
166 
 

ɎɈɌɈɏɂɆɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɌȿɌɊȺȺɁȺɉɈɊɎɂɇȺ 
ȼ ɇɂɁɄɈɌȿɆɉȿɊȺɌɍɊɇɕɏ ɆȺɌɊɂɐȺɏ ɂɇȿɊɌɇɕɏ ȽȺɁɈȼ 

 
C. Henchy1, J.G. McCaffrey1, ɋ.Ɇ. Ⱥɪɚɛɟɣ2, Ɍ.Ⱥ. ɉɚɜɢɱ3, 

J.-P. Galaup4, N. Shafizadeh5, C. CЫцЩТЧ5 

 
1Department of Chemistry, National University of Ireland, Maynooth, Ireland 

2 Ȼɟɥɨɪɭɫɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɝɪɚɪɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
Mɢɧɫɤ, Ȼɟɥɚɪɭɫɶ 

3 ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɢɦ. Ȼ.ɂ.ɋɬɟɩɚɧɨɜɚ ɇȺɇ Ȼɟɥɚɪɭɫɢ, Ɇɢɧɫɤ, Ȼɟɥɚɪɭɫɶ 

4 Laboratoire Aimц Cotton, CNRS & UЧТЯОrsТЭц PКrТs-Sud 11, Orsay, France 
5 IЧsЭТЭЮЭ НОs SМТОЧМОs MoХцМЮХКТrОs Н’OrsКв, CNRS & UЧТЯОrsТЭц PКrТs-Sud 11, 

Orsay, France 
 

Ⱦɜɚ ɤɥɚɫɫɚ ɫɨɟɞɢɧɟɧɢɣ – ɩɨɪɮɢɪɢɧɵ ɢ ɮɬɚɥɨɰɢɚɧɢɧɵ – ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ ɨɛɴɟɤɬɚɦɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨ-
ɜɚɧɢɣ, ɧɚɯɨɞɹ ɩɪɢ ɷɬɨɦ ɪɹɞ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɦɟɧɟɧɢɣ Д1Ж. ɐɟɥɶɸ ɩɪɟɞ-
ɫɬɚɜɥɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɢɥɨɫɶ ɢɡɭɱɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɦɨɥɟɤɭɥ ɫɜɨ-
ɛɨɞɧɨɝɨ ɨɫɧɨɜɚɧɢɹ ɦɟɡɨ-ɬɟɬɪɚɚɡɚɩɨɪɮɢɧɚ (ɇ2ɌȺɉ), ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɜ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɚɬɪɢɰɚɯ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɚ, ɧɟɨɧɚ ɢ ɚɪɝɨɧɚ, ɤ 
ɮɨɬɨɢɧɞɭɰɢɪɨɜɚɧɧɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɜɵɠɢɝɚɧɢɹ ɫɩɟɤ-
ɬɪɚɥɶɧɵɯ ɩɪɨɜɚɥɨɜ ɜ ɤɨɧɬɭɪɟ Qx(0–0)-ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢɦɟɫɧɨɣ 
ɦɨɥɟɤɭɥɵ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɚɤɢɟ ɮɨɬɨɩɪɟɜɪɚɳɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɵ NH-
ɬɚɭɬɨɦɟɪɢɟɣ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɩɟɪɟɦɟɳɟɧɢɹ ɞɜɭɯ ɰɟɧɬɪɚɥɶɧɵɯ ɚɬɨɦɨɜ ɜɨ-
ɞɨɪɨɞɚ ɤ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɩɚɪɟ ɚɬɨɦɨɜ ɚɡɨɬɚ (ɫɦ. ɫɬɪɭɤɬɭɪɭ ɇ2ɌȺɉ ɧɚ 
ɪɢɫɭɧɤɟ 1). Ʉɪɨɦɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ (ɦɨɥɟɤɭɥɹɪɧɚɹ 
(N2) ɢ ɚɬɨɦɧɵɟ (Ne ɢ Ar)) ɦɚɬɪɢɰɵ, ɩɨ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ ɛɥɢɡɤɢ ɤ ɫɢɫɬɟ-
ɦɚɦ ɒɩɨɥɶɫɤɨɝɨ ДβЖ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɜɵɩɨɥɧɢɬɶ ɜɢɛɪɚɰɢɨɧɧɵɣ ɚɧɚɥɢɡ 
ɞɥɹ ɨɫɧɨɜɧɨɝɨ S0- ɢ ɜɨɡɛɭɠɞɟɧɧɨɝɨ S1-ɫɨɫɬɨɹɧɢɣ. 

ɋɩɟɤɬɪɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɢɡɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɚɬɪɢɰɚɯ (κ K) ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɇ2ɌȺɉ ɭɲɢɪɟɧɵ ɧɟ-
ɨɞɧɨɪɨɞɧɨ, ɫɨɡɞɚɜɚɹ ɬɟɦ ɫɚɦɵɦ ɧɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɟɥɟɤɬɢɜɧɨɝɨ 
ɥɚɡɟɪɧɨɝɨ ɜɵɠɢɝɚɧɢɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɩɪɨɜɚɥɨɜ. Ɇɟɬɨɞɢɤɚ ɜɵɠɢɝɚɧɢɹ 
ɫɩɟɤɬɪɚɥɶɧɵɯ ɩɪɨɜɚɥɨɜ ɢ ɢɫɩɨɥɶɡɭɟɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɵ 
ɜ ДγЖ. ɋɩɟɤɬɪɚɥɶɧɵɟ ɩɪɨɜɚɥɵ, ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ (ɤɪɢɜɵɟ β ɢ γ), 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɜɵɱɢɬɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɫɩɟɤɬɪɚ ɩɨɝɥɨɳɟɧɢɹ ɢɡ 
ɫɩɟɤɬɪɚ, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɨɝɨ ɩɨɫɥɟ ɜɵɠɢɝɚɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ ɢɡɨɛɪɚɠɟɧɵ 
ɬɚɤɠɟ Qx(0–0)-ɩɨɥɨɫɚ ɩɨɝɥɨɳɟɧɢɹ ɇ2ɌȺɉ ɜ ɬɪɟɯ ɦɚɬɪɢɰɚɯ (ɤɪɢɜɵɟ 1) 
ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɰɟɧɬɪɨɜ. ȼ ɪɚɛɨɬɟ 
ɨɬɦɟɱɟɧɚ ɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɨɬɨɩɪɟɜɪɚɳɟɧɢɣ ɦɨɥɟɤɭɥ ɇ2ɌȺɉ, ɱɬɨ 
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Ɋɢɫɭɧɨɤ – ɋɩɟɤɬɪɚɥɶɧɵɟ ɩɪɨɜɚɥɵ (2, 3), ɜɵɠɠɟɧɧɵɟ ɜ Qx(0–0)-ɩɨɥɨɫɟ 

