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Ɏɚɤɭɥɶɬɟɬ
 

ɧɚɭɤ
 

ɨ
 

ɦɚɬɟɪɢɚɥɚɯ, 
ɯɢɦɢɱɟɫɤɢɣ

 

ɮɚɤɭɥɶɬɟɬ
 

ɆȽɍ
 ɢɦ.Ɇ.ȼ.Ʌɨɦɨɧɨɫɨɜɚ

ɇɚɭɱɧɨ-ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ
 ɰɟɧɬɪ

ɩɨ
 

ɧɚɧɨɬɟɯɧɨɥɨɝɢɹɦ
 

ɆȽɍ



“Ʉɟɣɜɨɪɢɬ”

ɒɚɪ
ɚɧɬɢɝɪɚɜɢɬɚɰɢɢ

«ɉɟɪɜɵɟ
 

ɥɸɞɢ
ɇɚ

 

Ʌɭɧɟ»



O2 Ɇɚɝɧɢɬɧɚɹ
 

ɥɟɜɢɬɚɰɢɹ
 

(ISTEC)

Cu3+

ɊɁɗ-ɛɚɪɢɟɜɵɟ
 

ɤɭɩɪɚɬɵ



ɜɤɥɸɱɟɧɢɹ ɥɚɦɟɥɢ ɞɜɨɣɧɢɤɢɝɪɚɧɢɰɵ
 

ɡɟɪɟɧ

Y2

 

BaCuO5

 

+ L + O2

→ YBa2

 

Cu3

 

O7-z



ɉɢɧɧɢɧɝ
NdBa2

 

Cu3

 

O6.9

Bi2

 

Sr2-x

 

Ca1-y

 

Prx+y

 

Cu2

 

O8+d



ɋɪɚɜɧɟɧɢɟ
 

ɨɩɪɟɞɟɥɟɧɢɣ

ɗɥɟɦɟɧɬ
 

–

 

ɫɨɜɨɤɭɩɧɨɫɬɶ
 

ɚɬɨɦɨɜ

ȼɟɳɟɫɬɜɨ
 

–

 

ɫɨɟɞɢɧɟɧɢɟ
 

ɯɢɦɢɱɟɫɤɢɯ
 

ɷɥɟɦɟɧɬɨɜ
ɨɩɪɟɞɟɥɟɧɧɨɝɨ

 

ɫɨɫɬɚɜɚ

Ɏɚɡɚ
 

-

 

ɫɨɜɨɤɭɩɧɨɫɬɢ
 

ɜɫɟɯ
 

ɝɨɦɨɝɟɧɧɵɯ
 

ɱɚɫɬɟɣ
 

ɝɟɬɟɪɨɝɟɧɧɨɣ
ɫɢɫɬɟɦɵ

 

ɫ
 

ɩɨɫɬɨɹɧɧɵɦ
 

ɫɨɫɬɚɜɨɦ
 

ɢ
 

ɫɜɨɣɫɬɜɚɦɢ, ɨɬɞɟɥɟɧɧɨɣ
 

ɨɬ
ɞɪɭɝɢɯ

 

ɱɚɫɬɟɣ
 

ɫɢɫɬɟɦɵ
 

ɦɟɠɮɚɡɧɵɦɢ
 

ɝɪɚɧɢɰɚɦɢ. 

Ɇɚɬɟɪɢɚɥ
 

–

 

ɜɟɳɟɫɬɜɨ, ɨɛɥɚɞɚɸɳɟɟ
 

ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ
ɩɪɟɞɨɩɪɟɞɟɥɹɸɬ

 

ɬɨ
 

ɢɥɢ
 

ɢɧɨɟ
 

ɟɝɨ
 

ɩɪɚɤɬɢɱɟɫɤɨɟ
 

ɩɪɢɦɟɧɟɧɢɟ.
(ɚɤɚɞ. ɂ.ȼ.Ɍɚɧɚɧɚɟɜ)

Ʉɨɦɩɨɡɢɬ
 

–

 

ɦɚɬɟɪɢɚɥ, ɫɨɞɟɪɠɚɳɢɣ
 

ɨɞɧɭ
 

ɢ
 

ɛɨɥɟɟ
 

ɮɚɡ, 
ɭɱɚɫɬɜɭɸɳɢɯ

 

ɜ
 

ɮɨɪɦɢɪɨɜɚɧɢɢ
 

ɟɝɨ
 

ɨɫɧɨɜɧɵɯ
 

ɩɪɚɤɬɢɱɟɫɤɢ-
ɡɧɚɱɢɦɵ

 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ



H2

 

O

Ⱥɥɦɚɡɵ
 

(Ɍɪɨɢɰɤ)

ɂɡɭɦɪɭɞɵ

Ʉɜɚɪɰ

Ⱦɢɝɢɞɪɨɮɨɫɮɚɬ
 

ɤɚɥɢɹ



Ɍ/ɞ ɬ/ɮ
 

ɩɪɨɰɟɫɫɨɜ

ɂɡɦɟɧɟɧɢɟ
 

ɫɢɫɬɟɦɵ

ɋ
ɜɨ
ɛɨ
ɞɧ
ɚɹ
ɷɧ
ɟɪ
ɝɢ
ɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ

ɇȿɫɚɦɨ-
ɩɪɨɢɡɜɨɥɶɧɵɣ

ɪɚɜɧɨɜɟɫɢɟ

ɦɟɬɚɫɬɚɛɢɥɶɧɨɟ
ɪɚɜɧɨɜɟɫɢɟ

ɥɚɛɢɥɶɧɚɹ
ɫɢɫɬɟɦɚ

-

 

Ɏɚɤɬɨɪ
 

ɜɪɟɦɟɧɢ
-

 

Ɂɚɜɢɫɢɦɨɫɬɶ
ɨɬ

 

