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Введение в теорию касательных сфер  

(Introduction to the Theory of Tangent Spheres) 
 

Franz Hermann 

Abstract 

Сегодня практически в любом учебнике по аналитической геометрии есть раздел, 

посвящённый коническим сечениям. Великий математик древности Евклид когда-то 

написал сочинение «Начала конических сечений» (к сожалению до нас не дошедшее). 

Другой великий математик древности Аполлоний Пергский главный труд своей жизни 

так и озаглавил «Конические сечения». До наших дней сохранились семь из восьми 

книг этого сочинения. Вопрос конических сечений – кривых второго порядка – с 

древних времён интересовал человечество. И вопрос этот окончательно не закрыт до 

сих пор (например, некоторые особенности задачи Аполлония). В настоящей работе 
мы познакомим читателя с ещё одним взглядом на вопрос конических сечений, 

который мы назвали «Введение в теорию касательных сфер». 

Today, almost every textbook on analytic geometry has a section on conical sections. The 

great mathematician of antiquity Euclid once wrote the essay "Beginnings of Conical 

Sections" (unfortunately not extant). Another great mathematician of antiquity, Apollonius of 

Perga, titled the main work of his life "Conical sections". Seven of the eight books of this 

work have survived to this day. The question of conical sections - curves of the second order 

- has been of interest to mankind since ancient times. And this question has not yet been 

completely closed (for example, some features of the Apollonius problem). In this paper, we 

will acquaint the reader with another look at the issue of conic sections, which we called 

"Introduction to the theory of tangent spheres". 
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Эɬɢ ɤɪɢɜɵɟ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ 
ɦɧɨɝɢɦɢ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ 

 
Ƚ.ɋ.Ɇ. Ʉɨɤɫɟɬɟɪ, ɋ.Ʌ. Ƚɪɟɣɬɰɟɪ 

 
 ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɦɵ ɩɨɡɧɚɤɨɦɢɦ ɱɢɬɚɬɟɥɹ ɫ ɬɟɨɪɢɟɣ ɤɪɢɜɵɯ ɰɟɧɬɪɨɜ 
(ɌɄɐ), ɤɚɤ ɫ ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɬɟɨɪɢɟɣ ɞɥɹ ɬɟɨɪɢɢ ɤɨɧɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ 
(ɌɄɋ). 
 Ɋɚɫɫɦɨɬɪɢɦ ɞɜɟ ɩɪɨɢɡɜɨɥɶɧɵɟ ɧɟɩɟɪɟɫɟɤɚɸɳɢɟɫɹ ɨɤɪɭɠɧɨɫɬɢ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɫɬɪɨɢɬɶ ɤɚɫɚɬɟɥɶɧɭɸ ɨɤɪɭɠɧɨɫɬɶ ɤ ɷɬɢɦ ɞɜɭɦ ɞɚɧɧɵɦ 
ɨɤɪɭɠɧɨɫɬɹɦ ɦɨɠɧɨ ɪɚɡɥɢɱɧɵɦɢ ɱɟɬɵɪɶɦɹ ɫɩɨɫɨɛɚɦɢ (Ɋɢɫ. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 1 
 
 ɉɨɫɬɪɨɟɧɧɚɹ ɨɤɪɭɠɧɨɫɬɶ ɦɨɠɟɬ ɤɚɫɚɬɶɫɹ ɞɜɭɯ ɞɚɧɧɵɯ ɫɧɚɪɭɠɢ. Ⱥ 
ɦɨɠɟɬ - ɢ ɢɡɧɭɬɪɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɫɬɪɨɟɧɧɚɹ ɨɤɪɭɠɧɨɫɬɶ ɦɨɠɟɬ ɤɚɫɚɬɶɫɹ 
ɨɞɧɭ ɞɚɧɧɭɸ ɨɤɪɭɠɧɨɫɬɶ ɫɧɚɪɭɠɢ, ɚɞɪɭɝɭɸ ɩɪɢ ɷɬɨɦ – ɢɡɧɭɬɪɢ. ɂ 
ɧɚɨɛɨɪɨɬ. Ɍ. ɟ., ɤɚɤ ɢ ɛɵɥɨ ɫɤɚɡɚɧɨ, - ɱɟɬɵɪɶɦɹ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. ɂ, 
ɤɪɨɦɟ ɬɨɝɨ, ɜ ɤɚɠɞɨɦ ɢɡ ɷɬɢɯ ɱɟɬɵɪɺɯ ɫɥɭɱɚɟɜ ɩɨɫɬɪɨɟɧɧɚɹ ɨɤɪɭɠɧɨɫɬɶ ɧɟ 
ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɨɣ. 
 Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɜɵɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɨɤɪɭɠɧɨɫɬɶ ɤɚɫɚɟɬɫɹ ɞɜɭɯ ɞɚɧɧɵɯ 
ɫɧɚɪɭɠɢ. 
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Ɋɢɫ. 2 
 
 ɇɚ Ɋɢɫ. 2 ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ - ɬɪɢ ɨɤɪɭɠɧɨɫɬɢ ɩɟɪɜɨɝɨ ɬɢɩɚ. Ɉɱɟɜɢɞɧɨ, 
ɱɬɨ ɩɨɫɬɪɨɢɬɶ ɬɚɤɢɯ ɨɤɪɭɠɧɨɫɬɟɣ ɦɨɠɧɨ ɛɟɫɤɨɧɟɱɧɨ ɦɧɨɝɨ. ɇɚɫ ɛɭɞɟɬ 
ɢɧɬɟɪɟɫɨɜɚɬɶ ɡɚɞɚɱɚ ɩɨɢɫɤɚ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɦɟɫɬɚ ɬɨɱɟɤ, ɝɞɟ ɥɟɠɚɬ 
ɰɟɧɬɪɵ ɩɨɫɬɪɨɟɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ. Ɍ. ɟ. ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɜɢɞ ɬɚɤɨɣ ɤɪɢɜɨɣ. 
Ɇɵ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɟɺ ɤɪɢɜɨɣ ɰɟɧɬɪɨɜ.  
 ȼɜɟɞɺɦ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ Ɋɢɫ. 3. 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 3 
 
 ɉɭɫɬɶ Оɋ = n, ОА = r, CB = R. М – ɬɟɤɭɳɚɹ ɬɨɱɤɚ ɢɫɤɨɦɨɣ ɤɪɢɜɨɣ, ɬ. 
ɟ. ɰɟɧɬɪ ɧɟɤɨɬɨɪɨɣ ɨɤɪɭɠɧɨɫɬɢ, ɤɚɫɚɸɳɟɣɫɹ ɞɜɭɯ ɞɚɧɧɵɯ ɜɧɟɲɧɢɦ 
ɨɛɪɚɡɨɦ. Ɍɨɝɞɚ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ: AMryx  22 , ɧɨ ɬ. ɤ. ɬɨɱɤɚ М – ɰɟɧɬɪ 

ɨɤɪɭɠɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɤɚɫɚɟɬɫɹ ɞɜɭɯ ɞɚɧɧɵɯ, ɬɨ   RyxnMBAM  22 . 
ɉɨɞɫɬɚɜɥɹɹ АМ ɜ ɩɟɪɜɨɟ ɜɵɪɚɠɟɧɢɟ ɩɨɥɭɱɚɟɦ:  
 

      2222 yxyxnrR      (1) 
 
 ȼɵɪɚɠɟɧɢɟ (1) ɢ ɛɭɞɟɬ ɭɪɚɜɧɟɧɢɟɦ ɤɪɢɜɨɣ ɰɟɧɬɪɨɜ. 
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 ɇɟ ɬɪɭɞɧɨ ɩɨɧɹɬɶ, ɱɬɨ (1) ɹɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɚ 
ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɧɚɲɚ ɤɪɢɜɚɹ ɩɪɢɧɚɞɥɟɠɢɬ ɤ ɤɥɚɫɫɭ ɥɢɧɢɣ ɤɨɧɢɱɟɫɤɨɝɨ 
ɫɟɱɟɧɢɹ (ɢɫɤɥɸɱɚɹ, ɤɨɧɟɱɧɨ, ɜɵɪɨɠɞɟɧɧɵɟ ɫɥɭɱɚɢ). ɉɨɩɪɨɛɭɟɦ 
ɪɚɡɨɛɪɚɬɶɫɹ, ɱɬɨ ɠɟ ɷɬɨ ɡɚ ɥɢɧɢɹ. 
 ɉɪɚɜɚɹ ɱɚɫɬɶ ɜɵɪɚɠɟɧɢɹ (1) – ɷɬɨ ɧɢ ɱɬɨ ɢɧɨɟ, ɤɚɤ ɪɚɡɧɨɫɬɶ 
ɪɚɫɫɬɨɹɧɢɣ ɬɟɤɭɳɟɣ ɬɨɱɤɢ ɢɫɤɨɦɨɣ ɤɪɢɜɨɣ ɞɨ ɞɜɭɯ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɬɨɱɟɤ 
ɋ ɢ О. ɉɪɢɱɺɦ ɪɚɡɧɨɫɬɶ ɷɬɚ ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ – (R - r). ɂɦɟɧɧɨ 
ɬɚɤɢɦ ɫɜɨɣɫɬɜɨɦ ɨɛɥɚɞɚɟɬ ɝɢɩɟɪɛɨɥɚ [1]. Ƚɥɹɞɹ ɧɚ Ɋɢɫ. 2 ɩɨɧɹɬɧɨ, ɱɬɨ 
ɧɚɣɞɟɧɧɚɹ ɤɪɢɜɚɹ ɰɟɧɬɪɨɜ ɧɢ ɱɬɨ ɢɧɨɟ, ɤɚɤ ɥɟɜɚɹ ɜɟɬɜɶ ɝɢɩɟɪɛɨɥɵ, ɚ ɬɨɱɤɢ 
О ɢ ɋ – ɟɺ ɮɨɤɭɫɵ. ɉɭɫɬɶ 0x  - ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɨɣ ɰɟɧɬɪɨɜ ɫ ɨɫɶɸ 

ɚɛɫɰɢɫɫ. Ɍ. ɟ. 
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 . ɉɨɥɶɡɭɹɫɶ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɪɦɢɧɨɥɨɝɢɟɣ Д3] 

ɜɜɟɞɺɦ ɨɛɨɡɧɚɱɟɧɢɹ: cn 2  - ɦɟɠɮɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɚ arR 2  - 
ɚɛɫɨɥɸɬɧɚɹ ɪɚɡɧɨɫɬɶ ɪɚɫɫɬɨɹɧɢɣ ɨɬ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɢ ɝɢɩɟɪɛɨɥɵ ɞɨ 

ɮɨɤɭɫɨɜ. Ɍɟɩɟɪɶ ɫɞɟɥɚɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ: Y*Y  , 
2
n

X*X  . 

ɉɟɪɟɯɨɞɹ ɤ ɧɨɜɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɢ ɢɫɩɨɥɶɡɭɹ ɩɪɢɧɹɬɵɟ ɨɛɨɡɧɚɱɟɧɢɹ 
ɩɨɥɭɱɚɟɦ: 
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ɡɞɟɫɶ 222 acb  . Ɍ. ɟ. ɩɨɥɭɱɚɟɦ ɤɚɧɨɧɢɱɟɫɤɢɣ ɜɢɞ ɭɪɚɜɧɟɧɢɹ ɝɢɩɟɪɛɨɥɵ. 
 Ɋɚɫɫɦɨɬɪɢɦ ɜɬɨɪɨɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɩɨɫɬɪɨɟɧɧɚɹ ɨɤɪɭɠɧɨɫɬɶ ɤɚɫɚɟɬɫɹ 
ɞɚɧɧɵɟ ɨɤɪɭɠɧɨɫɬɢ ɢɡɧɬɪɢ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 4 
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 ȼɜɟɞɺɦ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɤɚɤ ɦɵ ɞɟɥɚɥɢ ɷɬɨ 
ɞɥɹ ɩɟɪɜɨɝɨ ɫɥɭɱɚɹ. 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 5 
 
 ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɛɭɞɟɦ ɢɦɟɬɶ: АМ = МВ. Ɋɚɫɩɢɫɵɜɚɹ ɷɬɨ ɪɚɜɟɧɫɬɜɨ 
ɩɨɥɭɱɚɟɦ ɬɚɤɨɟ ɜɵɪɚɠɟɧɢɟ: 
 

      2222 yxnyxrR  .   (3) 
 
 ɇɟ ɬɪɭɞɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ (3) ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɭɪɚɜɧɟɧɢɹ (1) 
ɥɢɲɶ ɬɟɦ, ɱɬɨ ɫɥɚɝɚɟɦɵɟ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɩɨɦɟɧɹɥɢɫɶ ɦɟɫɬɚɦɢ. Ɍ. ɟ. 
ɭɪɚɜɧɟɧɢɟ (3) – ɷɬɨ ɩɪɚɜɚɹ ɜɟɬɜɶ ɝɢɩɟɪɛɨɥɵ (2). 
 Ɉɛɴɟɞɢɧɹɹ (1) ɢ (3) ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ ɨɛɳɟɟ ɭɪɚɜɧɟɧɢɟ: 
 

      2222 yxnyxrR   .   (4) 
 
 Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɤɚɫɚɬɟɥɶɧɚɹ ɨɤɪɭɠɧɨɫɬɶ ɤɚɫɚɟɬɫɹ ɨɞɧɭ ɢɡ 
ɨɤɪɭɠɧɨɫɬɟɣ ɫɧɚɪɭɠɢ, ɚ ɜɬɨɪɭɸ ɢɡɧɭɬɪɢ (ɉɪɢɦɟɪ, Ɋɢɫ. 6). 
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Ɋɢɫ. 6 
 
 ȼɜɟɞɺɦ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɢ ɜɵɜɟɞɟɦ ɭɪɚɜɧɟɧɢɟ ɤɪɢɜɨɣ ɰɟɧɬɪɨɜ. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 7 
 
 Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɢɯ ɫɥɭɱɚɹɯ ɬɨɱɤɚ А ɢ ɬɨɱɤɚ В ɹɜɥɹɸɬɫɹ ɬɨɱɤɚɦɢ 
ɤɚɫɚɧɢɹ ɨɤɪɭɠɧɨɫɬɢ, ɰɟɧɬɪ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɜ ɬɨɱɤɟ М. Ɍ. ɟ. АМ = МВ. 
Ɉɬɫɸɞɚ ɩɪɢɯɨɞɢɦ ɤ ɭɪɚɜɧɟɧɢɸ: 
 

      2222 ynxyxrR      (5) 
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 Ʉɚɤ ɜɢɞɢɦ, ɫɧɨɜɚ ɩɨɥɭɱɢɥɢ ɭɪɚɜɧɟɧɢɟ ɨɞɧɨɣ ɢɡ ɜɟɬɜɟɣ ɝɢɩɟɪɛɨɥɵ ɫ 
ɬɨɣ ɥɢɲɶ ɪɚɡɧɢɰɟɣ, ɱɬɨ ɬɟɩɟɪɶ rRa 2  ɩɪɢ ɬɨɦ ɠɟ ɦɟɠɮɨɤɭɫɧɨɦ 
ɪɚɫɫɬɨɹɧɢɢ. ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɩɪɟɞɵɞɭɳɢɦ ɫɥɭɱɚɟɦ ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ ɨɛɳɟɟ 
ɭɪɚɜɧɟɧɢɟ ɝɢɩɟɪɛɨɥɵ ɞɚɧɧɨɝɨ ɬɢɩɚ: 
 

      2222 ynxyxrR   .   (6) 
 
 ȼɫɟ ɱɟɬɵɪɟ ɫɥɭɱɚɹ ɦɵ ɪɚɫɫɦɨɬɪɟɥɢ. ɇɚɩɨɦɧɢɦ, ɱɬɨ ɧɚɲɢ 
ɨɤɪɭɠɧɨɫɬɢ ɧɟ ɩɟɪɟɫɟɤɚɥɢ ɞɪɭɝ ɞɪɭɝɚ, ɬ. ɟ. rRn  . 
 Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɢɫɯɨɞɧɵɟ ɨɤɪɭɠɧɨɫɬɢ ɬɚɤɠɟ ɧɟ ɩɟ 
ɩɟɪɟɫɟɤɚɸɬ ɞɪɭɝ ɞɪɭɝɚ, ɧɨ Rnr  . Ɍ. ɟ. ɨɞɧɚ ɨɤɪɭɠɧɨɫɬɶ ɰɟɥɢɤɨɦ 
ɧɚɯɨɞɢɬɫɹ ɜɧɭɬɪɢ ɞɪɭɝɨɣ ɨɤɪɭɠɧɨɫɬɢ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 8 
 
 Ɍɨɱɤɚ М(ɯ,ɭ) – ɬɟɤɭɳɚɹ ɬɨɱɤɚ ɤɪɢɜɨɣ ɰɟɧɬɪɨɜ ɞɥɹ ɞɚɧɧɨɝɨ ɫɥɭɱɚɹ. Ɍ. 
ɟ., ɤɚɤ ɢ ɩɪɟɠɞɟ, АМ = МВ (Ɋɢɫ. 8). ɉɨɥɭɱɚɟɦ ɬɚɤɨɟ ɭɪɚɜɧɟɧɢɟ: 
 

      2222 ynxyxrR  .   (7) 
 
 ɋɭɦɦɚ ɫɥɚɝɚɟɦɵɯ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ (7) ɝɨɜɨɪɢɬ ɨ ɩɨɫɬɨɹɧɫɬɜɟ ɫɭɦɦɵ 
ɪɚɫɫɬɨɹɧɢɣ ɨɬ ɬɨɱɤɢ ɤɪɢɜɨɣ ɰɟɧɬɪɨɜ ɞɨ ɬɨɱɟɤ О ɢ ɋ. ɂɦɟɧɧɨ ɬɚɤɢɦ 
ɫɜɨɺɫɬɜɨɦ ɨɛɥɚɞɚɟɬ ɷɥɥɢɩɫ. 

