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ɸʅʆʊɸʎɯʗ 

ʉʘʚʨʘʩʦʚ ɸ.ʄ. ɺʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʨʝʘʢʮʽʡ ʟ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʪʘ ʣʝʛʢʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʢʪʠʚʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ 

ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 01.04.16 çʌ̔ ʟʠʢʘ ʷʜʨʘ, ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʚʠʩʦʢʠʭ 

ʝʥʝʨʛʽʡè. ï ɯʥʩʪʠʪʫʪ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2021. 

 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʚʠʚʯʝʥʥʶ ʨʦʟʧʘʜʫ ʦʩʥʦʚʥʠʭ 

ʽ/ʯʠ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʘʪʦʤʥʠʭ ʷʜʝʨ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʜʝʨʥʠʭ 

ʨʝʘʢʮʽʡ ʟ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʪʘ ʣʝʛʢʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʘʤʤʘ-ʘʢʪʠʚʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ (ɯɺɺ) ʽ/ʯʠ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ (Cɺ) ʧʨʠ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʥʷʭ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʛʘʣʴʤʽʚʥʠʭ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʚ ʷʜʨʘʭ: 
179m2

Hf ʚ (g,n)-, (g,g')- ʪʘ (g,ʨn)-ʨʝʘʢʮʽʷʭ; 
180m

Hf 

ʚ (g,g')-, (g,Ŭ)- ʪʘ (g,ʨ)-ʨʝʘʢʮʽʷʭ; 
178m
ʊʘ ʚ (g,2n)- ʪʘ (g,3n)-ʨʝʘʢʮʽʷʭ; 

177
ʊʘ ʚ      

(g,4n)-ʨʝʘʢʮʽ;ʾ 
177

Lu ʚ (g,p)-, (g,ʨn)-, (g,ʨ2n)-, (g,ʨxn)- ʪʘ (g,Ŭ)-ʨʝʘʢʮʽʷʭ; 
7
ɺʝ ʚ 

(g,2n)-, (g,txn)-, (g,dxn)- ʪʘ (g,pxn)-ʨʝʘʢʮʽʷʭ; 
178m,g

Lu ʚ (g,pn)-ʨʝʘʢʮʽʾ ʪʘ 
182m

Hf ʚ 

(g,Ŭ)-ʨʝʘʢʮʽʾ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʦʜʥʦʛʦʨʙʠʡ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ ʨʝʘʢʮʽʾ 
180

Hf(ɔ,n)
179

Hf
m2 

ʚ ʦʙʣʘʩʪʽ ʛʽʛʘʥʪʩʴʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ (ɻɼʈ), ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟ 15.1 ʜʦ 17.5 ʄʝɺ ʟʥʠʞʫʶʪʴʩʷ ʽ 

ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ ʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʥʘʧʨʘʮʶʚʘʥʥʷ 
179

Hf
m2

. 

ɼʣʷ ʫʩʽʭ ʚʠʱʝʟʛʘʜʘʥʠʭ ʨʝʘʢʮʽʡ ʧʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽʟʦʤʝʨʥʠʭ 

ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ 

ʧʘʢʝʪʽʚ TALYS-1.6,1.9 ʪʘ EMPIRE-3.2 ʽ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ɺ ʨʝʘʢʮʽʷʭ (g,g')-, (g,2n)-, (g,3n)- ʪʘ          

(g,4n)- ʧʦʢʘʟʘʥʦ ʜʦʤʽʥʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʘ ʚ ʨʝʘʢʮʽʷʭ (ɔ,p)-, 

(g,ʨn)-, (g,ʨ2n)-, (g,ʨxn)- ʪʘ (g,Ŭ)- ʧʨʠ ɽʛʨ = 17.5 ʪʘ 20 ʄʝɺ - ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. 
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ɼʣʷ (ɔ,p)-ʨʝʘʢʮʽʾ ʪʘ ʜʣʷ ʨʝʘʢʮʽʡ ʥʘ ʙʦʨʽ ʪʘ ʙʝʨʠʣʽʾ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʛʨʘʥʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʚ̔ ʚʥʝʩʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʧʝʨʝʜʨ̔ʚʥʦʚʘʞʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʟʨʦʩʪʘʻ ʥʘ 1-2 ʧʦʨʷʜʢʠ  ̔ʧʦʯʠʥʘʻ ʜʘʚʘʪʠ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʫ ʾʭ ʚʠʭʽʜ. 

ʆʪʨʠʤʘʥʦ ʢʽʣʴʢʽʩʥʝ ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʭʦʜʽʚ 

ʨʝʘʢʮʽʾ 
181

Ta(ɔ,p)
180m

Hf ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ (ɽʛʨ) 

ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟʘ ʫʤʦʚʠ ʚʨʘʭʫʚʘʥʥʷ ʽʟʦʩʧʽʥʦʚʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ɻɼʈ ʚ 

ʤʝʞʘʭ ʥʘʧʽʚʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ʆʪʨʠʤʘʥʦ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ 
120
ʊʝ(g,n)

119
ʊʝ ʽ 

136
ʉʝ(g,n)

135
ʉʝ ʚ ʦʙʣʘʩʪʽ ɻɼʈ. ɰʭ 

ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ ʤʘʶʪʴ ʦʜʥʦʛʦʨʙʫ ʬʦʨʤʫ ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʩʬʝʨʠʯʥʠʭ ʷʜʝʨ. ɺ 

ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ TALYS-1.9 ʧʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ 
120
ʊʝ(g,n)

119
ʊʝ, 

136
ʉʝ(g,n)

135
ʉʝ ʽ 

142
Nd(g,n)

141
Nd. ɿʘʜʦʚʽʣʴʥʝ 

ʫʟʛʦʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʙʽʛʫ (g,n)-ʨʝʘʢʮʽʾ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʨʘʭ. 

ɺʠʤiʨʷʥi iʟʦʤʝʨʥi ʚiʜʥʦʰʝʥʥʷ ʧʝʨʝʨiʟiʚ (ɯɺʇ) ʚ ʷʜʨʘʭ 
93

Tcm,g ʚ (d,n)- i        

(p,g)-ʨʝʘʢʮiʷʭ, ʚ ʷʜʨʘʭ 
95

Tcm,g 
ʚ (d,n)-ʨʝʘʢʮiʾ, ʚʧʝʨʰʝ ʚ ʷʜʨʘʭ 

95
Nbm,g ʚ            

(d,ɻ)-ʨʝʘʢʮiʾ ʜʣʷ ʜʝʡʪʨʦʥiʚ ʪʘ ʧʨʦʪʦʥiʚ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛiʡ 

4.5 ʪʘ 6.8 ʄʝɺ, ʚiʜʧʦʚiʜʥʦ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜ̔ʚ 

TALYS-1.4 ʪʘ EMPIRE-3.2 ʧʦʢʘʟʫʶʪʴ, ʱʦ ʪʝʦʨʝʪʠʯʥi ʚʝʣʠʯʠʥʠ ɯɺʇ ʟʥʘʯʥʦ 

ʧʝʨʝʚʠʱʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥi, ʟʘ ʚʠʥʷʪʢʦʤ ʨʝʘʢʮiʾ 
97

Mo(d,ɻ)95
Nbm,g ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥi ʚ ʧʘʢʝʪi TALYS-1.4. ɿʘʛʘʣʴʥʦʶ ʤʦʞʣʠʚʦʶ ʧʨʠʯʠʥʦʶ 

ʥʝʫʟʛʦʜʞʝʥʦʩʪʝʡ ʻ ʤʘʣʦʯʠʩʝʣʴʥʘ iʥʬʦʨʤʘʮiʷ ʧʨʦ ʰʣʷʭʠ ʨʦʟʧʘʜʫ 

ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʨiʚʥiʚ, ʦʩʦʙʣʠʚʦ ʜʣʷ 
95

Nb. ɼʦʜʘʪʢʦʚʦʶ ʧʨʠʯʠʥʦʶ 

ʨʦʟʭʦʜʞʝʥʥʷ ʜʣʷ ʫʩiʭ ʨʝʘʢʮiʡ ʤʦʞʫʪʴ ʙʫʪʠ ʚʥʝʩʢʠ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ 
178

Hf(n,ɔ)
179

Hf
m2 
ʥʘ ʥʝʡʪʨʦʥʘʭ ʨʝʘʢʪʦʨʥʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ. ʇʨʦʚʝʜʝʥʦ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ 

TALYS-1.9 ʟ ʷʢʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʨʝʘʢʮʽʷ 
178

Hf(n,ɔ)
179

Hf
m2

 ʡʜʝ ʥʘ ʰʚʠʜʢʠʭ 

ʥʝʡʪʨʦʥʘʭ ʨʝʘʢʪʦʨʥʦʛʦ ʩʧʝʢʪʨʫ ʽ ʧʨʠ ʮʴʦʤʫ ʜʦʤʽʥʫʻ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ 

(95%) ʟ ʚʥʝʩʢʦʤ ʙʽʣʷ 5% ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ.  
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ʈʦʟʨʘʭʦʚʘʥʦ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ 
133

Cs(n,ɔ)
134m,g

Cs, 

197
Au(n,ɔ)

198m,g
Au ʪʘ 

197
Au(n,p)

197m,g
Pt ʧʨʠ ʝʥʝʨʛʽʾ ʥʝʡʪʨʦʥʽʚ 2.9 ʄʝɺ. ʇʨʦʚʝʜʝʥʦ 

ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʢʦʜʽ TALYS-1.9 ʟ ʷʢʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʨʝʘʢʮʽʷ 

197
Au(n,ɔ)

198m,g
Au ʥʦʩʠʪʴ ʧʦʚʥʽʩʪʶ ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ 

ʽʥʰʠʭ ʤʦʞʣʠʚʠʡ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʫ ʨʝʘʢʮʽʾ 
93

Nb(p,n)
93m

Mo ʧʨʠ ʝʥʝʨʛʽʾ 

ʧʨʦʪʦʥʽʚ 3.85 ʄʝɺ. ɿʜʽʡʩʥʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ 

ʨʝʘʢʮʽʡ 
196

Pt(p,n)
196m,g

Au ʽ 
198

Pt(p,n)
198m,g

Au ʧʨʠ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ 6.8 ʄʝɺ ʪʘ 

120
Sn(p,n)

120
Sb

m,g
 ʧʨʠ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ 3.9 ʄʝɺ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʘʥʠʭ ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʫ ʧʨʠʩʫʪʥʽʩʪʴ 

ʥʠʟʴʢʦʨʦʟʪʘʰʦʚʘʥʦʛʦ, ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ ʟ ʝʥʝʨʛʽʻʶ 330 ʢʝɺ ʪʘ 

ʩʧʽʥʦʤ (7
-
,8

-
) ʚ ʩʭʝʤʽ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʽʚ 

120
Sb ʪʘ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʨʝʘʢʮʽʡ 
196

Pt(p,n)
196m,g

Au ʪʘ 
198

Pt(p,n)
198m,g

Au. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʪʘ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ 

ʨʝʘʢʮʽʾ 
175

Lu(Ŭ,Ŭn)
174

Lu
m,g

 ʜʣʷ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʥʠʤʠ ʤʽʰʝʥʝʡ ʧʨʠʨʦʜʥʦʛʦ ʽ ʟʙʘʛʘʯʝʥʦʛʦ ʣʶʪʝʮʽʶ ʚ ʜʽʘʧʘʟʦʥʽ   

15.3-25.2 ʄʝɺ. ʇʨʦʚʝʜʝʥʦ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʚʽʜʢʨʠʪʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ 

ʜʣʷ ʫʩʽʭ ʜʦʩʪʫʧʥʠʭ ʛʫʩʪʠʥ ʨʽʚʥʽʚ. ɺ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ 15.3-21.0 ʄʝɺ 

ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʨʽʟʠ ʟʥʘʯʥʦ ʥʠʞʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ 

ʤʦʞʣʠʚʠʡ ʚʥʝʩʦʢ ʩʪʨʫʢʪʫʨʠ ʪʘ ʩʧʦʩʦʙʽʚ ʨʦʟʧʘʜʫ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʚ ʟʘʩʝʣʝʥʥʷ 

174
Lu

m,g
. ʇʨʠ ɽŬ = 25.2 ʄʝɺ ʜʦʤʽʥʫʻ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ 
176

Lu(Ŭ,p)
179

Hf
m2

 ʪʘ 

175
Lu(Ŭ,2n)

177
Ta ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʤʽʰʝʥʝʡ ʧʨʠʨʦʜʥʦʛʦ ʣʶʪʝʮʽʶ                   

ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʟ ʝʥʝʨʛʽʻʶ 26 ʄʝɺ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʧʦʨʽʚʥʷʥʥʷ, ʪʝʦʨʝʪʠʯʥʽ 

ʧʝʨʝʨʽʟʠ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʜʣʷ (Ŭ,2n)-ʨʝʘʢʮʽʾ, ʱʦ 

ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ           

(Ŭ,p)-ʨʝʘʢʮʽʾ ʚʥʝʩʦʢ ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘ ʨʽʚʥʽ 11%, ʘ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ~ 89 % ʜʦʟʚʦʣʷʻ ʫʟʛʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʘʥʽ. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178

Hf
m2

 ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʤʽʰʝʥʝʡ ʧʨʠʨʦʜʥʦʛʦ ʪʘʥʪʘʣʫ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ 



5 

 

ʜʽʘʧʘʟʦʥʽ 36-92 ʄʝɺ. ʇʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ ʧʝʨʝʨʽʟʽʚ ʫ ʢʦʜʽ TALYS-1.4 ʟ 

ʷʢʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178

Hf
m2 
ʜʘʶʪʴ ʨʝʘʢʮʽʾ 

(a,ap2n), (a,3p4n) ʪʘ (a,
3
Hep3n). ʆʪʨʠʤʘʥʦ ʦʮʽʥʢʫ ʚʝʣʠʯʠʥ ɯɺʇ 

s(
178m2

Hf)/s(
178g

Hf) ʚ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ Ŭ-ʯʘʩʪʠʥʦʢ 58-92 ʄʝɺ. ʎʽ ʚʝʣʠʯʠʥʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʥʝʧʦʛʘʥʦʤʫ ʫʟʛʦʜʞʝʥʥʽ ʟ ʪʝʥʜʝʥʮʽʻʶ ʟʤʽʥʠ ɯɺʇ ʫ ʽʥʰʠʭ ʨʝʘʢʮʽʷʭ 

ʟ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʥʠʞʯʠʭ ʝʥʝʨʛʽʡ ʥʘ ʽʥʰʠʭ ʤʽʰʝʥʷʭ. 

ɺʧʝʨʰʝ ʚʠʟʥʘʯʝʥʦ ʩʝʨʝʜʥʽ ʢʫʪʦʚʽ ʤʦʤʝʥʪʠ ʫʣʘʤʢʽʚ ʜʽʣʝʥʥʷ 
90

Rb, 
130

Sb, 
133

Te, 

134
I ʽ 

135
Xe, ʫʪʚʦʨʝʥʠʭ ʚʥʘʩʣʽʜʦʢ ʬʦʪʦʜʽʣʝʥʥʷ 

237
Np ʪʘ 

241
Am ʛʘʣʴʤʽʚʥʠʤʠ              

ɔ-ʢʚʘʥʪʘʤʠ ʟ ʚʝʣʠʯʠʥʘʤʠ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ 9.8 ʪʘ 17 ʄʝɺ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ɯɺɺ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʥʝʩʢʫ ʚʽʜ ʙʝʪʘ-ʨʦʟʧʘʜʫ ʽʟʦʙʘʨʥʠʭ ʷʜʝʨ ʫ 

ʚʠʭʦʜʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʫʢʣʽʜʽʚ. ʊʝʦʨʝʪʠʯʥi ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥiʭ ʢʫʪʦʚʠʭ 

ʤʦʤʝʥʪiʚ ʫʣʘʤʢiʚ ʧʦʜiʣʫ ʨʦʟʨʘʭʦʚʘʥʽ iʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜiʚ TALYS-1.6 ʪʘ 

EMPIRE-3.2 ʥʘ ʦʩʥʦʚʽ ʜʝʣʴʪʘʧʦʜʽʙʥʦʛʦ ʩʧʽʥʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ. 

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ 

(ʉʂʄ) ʟ ʨʦʩʪʦʤ ɸ ʜʣʷ ʥʝʧʘʨʥʠʭ ʧʦ Z ʷʜʝʨ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʘʨʥʠʭ ʷʜʝʨ 
235

U ʪʘ 

239
Pu ʪʘ ʦʩʦʙʣʠʚʘ ʧʦʚʝʜʽʥʢʘ ʩʝʨʝʜʥʴʦʛʦ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ ( J ) ʜʣʷ 

135
Xe. 

ʆʪʨʠʤʘʥʦ ʚʧʝʨʰʝ ʥʦʚi ʜʘʥi ʟ iʟʦʤʝʨʥʠʭ ʚiʜʥʦʰʝʥʴ (ɯɺ) ʜʣʷ ʷʜʝʨ 
97
Nb, ʱʦ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʽʩʣʷ ʬʦʪʦʧʦʜiʣʫ ʷʜʝʨ 
235
U ʪʘ 

238
U ʛʘʣʴʤiʚʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟ 

ʛʨʘʥʠʯʥʠʤʠ ʝʥʝʨʛiʷʤʠ 10.5, 12.0 ʪʘ 18.0 ʄʝɺ. ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʽʜʤʽʥʥʽʩʪʴ 

ʟʥʘʯʝʥʴ iʟʦʤʝʨʥʠʭ ʚiʜʥʦʰʝʥʴ ʧʨʠ Eʛʨ = 10.5 ʪʘ Eʛʨ = 12 ʄʝɺ ʚiʜ Eʛʨ = 18 ʄʝɺ, 

ʱʦ ʤʦʞʝ ʩʚiʜʯʠʪʠ ʧʨʦ ʪʝ, ʱʦ ɯɺ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚiʜ ʪʠʧʫ ʚʭiʜʥʦʛʦ ʢʘʥʘʣʫ. 

ɺiʜʤiʥʥiʩʪʴ ʟʥʘʯʝʥʴ ʩʝʨʝʜʥiʭ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪiʚ ʚiʜ ʟʥʘʯʝʥʴ ʫ ʤʘʪʝʨʠʥʩʴʢʦʤʫ 

ʷʜʨi ʩʚiʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥiʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʤʝʭʘʥiʟʤʫ ʬʦʨʤʫʚʘʥʥʷ ʢʫʪʦʚʠʭ 

ʤʦʤʝʥʪiʚ. 

ʇʨʠ ʬʦʪʦʧʦʜʽʣʽ 
238

U ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ ʛʨʘʥʠʯʥʠʤʠ ʝʥʝʨʛʽʷʤʠ          

ɽʛʨ = 6.25, 12, 12.5, 14.5 ʪʘ 18 ʄʝɺ ʚʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʚʠʤʽʨʶʚʘʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʷʜʝʨ 
133

Xe ʪʘ 
135

Xe ʪʘ ʷʜʝʨ 
95

Nb ʧʨʠ 

ɽʛʨ = 12 ʽ 12.5 ʄʝɺ. ɺʠʟʥʘʯʝʥʽ ʩʝʨʝʜʥʽ ʢʫʪʦʚʽ ʤʦʤʝʥʪʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʫʣʘʤʢʽʚ 

ʜʽʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ʨʦʟʧʘʜʫ ʪʘ ʜʝʣʴʪʘʧʦʜʽʙʥʦʛʦ 
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ʩʧʽʥʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʽʚ ʚʢʘʟʫʶʪʴ ʥʘ ʽʤʦʚʽʨʥʠʡ ʚʧʣʠʚ 

ʦʙʦʣʦʥʢʦʚʠʭ ʝʬʝʢʪʽʚ ʪʘ ʚʽʜʢʨʠʪʪʷ (ɔ,nf)- ʽ (ɔ,2nf)-ʢʘʥʘʣʽʚ ʧʦʜʽʣʫ ʥʘ ʟʥʘʯʝʥʥʷ 

ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʪʘ ʉʂʄ ʧʝʨʚʠʥʥʠʭ ʫʣʘʤʢʽʚ ʜʽʣʝʥʥʷ. 

ɺʧʝʨʰʝ ʚʠʤʽʨʷʥʽ ɯɺɺ ʬʨʘʛʤʝʥʪʚ̔ ʬʦʪʦʜʣ̔ʝʥʥ̫  ʷʜʝʨ 
235

U, 
237

Np  ̔
239

Pu 

ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ ʛʨʘʥʠʯʥʠʤʠ ʝʥʝʨʛʽ̫ ʤʠ 18 ʄʝɺ. ʈʦʟʨʘʭʦʚʘʥʽ ʥʦʚ̔ ʜʘʥ̔ 

ʱʦʜʦ ʚʠʭʦʜ̔ʚ ̔ʟʦʤʝʨʥʠʭ ʧʘʨ 
84

Br, 
90

Rb, 
131

Te, 
132

Sb, 
132

I, 
133

Te, 
134

I, 
135

Xe. ɺʧʝʨʰʝ 

ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ɯɺɺ ʷʜʝʨ 
90

Rb, 
133

Te, 
134

I ʽ 
135

Xe ʧʨʠ ʬʦʪʦʜʣ̔ʝʥʥ ̔
233

U 

ʛʘʣʴʤ̔ ʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ ʛʨʘʥʠʯʥʦ ʁʝʥʝʨʛʽʻʶ 10.5 ʪʘ 17 ʄʝɺ ʪʘ 
241

Am ʧʨʠ    

ɽʛʨ = 9.8 ʄʝɺ. ɿ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ ʚʠʷʚʣʝʥʦ ʚʧʣʠʚ 

ʥʝʧʘʨʥʠʭ ʪʘ ʧʘʨʥʦ-ʧʘʨʥʠʭ ʝʬʝʢʪʚ̔ ʚ ʩʠʩʪʝʤʘʭ, ʱʦ ʜʽʣʷʪʴʩʷ. 

ɯʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʷʜʝʨ 
133

Te, 
134

I, 
135

Xe ï 

ʬʨʘʛʤʝʥʪʽʚ ʬʦʪʦʜʽʣʝʥʥʷ 
235

U ʜʣʷ (ɔ,f)-, (ɔ,nf)-ʨʝʘʢʮʽʡ ʚʧʝʨʰʝ ʧʨʠ ʛʨʘʥʠʯʥʽʡ 

ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ 17 ʄʝɺ. ʇʦʢʘʟʘʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ 

ʤʦʤʝʥʪʽʚ ʩʣʘʙʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʜʝʣʝʡ ʨʘʜʽʘʮʽʡʥʠʭ ʩʠʣʦʚʠʭ ʬʫʥʢʮʽʡ ʽ ʛʫʩʪʠʥ 

ʨʽʚʥʽʚ. ɺʝʣʠʯʠʥʠ J  ʩʧʽʚʧʘʜʘʶʪʴ ʤʽʞ ʩʦʙʦʶ ʚ ʤʝʞʘʭ ʧʦʭʠʙʦʢ ʪʘ ʾʭ ʨʽʟʥʠʮʽ ʚ 

ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥʘʭ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 8 %. ʇʦʢʘʟʘʥʘ ʨʽʟʥʠʮʷ ʤʽʞ ʩʝʨʝʜʥʽʤʠ 

ʢʫʪʦʚʠʤʠ ʤʦʤʝʥʪʘʤʠ ʧʝʨʚʠʥʥʠʭ ʫʣʘʤʢʽʚ ʜʽʣʝʥʥʷ ʪʘ ʩʧʽʥʘʤʠ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ 

235
U, ʩʬʦʨʤʦʚʘʥʦʛʦ ʧʽʩʣʷ ʧʦʛʣʠʥʘʥʥʷ ʜʠʧʦʣʴʥʦʛʦ ɔ-ʢʚʘʥʪʘ. 

ɺʠʤʽʨʷʥʘ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʝʥʝʨʛʽʷ ʧʝʨʰʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ 
197

Au. ɰʾ 

ʚʝʣʠʯʠʥʘ ʨʽʚʥʘ 77.339Ñ0.003 ʢʝɺ ʽ ʦʪʞʝ ʝʥʝʨʛʝʪʠʯʥʝ ʥʝʩʧʽʚʧʘʜʘʥʥʷ ʜʣʷ ʧʦʜʽʡ 

ʟʙʫʜʞʝʥʥʷ ʷʜʨʘ ʧʨʠ ʝʣʝʢʪʨʦʥʥʦʤʫ ʧʝʨʝʭʦʜʽ (ɿʗɽʇ) ʚ ʟʦʣʦʪʽ ʨʽʚʥʝ 39Ñ3 eɺ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʜʘʥʽ ʦʩʪʘʥʥʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ɿʗɽʇ, 

ʧʨʦʚʝʜʝʥʦʛʦ ʥʘ ʟʦʣʦʪʽ. 

ʇʨʦʚʝʜʝʥʝ ʟ ʥʘʡʚʠʱʦʶ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʽ ʾɔ-ʣʽʥʽʾ 497 ʢʝɺ, ʷʢʘ 

ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ ʷʜʝʨ 
115

Sb. ʆʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ ʧʝʨʰʦʛʦ ʟʙʫʜʞʝʥʦʛʦ 

ʩʪʘʥʫ ʷʜʝʨ 
115

Sn ʩʢʣʘʣʘ: Eʟʙʫʜ = 497.342(3) ʢʝɺ. ɺʦʥʘ ʥʝʧʦʛʘʥʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ 

ʦʮʽʥʝʥʠʤʠ ʜʘʥʠʤʠ - 497.334(22) ʢʝɺ, ʘʣʝ ʚ ʤʝʞʘʭ 3.4ů ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʦʩʪʘʥʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ - 497.316(7) ʢʝɺ. 

ʆʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ ɓ-ʨʦʟʧʘʜʫ ʷʜʝʨ 
115

In ʥʘ ʧʝʨʰʠʡ ʟʙʫʜʞʝʥʠʡ ʨʽʚʝʥʴ 

ʷʜʝʨ 
115

Sn ʩʢʣʘʣʘ: Qɓ = 147 Ñ 10 eɺ. ʎʷ ʚʝʣʠʯʠʥʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʘʱʦʛʦ 
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ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʧʝʨʽʦʜʫ ʥʘʧʽʚʨʦʟʧʘʜʫ (ʊ1/2) ʮʴʦʛʦ      

ɓ-ʨʦʟʧʘʜʫ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʦʮʽʥʢʘʤʠ. 

ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ɔ-ʧʝʨʝʭʦʜʫ 55 ʢʝɺ ʟ ʨʦʟʧʘʜʫ 
177

Lu
m
 ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʢʦʝʬʽʮʽʻʥʪʘ ʚʥʫʪʨʽʰʥʴʦʾ 

ʢʦʥʚʝʨʩʽʾ (ʂɺʂ) ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʨʦʷʚʦʤ ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦʾ ʢʦʥʚʝʨʩʽʾ ʟ 

ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʥʠʢʥʝʥʥʷ ɚ1 = 5.7 Ñ 0.8. 

ɺʥʝʩʝʥʦ ʫʪʦʯʥʝʥʥʷ ʚ ʩʭʝʤʫ ʨʦʟʧʘʜʫ 
177m

Lu, ̫ ʢʽ ʜʦʟʚʦʣʠʣʠ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ KX- ʪʘ ɔ-ʧʨʦʤʝʥʽʚ ʚ ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ. 

ɺʠʟʥʘʯʝʥʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʽʣʦʢ ɔ- ʪʘ ɓ
ï
-ʨʦʟʧʘʜʫ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ, ʘ ʪʘʢʦʞ 

ʢʦʝʬʽʮʽʻʥʪʠ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʥʚʝʨʩʽʾ ʜʣʷ ʪʨʴʦʭ K-ʟʘʙʦʨʦʥʝʥʠʭ ɔ-ʧʝʨʝʭʦʜʽʚ. 

ɺʠʤʽʨʷʥʽ ʟ ʚʠʩʦʢʦ ʁ ʪʦʯʥʩ̔ʪʶ ʚʽʜʥʦʩʥʽ ʥ̔ʪʝʥʩʠʚʥʦʩʪ ̔ ɔ-ʧʝʨʝʭʦʜʚ̔ ʪʘ              

KX-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʨʦʟʧʘʜʫ 
120

Sb. ɿ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʝʥʽ ʧʦʚʥʽ ʂɺʂ ʪʘ 

ʂɺʂ ʥʘ K-ʦʙʦʣʦʥʮʽ ʟʘʛʘʣʴʤʦʚʘʥʠʭ E1- ʪʘ E2-ʧʝʨʝʭʦʜʚ̔ ʟ ʝʥʝʨʛʽ̫ ʤʠ 89.9 ʢʝɺ ʪʘ 

197.3 ʢʝɺ, ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ E1-ʧʝʨʝʭʦʜʫ ʚʧʝʨhʝ ʚʠʷʚʣʝʥʦ ʚʥʝʩʦʢ ʝʬʝʢʪʚ̔ 

ʧʨʦʥʠʢʥʝʥʥ̫ ʪʘ ʚʠʟʥʘʯʝʥʦ ʚʢʣʘʜ ʩʧʥ̔ʦʚʠʭ ʩʪʨʫʤʽʚ. ʋʪʦʯʥʝʥʦ ʚʥʝʩʦʢ ʝʬʝʢʪʚ̔ 

ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʟʘʛʘʣʴʤʦʚʘʥʦʤʫ E2-ʧʝʨʝʭʦʜ.̔ 

ʇʨʠʚʝʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʣʷ ʨʝʘʢʮʽʡ ʟʘ 

ʫʯʘʩʪʶ ʯʘʩʪʠʥʦʢ ʽ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʙʫʜʫʪʴ ʢʦʨʠʩʥʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʪʝʦʨʽʾ 

ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ. ʎʽ ʜʘʥʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʝʡ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʽʟʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚ ʘʢʪʠʚʘʮʽʡʥʦʤʫ ʘʥʘʣʽʟ.̔ ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʩʝʨʝʜʥʽ ʢʫʪʦʚʽ ʤʦʤʝʥʪʠ ʬʨʘʛʤʝʥʪʽʚ ʬʦʪʦʧʦʜʽʣʫ ʙʫʜʝ ʢʦʨʠʩʥʦʶ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʚʩʝʙʽʯʥʦʾ ʪʝʦʨʽʾ ʜʽʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝʪʴʩʷ ʚ ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ 

ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʦʜʫʢʪʽʚ ʜʽʣʝʥʥʷ ʥʘ ʜʽʶʯʠʭ ɸɽʉ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʩʥʦʚʥʽ ʪʘ ʽʟʦʤʝʨʥʽ ʩʪʘʥʠ ʘʪʦʤʥʠʭ ʷʜʝʨ, ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʪʘ 

ʛʘʤʤʘ ʩʧʝʢʪʨʦʤʝʪʨʽʷ, ʧʝʨʝʨʽʟʠ, ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ, ʢʦʜʠ                  

TALYS-1.4,1.6,1.9 ʪʘ EMPIRE-3.2. 

 

 



8 

 

ANNOTATION  

 

Savrasov ɸ.ʄ. Study of reactions mechanism with gamma-rays and light particles 

by using of activation method. ï Qualification scientific work with the manuscript 

copyright. 

The thesis for a doctor of physical and mathematical sciences degree in speciality 

01.04.16 çPhysic of nucleus, elementary particles and high energyè. ï Institute for 

nuclear research, NAS of Ukraine, Kyiv, 2021. 

 

The thesis is devoted to a complex study of the decay of ground and/or isomeric 

states of atomic nuclei, which are formed as a result of nuclear reactions with ɔ-rays 

and light particles. 

Using the gamma-activation method, the experimental data about isomeric yields 

ratios (IYR) and/or flux-weighted average cross-sections (AC) were obtained for the 

first time in reactions with bremsstrahlung ɔ-rays at individual values theirs end-point 

energies in nuclei: 
179m2

Hf in the (g,n)-, (g,g')- and (g,ʨn)-reactions; 
180m

Hf in the  

(g,g')-, (g,Ŭ)- and (g,ʨ)-reactions; 
178m
ʊʘ in the (g,2n)- and (g,3n)-reactions; 

177
ʊʘ in the 

(g,4n)-reaction; 
177

Lu in the (g,p)-, (g,ʨn)-, (g,ʨ2n)-, (g,ʨxn)- and (g,Ŭ)-reactions; 
7
ɺʝ 

in the (g,2n)-, (g,txn)-, (g,dxn)- and (g,pxn)-reactions; 
178m,g

Lu in the (g,pn)-reaction 

and 
182m

Hf in the (g,Ŭ)-reaction. 

The one-hump character of the excitation function for the 
180
Hf(ɔ,n)

179
Hf

m2
 

reaction was established in the giant dipole resonance (GDR) region, because as at 

increasing of the end-point energy of the bremsstrahlung photons (Ebr) from 15.1 to 

17.5 MeV, the isomeric yields ratios and the flux-weighted average cross-sections of 

179
Hf

m2
 creation is decreased. 

For all the above-mentioned reactions, theoretical calculations of isomeric yields 

ratios and flux-weighted average cross-sections were performed using the      

TALYS-1.6,1.9 and EMPIRE-3.2 codes and compared with the experimental values. 

For the (g,g')-, (g,2n)-, (g,3n)- and (g,4n)-reactions the dominance of the statistical 
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mechanism is shown and in the (ɔ,p)-, (g,ʨn)-, (g,ʨ2n)-, (g,ʨxn)- and (g,Ŭ)-reactions at 

ɽbr = 17.5 and 20 MeV ï the non-statistical processes dominate. 

For the (ɔ,p)-reactions and for reactions on boron and beryllium when the         

end-point energy of the bremsstrahlung photons is increased, the contribution of 

statistical and preequilibrium mechanisms is increased by 1-2 orders of magnitude 

and begins to make a significant contribution to their yield. 

Quantitative agreement of experimental and theoretical yields for the        

181
Ta(ɔ,p) 

180m
Hf reaction is obtained, in a wide range of end-point energy values for 

bremsstrahlung ɔ-rays at taking into account the isospin splitting of the GDR within 

the semi-direct mechanism. 

The cross-sections of the 
120

Te(g,n)
119

Te and 
136

Ce(g,n)
135

Ce reactions in the region 

of GDR were obtained. The excitation functions have a single hump shape which is 

the characteristic of the spherical nuclei. Satisfactory agreement between the 

theoretical results calculated within the framework of the TALYSï1.9 code and the 

experimental results testifies to the dominant role of the statistical mechanism for the 

(g,n)-reaction on the studied nuclei. 

The isomeric cross-sections ratios (ICR) are measured in 
93

Tc
m,g 

nuclei in the  

(d,n)- and (p,ɔ)-reactions, in 
95

Tc
m,g 

in the (d,n)-reactions, for the first time in 
95

Nb
m,g 

in the (d,Ŭ)-reaction for deuterons and protons with maximum energy values of 4.5 

and 6.8 MeV, respectively. It is shown that the theoretical values of the isomeric             

cross-sections ratios, obtained by using of the EMPIRE-3.2 and TALYS-1.4 codes 

significantly exceed the experimental ones, with the exception of the 

97
Mo(d,Ŭ)

95
Nbά

,g
 reaction in the TALYS-1.4 package. A common possible cause of 

inconsistencies is the little information about the decay paths of highly excited 

discrete levels, especially for 
95

Nb. An additional reason for the disagreement for all 

reactions may be the contributions of non-statistical effects for the given values of the 

energies of the projectiles. 

For the first time, the cross-section for the 
178

Hf(n,ɔ)
179

Hf
m2

 reaction was obtained 

on neutrons of the reactor energy spectrum. From the comparison of the experimental 

and theoretical data, obtained by using of the TALYS-1.9 codes it follows that the 
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178
Hf(n,ɔ)

179
Hf

m2
 reaction is triggered by high-energy neutrons of the reactor 

spectrum. For this reaction the statistical mechanism dominates (95%) with a 

contribution of about 5% of the pre-equilibrium mechanism. 

The isomeric cross-sections ratios for the 
133

Cs(n,ɔ)
134m,g

Cs, 
197

Au(n,ɔ)
198m,g

Au and 

197
Au(n,p)

197m,g
Pt reactions were measured at neutron energy of 2.9 MeV. Their 

simulation was performed in the TALYS-1.9 code, from which it follows that the 

197
Au(n,ɔ)

198m,g
Au reaction mechanism is completely statistical, while for others 

reactions a significant contribution of non-statistical processes is possible. 

For the first time, the cross-section for the 
93

Nb(p,n)
93m

Mo reaction was measured 

at proton energy of 3.85 MeV. The isomeric cross-sections ratios were measured for 

the reactions 
196

Pt(p,n)
196m,g

Au and 
198

Pt(p,n)
198m,g

Au at proton energy 6.8 MeV and 

120
Sn(p,n)

120
Sb

m,g
 at proton energy 3.9 MeV. The results of the comparison of the 

experimental and theoretical data indicate about the possible presence of a low-lying,   

high-spin excited level with an energy 330 keV and spin (7
-
,8

-
) in the scheme of the 

120
Sb discrete levels and significant influence of non-statistical mechanisms for the 

196
Pt(p,n)

196m,g
Au and 

198
Pt(p,n)

198m,g
Au reactions. 

For the first time, the cross-sections and ICRs for the reaction 
175

Lu(Ŭ,Ŭn)
174

Lu
m,g

 

were measured for individual values of the energy of alpha-particles in the range of 

15.3-25.2 MeV at irradiation of the targets of natural and enriched lutetium. It is 

modeled in the framework of open source code for all available density levels 

models. In the range of energy values EŬ = 15.3-21.0 MeV, the theoretical cross 

sections are much lower than the experimental ones, which indicates a possible 

contribution of the structure of the excited levels and paths of their decays to the 

174
Lu

m,g
 population. At EŬ = 25.2 MeV, the statistical mechanism dominates. 

For the first time, the cross-sections for the 
176

Lu(Ŭ,p)
179

Hf
m2

 and 
175

Lu(Ŭ,2n)
177

Ta 

reactions were measured by irradiating of the natural lutetium targets with 26 MeVs 

alpha-particles. As follows from the comparison, the theoretical cross-sections are 

twice the experimental values for (Ŭ,2n)-reactions, which may indicate a significant 

impact of nonstatistical processes. At the same time, for the (Ŭ,p)-reaction, the 
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contributions and the pre-equilibrium and statistical mechanisms at the levels of 11% 

and 89%, properly allow to reconcile the experimental and theoretical data. 

For the first time, the 
178

Hf
m2

 creation cross-sections were measured when the 

natural tantalum targets were irradiated of alpha-particles with individual values of 

the energy in the energy range of 36-92 MeV. These cross-sections were simulated in 

the framework of the TALYS-1.4 code, from which it follows that the main 

contribution to creation of 
178

Hf
m2

 is given by the (a,ap2n), (a,3p4n) and (a,
3
Hep3n) 

reactions. In the energy range of Ŭ-particles 58-92 MeV, the evaluation of the ICRs 

values s(
178m2

Hf)/s(
178g

Hf) is obtained. These values are in good agreement with the 

tendency of the ICR change in other reactions with lower-energy alpha particles at 

other targets. 

The average angular momentum of the 
90

Rb, 
130

Sb, 
133

Te, 
134

I and 
135

Xe fission 

fragments were determined, formed as a result of 
237

Np and 
241

Am photofission by 

bremsstrahlung ɔ-quanta with end-point energies of 9.8 and 17 MeV, by measuring of 

the isomeric yields ratios. The experimental values of the isomeric yields ratios were 

calculated taking into account the contribution of the beta-decay of isobaric nuclei to 

the yields of the studied nuclides. The theoretical values of the average angular 

momenta of the photofission fragments were calculated by using of the TALYS-1.6 

and EMPIRE-3.2 codes based on the delta spin distribution. 

There is no increasing of the average angular momentum (AAM) values with 

increasing of A for odd Z nuclei in contrast to the 
235

U and 
239

Pu even nuclei and the 

special behavior of the average angular momentum  for 
135

Xe is observed. 

New data were obtained about the isomeric ratios in the 
97

Nb nuclei, which are 

formed as a result of photofission of 
235

U and 
238

U nuclei by bremsstrahlung with 

end-point energies of 10.5, 12.0, and 18.0 MeV. The difference between the values of 

the isomeric ratios at Ebr = 10.5 and Ebr = 12 MeV from their values at Ebr = 18 MeV 

has been demonstrated, which may indicate that the isomeric ratios significantly 

depend on the type of the entrance channel. The difference between the values of the 

average angular moments and their values in the mother nucleus indicates the 

presence of an additional mechanism for the formation of the angular momentum. 
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For the first time, the measurement of the isomeric yields ratios of the 
133

Xe and 

135
Xe nuclei was performed after the photofission of 

238
U by bremsstrahlung ɔ-quanta 

with end-point energies: Ebr = 6.25, 12.5, 14.5, 18 MeV and 
95

Nb nuclei at Ebr = 12, 

and 12.5 MeV. The AAM s of the investigated fragments are determined within the 

statistical model of decay based on the their delta spin distribution. The measurement 

results indicate the possibility of the influence of shell effects and opening of the 

(ɔ,nf) and (ɔ,2nf) fission channels on the values of isomeric yields ratios and average 

angular momentum of the primary fission fragments. 

For the first time, the IYRs of photofission fragments of 
235

U, 
237

Np, and 
239

Pu 

nuclei were measured by bremsstrahlung ɔ-quanta with end-point energy of 18 MeV. 

New data are obtained about the yields of the 
84

Br, 
90

Rb, 
131

Te, 
132

Sb, 
132

I, 
133

Te, 
134

I, 

135
Xe isomeric pairs. For the first time, the IYRs of 

90
Rb, 

133
Te, 

134
I and 

135
Xe were 

measured which are the photofission fragments of 
233

U at Ebr = 10.5 and 17 MeV and 

241
Am at Ebr = 9.8. The influence of odd and even-even effects in fission systems is 

revealed. 

The isomeric yield ratios were measured for the 
133

Te, 
134

I, 
135

Xe nuclei, which are 

the fragments of 
235

U photofission for the (ɔ,f)-, (ɔ,nf)-reactions at end-point energy 

of bremsstrahlung ɔ-quanta of 17 MeV. It is shown that the values of the average 

angular moments weakly depend on the models both the radiation strength functions 

and the level densities. The values of the AAM  coincide within the errors and their 

difference in absolute values does not exceed 8%. The difference is shown between 

the average angular moments of the primary fission fragments and the spins of the 

235
U compound nucleus formed after the absorption of the dipole ɔ-quantum. 

The energy of the first excited state of 
197

Au was measured with high accuracy. Its 

value is 77.339 Ñ 0.003 keV and therefore the energy mismatch for nuclear excitation 

by electron transition (NEET) events in gold is 39 Ñ 3 eV. The obtained results 

confirm the data from the recent experiment with NEET, which was carried out on 

gold. 

The ɔ-line was measured with energy of 497 keV with high accuracy, which 

accompanies the decay of 
115

Sb nuclei. The obtained value of the energy of the first 
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excited state of 
115

Sn nuclei is: Eexc = 497.342 (3) keV. It agrees well with the 

estimated data, but within 3.4ů differs from the recent experimental                   

results - 497.316 (7) keV. 

The obtained value of the ɓ-decay energy of 
115

In nuclei at the first excited level of 

115
Sn nuclei is: Qɓ = 147 Ñ 10 eV. This value leads to a better agreement of the 

experimental value of the half-life of this ɓ-decay with theoretical estimates. 

There is a significant excess of the experimental values of internal conversion 

coeficient (ICC) over the theoretical ones for the 55 keV ɔ-transition, calculated 

assuming the E1-multipolarity of this transition. These differences can be explained 

by the manifestation of the intranuclear conversion with the penetration parameter              

ɚ1 = 5.7 Ñ 0.8. 

The decay scheme of 
177m

Lu has been improved, and the accuracy of determining 

of the intensities of KX and ɔ-rays in the entire energy range has been improved. The 

intensities of the branches of ɔ- and ɓ
ï
- decay of the isomeric state are defined, as 

well as the internal conversion coefficients for three K-hindered ɔ-transitions are 

determined. 

The relative intensities of the ɔ-transitions and Kx-irradiation from the 
120

Sb decay 

were measured with high accuracy. From the obtained data, the total ICC and ICC on 

the K-shell were determined for the hindered E1- and E2-transitions with energy 89.9 

keV and 197.3 keV, respectively. For the first time, the contributions both of 

penetration effects and spin currents in this hindered E1-transition is revealed. The 

contribution of penetration effects in the hindered E2-transition is specified. 

