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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

Extra-framework species (EFSPE) are considered as active dehydration sites for initial ethanol dehydration. 
Their impact can be influenced by post-synthesis treatments to mobilize, extract and reorganize them inside the pore-
channels of microporous H-ZSM-5, which leads to a different ethene supply at the local, strong acidic build-up sites and 
to different preferences of simultaneous coking routes. In response to specific extraction depths through catalyst 
crystallites by different chelating agents, a modified ethene supply in the active layer of the crystallites and an increased 
accessibility of build-up sites cause different durability changes. 

TPAD, XRD and AAS do not show significant changes in bulk properties. Therefore, TPAD-IR and a simple 
МЮЛО ЦШНОХ аОЫО ЮЬОН ЭШ ОЬЭТЦКЭО ЭСО ψЫöЧЬЭОН Эo Lewis ratios as well as penetration depths of extraction solutions by 
their aluminum content after treatment. Total amounts of deposits by TGA and the methods mentioned above are well 
correlated to durability changes. 

Use of mineral acids such as 0.5 M hydrochloric acid for 4 days leads to deeper extraction, higher Si/Al ratio, 
increased longtime stability and plausible decrease of build-up site density beside EFSPE extraction, rationalized by 
TPAD-IR and cube model. Quantum chemistry supports the thesis of EFSPE extraction. 

Fig 1: Gas phase product distribution (up) and cube model (down) of sample before (left) and after treatment 
with 0.5 M hydrochloric acid for 4 d at 90 °ω (ЫТРСЭ). 

 

 
 

References 
 

1. DέΝDтЮЦОЫ,ΝKέΝRтЮМСХО,ΝАέΝRОЬМСОЭТХШаЬФТΝήήΝCСОЦCКЭCСОm. –2012. – V. 4., pp. 802-814. 

 
ɗɉɈɄɋɂȾɂɊɈȼȺɇɂȿ ɇȿɎɌȿɉɈɅɂɆȿɊɇɕɏ ɋɆɈɅ ɇȺ ɈɋɇɈȼȿ ȺɅɂɎȺɌɂɑȿɋɄɈɃ ɋ5 ɂ 

ɒɂɊɈɄɈɃ ɎɊȺɄɐɂɃ ɍȽɅȿȼɈȾɈɊɈȾɈȼ 

Ʉ.ɋ. ɋɬɚɪɰɟɜɚ, ɂ.ȼ. ɉɟɬɪɨɜɚ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝɞɨɰɟɧɬ,ΝɅέɂέΝȻɨɧɞɚɥɟɬɨɜɚ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ ɜɢɞɨɜ ɫɦɨɥ, ɢ ɩɪɟɠɞɟ ɜɫɟɝɨ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ, 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ ɢ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ 
ɩɪɨɢɡɜɨɞɫɬɜ. ɉɨɛɨɱɧɵɟ ɩɪɨɞɭɤɬɵ ɫɨɞɟɪɠɚɬ γ0–η0 % ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɨɷɬɨɦɭ ɩɟɪɫɩɟɤɬɢɜɧɨɣ 
ɩɟɪɟɪɚɛɨɬɤɨɣ ɢɯ ɹɜɥɹɟɬɫɹ ɩɨɥɢɦɟɪɢɡɚɰɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ. 

ɑɚɳɟ ɜɫɟɝɨ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɟ ɫɦɨɥɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɤɨɦɩɨɧɟɧɬɵ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ, ɚ ɬɚɤɠɟ 
ɤɚɤ ɚɞɝɟɡɢɨɧɧɵɟ ɚɝɟɧɬɵ ɜ ɤɥɟɟ ɞɥɹ ɫɚɦɨɤɥɟɹɳɢɯɫɹ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɜ ɤɥɟɹɯ-ɪɚɫɩɥɚɜɚɯ ɢ ɞɥɹ 
ɭɥɭɱɲɟɧɢɹ ɫɜɨɣɫɬɜ ɛɢɬɭɦɨɜ. 

Ɉɝɪɚɧɢɱɟɧɧɨɫɬɶ ɪɚɡɧɨɨɛɪɚɡɢɹ ɢ ɩɥɨɯɚɹɫɨɜɦɟɫɬɢɦɨɫɬɶɇɉɋɫɨ ɦɧɨɝɢɦɢ, ɤɚɤ ɩɪɚɜɢɥɨ ɩɨɥɹɪɧɵɦɢ 
ɜɟɳɟɫɬɜɚɦɢ, ɨɛɭɫɥɨɜɥɟɧɚ ɨɬɫɭɬɫɬɜɢɟɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɜ ɢɯ ɫɬɪɭɤɬɭɪɟ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɜɨɡɧɢɤɚɸɬ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɇɉɋ. 

ȼɜɟɞɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢμ ɦɨɞɢɮɢɤɚɰɢɟɣ ɤɚɤ ɢɫɯɨɞɧɨɝɨ 
ɫɵɪɶɹ (ɫɦɟɲɢɜɚɹ ɩɨɥɢɦɟɪɢɡɭɟɦɭɸ ɨɫɧɨɜɭ ɫ ɞɪɭɝɢɦɢ ɦɨɧɨɦɟɪɚɦɢ), ɬɚɤ ɢ ɫɨɛɫɬɜɟɧɧɨ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ 
ɫɦɨɥ(ɨɛɪɚɛɚɬɵɜɚɹ ɫɵɪɶɟ ɯɢɦɢɱɟɫɤɢɦɢ ɪɟɚɝɟɧɬɚɦɢ), ɢɥɢ ɞɨɛɚɜɥɹɹ ɪɚɡɥɢɱɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɧɵɟ ɤɨɦɩɨɧɟɧɬɵ 
(ɉȺȼɵ, ɩɥɚɫɬɢɮɢɤɚɬɨɪɵ, ɫɨɜɦɟɳɚɸɳɢɟ ɞɨɛɚɜɤɢ ɢɥɢ ɤɨɦɩɚɬɢɛɢɥɢɡɚɬɨɪɵ). 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦɮɭɧɤɰɢɨɧɚɥɢɡɚɰɢɢ ɫɨɛɫɬɜɟɧɧɨ ɇɉɋ ɹɜɥɹɸɬɫɹ ɨɤɢɫɥɟɧɢɟ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɩɟɪɨɤɫɢɞɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ. 
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ɋȿɄɐɂə 13. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɉɈȾȽɈɌɈȼɄɂ ɈɋȼɈȿɇɂə ɂ 
ɉȿɊȿɊȺȻɈɌɄɂ ɆɂɇȿɊȺɅɖɇɈȽɈ ɂ ɍȽɅȿȼɈȾɈɊɈȾɇɈȽɈ ɋɕɊɖə. 

ɉɈȾɋȿɄɐɂə 1. ɉȿɊȿɊȺȻɈɌɄȺ ɇȿɎɌɂ ɂ ȽȺɁȺ. 
Ɉɬ ɷɩɨɤɫɢɞɧɨɣ ɝɪɭɩɩɵ ɡɚɜɢɫɹɬ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɫɦɨɥɵ, ɩɨɷɬɨɦɭ ɭɞɟɥɶɧɚɹ ɞɨɥɹ ɷɩɨɤɫɢɞɧɵɯ ɝɪɭɩɩ ɜ 

ɦɨɥɟɤɭɥɟ ɫɥɭɠɢɬ ɨɫɧɨɜɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɨɥɢɝɨɦɟɪɚ.  
ɉɪɨɰɟɫɫɵ ɜɜɟɞɟɧɢɹ ɷɩɨɤɫɢɞɧɵɯ ɝɪɭɩɩ ɜ ɇɉɋ ɟɳɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ ɢɡɭɱɟɧɵ ɞɥɹ ɩɪɢɧɹɬɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ. ȼ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɢɜɟɞɟɧɵ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɜɜɟɞɟɧɢɹ 
ɷɩɨɤɫɢɞɧɵɯ ɝɪɭɩɩ. ɋɭɳɟɫɬɜɭɟɬ ɬɟɯɧɨɥɨɝɢɹ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɹ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɝɢɞɪɨɩɟɪɨɤɫɢɞɨɦ 
ɷɬɢɥɛɟɧɡɨɥɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɦɨɥɢɛɞɟɧɫɨɞɟɪɠɚɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɷɩɨɤɫɢɞɧɨɣ ɝɪɭɩɩɟ 
ɩɨɪɹɞɤɚ λη %ДζЖ. ɇɟɜɵɫɨɤɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶɸ 
ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɹɜɥɹɸɬɫɹ ɧɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ. Ⱥɜɬɨɪɵ ДβЖ ɩɨɤɚɡɚɥɢ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɇɉɋ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɷɩɨɤɫɢɞɧɵɯ ɝɪɭɩɩ ɨɤɨɥɨ 8% ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɇɉɋ ɧɚɞɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɨɣ. ȼɜɟɞɟɧɢɟ ɷɩɨɤɫɢɞɧɵɯ ɝɪɭɩɩ ɜ ɇɉɋ ɧɚ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɩɟɪɨɤɫɢɞɧɵɯ ɢɧɢɰɢɢɪɭɸɳɢɯ ɫɢɫɬɟɦ ɫ ɤɨɧɰɟɜɵɦɢ ɷɩɨɤɫɢɞɧɵɦɢ ɝɪɭɩɩɚɦɢД1Ж. 