ɩɭɬɢ
 

ɩɟɪɟɯɨɞɚ
- Ⱦɟɮɟɤɬɵ, «ɫɨɫɬɚɜ-

ɫɬɪɭɤɬɭɪɚ-ɫɜɨɣɫɬɜɚ»
ð

Ɋɚɡɧɵɟ
 

ɮɨɪɦɵ
ɦɚɬɟɪɢɚɥɨɜ





ɋɨɡɞɚɧɢɟ
 

ɦɚɬɟɪɢɚɥɨɜ



•

 

Ɉɛɴɟɦɧɵɟ
 

(3D) 
ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ

 
ɦɚɬɟɪɢɚɥɵɀ: ɦɟɬɚɥɥɵ

 

ɢ

 

ɫɩɥɚɜɵ

 

ɫ

 

ɭɥɶɬɪɚɦɢɤɪɨɡɟɪɧɢɫɬɨɣ

 

ɫɬɪɭɤɬɭɪɨɣ, ɧɚɧɨɤɟɪɚɦɢɤɚ

•

 

ɇɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ
 

ɩɥɚɧɚɪɧɵɟ
 

ɦɚɬɟɪɢɚɥɵ
 

2D:ɩɥɟɧɤɢ

 

ɢ

 

ɩɨɤɪɵɬɢɹ, 
ɧɚɧɨɩɟɱɚɬɧɚɹ

 

ɥɢɬɨɝɪɚɮɢɹ, 
ɫɚɦɨɫɨɛɢɪɚɸɳɢɟɫɹ

 

ɦɨɧɨɫɥɨɢ

•

 

ɇɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ
 

(1D)

 

ɦɚɬɟɪɢɚɥɵ:ɧɚɧɨɬɪɭɛɤɢ, 
ɧɚɧɨɜɨɥɨɤɧɚ, ɧɚɧɨɚɝɪɟɝɚɬɵ

 

ɢ

 

ɧɚɧɨɩɪɨɜɨɥɨɤɢ

•

 

ɇɚɧɨɞɢɫɩɟɪɫɧɵɟ
 

(0D) 
ɦɚɬɟɪɢɚɥɵ:ɧɚɧɨɩɨɪɨɲɤɢ, 
ɧɚɧɨɤɪɢɫɬɚɥɥɵ, ɤɜɚɧɬɨɜɵɟ

 

ɬɨɱɤɢ

•

 

ɇɚɧɨɤɨɦɩɨɡɢɬɵ: 
ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ

 

ɦɚɬɪɢɰɵ, ɧɚɧɨɱɚɫɬɢɰɵ

 

ɜ

 

ɤɟɪɚɦɢɱɟɫɤɨɣ, ɦɟɬɚɥɥɢɱɟɫɤɨɣ

 

ɢɥɢ

 

ɩɨɥɢɦɟɪɧɨɣ

 

ɦɚɬɪɢɰɟ

•

 

ɋɭɩɪɚɦɨɥɟɤɭɥɹɪɧɵɟ
 

ɦɚɬɟɪɢɚɥɵ

http://www.nanometer.ru/
http://www.nanometer.ru/


ɇɚɧɨɤɨɦɩɨɡɢɬɵɇɚɧɨɤɨɦɩɨɡɢɬɵ

TiO2

 

/Pt



Ʉɥɚɬɪɚɬ
 

–
 

ɮɨɧɨɧɧɨɟ
 

ɫɬɟɤɥɨ
ȼɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ

 

ɦɨɝɭɬ
 

ɩɪɨɜɨɞɢɬɶ
ɷɥɟɤɬɪɢɱɟɫɬɜɨ

 

ɯɨɪɨɲɨ, ɤɚɤ
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ

 

ɩɪɨɜɨɞɧɢɤ,
 

ɚ
ɬɟɩɥɨ

 

–

 

ɩɥɨɯɨ, ɤɚɤ
 

ɫɬɟɤɥɨ
 

(ɋɥɷɤ, 
1995)
ɋɥɚɛɨɫɜɹɡɚɧɧɵɟ

 

ɚɬɨɦɵ
 

ɢɥɢ
ɦɨɥɟɤɭɥɵ, ɫɩɨɫɨɛɧɵɟ

 

ɫɜɨɛɨɞɧɨ
ɜɪɚɳɚɬɶɫɹ

 

ɢɥɢ
 

ɤɨɥɟɛɚɬɶɫɹ
 

ɜ
ɩɪɟɞɟɥɚɯ

 

ɨɝɪɚɧɢɱɟɧɧɨɝɨ
 

ɨɛɴɟɦɚ, 
ɢɫɩɨɥɶɡɭɸɬɫɹ

 

ɞɥɹ
 

ɫɧɢɠɟɧɢɹ
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ

 

ɡɚ
 

ɫɱɟɬ
ɷɮɮɟɤɬɢɜɧɨɝɨ

 

ɪɚɫɫɟɹɧɢɹ
 

ɮɨɧɨɧɨɜ, 
ɱɬɨ

 

ɧɟ
 

ɨɤɚɡɵɜɚɟɬ
 

ɫɭɳɟɫɬɜɟɧɧɨɝɨ
ɜɥɢɹɧɢɹ

 

ɧɚ
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɦɭɸ
ɤɨɜɚɥɟɧɬɧɨ-ɫɜɹɡɚɧɧɵɦ

 

ɤɚɪɤɚɫɨɦ
ɇɟɡɚɜɢɫɢɦɚɹ

 

ɨɩɬɢɦɢɡɚɰɢɹ
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ

 

ɢ
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ

Ɍɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɣ
 ɦɚɬɟɪɢɚɥ

 

ɫ
 

ɤɥɚɬɪɚɬɧɨɣ
ɫɬɪɭɤɬɭɪɨɣ: ɯɨɥɨɞɢɥɶɧɢɤ

ɛɟɡ
 

ɮɪɟɨɧɚ



ɂɟɪɚɪɯɢɹ
 

ɫɬɪɭɤɬɭɪɧɵɯ
 

ɭɪɨɜɧɟɣ
 

ɦɚɬɟɪɢɚɥɨɜ

ɄɆɋ-

 

