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ɇ.ɇ. Ɇɚɤɫɢɦɨɜɚ, Ɇ.ɂ. Ɇɚɬɭɳɚɤ 
 

ɉɈɋɌɊɈȿɇɂȿ ɄɅȺɋɋɂɑȿɋɄɈɃ ɋɏȿɆЫ ȾȼɈɃɋɌȼȿɇɇɈɋɌɂ ȾɅə ɂɋɋɅȿȾɈȼȺɇɂə  
ɄɈɗɊɐɂɌɂȼɇɈɃ ɁȺȾȺɑɂ ɋ ɉɊȿɉəɌɋɌȼɂȿɆ 

 
ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɫɯɟɦɵ ɞɜɨɣɫɬɜɟɧɧɨɫɬɢ ɫ ɤɥɚɫɫɢ-
ɱɟɫɤɢɦ ɮɭɧɤɰɢɨɧɚɥɨɦ Ʌɚɝɪɚɧɠɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɷɪɰɢɬɢɜɧɨɣ ɜɚɪɢɚ-
ɰɢɨɧɧɨɣ ɡɚɞɚɱɢ М ɩɪɟɩɹɬɫɬɜɢɟɦ ɜ ɨɞɧɨɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ. 
 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɚɪɢɚɰɢɨɧɧɚɹ ɡɚɞɚɱɚ ɫ ɩɪɟɩɹɬɫɬɜɢɟɦ, ɤɥɚɫɫɢɱɟɫɤɢɣ 
ɮɭɧɤɰɢɨɧɚɥ Ʌɚɝɪɚɧɠɚ, ɫɟɞɥɨɜɚɹ ɬɨɱɤɚ, ɚɥɝɨɪɢɬɦ ɍɞɡɚɜɵ. 

 
THE CONSTRUCTION OF A CLASSICAL DUALITВ SCHEME FOR RESEACH  

OF THE COERCTIVE OBSTACLE PROBLEM 
 

In tСТs pКpОr, tСО МonstruМtТon oП К duКХТtв sМСОmО аТtС tСО МХКssТМКХ LКРrКnРО 
ПunМtТonКХ Пor ТnvОstТРКtТnР tСО МoОrМТvО vКrТКtТonКХ oЛstКМХО proЛХОm аТtС Тn К 
onО-dТmОnsТonКХ ПormuХКtТon Тs МonsТdОrОd. 

 
KОв аords: tСО VКrТКtТonКХ OЛstКМХО ProЛХОm, tСО CХКssТМКХ LКРrКnРО FunМtТo-
nКХ, tСО SКddХО PoТnt, tСО UdгКаК AХРorТtСm. 

 

ȼɜɟɞɟɧɢɟ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɦɟɯɚɧɢɤɢ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ ɫɜɨɞɢɬɫɹ ɤ ɤɪɚɟɜɨɣ ɡɚɞɚɱɟ ɞɥɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. Ɇɧɨɝɢɟ ɥɢɧɟɣɧɵɟ ɡɚɞɚɱɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɮɢɡɢɤɢ ɞɨɩɭɫɤɚɸɬ ɟɫɬɟɫɬɜɟɧɧɭɸ ɜɚɪɢɚɰɢɨɧɧɭɸ ɩɨɫɬɚɧɨɜɤɭ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɜ ɦɢɧɢɦɢɡɚɰɢɢ ɜɵɩɭɤ-
ɥɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɧɚ ɧɟɤɨɬɨɪɨɦ ɥɢɧɟɣɧɨɦ ɦɧɨɠɟɫɬɜɟ.  

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɟɥɢɧɟɣɧɵɟ ɤɪɚɟɜɵɟ ɡɚɞɚɱɢ, ɜɚɪɢɚɰɢ-
ɨɧɧɵɟ ɩɨɫɬɚɧɨɜɤɢ ɤɨɬɨɪɵɯ ɫɨɫɬɨɹɬ ɜ ɦɢɧɢɦɢɡɚɰɢɢ ɧɟɤɨɬɨɪɨɝɨ ɜɵɩɭɤɥɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɧɚ ɜɵɩɭɤɥɨɦ 
ɡɚɦɤɧɭɬɨɦ ɦɧɨɠɟɫɬɜɟ. Ɍɟɦ ɫɚɦɵɦ ɜɚɪɢɚɰɢɨɧɧɵɟ ɩɨɫɬɚɧɨɜɤɢ ɹɜɥɹɸɬɫɹ ɡɚɞɚɱɚɦɢ ɧɚ ɭɫɥɨɜɧɵɣ (ɢɥɢ 
ɛɟɡɭɫɥɨɜɧɵɣ, ɟɫɥɢ ɞɨɩɭɫɬɢɦɨɟ ɦɧɨɠɟɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɤɨɬɨɪɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɮɭɧɤɰɢɣ) ɷɤɫ-
ɬɪɟɦɭɦ. Ɍɪɟɬɶɹ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɚɪɢɚɰɢɨɧɧɨɟ ɧɟɪɚ-
ɜɟɧɫɬɜɨ. 

