
ɇɚɧɨɬɟɯɧɨɥɨɝɢɢ
 

ɢ
 

«ɦɹɝɤɚɹ»
 

ɦɚɬɟɪɢɹ

Ⱥ.Ɋ. ɏɨɯɥɨɜ
ɚɤɚɞɟɦɢɤ

 

ɊȺɇ
Ɇɨɫɤɨɜɫɤɢɣ

 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ
 

ɭɧɢɜɟɪɫɢɬɟɬ
 ɢɦ.Ɇ.ȼ.Ʌɨɦɨɧɨɫɨɜɚ
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ɬɜɟɪɞɨɟ
 

ɬɟɥɨ «ɦɹɝɤɨɟ»
 

ɢ
 

«ɦɨɤɪɨɟ»

(ɛɢɨɥɨɝɢɱɟɫɤɢɟ
 

ɫɢɫɬɟɦɵ, 

ɩɨɥɢɦɟɪɵ, ɠɢɞɤɨɫɬɢ)

Ɋɟɲɟɧɢɟ
 

ɡɚɞɚɱɢ
 

ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ
 

ɞɥɹ
 

«ɦɹɝɤɨɣ»
 

ɦɚɬɟɪɢɢ
 ɫɭɳɟɫɬɜɭɟɬ: ɛɢɨɥɨɝɢɱɟɫɤɢɟ

 

ɫɢɫɬɟɦɵ, ɛɥɚɝɨɞɚɪɹ
 ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ

 

ɧɚ
 

ɧɚɧɨɦɚɫɲɬɚɛɚɯ, ɦɨɝɭɬ
 

ɜɵɩɨɥɧɹɬɶ
 ɧɟɢɡɦɟɪɢɦɨ

 

ɛɨɥɟɟ
 

ɫɥɨɠɧɵɟ
 

ɮɭɧɤɰɢɢ, ɱɟɦ
 

ɥɸɛɵɟ
 «ɬɜɟɪɞɵɟ»

 

ɫɢɫɬɟɦɵ, ɫɨɡɞɚɧɧɵɟ
 

ɱɟɥɨɜɟɤɨɦ.

Ɉɛɴɟɤɬɵ
 

ɧɚɭɤɢ
 

ɨ
 

ɧɚɧɨɫɢɫɬɟɦɚɯ
 

ɢ
 ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ
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Ȼɥɚɝɨɞɚɪɹ
 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦ
 

ɚɬɨɦɧɵɯ
 

ɝɪɭɩɩ
 

ɦɨɥɟɤɭɥɵ
 ɫɚɦɢ

 

ɨɛɪɚɡɭɸɬ
 

ɧɚɧɨɫɬɪɭɤɬɭɪɵ
 

ɜ
 

ɯɨɞɟ
 

ɬɟɩɥɨɜɨɝɨ
 

ɞɜɢɠɟɧɢɹ.

Ȼɢɨɥɨɝɢɱɟɫɤɢɟ
 

ɫɢɫɬɟɦɵ
 

ɫɨɫɬɨɹɬ
 

ɢɡ
 

ɩɨɥɢɦɟɪɨɜ
 

(ȾɇɄ, ɊɇɄ, 

ɛɟɥɤɢ, ɩɨɥɢɫɚɯɚɪɢɞɵ). ɉɨɱɟɦɭ
 

ɩɨɥɢɦɟɪɵ
 

ɨɤɚɡɚɥɢɫɶ
 

ɫɬɨɥɶ
ɫɩɨɫɨɛɧɵ

 

ɤ
 

ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ?

ȼɚɠɧɟɣɲɢɣ
 

ɩɪɢɧɰɢɩ
 

ɞɥɹ
 

«ɦɹɝɤɨɣ»
 

ɦɚɬɟɪɢɢ:

ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɹ, ɬ.ɟ. «ɫɧɢɡɭ
 

–
 

ɜɜɟɪɯ».
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ɉɨɥɢɦɟɪɵ
 

–
 

ɞɥɢɧɧɵɟ
 

ɥɢɧɟɣɧɵɟ
 

ɰɟɩɢ, ɫɨɫɬɨɹɳɢɟ
 

ɢɡ
 ɛɨɥɶɲɨɝɨ

 

(N >>1) ɱɢɫɥɚ
 

ɨɞɢɧɚɤɨɜɵɯ
 

ɡɜɟɧɶɟɜ.

Ⱦɥɹ
 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ
 

ɩɨɥɢɦɟɪɨɜ, ɤɚɤ
 

ɩɪɚɜɢɥɨ, N ~ 102-104;

Ⱦɥɹ
 

ȾɇɄ
 

N ~ 109-1010.

ɩɨɥɢɷɬɢɥɟɧ

ɩɨɥɢɫɬɢɪɨɥ

ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞ

ɑɬɨ
 

ɬɚɤɨɟ
 

ɩɨɥɢɦɟɪ?

CH
2

CH CH
2

CH

Cl Cl

CH2 CH2 CH2 CH2

CH
2

CH CH
2

CH
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ɉɨɥɢɦɟɪɵ
 

ɤɚɤ
 

ɞɥɢɧɧɵɟ
 

ɦɨɥɟɤɭɥɹɪɧɵɟ
 

ɰɟɩɢ

ɗɥɟɤɬɪɨɧɧɚɹ
 ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹ

 ɦɚɤɪɨɦɨɥɟɤɭɥɵ
 

ȾɇɄ, 

ɱɚɫɬɢɱɧɨ
 ɜɵɫɜɨɛɨɠɞɟɧɧɨɣ

 

ɱɟɪɟɡ
 ɞɟɮɟɤɬɵ

 

ɦɟɦɛɪɚɧɵ
(Dictonary

 

of Science and

Techology, Christopher Morris, 

ed., San Diego, CA: Academic

Press, 1992).
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ɉɨɥɢɦɟɪɵ
 

ɜɨɤɪɭɝ
 

ɧɚɫ

ɉɥɚɫɬɦɚɫɫɵ Ɋɟɡɢɧɵ

ȼɨɥɨɤɧɚ ɉɥɟɧɤɢ
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ɉɨɥɢɦɟɪɵ
 

ɜɨɤɪɭɝ
 

ɧɚɫ
ɀɢɜɵɟ

 

ɫɢɫɬɟɦɵ
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Ɏɢɡɢɱɟɫɤɢɟ
 

ɫɜɨɣɫɬɜɚ
 

ɩɨɥɢɦɟɪɨɜ
 ɨɩɪɟɞɟɥɹɸɬɫɹ

 

ɬɪɟɦɹ
 

ɨɫɧɨɜɧɵɦɢ
 

ɮɚɤɬɨɪɚɦɢ:

1.
 

Ɇɨɧɨɦɟɪɧɵɟ
 

ɟɞɢɧɢɰɵ
 

ɫɜɹɡɚɧɵ
 

ɜ
 

ɞɥɢɧɧɵɟ
 

ɰɟɩɢ. 

ɍ
 

ɧɢɯ
 

ɧɟɬ
 

ɫɜɨɛɨɞɵ
 

ɧɟɡɚɜɢɫɢɦɨɝɨ
 

ɬɪɚɧɫɥɹɰɢɨɧɧɨɝɨ
 ɞɜɢɠɟɧɢɹ.

 

ɉɨɥɢɦɟɪɧɵɟ
 

ɫɢɫɬɟɦɵ
 

ɛɟɞɧɵ
 ɷɧɬɪɨɩɢɟɣ.

2.
 

ɑɢɫɥɨ
 

ɦɨɧɨɦɟɪɧɵɯ
 

ɟɞɢɧɢɰ
 

ɜ
 

ɰɟɩɢ
 

ɜɟɥɢɤɨ, N >> 1.

3.
 

ɉɨɥɢɦɟɪɧɵɟ
 

ɰɟɩɢ
 

ɝɢɛɤɢɟ.
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ɂɦɟɧɧɨ
 

ɢɡ-ɡɚ
 

ɩɨɧɢɠɟɧɧɨɣ
 

ɷɧɬɪɨɩɢɢ
 

(ɪɚɡɭɩɨɪɹɞɨɱɢɜɚɸɳɟɝɨ
ɮɚɤɬɨɪɚ, ɫɜɹɡɚɧɧɨɝɨ

 

ɫ
 

ɬɟɩɥɨɜɵɦ
 

ɞɜɢɠɟɧɢɟɦ) ɩɨɥɢɦɟɪɵ
 ɫɬɨɥɶ

 

ɫɩɨɫɨɛɧɵ
 

ɤ
 

ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ: ɞɚɠɟ
 

ɧɟɛɨɥɶɲɢɟ
 ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ

 

ɜɨɡɞɟɣɫɬɜɢɹ
 

ɚɬɨɦɧɵɯ
 

ɝɪɭɩɩ
 

ɩɪɢɜɨɞɹɬ
 

ɤ
 ɭɩɨɪɹɞɨɱɟɧɢɸ

 

ɜ
 

ɢɯ
 

ɪɚɫɩɨɥɨɠɟɧɢɢ. 