ɦɚɧɝɚɧɢɬɵ Ʉɚɪɤɚɫɧɵɟ
ɦɚɧɝɚɧɢɬɵ

ɇɚɧɨɬɪɭɛɤɢ
VOx

SEM

TEM



1 ɧɦ
10 ɧɦ

 

ɊȺɁɆȿɊ
100 ɧɦ

0D

1D

2D  ɊȺɁɆȿɊɇɈɋɌɖ
3D

ɮɪɚɤɬɚɥɵ

Ɏ
ɍɇ
Ʉɐ
ɂ
Ɉ
ɇ
Ⱥ
Ʌ
ɖ
ɇ
ɕ
ȿ

ɋ
ȼ
Ɉ
Ƀ
ɋ
Ɍȼ
Ⱥ

ɦ
ɚɝ
ɧɢ
ɬɧ
ɵ
ɟ

ɷɥ
ɟɤ
ɬɪ
ɢɱ
ɟɫ
ɤɢ
ɟ

ɨɩ
ɬɢ
ɱɟ
ɫɤ
ɢɟ

ɋ
ɬɟ
ɩɟ
ɧɶ

ɭɩ
ɨɪ
ɹɞ
ɨɱ
ɟɧ
ɢɹ

ɧɚɧɨɫɬɪɭɤɬɭɪɵ

«ɬɟɤɫɬɭɪɵ»

Ʉɜɚɧɬɨɜɵɟ
ɷɮɮɟɤɬɵ

Ⱦɨɦɟɧɵ

ɇɚɧɨ-

 

ɢ
 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ

 

ɦɚɬɟɪɢɚɥɵ



ɇɚɧɨ

Ɍɟɦɩɥɚɬ
 

–

 

ɱɚɫɬɶ
 

ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛɫɬɜɭɸɳɚɹ
 

ɮɨɪɦɢɪɨɜɚɧɢɸ
 

ɫɬɪɭɤɬɭɪ
 

ɫ
 

ɡɚɞɚɧɧɵɦ
 

ɬɢɩɨɦ
ɭɩɨɪɹɞɨɱɟɧɢɹ

 

ɫɨɫɬɚɜɥɹɸɳɢɯ
 

ɢɯ
 

ɷɥɟɦɟɧɬɨɜ

Ɇɨɥɟɤɭɥɹɪɧɵɣ
ɬɟɦɩɥɚɬ

ɬɭɧɧɟɥɢ
 

ɢ
 

ɫɥɨɢ
 

3-30 Ⱥ

Ɇɢɰɟɥɥɹɪɧɵɣ
ɬɟɦɩɥɚɬ

ɩɨɪɵ
 

1-30 ɧɦ

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɣ
ɬɟɦɩɥɚɬ

2D ɢ
 

3D ɬɟɤɫɬɭɪɵ
0.1-100 ɦɤɦ

ɗɮɮɟɤɬ
Ɍɨɩɨɯɢɦɢɱɟɫɤɨɣ
ɉɚɦɹɬɢ

Ɇɢɤɪɨ
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ǴȈȚȘȐȞȈ ǸȈȏȔȍȘ

 

ȗȖȘ, ȕȔ

SiO2  (MCM-41) 2-8

ǴȍȏȖȗȖȘȐșȚȣȍ
 

ȈȓȦȔȖșȐȓȐȒȈȚȣ
2-8

MFI-ȞȍȖȓȐȚȣ
 

(ZSM-5) ~0,5

ǨȕȖȌȕȣȑ
 

Al2

 

O3 20-80

ǹȓȖȐșȚȣȍ
 

ȌȊȖȑȕȣȍ
 

ȋȐȌȘȖȒșȐȌȣ
1-10

FAU-ȞȍȖȓȐȚȣ
 

(Y) ~1

(Ɇɟɡɨ)ɩɨɪɢɫɬɵɟ
 

ɫɢɫɬɟɦɵ



Ɇɟɡɨɮɚɡɚ

ɉɚɪɚɦɟɬɪ
 

ɩɨɪɹɞɤɚ
(ɩɨɡɢɰɢɨɧɧɨɝɨ, ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ)
= ɚɧɢɡɨɬɪɨɩɢɹ

ɀ. ɤɪɢɫɬɚɥɥ
 

–

 

ɚɧɢɡɨɬɪɨɩɧɚɹ
 ɠɢɞɤɨɫɬɶ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ
 (ɞɜɭɦɟɪɧɵɦ) ɭɩɨɪɹɞɨɱɟɧɧɵɦ
 ɪɚɫɩɨɥɨɠɟɧɢɟɦ

 

ɦɨɥɟɤɭɥ. 



Ɍɢɩɵ
 

ɀɄ
ɇɟɦɚɬɢɱɟɫɤɢɟ

 

-

 

ɧɚɥɢɱɢɟ
 

ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ
 

ɢ
ɨɬɫɭɬɫɬɜɢɟ

 

ɩɨɡɢɰɢɨɧɧɨɝɨ
 

ɩɨɪɹɞɤɚ;
 

ɫɦɟɤɬɢɱɟɫɤɢɟ
-

 

ɧɚɥɢɱɢɟ
 

ɤɚɤ
 

ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ, ɬɚɤ
 

ɢ
ɩɨɡɢɰɢɨɧɧɨɝɨ

 

ɩɨɪɹɞɤɚ; ɯɨɥɟɫɬɟɪɢɱɟɫɤɢɟ
 

-
ɫɨɫɬɨɹɬ

 

ɢɡ
 

ɫɥɨɟɜ, ɜ
 

ɤɚɠɞɨɦ
 

ɢɡ
 

ɤɨɬɨɪɵɯ
 

ɦɨɥɟɤɭɥɵ
ɭɩɨɪɹɞɨɱɟɧɵ

 

ɤɚɤ
 

ɜ
 

ɧɟɦɚɬɢɱɟɫɤɨɦ
 

ɤɪɢɫɬɚɥɥɟ, ɧɨ
ɢɯ

 

ɞɢɪɟɤɬɨɪɵ
 

ɩɨɜɨɪɚɱɢɜɚɸɬɫɹ
 

ɩɪɢ
 

ɩɟɪɟɯɨɞɟ
 

ɨɬ
ɫɥɨɹ

 

ɤ
 

ɫɥɨɸ. 

