞʢʘ ʥʘʯʘʣʘ ʨʘʟʨʫʰʝʥʠʷ ï ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ 
ʥʘʯʠʥʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʟʞʝ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʜʚʦʡʥʦʛʦ 
ʧʨʦʙʝʛʘ ʚʦʣʥʦʡ ʧʨʦʜʦʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʟʘʨʷʜʘ ʜʦ ʩʚʦʙʦʜʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʦʙʨʘʪʥʦ.  

2. ʅʘʧʨʘʚʣʝʥʠʝ ʪʨʝʱʠʥ ï ʪʨʝʱʠʥʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʤʘʩʩʠʚʝ, 
ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʦ ʨʘʜʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʪ ʮʝʥʪʨʘ ʟʘʨʷʜʘ 
ʢ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.   

4. ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʫʩʢʦʚ ï ʨʘʟʤʝʨʳ ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʫʩʢʦʚ 
ʧʦʨʦʜʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʟʘʨʷʜʘ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 
ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʫʜʘʣʝʥʥʳʭ ʟʦʥʘʭ ʤʘʩ-
ʩʠʚʘ (ʨʠʩ. 2).   
ʅʘ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʨʪʠʥʘ   

ʨʘʟʨʫʰʝʥʠʷ ʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʣʥ ʨʘʩʪʷʞʝʥʠʷ. 
ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʪʢʦʣʴʥʳʝ ʷʚʣʝʥʠʷ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʦ-
ʮʝʩʩʝ ʜʨʦʙʣʝʥʠʷ ʧʦʨʦʜʳ. ʕʪʦʪ ʨʝʞʠʤ ʥʘʟʳʚʘʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ 
ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ:   

1. ʄʛʥʦʚʝʥʥʦʝ ʥʘʯʘʣʦ ʨʘʟʨʫʰʝʥʠʷ ʥʘʯʠʥʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 
ʩʨʘʟʫ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʦʣʥʘ ʥʘʧʨʷʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪ ʩʚʦʙʦʜʥʦʡ   
ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʘʧʨʷʞʝʥʠʡ ʚ 
ʟʦʥʝ ʦʪʢʦʣʘ.   

2. ʊʨʝʱʠʥʳ ʦʪ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʝʨʧʝʥʜʠ-
ʢʫʣʷʨʥʦ ʨʘʜʠʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ 
ʭʘʨʘʢʪʝʨʘ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ.   

4. ʈʘʟʤʝʨʳ ʬʨʘʛʤʝʥʪʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʠʥʠʤʘʣʴʥʳ ʚʙʣʠʟʠ 
ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʟʘʨʷʜʫ, 
ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʫʙʳʚʘʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʢʦʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ 
ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 3).   
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʤʘʩʩʠʚʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʚʟʨʳʚʥʦʡ ʥʘʛʨʫʟʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, 
ʚʢʣʶʯʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʟʨʳʚʘ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʵʪʠʭ ʫʩʣʦʚʠʡ ʨʝʞʠʤʳ ʨʘʟʨʫʰʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʦʪ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ 
ʢ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤʫ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ 
ʯʝʨʪʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠ-
ʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʟʨʳʚʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ  
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʧʦʩʣʝʜʫʶ-
ʱʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʧʦʨʦʜ. ɼʘʥʥʳʝ ʨʝʞʠʤʳ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ 
ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʟʥʘʯʠ-
ʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʷʪ ʦʪ ʝʸ ʨʘʟʤʝʨʦʚ ʠ ʩʦʩʪʦʷʥʠʷ. 

ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ Ὠὧὴ = Ὢ(ή) ʠʣʣʶʩʪʨʠʨʫʝʪ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜ-
ʥʝʛʦ ʜʠʘʤʝʪʨʘ ʢʫʩʢʦʚ Ὠὧὴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ ή. 
ʅʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ Ὠὧὴ = Ὢ(ή) ʟʘʤʝʪʝʥ ʭʘʨʘʢʪʝʨʥʳʡ ʧʝʨʝʛʠʙ 
(ʧʦʨʦʛ), ʦʪʨʘʞʘʶʱʠʡ ʩʤʝʥʫ ʜʦʤʠʥʠʨʫʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʟʨʫʰʝʥʠʷ. 

ʈʠʩ. 2. ʂʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 
ʚʟʨʳʚʝ ʟʘʨʷʜʘ ɺɺ 

ʈʠʩ. 3. ʅʝʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ 
ʚʟʨʳʚʝ ʟʘʨʷʜʘ ɺɺ 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʵʪʦʛʦ ʧʦʨʦʛʘ ʚʪʦʨʦʡ ʨʝʞʠʤ ʨʘʟʨʫʰʝʥʠʷ ʥʘʯʠʥʘʝʪ 
ʠʛʨʘʪʴ ʦʩʥʦʚʥʫʶ ʨʦʣʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʨʝʩʤʦʪʨʘ 
ʤʝʪʦʜʦʚ ʜʦʩʪʠʞʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʜʨʦʙʣʝʥʠʷ. 
ʈʝʞʠʤ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʣʠʯʠʷ 

ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʜʘʞʝ ʧʨʠ ʢʘʤʫʬʣʝʪ-
ʥʳʭ ʚʟʨʳʚʘʭ, ʢʦʛʜʘ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʜʘʝʪʩʷ ʤʘʩʩʠʚʫ. 
ʈʘʟʤʝʨ ʟʦʥʳ ʜʨʦʙʣʝʥʠʷ ʚ ʵʪʦʤ ʨʝʞʠʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʤʧʣʠʪʫʜʦʡ 
ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʩʪʝʥʢʠ 
ʚʟʨʳʚʥʦʡ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʦʪ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ɺɺ.   
ʈʝʞʠʤ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʫʩʣʦʚʠʡ ʚʳʩʦʢʦʡ ʵʥʝʨ-

ʛʦʥʘʩʳʱʝʥʥʦʩʪʠ ʤʘʩʩʠʚʘ, ʢʦʛʜʘ ʚʦʟʜʝʡʩʪʚʠʝ ʚʟʨʳʚʘ ʚʳʟʳʚʘʝʪ 
ʛʣʫʙʦʢʦʝ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʦʨʦʜʫ. ʉʫʧʝʨʜʨʦʙʣʝ-
ʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʥʘʨʫʰʝʥʠʝʤ 
ʩʧʣʦʰʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʩʝʤ ʦʙʲʸʤʝ ʤʘʩʩʠʚʘ, ʩʥʠʞʘʷ ʝʛʦ ʧʨʦʯ-
ʥʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʨʫʰʝʥʠʶ.  ʇʨʠ ʵʪʦʤ 
ʨʘʟʨʫʰʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʸʪ ʚʥʫʪʨʝʥʥʝʛʦ 
ʥʘʧʨʷʞʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʨʦʜʳ, ʘ ʥʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʨʘʥʠʮʳ, 
ʪʘʢʠʝ ʢʘʢ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ.  ʈʝʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʜʨʦʙʣʝʥʠʷ 
ʚʢʣʶʯʘʶʪ ʵʣʝʤʝʥʪʳ ʚʩʝʭ ʪʨʸʭ ʨʝʞʠʤʦʚ: ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ,     
ʦʪʢʦʣʴʥʦʛʦ ʠ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ. ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ ʥʠʤʠ ʧʣʘʚʥʳʝ ʠ 
ʟʘʚʠʩʷʪ ʦʪ ʫʨʦʚʥʷ ʵʥʝʨʛʠʠ, ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʘʨʷ-
ʜʦʚ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜʳ.  ʅʘ ʙʣʠʞʥʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 
ʟʘʨʷʜʘ ʧʨʝʦʙʣʘʜʘʝʪ ʨʝʞʠʤ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ, ʛʜʝ ʚʳʩʦʢʘʷ ʘʤʧʣʠʪʫ-
ʜʘ ʥʘʧʨʷʞʝʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʘ.  
ɺ ʩʨʝʜʥʠʭ ʟʦʥʘʭ ʥʘʯʠʥʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ ʦʪʢʦʣʴʥʳʝ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥ-
ʥʳʝ ʩ ʦʪʨʘʞʝʥʠʝʤ ʚʦʣʥ ʥʘʧʨʷʞʝʥʠʷ.  ʅʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 
ʟʘʨʷʜʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʨʘʟʨʫʰʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʜʦʤʠʥʠ-
ʨʫʶʱʠʤ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʨʦʜʳ.   
ʈʝʞʠʤ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʧʨʠ ʟʘʜʘʯʘʭ, 

ʪʨʝʙʫʶʱʠʭ ʛʣʫʙʦʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʘʩʩʠʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʟʜʘ-
ʥʠʠ ʟʦʥ ʩʣʘʙʦʡ ʧʦʨʦʜʳ ʠʣʠ ʧʦʜʛʦʪʦʚʢʝ ʛʨʫʥʪʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ.     
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ɺɺ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʩʢʦʨʦʩʪʴʶ ʜʝʪʦʥʘʮʠʠ 
ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʟʦʥʫ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʦʤʝʨ-
ʥʦʝ ʨʘʟʨʫʰʝʥʠʝ.  ʆʧʪʠʤʠʟʘʮʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ 
ʩʦʯʝʪʘʥʠʝ ʚʩʝʭ ʨʝʞʠʤʦʚ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʟʙʳʪʦʯʥʳʡ    
ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ ʠ ʜʦʩʪʠʯʴ ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ.   
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʞʠʤ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ ï ɻ ʪʦ ʢʣʶʯʝʚʦʡ ʵʣʝʤʝʥʪ 

ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʟʨʳʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʧʨʦʯʥʦʩʪʴ ʤʘʩʩʠʚʘ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʝʛʦ ʢ ʧʦʩʣʝ-
ʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʝ. ɻʨʘʤʦʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘʤʠ ʚʟʨʳʚʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʛʣʫʙʦʢʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ 
ʜʨʦʙʣʝʥʠʷ, ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪ [1].   
ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʚʦʣʥʘ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʟʨʳʚʘʝʤʳʭ 
ʟʘʨʷʜʦʚ ʟʘʪʫʭʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʧʝʨʚʦʤ ʨʝʞʠʤʝ. ʕʪʦ ʪʨʝʙʫʝʪ 
ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʙʣʠʞʝʥʠʷ ʟʘʨʷʜʦʚ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ.  
ɺʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʟʥʘʯʠ-

ʪʝʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʙʱʝʡ ʵʥʝʨʛʠʝʡ ɺɺ, 
ʥʦ ʠ ʝʛʦ ʩʢʦʨʦʩʪʴʶ ʚʟʨʳʚʯʘʪʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ (ʤʦʱʥʦʩʪʴʶ). ɹʦʣʝʝ 
ʧʣʦʪʥʳʝ ɺɺ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʜʝʪʦʥʘʮʠʠ, ʜʘʞʝ ʧʨʠ ʨʘʚʥʦʡ ʵʥʝʨ-
ʛʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʜʨʦʙʣʝʥʠʝ ʤʘʩʩʠʚʘ ʟʘ ʩʯʸʪ 
ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ. 
ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ 

ʥʘʯʠʥʘʝʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʩʝʪʴ ʤʠʢʨʦʪʨʝʱʠʥ, ʧʨʦʥʠʟʳʚʘʶʱʠʭ 
ʚʝʩʴ ʦʙʲʸʤ ʨʘʟʨʫʰʘʝʤʦʡ ʧʦʨʦʜʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʚʠʜʠʤʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʥʦ ʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʧʨʦʯ-
ʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʫʤʝʥʴʰʘʷ ʝʛʦ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʤʫ 
ʨʘʟʨʫʰʝʥʠʶ. 
ɺʘʞʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʨʦʜʳ ʥʘ 

ʤʠʢʨʦʫʨʦʚʥʝ: ʬʦʨʤʠʨʫʝʪʩʷ ʟʦʥʘ ʦʩʣʘʙʣʝʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʛʜʝ ʤʝʭʘ-
ʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ. 
ʕʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʨʦʙ-
ʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʵʪʘʧʘʭ ʦʙʨʘʙʦʪʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʢ ʥʦʚʦʤʫ ʤʝʭʘʥʠʟʤʫ ʨʘʟʨʫʰʝʥʠʷ ʪʨʝ-
ʙʫʝʪ ʪʱʘʪʝʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚʟʨʳʚʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ. 
ʂʦʤʙʠʥʘʮʠʷ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘ-
ʮʠʠ ɺɺ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʙʣʠʞʝʥʠʷ ʟʘʨʷʜʦʚ ʧʦʟʚʦʣʷʝʪ 
ʜʦʩʪʠʯʴ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʷ 
ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʠ ʧʦʚʳʰʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʩʝʡ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʦʡ ʮʝʧʦʯʢʠ. 
ʂʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ ʨʝʞʠʤ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷ-
ʝʪʩʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴʶ ʧʦʨʦʜʳ ʚʟʨʳʚʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʊʝʦʨʝʪʠ-
ʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʘʩʯʸʪʘ ʧʨʝʜʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʟʨʳʚʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ 
ʩʢʚʘʞʠʥʥʳʭ ʟʘʨʷʜʦʚ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʦʧʠʩʘʥʳ 
ʚ ʨʘʙʦʪʘʭ ʋ. ʃʘʫʥʛʝʬʦʨʩʘ [4]. ʉʦʛʣʘʩʥʦ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 
ʜʘʥʥʳʤ, ʤʠʥʠʤʘʣʴʥʳʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ ʜʣʷ ʨʫʜ ʩʨʝʜʥʝʡ ʢʨʝʧʦʩʪʠ 
ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,4 ʢʛ/ʤį, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ    
ʟʘʪʨʘʪʘʤ ʧʦʨʷʜʢʘ 500 ʢʢʘʣ/ʤį.   
ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʪʘ ʫʩʪʫʧʘ (15 ʤ), ʧʝʨʝʙʫʨ (3 ʤ) ʠ ʜʣʠʥʘ ʟʘʙʦʡʢʠ (5 ʤ), 
ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʬʦʨʤʫʣʫ ʧʝʨʝʩʯʸʪʘ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ ʚ ʦʪʥʦʩʠ-
ʪʝʣʴʥʳʡ ʨʘʜʠʫʩ ʟʘʨʷʜʘ    : 

 
(1) 

 
ʠʣʠ 

 
(2) 

 
ʛʜʝ ʅ ï ʚʳʩʦʪʘ ʫʩʪʫʧʘ, ʤ;  

lʟ ï ʜʣʠʥʘ ʟʘʙʦʡʢʠ, ʤ; 
hʧ ï ʛʣʫʙʠʥʘ ʧʝʨʝʙʫʨʘ, ʤ; 
r ï ʨʘʜʠʫʩ ʟʘʨʷʜʘ ɺɺ, ʤ; 
R ï ʨʘʜʠʫʩ ʜʝʡʩʪʚʠʷ ʚʟʨʳʚʘ, ʤ; 
ɟʟ ï ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʞʘʥʠʷ, ʢʛ/ʤ3; 
q ï ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ, ʢʛ/ʤ3. 
ʄʠʥʠʤʘʣʴʥʳʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ ʦʪʨʘʞʘʝʪ ʪʫ ʛʨʘʥʠʮʫ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʩʪʘʥʦʚʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʦʙʲʸʤʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ. ʇʨʠ ʨʘʩʭʦʜʘʭ ʥʠʞʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ 
ʨʘʟʨʫʰʝʥʠʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʟʦʥʦʡ ʚʙʣʠʟʠ ʟʘʨʷʜʘ, ʯʪʦ ʧʨʠ-
ʚʦʜʠʪ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʤʫ ʜʨʦʙʣʝʥʠʶ.   
ɺʳʩʦʪʘ ʫʩʪʫʧʘ ʚ 15 ʤ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʣʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʟʘʨʷʜʘ ʧʨʠ ʦʪʙʦʡʢʝ, ʘ ʧʝʨʝʙʫʨ 3 ʤ 
ʠ ʜʣʠʥʘ ʟʘʙʦʡʢʠ 5 ʤ ʦʧʨʝʜʝʣʷʶʪ ʛʣʫʙʠʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʨʳʚ-
ʥʦʡ ʚʦʣʥʳ ʠ ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʲʸʤʥʦʛʦ ʨʘʟʨʫ-
ʰʝʥʠʷ.   
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʜʠʫʩ ʟʘʨʷʜʘ     ʤʦʞʥʦ ʨʘʩʩʯʠ-

ʪʘʪʴ ʯʝʨʝʟ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ, ʫʯʠʪʳʚʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪ-
ʨʳ ʟʘʨʷʜʘ ʠ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʘʨʘ-
ʤʝʪʨʳ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʜʣʷ ʨʫʜ ʨʘʟʣʠʯʥʦʡ ʢʨʝʧʦʩʪʠ, ʤʠʥʠʤʠʟʠʨʫʷ 
ʧʝʨʝʨʘʩʭʦʜ ɺɺ ʠ ʧʦʚʳʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘ-
ʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʋ. ʃʘʫʥʛʝʬʦʨʩʦʤ, ʧʦʟʚʦ-
ʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ɺɺ, ʥʦ ʠ ʫʩʪʘʥʦʚʠʪʴ ʪʦʯʥʳʝ 
ʛʨʘʥʠʮʳ ʧʝʨʝʭʦʜʘ ʢ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʝʞʠʤʫ ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ 
ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʜʣʷ ʩʣʦʞʥʳʭ 
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ.   
ɼʣʷ ʧʦʨʦʜ ʩʨʝʜʥʝʡ ʢʨʝʧʦʩʪʠ ʩ ʫʜʣʠʥʝʥʥʳʤʠ ʟʘʨʷʜʘʤʠ ʥʠʞʥʠʡ 

ʧʨʝʜʝʣ ʧʝʨʝʭʦʜʘ ʢ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʤʫ ʨʝʞʠʤʫ ʨʘʟʨʫʰʝʥʠʷ ʩʦʦʪ-
ʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ 65-70 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʨʘʜʠʫʩʦʚ ʟʘʨʷʜʘ, ʪ.ʝ. 
ʤʠʥʠʤʘʣʴʥʘʷ ʟʦʥʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʲʸʤʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ 
ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʜʠʫʩʘ.  
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠ-

ʤʘ, ʘ ʪʘʢʞʝ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʧʝʨʝʭʦʜʘ ʢ ʦʪʢʦʣʴʥʳʤ ʷʚʣʝʥʠʷʤ, ʤʦʞ-
ʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʨʘʪʥʳʤ ʧʦʜʭʦʜʦʤ, ʘʥʘʣʠʟʠʨʫʷ ʟʘʚʠʩʠʤʦʩʪʴ 
ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʨʝʜʝ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʜʠʫʩʘ 
ʟʘʨʷʜʘ. 
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ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʦʛʦ ʨʝʞʠʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʤʦʤʝʥʪʦʤ, ʢʦʛʜʘ ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʥʝʜʦʩʪʘ-
ʪʦʯʥʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʲʸʤʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ 
ʚʳʩʦʢʦʡ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʦʪʢʦʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫ-
ʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ: ʦʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ   
ʨʘʜʠʘʣʴʥʳʭ ʪʨʝʱʠʥ ʢ ʪʨʝʱʠʥʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʨʘʩʪʷʛʠʚʘʶʱʠʤʠ 
ʥʘʧʨʷʞʝʥʠʷʤʠ. 
ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʛʨʘʥʠʮ ʨʝʞʠʤʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ („max ) ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʟʘʨʷ-
ʜʘ (   ), ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʫʯʸʪ ʩʢʦʨʦʩʪʠ ʜʝʪʦʥʘʮʠʠ ɺɺ, ʧʣʦʪʥʦʩʪʠ 
ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. 
ɿʥʘʥʠʝ ʛʨʘʥʠʮ ʨʝʞʠʤʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʘʨʷʜʘʤʠ ʠ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʠʩʢʣʶʯʠʪʴ ʥʝʵʬ-
ʬʝʢʪʠʚʥʳʝ ʫʯʘʩʪʢʠ ʨʘʟʨʫʰʝʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʷ ʧʝʨʝʨʘʩʭʦʜ ɺɺ ʠ 
ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʝ ʜʨʦʙʣʝʥʠʝ ʧʦʨʦʜʳ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʘʥʦʚ-

ʣʝʥʦ, ʯʪʦ ʫʜʣʠʥʸʥʥʳʝ ʟʘʨʷʜʳ ʚ ʧʦʨʦʜʘʭ ʩʨʝʜʥʝʡ ʢʨʝʧʦʩʪʠ ʦʙʝʩʧʝ-
ʯʠʚʘʶʪ ʧʝʨʝʭʦʜ ʢ ʦʪʢʦʣʴʥʳʤ ʷʚʣʝʥʠʷʤ ʧʨʠ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴ-
ʥʦʛʦ ʨʘʜʠʫʩʘ, ʧʨʝʚʳʰʘʶʱʠʭ 100-120, ʧʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʜʨʦʙʣʝʥʠʷ 
ʟʘʤʝʪʥʦ ʫʣʫʯʰʘʝʪʩʷ ʟʘ ʩʯʸʪ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʢʦʬʨʘʢʮʠʦʥʥʦʛʦ ʤʘʪʝ-
ʨʠʘʣʘ. 
ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʨʝʜʝ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʜʠʫʩʘ 

ʚʳʨʘʞʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ [5]: 
 

ʛʩ/ʩʤ2    (3) 
 

ʛʜʝ ɟ ï ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜʳ, ʛ/ʩʤ3; 
C ï ʩʢʦʨʦʩʪʴ ʧʨʦʜʦʣʴʥʳʭ ʚʦʣʥ, ʩʤ/ʩ; 
g ï 1000 ʩʤ/ʩ2. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʜʠʫʩʘ ʟʘʨʷʜʘ (  ) 

ʥʘʧʨʷʞʝʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ʚʟʨʳʚʘ. ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ    ʥʘʙʣʶʜʘ-
ʶʪʩʷ ʚʳʩʦʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʲʸʤ-
ʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦ ʣʠʥʠʠ 
ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ὔ ʯʘʩʪʝʡ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʨʘʜʠ-
ʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ůr, ʩʦʟʜʘʚʘʝʤʦʝ ʚʟʨʳʚʥʦʡ ʚʦʣʥʦʡ, ʧʨʝʚʳʰʘʣʦ 
ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ [ůɟ] ʚ N ʨʘʟ. 
ʈʘʜʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ (ůr), ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʦʨʦʜʝ ʧʨʠ     

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ, ʥʘʧʨʘʚʣʝʥʦ ʨʘʜʠʘʣʴʥʦ ʦʪ     
ʮʝʥʪʨʘ ʟʘʨʷʜʘ ʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʟʜʘʥʠʠ ʪʨʝʱʠʥ ʠ ʨʘʟʨʫ-
ʰʝʥʠʠ ʧʦʨʦʜʳ. ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ [ůɟ] ï ʤʘʢʩʠʤʘʣʴ-
ʥʦʝ ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦʨʦʜʘ ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ 
ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ. ɽʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʦʨʦʜʝ ʧʨʝʚʳʰʘʝʪ ʵʪʦʪ      
ʧʨʝʜʝʣ, ʚʦʟʥʠʢʘʶʪ ʪʨʝʱʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʨʘʟʨʳʚʫ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʣʠʥʠʷ ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʥʘʧʨʷʤʫʶ   
ʩʦʝʜʠʥʷʶʱʘʷ ʟʘʨʷʜ ʠ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ) ʙʳʣʘ ʵʬʬʝʢʪʠʚʥʦ 
ʨʘʟʨʫʰʝʥʘ ʥʘ N ʯʘʩʪʝʡ, ʨʘʜʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ   
ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ, ʯʪʦʙʳ ʠʥʠʮʠʠʨʦʚʘʪʴ N ʪʨʝʱʠʥ ʚʜʦʣʴ ʵʪʦʡ 
ʣʠʥʠʠ. 
ɽʩʣʠ ůr ʣʠʰʴ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ [ůɟ], ʨʘʟʨʫʰʝʥʠʝ ʧʨʦʠʟʦʡʜʝʪ, 

ʥʦ ʧʦʨʦʜʘ ʨʘʟʜʝʣʠʪʩʷ ʥʘ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʳʭ ʢʫʩʢʦʚ. 
ʋʚʝʣʠʯʠʚʘʷ [ůr], ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʱʠʥ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʠ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʝʪʩʷ ʧʦʨʦʜʘ. 
ɿʥʘʯʝʥʠʝ [ůɟ] ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʨʦʜʳ (ʝʸ ʧʣʦʪʥʦʩʪʠ, ʩʪʨʫʢʪʫʨʳ, ʥʘʣʠʯʠʷ ʜʝʬʝʢʪʦʚ ʠ ʜʨ.). 
ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ, ʢʦʛʜʘ ůr ʙʦʣʴʰʝ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ [ůɟ] ʧʦʨʦʜʳ ʚ N ʨʘʟ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʨʘʚʝʥʩʪʚʦ: 
ůr  Ó N · [ůr]                                              (4) 

