
ʋʜʠʚʠʪʝʣʴʥʳʡ ʫʛʣʝʨʦʜ

¹ ʉ - ʉ ¹ ʉ - ʉ ¹ ʉ - ʉ ¹ ʉ - ʉ ¹ ʉ - 



ɸʣʤʘʟ

ʂʫʣʣʠʥʘʥ (1905): 

3106 ʢʘʨʘʪ (ʙʦʣʝʝ 620ʛ)

100³65³50 ʤʤ



ʀʟʫʯʝʥʠʝ ʘʣʤʘʟʘ

1694 ʛ.: ʧʨʦʢʘʣʠʚʘʥʠʝ ʜʨʘʛʦʮʝʥʥʳʭ 

ʢʘʤʥʝʡ, ʌʣʦʨʝʥʮʠʷ

1814 ʛ.: ʩʞʠʛʘʥʠʝ ʘʣʤʘʟʘ ʚ ʢʦʣʙʘʭ, 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʝʜʠʥʦʡ ʧʨʠʨʦʜʳ ʩ ʫʛʣʝʤ ʠ 

ʛʨʘʬʠʪʦʤ (ɻʵʤʬʨʠ ɼʵʚʠ, ʄʘʡʢʣ 

ʌʘʨʘʜʝʡ)

1880 ʛ.: ʧʦʧʳʪʢʘ ʧʦʣʫʯʠʪʴ ʘʣʤʘʟʳ ʠʟ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ɼʞ.ɹ.ʍʝʥʥʝʡ)

http://www.jewelon.ru/?page=kamni&kid=44


1913 ʛ. ïʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʘʣʤʘʟʘ

1915 ʛ. ïʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʛʨʘʬʠʪʘ

ʋʠʣʴʷʤ ɻʝʥʨʠ ɹʨʵʛʛ 

ʠ ʋʠʣʴʷʤ ʃʦʨʝʥʩ ɹʨʵʛʛ
nobelprice.org

ʇʫʪʴ ʢ ʩʠʥʪʝʟʫ ʘʣʤʘʟʘ



ʇʫʪʴ ʢ ʩʠʥʪʝʟʫ ʘʣʤʘʟʘ

ʆ.ʀ.ʃʝʡʧʫʥʩʢʠʡ. ʋʩʧʝʭʠ ʭʠʤʠʠ. 

1939. 8.ʉ.1519-1534.
vivovoco.rsl.ru

http://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%B1%D1%80%D0%B0%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5:Carbon_basic_phase_diagram.png


ʇʝʨʚʳʝ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʘʣʤʘʟʳ

15 ʬʝʚʨʘʣʷ 1953ʛʦʜʘ, ʕʨʠʢ ʃʫʥʜʙʣʘʜ,

ɺʩʝʦʙʱʘʷ ʰʚʝʜʩʢʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʦʤʧʘʥʠʷ 

ʧʝʨʚʳʝ ʘʣʤʘʟʳ

ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ
vivovoco.rsl.ru



ʇʝʨʚʳʝ ʩʦʚʝʪʩʢʠʝ

ʘʣʤʘʟʳ (1958 ʛ.)
ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʩʠʥʪʝʟʘ 

ʘʣʤʘʟʦʚ

vivovoco.rsl.ru

ʃ.ʌ.ɺʝʨʝʱʘʛʠʥ

ɺ.ʅ.ɹʘʢʫʣʴ



Å2ʉO Ú ʉ + ʉʆ2

Åʉʆ + ʅ2Ú ʉ + ʅ2ʆ

Åʉʅ4+ ʉʆ2Ú 2ʉ + ʅ2ʆ

Åʉʅ3ʆʅ Ú ʉ + ʅ2ʆ + ʅ2

ɸ.ʇ.ʈʫʜʝʥʢʦ, ʀ.ʀ.ʂʫʣʘʢʦʚʘ, ɺ.ʃ.ʉʢʚʦʨʮʦʚʘ.

