
ɁȣȸȣɃȹȣ ȼȱȬȶɂȣȤ ȣȳ 

ȽȻȱɂȴɀȣɃȹȺɊ ȶȣȹȱȾȴȶȺɊ 

ȷȱȶɂȣɋ 4.5 

ÅɂȱȻȹɇȱ ȼȱȬȶɂȴȴ. ȴɁ ȽȾȬȰȴȴ. 
Å ȽȮȺȭȺȰȹɇȱ ȼȬȰȴȶȬȷɇ.  
Å ȼȬȳȮȱȾȮȷȱȹȹɇȱ ȴ ȹȱȼȬȳȮȱȾȮȷȱȹȹɇȱ ɂȱȻȴ.  
Å ȶȴȹȱȾȴɃȱȽȶȺȱ ȿȼȬȮȹȱȹȴȱ ɂȱȻȹɇɁ 
ȼȱȬȶɂȴȵ.  
Å ɀȺȾȺɁȴȸȴɃȱȽȶȴȱ ȳȬȶȺȹɇ. ɀȺȾȺȽȴȹȾȱȳ.    
ɀȺȾȺȯȼȬɀȴɋ. ɀȺȾȺȷȴȳ.  



 ɂɑɛəɌɫ ɜɑɌɖɢɔɫ ð ɝɗɚɒəɧɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɧɕ ɛɜɚɢɑɝɝ, Ɏ 

ɖɚɞɚɜɚɘ ɔɝɡɚɐəɧɑ ɎɑɥɑɝɞɎɌ ɛɜɑɎɜɌɥɌɪɞɝɫ Ɏ ɛɜɚɐɟɖɞɧ ɛɟɞɑɘ 

ɘəɚɏɚɖɜɌɞəɚɏɚ ɛɚɎɞɚɜɑəɔɫ ɢɔɖɗɌ ɩɗɑɘɑəɞɌɜəɧɡ ɌɖɞɚɎ ɝ 

ɟɣɌɝɞɔɑɘ ɌɞɚɘɚɎ, ɝɎɚɍɚɐəɧɡ ɜɌɐɔɖɌɗɚɎ ɔɗɔ Ɏɚɓɍɟɒɐɑəəɧɡ 

ɘɚɗɑɖɟɗ, ɚɍɜɌɓɟɪɥɔɡɝɫ Ɏ ɡɚɐɑ ɝɌɘɚɕ ɜɑɌɖɢɔɔ. 
  

 ȽɎɚɍɚɐəɧɑ ɜɌɐɔɖɌɗɧ ɛɜɑɐɝɞɌɎɗɫɪɞ ɝɚɍɚɕ ɣɌɝɞɔɢɧ, 

ɝɚɐɑɜɒɌɥɔɑ ɚɐɔə əɑɝɛɌɜɑəəɧɕ ɩɗɑɖɞɜɚə ɔ ɚɍɗɌɐɌɪɥɔɑ 

əɑəɌɝɧɥɑəəɧɘɔ ɎɌɗɑəɞəɚɝɞɫɘɔ.  

ɂȱȻȹɇȱ ȼȱȬȶɂȴȴ 

ɂȱȻȹɇȱ  

ȼȱȬȶɂȴȴ 

ʩʛʦʨʘʥʠʝ  

ʪʦʧʣʠʚʘ 

ʊʝʨʤʠʯʝʩʢʠʡ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ  

ʢʨʝʢʠʥʛ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

ʭʣʦʨʠʨʦʚʘʥʠʝ  

ʙʨʦʤʠʨʦʚʘʥʠʝ 

ʧʦʣʫʯʝʥʠʝ  

ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ 



1. ȾɑɜɘɔɣɑɝɖɌɫ ɐɔɝɝɚɢɔɌɢɔɫ : 

 
2. ȴəɔɢɔɌɢɔɫ ɝɎɑɞɚɘ (ɛɜɚɔɝɡɚɐɔɞ ɓɌɡɎɌɞ ɘɚɗɑɖɟɗɚɕ 

ɖɎɌəɞɌ ɝɎɑɞɌ hȌ, ɛɑɜɑɡɚɐ Ɏ Ɏɚɓɍɟɒɐɑəəɚɑ 

ɝɚɝɞɚɫəɔɑ ɔ ɜɌɝɛɌɐ əɌ ɝɎɚɍɚɐəɧɑ ɜɌɐɔɖɌɗɧ): 

  
3. ȶɌɞɌɗɔɞɔɣɑɝɖɔɕ ɜɌɝɛɌɐ:  

 
4. Ƚ ɛɚɘɚɥɨɪ əɑɖɚɞɚɜɧɡ ɡɔɘɔɣɑɝɖɔɡ ɜɑɌɖɢɔɕ  

     Ɏ Ɏɚɐəɧɡ ɝɜɑɐɌɡ, ə-ɜ:      

          

