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ȸȫȻȳȮȽȫȷȰȮȫ ȳȦȹȰȮ 

ȿȰȶ 621.785.001.76:669.15'74.ð194 

ȹ.ȯ. ȰɌɎɧɐɚɎ, Ȯ.Ȭ. ȷɫɘɓɔə 

Ȱ Ȩȴȵȶȴȷȹ ȷȴȨȫȶȾȫȳȷȸȨȴȨȦȳȮɅ ȸȫȻȳȴȱȴȩȮȮ 

ȸȫȶȲȮȽȫȷȰȴȯ ȴȧȶȦȧȴȸȰȮ ȴȸȱȮȨȴȰ                                                                 

Ȯȭ ȨɁȷȴȰȴȲȦȶȩȦȳȼȫȨȴȯ ȷȸȦȱȮ 110ȯ13ȷ 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʣʠʚʦʢ ʠʟ ʚʳʩʦʢʦʤʘʨ-
ʛʘʥʮʝʚʦʡ ʩʪʘʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʘʣʴ, ʦʪʣʠʚʢʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʫʛʣʝʨʦʜ, ʥʘʛʨʝʚ, ʟʘʢʘʣʢʘ,  ʪʝʤʧʝʨʘʪʫʨʘ. 

ȶɌɖ ɔɓɎɑɝɞəɚ, ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɌɫ 

ɝɞɌɗɨ 110ȯ13ȷ Ɏ ɗɔɞɚɘ (çɝɧɜɚɘè) ɝɚɝɞɚɫ-

əɔɔ ɔɘɑɑɞ Ɍɟɝɞɑəɔɞəɟɪ ɝɞɜɟɖɞɟɜɟ ɝ Ɏɖɗɪ-

ɣɑəɔɫɘɔ ɖɌɜɍɔɐɚɎ, ɜɌɝɛɚɗɌɏɌɪɥɔɡɝɫ ɛɜɑ-

ɔɘɟɥɑɝɞɎɑəəɚ ɛɚ ɏɜɌəɔɢɌɘ ɓɑɜɑə ɘɑɞɌɗɗɌ 

ɔ ɚɖɌɓɧɎɌɪɥɔɡ ɚɞɜɔɢɌɞɑɗɨəɚɑ Ɏɗɔɫəɔɑ əɌ 

ɘɑɡɌəɔɣɑɝɖɔɑ ɔ ɝɗɟɒɑɍəɧɑ ɝɎɚɕɝɞɎɌ ɩɞɚɕ 

ɝɞɌɗɔ. Ȱɗɫ ɜɌɝɞɎɚɜɑəɔɫ ɚɍɜɌɓɚɎɌɎɤɔɡɝɫ 

ɖɌɜɍɔɐɚɎ ɔ ɛɚɗɟɣɑəɔɫ ɚɐəɚɜɚɐəɚɕ, ɣɔɝɞɚ 

Ɍɟɝɞɑəɔɞəɚɕ ɝɞɜɟɖɞɟɜɧ ɎɧɝɚɖɚɘɌɜɏɌəɢɑ-

Ɏɧɑ ɚɞɗɔɎɖɔ ɛɚɐɎɑɜɏɌɪɞ ɞɑɜɘɔɣɑɝɖɚɕ ɚɍ-

ɜɌɍɚɞɖɑ (ɓɌɖɌɗɖɑ). Ȼɚɝɗɑ ɓɌɖɌɗɖɔ ɛɚ ɚɛɞɔ-

ɘɌɗɨəɚɘɟ ɜɑɒɔɘɟ ɝɞɌɗɨ ɐɚɗɒəɌ ɍɧɞɨ əɑ-

ɘɌɏəɔɞəɚɕ, ɝɛɚɝɚɍəɚɕ ɟɛɜɚɣəɫɞɨɝɫ ɛɜɔ 

əɌɖɗɑɛɑ, ɡɚɜɚɤɚ ɝɚɛɜɚɞɔɎɗɫɞɨɝɫ ɟɐɌɜəɚ- 

ɌɍɜɌɓɔɎəɚɘɟ ɔɓəɌɤɔɎɌəɔɪ, ɚɍɗɌɐɌɞɨ Ɏɧ-

ɝɚɖɚɕ ɛɜɚɣəɚɝɞɨɪ, Ɏɫɓɖɚɝɞɨɪ, ɛɗɌɝɞɔɣəɚ-

ɝɞɨɪ ɔ ɛɜɔɑɘɗɑɘɚɕ ɡɗɌɐɚɝɞɚɕɖɚɝɞɨɪ. 

ȴɝɡɚɐɫ ɔɓ ɐɔɌɏɜɌɘɘɧ ɝɚɝɞɚɫəɔɫ ɝɔ-

ɝɞɑɘɧ FeðMnðC, ɏɚɘɚɏɑəəɧɕ Ɍɟɝɞɑəɔɞ 

ɖɌɖ ɜɌɎəɚɎɑɝəɌɫ ɝɞɜɟɖɞɟɜɌ Ɏ ɝɞɌɗɔ ɝ 

1,30% ɟɏɗɑɜɚɐɌ ɔ 13% ɘɌɜɏɌəɢɌ ɝɟɥɑ-

ɝɞɎɟɑɞ ɛɜɔ ɞɑɘɛɑɜɌɞɟɜɑ əɑ əɔɒɑ 950 ÁȽ. 

Ȯ ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ ɟɝɗɚɎɔɫɡ ɝ ɢɑɗɨɪ 

ɛɚɗəɚɏɚ ɜɌɝɞɎɚɜɑəɔɫ ɖɌɜɍɔɐɚɎ ɔ ɟɝɖɚɜɑ-

əɔɫ ɛɜɚɞɑɖɌəɔɫ ɐɔɠɠɟɓɔɚəəɧɡ ɛɜɚɢɑɝ-

ɝɚɎ ɌɟɝɞɑəɔɓɌɢɔɪ ɘɑɞɌɗɗɌ ɎɧɝɚɖɚɘɌɜ-

ɏɌəɢɑɎɧɡ ɚɞɗɔɎɚɖ (ɓɌɖɌɗɖɟ) ɛɜɚɎɚɐɫɞ 

ɚɍɧɣəɚ ɛɜɔ ɞɑɘɛɑɜɌɞɟɜɑ 1050ð1150 ÁȽ ɝ 

ɛɚɝɗɑɐɟɪɥɔɘ ɜɑɓɖɔɘ ɚɡɗɌɒɐɑəɔɑɘ ɩɞɔɡ 

ɚɞɗɔɎɚɖ Ɏ ɡɚɗɚɐəɚɕ ɛɜɚɞɚɣəɚɕ Ɏɚɐɑ. Ȼɜɔ 

ɛɚɎɧɤɑəɔɔ ɞɑɘɛɑɜɌɞɟɜɧ ɓɌɖɌɗɖɔ ɐɚ 

1200 ÁȽ ɝ ɢɑɗɨɪ ɟɘɑəɨɤɑəɔɫ ɚɍɥɑɕ ɐɗɔ-

ɞɑɗɨəɚɝɞɔ ɢɔɖɗɌ ɞɑɜɘɔɣɑɝɖɚɕ ɚɍɜɌɍɚɞɖɔ 

əɌɍɗɪɐɌɑɞɝɫ ɫɎəɌɫ ɞɑəɐɑəɢɔɫ ɖ ɜɚɝɞɟ 

Ɍɟɝɞɑəɔɞəɚɏɚ ɓɑɜəɌ ɘɑɞɌɗɗɌ ɚɞɗɔɎɚɖ ɔ 

ɛɚɫɎɗɑəɔɪ ɖɌɜɍɔɐɚɎ ɛɑɜɑɏɜɑɎɌ. ȺɐəɌɖɚ 

əɌɔɍɚɗɨɤɑɑ Ɏɗɔɫəɔɑ əɌ Ɏɧɍɚɜ ɞɑɘɛɑɜɌ-

ɞɟɜɧ əɌɏɜɑɎɌ ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɧɡ ɚɞɗɔ-

Ɏɚɖ ɛɚɐ ɓɌɖɌɗɖɟ ɚɖɌɓɧɎɌɑɞ ɝɚɐɑɜɒɌəɔɑ 

(ɖɚəɢɑəɞɜɌɢɔɫ) Ɏ ɘɑɞɌɗɗɑ ɟɏɗɑɜɚɐɌ, ɚ 

ɣɑɘ ɝɎɔɐɑɞɑɗɨɝɞɎɟɪɞ ɜɑɓɟɗɨɞɌɞɧ əɌɤɔɡ 

ɔɝɝɗɑɐɚɎɌəɔɕ (ɜɔɝ. 1).  

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ ʚʳʩʦʢʦʤʘʨ-
ʛʘʥʮʝʚʦʡ ʩʪʘʣʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʝʡ ʫʛʣʝʨʦʜʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ ʧʦʜ ʟʘʢʘʣʢʫ, Áʉ: 
1ï800; 2ï950; 3ï1050; 4ï1150; 5ï1250 

ȬəɌɗɔɓ ɐɌəəɧɡ ɜɔɝ. 1 ɛɚɓɎɚɗɫɑɞ ɝɐɑ-

ɗɌɞɨ ɝɗɑɐɟɪɥɔɑ ɎɧɎɚɐɧ: 

1. Ƚ ɛɚɎɧɤɑəɔɑɘ Ɏ ɝɞɌɗɔ ɝɚɐɑɜɒɌəɔɫ 

ɟɏɗɑɜɚɐɌ ɑɑ ɟɐɌɜəɌɫ Ɏɫɓɖɚɝɞɨ ɟɡɟɐɤɌɑɞɝɫ 

(ɛɚəɔɒɌɑɞɝɫ) ɛɜɔ Ɏɝɑɡ ɎɧɍɜɌəəɧɡ ɞɑɘɛɑ- 

ɜɌɞɟɜɌɡ ɓɌɖɌɗɖɔ. ȹɌɔɍɚɗɑɑ ɜɑɓɖɚɑ ɛɌɐɑ-

əɔɑ ɟɐɌɜəɚɕ Ɏɫɓɖɚɝɞɔ əɌɍɗɪɐɌɑɞɝɫ ɛɜɔ 

ɝɚɐɑɜɒɌəɔɔ Ɏ ɝɞɌɗɔ ɟɏɗɑɜɚɐɌ Ó 1,20% ɔ 

ɞɑɘɛɑɜɌɞɟɜɑ ɓɌɖɌɗɖɔ > 1150 ÁȽ.  
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2.  Ⱥɝɚɍɑəəɚ ɣɟɎɝɞɎɔɞɑɗɨəɌ ɖ ɛɚəɔɒɑ-

əɔɪ ɟɐɌɜəɚɕ Ɏɫɓɖɚɝɞɔ ɝɞɌɗɨ ɝ ɟɎɑɗɔɣɑəɔ-

ɑɘ Ɏ əɑɕ ɝɚɐɑɜɒɌəɔɫ ɟɏɗɑɜɚɐɌ Ɏ ɝɗɟɣɌɑ ɑɑ 

ɓɌɖɌɗɖɔ ɚɞ ɞɑɘɛɑɜɌɞɟɜɧ 1250 ÁȽ, ɣɞɚ ɚɍɦ-

ɫɝəɫɑɞɝɫ ɛɚɫɎɗɑəɔɑɘ Ɏ ɝɞɜɟɖɞɟɜɑ Ɍɟɝɞɑ-

əɔɞɌ ɖɌɜɍɔɐɚɎ ɛɑɜɑɏɜɑɎɌ, əɌɣɔəɌɫ ɝ ɖɚə-

ɢɑəɞɜɌɢɔɔ ɟɏɗɑɜɚɐɌ > 1,20%. 

ȿɡɟɐɤɑəɔɑ ɟɐɌɜəɚɕ Ɏɫɓɖɚɝɞɔ ɝɞɌɗɔ ɝ 

ɜɚɝɞɚɘ Ɏ əɑɕ ɝɚɐɑɜɒɌəɔɫ ɟɏɗɑɜɚɐɌ ɘɚɒəɚ 

ɚɍɦɫɝəɔɞɨ ɟɎɑɗɔɣɑəɔɑɘ Ɏ ɑɑ ɗɔɞɚɕ ɝɞɜɟɖ-

ɞɟɜɑ ɖɚɗɔɣɑɝɞɎɌ ɖɜɟɛəɧɡ ɖɌɜɍɔɐɚɎ, ɜɌɝ-

ɛɚɗɚɒɑəəɧɡ ɛɚ ɏɜɌəɔɢɌɘ Ɍɟɝɞɑəɔɞəɧɡ 

ɓɑɜɑə ɔ Ɏəɟɞɜɔ əɔɡ, Ɍ ɞɌɖɒɑ ɐɔɝɛɑɜɝəɧɡ 

ɛɗɌɝɞɔəɣɌɞɧɡ ɖɌɜɍɔɐɚɎ Ɏɐɚɗɨ ɖɜɔɝɞɌɗ-

ɗɚɏɜɌɠɔɣɑɝɖɔɡ ɛɗɚɝɖɚɝɞɑɕ, ɛɚɎɧɤɑəəɚɕ 

ɝɖɗɚəəɚɝɞɨɪ ɞɌɖɚɕ ɝɞɌɗɔ ɖ ɚɍɜɌɓɚɎɌəɔɪ 

ɏɚɜɫɣɔɡ ɔ ɡɚɗɚɐəɧɡ ɞɜɑɥɔə [1]. Ȯ ɛɜɚ-

ɢɑɝɝɑ Ɏɧɐɑɜɒɖɔ ɚɞɗɔɎɚɖ Ɏ ɞɑɜɘɔɣɑɝɖɚɕ 

ɛɑɣɔ ɛɜɔ ɞɑɘɛɑɜɌɞɟɜɑ ɓɌɖɌɗɖɔ ɛɚɏɜɌ-

əɔɣəɧɑ ɖɌɜɍɔɐɧ, ɜɌɝɞɎɚɜɫɫɝɨ Ɏ Ɍɟɝɞɑəɔ-

ɞɑ, ɝɛɚɝɚɍɝɞɎɟɪɞ ɎɚɓəɔɖəɚɎɑəɔɪ Ɏ ɘɑɞɌɗɗɑ 

ɘɔɖɜɚɛɟɝɞɚɞ, ɖɚɞɚɜɧɑ ɛɜɔ ɓɌɖɌɗɖɑ ɚɞɗɔɎɚɖ 

ɔ ɔɡ ɐɌɗɨəɑɕɤɑɕ ɩɖɝɛɗɟɌɞɌɢɔɔ ɘɚɏɟɞ 

ɝɗɟɒɔɞɨ ɚɣɌɏɌɘɔ ɓɌɜɚɒɐɑəɔɫ ɞɜɑɥɔə. 

ȮɝɗɑɐɝɞɎɔɑ ɞɚɏɚ, ɣɞɚ ɝɚɐɑɜɒɌəɔɑ ɟɏɗɑ-

ɜɚɐɌ Ɏ ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɚɕ ɝɞɌɗɔ > 1,30% 

ɎɑɝɨɘɌ ɍɗɔɓɖɚ ɛɚɐɡɚɐɔɞ ɖ ɏɜɌəɔɢɑ ɑɏɚ 

ɜɌɝɞɎɚɜɔɘɚɝɞɔ Ɏ Ɍɟɝɞɑəɔɞɑ, ɝɗɑɐɟɑɞ ɚɒɔ-

ɐɌɞɨ, ɣɞɚ ɛɜɔ ɚɍɧɣəɧɡ ɜɑɒɔɘɌɡ ɞɑɜɘɔɣɑ-

ɝɖɚɕ ɚɍɜɌɍɚɞɖɔ ɩɞɚɕ ɝɞɌɗɔ Ɏɑɜɚɫɞəɚɝɞɨ 

ɛɚɗɟɣɑəɔɫ ɚɝɞɌɞɚɣəɧɡ ɖɌɜɍɔɐɚɎ Ɏ ɝɞɜɟɖ-

ɞɟɜɑ ɌɟɝɞɑəɔɞɌ ɍɟɐɑɞ ɞɑɘ ɍɚɗɨɤɑ, ɣɑɘ 

Ɏɧɤɑ ɝɚɐɑɜɒɌəɔɑ ɟɏɗɑɜɚɐɌ Ɏ ɘɑɞɌɗɗɑ. 

ɉɞɚ ɛɚɐɞɎɑɜɒɐɌɪɞ ɜɑɓɟɗɨɞɌɞɧ ɘɌɞɑɘɌɞɔ-

ɣɑɝɖɚɕ ɚɍɜɌɍɚɞɖɔ ɐɌəəɧɡ ɘɑɞɌɗɗɚɏɜɌɠɔ-

ɣɑɝɖɔɡ ɔɝɝɗɑɐɚɎɌəɔɕ ɝɞɜɟɖɞɟɜɧ ɝɞɌɗɔ 

ɍɚɗɑɑ 1300 ɛɗɌɎɚɖ, ɛɜɚɎɑɐɑəəɧɡ Ɏ ɗɔ-

ɞɑɕəɚɘ ɢɑɡɑ ȸɑɡɌəɔɣɑɝɖɚɏɚ ɓɌɎɚɐɌ ȳɀ 

ȺȬȺ çȯȸȶ çȹȹè ɔ ɛɚɐɎɑɜɏəɟɞɧɡ ɛɜɌɖ-

ɞɔɣɑɝɖɔ ɚɐɔəɌɖɚɎɚɕ ɞɑɜɘɔɣɑɝɖɚɕ ɚɍɜɌ-

ɍɚɞɖɑ: ɣɔɝɗɚ ɛɗɌɎɚɖ ɝ ɚɝɞɌɞɚɣəɧɘɔ ɖɌɜ-

ɍɔɐɌɘɔ Ɏ ɝɞɜɟɖɞɟɜɑ ɌɟɝɞɑəɔɞɌ ɝɚɝɞɌɎɔɗɚ 

2,7% ɛɜɔ ɝɚɐɑɜɒɌəɔɔ Ɏ ɘɑɞɌɗɗɑ ɟɏɗɑɜɚɐɌ 

0,90é1,01 ɔ 24,5% ɛɜɔ ɖɚəɢɑəɞɜɌɢɔɔ ɟɏ-

ɗɑɜɚɐɌ Ó 1,30%. 

Ȼɚ əɌɤɑɘɟ ɘəɑəɔɪ, ɐɗɫ ɚɞɗɔɎɚɖ, 

ɛɜɑɐəɌɓəɌɣɑəəɧɡ ɖ ɩɖɝɛɗɟɌɞɌɢɔɔ ɛɜɑ-

ɔɘɟɥɑɝɞɎɑəəɚ Ɏ ɟɝɗɚɎɔɫɡ ɌɍɜɌɓɔɎəɚɏɚ  

ɔɓəɌɤɔɎɌəɔɫ (ɔɝɞɔɜɌəɔɫ), ɘɚɒəɚ ɜɑɖɚ-

ɘɑəɐɚɎɌɞɨ ɝɚɐɑɜɒɌəɔɑ ɟɏɗɑɜɚɐɌ əɑ əɔɒɑ 

1,20é1,25% Ƚ. Ȼɜɔ ɩɞɚɘ ɎɑɝɨɘɌ ɒɑɗɌ-

ɞɑɗɨəɚ ɔɘɑɞɨ ɝɞɜɟɖɞɟɜɟ ɘɑɞɌɗɗɌ Ɏ Ɏɔɐɑ 

ɌɟɝɞɑəɞɌ ɝ əɑɍɚɗɨɤɔɘ ɖɚɗɔɣɑɝɞɎɚɘ ɐɔɝ-

ɛɑɜɝəɧɡ ɝɠɑɜɚɔɐɔɓɔɜɚɎɌəəɧɡ ɖɌɜɍɔɐɚɎ, 

ɜɌɝɛɚɗɚɒɑəəɧɡ Ɏəɟɞɜɔ Ɍɟɝɞɑəɔɞəɧɡ ɓɑ-

ɜɑə. ȱɝɗɔ ɒɑ Ɏ ɛɜɚɢɑɝɝɑ ɩɖɝɛɗɟɌɞɌɢɔɔ 

ɚɞɗɔɎɖɔ ɍɟɐɟɞ ɛɚɐɎɑɜɏɌɞɨɝɫ ɓəɌɣɔɞɑɗɨ-

əɧɘ ɟɐɌɜəɧɘ ɔɗɔ ɝɞɌɞɔɣɑɝɖɔɘ əɌɏɜɟɓ-

ɖɌɘ (ɓɟɍɨɫ ɖɚɎɤɑɕ ɖɌɜɨɑɜəɧɡ ɩɖɝɖɌɎɌɞɚ-

ɜɚɎ, ɥɑɖɔ ɐɜɚɍɔɗɚɖ, ɝɑɜɐɑɣəɔɖɔ ɒɑɗɑɓ-

əɚɐɚɜɚɒəɧɡ ɖɜɑɝɞɚɎɔə), ɞɚ ɝɚɐɑɜɒɌəɔɑ 

ɟɏɗɑɜɚɐɌ Ɏ ɘɑɞɌɗɗɑ ɩɞɔɡ ɐɑɞɌɗɑɕ əɑɚɍɡɚ-

ɐɔɘɚ ɛɚəɔɒɌɞɨ ɐɚ 0,90é0,95%. 

ɁɗɌɐɚɝɞɚɕɖɚɝɞɨ ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɚɕ 

ɝɞɌɗɔ, ɚɛɜɑɐɑɗɫɑɘɌɫ ɚɍɧɣəɚ ɖɌɖ ɛɜɚ-

ɢɑəɞəɚɑ ɚɞəɚɤɑəɔɑ Ɏɑɗɔɣɔəɧ ɑɑ ɟɐɌɜəɚɕ 

Ɏɫɓɖɚɝɞɔ ɛɜɔ ð40 ÁȽ ɖ ɟɐɌɜəɚɕ Ɏɫɓɖɚɝɞɔ 

ɛɜɔ +20 ÁȽ, ɟɡɟɐɤɌɑɞɝɫ ɝ ɛɚɎɧɤɑəɔɑɘ Ɏ 

əɑɕ ɝɚɐɑɜɒɌəɔɫ ɟɏɗɑɜɚɐɌ ɔ ɛɚəɔɒɑəɔɑɘ 

ɞɑɘɛɑɜɌɞɟɜɧ ɓɌɖɌɗɖɔ [2]; əɌɔɗɟɣɤɑɕ 

ɡɗɌɐɚɝɞɚɕɖɚɝɞɨɪ ɚɍɗɌɐɌɑɞ ɝɞɌɗɨ, ɓɌɖɌ-

ɗɑəəɌɫ ɚɞ ɞɑɘɛɑɜɌɞɟɜɧ 1150 ÁȽ (ɛɜɔ ɗɪ-

ɍɚɘ ɝɚɐɑɜɒɌəɔɔ Ɏ əɑɕ ɟɏɗɑɜɚɐɌ). ȽɞɌɗɨ, 

ɓɌɖɌɗɑəəɌɫ ɚɞ ɞɑɘɛɑɜɌɞɟɜɧ 1250 ÁȽ, ɡɌ-

ɜɌɖɞɑɜɔɓɟɑɞɝɫ ɞɌɖɚɕ ɒɑ ɡɗɌɐɚɝɞɚɕɖɚɝɞɨɪ, 

ɖɌɖ ɔ ɝɞɌɗɨ, ɓɌɖɌɗɑəəɌɫ ɚɞ 800 ÁȽ, ɣɞɚ 

ɝɎɔɐɑɞɑɗɨɝɞɎɟɑɞ ɚ əɌɗɔɣɔɔ Ɏ ɞɚɘ ɔ ɐɜɟ-

ɏɚɘ ɝɗɟɣɌɑ Ɏ ɝɞɜɟɖɞɟɜɑ ɘɑɞɌɗɗɌ ɖɌɜɍɔɐɚɎ 

(Ɏ ɛɑɜɎɚɘ ɝɗɟɣɌɑ ɖɌɜɍɔɐɚɎ ɛɑɜɑɏɜɑɎɌ, Ɍ 

Ɏɚ Ɏɞɚɜɚɘ ð ɚɝɞɌɞɚɣəɧɡ ɖɌɜɍɔɐɚɎ). 

ȿɣɔɞɧɎɌɫ ɛɚəɔɒɑəəɟɪ ɞɑɛɗɚɛɜɚɎɚɐ-

əɚɝɞɨ ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɚɕ ɝɞɌɗɔ ɔ ɓəɌɣɔ-

ɞɑɗɨəɧɕ ɖɚɩɠɠɔɢɔɑəɞ ɑɑ ɗɔəɑɕəɚɏɚ 

ɜɌɝɤɔɜɑəɔɫ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɟɏɗɑɜɚɐɔ-

ɝɞɧɘɔ ɝɞɌɗɫɘɔ, əɌɏɜɑɎ ɚɞɗɔɎɚɖ ɔɓ ɩɞɚɕ 

ɝɞɌɗɔ ɛɚɐ ɓɌɖɌɗɖɟ ɝɗɑɐɟɑɞ Ɏɑɝɞɔ ɚɝɞɚ-

ɜɚɒəɚ, ɚɝɚɍɑəəɚ ɐɚ 700ð750 ÁȽ. Ȼɜɔ ɟɝɖɚ-

ɜɑəəɚɘ əɌɏɜɑɎɑ (ɚɝɚɍɑəəɚ Ɏ ɚɍɗɌɝɞɔ ɞɑɘ-

ɛɑɜɌɞɟɜ ɚɞ 500 ɐɚ 750 ÁȽ) Ɏ ɘɑɞɌɗɗɑ Ɏɚɓ-

əɔɖɌɪɞ ɓəɌɣɔɞɑɗɨəɧɑ Ɏəɟɞɜɑəəɔɑ 

əɌɛɜɫɒɑəɔɫ, ɝɛɚɝɚɍɝɞɎɟɪɥɔɑ ɚɍɜɌɓɚɎɌ-

əɔɪ ɞɜɑɥɔə. 

ȳɌɏɜɟɓɖɌ ɚɞɗɔɎɚɖ Ɏ ɞɑɜɘɔɣɑɝɖɟɪ ɛɑɣɨ 

ɛɜɚɔɓɎɚɐɔɞɝɫ ɚɍɧɣəɚ ɛɜɔ ɞɑɘɛɑɜɌɞɟɜɑ Ɏ 

ɜɌɍɚɣɑɕ ɓɚəɑ ɛɑɣɔ ɚɞ 300 ɐɚ 550 ÁȽ Ɏ ɓɌ-

Ɏɔɝɔɘɚɝɞɔ ɚɞ ɞɚɗɥɔəɧ ɝɞɑəɚɖ, ɖɚəɠɔɏɟ-

ɜɌɢɔɔ ɔ ɘɌɝɝɧ ɩɞɔɡ ɚɞɗɔɎɚɖ. ȮɧɐɑɜɒɖɌ 

ɛɜɔ ɩɞɔɡ ɞɑɘɛɑɜɌɞɟɜɌɡ ɝɚɝɞɌɎɗɫɑɞ ɚɞ 1,5 

ɐɚ 2,5 ɣɌɝɚɎ. 

Ƚɖɚɜɚɝɞɨ əɌɏɜɑɎɌ ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɚɏɚ 

ɗɔɞɨɫ ɐɚ ɞɑɘɛɑɜɌɞɟɜɧ 700 ÁȽ əɑ ɐɚɗɒəɌ 

ɛɜɑɎɧɤɌɞɨ 50Á ɝ/ɣ. Ȼɚɝɗɑ ɎɧɜɌɎəɔɎɌəɔɫ 

ɞɑɘɛɑɜɌɞɟɜɧ ɛɚ ɝɑɣɑəɔɪ ɚɞɗɔɎɚɖ ɐɌɗɨ-
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əɑɕɤɔɕ əɌɏɜɑɎ ɜɌɓɜɑɤɌɑɞɝɫ Ɏɑɝɞɔ ɝɚ 

ɝɖɚɜɚɝɞɨɪ 150Á ɝ/ɣ ɔ ɐɌɒɑ ɍɚɗɨɤɑ. 

Ȼɜɚɐɚɗɒɔɞɑɗɨəɚɝɞɨ Ɏɧɐɑɜɒɖɔ ɚɞɗɔ-

Ɏɚɖ ɛɜɔ ɞɑɘɛɑɜɌɞɟɜɑ ɓɌɖɌɗɖɔ ɚɛɜɑɐɑɗɫ-

ɑɞɝɫ ɞɚɗɥɔəɚɕ ɔɡ ɝɞɑəɚɖ, ɓɌɎɔɝɔɞ ɏɗɌɎ-

əɧɘ ɚɍɜɌɓɚɘ ɚɞ ɝɖɚɜɚɝɞɔ ɜɌɝɞɎɚɜɑəɔɫ 

ɖɌɜɍɔɐɚɎ Ɏ Ɍɟɝɞɑəɔɞɑ ɔ ɝɚɝɞɌɎɗɫɑɞ ɚɍɧɣ-

əɚ ɚɞ 1 ɐɚ 8 ɣ. 

Ȼɜɔ ɓɌɖɌɗɖɑ ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɚɏɚ ɗɔ-

ɞɨɫ əɑɚɍɡɚɐɔɘɚ ɞɌɖɒɑ ɝɗɑɐɔɞɨ ɓɌ ɞɑɘ, 

ɣɞɚɍɧ ɞɑɘɛɑɜɌɞɟɜɌ Ɏɚɐɧ Ɏ ɓɌɖɌɗɚɣəɚɘ 

ɍɌɖɑ əɑ ɛɜɑɎɧɤɌɗɌ 60 ÁȽ, ɔəɌɣɑ ɛɜɔ əɑ-

ɐɚɝɞɌɞɚɣəɚɕ ɝɖɚɜɚɝɞɔ ɚɡɗɌɒɐɑəɔɫ Ɏ ɘɑ-

ɞɌɗɗɑ ɘɚɒɑɞ ɛɜɚɔɓɚɕɞɔ əɑ ɞɚɗɨɖɚ ɎɧɛɌ-

ɐɑəɔɑ ɖɌɜɍɔɐɚɎ ɔ ɚɍɜɌɓɚɎɌəɔɑ ɘɌɜɞɑəɝɔ-

ɞɌ, əɚ ɐɌɒɑ ɛɚɗɟɣɔɞɨɝɫ ɛɑɜɗɔɞ. Ƀɑɘ Ɏɧ-

ɤɑ ɍɟɐɑɞ ɞɑɘɛɑɜɌɞɟɜɌ Ɏɚɐɧ Ɏ ɓɌɖɌɗɚɣəɚɘ 

ɍɌɖɑ,  ɞɑɘ əɌ ɘɑəɨɤɟɪ ɏɗɟɍɔəɟ ɛɜɚɖɌ-

ɗɫɞɝɫ ɚɞɗɔɎɖɔ.  

ȮɑɝɨɘɌ əɑɒɑɗɌɞɑɗɨəɌ ɛɚɎɞɚɜəɌɫ ɞɑɜ-

ɘɔɣɑɝɖɌɫ ɚɍɜɌɍɚɞɖɌ ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɧɡ 

ɚɞɗɔɎɚɖ ɝɜɑɐəɑɕ ɔ Ɏɧɝɚɖɚɕ ɝɗɚɒəɚɝɞɔ (ɛɚ 

ɖɚəɠɔɏɟɜɌɢɔɔ) ɐɗɫ ɟɝɞɜɌəɑəɔɫ ɚɝɞɌɞɚɣ-

əɧɡ (ɛɚɝɗɑ ɛɑɜɎɚəɌɣɌɗɨəɚɕ ɞɑɜɘɔɣɑɝɖɚɕ 

ɚɍɜɌɍɚɞɖɔ) ɖɌɜɍɔɐɚɎ. Ȯ ɩɞɚɘ ɝɗɟɣɌɑ ɘɚ-

ɒɑɞ ɜɑɓɖɚ ɎɚɓɜɌɝɞɔ ɍɜɌɖ ɗɔɞɨɫ ɛɚ ɓɌɖɌ-

ɗɚɣəɧɘ ɞɜɑɥɔəɌɘ (ɐɚ 70%). 

Ȱɗɫ ɝɚɖɜɌɥɑəɔɫ ɛɜɚɐɚɗɒɔɞɑɗɨəɚɝɞɔ 

ɛɜɚɢɑɝɝɌ ɞɑɜɘɔɣɑɝɖɚɕ ɚɍɜɌɍɚɞɖɔ Ɏɧɝɚɖɚ-

ɘɌɜɏɌəɢɑɎɧɡ ɚɞɗɔɎɚɖ ɜɑɖɚɘɑəɐɟɑɞɝɫ 

ɛɜɚɔɓɎɚɐɔɞɨ ɔɡ ɎɧɍɔɎɖɟ ɔɓ ɠɚɜɘ ɛɜɔ 

800é900 ÁȽ ɔ ɓɌɏɜɟɒɌɞɨ ɝɜɌɓɟ Ɏ ɞɑɜɘɔ-

ɣɑɝɖɟɪ ɛɑɣɨ ɐɗɫ ɎɧɜɌɎəɔɎɌəɔɫ ɞɑɘɛɑɜɌ-

ɞɟɜɧ Ɏɝɑɕ ɘɌɝɝɧ ɚɞɗɔɎɚɖ ɝ ɛɚɝɗɑɐɟɪɥɔɘ 

əɌɏɜɑɎɚɘ ɐɚ ɞɑɘɛɑɜɌɞɟɜɧ ɓɌɖɌɗɖɔ [3]. 

Ȯɜɑɘɫ, ɓɌɞɜɌɣɔɎɌɑɘɚɑ əɌ ɞɑɜɘɔɣɑɝɖɟɪ 

ɚɍɜɌɍɚɞɖɟ ɗɔɞɨɫ ɛɚ ɞɌɖɚɘɟ ɘɑɞɚɐɟ, ɓəɌ-

ɣɔɞɑɗɨəɚ ɝɚɖɜɌɥɌɑɞɝɫ, ɣɞɚ Ɏɑɐɑɞ ɖ ɛɚɎɧ-

ɤɑəɔɪ ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɔ ɔ ɝəɔɒɑəɔɪ 

ɜɌɝɡɚɐɌ ɞɚɛɗɔɎɌ. ȺɐəɌɖɚ ɞɌɖɌɫ ɞɑɡəɚɗɚ-

ɏɔɫ ɞɑɜɘɔɣɑɝɖɚɕ ɚɍɜɌɍɚɞɖɔ ɎɧɝɚɖɚɘɌɜ-

ɏɌəɢɑɎɧɡ ɚɞɗɔɎɚɖ ɡɚɞɫ ɔ ɝɟɗɔɞ ɚɛɜɑɐɑ-

ɗɑəəɟɪ ɩɖɚəɚɘɔɣɑɝɖɟɪ Ɏɧɏɚɐɟ, əɚ Ɏɜɫɐ 

ɗɔ əɌɕɐɑɞ ɤɔɜɚɖɚɑ ɛɜɔɘɑəɑəɔɑ Ɏ ɛɜɌɖ-

ɞɔɣɑɝɖɔɡ ɟɝɗɚɎɔɫɡ ɔɓ-ɓɌ ɚɣɑəɨ ɝɟɥɑ-

ɝɞɎɑəəɧɡ ɓɌɞɜɟɐəɑəɔɕ ɞɑɡəɔɣɑɝɖɚɏɚ ɔ 

ɚɜɏɌəɔɓɌɢɔɚəəɚɏɚ ɡɌɜɌɖɞɑɜɌ.  

Ȯ ɗɔɞɑɕəɚɘ ɢɑɡɑ ȸɑɡɌəɔɣɑɝɖɚɏɚ ɓɌɎɚ-

ɐɌ ȺȺȺ çȹɚɜɔɗɨɝɖɔɕ ɚɍɑɝɛɑɣɔɎɌɪɥɔɕ 

ɖɚɘɛɗɑɖɝè ɛɜɔɘɑəɫɑɞɝɫ ɑɐɔəɧɕ (ɟəɔɎɑɜ-

ɝɌɗɨəɧɕ) ɜɑɒɔɘ ɞɑɜɘɔɣɑɝɖɚɕ ɚɍɜɌɍɚɞɖɔ 

ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɧɡ ɚɞɗɔɎɚɖ  (ɜɔɝ. 2) 

əɑɓɌɎɔɝɔɘɚ ɚɞ ɞɚɗɥɔəɧ ɔɡ ɝɞɑəɚɖ, ɖɚə-

ɠɔɏɟɜɌɢɔɔ ɔ ɡɔɘɔɣɑɝɖɚɏɚ ɝɚɝɞɌɎɌ ɘɑɞɌɗ-

ɗɌ. ȺɍɥɌɫ ɛɜɚɐɚɗɒɔɞɑɗɨəɚɝɞɨ ɢɔɖɗɌ 

ɞɑɜɘɔɣɑɝɖɚɕ ɚɍɜɌɍɚɞɖɔ əɑ ɛɜɑɎɧɤɌɑɞ 16 

ɣ ɛɜɔ ɘɌɝɝɑ ɝɌɐɖɔ ɚɞ 6 ɐɚ 10 ɞ.  

 

ʈʠʩ. 2. ʈʝʞʠʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ                   
ʚʳʩʦʢʦʤʘʨʛʘʥʮʝʚʳʭ ʦʪʣʠʚʦʢ 

Ȯ ɘɚɘɑəɞ ɛɚɐɌɣɔ ɡɚɗɚɐəɧɡ ɚɞɗɔɎɚɖ Ɏ 

ɞɑɜɘɔɣɑɝɖɟɪ ɛɑɣɨ ɞɑɘɛɑɜɌɞɟɜɌ ɜɌɍɚɣɑɏɚ 

ɛɜɚɝɞɜɌəɝɞɎɌ ɛɑɣɔ ɝɚɝɞɌɎɗɫɑɞ 250é300 ÁȽ. 

ȹɌɏɜɑɎ ɚɞɗɔɎɚɖ ɐɚ 700 ÁȽ Ɏɑɐɟɞ ɝɚ ɝɖɚɜɚ-

ɝɞɨɪ 70é75Á ɝ/ɣ, ɎɧɐɑɜɒɖɌ ɛɜɔ ɩɞɚɕ ɞɑɘ-

ɛɑɜɌɞɟɜɑ ɝɚɝɞɌɎɗɫɑɞ 2é2,5 ɣ. ȰɌɗɨəɑɕ-

ɤɔɕ əɌɏɜɑɎ ɐɚ ɞɑɘɛɑɜɌɞɟɜɧ ɓɌɖɌɗɖɔ 

(1050é1100 ÁȽ) ɚɝɟɥɑɝɞɎɗɫɪɞ ɝɚ ɝɖɚɜɚ-

ɝɞɨɪ 200Á ɝ/ɣ. Ȼɜɚɐɚɗɒɔɞɑɗɨəɚɝɞɨ Ɏɧ-

ɐɑɜɒɖɔ ɛɜɔ ɞɑɘɛɑɜɌɞɟɜɑ ɓɌɖɌɗɖɔ ɝɚɝɞɌɎ-

ɗɫɑɞ 2,5é3 ɣ. ȹɌɏɜɑɞɧɑ ɚɞɗɔɎɖɔ ɚɡɗɌ-

ɒɐɌɪɞ Ɏ ɡɚɗɚɐəɚɕ Ɏɚɐɑ. ȸɌɖɝɔɘɌɗɨəɌɫ 

ɞɑɘɛɑɜɌɞɟɜɌ Ɏɚɐɧ əɑ ɐɚɗɒəɌ ɛɜɑɎɧɤɌɞɨ 

55é60 ÁȽ. Ȯɚ Ɏɜɑɘɫ ɚɡɗɌɒɐɑəɔɫ ɚɞɗɔɎɚɖ 

Ɏ ɓɌɖɌɗɚɣəɚɘ ɍɌɖɑ Ɏ əɑɏɚ ɛɚɐɌɪɞ ɝɒɌɞɧɕ 

Ɏɚɓɐɟɡ ɐɗɫ ɟɗɟɣɤɑəɔɫ ɢɔɜɖɟɗɫɢɔɔ Ɏɚɐɧ 

ɔ ɜɌɓɜɟɤɑəɔɫ ɚɍɜɌɓɟɪɥɔɡɝɫ Ɏɚɖɜɟɏ ɚɞ-

ɗɔɎɚɖ ɛɌɜɚɎɧɡ çɜɟɍɌɤɑɖè, ɓɌɞɜɟɐəɫɪɥɔɡ 

ɚɞɎɚɐ ɞɑɛɗɌ ɔ ɟɘɑəɨɤɌɪɥɔɡ ɏɗɟɍɔəɟ 

ɛɜɚɖɌɗɔɎɌəɔɫ ɝɞɌɗɔ. 

