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üɆɈũɉɅɃɁȺɆȷɁɇȽȿȼɊȺȽɆũȽȷɇȼȹɃɀȼɇɃɈȷɇɃɀɃɈ:

ȾɓŬɜŰɘəɐŪŮɤɟɑŬŰɞɡȷŰɧɛɞɡ,ȾɓŬɜŰɘəɞɑŬɟɘɗɛɞɑəŬɘŬŰɞɛɘəɎŰɟɞɢɘŬəɎ

üȼȿȺȾɇɅɃɁȽȾȺɆȹɃɀȺɆ ȾȷȽ ɄȺɅȽɃȹȽȾɃɇȼɇȷ:Spin

ɖɚŮəŰɟɞɜɑɞɡ,ȷˊŬɔɞɟŮɡŰɘəɐŬɟɢɐPauli, ȷɟɢɐŭɧɛɖůɖɠəŬɘɄŮɟɘɞŭɘəɧɠ

ɄɑɜŬəŬɠ,ȾŬɜɧɜŬɠHund,ɄŮɟɘɞŭɘəɏɠɘŭɘɧŰɖŰŮɠůŰɞɘɢŮɑɤɜ

ɇɛɐɛŬ ȷŮɘűɞɟɘəɐɠ ũŮɤɟɔɑŬɠ 

ũŮɤˊɞɜɘəɐ Ɇɢɞɚɐ



ȼɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ŬəŰɘɜɞɓɞɚɑŬ
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·ȺɑɜŬɘ ɖ Ůəˊɞɛˊɐ ůŰɞ ɢɩɟɞ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 
ŮɜɏɟɔŮɘŬɠ ɛŮ Űɖ ɛɞɟűɐ əɡɛɎŰɤɜ, ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ 
ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɎ əɨɛŬŰŬ.

·ɄɟɧəŮɘŰŬɘ ɔɘŬ ůɡɔɢɟɞɜɘůɛɏɜŬ ɖɚŮəŰɟɘəɎ əŬɘ 
ɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ ˊɞɡ ŰŬɚŬɜŰɩɜɞɜŰŬɘ ůŮ ŮˊɑˊŮŭŬ 
əɎɗŮŰŬ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ˊɟɞɠ Űɖ ŭɘŮɨɗɡɜůɖ ˊɞɡ 
ɛŮŰŬŭɑŭɞɜŰŬɘ.

·ɄŬɟŬŭŮɑɔɛŬŰŬ ɛɞɟűɩɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 
ŬəŰɘɜɞɓɞɚɑŬɠ, ŬˊɞŰŮɚɞɨɜ ŰŬ ɟŬŭɘɞəɨɛŬŰŬ, Űɞ 
ɡˊŮɟɘɩŭŮɠ űɤɠ, Űɞ ɞɟŬŰɧ űɤɠ əŬɘ ɎɚɚŬ.

ȾɨɛŬ: ůɡɜŮɢɩɠ 
ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜɖ ɛŮŰŬɓɞɚɐ ɐ 

ŰŬɚɎɜŰɤůɖ ɛɏůŬ ŮɑŰŮ ůŮ ɨɚɖ 

ŮɑŰŮ ůŮ űɡůɘəɧ ˊŮŭɑɞ.



ɇɞ əɨɛŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ:
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·ȷˊɧ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ ɚ ( ɖ 
ŬˊɧůŰŬůɖ ŬɜɎɛŮůŬ ůŮ ŭɨɞ 
ɞˊɞɘŬŭɐˊɞŰŮ ɧɛɞɘŬ ŭɘŬŭɞɢɘəɎ 
ůɖɛŮɑŬ Ůɜɧɠ əɨɛŬŰɞɠ, .́ɢ. ŭɡɞ 
ɔŮɘŰɞɜɘəɏɠ əɞɟɡűɏɠ Űɞɡ əɨɛŬŰɞɠ ).

·ȷˊɧ Űɖ ůɡɢɜɧŰɖŰŬ ɜ, ( ɞ Ŭɟɘɗɛɧɠ 
Űɤɜ ɛɖəɩɜ əɨɛŬŰɞɠ ˊɞɡ ˊŮɟɜɞɨɜ 
Ŭˊɧ ɏɜŬ ůŰŬɗŮɟɧ ůɖɛŮɑɞ ůŰɖ ɛɞɜɎŭŬ 
Űɞɡ ɢɟɧɜɞɡ, ůɡɜɐɗɤɠ ůŮ ɏɜŬ 
ŭŮɡŰŮɟɧɚŮˊŰɞ).