ʋʩʧʝʭʠ ʭʠʤʠʠ. 1993. 62. ʉ.99-117

ɸ.ʇ.ʈʫʜʝʥʢʦ, 1957

ɻʘʟʦʬʘʟʥʳʡʩʠʥʪʝʟ ʘʣʤʘʟʘ



ɼʝʪʦʥʘʮʠʦʥʥʳʡ ʩʠʥʪʝʟ ʘʣʤʘʟʘ

Å1961 ʛ., ʇ.ʉ.ʜʝ ʂʘʨʣʠ, 

ɼʞ.ʃ.ɼʞʝʤʠʩʦʥ ï

ʩʞʘʪʠʝ ʛʨʘʬʠʪʘ ʚ 

ʫʜʘʨʥʦʡ ʚʦʣʥʝ ʚʟʨʳʚʘ

Å1986 ʛ., ɺ.ʀ.ʃʷʤʢʠʥ ï

ʜʝʪʦʥʘʮʠʦʥʥʳʡ ʩʠʥʪʝʟ 

ʠʟ ʪʨʦʪʠʣʘ ʩ ʛʝʢʩʦʛʝʥʦʤ

ʀʟ ʧʨʝʟʝʥʪʘʮʠʠ  ʄ.ɺ.ʂʦʨʦʙʦʚʘ



ʀʩʢʫʩʩʪʚʝʥʥʳʝ 

ʘʣʤʘʟʳ

vivovoco.rsl.ru

www.brilliantik.ru



ʃʦʥʩʜʝʡʣʠʪ

ʆʙʳʯʥʳʡ ʘʣʤʘʟ

(ʢʫʙʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ)

ʃʦʥʩʜʝʡʣʠʪ

(ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʨʝʰʝʪʢʘ)



ɻʨʘʬʠʪ

ʄʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ:

ɺ ʩʣʦʝ ï0,142 ʥʤ, ʤʝʞʜʫ ï0,335 ʥʤ

ʕʥʝʨʛʠʷ ʩʚʷʟʠ:

ɺ ʩʣʦʝ ï716 ʢɼʞ/ʤʦʣʴ, 

ʤʝʞʜʫ ï17 ʢɼʞ/ʤʦʣʴ
http://e-

rubtsovsk.ru/portal/images/resized/images/

stories/photonews/31/125_200_200.jpg



ʍʠʤʠʷ  ʛʨʘʬʠʪʘ 

ʬʪʦʨʠʜ ʛʨʘʬʠʪʘ

ʛʨʘʬʠʪʠʜ ʢʘʣʠʷ



ʇʝʥʦʛʨʘʬʠʪ

Åʇʝʥʦʛʨʘʬʠʪ: r< 0,01 ʛ/ʩʤ3

Åɻʨʘʬʠʪ: r= 2,27 ʛ/ʩʤ3

Åɸʣʤʘʟ: r= 3,51 ʛ/ʩʤ3

ʀʟʦʙʨʘʞʝʥʠʷ ʚ ʩʢʘʥʠʨʫʶʱʝʤ

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ

Åɻʨʘʬʠʪ

Åʇʝʥʦʛʨʘʬʠʪ

I.M. Afanasov, V.A. Morozov, A.V. Kepman, 

S.G. Ionov, A.N. Seleznev, G. Van Tendeloo, 

V.V. Avdeev. Carbon 47 (2009) 263ï270.