ʛʜʝ ůr ï ʨʘʜʠʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʚʟʨʳʚʦʤ;  
N ï ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ, ʥʘ ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʨʘʟʜʝʣʠʪʴ ʧʦʨʦʜʫ; 
[ůɟ] ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 
ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ N ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʟʨʳʚʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʧʦʨʦʜʳ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʫʩʪʫʧʥʦʡ ʦʪʙʦʡʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʣʳʭ 
ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ɺɺ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʫʩʢʘ ʧʦʨʦʜʳ ʦʙʳʯʥʦ   
ʩʦʩʪʘʚʣʷʝʪ 250-300 ʤʤ. ʆʜʥʘʢʦ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʢʦʣʴʥʳʝ ʷʚʣʝ-
ʥʠʷ ʩʪʘʣʠ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʚ ʤʝʭʘʥʠʟʤʝ ʜʨʦʙʣʝʥʠʷ, ʥʝʦʙʭʦʜʠ-
ʤʦ ʜʦʙʠʪʴʩʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʨʦʜʘ ʧʦ ʣʠʥʠʠ ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝ-
ʥʠʷ (ʃʅʉ) ʨʘʩʢʘʣʳʚʘʣʘʩʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʦʣʥʳ ʦʪʨʘʞʝʥʠʷ ʥʘ 
ʬʨʘʛʤʝʥʪʳ ʩ ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ dcp = 250 ʤʤ, ʪ.ʝ.: 

     
(5) 

 
ʛʜʝ Lʣʥʩ ï ʣʠʥʠʷ ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʤ; 

d ï ʪʨʝʙʫʝʤʳʡ ʨʘʟʤʝʨ ʬʨʘʛʤʝʥʪʦʚ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʜʠʫʩ ʟʘʨʷʜʘ, 

ʪʝʤ ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʩ ʫʚʝ-
ʣʠʯʝʥʠʝʤ     ʨʘʟʨʫʰʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʤʝʣʢʦʬʨʘʢʮʠʦʥʥʳʤ. 
ʊʘʢ ʢʘʢ  

 (6) 
ʛʜʝ r ï ʨʘʜʠʫʩ ʩʢʚʘʞʠʥʥʦʛʦ ʟʘʨʷʜʘ, ʪʦ: 

    
(7) 

 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʨʘʜʠʫʩ ʟʘʨʷʜʘ, ʪʝʤ ʚʳʰʝ ʨʘʜʠ-

ʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʏʝʤ ʙʦʣʴʰʝ   , ʪʝʤ ʚʳʰʝ ʥʘʧʨʷʞʝʥʠʝ, ʪ.ʢ. 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʦʥʘ ʨʘʟʨʫʰʝʥʠʷ. 
ʆʪʢʦʣʴʥʳʝ ʷʚʣʝʥʠʷ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ, ʢʦʛʜʘ 

ʘʤʧʣʠʪʫʜʘ ʚʦʣʥʳ ʨʘʩʪʷʞʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ 
ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʧʦʨʦʜʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ ʧʦʜʦʙʨʘʥ ʪʘʢʠʤ  
ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʣʥʳ 
ʦʪʨʘʞʝʥʠʷ.   
ʈʘʩʢʘʣʳʚʘʥʠʝ ʧʦʨʦʜʳ ʥʘ ʬʨʘʛʤʝʥʪʳ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʩʥʠʞʘʝʪ 

ʥʘʛʨʫʟʢʫ ʥʘ ʧʦʩʣʝʜʫʶʱʝʝ ʜʨʦʙʣʝʥʠʝ, ʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʣʢʠʭ 
ʢʫʩʢʦʚ ʚ ʟʦʥʝ ʃʅʉ ʫʣʫʯʰʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʜʘʣʴ-
ʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ.   
ʇʨʠ ʤʘʣʳʭ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ɺɺ ʜʦʤʠʥʠʨʫʝʪ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨ-

ʥʳʡ ʨʝʞʠʤ ʨʘʟʨʫʰʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʣʥʘ ʦʪʨʘʞʝʥʠʷ ʥʝ ʦʢʘʟʳʚʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʜʨʦʙʣʝʥʠʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʪʢʦʣʴʥʳʭ 
ʷʚʣʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʜʦ ʫʨʦʚʥʷ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʚʦʣʥʘ ʨʘʩʪʷʞʝʥʠʷ ʩʧʦʩʦʙʥʘ ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʦʜʦʣʝʚʘʪʴ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʨʦʜʳ.   
ʏʪʦʙʳ ʜʦʩʪʠʯʴ ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʘʟʤʝʨʘ ʬʨʘʛʤʝʥʪʦʚ (dcp Ò 250 ʤʤ), 

ʩʣʝʜʫʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʨʷʜʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ   
ʣʠʥʠʠ ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʫʚʝʣʠʯʠʪʴ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ɺɺ 
ʜʦ ʫʨʦʚʥʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʣʥʘ ʦʪʨʘʞʝʥʠʷ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦ    
ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʫʯʝʩʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜʳ, 
ʪʘʢʠʝ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ.   
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʢʦʣʴʥʳʝ ʷʚʣʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦ-

ʨʦʤ ʚ ʤʝʭʘʥʠʟʤʝ ʜʨʦʙʣʝʥʠʷ, ʢʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʩʢʘʣʳʚʘʥʠʝ ʧʦʨʦʜʳ ʥʘ ʤʝʣʢʠʝ ʬʨʘʛʤʝʥʪʳ ʚʜʦʣʴ 
ʣʠʥʠʠ ʥʘʠʤʝʥʴʰʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʸʤ       
ʪʱʘʪʝʣʴʥʦʡ ʥʘʩʪʨʦʡʢʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ ʠ ʫʯʸʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʟʨʳʚʥʦʡ ʚʦʣʥʳ. 
ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʛʨʘʥʠʮʳ ʠʥʪʝʨʚʘʣʘ ʥʘʧʨʷʞʝʥʠʡ, ʧʨʠ ʢʦʪʦ-

ʨʳʭ ʚʦʟʤʦʞʥʦ ʥʘʨʫʰʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ ʧʦʨʦʜʳ ʝʱʝ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 
ʚʦʣʥʦʡ ʥʘʧʨʷʞʝʥʠʡ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, 
ʯʪʦʙʳ ʥʘʧʨʷʞʝʥʠʷ ʚ ʚʦʣʥʝ ʨʘʩʪʷʞʝʥʠʷ      ʧʨʝʚʳʰʘʣʠ ʧʨʝʜʝʣ ʧʨʦʯ-
ʥʦʩʪʠ ʧʦʨʦʜʳ ʥʘ ʨʘʩʪʷʞʝʥʠʝ [ůr], ʪ.ʝ. 

       (8) 
ɽʩʣʠ                 , ʚ ʤʘʩʩʠʚʝ ʧʦʨʦʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʤʠʢʨʦʪʨʝʱʠ-

ʥʳ ʠ ʟʦʥʳ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʚ 
ʦʙʲʸʤʘʭ, ʫʜʘʣʸʥʥʳʭ ʦʪ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʦʩʣʘʙʣʝʥʠʶ ʧʦʨʦʜʳ ʠ ʩʥʠʞʝʥʠʶ ʝʸ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʜʘʣʴʥʝʡʰʝʤʫ 
ʨʘʟʨʫʰʝʥʠʶ. ʅʘʨʫʰʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ ʜʦ ʚʳʭʦʜʘ ʚʦʣʥʳ ʥʘ ʩʚʦʙʦʜ-
ʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ, ʪ.ʢ. 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʦʩʣʘʙʣʝʥʥʳʡ ʤʘʩʩʠʚ ʣʝʛʯʝ ʧʦʜʜʘʸʪʩʷ 
ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʯʪʦ ʦʩʦʙʝʥ-
ʥʦ ʚʘʞʥʦ ʜʣʷ ʧʦʨʦʜ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, 
ʛʜʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʜʨʦʙʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 
ʟʘʪʨʫʜʥʝʥʦ. 
ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ      ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴ-

ʰʝ [ůr],  ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ. 
ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ  ʥʝ ʜʦʣʞʥʘ ʙʳʪʴ 
ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʦʡ, ʯʪʦʙʳ ʚʳʟʳʚʘʪʴ ʨʘʟ-
ʨʳʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʪ.ʢ. ʵʪʦ ʫʤʝʥʴʰʠʪ 
ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ. 
ʋʚʝʣʠʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ (q) 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ 
ʚʦʣʥʳ ʨʘʩʪʷʞʝʥʠʷ (   ). ʉʢʦʨʦʩʪʴ ʜʝʪʦʥʘ-
ʮʠʠ ʠ ʧʣʦʪʥʦʩʪʴ ɺɺ ʪʘʢʞʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 
ʨʦʣʴ ʚ ʜʦʩʪʠʞʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪ-
ʨʦʚ ʥʘʧʨʷʞʝʥʠʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʠʮ 

ʠʥʪʝʨʚʘʣʘ ʥʘʧʨʷʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ 
ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, 
ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ. ʅʘʨʫʰʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ 
ʧʦʨʦʜʳ ʜʦ ʚʳʭʦʜʘ ʚʦʣʥʳ ʥʘ ʩʚʦʙʦʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʠʥʠʤʠʟʠʨʫʝʪ 
ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ 
ʜʨʦʙʣʝʥʠʷ ʤʘʩʩʠʚʘ. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʘʟʳ ʥʘʧʨʷʞʝʥʠʡ 

(ʚʦʣʥʘ ʨʘʟʨʝʞʝʥʠʷ) ʨʘʚʥʘ ʘʤʧʣʠʪʫʜʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʬʘʟʳ ʪʦʣʴʢʦ 
ʥʘ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʟʘʨʷʜʘ. ɺʙʣʠʟʠ ʟʘʨʷʜʘ      ʥʘʤʥʦ-
ʛʦ ʤʝʥʴʰʝ ůr, ʧʨʠʤʝʤ, ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʩʞʘʪʠʷ ůr ʢ ʘʤʧʣʠ-
ʪʫʜʝ ʬʘʟʳ ʨʘʩʪʷʞʝʥʠʷ ʚʙʣʠʟʠ ʟʘʨʷʜʘ ʨʘʚʥʦ 50:1.  
ɽʩʣʠ ʩʚʦʙʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ 

ʙʦʣʝʝ 10-15 ʨʘʜʠʫʩʦʚ ʟʘʨʷʜʘ, ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʜʠ-
ʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʩʢʦʚ ʧʦʨʦʜʳ ʚʥʦʩʠʪ ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ.          
ʇʨʠ ʵʪʦʤ, ʧʦʤʠʤʦ ʚʠʜʠʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʩʢʦʚ, ʚ ʤʘʩʩʠʚʝ ʬʦʨʤʠ-
ʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 
ʩʠʩʪʝʤʦʡ ʤʠʢʨʦʪʨʝʱʠʥ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʟʨʳʚʥʳʝ 
ʥʘʛʨʫʟʢʠ ʩʦʟʜʘʶʪ ʚ ʧʦʨʦʜʝ ʩʝʪʴ ʤʠʢʨʦʪʨʝʱʠʥ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ 
ʥʠʤʠ, ʩʦʧʦʩʪʘʚʠʤʳʤ ʩ ʨʘʟʤʝʨʘʤʠ ʟʸʨʝʥ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 
ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʩʫʧʝʨʜʨʦʙʣʝʥʠʝ. 
ɻʨʘʥʠʮʘ ʧʨʦʷʚʣʝʥʠʷ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ 

ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʧʨʦʯʥʦʩʪʴ ʧʦʨʦʜʳ ʥʘ ʨʘʟʨʳʚ, ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠ-
ʘʣʘ, ʙʨʠʟʘʥʪʥʦʩʪʴ ʠ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ɺɺ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʠʟʤʝʥʷʶʪʩʷ 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʤʘʩʩʠʚʘ, ʯʪʦ ʜʝʣʘʝʪ ʛʨʘʥʠʮʳ ʩʫʧʝʨʜʨʦʙ-
ʣʝʥʠʷ ʥʝʧʦʩʪʦʷʥʥʳʤʠ. ʇʨʠ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ʵʪʘʣʦʥʥʦʛʦ ɺɺ ʦʢʦʣʦ 
3 ʢʛ/ʤį ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʛʨʘʥʠʮʳ ʧʦʣʥʦʛʦ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ, ʧʨʠ ʢʦʪʦ-
ʨʦʡ 70-100 % ʧʦʨʦʜʳ ʨʘʟʨʫʰʘʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʦʩʪʠ, ʦʩʣʘʙʣʝʥʥʳʝ 
ʤʠʢʨʦʪʨʝʱʠʥʘʤʠ. ɽʩʣʠ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʤʝʥʴʰʝ 3 ʢʛ/ʤį, ʥʘʙʣʶʜʘ-
ʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʩʫʧʝʨʜʨʦʙʣʝʥʠʝ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʯʘʩʪʴ ʤʘʩʩʠʚʘ ʦʩʪʘ-
ʸʪʩʷ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʧʨʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʘ ʜʨʫʛʘʷ ʯʘʩʪʴ ï ʚ ʚʠʜʝ 
ʤʝʣʢʠʭ ʦʩʣʘʙʣʝʥʥʳʭ ʬʨʘʢʮʠʡ ʩ ʨʘʟʚʠʪʦʡ ʩʝʪʴʶ ʤʠʢʨʦʪʨʝʱʠʥ. 
ʂʨʫʧʥʳʝ ʬʨʘʢʮʠʠ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʥʝʦʩʣʘʙʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʤʘʩʩʠ-
ʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʣʠʞʝ ʢ ʟʘʨʷʜʫ, ʛʜʝ ʦʪʨʘʞʝʥʥʘʷ ʚʦʣʥʘ ʠʤʝʝʪ 
ʤʝʥʴʰʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʄʝʣʢʠʝ ʬʨʘʢʮʠʠ, ʥʘʧʨʦʪʠʚ, ʢʦʥʮʝʥʪʨʠʨʫ-
ʶʪʩʷ ʫ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʜʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʨʘʞʸʥʥʦʡ ʚʦʣʥʳ 
ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ. ʉʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʫʩʢʦʚ ʦʩʣʘʙʣʝʥʥʳʭ ʠ 
ʥʝʦʩʣʘʙʣʝʥʥʳʭ ʯʘʩʪʝʡ ʤʘʩʩʠʚʘ ʦʪʣʠʯʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.          
ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʟʘʨʷʜʘ ʢʨʫʧʥʦʩʪʴ ʢʫʩʢʦʚ 
ʚʦʟʨʘʩʪʘʝʪ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʫʜʝʣʴ-
ʥʳʭ ʨʘʩʭʦʜʘʭ ʤʝʥʝʝ 3 ʢʛ/ʤį ʥʝʦʩʣʘʙʣʝʥʥʘʷ ʧʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 
20 % ʤʘʩʩʠʚʘ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʘʭ. ʉʫʧʝʨʜʨʦʙ-
ʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘ ʩʯʸʪ ʤʝʣ-
ʢʠʭ ʦʩʣʘʙʣʝʥʥʳʭ ʬʨʘʢʮʠʡ. ʆʧʪʠʤʠʟʘʮʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʧʦʣʥʳʤ ʠ ʯʘʩʪʠʯʥʳʤ ʩʫʧʝʨʜʨʦʙʣʝʥʠ-
ʝʤ,  ʤʠʥʠʤʠʟʠʨʫʷ ʟʘʪʨʘʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 
ʤʘʩʩʠʚʘ. 
ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʳ ʟʦʥʳ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʨʘʟʨʫʰʝ-

ʥʠʷ ʠ ʜʦʣʷ ʩʫʧʝʨʜʨʦʙʣʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ. 
ʂʘʯʝʩʪʚʦ ʜʨʦʙʣʝʥʠʷ ʜʣʷ ʦʜʠʥʦʯʥʦʛʦ ʟʘʨʷʜʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ 

ʦʪ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʛʨʘʜʠʝʥʪʘ 
ʩʢʦʨʦʩʪʠ ʚ ʤʘʩʩʠʚʝ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʚʤʝʩʪʥʘʷ 
ʦʪʙʦʡʢʘ ʥʝʩʢʦʣʴʢʠʤʠ ʟʘʨʷʜʘʤʠ, ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʩʪʘʥʦʚʠʪʩʷ 
ʢʦʵʬʬʠʮʠʝʥʪ ʩʙʣʠʞʝʥʠʷ ʩʢʚʘʞʠʥ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ. 

    ï ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʮʝʥʪʨʘ ʟʘʨʷʜʘ; 
 
               ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʘ ʚʟʨʳʚʘ; 
 
     ï ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʦʨʦʜʳ. 
ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʟʨʳʚʘʝ-

ʤʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʬʨʦʥʪ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠ-
ʨʦʚʘʪʴʩʷ ʢʘʢ ʦʙʱʠʡ ʧʣʦʩʢʠʡ ʬʨʦʥʪ. ʕʪʦ ʩʥʠʞʘʝʪ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 
ʟʘʪʫʭʘʥʠʝ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 
ʧʦʨʦʜ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʣʥʘ ʦʢʘʟʳʚʘʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʤʘʩʩʠʚ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʜʨʦʙʣʝʥʠʝ. ʆʜʥʘʢʦ ʚʳʧʦʣʘʞʠʚʘʥʠʝ 
ʬʨʦʥʪʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʛʨʘʜʠʝʥʪʘ ʩʢʦʨʦʩʪʠ, ʯʪʦ 
ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʜʨʦʙʣʝʥʠʷ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʙʣʠ-

ʞʝʥʠʷ ʩʢʚʘʞʠʥ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʣʫʯʰʝʝ ʩʦʦʪʥʦʰʝʥʠʝ 
ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʦʣʥʳ ʠ ʛʨʘʜʠʝʥʪʦʤ ʩʢʦʨʦʩʪʠ.   
ʉʚʦʡʩʪʚʘ ʧʦʨʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʧʣʦʪʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ ʫʧʨʫʛʦʩʪʴ, 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ 
ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ.  ɸʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ɺɺ 
ʪʘʢʞʝ ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʘ: ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʭʦʜʘ 
ʦʧʪʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʙʣʠʞʝʥʠʷ ʩʢʚʘʞʠʥ ʜʦʣʞʝʥ ʫʤʝʥʴʰʘ-
ʪʴʩʷ, ʯʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʠʶ ʚʟʨʳʚʘ.  
ʄʘʢʩʠʤʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ, ʝʩʣʠ 

ʚʟʨʳʚʘʪʴ ʩʢʚʘʞʠʥʳ ʚ ʨʷʜʫ ʩ ʥʝʢʦʪʦʨʳʤ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ, 
ʦʩʦʙʝʥʥʦ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʙʣʠʞʝʥʠʷ.           
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʥʘʧʨʘʚʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʦʣʥʳ, ʫʣʫʯʰʘʷ 
ʢʘʯʝʩʪʚʦ ʜʨʦʙʣʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ 
ʧʦʨʦʜ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʢʦʥʪʨʦʣʷ 
ʥʘʜ ʧʘʨʘʤʝʪʨʘʤʠ ʚʟʨʳʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.   

r
s¡

r
s¡

r
s¡

r
s¡

r

*
=
s

s
s

ʈʠʩ. 4. ɿʦʥʳ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ ʚ ʢʨʝʧʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʧʨʠ ʚʟʨʳʚʝ 
ʦʜʠʥʦʯʥʦʛʦ ʟʘʨʷʜʘ 

      , ʢʛĿʩ/ʩʤ2 s

       ,  ʤ r

*
s

31 



 

O'zbekiston konchilik xabarnomasi ˉ 2 (101) 2025 
 
 

KONCHILIK ISHLARI 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʙʣʠʞʝʥʠʷ ʩʢʚʘʞʠʥ ʧʦʟʚʦʣʷʝʪ 
ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʝʨʝʨʘʩʭʦʜ ɺɺ ʠ ʫʣʫʯʰʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʨʦʙʣʝʥʠʷ. 
ʋʯʸʪ ʚʣʠʷʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ, ʩʚʦʡʩʪʚ ʧʦʨʦʜʳ ʠ ʚʨʝʤʝʥʥʳʭ 
ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʚʟʨʳʚʘʤʠ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʚʟʨʳʚʥʳʝ 
ʨʘʙʦʪʳ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʫʩʣʦʚʠʷ, ʧʦʚʳʰʘʷ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ.   
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʦ ʜʨʦʙʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʣʘʥʩʦʤ 

ʤʝʞʜʫ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʣʥʳ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʩʦʭʨʘʥʝʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʩʢʦʨʦʩʪʠ. ʆʧʪʠʤʘʣʴʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ ʩʙʣʠʞʝʥʠʷ ʩʢʚʘʞʠʥ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 
ɺɺ ʠ ʩʚʦʡʩʪʚ ʧʦʨʦʜʳ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ 
ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. 
ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʝʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʚʟʨʳʚʘʥʠʷ 
ʩʢʚʘʞʠʥ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʮʝʩʩʦʤ ʠ ʜʦʩʪʠʯʴ 
ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʨʦʙʣʝʥʠʷ.   
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The article discusses the features of crack formation in rock masses under varying blast intensity. It analyzes the influence of specific explosive consumption, 

charge spacing coefficient, dynamic characteristics of the blast wave, and charge geometry on destruction modes. Special attention is given to the mechanism of 
superfine fragmentation and the transition to a quasi-stationary destruction regime. Recommendations are presented for optimizing blasting parameters in complex 
geological conditions of deep open-pit mines. It is shown that effective control of blast intensity and initiation regime can enhance fragmentation efficiency, minimize 
energy consumption, and improve rock mass preparation for further processing. 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʢʚʘʞʠʥʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʟʚʝʥʦʤ ʚ ʪʝʭʥʠ-
ʯʝʩʢʦʤ ʦʩʥʘʱʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʜʟʝʤʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ.  
ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʜʘʞʝ ʦʜʥʦʡ ʩʢʚʘʞʠʥʳ ʠʣʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʝʸ 

ʟʘʜʘʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ 
ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʮʝʩʩʘ ʇʉɺ ʠ ʪʨʝʙʫʝʪ ʦʧʝʨʘʪʠʚʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ 
ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʷʯʝʡʢʠ ʠʣʠ ʙʣʦʢʘ [1-2].  
ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʜʝʙʠʪʘ ʠʣʠ ʧʨʠʸʤʠʩʪʦʩʪʠ ʩʢʚʘʞʠʥ, ʦʙʫʩʣʦʚ-
ʣʝʥʥʦʝ ʦʪʣʦʞʝʥʠʝʤ ʥʘ ʬʠʣʴʪʨʝ ʠ ʚ ʧʨʠʬʠʣʴʪʨʦʚʦʡ ʟʦʥʝ ʢʦʣʴʤʘʪʠ-
ʨʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʛʣʠʥʠʩʪʳʭ     
ʯʘʩʪʠʮ, ʦʩʪʘʚʰʠʭʩʷ  ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʜʘʣʝʥʠʷ ʙʫʨʦ-
ʚʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʦʩʚʦʝʥʠʠ ʩʢʚʘʞʠʥʳ, ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʩʯʘʥʳʭ 
ʧʨʦʙʦʢ ʚ ʬʠʣʴʪʨʝ, ʚʩʣʝʜʩʪʚʠʝ ʩʫʬʬʦʟʠʠ ʧʝʩʢʘ ʠʟ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 
ʧʣʘʩʪʘ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʣʴʤʘʪʘʮʠʠ ʟʘʢʘʯʥʳʭ ʩʢʚʘʞʠʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʥʘʣʠʯʠʷ ʚ ʚʳʱʝʣʘʯʠʚʘʶʱʠʭ ʨʘʩʪʚʦʨʘʭ ʤʝʭʚʟʚʝʩʝʡ.  
ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʦʟʥʠʢʘʶʪ ʥʘʨʫʰʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʦʙʩʘʜʥʳʭ 

ʢʦʣʦʥ, ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʬʠʣʴʪʨʦʚ, ʦʙʨʳʚʳ ʚʦʜʦʧʦʜʲʸʤʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨ. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʘʟʣʠʯ-

ʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʝʙʠʪʘ ï ʫʜʘʣʝʥʠʝ ʧʝʩʯʘʥʳʭ 
ʧʨʦʙʦʢ, ʘ ʪʘʢʞʝ ʢʦʣʴʤʘʪʠʨʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴ-
ʪʨʘ ʠ ʧʨʠʬʠʣʴʪʨʦʚʦʡ ʟʦʥʳ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʦʙʩʘʜ-
ʥʳʭ ʢʦʣʦʥ, ʟʘʤʝʥʘ ʬʠʣʴʪʨʦʚ.  
ʈʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʚ ʩʢʚʘʞʠʥʘʭ ï ʵʪʦ ʢʦʤ-

