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ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥ ɫɞɟɥɚɧ ɨɛɡɨɪ ɪɨ-
ɛɨɬɨɜ δEGτ εТЧНЬЭШЫЦЬ, ɚ ɢɦɟɧɧɨ ɛɵɥɢ ɪɚɫɫɦɨɬ-
ɪɟɧɵ ɤɨɦɩɨɧɟɧɬɵ ɤɨɧɫɬɪɭɤɬɨɪɚ ɢ ɧɚɛɨɪ ɞɨɫɬɭɩ-
ɧɵɯ ɫɟɧɫɨɪɨɜ. Ɍɚɤɠɟ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɢɧɫɬɪɭ-
ɦɟɧɬɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɫɨɡɞɚɜɚɬɶ ɩɪɨɝɪɚɦɦɵ ɞɥɹ 
ɪɨɛɨɬɨɜ – ɫɨɱɟɬɚɧɢɟ IDE EclipsО ɢ ɛɢɛɥɢɨɬɟɤɢ 
δОРШЬ. Ⱦɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɩɢɫɚɧ-
ɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɛɵɥɚ ɪɟɲɟɧɚ ɡɚɞɚɱɚ ɫɥɟɞɨɜɚɧɢɹ 
ɪɨɛɨɬɨɦ ɥɨɦɚɧɨɣ ɥɢɧɢɢ. 

 
Ɋɢɫ. β. ɉɪɢɦɟɪ ɥɨɦɚɧɨɣ ɥɢɧɢɢ 

 
Ʌɢɬɟɪɚɬɭɪɚ 
1. δEGτ εIσDSTτRεS® EVγ FЫОЪЮОЧЭХв 

Asked Questions [ɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. Ⱦɚɬɚ 
ɞɨɫɬɭɩɚμ 14.10.β01γ Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
http://mindstorms.lego.com/en-
us/News/ReadMore/Default.aspx?id=476781 

2. Lego Mindstorms Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. 
Ⱦɚɬɚ ɞɨɫɬɭɩɚμ 14.10.β01γ Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
http://mindstorms.lego.com/en-
us/products/default.aspx 

3. Java for LEGO Mindstorms [ɗɥɟɤɬɪɨɧɧɵɣ 
ɪɟɫɭɪɫ]. Ⱦɚɬɚ ɞɨɫɬɭɩɚμ 14.10.β01γ Ɋɟɠɢɦ ɞɨɫɬɭɩɚμ 
http://www.lejos.org/ 

 
ɎɈɊɆȺɅɂɁɈȼȺɇɇɈȿ ɈɉɂɋȺɇɂȿ ɄɂɇȿɆȺɌɂɑȿɋɄɂɏ ɐȿɉȿɃ 

ɆȿɏȺɇɂɁɆɈȼ – ɄɈɅȿɋɇɕɏ Ɂȼȿɇɖȿȼ 
ɋɜɟɬɥɹɤɨɜɚ ȿ.ȼ. 

Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
6γ4050, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ-ɬ Ʌɟɧɢɧɚ,γ0 
E-mail: SvetlyakovaEkaterina@yandex.ru 