ȽȾȬȰȴȴ ɂȱȻȹȺȵ ȼȱȬȶɂȴȴ 

Br 2 + hȌ        BrÅ + BrÅ 

ȣ. ȳɌɜɚɒɐɑəɔɑ (ȴəɔɢɔɔɜɚɎɌəɔɑ)  ɚɍɜɌɓɚɎɌəɔɑ 

ɝɎɚɍɚɐəɧɡ ɜɌɐɔɖɌɗɚɎ ɔɓ əɑɕɞɜɌɗɨəɧɡ ɘɚɗɑɖɟɗ 

Ƚɛɚɝɚɍɧ ɛɚɗɟɣɑəɔɫ ɝɎɚɍɚɐəɧɡ ɜɌɐɔɖɌɗɚɎ: 

F2        FÅ + FÅ 
Ni, T 

 RH + Co3+        RÅ + H+ + Co2+ 

Br 2        2BrÅ 
T 



ȽȾȬȰȴȴ ɂȱȻȹȺȵ ȼȱȬȶɂȴȴ 

ȣȣ. ȼɌɓɎɔɞɔɑ (ɛɜɚɐɚɗɒɑəɔɑ)  ɎɓɌɔɘɚɐɑɕɝɞɎɔɑ 

ɝɎɚɍɚɐəɚɏɚ ɜɌɐɔɖɌɗɌ ɝ ɘɚɗɑɖɟɗɚɕ ɜɑɌɏɑəɞɌ, 

ɜɑɓɟɗɨɞɌɞɚɘ ɖɚɞɚɜɚɏɚ ɫɎɗɫɑɞɝɫ Ɏɚɓɘɚɒəɚɑ 

ɚɍɜɌɓɚɎɌəɔɑ ɛɜɚɐɟɖɞɌ ɜɑɌɖɢɔɔ ɔ ɜɑɏɑəɑɜɌɢɔɫ 

ɝɎɚɍɚɐəɚɏɚ ɜɌɐɔɖɌɗɌ  

! ȼɑɌɖɢɔɔ ɜɌɓɎɔɞɔɫ ɢɑɛɔ ð ɩɞɚ, ɖɌɖ ɛɜɌɎɔɗɚ,  

ɩɗɑɘɑəɞɌɜəɧɑ ɍɔɘɚɗɑɖɟɗɫɜəɧɑ ɜɑɌɖɢɔɔ ɛɑɜɎɚɏɚ 

ɛɚɜɫɐɖɌ ɖɌɖ ɛɚ ɜɌɐɔɖɌɗɟ, ɞɌɖ ɔ ɛɚ ɜɑɌɏɑəɞɟ.   

BrÅ + H2       HBr  + HÅ 

HÅ + Br 2        HBr  + BrÅ 

ɓɎɑəɚ ɢɑɛɔ 



ȽȾȬȰȴȴ ɂȱȻȹȺȵ ȼȱȬȶɂȴȴ 

ȣȣȣ. ȺɍɜɧɎ ɢɑɛɔ  ɏɔɍɑɗɨ ɌɖɞɔɎəɧɡ ɣɌɝɞɔɢ   

(ɝɎɚɍɚɐəɧɡ ɜɌɐɔɖɌɗɚɎ) 

1. ȳɌɡɎɌɞ ɝɎɚɍɚɐəɚɏɚ ɜɌɐɔɖɌɗɌ ɝɞɑəɖɚɕ ɝɚɝɟɐɌ  

(ɜɑɌɖɢɔɫ ɛɑɜɎɚɏɚ ɛɚɜɫɐɖɌ ɛɚ ɖɚəɢɑəɞɜɌɢɔɔ ɝɎɚɍɚɐəɧɡ ɜɌɐɔɖɌɗɚɎ): 

 RÅ           é 
ɝɞɑəɖɌ 

3.  ȮɓɌɔɘɚɐɑɕɝɞɎɔɑ ɐɎɟɡ ɜɌɐɔɖɌɗɚɎ ɛɜɔ ɞɜɚɕəɚɘ 

ɝɞɚɗɖəɚɎɑəɔɔ: 

2.  Ȯ ɚɍɦɑɘɑ ɛɜɔ ɎɓɌɔɘɚɐɑɕɝɞɎɔɔ ɝ ɔəɏɔɍɔɞɚɜɌɘɔ 

(ɜɑɌɖɢɔɫ ɛɑɜɎɚɏɚ ɛɚɜɫɐɖɌ ɛɚ ɖɚəɢɑəɞɜɌɢɔɔ ɝɎɚɍɚɐəɧɡ ɜɌɐɔɖɌɗɚɎ): 

ȣȹ + RÅ Ƃ ȣÅ + ȹR  
! ȳɌɘɑəɌ ɎɧɝɚɖɚɌɖɞɔɎəɧɡ  

ɜɌɐɔɖɌɗɚɎ RÅ əɌ ɘɌɗɚɌɖɞɔɎəɧɑ ȣÅ 

ɜɌɎəɚɓəɌɣəɌ ɏɔɍɑɗɔ RÅ. 