Experimental data obtained in the thesis for reactions with gamma-rays and light 

particles will be useful at creation of the nuclear reaction theory. This data will be 

used for evaluation of the creation possibility of the other radionuclides and in the 

activation analysis. Information about average angular momentum will be useful at 

creation of the universal fission theory and will be used in nuclear energetics at 

calculation of the fission product on the operated nuclear power plant. 
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Key words: ground and isomeric states of atomic nuclei, X-ray and              

gamma-spectrometry, cross-sections, flux-weighted average yields, the          

TALYS-1.4,1.6,1.9 and EMPIRE-3.2 codes. 
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ɺʉʊʋʇ 

ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʴ 

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʜʘʯ ʷʜʝʨʥʦʾ ʬʽʟʠʢʠ ʻ ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʷʢ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʷʜʝʨ, ʪʘʢ ʽ ʧʨʦ ʤʝʭʘʥʽʟʤʠ 

ʧʝʨʝʙʽʛʫ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʮʷ ʟʘʜʘʯʘ ʜʘʣʝʢʘ ʜʦ ʩʚʦʛʦ 

ʨʦʟʚô̫ ʟʘʥʥʷ ʘ ʦʜʥʠʤ ʟ ʪʘʢʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʘʜʫ 

ʽʟʦʤʝʨʥʠʭ ʪʘ ʦʩʥʦʚʥʠʭ ʩʪʘʥʽʚ ʷʜʝʨ, ʷʢʽ ʟʘʩʝʣʷʶʪʴʩʷ ʚ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʷʭ ʨʽʟʥʦʛʦ 

ʪʠʧʫ [1]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʠʪʠ 

ʚʣʘʩʪʠʚʦʩʪʽ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʷʜʝʨ ʚ ʤʝʞʘʭ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʧʝʢʪʨʫ ʪʘ ʤʝʭʘʥʽʟʤʠ 

ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʥʝʨʛʽʾ, ʩʧʽʥʽʚ, ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ ʪʘ ʪʠʧʫ 

ʯʘʩʪʠʥʦʢ. ɺʠʚʯʝʥʥʷ ʨʦʟʧʘʜʽʚ ʽʟʦʤʝʨʥʠʭ ʪʘ ʦʩʥʦʚʥʠʭ ʩʪʘʥʽʚ ʫ ʨʽʟʥʠʭ ʨʝʘʢʮʽʷʭ 

ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʚ ʯʘʩʽ ʧʨʦʮʝʩʠ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʧʦʢʨʘʱʠʪʠ 

ʬʦʥʦʚʽ ʫʤʦʚʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥ ̫ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟʦʤʝʨʥʠʭ 

ʪʘ ʦʩʥʦʚʥʠʭ ʩʪʘʥʽʚ ʷʜʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʨʝʘʢʮʽʡ ʧʨʦʚʦʜʷʪʴʩʷ ʫʞʝ ʥʝ ʦʜʠʥ 

ʜʝʩʷʪʦʢ ʨʦʢʽʚ ʽ ʜʦ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʜʥʷ ʥʝ ʚʪʨʘʪʠʣʠ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ [1]. 

ʌʦʪʦʷʜʝʨʥʽ ʨʝʘʢʮʽʾ (ʌʗʈ) ʙʫʣʠ ʧʨʝʜʤʝʪʦʤ ʯʠʩʣʝʥʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʪʝ 

ʫʚʘʛʘ ʚʯʝʥʠʭ ʙʫʣʘ ʚ ʦʩʥʦʚʥʦʤʫ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ (ɔ,ɔ')- ʽ (ɔ,n)-ʢʘʥʘʣʘʭ ʚ ʨʘʡʦʥʽ 

ʝʥʝʨʛʽʾ ʛʽʛʘʥʪʩʴʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. ɿʘʩʝʣʝʥʥʷ ʷʜʝʨ ʚ ʬʦʪʦʷʜʝʨʥʠʭ 

ʨʝʘʢʮʽʷʭ ʟ ʚʠʣʴʦʪʦʤ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦʩʣʽʜʞʝʥʦ ʟʥʘʯʥʦ ʛʽʨʰʝ, ʭʦʯʘ ʚ ʥʠʭ 

ʟʘʩʝʣʷʶʪʴʩʷ ʽʥʰʽ ʟʙʫʜʞʝʥʽ ʩʪʘʥʠ, ʯʘʩʪʦ ʥʝʜʦʩʪʫʧʥʽ ʜʣʷ (ɔ,ɔ')- ʽ (ɔ,n)-ʨʝʘʢʮʽʡ [1]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʙʫʜʞʝʥʥʷ ʚʠʩʦʢʦʩʧʽʥʦʚʠʭ ʽʟʦʤʝʨʽʚ ʚ ʨʝʘʢʮʽʷʭ ʟ 

ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʜʝʡʪʨʦʥʘʤʠ, ʧʨʦʪʦʥʘʤʠ, ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʪʘ 

ʥʝʡʪʨʦʥʘʤʠ ʪʘʢʦʞ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ. ɰʭ ʟʘʩʝʣʝʥʥʷ ʧʦʙʣʠʟʫ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʨʦʛʫ ʷʜʝʨʥʦʾ ʨʝʘʢʮʽʾ ʟʛʽʜʥʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʦʞʝ 

ʙʫʪʠ ʩʠʣʥɹʦ ʟʘʛʘʣʴʤʦʚʘʥʝ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʫʜʞʝʥʥʷ ʮʠʭ ʽʟʦʤʝʨʽʚ ʥʘ ʷʜʨʘʭ 

ʤʽʰʝʥʝʡ ʟ ʥʠʟʴʢʠʤʠ ʩʧʽʥʘʤʠ ʽ ʙʦʤʙʘʨʜʫʶʯʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʷʢʽ ʚʥʦʩʷʪʴ 

ʥʝʚʝʣʠʢʠʡ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ, ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʦʮʽʥʠʪʠ ʨʦʣʴ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ [1]. 
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ɺʝʣʠʢʠʡ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ 

ʤʦʤʝʥʪʽʚ ʫʣʘʤʢʽʚ ʜʽʣʝʥʥʷ. ɺʦʥʠ ʥʘʜʘʶʪʴ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʢʦʥʬʽʛʫʨʘʮʽʶ ʷʜʝʨʥʦʾ ʩʠʩʪʝʤʠ ʜʽʣʝʥʥʷ ʙʽʣʷ ʪʦʯʢʠ ʨʦʟʨʠʚʫ, ʜʠʥʘʤʽʢʫ ʧʨʦʮʝʩʫ 

ʜʽʣʝʥʥʷ, ʜʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʙʘʛʘʪʦ ʥʝ ʚʠʨʽʰʝʥʠʭ ʧʠʪʘʥʴ. ɸʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʢʨʠʪʠʯʥʠʤʠ ʧʨʠ ʚʠʙʦʨʽ ʤʽʞ ʨʽʟʥʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʱʦ ʜʽʣʠʪʴʩʷ. ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʫʞʝ ʥʝʯʠʩʣʝʥʥ,̔ ʘ ʾʭʥ ̫ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ 

ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʠʡ ʩʫʤʥʽʚ. ɿʦʢʨʝʤʘ, ʦʜʥʠʤ ʽʟ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʭ ʧʠʪʘʥʴ 

ʧʨʦʮʝʩʫ ʧʦʜʽʣʫ ʷʜʨʘ ʻ ʦʜʥʦʯʘʩʥʝ ʽʩʥʫʚʘʥʥʷ ʜʚʦʭ ʢʘʥʘʣʽʚ ʜʽʣʝʥʥʷ: ʩʠʤʝʪʨʠʯʥʦʛʦ 

ʽ ʘʩʠʤʝʪʨʠʯʥʦʛʦ [1]. 

ɺʝʣʠʢʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʽʚ ʧʨʦʥʠʢʥʝʥʥʷ ʚ 

ʘʪʦʤʥʠʭ ʷʜʨʘʭ. ʎʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʪʘʢʫ ʫʥʽʢʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʷʢ 

ʚʝʣʠʯʠʥʘ ʽ ʟʥʘʢ ʩʧʽʥ-ʤʫʣʴʪʠʧʦʣʴʥʠʭ ʩʠʣ, ʧʝʨʝʭʽʜʥʽ ʪʦʨʦʾʜʥʽ ʤʦʤʝʥʪʠ ʷʜʝʨ ʽ ʪ.ʧ. 

ɺʠʟʥʘʯʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʦʢʨʝʤʠʭ ʷʜʝʨ 

ʤʦʞʝ ʧʨʦʣʠʪʠ ʩʚʽʪʣʦ ʷʢ ʥʘ ʩʣʘʙʦ ʚʠʚʯʝʥʽ ʘʪʦʤʥʦ-ʷʜʝʨʥʽ ʧʨʦʮʝʩʠ, ʪʘʢ ʽ ʥʘ          

ʽʤʦʚʽʨʥʽʩʪʴ b-ʨʦʟʧʘʜʽʚ ʟ ʥʠʟʴʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʚʠʭʦʜʫ. 

ɯʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʨʘʥʠʯʥʫ ʝʥʝʨʛʽʶ ʪʘʢʠʭ ʧʝʨʝʭʦʜʽʚ ʧʦʪʝʥʮʽʘʣʴʥʦ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʙʤʝʞʝʥʥʷ (ʯʠ ʚʠʤʽʨʶʚʘʥʥʷ) ʤʘʩʠ ʥʝʡʪʨʠʥʦ. 

ʋʩʝ ʮʝ ʚʢʘʟʫʻ ʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʚʠʱʝʟʛʘʜʘʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ  ̔ʪʝʤʘʤʠ 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʫ ʚʽʜʜʽʣʽ ʩʪʨʫʢʪʫʨʠ ʷʜʨʘ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʅɸʅ ʋʢʨʘʥʾʠ ʢ̫ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ ʜʝʨʞʘʚʥʠʭ ʙʶʜʞʝʪʥʠʭ ʪʝʤ 

ˉ0108U002915 "ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟʙʫʜʞʝʥʠʭ ʘʪʦʤʥʠʭ ʷʜʝʨ ʥʘ ʧʫʯʢʘʭ 

ʯʘʩʪʠʥʦʢ  ̔ ʚ ʨʘʜʽʦʘʢʪʠʚʥʦʤʫ ʨʦʟʧʘʜʽ", ʚʠʢʦʥʘʥʦʾ ʚ 2008-2012 ʨʨ., 

ˉ0113U001123 "ɼʦʩʣʽʜʞʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʘʪʦʤʥʠʭ ʷʜʝʨ  ̔ʤʝʭʘʥʽʟʤʽʚ ʷʜʝʨʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʙʽʣʷʧʦʨʦʛʦʚʠʭ ʨʝʘʢʮʽʷʭ", ʚʠʢʦʥʘʥʦʾ ʚ 2013-2017 ʨʨ., ˉ0117U002847 

"ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʷʜʝʨ, ʤʝʭʘʥʽʟʤʽʚ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚ ʧʫʯʢʘʭ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ", ʚʠʢʦʥʘʥʦʾ ʚ 2018-2022 ʨʨ., ˉ0116U004450 

"ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʜʽʣʫ ʷʜʝʨ ʚ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʽʡ ʦʙʣʘʩʪʽ, ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʨʝʻʩʪʨʘʮʽʾ ʧʨʦʜʫʢʪʽʚ ʧʦʜʽʣʫ ʷʜʝʨ ʪʘ ʚʠʚʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 
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ʧʫʯʢʘʭ ʟʘʨʷʜʞʝʥʠʭ ʽʦʥʽʚ", ʚʠʢʦʥʘʥʦʾ ʚ 2017-2021 ʨʨ., ˉ0117U002885 "ʈʦʟʨʦʙʢʘ 

ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʨʝʻʩʪʨʘʮʽʾ ʨʘʜʽʦʣʦʛʽʯʥʦ ʟʥʘʯʠʤʠʭ ʥʫʢʣʽʜʽʚ ʚ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʚʽʜʭʦʜʘʭ ɸɽʉ", ʚʠʢʦʥʘʥʦʾ ʚ 2018-2019 ʨʨ., ˉ0120U100635 "ɼʦʩʣʽʜʞʝʥʥʷ 

ʬʦʪʦʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʟ ʚʠʣʴʦʪʦʤ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʚ 

ʦʙʣʘʩʪʽ ʜʝʬʦʨʤʦʚʘʥʠʭ ʷʜʝʨ", ʚʠʢʦʥʘʥʦʾ ʚ 2020-2021 ʨʨ. ʪʘ ˉ0112U005132 

"ɼʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʜʽʣʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʪʨʘʥʩʫʨʘʥʦʚʠʭ ʷʜʝʨ ʧʨʠ 

ʝʥʝʨʛʽʷʭ ʟʙʫʜʞʝʥʥʷ ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ 10-12 ʄʝɺ", ʚʠʢʦʥʘʥʦʾ ʚ 2012-2016 ʨʨ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʟʚʽʪʘʭ ʧʦ ʪʝʤʘʭ. 

ʈʦʙʦʪʘ ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʩʧʽʣʴʥʦ ʟ ʋʞʛʦʨʦʜʩʢɹʠʤ ̔ʥʩʪʠʪʫʪʦʤ ʝʣʝʢʪʨʦʥʥʦ ʾ

ʬ̔ʟʠʢʠ ʪʘ ʍʘʨʢʽʚʩʴʢʠʤ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ. 

ʄʝʪʘ  ̔ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʦʜʝʨʞʘʥʥʷ ʥʦʚʠʭ ʜʘʥʠʭ ʧʨʦ ʟʙʫʜʞʝʥʽ ʷʜʨʘ ʽ ʤʝʭʘʥʽʟʤʠ 

ʧʝʨʝʙʽʛʫ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʟ ʨʽʟʥʠʤʠ ʙʦʤʙʘʨʜʫʶʯʠʤʠ ʯʘʩʪʠʥʢʘʤʠ  ̔             

ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʟʦʤʝʨʥʽ ʽ/ʯʠ ʦʩʥʦʚʥʽ ʩʪʘʥʠ ʘʪʦʤʥʠʭ ʷʜʝʨ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʘʢʪʠʚʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʦʩʪʘʚʣʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʆʪʨʠʤʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ(ʚʠʭʦʜʽʚ) 

ʯʠ ʧʝʨʝʨʽʟʽʚ(ʚʠʭʦʜʽʚ) ʜʣʷ ʨʷʜʫ ʷʜʝʨ-ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʶ ʛʘʣʴʤʽʚʥʠʭ     

ɔ-ʢʚʘʥʪʽʚ, ʜʝʡʪʨʦʥʽʚ, ʧʨʦʪʦʥʽʚ, ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʪʘ ʥʝʡʪʨʦʥʽʚ. 

2. ɼʦʩʣʽʜʠʪʠ ʬʨʘʛʤʝʥʪʠ ʬʦʪʦʧʦʜʽʣʫ 
237
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U, 
241

Am ʽ 
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Pu ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ ʷʜʝʨ-ʫʣʘʤʢʽʚ 

ʬʦʪʦʧʦʜʽʣʫ. 

3. ɿ ʦʪʨʠʤʘʥʠʭ ɯɺɺ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʴʥʠʭ ʧʨʠʧʫʱʝʥʴ ʦʪʨʠʤʘʪʠ ʩʝʨʝʜʥʽ ʢʫʪʦʚʽ 

ʤʦʤʝʥʪʠ ʷʜʝʨ-ʫʣʘʤʢʽʚ ʬʦʪʦʧʦʜʽʣʫ ʚʘʞʢʠʭ ʷʜʝʨ 
237

Np, 
233,235,238

U, 
241

Am ʽ 
239

Pu ʪʘ 

ʚʠʩʫʥʫʪʠ ʛʽʧʦʪʝʟʠ ʧʨʦ ʾʭ ʜʠʥʘʤʽʢʫ ʜʽʣʝʥʥʷ ʟʘ ʦʢʨʝʤʠʤʠ ʢʘʥʘʣʘʤʠ. 

4. ɺʠʤʽʨʷʪʠ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʧʝʨʰʠʭ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ 

ʷʜʝʨ 
115

Sn ʪʘ 
197

Au, ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪʠ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʥʚʝʨʩʽʾ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʥʠʢʥʝʥʥʷ ʜʣʷ ʦʢʨʝʤʠʭ ɔ-ʧʝʨʝʭʦʜʽʚ ʚ ʷʜʨʘʭ 
120

Sn ʪʘ 
177

Hf. 
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5. ʇʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, 

ʧʦʨʘʭʦʚʘʥʠʤʠ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʥɹʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʙʽʛʫ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʢʮʽʡ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʘʪʦʤʥʠʭ ʷʜʝʨ. 

ʆʙôʢ̒ʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʘʪʦʤʥ ̔ʷʜʨʘ ʚ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʘʭ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ - ʟ̔ʦʤʝʨʥ ̔ʪʘ ʦʩʥʦʚʥʽ ʩʪʘʥʠ ʘʪʦʤʥʠʭ ʷʜʝʨ. 

 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ(ʚʠʭʦʜʽʚ) 

ʪʘ ʧʝʨʝʨʽʟʽʚ(ʚʠʭʦʜʽʚ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʤʝʪʦʜʠʢʘ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ          

g-ʩʧʝʢʪʨʽʚ ʧʨʦʜʫʢʪʽʚ ʘʢʪʠʚʘʮʽʾ ʙʝʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʘʜʽʦʭʽʤʽʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʽ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ. ɿʜʽʡʩʥʶʚʘʣʘʩʴ ʤʘʪʝʤʘʪʠʯʥʘ 

ʦʙʨʦʙʢʘ ɔ-ʩʧʝʢʪʨʽʚ. 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʪʘ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ 

ʷʜʝʨ-ʧʨʦʜʫʢʪʽʚ ʬʦʪʦʜʽʣʝʥʥʷ ʩʧʠʨʘʣʠʩʷ ʥʘ ʧʨʠʧʫʱʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ ʨʦʟʧʘʜʫ ʟʙʫʜʞʝʥʠʭ ʤʘʪʝʨʠʥʩʴʢʠʭ ʷʜʝʨ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʝʣʴʥʦʛʦ 

ʧʽʜʭʦʜʫ ʍʘʫʟʝʨʘ-ʌʝʰʙʘʭʘ). ɼʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʚʽʜʢʨʠʪʽ ʧʨʦʛʨʘʤʥ ̔ ʢʦʜʠ TALYS-1.4,1.6,1.9 ʪʘ EMPIRE-3.2 ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ, ʚ ʷʢʠʭ ʚʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʚʯʘʪʠ ʨʽʟʥʽ 

ʨʝʘʢʮʽʾ, ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʨʦʮʝʩʠ ʜʝʟʙʫʜʞʝʥʥʷ ʫʣʘʤʢʽʚ ʬʦʪʦʧʦʜʽʣʫ, ʧʽʜʨʘʭʦʚʫʚʘʪʠ 

ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ, ʧʝʨʝʨʽʟʠ ʪʘ ʚʠʭʦʜʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʚ̔ 

ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʚʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʝʣʠʯʠʥʠ 

ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʚ ʨʝʘʢʮʽʷʭ ʟ 

ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʧʨʠ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʥʷʭ ʾʭ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʷʜʨʘʭ 

179m2
Hf, 

180m
Hf, 

178m
ʊʘ, 

177
ʊʘ, 

177
Lu, 

7
ɺʝ, 

178m,g
Lu ʪʘ 

182m
Hf. ɺʩʪʘʥʦʚʣʝʥʦ 

ʦʜʥʦʛʦʨʙʠʡ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ ʨʝʘʢʮʽʾ 
180

Hf(ɔ,n)
179

Hf
m2 
ʚ ʦʙʣʘʩʪʽ ɻɼʈ. 

ɺ (g,g')-, (g,2n)-, (g,3n)-, (g,4n)-ʨʝʘʢʮʽʷʭ ʧʦʢʘʟʘʥʦ ʜʦʤʽʥʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ, ʘ ʚ (ɔ,p)-, (g,ʨn)-, (g,ʨ2n)-, (g,ʨxn)- ʪʘ (g,Ŭ)-ʨʝʘʢʮʽʷʭ ʧʨʠ ɽʛʨ = 17.5 ʪʘ 

20 ʄʝɺ - ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɼʣʷ (ɔ,p)-ʨʝʘʢʮʽʾ ʪʘ ʜʣʷ ʨʝʘʢʮʽʡ ʥʘ ʙʦʨʽ ʪʘ 
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ʙʝʨʠʣʽʾ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ɽʛʨ ʚʥʝʩʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʟʨʦʩʪʘʻ ʥʘ 1-2 ʧʦʨʷʜʢʠ  ̔ʧʦʯʠʥʘʻ ʜʘʚʘʪʠ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʫ ʾʭ ʚʠʭʽʜ. 

ʆʪʨʠʤʘʥʦ ʢʽʣʴʢʽʩʥʝ ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʭʦʜʽʚ 

ʨʝʘʢʮʽʾ 
181

Ta(ɔ,p)
180m

Hf ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ɽʛʨ ʟʘ ʫʤʦʚʠ ʚʨʘʭʫʚʘʥʥʷ 

ʽʟʦʩʧʽʥʦʚʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ɻɼʈ ʚ ʤʝʞʘʭ ʥʘʧʽʚʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ʆʪʨʠʤʘʥʦ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ 
120
ʊʝ(g,n)

119
ʊʝ ʽ 

136
ʉʝ(g,n)

135
ʉʝ ʚ ʦʙʣʘʩʪʽ ɻɼʈ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʾʭ ʧʝʨʝʙʽʛʫ. 

ɺʠʤiʨʷʥi iʟʦʤʝʨʥi ʚiʜʥʦʰʝʥʥʷ ʧʝʨʝʨiʟiʚ ʚ ʷʜʨʘʭ 
93

Tcm,g ʚ (d,n)- i                 

(p,g)-ʨʝʘʢʮiʷʭ, ʚ ʷʜʨʘʭ 
95

Tcm,g 
ʚ (d,n)-ʨʝʘʢʮiʾ, ʚʧʝʨʰʝ ʚ ʷʜʨʘʭ 

95
Nbm,g ʚ            

(d,ɻ)-ʨʝʘʢʮiʾ ʜʣʷ ʜʝʡʪʨʦʥiʚ ʪʘ ʧʨʦʪʦʥiʚ ʟ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛiʡ 4.5 ʪʘ 6.8 ʄʝɺ, 

ʚiʜʧʦʚiʜʥʦ. 

ʈʦʟʨʘʭʦʚʘʥʦ ɯɺʇ ʨʝʘʢʮʽʡ 
133

Cs(n,ɔ)
134m,g

Cs, 
197

Au(n,ɔ)
198m,g

Au ʪʘ 

197
Au(n,p)

197m,g
Pt ʧʨʠ ʝʥʝʨʛʽʾ ʥʝʡʪʨʦʥʽʚ 2.9 ʄʝɺ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʝʘʢʮʽʷ 

197
Au(n,ɔ)

198m,g
Au ʥʦʩʠʪʴ ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʜʣʷ ʽʥʰʠʭ ʤʦʞʣʠʚʠʡ ʟʥʘʯʥʠʡ 

ʚʢʣʘʜ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʫ ʨʝʘʢʮʽʾ 
93

Nb(p,n)
93m

Mo ʧʨʠ ʝʥʝʨʛʽʾ 

ʧʨʦʪʦʥʽʚ 3.85 ʄʝɺ. ɿʜʽʡʩʥʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ɯɺʇ ʨʝʘʢʮʽʡ 

196,198
Pt(p,n)

196m,g;198m,g
Au ʧʨʠ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ 6.8 ʄʝɺ ʪʘ 

120
Sn(p,n)

120
Sb

m,g
 ʧʨʠ 

ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ 3.9 ʄʝɺ. ʂʦʥʩʪʘʪʫʻʪʴʩʷ ʤʦʞʣʠʚʘ ʧʨʠʩʫʪʥʽʩʪʴ 

ʥʠʟʴʢʦʨʦʟʪʘʰʦʚʘʥʦʛʦ, ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ ʨʽʚʥʷ ʟ ʝʥʝʨʛʽʻʶ 330 ʢʝɺ ʪʘ ʩʧʽʥʦʤ      

(7
-
,8

-
) ʚ ʩʭʝʤʽ ʨʽʚʥʽʚ 

120
Sb ʪʘ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ 

ʨʝʘʢʮʽʡ 
196

Pt(p,n)
196m,g

Au ʪʘ 
198

Pt(p,n)
198m,g

Au. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʪʘ ɯɺʇ ʨʝʘʢʮʽʾ 
175

Lu(Ŭ,Ŭn)
174

Lu
m,g

 

ʜʣʷ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʚ ʜʽʘʧʘʟʦʥʽ 15.3-25.2 ʄʝɺ. ʇʨʠ     

ɽŬ = 25.2 ʄʝɺ ʜʦʤʽʥʫʻ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ, ʘ ʧʨʠ ʽʥʰʠʭ ʝʥʝʨʛʽʷʭ ʤʦʞʣʠʚʠʡ 

ʚʥʝʩʦʢ ʩʪʨʫʢʪʫʨʠ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʾʭ ʨʦʟʧʘʜʫ. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ 
176

Lu(Ŭ,p)
179

Hf
m2

 ʪʘ 

175
Lu(Ŭ,2n)

177
Ta ʜʣʷ 26 ʄʝɺʥʠʭ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ. ɼʣʷ (Ŭ,2n)-ʨʝʘʢʮʽʾ ʤʦʞʣʠʚʠʡ 

ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɼʣʷ (Ŭ,p)-ʨʝʘʢʮʽʾ ʚʥʝʩʦʢ 
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ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘ ʨʽʚʥʽ 11%, ʘ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʚ ʦʢʦʣʽ 89% 

ʜʦʟʚʦʣʷʻ ʫʟʛʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʘʥʽ. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178

Hf
m2

 ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʤʽʰʝʥʝʡ ʧʨʠʨʦʜʥʦʛʦ ʪʘʥʪʘʣʫ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 36-92 ʄʝɺ. 

ɺʧʝʨʰʝ ʚʠʟʥʘʯʝʥʦ ʩʝʨʝʜʥʽ ʢʫʪʦʚʽ ʤʦʤʝʥʪʠ ʫʣʘʤʢʽʚ ʜʽʣʝʥʥʷ 
90

Rb, 
130

Sb, 
133

Te, 

134
I ʽ 

135
Xe, ʫʪʚʦʨʝʥʠʭ ʚʥʘʩʣʽʜʦʢ ʬʦʪʦʜʽʣʝʥʥʷ 

237
Np ʪʘ 

241
Am ʛʘʣʴʤʽʚʥʠʤʠ              

ɔ-ʢʚʘʥʪʘʤʠ ʟ ɽʛʨ = 9.8 ʪʘ 17 ʄʝɺ ʟ ʚʠʤʽʨʷʥʠʭ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ ʟʨʦʩʪʘʥʥʷ ʚʝʣʠʯʠʥʠ J ʟ ʨʦʩʪʦʤ ɸ ʜʣʷ ʥʝʧʘʨʥʠʭ 

ʧʦ Z ʷʜʝʨ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʘʨʥʠʭ ʷʜʝʨ 
235

U ʪʘ 
239

Pu, ʪʘʢ ʽ ʦʩʦʙʣʠʚʘ ʧʦʚʝʜʽʥʢʘ 

ʉʂʄ ʜʣʷ 
135

Xe. 

ʆʪʨʠʤʘʥʦ ʚʧʝʨʰʝ ʥʦʚi ʜʘʥi ʟ iʟʦʤʝʨʥʠʭ ʚiʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʷʜʝʨ 
97
Nb, ʱʦ 

ʫʪʚʦʨʶʪʁʴʩʷ ʧʽʩʣʷ ʬʦʪʦʧʦʜiʣʫ 
235
U ʪʘ 

238
U ʛʘʣʴʤiʚʥʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʟ 

ʛʨʘʥʠʯʥʠʤʠ ʝʥʝʨʛiʷʤʠ 10.5, 12.0 ʪʘ 18.0 ʄʝɺ. 

ʇʨʠ ʬʦʪʦʧʦʜʽʣʽ 
238

U ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ ɽʛʨ = 6.25, 12, 12.5, 14.5 ʪʘ 

18 ʄʝɺ ʚʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ɯɺɺ ʪʘ ʨʦʟʨʘʭʫʥʦʢ 

ʉʂʄ ̫ʜʝʨ 
133

Xe ʪʘ 
135

Xe ʪʘ ʷʜʝʨ 
95

Nb ʧʨʠ ɽʛʨ = 12 ʽ 12.5 ʄʝɺ. ʂʦʥʩʪʘʪʫʻʪʴʩʷ 

ʤʦʞʣʠʚʽʩʪʴ ʚʧʣʠʚʫ ʦʙʦʣʦʥʢʦʚʠʭ ʝʬʝʢʪʽʚ ʪʘ ʚʽʜʢʨʠʪʪʷ (ɔ,nf)- ʽ (ɔ,2nf)-ʢʘʥʘʣʽʚ 

ʧʦʜʽʣʫ ʥʘ ʟʥʘʯʝʥʥʷ ɯɺɺ ʪʘ ʉʂʄ ʧʝʨʚʠʥʥʠʭ ʬʨʘʛʤʝʥʪʽʚ ʜʽʣʝʥʥʷ. 

ɺʧʝʨʰʝ ʚʠʤʽʨʷʥʽ ɯɺɺ ʷʜʝʨ 
84

Br, 
90

Rb, 
131

Te, 
132

Sb, 
132

I, 
133

Te, 
134

I, 
135

Xe ʧʨʠ 

ʬʦʪʦʜʣ̔ʝʥʥ̔ 
235

U, 
237

Np  ̔
239

Pu ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ ɽʛʨ = 18 ʄʝɺ; ʷʜʝʨ 

90
Rb, 

133
Te, 

134
I ʽ 

135
Xe ʧʨʠ ʬʦʪʦʜʣ̔ʝʥʥ ̔

233
U ʛʘʣʴʤ̔ ʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ ɽʛʨ = 10.5 ̔  

17 ʄʝɺ. ɺʠʷʚʣʝʥʦ ʚʧʣʠʚ ʥʝʧʘʨʥʠʭ ʪʘ ʧʘʨʥʦ-ʧʘʨʥʠʭ ʝʬʝʢʪʚ̔ ʚ ʩʠʩʪʝʤʘʭ, ʱʦ 

ʜʽʣʷʪʴʩʷ. 

ɯʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ ʪʘ ʉʂʄ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʷʜʝʨ 
133

Te, 
134

I, 
135

Xe ï 

ʬʨʘʛʤʝʥʪʽʚ ʬʦʪʦʧʦʜʽʣʫ 
235

U ʜʣʷ (ɔ,f)-, (ɔ,nf)-ʨʝʘʢʮʽʡ ʚʧʝʨʰʝ ʧʨʠ ɽʛʨ = 17 ʄʝɺ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʝʣʠʯʠʥʠ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ ʩʣʘʙʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʦʜʝʣʝʡ 

ʨʘʜʽʘʮʽʡʥʠʭ ʩʠʣʦʚʠʭ ʬʫʥʢʮʽʡ ʽ ʛʫʩʪʠʥ ʨʽʚʥʽʚ. 

ɺʠʤʽʨʷʥʘ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʝʥʝʨʛʽʷ ʧʝʨʰʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ 
197

Au. ɰʾ 

ʚʝʣʠʯʠʥʘ ʨʽʚʥʘ 77.339Ñ0.003 ʢʝɺ. 
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ʇʨʦʚʝʜʝʥʝ ʟ ʥʘʡʚʠʱʦʶ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʥʷ ʝʥʝʨʛʽ ʾ ɔ-ʣʽʥʽʾ 497 ʢʝɺ ʟ 

ʨʦʟʧʘʜʫ 
115

Sb. ɺʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ ʧʝʨʰʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ 
115

Sn ʩʢʣʘʣʘ 

497.342(3) ʢʝɺ ʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ɓ-ʨʦʟʧʘʜʫ 
115

In ʥʘ ʮʝʡ ʩʪʘʥ ʩʢʣʘʣʦ 147 Ñ 10 eɺ. 

ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ɔ-ʧʝʨʝʭʦʜʫ 55 ʢʝɺ ʟ ʨʦʟʧʘʜʫ 
177

Lu
m
 ʨʦʟʙʽʞʥʦʩʪʽ ʤʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ ʂɺʂ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʨʦʷʚʦʤ 

ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦʾ ʢʦʥʚʝʨʩʽʾ ʟ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʥʠʢʥʝʥʥʷ ɚ1 = 5.7 Ñ 0.8. 

ɺʠʟʥʘʯʝʥʽ ʧʦʚʥʽ ʂɺʂ ʪʘ ʂɺʂ ʥʘ K-ʦʙʦʣʦʥʮʽ ʟʘʛʘʣʴʤʦʚʘʥʠʭ E1- ʪʘ               

E2-ʧʝʨʝʭʦʜʚ̔ ʟ ʝʥʝʨʛʽʻʶ 89.9 ʢʝɺ ʪʘ 197.3 ʢʝɺ, ʚʽʜʧʦʚʽʜʥʦ, ʟ ʨʦʟʧʘʜʫ 
120

Sb. ɼʣʷ 

E1-ʧʝʨʝʭʦʜʫ ʚʧʝʨhʝ ʚʠ̫ʚʣʝʥʦ ʚʥʝʩʦʢ ʝʬʝʢʪʚ̔ ʧʨʦʥʠʢʥʝʥʥ̫ ʪʘ ʚʠʟʥʘʯʝʥʦ ʚʢʣʘʜ 

ʩʧ̔ʥʦʚʠʭ ʩʪʨʫʤʽʚ. ʋʪʦʯʥʝʥʦ ʚʥʝʩʦʢ ʝʬʝʢʪʚ̔ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʟʘʛʘʣʴʤʦʚʘʥʦʤʫ   

E2-ʧʝʨʝʭʦʜ.̔ 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥ ̫ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʚ̔ 

ʇʨʠʚʝʜʝʥʽ ʚ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʘʥʽ ʜʣʷ 

ʨʝʘʢʮʽʡ ʟʘ ʫʯʘʩʪʶ ʜʝʡʪʨʦʥʽʚ, ʥʝʡʪʨʦʥʽʚ, ʧʨʦʪʦʥʽʚ, ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʽ ʛʘʣʤɹʽʚʥʠʭ 

ɔ-ʢʚʘʥʪʽʚ ʙʫʜʫʪʴ ʢʦʨʠʩʥʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʪʝʦʨʽʾ ʷʜʨʘ ʪʘ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ. ɼʣʷ 

ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʝʡ ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʪʘ ʚ ʘʢʪʠʚʘʮʽʡʥʦʤʫ ʘʥʘʣʽʟ ̔

ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʜʘʥʽ ʟ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʨʝʘʢʮʡ̔. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʝʨʝʜʥʽ 

ʢʫʪʦʚʽ ʤʦʤʝʥʪʠ ʬʨʘʛʤʝʥʪʽʚ ʬʦʪʦʧʦʜʽʣʫ ʤʦʞʝ ʙʫʪʠ ʢʦʨʠʩʥʦʶ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʚʩʝʙʽʯʥʦʾ ʪʝʦʨʽʾ ʜʽʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʚ ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʦʜʫʢʪʽʚ ʜʽʣʝʥʥʷ ʥʘ ʜʽʶʯʠʭ ɸɽʉ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʱʦʜʦ 

ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʧʝʨʰʠʭ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʷʜʝʨ 
197

Au ʪʘ 
115

Sn ʙʫʜʫʪʴ 

ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʦʢʨʝʤʠʭ ʘʪʦʤʥʦ-ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʙʤʝʞʝʥʥʷ 

ʥʘ ʤʘʩʫ ʥʝʡʪʨʠʥʦ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ 

ʉʧʽʚʘʚʪʦʨʘʤʠ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʻ ʥʘʫʢʦʚʠʡ ʢʦʥʩʫʣʴʪʘʥʪ ʪʘ ʥʘʫʢʦʚʮʽ, ʩʧʽʣʴʥʦ ʟ 

ʷʢʠʤʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɸʚʪʦʨ ʧʨʠʡʤʘʚ ʫʯʘʩʪ ɹ ʚ ʫʩ̔ʭ ʨʦʟʨʦʙʢʘʭ, ʱʦ 

ʩʢʣʘʜʘʶʪʴ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʾ. ʋʩʽ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽ,ʾ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦ. ʄʦʜʝʣʚʁʘʥʥ ̫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜ̔ʚ TALYS-1.4,1.6,1.9 ʪʘ EMPIRE-3.2 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʠʩʝʨʪʘʥʪʦʤ. ʋʩʽ ʥʘʫʢʦʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ, 
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ʧʦʣʦʞʝʥʥʷ, ʨʝʟʫʣʴʪʘʪʠ, ʚʠʩʥʦʚʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʚʠʢʣʘʜʝʥʽ ʫ ʜʠʩʝʨʪʘʮʽʾ, 

ʚʠʢʦʥʘʥʽ ʘʚʪʦʨʦʤ ʦʩʦʙʠʩʪʦ. 

 

ɸʧʨʦʙʘʮʽ̫  ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ 

ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʪʘ ʦʙʛʦʚʦʨʝʥʦ ʥʘ 62, 63, 64, 

67-ʡ ʄʽʞʥʘʨʦʜʥʠʭ ʥʘʨʘʜʘʭ ʟ ʷʜʝʨʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʪʘ ʩʪʨʫʢʪʫʨʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ, 

ʥʘ 4-ʡ ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾ çCurrent Problems in Nuclear Physics and 

Atomic Energyè, (Kyiv, September 3-7, 2012), ʱʦʨʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ ɯʗɼ ʅɸʅ 

ʋʢʨʘʾʥʠ 2012ï2020 ʨʦʢʽʚ, ʩʝʤʽʥʘʨʘʭ ʚʽʜʜʽʣʫ ʩʪʨʫʢʪʫʨʠ ʷʜʨʘ ʪʘ ʥʘ ʦʙôʻʜʥʘʥʠʭ 

ʩʝʤʽʥʘʨʘʭ ʚʽʜʜʽʣʽʚ ɯʗɼ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʦ ʪʘ ʦʙʛʦʚʦʨʝʥʦ ʥʘ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

ʨʽʟʥʦʛʦ ʨʽʚʥʷ: 

1. ʍʍVII ʱʦʨʽʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ (ʂʠʾʚ, ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ, 21-25 ʚʝʨʝʩʥʷ 

2020 ʨ.) (on-line). 

2. ʍʍVI ʱʦʨʽʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ (ʂʠʾʚ, ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ, 8-12 ʢʚʽʪʥʷ    

2019 ʨ.) 

3. ʍʍV ʱʦʨʽʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ (ʂʠʾʚ, ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ, 16-20 ʢʚʽʪʥʷ   

2018 ʨ.) 

4. International conference ñNucleus 2017ò(67
th 

Meeting on Nuclear Spectroscopy 

and Atomic Nuclear Structure). Almaty, Republic of Kazakhstan, September 12-

15, 2017. 

5. ʍʍɯV ʱʦʨʽʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ (ʂʠʾʚ, ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ, 10-13 ʢʚʽʪʥʷ  

2017 ʨ.) 

6. ʍʍɯɯɯ ʱʦʨʽʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ (ʂʠʾʚ, ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ, 01-05 ʣʶʪʦʛʦ 

2016 ʨ.) 

7. ʍʍɯI ʱʦʨʽʯʥʘ ʥʘʫʢʦʚʘ ʢʦʥʬʝʨʝʥʮʽʷ (ʂʠʾʚ, ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ, 26-30 ʩʽʯʥʷ     
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ʆʙʩʷʛ ʽ ʩʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʾ  

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 320 ʩʪʦʨʽʥʢʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʫ, 

ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʚʩʪʫʧʫ, 6 ʨʦʟʜʽʣʽʚ, ʟʘʛʘʣʴʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʪʘ 1 ʜʦʜʘʪʢʫ. ʆʙʩʷʛ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʫ ʜʠʩʝʨʪʘʮʽʾ ʩʢʣʘʜʘʻ 290 ʩʪʦʨʽʥʦʢ 

ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ. ʈʦʙʦʪʘ ʽʣʶʩʪʨʦʚʘʥʘ 53 ʪʘʙʣʠʮʷʤʠ, 111 ʨʠʩʫʥʢʘʤʠ ʪʘ 2 

ʩʭʝʤʘʤʠ. ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ ʤʽʩʪʠʪʴ 267 ʥʘʡʤʝʥʫʚʘʥ,ɹ ʟ ʥʠʭ 41 

ʢʠʨʠʣʠʮʝʶ ʪʘ 226 ʣʘʪʠʥʠʮʝʶ. 
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ʈʆɿɼɯʃ 1 

ʈɽɸʂʎɯɰ ɿ ɻɸʄʄɸ-ʂɺɸʅʊɸʄʀ ʊɸ ʃɽɻʂʀʄʀ ʏɸʉʊʀʅʂɸʄʀ ɺ 

ʆɹʃɸʉʊɯ ʅʀɿʔʂʀʍ ʊɸ ʉɽʈɽɼʅɯʍ ɽʅɽʈɻɯʁ (ʆʛʣʷʜ ʣʽʪʝʨʘʪʫʨʠ) 

 

ɼʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʝ ʩʪʚʦʨʝʥʘ ʚʩʝʦʭʦʧʣʶʶʯʘ ʪʝʦʨʽʷ ʘʪʦʤʥʠʭ ʷʜʝʨ ʪʘ 

ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʚʜʷʢʠ ʦʙʤʝʞʝʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʇʘʨʘʤʝʪʨʠ ʦʢʨʝʤʠʭ ʟʙʫʜʞʝʥʠʭ ʨ̔ʚʥ̔ʚ (ʩʧ̔ʥʠ, ʝʣʝʢʪʨʠʯʥʽ ʽ ʤʘʛʥʽʪʥʽ ʤʦʤʝʥʪʠ, 

ʧʘʨʥʦʩʪʽ, ʤʘʪʨʠʯʥ ̔ʝʣʝʤʝʥʪʠ ʨʘʜ̔ʘʮ̔ʡʥʠʭ ʧʝʨʝʭʦʜʚ̔) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʮʽʡ ʟ ʨʽʟʥʠʤʠ ʙʦʤʙʘʨʜʫʶʯʠʤʠ ʯʘʩʪʠʥʢʘʤʠ. ʎʽ ʨʝʘʢʮʽʾ ʪʘʢʦʞ 

ʜʦʟʚʦʣʷʶʪʴ ʚʠʩʫʚʘʪʠ ʛʽʧʦʪʝʟʠ ʱʦʜʦ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨ̔ʚʥ̔ʚ ʧʨʠ 

ʚʠʩʦʢ̔ʡ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥ̫  (ʟʘʣʝʞʥʽʩʪʴ ʛʫʩʪʠʥʠ ʨ̔ ʚʥʽʚ ʚʽʜ ʝʥʝʨʛʽʾ  ̔ ʢʫʪʦʚʦʛʦ 

ʤʦʤʝʥʪʫ). ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʠʭ ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʽʟ ʫʩʴʦʛʦ ʥʘʙʦʨʫ 

ʷʜʝʨʥʠʭ ʨ̔ʚʥ̔ʚ ʚʠʜ̔ʣʷʶʪʩɹʷ ʧʝʚʥʽ ʛʨʫʧʠ  ̔ʥʘʡʙʽʣʴʰ ʯ̔ʪʢʦ ʧʨʦʷʚʣʷʶʪʩɹʷ ʣʠʰʝ 

ʜʝʷʢʽ ʟ ʚʠ ʝɦʟʛʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʚ̔. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʰʠʨʦʢʠʡ ʥʘʙʨ̔ 

ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ɔ-ʢʚʘʥʪʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʫ ʢʘʨʪʠʥʫ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʙʫʜʞʝʥʠʭ ʨ̔ʚʥ̔ʚ ʘʞ ʜʦ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥ̫ 

ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ [1]. ɿʙʫʜʞʝʥʽ ʨʽʚʥʽ ʚ ʦʙʣʘʩʪ ̔ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʧʝʢʪʨʘ 

ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʤʘʶʪʴ ʤʘʣʠʡ ʯʘʩ ʞʠʪʪʷ ʽ ʪʦʤʫ ʘʥʘʣʟ̔ ʭʾ ʩʪʨʫʢʪʫʨʠ ʚʠʢʣʠʢʘʻ 

ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ. Cʠʪʫʘʮʽ̫  ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʣʘʩʴ ʽʟ ʚʽʜʢʨʠʪʪʷʤ ʷʜʝʨʥʦ ʾ ʟ̔ʦʤʝʨʽʾ. 

ɿ ʟ̔ʦʤʝʨʥʠʤ ʨʽʚʥʝʤ, ʟʘʟʚʠʯʘʡ, ʧʦʚôʷʟʘʥʘ ʮ̔ ʣʘ ʩʠʩʪʝʤʘ ʨʦʟʪʘʰʦʚʘʥʠʭ ʚʠ ʝɦ 

ʥɹ ʦʛʦ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ, ʷʢʽ ʤʘʶʪʴ ʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʫ - ʨʦʪʘʮʽʡʥʘ ʯʠ ʚ̔ ʙʨʘʮʽʡʥʘ 

ʩʤʫʛʘ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ̔ʟʦʤʝʨʥʦʤʫ ʩʪʘʥʽ, ʢʦʤʧʦʥʝʥʪʠ ʦʜʥʦʛʦ ʤʫʣʴʪʠʧʣʝʪʫ ʟ 

ʦʜʥʠʤ  ̔ʪʠʤ ʞʝ ʯʠʩʣʦʤ ʢʚʘʟʯ̔ʘʩʪʠʥʦʢ ʽ ʪ. ʜ. ʈʘʜʘ̔ʮ̔ʡʥʽ ʧʝʨʝʭʦʜʠ ʤ̔ʞ ʨ̔ʚʥʷʤʠ 

ʮʽʻʾ ʩʠʩʪʝʤʠ, ʢ̫ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʚʠʱʫ ʽʤʦʚʽʨʥʽʩʪʴ, ʥʽʞ ʥʘ ̔ʥʰʽ ʨ̔ʚʥ̔. 

ɼʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʨʚ̔ʥ̔ʚ, ʚʠʤʽʨʶʚʘʥʥʷ ʭʾ ʧʘʨʘʤʝʪʨʚ̔ ʚʠʢʣʠʢʘʻ ʚʝʣʠʢʠʡ ʥʘʫʢʦʚʠʡ 

ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ ʜʘ̒ ʤʦʞʣʠʚʽʩʪʴ ʙ̔ ʣʴʰ ʜʝʪʘʣʴʥʦ ʚʠʚʯʘʪʠ ʩʪʨʫʢʪʫʨʫ ʟ̔ʦʤʝʨʚ̔ 

[1]. ʅʘʧʨʠʢʣʘʜ, ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨ̔ ʚʥʽʚ, ʧʦʚôʷʟʘʥʠʭ ʟ ʟ̔ʦʤʝʨʘʤʠ 

ʬʦʨʤʠ, ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʴʥʫ ʥ̔ʬʦʨʤʘʮʽʁ  ʧʨʦ ʩʪʨʫʢʪʫʨʫ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʙʘʨôʨ̒ʘ ʚ ʚʘʞʢʠʭ ʷʜʨʘʭ: ʛʣʠʙʠʥʫ ʧʦʪʝʥʮʽʘʣʴʥʦʾ ʷʤʠ, ʚʠʩʦʪʠ 
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ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʘ ʟʦʚʥʽʰʥʴʦʛʦ ʙʘʨôʨ̒̔ʚ, ʚʝʣʠʯʠʥʫ ʜʝʬʦʨʤʘʮʽʾ ʷʜʨʘ ʚ ʟ̔ʦʤʝʨʥʦʤʫ 

ʩʪʘʥʽ [1]. 

 

1.1 ʌʦʪʦʷʜʝʨʥ ̔ʨʝʘʢʮʽʾ 

 

ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʬʦʪʦʷʜʝʨʥʠʭ ʨʝʘʢʮ̔ʡ ̒ ʪʝ, ʱʦ ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ 

ʙʦʤʙʘʨʜʫ ʯʁʠʭ ʯʘʩʪʠʥʦʢ - ɔ-ʢʚʘʥʪʚ̔ ʟ ʷʜʨʦʤ  ̒ʧʦʚʥ̔ ʩʪʁ ʝʣʝʢʪʨʦʤʘʛʥʪ̔ʥʠʤ. ʊʦʤʫ 

ʚ ʌʗʈ, ʥʘʩʘʤʧʝʨʝʜ, ʧʨʦʷʚʣʷʶʪʩɹʷ ʪ ̔ ʚʣʘʩʪʠʚʦʩʪʽ ʷʜʝʨ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʭʾ 

ʝʣʝʢʪʨʠʯʥʠʤ ʟʘʨʷʜʦʤ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ɔ-ʢʚʘʥʪʚ̔ ʚʘʞʣʠʚʫ ʨʦʣʴ 

ʛʨʘʶʪɹ ʝʣʝʢʪʨʠʯʥ ̔  ̔ʤʘʛʥʪ̔ʥ̔ ʨʝʟʦʥʘʥʩʠ ʨ̔ ʟʥʦʾ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪ,̔ ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʚʝʣʠʯʠʥʫ ʧʝʨʝʨʽʟʫ ʨʝʘʢʮʽ.ʾ ʆʩʥʦʚʥʠʤ ʟ ʥʠʭ ʷʚʣʷʪ̒ɹʩ ̫ ʛ̔ʛʘʥʪʩʢɹʠʡ ʜʠʧʦʣʴʥʠʡ 

ʨʝʟʦʥʘʥʩ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʢʦʣʝʢʪʠʚʥʦʛʦ ʨʫʭʫ ʧʨʦʪʦʥʚ̔ ʚʽʜʥʦʩʥʦ 

ʥʝʡʪʨʦʥʚ̔ ʚ ʷʜʨ.̔ 

ɯʥʰʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʌʗʈ ʻ ʪʝ, ʱʦ ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʟʥʘʯʥʘ ʧʨʦʥʠʢʘʶʯʘ 

ʟʜʘʪʥʽʩʪʴ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʝ ʦʪʨʠʤʫʻʪʴʩʷ ʥʘ ʩʫʯʘʩʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʘʭ 

ʝʣʝʢʪʨʦʥʽʚ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʘʪʠ ʜʦʩʠʪʴ ʚʠʩʦʢʠʭ ʚʠʭʦʜʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʫʢʣʽʜʽʚ 

ʯʠ ʧʨʦʚʦʜʠʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʛʨʘʥʠʯʥʦ ʥʠʟʴʢʽ 

ʚʠʭʦʜʠ. 

ʅʘʩʪʫʧʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ɔ-ʢʚʘʥʪʚ̔ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʙʦʤʙʘʨʜʫ ʯʁʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʧʨʠ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ̫ʜʨʘʤʠ  ̒ ʚʽʜʩʫʪʥʽʩʪʴ ʝʥʝʨʛʽʾ ʟʚô̫ʟʢʫ  ̔

ʢʫʣʦʥʚ̔ʩɹʢʦʛʦ ʙʘʨôʨ̒ʫ. ɺ ʨʝʟʫʣʴʪʘʪ ̔ʮʴʦʛʦ ʝʥʝʨʛʽ̫  ʟʙʫʜʞʝʥʥ̫  ʷʜʨʘ ʚʽʜʧʦʚʽʜʘʻ 

ʝʥʝʨʛʽʾ ʧʦʛʣʠʥʝʥʦʛʦ ʛʘʤʤʘ-ʢʚʘʥʪʘ, ʘ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ ʤʘʻ ʧʦʤʽʪʥʫ ʚʝʣʠʯʠʥʫ ʘʞ ʜʦ 

ʩʘʤʠʭ ʥʠʟʢɹʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ. ʋʩʝ ʮʝ ʚʽʜʢʨʠʚʘʻ ʫʥ̔ʢʘʣʴʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʌʗʈ ̔ ʨ̔ʚʥ̔ʚ, ʢʦʪʨʽ ʚ ʥʠʭ ʟʙʫʜʞʫʁ ʪɹʩʷ, ʥʠʞʯʝ ʝʥʝʨʛʽʾ 

ʟʚô̫ʟʢʫ ʥʫʢʣʦʥʘ. ʂʨʽʤ ʪʦʛʦ, ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʝʥʝʨʛʽʾ ɔ-ʢʚʘʥʪʚ̔ ʥʠʞʯʠʭ 30 ʄʝɺ ʭʾ 

ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʨʦʟʤ̔ʨʠ ʷʜʨʘ. ɺ ʪʘʢʦʤʫ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʦʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʚʟʘʻʤʦʜʽʾ ɔ-ʢʚʘʥʪʚ̔ ʟ ʷʜʨʦʤ  ̒ ʝʣʝʢʪʨʠʯʥʝ 

ʜʠʧʦʣʴʥʝ ʧʦʛʣʠʥʘʥʥʷ, ʘ ʚʥʝʩʦʢ ʤʘʛʥʪ̔ʥʦʾ ʜʠʧʦʣʴʥʦ ʾ ʯʠ ʝʣʝʢʪʨʠʯʥʦʾ 

ʢʚʘʜʨʫʧʦʣʴʥʦʾ ʩʢʣʘʜʦʚʠʭ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʝʢʽʣʴʢʘ ʚʽʜʩʦʪʢʽʚ. ʊʦʤʫ ʚ ʜʘʥʦʤʫ 

ʜ̔ʘʧʘʟʦʥ ̔ʝʥʝʨʛʽʾ ɔ-ʢʚʘʥʪ ʚʥʦʩʠʪ ɹʚ ʷʜʨʦ ʤʦʤʝʥʪ, ʙʣʠʟʢɹʠʡ ʜʦ 1 ,˂  ̔ʮ ̫ʚʝʣʠʯʠʥʘ 
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ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʝʨʛʽʾ ɔ-ʢʚʘʥʪʚ̔. ʎʝ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʻ ʜ̔ʘʧʘʟʦʥ 

ʩʧ̔ʥ̔ʚ ʟʙʫʜʞʝʥʠʭ ʨ̔ʚʥ̔ʚ  ̔ʩʧʨʦʱʫʻ ʪʣʫʤʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʚ̔. 

ʐʠʨʦʢʝ ʚʠʚʯʝʥʥʷ ʬʦʪʦʷʜʝʨʥʠʭ ʨʝʘʢʮʡ̔ ʧʦʯʘʣʦʩʴ ʚ 50-ʠʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ 

ʩʪʦʣʽʪʪʷ, ʟʘʚʜʷʢʠ ʚʚʝʜʝʥʥʁ  ʚ ʜʽ ʁ ʧʦʪʫʞʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʝʣʝʢʪʨʦʥʚ̔, ̫ʢʽ 

ʟʜʘʪʥʽ ʧʨʦʜʫʢʫʚʘʪʠ ʥ̔ʪʝʥʩʠʚʥ ̔ʧʫʯʢʠ ɔ-ʢʚʘʥʪʚ̔ ʚʠʩʦʢʦ ʾʝʥʝʨʛʽʾ. ɹʫʣʠ ʦʪʨʠʤʘʥʽ 

ʚʘʞʣʠʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʨʝʟʫʣʴʪʘʪʠ, ʘʥʘʣʟ̔ ̔ ʥ̔ʪʝʨʧʨʝʪʘʮ̫̔ ̫ʢʠʭ ʜʦ 2000 ʨʦʢʫ 

ʚʢʣʶʯʥʦ ʧʨʠʚʝʜʝʥʘ ʚ ʦʛʣʷʜʦʚʠʭ ʩʪʘʪʪ̫ ʭ [2-5]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʚʯʝʥʥʷ ʌʗʈ ʧʨʦʚʦʜʠʣʠʩʴ ʢ̫ ʤʝʪʦʜʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʦʚʥʠʭ ʧʝʨʝʨʽʟʽʚ ʧʦʛʣʠʥʘʥʥʷ ɔ-ʢʚʘʥʪʚ̔, ʪʘʢ  ̔ ʰʣʷʭʦʤ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʥʠʭ 

ʬʦʪʦʥʝʡʪʨʦʥʥʠʭ ʧʝʨʝʨʽʟʽʚ. 

ɿʨʦʩʪʘʥʥʷ ʽʥʪʝʨʝʩʫ ʜʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʬʦʪʦʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ, ʧʦʚ¡̫ʟʘʥʝ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʦʜʝʨʞʘʥʥʷ ʚʽʜʩʫʪʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʘʩʪʨʦʬʽʟʠʯʥʠʭ ʦʙʯʠʩʣʝʥʴ [6-7], ʘ ʟ 

ʜʨʫʛʦʛʦ ï ʟʽ ʩʪʚʦʨʝʥʥʷʤ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʜʞʝʨʝʣ ʢʚʘʟʽʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ            

ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [8-9] ʽ ʚʽʜʧʦʚʽʜʥʦ ʤʦʞʣʠʚʽʩʪʶ ʫʪʦʯʥʝʥʥʷ ʽʩʥʫʶʯʠʭ 

ʬʦʪʦʷʜʝʨʥʠʭ ʜʘʥʠʭ [10]. 

ʇʨʠ ʟʙʫʜʞʝʥʥʽ ʟ̔ʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʚ ʨ̔ʟʥʠʭ ʨʝʘʢʮʽ̫ ʭ ʤʦʞʫʪʴ ʧʨʦʷʚʣʷʪʠʩʷ ʨʽʟʥʽ 

ʚʥʝʩʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʢʘʥʘʣʚ̔ ʨʝʘʢʮʽʡ. 
179

Hf
m2

 ʚ ʮʴʦʤʫ ʨʷʜʫ ʻ 

ʦʜʥʠʤ ʟ ʮʽʢʘʚʠʭ ʦʙô̒ʢʪ̔ʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʂ-ʟʘʙʦʨʦʥʝʥʠʡ ʟ̔ʦʤʝʨ 

(æʂ=8) ʤʘʻ I
ˊ
=25/2

-
  ̔ʟʘʩʝʣʷʻʪʴʩʷ ʚ ʨʝʘʢʮʽ̫ ʭ ʥʘ ʤʽʰʝʥʷʭ ʧʨʠʨʦʜʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ 

ʩʢʣʘʜʫ ʟ ʰʠʨʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʚʝʣʠʯʠʥ ʾʭ ʩʧʽʥʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʙʫʜʞʝʥʥʷ 

ʚʠʩʦʢʦʩʧʽʥʦʚʠʭ ʽʟʦʤʝʨʽʚ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʷʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʥʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʘ ʩʘʤʝ ʧʦʰʫʢʫ ʨʝʟʦʥʘʥʩʥʠʭ ʧʝʨʝʨʽʟʽʚ ʾʭ ʥʘʧʨʘʮʶʚʘʥʥʷ ʟ 

ʥʘʩʪʫʧʥʠʤ ʜʝʟʙʫʜʞʝʥʥʷʤ. ɿʦʢʨʝʤʘ ʜʣʷ ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ ʚ 

178
Hf (I

ˊ
=16

+
, T1/2=30 ʨ.) ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧʨʠʩʢʦʨʝʥʥʷ ʡʦʛʦ ʨʦʟʧʘʜʫ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ [11]. ʇʨʦʪʝ ʜʦʩʣʽʜʞʫʚʘʪʠ 

ʧʝʨʝʨʽʟ ʫʪʚʦʨʝʥʥʷ ʷʜʝʨ 
178

Hf
m2

 ʚ ʨʽʟʥʠʭ ʨʝʘʢʮʽʷʭ ʤʝʪʦʜʠʯʥʦ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ 

ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʛʦ ʧʝʨʽʦʜʫ ʥʘʧʽʚʨʦʟʧʘʜʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʟ 
179

Hf
m2

 ʟʥʘʯʥʦ 

ʧʨʦʩʪʽʰʽ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʊ1/2=25.1 ʜ [12]. 
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ɿʘʩʝʣʝʥʥʷ 
179

Hf
m2

 ʨʘʥʽʰʝ ʚʠʚʯʘʣʦʩʷ ʚ ʨʝʘʢʮʽʷʭ ʟ ʨʝʘʢʪʦʨʥʠʤʠ ʥʝʡʪʨʦʥʘʤʠ 

[13], ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ 28-36 ʄʝɺ [14] ʥʘ ʤʽʰʝʥʷʭ 

176
Yb, 

nat
Lu ʜʣʷ 25-35 ʄʝɺʥʠʭ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ [15], 

nat
Hf ʜʣʷ 34 ʄʝɺʥʠʭ [16]. 

ɿʦʢʨʝʤʘ ʚ ʨʦʙʦʪʽ [13] ʙʫʚ ʚʠʤʽʨʷʥʠʡ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ 
178

Hf
m2

(nth,ɔ)
179

Hf
m2
, ʷʢʠʡ 

ʩʢʣʘʚ 47 ʙʘʨʥ. ɼʘʥʠʡ ʽʟʦʤʝʨ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʪʘʢʦʞ ʚ ʨʝʘʢʮʽʷʭ ʟ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʦʪʦʥʘʤʠ ʥʘ ʤʽʰʝʥʷʭ ʧʨʠʨʦʜʥʦʛʦ ʪʘʥʪʘʣʫ ʧʨʠ 

ʚʝʣʠʯʠʥʘʭ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ 100, 200 ʪʘ 660 ʄʝɺ [17], ʜʣʷ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʴ 

ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ ʚ ʜʽʘʧʘʟʦʥʘʭ ʚʽʜ 66 ʜʦ 2605 ʄʝɺ [18] ʪʘ ʚʽʜ 100 ʜʦ 500 ʄʝɺ 

[19], ʥʘ ʤʽʰʝʥʷʭ ʨʝʥʽʶ ʜʣʷ 150, 300, 450, 660 ʄʝɺʥʠʭ ʧʨʦʪʦʥʽʚ [17], 

ʧʨʠʨʦʜʥʦʛʦ ʚʦʣʴʬʨʘʤʫ [18,20] ʽ 
186

W [20-21] ʜʣʷ ʦʢʨʝʤʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ 

ʧʨʦʪʦʥʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 68 ʄʝɺ ʜʦ 1.6 ɻʝɺ, ʥʘ ʷʜʨʘʭ ʧʨʠʨʦʜʥʦʛʦ ʛʘʬʥʽʶ ʪʘ 

179
Hf ʜʣʷ ʦʢʨʝʤʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 90 ʜʦ 440 ʄʝɺ [22]. 

ɺ ʨʦʙʦʪʽ [23] ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʨʝʘʢʮʽʷ 
181

Ta(d,2p2n)
179

Hf
m2

 ʜʣʷ ʜʝʡʪʨʦʥʽʚ ʟ 

ʝʥʝʨʛʽʻʶ ʜʦ 40 ʄʝɺ. 

ʇʨʦʪʝ, ʨʝʘʢʮʽ ʾ
180
Hf(ɔ,n)

179
Hf

m2
 ʪʘ 

181
Ta(ɔ,pn(d))

179
Hf

m2
 ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʚʟʘʛʘʣʽ ʥʝ ʚʠʚʯʘʣʠʩ.̫ 

ʈʝʘʢʮʽʷ 
178
Hf(n,ɔ)

179
Hf

m2
 ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʠʚʯʘʣʘʩʷ ʚ ʨʦʙʦʪʽ [24] ʜʝ 

ʧʨʠʚʝʜʝʥʘ ʚʝʨʭʥʷʷ ʤʝʞʘ ʧʝʨʝʨʽʟʫ ʜʣʷ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ ʪʘ ʚ ʨʦʙʦʪʽ [25] ʜʣʷ 

ʪʝʧʣʦʚʠʭ ʪʘ ʝʧʽʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ. ʊʘʢʦʞ ʟʘʩʝʣʝʥʥʷ 
179

Hf
m2

 ʜʦʩʣʽʜʞʫʚʘʣʦʩʴ 

ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʊʘ ʥʝʡʪʨʦʥʘʤʠ ʟ ʝʥʝʨʛʽʻʶ 200 ʄʝɺ [26]. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʰʝʚʠʢʣʘʜʝʥʦʛʦ, ʮʽʢʘʚʦ ʜʦʩʣʽʜʠʪʠ ʟʙʫʜʞʝʥʥʷ 
179

Hf
m2

 ʚ         

(n,ɔ)-ʨʝʘʢʮʽ ʾ ʥʘ 
178
Hf ʜʣʷ ʨʝʘʢʪʦʨʥʦʛʦ ʩʧʝʢʪʨʫ ʥʝʡʪʨʦʥʽʚ ʪʘ ʚ (ɔ,n)- ʽ        

(ɔ,pn(d))-ʨʝʘʢʮʽʷʭ ʥʘ ʷʜʨʘʭ 
180
Hf ʪʘ 

181
Ta, ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʷʢ ʚ ʦʙʣʘʩʪʽ ɻɼʈ, ʪʘʢ ʽ ʚʠʱʝ. 

ʇʨʠ ʩʠʥʪʝʟʽ ʚʚʘʞʘʻʪʴʩʷ ʜʦʚʝʜʝʥʠʤ, ʱʦ ʷʜʨʘ ʚʘʞʯʽ ʟʘ ʟʘʣʽʟʦ ʩʪʚʦʨʶʶʪʴʩʷ ʫ 

ʟʽʨʢʘʭ ʧʽʩʣʷ ʟʘʭʦʧʣʝʥʥʷ ʥʝʡʪʨʦʥʽʚ (s- ʽ r-ʧʨʦʮʝʩʠ). ɸʣʝ ʚ ʧʨʠʨʦʜʽ ʽʩʥʫʻ ʢʽʣʴʢʘ 

ʜʝʩʷʪʢʽʚ ʥʝʡʪʨʦʥʥʦ-ʜʝʬʽʮʠʪʥʠʭ ʩʪʘʙʽʣʴʥʠʭ ʥʫʢʣʽʜʽʚ, ʷʢʽ ʝʢʨʘʥʦʚʘʥ ̔ ʚʽʜ 

ʟʘʭʦʧʣʝʥʥʷ ʰʚʠʜʢʠʤʠ ʥʝʡʪʨʦʥʘʤʠ ʩʪʘʙʽʣʴʥʠʤʠ ʽʟʦʙʘʨʘʤʠ. ʉʪʚʦʨʝʥʥʷ ʮʠʭ 

ʥʫʢʣʽʜʽʚ ʥʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʘʭʦʧʣʝʥʥʷʤ ʥʝʡʪʨʦʥʽʚ. ʎʽ ʷʜʨʘ ʟʘʟʚʠʯʘʡ 

ʥʘʟʠʚʘʶʪʴʩʷ ʨ-ʥʫʢʣʽʜʘʤʠ [27]. ɹʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ ʷʢ ʧʦʷʩʥʝʥʥʷ 
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ʢʽʣʴʢʦʩʪʽ ʨ-ʷʜʝʨ ʽʩʥʫʶʯʠʭ ʚ ʩʦʥʷʯʥʽʡ ʩʠʩʪʝʤʽ, ʪʘʢ ʽ ʚʽʜʭʠʣʝʥʥʷ (çʘʥʦʤʘʣʽʾè) 

ʢʽʣʴʢʦʩʪʽ ʨ-ʽʟʦʪʦʧʽʚ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʚ ʜʝʷʢʠʭ ʦʙ¡̒ʢʪʘʭ 

ʩʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ [6]. ʎʽ ʷʜʨʘ ʧʨʦʜʫʢʫʶʪʴʩʷ ʟ ʧʦʧʝʨʝʜʥʠʢʽʚ ʯʝʨʝʟ ʣʘʥʮʶʞʦʢ 

ʬʦʪʦʷʜʝʨʥʠʭ (g,n)-, (g,ʨ)-, (g,a)-ʨʝʘʢʮʽʡ [7,28]. ɼʣʷ ʦʙʯʠʩʣʝʥʴ ʰʠʨʦʢʦʛʦ ʢʦʣʘ    

ʨ-ʧʨʦʮʝʩʽʚ ʥʝʦʙʭʽʜʥʽ ʤʘʩʠʚʠ ʜʘʥʠʭ, ʷʢʽ ʚʢʣʶʯʘʪʴ ʜʝʩʷʪʢʠ, ʘ ʪʦ ʽ ʩʦʪʥʽ ʧʝʨʝʨʽʟʽʚ 

ʨʝʘʢʮʽʡ. ɸʣʝ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʧʦʤʽʪʥʽ ʟʫʩʠʣʣʷ ʟʨʦʙʣʝʥʽ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʥʘʷʚʥʘ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʝʨʝʨʽʟʠ ʬʦʪʦʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʚ ʪ. ʯ. ʟʘ ʧʝʨʝʙʽʛ 

ʨ-ʧʨʦʮʝʩʽʚ, ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦʶ [27]. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʦʮʽʥʢʠ 

ʤʦʞʣʠʚʦʛʦ ʚʥʝʩʢʫ ʨʝʘʢʮʽʡ ʚ ʩʠʥʪʝʟ ʨ-ʷʜʝʨ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʘʩʪʨʦʬʽʟʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʦʜʝʨʞʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʪʠʩʪʠʯʥʦ ʾʪʝʦʨʽ ʾʍʘʫʟʝʨʘ-ʌʝʰʙʘʭʘ [29]. 

ʆʜʥʽʻʶ ʟ ʧʨʠʯʠʥ ʤʘʣʦʾ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʨ-ʷʜʨʘʭ, ʙʫʣʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʽʟʦʪʦʧʥʦ ʟʙʘʛʘʯʝʥʠʭ ʤʽʰʝʥʝʡ. ʎʽ ʥʝʡʪʨʦʥʥʦ-ʜʝʬʽʮʠʪʥʽ ʷʜʨʘ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ 

ʛʨʘʥʠʮʽ bïʩʪʘʙʽʣʴʥʦʩʪʽ, ʚ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʽʟʦʪʦʧʽʚ ʯʘʩʪʦ ʤʽʩʪʷʪʴʩʷ ʚ ʜʫʞʝ 

ʤʘʣʽʡ ʢʽʣʴʢʦʩʪʽ ʽ ʟʙʘʛʘʪʠʪʠ ʾʭ ʽʟʦʪʦʧʥʦ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʤʘʩʠ ʽ ʥʝʦʙʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʢʣʘʜʥʦ ʽ ʜʦʨʦʛʦ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʥʘ ʩʫʯʘʩʥʠʭ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʘʭ, 

ʟʽʙʨʘʥʠʭ ʥʘ ʙʘʟʽ ʥʘʜʯʠʩʪʠʭ HPGe-ʜʝʪʝʢʪʦʨʽʚ ʪʘʢʽ ʚʠʤʽʨʠ ʤʦʞʥʘ ʧʨʦʚʝʩʪʠ ʥʘ 

ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʽʟʦʪʦʧʽʚ, ʨʝʻʩʪʨʫʶʯʠ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʜʦʯʽʨʥʽʭ ʷʜʝʨ [27]. 

ɯʟʦʪʦʧʠ 
120

Te ʪʘ 
136

Ce ʥʘʣʝʞʘʪʴ ʜʦ ʨ-ʷʜʝʨ [6]. ʈʘʥʽʰʝ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ 8ï26 ʄʝɺ ʨʝʘʢʮʽʡ (g,n)-, 

(g,2n)-, (g,3n)- ʥʘ ʚʘʞʢʠʭ ʽʟʦʪʦʧʘʭ ʪʝʣʫʨʫ ʽ ʮʝʨʽʶ [30]. ɼʣʷ ʮʠʭ ʥʫʢʣʽʜʽʚ ʙʫʣʠ 

ʜʦʩʪʫʧʥʽ ʤʽʰʝʥʽ ʽʟ ʟʙʘʛʘʯʝʥʠʤ ʽʟʦʪʦʧʥʠʤ ʩʢʣʘʜʦʤ. ʎʝ ʩʪʘʣʦ ʧʽʜʩʪʘʚʦʶ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʚʠʭʦʜʽʚ ʪʘ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ 
120
ʊʝ(g,n)

119
ʊʝ ʽ

 136
ʉʝ(g,n)

135
ʉʝ ʚ ʦʙʣʘʩʪʽ 

ʛʽʛʘʥʪʩʴʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ [27]. 

ɼʣʷ ʬʦʪʦʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʟ ʚʠʣʴʦʪʦʤ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʦʯʽʢʫʻʪʴʩʷ 

ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. ɺʽʥ ʜʣʷ ʚʘʞʢʠʭ ʷʜʝʨ ʤʦʞʝ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʥʘ ʧʦʨʷʜʢʠ ʚʝʣʠʯʠʥʠ ʚʥʝʩʢʽʚ ʚʽʜ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ 

ʩʢʣʘʜʝʥʝ ʷʜʨʦ. ʇʨʠ ʮʴʦʤʫ ʮ̔ ʢʘʚʦ ʧʦʨʽʚʥʷʪʠ ʷʜʨʘ, ʽʟʦʤʝʨʥʽ ʩʪʘʥʠ ʷʢʠʭ ʤʘʶʪʴ 
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ʦʜʥʘʢʦʚʫ ʨʽʟʥʠʮ ʁʩʧ̔ʥ̔ ʚ ʤʽʞ ʦʩʥʦʚʥʠʤ ʪʘ ʽʟʦʤʝʨʥʠʤ ʩʪʘʥʘʤʠ. ɼʣʷ ʷʜʝʨ
 177

Lu
m
 ʽ 

178
Lu

m
 ʮʷ ʨʽʟʥʠʮʷ ʜʦʨʽʚʥʶʻ 8. 

177
Lu

m
 ʤʘʻ I

ˊ
 = 23/2

-
 ʟ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ 160.1 

ʜʦʙʠ, ʘ 
178

Lu
m
 ʤʘʻ I

ˊ
 = 9

-
 ʟ T1/2 = 23.1 ʭʚ [31]. 

ʈʘʥʽʰʝ ʚ ʨʝʘʢʮʽʷʭ ʟ ʪʝʧʣʦʚʠʤʠ [32] ʽ ʨʝʟʦʥʘʥʩʥʠʤʠ ʥʝʡʪʨʦʥʘʤʠ [33] ʥʘ 

ʤʽʰʝʥʷʭ 
176

Lu ʚʠʚʯʘʣʠʩʷ ʧʝʨʝʨʽʟʠ ʽ ʽʟʦʤʝʨʥ̔ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʟʘʩʝʣʝʥʥʷ 

177
Lu

m,g
. ʎʽ ʧʝʨʝʨʽʟʠ ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʚ ʨʝʘʢʮʽʷʭ, ʩʧʨʠʯʠʥʝʥʠʭ ʧʨʦʪʦʥʘʤʠ 

ʥʘ ʤʽʰʝʥʷʭ 
nat

U [34], 
179

Hf ʪʘ 
nat

Hf [22]. ɿʦʢʨʝʤʘ, ʚ ʨʦʙʦʪʽ [19] ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ 

ʧʝʨʝʨʽʟʠ ʪʘ ɯɺʇ ʨʝʘʢʮʽʾ 
181

Ta(p,3p2n)
177

Lu
m
 ʜʣʷ ʧʨʦʪʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ ʚ ʜʽʘʧʘʟʦʥʽ 

100-500 ʄʝɺ. ʆʛʘʥʝʩʷʥ ʪʘ ʽʥ. ʜʦʩʣʽʜʞʫʚʘʣʠ ʨʝʘʢʮʽʶ 
176

Yb(Ŭ,p2n)
177

Lu
m
 ʜʣʷ     

30-45 ʄʝɺʥʠʭ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ [14]. 

ʈʝʘʢʮʽʷ 
181

Ta(ɔ,Ŭ)
177

Lu ʜʦʩʽ ʚʠʚʯʘʣʘʩʷ ʣʠʰʝ ʚ ʨʦʙʦʪʽ [35] ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ 

ʛʘʣʴʤʽʚʥʠʤʠ ʬʦʪʦʥʘʤʠ ʟ ʛʨʘʥʠʯʥʦʶ ʝʥʝʨʛʽʻʶ 23 ʄʝɺ. ʆʜʥʘʢ ʚ ʥʽʡ ʙʫʚ 

ʦʪʨʠʤʘʥʠʡ ʣʠʰʝ ʚʠʭʽʜ 
177

Lu ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʠʭʦʜʫ ʨʝʘʢʮʽʾ 
181

Ta(ɔ,n)
180

Ta
g
. 

ɺʦʜʥʦʯʘʩ ʨʝʘʢʮʽʷ 
180

Hf(ɔ,pn)
178

Lu
m,g

 ʜʦʩʽ ʥʝ ʚʠʚʯʘʣʘʩʷ [31]. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ, ʦʜʥʽʻʶ ʟ ʮʽʣʝʡ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ ʙʫʜʝ ʚʠʚʯʝʥʥ̫ 

ʟʙʫʜʞʝʥʥʷ ʷʢ 
177

Lu
m,g

 ʚ (ɔ,Ŭ)-ʨʝʘʢʮʽ ʾʥʘ 
181

Ta, ʪʘʢ ʽ 
178

Lu
m,g

 ʚ (ɔ,pn)-ʨʝʘʢʮʽ ʾʥʘ 

180
Hf ʜʣʷ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʱʝ 

ʛʽʛʘʥʪʩʴʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. 

ɼʘʥʽ ʧʨʦ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʧʨʦʪʦʥʽʚ ʥʘ ʧʨʠʨʦʜʥʦʤʫ 

ʛʘʬʥʽʾ ʪʘ ʡʦʛʦ ʽʟʦʪʦʧʘʭ ʪʘʢʦʞ ʤʘʶʪʴ ʚʝʣʠʢʝ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ 

ʚʠʭʦʜʽʚ ʥʘʧʨʘʮʶʚʘʥʥʷ 
177

Lu. ʊʝʭʥʽʢʘ ʣʽʢʫʚʘʥʥʷ ʧʫʭʣʠʥ ʢʽʩʪʢʦʚʠʭ ʪʢʘʥʠʥ ʽ 

ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ ʨʘʜʽʦʬʘʨʤʧʨʝʧʘʨʘʪʘʤʠ ʥʘ ʦʩʥʦʚʽ ʨʘʜʽʦʥʫʢʣʽʜʫ 
177

Lu ʻ 

ʦʜʥʽʻʶ ʟ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʛʘʣʫʟʽ ʷʜʝʨʥʦʾ ʤʝʜʠʮʠʥʠ. ʅʠʟʴʢʘ ʝʥʝʨʛʽʷ          

ɓ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (Eʛʨ = 0.497 ʄʝɺ), ʜʦʚʞʠʥʘ ʧʨʦʙʽʛʫ ʝʣʝʢʪʨʦʥʽʚ ʚ ʪʢʘʥʠʥʘʭ 

ʩʢʣʘʜʘʻ 1.6 ʤʤ, ʟʘʙʝʟʧʝʯʫʻ ʥʝʛʣʠʙʦʢʝ ʧʨʦʥʠʢʥʝʥʥʷ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʣʦʢʘʣʴʥʽʩʪʴ ʪʝʨʘʧʽʾ [36]. 
177

Lu ʚ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʻ ʤʝʥʰ ʪʦʢʩʠʯʥʦ  ʁ

ʘʣʴʪʝʨʥʘʪʠʚʦ  ʁʨʘʜʽʦʥʫʢʣʽʜʫ 
90

Y, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʧʘʮʽʻʥʪ ʦʪʨʠʤʫʻ ʥʠʞʯʫ 

ʜʦʟʫ ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʝʥʥʷ ʮʠʢʣʽʚ ʪʝʨʘʧʽʾ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟʽ ʟʨʫʯʥʠʤ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ ï 6.71 ʜʦʙʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ 

ʭʦʨʦʰʠʭ ʧʘʣʽʘʪʠʚʥʦʛʦ ʪʘ ʨʘʜʽʦʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʝʬʝʢʪʽʚ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽʡ 



40 

 

ʤʽʻʣʦʪʦʢʩʠʯʥʦʩʪʽ [37] ʧʨʠ ʣʽʢʫʚʘʥʥʷ ʨʘʢʫ ʧʨʦʩʪʘʪʠ ʪʘ ʥʝʡʨʦʝʥʜʦʢʨʠʥʥʠʭ 

ʧʫʭʣʠʥ. ɺ ʜʘʥʠʡ ʯʘʩ ʦʪʨʠʤʘʥʥʷ 
177

Lu ʧʨʦʚʦʜʠʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʧʨʦʤʽʥʝʥʥʷ ʥʝʡʪʨʦʥʘʤʠ ʤʽʰʝʥʝʡ, ʟʨʦʙʣʝʥʠʭ ʟ ʚʠʩʦʢʦʟʙʘʛʘʯʝʥʦʛʦ 
176

Lu, ʧʨʠ 

ʮʴʦʤʫ ʟʙʘʛʘʯʝʥʥ ̫
176

Lu ʧʨʠʨʦʜʥʦʾ ʩʫʤʽʰʽ ʽʟʦʪʦʧʽʚ ʤʘʻ ʙʫʪʠ ʥʝ ʥʠʞʯʠʤ 82%. 

ʆʪʨʠʤʘʥʥʷ 
177

Lu ʚ ʨʝʘʢʮʽʾ 
176

Lu(n,ɔ)
177

Lu ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʩʫʪʥʦʩʪʽ ʭʽʤʽʯʥʦ 

ʥʝʚʽʜʜʽʣʴʥʠʭ ʜʦʤʽʰʦʢ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢ ʩʪʘʙʽʣʴʥʦʛʦ ʚʠʭʽʜʥʦʛʦ 

176
Lu, ʪʘʢ ʽ ʜʦʚʛʦʞʠʚʫʯʦʛʦ 

177
Lu

m
, ʱʦ ʧʦʛʽʨʰʫ ̒ ʨʘʜʽʦʭʽʤʽʯʥʫ ʯʠʩʪʦʪʫ 

ʦʪʨʠʤʫʚʘʥʦʛʦ ʨʘʜʽʦʬʘʨʤʧʨʝʧʘʨʘʪʫ [36]. ʋʪʚʦʨʝʥʥʷ ʮʠʭ ʥʝʚʽʜʜʽʣʴʥʠʭ ʜʦʤʽʰʦʢ 

ʤʦʞʥʘ ʫʥʠʢʥʫʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʘʢʮʽ ʁ
176
Yb(n,ɔ)

177
Yb ʟ ʧʦʜʘʣʴʰʠʤ 

ʨʦʟʧʘʜʦʤ 
177

Yb (T1/2 = 1.9 ʛʦʜ.) ʥʘ 
177

Lu. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʧʨʦʮʝʜʫʨʫ ʚʽʜʦʢʨʝʤʣʝʥʥʷ Lu ʚʽʜ Yb, ʱʦ ʚʠʢʣʠʢʘʻ ʧʝʚʥʽ ʤʝʪʦʜʠʯʥʽ 

ʪʨʫʜʥʦʱʽ [32]. ʊʦʤʫ ʚʠʚʯʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʦʪʨʠʤʘʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʽʟʦʪʦʧʫ 
177

Lu ʻ ʚʘʞʣʠʚʠʤ ʽ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ ʦʜʥʽʻʶ ʟ ʮʽʣʝʡ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ ʨʦʙʦʪʠ ʙʫʜʝ 

ʦʪʨʠʤʘʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʟʘʩʝʣʝʥʥʷ 
177

Lu
 
ʚ (ɔ,pxn)-ʨʝʘʢʮʽʷʭ ʜʣʷ 

ʛʘʣʴʤʽʚʥʠʭ ʬʦʪʦʥʽʚ ʟ ɽʛʨ = 17.5, 20, 37 ʪʘ 55 ʄʝɺ. ɹʫʜʝ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʚʠʭʦʜʽʚ ʟ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʚ ʨʘʤʢʘʭ ʚʽʜʢʨʠʪʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ ʪʘ ʦʮʽʥʝʥʦ ʤʦʞʣʠʚʦʩʪ̔ ʥʘʧʨʘʮʶʚʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ 
177

Lu ʧʨʠ 

ʨʽʟʥʠʭ ʛʨʘʥʠʯʥʠʭ ʝʥʝʨʛʽʷʭ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʌʗʈ ʥʘ ʷʜʨʘʭ 
9
Be ʽ 

10,11
B ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʠʡ 

ʪʘ ʧʨʠʢʣʘʜʥʠʡ ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ ʜʘʥʽ ʷʜʨʘ ʥʘʣʝʞʘʪʴ ʜʦ ʧʝʨʝʭʽʜʥʦʾ ʦʙʣʘʩʪʽ ʟ        

ɸ = 6ï11. ɺ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʤʘʩʦʚʠʭ ʯʠʩʝʣ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ ʷʢ ʧʨʷʤʽ 

ʧʨʦʮʝʩʩʠ, ʪʘʢ ʽ ʟʙʫʜʞʝʥʥʷ ʯʝʨʝʟ ʨʝʟʦʥʘʥʩʥʽ ʩʪʘʥʠ [38]. ɼʦʩʣʽʜʞʝʥʥʷ (ɔ,n)- ʽ 

(ɔ,2n)-ʨʝʘʢʮʽʡ ʚ ʣʝʛʢʠʭ ʷʜʨʘʭ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʧʨʦʮʝʩʩʠ ʬʦʪʦʟʙʫʜʞʝʥʥʷ ʟ 

ʥʘʩʪʫʧʥʠʤ ʚʠʣʴʦʪʦʤ ʥʝʡʪʨʦʥʘ(ʽʚ) ʚʽʜʙʫʚʘʪʁʴʩʷ ʟʘʚʜʷʢʠ ʧʨʷʤʠʤ ʧʨʦʮʝʩʩʘʤ 

[39]. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʽʩʥʫʻ ʧʝʚʥʘ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʜʦʩʣʽʜʠʪʠ (ɔ,p2n)-, (ɔ,dn)-, ʽ 

(ɔ,t)-ʨʝʘʢʮʽʾ ʥʘ 
10
ɺ ʟ ʥʘʧʨʘʮʶʚʘʥʥʷʤ 

7
ɺʝ, ʦʩʢʽʣʴʢʠ ʚʠʣʽʪ ʪʨʠʪʦʥʽʚ, ʷʢ ʧʨʘʚʠʣʦ, 

ʪʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ʧʨʦ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ (ɔ,2n)-, (ɔ,p2n)- ʥʘ 
10
ɺ ʦʪʨʠʤʘʥʽ ʜʦ ʝʥʝʨʛʽʾ 36 ʄʝɺ, ʧʨʦʪʝ 

ʧʦʭʠʙʢʘ ʮʠʭ ʚʠʤʽʨʶʚʘʥʴ ʩʢʣʘʜʘʻ ʙʽʣʷ 50% (ʜʠʚ. ʨʠʩ. 1.1(ʘ)). ɼʣʷ 
9
Be ʪʘʢʦʞ 
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ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʧʨʦ ʧʝʨʝʨʽʟʠ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʾ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʠʱʽʡ 

36 ʄʝɺ (ʜʠʚ. ʨʠʩ. 1.1(ʙ)) [38]. 

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʣʠʢʘʶʪʴ ʪʘʢʦʞ ʟʥʘʯʥʠʡ ʧʨʠʢʣʘʜʥʠʡ ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʝʨʝʨʽʟʠ ʥʘ ʥʫʢʣʽʜʘʭ, ʨʝʘʢʮʽʾ ʥʘ ʷʢʠʭ ʚʝʜʫʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ 
7
ɺʝ 

ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʧʨʠ ʘʢʪʠʚʘʮʽʡʥʦʤʫ ʘʥʘʣʽʟʽ ʜʦʤʽʰʦʢ 
9
Be ʪʘ 

10
B ʚ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ɸɽʉ. 

 

 ʘ       ʙ 

ʈʠʩ. 1.1 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ 
10

B(ɔ,2n)
8
B+

10
B(ɔ,2np)

7
Be (ʘ) ʽ 

9
Bʝ(ɔ,2n)

7
Bʝ+

9
Bʝ(ɔ,2np)

6
Li  (ʙ), ʦʪʨʠʤʘʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʙʘʟʠ EXFOR [40] 

 

ɹʝʨʠʣʽʡ, ʢ̫ ʚʽʜʦʤʦ, ʤʘʻ ʫʥʽʢʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʜʚʦʭ ʷʜʝʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

ʥʠʟʴʢʠʡ ʧʝʨʝʨʽʟ ʟʘʭʦʧʣʝʥʥʷ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ ʪʘ ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʾʭ 

ʨʦʟʩʽʷʥʥʷ. ɼʦ ʪʦʛʦ ʞ ʦʢʩʠʜ ʙʝʨʠʣʽʶ ʻ ʭʽʤʽʯʥʦ ʽʥʝʨʪʥʠʤ ʪʘ ʤʘʻ ʜʫʞʝ ʚʠʩʦʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ. ɿʘʚʜʷʢʠ ʮʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʽ ʚʨʘʭʦʚʫʶʯʠ ʡʦʛʦ ʚʠʩʦʢʫ 

ʪʝʧʣʦʻʤʥʩ̔ʪɹ ʪʘ ʞʘʨʦʩʪʽʡʢʩ̔ʪɹ ʩʪʘʙʽʣʴʥʠʡ ʤʦʥʦʽʟʦʪʦʧ
 9
Be ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚʽʜʙʠʚʘʯʽʚ ʪʘ ʚ ʦʙʦʣʦʥʢʘʭ ʪʝʧʣʦʚʠʜʽʣʷʶʯʠʭ 

ʝʣʝʤʝʥʪʽʚ ʥʘ ʘʪʦʤʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʭ [38]. ʇʨʦʪʝ, ʧʽʜ ʯʘʩ ʪʨʠʚʘʣʦʾ ʨʦʙʦʪʠ 

ʩʪʘʥʮʽʡ ʚ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʘʢʪʠʚʥʦʾ ʟʦʥʠ ʨʝʘʢʪʦʨʘ ʪʘ ʚ ʥʘʚʢʦʣʠʰʥʽʭ 

ʧʨʠʤʽʱʝʥʥʷʭ ʽʜʝʥʪʠʬʽʢʫʻʪʴʩʷ 
10
Be, ʟ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ 1.6³10

6
 ʨʦʢʽʚ. ʎʝʡ 

ʥʫʢʣʽʜ ʤʘʻ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʫ ʢʘʥʮʝʨʦʛʝʥʥʫ ʜʽʁ ʪʘ ʚʠʩʦʢʫ ʪʦʢʩʠʯʥʽʩʪʴ, (ʜʣʷ 

ʧʦʚʽʪʨʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʙʝʨʠʣʽʡ ʩʢʣʘʜʘʻ 
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1³10
-6
 ʛ/ʤį), ʟʥʘʯʥʫ ʨʘʜʽʦʙʽʦʣʦʛʽʯʥʫ ʥʝʙʝʟʧʝʢʫ. ʇʨʠ ʪʘʢʦʤʫ ʟʥʘʯʥʦʤʫ ʧʝʨʽʦʜʽ 

ʥʘʧʽʚʨʦʟʧʘʜʫ, ʧʦʪʨʘʧʣʷʶʯʠ ʚ ʦʨʛʘʥʽʟʤ ʙʝʨʠʣʽʡ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʘʙʦ ʚ ʥʠʨʢʘʭ, ʘʙʦ 

ʚ ʢʽʩʪʢʘʭ, ʜʝ ʟʘʤʽʱʫ̒  ʤʘʛʥʽʡ) [38]. ɺʥʘʩʣʽʜʦʢ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʦʙʩʪʘʚʠʥ 

ʥʝʦʙʭʽʜʥʦ ʦʨʛʘʥʽʟʫʚʘʪʠ ʨʝʪʝʣʴʥʠʡ ʦʧʝʨʘʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʚʤʽʩʪʦʤ 
10

Be ʫ 

ʚʽʜʭʦʜʘʭ, ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʪʘ ʧʨʠʤʽʱʝʥʥʷʭ ʘʪʦʤʥʠʭ ʩʪʘʥʮʽʡ. ɺ 

ʘʪʦʤʥʠʭ ʨʝʘʢʪʦʨʘʭ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʻ ʪʘʢʦʞ ʙʦʨʥʘ ʢʠʩʣʦʪʘ. ɸ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʨʝʘʢʪʦʨʥʠʤʠ ʥʝʡʪʨʦʥʘʤʠ ʙʦʨʘ ʥʘ 
10

B ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʝʘʢʮʽʷ (n,p) ʟ 

ʧʝʨʝʨʽʟʦʤ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʠʤ ʧʝʨʝʨʽʟʫ (n,ɔ)-ʨʝʘʢʮʽʾ ʥʘ 
9
Be. ʎʝʡ ʢʘʥʘʣ ʪʘʢʦʞ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʨʦʜʫʢʫʚʘʥʥʷ 
10

Be [38]. ɼʘʥʠʡ ʥʫʢʣʽʜ ʻ ʯʠʩʪʠʤ                         

ʙʝʪʘ-ʚʠʧʨʦʤʽʥʶʚʘʯʝʤ, ʨʦʟʧʘʜ ʷʢʦʛʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʣʠhʝ 

ʝʣʝʢʪʨʦʥʽʚ ʟ ʛʨʘʥʠʯʥʦʶ ʝʥʝʨʛʽʻʶ 555 ʢʝɺ. ʊʦʤʫ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ ʡʦʛʦ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʻ ʩʢʣʘʜʥʽ ʤʝʪʦʜʠʯʥʦ ʽ 

ʚʠʩʦʢʦʚʘʨʪʽʩʥʽ ʨʘʜʽʦʭʽʤʽʯʥʽ ʧʨʦʮʝʜʫʨʠ ʚʠʜʽʣʝʥʥʷ 
10

Be. ɼʣʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ 
10

Be ʩʪʚʦʨʝʥʘ ʬʦʪʦʘʢʪʠʚʘʮʽʡʥʘ ʤʝʪʦʜʠʢʘ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʚʠʟʥʘʯʝʥʥʽ ʚʤʽʩʪʫ 
9
Be ʪʘ 

10
B ʚ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʬʦʪʦʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ [41]. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʦʜʥʽʻʶ ʟ ʮʽʣʝʡ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ ʜʘʥʦʾ ʨʦʙʦʪʠ 

ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʝʣʝʥʥʷ 
7
ɺʝ ʚ ʨʝʘʢʮʽʷʭ ʥʘ ʤʽʰʝʥʷʭ ʧʨʠʨʦʜʥʽʭ ʙʝʨʠʣʽʶ ʽ 

ʙʦʨʫ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʛʨʘʥʠʯʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ. 