Ʉ ɬɚɤɨɝɨ ɪɨɞɚ ɡɚɞɚɱɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɛɥɟɦ, ɢɦɟɸɳɢɯ ɮɢɡɢɱɟɫɤɢɣ 
ɢɧɬɟɪɟɫ: ɡɚɞɚɱɚ ɬɟɨɪɢɢ ɫɦɚɡɤɢ, ɫɬɚɰɢɨɧɚɪɧɚɹ ɮɢɥɶɬɪɚɰɢɹ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɩɨɪɢɫɬɭɸ ɩɟɪɟɝɨɪɨɞɤɭ, ɨɛ-
ɬɟɤɚɧɢɟ ɠɢɞɤɨɫɬɶɸ ɡɚɞɚɧɧɨɝɨ ɩɪɨɮɢɥɹ, ɡɚɞɚɱɢ ɨɛ ɭɩɪɚɜɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɤɥɚɫɫɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ɢ 
ɡɚɞɚɱɢ ɫ ɬɪɟɧɢɟɦ ɜ ɬɟɨɪɢɢ ɭɩɪɭɝɨɫɬɢ ɢ ɜɹɡɤɨ-ɭɩɪɭɝɨɫɬɢ, ɡɚɞɚɱɢ ɬɟɨɪɢɢ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɡɚɞɚɱɢ ɧɚ ɨɞɧɨ-
ɫɬɨɪɨɧɧɢɣ ɢɡɝɢɛ ɬɨɧɤɢɯ ɭɩɪɭɝɢɯ ɩɥɚɫɬɢɧ, ɞɢɧɚɦɢɱɟɫɤɢɟ ɨɞɧɨɫɬɨɪɨɧɧɢɟ ɡɚɞɚɱɢ ɞɥɹ ɩɥɚɫɬɢɧ, ɡɚɞɚɱɢ 
ɞɥɹ ɠɢɞɤɨɫɬɢ Ȼɢɧɝɚɦɚ ɢ ɞɪ. ɉɪɢɦɟɧɟɧɢɟ ɬɟɨɪɢɢ ɜɚɪɢɚɰɢɨɧɧɵɯ ɧɟɪɚɜɟɧɫɬɜ ɤ ɷɬɢɦ ɢ ɦɧɨɝɢɦ ɞɪɭɝɢɦ 
ɡɚɞɚɱɚɦ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɪɚɛɨɬɚɯ Ɋ. Ƚɥɨɜɢɧɫɤɢ ɢ ɀ.-Ʌ. Ʌɢɨɧɫɚ Д1Ж, Ƚ. Ⱦɸɜɨ Д2Ж, Ⱦ. Ʉɢɧɞɟɪɥɟɪɟɪɚ ɢ Ƚ. 
ɋɬɚɦɩɚɤɤɶɢ Д3Ж, Ⱥ.ɋ. ɄɪɚɜɱɭɤɚД4Ж, ɉ. ɉɚɧɚɝɢɨɬɨɩɭɥɨɫɚ Д5Ж ɢ ɞɪ. 
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ɉɪɨɫɬɟɣɲɚɹ ɦɨɞɟɥɶɧɚɹ ɡɚɞɚɱɚ, ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ ɤ ɜɚɪɢɚɰɢɨɧɧɵɦ ɧɟɪɚɜɟɧɫɬɜɚɦ, – ɷɬɨ ɡɚɞɚɱɚ 
ɨ ɤɪɚɬɱɚɣɲɟɦ ɩɭɬɢ, ɫɨɟɞɢɧɹɸɳɢɦ ɞɜɟ ɡɚɞɚɧɧɵɟ ɬɨɱɤɢ ɧɚ ɩɥɨɫɤɨɫɬɢ ɢ ɨɛɯɨɞɹɳɟɦ ɧɟɤɨɬɨɪɵɟ ɩɪɟɩɹɬ-
ɫɬɜɢɹ Д2Ж. ɂɫɬɨɱɧɢɤɨɦ ɞɥɹ ɫɨɡɞɚɧɢɹ ɬɟɨɪɢɢ ɜɚɪɢɚɰɢɨɧɧɵɯ ɧɟɪɚɜɟɧɫɬɜ ɩɨɫɥɭɠɢɥɚ ɡɚɞɚɱɚ ɢɡ ɬɟɨɪɢɢ 
ɭɩɪɭɝɨɫɬɢ (ɡɚɞɚɱɚ ɋɢɧɶɨɪɢɧɢ), ɜɩɟɪɜɵɟ ɩɨɥɧɨɫɬɶɸ ɢɡɭɱɟɧɧɚɹ ɜ ɪɚɛɨɬɟ Ɏɢɤɟɪɵ, ɝɞɟ ɛɵɥɢ ɡɚɥɨɠɟɧɵ 
ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɜɚɪɢɚɰɢɨɧɧɵɯ ɧɟɪɚɜɟɧɫɬɜ Д6, 7Ж. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɚɧɧɚɹ ɬɟɨɪɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɫɬɚɞɢɢ 
ɛɭɪɧɨɝɨ ɪɚɡɜɢɬɢɹ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ-ɦɚɬɟɦɚɬɢɤɨɜ ɢ ɦɟɯɚɧɢɤɨɜ, ɧɨ 
ɢ ɞɥɹ ɷɤɨɧɨɦɢɫɬɨɜ, ɩɨɫɤɨɥɶɤɭ ɜɚɪɢɚɰɢɨɧɧɵɟ ɧɟɪɚɜɟɧɫɬɜɚ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɜɧɨɜɟɫɧɵɯ ɡɚɞɚɱ ɷɤɨɧɨɦɢɤɢ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɩɟɪɚɰɢɣ.  

Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ ɦɟɯɚɧɢɤɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɢɦɟɸɬ ɹɜɧɨɝɨ ɪɟɲɟɧɢɹ, ɢ ɩɨɷɬɨɦɭ 
ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɭɠɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɛɟɝɚɬɶ ɤ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɚɦ ɪɟɲɟɧɢɹ. Ʉɨɧɬɚɤɬ-
ɧɵɟ ɡɚɞɚɱɢ ɧɟ ɢɫɤɥɸɱɟɧɢɟ. Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɪɟɲɟɧɢɹ ɜɚɪɢɚɰɢɨɧɧɵɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɤɨɧɟɱ-
ɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɨɱɟɧɶ ɩɨɞɪɨɛɧɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɜ ɪɚɛɨɬɚɯ Ɋ. Ƚɥɨɜɢɧɫɤɢ Д1Ж, Ɏ. ɋɶɹɪɥɟ Д8Ж. 

Ʉɪɨɦɟ ɬɨɝɨ, ɛɨɥɶɲɢɧɫɬɜɨ ɡɚɞɚɱ ɦɟɯɚɧɢɤɢ ɜ ɜɚɪɢɚɰɢɨɧɧɨɣ ɩɨɫɬɚɧɨɜɤɟ – ɷɬɨ ɡɚɞɚɱɢ ɧɚ ɭɫɥɨɜ-
ɧɵɣ ɷɤɫɬɪɟɦɭɦ. ɉɨɷɬɨɦɭ ɛɭɪɧɨɟ ɪɚɡɜɢɬɢɟ ɩɨɥɭɱɢɥɢ ɩɨɞɯɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɩɨɫɬɪɨɟɧɢɢ ɫɯɟɦ ɞɜɨɣ-
ɫɬɜɟɧɧɨɫɬɢ ɤ ɢɫɯɨɞɧɵɦ ɩɨɫɬɚɧɨɜɤɚɦ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɫɨɫɬɨɢɬ ɜ ɡɚɦɟɧɟ ɡɚɞɚɱɢ ɭɫɥɨɜɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ 
ɡɚɞɚɱɟɣ ɨɬɵɫɤɚɧɢɹ ɫɟɞɥɨɜɨɣ ɬɨɱɤɢ ɮɭɧɤɰɢɨɧɚɥɚ Ʌɚɝɪɚɧɠɚ. Ʉɨɧɫɬɪɭɤɰɢɹ, ɢɡɜɟɫɬɧɚɹ ɤɚɤ «ɮɭɧɤɰɢɨɧɚɥ 
Ʌɚɝɪɚɧɠɚ», ɥɟɠɢɬ ɜ ɨɫɧɨɜɟ ɨɛɳɟɩɪɢɧɹɬɨɣ ɫɯɟɦɵ ɚɧɚɥɢɡɚ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɡɚɞɚɱ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ Д9-