 ȽůɢɨŮɘ ɧŰɘ c =ɜɚ, ɧˊɞɡ cɖ ŰŬɢɨŰɖŰŬ 
Űɤɜ űɤŰŮɘɜɩɜ əɡɛɎŰɤɜ ˊɞɡ 
ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɏůɞ əŬɘ ůŰɞ əŮɜɧ 
ɗŬ Űɖ ɗŮɤɟɞɨɛŮ 3,00 Ĭ 108 m/s.

ɚ  ůŮ m ɐ 

nm

ɜ  ůŮ sec
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ɃɜɞɛɎɕɞɡɛŮ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɧ űɎůɛŬ, Űɖɜ ˊŮɟɘɞɢɐ 

ůɡɢɜɞŰɐŰɤɜ ɐ ɛɖəɩɜ əɨɛŬŰɞɠ Űɖɠ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ.

ɃɟŬŰɧ űɎůɛŬ



Ƀ Einstein ɡˊɞůŰɐɟɘɝŮ ˊɤɠ ɧŰŬɜ ɏɜŬ ŭɞɜɞɨɛŮɜɞ 

ɎŰɞɛɞ ŮɚŬŰŰɩɜŮɘ Űɖɜ ŮɜɏɟɔŮɘɎ Űɞɡ ɏůŰɤ Ŭˊɧ 3hɜ 

ůŮ 2hɜ, ŬɡŰɐ ŮəˊɏɛˊŮŰŬɘ ɤɠ ɏɜŬ əɓɎɜŰɞ, ŭɖɚŬŭɐ 

əɞɛɛŬŰɎəɘ űɤŰŮɘɜɐɠ ŮɜɏɟɔŮɘŬɠ. ȰəŬɜŮ ɏŰůɘ Űɖɜ 

ˊŬɟŬŭɞɢɐ ɧŰɘ Űɞ űɤɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ əɓɎɜŰŬ ŰŬ 

ɞˊɞɑŬ ŬɟɔɧŰŮɟŬ ɞɜɞɛɎůŰɖəŬɜ űɤŰɧɜɘŬ.

Ⱥ = hɜ
ɆɤɛŬŰɑŭɘŬ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ ɛŮ 

ŮɜɏɟɔŮɘŬ Ⱥ ŬɜɎɚɞɔɖ 

ɛŮ Űɖɜ 

ˊŬɟŬŰɖɟɞɨɛŮɜɖ 

ůɡɢɜɧŰɖŰŬ Űɞɡ 

űɤŰɧɠ.
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Ƀɘ ŮɜɏɟɔŮɘŮɠ 

ŭɧɜɖůɖɠ Űɤɜ 

ŬŰɧɛɤɜ ŮɑɜŬɘ 

əɓŬɜŰɘůɛɏɜŮɠ, 

ŭɖɚŬŭɐ 

ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŮ 

ɞɟɘůɛɏɜŮɠ Űɘɛɏɠ.



ŪŮɤɟɑŬ Bohr ɔɘŬ Űɞ ɎŰɞɛɞ Űɞɡ ɡŭɟɞɔɧɜɞɡ

ɚɾɾʀʇʅʆʙ ɚʌȢ ɜɻʇʗʉʂ6

Ƀ Bohr ŭɘŬŰɨˊɤůŮ ŬɝɘɩɛŬŰŬ ɔɘŬ ɜŬ ŮɝɖɔɐůŮɘ:

ü Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ɡŭɟɞɔɞɜɞŬŰɧɛɞɡ, ŭɖɚŬŭɐ 

ɧŰɘ Űɞ ɖɚŮəŰɟɧɜɘɞ ŭŮɜ ŬəŰɘɜɞɓɞɚŮɑ ůɡɜŮɢɩɠ 

ŮɜɏɟɔŮɘŬ əŬɘ ɎɟŬ ŭŮɜ ˊɏűŰŮɘ ůŰɞɜ ˊɡɟɐɜŬ Űɞɡ.

üŰɞ ɔɟŬɛɛɘəɧ űɎůɛŬ Űɞɡ ŬŰɧɛɞɡ Űɞɡ 

ɡŭɟɞɔɧɜɞɡ.