ʧʣʝʢʩ ʨʘʙʦʪ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʩʢʚʘʞʠʥʘʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʭ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʬʠʣʴʪʨʘʮʠʠ, ʧʦʢʘʟʘʪʝʣʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʤʘʩʩʘ ʧʝʨʝʥʦʩʘ 
ʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠʭ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʢʚʘʞʠʥʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʥʘʩʦʩʦʚ ʥʝ 

ʩʪʦʣʴ ʞʸʩʪʢʠʝ, ʢʘʢ ʚ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥʘʭ (ʤʘʣʳʝ ʛʣʫʙʠʥʳ 
ʧʦʛʨʫʞʝʥʠʷ, ʤʘʣʘʷ ʚʷʟʢʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʪ.ʧ.), ʢʘʢ 
ʧʦʢʘʟʘʣ ʜʣʠʪʝʣʴʥʳʡ ʦʧʳʪ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ, ʦʥʠ ʥʝ ʦʙʝʩ-
ʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʥʘʜʸʞʥʦʩʪʠ ʠ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ. 
ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʨʝʩʫʨʩʫ ʠ 

ʥʘʜʸʞʥʦʩʪʠ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʫʨʘʥʘ ʩʪʨʘʥ 
ʉʅɻ ʟʘ 5 ʣʝʪ (ʪʘʙʣ. 1). 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʝʩʷʪʠʣʝʪʥʝʛʦ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʙʳʣ ʧʨʦʚʝ-

ʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥ-
ʥʳʭ ʧʦʛʨʫʞʥʳʭ ʥʘʩʦʩʦʚ ʜʣʷ ʫʥʠʬʠʢʘʮʠʠ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʥʘ ʨʫʜʥʠʢʝ ʠ ʚʳʙʦʨʘ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʦʜʥʦʛʦ ʠʟ ʥʠʭ (ʪʘʙʣ. 1). 
ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫ ʢʘʞʜʦʛʦ ʠʟ ʥʘʩʦʩʦʚ ʠʤʝʶʪʩʷ ʦʧʨʝʜʝ-

ʣʸʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʆʙʱʠʤ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ʥʝʜʦ-
ʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʨʘʙʦʪʳ ʥʘʩʦʩʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ 
ʧʨʦʜʫʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʧʝʩʢʘ, ʪʘʢ ʢʘʢ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʘʙʦʩʮʝʤʝʥ-
ʪʠʨʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʧʨʦʯʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʥʠʞʘʝʪʩʷ ʚ ʢʠʩʣʦʡ 
ʩʨʝʜʝ ʠ ʛʠʜʨʦʤʝʭʘʥʠʢʦʡ ʨʘʩʪʚʦʨʘ ʚ ʧʦʨʦʜʝ ʧʨʠ ʥʘʣʠʯʠʠ ʧʦʜʧʦʨʘ ʩʦ 
ʩʪʦʨʦʥʳ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ. 
ʄʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠʚʦʜʷʪ ʢ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʵʣʝʤʝʥʪʦʚ ʥʘʩʦʩʥʦʡ ʯʘʩʪʠ, 
ʧʝʨʝʛʨʝʚʫ ʠ ʟʘʢʣʠʥʶ ʥʘʩʦʩʘ ʠʟ-ʟʘ ʨʦʩʪʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʘ 
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Mazkur maqolada kon sharoitida texnologik skvajinalardan foydalanishda uchraydigan muammolar ï chuqur nasos uskunalarining 
past ishonchliligi hamda filtr zonasining kolmatatsiyalanishi bilan bogóliq holatlar tahlil qilingan. Mavjud texnik yechimlar, jumladan KDF-
118/0,8-1,2 turidagi filtrlardan foydalanish, mexanik tozalash usullari (siqilgan havo yordamida skvajinani yuvish, svabirlash), 
shuningdek turli konsentratsiyadagi kislotali eritmalar bilan kimyoviy ishlov berish texnologiyalari koórib chiqilgan. Tadqiqot natijalariga 
koóra, mavjud rejalashtirilgan tiklash choralari qamrovi yetarli boólmay, amalda ularning samaradorligi cheklanganligi aniqlangan. Shu 
bois, quduqlarning filtratsiya xossalarini va debitini tiklashga qaratilgan texnologiyalarni takomillashtirish boóyicha izlanishlar olib borish 
muhim ilmiy-amaliy masala sifatida eôtirof etilgan. 
Kalit soózlar: skvajina, texnologiya, ishonchlilik, filtr, ishlov berish, tIklash, samaradorlik, resusr, nasos, kolmatatsiya. 
 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʸʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʥʘ ʨʫʜʥʠʢʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʥʠʟ-

ʢʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʛʣʫʙʠʥʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʢʦʣʴʤʘʪʘʮʠʝʡ ʧʨʠʬʠʣʴʪʨʦʚʦʡ ʟʦʥʳ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ 
ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʣʴʪʨʦʚ ʪʠʧʘ ʂɼʌ-118/0,8-1,2, ʤʝʪʦʜʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ (ʧʨʦʢʘʯʢʘ 
ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ, ʩʚʘʙʠʨʦʚʘʥʠʝ) ʠ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʢʠʩʣʦʪʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, 
ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 
ʦʩʪʘʸʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʡ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦ-
ʣʦʛʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʚʘʞʠʥʘ, ʪʝʭʥʦʣʦʛʠʷ, ʬʠʣʴʪʨ, ʦʙʨʘʙʦʪʢʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʨʝʩʫʨʩ, ʥʘʩʦʩ, ʢʦʣʴʤʘʪʘʮʠʷ.  

ʁʊʊʄɾɽʇɻɹʆʁʘ ʈʉʁʐʁʆ ʊʆʁɿɾʆʁʘ ʈʉʇʁʀɻʇɽʁʋɾʄʕʆʇʊʋʁ, 
ɻʔʎʇɽɹ ʁʀ ʊʋʉʇʘ ʋɾʎʆʇʄʇɼʁʐɾʊʃʁʎ ʊʃɻɹɿʁʆ ʁ ʅɾʋʇɽʇɻ 
ʉɾʅʇʆʋʆʇ-ɻʇʊʊʋɹʆʇɻʁʋɾʄʕʆʔʎ ʉɹɺʇʋ 

ʅʙʮʥʬʝʧʛ ʑ.ɹ.,   
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

«ɻʦʨʥʘʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʢʘ» ʅɻɻʊʋ 

ʋʧʱʧʛ ɿ.ɺ.,   
ʥʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ 

«ʊʨʘʥʩʬʝʨ ʟʥʘʥʠʡ ʠ ʨʘʙʦʪʘ ʩ ʦʪʨʘʩʣʷʤʠ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ»  
ʊɻʊʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ  

ʅʙʮʥʬʝʧʛʙ ɼ.ɹ., 
ʙʘʟʦʚʳʡ ʜʦʢʪʦʨʘʥʪ 

ʊɻʊʋ  
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ʪʨʝʥʠʝ, ʩʥʠʞʝʥʠʶ ʂʇɼ ʥʘʩʦʩʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʧʝʨʝʨʘʩʭʦʜʫ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʠ. ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʥʦʩʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷ-
ʥʠʝ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʳʥʦʩʠʤʦʛʦ ʧʝʩʢʘ. 
ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʜʠʘʛʨʘʤʤʘ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʦʪʢʘʟʦʚ ʛʣʫ-

ʙʠʥʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘ 5 ʣʝʪ, ʦʪʢʫʜʘ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, 
ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʦʪʢʘʟʦʚ ʥʘʩʦʩʦʚ ʷʚʣʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʡ 
ʠʟʥʦʩ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ ʥʘʩʦʩʘ ï ʚ ʩʨʝʜʥʝʤ 48 %, ʜʘʣʝʝ ʩʣʝʜʫʶʪ 
ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ (ʢʘʙʝʣʷ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ) ï 
21 % ʠ 31 % ʧʨʦʯʠʝ. 
ʆʩʣʦʞʥʝʥʠʷ ʧʨʠ ʚʳʚʦʜʝ ʩʢʚʘʞʠʥʳ ʥʘ ʨʝʞʠʤ ʦʙʫʩʣʦʚʣʝʥʳ ʚʳ-

ʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʂɺʏ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʘʙʦʪʳ ʧʦʩʣʝ ʧʦʜ-
ʟʝʤʥʦʛʦ ʨʝʤʦʥʪʘ ʦʪ 200 ʜʦ 1000 ʤʛ/ʣ. ʕʪʦ ʯʘʩʪʦ ʧʨʝʚʳʰʘʝʪ ʧʘʩ-
ʧʦʨʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʦʚ, ʜʘʞʝ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. 
ʄʝʭʘʥʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʥʘʩʦʩʦʚ, 
ʧʨʦʠʟʚʦʜʷʪ ʘʙʨʘʟʠʚʥʫʶ ʨʘʙʦʪʫ ʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 
ʠʟʥʦʩʘ ʨʘʙʦʯʠʭ ʢʘʤʝʨ, ʨʘʙʦʯʠʭ ʢʦʣʸʩ ʠ ʚʘʣʦʚ, ʧʝʨʝʛʨʝʚʘ ʦʙʤʦʪʦʢ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠʟ-ʟʘ ʟʘʙʠʚʘʥʠʷ ʬʠʣʴʪʨʦʚ. 
ɺʦ ʤʥʦʛʠʭ ʚʥʦʚʴ ʦʩʚʘʠʚʘʝʤʳʭ ʥʘʩʦʩʥʳʭ ʩʢʚʘʞʠʥʘʭ ʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ʧʦʩʪʫʧʘʝʪ ʠʟ ʧʣʘʩʪʘ ʪʦʣʴʢʦ 
ʚ ʧʝʨʚʳʝ ʜʥʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʦʪʢʘʟʦʚ ʛʣʫʙʠʥʥʦ-
ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʟʘʩʦʨʝʥʠʶ ï ʧʦʨʷʜʢʘ 80 %, ʧʨʠʭʦʜʠʪʩʷ 
ʥʘ ʚʥʦʚʴ ʚʚʝʜʝʥʥʳʝ ʩʢʚʘʞʠʥʳ ʠʟ ʙʫʨʝʥʠʷ, ʧʦʩʣʝ ʟʘʙʫʨʠʚʘʥʠʷ 
ʚʪʦʨʦʛʦ ʩʪʚʦʣʘ ʠʣʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʨʝʤʦʥʪʘ.  
ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʨʠ ʦʪʨʘʙʦʪʢʝ ʩʢʚʘʞʠʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪʢʘʟʳ ʧʦ ʧʨʠʯʠʥʝ ʟʘʩʦʨʝʥʠʷ ʥʘ ʵʪʠʭ 
ʩʢʚʘʞʠʥʘʭ ʩʥʠʞʘʶʪʩʷ [3-5]. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʥʘʜʸʞʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʝʩʫʨ-

ʩʘ ʛʣʫʙʠʥʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ ʨʫʜʥʠʢʘʭ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 
ʟʘʪʨʘʪʳ ʥʘ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ, ʘ ʪʘʢʞʝ ʚʦʟʨʘʩ-
ʪʘʶʪ ʧʨʦʩʪʦʠ ʩʢʚʘʞʠʥ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʱʠʪʳ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦ-
ʚʘʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩʢʚʘʞʠʥʥʳʝ ʬʠʣʴ-
ʪʨʳ ʪʠʧʘ ʂɼʌ-118/0,8-1,2 (ʬʠʣʴʪʨʦʚʳʝ ʢʦʣʦʥʥʳ). ʉʦʛʣʘʩʥʦ ʫʩʪʘʥʦʚ-
ʣʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʚ 
ʦʪʢʘʯʠʚʘʝʤʦʤ ʨʘʩʪʚʦʨʝ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 50 ʤʛ/ʣ. 
ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʚʳʭʦʜʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʠʟ ʩʪʨʦʷ: 
ï ʚʳʙʦʨ ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʠʜʘ ʪʘʤʧʦʥʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠ 

ʥʝʧʨʘʚʠʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʦʣʷʮʠʦʥʥʳʭ ʨʘʙʦʪ ʚ ʩʢʚʘ-
ʞʠʥʝ ʧʨʠ ʝʸ ʩʦʦʨʫʞʝʥʠʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ 
ʩʚʷʟʠ ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʦʡ, ʪ.ʝ. ʧʝʨʝʪʦʢʦʚ ʚʳʱʝʣʘʯʠʚʘʶ-
ʱʠʭ ʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʨʘʩʪʚʦʨʦʤ ʤʝʞʜʫ ʚʦʜʦʥʦʩʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. 
ï ʧʦʚʨʝʞʜʝʥʠʝ ʪʨʫʙ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʠ ʬʠʣʴʪʨʘ ʚ 

ʧʨʦʮʝʩʩʝ ʤʦʥʪʘʞʥʳʭ ʠ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 
ï ʥʘʨʫʰʝʥʠʝ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥ ʥʘ ʨʝʟʴʙʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʦʟ-
ʜʝʡʩʪʚʠʡ ʨʘʩʪʚʦʨʦʚ. 
ï ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʬʠʣʴʪʨʦʚ 

(ʧʨʦʭʦʜʥʳʭ ʦʪʚʝʨʩʪʠʡ, ʩʢʚʘʞʥʦʩʪʠ ʠ ʜʨ.), ʛʝʦʣʦʛʦ-ʛʠʜʨʦʛʝʦ-
ʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʧʦʨʦʜ ʨʫʜʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 
ï ʟʘʨʘʩʪʘʥʠʝ ʬʠʣʴʪʨʦʚ ʠ ʧʨʠʬʠʣʴʪʨʦʚʦʡ ʟʦʥʳ ʧʨʦʜʫʢʪʘʤʠ 

ʭʠʤʠʯʝʩʢʦʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʣʴʤʘʪʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʢʚʘʞʠʥ ʩʥʠʞʘʝʪʩʷ ʥʠʞʝ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʦʚ, 
ʪʨʝʙʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʝʡ ʜʦʙʳʯʠ. 
ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘʢʘʯʥʳʭ 

ʩʢʚʘʞʠʥ: 
ï ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʧʨʠʸʤʠʩʪʦʩʪʠ ʟʘʢʘʯʥʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʜ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʟʦʥʝ 
ʬʠʣʴʪʨʘ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 
ï ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʜ ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʝʨʠʦʜ ʧʦʜʘʯʠ ʚʳʱʝ-
ʣʘʯʠʚʘʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʚ ʧʣʘʩʪ. 
ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʩʥʠʞʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʦʪʢʘʯʥʳʭ 

ʩʢʚʘʞʠʥ ʚ ʫʩʣʦʚʠʷʭ ʨʫʜʥʠʢʘ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʭʠʤʠʯʝʩʢʘʷ 
ʢʦʣʴʤʘʪʘʮʠʠ ʠʭ ʬʠʣʴʪʨʦʚ ʠ ʧʨʠʬʠʣʴʪʨʦʚʦʡ ʟʦʥʳ. ʂʦʣʤʘʪʘʮʠʷ ʵʪʦ - 
ʧʨʦʮʝʩʩ ʩʥʠʞʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʬʠʣʴʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʩʢʚʘʞʠʥ ʠ ʧʨʠʬʠʣʴʪʨʦʚʳʭ ʟʦʥ ʨʫʜʦʚʤʝʱʘʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘ ʟʘ 
ʩʯʸʪ ʦʩʘʞʜʝʥʠʷ ʚʝʱʝʩʪʚ, ʨʘʩʪʚʦʨʸʥʥʳʭ ʚ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʘʭ, ʠʣʠ 
ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʯʘʩʪʠʮ ʨʫʜʦʚʤʝʱʘʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘ, ʘ 
ʪʘʢʞʝ ʛʘʟʦʚʳʜʝʣʝʥʠʡ [6-7]. 
ʆʩʥʦʚʥʳʝ ʬʦʨʤʳ ʢʦʣʴʤʘʪʘʮʠʠ: 
ï ʭʠʤʠʯʝʩʢʘʷ ʢʦʣʴʤʘʪʘʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦ-

ʚʘʥʠʷ ʦʩʘʜʢʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʟʘʢʫʧʦʨʠʚʘʶʱʠʭ ʧʦʨʦ-
ʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨʦʜ; 
ï ʛʘʟʦʚʘʷ ʢʦʣʴʤʘʪʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʛʝʥʝʨʘʮʠʠ ʫʛʣʝ-

ʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʚʦʜʦʥʦʩʥʦʤ ʛʦʨʠʟʦʥʪʝ ʧʨʠ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʠ ʢʠʩʣʦʪʳ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦʨʦʜ; 
ï ʠʦʥʦʦʙʤʝʥʥʘʷ ʢʦʣʴʤʘʪʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʠʟʤʝʥʝʥʠʷʤʠ 

ʩʪʨʫʢʪʫʨʳ ʧʦʨ ʧʦʜ ʚʣʠʷʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʛʣʠʥʠʩʪʳʭ 
ʤʠʥʝʨʘʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʢʦʣʝʙʘʥʠʡ pH ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʬʠʣʴʪʨʫʶ-
ʱʠʭʩʷ ʨʘʩʪʚʦʨʦʚ; 

 ï ʤʝʭʘʥʠʯʝʩʢʘʷ ʢʦʣʴʤʘʪʘʮʠʷ ʚʳʟʚʘʥʘ ʬʠʟʠʯʝʩʢʠʤ ʟʘʩʦʨʝʥʠ-
ʝʤ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ ʪʚʝʨʜʳʤʠ ʚʟʚʝʩʷʤʠ, ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʧʦʪʦʢʝ, 
ʘ ʪʘʢʞʝ ʩʤʝʱʝʥʠʝʤ ʧʝʩʯʘʥʳʭ ʯʘʩʪʠʮ ʚʩʣʝʜʩʪʚʠʝ ʩʫʬʬʦʟʠʦʥʥʳʭ 
ʧʨʦʮʝʩʩʦʚ. 
ʂʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ: 

ʋʙʚʤʡʯʙ 1 
ʊʩʙʛʦʡʫʞʤʵʦʴʞ ʝʙʦʦʴʞ ʨʧ ʩʞʪʬʩʪʬ ʡ ʨʩʡʰʡʦʙʥ ʧʫʣʙʠʧʛ ʨʧʜʩʬʟʦʴʮ ʦʙʪʧʪʧʛ ʦʙ ʥʞʪʫʧʩʧʟʝʞʦʡʸʮ ʬʩʙʦʙ 

 ́

ʨ/ʨ 

ʅʙʩʣʙ 

ʦʙʪʧʪʙ 

ʊʩʞʝʦʸʸ 

ʦʙʩʙʚʧʫʣʙ 

ʈʩʧʯʞʦʫ ʛʴʮʧʝʙ 

ʡʠ ʪʫʩʧʸ 

ʈʩʡʰʡʦʴ ʛʴʮʧʝʙ ʡʠ 
ʪʫʩʧʸ 

ʈʩʡʥʞʰʙʦʡʞ 

1. Grundfos SPM 14A- 18H  6830 56 % ʀʟʥʦʩ ʨʘʙʦʯʠʭ ʢʘʤʝʨ, ʢʦʣʝʩ ʠ ʚʘʣʘ ʥʘʩʦʩʥʦʡ ʯʘʩʪʠ 

ʈʝʤʦʥʪ ʟʘ ʩʯʸʪ ʟʘʤʝʥʳ ʥʘʩʦʩʥʦʡ 
ʯʘʩʪʠ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʥʝʨʝ-
ʤʦʥʪʦʧʨʠʛʦʜʥʳʡ 

 2. Odesse POSS-13- 13/6  6953  54 % 
ʇʦʣʦʤʢʘ ʚʘʣʘ, ʪʨʝʱʠʥʳ ʚ ʢʦʨʧʫʩʝ ʚʠʥʪʘ ʢʨʝʧʣʝʥʠʷ 
ʰʣʠʮʝʚʦʡ ʤʫʬʪʳ ʥʘʩʦʩʥʦʡ ʯʘʩʪʠ ʧʨʠ 4800 ʤ/ʯ 

 ï  

 3. Sinar 4SP5-24  6384  69 % 
ʆʙʨʳʚ ʢʘʙʝʣʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʟʘʚʳʰʝʥʥʳʡ ʪʦʢ 
ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʈʝʤʦʥʪ ʟʘ ʩʯʸʪ ʟʘʤʝʥʳ ʵʣʝʢʪʨʦ-
ʜʚʠʛʘʪʝʣʷ 

 4. ʋʣʴʙʘ KSPN -6-Z616-8-5,5 7839  33 % 
ɹʳʩʪʨʳʡ ʠʟʥʦʩ ʚʘʣʘ ʠ ʢʦʥʪʨʛʘʡʢʠ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʠ ʥʘʩʦʩʥʦʡ ʯʘʩʪʴʶ 
ï   

ʈʠʩ. 1. ʇʨʠʯʠʥʳ ʦʪʢʘʟʦʚ ʥʘʩʦʩʥʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʥʞʮʙʦʡʰʞʪʣʡʢ 
ʡʠʦʧʪ 

ʦʞʡʪʨʩʙʛʦʧʪʫʡ  
ʶʤ. ʰʙʪʫʡ 

ʨʩʧʰʡʞ 
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ï ʜʣʷ ʟʘʤʝʥʳ ʬʠʣʴʪʨʦʚ;  
ï ʜʣʷ ʧʨʠʚʝʜʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʚ ʨʘʙʦʯʝʝ ʩʦʩʪʦʷʥʠʝ;  
ï ʜʣʷ ʠʟʦʣʷʮʠʠ ʟʘʪʨʫʙʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥ: 
ï ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʧʨʠʸʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʠʣʴʪʨʘ ʠʣʠ ʝʛʦ 

ʢʘʨʢʘʩʘ; 
ï ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ ʟʘʨʘʩʪʘʥʠʷ ʬʠʣʴʪʨʦʚ ʧʨʦʜʫʢʪʘʤʠ ʢʦʣʴʤʘʪʘ-

ʮʠʠ ʩ ʙʣʦʢʠʨʦʚʢʦʡ ʨʘʩʪʚʦʨʦʧʨʠʪʦʢʘ ʠ ʧʨʠ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʚʝʩʪʠ 
ʬʠʣʴʪʨ ʚ ʨʘʙʦʯʝʝ ʩʦʩʪʦʷʥʠʝ; 
ï ʧʨʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʠ ʢʦʨʨʦʟʠʡʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʬʠʣʴʪʨʘ ʠ ʪʨʫʙ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʢ ʚʳʱʝʣʘʯʠʚʘʶʱʠʤ 
ʨʘʩʪʚʦʨʘʤ; 
ï ʧʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʧʝʩʢʘ ʚ ʩʢʚʘʞʠʥʫ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʨʝʚʳʰʘʶ-

ʱʠʭ ʥʦʨʤʘʪʠʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ; 
ï ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʦʙʩʘʜʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 
ʢʦʣʦʥʥʘʭ. 
ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʤʝʪʦʜʳ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘ-
ʙʦʪ. ʋʩʧʝʰʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʢʚʘʞʠʥ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʦʪʨʘʙʦʪ-
ʢʠ ʠ ʤʝʪʦʜʦʚ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʥʦ ʠ ʦʪ ʧʨʘʚʠʣʴ-
ʥʦʩʪʠ ʩʦʦʨʫʞʝʥʠʷ ʠʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʨʘʟʛʣʠʥʠʟʘʮʠʠ ʧʨʠʬʠʣʴʪʨʦʚʦʡ 
ʟʦʥʳ.  
ʉʦʦʨʫʞʝʥʠʝ ʠ ʦʩʚʦʝʥʠʝ ʩʢʚʘʞʠʥ, ʦʯʝʥʴ ʚʘʞʥʳʝ ʵʪʘʧʳ ʨʘʙʦʪ, ʦʪ 

ʢʘʯʝʩʪʚʘ, ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʳʭ, ʟʘʚʠʩʠʪ ʙʝʟʘʚʘʨʠʡʥʦʝ ʚ ʪʝʯʝʥʠʝ 
ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥʳ. ʆʩʚʦʝʥʠʝ ʩʢʚʘ-
ʞʠʥ ï ʟʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʩʦʦʨʫʞʝʥʠʷ ʩʢʚʘʞʠʥ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ 
ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʝʢʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ ʠ 
ʧʦʜʛʦʪʦʚʢʘ ʠʭ ʢ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ [7-9].  
ʈʝʘʛʝʥʪʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʢʚʘʞʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʠʤʠʯʝ-

ʩʢʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥ-
ʥʳʭ ʩʚʦʡʩʪʚ ʩʢʚʘʞʠʥ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʚ 
ʬʠʣʴʪʨʦʚʫʶ ʢʦʣʦʥʥʫ ʠ ʧʨʠʣʝʛʘʶʱʠʡ ʧʨʠʬʠʣʴʪʨʦʚʳʡ ʧʣʘʩʪ ʩ ʮʝʣʴʶ 
ʨʘʩʪʚʦʨʝʥʠʷ ʢʦʣʴʤʘʪʠʨʫʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. 
ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʫʯʘʩʪʢʘʭ ʩ 

ʚʳʨʘʞʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʢʦʣʴʤʘʪʘʮʠʝʡ, ʘ ʪʘʢʞʝ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 
ʤʝʭʘʥʠʯʝʩʢʠʝ ʠʣʠ ʬʠʟʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʬʠʣʴʪʨʘ ʠ ʧʨʠ-
ʬʠʣʴʪʨʦʚʦʡ ʟʦʥʳ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ. 
ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥ ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ (ʫʜʘʣʝʥʠʝ 
ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʨʦʤʳʚʢʘ ʬʠʣʴʪʨʦʚ ʠ ʦʪʩʪʦʡʥʠʢʘ, ʵʨʣʠʬʪʥʘʷ 
ʧʨʦʢʘʯʢʘ), ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 
ʧʨʦʤʳʚʢʠ ʠʣʠ ʧʨʦʢʘʯʢʠ. 