11Ж. Ɏɭɧɤɰɢɨɧɚɥ Ʌɚɝɪɚɧɠɚ ɮɨɪɦɢɪɭɟɬɫɹ ɩɨ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɟ ɢ ɡɚɜɢɫɢɬ ɨɬ ɞɜɭɯ ɝɪɭɩɩ ɩɟɪɟɦɟɧɧɵɯ – 
ɩɪɹɦɵɯ (ɩɟɪɟɦɟɧɧɵɯ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ) ɢ ɞɜɨɣɫɬɜɟɧɧɵɯ (ɩɟɪɟɦɟɧɧɵɯ, ɨɬɜɟɱɚɸɳɢɯ ɨɝɪɚɧɢɱɟɧɢɹɦ). 
Ƚɥɚɜɧɨɟ ɫɜɨɣɫɬɜɨ ɮɭɧɤɰɢɨɧɚɥɚ Ʌɚɝɪɚɧɠɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɜɵɩɭɤɥɨɝɨ ɩɪɨɝɪɚɦɦɢ-
ɪɨɜɚɧɢɹ ɫɨɜɩɚɞɚɟɬ ɫ ɩɪɹɦɨɣ ɩɟɪɟɦɟɧɧɨɣ ɫɟɞɥɨɜɨɣ ɬɨɱɤɢ ɮɭɧɤɰɢɨɧɚɥɚ Ʌɚɝɪɚɧɠɚ. 

 
ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

Ɋɚɫɫɦɨɬɪɢɦ ɤɥɚɫɫɢɱɟɫɤɢɣ ɩɪɢɦɟɪ ɡɚɞɚɱɢ ɨ 
ɩɪɟɩɹɬɫɬɜɢɢ, ɮɢɡɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɤɨɬɨɪɨɣ ɡɚɤɥɸ-
ɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ Д12Ж. ɉɭɫɬɶ ɬɨɧɤɚɹ ɭɩɪɭɝɚɹ ɦɟɦ-
ɛɪɚɧɚ ɫ ɧɚɬɹɠɟɧɢɟɦ τ ɡɚɤɪɟɩɥɟɧɚ ɩɨ ɤɨɧɬɭɪɭ Γ, ɨɝɪɚ-
ɧɢɱɢɜɚɸɳɟɦɭ ɨɛɥɚɫɬɶ ( 1,2)nR n  , ɢ ɧɚɯɨɞɢɬɫɹ 
ɩɨɞ ɞɟɣɫɬɜɢɟɦ «ɜɟɪɬɢɤɚɥɶɧɨɣ» ɫɢɥɵ ɩɥɨɬɧɨɫɬɢ П. 
ɉɪɟɞɩɨɥɨɠɢɦ ɬɚɤɠɟ, ɱɬɨ ɩɪɨɝɢɛɵ ɦɟɦɛɪɚɧɵ ɨɝɪɚɧɢ-
ɱɟɧɵ «ɫɧɢɡɭ» ɠɟɫɬɤɢɦ ɩɪɟɩɹɬɫɬɜɢɟɦ, ɨɩɢɫɵɜɚɟɦɵɦ 
ɮɭɧɤɰɢɟɣ ψ (ɪɢɫ. 1). Ɍɪɟɛɭɟɬɫɹ ɨɩɢɫɚɬɶ ɩɨɥɨɠɟɧɢɟ 
ɪɚɜɧɨɜɟɫɢɹ ɦɟɦɛɪɚɧɵ. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ τ, ψ, П ɹɜɥɹ-
ɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɝɥɚɞɤɢɦɢ ɮɭɧɤɰɢɹɦɢ, ( ) 0б   ɧɚ 