ɆɨɛűɤɜŬ ɛŮ Űɖ ɗŮɤɟɑŬ Űɞɡ Bohr

·Ⱥəˊɞɛˊɐ űɤŰɧɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Ŭˊɧ ɏɜŬ ɎŰɞɛɞ, ŮɎɜ 
ɏɜŬ ɖɚŮəŰɟɧɜɘɞ ɛŮŰŬˊɖŭɐůŮɘ Ŭˊɧ ɡɣɖɚɧŰŮɟɖ ůŮ 
ɢŬɛɖɚɧŰŮɟɖ ŰɟɞɢɘɎ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŮəˊɏɛˊŮŰŬɘ 
ŮɜɏɟɔŮɘŬ ɛŮ Űɖ ɛɞɟűɐ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ, 
(ȼɀ ŬəŰɘɜɞɓɞɚɑŬ) ůɡɔəŮəɟɘɛɏɜɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ.

·ȼ ɗŮɤɟɑŬ Űɞɡ Bohr ŮɝɖɔŮɑ əŬɘ Űɖɜ Ŭˊɞɟɟɧűɖůɖ űɤŰɧɠ. 
ȺɎɜ ɎŰɞɛɞ ɡŭɟɞɔɧɜɞɡ ŬˊɞɟɟɞűɐůŮɘ ŮɜɏɟɔŮɘŬ ɖɚŮəŰɟɧɜɘɞ 
ɛŮŰŬˊɖŭɎ Ŭˊɧ ŰɟɞɢɘɎ ɢŬɛɖɚɧŰŮɟɖɠ ůŮ ŰɟɞɢɘɎ 
ɡɣɖɚɧŰŮɟɖɠ ŮɜɏɟɔŮɘŬɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ Ŭɜ ɎŰɞɛɞ 
ɡŭɟɞɔɧɜɞɡ ůŮ əŬŰɎůŰŬůɖ n=2 űɤŰɘůŰŮɑ ɛŮ əɧəəɘɜɞ űɤɠ 
(ɚ = 656 nm) ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŬˊɞɟɟɞűɐůŮɘ ɏɜŬ űɤŰɧɜɘɞ 
əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬɡŰɧ ůɡɛɓŮɑ Űɞ ɖɚŮəŰɟɧɜɘɞ Űɞɡ 
ŬŰɧɛɞɡ Űɞɡ ɡŭɟɞɔɧɜɞɡ əŮɟŭɑɕŮɘ ŮɜɏɟɔŮɘŬ əŬɘ ɛŮŰŬˊɑˊŰŮɘ 
ůŮ n=3.
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ŪŮɛŮɚɘɩŭɖɠ əŬŰɎůŰŬůɖ: ɀɘəɟɧŰŮɟɖ 

ŮɜɏɟɔŮɘŬ.

ȹɘŮɔŮɟɛɏɜɖ əŬŰɎůŰŬůɖ: ȾɎɗŮ ɛɘŬ 

ɛŮɔŬɚɨŰŮɟɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŬɡŰɐ Űɖɠ 

ɗŮɛŮɚɘɩŭɞɡɠ.

ȾɎɗŮ ɖɚŮəŰɟɧɜɘɞ ˊɟɞŰɘɛɎ ɜŬ ɓɟɑůəŮŰŬɘ 

ůŰɖ ɗŮɛŮɚɘɩŭɖ əŬɘ ɧɢɘ ůŰɖ ŭɘŮɔŮɟɛɏɜɖ 

əŬŰɎůŰŬůɖ.
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ūɎůɛŬŰŬ Ůəˊɞɛˊɐɠ
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·ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɔɘŬ Űɞɜ 

ɞˊɞɘɞŭɐˊɞŰŮ ɚɧɔɞ Űɞ ɖɚŮəŰɟɧɜɘɞ 

ɓɟɑůəŮŰŬɘ ůŮ ŭɘŮɔŮɟɛɏɜɖ 

əŬŰɎůŰŬůɖ ɛɏůŬ ůŮ ŮɚɎɢɘůŰɞ 

ɢɟɧɜɞ ŬˊɞŭɘŮɔŮɑɟŮŰŬɘ əŬɘ 

ŮəˊɏɛˊŮŰŬɘ űɤŰɧɜɘɞ.
ȼ ŮɜɏɟɔŮɘŬ Űɞɡ ŮəˊŮɛˊɧɛŮɜɞɡ űɤŰɞɜɑɞɡ 

ŮɑɜŬɘɑůɖ əŬɘ ŬɜŰɑɗŮŰɖ ůŮ ˊɟɧůɖɛɞ ɛŮ Űɖɜ 

ŮɜɏɟɔŮɘŬ ˊɞɡ ɏɢŬůŮ Űɞ ɎŰɞɛɞ. 