ɢɞɟɚɥɶɧɵɣ
 

ɝɚɡ ɫɜɨɛɨɞɧɨ-ɫɨɱɥɟɧɟɧɧɚɹ
 ɩɨɥɢɦɟɪɧɚɹ

 

ɰɟɩɨɱɤɚ
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Ɇɚɫɲɬɚɛ
 

ɭɩɨɪɹɞɨɱɟɧɢɹ: ɞɥɹ
 

ɩɨɥɢɦɟɪɨɜ
 ɟɫɬɟɫɬɜɟɧɧɵɦ

 

ɨɛɪɚɡɨɦ
 

ɜɨɡɧɢɤɚɟɬ
 ɧɚɧɨɦɚɫɲɬɚɛ. 

ɉɨɥɢɦɟɪɧɵɣ
 

ɤɥɭɛɨɤ
 

ɢ
 

ɩɨɥɢɦɟɪɧɚɹ
 

ɝɥɨɛɭɥɚ
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ɞɥɹ
 

ɫɜɨɛɨɞɧɨ-ɫɨɱɥɟɧɟɧɧɨɣ
 

ɰɟɩɢ
 

ɡɧɚɱɢɬ,

ɂɡ
 

ɫɨɨɛɪɚɠɟɧɢɣ
 

ɫɢɦɦɟɬɪɢɢ
ɫɪɟɞɧɟɟ

 

ɡɧɚɱɟɧɢɟ
 

ɪɚɫɫɬɨɹɧɢɹ
ɦɟɠɞɭ

 

ɤɨɧɰɚɦɢ
 

ɰɟɩɢ:

ɉɨɥɢɦɟɪɧɚɹ
 

ɰɟɩɶ
 

–
 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ
 

N ɫɜɨɛɨɞɧɨ-
 ɫɨɱɥɟɧɟɧɧɵɯ
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ɤɨɧɬɭɪɧɚɹ
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ɰɟɩɢ
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Ɍɚɤɢɦ
 

ɨɛɪɚɡɨɦ:

•
 

ɤɨɧɮɨɪɦɚɰɢɹ
 

ɢɞɟɚɥɶɧɨɣ
 

ɰɟɩɢ
 

ɞɚɥɟɤɚ
 

ɨɬ
 

ɥɢɧɟɣɧɨɣ;

•
 

ɰɟɩɶ
 

ɮɨɪɦɢɪɭɟɬ
 

ɡɚɩɭɬɚɧɧɵɣ
 

ɤɥɭɛɨɤ;
•

 

ɬɪɚɟɤɬɨɪɢɹ
 

ɰɟɩɢ
 

ɚɧɚɥɨɝɢɱɧɚ
 

ɬɪɚɟɤɬɨɪɢɢ
 

ɛɪɨɭɧɨɜɫɤɨɣ
 ɱɚɫɬɢɰɵ.

ɂɬɚɤ, ɪɚɡɦɟɪ
 

ɤɥɭɛɤɚ
 

ɧɨ
 

ɨɬɫɸɞɚ
–

 

ɧɚɧɨɦɚɫɲɬɚɛ

Ɋɚɡɦɟɪ
 

ɩɨɥɢɦɟɪɧɨɝɨ
 

ɤɥɭɛɤɚ

ɧɦ,1~,10~ 4 lN,~ 21 lNR

ɧɦ100~R

LRlNRR <<= ,~ 212
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ɉɟɪɟɯɨɞ
 

ɤɥɭɛɨɤ-ɝɥɨɛɭɥɚ

ɗɬɨɬ
 

ɩɟɪɟɯɨɞ
 

(ɚɧɚɥɨɝ
 ɤɨɧɞɟɧɫɚɰɢɢ

 

ɝɚɡɨɜ) 
ɩɪɨɢɫɯɨɞɢɬ

 

ɭɠɟ
 

ɩɪɢ
 ɨɱɟɧɶ

 

ɫɥɚɛɨɦ
 ɩɪɢɬɹɠɟɧɢɢ

 

ɡɜɟɧɶɟɜ. 
ɗɬɨ

 

ɟɫɬɶ
 

ɫɥɟɞɫɬɜɢɟ
 ɬɨɝɨ, ɱɬɨ

 

ɩɨɥɢɦɟɪɧɵɟ
 ɫɢɫɬɟɦɵ

 

ɛɟɞɧɵ
 ɷɧɬɪɨɩɢɟɣ, ɩɨɷɬɨɦɭ

 ɞɚɠɟ
 

ɫɥɚɛɵɟ
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ

 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ
 

ɩɪɢɜɨɞɹɬ
 

ɤ
 

ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ.

Ɋɚɡɦɟɪ
 

ɝɥɨɛɭɥɵ:

ɧɦ10~
4

3
~,~

3

4
31

33 l
N

RNlR ⎟
⎠
⎞

⎜
⎝
⎛
π

π –
 

ɧɚɧɨɦɚɫɲɬɚɛ.
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•
 

Ɋɚɡɦɟɪ
 

ɬɢɩɢɱɧɨɝɨ
 

ɤɥɭɛɤɚ
 

ȾɇɄ: 

(ɞɥɢɧɚ
 

ɫɟɝɦɟɧɬɚ
 

ȾɇɄ)

•
 

Ɋɚɡɦɟɪ
 

ɬɢɩɢɱɧɨɣ
 

ɝɥɨɛɭɥɵ
 

ȾɇɄ: 

ɜ
 

ɪɟɚɥɶɧɨɫɬɢ
ɬ.ɤ. ɝɥɨɛɭɥɚ

 

ɧɟ
 

ɦɚɤɫɢɦɚɥɶɧɨ
 

ɩɥɨɬɧɚɹ.

•
 

ȼɵɜɨɞ: ɪɚɡɦɟɪɵ
 

ɤɥɭɛɤɚ
 

ɢ
 

ɝɥɨɛɭɥɵ
 

ȾɇɄ
 

ɫɪɚɜɧɢɦɵ
 

ɫ
 ɞɥɢɧɨɣ ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ (400-700 ɧɦ), ɢ

 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ
 ɦɨɝɭɬ

 

ɧɚɛɥɸɞɚɬɶɫɹ
 

ɜ
 

ɨɩɬɢɱɟɫɤɢɣ
 

ɦɢɤɪɨɫɤɨɩ.                      

Ɋɚɡɦɟɪ
 

ɤɥɭɛɤɚ
 

ɢ
 

ɝɥɨɛɭɥɵ
 

ɞɥɹ
 

ɦɚɤɪɨɦɨɥɟɤɭɥ
ȾɇɄ

LlR ~

ɧɦ100~l
ɦɤɦɧɦ 1010~ 4 =⇒ R

ɧɦ2
2

3 10~
4

~
3

4
RL

d
R ⇒ππ

ɦɤɦɧɦ 5.0105~ 2 =⋅R

ɧɦɧɦ 66 10110~ =⋅L
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•
 

Ɏɥɭɨɪɟɫɰɟɧɬɧɚɹ
 

ɦɢɤɪɨɫɤɨɩɢɹ
 

ɩɨɡɜɨɥɹɟɬ
ɧɚɛɥɸɞɚɬɶ

 

ɡɚ
 

ɨɬɞɟɥɶɧɵɦɢ
 

ɦɨɥɟɤɭɥɚɦɢ
 

ȾɇɄ, 

ɩɨɦɟɱɟɧɧɵɦɢ
 

ɮɥɭɨɪɟɫɰɢɪɭɸɳɢɦɢ
 

ɦɟɬɤɚɦɢ
(ɧɚɩɪɢɦɟɪ, 4’,6-ɞɢɚɦɢɞɢɧɨ-2-ɮɟɧɢɥɢɧɞɨɥɨɦ). 