Ƚȹ3Å + Ƚȹ3Å + ȸ Ƃ Ƚ2ȹ6 + ȸ 

Ƚ2ȹ5Å + Ƚ2ȹ5Å + ȸ Ƃ Ƚ2ȹ6 + Ƚ2ȹ4 + ȸ 

ɖɎɌɐɜɌɞɔɣəɌɫ ɜɑɖɚɘɍɔəɌɢɔɫ 

ɖɎɌɐɜɌɞɔɣəɚɑ  

ɐɔɝɛɜɚɛɚɜɢɔɚəɔɜɚɎɌəɔɑ 



ȹÅ 
+Ⱥ2 

ȺHÅ 

Ⱥ 
Å 

Å 

+H2  

+H2  

H2Ⱥ 

ȹÅ 

ȺHÅ 

ȹÅ 

ɓɎɑəɚ  ɢɑɛɔ 

ȮȴȰɇ ɂȱȻȹɇɁ  ȼȱȬȶɂȴȵ 

BrÅ 
+H2 

HBr  

ɓɎɑəɚ  ɢɑɛɔ 

HÅ 
+Br 2 

BrÅ 

HBr  

ȹɑɜɌɓɎɑɞɎɗɑəəɌɫ ɢɑɛəɌɫ 

ɜɑɌɖɢɔɫ ð Ɏ ɩɗɑɘɑəɞɌɜəɚɘ 

Ɍɖɞɑ ɜɑɌɖɢɔɔ ɔɓ ɚɐəɚɏɚ 

ɌɖɞɔɎəɚɏɚ ɢɑəɞɜɌ ɚɍɜɌɓɟɑɞɝɫ 

ɞɚɗɨɖɚ ɚɐɔə ɌɖɞɔɎəɧɕ ɢɑəɞɜ  

ȼɌɓɎɑɞɎɗɑəəɌɫ ɢɑɛəɌɫ 

ɜɑɌɖɢɔɫ ð Ɏ ɩɗɑɘɑəɞɌɜəɚɘ 

Ɍɖɞɑ ɜɑɌɖɢɔɔ ɔɓ ɚɐəɚɏɚ 

ɌɖɞɔɎəɚɏɚ ɢɑəɞɜɌ ɚɍɜɌɓɟɑɞɝɫ 

əɑɝɖɚɗɨɖɚ ɌɖɞɔɎəɧɡ ɢɑəɞɜɚɎ  

ȳɎɑəɚ ɢɑɛɔ ð ɛɚɎɞɚɜɫɪɥɌɫɝɫ ɝɚɎɚɖɟɛəɚɝɞɨ ɩɗɑɘɑəɞɌɜəɧɡ 

ɜɑɌɖɢɔɕ, əɌɣɔəɌɪɥɔɡɝɫ ɚɍɜɌɓɚɎɌəɔɑɘ ɌɖɞɔɎəɚɕ ɣɌɝɞɔɢɧ  

ɔ ɓɌɖɌəɣɔɎɌɪɥɔɡɝɫ ɑɑ ɜɑɏɑəɑɜɌɢɔɑɕ 



ȶȴȹȱȾȴȶȬ ȹȱȼȬȳȮȱȾȮȷȱȹȹɇɁ  

ɂȱȻȹɇɁ  ȼȱȬȶɂȴȵ 

Ƚɖɚɜɚɝɞɨ ɢɑɛəɧɡ ɜɑɌɖɢɔɕ ɓɌɎɔɝɔɞ ɚɞ ɐɗɔəɧ ɢɑɛɔ 

ȰɗɔəɌ ɢɑɛɔ  ɜɌɎəɌ ɚɞəɚɤɑəɔɑ ɝɖɚɜɚɝɞɔ ɢɑɛəɚɕ ɜɑɌɖɢɔɔ ɖ 

ɝɖɚɜɚɝɞɔ ɓɌɜɚɒɐɑəɔɫ ɢɑɛɔ, ɞ.ɑ. ɖɚɗɔɣɑɝɞɎɟ ɛɜɚɐɟɖɞɚɎ ɜɑɌɖɢɔɔ, 

ɛɜɔɡɚɐɫɥɑɘɟɝɫ əɌ ɚɐɔə Ɏɚɓəɔɖɤɔɕ ɌɖɞɔɎəɧɕ ɢɑəɞɜ 

ȰɗɔəɌ ɢɑɛɔ L ð ɣɔɝɗɚ ɓɎɑəɨɑɎ əɌ ɝɞɌɐɔɔ ɜɌɓɎɔɞɔɫ ɢɑɛɔ 

L = r/ r0 

Ȯɑɜɚɫɞəɚɝɞɨ ɜɌɓɎɔɞɔɫ ɢɑɛɔ  Ŭ ɜɌɎəɌ ɚɞəɚɤɑəɔɑ ɖɚəɝɞɌəɞɧ 

ɝɖɚɜɚɝɞɔ ɜɑɌɖɢɔɔ ɜɌɓɎɔɞɔɫ ɢɑɛɔ ɖ ɝɟɘɘɑ ɖɚəɝɞɌəɞ ɝɖɚɜɚɝɞɑɕ 

ɜɌɓɎɔɞɔɫ ɔ ɚɍɜɧɎɌ ɢɑɛɔ 

Ŭ = ɖɜɌɓɎ./(ɖɜɌɓɎ.+ ɖɚɍɜ.) 