ȹɌɘɔ ɛɜɑɐɗɌɏɌɑɞɝɫ ɝɗɑɐɟɪɥɌɫ ɩɘɛɔ-

ɜɔɣɑɝɖɌɫ ɠɚɜɘɟɗɌ ɐɗɫ ɚɛɜɑɐɑɗɑəɔɫ ɚɍ-

ɥɑɕ ɛɜɚɐɚɗɒɔɞɑɗɨəɚɝɞɔ əɌɏɜɑɎɌ ɔ Ɏɧ-

ɐɑɜɒɖɔ ɚɞɗɔɎɚɖ ɔɓ ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɚɕ 

ɝɞɌɗɔ 110ȯ13ȷ ɛɜɔ ɞɑɘɛɑɜɌɞɟɜɑ ɓɌɖɌɗɖɔ, 

ɜɌɓɜɌɍɚɞɌəəɌɫ əɌ ɚɝəɚɎɑ ɘəɚɏɚɗɑɞəɑɏɚ 

ɚɛɧɞɌ ɜɌɍɚɞɧ ɗɔɞɑɕəɚɏɚ ɢɑɡɌ ȸɑɡɌəɔɣɑ-

ɝɖɚɏɚ ɓɌɎɚɐɌ ȳɀ ȺȬȺ çȯȸȶ çȹȹè ɔ ɗɔɞɑ-

ɜɌɞɟɜəɧɡ ɐɌəəɧɡ: 

        = (10 + 0,05 ȃɚɞɗ) Å Ȁ Å ȁ Å Ȃ, 
ɏɐɑ  ð Ɏɜɑɘɫ əɌɏɜɑɎɌ ɔ Ɏɧɐɑɜɒɖɔ ɚɞɗɔ-

Ɏɚɖ ɛɚɐ ɓɌɖɌɗɖɟ, ɣ; ȃɚɞɗ  ð ɛɜɑɚɍɗɌɐɌɪɥɌɫ 
ɞɚɗɥɔəɌ ɝɞɑəɚɖ ɍɚɗɨɤɔəɝɞɎɌ ɚɞɗɔɎɚɖ, 
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ɘɘ; Ȁ ð ɖɚɩɠɠɔɢɔɑəɞ, ɟɣɔɞɧɎɌɪɥɔɕ 

ɖɚəɠɔɏɟɜɌɢɔɪ ɚɞɗɔɎɚɖ (ɐɗɫ ɛɜɚɝɞɧɡ ɚɞ-

ɗɔɎɚɖ Ȁ = 1, ɐɗɫ ɚɞɗɔɎɚɖ ɝɜɑɐəɑɕ ɝɗɚɒəɚ-

ɝɞɔ Ȁ = 1,1, ɐɗɫ ɚɞɗɔɎɚɖ Ɏɧɝɚɖɚɕ ɔ ɚɝɚɍɚ 

Ɏɧɝɚɖɚɕ ɝɗɚɒəɚɝɞɔ Ȁ = 1,25); ȁ ð ɖɚɩɠɠɔ-
ɢɔɑəɞ, ɟɣɔɞɧɎɌɪɥɔɕ ɞɑɘɛɑɜɌɞɟɜɟ ɓɌɗɔ-

ɎɌɑɘɚɏɚ Ɏ ɠɚɜɘɟ ɘɑɞɌɗɗɌ (ɛɜɔ ɞɑɘɛɑɜɌ-

ɞɟɜɑ ɓɌɗɔɎɖɔ əɔɒɑ 1440 ÁȽ ȁ =1, ɛɜɔ 
1440é1450 ÁȽ ȁ =1,05, ɛɜɔ 1450é1460 ÁȽ 

ȁ = 1,10, ɛɜɔ ɞɑɘɛɑɜɌɞɟɜɑ Ɏɧɤɑ 1460 ÁȽ    

ȁ = 1,15); Ȃ ð ɖɚɩɠɠɔɢɔɑəɞ, ɟɣɔɞɧɎɌɪɥɔɕ 
ɝɟɘɘɌɜəɟɪ ɖɚəɢɑəɞɜɌɢɔɪ Ɏ ɘɑɞɌɗɗɑ ɟɏ-

ɗɑɜɚɐɌ ɔ ɖɜɑɘəɔɫ (ɛɜɔ ɖɚəɢɑəɞɜɌɢɔɔ ɐɚ  

1,40% Ȃ = 1, ɛɜɔ 1,41é1,90% Ȃ =1,05, ɛɜɔ 
1,91é2,15 Ȃ =1,08 ɔ ɛɜɔ ɖɚəɢɑəɞɜɌɢɔɔ 

2,15% Ȃ =1,15). 

ȶɌɣɑɝɞɎɚ ɚɞɗɔɎɚɖ, Ɏ ɞɚɘ ɣɔɝɗɑ ɍɚɗɨ-

ɤɔɡ ɛɚ ɘɌɝɝɑ ɔ ɎɑɝɨɘɌ ɝɗɚɒəɧɡ ɛɚ ɖɚə-

ɠɔɏɟɜɌɢɔɔ, ɛɜɚɤɑɐɤɔɡ ɞɑɜɘɔɣɑɝɖɟɪ ɚɍ-

ɜɌɍɚɞɖɟ (ɓɌɖɌɗɖɟ) ɛɚ ɜɑɒɔɘɟ, ɜɌɓɜɌɍɚ-

ɞɌəəɚɘɟ ɝ ɟɣɑɞɚɘ ɎɧɤɑɛɜɔɎɑɐɑəəɚɕ 

ɠɚɜɘɟɗɧ, Ɏɚ Ɏɝɑɡ ɝɗɟɣɌɫɡ ɍɧɗɚ ɡɚɜɚɤɔɘ. 

ȰɌɗɨəɑɕɤɑɑ ɝɚɎɑɜɤɑəɝɞɎɚɎɌəɔɑ ɞɑɡ-

əɚɗɚɏɔɔ ɞɑɜɘɔɣɑɝɖɚɕ ɚɍɜɌɍɚɞɖɔ ɗɔɞɨɫ ɔɓ 

ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɚɕ ɝɞɌɗɔ, ɟɞɚɣəɑəɔɑ ɑɑ 

ɛɌɜɌɘɑɞɜɚɎ (ɚɛɞɔɘɌɗɨəɚɕ ɞɑɘɛɑɜɌɞɟɜɧ ɔ 

ɝɖɚɜɚɝɞɔ əɌɏɜɑɎɌ, ɛɜɚɐɚɗɒɔɞɑɗɨəɚɝɞɔ 

Ɏɧɐɑɜɒɖɔ ɛɜɔ ɞɑɘɛɑɜɌɞɟɜɑ ɓɌɖɌɗɖɔ Ɏ 

ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɡɔɘɔɣɑɝɖɚɏɚ ɝɚɝɞɌɎɌ ɘɑ-

ɞɌɗɗɌ, ɞɚɗɥɔəɧ ɝɞɑəɚɖ ɚɞɗɔɎɚɖ, ɝɞɑɛɑəɔ 

ɝɗɚɒəɚɝɞɔ ɖɚəɠɔɏɟɜɌɢɔɔ ɩɞɔɡ ɚɞɗɔɎɚɖ ɔ 

ɜɫɐ ɐɜɟɏɔɡ ɠɌɖɞɚɜɚɎ) ɍɟɐɑɞ ɔɘɑɞɨ ɎɌɒəɚɑ 

ɛɜɌɖɞɔɣɑɝɖɚɑ ɔ əɌɟɣəɚɑ ɓəɌɣɑəɔɑ. 

ȧɎɇɑɎɔɉɖɆɚɎɝɋɗɐɎɏ ɗɕɎɗɔɐ 

1. ȶɚɎɌɗɑɎ, Ȭ.ȯ. Ȼɟɞɔ ɛɚɎɧɤɑəɔɫ 

ɝɞɚɕɖɚɝɞɔ ɚɞɗɔɎɚɖ ɏɚɜəɚ-ɚɍɚɏɌɞɔɞɑɗɨəɚɏɚ 

ɚɍɚɜɟɐɚɎɌəɔɫ ɔɓ ɝɞɌɗɔ 110ȯ13ȷ [Ⱦɑɖɝɞ] / 

Ȭ.ȯ. ȶɚɎɌɗɑɎ, ȴ.Ȼ. Ȯɚɗɣɚɖ, Ȭ.Ȭ. ȸɔɜɚəɚɎ, 

Ȭ.ɀ. ȶɟɓɚɎɖɚɎ // ɂɎɑɞəɌɫ ɘɑɞɌɗɗɟɜɏɔɫ. ð 

1974. ð ʈ5. ð Ƚ .50ð52.  

2. ȰɌɎɧɐɚɎ, ȹ.ȯ. ȽɎɚɕɝɞɎɌ, ɛɜɚɔɓɎɚɐ-

ɝɞɎɚ ɔ ɛɜɔɘɑəɑəɔɑ ɎɧɝɚɖɚɘɌɜɏɌəɢɑɎɚɕ 

ɝɞɌɗɔ [Ⱦɑɖɝɞ] / ȹ.ȯ. ȰɌɎɧɐɚɎ, Ȯ.Ȯ. ȽɔɞəɚɎ. ð 

ȸ.: ȸɌɤɔəɚɝɞɜɚɑəɔɑ, 1996. ð 231 ɝ.   

3. ɄɔɖɚɗɌɑɎ, Ȯ.Ȼ. ȸɔɖɜɚɝɞɜɟɖɞɟɜɌ ɔ 

ɝɎɚɕɝɞɎɌ ɝɞɌɗɔ ȯ13ȷ, ɓɌɖɌɗɑəəɚɕ ɚɞ Ɏɧ-

ɝɚɖɔɡ ɞɑɘɛɑɜɌɞɟɜ ɎɧɍɔɎɖɔ [Ⱦɑɖɝɞ] /               

Ȯ.Ȼ. ɄɔɖɚɗɌɑɎ // ȸɑɞɌɗɗɚɎɑɐɑəɔɑ ɔ ɞɑɜ-

ɘɔɣɑɝɖɌɫ ɚɍɜɌɍɚɞɖɌ ɘɑɞɌɗɗɚɎ. ð 1967. ð 

ʈ9. ð Ƚ. 70ð72. 
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Ȭ.Ȭ. ȶɚɛɧɗɚɎ, ȹ.Ȭ. ȻɜɔɥɑɛɚɎɌ, Ⱥ.Ȼ. ȼɧɝɑɎɌ 

ȰȱȦȷȷȮȺȮȰȦȼȮɅ ɃȰȷȵȱȹȦȸȦȼȮȴȳȳɁȻ ȷȶȫȪ ȭȺ ȴȦȴ                  

çȩȲȰ çȳȴȶȮȱɂȷȰȮȯ ȳȮȰȫȱɂè ȵȴ ȷȸȫȵȫȳȮ ȦȩȶȫȷȷȮȨȳȴȩȴ  

ȨȴȭȪȫȯȷȸȨȮɅ ȳȦ ȷȸȶȴȮȸȫȱɂȳɁȫ ȰȴȳȷȸȶȹȰȼȮȮ 

ʀʟʫʯʝʥʳ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʳʭ ʩʨʝʜ ʧʨʝʜʧʨʠʷʪʠʡ ɿʌ ʆɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴè. ɺʳʷʚʣʝʥʳ ʩʪʦ-
ʭʘʩʪʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ. ɺʳʧʦʣʥʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʨʝʜ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʭ ʧʦʤʝʱʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʡ ɿʌ ʆɸʆ çɻʄʂ çʅʦʨʠʣʴʩʢʠʡ ʥʠʢʝʣʴè ʧʦ ʩʪʝʧʝʥʠ ʘʛʨʝʩʩʠʚʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʨʝʜ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʘʨʘʤʝʪʨʳ ʚʦʟ-
ʜʫʰʥʦʡ ʩʨʝʜʳ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩʪʝʧʝʥʴ ʘʛʨʝʩʩʠʚʥʦʩʪʠ. 

Ȼɜɑɐɛɜɔɫɞɔɫ ȳɌɛɚɗɫɜəɚɏɚ ɠɔɗɔɌɗɌ 

ȺȬȺ çȯɚɜəɚ-ɘɑɞɌɗɗɟɜɏɔɣɑɝɖɌɫ ɖɚɘɛɌəɔɫ 

çȹɚɜɔɗɨɝɖɔɕ əɔɖɑɗɨè ɡɌɜɌɖɞɑɜɔɓɟɪɞɝɫ 

Ɏɧɝɚɖɚɕ ɘɚɜɌɗɨəɚɕ ɐɚɗɏɚɎɑɣəɚɝɞɨɪ. Ⱥɐ-

əɌɖɚ ɠɌɖɞɔɣɑɝɖɔɕ ɝɜɚɖ ɔɡ ɝɗɟɒɍɧ ɓəɌ-

ɣɔɞɑɗɨəɚ ɘɑəɨɤɑ əɚɜɘɌɞɔɎəɚɏɚ. ȿɝɖɚ-

ɜɑəəɧɕ ɠɔɓɔɣɑɝɖɔɕ ɔɓəɚɝ ɖɚəɝɞɜɟɖɢɔɕ 

ɓɐɌəɔɕ ɔ ɝɚɚɜɟɒɑəɔɕ ɚɍɟɝɗɚɎɗɑə ɚɝɚɍɑə-

əɚɝɞɫɘɔ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɡ ɛɜɚɢɑɝɝɚɎ ɛɑ-

ɜɑɜɌɍɚɞɖɔ ɜɟɐ ɢɎɑɞəɧɡ ɘɑɞɌɗɗɚɎ ɔ ɐɜɟ-

ɏɔɡ ɛɜɚɢɑɝɝɚɎ, ɝɚɛɜɚɎɚɒɐɌɪɥɔɡɝɫ Ɏɧɐɑ-

ɗɑəɔɑɘ Ɏ Ɍɞɘɚɝɠɑɜɟ ɌɏɜɑɝɝɔɎəɧɡ ɏɌɓɚɎ, 

ɛɧɗɔ, Ɍɩɜɚɓɚɗɑɕ ɖɔɝɗɚɞ ɔ ɐɜ., Ɍ ɞɌɖɒɑ ɞɑɘ-

ɛɑɜɌɞɟɜəɚ-ɎɗɌɒəɚɝɞəɧɘ ɜɑɒɔɘɚɘ ɛɜɚɔɓ-

ɎɚɐɝɞɎɑəəɧɡ ɛɚɘɑɥɑəɔɕ. 

ȰɚɗɏɚɎɑɣəɚɝɞɨ ɔ əɌɐɑɒəɚɝɞɨ ɖɚə-
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ɝɞɜɟɖɢɔɕ Ɏ ɍɚɗɨɤɚɕ ɝɞɑɛɑəɔ ɓɌɎɔɝɔɞ ɚɞ 

ɛɜɔɘɑəɑəɔɫ ɩɠɠɑɖɞɔɎəɧɡ ɎɔɐɚɎ ɓɌɥɔɞ-

əɧɡ ɛɚɖɜɧɞɔɕ. Ȯɧɍɚɜ ɝɛɚɝɚɍɌ ɓɌɥɔɞɧ 

ɖɚəɝɞɜɟɖɢɔɕ ɚɞ ɖɚɜɜɚɓɔɔ ɛɜɚɔɓɎɚɐɔɞɝɫ Ɏ 

ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɝɞɑɛɑəɔ ɌɏɜɑɝɝɔɎəɚɏɚ Ɏɚɓ-

ɐɑɕɝɞɎɔɫ ɝɜɑɐɧ. 

ɂɑɗɨɪ ɜɌɍɚɞɧ ɫɎɗɫɑɞɝɫ ɜɌɓɜɌɍɚɞɖɌ 

ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɩɖɝɛɗɟɌɞɌɢɔɚəəɧɡ ɝɜɑɐ 

ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ ɛɚɘɑɥɑəɔɕ ɛɜɑɐɛɜɔɫ-

ɞɔɕ ȳɀ ȺȬȺ çȯȸȶ çȹɚɜɔɗɨɝɖɔɕ əɔɖɑɗɨè 

ɛɚ ɝɞɑɛɑəɔ ɌɏɜɑɝɝɔɎəɚɏɚ ɎɚɓɐɑɕɝɞɎɔɫ əɌ 

ɝɞɌɗɨəɧɑ ɔ ɒɑɗɑɓɚɍɑɞɚəəɧɑ ɖɚəɝɞɜɟɖ-

ɢɔɔ.  

Ȱɗɫ ɚɢɑəɖɔ ɝɞɑɛɑəɔ ɌɏɜɑɝɝɔɎəɚɏɚ Ɏɚɓ-

ɐɑɕɝɞɎɔɫ ɝɜɑɐɧ əɌ ɝɞɜɚɔɞɑɗɨəɧɑ ɖɚə-

ɝɞɜɟɖɢɔɔ əɑɚɍɡɚɐɔɘɚ ɓəɌɞɨ ɑɑ ɛɌɜɌɘɑɞ-

ɜɧ. ȺɝəɚɎəɧɘɔ ɛɌɜɌɘɑɞɜɌɘɔ Ɏɚɓɐɟɤəɧɡ 

ɩɖɝɛɗɟɌɞɌɢɔɚəəɧɡ ɝɜɑɐ ɛɜɑɐɛɜɔɫɞɔɕ ȳɀ 

ȺȬȺ çȯȸȶ çȹɚɜɔɗɨɝɖɔɕ əɔɖɑɗɨè, ɚɖɌɓɧ-

ɎɌɪɥɔɘɔ Ɏɗɔɫəɔɑ əɌ ɔɡ ɌɏɜɑɝɝɔɎəɚɝɞɨ, 

ɫɎɗɫɪɞɝɫ ɞɑɘɛɑɜɌɞɟɜɌ ɔ ɎɗɌɒəɚɝɞɨ Ɏɚɓ-

ɐɟɡɌ, Ɏɔɐ ɏɌɓɌ ɔ ɑɏɚ ɖɚəɢɑəɞɜɌɢɔɫ, ɝɚ-

ɐɑɜɒɌəɔɑ Ɏ Ɏɚɓɐɟɡɑ Ɍɩɜɚɓɚɗɑɕ ɔ ɛɧɗɔ.  

ȭɧɗɔ ɔɓɟɣɑəɧ ɩɖɝɛɗɟɌɞɌɢɔɚəəɧɑ 

ɝɜɑɐɧ ɛɜɑɐɛɜɔɫɞɔɕ ɘɑɞɌɗɗɟɜɏɔɔ ɔ ɚɍɚ-

ɏɌɥɑəɔɫ, ɏɚɜəɚɜɟɐəɧɡ ɛɜɑɐɛɜɔɫɞɔɕ, 

ɛɜɑɐɛɜɔɫɞɔɕ ɝɞɜɚɕɔəɐɟɝɞɜɔɔ ɔ ɩəɑɜɏɑ-

ɞɔɖɔ ȳɀ ȺȬȺ çȯȸȶ çȹɚɜɔɗɨɝɖɔɕ əɔ-

ɖɑɗɨè. ȽɛɜɌɎɚɣəɧɑ ɐɌəəɧɑ ɛɚ ɛɌɜɌɘɑɞ-

ɜɌɘ ɩɖɝɛɗɟɌɞɌɢɔɚəəɧɡ ɝɜɑɐ ɍɧɗɔ ɛɜɑɐɚ-

ɝɞɌɎɗɑəɧ ɝɗɟɒɍɌɘɔ ɩɖɝɛɗɟɌɞɌɢɔɔ ɩɞɔɡ 

ɛɜɑɐɛɜɔɫɞɔɕ. 

Ƚ ɢɑɗɨɪ ɟɝɞɌəɚɎɗɑəɔɫ əɌɗɔɣɔɫ ɔɗɔ 

ɚɞɝɟɞɝɞɎɔɫ ɝɞɚɡɌɝɞɔɣɑɝɖɔɡ ɝɎɫɓɑɕ ɘɑɒɐɟ 

ɛɌɜɌɘɑɞɜɌɘɔ ɩɖɝɛɗɟɌɞɌɢɔɚəəɚɕ ɝɜɑɐɧ ð 

ɞɑɘɛɑɜɌɞɟɜɚɕ ɔ ɎɗɌɒəɚɝɞɨɪ ɎɚɓɐɟɡɌ, 

ɎɗɌɒəɚɝɞɨɪ ɎɚɓɐɟɡɌ ɔ ɖɚəɢɑəɞɜɌɢɔɑɕ 

ɏɌɓɌ, ɖɚəɢɑəɞɜɌɢɔɑɕ ɏɌɓɌ ɔ ɖɚəɢɑəɞɜɌ-

ɢɔɑɕ ɛɧɗɔ, ɍɧɗɔ ɛɜɚɎɑɐɑəɧ ɝɞɌɞɔɝɞɔɣɑ-

ɝɖɔɑ ɔɝɝɗɑɐɚɎɌəɔɫ  ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɘɑ-

ɞɚɐɌ çɐɜɚɍɚɎɚɏɚ ɎɧɝɞɜɑɗɌè, ɖɜɔɞɑɜɔɫ əɑ-

ɓɌɎɔɝɔɘɚɝɞɔ c2 ȻɔɜɝɚəɌ, ɖɚɩɠɠɔɢɔɑəɞɌ 

ɎɓɌɔɘəɚɕ ɝɚɛɜɫɒɬəəɚɝɞɔ ɃɟɛɜɚɎɌ ɔ ɐɜ.  

ȹɌ ɜɔɝ. 1, Ɍ, ɍ Ɏ ɖɌɣɑɝɞɎɑ ɛɜɔɘɑɜɌ 

ɛɜɔɎɑɐɑəɧ ɝɚɛɜɫɒɬəəɧɑ ɓəɌɣɑəɔɫ ɞɑɘ-

ɛɑɜɌɞɟɜɧ ɔ ɎɗɌɒəɚɝɞɔ ɎɚɓɐɟɡɌ ɔ ɖɚəɢɑə-

ɞɜɌɢɔɔ ɐɔɚɖɝɔɐɌ ɝɑɜɧ ɔ ɎɗɌɒəɚɝɞɔ Ɏɚɓ-

ɐɟɡɌ ɝɚɚɞɎɑɞɝɞɎɑəəɚ ɐɗɫ ɖɚəɎɑɜɞɑɜəɚɏɚ 

ɛɜɚɗɑɞɌ ɛɗɌɎɔɗɨəɚɏɚ ɢɑɡɌ ɔ ɌɏɗɚɘɑɜɌɢɔ-

ɚəəɚɏɚ ɢɑɡɌ ȹɔɖɑɗɑɎɚɏɚ ɓɌɎɚɐɌ. ȽɞɌɞɔ-

ɝɞɔɣɑɝɖɔɑ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɚɖɌɓɌɗɔ, ɣɞɚ 

ɛɜɔ  ɛɜɔəɫɞɚɘ ɟɜɚɎəɑ ɓəɌɣɔɘɚɝɞɔ 0,05 

ɏɔɛɚɞɑɓɌ əɑɓɌɎɔɝɔɘɚɝɞɔ  ɛɌɜɌɘɑɞɜɚɎ ɏɌ-

ɓɚɎɚɓɐɟɤəɚɕ ɝɜɑɐɧ ð ɞɑɘɛɑɜɌɞɟɜɧ ɔ ɚɞ-

əɚɝɔɞɑɗɨəɚɕ ɎɗɌɒəɚɝɞɔ ɎɚɓɐɟɡɌ, ɎɗɌɒəɚ-

ɝɞɔ ɎɚɓɐɟɡɌ ɔ ɖɚəɢɑəɞɜɌɢɔɔ ɐɔɚɖɝɔɐɌ ɝɑ-

ɜɧ ɘɚɒɑɞ ɍɧɞɨ ɛɜɔəɫɞɌ. ȬəɌɗɚɏɔɣəɧɑ 

ɎɧɎɚɐɧ ɝɐɑɗɌəɧ ɔ ɛɚ ɐɜɟɏɔɘ ɏɌɓɌɘ ɔ 

ɚɍɦɑɖɞɌɘ. 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
ʈʠʩ. 1. ʉʦʧʨʷʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦ-
ʚʦʟʜʫʰʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʨʝʜʳ: ʘ ï ʩʦʧʨ̫-
ʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ  ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ; ʙ ï ʩʦʧʨʷʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ; ʚ ï ʩʦʧʨʷʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ ʠ ʧʳʣʠ 

ʘ) 

ʚ) 

ʙ) 
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ȹɌ ɜɔɝ. 1, Ɏ ɛɜɔɎɑɐɑəɧ ɝɚɛɜɫɒɬəəɧɑ 
ɓəɌɣɑəɔɫ ɖɚəɢɑəɞɜɌɢɔɔ ɐɔɚɖɝɔɐɌ ɝɑɜɧ 

ɔ ɖɚəɢɑəɞɜɌɢɔɔ ɛɧɗɔ Ɏ ɏɌɓɚɎɚɓɐɟɤəɚɕ 

ɝɜɑɐɑ ɛɚ ɝɚɎɚɖɟɛəɚɝɞɔ ɛɜɑɐɛɜɔɫɞɔɕ 

ɘɑɐəɚ-əɔɖɑɗɑɎɚɏɚ ɛɜɚɔɓɎɚɐɝɞɎɌ ȹɚ-

ɜɔɗɨɝɖɚɏɚ ɖɚɘɍɔəɌɞɌ. ȽɞɌɞɔɝɞɔɣɑɝɖɔɕ 

ɌəɌɗɔɓ ɛɚɖɌɓɌɗ, ɣɞɚ əɌ ɛɫɞɔɛɜɚɢɑəɞəɚɘ 

ɟɜɚɎəɑ ɓəɌɣɔɘɚɝɞɔ ɏɔɛɚɞɑɓɌ əɑɓɌɎɔɝɔ-

ɘɚɝɞɔ ɘɑɒɐɟ ɌəɌɗɔɓɔɜɟɑɘɧɘɔ ɛɌɜɌ-

ɘɑɞɜɌɘɔ ɐɚɗɒəɌ ɍɧɞɨ ɚɞɎɑɜɏəɟɞɌ. ɉɖɝ-

ɛɑɜɔɘɑəɞɌɗɨəɧɑ ɐɌəəɧɑ ɝɎɔɐɑɞɑɗɨ-

ɝɞɎɟɪɞ ɚ əɌɗɔɣɔɔ ɝɎɫɓɔ ɘɑɒɐɟ ɖɚəɢɑə-

ɞɜɌɢɔɑɕ ɐɔɚɖɝɔɐɌ ɝɑɜɧ ɔ ɖɚəɢɑəɞɜɌɢɔ-

ɑɕ ɛɧɗɔ.  

ȺɢɑəɖɌ ɞɑɝəɚɞɧ ɝɎɫɓɔ ɛɚɖɌɓɌɗɌ, ɣɞɚ 

ɖɚɩɠɠɔɢɔɑəɞ ɝɚɛɜɫɒɬəəɚɝɞɔ ɃɟɛɜɚɎɌ 

ɜɌɎɑə 0,57, Ɍ ɖɚɩɠɠɔɢɔɑəɞ ɝɡɚɐɝɞɎɌ ɜɌ-

Ɏɑə 0,72. ɉɞɔ ɐɌəəɧɑ ɛɚɖɌɓɧɎɌɪɞ əɌɗɔ-

ɣɔɑ ɟɝɞɚɕɣɔɎɚɕ ɝɎɫɓɔ ɘɑɒɐɟ ɌəɌɗɔɓɔ-

ɜɟɑɘɧɘɔ ɛɌɜɌɘɑɞɜɌɘɔ. ȬəɌɗɚɏɔɣəɧɑ 

ɎɧɎɚɐɧ ɝɐɑɗɌəɧ ɔ ɛɜɔɘɑəɔɞɑɗɨəɚ ɖ ɐɔ-

ɚɖɝɔɐɟ ɟɏɗɑɜɚɐɌ ɔ ɡɗɚɜɟ. ȾɌɖɔɘ ɚɍɜɌ-

ɓɚɘ, ɛɜɔ ɛɗɌəɔɜɚɎɌəɔɔ əɌɞɟɜəɧɡ ɔɝ-

ɝɗɑɐɚɎɌəɔɕ ɐɚɝɞɌɞɚɣəɚ ɟɣɑɝɞɨ Ɏ ɖɌɣɑ-

ɝɞɎɑ ɚɝəɚɎəɚɏɚ ɠɌɖɞɚɜɌ ɚɐɔə ɔɓ ɜɌɝ-

ɝɘɌɞɜɔɎɌɑɘɧɡ ɛɚɖɌɓɌɞɑɗɑɕ.  

ȹɌ ɜɔɝ. 2 ɛɜɔɎɑɐɑəɧ ɡɌɜɌɖɞɑɜəɧɑ 

ɏɔɝɞɚɏɜɌɘɘɧ ɜɌɝɛɜɑɐɑɗɑəɔɫ ɓəɌɣɑəɔɕ 

ɞɑɘɛɑɜɌɞɟɜɧ (Ɍ), ɎɗɌɒəɚɝɞɔ (ɍ) ɔ ɖɚə-

ɢɑəɞɜɌɢɔɔ ɐɔɚɖɝɔɐɌ ɝɑɜɧ (Ɏ) Ɏ ɛɜɚɔɓ-

ɎɚɐɝɞɎɑəəɧɡ ɛɚɘɑɥɑəɔɫɡ ȸɑɐəɚɏɚ ɓɌ-

ɎɚɐɌ. Ȯ ɛɜɚɢɑɝɝɑ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɔɝɝɗɑ-

ɐɚɎɌəɔɕ ɟɝɞɌəɚɎɗɑəɚ, ɣɞɚ ɜɌɝɛɜɑɐɑɗɑ-

əɔɑ ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɧɡ ɓəɌɣɑəɔɕ ɞɑɘ-

ɛɑɜɌɞɟɜɧ ɔ ɎɗɌɒəɚɝɞɔ ɎɚɓɐɟɡɌ Ɏəɟɞɜɔ 

ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ ɛɚɘɑɥɑəɔɕ əɑ ɛɜɚ-

ɞɔɎɚɜɑɣɔɞ ɏɔɛɚɞɑɓɑ əɚɜɘɌɗɨəɚɏɚ ɓɌɖɚ-

əɌ ɜɌɝɛɜɑɐɑɗɑəɔɫ. ȼɌɝɛɜɑɐɑɗɑəɔɑ ɓəɌ-

ɣɑəɔɕ ɖɚəɢɑəɞɜɌɢɔɔ ɐɔɚɖɝɔɐɌ ɝɑɜɧ ɔ 

ɡɗɚɜɌ ɛɚɐɣɔəɫɑɞɝɫ ɗɚɏɌɜɔɠɘɔɣɑɝɖɔ 

əɚɜɘɌɗɨəɚɘɟ ɓɌɖɚəɟ. Ȱɗɫ ɛɜɚɎɑɜɖɔ 

ɏɔɛɚɞɑɓɧ ɔɝɛɚɗɨɓɚɎɌɗɝɫ W-ɖɜɔɞɑɜɔɕ 

ɄɌɛɔɜɚ ɔ ȿɔɗɖɌ. ȾɌɖɔɘ ɚɍɜɌɓɚɘ, Ɏ ɖɌ-

ɣɑɝɞɎɑ ɚɝəɚɎəɧɡ ɠɌɖɞɚɜɚɎ ɛɜɔ ɚɢɑəɖɑ 

Ɏɗɔɫəɔɫ ɏɌɓɚɎɚɓɐɟɤəɚɕ ɝɜɑɐɧ əɌ ɐɚɗ-

ɏɚɎɑɣəɚɝɞɨ ɝɞɜɚɔɞɑɗɨəɧɡ ɖɚəɝɞɜɟɖɢɔɕ 

ɢɑɗɑɝɚɚɍɜɌɓəɚ ɔɝɛɚɗɨɓɚɎɌɞɨ ɛɚɖɌɓɌɞɑ-

ɗɔ ɞɑɘɛɑɜɌɞɟɜɧ, ɚɞəɚɝɔɞɑɗɨəɚɕ ɎɗɌɒ-

əɚɝɞɔ ɎɚɓɐɟɡɌ ɔ ɖɚəɢɑəɞɜɌɢɔɔ ɖɔɝɗɧɡ 

ɏɌɓɚɎ. 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2. ɻʠʩʪʦʛʨʘʤʤʳ: ʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ; 
ʙ ï ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ;                           
ʚ ï ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʦʢʩʠʜʘ ʩʝʨʳ  

ȶɗɌɝɝɔɠɔɖɌɢɔɫ ɌɏɜɑɝɝɔɎəɧɡ ɝɜɑɐ ɛɚ 

ɝɞɑɛɑəɔ ɎɚɓɐɑɕɝɞɎɔɫ əɌ ɝɞɜɚɔɞɑɗɨəɧɑ 

ɖɚəɝɞɜɟɖɢɔɔ ɚɝɟɥɑɝɞɎɗɫɗɌɝɨ ɛɚ ȽȹɔȻ 

2.03.11ð85 çȳɌɥɔɞɌ ɝɞɜɚɔɞɑɗɨəɧɡ ɖɚə-

ɝɞɜɟɖɢɔɕ ɚɞ ɖɚɜɜɚɓɔɔè [1], ɘɑɒɐɟəɌɜɚɐ-

əɧɘ ɝɞɌəɐɌɜɞɌɘ ISO 9223 çȶɚɜɜɚɓɔɫ ɘɑ-

ɞɌɗɗɚɎ ɔ ɝɛɗɌɎɚɎ. ȶɚɜɜɚɓɔɎəɚɝɞɨ Ɍɞɘɚ-

ɝɠɑɜ. ȶɗɌɝɝɔɠɔɖɌɢɔɫè [2] ɔ ISO 12944ð2 

çȶɜɌɝɖɔ ɔ ɗɌɖɔ. ȳɌɥɔɞɌ ɚɞ ɖɚɜɜɚɓɔɔ 

ɝɞɌɗɨəɧɡ ɖɚəɝɞɜɟɖɢɔɕ ɓɌɥɔɞəɧɘɔ ɗɌɖɚ-

ɖɜɌɝɚɣəɧɘɔ ɝɔɝɞɑɘɌɘɔ. Ƀ. 2. ȶɗɌɝɝɔɠɔ-

ɖɌɢɔɫ ɚɖɜɟɒɌɪɥɔɡ ɝɜɑɐè [3]. 

Ȼɚ ISO 9223 ɔ ISO 12944ð2 ɖɚɜɜɚɓɔɎ-

əɚɝɞɨ Ɍɞɘɚɝɠɑɜɧ (ɞɑɜɘɔəɚɗɚɏɔɫ ɐɚɖɟ-

ɘɑəɞɌ. ð Ȼɜɔɘ. ɌɎɞ.) ɐɑɗɔɞɝɫ əɌ ɛɫɞɨ ɖɌ-

ɞɑɏɚɜɔɕ: ɚɣɑəɨ əɔɓɖɌɫ, əɔɓɖɌɫ, ɝɜɑɐəɫɫ, 

ɎɧɝɚɖɌɫ ɔ ɚɣɑəɨ ɎɧɝɚɖɌɫ. ȶɗɌɝɝɔɠɔɖɌ-

ɢɔɫ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɛɚ ɝɜɑɐəɔɘ Ɏɑɗɔɣɔ-

əɌɘ ɛɜɚəɔɢɌɑɘɚɝɞɔ ɖɚɜɜɚɓɔɔ Ɏ ɏɚɐ. 

ȹɌɛɜɔɘɑɜ, ɐɗɫ ɟɏɗɑɜɚɐɔɝɞɚɕ ɝɞɌɗɔ ɛɜɔ 

ɛɜɚəɔɢɌɑɘɚɝɞɔ ɖɚɜɜɚɓɔɔ ɐɚ 200 ɘɖɘ/ɏ. 

ɩɖɝɛɗɟɌɞɌɢɔɚəəɌɫ ɝɜɑɐɌ ɚɞəɚɝɔɞɝɫ ɖ ɖɌ-

ɞɑɏɚɜɔɔ ɖɚɜɜɚɓɔɎəɚɝɞɔ çɚɣɑəɨ ɎɧɝɚɖɌɫè. 

ʙ) 

ʚ) 

ʘ) 
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Ȼɜɔ ɚɢɑəɖɑ ɖɚɜɜɚɓɔɎəɚɝɞɔ Ɍɞɘɚɝɠɑɜɧ 

ɛɜɔəɔɘɌɗɔɝɨ Ɏɚ ɎəɔɘɌəɔɑ ɛɚɖɌɓɌɞɑɗɔ 

ɛɜɚəɔɢɌɑɘɚɝɞɔ ɖɚɜɜɚɓɔɔ, ɛɜɔɎɑɐɑəəɧɑ Ɏ 

çȽɛɜɌɎɚɣəɔɖɑ ɛɚ ɓɌɥɔɞɑ ɝɞɜɚɔɞɑɗɨəɧɡ 

ɖɚəɝɞɜɟɖɢɔɕ ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ ɓɐɌəɔɕ ɔ 

ɝɚɚɜɟɒɑəɔɕ ȹȯȸȶ ɚɞ ɌɏɜɑɝɝɔɎəɧɡ Ɏɚɓ-

ɐɑɕɝɞɎɔɕ ɗɌɖɚɖɜɌɝɚɣəɧɘɔ ɘɌɞɑɜɔɌɗɌɘɔè 

[4], ɔ ɐɌəəɧɑ əɌɞɟɜəɧɡ ɚɍɝɗɑɐɚɎɌəɔɕ 

ɝɞɜɚɔɞɑɗɨəɧɡ ɖɚəɝɞɜɟɖɢɔɕ, ɛɜɚɎɑɐɑəəɧɡ 

ɌɎɞɚɜɌɘɔ  Ɏ 1981ð2004 ɏɏ. 

ȼɑɓɟɗɨɞɌɞɧ ɔɓɟɣɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ ɩɖɝ-

ɛɗɟɌɞɌɢɔɚəəɧɡ ɝɜɑɐ ɛɚɖɌɓɌɗɔ, ɣɞɚ Ɏ ɛɚ-

ɘɑɥɑəɔɫɡ ɘɑɞɌɗɗɟɜɏɔɣɑɝɖɔɡ ɓɌɎɚɐɚɎ 

ɝɞɑɛɑəɨ ɌɏɜɑɝɝɔɎəɚɏɚ ɎɚɓɐɑɕɝɞɎɔɫ ɝɜɑɐɧ 

əɌ ɝɞɌɗɨəɧɑ ɔ ɒɑɗɑɓɚɍɑɞɚəəɧɑ ɖɚə-

ɝɞɜɟɖɢɔɔ ɛɚ ȽȹɔȻ ɛɜɑɔɘɟɥɑɝɞɎɑəəɚ 

ɝɔɗɨəɚɌɏɜɑɝɝɔɎəɌɫ ɔ ɝɜɑɐəɑɌɏɜɑɝɝɔɎəɌɫ, 

Ɍ ɛɚ ISO ɚɣɑəɨ ɎɧɝɚɖɌɫ ɔ ɎɧɝɚɖɌɫ. 

ɉɖɝɛɗɟɌɞɌɢɔɚəəɌɫ ɝɜɑɐɌ ɛɚɘɑɥɑəɔɕ 

ɚɍɚɏɌɞɔɞɑɗɨəɧɡ ɠɌɍɜɔɖ ɛɚ ɝɞɑɛɑəɔ 

ɌɏɜɑɝɝɔɎəɚɏɚ ɎɚɓɐɑɕɝɞɎɔɫ əɌ ɝɞɌɗɨəɧɑ 

ɖɚəɝɞɜɟɖɢɔɔ ɝɜɑɐəɑɌɏɜɑɝɝɔɎəɌɫ (Ɏɧɝɚ-

ɖɌɫ) ɔ əɑɌɏɜɑɝɝɔɎəɌɫ (ɝɜɑɐəɫɫ), Ɍ əɌ ɒɑ-

ɗɑɓɚɍɑɞɚəəɧɑ ɖɚəɝɞɜɟɖɢɔɔ ð ɝɗɌɍɚɌɏɜɑɝ-

ɝɔɎəɌɫ (ɝɜɑɐəɫɫ) ɔ əɑɌɏɜɑɝɝɔɎəɌɫ (ɝɜɑɐ-

əɫɫ). 

Ȼɚɘɑɥɑəɔɫ ɏɚɜəɚɜɟɐəɧɡ ɛɜɑɐɛɜɔɫ-

ɞɔɕ ɡɌɜɌɖɞɑɜɔɓɟɪɞɝɫ ɝɜɑɐəɑɌɏɜɑɝɝɔɎəɚɕ 

ɝɞɑɛɑəɨɪ ɎɚɓɐɑɕɝɞɎɔɫ ɝɜɑɐɧ əɌ ɝɞɌɗɨəɧɑ 

ɖɚəɝɞɜɟɖɢɔɔ ɛɚ ȽȹɔȻ ɔ Ɏɧɝɚɖɚɕ ð ɛɚ 

ISO. Ȼɚ ɚɞəɚɤɑəɔɪ ɖ  ɒɑɗɑɓɚɍɑɞɚəəɧɘ 

ɖɚəɝɞɜɟɖɢɔɫɘ ɝɜɑɐɌ ɛɚ ȽȹɔȻ ɝɗɌɍɚ-

ɌɏɜɑɝɝɔɎəɌɫ, ɛɚ ISO ð ɝɜɑɐəɫɫ. 

Ȯ ɛɚɘɑɥɑəɔɫɡ ɛɜɑɐɛɜɔɫɞɔɕ ɝɞɜɚɕɔəɐɟ-

ɝɞɜɔɔ ɝɞɑɛɑəɨ ɌɏɜɑɝɝɔɎəɚɏɚ ɎɚɓɐɑɕɝɞɎɔɫ 

ɝɜɑɐɧ əɌ ɝɞɌɗɨəɧɑ ɖɚəɝɞɜɟɖɢɔɔ ɛɚ ȽȹɔȻ ð 

ɝɜɑɐəɑɌɏɜɑɝɝɔɎəɌɫ ɔ əɑɌɏɜɑɝɝɔɎəɌɫ, ɛɚ 

ISO ð ɎɧɝɚɖɌɫ ɔ ɝɜɑɐəɫɫ. Ƚɞɑɛɑəɨ Ɏɚɓɐɑɕ-

ɝɞɎɔɫ ɝɜɑɐɧ əɌ ɒɑɗɑɓɚɍɑɞɚəəɧɑ ɖɚə-

ɝɞɜɟɖɢɔɔ ɛɚ ȽȹɔȻ ɝɗɌɍɚɌɏɜɑɝɝɔɎəɌɫ ɔ 

əɑɌɏɜɑɝɝɔɎəɌɫ, ɛɚ ISO ð ɝɜɑɐəɫɫ. 

Ƚɞɑɛɑəɨ ɌɏɜɑɝɝɔɎəɚɝɞɔ ɝɜɑɐɧ ɛɚɘɑ-

ɥɑəɔɕ Ⱦɉɂ ɛɚ ɚɞəɚɤɑəɔɪ ɖ ɝɞɌɗɨəɧɘ 

ɖɚəɝɞɜɟɖɢɔɫɘ ɛɚ ȽȹɔȻ ɛɜɑɔɘɟɥɑɝɞɎɑə-

əɚ ɝɜɑɐəɑɌɏɜɑɝɝɔɎəɌɫ ɔ əɑɌɏɜɑɝɝɔɎəɌɫ, 

ɛɚ ISO ð ɎɧɝɚɖɌɫ ɔ ɝɜɑɐəɫɫ; ɖ ɒɑɗɑɓɚɍɑ-

ɞɚəəɧɘ ɖɚəɝɞɜɟɖɢɔɫɘ ɛɚ ȽȹɔȻ ɝɗɌɍɚ-

ɌɏɜɑɝɝɔɎəɌɫ ɔ əɑɌɏɜɑɝɝɔɎəɌɫ, ɛɚ ISO ð 

ɝɜɑɐəɫɫ. 