•
 

Ɏɥɭɨɪɟɫɰɟɧɬɧɚɹ
 

ɦɢɤɪɨɫɤɨɩɢɹ
 

ɩɨɡɜɨɥɹɟɬ
 

ɢɫɫɥɟɞɨɜɚɬɶ
 ɢɡɦɟɧɟɧɢɹ

 

ɪɚɡɦɟɪɨɜ
 

ɨɬɞɟɥɶɧɨɣ
 

ɦɚɤɪɨɦɨɥɟɤɭɥɵ
 

ɩɪɢ
 ɢɡɦɟɧɟɧɢɢ

 

ɜɧɟɲɧɢɯ
 

ɭɫɥɨɜɢɣ
 

(ɬɟɦɩɟɪɚɬɭɪɵ, ɢɨɧɧɨɣ
 ɫɢɥɵ, pH, ɫɨɫɬɚɜɚ

 

ɫɪɟɞɵ, ɜ
 

ɤɨɬɨɪɨɣ
 

ɧɚɯɨɞɹɬɫɹ
 ɦɚɤɪɨɦɨɥɟɤɭɥɵ

 

ȾɇɄ
 

ɢ
 

ɬ.ɞ.). ȼɫɟ
 

ɞɪɭɝɢɟ
 

ɦɟɬɨɞɵ
 

ɞɚɸɬ
 ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ

 

ɤɥɭɛɤɚ, ɭɫɪɟɞɧɟɧɧɵɟ
 

ɩɨ
 

ɚɧɫɚɦɛɥɸ
 ɦɚɤɪɨɦɨɥɟɤɭɥ.

•
 

Ɇɟɬɨɞ
 

ɩɨɡɜɨɥɹɟɬ
 

ɪɚɛɨɬɚɬɶ
 

ɩɪɢ
 

ɨɱɟɧɶ
 

ɧɢɡɤɢɯ
 ɤɨɧɰɟɧɬɪɚɰɢɹɯ

 

ɩɨɥɢɦɟɪɚ
 

(ɜɩɥɨɬɶ
 

ɞɨ
 

10 ɝ/ɥ), ɪɟɲɚɹ
 ɬɚɤɢɦ

 

ɨɛɪɚɡɨɦ
 

ɩɪɨɛɥɟɦɭ
 

ɜɨɡɦɨɠɧɨɣ
 

ɚɝɪɟɝɚɰɢɢ
 

ɰɟɩɟɣ.

Ɏɥɭɨɪɟɫɰɟɧɬɧɚɹ
 

ɦɢɤɪɨɫɤɨɩɢɹ
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Ⱦɜɢɠɟɧɢɟ
 

ɦɚɤɪɨɦɨɥɟɤɭɥɵ
 

ȾɇɄ, ɦɟɱɟɧɨɣ
 

ɤɪɚɫɢɬɟɥɟɦ
 

4,6'-ɞɢɚɦɢɞɢɧɨ-

ɮɟɧɢɥɢɧɞɨɥɨɦ
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ɉɟɪɟɯɨɞ
 

ɤɥɭɛɨɤ-ɝɥɨɛɭɥɚ
 

ɜ
 

ȾɇɄ

10 ȝm

10 ȝm

ȼ
 

ɨɛɥɚɫɬɢ
 

ɩɟɪɟɯɨɞɚ
 

ɫɨɫɭɳɟɫɬɜɭɸɬ
 

2 «ɮɚɡɵ»

Ɋɚɡɦɟɪ
 

ɦɚɤɪɨɦɨɥɟɤɭɥɵ
 

ȾɇɄ, ɜ
 

ɡɚɜɢɫɢɦɨɫɬɢ
 

ɨɬ
 ɤɨɧɰɟɧɬɪɚɰɢɢ

 

ɫɩɟɪɦɢɞɢɧɚ
 

(ɩɨɥɢɚɦɢɧɚ
 

ɫ
 

ɡɚɪɹɞɨɦ
 

+4)

ɤɥɭɛɨɤ

ɝɥɨɛɭɥɚ
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Ɂɚɤɥɸɱɢɬɟɥɶɧɚɹ
 

ɫɬɚɞɢɹ
 

ɩɪɨɰɟɫɫɚ
 

ɤɨɥɥɚɩɫɚ
 

ɦɨɥɟɤɭɥɵ
 

Ɍ4 ȾɇɄ
 

ɜ
 ɢɫɩɚɪɹɸɳɟɣɫɹ

 

ɤɚɩɥɟ
 

ɜɨɞɧɨɝɨ
 

ɪɚɫɬɜɨɪɚ
 

ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɹ
 

(ɧɚɱɚɥɶɧɚɹ
ɤɨɧɰɟɧɬɪɚɰɢɹ

 

200 ɦɝ/ɦɥ)
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ɉɟɪɟɯɨɞ
 

ɤɥɭɛɨɤ-ɝɥɨɛɭɥɚ
 

ɜ
 

ȾɇɄ
•

 

ȼ
 

ɷɤɫɩɟɪɢɦɟɧɬɚɯ
 

ɫ
 

ȾɇɄ
 

ɧɚɛɥɸɞɚɟɬɫɹ
 

ɛɢɦɨɞɚɥɶɧɨɫɬɶ
 ɪɚɫɩɪɟɞɟɥɟɧɢɹ

 

ɰɟɩɟɣ
 

ɩɨ
 

ɪɚɡɦɟɪɚɦ, ɤɨɬɨɪɚɹ
 

ɭɤɚɡɵɜɚɟɬ
ɧɚ

 

ɮɚɡɨɜɵɣ
 

ɩɟɪɟɯɨɞ
 

ɩɟɪɜɨɝɨ
 

ɪɨɞɚ.

•
 

Ƚɢɫɬɨɝɪɚɦɦɚ
 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ
ȾɇɄ

 

ɩɨ
 

ɪɚɡɦɟɪɚɦ:

ɤɚɤ
 

ɮɭɧɤɰɢɹ
 

ɤɨɧɰɟɧɬɪɚɰɢɢ
 ɩɨɥɢɷɬɢɥɟɧɨɤɫɢɞɚ, ɚɝɟɧɬɚ, 

ɭɯɭɞɲɚɸɳɟɝɨ
 

ɤɚɱɟɫɬɜɨ
 

ɪɚɫɬɜɨɪɢɬɟɥɹ
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Ɉɛɵɱɧɨɟ
 

ɨɩɪɟɞɟɥɟɧɢɟ
 

ɮɚɡɨɜɵɯ
 

ɩɟɪɟɯɨɞɨɜ
 

ɩɟɪɜɨɝɨ
 

ɢ
 ɜɬɨɪɨɝɨ

 

ɪɨɞɚ: ɩɪɢ
 

ɩɟɪɟɯɨɞɚɯ
 

ɩɟɪɜɨɝɨ
 

ɪɨɞɚ
 

ɫɤɚɱɤɨɨɛɪɚɡɧɨ
ɢɡɦɟɧɹɸɬɫɹ

 

ɩɟɪɜɵɟ
 

ɩɪɨɢɡɜɨɞɧɵɟ
 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ
 ɩɨɬɟɧɰɢɚɥɚ

 

(ɩɥɨɬɧɨɫɬɶ, ɬɟɩɥɨɬɚ
 

ɩɟɪɟɯɨɞɚ), ɚ ɩɪɢ
 ɩɟɪɟɯɨɞɚɯ

 

ɜɬɨɪɨɝɨ
 

ɪɨɞɚ
 

–
 

ɜɬɨɪɵɟ
 

ɩɪɨɢɡɜɨɞɧɵɟ
 (ɬɟɩɥɨɟɦɤɨɫɬɶ).

Ⱦɥɹ
 

ɤɨɧɟɱɧɵɯ
 

ɫɢɫɬɟɦ
 

ɷɬɨ
 

ɨɩɪɟɞɟɥɟɧɢɟ
 

ɧɟɩɪɢɦɟɧɢɦɨ, ɬɚɤ
 ɤɚɤ

 

ɫɤɚɱɤɢ
 

ɜ
 

ɭɤɚɡɚɧɧɨɦ
 

ɫɦɵɫɥɟ
 

ɧɟɜɨɡɦɨɠɧɵ.

Ɍɟɦ
 

ɧɟ
 

ɦɟɧɟɟ, ɪɨɞ
 

ɩɟɪɟɯɨɞɚ
 

ɜɫɟɝɞɚ
 

ɦɨɠɧɨ
 

ɭɤɚɡɚɬɶ: ɩɪɢ
 ɩɟɪɟɯɨɞɟ

 

ɩɟɪɜɨɝɨ
 

ɪɨɞɚ
 

ɢɦɟɟɬɫɹ
 

ɛɢɦɨɞɚɥɶɧɨɫɬɶ, ɬ.ɟ. 

ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɟ
 

ɞɜɭɯ
 

ɪɚɡɥɢɱɧɵɯ
 

ɫɨɫɬɨɹɧɢɣ
 

ɫɢɫɬɟɦɵ
 

ɜ
 ɨɛɥɚɫɬɢ

 

ɩɟɪɟɯɨɞɚ, ɚ
 

ɩɪɢ
 

ɩɟɪɟɯɨɞɟ
 

ɜɬɨɪɨɝɨ
 

ɪɨɞɚ
 

ɜ ɨɛɥɚɫɬɢ
ɩɟɪɟɯɨɞɚ

 

ɢɦɟɟɬɫɹ
 

ɬɨɥɶɤɨ
 

ɨɞɧɨ
 

ɫɨɫɬɨɹɧɢɟ.                   

Ɏɚɡɨɜɵɟ
 

ɩɟɪɟɯɨɞɵ
 

ɜ
 

ɤɨɧɟɱɧɵɯ
 (ɧɚɧɨɪɚɡɦɟɪɧɵɯ) ɫɢɫɬɟɦɚɯ
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Ɇɚɤɪɨɫɤɨɩɢɱɟɫɤɨɟ
 

ɮɚɡɨɜɨɟ
 

ɪɚɡɞɟɥɟɧɢɟ
 

ɜ
 ɫɦɟɫɹɯ

 

ɩɨɥɢɦɟɪɨɜ

ɋɥɚɛɨɟ
 

ɨɬɬɚɥɤɢɜɚɧɢɟ
 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ
 

ɱɚɫɬɢɰ
 

A

 

ɢ
 

B

 

ɧɟ
 

ɩɪɢɜɨɞɢɬ
 

ɤ
ɮɚɡɨɜɨɦɭ

 

ɪɚɫɫɥɨɟɧɢɸ
 

ɢɡ-ɡɚ
 

ɛɨɥɶɲɨɣ
 

ɷɧɬɪɨɩɢɢ
 

ɫɦɟɲɟɧɢɹ.

Ⱦɥɹ
 

ɫɦɟɫɢ
 

ɩɨɥɢɦɟɪɨɜ
 

A

 

ɢ
 

B

 

ɞɚɠɟ
 

ɧɟɛɨɥɶɲɚɹ
 

ɧɟɫɨɜɦɟɫɬɢɦɨɫɬɶ
 ɤɨɦɩɨɧɟɧɬɨɜ

 

ɩɪɢɜɨɞɢɬ
 

ɤ
 

ɮɚɡɨɜɨɦɭ
 

ɪɚɫɫɥɨɟɧɢɸ, ɬɚɤ
 

ɤɚɤ
 

ɷɧɬɪɨɩɢɹ
 ɫɦɟɲɟɧɢɹ

 

ɦɚɥɚ.

ɉɨɥɢɦɟɪɧɵɟ
 

ɦɚɤɪɨɦɨɥɟɤɭɥɵ
 

ɪɟɞɤɨ
 

ɫɦɟɲɢɜɚɸɬɫɹ
 

ɞɪɭɝ
 

ɫ
 

ɞɪɭɝɨɦ
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Ȼɥɨɤ-ɫɨɩɨɥɢɦɟɪɵ

A B

Ȼɥɨɤ-ɫɨɩɨɥɢɦɟɪ
 

–
 

ɦɚɤɪɨɦɨɥɟɤɭɥɚ, ɫɨɫɬɨɹɳɚɹ
 

ɢɡ
 

ɛɥɨɤɨɜ
 ɞɜɭɯ

 

(ɢɥɢ
 

ɛɨɥɟɟ) ɫɨɪɬɨɜ
 

ɡɜɟɧɶɟɜ. Ⱦɢɛɥɨɤɫɨɩɨɥɢɦɟɪ:

ȼ
 

ɪɚɫɩɥɚɜɟ
 

ɬɚɤɢɯ
 

ɩɨɥɢɦɟɪɨɜ
 

ɧɟɫɨɜɦɟɫɬɢɦɵɟ
 

ɛɥɨɤɢ
 ɫɨɪɬɨɜ

 

A
 

ɢ
 

B
 

ɫɬɪɟɦɹɬɫɹ
 

ɤ
 

ɪɚɫɫɥɨɟɧɢɸ, ɧɨ
 ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɟ

 

ɮɚɡɨɜɨɟ
 

ɪɚɫɫɥɨɟɧɢɟ
 

ɧɟɜɨɡɦɨɠɧɨ
 

ɢɡ-ɡɚ
ɧɚɥɢɱɢɹ

 

ɤɨɜɚɥɟɧɬɧɵɯ
 

ɫɜɹɡɟɣ
 

ɦɟɠɞɭ
 

ɛɥɨɤɚɦɢ. ȼɦɟɫɬɨ
 ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ

 

ɜɨɡɧɢɤɚɟɬ
 

ɬɚɤ
 

ɧɚɡɵɜɚɟɦɨɟ
 ɦɢɤɪɨɮɚɡɧɨɟ

 

ɪɚɫɫɥɨɟɧɢɟ. 
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Ɇɢɤɪɨɮɚɡɧɨɟ
 

ɪɚɫɫɥɨɟɧɢɟ
 

ɜ
 

ɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɚɯ

ȼ ɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɚɯ
 

ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ
 

ɮɚɡɨɜɨɝɨ
 

ɪɚɡɞɟɥɟɧɢɹ
ɧɟ

 

ɩɪɨɢɫɯɨɞɢɬ, ɜɨɡɧɢɤɚɟɬ
 

ɫɬɪɭɤɬɭɪɚ
 

ɫ
 

ɦɢɤɪɨɞɨɦɟɧɚɦɢ, ɢɯ
 ɪɚɡɦɟɪ

 

ɫɨɩɨɫɬɚɜɢɦ
 

ɫ
 

ɪɚɡɦɟɪɚɦɢ
 

ɛɥɨɤɨɜ
 

–
 

ɨɤɨɥɨ
 

10 ɧɦ. 

Ʉɨɧɤɭɪɟɧɰɢɹ
 

ɤɨɪɨɬɤɨɞɟɣɫɬɜɭɸɳɟɝɨ
 

ɨɬɬɚɥɤɢɜɚɧɢɹ
 

ɡɜɟɧɶɟɜ
 ɫɨɪɬɨɜ

 

Ⱥ
 

ɢ
 

ȼ
 

ɢ
 

«ɞɚɥɶɧɨɞɟɣɫɬɜɭɸɳɢɯ»
 

ɭɩɪɭɝɢɯ
 

ɫɢɥ
 

ɥɟɠɢɬ
 

ɜ
ɨɫɧɨɜɟ

 

ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ
 

ɦɚɤɪɨɦɨɥɟɤɭɥ
 

ɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɨɜ.
ɰɢɥɢɧɞɪɵ ɰɢɥɢɧɞɪɵ

ɭɜɟɥɢɱɟɧɢɟ
 

ɨɛɴɟɦɧɨɣ
 

ɞɨɥɢ
 

ɛɥɨɤɚ
 

A

ɫɮɟɪɵ ɝɢɪɨɢɞ ɫɥɨɢ ɝɢɪɨɢɞ ɫɮɟɪɵ

S SC G L G C
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Ɇɢɤɪɨɮɚɡɧɨɟ
 

ɪɚɫɫɥɨɟɧɢɟ
 

ɜ
 

ɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɚɯ

Matsen

 

and Bates (1996)

–
 

ɩɚɪɚɦɟɬɪ
 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ
–

 

ɱɢɫɥɨ
 

ɡɜɟɧɶɟɜ
 

ɜ
 

ɰɟɩɢ
–

 

ɨɛɴɟɦɧɚɹ
 

ɞɨɥɹ
 

ɛɥɨɤɚ
 

A1φ

χ
N
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S S’C G L G’ C’

f
x

Ɍɟɨɪɢɹ
 

ɢ
 

ɷɤɫɩɟɪɢɦɟɧɬ
Matsen

 

et al Macromolecules 1994,1996 Khandpur

 

et al Macromolecules 1995
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ɩɨɥɢɫɬɢɪɨɥ-

 
ɫɨɩɨɥɢɦɟɪ

 
ɷɬɢɥɟɧɚ

 

ɢ
 

ɛɭɬɢɥɟɧɚ

Ɇɢɤɪɨɮɚɡɧɨɟ
 

ɪɚɫɫɥɨɟɧɢɟ
 

ɜ
 

ɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɚɯ

ɩɨɥɢɫɬɢɪɨɥ-

 
ɩɨɥɢɢɡɨɩɪɟɧ-

 
ɩɨɥɢɫɬɢɪɨɥ

ɩɨɥɢɫɬɢɪɨɥ-

 
ɩɨɥɢɢɡɨɩɪɟɧ

ɩɨɥɢɫɬɢɪɨɥ-

 
ɫɨɩɨɥɢɦɟɪ

 
ɷɬɢɥɟɧɚ

 

