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ɋȿɄɐɂə 13. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɉɈȾȽɈɌɈȼɄɂ ɈɋȼɈȿɇɂə ɂ 
ɉȿɊȿɊȺȻɈɌɄɂ ɆɂɇȿɊȺɅɖɇɈȽɈ ɂ ɍȽɅȿȼɈȾɈɊɈȾɇɈȽɈ ɋɕɊɖə. 

ɉɈȾɋȿɄɐɂə 1. ɉȿɊȿɊȺȻɈɌɄȺ ɇȿɎɌɂ ɂ ȽȺɁȺ. 
4. ȺɮɚɧɚɫɶɟɜΝɄέΝɘέ,ΝɑɭɯɚɪɟɜɚΝɇέΝȼέΝɂɫɩɨɥɶɡɨɜɚɧɢɟΝɤɨɧɬɚɤɬɧɨɝɨΝɜɵɩɚɪɧɨɝɨΝɚɩɩɚɪɚɬɚΝɞɥɹΝɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹΝ

ɫɬɨɤɨɜΝ ɷɥɟɤɬɪɨɨɛɟɫɫɨɥɢɜɚɸɳɢɯΝ ɭɫɬɚɧɨɜɨɤΝ ήήΝ ȽɨɪɧɵɣΝ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣΝ ɛɸɥɥɟɬɟɧɶέΝ
ɈɬɞɟɥɶɧɵɣΝɜɵɩɭɫɤΝʋΝ3ΝȽɨɪɧɨɟΝɦɚɲɢɧɨɫɬɪɨɟɧɢɟέΝ2ί12,ΝɋέΝ426Ν– 430. 

5. ȽɢɦɚɬɭɞɢɧɨɜΝ ɒέɄέΝ ɗɤɫɩɥɭɚɬɚɰɢɹΝ ɢΝ ɬɟɯɧɨɥɨɝɢɹΝ ɪɚɡɪɚɛɨɬɤɢΝ ɧɟɮɬɹɧɵɯΝ ɢΝ ɝɚɡɨɜɵɯΝ ɦɟɫɬɨɪɨɠɞɟɧɢɣέΝ — ɆέμΝ
ɇɟɞɪɚ,Ν1λικέΝ– 356ΝɫέΝ 

6. ɇɨɜɢɤɨɜΝ ȺέȺέ,Ν ɑɭɯɚɪɟɜɚΝ ɇέȼέΝ ȺɧɚɥɢɡΝ ɷɮɮɟɤɬɢɜɧɨɫɬɢΝ ɩɟɪɟɪɚɛɨɬɤɢΝ ɩɨɩɭɬɧɨɝɨΝ ɧɟɮɬɹɧɨɝɨΝ ɝɚɡɚΝ ɩɪɢΝ
ɩɪɨɦɵɫɥɨɜɨɦΝɬɪɚɧɫɩɨɪɬɟΝɫɤɜɚɠɢɧɧɨɣΝɩɪɨɞɭɤɰɢɢΝήήΝɇɟɮɬɟɝɚɡɨɜɵɟΝɬɟɯɧɨɥɨɝɢɢέΝ2ίίιέΝʋ1έΝɋέΝ2Ν– 6. 

7. ɉɨɫɬɚɧɨɜɥɟɧɢɟΝ ɩɪɚɜɢɬɟɥɶɫɬɜɚΝ ɊɎΝ ɨɬΝ ίκέί1έ2ίίλΝ «ɈΝ ɦɟɪɚɯΝ ɩɨΝ ɫɬɢɦɭɥɢɪɨɜɚɧɢɸΝ ɫɨɤɪɚɳɟɧɢɹΝ ɡɚɝɪɹɡɧɟɧɢɹΝ
ɚɬɦɨɫɮɟɪɧɨɝɨΝɜɨɡɞɭɯɚΝɩɪɨɞɭɤɬɚɦɢΝɫɠɢɝɚɧɢɹΝɩɨɩɭɬɧɨɝɨΝɧɟɮɬɹɧɨɝɨΝɝɚɡɚΝɧɚΝɮɚɤɟɥɶɧɵɯΝɭɫɬɚɧɨɜɤɚɯ»έ 