Ȯ ɖɌɣɑɝɞɎɑ ɛɜɔɘɑɜɌ Ɏ ɞɌɍɗɔɢɑ ɛɜɑɐ-

ɝɞɌɎɗɑəɌ ɖɗɌɝɝɔɠɔɖɌɢɔɫ ɩɖɝɛɗɟɌɞɌɢɔ-

ɚəəɧɡ ɝɜɑɐ ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ ɛɚɘɑɥɑ-

əɔɕ ɘɑɞɌɗɗɟɜɏɔɣɑɝɖɚɏɚ ɢɑɡɌ ɘɑɐəɚɏɚ ɓɌ-

ɎɚɐɌ ɛɚ ɝɞɑɛɑəɔ ɌɏɜɑɝɝɔɎəɚɏɚ Ɏɚɓɐɑɕ-

ɝɞɎɔɫ əɌ ɝɞɜɚɔɞɑɗɨəɧɑ ɖɚəɝɞɜɟɖɢɔɔ. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, Ɏ ɜɑɓɟɗɨɞɌɞɑ ɔɝɝɗɑɐɚ-

ɎɌəɔɕ ɎɧɛɚɗəɑəɌ ɖɗɌɝɝɔɠɔɖɌɢɔɫ ɩɖɝ-

ɛɗɟɌɞɌɢɔɚəəɧɡ ɝɜɑɐ ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ 

ɛɚɘɑɥɑəɔɕ ɛɜɑɐɛɜɔɫɞɔɕ ȳɀ ȺȬȺ çȯȸȶ 

çȹɚɜɔɗɨɝɖɔɕ əɔɖɑɗɨè ɛɚ ɝɞɑɛɑəɔ Ɍɏɜɑɝ-

ɝɔɎəɚɝɞɔ ɛɚ ȽȹɔȻ ɔ ɘɑɒɐɟəɌɜɚɐəɧɘ 

ɝɞɌəɐɌɜɞɌɘ ISO.  

Ȼɚ ɞɑɡəɔɣɑɝɖɚɘɟ ɓɌɐɌəɔɪ ɝɗɟɒɍɧ 

ɏɗɌɎəɚɏɚ ɘɑɡɌəɔɖɌ ȳɌɛɚɗɫɜəɚɏɚ ɠɔɗɔɌ-

ɗɌ ɝɚɝɞɌɎɗɑə çȶɌɞɌɗɚɏ-ɝɛɜɌɎɚɣəɔɖ ɛɚ 

ɝɞɑɛɑəɔ ɌɏɜɑɝɝɔɎəɚɝɞɔ ɩɖɝɛɗɟɌɞɌɢɔɚə-

əɧɡ ɝɜɑɐ ɐɗɫ ɝɞɜɟɖɞɟɜəɧɡ ɛɚɐɜɌɓɐɑɗɑ-

əɔɕ ȳɀ ȺȬȺ çȯȸȶ çȹɚɜɔɗɨɝɖɔɕ əɔ-

ɖɑɗɨè.  

ȮɧɛɚɗəɑəəɌɫ ɖɗɌɝɝɔɠɔɖɌɢɔɫ ɩɖɝɛɗɟ-

ɌɞɌɢɔɚəəɧɡ ɝɜɑɐ ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ ɛɚ-

ɘɑɥɑəɔɕ ɛɜɑɐɛɜɔɫɞɔɕ ȳɀ ȺȬȺ çȯȸȶ 

çȹɚɜɔɗɨɝɖɔɕ əɔɖɑɗɨè ɔ ɜɌɓɜɌɍɚɞɖɌ çȶɌ-

ɞɌɗɚɏɌ-ɝɛɜɌɎɚɣəɔɖɌè ɛɚɓɎɚɗɫɞ ɛɚɎɧɝɔɞɨ 

ɖɌɣɑɝɞɎɚ ɔ ɟɎɑɗɔɣɔɞɨ ɝɜɚɖ ɝɗɟɒɍɧ ɓɌ-

ɥɔɞəɧɡ ɛɚɖɜɧɞɔɕ ɓɌ ɝɣɑɞ ɍɚɗɑɑ ɜɌɢɔɚ-

əɌɗɨəɚɏɚ ɎɧɍɚɜɌ ɝɡɑɘ ɔ ɘɌɞɑɜɔɌɗɚɎ ɐɗɫ 

Ɍəɞɔɖɚɜɜɚɓɔɚəəɚɕ ɓɌɥɔɞɧ ɝɞɜɚɔɞɑɗɨəɧɡ 

ɖɚəɝɞɜɟɖɢɔɕ. 

ȧɎɇɑɎɔɉɖɆɚɎɝɋɗɐɎɏ ɗɕɎɗɔɐ  

1. ȽȹɔȻ 2.03.11ð85. ȳɌɥɔɞɌ ɝɞɜɚɔ-

ɞɑɗɨəɧɡ ɖɚəɝɞɜɟɖɢɔɕ ɚɞ ɖɚɜɜɚɓɔɔ 

[Ⱦɑɖɝɞ]. ð ȸ.: ɂȴȾȻ ȯɚɝɝɞɜɚɫ ȽȽȽȼ, 

1986. 

2. ISO 9223. ȶɚɜɜɚɓɔɫ ɘɑɞɌɗɗɚɎ ɔ 

ɝɛɗɌɎɚɎ. ȶɚɜɜɚɓɔɎəɚɝɞɨ Ɍɞɘɚɝɠɑɜ. ȶɗɌɝ-

ɝɔɠɔɖɌɢɔɫ [Ⱦɑɖɝɞ]. ð ȸɑɒɐɟəɌɜɚɐəɌɫ ɚɜ-

ɏɌəɔɓɌɢɔɫ ɛɚ ɝɞɌəɐɌɜɞɔɓɌɢɔɔ, 1992. 

3. ISO 12944ð2. ȶɜɌɝɖɔ ɔ ɗɌɖɔ. ȳɌɥɔ-

ɞɌ ɚɞ ɖɚɜɜɚɓɔɔ ɝɞɌɗɨəɧɡ ɖɚəɝɞɜɟɖɢɔɕ 

ɓɌɥɔɞəɧɘɔ ɗɌɖɚɖɜɌɝɚɣəɧɘɔ ɝɔɝɞɑɘɌɘɔ. 

Ƀ. 2. ȶɗɌɝɝɔɠɔɖɌɢɔɫ ɚɖɜɟɒɌɪɥɔɡ ɝɜɑɐ 

[Ⱦɑɖɝɞ]. ð ȸɑɒɐɟəɌɜɚɐəɌɫ ɚɜɏɌəɔɓɌɢɔɫ 

ɛɚ ɝɞɌəɐɌɜɞɔɓɌɢɔɔ, 1998. 

4. ȽɛɜɌɎɚɣəɔɖ ɛɚ ɓɌɥɔɞɑ ɝɞɜɚɔɞɑɗɨ-

əɧɡ ɖɚəɝɞɜɟɖɢɔɕ ɛɜɚɔɓɎɚɐɝɞɎɑəəɧɡ ɓɐɌ-

əɔɕ ɔ ɝɚɚɜɟɒɑəɔɕ ȹȯȸȶ ɚɞ ɌɏɜɑɝɝɔɎəɧɡ 

ɎɚɓɐɑɕɝɞɎɔɕ ɗɌɖɚɖɜɌɝɚɣəɧɘɔ ɘɌɞɑɜɔɌ-

ɗɌɘɔ [Ⱦɑɖɝɞ]. ð ȹɚɜɔɗɨɝɖ, 1988. 
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Ȱ.C. ȯɌɍɔɐɟɗɗɔə

ȷȶȦȨȳȮȸȫȱɂȳɁȯ ȦȳȦȱȮȭ ȵȱȦȸȺȴȶȲ ȪȱɅ ȶȦȭȶȦȧȴȸȰȮ                      

ȲȴȧȮȱɂȳɁȻ ȦȩȫȳȸȴȨ ȪȱɅ GRID  

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ GRID-ʩʠʩʪʝʤ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳ-
ʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʠ ʩʝʨʚʝʨʦʚ ʧʨʠʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ 
ʩʨʘʚʥʝʥʠʝ ʧʣʘʪʬʦʨʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʥɹʳʭ ʘʛʝʥʪʦʚ GRID-ʩʠʩʪʝʤ.  
ɺʳʙʦʨ ʧʣʘʪʬʦʨʤ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ ʦʩʥʦʚʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ. ɼʘʥ-

ʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʦʣʴʢʦ JAVA ʠ .NET. ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʢʣʶʯʘʣʦ ʚ ʩʝʙʷ ʨʷʜ 
ʪʝʩʪʦʚ ʥʘ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ. ʉʨʝʜʠ ʥʠʭ: çʙʳʩʪʨʘʷè ʩʦʨʪʠʨʦʚʢʘ, ʩʦʨʪʠʨʦʚʢʘ ʤʝʪʦʜʦʤ ʧʫʟʳʨʴʢʘ, ʨʘʙʦʪʘ ʩʦ 
ʩʪʨʦʢʘʤʠ, ʨʘʙʦʪʘ ʩ ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʯʠʩʣʘʤʠ.  
ɺ ʩʪʘʪʴʝ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʯʪʦ ʦʙʝ ʧʣʘʪʬʦʨʤʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʙʠʣʴʥʳʭ 

ʘʛʝʥʪʦʚ GRID-ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: GRID, ʨʘʟʨʘʙʦʪʢʘ ʤʦʙʠʣʴʥʳʭ ʘʛʝʥʪʦʚ, ʚʳʙʦʨ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ GRID 

ȶɚəɢɑɛɢɔɫ ɜɌɝɛɜɑɐɑɗɑəəɚɕ ɝɜɑɐɧ 

GRID  ɝɞɌəɚɎɔɞɝɫ Ɏɝɑ ɍɚɗɑɑ ɛɚɛɟɗɫɜəɚɕ. 

Ȯ ɜɌɘɖɌɡ ɔɓɎɑɝɞəɧɡ ɞɔɛɚɎ GRID  (Ɏɧɣɔɝ-

ɗɔɞɑɗɨəɧɕ, GRID -ɐɌəəɧɡ, ɔəɠɚɜɘɌɢɔ-

ɚəəɧɕ ɔ ɞ.ɐ.) ɛɚɫɎɗɫɪɞɝɫ əɚɎɧɑ ɠɚɜɘɧ. 

ȹɌɔɍɚɗɑɑ ɌɖɞɔɎəɚ ɜɌɓɎɔɎɌɑɞɝɫ Ɏɧɣɔɝɗɔ-

ɞɑɗɨəɧɕ GRID, ɐɗɫ ɖɚɞɚɜɚɏɚ ɘɚɒəɚ ɟɖɌ-

ɓɌɞɨ ɠɚɜɘɧ, ɜɌɓɗɔɣɌɪɥɔɑɝɫ: 

¶ ɛɚ ɞɔɛɟ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɜɑɝɟɜɝɚɎ (ɚɞ-

ɣɟɒɐɌɑɘɧɑ ɔ əɑɚɞɣɟɒɐɌɑɘɧɑ ɜɑɝɟɜɝɧ); 

¶ ɛɚ ɞɔɛɟ ɚɍɦɑɐɔəɑəɔɫ ɜɑɝɟɜɝɚɎ (ɖɗɌ-

ɝɞɑɜɔɓɚɎɌəəɧɑ ɔ əɑɖɗɌɝɞɑɜɔɓɚɎɌəəɧɑ 

ɜɑɝɟɜɝɧ);  

¶ ɛɚ ɖɗɌɝɝɟ ɓɌɐɌəɔɕ (ɚɐəɚɛɜɚɢɑɝɝɚɜ-

əɧɑ, ɛɌɜɌɗɗɑɗɨəɧɑ ɔ ɝɑɜɔɌɗɔɓɟɑɘɧɑ).  

ȹɌɔɍɚɗɨɤɑɑ ɜɌɝɛɜɚɝɞɜɌəɑəɔɑ ɛɚɗɟɣɔɗ 

ɘɑɞɚɐ ɛɚɝɞɜɚɑəɔɫ ɏɜɔɐ-ɔəɠɜɌɝɞɜɟɖɞɟɜ ɔɓ 

əɌɡɚɐɫɥɔɡɝɫ Ɏ ɜɌɓəɧɡ ɞɚɣɖɌɡ ɝɑɞɔ ɖɗɌɝɞɑɜ-

əɧɡ ɟɓɗɚɎ. Ȯ ɞɌɖɔɑ GRID  ɚɍɦɑɐɔəɫɪɞ ɘəɚ-

ɒɑɝɞɎɚ ɖɚɘɛɨɪɞɑɜɚɎ, ɛɜɔəɌɐɗɑɒɌɥɔɡ ɚɐ-

əɚɘɟ ɌɐɘɔəɔɝɞɜɌɞɔɎəɚɘɟ ɐɚɘɑəɟ ð ɐɎɟɡ-

ɟɜɚɎəɑɎɌɫ ɚɜɏɌəɔɓɌɢɔɫ ɏɜɔɐ [1]. ȾɌɖɚɕ ɝɛɚ-

ɝɚɍ ɛɜɔɘɑəɑə, əɌɛɜɔɘɑɜ, Ɏ ɛɜɚɑɖɞɑ gLite  [2], 

ɜɑɌɗɔɓɚɎɌəəɚɘ əɌ ɍɌɓɑ ɔəɝɞɜɟɘɑəɞɌɜɔɫ 

Globus Toolkit  [3]. Ȯ əɑɘ ɛɜɑɐɛɚɗɌɏɌɑɞɝɫ, ɣɞɚ 

ɖɚɘɛɨɪɞɑɜɧ ɛɚɗəɚɝɞɨɪ Ɏɧɐɑɗɫɞɝɫ Ɏ GRID  ɔ 

əɑ ɘɚɏɟɞ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ ɝɚɞɜɟɐəɔɖɌɘɔ ɞɑɡ 

ɚɜɏɌəɔɓɌɢɔɕ, Ɏ ɖɚɞɚɜɧɡ ɚəɔ ɟɝɞɌəɚɎɗɑəɧ. 

Ȯɝɑ ɜɑɝɟɜɝɧ ɚɍɦɑɐɔəɑəɧ Ɏ ɖɗɌɝɞɑɜɧ ɔ əɌɡɚ-

ɐɫɞɝɫ ɛɚɐ ɟɛɜɌɎɗɑəɔɑɘ ɗɚɖɌɗɨəɚɏɚ ɘɑəɑ-

ɐɒɑɜɌ ɜɑɝɟɜɝɚɎ. ɉɞɌ ɠɚɜɘɌ GRID  əɌɔɍɚɗɑɑ 

ɜɌɓɎɔɞɌ, ɞɌɖ ɖɌɖ ɝɌɘɌ ɖɚəɢɑɛɢɔɫ ɓɌɜɚɐɔ-

ɗɌɝɨ ɔ ɜɌɓɎɔɎɌɗɌɝɨ Ɏ əɌɟɣəɧɡ ɚɜɏɌəɔɓɌɢɔ-

ɫɡ, ɚɍɗɌɐɌɪɥɔɡ ɜɌɓɎɔɞɚɕ ɖɗɌɝɞɑɜəɚɕ ɔə-

ɠɜɌɝɞɜɟɖɞɟɜɚɕ. Ⱦɑɘ əɑ ɘɑəɑɑ, ɐɗɫ ɞɌɖɚɕ 

ɠɚɜɘɧ ɚɜɏɌəɔɓɌɢɔɔ GRID  ɜɌɓɎɔɎɌɑɞɝɫ ɛɜɚ-

ɏɜɌɘɘəɚɑ ɚɍɑɝɛɑɣɑəɔɑ, ɐɑɗɌɪɥɑɑ Ɏɚɓɘɚɒ-

əɧɘ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɩɞɔɡ ɜɑɝɟɜɝɚɎ, əɑ ɚɞ-

ɣɟɒɐɌɫ ɔɡ ɚɞ ɎɗɌɐɑɗɨɢɑɎ [4]. 

ȺɐəɌɖɚ ɛɚɘɔɘɚ ɖɗɌɝɞɑɜɚɎ ɔɘɑɪɞɝɫ Ɏɧ-

ɣɔɝɗɔɞɑɗɨəɧɑ ɜɑɝɟɜɝɧ ɜɌɍɚɣɔɡ ɝɞɌəɢɔɕ 

ɛɚɗɨɓɚɎɌɞɑɗɑɕ, ɐɚɘɌɤəɔɡ ɖɚɘɛɨɪɞɑɜɚɎ, 

ɝɑɜɎɑɜɚɎ ɛɜɔɗɚɒɑəɔɕ ɔ ɞ.ɐ., ɝɟɘɘɌɜəɌɫ 

ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɨ ɖɚɞɚɜɧɡ Ɏɚ ɘəɚɏɚ ɜɌɓ 

ɛɜɑɎɚɝɡɚɐɔɞ ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɨ ɝɌɘɚɏɚ 

ɘɚɥəɚɏɚ ɝɟɛɑɜɖɚɘɛɨɪɞɑɜɌ. ȹɟɒəɚ ɚɞɘɑ-

ɞɔɞɨ, ɣɞɚ ɔɡ ɝɜɑɐəɫɫ ɓɌɏɜɟɓɖɌ ɝɚɝɞɌɎɗɫɑɞ 

ɛɚ ɔɘɑɪɥɔɘɝɫ ɚɢɑəɖɌɘ 30% (ɜɔɝ. 1), Ɍ Ɏ 

əɚɣəɧɑ ɣɌɝɧ ɚəɔ Ɏɚɚɍɥɑ ɛɜɚɝɞɌɔɎɌɪɞ. ȾɌ-

ɖɔɑ ɖɚɘɛɨɪɞɑɜɧ ɚɍɗɌɐɌɪɞ əɑɍɚɗɨɤɚɕ 

ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɨɪ ɔ əɑɛɜɑɐɝɖɌɓɟɑɘɧɘ 

Ɏɜɑɘɑəɑɘ ɐɚɝɞɟɛəɚɝɞɔ ɜɑɝɟɜɝɚɎ, ɚɐəɌɖɚ ɔɡ 

ɘəɚɏɚ, ɛɚɩɞɚɘɟ ɚəɔ ɛɜɑɐɝɞɌɎɗɫɪɞ ɍɚɗɨɤɚɕ 

ɔəɞɑɜɑɝ ɐɗɫ ɛɚɗɨɓɚɎɌɞɑɗɑɕ GRID . 

 

ʈʠʩ. 1. ɻʨʘʬʠʢ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʨʝʩʫʨʩʦʚ 
ʪʝʨʤʠʥʘʣʴʥʳʭ ʩʝʨʚʝʨʦʚ ɻʆʋɺʇʆ çʅʦʨʠʣʴʩʢʠʡ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪè 
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Ȩɡɇɔɖ ɕɑɆɘɚɔɖɒ  
Ɋɑɥ ɗɖɆɈɓɎɘɋɑɢɓɔɉɔ ɆɓɆɑɎɍɆ 
Ȼɜɔ Ɏɧɍɚɜɑ ɛɗɌɞɠɚɜɘɧ ɐɗɫ ɜɌɓɜɌɍɚɞ-

ɖɔ ɘɚɍɔɗɨəɧɡ ɌɏɑəɞɚɎ GRID  ɐɗɫ ɜɌɍɚɣɔɡ 

ɝɞɌəɢɔɕ ɛɚɗɨɓɚɎɌɞɑɗɑɕ, ɐɚɘɌɤəɔɡ ɖɚɘ-

ɛɨɪɞɑɜɚɎ ɔ ɝɑɜɎɑɜɚɎ ɛɜɔɗɚɒɑəɔɕ əɑɚɍ-

ɡɚɐɔɘɚ ɟɣɔɞɧɎɌɞɨ, ɖɌɖɌɫ ɚɛɑɜɌɢɔɚəəɌɫ 

ɝɔɝɞɑɘɌ ɟɝɞɌəɚɎɗɑəɌ əɌ ɐɌəəɚɘ ɐɚɘɌɤ-

əɑɘ ɖɚɘɛɨɪɞɑɜɑ ɔɗɔ ɜɌɍɚɣɑɕ ɝɞɌəɢɔɔ. 

Ȼɚ ɐɌəəɧɘ ɔɝɝɗɑɐɚɎɌəɔɫ ɖɚɘɛɌəɔɔ Net 

Applications [5], ɚɝɟɥɑɝɞɎɗɫɪɥɑɕ ɘɚəɔ-

ɞɚɜɔəɏ ɖɚɘɛɨɪɞɑɜɚɎ, ɛɚɐɖɗɪɣɑəəɧɡ ɖ 

Ƚɑɞɔ, ɐɚɗɫ ɚɛɑɜɌɢɔɚəəɧɡ ɝɔɝɞɑɘ ɝɑɘɑɕ-

ɝɞɎɌ Microsoft Windows əɌ ɖɚəɑɢ 2008 ɏ. 

ɚɝɞɌɎɗɫɑɞ ɚɖɚɗɚ 89% (ɜɔɝ. 2).  

 

ʈʠʩ. 2. ɼʦʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʤʝʡʩʪʚ ʆʉ 

ȶɜɚɘɑ ɩɞɚɏɚ, ɛɗɌɞɠɚɜɘɌ, ɖɚɞɚɜɌɫ ɍɟ-

ɐɑɞ ɛɜɔɘɑəɫɞɨɝɫ ɐɗɫ ɜɌɓɜɌɍɚɞɖɔ ɘɚ-

ɍɔɗɨəɧɡ ɌɏɑəɞɚɎ, ɐɚɗɒəɌ ɚɍɗɌɐɌɞɨ ɝɗɑ-

ɐɟɪɥɔɘɔ ɖɌɣɑɝɞɎɌɘɔ: 

¶ ɛɚɐɐɑɜɒɖɌ ɝɑɞɑɎɚɏɚ ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ; 

¶ ɚɍɑɝɛɑɣɑəɔɑ ɛɑɜɑəɚɝɔɘɚɝɞɔ ɖɚɐɌ əɌ 

ɜɌɓɗɔɣəɧɑ ɛɗɌɞɠɚɜɘɧ; 

¶ ɘəɚɏɚɛɚɞɚɣəɌɫ ɚɍɜɌɍɚɞɖɌ; 

¶ ɍɑɓɚɛɌɝəɚɝɞɨ; 

¶ Ɏɚɓɘɚɒəɚɝɞɨ ɛɚɐɖɗɪɣɑəɔɫ ɔ ɚɍəɚɎ-

ɗɑəɔɫ ɘɚɐɟɗɑɕ ɍɑɓ ɛɑɜɑɖɚɘɛɔɗɫɢɔɔ. 

ȹɌɔɍɚɗɑɑ ɛɚɛɟɗɫɜəɚɕ ɔ ɛɑɜɝɛɑɖɞɔɎ-

əɚɕ ɞɑɡəɚɗɚɏɔɑɕ, ɖɚɞɚɜɌɫ ɛɜɔɘɑəɫɑɞɝɫ 

ɐɗɫ ɜɌɓɜɌɍɚɞɖɔ ɛɜɔɗɚɒɑəɔɕ ɛɚɐ ɝɑɘɑɕ-

ɝɞɎɚ ɚɛɑɜɌɢɔɚəəɧɡ ɝɔɝɞɑɘ Windows, ɫɎ-

ɗɫɑɞɝɫ Microsoft .NET Framework. ȶɜɚɘɑ 

ɞɚɏɚ, ɛɚɝɗɑ ɓɌɖɗɪɣɑəɔɫ ɐɚɏɚɎɚɜɑəəɚɝɞɔ 

[7] ɝ ɖɚɘɛɌəɔɑɕ Novell, ɍɧɗɌ ɛɜɔɓəɌəɌ 

ɞɑɡəɚɗɚɏɔɫ Mono [6] ɖɌɖ ɜɑɌɗɔɓɌɢɔɫ 

.NET əɌ Unix-ɛɚɐɚɍəɧɡ ɝɔɝɞɑɘɌɡ 

(GNU/Linux, Mac OS X).  

Ȯ ɜɑɓɟɗɨɞɌɞɑ, ɜɑɌɗɔɓɚɎɌɎ ɘɚɍɔɗɨəɧɡ 

ɌɏɑəɞɚɎ ɐɗɫ GRID -ɝɔɝɞɑɘɧ əɌ ɍɌɓɑ .NET 

Framework, ɚə ɍɟɐɑɞ ɠɟəɖɢɔɚəɔɜɚɎɌɞɨ 

əɌ 99% ɐɚɘɌɤəɔɡ ɖɚɘɛɨɪɞɑɜɚɎ ɔ ɜɌɍɚ-

ɣɔɡ ɝɞɌəɢɔɕ. ȶɜɚɘɑ ɞɚɏɚ, ɩɞɚ ɛɚɓɎɚɗɔɞ 

ɓəɌɣɔɞɑɗɨəɚ ɝəɔɓɔɞɨ ɝɞɚɔɘɚɝɞɨ ɔ ɝɜɚɖɔ 

ɜɌɓɜɌɍɚɞɖɔ, ɞ.ɖ. əɑɞ əɑɚɍɡɚɐɔɘɚɝɞɔ ɛɑɜɑ-

ɛɔɝɧɎɌɞɨ ɛɜɔɗɚɒɑəɔɫ ɛɚɐ ɐɜɟɏɔɑ ɛɗɌɞ-

ɠɚɜɘɧ. 

ȺɝəɚɎəɧɘ ɖɚəɖɟɜɑəɞɚɘ .NET  Fram e-

work  ɫɎɗɫɑɞɝɫ ɫɓɧɖ Java. Ⱥə ɞɌɖɒɑ ɫɎ-

ɗɫɑɞɝɫ ɖɜɚɝɝɛɗɌɞɠɚɜɘɑəəɧɘ. 

 ȺɝɞɌɗɨəɧɑ ɒɑ ɛɗɌɞɠɚɜɘɧ ɔ ɫɓɧɖɔ 

(Python , Oberon, C ɔ ɞ.ɐ.) ɔɘɑɪɞ ɛɜɚɍɗɑ-

ɘɧ ɝɚɎɘɑɝɞɔɘɚɝɞɔ ɝ ɜɌɓɗɔɣəɧɘɔ ɚɛɑɜɌ-

ɢɔɚəəɧɘɔ ɝɔɝɞɑɘɌɘɔ, ɗɔɍɚ ɞɜɑɍɟɪɞ ɛɑ-

ɜɑɖɚɘɛɔɗɫɢɔɔ. 

Ȼɚɩɞɚɘɟ Ɏ ɐɌəəɚɕ ɝɞɌɞɨɑ ɍɟɐɑɞ ɜɌɝ-

ɝɘɌɞɜɔɎɌɞɨɝɫ ɞɚɗɨɖɚ JAVA ɔ Microsoft  

.NET  Framework . 

ȷɖɆɈɓɋɓɎɋ ɕɑɆɘɚɔɖɒ 
ȽɜɌɎəɔɎɌɫ ɐɌəəɧɑ ɛɗɌɞɠɚɜɘɧ, əɑɚɍ-

ɡɚɐɔɘɚ ɛɑɜɑɣɔɝɗɔɞɨ ɛɑɜɑɣɑəɨ ɝɎɚɕɝɞɎ, 

ɡɌɜɌɖɞɑɜəɧɡ ɖɌɖ ɐɗɫ C#, ɞɌɖ ɔ ɐɗɫ Java. 

ȺɍɌ ɩɞɔ ɫɓɧɖɌ ɘɚɒəɚ ɜɌɝɝɘɌɞɜɔɎɌɞɨ ɖɌɖ 

ɛɚɛɧɞɖɟ ɟɝɚɎɑɜɤɑəɝɞɎɚɎɌɞɨ C++, ɔ əɟɒ-

əɚ ɛɜɔɓəɌɞɨ, ɣɞɚ Ɏ ɚɍɚɔɡ ɝɗɟɣɌɫɡ ɩɞɚ ɟɐɌ-

ɗɚɝɨ. ȶɌɖ ɘɚɒəɚ ɟɎɔɐɑɞɨ ɔɓ ɛɜɔɎɑɐɑəəɚ-

ɏɚ əɔɒɑ ɝɛɔɝɖɌ, Ɏɚ ɘəɚɏɚɘ C# ɔ Java            

ɝɡɚɒɔ: 

¶ ɔɝɡɚɐəɧɕ ɞɑɖɝɞ ɛɜɚɏɜɌɘɘɧ ɖɚɘ-

ɛɔɗɔɜɟɑɞɝɫ Ɏ ɛɜɚɘɑɒɟɞɚɣəɧɕ ɖɚɐ                   

(P-ɖɚɐ), əɑ ɓɌɎɔɝɫɥɔɕ ɚɞ ɫɓɧɖɌ ɔ 

ɛɗɌɞɠɚɜɘɧ; ɩɞɚɞ ɖɚɐ Ɏ ɐɌɗɨəɑɕɤɑɘ 

Ɏɧɛɚɗəɫɑɞɝɫ Ɏ ɝɛɑɢɔɌɗɨəɚɕ ɟɛɜɌɎɗɫɑɘɚɕ 

ɝɜɑɐɑ; 

¶ ɌɎɞɚɘɌɞɔɣɑɝɖɔɕ ɝɍɚɜ ɘɟɝɚɜɌ 

(Garbage Collection) ɔ ɓɌɛɜɑɞ əɌ 

ɔɝɛɚɗɨɓɚɎɌəɔɑ ɟɖɌɓɌɞɑɗɑɕ; Ɏ C# 

ɐɚɛɟɝɖɌɑɞɝɫ ɚɏɜɌəɔɣɑəəɚɑ ɔɝɛɚɗɨɓɚɎɌəɔɑ 

ɟɖɌɓɌɞɑɗɑɕ Ɏ ɍɗɚɖɌɡ ɖɚɐɌ, ɛɚɘɑɣɌɑɘɧɡ 

ɖɌɖ "əɑəɌɐɑɒəɧɑ" (unsafe); 

¶ ɚɞɝɟɞɝɞɎɔɑ ɓɌɏɚɗɚɎɚɣəɧɡ ɠɌɕɗɚɎ, 

Ɏɑɝɨ ɖɚɐ ɛɚɘɑɥɌɑɞɝɫ Ɏ ɛɌɖɑɞɧ (packages) 

ɔ ɝɍɚɜɖɔ (assemblies), əɔɖɌɖɔɡ ɛɜɚɍɗɑɘ ɝ 

ɛɚɜɫɐɖɚɘ ɚɍɦɫɎɗɑəɔɫ ɖɗɌɝɝɚɎ Ɏ ɝɗɟɣɌɑ 

əɌɗɔɣɔɫ ɛɑɜɑɖɜɑɝɞəɧɡ ɝɝɧɗɚɖ;  

¶ ɚɍɦɑɖɞɧ ɝɚɓɐɌɪɞɝɫ ɝ ɛɚɘɚɥɨɪ 

ɖɗɪɣɑɎɚɏɚ ɝɗɚɎɌ new, Ɏɧɐɑɗɑəɔɑ ɛɌɘɫɞɔ 
ɛɜɚɔɓɎɚɐɔɞɝɫ ɔɓ "ɖɟɣɔ" (heap), əɌɡɚ-

ɐɫɥɑɕɝɫ Ɏ ɜɌɝɛɚɜɫɒɑəɔɔ ɝɜɑɐɧ 

Ɏɧɛɚɗəɑəɔɫ;  

¶ ɘəɚɏɚɛɚɞɚɣəɚɝɞɨ ɛɚɐɐɑɜɒɔɎɌɑɞɝɫ 

ɛɟɞɑɘ ɍɗɚɖɔɜɚɎɌəɔɫ ɚɍɦɑɖɞɚɎ; 

¶ ɔəɞɑɜɠɑɕɝɧ ɝ ɘəɚɒɑɝɞɎɑəəɧɘ 

əɌɝɗɑɐɚɎɌəɔɑ ɔəɞɑɜɠɑɕɝɚɎ, ɚɐəɚɖɜɌɞəɚɑ 

əɌɝɗɑɐɚɎɌəɔɑ ɜɑɌɗɔɓɌɢɔɕ;  

¶ Ɏəɟɞɜɑəəɔɑ ɖɗɌɝɝɧ;  
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¶ ɚɞɝɟɞɝɞɎɔɑ ɖɚəɢɑɛɢɔɔ əɌɝɗɑɐɚ-

ɎɌəɔɫ ɖɗɌɝɝɚɎ ɝ ɓɌɐɌəəɧɘ ɟɜɚɎəɑɘ 

ɐɚɝɞɟɛɌ; 

¶ ɚɞɝɟɞɝɞɎɔɑ ɏɗɚɍɌɗɨəɧɡ ɠɟəɖɢɔɕ ɔ 

ɖɚəɝɞɌəɞ, Ɏɝɑ ɩɗɑɘɑəɞɧ ɐɚɗɒəɧ ɛɜɔ-

əɌɐɗɑɒɌɞɨ ɖɗɌɝɝɌɘ;  

¶ ɘɌɝɝɔɎɧ ɔ ɝɞɜɚɖɔ ɝɚ Ɏɝɞɜɚɑəəɚɕ 

ɐɗɔəɚɕ ɔ ɛɜɚɎɑɜɖɚɕ ɏɜɌəɔɢ;  

¶ ɗɪɍɌɫ ɎɑɗɔɣɔəɌ ɐɚɗɒəɌ ɍɧɞɨ ɛɜɚ-

ɔəɔɢɔɌɗɔɓɔɜɚɎɌəɌ ɐɚ ɞɚɏɚ, ɖɌɖ ɍɟɐɑɞ 

ɔɝɛɚɗɨɓɚɎɌəɌ; 

¶ ɤɔɜɚɖɔɑ Ɏɚɓɘɚɒəɚɝɞɔ ɛɚ ɝɑɞɑɎɚɘɟ 

ɎɓɌɔɘɚɐɑɕɝɞɎɔɪ. 

ȹɌɗɔɣɔɑ ɝɍɚɜɚɖ (ɛɌɖɑɞɚɎ) ɫɎɗɫɑɞɝɫ 

ɚɐəɔɘ ɔɓ əɌɔɍɚɗɑɑ ɎɌɒəɧɘ ɝɎɚɕɝɞɎ, ɖɚ-

ɞɚɜɧɘ ɐɚɗɒəɌ ɚɍɗɌɐɌɞɨ ɛɗɌɞɠɚɜɘɌ, əɌ 

ɖɚɞɚɜɚɕ ɍɟɐɟɞ ɝɚɓɐɌɎɌɞɨɝɫ ɘɚɍɔɗɨəɧɑ 

Ɍɏɑəɞɧ. 

ȽɍɚɜɖɌ (ɛɌɖɑɞ) ð ɩɞɚ ɝɌɘɚɝɞɚɫɞɑɗɨəɧɕ, 

ɠɟəɖɢɔɚəɌɗɨəɧɕ ɘɚɐɟɗɨ, "ɗɚɏɔɣɑɝɖɌɫ" 

dll  (ɐɔəɌɘɔɣɑɝɖɔ ɛɚɐɏɜɟɒɌɑɘɌɫ). Ƚɍɚɜɖɔ 

(ɛɌɖɑɞɧ) ɍɧɎɌɪɞ ɐɎɟɡ ɞɔɛɚɎ: 

Á ɝɞɌɞɔɣɑɝɖɔɑ; 

Á ɐɔəɌɘɔɣɑɝɖɔɑ.  

ȽɞɌɞɔɣɑɝɖɌɫ ɝɍɚɜɖɌ (ɛɌɖɑɞ) ɠɔɓɔɣɑ-

ɝɖɔ ɝɚɝɞɚɔɞ ɔɓ ɚɐəɚɏɚ ɔɗɔ əɑɝɖɚɗɨɖɔɡ 

ɠɌɕɗɚɎ. ɉɞɔ ɠɌɕɗɧ ɚɍɦɑɐɔəɑəɧ ɘɌəɔ-

ɠɑɝɞɚɘ. ȸɌəɔɠɑɝɞ ð ɣɌɝɞɨ ɝɍɚɜɖɔ, ɐɑ-

ɖɗɌɜɔɜɟɪɥɌɫ ɘɑɞɌɐɌəəɧɑ, ɞɚ ɑɝɞɨ ɚɛɔ-

ɝɧɎɌɪɥɌɫ ɝɍɚɜɖɟ ɔ ɛɌɜɌɘɑɞɜɧ ɐɗɫ ɑɑ 

ɔɝɛɚɗɨɓɚɎɌəɔɫ. ȱɝɗɔ ɝɍɚɜɖɌ ɝɚɝɞɚɔɞ ɔɓ 

ɚɐəɚɏɚ ɠɌɕɗɌ, ɘɌəɔɠɑɝɞ ɛɚɘɑɥɌɑɞɝɫ Ɏ 

PE (portable executable) ɖɚɐ, ɠɚɜɘɔɜɟɫ 

ɚɐəɚɠɌɕɗɚɎɟɪ ɝɍɚɜɖɟ. ȱɝɗɔ ɒɑ ɝɍɚɜɖɌ 

əɑ ɚɏɜɌəɔɣɑəɌ ɚɐəɔɘ ɠɌɗɚɘ, ɞɚ Ɏɚɓ-

ɘɚɒəɚ ɖɌɖ Ɏɖɗɪɣɔɞɨ ɘɌəɔɠɑɝɞ Ɏ ɚɐɔə 

ɔɓ ɠɌɕɗɚɎ ɝ PE ɖɚɐɚɘ, ɞɌɖ ɔ ɛɚɘɑɝɞɔɞɨ 

ɑɏɚ Ɏ ɚɞɐɑɗɨəɚɘ ɠɌɕɗɑ. ȽɜɑɐɌ Ɏɧɛɚɗəɑ-

əɔɫ Ɏɧɛɚɗəɫɑɞ ɛɜɚɏɜɌɘɘəɧɕ ɖɚɐ, ɞɚɗɨ-

ɖɚ ɑɝɗɔ ɝ əɔɘ ɌɝɝɚɢɔɔɜɚɎɌə ɘɌəɔɠɑɝɞ. 

ȽɍɚɜɖɌ ɘɚɒɑɞ ɔɘɑɞɨ ɞɚɗɨɖɚ ɚɐəɟ ɞɚɣɖɟ 

ɎɡɚɐɌ.  

ȰɔəɌɘɔɣɑɝɖɔɑ ɝɍɚɜɖɔ ɏɑəɑɜɔɜɟɪɞɝɫ 

ɘɌɤɔəɚɕ ɝɢɑəɌɜɔɑɎ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ 

ɔəɞɑɜɠɑɕɝɚɎ ɛɜɔɖɗɌɐəɚɏɚ ɛɜɚɏɜɌɘɘɔɜɚ-

ɎɌəɔɫ, ɛɜɑɐɚɝɞɌɎɗɫɑɘɧɡ ɚɍɥɑɫɓɧɖɚɎɚɕ 

ɝɜɑɐɚɕ Ɏɧɛɚɗəɑəɔɫ.  

ɀɌɕɗɧ, ɝɚɝɞɌɎɗɫɪɥɔɑ ɝɍɚɜɖɟ, ɚɍɦ-

ɑɐɔəɑəɧ ɗɚɏɔɣɑɝɖɔ, əɑɓɌɎɔɝɔɘɚ ɚɞ ɔɡ 

ɠɔɓɔɣɑɝɖɚɏɚ ɛɚɗɚɒɑəɔɫ, ɝɎɫɓɧɎɌɑɞ ɔɡ 

ɘɌəɔɠɑɝɞ. ȽɜɑɐɌ Ɏɧɛɚɗəɑəɔɫ ɜɌɝɢɑəɔ-

ɎɌɑɞ ɝɍɚɜɖɟ ɖɌɖ ɢɑɗɨəɧɕ ɘɚɐɟɗɨ. Ȼɜɔ 

ɜɌɓɜɌɍɚɞɖɑ ɛɜɚɏɜɌɘɘəɚɏɚ ɛɜɚɐɟɖɞɌ ɎɌɒ-

əɚ ɜɌɓɟɘəɚ ɜɌɓɍɔɞɨ ɑɏɚ əɌ ɝɍɚɜɖɔ. ɃɌɝɞɚ 

ɡɎɌɞɌɑɞ ɚɐəɚɕ ɝɍɚɜɖɔ. Ƚɍɚɜɖɔ ɌɎɞɚɘɌɞɔ-

ɣɑɝɖɔ ɝɚɓɐɌɪɞɝɫ ɝɜɑɐɚɕ ɜɌɓɜɌɍɚɞɖɔ 

(əɌɛɜɔɘɑɜ VS.NET), ɞɌɖɒɑ ɘɚɒəɚ ɘɌəɔ-

ɛɟɗɔɜɚɎɌɞɨ ɔɘɔ ɝ ɛɚɘɚɥɨɪ ɜɌɓɗɔɣəɧɡ 

ɟɞɔɗɔɞ (əɌɛɜɔɘɑɜ .NET Framework 

SDK).  

ȽɍɚɜɖɌ ɠɚɜɘɔɜɟɑɞ ɛɜɔɗɚɒɑəɔɑ, ɛɜɔ-

ɣɑɘ ɛɜɔɗɚɒɑəɔɑ ɘɚɒɑɞ ɐɔəɌɘɔɣɑɝɖɔ ɓɌ-

ɖɌɣɔɎɌɞɨ (ɔɗɔ ɛɚɗɟɣɌɞɨ ɔəɧɘ ɝɛɚɝɚɍɚɘ) 

ɝɍɚɜɖɔ, əɑɚɍɡɚɐɔɘɧɑ ɐɗɫ Ɏɧɛɚɗəɑəɔɫ. 

ɉɞɚ, Ɏ ɜɌɘɖɌɡ ɝɔɝɞɑɘɧ ɖɚəɞɜɚɗɫ Ɏɑɜɝɔɕ, 

ɐɑɗɌɑɞ ɖɚɘɛɚəɑəɞəɚ-ɚɜɔɑəɞɔɜɚɎɌəəɟɪ 

ɜɌɓɜɌɍɚɞɖɟ ɟɐɚɍəɑɑ. ȽɔɝɞɑɘɌ ɖɚəɞɜɚɗɫ 

Ɏɑɜɝɔɕ ɛɚɓɎɚɗɫɑɞ əɑ ɞɚɗɨɖɚ ɌɎɞɚɘɌɞɔɣɑ-

ɝɖɔ Ɏɧɛɚɗəɫɞɨ ɛɚɝɗɑɐəɪɪ ɝɚɎɘɑɝɞɔɘɟɪ 

Ɏɑɜɝɔɪ, əɚ ɔ Ɏɧɛɚɗəɫɞɨ ɜɌɓəɧɑ Ɏɑɜɝɔɔ 

ɚɐəɚɕ ɝɍɚɜɖɔ əɌ ɚɐəɚɕ ɘɌɤɔəɑ ɔ ɐɌɒɑ Ɏ 

ɚɐəɚɘ ɛɜɚɢɑɝɝɑ.  

Ⱦɑɘ ɝɌɘɧɘ, ɝɍɚɜɖɔ ɘɚɒəɚ ɔɝɛɚɗɨɓɚ-

ɎɌɞɨ ɐɗɫ ɐɔəɌɘɔɣɑɝɖɚɏɚ ɛɚɐɖɗɪɣɑəɔɫ ɔ 

ɚɍəɚɎɗɑəɔɫ ɘɚɍɔɗɨəɧɡ ɌɏɑəɞɚɎ GRID , 

ɍɑɓ ɔɡ ɛɑɜɑɓɌɏɜɟɓɖɔ. 

