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ɍȾɄ 6β1.165:5γ4.1 
 
 

ȺɉɊɈȻȺɐɂə ɉɊɈȽɊȺɆɆ ɊȺɋɑȿɌȺ ɋɈȻɋɌȼȿɇɇɕɏ ɑȺɋɌɈɌ ɂ 
ȼɕɇɍɀȾȿɇɇɕɏ ɄɈɅȿȻȺɇɂɃ ɇȺ ɆɈȾȿɅɖɇɕɏ ɁȺȾȺɑȺɏ 

 
Ⱥ.ȼ. ɉɨɝɪɟɛɧɹɤ, ɞɨɰ., ɤ.ɬ.ɧ., ɏɚɪɶɤɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ  

ɚɜɬɨɦɨɛɢɥɶɧɨ-ɞɨɪɨɠɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ⱥ.ȼ. ȿɜɬɭɲɟɧɤɨ, ɞɨɰ., ɤ.ɬ.ɧ., ɍɤɪɚɢɧɫɤɢɣ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ, ɝ. ɏɚɪɶɤɨɜ 

 
Аɧɧɨɬаɰиɹ.  Кɪɚɬɤɨ ɨɩɢɫɚɧɵ ɩɪɨɝɪɚɦɦɵ «ɋК» ɢ «ȼК» ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ 
ɢ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɶɧɵɯ ɩɪɢɦɟɪɨɜ ɩɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɬɟɫɬɨɜɵɯ 
ɡɚɞɚɱ ɩɥɨɫɤɨɣ ɪɚɦɵ, ɫɜɚɪɟɧɧɨɣ ɢɡ ɲɜɟɥɟɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɮɨɪɦɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ɷɬɨɣ ɪɚɦɵ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɟ. 
 
Клɸɱевые ɫлɨва: ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɫɨɛɫɬɜɟɧɧɵɟ ɢ ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ, ɩɥɨɫɤɚɹ 
ɪɚɦɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ, ɧɚɩɪɚɜɥɹɸɳɚɹ ɥɨɩɚɬɤɚ ɤɨɦɩɪɟɫɫɨɪɚ.  

 
ȺɉɊɈȻȺɐȱə ɉɊɈȽɊȺɆ ɊɈɁɊȺɏɍɇɄɍ ȼɅȺɋɇɂɏ ɑȺɋɌɈɌ ȱ ȼɂɆɍɒȿɇɂɏ 

ɄɈɅɂȼȺɇɖ ɇȺ ɆɈȾȿɅɖɇɂɏ ɁȺȾȺɑȺɏ 
 

Ⱥ.ȼ. ɉɨɝɪɟɛɧɹɤ, ɞɨɰ., ɤ.ɬ.ɧ., ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ  
ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ, Ⱥ.ȼ. Єɜɬɭɲɟɧɤɨ, ɞɨɰ., ɤ.ɬ.ɧ., ɍɤɪɚʀɧɫɶɤɢɣ 

ɞɟɪɠɚɜɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɡɚɥɿɡɧɢɱɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ, ɦ. ɏɚɪɤɿɜ 
 

Аɧɨɬаɰіɹ. ɋɬɢɫɥɨ ɞɚɧ ɨɩɢɫ ɩɪɨɝɪɚɦɢ «ɋК» ɿ «ȼК» ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɜɥɚɫɧɢɯ ɱɚɫɬɨɬ ɿ ɜɢɦɭɲɟɧɢɯ 
ɤɨɥɢɜɚɧɶ. əɤ ɤɨɧɬɪɨɥɶɧɿ ɩɪɢɤɥɚɞɢ ɜɢɤɨɧɚɧɨ ɪɨɡɪɚɯɭɧɤɢ ɬɟɫɬɨɜɢɯ ɡɚɜɞɚɧɶ ɩɥɨɫɤɨʀ ɪɚɦɢ, ɡɜɚɪɟ-
ɧɨʀ ɡɿ ɲɜɟɥɟɪɿɜ, ɧɚɜɟɞɟɧɨ ɮɨɪɦɭ ɜɢɦɭɲɟɧɢɯ ɤɨɥɢɜɚɧɶ ɰɿєʀ ɪɚɦɢ ɡɚ ɜɿɞɩɨɜɿɞɧɨʀ ɪɨɛɨɱɨʀ ɱɚɫɬɨɬɢ.  
 
Клɸɱɨві ɫлɨва: ɦɟɬɨɞ ɤɿɧɰɟɜɢɯ ɟɥɟɦɟɧɬɿɜ, ɜɥɚɫɧɿ ɬɚ ɜɢɦɭɲɟɧɿ ɤɨɥɢɜɚɧɧɹ, ɩɥɨɫɤɚ ɪɚɦɧɚ ɤɨɧɫ-
ɬɪɭɤɰɿɹ, ɧɚɩɪɹɦɧɚ ɥɨɩɚɬɤɚ ɤɨɦɩɪɟɫɨɪɚ. 
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A. PШРЫОЛЧвКФ, AЬЬШМ. PЫШП., CКЧН. SМ. (EЧР.), KСКЫФɿЯ ІКЭТШЧКХ AЮЭШЦШЛТХО  

КЧН HТРСаКв UЧТЯОЫЬТЭв, A. EЯЭЮЬСОЧФШ, AЬЬШМ. PЫШП., CКЧН. SМ. (EЧР.),  
UФЫКТЧТКЧ SЭКЭО UЧТЯОЫЬТЭв ШП RКТХаКв TЫКЧЬЩШЫЭ, KСКЫФТЯ  

 
Abstract. In tСТs papОr tСО proРrams «CK» anН «BK» Пor МalМulatТnР tСО natural ПrОquОnМТОs anН tСО 
ПorМОН ЯТbratТons arО brТОПlв prОsОntОН. SomО МalМulatТons oП tСО tОst tasks anН tСО Пlat МСannОl ПramО 
СaЯО bООn pОrПormОН as a tОst МasО. TСО НТaРram oП tСО ПorМОН ЯТbratТons oП tСТs ПramО at an approprТ-
atО opОratТnР ПrОquОnМв Тs prОsОntОН.  
 
Key words: ПТnТtО ОlОmОnt mОtСoН, natural anН ПorМОН ЯТbratТons, Пlat ПramО struМturО, МomprОssor 
РuТНО ЯanО. 
 
 

ȼɜɟɞɟɧɢɟ 
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ (ɋɑ) ɢ 
ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ (ȼɄ) ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɨɣ ɫɬɟɪɠɧɟɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɛɵɥɢ ɫɨ-
ɫɬɚɜɥɟɧɵ ɩɪɨɝɪɚɦɦɵ «ɋɄ» ɢ «ȼɄ», ɩɨɡɜɨ-

ɥɹɸɳɢɟ ɪɟɚɥɢɡɨɜɚɬɶ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ (ɆɄɗ), ɢɫɩɨɥɶɡɭɹ ɤɨɬɨɪɵɣ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɪɚɦɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɢɡ-
ɜɨɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ Дγ, 4Ж. ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɟ-
ɬɨɞɢɤɚ ɢ ɩɪɨɝɪɚɦɦɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚ-
ɧɵ ɞɥɹ ɪɚɫɱɟɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, 
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ɫɨɛɫɬɜɟɧɧɵɯ ɮɨɪɦ, ɚ ɬɚɤɠɟ ɜɵɧɭɠɞɟɧɧɵɯ 
ɤɨɥɟɛɚɧɢɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɫɬɟɪɠɧɟɜɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɪɢ-
ɜɨɞɢɦɵɯ ɤ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɬɟɪɠɧɟɣ. 

 
Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 
Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɞɚɧɧɨɣ ɬɟ-
ɦɨɣ, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɪɚɫɱɟɬɚɯ ɫɨɛɫɬɜɟɧ-
ɧɵɯ ɢ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɪɚɦɧɵɯ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɧɟ ɭɱɢɬɵɜɚɥɢɫɶ ɦɧɨɝɢɟ ɮɚɤɬɨɪɵ, ɚ 
ɢɦɟɧɧɨ: ɠɟɫɬɤɨɫɬɶ ɚɦɨɪɬɢɡɚɬɨɪɨɜ, ɦɨɦɟɧɬɵ 
ɢɧɟɪɰɢɢ ɦɚɫɫ, ɭɫɥɨɜɢɹ ɡɚɞɟɥɤɢ ɢ ɬ.ɞ. Д1, βЖ. 