ɢ
 

ɛɭɬɢɥɟɧɚ
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Ɇɢɤɪɨɮɚɡɧɨɟ
 

ɪɚɫɫɥɨɟɧɢɟ
 

ɜ
 

ɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɚɯ

Bates and Fredrickson, Physics Today, February 1999

ȼ
 

ɫɥɭɱɚɟ
 

ɬɪɢɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɨɜ
 

ɜɨɡɧɢɤɚɸɬ
 

ɛɨɥɟɟ
 

ɫɥɨɠɧɵɟ
 ɦɨɪɮɨɥɨɝɢɢ:
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ɉɪɢɦɟɧɟɧɢɟ
 

ɛɥɨɤ-ɫɨɩɨɥɢɦɟɪɨɜ

•

 

ɬɟɪɦɨɩɥɚɫɬɢɱɟɫɤɢɟ
 ɷɥɚɫɬɨɦɟɪɵ

•

 

ɜɵɫɨɤɨɩɥɚɜɤɢɟ
 

ɚɞɝɟɡɢɜɵ
•

 

ɞɨɛɚɜɤɢ
 

ɞɥɹ
 

ɩɥɚɫɬɢɤɨɜ
•

 

ɉȺȼ, ɦɨɞɢɮɢɤɚɬɨɪɵ
 ɪɟɨɥɨɝɢɱɟɫɤɢɯ

 

ɫɜɨɣɫɬɜ
•

 

ɭɩɥɨɬɧɢɬɟɥɢ
 

ɢ
 

ɩɨɤɪɵɬɢɹ

•

 

ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɟ
ɦɚɬɟɪɢɚɥɵ

AB
 

ɞɢɛɥɨɤ ABA
 

ɬɪɢɛɥɨɤ

ɛɥɨɤ
 

A, 

ɫɬɟɤɥɨɨɛɪɚɡɧɵɟ
 ɨɛɥɚɫɬɢ

(ɩɨɥɢɫɬɢɪɨɥ)

ɛɥɨɤ
 

B, 

ɜɵɫɨɤɨɷɥɚɫɬɢɱɧɚɹ
 ɦɚɬɪɢɰɚ

(ɩɨɥɢɛɭɬɚɞɢɟɧ)
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Ȼ15

 

(Ƚ5

 

Ȼ5

 

)6

 

Ƚ15 Ȼ20

 

(Ƚ6

 

Ȼ6

 

)5

 

Ƚ20 Ȼ48

 

(Ƚ16

 

Ȼ16

 

)5

 

Ƚ48

Ȼ30

 

(Ƚ10

 

Ȼ10

 

)3

 

Ƚ10

[I.Erukhimovich and P.Khalatur]

ɋɚɦɨɫɛɨɪɤɚ
 

ɩɨɥɢɦɟɪɧɵɯ
 

ɧɚɧɨɫɬɪɭɤɬɭɪ
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•
 

ɉɨ
 

ɨɬɧɨɲɟɧɢɸ
 

ɤ
 

ɜɨɞɟ
 

ɜɫɟ
 

ɫɨɟɞɢɧɟɧɢɹ
 

ɞɟɥɹɬɫɹ
 

ɧɚ
 ɝɢɞɪɨɮɨɛɧɵɟ

 

(ɧɟɪɚɫɬɜɨɪɢɦɵɟ
 

ɜ
 

ɜɨɞɟ) ɢ
 

ɝɢɞɪɨɮɢɥɶɧɵɟ
(ɪɚɫɬɜɨɪɹɸɬɫɹ

 

ɜ
 

ɜɨɞɟ).

•
 

Ʉɚɤ
 

ɩɪɚɜɢɥɨ, ɧɟɩɨɥɹɪɧɵɟ
 

(ɧɟ
 

ɨɛɥɚɞɚɸɳɢɟ
 ɫɨɛɫɬɜɟɧɧɵɦ

 

ɞɢɩɨɥɶɧɵɦ
 

ɦɨɦɟɧɬɨɦ) ɫɨɟɞɢɧɟɧɢɹ
 ɹɜɥɹɸɬɫɹ

 

ɝɢɞɪɨɮɨɛɧɵɦɢ, ɚ
 

ɦɧɨɝɢɟ
 

ɩɨɥɹɪɧɵɟ
 

ɢ
 ɡɚɪɹɠɟɧɧɵɟ

 

ɫɨɟɞɢɧɟɧɢɹ
 

ɹɜɥɹɸɬɫɹ
 

ɝɢɞɪɨɮɢɥɶɧɵɦɢ.

•
 

Ƚɢɞɪɨɮɨɛɧɨɫɬɶ
 

ɨɛɭɫɥɨɜɥɟɧɚ
 

ɢɦɦɨɛɢɥɢɡɚɰɢɟɣ
 

ɦɨɥɟɤɭɥ
ɜɨɞɵ

 

ɜɨɤɪɭɝ
 

ɩɨɝɪɭɠɟɧɧɨɝɨ
 

ɜ
 

ɜɨɞɭ
 

ɫɨɟɞɢɧɟɧɢɹ, ɩɨɷɬɨɦɭ
 ɨɧɚ

 

ɢɦɟɟɬ
 

ɷɧɬɪɨɩɢɣɧɭɸ
 

ɩɪɢɪɨɞɭ
 

ɢ
 

ɭɫɢɥɢɜɚɟɬɫɹ
 

ɫ
 ɪɨɫɬɨɦ

 

ɬɟɦɩɟɪɚɬɭɪɵ.

•
 

Ɇɧɨɝɢɟ
 

ɛɢɨɩɨɥɢɦɟɪɵ
 

ɫɨɞɟɪɠɚɬ
 

ɤɚɤ
 

ɝɢɞɪɨɮɨɛɧɵɟ, ɬɚɤ
 

ɢ
ɝɢɞɪɨɮɢɥɶɧɵɟ

 

ɡɜɟɧɶɹ.                  

Ƚɢɞɪɨɮɨɛɧɨɫɬɶ
 

ɢ
 

ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ



ɇɈɐ ɩɨ ɧɚɧɨɬɟɯɧɨɥɨɝɢɹɦ ɆȽɍ, ɥɟɤɰɢɹ 5, ɚɤɚɞɟɦɢɤ ɊȺɇ Ⱥ.Ɋ. ɏɨɯɥɨɜ 31

ɉȺȼ

ɩɨɥɹɪɧɚɹ
ɝɨɥɨɜɚ

ɋɚɦɨɨɪɝɚɧɢɡɚɰɢɹ
 

ɜ
 

ɪɚɫɬɜɨɪɚɯ
 

ɩɨɜɟɪɯɧɨɫɬɧɨ-

ɚɤɬɢɜɧɵɯ
 

ɜɟɳɟɫɬɜ
 

(ɉȺȼ)

•
 

ɉȺȼ
 

ɫɨɫɬɨɹɬ
 

ɢɡ
 

ɩɨɥɹɪɧɨɣ
 

(ɝɢɞɪɨɮɢɥɶɧɨɣ) ɢ ɧɟɩɨɥɹɪɧɨɣ
(ɝɢɞɪɨɮɨɛɧɨɣ) ɱɚɫɬɟɣ.

•
 

ɉȺȼ
 

ɨɛɪɚɡɭɸɬ
 

ɦɨɧɨɫɥɨɢ
 

ɧɚ
 

ɝɪɚɧɢɰɟ
 

ɦɚɫɥɨ-ɜɨɞɚ.

•
 

Ɇɢɰɟɥɥɵ
 

ɤɚɤ
 

ɧɚɧɨɪɟɚɤɬɨɪɵ, ɞɨɫɬɚɜɤɚ
 

ɥɟɤɚɪɫɬɜ.