ɝɪɚɧɢɰɟ Γ ɢ ɫɭɳɟɫɬɜɭɸɬ ɩɨɫɬɨɹɧɧɵɟ 0 1, 0    – ɬɚɤɢɟ, 

ɱɬɨ 0 1( )б     ɜ Ω. 
Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ v(б) ɩɪɨɝɢɛ ɦɟɦɛɪɚɧɵ ɜ ɬɨɱɤɟ б , ɱɟɪɟɡ I – ɨɛɥɚɫɬɶ, ɝɞɟ ɦɟɦɛɪɚɧɚ ɤɚɫɚɟɬ-

ɫɹ ɩɪɟɩɹɬɫɬɜɢɹ, ɬ.ɟ. ɦɧɨɠɟɫɬɜɨ 

 : ( ) ( )I б v б б   , 

ɚ ɱɟɪɟɡ F ɟɝɨ ɝɪɚɧɢɰɭ:  ЕF I    . Ɉɬɦɟɬɢɦ, ɱɬɨ ɤɨɧɬɚɤɬɧɚɹ ɨɛɥɚɫɬɶ I ɡɚɪɚɧɟɟ ɧɟ ɢɡɜɟɫɬɧɚ. Ɉɬ-

ɫɸɞɚ ɢ ɧɚɡɜɚɧɢɟ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ – ɡɚɞɚɱɢ ɫ ɧɟɢɡɜɟɫɬɧɨɣ ɝɪɚɧɢɰɟɣ. 
Ɉɞɧɨɣ ɢɡ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɨɪɦɭɥɢɪɨɜɨɤ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɜɚɪɢɚɰɢɨɧɧɨɝɨ ɢɫɱɢɫɥɟɧɢɹ, ɤɨɬɨɪɚɹ 

ɜɵɪɚɠɚɟɬ ɢɡɜɟɫɬɧɵɣ ɜ ɦɟɯɚɧɢɤɟ ɜɚɪɢɚɰɢɨɧɧɵɣ ɩɪɢɧɰɢɩ Ⱦɢɪɢɯɥɟ: ɫɪɟɞɢ ɜɫɟɯ ɞɨɩɭɫɬɢɦɵɯ ɩɨɥɨɠɟ-
ɧɢɣ ɦɟɦɛɪɚɧɚ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɡɚɧɢɦɚɟɬ ɩɨɥɨɠɟɧɢɟ М ɦɢɧɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ.  

Ɋɢɫ. 1. Ɇɟɦɛɪɚɧɚ ɧɚɞ ɩɪɟɩɹɬɫɬɜɢɟɦ. 
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Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ 1
2 ( : ( ) ( ) ɩ. ɜ. ɜ  K v W v б б 

     
 



 – ɦɧɨɠɟɫɬɜɨ ɜɨɡɦɨɠɧɵɯ ɩɪɨɝɢɛɨɜ. 

Ɏɭɧɤɰɢɨɧɚɥ ɷɧɟɪɝɢɢ ɢɦɟɟɬ ɜɢɞ 
21( ) .

2
J v v Нб ПvНб

 

     (1) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɚɪɢɚɰɢɨɧɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɬɚ-
ɤɭɸ ɮɭɧɤɰɢɸ v K , ɧɚ ɤɨɬɨɪɨɣ ɮɭɧɤɰɢɨɧɚɥ (1) ɩɪɢɧɢɦɚɟɬ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ. 

ɉɨɥɨɠɢɦ 1   ɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɜɵɛɟɪɟɦ ɢɧɬɟɪɜɚɥ (0, 1)  ɧɚ ɱɢɫɥɨɜɨɣ ɨɫɢ. Ɍɨ-

ɝɞɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɨɞɧɨɦɟɪɧɚɹ ɜɚɪɢɚɰɢɨɧɧɚɹ ɡɚɞɚɱɚ ɩɪɢɧɢɦɚɟɬ ɜɢɞ 
1 1

2

0 0

1
2

1( ) ЦТЧ,
2

(0,1) : . . (0,1) .

J v v Нб П v Нб

v K v W v ɩ ɜ ɜ


  




        

 


 (2) 

Ɂɚɞɚɱɚ (1) ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɭɤɨɷɪɰɢɬɢɜɧɨɣ, ɩɨɫɤɨɥɶɤɭ ɮɭɧɤɰɢɨɧɚɥ ɜ (1) ɹɜɥɹɟɬɫɹ ɩɨɥɭɤɨɷɪɰɢ-
ɬɢɜɧɵɦ, ɱɬɨ ɦɨɠɟɬ ɨɫɥɨɠɧɢɬɶ ɩɪɨɰɟɫɫ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ. ɉɨɷɬɨɦɭ ɧɚɪɹɞɭ ɫ ɩɨɥɭɤɨɷɪɰɢ-
ɬɢɜɧɨɣ ɩɨɫɬɚɧɨɜɤɨɣ ɪɚɫɫɦɨɬɪɢɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɨɞɧɨɦɟɪɧɭɸ ɤɨɷɪɰɢɬɢɜɧɭɸ ɡɚɞɚɱɭ 

 
1 1

2 2

0 0

1
2

1( ) ЦТЧ,
2

(0,1) : . . (0,1) .