ɜ
 

1922 ɝɨɞɭ
 

ɚɧɝɥɢɣɫɤɢɣ
 

ɮɢɡɢɤ
 

Ɏɪɢɞɟɥɶ
 

ɜɜɟɥ
ɩɨɧɹɬɢɹ

 

«ɦɟɡɨɮɚɡɚ», «ɦɟɡɨɦɨɪɮɧɨɟ
 

ɜɟɳɟɫɬɜɨ»
 

ɢ
«ɦɟɡɨɦɨɪɮɧɨɟ

 

ɫɨɫɬɨɹɧɢɟ», ɭɩɨɬɪɟɛɢɜ
 

ɫɥɨɜɨ
«ɦɟɡɨɦɨɪɮɧɵɣ»

 

ɜ
 

ɡɧɚɱɟɧɢɢ, ɷɤɜɢɜɚɥɟɧɬɧɨɦ
«ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ», ɚ ɬɚɤɠɟ ɩɪɟɞɥɨɠɢɥ
ɤɥɚɫɫɢɮɢɤɚɰɢɸ

 

ɀɄ
 

ɫɨɟɞɢɧɟɧɢɣ
 

ɜ
 

ɡɚɜɢɫɢɦɨɫɬɢ
 

ɨɬ
ɯɚɪɚɤɬɟɪɚ

 

ɪɚɫɩɨɥɨɠɟɧɢɹ
 

ɦɨɥɟɤɭɥ
 

ɜ
 

ɀɄ-ɮɚɡɟ, 
ɪɚɡɞɟɥɢɜ

 

ɢɯ
 

ɧɚ
 

ɫɦɟɤɬɢɤɢ, ɧɟɦɚɬɢɤɢ
 

ɢ
 

ɯɨɥɟɫɬɟɪɢɤɢ.

Ɍɟɪɦɨɬɪɨɩɧɵɟ
 

–

 

ɧɚɝɪɟɜɚɧɢɟ
 

ɬɜɟɪɞɨɝɨ
 

ɤɪɢɫɬɚɥɥɚ
ɢɥɢ

 

ɨɯɥɚɠɞɟɧɢɟ
 

ɢɡɨɬɪɨɩɧɨɣ
 

ɠɢɞɤɨɫɬɢ.

Ʌɢɨɬɪɨɩɧɵɟ
 

–

 

ɪɚɫɬɜɨɪɟɧɢɟ
 

ɬɜɟɪɞɵɯ
 

ɤɪɢɫɬɚɥɥɨɜ ɜ
ɨɩɪɟɞɟɥɟɧɧɵɯ

 

ɪɚɫɬɜɨɪɢɬɟɥɹɯ.



-ȼɚɪɶɢɪɭɟɦɵɣ
 

ɪɚɡɦɟɪ
 

ɩɨɪ
 

(1-10 ɧɦ)
-Ɉɞɧɨɪɨɞɧɨɫɬɶ

 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ
ɩɨɪ ɩɨ ɪɚɡɦɟɪɭ

-ɍɩɨɪɹɞɨɱɟɧɧɨɫɬɶ
 

ɩɨɪ
-ɋɨɡɞɚɧɢɟ

 

ɚɧɢɡɨɬɪɨɩɧɵɯ
 

ɫɢɫɬɟɦ
-ɂɡɨɥɢɪɨɜɚɧɧɨɫɬɶ

 

ɤɚɧɚɥɨɜ-ɩɨɪ
-Ɋɟɲɟɧɢɟ

 

ɩɪɨɛɥɟɦɵ
 

ɚɝɪɟɝɚɰɢɢ
ɢ

 

ɯɢɦɢɱɟɫɤɨɣ
 

ɢɡɨɥɹɰɢɢ
 

ɧɚɧɨɱɚɫɬɢɰ

ɀɢɞɤɢɣ

 
ɤɪɢɫɬɚɥɥ

 

ɉȺȼ

Ɉɬɠɢɝ

 

ɜ
ɬɨɤɟ

 

O
2

ȼɜɟɞɟɧɢɟ
 

SiO2

MCM-41

Ɇɢɰɟɥɥɚ

 

ɉȺȼ

Ʉɨɦɩɨɡɢɬ
ɬɟɦɩɥɚɬ/MCM -41

Ɉɞɧɨɦɟɪɧɵɟ
ɪɟɚɤɬɨɪɵ

ɤɚɪɛɨɧɢɥ
ɠɟɥɟɡɚ, ...

Ɇɚɝɧɢɬɧɵɣ
ɧɚɧɨɤɨɦɩɨɡɢɬ

Water Olil

Surfactant

Typical phase diagram of the system «Water-Oil-

 

Surfactant»

Ɇɟɡɨɩɨɪɢɫɬɵɟ
 

ɨɤɫɢɞɵ



Ɇɚɝɧɢɬɧɵɟ
 

ɧɚɧɨɤɨɦɩɨɡɢɬɵ
 

SiO2

 

-Fe

ɇɚɧɨ-
ɩɪɨɜɨɥɨɤɚ

Fe ɜ
ɦɟɡɨ-

ɩɨɪɢɫɬɨɦ
SiO2

ɋɜɟɪɯɜɵɫɨɤɚɹ
 

ɩɥɨɬɧɨɫɬɶ
ɡɚɩɢɫɢ

 

ɢɧɮɨɪɦɚɰɢɢ
(1-10 Ɍɛɢɬ/ɤɜ.ɞɸɣɦ)

0,7618553

 