ȼ ɨɫɧɨɜɧɨɦ ɜɫɟ ɪɚɛɨɬɵ ɩɨɫɜɹɳɟɧɵ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɸ ɫɚɦɢɯ ɫɦɨɥ. Ⱥɜɬɨɪɵ ɞɥɹ ɫɜɨɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɢɫɩɨɥɶɡɭɸɬ ɫɦɨɥɭ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɣ ɮɪɚɤɰɢɢ – ɋ9,ɫɨɫɬɨɹɳɭɸ ɢɡ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɢɦɟɸɳɭɸ 
ɩɪɟɞɟɥ ɜɵɤɢɩɚɧɢɹ 1λ0 0ɋ. ɇɨ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɫɨɫɬɚɜ ɮɪɚɤɰɢɢ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ 
ɩɨɥɭɱɚɟɦɵɯ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ, ɩɨɷɬɨɦɭ ɰɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟɦɨɞɢɮɢɤɚɰɢɢ ɇɉɋ ɧɚ 
ɨɫɧɨɜɟ ɮɪɚɤɰɢɢ ɋ5 ɢ ɲɢɪɨɤɨɣ ɮɪɚɤɰɢɢ ɋ5-9  ɩɭɬɟɦ ɨɤɢɫɥɟɧɢɹ ɧɚɞɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɨɣ.  

ɂɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɹ ɇɉɋ ɫɢɫɬɟɦɚɦɢ ɧɚ ɨɫɧɨɜɟ ɩɟɪɨɤɫɢɞɚ ɜɨɞɨɪɨɞɚ ɢ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɵ ɩɨɡɜɨɥɢɬ ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɫɬɭɸ ɬɟɯɧɨɥɨɝɢɸ ɩɨɥɭɱɟɧɢɹ ɇɉɋ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɷɩɨɤɫɢɞɧɵɯ ɝɪɭɩɩ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɟ ɫɦɨɥɵ ɧɚ ɨɫɧɨɜɟ ɮɪɚɤɰɢɢ ɋ5ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɵɤɢɩɚɧɢɹ ɨɬ θ0 0ɋ ɞɨ 1γ0 0ɋ (ɇɉɋɋη) ɢ ɮɪɚɤɰɢɢ ɋ5-9  ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɵɤɢɩɚɧɢɹ 1γ0 – 190 0ɋ 
(ɇɉɋɋη-9). ɋɦɨɥɵ ɩɨɥɭɱɟɧɵ ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɬɟɬɪɚɯɥɨɪɢɞ ɬɢɬɚɧɚ – 
ɚɥɸɦɢɧɢɣɨɪɝɚɧɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ. Ⱦɟɡɚɤɬɢɜɚɰɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ ɳɟɥɨɱɢ 
NaOH.  

ɗɩɨɤɫɢɞɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɨɣ, ɫɨɞɟɪɠɚɳɟɣ ɩɟɪɨɤɫɢɞ ɜɨɞɨɪɨɞɚ (ȽɈɋɌ Ɋ 
50632-93) ɢ ɭɤɫɭɫɧɭɸ ɤɢɫɥɨɬɭ (ȽɈɋɌ θ1-7η) ɜ ɫɨɨɬɧɨɲɟɧɢɢ 1μ1ɩɨ ɦɟɬɨɞɭ ɉɪɢɥɟɠɚɟɜɚ. Ɉɤɢɫɥɟɧɢɟ ɩɨ ɷɬɨɦɭ 
ɦɟɬɨɞɭ ɢɦɟɟɬ ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɨɤɢɫɥɟɧɢɹ ɩɨ ɞɜɨɣɧɨɣ ɫɜɹɡɢ. 
Ɋɟɚɤɰɢɸ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɫ ɨɱɟɧɶ ɜɵɫɨɤɢɦɢ ɜɵɯɨɞɚɦɢ ɜ ɦɹɝɤɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɜ ɫɪɟɞɟ ɫɚɦɵɯ 
ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɢ ɥɟɝɤɨ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɨ ɪɚɫɯɨɞɭ ɧɚɞɤɢɫɥɨɬ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ, 
ɫɬɪɨɟɧɢɹ ɧɟɧɚɫɵɳɟɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɨɤɢɫɥɢɬɟɥɹ ɪɟɚɤɰɢɹ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɭɱɟɧɢɸ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɨɤɫɢɪɚɧɨɜ 
(ɫɨɛɫɬɜɟɧɧɨ ɪɟɚɤɰɢɹ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɹ), ɥɢɛɨ ɩɪɨɞɭɤɬɨɜ ɢɯ ɩɪɟɜɪɚɳɟɧɢɹ (ɪɟɚɤɰɢɹ ɝɢɞɪɨɤɫɢɥɢɪɨɜɚɧɢɹ), 
ɤɚɪɛɨɧɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɥɢ ɞɪɭɝɢɯ ɜɟɳɟɫɬɜ [5]. 

 
Ɇɨɞɢɮɢɤɚɰɢɸ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ ɩɪɨɜɨɞɢɥɢ ɨɤɢɫɥɟɧɢɟɦ γ0 % ɪɚɫɬɜɨɪɨɜ ɫɦɨɥɵ ɜ ɬɨɥɭɨɥɟ 

ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɨɣ, ɜɧɨɫɢɦɨɣ ɞɨɡɢɪɨɜɚɧɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ η0–55 0ɋ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɇ2SO4. Ⱦɚɥɟɟ 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɜɵɲɚɥɢ ɞɨ 7η 0ɋ, ɩɪɨɰɟɫɫ ɜɟɥɢ ɜ ɬɟɱɟɧɢɟ ɬɪɟɯ ɱɚɫɨɜ ɫ ɨɬɛɨɪɨɦ ɩɪɨɛ ɱɟɪɟɡ γ0 ɦɢɧɭɬ. 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɪɟɚɤɰɢɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɦɧɨɝɨɤɪɚɬɧɭɸ ɩɪɨɦɵɜɤɭ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ ɜɨɞɨɣ ɞɨ 
ɧɟɣɬɪɚɥɶɧɨɣ ɫɪɟɞɵ (ɪɇ 7), ɨɬɞɟɥɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɥɨɹ (ɇɉɋ) ɨɬ ɜɨɞɧɨɝɨ,  ɭɞɚɥɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɪɨɬɨɪɧɨɦ 
ɢɫɩɚɪɢɬɟɥɟ Heidolph. 

Ɍɚɛɥɢɰɚ 
Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ ɨɬ ɞɨɥɢ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤ ɇɉɋ ɢ ɨɬ ɜɪɟɦɟɧɢ 

 

 
ȼɪɟɦɹ, 

ɱ 

Ɉɤɢɫɥɢɬɟɥɶ μ ɇɉɋɋη Ɉɤɢɫɥɢɬɟɥɶ μ ɇɉɋɋη-9 

0:1 0,1:1 0,25:1 0,5:1 0,75:1 0:1 0,1:1 0,25:1 0,5:1 0,75:1 

Ʉɢɫɥɨɬɧɨɟ 
ɱɢɫɥɨ, 

ɦɝ/ɝ 

0,5 

0,7 

1,6 1,9 2,2 2,0 

0,6 

7,1 11,6 10,3 7,1 
1,0 1,8 2,4 3,3 3,1 7,4 14,1 17,1 9,3 
1,5 2,2 2,4 6,0 5,9 7,7 14,3 17,3 11,0 
2,0 2,4 3,3 6,3 6,0 8,5 14,3 18,1 13,7 
3,0 2,4 3,7 6,2 6,3 11,3 14,6 14,5 13,7 

Ȼɪɨɦɧɨɟ 
ɱɢɫɥɨ, 
ɝ/100ɝ 

0,5 

27,2 

22,0 18,2 16,4 16,9 

19,0 

18,9 7,9 18,6 19,0 
1,0 20,8 17,6 16,2 15,3 17,2 6,1 18,5 18,7 
1,5 19,3 16,4 15,2 14,8 16,9 5,4 18,3 18,7 
2,0 17,7 15,2 17,8 14,3 15,6 4,4 16,8 18,6 
3,0 17,5 14,8 13,0 13,3 10,6 2,6 9,6 18,6 

ɗɩɨɤɫɢɞɧɨɟ 
ɱɢɫɥɨ, % 

0,5 

0,7 

0,8 1,5 2,5 2,4 

0,4 

0,9 0,7 1,0 0,9 
1,0 0,2 3,3 6,2 4,7 1,3 0,7 1,6 0,9 
1,5 1,6 4,8 7,9 8,7 0,9 1,2 1,7 1,3 
2,0 1,8 4,8 8,9 8,9 2,1 2,2 2,1 1,7 
3,0 2,2 5,0 8,8 8,8 2,9 2,9 2,1 2,2 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

  
Ɋɢɫ. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ ɤɢɫɥɨɬɧɨɝɨ, ɛɪɨɦɧɨɝɨ ɢ ɷɩɨɤɫɢɞɧɨɝɨ ɱɢɫɟɥ ɨɬ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɢ 

ɫɨɨɬɧɨɲɟɧɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤ ɇɉɋ 0,25:1 (ɚ – ɇɉɋɋ5, ɛ – ɇɉɋɋ5-9) 
 
Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɟ ɫɦɨɥɵ ɢɫɫɥɟɞɨɜɚɥɢ ɫɬɚɧɞɚɪɬɧɵɦɢ ɦɟɬɨɞɚɦɢ. Ɉɩɪɟɞɟɥɹɥɢ 

ɤɢɫɥɨɬɧɨɟ, ɛɪɨɦɧɨɟ ɢ ɷɩɨɤɫɢɞɧɨɟ ɱɢɫɥɚ. Ʉɢɫɥɨɬɧɨɟ ɱɢɫɥɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɤɨɥɢɱɟɫɬɜɨ ɫɜɨɛɨɞɧɵɯ ɤɚɪɛɨɧɨɜɵɯ 
ɤɢɫɥɨɬ, ɨɩɪɟɞɟɥɹɸɬ ɬɢɬɪɨɜɚɧɢɟɦ ɧɚɜɟɫɤɢ ɜɟɳɟɫɬɜɚ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɝɢɞɪɨɤɫɢɞɚ ɤɚɥɢɹ. Ȼɪɨɦɧɨɟ ɱɢɫɥɨ 
ɨɩɪɟɞɟɥɹɟɬ ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɨɟɞɢɧɟɧɢɢ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɜɹɡɟɣ ДγЖ.ɗɩɨɤɫɢɞɧɨɟ ɱɢɫɥɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɨɞɟɪɠɚɧɢɟ Į-
ɷɩɨɤɫɢɞɧɵɯ ɝɪɭɩɩ (ɷɬɢɥɟɧɨɤɫɢɞɧɵɯ, ɩɪɨɩɢɥɟɧɨɤɫɢɞɧɵɯ ɢɥɢ ɝɥɢɰɢɞɢɥɨɜɵɯ). 