hɜ = -ȹȺ =-(Ⱥf -Ei)

·ȷɜ ɏɜŬ ɎŰɞɛɞ ŭɘŮɔŮɟɗŮɑ ɛŮ 

ˊɟɞůűɞɟɎ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ űɤŰɧɜɘŬ 

ˊɟɞŮɟɢɧɛŮɜŬ Ŭˊɧ ˊɖɔɐ 

ŬəŰɘɜɞɓɞɚɑŬɠ, ɗŬ Ŭˊɞɟɟɞűɖɗɞɨɜ 

ɛɧɜɞ ŰŬ űɤŰɧɜɘŬ ˊɞɡ ŮɑɜŬɘ ɘəŬɜɎ 

ɜŬ ˊɟɞəŬɚɏůɞɡɜ ŭɘŮɔɏɟůŮɘɠ.
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ūɎůɛŬŰŬ 

Ůəˊɞɛˊɐɠ

ɆɡɜŮɢɐɆŰŮɟŮɎ ɐ 

ɡɔɟɎ

ȹɘɎˊɡɟŬ

Ȱɔɢɟɤɛɖ ŰŬɘɜɑŬ

ũɟŬɛɛɘəɎŪŮɟɛɎ ŬɏɟɘŬ

ȷŰɛɞɑ 

ɛŮŰɎɚɚɤɜ

ūɤŰŮɘɜɏɠ ɢŬɟŬəŰɖ-

ɟɘůŰɘəɏɠ ɔɟŬɛɛŮɠ

ūɎůɛŬŰŬ

Ŭˊɞɟɟɧűɖůɖɠ

ɆɡɜŮɢɐɆŰŮɟŮɎ ɐ 

ɡɔɟɎ

ȹɘŬűŬɜɐ 

ůɩɛŬŰŬ

ȷˊɞəɞˊɐ ŰɛɐɛŬŰɞɠ

Űɞɡ űɎůɛŬŰɞɠ

ũɟŬɛɛɘəɎȷɏɟɘŬ əŬɘ 

ŬŰɛɞɑ

ɛŬɨɟŮɠ ɢŬɟŬəŰɖ-

ɟɘůŰɘəɏɠ ɔɟŬɛɛŮɠ
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absorption spectrum

http://ircamera.as.arizona.edu/NatSci102/NatSci102/lectures/spectroscopy.htm

Emission spectrum

ɫʑʉʀʔʙ ʒʗʎʈɻʐɻ

ɜʍɻʈʈʅʆʗ ʒʗʎʈɻʐɻ
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ȾɓŬɜŰɞɛɖɢŬɜɘəɐ

ȾɓŬɜŰɘəɞɑ Ŭɟɘɗɛɞɑ
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·ȼ əɓŬɜŰɞɛɖɢŬɜɘəɐ ŮɑɜŬɘ ɛɘŬ ɗŮɤɟɑŬ ɖ 

ɞˊɞɑŬ ŮűŬɟɛɧɕŮŰŬɘ ůŮ ŮɝŬɘɟŮŰɘəɎ ɛɘəɟɎ 

ůɤɛŬŰɑŭɘŬ ɨɚɖɠ ɧˊɤɠ ŰŬ ɖɚŮəŰɟɧɜɘŬ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɖ əɓŬɜŰɞɛɖɢŬɜɘəɐ ɐ Ŭɚɚɘɩɠ 

əɡɛŬŰɞɛɖɢŬɜɘəɐ, ŮɑɜŬɘ əɚɎŭɞɠ Űɖɠ űɡůɘəɐɠ 

ˊɞɡ ˊŮɟɘɔɟɎűŮɘ ɛŬɗɖɛŬŰɘəɎ Űɘɠ əɡɛŬŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ ůŰɞɘɢŮɘɤŭɩɜ ůɤɛŬŰɘŭɑɤɜ.

·ɆŰɖɜ əɓŬɜŰɞɛɖɢŬɜɘəɐ ůŰɖɟɑɕɞɜŰŬɘ ɞɘ 

ůɨɔɢɟɞɜŮɠ ŬˊɧɣŮɘɠ ɔɘŬ Űɖɜ ŬŰɞɛɘəɐ ŭɞɛɐ.