 ɉɟɪɟɯɨɞɹ ɤ ɧɨɜɵɦ ɤɨɨɪɞɢɧɚɬɚɦ Y*Y  , 
2
n

X*X   ɢ ɭɩɪɨɳɚɹ 

ɜɵɪɚɠɟɧɢɟ (7) ɩɨɥɭɱɚɟɦ ɤɚɧɨɧɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɷɥɥɢɩɫɚ: 
 

     
   

1
2

2

2
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a

*x ,     (8) 
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ɝɞɟ cn 2 , arR 2 , ɚ 222 cab  . 
 Ɂɚɦɟɬɢɦ, ɱɬɨ ɤɚɫɚɬɟɥɶɧɭɸ ɨɤɪɭɠɧɨɫɬɶ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɢ ɩɨ-
ɞɪɭɝɨɦɭ (Ɋɢɫ. 9). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɦɟɫɬɨ (7) ɩɨɥɭɱɚɟɦ ɬɚɤɨɟ ɭɪɚɜɧɟɧɢɟ: 
 

      2222 ynxyxrR  .   (9) 
 
Ʉɚɤ ɜɢɞɢɦ, ɷɬɨ ɬɨɠɟ ɭɪɚɜɧɟɧɢɟ ɷɥɥɢɩɫɚ, ɬɨɥɶɤɨ rRa 2 . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 9 
 
 Ɉɛɳɟɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ (7) ɢ (9) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
 

      2222 ynxyxrR  .   (10) 
 
 ɂɬɚɤ, ɦɵ ɩɨɥɭɱɢɥɢ ɲɟɫɬɶ ɤɪɢɜɵɯ (ɱɟɬɵɪɟ ɜɟɬɜɢ ɝɢɩɟɪɛɨɥ ɢ ɞɜɚ 
ɷɥɥɢɩɫɚ). 
 Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ, ɬɚɤ ɫɤɚɡɚɬɶ, ɫɦɟɲɚɧɧɵɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɞɚɧɧɵɟ 
ɨɤɪɭɠɧɨɫɬɢ ɱɚɫɬɢɱɧɨ ɧɚɤɪɵɜɚɸɬ ɞɪɭɝ ɞɪɭɝɚ (Ɋɢɫ. 10). 
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Ɋɢɫ. 10 
 
 Ʉɚɤ ɜɢɞɢɦ, ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ, ɪɚɜɧɨɭɞɚɥɺɧɧɵɯ ɨɬ ɞɚɧɧɵɴɯ 
ɨɤɪɭɠɧɨɫɬɟɣ ɪɚɫɩɚɥɨɫɶ ɧɚ ɞɜɟ ɱɚɫɬɢ. ɑɚɫɬɶ ɬɨɱɟɤ ɥɨɠɢɬɫɹ ɧɚ ɤɪɢɜɭɸ, 
ɧɚɩɨɦɢɧɚɸɳɭɸ ɷɥɥɢɩɫ, ɱɚɫɬɶ ɬɨɱɟɤ ɥɟɠɢɬ ɜɪɨɞɟ ɛɵ ɧɚ ɝɢɩɟɪɛɨɥɟ. 
 Ɋɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɷɬɨɬ ɫɥɭɱɚɣ. 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 11 
 
ɉɨɫɬɪɨɟɧɧɚɹ ɨɤɪɭɠɧɨɫɬɶ ɤɚɫɚɟɬɫɹ ɞɚɧɧɵɟ ɨɤɪɭɠɧɨɫɬɢ ɢɡɧɭɬɪɢ. Ɇɵ ɟɳɺ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɥɢ ɬɚɤɨɣ ɫɥɭɱɚɣ, ɧɨ ɩɪɢ ɜɵɜɨɞɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɤɪɢɜɨɣ ɰɟɧɬɪɨɜ 
ɦɵ ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ (1). ɗɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɨɤɚɡɚɥɚɫɶ ɥɟɜɚɹ ɜɟɬɜɶ 
ɝɢɩɟɪɛɨɥɵ. 
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Ɋɢɫ. 12 
 
 ȼɵɜɨɞɹ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɜɬɨɪɨɝɨ ɫɥɭɱɚɹ (Ɋɢɫ. 12) ɭɛɟɠɞɚɟɦɫɹ, ɱɬɨ 
ɞɚɧɧɚɹ ɤɪɢɜɚɹ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ (7), ɬ. ɟ. ɷɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɟɪɜɵɣ 
ɢɡ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɷɥɥɢɩɫɨɜ. 
 ɇɚɦ ɨɫɬɚɥɨɫɶ ɪɚɫɫɦɨɬɪɟɬɶ ɬɨɥɶɤɨ ɧɟɫɤɨɥɶɤɨ ɩɪɟɞɟɥɶɧɵɯ (ɨɫɨɛɵɯ) 
ɫɥɭɱɚɟɜ. ȼ ɧɚɲɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɮɢɝɭɪɢɪɭɸɬ ɬɪɢ ɩɚɪɚɦɟɬɪɚ: R, r ɢ n.  
 1). Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɜɵɣ ɩɪɟɞɟɥɶɧɵɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ n = 0.  
 Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɰɟɧɬɪɵ ɞɚɧɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ ɫɨɜɩɚɞɚɸɬ 
(ɞɚɧɧɵɟ ɨɤɪɭɠɧɨɫɬɢ – ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɟ). ɉɨɧɹɬɢɟ ɝɢɩɟɪɛɨɥɵ ɜɨɨɛɳɟ 
ɢɫɱɟɡɚɟɬ, ɚ ɷɥɥɢɩɫ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɨɤɪɭɠɧɨɫɬɶ. 
 2). Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ R = r, Rn 2 .  

 ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɟ (4) ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɭɪɚɜɧɟɧɢɟ ɩɪɹɦɨɣ 
2
n

x  . 

 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 13 
 
Ɍ. ɟ. ɨɫɢ ɝɢɩɟɪɛɨɥɵ ɫɥɢɜɚɸɬɫɹ, ɪɚɡɝɢɛɚɹɫɶ ɜ ɩɪɹɦɭɸ. 
 Ⱦɥɹ ɷɥɥɢɩɫɚ ɩɪɢ R = r ɢɦɟɟɦ n = 0. Ɍ. ɟ. ɷɥɥɢɩɫ ɜɵɪɨɠɞɚɟɬɫɹ ɥɢɛɨ ɜ 
ɨɤɪɭɠɧɨɫɬɶ, ɥɢɛɨ ɜ ɬɨɱɤɭ. 
 3). Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɨɞɢɧ ɢɡ ɪɚɞɢɭɫɨɜ ɪɚɜɟɧ ɧɭɥɸ, 
ɧɚɩɪɢɦɟɪ r = 0. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɫɦɵɫɥ ɧɚɣɞɟɧɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɝɢɩɟɪɛɨɥɵ ɨɫɬɚɺɬɫɹ ɧɟɢɡɦɟɧɧɵɦ – ɫɨɯɪɚɧɹɸɬɫɹ ɢ ɩɟɪɜɵɣ 
ɬɢɩ ɤɪɢɜɨɣ ɢ ɜɬɨɪɨɣ. Ⱥ ɞɜɚ ɬɢɩɚ ɷɥɥɢɩɫɨɜ ɫɥɢɜɚɸɬɫɹ ɜ ɨɞɢɧ. 
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 4). ȼ ɱɟɬɜɺɪɬɨɦ ɫɥɭɱɚɟ ɪɚɫɫɦɨɬɪɢɦ ɫɢɬɭɚɰɢɸ, ɤɨɝɞɚ ɨɞɢɧ ɢɡ 
ɪɚɞɢɭɫɨɜ ɢɫɯɨɞɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɢɦ, ɬ. ɟ., 
ɧɚɩɪɢɦɟɪ r . ɇɚ ɪɢɫɭɧɤɟ ɷɬɨ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɬɚɤ (Ɋɢɫ. 14). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 14 
 
 Ɂɞɟɫɶ М – ɬɟɤɭɳɚɹ ɬɨɱɤɚ ɢɫɤɨɦɨɣ ɤɪɢɜɨɣ ɢ АМ = МВ. Ɉɤɪɭɠɧɨɫɬɶ 
ɛɟɫɤɨɧɟɱɧɨ ɛɨɥɶɲɨɝɨ ɪɚɞɢɭɫɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɪɹɦɨɣ ОА. ɉɨ ɫɭɬɢ ɞɟɥɚ 
ɬɨɱɤɚ М  
 ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ ɭɫɥɨɜɢɣ ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ ɤɪɢɜɨɣ ɰɟɧɬɪɨɜ ɞɥɹ 
ɞɚɧɧɨɝɨ ɫɥɭɱɚɹ: 
 
       222 2 nRxnRy  .    (11) 
 
 ȼɜɟɞɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ R + n = p ɢ, ɩɟɪɟɯɨɞɹ ɤ ɧɨɜɵɦ 

ɤɨɨɪɞɢɧɚɬɚɦ ɩɨ ɮɨɪɦɭɥɚɦ: Y* = Y; 
2

Rn
X*X


 , ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ. 

 
       *px*y 22  .     (12) 
 
Ⱥ ɷɬɨ ɧɢ ɱɬɨ ɢɧɨɟ, ɤɚɤ ɤɚɧɨɧɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɩɚɪɚɛɨɥɵ. 
 Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɹ ɫɥɭɱɚɣ ɩɪɢ R , ɦɵ ɩɨɥɭɱɢɦ ɜɬɨɪɭɸ 
ɜɟɬɜɶ ɩɚɪɚɛɨɛɵ: 
 
        22 2 rnxnry  .    (13) 
 
ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɤɚɧɨɧɢɱɟɫɤɢɣ ɜɢɞ ɭɪɚɜɧɟɧɢɹ ɷɬɨɣ ɜɟɬɜɢ ɩɚɪɚɛɨɥɵ 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɹ: Y* = Y; 
2

rn
X*X


 . 

 ȼ ɭɪɚɜɧɟɧɢɹɯ (11) ɢ (13) ɩɪɢɫɭɬɫɬɜɭɟɬ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɞɢɭɫ ɥɢɛɨ R, 
ɥɢɛɨ r. ɉɨɷɬɨɦɭ ɱɬɨɛɵ ɭɧɢɮɢɰɢɪɨɜɚɬɶ ɷɬɢ ɜɵɪɚɠɟɧɢɹ ɛɭɞɟɦ ɜɦɟɫɬɨ ɧɢɯ 
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ɋ 
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Y 
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ɢɫɩɨɥɶɡɨɜɚɬɶ R*. Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ ɩɚɪɚɛɨɥɵ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɨɠɟɦ 
ɡɚɩɢɫɚɬɶ ɜ ɬɚɤɨɦ ɜɢɞɟ: 
 
         n*Rxn*Ry  22 .   (14) 
 
 ȼ ɪɚɦɤɚɯ ɩɨɫɥɟɞɧɟɝɨ ɫɥɭɱɚɹ ɪɚɫɫɦɨɬɪɢɦ ɫɢɬɭɚɰɢɸ 4а), ɤɨɝɞɚ r = 0 ɢ 

R  (ɥɢɛɨ ɧɚɨɛɨɪɨɬ R = 0 ɢ r ). ɍɪɚɜɧɟɧɢɟ (14) ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 
22 2 nnxy  . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 15 
 

ɂ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɧɨɜɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɩɨ ɮɨɪɦɭɥɚɦ Y*Y  , 
2
n

X*X   

ɩɨɥɭɱɚɟɦ ɤɚɧɨɧɢɱɟɫɤɢɣ ɜɢɞ ɭɪɚɜɧɟɧɢɹ ɩɚɪɚɛɨɥɵ: 
 

  *nx*y 22  . 
 
 ɂ ɪɚɫɫɦɨɬɪɢɦ ɟɳɺ ɨɞɢɧ ɩɪɟɞɟɥɶɧɵɣ ɫɥɭɱɚɣ, ɤɥɝɞɚ r , n = 0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 16 
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 ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɥɭɱɚɟɦ ɬɚɤɨɟ ɭɪɜɧɟɧɢɟ: 22 2 RxRy  , ɚ ɩɟɪɟɯɨɞɹ ɤ 

ɧɨɜɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɩɨ ɮɨɪɦɭɥɚɦ y = y*, 
2
R

*xx   ɩɪɢɯɨɞɢɦ ɤ 

ɤɚɧɨɧɢɱɟɫɤɨɦɭ ɜɢɞɭ: 
 
       *Rx*y 22  .     (15) 
 
 Ɇɵ ɪɚɫɫɦɨɬɪɟɥɢ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɨɫɧɨɜɧɵɟ ɨɛɴɟɤɬɵ ɧɚɲɟɣ ɬɟɨɪɢɢ. 
ɉɨ ɫɭɬɢ ɞɟɥɚ ɦɵ ɞɨɤɚɡɚɥɢ ɫɥɟɞɭɸɳɭɸ ɬɟɨɪɟɦɭ. 
 
Ɍɟɨɪɟɦа: 
 Еɫɥɢ ɞаɧɵ ɞɜɟ ɩɪɨɢɡɜɨɥɶɧɵɟ ɨɤɪɭɠɧɨɫɬɢ, ɬɨ ɰɟɧɬɪ ɨɤɪɭɠɧɨɫɬɢ, 
ɤаɫаɬɟɥɶɧɨɣ ɤ ɞаɧɧɵɦ, ɩɪɢɧаɞɥɟɠɢɬ ɤɪɢɜɨɣ ɰɟɧɬɪɨɜ (ɤɨɧɢɱɟɫɤɨɦɭ 
ɫɟɱɟɧɢɸ). 
 
 Ɇɵ ɩɨ-ɩɪɟɠɧɟɦɭ ɢɫɩɨɥɶɡɭɟɦ ɬɟɪɦɢɧ «ɤɨɧɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ» ɯɨɬɹ 
ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɭɠɟ ɝɨɜɨɪɢɬɶ ɜ ɪɚɦɤɚɯ ɧɨɜɨɣ ɬɟɨɪɢɢ – ɩɪɨɫɬɨ «ɤɪɢɜɚɹ 
ɰɟɧɬɪɨɜ». Ɍɨɝɞɚ ɭɦɟɫɬɧɨ ɫɥɟɞɭɸɳɟɟ ɨɩɪɟɞɟɥɟɧɢɟ (ɦɵ ɨ ɧɺɦ ɭɠɟ ɜɫɤɨɥɶɡɶ 
ɭɩɨɦɢɧɚɥɢ): 
 
Оɩɪɟɞɟɥɟɧɢɟ: 
 Ʉɪɢɜɨɣ ɰɟɧɬɪɨɜ ɧаɡɵɜаɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ, 
ɪаɜɧɨɭɞаɥɺɧɧɵɯ ɨɬ ɞɜɭɯ ɞаɧɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ. 
 
 Ɍɟɩɟɪɶ ɧɚɦ ɩɪɟɞɫɬɨɢɬ ɡɚɧɹɬɶɫɹ ɫɪɚɜɧɢɬɟɥɶɧɵɦ ɚɧɚɥɢɡɨɦ ɞɜɭɯ 
ɬɟɨɪɢɣ: ɌɄɋ (ɬɟɨɪɢɹ ɤɨɧɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ) ɢ ɌɄɐ (ɬɟɨɪɢɹ ɤɪɢɜɵɯ ɰɟɧɬɪɨɜ). 
 Ʉɨɧɟɱɧɨ ɠɟ ɌɄɋ ɢɡɜɟɫɬɧɚ ɫ ɧɟɡɚɩɚɦɹɬɧɵɯ ɜɪɟɦɺɧ. Ɉɧɚ ɛɵɥɚ ɢɡɜɟɫɬɚ 
ɟɳɺ ɞɨ ȿɜɤɥɢɞɚ, ɬ. ɟ. ɛɨɥɟɟ 2000 ɥɟɬ ɧɚɡɚɞ [6]. Ʉɚɡɚɥɨɫɶ ɛɵ, ɱɬɨ ɡɚ ɬɚɤɨɣ 
ɛɨɥɶɲɨɣ ɫɪɨɤ ɭɠɟ ɧɟ ɞɨɥɠɧɨ ɨɫɬɚɬɶɫɹ ɛɟɥɵɯ ɩɹɬɟɧ ɜ ɷɬɨɣ ɬɟɨɪɢɢ. ɇɨ 
ɫɤɨɪɨ ɜɵ ɭɛɟɞɢɬɟɫɶ, ɱɬɨ ɷɬɨ ɧɟ ɬɚɤ. 
 ɉɪɚɤɬɢɱɟɫɤɢ ɜ ɥɸɛɨɦ ɭɱɟɛɧɢɤɟ ɩɨ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ ɟɫɬɶ 
ɪɚɡɞɟɥ, ɩɨɫɜɹɳɺɧɧɵɣ ɤɨɧɢɱɟɫɤɢɦ ɫɟɱɟɧɢɹɦ. Ɇɵ ɜ ɧɚɲɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɛɭɞɟɦ ɩɨɥɶɡɨɜɚɬɶɫɹ ɭɱɟɛɧɢɤɚɦɢ Д1], [14], [5], [7], [8], ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɫ 
ɱɢɫɬɵɦ ɫɟɪɞɰɟɦ ɧɚɡɜɚɬɶ ɭɠɟ ɤɥɚɫɫɢɤɨɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ. 
 ɇɚɱɧɺɦ ɫ ɬɨɝɨ, ɱɬɨ ɩɟɪɟɱɢɫɥɢɦ ɜɫɟ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ ɤɨɧɢɱɟɫɤɢɟ 
ɫɟɱɟɧɢɹ Д8]. ɋɪɚɡɭ ɡɚɦɟɬɢɦ, ɱɬɨ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɦɵ ɧɟ ɛɭɞɟɦ 
ɤɚɫɚɬɶɫɹ ɦɧɢɦɨɫɬɟɣ. Ɇɧɢɦɵɟ ɫɟɱɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɨɪɢɢ ɤɪɢɜɵɯ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɛɥɚɝɨɞɚɪɹ ɚɧɚɥɢɬɢɱɟɫɤɨɦɭ 
ɚɩɩɚɪɚɬɭ, ɚ ɦɵ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɨɥɶɤɨ ɧɚɝɥɹɞɧɵɟ ɞɟɣɫɬɜɢɬɟɥɶɧɵɟ 
ɨɛɪɚɡɵ. 
 ɂɬɚɤ, ɢɦɟɟɦ ɬɚɤɢɟ ɤɨɧɢɱɟɫɤɢɟ ɫɟɱɟɧɢɹ: ɷɥɥɢɩɫ, ɝɢɩɟɪɛɨɥɚ, ɩɚɪɚɛɨɥɚ, 
ɩɚɪɚ ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɩɪɹɦɵɯ, ɩɚɪɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɹɦɵɯ, ɩɚɪɚ 
ɫɨɜɩɚɞɚɸɳɢɯ ɩɪɹɦɵɯ ɢ ɬɨɱɤɚ. ȼɫɟɝɨ ɫɟɦɶ ɫɟɱɟɧɢɣ. 
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 Ⱥ ɜ ɌɄɐ ɦɵ ɩɨɥɭɱɢɥɢ: ɞɜɟ ɝɢɩɟɪɛɨɥɵ, ɞɜɚ ɷɥɥɢɩɫɚ, ɞɜɟ ɩɚɪɚɛɨɥɵ, ɧɟ 
ɫɱɢɬɚɹ ɤɪɢɜɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɪɟɞɟɥɶɧɵɯ ɫɥɭɱɚɹɯ. Ɍ. ɟ ɨɫɧɨɜɧɵɯ ɤɪɢɜɵɯ 
(ɷɥɥɢɩɫ, ɝɢɩɟɪɛɨɥɚ, ɩɚɪɚɛɨɥɚ) ɜ ɌɄɐ ɪɨɜɧɨ ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟ. ɇɨ ɫ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ ɜ ɌɄɐ ɦɵ ɧɟ ɫɬɨɥɤɧɭɥɢɫɶ ɫ ɩɚɪɨɣ ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɩɪɹɦɵɯ ɢ 
ɩɚɪɨɣ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɹɦɵɯ. ȼ ɱɺɦ ɬɭɬ ɞɟɥɨ? 
 Ⱥ ɞɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɤɥɚɫɫɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɤɨɧɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ ɞɥɹ 
ɧɚɯɨɠɞɟɧɢɹ ɤɪɢɜɵɯ ɢɫɩɨɥɶɡɭɟɬ ɬɨɥɶɤɨ ɨɞɧɭ ɫɟɤɭɳɭɸ ɩɥɨɫɤɨɫɬɶ. 
ɇɚɩɨɦɧɢɦ (Ɋɢɫ. 16). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 17 
 
 Ɇɵ ɛɭɞɟɦ ɢɫɯɨɞɢɬɶ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɨɛɟ ɬɟɨɪɢɢ ɢɡɨɦɪɮɧɵ. 
 ȼɜɨɞɹ ɜɬɨɪɭɸ ɫɟɤɭɳɭɸ ɩɥɨɫɤɨɫɬɶ ɩɚɪɚɥɥɟɥɶɧɨ ɩɟɪɜɨɣ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɬɨɱɤɚ ɰɟɧɬɪɚ ɤɨɧɭɫɚ ɜɫɟɝɞɚ ɧɚɯɨɞɢɥɚɫɶ ɦɟɠɞɭ 
ɩɥɨɫɤɨɫɬɹɦɢ, ɩɨɥɭɱɚɟɦ ɜɫɟ ɧɟɞɨɫɬɚɸɳɢɟ ɫɟɱɟɧɢɹ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 18 
 
 Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɬɟɨɪɢɣ ɭɞɨɛɧɨ ɜɜɟɫɬɢ ɧɨɜɨɟ ɩɨɧɹɬɢɟ – 
ɜɧɭɬɪɟɧɧɹɹ ɫɬɪɭɤɬɭɪɚ ɬɟɨɪɢɢ. ɑɭɬɶ ɩɨɡɠɟ ɫɬɚɧɟɬ ɩɨɧɹɬɧɨ, ɱɬɨ ɷɬɨ ɬɚɤɨɟ. 

ɋɟɱɟɧɢɟ ɷɥɥɢɩɫɚ 

ɋɟɱɟɧɢɟ ɩɚɪɚɛɨɥɵ 

ɋɟɱɟɧɢɟ ɝɢɩɟɪɛɨɥɵ 
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 Ɋɚɫɫɦɨɬɪɢɦ ɜɧɭɬɪɟɧɧɸɸ ɫɬɪɭɤɬɭɪɭ ɌɄɋ, ɬ. ɟ. ɬɟ ɨɛɴɟɤɬɵ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɫɟɯ 
ɢɧɬɟɪɟɫɭɸɳɢɯ ɧɚɫ ɫɟɱɟɧɢɣ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɬɟɨɪɢɢ. 
 
    ɌɄɋ: д K²; 1 ; 2 ; α; β; D; (d, Ȗ) }.   (16) 
 
Ɋɚɫɲɢɮɪɭɟɦ ɜɵɪɚɠɟɧɢɟ (16). 
 K² - ɷɬɨ ɧɟ «Ʉ» ɜ ɤɜɚɞɪɚɬɟ, ɬɚɤ ɨɛɨɡɧɚɱɢɦ ɤɨɧɭɫ (ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɬɨɪɨɦ 
– Ɍ² ɢ ɫɮɟɪɨɣ – S²). Ⱦɜɨɣɤɚ ɜɜɟɪɯɭ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɷɬɨ ɩɨɜɟɪɯɧɨɫɬɶ 
ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 
 i  - ɨɛɨɡɧɚɱɟɧɢɟ ɫɟɤɭɳɢɯ ɩɥɨɫɤɨɫɬɟɣ. 
 α – ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɧɭɫɚ, ɭɝɨɥ ɦɟɠɞɭ ɨɫɟɜɨɣ ɥɢɧɢɟɣ ɢ ɨɛɪɚɡɭɸɳɟɣ 
ɤɨɧɭɫɚ. 
 ȕ – ɭɝɨɥ ɦɟɠɞɭ ɨɫɟɜɨɣ ɥɢɧɢɟɣ ɤɨɧɭɫɚ ɢ ɫɟɤɭɳɟɣ ɩɥɨɫɤɨɫɬɶɸ. 
ɇɚɩɪɢɦɟɪ, ɩɪɢ ȕ = 0 ɜ ɫɟɱɟɧɢɢ ɩɨɥɭɱɚɟɬɫɹ ɝɢɩɟɪɛɨɥɚ, ɩɪɢ ȕ = α – ɩɚɪɚɛɨɥɚ, 
ɩɪɢ α <ȕ <90° - ɷɥɥɢɩɫ. 
 D – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɤɨɧɭɫɚ ɞɨ ɫɟɤɭɳɟɣ ɩɥɨɫɤɨɫɬɢ. 
 (d, Ȗ) – ɪɚɫɫɬɨɹɧɢɟ ɢ ɭɝɨɥ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɫɟɤɭɳɢɯ ɩɥɨɫɤɨɫɬɟɣ. ɇɚɩɪɢɦɟɪ, ɩɪɢ 0d  ɢ Ȗ = 0 ɫɟɤɭɳɢɟ ɩɥɨɫɤɨɫɬɢ 
ɩɚɪɚɥɥɟɥɶɧɵ, ɚ ɩɪɢ 0d  ɢ Ȗ = 0 ɨɧɢ ɫɨɜɩɚɞɚɸɬ. 
 Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɜɧɭɬɪɟɧɧɸɸ ɫɬɪɭɤɬɭɪɭ ɌɄɐ. ɇɨ ɩɪɟɠɞɟ ɜɜɟɞɺɦ 
ɨɩɪɟɞɟɥɟɧɢɟ. ɋɜɹɡɤɭ ɨɤɪɭɠɧɨɫɬɟɣ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɬɨɪɵɯ ɢɞɺɬ ɩɨɫɬɪɨɟɧɢɟ 
ɤɪɢɜɨ ɰɟɧɬɪɨɜ ɛɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɱɟɪɟɡ ik . 
 ɂɬɚɤ, ɫɬɪɭɤɬɭɪɚ ɌɄɐ. 
 
    ɌɄЦ: д R²; 1k ; 2k ; r; R; n; (a, φ) }.   (17) 
 
 Ɋɚɫɫɦɨɬɪɢɦ ɩɨɫɥɟɞɧɸɸ ɫɬɪɭɤɬɭɪɭ ɩɨɞɪɨɛɧɟɟ. 
 R² - ɬɪɚɞɢɰɢɨɧɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɚ ɦɵ 
ɩɨɦɧɢɦ, ɱɬɨ ɜɫɟ ɩɨɫɬɪɨɟɧɢɹ ɭ ɧɚɫ ɧɚ ɩɥɨɫɤɨɫɬɢ. 
 1k  ɢ 2k  - ɞɜɟ ɫɜɹɡɤɢ ɨɤɪɭɠɧɨɫɬɟɣ. 
 r ɢ R – ɪɚɞɢɭɫɵ ɨɤɪɭɠɧɨɫɬɟɣ ɜ ɫɜɹɡɤɚɯ. 
 n – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɨɤɪɭɠɧɨɫɬɟɣ ɜ ɫɜɹɡɤɟ. 
 (a, φ) – ɪɚɫɫɬɨɹɧɢɟ ɢ ɭɝɨɥ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɫɜɹɡɨɤ ɧɚ ɩɥɨɫɤɨɫɬɢ. 
 Ɇɵ ɩɨɦɧɢɦ, ɱɬɨ ɜɫɟ ɩɨɫɬɪɨɟɧɢɹ ɌɄɐ ɜɵɩɨɥɧɹɥɢɫɶ, ɢɫɩɨɥɶɡɭɹ 
ɬɨɥɶɤɨ ɨɞɧɭ ɫɜɹɡɤɭ. Ɂɚɱɟɦ ɠɟ ɩɨɧɚɞɨɛɢɥɚɫɶ ɟɳɺ ɢ ɜɬɨɪɚɹ? 
 Ɋɚɫɫɦɨɬɪɢɦ ɞɜɟ ɫɜɹɡɤɢ ɪɚɞɢɭɫɨɜ r ɢ R ɩɪɨɢɡɜɨɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ. 
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Ɋɢɫ. 19 
 