8. ɋɚɣɬΝɇɉɈΝ«ɗɧɟɪɝɨɦɚɲɚɜɬɨɦɚɬɢɤɚ»ΝURδμΝСЭЭЩμήήЧЩШОЦКέЫЮήΝ(ɞɚɬɚΝɨɛɪɚɳɟɧɢɹΝ1ίέ12έ13)έ 
9. ɎɟɣɝɢɧΝ ȼέɂέΝ ɂɫɫɥɟɞɨɜɚɧɢɟΝ ɫɨɫɬɨɹɧɢɹΝ ɢΝ ɩɟɪɫɩɟɤɬɢɜΝ ɧɚɩɪɚɜɥɟɧɢɣΝ ɩɟɪɟɪɚɛɨɬɤɢΝ ɧɟɮɬɢΝ ɢΝ ɝɚɡɚ,Ν ɧɟɮɬɟ- ɢΝ

ɝɚɡɨɯɢɦɢɢΝɜΝɊɎέΝ– ɆέμΝɗɤɨɧ-ɢɧɮɨɪɦ,Ν2ί11έΝ– κί6ΝɫέΝ 
10. ɑɭɯɚɪɟɜɚΝ ɇέΝ ȼέ,Ν ȺɮɚɧɚɫɶɟɜΝ ɄέΝ ɘέΝ ɋɩɨɫɨɛɵΝ ɭɬɢɥɢɡɚɰɢɢΝ ɩɨɩɭɬɧɨɝɨΝ ɧɟɮɬɹɧɨɝɨΝ ɝɚɡɚΝ ɩɪɢΝ ɷɤɫɩɥɭɚɬɚɰɢɢΝ

ɧɟɮɬɟɝɚɡɨɩɪɨɜɨɞɨɜΝήήΝȽɨɪɧɵɣΝɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɢɣΝɛɸɥɥɟɬɟɧɶέΝɈɬɞɟɥɶɧɵɣΝɜɵɩɭɫɤΝʋΝ3ΝȽɨɪɧɨɟΝ
ɦɚɲɢɧɨɫɬɪɨɟɧɢɟέΝ2ί12,ΝɋέΝ421-425. 

 
ɉɊɂɆȿɇȿɇɂȿ ɇȿɎɌȿɉɈɅɂɆȿɊɇɕɏ ɋɆɈɅ ȼ ɄȺɑȿɋɌȼȿ ɉɅȿɇɄɈɈȻɊȺɁɍɘɓɂɏ ȾɅə 

ɉɈɅɍɑȿɇɂə ɅȺɄɈɄɊȺɋɈɑɇɕɏ ɆȺɌȿɊɂȺɅɈȼ 
Ⱦ.ȼ. Ȼɟɫɬɭɠɟɜɚ, ɇ.ȼ. ȼɥɚɫɨɜɚ, ȿ.ɂ. Ɂɚɞɨɪɨɠɧɚɹ 

ɇɚɭɱɧɵɣΝɪɭɤɨɜɨɞɢɬɟɥɶΝΝɫɬέΝɩɪɟɩɨɞɚɜɚɬɟɥɶΝȺέȺέΝɆɚɧɚɧɤɨɜɚΝ 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ, Ɋɨɫɫɢɹ 

 
ɂɫɯɨɞɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɫɢɧɬɟɡɚ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ ɹɜɥɹɸɬɫɹ ɩɪɨɞɭɤɬɵ ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ ɢ 

ɧɟɮɬɟɯɢɦɢɢ, ɫɨɞɟɪɠɚɳɢɟ ɧɟ ɦɟɧɟɟ γ0 % ɧɟɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɮɪɚɤɰɢɢ, ɜɵɞɟɥɹɟɦɵɟ ɢɡ 
ɧɟɤɨɬɨɪɵɯ ɩɪɨɞɭɤɬɨɜ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ, ɚ ɬɚɤɠɟ ɢɡ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɧɟɮɬɹɧɨɝɨ 
ɫɵɪɶɹ. ɂɧɬɟɪɟɫ ɤ ɩɨɥɭɱɟɧɢɸ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ ɨɛɭɫɥɨɜɥɟɧ ɞɨɫɬɭɩɧɨɣ ɫɵɪɶɟɜɨɣ ɛɚɡɨɣ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ 
ɡɚɦɟɧɵ ɩɪɢɪɨɞɧɵɯ ɩɪɨɞɭɤɬɨɜ Д1Ж.  