ɆɤɛŬŰɑŭɘɞ ɡɚɧəɡɛŬ De 

Broglie

ȷɟɢɐ ȷɓŮɓŬɘɧŰɖŰŬɠ 

Űɞɡ Heisenberg
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ɇɞ ɖɚŮəŰɟɧɜɘɞ ŭŮɜ ŮɑɜŬɘ 
ɛɧɜɞ ůɤɛŬŰɑŭɘɞ, ŮɑɜŬɘ 
əŬɘ əɨɛŬ. 
ɇɞ ɛɐəɞɠ əɨɛŬŰɞɠ 
ɡɚɘəɞɨ ůɤɛŬŰɘŭɑɞɡ 
ɛɎɕŬɠ m ˊɞɡ əɘɜŮɑŰŬɘ ɛŮ 
ŰŬɢɨŰɖŰŬ ɡ, ŭɑɜŮŰŬɘ Ŭˊɧ 
Űɖ ůɢɏůɖ:  

ɚ=h/mɡ

ȹŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɠ ɞ 
ŰŬɡŰɧɢɟɞɜɞɠ ˊɟɞůŭɘɞɟɘůɛɧɠ 
Űɖɠ Ŭəɟɘɓɞɨɠ ɗɏůɖɠ əŬɘ Űɖɠ 
ŰŬɢɨŰɖŰŬɠ Ůɜɧɠ ůɤɛŬŰɘŭɑɞɡ. 

 ɄɎɜŰŬ ɡˊɎɟɢŮɘ ɛɘŬ 
ŬɓŮɓŬɘɧŰɖŰŬ ȹɡ ɤɠ ˊɟɞɠ Űɖɜ 
ŰŬɢɨŰɖŰŬ əŬɘ ɛɘŬ 
ŬɓŮɓŬɘɧŰɖŰŬ ȹɢ ɤɠ ˊɟɞɠ Űɖ 
ɗɏůɖ. ɇɞ ɔɘɜɧɛŮɜɧ Űɞɡɠ ŭŮɜ 
ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ 
Ŭˊɧ ɏɜŬ əŬŰɩŰŬŰɞ ɧɟɘɞ.

ȹɢĬȹɡ Ó h / 2ˊm 
 ɧˊɞɡ 

h: ɖ ůŰŬɗŮɟɎ Űɞɡ Planck 
m: ɖ ɛɎɕŬ Űɞɡ ůɤɛŬŰɘŭɑɞɡ



ȾɡɛŬŰɘəɐ Ůɝɑůɤůɖ Schrºdinger

O Schrºdinger, əŬŰɎűŮɟŮ ɜŬ ˊŮɟɘɔɟɎɣŮɘ ɛŮ 
ŬəɟɑɓŮɘŬ Űɖɜ əɑɜɖůɖ əŬɘ Űɖɜ ˊɟŬɔɛŬŰɘəɐ 
ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɖɚŮəŰɟɞɜɑɞɡ, ɔɘŬŰɑ ɏɚŬɓŮ 
ɡˊɧɣɖ Űɞɡ Űɖ ŭɘŰŰɐ Űɞɡ űɨůɖ, (ůɤɛŬŰɑŭɘɞ, 
əɨɛŬ). ȰŰůɘ əŬŰɏɚɖɝŮ ůŮ Ůɝɑůɤůɖ ˊɞɡ 
ŬɜŬűɏɟŮŰŬɘ ůŰɘɠ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ ɢ, y, z 
    ȼɣ =Ⱥɣ  

ɧˊɞɡ  

ȼ : ɉŬɛɘɚŰɩɜŮɘɞɠ ŰŮɚŮůŰɐɠ 

Ⱥ : ȼ ŬɟɘɗɛɖŰɘəɐ Űɘɛɐ Űɖɠ ɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ
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ȷɇɃɀȽȾȷ ɇɅɃɉȽȷȾȷ
ȺɑɜŬɘ ɞɘ ɛŬɗɖɛŬŰɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ ɣ, ɞɘ ɞˊɞɑŮɠ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ Schrºdinger
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ɇɞ ŰɟɞɢɘŬəɧ ŮɑɜŬɘ Ŭűɖɟɖɛɏɜɖ ɏɜɜɞɘŬ 

ɢɤɟɑɠ ɎɛŮůɖ űɡůɘəɐ ůɖɛŬůɑŬ. ūɡůɘəɐ 
ůɖɛŬůɑŬ ɏɢŮɘ ɛɧɜɞ Űɞ ɣ2, ˊɞɡ ɧŰŬɜ 
ɡˊɎɟɢŮɘ ɖɚŮəŰɟɧɜɘɞ, ˊŮɟɘɔɟɎűŮɘ Űɖɜ 
əŬŰŬɜɞɛɐ Űɞɡ ɖɚŮəŰɟɞɜɘəɞɨ ɜɏűɞɡɠ, 
(ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ 
ɖɚŮəŰɟɧɜɘɞ, ŰŬ ŰɟɞɢɘŬəɎ ɡˊɎɟɢɞɡɜ 
ŭɡɜɖŰɘəɎ).