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʭʠʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʢʣʶʯʘʶʪ: 
ï ʦʙʨʘʙʦʪʢʫ ʬʠʣʴʪʨʘ ʠ ʧʨʠʬʠʣʴʪʨʦʚʦʡ ʟʦʥʳ ʨʘʩʪʚʦʨʦʤ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 1 ʜʦ 5 %; 
ï ʧʨʠʤʝʥʝʥʠʝ ʩʤʝʩʠ ʧʣʘʚʠʢʦʚʦʡ ʠ ʩʝʨʥʦʡ ʢʠʩʣʦʪ, ʧʦʣʫʯʝʥʥʦʡ 

ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʙʠʬʪʦʨʠʜʘ ʘʤʤʦʥʠʷ (16-24 ʛ/ʣ) ʚ ʩʝʨʥʦʢʠʩʣʦʪ-
ʥʳʡ ʨʘʩʪʚʦʨ (40 ʛ/ʣ). 
ʇʦʜʘʯʘ ʢʠʩʣʦʪʳ ʚ ʟʦʥʫ ʫʩʪʘʥʦʚʢʠ ʬʠʣʴʪʨʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʧʦʜʘʯʝʡ ʥʘʩʦʩʦʤ ʯʝʨʝʟ ʰʣʘʥʛ, ʩ ʛʝʨʤʝʪʠʟʘʮʠʝʡ 
ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ ʧʨʠ ʩʪʘʪʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʨʘʩʪʚʦʨʦʚ ʚ ʩʢʚʘʞʠʥʝ ʚʳ-
ʰʝ ʫʨʦʚʥʷ ʟʝʤʣʠ (ʩʘʤʦʠʟʣʠʚ). 
ʇʨʠʟʘʙʦʡʥʘʷ ʟʦʥʘ ʧʣʘʩʪʘ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʟʘʛʨʷʟʥʷʝʪʩʷ 

ʦʪʬʠʣʴʪʨʦʚʘʚʰʠʤʩʷ ʛʣʠʥʠʩʪʳʤ ʨʘʩʪʚʦʨʦʤ, ʯʪʦ ʚʝʜʝʪ ʢ ʟʘʢʫʧʦʨʢʝ 
ʧʦʨ ʧʣʘʩʪʘ ʠ ʩʥʠʞʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʜ. ʈʘʙʦ-
ʪʳ ʧʦ ʦʩʚʦʝʥʠʶ ʚʢʣʶʯʘʶʪ ʫʜʘʣʝʥʠʝ ʛʣʠʥʠʩʪʦʡ ʢʦʨʢʠ ʩʦ ʩʪʝʥʦʢ 
ʩʢʚʘʞʠʥ (ʨʘʟʛʣʠʥʠʟʘʮʠʷ) ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʟʤʝʱʝʥʠʷ ʬʠʣʴʪʨʘ ʠ ʦʯʠʩʪ-
ʢʫ ʧʦʣʦʩʪʠ ʬʠʣʴʪʨʘ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. 
ʈʘʟʛʣʠʥʠʟʘʮʠʶ ʧʨʦʚʦʜʷʪ ʧʨʦʢʘʯʢʘʤʠ, ʠ, ʝʩʣʠ ʪʨʝʙʫʝʤʘʷ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʢʚʘʞʠʥ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ, ʝʝ ʧʦʜʚʝʨʛʘʶʪ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʘʩʪʚʦʨʘʤʠ ʢʠʩʣʦʪ.  
ʍʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʢʚʘʞʠʥ ʧʨʦʚʦʜʠʪʩʷ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪ-

ʥʦʡ ʟʘʢʘʯʢʠ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʚ ʧʨʠʬʠʣʴʪʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 
ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʢʦʣʴʤʘʪʠʨʫʶʱʠʭ ʦʪʣʦʞʝʥʠʡ ʩ ʧʦʩʣʝ-
ʜʫʶʱʠʤ ʚʳʥʦʩʦʤ ʠʭ ʚ ʢʦʣʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʫʜʘʣʝʥʠʝʤ ʥʘ ʧʦ-
ʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʠ ʢʨʝʤʥʠʝʚʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʘʛʝʥʪʳ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʠʩʪʦʚʦʜʦʨʦʜ-
ʥʦʡ ʢʠʩʣʦʪʳ (HF) ʠ ʙʠʬʪʦʨʠʜʘ ʘʤʤʦʥʠʷ (NHϞF·HF), ʩʧʦʩʦʙʥʳʝ 
ʨʘʩʪʚʦʨʷʪʴ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. 
ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ HF ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʦʩʪʘʚʣʷʝʪ         

5-8 %. ɹʠʬʪʦʨʠʜ ʘʤʤʦʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 
ʢʠʩʣʫʶ ʩʦʣʴ ʬʪʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʩʣʝʜ-
ʥʝʡ ʚ ʧʨʝʜʝʣʘʭ 25-30 %. ɺʦʜʥʳʝ ʠ ʩʦʣʷʥʦʢʠʩʣʳʝ ʨʘʩʪʚʦʨʳ ʜʘʥʥʦʛʦ 
ʨʝʘʛʝʥʪʘ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʴʶ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʛʦ 
ʩʦʙʣʶʜʝʥʠʷ ʤʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ. ʇʣʘʚʠʢʦʚʘʷ 
ʢʠʩʣʦʪʘ, ʚʳʩʚʦʙʦʞʜʘʶʱʘʷʩʷ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʙʠʬʪʦʨʠʜʘ, ʘʢʪʠʚʥʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʨʘʟʨʫʰʘʝʪ ʩʠʣʠʢʘʪʥʳʝ 
ʧʦʨʦʜʳ ʠ ʩʪʝʢʣʦ. 
ʇʨʝʜʣʘʛʘʝʤʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʳʰʝ, ʥʝ 

ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʦʦʨʫʞʘ-
ʝʪʩʷ ʢʘʞʜʘʷ ʩʢʚʘʞʠʥʘ, ʥʝʧʦʚʪʦʨʠʤʳ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳ. ʀʟ ʵʪʦʛʦ 
ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʦʜʙʦʨʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 
ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʩʢʚʘʞʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦʝ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʠʯʠʥʘʭ, ʚʳʟʳʚʘʶʱʠʭ ʢʦʣʴʤʘʪʘʮʠʶ ʠ ʦ ʚʦʟʤʦʞ-
ʥʳʭ ʧʦʩʣʝʜʩʪʚʠʷʭ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ ʧʨʠ ʚʝʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʇʉɺ. 

ʈʠʩ. 2. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʜʘʯʠ ʨʝʘʛʝʥʪʘ: 1 ï ʧʨʠʮʝʧ; 2 ï ʙʘʨʘʙʘʥ; 3 ï y ʤʢʦʩʪʴ; 4 ï ʭʠʤʠʯʝʩʢʠʡ ʥʘʩʦʩ; 5 ï ʧʦʣʠʵʪʠʣʝʥʦʚʘʷ ʧʣʝʪʴ; 6 ï ʦʛʦʣʦʚʥʠʢ; 7 ï 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʢʚʘʞʠʥʘ 
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ɼʣʷ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʠ ʧʨʠʩʢʚʘ-
ʞʠʥʥʦʡ ʟʦʥ ʧʣʘʩʪʘ ʧʨʠʤʝʥʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʜʘʯʠ ʨʝʘʛʝʥʪʘ 
ʪʠʧʘ ʋʆʉ ʠʣʠ ʋʇʆʉ (ʨʠʩ. 2). ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʠ ʧʦʩʣʝ-
ʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʛʝʥʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥ. ʇʦʜʘʯʫ ʨʝʘʛʝʥʪʘ ʚ 
ʦʪʢʘʯʥʳʝ ʩʢʚʘʞʠʥʳ ʧʣʘʥʠʨʫʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 
ʇʦʣʠʵʪʠʣʝʥʦʚʘʷ ʝʤʢʦʩʪʴ ʦʙʲʝʤʦʤ 4 ʤ3, ʩʤʦʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʧʦʣʫ-
ʧʨʠʮʝʧʝ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʨʦʚʥʦʡ ʧʣʦʱʘʜʢʝ, ʚʙʣʠʟʠ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʦʡ ʩʢʚʘʞʠʥʳ, ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʛʝʨʤʝʪʠʯʥʳʤ ʦʛʦʣʦʚʥʠʢʦʤ.           
ɺ ʸʤʢʦʩʪʠ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʠʯʝʩʢʦʡ ʚʦʜʳ ʠʣʠ ɺʈ ʛʦʪʦʚʠʪʩʷ ʨʘʩʪʚʦʨ 
ʨʝʘʛʝʥʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ, ʯʝʨʝʟ ʧʦʣʠʵʪʠʣʝʥʦʚʫʶ ʧʣʝʪʴ ʥʘʩʦ-
ʩʦʤ ʧʦʜʘʝʪʩʷ ʚ ʦʪʢʘʯʥʫʶ ʩʢʚʘʞʠʥʫ. ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʧʨʦʮʝʩʩʘ ʥʘʛʥʝ-
ʪʘʥʠʷ ʨʘʩʪʚʦʨʦʚ, ʩʢʚʘʞʠʥʘ ʜʦʣʞʥʘ ʦʪʩʪʦʷʪʴʩʷ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʪʩʷ 
ʵʨʣʠʬʪʥʘʷ ʧʨʦʢʘʯʢʘ ʜʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʜʝʙʠʪʘ ʠ ʧʦʣʫ-
ʯʝʥʠʷ ʯʠʩʪʳʭ ʨʘʩʪʚʦʨʦʚ. 
ʇʨʦʤʳʚʢʘ ʬʠʣʴʪʨʦʚʳʭ ʢʦʣʦʥʥ ʠ ʦʪʩʪʦʡʥʠʢʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʩʢʚʘʞʠʥ ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʘʥʦʚʢʠ ʋʆʉ ʠʣʠ ʋʇʆʉ ʠ ʧʦʩʣʝʜʫʶʱʝʡ 
ʧʨʦʢʘʯʢʦʡ ʧʝʨʝʜʚʠʞʥʳʤ ʢʦʤʧʨʝʩʩʦʨʦʤ. 
ʉʦʩʪʦʷʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʳʨʘʙʦʪʦʢ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 1 ʨʘʟ 

ʚ ʧʦʣʫʛʦʜʠʝ ʤʝʪʦʜʘʤʠ ɻʀʉ.  
ɽʞʝʛʦʜʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʣʥʘʷ ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ ʧʘʨʢʘ ʩʢʚʘʞʠʥ. 

ʉʢʚʘʞʠʥʳ, ʚʳʚʝʜʝʥʥʳʝ ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʩʦʩʪʦʷ-
ʥʠʶ ʠ ʥʝ ʧʦʜʣʝʞʘʱʠʝ ʨʝʤʦʥʪʫ ʙʫʜʫʪ ʣʠʢʚʠʜʠʨʦʚʘʪʴʩʷ. 
ʉʦʩʪʘʚ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ 
ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ: ɹʠʬʪʦ-
ʨʠʜ ʘʤʤʦʥʠʷ (ɹʌɸ) (NH4FĀHF) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʦʝ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʝʛʦ ʢʠʩʣʦʪʥʦʩʪʴ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʧʣʘʚʠ-
ʢʦʚʫʶ ʢʠʩʣʦʪʫ ʩʦʩʪʘʚʣʷʝʪ 25 %, ʧʣʦʪʥʦʩʪʴ ʨʝʘʛʝʥʪʘ 1,01 ʛ/ʩʤ3. 
ɺʳʧʫʩʢʘʝʪʩʷ ʧʦ ɻʆʉʊ 9546-75, ʭʨʘʥʠʪʩʷ ʚ ʢʨʳʪʳʭ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝ-
ʱʝʥʠʷʭ, ʧʨʝʜʦʭʨʘʥʷʷ ʦʪ ʧʦʧʘʜʘʥʠʷ ʚʣʘʛʠ, ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʨʘʩʪʚʦʨʷ-
ʝʪʩʷ ʚ ʚʦʜʝ. ʆʪʥʦʩʠʪʩʷ ʢ ʪʦʢʩʠʯʥʳʤ ʚʝʱʝʩʪʚʘʤ, ʚʟʨʳʚʦʙʝʟʦʧʘʩʝʥ, 
ʧʦʞʘʨʦʙʝʟʦʧʘʩʝʥ. ɹʠʬʪʦʨʠʜ ʘʤʤʦʥʠʷ ʫʩʧʝʰʥʦ ʟʘʤʝʥʷʝʪ ʪʨʘʜʠʮʠ-
ʦʥʥʳʡ ʜʣʷ ʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʦʧʘʩʥʳʡ ʠ ʘʛʨʝʩʩʠʚ-
ʥʳʡ ʤʘʪʝʨʠʘʣ ï ʧʣʘʚʠʢʦʚʫʶ ʢʠʩʣʦʪʫ, ʢʦʪʦʨʘʷ ʦʯʝʥʴ ʘʛʨʝʩʩʠʚʥʘ 
ʨʘʟʲʝʜʘʝʪ ʤʥʦʛʠʝ ʤʘʪʝʨʠʘʣʳ, ʚʳʟʳʚʘʝʪ ʩʠʣʴʥʳʝ ʦʞʦʛʠ, ʚʳʜʝʣʷʝʪ 
ʚʨʝʜʥʳʝ ʜʣʷ ʜʳʭʘʥʠʷ ʧʘʨʳ. ʆʜʠʥ ʢʠʣʦʛʨʘʤʤ ɹʌɸ ʵʢʚʠʚʠʚʘʣʝʥʪʝʥ 

1,55 ʣ 40%-ʡ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʦʧʨʝʜʝʣʸʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʩʦʯʝʪʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʙʠʬʪʦʨʠʜ ʘʤʤʦʥʠʷ ʩʣʫʞʠʪ 
ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ ʚ ʩʢʚʘʞʠʥʘʭ, ʜʣʷ ʚʦʩʩʪʘʥʦʚ-
ʣʝʥʠʷ ʜʝʙʠʪʘ, ʧʨʠʝʤʠʩʪʦʩʪʠ. ɻʦʪʦʚʠʪʩʷ ʠʟ ʨʘʩʯʸʪʘ 4 ʤ3 ʤʘʪʦʯʥʠʢʘ 
ʩʦʨʙʮʠʠ ʫʢʨʝʧʣʷʶʪʩʷ 40-50 ʛ/ʣ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ. ʇʦ ʟʘʜʘʥʠʶ ʛʝʦʪʝʭ-
ʥʦʣʦʛʘ ʚ ʸʤʢʦʩʪʴ 4 ʤ3 ʟʘʣʠʚʘʝʪʩʷ ʫʢʨʝʧʣʸʥʥʳʡ ʨʘʩʪʚʦʨ ʩʝʨʥʦʡ 
ʢʠʩʣʦʪʳ, ʟʘʩʳʧʘʝʪʩʷ ʦʧʨʝʜʸʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʬʪʦʨʠʜʘ ʘʤʤʦ-
ʥʠʷ, ʨʘʩʪʚʦʨʷʝʪʩʷ ʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʰʣʘʥʛʦʚ ʠ ʧʦʜʘʶʱʠʭ ʥʘʩʦʩʦʚ 
ʟʘʣʠʚʘʝʪʩʷ ʚ ʩʢʚʘʞʠʥʫ. ʉʫʪʢʠ ʩʢʚʘʞʠʥʘ ʦʪʩʪʘʠʚʘʝʪʩʷ. ʇʦʩʣʝ 24 ʯ 
ʧʨʦʚʝʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʩʢʚʘʞʠʥʝ ï ʩʢʚʘʞʠʥʘ ʧʦʜʣʝʞʠʪ 
ʧʦʣʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʨʝʤʦʥʪʘ ï ʧʨʦʤʳʚʢʘ ʚʩʝʡ ʢʦʣʦʥʥʳ ʩʢʚʘʞʠʥʳ ʠ 
ʦʩʚʦʝʥʠʝ ʢʦʤʧʨʝʩʩʦʨʦʤ. 
ʂʠʩʣʦʪʘ ʩʝʨʥʘʷ (H2SO4) ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʩʮʚʝʪʥʫʶ, 

ʧʨʦʟʨʘʯʥʫʶ, ʤʘʩʣʷʥʠʩʪʫʶ ʞʠʜʢʦʩʪʴ, ʙʝʟ ʟʘʧʘʭʘ, ʙʝʟ ʦʩʘʜʢʘ ʩʤʝʰʠ-
ʚʘʝʪʩʷ ʩ ʚʦʜʦʡ (ʧʨʠ ʩʠʣʴʥʦʤ ʨʘʟʦʛʨʝʚʘʥʠʠ). ʇʣʦʪʥʦʩʪʴ ʦʢʦʣʦ 1,83 
ʛ/ʩʤ3. ɺ ʧʨʠʛʦʪʘʚʣʠʚʘʝʤʦʤ ʨʘʩʪʚʦʨʝ ʩʤʝʩʴ ʨʘʩʪʚʦʨʘ ʙʠʬʪʦʨʠʜʘ 
ʘʤʤʦʥʠʷ ʠ ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 
ʩʠʣʴʥʦʦʩʥʦʚʥʦʡ ʢʠʩʣʦʪʳ ʚ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʩ ʙʠʬʪʦʨʠʜʦʤ ʘʤʤʦʥʠʷ. 
ʇʦʣʫʯʘʝʤʳʡ ʚ ʠʪʦʛʝ ʨʘʩʪʚʦʨ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʨʝʘʛʝʥʪʦʤ, ʧʦʟʚʦ-
ʣʷʶʱʠʤ ʚʦʩʩʪʘʥʦʚʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʨʠʩʪʦʩʪʴ ʨʫʜʦʚʤʝʱʘʶʱʝʛʦ 
ʛʦʨʠʟʦʥʪʘ ʠ ʫʜʘʣʠʪʴ ʢʦʣʴʤʘʪʘʥʪʳ ʠʟ ʬʠʣʴʪʨʦʚʦʡ ʢʦʣʦʥʥʳ.  
ʆʙʦʨʫʜʦʚʘʥʠʝ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ (ʈɺʈ) ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ï ʵʪʦ ʘʢʪʠʚʥʘʷ ʯʘʩʪʴ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ ʧʨʝʜ-
ʧʨʠʷʪʠʡ ʇʉɺ ʫʨʘʥʘ, ʪ.ʝ. ʤʘʰʠʥʳ, ʫʩʪʘʥʦʚʢʠ, ʘʛʨʝʛʘʪʳ ʜʨ., ʦʩʥʦʚ-
ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʙʦʨʴʙʳ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʣʴʤʘʪʘʮʠʝʡ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʦʢʘʯʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ 
ʠ ʩʚʘʙʠʨʦʚʘʥʠʝ. ɼʣʷ ʙʦʨʴʙʳ ʩ ʭʠʤʠʯʝʩʢʦʡ ʢʦʣʴʤʘʪʘʮʠʝʡ ʧʨʠʬʠʣʴ-
ʪʨʦʚʫʶ ʟʦʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʢʚʘʞʠʥʳ ʦʙʨʘʙʘʪʳʚʘʶʪ ʨʘʩʪʚʦʨʘʤʠ 
ʩ ʨʘʟʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ 
ʚʳʩʦʣʠʚʰʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʚ ʤʝʞʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʫʜʦʚʤʝ-
ʱʘʶʱʠʭ ʧʦʨʦʜ, ʩʝʯʝʥʠʝ ʧʦʨ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
(ʜʝʙʠʪ) ʩʢʚʘʞʠʥ ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. ʆʜʥʘʢʦ ʫʢʘʟʘʥʥʳʝ 
ʩʧʦʩʦʙʳ ʥʝ ʜʘʶʪ ʞʝʣʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʜʦ ʩʝʛʦ ʚʨʝʤʝʥʠ ʨʷʜ  
ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʤʝʪʦʜʦʚ ʠ ʩʨʝʜʩʪʚ ʚʦʩʩʪʘʥʦʚ-
ʣʝʥʠʷ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥ, ʥʝ ʨʝʰʸʥ. 

ʋʙʚʤʡʯʙ 2 
ʇʚʧʩʬʝʧʛʙʦʡʞ ʝʤʸ ʩʞʥʧʦʫʦʧ-ʛʧʪʪʫʙʦʧʛʡʫʞʤʵʦʴʮ ʩʙʚʧʫ ʫʞʮʦʧʤʧʜʡʰʞʪʣʡʮ ʪʣʛʙʟʡʦ 

 ́ ʆʙʠʛʙʦʡʞ ʋʞʮʦʡʰʞʪʣʡʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ ʆʙʠʦʙʰʞʦʡʞ 

1. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦ-
ʚʝʨʢʠ ʠ ʦʧʨʝʩʩʦʚʢʠ 
ʩʦʩʫʜʦʚ ʋʇʆʉ-700ʄ 

ʋʇʆʉ ʠʤʝʝʪ ʰʣʘʥʛ 700 ʤ ʇʅɼ 42
(40 ʤʤ), ʥʘʤʦʪʘʥʥʳʡ ʥʘ ʙʘʨʘʙʘʥ, 
ʠʤʝʝʪʩʷ ʙʨʦʥʠʨʦʚʘʥʥʳʡ ʰʣʘʥʛ    
(ʜʦ 150 ʤ). ʐʣʘʥʛ ʠʤʝʝʪ ʨʘʟʤʝʪʢʫ 

ʇʨʦʤʳʚʢʘ ʦʙʩʘʜʥʦʡ ʠ ʬʠʣʴʪʨʦʚʦʡ ʢʦʣʦʥʥʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ, ʧʨʠʤʝʩʝʡ, 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ, ʢʦʪʦʨʳʡ ʧʦʜʘʸʪʝ ʧʦʛʨʫʞʥʳʤ ʥʘʩʦʩʦʤ 
SP 15-33 (ʜʘʚʣʝʥʠʝ ʜʦ 33) ʯʝʨʝʟ ʰʣʘʥʛ ʇʅɼ-42 (40 ʤʤ) ʜʣʠʥʦʡ 700 ʤ ʩ ʙʨʦʥʠʨʦʚʘʥ-
ʥʳʤ ʰʣʘʥʛʦʤ ʜʦ 150 ʤ, ʥʘʤʦʪʘʥʥʳʭ ʥʘ ʙʘʨʘʙʘʥ ʫʩʪʘʥʦʚʢʠ, ʦʧʫʩʢʘʝʤʦʛʦ ʚ ʦʙʩʘʜʥʫʶ 
ʢʦʣʦʥʥʫ ʧʦʠʥʪʝʨʚʘʣʴʥʦʡ ʜʦ ʧʨʦʙʢʠ ʦʪʩʪʦʡʥʠʢʘ. ʇʨʦʤʳʚʢʘ ʠʜʝʪ ʜʦ ʚʳʭʦʜʘ ʯʠʩʪʦʛʦ 
ʨʘʩʪʚʦʨʘ 

2. ʅʘʩʦʩ ʜʣʷ ʧʨʦʤʳʚʢʠ 
SP 15-33 (ʜʘʚʣʝʥʠʝ 
ʜʦ 33 ʘʪʤ.) 