ɇɟɮɬɟɩɨɥɢɦɟɪɧɵɟ ɫɦɨɥɵ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɥɚɤɨɤɪɚɫɨɱɧɨɣ, ɦɟɛɟɥɶɧɨɣ, ɰɟɥɥɸɥɨɡɧɨ-ɛɭɦɚɠɧɨɣ, 
ɪɟɡɢɧɨɬɟɯɧɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɟɱɚɬɧɵɯ ɤɪɚɫɨɤ, ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɤɨɠ, ɚɧɬɢɤɨɪɪɨɡɢɣɧɵɯ ɢ 
ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɜ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɡɢɰɢɹɯ. ɋɦɨɥɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɡɚɦɟɧɵ 
ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ (ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ) ɢ ɤɚɧɢɮɨɥɢ (ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɛɭɦɚɝɢ) Д1Ж. Ɂɚɦɟɧɚ 
ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɫɦɨɥɚɦɢ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɜɵɫɵɯɚɧɢɹ ɩɨɤɪɵɬɢɣ ɢ ɭɥɭɱɲɢɬɶ ɢɯ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

Ʉɨɦɩɨɡɢɰɢɢ ɧɚ ɨɫɧɨɜɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɥɚɤɨɜ, ɷɦɚɥɟɣ, 
ɝɪɭɧɬɨɜɨɤ ɢ ɞɪɭɝɢɯ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɧɵɯ, ɞɟɤɨɪɚɬɢɜɧɵɯ, 
ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɵɯ ɩɨɤɪɵɬɢɣ. Ɍɚɤ, ɦɚɫɥɹɧɨ-ɫɦɨɥɹɧɚɹ ɤɨɦɩɨɡɢɰɢɹ, ɜɤɥɸɱɚɸɳɚɹ ɨɤɫɢɞɢɪɨɜɚɧɧɨɟ 
ɩɨɞɫɨɥɧɟɱɧɨɟ ɦɚɫɥɨ, ɧɟɮɬɟɩɨɥɢɦɟɪɧɭɸ ɫɦɨɥɭ, ɩɨɥɭɱɟɧɧɭɸ ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ ɧɟɩɪɟɞɟɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɮɪɚɤɰɢɣ 
ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɫ ɩɪɟɞɟɥɚɦɢ ɜɵɤɢɩɚɧɢɹ 1γ0–1λ0 °ɋ (γ0–ζ0 ɦɚɫ. %), ɢ ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ, 
ɩɪɟɞɥɨɠɟɧɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɥɢɮ, ɥɚɤɨɜ ɢ ɤɪɚɫɨɤ ДβЖ.  