ɺʠʚʯʝʥʥʷ ʟʘʩʝʣʝʥʥʷ ʂ-ʟʘʙʦʨʦʥʝʥʠʭ ʽʟʦʤʝʨʽʚ ʚ 
179,180

Hf ʚʠʢʣʠʢʘʻ ʦʩʦʙʣʠʚʠʡ 

ʽʥʪʝʨʝʩ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʫ ʨʽʟʥʠʮʶ ʩʧʽʥʽʚ (æʂ=8) ʤʽʞ ʦʩʥʦʚʥʠʤ 

ʪʘ ʽʟʦʤʝʨʥʠʤ ʨʽʚʥʷʤʠ ʽ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʽ ʝʥʝʨʛʽʾ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ (1106 ʢʝɺ 

ʪʘ 1142 ʢʝɺ, ʚʽʜʧʦʚʽʜʥʦ). ɺ ʪʦʡ ʞʝ ʯʘʩ I
ˊ
 ʚ 

179
Hf

m2
 ʪʘ 

180
Hf

m
 ʨʽʟʥʽ ʽ ʨʽʚʥʽ 25/2

-
 ʪʘ 

8
-
, ʚʽʜʧʦʚʽʜʥʦ. 

ɯʥʰʦʶ ʧʨʠʯʠʥʦʶ ʚʠʚʯʝʥʥʷ ʨʝʘʢʮʽʡ 
179

Hf(ɔ,ɔ')
179

Hf
m2

 ʪʘ 
180

Hf(ɔ,ɔ')
180

Hf
m 
ʻ  

ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ ʥʘ ʽʤʦʚʽʨʥʫ ʧʨʠʩʫʪʥʽʩʪʴ ʜʨʫʛʦʛʦ 

ʨʝʟʦʥʘʥʩʫ. ɺʽʜʦʤʦ, ʱʦ ʧʨʫʞʥʻ ʨʦʟʩʽʷʥʥʷ ʬʦʪʦʥʽʚ ʚ ʦʙʣʘʩʪʽ ʽʟʦʣʴʦʚʘʥʠʭ 

ʨʝʟʦʥʘʥʩʽʚ ʧʦʜʽʙʥʝ ʜʦ ʧʨʫʞʥʴʦʛʦ ʨʦʟʩʽʷʥʥʷ ʥʫʢʣʦʥʽʚ. ʎʝ ʧʨʫʞʥʻ ʨʦʟʩʽʷʥʥʷ 

ʢʦʥʢʫʨʫʻ ʷʢ ʟ ʥʝʧʨʫʞʥʽʤ, ʪʘʢ ʽ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʬʦʪʦʥʽʚ ʟ 

ʝʤʽʩʽʻʶ ʯʘʩʪʠʥʦʢ [42]. ɺ ʦʙʣʘʩʪʽ ʛʽʛʘʥʪʩʴʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʧʝʨʝʨʽʟ 
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ʧʦʛʣʠʥʘʥʥʷ ʬʦʪʦʥʽʚ ʟʨʦʩʪʘʻ. ʆʪʞʝ ʧʝʨʝʨʽʟ ʧʨʫʞʥʴʦʛʦ ʨʦʟʩʽʷʥʥʷ ʤʦʞʝ ʤʘʪʠ ʜʚʘ 

ʤʘʢʩʠʤʫʤʘ: ʧʝʨʰʠʡ ʚ ʦʙʣʘʩʪʽ ʝʤʽʩʽʾ ʯʘʩʪʠʥʦʢ, ʘ ʜʨʫʛʠʡ ʚ ʦʙʣʘʩʪʽ ɻɼʈ [43]. 

ʆʮʽʥʢʠ ʧʝʨʝʨʽʟʽʚ ʚʠʢʦʥʘʥʽ ʚ ʨʦʙʦʪʽ [44] ʟ ʪʦʯʥʽʩʪʶ ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʠ ʜʘʣʠ 

ʥʘʩʪʫʧʥʽ ʨʝʟʫʣʴʪʘʪʠ ů(ɔ,ɔǋ)/ů Ḑ ũɔNɔ/ũnNn. ʊʫʪ ũɔ/ũn ï ʚʽʜʥʦʰʝʥʥʷ ʨʘʜʽʘʮʽʡʥʠʭ ʽ 

ʧʘʨʮʽʘʣʴʥʠʭ ʰʠʨʠʥ ʦʙʦʣʦʥʢʦʚʦʛʦ ʨʽʚʥʷ. ʎʝ ʚʽʜʥʦʰʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ɻɼʈ ʤʘʻ ʪʦʡ 

ʞʝ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʠ, ʱʦ ʡ ʩʪʘʣʘ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ. Nɔ/Nn ï ʚʽʜʥʦʰʝʥʥʷ ʯʠʩʣʘ 

ʢʽʥʮʝʚʠʭ ʨʽʚʥʽʚ, ʷʢʝ ʜʣʷ ʚʘʞʢʠʭ ʷʜʝʨ ʚ ʦʙʣʘʩʪʽ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ 20 ʄʝɺ ʤʦʞʝ 

ʙʫʪʠ ʙʣʠʟʴʢʠʤ ʽ/ʯʠ ʙʽʣʴʰʠʤ 1 [42]. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ů(ɔ,ɔǋ) Ḑ 10
-2
ů ʽ ʦʪʞʝ 

ʜʣʷ ʽʟʦʪʦʧʽʚ ʛʘʬʥʽʶ ů(ɔ,ɔǋ) å 1 ʤʙ. ɼʣʷ ʨʝʟʦʥʘʥʩʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʠʤʽʨʷʪʠ ʧʦʜʽʙʥʠʡ 

ʧʝʨʝʨʽʟ ʥʝ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. ʇʨʦʪʝ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʥʝʧʨʫʞʥʻ ʨʦʟʩʽʷʥʥʷ 

ʬʦʪʦʥʽʚ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʜʣʷ ʷʜʝʨ, ʚ ʷʢʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ (ɔ,ɔ')-ʨʝʘʢʮʽʾ ʟʘʩʝʣʷʶʪʴʩʷ 

ʜʦʚʛʦʞʠʚʫʯʽ ʽʟʦʤʝʨʥʽ ʩʪʘʥʠ. ʆʩʢʽʣʴʢʠ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ 

ʧʨʦʚʦʜʠʪʴʩʷ ʜʣʷ ʛʘʣʴʤʽʚʥʦʛʦ ɔ-ʧʫʯʢʘ, ʷʢʠʡ ʤʘʻ ʥʝʧʝʨʝʨʚʥʠʡ ʨʦʟʧʦʜʽʣ ʚʽʜ 

ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ, ʪʦ ʬʘʢʪʠʯʥʦ ʦʪʨʠʤʫʶʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʽ 

ʧʝʨʝʨʽʟʠ. ʎʽ ʧʝʨʝʨʽʟʠ ʜʣʷ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ 

ʬʦʨʤʫʶʪʴʩʷ ʷʢ ʩʫʤʘ ʜʚʦʭ ʨʝʟʦʥʘʥʩʽʚ [42]. ɺʨʘʭʦʚʫʶʯʠ ʥʝʧʝʨʝʨʚʥʠʡ ʨʦʟʧʦʜʽʣ 

ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ, ʩʪʘʻ ʚʘʞʢʠʤ ʟʘʚʜʘʥʥʷʤ ʦʮʽʥʠʪʠ ʚʥʝʩʦʢ ʜʨʫʛʦʛʦ ʨʝʟʦʥʘʥʩʫ 

ʚ ʦʪʨʠʤʘʥʦʤʫ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʭʦʜʽ ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ, ʷʢʱʦ ʜʘʥʠʡ 

ʚʥʝʩʦʢ ʩʧʽʚʨʦʟʤʽʨʥʠʡ ʟ ʚʥʝʩʢʦʤ ʚʽʜ ʧʝʨʰʦʛʦ ʨʝʟʦʥʘʥʩʫ. ʅʘʧʨʠʢʣʘʜ, ʢʣʘʩʠʯʥʠʤ 

ʦʙôʻʢʪʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʷʜʨʘ 
115

In, ʜʣʷ ʷʢʦʛʦ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʭʽʜ          

(ɔ,ɔ')-ʨʝʘʢʮʽʾ ~ 1 ʤʙ. ʇʦʜʽʙʥʘ ʚʝʣʠʯʠʥʘ ʚʠʭʦʜʫ ʪʘʢʦʞ ʦʯʽʢʫʻʪʴʩʷ ʽ ʦʙʣʘʩʪʽ 

ʝʥʝʨʛʽʡ ʚʠʱʠʭ ɻɼʈ ʽ ʪʦʤʫ ʚʥʝʩʦʢ ʜʨʫʛʦʛʦ ʨʝʟʦʥʘʥʩʫ ʚʘʞʢʦ ʚʠʜʽʣʠʪʠ ʚ ʧʦʚʥʽʡ 

ʘʢʪʠʚʘʮʽʾ ʽʟʦʤʝʨʥʦʛʦ ʨʽʚʥʷ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ 

ʜʨʫʛʦʛʦ ʨʝʟʦʥʘʥʩʫ ʫ ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ (ɔ,ɔ')-ʨʝʘʢʮʽʾ ʟ ʟʘʩʝʣʝʥʥʷʤ                     

ʂ-ʟʘʙʦʨʦʥʝʥʠʭ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ. ɺ ʨʦʙʦʪʽ [45] ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʚ ʦʙʣʘʩʪʽ ʧʝʨʰʦʛʦ ʨʝʟʦʥʘʥʩʫ ʧʝʨʝʨʽʟ ʘʢʪʠʚʘʮʽʾ ʧʨʠ ʟʘʩʝʣʝʥʥʽ 
180

Hf
m 
å 10
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 ʤʙ. 

ɼʘʥʠʡ ʥʝʟʥʘʯʥʠʡ ʧʝʨʝʨʽʟ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʥʘ ʡʦʛʦ ʬʦʥʽ ʜʨʫʛʠʡ ʨʝʟʦʥʘʥʩ, 

ʷʢʱʦ ʚʠʱʝʥʘʚʝʜʝʥʽ ʦʮʽʥʢʠ ʙʣʠʟʴʢʽ ʜʦ ʨʝʘʣʴʥʠʭ ʚʝʣʠʯʠʥ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʘʥʽʰʝ ʨʝʘʢʮʽʷ 
180

Hf(ɔ,ɔ')
180

Hf
m 
ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʚ ʨʦʙʦʪʽ 

[46] ʜʣʷ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ 20 ʄʝɺ. ɹʫʣʦ ʦʪʨʠʤʘʥʦ ʚʠʭʽʜ ʜʘʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʪʨʠ 
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ʧʦʨʷʜʢʠ ʚʠʱʠʡ ʥʽʞ ʚ ʦʙʣʘʩʪʽ ʧʝʨʰʦʛʦ ʨʝʟʦʥʘʥʩʫ [42]. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʦʜʥʽʻʶ ʟ ʮʽʣʝʡ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʙʽʛʫ (ɔ,ɔ')-ʨʝʘʢʮʽʾ ʥʘ ʷʜʨʘʭ 
179,180

Hf ʟ ʟʘʩʝʣʝʥʥʷʤ 

ʜʦʚʛʦʞʠʚʫʯʠʭ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʚʽʜ 17.5 ʜʦ 55 ʄʝɺ. ɹʫʜʫʪʴ ʚʠʤʽʨʷʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʡ 

179
Hf(ɔ,ɔ')

179
Hf

m2
 ʽ 

180
Hf(ɔ,ɔ')

180
Hf

m
 ʪʘ ʧʦʨʽʚʥʷʥʽ ʟ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʤʠ. 

ʈʝʘʢʮʽʾ (ɔ,2n), (ɔ,3n) ʪʘ (ɔ,4n), ʦʩʦʙʣʠʚʦ ʟʽ ʟʙʫʜʞʝʥʥʷʤ ʚʠʩʦʢʦʩʧʥ̔ʦʚʠʭ 

ʟ̔ʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʛʘʥʦ ʜʦʩʣʽʜʞʝʥʠʤʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʦʥʠ 

ʜʦʟʚʦʣʷʶʪ ɹʧʨʦʣʠʪʠ ʩʚ̔ʪʣʦ ʢ̫ ʥʘ ʤʝʭʘʥ̔ʟʤʠ ʧʝʨʝʙʽʛʫ ʮʠʭ ʨʝʘʢʮʡ̔, ʪʘʢ  ̔ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ ʚ ʦʙʣʘʩʪ ̔ ʥʝʧʝʨʝʨʚʥʦʛʦ ʪʘ 

ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʚ̔. ɼʘʥʽ ʨʝʘʢʮʽʾ ʪʘʢʦʞ ʯʫʪʣʠʚʽ ʜʦ ʚʠʙʦʨʫ ʬʫʥʢʮʽʡ, ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʛʫʩʪʠʥʫ ʨʽʚʥʽʚ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʡ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʽʜ 17.5 ʜʦ 55 

ʄʝɺ. ʊʦʤʫ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʨʦ ʬʦʪʦʷʜʝʨʥ ̔ʨʝʘʢʮʽʾ 

ʥʘ ʨʟ̔ʥʠʭ ʤh̔ʝʥʷʭ ʪʘʥʪʘʣʫ ʚ ʰʠʨʦʢʦʤʫ ʜ̔ʘʧʘʟʦʥ ̔ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʚ̔ 

ʤʘʻ ʚʘʞʣʠʚʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥ ̫ [47]. ʈʝʘʢʮ̔ʾ 
180

Ta(ɔ,2n)
178m

Ta  ̔

181
Ta(ɔ,4n)

177
Ta ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝ ʚʠʚʯʘʣʠʩʴ, ʘ ʨʝʘʢʮʽ̫  

181
Ta(ɔ,3n)

178
Ta 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʚ ʨʦʙʦʪ̔ [48] ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ɔ-ʢʚʘʥʪʚ̔ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʚʝʣʠʯʠʥʠ ʾʭ ʝʥʝʨʛʽʾ 36 ʄʝɺ. ɼʦʜʘʪʢʦʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178

Ta, 

ʦʩʢʽʣʴʢʠ ʮʝʡ ʨʘʜʽʦʥʫʢʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʧʨʦʮʝʜʫʨʘʭ 

(ʚʠʩʦʢʘ ʽʦʥʽʟʘʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʂŬ1 ʪʘ ʂŬ2-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (60%)), ʪʘʢ ʽ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʣʶʜʩʴʢʦʤʫ ʪʽʣʽ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʦʟʠʪʨʦʥʥʦ-ʝʤʽʩʽʡʥʦʾ ʪʦʤʦʛʨʘʬʽʾ (ʽʤʦʚʽʨʥʽʩʪʴ ɓ
+
-ʨʦʟʧʘʜʫ ʩʢʣʘʜʘʻ 1.24%) [49]. 

ʉʝʨʝʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʽʟʦʤʝʨʠ 
180,182

Hf
 

  ̒ ʮʽʢʘʚʠʤʠ 

ʦʙô̒ ʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʮ ̔ ʂ-ʟʘʙʦʨʦʥʝʥʽ ʟ̔ʦʤʝʨʠ (æʂ=8) ʩʭʦʞʽ ʪʘ 

ʤʘʶʪʴ ʦʜʠʥʘʢʦʚ ̔I
ˊ
=  8

-
,  ̔ʙʣʠʟʢɹ̔ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ, 1141 ʪʘ 1173 ʢʝɺ, 

ʚʽʜʧʦʚʽʜʥʦ. 

ʆʩʦʙʣʠʚʠʡ ʥ̔ʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʜʦʩʣʽʜʞʝʥʥʷ (ɔ,Ŭ)-ʨʝʘʢʮʡ̔ ʟ ʟʘʩʝʣʝʥʥʷʤ ʜʘʥʠʭ 

ʷʜʝʨ, ʦʩʢʽʣʴʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʽ ʧʨʦ ʮ  ʁʨʝʘʢʮʽʶ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ. 

ʇʝʨʝʨʽʟ (ɔ,Ŭ)-ʨʝʘʢʮʽʡ ʟʥʘʯʥʦ ʥʠʞʯʠʡ ʧʝʨʝʨʽʟʫ (ɔ,n)-ʢʘʥʘʣʫ ʚʥʘʩʣʽʜʦʢ 

ʢʫʣʦʥʚ̔ʩɹʢʦʛʦ ʙʘʨô̒ʨʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚ (ɔ,Ŭ)-ʨʝʘʢʮʽʷʭ ʤʦʞʫʪʴ ʟʙʫʜʞʫʚʘʪʠʩʴ 
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ʩʪʘʥʠ, ʯʘʩʪʦ ʥʝʜʦʩʪʫʧʥ ̔ʜʣʷ (ɔ,n)-ʢʘʥʘʣʫ. ʊʘʢʦʞ ʜʣʷ ʬʦʪʦʷʜʝʨʥʠʭ ʨʝʘʢʮʡ̔ ʟ 

ʚʠʣɹ ʦʪʦʤ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʦʯʽʢʫʻʪʴʩʷ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʧʨʷʤʠʭ ʪʘ ʥʘʧ̔ ʚʧʨʷʤʠʭ 

ʧʨʦʮʝʩʚ̔, ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʘʩʝʣʝʥʥ ̔ʚʠʩʦʢʦʩʧʥ̔ʦʚʠʭ ʂ- ʟ̔ʦʤʝʨʚ̔. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʨʝʘʢʮʽʾ 
184
W(ɔ,Ŭ)

180m
Hf ʪʘ 

186
W(ɔ,Ŭ)

182m
Hf ʥʝ ʚʠʚʯʘʣʠʩʴ [50]. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʦʜʥʽʻʶ ʟ ʮʽʣʝʡ ʪʨʝʪʴʦʛʦ ʨʦʟʜʽʣʫ ʜʘʥʦʾ ʨʦʙʦʪʠ  ̒

ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʫʜʞʝʥʥʷ ʷʜʝʨ 
180m

Hf ʪʘ 
182m

Hf ʚ (ɔ,Ŭ)-ʨʝʘʢʮʽ̫ ʭ ʜʣʷ ʛʨʘʥʠʯʥʠʭ 

ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʚ̔ 40 ʪʘ 55 ʄʝɺ. 

 

1.2 ʈʝʘʢʮʽʾ ʟ ʧʨʦʪʦʥʘʤʠ, ʜʝʡʪʨʦʥʘʤʠ, ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʥʝʡʪʨʦʥʘʤʠ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʘʪʦʤʥʠʭ ʷʜʝʨ ʚʞʝ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ 

ʧʦʜʽʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʤʽʨʶʚʘʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ, ʷʢʽ 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʥʷ ʢʽʥʮʝʚʠʭ ʷʜʝʨ ʚ ʽʟʦʤʝʨʥʦʤʫ ʽ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʘʭ. ʎʽ 

ʚʽʜʥʦʰʝʥʥʷ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʽʥʘ ʷʜʨʘ-ʤʽʰʝʥʽ ʽ ʚʥʝʩʝʥʦʛʦ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ, ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʘʩʦʶ ʽ ʝʥʝʨʛʽʻʶ ʙʦʤʙʘʨʜʫʶʯʦʾ ʯʘʩʪʠʥʢʠ, ʘ ʪʘʢʦʞ ʚʽʜ ʤʝʭʘʥʽʟʤʫ 

ʜʘʥʦʾ ʨʝʘʢʮʽʾ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʷʢ ʚ ʙʝʟʧʝʨʝʨʚʥʽʡ, ʪʘʢ ʽ ʚ 

ʜʠʩʢʨʝʪʥʽʡ ʦʙʣʘʩʪʷʭ [51] ʆʪʞʝ, ʟ ʜʘʥʠʭ ʧʨʦ ɯɺ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʷʢ 

ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʡ, ʪʘʢ ʽ ʩʪʘʪʠʩʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ 

ʷʜʝʨ. ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʜʝ ʙʽʣʴʰ ʦʜʥʦʟʥʘʯʥʦʶ ʜʣʷ ʧʨʦʩʪʠʭ ʨʝʘʢʮʽʡ, 

ʪʘʢʠʭ ʷʢ (n,ɔ), (p,n), (n,p), (p,ɔ), (d,n) ʪʘ (d,Ŭ). ɺ ʫʩʽʭ ʮʠʭ ʨʝʘʢʮʽʷʭ ʚʥʦʩʠʪʴʩʷ 

ʥʝʚʝʣʠʢʠʡ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ (1/2 õ 1)ǩ, ʘ ʜʠʩʧʝʨʩʽʷ ʤʦʤʝʥʪʽʚ ʧʽʩʣʷ ʚʠʣʴʦʪʫ 

ʯʘʩʪʠʥʢʠ ʟʤʽʥʶʻʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ (1õ2)ǩ [51]. 

ʇʨʠ ʮʴʦʤʫ ʨʝʘʢʮʽʾ ʟ ʟʘʨʷʜʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʩʣʘʙʦ 

ʜʦʩʣʽʜʞʝʥʠʤʠ ʚ ʙʽʣʷʧʦʨʦʛʦʚʽʡ ʦʙʣʘʩʪ ̔ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʡ ʙʦʤʙʘʨʜʫʶʯʠʭ 

ʯʘʩʪʠʥʦʢ. ɸ ʩʘʤʝ ʜʣʷ ʜʘʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʤʦʞʣʠʚʠʡ ʷʢ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ 

ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚ ʟʘʩʝʣʝʥʥʷ ʷʢ ʦʩʥʦʚʥʦʛʦ ʪʘʢ ʽ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʽʚ, 

ʪʘʢ ʽ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ. ʊʦʤʫ ʚ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʝʘʢʮʽʾ ʟ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʦʪʦʥʘʤʠ, 

ʥʝʡʪʨʦʥʘʤʠ, ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʜʝʡʪʨʦʥʘʤʠ [51]. 
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ɺ ʫʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʘʣʠʰʢʦʚʠʭ ʷʜʨʘʭ 
93,95
Tc ʪʘ 

95
Nb ʽʟʦʤʝʨʥʽ ʪʘ ʦʩʥʦʚʥʽ 

ʩʪʘʥʠ ʤʘʶʪʴ ʟʚʦʨʦʪʥʽ ʟʥʘʯʝʥʥʷ ʩʧʽʥʽʚ (ʦʩʥʦʚʥʠʡ ʩʪʘʥ ï ʚʠʩʦʢʦʩʧʽʥʦʚʠʡ, ʘ 

ʽʟʦʤʝʨʥʠʡ ï ʥʠʟʴʢʦʩʧʽʥʦʚʠʡ, ʧʨʠʯʦʤʫ ʜʦ ʤʘʛʽʯʥʦʛʦ ʯʠʩʣʘ N=50 (
93
Tc) ʜʦʜʘʻʪʴʩʷ 

2 (
95
Tc) ʯʠ 4 (

95
Nb) ʥʝʡʪʨʦʥʠ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʘʥʽ ʷʜʨʘ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʽ. ɼʣʷ ʨʝʘʢʮʽʾ 

92
Mo(d,n)

93
Tc ʣʠʰʝ ʚ ʜʚʦʭ ʨʦʙʦʪʘʭ [52-53] ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʯʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ɯɺʇ, ʧʨʠʯʦʤʫ ʚ [52] ʜʣʷ ʜʝʡʪʨʦʥʽʚ ʟ ʝʥʝʨʛʽʻ  ʁ ï 4 ʄʝɺ. ʇʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʽ ʜʣʷ ʨʝʘʢʮʽʡ 
94

Mo(d,n)
95
Tc ʪʘ 

92
Mo(p,ɔ)

93
Tc. ɯʟʦʤʝʨʥʽ 

ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʚ ʧʝʨʰʽʡ ʨʝʘʢʮʽʾ ʚʠʤʽʨʷʥʽ ʣʠʰʝ ʚ [52] ʽ ʪʝ ʞ ʜʣʷ ʜʝʡʪʨʦʥʽʚ 

ʟ ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽʾ ï 4 ʄʝɺ, ʘ ʚ ʜʨʫʛʽʡ ʚ ʨʦʙʦʪʘʭ [54-56] ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ 

ʝʥʝʨʛʽʡ ʧʨʦʪʦʥʽʚ. ɯɺʇ ʜʣʷ ʨʝʘʢʮʽʾ 
97
Mo(d,Ŭ)

95m,g
Nb ʚʟʘʛʘʣʽ ʥʝ ʚʠʚʯʘʣʠʩʴ [51]. 

ɼʦʜʘʪʢʦʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʪʝ, ʱʦ ʷʜʨʘ 
92,94

Mo ʻ p-ʥʫʢʣʽʜʘʤʠ, ʷʢʽ ʤʘʶʪʴ 

ʥʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʫ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʩʝʨʝʜ ʫʩʽʭ ʽʩʥʫʶʯʠʭ p-ʥʫʢʣʽʜʽʚ, 14.84 % 

ʪʘ 9.25 %, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠʯʦʤʫ ʚʤʽʩʪ 
92

Mo ʚ ʨʽʟʥʠʭ ʘʩʪʨʦʬʽʟʠʯʥʠʭ ʤʦʜʝʣʷʭ ʻ 

ʟʘʥʠʞʝʥʠʤ ʧʦʨʽʚʥʷʥʦ ʽʟ ʽʩʥʫʶʯʠʤ ʫ ʧʨʠʨʦʜʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʫʩʴʦʛʦ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʦʜʥʽʻʶ ʟ ʮʽʣʝʡ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ ʜʘʥʦʾ 

ʨʦʙʦʪʠ ʻ: 

ɺʠʤʽʨʶʚʘʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ ʚ 
93m,g
Tc ʚ (d,n) ʪʘ (p,ɔ)-ʨʝʘʢʮʽʷʭ, 

95m,g
Tc ʚ (d,n)-ʨʝʘʢʮʽʾ, 

95m,g
Nb ʚ (d,Ŭ)-ʨʝʘʢʮʽʾ ʧʨʠ ʚʝʣʠʯʠʥʘʭ ʝʥʝʨʛʽʡ ʧʨʦʪʦʥʽʚ ʪʘ 

ʜʝʡʪʨʦʥʽʚ 6.8 ʪʘ 4.5 ʄʝɺ, ʚʽʜʧʦʚʽʜʥʦ. 

ʊʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ ʜʣʷ ʜʘʥʠʭ ʚʝʣʠʯʠʥ 

ʝʥʝʨʛʽʡ ʧʨʦʪʦʥʽʚ ʪʘ ʜʝʡʪʨʦʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʽʚ TALYS-1.4 [57] ʪʘ 

EMPIRE-3.2 [58]. 

ʇʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ɯɺʇ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ, ʘʥʘʣʽʟ 

ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʩʪʨʫʢʪʫʨʠ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ [51]. 

ɺʠʚʯʝʥʥʷ ʟʙʫʜʞʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʚ ʨʝʘʢʮʽʷʭ ʽʟ ʟʘʨʷʜʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʫ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʷʜʝʨ. ɼʣʷ 

ʚʠʩʦʢʦʩʧʽʥʦʚʠʭ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʚ Hf ʜʦʜʘʪʢʦʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʪʝ, ʱʦ ʚʦʥʠ 

ʤʘʶʪʴ ʪʘʢʦʞ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʂ ʧʦʨʽʚʥʷʥʦ ʽʟ ʦʩʥʦʚʥʠʤ ʩʪʘʥʦʤ. ɸʣʝ, ʥʘ ʞʘʣʴ, 



47 

 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʻ ʤʘʣʦʯʠʩʝʣʴʥʦʶ ʽ ʣʠʰʝ ʜʣʷ ʦʙʤʝʞʝʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʷʜʝʨ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ, ʷʢʫ ʤʘʶʪʴ ʽʟʦʤʝʨʥʽ ʩʪʘʥʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ 

ʟʥʘʯʥʦʶ. ɼʘʥʘ ʦʙʩʪʘʚʠʥʘ ʩʧʨʠʷʻ ʾʭ ʤʦʞʣʠʚʦʤʫ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ 

ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʜʞʝʨʝʣ ɔ-ʢʚʘʥʪʽʚ, ɔ-ʣʘʟʝʨʽʚ [59] ʯʠ ʷʜʝʨʥʠʭ ʽʟʦʤʝʨʥʠʭ 

ʨʝʘʢʪʦʨʽʚ [60]. ʅʝʱʦʜʘʚʥʦ ʚ ʨʦʙʦʪʽ [61] ʧʦʚʽʜʦʤʣʷʣʦʩʴ ʧʨʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʝ ʟʙʽʜʥʝʥʥʷ 
93m

Mo ʚ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʭʚʘʪʫ. ʇʨʦʪʝ, ʥʝ 

ʜʠʚʣʷʯʠʩʴ ʥʘ ʤʝʭʘʥʽʟʤ ʧʦʜʽʙʥʦʛʦ ʟʙʽʜʥʝʥʥʷ (ʪʨʽʛʛʝʨʽʥʛʘ ʧʝʚʥʦʛʦ ʽʟʦʤʝʨʥʦʛʦ 

ʩʪʘʥʫ), ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʴ ʜʚʽ ʙʘʟʦʚʽ ʧʝʨʝʜʫʤʦʚʠ. ʇʦ ʧʝʨʰʝ, ʚ ʷʜʨʽ 

ʟʦʙʦʚô̫ ʟʘʥʠʡ ʽʩʥʫʚʘʪʠ ʧʽʜʭʦʜʷʱʠʡ ʟʙʫʜʞʝʥʠʡ ʨʽʚʝʥʴ ʟ ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽʾ 

ʥʝʟʥʘʯʥʦ ʚʠʱʦ  ʁ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʽʟʦʤʝʨʥʦʛʦ ʨʽʚʥʷ. ʇʦ ʜʨʫʛʝ, ʤʘʪʨʠʯʥʠʡ 

ʝʣʝʤʝʥʪ ʧʝʨʝʭʦʜʫ ʤʽʞ ʮʠʤʠ ʨʽʚʥʷʤʠ ʤʘʻ ʙʫʪʠ ʟʥʘʯʥʠʤ. 

ʎʽ ʧʝʨʝʜʫʤʦʚʠ ʥʝ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʚ ʫʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʦʪʘʭ, ʜʝ 

ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʨʠʩʢʦʨʝʥʠʡ ʨʦʟʧʘʜ 
178m2

Hf, ʱʦ ʧʽʜʩʠʣʶʻ ʩʫʤʥʽʚʠ ʱʦʜʦ 

ʥʘʜʽʡʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʇʨʦʪʝ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴʩʷ 

ʘʧʨʽʦʨʽ ʧʨʠ ʟʚô̫ ʟʢʫ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ ʽʟ ʘʪʦʤʥʦʶ ʦʙʦʣʦʥʢʦʶ (ʟʙʫʜʞʝʥʥʷ ʷʜʨʘ 

ʚʥʘʩʣʽʜʦʢ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʭʚʘʪʫ (ɿʗɽɿ)). ʇʨʠ ʮʴʦʤʫ ʽʩʥʫʻ ʨʝʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʙʨʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʽʟʦʤʝʨʥʠʡ ʩʪʘʥ (Ei) ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʢʘʥʜʠʜʘʪʽʚ ʻ 

ʚʠʱʝʟʛʘʜʘʥʠʡ 
93m

Mo (Ei = 2.425 Meɺ, T1/2 = 6.85 ʛ.), ʭʦʯʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ 

ʡʦʛʦ ʜʝʟʙʫʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʻ ʟʥʘʯʥʦ 

ʩʢʣʘʜʥʽʰʠʤʠ ʪʘ ʜʦʨʦʞʯʠʤʠ ʥʽʞ ʫ ʚʠʧʘʜʢʫ 
178m2

Hf. ʇʨʦʙʣʝʤʘ ʥʘʜʽʡʥʦʩʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʚʠʨʽʰʝʥʦʶ, ʦʩʢʽʣʴʢʠ ʪʝʦʨʝʪʠʯʥʽ 

ʦʮʽʥʢʠ ʧʝʨʝʨʽʟʫ ʜʝʟʙʫʜʞʝʥʥʷ 
93m

Mo [62] ʚʥʘʩʣʽʜʦʢ ɿʗɽɿ ʥʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʥʘ 9 ʧʦʨʷʜʢʽʚ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʣʠʰʝ ʪʨʽʛʛʝʨʽʥʛ 
180m

Ta ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʥʘʜʽʡʥʦ ʽ 

ʪʝʦʨʝʪʠʯʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʇʨʦʪʝ ʪʨʠʚʘʶʪʴ ʩʧʨʦʙʠ ʧʦʷʩʥʠʪʠ ʤʝʭʘʥʽʟʤ 

ʡʦʛʦ ʜʝʟʙʫʜʞʝʥʥʷ ʽ ʨʦʟʰʠʨʠʪʠ ʮʝʡ ʤʝʭʘʥʽʟʤ ʥʘ ʽʥʰʽ ʽʟʦʤʝʨʥʽ ʩʪʘʥʠ, ʝʥʝʨʛʽʷ 

ʷʢʠʭ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ 75 ʢʝɺ (ʝʥʝʨʛʽʷ ʽʟʦʤʝʨʘ ʚ 
180
ʊʘ). 

ʊʝʦʨʽʷ ʷʜʨʘ ʧʝʨʝʜʙʘʯʘʻ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʟ 

ʝʥʝʨʛʽʻʶ 1 ʄʝɺ ʪʘ ʚʠʱʝ. ʇʨʦʪʝ ʣʠʰʝ ʪʨʠ ʟ ʥʠʭ ʚʠʷʚʣʝʥʽ ʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ 
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ʜʦʚʛʠʡ ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ (ʙʽʣʴʰʝ 25 ʜʥʽʚ), ʱʦʙ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʚ 

ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʷʭ. ʎʝ 
178m2

Hf, 
177m

Lu ʪʘ
 179m

Hf ʽ ʩʝʨʝʜ ʥʠʤ ʫʥʽʢʘʣʴʥʠʤ ʻ 
178m2

Hf. 

ʎʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʪʦʤʫ, ʱʦ ʚʽʥ ʤʘʻ ʩʝʨʝʜ ʮʠʭ ʽʟʦʤʝʨʽʚ ʷʢ ʥʘʡʚʠʱʫ ʝʥʝʨʛʽʶ 

ʟʙʫʜʞʝʥʥʷ (Ei = 2447.4 ʢeɺ), ʪʘʢ ʽ ʥʘʡʜʦʚʰʠʡ ʧʝʨʽʦʜ ʥʘʧʽʚʨʦʟʧʘʜʫ (T1/2 = 31 ʨ.). 

ʊʦʤʫ ʥʝ ʜʠʚʥʦ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʫʩʠʣʣʷ ʱʦʜʦ ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʧʨʠ ʜʝ 

ʟʙʫʜʞʝʥʥʽ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʙʫʣʠ, ʧʝʨʝʚʘʞʥʦ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ ʷʜʨʘʭ 
178m2

Hf [63]. 

ɸʣʝ ʮʝʡ ʽʟʦʤʝʨ ʥʝ ʽʩʥʫʻ ʚ ʧʨʠʨʦʜʽ ʽ ʡʦʛʦ ʧʦʪʨʽʙʥʦ ʥʘʧʨʘʮʴʦʚʫʚʘʪʠ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʡʪʨʦʥʠ ʨʝʘʢʪʦʨʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʻ ʥʝʝʬʝʢʪʠʚʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 

ʚʥʦʩʷʪʴ ʚ ʷʜʨʦ ʥʠʟʴʢʠʡ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ. ʊʦʤʫ, ʱʦʙ ʥʘʧʨʘʮʶʚʘʪʠ 
178m2

Hf ʚ 

ʜʦʩʪʘʪʥʽʡ ʢʽʣʴʢʦʩʪʽ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʜʝʨʥʽ ʨʝʘʢʮʽʾ ʽʟ ʟʘʨʷʜʞʝʥʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ. 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʥʘʧʨʘʮʶʚʘʥʥʷ ʷʜʝʨ 
178m2

Hf ʚ ʨʝʘʢʮʽʷʭ ʟ ʧʨʦʪʦʥʘʤʠ ʥʘʚʝʜʝʥʦ 

ʚ [17,20]. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʮʠʢʣʦʪʨʦʥʽ ʤ. ɼʫʙʥʘ, ʝʥʝʨʛʽʷ ʧʨʦʪʦʥʽʚ 

ʚʘʨʽʶʚʘʣʘʩʴ ʚ ʜʽʘʧʘʟʦʥʽ 100-650 ʄʝɺ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʽʰʝʥʽ Hf, Ta, W ʪʘ 

Re ʷʢ ʧʨʠʨʦʜʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ, ʪʘʢ ʽ ʟʙʘʛʘʯʝʥʽ 
179

Hf ʪʘ 
186

Re. 
178m2

Hf 

ʝʬʝʢʪʠʚʥʦ ʥʘʧʨʘʮʴʦʚʫʚʘʚʩʷ ʪʘʢʦʞ ʥʘ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʘʭ 

ʝʣʝʢʪʨʦʥʽʚ ʫ ɭʨʝʚʘʥʽ ʧʨʠ ɽʛʨ = 4.5 ɻʝɺ [64] ʪʘ ʫ ʍʘʨʢʦʚʽ ʧʨʠ ɽʛʨ = 1.2 ɻʝɺ [65]. 

ɯʥʰʦʶ ʨʝʘʢʮʽʻʶ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʜʣʷ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178m2

Hf ʻ ʨʝʘʢʮʽʷ 

(a,2n). ɺʦʥʘ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʥʘ ʷʜʨʘʭ 
176

Yb ʷʢ ʥʘ ʮʠʢʣʦʪʨʦʥʽ ʤ. ɼʫʙʥʘ [66] ʧʨʠ 

ʚʝʣʠʯʠʥʽ ʝʥʝʨʛʽʾ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ 36 ʄʝɺ, ʪʘʢ ʽ ʚ ʨʦʙʦʪʽ [15] ʧʨʠ ɽŬ = 35 ʄʝɺ. ɺ 

ʦʩʪʘʥʥʽʡ ʨʦʙʦʪʽ ʚʠʚʯʘʣʘʩʴ ʪʘʢʦʞ ʨʝʘʢʮʽʷ 
175,176

Lu (a,p/d)
178m2

Hf.  

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ ʩʣʽʜ ʧʨʦʜʦʚʞʫʚʘʪʠ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʘʢʮʽʡ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʷʜʝʨ 
178m2

Hf, ʘʢʮʝʥʪʫʶʯʠ ʫʚʘʛʫ ʥʘ ʚʽʜʥʦʩʥʦ ʥʝʜʦʨʦʛʠʭ 

ʧʨʠʩʢʦʨʶʚʘʯʘʭ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʩʝʨʝʜʥʽʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ. ʊʦʤʫ ʦʜʥʽʻʶ ʟ 

ʮʽʣʝʡ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʥʘʧʨʘʮʶʚʘʥʥʷ 

178m2
Hf ʥʘ ʤʽʰʝʥʷʭ ʧʨʠʨʦʜʥʦʛʦ ʪʘʥʪʘʣʫ ʧʨʠ ʾʭ ʦʧʨʦʤʽʥʝʥʥʽ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ 

ʜʣʷ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʚ ʜʽʘʧʘʟʦʥʽ 36-92 ʄʝɺ. 

ʊʘʥʪʘʣ ʻ ʪʘʢʦʞ ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʠʤ ʤʝʪʘʣʦʤ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʧʦʩʣʘʙʣʶʚʘʯʘ ʝʥʝʨʛʽʾ ʜʣʷ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ, ʦʩʢʽʣʴʢʠ ʻ 

ʤʦʥʦʽʟʦʪʦʧʦʤ ʟ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ. ʊʦʤʫ ʮʽʢʘʚʦ ʦʮʽʥʠʪʠ 
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ʘʢʪʠʚʥʦʩʪʽ ʦʧʨʦʤʽʥʝʥʠʭ ʤʽʰʝʥʝʡ ʪʘʥʪʘʣʫ ʟ ʤʝʪʦʶ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʝʥʮʽʡʥʠʭ ʜʦʟ, 

ʷʢʽ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʧʝʨʩʦʥʘʣ ʧʨʠʩʢʦʨʶʚʘʯʽʚ. 

ʎʽʢʘʚʦ ʚʠʤʽʨʷʪʠ ʽʟʦʤʝʨʥ ̔ ʚʽʜʥʦʰʝʥʥ ̫ ʧʝʨʝʨʽʟʽʚ ʧʨʠ ʟʙʫʜʞʝʥʥʽ 
196m,g

Au, 

198m,g
Au, 

197m,g
Pt ʪʘ 

134m,g
ʉs ʧʨʦʪʦʥʘʤʠ ʽ ʥʝʡʪʨʦʥʘʤʠ ʟ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽʡ 6.8 ʪʘ 

2.9 ʄʝɺ, ʚʽʜʧʦʚʽʜʥʦ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʾʭ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ. ɼʦ ʪʦʛʦ ʞ 

ʟʘʨʷʜʦʦʙʤʽʥʥʽ ʨʝʘʢʮʽʾ 
197

Au(n,p)
197m,g

Pt, 
196

Pt(p,n)
196m,g

Au, 
198

Pt(p,n)
198m,g

Au ʪʘ 

120
Sn(p,n)

120
Sb

m,g
 ʜʦʟʚʦʣʷʶʪʴ ʩʝʣʝʢʪʠʚʥʦ ʚʠʚʯʘʪʠ ʟʙʫʜʞʝʥʽ ʨʽʚʥʽ ʧʨʠ ʚʝʣʠʯʠʥʘʭ 

ʝʥʝʨʛʽʾ ʜʝʱʦ ʥʠʞʯʠʭ ʢʫʣʦʥʽʚʩʴʢʦʛʦ ʙʘʨô̒ ʨʫ. ʗʜʨʘ 
198

Au ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʤʝʜʠʮʠʥʽ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʨʘʢʫ ʤʘʪʢʠ, ʩʝʯʦʚʦʛʦ ʤʽʭʫʨʘ, ʧʨʦʩʪʘʪʠ, ʰʠʾ, ʤʝʣʘʥʦʤʠ, 

ʤʦʣʦʯʥʦʾ ʟʘʣʦʟʠ ʪʘ ʰʢʽʨʠ. ɸ ʩʘʤʘ ʤʽʰʝʥʴ ʟʦʣʦʪʘ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ 

ʤʦʥʽʪʦʨʘ ʜʣʷ ʨʽʟʥʠʭ ʨʝʘʢʮʽʡ. ʂʦʨʦʪʢʦʞʠʚʫʯʠʡ 
134m
ʉs ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʽʟʫʘʣʽʟʽʮʽʾ ʤʽʦʢʘʨʜʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʽ ʤʝʪʘʙʦʣʽʟʤʫ 

ʩʝʟʽʶ, ʷʢʠʡ ʻ ʭʽʤʽʯʥʠʤ ʘʥʘʣʦʛʦʤ ʢʘʣʽʶ [67]. 