 
ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɚɩɪɨɛɚɰɢɹ ɩɪɨɝɪɚɦɦ 
ɪɚɫɱɟɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɜɵɧɭɠɞɟɧɧɵɯ 
ɤɨɥɟɛɚɧɢɣ ɪɚɦɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɧɚ ɩɪɢɦɟɪɚɯ 
ɬɟɫɬɨɜɵɯ ɡɚɞɚɱ ɩɥɨɫɤɨɣ ɪɚɦɵ, ɫɜɚɪɟɧɧɨɣ ɢɡ 
ɲɜɟɥɥɟɪɨɜ, ɢ ɪɚɫɱɟɬ ɥɨɩɚɬɨɤ ɤɨɦɩɪɟɫɫɨɪɚ. 
 
Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɭɱɢɬɶ ɮɨɪɦɵ ɤɨɥɟɛɚ-
ɧɢɣ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɷɬɢɯ ɤɨɧɫɬɪɭɤɰɢɣ, 
ɛɥɢɡɤɢɯ ɤ ɪɟɡɨɧɚɧɫɧɵɦ. 
 
Ɂɚɞɚɱɢ ɡɚɤɥɸɱɚɸɬɫɹ: 1 – ɜ ɪɚɡɪɚɛɨɬɤɟ ɩɪɨ-
ɝɪɚɦɦ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚ ɗȼɆ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚ-
ɫɬɨɬ ɢ ɮɨɪɦ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɟɧɢɹ ɞɟɮɨɪɦɢɪɨ-
ɜɚɧɧɨɣ ɤɚɪɬɢɧɵ ɪɚɦɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ 
ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɹɯ ɜ ɡɚɞɚɧɧɨɦ ɞɢɚɩɚ-
ɡɨɧɟ ɱɚɫɬɨɬ; β – ɜ ɪɚɫɱɟɬɟ ɪɹɞɚ ɬɟɫɬɨɜɵɯ 
ɩɪɢɦɟɪɨɜ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɢ ɜɵɧɭɠɞɟɧɧɵɟ 
ɤɨɥɟɛɚɧɢɹ ɩɥɨɫɤɨɣ ɪɚɦɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ; γ – 
ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧ-
ɧɨɣ ɦɟɬɨɞɢɤɢ Дγ, 4Ж ɧɚ ɗȼɆ ɩɪɢɦɟɧɢɬɟɥɶɧɨ 
ɤ ɤɨɦɩɪɟɫɫɨɪɧɵɦ ɥɨɩɚɬɤɚɦ. 
 

Ɋɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧ-
ɬɨɜ (ɆɄɗ) ɩɪɢ ɪɚɫɱɟɬɟ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚ-

ɫɬɨɬ ɢ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɨɣ ɫɬɟɪɠɧɟɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

 
ɋɨɝɥɚɫɧɨ ɩɪɨɝɪɚɦɦɚɦ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɧɚɱɢ-
ɧɚɟɬɫɹ ɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɟɪɜɵɯ ɲɟɫɬɢ ɫɬɪɨɤ 
ɦɚɬɪɢɰ ДКЖɟ ɢ ДmЖɟ ɞɥɹ ɩɟɪɜɨɝɨ ɭɡɥɚ (ɬɚɛɥ.1 
Д4Ж). Ɂɚɬɟɦ ɫ ɩɨɦɨɳɶɸ ɩɨɞɩɪɨɝɪɚɦɦ ɫɮɨɪɦɢ-
ɪɨɜɚɧɧɵɟ ɫɬɪɨɤɢ ɦɚɬɪɢɰ ДКЖɟ ɢ ДmЖɟ ɩɪɟɨɛɪɚ-
ɡɭɸɬɫɹ ɜ ɫɬɪɨɤɢ ɦɚɬɪɢɰ ДК′Жɟ ɢ Дm′Жɟ, ɤɨɬɨɪɵɟ 
ɢɦɟɸɬ ɨɪɢɟɧɬɚɰɢɸ ɜ ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ. ɉɨɥɭɱɟɧɧɵɟ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰ 
ДК′Жɟ ɢ Дm′Жɟ ɪɚɫɫɵɥɚɸɬɫɹ ɡɚɬɟɦ ɩɨ ɩɪɢɧɰɢɩɭ 
ɧɚɤɨɩɥɟɧɢɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɟɫɬɚ ɦɚɬ-
ɪɢɰɵ ДК′Жɟ – Ȧβ∙Дm′Жɟ Дγ, ɋ. 16γЖ. ȼɫɟ ɷɬɢ ɨɩɟ-
ɪɚɰɢɢ ɩɨɜɬɨɪɹɸɬɫɹ ɞɥɹ ɜɫɟɯ ɭɡɥɨɜ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɩɨɪɹɞɤɟ ɢɯ 
ɧɭɦɟɪɚɰɢɢ. 

Ɉɛɳɚɹ ɦɚɬɪɢɰɚ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɢɦɟɟɬ 
ɥɟɧɬɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ. ȼɧɟ ɥɟɧɬɵ ɜɫɟ ɷɥɟɦɟɧ-
ɬɵ ɦɚɬɪɢɰɵ ɧɭɥɟɜɵɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɚɬɪɢɰɚ 
ɫɢɦɦɟɬɪɢɱɧɚ ɝɥɚɜɧɨɣ ɞɢɚɝɨɧɚɥɢ. ȼ ɩɪɨɰɟɫɫɟ 
ɪɟɲɟɧɢɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɷɥɟɦɟɧɬɵ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɟ ɜɧɟ ɥɟɧɬɵ, ɩɨɫɬɨɹɧɧɨ ɨɫɬɚɸɬɫɹ ɧɭ-
ɥɟɜɵɦɢ ɢ ɜ ɩɪɨɰɟɫɫɟ ɫɱɟɬɚ ɧɟ ɭɱɚɫɬɜɭɸɬ. ȼ 
ɫɢɥɭ ɫɢɦɦɟɬɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɥɚɜɧɨɣ ɞɢɚ-
ɝɨɧɚɥɢ ɞɨɫɬɚɬɨɱɧɵɦ ɹɜɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɥɟɧɬɵ ɬɨɥɶɤɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɭɡɥɚ, ɩɪɟ-
ɨɛɪɚɡɨɜɚɧɢɟ ɤ ɬɪɟɭɝɨɥɶɧɨɦɭ ɜɢɞɭ ɢ ɧɚɯɨɠ-
ɞɟɧɢɟ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɢɚɝɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧ-
ɬɨɜ, ɩɨɫɥɟ ɱɟɝɨ ɷɬɚ ɱɚɫɬɶ ɦɚɫɫɢɜɚ ɦɚɬɪɢɰɵ 
ɭɠɟ ɧɟ ɧɭɠɧɚ ɢ ɧɚ ɟɟ ɦɟɫɬɟ ɦɨɠɧɨ ɮɨɪɦɢɪɨ-
ɜɚɬɶ ɩɨɥɭɥɟɧɬɭ ɞɥɹ ɫɥɟɞɭɸɳɟɝɨ ɭɡɥɚ. Ɍɚɤɨɣ 
ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɧɚɯɨɠɞɟɧɢɹ 
ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɞɥɹ ɥɸɛɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, 
ɞɨɩɭɫɤɚɸɳɟɣ ɩɪɚɤɬɢɱɟɫɤɢ ɨɱɟɧɶ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ, ɧɟ ɩɪɢɛɟɝɚɹ ɤ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɜɧɟɲɧɟɣ ɩɚɦɹɬɢ. Ɍɚɤɨɣ 
ɩɪɢɧɰɢɩ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɫɨ-
ɯɪɚɧɢɬɶ ɢ ɩɪɢ ɪɟɲɟɧɢɢ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟ-
ɛɚɧɢɣ. ɋɮɨɪɦɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ 
ɪɟɲɚɟɬɫɹ ɦɟɬɨɞɨɦ ɤɜɚɞɪɚɬɧɨɝɨ ɤɨɪɧɹ. 
 
ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬɚɯ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɩɟɪɜɵɣ ɷɬɚɩ ɪɟɲɟɧɢɹ 
ɫɢɫɬɟɦɵ – ɨɛɪɚɬɧɵɣ ɯɨɞ. ɉɪɨɢɡɜɟɞɟɧɢɟ ɞɢɚ-
ɝɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɚɬɪɢɰɵ, ɩɨɥɭɱɟɧɧɵɯ 
ɩɪɢ ɩɪɹɦɨɦ ɯɨɞɟ, ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ ɨɩɪɟ-
ɞɟɥɢɬɟɥɹ ДγЖ. ɉɨɲɚɝɨɜɨɟ ɜɵɱɢɫɥɟɧɢɟ ɨɩɪɟɞɟ-
ɥɢɬɟɥɹ ɜ ɡɚɞɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɩɨɡɜɨɥɹ-
ɟɬ ɨɩɪɟɞɟɥɹɬɶ ɡɧɚɱɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, 
ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɦɟɫɬɟ ɩɟɪɟɦɟɧɵ ɡɧɚɤɚ 
ɨɩɪɟɞɟɥɢɬɟɥɹ. 
 