ȺɛɑɜɌɢɔɪ ɚɍəɚɎɗɑəɔɫ ɘɚɐɟɗɫ ɘɚɒəɚ 

ɛɜɚɎɚɐɔɞɨ ɝ ɛɚɘɚɥɨɪ ɝɗɑɐɟɪɥɑɏɚ Ɍɗɏɚ-

ɜɔɞɘɌ: 

1) ɖɚɘɛɔɗɫɢɔɫ əɚɎɚɕ ɝɍɚɜɖɔ ɘɚɐɟɗɫ, 

ɖɚɞɚɜɧɕ əɑɚɍɡɚɐɔɘɚ ɚɍəɚɎɔɞɨ; 

2) ɜɌɓɘɑɥɑəɔɑ ɝɍɚɜɖɔ əɌ ɚɍɥɑɐɚ-

ɝɞɟɛəɚɘ ɝɑɜɎɑɜɑ; 

3) ɚɛɚɎɑɥɑəɔɑ ɌɏɑəɞɚɎ ɚ əɑɚɍɡɚɐɔɘɚ-

ɝɞɔ ɚɍəɚɎɔɞɨ ɘɚɐɟɗɨ; 

4) ɓɌɏɜɟɓɖɌ Ɍɏɑəɞɚɘ əɚɎɚɕ Ɏɑɜɝɔɔ 

ɝɍɚɜɖɔ əɌ ɒɑɝɞɖɔɕ ɐɔɝɖ ɔɗɔ Ɏ ɚɛɑɜɌɞɔɎ-

əɟɪ ɛɌɘɫɞɨ; 

5) ɚɞɖɗɪɣɑəɔɑ ɌɏɑəɞɌ ɛɚɝɗɑ ɓɌɎɑɜɤɑ-

əɔɫ ɛɚɝɗɑɐəɑɕ ɚɛɑɜɌɢɔɔ, ɘɚɐɟɗɫ, ɖɚɞɚ-

ɜɧɕ əɑɚɍɡɚɐɔɘɚ ɚɍəɚɎɔɞɨ; 

6) ɛɚɐɖɗɪɣɑəɔɑ əɚɎɚɕ Ɏɑɜɝɔɔ ɘɚɐɟɗɫ. 

Ȼɚɝɗɑ ɓɌɎɑɜɤɑəɔɫ ɚɍəɚɎɗɑəɔɫ Ɍɏɑəɞ 

ɘɚɒɑɞ ɛɜɚɐɚɗɒɌɞɨ ɚɛɑɜɌɢɔɔ, ɖɚɞɚɜɧɑ 

ɔɝɛɚɗɨɓɟɪɞ ɐɌəəɧɕ ɘɚɐɟɗɨ. ȶɌɖ Ɏɔɐəɚ, 

ɛɜɔ ɛɜɔɘɑəɑəɔɔ ɐɌəəɚɕ ɞɑɡəɚɗɚɏɔɔ əɑɞ 

əɑɚɍɡɚɐɔɘɚɝɞɔ ɛɑɜɑɓɌɏɜɟɒɌɞɨ ɟɓɑɗ. 

Ȱɗɫ ɛɚɐɖɗɪɣɑəɔɫ əɚɎɧɡ ɘɚɐɟɗɑɕ 

ɘɚɒəɚ ɘɚɐɔɠɔɢɔɜɚɎɌɞɨ ɛɜɑɐɧɐɟɥɔɕ Ɍɗ-

ɏɚɜɔɞɘ:  

1) ɖɚɘɛɔɗɫɢɔɫ əɚɎɚɕ ɝɍɚɜɖɔ ɘɚɐɟɗɫ, 

ɖɚɞɚɜɧɕ əɑɚɍɡɚɐɔɘɚ ɛɚɐɖɗɪɣɔɞɨ; 

2) ɜɌɓɘɑɥɑəɔɑ ɝɍɚɜɖɔ əɌ ɚɍɥɑɐɚ-

ɝɞɟɛəɚɘ ɝɑɜɎɑɜɑ; 
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3) ɚɛɚɎɑɥɑəɔɑ Ɏɝɑɡ ɌɏɑəɞɚɎ ɚ əɑɚɍɡɚ-

ɐɔɘɚɝɞɔ ɓɌɏɜɟɓɔɞɨ ɔ ɛɚɐɖɗɪɣɔɞɨ əɚɎɧɕ 

ɘɚɐɟɗɨ; 

4) ɓɌɏɜɟɓɖɌ Ɍɏɑəɞɚɘ əɚɎɚɕ ɝɍɚɜɖɔ əɌ 

ɒɑɝɞɖɔɕ ɐɔɝɖ ɔɗɔ Ɏ ɚɛɑɜɌɞɔɎəɟɪ ɛɌɘɫɞɨ; 

5) ɛɚɐɖɗɪɣɑəɔɑ əɚɎɚɏɚ ɘɚɐɟɗɫ. 

ɁɜɌəɑəɔɑ əɚɎɧɡ ɘɚɐɟɗɑɕ ɔ Ɏɑɜɝɔɕ 

ɘɚɐɟɗɑɕ ɘɚɒəɚ ɚɝɟɥɑɝɞɎɗɫɞɨ ɜɌɓɗɔɣ-

əɧɘɔ ɝɛɚɝɚɍɌɘɔ, Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɛɚ-

ɞɜɑɍəɚɝɞɑɕ ɚɜɏɌəɔɓɌɞɚɜɚɎ GRID . 

ȹɌɛɜɔɘɑɜ, ɡɜɌəɔɗɔɥɑ ɘɚɒəɚ ɚɜɏɌəɔɓɚ-

ɎɌɞɨ ɝ ɛɚɘɚɥɨɪ ɜɌɓɗɔɣəɧɡ ɍɌɓ ɐɌəəɧɡ, 

ɓɌɏɜɟɒɌɫ ɘɚɐɟɗɔ Ɏ ɍɔəɌɜəɧɑ ɛɚɗɫ ɔ ɛɚ 

ɞɜɑɍɚɎɌəɔɪ ɛɜɑɐɚɝɞɌɎɗɫɞɨ ɔɡ ɟɓɗɌɘ. 

Ȱɗɫ ɓɌɏɜɟɓɖɔ əɚɎɧɡ ɘɚɐɟɗɑɕ ɔ ɚɍ-

əɚɎɗɑəɔɕ əɑɚɍɡɚɐɔɘɌ ɛɚɐɐɑɜɒɖɌ ɞɑɡ 

ɛɜɚɞɚɖɚɗɚɎ, ɛɚɜɞɧ ɖɚɞɚɜɧɡ ɚɍɧɣəɚ ɚɞ-

ɖɜɧɞɧ əɌ ɍɚɗɨɤɔəɝɞɎɑ firewall  ɔ əɑ 

ɍɗɚɖɔɜɟɪɞɝɫ ɛɜɚɎɌɕɐɑɜɌɘɔ. Ƚɜɑɐɔ əɔɡ: 

1) http (80,8080) ð ɝɞɌəɐɌɜɞəɧɕ ɛɜɚ-

ɞɚɖɚɗ ɐɚɝɞɟɛɌ ɖ Ɏɑɍ-ɜɑɝɟɜɝɌɘ; 

2) https (443) ð ɓɌɥɔɥɑəəɧɕ ɎɌɜɔɌəɞ 

http ɛɜɚɞɚɖɚɗɌ; 

3) ftp (21) ð ɝɞɌəɐɌɜɞəɧɕ ɛɜɚɞɚɖɚɗ 

ɐɚɝɞɟɛɌ ɖ ɠɌɕɗɚɎɧɘ ɜɑɝɟɜɝɌɘ; 

4) ftps (990) ð ɓɌɥɔɥɑəəɧɕ ɎɌɜɔɌəɞ 

ftp ɛɜɚɞɚɖɚɗɌ. 

ȺɐəɌɖɚ ɐɗɫ ɚɍɑɝɛɑɣɑəɔɫ ɍɑɓɚɛɌɝəɚɝɞɔ 

ɔ ɓɌɥɔɞɧ ɚɞ ɛɚɐɘɑəɧ ɘɚɐɟɗɑɕ ɔ ɚɍəɚɎ-

ɗɑəɔɕ əɑɚɍɡɚɐɔɘɚ ɛɜɔɘɑəɫɞɨ ɓɌɥɔɥɑə-

əɧɑ ɘɑɞɚɐɧ ɛɑɜɑɐɌɣɔ ɔəɠɚɜɘɌɢɔɔ: https 

ɔ ftps. Ȯɚɓɘɚɒəɚɝɞɨɪ ɜɌɍɚɞɧ ɛɚ ɐɌəəɧɘ 

ɛɜɚɞɚɖɚɗɌɘ ɚɍɗɌɐɌɑɞ ɖɌɖ .NET  Fram e-

work, ɞɌɖ ɔ Java. 

ȻɚɗɟɣɌɑɞɝɫ, ɣɞɚ .NET  Framework  ɔ 

Java ɚɍɗɌɐɌɪɞ ɝɡɚɒɔɘ əɌɍɚɜɚɘ ɝɎɚɕɝɞɎ ɔ 

Ɏɚɓɘɚɒəɚɝɞɑɕ. Ȼɚɩɞɚɘɟ ɜɑɤɌɪɥɔɘ ɠɌɖ-

ɞɚɜɚɘ (Ɏ Ɏɧɍɚɜɑ ɛɗɌɞɠɚɜɘɧ ɐɗɫ ɜɌɓɜɌ-

ɍɚɞɖɔ ɘɚɍɔɗɨəɧɡ ɌɏɑəɞɚɎ) ɫɎɗɫɑɞɝɫ ɛɜɚ-

ɔɓɎɚɐɔɞɑɗɨəɚɝɞɨ. Ȱɗɫ ɎɧɫɎɗɑəɔɫ çɗɔɐɑ-

ɜɌè əɑɚɍɡɚɐɔɘɚ ɛɜɚɎɑɝɞɔ ɜɫɐ ɞɑɝɞɚɎ, Ɏ ɖɚ-

ɞɚɜɧɡ ɍɟɐɑɞ ɛɜɚɔɓɎɑɐɑəɌ ɛɜɚɎɑɜɖɌ ɛɜɚ-

ɔɓɎɚɐɔɞɑɗɨəɚɝɞɔ ɐɌəəɧɡ ɛɗɌɞɠɚɜɘ əɌ 

ɛɜɚɝɞɑɕɤɔɡ ɚɛɑɜɌɢɔɫɡ (ɝɘ. ɞɌɍɗɔɢɟ). 

ȺɛɔɜɌɫɝɨ əɌ ɜɑɓɟɗɨɞɌɞɧ ɞɌɍɗɔɢɧ, 

ɘɚɒəɚ ɝɖɌɓɌɞɨ, ɣɞɚ .NET  Framework  ɛɚ 

ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɔ ɛɜɑɎɚɝɡɚɐɔɞ Java. 

 

ʆʧʝʨʘʮʠʷ, ʷʟʳʢ 
PIII 800 AMD 1400 

ɺ ʩʝʢʫʥʜʘʭ 
ɺʳʟʦʚ ʤʝʪʦʜʘ ʦʙʲʝʢʪʘ (Mehod call) 

C# (.NET) 2.51 2.16 
Java 8.90 4.20 

ɺʳʟʦʚ ʚʠʨʪʫʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʦʙʲʝʢʪʘ (virtual 
mehod call)  

C# (.NET) 15.66 7.22 
Java 29.15 14.48 

ɼʦʩʪʫʧ ʢ ʯʣʝʥʘʤ ʢʣʘʩʩʘ 

C# (.NET) 3.99 3.54 
Java 7.55 4.85 

Quick Sort (ʙʳʩʪʨʘʷ ʩʦʨʪʠʨʦʚʢʘ) 

C# (.NET) 16.73 9.50 
Java 24.49 24.49 

ʇʫʟʳʨʴʢʦʚʘʷ ʩʦʨʪʠʨʦʚʢʘ 

C# (.NET) 8.16 6.20 
Java 20.63 10.37 

ʇʦʜʩʯʝʪ pi (ʮʝʣʦʯʠʩʣʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ) 

C# (.NET) 10.35 6.90 
Java 10.99 7.56 

Tree sort 

C# (.NET) 33.66 23.60 
Java 22.91 16.20 

String-ʪʝʩʪ 

C# (.NET) 7.18 3.38 

Java 7.55 3.48 
Float-ʊʝʩʪ 

C# (.NET) 39.28 12.24 
Java 39.05 12.98 

 Ȼɚɝɗɑ ɞɚɏɚ ɖɌɖ ɛɜɚɎɑɐɑəɚ ɐɌəəɚɑ 

ɝɜɌɎəɑəɔɑ, ɘɚɒəɚ ɝ ɟɎɑɜɑəəɚɝɞɨɪ ɟɞɎɑɜ-

ɒɐɌɞɨ, ɣɞɚ .Net ɔ Java ð ɩɞɚ ɛɗɌɞɠɚɜɘɧ, 

əɌ ɖɚɞɚɜɧɡ ɘɚɒəɚ ɜɌɓɜɌɍɌɞɧɎɌɞɨ ɘɚ-

ɍɔɗɨəɧɡ ɌɏɑəɞɚɎ ɐɗɫ GRID  ɝ ɔɝɛɚɗɨɓɚɎɌ-

əɔɑ ɐɚɘɌɤəɔɡ ɖɚɘɛɨɪɞɑɜɚɎ ɔ ɜɌɍɚɣɔɡ 

ɝɞɌəɢɔɕ, ɞ.ɖ. ɚəɔ ɚɍɗɌɐɌɪɞ Ɏɝɑɘɔ əɑɚɍɡɚ-

ɐɔɘɧɘɔ ɖɌɣɑɝɞɎɌɘɔ, Ɍ ɔɘɑəəɚ: 

¶ ɛɚɐɐɑɜɒɖɌ ɝɑɞɑɎɚɏɚ ɎɓɌɔɘɚɐɑɕɝɞɎɔɫ; 

¶ ɚɍɑɝɛɑɣɑəɔɑ ɛɑɜɑəɚɝɔɘɚɝɞɔ ɖɚɐɌ əɌ 

ɜɌɓɗɔɣəɧɑ ɛɗɌɞɠɚɜɘɧ; 

¶ ɘəɚɏɚɛɚɞɚɣəɌɫ ɚɍɜɌɍɚɞɖɌ; 

¶ ɍɑɓɚɛɌɝəɚɝɞɨ; 

¶ Ɏɚɓɘɚɒəɚɝɞɨ ɛɚɐɖɗɪɣɑəɔɫ ɔ ɚɍəɚɎ-

ɗɑəɔɫ ɘɚɐɟɗɑɕ ɍɑɓ ɛɑɜɑɖɚɘɛɔɗɫɢɔɔ. 

ȺɐəɌɖɚ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɛɗɌɞɠɚɜɘɧ 

.NET  ɐɗɫ ɜɌɓɜɌɍɚɞɖɔ ɘɚɍɔɗɨəɧɡ ɌɏɑəɞɚɎ 

ɔɘɑɑɞ ɝɗɑɐɟɪɥɔɑ ɛɜɑɔɘɟɥɑɝɞɎɌ: 

¶ ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɨ .NET  Ɏɧɤɑ ɛɚ 

ɝɜɌɎəɑəɔɪ ɝ Java; 

¶ ɔɝɛɚɗɨɓɚɎɌəɔɑ çɜɚɐəɧɡè ɐɗɫ .NET  

ɚɛɑɜɌɢɔɚəəɧɡ ɝɔɝɞɑɘ ɝɑɘɑɕɝɞɎɌ Windows 

ɛɚɎɧɤɌɑɞ ɝɞɌɍɔɗɨəɚɝɞɨ ɔ ɝɚɎɘɑɝɞɔɘɚɝɞɨ 

ɛɜɚɏɜɌɘɘ. 
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ȿȰȶ 681.3  

Ƚ.Ȭ. ȸɌɗɨɣɑɎɝɖɔɕ 

ȶȦȭȶȦȧȴȸȰȦ ȲȫȸȴȪȴȨ ȶȦȷȵȴȭȳȦȨȦȳȮɅ                         

ȴȪȳȴȸȮȵȳɁȻ ȰȱȦȷȷȴȨ ȳȦ ȮȭȴȧȶȦȬȫȳȮȮ                                                                                        

ȷ ȵȶȮȲȫȳȫȳȮȫȲ ȵȶȴȸȴȸȮȵ-ȴȧȶȦȭȦ 

ʈʘʩʩʤʦʪʨʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʪʦʪʠʧ-ʦʙʨʘʟʘ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 
ʦʜʥʦʪʠʧʥʳʭ ʢʣʘʩʩʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ. ʇʝʨʚʳʡ ʧʦʜʭʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʥʝʡʨʦ-ʥʝʯʝʪʢʦʤ ʘʥʘʣʠʟʝ ʦʙʫʯʘ-
ʶʱʝʡ ʚʳʙʦʨʢʠ, ʚʪʦʨʦʡ ï ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʩʘʤʦʦʙʫʯʝʥʠʝʤ (ʧʝʨʚʳʝ ʜʚʘ ʧʦʜʭʦʜʘ ʷʚ-
ʣʷʶʪʩʷ ʘʚʪʦʨʩʢʠʤʠ). ʊʨʝʪʠʡ ʧʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʛʦʩʣʦʡʥʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ (ʦʙʫʯʝʥʠʝ 
ʩ ʫʯʠʪʝʣʝʤ). 
ʉʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʜʥʦʪʠʧʥʳʭ ʢʣʘʩʩʦʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʠ: ʫʜʘʣʝʥʥʳʡ 

ʘʥʘʣʠʟ ʵʢʦʩʠʩʪʝʤ, ʤʝʭʘʥʠʟʤ ʟʨʝʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ ʬʦʪʦ-
ʛʨʘʬʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦ-ʥʝʯʝʪʢʠʡ ʚʳʚʦʜ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʦʚ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʢʦʤʧʴʶ-
ʪʝʨʥʦʝ ʟʨʝʥʠʝ. 

ȺɍɚɍɥɑəəɌɫ ɝɡɑɘɌ ɜɌɍɚɞɧ ɌɗɏɚɜɔɞɘɌ 

ɜɌɝɛɚɓəɌɎɌəɔɫ ɚɐəɚɞɔɛəɧɡ ɖɗɌɝɝɚɎ ɛɜɑɐ-

ɝɞɌɎɗɑəɌ əɌ ɜɔɝ. 1. ȶɌɖ Ɏɔɐəɚ, ɛɜɚɞɚɞɔɛ 

ɠɚɜɘɔɜɟɑɞɝɫ ɛɟɞɑɘ ɚɍɟɣɑəɔɫ əɌ ɘəɚɒɑ-

ɝɞɎɑ M ɛɜɔɘɑɜɚɎ.  

Ȼɜɔɘɑɜɧ ɚɍɜɌɓɢɚɎ ɐɗɫ ɚɍɟɣɑəɔɫ Ɏɧ-

ɍɔɜɌɪɞɝɫ ɝ Ɏɚɓɘɚɒəɧɘɔ ɎɌɜɔɌɢɔɫɘɔ ɔ 

ɚɞɖɗɚəɑəɔɫɘɔ ɐɗɫ ɍɚɗɨɤɑɕ ɌɐɌɛɞɔɜɟɑ-

ɘɚɝɞɔ Ɏ ɐɌɗɨəɑɕɤɑɘ ɛɜɔ ɌəɌɗɔɓɑ ɔɓɚɍ-

ɜɌɒɑəɔɕ. 

ȸəɚɒɑɝɞɎɚ ȸ ɠɚɜɘɔɜɟɑɞɝɫ, ɔɝɡɚɐɫ 

ɔɓ Ɏɧɍɚɜɚɖ, ɏɐɑ ɔɝɡɚɐəɧɕ ɖɗɌɝɝ ɛɜɔɝɟɞ-

ɝɞɎɟɑɞ əɌ ɚɍɜɌɓɢɑ (positive-ɎɧɍɚɜɖɌ M p), 

Ɍ ɞɌɖɒɑ ɏɐɑ ɚɞɝɟɞɝɞɎɟɑɞ (negative-

ɎɧɍɚɜɖɌ M n).  

ȹɌ ɜɔɝ. 2 ɛɜɚɐɑɘɚəɝɞɜɔɜɚɎɌəɌ ɣɌɝɞɨ 

ɚɍɟɣɌɪɥɑɕ Ɏɧɍɚɜɖɔ ɐɗɫ ɓɌɐɌɣɔ ɟɐɌ-

ɗɑəəɚɏɚ ɘɚəɔɞɚɜɔəɏɌ ɣɔɝɗɑəəɚɝɞɔ ɐɔ-

ɖɔɡ ɝɑɎɑɜəɧɡ ɚɗɑəɑɕ ɝɚ ɝəɔɘɖɚɎ Ɍɩɜɚ-

ɠɚɞɚɝɦɑɘɖɔ. 

 

ʈʠʩ. 1. ʆʙʦʙʱʝʥʥʘʷ ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʘ                               
ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʜʥʦʪʠʧʥʳʭ ʢʣʘʩʩʦʚ 
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ʈʠʩ. 2. ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ: ʘ ï positive-ʚʳʙʦʨʢʘ; 
ʙ ï negative-ʚʳʙʦʨʢʘ 

ȶɌɖ Ɏɔɐəɚ ɔɓ ɜɔɝ. 2, Ɏ ɖɌɣɑɝɞɎɑ 

positive -Ɏɧɍɚɜɖɔ ɔɝɛɚɗɨɓɟɪɞɝɫ ɏɜɌɠɔ-

ɣɑɝɖɔɑ ɔɓɚɍɜɌɒɑəɔɫ ɔɝɡɚɐəɚɏɚ ɖɗɌɝɝɌ  

(Ɏ ɐɌəəɚɘ ɝɗɟɣɌɑ, ɐɔɖɔɕ ɝɑɎɑɜəɧɕ 

ɚɗɑəɨ) Ɏ ɜɌɓəɧɡ ɞɜɌəɝɠɚɜɘɌɢɔɫɡ, ɛɜɔ 

ɜɌɓɗɔɣəɚɕ ɚɝɎɑɥɑəəɚɝɞɔ, əɌ ɜɌɓəɧɡ ɛɚ-

Ɏɑɜɡəɚɝɞɫɡ. Ȯɚɓɘɚɒəɚ ɛɜɔɘɑəɑəɔɑ Ɍɠ-

ɠɔəəɧɡ ɛɜɑɚɍɜɌɓɚɎɌəɔɕ ɐɗɫ ɍɚɗɨɤɑɕ 

ɏɔɍɖɚɝɞɔ ɠɚɜɘɔɜɚɎɌəɔɫ Ɏɧɍɚɜɖɔ. Ȭɠ-

ɠɔəəɚɑ ɛɜɑɚɍɜɌɓɚɎɌəɔɑ ɘɚɒəɚ ɓɌɛɔɝɌɞɨ 

Ɏ Ɏɔɐɑ: 

tRxxf +Ö=)( . 

ȰɚɛɟɝɖɌɑɞɝɫ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɝɗɑɐɟɪ-

ɥɔɡ ɞɔɛɚɎ ɛɜɑɚɍɜɌɓɚɎɌəɔɕ: ɚɞɜɌɒɑəɔɑ, 

ɛɌɜɌɗɗɑɗɨəɧɕ ɛɑɜɑəɚɝ, ɛɚɎɚɜɚɞ, ɝɒɌ-

ɞɔɑ/ɜɌɝɞɫɒɑəɔɑ.  ɂɑɗɑɝɚɚɍɜɌɓəɧɘ ɫɎɗɫ-

ɑɞɝɫ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɚɞɜɌɒɑəɔɫ, Ɍ ɞɌɖɒɑ 

ɛɚɎɚɜɚɞɌ. ȹɌɛɜɔɘɑɜ, ɛɜɔ Ɏɧɛɚɗəɑəɔɔ 

ɚɛɑɜɌɢɔɔ ɛɚɎɚɜɚɞɌ əɌ ɓɌɐɌəəɧɕ ɟɏɚɗ phi , 
ɘɌɞɜɔɢɌ R ɔɘɑɑɞ Ɏɔɐ: 

ö

ö

ö

÷

õ

æ

æ

æ

ç

å

-=

100

0)cos()sin(

0)sin()cos(

phiphi

phiphi

R . 

Negative -ɎɧɍɚɜɖɌ ɝɚɐɑɜɒɔɞ ɚɍɜɌɓɢɧ, 

əɌ ɖɚɞɚɜɧɡ ɚɞɝɟɞɝɞɎɟɑɞ ɔɝɡɚɐəɧɕ ɖɗɌɝɝ. 

ȲɑɗɌɞɑɗɨəɚ, ɣɞɚɍɧ Ɏ Ɏɧɍɚɜɖɑ ɔɘɑɗɔɝɨ 

ɚɍɜɌɓɢɧ, əɌ ɖɚɞɚɜɧɡ ɛɜɔɝɟɞɝɞɎɟɑɞ ɘəɚ-

ɒɑɝɞɎɚ ɚɍɦɑɖɞɚɎ (Ɏ ɞɌɖɚɘ ɝɗɟɣɌɑ, ɝɔɝɞɑ-

ɘɌ ɍɟɐɑɞ ɌɐɌɛɞɔɜɚɎɌɞɨɝɫ, ɣɞɚɍɧ əɑ 

ɔɐɑəɞɔɠɔɢɔɜɚɎɌɞɨ ɘəɚɒɑɝɞɎɚ ɚɍɦɑɖɞɚɎ 

ɓɌ ɚɐɔə). 

ȳɋɏɖɔ-ɓɋɝɋɘɐɎɏ ɕɔɊɛɔɊ ɐ 
ɚɔɖɒɎɖɔɈɆɓɎɤ ɕɖɔɘɔɘɎɕ-ɔɇɖɆɍɆ 
ȰɌəəɧɕ ɛɚɐɡɚɐ ɍɌɓɔɜɟɑɞɝɫ əɌ ɛɚɝɞɜɚ-

ɑəɔɔ ɛɜɚɞɚɞɔɛɌ-ɚɍɜɌɓɌ ɛɜɔ ɛɚɘɚɥɔ ɞɑɡ-

əɚɗɚɏɔɔ əɑɕɜɚ-əɑɣɑɞɖɚɏɚ ɎɧɎɚɐɌ. Ƚɞɜɟɖ-

ɞɟɜɌ ɝɑɞɔ ɛɜɑɐɝɞɌɎɗɑəɌ əɌ ɜɔɝ. 3.  

Ȯ ɝɞɜɟɖɞɟɜɑ ANFIS  əɌ Ɏɡɚɐ ɛɚɐɌɑɞɝɫ 

ɛɫɞɨ Ɏɡɚɐəɧɡ ɛɑɜɑɘɑəəɧɡ. 

 

ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʘ ʩʝʪʠ ʥʝʡʨʦ-ʥʝʯʝʪʢʦʛʦ ʚʳʚʦʜʘ 
ʪʠʧʘ ʉʫʛʝʥʦ 

Ȼɜɔ Ɏɧɍɚɜɑ ɛɜɑɐɝɞɌɎɗɑəɔɫ ɐɌəəɧɡ 

ɐɗɫ ɔɡ ɔɝɛɚɗɨɓɚɎɌəɔɫ Ɏ ɝɑɞɔ əɑɚɍɡɚɐɔ-

ɘɚ ɔɘɑɞɨ Ɏ Ɏɔɐɟ ɐɎɌ ɛɜɔəɢɔɛɌ (Ɍɝɛɑɖ-

ɞɌ) ð ɖɚɗɔɣɑɝɞɎɚ ɛɑɜɑɘɑəəɧɡ ɝ (ɚɛɜɑ-
ɐɑɗɫɑɞ ɜɌɓɘɑɜəɚɝɞɨ ɐɌəəɧɡ) ɔ ɝɚɐɑɜ-

ɒɌɞɑɗɨəɚɝɞɨ ɐɌəəɧɡ (ɝɚɐɑɜɒɌəɔɑ ɔə-

ɠɚɜɘɌɢɔɔ, ɖɚɞɚɜɟɪ əɑɚɍɡɚɐɔɘɚ ɛɚɗɟ-

ɣɔɞɨ ɝ ɛɚɘɚɥɨɪ ɝɑɞɔ). ȴɓ ɝɚɚɍɜɌɒɑəɔɕ 

ɝɗɚɒəɚɝɞɔ ɔ ɝɖɚɜɚɝɞɔ ɚɍɜɌɍɚɞɖɔ ɣɌɝɞɚ 

ɍɧɎɌɑɞ əɑɚɍɡɚɐɔɘɚ ɘɔəɔɘɔɓɔɜɚɎɌɞɨ 

ɖɚɗɔɣɑɝɞɎɚ ɛɑɜɑɘɑəəɧɡ (Ɏɡɚɐəɧɡ ɔ Ɏɧ-

ɡɚɐəɧɡ), ɝ ɖɚɞɚɜɧɘɔ ɍɟɐɑɞ ɜɌɍɚɞɌɞɨ 

ɝɑɞɨ. Ȼɜɚɍɗɑɘɧ ɞɌɖɒɑ ɘɚɏɟɞ ɍɧɞɨ ɝɎɫ-

ɓɌəɧ ɝ ɜɌɓɜɑɤɑəɔɑɘ ɛɜɑɐɦɫɎɗɫɑɘɧɡ 

ɐɌəəɧɡ: ɣɑɘ Ɏɧɤɑ ɜɌɓɜɑɤɑəɔɑ, ɞɑɘ 

ɝɗɚɒəɑɑ ɐɚɗɒəɌ ɍɧɞɨ ɝɑɞɨ ɔ, ɝɗɑɐɚɎɌ-

ɞɑɗɨəɚ, ɎɚɓɜɌɝɞɌɑɞ Ɏɜɑɘɫ ɞɜɑəɔɜɚɎɖɔ ɔ 

ɖɚɗɔɣɑɝɞɎɚ ɐɌəəɧɡ, əɑɚɍɡɚɐɔɘɧɡ ɐɗɫ 

ɞɜɑəɔɜɚɎɖɔ. ɉɞɚ ɛɜɔɎɚɐɔɞ əɌɝ ɖɚ Ɏɞɚ-

ɜɚɘɟ Ɍɝɛɑɖɞɟ ɛɜɑɐɝɞɌɎɗɑəɔɫ ɞɜɑəɔɜɚ-

Ɏɚɣəɧɡ ɐɌəəɧɡ ð ɫɝəɚɝɞɨ, ɝɚɐɑɜɒɌ-

ɞɑɗɨəɚɝɞɨ. Ȼɜɔ ɚɏɜɌəɔɣɑəɔɔ ɖɚɗɔɣɑ-

ɝɞɎɌ Ɏɡɚɐəɧɡ ɛɑɜɑɘɑəəɧɡ ɎɚɓəɔɖɌɑɞ 

əɑɚɍɡɚɐɔɘɚɝɞɨ Ɏ ɚɍɑɝɛɑɣɑəɔɔ ɔɝɛɚɗɨɓɟ-

ɑɘɧɡ ɛɑɜɑɘɑəəɧɡ, ɝɚɐɑɜɒɌɥɔɡ ɔəɠɚɜ-

ɘɌɢɔɪ, ɐɚɝɞɌɞɚɣəɟɪ ɐɗɫ ɞɚɏɚ ɣɞɚɍɧ 

ɚɍɑɝɛɑɣɔɞɨ ɚɍɟɣɑəɔɑ ɝɑɞɔ. [1] 

Ȯ ɝɎɫɓɔ ɝ ɩɞɔɘɔ ɐɎɟɘɫ ɌɝɛɑɖɞɌɘɔ ɍɧ-

ɗɚ ɛɜɑɐɗɚɒɑəɚ ɟɝɞɌəɚɎɔɞɨ ɝ = 5. Ƚɚɐɑɜ-

ɒɌɞɑɗɨəɚɝɞɨ ɚɛɔɝɧɎɌɑɞɝɫ əɔɒɑ. 

Ȯɡɚɐəɚɕ ɚɍɜɌɓɑɢ ɫɎɗɫɑɞɝɫ ɘəɚɒɑ-

ɝɞɎɚɘ ɛɔɖɝɑɗɑɕ P. ȹɑɚɍɡɚɐɔɘɚ ɛɜɑɚɍɜɌ-
ɓɚɎɌɞɨ ɔɝɡɚɐəɚɑ ɔɓɚɍɜɌɒɑəɔɑ Ɏ ɛɚɗɟɞɚ-

əɚɎɚɑ Pg ɝ ɏɜɌɐɌɢɔɫɘɔ ɝɑɜɚɏɚ ɢɎɑɞɌ. Ȱɗɫ 

ɩɞɚɏɚ əɟɒəɚ ɛɜɔɘɑəɔɞɨ ɠɟəɖɢɔɪ 

)(PgrayscaleP
g
= , ɖɚɞɚɜɌɫ ɞɜɌəɝɠɚɜɘɔ-

ɜɟɑɞ 24-ɍɔɞəɚɑ ɞɜɑɡɖɌəɌɗɨəɚɑ ɢɎɑɞəɚɑ 

ɔɓɚɍɜɌɒɑəɔɑ Ɏ ɚɐəɚɖɌəɌɗɨəɚɑ 8-ɍɔɞəɚɑ, 

ɛɟɞɑɘ Ɏɧɣɔɝɗɑəɔɫ ɝɜɑɐəɑɎɓɎɑɤɑəəɚɏɚ 

ɖɚɗɔɣɑɝɞɎɌ ɖɜɌɝəɚɏɚ, ɓɑɗɑəɚɏɚ ɔ ɝɔəɑɏɚ 

ɢɎɑɞɚɎ. ȸɌɞɑɘɌɞɔɣɑɝɖɌɫ ɔəɞɑɜɛɜɑɞɌɢɔɫ 

ʘ) ʙ) 



ȳɆəɝɓɡɏ ɈɋɗɘɓɎɐ ȳȮȮ 

 18 

ɐɌəəɚɕ ɠɟəɖɢɔɔ ɛɜɑɚɍɜɌɓɚɎɌəɔɫ ɫɜɖɚɝɞɔ 

ɔɘɑɑɞ ɝɗɑɐɟɪɥɔɕ Ɏɔɐ: 

BGR TTTTgrayscale Ö+Ö+Ö= 11.059.03.0)( , 

ɏɐɑ TR ð ɓəɌɣɑəɔɑ ɖɜɌɝəɚɕ ɖɚɘɛɚəɑəɞɧ 

ɛɔɖɝɑɗɫ T, TG ð ɓəɌɣɑəɔɑ ɓɑɗɑəɚɕ ɖɚɘɛɚ-

əɑəɞɧ ɛɔɖɝɑɗɫ T, TB ð ɓəɌɣɑəɔɑ ɝɔəɑɕ 

ɖɚɘɛɚəɑəɞɧ ɛɔɖɝɑɗɫ T. 

ȳəɌɣɑəɔɑ ɖɌɒɐɚɕ Ɏɡɚɐəɚɕ ɛɑɜɑɘɑə-

əɚɕ ɛɜɑɐɝɞɌɎɗɫɑɞ ɔɓ ɝɑɍɫ ɜɑɓɟɗɨɞɌɞ Ɏɧ-

ɣɔɝɗɑəɔɫ I i ɝɚɏɗɌɝəɚ ɝɗɑɐɟɪɥɑɘɟ ɎɧɜɌ-

ɒɑəɔɪ: 

ci
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ɏɐɑ w, h ð ɤɔɜɔəɌ ɔ ɎɧɝɚɞɌ ɔɓɚɍɜɌɒɑəɔɫ. 

Ȼɚ ɝɟɞɔ, ɐɌəəɌɫ ɠɚɜɘɟɗɌ ɚɞɚɍɜɌɒɌɑɞ 

ɝɜɑɐəɑɑ ɓəɌɣɑəɔɑ ɫɜɖɚɝɞɔ ɛɚɗɟɞɚəɚɎɚɏɚ 

ɔɓɚɍɜɌɒɑəɔɫ Ɏ ɖɌɒɐɚɘ ɔɓ c ɟɣɌɝɞɖɚɎ. 

CɔɝɞɑɘɌ əɑɣɑɞɖɚɏɚ ɎɧɎɚɐɌ ɔɘɑɑɞ ɞɔɛ 

Sugeno (Ƚɟɏɑəɚ). Ȯ ɝɔɝɞɑɘɌɡ ɞɔɛɌ ȸɌɘɐɌ-
əɔ ɍɌɓɌ ɓəɌəɔɕ ɝɚɝɞɚɔɞ ɔɓ ɛɜɌɎɔɗ ɎɔɐɌ:  

çȱɝɗɔ x1 = əɔɓɖɔɕ ɔ x2 = ɝɜɑɐəɔɕ, 
ɞɚ y = Ɏɧɝɚɖɔɕè. 

Ȯ ɝɔɝɞɑɘɌɡ ɞɔɛɌ Ƚɟɏɑəɚ ɍɌɓɌ ɓəɌəɔɕ 

ɝɚɝɞɚɔɞ ɔɓ ɛɜɌɎɔɗ ɎɔɐɌ:  

çȱɝɗɔ x1 = əɔɓɖɔɕ ɔ x2 = ɝɜɑɐəɔɕ,  
ɞɚ y=a0+a1x1+a2x2è. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɚɝəɚɎəɚɑ ɚɞɗɔɣɔɑ 

ɘɑɒɐɟ ɝɔɝɞɑɘɌɘɔ ȸɌɘɐɌəɔ ɔ Ƚɟɏɑəɚ 

ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɜɌɓəɧɡ ɝɛɚɝɚɍɌɡ ɓɌɐɌ-

əɔɫ ɓəɌɣɑəɔɕ Ɏɧɡɚɐəɚɕ ɛɑɜɑɘɑəəɚɕ Ɏ 

ɛɜɌɎɔɗɌɡ, ɚɍɜɌɓɟɪɥɔɡ ɍɌɓɟ ɓəɌəɔɕ. Ȯ 

ɝɔɝɞɑɘɌɡ ɞɔɛɌ ȸɌɘɐɌəɔ ɓəɌɣɑəɔɫ Ɏɧ-

ɡɚɐəɚɕ ɛɑɜɑɘɑəəɚɕ ɓɌɐɌɪɞɝɫ əɑɣɑɞɖɔ-

ɘɔ ɞɑɜɘɌɘɔ, Ɏ ɝɔɝɞɑɘɌɡ ɞɔɛɌ Ƚɟɏɑəɚ ð 

ɖɌɖ ɗɔəɑɕəɌɫ ɖɚɘɍɔəɌɢɔɫ Ɏɡɚɐəɧɡ ɛɑ-

ɜɑɘɑəəɧɡ. Ȯ ɝɎɫɓɔ ɝ ɩɞɔɘ ɐɗɫ ɐɌəəɚɕ 

ɓɌɐɌɣɔ ɍɧɗɌ ɎɧɍɜɌəɌ ɝɔɝɞɑɘɌ ɞɔɛɌ             

Ƚɟɏɑəɚ. 

Ȱɗɫ ɖɌɒɐɚɕ Ɏɡɚɐəɚɕ ɛɑɜɑɘɑəəɚɕ 

ɠɚɜɘɔɜɟɑɞɝɫ 4 ɠɟəɖɢɔɔ ɛɜɔəɌɐɗɑɒəɚ-

ɝɞɔ (ɀȻ). Ƚ ɛɚɘɚɥɨɪ ɐɌəəɧɡ ɀȻ, ɜɑɌ-

ɗɔɓɟɪɥɔɡ Ɏɞɚɜɚɕ ɝɗɚɕ əɑɕɜɚ-əɑɣɑɞɖɚɕ 

ɝɑɞɔ, ɚɛɜɑɐɑɗɫɑɞɝɫ ɝɞɑɛɑəɨ ɛɜɔəɌɐ-

ɗɑɒəɚɝɞɔ ɐɗɫ ɖɌɒɐɚɕ Ɏɡɚɐəɚɕ ɛɑɜɑ-

ɘɑəəɚɕ. ɀȻ ɔɘɑɪɞ ɞɜɌɛɑɢɔɑɎɔɐəɧɕ 

Ɏɔɐ. Ȯ ɌəɌɗɔɞɔɣɑɝɖɚɘ Ɏɔɐɑ ɞɜɌɛɑɢɔɑ-

ɎɔɐəɌɫ ɀȻ ɘɚɒɑɞ ɍɧɞɨ ɓɌɐɌəɌ ɝɗɑɐɟ-

ɪɥɔɘ ɚɍɜɌɓɚɘ: 
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ȻɌɜɌɘɑɞɜɧ ɞɜɌɛɑɢɔɑɎɔɐəɚɕ ɠɟəɖɢɔɔ 

ɛɜɔəɌɐɗɑɒəɚɝɞɔ ɔəɞɑɜɛɜɑɞɔɜɟɪɞɝɫ ɞɌɖ: 

Å [a, d]  ð əɚɝɔɞɑɗɨ əɑɣɑɞɖɚɏɚ ɘəɚɒɑ-
ɝɞɎɌ ð ɛɑɝɝɔɘɔɝɞɔɣɑɝɖɌɫ ɚɢɑəɖɌ ɓəɌɣɑ-

əɔɕ ɛɑɜɑɘɑəəɚɕ; 

Å [b, c] ð ɫɐɜɚ əɑɣɑɞɖɚɏɚ ɘəɚɒɑɝɞɎɌ ð 

ɚɛɞɔɘɔɝɞɔɣɑɝɖɌɫ ɚɢɑəɖɌ ɓəɌɣɑəɔɕ ɛɑɜɑ-

ɘɑəəɚɕ; 

Å x ð Ɏɑɖɞɚɜ, ɐɗɫ ɖɚɚɜɐɔəɌɞ ɖɚɞɚɜɚɏɚ 

əɑɚɍɡɚɐɔɘɚ ɜɌɝɝɣɔɞɌɞɨ ɝɞɑɛɑəɔ ɛɜɔəɌɐ-

ɗɑɒəɚɝɞɔ;  

Å [a b c d] ð Ɏɑɖɞɚɜ ɛɌɜɌɘɑɞɜɚɎ ɠɟəɖ-

ɢɔɔ ɛɜɔəɌɐɗɑɒəɚɝɞɔ. ȻɌɜɌɘɑɞɜɧ ɠɟəɖ-

ɢɔɔ ɛɜɔəɌɐɗɑɒəɚɝɞɔ ɐɚɗɒəɧ ɟɐɚɎɗɑɞɎɚ-

ɜɫɞɨ ɟɝɗɚɎɔɪ dcba ¢¢¢ . 