ʈʝʘʢʮʽʾ ʟ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʥʘ ʤʽʰʝʥʷʭ ʣʶʪʝʮʽʶ ʧʨʠ ʟʘʩʝʣʝʥʥʽ 

ʚʠʩʦʢʦʩʧʽʥʦʚʠʭ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʚ ʦʢʦʣʽ 27 ʄʝɺ ʪʘʢʦʞ ʟʘʣʠʰʘʶʪʴʩʷ 

ʩʣʘʙʦʜʦʩʣʽʜʞʝʥʠʤʠ, ʭʦʯʘ ʮʽʢʘʚʦ ʚʠʚʯʠʪʠ ʤʝʭʘʥʽʟʤʠ ʾʭ ʧʝʨʝʙʽʛʫ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʙʽʣʴʰ ʪʦʯʥʦ ʦʮʽʥʠʪʠ 

ʚʥʝʩʦʢ ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʃʶʪʝʮʽʡ ʷʢ ʨʽʜʢʦʟʝʤʝʣʴʥʠʡ ʤʝʪʘʣ ʟ 

ʥʘʡʚʠʱʠʤ ʘʪʦʤʥʠʤ ʥʦʤʝʨʦʤ ʻ ʚʘʞʣʠʚʦʶ ʜʦʤʽʰʢʦʶ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʤʘʪʝʨʽʘʣ ʧʝʨʰʦʾ 

ʩʪʽʥʢʠ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʽ ʷʜʝʨʥʽ ʨʝʘʢʮʽʾ ʟ ʧʨʦʪʦʥʘʤʠ ʧʨʠ 

ʙʽʣʷʧʦʨʦʛʦʚʽʡ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʧʨʠ ʟʥʘʯʥʽʡ 

ʨʽʟʥʠʮʽ ʩʧʽʥʽʚ ʽʟʦʤʝʨʥʦʛʦ ʪʘ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʽʚ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ 

ʽʟʦʤʝʨʽʚ ʻ 
93m

Mo ï ʪʨʠʢʚʘʟʽʯʘʩʪʠʥʢʦʚʠʡ ʽʟʦʤʝʨʥʠʡ ʩʪʘʥ (J
ˊ
 = 21/2

+
), ʽ ʪʦʤʫ 

ʦʜʥʽʻʶ ʟ ʮʽʣʝʡ ʯʝʪʚʝʨʪʦʛʦ ʨʦʟʜʽʣʫ ʜʘʥʦʾ ʨʦʙʦʪʠ  ̒ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʨʽʟʫ 

ʥʘʧʨʘʮʶʚʘʥʥʷ 
93m

Mo ʚ (ʨ,n)-ʨʝʘʢʮʽʾ ʥʘ ʥʽʦʙʽʾ ʧʨʠ ʙʽʣʷʧʦʨʦʛʦʚʽʡ ʚʝʣʠʯʠʥʽ ʝʥʝʨʛʽʾ 

ʧʨʦʪʦʥʽʚ. ʅʽʦʙʽʡ ʤʘʻ ʚʠʩʦʢʽ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚ ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʪʘʢ ʽ ʚ ʷʢʦʩʪʽ ʪʨʠʤʘʯʘ ʤʽʰʝʥʝʡ ʯʠ 
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ʤʽʰʝʥʥʦʾ ʢʘʤʝʨʠ. ʎʝʡ ʤʝʪʘʣ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʘʢʦʞ ʚ ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʽ ʽ ʪʦʤʫ 

ʚʘʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʧʝʨʝʨʽʟʠ ʡʦʛʦ ʚʟʘʻʤʦʜʽʾ ʟ ʧʨʦʪʦʥʘʤʠ. 

ʎʽʢʘʚʦ ʪʘʢʦʞ ʜʦʩʣʽʜʠʪʠ ʨʝʘʢʮʽʶ 
178

Hf(nr,ɔ)
179

Hf
m2 
ʜʣʷ ʥʝʡʪʨʦʥʽʚ ʨʝʘʢʪʦʨʥʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ, ʦʩʢʽʣʴʢʠ ʨʽʟʥʠʮʷ ʩʧʽʥʽʚ ʤʽʞ ʷʜʨʦʤ-ʤʽʰʝʥʥʶ ʪʘ 

ʽʟʦʤʝʨʥʠʤ ʩʪʘʥʦʤ ʩʢʣʘʜʘʻ 12.5. ʎʝ ʜʦʟʚʦʣʠʪʴ ʦʮʽʥʠʪʠ ʚʥʝʩʦʢ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʥʝʡʪʨʦʥʽʚ, ʦʩʢʽʣʴʢʠ ʽʤʦʚʽʨʥʽʩʪʴ ʜʘʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʪʝʧʣʦʚʠʭ 

ʪʘ ʝʧʽʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʘʭ ʜʫʞʝ ʥʠʟʴʢʘ. ɸ ʛʘʬʥʽʡ ʪʘ ʡʦʛʦ ʩʧʣʘʚʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʨʝʛʫʣʶʶʯʠʭ ʩʪʨʠʞʥʽʚ ʚ ʘʪʦʤʥʽʡ ʝʥʝʨʛʝʪʠʮʽ, 

ʦʩʢʽʣʴʢʠ ʜʘʥʠʡ ʤʝʪʘʣ ʻ ʛʘʨʥʠʤ ʧʦʛʣʠʥʘʯʝʤ ʥʝʡʪʨʦʥʽʚ, ʩʪʽʡʢʠʡ ʜʦ ʢʦʨʦʟʽʾ ʽ ʤʘʻ 

ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ. 

 

1.3 ʌʦʪʦʜʽʣʝʥʥʷ ʘʢʪʠʥʠʜʽʚ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʢʠ ʧʦʜʽʣʫ ʷʜʨʘ ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ 

ʟʘʣʠʰʘʻʪʴʩʷ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ, ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʜʽʣʝʥʥ.̫ ʇʨʦʚʦʜʠʪʴʩʷ ʘʢʪʠʚʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʨʦʙʦʪʘ ʱʦʜʦ 

ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫʣʘʤʢʽʚ ʜʽʣʝʥʥʷ, ʾʭ ʚʠʭʦʜʽʚ, ʩʧʝʢʪʨʘ 

ʤʠʪʪʻʚʠʭ ʪʘ ʟʘʪʨʠʤʘʥʠʭ ʥʝʡʪʨʦʥʽʚ ʪʘ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʜʽʣʝʥʥʷ, ʘʩʠʤʝʪʨʽʾ ʚʠʣʴʦʪʫ 

ʧʨʦʜʫʢʪʽʚ ʜʽʣʝʥʥʷ ʽ ʪ.ʜ. ɿʦʢʨʝʤʘ, ʦʜʥʠʤ ʽʟ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʭ ʧʠʪʘʥʴ 

ʧʨʦʮʝʩʫ ʧʦʜʽʣʫ ʷʜʨʘ ʻ ʨʽʚʥʦʽʤʦʚʽʨʥʝ ʽʩʥʫʚʘʥʥʷ ʜʚʦʭ ʢʘʥʘʣʽʚ ʜʽʣʝʥʥʷ: 

ʩʠʤʝʪʨʠʯʥʦʛʦ ʽ ʘʩʠʤʝʪʨʠʯʥʦʛʦ. ɼʣʷ ʨʦʟʫʤʽʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʚʯʘʪʠ 

ʜʠʥʘʤʽʢʫ ʜʽʣʝʥʥʷ ʘʪʦʤʥʠʭ ʷʜʝʨ. ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩ̫ ʧʨʠ ʦʧʠʩʽ ʜʠʥʘʤʽʢʠ ʧʦʜʽʣʫ ʷʜʨʘ, ʻ ʩʝʨʝʜʥʽ ʢʫʪʦʚʽ ʤʦʤʝʥʪʠ 

ʧʨʦʜʫʢʪʽʚ ʜʽʣʝʥʥʷ. ɺʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ ʦʧʠʩʽ ʧʝʨʝʭʦʜʫ ʷʜʨʘ, ʱʦ ʜʽʣʠʪʴʩʷ, 

ʚʽʜ ʩʽʜʣʦʚʦʾ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ ʨʦʟʨʠʚʫ [68]. ʇʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ 

ʤʦʤʝʥʪʽʚ ʫʣʘʤʢʽʚ ʜʽʣʝʥʥʷ, ʦʪʨʠʤʘʥʠʭ ʜʣʷ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʙʦʤʙʘʨʜʫʶʯʠʭ 

ʯʘʩʪʠʥʦʢ ʯʠ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʟʘʣʝʞʥʽʩʪʴ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ ʚʽʜ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʷʜʨʘ, ʱʦ ʜʽʣʠʪʴʩʷ ʪʘ 

ʧʨʦʣʠʪʠ ʩʚʽʪʣʦ ʥʘ ʧʨʠʯʠʥʫ ʦʜʥʦʯʘʩʥʦʛʦ ʽʩʥʫʚʘʥʥʷ ʜʚʦʭ ʢʘʥʘʣʽʚ ʜʽʣʝʥʥʷ.  



51 

 

ɺʠʭʦʜʷʯʠ ʟ ʛʽʧʦʪʝʟʠ ʧʨʦ ʩʪʘʪʠʩʪʠʯʥʫ ʨʽʚʥʦʚʘʛʫ ʚ ʪʦʯʮʽ ʨʦʟʨʠʚʫ, ʫ ʨʦʙʦʪʘʭ   

[69-70] ʘʚʪʦʨʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ ʫʣʘʤʢʽʚ ʧʦʜʽʣʫ ʧʦʚʠʥʝʥ ʟʨʦʩʪʘʪʠ 

ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʾʭʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʪʦʯʮʽ ʨʦʟʨʠʚʫ. 

ɺ ʨʘʤʢʘʭ ʢʨʘʧʣʠʥʢʦʚʦʾ ʤʦʜʝʣi ʷʜʨʘ, ʚʠʥʠʢʥʝʥʥʷ ʚʝʣʠʢʠʭ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪiʚ 

ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʫʜʞʝʥʥʷʤ ʤʦʜ, ʧʦʚôʷʟʘʥʠʭ iʟ ʦʙʝʨʪʘʥʥʷʤ ʬʨʘʛʤʝʥʪiʚ ʧʦʜiʣʫ. 

ɿʦʢʨʝʤʘ, ʟʙiʣʴʰʝʥʥʷ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪiʚ ʫ ʧʦʨiʚʥʷʥʥi iʟ ʤʘʪʝʨʠʥʩʴʢʠʤ  

ʢʦʤʧʘʫʥʜ-ʷʜʨʦʤ, ʤʦʞʝ ʩʚiʜʯʠʪʠ ʧʨʦ ʥʘʷʚʥiʩʪʴ ʤʝʭʘʥiʟʤiʚ ʨʦʟʢʨʫʯʫʚʘʥʥʷ 

ʬʨʘʛʤʝʥʪiʚ ʟʘ ʨʘʭʫʥʦʢ ʜiʾ ʢʫʣʦʥiʚʩʴʢʠʭ ʪʘ ʷʜʝʨʥʠʭ ʩʠʣ ʧiʩʣʷ ʨʦʟʨʠʚʫ ʷʜʨʘ, ʱʦ 

ʜiʣʠʪʴʩʷ [71-74]. ʇʨʦʪʝ ʢʫʪʦʚʽ ʤʦʤʝʥʪʠ ʪʘ ʾʭʥʽʡ ʟʚôʷʟʦʢ ʟ ʽʥʰʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʜʽʣʫ ʷʜʝʨ ʧʦʛʘʥʦ ʚʠʚʯʝʥʽ. 

ʆʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʠʭ ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʝʨʝʜʥʽ 

ʢʫʪʦʚʽ ʤʦʤʝʥʪʠ ʬʨʘʛʤʝʥʪʽʚ ʧʦʜʽʣʫ ʻ ʤʝʪʦʜ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ. ɺʽʥ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ Ŭů  ʘʙʦ ʚʠʭʦʜʽʚ Ya ʫʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʩʧʽʥʦʚʠʭ (Ŭ=high) ʪʘ ʥʠʟʴʢʦʩʧʽʥʦʚʠʭ (Ŭ=low) ʩʪʘʥʽʚ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ 

ʫʣʘʤʢʘ ʧʦʜʽʣʫ, ʱʦ ʤʘʻ ʽʟʦʤʝʨʥʠʡ ʩʪʘʥ 
ů high lowR =ů ů  ( Y high lowR =Y Y ) [75]. 

ɺʠʚʯʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʫʣʘʤʢʽʚ ʜʽʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʚʧʣʠʚ 

ʩʪʨʫʢʪʫʨʠ ʷʜʨʘ ʽ ʜʝʬʦʨʤʘʮʽʾ ʚ ʪʦʯʮʽ ʜʽʣʝʥʥʷ ʥʘ ʩʝʨʝʜʥʽʡ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ 

ʫʣʘʤʢʽʚ ʪʘ ʟʘʣʝʞʥʽʩʪʴ ʾʭ ʚʝʣʠʯʠʥ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʥʝʡʪʨʦʥʥʦʾ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʽ ʪʘ 

ʚʠʭʦʜʫ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʱʦʜʦ ʚʠʭʦʜʽʚ ʬʨʘʛʤʝʥʪʽʚ ʜʽʣʝʥʥʷ ʘʢʪʫʘʣʴʥʽ ʪʘʢʦʞ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʨʷʜʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʚ ʷʜʝʨʥʽʡ ʪʘ ʨʘʜʽʘʮʽʡʥʽʡ ʬʽʟʠʮʽ, ʦʩʢʽʣʴʢʠ ʚ 

ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʽʚ ʫʣʘʤʢʽʚ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʥʘ ʜʝʩʷʪʢʠ ʚʽʜʩʦʪʢʽʚ. ʊʦʤʫ ʙʫʜʴ-ʷʢʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʧʨʠ ʧʦʜʽʣʽ ʚʘʞʢʠʭ ʷʜʝʨ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ 

ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʧʨʦʛʥʦʟʥʠʭ ʦʮʽʥʦʢ [68]. 

ʗʜʨʘ-ʬʨʘʛʤʝʥʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʜʘʣʝʢʦ ʚʽʜ ʣ̔ʥ̔ ʾ ɓ-ʩʪʘʙʣ̔ʴʥʦʩʪ ̔ ʯʘʩʪʦ ʤʘʶʪʴ 

ʟ̔ʦʤʝʨʥ ̔ʧʘʨʠ ʟ ʧʝʨ̔ʦʜʘʤʠ ʥʘʧʽʚʨʦʟʧʘʜʫ, ʪʨʠʚʘʣʦʩʪʽ ʷʢʠʭ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ 

ʩʦʙʦʶ ʥʘ ʧʦʨʷʜʦʢ ʽ ʙʽʣʴʰʝ. ʇʨʠ ʮʴʦʤʫ ʜʘʥ̔ ʧʨʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥʽʚ ʟ         

ʊ1/2 > 10 ʩ ʤʦʞʥʘ ʚʠʚʯʘʪʠ, ʚʠʤʽʨʶʶʯʠ ɔ-ʩʧʝʢʪʨʠ, ʘ ʜʣʷ ʩʪʘʥʽʚ ʟ ʊ1/2 ~ ʤʩ ʮʝ 
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ʟʨʦʙʠʪʠ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ. ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʧʦ ̔ʟʦʤʝʨʥʠʤ 

ʚʽʜʥʦʰʝʥʥʷʤ ʪʘ ɔ-ʩʧʝʢʪʨʘʤ ʜʦʚʛʦʞʠʚʫʯʦʛʦ ʟ̔ʦʤʝʨʥʦʛʦ ʩʪʘʥʫ ʤʦʞʥʘ ʦʮ̔ʥʠʪʠ 

ʚʥʝʩʦʢ ʚ ʧʦʚʥʫ ʥ̔ʪʝʥʩʠʚʥʩ̔ʪʴ ɔ-ʧʝʨʝʭʦʜʚ̔ ʚʽʜ ʜʦʤʽʰʢʠ ʢʦʨʦʪʢʦʞʠʚʫʯʠʭ 

ʟ̔ʦʤʝʨʚ̔. ɼʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚʘʞʣʠʚʘ ʧʨʠ ʘʥʘʣʟ̔̔ ʤʘʩʦʚʠʭ ʨʦʟʧʦʜʽʣʽʚ ʫʣʘʤʢʽʚ 

ʜ̔ʣʝʥʥ̫ [76]. 

Cʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʦʩʥʦʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʝʣʠʯʠʥʠ ů YR (R ) ʦʪʨʠʤʘʥʘ ʚ 

ʨʝʘʢʮʽʷʭ ʧʦʜʽʣʫ ʧʽʜ ʜʽʻʶ ʥʝʡʪʨʦʥʽʚ (n,f) [77]. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʦ 

ʚʠʤʽʨʶʚʘʥʥʶ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʫ ʨʝʘʢʮʽʷʭ ʬʦʪʦʧʦʜʽʣʫ (ɔ,f) ʧʝʨʝʚʘʞʥʦ 

ʦʪʨʠʤʘʥʽ ʜʣʷ ʪʘʢʠʭ ʤʘʪʝʨʠʥʩʴʢʠʭ ʷʜʝʨ-ʘʢʪʠʥʽʜʽʚ, ʷʢ 
232

Th, 
235,238

U [78-85] ʪʘ 

237
Np, 

239
Pu ʽ 

241
Am [86-87,76]. ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʨʦʙʦʪʠ ʱʦʜʦ 

ʚʠʚʯʝʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʬʦʪʦʜʽʣʝʥʥʷ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʾ ʩʪʨʫʾ [88-89], ʧʨʦʪʝ 

ʜʦʩʣʽʜʞʫʚʘʣʠʩʷ ʣʠʰʝ ʷʜʨʘ 
135

Xe. ʉʝʨʝʜ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʽʟʦʤʝʨʥʠʭ 

ʚʽʜʥʦʰʝʥʴ ʥʝʜʦʩʪʘʪʥʴʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʣʝʛʢʦʛʦ ʫʣʘʤʢʫ 

ʧʦʜʽʣʫ 
95
Nb ʪʘ ʚʘʞʢʦʛʦ 

133
Xe, ʘ ʜʣʷ ʽʟʦʪʦʧʫ 

135
Xe ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʬʣʫʢʪʫʘʮʽʾ 

ʟʥʘʯʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ. 

ʇô̫ ʪʠʡ ʨʦʟʜʽʣ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʥʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʱʦ ʧʨʦʜʦʚʞʫʶʪʴ 

ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥ ̔ ʜʦʩʣʽʜʞʝʥʥ ̫ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʪʘ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ 

ʤʦʤʝʥʪʽʚ ʬʨʘʛʤʝʥʪʽʚ ʬʦʪʦʧʦʜʽʣʫ ʷʜʝʨ-ʘʢʪʠʥiʜiʚ (ʜʠʚ. [87, 90-93] ʪʘ ʧʦʩʠʣʘʥʥʷ ʚ 

ʥʠʭ). ʆʜʥʽʻʶ ʟ ʮʽʣʝʡ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʪʘ 

ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ ʧʨʠ ʬʦʪʦʧʦʜʽʣʽ ʷʜʝʨ 
238
U ʜʣʷ ʫʣʘʤʢʽʚ 

95
Nb ʚ ʨʝʘʢʮʽʾ 

(ɔ,f) ʚ ʦʙʣʘʩʪʽ ʥʠʞʯʝ ʧʦʨʦʛʫ (ɔ,nf)-ʨʝʘʢʮʽʾ ʽ ʫʣʘʤʢʽʚ 
133

Xe, 
135

Xe ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ. ʊʘʢʦʞ ʩʪʘʚʠʣʦʩʷ 

ʟʘʚʜʘʥʥʷ ʚʠʷʚʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪ ̔ʧʦʚʝʜʽʥʢʠ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʽʟ ʨʘʥʽʰʝ 

ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ. ʇʨʠ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʦʤʫ ʬʦʪʦʜʽʣʝʥʥʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʜʽʣʝʥʥʷ ʟʘʨʷʜʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʽ/ʯʠ ʥʝʡʪʨʦʥʘʤʠ, ʷʜʨʦ, ʱʦ ʜʽʣʠʪʴʩʷ 

ʟʘʣʠʰʘʻʪʴʩʷ ʪʠʤ ʞʝ ʽ ʟʙʫʜʞʫʻʪʴʩʷ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʧʘʫʥʜ-ʩʪʘʥʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ ʦʢʨʝʤʠʭ ʫʣʘʤʢʽʚ 

ʜʽʣʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʥʝʨʫʡʥʽʚʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʜʽʣʷʪʴʩʷ. ɿʥʘʶʯʠ ɯɺɺ ʪʘ ʦʪʨʠʤʘʚʰʠ ʚʠʭʽʜ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 
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ʚʠʭʽʜ ʽʟʦʤʝʨʥʦʛʦ ʯʠ ʥʘʚʧʘʢʠ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ ʢʦʣʠ ʥʝʤʦʞʣʠʚʦ ʧʨʷʤʦ ʾʭ ʚʠʤʽʨʷʪʠ 

ɔ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ. ʆʩʪʘʥʥʽʡ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ ʥʘʜ 

ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʣʽʢʫ ʥʝʡʪʨʦʥʽʚ, ʷʢʠʡ ʥʘ ʜʘʥʠʡ ʯʘʩ ʧʝʨʝʚʘʞʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ: ʫʥʽʢʘʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ɔ-ʩʧʝʢʪʨʫ ʜʦʟʚʦʣʷʻ ʦʜʥʦʟʥʘʯʥʦ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʨʘʜʽʦʥʫʢʣʽʜ, ʚʠʱʘ ʧʦʚʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʯʫʪʣʠʚʽʩʪʴ, ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ ʛʘʤʤʘ-ʢʚʘʥʪʠ ʤʘʶʪʴ ʚʠʱʫ ʧʨʦʥʠʢʥʫ 

ʟʜʘʪʥʽʩʪʴ ʫ ʚʦʜʥʝʚʤʽʩʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʥʽʞ ʥʝʡʪʨʦʥʠ [94]. 

ʎʽʢʘʚʦ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ɯɺ ʪʘ J ʪʘ ʜʦʩʣʽʜʠʪʠ ʚʠʱʝʟʛʘʜʘʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʣʷ 

97
Nb, ʽʟʦʪʦʧʫ 

95
Nb ʜʦ ʷʢʦʛʦ ʜʦʜʘʥʽ ʜʚʘ ʥʝʡʪʨʦʥʠ ʪʘʢʦʞ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʚʝʣʠʯʠʥ ɽʛʨ. ʉʣʽʜ ʧʦʨʽʚʥʷʪʠ ʧʦʚʝʜʽʥʢʫ ɯɺ ʪʘ J  ʜʚʦʭ ʽʟʦʪʦʧʽʚ ʥʽʦʙʽʶ ʤʽʞ ʩʦʙʦʶ 

ʧʨʠ ʬʦʪʦʜʽʣʝʥʥʽ ʧʘʨʥʦ-ʧʘʨʥʦʛʦ 
238

U ʽ ʦʪʨʠʤʘʪʠ ʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʣʷ 

97
Nb ʧʨʠ ʬʦʪʦʜʽʣʝʥʥʷ ʧʘʨʥʦ-ʥʝʧʘʨʥʦʛʦ 

235
U. 

ʍʦʯʘ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ ʜʣʷ ʫʣʘʤʢʽʚ 
134

I ʪʘ 
133

Te ʧʨʠ ʬʦʪʦʜʽʣʝʥʥʷ 

ʷʜʝʨ 
235

U ʚʠʚʯʘʣʠʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ            

ɽʛʨ = 12, 15, 20 ʪʘ 30 Meɺ, ʧʨʦʪʝ ʚ ʪʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʨʘʜʽʦʭʽʤʽʯʥʘ ʤʝʪʦʜʠʢʘ ʽ ʧʨʷʤʘ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʽʷ [83-84]. ɸ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʥʝʤʦʞʣʠʚʦ ʢʦʨʝʢʪʥʦ ʚʨʘʭʫʚʘʪʠ ʧʽʜʞʠʚʣʝʥʥʷ 

ʦʢʨʝʤʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʟʦʤʝʨʥʠʭ ʧʘʨ, ʦʩʢʽʣʴʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ 

ʧʨʦʚʝʜʝʥʥʷ ʨʘʜʽʦʭʽʤʽʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʜʘʥʦʛʦ ʽʟʦʪʦʧʫ, ʪʨʠʚʘʣʽʩʪʴ ʷʢʦʛʦ ʜʫʞʝ 

ʩʢʣʘʜʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ, ʙʫʜʝ ʟʤʽʥʶʚʘʪʠʩʴ ʜʦʣʷ ʧʽʜʞʠʚʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ            

ɓ-ʨʦʟʧʘʜʫ ʤʘʪʝʨʠʥʩʴʢʠʭ ʷʜʝʨ. ʂʨʽʤ ʪʦʛʦ, ʚ ʮʽʡ ʤʝʪʦʜʠʮʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʧʽʜʞʠʚʣʝʥʥʷ ʜʘʥʦʛʦ ʷʜʨʘ ʟʘ ʨʘʭʫʥʦʢ ʤʘʪʝʨʠʥʩʴʢʦʛʦ ʷʜʨʘ ʧʽʜ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ. 

ɸ ʧʨʠ ʩʧʽʚʨʦʟʤʽʨʥʠʭ ʪʨʠʚʘʣʦʩʪʷʭ ʦʧʨʦʤʽʥʝʥʥʷ ʽ ʨʦʟʧʘʜʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ, 

ʮʷ ʚʝʣʠʯʠʥʘ ʤʦʞʝ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʟʙʫʜʞʝʥʥʷ ʜʘʥʦʛʦ ʽʟʦʤʝʨʘ 

ʟʘ ʨʘʭʫʥʦʢ ʜʽʣʝʥʥʷ [95]. ʊʦʤʫ ʚ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʦʧʠʩʘʥʠʭ ʫ ʧô̫ ʪʦʤʫ ʨʦʟʜʽʣʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ, ʷʢʘ ʧʦʣʷʛʘʣʘ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ɔ-ʩʧʝʢʪʨʽʚ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʙʝʟ ʨʘʜʽʦʭʽʤʽʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ. ʊʘʢʦʞ ʯʽʪʢʦ 

ʬʽʢʩʫʚʘʚʩʷ ʯʘʩ ʦʧʨʦʤʽʥʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʠʡ ʚʨʘʭʦʚʫʚʘʚʩʷ 

ʧʨʠ ʨʦʟʚôʷʟʢʫ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʭ ʨʽʚʥʷʥʴ. ʊʦʤʫ ʧʨʠ ʬʦʪʦʜʽʣʝʥʥʽ 
235

U 

ʮʽʢʘʚʦ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʪʘ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ 
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ʤʦʤʝʥʪʽʚ ʷʜʝʨ 
133

Te, 
134

I, 
135

Xe ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ ɽʛʨ=17 ʄʝɺ ʪʘ 

ʧʦʨʽʚʥʷʪʠ ʾʭ ʟ ʨʦʙʦʪʘʤʠ ʚʠʱʝʟʛʘʜʘʥʠʭ ʘʚʪʦʨʽʚ ʧʨʠ ɽʛʨ = 15 ʪʘ 20 ʄʝɺ. ʋ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʙʫʜʝ ʚʽʜʢʨʠʪʦ ʜʚʘ ʢʘʥʘʣʠ ʜʽʣʝʥʥʷ ï (ɔ,f) ʪʘ (ɔ,nf) ʽ ʮʝ ʪʘʢʦʞ ʙʫʜʝ 

ʧʨʦʜʦʚʞʝʥʥʷʤ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʠ ɽʛʨ=9.6 ʄʝɺ [87]. 

ʎʽʢʘʚʦ ʪʘʢʦʞ ʧʨʦʚʝʩʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʪʘ ʩʝʨʝʜʥʽʭ 

ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ ʜʣʷ ʷʜʝʨ 
233

U ʪʘ ʧʦʨʽʚʥʷʪʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʦʜʥʠʭ ʽ 

ʪʠʭ ʞʝ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʪʘ ʜʣʷ ʪʠʭ ʩʘʤʠʭ 

ʬʨʘʛʤʝʥʪʽʚ ʜʽʣʝʥʥʷ ʟ ʜʘʥʠʤʠ ʜʣʷ 
235

U. 

ɺʠʢʣʠʢʘʻ ʪʘʢʦʞ ʧʝʚʥʠʡ ʽʥʪʝʨʝʩ ʚʠʚʯʝʥʥʷ ɯɺ ʪʘ J ʜʣʷ ʪʨʘʥʩʫʨʘʥʦʚʠʭ ʷʜʝʨ 

239
Pu ʧʨʠ ɽʛʨ = 18 ʄʝɺ ʪʘ 

237
Np ʧʨʠ ɽʛʨ = 9.8, 17 ʪʘ 18 ʄʝɺ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʧʨʠ ɽʛʨ = 17 ʪʘ 18 ʄʝɺ ʚʽʜʢʨʠʪʽ ʜʚʘ ʢʘʥʘʣʠ ʜʽʣʝʥʥʷ: (ɔ,f) ʪʘ (ɔ,nf), ʘ ʧʨʠ ɽʛʨ = 9.8 

ʄʝɺ ʣʠʰʝ (ɔ,f). ʇʨʠ ʮʴʦʤʫ ʤʦʞʥʘ ʪʘʢʦʞ ʦʮʽʥʠʪʠ ʚʧʣʠʚ ʷʜʝʨ, ʱʦ ʜʽʣʷʪʴʩʷ ʥʘ 

ʽʤʦʚʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʫʣʘʤʢʽʚ, ʦʩʢʽʣʴʢʠ 
239

Pu ʻ ʧʘʨʥʦ-ʥʝʧʘʨʥʠʤ ʘ 
237

Np - 

ʥʝʧʘʨʥʦ-ʧʘʨʥʠʤ. ɼʦʩʣʽʜʞʝʥʥʷ 
239

Pu ʧʨʦʜʦʚʞʠʪʴ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʫ ʨʦʙʦʪʫ ʧʨʠ 

ɽʛʨ = 9.8 ʄʝɺ [87]. 

ʎʽʢʘʚʦ ʪʘʢʦʞ ʚʠʚʯʠʪʠ ʧʦʚʝʜʽʥʢʫ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʪʘ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ 

ʤʦʤʝʥʪʽʚ ʽʟʦʪʦʧʽʚ ʢʩʝʥʦʥʘ - 
133

Xe ʪʘ 
135

Xe ʧʨʠ ʬʦʪʦʧʦʜʽʣʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʜʣʷ 

ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 
238

U ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʛʨʘʥʠʯʥʠʭ ʝʥʝʨʛʽʡ ï ʚʽʜ 6.25 ʜʦ 18 ʄʝɺ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʢʘʥʘʣʽʚ 

ʜʽʣʝʥʥʷ. 

ʉʣʘʙʦ ʜʦʩʣʽʜʞʝʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʪʘʢʦʞ ʬʦʪʦʜʽʣʝʥʥʷ ʥʝʧʘʨʥʦ-ʧʘʨʥʦʛʦ 
241

Am ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ, ʦʩʦʙʣʠʚʦ ʣʝʛʢʽ 

ʫʣʘʤʢʠ ʜʽʣʝʥʥʷ. 

ʋʩʽ ʚʠʱʝʟʛʘʜʘʥʽ ʟʘʜʘʯʽ ʙʫʜʫʪʴ ʮʽʣʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧô̫ ʪʦʛʦ ʨʦʟʜʽʣʫ ʜʘʥʦʾ 

ʨʦʙʦʪʠ. 

 

1.4  ɼʦʩʣʽʜʞʝʥʥʷ ʘʪʦʤʥʦ-ʷʜʝʨʥʠʭ ʧʨʦʮʝʩʽʚ 

 

ɿʙʫʜʞʝʥʥʷ ʷʜʨʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʠʭ ʧʝʨʝʭʦʜʽʚ - ʮʝ ʧʨʦʮʝʩ, ʧʽʜ ʯʘʩ 

ʷʢʦʛʦ ʙʫʜʴ-ʷʢʠʡ ʘʪʦʤʥʠʡ ʧʝʨʝʭʽʜ ʨʝʟʦʥʘʥʩʥʦ ʟʙʫʜʞʫʻ ʚʣʘʩʥʝ ʷʜʨʦ. ɺ ʮʴʦʤʫ 
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ʨʦʟʫʤʽʥʥʽ ʜʘʥʠʡ ʧʨʦʮʝʩ ʟʚʦʨʦʪʥʽʡ ʚʥʫʪʨʽʰʥʽʡ ʝʣʝʢʪʨʦʥʥʽʡ ʢʦʥʚʝʨʩʽʾ. ɺʽʥ 

ʚʠʥʠʢʘʻ ʫ ʚʠʧʘʜʢʫ ʙʣʠʟʴʢʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʘʪʦʤʥʠʭ ʪʘ ʷʜʝʨʥʠʭ ʧʝʨʝʭʦʜʽʚ ʽ 

ʦʜʥʘʢʦʚʠʭ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʝʡ. ʆʩʥʦʚʥʦʶ ʩʢʣʘʜʥʽʩʪʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʜʝʪʝʢʪʫʚʘʥʥʷ ɿʗɽʇ ʻ ʧʦʰʫʢ ʷʜʨʘ, ʱʦ ʤʘʻ ʘʪʦʤʥʠʡ ʪʘ ʷʜʝʨʥʠʡ ʧʝʨʝʭʦʜʠ ʙʣʠʟʴʢʽ 

ʟʘ ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽʾ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʣʠʰʝ ʜʚʘ ʷʜʨʘ - 
197

Au  ̔
193

Ir ʻ 

ʛʘʨʥʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɿʗɽʇ, ʦʩʢʽʣʴʢʠ 

ʨʽʟʥʠʮʷ ʚ ʚʝʣʠʯʠʥʘʭ ʝʥʝʨʛʽʾ ʤʽʞ ʚʠʱʝʟʛʘʜʘʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʻ ʥʠʞʯʦʶ 120 ʝɺ 

[96]. ʑʝ ʙʽʣʴʰ ʫʥʽʢʘʣʴʥʠʤ ʻ ʽʟʦʤʝʨ 
178m2

Hf, ʜʣʷ ʷʢʦʛʦ ʟʘʷʚʣʝʥʘ ʨʽʟʥʠʮʷ ʩʢʣʘʜʘʻ 

6 ʝɺ ʱʦ ʻ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʽʾ [97]. ʇʦ-ʧʝʨʰʝ, ɿʗɽʇ ʥʝ ʙʫʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʠʡ ʞʦʜʥʦʶ ʽʥʰʦʶ ʜʦʩʣʽʜʥʠʮʴʢʦʶ ʛʨʫʧʦʶ [63] ʽ ʧʦ-ʜʨʫʛʝ, 

ʚʽʜʧʦʚʽʜʥʠʡ ʷʜʝʨʥʠʡ ʨʽʚʝʥʴ ʚ 
178

Hf ʤʦʞʝ ʙʫʪʠ ʟʘʩʝʣʝʥʠʡ ʣʠʰʝ ʧʨʠ ʟʘʧʦʚʥʝʥʥʽ 

ʚʘʢʘʥʩʽʾ L3 ʚ ʝʣʝʢʪʨʦʥʥʽʡ ʦʙʦʣʦʥʮʽ. ɸ ʮʝʡ ʧʨʦʮʝʩ ʱʝ ʥʽʢʦʣʠ ʥʝ ʩʧʦʩʪʝʨʽʛʘʚʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

ɿʗɽʇ ʚ ʷʜʨʘʭ 
197

Au ʚʧʝʨʰʝ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʚ 2000 ʨʦʮʽ ʥʘ ʫʩʪʘʥʦʚʮʽ SPring-8 

[98] ʽ ʙʫʚ ʧʦʚʪʦʨʝʥʠʡ ʫ 2006 ʨʦʮʽ [99] ʟ ʥʘʙʘʛʘʪʦ ʚʠʱʦʶ ʪʦʯʥʽʩʪʶ. ʄʦʥʽʪʦʨʠʥʛ 

ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʙʦʤʙʘʨʜʫʶʯʠʭ ʬʦʪʦʥʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʦʜʽʾ ɿʗɽʇ ʤʘʣʠ ʤʽʩʮʝ ʜʦ 

ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ, ʷʢʘ ʥʘ 40Ñ2 eɺ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʫ ʝʥʝʨʛʽʶ ʂ-ʢʨʘʶ. 

ʌʘʢʪʠʯʥʦ, ʟʛʽʜʥʦ ʽʟ ʜʦʩʪʫʧʥʦʶ ʷʜʝʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ [100] ʥʝʩʧʽʚʧʘʜʘʥʥʷ ʫ 

ʚʝʣʠʯʠʥʘʭ ʝʥʝʨʛʽʾ ʤʽʞ ʚʽʜʧʦʚʽʜʥʠʤ ʷʜʝʨʥʠʤ (3/2
+
, 0 ʢʝɺᵼ1/2

+
, 77.351 ʢʝɺ) ʪʘ 

ʘʪʦʤʥʠʤ (3S1/2, 3.425 ʢʝɺᵼ1S1/2, 80.725 ʢʝɺ) ʧʝʨʝʭʦʜʘʤʠ ʩʢʣʘʜʘʻ 51 ʝɺ. ʇʨʠ 

ʮʴʦʤʫ ʧʦʭʠʙʢʘ ʪʘʙʫʣʴʦʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʧʝʨʰʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʚ 

197
Au ʨʽʚʥʘ 2 ʝɺ [96]. 

ʋʩʽ ʩʧʨʦʙʠ ʨʦʟʚô̫ ʟʘʪʠ ʜʘʥʫ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ [101] ʥʝ ʧʨʠʚʝʣʠ ʜʦ ʫʩʧʽʭʫ ʽ ʪʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʜʦʚʞʫʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʧʝʨʰʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʚ 
197

Au. ʎʝ ʙʫʜʝ 

ʦʜʥʽʻʶ ʟ ʮʽʣʝʡ ʰʦʩʪʦʛʦ ʨʦʟʜʽʣʫ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ʅʝ ʟʛʘʩʘʻ ʥ̔ʪʝʨʝʩ ʜʦ ʚʠʚʯʝʥʥʷ ʨʦʟʧʘʜʫ ʟ̔ʦʤʝʨʥʦʛʦ ʩʪʘʥʫ K
ˊ
 = 23/2

ï
 ʚ 

177
Lu 

(T1/2 = 160.44 ʜʦʙʠ). ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʯʦʪʠʨʠ ʩʪʘʪʪ,̔ ʦʧʫʙʣʢ̔ʦʚʘʥ ̔ʟ ʣʶʪʦʛʦ 2012 

ʧʦ ʣʶʪʠʡ 2013 ʨʨ. ʨ̔ʟʥʠʤʠ ʛʨʫʧʘʤʠ ʘʚʪʦʨʚ̔ [102-105]. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ 

ʧʽʚʚʽʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʝ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʚʠʯʝʨʧʥʽ ʚʽʜʧʦʚʽʜʽ ʧʨʦ ʛʽʣʢʠ 
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ʨʦʟʧʘʜʫ ʟ̔ʦʤʝʨʥʦʛʦ ʩʪʘʥʫ, ʥ̔ʪʝʥʩʠʚʥʦʩʪ ̔ ɔ-ʧʝʨʝʭʦʜʚ̔ ʪʘ ʢʦʝʬ̔ʮ̔ ʻʥʪʠ 

ʚʥʫʪʨʽʰʥɹʦʾ ʢʦʥʚʝʨʩʽʾ [106]. 

ɼʦ ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʚʚʘʞʘʣʦʩʴ, ʦɦ ʨʦʟʧʘʜ ʪʨʠʢʚʘʟʯ̔ʘʩʪʠʥʢʦʚʦʛʦ ̔ʟʦʤʝʨʥʦʛʦ 

ʩʪʘʥʫ 7́/2
+
[404] ɜ(7/2

ï
[514], 9/2

+
[624]) ʚ 

177
Lu ʚʽʜʙʫʚʘʻʪʴʩʷ ʢ̫ ʥʘ ʨ̔ʚʝʥʴ 17/2

+
 

ʨʦʪʘʮʽʡʥʦʾ ʩʤʫʛʠ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
177

Lu ʟʘ ʜʦʧʦʤʦʛʦʶ K-ʟʘʙʦʨʦʥʝʥʦʛʦ            

116 ʢʝɺʥʦʛʦ ɽ3-ʧʝʨʝʭʦʜʫ, ʪʘʢ  ̔ ʯʝʨʝʟ ɓïʨʦʟʧʘʜ ʥʘ ̔ʟʦʤʝʨʥʠʡ ʩʪʘʥ                      

K
ˊ
 = 23/2

+
ˊ(7/2

+
[404], 9/2

ï
[514]) ɜ7/2

ï
[514] ʚ 

177
Hf. ʆʩʪʘʥʥʽʡ ʨʦʟʨʷʜʞʘʻʪʴʩʷ               

K-ʟʘʙʦʨʦʥʝʥʠʤ ʄ1-ʧʝʨʝʭʦʜʦʤ ʟ ʝʥʝʨʛʽʻʶ 14 ʢʝɺ ʥʘ ʨ̔ʚʝʥʴ 21/2
+
 ʨʦʪʘʮʽʡʥʦʾ 

ʩʤʫʛʠ ʦʜʥʦʢʚʘʟʯ̔ʘʩʪʠʥʢʦʚʦʛʦ ʩʪʘʥʫ ɜ9/2
+
[624] 

177
Hf ʪʘ K-ʟʘʙʦʨʦʥʝʥʠʤ            

ɽ2-ʧʝʨʝʭʦʜʦʤ ʟ ʝʥʝʨʛʽʻʶ 229 ʢʝɺ ʥʘ ʨ̔ʚʝʥʴ 19/2
+
 ʪ̔ ʻʾ ʞ ʩʤʫʛʠ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʪʘʢʦʞ ʨʦʟʨʷʜʢʘ K-ʟʘʙʦʨʦʥʝʥʠʤ ɽ1-ʧʝʨʝʭʦʜʦʤ ʟ ʝʥʝʨʛʽʻʶ 55 ʢʝɺ ʥʘ ʨ̔ʚʝʥʴ 21/2
ï
 

ʨʦʪʘʮʽʡʥʦʾ ʩʤʫʛʠ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
177

Hf (ʜʠʚ. ʨʠʩ. 1.2). ɸʚʪʦʨʘʤ ʨʦʙʦʪʠ [102] 

ʚʜʘʣʦʩʷ ̔ʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʦʚ̔ ʛʽʣʢʠ ʨʦʟʧʘʜʫ ʟ̔ʦʤʝʨʥʦʛʦ ʩʪʘʥʫ K
ˊ
 = 23/2

ï
 ʥʘ ʨ̔ʚʥ̔ 

17/2
ï
 ʪʘ 15/2

ï
 ʨʦʪʘʮʽʡʥʦʾ ʩʤʫʛʠ ʦʜʥʦʢʚʘʟʯ̔ʘʩʪʠʥʢʦʚʦʛʦ ʩʪʘʥʫ 9́/2

ï
[514] 

177
Lu ʟ 

ʥ̔ʪʝʥʩʠʚʥʦʩʪʷʤʠ ʥʠʞʯʠʤʠ 0.1%, ʦɦ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʮʽʢʘʚʽ ʜʘʥ̔ ʧʨʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ K-ʟʘʙʦʨʦʥʝʥʠʭ ʄ3- ʪʘ ɽ4-ʧʝʨʝʭʦʜʚ̔ [106]. 

177m
Lu ï ʮʝ ʧʝʨʩʧʝʢʪʠʚʥʝ ʷʜʨʦ ʜʣʷ ʧʦʰʫʢʫ ʘʥʦʤʘʣ̔ʡ ʚ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʘʭ 

ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʥʚʝʨʩʽʾ K-ʟʘʙʦʨʦʥʝʥʠʭ ɔ-ʧʝʨʝʭʦʜʚ̔. ũʘʤʤʘ-ʧʝʨʝʭʦʜʠ, ʷʢ̔ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʡʦʛʦ ʨʦʟʧʘʜ, ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʩʪʫʧ̔ʥɹ ʟʘʙʦʨʦʥʠ ʧʦ K. ʋʩ̔ ʚʦʥʠ 

ʟʘʛʘʣʴʤʦʚʘʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʦʜʥʦʯʘʩʪʠʥʢʦʚʠʤʠ ʦʮ̔ʥʢʘʤʠ ɺʘʡʩʢʦʧʬʘ,  ̔ʜʣʷ ʥʠʭ 

ʤʦʞʣʠʚʽ ʘʥʦʤʘʣ̔ ʾ ʚ ʂɺʂ, ʟʫʤʦʚʣʝʥʽ ʝʬʝʢʪʦʤ ʧʨʦʥʠʢʥʝʥʥʷ. ʆʩʢʽʣʴʢʠ 

ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʧʨʠ ʮʴʦʤʫ ʚʽʜʭʠʣʝʥʥʷ ʂɺʂ ʚʽʜ ʭʾ ʩʪʘʥʜʘʨʪʥʠʭ ʪʘʙʣʠʯʥʠʭ 

ʟʥʘʯʝʥ ɹ ʚ ʙ̔ʣʴʦhʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʚʝʣʠʢ,̔ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʧʨʝʮʠʟʽʡʥʽ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ɓ-ʩʧʝʢʪʨʦʤʝʪʨʚ̔ ʚʠʩʦʢʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. ʊʘʢ̔ ʜʘʥ̔, ʥʘ ʞʘʣʴ, ʥʘ ʩʴʦʛʦʜʥʽh ʥ̔ʡ ʜʝʥʴ ʧʨʘʢʪʠʯʥʦ 

ʚʽʜʩʫʪʥʽ. ɺ ʨʦʙʦʪʘʭ [107-108] ʜʣʷ ʧʝʨʝʭʦʜʚ̔ ɔ116  ̔ ɔ229 ʢʝɺ ʙʫʣʠ ʚʠʷʚʣʝʥʽ 

ʥʝʟʥʘʯʥʽ ï ʙʽʣʷ (5ï10) % ï ʨʦʟʭʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ̔ ʪʝʦʨʝʪʠʯʥʠʭ 

ʟʥʘʯʝʥ ɹʂɺʂ. ɰʭ ʥʝ ʚʜʘʻʪʴʩʷ ʧʦʷʩʥʠʪʠ ʜʦʤʽʰʢʘʤʠ ʽʥʰʠʭ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʝʡ ʪʽʻʾ 

ʞ ʧʘʨʥʦʩʪʽ ,̔ ʤʦʞʣʠʚʦ, ʮʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʧʣʠʚ ʚʥʫʪʨʽʰʥʴʦ̫ ʜʝʨʥʦ ʾʢʦʥʚʝʨʩʽʾ. 