Ʉɚɤ ɬɨɥɶɤɨ ɩɟɪɟɦɟɧɚ ɡɧɚɤɚ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɚ, 
ɫɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ Ȧɫ ɫ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɶɸ 
İ ɧɚɯɨɞɢɬɫɹ ɦɟɬɨɞɨɦ ɩɨɥɨɜɢɧɧɨɝɨ ɞɟɥɟɧɢɹ ɢ 
ɭɬɨɱɧɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 
   Ȧɫ = Ȧ1 – DОt1 ∙ (Ȧβ ‒ Ȧ1) / (DОtβ ‒ DОt1),     (1) 
 
ɝɞɟ Ȧ1 ɢ Ȧβ – ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬ ɞɨ ɢ ɩɨɫɥɟ ɩɟ-
ɪɟɦɟɧɵ ɡɧɚɤɚ ɨɩɪɟɞɟɥɢɬɟɥɹ; DОt1 ɢ DОtβ ‒ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɢɟ ɱɚɫɬɨɬɚɦ Ȧ1 ɢ Ȧβ ɡɧɚɱɟɧɢɹ 
ɨɩɪɟɞɟɥɢɬɟɥɹ. 
 
ȼ ɯɨɞɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɚɲɢɧɚ ɜɵɜɨɞɢɬ ɧɚ 
ɩɟɱɚɬɶ ɩɨ ɫɬɨɥɛɰɚɦ ɬɪɢ ɡɧɚɱɟɧɢɹ: ɱɚɫɬɨɬɭ Ȧ, 
ɡɧɚɱɟɧɢɟ ɨɩɪɟɞɟɥɢɬɟɥɹ DОt ɢ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 
10Ɇȼ – ɡɧɚɱɟɧɢɟ ɦɚɫɲɬɚɛɚ Ɇȼ. ɉɨɞ ɦɚɫɲɬɚ-
ɛɨɦ ɩɨɧɢɦɚɸɬ ɬɚɤɨɟ ɱɢɫɥɨ Ɇȼ, ɤɨɬɨɪɨɟ ɩɨɡ-
ɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɟ ɨɩɪɟɞɟɥɢɬɟɥɹ DОt 
ɩɨ ɮɨɪɦɭɥɟ 
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                      DОt = DОt ∙ 10Ɇȼ.                       (β) 
 
ɉɪɨɝɪɚɦɦɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ (ȼɄ) 
ɜɵɞɚɟɬ ɧɚ ɩɟɱɚɬɶ ɩɟɪɟɦɟɳɟɧɢɟ ɭɡɥɨɜ (γ ɥɢ-
ɧɟɣɧɵɯ ɢ γ ɭɝɥɨɜɵɯ) ɜ ɩɨɪɹɞɤɟ ɢɯ ɧɭɦɟɪɚ-
ɰɢɢ. 
 
ɋɨɫɬɚɜɥɟɧɢɟ ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ – ɨɬɜɟɬ-
ɫɬɜɟɧɧɵɣ, ɫɥɨɠɧɵɣ ɢ ɝɪɨɦɨɡɞɤɢɣ ɷɬɚɩ ɪɟɲɟ-
ɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɟɪɠɧɟɜɨɣ ɤɨɧɫɬɪɭɤ-
ɰɢɢ ɦɟɬɨɞɨɦ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ɉɧ, ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɩɨɞɷɬɚ-
ɩɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɬɪɟɛɭɟɬ ɩɨɜɵɲɟɧɧɨ-
ɝɨ ɜɧɢɦɚɧɢɹ ɢ ɱɟɬɤɨɫɬɢ: 1) ɫɨɫɬɚɜɥɟɧɢɟ ɪɚɫ-
ɱɟɬɧɨɣ ɫɯɟɦɵ ɪɟɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ; β) 
ɪɚɡɛɢɜɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧ-
ɬɵ; γ) ɡɚɩɨɥɧɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɦɚɫɫɢɜɨɜ 
ɱɢɫɥɨɜɵɦɢ ɞɚɧɧɵɦɢ. 
 
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɟ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɵɟ ɫɬɟɪɠɧɟɜɵɟ ɫɢɫɬɟɦɵ ɫ ɩɪɨɢɡɜɨɥɶ-
ɧɵɦ ɨɪɢɟɧɬɢɪɨɜɚɧɢɟɦ ɫɨɫɬɚɜɥɹɸɳɢɯ ɟɟ 
ɷɥɟɦɟɧɬɨɜ ɢ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɧɟɟ ɜɧɟɲɧɢɯ 
ɮɚɤɬɨɪɨɜ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɜɵɫɬɭ-
ɩɚɬɶ ɜɨɡɛɭɠɞɚɸɳɢɟ ɫɢɥɵ (ɜ ɫɥɭɱɚɟ ɜɵɧɭɠ-
ɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ), ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ ɦɚɫɫɵ 
ɢ ɩɪɭɠɢɧɵ. ȼ ɜɢɞɟ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɦɚɫɫ 
ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɩɪɢɤɪɟɩɥɟɧɧɨɟ ɤ ɪɚɦɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ. ȿɫɥɢ ɠɟ ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɷɬɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɥɢɲɤɨɦ ɭɞɚɥɟɧ ɨɬ ɧɟɣɬɪɚɥɶ-
ɧɨɣ ɨɫɢ ɫɬɟɪɠɧɟɜɨɝɨ ɷɥɟɦɟɧɬɚ, ɬɨ ɨɛɹɡɚɬɟɥɶ-
ɧɨ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɢ ɦɚɫɫɨɜɵɣ ɦɨɦɟɧɬ 
ɢɧɟɪɰɢɢ ɩɪɢɫɨɟɞɢɧɟɧɧɵɯ ɦɚɫɫ. ɍɫɥɨɜɢɹ ɡɚ-
ɤɪɟɩɥɟɧɢɹ ɜɨɫɩɪɨɢɡɜɨɞɹɬɫɹ ɱɟɪɟɡ ɧɚɥɢɱɢɟ 
ɩɪɭɠɢɧ, ɠɟɫɬɤɨɫɬɶ ɤɨɬɨɪɵɯ ɨɬɪɚɠɚɟɬ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɭɡɥɚ, ɜ ɤɨɬɨɪɨɦ ɡɚ-
ɤɪɟɩɥɟɧɚ ɩɪɭɠɢɧɚ. ɑɟɪɟɡ ɠɟɫɬɤɨɫɬɢ ɭɫɥɨɜ-
ɧɵɯ ɩɪɭɠɢɧ ɦɨɠɧɨ ɨɬɪɚɡɢɬɶ ɢ ɭɫɥɨɜɢɹ 
ɫɢɦɦɟɬɪɢɢ ɢɥɢ ɚɫɢɦɦɟɬɪɢɢ ɤɨɧɫɬɪɭɤɰɢɢ. 
 
Ʉ ɦɨɦɟɧɬɭ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɚɤɟɬɚ ɢɫɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɠɟɫɬɤɨɫɬ-
ɧɵɟ ɩɚɪɚɦɟɬɪɵ ɫɬɟɪɠɧɟɜɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧ-
ɫɬɪɭɤɰɢɢ (ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, 
ɝɥɚɜɧɵɟ ɰɟɧɬɪɚɥɶɧɵɟ ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ, ɦɨ-
ɦɟɧɬ ɢɧɟɪɰɢɢ ɩɪɢ ɱɢɫɬɨɦ ɤɪɭɱɟɧɢɢ), ɢɯ ɞɥɢ-
ɧɵ, ɚ ɬɚɤɠɟ ɨɪɢɟɧɬɚɰɢɸ ɫɬɟɪɠɧɟɜɵɯ ɷɥɟɦɟɧ-
ɬɨɜ ɜ ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. ɉɪɟɠɞɟ 
ɱɟɦ ɪɚɡɛɢɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟ-
ɦɟɧɬɵ, ɟɟ ɫɥɟɞɭɟɬ ɫɜɹɡɚɬɶ ɫ ɝɥɨɛɚɥɶɧɨɣ ɫɢ-
ɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ Б′В′Z′, ɧɚɱɚɥɨ ɤɨɬɨɪɨɣ ɦɨ-
ɠɟɬ ɛɵɬɶ ɜɵɛɪɚɧɨ ɩɪɨɢɡɜɨɥɶɧɨ, ɬ.ɤ. ɦɟɫɬɨ 
ɩɨɥɨɠɟɧɢɹ ɟɟ ɜ ɞɚɥɶɧɟɣɲɟɦ ɧɟ ɜɥɢɹɟɬ ɧɚ ɩɚ-
ɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɫɥɭɠɚɬ ɢɫɯɨɞɧɵɦɢ ɞɚɧ-
ɧɵɦɢ. ɑɟɬɤɨ ɨɩɪɟɞɟɥɟɧɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ 

ɨɪɢɟɧɬɢɪɨɜɚɧɢɟ ɨɫɟɣ ɝɥɨɛɚɥɶɧɨɣ ɫɢɫɬɟɦɵ 
ɤɨɨɪɞɢɧɚɬ. Ɉɧɢ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɫɜɨɣɫɬɜɚ-
ɦɢ ɩɪɚɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɬ.ɟ. ɫ ɤɨɧɰɚ ɢɡ 
ɥɸɛɨɣ ɢɡ ɨɫɟɣ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɩɨ-
ɜɨɪɨɬ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ. Ʉɨɥɢɱɟɫɬɜɨ 
ɷɥɟɦɟɧɬɨɜ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɤɨɧɫɬɪɭɤɰɢɢ, ɬɪɟ-
ɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɜɢɞɚ ɜɧɟɲɧɟɣ 
ɧɚɝɪɭɡɤɢ ɢ ɨɝɪɚɧɢɱɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɛɴɟ-
ɦɨɦ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ ɗȼɆ. 
 
ɇɚɝɪɭɡɤɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɢɥɨɠɟɧɧɨɣ ɜ ɭɡ-
ɥɚɯ, ɢ ɩɨɷɬɨɦɭ, ɧɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ ɪɚɫɩɪɟɞɟ-
ɥɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɞɥɹ ɟɟ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɦɨɞɟ-
ɥɢɪɨɜɚɧɢɹ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɫɥɭɱɚɹɯ ɫɥɟɞɭɟɬ 
ɜɜɨɞɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɡɥɵ. Ɉɛɹɡɚɬɟɥɶɧɨ 
ɜ ɭɡɥɚɯ ɞɨɥɠɧɵ ɛɵɬɶ ɬɚɤɠɟ ɩɪɭɠɢɧɵ ɢ ɦɟɫɬɚ 
ɫɬɵɤɨɜ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɉɪɢ ɪɚɡ-
ɛɢɜɤɟ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ 
ɧɭɦɟɪɭɸɬ ɭɡɥɵ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢ ɷɥɟ-
ɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ. ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɩɨ 
ɆɄɗ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɪɚɡɪɟɲɚɸɳɢɯ ɭɪɚɜ-
ɧɟɧɢɣ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɢɬ ɨɬ ɩɨ-
ɪɹɞɤɚ ɧɭɦɟɪɚɰɢɢ ɢ ɨɛɯɨɞɚ ɭɡɥɨɜ ɤɨɧɫɬɪɭɤ-
ɰɢɢ. ɉɪɢ ɩɪɚɜɢɥɶɧɨɣ ɧɭɦɟɪɚɰɢɢ ɭɡɥɨɜ 
ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɥɟɧɬɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ. 
 
Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɞɟɪɠɢɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɯ 
ɩɨɥɨɠɟɧɢɣ:1 – ɞɥɹ ɤɨɧɫɬɪɭɤɰɢɣ ɫ ɪɟɝɭɥɹɪ-
ɧɨɣ ɫɟɬɤɨɣ ɨɛɯɨɞ ɭɡɥɨɜ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ 
ɜɞɨɥɶ ɦɟɧɶɲɟɝɨ ɢɯ ɤɨɥɢɱɟɫɬɜɚ; β – ɞɥɹ ɤɨɧ-
ɫɬɪɭɤɰɢɣ, ɢɦɟɸɳɢɯ ɡɚɦɤɧɭɬɵɣ ɤɨɧɬɭɪ, ɨɛ-
ɯɨɞ ɭɡɥɨɜ ɢ ɢɯ ɧɭɦɟɪɚɰɢɸ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨ-
ɞɢɬɶ ɫɢɦɦɟɬɪɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɤɨɬɨɪɨɝɨ 
ɧɚɱɚɥɶɧɨɝɨ ɭɡɥɚ; γ – ɜ ɥɸɛɨɦ ɞɪɭɝɨɦ ɫɥɭɱɚɟ 
ɧɚɞɨ ɫɬɪɟɦɢɬɶɫɹ, ɱɬɨɛɵ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɫɨ-
ɫɟɞɧɢɦɢ ɧɨɦɟɪɚɦɢ ɭɡɥɨɜ ɛɵɥɚ ɧɚɢɦɟɧɶɲɟɣ. 
 
ɇɭɦɟɪɚɰɢɹ ɧɟɢɡɜɟɫɬɧɵɯ ɜ ɷɥɟɦɟɧɬɟ ɞɥɹ ɞɚɧ-
ɧɨɣ ɡɚɞɚɱɢ ɜɫɟɝɞɚ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɢ ɫɨ-
ɨɬɜɟɬɫɬɜɭɟɬ ɩɪɢɜɟɞɟɧɧɨɣ Д4, ɪɢɫ. 1, ɋ. 411Ж. 
 
ɑɢɫɥɨɜɵɟ ɞɚɧɧɵɟ ɤ ɩɪɨɝɪɚɦɦɚɦ «ɋɄ» ɢ 
«ȼɄ» ɹɜɥɹɸɬɫɹ ɨɛɳɢɦɢ. Ɉɧɢ ɫɨɞɟɪɠɚɬ ɢɧ-
ɮɨɪɦɚɰɢɸ ɨ ɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ, ɟɟ ɨɫɧɨɜ-
ɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ, ɨ ɫɬɪɭɤɬɭɪɟ ɪɚɡɛɢɟɧɢɹ 
ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ. Ɉɫɧɨɜɧɵɦɢ ɫɨɫɬɚɜ-
ɥɹɸɳɢɦɢ ɢɧɮɨɪɦɚɰɢɢ ɞɚɧɧɵɯ ɹɜɥɹɸɬɫɹ ɞɜɚ 
ɦɚɫɫɢɜɚ ɱɢɫɟɥ: ɦɚɫɫɢɜ D – ɫɨɞɟɪɠɢɬ ɢɧɮɨɪ-
ɦɚɰɢɸ ɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɫɢɥɨɜɵɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚɯ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɢɥɢ ɭɡɥɚ, ɢ ɦɚɫ-
ɫɢɜ ɋ – ɨɬɪɚɠɚɟɬ ɫɬɪɭɤɬɭɪɭ ɪɚɡɛɢɟɧɢɹ ɧɚ 
ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ.  
 

Ɋɚɫɱɟɬ ɬɟɫɬɨɜɵɯ ɡɚɞɚɱ 
 

ȼ ɤɚɱɟɫɬɜɟ ɬɟɫɬɨɜɵɯ ɨɛɴɟɤɬɨɜ ɛɵɥɢ ɜɡɹɬɵ 
ɛɚɥɤɢ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɯɚ-
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ɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɧɨ ɪɚɡɥɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ 
ɡɚɤɪɟɩɥɟɧɢɹ ɢ ɜɢɞɚɦɢ ɤɨɥɟɛɚɧɢɣ (ɬɚɛɥ. 1, 
ɬɟɫɬɵ 5Ⱥ…5Ʉ ДβЖ).  

 
Ɍɚɛɥɢɰɚ 1 Ɋɚɫɱɟɬ ɫɨɛɫɬɜɟɧɵɯ ɱɚɫɬɨɬ ɬɟɫɬɨɜɵɯ 

ɡɚɞɚɱ ДβЖ 
 

Ɍɟ
ɫɬ

 Дβ
Ж 

Ɂɚɞɚɱɚ 
Ɍɨ

ɱɧ
ɨɟ

 ɪ
ɟ-

ɲ
ɟɧ

ɢɟ
, ɪ

ɚɞ
/ɫ

 

Ɋɚ
ɫɱ

ɟɬ
ɧɨ

ɟ 
ɪɟ

ɲ
ɟɧ

ɢɟ
, 

ɪɚ
ɞ/

ɫ 

ɉ
ɨɝ

ɪɟ
ɲ

-
ɧɨ

ɫɬ
ɶ,

 %
 

5
Ⱥ 

 
ɩɪɨɞɨɥɶɧɵɟ 
ɤɨɥɟɛɚɧɢɹ 

Ȧ1 = 1,57 
Ȧβ = 4,71 
Ȧγ = 7,85 

Ȧ1 = 1,57 
Ȧβ = 4,67 
Ȧγ = 7,65 

0 
0,85 
β,5 

5
ȼ 

 
ɩɪɨɞɨɥɶɧɵɟ 
ɤɨɥɟɛɚɧɢɹ 

Ȧ1 = 0,86 Ȧ1 = 0,86 0 

5
ɋ 

 
ɩɨɩɟɪɟɱɧɵɟ 
ɤɨɥɟɛɚɧɢɹ 

Ȧ1 = 9,87 
Ȧβ = γ9,48 
Ȧγ = 88,8γ 

Ȧ1 = 9,87 
Ȧβ = γ9,48 
Ȧγ = 88,76 

0 
0 

0,08 
5
D 

 
ɩɨɩɟɪɟɱɧɵɟ 
ɤɨɥɟɛɚɧɢɹ 

Ȧ1 = γ,5β 
Ȧβ = ββ,04 
Ȧγ = 61,70 

Ȧ1 = γ,5β 
Ȧβ = ββ,04 
Ȧγ = 61,67 

0 
0 

0,05 
5
E 

 
ɩɨɩɟɪɟɱɧɵɟ 
ɤɨɥɟɛɚɧɢɹ 

Ȧ1 = ββ,γ7 
Ȧβ = 61,6β 
 

Ȧ1 = ββ,γ7 
Ȧβ = 61,65 
 

0 
0,05 

5
F 

 
ɩɨɩɟɪɟɱɧɵɟ 
ɤɨɥɟɛɚɧɢɹ 

Ȧ1 = ββ,γ7 
 

Ȧ1 = ββ,γ7 
 

0 

5
G 

 
ɩɨɩɟɪɟɱɧɵɟ 
ɤɨɥɟɛɚɧɢɹ 

Ȧ1 = 15,44 
Ȧβ = 49,98 
Ȧγ= 104,β4 

Ȧ1 = 15,4β 
Ȧβ = 49,95 
Ȧγ= 104,1γ 

0,1γ 
0,06 
0,11 

5
H 

 
ɩɨɩɟɪɟɱɧɵɟ 
ɤɨɥɟɛɚɧɢɹ 

Ȧ1 = 9,00 
 

Ȧ1 = 8,81 
 

β,11 

5
K 

 
ɩɨɩɟɪɟɱɧɵɟ 
ɤɨɥɟɛɚɧɢɹ 

Ȧ1 = 1,99 
 

Ȧ1 = 1,88 5,5γ 

 
ȼɨ ɜɫɟɯ ɷɬɢɯ ɡɚɞɚɱɚɯ ɫɬɟɪɠɟɧɶ ɞɟɥɢɥɫɹ ɧɚ 10 
ɨɞɢɧɚɤɨɜɨɣ ɞɥɢɧɵ ɷɥɟɦɟɧɬɨɜ, ɧɭɦɟɪɚɰɢɹ 
ɭɡɥɨɜ ɢ ɷɥɟɦɟɧɬɨɜ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɫɥɟɜɚ 
ɧɚɩɪɚɜɨ. Ɉɞɢɧɚɤɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɞɟɥɟɧɢɹ ɧɚ 
ɷɥɟɦɟɧɬɵ, ɚ ɬɚɤɠɟ ɨɛɳɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ (F = Iв =Iг =Ik =ρ = E=G=L=1) 
ɩɨɡɜɨɥɢɥɢ ɫɨɫɬɚɜɢɬɶ ɩɚɤɟɬ ɢɫɯɨɞɧɵɯ ɞɚɧ-
ɧɵɯ, ɤɨɬɨɪɵɣ ɜ ɨɫɧɨɜɧɨɦ ɹɜɥɹɥɫɹ ɨɛɳɢɦ ɞɥɹ 
ɜɫɟɯ ɡɚɞɚɱ. ɂɫɤɥɸɱɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɬɨɥɶɤɨ 
ɩɟɪɜɚɹ ɝɪɭɩɩɚ ɞɚɧɧɵɯ ɦɚɫɫɢɜɚ D, ɤɨɬɨɪɚɹ 
ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɡɚɞɚɱ ɢɦɟɟɬ ɫɜɨɣ ɜɢɞ. 
 
ȼ ɡɚɞɚɱɟ 5Ⱥ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɨɞɨɥɶɧɵɟ 
ɤɨɥɟɛɚɧɢɹ ɤɨɧɫɨɥɶɧɨɝɨ ɫɬɟɪɠɧɹ. Ɂɚɞɟɥɤɚ 
ɫɥɟɜɚ (1-ɣ ɭɡɟɥ) ɢɦɢɬɢɪɭɟɬɫɹ ɚɦɨɪɬɢɡɚɬɨɪɨɦ 
ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɠɟɫɬɤɨɫɬɢ ɩɨ ɜɫɟɦ ɲɟɫɬɢ ɫɬɟ-
ɩɟɧɹɦ ɫɜɨɛɨɞɵ. ɉɪɨɦɟɠɭɬɨɱɧɵɟ ɭɡɥɵ 
(β…10) ɢ ɩɨɫɥɟɞɧɢɣ 11 ɭɡɟɥ ɧɚɯɨɞɹɬɫɹ ɜ 
ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ. Ⱦɥɹ ɧɢɯ ɫɭɳɟɫɬɜɭɟɬ 
ɫɜɨɛɨɞɚ ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ. ɇɚ ɞɪɭ-
ɝɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɧɚɥɨɠɟɧɚ ɫɜɹɡɶ ɬɚɤɠɟ ɱɟɪɟɡ 

ɠɟɫɬɤɢɣ ɚɦɨɪɬɢɡɚɬɨɪ. ȼ ɡɚɞɚɱɟ 5ȼ ɪɚɫɫɦɚɬ-
ɪɢɜɚɸɬɫɹ ɩɪɨɞɨɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ ɤɨɧɫɨɥɶɧɨ-
ɝɨ ɫɬɟɪɠɧɹ ɫ ɦɚɫɫɨɣ ɧɚ ɤɨɧɰɟ. 
 
ɍɫɥɨɜɢɹ ɡɚɞɟɥɤɢ ɞɥɹ ɷɬɨɣ ɡɚɞɚɱɢ ɜɨ ɜɫɟɯ ɭɡ-
ɥɚɯ ɬɚɤɢɟ ɠɟ, ɤɚɤ ɢ ɜ ɡɚɞɚɱɟ 5Ⱥ. ȼ ɢɧɮɨɪɦɚ-
ɰɢɸ 11 ɭɡɥɚ ɫɥɟɞɭɟɬ ɞɨɛɚɜɢɬɶ ɜɟɥɢɱɢɧɭ ɫɨ-
ɫɪɟɞɨɬɨɱɟɧɧɨɣ ɦɚɫɫɵ (Ɇ=1). ȼ ɡɚɞɚɱɚɯ 
5ɋ…5Ʉ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɨɩɟɪɟɱɧɵɟ ɤɨɥɟ-
ɛɚɧɢɹ ɫɬɟɪɠɧɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɡɚ-
ɤɪɟɩɥɟɧɢɹ ɩɨ ɤɨɧɰɚɦ. ȼ ɭɡɥɟ 11 ɡɚɞɚɱɢ 5Ʉ 
ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ Ɇ=6,β8. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 1, ɝɞɟ 
ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɩɨ-
ɥɭɱɟɧɧɵɯ ɱɚɫɬɨɬ ɫ ɬɨɱɧɵɦ ɪɟɲɟɧɢɟɦ, ɤɨɬɨ-
ɪɵɟ ɹɜɥɹɸɬɫɹ ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ. 
 

ɋɨɛɫɬɜɟɧɧɵɟ ɢ ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ 
ɪɚɦɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

 
ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɶɧɨɝɨ ɩɪɢɦɟɪɚ ɩɪɨɢɡɜɟ-
ɞɟɧ ɪɚɫɱɟɬ ɩɥɨɫɤɨɣ ɪɚɦɵ, ɫɜɚɪɟɧɧɨɣ ɢɡ ɲɜɟ-
ɥɟɪɨɜ (ɪɢɫ. 1).  
 

 
 

Ɋɢɫ. 1. Ʉɨɥɟɛɥɸɳɚɹɫɹ ɪɚɦɚ 
 

Ʉ ɪɚɦɟ ɩɪɢɤɪɟɩɥɟɧɚ ɪɚɛɨɱɚɹ ɩɥɨɫɤɨɫɬɶ ɜɟɫɨɦ 
G = β40 ɤɝ, ɤɨɬɨɪɚɹ ɧɚ ɪɚɦɭ ɩɟɪɟɞɚɟɬɫɹ ɜ 
ɜɨɫɶɦɢ ɦɟɫɬɚɯ ɤɪɟɩɥɟɧɢɹ, ɨɛɨɡɧɚɱɟɧɧɵɯ 
ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ Q (Q = G/8 = γ0 ɤɝ). Ʉɪɨɦɟ 
ɬɨɝɨ, ɧɚ ɪɚɦɭ ɨɩɢɪɚɟɬɫɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ 
ɜɟɫɨɦ Gɞ = 60 ɤɝ, ɞɟɣɫɬɜɢɟ ɤɨɬɨɪɨɝɨ ɡɚɦɟɧɹ-
ɟɬɫɹ ɫɢɥɚɦɢ Qɞ (Qɞ = Gɞ/β = γ0 ɤɝ), ɢ ɜɢɛɪɚ-
ɬɨɪ ɜɟɫɨɦ Gɜ = 1β0 ɤɝ (Qɜ = Gɜ/β = γ0 ɤɝ). 
ȼɨɡɛɭɠɞɟɧɢɟ ɧɚ ɪɚɦɭ ɩɟɪɟɞɚɟɬɫɹ ɱɟɪɟɡ ɜɢɛ-
ɪɚɬɨɪ ɜ ɦɟɫɬɚɯ ɤɨɧɬɚɤɬɚ ɟɝɨ ɫ ɪɚɦɨɣ. Ɉɧɨ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɟɛɚɥɚɧɫɨɦ ɜɟɫɨɦ Ɋ = β ɤɝ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɨɬ ɨɫɢ ɜɪɚɳɟɧɢɹ ɧɚ ɪɚɫɫɬɨɹ-
ɧɢɢ RAD = 1 ɫɦ. 
 
ȼɟɤɬɨɪ ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɥɵ ɫ ɩɥɨɫɤɨɫɬɶɸ 
ɪɚɦɵ ɨɛɪɚɡɭɟɬ ɭɝɨɥ ȕ = γ0. Ɋɚɦɚ ɫ ɨɫɧɨɜɚɧɢ-
ɟɦ ɫɜɹɡɚɧɚ ɩɪɭɠɢɧɚɦɢ (8 ɲɬ.), ɢɦɟɸɳɢɦɢ 
ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 



ВеȟȠник ХНАДУ, вып. 73, 2016 
 
108 

ɋɭ′ = 1γ,7 ɤɝ/ɫɦ; ɋɯ′ = ɋг′ = γ0 ɤɝ/ɫɦ; 
ɋɯ′ɭ′ = ɋɭ′г′ = ɋг′ɯ′ = 0. 

 
Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɪɚɦɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫ. β.  
 

 
Ɋɢɫ. β. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɤɨɥɟɛɥɸɳɟɣɫɹ ɪɚɦɵ 

 
ɉɪɢɜɟɞɟɧɧɚɹ ɪɚɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɥɨɫ-
ɤɭɸ ɫɬɟɪɠɧɟɜɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɫɨɫɬɨɹɳɭɸ 
ɢɡ ɞɜɭɯ ɩɪɨɞɨɥɶɧɵɯ ɫɬɟɪɠɧɟɣ ȺȺ ɢ ȼȼ ɢ 
ɞɜɭɯ ɩɨɩɟɪɟɱɢɧ – ɋɋ ɢ ȾȾ. ɋɨɫɪɟɞɨɬɨɱɟɧ-
ɧɵɟ ɦɚɫɫɵ ɢɦɟɸɬ ɜɟɥɢɱɢɧɭ m = P/Р =  
= 0,γ ɤɝ∙ɫβ/ɦ; mР = m; mɜ = 0,06 ɤɝ∙ɫβ/ɦ. 
 
Ƚɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɜɨɡɛɭɠɞɚɸ-
ɳɟɣ ɫɢɥɵ ɩɪɨɯɨɞɢɬ ɜɞɨɥɶ ɥɢɧɢɢ 00, ɪɚɡɞɟ-
ɥɹɸɳɟɣ ɪɚɦɭ ɧɚ ɞɜɟ ɫɢɦɦɟɬɪɢɱɧɵɟ ɱɚɫɬɢ. 
ɋɢɦɦɟɬɪɢɹ ɝɟɨɦɟɬɪɢɢ ɪɚɦɵ ɢ ɜɧɟɲɧɟɝɨ ɜɨɡ-
ɛɭɠɞɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɬɨɥɶɤɨ 
ɩɨɥɨɜɢɧɭ ɪɚɦɵ, ɡɚɩɢɫɚɜ ɭɫɥɨɜɢɟ ɫɢɦɦɟɬɪɢɢ 
ɜ ɭɡɥɚɯ ɪɚɡɞɟɥɚ ɪɚɦɵ. ɍɡɥɵ ɪɚɡɛɢɜɤɢ ɪɚɦɵ 
ɧɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ɩɪɨɧɭɦɟɪɨɜɚɧɵ ɚɪɚɛ-
ɫɤɢɦɢ ɰɢɮɪɚɦɢ, ɚ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ – ɪɢɦ-
ɫɤɢɦɢ. Ɋɚɦɚ ɪɚɡɛɢɬɚ ɧɚ β6 ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧ-
ɬɨɜ. ȼɫɟɝɨ ɢɦɟɟɬɫɹ β7 ɭɡɥɨɜ. 
 
ɍɡɥɵ ɩɟɪɜɨɝɨ ɬɢɩɚ (1 ɢ β7) ɹɜɥɹɸɬɫɹ ɭɡɥɚɦɢ 
ɪɚɡɞɟɥɚ ɪɚɦɵ ɧɚ ɞɜɟ ɫɢɦɦɟɬɪɢɱɧɵɟ ɱɚɫɬɢ. 
ɍɫɥɨɜɢɟ ɫɢɦɦɟɬɪɢɢ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ, ɡɚɞɚɜ 
ɜɵɫɨɤɢɟ ɠɟɫɬɤɨɫɬɢ ɭɫɥɨɜɧɵɯ ɩɪɭɠɢɧ  ɜ ɷɬɢɯ 
ɭɡɥɚɯ, ɱɬɨ ɧɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɥɢɧɟɣɧɨɝɨ 
ɩɟɪɟɦɟɳɟɧɢɹ ɭɡɥɚ ɪɚɦɵ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ Z′ 
ɢ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɜɨɤɪɭɝ ɨɫɟɣ Б′ ɢ В′. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɭɠɢɧɵ ɜ ɞɪɭɝɢɯ ɧɚɩɪɚɜ-
ɥɟɧɢɹɯ ɫɥɟɞɭɟɬ ɭɦɟɧɶɲɢɬɶ ɜɞɜɨɟ: Cв′ = 
= 6,85 ɤɝ/ɫɦ; Cб′ = 15 ɤɝ/ɫɦ. 
 
ɍɡɥɵ ɜɬɨɪɨɝɨ ɬɢɩɚ (γ, 9, 16, β0 ɢ β5) ɫɨɞɟɪ-
ɠɚɬ ɜ ɫɟɛɟ ɬɨɥɶɤɨ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɟ ɦɚɫɫɵ m 
ɢɥɢ mР. 
 

Ɍɪɟɬɢɣ ɬɢɩ ɭɡɥɨɜ (7, 14, 19) ɯɚɪɚɤɬɟɪɢɡɭɸɬ 
ɩɪɭɠɢɧɵ, ɤɨɬɨɪɵɦɢ ɫɜɹɡɚɧɚ ɪɚɦɚ ɫ ɨɫɧɨɜɚ-
ɧɢɟɦ, ɢ ɩɨɷɬɨɦɭ ɢɧɮɨɪɦɚɰɢɹ ɫɨɞɟɪɠɢɬ ɜ ɫɟ-
ɛɟ ɠɟɫɬɤɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɭɠɢɧ. 
 
ɍɡɟɥ 1γ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɡɟɥ ɱɟɬɜɟɪɬɨɝɨ 
ɬɢɩɚ, ɜ ɤɨɬɨɪɨɦ ɪɚɡɦɟɳɟɧɚ ɦɚɫɫɚ ɜɢɛɪɨɜɨɡ-
ɛɭɞɢɬɟɥɹ mɜ ɢ ɞɟɣɫɬɜɭɟɬ ɜɨɡɛɭɠɞɚɸɳɚɹ ɫɢɥɚ 
ɫ ɧɚɩɪɚɜɥɹɸɳɢɦɢ ɤɨɫɢɧɭɫɚɦɢ: Paб′ = 0,8667; 
Paв′ = 0,5; Paг′ = 0. 
 
ɉɨɢɫɤ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ 
ɩɪɨɝɪɚɦɦɟ «ɋɄ» ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ 
0…500 ɪɚɞ/ɫ. ȼ ɢɬɨɝɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭ-
ɸɳɢɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ: Ȧ1 = =15,γ ɪɚɞ/ɫ; 
Ȧβ = 16,79 ɪɚɞ/ɫ; Ȧγ = ββ,74 ɪɚɞ/ɫ; Ȧ4 =  
= 158,5γ ɪɚɞ/ɫ; Ȧ5 = β56,67 ɪɚɞ/ɫ; Ȧ6 =  
= γ7γ,64 ɪɚɞ/ɫ; Ȧ7 = 404,68 ɪɚɞ/ɫ; Ȧ8 = 
= 41β,48 ɪɚɞ/ɫ. 
 
Ɏɨɪɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɦɨɠɧɨ ɩɨɥɭ-
ɱɢɬɶ ɩɨ ɩɪɨɝɪɚɦɦɟ «ȼɄ», ɡɚɞɚɜɚɹɫɶ ɡɧɚɱɟɧɢ-
ɹɦɢ ɱɚɫɬɨɬ, ɛɥɢɡɤɢɦɢ ɤ ɫɨɛɫɬɜɟɧɧɨɣ ɫɥɟɜɚ ɢ 
ɫɩɪɚɜɚ ɨɬ ɧɟɟ. ɋɪɚɜɧɢɜɚɹ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ 
ɷɬɢɯ ɱɚɫɬɨɬ ɩɨ ɩɟɪɟɦɟɧɟ ɡɧɚɤɚ ɤɚɤɨɝɨ-ɥɢɛɨ 
ɢɡ ɩɟɪɟɦɟɳɟɧɢɣ, ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɜɢɞɟ ɪɟɡɨ-
ɧɚɧɫɚ. Ⱦɥɹ ɜɫɟɯ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, ɛɥɢɡɤɢɯ 
ɤ ɪɟɡɨɧɚɧɫɧɵɦ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɮɨɪɦɵ ɤɨɥɟ-
ɛɚɧɢɣ, ɤɨɬɨɪɵɟ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫ. γ. 
 

 
 

Ɋɢɫ. γ. ɋɨɛɫɬɜɟɧɧɵɟ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ ɩɥɨɫ-
ɤɨɣ ɪɚɦɵ 

 
ɉɟɪɟɦɟɳɟɧɢɹ ɭɡɥɨɜ ɩɪɢ ɱɚɫɬɨɬɚɯ 
15,0…15,5 ɪɚɞ/ɫ ɢɦɟɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ 
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ɡɧɚɤɢ. Ɏɨɪɦɚ ɤɨɥɟɛɚɧɢɣ ɨɬɪɚɠɚɟɬ ɤɨɥɟɛɚɧɢɹ 
ɪɚɦɵ ɧɚ ɩɪɭɠɢɧɚɯ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ В′ ɤɚɤ 
ɟɞɢɧɨɝɨ ɰɟɥɨɝɨ (ɪɢɫ. γ, ɚ), ɬ.ɟ. ɪɟɡɨɧɢɪɭɸɬ 
ɩɪɭɠɢɧɵ ɜɞɨɥɶ ɫɜɨɟɣ ɨɫɢ. 

 
Ɏɨɪɦɚ ɤɨɥɟɛɚɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɜɬɨɪɨɣ 
ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɟ Ȧβ = 16,79 ɪɚɞ/ɫ 
(ɪɢɫ. γ, ɛ), ɬɚɤɠɟ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɤɨɥɟɛɚɧɢɹ 
ɪɚɦɵ ɤɚɤ ɟɞɢɧɨɝɨ ɰɟɥɨɝɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ 
0В′, ɬɨɥɶɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɭɠɢɧɵ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɟ ɫɥɟɜɚ, ɪɟɡɨɧɢɪɭɸɬ ɜ ɩɪɨɬɢɜɨɮɚɡɟ 
ɩɪɭɠɢɧɚɦ ɫɩɪɚɜɚ (ɝɚɥɨɩɢɪɨɜɚɧɢɟ).  
 
Ɍɪɟɬɶɹ ɮɨɪɦɚ ɤɨɥɟɛɚɧɢɣ, Ȧγ = ββ,74 ɪɚɞ/ɫ 
(ɪɢɫ. γ, ɜ), ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɥɟɛɚɧɢɹɦ ɪɚɦɵ 
ɤɚɤ ɟɞɢɧɨɝɨ ɰɟɥɨɝɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ 0Б′, 
ɬ.ɟ. ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɨɧɚɧɫ ɩɪɭɠɢɧ ɜ ɩɨɩɟ-
ɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɑɟɬɜɟɪɬɚɹ ɫɨɛɫɬɜɟɧɧɚɹ 
ɱɚɫɬɨɬɚ, Ȧ4 = 158,5 ɪɚɞ/ɫ, ɜɵɡɵɜɚɟɬ ɪɟɡɨɧɚɧɫ 
ɩɨ ɩɟɪɜɨɣ ɢɡɝɢɛɧɨɣ ɮɨɪɦɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɧɚɢɦɟɧɶɲɟɣ ɠɟɫɬɤɨɫɬɢ ɩɪɨɞɨɥɶɧɵɯ ɫɬɟɪɠ-
ɧɟɣ ȺȺ ɢ ȼȼ.  
 
Ʉɨɥɟɛɚɧɢɹ ɭɡɥɨɜ ɨɛɨɢɯ ɫɬɟɪɠɧɟɣ ɩɪɨɢɫɯɨɞɹɬ 
ɜ ɨɞɧɨɣ ɮɚɡɟ (ɪɢɫ. γ, ɝ). ɉɪɢ ɩɹɬɨɣ ɫɨɛɫɬɜɟɧ-
ɧɨɣ ɱɚɫɬɨɬɟ, Ȧ5 = β56,7 ɪɚɞ/ɫ, ɫɬɟɪɠɧɢ ȺȺ ɢ 
ȼȼ ɤɨɥɟɛɥɸɬɫɹ ɜ ɩɪɨɬɢɜɨɮɚɡɟ (ɪɢɫ. γ, ɞ). 
ɒɟɫɬɚɹ ɫɨɛɫɬɜɟɧɧɚɹ ɮɨɪɦɚ, Ȧ6 = γ7γ,6 ɪɚɞ/ɫ, 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɟɡɨɧɢɪɨɜɚɧɢɟɦ ɫɬɟɪɠɧɟɣ 
ɋɋ ɢ ȾȾ (ɪɢɫ. γ, ɟ). ɋɟɞɶɦɚɹ ɫɨɛɫɬɜɟɧɧɚɹ ɱɚ-
ɫɬɨɬɚ, Ȧ7 = 404,7 ɪɚɞ/ɫ, ɜɵɡɵɜɚɟɬ ɪɟɡɨɧɚɧɫ ɩɨ 
ɩɟɪɜɨɣ ɢɡɝɢɛɧɨɣ ɮɨɪɦɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɧɚɢɛɨɥɶɲɟɣ ɠɟɫɬɤɨɫɬɢ ɫɬɟɪɠɧɟɣ ȺȺ ɢ ȼȼ ɜ 
ɨɞɧɨɣ ɮɚɡɟ (ɪɢɫ. γ, ɠ). ȼ ɩɪɨɬɢɜɨɮɚɡɟ ɷɬɢ 
ɫɬɟɪɠɧɢ ɤɨɥɟɛɥɸɬɫɹ ɩɪɢ ɱɚɫɬɨɬɟ Ȧ8 = 
41β,5 ɪɚɞ/ɫ (ɪɢɫ. γ, ɤ).  
 
ɉɪɨɝɪɚɦɦɚ «ȼɄ» ɩɨɡɜɨɥɢɥɚ ɩɨɫɬɪɨɢɬɶ ɢ 
ɮɨɪɦɭ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɱɚɫɬɨɬɟ 
Ȧ = β00 ɪɚɞ/ɫ ɞɥɹ ɪɚɫɱɟɬɧɨɣ ɪɚɦɵ (ɪɢɫ. 4). 
 

 
 
Ɋɢɫ. 4. Ⱦɟɮɨɪɦɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɥɨɫɤɨɣ 

ɪɚɦɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɫɦ, ɩɪɢ ɱɚɫɬɨɬɟ 
Ȧ = β00 ɪɚɞ/ɫ 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɮɨɪɦɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟ-
ɛɚɧɢɣ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɫɨɛɫɬɜɟɧɧɨɣ 
ɮɨɪɦɨɣ ɤɨɥɟɛɚɧɢɣ ɩɥɨɫɤɨɣ ɪɚɦɵ (ɪɢɫ. γ, ɞ). 

 
Ɋɚɫɱɟɬ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɢ ɮɨɪɦ 

ɧɚɩɪɚɜɥɹɸɳɟɣ ɥɨɩɚɬɤɢ ɤɨɦɩɪɟɫɫɨɪɚ 
 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɧɚɩɪɚɜ-
ɥɹɸɳɚɹ ɥɨɩɚɬɤɚ II ɫɬɭɩɟɧɢ ɤɨɦɩɪɟɫɫɨɪɚ ȽɉȺ 
«ɗɜɨɧ». Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɤɨɧɫɨɥɶɧɵɣ ɫɬɟɪɠɟɧɶ ɩɟɪɟɦɟɧɧɨɝɨ ɫɟɱɟɧɢɹ, 
ɪɚɡɛɢɬɵɣ ɧɚ 10 ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. ȿɫɬɟ-
ɫɬɜɟɧɧɚɹ ɡɚɤɪɭɬɤɚ ɩɪɨɮɢɥɟɣ ɥɨɩɚɬɨɤ ɭɱɢɬɵ-
ɜɚɟɬɫɹ ɜ ɪɚɦɤɚɯ ɬɟɨɪɢɢ ɫɬɟɪɠɧɟɣ Ʉɢɪɯɝɨɮɚ–
Ʉɥɟɛɲɚ. 
 
ɉɟɪɜɚɹ ɫɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ, Ȧ1 = β519 ɪɚɞ/ɫ 
(ɪɢɫ. 5, ɚ), ɜɵɡɵɜɚɟɬ ɤɨɥɟɛɚɧɢɹ ɩɨ ɩɟɪɜɨɣ 
ɮɨɪɦɟ ɜ ɩɥɨɫɤɨɫɬɢ ɧɚɢɦɟɧɶɲɟɣ ɠɟɫɬɤɨɫɬɢ. 
ȼɬɨɪɚɹ ɫɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ, Ȧβ = 1γ9γ5 ɪɚɞ/ɫ 
(ɪɢɫ. 5, ɛ), ɜɵɡɵɜɚɟɬ ɢɡɝɢɛ ɩɨ ɜɬɨɪɨɣ ɮɨɪɦɟ ɜ 
ɬɨɣ ɠɟ ɩɥɨɫɤɨɫɬɢ. Ɍɪɟɬɶɹ ɫɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨ-
ɬɚ, Ȧγ = 15149 ɪɚɞ/ɫ (ɪɢɫ. 5, ɜ), ɹɜɥɹɟɬɫɹ ɩɟɪ-
ɜɨɣ ɤɪɭɬɢɥɶɧɨɣ ɱɚɫɬɨɬɨɣ. ɑɟɬɜɟɪɬɚɹ ɫɨɛ-
ɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ, Ȧ4 = β5γβ5 ɪɚɞ/ɫ (ɪɢɫ 5, ɝ), 
ɢɡɝɢɛɚɟɬ ɥɨɩɚɬɤɭ ɩɨ ɩɟɪɜɨɣ ɢɡɝɢɛɧɨɣ ɮɨɪɦɟ 
ɜ ɩɥɨɫɤɨɫɬɢ ɧɚɢɛɨɥɶɲɟɣ ɠɟɫɬɤɨɫɬɢ. 
 

 
                     ɚ                                      ɛ 

 
                     ɜ                                     ɝ 
Ɋɢɫ. 5. Ɏɨɪɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 

ɧɚɩɪɚɜɥɹɸɳɟɣ ɥɨɩɚɬɤɢ II ɫɬɭɩɟɧɢ ɤɨɦ-
ɩɪɟɫɫɨɪɚ «ɗɜɨɧ» 

 
ȼ ɬɚɛɥ. β ɩɪɢɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ 
ɱɚɫɬɨɬ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ. 
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Ɍɚɛɥɢɰɚ β ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ  
ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɩɪɚɜɥɹɸɳɟɣ 

ɥɨɩɚɬɤɢ II ɫɬɭɩɟɧɢ ɤɨɦɩɪɟɫɫɨɪɚ «ɗɜɨɧ» 
 

№
 ɱ

ɚɫ
ɬɨ

ɬɵ
 

ȼɢɞ ɤɨɥɟɛɚɧɢɣ 

Ɂɧɚɱɟɧɢɹ 
ɱɚɫɬɨɬ, ɪɚɞ/ɫ 

ɉ
ɨɝ

ɪɟ
ɲ

ɧɨ
ɫɬ

ɶ,
 

%
 

ɷɤɫ-
ɩɟɪ. 

ɪɚɫ-
ɱɟɬ. 

1 

ɢɡɝɢɛ ɩɨ ɩɟɪɜɨɣ 
ɮɨɪɦɟ ɜ ɩɥɨɫɤɨɫɬɢ 
ɧɚɢɦɟɧɶɲɟɣ ɠɟɫɬ-
ɤɨɫɬɢ  

β909 β519 1γ,4 

β 

ɢɡɝɢɛ ɩɨ ɜɬɨɪɨɣ 
ɮɨɪɦɟ ɜ ɩɥɨɫɤɨɫɬɢ 
ɧɚɢɦɟɧɶɲɟɣ ɠɟɫɬ-
ɤɨɫɬɢ 

1β805 1γ9γ5 8,8 

γ ɤɪɭɱɟɧɢɟ 15080 15149 0,46 

4 

ɢɡɝɢɛ ɩɨ ɩɟɪɜɨɣ 
ɮɨɪɦɟ ɜ ɩɥɨɫɤɨɫɬɢ 
ɧɚɢɛɨɥɶɲɟɣ ɠɟɫɬ-
ɤɨɫɬɢ 

‒ β5γβ5 ‒ 

 
ɋɨɜɩɚɞɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɱɚɫɬɨɬ ɫ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɦɢ ɦɨɠɧɨ ɭɥɭɱɲɢɬɶ, ɟɫɥɢ ɛɨɥɟɟ ɬɨɱɧɨ 
ɩɪɨɢɧɬɟɪɩɨɥɢɪɨɜɚɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɥɨɩɚɬɤɢ ɭ ɤɨɪɧɹ. 
 

ȼɵɜɨɞɵ 
 

ɉɪɨɝɪɚɦɦɵ ɹɜɥɹɸɬɫɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦɢ 
ɷɥɟɦɟɧɬɚɦɢ, ɧɟ ɬɪɟɛɭɸɳɢɦɢ ɩɪɢɥɨɠɟɧɢɹ 
ɧɢɤɚɤɢɯ ɞɪɭɝɢɯ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ. 
Ɉɧɢ ɧɚɱɢɧɚɸɬɫɹ ɫ ɧɟɨɛɯɨɞɢɦɵɯ ɨɩɢɫɚɧɢɣ 
ɩɟɪɟɦɟɧɧɵɯ ɢ ɦɚɫɫɢɜɨɜ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ 
ɢɦɟɬɶ ɜɜɢɞɭ, ɱɬɨ ɱɚɫɬɶ ɨɩɟɪɚɬɨɪɨɜ, ɤɚɫɚɸ-
ɳɢɯɫɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɢɧ ɦɚɫɫɢɜɨɜ ɢ ɨɝɥɚɜ-
ɥɟɧɢɹ ɞɚɧɧɵɯ ɡɚɞɚɱɢ, ɦɟɧɹɸɬɫɹ ɢ ɡɚɜɢɫɹɬ ɨɬ 
ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ. Ɂɚɬɟɦ ɫɥɟɞɭɸɬ ɨɩɟɪɚɬɨ-
ɪɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɜɜɨɞ ɢ ɩɟɱɚɬɶ ɢɫɯɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ. 
 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɠɧɨ ɩɨɫɬɪɨ-
ɢɬɶ ɮɨɪɦɵ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɧɟ-
ɨɛɯɨɞɢɦɨɣ ɱɚɫɬɨɬɟ, ɚ ɬɚɤɠɟ, ɫɪɚɜɧɢɜɚɹ ɮɨɪ-
ɦɵ ɤɨɥɟɛɚɧɢɣ ɷɬɢɯ ɱɚɫɬɨɬ ɩɨ ɩɟɪɟɦɟɧɟ ɡɧɚɤɚ 

ɤɚɤɨɝɨ-ɥɢɛɨ ɢɡ ɩɟɪɟɦɟɳɟɧɢɣ, ɦɨɠɧɨ ɫɭɞɢɬɶ 
ɨ ɜɢɞɟ ɪɟɡɨɧɚɧɫɚ. 
 
ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶ-
ɡɨɜɚɧɚ ɞɥɹ ɪɚɫɱɟɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ, ɫɨɛ-
ɫɬɜɟɧɧɵɯ ɮɨɪɦ, ɚ ɬɚɤɠɟ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟ-
ɛɚɧɢɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɫɬɟɪɠɧɟɜɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɩɪɢ-
ɜɨɞɹɳɢɯɫɹ ɤ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɬɟɪɠɧɟɣ (ɤɚɤ 
ɨɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ‒ ɥɨɩɚɬɤɢ ɤɨɦɩɪɟɫɫɨɪɨɜ ɢ 
ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɨɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɢ ɞɨɪɨɠ-
ɧɵɯ ɦɚɲɢɧ). 
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