file:///D:/INTERNAT/lectures/carbon/carbon-sunts/unichimtek-intercalat.avi


ʇʨʠʤʝʥʝʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ 

ʛʨʘʬʠʪʘ ʠ ʧʝʥʦʛʨʘʬʠʪʘ

http://optprime.ru/img/inna/du1sJE.jpg

http://www.biodos.ru/biouserimages/39550/

ad_136050_image.jpg

http://graflex.com.ua/images/salnikovie_na

bivki/h1100.jpg

http://www.graflex.ru/netcat_files/Image/Ri

ngs.jpg

ʆʛʨʘʢʩ ɻʨʘʬʣʝʢʩ

http://optprime.ru/img/inna/du1sJE.jpg
http://www.biodos.ru/biouserimages/39550/ad_136050_image.jpg
http://www.biodos.ru/biouserimages/39550/ad_136050_image.jpg
http://graflex.com.ua/images/salnikovie_nabivki/h1100.jpg
http://graflex.com.ua/images/salnikovie_nabivki/h1100.jpg
http://www.graflex.ru/netcat_files/Image/Rings.jpg
http://www.graflex.ru/netcat_files/Image/Rings.jpg


ɻʨʘʬʝʥ

Åɸ.ʂ. ɻʝʡʤ, ʂ.ʉ. ʅʦʚʦʩʝʣʦʚ 2004 

(ʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ 2010)



ʈʝʘʣʴʥʳʡ ʛʨʘʬʝʥ

http://sovetydnya.com/wp-content/uploads/2011/09/grafen-300x298.jpg



ʂʘʨʙʠʥ

¹ ʉ - ʉ ¹ ʉ - ʉ ¹ ʉ - ʉ ¹ ʉ - ʉ ¹ ʉ - 
1960, ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ HC¹CH ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʉu2+

ɸ.ʄ. ʉʣʘʜʢʦʚ, ɺ.ɺ. ʂʦʨʰʘʢ, 

ɺ.ʀ. ʂʘʩʘʪʦʯʢʠʥ, ʖ.ʇ. ʂʫʜʨʷʚʮʝʚ  (ʀʅʕʆʉ)



ʂʘʨʙʠʥ: ʢʘʢ ʦʥ ʫʩʪʨʦʝʥ

= ʉ = ʉ = ʉ = ʉ = ʉ = ʉ = ʉ = ʉ = ʉ = 

¹ ʉ - ʉ ¹ ʉ - ʉ ¹ ʉ - ʉ ¹ ʉ - ʉ ¹ ʉ - 
ʧʦʣʠʠʥ 

ʧʦʣʠʢʫʤʫʣʝʥ



ʇʦʣʠʢʫʤʫʣʝʥ

= ʉ = ʉ = ʉ = ʉ = ʉ = ʉ = ʉ = ʉ = ʉ = 
1968, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʧʠʨʪʘ

ɺ.ʇ. ʅʝʧʦʯʘʪʳʭ (ʀʅʕʆʉ)



ʂʘʨʙʠʥʢʘʢ ʚʝʱʝʩʪʚʦ

http://distant-lessons.ru/wp-

content/uploads/2012/10/%D0%BA%D0%B0%D

1%80%D0%B1%D0%B8%D0%BD.png



ʌʫʣʣʝʨʝʥʳ

ʈʠʯʘʨʜ

ɹʘʢʤʠʥʩʪʝʨ

ʌʫʣʣʝʨ

1985 

ʈʦʙʝʨʪ ʂʸʨʣ, 

ʍʘʨʦʣʴʜ ʂʨʦʪʦ, 

ʈʠʯʘʨʜ ʉʤʦʣʣʠ 

ʠ ʩʦʪʨ.

1996 ïʅʦʙʝʣʝʚʩʢʘʷ ʧʨʝʤʠʷ



ʌʫʣʣʝʨʝʥʳ: ʢʘʢ ʠʭ ʥʘʟʚʘʪʴ?
ʛʝʥʪʨʠʘʢʦʥʪʘʮʠʢʣʦ-[29.29.0.02,14. 03,12.04,59.05,10. 06,58.07,55.08,53. 

09,21.011,20.013,18. 015,30.016,28.017,25. 019,24.022,52.023,50. 

026,49.027,47.029,45. 032,44.033,60.034,57. 035,43.036,56.037,41. 