ɩɨɜɟɪɯɧɨɫɬɶ
ɪɚɡɞɟɥɚ

ɦɚɫɥɨ

ɜɨɞɚ

10-100 ɧɦ

ɧɟɩɨɥɹɪɧɵɣ
ɯɜɨɫɬ

ɉȺȼ
 

–
 

ɚɦɮɢɮɢɥɶɧɵɟ
 

ɫɨɟɞɢɧɟɧɢɹ

CH2

CH2

CH2

CH2

CH2

CH3

OSO3
-

CH2

CH2
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ɮɨɫɮɚɬɢɞɢɥ
 

ɯɨɥɢɧ

ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ

ɩɨɥɹɪɧɚɹ
«ɝɨɥɨɜɚ»

ɧɟɩɨɥɹɪɧɵɣ
«ɯɜɨɫɬ»

Ⱥɦɮɢɮɢɥɶɧɵɟ
 

ɫɨɟɞɢɧɟɧɢɹ

ɥɢɡɨ-ɮɨɫɮɚɬɢɞɢɥ
ɯɨɥɢɧ
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Ⱥɞɫɨɪɛɰɢɹ
 

ɧɚ
 

ɩɨɜɟɪɯɧɨɫɬɢ
 ɪɚɡɞɟɥɚ

 

ɜɨɡɞɭɯ-ɜɨɞɚ

Ɇɨɧɨɫɥɨɢ
 

ɢ
 

ɦɢɰɟɥɥɵ

ɦɢɰɟɥɥɚ
 

ɜ
 

ɜɨɞɟ ɨɛɪɚɬɧɚɹ
 

ɦɢɰɟɥɥɚ
 

ɜ
 ɦɚɫɥɟ

ɫɨɥɸɛɢɥɢɡɚɰɢɹ,

ɦɟɯɚɧɢɡɦ
 

ɞɟɣɫɬɜɢɹ
ɦɨɸɳɢɯ

 

ɜɟɳɟɫɬɜ
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Ⱥɝɪɟɝɚɰɢɹ
 

ɩɪɢ
 

ɤɪɢɬɢɱɟɫɤɨɣ
 

ɤɨɧɰɟɧɬɪɚɰɢɢ
 ɦɢɰɟɥɥɨɨɛɪɚɡɨɜɚɧɢɹ, ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɟ

 

ɨɬɞɟɥɶɧɵɯ
 

ɉȺȼ
 

ɢ
ɦɢɰɟɥɥ

 

ɜ
 

ɭɡɤɨɣ
 

ɨɛɥɚɫɬɢ
 

ɩɟɪɟɯɨɞɚ

ɧɢɡɤɚɹ
 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɵɫɨɤɚɹ
 

ɤɨɧɰɟɧɬɪɚɰɢɹ

Ɇɢɰɟɥɥɵ
 

ɜ
 

ɪɚɫɬɜɨɪɟ
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Ʌɢɩɢɞɧɵɟ
 

ɛɢɫɥɨɢ
 

ɢ
 

ɦɟɦɛɪɚɧɵ
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ɝɢɞɪɨɮɨɛɧɚɹ
ɩɨɜɟɪɯɧɨɫɬɶ

ɜɨɞɚ

ɝɢɞɪɨɮɢɥɶɧɚɹ
ɩɨɜɟɪɯɧɨɫɬɶ

ɝɢɞɪɨɮɨɛɧɚɹ
ɩɨɜɟɪɯɧɨɫɬɶ

Ɇɟɬɨɞ
 

Ʌɟɧɝɦɸɪɚ-Ȼɥɨɞɠɟɬɬ
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~ 10 nm

Ɇɭɥɶɬɢɫɥɨɣ
 

ɤɚɤ
 

ɩɪɢɦɟɪ
 

ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɨɣ
ɨɪɝɚɧɢɡɚɰɢɢ

•
 

ɋɭɩɪɚɦɨɥɟɤɭɥɹɪɧɚɹ
 

ɨɪɝɚɧɢɡɚɰɢɹ
 

ɦɨɥɟɤɭɥ
 

–
 ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɹ

 

ɦɨɥɟɤɭɥ
 

ɜ
 

ɧɚɧɨɫɬɪɭɤɬɭɪɵ
 

ɩɨɞ
 ɜɨɡɞɟɣɫɬɜɢɟɦ

 

ɧɟɤɨɜɚɥɟɧɬɧɵɯ, ɨɬɧɨɫɢɬɟɥɶɧɨ
 

ɫɥɚɛɵɯ
 ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ

 

(ɜɚɧ-ɞɟɪ-ȼɚɚɥɶɫɨɜɵɯ, ɞɢɩɨɥɶ-
 ɞɢɩɨɥɶɧɵɯ, ɜɨɞɨɪɨɞɧɵɯ

 

ɢ
 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ
 

ɫɜɹɡɟɣ).
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ɏɚɪɚɤɬɟɪɧɵɟ
 

ɷɧɟɪɝɢɢ
 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ

ȼɚɧ-ɞɟɪ-ɜɚɚɥɶɫɨɜɵ
 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ: ɞɨ
 

2 ɤɤɚɥ/ɦɨɥɶ

Ⱦɢɩɨɥɶ-ɞɢɩɨɥɶɧɵɟ
 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ: 1-10 ɤɤɚɥ/ɦɨɥɶ

ȼɨɞɨɪɨɞɧɵɟ
 

ɫɜɹɡɢ: 5-10 ɤɤɚɥ/ɦɨɥɶ

Ʉɨɨɪɞɢɧɚɰɢɨɧɧɵɟ
 

ɫɜɹɡɢ: 1-100 ɤɤɚɥ/ɦɨɥɶ

Ʉɨɜɚɥɟɧɬɧɵɟ
 

ɫɜɹɡɢ: 100 ɤɤɚɥ/ɦɨɥɶ

ɏɚɪɚɤɬɟɪɧɚɹ
 

ɬɟɩɥɨɜɚɹ
 

ɷɧɟɪɝɢɹ
 

ɩɪɢ
 ɤɨɦɧɚɬɧɨɣ

 

ɬɟɦɩɟɪɚɬɭɪɟ:

0.6 ɤɤɚɥ/ɦɨɥɶ
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Ʉɪɚɭɧ-ɷɮɢɪɵ: ɦɨɥɟɤɭɥɹɪɧɨɟ
 

ɭɡɧɚɜɚɧɢɟ

•
 

ȼ
 

ɰɟɧɬɪɟ
 

ɦɨɥɟɤɭɥɵ
 

ɫɤɨɧɰɟɧɬɪɢɪɨɜɚɧ
 

ɨɬɪɢɰɚɬɟɥɶɧɵɣ
ɡɚɪɹɞ.

•
 

Ɇɨɥɟɤɭɥɚ
 

ɨɛɪɚɡɭɟɬ
 

ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɣ
 

ɤɨɦɩɥɟɤɫ
 

ɫ
 ɩɨɥɨɠɢɬɟɥɶɧɨ-ɡɚɪɹɠɟɧɧɵɦ

 

ɢɨɧɨɦ
 

«ɩɪɚɜɢɥɶɧɨɝɨ»
 ɪɚɡɦɟɪɚ: ɦɨɥɟɤɭɥɹɪɧɨɟ

 

ɭɡɧɚɜɚɧɢɟ.

O

O

O

O

O

O

Cs+
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Ʉɚɥɢɤɫɚɪɟɧɵ

OH
HO

HO
OH

OH

OH

HO

HO
Cs+

•
 

Ɉɛɪɚɡɭɸɬ
 

ɤɨɦɩɥɟɤɫɵ
 

ɫ
 ɤɚɬɢɨɧɚɦɢ

 

ɳɟɥɨɱɧɵɯ
 

ɦɟɬɚɥɥɨɜ
«ɩɨɞɯɨɞɹɳɟɝɨ»

 

ɪɚɡɦɟɪɚ

ɜɟɪɯɧɢɣ
 

ɨɛɨɞ

ɧɢɠɧɢɣ
 

ɨɛɨɞ

ɜɧɭɬɪɟɧɧɹɹ
ɩɨɥɨɫɬɶ
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ɋɭɩɪɚɦɨɥɟɤɭɥɹɪɧɚɹ
 

ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɹ
 

ɜ
 ɛɢɨɥɨɝɢɱɟɫɤɢɯ

 

ɫɢɫɬɟɦɚɯ

Ʉɨɦɩɥɟɤɫ
 

ɚɤɬɢɧ-ɦɢɨɡɢɧ
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ɋɭɩɪɚɦɨɥɟɤɭɥɹɪɧɚɹ
 

ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɹ. ȼɢɪɭɫ
Tobacco Mosaic

ɋɨɫɬɨɢɬ
 

ɢɡ
 

2130 ɛɟɥɤɨɜɵɯ
 

ɦɨɥɟɤɭɥ
 

ɢ
 

ɨɞɧɨɣ
 

ɦɨɥɟɤɭɥɵ
 

ɊɇɄ.
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Ɇɨɥɟɤɭɥɹɪɧɨɟ
 

ɪɚɫɩɨɡɧɚɜɚɧɢɟ: ɦɨɥɟɤɭɥɹɪɧɵɣ
ɞɨɡɚɬɨɪ

•
 

ɉɨɥɢɦɟɪɧɚɹ
 

ɰɟɩɶ
 

ɚɞɫɨɪɛɢɪɭɟɬɫɹ
 

ɧɚ
 

ɤɨɥɥɨɢɞɧɭɸ
 

ɱɚɫɬɢɰɭ
•

 