 
ȼɜɟɞɟɧɢɟ 
ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɢ ɚɜɬɨɦɚɬɢɡɢ-

ɪɨɜɚɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɢɦɟɧɹɸɬɫɹ ɫɨɬɧɢ ɪɚɡ-
ɥɢɱɧɵɯ ɩɨ ɫɬɪɭɤɬɭɪɟ, ɭɩɪɚɜɥɟɧɢɸ, ɤɨɦɩɨɧɨɜɤɟ ɢ 
ɢɫɩɨɥɧɟɧɢɸ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɪɨɛɨɬɨɜ. ɂɯ ɱɢɫɥɨ ɫ 
ɤɚɠɞɵɦ ɝɨɞɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɂ ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɜɨɡɧɢɤɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɮɨɪɦɚɥɢɡɨ-
ɜɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɨɩɢɫɚɧɢɹ ɤɢɧɟɦɚɬɢɤɢ ɩɨɞɨɛɧɵɯ 
ɫɢɫɬɟɦ, ɤɨɬɨɪɵɣ ɛɵ ɫɨɞɟɪɠɚɥ ɜɫɸ ɢɧɮɨɪɦɚɰɢɸ ɨ 
ɫɬɪɭɤɬɭɪɟ ɢ ɩɚɪɚɦɟɬɪɚɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ. Ɍɚɤɨɣ 
ɫɩɨɫɨɛ ɨɩɢɫɚɧɢɹ ɞɨɥɠɟɧ ɛɵɬɶ ɭɞɨɛɟɧ ɞɥɹ ɪɟɲɟɧɢɹ 
ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɛɚɧɤɨɜ ɞɚɧɧɵɯ 
ɨ ɦɚɧɢɩɭɥɹɬɨɪɚɯ, ɢɯ ɫɬɪɭɤɬɭɪɧɵɦ ɢ ɤɢɧɟɦɚɬɢɱɟ-
ɫɤɢɦ ɚɧɚɥɢɡɨɦ ɧɚ ɗȼɆ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɵɣ ɫɩɨ-
ɫɨɛ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɢɦɟɧɢɦ ɞɥɹ ɨɩɢɫɚɧɢɹ ɧɟ ɬɨɥɶ-
ɤɨ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɪɨɛɨɬɨɜ ɫ ɪɚɡɨɦɤɧɭɬɵɦɢ ɤɢ-
ɧɟɦɚɬɢɱɟɫɤɢɦɢ ɰɟɩɹɦɢ, ɧɨ ɢ ɞɥɹ ɫɥɨɠɧɵɯ ɩɨ 
ɫɬɪɭɤɬɭɪɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɰɟɩɟɣ ɪɨɛɨɬɨɜ ɢ ɞɪɭ-
ɝɢɯ ɦɟɯɚɧɢɡɦɨɜ. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɪɨɮɟɫɫɨɪɨɦ Ⱥ. Ɇ. Ɇɚɥɵɲɟɧ-
ɤɨ ɢ ɨɩɭɛɥɢɤɨɜɚɧɧɵɣ ɜ Д1Ж ɫɩɨɫɨɛ ɨɩɢɫɚɧɢɹ 
ɫɬɪɭɤɬɭɪ ɢ ɩɚɪɚɦɟɬɪɨɜ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɰɟɩɟɣ ɦɚ-
ɧɢɩɭɥɹɬɨɪɨɜ ɨɫɧɨɜɚɧ ɧɚ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɦ ɨɩɢɫɚ-
ɧɢɢ ɜɫɟɯ ɜɯɨɞɹɳɢɯ ɜ ɰɟɩɶ ɡɜɟɧɶɟɜ ɢ ɫɨɱɥɟɧɟɧɢɣ. 
ɉɪɢ ɷɬɨɦ ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɨɩɢɫɵɜɚɟɬɫɹ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɦ ɟɝɨ ɬɢɩɭ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɦ ɢ ɧɚɛɨɪɨɦ 
ɩɚɪɚɦɟɬɪɨɜ, ɱɚɫɬɶ ɢɡ ɤɨɬɨɪɵɯ ɨɬɪɚɠɚɟɬ ɫɬɪɭɤɬɭɪ-
ɧɵɟ ɫɜɹɡɢ ɜ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɰɟɩɢ, ɚ ɨɫɬɚɥɶɧɵɟ 
ɨɩɪɟɞɟɥɹɸɬ ɫɨɛɫɬɜɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɷɬɨɝɨ ɡɜɟɧɚ 
ɢɥɢ ɫɨɱɥɟɧɟɧɢɹ. Ɉɩɢɫɚɧɢɟ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɢɦɟ-
ɟɬ ɫɬɪɭɤɬɭɪɭ I(m,n,p). Ɂɞɟɫɶ I – ɢɞɟɧɬɢɮɢɤɚɬɨɪ 
ɨɩɢɫɵɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚν m – ɫɨɛɫɬɜɟɧɧɵɣ ɧɨɦɟɪ 

ɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɩɪɢɫɜɨɟɧɧɵɣ ɜ ɩɪɨɰɟɫɫɟ ɨɩɢɫɚ-
ɧɢɹ ɰɟɩɢν n=[n1,n2,…,nv]  – ɜɟɤɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɨɦɟɪɨɜ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ, ɫ ɤɨɬɨɪɵɦɢ ɧɟɩɨɫɪɟɞ-
ɫɬɜɟɧɧɨ ɫɜɹɡɚɧ ɷɥɟɦɟɧɬ m; ],...,,[ 21 pppp   – 

ɜɟɤɬɨɪ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɚ m, 
ɨɩɪɟɞɟɥɹɸɳɢɯ ɟɝɨ ɝɟɨɦɟɬɪɢɸ ɢ ɩɨɥɨɠɟɧɢɟ ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ. ɉɚɪɚɦɟɬɪɵ m, n, p 
ɹɜɥɹɸɬɫɹ ɩɨɡɢɰɢɨɧɧɵɦɢ, ɬ. ɟ. ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɢɯ ɡɚɩɢɫɢ ɫɬɪɨɝɨ ɨɩɪɟɞɟɥɟɧɚ. 