ɸʚʪʦʨʠ ʨʦʙʦʪʠ [104] ʚʠʤʽʨʷʣʠ ʢʦʝʬ̔ʮ̔ ʥ̒ʪʠ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʥʚʝʨʩʽʾ ʥʘ K-, L- ʪʘ 



57 

 

M-ʦʙʦʣʦʥʢʘʭ ʜʣʷ 32 ɔ-ʧʝʨʝʭʦʜʚ̔ ʟʘ ʜʦʧʦʤʦʛʦʶ ɓ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʪʠʧʫ             

ʤ̔ʥ̔-ʘʧʝʣʴʩʠʥ, ʧʨʦʪʝ ʜʦʩ̫ʛʥʫʪʘ ʪʦʯʥʩ̔ʪʴ ʥʝ ʧʝʨʝʚʠʱʫʻ 5% ʱʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ 

 

ʈʠʩ. 1.2 ʌʨʘʛʤʝʥʪ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
177m

Lu [106]. ʇʦʟʥʘʯʝʥʥʷ ʧʝʨʝʭʦʜʽʚ ʽ ʾʭ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʩʭʝʤʽ ʨʦʟʧʘʜʫ ʚʽʜʧʦʚʽʜʘʶʪʴ [102]. 

 

ʧʦhʫʢʫ ʘʥʦʤʘʣʡ̔ ʚ ʂɺʂ. 

ʄʦʞʥʘ ʩʧʨʦʙʫʚʘʪʠ ʚʠʟʥʘʯʠʪʠ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʁ ʧʦʚʥ̔ ʂɺʂ ɔ-ʧʝʨʝʭʦʜʽʚ ʟ 

ʙʘʣʘʥʩʫ ʥ̔ʪʝʥʩʠʚʥʦʩʪʝʡ ʚʽʜʧʦʚʽʜʥʠʭ ʨ̔ʚʥ̔ʚ. ʇʨʦʪʝ, ʭʦʯʘ ʥ̔ʪʝʥʩʠʚʥʦʩʪ ̔ʩʠʣʴʥʠʭ 

ɔ-ʧʨʦʤʝʥʽʚ ʚʽʜʦʤʽ ʟ ʧʦʭʠʙʢʦʶ (2ï5)% [109], ʽʩʥʫʶʪʴ ʩʫʪʪʻʚʽ ʨʦʟʭʦʜʞʝʥʥʷ ʚ 

ʦʮ̔ʥʢʘʭ ʥ̔ʪʝʥʩʠʚʥʦʩʪʝʡ ʜʝʷʢʠʭ ʩʣʘʙʰʠʭ ʣ̔ʥ̔ʡ. ʊʦʯʥ̔ʩʪʴ ʞʝ ʚʠʟʥʘʯʝʥʥʷ 

ʥ̔ʪʝʥʩʠʚʥʦʩʪʝʡ ɔ-ʧʝʨʝʭʦʜʚ̔ ʚ ʦʙʣʘʩʪ ̔ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʥʠʞʯʝ 100 ʢʝɺ (ʟʘ 

ʚʠʢʣʶʯʝʥʥʷʤ ɔ71 ʢʝɺ, ̫ʢʘ ʥʘʣʝʞʠʪʴ ʨʦʟʧʘʜʫ ʜʦʯʨ̔ʥɹʦʛʦ 
177
Lu) ʥʝ ʧʝʨʝʚʠʱʫʻ 

(10ï35) %. ʅʝ ʢʨʘʱʽ ʩʧʨʘʚʠ  ̔ʟ ʚʠʤʽʨʘʤʠ ʨʝʥʪʛʝʥʚ̔ʩɹʢʦʛʦ ʩʧʝʢʪʨʘ 
177m
Lu, ʪʦʤʫ 

ʥʘ ʧʦʨʷʜʢʫ ʜʝʥʥʦʤʫ ʩɹ ʦʛʦʜʥʽ ʩʪʦʾʪɹ ʧʠʪʘʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 
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ʥʠʟɹʢʦʝʥʝʨʛʝʪʠʯʥʦʾ ʦʙʣʘʩʪ ̔ɔ-ʩʧʝʢʪʨʫ 
177m

Lu. ɼʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʥʘʥʽ 

ʫ ʰʦʩʪʦʤʫ ʨʦʟʜʽʣʽ ʧʦʢʣʠʢʘʥʽ ʧʨʦʷʩʥʠʪʠ ʩʫʧʝʨʝʯʣʠʚʽ ʧʠʪʘʥʥʷ ʚ ʮʽʡ ʦʙʣʘʩʪ.̔ 

ʅʘ ʨʠʩʫʥʢʫ 1.2 ʧʦʢʘʟʘʥʦ ʪʨʠ ɔ-ʧʝʨʝʭʦʜʠ, ʷʢ̔ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 

ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ ʟ ʊ1/2 = 160.44 ʜʥʽ ʚ 
177

Lu: ɔ55, ɔ116, ̔  ɔ229 ʢʝɺ. ʋʩʽ ʚʦʥʠ ʻ 

ʟʘʙʦʨʦʥʝʥʠʤʠ ʟʛʽʜʥʦ ʦʜʥʦʯʘʩʪʠʥʢʦʚʠʭ ʦʮʽʥʦʢ ʽ ʦʪʞʝ ʤʦʞʣʠʚʽ ʘʥʦʤʘʣʽʾ ʚ 

ʢʦʝʬʽʮʽʻʥʪʘʭ ʚʥʫʪʨʽʰʥʴʦʾ ʢʦʥʚʝʨʩʽʾ ʜʣʷ ʮʠʭ ʧʝʨʝʭʦʜʽʚ, ʩʧʨʠʯʠʥʝʥʽ ʝʬʝʢʪʘʤʠ 

ʧʨʦʥʠʢʥʝʥʥʷ. 

ɽʬʝʢʪ ʧʨʦʥʠʢʥʝʥʥʷ, ʯʠ ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʘ ʢʦʥʚʝʨʩʽʷ ʚ ʪʝʦʨʽʾ ʚʥʫʪʨʽʰʥʴʦʾ 

ʢʦʥʚʝʨʩʽʾ ï ʮʝ ʧʦʧʨʘʚʢʘ ʚ ʂɺʂ, ʷʢʘ ʚʠʥʠʢʘʻ, ʢʦʣʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʪʝʥʮʽʘʣʠ 

(ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʝʨʝʭʦʜʽ ʷʜʨʘ ʟ ʦʜʥʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʥʘ ʽʥʰʠʡ) ʨʦʟʨʘʭʦʚʘʥʽ 

ʜʣʷ ʪʦʯʢʦʧʦʜʽʙʥʦʛʦ ʷʜʨʘ ʟʘʤʽʥʷʶʪʴʩʷ ʧʦʪʝʥʮʽʘʣʘʤʠ ʜʣʷ ʷʜʨʘ ʧʝʚʥʠʭ ʨʦʟʤʽʨʽʚ 

[110]. ɺʽʥ ʙʫʚ ʚʨʘʭʦʚʘʥʠʡ ʚ ʪʘʙʣʠʮʷʭ ɹʘʥʜʘ ʽ ʊʨʘʞʩʢʦʚʩʴʢʦʾ [111], ʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʤʽʚ ʉʣʽʚʘ [112]. ʇʨʦʪʝ ʝʬʝʢʪ 

ʧʨʦʥʠʢʥʝʥʥʷ ʙʫʚ ʧʨʦʽʛʥʦʨʦʚʘʥʠʡ ʚ ʪʘʙʫʣʷʮʽʷʭ ʍʘʛʝʨʘ ʪʘ ɿʝʣʴʪʮʝʨʘ [113] ʽ 

ʈʝʩʦʣʘ ʪʘ ʽʥ. [114], ʷʢʽ ʙʘʟʫʚʘʣʠʩʷ ʥʘ ʥʝʧʨʦʥʠʢʥʽʡ ʤʦʜʝʣʽ ʈʦʫʟ [115]. 

ɺʝʣʠʯʠʥʘ ʝʬʝʢʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʘ ʧʨʦʥʠʢʥʝʥʥʷ ɚ. ʗʢ ʚʠʟʥʘʯʝʥʦ ʚ 

[116], ɚ ï ʮʝ ʚʽʜʥʦʰʝʥʥʷ ʙʝʟʨʦʟʤʽʨʥʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʜʦ ʝʤʽʩʽʾ ʤʘʪʨʠʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʄʘʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦʾ ʢʦʥʚʝʨʩʽʾ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʤʘʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢ ʬʦʨʤʦʶ ʽʥʪʝʛʨʘʣʫ, ʪʘʢ ʽ ʤʝʞʘʤʠ 

ʽʥʪʝʛʨʫʚʘʥʥʷ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʧʨʘʚʠʣ ʚʽʜʙʦʨʫ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʣʷ                           

ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦʾ ʢʦʥʚʝʨʩʽʾ [116]. 

ɼʣʷ ʥʝʟʘʙʦʨʦʥʝʥʠʭ ʧʝʨʝʭʦʜʽʚ ʚʥʝʩʦʢ ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʦʥʠʢʥʝʥʥʷ ʚ 

ʂɺʂ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ Ḑ 0.01% (ʜʣʷ ʫʩʽʭ, ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ M1- ʪʘ M2-ʧʝʨʝʭʦʜʽʚ ʚ 

ʣʝʛʢʠʭ ʝʣʝʤʝʥʪʘʭ) ʜʦ Ḑ 15% (ʜʣʷ M1 ʧʝʨʝʭʦʜʽʚ ʚ ʥʘʜʚʘʞʢʠʭ ʝʣʝʤʝʥʪʘʭ) [117]. 

ɽʬʝʢʪ ʧʨʦʥʠʢʥʝʥʥʷ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʩʠʣʴʥʦ ʟʘʙʦʨʦʥʝʥʽ ʧʝʨʝʭʦʜʠ ʽ 

ʪʦʤʫ ʚ ʪʝʦʨʝʪʠʯʥʽ ʂɺʂ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʩʣʽʜ ʚʥʦʩʠʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʦʧʨʘʚʢʠ 

[118-120]. ɿʘʙʦʨʦʥʝʥʠʡ ʭʘʨʘʢʪʝʨ ɔ-ʧʝʨʝʭʦʜʫ ʦʟʥʘʯʘʻ ʟʥʠʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʨʘʜʽʘʮʽʡʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʫ. ʆʪʞʝ, ʚʥʝʩʦʢ ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦʾ ʢʦʥʚʝʨʩʽʾ 

ʤʦʞʝ ʜʦʤʽʥʫʚʘʪʠ ʽ ʚʠʟʥʘʯʘʪʠ ʚʝʣʠʯʠʥʫ ʂɺʂ ʜʘʥʦʛʦ ʧʝʨʝʭʦʜʫ. ʇʨʠ ʮʴʦʤʫ 

ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʧʨʘʚʠʣʘ ʚʽʜʙʦʨʫ, ʷʢʽ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʠʞʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ           
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ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʚʧʣʠʚʘʣʠ ʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦʾ ʢʦʥʚʝʨʩʽʾ 

[105]. ʂʨʽʤ ʪʦʛʦ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʪʘʢ ʟʚʘʥʽ çʚʠʧʘʜʢʦʚʽè ʟʘʙʦʨʦʥʝʥʽ            

ʄ1-ʧʝʨʝʭʦʜʠ (l-ʟʘʙʦʨʦʥʘ) ʽʩʥʫʶʪʴ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, ʨʦʙʦʪʫ [121]). ʂɺʂ 

ʘʥʦʤʘʣʴʥʽ ʪʘʢʦʞ ʫ ʚʠʧʘʜʢʫ ʟʘʙʦʨʦʥʠ ʚʥʘʩʣʽʜʦʢ ʧʨʘʚʠʣ ʚʽʜʙʦʨʫ ʜʣʷ 

ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʢʚʘʥʪʦʚʠʭ ʯʠʩʝʣ ʚ ʜʝʬʦʨʤʦʚʘʥʠʭ ʷʜʨʘʭ, ʦʩʢʽʣʴʢʠ ʮʽ ʧʨʘʚʠʣʘ ʜʣʷ 

ʤʘʪʨʠʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ɔ-ʝʤʽʩʽʾ ʪʘ ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʦʾ ʢʦʥʚʝʨʩʽʾ ʻ ʨʽʟʥʠʤʠ [118]. 

ɯʩʥʫʚʘʥʥʷ ʘʥʦʤʘʣʽʡ ʚ ʂɺʂ ʜʣʷ ʂ-ʟʘʙʦʨʦʥʝʥʠʭ ʧʝʨʝʭʦʜʽʚ ʧʦʷʩʥʶʻʪʴʩʷ 

ʜʦʤʽʰʢʘʤʠ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ ʂ ʚ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʷʭ ʧʦʯʘʪʢʦʚʦʛʦ ʪʘ ʢʽʥʮʝʚʦʛʦ 

ʩʪʘʥʽʚ. ʎ ̔ʜʦʤʽʰʢʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʚʝʨʩʽʡʥʽ ʧʝʨʝʭʦʜʠ ʟʛʽʜʥʦ ʧʨʘʚʠʣ ʚʽʜʙʦʨʫ ʜʣʷ 

ʘʩʠʤʧʪʦʪʠʯʥʠʭ ʢʚʘʥʪʦʚʠʭ ʯʠʩʝʣ, ʚ ʪʦʡ ʯʘʩ ʷʢ ɔ-ʧʝʨʝʭʽʜ ʻ ʟʘʙʦʨʦʥʝʥʠʤ. ɺ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʘʥʦʤʘʣʽʾ ʚ ʂɺʂ, ʩʧʨʠʯʠʥʝʥʽ ʝʬʝʢʪʦʤ ʧʨʦʥʠʢʥʝʥʥʷ. 

ʗʢʱʦ ʧʨʘʚʠʣʘ ʚʽʜʙʦʨʫ ʜʣʷ ʢʦʥʚʝʨʩʽʡʥʦʛʦ ʧʝʨʝʭʦʜʫ ʪʘ ɔ-ʧʝʨʝʭʦʜʫ ʻ 

ʽʜʝʥʪʠʯʥʠʤʠ, ʪʦ ʘʥʦʤʘʣʽʾ ʚʽʜʩʫʪʥʽ [105]. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʦʚʦʣʽ ʩʢʣʘʜʥʦ ʦʮʽʥʠʪʠ ʮʽ ʜʦʤʽʰʢʠ ʢʽʣʴʢʽʩʥʦ ʽ ʪʦʤʫ 

ʚʘʞʢʦ ʨʦʙʠʪʠ ʧʨʦʛʥʦʟ ʘʥʦʤʘʣʽʡ ʚ ʂɺʂ ʜʣʷ ʧʝʚʥʦʛʦ ʂ-ʟʘʙʦʨʦʥʝʥʦʛʦ ʧʝʨʝʭʦʜʫ. 

ʇʝʚʥʘ ʩʠʩʪʝʤʘʪʠʢʘ ʧʦ ʂ-ʟʘʙʦʨʦʥʝʥʠʤ ɽ1-ʧʝʨʝʭʦʜʘʤ ʜʦʩʪʫʧʥʘ ʚ [122]. ɼʣʷ         

ʂ-ʟʘʙʦʨʦʥʝʥʠʭ ɽ2-ʧʝʨʝʭʦʜʽʚ ʽʩʥʫʶʪʴ ʣʠʰʝ ʦʢʨʝʤʽ ʜʘʥʽ ʧʨʦ ʘʥʦʤʘʣʽʾ ʚ ʂɺʂ, 

ʩʧʨʠʯʠʥʝʥʽ ʝʬʝʢʪʘʤʠ ʧʨʦʥʠʢʥʝʥʥʷ. ɸ ʜʣʷ ʧʝʨʝʭʦʜʽʚ ʚʠʱʠʭ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʝʡ 

ʥʝ ʧʨʦʪʘʙʫʣʴʦʚʘʥʽ ʥʘʚʽʪʴ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʦʥʠʢʥʝʥʥʷ, ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʥʠʢʥʝʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

ʊʘʢ, ɸʨʪʘʤʦʥʦʚʘ ʪʘ ʽʥ. [123] ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ 

ʘʥʦʤʘʣʽʾ ʚ ʂɺʂ ʜʣʷ ʂ-ʟʘʙʦʨʦʥʝʥʦʛʦ ɽ1-ʧʝʨʝʭʦʜʫ ʟ ʝʥʝʨʛʽʻʶ 19.39 ʢʝɺ ʟ ʨʦʟʧʘʜʫ 

171
Lu ʟʤʦʛʣʠ ʚʠʟʥʘʯʠʪʠ ʘʤʧʣʽʪʫʜʫ ʜʦʤʽʰʦʢ ʚ ʯʠʩʣʦ ʂ ʚ ʷʜʝʨʥʠʭ ʭʚʠʣʴʦʚʠʭ 

ʬʫʥʢʮʽʷʭ ʩʪʘʥʽʚ 
177

Yb. ɼʘʥʘ ʨʦʙʦʪʘ ʻ ʧʨʠʢʣʘʜʦʤ ʪʦʛʦ, ʷʢ ʚʠʚʯʝʥʥʷ ʘʥʦʤʘʣʽʡ ʚ 

ʂɺʂ ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʽʰʠʤ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʷʜʨʘ ʽ ʩʢʣʘʜ ʭʚʠʣʴʦʚʠʭ ʬʫʥʢʮʽʡ. ɺ ʟʘʛʘʣʴʥʠʭ ʚʠʧʘʜʢʘʭ ʮʷ ʽʥʬʦʨʤʘʮʽʷ 

ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʚʦʣʽ ʩʢʣʘʜʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ [105]. 

ʇʦʚʥʠʡ ʂɺʂ ɽ1-ʧʝʨʝʭʦʜʫ ʟ ʝʥʝʨʛʽʻʶ 55 ʢʝɺ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟ ʙʘʣʘʥʩʫ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ 
177

Hf ʟ ʝʥʝʨʛʽʻʶ 1260 ʢʝɺ ʪʘ J
ˊ
 = 21/2

ī
. 

ɸʥʘʣʽʟʫʶʯʠ ʩʭʝʤʫ ʨʦʟʧʘʜʫ 
177m

Hf (ʜʠʚʠʩʴ ʨʠʩ. 1.2) ʚʠʜʥʦ, ʱʦ ʮʝʡ ʨʽʚʝʥʴ 
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ʟʘʩʝʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 55 ʢʝɺʥʦʛʦ ɔ-ʢʚʘʥʪʫ ʽ ʨʦʟʧʘʜʘʻʪʴʩʷ ʜʚʦʤʘ 

ʚʥʫʪʨʽʰʥʴʦʩʤʫʛʦʚʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʟ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽʾ 242 ʪʘ 466 ʢʝɺ, ʷʢʽ 

ʤʘʶʪʴ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʽ ʄ1- ʪʘ ɽ2-, ʚʽʜʧʦʚʽʜʥʦ. ɯʥʪʝʥʩʠʚʥʦʩʪʽ ʩʠʣʴʥʠʭ ɔ-ʣʽʥʽʡ 

ʚʽʜʦʤʽ ʟ ʪʦʯʥʽʩʪʶ (2ï5)% [109], ʘʣʝ ʽʩʥʫʶʪʴ ʥʝʩʧʽʚʧʘʜʘʥʥʷ ʚ ʦʮʽʥʮʽ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʜʝʷʢʠʭ ʩʣʘʙʰʠʭ ʣʽʥʽʡ, ʪʘʢʠʭ ʷʢ 55 ʢʝɺ (ʜʠʚ., ʥʘʧʨʠʢʣʘʜ, ʨʦʙʦʪʠ 

[124,104]). ʊʦʤʫ ʮʽʢʘʚʦ ʧʨʦʣʠʪʠ ʩʚʽʪʣʦ ʥʘ ʮʽ ʥʝʫʟʛʦʜʞʝʥʦʩʪʽ, ʽ ʦʪʨʠʤʘʪʠ 

ʚʝʣʠʯʠʥʫ ʧʦʚʥʦʛʦ ʂɺʂ ɽ1-ʧʝʨʝʭʦʜʫ ʟ ʝʥʝʨʛʽʻʶ 55 ʢʝɺ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 

[105]. ʎʝ ʙʫʜʝ ʦʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʰʦʩʪʦʛʦ ʨʦʟʜʽʣʫ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ʈʦʟʧʘʜ 
120

Sb ʪʘʢʦʞ ʥʘʜʘʻ ʨ̔ ʜʢʫ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʠʪʠ ʝʬʝʢʪʠ ʧʨʦʥʠʢʥʝʥʥʷ ʚ 

E1- ʪʘ E2-ʧʝʨʝʭʦʜʘʭ, ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʮʴʦʛʦ ʨʦʟʧʘʜʫ ʟʘʩʝʣʷʶʪʩɹʷ ʟʙʫʜʞʝʥʽ 

ʩʪʘʥʠ 
120

Sn, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʨʦʟʧʘʜʘʶʪʴʩʷ ʟʘʛʘʣʴʤʦʚʘʥʠʤʠ E1-  ̔                     

E2-ʧʝʨʝʭʦʜʘʤʠ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʘʛʘʣʴʤʦʚʘʥʽʩʪʴ E2-ʧʝʨʝʭʦʜʫ ʚ ʮʴʦʤʫ ʷʜʨʽ ʻ 

ʜʦʚʦʣʽ ʫʥʽʢʘʣʴʥʠʤ ʚʠʧʘʜʢʦʤ ʩʝʨʝʜ ʫʩʽʭ ʷʜʝʨ. 

ɺʠʚʯʝʥʥʷ ʝʬʝʢʪʚ̔ ʧʨʦʥʠʢʥʝʥʥʷ  ̒ʫʥ̔ʢʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʥ̔ʬʦʨʤʘʮʽʾ 

ʧʨʦ ʚʥʫʪʨʽʰʥʴʦʷʜʝʨʥʽ ʢʦʥʚʝʨʩʽʡʥʽ ʤʘʪʨʠʯʥ ̔ ʝʣʝʤʝʥʪʠ. ʎ ̔ ʜʘʥ̔ ʜʦʟʚʦʣʷʶʪ ɹ

ʚʠʟʥʘʯʠʪʠ ʪʘʢ̔ ʷʜʝʨʥ ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢ̫ ʧʝʨʝʭʜ̔ʥ̔ ʪʦʨʦʜʾʥ̔ ʤʦʤʝʥʪʠ, ʪʨʝʪʡ̔ ʚʠʜ 

ʤʫʣʴʪʠʧʦʣʴʥʦʩʪ ̔ï ʧʦʧʝʨʝʯʥʦ-ʝʣʝʢʪʨʠʯʥʠʡ ʪʘ gS-ʬʘʢʪʦʨʠ ʟʚôʷʟʘʥʠʭ ʥʫʢʣʦʥʚ̔ 

[125]. 

ʅʘ ʧʦʧʝʨʝʯʥʦ-ʝʣʝʢʪʨʠʯʥʽ ʤʦʤʝʥʪʠ ʟʚʝʨʥʫʚ ʫʚʘʛʫ ɿʝʣʴʜʦʚʠʯ ʫ 1957 ʨʦʮʽ [126] 

ʽ ʥʘʟʚʘʚ ʮʽ ʤʦʤʝʥʪʠ ʘʥʘʧʦʣʴʥʠʤʠ. ɸʥʘʧʦʣʴ ʚʦʣʦʜʽʻ ʥʘʩʪʫʧʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: 

ʡʦʛʦ ʧʦʣʝ ʟʦʩʝʨʝʜʞʝʥʝ ʣʠʰʝ ʚʩʝʨʝʜʠʥʽ ʦʙʣʘʩʪʽ ʩʪʨʫʤʽʚ, ʷʢʽ ʡʦʛʦ ʩʪʚʦʨʶʶʪʴ ʘ 

ʚʟʘʻʤʦʜʽʷ ʟ ʟʦʚʥʽʰʥʽʤʠ ʩʪʨʫʤʘʤʠ ʤʦʞʣʠʚʘ ʫ ʚʠʧʘʜʢʫ ʾʭ ʧʨʦʥʠʢʥʝʥʥʷ ʚʩʝʨʝʜʠʥʫ 

ʘʥʘʧʦʣʷ. ʂʣʘʩʠʯʥʠʤ ʘʥʘʣʦʛʦʤ ʘʥʘʧʦʣʷ ʻ ʪʦʨʦʾʜ ʟ ʧʨʦʚʽʜʥʠʢʦʤ ʟʽ ʩʪʨʫʤʦʤ, ʷʢʠʡ 

ʡʦʛʦ ʦʪʦʯʫʻ (ʜʠʚ. ʨʠʩ. 1.3). ʗʢʱʦ ʧʦʤʽʩʪʠʪʠ ʡʦʛʦ ʚ ʝʣʝʢʪʨʦʣʽʪ ʟʽ ʩʪʨʫʤʦʤ, ʪʦ 

ʚʠʥʠʢʥʝ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʧʦʚʝʨʪʘʻ ʪʦʨ. 

ʇʽʟʥʽʰʝ ɼʫʙʦʚʠʢ ʪʘ ʏʝʰʢʦʚ [127] ʨʦʟʛʣʷʥʫʣʠ ʧʦʩʣʽʜʦʚʥʝ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʦ 

ʤʫʣʴʪʠʧʦʣʴʥʠʡ ʨʦʟʢʣʘʜ ʪʘ ʚʚʝʣʠ ʥʘʙʽʨ ʟ ʪʨʴʦʭ ʤʫʣʴʪʠʧʦʣʴʥʠʭ ʩʽʤʝʡʩʪʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʠʯʥʠʭ qLM, ʤʘʛʥʪ̔ʥʠʭ mLM  ̔ ʪʦʨʦʾʜʥʠʭ tLM 

ʤʦʤʝʥʪʚ̔. ɹʫʜʴ-ʷʢʘ ʩʠʩʪʝʤʘ ʩʪʨʫʤʽʚ ʪʘ ʟʘʨʷʜʽʚ ʭʘʨʘʢʪʝʨʠʟʫʪ̒ɹʩʷ ʥʘʙʦʨʦʤ 

ʯʦʪʠʨʴʦʭ ʚʝʣʠʯʠʥ: ʨʦʟʧʦʜʽʣʦʤ ʛʫʩʪʠʥʠ ʟʘʨʷʜʚ̔ r ʪʘ ʪʨɹʦʤʘ ʢʦʤʧʦʥʝʥʪʘʤʠ  
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ʈʠʩ. 1.3 ʂʦʥʬʽʛʫʨʘʮʽʷ ʩʪʨʫʤʽʚ J, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʜʠʧʦʣʴʥʠʡ ʪʦʨʦʾʜʥʠʡ ʤʦʤʝʥʪ t. 

ɿʦʚʥʽʰʥʽʡ ʩʪʨʫʤ j; ʧʘʨʘ ʩʠʣ F ʩʪʚʦʨʶʻ ʤʝʭʘʥʽʯʥʠʡ ʤʦʤʝʥʪ, ʷʢʠʡ ʜʽʻ ʥʘ ʪʦʨʦʾʜ 

[127] 

 

ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʩʪʨʫʤʽʚ J. ʆʩʢʽʣʴʢʠ r ʪʘ J ʟʚôʷʟʘʥʽ ʨʽʚʥʷʥʥʷʤ ʥʝʧʝʨʝʨʚʥʦʩʪʽ, 

ʧʨʠ ʤʫʣʴʪʠʧʦʣʴʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʽ ʟʘʣʠʰʘʶʪʴʩʷ ʪʨʠ ʥʝʟʘʣʝʞʥʠʭ ʤʦʤʝʥʪʘ 

ʩʠʩʪʝʤʠ ʧʨʠ ʢʦʞʥʦʤʫ L. ʇʨʠ L=1 ʪʦʨʦʾʜʥʠʡ ʤʦʤʝʥʪ ʧʦʜʽʙʥʦ ʘʥʘʧʦʣʶ 

ɿʝʣʴʜʦʚʠʯʘ ʚʠʟʥʘʯʘʻ ʧʦʣʝ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʛʦ ʟʘʤʢʥʝʥʦʛʦ ʩʦʣʝʥʦʾʜʘ [127]. 

ɺ ʪʝʦʨʽʾ g-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʚʛʦʭʚʠʣʴʦʚʝ 

ʥʘʙʣʠʞʝʥʥʷ (kR << 1, k =w/c ï ʭʚʠʣʴʦʚʝ ʯʠʩʣʦ), ʦɦ ʧʨʠʟʚʦʜʠʪ ɹʜʦ ʚʪʨʘʪʠ 

ʪʦʨʦʜʾʥʠʭ ʤʦʤʝʥʪʚ̔, ʦʩʢʽʣʴʢʠ ʭʾ ʚʥʝʩʦʢ ʧʨʦʧʦʨʮʽʡʥʠʡ (kR)
2
. 

ʉʪʘʪʠʯʥ ̔ ʝʣʝʢʪʨʦʤʘʛʥʪ̔ʥ̔ ʤʦʤʝʥʪʠ ʪʦʨʦʜʾʥʦʛʦ ʪʠʧʫ (ʧʨʠ L ʥʝʧʘʨʥʦʤʫ) 

ʯʘʩʪʠʥʢʠ ʪʘ ʷʜʨʘ ʤʦʞʫʪʴ ʤʘʪʠ ʣʠʰʝ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʧʨʦʩʪʦʨʦʚʘ (ʘ ʧʨʠ   

L-ʧʘʨʥʦʤʫ ï  ̔ ʯʘʩʦʚʘ) ʧʘʨʥʽʩʪʴ ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ. ɯʩʥʫʚʘʥʥʷ ʞ ʧʝʨʝʭʜ̔ʥʠʭ 

ʪʦʨʦʜʾʥʠʭ ʤʦʤʝʥʪʚ̔ ʥ̫̔ ʢʠʤ ʟʘʢʦʥʘʤ ʟʙʝʨʝʞʝʥʥʷ ʥʝ ʩʫʧʝʨʝʯʠʪʴ, ʘʥʘʣʦʛʯ̔ʥʦ 

ʪʦʤʫ, ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʪʠʯʥʠʭ ʜʠʧʦʣʴʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʦʤʝʥʪʚ̔ ʫ ʷʜʝʨ ʪʘ 

ʯʘʩʪʠʥʦʢ ʟ ʧʨʠʯʠʥʠ ʟʙʝʨʝʞʝʥʥʷ ʧʘʨʥʦʩʪʽ ʥʝ ʩʫʧʝʨʝʯʠʪʴ ʪʦʤʫ, ʦɦ ̔ʩʥʫʶʪʴ 

ʝʣʝʢʪʨʠʯʥ ̔ʜʠʧʦʣʴʥ ̔ʧʝʨʝʭʦʜʠ ʚ ʘʪʦʤʘʭ ʪʘ ʷʜʨʘʭ [127]. 
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ʊʦʨʦʜʾʥʠʡ ʤʦʤʝʥʪ ʚʥʦʩʠʪ ɹ ʧʝʚʥʠʡ ʚʢʣʘʜ ʚ ʽʤʦʚʽʨʥ̔ʩʪʴ                             

ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪ,̔ ʧʨʠʯʦʤʫ ʦʩʥʦʚʥʘ ʡʦʛʦ 

ʯʘʩʪʠʥʘ ʙʫʣʘ ʚʨʘʭʦʚʘʥʘ ʚ ʪʝʦʨʽʾ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʱʝ ɹʣʘʪʪʦʤ ʪʘ 

ɺʘʡʩʢʦʧʬʦʤ [128]. ʇʨʦʪʝ ʟʥʘʡʪʠ ʮʝʡ ʚʥʝʩʦʢ ʟ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘʧʨʠʢʣʘʜ, ʟ 

ʚʠʤʽʨʶʚʘʥʴ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ ʚʽʜʥʦʩʥʦ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʞʣʠʚʦ. 

ʗʢ ʫʞʝ ʚʽʜʤʽʯʘʣʦʩʴ, ʛʦʣʦʚʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʪʦʨʦʜʾʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʪʨʫʤʽʚ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʦɦ ʦʙʝʨʪʘʣʴʥʠʡ ʤʦʤʝʥʪ ʪʘ ʝʥʝʨʛʽ̫  ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʤʽʚ j ʪʘ J 

ʚʠʥʠʢʘʶʪʴ ʣʠʰʝ ʫ ʚʠʧʘʜʢʫ ʧʨʦʥʠʢʥʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʩʪʨʫʤʫ j ʚʩʝʨʝʜʠʥʫ 

ʟʘʤʢʥʫʪʦʛʦ ʩʦʣʝʥʦʜʾʘ ʟʽ ʩʪʨʫʤʦʤ J. ɿʚʽʜʩʠ ʚʠʧʣʠʚʘʻ ʦʯʝʚʠʜʥʠʡ ʟʚôʟʦʢ 

ʪʦʨʦʜʾʥʳʭ ʤʦʤʝʥʪʚ̔ ʟ ʝʬʝʢʪʦʤ ʧʨʦʥʠʢʥʝʥʥ̫ ʫ ʚʥʫʪʨʽʰʥʽʡ ʢʦʥʚʝʨʩʽʾ [127]. 

ʅʝʭʘʡ ʧ̔ ʜ ʯʘʩ ʷʜʝʨʥʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʷʜʨ ̔ ʟʙʫʜʞʫʶʪʴʩʷ ʦʩʮʠʣʶʶʯʽ ʷʜʝʨʥ ̔

ʩʪʨʫʤʠ ʧʝʨʝʭʦʜʫ ʪʘʢʦ ʾʞ ʢʦʥʬ̔ʛʫʨʘʮʽʾ, ʢ̫ ʩʪʨʫʤ J ʥʘ ʈʠʩ. 1.3, ʯʠ ʞ ʧʨʦʝʢʮʽʾ 

ʩʧ̔ʥ̔ʚ ʥʫʢʣʦʥ̔ʚ, ̫ʢʽ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʷʜʝʨʥʦʤʫ ʧʝʨʝʭʦʜ,̔ ʦʩʮʠʣʶʶʪʴ, 

ʟʘʣʠʰʘʶʯʠʩʴ ʩʢʣʘʜʝʥʠʤʠ ʚ ʢ̔ʣʴʮʝ ʧʦ ʢʨʫʛʦʚʡ̔ ʦʩ ̔ʚ ʷʜʨ.̔ ʊʦʜ ̔ʝʥʝʨʛʽ̫  ʚʟʘʻʤʦʜʽʾ 

ʮʽʻʾ ʩʠʩʪʝʤʠ ʥʫʢʣʦʥʥʠʭ ʤʘʛʥʪ̔̔ʚ ʪʘ ʷʜʝʨʥʠʭ ʩʪʨʫʤʽʚ ʟʽ ʩʪʨʫʤʦʤ ʘʪʦʤʥʦʛʦ 

ʝʣʝʢʪʨʦʥʘ, ʷʢʠʡ ʚ ʧʨʦʮʝʩ ̔ ʢʦʥʚʝʨʩʽʾ ʧʨʦʥʠʢʘ ̒ ʚʩʝʨʝʜʠʥʫ ʷʜʨʘ, ʚʞʝ ʥʝ 

ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʘʤʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʦʧʝʨʘʪʦʨʠ ʟʚʠʯʘʡʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʯʠ 

ʤʘʛʥʪ̔ʥʦʛʦ ʜʠʧʦʣʴʥʠʭ ʤʦʤʝʥʪʚ̔. ɯʥh ʠʤʠ ʩʣʦʚʘʤʠ, ʟʚôʷʚʣʷʻʪʴʩʷ ʷʜʝʨʥʠʡ 

ʤʘʪʨʠʯʥʠʡ ʝʣʝʤʝʥʪ Me, ʥʝ ʧʨʦʧʦʨʮ̔ ʡʥʠʡ ʤʘʪʨʠʯʥʦʤʫ ʝʣʝʤʝʥʪʫ                  

ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Ug. ɿʤʽʥʘ ʩʧ̔ʥʫ ʪʘ ʧʘʨʥʦʩʪʽ ʷʜʨʘ ʧʨʠ ʧʝʨʝʭʦʜ,̔ ʷʢʠʡ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʪʦʨʦʜʾʥʠʤ ʤʦʤʝʥʪʦʤ, ʪʘʢʘ ʞ, ʷʢ ʧʨʠ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʝʨʝʭʦʜ ̔ʪ̔ ʻʾ ʞ 

ʤʫʣʴʪʠʧʦʣʴʥʦʩʪ ̔ EL. ɸʣʝ ʤʦʜʝʣʴʥ ̔ʧʨʘʚʠʣʘ ʚʽʜʙʦʨʫ (ʪ.ʙ. ʧʨʘʚʠʣʘ ʚʽʜʙʦʨʫ ʟʘ 

ʤʦʜʝʣʴʥʠʤʠ ʢʚʘʥʪʦʚʠʤʠ ʯʠʩʣʘʤ K, L, S, ʩʝʥʴʦʨʠʪ,̔ ʟ̔ʦʩʧʥ̔ ̔ ʪ.ʧ.) ʤʦʞʫʪʴ ʙʫʪʠ 

ʜʣʷ ʥʠʭ ʨʟ̔ʥʠʤʠ. ɯ ʷʢʱʦ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʚʠʯʘʡʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʭʜ̔ʥʦʛʦ ʤʫʣʴʪʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʟʘʙʦʨʦʥʝʥʦ ʤʦʜʝʣʴʥʠʤʠ 

ʧʨʘʚʠʣʘʤʠ ʚʽʜʙʦʨʫ, ʪʦ ʜʣʷ ʢʦʥʚʝʨʩʽʾ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʭʜ̔ʥʦʛʦ ʪʦʨʦʜʾʥʦʛʦ 

ʤʦʤʝʥʪʘ ʤʦʜʝʣʴʥʦ ʾʟʘʙʦʨʦʥʠ ʤʦʞʝ  ̔ʥʝ ʙʫʪʠ,  ̔ʪʦʜ ̔ʚʠʥʠʢʘʻ ʘʥʦʤʘʣʽ̫  ʚ ʂɺʂ. 

ɺʠʤʽʨʷʚʰʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʝʣʠʯʠʥʫ ʂɺʂ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ 

ʧʝʨʝʭʜ̔ʥʦʛʦ ʪʦʨʦʜʾʥʦʛʦ ʤʦʤʝʥʪʫ [127]. 
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ɯʩʥʫʚʘʥʥʷ ʧʝʨʝʭʜ̔ʥʠʭ ʪʦʨʦʜʾʥʠʭ ʤʦʤʝʥʪʚ̔ ʚ ʷʜʨʘʭ ʘʥʘʣʟ̔ʫʚʘʣʦʩʴ ʚ ʨʦʙʦʪʘʭ 

[126-127]. ɺ ʨʦʙʦʪ̔ [129] ʦʪʨʠʤʘʥʽ ʚʠʨʘʟʠ, ʷʢʽ ʟʚô̫ ʟʫʶʪʴ ʚʝʣʠʯʠʥʠ ʪʦʨʦʾʜʥʠʭ 

ʤʦʤʝʥʪʚ̔ ʧʝʨʝʭʦʜ̔ʚ ʟʽ ʟʥʘʯʝʥʥʷʤʠ ʷʜʝʨʥʠʭ ʧʘʨʘʤʝʪʨʚ̔ ʧʨʦʥʠʢʥʝʥʥʷ l (ʜʝʪʘʣʴʥʦ 

ʧʨʦ ʝʬʝʢʪ ʧʨʦʥʠʢʥʝʥʥʷ ʧʨʠ ʚʥʫʪʨʽʰʥʽʡ ʢʦʥʚʝʨʩʽʾ g-ʢʚʘʥʪʽʚ ʥʘʧʠʩʘʥʦ ʚ [118]). 

ʇʦʢʘʟʘʥʦ, ʦɦ ʟʘ ʨʘʭʫʥʦʢ ʧʝʨʝʭʜ̔ʥʦʛʦ ʪʦʨʦʜʾʥʦʛʦ ʤʦʤʝʥʪʫ ʤʦʞʝ ʽʩʥʫʚʘʪʠ 

ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚ g-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʦʧʝʨʝʯʥʦ-ʝʣʝʢʪʨʠʯʥʦʾ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪ,̔ 

ʷʢʠʡ ʤʦʞʝ ʜʦʩ̫ʛʘʪʠ 10% [129]. 

ʊʦʤʫ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʠʡ ʥʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʧʨʦʚʝʜʝʥʥ ̫ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʧʘʜʫ 

120
Sb ʥʘ ʟʙʫʜʞʝʥʽ ʩʪʘʥʠ 

120
Sn, ʨʷʜ ʷʢʠʭ ʨʦʟʧʘʜʘʻʪʴʩʷ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ 

ʟʘʛʘʣʴʤʦʚʘʥʠʭ E1- ʪʘ E2-ʧʝʨʝʭʦʜʚ̔. ɿ ʚʠʤʽʨʶʚʘʥʴ ʦʜʠʥʦʯʥʦʛʦ ɔ-ʩʧʝʢʪʨʘ ʪʘ 

ʩʧʝʢʪʨʚ̔ ɔɔ-  ̔ KXɔ-ʟʙʽʛʽʚ ʮʽʢʘʚʦ ʦʪʨʠʤʘʪʠ ʧʦʚʥ̔ ʢʦʝʬ̔ ʮʽʻʥʪʠ ʚʥʫʪʨʽʰʥʴʦʾ 

ʢʦʥʚʝʨʩʽʾ ʪʘ ʂɺʂ ʥʘ K-ʦʙʦʣʦʥʮʽ ʜʣʷ ʟʘʛʘʣʴʤʦʚʘʥʠʭ E1- ʪʘ E2-ʧʝʨʝʭʦʜʚ̔. ɼʘʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʝ ʦʜʥʽʻʶ ʟ ʮʽʣʝʡ ʰʦʩʪʦʛʦ ʨʦʟʜʽʣʫ. 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʽʟʦʪʦʧ 
115

In ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ 

ʝʣʝʤʝʥʪʽʚ ʚ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ d = 95.719(52)% [130], ʚʽʥ ʻ ʥʝʩʪʘʙʽʣʴʥʠʤ 

ʚʽʜʥʦʩʥʦ ʙʝʪʘ ʨʦʟʧʘʜʫ. ʗʜʝʨʥʠʡ ʨʦʟʧʘʜ 
115

In Ÿ 
115

Sn ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʠʤ ʟ 

ʥʘʡʜʦʚʰʠʭ ʧʝʨʽʦʜʽʚ ʥʘʧʽʚʨʦʟʧʘʜʫ ʜʣʷ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʦʜʠʥʦʯʥʠʭ ɓ
-
 ʨʦʟʧʘʜʽʚ: 

T1/2 = 4.41(25)³10
14

 ʨ. [131-132] (ʜʣʷ ʧʝʨʝʭʦʜʫ ʟ ʦʩʥʦʚʥʦʛʦ ʥʘ ʦʩʥʦʚʥʠʡ ʩʪʘʥʠ). 

ɼʦ 2005 ʨʦʢʫ ʮʝʡ ʨʦʟʧʘʜ ʚʚʘʞʘʚʩʷ ʥʘ 100 % ʨʦʟʧʘʜʦʤ ʟ ʦʩʥʦʚʥʦʛʦ ʥʘ ʦʩʥʦʚʥʠʡ 

ʩʪʘʥʠ. ʇʨʦʪʝ ʚ 2005 ʨ. ʚʧʝʨʰʝ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʝʨʝʭʽʜ ʥʘ ʧʝʨʰʠʡ ʟʙʫʜʞʝʥʠʡ 

ʨʽʚʝʥʴ 
115

Sn [133-134] ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʟʨʘʟʢʘ ʤʝʪʘʣʽʯʥʦʛʦ ʽʥʜʽʶ ʤʘʩʦʶ 929 ʛ. 

ʧʨʦʪʷʛʦʤ 2762 ʛʦʜʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʟʽʙʨʘʥʦʛʦ ʥʘ ʙʘʟʽ 4     

HPGe-ʜʝʪʝʢʪʦʨʽʚ (ʦʙô̒ ʤʦʤ 225 ʩʤ
3 
ʢʦʞʝʥ). ɼʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʚ 

ʧʽʜʟʝʤʥʽʡ ʥʘʮʽʦʥʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʤ. ɻʨʘʥ ʉʘʩʩʦ (ɯʪʘʣʽʷ, 3600 ʤ ʚʦʜʥʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ) [135]. ɺʠʤʽʨʷʥʘ ʽʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʘʜʫ ʩʢʣʘʣʘ b = (1.18 ° 0.31)³10
-6

, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʘʨʮʽʘʣʴʥʦʤʫ ʧʝʨʽʦʜʫ ʥʘʧʽʚʨʦʟʧʘʜʫ T1/2 = (3.73 ° 0.98)³10
20

 ʨ. 