ɡ = ɡ0Ŭ./ (1  Ŭ) 

Ȯɑɜɚɫɞəɚɝɞɨ ɚɍɜɧɎɌ ɢɑɛɔ  ɝɚɚɞɎɑɞɝɞɎɑəəɚ 1 ⱷ Ŭ 



ȼȬȳȮȱȾȮȷȱȹȹɇȱ ɂȱȻȹɇȱ  ȼȱȬȶɂȴȴ 

ȹɔɖɚɗɌɕ  

ȹɔɖɚɗɌɑɎɔɣ 

ȽɑɘɑəɚɎ 

(1896 -1986)  

ȹɚɍɑɗɑɎɝɖɌɫ ɛɜɑɘɔɫ Ɏ ɚɍɗɌɝɞɔ ɡɔɘɔɔ (1956)  

Ƚɔɜɔɗ 

ȹɚɜɘɌəə 

ɁɔəɤɑɗɎɟɐ 

(1897 -1967)  



ȳȬȮȴȽȴȸȺȽȾɈ ȽȶȺȼȺȽȾȴ ɂȱȻȹɇɁ  

ȼȱȬȶɂȴȵ ȺȾ: 

 ɠɚɜɘɧ ɔ ɘɌɞɑɜɔɌɗɌ  

ɜɑɌɖɢɔɚəəɚɏɚ ɝɚɝɟɐɌ 

 ɐɌɎɗɑəɔɫ ɔ ɞɑɘɛɑɜɌɞɟɜɧ  Ɏɜɑɘɑəɔ 

Sʫʜ = Sʧʦʚ/V  



H2 + Ⱥ2  + hɜ Ÿ Ⱥ2ȹÅ + HÅ 

1. ȳɌɜɚɒɐɑəɔɑ ɢɑɛɔ  

ɏɐɑ Ⱥ2ȹÅ - ɘɌɗɚɌɖɞɔɎəɧɕ ɜɌɐɔɖɌɗ   

r0 å [ȹ]0ŁP0 

ȶȴȹȱȾȴȶȬ ȼȬȳȮȱȾȮȷȱȹȹɇɁ ɂȱȻȹɇɁ  ȼȱȬȶɂȴȵ 

k 0  

2. ȼɌɓɎɔɞɔɑ ɢɑɛɔ  

r1 å [ȹ]1ŁP1 ȹÅ + Ⱥ2 Ÿ ȺHÅ + O 
Å 

Å 

OȹÅ + H2 Ÿ H2Ⱥ + HÅ 

O + H 2 Ÿ OHÅ + HÅ  
Å 

Å 

k 1  

k 2  

k 3  

r2 å [Oȹ]1ŁP1 

r3 å [O]1ŁP1 



d[O]
dt
 = r1  r3= 0      (2) 

d[OH]

dt
 = r1  r3  r2= 0     (1) 

ȶȴȹȱȾȴȶȬ ȼȬȳȮȱȾȮȷȱȹȹɇɁ ɂȱȻȹɇɁ  ȼȱȬȶɂȴȵ 

ȴɝɛɚɗɨɓɟɑɘ ɘɑɞɚɐ ɣɌɝɞɔɣəɚɕ ɖɎɌɓɔɝɞɌɢɔɚəɌɜəɚɝɞɔ ȽɑɘɑəɚɎɌ:  

 ɣɌɝɞɔɢɧ Ⱥ ɔ Ⱥȹ ɚɣɑəɨ ɌɖɞɔɎəɧ ɔ ɍɧɝɞɜɚ ɎɝɞɟɛɌɪɞ  

Ɏɚ ɎɓɌɔɘɚɐɑɕɝɞɎɔɑ, ɝɗɑɐɚɎɌɞɑɗɨəɚ, ɔɡ ɖɚəɢɑəɞɜɌɢɔɫ Ɏ ɡɚɐɑ 

ɛɜɚɢɑɝɝɌ ɘɌɗɌ ɔ ɛɚɞɚɘɟ ɛɚɝɞɚɫəəɌ.  

 ɛɚɝɖɚɗɨɖɟ ɚɝəɚɎəɚɕ ɌɖɞɔɎəɧɕ ɢɑəɞɜ - Ɍɞɚɘ ɎɚɐɚɜɚɐɌ ȹ, ɛɚ ɑɏɚ 

ɖɚəɢɑəɞɜɌɢɔɔ ɘɚɒəɚ ɝɗɑɐɔɞɨ ɚ ɝɖɚɜɚɝɞɔ ɐɌəəɚɕ ɢɑəəɚɕ 

ɜɑɌɖɢɔɔ  

d[H]
dt
 = r2  r3  r1= 2r1     (3) 