ɩɨɝɥɨɳɟɧɢɹ (1) ɇ2ɌȺɊ ɜ ɬɜɟɪɞɨɬɟɥɶɧɵɯ ɦɚɬɪɢɰɚɯ N2, Ne ɢ Ar ɩɪɢ 8 Ʉ 
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ɩɨɞɬɜɟɪɠɞɚɟɬ «ɮɨɬɨɯɢɦɢɱɟɫɤɢɣ» ɦɟɯɚɧɢɡɦ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ NH-
ɬɚɭɬɨɦɟɪɢɢ ɫɜɨɛɨɞɧɨɝɨ ɨɫɧɨɜɚɧɢɹ ɩɨɪɮɢɪɢɧɚ. ɋɩɟɤɬɪɚɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ 
ɜɵɠɢɝɚɟɦɵɯ ɩɪɢɦɟɫɧɵɯ ɰɟɧɬɪɨɜ ɢ ɨɛɪɚɡɭɟɦɵɯ ɮɨɬɨɩɪɨɞɭɤɬɨɜ ɇ2ɌȺɉ 
ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɬ ɨɬ ɫɩɨɫɨɛɚ ɜɧɟɞɪɟɧɢɹ ɩɪɢɦɟɫɧɵɯ ɦɨɥɟɤɭɥ ɜ ɤɪɢ-
ɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɤɚɠɞɨɣ ɢɡ ɬɪɟɯ ɩɪɨɡɪɚɱɧɵɯ ɦɚɬɪɢɰ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ ɫɥɨɠɧɵɟ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɫɩɟɤɬɪɚɥɶɧɵ-
ɦɢ ɰɟɧɬɪɚɦɢ H2TAɉ, ɫɜɹɡɚɧɧɵɦɢ ɮɨɬɨɩɪɟɜɪɚɳɟɧɢɹɦɢ. ɉɪɢɱɢɧɨɣ ɷɬɨɝɨ 
ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɫɧɵɯ ɰɟɧɬɪɨɜ, ɨɛɪɚɡɭɟɦɵɯ ɜ ɤɚɠɞɨɣ 
ɢɡ ɦɚɬɪɢɰ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɟɪɟɧɚɥɨɠɟɧɢɟ ɢɧɬɟɧɫɢɜɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ 
ɥɢɧɢɣ ɜ ɨɛɥɚɫɬɢ Qx(0–0)-ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɬɚ-
ɤɚɹ ɫɢɬɭɚɰɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɞɧɨɜɪɟɦɟɧɧɨɦɭ ɜɵɠɢɝɚɧɢɸ ɰɟɧɬɪɨɜ, ɫɩɟɤ-
ɬɪɚɥɶɧɵɟ ɩɨɥɨɠɟɧɢɹ ɛɟɫɮɨɧɨɧɧɵɯ ɥɢɧɢɣ ɤɨɬɨɪɵɯ ɨɱɟɧɶ ɛɥɢɡɤɢ. Ⱦɥɹ 
ɬɪɟɯ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɦɚɬɪɢɰ ɚɧɚɥɢɡ ɮɨɪɦɵ ɨɛɪɚɡɭɟɦɵɯ ɩɪɨɜɚɥɨɜ 
ɜɵɩɨɥɧɟɧ ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɢɹ ɜɨɡɧɢɤɚɸɳɟɝɨ ɮɨɬɨɩɪɨɞɭɤɬɚ, ɤɨɬɨɪɨɟ 
ɦɨɠɟɬ ɩɪɨɹɜɥɹɬɶɫɹ ɜ ɨɛɥɚɫɬɢ ɮɨɧɨɧɧɨɣ ɢ/ɢɥɢ «ɩɫɟɜɞɨɮɨɧɧɨɣ» ɩɨɥɨɫ 
ɜɵɠɢɝɚɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ  ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɢɫɩɨɥɶɡɨɜɚɧ-
ɧɵɯ ɦɚɬɪɢɰ ɢɡɨɛɪɚɠɟɧɵ ɫɩɟɤɬɪɚɥɶɧɵɟ ɩɪɨɜɚɥɵ ɜ Qx(0–0)-ɩɨɥɨɫɟ ɩɨɝɥɨ-
ɳɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɥɚɡɟɪɧɨɦ ɜɨɡɛɭɠɞɟɧɢɢ ɤɚɠɞɨɝɨ ɢɡ ɞɜɭɯ 
ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɩɪɢɦɟɫɧɵɯ ɰɟɧɬɪɨɜ ɇ2ɌȺɉ (ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɧɚɥɢɱɢɹ 
ɨɛɪɚɬɢɦɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɠɢɝɚɧɢɹ). ɉɪɢɦɟɱɚɬɟɥɶɧɨ ɢ ɬɨ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ 
ɷɥɟɤɬɪɨɧɧɨ-ɤɨɥɟɛɚɬɟɥɶɧɵɯ Qx(0–1)-ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ (ɧɚ ɪɢɫɭɧɤɟ ɢɡɨɛ-
ɪɚɠɟɧɚ ɥɢɲɶ ɨɛɥɚɫɬɶ ɦɟɠɞɭ ηκκ ɧɦ ɢ ηλγ ɧɦ) ɬɚɤɠɟ ɩɪɨɹɜɥɹɸɬɫɹ ɫɩɟɤ-
ɬɪɚɥɶɧɵɟ ɩɪɨɜɚɥɵ ɢ ɚɧɬɢɩɪɨɜɚɥɵ ɩɪɢ ɥɚɡɟɪɧɨɦ ɜɨɡɛɭɠɞɟɧɢɢ ɜ Qx(0–0)-
ɩɨɥɨɫɭ, ɱɬɨ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬ ɧɨɪɦɚɥɶɧɵɯ 
ɤɨɥɟɛɚɧɢɣ ɜ S1-ɫɨɫɬɨɹɧɢɢ. 
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