ȰɑɠɌɓɓɔɠɔɖɌɢɔɫ ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɐɗɫ 

ɝɔɝɞɑɘɧ Sugeno ɞɜɌɐɔɢɔɚəəɚ ɘɑɞɚɐɚɘ 

ɢɑəɞɜɌ ɞɫɒɑɝɞɔ ɐɗɫ ɚɐəɚɞɚɣɑɣəɧɡ ɘəɚ-

ɒɑɝɞɎ (Center  of Gravity  for  Singletons), ɛɚ 
ɠɚɜɘɟɗɑ: 
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ɏɐɑ n ð ɣɔɝɗɚ ɚɐəɚɞɚɣɑɣəɧɡ əɑɣɑɞɖɔɡ 

ɘəɚɒɑɝɞɎ, ɖɌɒɐɚɑ ɔɓ ɖɚɞɚɜɧɡ ɡɌɜɌɖɞɑɜɔ-

ɓɟɑɞ ɑɐɔəɝɞɎɑəəɚɑ ɓəɌɣɑəɔɑ ɜɌɝɝɘɌɞɜɔ-

ɎɌɑɘɚɕ Ɏɧɡɚɐəɚɕ ɛɑɜɑɘɑəəɚɕ. 

Ȯ ɛɜɚɢɑɝɝɑ ɚɍɟɣɑəɔɫ, ɑɝɗɔ ɚɍɜɌɓɑɢ ɍɧɗ 

Ɏ positive-Ɏɧɍɚɜɖɑ, ɞɚ ɓɌ ɒɑɗɌɑɘɧɕ Ɏɧɡɚɐ 

ɛɜɔəɔɘɌɑɞɝɫ 1, Ɏ ɛɜɚɞɔɎəɚɘ ɝɗɟɣɌɑ 0. 

Ȼɜɔ ɌəɌɗɔɓɑ ɔɓɚɍɜɌɒɑəɔɫ ɔɝɡɚɐəɧɕ 

ɚɍɜɌɓ ɫɎɗɫɑɞɝɫ ɛɚɗɚɒɔɞɑɗɨəɧɘ, ɑɝɗɔ 

Ɏɧɛɚɗəɫɑɞɝɫ ɝɗɑɐɟɪɥɑɑ ɟɝɗɚɎɔɑ: 

Foutput ² , ɏɐɑ F ð əɑɖɔɕ ɛɚɜɚɏ ɛɜɔəɌɐ-

ɗɑɒəɚɝɞɔ. 

ȵɔɊɛɔɊ ɐ ɚɔɖɒɎɖɔɈɆɓɎɤ 
ɕɖɔɘɔɘɎɕ-ɔɇɖɆɍɆ ɗ ɕɖɎɒɋɓɋɓɎɋɒ 
ɓɋɏɖɔɓɓɡɛ ɗɋɘɋɏ ɗ ɗɆɒɔɔɇəɝɋɓɎɋɒ 
Ȯ ɩɞɚɘ ɛɚɐɡɚɐɑ Ɏ ɖɌɣɑɝɞɎɑ ɘɑɡɌəɔɓɘɌ 

ɐɗɫ ɠɚɜɘɔɜɚɎɌəɔɫ ɛɜɚɞɚɞɔɛ-ɚɍɜɌɓɌ ɍɟ-

ɐɑɞ ɫɎɗɫɞɨɝɫ əɑɕɜɚəəɌɫ ɝɑɞɨ ȶɚɡɚəɑəɌ.  
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ȹɑɕɜɚəəɧɑ ɝɑɞɔ ȶɚɡɚəɑəɌ ð ɖɗɌɝɝ 

əɑɕɜɚəəɧɡ ɝɑɞɑɕ, ɔɡ ɚɝəɚɎəɧɘ ɩɗɑɘɑə-

ɞɚɘ ɫɎɗɫɑɞɝɫ ɝɗɚɕ ȶɚɡɚəɑəɌ, ɖɚɞɚɜɧɕ ɝɚ-

ɝɞɚɔɞ ɔɓ ɌɐɌɛɞɔɎəɧɡ ɗɔəɑɕəɧɡ ɝɟɘɘɌɞɚ-

ɜɚɎ (ɗɔəɑɕəɧɡ ɠɚɜɘɌɗɨəɧɡ əɑɕɜɚəɚɎ). 

ȶɌɖ ɛɜɌɎɔɗɚ, Ɏɧɡɚɐəɧɑ ɝɔɏəɌɗɧ ɝɗɚɫ 

ȶɚɡɚəɑəɌ ɚɍɜɌɍɌɞɧɎɌɪɞɝɫ ɛɚ ɛɜɌɎɔɗɟ 

çɛɚɍɑɐɔɞɑɗɨ ɓɌɍɔɜɌɑɞ Ɏɝɬè. 

Ȼɜɑɒɐɑ ɣɑɘ ɛɜɚɎɚɐɔɞɨ ɩɞɌɛ ɚɍɟɣɑəɔɫ 

ɝɔɝɞɑɘɧ, əɑɚɍɡɚɐɔɘɚ ɛɜɚɎɑɝɞɔ ɛɜɑɐɚɍɜɌ-

ɍɚɞɖɟ Ɏɡɚɐəɧɡ ɚɍɜɌɓɚɎ. ɉɞɚ ɛɜɚɔɝɡɚɐɔɞ Ɏ 

ɐɎɌ ɩɞɌɛɌ: 

1) əɚɜɘɌɗɔɓɌɢɔɫ ɔɓɚɍɜɌɒɑəɔɫ: 

ɘɌɝɤɞɌɍɔɜɚɎɌəɔɑ ɔɓɚɍɜɌɒɑəɔɫ ɖ ɝɞɌə-

ɐɌɜɞəɚɘɟ ɜɌɓɘɑɜɟ h əɌ w (Ɏ ɐɌəəɚɘ 

ɝɗɟɣɌɑ, h = 50, w = 50); 

2)  ɛɜɔɘɑəɑəɔɑ ɖ əɚɜɘɌɗɔɓɚɎɌəəɚɘɟ 

ɔɓɚɍɜɌɒɑəɔɪ ɠɟəɖɢɔɔ grayscale. 

Ⱥɍɟɣɑəɔɑ ɝɑɞɔ ȶɚɡɚəɑəɌ ɛɜɚɔɝɡɚɐɔɞ Ɏ 

6 ɤɌɏɚɎ: 

1.  ȴəɔɢɔɌɗɔɓɌɢɔɫ ɝɑɞɔ. ȮɑɝɚɎɧɘ 

ɖɚɩɠɠɔɢɔɑəɞɌɘ ɝɑɞɔ ɛɜɔɝɎɌɔɎɌɪɞɝɫ 

ɘɌɗɧɑ ɝɗɟɣɌɕəɧɑ ɓəɌɣɑəɔɫ. Ⱥɍɥɑɑ ɣɔɝɗɚ 

ɝɔəɌɛɞɔɣɑɝɖɔɡ ɎɑɝɚɎ ð hāw. 
2.  ȻɜɑɐɦɫɎɗɑəɔɑ ɝɑɞɔ əɚɎɚɏɚ Ɏɡɚɐəɚɏɚ 

ɝɔɏəɌɗɌ. 

3.  Ȯɧɣɔɝɗɑəɔɑ ɜɌɝɝɞɚɫəɔɫ ɐɚ Ɏɝɑɡ 

əɑɕɜɚəɚɎ ɝɑɞɔ. ȼɌɝɝɞɚɫəɔɫ dj  ɚɞ Ɏɡɚɐəɚɏɚ 

ɝɔɏəɌɗɌ ɐɚ ɖɌɒɐɚɏɚ əɑɕɜɚəɌ j ɚɛɜɑ-

ɐɑɗɫɑɞɝɫ ɛɚ ɠɚɜɘɟɗɑ: 
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ijij tvtxd ,  

ɏɐɑ xi(t ) ð i -ɧɕ ɩɗɑɘɑəɞ Ɏɡɚɐəɚɏɚ ɝɔɏəɌɗɌ 
ɔɓ ɘəɚɒɑɝɞɎɌ M Ɏ ɘɚɘɑəɞ Ɏɜɑɘɑəɔ t ,        
vi  j(t ) ð Ɏɑɝ ɝɎɫɓɔ ɚɞ i -ɏɚ ɩɗɑɘɑəɞɌ Ɏɡɚɐəɚɏɚ 
ɝɔɏəɌɗɌ ɖ əɑɕɜɚəɟ j Ɏ ɘɚɘɑəɞ Ɏɜɑɘɑəɔ t . 

4.  Ȯɧɍɚɜ əɑɕɜɚəɌ ɝ əɌɔɘɑəɨɤɔɘ 

ɜɌɝɝɞɚɫəɔɑɘ. ȮɧɍɔɜɌɑɞɝɫ əɑɕɜɚə j*, ɐɗɫ 
ɖɚɞɚɜɚɏɚ ɜɌɝɝɞɚɫəɔɑ dj  əɌɔɘɑəɨɤɑɑ. 

5.  ȹɌɝɞɜɚɕɖɌ ɎɑɝɚɎ əɑɕɜɚəɌ j*  ɔ ɑɏɚ 

ɝɚɝɑɐɑɕ. ȻɜɚɔɓɎɚɐɔɞɝɫ ɛɚɐɝɞɜɚɕɖɌ ɎɑɝɚɎ 

ɐɗɫ əɑɕɜɚəɌ j* ɔ Ɏɝɑɡ əɑɕɜɚəɚɎ ɔɓ ɑɏɚ 
ɓɚəɧ ɝɚɝɑɐɝɞɎɌ. ȹɚɎɧɑ ɓəɌɣɑəɔɫ ɎɑɝɚɎ 

Ɏɧɣɔɝɗɫɪɞɝɫ ɛɚ ɠɚɜɘɟɗɑ: 

))()(()()()1( tvtxtrtvtv ijiijij -Ö+=+ , 

ɏɐɑ r(t)  ð ɤɌɏ ɚɍɟɣɑəɔɫ, ɟɘɑəɨɤɌɪɥɔɕɝɫ 

ɝ ɞɑɣɑəɔɑɘ Ɏɜɑɘɑəɔ (ɛɚɗɚɒɔɞɑɗɨəɚɑ 

ɣɔɝɗɚ, ɘɑəɨɤɑ ɑɐɔəɔɢɧ). 

6. ȻɜɑɖɜɌɞɔɞɨ ɚɍɟɣɑəɔɑ, ɑɝɗɔ ɎɑɝɌ 

ɛɜɔəɫɗɔ ɖɚəɝɞɌəɞɟ, ɔəɌɣɑ ɛɑɜɑɕɞɔ ɖ 

ɤɌɏɟ 2. 

Ȯ ɌəɌɗɔɓɑ ɔɓɚɍɜɌɒɑəɔɫ ɛɜɔ ɛɚɘɚɥɔ 

ɝɠɚɜɘɔɜɚɎɌəəɚɏɚ ɛɜɚɞɚɞɔɛ-ɚɍɜɌɓɌ ɛɚɗɚ-

ɒɔɞɑɗɨəɧɘ ɍɟɐɑɞ ɫɎɗɫɞɨɝɫ ɔɝɡɚɐəɧɕ ɚɍ-

ɜɌɓ, ɟ ɖɚɞɚɜɚɏɚ Dd
j
¢

*
, ɏɐɑ D ð əɑɖɔɕ ɛɚ-

ɜɚɏ ɛɜɔəɌɐɗɑɒəɚɝɞɔ. 

ȵɔɊɛɔɊ ɗ ɕɖɎɒɋɓɋɓɎɋɒ                           
ɒɓɔɉɔɗɑɔɏɓɔɉɔ ɕɋɖɜɋɕɘɖɔɓɆ 
Ȯ ɚɝəɚɎɑ ɐɌəəɚɏɚ ɛɚɐɡɚɐɌ ɗɑɒɔɞ 

ɛɜɔəɢɔɛ ɜɌɝɛɚɓəɌɎɌəɔɫ ɔɓɚɍɜɌɒɑəɔɕ əɌ 

ɍɌɓɑ ɞɜɑɡɝɗɚɕəɚɏɚ ɛɑɜɢɑɛɞɜɚəɌ. ȹɑɕɜɚə-

əɌɫ ɝɑɞɨ ɝɚɝɞɚɔɞ ɔɓ ɞɜɑɡ ɝɗɚɑɎ: əɌ Ɏɡɚɐ-

əɚɘ ɝɗɚɑ 20 əɑɕɜɚəɚɎ, əɌ ɝɖɜɧɞɚɘ ɝɗɚɑ  

50 əɑɕɜɚəɚɎ, Ɏɧɡɚɐəɚɕ ɝɗɚɕ ɝɚɐɑɜɒɔɞ 

ɚɐɔə əɑɕɜɚə. ȶɚɗɔɣɑɝɞɎɚ ɜɑɢɑɛɞɚɜɚɎ ð 

2500. 

Ⱦɔɛ ɌɖɞɔɎɌɢɔɚəəɚɕ ɠɟəɖɢɔɔ ð ɝɔɏɘɚ-
ɔɐ. ɀɟəɖɢɔɫ ɛɜɑɐɝɞɌɎɗɑəɌ Ɏ Ɏɔɐɑ: 

x
e

x
-

+
=

1

1
)(s . 

Ⱥɍɥɔɕ Ɏɔɐ əɑɕɜɚəəɚɕ ɝɑɞɔ ɛɜɑɐɝɞɌɎ-

ɗɑə əɌ ɜɔɝ. 4. 

 

ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʪʨʝʭʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ 

ȶɌɒɐɧɕ əɑɕɜɚə ɛɜɑɐɧɐɟɥɑɏɚ ɝɎɫɓɌə ɝ 

ɖɌɒɐɧɘ əɑɕɜɚəɚɘ ɛɚɝɗɑɐɟɪɥɑɏɚ ɝɗɚɫ. 

Ⱥɍɟɣɑəɔɑ əɑɕɜɚəəɚɕ ɝɑɞɔ ɛɜɚɔɝɡɚɐɔɞ ɘɑ-

ɞɚɐɚɘ ɚɍɜɌɞəɚɏɚ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ ɚɤɔɍ-

ɖɔ (BackPropagation ). ȺɍɜɌɓɢɧ ɔɓ M p əɌ 

Ɏɧɡɚɐɑ ɐɚɗɒəɧ ɔɘɑɞɨ 1, ɔɓ M n 0. 

ȵɖɔɈɋɊɋɓɎɋ ɣɐɗɕɋɖɎɒɋɓɘɔɈ 
ȹɌɣɌɗɨəɧɑ ɛɌɜɌɘɑɞɜɧ ɐɗɫ əɑɣɑɞɖɚɕ 

əɑɕɜɚəəɚɕ ɝɑɞɔ ɞɔɛɌ Sugeno: 

Ɍ) ɚɛɞɔɘɔɓɌɢɔɚəəɧɕ ɘɑɞɚɐ ð ɘɑɞɚɐ 

ɚɍɜɌɞəɚɏɚ ɜɌɝɛɜɚɝɞɜɌəɑəɔɫ ɚɤɔɍɖɔ; 

ɍ) ɖɚɗɔɣɑɝɞɎɚ ɩɛɚɡ ð 9000; 

Ɏ) ɚɍɦɑɘ ɚɍɟɣɌɪɥɑɕ Ɏɧɍɚɜɖɔ ð 180. 

Ȼɜɚɢɑɝɝ ɚɍɟɣɑəɔɫ ANFIS  ɛɜɑɐɝɞɌɎɗɑə 

əɌ ɜɔɝ. 5. 
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ʈʠʩ. 5. ʆʙʫʯʝʥʠʝ ANFIS 

ȶɌɖ Ɏɔɐəɚ ɔɓ ɜɔɝ. 5, ɝɞɜɑɘɔɞɑɗɨəɚɑ 

ɝəɔɒɑəɔɑ ɚɤɔɍɖɔ əɌɍɗɪɐɌɗɚɝɨ əɌ ɛɑɜ-

Ɏɚɕ ɞɧɝɫɣɑ ɩɛɚɡ, əɌ ɛɚɝɗɑɐɟɪɥɔɡ ɐɎɟɡ 

ɞɧɝɫɣɌɡ ɛɜɚɔɝɡɚɐɔɗɚ ɓəɌɣɔɞɑɗɨəɚɑ ɝəɔ-

ɒɑəɔɑ ɚɤɔɍɖɔ ɚɍɟɣɑəɔɫ, ɓɌɞɑɘ ɛɌɐɑəɔɑ 

ɚɤɔɍɖɔ ɍɧɗɚ əɑɓəɌɣɔɞɑɗɨəɧɘ ɔ əɌɡɚɐɔ-

ɗɚɝɨ əɌ ɟɜɚɎəɑ 0,2. 

Ⱥɍɟɣɑəɔɑ ɝɔɝɞɑɘɧ əɑɕɜɚ-əɑɣɑɞɖɚɏɚ 

ɎɧɎɚɐɌ ɛɜɚɔɝɡɚɐɔɗɚ Ɏ ɝɜɑɐɑ Matlab  7, ɛɚ 

Ɏɜɑɘɑəəɧɘ ɓɌɞɜɌɞɌɘ ɝɚɝɞɌɎɔɗɚ 18 ɣɌɝɚɎ 

ɐɗɫ 9000 ɩɛɚɡ. 

ȹɌɣɌɗɨəɧɑ ɛɌɜɌɘɑɞɜɧ ɐɗɫ əɑɕɜɚəəɚɕ 

ɝɑɞɔ ȶɚɡɚəɑəɌ: 

Ɍ) ɤɌɏ ɚɍɟɣɑəɔɫ ð 0,9; 

ɍ) ɚɍɦɑɘ ɚɍɟɣɌɪɥɑɕ Ɏɧɍɚɜɖɔ ð 180. 

Ȼɚɝɗɑ ɖɌɒɐɚɕ ɩɛɚɡɔ ɤɌɏ ɚɍɟɣɑəɔɫ ɝɑ-

ɞɔ ɝəɔɒɌɗɝɫ əɌ 0,001, ɝɗɑɐɚɎɌɞɑɗɨəɚ, 

ɚɍɟɣɑəɔɑ ɝɚɝɞɚɫɗɚ ɔɓ 900 ɩɛɚɡ, ɛɚɝɗɑ ɖɚ-

ɞɚɜɧɡ ɝɔəɌɛɞɔɣɑɝɖɔɑ ɎɑɝɌ əɑɕɜɚəɚɎ ɛɑ-

ɜɑɝɞɌɗɔ ɘɑəɫɞɨɝɫ. ȴɓɎɗɑɣɑəɔɑ ɛɜɔɓəɌɖɚɎ 

ɔɓ ɚɍɟɣɌɪɥɑɕ Ɏɧɍɚɜɖɔ ɔ ɛɜɚɢɑɝɝ ɚɍɟɣɑ-

əɔɫ ɐɗɔɗɔɝɨ å 3 ɝ. ȻɜɚɏɜɌɘɘəɌɫ ɜɑɌɗɔ-

ɓɌɢɔɫ ɘɚɐɟɗɫ ɎɧɛɚɗəɑəɌ əɌ ɫɓɧɖɑ C#. 

ɉɖɝɛɑɜɔɘɑəɞ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɞɜɑɡ-

ɝɗɚɕəɚɏɚ ɛɑɜɢɑɛɞɜɚəɌ ɛɜɚɎɚɐɔɗɝɫ ɝ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɑɘ ɛɜɚɑɖɞɌ, ɚɛɔɝɌəəɚɏɚ Ɏ [6]. 

ȯɜɌɠɔɖ ɓəɌɣɑəɔɕ ɚɤɔɍɖɔ Ɏ ɛɜɚɢɑɝɝɑ 

ɚɍɟɣɑəɔɫ ɛɜɑɐɝɞɌɎɗɑə əɌ ɜɔɝ. 6. ȹɌɣɌɗɨ-

əɧɑ ɛɌɜɌɘɑɞɜɧ: 

Ɍ) Ȁ = 0,4; 

ɍ) ɘɌɖɝɔɘɌɗɨəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɔɞɑɜɌ-

ɢɔɕ ð 2000; 

Ɏ) ɐɚɛɟɝɞɔɘɌɫ ɚɤɔɍɖɌ ð 0,0001; 

ɏ) ɚɍɦɑɘ ɚɍɟɣɌɪɥɑɕ Ɏɧɍɚɜɖɔ ð 180.  

Ȱɗɫ ɚɍɟɣɑəɔɫ ɛɚɞɜɑɍɚɎɌɗɚɝɨ 1231 

ɔɞɑɜɌɢɔɫ, ɛɚɝɗɑ ɖɚɞɚɜɚɕ ɚɤɔɍɖɌ ɝɑɞɔ ɝɚ-

ɝɞɌɎɔɗɌ 0,000098. ȶɌɖ Ɏɔɐəɚ, ɍɚɗɑɑ ɔə-

ɞɑəɝɔɎəɚɑ ɛɌɐɑəɔɑ ɚɤɔɍɖɔ ɛɜɚɔɝɡɚɐɔɗɚ 

ɐɚ 20-ɕ ɔɞɑɜɌɢɔɔ.  

Ȱɚ 300-ɕ ɔɞɑɜɌɢɔɔ ɛɜɚɔɝɡɚɐɔɗɚ ɓəɌɣɔ-

ɞɑɗɨəɚɑ ɝəɔɒɑəɔɑ ɚɤɔɍɖɔ. ȰɌɗɑɑ ɝəɔɒɑ-

əɔɑ ɚɤɔɍɖɔ ɍɧɗɚ əɑɎɑɗɔɖɚ.   Ȯɜɑɘɑəəɚɕ 

ɛɜɚɘɑɒɟɞɚɖ ɚɍɟɣɑəɔɫ ð  11 ɘɔə.  

 

ʈʠʩ. 6. ʆʙʫʯʝʥʠʝ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ               
ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ 

ȬɛɜɚɍɌɢɔɫ ɜɌɓɜɌɍɚɞɌəəɧɡ ɘɑɞɚɐɚɎ ɛɜɚ-

ɎɚɐɔɗɌɝɨ əɌ ɍɌɓɑ ɝəɔɘɖɚɎ Ɍɩɜɚɠɚɞɚɝɦɑɘɖɔ 

(ɛɜɔɘɑɜ ɝəɔɘɖɌ ɛɜɑɐɚɝɞɌɎɗɑə əɌ ɜɔɝ. 7) 

ɐɗɫ ɓɌɐɌɣɔ ɛɚɐɝɣɑɞɌ ɣɔɝɗɑəəɚɝɞɔ ɐɔɖɔɡ 

ɝɑɎɑɜəɧɡ ɚɗɑəɑɕ. ɉɞɌɛ ɌɛɜɚɍɌɢɔɔ ɛɜɚɡɚ-

ɐɔɗ ɝɚɎɘɑɝɞəɚ ɝ ȹȴȴȽɁ ȶɜɌɕəɑɏɚ ȽɑɎɑɜɌ. 

 

ʈʠʩ. 7. ʉʥʠʤʦʢ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ 

ȼɟɣəɚɕ ɌəɌɗɔɓ ɝəɔɘɖɌ (ɜɔɝ. 7) ɜɌɓ-

ɘɑɜɚɘ 0,08mPx ɓɌəɔɘɌɑɞ 10 ɘɔə., ɌəɌ-

ɗɔɓ ɝəɔɘɖɌ ɜɌɓɘɑɜɚɘ 1,04mPx ɛɜɔɍɗɔ-

ɓɔɞɑɗɨəɚ ɛɜɔ ɞɌɖɚɘ ɒɑ ɜɌɝɛɜɑɐɑɗɑəɔɔ 

ɚɍɦɑɖɞɚɎ ɛɚɐɝɣɑɞɌ ð ɚɖɚɗɚ 3 ɣ                       

(180 ɘɔə.). ȹɑɛɜɚɛɚɜɢɔɚəɌɗɨəɚɑ ɟɎɑɗɔ-

ɣɑəɔɑ ɓɌɞɜɌɣɑəəɚɏɚ Ɏɜɑɘɑəɔ ɚɍɦɫɝəɫɑɞ 

ɞɚɞ ɠɌɖɞ, ɣɞɚ ɣɑɗɚɎɑɖ ɛɜɔ ɘɚəɚɞɚəəɚɕ 

ɜɌɍɚɞɑ ɝɔɗɨəɑɑ ɛɚɐɎɑɜɏɌɑɞɝɫ ɟɝɞɌɗɚɝɞɔ. 

Ȯɜɑɘɑəəɧɑ ɛɚɖɌɓɌɞɑɗɔ ɌɎɞɚɘɌɞɔɓɔɜɚ-

ɎɌəəɚɕ ɚɍɜɌɍɚɞɖɔ ɐɌəəɧɡ ɝəɔɘɖɚɎ 

ɛɜɑɐɝɞɌɎɗɑəɧ əɌ ɜɔɝ. 8.  

ȶɌɖ Ɏɔɐɔɘ, əɌɔɍɚɗɑɑ ɍɧɝɞɜɚ ɝɔɏəɌɗ 

ɛɜɚɛɟɝɖɌɑɞɝɫ ɛɚ ȹȽ ȶɚɡɚəɑəɌ, əɌɔɍɚɗɑɑ 

ɘɑɐɗɑəəɚ ð ɛɚ ɌɐɌɛɞɔɎəɚɕ ɝɔɝɞɑɘɑ əɑɕ-

ɜɚ-əɑɣɑɞɖɚɏɚ ɎɧɎɚɐɌ. 



ȸɋɛɓɎɝɋɗɐɎɋ ɓɆəɐɎ 

 21 

19 12 15

287

181

227

0

50

100

150

200

250

300

350

0,08 1,04

ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʷ, ʤʣʥ. ʧʠʢʩʝʣʝʡ

ɺʨʝʤʷ, ʩ

ANFIS

ʅʉ ʂʦʭʦʥʝʥʘ

ʄʥʦʛʦʩʣʦʡʥʳʡ

ʧʝʨʮʝʧʪʨʦʥ

 

ʈʠʩ. 8. ɺʨʝʤʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʥʘʣʠʟʘ ʩʥʠʤʢʦʚ 
ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ȽɟɘɘɌɜəɚɑ Ɏɜɑɘɫ ɌɎɞɚɘɌɞɔɓɔɜɚɎɌəəɚɕ 

ɚɍɜɌɍɚɞɖɔ ɜɌɝɝɣɔɞɧɎɌɑɞɝɫ ɛɚ ɠɚɜɘɟɗɑ: 

babasum ttttt +=),( , 

ɏɐɑ ta ð Ɏɜɑɘɫ, ɓɌɞɜɌɣɑəəɚɑ əɌ ɚɍɜɌɍɚɞɖɟ 

ɔɓɚɍɜɌɒɑəɔɫ ɛɜɚɏɜɌɘɘəɧɘ ɚɍɑɝɛɑɣɑəɔ-

ɑɘ; tb ð Ɏɜɑɘɫ, ɖɚɞɚɜɚɑ ɞɜɑɍɟɑɞɝɫ ɐɗɫ ɛɚɐ-

ɝɞɜɚɕɖɔ ɛɚɜɚɏɌ ɛɜɔəɌɐɗɑɒəɚɝɞɔ ɚɛɑɜɌ-

ɞɚɜɚɘ (Ɏ ɝɜɑɐəɑɘ ɓɌəɔɘɌɑɞ ɚɞ 1-ɕ ɐɚ                 

3-ɡ ɘɔəɟɞ). ȽɟɘɘɌɜəɚɑ Ɏɜɑɘɫ ɚɍɜɌɍɚɞɖɔ 

ɝəɔɘɖɌ ɜɌɓɘɑɜɚɘ 1,04 ɘɗə. ɛɔɖɝɑɗɑɕ ɛɜɔ 

ɔɝɛɚɗɨɓɚɎɌəɔɔ ɘɑɞɚɐɌ əɌ ɍɌɓɑ ȹȽ ȶɚɡɚ-
əɑəɌ ɝɚɝɞɌɎɗɫɑɞ 301 ɝ (t a = 181 ɝ, ɝɜɑɐəɑɑ 

tb = 120 ɝ), ɣɞɚ ɓəɌɣɔɞɑɗɨəɚ ɘɑəɨɤɑ ɓɌ-

ɞɜɌɣɑəəɚɏɚ Ɏɜɑɘɑəɔ ɛɚ ɝɜɌɎəɑəɔɛɪ ɝ 

ɜɟɣəɧɘ ɌəɌɗɔɓɚɘ ð 180 ɘɔə. (10800 ɝ). 

ȶɜɚɘɑ ɩɞɚɏɚ, ɌɎɞɚɘɌɞɔɓɔɜɚɎɌəəɌɫ ɚɍɜɌ-

ɍɚɞɖɌ ɔɓɚɍɜɌɒɑəɔɕ ɐɌɑɞ ɖɚɗɚɝɝɌɗɨəɧɕ 

ɛɜɔɜɚɝɞ Ɏ ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɔ. ȹɌɔɍɚɗɑɑ 

ɚɛɞɔɘɌɗɨəɧɕ ɜɑɓɟɗɨɞɌɞ ɐɚɝɞɔɏɌɑɞɝɫ ɛɜɔ 

ɌəɌɗɔɓɑ ɍɚɗɨɤɔɡ ɔɓɚɍɜɌɒɑəɔɕ. ȳɌ ɝɣɑɞ 

Ɏəɑɐɜɑəɔɫ ɔəɠɚɜɘɌɢɔɚəəɧɡ ɝɔɝɞɑɘ 

ɝəɔɒɌɪɞɝɫ ɠɔəɌəɝɚɎɧɑ ɓɌɞɜɌɞɧ, ɛɚ-

ɝɖɚɗɨɖɟ ɛɜɚɔɝɡɚɐɔɞ ɎɧɝɎɚɍɚɒɐɑəɔɑ ɜɌɍɚ-

ɣɑɏɚ Ɏɜɑɘɑəɔ ɐɚ əɑɝɖɚɗɨɖɔɡ ɐɑɝɫɞɖɚɎ ɜɌɓ 

(Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɜɌɓɘɑɜɌ ɝəɔɘɖɚɎ). 

ȻɜɌɖɞɔɣɑɝɖɚɑ ɛɜɔɘɑəɑəɔɑ ɐɌəəɚɕ 

ɞɑɡəɚɗɚɏɔɔ ɛɚɓɎɚɗɔɞ ɛɚɐəɫɞɨ əɌ əɚɎɧɕ 

ɖɌɣɑɝɞɎɑəəɧɕ ɟɜɚɎɑəɨ ɞɌɖɚɑ əɌɛɜɌɎɗɑ-

əɔɑ, ɖɌɖ ɌəɌɗɔɓ ɔɓɚɍɜɌɒɑəɔɕ. ȹɌ əɌɝɞɚ-

ɫɥɔɕ ɘɚɘɑəɞ əɌɖɚɛɗɑəəɧɕ ɛɗɌɝɞ ɏɜɌɠɔ-

ɣɑɝɖɔɡ ɐɌəəɧɡ əɟɒɐɌɑɞɝɫ Ɏ ɚɍɜɌɍɚɞɖɑ. 

ȬɎɞɚɘɌɞɔɣɑɝɖɔɕ ɔɗɔ ɌɎɞɚɘɌɞɔɓɔɜɚɎɌə-

əɧɕ ɜɑɒɔɘ ɚɍɜɌɍɚɞɖɔ ɔɓɚɍɜɌɒɑəɔɕ ɐɌɝɞ 

ɖɚɗɚɝɝɌɗɨəɧɕ ɛɜɔɜɚɝɞ Ɏ ɝɖɚɜɚɝɞɔ, Ɍ ɞɌɖ-

ɒɑ Ɏ ɝəɔɒɑəɔɔ ɠɔəɌəɝɚɎɧɡ ɓɌɞɜɌɞ əɌ 

ɌəɌɗɔɓ ɐɌəəɚɕ ɔəɠɚɜɘɌɢɔɔ. 

Ȼɚ Ɏɜɑɘɑəəɧɘ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌɘ ɛɚɐ-

ɡɚɐ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ əɑɕɜɚəəɚɕ ɝɑɞɔ 

ȶɚɡɚəɑəɌ ɫɎɗɫɑɞɝɫ ɝɌɘɧɘ ɍɧɝɞɜɚɐɑɕ-

ɝɞɎɟɪɥɔɘ. ȬəɌɗɔɓ ɖɌɣɑɝɞɎɌ ɜɌɝɛɚɓəɌɎɌ-

əɔɫ Ɏɧɡɚɐɔɞ ɓɌ ɜɌɘɖɔ ɐɌəəɚɕ ɝɞɌɞɨɔ, ɛɚ-

ɝɖɚɗɨɖɟ ɚɢɑəɖɌ ɜɑɓɟɗɨɞɌɞɚɎ ɌəɌɗɔɓɌ 

ɝəɔɘɖɚɎ Ɍɩɜɚɠɚɞɚɝɦɑɘɖɔ ɩɖɚɝɔɝɞɑɘ ɔɘɑɑɞ 

ɓəɌɣɔɞɑɗɨəɟɪ ɐɚɗɪ ɝɟɍɦɑɖɞɔɎəɚɏɚ ɘəɑ-

əɔɫ ɩɖɝɛɑɜɞɚɎ. 

ȴɝɛɚɗɨɓɚɎɌəɔɑ ɘɑɞɚɐɚɎ ɌəɌɗɔɓɌ 

ɝəɔɘɖɚɎ, ɚɛɔɝɌəəɧɡ Ɏ ɐɌəəɚɕ ɝɞɌɞɨɑ, 

Ɏɚɓɘɚɒəɚ ɝɚɎɘɑɝɞəɚ ɝ ɐɑɞɌɗɔɓɔɜɚɎɌəəɧɘ 

ɘɑɞɚɐɚɘ ɍɚɗɑɑ ɏɗɟɍɚɖɚɏɚ ɔɓɟɣɑəɔɫ ɚɍɜɌ-

ɓɚɎ, ɚɛɔɝɌəəɚɏɚ Ɏ [5], ɛɚ ɖɚɞɚɜɚɘɟ ɘɚɒəɚ 

ɟɝɞɌəɚɎɔɞɨ ɛɜɔəɌɐɗɑɒəɚɝɞɨ ɔɝɝɗɑɐɟɑɘɚ-

ɏɚ ɚɍɦɑɖɞɌ ɖ ɞɚɘɟ ɔɗɔ ɔəɚɘɟ ɖɗɌɝɝɟ. 

ȬɎɞɚɜɝɖɔɑ Ɍɗɏɚɜɔɞɘɧ ɜɑɌɗɔɓɚɎɌəɧ Ɏ 

ɩɖɝɛɑɜɞəɚɕ ɝɔɝɞɑɘɑ ɌəɌɗɔɓɌ ɏɜɌɠɔɣɑɝɖɔɡ 

ɚɍɜɌɓɚɎ çIdent  Smart  Studioè, Ɏ ɣɌɝɞəɚɝɞɔ 
Ɏ ɘɚɐɟɗɑ ç[ISS] Pattern  Searcherè. ȺɓəɌ-

ɖɚɘɔɞɨɝɫ ɝ ɔəɠɚɜɘɌɢɔɑɕ ɚ ɛɜɚɏɜɌɘɘəɚɘ 

ɛɜɚɐɟɖɞɑ ɘɚɒəɚ əɌ ɝɌɕɞɑ 

http ://iss.norcity .ru . 
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ȷȸȦȸȮȷȸȮȽȫȷȰȮȯ ȲȫȸȴȪ                                                                   

ȷȴȭȪȦȳȮɅ çȳȫȽȫȸȰȴȯè ȲȴȪȫȱȮ ȷȹȩȫȳȴ 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʩʦʟʜʘʥʠʷ çʥʝʯʝʪʢʠʭè ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʡ ʠʩʢʣʶʯʘʝʪ ʫʯʘʩʪʠʝ 
çʵʢʩʧʝʨʪʦʚè ʧʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ. ɸʣʛʦʨʠʪʤ ʠʤʝʝʪ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʩʥʦʚʘʥ ʣʠʰʴ ʥʘ 
ʦʙʨʘʙʦʪʢʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, çʥʝʯʝʪʢʘʷè ʣʦʛʠʢʘ, ʘʣʛʦʨʠʪʤ ʉʫʛʝʥʦ, ʙʘʟʘ 
ʧʨʘʚʠʣ, ʬʫʥʢʮʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʪʝʨʤ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ. 

Ȯ ɛɚɝɗɑɐəɔɑ ɏɚɐɧ əɌɍɗɪɐɌɑɞɝɫ ɞɑə-

ɐɑəɢɔɫ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɌɗɏɚɜɔɞɘɚɎ çəɑ-

ɣɑɞɖɚɏɚè ɎɧɎɚɐɌ ɐɗɫ ɚɛɔɝɌəɔɫ ɘɌɞɑɘɌɞɔ-

ɣɑɝɖɔɡ ɘɚɐɑɗɑɕ ɜɑɌɗɨəɧɡ ɝɔɝɞɑɘ ɔ ɛɜɚ-

ɢɑɝɝɚɎ ɟɛɜɌɎɗɑəɔɫ. ȴɓɎɑɝɞəɧ ɞɌɖɔɑ Ɍɗɏɚ-

ɜɔɞɘɧ çəɑɣɑɞɖɚɏɚè ɎɧɎɚɐɌ, ɖɌɖ ȸɌɘɐɌəɔ, 

ɂɟɖɌɘɚɞɚ, Ƚɟɏɑəɚ ɔ ɐɜ. [1, 2]. Ȭɗɏɚɜɔɞɘ 

Ƚɟɏɑəɚ ɍɗɌɏɚɐɌɜɫ Ɏɔɐɟ ɛɚɐɓɌɖɗɪɣɑəɔɕ  

[1, 2] ɝɎɚɔɡ ɛɜɌɎɔɗ ɛɚɓɎɚɗɫɑɞ ɛɚɗɟɣɔɞɨ 

ɍɚɗɑɑ ɞɚɣəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɛɜɔ əɌɗɔɣɔɔ 

əɑɚɍɡɚɐɔɘɧɡ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ. 

ȽɟɥɑɝɞɎɟɪɥɔɑ ɘɑɞɚɐɧ əɌɝɞɜɚɕɖɔ ɍɌ-

ɓɧ ɛɜɌɎɔɗ Ƚɟɏɑəɚ ɚɝəɚɎɌəɧ əɌ ɖɚɘɛɑə-

ɝɔɜɚɎɌəɔɔ çɘɏəɚɎɑəəɚɕ ɚɤɔɍɖɔè (ɜɌɓəɔ-

ɢɧ ɘɑɒɐɟ ɜɌɝɝɣɔɞɌəəɧɘ ɔ ɠɌɖɞɔɣɑɝɖɔɘ 

ɓəɌɣɑəɔɫɘɔ) [2]. ȯɗɌɎəɧɘɔ əɑɐɚɝɞɌɞɖɌ-

ɘɔ ɩɞɔɡ ɘɑɞɚɐɚɎ ɫɎɗɫɪɞɝɫ: 

¶ ɖɚɗɔɣɑɝɞɎɚ ɞɑɜɘɚɎ, Ɏɧɍɚɜ ɎɔɐɌ 

ɠɟəɖɢɔɕ ɛɜɔəɌɐɗɑɒəɚɝɞɔ ɔ ɝɞɜɟɖɞɟɜɌ 

ɛɜɌɎɔɗ ɟɝɞɌəɌɎɗɔɎɌɑɞɝɫ çɩɖɝɛɑɜɞɚɘè ɔ əɑ 

ɔɓɘɑəɫɑɞɝɫ ɛɜɔ əɌɝɞɜɚɕɖɑ çəɑɣɑɞɖɚɕè 

ɘɚɐɑɗɔ; 

¶ ɝɞɌɞɔɝɞɔɖɌ ɔɝɛɚɗɨɓɟɑɞɝɫ ɞɚɗɨɖɚ ɐɗɫ 

ɜɌɝɣɑɞɌ əɌɝɞɜɚɑɣəɧɡ ɛɌɜɌɘɑɞɜɚɎ ɠɟəɖ-

ɢɔɕ ɛɜɔəɌɐɗɑɒəɚɝɞɔ. 

Ȯ əɌɝɞɚɫɥɑɕ ɜɌɍɚɞɑ ɛɜɑɐɗɌɏɌɑɞɝɫ 

ɘɑɞɚɐ ɛɚɝɞɜɚɑəɔɫ çəɑɣɑɞɖɚɕè ɘɚɐɑɗɔ 

Ƚɟɏɑəɚ, ɖɚɞɚɜɧɕ ɔɝɖɗɪɣɌɑɞ ɟɣɌɝɞɔɑ 

çɩɖɝɛɑɜɞɚɎè. 

ȮɎɑɐɑɘ ɛɚəɫɞɔɑ ɝɞɜɚɖɔ ɝɞɌɞɔɝɞɔɣɑ-
ɝɖɔɡ ɐɌəəɧɡ ð ɝɚɎɚɖɟɛəɚɝɞɨ ɓəɌɣɑəɔɕ 

Ɏɡɚɐəɧɡ ɔ Ɏɧɡɚɐəɧɡ ɛɌɜɌɘɑɞɜɚɎ Ɏ ɠɔɖ-

ɝɔɜɚɎɌəəɧɕ ɘɚɘɑəɞ Ɏɜɑɘɑəɔ 
nt , ɚɍɚɓəɌ-

ɣɑəɔɑ ( ) ( ){ }nnn tytxZ ji ,= , ɏɐɑ ( )
ntx i

 ð

ɓəɌɣɑəɔɑ i -ɚɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ Ɏ 

ɘɚɘɑəɞ Ɏɜɑɘɑəɔ 
nt , ɓɐɑɝɨ Ni ·=1 , 

K·=1n ; ( )nty j
 ð ɓəɌɣɑəɔɑ j -ɚɏɚ Ɏɧɡɚɐ-

əɚɏɚ ɛɌɜɌɘɑɞɜɌ Ɏ ɘɚɘɑəɞ Ɏɜɑɘɑəɔ 
nt , 

ɓɐɑɝɨ Lj ·=1 ; { }nZM =  ð ɘəɚɒɑɝɞɎɚ ɝɞɜɚɖ 

ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ. 