 
Ɏɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɨɩɢɫɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɬɢ-

ɩɨɜ ɫɨɱɥɟɧɟɧɢɣ ɢ ɡɜɟɧɶɟɜ 
1. ɋɨɱɥɟɧɟɧɢɹ. 
ɂɞɟɧɬɢɮɢɤɚɬɨɪɵ ɫɨɱɥɟɧɟɧɢɣ ɧɚɱɢɧɚɸɬɫɹ ɫ 

ɫɢɦɜɨɥɚ S (ɫɨɱɥɟɧɟɧɢɟ). ɂɯ ɫɬɪɭɤɬɭɪɚ ɢɦɟɟɬ ɜɢɞ 
StY, ɝɞɟ t – ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɞ-
ɜɢɠɧɨɫɬɢ ɡɜɟɧɶɟɜ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɩɚɪɵ, ɨɛɪɚɡɭɟ-
ɦɨɣ ɞɚɧɧɵɦ ɫɨɱɥɟɧɟɧɢɟɦν Y – ɫɢɦɜɨɥ, ɭɤɚɡɵɜɚɸ-
ɳɢɣ ɧɚ ɬɢɩ ɫɨɱɥɟɧɟɧɢɹ. ɇɚ ɩɨɡɢɰɢɢ Y ɜ Д1Ж ɩɪɟɞ-
ɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶμ N – ɞɥɹ ɠɟɫɬɤɨɝɨ ɫɨɟɞɢɧɟ-
ɧɢɹν W – ɞɥɹ ɜɪɚɳɚɬɟɥɶɧɨɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɩɚɪɵ 
ɩɹɬɨɝɨ ɤɥɚɫɫɚν P – ɞɥɹ ɩɨɫɬɭɩɚɬɟɥɶɧɨɣ ɤɢɧɟ-
ɦɚɬɢɱɟɫɤɨɣ ɩɚɪɵ ɩɹɬɨɝɨ ɤɥɚɫɫɚν G – ɞɥɹ ɫɨɱɥɟɧɟ-
ɧɢɹ ɬɢɩɚ ɲɚɪɧɢɪɚ Ƚɭɤɚν ɋ – ɞɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ 
ɫɨɱɥɟɧɟɧɢɹ ɱɟɬɜɟɪɬɨɝɨ ɤɥɚɫɫɚν S – ɞɥɹ ɫɨɱɥɟɧɟɧɢɟ 
ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ ɬɪɟɬɶɟɝɨ ɤɥɚɫɫɚ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɧɟɩɨɞɜɢɠɧɨɝɨ ɫɨɱɥɟɧɟɧɢɹ ɮɨɪ-
ɦɚɥɢɡɨɜɚɧɧɨɟ ɨɩɢɫɚɧɢɟ ɢɦɟɟɬ ɜɢɞ 

),,,( kjiSON  ɢ ɜɤɥɸɱɚɟɬ ɥɢɲɶ ɨɞɢɧ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɵɣ ɩɚɪɚɦɟɬɪ   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɛɚɡɢɫɧɨɝɨ 
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ɬɪɟɯɝɪɚɧɧɢɤɚ ijijiji zyxO  ɜɨɤɪɭɝ ɨɫɢ ei, ɱɬɨɛɵ 

ɫɨɜɦɟɫɬɢɬɶ ɟɝɨ ɫ ikikiki zyxO . 