 Ɉɞɧɚ ɫɜɹɡɤɚ ɩɨɤɚɡɚɧɚ ɫɩɥɨɲɧɨɣ ɥɢɧɢɟɣ, ɞɪɭɝɚɹ – ɩɭɧɤɬɢɪɧɨɣ. ɇɢɱɬɨ 
ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬ ɧɚɫ ɩɟɪɟɝɪɭɩɩɢɪɨɜɚɬɶ ɨɤɪɭɠɧɨɫɬɢ ɜ ɫɜɹɡɤɚɯ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ (ɨɛɪɚɬɢɬɟ ɜɧɢɦɚɧɢɟ ɧɚ ɩɭɧɤɬɢɪɧɵɟ ɢ ɫɩɥɨɲɧɵɟ ɥɢɧɢɢ ɜ ɧɨɜɵɯ 
ɫɜɹɡɤɚɯ Ɋɢɫ. 20). Ɍɟɩɟɪɶ, ɜɧɨɜɶ ɨɛɪɚɡɨɜɚɧɧɵɟ ɫɜɹɡɤɢ ɞɨɥɠɧɵ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɭɠɟ ɜ ɪɚɦɤɚɯ ɩɭɧɤɬɚ 2). Ɍ. ɟ. ɩɪɢ R = r. Ɂɞɟɫɶ ɝɢɩɟɪɛɨɥɚ 
ɜɵɪɨɠɞɚɟɬɫɹ ɜ ɩɪɹɦɭɸ ɥɢɧɢɸ. Ɍ. ɟ. ɦɵ ɩɨɥɭɱɚɟɦ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɚɪɭ 
ɩɟɪɟɫɟɤɚɸɳɢɯɫɹ ɩɪɹɦɵɯ. 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 20 
 
 Ɉɬɦɟɬɢɦ, ɱɬɨ ɷɬɨ ɤɚɤ ɪɚɡ ɢ ɟɫɬɶ ɬɨɬ ɧɟɞɨɫɬɚɸɳɢɣ ɫɥɭɱɚɣ ɜ ɌɄɐ, 
ɤɨɬɨɪɵɣ ɦɵ ɭɩɨɦɢɧɚɥɢ ɤɨɝɞɚ ɡɚɧɢɦɚɥɢɫɶ ɩɟɪɟɱɢɫɥɟɧɢɟɦ ɜɫɟɯ 
ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɫɟɱɟɧɢɣ ɌɄɋ. 
 Ⱥ ɟɫɥɢ ɦɵ ɪɚɫɫɦɨɬɪɢɦ ɷɬɭ ɫɬɭɚɰɢɸ, ɤɨɝɞɚ ɩɚɪɚɦɟɬɪ 0a  ɢ φ = 0, ɬɨ 
ɩɨɥɭɱɢɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɚɪɭ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɹɦɵɯ – ɬɨɠɟ ɧɟɞɨɫɬɚɸɳɢɣ 
ɫɥɭɱɚɣ. 
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Ɋɢɫ. 21 
 
 ɉɨɩɪɨɛɭɟɦ ɫɪɚɜɧɢɬɶ ɜɧɭɬɪɟɧɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɨɷɥɟɦɟɧɬɧɨ. K² ɢ R² - 
ɨɛɴɟɤɬɵ ɨɞɧɨɝɨ ɤɥɚɫɫɚ. Ʉɫɬɚɬɢ ɤɨɧɢɱɟɫɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ 
ɩɥɨɫɤɨɫɬɶ, ɬ. ɟ. ɭ ɧɢɯ ɨɞɢɧɚɤɨɜɚɹ ɦɟɬɪɢɤɚ ɢ ɦɟɠɞɭ ɧɢɦɢ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ 
ɢɡɨɦɨɪɮɢɡɦ. 
 Ⱦɚɥɟɟ, ɧɚɲɢ ɫɬɪɭɤɬɭɪɵ ɢɦɟɸɬ: ɨɞɧɚ - ɞɜɟ ɩɥɨɫɤɨɫɬɢ, ɞɪɭɝɚɹ - ɞɜɟ 
ɩɥɨɫɤɢɟ ɫɜɹɡɤɢ. 
 Ʉɪɨɦɟ ɬɨɝɨ ɤɚɠɞɚɹ ɫɬɪɭɤɬɭɪɚ ɢɦɟɟɬ ɩɨ ɩɹɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ. ȼɫɟ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɨɬɧɨɫɹɬɫɹ ɤ ɤɚɬɟɝɨɪɢɢ ɦɟɬɪɢɤɢ, ɬ. ɟ. ɭɝɥɵ ɢ 
ɨɬɪɟɡɤɢ. 
 Ɍ. ɨ., ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɧɚɲɢ ɫɬɪɭɤɬɭɪɵ ɨɩɪɟɞɟɥɹɸɬ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɪɚɡɧɵɯ ɢɡɦɟɪɟɧɢɣ (ɌɄɋ ɜ R³, ɚ ɌɄɐ ɧɚ R²) ɦɟɠɞɭ ɧɢɦɢ ɨɱɟɜɢɞɟɧ 
ɢɡɨɦɨɪɮɢɡɦ, ɤɚɤ ɦɵ ɢ ɩɪɟɞɩɨɥɚɝɚɥɢ ɪɚɧɟɟ. 
 Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɬɟɨɪɢɣ ɜ ɜɢɞɟ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɝɥɚɜɧɵɯ ɢ 
ɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ ɫɨɜɩɚɞɚɸɬ. 
 Ɇɨɠɟɦ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɜ ɨɛɳɟɦ ɌɄɋ ɢ ɌɄɐ 
ɬɨɠɞɟɫɬɜɟɧɧɵ. 
 ɇɟ ɝɨɜɨɪɹ ɨ ɩɥɸɫɚɯ ɢ ɦɢɧɭɫɚɯ (ɫɦɟɲɧɨ ɛɵɥɨ ɛɵ ɨɛɫɭɠɞɚɬɶ ɬɟɨɪɢɸ, 
ɢɦɟɸɳɭɸ ɡɚɦɟɱɚɬɟɥɶɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɭɠɟ ɛɨɥɟɟ 2000 ɥɟɬ) ɩɪɨɫɬɨ 
ɨɬɦɟɬɢɦ ɧɟɤɨɬɨɪɵɟ, ɥɟɝɤɨ ɡɚɦɟɬɧɵɟ ɧɸɚɧɫɵ. 
 ɇɚɞɨ ɫɪɚɡɭ ɫɤɚɡɚɬɶ, ɱɬɨ ɜ ɫɬɪɭɤɬɭɪɟ ɌɄɐ ɪɟɱɶ ɢɞɺɬ ɨ ɩɪɨɫɬɟɣɲɟɣ 
ɫɜɹɡɤɟ. ȼɨɨɛɳɟ ɫ ɤɚɤɨɣ ɫɬɚɬɢ ɨɝɪɚɧɢɱɢɜɚɬɶ ɱɢɫɥɨ ɨɤɪɭɠɧɨɫɬɟɣ. 
 ɋɤɚɠɟɦ ɬɚɤɠɟ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɩɪɟɤɪɚɫɧɚɹ ɬɟɨɪɢɹ ɤɪɢɜɵɯ ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ (ɌɄȼɉ), ɤɨɬɨɪɚɹ ɛɟɪɺɬ ɫɜɨɺ ɧɚɱɚɥɨ ɨɬ Ⱦɟɤɚɪɬɚ. ɂ ɌɄɋ ɢ ɌɄɐ 
ɩɪɨɫɬɨ ɹɜɥɹɸɬɫɹ ɱɚɫɬɹɦɢ ɨɛɳɟɣ ɜɫɟɨɛɟɦɥɸɳɟɣ ɌɄȼɉ. 
 Ɇɧɨɝɢɟ ɬɟɨɪɟɦɵ ɌɄɋ ɩɪɨɫɬɨ ɧɟ ɦɨɝɭɬ ɩɨɹɜɢɬɶɫɹ ɜ ɌɄɐ, ɬɚɤ ɤɚɤ ɨɧɢ 
ɫɜɹɡɚɧɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɤɨɧɭɫɨɦ. ȼɟɥɢɤɢɣ ɦɚɬɟɦɚɬɢɤ ɞɪɟɜɧɨɫɬɢ 
ȿɜɤɥɢɞ ɤɨɝɞɚ-ɬɨ ɧɚɩɢɫɚɥ ɫɨɱɢɧɟɧɢɟ «ɇɚɱɚɥɚ ɤɨɧɢɱɟɫɤɢɯ ɫɟɱɟɧɢɣ» (ɤ 
ɫɨɠɚɥɟɧɢɸ ɞɨ ɧɚɫ ɧɟ ɞɨɲɟɞɲɟɟ). Ⱦɪɭɝɨɣ ɜɟɥɢɤɢɣ ɦɚɬɟɦɚɬɢɤ ɞɪɟɜɧɨɫɬɢ 
Ⱥɩɨɥɥɨɧɢɣ ɝɥɚɜɧɵɣ ɬɪɭɞ ɫɜɨɟɣ ɠɢɡɧɢ ɬɚɤ ɢ ɨɡɨɝɥɚɜɢɥ «Ʉɨɧɢɱɟɫɤɢɟ 
ɫɟɱɟɧɢɹ». Ⱦɨ ɧɚɲɢɯ ɞɧɟɣ ɫɨɯɪɚɧɢɥɢɫɶ ɫɟɦɶ ɢɡ ɜɨɫɶɦɢ ɤɧɢɝ ɷɬɨɝɨ 
ɫɨɱɢɧɟɧɢɹ.*) 
 
*)Ⱥɜɬɨɪ ɧɚɞɟɟɬɫɹ, ɱɬɨ ɞɜɭɯɬɨɦɧɵɣ ɬɪɭɞ Ȼ. Ⱥ. Ɋɨɡɟɧɮɟɥɶɞɚ ɫ ɩɨɥɧɵɦ ɩɟɪɟɜɨɞɨɦ Ⱥɩɨɥɥɨɧɢɹ ɢ 
ɤɨɦɟɧɬɚɪɢɹɦɢ ɫɚɦɨɝɨ Ɋɨɡɟɧɮɟɥɶɞɚ ɫɤɨɪɨ ɩɨɹɜɢɬɫɹ ɜ ɩɟɱɚɬɢ. 
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 Ɇɟɠɞɭ ɬɟɦ, ɟɫɬɶ ɡɚɦɟɱɚɬɟɥɶɧɨɟ ɢɡɥɨɠɟɧɢɟ ɤɪɢɜɵɯ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 
(ɧɚɩɪɢɦɟɪ [8]), ɝɞɟ ɬɟɪɦɢɧ «ɤɨɧɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ» ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ (ɨɞɢɧ ɪɚɡ). Ⱦɚɺɬɫɹ ɭɪɚɜɧɟɧɢɟ 

0222 21
2

2212
2

11  ayaxayaxyaxa  ɢ ɩɨɬɨɦ – ɨɩɪɟɞɟɥɟɧɢɟ: 
«Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ (ɢɥɢ ɦɧɨɠɟɫɬɜɨ) ɬɨɱɟɤ, ɤɨɨɪɞɢɧɚɬɵ ɤɨɬɨɪɵɯ 
ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɚɤɨɦɭ ɭɪɚɜɧɟɧɢɸ, ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɜɨɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 
(ɫɨɤɪɚɳɺɧɧɨ ɄȼП). [8] 
 Ʌɸɛɨɩɵɬɧɨ ɬɨ, ɱɬɨ ɩɭɫɬɶ ɢ ɧɟɹɜɧɨ, ɧɨ ɧɟɤɨɬɨɪɵɟ ɛɚɡɨɜɵɟ ɩɨɧɹɬɢɹ 
ɌɄɋ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɟɳɺ ɜ ɞɪɟɜɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ, ɩɨɧɹɬɢɟ ɮɨɤɭɫɚ ɢ 
ɞɢɪɟɤɬɪɢɫɵ. ɂ ɜɨ ɦɧɨɝɢɯ ɭɱɟɛɧɢɤɚɯ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɧɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ 
ɞɚɺɬɫɹ ɨɩɟɪɚɹɫɶ ɢɦɟɧɧɨ ɧɚ ɷɬɢ ɩɨɧɹɬɢɹ. 
 «Ʉɚɠɞɨɟ ɤɨɧɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ, ɤɪɨɦɟ ɨɤɪɭɠɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ ɩɥɨɫɤɨɫɬɢ, ɨɬɧɨɲɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ ɤɨɬɨɪɵɯ ɨɬ 
ɧɟɤɨɬɨɪɨɣ ɬɨɱɤɢ F ɢ ɧɟɤɨɬɨɪɨɣ ɩɪɹɦɨɣ δ ɩɨɫɬɨɹɧɧɨ. Ɍɨɱɤɚ F ɧɚɡɵɜɚɟɬɫɹ 
ɮɨɤɭɫɨɦ ɤɨɧɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ, ɚ ɩɪɹɦɚɹ δ – ɞɢɪɟɤɬɪɢɫɨɣ.» Д5]. 
 ɉɨɧɹɬɢɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ, ɧɚɫɤɨɥɶɤɨ ɧɚɦ ɢɡɜɟɫɬɧɨ, ɧɟ 
ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɞɪɟɜɧɢɦɢ ɦɚɬɟɦɚɬɢɤɚɦɢ, ɧɨ ɫɟɝɨɞɧɹ ɌɄɋ ɢɫɩɨɥɶɡɭɟɬ 
ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤɪɢɜɨɣ ɤ ɤɥɚɫɫɭ 
ɷɥɥɢɩɫɨɜ, ɝɢɩɟɪɛɨɥ ɢɥɢ ɩɚɪɚɛɨɥ. 
 «Ʉɚɤ ɷɥɥɢɩɫ, ɬɚɤ ɢ ɝɢɩɟɪɛɨɥɚ ɋ ɫ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɨɦ ɟ ɟɫɬɶ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ М ɩɥɨɫɤɨɫɬɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɫɥɟɞɭɸɳɟɦɭ 
ɭɫɥɨɜɢɸ: ɨɬɧɨɲɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɬɨɱɤɢ М ɞɨ ɩɪɨɢɡɜɨɥɶɧɨ ɜɵɛɪɚɧɧɨɝɨ 
ɮɨɤɭɫɚ ɤɪɢɜɨɣ ɤ ɪɚɫɫɬɨɹɧɢɸ ɬɨɱɤɢ М ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɷɬɨɦɭ ɮɨɤɭɫɭ 
ɞɢɪɟɤɬɪɢɫɵ ɪɚɜɧɨ ɟ.» [4]. ȿɫɥɢ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬ ɦɟɧɶɲɟ ɟɞɢɧɢɰɵ, ɬɨ ɦɵ 
ɢɦɟɟɦ ɷɥɥɢɩɫ, ɟɫɥɢ ɪɚɜɟɧ ɟɞɢɧɢɰɟ – ɬɨ ɩɚɪɚɛɨɥɚ, ɟɫɥɢ ɛɨɥɶɲɟ – ɬɨ 
ɝɢɩɟɪɛɨɥɚ. 
 Ʉɨɧɟɱɧɨ ɠɟ ɫɟɝɨɞɧɹ ɜ ɌɄȼɉ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɧɨɝɨ ɧɨɜɵɯ, ɢɧɬɟɪɟɫɧɵɯ 
ɩɨɧɹɬɢɣ. ɇɚɩɪɢɦɟɪ, ɢɧɜɚɪɢɚɧɬɵ ɤɪɢɜɨɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ Д7] ɱɟɝɨ ɜ 
ɞɪɟɜɧɨɫɬɢ ɩɪɨɫɬɨ ɧɟ ɦɨɝɥɨ ɛɵɬɶ ɜ ɫɢɥɭ ɨɬɫɭɬɫɬɜɢɹ ɫɟɝɨɞɧɹɲɧɟɝɨ 
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɦɚɬ. ɚɩɩɚɪɚɬɚ. 
 Ⱥ ɜɨɬ ɢɦɟɧɧɨ ɩɪɹɦɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɧɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ: 
«Ʉɨɧɢɱɟɫɤɢɦ ɫɟɱɟɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɥɢɧɢɹ, ɩɨ ɤɨɬɨɪɨɣ ɩɟɪɟɫɟɤɚɟɬɫɹ 
ɤɪɭɝɨɜɨɣ ɤɨɧɭɫ ɫ ɩɪɨɢɡɜɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɶɸ, ɧɟ ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɟɝɨ 
ɜɟɪɲɢɧɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɧɢɱɟɫɤɢɦɢ ɫɟɱɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ ɷɥɥɩɫ, 
ɝɢɩɟɪɛɨɥɚ ɢ ɩɚɪɚɛɨɥɚ» [1]. 
 ȼ ɌɄɐ ɧɚɦ ɜɨɨɛɳɟ ɧɟ ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɧɢ ɩɨɧɹɬɢɹ ɞɢɪɟɤɬɪɢɫɵ, ɧɢ 
ɩɨɧɹɬɢɟ ɷɤɫɰɟɧɬɪɢɫɢɬɟɬɚ, ɯɨɬɹ ɩɪɢ ɠɟɥɚɧɢɢ ɷɬɨ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɫɞɟɥɚɬɶ ɜ 
ɫɢɥɭ ɢɡɨɦɨɪɮɧɨɫɬɢ ɬɟɨɪɢɣ. Ɂɞɟɫɶ ɷɥɥɢɩɫ, ɝɢɩɟɪɛɨɥɚ ɢ ɩɚɪɚɛɨɥɚ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɢɩɨɦ ɤɚɫɚɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ (ɫɧɚɪɭɠɢ, ɢɡɧɭɬɪɢ, ɫɦɟɲɚɧɧɨ 
ɢɥɢ ɷɬɨ ɧɟɤɨɬɨɪɵɟ ɩɪɟɞɟɥɶɧɵɟ ɫɥɭɱɚɢ). 
 Ɉɤɪɭɠɧɨɫɬɢ ɫɜɹɡɤɢ – ɷɬɨ, ɬɚɤ ɫɤɚɡɚɬɶ, ɤɪɭɝɨɜɵɟ ɞɢɪɟɤɬɪɢɫɵ ɰɟɧɬɪɵ 
ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɮɨɤɭɫɚɦɢ ɤɪɢɜɨɣ ɰɟɬɪɨɜ. ɉɨɦɧɢɦ, ɱɬɨ ɥɢɧɢɹ ɰɟɧɬɪɨɜ – 
ɷɬɨ ɤɪɢɜɚɹ, ɜɫɟ ɬɨɱɤɢ ɤɨɬɨɪɣ ɪɚɜɧɨɭɞɚɥɟɧɵ ɨɬ ɞɜɭɯ ɞɚɧɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ. 
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 Ɇɨɠɧɨ ɬɚɤ ɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɟɫɥɢ ɫɬɪɨɝɨ ɫɥɟɞɨɜɚɬɶ ɩɨɫɥɟɞɧɟɦɭ 
ɤɥɚɫɫɢɱɟɫɤɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ, ɤɨɬɨɪɨɟ ɦɵ ɩɪɨɰɢɬɢɪɨɜɚɥɢ ɜɵɲɟ, ɬɨ 
ɩɚɪɚɛɨɥɵ ɧɢɤɨɝɞɚ ɧɟ ɩɟɪɟɫɟɤɚɸɬɫɹ (ɤɚɤ ɢ ɝɢɩɟɪɛɨɥɵ). ɉɚɪɚɛɨɥɵ ɥɟɠɚɬ ɜ 
ɪɚɡɧɵɯ ɩɥɨɫɤɨɫɬɹɯ. ȼɨɨɛɳɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɢɤɬɨ ɨɛ ɷɬɨɦ ɧɟ ɡɚɞɭɦɵɜɚɟɬɫɹ. 
ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɢɱɟɫɤɢɟ ɫɟɱɟɧɢɹ, ɜ ɨɫɧɨɜɧɨɦ, ɠɢɜɭɬ ɫɜɨɟɣ ɠɢɡɧɶɸ, 
ɚ ɤɨɧɭɫ – ɫɜɨɟɣ. 
 Ⱥ ɜ ɌɄɐ ɦɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɩɪɟɞɟɥɶɧɭɸ ɫɢɬɭɚɰɢɸ ( r n  ,R  ), 
ɤɨɝɞɚ ɩɟɪɟɫɟɱɟɧɢɟ ɩɚɪɚɛɨɥ, ɩɨɪɨɠɞɺɧɧɵɯ ɨɞɧɨɣ ɫɜɹɡɤɨɣ, ɫɬɚɧɨɜɢɬɫɹ 
ɜɨɡɦɨɠɧɵɦ (Ɋɢɫ. 22). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 22 
 
 ɇɚɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɬɨ, ɱɬɨ ɤɚɠɞɚɹ (ɢɡ ɱɟɬɵɪɺɯ) 
ɝɢɩɟɪɛɨɥ ɌɄɐ ɹɜɹɥɟɬɫɹ ɫаɦɨɫɬɨяɬɟɥɶɧɨɣ, ɚ ɝɢɩɟɪɛɨɥɵ ɌɄɋ ɩɨɹɜɥɹɸɬɫɹ 
ɩɚɪɚɦɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɭɩɪɨɫɬɢɦ ɜɢɞ ɝɢɩɟɪɛɨɥɵ ɌɄɐ ɩɟɪɜɨɝɨ ɬɢɩɚ. 
 

       2bcxx
a
b

y  .    (18) 

 

ɇɚɩɨɦɧɢɦ, ɱɬɨ 
2

rR
a


 , 

2
n

c  , 222 acb  . Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɟɬɜɶ ɧɚɲɟɣ 

ɝɢɩɟɪɛɨɥɵ ɩɪɢ ɯ = 0 ɛɭɞɭɬ ɩɟɪɟɫɟɤɚɬɶ ɨɫɶ ɨɪɞɢɧɚɬ ɜ ɬɨɱɤɚɯ 
a
b

y
2

 . 
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Ɋɢɫ. 23 
 
 ɏɨɬɹ ɧɚɞɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɜɵɛɨɪ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ – ɞɟɥɨ 
ɩɪɨɢɡɜɨɥɶɧɨɟ: ɤɭɞɚ ɧɚɞɨ ɬɭɞɚ ɢ ɩɟɪɟɞɜɢɧɟɦ ɢɥɢ ɩɨɜɟɪɧɺɦ. ɉɨɦɟɳɟɧɢɟ 
ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ ɜ ɮɨɤɭɫ ɞɥɹ ɌɄɐ ɧɚɦ ɤɚɠɟɬɫɹ ɛɨɥɟɟ ɟɫɬɟɫɬɜɟɧɧɵɦ, ɱɟɦ 
ɩɨɢɫɤ ɬɨɱɤɢ ɧɚɱɚɥɚ ɝɞɟ-ɬɨ, ɧɚɩɪɢɦɟɪ, ɧɚ ɨɬɪɟɡɤɟ n, ɬ. ɤ. ɮɨɤɭɫ – ɷɬɨ ɰɟɧɬɪ 
ɨɞɧɨɣ ɢɡ ɞɚɧɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ. Ɍ. ɨ. ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ 
ɧɚɯɨɞɢɬɫɹ ɜ ɮɨɤɭɫɟ ɝɢɩɟɪɛɨɥɵ, ɚ ɨɬɪɟɡɨɤ, ɜɨɨɫɬɚɜɥɟɧɧɵɣ ɢɡ ɮɨɤɭɫɚ 
ɨɛɳɟɩɪɢɧɹɬɨ ɧɚɡɵɜɚɟɬɫɹ ɮɨɤɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɨɦ. Ʉɨɨɪɞɢɧɚɬɵ, ɰɟɧɬɪ 
ɤɨɬɨɪɵɯ ɧɚɯɨɞɢɬɫɹ ɜ ɮɨɤɭɫɟ, ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɮɨɤаɥɶɧɵɦɢ 
ɤɨɨɪɞɢɧаɬаɦɢ. ȿɫɥɢ ɜɟɪɧɺɦɫɹ ɤ Ɋɢɫ. 10, ɬɨ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɡɞɟɫɶ 
ɮɨɤɚɥɶɧɵɣ ɩɚɪɚɦɟɬɪ ɢ ɞɥɹ ɝɢɩɟɪɛɨɥɵ ɢ ɞɥɹ ɷɥɥɢɩɫɚ ɫɨɜɩɚɥ. Ʉɚɤ ɛɵɥɨ 
ɩɨɤɚɡɚɧɨ ɪɚɧɟɟ – ɧɚɲɚ ɝɢɩɟɪɛɨɥɚ ɩɟɪɟɫɟɤɚɟɬ ɨɫɶ ɚɛɫɰɢɫɫ ɜ ɬɨɱɤɟ acx 0 . 
 ȼɨɡɧɢɤɚɟɬ ɟɳɺ ɨɞɧɚ, ɢɧɬɟɪɟɫɧɚɹ ɧɚ ɧɚɲ ɜɡɝɥɹɞ ɡɚɞɚɱɚ. ɉɨɫɬɪɨɟɧɢɟ 
ɧɚɲɢɯ ɤɪɢɜɵɯ ɩɨ ɬɨɱɤɚɦ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɜɨɡɦɨɠɧɨɫɬɟɣ ɪɟɲɟɧɢɹ 
ɷɬɨɣ ɡɚɞɚɱɢ, ɧɚɩɪɢɦɟɪ Д1], ɧɨ ɫ ɩɨɦɨɳɸ ɌɄɐ ɞɥɹ ɷɬɨɣ ɡɚɞɚɱɢ ɫɭɳɟɫɬɜɭɟɬ 
ɟɞɢɧɵɣ ɩɨɞɯɨɞ. 
 Ɋɚɫɫɦɨɬɪɢɦ ɩɨɫɬɪɨɟɧɢɟ ɤɪɢɜɨɣ ɩɟɪɜɨɝɨ ɬɢɩɚ. ɉɭɫɬɶ ɞɚɧɵ ɞɜɟ 
ɨɤɪɭɠɧɨɫɬɢ:  r,OA1  ɢ  R,CB1 . Ⱦɥɹ ɨɩɪɟɞɟɥɺɧɧɨɫɬɢ ɩɭɫɬɶ R > r. Оɋ = n. 
ȼɜɟɞɺɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ɞɥɹ ɮɨɤɚɥɶɧɵɯ ɪɚɞɢɭɫɨɜ: 

22
1 yx   ɢ   22

2 yxn   (ɫɦ. (1)). Ɍɨɝɞɚ  rR 12  . ɉɨɫɥɟɞɧɟɟ 
ɜɵɪɚɠɟɧɢɟ ɢ ɛɭɞɟɬ ɪɚɛɨɱɟɣ ɮɨɪɦɭɥɨɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɨɣ ɩɨ ɬɨɱɤɚɦ. 
Ⱦɥɢɧɚ ɪɚɞɢɭɫɚ 1  ɜɵɛɢɪɚɟɬɫɹ ɩɪɨɢɡɜɨɥɶɧɨ ɢ ɢɡ ɬɨɱɤɢ О ɩɪɨɜɨɞɢɬɫɹ ɞɭɝɚ 
ɨɤɪɭɠɧɨɫɬɢ ɷɬɨɝɨ ɪɚɞɢɭɫɚ. Ɂɚɬɟɦ ɜɵɱɢɫɥɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɥɢɧɚ 
ɪɚɞɢɭɫɚ 2  ɩɨ ɪɚɛɨɱɟɣ ɮɨɪɦɭɥɟ ɢ ɩɪɨɜɨɞɢɬɫɹ ɞɭɝɚ ɨɤɪɭɠɧɨɫɬɢ ɢɡ ɬɨɱɤɢ ɋ. 
Ɍɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɷɬɢɯ ɞɭɝ ɢ ɛɭɞɭɬ ɬɨɱɤɚɦɢ ɢɫɤɨɦɨɣ ɤɪɢɜɨɣ. ɇɚɞɨ 

ɩɨɦɧɢɬɶ, ɱɬɨ  rR
n


21 . 
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x 
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Ɋɢɫ. 24 
 
 ɉɨɤɚɠɟɦ ɩɨɫɬɪɨɟɧɢɟ ɤɪɢɜɨɣ ɱɟɬɜɺɪɬɨɝɨ ɬɢɩɚ. ȿɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɭɪɚɜɧɟɧɢɟ (5). Ɋɚɛɨɱɚɹ ɮɨɪɦɭɥɚ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ:  rR 12  , ɚ 

21

rRn 
 . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 25 
 
 Ɇɵ ɪɚɫɫɦɨɬɪɟɥɢ ɩɨɫɬɪɨɟɧɢɟ ɤɪɢɜɵɯ ɞɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɢɫɯɨɞɧɵɟ 
ɨɤɪɭɠɧɨɫɬɢ ɧɟ ɩɟɪɟɫɟɤɚɸɬ ɞɪɭɝ ɞɪɭɝɚ. ȼ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɨɞɧɚ 
ɨɤɪɭɠɧɨɫɬɶ ɰɟɥɢɤɨɦ ɫɨɞɟɪɠɢɬ ɞɪɭɝɭɸ, ɤɚɤ ɦɵ ɭɠɟ ɜɢɞɟɥɢ, ɤɪɢɜɵɟ 

О ɋ 

О ɋ 
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ɰɟɧɬɪɨɜ ɹɜɥɹɸɬɫɹ ɷɥɥɢɩɫɚɦɢ. ɉɨɤɚɠɟɦ ɩɨɫɬɪɨɟɧɢɟ ɷɥɥɢɩɫɚ ɞɥɹ ɭɪɚɜɧɟɧɢɹ 
(7). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 26 
 
 ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɦ ɢɦɟɬɶ ɬɚɤɭɸ ɪɚɛɨɱɭɸ ɮɨɪɦɭɥɭ:   12   rR . 

ɉɪɢ 
21

nrR 
  ɩɨɥɭɱɚɟɦ ɥɟɜɭɸ ɤɪɚɣɧɸɸ ɬɨɱɤɭ ɷɥɥɢɩɫɚ, ɚ ɩɪɢ 

21

nrR 
  - ɩɪɚɜɭɸ. 