ȽɞɌɞɔɝɞɔɣɑɝɖɔɑ ɐɌəəɧɑ ɐɚɗɒəɧ ɟɐɚ-

ɎɗɑɞɎɚɜɫɞɨ ɝɗɑɐɟɪɥɔɘ ɞɜɑɍɚɎɌəɔɫɘ: 

¶ ɖɚɗɔɣɑɝɞɎɚ ɝɞɜɚɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ 

ɐɌəəɧɡ (K ) ɔ ɖɚɗɔɣɑɝɞɎɚ Ɏɡɚɐəɧɡ ɛɌɜɌ-

ɘɑɞɜɚɎ (N ) ɐɚɗɒəɧ ɟɐɚɎɗɑɞɎɚɜɫɞɨ ɟɝɗɚ-

Ɏɔɪ NK >> ; 

¶ ɝɞɜɚɖɔ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ əɑ 

ɐɚɗɒəɧ ɛɚɎɞɚɜɫɞɨɝɫ; 

¶ ɝɞɌɞɔɝɞɔɣɑɝɖɔɑ ɐɌəəɧɑ ɐɚɗɒəɧ ɝɚ-

ɐɑɜɒɌɞɨ ɔəɠɚɜɘɌɢɔɪ ɗɔɤɨ ɚɍ ɟɝɞɌəɚ-

ɎɔɎɤɔɡɝɫ ɜɑɒɔɘɌɡ ɜɌɍɚɞɧ ɚɍɦɑɖɞɌ ɘɚɐɑ-

ɗɔɜɚɎɌəɔɫ. 

ȹɌ ɜɔɝ. 1 ɛɜɑɐɝɞɌɎɗɑə ɚɍɥɔɕ Ɏɔɐ ɚɍɦ-

ɑɖɞɌ ɘɚɐɑɗɔɜɚɎɌəɔɫ. 

 

ʈʠʩ. 1 

ȻɜɌɖɞɔɣɑɝɖɚɑ ɔɝɛɚɗɨɓɚɎɌəɔɑ ɞɑɚɜɔɔ 

çəɑɣɑɞɖɚɏɚè ɎɧɎɚɐɌ ɛɜɑɐɛɚɗɌɏɌɑɞ əɌɗɔ-

ɣɔɑ ɠɟəɖɢɔɕ ɛɜɔəɌɐɗɑɒəɚɝɞɔ, ɖɚɞɚɜɧɘɔ 

ɚɛɔɝɧɎɌɪɞɝɫ Ɏɡɚɐəɧɑ ɛɌɜɌɘɑɞɜɧ. 

Ȯ ɗɔɞɑɜɌɞɟɜɑ [1, 2, 3] ɛɜɑɐɗɌɏɌɑɞɝɫ 

əɑɝɖɚɗɨɖɚ ɎɔɐɚɎ ɠɟəɖɢɔɕ ɛɜɔəɌɐɗɑɒəɚ-

ɝɞɔ ɔ ɘɑɞɚɐɚɎ ɔɡ ɛɚɝɞɜɚɑəɔɫ. ȹɌɔɍɚɗɑɑ 

ɣɌɝɞɚ ɔɝɛɚɗɨɓɟɑɞɝɫ ɠɟəɖɢɔɫ ȯɌɟɝɝɌ. ȱɑ 

ɐɚɝɞɚɔəɝɞɎɚɘ ɫɎɗɫɑɞɝɫ ɞɚ, ɣɞɚ ɚəɌ ɓɌɐɌ-

ɑɞɝɫ Ɏɝɑɏɚ ɐɎɟɘɫ ɛɌɜɌɘɑɞɜɌɘɔ. Ȯ ɞɚ ɒɑ 

Ɏɜɑɘɫ ɠɟəɖɢɔɫ əɔɖɚɏɐɌ əɑ ɛɜɔəɔɘɌɑɞ əɟ-
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ɗɑɎɚɑ ɓəɌɣɑəɔɑ, ɣɞɚ ɫɎɗɫɑɞɝɫ ɝɟɥɑɝɞɎɑə-

əɧɘ əɑɐɚɝɞɌɞɖɚɘ, ɞɌɖ ɖɌɖ əɌ ɩɞɌɛɑ ɠɌɓɓɔ-

ɠɔɖɌɢɔɔ ɝɞɌəɚɎɫɞɝɫ ɌɖɞɔɎəɧɘɔ Ɏɝɑ ɛɜɌ-

ɎɔɗɌ. ɉɞɚɞ əɑɐɚɝɞɌɞɚɖ ɛɜɔɎɚɐɔɞ ɖ ɘəɚɒɑ-

ɝɞɎɟ ɐɚɛɚɗəɔɞɑɗɨəɧɡ ɜɌɝɣɑɞɚɎ, Ɍ ɝɗɑɐɚɎɌ-

ɞɑɗɨəɚ, ɔ ɖ ɛɚɎɧɤɑəɔɪ ɞɜɟɐɚɑɘɖɚɝɞɔ. 

ȮɎɑɐɑɘ ɝɗɑɐɟɪɥɔɑ ɚɍɚɓəɌɣɑəɔɫ: 

Å
iU  ð ɖɚɗɔɣɑɝɞɎɚ ɞɑɜɘɚɎ i -ɏɚ Ɏɡɚɐəɚɏɚ 

ɛɌɜɌɘɑɞɜɌ; 

Å
g,ix  ð ɖɚɚɜɐɔəɌɞɌ ɘɌɖɝɔɘɟɘɌ g-ɏɚ 

ɞɑɜɘɌ i -ɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ, ɏɐɑ 

iU·=1g ; 

Å
g,iD  ð əɚɝɔɞɑɗɨ g-ɏɚ ɞɑɜɘɌ i -ɏɚ 

Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ; 

Å ( ){ }ntxX ii =  ð ɘəɚɒɑɝɞɎɚ ɓəɌɣɑəɔɕ                

i -ɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ; 

Å ( )
i,i

x
g

m  ð ɠɟəɖɢɔɫ ɛɜɔəɌɐɗɑɒəɚɝɞɔ 

g-ɏɚ ɞɑɜɘɌ i -ɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ. 

ȻɜɑɐɗɌɏɌɑɞɝɫ ɛɜɔɘɑəɫɞɨ ɠɟəɖɢɔɪ 

ɛɜɔəɌɐɗɑɒəɚɝɞɔ, ɓɌɐɌɎɌɑɘɟɪ ɠɚɜɘɟɗɚɕ 
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ȻɌɜɌɘɑɞɜɧ w ɔ j ɚɛɜɑɐɑɗɫɪɞɝɫ ɔɓ 

ɝɚɚɞəɚɤɑəɔɫ 
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ȻɚɐɝɞɌɎɔɘ ɠɚɜɘɟɗɟ (2) Ɏ (1) ɔ ɛɚɗɟ-

ɣɔɘ ɚɖɚəɣɌɞɑɗɨəɧɕ Ɏɔɐ ɠɟəɖɢɔɔ ɛɜɔ-

əɌɐɗɑɒəɚɝɞɔ: 
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     (3) 

Ȼɜɔɘɑɘ ɝɗɑɐɟɪɥɔɑ ɚɍɚɓəɌɣɑəɔɫ: 

Å min

iX , max

iX  ð ɝɚɚɞɎɑɞɝɞɎɑəəɚ əɔɒəɑɑ 

ɔ Ɏɑɜɡəɑɑ ɓəɌɣɑəɔɫ i -ɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌ-

ɘɑɞɜɌ; 

Å min

,gix , max

,gix  ð ɝɚɚɞɎɑɞɝɞɎɑəəɚ ɖɚɚɜɐɔ-

əɌɞɧ əɔɒəɑɏɚ ɔ Ɏɑɜɡəɑɏɚ ɏɜɌəɔɣəɧɡ ɓəɌ-

ɣɑəɔɕ g-ɏɚ ɞɑɜɘɌ i -ɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ. 

ȹɌ ɜɔɝ. 2 ɛɚɖɌɓɌə ɛɜɔɘɑɜ əɑɝɖɚɗɨɖɔɡ 

ɠɟəɖɢɔɕ ɛɜɔəɌɐɗɑɒəɚɝɞɔ ɐɗɫ ɞɜɑɡ 

ɞɑɜɘɚɎ: 1,iT , 2,iT , 3,iT . 

 

ʈʠʩ. 2 

Ȱɗɫ ɠɚɜɘɔɜɚɎɌəɔɫ ɞɑɜɘɚɎ Ɏɡɚɐəɧɡ 

ɛɌɜɌɘɑɞɜɚɎ əɑɚɍɡɚɐɔɘɚ ɚɛɜɑɐɑɗɔɞɨ ɓəɌ-

ɣɑəɔɫ 
g,ix  ɔ 

g,iD  ɐɗɫ ɖɌɒɐɚɏɚ ɔɓ əɔɡ. 

ȻɜɚɢɑɐɟɜɌ Ɏɧɣɔɝɗɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ ɝɗɑ-

ɐɟɪɥɌɫ: 

1.  Ȼɜɔɘɑɘ 1=l  (əɌɣɌɗɨəɚɑ ɓəɌɣɑ-

əɔɑ), ɏɐɑ l ð ɎɜɑɘɑəəɌɫ ɛɑɜɑɘɑəəɌɫ. 

2.  ȻɜɚɔɓɎɑɐɑɘ ɝɚɜɞɔɜɚɎɖɟ ɝɞɜɚɖ ɝɞɌ-

ɞɔɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ 
nZ  Ɏɚ ɘəɚɒɑɝɞɎɑ M  

ɛɚ ɎɚɓɜɌɝɞɌəɔɪ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ 
lX . 

3.  Ȼɜɔɘɑɘ 1=a  (əɌɣɌɗɨəɚɑ ɓəɌɣɑ-

əɔɑ), ɏɐɑ a ð ɎɜɑɘɑəəɌɫ ɛɑɜɑɘɑəəɌɫ. 

4.  Ⱥɛɜɑɐɑɗɔɘ ɖɚɗɔɣɑɝɞɎɚ ɞɑɜɘɚɎ ɐɗɫ 

ɖɌɒɐɚɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ ɛɚ ɠɚɜɘɟɗɑ 

               ( )( )11 -+-= NKU i a .                (4) 

5.  Ȯɧɛɚɗəɔɘ Ɏɧɍɚɜɖɟ 1

gV  ɝɞɜɚɖ ɝɞɌɞɔ-

ɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ 
nZ  ɛɚ ɠɚɜɘɟɗɑ 

  ( ) ( ) ( )( ){ }
11

1
|

-++
¢¢= NtxtxtxMV aglnlglg .  (5) 

6. Ȯɧɛɚɗəɔɘ Ɏɧɍɚɜɖɟ 2

,giV  ɓəɌɣɑəɔɕ 

i -ɡ Ɏɡɚɐəɧɡ ɛɌɜɌɘɑɞɜɚɎ ɛɚ ɠɚɜɘɟɗɑ 

                ( ){ }12

,
| gng VtxXV iii Í= .               (6) 

7. Ⱥɛɜɑɐɑɗɔɘ ɘəɚɒɑɝɞɎɌ min

,giV  ɔ max

,giV  

ɓəɌɣɑəɔɕ i -ɡ Ɏɡɚɐəɧɡ ɛɌɜɌɘɑɞɜɚɎ, ɟɐɚ-

ɎɗɑɞɎɚɜɫɪɥɔɡ ɟɝɗɚɎɔɫɘ: 

 ( ){ }2

,

min

,
min| g
n

ng iiii VtxXV <= ,

 ( ){ }2

,

max

,
max| g
n

ng iiii VtxXV >= .         (7) 
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8. Ȯɧɛɚɗəɔɘ ɜɌɝɣɑɞ min

,gix  ɔ max

,gix  ɛɚ 

ɠɚɜɘɟɗɌɘ (8) ɔ (9), ɞɑɘ ɝɌɘɧɘ ɚɛɜɑɐɑɗɔɘ 

ɏɜɌəɔɢɧ ɞɑɜɘɚɎ: 

îí

î
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ë
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.minminɛɜɔ,

;minminɛɜɔ,max

2

,

min

2

,

min

,
min

,

iii

iii

i
XVX

XVV
x

n
g

n

n
g

n
g

n
g

(8) 
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=
.maxmaxɛɜɔ,

;maxmaxɛɜɔ,min
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max
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XVX

XVV
x

n
g

n

n
g
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g

n
g

(9) 

9. Ȯ ɝɗɟɣɌɑ ɑɝɗɔ əɚɝɔɞɑɗɔ ɝɚɎɛɌɐɌɪɞ, 

ɗɔɍɚ ɚɐɔə əɚɝɔɞɑɗɨ əɌɡɚɐɔɞɝɫ Ɏəɟɞɜɔ 

ɐɜɟɏɚɏɚ, ɞɚ ɞɌɖɔɑ ɞɑɜɘɧ ɚɍɦɑɐɔəɫɪɞɝɫ. 

10. Ȯɧɛɚɗəɔɘ ɜɌɝɣɑɞ ɓəɌɣɑəɔɕ ɖɚɚɜ-

ɐɔəɌɞ ɢɑəɞɜɌ ɞɑɜɘɚɎ 
g,i

x  ɔ ɔɡ əɚɝɔɞɑɗɑɕ 

g
D

,i
 ɛɚ ɠɚɜɘɟɗɌɘ: 

2

min

,

max

,min

,,

gg

gg

ii

ii

xx
xx

-
+= ,  

                       min

,

max

,, ggg iii xx -=D .              (10) 

11. ɀɚɜɘɔɜɚɎɌəɔɑ ɍɌɓɧ ɛɜɌɎɔɗ ɛɟɞɑɘ 

ɛɑɜɑɍɚɜɌ Ɏɝɑɡ Ɏɚɓɘɚɒəɧɡ ɖɚɘɍɔəɌɢɔɕ 

ɞɑɜɘɚɎ Ɏɡɚɐəɧɡ ɛɌɜɌɘɑɞɜɚɎ: 

() ()

() () () ()

() ()

() () () ()

() ()

() () () (),,...,,ɞɚ,ɔ 

...ɔɔx ȱɝɗɔ      

...

.,...,,ɞɚ,ɔ 

...ɔɔx ȱɝɗɔ     

.,...,,ɞɚ,ɔ 

...ɔ ɔx ȱɝɗɔ     

,,2,1,

,22,11

2,2,22,12,

1,221,11

1,1,21,11,

1,221,11
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TtxTt

RLRRUNN

UU

LNN
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Í

ÍÍ

Í

ÍÍ

 

ɏɐɑ g,iT ð g ɞɑɜɘ i -ɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞ-

ɜɌ; ()tS j r,  ð j -ɚɑ ɛɚɐɓɌɖɗɪɣɑəɔɑ r-ɏɚ 

ɛɜɌɎɔɗɌ, ɏɐɑ R·=1r . 

12. Ⱥɛɜɑɐɑɗɔɘ ɖɚɗɔɣɑɝɞɎɚ ɛɜɌɎɔɗ R  

ɛɚ ɠɚɜɘɟɗɑ 

                        Ô
=

=

N

i

iUR

1

.                        (11) 

13. ȹɑɚɍɡɚɐɔɘɚ, ɣɞɚɍɧ Ɏ ɖɌɒɐɚɑ ɔɓ R  

ɛɜɌɎɔɗ ɛɚɛɌɐɌɗɚ ɛɚ ( )1+N  ɝɞɜɚɖ ɝɞɌɞɔ-

ɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ, ɐɗɫ ɩɞɚɏɚ: 

Ɍ) ɑɝɗɔ ɡɚɞɫ ɍɧ ɚɐəɚɘɟ ɔɓ ɛɜɌɎɔɗ ɝɚ-

ɚɞɎɑɞɝɞɎɟɑɞ ɘɑəɑɑ ( )1+N  ɝɞɜɚɖ, ɞɚɏɐɌ ɛɑ-

ɜɑɘɑəəɌɫ a ɟɎɑɗɔɣɔɎɌɑɞɝɫ əɌ ɑɐɔəɔɢɟ ɔ 

ɛɚɎɞɚɜɫɪɞɝɫ Ɏɝɑ ɐɑɕɝɞɎɔɫ ɝ ɛ. 4; 

ɍ) ɑɝɗɔ əɔ ɚɐəɚɘɟ ɛɜɌɎɔɗɟ əɑ ɝɚɚɞ-

ɎɑɞɝɞɎɟɑɞ ɣɔɝɗɚ ɝɞɜɚɖ ɘɑəɑɑ ( )1+N , əɚ 

ɡɚɞɫ ɍɧ ɚɐəɚɘɟ ɛɜɌɎɔɗɟ ɝɚɚɞɎɑɞɝɞɎɟɑɞ 

ɣɔɝɗɚ ɝɞɜɚɖ ɍɚɗɑɑ ( )1+N , ɞɚ ɞɌɖɔɑ ɛɜɌ-

ɎɔɗɌ əɑɚɍɡɚɐɔɘɚ ɐɑɗɔɞɨ ɝɗɑɐɟɪɥɔɘ ɚɍ-

ɜɌɓɚɘ: 

¶ ɐɑɗɑəɔɪ ɛɚɐɎɑɜɒɑəɧ ɞɚɗɨɖɚ ɞɑɜɘɧ 

l-ɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ; 

¶ ɛɜɔ ɐɑɗɑəɔɔ ɞɑɜɘɚɎ ɝɞɜɟɖɞɟɜɌ 

ɛɜɌɎɔɗɌ (ɞɑɜɘɧ ɚɝɞɌɗɨəɧɡ Ɏɡɚɐəɧɡ 

ɛɌɜɌɘɑɞɜɚɎ ɔ ɛɚɐɓɌɖɗɪɣɑəɔɫ) əɑ ɔɓɘɑ-

əɫɑɞɝɫ; 

¶ ɖɚɗɔɣɑɝɞɎɚ əɚɎɧɡ ɛɜɌɎɔɗ ɚɛɜɑɐɑ-

ɗɫɑɞɝɫ ɖɌɖ ɜɌɓəɚɝɞɨ ɖɚɗɔɣɑɝɞɎɌ ɝɞɜɚɖ 

ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ, ɝɚɚɞɎɑɞɝɞɎɟɪ-

ɥɔɡ ɛɜɌɎɔɗɟ, ɔ ɖɚɗɔɣɑɝɞɎɌ Ɏɡɚɐəɧɡ 

ɛɌɜɌɘɑɞɜɚɎ; 

¶ ɞɑɜɘ 
gl,

T , ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɕ ɛɜɌɎɔɗɟ 

ɝ ɔɓɍɧɞɚɣəɧɘ ɖɚɗɔɣɑɝɞɎɚɘ ɝɞɜɚɖ, ɜɌɓɐɑ-

ɗɫɑɞɝɫ əɌ ɞɑɜɘɧ ('

,glT , ''

,glT  ɔ ɞ.ɐ.) ɞɌɖ, 

ɣɞɚɍɧ ɖɌɒɐɚɘɟ əɚɎɚɘɟ ɛɜɌɎɔɗɟ ɝɚɚɞɎɑɞ-

ɝɞɎɚɎɌɗɚ ( )1+N  ɝɞɜɚɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ 

ɐɌəəɧɡ; 

¶ ɛɚɝɗɑ ɐɑɗɑəɔɫ Ɏɝɑɡ ɛɜɌɎɔɗ ɝ ɔɓɍɧ-

ɞɚɣəɧɘ ɖɚɗɔɣɑɝɞɎɚɘ ɝɞɜɚɖ ɚɍɦɑɐɔəɫɪɞɝɫ 

ɞɚɗɨɖɚ ɚɐɔəɌɖɚɎɧɑ ɞɑɜɘɧ l-ɏɚ Ɏɡɚɐəɚɏɚ 

ɛɌɜɌɘɑɞɜɌ, ɞ.ɑ. Ɏ ɝɗɟɣɌɑ, ɖɚɏɐɌ ɚɐɔə ɞɑɜɘ 

əɌɡɚɐɔɞɝɫ Ɏəɟɞɜɔ ɐɜɟɏɚɏɚ, ɞɑɜɘɧ əɑ ɚɍɦ-

ɑɐɔəɫɪɞɝɫ; 

¶ ɛɚɎɞɚɜɫɪɥɔɑɝɫ ɛɜɌɎɔɗɌ ɝɚɖɜɌɥɌ-

ɪɞɝɫ. 

Ȼɜɔ ɚɛɜɑɐɑɗɑəɔɔ ɖɚɗɔɣɑɝɞɎɌ ɞɑɜɘɚɎ ɔ 

ɔɡ ɛɌɜɌɘɑɞɜɚɎ g,ix  ɔ g,iD  ɚɐəɚɎɜɑɘɑəəɚ 

ɠɚɜɘɔɜɟɑɞɝɫ ɍɌɓɌ ɛɜɌɎɔɗ. 

ȰɌɗɑɑ əɑɚɍɡɚɐɔɘɚ ɚɛɜɑɐɑɗɔɞɨ ɓəɌɣɑ-

əɔɫ ɖɚɩɠɠɔɢɔɑəɞɚɎ Ɏ ɛɚɐɓɌɖɗɪɣɑəɔɫɡ. 

ɀɚɜɘɟɗɌ ɐɗɫ ɜɌɝɣɑɞɌ ɛɚɐɓɌɖɗɪɣɑəɔɕ 

Ƚɟɏɑəɚ ɔɘɑɑɞ Ɏɔɐ: 

       () ()ä
=

Ö+=

N

i

x

iji

x

jj BtxBtS

1

,,0,,, rrr ,         (12) 

ɏɐɑ x jB zr ,,  ð ɖɚɩɠɠɔɢɔɑəɞɧ j -ɏɚ ɛɚɐɓɌ-

ɖɗɪɣɑəɔɫ r-ɏɚ ɛɜɌɎɔɗɌ, ɏɐɑ N·=0z . 

ȻɜɑɚɍɜɌɓɚɎɌɎ ɠɚɜɘɟɗɟ (12), ɛɚɗɟɣɌɑɘ 

ɟɜɌɎəɑəɔɑ ( )1+N -ɘɑɜəɚɕ ɛɗɚɝɖɚɝɞɔ Ɏ N  

ɖɚɚɜɐɔəɌɞɌɡ ()tx i
 ɔ ()tS j,r : 

() ()ä
=

=+Ö+Ö

N

i

jjjiji AAtSAtx

1

,,,,,
0321 rrrr

, (13) 

ɏɐɑ ijA
,,

1r , jA
,

2r , jA
,

3r  ð ɘəɚɒɑɝɞɎɌ ɛɌ-

ɜɌɘɑɞɜɚɎ ( )1+N -ɘɑɜəɚɕ ɛɗɚɝɖɚɝɞɔ. 

ʈ1. 

ʈ2. 

ʈR. 
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Ȼɜɔ ɩɞɚɘ ɓəɌɣɑəɔɫ ɖɚɩɠɠɔɢɔɑəɞɚɎ 

ɟɜɌɎəɑəɔɫ (12) ɍɟɐɟɞ ɚɛɜɑɐɑɗɫɞɨɝɫ ɝɗɑ-

ɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: 

         
j

ijx

ij
A

A
B

,

,,

,,
2

1

r

r

r
-

= , .
2

3

,

,

0,,

j

jx

j
A

A
B

r

r

r
-

=    (14) 

Ȱɗɫ ɚɐəɚɓəɌɣəɚɏɚ ɚɛɜɑɐɑɗɑəɔɫ ɛɌɜɌ-

ɘɑɞɜɚɎ ( )1+N -ɘɑɜəɚɕ ɛɗɚɝɖɚɝɞɔ ɐɚɝɞɌɞɚɣ-

əɚ ɓəɌɞɨ ɖɚɚɜɐɔəɌɞɧ ( )1+N  ɞɚɣɑɖ ɩɞɚɕ 

ɛɗɚɝɖɚɝɞɔ. ȰɑɕɝɞɎɔɫ ɛ. 13 Ɏɧɛɚɗəɫɗɔɝɨ 

ɐɗɫ ɞɚɏɚ, ɣɞɚɍɧ ɖɌɒɐɚɘɟ ɛɜɌɎɔɗɟ ɝɚɚɞɎɑɞ-

ɝɞɎɚɎɌɗɚ ( )1+N  ɝɞɜɚɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ 

ɐɌəəɧɡ. Ȼɚɗɟɣɑəəɧɑ Ɏ ɛ. 13 ɝɞɌɞɔɝɞɔɣɑ-

ɝɖɔɑ ɐɌəəɧɑ ɔɝɛɚɗɨɓɟɪɞɝɫ ɐɗɫ ɜɌɝɣɑɞɌ ɖɚ-

ɩɠɠɔɢɔɑəɞɚɎ ɟɜɌɎəɑəɔɫ (13). 

ȼɌɝɣɑɞ ɖɚɩɠɠɔɢɔɑəɞɚɎ x

jB zr ,,
 ɟɜɌɎəɑ-

əɔɫ (12) Ɏɧɛɚɗəɫɑɞɝɫ Ɏ ɝɗɑɐɟɪɥɑɕ ɛɚ-

ɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ: 

1. Ⱥɛɜɑɐɑɗɑəɔɑ ɠɟəɖɢɔɕ ɛɜɔəɌɐ-

ɗɑɒəɚɝɞɔ ɞɑɜɘɚɎ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɡ r-ɘɟ 

ɛɜɌɎɔɗɟ, Ɏ ɘəɚɒɑɝɞɎɚ 
rB . 

2. ȮɧɍɚɜɖɌ Z
V r  ɝɞɜɚɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ 

ɐɌəəɧɡ ɛɚ ɠɚɜɘɟɗɑ 

         

( )( )

( )( )

( )( )î
ý

î
ü

û

î
í

î
ì

ë

Í<

Í<

Í<

=

rg

rg

rg

r

m

m

m

Bxɔ

Bxɔ

BxM

V

NN

Z

,

2,2

1,1

0...

0

0|

,     (15) 

ɏɐɑ 
iU·=1g , K·=1n . 

3. ȽɚɝɞɌɎɔɘ ɝɗɑɐɟɪɥɔɑ ɖɎɌɐɜɌɞəɧɑ 

ɘɌɞɜɔɢɧ ɜɌɓɘɑɜɚɘ ( ) ( )11 +³+ NN  ɔɓ 

ɘəɚɒɑɝɞɎɌ Z
V r : 

¶ 1

,,

A

ijV r , ɖɚɞɚɜɌɫ ɝɚɝɞɚɔɞ ɔɓ N ɛɑɜɎɧɡ 

ɝɞɚɗɍɢɚɎ ɘəɚɒɑɝɞɎɌ Z
V r  (ɝɞɚɗɍɑɢ i  ɐɑɗɌ-

ɑɞɝɫ ɑɐɔəɔɣəɧɘ), ɛɚɝɗɑɐəɔɕ ɝɞɚɗɍɑɢ ɝ 

əɚɘɑɜɚɘ ( )1+N  ɝɚɚɞɎɑɞɝɞɎɟɑɞ ( )jN + -ɘɟ 

ɝɞɚɗɍɢɟ ɘəɚɒɑɝɞɎɌ Z
V r ; 

¶ 2

,

A

jV r , ɖɚɞɚɜɌɫ ɝɚɝɞɚɔɞ ɔɓ N ɛɑɜɎɧɡ 

ɝɞɚɗɍɢɚɎ ɘəɚɒɑɝɞɎɌ Z
V r , ɛɚɝɗɑɐəɔɕ ɝɞɚɗ-

ɍɑɢ ɝ əɚɘɑɜɚɘ ( )1+N  ɑɐɔəɔɣəɧɕ; 

¶ 3

,

A

jV r , ɖɚɞɚɜɌɫ ɝɚɝɞɚɔɞ ɔɓ N ɛɑɜɎɧɡ 

ɝɞɚɗɍɢɚɎ ɘəɚɒɑɝɞɎɌ Z
V r , ɛɚɝɗɑɐəɔɕ ɝɞɚɗ-

ɍɑɢ ɝ əɚɘɑɜɚɘ ( )1+N  ɝɚɚɞɎɑɞɝɞɎɟɑɞ 

( )jN + -ɘɟ ɝɞɚɗɍɢɟ ɘəɚɒɑɝɞɎɌ ZV r . 

 

 

 

4. ȼɌɝɣɑɞ ɓəɌɣɑəɔɕ ɖɚɩɠɠɔɢɔɑəɞɚɎ 

ɟɜɌɎəɑəɔɫ (13) ɛɜɚɔɓɎɚɐɫɞ ɛɚ ɠɚɜɘɟɗɌɘ: 

1

,,,,
1

A

ijij VA rr = , 2

,,
2

A

jj VA rr = ,  

                       3

,,
3

A

jj VA rr -= .              (16) 

5. ȻɚɐɝɞɌɎɔɎ ɎɧɜɌɒɑəɔɫ (16) Ɏ (14), 

ɛɚɗɟɣɔɘ ɖɚəɑɣəɧɕ Ɏɔɐ ɠɚɜɘɟɗ ɐɗɫ ɜɌɝ-

ɣɑɞɌ ɖɚɩɠɠɔɢɔɑəɞɚɎ ɟɜɌɎəɑəɔɫ (14): 

          
2

,

1

,,

,, A

j

A

ijx

ij

V

V
B

r

r

r

-
= , 

2

,

3

,

0,, A

j

A

jx

j

V

V
B

r

r

r = .       (17) 

ȮɌɒəɚɑ ɓɌɘɑɣɌəɔɑ: Ɏ ɝɗɟɣɌɑ, ɑɝɗɔ 

ɞɚɣəɚɝɞɨ ɛɚɗɟɣɑəəɚɕ ɘɚɐɑɗɔ əɑ ɟɐɚɎɗɑ-

ɞɎɚɜɫɑɞ ɞɜɑɍɚɎɌəɔɫɘ, ɞɚ əɑɚɍɡɚɐɔɘɚ 

ɟɎɑɗɔɣɔɞɨ ɛɌɜɌɘɑɞɜ l əɌ ɑɐɔəɔɢɟ ɔ 

ɛɚɎɞɚɜɔɞɨ Ɍɗɏɚɜɔɞɘ, əɌɣɔəɌɫ ɝ ɛ. 2. 

ȻɌɜɌɘɑɞɜ l ɘɚɒəɚ ɟɎɑɗɔɣɔɎɌɞɨ ɐɚ N  

Ɏɖɗɪɣɔɞɑɗɨəɚ. ȱɝɗɔ əɔ ɝ ɚɐəɔɘ ɓəɌɣɑ-

əɔɑɘ l ɞɚɣəɚɝɞɨ ɘɚɐɑɗɔ əɑ ɟɐɚɎɗɑɞɎɚ-

ɜɫɑɞ ɞɜɑɍɚɎɌəɔɫɘ, ɞɚ Ɏɚɓɘɚɒəɚ: 

¶ ɘɑɒɐɟ ɜɌɝɝɘɌɞɜɔɎɌɑɘɧɘɔ Ɏɡɚɐəɧ-

ɘɔ ɔ Ɏɧɡɚɐəɧɘɔ ɛɌɜɌɘɑɞɜɌɘɔ əɑɞ ɎɓɌɔ-

ɘɚɝɎɫɓɔ; 

¶ əɑ Ɏɧɛɚɗəɫɪɞɝɫ ɞɜɑɍɚɎɌəɔɫ ɖ ɝɞɌɞɔ-

ɝɞɔɣɑɝɖɔɘ ɐɌəəɧɘ; 

¶ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ əɑɐɚɝɞɌɞɚɣəɚ. 

ȰɌɗɑɑ ɛɜɔɎɑɐɑɘ ɛɜɔɘɑɜ ɛɚɝɞɜɚɑəɔɫ 

çəɑɣɑɞɖɚɕè ɘɚɐɑɗɔ Ƚɟɏɑəɚ ɐɗɫ ɝɗɟɣɌɫ 

ɐɎɟɡ Ɏɡɚɐəɧɡ ɛɌɜɌɘɑɞɜɚɎ 
1

x  ɔ 
2

x  ɔ               

ɚɐəɚɏɚ Ɏɧɡɚɐəɚɏɚ 
1

y  (ɜɔɝ. 3), ɞ.ɑ. 2=N                 

ɔ 1=L . 

 

ʈʠʩ. 3 

Ƚɞɜɚɖɔ ɩɖɝɛɑɜɔɘɑəɞɌɗɨəɧɡ ɝɞɌɞɔɝɞɔ-

ɣɑɝɖɔɡ ɐɌəəɧɡ ɔɘɑɪɞ Ɏɔɐ: 
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{ }

{ }

{ }
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{ }
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17.62385867.133149.16

17.63392917.135047.16

17.60803867.128842.15
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ȶɚɗɔɣɑɝɞɎɚ ɝɞɜɚɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɐɌə-

əɧɡ 15=K , ɣɞɚ ɟɐɚɎɗɑɞɎɚɜɫɑɞ ɟɝɗɚɎɔɪ 

NK >> . 

Ⱥɛɜɑɐɑɗɔɘ ɘəɚɒɑɝɞɎɌ 
1

X  ɔ 
2

X : 

î

î

ý

î
î

ü

û

î

î

í

î
î

ì

ë

=

149.16,047.16,842.15

,772.15,835.15,465.16,914.15

,890.15,857.15,867.15,172.16

,501.16,906.15,712.15,310.16

1
X , 

î

î

ý

î
î

ü

û

î

î

í

î
î

ì

ë

=

867.133,917.135,867.128

,583.143,467.142,333.145,717.138

,733.153,517.130,85.138,317.141

,883.150,25.132,383.135,3.136

2
X . 

ȯɜɌəɔɢɧ ɔɓɘɑəɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ min

iX , 
max

iX : 

í
ì
ë

=

=

;17

,15

max

1

min

1

X

X
        

í
ì
ë

=

=

.155

,125

max

2

min

2

X

X
 

Ȼɜɔɘɑɘ 1=l  ɔ Ɏɧɛɚɗəɔɘ Ɍɗɏɚɜɔɞɘ 

ɠɚɜɘɔɜɚɎɌəɔɫ ɞɑɜɘɚɎ Ɏɡɚɐəɧɡ ɛɌɜɌ-

ɘɑɞɜɚɎ: 

1. ȻɜɚɔɓɎɑɐɑɘ ɝɚɜɞɔɜɚɎɖɟ ɝɞɜɚɖ 

ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ 
nZ  Ɏɚ ɘəɚɒɑ-

ɝɞɎɑ M  ɛɚ ɎɚɓɜɌɝɞɌəɔɪ Ɏɡɚɐəɚɏɚ ɛɌɜɌ-

ɘɑɞɜɌ 
lX : 
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7.6378485.138867.15
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2. Ȼɜɔɘɑɘ 1=a . 

3. Ȼɚɗɨɓɟɫɝɨ ɠɚɜɘɟɗɚɕ (4), Ɏɧɛɚɗ-

əɔɘ ɜɌɝɣɑɞ ɖɚɗɔɣɑɝɞɎɌ ɞɑɜɘɚɎ ɐɗɫ                

ɖɌɒɐɚɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ 

( 13,13
21
== UU ). 

4. Ȼɚɗɨɓɟɫɝɨ ɠɚɜɘɟɗɚɕ (5), Ɏɧɛɚɗ-

əɔɘ Ɏɧɍɚɜɖɟ 1

gV , ɏɐɑ 131 ·=g : 

 { }
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1

1
,, ZZZV = ,

 { }
131112

1

2
,, ZZZV = ,

 { }
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1

3
,, ZZZV = , 

 { }
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4
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1

5
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1

6
,, ZZZV = , 
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1

7
,, ZZZV = ,

 { }
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1
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,, ZZZV = ,

 { }
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1

9
,, ZZZV = , 

 { }
51514

1

10
,, ZZZV = ,

 { }
1515

1

11
,, ZZZV = ,

 { }
1015

1

12
,, ZZZV = , 

 { }
4101

1

13
,, ZZZV = . 

5. Ȼɚɗɨɓɟɫɝɨ ɠɚɜɘɟɗɚɕ (6), Ɏɧɛɚɗ-

əɔɘ Ɏɧɍɚɜɖɟ 2

,giV : 

 { }835.15,772.15,712.15
2

1,1
=V ,

 { }467.142,583.143,383.135
2

1,2
=V , 

 { }842.15,835.15,772.15
2

2,1
=V ,

 { }867.128,467.142,583.143
2

2,2
=V , 
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 { }857.15,842.15,835.15
2

3,1
=V ,

 { }517.130,867.128,467.142
2

3,2
=V , 

 { }867.15,857.15,842.15
2

4,1
=V ,

 { }85.138,517.130,867.128
2

4,2
=V , 

 { }890.15,867.15,857.15
2

5,1
=V ,

 { }733.153,85.138,517.130
2

5,2
=V , 

 { }906.15,890.15,867.15
2

6,1
=V ,

 { }25.132,733.153,85.138
2

6,2
=V , 

 { }914.15,906.15,890.15
2

7,1
=V ,

 { }717.138,25.132,733.153
2

7,2
=V , 

 { }047.16,914.15,906.15
2

8,1
=V ,

 { }917.135,717.138,25.132
2

8,2
=V , 

 { }149.16,047.16,914.15
2

9,1
=V ,

 { }867.133,917.135,717.138
2

9,2
=V , 

 { }172.16,149.16,047.16
2

10,1
=V ,

 { }317.141,867.133,917.135
2

10,2
=V , 

 { }310.16,172.16,149.16
2

11,1
=V ,

 { }3.136,317.141,867.133
2

11,2
=V , 

 { }465.16,310.16,172.16
2

12,1
=V ,

 { }333.145,3.136,317.141
2

12,2
=V , 

 { }501.16,465.16,310.16
2

13,1
=V ,

 { }883.150,333.145,3.136
2

13,2
=V . 

6. Ȼɚɗɨɓɟɫɝɨ ɠɚɜɘɟɗɌɘɔ (7), ɚɛɜɑɐɑ-

ɗɔɘ ɘəɚɒɑɝɞɎɌ min

,giV  ɔ max

,giV : 

Ø
min

1,1
=V ,

î
ý

î
ü

û

î
í

î
ì

ë

=

501.16,465.16,310.16,172.16

,149.16,047.16,914.15,906.15

,890.15,867.15,857.15,842.15

max

1,1
V , 

{ }712.15
min

2,1
=V ,

î
ý

î
ü

û

î
í

î
ì

ë

=

501.16,465.16,310.16,172.16

,149.16,047.16,914.15,906.15

,890.15,867.15,857.15

max

2,1
V , 

{ }772.15,712.15
min

3,1
=V ,

î
ý

î
ü

û

î
í

î
ì

ë

=

501.16,465.16,310.16,172.16

,149.16,047.16,914.15,906.15

,890.15,867.15

max

3,1
V , 

{ }835.15,772.15,712.15
min

4,1
=V , 

î
ý

î
ü

û

î
í

î
ì

ë

=

501.16,465.16,310.16,172.16

,149.16,047.16,914.15,906.15

,890.15

max

4,1
V , 

{ }842.15,835.15,772.15,712.15
min

5,1
=V ,

ý
ü
û

í
ì
ë

=
501.16,465.16,310.16,172.16

,149.16,047.16,914.15,906.15
max

5,1
V , 

ý
ü
û

í
ì
ë
=

857.15

,842.15,835.15,772.15,712.15
min

6,1
V ,

ý
ü
û

í
ì
ë

=
501.16,465.16,310.16,172.16

,149.16,047.16,914.15
max

6,1
V , 

ý
ü
û

í
ì
ë
=

867.15,857.15

,842.15,835.15,772.15,712.15
min

7,1
V ,

ý
ü
û

í
ì
ë

=
501.16,465.16,310.16,172.16

,149.16,047.16
max

7,1
V , 

ý
ü
û

í
ì
ë
=

890.15,867.15,857.15

,842.15,835.15,772.15,712.15
min

8,1
V ,

ý
ü
û

í
ì
ë

=
501.16,465.16,310.16,172.16

,149.16
max

8,1
V , 

ý
ü
û

í
ì
ë
=

906.15,890.15,867.15,857.15

,842.15,835.15,772.15,712.15
min

9,1
V ,

{ }501.16,465.16,310.16,172.16
max

9,1
=V , 

î
ý

î
ü

û

î
í

î
ì

ë

=

914.15

,906.15,890.15,867.15,857.15

,842.15,835.15,772.15,712.15

min

10,1
V ,

{ }501.16,465.16,310.16
max

10,1
=V , 

î
ý

î
ü

û

î
í

î
ì

ë

=

047.16,914.15

,906.15,890.15,867.15,857.15

,842.15,835.15,772.15,712.15

min

11,1
V ,

{ }501.16,465.16
max

11,1
=V , 

î
ý

î
ü

û

î
í

î
ì

ë

=

149.16,047.16,914.15

,906.15,890.15,867.15,857.15

,842.15,835.15,772.15,712.15

min

12,1
V ,

{ }501.16
max

12,1
=V , 

î
ý

î
ü

û

î
í

î
ì

ë

=

172.16,149.16,047.16,914.15

,906.15,890.15,867.15,857.15

,842.15,835.15,772.15,712.15

min

13,1
V ,

Ø
max

13,1
=V . 

ȬəɌɗɚɏɔɣəɚ ɚɛɜɑɐɑɗɫɪɞɝɫ ɘəɚɒɑɝɞɎɌ 
min

,giV  ɔ max

,giV  ɐɗɫ Ɏɞɚɜɚɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌ-

ɘɑɞɜɌ. 
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7. Ȼɚɗɨɓɟɫɝɨ ɠɚɜɘɟɗɌɘɔ (8) ɔ (9), 

Ɏɧɛɚɗəɔɘ ɜɌɝɣɑɞ min

,gix  ɔ max

,gix : 

15
min

1,1
=x , 842.15

max

1,1
=x , 

712.15
min

2,1
=x ,              857.15

max

2,1
=x , 

772.15
min

3,1
=x , 867.15

max

3,1
=x , 

835.15
min

4,1
=x , 890.15

max

4,1
=x , 

842.15
min

5,1
=x , 906.15

max

5,1
=x , 

857.15
min

6,1
=x , 914.15

max

6,1
=x , 

867.15
min

7,1
=x , 047.16

max

7,1
=x , 

890.15
min

8,1
=x , 149.16

max

8,1
=x , 

906.15
min

9,1
=x , 172.16

max

9,1
=x , 

914.15
min

10,1
=x , 310.16

max

10,1
=x , 

047.16
min

11,1
=x , 465.16

max

11,1
=x , 

149.16
min

12,1
=x , 501.16

max

12,1
=x , 

172.16
min

13,1
=x ,              17

max

13,1
=x , 

867.133
min

1,2
=x , 333.145

max

1,2
=x , 

125
min

2,2
=x , 333.145

max

2,2
=x , 

125
min

3,2
=x , 583.143

max

3,2
=x , 

125
min

4,2
=x , 317.141

max

4,2
=x , 

867.128
min

5,2
=x , 155

max

5,2
=x , 

517.130
min

6,2
=x , 155

max

6,2
=x , 

517.130
min

7,2
=x , 155

max

7,2
=x , 

517.130
min

8,2
=x , 85.138

max

8,2
=x , 

25.132
min

9,2
=x , 85.138

max

9,2
=x , 

25.132
min

10,2
=x , 467.142

max

10,2
=x , 

25.132
min

11,2
=x , 467.142

max

11,2
=x , 

917.135
min

12,2
=x ,            883.150

max

12,2
=x , 

917.135
min

13,2
=x ,            733.153

max

13,2
=x . 