ʉʧʝʮʠʘʣʴʥʳʝ ʥʘʩʘʜʢʠ ʠʟ ʥ/ʞ ʩʪʘʣʠ 
ʜʣʷ ʧʨʦʤʳʚʢʠ ʦʪʩʪʦʡʥʠʢʘ ʠ ʟʦʥʳ 
ʬʠʣʴʪʨʦʚ 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʤʳʚʢʠ ʥʘ ʥʠʞʥʠʡ ʢʦʥʝʮ ʙʨʦʥʠʨʦʚʘʥʥʦʛʦ ʰʣʘʥʛʘ 
ʟʘʢʨʝʧʣʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʥʘʩʘʜʢʘ (ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʦʧʨʝʜʝ-
ʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ï ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʤʳʚʢʠ ʬʠʣʴʪʨʦʚ ʠ ʩʪʚʦʣʘ 
ʩʢʚʘʞʠʥʳ). ʅʘʩʘʜʢʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʜʦʣʴ ʬʠʣʴʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,4-0,5 ʤ/ʤʠʥ. 
ɼʘʚʣʝʥʠʝ ʜʦ 33 ʘʪʤ. 

3. ʅʘʩʦʩ ʜʣʷ ʧʝʨʝʢʘʯʢʠ 
SP 17-16 (ʜʘʚʣʝʥʠʝ 
ʜʦ 16 ʘʪʤ.) 

ʋʩʪʘʥʦʚʢʘ ʥʘ ʰʠʥʥʦʤ ʭʦʜʫ, ʧʝʨʝ-
ʜʚʠʞʥʘʷ, ʩʦ ʩʙʦʨʥʦʡ ʸʤʢʦʩʪʴʶ ʜʣʷ 
ʨʘʩʪʚʦʨʦʚ ʜʦ 12 ʤ3 

ʇʦʩʪʫʧʘʶʱʠʡ ʠʟ ʩʢʚʘʞʠʥʳ ʨʘʩʪʚʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʧʘʜʘʝʪ ʚ ʸʤʢʦʩʪʴ, ʩʤʦʥʪʠʨʦ-
ʚʘʥʥʫʶ ʥʘ ʧʨʠʮʝʧʝ (ʦʙʲʝʤ 12 ʤ3). ʀʟ ʸʤʢʦʩʪʠ ʨʘʩʪʚʦʨ ʧʝʨʝʢʘʯʠʚʘʝʪʩʷ ʚ ʙʣʠʟʣʝʞʘ-
ʱʠʡ ʧʝʩʢʦʦʪʩʪʦʡʥʠʢ ʧʝʨʝʢʘʯʥʳʤ ʥʘʩʦʩʦʤ 17-16, ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʦ-
ʤʫ ɿʘʢʘʟʯʠʢʦʤ 

4. ʂʦʤʧʨʝʩʩʦʨʥʘʷ 
ʫʩʪʘʥʦʚʢʘ XRVS 336 
  

ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ  ï 
15,5 ʙʘʨ  
ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ï 
27 ʙʘʨ  
ʀʟʙʳʪʦʯʥʦʝ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ ï 
25 ʙʘʨ  
ɼʠʟʝʣʴʥʳʡ ʜʚʠʛʘʪʝʣʴ ï ʉʘʪ  
ɪʤʢʦʩʪʴ ʙʘʢʘ ï 538 ʣ 
  

ʇʦʜʘʯʘ ʚʦʟʜʫʭʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʪʨʫʙ ʋʇʆʉ-700ʄ (ʟʘʛʣʫʙʢʘ ʪʨʫʙ 
ʇʅɼ42(40 ʤʤ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʦ 180-200 ʤ) ʧʫʪʸʤ ʧʦʩʪʝʧʝʥʥʦʛʦ ʦʪʢʨʳʪʠʷ ʨʘʟʜʘ-
ʪʦʯʥʦʛʦ ʚʝʥʪʠʣʷ ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʨʦʠʟʚʦʜʷʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʧʫʩʢʠ ʠ 
ʦʩʪʘʥʦʚʢʠ ʢʦʤʧʨʝʩʩʦʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʫʜʘʨʦʚ, ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʢʘʟʘ-
ʥʠʝ ʧʫʩʢʦʚʦʝ ʠ ʨʘʙʦʯʝʝ ʧʦ ʤʘʥʦʤʝʪʨʫ. ɿʘʤʝʨʷʝʪʩʷ ʜʝʙʠʪ, ʚʠʟʫʘʣʴʥʦ ʠʣʠ ʧʨʦʙʘ 
ʨʘʩʪʚʦʨʘ ʥʘ ʤʝʭʚʟʚʝʩʠ. ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʚ ʦʪʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʤʝʭʚʟʚʝʩʝʡ ʧʨʦ-
ʢʘʯʢʘ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʧʦʣʥʦʛʦ ʦʩʚʝʪʣʝʥʠʷ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʦʯʠʩʪʢʝ ʬʠʣʴʪʨʦʚʦʡ 
ʢʦʣʦʥʥʳ ʠ ʦʪʩʪʦʡʥʠʢʘ ʦʪ ʧʝʩʢʘ ʠ ʧʦʣʫʯʝʥʠʠ ʥʠʟʢʦʛʦ ʜʝʙʠʪʘ ʧʨʦʢʘʯʢʘ ʧʨʦʜʦʣʞʘʝʪʩʷ 
ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʝʞʠʤʝ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʜʝʙʠʪʘ ʧʨʦʢʘʯʢʘ ʧʨʦʜʦʣʞʘʝʪʩʷ 
ʚ ʩʪʘʙʠʣʴʥʦʤ ʨʝʞʠʤʝ (ʦʪ 1 ʜʦ 4-ʭ ʯ) 
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ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʩʢʚʘʞʠʥ ʧʨʠʤʝʥʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝ-
ʩʢʠʝ ʤʝʪʦʜʳ ʠ ʠʭ ʢʦʤʙʠʥʘʮʠʠ ʜʣʷ ʙʦʨʴʙʳ ʩ ʦʩʣʦʞʥʝʥʠʷʤʠ ʠ ʢʨʝʧ-
ʣʝʥʠʷ ʧʦʨʦʜ ʧʣʘʩʪʘ, ʧʨʠʩʢʚʘʞʠʥʥʦʡ ʟʦʥʳ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ 
ʩʢʚʘʞʠʥ.  
ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʦʮʝʥʢʝ ʦʩʣʦʞʥʝʥʠʡ 

ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʟʝʤʥʦʛʦ ʩʢʚʘʞʠʥʥʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʠʪʴ ʠʭ ʥʘ ʧʦʜʩʠʩʪʝʤʳ: ʦʩʣʦʞʥʝʥʠʷ ʚ ʤʘʩʩʠʚʝ 
ʨʫʜʳ, ʚ ʧʨʠʩʢʚʘʞʠʥʥʦʡ ʟʦʥʝ, ʚ ʩʢʚʘʞʠʥʝ ʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚʢʣʶʯʘʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ: ʫʧʨʘʚ-

ʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʦʩʣʦʞʥʝʥʠʡ ʚ ʧʣʘʩʪʝ, ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʩʢʚʘʞʠ-
ʥʳ ʠ ʩʘʤʦʡ ʩʢʚʘʞʠʥʝ, ʘ ʪʘʢʞʝ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  
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This paper analyzes the problems of operation of process wells at mines due to low reliability of deep well pumping equipment and colmatation of the filter 

zone. The existing technical solutions are considered, including the use of filters of KDF-118/0,8-1,2 type, methods of mechanical cleaning (compressed air pump-
ing, welding) and chemical treatment with acid solutions of different concentrations. It is established that in spite of application of a complex of restorative measures, 
efficiency of existing methods remains limited. The relevance of further research in the field of improvement of technologies for restoration of filtration characteristics 
and well flow rate is emphasized. 
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KONCHILIK ISHLARI 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʟʥʘʯʠ-
ʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʚ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ 
ʨʘʙʦʪʘʭ. ɹʫʜʫʯʠ ʥʘʫʢʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʦʣʫʯʝʥʠʝ ʤʝʪʨʠʯʝʩʢʠ 
ʪʦʯʥʳʭ ʜʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʩʥʠʤʢʦʚ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ ʫʚʝʨʝʥ-
ʥʦ ʟʘʥʷʣʘ ʩʚʦʸ ʤʝʩʪʦ ʩʨʝʜʠ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ.  
ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʨʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʪʘʢʠʭ 
ʢʘʢ ʰʪʨʝʢʠ, ʢʘʤʝʨʳ, ʚʝʨʪʠʢʘʣʴʥʳʝ ʠ ʥʘʢʣʦʥʥʳʝ ʩʪʚʦʣʳ.  
ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʲʸʤʢʘ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ, 

ʪʘʢ ʢʘʢ ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 
ʨʘʩʯʸʪʘ ʦʙʲʸʤʦʚ ʚʳʝʤʢʠ, ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʨʦʝʢʪʥʳʤ ʨʝʰʝ-
ʥʠʷʤ ʠ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜ. 
ɺʥʝʜʨʝʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʧʨʘʢʪʠʢʝ ʤʘʨʢʰʝʡ-

ʜʝʨʩʢʦʡ ʩʣʫʞʙʳ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 
ʧʦʣʫʯʘʝʤʳʭ ʠʟʤʝʨʝʥʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʢʨʘ-
ʱʝʥʠʶ ʧʦʪʝʨʴ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ, ʩʥʠʞʝʥʠʶ ʨʘʟʫʙʦʞʠʚʘʥʠʷ 
ʨʫʜʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʪʦʯʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʦʙʲʸʤʘʤʠ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʩʲʸʤʢʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʠʩʢʠ ʜʣʷ 
ʤʘʨʢʰʝʡʜʝʨʦʚ ʧʨʠ ʨʘʙʦʪʝ ʚ ʦʧʘʩʥʳʭ ʠʣʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 
ʫʯʘʩʪʢʘʭ ʚʳʨʘʙʦʪʦʢ. 
ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʨʝʘʣʠʟʦʚʘʚʰʠʭ ʧʨʠʥʮʠʧʳ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʠ ʚ ʫʩʣʦʚʠʷʭ ʰʘʭʪ, ʩʪʘʣ ʬʦʪʦʧʣʘʥʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʲʸʤʢʠ ʢʦʥʪʫʨʦʚ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ.        
ɽʛʦ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʡ ʩʚʝʪʦʚʦʡ ʧʨʦʝʢ-
ʮʠʠ ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʣʠ 
ʵʢʨʘʥ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʬʦʪʦʩʲʸʤʢʦʡ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʣʫʵʪʘ.  
ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʮʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʠʩʪʦʯʥʠʢʠ ʥʘʧʨʘʚ-

ʣʝʥʥʦʛʦ ʩʚʝʪʘ ï ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʣʘʤʧʘ-ʚʩʧʳʰʢʘ, ʚʨʘʱʘʶʱʠʡʩʷ 
ʧʨʦʞʝʢʪʦʨ [1]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʥʘ ʩʪʝʥʢʝ ʚʳʨʘʙʦʪʢʠ 
ʬʦʨʤʠʨʫʝʪʩʷ ʯʸʪʢʠʡ ʢʦʥʪʫʨ, ʢʦʪʦʨʳʡ ʬʠʢʩʠʨʫʝʪʩʷ ʬʦʪʦʢʘʤʝʨʦʡ ʩ 
ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʦʯʢʠ ʦʙʟʦʨʘ (ʨʠʩ. 1). 
ʇʦʣʫʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʪʫʨ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʚ ʦʧʨʝʜʝʣʸʥʥʦʤ ʤʘʩʰʪʘʙʝ. ʉʲʸʤʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʢʘʤʝʨʳ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʡ ʩ ʦʩʚʝʪʠʪʝʣʴʥʳʤ 
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Maqolada yer osti kon lahimlarining raqamli modeliga alohida eôtibor qaratgan holda, marksheyderlik oólchov ishlarida fotogram-
metrik usullardan foydalanish masalalari koórib chiqilgan. Zamonaviy raqamli fotogrammetriya yutuqlari, xususan mobil qurilmalar hamda 
Agisoft Metashape kabi maxsus dasturiy taôminotlardan foydalanish orqali murakkab fazoviy obyektlarning aniq uch oólchamli modellarini 
qimmatbaho uskunalarsiz olish mumkinligiga eôtibor qaratilgan. Tadqiqotda yorugólik past sharoitlarda tasvirga olishni tashkillashtirish va 
mobil kamera kalibrovka koeffitsientlari orqali natijalarning aniqligini oshirish masalalariga alohida eôtibor qaratilgan. Shuningdek, 3D 
PluraView stereomonitoridan foydalangan holda amalga oshirilgan stereovizualizatsiyada nuqtalar bulutini va obyekt geometriyasini 
taxrirlash model sifatini sezilarli darajada yaxshilanishini namoyon etdi. Nazorat nuqtalari asosida oótkazilgan tahlil kalibrovka 
koefitsiyentlari qoóllanilgandan soóng yuqori metrik aniqlikni koórsatdi, bu esa taklif etilgan metodikaning yer osti kon sharoitlarida operativ 
monitoring va marksheyderlik tahlili uchun samarali ekanligini tasdiqlaydi. 
Kalit soózlar: yer osti kon lahimlari, marksheyderlik taôminoti, fotogrammetriya, 3D modellashtirish, nuqtalar buluti, stereovizual-

izatsiya, relyefning raqamli modeli, Agisoft Metashape, kamera kalibrovkasi, fazoviy joylashuv, nazorat nuqtalari. 
 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʤʘʨʢʰʝʡʜʝʨʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʮʠʬʨʦʚʫʶ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 
ʮʠʬʨʦʚʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, 
ʪʘʢʠʭ ʢʘʢ Agisoft Metashape, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʤʝʪʨʠʯʝʩʢʠ ʪʦʯʥʳʝ ʪʨʸʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʩʣʦʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʙʝʟ ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʝʘʣʠʟʘʮʠʠ ʩʲʸʤʢʠ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ 
ʦʩʚʝʱʸʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘ ʩʯʸʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ ʢʘʤʝʨʳ. ʇʨʠʤʝʥʝʥʠʝ 
ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʘ 3D PluraView ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʟʥʘʯʠ-
ʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ. ʇʨʦʚʝʜʸʥʥʳʡ ʢʦʥʪʨʦʣʴ ʧʦ   
ʢʦʥʪʨʦʣʴʥʳʤ ʪʦʯʢʘʤ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʤʝʪʨʠʯʝʩʢʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʟʘʜʘʯ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʧʦʜʟʝʤʥʳʭ 
ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʤʘʨʢʰʝʡʜʝʨʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ, 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʦʙʣʘʢʦ ʪʦʯʝʢ, ʩʪʝʨʝʦʚʠʟʫʘʣʠʟʘʮʠʷ, ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ, Agisoft Metashape, ʢʘʣʠʙʨʦʚʢʘ ʢʘʤʝʨʳ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʧʦʣʦʞʝʥʠʝ, ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ.  

ʁʆʋɾɼʉɹʏʁʘ ʍʇʋʇɼʉɹʅʅɾʋʉʁʐɾʊʃʁʎ ʋɾʎʆʇʄʇɼʁʂ  
ɻ ʅʇɽɾʄʁʉʇɻɹʆʁɾ ɼʇʉʆʔʎ ɻʔʉɹɺʇʋʇʃ: ʊʇʀɽɹʆʁɾ  
ʏʁʍʉʇɻʔʎ ʅʇɽɾʄɾʂ ʁ ʃʇʆʋʉʇʄʕ ʋʇʐʆʇʊʋʁ 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʧʨʠʙʦʨʦʤ ʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʧʣʦʩʢʦʩʪʠ ʩʝʯʝʥʠʷ. 
ʇʦʩʣʝ ʩʲʸʤʢʠ ʢʦʥʪʫʨʳ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʚʨʫʯʥʫʶ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝ-
ʩʢʠʤ ʤʝʪʦʜʦʤ ï ʧʣʘʥʠʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ 
ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʠ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʦʣʫʯʘʪʴ 
ʤʝʪʨʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʨʘʤʝʪʨʘʭ ʚʳʨʘʙʦʪʦʢ, ʚʢʣʶʯʘʷ ʧʣʦ-
ʱʘʜʴ, ʚʳʩʦʪʫ ʠ ʰʠʨʠʥʫ ʩʝʯʝʥʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ 
ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʠ. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʫʩʣʦ-

ʚʠʷʭ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʪʘʸʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ. ʕʪʦ ʩʚʷʟʘʥʦ 
ʩ ʨʷʜʦʤ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, ʩʥʠʞʘʶʱʠʭ ʝʛʦ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ: 
ï ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʪʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʣʫʯʘʝʤʳʝ  

ʠʟʤʝʨʝʥʠʷ ʧʦʜʚʝʨʞʝʥʳ ʚʣʠʷʥʠʶ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ: ʢʦʣʝʙʘʥʠʷ 
ʫʩʪʘʥʦʚʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ,     
ʥʝʫʩʪʦʡʯʠʚʘʷ ʛʝʦʤʝʪʨʠʷ ʩʲʸʤʢʠ. ɺʩʝ ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʫʱʝ-
ʩʪʚʝʥʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʚ ʨʝʟʫʣʴʪʘʪʘʭ. 
ï ʦʛʨʘʥʠʯʝʥʥʳʡ ʩʧʝʢʪʨ ʠʟʚʣʝʢʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʄʝʪʦʜ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʣʠʰʴ ʣʠʥʝʡʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝ-
ʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʦʣʦʞʝ-
ʥʠʠ ʦʙʲʝʢʪʘ, ʝʛʦ ʦʙʲʸʤʘʭ ʠ ʧʦʣʥʦʮʝʥʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʬʦʨʤʝ. 
ï ʚʳʩʦʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ. ɼʣʷ ʯʸʪʢʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʦʚ ʪʨʝʙʫʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʠ ʠʥʪʝʥʩʠʚʥʦʝ ʦʩʚʝ-
ʱʝʥʠʝ. ʃʶʙʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʧʪʠʤʘʣʴʥʳʭ ʩʚʝʪʦʚʳʭ ʫʩʣʦʚʠʡ ʧʨʠ-
ʚʦʜʷʪ ʢ ʠʩʢʘʞʝʥʠʶ ʠʟʦʙʨʘʞʝʥʠʷ. 
ï ʦʪʩʫʪʩʪʚʠʝ ʚʠʟʫʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ 

ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ 
ʩʦʭʨʘʥʷʝʪ ʪʝʢʩʪʫʨʥʳʝ ʠʣʠ ʮʚʝʪʦʚʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʯʪʦ 
ʣʠʰʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦ-
ʩʪʝʡ. 
ï ʧʨʦʙʣʝʤʳ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʤʘʩʰʪʘʙʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʨʠ-

ʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʝ ʥʘʣʠʯʠʝ ʚ ʢʘʜʨʝ 
ʵʪʘʣʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠʣʠ ʙʘʟʦʚʳʭ ʦʨʠʝʥʪʠʨʦʚ. ʀʭ ʦʪʩʫʪʩʪʚʠʝ ʜʝʣʘʝʪ 
ʠʟʦʙʨʘʞʝʥʠʝ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. 
ɹʣʘʛʦʜʘʨʷ ʩʪʨʝʤʠʪʝʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ, ʧʨʦʠʟʦʰʸʣ ʢʦ-
ʨʝʥʥʦʡ ʧʝʨʝʩʤʦʪʨ ʧʦʜʭʦʜʦʚ ʢ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʸʤʢʝ ʚ ʤʘʨʢ-
ʰʝʡʜʝʨʩʢʦʡ ʧʨʘʢʪʠʢʝ. ʇʦʩʪʝʧʝʥʥʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥ-
ʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʸʥʦʯʥʳʭ ʬʦʪʦʢʘʤʝʨ ʠ ʨʫʯʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʙʳʣʠ ʚʳʪʝʩʥʝʥʳ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʉʦʚʨʝ-
ʤʝʥʥʳʝ ʬʦʪʦʢʘʤʝʨʳ ʩ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʤʘʪʨʠʮʘʤʠ ʦʙʝʩʧʝ-
ʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʠʩʦʚʢʦʡ ʢʦʥʪʫʨʦʚ 
ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʧʨʠ ʵʪʦʤ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪʩʷ ʵʪʘʧ ʭʠʤʠʯʝ-
ʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʪʝʩʥʸʥʥʳʭ ʠ 
ʚʨʝʤʝʥʥʦ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʇʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʩʲʸʤʢʠ ʧʦʟʚʦʣʠʣʦ ʤʥʦʛʦʢʨʘʪ-

ʥʦ ʫʚʝʣʠʯʠʪʴ ʪʝʤʧʳ ʬʠʢʩʘʮʠʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ.  
ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʵʤʧʠʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʦʜʥʘ ʢʘʤʝʨʘ 

ʩʧʦʩʦʙʥʘ ʜʦʢʫʤʝʥʪʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʯʘʩʪʢʦʚ ʟʘ 
ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ, ʦʭʚʘʪʳʚʘʷ ʢʘʢ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ʚʳʨʘʙʦʪʢʠ, ʪʘʢ ʠ 
ʢʨʫʧʥʳʝ ʛʦʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ.  
ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʢ ʮʠʬʨʦʚʦʡ ʬʠʢʩʘʮʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʨʢ-
ʰʝʡʜʝʨʩʢʠʭ ʟʘʤʝʨʦʚ, ʩʜʝʣʘʚ ʚʦʟʤʦʞʥʳʤ ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 
ʩʦʩʪʦʷʥʠʷ ʚʳʨʘʙʦʪʦʢ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʚʳʷʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʡ, ʦʪʢʣʦ-
ʥʷʶʱʠʭʩʷ ʦʪ ʧʨʦʝʢʪʥʳʭ ʥʦʨʤ. 
ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ.  
ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʬʦʪʦ-

ʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʩʲʸʤʢʘ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʟʝʤʥʦʛʦ ʛʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥ-
ʩʪʚʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʢʨʘʡʥʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʦʩʚʝʱʸʥʥʦʩʪʠ.  
ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʩʚʝʱʸʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʪʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʛʝʥʝʨʘʮʠʠ ʰʫʤʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ.  
ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʦʩʚʝʱʸʥʥʦʩʪʠ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʦʩʚʝʪʠʪʝʣʴʥʦ-ʩʲʸʤʦʯʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 2), ʚʢʣʶ-
ʯʘʶʱʘʷ ʤʦʙʠʣʴʥʫʶ ʢʘʤʝʨʫ ʩ ʩʪʘʙʠʣʠʟʘʪʦʨʦʤ, ʘʚʪʦʥʦʤʥʳʡ 
ʤʦʙʠʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʠ ʰʪʘʪʠʚ.  
ʇʦʣʝʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʪʦʥʥʝʣʝ ʊʇ-2 ʚ ʂʘʰʢʘʜʘʨʴ-

ʠʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʨʦʮʝʜʫʨʘ ʩʲʸʤʢʠ ʨʝʘʣʠʟʦʚʳʚʘʣʘʩʴ ʚ ʧʣʦʩʢʦʩʪʠ 
ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʚʳʨʘʙʦʪʢʠ ʩ ʩʤʝʱʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʮʝʥʪʨʘʣʴʥʦʡ ʦʩʠ.  
ʉʲʸʤʦʯʥʳʡ ʤʦʜʫʣʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʣʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ ʪʦʥʥʝʣʷ. ʄʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʩʪʦʷʥʠʝ 
ʤʝʞʜʫ ʦʙʲʝʢʪʠʚʦʤ ʠ ʙʣʠʞʘʡʰʝʡ ʪʦʯʢʦʡ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʣʦʩʴ 
ʠʩʭʦʜʷ ʠʟ ʬʦʢʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʧʪʠʢʠ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʈʠʩ. 1. ʉʭʝʤʘ ʩʲʝʤʢʠ ʩʝʯʝʥʠʡ (ʩʣʝʚʘ) ʠ ʦʙʱʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʚʝʜʝʥʠʷ ʩʲʝʤʢʠ (ʩʧʨʘʚʘ): 1 ï ʢʘʙʝʣʴ ʢ  ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʩʧʫʩʢʦʚʦʤʫ ʫʩʪʨʦʡ-

ʩʪʚʫ ʟʘʪʚʦʨʘ ʬʦʪʦʘʧʧʘʨʘʪʘ (ɼɸ-2); 2 ï ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʥʦʧʢʦʡ ʟʘʪʚʦʨʘ; 3 ï ʢʘʙʝʣʴ ʢ ʣʘʤʧʝ-ʚʩʧʳʰʢʝ, ʢʘʙʝʣʴ ʢ ʜʣʠʥʥʦ-

ʤʝʨʫ ɼɸ-2, ʥʘʧʨʘʚʣʷʶʱʘʷ ʧʨʦʚʦʣʦʢʘ; 6 ï ʥʘʧʨʘʚʣʷʶʱʘʷ ʬʦʪʦ ʧʣʘʥʠʤʝʪʨ; 7 ï ʩʚʝʪ ʦʪ ʚʩʧʳʰʢʠ; 8 ï ʩʚʝʪʦʚʦʡ ʩʣʝʜ ʥʘ ʩʪʝʥʢʝ ʚʳʨʘʙʦʪʢʠ 