ɄɘɗŬɜɧŰɖŰŬ ŮɨɟŮůɖɠ ɖɚŮəŰɟɞɜɑɞɡ ůŮ ůűŬɘɟɘəɧ 

űɚɞɘɧ ɔɨɟɤ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ
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·ȼ ŮɘəɧɜŬ, (ȷ), ŭŮɑɢɜŮɘ Űɖɜ 
ˊɡəɜɧŰɖŰŬ Űɖɠ ˊɘɗŬɜɧŰɖŰŬɠ ɔɘŬ ɏɜŬ 
ɖɚŮəŰɟɧɜɘɞ ůŮ ɎŰɞɛɞ ɡŭɟɞɔɧɜɞɡ. 
ȳˊɤɠ űŬɑɜŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ŮɑɜŬɘ 
ɢɤɟɘůɛɏɜɖ ůŮ űɚɞɘɞɨɠ ɔɨɟɤ Ŭˊɧ Űɞɜ 
ˊɡɟɐɜŬ.

·H ɔɟŬűɘəɐ ˊŬɟɎůŰŬůɖ (ȸ) 
ŬɜŬˊŬɟɘůŰɎ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ŮɨɟŮůɖɠ 
Űɞɡ ɖɚŮəŰɟɞɜɑɞɡ ɛɏůŬ ůŮ űɚɞɘɞɨɠ ɞɘ 
ɞˊɞɑɞɘ Ŭˊɏɢɞɡɜ ŭɘɎűɞɟŮɠ 
ŬˊɞůŰɎůŮɘɠ Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ. ɇɞ 
ɛɏɔɘůŰɞ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ əŬɛˊɨɚɖ 
ŭŮɑɢɜŮɘ ɧŰɘ ɖ ŬəŰɘɜɘəɐ ˊɘɗŬɜɧŰɖŰŬ 
ŮɑɜŬɘ ɛɏɔɘůŰɖ ůŮ ŭŮŭɞɛɏɜɖ ŬˊɧůŰŬůɖ 
Ŭˊɧ Űɞɜ ˊɡɟɐɜŬ.

GENERAL CHEMISTRY  EBBING GAMMON ,

NINTH EDITION



·Ⱦɨɟɘɞɠ əɓŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ n. ɀˊɞɟŮɑ ɜŬ ˊɎɟŮɘ ɧɚŮɠ 
Űɘɠ ɗŮŰɘəɏɠ ŬəɏɟŬɘŮɠ Űɘɛɏɠ, (1,2é.ə.ɞ.ə.). ȷˊɧ ŬɡŰɧɜ 
ŮɝŬɟŰɎŰŬɘ əɡɟɑɤɠ ɖ ŮɜɏɟɔŮɘŬ Ůɜɧɠ ɖɚŮəŰɟɞɜɑɞɡ ůŮ ɏɜŬ 
ɎŰɞɛɞ. ȳůɞ ɛɘəɟɧŰŮɟɖ ɖ Űɘɛɐ Űɞɡ n, Űɧůɞ ɛɘəɟɧŰŮɟɖ 
əŬɘ ɖ ŮɜɏɟɔŮɘŬ Űɞɡ ɖɚŮəŰɟɞɜɑɞɡ ůŮ əɎˊɞɘɞ ɎŰɞɛɞ. ũɘŬ 
Űɖɜ ˊŮɟɑˊŰɤůɖ ɡŭɟɞɔɞɜɞŬŰɧɛɞɡ ɐ ɛɞɜɞɖɚŮəŰɟɞɜɘəɩɜ 
ɘɧɜŰɤɜ, .́ɢ. Li 2+, o n ŮɑɜŬɘ ɞ ɛɞɜŬŭɘəɧɠ əɓŬɜŰɘəɧɠ ˊɞɡ 
əŬɗɞɟɑɕŮɘ Űɖɜ ŮɜɏɟɔŮɘŬ. ũɘŬ ŰŬ ɎɚɚŬ ɎŰɞɛŬ ɖ ŮɜɏɟɔŮɘŬ 
ůŮ ɛɘəɟɧ ɓŬɗɛɧ ŮɝŬɟŰɎŰŬɘ əŬɘ Ŭˊɧ Űɞɜ əɓŬɜŰɘəɧ 
Ŭɟɘɗɛɧ l. ɇɏɚɞɠ Ŭˊɧ Űɞɜ əɓŬɜŰɘəɧ Ŭɟɘɗɛɧ n ŮɝŬɟŰɎŰŬɘ 
əŬɘ Űɞ ɛɏɔŮɗɞɠ Ůɜɧɠ ŰɟɞɢɘŬəɞɨ. ȳůɞ ɛŮɔŬɚɨŰŮɟɞ Űɞ n 
Űɧůɞ ɛŮɔŬɚɨŰŮɟɞ əŬɘ Űɞ ɛɏɔŮɗɞɠ.
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ɇɟɞɢɘŬəɎ ɑŭɘɞɡ n Ŭɜɐəɞɡɜ ůŰɖɜ ɑŭɘŬ ůŰɘɓɎŭŬ ɐ űɚɞɘɧ