2
35280400

0,6122253

 

6
>40>300375

0,5320146

 

4
32260350

300K4K

ɇɚɦɚɝɧ.-
ɧɚɫɵɳ., 

300K, ɷ.ɦ.ɟ./ɝ

Ʉɨɷɪɰɢɬɢɜ-

 

ɧɚɹ

 

ɫɢɥɚ, ɗAɧɢɡɨ-
ɬɪɨɩɢɹɌɛɥɨɤ

 

, KɌɤɪɢɫɬ

 

, °ɋ
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ɬɢɬɚɧɚ
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-750 -500 -250 0 250 500 750

 H ɩɚɪɚɥɥɟɥɶɧɚ 
         ɞɥɢɧɧɨɣ ɨɫɢ ɧɚɧɨɧɢɬɟɣ

 H ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ
         ɞɥɢɧɧɨɣ ɨɫɢ ɧɚɧɨɧɢɬɟɣ

 

 

  

M
, 
Ⱥ

*ɦ
2

H, ɗ

 

ɇɚɧɨɤɨɦɩɨɡɢɬ Ni/Al2O3

(ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ 28 ɧɦ, ɞɥɢɧɚ 165 ɦɤɦ) T=300K
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ɉɨɪɢɫɬɵɣ
 

ɨɤɫɢɞ
 

ɚɥɸɦɢɧɢɹ



Ⱥ
 

–

 

ɜɥɢɹɧɢɟ
 

ɚɧɢɡɨɬɪɨɩɢɢ
 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ
 

ɫɬɪɭɤɬɭɪɵ
 

ɬɜɟɪɞɨɝɨ
 

ɬɟɥɚ

B – ɤɚɩɥɹ
 

ɠɢɞɤɨɫɬɢ
 

(«ɉɚɪ-

 
ɀɢɞɤɨɫɬɶ-Ʉɪɢɫɬɚɥɥ»)

C –

 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ
 

ɨɝɪɚɧɢɱɟɧɢɹ
 

ɪɨɫɬɚ
 

(«ɲɚɛɥɨɧ»)

D – ɤɢɧɟɬɢɱɟɫɤɢɣ
 

ɤɨɧɬɪɨɥɶ
 

(ɛɥɨɤɢɪɨɜɚɧɢɟ
 

ɪɨɫɬɚ
 

ɝɪɚɧɟɣ)

E – ɫɚɦɨɭɩɨɪɹɞɨɱɟɧɢɟ
 

0D

 

(ɢ
2D!) ɫɬɪɭɤɬɭɪ

F – ɭɦɟɧɶɲɟɧɢɟ
 

ɪɚɡɦɟɪɚ
 

1D
ɫɬɪɭɤɬɭɪ

Ɉɞɧɨɦɟɪɧɵɟ
 

ɫɬɪɭɤɬɭɪɵ



Ɋɨɫɬ
 

ɜɢɫɤɟɪɨɜ
 

(Si/Au, …)

Ɇɟɯɚɧɢɡɦ
 

"ɉɚɪ-
ɀɢɞɤɨɫɬɶ-Ʉɪɢɫɬɚɥɥ":
1.ɤɚɩɥɹ

 

ɞɨɥɠɧɚ
 

ɛɵɬɶ
ɠɢɞɤɨɣ

 

ɩɪɢ
 

ɞɚɧɧɵɯ Ɍ
ɢ

 

Cɪ.ɜ.
2.ɤɚɩɥɹ

 

ɞɨɥɠɧɚ
 

ɫɦɚɱɢɜɚɬɶ
 

ɩɨɞɥɨɠɤɭ
3.ɜɟɳɟɫɬɜɨ

 

ɤɚɩɥɢ
 

ɧɟ
ɞɨɥɠɧɨ

 

ɜ
 

ɛɨɥɶɲɢɯ
 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ
 

ɡɚɯɜɚɬɵɜɚɬɶɫɹ
 

ɤɪɢɫɬɚɥɥɨɦ
4.ɜɟɳɟɫɬɜɨ

 

ɧɟ
 

ɞɨɥɠɧɨ
ɪɟɚɝɢɪɨɜɚɬɶ

 

ɫ
 

ɝɚɡɨɜɨɣ
ɮɚɡɨɣ, ɧɨ

 

ɞɨɥɠɧɨ
 

ɪɚɫɬɜɨɪɹɬɶ
 

ɤɨɦɩɨɧɟɧɬɵ
 

ɞɥɹ
 

ɪɨɫɬɚ
ɤɪɢɫɬɚɥɥɚ



ȼɢɫɤɟɪɵ

MgO-Co

NaxCoO2

Ɏɚɡɵ
 

ɒɟɜɪɟɥɹ

Bi2212

Si

SnO2

SiO2

ZnO ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ ɫɜɟɪɯɪɨɜɨɞɧɢɤɢ

ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ
 

ɦɚɬɟɪɢɚɥɵ

ȺɋɆ

«ɤɜɚɧɬɨɜɵɟ
ɧɢɬɢ»

ɫɟɧɫɨɪɵ



Ʉɚɬɨɞɧɵɟ
 

ɦɚɬɟɪɢɚɥɵ
ɋɨɪɛɟɧɬɵ
Ʉɚɬɚɥɢɡ

Ɍɭɧɧɟɥɶɧɵɟ
 

ɨɤɫɢɞɵ
 

ɦɚɪɝɚɧɰɚ



ɇɨɜɵɟ
 

ɦɚɬɟɪɢɚɥɵ
 

(MnO2
 

)

http://www.nanometer.ru/
http://www.nanometer.ru/


R –

 

ɧɟɡɚɩɨɥɧɟɧɧɵɟ

 

ɤɚɧɚɥɵ

 

/ ɪɭɬɢɥ
S –

 

«ɨɞɢɧɨɱɧɵɟ»

 

ɤɚɧɚɥɵ

 

/

 

ɝɨɥɥɚɧɞɢɬ
D –

 