2. Ɂɜɟɧɶɹ 
ɂɞɟɧɬɢɮɢɤɚɬɨɪɵ ɜɫɟɯ ɬɢɩɨɜ ɡɜɟɧɶɟɜ ɧɚɱɢɧɚ-

ɸɬɫɹ ɫ ɫɢɦɜɨɥɚ Z (ɡɜɟɧɨ) ɢ ɢɦɟɸɬ ɫɬɪɭɤɬɭɪɭ ɜɢɞɚ 
ZOY1Y2…YlF. ɉɪɢ ɷɬɨɦ ɜɦɟɫɬɨ l ɫɢɦɜɨɥɨɜ ɜ ɢɞɟɧ-
ɬɢɮɢɤɚɬɨɪ ɜɜɨɞɹɬɫɹ ɫɢɦɜɨɥɵ ɬɟɯ ɫɨɱɥɟɧɟɧɢɣ, ɜ 
ɤɨɬɨɪɵɟ ɜɯɨɞɢɬ ɞɚɧɧɨɟ ɡɜɟɧɨ. ɋɢɦɜɨɥ O ɢɫɩɨɥɶ-
ɡɭɟɬɫɹ ɥɢɲɶ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɨɧɨ ɹɜɥɹɟɬɫɹ ɨɫ-
ɧɨɜɚɧɢɟɦ, ɚ ɫɢɦɜɨɥ ɧɚ ɩɨɡɢɰɢɢ F – ɥɢɲɶ ɬɨɝɞɚ, 
ɤɨɝɞɚ ɨɧɨ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɡɜɟɧɨɦ ɤɢɧɟɦɚɬɢɱɟ-
ɫɤɨɣ ɰɟɩɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. 

ɉɨɞɜɢɠɧɵɟ ɡɜɟɧɶɹ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ, ɩɪɟɠɞɟ 
ɜɫɟɝɨ, ɬɢɩɨɦ ɫɨɱɥɟɧɟɧɢɣ, ɜ ɤɨɬɨɪɵɟ ɜɯɨɞɹɬ, ɚ ɬɚɤ-
ɠɟ ɱɢɫɥɨɦ ɫɜɹɡɚɧɧɵɯ ɫ ɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ 
ɬɨɱɟɤ ɦɚɧɢɩɭɥɹɬɨɪɚ. Ⱦɥɹ ɩɨɞɜɢɠɧɵɯ ɡɜɟɧɶɟɜ ɤɨɧ-
ɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ – ɷɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ, ɞɚɧ-
ɧɵɯ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɨɞɧɨɡɧɚɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɟɪɟɯɨɞɨɜ ɦɟɠɞɭ ɬɪɟɯɝɪɚɧɧɢɤɚɦɢ ɨɫɟɣ, ɠɟɫɬɤɨ 
ɫɜɹɡɚɧɧɵɦɢ ɫ ɷɬɢɦ ɡɜɟɧɶɹɦɢ ɜ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟ-
ɫɤɢɯ ɬɨɱɤɚɯ. 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɤɨɥɟɫɚμ 1 – ɧɟɩɨɞɜɢɠɧɨɟ ɨɫɧɨɜɚɧɢɟ, 

2 – ɤɨɥɟɫɨ, γ – ɜɢɥɤɚ ɤɨɥɟɫɚ, ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɧɚ 
ɩɥɚɬɮɨɪɦɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 10 – ɰɟɧɬɪ 

ɛɚɡɢɫɧɨɝɨ ɬɪɟɯɝɪɚɧɧɢɤɚ, β0 – ɰɟɧɬɪ ɬɪɟɯɝɪɚɧɧɢɤɚ 
ɜ ɫɨɱɥɟɧɟɧɢɢ ɤɨɥɟɫɚ ɢ ɜɢɥɤɢ, γ0 – ɰɟɧɬɪ ɬɪɟɯ-

ɝɪɚɧɧɢɤɚ, ɠɟɫɬɤɨ ɫɜɹɡɚɧɧɨɝɨ ɫ ɜɢɥɤɨɣ 
Ɋɚɫɫɦɨɬɪɢɦ ɤɨɥɟɫɧɵɟ ɡɜɟɧɶɹ, ɮɨɪɦɚɥɢɡɨɜɚɧ-

ɧɨɟ ɨɩɢɫɚɧɢɟ ɞɥɹ ɤɨɬɨɪɵɯ ɧɟ ɛɵɥɨ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɪɚɧɟɟ. 