8. Ȯɧɛɚɗəɔɘ ɚɍɦɑɐɔəɑəɔɑ ɞɑɜɘɚɎ: 

Ɍ) əɚɝɔɞɑɗɔ ɛɑɜɎɚɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌ-

ɘɑɞɜɌ əɑ ɝɚɎɛɌɐɌɪɞ ɔ əɑ ɛɜɔəɌɐɗɑɒɌɞ 

ɐɜɟɏ ɐɜɟɏɟ, ɛɚɩɞɚɘɟ ɚɍɦɑɐɔəɑəɔɑ ɞɑɜɘɚɎ 

əɑ ɞɜɑɍɟɑɞɝɫ; 

ɍ) ɛɚɝɗɑ ɚɍɦɑɐɔəɑəɔɫ əɚɝɔɞɑɗɑɕ Ɏɞɚ-

ɜɚɏɚ Ɏɡɚɐəɚɏɚ ɛɌɜɌɘɑɞɜɌ ɛɚɗɟɣɔɗɔ ɝɗɑ-

ɐɟɪɥɑɑ: 

125
min

1,2
=x , 333.145

max

1,2
=x , 

867.128
min

2,2
=x , 155

max

2,2
=x . 

9. Ȼɚɗɨɓɟɫɝɨ ɠɚɜɘɟɗɌɘɔ (10), Ɏɧ-

ɛɚɗəɔɘ ɜɌɝɣɑɞ ɓəɌɣɑəɔɕ ɖɚɚɜɐɔəɌɞ ɢɑə-

ɞɜɌ ɞɑɜɘɚɎ g,ix  ɔ ɔɡ əɚɝɔɞɑɗɑɕ g,iD : 

      421.15
1,1
=x , 842.0

1,1
=D , 

7845.15
2,1
=x , 145.0

2,1
=D , 

 8195.15
3,1
=x , 095.0

3,1
=D , 

8625.15
4,1
=x , 055.0

4,1
=D , 

 874.15
5,1
=x , 064.0

5,1
=D , 

8855.15
6,1
=x , 057.0

6,1
=D , 

 957.15
7,1
=x , 18.0

7,1
=D , 

0195.16
8,1
=x , 259.0

8,1
=D , 

 039.16
9,1
=x , 266.0

9,1
=D , 

112.16
10,1
=x , 396.0

10,1
=D , 

 256.16
11,1
=x , 418.0

11,1
=D , 

325.16
12,1
=x , 352.0

12,1
=D , 

 586.16
13,1
=x , 828.0

13,1
=D , 

1665.135
1,2
=x , 333.20

1,2
=D , 

 9335.141
2,2
=x , 133.26

2,2
=D . 

10. Ȼɚɗɨɓɟɫɝɨ ɠɚɜɘɟɗɚɕ (11), ɚɛɜɑɐɑ-

ɗɫɑɘ ɖɚɗɔɣɑɝɞɎɚ ɛɜɌɎɔɗ (26=R ) ɔ ɠɚɜ-

ɘɔɜɟɑɘ ɍɌɓɟ ɛɜɌɎɔɗ: 

ʈ1. () () ()tSTtxTtx
1,11,221,11

ɞɚ,ɔ ȱɝɗɔ ÍÍ . 

 é 

ʈ13. () () ()tSTtxTtx
13,11,2213,11

ɞɚ,ɔ ȱɝɗɔ ÍÍ . 

ʈ14. () () ()tSTtxTtx
14,12,221,11

ɞɚ,ɔ ȱɝɗɔ ÍÍ . 

 é 

ʈ26. () () ()tSTtxTtx
26,12,2213,11

ɞɚ,ɔ ȱɝɗɔ ÍÍ . 

11. Ȯ ɞɌɍɗ. 1 ɚɛɜɑɐɑɗɔɘ, ɛɚ ɝɖɚɗɨɖɚ 

ɝɞɜɚɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ ɛɚɛɌɐɌɑɞ Ɏ 

ɖɌɒɐɚɑ ɛɜɌɎɔɗɚ. 

ȾɌɍɗɔɢɌ 1 
ʉʦʦʪʚʝʪʩʪʚʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʦʢ  

ʧʨʘʚʠʣʘʤ ʧʨʠ Ŭ = 1 

ˉ ʧʨʘʚʠʣʘ ʂʦʣ-ʚʦ ʩʪʨʦʢ ˉ ʧʨʘʚʠʣʘ ʂʦʣ-ʚʦ ʩʪʨʦʢ 

1 3 14 3 

2 3 15 2 

3 3 16 2 

4 3 17 2 

5 2 18 3 

6 2 19 3 

7 2 20 3 

8 3 21 3 

9 3 22 3 

10 3 23 3 

11 3 24 3 

12 2 25 3 

13 1 26 3 



ȸɋɛɓɎɝɋɗɐɎɋ ɓɆəɐɎ 

 29 

12. ȾɌɖ ɖɌɖ ɛɜɔɝɟɞɝɞɎɟɪɞ ɛɜɌɎɔɗɌ, ɖɚ-

ɞɚɜɧɘ ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɘɑəɑɑ 3-ɡ ɝɞɜɚɖ ɝɞɌ-

ɞɔɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ, ɞɚ ɟɎɑɗɔɣɔɎɌɑɘ a 

əɌ ɑɐɔəɔɢɟ ɔ Ɏɧɛɚɗəɫɑɘ ɛɚɎɞɚɜəɚ ɐɑɕ-

ɝɞɎɔɫ ɌɗɏɚɜɔɞɘɌ ɠɚɜɘɔɜɚɎɌəɔɫ ɞɑɜɘɚɎ 

Ɏɡɚɐəɧɡ ɛɌɜɌɘɑɞɜɚɎ, əɌɣɔəɌɫ ɝ ɛ. 4. Ȼɚ-

Ɏɞɚɜɫɑɘ ɐɚ ɞɑɡ ɛɚɜ, ɛɚɖɌ Ɏɝɑɘ ɛɜɌɎɔɗɌɘ 

əɑ ɍɟɐɑɞ ɝɚɚɞɎɑɞɝɞɎɚɎɌɞɨ əɑ ɘɑəɑɑ                     

3-ɡ ɝɞɜɚɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ. 

Ȼɜɔ 2=a  ɛɚɗɟɣɑəɧ ɝɗɑɐɟɪɥɔɑ ɜɑ-

ɓɟɗɨɞɌɞɧ: 

¶ ɓəɌɣɑəɔɫ ɖɚɚɜɐɔəɌɞ ɢɑəɞɜɌ ɞɑɜɘɚɎ 

g,ix  ɔ ɔɡ əɚɝɔɞɑɗɔ 
g,iD : 

 445.15
1,1
=x , 890.0

1,1
=D , 

809.15
2,1
=x , 194.0

2,1
=D , 

 843.15
3,1
=x , 142.0

3,1
=D , 

941.15
4,1
=x , 212.0

4,1
=D , 

 9955.15
5,1
=x , 307.0

5,1
=D , 

0145.16
6,1
=x , 315.0

6,1
=D , 

 0885.16
7,1
=x , 443.0

7,1
=D , 

1775.16
8,1
=x , 575.0

8,1
=D , 

 2035.16
9,1
=x , 595.0

9,1
=D , 

457.16
10,1
=x , 086.1

10,1
=D , 

 140
1,2
=x , 30

1,2
=D ; 

¶ ɍɌɓɌ ɛɜɌɎɔɗ: 

ʈ1. () () ()tSTtxTt
1,11,221,11

ɞɚ,ɔx ȱɝɗɔ ÍÍ . 

 é 

ʈ10. () () ()tSTtxTtx
10,11,2210,11

ɞɚ,ɔ ȱɝɗɔ ÍÍ ; 

¶ ɖɚɗɔɣɑɝɞɎɚ ɝɞɜɚɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ 

ɐɌəəɧɡ, ɛɚɛɌɐɌɪɥɔɡ Ɏ ɖɌɒɐɚɑ ɛɜɌɎɔɗɚ, 

ɛɜɔɎɑɐɑəɚ Ɏ ɞɌɍɗ. 2. 

ȾɌɍɗɔɢɌ 2  
ʉʦʦʪʚʝʪʩʪʚʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʦʢ  

ʧʨʘʚʠʣʘʤ ʧʨʠ Ŭ = 2 

ˉ ʧʨʘʚʠʣʘ ʂʦʣ-ʚʦ ʩʪʨʦʢ ˉ ʧʨʘʚʠʣʘ ʂʦʣ-ʚʦ ʩʪʨʦʢ 

1 6 6 6 

2 6 7 6 

3 6 8 6 

4 6 9 6 

5 6 10 6 

ȾɌɖ ɖɌɖ ɖɌɒɐɚɘɟ ɛɜɌɎɔɗɟ ɝɚɚɞɎɑɞ-

ɝɞɎɟɑɞ ɍɚɗɑɑ 3-ɡ ɝɞɜɚɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ, ɞɚ 

Ɏɧɛɚɗəɔɘ ɛɜɚɢɑɐɟɜɟ ɐɑɗɑəɔɫ ɛɜɌɎɔɗ (əɌ 

ɛɜɔɘɑɜɑ ɛɑɜɎɚɏɚ ɛɜɌɎɔɗɌ): 

 

¶ ɐɑɗɑəɔɪ ɛɚɐɎɑɜɏɌɑɘ ɞɑɜɘ 1,1
T , ɞɌɖ 

ɖɌɖ 1=l ; 

¶ ɛɑɜɎɚɘɟ ɛɜɌɎɔɗɟ ɝɚɚɞɎɑɞɝɞɎɟɪɞ ɝɗɑ-

ɐɟɪɥɔɑ ɓəɌɣɑəɔɫ ɛɑɜɎɚɏɚ Ɏɡɚɐəɚɏɚ ɛɌ-

ɜɌɘɑɞɜɌ 

{ }867.15,857.15,842.15,835.15,772.15,712.15 ; 

¶ ɏɜɌəɔɣəɧɑ ɓəɌɣɑəɔɫ ɞɑɜɘɌ 1,1
T  

 15
min

1,1
=x , 890.15

max

1,1
=x ; 

¶ ɐɑɗɔɘ ɞɑɜɘ ɞɌɖɔɘ ɚɍɜɌɓɚɘ, ɣɞɚɍɧ Ɏ 

ɖɌɒɐɧɕ əɚɎɧɕ ɞɑɜɘ ɛɚɛɌɐɌɗɚ ɛɚ 3 ɓəɌ-

ɣɑəɔɫ: 

421.15
1,1
=x , 842.0

1,1
=D , 7845.15

2,1
=x , 

145.0
2,1
=D , 8195.15

3,1
=x , 095.0

3,1
=D , 

8625.15
4,1
=x , 055.0

4,1
=D ; 

¶ Ɏ ɜɑɓɟɗɨɞɌɞɑ ɐɑɗɑəɔɫ ɛɚɗɟɣɔɗɔ əɚ-

Ɏɧɡ 4 ɛɜɌɎɔɗɌ. 

Ȼɚɝɗɑ ɐɑɗɑəɔɫ Ɏɝɑɡ ɛɜɌɎɔɗ əɑɚɍɡɚɐɔ-

ɘɚ ɚɍɦɑɐɔəɔɞɨ ɛɚɎɞɚɜɫɪɥɔɑɝɫ ɞɑɜɘɧ ɔ 

ɔɝɖɗɪɣɔɞɨ ɛɚɎɞɚɜɑəɔɫ ɛɜɌɎɔɗ. Ȯ ɔɞɚɏɑ 

ɛɚɗɟɣɔɗɔ ɝɗɑɐɟɪɥɑɑ: 

¶ ɓəɌɣɑəɔɫ ɖɚɚɜɐɔəɌɞ ɢɑəɞɜɌ ɞɑɜɘɚɎ 

g,ix  ɔ ɔɡ əɚɝɔɞɑɗɔ 
g,iD : 

 421.15
1,1
=x , 842.0

1,1
=D , 

7845.15
2,1
=x , 145.0

2,1
=D , 

 8195.15
3,1
=x , 095.0

3,1
=D , 

8625.15
4,1
=x , 055.0

4,1
=D , 

 874.15
5,1
=x , 064.0

5,1
=D , 

8855.15
6,1
=x , 057.0

6,1
=D , 

 957.15
7,1
=x , 18.0

7,1
=D , 

0195.16
8,1
=x , 259.0

8,1
=D , 

 039.16
9,1
=x , 266.0

9,1
=D , 

112.16
10,1
=x , 396.0

10,1
=D , 

 256.16
11,1
=x , 418.0

11,1
=D , 

325.16
12,1
=x , 352.0

12,1
=D , 

 586.16
13,1
=x , 828.0

13,1
=D , 

140
1,2
=x , 30

1,2
=D ; 

¶ ɍɌɓɌ ɛɜɌɎɔɗ: 

ʈ1. () () ()tSTtxTtx
1,11,221,11

ɞɚ,ɔ ȱɝɗɔ ÍÍ . 

 é 

ʈ13. () () ()tSTtxTtx
13,11,2213,11

ɞɚ,ɔ ȱɝɗɔ ÍÍ ; 

¶ ɖɚɗɔɣɑɝɞɎɚ ɝɞɜɚɖ ɝɞɌɞɔɝɞɔɣɑɝɖɔɡ 

ɐɌəəɧɡ, ɛɚɛɌɐɌɪɥɔɡ Ɏ ɖɌɒɐɚɑ ɛɜɌɎɔɗɚ, 

ɛɜɔɎɑɐɑəɚ Ɏ ɞɌɍɗ. 3. 
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ȾɌɍɗɔɢɌ 3 
ʉʦʦʪʚʝʪʩʪʚʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʦʢ ʧʨʘʚʠʣʘʤ  

ʧʨʠ Ŭ = 2 ʧʦʩʣʝ ʜʝʣʝʥʠʷ ʧʨʘʚʠʣ 

ˉ ʧʨʘʚʠʣʘ ʂʦʣ-ʚʦ ʩʪʨʦʢ ˉ ʧʨʘʚʠʣʘ ʂʦʣ-ʚʦ ʩʪʨʦʢ 

1 3 8 3 

2 3 9 3 

3 3 10 3 

4 3 11 3 

5 3 12 3 

6 3 13 3 

7 3   

ȹɌ ɛɜɔɘɑɜɑ ɛɑɜɎɚɏɚ ɛɜɌɎɔɗɌ ɛɜɚɔɓ-

Ɏɑɐɑɘ ɜɌɝɣɑɞ ɖɚɩɠɠɔɢɔɑəɞɚɎ ɟɜɌɎəɑəɔɫ 

(12): 

1. Ⱥɛɜɑɐɑɗɔɘ 
1

B : 

( ) ( ){ }
21,211,11

, xxB mm= . 

2. Ȼɚɗɨɓɟɫɝɨ ɠɚɜɘɟɗɚɕ (15), Ɏɧɛɚɗ-

əɔɘ Ɏɧɍɚɜɖɟ: 

{ }

{ }

{ }îý

î
ü

û

î
í

î
ì

ë

=

=

=

=

7.63714467.142835.15

7.62185583.143772.15

5.62171383.135712.15

11

12

2

1

Z

Z

Z

V
Z . 

3. ȽɚɝɞɌɎɔɘ ɝɗɑɐɟɪɥɔɑ ɖɎɌɐɜɌɞəɧɑ 

ɘɌɞɜɔɢɧ: 

ù

ù

ù

ú

ø

é

é

é

ê

è

=

7.63714467.1421

7.62185583.1431

5.62171383.1351

1

1,1,1

A
V ,

ù

ù

ù

ú

ø

é

é

é

ê

è

=

7.637141835.15

7.621851772.15

5.621711712.15

1

2,1,1

A
V , 

ù

ù

ù

ú

ø

é

é

é

ê

è

=

1467.142835.15

1583.143772.15

1383.135712.15

2

1,1

A
V ,

ù

ù

ù

ú

ø

é

é

é

ê

è

=

7.63714467.142835.15

7.62185583.143772.15

5.62171383.135712.15

3

1,1

A
V . 

4. Ȼɚɗɨɓɟɫɝɨ ɠɚɜɘɟɗɌɘɔ (17), ɛɜɚɔɓ-

Ɏɑɐɑɘ ɜɌɝɣɑɞ ɖɚɩɠɠɔɢɔɑəɞɚɎ ɛɚɐɓɌɖɗɪ-

ɣɑəɔɫ ɛɑɜɎɚɏɚ ɛɜɌɎɔɗɌ: 

            1788.254752
0,1,1
-=

x
B ,

 179.21512
1,1,1
=

x
B ,

 6745.155
2,1,1
-=

x
B . 

Ȯ ɞɌɍɗ. 4 ɛɜɔɎɑɐɑəɧ ɜɑɓɟɗɨɞɌɞɧ ɜɌɍɚ-

ɞɧ ɛɚɗɟɣɑəəɚɕ ɘɚɐɑɗɔ ɛɜɔ 1=l . 

ȾɌɍɗɔɢɌ 4  
ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʪʘʙʣʠʮʘ ʧʨʠ ɚ = 1 

ɜ ()
ntx

1
 ()ntx

2
 ()

nty
1

 ()nty
ʨʘʩʯ

1
 ()nty

1
D  ()

ne t
1

 

1 15.712 135.383 62171.5 62171.5 0 0 

2 15.772 143.583 62185.7 62185.7 0 0 

3 15.835 142.467 63714.7 63714.7 0 0 

4 15.842 128.867 60803.17 60803.17 0 0 

5 15.857 130.517 59265.7 59265.7 0 0 

6 15.867 138.85 63784.7 63784.7 0 0 

7 15.890 153.733 71616.7 71616.7 0 0 

8 15.906 132.25 73654.7 73654.7 0 0 

9 15.914 138.717 65466.7 65466.7 0 0 

10 16.047 135.917 63392.17 63392.17 0 0 

11 16.149 133.867 62385.17 62385.17 0 0 

12 16.172 141.317 70042.7 70042.7 0 0 

13 16.310 136.3 65640.5 65640.5 0 0 

14 16.465 145.333 65323.7 65323.7 0 0 

15 16.501 150.883 72295.7 72295.7 0 0 

Ȯ ɞɌɍɗ. 4 ɓəɌɣɑəɔɫ Ɍɍɝɚɗɪɞəɚɕ ɔ ɚɞəɚɝɔ-

ɞɑɗɨəɚɕ ɚɤɔɍɖɔ ɜɌɝɣɑɞɌ ɟɖɌɓɌəɧ əɟɗɑɎɧɑ, 

ɞɌɖ ɖɌɖ ɜɑɌɗɨəɧɑ ɔɡ ɓəɌɣɑəɔɫ ɔɘɑɪɞ ɛɚɜɫ-

ɐɚɖ 10-10. ɉɞɔɘɔ ɓəɌɣɑəɔɫɘɔ ɚɤɔɍɚɖ ɘɚɒəɚ 

ɛɜɑəɑɍɜɑɣɨ, ɛɚɞɚɘɟ ɣɞɚ əɔ ɚɐɔə ɛɜɔɍɚɜ ɖɚə-

ɞɜɚɗɫ ɞɑɡəɚɗɚɏɔɣɑɝɖɔɡ ɛɌɜɌɘɑɞɜɚɎ əɑ ɘɚ-

ɒɑɞ ɔɓɘɑɜɫɞɨ ɝ ɞɌɖɚɕ ɞɚɣəɚɝɞɨɪ. 

ȹɌ ɜɔɝ. 4 ɛɚɖɌɓɌəɧ ɞɑɜɘɧ ɛɑɜɎɚɏɚ, əɌ 

ɜɔɝ. 5 ð ɞɑɜɘɧ Ɏɞɚɜɚɏɚ Ɏɡɚɐəɧɡ ɛɌɜɌɘɑɞɜɚɎ. 

 

ʈʠʩ. 4 

 

ʈʠʩ. 5
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ȧɎɇɑɎɔɉɖɆɚɎɝɋɗɐɎɏ ɗɕɎɗɔɐ 

1. ȷɑɚəɑəɖɚɎ, Ȭ.Ȯ. ȹɑɣɑɞɖɚɑ ɘɚɐɑɗɔ-

ɜɚɎɌəɔɑ Ɏ ɝɜɑɐɑ MATLAB  ɔ fuzzyTECH  

[Ⱦɑɖɝɞ] / Ȭ.Ȯ. ȷɑɚəɑəɖɚɎ. ð ȽȻɍ.: ȭɁȮ-

Ȼɑɞɑɜɍɟɜɏ, 2005. ð 736 ɝ. 

2. ɄɞɚɎɍɌ, Ƚ.Ȱ. ȻɜɚɑɖɞɔɜɚɎɌəɔɑ əɑ-

ɣɑɞɖɔɡ ɝɔɝɞɑɘ ɝɜɑɐɝɞɎɌɘɔ MATLAB  

[Ⱦɑɖɝɞ] / Ƚ.Ȱ. ɄɞɚɎɍɌ. ð ȸ.: ȯɚɜɫɣɌɫ ɗɔ-

əɔɫðȾɑɗɑɖɚɘ, 2007. ð 288 ɝ. 

 

3. ȽɌɌɞɔ, Ⱦ.ȷ. ȮɓɌɔɘɚɐɑɕɝɞɎɔɑ Ɏ 

ɔɑɜɌɜɡɔɣɑɝɖɔɡ ɝɔɝɞɑɘɌɡ [Ⱦɑɖɝɞ] / Ⱦ.ȷ. ȽɌ-

Ɍɞɔ // ȾɑɡəɔɣɑɝɖɌɫ ɖɔɍɑɜəɑɞɔɖɌ. ð 1979. ð 

ʈ1. ð Ƚ. 68ð84. 

4. ȮɚɑɎɚɐɔə, Ȯ.Ȯ. ȸɌɞɜɔɢɧ ɔ Ɏɧɣɔɝ-

ɗɑəɔɫ [Ⱦɑɖɝɞ] / Ȯ.Ȯ. ȮɚɑɎɚɐɔə, Ɋ.Ȭ. ȶɟɓ-

əɑɢɚɎ. ð ȸ.: ȹɌɟɖɌ. ȯɗɌɎəɌɫ ɜɑɐɌɖɢɔɫ 

ɠɔɓɔɖɚ-ɘɌɞɑɘɌɞɔɣɑɝɖɚɕ ɗɔɞɑɜɌɞɟɜɧ, 

1984. ð 320 ɝ. 

 

ȿȰȶ 621.3.026.5 

ȴ.Ȯ. ȶɔɜɔɗɔə, Ȼ.ȸ. ȶɚɓɗɚɎ  

ȴȷȴȧȫȳȳȴȷȸȮ ȹȵȶȦȨȱȫȳȮɅ ȶȫȦȰȸȮȨȳȴȯ ȲȴȿȳȴȷȸɂɄ                          

Ȩ ȷȻȫȲȦȻ ɃȱȫȰȸȶȴȷȳȦȧȬȫȳȮɅ ȵȶȫȪȵȶȮɅȸȮȯ                            

ȼȨȫȸȳȴȯ ȲȫȸȦȱȱȹȶȩȮȮ 

ʆʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʝʥʩʘʮʠʝʡ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ ʚ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʩʥʘʙ-
ʞʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ; ʧʨʦʠʟʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 
ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠʩʪʦʯʥʠʢʦʚ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ; ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ 
ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʴʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʧʨʘʚʣʝʥʠʝ; ʢʦʤʧʝʥʩʘʮʠʷ ʨʝʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ; ʪʝʭʥʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ; ʵʢʦʥʦʤʠ-
ʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ; ʫʩʪʦʡʯʠʚʦʩʪʴ; ʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ; ʙʘʪʘʨʝʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ; ʨʝʛʫʣʠʨʦʚʘʥʠʝ. 

ȽɟɘɘɌɜəɧɑ Ɍɍɝɚɗɪɞəɧɑ ɔ ɚɞəɚɝɔ-

ɞɑɗɨəɧɑ ɓəɌɣɑəɔɫ ɛɚɞɑɜɨ ɜɑɌɖɞɔɎəɚɕ 

ɘɚɥəɚɝɞɔ Ɏ ɩɗɑɘɑəɞɌɡ ɝɑɞɔ ɎɑɝɨɘɌ Ɏɑɗɔ-

ɖɔ ɔ ɐɚɝɞɔɏɌɪɞ 50% ɘɚɥəɚɝɞɔ, ɛɚɝɞɟɛɌ-

ɪɥɑɕ Ɏ ɝɑɞɨ [1]. ȬəɌɗɔɓ ɘɌɞɑɜɔɌɗɚɎ  [2] 

ɛɚɖɌɓɧɎɌɑɞ, ɣɞɚ ɛɜɌɖɞɔɣɑɝɖɔ ɐɗɫ Ɏɝɑɡ 

ɩəɑɜɏɚɝɔɝɞɑɘ ȱɉȽ ȼɚɝɝɔɔ ɡɌɜɌɖɞɑɜəɌ ɜɌ-

ɍɚɞɌ ɜɌɝɛɜɑɐɑɗɔɞɑɗɨəɧɡ ɝɑɞɑɕ ɝ əɔɓɖɔɘ 

ɓəɌɣɑəɔɑɘ ɖɚɩɠɠɔɢɔɑəɞɌ ɘɚɥəɚɝɞɔ, ɛɚ-

ɩɞɚɘɟ ɐɚ ɝɔɡ ɛɚɜ ɚɐəɔɘ ɔɓ əɌɔɍɚɗɑɑ ɩɠ-

ɠɑɖɞɔɎəɧɡ ɝɛɚɝɚɍɚɎ ɛɚɎɧɤɑəɔɫ ɖɌɣɑɝɞɎɌ 

ɩɗɑɖɞɜɚɩəɑɜɏɔɔ (ȶɉ), Ɍ ɞɌɖɒɑ ɝəɔɒɑəɔɫ 

ɛɚɞɑɜɨ Ɏ ɛɔɞɌɪɥɑɕ ɔ ɜɌɝɛɜɑɐɑɗɔɞɑɗɨəɚɕ 

ɝɑɞɫɡ ɛɜɑɐɛɜɔɫɞɔɫ ɛɚ-ɛɜɑɒəɑɘɟ ɚɝɞɌɑɞɝɫ 

ɖɚɘɛɑəɝɌɢɔɫ ɜɑɌɖɞɔɎəɚɕ ɘɚɥəɚɝɞɔ 

(ȶȼȸ), ɝɟɞɨ ɖɚɞɚɜɚɕ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɛɚ-

Ɏɧɤɑəɔɔ ɖɚɩɠɠɔɢɔɑəɞɌ ɘɚɥəɚɝɞɔ ɩɗɑɖ-

ɞɜɚɛɑɜɑɐɌɣɔ ɓɌ ɝɣɑɞ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɗɚ-

ɖɌɗɨəɧɡ ɔɝɞɚɣəɔɖɚɎ ɜɑɌɖɞɔɎəɚɕ ɘɚɥəɚ-

ɝɞɔ, ɟɝɞɌəɌɎɗɔɎɌɑɘɧɡ Ɏ ɜɌɝɛɜɑɐɑɗɔɞɑɗɨ-

əɧɡ ɟɓɗɌɡ ɔ ɟɓɗɌɡ əɌɏɜɟɓɖɔ. Ȱɗɫ ɟɝɞɜɌ-

əɑəɔɫ ɩɞɚɏɚ əɑɐɚɝɞɌɞɖɌ ɜɟɖɚɎɚɐɝɞɎɚɘ ȼɀ  

Ɏ ɚɍɗɌɝɞɔ ɩɗɑɖɞɜɚɩəɑɜɏɑɞɔɖɔ ɛɚɝɞɚɫəəɚ 

ɝɚɎɑɜɤɑəɝɞɎɟɑɞɝɫ əɚɜɘɌɞɔɎəɚ-ɛɜɌɎɚɎɌɫ 

ɍɌɓɌ, ɜɑɏɗɌɘɑəɞɔɜɟɪɥɌɫ ɎɓɌɔɘɚɚɞəɚɤɑ-

əɔɫ ɘɑɒɐɟ ɛɚɝɞɌɎɥɔɖɌɘɔ ɔ ɛɚɞɜɑɍɔɞɑ-

ɗɫɘɔ ɩɗɑɖɞɜɚɩəɑɜɏɔɔ, ɜɌɓɜɌɍɌɞɧɎɌɪɞɝɫ 

ɘɑɜɚɛɜɔɫɞɔɫ ɔ ɚɍɚɜɟɐɚɎɌəɔɑ ɐɗɫ ɝɚɎɑɜ-

ɤɑəɝɞɎɚɎɌəɔɫ ɩɖɝɛɗɟɌɞɌɢɔɔ ɜɌɝɛɜɑɐɑɗɔ-

ɞɑɗɨəɧɡ ɝɑɞɑɕ ɩəɑɜɏɚɝɔɝɞɑɘ ɔ ɛɜɚɘɧɤ-

ɗɑəəɧɡ ɛɜɑɐɛɜɔɫɞɔɕ, Ɏ ɣɌɝɞəɚɝɞɔ, Ɏ ɚɍ-

ɗɌɝɞɔ ɝəɔɒɑəɔɫ ɛɚɞɑɜɨ ɔ ɛɚɎɧɤɑəɔɫ ɛɚ-

ɖɌɓɌɞɑɗɑɕ ɖɌɣɑɝɞɎɌ ɩɗɑɖɞɜɚɩəɑɜɏɔɔ. ȾɌɖ, 

ɛɜɔɖɌɓɚɘ ȸɔəɔɝɞɑɜɝɞɎɌ ɛɜɚɘɧɤɗɑəəɚ-

ɝɞɔ ɔ ɩəɑɜɏɑɞɔɖɔ ȼɀ ɚɞ 22 ɠɑɎɜɌɗɫ 

2007 ɏ. ʈ49 ɟɞɎɑɜɒɐɑə ɛɚɜɫɐɚɖ ɜɌɝɣɑɞɌ 

ɓəɌɣɑəɔɕ ɝɚɚɞəɚɤɑəɔɫ ɛɚɞɜɑɍɗɑəɔɫ Ɍɖ-

ɞɔɎəɚɕ ɔ ɜɑɌɖɞɔɎəɚɕ ɘɚɥəɚɝɞɑɕ (jtg ) 

ɐɗɫ ɚɞɐɑɗɨəɧɡ ɩɗɑɖɞɜɚɛɜɔɑɘəɔɖɚɎ ɔ ɔɡ 

ɏɜɟɛɛ. Ȯ əɑɘ ɐɌəɧ ɛɜɑɐɑɗɨəɧɑ ɓəɌɣɑəɔɫ 

ɖɚɩɠɠɔɢɔɑəɞɌ ɜɑɌɖɞɔɎəɚɕ ɘɚɥəɚɝɞɔ 

(ȼȸ), ɓɌ ɛɜɑɎɧɤɑəɔɑ ɖɚɞɚɜɧɡ ɛɜɑɐɟ-

ɝɘɌɞɜɔɎɌɑɞɝɫ  ɎɓɧɝɖɌəɔɑ ɐɚɛɚɗəɔɞɑɗɨ-

əɚɕ ɛɗɌɞɧ ɝ ɛɚɞɜɑɍɔɞɑɗɫ. ȾɌɖɒɑ ɔɓɐɌə 

ɛɜɔɖɌɓ ȻɜɑɐɝɑɐɌɞɑɗɫ ɛɜɌɎɗɑəɔɫ ȼȬȺ 

çȱɉȽ ȼɚɝɝɔɔè ɚɞ 11.12.06 ʈ893 çȺ ɛɚɎɧ-

ɤɑəɔɔ ɟɝɞɚɕɣɔɎɚɝɞɔ ɔ ɞɑɡəɔɖɚ-

ɩɖɚəɚɘɔɣɑɝɖɚɕ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɜɌɝɛɜɑɐɑ-
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ɗɔɞɑɗɨəɧɡ ɩɗɑɖɞɜɔɣɑɝɖɔɡ ɝɑɞɑɕ ɔ ɝɔɝɞɑɘ 

ɩɗɑɖɞɜɚɝəɌɍɒɑəɔɫ ɛɚɞɜɑɍɔɞɑɗɑɕ ɓɌ ɝɣɑɞ 

ɟɛɜɌɎɗɑəɔɫ ɛɚɞɚɖɌɘɔ ɜɑɌɖɞɔɎəɚɕ ɘɚɥ-

əɚɝɞɔ ɔ əɚɜɘɌɗɔɓɌɢɔɔ ɟɜɚɎəɑɕ əɌɛɜɫ-

ɒɑəɔɫè. ȿɖɌɓɌəəɧɑ  ɐɚɖɟɘɑəɞɧ ɝɎɔɐɑ-

ɞɑɗɨɝɞɎɟɪɞ ɚ ɞɚɘ, ɣɞɚ ɛɜɌɎɔɞɑɗɨɝɞɎɚɘ 

ȼɚɝɝɔɕɝɖɚɕ ɀɑɐɑɜɌɢɔɔ ɟɐɑɗɫɑɞɝɫ ɎəɔɘɌ-

əɔɑ əɑ ɞɚɗɨɖɚ əɑɛɚɝɜɑɐɝɞɎɑəəɚ  ɖɚɘɛɑə-

ɝɌɢɔɔ ȼȸ, əɚ ɔ ɟɛɜɌɎɗɑəɔɪ ɑɑ ɛɚɞɚɖɌɘɔ 

ɝ ɟɣɑɞɚɘ ɚɍɑɝɛɑɣɑəɔɫ əɌɐɑɒəɚɕ, ɟɝɞɚɕ-

ɣɔɎɚɕ  ɜɌɍɚɞɧ ɩɗɑɖɞɜɚɛɜɔɑɘəɔɖɚɎ ɩɗɑɖ-

ɞɜɔɣɑɝɖɔɡ ɝɑɞɑɕ ɛɜɚɘɧɤɗɑəəɧɡ ɛɜɑɐ-

ɛɜɔɫɞɔɕ. 

Ȼɜɔ ɜɌɝɝɘɚɞɜɑəɔɔ ɎɚɛɜɚɝɚɎ ɟɛɜɌɎɗɑ-

əɔɫ ȼȸ əɌ ɗɪɍɚɘ ɛɜɑɐɛɜɔɫɞɔɔ, ɛɜɑɒɐɑ 

Ɏɝɑɏɚ, əɑɚɍɡɚɐɔɘ ɌəɌɗɔɓ ɜɑɒɔɘɌ ɜɌɍɚɞɧ 

ɑɏɚ ɩɗɑɖɞɜɚɚɍɚɜɟɐɚɎɌəɔɫ ɔ ɜɌɓɜɌɍɚɞɖɌ 

ɘɑɜɚɛɜɔɫɞɔɕ ɛɚ ɝəɔɒɑəɔɪ ɛɚɞɜɑɍɗɑəɔɫ 

ȼȸ ɝɌɘɔɘɔ ɩɗɑɖɞɜɚɛɜɔɑɘəɔɖɌɘɔ. ȳɌɞɑɘ 

əɑɚɍɡɚɐɔɘɚ ɛɜɚɔɓɎɑɝɞɔ ɝɜɌɎəɔɞɑɗɨəɧɕ 

ɌəɌɗɔɓ ɞɑɡəɔɣɑɝɖɔɡ  Ɏɚɓɘɚɒəɚɝɞɑɕ ɔ 

ɩɖɚəɚɘɔɣɑɝɖɔɡ ɛɚɖɌɓɌɞɑɗɑɕ, ɔɘɑɪɥɔɡɝɫ 

ɔ Ɏɚɓɘɚɒəɧɡ ɖ ɟɝɞɌəɚɎɖɑ  Ɏ ɜɌɝɛɜɑɐɑɗɔ-

ɞɑɗɨəɚɕ ɝɑɞɔ ɛɜɑɐɛɜɔɫɞɔɫ  ɔɝɞɚɣəɔɖɚɎ 

ɜɑɌɖɞɔɎəɚɕ ɘɚɥəɚɝɞɔ (ȴȼȸ) (ɝɔəɡɜɚə-

əɧɡ ɩɗɑɖɞɜɚɐɎɔɏɌɞɑɗɑɕ (ȽȰ), ɍɌɞɌɜɑɕ 

ɖɚəɐɑəɝɌɞɚɜɚɎ (ȭȶ), ɝɞɌɞɔɣɑɝɖɔɡ ɞɔɜɔ-

ɝɞɚɜəɧɡ ɖɚɘɛɑəɝɌɞɚɜɚɎ (ȽȾȶ) ɔ ɛɜ.) ɐɗɫ 

ɚɍɑɝɛɑɣɑəɔɫ ɞɜɑɍɚɎɌəɔɕ ɟɖɌɓɌəəɧɡ Ɏɧ-

ɤɑ əɚɜɘɌɞɔɎəɧɡ ɐɚɖɟɘɑəɞɚɎ.  

ȽȾȶ ɝɚɝɞɚɫɞ ɔɓ əɑɜɑɏɟɗɔɜɟɑɘɚɕ ɖɚə-

ɐɑəɝɌɞɚɜəɚɕ ɍɌɞɌɜɑɔ, ɜɑɏɟɗɔɜɟɑɘɚɏɚ ɜɑ-

ɌɖɞɚɜɌ ɔ ɟɝɞɜɚɕɝɞɎɌ ɟɛɜɌɎɗɑəɔɫ ɔɗɔ 

ɖɚəɐɑəɝɌɞɚɜəɚɕ ɍɌɞɌɜɑɔ, ɜɑɏɟɗɔɜɟɑɘɚɕ 

ɞɔɜɔɝɞɚɜɌɘɔ [3]. ȼɑɌɖɞɔɎəɌɫ ɘɚɥəɚɝɞɨ 

ɞɌɖɚɏɚ ȴȼȸ ɝ ɜɑɏɟɗɔɜɟɑɘɧɘ ɜɑɌɖɞɚɜɚɘ 

ɛɜɔ ɛɌɜɌɗɗɑɗɨəɚɘ ɝɚɑɐɔəɑəɔɔ ɝɔɗɚɎɧɡ 

ɩɗɑɘɑəɞɚɎ ɚɛɜɑɐɑɗɫɑɞɝɫ ɎɧɜɌɒɑəɔɑɘ: 

( )1-=-= LCCLLC xxQQQQ , 

ɏɐɑ var
2

== LL xUQ ; const
2

== CC xUQ , 

Ɍ ɛɜɔ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɘ ɝɚɑɐɔəɑəɔɔ ð 

ɎɧɜɌɒɑəɔɑɘ: 

( )CLCLCLC xxQxxUQ -=-= 1)(
2 . 

Ȼɜɔɘɑəɑəɔɑ ȽȾȶ ɔɓ-ɓɌ ɔɡ Ɏɧɝɚɖɚɕ 

ɝɞɚɔɘɚɝɞɔ, ɝɗɚɒəɚɝɞɔ ɟɝɞɌəɚɎɖɔ ɔ ɩɖɝ-

ɛɗɟɌɞɌɢɔɔ ɝ ɛɚɘɚɥɨɪ ɝɔɝɞɑɘ ɌɎɞɚɘɌɞɔ-

ɣɑɝɖɚɏɚ ɟɛɜɌɎɗɑəɔɫ ɔ ɓɌɥɔɞɧ ɚɏɜɌəɔɣɔ-

ɎɌɑɞɝɫ. ȽɞɌɞɔɝɞɔɣɑɝɖɔɑ ɖɚɘɛɑəɝɌɞɚɜɧ 

ɔɝɛɚɗɨɓɟɪɞɝɫ Ɏ ɖɌɣɑɝɞɎɑ ɝɔɘɘɑɞɜɔɜɟɪ-

ɥɑɏɚ, ɠɔɗɨɞɜɚɖɚɘɛɑəɝɔɜɟɪɥɑɏɚ ɔ ɠɔɗɨ-

ɞɜɚɝɔɘɘɑɞɜɔɜɟɪɥɑɏɚ ɟɝɞɜɚɕɝɞɎɌ Ɏ ɝɡɑ-

ɘɌɡ ɩɗɑɖɞɜɚɝəɌɍɒɑəɔɫ ɘɚɥəɧɡ ɩɗɑɖɞɜɚ-

ɛɜɔɑɘəɔɖɚɎ ɝ ɜɑɓɖɚɛɑɜɑɘɑəəɚɕ əɌɏɜɟɓ-

ɖɚɕ.  

Ⱦɑɡəɔɣɑɝɖɔɑ Ɏɚɓɘɚɒəɚɝɞɔ ȽȰ ɖɌɖ 

ȴȼȸ ɘɚɏɟɞ ɍɧɞɨ ɚɏɜɌəɔɣɑəɧ ɛɜɑɐɑɗɨəɚ 

Ɏɚɓɘɚɒəɧɘɔ ɘɌɖɝɔɘɌɗɨəɧɘɔ ɓəɌɣɑəɔɫ-

ɘɔ ɞɚɖɚɎ ɝɞɌɞɚɜɌ ɔ ɜɚɞɚɜɌ, ɛɜɔ ɖɚɞɚɜɧɡ 

ɘɚɒɑɞ əɌɝɞɟɛɔɞɨ ɛɑɜɑɏɜɑɎ ɚɍɘɚɞɚɖ, ɔ 

ɛɜɑɐɑɗɨəɚ Ɏɚɓɘɚɒəɧɘɔ ɘɔəɔɘɌɗɨəɧɘɔ 

ɓəɌɣɑəɔɫɘɔ ɞɚɖɚɎ Ɏɚɓɍɟɒɐɑəɔɫ, ɛɜɔ ɖɚ-

ɞɚɜɧɡ ɑɥɑ ɎɚɓɘɚɒəɌ ɟɝɞɚɕɣɔɎɌɫ ɝɔə-

ɡɜɚəəɌɫ ɜɌɍɚɞɌ ɐɎɔɏɌɞɑɗɫ. 