«ɞɜɨɣɧɵɟ»

 

ɤɚɧɚɥɵ
ɜɢɫɤɟɪɵ

 

Ba6

 

Mn24

 

O48

0.1-5 ɦɤɦ
 

* 0.1-5 ɦɦ

S

D

R

Ʉɨɦɩɨɡɢɬɧɚɹ
 

ɬɭɧɧɟɥɶɧɚɹ
 

ɫɬɪɭɤɬɭɪɚ

ɍɧɢɤɚɥɶɧɵɣ
 

ɨɛɴɟɤɬ
 

ɢɫɫɥɟɞɨɜɚɧɢɹ
 

: cɨɱɟɬɚɧɢɟ
 

ɭɧɢɤɚɥɶɧɨɣ
 

ɫɬɪɭɤɬɭɪɵ
(ɫɪɚɫɬɚɧɢɟ

 

ɬɭɧɧɟɥɟɣ
 

ɪɚɡɥɢɱɧɨɝɨ
 

ɪɚɡɦɟɪɚ) ɢ
 

ɭɧɢɤɚɥɶɧɨɣ
 

ɮɨɪɦɵ
 

(ɜɢɫɤɟɪɵ)



ɇɚɧɨɜɢɫɤɟɪɵ



ɋɥɨɣ
 

ɧɚɧɨɤɪɢɫɬɚɥɥɨɜ
 

MnO2

 

*xH2

 

O 



Ɍɨɞɨɪɨɤɢɬ
 

(10A-ɬɭɧɧɟɥɶ)

Ƚɢɞɪɨɬɟɪɦɚɥɶɧɵɣ
 

ɫɢɧɬɟɡ
 

ɢɡ
 

ɫɥɨɢɫɬɵɯ
«ɩɪɟɞɲɟɫɬɜɟɧɧɢɤɨɜ» (Mgx

 

MnO2

 

*yH2

 

O), 

1600ɋ, 24 ɱ.



Ⱥɤɤɭɦɭɥɹɬɨɪ

•ɋɢɫɬɟɦɵ
 

ɫ
 

ɜɵɫɨɤɢɦ
 

ɩɨɬɟɧɰɢɚɥɨɦ
ɩɨɥɭɪɟɚɤɰɢɢ
•ȼɵɫɨɤɚɹ

 

ɟɦɤɨɫɬɶ
•ȼɵɫɨɤɚɹ

 

ɩɥɨɳɚɞɶ
 

ɩɨɜɟɪɯɧɨɫɬɢ
 

ɞɥɹ
ɛɵɫɬɪɨɣ

 

ɩɟɪɟɡɚɪɹɞɤɢ
•ɋɨɯɪɚɧɟɧɢɟ

 

ɫɜɨɣɫɬɜ
 

ɩɪɢ
ɰɢɤɥɢɪɨɜɚɧɢɢ
•Ɇɚɥɚɹ

 

ɬɨɤɫɢɱɧɨɫɬɶ
 

ɢ
 

ɧɟɜɵɫɨɤɚɹ
ɫɬɨɢɦɨɫɬɶ
•ɍɞɨɛɧɚɹ

 

ɦɨɪɮɨɥɨɝɢɹ, ɩɨɡɜɨɥɹɸɳɚɹ
ɢɡɝɨɬɚɜɥɢɜɚɬɶ

 

ɷɥɟɤɬɪɨɞɵ
 

ɪɚɡɥɢɱɧɨɣ
ɮɨɪɦɵ



4277 ɦȺɱ/ɝ

2000 ɦȺɱ/ɝ

ɍɇɌ

TiO2

Si

Ⱥɧɨɞɧɵɟ
 

ɦɚɬɟɪɢɚɥɵ
 

Li ɏɂɌ

http://www.nanometer.ru/
http://www.nanometer.ru/
http://www.nanometer.ru/


V2

 

O5

 

*xH2

 

O



ɉɟɧɚ
 

ɢ
 

ɚɷɪɨɝɟɥɶ
 

V2

 

O5



Ƚɢɛɪɢɞɧɵɟ
 

ɦɚɬɟɪɢɚɥɵ

ɉɨɜɵɲɟɧɢɟ
 

ɩɪɨɜɨɞɢɦɨɫɬɢ
 

ɞɨ
 

1000 ɪɚɡ, ɟɦɤɨɫɬɢ
 

ɜ
 

1.5-3 ɪɚɡɚ, 

ɧɚɩɪɹɠɟɧɢɹ
 

ɞɨ
 

3.7 ȼ,

 

ɬɟɪɦɢɱɟɫɤɨɣ
 

ɫɬɚɛɢɥɶɧɨɫɬɢ
 

ɞɨ
 

300-4500ɋ



ɉɪɟɤɭɪɫɨɪɵ
 

ɧɚɧɨɬɭɛɭɥɟɧɨɜ

V
2

 

O
5

5 ȟ.

20 ȟ.

V
2

 

O
5

 

: ǷǨǪ



«ǶȒșȐȌȕȈȧ»
 

ȜȖȓȤȋȈ
 

Ȑȏ
 

(VOx

 

)

ɇɚɧɨɬɭɛɭɥɟɧɵ
 

VOx



3D ɏɂɌ



Ȼɢɨɦɢɦɟɬɢɤɚ



Ɉɤɪɚɫɤɚ
 

ɤɪɵɥɶɟɜ
 

ɛɚɛɨɱɟɤ



Ȼɢɨɦɢɦɟɬɢɤɚ: ɢɡɭɱɟɧɢɟ
 

ɨɛɪɚɡɨɜɚɧɢɹ, 
ɫɬɪɭɤɬɭɪɵ

 

ɢ
 

ɮɭɧɤɰɢɣ
 

ɛɢɨɥɨɝɢɱɟɫɤɢ
 

ɩɨɥɭɱɚɟɦɵɯ
 

ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ
 

ɩɪɨɰɟɫɫɨɜ
 

ɢ
 

ɢɯ
 

ɦɟɯɚɧɢɡɦɨɜ, 
ɩɪɨɢɫɬɟɤɚɸɳɢɯ

 

ɜ
 

ɛɢɨɥɨɝɢɱɟɫɤɢɯ
 

ɫɢɫɬɟɦɚɯ
 

ɫ
 

ɰɟɥɶɸ
 

ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ
 

ɫɢɧɬɟɡɚ
 

ɦɚɬɟɪɢɚɥɨɜ, ɢɦɢɬɢɪɭɸɳɢɯ
 

ɩɪɢɪɨɞɧɵɟ.
Ȼɢɨɦɚɬɟɪɢɚɥɵ:
1.