2. ȼɌɓɎɔɞɔɑ ɢɑɛɔ  



3. ȺɍɜɧɎ ɢɑɛɔ  

r4 å [ȹ]1ŁP0 

r5 å [ȹ]1ŁP2 

ȶȴȹȱȾȴȶȬ ȼȬȳȮȱȾȮȷȱȹȹɇɁ ɂȱȻȹɇɁ  ȼȱȬȶɂȴȵ 

ȹÅ + {ʉʪʝʥʢʘ} Ÿ {ʅ*ʉʪʝʥʢʘ}  
k 4  

ȹÅ + Ⱥ2 + ȸ Ÿ Ⱥ2H + ȸ 
k 5  

Ȱɗɫ ɟɛɜɚɥɑəɔɫ ɝɔɝɞɑɘɧ ɜɌɝɝɘɌɞɜɔɎɌɑɘ Ɏɚɓɘɚɒəɚɝɞɨ ɚɍɜɧɎɌ ɢɑɛɔ: 
əɌ ɝɞɑəɖɑ 

Ɏ ɚɍɦɑɘɑ 

d[H]
dt
 = k0I ( ςk1ɾ 0  k4  k5ɾ 0         (4) 

[H]= ʧ ⱷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ (ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ) 

r0
 = k0) ⱷ ʩʢʦʨʦʩʪʴ ʟʘʨʦʞʜʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ  

f (ʈ) = ςk1ɾ 0 ⱷ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʮʝʧʠ 

g(ʈ) = k4+ k5ɾ 0 ⱷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʳʚʘ ʮʝʧʠ 

ȮɎɑɐɑɘ ɝɗɑɐɟɪɥɔɑ ɚɍɚɓəɌɣɑəɔɫ: 

Ⱥɍɥɔɕ ɍɌɗɌəɝ ɛɚ ɖɚəɢɑəɞɜɌɢɔɔ ɌɞɚɘɚɎ ɎɚɐɚɜɚɐɌ  

ɍɟɐɑɞ Ɏɧɏɗɫɐɑɞɨ ɝɗɑɐɟɪɥɔɘ ɚɍɜɌɓɚɘ: 

ȺɞɝɪɐɌ:  
dn

dt
 = r0 + ὲϽ(f (ʈ)  g(ʈ)) 



d[RȚ]
dt

 = r0([R
π̌ȟὖπ Ř](f(P) ï g(P)) 

f (ʈ) ï ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʮʝʧʠ 

g (ʈ) ï ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʳʚʘ ʮʝʧʠ 

r0
 ï  ʩʢʦʨʦʩʪʴ ʟʘʨʦʞʜʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ  

ȶȴȹȱȾȴȶȬ ɂȱȻȹȺȵ ȼȬȳȮȱȾȮȷȱȹȹȺȵ ȼȱȬȶɂȴȴ 



ȻȼȱȰȱȷɈȹɇȱ ɋȮȷȱȹȴɋ Ȯ ɂȱȻȹɇɁ ȼȱȬȶɂȴɋɁ 

ʇʨʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʷʭ 

ʧʨʝʦʙʣʘʜʘʝʪ ʦʙʨʳʚ ʥʘ ʩʪʝʥʢʝ 

 

ʇʨʠ ʩʨʝʜʥʠʭ ʜʘʚʣʝʥʠʷʭ 

ʧʨʝʦʙʣʘʜʘʝʪ ʨʘʟʚʝʪʚʣʝʥʠʝ  ï  

ʮʝʧʥʦʡ ʚʟʨʳʚ  

 

ʇʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ 

ʧʨʝʦʙʣʘʜʘʝʪ ʦʙʨʳʚ ʚ ʦʙʲʝʤʝ  



ɀȺȾȺɁȴȸȴɃȱȽȶȴȱ ȼȱȬȶɂȴȴ 

ɀɚɞɚɡɔɘɔɣɑɝɖɔɑ ɜɑɌɖɢɔɔ ⱷ ɡɔɘɔɣɑɝɖɔɑ 

ɜɑɌɖɢɔɔ, ɖɚɞɚɜɧɑ ɔəɔɢɔɔɜɟɪɞɝɫ ɝɎɑɞɚɘ.  

ʉ   1s22s22ʨ2 ʉ*     1s22s12ʨ3 

1s 

E 

2s 
2ʨ 

1s 

E 

2s 
2ʨ 

hɜ 



ɉɗɑɖɞɜɚəəɧɑ ɛɑɜɑɡɚɐɧ ɫɎɗɫɪɞɝɫ əɌɝɞɚɗɨɖɚ ɍɧɝɞɜɧɘɔ 

(10 -14 10 -15 ɝ), ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɐɎɔɒɑəɔɑɘ ɫɐɑɜ  

Ɏ ɘɚɗɑɖɟɗɑ (10 -12 10 -13 ɝ), ɣɞɚ ɓɌ Ɏɜɑɘɫ ɩɗɑɖɞɜɚəəɚɏɚ 

ɛɑɜɑɡɚɐɌ ɚɞəɚɝɔɞɑɗɨəɚɑ ɜɌɝɛɚɗɚɒɑəɔɑ ɫɐɑɜ ɔ ɔɡ 

ɖɔəɑɞɔɣɑɝɖɌɫ ɩəɑɜɏɔɫ ɛɜɌɖɞɔɣɑɝɖɔ əɑ ɔɓɘɑəɫɪɞɝɫ. 