ȼɥɚɝɨɫɬɨɣɤɢɟ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɨɥɢɮɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ θ0 %-ɧɵɣ ɪɚɫɬɜɨɪ 
ɜ ɤɟɪɨɫɢɧɨɜɨɣ ɮɪɚɤɰɢɢ ɧɟɮɬɟɩɨɥɢɦɟɪɧɨɣ ɫɦɨɥɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɡɦɹɝɱɟɧɢɹ 7β–λ0 °ɋ (ηζ ɦɚɫ. %), ɨɤɢɫɥɟɧɧɭɸ 
ɫɦɟɫɶ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ, ɫɨɞɟɪɠɚɳɭɸ ɩɚɪɚɮɢɧ, ɪɚɫɬɜɨɪɢɬɟɥɶ ɧɟɮɪɚɫ, ɫɢɤɤɚɬɢɜ, ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɪɨɩɢɬɤɢ 
ɞɟɪɟɜɚ, ɲɬɭɤɚɬɭɪɤɢ ɛɟɬɨɧɚ ɩɟɪɟɞ ɩɨɤɪɚɫɤɨɣ ДγЖ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɫɢɧɬɟɡɚ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ ɢɫɩɨɥɶɡɭɸɬ ɢɨɧɧɭɸ (ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ) ɢ 
ɪɚɞɢɤɚɥɶɧɭɸ ɨɥɢɝɨɦɟɪɢɡɚɰɢɸ ɦɨɧɨɦɟɪɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɨɥɢɦɟɪɢɡɚɰɢɢ 
ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɬɢɩɚ ɐɢɝɥɟɪɚ-ɇɚɬɬɚ ɧɚ ɨɫɧɨɜɟ 
ɱɟɬɵɪɟɯɯɥɨɪɢɫɬɨɝɨ ɬɢɬɚɧɚ ɢ ɚɥɸɦɢɧɢɣɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ДζЖ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɨɜɚɹ ɮɪɚɤɰɢɹ ɠɢɞɤɢɯ ɩɪɨɞɭɤɬɨɜ ɩɢɪɨɥɢɡɚ 
ɩɪɹɦɨɝɨɧɧɨɝɨ ɛɟɧɡɢɧɚ ɭɫɬɚɧɨɜɤɢ ɗɉ – γ00 ɈɈɈ «Ɍɨɦɫɤɧɟɮɬɟɯɢɦ». ɉɟɪɟɞ ɩɨɥɢɦɟɪɢɡɚɰɢɟɣ 
ɞɢɰɢɤɥɨɩɟɧɬɚɞɢɟɧɨɜɨɣ ɮɪɚɤɰɢɢ ɩɪɨɜɨɞɹɬ ɨɱɢɫɬɤɭ ɮɪɚɤɰɢɢ ɨɬ ɫɦɨɥɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɩɪɨɞɭɤɬɨɜ ɨɤɢɫɥɟɧɢɹ 
ɦɟɬɨɞɨɦ ɩɪɨɫɬɨɣ ɞɢɫɬɢɥɥɹɰɢɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɩɨɞɝɨɬɨɜɥɟɧɧɚɹ ɤ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɮɪɚɤɰɢɹ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ, ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɨɜɚɹ ɮɪɚɤɰɢɢ. 

ɇɚɥɢɱɢɟ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɚ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɜɵɫɨɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɮɪɚɤɰɢɢ. ɗɬɨ ɫɨɡɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ 
ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɜɵɛɨɪɟ ɤɚɬɚɥɢɡɚɬɨɪɚ. ȼ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɧɟɩɪɟɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɮɪɚɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ ɧɚ ɨɫɧɨɜɟ ɦɨɧɨɚɥɤɨɤɫɢɬɪɢɯɥɨɪɢɞɨɜ ɬɢɬɚɧɚ TТ(OR)Cl3. 

Ⱦɚɥɟɟ ɢɡ ɪɟɚɤɰɢɨɧɧɵɯ ɪɚɫɬɜɨɪɨɜ (ɛɟɡ ɜɵɞɟɥɟɧɢɹ ɫɦɨɥɵ), ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɨɤɪɵɬɢɹ ɦɟɬɨɞɨɦ ɧɚɥɢɜɚ ɧɚ 
ɫɬɚɥɶɧɵɟ, ɫɬɟɤɥɹɧɧɵɟ ɢ ɚɥɸɦɢɧɢɟɜɵɟ ɩɥɚɫɬɢɧɵ ɩɨ ȽɈɋɌ 88γβ-7θ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢμ 
ɜɧɟɲɧɢɣ ɜɢɞ ɩɥɟɧɨɤ, ɚɞɝɟɡɢɹ ɤ ɫɬɟɤɥɭ ɢ ɫɬɚɥɢ, ɩɪɨɱɧɨɫɬɶ ɩɪɢ ɭɞɚɪɟ, ɷɥɚɫɬɢɱɧɨɫɬɶ.  