Ɉɱɟɧɶ ɜɚɠɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ ɨɤɢɫɥɢɬɟɥɹ ɢ ɪɟɚɝɟɧɬɚ. ȼ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ɫɜɨɣɫɬɜ ɷɩɨɤɫɢɞɢɪɨɜɚɧɧɨɣ ɫɦɨɥɵ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɧɚɞɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɫɨɨɬɧɨɲɟɧɢɟ 
«ɨɤɢɫɥɢɬɟɥɶ μ ɇɉɋ» ɫɨɫɬɚɜɥɹɟɬ 0,1μ1ν 0,βημ1ν 0,ημ1ν 0,7ημ1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.Ɂɚɜɢɫɢɦɨɫɬɢ ɤɢɫɥɨɬɧɨɝɨ, ɛɪɨɦɧɨɝɨ ɢ 
ɷɩɨɤɫɢɞɧɨɝɨ ɱɢɫɟɥ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 
ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ ɢɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɢ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɢμ ɤɢɫɥɨɬɧɨɟ ɢ ɷɩɨɤɫɢɞɧɨɟ 
ɱɢɫɥɚ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɚ ɛɪɨɦɧɨɟ ɭɦɟɧɶɲɚɟɬɫɹ. ɇɚ ɢɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɨɤɚɡɵɜɚɟɬɜɥɢɹɧɢɟ ɤɨɥɢɱɟɫɬɜɨ 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɤɢɫɥɢɬɟɥɹ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɟɚɤɰɢɢɨɤɢɫɥɟɧɢɹ. Ɂɚɦɟɱɟɧɨ, ɱɬɨ ɫɩɭɫɬɹ λ0 ɦɢɧɭɬ ɩɨɤɚɡɚɬɟɥɢ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɸɬɫɹ. ɍɦɟɧɶɲɟɧɢɟ ɛɪɨɦɧɵɯ ɱɢɫɟɥ ɞɨɤɚɡɵɜɚɟɬ ɩɪɨɬɟɤɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨ ɞɜɨɣɧɵɦ 
ɫɜɹɡɹɦ.Ɇɚɤɫɢɦɚɥɶɧɨɟ ɷɩɨɤɫɢɞɧɨɟ ɱɢɫɥɨ ɩɪɢ ɷɩɨɤɫɢɞɢɪɨɜɚɧɢɢɇɉɋɋη ɩɨɥɭɱɟɧɨ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɤɢɫɥɢɬɟɥɹ ɜ 
ɢɧɬɟɪɜɚɥɟ 0,η-0,7η μ 1, ɚ ɜ ɫɥɭɱɚɟ ɦɨɞɢɮɢɤɚɰɢɢ ɇɉɋɋη-9 – ɜ ɢɧɬɟɪɜɚɥɟ 0,1-0,25 : 1. 
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ɉɪɨɰɟɫɫ ɩɪɹɦɨɣ ɧɟɨɤɢɫɥɢɬɟɥɶɧɨɣ  ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ, ɤɚɤ ɫɩɨɫɨɛ ɭɬɢɥɢɡɚɰɢɢ ɩɪɢɪɨɞɧɨɝɨ ɢ ɩɨɩɭɬɧɨɝɨ ɧɟɮɬɹɧɵɯ ɝɚɡɨɜ. ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɭɸ 
ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ ɩɪɨɹɜɥɹɸɬ Ɇɨ/ZSM-η ɤɚɬɚɥɢɡɚɬɨɪɵ Д1-γЖ. ɉɪɢɪɨɞɚ ɰɟɨɥɢɬɚ, 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ Ɇɨ/ZSM-η ɤɚɬɚɥɢɡɚɬɨɪɚ, ɫɨɞɟɪɠɚɧɢɟ ɦɨɞɢɮɢɰɢɪɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ ɢ ɫɩɨɫɨɛ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɟɝɨ ɚɤɬɢɜɧɨɫɬɶ 
ɢ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɜ ɞɚɧɧɨɦ ɩɪɨɰɟɫɫɟ.  

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɰɟɨɥɢɬɚ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɚ 
ZSM-η, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɧɨɫɢɬɟɥɹ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ Ɇɨ-ɫɨɞɟɪɠɚɳɟɝɨ ɰɟɨɥɢɬɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɧɚ ɟɝɨ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ ɩɪɨɰɟɫɫɟ ɧɟɨɤɢɫɥɢɬɟɥɶɧɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɜ ɚɪɨɦɚɬɢɱɟɫɤɢɟ 
ɭɝɥɟɜɨɞɨɪɨɞɵ. ȼɵɫɨɤɨɤɪɟɦɧɟɡɟɦɧɵɟ ɰɟɨɥɢɬɵ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ζ,0 % Ɇɨ/ZSM-η ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɦɟɬɨɞɨɦ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɳɟɥɨɱɧɵɯ ɚɥɸɦɨɤɪɟɦɧɟɝɟɥɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ 
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɭɸɳɟɣ ɞɨɛɚɜɤɢ ɝɟɤɫɚɦɟɬɢɥɟɧɞɢɚɦɢɧɚ (ȽɆȾȺ), ɛɢɤɚɪɛɨɧɚɬɚ ɚɦɦɨɧɢɹ (ȻɄȺ) ɢ 
ɩɨɥɢɷɬɢɥɟɧɩɨɥɢɚɦɢɧɚ (ɉɗɉȺ). ɂɄ-ɫɩɟɤɬɪɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɰɟɨɥɢɬɨɜ ɫɧɢɦɚɥɢ ɧɚ ɂɄ-ɮɭɪɶɟ ɫɩɟɤɬɪɨɦɟɬɪɟ 