ȸɌɖɝɔɘɌɗɨəɚɑ ɓəɌɣɑəɔɑ ɜɑɌɖɞɔɎəɚɕ 

ɘɚɥəɚɝɞɔ ȽȰ ɛɜɔ ɚɏɜɌəɔɣɑəɔɔ əɌɏɜɑɎɌ 

ɜɚɞɚɜɌ ɘɚɒəɚ ɚɛɜɑɐɑɗɔɞɨ ɛɚ ɠɚɜɘɟɗɑ, 

ɛɚɗɟɣɑəəɚɕ ɛɜɔ 
əɚɘɎɎ ȶȶ

.
¸ : 

( )

əɚɘd

əɚɘd

əɚɘddɎ

x

x

xxȶ

j

jb

j

a
sin

1

cos

sin21

222

22

max.

max
Ö

-

ÖÖ-

-Ö++

=
¡ ,(1) 

ɏɐɑ b ɔ Ȁ - ɚɞəɚɝɔɞɑɗɨəɧɑ əɌɏɜɟɓɖɔ ɝɞɌ-

ɞɚɜɌ ɝɚɚɞɎɑɞɝɞɎɑəəɚ ɛɚ ɌɖɞɔɎəɚɕ ɔ ɜɑɌɖ-

ɞɔɎəɚɕ ɘɚɥəɚɝɞɫɘ, 
əɚɘP

P
=b , 

əɚɘQ

Q
=a ; 

dx  - ɝɚɛɜɚɞɔɎɗɑəɔɑ ɐɎɔɏɌɞɑɗɫ ɛɚ ɛɜɚ-

ɐɚɗɨəɚɕ ɚɝɔ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɑɑ əɌɝɧɥɑ-

əɔɪ ɘɌɏəɔɞəɚɕ ɢɑɛɔ ɛɜɔ ɡɚɗɚɝɞɚɘ ɡɚɐɑ ɔ 

əɚɘɔəɌɗɨəɚɘ əɌɛɜɫɒɑəɔɔ ɝɞɌɞɚɜɌ; 

max.Ɏȶ  - ɘɌɖɝɔɘɌɗɨəɚ Ɏɚɓɘɚɒəɚɑ ɓəɌɣɑ-

əɔɑ ɞɚɖɌ Ɏɚɓɍɟɒɐɑəɔɫ ɛɚ əɌɏɜɑɎɟ ɜɚɞɚɜɌ 

Ɏ ɐɗɔɞɑɗɨəɚɘ ɜɑɒɔɘɑ ɜɌɍɚɞɧ. 

  ȼɑɌɖɞɔɎəɌɫ ɘɚɥəɚɝɞɨ, ɛɚɞɜɑɍɗɫɑɘɌɫ 

ɐɎɔɏɌɞɑɗɑɘ ɛɜɔ ɘɔəɔɘɌɗɨəɚ ɐɚɛɟɝɞɔɘɚɘ 

ɞɚɖɑ Ɏɚɓɍɟɒɐɑəɔɫ ɔ 0,1== fu ȶȶ  [4]  

əɚɘd

əɚɘɓɌɛəɚɘd

ɟ
x

ȶx

j

jb
a

sin

1cos1
2

.

)min(
Ö

-ÖÖ-
-= ,(2) 

ɏɐɑ 
ɓɌɛȶ  - ɖɚɩɠɠɔɢɔɑəɞ ɓɌɛɌɝɌ, ɓɌɎɔɝɫ-

ɥɔɕ Ɏ ɓəɌɣɔɞɑɗɨəɚɕ ɝɞɑɛɑəɔ ɚɞ ɡɌɜɌɖɞɑ-

ɜɌ əɌɏɜɟɓɖɔ ɔ ɝɔɝɞɑɘɧ ɌɎɞɚɘɌɞɔɣɑɝɖɚɏɚ 

ɜɑɏɟɗɔɜɚɎɌəɔɫ Ɏɚɓɍɟɒɐɑəɔɫ, ɛɜɔ ɝɛɚ-

ɖɚɕəɚɕ əɌɏɜɟɓɖɑ ɘɚɒəɚ ɛɜɔəɫɞɨ 
3,1=ɓɌɛȶ . 

ȻɜɑɐɑɗɨəɌɫ ɏɑəɑɜɔɜɟɑɘɌɫ ɐɎɔɏɌɞɑɗɑɘ 

ɜɑɌɖɞɔɎəɌɫ ɘɚɥəɚɝɞɨ ɐɚɗɒəɌ ɍɧɞɨ ɚɏɜɌ-

əɔɣɑəɌ, ɖɌɖ ɟɖɌɓɧɎɌɗɚɝɨ ɜɌəɑɑ, Ɏ ɐɗɔ-

ɞɑɗɨəɚɘ ɜɑɒɔɘɑ ɜɌɍɚɞɧ ɞɌɖɔɘ ɚɍɜɌɓɚɘ, 

ɣɞɚɍɧ ɞɚɖ ɝɞɌɞɚɜɌ əɑ ɛɜɑɎɧɤɌɗ əɚɘɔ-

əɌɗɨəɚɏɚ ɓəɌɣɑəɔɫ, ɞ. ɑ. 0,1
*
=I . 
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ȾɚɏɐɌ ɔɓ ɎɧɜɌɒɑəɔɫ 

( )əɚɘəɚɘ

uȶ
I jajb

2222

2

2
sincos

1
Ö+Ö=  ɛɜɔ 

0,1
*
=I , 0,1=uȶ  ɔɘɑɑɘ 

             
əɚɘ

əɚɘ

ɛɜɑɐ
j

jb
a

sin

cos1
22

Ö-
= .              (3) 

Ȱɚɛɟɝɞɔɘɟɪ ɜɑɌɖɞɔɎəɟɪ ɘɚɥəɚɝɞɨ 

ȽȰ əɑɚɍɡɚɐɔɘɚ ɚɛɜɑɐɑɗɫɞɨ, ɞɌɖɔɘ ɚɍɜɌ-

ɓɚɘ, ɔɓ ɟɝɗɚɎɔɫ  

           ɛɜɑɐɐɚɛɟ
aaa ¢¢

)(min ,
¡

max
a .  (4) 

Ⱦɚɖɔ Ɏɚɓɍɟɒɐɑəɔɫ ɛɜɔ ɩɞɚɘ ɚɛɜɑɐɑ-

ɗɫɪɞɝɫ ɛɚ ɠɚɜɘɟɗɑ 

.
sin21

sin2sin

ɝos1

22

2

22222

 .

əɚɘdd

əɚɘdɚɛɞəɚɘ

dɚɛɞəɚɘd

ɚɛɞɎI
jcc

jcaj

cajcb

Ö++

ÖÖ+³

³Ö+ÖÖ+

=  (5) 

Ȱɜɟɏɔɘɔ ɝɗɚɎɌɘɔ, ɞɑɡəɔɣɑɝɖɔɑ Ɏɚɓ-

ɘɚɒəɚɝɞɔ ɝɔəɡɜɚəəɧɡ ɐɎɔɏɌɞɑɗɑɕ ɖɌɖ 

ɔɝɞɚɣəɔɖɚɎ ɜɑɌɖɞɔɎəɚɕ ɘɚɥəɚɝɞɔ ɚɏɜɌ-

əɔɣɔɎɌɪɞɝɫ, ɛɜɑɒɐɑ Ɏɝɑɏɚ, əɌɏɜɑɎɚɘ ɚɍ-

ɘɚɞɚɖ ɝɞɌɞɚɜɌ ɔ ɜɚɞɚɜɌ ɞɚɖɌɘɔ əɌɏɜɟɓɖɔ 

ɔ Ɏɚɓɍɟɒɐɑəɔɫ (1), (3). ȶɜɚɘɑ ɞɚɏɚ, Ɏɑɗɔ-

ɣɔəɌ ɛɚɞɜɑɍɗɫɑɘɚɕ ɔɗɔ ɏɑəɑɜɔɜɟɑɘɚɕ 

ɜɑɌɖɞɔɎəɚɕ ɘɚɥəɚɝɞɔ ɐɎɔɏɌɞɑɗɑɕ ɐɚɗɒ-

əɌ ɍɧɞɨ ɚɏɜɌəɔɣɑəɌ ɐɗɫ ɚɍɑɝɛɑɣɑəɔɫ ɔɡ 

ɟɝɞɚɕɣɔɎɚɕ ɝɔəɡɜɚəəɚɕ  ɜɌɍɚɞɧ (2). Ȱɗɫ 

Ɏɚɓɘɚɒəɚɝɞɔ ɏɜɌɘɚɞəɚɕ ɩɖɝɛɗɟɌɞɌɢɔɔ 

ɐɎɔɏɌɞɑɗɑɕ əɑɚɍɡɚɐɔɘɚ ɚɛɜɑɐɑɗɔɞɨ ɐɚɛɟ-

ɝɞɔɘɟɪ ɜɌɍɚɣɟɪ ɓɚəɟ ɛɚ ɜɑɌɖɞɔɎəɚɕ 

ɘɚɥəɚɝɞɔ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɓɌɏɜɟɓɖɔ ɐɎɔ-

ɏɌɞɑɗɑɕ ɌɖɞɔɎəɚɕ ɘɚɥəɚɝɞɨɪ ɔ ɟɜɚɎəɫ 

əɌɛɜɫɒɑəɔɫ ɛɔɞɌɪɥɑɕ ɝɑɞɔ (4). ȳəɌɫ ɚɍ-

ɗɌɝɞɨ ɐɚɛɟɝɞɔɘɧɡ ɓəɌɣɑəɔɕ ɜɑɌɖɞɔɎəɚɕ 

ɘɚɥəɚɝɞɔ, ɘɚɒəɚ ɚɛɜɑɐɑɗɔɞɨ Ɏɑɗɔɣɔəɟ 

ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɡ ɞɚɖɚɎ Ɏɚɓɍɟɒɐɑəɔɫ (5). 

Ȼɚɗɚɒɔɞɑɗɨəɧɕ ɜɑɏɟɗɔɜɟɪɥɔɕ ɩɠ-

ɠɑɖɞ ȽȰ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ ɞɚɘ, ɣɞɚ ɛɜɔ 

ɝəɔɒɑəɔɔ əɌɛɜɫɒɑəɔɫ ɛɔɞɌɪɥɑɕ ɝɑɞɔ 

ɚɞɐɌɎɌɑɘɌɫ ɐɎɔɏɌɞɑɗɫɘɔ ɜɑɌɖɞɔɎəɌɫ 

ɘɚɥəɚɝɞɨ ɟɎɑɗɔɣɔɎɌɑɞɝɫ. ȭɧɝɞɜɚɑ ɜɑɏɟ-

ɗɔɜɚɎɌəɔɑ Ɏɚɓɍɟɒɐɑəɔɫ ɛɚɎɧɤɌɑɞ 

ɟɝɞɚɕɣɔɎɚɝɞɨ ɜɑɒɔɘɚɎ ɜɌɍɚɞɧ ɩəɑɜɏɚɝɔ-

ɝɞɑɘɧ, ɝəɔɒɌɑɞ Ɏɗɔɫəɔɑ ɞɚɗɣɖɚɎɧɡ 

əɌɏɜɟɓɚɖ əɌ ɝɞɌɍɔɗɨəɚɝɞɨ əɌɛɜɫɒɑəɔɫ ɔ 

ɟɗɟɣɤɌɑɞ ɜɑɒɔɘəɧɑ ɛɌɜɌɘɑɞɜɧ ɝɑɞɑɕ ɝ 

əɑɝɔɘɘɑɞɜɔɣəɧɘɔ əɌɏɜɟɓɖɌɘɔ. 

Ⱦɑɡəɔɣɑɝɖɔɑ Ɏɚɓɘɚɒəɚɝɞɔ ɍɌɞɌɜɑɕ 

ɖɚəɐɑəɝɌɞɚɜɚɎ ɖɌɖ ȴȼȸ ɚɏɜɌəɔɣɔɎɌɪɞɝɫ 

ɛɑɜɑɏɜɟɓɚɣəɚɕ ɝɛɚɝɚɍəɚɝɞɨɪ ɛɜɔ Ɏɚɓəɔɖ-

əɚɎɑəɔɔ Ɏɧɝɤɔɡ ɏɌɜɘɚəɔɖ Ɏ ɝɑɞɔ.  

Ȼɜɔ ɚɛɜɑɐɑɗɑəəɧɡ ɟɝɗɚɎɔɫɡ ɞɚɖ ɖɚə-

ɐɑəɝɌɞɚɜəɚɕ ɍɌɞɌɜɑɔ ɘɚɒɑɞ əɑ ɞɚɗɨɖɚ 

ɍɧɞɨ Ɏɧɤɑ əɚɘɔəɌɗɨəɚɏɚ, əɚ ɔ Ɏ əɑ-

ɝɖɚɗɨɖɚ ɜɌɓ ɑɏɚ ɛɜɑɎɚɝɡɚɐɔɞɨ. ɉɞɚ ɛɜɔɎɚ-

ɐɔɞ ɖ ɛɑɜɑɏɜɟɓɖɑ ɖɚəɐɑəɝɌɞɚɜɚɎ, ɖɚɘɘɟ-

ɞɌɢɔɚəəɚɕ ɌɛɛɌɜɌɞɟɜɧ ɔ Ɏ ɖɚəɑɣəɚɘ ɔɞɚ-

ɏɑ Ɏɧɡɚɐɟ ɔɡ ɔɓ ɝɞɜɚɫ (ɣɞɚ ɫɎɗɫɑɞɝɫ ɚɐəɚɕ 

ɔɓ ɛɜɔɣɔə, ɔɓ-ɓɌ ɖɚɞɚɜɚɕ ɝɞɚɗɨ ɌɖɞɟɌɗɑə 

Ɏɚɛɜɚɝ ɍɚɜɨɍɧ ɝ Ɏɧɝɤɔɘɔ ɏɌɜɘɚəɔɖɌɘɔ). 

ȽɚɏɗɌɝəɚ ȯȺȽȾ 1282ð72 ɖɚəɐɑəɝɌɞɚɜɧ 

ɐɚɗɒəɧ ɐɚɛɟɝɖɌɞɨ ɐɗɔɞɑɗɨəɟɪ ɜɌɍɚɞɟ 

ɛɜɔ ɐɑɕɝɞɎɟɪɥɑɘ ɓəɌɣɑəɔɔ ɞɚɖɌ ɐɚ 1,3 

əɚɘɔəɌɗɨəɚɏɚ ɓəɌɣɑəɔɫ (ɖəɚɘI ) ɓɌ ɝɣɑɞ 

ɛɚɎɧɤɑəɔɫ əɌɛɜɫɒɑəɔɫ ɛɜɔ əɌɗɔɣɔɔ Ɏ 

ɝɑɞɔ Ɏɧɝɤɔɡ ɏɌɜɘɚəɔɖ. Ȯ ɛ. 4  ȯȺȽȾ 

1282ð72 ɏɚɎɚɜɔɞɝɫ, ɣɞɚ ɖɚəɐɑəɝɌɞɚɜɧ 

ɐɚɗɒəɧ ɐɚɛɟɝɖɌɞɨ ɜɌɍɚɞɟ ɛɜɔ ɐɗɔɞɑɗɨ-

əɧɡ ɛɚɎɧɤɑəɔɫɡ əɌɛɜɫɒɑəɔɫ ɝɔəɟɝɚɔ-

ɐɌɗɨəɚɕ ɠɚɜɘɧ ɐɚ 
əɚɘU1,1 , ɎɚɓəɔɖɌɪɥɔɡ 

ɎɝɗɑɐɝɞɎɔɑ ɔɓɘɑəɑəɔɫ  ɜɑɒɔɘɌ ɛɔɞɌɪ-

ɥɔɡ ɝɑɞɑɕ. 

ȹɌɗɔɣɔɑ Ɏ ɩɗɑɖɞɜɔɣɑɝɖɔɡ ɝɑɞɫɡ əɑɗɔ-

əɑɕəɚɕ əɌɏɜɟɓɖɔ ɔ ɘɚɥəɧɡ Ɏɑəɞɔɗɑɕ 

(Ɏɧɛɜɫɘɔɞɑɗɑɕ ɔ ɞɔɜɔɝɞɚɜəɧɡ ɛɜɑɚɍɜɌ-

ɓɚɎɌɞɑɗɑɕ) ɫɎɗɫɑɞɝɫ ɛɜɔɣɔəɚɕ ɔɝɖɌɒɑ-

əɔɫ ɖɜɔɎɧɡ ɞɚɖɚɎ ɔ əɌɛɜɫɒɑəɔɕ. 

ȰɑɕɝɞɎɟɪɥɔɑ ɓəɌɣɑəɔɫ ɞɚɖɌ ɔ ɛɚɐɎɚ-

ɐɔɘɚɏɚ ɖ ɖɚəɐɑəɝɌɞɚɜɟ əɌɛɜɫɒɑəɔɫ 

ɚɛɜɑɐɑɗɫɪɞɝɫ ɖɌɖ 
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kUU
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2 , 

ɏɐɑ 
kI  ɔ 

kU  ð ɐɑɕɝɞɎɟɪɥɔɑ ɓəɌɣɑəɔɫ ɞɚ-

ɖɌ ɔ əɌɛɜɫɒɑəɔɫ ɏɌɜɘɚəɔɣɑɝɖɔɡ ɝɚɝɞɌɎ-

ɗɫɪɥɔɡ ɛɚɜɫɐɖɚɎɚɏɚ əɚɘɑɜɌ k ; k  ð ɛɚ-

ɜɫɐɖɚɎɧɕ əɚɘɑɜ əɌɔɎɧɝɤɑɕ ɟɣɔɞɧɎɌɑ-

ɘɚɕ ɏɌɜɘɚəɔɖɔ. 

ȾɚɏɐɌ ɜɑɌɖɞɔɎəɌɫ ɘɚɥəɚɝɞɨ, ɏɑəɑɜɔ-

ɜɟɑɘɌɫ ɖɚəɐɑəɝɌɞɚɜɚɘ 

                       .
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2

k

k

k

k CUQ wä
=

=                     (6) 

ȺɞɝɪɐɌ ɝɗɑɐɟɑɞ, ɣɞɚ ɛɜɔ əɌɗɔɣɔɔ 

Ɏɧɝɤɔɡ ɏɌɜɘɚəɔɖ ɐɑɕɝɞɎɟɪɥɔɑ ɓəɌɣɑəɔɫ 

ɞɚɖɌ ɔ əɌɛɜɫɒɑəɔɫ əɌ ɖɚəɐɑəɝɌɞɚɜɑ əɑ 

ɐɌɪɞ ɛɜɑɐɝɞɌɎɗɑəɔɫ ɚ ɑɏɚ ɜɑɌɖɞɔɎəɚɕ 

ɘɚɥəɚɝɞɔ. 

ȹɌ ɚɝəɚɎɑ ɩɞɔɡ ɎɧɜɌɒɑəɔɕ ɛɑɜɑɏɜɟɓɖɔ 

ɖɚəɐɑəɝɌɞɚɜɚɎ ɛɚ ɞɚɖɟ ɔ ɘɚɥəɚɝɞɔ ɘɚɒəɚ 

ɚɢɑəɔɞɨ ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ:  



ȳɆəɝɓɡɏ ɈɋɗɘɓɎɐ ȳȮȮ 

 34 

( ) ,11

1

2

ä
=

ö
÷

õ
æ
ç

å
-+=

k

k

ɖ

ɖəɚɘəɚɘɖəɚɘ U

U
k

U

U

f

f

I

I
 (7) 

( )
ù

ù

ú

ø

é

é

ê

è

ö
÷

õ
æ
ç

å
-+

ö
ö

÷

õ

æ
æ

ç

å
= ä

=

k

k

ɖ

ɖəɚɘəɚɘɖəɚɘ U

U
k

U

U

f

f

Q

Q

1

22

11 ,  (8) 

ɏɐɑ f  ɔ 
əɚɘf  ð ɠɌɖɞɔɣɑɝɖɌɫ ɔ ɝɞɌəɐɌɜɞ-

əɌɫ ɣɌɝɞɚɞɧ ɛɑɜɎɚɕ ɏɌɜɘɚəɔɖɔ;  U  ɔ 

ɖəɚɘU
.

 ð ɐɑɕɝɞɎɟɪɥɔɑ ɓəɌɣɑəɔɫ ɠɌɖɞɔɣɑ-

ɝɖɚɏɚ ɔ əɚɘɔəɌɗɨəɚɏɚ əɌɛɜɫɒɑəɔɕ əɌ 

ɖɚəɐɑəɝɌɞɚɜɑ; I  ɔ 
ɖəɚɘI

.
 ð ɞɚ ɒɑ ɐɗɫ ɞɚɖɌ; 

Q  ɔ 
ɖəɚɘQ

.
 ð ɠɌɖɞɔɣɑɝɖɌɫ ɔ əɚɘɔəɌɗɨəɌɫ 

ɘɚɥəɚɝɞɔ ɖɚəɐɑəɝɌɞɚɜɌ. 

ȳəɌɫ ɐɚɛɟɝɞɔɘɧɑ ɛɑɜɑɏɜɟɓɖɔ ɛɜɔɘɑ-

əɫɑɘɧɡ ɖɚəɐɑəɝɌɞɚɜɚɎ ɛɚ ɞɚɖɟ ɔ əɌɛɜɫ-

ɒɑəɔɪ, Ɍ ɞɌɖɒɑ əɌɔɍɚɗɨɤɑɑ Ɏɚɓɘɚɒəɚɑ 

ɚɞɖɗɚəɑəɔɑ ɣɌɝɞɚɞɧ ɚɞ əɚɘɔəɌɗɨəɚɕ: 

1,1=

ɖəɚɘU

U
, 3,1=

ɖəɚɘI

I
  ɔ 01,1¢

əɚɘf

f
, ɛɑ-

ɜɑɏɜɟɓɖɟ ɛɚ ɘɚɥəɚɝɞɔ ɘɚɒəɚ ɎɧɜɌɓɔɞɨ 

ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: 

( )fk
kQ

Q

ɖəɚɘ

67,122,1
1

1
+

+
=  . 

ȳəɌɣɔɞɑɗɨəɚɑ ɟɎɑɗɔɣɑəɔɑ Ɍɘɛɗɔɞɟɐ 

ɏɌɜɘɚəɔɖ ɞɚɖɌ, əɌɡɚɐɫɥɔɡɝɫ Ɏ ɜɑɓɚəɌəɝ-

əɧɡ ɔ ɍɗɔɓɖɔɡ ɖ ɜɑɓɚəɌəɝəɧɘ ɜɑɒɔɘɌɡ, 

ɛɜɔɎɚɐɔɞ ɖ ɞɚɘɟ, ɣɞɚ ɐɑɕɝɞɎɟɪɥɔɑ ɓəɌ-

ɣɑəɔɫ əɑɝɔəɟɝɚɔɐɌɗɨəɚɏɚ ɞɚɖɌ Ɏ ɢɑɛɔ ɍɌ-

ɞɌɜɑɕ ɖɚəɐɑəɝɌɞɚɜɚɎ ɓəɌɣɔɞɑɗɨəɚ ɛɜɑ-

ɎɧɤɌɪɞ ɐɚɛɟɝɞɔɘɧɑ. 

Ȼɜɔ ɜɑɏɟɗɔɜɚɎɌəɔɔ ɑɘɖɚɝɞɔ ɍɌɞɌɜɑɕ 

ɖɚəɐɑəɝɌɞɚɜɚɎ əɑɚɍɡɚɐɔɘɚ ɟɣɔɞɧɎɌɞɨ ɔɡ 

ɚɞɜɔɢɌɞɑɗɨəɧɕ ɜɑɏɟɗɔɜɟɪɥɔɕ ɩɠɠɑɖɞ 

(ɛɜɔ ɝəɔɒɑəɔɔ əɌɛɜɫɒɑəɔɫ ɎɧɜɌɍɌɞɧ-

ɎɌɑɘɌɫ ɔɘɔ ɜɑɌɖɞɔɎəɌɫ ɘɚɥəɚɝɞɨ ɓəɌɣɔ-

ɞɑɗɨəɚ ɟɘɑəɨɤɌɑɞɝɫ) ɔ ɞɚ,  ɣɞɚ ɔɓɘɑəɑəɔɑ 

ɜɑɒɔɘɌ ɖɚəɐɑəɝɌɞɚɜɚɎ Ɏɗɔɫɑɞ ɖɌɖ əɌ  

ɔɓɘɑəɑəɔɑ əɌɛɜɫɒɑəɔɫ ɝɑɞɔ, ɞɌɖ ɔ əɌ 

ɝɚɝɞɌɎ ɏɌɜɘɚəɔɖ.  

ȶɜɚɘɑ ɞɚɏɚ, ɍɌɞɌɜɑɔ ɖɚəɐɑəɝɌɞɚɜɚɎ 

ɔɘɑɪɞ ɝɞɟɛɑəɣɌɞɧɕ ɡɌɜɌɖɞɑɜ ɜɑɏɟɗɔɜɚ-

ɎɌəɔɫ. 

Ȼɜɔ  Ɏɧɍɚɜɑ ȴȼȸ əɑɗɨɓɫ ɓɌɍɧɎɌɞɨ ɚɍ 

ɚɢɑəɖɑ ɟɝɞɚɕɣɔɎɚɝɞɔ ɟɓɗɚɎ əɌɏɜɟɓɖɔ 

(ȿȹ). ȴɓɎɑɝɞəɚ [3], ɣɞɚ ɔɝɛɚɗɨɓɚɎɌəɔɑ 

ɘɑɝɞəɧɡ ȴȼȸ ɛɜɔɎɚɐɔɞ ɖ ɔɓɘɑəɑəɔɪ ɩɖ-

ɎɔɎɌɗɑəɞəɧɡ ɛɌɜɌɘɑɞɜɚɎ Ɏəɑɤəɑɕ ɝɑɞɔ. 

Ȼɜɔ Ɏɖɗɪɣɑəɔɔ ɝɔəɡɜɚəəɧɡ ɖɚɘɛɑəɝɌ-

ɞɚɜɚɎ ɔɗɔ ɐɎɔɏɌɞɑɗɑɕ Ɏ ɟɓɑɗ ɚɍɚɍɥɑəəɚɕ 

Ɍɝɔəɡɜɚəəɚɕ əɌɏɜɟɓɖɔ (ɜɔɝ. 1) ɩɖɎɔɎɌ-

ɗɑəɞəɧɑ ɛɌɜɌɘɑɞɜɧ Ɏəɑɤəɑɕ ɝɑɞɔ (ɩɖɎɔ-

ɎɌɗɑəɞəɚɑ əɌɛɜɫɒɑəɔɑ ɔ ɝɚɛɜɚɞɔɎɗɑəɔɑ) 

ɚɛɜɑɐɑɗɫɪɞɝɫ ɛɚ ɠɚɜɘɟɗɌɘ: 
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Ȼɜɔ Ɏɖɗɪɣɑəɔɔ ɖɚəɐɑəɝɌɞɚɜəɚɕ ɍɌɞɌ-

ɜɑɔ ɩɖɎɔɎɌɗɑəɞəɧɑ ɛɌɜɌɘɑɞɜɧ Ɏəɑɤəɑɕ 

ɝɑɞɔ ɚɛɜɑɐɑɗɫɪɞɝɫ ɎɧɜɌɒɑəɔɫɘɔ: 
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ɞ.ɑ. ɛɜɚɔɝɡɚɐɔɞ ɟɎɑɗɔɣɑəɔɑ əɌɛɜɫɒɑəɔɫ 

ɟ ɩɗɑɖɞɜɚɛɜɔɑɘəɔɖɚɎ ɟɓɗɌ əɌɏɜɟɓɖɔ 

( ɝɩɖɝ UU >
.

) ɔ ɝɚɛɜɚɞɔɎɗɑəɔɫ ɝɎɫɓɔ ɟɓɗɌ ɝ 

ʘ) 

ʙ) 

ʚ) 
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ɤɔəɌɘɔ ɍɑɝɖɚəɑɣəɚɕ ɘɚɥəɚɝɞɔ 

(
Ɏəɩɖ xx > ), ɣɞɚ ɛɜɔɎɚɐɔɞ ɖ ɝəɔɒɑəɔɪ 

ɖɜɔɞɔɣɑɝɖɚɏɚ ɝɖɚɗɨɒɑəɔɫ ɔ ɛɚɎɧɤɑəɔɪ 

ɖɜɔɞɔɣɑɝɖɚɏɚ əɌɛɜɫɒɑəɔɫ: 

 

Ⱦɑɡəɔɣɑɝɖɔɑ ɟɝɗɚɎɔɫ, ɚɏɜɌəɔɣɔɎɌɪ-

ɥɔɑ ɟɜɚɎɑəɨ ɛɑɜɑɐɌɎɌɑɘɚɕ ɜɑɌɖɞɔɎəɚɕ 

ɘɚɥəɚɝɞɔ ɚɞ ɝɔɝɞɑɘəɧɡ ɔɝɞɚɣəɔɖɚɎ (ɏɑ-

əɑɜɌɞɚɜɚɎ ɩɗɑɖɞɜɚɝɞɌəɢɔɕ, ȭȶ ɔ Ƚȶ, 

ɟɝɞɌəɚɎɗɑəəɧɡ əɌ ɜɌɕɚəəɧɡ ɜɌɝɛɜɑɐɑ-

ɗɔɞɑɗɨəɧɡ ɛɚɐɝɞɌəɢɔɫɡ)  ɚɛɜɑɐɑɗɫɪɞɝɫ Ɏ 

ɚɝəɚɎəɚɘ ɛɌɜɌɘɑɞɜɌɘɔ ɜɌɝɛɜɑɐɑɗɔɞɑɗɨ-

əɧɡ ɝɑɞɑɕ (ɛɜɚɛɟɝɖəɚɕ ɝɛɚɝɚɍəɚɝɞɨɪ ɗɔ-

əɔɕ ɩɗɑɖɞɜɚɛɑɜɑɐɌɣɔ), əɌɗɔɣɔɑɘ ɜɑɓɑɜɎɌ 

ɘɚɥəɚɝɞɔ ɩɗɑɖɞɜɚɝɞɌəɢɔɕ ɔ ɟɝɞɚɕɣɔɎɚ-

ɝɞɨɪ ɛɌɜɌɗɗɑɗɨəɚɕ ɜɌɍɚɞɧ ɏɑəɑɜɌɞɚɜɚɎ. 

Ȱɗɫ ɍɚɗɨɤɔəɝɞɎɌ ɎɔɐɚɎ ɛɜɚɔɓɎɚɐ-

ɝɞɎɑəəɧɡ ɛɜɑɐɛɜɔɫɞɔɕ ɢɎɑɞəɚɕ ɘɑɞɌɗ-

ɗɟɜɏɔɔ ɛɜɑɐɝɞɌɎɗɫɑɞɝɫ Ɏɚɓɘɚɒəɧɘ ɔɓ 

ɝɜɌɎəɑəɔɫ ɎɌɜɔɌəɞɚɎ ɖɚɘɛɑəɝɌɢɔɔ ɜɑɌɖ-

ɞɔɎəɚɕ ɘɚɥəɚɝɞɔ ɔɝɖɗɪɣɔɞɨ ɞɌɖɚɕ ɔɝ-

ɞɚɣəɔɖ, ɖɌɖ ȽȾȶ, ɞɌɖ ɖɌɖ ɚəɔ, ɖɌɖ ɛɜɌ-

Ɏɔɗɚ, ɜɌɓɜɌɍɌɞɧɎɌɪɞɝɫ Ɏ ɐɎɟɡ ɚɝəɚɎəɧɡ 

ɘɚɐɔɠɔɖɌɢɔɫɡ ð ɐɗɫ ɗɔəɔɕ ɩɗɑɖɞɜɚɛɑ-

ɜɑɐɌɣ ɔ ɐɗɫ ɛɜɚɘɧɤɗɑəəɧɡ ɟɝɞɌəɚɎɚɖ 

ɞɔɛɌ ɐɟɏɚɎɧɡ ɝɞɌɗɑɛɗɌɎɔɗɨəɧɡ ɛɑɣɑɕ 

(ȰȽȻ) ɔ ɞɔɜɔɝɞɚɜəɧɡ ɛɜɔɎɚɐɚɎ ɛɜɚɖɌɞ-

əɧɡ ɝɞɌəɚɎ [6]. Ȱɗɫ ɛɜɑɐɛɜɔɫɞɔɕ ɢɎɑɞ-

əɚɕ ɘɑɞɌɗɗɟɜɏɔɔ əɌɔɍɚɗɑɑ ɢɑɗɑɝɚɚɍɜɌɓ-

əɚ ɔɝɛɚɗɨɓɚɎɌɞɨ ɖɚɘɍɔəɌɢɔɪ ɔɓ ɞɌɖɔɡ 

ɔɝɞɚɣəɔɖɚɎ ȶȼȸ, ɖɌɖ ȽȰ ɔ ȭȶ.  

Ȱɗɫ ɐɚɝɞɔɒɑəɔɫ əɌɔɍɚɗɨɤɑɏɚ ɩɠɠɑɖ-

ɞɌ ɚɞ ɖɚɘɛɑəɝɌɢɔɔ ȼȸ əɑɚɍɡɚɐɔɘ ɐɑ-

ɞɌɗɨəɧɕ ɌəɌɗɔɓ ɜɑɒɔɘɌ ɜɌɍɚɞɧ ɔɘɑɪ-

ɥɔɡɝɫ əɌ ɛɜɑɐɛɜɔɫɞɔɔ ȽȰ, ɞɌɖ ɖɌɖ ɚəɔ 

ɘɚɏɟɞ ɍɧɞɨ ɔɝɛɚɗɨɓɚɎɌəɧ ɖɌɖ ȴȼȸ ɞɚɗɨ-

ɖɚ Ɏɚ Ɏɜɑɘɫ Ɏɧɛɚɗəɑəɔɫ ɝɎɚɑɕ ɚɝəɚɎəɚɕ 

ɠɟəɖɢɔɔ ð ɚɍɑɝɛɑɣɑəɔɫ ɞɑɡəɚɗɚɏɔɣɑɝɖɚɏɚ 

ɛɜɚɢɑɝɝɌ. ȱɝɗɔ ɛɜɔɎɚɐɚɘ ɖɌɖɚɕ-ɗɔɍɚ 

ɟɝɞɌəɚɎɖɔ ɫɎɗɫɑɞɝɫ ȽȰ ɔ ɐɌəəɌɫ ɟɝɞɌ-

əɚɎɖɌ ɔɘɑɑɞ ɐɗɔɞɑɗɨəɧɑ ɛɑɜɑɜɧɎɧ Ɏ ɜɌ-

ɍɚɞɑ, ɚɍɟɝɗɚɎɗɑəəɧɑ ɚɝɚɍɑəəɚɝɞɨɪ ɞɑɡəɚ-

ɗɚɏɔɣɑɝɖɚɏɚ ɛɜɚɢɑɝɝɌ, ɌɎɞɚɜɚɘ [7] ɛɜɑɐ-

ɗɌɏɌɑɞɝɫ ɛɜɚɔɓɎɚɐɔɞɨ ɚɞɖɗɪɣɑəɔɑ ɐɎɔɏɌ-

ɞɑɗɫ ɚɞ ɟɝɞɌəɚɎɖɔ əɌ Ɏɜɑɘɫ ɛɑɜɑɜɧɎɚɎ ɔ 

ɩɖɝɛɗɟɌɞɔɜɚɎɌɞɨ ɑɏɚ əɌ ɡɚɗɚɝɞɚɘ ɡɚɐɟ. Ȯ 

ɩɞɚɘ ɝɗɟɣɌɑ ȽȰ ɘɚɒəɚ ɔɝɛɚɗɨɓɚɎɌɞɨ ɖɌɖ 

ȴȼȸ ɓəɌɣɔɞɑɗɨəɚ ɩɠɠɑɖɞɔɎəɑɑ. 

ȶɜɔɞɑɜɔɑɘ ɝɜɌɎəɑəɔɫ ɩɖɚəɚɘɔɣɑɝɖɔɡ 

ɛɚɖɌɓɌɞɑɗɑɕ, ɔɘɑɪɥɔɡɝɫ ɔ Ɏɚɓɘɚɒəɧɡ ɖ 

ɟɝɞɌəɚɎɖɑ Ɏ ɜɌɝɛɜɑɐɑɗɔɞɑɗɨəɚɕ ɝɑɞɔ 

ɛɜɑɐɛɜɔɫɞɔɫ, ȴȼȸ Ɏɚ ɎɜɑɘɑəɌ ɛɗɌəɚɎɚɏɚ 

Ɏɑɐɑəɔɫ ɡɚɓɫɕɝɞɎɌ Ɏ əɌɤɑɕ ɝɞɜɌəɑ ɝɗɟ-

ɒɔɗ ɘɔəɔɘɟɘ ɛɜɔɎɑɐɑəəɧɡ ɓɌɞɜɌɞ, 

ɚɛɜɑɐɑɗɫɑɘɧɕ, Ɏ ɣɌɝɞəɚɝɞɔ, ɝ ɛɚɘɚɥɨɪ 

ɢɑɗɑɎɚɕ ɠɟəɖɢɔɔ. ȹɌ ɝɑɏɚɐəɫɤəɔɕ ɐɑəɨ 

ɛɜɑɐɝɞɌɎɗɫɑɞɝɫ Ɏɚɓɘɚɒəɧɘ ɝɜɌɎəɑəɔɑ 

ɩɖɚəɚɘɔɣɑɝɖɔɡ ɛɚɖɌɓɌɞɑɗɑɕ ɜɌɓɗɔɣəɧɡ 

ȴȼȸ ɛɜɚɔɓɎɚɐɔɞɨ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɚɝ-

əɚɎ ɞɑɡ ɒɑ ɛɜɔəɢɔɛɚɎ, ɞ.ɑ. ɛɟɞɑɘ ɝɜɌɎəɑ-

əɔɫ ɖɌɛɔɞɌɗɨəɧɡ ɔ ɩɖɝɛɗɟɌɞɌɢɔɚəəɧɡ 

ɓɌɞɜɌɞ, ɚɝəɚɎəɚɕ ɝɚɝɞɌɎɗɫɪɥɑɕ ɖɚɞɚɜɧɡ 

ɫɎɗɫɪɞɝɫ ɛɚɞɑɜɔ ɩɗɑɖɞɜɚɩəɑɜɏɔɔ. Ȯ [8] 

ɛɜɑɐɗɌɏɌɑɞɝɫ ɐɗɫ ɚɍɚɍɥɑəəɚɏɚ ɟɓɗɌ 

əɌɏɜɟɓɖɔ, ɝɚɐɑɜɒɌɥɑɏɚ ȭȶ, ɚɛɜɑɐɑɗɫɞɨ 

ɔɓɘɑəɑəɔɫ ɔɓɐɑɜɒɑɖ əɌ ɩɗɑɖɞɜɚɝəɌɍɒɑ-

əɔɑ ɝ ɛɚɘɚɥɨɪ ɎɧɜɌɒɑəɔɕ 

(9) 

ɔ 

    ,     (10) 

ɏɐɑ  ð ɝɟɘɘɌɜəɧɕ ɜɑɌɖɞɔɎəɧɕ ɞɚɖ ȿȹ; 

 ð ɖɚɩɠɠɔɢɔɑəɞɧ ɛɜɚɛɚɜɢɔɚ-

əɌɗɨəɚɝɞɔ ɘɑɒɐɟ ɔɓɐɑɜɒɖɌɘɔ  ɔ ɜɑɒɔɘ-

əɧɘɔ ɛɌɜɌɘɑɞɜɌɘɔ ɝɑɞɔ ɔ ȭȶ;  ð ɩɖɎɔ-

ɎɌɗɑəɞəɚɑ ɝɚɛɜɚɞɔɎɗɑəɔɑ Ɏəɑɤəɑɕ ɩɗɑɖ-

ɞɜɔɣɑɝɖɚɕ ɝɑɞɔ. 

Ȱɗɫ ɚɛɜɑɐɑɗɑəɔɫ ɘɔəɔɘɌɗɨəɧɡ ɔɓ-

ɐɑɜɒɑɖ ɚɛɜɑɐɑɗɫɑɞɝɫ ɎɞɚɜɌɫ ɛɜɚɔɓɎɚɐəɌɫ 

ɚɞ (10), ɔɘɑɪɥɌɫ ɛɚɝɗɑ ɜɫɐɌ ɛɜɑɚɍɜɌɓɚ-

ɎɌəɔɕ  Ɏɔɐ:  

                     ,          (11) 

ɏɐɑ ;  ð əɑɖɚɞɚɜɧɑ ɖɚɩɠ-

ɠɔɢɔɑəɞɧ; . 

ȴɓ ɎɧɜɌɒɑəɔɫ (11) ɝɗɑɐɟɑɞ, ɣɞɚ ɚɍɑɝ-

ɛɑɣɑəɔɑ ɘɔəɔɘɟɘɌ ɔɓɐɑɜɒɑɖ əɌ ɩɗɑɖɞɜɚ-

ɝəɌɍɒɑəɔɑ ɓɌɎɔɝɔɞ ɚɞ ɞɑɖɟɥɑɏɚ ɓəɌɣɑəɔɫ 

əɌɛɜɫɒɑəɔɫ Ɏ ɝɑɞɔ ɔ ɜɑɌɖɞɔɎəɚɏɚ ɞɚɖɌ 

ɛɔɞɌɪɥɑɕ ɝɑɞɔ. Ȯ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɩɞɔɡ 

ɛɌɜɌɘɑɞɜɚɎ ɟɝɞɌəɌɎɗɔɎɌɑɞɝɫ ɞɜɑɍɟɑɘɧɕ 

ɞɚɖ ȭȶ .  

ȰɌəəɧɕ ɝɛɚɝɚɍ ɚɛɜɑɐɑɗɑəɔɫ ɘɔəɔ-

ɘɌɗɨəɧɡ ɔɓɐɑɜɒɑɖ əɌ ɩɗɑɖɞɜɚɝəɌɍɒɑəɔɑ 

ɐɗɫ ɚɍɚɍɥɑəəɚɏɚ ɟɓɗɌ əɌɏɜɟɓɖɔ, ɝɚɐɑɜ-

ɒɌɥɑɏɚ ȭȶ, ɐɚɝɞɌɞɚɣəɚ ɟɐɚɍɑə ɐɗɫ ɜɌɓ-

ɜɌɍɚɞɖɔ ɝɔɝɞɑɘɧ ɟɛɜɌɎɗɑəɔɫ ɑɘɖɚɝɞɨɪ 

ɍɌɞɌɜɑɕ ɖɚəɐɑəɝɌɞɚɜɚɎ. Ȯɔɐɔɘɚ, ɢɑɗɑɝɚ-

ɚɍɜɌɓəɚ ɜɌɓɜɌɍɚɞɌɞɨ ɌəɌɗɚɏɔɣəɟɪ ɘɑɞɚ-