39 



 

O'zbekiston konchilik xabarnomasi ˉ 2 (101) 2025 
 
 

KONCHILIK ISHLARI 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʲʸʤʢʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʢʘʟʳʚʘʣʦ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʢʦʥʪʫʨʥʳʭ 
ʫʯʘʩʪʢʦʚ ʩʝʯʝʥʠʷ. 
ɺ ʭʦʜʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʸʤʢʠ ʧʨʠʤʝʥʷʣʦʩʴ ʤʦʙʠʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ Redmi Note 13 Pro, ʦʩʥʘʱʸʥʥʦʝ ʦʩʥʦʚʥʦʡ ʢʘʤʝʨʦʡ ʩ 
ʨʘʟʨʝʰʝʥʠʝʤ 200 ʄʇ (ʤʘʪʨʠʮʘ Samsung ISOCELL HP3, ʨʘʟʤʝʨ 
ʧʠʢʩʝʣʷ 0,56 ɛm, ʪʠʧ ï 1/1.4"). ʉʲʸʤʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʙʲʝʢʪʠʚʘ ʩ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷ-
ʥʠʝʤ ~24 ʤʤ, ʘʧʝʨʪʫʨʦʡ f/1.65 ʠ ʘʚʪʦʬʦʢʫʩʠʨʦʚʢʦʡ. 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʦʯ-

ʥʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 
ʩʲʸʤʢʠ: 
ï ISO ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 400-800 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ   

ʩʮʝʥʳ ʠ ʫʨʦʚʥʷ ʚʥʝʰʥʝʡ ʧʦʜʩʚʝʪʢʠ; 
ï ʚʳʜʝʨʞʢʘ ʩʦʩʪʘʚʣʷʣʘ ʦʪ 1/30 ʜʦ 1/60 ʩ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʤʠʥʠ-

ʤʠʟʠʨʦʚʘʪʴ ʩʤʘʟʳʚʘʥʠʝ ʧʨʠ ʨʫʯʥʦʡ ʩʲʸʤʢʝ; 
ï ʨʝʞʠʤ ʩʲʸʤʢʠ: Pro Mode (ʨʫʯʥʦʡ), ʩ ʨʫʯʥʦʡ ʬʠʢʩʘʮʠʝʡ ʬʦʢʫ-

ʩʘ ʠ ʵʢʩʧʦʟʠʮʠʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ; 
ï ʩʲʸʤʢʘ ʚʝʣʘʩʴ ʚ ʬʦʨʤʘʪʝ JPEG+HEIF ʩ ʧʦʩʣʝʜʫʶʱʝʡ     

ʢʦʥʚʝʨʪʘʮʠʝʡ ʚ TIFF ʙʝʟ ʩʞʘʪʠʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʚ ʬʦʪʦ-
ʛʨʘʤʤʝʪʨʠʯʝʩʢʦʤ ʇʆ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʩʲʸʤʢʠ ʣʠʥʟʳ ʙʳʣʠ ʦʯʠʱʝʥʳ ʦʪ ʧʳʣʠ ʠ ʚʣʘʛʠ. 
ʂʘʤʝʨʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʙʳʣʘ ʦʪʢʘʣʠʙʨʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴ-
ʥʦʛʦ ʥʘʙʦʨʘ ʰʘʭʤʘʪʥʳʭ ʤʠʰʝʥʝʡ, ʩʥʷʪʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʥʘʢʣʦʥʘʭ 
ʠ ʜʠʩʪʘʥʮʠʷʭ.  
ɺ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʘʷ ʩʲʸʤʢʘ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝ-
ʚʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʪʦʯʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 
ʤʦʜʝʣʝʡ, ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʦʩʚʝʱʸʥʥʦʩʪʠ. 
ʀʤʝʝʪʩʷ ʦʜʠʥ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ð ʵʪʦ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʦʩʚʝʱʸʥʥʦʩʪʴ ʚ ʧʦʜ-
ʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ. ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʘʤ ɽʇɹ, ʤʦʱʥʦʩʪʴ 
ʦʩʚʝʪʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 36 ɺʪ, ʯʪʦ ʦʛʨʘʥʠ-
ʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʥʦʮʝʥʥʦʡ ʧʦʜʩʚʝʪʢʠ ʧʨʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝ-
ʩʢʦʡ ʩʲʸʤʢʝ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʠʟʦʙʨʘʞʝ-
ʥʠʡ: ʫʭʫʜʰʘʝʪʩʷ ʨʝʟʢʦʩʪʴ, ʫʩʠʣʠʚʘʶʪʩʷ ʰʫʤʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
ʚʣʠʷʝʪ ʥʘ ʪʦʯʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʝʡ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʙʠʣʴʥʳʡ ʧʨʦʞʝʢʪʦʨ U-600 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠ-

ʨʦʚʢʠ ʷʨʢʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʚʝʪʘ. ʆʥ ʦʙʝʩʧʝʯʠʣ ʩʪʘʙʠʣʴʥʦʝ ʠ 

ʨʘʚʥʦʤʝʨʥʦʝ ʦʩʚʝʱʝʥʠʝ ʨʘʙʦʯʝʡ ʟʦʥʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʚʳʩʠʪʴ 

ʯʸʪʢʦʩʪʴ ʩʥʠʤʢʦʚ ʠ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ 

ʤʦʜʝʣʠ. 

ʉʭʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʢʘʤʝʨ ʠ    ʠʩʪʦʯʥʠʢʦʚ 
ʦʩʚʝʱʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʙʦʯʝʛʦ ʟʘʙʦʷ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3. 
ʄʝʪʦʜʦʣʦʛʠʷ ʩʲʸʤʢʠ ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ ʨʘʜʠʘʣʴʥʦ-

ʢʦʥʚʝʨʛʝʥʪʥʦʡ ʩʭʝʤʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʝʨʠʡʥʘʷ ʬʠʢʩʘ-
ʮʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʧʨʦʜʦʣʴʥʳʤ ʧʝʨʝʢʨʳʪʠʝʤ ʥʝ ʤʝʥʝʝ 60 %.    
ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʝʩʧʝʯʠʚʘʣʦʩʴ ʧʦʧʝʨʝʯʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʩʲʸʤʦʯʥʳʭ 
ʨʷʜʦʚ ʥʘ ʫʨʦʚʥʝ ʥʝ ʤʝʥʝʝ 25 %, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʚʳʰʝʥʠʶ 
ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʫʨʘʚʥʠ-
ʚʘʥʠʷ. ʊʘʢʘʷ ʩʲʸʤʦʯʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 
ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʦʧʦʨʥʳʭ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʪʦʯʝʢ: ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʦʩʪʘʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ    ʦʜʥʦʡ ʪʘʢʦʡ 
ʪʦʯʢʠ ʥʘ ʢʘʞʜʳʝ ʧʷʪʴ ʩʥʠʤʢʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʝʤʣʝʤʫʶ ʤʝʪ-
ʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ. ʇʦʣʝʚʘʷ ʨʝʘ-
ʣʠʟʘʮʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ  ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʦʪʦʛʨʘʬʠʡ ʧʨʠ 

ʩʲʸʤʢʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 
ʨʘʜʠʘʣʴʥʦʤ ʧʨʠʥʮʠʧʝ ʩ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʝʨʝʢʨʳʪʠʷ ʢʘʜ-
ʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʩʲʸʤʢʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʩʪʨʘʥ-

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʠʷ ʜʣʷ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʚ ʧʦʜʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ 

ʈʠʩ 3. ʇʣʘʥ-ʩʭʝʤʘ (ʩʣʝʚʘ) ʠ ʨʘʟʨʝʟ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ (ʩʧʨʘʚʘ):  1 ï ʤʦʙʠʣʴʥʘʷ ʢʘʤʝʨʘ; 2 ï ʦʧʦʨʥʳʝ ʪʦʯʢʠ; 3 ï ʥʘʧʨʘʚʣʝʥʠʝ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ 
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ɻʆʈʅʓɽ ʈɸɹʆʊʓ 

ʩʪʚʝʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʵʤʧʠʨʠʯʝʩʢʘʷ 
ʬʦʨʤʫʣʘ [2]: 

                                                                                                  
(1) 

 
ʛʜʝ P ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʛʨʘʬʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʢʨʳʪʠʷ 
ʚʩʝʡ ʩʮʝʥʳ; 

N ï ʜʣʠʥʘ ʩʮʝʥʳ ʚ ʚʳʙʨʘʥʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ; 
1īO ï ʦʪʩʫʪʩʪʚʠʷ ʧʝʨʝʢʨʳʪʠʷ ʯʘʩʪʠ ʩʥʠʤʢʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ 

O=0.6 (60 % ʧʝʨʝʢʨʳʪʠʝ), ʥʝ ʧʝʨʝʢʨʳʪʘʷ ʦʙʣʘʩʪʴ ʟʘʙʦʷ ʩʦʩʪʘʚʣʷʝʪ 
40 %; 
1īʊ ï ʥʝ ʧʝʨʝʢʨʳʪʘʷ ʯʘʩʪʴ ʟʘʙʦʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɽʩʣʠ T=0,25 (25 % ʧʝʨʝʢʨʳʪʠʝ), ʪʦ ʝʩʪʴ 75 % ʩʥʠʤʢʘ.  
ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ.  
ɺ ʭʦʜʝ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʬʦʪʦʛʨʘʤʤʝʪ-

ʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʦ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝ-
ʥʠʝ Agisoft Metashape Professional, ʦʙʣʘʜʘʶʱʝʝ ʰʠʨʦʢʠʤ ʬʫʥʢʮʠʦ-
ʥʘʣʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʪʨʸʭʤʝʨʥʳʭ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ.  
ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚ ʧʦʣʴʟʫ ʚʳʙʦʨʘ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳ 

ʧʦʩʣʫʞʠʣʘ ʝʸ ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ 
ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʚ ʨʘʙʦʪʝ ʢʘʢ ʩ ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ 

ʤʝʪʨʠʯʝʩʢʠʭ ʢʘʤʝʨ, ʪʘʢ ʠ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, ʩʥʷʪʳʤʠ ʥʝʤʝʪʨʠʯʝʩʢʠʤʠ 
ʮʠʬʨʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ.  
ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʨʘʟʣʠʯ-

ʥʳʤʠ ʪʠʧʘʤʠ ʬʦʪʦʪʝʭʥʠʢʠ, ʚʢʣʶʯʘʷ ʙʳʪʦʚʳʝ ʢʘʤʝʨʳ, ʯʪʦ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʦʩʦʙʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʧʨʠ ʚʝʜʝʥʠʠ ʩʲʸʤʦʢ ʚ 
ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʜʟʝʤʥʳʭ 
ʛʦʨʥʳʭ ʦʙʲʝʢʪʦʚ [3]. 
ʉʨʝʜʠ ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ʤʦʞʥʦ ʚʳʜʝ-

ʣʠʪʴ ʨʝʘʣʠʟʘʮʠʶ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝ-
ʤʦʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʪʝʨʝʦʤʦʥʠʪʦʨʦʚ ʧʨʦʬʝʩ-
ʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ, ʪʘʢʠʭ ʢʘʢ 3D PluraView (ʨʠʩ. 5).  
ɺʠʟʫʘʣʠʟʘʮʠʷ ʚ ʩʪʝʨʝʦʨʝʞʠʤʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʪʦʯʥʦʡ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʩ ʚʳʩʦʢʦʧʣʦʪʥʳʤʠ 
ʦʙʣʘʢʘʤʠ ʪʦʯʝʢ.  ɿʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ Quad-Buffered 
OpenGL, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʢʘʜʨʦʚ 
ʜʣʷ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʛʣʘʟʘ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘʜʝʨʞʢʦʡ ʠ ʦʪʩʫʪʩʪʚʠ-
ʝʤ ʤʝʨʮʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʛʣʫʙʦʢʦʛʦ ʠ ʨʝʘʣʠʩʪʠʯʥʦʛʦ 
ʚʦʩʧʨʠʷʪʠʷ ʪʨʸʭʤʝʨʥʦʡ ʩʮʝʥʳ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʨʝʦʤʦʥʠʪʦʨʘ ʧʨʦʷʚʣʷʝʪ ʥʘʠʙʦʣʴʰʫʶ      

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘ ʵʪʘʧʘʭ ʨʫʯʥʦʡ ʚʝʢʪʦʨʠʟʘʮʠʠ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ 
ʦʙʣʘʢʘ ʪʦʯʝʢ, ʘ ʪʘʢʞʝ ʧʨʠ ʢʦʥʪʨʦʣʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ. ɺ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʦʙʣʘʢʦ ʪʦʯʝʢ ʦʪʣʠʯʘ-
ʝʪʩʷ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʘ ʛʝʦʤʝʪʨʠʷ ʦʙʲʝʢʪʘ ð ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫ-
ʨʦʡ, ʘʥʘʣʠʟ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʜʚʫʭʤʝʨʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʟʘʪʨʫʜʥʸʥ 
ʠʟ-ʟʘ ʧʝʨʝʢʨʳʪʠʷ ʵʣʝʤʝʥʪʦʚ.  
ʉʪʝʨʝʦʩʢʦʧʠʯʝʩʢʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʩʣʦʸʚ ʤʦʜʝʣʠ, ʯʪʦ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʪʦʯʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʦʨʜʠʥʘʪ ʠ ʬʦʨʤ ʵʣʝ-
ʤʝʥʪʦʚ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʠʥʪʝʨ-
ʧʨʝʪʘʮʠʦʥʥʳʭ ʦʰʠʙʦʢ ʠ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ   
ʘʥʘʣʠʟʘ.  

ʈʠʩ. 4. ʇʦʣʝʚʘʷ ʨʝʘʣʠʟʘʮʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ð ʦʙʣʘʢʦ 

ʪʦʯʝʢ, ʧʦʣʫʯʝʥʥʦʝ ʚ Agisoft Metashape.  
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ʈʠʩ. 6. ʌʠʥʘʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʜʟʝʤʥʦʡ ʛʦʨʥʦʡ 
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ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ 
ʚʳʨʘʙʦʪʦʢ, ʛʜʝ ʪʦʯʥʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʛʝʦʤʝʪʨʠʠ ʥʘʧʨʷʤʫʶ 
ʚʣʠʷʝʪ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʠ ʧʨʠʥʷ-
ʪʠʝ ʨʝʰʝʥʠʡ ʚ ʨʘʤʢʘʭ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ [4]. 
ɺ ʧʨʦʮʝʩʩʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ 

ʬʦʨʤʠʨʫʝʪʩʷ ʮʚʝʪʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ, ʚ ʢʦʪʦʨʦʤ ʢʘʞʜʘʷ ʪʦʯʢʘ ʩʦʜʝʨ-
ʞʠʪ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʚʝʪʝ (RGB), ʧʦ-
ʣʫʯʝʥʥʫʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʬʦʪʦʩʥʠʤʢʦʚ.  
ʕʪʠ ʜʘʥʥʳʝ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʩʪʨʦʝʥʠʷ  

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ. 
ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʪʝʢʩʪʫʨʠʨʦʚʘʥ-

ʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ, ʚ ʧʨʦʮʝʩʩʝ ʯʝʛʦ ʥʘ ʵʣʝʤʝʥʪʳ ʧʦʩʪʨʦʝʥʥʦʡ 
ʩʝʪʢʠ ʧʨʦʝʮʠʨʫʶʪʩʷ ʪʝʢʩʪʫʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʠʟʚʣʝʯʸʥʥʳʝ ʠʟ ʠʩ-
ʭʦʜʥʳʭ ʬʦʪʦʛʨʘʬʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʪʴ ʥʝ ʪʦʣʴʢʦ ʬʦʨʤʫ, ʥʦ ʠ 
ʚʠʟʫʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʮʚʝʪʦʚʳʝ ʛʨʘʜʘ-
ʮʠʠ ʠ ʤʝʣʢʠʝ ʜʝʪʘʣʠ. ɺ ʠʪʦʛʝ ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʬʦʨʤʘʪʠʚʥʘʷ 3D-
ʤʦʜʝʣʴ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʛʝʦʤʝʪʨʠʠ ʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʝʢʩʪʫʨʥʦʡ 
ʚʠʟʫʘʣʠʟʘʮʠʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʟʘʜʘʯʘʭ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʚʠʟʫʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʚʳʨʘʙʦʪʦʢ, 
ʘ ʪʘʢʞʝ ʚ ʠʥʞʝʥʝʨʥʦʡ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʧʨʘʢʪʠʢʝ (ʨʠʩ. 6). 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʸʭʤʝʨʥʦʡ 

ʤʦʜʝʣʠ, ʧʨʠʚʝʜʸʥʥʦʡ ʢ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 
ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ɼʣʷ ʚʝʨʠʬʠʢʘʮʠʠ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʥʪʨʦʣʴʥʳʝ 
ʦʧʦʨʥʳʝ ʪʦʯʢʠ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʳ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʳʭ ʪʘʭʝʦʤʝʪʨʦʚ, ʝʱʸ ʜʦ ʧʨʦʚʝʜʝʥʠʷ 
ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʩʲʸʤʢʠ.  
ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ, ʚʳʯʠʩʣʝʥʥʳʭ ʤʝʞʜʫ ʵʪʠʤʠ ʪʦʯʢʘʤʠ 

ʚ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ, ʩ ʠʭ ʨʝʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʟʚʦʣʠʣʦ 
ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ ʤʝʪʨʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʠʨʫ-
ʶʱʝʡ ʤʦʜʝʣʠ (ʨʠʩ. 7). ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʨʝʜ-
ʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʰʠʙʢʘ ʢʦʦʨʜʠʥʘʪ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʝʢ ʩʦʩʪʘʚʠʣʠ: 
ʧʦ ʦʩʠ X ï 52,5 ʤʤ, ʧʦ Y ï 67,2 ʤʤ, ʧʦ Z ï 10,5 ʤʤ.  

ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʝʤʣʝʤʳʤʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 
ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ, ʦʜʥʘʢʦ ʩ ʮʝʣʴʶ ʝʸ ʧʦʚʳʰʝʥʠʷ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 
ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʦʨʨʝʢʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʘʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ 
ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʡ ʢʘʣʠʙʨʦʚʢʠ [5]. ʕʪʘ ʧʨʦ-
ʮʝʜʫʨʘ ʧʦʟʚʦʣʠʣʘ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʩʪʘʪʦʯʥʳʝ ʠʩʢʘʞʝʥʠʷ, ʩʚʷʟʘʥ-
ʥʳʝ ʩ ʦʧʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʢʘʣʠʙʨʦʚʢʠ ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʩʥʠʞʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʝʡ: ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʩʦʩʪʘʚʠʣʠ 
11,3 ʤʤ ʧʦ ʦʩʠ X, 10,2 ʤʤ ʧʦ ʦʩʠ Y ʠ 5,6 ʤʤ ʧʦ ʦʩʠ Z. ʇʦʣʫʯʝʥʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜʚʘʨʠ-
ʪʝʣʴʥʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʫʶʪ ʦ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʪʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ, ʯʪʦ ʜʝʣʘʝʪ 
ʝʸ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʥʞʝʥʝʨʥʦʛʦ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ 
ʘʥʘʣʠʟʘ. 
ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣʠʮʘ 1, ʚ ʢʦʪʦʨʦʡ 

ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʜʚʫʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 
ʩʲʸʤʢʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ð ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ 
ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʘʨʪʬʦʥʘ. ʉʨʘʚʥʝʥʠʝ 
ʧʨʦʚʝʜʝʥʦ ʧʦ ʢʣʶʯʝʚʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʦʪʨʘʞʘʶʱʠʤ ʧʨʘʢʪʠʯʝʩʢʫʶ 
ʧʨʠʤʝʥʠʤʦʩʪʴ, ʪʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʪʦʠʤʦʩʪʴ, ʪʝʭʥʠʯʝʩʢʠʝ 
ʪʨʝʙʦʚʘʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʣʦʞʥʳʭ 
ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʘʨʪʬʦʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʝʨʘʪʠʚʥʳʭ ʠ ʤʘʣʦʙʶʜ-
ʞʝʪʥʳʭ ʩʲʸʤʦʢ ʚ ʧʦʜʟʝʤʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ: 
ï ʜʦʩʪʘʪʦʯʥʫʶ ʤʝʪʨʠʯʝʩʢʫʶ ʪʦʯʥʦʩʪʴ (ʜʦ Ñ11 ʤʤ ʧʦʩʣʝ ʢʘʣʠʙ-

ʨʦʚʢʠ); 
ï ʮʚʝʪʥʫʶ ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ, ʧʦʣʝʟʥʫʶ ʜʣʷ ʘʥʘ-

ʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ; 
ï ʛʠʙʢʦʩʪʴ ʧʨʠ ʨʘʙʦʪʝ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ (ʫʟʢʠʝ 

ʰʪʨʝʢʠ, ʥʝʩʪʘʥʜʘʨʪʥʘʷ ʛʝʦʤʝʪʨʠʷ); 
ï ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʩʲʸʤʢʫ ʤʦʞʥʦ ʚʳʧʦʣ-

ʥʷʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦ. 
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ʃʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ (TLS) ʦʩʪʘʸʪʩʷ ʵʪʘʣʦʥʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ: 
ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʪʦʯʥʦʩʪʴ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ; 
ï ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʚʝʱʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʛʣʫʙʦ-

ʢʠʭ ʠʣʠ ʥʝʦʩʚʝʱʸʥʥʳʭ ʚʳʨʘʙʦʪʦʢ; 
ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ: ʩʙʦʡʢʘ, 

ʢʦʥʪʨʦʣʴ ʜʝʬʦʨʤʘʮʠʡ, ʨʘʩʯʸʪ ʦʙʲʝʤʦʚ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ï ʧʦʛʨʝʰʥʦ-
ʩʪʴʶ. 
ʌʘʢʪʦʨ ʩʪʦʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʦʪʣʠʯʠʝʤ: ʬʦʪʦʛʨʘʤ-

ʤʝʪʨʠʷ ʥʘ ʩʤʘʨʪʬʦʥʝ ʜʦʩʪʫʧʥʘ ʙʦʣʴʰʠʥʩʪʚʫ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 
ʦʩʦʙʝʥʥʦ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʝʜʢʠ ʠʣʠ ʚ ʨʘʤʢʘʭ ʫʯʝʙʥʦʡ ʠ ʠʩ-
ʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ TLS ʪʨʝʙʫʝʪ ʟʥʘʯʠ-
ʪʝʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫ-

ʶʱʠʝ ʚʳʚʦʜʳ: 
ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʜʦʩʪʫʧʥʳʭ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʚʢʣʶʯʘʷ ʩʤʘʨʪʬʦʥʳ, ʧʦʢʘʟʘʣʦ 
ʧʨʘʢʪʠʯʝʩʢʫʶ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʦʜʭʦʜʘ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ 
ʦʩʚʝʱʝʥʠʷ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ.  
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʩʲʸʤʢʠ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʜʠʘʣʴʥʦ-

ʢʦʥʚʝʨʛʝʥʪʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʢʨʳ-
ʪʠʷ, ʦʙʝʩʧʝʯʠʣʘ ʫʩʪʦʡʯʠʚʫʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʩ 
ʤʠʥʠʤʘʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʦʣʠʯʝʩʪʚʫ ʦʧʦʨʥʳʭ ʪʦʯʝʢ. ʇʨʠʤʝ-
ʥʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Agisoft Metashape Professional 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʣʦʪʥʳʝ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠ ʪʨʸʭʤʝʨʥʳʝ ʪʝʢʩʪʫʨʠ-
ʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ, ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʘʥʘ-
ʣʠʟʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʀʩʧʦʣʴ-
ʟʦʚʘʥʠʝ ʩʪʝʨʝʦʤʦʥʠʪʦʨʘ 3D PluraView ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʣʦ ʪʦʯ-
ʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʝʡ, ʦʩʦʙʝʥʥʦ ʧʨʠ 
ʨʘʙʦʪʝ ʩ ʫʯʘʩʪʢʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ ʚʳʩʦʢʦʡ 
ʧʣʦʪʥʦʩʪʴʶ ʪʦʯʝʢ. ʉʪʝʨʝʦʚʠʟʫʘʣʠʟʘʮʠʷ ʜʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʥʘ ʵʪʘʧʝ ʨʫʯʥʦʡ ʚʝʢʪʦʨʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ. 
ʇʨʦʚʝʜʸʥʥʘʷ ʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʴʥʳʤ ʦʧʦʨʥʳʤ ʪʦʯʢʘʤ 

ʧʦʢʘʟʘʣʘ, ʯʪʦ ʙʝʟ ʢʘʣʠʙʨʦʚʢʠ ʢʘʤʝʨʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰ-
ʥʦʩʪʴ ʜʦʩʪʠʛʘʣʘ ʜʦ 67,2 ʤʤ ʧʦ ʦʪʜʝʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ.  
ɺʚʝʜʝʥʠʝ ʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʤʝʪʨʠʯʝʩʢʠʝ ʦʰʠʙʢʠ ʜʦ ʫʨʦʚʥʷ ʤʝʥʝʝ 
12 ʤʤ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʘʤ ʠ ʤʝʥʝʝ 6 ʤʤ ʧʦ ʚʝʨʪʠʢʘʣʠ, 
ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʢʘʢ ʥʘʜʸʞʥʦʛʦ 
ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʦʜʟʝʤʥʳʭ 
ʛʦʨʥʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʣʠ ʧʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟ-
ʚʠʪʠʷ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ 
ʩ ʮʠʬʨʦʚʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʥʪʝ-

ʛʨʘʮʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʪʝʢʫʱʫʶ ʤʘʨʢʰʝʡʜʝʨʩʢʫʶ 
ʧʨʘʢʪʠʢʫ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
ʩʦʩʪʦʷʥʠʷ ʚʳʨʘʙʦʪʦʢ ʠ ʚ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥ-
ʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʟʘʪʨʫʜʥʝʥʦ ʠʣʠ ʥʝʙʝʟʦʧʘʩʥʦ. 