 

Ȼɢɨɥɨɝɢɱɟɫɤɢɟ
 

ɦɚɬɟɪɢɚɥɵ: 

ɩɪɢɪɨɞɧɵɟ
 

ɦɚɬɟɪɢɚɥɵ, 
ɨɛɪɚɡɨɜɚɧɧɵɟ

 

ɛɢɨɥɨɝɢɱɟɫɤɢɦɢ
 

ɫɢɫɬɟɦɚɦɢ.
2.

 

Ȼɢɨɦɟɞɢɰɢɧɫɤɢɟ
 

ɦɚɬɟɪɢɚɥɵ: 

ɢɫɤɭɫɫɬɜɟɧɧɵɟ
 

ɦɚɬɟɪɢɚɥɵ, 
ɢɫɩɨɥɶɡɭɟɦɵɟ

 

ɞɥɹ
 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ
 

ɢ ɡɚɦɟɧɵ ɬɤɚɧɟɣ ɨɪɝɚɧɢɡɦɨɜ.
Ɍɢɩɢɱɧɵɟ

 

ɛɢɨɥɨɝɢɱɟɫɤɢɟ
 

ɦɚɬɟɪɢɚɥɵ: 

ɛɢɨɦɢɧɟɪɚɥɵ, ɚ
 

ɢɦɟɧɧɨ, ɪɚɤɨɜɢɧɵ, 
ɡɭɛɵ, ɤɨɫɬɢ.

Ɍɢɩɢɱɧɵɣ
 

ɩɪɨɰɟɫɫ
 

ɛɢɨɦɢɧɟɪɚɥɢɡɚɰɢɢ:

 
ɫɚɦɨɫɛɨɪɤɚ.



(~2.5 ɦɥɪɞ. $)

“Ɍɵɫɹɱɟɥɟɬɢɹ
 

ɬɨɦɭ
 

ɧɚɡɚɞ
 

ɨɬɤɪɵɬɢɟ
 

ɬɨɝɨ, ɱɬɨ
 

ɨɝɨɧɶ
 

ɦɨɠɟɬ
ɩɪɟɜɪɚɬɢɬɶ

 

ɛɟɫɮɨɪɦɟɧɧɭɸ
 

ɝɥɢɧɭ
 

ɜ
 

ɤɟɪɚɦɢɱɟɫɤɭɸ
 

ɭɬɜɚɪɶ, 

ɩɪɢɜɟɥɨ
 

ɤ
 

ɜɨɡɧɢɤɧɨɜɟɧɢɸ
 

ɡɟɦɥɟɞɟɥɶɱɟɫɤɨɣ
 

ɰɢɜɢɥɢɡɚɰɢɢ
 

ɢ
ɪɚɞɢɤɚɥɶɧɨ

 

ɭɥɭɱɲɢɥɨ
 

ɤɚɱɟɫɬɜɨ
 

ɢ
 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ
 

ɠɢɡɧɢ. 

Ⱦɪɭɝɚɹ
 

ɪɟɜɨɥɸɰɢɹ
 

ɩɪɨɢɡɨɲɥɚ
 

ɭɠɟ
 

ɜ
 

ɧɚɲɢ
 

ɞɧɢ
 

ɜ
 

ɨɛɥɚɫɬɢ
ɢɫɩɨɥɶɡɨɜɚɧɢɹ

 

ɤɟɪɚɦɢɤɢ
 

ɜ
 

ɦɟɞɢɰɢɧɫɤɢɯ
 

ɰɟɥɹɯ. ɗɬɨ
ɢɧɧɨɜɚɰɢɨɧɧɨɟ

 

ɩɪɢɦɟɧɟɧɢɟ
 

ɫɩɟɰɢɚɥɶɧɨ
 

ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ
ɤɟɪɚɦɢɱɟɫɤɢɯ

 

ɦɚɬɟɪɢɚɥɨɜ
 

ɞɥɹ
 

ɡɚɦɟɧɵ
 

ɢ
 

ɥɟɱɟɧɢɹ
 

ɛɨɥɶɧɵɯ
 

ɢɥɢ
ɩɨɜɪɟɠɞɟɧɧɵɯ

 

ɱɚɫɬɟɣ
 

ɬɟɥɚ” (Ʌ. ɏɟɧɱ)



Ɍɪɟɛɨɜɚɧɢɹ
 

ɤ
 

ɛɢɨɦɚɬɟɪɢɚɥɚɦ

(Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɣ) 
ɦɚɬɟɪɢɚɥ

 

ɦɨɠɟɬ
 

ɛɵɬɶ
 

ɧɚɡɜɚɧ
 

ɛɢɨɦɚɬɟɪɢɚɥɨɦ, 
ɟɫɥɢ

 

ɜɵɩɨɥɧɹɟɬɫɹ
 

ɪɹɞ
 

ɬɪɟɛɨɜɚɧɢɣ

•

 

Ʌɸɛɨɣ
 

ɞɪɭɝɨɣ
 

(ɮɭɧɤɰɢɨɧɚɥɶɧɵɣ) 
ɦɚɬɟɪɢɚɥ, ɭɫɩɟɲɧɨ

 
ɢɫɩɨɥɶɡɭɟɦɵɣ

 

ɞɥɹ
 

ɦɟɞɢɰɢɧɫɤɢɯ
 

ɰɟɥɟɣ.