 ȼ ɫɥɟɞɭɸɳɟɦ ɩɪɢɦɟɪɟ ɪɚɫɫɦɨɬɪɢɦ ɩɨɫɬɪɨɟɧɢɟ ɩɨ ɬɨɱɤɚɦ ɨɞɧɨɣ ɢɡ 
ɧɚɣɞɟɧɧɵɯ ɩɚɪɚɛɨɥ. Ȼɭɞɟɦ ɢɫɯɨɞɢɬɶ ɢɡ ɭɪɚɜɧɟɧɢɹ (11). ɉɪɟɨɛɪɚɡɭɟɦ ɷɬɨ 
ɭɪɚɜɧɟɧɢɟ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
 

     222222222 222 xnxRxxnRnxRxnRxnRy  , 
 

       Rxyxn  22 .    (19) 
 
 ȼɜɨɞɹ ɨɛɨɡɧɚɱɟɧɢɟ ɞɥɹ ɮɨɤɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ, ɩɨɥɭɱɚɟɦ ɪɚɛɨɱɭɸ 
ɮɨɪɦɭɥɭ: Rx 2 . Ɍ. ɨ. ɩɚɪɚɛɨɥɚ, ɡɚɞɚɜɚɟɦɚɹ ɭɪɚɜɧɟɧɢɟɦ (11), ɫɬɪɨɢɬɫɹ 
ɩɨ ɬɨɱɤɚɦ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɩɟɪɟɫɟɱɟɧɢɟɦ ɩɪɹɦɵɯ ɯ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɨɤɪɭɠɧɨɫɬɟɣ ɪɚɞɢɭɫɨɜ 2 . Ɉɱɟɜɢɞɧɨ, ɱɬɨ 
2

Rn
x


 . 
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Ɋɢɫ. 27 
 
 Ɍɟɩɟɪɶ ɩɨɝɨɜɨɪɢɦ ɨ ɡɧɚɦɟɧɢɬɨɣ ɡɚɞɚɱɟ Ⱥɩɨɥɥɨɧɢɹ. ɇɚɩɨɦɧɢɦ. Ⱦɚɧɵ 
ɬɪɢ ɨɤɪɭɠɧɨɫɬɢ ɧɚɞɨ ɩɨɫɬɪɨɢɬɶ ɨɤɪɭɠɧɨɫɬɶ, ɤɚɫɚɸɳɭɸɫɹ ɬɪɢ ɞɚɧɧɵɯ 
ɨɤɪɭɠɧɨɫɬɢ. Ɂɚɞɚɱɚ ɞɚɜɧɨ ɪɟɲɟɧɚ. ɇɚɫ ɨɧɚ ɡɚɢɧɬɟɪɟɫɨɜɚɥɚ ɩɨɬɨɦɭ, ɱɬɨ ɨɧɚ 
ɬɨɠɟ ɫɜɹɡɚɧɚ ɫ ɤɨɧɢɱɟɫɤɢɦɢ ɫɟɱɟɧɢɹɦɢ. 
 ȼ ɫɬɪɭɤɬɭɪɟ ɬɟɨɪɢɢ ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɧɹɬɢɟ ɫɜɹɡɤɢ ɨɤɪɭɠɧɨɫɬɟɣ. 
Ɋɟɱɶ ɲɥɚ ɨ ɩɪɨɫɬɟɣɲɟɣ ɫɜɹɡɤɟ ɞɜɭɯ ɨɤɪɭɠɧɨɫɬɟɣ. ȼɨɨɛɳɟ ɱɢɫɥɨ 
ɨɤɪɭɠɧɨɫɬɟɣ ɜ ɫɜɹɡɤɟ ɦɨɠɟɬ ɛɵɬɶ ɥɸɛɵɦ. ɋɜɹɡɤɚ ɞɥɹ ɡɚɞɚɱɢ Ⱥɩɨɥɥɨɧɢɹ 
ɢɦɟɟɬ ɬɪɢ ɨɤɪɭɠɧɨɫɬɢ. 
 Ɋɚɫɫɦɚɬɪɢɜɚɹ ɨɤɪɭɠɧɨɫɬɢ iS  ɜ ɡɚɞɚɱɟ Ⱥɩɨɥɥɨɧɢɹ ɨɱɟɜɢɞɧɨ ɦɨɠɧɨ 
ɫɤɚɡɚɬɶ, ɱɬɨ ɤɚɠɞɨɣ ɩɚɪɟ ɞɚɧɧɨɣ ɫɜɹɡɤɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɤɨɬɨɪɚɹ ɤɪɢɜɚɹ 
ɰɟɧɬɪɨɜ ij . Ⱥ ɬ. ɤ. ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ Ⱥɩɨɥɥɨɧɢɹ ɟɞɢɧɫɬɜɟɧɧɨ, ɬɨ ɜɫɟ ɬɪɢ 
ɤɪɢɜɵɟ ij  ɛɭɞɭɬ ɩɟɪɟɫɟɤɚɬɶɫɹ ɜ ɨɞɧɨɣ ɬɨɱɤɟ А – ɰɟɧɬɪɟ ɨɤɪɭɠɧɨɫɬɢ, 
ɹɜɥɹɸɳɟɣɫɹ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ Ⱥɩɨɥɥɨɧɢɹ. 
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Ɋɢɫ. 28 
 
 Ɉɤɪɭɠɧɨɫɬɹɦ iS  ɢ jS  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɪɢɜɚɹ ij . ɉɨɦɧɢɦ, ɱɬɨ ɷɬɨ 
ɝɢɩɟɪɛɨɥɚ ɜ ɪɚɦɤɚɯ ɌɄɐ (ɬɨ ɟɫɬɶ ɨɞɧɚ ɜɟɬɜɶ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɝɢɩɟɪɛɨɥɵ ɜ ɌɄɋ). 
 Ɇɵ ɩɨɤɚɠɟɦ ɧɟɫɤɨɥɶɤɨ ɯɚɪɚɤɬɤɪɧɵɯ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ Ⱥɩɨɥɥɨɧɢɹ, 
ɤɨɝɞɚ ɢɫɯɨɞɧɵɟ ɨɤɪɭɠɧɨɫɬɢ ɧɟ ɩɟɪɟɫɟɤɚɸɬ ɞɪɭɝ ɞɪɭɝɚ. 
 Ɉɛɵɱɧɨ ɝɨɜɨɪɹɬ ɨ ɜɨɫɶɦɢ ɫɥɭɱɚɹɯ ɪɟɲɟɧɢɣ Д9]. ɇɚ Ɋɢɫ. 28 ɩɨɤɚɡɚɧ 
ɫɥɭɱɚɣ, ɤɨɝɞɚ ɢɫɤɨɦɚɹ ɨɤɪɭɠɧɨɫɬɶ ɤɚɫɚɟɬɫɹ ɬɪɺɯ ɞɚɧɧɵɯ ɫɧɚɪɭɠɢ. 
 ɋɭɳɟɫɬɜɭɟɬ ɢ ɟɞɢɧɫɬɜɟɧɧɵɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɢɫɤɨɦɚɹ ɨɤɪɭɠɧɨɫɬɶ 
ɤɚɫɚɟɬɫɹ ɞɚɧɧɵɟ ɨɤɪɭɠɧɨɫɬɢ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɨɣ (Ɋɢɫ. 29). Ⱦɥɹ ɌɄɐ ɷɬɨ 
ɭɠɟ ɞɪɭɝɨɣ ɬɢɩ ɤɚɫɚɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ. ɂ ɦɵ ɩɨɥɭɱɚɟɦ ɡɞɟɫɶ ɞɪɭɝɨɣ ɬɢɩ 
ɤɪɢɜɨɣ, ɧɨ ɬɨɠɟ ɝɢɩɟɪɛɨɥɵ. ȿɫɥɢ ɞɥɹ ɩɟɪɜɨɝɨ ɬɢɩɚ ɤɚɫɚɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ 
ɯɚɪɚɤɬɟɪɧɵɦ ɹɜɥɹɟɬɫɹ ɡɚɝɢɛɚɧɢɟ ɝɢɩɟɪɛɨɥɵ ɜ ɫɬɨɪɨɧɭ ɬɨɣ ɨɤɪɭɠɧɨɫɬɢ, ɱɟɣ 
ɪɚɞɢɫ ɦɟɧɶɲɟ, ɬɨ ɞɥɹ ɜɬɨɪɨɝɨ ɬɢɩɚ ɤɚɫɚɧɢɹ – ɧɚɨɛɨɪɨɬ. Ɂɚɝɢɛɚɧɢɟ ɤɪɢɜɨɣ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɬɨɪɨɧɭ ɨɤɪɭɠɧɨɫɬɢ ɫ ɛɨɥɶɲɢɦ ɪɚɞɢɭɫɨɦ. 
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 Ʉɪɨɦɟ ɬɨɝɨ ɫɭɳɟɫɬɜɭɟɬ ɲɟɫɬɶ ɪɟɲɟɧɢɣ, ɝɞɟ ɞɜɟ ɢɡ ɞɚɧɧɵɯ 
ɨɤɪɭɠɧɨɫɬɟɣ ɧɚɯɨɞɹɬɫɹ ɥɢɛɨ ɜɧɭɬɪɢ, ɩɨɫɬɪɨɟɧɧɨɣ ɨɤɪɭɠɧɨɫɬɢ, ɥɢɛɨ 
ɫɧɚɪɭɠɢ (ɬɪɢ ɫɥɭɱɚɹ ɜɧɭɬɪɢ ɢ ɬɪɢ – ɫɧɚɪɭɠɢ). ɉɨɤɚɠɟɦ ɩɨ ɨɞɧɨɦɭ ɬɚɤɨɦɭ 
ɪɟɲɟɧɢɸ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 30 
 
 ɇɚ Ɋɢɫ. 30 ɞɜɟ ɨɤɪɭɠɧɨɫɬɢ 2S  ɢ 3S , ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜɧɭɬɪɢ 
ɨɤɪɭɠɧɨɫɬɢ ɫ ɰɟɧɬɪɨɦ ɜ ɬɨɱɤɟ А, ɚ ɨɞɧɚ ɫɧɚɪɭɠɢ. ɇɚ Ɋɢɫ. 31 – ɧɚɨɛɨɪɨɬ 
ɨɤɪɭɠɧɨɫɬɢ 1S  ɢ 3S  ɨɫɬɚɥɢɫɶ ɫɧɚɪɭɠɢ, ɚ ɨɤɪɭɠɧɨɫɬɶ 2S  ɜɧɭɬɪɢ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 31 
 
 ɇɨ ɫɭɳɟɫɬɜɭɸɬ ɟɳɺ ɛɨɥɟɟ ɢɧɬɟɪɟɫɧɵɟ ɫɥɭɱɚɢ ɪɟɲɟɧɢɣ ɡɚɞɚɱɢ 
Ⱥɩɨɥɥɨɧɢɹ, ɤɨɝɞɚ ɞɜɟ ɢɡ ɢɫɯɨɞɧɵɯ ɨɤɪɭɠɧɨɫɬɟɣ ɧɚɯɨɞɹɬɫɹ ɜɧɭɬɪɢ ɬɪɟɬɶɟɣ 
ɢɫɯɨɞɧɨɣ. ȼ ɷɬɨɣ ɫɢɬɭɚɰɢɢ ɦɵ ɢɦɟɟɦ ɟɳɺ ɜɨɫɟɦɶ ɪɟɲɟɧɢɣ. ɉɨɱɟɦɭ-ɬɨ ɷɬɢ 
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ɪɟɲɟɧɢɹ ɧɟ ɬɚɤ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵ ɲɢɪɨɤɨɣ ɩɭɛɥɢɤɟ. ȼɫɟ ɷɬɢ ɪɟɲɟɧɢɹ 
ɦɨɠɧɨ ɨɛɴɟɞɢɧɢɬɶ ɩɚɪɚɦɢ ɩɨ ɬɢɩɭ ɤɚɫɚɧɢɹ ɨɤɪɭɠɧɨɫɬɟɣ ɦɟɠɞɭ ɫɨɛɨɣ. Ɇɵ 
ɩɨɤɚɠɟɦ ɜɫɟ ɬɢɩɵ ɪɟɲɟɧɢɣ. 
 ɂɬɚɤ ɞɚɧɵ ɬɪɢ ɨɤɪɭɠɧɨɫɬɢ 1S , 2S  ɢ 3S . Ɉɤɪɭɠɧɨɫɬɢ 2S  ɢ 3S  
(ɩɨɤɚɡɚɧɵ ɝɨɥɭɛɵɦ ɰɜɟɬɨɦ) ɪɚɫɩɨɥɨɠɟɧɵ ɜɧɭɬɪɢ ɨɤɪɭɠɧɨɫɬɢ 1S  (Ɋɢɫ. 32). 
 Ɂɚɞɚɱɚ ɬɚ ɠɟ – ɩɨɫɬɪɨɢɬɶ ɨɤɪɭɠɧɨɫɬɶ, ɤɚɫɚɸɳɭɸɫɹ ɬɪɺɯ ɞɚɧɧɵɯ 
ɨɤɪɭɠɧɨɫɬɟɣ. ɇɚɫ ɩɨ-ɩɪɟɠɧɟɦɭ ɛɭɞɟɬ ɢɧɬɟɪɟɫɨɜɚɬɶ ɧɟ ɩɨɫɬɪɨɟɧɢɟ 
ɪɟɲɟɧɢɹ, ɚ ɮɚɤɬ ɟɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ. 
 Ɇɵ ɫɤɚɡɚɥɢ, ɱɬɨ ɪɚɡɞɟɥɢɦ ɜɫɟ ɪɟɲɟɧɢɹ ɩɨ ɬɢɩɭ ɤɚɫɚɧɢɣ ɨɤɪɭɠɧɨɫɬɢ 
ɪɟɲɟɧɢɹ ɤ ɞɜɭɦ ɞɚɧɧɵɦ (ɬɪɟɬɶɸ ɞɚɧɧɭɸ ɨɤɪɭɠɧɨɫɬɶ, ɨɱɟɜɢɞɧɨ, 
ɨɤɪɭɠɧɨɫɬɶ ɪɟɲɟɧɢɹ ɦɨɠɟɬ ɤɚɫɚɬɶɫɹ ɬɨɥɶɤɨ ɢɡɧɭɬɪɢ). ȼɫɟ ɬɢɩɵ ɤɚɫɚɧɢɣ 
ɩɨɤɚɡɚɧɵ ɧɚ Ɋɢɫ. 1. 
 ɉɟɪɜɵɦ ɬɢɩɨɦ ɤɚɫɚɧɢɹ ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɨɤɪɭɠɧɨɫɬɶ 
ɪɟɲɟɧɢɹ ɤɚɫɚɟɬɫɹ ɞɜɭɯ ɞɚɧɧɵɯ (ɝɨɥɭɛɵɯ) ɜɧɟɲɧɢɦ ɨɛɪɚɡɨɦ. ɇɟ ɬɪɭɞɧɨ 
ɫɨɨɛɪɚɡɢɬɶ, ɱɬɨ ɬɚɤɢɯ ɪɟɲɟɧɢɣ ɛɭɞɟɬ ɞɜɚ, ɤɚɤ ɦɵ ɢ ɝɨɜɨɪɢɥɢ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 32 
 
 Ɉɤɪɭɠɧɨɫɬɶ 2S  ɩɨɥɧɨɫɬɶɸ ɥɟɠɢɬ ɜɧɭɬɪɢ ɨɤɪɭɠɧɨɫɬɢ 1S , ɩɨɷɬɨɦɭ ɢɯ 
ɤɪɢɜɚɹ ɰɟɧɬɪɨɜ ɛɭɞɟɬ ɷɥɥɢɩɫ ɩɟɪɜɨɝɨ ɬɢɩɚ. ɇɚɩɨɦɧɢɦ, ɱɬɨ ɬɚɤɨɣ ɷɥɥɢɩɫ – 
ɷɬɨ ɤɪɢɜɚɹ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɫɬɨɦ ɬɨɱɟɤ, ɤɨɬɨɪɵɟ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɹɜɥɹɸɬɫɹ ɰɟɧɬɪɚɦɢ, ɤɚɫɚɸɳɢɯɫɹ ɨɤɪɭɠɧɨɫɬɟɣ ɤ 2S  ɢ 1S  
ɜɧɟɲɧɢɦ ɨɛɪɚɡɨɦ. ɇɟɦɧɨɝɨ ɞɥɢɧɧɨɜɚɬɨ, ɧɨ ɜɧɢɦɚɬɟɥɶɧɨ ɜɱɢɬɚɣɬɟɫɶ ɜ ɷɬɨ 
ɩɪɟɞɥɨɠɟɧɢɟ. ɉɪɢɦɟɪɨɦ ɬɚɤɢɯ ɨɤɪɭɠɧɨɫɬɟɣ ɛɭɞɭɬ ɨɤɪɭɠɧɨɫɬɢ ɫ ɰɟɧɬɪɚɦɢ 
ɜ ɬɨɱɤɚɯ В ɢ ɋ. Ʉɪɨɦɟ ɬɨɝɨ ɩɨɫɥɟɞɧɢɟ ɨɤɪɭɠɧɨɫɬɢ ɟɳɺ ɤɚɫɚɸɬɫɹ ɢ 
ɨɤɪɭɠɧɨɫɬɶ 3S , ɩɨɷɬɨɦɭ ɢɯ ɰɟɧɬɪɵ ɢ ɩɪɢɧɚɞɥɟɠɚɬ ɷɥɥɢɩɫɭ 12 . 
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 Ɉɤɪɭɠɧɨɫɬɢ 1S  ɢ 3S  ɬɨɠɟ ɨɩɪɟɞɟɥɹɸɬ ɷɥɥɢɩɫ ɬɚɤɨɝɨ ɠɟ ɬɢɩɚ 13 , 
ɩɨɷɬɨɦɭ ɨɧ ɬɨɠɟ ɞɨɥɠɟɧ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɬɨɱɤɢ В ɢ ɋ. Ʉɪɨɦɟ ɬɨɝɨ,  
ɨɤɪɭɠɧɨɫɬɢ 2S  ɢ 3S  ɨɩɪɟɞɟɥɹɸɬ ɝɢɩɟɪɛɨɥɭ ɩɟɪɜɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɚɹ ɞɨɥɥɠɧɚ 
ɬɨɠɟ ɩɪɨɣɬɢ ɱɟɪɟɡ ɬɨɱɤɢ В ɢ ɋ. ɑɬɨ ɦɵ ɢ ɜɢɞɢɦ ɧɚ Ɋɢɫ. 32. Ɍ. ɨ., 
ɨɤɪɭɠɧɨɫɬɢ ɫ ɰɟɧɬɪɚɦɢ ɜ ɬɨɱɤɚɯ В ɢ ɋ – ɷɬɨ ɩɟɪɜɵɟ ɞɜɚ ɪɟɲɟɧɢɹ ɜ ɡɚɞɚɱɟ 
Ⱥɩɨɥɥɨɧɢɹ ɞɥɹ ɞɚɧɧɨɣ ɫɢɬɭɚɰɢɢ. 
 ɇɚ ɪɢɫɭɧɤɟ 33 ɩɨɤɚɡɚɧɵ ɪɟɲɟɧɢɹ ɜɬɨɪɨɝɨ ɬɢɩɚ, ɤɨɝɞɚ ɢɫɤɨɦɵɟ 
ɨɤɪɭɠɧɨɫɬɢ ɤɚɫɚɸɬɫɹ ɨɤɪɭɠɧɨɫɬɟɣ 2S  ɢ 3S  ɢɡɧɭɬɪɢ. Ɂɞɟɫɶ ɦɵ ɜɢɞɢɦ ɢ 
ɷɥɥɢɩɫɵ ɢ ɝɢɩɟɪɛɨɥɭ ɜɬɨɪɨɝɨ ɬɢɩɚ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 33 
 