Ʉɨɥɟɫɚ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɩɪɢ 
ɫɨɡɞɚɧɢɢ ɪɨɛɨɤɚɪɨɜ. Ɋɨɛɨɤɚɪ (ɪɨɛɨɬɤɚɪ) – 
ɷɬɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɨɝɪɭɡ-
ɱɢɤ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɩɟɪɚɰɢɢ ɩɨ ɩɟɪɟɦɟ-
ɳɟɧɢɸ ɝɪɭɡɨɜ ɛɟɡ ɭɱɚɫɬɢɹ ɜɨɞɢɬɟɥɹ. Ɋɨɛɨɤɚɪɵ 
ɜɜɟɞɟɧɵ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɬɚɤɢɦɢ ɢɡɜɟɫɬɧɵɦɢ ɮɢɪ-
ɦɚɦɢ, ɤɚɤ Nestle, BMW, General Motors, Volvo, 
SCANIA, Pfizer, MAN-Roland, Tetra Pak [2]. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɜɢɠɧɨɟ ɡɜɟɧɨ – ɤɨɥɟɫɨ. Ʉɨɥɟ-
ɫɨ – ɞɜɢɠɢɬɟɥɶ, ɤɪɭɝɥɵɣ (ɤɚɤ ɩɪɚɜɢɥɨ), ɫɜɨɛɨɞɧɨ 
ɜɪɚɳɚɸɳɢɣɫɹ ɢɥɢ ɡɚɤɪɟɩɥɺɧɧɵɣ ɧɚ ɨɫɢ ɞɢɫɤ, ɩɨɡ-
ɜɨɥɹɸɳɢɣ ɩɨɫɬɚɜɥɟɧɧɨɦɭ ɧɚ ɧɟɝɨ ɬɟɥɭ ɤɚɬɢɬɶɫɹ, ɚ 
ɧɟ ɫɤɨɥɶɡɢɬɶ. ɒɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɬɪɚɧɫɩɨɪ-
ɬɢɪɨɜɤɢ ɝɪɭɡɨɜ, ɩɨɜɫɟɦɟɫɬɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɪɚɡ-
ɥɢɱɧɵɯ ɦɟɯɚɧɢɡɦɚɯ ɢ ɢɧɫɬɪɭɦɟɧɬɚɯ. ɉɟɪɟɦɟɳɟ-

ɧɢɟ ɬɚɤɨɝɨ ɤɨɥɟɫɚ ɧɚɛɥɸɞɚɟɬɫɹ ɥɢɲɶ ɜɞɨɥɶ ɨɞɧɨɣ 
ɨɫɢ. 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɡɜɟɧɚ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɨɩɢɫɚɧɢɟ 
ɢɦɟɟɬ ɜɢɞ ),,,,,,( rmikZWR   ɢ ɜɤɥɸɱɚɟɬ 
ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵμ   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɬɪɟɯ-
ɝɪɚɧɧɢɤɚ 11110 zyxO  ɜɨɤɪɭɝ ɨɫɢ x1 ɞɨ ɫɨɜɦɟɳɟɧɢɹ 

ɨɫɢ z1 ɫ ɩɥɨɫɤɨɫɬɶɸ (x2, z2);   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ 
ɬɪɟɯɝɪɚɧɧɢɤɚ ɜɨɤɪɭɝ ɨɫɢ y1;   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ 

ɬɪɟɯɝɪɚɧɧɢɤɚ 11110 zyxO  ɜɨɤɪɭɝ ɨɫɢ гi ɞɨ ɫɨɜɦɟ-
ɳɟɧɢɹ ɨɫɢ zi ɫ ɨɫɶɸ zm; r – ɪɚɞɢɭɫ ɤɨɥɟɫɚ. 

ɇɚ ɪɢɫɭɧɤɟ β ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ ɪɨɹɥɶɧɨɝɨ ɤɨ-
ɥɟɫɚ. ȼ ɤɨɥɟɫɚɯ ɬɚɤɨɝɨ ɬɢɩɚ ɫɨɱɥɟɧɟɧɢɟ ɲɬɚɧɝɢ 4 
ɢ ɩɥɚɬɮɨɪɦɵ 5 (ɬɪɟɯɝɪɚɧɧɢɤ ɫ ɰɟɧɬɪɨɦ 40) ɹɜɥɹ-
ɟɬɫɹ ɩɨɞɜɢɠɧɵɦ, ɤɚɤ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 2. 

 
Ɋɢɫ. β. Ɋɨɹɥɶɧɨɟ ɤɨɥɟɫɨ 

 
Ⱦɥɹ ɞɚɧɧɨɝɨ ɡɜɟɧɚ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɨɩɢɫɚɧɢɟ 

ɢɦɟɟɬ ɜɢɞ ),,,,,,,( rvmikZWR   ɢ ɜɤɥɸɱɚɟɬ 
ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵμ   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɬɪɟɯ-
ɝɪɚɧɧɢɤɚ iiii zyxO  ɜɨɤɪɭɝ ɨɫɢ xi ɞɨ ɫɨɜɦɟɳɟɧɢɹ 

ɨɫɢ zi ɫ ɩɥɨɫɤɨɫɬɶɸ (x2,z2);   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ 
ɬɪɟɯɝɪɚɧɧɢɤɚ ɜɨɤɪɭɝ ɨɫɢ yi;   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ 

ɬɪɟɯɝɪɚɧɧɢɤɚ iiii zyxO  ɜɨɤɪɭɝ ɨɫɢ zi ɞɨ ɫɨɜɦɟɳɟ-
ɧɢɹ ɨɫɢ zi ɫ ɨɫɶɸ zm;  - ɭɝɨɥ ɦɟɠɞɭ ɠɟɫɬɤɨ ɡɚ-
ɤɪɟɩɥɟɧɧɵɦɢ ɡɜɟɧɶɹɦɢ γ ɢ 4ν r – ɪɚɞɢɭɫ ɤɨɥɟɫɚ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɪɚɳɟɧɢɟ ɡɜɟɧɚ γ ɜ 
ɫɨɱɥɟɧɟɧɢɢ ɫɨ ɡɜɟɧɨɦ 4 ɹɜɥɹɟɬɫɹ ɭɩɪɚɜɥɹɟɦɵɦ. 

https://ru.wikipedia.org/wiki/%D0%9E%D1%81%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D1%83%D0%B3
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D0%BB%D1%8C%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B0%D0%BD%D1%81%D0%BF%D0%BE%D1%80%D1%82
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Ɋɢɫ. γ. ɍɩɪɚɜɥɹɟɦɨɟ ɤɨɥɟɫɨμ 1 – ɧɟɩɨɞɜɢɠɧɨɟ ɨɫ-

ɧɨɜɚɧɢɟ, β – ɤɨɥɟɫɨ, γ – ɜɢɥɤɚ, 4 – ɩɥɚɬɮɨɪɦɚ. 10 – 
ɛɚɡɢɫɧɵɣ ɬɪɟɯɝɪɚɧɧɢɤ, β0 – ɬɪɟɯɝɪɚɧɧɢɤ ɜ ɫɨɱɥɟ-
ɧɟɧɢɢ ɤɨɥɟɫɚ ɢ ɜɢɥɤɢ, γ0 – ɬɪɟɯɝɪɚɧɧɢɤ ɜ ɫɨɱɥɟ-

ɧɟɧɢɢ ɜɢɥɤɢ ɢ ɩɥɚɬɮɨɪɦɵ, 40 – ɬɪɟɯɝɪɚɧɧɢɤ, 
ɠɟɫɬɤɨ ɫɜɹɡɚɧɧɵɣ ɫ ɩɥɚɬɮɨɪɦɨɣ 

 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɡɜɟɧɚ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɨɩɢɫɚɧɢɟ 
ɢɦɟɟɬ ɜɢɞ ),,,,,,( rmikZWR   ɢ ɜɤɥɸɱɚɟɬ 
ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵμ   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɬɪɟɯ-
ɝɪɚɧɧɢɤɚ 11110 zyxO  ɜɨɤɪɭɝ ɨɫɢ x ɞɨ ɫɨɜɦɟɳɟɧɢɹ 

ɨɫɢ г ɫ ɩɥɨɫɤɨɫɬɶɸ (x2,z2);   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ 
ɬɪɟɯɝɪɚɧɧɢɤɚ ɜɨɤɪɭɝ ɨɫɢ y;   – ɭɝɨɥ ɩɨɜɨɪɨɬɚ 

ɬɪɟɯɝɪɚɧɧɢɤɚ 11110 zyxO  ɜɨɤɪɭɝ ɨɫɢ z1 ɞɨ ɫɨɜɦɟ-
ɳɟɧɢɹ ɨɫɢ z1 ɫ ɨɫɶɸ z2; r – ɪɚɞɢɭɫ ɤɨɥɟɫɚ. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
Ɏɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɨɩɢɫɚɧɢɟ ɤɨɥɟɫɧɵɯ ɡɜɟɧɶɟɜ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɜ ɫɬɚɬɶɟ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɨ 
ɧɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɤɨɥɟɫɧɵɯ ɪɨɛɨ-
ɬɨɜ, ɬɚɤ ɤɚɤ ɜɫɟ ɛɨɥɶɲɟɟ ɢ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɦɨɛɢɥɶ-
ɧɵɯ ɪɨɛɨɬɨɜ ɤɨɧɫɬɪɭɢɪɭɸɬɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɩɥɚɬɮɨɪɦ ɧɚ ɤɨɥɟɫɚɯ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɬɨɱ-
ɧɨɟ ɢ ɛɵɫɬɪɨɟ ɦɚɧɟɜɪɢɪɨɜɚɧɢɟ ɬɚɤɢɯ ɩɥɚɬɮɨɪɦ, ɚ 
ɬɚɤɠɟ ɩɪɨɫɬɨɟ ɭɩɪɚɜɥɟɧɢɟ. 
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ȼɜɟɞɟɧɢɟ 
ɉɨɥɭɱɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɨɛɴɟɤ-

ɬɨɜ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɜ ɢɫɫɥɟ-
ɞɨɜɚɧɢɢ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
(ɋȺɍ) ɢ ɩɪɢɞɚɧɢɢ ɢɦ ɚɞɚɩɬɢɜɧɵɯ ɫɜɨɣɫɬɜ. ȼ ɪɹɞɭ 
ɬɚɤɢɯ ɡɚɞɚɱ ɨɫɨɛɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɜɨɩɪɨɫɵ ɢɞɟɧ-
ɬɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɭɩɪɚɜɥɟɧɢɹ ɫ ɪɚɫɩɪɟɞɟɥɺɧ-
ɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. ɂɡɜɟɫɬɧɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ 
ɨɛɴɟɤɬɵ, ɢɦɟɸɳɢɟ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɜ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟ ɩɚɪɚɦɟɬɪɵ.  

Ɉɫɨɛɟɧɧɨɫɬɢ ɨɛɴɟɤɬɨɜ ɭɩɪɚɜɥɟɧɢɹ ɫ ɪɚɫɩɪɟɞɟ-
ɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɩɪɟɞɟɥɟɧɵ ɬɟɦ, ɱɬɨ ɢɯ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɩɢɫɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡ-
ɜɨɞɧɵɯ ɢɥɢ ɢɧɵɟ, ɨɬɥɢɱɧɵɟ ɨɬ ɨɛɵɤɧɨɜɟɧɧɵɯ. 
ɒɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɣ ɜ ɬɟɨɪɢɢ ɢ ɩɪɚɤɬɢɤɟ ɚɜɬɨ-
ɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɩɟɪɚɬɨɪɧɵɣ ɦɟɬɨɞ ɩɪɢ-

ɜɨɞɢɬ ɬɚɤɢɟ ɨɩɢɫɚɧɢɹ ɤ ɫɥɨɠɧɵɦ ɩɟɪɟɞɚɬɨɱɧɵɦ 
ɮɭɧɤɰɢɹɦ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɫɜɹɡɶ «ɜɯɨɞ-
ɜɵɯɨɞ» ɦɟɠɞɭ ɞɜɭɦɹ ɬɨɱɤɚɦɢ ɨɛɴɟɤɬɚ. ɋɥɨɠɧɨɫɬɶ 
ɢɯ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɨɧɢ ɫɨɞɟɪɠɚɬ ɢɪɪɚɰɢɨɧɚɥɶ-
ɧɵɟ ɢ/ɢɥɢ ɬɪɚɧɫɰɟɧɞɟɧɬɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɧɟ 
ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɢɦɟɧɹɬɶ ɯɨɪɨɲɨ ɪɚɡɪɚɛɨɬɚɧɧɵɟ 
ɦɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɚ ɦɨɞɟɥɢ ɫ 
ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

ɉɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɨɛɴɟɤɬɨɜ ɫ ɪɚɫɩɪɟɞɟ-
ɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɢɦɟɸɬ 
ɜɢɞ [1] 
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 
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ɇɚɣɬɢ ɞɚɠɟ ɧɟɫɤɨɥɶɤɨ ɩɚɪɚɦɟɬɪɨɜ ɮɨɪɦɵ (1) 
ɜɫɟɝɞɚ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ, ɚ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ 
ɧɟɜɨɡɦɨɠɧɨ. ɉɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɧɵɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɟɞɢɧɫɬɜɟɧɧɵɣ ɫɩɨɫɨɛ 