J v v v Нб П v Нб

v K v W v ɩ ɜ ɜ


   




        

 


 (3) 

Ʉɨɷɪɰɢɬɢɜɧɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɚ ( )J v  ɜ (3) ɨɡɧɚɱɚɟɬ, ɱɬɨ ( )J v   ɩɪɢ 1
2 (0, 1)W

v  , ɨɬɤɭɞɚ 

ɫɥɟɞɭɸɬ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɢ ɟɞɢɧɫɬɜɟɧɧɨɫɬɶ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ (3).  
Ʉɪɨɦɟ ɬɨɝɨ, ɮɭɧɤɰɢɨɧɚɥ ( )J v  ɜ (3) ɹɜɥɹɟɬɫɹ ɫɬɪɨɝɨ ɜɵɩɭɤɥɵɦ ɜ 1

2 (0,1)W , ɦɧɨɠɟɫɬɜɨ K  ɹɜɥɹ-

ɟɬɫɹ ɜɵɩɭɤɥɵɦ ɦɧɨɠɟɫɬɜɨɦ, ɩɨɷɬɨɦɭ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɞɚɱɢ (3) ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɫɯɟɦɭ ɞɜɨɣ-
ɫɬɜɟɧɧɨɫɬɢ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦ ɮɭɧɤɰɢɨɧɚɥɨɦ Ʌɚɝɪɚɧɠɚ. 

 

ɋɯɟɦɚ ɞɜɨɣɫɬɜɟɧɧɨɫɬɢ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦ ɮɭɧɤɰɢɨɧɚɥɨɦ Ʌɚɝɪɚɧɠɚ 
Ɂɚɩɢɲɟɦ ɤɥɚɫɫɢɱɟɫɤɢɣ ɮɭɧɤɰɢɨɧɚɥ Ʌɚɝɪɚɧɠɚ ɞɥɹ ɡɚɞɚɱɢ (3)Д13Ж: 

 
1 1 1 1

2 2

0 0 0 0

1
2 2

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

( , ) (0,1) (0,1).

L v l J v l v Нб v v Нб П v Нб l v Нб

v l W L

        

  

   


 

Ɏɭɧɤɰɢɨɧɚɥ ( , )L v l  ɹɜɥɹɟɬɫɹ ɜɵɩɭɤɥɵɦ ɩɨ v ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ l ɢ ɜɨɝɧɭɬɵɦ ɩɨ l ɩɪɢ ɮɢɤɫɢ-

ɪɨɜɚɧɧɨɦ v. 

ɑɟɪɟɡ  2 (0,1)L   ɨɛɨɡɧɚɱɢɦ ɦɧɨɠɟɫɬɜɨ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɯ ɮɭɧɤɰɢɣ ɢɡ 2 (0,1)L , ɢɧɬɟɝɪɢɪɭɟɦɵɯ 

ɫɨ ɫɜɨɢɦ ɤɜɚɞɪɚɬɨɦ. 

Ɉɩɪɟɞɟɥɟɧɢɟ. ɉɚɪɚ  * * 1
2 2( , ) (0,1) (0,1)v l W L  



 ɧɚɡɵɜɚɟɬɫɹ ɫɟɞɥɨɜɨɣ ɬɨɱɤɨɣ ɞɥɹ L(v, l), ɟɫɥɢ ɜɵ-

ɩɨɥɧɹɟɬɫɹ ɞɜɭɫɬɨɪɨɧɧɟɟ ɧɟɪɚɜɟɧɫɬɜɨ 

* * * * 1
2 2( , ) ( , ) ( , ), (0,1), ( (0,1))L v l L v l L v l v W l L      



. 
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Ɍɟɦ ɫɚɦɵɦ ɜ ɬɨɱɤɟ * 1
2 (0,1)v W