ɐɟɩɶ
 

«ɪɚɫɤɪɚɲɢɜɚɟɬɫɹ»

•
 

ȼɧɭɬɪɟɧɧɹɹ
 

ɱɚɫɬɶ
 

ɨɛɨɥɨɱɤɢ
 

ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ
 

ɫɲɢɜɤɚɦɢ
•

 

ɑɚɫɬɢɰɚ
 

ɭɞɚɥɹɟɬɫɹ

«Ɇɨɥɟɤɭɥɹɪɧɵɣ
 

ɞɨɡɚɬɨɪ» – AB-ɫɨɩɨɥɢɦɟɪ, «ɧɚɫɬɪɨɟɧɧɵɣ»

ɧɚ
 

ɚɞɫɨɪɛɰɢɸ
 

ɧɚ
 

ɝɢɞɪɨɮɨɛɧɭɸ
 

ɫɮɟɪɢɱɟɫɤɭɸ
 

ɱɚɫɬɢɰɭ
 ɨɩɪɟɞɟɥɟɧɧɨɝɨ

 

ɪɚɡɦɟɪɚ:
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ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ
 

ɫɨɩɨɥɢɦɟɪɚ
 

ɫ
 

ɧɚɧɨɱɚɫɬɢɰɟɣ
 (ɪɚɡɦɟɪ

 

ɱɚɫɬɢɰɵ
 

= ɪɚɡɦɟɪɭ
 

«ɦɚɬɟɪɢɧɫɤɨɣ»
 

ɱɚɫɬɢɰɵ)

Ɇɨɥɟɤɭɥɹɪɧɵɣ
 

ɞɨɡɚɬɨɪ

ɇɈɐ ɩɨ ɧɚɧɨɬɟɯɧɨɥɨɝɢɹɦ ɆȽɍ, ɥɟɤɰɢɹ 5, ɚɤɚɞɟɦɢɤ ɊȺɇ Ⱥ.Ɋ. ɏɨɯɥɨɜ
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Ɇɨɥɟɤɭɥɹɪɧɵɣ
 

ɞɨɡɚɬɨɪ

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ
 

ɫɨɩɨɥɢɦɟɪɚ
 

ɫ
 

ɧɚɧɨɱɚɫɬɢɰɟɣ
 (ɪɚɡɦɟɪ

 

ɱɚɫɬɢɰɵ
 

> ɪɚɡɦɟɪɚ
 

«ɦɚɬɟɪɢɧɫɤɨɣ»
 

ɱɚɫɬɢɰɵ)

ɇɈɐ ɩɨ ɧɚɧɨɬɟɯɧɨɥɨɝɢɹɦ ɆȽɍ, ɥɟɤɰɢɹ 5, ɚɤɚɞɟɦɢɤ ɊȺɇ Ⱥ.Ɋ. ɏɨɯɥɨɜ
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ɉɨɥɭɱɟɧɢɟ
 

ɩɨɥɢɦɟɪɨɜ: ɩɨɥɢɦɟɪɢɡɚɰɢɹ
•

 

70% ɩɨɥɢɦɟɪɨɜ
 

ɩɨɥɭɱɚɸɬ
 

ɷɬɢɦ
 

ɫɩɨɫɨɛɨɦ
•

 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ
 

ɩɪɢɫɨɟɞɢɧɟɧɢɟ
 

ɡɜɟɧɶɟɜ
 

ɩɨ
 

ɨɞɧɨɦɭ: 
Mi

 

+MĺMi+1

•
 

ɯɢɦɢɱɟɫɤɢɣ
 

ɫɨɫɬɚɜ
 

ɩɨɜɬɨɪɹɸɳɟɝɨɫɹ
 

ɡɜɟɧɚ
 

ɫɨɜɩɚɞɚɟɬ
 

ɫ
 ɯɢɦɢɱɟɫɤɢɦ

 

ɫɨɫɬɚɜɨɦ
 

ɦɨɧɨɦɟɪɚ

+

n CH2

 

= CH

Cl

( CH2

 

– CH )n

Cl

– –

ɇɚɩɪɢɦɟɪ, ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞ:
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ɉɨɥɭɱɟɧɢɟ
 

ɩɨɥɢɦɟɪɨɜ: ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɹ
•

 

30% ɩɨɥɢɦɟɪɨɜ
•

 

ɩɪɢɫɨɟɞɢɧɟɧɢɟ
 

ɦɨɥɟɤɭɥ
 

ɦɨɧɨɦɟɪɚ
 

ɞɪɭɝ
 

ɤ
 

ɞɪɭɝɭ, ɤ
 

n-
 ɦɟɪɚɦ, ɧɚɤɚɩɥɢɜɚɸɳɢɦɢɫɹ

 

ɜ
 

ɯɨɞɟ
 

ɪɟɚɤɰɢɢ, ɚ ɬɚɤɠɟ
 ɦɨɥɟɤɭɥ

 

n-ɦɟɪɨɜ
 

ɦɟɠɞɭ
 

ɫɨɛɨɣ: Mi

 

+Mj

 

ĺMi+j

•
 

ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ
 

ɜɵɞɟɥɟɧɢɟɦ
 

ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ
 ɫɨɟɞɢɧɟɧɢɣ

+ + H2

 

O

n H2

 

N –
 

(CH2

 

)6

 

– NH2

 

+ n HOOC –
 

(CH2

 

)4

 

–
 

COOH

H [ HN –
 

(CH2

 

)6

 

– NH – C – (CH2

 

)4

 

– C ]n
 

OH + (2n-1) H2

 

O

O O

ɇɚɩɪɢɦɟɪ, ɧɚɣɥɨɧ-6,6:
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ɉɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶ
 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ
 

ɩɨɥɢɦɟɪɨɜ ɢ
ɦɨɧɨɞɢɫɩɟɪɫɧɨɫɬɶ

 

ɛɢɨɩɨɥɢɦɟɪɨɜ

•
 

ȼɧɟ
 

ɡɚɜɢɫɢɦɨɫɬɢ
 

ɨɬ
 

ɫɩɨɫɨɛɚ
 

ɩɨɥɭɱɟɧɢɹ
 

(ɩɨɥɢɦɟɪɢɡɚɰɢɹ
ɢɥɢ

 

ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɹ) ɫɢɧɬɟɬɢɱɟɫɤɢɟ
 

ɩɨɥɢɦɟɪɵ
 

ɢɦɟɸɬ
 ɞɨɫɬɚɬɨɱɧɨ

 

ɲɢɪɨɤɨɟ
 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ
 

ɩɨ
 

ɞɥɢɧɚɦ
 (ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶ).

•
 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɛɢɨɩɨɥɢɦɟɪɵ
 

(ɧɚɩɪɢɦɟɪ, ɛɟɥɤɢ) 

ɚɛɫɨɥɸɬɧɨ
 

ɦɨɧɨɞɢɫɩɟɪɫɧɵ.

•
 

ɗɬɨ
 

ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ
 

ɧɚɤɥɚɞɵɜɚɟɬ
 

ɨɝɪɚɧɢɱɟɧɢɹ
 

ɧɚ
 ɜɨɡɦɨɠɧɨɫɬɶ

 

ɩɨɥɭɱɟɧɢɹ
 

ɪɟɝɭɥɹɪɧɵɯ
 

ɧɚɧɨɫɬɪɭɤɬɭɪ
 

ɧɚ
 ɨɫɧɨɜɟ

 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ
 

ɩɨɥɢɦɟɪɨɜ
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Ⱦɟɧɞɪɢɦɟɪɵ
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Ⱦɟɧɞɪɢɦɟɪɵ
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Ⱥɞɫɨɪɛɰɢɹ
 

ɦɚɤɪɨɦɨɥɟɤɭɥ
 

ɧɚ
 

ɩɨɜɟɪɯɧɨɫɬɢ
•

 

ȿɫɥɢ
 

ɦɟɠɞɭ
 

ɩɨɜɟɪɯɧɨɫɬɶɸ
 

ɢ
 

ɡɜɟɧɶɹɦɢ
 

ɰɟɩɢ
 ɩɪɟɜɚɥɢɪɭɸɬ

 

ɫɢɥɵ
 

ɩɪɢɬɹɠɟɧɢɹ, ɰɟɩɶ
 

ɦɨɠɟɬ
 ɚɞɫɨɪɛɢɪɨɜɚɬɶɫɹ

 

(«ɩɪɢɥɢɩɧɭɬɶ») ɧɚ
 

ɩɨɜɟɪɯɧɨɫɬɢ. ȿɫɥɢ
ɩɪɢɬɹɠɟɧɢɟ

 

ɧɟ
 

ɫɥɢɲɤɨɦ
 

ɜɟɥɢɤɨ, ɬɨ
 

ɚɞɫɨɪɛɢɪɨɜɚɧɧɚɹ
 ɰɟɩɶ

 

ɢɦɟɟɬ
 

ɩɟɬɥɢ, ɚ
 

ɩɪɢ
 

ɫɢɥɶɧɨɣ
 

ɚɞɫɨɪɛɰɢɢ
 ɩɪɚɤɬɢɱɟɫɤɢ

 

ɜɫɟ
 

ɡɜɟɧɶɹ
 

ɤɨɧɬɚɤɬɢɪɭɸɬ
 

ɫ
 

ɩɨɞɥɨɠɤɨɣ
 (ɞɜɭɦɟɪɧɚɹ

 

ɤɨɧɮɨɪɦɚɰɢɹ). 