Ⱥɞɝɟɡɢɸ ɩɨɥɭɱɟɧɧɵɯ ɩɥɟɧɨɤ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɪɟɲɟɬɱɚɬɵɯ ɧɚɞɪɟɡɨɜ (ɆɊɇ) ɢ ɦɟɬɨɞɚ 
ɩɚɪɚɥɥɟɥɶɧɵɯ ɧɚɞɪɟɡɨɜ (Ɇɉɇ) ɩɨ ȽɈɋɌ 1η1ζ0-78. ɉɪɨɱɧɨɫɬɶ ɩɥɟɧɨɤ ɩɪɢ ɭɞɚɪɟ ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ 
ɍ-1ɚ ɩɨ ȽɈɋɌ ζ7θη-7γ. Ɍɜɟɪɞɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ȽɈɋɌ ηβγγ-8λ. ɗɥɚɫɬɢɱɧɨɫɬɶ – ɩɨ ȽɈɋɌ θθ0θ-73. 
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ɉɊɈȻɅȿɆɕ ȽȿɈɅɈȽɂɂ ɂ ɈɋȼɈȿɇɂə ɇȿȾɊ 

Ɍɚɛɥɢɰɚ 1 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɟɧɨɤ ɧɚ ɨɫɧɨɜɟ ɇɉɋɐɉȾɎ, 1 % Ti(OR)Cl3; 60 °ɋ; 30 ɦɢɧ 

 

Ʉɚɬɚɥɢɬɢɱɟɫɤɢɣ 
ɤɨɦɩɥɟɤɫ 

ȼɧɟɲɧɢɣ ɜɢɞ 
ɩɥɟɧɤɢ 

Ⱥɞɝɟɡɢɹ, ɛɚɥɥ 
ɆɊɇ/Ɇɉɇ 

ɉɪɨɱɧɨɫɬɶ 
ɩɥɟɧɤɢ ɩɪɢ 
ɭɞɚɪɟ, ɫɦ 

ɗɥɚɫɬɢɱɧɨɫɬɶ, 
ɦɦ 

Ɍɜɟɪɞɨɫɬɶ, ɤɝ 
ɫɬɟɤɥɨ/ɫɬɚɥɶ ɋɬɟɤɥɨ ɋɬɚɥɶ 

Ti(OC3H6ɋХ)Cl3 
ɪɨɜɧɚɹ, 

ɝɥɹɧɰɟɜɚɹ 
1/1 1/1 25 ɦɟɧɟɟ 1 0,4/0,6 

Ɍi(OC3H7)Cl3 
ɪɨɜɧɚɹ, 

ɝɥɹɧɰɟɜɚɹ 
1/1 1/1 20 ɦɟɧɟɟ 1 0,6/0,6 

 
ɇɚ ɨɫɧɨɜɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ ɩɨɥɭɱɚɥɢ ɩɨɤɪɵɬɢɹ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɤ ɧɢɦ ɠɺɥɬɵɣ 

ɠɟɥɟɡɨɨɤɫɢɞɧɵɣ ɩɢɝɦɟɧɬɚ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɩɢɝɦɟɧɬɚ ɜ ɫɦɨɥɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ 
ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢμ ɦɚɫɥɨɟɦɤɨɫɬɶ, ɤɪɢɬɢɱɟɫɤɨɟ ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɢɝɦɟɧɬɚ, ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɩɢɝɦɟɧɬɚ.  

Ⱦɚɥɟɟ ɜ ɤɨɦɩɨɡɢɰɢɢ, ɫɨɞɟɪɠɚɳɢɟ ɫɦɨɥɭ, ɩɨɥɭɱɟɧɧɭɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 
Ɍi(OC3H7)Cl3 ɢ Ɍi(OC3H6Cl)Cl3  ɞɨɛɚɜɥɹɥɢ ɪɚɡɥɢɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɢɫɥɟɧɧɨɝɨ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚμ η, 10, 1η, β0, 
25 %. ɋ ɩɨɦɨɳɶɸ ɚɩɩɥɢɤɚɬɨɪɚ ɩɨɥɭɱɢɥɢ ɩɨɤɪɵɬɢɹ ɢ ɢɫɫɥɟɞɨɜɚɥɢ ɬɟ ɠɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

Ɍɚɛɥɢɰɚ 2 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɢɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɇɉɋɐɉȾɎ  

1 % Ti(Ɉɋ3ɇ6Cl)Cl3 ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɨɤɢɫɥɟɧɧɨɝɨ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ 
 