 ɇɚ ɪɢɫɭɧɤɟ 34 ɦɵ ɜɢɞɢɦ ɫɦɟɲɚɧɧɵɟ ɪɟɲɟɧɢɹ, ɤɨɝɞɚ ɨɤɪɭɠɧɨɫɬɢ 
ɤɚɫɚɸɬɫɹ ɨɤɪɭɠɧɨɫɬɶ 2S  ɜɧɟɲɧɢɦ ɨɛɪɚɡɨɦ, ɨɤɪɭɠɧɨɫɬɶ 3S  ɢɡɧɭɬɪɢ (Ɋɢɫ. 
34 ɫɥɟɜɚ). Ⱥ ɫɚɩɪɚɜɚ – ɧɚɨɛɨɪɨɬ. ɉɨɷɬɨɦɭ ɡɞɟɫɶ ɢ ɷɥɥɢɩɫɵ ɫɦɟɲɚɧɨɝɨ ɬɢɩɚ. 
Ⱥ ɝɢɩɟɪɛɨɥɵ ɬɪɟɬɶɟɝɨ ɢ ɱɟɬɜɺɪɬɨɝɨ ɬɢɩɨɜ. 
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Ɋɢɫ. 34 
 
 Ɉɬɦɟɬɢɦ, ɱɬɨ ɪɚɡɨɛɪɚɬɶɫɹ ɜ ɩɨɫɥɟɞɧɢɯ ɜɨɫɶɦɢ ɪɟɲɟɧɢɹɯ ɡɚɞɚɱɢ 
Ⱥɩɨɥɥɨɧɢɹ ɛɟɡ ɌɄɐ ɛɵɥɨ ɛɵ ɧɟ ɩɪɨɫɬɨ. Ɍɚɤ ɢɥɢ ɢɧɚɱɟ, ɧɨ ɷɬɚ ɬɟɨɪɢɹ ɜɫɺ 
ɪɚɜɧɨ ɞɨɥɠɧɚ ɛɵɥɚ ɛɵ ɫɟɛɹ ɩɪɨɹɜɢɬɶ. 
 Ɇɵ ɧɟ ɛɭɞɟɦ ɡɞɟɫɶ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɟɦɭ ɢɧɜɟɪɫɢɨɧɧɵɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ Д9] ɢɥɢ ɩɨɥɹɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ Д11], ɫɜɹɡɚɧɧɵɯ ɫ 
ɤɨɧɢɱɟɫɤɢɦɢ ɫɟɱɟɧɢɹɦɢ (ɷɬɢ ɬɟɦɵ ɢɧɬɟɪɟɫɧɵ ɫɚɦɢ ɩɨ ɫɟɛɟ), ɚ ɩɨɝɨɜɨɪɢɦ 
ɫɨɛɫɬɜɟɧɧɨ ɨ ɰɟɥɢ ɧɚɲɟɣ ɫɬɚɬɶɢ. ȼɫɺ, ɱɬɨ ɛɵɥɨ ɫɤɚɡɚɧɨ ɞɨ ɷɬɨɝɨ ɜ ɨɛɳɟɦ-
ɬɨ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɩɪɟɞɢɫɥɨɜɢɟɦ. Ⱦɚɥɟɟ ɦɵ ɛɭɞɟɦ ɝɨɜɨɪɢɬɶ ɨ ɩɨɜɟɪɯɧɨɫɬɹɯ 
ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ (ɉȼɉ) ɢ ɩɨɷɬɨɝɦɭ ɯɨɬɟɥɨɫɶ ɫɧɚɱɚɥɚ ɪɚɫɫɦɨɬɪɟɬɶ 
ɫɬɚɧɨɜɥɟɧɢɟ ɜɡɝɥɹɞɚ ɧɚ ɤɪɢɜɵɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɱɬɨɛɵ, ɨɬɬɚɥɤɢɜɚɹɫɶ ɨɬ 
ɧɢɯ, ɚɧɚɥɨɝɢɱɧɨ ɫɬɪɨɢɬɶ ɬɟɨɪɢɸ ɉȼɉ. 
 Ʉɚɤ ɫɟɝɨɞɧɹ ɧɚɭɤɚ ɨɩɪɟɞɟɥɹɟɬ ɉȼɉ. Ɂɚɝɥɹɧɟɦ ɜ ɷɧɰɢɤɥɨɩɟɞɢɱɟɫɤɢɣ 
ɫɥɨɜɚɪɶ ɩɨ ɦɚɬɟɦɚɬɢɤɟ. ɑɬɨ ɬɚɤɨɟ ɩɨɜɟɪɯɧɨɫɬɶ. ɉɨɜɟɪɯɧɨɫɬɶ 
«ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦ ɫɩɨɫɨɛɨɦ, ɱɚɳɟ ɜɫɟɝɨ ɤɚɤ ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɧɟɤɨɬɨɪɵɦ ɭɫɥɨɜɢɹɦ» Д12]. ɇɚɩɪɢɦɟ, ɩɨɜɟɪɯɧɨɫɬɶ ɲɚɪɚ 
– ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ, ɨɬɫɬɨɹɳɢɯ ɧɚ ɡɚɞɚɧɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɞɚɧɧɨɣ ɬɨɱɤɢ. ɂ 
ɞɚɥɟɟ ɡɞɟɫɶ ɠɟ ɩɨɜɟɯɧɨɫɬɶ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ ɦɧɨɠɟɫɬɜɨ 
ɬɨɱɟɤ, ɤɨɬɨɪɨɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɪɚɜɧɟɧɢɸ: 
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 Ⱥɧɚɥɢɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɉȼɉ ɞɚɜɧɨ ɢ ɩɪɟɤɪɚɫɧɨ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɦɵ ɧɟ 
ɫɨɛɢɪɚɟɦɫɹ ɟɺ ɡɞɟɫɶ ɨɛɫɭɠɞɚɬɶ. 
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 ɇɨ ɜɟɪɧɺɦɫɹ ɧɟ ɧɚɞɨɥɝɨ ɤ ɤɪɢɜɵɦ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɢ ɩɨɤɚɠɟɦ 
ɧɟɫɥɨɠɧɵɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɮɨɪɦɚɥɢɡɦ ɞɥɹ ɌɄɋ ɢ ɌɄɐ. 
 ȼ ɪɚɦɤɚɯ ɌɄɋ ɦɵ ɢɦɟɟɦ ɤɨɧɭɫ K² ɢ ɩɥɨɫɤɨɫɬɶ   (ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
R²). Ȼɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɤɪɢɜɵɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɱɟɪɟɡ 1F . Ɍɨɝɞɚ ɦɨɠɟɦ 
ɨɩɪɟɞɟɥɢɬɶ ɤɪɢɜɵɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɜ ɨɛɳɟɦ ɜɢɞɟ ɜɵɪɚɠɟɧɢɟɦ (20). 
 
      21 KF .     (21) 
 
 ȼ ɪɚɦɤɚɯ ɌɄɐ ɦɵ ɢɦɟɟɦ ɞɜɟ ɨɤɪɭɠɧɨɫɬɢ  r,OA1  ɢ  R,CB1 , ɚ 1F  
ɨɩɪɟɞɟɥɹɟɦ ɤɚɤ ɝɟɨɦɟɬɪɢɱɟɫɤɨɟ ɦɟɫɬɨ ɬɨɱɟɤ, ɪɚɜɧɨɭɞɚɥɺɧɧɵɯ ɨɬ ɷɬɢɯ 
ɨɤɪɭɠɧɨɫɬɟɣ, ɱɬɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜɵɪɚɠɟɧɢɟɦ: 
 
    1F :       MBMA |y,xM 11   ,   (22) 
 
ɝɞɟ  MA1  - ɪɚɫɬɨɹɧɢɟ ɬɟɤɭɳɟɣ ɬɨɱɤɢ М ɤɪɢɜɨɣ 1F  ɨɬ ɨɤɪɭɠɧɨɫɬɢ 

 r,OA1 . 
 Ɍɟɩɟɪɶ ɩɨɩɪɨɛɭɟɦ ɷɬɨɬ ɮɨɪɦɚɥɢɡɦ ɪɚɫɩɪɨɫɬɪɚɧɢɬɶ ɧɚ ɫɥɭɱɚɣ ɉȼɉ. 
ɑɟɪɟɡ F² ɛɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɉȼɉ. Ɍɨɝɞɚ, ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɌɄɋ ɦɨɠɟɦ 
ɡɚɩɢɫɚɬɶ: 
 
     232 RKF  .     (23) 
 
 ɇɨ ɬɚɤ ɥɢ ɷɬɨ ɧɚ ɫɚɦɨɦ ɞɟɥɟ. ȿɫɥɢ ɜ ɌɄɋ ɦɵ ɜɨ ɦɧɨɝɨɦ 
ɪɭɤɨɜɨɞɫɬɜɨɜɚɥɢɫɶ ɧɚɝɥɹɞɧɵɦɢ ɫɨɨɛɪɚɠɟɧɢɹɦɢ, ɬɨ ɡɞɟɫɶ ɷɬɨɞ ɩɨɞɯɨɞ ɧɟ 
ɝɨɞɢɬɫɹ. ɇɢɤɬɨ ɧɟ ɜ ɫɢɥɚɯ ɩɪɟɞɫɬɚɜɢɬɶ ɫɟɛɟ, ɤɚɤ ɜɵɝɥɹɞɢɬ K³. ɇɚɦ ɷɬɨ 
ɩɪɨɫɬɨ ɧɟ ɞɚɧɨ. Ʉɨɧɟɱɧɨ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 
ɦɧɨɝɨɦɟɪɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɧɨ ɷɬɨ ɰɟɥɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. Ɍ. ɟ. ɜɵɪɚɠɟɧɢɟ (23) 
ɫɟɝɨɞɧɹ ɧɢɤɬɨ ɧɟ ɢɫɩɨɥɶɡɭɟɬ ɜ ɤɚɱɟɫɬɜɟ ɨɩɪɟɞɟɥɟɧɢɹ ɉȼɉ. Ⱦɚ ɢ ɡɜɭɱɚɥɨ ɛɵ 
ɤɚɤ-ɬɨ ɭɠ ɫɥɢɲɤɨɦ ɚɛɫɬɪɚɤɬɧɨ. Ɇɨɥ ɝɞɟ-ɬɨ ɜ ɱɟɬɵɪɺɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɟɫɬɶ ɬɪɺɯɦɟɪɧɵɣ ɤɨɧɭɫ, ɤɨɬɨɪɵɣ ɩɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɫ ɧɚɲɢɦ ɬɪɺɯɦɟɪɧɵɦ 
ɩɪɨɫɬɪɚɧɫɬɜɨɦ ɜ ɫɟɱɟɧɢɢ ɞɚɺɬ ɩɨɜɟɪɯɧɨɫɬɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. 
 Ɋɚɫɫɦɨɬɪɢɦ ɜɬɨɪɨɣ ɩɨɞɯɨɞ, ɚɧɚɥɨɝɢɱɧɵɣ ɌɄɐ. ȼɵɪɚɠɟɧɢɟ  
 
    2F :       MBMA |z,y,xM 22   .   (24) 
 
ɨɩɢɫɵɜɚɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ. Ɂɞɟɫɶ  MA2  - ɪɚɫɫɬɨɹɧɢɟ ɨɬ 
ɬɟɤɭɳɟɣ ɬɨɱɤɢ М ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ ɫɮɟɪɵ  r,OA2 . Ɍ. ɟ. ɩɟɪɟɯɨɞ ɨɬ ɌɄɐ ɧɚ 
ɩɥɨɫɤɨɫɬɢ ɨɱɟɧɶ ɟɫɬɟɫɬɜɟɧɧɨ ɜɵɝɥɹɞɢɬ ɢ ɞɥɹ ɬɟɨɪɢɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɰɟɧɬɪɨɜ 
ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ɍ. ɨ. ɉȼɉ ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ, ɤɚɤ ɝɟɨɦɟɬɪɢчɟɫɤɨɟ ɦɟɫɬɨ 
ɬɨчɟɤ, ɪаɜɧɨɭɞаɥёɧɧɵɯ ɨɬ ɞɜɭɯ ɡаɞаɧɧɵɯ ɫɮɟɪ. ɉɪɢ ɷɬɨɦ ɬɢɩ 
ɩɨɜɟɪɯɧɨɫɬɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɬɢɩɨɦ ɤɚɫɚɧɢɹ ɫɮɟɪ. ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɌɄɐ 
ɬɚɤɢɯ ɬɢɩɨɜ ɬɨɠɟ ɱɟɬɵɪɟ. 
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 Ʉɚɤ ɩɪɢɦɟɪ, ɪɚɫɫɦɨɬɪɢɦ ɜɵɜɨɞ ɭɪɚɜɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜɬɨɪɨɝɨ 
ɩɨɪɹɞɤɚ ɩɟɪɜɨɝɨ ɬɢɩɚ (ɬ. ɟ. ɫɮɟɪɵ ɤɚɫɚɸɬɫɹ ɞɚɧɧɵɟ ɫɮɟɪɵ ɜɧɟɲɧɢɦ 
ɨɛɪɚɡɨɦ). 
 ȼɜɟɞɺɦ ɮɨɤɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɰɟɧɬɪɵ 
ɞɚɧɧɵɯ ɫɮɟɪ ɩɪɢɧɚɞɥɟɠɚɥɢ ɨɫɢ ОХ.(ɷɬɨ ɜɫɟɝɞɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 35 
 
