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ɊɈɋɋɂə, ɌɈɆɋɄ, 22 – 25 ȺɉɊȿɅə 2014  ɝ.         ɏɂɆɂə 

ɆɈȾȿɅɂɊɈȼȺɇɂȿ ȼɁȺɂɆɈȾȿɃɋɌȼɂə ȽɍɆɂɇɈȼɕɏ ɄɂɋɅɈɌ ɋ 4Н–ɗɅȿɆȿɇɌȺɆɂ  

Ʉ.ȿ. Ɇɚɪɯɚɟɜɚ1, Ⱥ.ȼ. ɋɚɜɟɥɶɟɜɚβ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶμ ɧ.ɫ., ɤ.ɛ.ɧ. Ⱥ.ȼ. ɋɚɜɟɥɶɟɜɚ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ. Ɉ.ȿ. Ɇɨɣɡɟɫ  
1ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

Ɋɨɫɫɢɹ,  ɝ.Ɍɨɦɫɤ,  ɩɪ. Ʌɟɧɢɧɚ, γ0, θγζ0η0 
β ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɈ ɊȺɇ, Ɋɨɫɫɢɹ, ɝ. Ɍɨɦɫɤ, ɩɪ. Ⱥɤɚɞɟɦɢɱɟɫɤɢɣ, ζ, θγζ0β1 

E-ЦКТХμ ФЬ.СТЭЬЮРКвК@ЦКТХ.ЫЮ  
 

MODEL OPERATION OF INTERACTION OF HUMIC ACIDS АITH 4 Н– ELEMENTS  
Ʉ.ȿ. εКЫФСКвОЯК1, Ⱥ.↑. SКЯОХвОЯК β 

SМТОЧЭТПТМ SЮЩОЫЯТЬШЫμ PС.D. ТЧ BТШХШРв A.↑. SКЯОХвОЯКβ, КЬЬШМТКЭО PЫШПОЬЬШЫ Ɉ.ȿ. εШТЬОЬ1 

1TШЦЬФ PШХвЭОМСЧТМ UЧТЯОЫЬТЭв, RЮЬЬТК, TШЦЬФ, δОЧТЧ ЬЭЫ., γ0, θγζ0η0 
βIЧЬЭТЭЮЭО ШП PОЭЫШХОЮЦ CСОЦТЬЭЫв SB RAS1, ζ, AФКНОЦТМСОЬФв AЯО., θγζ0β1TШЦЬФ, RЮЬЬТК 

E-ЦКТХμ ФЬ.СТЭЬЮРКвК@ЦКТХ.ЫЮ  
 

IЭ Тs sСШаЧ ЭСКЭ ЦОМСКЧШМСОЦТМКХ  ЦШНТПТМКЭТШЧ ШП СЮЦТМ КМТНs ТЧ ЭСО ЩrОsОЧМО ШП СОКЯв ЦОЭКХs ЩrШЦШЭОs 
sШХТН-sЭКЭО rОКМЭТШЧs Лв ТЧМrОКsТЧР ШП ЩСОЧШХ КЧН МКrЛШбвХ РrШЮЩs ТЧ МШЦЛТЧКЭТШЧ аТЭС КХТЩСКЭТМ ЦТбЭЮrОs. АСОЧ 
ТЧ КrШЦКЭТМ rТЧР ЭСО ЩrШМОss ШП НОМrОКsТЧР ШП МКrЛШбвХ РrШЮЩs Тs sЭКЭОН. AЭ ЭСО sКЦО ЭТЦО ЭСО ТЧЭОЧsТЭв ШП ЩШХШ 
КЛsШrЛЭТШЧ ШП εО-τ МШЧЧОМЭТШЧs Тs ТЧМrОКsТЧР.  

 
ɏɢɦɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɝɭɦɢɧɨɜɵɯ ɤɢɫɥɨɬ (ȽɄΨ ɤɚɭɫɬɨɛɢɨɥɢɬɨɜ ɩɪɨɬɟɤɚɸɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ 

ɮɚɡ, ɢ ɢɯ ɫɤɨɪɨɫɬɶ ɥɢɦɢɬɢɪɭɟɬɫɹ ɞɢɮɮɭɡɢɨɧɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ. ɉɪɢɦɟɧɟɧɢɟ ɦɟɯɚɧɨɯɢɦɢɱɟɫɤɢɯ 

ɜɨɡɞɟɣɫɬɜɢɣ ɫɧɢɦɚɟɬ ɞɢɮɮɭɡɢɨɧɧɵɟ ɡɚɬɪɭɞɧɟɧɢɹ ɢ ɞɟɥɚɟɬ ɜɧɭɬɪɟɧɧɸɸ ɫɬɪɭɤɬɭɪɭ ɝɭɦɢɧɨɜɵɯ ɜɟɳɟɫɬɜ 