ɋɨɞɟɪɠɚɧɢɟ 
ɦɚɫɥɚ, % 

ȼɧɟɲɧɢɣ ɜɢɞ 
ɩɥɟɧɤɢ 

Ⱥɞɝɟɡɢɹ, ɛɚɥɥ 
ɆɊɇ/Ɇɉɇ 

ɉɪɨɱɧɨɫɬɶ 
ɩɥɟɧɤɢ ɩɪɢ 
ɭɞɚɪɟ, ɫɦ 

ɗɥɚɫɬɢɱɧɨɫɬɶ, ɦɦ 
Ɍɜɟɪɞɨɫɬɶ, ɤɝ 
ɋɬɟɤɥɨ/ɋɬɚɥɶ 

ɋɬɟɤɥɨ ɋɬɚɥɶ 

0 ɪɨɜɧɚɹ, ɦɚɬɨɜɚɹ 1/1 1/1 15 ɦɟɧɟɟ 1 0,2/0,2 

5 ɪɨɜɧɚɹ, ɦɚɬɨɜɚɹ 3/2 3/3 5 2 0,4/0,2 

10 ɪɨɜɧɚɹ, ɦɚɬɨɜɚɹ 3/2 2/2 15 2 0,6/0,4 

15 
ɪɨɜɧɚɹ, 

ɝɥɹɧɰɟɜɚɹ 
2/2 3/3 15 1 0,4/0,4 

20 
ɪɨɜɧɚɹ, 

ɝɥɹɧɰɟɜɚɹ 
1/1 2/1 40 1 0,8/0,6 

25 
ɪɨɜɧɚɹ, 

ɝɥɹɧɰɟɜɚɹ 
1/1 1/1 45 ɦɟɧɟɟ 1 0,6/0,6 

 
Ɍɚɛɥɢɰɚ 3 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɢɝɦɟɧɬɢɪɨɜɚɧɧɵɯ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɇɉɋɐɉȾɎ  
1 % Ti(OC3H7)Cl3 ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɨɤɢɫɥɟɧɧɨɝɨ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ 

 