038,54.039,51.040,48. 042,46]-ʛʝʢʩʘʢʦʥʪʘ-1,3,5(10),6,8,11, 13(18),14,16,19, 

21,23,25,27,29(45), 30,32(44),33,35(43), 36,38(54),39(51), 40(48),41,46,49, 

52,55,57,59-ʪʨʠʘʢʦʥʪʘʝʥ. 

[5,6]-ʬʫʣʣʝʨʝʥ-60-Ih 
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ʬʫʪʙʦʣʝʥ

ʉ70ïʨʝʛʙʝʥ 



ʌʫʣʣʝʨʝʥʳ: ʢʘʢ ʦʥʠ ʫʩʪʨʦʝʥʳ

vivovoco.rsl.ru

ʉ540

ñActivated Carbonò

ɼʦʜʝʢʘʵʜʨ ʉ20



ʌʫʣʣʝʨʝʥʳ ʢʘʢ ʚʝʱʝʩʪʚʘ
ʉ60ʠ ʉ70ʚ ʙʝʥʟʦʣʝ

fullerenC60.commons.wikipedia.org

r= 1,7 ʛ/ʩʤ3



ʍʠʤʠʷ ʬʫʣʣʝʨʝʥʦʚ

La@C60

kristall.lan.krasu.ru

C60F18

K6C60



ʌʫʣʣʝʨʝʥʳ: ʢʘʢ ʠʭ ʧʦʣʫʯʠʪʴ

Åʉʘʞʘ

Å1985: ʣʘʟʝʨʥʦʝ ʦʙʣʫʯʝʥʠʝ ʪʚʝʨʜʦʛʦ 

ʛʨʘʬʠʪʘ (10000 $ ʟʘ 1 ʛ)

Å1990: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ (10-15 $ ʟʘ 1 ʛ)

Åʉʞʠʛʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (5 $ ʟʘ 1 ʛ)



ɺ80

www.membrana.ru

ʉʧʠʨʦʠʜ ʉ300

çCarbon Nanotechnologyè

ʇʦ ʤʦʪʠʚʘʤ ʬʫʣʣʝʨʝʥʦʚ



çCarbon Nanotechnologyè

ʅʘʥʦʪʨʫʙʢʠ: 

ʦʪʢʫʜʘ ʦʥʠ ʙʝʨʫʪʩʷ

1991, ʀʜʞʠʤʘ



ʅʘʥʦʪʨʫʙʢʠ: ʢʘʢ ʦʥʠ ʫʩʪʨʦʝʥʳ

perst.isssph.kiae.ru 

dxdt.ru



ʅʘʥʦʪʨʫʙʢʠ: ʢʘʢ ʦʥʠ ʫʩʪʨʦʝʥʳ

ʩʧʦʩʦʙʳ ʩʚʝʨʪʳʚʘʥʠʷ ʫʛʣʝʨʦʜʥʦʡ 

ʩʝʪʢʠ ʚ ʥʘʥʦʪʨʫʙʢʘʭ:



ʅʘʥʦʪʨʫʙʢʠ: ʢʘʢ ʦʥʠ ʫʩʪʨʦʝʥʳ



ʇʠʧʦʜʳ

wsyachina.narod.ru

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʷ:

ʄʦʜʝʣʴ:

ʌʫʣʣʝʨʝʥ ʉ60

ʚ ʥʘʥʦʪʨʫʙʢʝ

ʉ60@SWNT 

2000 ʛ.:

Gd@ʉ60@SWNT 



ʇʨʠʤʝʥʝʥʠʝ ʥʘʥʦʪʨʫʙʦʢ

Åʂʦʥʪʝʡʥʝʨʳ

Åʄʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ!

Åʀʛʣʘ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ

Åʄʠʢʨʦʚʝʩʳ

Åʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ!
ʨʘʟʚʝʪʚʣʝʥʥʘʷ 

ʥʘʥʦʪʨʫʙʢʘ:

çCarbon Nanotechnologyè

ʥʘʥʦʪʨʫʙʢʘ 

ʩ ʜʝʬʝʢʪʦʤ:


