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 σЮЦОrТМКХ КЧКХвsТs ШП аКЭОr-ЭШ-аКЭОr ОУОМЭШr СКs ЛООЧ МКrrТОН ШЮЭ. TСО РШЯОrЧТЧР sЭОКНв ЭаШ-НТЦОЧsТШЧКХ 

RОвЧШХНs-КЯОrКРОН σКЯТОr-SЭШФОs ОqЮКЭТШЧs аТЭС ОЧОrРв ОqЮКЭТШЧ, аrТЭЭОЧ ТЧ НТЦОЧsТШЧКХ ЯКrТКЛХОs, СКЯО ЛООЧ 

sШХЯОН ЮsТЧР AσSВS sШПЭаКrО. RОsЮХЭs СКЯО ЛООЧ ШЛЭКТЧОН ПШr НТППОrОЧЭ sТгОs ШП НТППЮsОr. 

 

ɋɬɪɭɣɧɵɟ ɷɠɟɤɬɨɪɵ ɜ ɫɢɥɭ ɧɚɞɟɠɧɨɫɬɢ ɢ ɩɪɨɫɬɨɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɷɧɟɪɝɟɬɢɤɟ, 

ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ, ɧɟɮɬɟɝɚɡɨɜɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Д1, βЖ. ȼɦɟɫɬɟ ɫ ɬɟɦ, 

ɧɟɛɟɡɨɫɧɨɜɚɬɟɥɶɧɨ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɨɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɫɬɪɭɣɧɵɯ ɷɠɟɤɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɧɢɡɤɢɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ. ɉɪɢɱɢɧɨɣ ɱɟɦɭ ɫɥɭɠɚɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ ɫɨɩɥɟ, ɤɚɦɟɪɟ 

ɫɦɟɲɟɧɢɹ ɢ ɞɢɮɮɭɡɨɪɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɨɩɬɢɦɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪɵ 

ɫɨɫɬɚɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɷɠɟɤɬɨɪɚ ɫ ɰɟɥɶɸ, ɧɚɩɪɢɦɟɪ, ɢɫɤɥɸɱɟɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɬɪɵɜɧɵɯ ɡɨɧ ɢɥɢ 

ɦɢɧɢɦɢɡɚɰɢɢ ɩɨɬɟɪɶ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɨɡɜɪɚɬɧɵɯ ɬɟɱɟɧɢɣ, ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɩɨɞɯɨɞɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

CШЦЩЮЭКЭТШЧКХ FХЮТН DвЧКЦТМЬ-ɦɨɞɟɥɢɪɨɜɚɧɢɹ Дγ, ζЖ.  

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɢ 

ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɜɨɞɨ-ɜɨɞɹɧɨɦ ɫɬɪɭɣɧɨɦ ɷɠɟɤɬɨɪɟ ɜ ɩɥɨɫɤɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ AσSВS Дγ, ζЖ. 

ɉɪɨɜɨɞɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ ɜɹɡɤɨɣ ɧɟɫɠɢɦɚɟɦɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɜ 

ɷɠɟɤɬɨɪɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɧɚ ɪɢɫ. 1. ɑɟɪɟɡ ɜɯɨɞɧɨɟ ɫɟɱɟɧɢɟ Ɍ1 ɩɨɞɚɟɬɫɹ ɪɚɛɨɱɚɹ (ɷɠɟɤɬɢɪɭɸɳɚɹΨ ɫɪɟɞɚ, 

ɤɨɬɨɪɚɹ, ɜɫɥɟɞɫɬɜɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɡɨɧɵ ɩɨɧɢɠɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɫɭɠɚɸɳɟɣɫɹ ɱɚɫɬɢ ɭɫɬɪɨɣɫɬɜɚ, 

ɩɨɞɫɚɫɵɜɚɟɬ ɷɠɟɤɬɢɪɭɟɦɭɸ ɫɪɟɞɭ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɜ ɡɨɧɟ ɫɟɱɟɧɢɹ Ɍβ. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɠɟɤɬɨɪɚ ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɤɚɬɚɥɨɝɚ ɷɠɟɤɬɨɪɨɜ εКггОТ ДηЖ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɫ 

ɩɨɦɨɳɶɸ ɦɨɞɭɥɹ GAεBIT Дγ, θЖ, ɛɵɥɚ ɫɨɡɞɚɧɚ ɝɟɨɦɟɬɪɢɹ ɢ 

ɩɨɫɬɪɨɟɧɚ ɧɟɪɚɜɧɨɦɟɪɧɚɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɫɟɬɤɚ. Ⱦɚɥɟɟ 

ɜ ɦɨɞɭɥɟ FδUEσT Дζ, 7Ж ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ 

ɢɫɫɥɟɞɭɟɦɨɣ ɫɪɟɞɵ, ɩɨɞɤɥɸɱɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɭɪɚɜɧɟɧɢɹ, 