ɞɨɫɬɭɩɧɨɣ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ. Ɋɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ  ɩɪɢɨɛɪɟɬɚɟɬ ɢɧɬɟɪɟɫ ɜ 

ɫɜɹɡɢ ɫ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ȽɄ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ȽɄ ɪɚɡɥɢɱɧɵɯ 

ɢɨɧɨɝɟɧɧɵɯ ɝɪɭɩɩ  ɨɩɪɟɞɟɥɹɟɬ ɬɚɤɨɟ ɢɯ ɫɩɟɰɢɮɢɱɟɫɤɨɟ ɫɜɨɣɫɬɜɨ, ɤɚɤ ɹɜɥɟɧɢɟ ɦɧɨɝɨɰɟɧɬɪɨɜɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɢɨɧɚɦɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɬɟɥɹɦɢ. Д1Ж.  

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɝɭɦɢɧɨɜɵɯ ɤɢɫɥɨɬ ɫ 

ζН- ɷɥɟɦɟɧɬɚɦɢ ɜ ɩɪɨɰɟɫɫɟ ɬɜɟɪɞɨɮɚɡɧɨɣ ɪɟɚɤɰɢɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ȽɄ ɜɟɪɯɨɜɨɝɨ ɬɨɪɮɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ɍɟɦɧɨɟ 

Ɍɨɦɫɤɨɣ ɨɛɥɚɫɬɢ. Ɇɨɞɢɮɢɰɢɪɭɸɳɢɦɢ ɪɟɚɝɟɧɬɚɦɢ ɫɥɭɠɢɥɢ ɫɨɥɢ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ 1 ɢ γ ɦɚɫ. % (σТSτζ, 

CЮSτζ, CНSτζΨ, ɬɚɤɠɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ εРSτζ (0.η, 1, β, γ%Ψ ɧɚ ɩɪɨɰɟɫɫ 

ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ. Ɇɟɯɚɧɨɨɛɪɚɛɨɬɤɭ ȽɄ ɩɪɨɜɨɞɢɥɢ ɧɚ ɭɫɬɚɧɨɜɤɟ ȺȽɈ-βɆ ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɨɜ 

ɜ ɩɟɪɟɧɨɫɧɨɦ ɞɜɢɠɟɧɢɢ 18β0 ɨɛ/ɦɢɧ, ɜɪɟɦɹ ɢɡɦɟɥɶɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ β ɦɢɧ., ɭɫɤɨɪɟɧɢɟ θ00 ɦ/ɫβ. ɉɨɫɥɟ 

ɩɪɨɜɟɞɟɧɢɹ ɦɟɯɚɧɨɯɢɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ȽɄ ɨɱɢɳɚɥɢ ɨɬ ɧɟ ɩɪɨɪɟɚɝɢɪɨɜɚɜɲɢɯ ɫɨɥɟɣ ɦɟɬɨɞɨɦ 

ɩɟɪɟɨɫɚɠɞɟɧɢɹ ɜ 0.1 ɧ ɪɚɫɬɜɨɪɟ σКτH. 

ɋ ɩɨɦɨɳɶɸ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɢɬɪɨɜɚɧɢɹ ɪɚɫɬɜɨɪɨɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ȽɄ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ 

ɤɨɥɢɱɟɫɬɜɨ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɝɪɭɩɩ.  

ɇɚ ɩɨɥɭɱɟɧɧɵɯ ɤɪɢɜɵɯ ɬɢɬɪɨɜɚɧɢɹ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɬɪɢ ɱɟɬɤɢɯ ɩɟɪɟɝɢɛɚ ɜ ɨɛɥɚɫɬɢ ɪɇ 10  11 

(ɮɟɧɨɥɶɧɵɟ ɝɢɞɪɨɤɫɢɥɵΨ, ɪɇ θ,η  λ,η (ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɩɪɢ ɚɪɨɦɚɬɢɱɟɫɤɨɦ ɤɨɥɶɰɟΨ, ɪɇ β,η  θ,η 

(ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɩɪɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɰɟɩɨɱɤɚɯΨ. Ɋɟɡɭɥɶɬɚɬɵ ɬɢɬɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. 
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ɊɈɋɋɂə, ɌɈɆɋɄ, 22 – 25 ȺɉɊȿɅə 2014  ɝ.         ɏɂɆɂə 

 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɤɪɢɜɵɟ ɬɢɬɪɨɜɚɧɢɹ ɢɦɟɸɬ ɨɛɳɢɣ ɜɢɞ, ɨɞɧɚɤɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɟɣ ɦɚɝɧɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɡɦɟɧɟɧɢɸ ɜ ɫɨɞɟɪɠɚɧɢɢ ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ ɝɪɭɩɩ. 

ɇɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɭɱɚɫɬɜɭɸɳɢɦɢ ɜ ɩɪɨɰɟɫɫɚɯ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ, ɹɜɥɹɸɬɫɹ ɮɟɧɨɥɶɧɵɟ 

ɢ ɤɚɪɛɨɤɫɢɥɶɧɵɟ ɩɪɢ ɚɥɢɮɚɬɢɱɟɫɤɨɦ ɡɚɦɟɫɬɢɬɟɥɟ. ɉɚɪɚɥɥɟɥɶɧɨ ɩɪɨɰɟɫɫɭ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɢɞɟɬ 

ɨɤɢɫɥɟɧɢɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɜɵɲɚɟɬɫɹ ɨɛɳɚɹ ɤɢɫɥɨɬɧɨɫɬɶ ȽɄ, ɤɨɬɨɪɚɹ ɢɡɦɟɧɹɟɬɫɹ ɜ ɪɹɞɭμ ȽɄ + γ ɦɚɫ. 

% εРSτζ > ȽɄ + β ɦɚɫ. % εРSτζ > ȽɄ + 1 ɦɚɫ. % εРSτζ > ȽɄ + 0.η ɦɚɫ. % εРSτζ . 

ɋ ɩɨɦɨɳɶɸ ɂɄ – ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɞɚɧɚ ɤɚɱɟɫɬɜɟɧɧɚɹ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ 

(ɪɢɫ.βΨ. ɉɨ ɧɚɛɨɪɭ ɩɨɥɨɫ ɫɭɞɢɥɢ ɨ ɤɚɱɟɫɬɜɟɧɧɨɦ ɫɨɫɬɚɜɟ ȽɄ, ɫɬɪɭɤɬɭɪɟ ɦɚɤɪɨɦɨɥɟɤɭɥ ДβЖ, ɬɢɩɚɯ ɫɜɹɡɟɣ ɢ 

ɚɬɨɦɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ, ɚ ɩɨ ɫɬɟɩɟɧɢ ɩɨɝɥɨɳɟɧɢɹ – ɨ ɤɨɥɢɱɟɫɬɜɟ ɜɟɳɟɫɬɜɚ ДγЖ. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɪɚɫɱɟɬɚ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨ ɮɨɪɦɭɥɟ Ȼɭɝɟɪɚ-Ȼɟɪɚ 

ДζЖ.ȼ ɫɩɟɤɬɪɚɯ ȽɄ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɢɧɬɟɧɫɢɜɧɵɟ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ ɞɥɢɧɚɯ ɜɨɥɧ γη00–γζ00, βλβ0, 

β870, 1780–17β0, 1θβη–1θ10, 1η10, 1ζ70–1ζθ0, 1γ80, 1β70, 11η0, 1070, 7γ0–7β0 ɫɦ-1. ɉɨ ɞɚɧɧɵɦ ɂɄ-

ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɭɫɬɚɧɨɜɥɟɧɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɜ ɨɛɥɚɫɬɢ 

1710-17γ0 ɫɦ-1 ɢ 1βθ0 ɫɦ-1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɚɥɟɧɬɧɵɦ ɤɨɥɟɛɚɧɢɹɦ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ, ɢ ɩɨɹɜɥɹɸɬɫɹ 

ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 771 ɢ ζθ0 ɫɦ-1, ɯɚɪɚɤɬɟɪɧɵɟ  ɞɥɹ Ɇɟ-Ɉ ɫɜɹɡɟɣ. (ɪɢɫ. βΨ Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ 

ɫɨɞɟɪɠɚɧɢɹ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ȽɄ ɞɚɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɬɧɨɲɟɧɢɣ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨɥɨɫɵ 

ɩɨɝɥɨɳɟɧɢɹ D1710 ɤ ɨɩɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ D1θ10, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɩɨɥɢɫɨɩɪɹɠɟɧɧɵɦ 

ɫɢɫɬɟɦɚɦ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɜɟɥɢɱɢɧɵ ɨɬɧɨɲɟɧɢɣ D17β0/D1θ10 ɢ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɨ ɫɜɹɡɚɧɧɵɯ  

ɢɨɧɨɜ CЮ+β  ɫ ζ7 ɞɨ ηθ% ɨɬɦɟɱɚɟɬɫɹ ɞɥɹ ɨɛɪɚɡɰɚ ȽɄ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 1 ɦɚɫ. % CЮSτζ. 

ɂɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ ɞɥɢɧɚɯ ɜɨɥɧ 771 ɢ ζθλ ɫɦ-1 (Ɇɟ-ɈΨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 

ɪɚɡɥɢɱɧɨɦ ɯɚɪɚɤɬɟɪɟ ɫɜɹɡɵɜɚɧɢɹ CЮ+β ɫ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɝɭɦɢɧɨɜɵɦɢ ɤɢɫɥɨɬɚɦɢ . Ɍɚɤɢɟ ɠɟ 

ɢɡɦɟɧɟɧɢɹ ɨɱɟɜɢɞɧɵ ɢ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɫɨɥɹɦɢ ɤɚɞɦɢɹ ɢ ɧɢɤɟɥɹ. Ɇɨɞɢɮɢɤɚɰɢɹ ȽɄ ɫ ɫɨɥɹɦɢ ɦɚɝɧɢɹ 

ɭɜɟɥɢɱɢɜɚɟɬ ɫɨɞɟɪɠɚɧɢɟ C-Ɉ- ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 1β00 ɫɦ-1.Ⱦɥɹ ɨɛɪɚɡɰɨɜ ɚ, ɛ, ɜ ɧɚ ɪɢɫ. β  ɧɚɛɥɸɞɚɸɬɫɹ 

ɪɚɡɥɢɱɢɹ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɥɨɫ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 771 ɫɦ-1. ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɥɨɫɵ 

ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ ζθλ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɩɪɢɪɨɞɨɣ ɢɨɧɚ, ɜɫɬɪɚɢɜɚɟɦɨɝɨ ɜ ɫɬɪɭɤɬɭɪɭ ɝɭɦɢɧɨɜɵɯ 

ɤɢɫɥɨɬ. 

0

0.5

1

1.5

2

2.5

3

3.5

0 2 4 6 8 10 12

dp
H

/d
pV

V, ɦɥ

a 

0

0.5

1

1.5

2

2.5

3

3.5

4

0 2 4 6 8 10 12

dp
H

/d
pV

V, ɦɥ

ɛ

0

0.5

1

1.5

2

2.5

3

0 2 4 6 8 10 12

dp
H

/d
pV

V, ɦɥ

ɜ

0

0.5

1

1.5

2

2.5

3

3.5

4

0 2 4 6 8 10 12

dp
H

/d
pV

V, ɦɥ

ɝ

 Ɋɢɫ. 1. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɤɪɢɜɵɟ ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɢɬɪɨɜɚɧɢɹ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɝɭɦɢɧɨɜɵɯ ɤɢɫɥɨɬ ɫ ɫɭɥɮɢɞɨɦ ɦɚɝɧɢɹμ ɚ – 0.η ɦɚɫ. % εРSτζν  

ɛ – 1 ɦɚɫ. % εРSτζν ɜ – β ɦɚɫ. % εРSτζν ɝ – γ ɦɚɫ. % εРSτζ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ȽɄ ɬɨɪɮɨɜ, ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɫɜɹɡɵɜɚɸɬ ɬɨɤɫɢɱɧɵɟ ɦɟɬɚɥɥɵ. Ⱦɥɹ ɨɰɟɧɤɢ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ȽɄ 

ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɯɚɧɢɡɦɚ  ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɢɨɧɨɦ ɦɚɝɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ. 

ɍɫɬɚɧɨɜɥɟɧɵ ɮɨɪɦɵ ɫɜɹɡɢ ɢɨɧɚ ɦɟɞɢ ɫ ɢɨɧɨɝɟɧɧɵɦɢ ɝɪɭɩɩɚɦɢ ȽɄ, ɨɬɦɟɱɟɧɨ ɭɦɟɧɶɲɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 1710-17γ0 ɢ 1βθ0 ɫɦ-1, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɚɥɟɧɬɧɵɦ ɤɨɥɟɛɚɧɢɹɦ ɤɚɪɛɨɤɫɢɥɶɧɵɯ 

ɝɪɭɩɩ ɢ ɩɨɹɜɥɟɧɢɸ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ 771 ɢ ζθ0 ɫɦ-1, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ Ɇɟ-Ɉ ɫɜɹɡɢ. Ɇɚɤɫɢɦɚɥɶɧɨɟ 

ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɫɜɹɡɚɧɧɵɯ CЮ+β – ɞɨ ηθ % ɢ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɚɪɛɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ ɢ 

ɨɬɦɟɱɚɟɬɫɹ ɞɥɹ  ɝɭɦɢɧɨɜɵɯ ɤɢɫɥɨɬ ɬɨɪɮɚ, ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɫ ɩɟɪɤɚɪɛɨɧɚɬɨɦ ɧɚɬɪɢɹ. 
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