ɋɨɞɟɪɠɚɧɢɟ 
ɦɚɫɥɚ, % 

ȼɧɟɲɧɢɣ ɜɢɞ 
ɩɥɟɧɤɢ 

Ⱥɞɝɟɡɢɹ, ɛɚɥɥ 
ɆɊɇ/Ɇɉɇ 

ɉɪɨɱɧɨɫɬɶ 
ɩɥɟɧɤɢ ɩɪɢ 
ɭɞɚɪɟ, ɫɦ 

ɗɥɚɫɬɢɱɧɨɫɬɶ, ɦɦ 
Ɍɜɟɪɞɨɫɬɶ, ɤɝ 
ɋɬɟɤɥɨ/ɋɬɚɥɶ 

ɋɬɟɤɥɨ ɋɬɚɥɶ 

0 ɪɨɜɧɚɹ, ɦɚɬɨɜɚɹ 1/1 1/1 20 ɦɟɧɟɟ 1 0,4/0,2 

5 ɪɨɜɧɚɹ, ɦɚɬɨɜɚɹ 3/3 3/3 10 2 0,4/0,2 

10 ɪɨɜɧɚɹ, ɦɚɬɨɜɚɹ 3/2 3/2 15 3 0,4/0,2 

15 
ɪɨɜɧɚɹ, 

ɝɥɹɧɰɟɜɚɹ 
2/1 1/1 15 ɦɟɧɟɟ 1 0,6/0,6 

20 
ɪɨɜɧɚɹ, 

ɝɥɹɧɰɟɜɚɹ 
1/1 1/1 35 1 0,8/0,8 

25 
ɪɨɜɧɚɹ, 

ɝɥɹɧɰɟɜɚɹ 
1/1 1/1 45 ɦɟɧɟɟ 1 0,8/0,8 

 
ɉɨɤɪɵɬɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ 

ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ Ti(Ɉɋ3ɇ6Cl)Cl3, ɢɦɟɸɬ ɪɨɜɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɦɚɫɥɚ ɞɨ β0-
25 %, ɩɨɜɟɪɯɧɨɫɬɶ ɫɬɚɧɨɜɢɬɫɹ ɝɥɹɧɰɟɜɨɣ, ɚ ɬɚɤɠɟ  ɭɥɭɱɲɚɟɬɫɹ ɚɞɝɟɡɢɹ ɢ ɷɥɚɫɬɢɱɧɨɫɬɶ. Ⱦɨɛɚɜɥɟɧɢɟ ɨɤɢɫɥɟɧɧɨɝɨ 
ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ ɜ ɤɨɦɩɨɡɢɰɢɢ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɸ ɬɜɟɪɞɨɫɬɢ ɩɨɥɭɱɚɟɦɵɯ ɩɨɤɪɵɬɢɣ ɢ ɭɥɭɱɲɟɧɢɸ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɭɞɚɪɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɦɚɫɥɚ ɞɥɹ ɤɨɦɩɨɡɢɰɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ 
ɫɦɨɥ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ TТ(Ɉɋ3ɇ6Cl)Cl3 ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɫɨɫɬɚɜɥɹɟɬ β0 %. 
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ɋȿɄɐɂə 13. ɋɈȼɊȿɆȿɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ ɉɈȾȽɈɌɈȼɄɂ ɈɋȼɈȿɇɂə ɂ 
ɉȿɊȿɊȺȻɈɌɄɂ ɆɂɇȿɊȺɅɖɇɈȽɈ ɂ ɍȽɅȿȼɈȾɈɊɈȾɇɈȽɈ ɋɕɊɖə. 

ɉɈȾɋȿɄɐɂə 1. ɉȿɊȿɊȺȻɈɌɄȺ ɇȿɎɌɂ ɂ ȽȺɁȺ. 
Ⱥɧɚɥɢɡɢɪɭɹ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ 
ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ Ti(OC3H7)Cl3 ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɦɚɫɥɚ, ɜɢɞɧɨ, ɱɬɨ ɩɨɤɪɵɬɢɹ ɢɦɟɸɬ ɪɨɜɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, 
ɬɚɤɠɟ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɦɚɫɥɚ, ɩɨɜɟɪɯɧɨɫɬɶ ɫɬɚɧɨɜɢɬɫɹ ɝɥɹɧɰɟɜɨɣ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɦɚɫɥɚ 
ɞɨ 1η-25 %, ɭɥɭɱɲɚɟɬɫɹ ɚɞɝɟɡɢɹ ɢ ɷɥɚɫɬɢɱɧɨɫɬɶ. Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ β0 % ɦɚɫɥɚ ɹɜɥɹɟɬɫɹ 
ɨɩɬɢɦɚɥɶɧɵɦ, ɩɪɢ ɷɬɨɦ ɩɨɤɪɵɬɢɹ ɢɦɟɸɬ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɢɟ ɫɜɨɣɫɬɜɚ.  

ȼ ɰɟɥɨɦ, ɞɚɧɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɧɟɮɬɟɩɨɥɢɦɟɪɧɵɯ ɫɦɨɥ, 
ɩɨɥɭɱɟɧɧɵɯ ɨɥɢɝɨɦɟɪɢɡɚɰɢɟɣ ɧɟɩɪɟɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɰɢɤɥɨɩɟɧɬɚɞɢɟɧɨɜɨɣ ɮɪɚɤɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɣ 
ɪɚɡɥɢɱɧɵɯ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɤɚɱɟɫɬɜɟɧɧɵɟ ɥɚɤɨɤɪɚɫɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

 

1. ȾɭɦɫɤɢɣΝɘέȼέΝɇɟɮɬɟɩɨɥɢɦɟɪɧɵɟΝɫɦɨɥɵέΝ– ɆέμΝɏɢɦɢɹ,Ν1λκκέΝ2ίίΝɫέ 
2. ɉɚɬέΝ24ίλ5λ6ΝɊɨɫɫɢɹέΝɆɉɄΝɋ1ΝCίκόΝ242ήίί,ΝCίλDΝ1λ1ήίίέΝɆɚɫɥɹɧɨ-ɫɦɨɥɹɧɚɹΝɤɨɦɩɨɡɢɰɢɹΝήΝȻɨɧɞɚɥɟɬɨɜΝɈέΝȼ,Ν