ūɚɞɘɧɠ :  Ⱦ L   M  N   

n:        1    2   3   4é



·ȾɓŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ Űɖɠ ɆŰɟɞűɞɟɛɐɠ l ɐ ŬɕɘɛɞɡɗɘŬəɧɠ 

əɓŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ. ȹɘŬəɟɑɜŮɘ ŰɟɞɢɘŬəɎ ŭŮŭɞɛɏɜɞɡ n ŰŬ ɞˊɞɑŬ 

ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɎ ůɢɐɛŬŰŬ. ũɘŬ ŭŮŭɞɛɏɜɞ n ˊŬɑɟɜŮɘ Űɘɛɏɠ 0, 1, 

2éɏɤɠ (n-1). ɀɏůŬ ůŮ əɎɗŮ űɚɞɘɧ n əɓŬɜŰɘəɞɨ Ŭɟɘɗɛɞɨ, 

ɡˊɎɟɢɞɡɜ n ŭɘŬűɞɟŮŰɘəɩɜ Ůɘŭɩɜ ŰɟɞɢɘŬəɎ ɛŮ ɝŮɢɤɟɘůŰɧ ŭɘəɧ 

Űɞɡ ůɢɐɛŬ Űɞ əɎɗŮ ɏɜŬ, ˊɞɡ ɡˊɞŭɖɚɩɜŮŰŬɘ Ŭˊɧ ɏɜŬɜ əɓŬɜŰɘəɧ 

Ŭɟɘɗɛɧ l. ũɘŬ n=2, ɞɘ ŭɡɜŬŰɏɠ Űɘɛɏɠ Űɞɡ l ŮɑɜŬɘ 2 əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ɞɘ 0 əŬɘ 1. ȯɟŬ ůŰɞ űɚɞɘɧ L(n=2)ɡˊɎɟɢɞɡɜ 2 Ůɑŭɖ 

ŰɟɞɢɘŬəɩɜ, ŭɘŬűɞɟŮŰɘəɞɨ ůɢɐɛŬŰɞɠ Űɞ əɎɗŮ ɏɜŬ ɔɘŬ Űɖ ˊŮɟɘɞɢɐ 

ɧˊɞɡ Űɞ ɖɚŮəŰɟɧɜɘɞ ɏɢŮɘ Űɖ ɛŮɔŬɚɨŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ɓɟŮɗŮɑ.

 ȼ ŮɜɏɟɔŮɘŬ Ůɜɧɠ ŰɟɞɢɘŬəɞɨ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ n, ŬɚɚɎ ůŮ əɎˊɞɘɞ 

ɓŬɗɛɧ əŬɘ Ŭˊɧ Űɞɜ l, (ŮɝŬɘɟɞɡɛɏɜɞɡ Űɞɡ ŬŰɧɛɞɡ Űɞɡ ɡŭɟɞɔɧɜɞɡ). 

ũɘŬ ŭŮŭɞɛɏɜɞ n,ɖ ŮɜɏɟɔŮɘŬ ŬɡɝɎɜŮŰŬɘ ɛŮ Űɞ l.

ɇɟɞɢɘŬəɎ ɑŭɘɞɡ n Ŭɜɐəɞɡɜ ůŰɖɜ ɑŭɘŬ ůŰɘɓɎŭŬ ɐ űɚɞɘɧ.