ʋʙʚʤʡʯʙ 1 
ʊʩʙʛʦʞʦʡʞ ʥʞʫʧʝʧʛ ʤʙʠʞʩʦʧʜʧ ʪʣʙʦʡʩʧʛʙʦʡʸ ʡ ʭʧʫʧʜʩʙʥʥʞʫʩʡʡ ʪʧ ʪʥʙʩʫʭʧʦʙ 

ʃʩʡʫʞʩʡʢ ʍʧʫʧʜʩʙʥʥʞʫʩʡʸ (ʪʥʙʩʫʭʧʦ) ʄʙʠʞʩʦʧʞ ʪʣʙʦʡʩʧʛʙʦʡʞ (TLS) 
ʆʙʦʨʫʜʦʚʘʥʠʝ ʩʤʘʨʪʬʦʥ, ʧʨʦʞʝʢʪʦʨ, ʰʪʘʪʠʚ ʩʢʘʥʝʨ + ʰʪʘʪʠʚ + ʇʆ 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʬʦʪʦʩʲʸʤʢʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ 
ʈʘʟʨʝʰʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦ 200 ʄʇ, ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʜʦ 1-3 ʤʤ ʥʘ 10 ʤ 
ʊʦʯʥʦʩʪʴ 11 ʤʤ ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ 2-6 ʤʤ RMS 
ʆʩʚʝʱʸʥʥʦʩʪʴ ʂʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʥʝ ʚʣʠʷʝʪ 
ʎʚʝʪ ʠ ʪʝʢʩʪʫʨʘ ʜʘ (RGB + ʪʝʢʩʪʫʨʘ) ʦʛʨʘʥʠʯʝʥʦ, ʥʝ ʚʩʝʛʜʘ 
ʄʘʩʰʪʘʙ ʠ ʧʨʠʚʷʟʢʘ ʪʨʝʙʫʝʪ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʦʙʳʯʥʦ ʚʩʪʨʦʝʥʦ 
ɺʨʝʤʷ ʩʲʸʤʢʠ ʙʳʩʪʨʦ (1-2 ʤʠʥ ʥʘ ʩʪʘʥʮʠʶ) ʤʝʜʣʝʥʥʝʝ (2-5 ʤʠʥ) 
ʆʙʨʘʙʦʪʢʘ Agisoft Metashape Cyclone, FARO Scene ʠ ʜʨ. 
ʉʪʦʠʤʦʩʪʴ ~600 $ 30 000-100 000 $ 
ʅʘʚʳʢʠ ʙʘʟʦʚʳʝ + Agisoft ʪʝʭʥʠʯʝʩʢʠʝ, ʨʘʙʦʪʘ ʩ ʇʆ 
ɹʝʟʦʧʘʩʥʦʩʪʴ ʤʦʞʥʦ ʫʜʘʣʸʥʥʦ ʥʫʞʥʘ ʫʩʪʘʥʦʚʢʘ ʚʙʣʠʟʠ 
ʇʣʦʪʥʦʩʪʴ ʦʙʣʘʢʘ ʩʨʝʜʥʷʷ ʦʯʝʥʴ ʚʳʩʦʢʘʷ 
ʈʘʙʦʪʘ ʚ ʫʟʢʠʭ ʤʝʩʪʘʭ ʫʜʦʙʥʘ ʦʛʨʘʥʠʯʝʥʘ 
ʉʪʝʨʝʦʚʠʟʫʘʣʠʟʘʮʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ (3D PluraView) ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 
ʌʠʥʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ 3D ʤʦʜʝʣʴ ʩ ʪʝʢʩʪʫʨʦʡ ʪʦʯʥʦʝ ʦʙʣʘʢʦ ʪʦʯʝʢ 
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GEOLOQIYA-QIDIRUV ISHLARI  

Qizilqum tekislik hududlaridagi vaqtinchalik yogóingarchilik va yer 
osti suvlari toóplanadigan, yoz oylarida kuchli bugólanish tufayli qurib 
qoladigan shoór koóllardagi tuzlarning moddiy va kimyoviy tarkibini 
chuqur oórganish, ularning paydo boólish sabablari va xalq xoójaligidagi 
qoóllanilish istiqbollarini aniqlash bugungi kunda dolzarb ilmiy vazifalar-
dan biri hisoblanadi. Bundan tashqari, istiqbolli maydonlarni bashorat-
lash ham muhim ahamiyat kasb etadi. 
Tuzli jinslarning shakllanish jarayonlari, tuz toóplanishi bilan bogóliq 

holatlar, toórtlamchi davrda hukm surgan qurgóoqchil iqlim sharoitlari 
asosida oórganilgan boólib, bu boradagi dastlabki ilmiy tadqiqotlar XX 
asrning 80-yillarida olimlarimiz I.V. Rubanov va D.P. Eshniyozov tomoni-
dan olib borilgan. Shu bilan birga, Markaziy Qizilqumdagi koóplab tuz 
koóllarida mavjud va yangi hosil boólgan tuzlar hududlar boóyicha turli 
tarkibda boólib, ularni kompleks tahlil qilish bugungi ilm-fan oldidagi mu-
him vazifalardan biri hisoblanadi. 

Kontinental galogenezga doir tadqiqotlar ilk bor 1957 yilda Geologi-
ya va geofizika instituti olimlari tomonidan boshlangan. Rubanov (1974) 
tomonidan olib borilgan ishlar natijasida Orol dengizi tubi choókindilarida 
suvda eruvchan tuzlar (masalan, mirabilit) toóplanishi aniqlangan.  
Orol dengizi aslida nomigagina çDengizè boólib, choókindilarining 

koólga xos kontinental xususiyatga ega ekani sababli ularni çkoól-
kontinentalè choókindilar deb atash maqsadga muvofiqdir. 
Yurtimizdagi hozirgi shoór koóllarda yuzaga kelayotgan galogenez 

jarayonlari boóyicha bir qancha ilmiy ishlar olib borilgan boólsa-da, yangi 
tuz toóplanish zonalari hamda minerallashgan qatlamlarning geokimyoviy 
va geologik hosil boôlish xususiyatlari bilan bogóliq muammolar hali ham 
yechimini topmagan. 
Markaziy Qizilqumning tuzli koóllari va konlari haqidagi dastlabki 

maôlumotlar XIX asr oxirlarida G.B.  Leonov (1896-1897), N.I. Barbot-de-

Marni (1874), I.I. Gerasimov va P.K. Chikhachev (1931) kabi olimlar 
tomonidan qayd etilgan. Shundan soóng, 1934-1935 yillarda N.I. Plot-
nikov va A.M. Bugrova Qizilqumda gidrogeologik tadqiqotlarni amalga 
oshirgan. 1936 yilda esa A.S. Adelung, S.A. Kushnar, P.K. Chikhachev 
va B.I. Markelovlar tomonidan Kuldjuktau va Aznektau togó tizmalari 
hamda Kenimex hududini qamrab olgan 1:50 000 miqyosdagi geologik 
xaritalash ishlari oótkazilgan [1]. 
Markaziy Qizilqumlar deb, Amudaryo va Sirdaryo oraligóidagi keng 

qumli choólning oórta qismida joylashgan paleozoy davriga oid togóli 
hududlar tushuniladi. Ushbu mintaqa taxminan 10 ming kvadrat kilometr 
maydonni egallagan boólib, bu yerda balandligi 500 metrga yetadigan 
(mutlaq balandligi 922 m gacha) nisbatan past, ammo aniq shakllangan 
togó tizmalari mavjud. Togólar turli yoónalishlarda ï góarbiy-sharqiy 
(Kuldjuqtov, Auminzatov), shimoli-sharqiy (Tamditov, Aytimtov), va 
shimoli-góarbiy (Jetimtov, Bukantov) yoónalishlarda choózilgan. Ulardan 
eng yiriklarining uzunligi 50-60 km, kengligi esa 10-20 km ni tashkil 
etadi. Ular asosan mustahkam paleozoy davriga oid jinslardan tarkib 
topgan boólib, butun hudud relyefining asosiy notekisliklarini belgilaydi 
(1-rasm). 

Shuningdek, mintaqada relyefning past-balandligini shakllantiruvchi 
yana bir muhim omil ï bu yirik suvsiz botiqliklarning mavjudligidir.         
Bu botiqliklar baôzan ancha tik yon bagóirlarga ega boólib, eng kattasi 
Bukoóntov togólarining janubiy-góarbida joylashgan. Uning uzunligi 50-60 km, 
kengligi esa 10-20 km boólib, tag qismi atrofdagi tekislikdan 80-120 m 
past joylashgan.  

Aynan shu hududda Markaziy Qizilqumning eng past nuqtasi ï 
dengiz sathidan ï 13 m balandlikda joylashgan. Yana bir qancha kichik 
botiqliklar ham mavjud: Keriz pastligi, Karakata va Ayakgóitmin botiqliklari 
va boshqalar [1]. 
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Markaziy Qizilqum hududidagi zamonaviy tuz koóllarining geologik hosil boólish jarayonlari va ularning geokimyoviy tarkibiga oid 
kompleks tahlil natijalari koórsatib oótilgan. Ushbu tuz koóllaridagi tuzlarning shakllanishini geologik va geokimyoviy omillar bilan bogóliq 
holda ularning kimyoviy va mineralogik xususiyatlari oórganilgan. Shuningdek, mineral tuzlarning suvda eruvchanligi va ularning 
konsentratsiya miqdori ham kompleks tadqiq etilgan. 
Kalit soózlar: kontinental galogen qatlamlar, shoór suvlar tarkibi (xloridlar, sulfatlar, karbonatlar), evaporit jinslar, galogenez 

jarayonlari, Markaziy Qizilqum tuz konlari, kompleks kimyoviy tahlil.  
 
ʇʨʦʚʝʜʸʥ ʢʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʣʸʥʳʭ 

ʦʟʸʨ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʳʟʳʣʢʫʤʝ. ʀʟʫʯʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʦʣʝʡ ʚ ʵʪʠʭ ʦʟʸʨʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʊʘʢʞʝ ʚ ʨʘʤʢʘʭ ʢʦʤʧʣʝʢʩʘ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʚ 
ʚʦʜʝ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʛʘʣʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʦʩʪʘʚ ʩʦʣʸʥʳʭ ʚʦʜ (ʭʣʦʨʠʜʳ, ʩʫʣʴʬʘʪʳ, ʢʘʨʙʦʥʘʪʳ), 

ʵʚʘʧʦʨʠʪʦʚʳʝ ʧʦʨʦʜʳ, ʧʨʦʮʝʩʩʳ ʛʘʣʦʛʝʥʝʟʘ, ʩʦʣʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ, ʢʦʤʧʣʝʢʩʥʳʡ ʭʠʤʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ. 

MARKAZIY QIZILQUMDAGI ZAMONAVIY TUZ KOôLLARINING HOSIL 
BOôLISH GEOLOGIYASI VA ULARNING GEOKIMYOVIY TARKIBI 
BOôYICHA KOMPLEKS TAHLIL NATIJALARI  
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ɻɽʆʃʆɻʆʈɸɿɺɽɼʆʏʅʓɽ ʈɸɹʆʊʓ 

Paleozoy koótarilmalar va botiqliklar orasidagi barcha qolgan hudud-
lar esa nisbatan tekis qumli, qum-shagóalli yoki loyqa tekisliklardan ibo-
rat. Bu tekisliklar baôzan sayoz jarliklar yoki yotiq tepaliklar bilan mu-
rakkablangan. Ularning mutlaq balandligi, odatda, 200-400 m atrofida 
boóladi. 

Hududdagi eng baland (Tomditov) va eng past (ï13 m) nuqtalar 
orasidagi farq 935 metrni tashkil etadi. Botiqliklar, pastliklar va choókindi 
hududlarning tubida shoórxoklar va shoór koóllar keng tarqalgan. Ularning 
barchasi Kuldjuqtov, Auminzatov va Tamditov togólariga yaqin joylashgan. 
Shoór toóplanmalar, asosan, qurgóoqchil iqlim sharoiti taôsirida 

shakllanadi. Doimiy suv oqimlarining yoóqligi sababli, tuzlar bu botiq va 
pastliklarga asosan vaqtinchalik soylar yoki yer osti qatlam suvlari orqali 
keladi [1]. 
Tuzli eritmalardan kimyoviy toóyinish darajasiga yetganda kristall 

holida choókadigan tuz qatlamlari evaporitlar deb ataladi. Bular odatda 
sayoz dengizlar chekkalarida yoki koól havzalarida hosil boólib, hosil 
boólishi kuchli bugólanish bilan bogóliq. Quruq va issiq iqlimli hududlarda 
bugólanish jarayoni kuchayib, natijada suvda erigan tuzlar konsen-
tratsiyasi ortib boradi va toóyinish darajasiga yetganda choókma shakllan-
ishi boshlanadi. 
Dengiz suvlari ochiq boólgan joylarda erigan tuzlarning miqdori yetar-

li boólmagani sababli u yerda evaporitlar hosil boólmaydi. Aksincha, 

dengiz havzasining laguna, qoóltiq yoki marsh kabi toósiqlar bilan ajralgan 
qismlarida bugólanish yuqori boólib, erigan tuzlarning kontsentratsiyasi 
keskin oshadi va bu kristallanishga olib keladi. 
N.M. Straxov nazariyasiga koóra, shoór suvlardan tuzlarning choókishi 

uch bosqichda kechadi: 
1. Karbonatli bosqich ï suvning shoórligi 3,5-14 % oraligóida boólib, 

dastlab ohaktosh, keyin esa dolomit choókadi; 
2. Sulfatli bosqich ï shoórlik 14-28 % ga yetganda gips va angidrit 

ajralib chiqadi; 
3. Xloridli bosqich ï shoórlik 28 % dan oshgach, dastlab osh tuzi, 

keyin esa kaliy-magniy tuzlari choókadi. 
Shoór suvlarning aksariyatida dengiz suvida uchraydigan tuzlar 

ikkilamchi yoki qoóshimcha sifatida mavjud boólib, ayrim koóllarda natriy 
karbonati, boshqalarida esa sulfatlar yoki xloridlar miqdori ustunlik qiladi. 
Demak, koól suvlarining tuz tarkibi dengiz suvidan sezilarli farq qiladi. 
Oózbekistonning góarbiy mintaqasida toórtlamchi davrga oid kontinen-

tal galogen qatlamlar mavjud boólib, ular hozirgi zamon shoór koóllarida 
ham choókmaga oótmoqda. Bular orasida osh tuzi ï Borsakelmas, 
Koraumbet, Qamisbuloq; mirabilit ï Tumryuq; epsomit ï Qoóshqanatov 
konlarida aniqlangan [2]. 
Bugungi kunda kontinental galogenez jarayonlari tekislik va togó 

etaklaridagi choól hududlarida davom etmoqda. Havoning yuqori harorati 

1-rasm. Markaziy Qizilqumda zamonaviy tuz qatlamlarining tarqalishiga doir sharhli xaritasi: 1 ï shoórlanish hududlaridagi marshrutlar va kuzatuv nuqtalari;   
2 ï paleozoy davri togô jinslarining yuzaga chiqishi; 3 ï eng yirik shoór koóllar va konlar (chizib koórsatilgan) 

Gijduvon 
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1-jadval 
Markaziy Qizilqumning suvda eruvchan tuzlarining kimyoviy tarkibi 

 ́
t/r 

Namuna 
raqami 

Olingan joyi 
Namuna 
aniqlash 

Eritilmagan 
qoldiq 

H2O 
CI SO4 Na K Ca Mg Yigõindi 

% g/% g/ekv g/% g/ekv g/% g/ekv g/% g/ekv g/% g/ekv g/% g/ekv 

1. 17/1 Mullali koóli mirabilit 22,04 42,02 1,38 38,99 24,27 504,99 10,21 443,99 izlar 1,68 84,00 0,19 15,99 100,35 

2. 15/1 Lyavlyakan koóli astraxanit 1,70 18,88 6,38 179,99 50,21 1044,22 13,67 594,46 izlar 1,61 79,99 6,69 549,75 99,04 

3. 15/2 Lyavlyakan-1 koóli galit 0,30 4,04 51,41 144,80 8,31 172,89 34,48 1449,74 izlar 0,50 24,99 1,19 97,95 100,13 

4. 33/2 Ashibulak galit 0,56 1,06 56,74 1599,95 3,29 68,47 37,51 1631,43 izlar 0,38 19,00 0,22 17,99 99,66 

5. 24/3 Tuzkuduk koóli galit 6,78 1,62 53,19 1499,95 3,70 77,03 34,89 1518,00 izlar 0,72 35,99 0,28 22,99 100,29 

6. 22/6 Kamisbulak koni galit 3,16 0,32 57,62 1624,95 1,48 30,81 37,81 1644,76 izlar 0,16 7,99 0,04 3,00 100,59 

7. 50/1 - «- -» - galit 2,72 0,56 56,74 1599,95 2,14 44,50 37,16 1616,47 izlar 0,46 22,99 0,06 4,99 100,74 

8. 16/2 Jalgizagach koni galit 1,66 0,48 55,84 1574,95 4,60 95,86 37,72 1640,82 Izlar 0,40 19,99 0,12 9,99 100,72 

9. 33/2 Saylakuduk koni galit 3,78 47,82 0,42 11,99 33,08 688,15 15,22 662,16 izlar 0,60 29,99 0,09 7,99 100,01 

10. 62/7 Ayak-Agitma galit 0,82 0,32 57,62 57,62 2,47 51,35 38,21 1662,31 izlar 0,24 12,00 0,02 1,99 99,60 

11. 66/3 Karakata botiqligi galit 8,68 1,18 49,64 49,64 5,51 114,69 33,16 1442,66 izlar 0,98 49,00 0,28 22,99 100,43 

2-jadval 
Markaziy Qizilqum hududidagi ko'llar va sho'r yerlardagi minerallashgan suvlar hamda rapaning kimyoviy tarkibi 

 ́
t/r 

Namuna 
raqami 

Olingan joy 
Qattiq 
qolgan 
qism 

Komponentlar 

CI SO4 HCO3 Na+K Ca Mg 

g/l g/eks g/l g/eks g/l g/eks g/l g/eks g/l g/eks g/l g/eks 

1. 305 Karakata botiqligi 42,38 26,2404 739,9792 0,1449 3,0139 0,2440 4,0016 10,6093 461,5087 0,9137 45,5936 2,9184 239,8924 

2. 309/g Mullali koóli 239,82 148,9320 4199,8824 1,1814 24,5731 0,9760 16,0064 75,2750 3274,4949 0,1282 6,3971 11,6736 959,5699 

3. 311 Mullali koóli 5,002 2,4106 67,9620 0,0361 0,7508 0,488 8,0032 1,0876 47,3144 0,352 17,5648 0,1440 11,8368 

4. 318 
Sun'iy buloq, 

Lyavlyakan-I ko'li  
1/quduq 

5,040 2,8368 79,9977 0,0468 0,9734 0,732 12,0048 0,6766 29,4349 0,6408 31,9759 0,3840 31,5648 

5. 319 
Buloq,  

avlyakan-III koóli 
32,6560 19,1484 539,9848 0,2586 5,3788 0,9760 16,0064 11,8536 515,6359 0,5607 27,9789 0,2160 17,7552 

6. 320 Lavlyakan-III koóli 238,72 174,4632 4918,1702 0,7427 15,4881 1,7080 28,0112 0,4862 21,1536 izlar 60,1036 4940,5159 

7. 323/v Kazgan koóli 252,81 168,7896 4759,8498 1,0789 22,4411 0,7320 12,0048 44,9716 1956,2681 izlar 34,5344 2838,7276 

8. 327/g Lavlyakan-I koóli 246,90 172,3356 4859,8470 1,3932 28,9785 1,2200 20,0080 19,0956 830,6620 izlar 49,6128 4078,1721 

9. 345 Balxash bulogôi 4,16 0,9220 26,0004 1,7036 35,4349 0,2074 3,4014 1,2239 53,2395 0,1283 6,4022 0,0632 5,1950 

10. 350/2 Ashibuloq 306,85 187,2288 5279,8521 0,0976 2,0301 0,2440 4,0016 109,5770 4765,30 0,8175 40,7932 5,8368 479,7849 

11. 362/4 Tuzkuduk koóli 372,62 227,6532 6419,8202 0,3694 7,6835 0,7320 12,0048 133,6043 5811,7874 0,1603 7,9989 7,5392 619,7222 

12. 362/9 Tuzkuduk 7,1200 3,8995 109,9556 0,0258 0,5366 0,732 12,0048 2,3380 98,2947 0,2322 11,5867 0,1536 12,6259 

13. 368 
Minbuloq 
skvajinsi 

1,7780 1,5957 44,9987 1,3538 28,1590 0,1586 2,6010 1,3271 60,5611 0,1764 8,8024 0,1119 6,3952 

14. 382 K. Kulatay 11,4240 3,9715 111,9963 2,9743 61,8654 0,6100 10,0040 2,9123 126,6857 0,4168 20,7983 0,4426 36,3817 

15. 387 Chokolak 3,5920 1,5602 43,9976 0,5860 12,1888 0,2318 3,8015 0,9192 39,9888 0,2405 12,0010 0,0973 7,9981 

16. 389/2 Kamisbulak koni 253,98 153,1872 4319,8790 0,2352 4,8921 0,2440 4,0016 94,5486 4112,8644 0,3206 15,9979 2,4320 199,9104 

17. 391 Kamisbulak qudugôi 2,568 1,1344 31,9900 0,0214 0,4451 0,732 12,0048 0,7567 32,9175 0,1280 6,3872 0,0624 5,1292 

18. 392/6 Jalgizagach koni 309,82 189,3564 5339,8504 0,3713 7,7230 0,4880 8,0032 109,2562 4752,6469 0,0641 3,1985 7,2960 599,7312 

19. 393 Jalgizagach bulogôi 2,1040 0,8508 23,9925 0,0171 0,3556 0,732 12,0048 0,7537 32,7880 0,024 1,1976 0,0288 2,3673 

20. 394 Djengildi bulogôi 5,3120 2,8360 79,9752 0,0248 0,5158 0,488 8,0032 1,4592 63,4782 0,24,83 12,3901 0,1536 12,6259 

21. 411/4 Ayakagitma 298,90 180,1368 5079,8577 0,4013 8,3470 0,4880 8,0032 111,0511 4830,7257 0,1122 5,5987 3,1616 259,8835 
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va past namligi natijasida bugólanish kuchaymoqda, bu esa shoórlanishni 
kuchaytiradi. Tuzlar koóproq yer usti va osti suvlari toóplangan botqoq va 
botiqlarda yigóiladi. Shoórlanish baôzida kapillyar koótarilish natijasida 
yuzaga kelib, suv sathidan uzoq boólgan hududlarda ham sodir boóladi. 

Markaziy Qizilqumda ayrim joylarda yer yuzasiga yaqin qalinligi     
10-15 sm boólgan ustunsimon gips qatlamlari aniqlangan. Tuzlarning 
yillik toóplanish tezligi geologik adabiyotlarda Fiveg usuliga koóra yiliga     
5-8 sm deb baholanmoqda. Bu raqamlar asosida Qizilqum konlarida tuz 
qatlamlarining oósish surôatini aniqlash mumkin. Tadqiqotlar shuni 
koórsatadiki, tuz toóplanishi koóllarda asosan aralash turda kechadi ï 
yopiq havzalarda chuqur plast qatlamli, ochiq havzalarda esa relikt dary-
olar taôsiri ustun. Bu xulosa Oózbekistonning yirik tuzli havzalarida xlor-
brom (267-44725 g/l), kaliy (0,58-28,0 g/l) va metamorfizatsiya (0,01ï
29,5) koeffitsiyentlarining keskin farqlanishi bilan tasdiqlanadi. 
Lavlyakan guruhiga mansub koóllarning kimyoviy tarkibini solishtirish 

natijasida, ularning geografik yaqinligiga qaramay, ayrim koóllarda 
ayniqsa kuz mavsumida toóyingan shoór suvlar va kristallararo tuzlar 
tarkibining farqlanishi aniqlandi. 