ȻɨɧɞɚɥɟɬɨɜɚΝɅέΝɂέ, ɄɭɲɧɹɪɟɜɚΝɌέΝȼέ,ΝȻɨɧɞɚɥɟɬɨɜΝȼέΝȽέ,ΝɅɹɩɤɨɜΝȺέΝȺέέΝɁɚɹɜɥέΝί2έί6έ2ίίλνΝɈɩɭɛɥέΝ2ίέί1έ2ί11έ 
3. ɉɚɬέΝ 2363ι16Ν ɊɨɫɫɢɹέΝ ɆɉɄΝ ɋ1Ν CίλDΝ 1λ1ήίί,Ν CίλDΝ 15ιήί2έΝ ȼɥɚɝɨɫɬɨɣɤɚɹΝ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹΝ ɨɥɢɮɚΝ ήΝ

ɇɢɝɦɚɬɭɥɥɢɧΝɊέΝȽέ,ΝɒɨɥɨɦΝȼέΝɘέ,ΝɇɢɝɦɚɬɭɥɥɢɧΝȼέΝɊέ,ΝɇɢɝɦɚɬɭɥɥɢɧΝɂέΝɊέέΝɁɚɹɜɥέΝίλέί1έ2ίίκνΝɈɩɭɛɥέΝ1ίέίκέ2ίίλέ 
4. ɎɢɬɟɪɟɪΝȿέɉέ,ΝȻɨɧɞɚɥɟɬɨɜΝȼέȽέ,ΝȻɨɧɞɚɥɟɬɨɜɚΝɅέɂέΝɉɨɥɢɦɟɪɢɡɚɰɢɹΝɜɵɫɨɤɨɤɢɩɹɳɢɯΝɮɪɚɤɰɢɣΝɩɢɪɨɤɨɧɞɟɧɫɚɬɚΝɧɚΝ

ɤɚɬɚɥɢɬɢɱɟɫɤɢɯΝɫɢɫɬɟɦɚɯΝɬɢɩɚΝɐɢɝɥɟɪɚ-ɇɚɬɬɚΝήήɏɢɦɢɹΝɢΝɯɢɦɢɱɟɫɤɚɹΝɬɟɯɧɨɥɨɝɢɹέ–2004. – ɌέΝ4ιέΝ– ʋΝ1έΝ– ɋέΝ12ιΝ
– 130. 
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Special flow regimes in microreactors were simultaneously examined by many authors [1-2]. Depending on the 

geometry of the micromixer, operating conditions and properties of the reactants, different flow regimes could be 
observed. Nevertheless there are only several investigations, which combine studies on micromixing with chemical 
reaction. Moreover it is difficult to realize the inline-analytics in microreactors since it is only being developed. On the 
other side computer simulations play nowadays an essential role in the chemical process investigations. Due to 
mathematical models experimental uncertainties can be completed building a realistic picture of the investigated reacting 
system. 

A well-studied saponification of ethyl acetate was chosen as a model reaction for experimental and modeling 
investigations. Experimental results in a microreactor XXL-S-01 (Little Things Factory) and in a tubular reactor with a 
channel growth of 2 mm were compared with the modeling. For modeling of single-phase and two-phase reactions with 
different geometry of the microreactor and the tubular reactor three-dimensional reactor models were developed. ANSYS 
Fluent was applied as a software product for providing the simulations.  

In Figure 1 the modeling results for different types of flows in microreactor are presented. The flow lines by the 
stratified flow go parallel in spite of the special form of the microchannel at Reynolds number Restr=0-50 (Figure 1a). By 
engulfment flow the flow lines are changed through turbulences at Reeng=200-600 (Figure 1b). The calculated Reynolds 
numbers for both flows agree with literature. 

In Figure 2 the CFD-modeling results in the microreactor are compared with experimental data at different 
temperatures. At residence times lower than 50 seconds (engulfment flow, Re>200) almost ideal mixing takes place and 
the reaction is only limited by the kinetics. At residence times higher than 50 seconds vortex flow and then stratified flow 
take place at lower Reynolds numbers. In this case the reaction and mixing are limited through diffusion and convection.  

 

 
Fig. 1 Modeling results for different flows in a microreactor: a) stratified flow, b) engulfment flow 

 