ɇɟɞɢɘŬəɎ ɑŭɘɞɡ l Ŭɜɐəɞɡɜ ůŰɞɜ ɑŭɘɞ ɡˊɞűɚɞɘɧ ŭŮŭɞɛɏɜɞɡ űɚɞɘɞɨ.

Ɇɨɛɓɞɚɞ:      s   p   d   f   gé.

l:     0   1   2   3  4    é18

ɚɾɾʀʇʅʆʙ ɚʌȢ ɜɻʇʗʉʂ

Ʉ.ɢ. Űɞ 3p ůɡɛɓɞɚɑɕŮɘ ɡˊɞűɚɞɘɧ ɛŮ 

əɓŬɜŰɘəɞɨɠ Ŭɟɘɗɛɞɨɠ n=3 əŬɘ l=1 



·ɀŬɔɜɖŰɘəɧɠ əɓŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ ml. O ml ŭɘŬəɟɑɜŮɘ ŰɟɞɢɘŬəɎ 
ŭŮŭɞɛɏɜɞɡ n əŬɘ l. ɀŮ ɎɚɚŬ ɚɧɔɘŬ ŭɘŬəɟɑɜŮɘ ŰɟɞɢɘŬəɎ 
ŭŮŭɞɛɏɜɖɠ ŮɜɏɟɔŮɘŬɠ ɛŮɔɏɗɞɡɠ əŬɘ ůɢɐɛŬŰɞɠ əŬɘ ŰŬ ŭɘŬəɟɑɜŮɘ 
ɤɠ ˊɟɞɠ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɞɡɠ ůŰɞ ɢɩɟɞ. ɄŬɑɟɜŮɘ Űɖɜ 
Űɘɛɐ 0 əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɧɚŮɠ Űɘɠ ŬəɏɟŬɘŮɠ Űɘɛɏɠ Ŭˊɧ +l ɤɠ    
ïl. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ l=3, ɡˊɞűɚɞɘɧɠ f, ml=-3, -2, -1, 0, 1, 2,
3. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ůŰɞɜ ɑŭɘɞ ɡˊɞűɚɞɘɧ f ɡˊɎɟɢɞɡɜ 7
ŭɘŬűɞɟŮŰɘəɎ ŰɟɞɢɘŬəɎ, ɑŭɘɞɡ ůɢɐɛŬŰɞɠ ŬɚɚɎ ŭɘŬűɞɟŮŰɘəɞɨ 
ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ. ȺɨəɞɚŬ ˊŬɟŬŰɖɟŮɑ əŬɜŮɑɠ ˊɤɠ ůŮ əɎɗŮ 
ɡˊɞűɚɞɘɧ əɓŬɜŰɘəɞɨ Ŭɟɘɗɛɞɨ l ɡˊɎɟɢɞɡɜ 2l+1 ŰɟɞɢɘŬəɎ.

·Ƀ əɓŬɜŰɘəɧɠ Ŭɟɘɗɛɧɠ ms Űɞɡ spin. ȷɜŰɘůŰɞɘɢŮɑ ůŰɞɡɠ ŭɨɞ 
ŭɡɜŬŰɞɨɠ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨɠ Űɞɡ ɎɝɞɜŬ ŬɡŰɞˊŮɟɘůŰɟɞűɐɠ, 
(spin)Ůɜɧɠ ɖɚŮəŰɟɞɜɑɞɡ, əŬɘ ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ ɛɧɜɞ Űɘɠ Űɘɛɏɠ 
+1/2 əŬɘ -1/2. ɇɞ ɖɚŮəŰɟɧɜɘɞ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ůŬɜ ɜŬ 
ˊŮɟɘůŰɟɏűŮŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞɜ ɎɝɞɜɎ Űɞɡ ɧˊɤɠ ɖ ũɖ. ȼ 
ŬɡŰɞˊŮɟɘůŰɟɞűɐ, (spin) Űɞɡ ɖɚŮəŰɟɞɜɑɞɡ ŮɑɜŬɘ ɘůɞŭɨɜŬɛɖ ɛŮ 
əɡəɚɘəɎ əɘɜɞɨɛŮɜɞ ɖɚŮəŰɟɘəɧ űɞɟŰɑɞ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ 
ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ. ȰŰůɘ ɏɜŬ ɖɚŮəŰɟɧɜɘɞ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɤɠ 
ɟŬɓŭɧɛɞɟűɞɠ ɛŬɔɜɐŰɖɠ, ɛŮ ɓɧɟɘɞ əŬɘ ɜɧŰɘɞ ˊɧɚɞ.
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