 ɞɨɫɬɢɝɚɟɬɫɹ ɦɢɧɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɚ L(v, l) ɩɨ v ɩɪɢ ɮɢɤɫɢɪɨ-

ɜɚɧɧɨɦ *
2( (0,1))l L   ɢ ɜ ɬɨɱɤɟ *

2( (0,1))l L   ɞɨɫɬɢɝɚɟɬɫɹ ɦɚɤɫɢɦɭɦ ɮɭɧɤɰɢɨɧɚɥɚ L(v, l) ɩɨ l ɩɪɢ 

ɮɢɤɫɢɪɨɜɚɧɧɨɦ * 1
2 (0,1)v W



. Ʉɪɨɦɟ ɬɨɝɨ, ɬɨɱɤɚ * 1
2 (0,1)v W



 ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɢɫɫɥɟɞɭɟɦɨɣ ɡɚɞɚɱɢ 

(3) Д13Ж. 
ȼ ɪɚɛɨɬɟ Д14Ж ɞɥɹ ɩɨɥɭɤɨɷɪɰɢɬɢɜɧɨɝɨ ɫɥɭɱɚɹ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɥɚɫɫɢɱɟɫɤɢɣ ɮɭɧɤɰɢɨɧɚɥ Ʌɚ-

ɝɪɚɧɠɚ ɢɦɟɟɬ ɧɚ  1
2 2(0,1) (0,1)W L 



 ɟɞɢɧɫɬɜɟɧɧɭɸ ɫɟɞɥɨɜɭɸ ɬɨɱɤɭ * *( , )v v П  . Ɉɞɧɚɤɨ ɩɪɢɦɟɧɟɧɢɟ 

ɫɯɟɦɵ ɞɜɨɣɫɬɜɟɧɧɨɫɬɢ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦ ɮɭɧɤɰɢɨɧɚɥɨɦ Ʌɚɝɪɚɧɠɚ ɩɪɢ ɪɟɲɟɧɢɢ ɩɨɥɭɤɨɷɪɰɢɬɢɜɧɨɣ ɡɚ-
ɞɚɱɢ ɧɟɜɨɡɦɨɠɧɨ ɜ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɲɚɝ ɩɚɪɚɦɟɬɪɚ ɫɞɜɢɝɚ ɩɨ ɞɜɨɣɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɧɟɨɛɯɨɞɢɦɨ 
ɫɨɝɥɚɫɨɜɵɜɚɬɶ ɫ ɤɨɧɫɬɚɧɬɨɣ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɤɜɚɞɪɚɬɢɱɧɨɣ ɮɨɪɦɵ ɦɢɧɢɦɢɡɢɪɭɟɦɨɝɨ 
ɮɭɧɤɰɢɨɧɚɥɚ, ɪɚɜɧɨɣ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɭɥɸ. Ɉɬ ɬɚɤɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɢɡɛɚɜɥɟɧɵ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ 
ɮɭɧɤɰɢɢ Ʌɚɝɪɚɧɠɚ Д15Ж, ɩɪɢɦɟɧɟɧɢɟ ɤɨɬɨɪɵɯ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɤɨɷɪɰɢɬɢɜɧɨɣ ɡɚɞɚɱɢ ɩɥɚɧɢɪɭ-
ɟɬɫɹ ɚɜɬɨɪɚɦɢ ɜ ɛɭɞɭɳɟɦ. 

ɂɡɜɟɫɬɧɵɣ ɦɟɬɨɞ ɍɞɡɚɜɵ ɩɨɢɫɤɚ ɫɟɞɥɨɜɨɣ ɬɨɱɤɢ ɮɭɧɤɰɢɨɧɚɥɚ L(v, l) ɜ ɤɨɷɪɰɢɬɢɜɧɨɦ ɫɥɭɱɚɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɯɨɞɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɨ ɩɪɹɦɨɣ ɩɟɪɟɦɟɧɧɨɣ ɜ ɫɥɭɱɚɟ ɦɚɥɵɯ ɲɚɝɨɜ ɫɞɜɢɝɚ ɩɨ ɞɜɨɣ-
ɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ Д16Ж. 