[133]. ʈʽʟʥʠʮʷ ʘʪʦʤʥʠʭ ʤʘʩ Dma ʤʽʞ 
115

In ʪʘ 
115

Sn (ʷʢʘ ʨʽʚʥʘ ʝʥʝʨʛʽʾ Qb, ʱʦ 

ʚʠʧʨʦʤʽʥʶʻʪʴʩʷ ʧʨʠ b-ʨʦʟʧʘʜʽ 
115

In) ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ [133] 

ʙʫʣʘ ʚʽʜʦʤʘ ʟ ʜʦʩʠʪʴ ʥʠʟʴʢʦʶ ʪʦʯʥʽʩʪʶ: Qb = 499 ° 4 keV [136]. ʆʜʥʘʢ ʚ 2009 
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ʨʦʮʽ ʚʦʥʘ ʙʫʣʘ ʧʝʨʝʤʽʨʷʥʘ ʟ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ:                              

Qb = 497.489 ° 0.010 ʢʝɺ [137]. ɺʨʘʭʦʚʫʶʯʠ ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʽʾ ʧʝʨʰʦʛʦ 

ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ 
115

Sn ʨʽʚʥʫ Eexc = 497.334 ° 0.022 ʢʝɺ [132], ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ 

ʚ ʨʦʟʧʘʜʽ 
115

In Ÿ 
115

Sn
*  
ʨʽʚʥʝ Qb

*
 = 155 ° 24 ʝɺ. ʎʝ ʥʘʡʥʠʞʯʘ ʚʽʜʦʤʘ ʚʝʣʠʯʠʥʘ 

Qb ʩʝʨʝʜ ʫʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ b-ʨʦʟʧʘʜʽʚ, ʟʘ ʥʠʤ ʡʜʝ              

Qb = 2.467 ° 0.002 ʢʝɺ ʜʣʷ 
187

Re [138]. ʅʘ ʨʠʩ. 1.4 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ ʨʦʟʧʘʜʫ     

115
In Ÿ 

115
Sn [135]. 

ɼʘʥʽ ʨʦʙʦʪʠ [133] ʧʽʜʪʚʝʨʜʠʣʠʩʴ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʟʽ ʟʨʘʟʢʦʤ ʽʥʜʽʶ ʤʘʩʦʶ 2556 

ʛ., ʧʨʦʚʝʜʝʥʦʤʫ ʚ ʧʽʜʟʝʤʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ HADES (ɹʝʣʴʛʽʷ, 500 ʤ. ʚʦʜʥʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ) ʥʘ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʽ, ʟʽʙʨʘʥʦʤʫ ʥʘ ʙʘʟʽ 3 HPGe-ʜʝʪʝʢʪʦʨʽʚ. ʆʪʨʠʤʘʥʽ 

ʟʥʘʯʥʦ ʪʦʯʥʽʰʽ ʧʝʨʽʦʜʠ ʥʘʧʽʚʨʦʟʧʘʜʫ: T1/2 = (4.1 ° 0.6)³10
20

 ʨ. [139] ʪʘ               

T1/2 = (4.3 ° 0.5)³10
20

 ʨ. [140]. 

ʗʢ ʙʫʣʦ ʧʦʚʽʜʦʤʣʝʥʦ ʚ ʨʦʙʦʪʘʭ [133-134], b-ʨʦʟʧʘʜ ʟ ʪʘʢʦʶ ʥʠʟʴʢʦʶ 

 

ʈʠʩ. 1.4 ʉʭʝʤʘ ʨʦʟʧʘʜʫ 
115

In ʪʘ ʬʨʘʛʤʝʥʪ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
115

Sb ʟ ʾʾ ʛʦʣʦʚʥʦʶ 

ʛʽʣʢʦʶ ʥʘ ʟʙʫʜʞʝʥʠʡ ʨʽʚʝʥʴ 
115

Sn ʟ ʝʥʝʨʛʽʻʶ 497.3 ʢʝɺ. ɺʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ 

ʧʦʟʥʘʯʝʥʽ ʚ ʢʝɺʘʭ. ɯʥʬʦʨʤʘʮʽʷ ʟ [132,137]. 

 

ʚʝʣʠʯʠʥʦʶ Qb ʧʦʪʝʥʮʽʘʣʴʥʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʙʤʝʞʝʥʥʷ (ʯʠ 

ʚʠʤʽʨʶʚʘʥʥʷ) ʤʘʩʠ ʥʝʡʪʨʠʥʦ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʰʫʢ ʚʽʜʭʠʣʝʥʥʷ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʬʦʨʤʠ b-ʩʧʝʢʪʨʫ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʾ. ʆʩʪʘʥʥʷ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ 

ʚ ʨʦʙʦʪʽ [141], ʟ ʧʨʠʧʫʱʝʥʥʷʤ ʧʨʦ ʜʚʽʯʽ ʟʘʙʦʨʦʥʝʥʠʡ ʫʥʽʢʘʣʴʥʠʡ ʧʝʨʝʭʽʜ     

(DJ
Dp

 = 3
+
). ʇʨʠ ʮʴʦʤʫ ʬʦʨʤʘ b-ʩʧʝʢʪʨʫ ʚʽʜʨʽʟʥʷʣʘʩʴ ʚʽʜ ʜʦʟʚʦʣʝʥʦʾ. ʇʝʨʽʦʜ 

ʥʘʧʽʚʨʦʟʧʘʜʫ ʧʨʦʮʝʩʫ 
115

In Ÿ 
115

Sn
*  
ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ ʚ [139,142] ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʝʣʠʯʠʥʠ Qb
*
. ʇʨʦʪʝ ʧʨʠ Qb

*
 = 155 ° 24 eɺ [137] ʥʝʩʧʽʚʧʘʜʽʥʥʷ ʤʽʞ ʪʝʦʨʽʻʶ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʜʦʩʷʛʣʦ ʧʦʨʷʜʢʫ ʟʘ ʚʝʣʠʯʠʥʦ ,ʁ ʱʦ, ʽʤʦʚʽʨʥʦ, ʧʦʚô̫ ʟʘʥʦ ʽʟ 

ʘʪʦʤʥʠʤʠ ʝʬʝʢʪʘʤʠ. ɺʦʥʠ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʴ ʚ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʥʠʟʴʢʠʭ ʚʝʣʠʯʠʥʘʭ ʝʥʝʨʛʽʾ ʧʨʦ ʮʽ ʝʬʝʢʪʠ ʽʩʥʫʻ ʤʘʣʦ ʽʥʬʦʨʤʘʮʽʾ. 

ʇʝʨʝʣʽʢ ʧʦʪʝʥʮʽʘʣʴʥʦ ʮʽʢʘʚʠʭ ʢʘʥʜʠʜʘʪʽʚ ʟ ʥʠʟʴʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ Qb
*  

ʥʘʚʝʜʝʥʦ ʚ [143-146]. ɸʣʝ, ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʜʘʥʽ ʨʦʟʧʘʜʠ ʚʩʝ ʱʝ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʽ ʚʝʣʠʯʠʥʠ Qb  ʚʽʜʦʤʽ ʟ ʧʦʛʘʥʦʶ ʪʦʯʥʽʩʪʶ (~ 1 ʢʝɺ ʯʠ ʛʽʨʰʝ). 

ɺ ʨʦʟʧʘʜʽ 
115

In Ÿ 
115

Sn
*  
ʧʦʭʠʙʢʘ 24 ʝɺ ʧʝʨʝʚʘʞʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʦʭʠʙʢʠ 22 

ʝɺ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʧʝʨʰʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ 
115

Sn: Eexc = 497.334(22) ʢʝɺ 

[132]. 

ʊʦʤʫ ʩʢʣʘʣʘʩʷ ʜʠʚʥʘ ʩʠʪʫʘʮʽʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʽʜʦʤʽ ʘʙʩʦʣʶʪʥʽ 

ʚʝʣʠʯʠʥʠ ʤʘʩ 
115

In  ̔
115

Sn (ʷʢʽ ~ 100 ɻʝɺ) ʪʘ ʾʭ ʨʽʟʥʠʮʷ ʟ ʢʨʘʱʦʶ ʪʦʯʥʽʩʪʶ ʥʽʞ 

ʝʥʝʨʛʽʷ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ ~ 0.5 Meɺ. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʝʧʝʨ ʥʝʦʙʭʽʜʥʦ ʧʦʢʨʘʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʧʝʨʰʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʩʪʘʥʫ ʚ 
115

Sn. 

ʅʝʜʘʚʥʦ ʮʷ ʝʥʝʨʛʽʷ ʙʫʣʘ ʚʠʤʽʨʷʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʜʝʨʥʦʾ ʨʝʘʢʮʽʾ 

114
Sn(n,g)

115
Sn ʥʘ ʭʦʣʦʜʥʠʭ ʥʝʡʪʨʦʥʘʭ ʥʘ ʤʽʰʝʥʽ ʦʣʦʚʘ ʚʘʛʦʶ 30 ʤʛ, ʷʢʠʡ ʙʫʚ 

ʟʙʘʛʘʯʝʥʠʡ ʽʟʦʪʦʧʦʤ 
114

Sn ʜʦ 70%. ɺʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ ʩʢʣʘʣʘ 

Eexc = 497.316 ° 0.007 ʢʝɺ, ʽ ʚʽʜʧʦʚʽʜʥʦ Qb
*
 = 173 ° 12 eɺ [147]. 

ʅʝʦʙʭʽʜʥʦ ʧʨʦʜʦʚʞʠʪʠ ʜʘʥʽ ʚʠʤʽʨʶʚʘʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʰʠʡ ʧʽʜʭʽʜ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʦʜʥʠʤ ʽʟ ʟʘʚʜʘʥʴ ʰʦʩʪʦʛʦ ʨʦʟʜʽʣʫ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʥ ̫ʨʦʟʧʘʜʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 
115

Sb (T1/2 = 32 ʭʚ), ʷʢʠʡ ʥʘʧʨʘʮʴʦʚʫʻʪʴʩʷ ʚ 

ʨʝʘʢʮʽʾ 
115

Sn(p,n)
115

Sb ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʟʨʘʟʢʘ ʦʣʦʚʘ ʟʙʘʛʘʯʝʥʦʛʦ 
115

Sn ʜʦ ʨʽʚʥʷ 

50.7%. 
115

Sb ʨʦʟʧʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʥʘ 497 ʢʝɺʥʠʡ ʨʽʚʝʥʴ 
115

In (. 96%) ʽ ʮʝ 

ʛʘʨʘʥʪʫʻ ʥʝʦʙʭʽʜʥʫ ʩʪʘʪʠʩʪʠʯʥʫ ʪʦʯʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʽʢʽʚ. 
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ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

 

ɺ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʛʣʷʜ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʟʘ ʪʝʤʦʶ 

ʜʦʩʣʽʜʞʝʥʴ, ʧʦʢʘʟʫʶʪʴʩʷ ʧʝʨʝʚʘʛʠ ʟʘʩʝʣʝʥʥʷ ʜʦʚʛʦʞʠʚʫʯʠʭ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ 

ʧʨʠ ʚʠʚʯʝʥʥʽ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʪʘ ʩʪʨʫʢʪʫʨʠ ʟʙʫʜʞʝʥʠʭ 

ʨʽʚʥʽʚ ʷʜʝʨ ʚ ʦʙʣʘʩʪʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʧʝʢʪʨʘ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʬʦʪʦʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʚʢʘʟʘʥʦ ʥʘ ʧʝʨʝʚʘʛʠ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʬʦʪʦʥʽʚ (ɽÒ30 ʄʝɺ) ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, 

ʱʦ ʨʘʥʽʰʝ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʦʩʝʨʝʜʞʫʚʘʣʠʩʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚ ʨʘʡʦʥʽ 

ʙʽʣʷʤʘʛʽʯʥʠʭ ʷʜʝʨ ʽ ʧʨʠ ʟʥʘʯʝʥʥʷʭ ʝʥʝʨʛʽ ʾ ɔ-ʢʚʘʥʪʽʚ ʚ ʦʙʣʘʩʪʽ ʛʽʛʘʥʪʩʴʢʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. ɹʽʣʷʧʦʨʦʛʦʚʘ ʽ ʟʘʨʝʟʦʥʘʥʘʩʥʘ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʾ ʜʦʩʣʽʜʞʝʥʽ 

ʟʥʘʯʥʦ ʛʽʨʰʝ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʪʠʭ ʷʜʝʨ ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʦʩʧʽʥʦʚʽ ʽʟʦʤʝʨʥʽ ʨʽʚʥʽ. 

ɺʢʘʟʫʻʪʴʩʷ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʧʦʜʽʙʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʽ ʩʪʨʫʢʪʫʨʠ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ. ʊʘʢʦʞ ʥʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ 

ʚʘʞʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʡ ʟ ʚʠʣʴʦʪʦʤ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ, ʟʚʘʞʘʶʯʠ ʥʘ 

ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽ ʾʜʣʷ (ɔ,ʨ)-ʨʝʘʢʮʽʡ ʽ ʤʘʡʞʝ ʧʦʚʥʫ ʾʾ ʚʽʜʩʫʪʥʽʩʪʴ ʜʣʷ 

(ɔ,Ŭ)-ʢʘʥʘʣʫ. 

ʇʨʠ ʦʛʣʷʜʽ ʨʝʘʢʮʽʡ ʟ ʧʨʦʪʦʥʘʤʠ, ʜʝʡʪʨʦʥʘʤʠ, ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʽ 

ʥʝʡʪʨʦʥʘʤʠ ʧʨʠʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʪʘʢʦʞ ʥʘ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʷʢ ʚ 

ʙʽʣʷʧʦʨʦʛʦʚʽʡ ʦʙʣʘʩʪʽ, ʪʘʢ ʽ ʚ ʦʙʣʘʩʪʽ ʩʝʨʝʜʥʽʭ ʝʥʝʨʛʽʡ ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʘʩʝʣʝʥʥʽ 

ʚʠʩʦʢʦʩʧʽʥʦʚʠʭ ʂ-ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ. ʇʝʨʝʨʘʭʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ 

ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ ʪʘ ʥʫʢʣʽʜʠ, ʜʣʷ ʷʢʠʭ ʨʘʥʽʰʝ ʚʞʝ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥ ɹ ʪʘ ʧʝʨʝʨʽʟʽʚ. ɺʢʘʟʫʻʪʴʩʷ ʥʘ 

ʚʘʞʣʠʚʽʩʪʴ ʧʨʦʜʦʚʞʝʥʥʷ ʚʠʚʯʝʥʥʷ ʟʘʩʝʣʝʥʥʷ ʟʛʘʜʘʥʠʭ ʥʫʢʣʽʜʽʚ ʜʣʷ ʽʥʰʠʭ 

ʟʥʘʯʝʥʴ ʝʥʝʨʛʽ ʾʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ. 

ʇʨʠ ʦʛʣʷʜʽ ʜʽʣʝʥʥʷ ʚʘʞʢʠʭ ʷʜʝʨ ʘʢʮʝʥʪʫʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʚʘʞʣʠʚʦʩʪ̔ ʦʪʨʠʤʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʝʨʝʜʥʽ ʢʫʪʦʚʽ ʤʦʤʝʥʪʠ ʬʨʘʛʤʝʥʪʽʚ ʜʽʣʝʥʥʷ ʜʣʷ ʛʣʠʙʰʦʛʦ 

ʨʦʟʫʤʽʥʥʷ ʜʠʥʘʤʽʢʠ ʜʽʣʝʥʥʷ. ɺʢʘʟʫʻʪʴʩʷ ʥʘ ʥʝʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʩʝʨʝʜʥʽ ʢʫʪʦʚ ̔ʤʦʤʝʥʪʠ ʜʣʷ ʬʨʘʛʤʝʥʪʽʚ ʬʦʪʦʜʽʣʝʥʥʷ. 
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ʇʨʠʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʦʮʝʩʠ ʷʜʝʨʥʦʛʦ ʧʦʜiʣʫ ʚʠʚʯʘʶʪʴʩʷ 

ʪʨʠʚʘʣʠʡ ʯʘʩ, ʧʨʦʪʝ ʜʦ ʩʴʦʛʦʜʥi iʩʥʫʶʪʴ ʥʝʚʠʨiʰʝʥi ʧʠʪʘʥʥʷ ʩʪʦʩʦʚʥʦ ʡʦʛʦ 

ʜʠʥʘʤiʢʠ. ɺʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʜʦʩʣiʜʞʝʥʥʷ ʟʤiʥʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʜʝʨ ʧʨʠ ʧʝʨʝʭʦʜi 

ʚiʜ ʩiʜʣʦʚʦʾ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ ʨʦʟʨʠʚʫ ʚʘʞʣʠʚʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪiʚ 

ʬʨʘʛʤʝʥʪiʚ ʧʦʜiʣʫ. ʅʘʧʨʠʢʣʘʜ, ʚ ʨʘʤʢʘʭ ʢʨʘʧʣʠʥʥʦʾ ʤʦʜʝʣi ʷʜʨʘ, ʚʠʥʠʢʥʝʥʥʷ 

ʚʝʣʠʢʠʭ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪiʚ ʧʦʷʩʥʶʻʪʴʩʷ ʟʙʫʜʞʝʥʥʷʤ ʤʦʜ, ʧʦʚôʷʟʘʥʠʭ iʟ 

ʦʙʝʨʪʘʥʥʷʤ ʫʣʘʤʢʽʚ ʧʦʜiʣʫ. ɿʦʢʨʝʤʘ, ʟʙiʣʴʰʝʥʥʷ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪiʚ ʫ 

ʧʦʨiʚʥʷʥʥi iʟ ʤʘʪʝʨʠʥʩʴʢʠʤ ʢʦʤʧʘʫʥʜ-ʷʜʨʦʤ, ʤʦʞʝ ʩʚiʜʯʠʪʠ ʧʨʦ ʥʘʷʚʥiʩʪʴ 

ʤʝʭʘʥiʟʤiʚ ʨʦʟʢʨʫʯʫʚʘʥʥʷ ʬʨʘʛʤʝʥʪiʚ ʟʘ ʨʘʭʫʥʦʢ ʜiʾ ʢʫʣʦʥiʚʩʴʢʠʭ ʪʘ ʷʜʝʨʥʠʭ 

ʩʠʣ ʧiʩʣʷ ʨʦʟʨʠʚʫ ʷʜʨʘ, ʱʦ ʜiʣʠʪʴʩʷ. ʆʜʥʠʤ iʟ ʤʝʪʦʜiʚ ʚʠʟʥʘʯʝʥʥʷ ʢʫʪʦʚʠʭ 

ʤʦʤʝʥʪiʚ ʬʨʘʛʤʝʥʪiʚ ʧʦʜiʣʫ ʻ ʤʝʪʦʜ iʟʦʤʝʨʥʠʭ ʚiʜʥʦʰʝʥʴ. 

ʇʨʠ ʦʛʣʷʜʽ ʨʦʙʽʪ ʟ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʧʝʚʥʠʭ ʷʜʝʨ 

ʚʢʘʟʫʻʪʴʩʷ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʮʽʻʾ ʨʦʙʦʪʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʫʩʫʥʝʥʥʷ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʫ 

ʚʝʣʠʯʠʥʘʭ ʝʥʝʨʛʽʾ ʷʢ ʜʣʷ ʧʨʦʮʝʩʫ ɿʗɽʇ ʚ ʷʜʨʘʭ 
197

Au, ʪʘʢ ʽ ʜʣʷ ɓ-ʨʦʟʧʘʜʽʚ ʟ 

ʥʘʡʥʠʞʯʠʤʠ Q-ʚʝʣʠʯʠʥʘʤʠ. ɯʩʥʫʻ ʟʥʘʯʥʘ ʨʽʟʥʠʮʷ ʤʽʞ ʜʘʥʠʤʠ ʨʽʟʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʫʧ. ʎʽ ɓ-ʨʦʟʧʘʜʠ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʦʙʤʝʞʝʥʥʷ (ʯʠ ʚʠʤʽʨʶʚʘʥʥʷ) ʤʘʩʠ ʥʝʡʪʨʠʥʦ ʰʣʷʭʦʤ ʧʦʰʫʢʫ ʚʽʜʭʠʣʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʬʦʨʤʠ b-ʩʧʝʢʪʨʫ ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʾ. ʊʘʢʦʞ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ 

ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʘʥʦʤʘʣʴʥʽ ʂɺʂ ʷʢ ʜʣʷ ʚʘʞʢʠʭ ʜʝʬʦʨʤʦʚʘʥʠʭ 

ʷʜʝʨ, ʪʘʢ ʽ ʜʣʷ ʩʬʝʨʠʯʥʠʭ ʷʜʝʨ ʟ ʩʝʨʝʜʥʽʤʠ ʤʘʩʦʚʠʤʠ ʯʠʩʣʘʤʠ. ɸ ʮʽ ʜʘʥʽ 

ʜʦʟʚʦʣʷʪʴ ʧʨʦʣʠʪʠ ʩʚʽʪʣʦ ʥʘ ʝʬʝʢʪʠ ʧʨʦʥʠʢʥʝʥʥʷ. 
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ʈʆɿɼɯʃ 2 

ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ 

2.1 ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʷʜʝʨ ʽ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ 

ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ 

 

ɻʘʤʤʘ-ʧʝʨʝʭʦʜʠ ʚ ʩʠʩʪʝʤʽ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʢʦʞʥʦʛʦ ʷʜʨʘ ʜʽʣʷʪʴʩʷ ʥʘ ʪʨʠ 

ʪʠʧʠ (ʜʠʚ. ʨʠʩ. 2.1) [148]. 

 

ʈʠʩ. 2.1 ʉʭʝʤʘ ʨʦʟʨʷʜʢʠ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ 

 

ʊʫʪ, kk' - ʧʝʨʝʭʦʜʠ ʤʽʞ ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʤʠ ʩʪʘʥʘʤʠ ʷʜʨʘ ʟ ʥʝʧʝʨʝʨʚʥʦʛʦ 

ʩʧʝʢʪʨʫ (k - ʧʦʯʘʪʢʦʚʠʡ, k' - ʢʽʥʮʝʚʠʡ ʨʽʚʥʽ); kl - ʧʝʨʝʭʦʜʠ ʤʽʞ 

ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʤʠ k- ʽ ʜʠʩʢʨʝʪʥʠʤʠ lïʨʽʚʥʷʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʨʠ ʥʠʟʴʢʠʭ 

ʝʥʝʨʛʽʷʭ ʟʙʫʜʞʝʥʥʷ; ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ l -  ̒ ʧʝʨʰʠʤ ʯʠ ʜʨʫʛʠʤ ʟʙʫʜʞʝʥʠʤʠ 

ʩʪʘʥʘʤʠ ʷʜʨʘ ʪʦ ʧʦʜʽʙʥʽ ʧʝʨʝʭʦʜʠ ʥʘʟʠʚʘʶʪʴʩʷ ʷʜʝʨʥʠʤ ʨʘʤʘʥ-ʝʬʝʢʪʦʤ;            

ll ' - ʧʝʨʝʭʦʜʠ ʤʽʞ ʜʠʩʢʨʝʪʥʠʤʠ ʥʠʟʴʢʦʨʦʟʪʘʰʦʚʘʥʠʤʠ ʨʽʚʥʷʤʠ, ʜʝ                        

l - ʧʦʯʘʪʢʦʚʠʡ, ʘ l' - ʢʽʥʮʝʚʠʡ ʩʪʘʥʠ ʧʝʨʝʭʦʜʫ; ɺn, ɽ - ʝʥʝʨʛʽʷ ʚʽʜʜʽʣʝʥʥʷ 

ʥʝʡʪʨʦʥʫ, ʪʘ ɻɼʈ, ʚʽʜʧʦʚʽʜʥʦ; Jg
ˊ
, Jm

ˊ
, Jq

ˊ
 - ʩʧʽʥʠ ʪʘ ʧʘʨʥʦʩʪʽ ʦʩʥʦʚʥʦʛʦ, 

ʽʟʦʤʝʨʥʦʛʦ ʪʘ ʜʝʷʢʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʨʽʚʥʷ, ʚʽʜʧʦʚʽʜʥʦ [148]. 
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ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʝʨʝʭʦʜʠ ll ' ʚʠʚʯʝʥʽ ʚ ʨʽʟʥʠʭ ʨʝʘʢʮʽʷʭ ʽ ʧʦ ʥʠʤ ʽʩʥʫʻ 

ʙʘʛʘʪʦ ʽʥʬʦʨʤʘʮʽ ʾ[149]. ɺʦʥʘ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʫ 

ʤʝʪʦʜʽʚ ʷʜʝʨʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ [150]. ɼʘʥʽ ʧʨʦ ʧʝʨʝʭʦʜʠ kk' ʦʪʨʠʤʫʶʪʴ, 

ʜʦʩʣʽʜʞʫʶʯʠ ʨʝʘʢʮʽʾ (n,ɔ'Ŭ), (n,ɔ'f) ʽ ʽʥʰʽ [151]. ʇʝʨʝʭʦʜʠ ʪʠʧʫ kl ʚʠʚʯʘʶʪʴ ʚ 

(n,ɔ)-ʨʝʘʢʮʽʷʭ, ʷʜʝʨʥʽʡ ʨʝʟʦʥʘʥʩʥʽʡ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʪʘ ʚ ʷʜʝʨʥʦʤʫ ʨʘʤʘʥ-ʝʬʝʢʪʽ. 

ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʽʟʥʷʶʪʴ ʜʚʘ ʪʠʧʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ: ʥʘ ʧʫʯʢʫ ʽ ʧʦʟʘ ʧʫʯʢʦʤ. 

ɽʢʩʧʝʨʠʤʝʥʪ ʧʦʟʘ ʧʫʯʢʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʜʚʘ ʧʦʩʣʽʜʦʚʥʠʭ ʝʪʘʧʠ: ʧʝʨʰʠʡ - 

ʦʪʨʠʤʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʷʜʝʨ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʫʜʴ-ʷʢʦʾ ʙʘʟʦʚʦʾ ʬʽʟʠʯʥʦʾ 

ʫʩʪʘʥʦʚʢʠ, ʜʨʫʛʠʡ - ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ ʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ 

ʣʘʙʦʨʘʪʦʨʽʶ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʩʢʣʘʜʫ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʚʘʥʪʽʚ ʯʠ ʯʘʩʪʠʥʦʢ, ʷʢʽ ʚʠʧʨʦʤʽʥʶʶʪʴʩʷ ʧʨʠ ʨʦʟʧʘʜʽ. ʂʦʞʥʠʡ ʟ ʮʠʭ ʝʪʘʧʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʟʘ ʧʫʯʢʦʤ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʟʘʣʝʞʥʦ. ɸʣʝ ʤʝʪʦʜʠ ʧʦʟʘ ʧʫʯʢʦʤ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʣʠʰʝ ʜʣʷ ʚʠʚʯʝʥʥʷ ʜʦʚʛʦʞʠʚʫʯʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʷʜʝʨ, ʷʢʽ ʥʝ ʚʩʪʠʛʘʶʪʴ ʨʦʟʧʘʩʪʠʩʷ ʟʘ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜ ʧʨʠʩʢʦʨʶʚʘʯʘ ʜʦ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʨʠʣʘʜʫ [150]. 

ɺ ʜʦʩʣʽʜʘʭ ʥʘ ʧʫʯʢʫ ʦʙʠʜʚʘ ʝʪʘʧʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦ ʦʪʨʠʤʘʥʥʶ ʽ ʚʠʚʯʝʥʥʶ 

ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʷʜʝʨ ʪʽʩʥʦ ʚʟʘʻʤʦʟʚôʷʟʘʥʽ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʩʪʨʽʡ ʜʣʷ 

ʦʧʨʦʤʽʥʝʥʥʷ ʤʽʰʝʥʽ ʥʘ ʧʫʯʢʫ ʧʨʠʩʢʦʨʶʚʘʯʘ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʷʜʝʨ, ʚʠʤʽʨʶʚʘʣʴʥʘ ʘʧʘʨʘʪʫʨʘ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʻʜʠʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ. ʅʘʷʚʥʽʩʪʴ 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʷʜʝʨ ʟ-ʧʽʜ ʧʫʯʢʘ ʜʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʥʝʦʙʦʚôʷʟʢʦʚʘ, ʦʩʢʽʣʴʢʠ ʩʧʝʢʪʨʦʤʝʪʨ ʤʦʞʝ ʙʫʪʠ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ 

ʪʘʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʧʨʦʤʽʥʝʥʦʾ ʤʽʰʝʥʽ, ʱʦ ʯʘʩʪʠʥʢʠ ʯʠ ɔ-ʢʚʘʥʪʠ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʷʜʝʨ, ʜʦʩʷʛʘʶʪʴ ʡʦʛʦ ʧʨʠʨʦʜʥʽʤ ʰʣʷʭʦʤ 

[150]. ɺ ʪʘʢʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʤʧʫʣʴʩʥʽ ʧʫʯʢʠ 

ʧʨʠʩʢʦʨʶʚʘʯʽʚ: ʧʨʠ ʮʴʦʤʫ ʯʘʩʦʚʠʡ ʧʨʦʤʽʞʦʢ ʤʽʞ ʽʤʧʫʣʴʩʘʤʠ ʩʪʨʫʤʫ ʧʫʯʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʚʝʜʝʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ɿ ʰʠʨʦʢʦʛʦ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʤʝʪʦʜʽʚ ʥʘ ʧʫʯʢʫ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʝʪʦʜ ʛʝʣʽʻʚʦʛʦ ʩʪʨʫʤʝʥʷ, 

ʧʦʚʽʣʴʥʫ ʽ ʰʚʠʜʢʫ ʪʝʭʥʽʢʫ ʽʤʧʫʣʴʩʥʦʛʦ ʧʫʯʢʘ. ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ 

ʤʝʪʦʜʽʚ,  ̒ ʤʝʪʦʜ ʛʝʣʽʻʚʦʛʦ ʩʪʨʫʤʝʥʷ, ʷʢʠʡ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 
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ʚʠʚʯʝʥʥʷ ʨʦʟʧʘʜʫ ʢʦʨʦʪʢʦʞʠʚʫʯʠʭ ʘʢʪʠʚʥʦʩʪʝʡ. ʁʦʛʦ ʩʫʪʴ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʨʘʜʽʦʘʢʪʠʚʥʽ ʷʜʨʘ, ʷʢʽ ʥʘʧʨʘʮʴʦʚʫʶʪʴʩʷ ʚ ʨʝʘʢʮʽʾ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʥʘ 

ʧʨʠʩʢʦʨʶʚʘʯʽ, ʚʠʙʠʚʘʶʪʴʩʷ ʟ ʪʦʥʢʦʾ ʤʽʰʝʥʽ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʚʽʜʜʘʯʽ ʪʘ 

ʟʫʧʠʥʷʶʪʴʩʷ ʫ ʛʘʟʦʚʦʤʫ ʛʝʣʽʻʚʦʤʫ ʧʦʪʦʮʽ. ʎʝʡ ʩʪʨʫʤʽʥʴ ʦʤʠʚʘʻ ʤʽʰʝʥʴ ʽ 

ʧʝʨʝʤʽʱʫʻ ʚʠʙʠʪʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʷʜʨʘ ʜʦ ʧʦʛʣʠʥʘʯʘ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʝʧʦʜʘʣʽʢ ʚʽʜ 

ʜʝʪʝʢʪʦʨʘ ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʦʩʽ ʧʫʯʢʘ. ʊʨʠʚʘʣʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚ ʪʘʢʽʡ 

ʩʠʩʪʝʤʽ ʥʠʞʯʘ 1 ʤʩ, ʪʦʤʫ ʟ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʞʥʘ ʜʦʩʣʽʜʞʫʚʘʪʠ ʣʠʰʝ 

ʘʢʪʠʚʥʦʩʪʽ ʟ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ ~ 1 ʤʩ. ʇʨʠ ʮʴʦʤʫ ʤʽʰʝʥʴ ʦʧʨʦʤʽʥʶʻʪʴʩʷ 

ʥʝʧʝʨʝʨʚʥʠʤ ʧʫʯʢʦʤ ʚʽʜ ʧʨʠʩʢʦʨʶʚʘʯʘ [150]. 

ʊʝʭʥʽʢʘ ʽʤʧʫʣʴʩʥʦʛʦ ʧʫʯʢʘ ʪʘʢʦʞ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʢʦʨʦʪʢʦʞʠʚʫʯʠʭ ʘʢʪʠʚʥʦʩʪʝʡ. ʗʢʱʦ ʦʧʨʦʤʽʥʶʚʘʪʠ ʪʦʥʢʽ ʤʽʰʝʥʽ ʚʘʞʢʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ, ʪʦ ʩʠʥʪʝʟʦʚʘʥʽ ʨʘʜʽʦʘʢʪʠʚʥʽ ʷʜʨʘ ʚʽʜʜʘʯʽ ʚʥʘʩʣʽʜʦʢ ʟʥʘʯʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʚ ʥʘʧʨʷʤʢʫ ʧʝʨʚʠʥʥʦʛʦ ʧʫʯʢʘ ʚʠʣʽʪʘʶʪʴ ʟ ʤʽʰʝʥʽ ʪʘ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʽʙʨʘʥʽ ʥʘ ʟʤʦʥʪʦʚʘʥʦʤʫ ʧʦʟʘʜʫ ʥʝʾ ʢʦʣʝʢʪʦʨʽ. ʇʽʜ ʯʘʩ ʧʘʫʟʠ ʤʽʞ ʽʤʧʫʣʴʩʘʤʠ 

ʩʪʨʫʤʫ ʧʨʠʩʢʦʨʶʚʘʯʘ ʚʠʚʯʘʶʪʴ ʨʦʟʧʘʜ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʷʜʝʨ, ʟʽʙʨʘʥʠʭ ʥʘ 

ʢʦʣʝʢʪʦʨʽ. ʅʠʞʥʷ ʤʝʞʘ ʪʨʠʚʘʣʦʩʪʝʡ T1/2, ʜʦʩʪʫʧʥʠʭ ʜʣʷ ʚʠʚʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʝʡ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʧʨʦʣʴʦʪʫ ʷʜʝʨ ʚʽʜʜʘʯʽ ʚʽʜ ʤʽʰʝʥʽ ʜʦ ʢʦʣʝʢʪʦʨʘ ʪʘ ʚʽʜ ʰʠʨʠʥʠ 

ʟʘʜʥʴʦʛʦ ʬʨʦʥʪʫ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ ʧʫʯʢʘ ʯʘʩʪʠʥʦʢ ʚʽʜ ʧʨʠʩʢʦʨʶʚʘʯʘ [150]. 

ʆʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʜʘʻ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʣʴʦʪʫ, ʷʢʘ ʽ ʚʠʟʥʘʯʘʻ ʥʠʞʥʶ ʤʝʞʫ ʯʘʩʫ 

ʞʠʪʪʷ ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʷʜʝʨ. ʎʝʡ ʯʘʩ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʤʝʞʘʭ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʥʘʥʦʩʝʢʫʥʜ. ʎʝ ʪʘʢ ʟʚʘʥʘ ʧʦʚʽʣʴʥʘ ʪʝʭʥʽʢʘ 

ʽʤʧʫʣʴʩʥʦʛʦ ʧʫʯʢʘ. ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʦʚʩʪʽ ʤʽʰʝʥʽ, ʚ ʷʢʠʭ ʷʜʨʘ ʚʽʜʜʘʯʽ 

ʧʦʚʥʽʩʪʶ ʟʫʧʠʥʷʶʪʴʩʷ, ʪʦ ʥʠʞʥʷ ʤʝʞʘ ʯʘʩʫ ʞʠʪʪʷ ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʘʢʪʠʚʥʦʩʪʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʣʠʰʝ ʯʘʩʦʚʦʶ ʰʠʨʠʥʦʶ ʟʘʜʥʴʦʛʦ ʬʨʦʥʪʫ ʽʤʧʫʣʴʩʫ 

ʩʪʨʫʤʫ ʧʫʯʢʘ ʧʨʠʩʢʦʨʶʚʘʯʘ, ʷʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ ʜʝʢʽʣʴʢʦʭ ʥʘʥʦʩʝʢʫʥʜ. ɼʘʥʘ 

ʤʝʪʦʜʠʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʰʚʠʜʢʦ  ʁʪʝʭʥʽʢʦ  ʁʧʫʣʴʩʫʶʯʦʛʦ ʧʫʯʢʘ. ʅʘʡʢʨʘʱʽ ʬʦʥʦʚʽ 

ʫʤʦʚʠ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʧʘʜʫ ʜʦʩʷʛʘʶʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʟʘ 

ʧʫʯʢʦʤ. ɸ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʧʫʯʢʫ ʜʘʥʽ ʫʤʦʚʠ ʟʥʘʯʥʦ ʛʽʨʰ ̔[150]. 

ʉʝʨʝʜ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʽ ʚ ʦʜʥʦʤʫ ʥʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦʚʥʦʾ 

ʢʘʨʪʠʥʠ ʨʦʟʚʠʪʢʫ ʢʘʩʢʘʜʫ ɔ-ʧʝʨʝʭʦʜʽʚ, ʪ.ʙ. ʟʜʦʙʫʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, ʷʢʽ 
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ʧʝʨʝʭʦʜʠ ʽ ʟ ʷʢʦʶ ʡʤʦʚʽʨʥʽʩʪʶ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʢʘʩʢʘʜʽ ʚ ʧʨʦʮʝʩʽ ʟʥʷʪʪʷ 

ʟʙʫʜʞʝʥʥʷ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʚ ʦʙʣʘʩʪʷʭ, ʜʝ ɻ<<D ʽ ɻÓD. ʊʫʪ ɻ ï ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ, D ï ʝʥʝʨʛʝʪʠʯʥʠʡ ʽʥʪʝʨʚʘʣ ʤʽʞ ʨʽʚʥʷʤʠ. 

ʇʦʨʽʚʥʶʶʯʠ ʽʩʥʫʶʯ ̔ ʪʝʦʨʝʪʠʯʥ ̔ ʤʦʜʝʣ ̔ ʩʪʘʻ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʥʝ ʽʩʥʫʻ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʦʧʠʩʫʻ ʧʝʨʝʨʽʟʠ ʟʘʭʦʧʣʝʥʥʷ ʨʽʟʥʠʭ ʙʦʤʙʘʨʜʫʶʯʠʭ 

ʯʘʩʪʠʥʦʢ, ʧʨʫʞʥʴʦʛʦ ʪʘ ʥʝʧʨʫʞʥʴʦʛʦ ʨʦʟʩʽʷʥ,ɹ ʨʘʜʽʘʮʽʡʥʽ ʽ ʧʦʚʥʽ ʰʠʨʠʥʠ 

ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ, ʨʘʜʽʘʮʽʡʥʽ ʩʠʣʦʚʽ ʬʫʥʢʮʽʾ ʪʘ ʽʥʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʜʝʨ ʚ 

ʫʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʾ 

ʧʦʙʣʠʟʫ ʧʦʨʦʛʫ ʬʦʪʦʥʫʢʣʦʥʥʠʭ ʨʝʘʢʮʽʡ. ɿʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʪʘ ʦʩʥʦʚʥʠʭ 

ʩʪʘʥʽʚ ʧʝʨʝʚʘʞʥʦ ʫʩʧʽʰʥʦ ʦʧʠʩʫʻʪʴʩʷ ʚ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʷʭ. ɸ ʦʩʢʽʣʴʢʠ ʚ 

ʟʘʩʝʣʝʥʥʷ ʮʠʭ ʩʪʘʥʽʚ ʚʥʝʩʦʢ ʤʦʞʫʪʴ ʜʘʚʘʪʠ ʧʝʨʝʭʦʜʠ ʫʩʽʭ ʪʨʴʦʭ ʪʠʧʽʚ ʪʦ, 

ʜʦʩʣʽʜʞʫʶʯʠ ʧʝʨʝʨʽʟʠ ʫʪʚʦʨʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʯʠ ʦʩʥʦʚʥʠʭ ʨʽʚʥʽʚ ʤʦʞʥʘ 

ʟʜʦʙʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʫʚʝʩʴ ʜʽʘʧʘʟʦʥ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʷʜʨʘ [1]. 

ɺʠʭʦʜʷʯʠ ʟ ʫʩʴʦʛʦ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʜʣʷ ʚʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟʙʫʜʞʝʥʠʭ 

ʨʽʚʥʽʚ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʙʫʚ ʚʠʙʨʘʥʠʡ ʘʢʪʠʚʘʮʽʡʥʠʡ 

ʤʝʪʦʜ, ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʟʘ ʧʫʯʢʦʤ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ(ʚʠʭʦʜʽʚ) ʽ 

ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ. ɯʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ(ʚʠʭʦʜʽʚ) - ʮʝ ʚʽʜʥʦʰʝʥʥʷ 

ʧʝʨʝʨʽʟʽʚ(ʚʠʭʦʜʽʚ) ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʽ ʦʩʥʦʚʥʦʛʦ ʨʽʚʥʽʚ. ʗʢʱʦ ʧʝʨʝʨʽʟ(ʚʠʭʽʜ) 

ʫʪʚʦʨʝʥʥʷ ʷʜʨʘ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʧʦʟʥʘʯʠʪʠ ʷʢ gů(Yg), ʧʝʨʝʨʽʟ(ʚʠʭʽʜ) 

ʫʪʚʦʨʝʥʥʷ ʷʜʨʘ ʚ ʽʟʦʤʝʨʥʦʤʫ ʩʪʘʥʽ ʷʢ 
mů (Ym), ʘ ʧʦʚʥʠʡ ʧʝʨʝʨʽʟ(ʚʠʭʽʜ) 

0 g mů =ů +ů (Y0=Ym+Yg), 
ʪʦ ʽʟʦʤʝʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʜʚʦʤʘ 

ʩʧʦʩʦʙʘʤʠ: 1) m

g

ů

ů
( m

g

Y

Y
); 2) m

0

ů

ů
( m

0

Y

Y
). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʮʠʤʠ ʚʝʣʠʯʠʥʘʤʠ [2]: 

 

m m 0

g m 0

ů ů /ů
=

ů 1-ů /ů
; m m 0

g m 0

Y Y /Y
=

Y 1-Y /Y
 

m gm

0 m g

ů /ůů
=

ů 1+ů /ů
; 

m gm

0 m g

Y /YY
=

Y 1+Y /Y
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ʊʘʢʦʞ ʯʘʩʪʦ ʚ ʷʢʦʩʪʽ ʽʟʦʤʝʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʟʘʤʽʩʪʴ ʚʝʣʠʯʠʥʠ m

g

ů

ů
 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ h

l

ů

ů
( h

l

Y

Y
), ʜʝ 

hů(
hY ), 

lů(
lY ) ï ʧʝʨʝʨʽʟʠ(ʚʠʭʦʜʠ) ʫʪʚʦʨʝʥʥʷ 

ʷʜʝʨ ʚ ʩʪʘʥʽ ʟ ʚʠʩʦʢʠʤʠ ʽ ʥʠʟʴʢʠʤʠ ʩʧʽʥʘʤʠ, ʚʽʜʧʦʚʽʜʥʦ. ʎʝ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ 

ʜʣʷ ʦʢʨʝʤʠʭ ʷʜʝʨ ʩʧʽʥ ʽʟʦʤʝʨʥʦʛʦ ʨʽʚʥʷ ʥʠʞʯʠʡ ʩʧʽʥʘ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ [2]. 

ʊʘʢʦʞ ʜʣʷ ʷʜʝʨ, ʚ ʷʢʠʭ  ̒ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʽʟʦʤʝʨʥʦʛʦ ʨʽʚʥʷ ʧʨʠ ʚʠʚʯʝʥʥʽ 

ʽʟʦʤʝʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʚʝʣʠʯʠʥʫ gů ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. ʊʦʤʫ 

ʚʽʜʥʦʰʝʥʥʷ h

l

ů

ů
 ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ 

ʟʘʚʞʜʠ ʤʘʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʩʧʽʥʫ ʧʦʯʘʪʢʦʚʦʛʦ 

ʩʪʘʥʫ ʟʙʫʜʞʝʥʦʛʦ ʷʜʨʘ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʡʦʛʦ ʩʭʝʤʠ ʨʽʚʥʽʚ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʚʘ ʤʝʪʦʜʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ 

ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʷʜʝʨ [2]. 

1. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʶʶʪʴʩʷ ʧʝʨʝʨʽʟʠ ʫʪʚʦʨʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʪʘ ʦʩʥʦʚʥʦʛʦ 

ʩʪʘʥʽʚ, ʽ ʙʝʨʝʪʴʩʷ ʾʭ ʚʽʜʥʦʰʝʥʥʷ. ʆʪʨʠʤʘʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʩʢʣʘʜʥʦ, ʘ ʧʝʨʝʚʘʛʦʶ ʻ ʦʪʨʠʤʘʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʚʝʣʠʯʠʥ ʧʝʨʝʨʽʟʽʚ. 

2. ʇʨʷʤʝ ʚʠʤʽʨʶʚʘʥʥʷ m

g

ů

ů
 ʧʦ ʚʠʭʦʜʫ ʛʘʤʤʘ-ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʨʠ ʨʦʟʧʘʜʽ 

ʦʩʥʦʚʥʦʛʦ ʽ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʽʚ. ʄʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʣʠʰʝ ʜʣʷ ʪʠʭ ʷʜʝʨ, ʫ 

ʷʢʠʭ ʽ ʦʩʥʦʚʥʠʡ ʽ ʽʟʦʤʝʨʥʠʡ ʨʽʚʥʽ ʥʝʩʪʘʙʽʣʴʥʽ. ʊʫʪ ʽʟʦʤʝʨʥʝ ʚʽʜʥʦʰʝʥʥʷ 

ʚʠʨʘʞʘʻʪʴʩʷ ʯʝʨʝʟ ʚʽʜʥʦʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʝʡ ʽ ʪʦʯʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʥʘʯʥʦ 

ʚʠʱʘ [2]. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʱʝʚʠʢʣʘʜʝʥʦʛʦ, ʚ ʫʩʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʦʙʠʜʚʘ ʤʝʪʦʜʠ, ʥʘʧʨʘʮʴʦʚʫʚʘʣʠʩʴ ʚ ʨʝʘʢʮʽʷʭ ʟ ʨʽʟʥʠʤʠ ʙʦʤʙʘʨʜʫʶʯʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʷʜʨʘ, ʷʢʽ ʤʘʶʪʴ ʥʝʩʪʘʙʽʣʴʥʽ ʦʩʥʦʚʥʠʡ ʽ ʽʟʦʤʝʨʥʠʡ ʨʽʚʥʽ. ɼʣʷ 

ʧʦʢʨʘʱʝʥʥʷ ʬʦʥʦʚʠʭ ʫʤʦʚ ʦʧʨʦʤʽʥʝʥʽ ʟʨʘʟʢʠ ʧʽʩʣʷ ʧʨʠʩʢʦʨʶʚʘʯʘ 

ʪʨʘʥʩʧʦʨʪʫʚʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʽʶ, ʜʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦʾ 

ʘʢʪʠʚʥʦʩʪʽ. ɺʠʟʥʘʯʝʥʥʷ ʧʝʨʝʨʽʟʽʚ(ʚʠʭʦʜʽʚ) ʪʘ ̔ʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʙʘʟʫʚʘʣʦʩʴ 
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ʥʘ ʤʝʪʦʜʠʮʽ ʧʨʷʤʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʛʘʤʤʘ-ʩʧʝʢʪʨʽʚ ʧʨʦʜʫʢʪʽʚ ʘʢʪʠʚʘʮʽʾ ʙʝʟ 

ʨʘʜʽʦʭʽʤʽʯʥʦʛʦ ʽ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʛʦ ʚʠʜʽʣʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ ʥʫʢʣʽʜʫ. 