ɨɩɢɫɵɜɚɸɳɢɟ ɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨɰɟɫɫ ɤɨɧɜɟɤɬɢɜɧɨɝɨ 

ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɫɬɪɭɣɧɨɦ ɷɠɟɤɬɨɪɟ. Ⱦɥɹ 
Ɋɢɫ. 1. ɂɫɫɥɟɞɭɟɦɵɣ ɷɠɟɤɬɨɪ 
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ɢɡɭɱɟɧɢɹ ɨɬɦɟɱɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɭɪɚɜɧɟɧɢɹ Ɋɟɣɧɨɥɶɞɫɚ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɡɚɦɵɤɚɸɳɟɣ 

ɦɨɞɟɥɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ Ф– ɦɨɞɟɥɶ Д8Жμ 
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Ɂɞɟɫɶ ɯ, ɭ – ɤɨɨɪɞɢɧɚɬɵ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬν Э – ɜɪɟɦɹν Ю, Я – ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɤɨɪɨɫɬɢ ɜ 

ɩɪɨɟɤɰɢɢ ɧɚ ɨɫɢ ɯ, ɭ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨν ɪ – ɞɚɜɥɟɧɢɟν  – ɩɥɨɬɧɨɫɬɶν  – ɤɢɧɟɦɚɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɦɨɥɟɤɭɥɹɪɧɨɣ ɜɹɡɤɨɫɬɢν t  – ɤɢɧɟɦɚɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɥɹɪɧɨɣ (ɬɭɪɛɭɥɟɧɬɧɨɣΨ ɜɹɡɤɨɫɬɢν Ɍ – 

ɬɟɦɩɟɪɚɬɭɪɚν ɚ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢν Prt t ta   – ɬɭɪɛɭɥɟɧɬɧɨɟ ɱɢɫɥɨ ɉɪɚɧɞɬɥɹν ta  

– ɤɨɷɮɮɢɰɢɟɧɬ ɬɭɪɛɭɥɟɧɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢν Ф – ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢν  – 

ɫɤɨɪɨɫɬɶ ɞɢɫɫɢɩɚɰɢɢ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢν k i j i jP u u u x      – ɫɥɚɝɚɟɦɨɟ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟ ɩɨɪɨɠɞɟɧɢɟ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɡɚ ɫɱɟɬ ɫɞɜɢɝɨɜɵɯ ɧɚɩɪɹɠɟɧɢɣν i ju u   – ɪɟɣɧɨɥɶɞɫɨɜɵ 

ɧɚɩɪɹɠɟɧɢɹ. 

ȼɨ ɜɯɨɞɧɵɯ ɫɟɱɟɧɢɹɯ ɢ ɧɚ ɜɵɯɨɞɟ ɡɚɞɚɜɚɥɨɫɶ ɞɚɜɥɟɧɢɟ ɫɪɟɞɵ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ 

ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɭɫɥɨɜɢɹ ɩɪɢɥɢɩɚɧɢɹ ɞɥɹ ɫɤɨɪɨɫɬɢ ɢ ɭɫɥɨɜɢɹ ɚɞɢɚɛɚɬɢɱɧɨɫɬɢ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɚɤɠɟ ɧɚ 

ɜɯɨɞɟ ɡɚɞɚɜɚɥɢɫɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ. 

ȼ ɦɨɞɭɥɟ FδUEσT Дζ, 7Ж ɞɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɤɨɧɜɟɤɬɢɜɧɵɯ ɫɥɚɝɚɟɦɵɯ ɜɨ ɜɫɟɯ ɭɪɚɜɧɟɧɢɹɯ ɩɪɢɦɟɧɹɥɚɫɶ 

ɫɯɟɦɚ QUICK Ʌɟɨɧɚɪɞɚ (ɫɯɟɦɚ ɥɨɤɚɥɶɧɨ γ-ɝɨ ɩɨɪɹɞɤɚ ɬɨɱɧɨɫɬɢ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɟɬɨɤ ɢ ɩɪɢ 

ɜɵɫɨɤɨɦ ɢɯ ɤɚɱɟɫɬɜɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɞɢɫɤɪɟɬɢɡɚɰɢɢ γ-ɝɨ ɩɨɪɹɞɤɚ ɬɨɱɧɨɫɬɢ ɜɞɨɥɶ ɥɢɧɢɢ ɬɨɤɚΨ, ɞɥɹ 

ɞɢɮɮɭɡɢɨɧɧɵɯ ɫɥɚɝɚɟɦɵɯ – ɰɟɧɬɪɚɥɶɧɵɟ ɪɚɡɧɨɫɬɢ. Ⱦɥɹ ɫɨɜɦɟɫɬɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɟɣ ɫɤɨɪɨɫɬɢ ɢ 

ɞɚɜɥɟɧɢɹ ɩɪɢɦɟɧɹɥɚɫɶ ɩɪɨɰɟɞɭɪɚ SIεPδE. ɉɨɥɭɱɟɧɧɵɟ ɪɚɡɧɨɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ ɪɚɡɪɟɲɚɥɢɫɶ ɧɚ ɨɫɧɨɜɟ 

ɢɬɟɪɚɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ. ɂɫɩɨɥɶɡɭɟɦɵɟ ɱɢɫɥɟɧɧɵɟ ɫɯɟɦɵ ɢ ɚɥɝɨɪɢɬɦɵ ɛɵɥɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧɵ ɧɚ ɦɨɞɟɥɶɧɨɣ 

ɡɚɞɚɱɟ – ɬɭɪɛɭɥɟɧɬɧɨɟ ɬɟɱɟɧɢɟ ɜ ɩɥɨɫɤɨɦ ɤɚɧɚɥɟ ɡɚ ɨɛɪɚɬɧɵɦ ɭɫɬɭɩɨɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ 

ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɨɜɚɧɢɟ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ ДλЖ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɫɱɟɬɨɜ ɜɨ ɜɯɨɞɧɨɦ ɫɟɱɟɧɢɢ Ɍ1 ɡɚɞɚɜɚɥɚɫɶ ɬɟɦɩɟɪɚɬɭɪɚ γγγ Ʉ, ɜ ɫɟɱɟɧɢɢ Ɍβ – 

ɬɟɦɩɟɪɚɬɭɪɚ βλγ Ʉ. ȼɥɢɹɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ ɧɟ ɭɱɢɬɵɜɚɥɨɫɶ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɬɪɚɠɚɸɳɢɟ ɜɥɢɹɧɢɟ ɪɚɡɦɟɪɨɜ ɞɢɮɮɭɡɨɪɚ ɧɚ ɫɬɪɭɤɬɭɪɭ 

ɬɟɱɟɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ β ɩɨɤɚɡɚɧɵ ɥɢɧɢɢ ɬɨɤɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɣ ɞɥɢɧɟ ɞɢɮɮɭɡɨɪɚ, ɪɚɫɯɨɞ = 0.0βθγ ɤɝ/ɫ. 
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ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬɪɚɠɚɸɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɨɡɜɪɚɬɧɨɝɨ ɬɟɱɟɧɢɹ ɜ ɡɨɧɟ ɫɨɟɞɢɧɟɧɢɹ 

ɪɚɫɲɢɪɹɸɳɟɣɫɹ ɢ ɩɪɹɦɨɬɨɱɧɨɣ ɱɚɫɬɟɣ, ɱɬɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɷɠɟɤɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɷɠɟɤɬɨɪɚ ɫɧɢɠɚɟɬɫɹ. ɍɜɟɥɢɱɢɜɚɹ ɞɥɢɧɭ ɭɱɚɫɬɤɚ 

ɫɦɟɲɟɧɢɹ, ɱɬɨ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɛɨɥɟɟ ɩɥɚɜɧɨɦ ɩɟɪɟɯɨɞɟ ɩɨɬɨɤɚ, ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɟɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ 

ɥɢɧɢɣ ɬɨɤɚ (ɪɢɫɭɧɨɤ γΨ. ɉɪɢ ɞɚɧɧɨɣ ɞɥɢɧɟ ɭɱɚɫɬɤɚ (ɩɪɢ ɛɨɥɟɟ ɩɥɚɜɧɨɦ ɪɚɫɲɢɪɟɧɢɢ ɞɢɮɮɭɡɨɪɚΨ, ɜ ɡɨɧɟ 

ɫɦɟɲɟɧɢɹ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ.  

Ɇɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ɨɩɬɢɦɚɥɶɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɷɠɟɤɬɨɪɚ ɹɜɥɹɸɬɫɹ ɬɨɱɤɢ ɫ 

ɤɨɨɪɞɢɧɚɬɚɦɢ (ɜ ɦɢɥɥɢɦɟɬɪɚɯΨμ  0.0,0.0 ,  0.0,18.6 ,  30,18.6 ,  30,0 ,  55,15 ,  55,3.6 ,  66.4,3.6 , 

 66.4,15 ,  55, 54.7 ,  66.4, 54.7 ,  130,18.6 ,  130,0 ,  150,18.6 ,  150,0 .  

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ – 0,17ζ Ɇɉɚ, ɜ ɧɢɠɧɟɦ ɩɚɬɪɭɛɤɟ ɢɡɛɵɬɨɱɧɨɟ 

ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ 0, ɬ.ɟ. ɞɚɜɥɟɧɢɟ ɪɚɜɧɨ ɚɬɦɨɫɮɟɪɧɨɦɭ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɛɵɥɢ 

ɭɫɬɚɧɨɜɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɪɚɫɲɢɪɹɸɳɟɣɫɹ ɱɚɫɬɢ ɷɠɟɤɬɨɪɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɨɬɪɵɜ 

ɩɨɝɪɚɧɢɱɧɨɝɨ ɫɥɨɹ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɜɢɯɪɟɣ, ɱɬɨ ɫɧɢɠɚɟɬ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ. 
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