ɋɬɪɨɟɧɢɟ
 

ɤɨɫɬɢ

ǸȜșșȎȑȓț
 

(20 ȚȎȟȟ%),

 

ȢȜȟȢȎȠȩ
 

ȘȎșȪȤȖȭ
 

(69 ȚȎȟȟ%), ȐȜȒȎ
 (9 ȚȎȟȟ%)

 

+ ȏȓșȘȖ, ȝȜșȖȟȎȣȎȞȖȒȩ, șȖȝȖȒȩ



Ʉɨɫɬɶ
 

ɤɚɤ
 

ɤɨɦɩɨɡɢɬ
 

(ɢɟɪɚɪɯɢɹ
 

ɫɬɪɨɟɧɢɹ)

Test direction 

related to bone 

axis

Parallel Normal

Tensile strength (MPa)

Compressive strength (MPa)

Bending strength (MPa)

Young`s modulus (GPa)

Kic (MPa·m1/ 2)

124-174

170-193

160

17-27

2-12

49

133

-

11.5

-



Ȼɢɨɤɟɪɚɦɢɤɚ

49

x y

z

O

 
H

O C

 
a

P

http://www.nanometer.ru/2008/03/21/uperkomptuter_7393.html


«Ȼɭɪɚɧ»

ɋɨɱɟɬɚɧɢɟ
 

ɩɪɨɱɧɨɫɬɢ
 

ɩɪɢ
 

ɦɚɥɨɦ
 

ɭɞɟɥɶɧɨɦ
 

ɜɟɫɟ, ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ
 

ɩɪɢ
ɧɚɥɢɱɢɢ

 

ɜɵɫɨɤɢɯ
 

ɝɪɚɞɢɟɧɬɨɜ
 

ɬɟɦɩɟɪɚɬɭɪ, ɦɢɧɢɦɚɥɶɧɨɣ
 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, 
ɜɵɫɨɤɨɣ

 

ɫɬɟɩɟɧɢ
 

ɱɟɪɧɨɬɵ
 

ɩɨɜɟɪɯɧɨɫɬɢ
 

(0,8...0,9), ɫɩɨɫɨɛɧɨɫɬɢ
ɩɪɨɬɢɜɨɫɬɨɹɬɶ

 

ɨɤɢɫɥɟɧɢɸ
 

–

 

ɦɚɬɟɪɢɚɥ
 

ɧɚ
 

ɨɫɧɨɜɟ
 

ɤɜɚɪɰɟɜɵɯ
 

ɜɨɥɨɤɨɧ.



ɋɩɟɱɟɧɧɵɟ
 

ɤɜɚɪɰɟɜɵɟ
 

ɜɨɥɨɤɧɚ

ɉɨɥɭɱɟɧɢɟ
 

ɧɟɩɪɟɪɵɜɧɵɯ
 

ɫɬɪɭɤɬɭɪ
 

ɢɡ
 

ɞɢɫɤɪɟɬɧɵɯ
 

ɜɨɥɨɤɨɧ:

 

ɜɜɟɪɯɭ
 

ɫɥɟɜɚ
-

 

ɢɫɯɨɞɧɵɟ
 

ɜɨɥɨɤɧɚ
 

(ɯ2000); ɜɜɟɪɯɭ
 

ɫɩɪɚɜɚ
 

-

 

ɩɨɫɥɟ
 

ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɢ
ɮɨɪɦɨɜɚɧɢɹ

 

(ɯ2000); ɜɧɢɡɭ
 

ɫɥɟɜɚ
 

ɧɚɩɪɚɜɨ
 

-

 

ɩɨɫɥɟ
 

ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ
(ɯ5000 ɢ ɯ15000), ɩɪɨɱɧɨɫɬɶ

 

ɦɚɬɟɪɢɚɥɚ
 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ
 

ɫ
 

0,7 ɞɨ
 

4 ɤɝɫ/ɤɜ.ɫɦ



Ʉɟɪɚɦɢɱɟɫɤɢɟ
 

ɧɨɠɧɢɰɵ



ɋɨɡɞɚɧɢɟ
 

ɧɨɜɵɯ
 

ɦɚɬɟɪɢɚɥɨɜ



Ȼɥɚɝɨɞɚɪɧɨɫɬɢ

ȼ
 

ɥɟɤɰɢɢ
 

ɢɫɩɨɥɶɡɨɜɚɧɵ
 

ɪɟɡɭɥɶɬɚɬɵ
 

ɪɚɛɨɬ, 
ɜɵɩɨɥɧɟɧɧɵɯ

 

ɧɚ
 

ɮɚɤɭɥɶɬɟɬɟ
 

ɧɚɭɤ
 

ɨ
 

ɦɚɬɟɪɢɚɥɚɯ
 

ɢ
 

ɎɇɆ
ɆȽɍ

 

(Ⱥ.Ⱥ.ȿɥɢɫɟɟɜ, Ⱥ.ȼ.Ʌɭɤɚɲɢɧ, Ɋ.Ȼ.ȼɚɫɢɥɶɟɜ, 
Ⱦ.Ɇ.ɂɬɤɢɫ, Ⱥ.ȼ.Ƚɪɢɝɨɪɶɟɜɚ, Ⱥ.ȿ.ɑɟɤɚɧɨɜɚ, 
Ʉ.ɋ.ɇɚɩɨɥɶɫɤɢɣ, Ⱦ.Ⱥ.ɋɟɦɟɧɟɧɤɨ, ɋ.ȼ.Ȼɚɥɚɯɨɧɨɜ), 
Weizmann

 

Institute
 

(ɉɪɨɮ. Ɋ.Ɍɟɧɧɟ, ɂɡɪɚɢɥɶ), Rice 
University (ɋɒȺ, Ⱥ.ɋ.ɋɢɧɢɰɤɢɣ)

 

ɢ ɞɪ.
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