•
 

Ⱥɞɫɨɪɛɰɢɸ
 

ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ
 

ɦɚɤɪɨɦɨɥɟɤɭɥ, 

ɦɨɠɧɨ
 

ɨɛɧɚɪɭɠɢɬɶ
 

ɩɨɫɪɟɞɫɬɜɨɦ
 

ɨɤɭɧɚɧɢɹ
(dip-coating) ɩɨɞɥɨɠɤɢ

 

ɜ
 

ɪɚɡɛɚɜɥɟɧɧɵɣ
 

ɪɚɫɬɜɨɪ
 ɦɚɤɪɨɦɨɥɟɤɭɥ.



•

 

ȿɫɥɢ
 

ɚɞɫɨɪɛɰɢɹ
 

ɩɪɨɢɫɯɨɞɢɬ
 

ɢɡ
 

ɛɨɥɟɟ
 

ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ
 ɪɚɫɬɜɨɪɚ, ɬɨ

 

ɜɨɡɦɨɠɧɨ
 

ɨɛɪɚɡɨɜɚɧɢɟ
 

ɧɚ
 

ɩɨɞɥɨɠɤɟ
 

ɬɨɧɤɢɯ
 ɩɨɥɢɦɟɪɧɵɯ

 

ɩɥɟɧɨɤ.

•

 

ɇɚɢɛɨɥɟɟ
 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ
 

ɫɩɨɫɨɛɨɦ
 

ɩɪɢɝɨɬɨɜɥɟɧɢɹ
 

ɬɨɧɤɢɯ
 ɩɨɥɢɦɟɪɧɵɯ

 

ɩɥɟɧɨɤ
 

ɹɜɥɹɟɬɫɹ
 

ɧɚɧɟɫɟɧɢɟ
 

ɩɨɥɢɦɟɪɧɨɝɨ
 

ɪɚɫɬɜɨɪɚ
 

ɧɚ
ɜɪɚɳɚɸɳɭɸɫɹ

 

ɩɨɞɥɨɠɤɭ
 

(spin-coating). Ɋɚɫɬɟɤɚɧɢɟ
 

ɩɨɥɢɦɟɪɚ
 

ɩɨ
 ɩɨɞɥɨɠɤɟ

 

ɩɨɞ
 

ɞɟɣɫɬɜɢɟɦ
 

ɰɟɧɬɪɨɛɟɠɧɵɯ
 

ɫɢɥ
 

ɢ
 

ɢɫɩɚɪɟɧɢɟ
 ɪɚɫɬɜɨɪɢɬɟɥɹ

 

ɩɨɡɜɨɥɹɸɬ
 

ɩɪɢɝɨɬɨɜɢɬɶ
 

«ɫɭɯɭɸ»

 

ɩɥɟɧɤɭ. Ɍɨɥɳɢɧɚ
 ɩɥɟɧɤɢ

 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ
 

ɤɚɤ
 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ
 

ɩɨɥɢɦɟɪɚ
 

ɜ
 

ɪɚɫɬɜɨɪɟ, 

ɬɚɤ
 

ɢ
 

ɭɝɥɨɜɨɣ
 

ɫɤɨɪɨɫɬɶɸ
 

ɜɪɚɳɟɧɢɹ
 

ɩɨɞɥɨɠɤɢ.
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Ⱥɞɫɨɪɛɰɢɹ
 

ɦɚɤɪɨɦɨɥɟɤɭɥ
 

ɧɚ
 

ɩɨɜɟɪɯɧɨɫɬɢ

ɢɫɩɚɪɟɧɢɟ
ɪɚɫɬɜɨɪɢɬɟɥɹ
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ɉɨɫɥɨɣɧɚɹ
 

ɚɞɫɨɪɛɰɢɹ
 

ɩɨɥɢɤɚɬɢɨɧɨɜ
 

ɢ
 ɩɨɥɢɚɧɢɨɧɨɜ

 

ɧɚ
 

ɡɚɪɹɠɟɧɧɭɸ
 

ɩɨɜɟɪɯɧɨɫɬɶ
ɒɚɝ

 

1: ɉɨɥɨɠɢɬɟɥɶɧɨ
 

ɡɚɪɹɠɟɧɧɭɸ
 

ɩɨɞɥɨɠɤɭ
ɨɤɭɧɚɸɬ

 

ɜ
 

ɪɚɡɛɚɜɥɟɧɧɵɣ
 

ɪɚɫɬɜɨɪ
 

ɩɨɥɢɚɧɢɨɧɚ. ȼ
 

ɪɚɫɬɜɨɪɟ
 

ɩɪɨɢɫɯɨɞɢɬ
 

ɚɞɫɨɪɛɰɢɹ
 

ɩɨɥɢɚɧɢɨɧɚ
 

ɡɚ
 

ɫɱɟɬ
 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ
 

ɩɪɢɬɹɠɟɧɢɹ.

ɒɚɝ
 

2: ɉɨɞɥɨɠɤɭ
 

ɫɨ
 

ɫɥɨɟɦ
 

ɩɨɥɢɚɧɢɨɧɚ
 

ɩɪɨɦɵɜɚɸɬ, ɬ.ɟ. ɨɤɭɧɚɸɬ
 

ɜ
 

ɜɨɞɭ
 

ɞɥɹ
 

ɭɞɚɥɟɧɢɹ
«ɥɢɲɧɢɯ»

 

ɦɨɥɟɤɭɥ, ɤɨɬɨɪɵɟ
 

ɧɚɥɢɩɚɸɬ
 

ɡɚ
 

ɫɱɟɬ
 

ɛɨɥɟɟ
 

ɫɥɚɛɨɝɨ
 

ɩɪɢɬɹɠɟɧɢɹ.

ɒɚɝ
 

3: ɉɨɞɥɨɠɤɭ
 

ɫɨ
 

ɫɥɨɟɦ
 

ɩɨɥɢɚɧɢɨɧɚ
 

ɨɤɭɧɚɸɬ
 

ɜ
 

ɪɚɡɛɚɜɥɟɧɧɵɣ
 

ɪɚɫɬɜɨɪ
 

ɩɨɥɢɤɚɬɢɨɧɚ. ȼ
 

ɪɚɫɬɜɨɪɟ
 

ɩɪɨɢɫɯɨɞɢɬ
 

ɚɞɫɨɪɛɰɢɹ
 

ɩɨɥɢɤɚɬɢɨɧɚ
 

ɡɚ
 

ɫɱɟɬ
 

ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ
 

ɩɪɢɬɹɠɟɧɢɹ
 

ɤ
 

ɩɨɥɢɚɧɢɨɧɭ.
ɒɚɝ

 

4: ɉɨɞɥɨɠɤɭ
 

ɫ
 

ɛɢɫɥɨɟɦ
 

ɩɨɥɢɚɧɢɨɧɚ
 

ɢ
 

ɩɨɥɢɤɚɬɢɨɧɚ
 

ɩɪɨɦɵɜɚɸɬ
 

ɜ
 

ɜɨɞɟ.

ɉɨɜɬɨɪɹɹ
 

ɲɚɝɢ
 

1-4 

ɦɧɨɝɨɤɪɚɬɧɨ, ɦɨɠɧɨ
 

ɩɨɥɭɱɢɬɶ
 ɫɬɚɛɢɥɶɧɵɣ

 

ɦɭɥɶɬɢɫɥɨɣ
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