 
Ⱥɥɝɨɪɢɬɦ ɍɞɡɚɜɵ ɩɨɢɫɤɚ ɫɟɞɥɨɜɨɣ ɬɨɱɤɢ 

Ⱦɥɹ ɩɨɢɫɤɚ ɫɟɞɥɨɜɨɣ ɬɨɱɤɢ ɮɭɧɤɰɢɨɧɚɥɚ Ʌɚɝɪɚɧɠɚ ɩɪɢɦɟɧɢɦ ɫɥɟɞɭɸɳɢɣ ɦɟɬɨɞ. Ɂɚɞɚɟɦ ɩɪɨ-
ɢɡɜɨɥɶɧɨ 0

2( (0,1))l L  , ɧɚ k-ɣ ɢɬɟɪɚɰɢɢ ɦɟɬɨɞɚ: 

ɒɚɝ 1. Ɉɩɪɟɞɟɥɹɟɦ 

1
2

1

(0,1)

КrР ЦТЧ ( , )k k

v W

v L v l 






; 

ɒɚɝ 2. ɉɨɥɚɝɚɟɦ 

 1 ( )k k kl l r v
   , 

ɝɞɟ r – ɩɚɪɚɦɟɬɪ ɫɞɜɢɝɚ ɩɨ ɞɜɨɣɫɬɜɟɧɧɨɣ ɩɟɪɟɦɟɧɧɨɣ. 
ɉɟɪɜɵɣ ɲɚɝ ɚɥɝɨɪɢɬɦɚ ɍɞɡɚɜɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɫɫ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ Ʌɚ-

ɝɪɚɧɠɚ ɩɨ v ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ 1kl  . ɇɚ ɜɬɨɪɨɦ ɲɚɝɟ ɪɟɚɥɢɡɨɜɚɧ ɝɪɚɞɢɟɧɬɧɵɣ ɦɟɬɨɞ ɩɨɢɫɤɚ ɦɚɤɫɢ-
ɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ Ʌɚɝɪɚɧɠɚ ɩɨ l ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ kv . 

 
Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɞɧɨɦɟɪɧɚɹ ɤɨɷɪɰɢɬɢɜɧɚɹ ɩɨɫɬɚɧɨɜɤɚ ɜɚɪɢɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɫ ɬɪɟɧɢɟɦ. 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɞɚɱɢ ɩɪɟɞɥɨɠɟɧ ɤɥɚɫɫɢɱɟɫɤɢɣ ɦɟɬɨɞ ɞɜɨɣɫɬɜɟɧɧɨɫɬɢ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɫɨɫɬɨɢɬ ɜ 
ɡɚɦɟɧɟ ɡɚɞɚɱɢ ɭɫɥɨɜɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɡɚɞɚɱɟɣ ɨɬɵɫɤɚɧɢɹ ɫɟɞɥɨɜɨɣ ɬɨɱɤɢ ɮɭɧɤɰɢɨɧɚɥɚ Ʌɚɝɪɚɧɠɚ. Ⱦɥɹ 
ɩɨɢɫɤɚ ɫɟɞɥɨɜɨɣ ɬɨɱɤɢ ɮɭɧɤɰɢɨɧɚɥɚ Ʌɚɝɪɚɧɠɚ ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɍɞɡɚɜɵ.  

ȼ ɞɚɥɶɧɟɣɲɟɦ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬɵ ɛɭɞɟɬ ɱɢɫɥɟɧɧɨ ɪɟɚɥɢɡɨɜɚɧ ɞɚɧɧɵɣ ɦɟɬɨɞ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɦɟ-
ɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɛɭɞɭɬ ɩɪɨɜɟɞɟɧɵ ɫɟɪɢɢ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 
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ɂɡɥɚɝɚɟɬɫɹ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɜɭɯ ɜɟɤɬɨɪɨɜ ɜ 
n-ɦɟɪɧɨɦ ɟɜɤɥɢɞɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢ n > 3. 
 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɟɤɬɨɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ, ɦɧɨɝɨɦɟɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɛɚ-
ɡɢɫ, ɪɚɫɳɟɩɥɟɧɢɟ, ɫɥɢɹɧɢɟ.  

 

DETERMINATION OF VECTOR PRODUCT OF TАO VECTORS IN n  
 

A mОtСod Пor dОtОrmТnТnР tСО vОМtor produМt oП tаo vОМtors Тn Кn n-dТmОnsТonКХ 
EuМХТdОКn spКМО Пor n > 3 Тs prОsОntОd. 
 
KОв аords: vОМtor produМt, muХtТdТmОnsТonКХ spКМО, ЛКsТs, spХТttТnР, ПusТon. 
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