Markaziy Qizilqumda paleozoy, mezozoy va kaynozoy davrlaridagi 
jinslar rivojlangan. Paleogen choókindilarining qalinligi boór davri 
choókindilari bilan bir xil boólsa-da, boór davri yotqiziqlaridan farqli oólaroq, 
paleogen yotqiziqlari oórtacha darajadan u yoki bu yoónalishda biroz 
kamroq ï 200-250 metrgacha boólgan tebranishlarga uchraydi. 
Koól joylashgan botiqlik tubiga boór davrining och yashil rangdagi 

mergelistli va gipsli gillari yoyilgan. Koólning chuqurligi 10-15 m gacha, 
oólchami esa taxminan 2x8 km. U deyarli meridian yoónalishida 
choózilgan. Botiqlikning góarbiy sohili ancha tik boólib, deyarli butun uzun-
ligi boóylab togó jinslaridan iborat, sharqiy sohili esa nisbatan yotiq.  

Botiqlik tubi qumli va qumloq delyuvial-prolyuvial hamda koól 
choókindilaridan tashkil topgan boólib, ifloslangan natriy sulfat yotqiziqlari-
dan iborat. Yilning katta qismida Mullali koóli sathining yuqori qismida 
toóyingan shoór suv qatlami boólmaydi. Koólning koózgusi faqat mint-
aqadagi yogóingarchilik eng koóp boólgan mavsumidagina kattalashib, 
1,5x4 km hajmga yetadi. 
Mullali koóli toóyingan shoór suvi tarkibida yod, brom va bor miqdorini 

aniqlash maqsadida olib borgan kimyoviy tahlilimiz natijalari yod, brom 
va 29,5 mg/l borning arzimas aralashmasi mavjudligini koórsatdi [2]. 

 Koólning shimoli-góarbiy qismida toóyingan shoór suv olish uchun 
koóplab quduqlar va uni bugólatish uchun chuqurlar mavjud. Quduqlard-
agi toóyingan shoór suvning tarkibi natriy xlorid, koólda esa natriy sulfatdir. 
A.G. Bergmanning (1946) maôlumotlariga koóra, natriy xloridning tarkibi 
quyidagicha: 9,40 % ï NaCl; 0,06 % ï KCl; 5,35 % ï MgSO4; 0,31 % ï 
MgCl2; 0,007 % ï MgBr2. Tuzlar miqdori ï 15,43 %. 
Lavlyakan koóli oqavasiz juda katta botiqlikda, kichikroq koóllar guruhi 

bilan birgalikda joylashgan. Ushbu koóllar tizimi Sangruntau togólarining 
subtogóli prolyuvial tekisligi bilan Qoraqatin chuqurligining qumli massi-
vlari oórtasidagi oózaro taôsir (kontakt) natijasida paydo boólgan. Koól   
xavzasi shimoliy va shimoli-góarbiy tomondan balandligi 15-20 m boólgan 
toósiq bilan keskin chegaralangan. Koól tubining eng past nuqtasi      
193,4 m chuqurlikda joylashgan. 
Ushbu koól joylashgan xududda 20ga yaqin koólni sanash mumkin 

boólib, ular kenglik yoónalishida deyarli ikkita parallel zanjir kabi choózilgan. 
Bu zanjirlar oózaro qanotga oóxshash tarzda joylashgan. Shimoliy zanjir 
sharqiy yoónalishda janubga nisbatan siljiganligini koórish mumkin. 
Koól havzalarining oólchamlari va konturlari juda xilma-xildir. 

Lavlyakan-1 eng katta koól boólgani bilan, góarbiy-shimoli-góarbdan sharq-
janubiy-sharqiy yoónalishda 5,1 km gacha tor yoólak sifatida choózilgan. 
Koólning kengligi bor-yoógói 0,5 km boólib, faqat góarbiy qismida 1 km 
gacha yetadi.  
Tuzquduq koóli ñquruqò shoór koól boólib, oqavasiz chuqur botiqlikda 

joylashgan. Janubiy qismida koólga soz gilli-qumli tekislik tutashadi. 
Shimoliy qismida esa paleogen gillari va soz gilli-qumli qizil rangli ancha 
tik qoya bilan chegaralangan.  
Koól maydoni deyarli 3-4 km2 ni tashkil qiladi. Havza tubining mutlaq 

chuqurligi 86,6-87,0 m boólib, góarbiy va janubiy tomonlardan tutashgan 
tekisliklar shimoldan ham, Aytimtov tizmasi togó etaklarining sharqidan 
ham 100-130 m. ni tashkil qiladi [3]. 
Koól havzasining shimoliy va sharqiy yon bagóirlari eng tik boólib, bu 

yerda qumtosh oraliq qatlamlari boólgan qizil rangli miotsen gillari ochiq 
holda koózga tashlanadi.  
Havza tubi miotsen gillari bilan qoplagan. Tashrifimiz chogóida koól 

galit poóstlogói bilan qoplangan boólib, janubi-sharqiy qismida qalinligi     
15 sm gacha yetgan. Tuz poóstlogói ostida toóyingan shoór suv, undan 
pastda ï qalinligi 40-50 sm gacha boólgan loy, yanada pastroqda - gipsli 
kulrang qum mavjud. 
Tuzquduq koólida tuz toóplanishi uchun axamiyatli boólgan asosiy 

jinslar ï eotsen gillari hisoblanadi. 
Kimyoviy tahlilimiz natijasida koóldagi tuz qobigóining 90 % miqdori 

natriy xloriddan iborat ekanligi maôlum boóldi. Natriy xloriddan tashqari, 
deyarli 90%ni tashkil etadigan toóyingan shoór suv tarkibida magniy xlorid 
mavjudligi aniqlandi. 

Saylaquduqdagi natriy sulfat koni Jingeldidan 50 km shimoli-
góarbda, Qoóljuktau togólarining góarbiy tizmasi tugash qismida joy-
lashgan. 
Bu kon unchalik katta boólmagan 4x4 km maydonda joylashgan 

boólib, góarbda, janubda va sharqda yumshoq qiyalik, lekin shimolda tik 
past tekislik bilan chegaralangan. Botiqlik paleogen jinslarida, xususan, 
eotsen gillarida rivojlangan. Uning tubi janubiy yon bagóirliklariga nis-
batan 20-30 m gacha, shimoliy va shimoli-sharqiy yon bagóirlariga nis-
batan esa 100 m dan ortiq chuqurlashgan. Botiqlikning tubi tarkibida 
gipsli qum va gips unining sezilarli aralashmasi boólgan shoór qum va 
shagóal material bilan qoplangan. Botiqliklik tubining mutlaq chuqurligi ï 
149 m. 

Shakarsimon mirabilitning kimyoviy tahlili undagi erimaydigan qoldiq 
2,78 %, suv ï 47-82 % va natriy sulfat ï 48,92 % ekanligini koórsatdi. 
Boshqa aralashmalar ï xlor, kalsiy va magniyning birgalikdagi miqdori 
1,5 % dan oshmaganligi maôlum boóldi.  
Natriy xlorid tarkibidagi tuzning toóplanishi, ehtimol, bu tuzlarning 

dengizdan kelib chiqqan eotsen gillarining qayta choókishi bilan bogóliq 
boólishi mumkin. Eotsen gillarining qayta choókishi tuz toóplanishini natriy 
xlorid bilan boyishiga yordam bergan. 
Natriy sulfat konlarining shakllanishi koóp asrlar davomida insonning 

tuz toóplash maqsadida tabiiy shoór suvdan natriy xloridni ajratib olishga 
yoónaltirilgan faoliyatining natijasi, deb xisoblaymiz. Bu esa, oóz navbati-
da, toóyingan shoór suv qoldiqlarini sulfat bilan boyishiga olib kelgan.  

Bizning dastlabki hisob-kitoblarimizga koóra, Mullali koólidagi tuzlar 
(mirabilit) zahiralarini taxminan 1 million t xom ashyo yoki taxminan 0,5 
million t suvsiz natriy sulfat, deb hisoblash mumkin. (1 m x 500 m x 1500 
m x 1,48 ud.v.) 
Shu bilan birga, taôkidlash joizki, avvallari va qisman yaqin oótmishda 

koóldan natriy sulfat emas, balki osh tuzi qazib olingan. 
Mullali koóli mirabilitining kimyoviy tarkibi uning ulushi taxminan 80 

foizga yaqinligidan  dalolat beradi. 
Erimaydigan qoldiqning koóp miqdorda mavjudligi loyqaga oóxshash 

materialdagi aralashma bilan bogóliq. Mineralogik va termik tahlillar Mul-
lali koóli tuzlarining mirabilitli va tenarditli tarkibga ega ekanligini 
tasdiqladi [3]. 

Markaziy Qizilqumning suvda eruvchan tuzlarining kimyoviy tarkibi 
oórganilganda, ushbu koóllar yaqin joylashganligiga qaramay, ayrim 
koóllardagi tuzlarning tarkibi va ayniqsa kuz mavsumidagi kristallararo 
toóyingan shoórlari bir-biridan farq qilishi aniqlandi (1-jadval). 
Lavlakan koóllari guruxi asosan astraxanitlardan iborat. Lavlakan 

guruhining yer osti suvlari va toóyingan shoór suvlari tarkibini oórganish 
maqsadida oótkazgan kimyoviy tahlilimiz natijalari kristallararo toóyingan 
shoór suv hamma joyda xlor-magniyli tarkibga ega ekanligini koórsatdi. 
Lavlakan-3 koólida esa magniy xlorid taxminan 100 %ni tashkil etishi 
aniqlandi [4]. 
Oótkazgan kimyoviy tahlillarimiz natijasida Tuzquduq koólining 
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toóyingan shoór suvlarida brom miqdori yuqori darajada ï 852 mg/l ekan-
ligi maôlum boóldi. 
Saylaquduq koólining kimyoviy tarkibini oórganish natijalari 3-jadvalda 

keltirilgan. Jadvaldan koórinib turibdiki, tuz konlari orasida natriy sulfat-
ning ancha toza turlari mavjud boólib, natriy xloridning juda kam miqdordagi 
aralashmasi ham oórin olgan. Loyli mirabilit tarkibida 5 % dan ortiq mag-
niy karbonat va taxminan 14 % ï qumli-gilli moddalar aniqlandi. Dastlab-
ki hisob-kitoblarimizga koóra, koólda mirabilit zahirasi 0,5 million tonnadan 
ortiq boólish mumkin [5]. 

Kurlov formulalari: 
Namuna 305 

 
 

Namuna 309/g 
 
 
Namuna 311 
 
 
Namuna 318 
 
 
Namuna 319 
 
 
Namuna 320 
 
 
Namuna 323/v 
 
 
Namuna 327/g 
 
 
Namuna 345 
 
 
Namuna 350/2 
 
 
Namuna 362/4 
 
 
Namuna 362/9 
 
 
Namuna 368 
 
 
Namuna 382 
 
 
Namuna 387 

 
 
 
Namuna 389/2 
 
 
Namuna 391 
 
 
Namuna 392/6 
 
 
Namuna 393 
 
 
Namuna 387 
 
 
Namuna 394 
 
 
Namuna 387 
 
 
 
Markaziy Qizilqum hududida sho'r botqoqlar va ko'llar egalagan 

keng maydonlarning mavjudligi, ushbu hududning gidrogeokimyoviy va 
minerologik jihatdan o'ta boy ekanligini ko'rsatadi.  

Tadqiqotlar natijasida, asosiy sho'rlanish turi sifatida natriy xloridli 
sho'rlanish aniqlangan bo'lib, bu yerda suv va tuproq tarkibida galit va 
unga yaqin minerallarning ustunligi kuzatilmoqda.  

Sulfat-natriy va sulfat-natriy-magniyli sho'rlanish esa nisbatan kam 
rivojlangan.  

Sho'rlanish zonalari asosan turli botiqliklar va eotsen gillari bilan 
to'g'ri keladi, bu esa minerallarning geologik shakllanish jarayonlari bilan 
chambarchas bog'liqligini ko'rsatadi. 

Mullali ko'li hududida aniqlangan montmorillonit tarkibli yashil gil 
yotqiziqlari ushbu hududning noyob gil strukturasiga ega ekanligini 
tasdiqlaydi va bu holat kelgusida keramikalar, adsorbentlar va boshqa 
sanoat sohalarida qo'llanilishi mumkin bo'lgan xomashyo manbai sifatida 
muhim ahamiyat kasb etadi.  

Tuzquduq va Lavlakan ko'llarida aniqlangan yuqori miqdordagi brom 
konsentratsiyasi esa ushbu suv havzalarini kimyo va farmatsevtika 
sanoati uchun istiqbolli xomashyo manbai sifatida ko'rsatadi. Yodning 
past miqdorda bo'lishi ushbu elementning ko'llar tizimida muhim rol 
o'ynamayotganini ko'rsatadi. 

Umuman olganda, Markaziy Qizilqum sho'r zonalarining gidroge-
okimyoviy tarkibini o'rganish, minerologik tadqiqotlar bilan uyg'un holda 
olib borilganda, nafaqat ilmiy ahamiyatga, balki amaliyotdagi ishlanma-
larga katta istiqbolga ega bo'lgan xulosalarni beradi.  

Bu hududdagi resurslarni kompleks o'rganish va ularni samarali 
qayta ishlash, istiqbolli investitsiyaviy va sanoat loyihalarini amalga 
oshirishga xizmat qiladi. 
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BOYITISH VA METALLURGIYA 

ʇʨʦʙʣʝʤʘ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ ʠʟ ʫʧʦʨʥʳʭ ʨʫʜ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 
ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʭ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰ-
ʣʝʥʥʦʩʪʠ. ʋʧʦʨʥʦʩʪʴ ʪʘʢʠʭ ʨʫʜ ʯʘʩʪʦ ʦʙʫʩʣʦʚʣʝʥʘ ʪʦʥʢʦʡ ʠ ʩʫʙʤʠʢ-
ʨʦʥʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʟʦʣʦʪʘ ʚ ʩʫʣʴʬʠʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʪʘʢʠʝ ʢʘʢ 
ʧʠʨʠʪ ʠ ʘʨʩʝʥʦʧʠʨʠʪ, ʘ ʪʘʢʞʝ ʝʛʦ ʘʩʩʦʮʠʘʮʠʝʡ ʩ ʫʛʣʝʨʦʜʠʩʪʳʤ 
ʚʝʱʝʩʪʚʦʤ. ɼʣʷ ʚʩʢʨʳʪʠʷ ʪʘʢʦʛʦ ʩʳʨʴʷ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʟʦʣʦʪʘ 
ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʝʨʝʜʝʣʘ ʰʠʨʦʢʦ   
ʧʨʠʤʝʥʷʶʪʩʷ ʧʠʨʦʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʢʠʩʣʠ-
ʪʝʣʴʥʳʡ ʦʙʞʠʛ. ʎʝʣʴʶ ʦʙʞʠʛʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʩʫʣʴʬʠʜʥʦʡ 
ʤʘʪʨʠʮʳ, ʫʜʘʣʝʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʤʳʰʴʷʢʘ, ʠ ʧʝʨʝʚʦʜ ʩʫʣʴʬʠʜʦʚ ʚ 
ʧʦʨʠʩʪʳʝ ʦʢʩʠʜʳ ʞʝʣʝʟʘ, ʯʪʦ ʜʝʣʘʝʪ ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʜʦʩʪʫʧʥʳʤʠ 
ʜʣʷ ʮʠʘʥʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ [1-3]. 
ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʜʘʞʝ ʧʦʩʣʝ ʦʙʞʠʛʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʧʦʪʝʨʠ ʟʦʣʦʪʘ 
ʩ ʭʚʦʩʪʘʤʠ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ʇʨʠʯʠʥʳ ʵʪʦʛʦ 
ʤʦʛʫʪ ʙʳʪʴ ʤʥʦʛʦʦʙʨʘʟʥʳ.  
ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʥʝʧʦʣʥʦʪʘ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʙʞʠʛʘ, ʠʟ-ʟʘ 

ʯʝʛʦ ʯʘʩʪʴ ʟʦʣʦʪʘ ʤʦʞʝʪ ʦʩʪʘʚʘʪʴʩʷ «ʟʘʧʝʨʪʦʡ» ʚ ʦʩʪʘʪʦʯʥʳʭ, 
ʥʝʦʢʠʩʣʝʥʥʳʭ ʷʜʨʘʭ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʠʨʨʦʪʠʥ. 
ɺʦ-ʚʪʦʨʳʭ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʠʣʠ   
ʬʝʨʨʠʪʥʳʭ ʬʘʟ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʚʦʣʘʢʠʚʘʪʴ ʠ ʠʥʢʘʧʩʫʣʠʨʦʚʘʪʴ 
ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ. ʅʘʢʦʥʝʮ, ʯʘʩʪʴ ʟʦʣʦʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟʥʘʯʘʣʴʥʦ 

ʪʦʥʢʦ ʚʢʨʘʧʣʝʥʘ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ (ʥʘʧʨʠʤʝʨ, 
ʢʚʘʨʮ), ʢʦʪʦʨʳʝ ʠʥʝʨʪʥʳ ʢ ʦʙʞʠʛʫ ʠ ʮʠʘʥʠʨʦʚʘʥʠʶ [4-6]. 
ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʦ ʩʥʠʞʝʥʠʶ ʧʦʪʝʨʴ ʥʝʦʙʭʦ-

ʜʠʤʦ ʪʦʯʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʚ ʢʘʢʦʡ ʬʦʨʤʝ ʠ ʩ ʢʘʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ 
ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʥʝʜʦʠʟʚʣʝʯʸʥʥʦʝ ʟʦʣʦʪʦ.  
ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʧʨʠʤʝʥʷʶʪ ʢʦʤʧʣʝʢʩ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʭ ʤʝʪʦʜʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘ-
ʣʠʟʘ, ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥ-
ʥʳʤ ʘʥʘʣʠʟʦʤ (ʕɼʉ), ʧʦʟʚʦʣʷʶʪ ʚʠʟʫʘʣʴʥʦ ʦʙʥʘʨʫʞʠʪʴ ʯʘʩʪʠ-
ʮʳ ʟʦʣʦʪʘ, ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʨʘʟʤʝʨ, ʬʦʨʤʫ ʠ ʤʠʥʝʨʘʣʴʥʦʝ ʦʢʨʫ-
ʞʝʥʠʝ.  
ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʝʪʦʜ ʨʘʮʠʦʥʘʣʴʥʦʛʦ (ʬʘʟʦʚʦʛʦ) ʘʥʘʣʠʟʘ, ʦʩʥʦ-

ʚʘʥʥʳʡ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʝʣʝʢʪʠʚʥʦʤ ʨʘʩʪʚʦʨʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 
ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ, ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʝ ʟʦʣʦʪʘ ʧʦ ʝʛʦ ʨʘʟʣʠʯʥʳʤ ʬʦʨʤʘʤ ʥʘʭʦʞʜʝʥʠʷ [7]. 
ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ   

ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʚʦʩʪʦʚ ʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʦʛʘʨʢʘ ɻʄɿ-5 
ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʜʦʤʠʥʘʥʪʥʳʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʥʝʜʦʠʟʚʣʝʯʸʥʥʦʛʦ 
ʟʦʣʦʪʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʝʛʦ ʧʦʪʝʨʴ. 
ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
ʀʩʩʣʝʜʦʚʘʥʠʶ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʨʦʙʳ ʭʚʦʩʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʧʦʩʣʝ 

ʦʧʝʨʘʮʠʠ ʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʦʛʘʨʢʘ ɻʄɿ-5. ʈʘʙʦʪʘ ʚʢʣʶ-

ʋɼʂ 622.762.2:622.785 DOI:10.54073/GV.2025.2.101.009 

Ushbu ishda oltin tarkibli rudaning (GMZ-5) sorbsion sianlash qoldiqlarining yoóqotilish sabablarini aniqlash maqsadida kompleks 
tadqiqot natijalari keltirilgan. Rastrov elektron mikroskopiyasi (REM) va energodispʝrsion tahlil (EDS) hamda ratsional tahlil usullari 
yordamida butunlay qazib olinmagan oltinning mavjud shakllari va mineral assotsiatsiyalari oórganildi. Erkin oltin zarrachalari mavjud 
emasligi aniqlangan. Yoóqotilishlarning asosiy sabablari: 1) nano- va mikrozarrachalar (100 nm dan 1,7 mkm gacha) fizik inkapsul-
yatsiyasi qoldiq sulfid minerallari (pirrotin va pirit) ichida, bu kuydirish jarayonining toóliq amalga oshmaganligini koórsatadi; 2) sianlashga 
chidamli togó jinslari minerallarida oltinning ingichka kiritilishi. Ratsional tahlil ushbu xulosalarni miqdoriy tasdiqlab, oltin yoóqotilishining 
64 % dan ortigói sulfidlar (30,9 %) va togó jinslari minerallari (33,9 %) bilan assotsiatsiyalanganligini koórsatdi. 
Kalit soózlar: sianlash qoldiqlari, butunlay qazib olinmagan oltin, pirrotin, pirit, nanozarrachalar, mineral assotsiatsiyalar, elektron 

mikroskopiya, energodisparsion tahlil, ratsional tahlil, inkapsulyatsiya, fizik qiyinchilik, oksidlovchi kuydirish, sulfidlar, togó jinslari mineral-
lari, oltin yoóqotilishi, gidrometallurgiya. 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʭʚʦʩʪʦʚ ʩʦʨʙʮʠʦʥʥʦʛʦ ʮʠʘʥʠʨʦʚʘʥʠʷ ʦʛʘʨʢʘ 

ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʡ ʨʫʜʳ (ɻʄɿ-5) ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʧʨʠʯʠʥ ʧʦʪʝʨʴ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʨʘʩʪʨʦʚʦʡ 
ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈʕʄ) ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ (ʕɼʉ) ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʦʨʤʳ 
ʥʘʭʦʞʜʝʥʠʷ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʥʝʜʦʠʟʚʣʝʯʝʥʥʦʛʦ ʟʦʣʦʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʚʦʙʦʜʥʳʝ ʯʘʩʪʠʮʳ ʟʦʣʦʪʘ ʦʪʩʫʪ-
ʩʪʚʫʶʪ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʦʪʝʨʴ ʷʚʣʷʶʪʩʷ: 1) ʬʠʟʠʯʝʩʢʘʷ ʠʥʢʘʧʩʫʣʷʮʠʷ ʥʘʥʦ- ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʟʦʣʦʪʘ (ʦʪ 100 ʥʤ ʜʦ 
1,7 ʤʢʤ) ʚ ʦʩʪʘʪʦʯʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʘʭ (ʧʠʨʨʦʪʠʥʝ ʠ ʧʠʨʠʪʝ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʦʣʥʦʤ ʦʢʠʩʣʝʥʠʠ ʚ ʧʨʦ-
ʮʝʩʩʝ ʦʙʞʠʛʘ; 2) ʪʦʥʢʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʟʦʣʦʪʘ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ, ʫʩʪʦʡʯʠʚʳʝ ʢ ʮʠʘʥʠʨʦʚʘʥʠʶ. ʈʘʮʠʦʥʘʣʴʥʳʡ 
ʘʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʦʜʪʚʝʨʜʠʣ ʵʪʠ ʚʳʚʦʜʳ, ʧʦʢʘʟʘʚ, ʯʪʦ ʙʦʣʝʝ 64 % ʧʦʪʝʨʴ ʟʦʣʦʪʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʝʛʦ ʘʩʩʦʮʠʘʮʠʠ ʩ 
ʩʫʣʴʬʠʜʘʤʠ (30,9 %) ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ (33,9 %). 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʚʦʩʪʳ ʮʠʘʥʠʨʦʚʘʥʠʷ, ʥʝʜʦʠʟʚʣʝʯʝʥʥʦʝ ʟʦʣʦʪʦ, ʧʠʨʨʦʪʠʥ, ʧʠʨʠʪ, ʥʘʥʦʯʘʩʪʠʮʳ ʟʦʣʦʪʘ, ʤʠʥʝʨʘʣʴ-

ʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʨʘʮʠʦʥʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʠʥʢʘʧʩʫʣʷʮʠʷ, ʬʠʟʠʯʝʩʢʘʷ 
ʫʧʦʨʥʦʩʪʴ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʦʙʞʠʛ, ʩʫʣʴʬʠʜʳ, ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ, ʧʦʪʝʨʠ ʟʦʣʦʪʘ, ʛʠʜʨʦʤʝʪʘʣʣʫʨʛʠʷ. 
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