 ɂɬɚɤ, ɞɚɧɨ: ɞɜɟ ɫɮɟɪɵ  r,OA2  ɢ  R,CB2 , ɝɞɟ Оɋ = n. Ɍɨɱɤɚ М – 
ɬɟɤɭɳɚɹ ɬɨɱɤɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɚɜɧɨɭɞɚɥɺɧɧɚɹ ɨɬ ɞɚɧɧɵɯ ɫɮɟɪ, ɬ. ɟ., ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɹɜɥɹɟɬɫɹ ɰɟɧɬɪɨɦ ɧɟɤɨɬɨɪɨɣ ɫɮɟɪɵ. 
 ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɋɢɫ. 35 ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ:   222 zyxnCM   ɢ 

222 zyxOM  . Ɍɨɝɞɚ ɩɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ: RCMrOM  . Ɋɚɫɤɪɵɜɚɹ 
ɩɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɢ ɩɪɢɜɨɞɹ ɩɨɞɨɛɧɵɟ ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ. 
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 Ɋɚɫɫɦɨɬɪɢɦ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɩɥɨɫɤɨɫɬɶ YOZ ɩɟɪɟɫɟɤɚɟɬ 
ɩɨɥɭɱɟɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. ȼɜɨɞɹ ɨɛɨɡɧɚɱɟɧɢɟ ɞɥɹ ɮɨɤɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ 
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p
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  ɩɨɥɭɱɚɟɦ ɜ ɫɟɱɟɧɢɢ ɭɪɚɜɧɟɧɢɟ 222 pzy  . ɇɟ ɬɪɭɞɧɨ ɩɨɧɹɬɶ, ɱɬɨ 

ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɨɤɪɭɠɧɨɫɬɢ. Ⱥ ɩɨɞɫɬɚɜɥɹɹ ɜ (25) ɡɧɚɱɟɧɢɟ acx   ɛɭɞɟɦ 
ɢɦɟɬɶ: 022  zy , ɩɥɨɫɤɨɫɬɶ acx   ɛɭɞɟɬ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ 
(25). Ɍ. ɨ., ɭɪɚɜɧɟɧɢɟ (25) ɨɩɢɫɵɜɚɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɝɢɩɟɪɛɨɥɨɢɞɚ ɜ 
ɮɨɤɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ. 
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 ɉɨɤɚɠɟɦ ɩɪɢɦɟɪɵ ɬɟɥ ɜɪɚɳɟɧɢɹ, ɤɨɬɨɪɵɟ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ 
ɜɨɡɧɢɤɚɸɬ ɜ ɮɨɤɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ. Ɉɬɬɚɥɤɢɜɚɹɫɶ ɨɬ Ɋɢɫ. 23 ɩɨɥɭɱɚɟɦ 
ɬɚɤɢɟ ɬɟɥɚ ɜɪɚɳɟɧɢɹ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 36 
 
 Ɍɚɤɭɸ ɮɢɝɭɪɭ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɧɚɡɜɚɬɶ ɧɚɩɪɢɦɟɪ, ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɦ 

ɜɟɪɟɬɟɧɨɦ. ɉɪɢ 
a
b

z
a
b 22

  ɩɨɥɭɱɚɟɦ ɮɨɤɚɥɶɧɨɟ ɜɟɪɟɬɟɧɨ. 

 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 37 
 

 Ⱥ ɩɪɢ 
a
b

z
2

  ɛɭɞɟɦ ɢɦɟɬɶ ɝɢɩɟɪɛɨɥɢɱɟɫɤɭɸ ɛɨɱɤɭ. 

 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 38 
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 Ⱥ Ɋɢɫ. 10 ɧɚɜɨɞɢɬ ɧɚ ɦɵɫɥɶ ɨ ɮɢɝɭɪɟ, ɧɚɩɨɦɢɧɚɸɳɟɣ ɫɬɢɥɢɡɨɜɚɧɧɵɣ 
ɞɭɛɨɜɵɣ ɠɺɥɭɞɶ. 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 39 
 
 ȼɨɡɦɨɠɧɨ, ɢɧɬɟɪɟɫɧɨ ɛɭɞɟɬ ɧɚɣɬɢ ɨɛɴɺɦ ɢɥɢ ɩɨɜɟɪɯɧɨɫɬɶ ɬɚɤɢɯ 
ɮɢɝɭɪ ɜɪɚɳɟɧɢɹ, ɧɨ ɦɵ ɷɬɢɦ ɡɚɧɢɦɚɬɶɫɹ ɧɟ ɛɭɞɟɦ, ɚ ɨɫɬɚɜɥɹɟɦ ɷɬɢ 
ɜɨɩɪɨɫɵ ɞɥɹ ɥɸɛɨɡɧɚɬɟɥɶɧɵɯ ɱɢɬɚɬɟɥɟɣ. 
 ȼ ɡɚɤɥɸɱɟɧɢɟ ɩɨɝɨɜɨɪɢɦ ɧɟɦɧɨɝɨ ɨɛ ɟɫɬɟɫɬɜɨɡɧɚɧɢɢ. ȼɫɬɪɟɱɚɸɬɫɹ 
ɥɢ ɤɪɢɜɵɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɤɨɧɢɱɟɫɤɢɟ ɫɟɱɟɧɢɹ ɜ 
ɟɫɬɟɫɬɜɟɧɧɵɯ ɧɚɭɤɚɯ. Ⱦɥɹ ɷɬɨɝɨ ɡɚɝɥɹɧɟɦ ɜ ɭɱɟɛɧɢɤɢ, ɫɩɪɚɜɨɱɧɢɤɢ ɢ 
ɷɧɰɢɤɥɨɩɟɞɢɢ. 
 Ʉɨɧɟɱɧɨ ɠɟ ɜɫɬɪɟɱɚɸɬɫɹ, ɧɨ ɜɨɬ ɬɟɪɦɢɧ «ɤɨɧɢɱɟɫɤɨɟ ɫɟɱɟɧɢɟ» ɡɞɟɫɶ 
ɜɨɨɛɳɟ ɧɟ ɭɩɨɬɪɟɛɥɹɟɬɫɹ – ɨɧ ɧɟ ɧɭɠɟɧ. ɉɪɨɫɬɨ ɟɫɬɶ ɝɢɩɟɪɛɨɥɚ, ɷɥɥɢɩɫ ɢ 
ɩɚɪɚɛɨɥɚ. ɇɚɩɢɦɟɪ, ɢɧɬɟɪɮɟɪɟɧɰɢɹ ɜɨɥɧ ɨɬ ɞɜɭɯ ɬɨɱɟɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
ɢɦɟɟɬ ɤɚɪɬɢɧɭ ɜ ɜɢɞɟ ɝɢɩɟɪɛɨɥ Д18]. Ɍɚɤɠɟ ɢɡɜɟɫɬɧɵ ɚɤɭɫɬɢɱɟɫɤɢɟ ɡɟɪɤɚɥɚ 
ɢ ɥɢɧɡɵ ɩɚɪɚɛɨɥɢɱɟɫɤɨɝɨ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɢ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɬɢɩɚ Д18]. Ⱥ 
ɭɠ ɜ ɪɚɦɤɚɯ ɫɩɟɰɢɚɥɶɧɨɣ ɬɟɨɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ ɢɦɟɟɦ ɫɩɥɨɲ ɢ ɪɹɞɨɦ 
ɪɚɡɥɢɱɧɵɟ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɟ ɨɛɪɚɡɵ, ɧɚɩɪɢɦɟɪ, ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɟ ɞɜɢɠɟɧɢɟ 
[19].  
 ȼ ɦɢɤɪɨɦɢɪɟ ɩɨɩɭɥɹɪɧɚ ɮɨɪɦɭɥɚ 42222 cmpcE  , ɤɨɬɨɪɚɹ ɥɟɝɤɨ 

ɩɪɢɜɨɞɢɬɫɹ ɤ ɜɢɞɭ 1
22

2

42

2


cm

p

cm

E , ɜ ɤɨɬɨɪɨɣ ɥɟɝɤɨ ɭɡɧɚɺɬɫɹ ɝɢɩɟɪɛɨɥɚ. 

ȼɫɟɦ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɛɪɨɲɟɧɧɨɟ ɬɟɥɨ ɩɪɢ ɩɚɞɟɧɢɢ ɢɦɟɟɬ ɬɪɚɟɤɬɨɪɢɸ 
ɩɚɪɚɛɨɥɵ. Ⱥ ɦɨɠɟɬ ɛɵɬɶ ɢ ɩɨɜɟɪɯɧɨɫɬɶ ɹɣɰɚ ɧɚɞɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɬɟɥɨ 
ɜɪɟɳɟɧɢɹ ɜɪɨɞɟ ɬɨɝɨ, ɱɬɨ ɦɵ ɩɨɤɚɡɚɥɢ ɧɚ Ɋɢɫ. 39. 
 Ɉɫɨɛɨ ɩɨɝɨɜɨɪɢɦ ɨɛ ɚɫɬɪɨɧɨɦɢɢ. Ɂɞɟɫɶ ɦɵ ɜɫɬɪɟɱɚɟɦɫɹ ɫ ɬɪɟɦɹ 
ɬɢɩɚɦɢ ɨɪɛɢɬ, ɤɨɬɪɵɟ ɢɡ ɩɚɪɚɛɨɥɢɱɟɫɤɢɯ, ɩɪɢ ɨɩɪɟɞɟɥɺɧɧɵɯ ɭɫɥɨɜɢɹɯ, 
ɦɨɝɭɬ ɩɪɟɜɪɚɳɚɬɶɫɹ ɜ ɝɢɩɟɪɛɨɥɢɱɟɫɤɢɟ ɢ ɷɥɥɢɩɬɢɱɟɫɤɢɟ ɢ ɧɚɨɛɨɪɨɬ. 
 Ⱥ ɬɟɩɟɪɶ ɧɚ ɫɟɤɭɧɞɭ ɩɪɟɞɫɬɚɜɢɦ ɫɟɛɟ, ɱɬɨ ɬɟɨɪɢɹ ɤɚɫɚɬɟɥɶɧɵɯ ɫɮɟɪ 
ɤɚɤɢɦ-ɬɨ ɨɛɪɚɡɨɦ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɮɢɡɢɱɟɫɤɨɦ ɦɢɪɟ. Ƚɥɚɜɧɚɹ ɫɢɥɚ, ɤɨɬɨɪɚɹ 
ɝɨɫɩɨɞɫɬɜɭɟɬ ɜ ɤɨɫɦɨɫɟ – ɷɬɨ ɝɪɚɜɢɬɚɰɢɹ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɮɪɨɧɬ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɹɜɹɥɟɬɫɹ ɫɮɟɪɢɱɟɫɤɢɦ Д13]. Ɍɚɤɠɟ 
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ɩɨɦɧɢɦ, ɱɬɨ ɞɜɚ ɬɟɥɚ ɫ ɦɚɫɫɚɦɢ 1M  ɢ 2M  ɫɜɹɡɚɧɵ ɡɚɤɨɧɨɦ ɇɶɸɬɨɧɚ: 

2
21

r

MM
GF  . Ɇɨɠɟɦ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɪɚɞɢɭɫ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɜɨɥɧɵ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧ ɫ ɦɚɫɫɨɣ ɬɟɥɚ, ɬ. ɟ. 
2

2

1

1

R

M

R

M , ɝɞɟ ɧɟɤɨɬɨɪɨɟ 

ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɤɜɚɧɬɨɜɨɟ ɱɢɫɥɨ. Ɉɬɤɭɞɚ ɩɨɥɭɱɚɟɦ: 
 
     21

2
21 RRMM  .     (26) 

 
ɗɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɮɢɡɢɱɟɫɤɨɣ ɧɚɭɤɟ. ɋɚɦɢ ɮɢɡɢɤɢ ɢɧɨɝɞɚ ɢɫɩɨɥɶɡɭɸɬ 
ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ «ɟɫɬɟɫɬɜɟɧɧɭɸ» ɫɢɫɬɟɦɭ ɟɞɢɧɢɰ, ɜ ɤɨɬɨɪɨɣ ɜɪɟɦɹ, 
ɪɚɫɫɬɨɹɧɢɟ ɢ ɦɚɫɫɚ (ɢɥɢ ɷɧɟɪɝɢɹ) ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ ɪɚɡɦɟɪɧɨɫɬɶ Д13]. 
Ɍɨɝɞɚ ɢɡ ɡɚɤɨɧɚ ɇɶɸɬɨɧɚ ɢ ɮɨɪɦɭɥɵ (26) ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ: 
 

     
2

2
21

1
G

FrRR  .     (27) 

 
ɉɟɪɟɯɨɞɹ ɤ ɨɛɨɡɧɚɱɟɧɢɹɦ ɬɟɨɪɢɢ ɤɚɫɚɬɟɥɶɧɵɯ ɫɮɟɪ ɮɨɪɦɭɥɭ (27) ɦɨɠɟɦ 
ɩɟɪɟɩɢɫɚɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɜɢɞɟ: 
 

     
2

2 1
G

FnRr  .     (28) 

 
Ɂɞɟɫɶ ɜɦɟɫɬɨ 2r ɜ (27) ɩɢɲɟɦ 2n  (n – ɦɟɠɮɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ) ɜ (28), ɚ 
ɜɦɟɫɬɨ 1R  ɜ (27) ɡɚɩɢɫɵɜɚɟɦ r ɜ (28) ɢ ɜɦɟɫɬɨ 2R  - R ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ʉɪɨɦɟ ɬɨɝɨ ɧɚɦ ɢɡɜɟɫɬɧɨ, ɱɬɨ aRr 2  (ɢɥɢ arR 2 ). 
 ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɩɨɥɭɱɚɟɦ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ 
ɭɪɚɜɧɟɧɢɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɣ ɬɟɨɪɢɢ ɫɮɟɪ: 
 

       02
2

2
2 

G

Fn
*aR*R  .    (30) 

 
 ɉɨɞɫɬɚɜɥɹɹ ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ (30) ɪɚɡɥɢɱɧɵɟ ɱɢɫɥɚ   
ɧɚɯɨɞɢɦ r ɢ R, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɩɪɟɞɟɥɹɸɬ ɧɟɤɨɬɨɪɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ F². ȿɫɥɢ ɬɟɩɟɪɶ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɪɚɫɫɦɨɬɪɟɬɶ 
ɩɪɨɛɧɨɟ ɬɟɥɨ ɫ ɦɚɫɫɨɣ 0M , ɬɨ ɦɵ ɩɨɥɭɱɢɦ ɩɥɨɫɤɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɦɭɸ 
ɬɟɥɚɦɢ ɫ ɦɚɫɫɚɦɢ 1M , 2M  ɢ 0M . ɗɬɚ ɩɥɨɫɤɨɫɬɶ, ɩɟɪɟɫɟɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ F², 
ɞɚɫɬ ɤɪɢɜɭɸ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɩɨ ɫɭɬɢ – ɧɟɤɨɬɨɪɭɸ ɨɪɛɢɬɭ. 
 Ⱥ ɦɨɠɧɨ ɪɟɲɚɬɶ ɢ ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ. ɉɨ ɫɭɳɟɫɬɜɭɸɳɟɣ ɨɪɛɢɬɟ 
ɢɫɫɥɟɞɨɜɚɬɶ ɤɚɤɢɟ ɦɚɫɫɵ ɟɺ ɢɧɢɰɢɢɪɭɸɬ. 
 Ɍɚɤ ɦɨɠɟɬ ɛɵɬɶ ɟɫɬɶ ɫɦɵɫɥ ɜ ɩɪɚɤɬɢɱɟɫɤɨɣ ɚɫɬɪɨɧɨɦɢɢ ɩɨɢɫɤɚɬɶ 
ɫɥɟɞɵ ɬɟɨɪɢɢ ɤɚɫɚɬɟɥɶɧɵɯ ɫɮɟɪ? 
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