ȻȼȴȹɂȴȻ ɀȼȬȹȶȬ-ȶȺȹȰȺȹȬ  



ȶȮȬȹȾȺȮɇȵ ȮɇɁȺȰ 

ȶɎɌəɞɚɎɧɕ Ɏɧɡɚɐ ǵ  ⱷ ɖɚɗɔɣɑɝɞɎɑəəɌɫ ɚɢɑəɖɌ 
ɩɠɠɑɖɞɔɎəɚɝɞɔ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɝɎɑɞɚɎɚɕ ɩəɑɜɏɔɔ Ɏ 

ɠɚɞɚɡɔɘɔɣɑɝɖɔɡ ɜɑɌɖɢɔɫɡ.  

Ⱥɛɜɑɐɑɗɫɑɞɝɫ ɝɚɚɞəɚɤɑəɔɑɘ ɖɚɗɔɣɑɝɞɎɌ ɚɍɜɌɓɚɎɌɎɤɑɏɚɝɫ 

ɛɜɚɐɟɖɞɌ ǤN ɖ ɖɚɗɔɣɑɝɞɎɟ ɝɎɑɞɌ, ɛɚɏɗɚɥɑəəɚɏɚ ɔɝɡɚɐəɧɘ 

ɎɑɥɑɝɞɎɚɘ ǤIa.  

Ȯ ɚɍɥɑɘ ɝɗɟɣɌɑ ɎɑɗɔɣɔəɌ ɖɎɌəɞɚɎɚɏɚ ɎɧɡɚɐɌ  

ɓɌɎɔɝɔɞ ɚɞ Ɏɜɑɘɑəɔ, Ɏ ɞɑɣɑəɔɑ ɖɚɞɚɜɚɏɚ ɛɜɚɎɚɐɔɞɝɫ ɔɓɘɑɜɑəɔɑ.  

ǵ = ǤN/ Ǥǩa  

Ȱɗɫ ɒɔɐɖɔɡ ɜɌɝɞɎɚɜɚɎ: [ǤN] = (ȸ) ð ɘɚɗɨ; [Ǥǩa] = (ȱ) ð ɩɕəɤɞɑɕə. 

ȶɎɌəɞɚɎɧɕ Ɏɧɡɚɐ ɛɜɚɐɟɖɞɌ ɠɚɞɚɡɔɘɔɣɑɝɖɚɕ 

ɜɑɌɖɢɔɔ ⱷ ɚɞəɚɤɑəɔɑ ɝɖɚɜɚɝɞɔ ɑɏɚ ɚɍɜɌɓɚɎɌəɔɫ WR ɖ 

ɝɖɚɜɚɝɞɔ ɛɚɏɗɚɥɑəɔɫ ɝɎɑɞɌ Wa = Ia Ɏ ɑɐɔəɔɢɟ Ɏɜɑɘɑəɔ.  

ǵ = WR/ Wa  

Ȼɜɔ ɀ >> 1 ɠɚɞɚɜɑɌɖɢɔɫ ɔɐɑɞ ɛɚ ɢɑɛəɚɘɟ ɘɑɡɌəɔɓɘɟ: 

                       ȹ2 + Cl2 = 2HȽl   ɀ = 105 



Ɂɔɘɔɣɑɝɖɔɑ ɔɓɘɑəɑəɔɫ 

Ɏ ɝɔɝɞɑɘɑ ɘɚɒɑɞ 

ɎɧɓɧɎɌɞɨ ɞɚɗɨɖɚ 

ɛɚɏɗɚɥɌɑɘɧɕ ɑɪ ɝɎɑɞ.  

ȳȬȶȺȹɇ ɀȺȾȺɁȴȸȴȴ 

ȳɌɖɚə ȯɜɚɞɏɟɝɌ (1817 ) - ȰɜɑɕɛɑɜɌ (1843 )  

ɚɛɜɑɐɑɗɫɑɞ əɑɚɍɡɚɐɔɘɚɑ, əɚ əɑɐɚɝɞɌɞɚɣəɚɑ ɐɗɫ 

ɛɜɚɞɑɖɌəɔɫ ɠɚɞɚɡɔɘɔɣɑɝɖɚɕ ɜɑɌɖɢɔɔ ɟɝɗɚɎɔɑ  

Ⱦɑɚɐɚɜ ɠɚə ȯɜɚɞɏɟɝ  

1785 -1822  
Ȱɒɚə Ȯɔɗɨɫɘ 

Ȱɜɑɕɛɑɜ 

ȹɌɛɜɔɘɑɜ: Ɏɚɐɚɜɚɐ əɑ ɛɚɏɗɚɥɌɑɞ Ɏɔɐɔɘɧɕ ɝɎɑɞ,  

Ɍ ɡɗɚɜ ɛɚɏɗɚɥɌɑɞ ɞɚɗɨɖɚ ɠɔɚɗɑɞɚɎɧɑ ɔ ɝɔəɔɑ ɗɟɣɔ. 

ȶɜɌɝəɧɕ ɝɎɑɞ əɑ ɘɚɒɑɞ ɎɧɓɎɌɞɨ ɜɑɌɖɢɔɪ Ɏ ɝɘɑɝɔ 

ɎɚɐɚɜɚɐɌ ɝ ɡɗɚɜɚɘ!  



ȳɌɖɚə ɄɞɌɜɖɌ-ɉɕəɤɞɑɕəɌ (1912 ) 

(ɓɌɖɚə ɠɚɞɚɡɔɘɔɣɑɝɖɚɕ ɩɖɎɔɎɌɗɑəɞəɚɝɞɔ): 

ȳȬȶȺȹɇ ɀȺȾȺɁȴȸȴȴ 

ȶɌɒɐɧɕ ɛɚɏɗɚɥɑəəɧɕ ɖɎɌəɞ 

ɝɎɑɞɌ Ɏ ɛɑɜɎɔɣəɚɘ Ɍɖɞɑ 

ɎɧɓɧɎɌɑɞ ɌɖɞɔɎɌɢɔɪ ɞɚɗɨɖɚ 

ɚɐəɚɕ ɘɚɗɑɖɟɗɧ. 

Ƀɔɝɗɚ ɛɜɚɜɑɌɏɔɜɚɎɌɎɤɔɡ ɘɚɗɑɖɟɗ ɐɚɗɒəɚ ɜɌɎəɫɞɨɝɫ ɣɔɝɗɟ 

ɛɚɏɗɚɥɑəəɧɡ ɖɎɌəɞɚɎ. ȶɚɗɔɣɑɝɞɎɚ ɩəɑɜɏɔɔ, ɛɚɏɗɚɥɑəəɚɑ  

1 ɘɚɗɨ ɛɜɚɜɑɌɏɔɜɚɎɌɎɤɑɏɚ ɎɑɥɑɝɞɎɌ ɎɧɜɌɒɌɑɞɝɫ ɟɜɌɎəɑəɔɑɘ: 

l
n

hc
NhNE AA ==



ȳȬȶȺȹɇ ɀȺȾȺɁȴȸȴȴ 

ȶɚɗɔɣɑɝɞɎɚ ɛɜɑɎɜɌɞɔɎɤɑɏɚɝɫ Ɏ ɠɚɞɚɡɔɘɔɣɑɝɖɚɕ 

ɜɑɌɖɢɔɔ ɎɑɥɑɝɞɎɌ ɛɜɚɛɚɜɢɔɚəɌɗɨəɚ ɖɚɗɔɣɑɝɞɎɟ  

ɛɚɏɗɚɥɑəəɚɕ ɩəɑɜɏɔɔ ɝɎɑɞɌ. 

ȳɌɖɚə ȮɌəɞ-ȯɚɠɠɌ (1904)  

Ƚɖɚɜɚɝɞɨ ɠɚɞɚɡɔɘɔɣɑɝɖɚɏɚ ɛɜɑɎɜɌɥɑəɔɫ 

ɛɜɚɛɚɜɢɔɚəɌɗɨəɌ ɔəɞɑəɝɔɎəɚɝɞɔ ɛɚɏɗɚɥɑəəɚɏɚ 

ɔɓɗɟɣɑəɔɫ  



Ȯ Ɏɔɐɔɘɚɘ ɝɎɑɞɑ əɌɔɘɑəɨɤɑɕ ɩəɑɜɏɔɑɕ ɚɍɗɌɐɌɑɞ  

ɖɜɌɝəɌɫ ɣɌɝɞɨ ɝɛɑɖɞɜɌ Ȋ å 7,4Ł10ð7ɘ,  

    ȱ = 158 ɖȰɒ/ɘɚɗɨ. 

ɠɔɚɗɑɞɚɎɧɕ ɝɎɑɞ Ȋ å 4Ł10ð7 ɘ,  

    ȱ = 300ɖȰɒ/ɘɚɗɨ.  

ȳȬȶȺȹɇ ɀȺȾȺɁȴȸȴȴ 



 EClðCl = 243, 6 ɖȰɒ/ɘɚɗɨ     ECȹ3ðȹ = 436 ,8 ɖȰɒ/ɘɚɗɨ 

HɻɻHCɻHC nn

h

nn +½½+ ++ 12222

n

Cl2
hv

2 Cl

ȽȾȬȰȴȴ ȽȮȺȭȺȰȹȺȼȬȰȴȶȬȷɈȹȺȵ ȼȱȬȶɂȴȴ 

2.  ȼɌɓɎɔɞɔɑ CH4   +   Cl CH3Cl  +   H

Cl + CH4 CH3 + HCl

H + Cl2 HCl + Cl

3.  ȺɍɜɧɎ CH3 + Cl CH3Cl

H   + Cl HCl

CH3 + CH3CH3CH3

1.  ȴəɔɢɔɔɜɚɎɌəɔɑ 



ɀɚɞɚɗɔɓ (ɠɚɞɚɐɔɝɝɚɢɔɌɢɔɫ) ð ɜɌɓɜɧɎ 

ɡɔɘɔɣɑɝɖɔɡ ɝɎɫɓɑɕ ɛɚɐ ɐɑɕɝɞɎɔɑɘ ɩəɑɜɏɔɔ ɝɎɑɞɌ.   

ȾȴȻɇ ɀȺȾȺɁȴȸȴɃȱȽȶȴɁ ȼȱȬȶɂȴȵ 

ȬȮ + hɜ Ÿ ȬÅ + ȮÅ 
 

Ⱥ2 + hɜ Ÿ 2Ⱥ  
 

CL2 + hȌ Ƃ 2Cl  
 

CH3I + hȌ Ƃ CH3 + I  
 

CH3-NƉN-CH3 + hɜ Ÿ 2CH3 + N2 



ȾȴȻɇ ɀȺȾȺɁȴȸȴɃȱȽȶȴɁ ȼȱȬȶɂȴȵ 

ɀɚɞɚɝɔəɞɑɓ ð ɛɜɚɢɑɝɝ ɚɍɜɌɓɚɎɌəɔɫ ɚɜɏɌəɔɣɑɝɖɔɡ 

ɝɚɑɐɔəɑəɔɕ ɔɓ ɐɔɚɖɝɔɐɌ ɟɏɗɑɜɚɐɌ ɔ Ɏɚɐɧ  

ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɩəɑɜɏɔɔ ɝɎɑɞɌ. 



ɀɚɞɚɡɜɚɘɔɓɘ ð ɫɎɗɑəɔɑ ɚɍɜɌɞɔɘɚɏɚ ɔɓɘɑəɑəɔɫ 

ɛɜɚɝɞɜɌəɝɞɎɑəəɚɏɚ ɔ ɩɗɑɖɞɜɚəəɚɏɚ ɝɞɜɚɑəɔɫ 

ɘɚɗɑɖɟɗ ɛɚɐ ɐɑɕɝɞɎɔɑɘ ɝɎɑɞɌ, ɝɚɛɜɚɎɚɒɐɌɪɥɑɑɝɫ 

ɔɓɘɑəɑəɔɑɘ ɚɖɜɌɝɖɔ ɎɑɥɑɝɞɎɌ. 

ȾȴȻɇ ɀȺȾȺɁȴȸȴɃȱȽȶȴɁ ȼȱȬȶɂȴȵ 



ɀȺȾȺȯȼȬɀȴɋ (1727) 

ȴɚɏɌəə ȯɑəɜɔɡ  

Ʉɟɗɨɢɑ 

ɀɚɞɚɏɜɌɠɔɫ ð ɝɛɚɝɚɍ ɛɚɗɟɣɑəɔɫ 

Ɏɔɐɔɘɚɏɚ ɔɓɚɍɜɌɒɑəɔɫ ɚɍɦɑɖɞɚɎ  

ɝ ɛɚɘɚɥɨɪ ɝɎɑɞɌ.  

Ȯ ɖɌɣɑɝɞɎɑ ɝɎɑɞɚɣɟɎɝɞɎɔɞɑɗɨəɚɏɚ ɎɑɥɑɝɞɎɌ 

ɔɝɛɚɗɨɓɟɪɞ ɏɌɗɚɏɑəɔɐɧ ɝɑɜɑɍɜɌ, ɜɌɎəɚɘɑɜəɚ 

ɜɌɝɛɜɑɐɑɗɑəəɧɑ Ɏ Ɏɔɐɑ ɘɔɖɜɚɖɜɔɝɞɌɗɗɚɎ 

(ɓɑɜɑə) Ɏ Ɏɚɐəɚɘ ɜɌɝɞɎɚɜɑ ɓɌɥɔɞəɚɏɚ ɖɚɗɗɚɔɐɌ 

(ɚɍɧɣəɚ ɒɑɗɌɞɔəɧ), əɌəɑɝɑəəɚɏɚ əɌ ɛɚɐɗɚɒɖɟ. 

AgBr  + hɜ Ÿ Ag + Br   

ȬɏɜɑɞɔɓɌɢɔɫ ɌɞɚɘɚɎ ɝɑɜɑɍɜɌ ɠɚɜɘɔɜɟɑɞ 

ɝɖɜɧɞɚɑ ɔɓɚɍɜɌɒɑəɔɑ.  

ȹɑɛɜɚɐɔɝɝɚɢɔɔɜɚɎɌəəɧɑ ɘɚɗɑɖɟɗɧ AgBr  

ɟɐɌɗɫɪɞɝɫ ɏɔɛɚɝɟɗɨɠɔɞɚɘ əɌɞɜɔɫ ɛɜɔ 

ɠɔɖɝɔɜɚɎɌəɔɔ ɔɓɚɍɜɌɒɑəɔɫ.   