 

2.2 ʅʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʧʝʢʪʨʦʤʝʪʨʠ ʛʘʤʤʘ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʤʝʪʦʜʠ 

ʚʠʤʽʨʶʚʘʥʴ 

 

ɽʢʩʧʝʨʠʤʝʥʪʠ, ʚʠʢʦʥʘʥʽ ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ, ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʟ ʜʝʪʝʢʪʦʨʘʤʠ ʟ ʥʘʜʯʠʩʪʦʛʦ ʛʝʨʤʘʥʽʶ, ʘ ʪʘʢʦʞ ʥʘ 

ʘʥʪʠʢʦʤʧʪʦʥʽʚʩʴʢʦʤʫ ʩʧʝʢʪʨʦʤʝʪʨʽ, ʷʢʠʡ ʟʽʙʨʘʥʠʡ ʥʘ ʙʘʟʽ ʜʝʪʝʢʪʦʨʘ ʟ 

ʥʘʜʯʠʩʪʦʛʦ ʛʝʨʤʘʥʽʶ ʽ ʦʪʦʯʝʥʠʡ ʘʢʪʠʚʥʠʤ ʟʘʭʠʩʪʦʤ ʥʘ ʦʩʥʦʚʽ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ 

ʜʝʪʝʢʪʦʨʽʚ ʟ NaI(Tl). ɽʣʝʢʪʨʦʥʥʠʡ ʪʨʘʢʪ ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʩʢʣʘʜʘʚʩʷ ʟ ʙʣʦʢʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤ "ORTEC" ʽ "CANBERRA". ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʚʠʤʽʨʘʤʠ ʽ 

ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ IBM-ʩʫʤʽʩʥʽ ʇʂ ʥʘ ʙʘʟʽ ʧʨʦʮʝʩʦʨʽʚ 

Intel-x86 ʪʘ AMD. ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ HPGe-ʜʝʪʝʢʪʦʨʽʚ, ʥʘ ʙʘʟʽ ʷʢʠʭ ʙʫʣʠ 

ʟʽʙʨʘʥʽ ʩʧʝʢʪʨʦʤʝʪʨʠ, ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʽ ʚ ʊʘʙʣʠʮʷ 2.1. 

ɼʝʷʢʽ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʝʞʠʤʽ ɔɔ-ʟʙʽʛʽʚ. ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ 

ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2.2. ʂʝʨʫʚʘʥʥʷ ʚʠʤʽʨʘʤʠ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʠ Netspectrum, ʨʦʟʨʦʙʣʝʥʦʾ ʫ ʚʽʜʜʽʣʽ ʩʪʨʫʢʪʫʨʠ ʷʜʨʘ [152]. 

ɿ ʢʦʞʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (Ge) ʯʝʨʝʟ ʧʦʧʝʨʝʜʥʽʡ ʧʽʜʩʠʣʶʚʘʯ (ʇʇ) ʟʥʽʤʘʻʪʴʩʷ ʜʚʘ 

ʩʠʛʥʘʣʠ: ʝʥʝʨʛʝʪʠʯʥʠʡ (ʝ) ʽ ʯʘʩʦʚʠʡ (ʯ). ɽʥʝʨʛʝʪʠʯʥʽ ʩʠʛʥʘʣʠ ʧʽʩʣʷ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ (ʉʇ) ʥʘʜʭʦʜʷʪʴ ʥʘ 1-ʡ ʪʘ 3-ʡ            

ʘʤʧʣʽʪʫʜʥʦ-ʮʠʬʨʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ (ɸʎʇ). ʏʘʩʦʚʽ ʩʠʛʥʘʣʠ ʟ ʢʦʞʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʧʽʜʩʠʣʶʚʘʯʽ-ʬʦʨʤʫʚʘʯʽ (ʇʌ) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʰʚʠʜʢʦʛʦ ʩʠʛʥʘʣʫ 

ʟ ʯʘʩʦʤ ʬʦʨʤʫʚʘʥʥʷ 10-50 ʥʩ, ʘ ʧʦʪʽʤ ï ʯʝʨʝʟ ʜʠʩʢʨʠʤʽʥʘʪʦʨʠ ʧʦʩʪʽʡʥʠʭ 

ʚʽʜʥʦʰʝʥʴ (ɼ), ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʩʠʛʥʘʣʠ ʪʦʯʥʦʾ ʯʘʩʦʚʦʾ ʧʨʠʚôʷʟʢʠ. ɿ 

ʜʠʩʢʨʠʤʽʥʘʪʦʨʽʚ ʩʠʛʥʘʣʠ ʧʨʠʚôʷʟʢʠ ʥʘʜʭʦʜʷʪʴ ʥʘ ʯʘʩʦ-ʘʤʧʣʽʪʫʜʥʠʡ ʢʦʥʚʝʨʪʝʨ 

(ʏɸʂ), ʧʨʠ ʮʴʦʤʫ ʦʜʠʥ ʽʟ ʩʠʛʥʘʣʽʚ ʟʘʪʨʠʤʫʻʪʴʩʷ ʣʽʥʽʻʶ ʟʘʪʨʠʤʢʠ (ʃɿ). ʊʘʢʠʤ 

ʩʧʦʩʦʙʦʤ, ʦʪʨʠʤʫʶʪʴʩʷ ʟʘʪʨʠʤʘʥʽ ʟʙʽʛʠ. ɿ ʏɸʂ ʩʠʛʥʘʣ ʯʝʨʝʟ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʡ 

ʧʽʜʩʠʣʶʚʘʯ ʧʦʜʘʻʪʴʩʷ ʥʘ 2-ʡ ɸʎʇ, ʥʘ ʷʢʦʤʫ ʥʘʙʠʨʘʻʪʴʩʷ ʯʘʩʦʚʠʡ ʩʧʝʢʪʨ [152]. 
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ʊʘʙʣʠʮʷ 2.1 

ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ HPGe-ʜʝʪʝʢʪʦʨʽʚ 

 

ɼʝʪʝʢʪʦʨ 

ɺʽʜ

ʥʦʩ 

ʥʘ 

ʝʬ., % 

ɽʥʝʨʛʽʷ (E) / ʨʦʟʜ. ʟʜʘʪʥʽʩʪʴ (æE)), ʢʝɺ 

E DE E DE E DE 

GC1818 18 59.5 0.5 122 0.845 1332 1.8 

GEM40185 40 59.5 0.8 122 1.0 1332 1.85 

GC10021 100 59.5 0.6 122 1.2 1332 2.1 

GR1519
*  

15 59.5 0.45 122 0.845 1332 1.9 

GX4019 40 59.5 0.82 122 1.0 1332 1.9 

GEM30185 30 59.5 0.75 122 1.0 1332 1.85 

BE2825 18 5.9 0.4 122 0.7 1332 1.9 

GMX30190 30 5.9 0.715 122 1.0 1332 1.9 

* - ʫ ʩʢʣʘʜʽ ʘʥʪʠʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ 

 

ʊʨʠ ɸʎʇ ʧʦʚôʷʟʘʥʽ ʟ ʙʣʦʢʦʤ ʫʟʛʦʜʞʝʥʥʷ, ʷʢʠʡ ʚʠʜʘʻ ʢʦʤʘʥʜʫ ʟʘʧʠʩʫ ʩʠʛʥʘʣʽʚ ʚ 

ʤʦʜʫʣʴ AIM-556. ɼʘʥʠʡ ʤʦʜʫʣʴ ʜʦʟʚʦʣʷʻ ʟʥʽʤʘʪʠ ʩʠʛʥʘʣʠ ʟ ʯʦʪʠʨʴʦʭ ɸʎʇ ʚ 

ʛʽʩʪʦʛʨʘʤʥʦʤʫ ʽ ʧʦʪʦʢʦʚʦʤʫ ʨʝʞʠʤʘʭ. ʏʝʨʝʟ ʣʦʢʘʣʴʥʫ ʤʝʨʝʞʫ ʽʥʬʦʨʤʘʮʽʷ ʟ 

AIM -566 ʥʘʜʭʦʜʠʪʴ ʚ ʢʦʤʧôʶʪʝʨ. ɺ ʛʽʩʪʦʛʨʘʤʥʦʤʫ ʨʝʞʠʤʽ ʥʘ ʪʨʴʦʭ ɸʎʇ 

ʟʘʧʠʩʫʶʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʽ ʩʧʝʢʪʨʠ ʟ ʜʚʦʭ ʜʝʪʝʢʪʦʨʽʚ ʽ ʯʘʩʦʚʠʡ ʩʧʝʢʪʨ ʟʘʪʨʠʤʘʥʠʭ 

ʩʧʽʚʧʘʜʘʥʴ. ɺ ʧʦʪʦʢʦʚʦʤʫ ʨʝʞʠʤʽ ʽʥʬʦʨʤʘʮʽʷ ʟ ʫʩʽʭ ɸʎʇ ʧʦʩʣʽʜʦʚʥʦ 

ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʧʘʤôʷʪʴ AIM-566, ʷʢʱʦ ʥʘ ʢʝʨʫʶʯʠʡ ʚʭʽʜ (ʢʝʨ.) ʙʣʦʢʫ ʫʟʛʦʜʞʝʥʥʷ 

ʥʘʜʭʦʜʠʪʴ ʩʠʛʥʘʣ ʧʨʦ ʟʙʽʛʠ [152]. ʎʝʡ ʩʠʛʥʘʣ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʩʭʝʤʽ ʟʙʽʛʽʚ (ʉɿ), 
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ʈʠʩ. 2.2 ɹʣʦʢ-ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ gg-ʟʙʽʛʽʚ [152] 

 

ʷʢʘ ʧʦʚôʷʟʘʥʘ ʟ ʦʙʦʤʘ ʜʠʩʢʨʠʤʽʥʘʪʦʨʘʤʠ, ʪʘ ʬʦʨʤʫʻʪʴʩʷ ʛʝʥʝʨʘʪʦʨʦʤ ʚʦʨʽʪ 

(ɻɺ). ʆʪʞʝ, ʥʝʧʦʪʨʽʙʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚ ʧʦʪʦʢʦʚʦʤʫ ʨʝʞʠʤʽ ʚʽʜʩʽʢʘʻʪʴʩʷ. 

ʅʘʧʽʚʰʠʨʠʥʘ ʧʽʢʘ ʟʙʽʛʽʚ ʩʢʣʘʜʘʻ 15-20 ʥʩ. ɯʥʬʦʨʤʘʮʽʷ ʟ AIM-566 ʟʘʧʠʩʫʻʪʴʩʷ ʥʘ 

ʞʦʨʩʪʢʠʡ ʜʠʩʢ ʢʦʤʧôʶʪʝʨʘ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʯʦʪʠʨʴʦʭ ʜʚʦʙʘʡʪʦʚʠʭ ʩʣʽʚ. 

ɺ ʢʦʞʥʦʤʫ ʟ ʥʠʭ 13 ʙʽʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʥʦʤʝʨʘ ʢʘʥʘʣʫ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʘʜʨʝʩʫʚʘʪʠ 8192 ʢʘʥʘʣʘ, ʘ 2 ʙʽʪʘ - ʜʣʷ ʢʦʜʫʚʘʥʥʷ ʥʦʤʝʨʫ ɸʎʇ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʥʝ ʧʝʨʝʧʣʫʪʘʪʠ ɸʎʇ ʧʨʠ ʟʙʦʷʭ ʟʘʧʠʩʫ. ɿʘʧʠʩʫʚʘʥʥʷ ʥʘ ʜʠʩʢ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʦʨʮʽʷʤʠ, ʨʦʟʤʽʨ ʷʢʠʭ ʟʘʜʘʻʪʴʩʷ ʚ ʧʨʦʛʨʘʤʽ Netspectrum. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝʛʪʠ ʽʥʬʦʨʤʘʮʽʶ ʫ ʚʠʧʘʜʢʫ ʟʙʦʶ ʩʠʩʪʝʤʠ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʧʨʠ ʪʨʠʚʘʣʠʭ ʚʠʤʽʨʶʚʘʥʥʷʭ. ɿʘʧʠʩʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ 

ʙʘʛʘʪʦʢʨʘʪʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʦʨʪʫʚʘʥʥʷ ʩʧʝʢʪʨʽʚ ʟʙʽʛʽʚ ʟ ʚʠʜʽʣʝʥʥʷʤ 

ʨʽʟʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʽʢʦʥ ʥʘ ʦʜʥʦʤʫ ʟ ʜʝʪʝʢʪʦʨʽʚ [152]. 

ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʪʦʷʣʦ ʟʘʚʜʘʥʥʷ ʧʦʩʣʘʙʣʝʥʥʷ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʬʦʥʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʥʪʠʢʦʤʧʪʦʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨʦʤʝʪʨ (ʜʠʚ. ʨʠʩ. 2.3). ʇʨʠʥʮʠʧ 

ʡʦʛʦ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. 
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ʈʠʩ. 2.3 ʂʦʥʬʽʛʫʨʘʮʽʷ ʘʥʪʠʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ [152]: 

   1 - ʚʠʤʽʨʶʚʘʥʝ ʜʞʝʨʝʣʦ, 

   2 - ʜʝʪʝʢʪʦʨ ʟ ʥʘʜʯʠʩʪʦʛʦ ʛʝʨʤʘʥʽʶ, 

   3 - NaI(Tl)-ʜʝʪʝʢʪʦʨʠ ʘʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ 

 

ɼʣʷ g-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʝʪʝʢʪʦʨ ʟ 

ʥʘʜʯʠʩʪʦʛʦ ʛʝʨʤʘʥʽʶ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʝʥʝʨʛʝʪʠʯʥʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. 

ʎʝʡ ʜʝʪʝʢʪʦʨ ʦʪʦʯʝʥʠʡ ʧôʷʪʴʤʘ ʩʮʠʥʪʠʣʷʮʽʡʥʠʤʠ ʜʝʪʝʢʪʦʨʘʤʠ ʥʘ ʙʘʟʽ Naɯ(Tl), 

ʷʢʽ ʤʘʶʪʴ ʛʽʨʰʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ, ʘʣʝ ʚʠʩʦʢʫ (ʚʠʱʝ 90%) ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʝʻʩʪʨʘʮʽʾ g-ʢʚʘʥʪʽʚ. ʋʩʷ ʩʠʩʪʝʤʘ ʚʤʦʥʪʦʚʘʥʘ ʚ ʧʘʩʠʚʥʠʡ ʟʘʭʠʩʪ ʟ ʰʘʨʽʚ (ʟʦʚʥʽ 

ʚʩʝʨʝʜʠʥʫ): ʩʚʠʥʮʶ (ʪʦʚʱʠʥʦʶ 100 ʤʤ), ʤʽʜʽ (3 ʤʤ), ʢʘʜʤʽʶ (0.5 ʤʤ), ʘʣʶʤʽʥʽʶ 

(3 ʤʤ) ʽ ʧʣʝʢʩʠʛʣʘʩʫ (4 ʤʤ). ʗʢʱʦ g-ʢʚʘʥʪ ʟʘʟʥʘʻ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʨʦʟʩʽʷʥʥʷ ʚ 

ʜʝʪʝʢʪʦʨʽ ʟ ʥʘʜʯʠʩʪʦʛʦ ʛʝʨʤʘʥʽʶ ʽ ʚʠʣʽʪʘʻ ʟ ʥʴʦʛʦ, ʪʦ ʟ ʡʤʦʚʽʨʥʽʩʪʶ ʚʠʱʦʶ 90% 

ʚʽʥ ʨʝʻʩʪʨʫʻʪʴʩʷ ʦʪʦʯʫʶʯʠʤ ʘʢʪʠʚʥʠʤ ʟʘʭʠʩʪʦʤ ʽʟ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʘ 

ʢʦʤʧʪʦʥʽʚʩʴʢʠʡ ʝʣʝʢʪʨʦʥ ʟ ʽʤʦʚʽʨʥʽʩʪʶ ~100% ʨʝʻʩʪʨʫʻʪʴʩʷ ʚ HPGe-ʜʝʪʝʢʪʦʨʽ 

[152]. ɽʣʝʢʪʨʦʥʥʘ ʩʭʝʤʘ ʟʙʽʛʽʚ/ʘʥʪʠʟʙ̔ʛʽʚ, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 2.3. ʽ 2.4., ʨʦʟʜʽʣʷʻ ʦʜʠʥʦʯʥʽ ʽʤʧʫʣʴʩʠ ʚʽʜ ʛʝʨʤʘʥʽʻʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʽ 

ʽʤʧʫʣʴʩʠ, ʷʢʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟʘ ʯʘʩʦʤ ʟ ʽʤʧʫʣʴʩʘʤʠ ʚʽʜ ʘʢʪʠʚʥʦʛʦ ʟʘʭʠʩʪʫ.  
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ʉʧʝʢʪʨʦʤʝʪʨ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʫ ʜʚʦʭ ʨʝʞʠʤʘʭ: ʧʦʩʣʘʙʣʝʥʥʷ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ 

ʬʦʥʫ ʽ ɔɔ-ʟʙʽʛʽʚ. ʇʝʨʝʤʠʢʘʥʥʷ ʨʝʞʠʤʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʩʧʽʚʧʘʜʘʶʯʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʧʦʚʽʣʴʥʽʡ ʩʭʝʤʽ ʟʙʽʛʽʚ (ʇʉɿ) ʽ ʚʠʙʦʨʦʤ ʨʦʟʜʽʣʴʥʦʛʦ 

ʯʘʩʫ ʰʚʠʜʢʦʾ ʩʭʝʤʠ ʟʙʽʛʽʚ (ʐʉɿ) - 75 ʥʩ ʜʣʷ ʟʙʽʛʽʚ ʽ 750 ʥʩ ʜʣʷ ʨʦʙʦʪʠ ʚ ʨʝʞʠʤ ̔

ʘʥʪʠʢʦʤʧʪʦʥʘ. ʌʫʥʢʮʽʻʶ ʜʠʩʢʨʠʤʽʥʘʪʦʨʘ (ɼ)  ̒ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʦʙʣʘʩʪʽ 

ʚ ʩʧʝʢʪʨʽ NaI. ʂʝʨʫʶʯʠʡ ʩʠʛʥʘʣ, ʷʢʠʡ ʧʦʜʘʻʪʴʩʷ ʥʘ ɸʎʇ, ʧʝʨʝʜʘʻʪʴʩʷ ʚ AIM ʚ 

ʷʢʦʩʪʽ ʩʪʘʨʰʦʛʦ ʙʽʪʘ ʢʦʜʫ ʥʦʤʝʨʘ ʢʘʥʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʜʽʣʠʪʠ ʩʧʝʢʪʨʠ ʟʙʽʛʽʚ 

ʽ ʘʥʪʠʟʙʽʛʽʚ, ʷʢʽ ʟʘʧʠʩʫʶʪʴʩʷ ʥʘ ʜʠʩʢ ʢʦʤʧôʶʪʝʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚ ʩʧʝʢʪʨʽ 

ʘʥʪʠʟʙʽʛʽʚ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʩʣʘʙʣʝʥʥʷ ʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʬʦʥʫ ʙʽʣʴʰ ʥʽʞ ʫ 10 ʨʘʟʽʚ, 

ʧʨʠ ʮʴʦʤʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ɔ-ʣʽʥʽʾ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʷʢʱʦ ʚʦʥʘ ʥʝ ʩʧʽʚʧʘʜʘʻ ʟ ʽʥʰʠʤʠ                

ɔ-ʧʝʨʝʭʦʜʘʤʠ [152]. 

 

2.3 ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʛʨʘʤʠ Winspectrum 

 

ʉʫʪʪʻʚʝ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʚ 

ʦʩʪʘʥʥʽ ʪʨʠ ʜʝʩʷʪʠʣʽʪʪʷ ʟʘʙʝʟʧʝʯʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ 

ʩʢʣʘʜʥʠʭ ʟʘ ʩʢʣʘʜʦʤ ɔ-ʩʧʝʢʪʨʽʚ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ ʧʽʜʚʠʱʫʶʪʴʩʷ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ 

ʾʭ ʦʙʨʦʙʢʠ. ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʫʚʘʪʠ ʜʘʥʽ ʧʨʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ɔ-ʣʽʥʽʡ ʟ ʪʦʯʥʽʩʪʶ ʙʽʣʷ 1%. [152]. ʇʨʠ ʮʴʦʤʫ ʚʞʝ ʥʝʜʦʩʪʘʪʥʴʦ ʦʧʠʩʫʚʘʪʠ ʬʦʨʤʫ 

ʣʽʥʽʾ ʚ ʩʧʝʢʪʨʽ ʧʨʦʩʪʠʤ ʛʘʫʩʽʘʥʦʤ - ʜʦʚʦʜʠʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʫ 

ʬʫʥʢʮʽʶ, ʱʦ ʦʩʦʙʣʠʚʦ ʦʯʝʚʠʜʥʦ ʫ ʚʠʧʘʜʢʫ ʚʠʩʦʢʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

 

 

ʈʠʩ. 2.4 ɹʣʦʢ-ʩʭʝʤʘ ʘʥʪʠʢʦʤʧʪʦʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ [152] 
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ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʘʜʘʧʪʦʚʘʥʘ ʧʨʦʛʨʘʤʘ 

Winspectrum [153], ʨʦʟʨʦʙʣʝʥʘ ʫ ʚʽʜʜʽʣʽ ʷʜʝʨʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ɯʗɼ ʅɸʅʋ 

ʉʪʨʽʣʴʯʫʢʦʤ ʄ. ɺ., ʷʢʘ ʜʦʟʚʦʣʷʻ: 

ʢʝʨʫʚʘʪʠ ʚʠʤʽʨʘʤʠ ʯʝʨʝʟ ʙʫʬʝʨ AIM, ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʤʝʨʝʞʝʚʦʾ ʧʣʘʪʠ ʇʂ; 

ʟʜʽʡʩʥʶʚʘʪʠ ʥʘʙʽʨ ʽ ʟʘʧʠʩ, ʷʢ ʦʜʠʥʦʯʥʦʛʦ ʩʧʝʢʪʨʘ, ʪʘʢ ʽ ʜʚʦʤʽʨʥʦʛʦ ʩʧʝʢʪʨʘ 

ʟʙʽʛʽʚ; 

ʧʨʘʮʶʚʘʪʠ ʟʽ ʩʧʝʢʪʨʘʤʠ, ʟʘʧʠʩʘʥʠʤʠ ʚ ʧʦʰʠʨʝʥʠʭ ʬʦʨʤʘʪʘʭ ʬʽʨʤ ORTEC ʽ 

CANBERRA (*.cnf, *.chn, *.mca); 

ʦʙʨʦʙʣʷʪʠ ʦʜʥʦʯʘʩʥʦ ʜʝʢʽʣʴʢʘ ɔ-ʩʧʝʢʪʨʽʚ; 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʧʠʩʫ ʬʦʨʤʠ ʣʽʥʽʾ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʛʘʫʩʽʘʥ ʟ çʭʚʦʩʪʘʤʠè 

ʯʠ ʝʪʘʣʦʥʥʫ ʣʽʥʽʶ, ʘ ʜʣʷ ʬʦʥʫ - ʢʚʘʜʨʘʪʠʯʥʫ ʬʫʥʢʮʽʶ ʟʽ çʩʭʽʜʮʝʶè [152]; 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʽ ʟʙʝʨʽʛʘʪʠ ʚ ʬʘʡʣʽ ʢʘʣʽʙʨʦʚʢʠ ʧʦ ʝʥʝʨʛʽʾ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʬʦʨʤʽ 

ʣʽʥʽʾ; 

ʧʨʦʚʦʜʠʪʠ ʽʟʦʪʦʧʥʠʡ ʘʥʘʣʽʟ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ ʩʧʝʢʪʨʽʚ; 

ʟʙʝʨʽʛʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʫ ʬʦʨʤʘʪʽ, ʟʨʫʯʥʦʤʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʪʝʢʩʪʦʚʠʭ ʧʨʦʮʝʩʦʨʘʭ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʪʘʙʣʠʮʷʭ. 

ʇʨʦʛʨʘʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʤʦʚʽ C++ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ Microsoft Visual Studio 

ʽ ʧʨʘʮʶʻ ʚ ʩʝʨʝʜʦʚʠʱʽ ʆʉ Windows 95 ʽ ʧʽʟʥʽʰʠʭ ʚʝʨʩʽʷʭ. 

ɺ ʧʨʦʛʨʘʤʽ Winspectrum ʢʘʣʽʙʨʦʚʢʘ ʧʦ ʝʥʝʨʛʽʾ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʢʚʘʜʨʘʪʠʯʥʦʶ 

ʬʫʥʢʮʽʻʶ ʚʽʜ ʥʦʤʝʨʘ ʢʘʥʘʣʫ i: 

2
j

j

j=0

E(i)= a iä  

ʂʦʝʬʽʮʽʻʥʪʠ aj ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʦ ʜʝʢʽʣʴʢʦʤ ʣʽʥʽʷʤ ʟ ʚʽʜʦʤʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʝʥʝʨʛʽ.ʾ ʗʢʱʦ ʟʘʜʘʶʪʴʩʷ ʜʚʽ ʣʽʥʽʾ, ʪʦ ʧʨʦʚʦʜʠʪʴʩʷ ʣʽʥʽʡʥʝ ʢʘʣʽʙʨʫʚʘʥʥʷ, ʘ ʷʢʱʦ 

ʦʜʥʘ - ʪʦ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ E(0) = 0. 

ʇʨʠ ʽʟʦʪʦʧʥʦʤʫ ʘʥʘʣʽʟʽ ʟʘʜʘʶʪʴʩʷ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: DE, ʢʝɺ - ʰʠʨʠʥʘ ʽʥʪʝʨʚʘʣʫ 

ʧʦ ʝʥʝʨʛʽʾ, ʽ Imin, % - ʧʦʨʽʛ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʾ [152]. ʇʦʪʽʤ ʣʽʥʽʾ ʟ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʚʠʱʦʶ ʧʦʨʦʛʦʚʦʾ ʚʝʣʠʯʠʥʠ ʟ ʙʘʟʠ ʜʘʥʠʭ ʧʦ ʽʟʦʪʦʧʘʤ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟʘ 

ʟʥʘʯʝʥʥʷʤʠ ʝʥʝʨʛʽ ʾ ʟ ʫʩʽʤʘ ʚʠʷʚʣʝʥʠʤʠ ʚ ʩʧʝʢʪʨʽ ʣʽʥʽʷʤʠ. ʗʢʱʦ ʣʽʥʽʷ, ʷʢʘ 
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ʥʘʣʝʞʠʪʴ ʷʢʦʤʫ-ʥʝʙʫʜʴ ʥʫʢʣʽʜʫ, ʚ ʤʝʞʘʭ ʽʥʪʝʨʚʘʣʫ (E) ʩʧʽʚʧʘʜʘʻ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʝʥʝʨʛʽ ʾʟ ʙʫʜʴ-ʷʢʦʶ ʣʽʥʽʻʶ ʚ ʩʧʝʢʪʨʽ, ʨʝʡʪʠʥʛ ʮʴʦʛʦ ʥʫʢʣʽʜʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 1, 

ʘ ʷʢʱʦ ʪʘʢʦʾ ʣʽʥʽʾ ʚ ʩʧʝʢʪʨʽ ʥʝʤʘʻ - ʟʥʠʞʫʻʪʴʩʷ ʥʘ 2. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʩʪʫ ʧʨʦʮʝʜʫʨʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʨʘʜʽʦʥʫʢʣʽʜʥʠʡ ʩʢʣʘʜ 

ʩʧʝʢʪʨʘ ʟ ʛʨʘʜʘʮʽʻʶ ʟʘ ʡʤʦʚʽʨʥʽʩʪʶ ʧʨʠʩʫʪʥʦʩʪʽ ʥʫʢʣʽʜʽʚ. 

ʂʘʣʽʙʨʫʚʘʥʥʷ ʜʝʪʝʢʪʦʨʘ ʧʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ Ů(E) ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ 

ʦʜʥʽʻ  ʁʟ ʜʚʦʭ ʬʦʨʤʫʣ [153]: 

 

                                  [154]         (2.1) 

 

ʯʠ 

                                                   [155]          (2.2) 

 

ʜʝ ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʽ ʾ E ʟʘʜʘʻʪʴʩʷ ʚ ʢʝɺ. ʇʨʠ ʦʙʯʠʩʣʝʥʥ ̔ ʧʘʨʘʤʝʪʨʽʚ 

ʢʘʣʽʙʨʫʚʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʥʫʢʣʽʜʽʚ, ʥʘʚʽʪʴ ʷʢʱʦ ʾʭ ʤʘʩʦʚʝ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʢʘʣʽʙʨʦʚʘʥʦʤʫ ʟʨʘʟʢʫ ʥʝʚʽʜʦʤʦ. ʇʨʠ ʮʴʦʤʫ ʤʽʥʽʤʽʟʫʻʪʴʩʷ 

ʬʫʥʢʮʽʷ [152]: 

 

                                     (2.3) 

 

ʜʝ N - ʯʠʩʣʦ ʥʫʢʣʽʜʽʚ;  

ni - ʯʠʩʣʦ ʣʽʥʽʡ i-ʛʦ ʥʫʢʣʽʜʫ; 

wik - ʢʦʝʬʽʮʽʻʥʪʠ, ʷʢʽ ʦʙʝʨʥʝʥʦ ʧʨʦʧʦʨʮʽʡʥʽ ʩʫʤʽ ʢʚʘʜʨʘʪʽʚ ʘʙʩʦʣʶʪʥʠʭ (ʜʣʷ 

ʬʫʥʢʮʽʾ (2.1)) ʯʠ ʚʽʜʥʦʩʥʠʭ (ʜʣʷ ʚʠʨʘʟʫ (2.2)) ʧʦʭʠʙʦʢ ʚʠʤʽʨʷʥʦʾ ʽ ʪʘʙʣʠʯʥʦʾ 

ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʽʥʽʾ; 

f - ʦʜʥʘ ʟ ʜʚʦʭ ʬʫʥʢʮʽʡ ʢʘʣʽʙʨʦʚʢʠ, (2.1) ʯʠ (2.2); 

Eik - ʝʥʝʨʛʽʷ k-ʦʾ ʣʽʥʽʾ i-ʛʦ ʥʫʢʣʽʜʫ;   

bi - ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ i-ʛʦ ʥʫʢʣʽʜʫ;  

jik ð ʜʣʷ ʬʫʥʢʮʽʾ (2.1) - ʚʽʜʥʦʰʝʥʥʷ, ʜʣʷ (2.2) - ʣʦʛʘʨʠʬʤ ʚʽʜʥʦʰʝʥʥʷ 

ʚʠʤʽʨʷʥʦʾ ʽ ʪʘʙʣʠʯʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪ ̔k-ʦʾ ʣʽʥʽʾ i-ʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ [153].  

8

3
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2j-1 2j 7

j=1

Ů(E)= a exp(-a E)+a Eä

m
j

j

j=0

lnŮ(E)= a (lnE)ä
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2
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i=1 k=1
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ɺʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʰʦʛʦ ʥʫʢʣʽʜʫ b1 ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ. 

ʌʫʥʢʮʽʷ ʢʘʣʽʙʨʦʚʢʠ (2.3) ʥʝʣʽʥʽʡʥʘ ʧʦ a, ʪʦʤʫ ʚʦʥʘ ʣʽʥʝʘʣʽʟʫʻʪʴʩʷ ʟʘʤʽʥʦʶ 

a ­ a0+Da ʽ ʨʦʟʢʣʘʜʘʥʥʷʤ ʚ ʨʷʜ ʊʝʡʣʦʨʘ ʜʦ ʯʣʝʥʽʚ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʤʘʣʦʩʪʽ ʚ 

ʦʢʦʣʽ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ a0. ɼʠʬʝʨʝʥʮʽʶʶʯʠ (2.3) ʧʦ a, b ʽ ʧʨʠʨʽʚʥʶʶʯʠ 

ʧʦʭʽʜʥʽ ʜʦ 0, ʦʪʨʠʤʘʻʤʦ ʩʠʩʪʝʤʫ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ: 

 

                                                                 (2.4) 

 

ʟ ʷʢʦʾ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʢʘʣʽʙʨʦʚʢʠ aj ʽ ʚʽʜʥʦʩʥʽ ʘʢʪʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

bi. ɿʥʘʶʯʠ ʘʙʩʦʣʶʪʥʫ ʘʢʪʠʚʥʽʩʪʴ ʦʜʥʦʛʦ ʟ ʥʫʢʣʽʜʽʚ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʘʙʩʦʣʶʪʥʫ 

ʢʨʠʚʫ ʢʘʣʽʙʨʫʚʘʥʥʷ [152]. 

ɼʦʩʠʪʴ ʯʘʩʪʦ ʮʽʢʘʚʽʩʪʴ ʚʠʢʣʠʢʘʣʦ ʚʽʜʥʦʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʝʡ ʨʝʻʩʪʨʘʮʽʾ 

h = ek/el ʜʣʷ ʜʚʦʭ ʨʽʟʥʠʭ, Ek ʽ El-ʧʝʨʝʭʦʜʽʚ. ʇʦʭʠʙʢʘ ʮʴʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʩʫʪʪʻʚʦ 

ʥʠʞʯʘ ʧʦʭʠʙʦʢ ʦʢʨʝʤʦ ʚʟʷʪʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ ʜʣʷ ɔ-ʣʽʥʽʡ, 

ʷʢʽ ʤʘʶʪʴ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʣʷ 

ʢʘʣʽʙʨʦʚʢʠ ʬʫʥʢʮʽʾ (2.2) ʚʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ dh ʙʫʜʝ ʨʽʚʥʘ ʘʙʩʦʣʶʪʥʽʡ ʧʦʭʠʙʮʽ 

D(ln h) [152]: 

 

               (2.5) 

 

ʜʝ S0 - ʤʽʥʽʤʽʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ (2.5); 

M ij
ï1

 - ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ, ʦʙʝʨʥʝʥʦʾ ʜʦ ʤʘʪʨʠʮʽ M ʜʠʚ. ʬʦʨʤ. (2.4), ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʚʘʨʽʘʮʽʾ ʽ ʢʦʚʘʨʽʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʢʘʣʽʙʨʦʚʢʠ a. ʃʝʛʢʦ ʙʘʯʠʪʠ, ʱʦ 

ʧʦʭʠʙʢʘ ʚʽʜʥʦʰʝʥʥʷ h ʙʫʜʝ ʪʠʤ ʥʠʞʯʦʶ, ʯʠʤ ʙʣʠʞʯʝ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ 

ʟʥʘʭʦʜʷʪʴʩʷ ʝʥʝʨʛʽʾ Ek ʽ El. ʎʷ ʧʦʭʠʙʢʘ ʪʘʢʦʞ ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 

ʧʨʠʯʠʥʠ ʚʟʘʻʤʥʦʾ ʢʦʨʝʣʷʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʢʘʣʽʙʨʫʚʘʥʥʷ a [152]. ʊʦʤʫ ʚ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ɔ-ʣʽʥʽʾ, ʷʢʽ ʤʘʶʪʴ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ. 

a
M =Y

b

å õ
æ ö
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ɼʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʟʘ ʝʬʝʢʪʠʚʥʩ̔ʪʁ ʨʝʻʩʪʨʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʘʢʪʠʚʥʦʩʪʽ 
44

Ti, 
133

Ba, 
241
Am ʽ 

152,154,155
Eu ʪʘ 

137
Cs. ʎʝ ʜʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʢʘʣʽʙʨʦʚʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽ ʾʚʽʜ 

30 ʜʦ 1600 ʢʝɺ. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 2 

 

ɺ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʫʜʞʝʥʠʭ 

ʩʪʘʥʽʚ ʷʜʝʨ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ ʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ, ʥʘʚʦʜʷʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʩʠʩʪʝʤ ʽ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʚ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ʇʦʢʘʟʘʥʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʤʝʪʦʜʽʚ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʧʫʯʢʫ ʽ ʧʦʟʘ ʧʫʯʢʦʤ, ʚʢʘʟʫʻʪʴʩʷ, ʱʦ ʟʘʩʝʣʝʥʥʷ 

ʽʟʦʤʝʨʥʠʭ(ʦʩʥʦʚʥʠʭ) ʩʪʘʥʽʚ ʷʜʝʨ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʻʪʴʩʷ ʚ ʨʘʤʢʘʭ ʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ. ɸ ʦʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʚʥʝʩʦʢ ʤʦʞʫʪʴ 

ʜʘʚʘʪʠ ʧʝʨʝʭʦʜʠ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʪʦ ʚʠʚʯʘʶʯʠ ʧʝʨʝʨʽʟʠ ʟʘʩʝʣʝʥʥʷ ʮʠʭ ʩʪʘʥʽʚ 

ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʫʚʝʩʴ ʜʽʘʧʘʟʦʥ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʷʜʨʘ. 

ʆʙˇʨʫʥʪʦʚʫʻʪʴʩʷ ʚʠʙʽʨ ʤʝʪʦʜʫ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʪʘ ʚʢʘʟʫʻʪʴʩʷ ʥʘ ʟʥʘʯʥʦ 

ʚʠʱʫ ʪʦʯʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʧʘʜʫ ʽ ʦʩʥʦʚʥʦʛʦ ʽ ʽʟʦʤʝʨʥʦʛʦ 

ʨʽʚʥʽʚ. ʅʘʛʦʣʦʰʫʻʪʴʩʷ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʚʠʢʦʥʘʥʽ ʚ ʤʝʞʘʭ ʜʘʥʦʾ ʨʦʙʦʪʠ, 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʟ ʜʝʪʝʢʪʦʨʘʤʠ ʟ ʥʘʜʯʠʩʪʦʛʦ ʛʝʨʤʘʥʽʶ, ʘ ʪʘʢʦʞ 

ʥʘ ʘʥʪʠʢʦʤʧʪʦʥʽʚʩʴʢʦʤʫ ʩʧʝʢʪʨʦʤʝʪʨʽ ʥʘ ʙʘʟʽ ʜʝʪʝʢʪʦʨʘ ʟ ʥʘʜʯʠʩʪʦʛʦ ʛʝʨʤʘʥʽʶ 

ʽ ʘʢʪʠʚʥʠʤ ʟʘʭʠʩʪʦʤ ʥʘ ʦʩʥʦʚʽ ʩʮʠʥʪʠʣʷʮʽʡʥʠʭ ʜʝʪʝʢʪʦʨʽʚ ʟ NaI(Tl). 

ɽʣʝʢʪʨʦʥʥʠʡ ʪʨʘʢʪ ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʩʢʣʘʜʘʚʩʷ ʟ ʙʣʦʢʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʬʽʨʤ 

"ORTEC" ʽ "CANBERRA". ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʚʠʤʽʨʘʤʠ ʽ ʜʣʷ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ IBM-ʩʫʤʽʩʥʽ ʇʂ ʥʘ ʙʘʟʽ ʧʨʦʮʝʩʦʨʽʚ Intel-x86 ʪʘ AMD. ɼʝʷʢʽ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʨʝʞʠʤʽ ɔɔ-ʟʙʽʛʽʚ. ʂʝʨʫʚʘʥʥʷ ʚʠʤʽʨʘʤʠ 

ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Netspectrum, ʨʦʟʨʦʙʣʝʥʦʾ ʫ ʚʽʜʜʽʣʽ 

ʷʜʝʨʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ. ʋ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʧʦʩʣʘʙʠʪʠ 

ʢʦʤʧʪʦʥʽʚʩʴʢʠʡ ʬʦʥ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʘʥʪʠʢʦʤʧʪʦʥʽʚʩʴʢʠʡ ʩʧʝʢʪʨʦʤʝʪʨ. 
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ʆʧʠʩʘʥʦ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʛʨʘʤʠ Winspectrum, ʨʦʟʨʦʙʣʝʥʦʾ ʫ ʚʽʜʜʽʣʽ ʩʪʨʫʢʪʫʨʠ 

ʷʜʨʘ ʧʨʠ ʦʙʨʦʙʮʽ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʽ ʛʘʤʤʘ-ʩʧʝʢʪʨʽʚ. ɺ ʮʽʡ ʧʨʦʛʨʘʤʽ ʜʣʷ ʦʧʠʩʫ 

ʬʦʨʤʠ ʧʽʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʘʫʩʽʘʥ ʟ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤʠ ñʭʚʦʩʪʘʤʠò. 

ʅʘʚʦʜʷʪʴʩʷ ʬʦʨʤʫʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʚ ʧʨʦʛʨʘʤʽ Winspectrum ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʦʟʨʘʭʫʥʦʢ ʘʙʩʦʣʶʪʥʦʾ ʪʘ ʚʽʜʥʦʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ                           

ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʽʚ. ʅʘʛʦʣʦʰʫʻʪʴʩʷ ʥʘ ʪʦʤʫ, ʱʦ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ ʜʝʪʝʢʪʦʨʽʚ ʧʦ 

ʤʦʞʣʠʚʦʩʪʽ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʽʥʽʾ, ʷʢʽ ʤʘʶʪʴ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ. 
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ʈʆɿɼɯʃ 3 

ɺʀɺʏɽʅʅʗ ʌʆʊʆʗɼɽʈʅʀʍ ʈɽɸʂʎɯʁ 

ʋʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ 

 

ɺʠʚʯʝʥʥʷ ʬʦʪʦʷʜʝʨʥʠʭ ʨʝʘʢʮʽʡ ʧʨʦʚʦʜʠʣʦʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʣʴʤʽʚʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ Eʛʨ ʚʽʜ 9 ʽ ʜʦ 55 ʄʝɺ. ɼʞʝʨʝʣʘʤʠ ʛʘʣʴʤʽʚʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʙʫʣʠ ʚʠʚʝʜʝʥʽ ʧʫʯʢʠ ʝʣʝʢʪʨʦʥʽʚ ʤʽʢʨʦʪʨʦʥʫ ʄ30 ɯʥʩʪʠʪʫʪʫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʬʽʟʠʢʠ ʅɸʅʋ (Eʛʨ= 9-18 ʄʝɺ) ʪʘ ʣʽʥʽʡʥʦʛʦ ʧʨʠʩʢʦʨʶʚʘʯʘ 

ʝʣʝʢʪʨʦʥʽʚ ʃʋɽ-40 ʍʘʨʢʽʚʩʴʢʦʛʦ ʬʽʟʠʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʅɸʅʋ   

(Eʛʨ= 20-55 ʄʝɺ). ɼʝʪʘʣʴʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʢʨʦʪʨʦʥʫ ʽ ʃʋɽ-40 

ʧʨʠʚʝʜʝʥʽ ʚ ʨʦʙʦʪʘʭ [156] ʪʘ [157], ʚʽʜʧʦʚʽʜʥʦ. ɺ ʤʽʢʨʦʪʨʦʥʽ ʟʤʽʥʘ ʝʥʝʨʛʽʾ 

ʧʨʠʩʢʦʨʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜʙʫʚʘʣʘʩʷ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ: ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʯʠʩʣʘ 

ʦʨʙʽʪ ï ʟʤʽʥʦʶ ʚʝʣʠʯʠʥʠ ʧʨʦʚʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʤʽʥʦʶ 

ʧʨʠʩʢʦʨʶʚʘʣʴʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʨʝʟʦʥʘʪʦʨʘ, ʘ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ï ʟʤʽʥʦʶ ʯʠʩʣʘ 

ʦʨʙʽʪ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʚʠʣʴʦʚʦʜʥʠʭ ʚʩʪʘʚʦʢ. ʂʦʥʪʨʦʣʴ 

ʚʝʣʠʯʠʥʠ ʧʨʦʚʽʜʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʠʩʢʦʨʶʚʘʯʘ ʟʜʽʡʩʥʶʚʘʚʩʷ ʤʝʪʦʜʦʤ 

ʷʜʝʨʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. ʈʦʟʢʠʜ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʧʦ ʝʥʝʨʛʽʾ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʚ 30ï50 ʢʝɺ [156]. ɺʝʣʠʯʠʥʘ ʩʪʨʫʤʫ ʧʨʠʩʢʦʨʝʥʠʭ ʝʣʝʢʪʨʦʥʽʚ 

ʬʽʢʩʫʚʘʣʘʩʷ ʢʦʞʥʽ 1.2 ʩ ʽ ʟʘʧʠʩʫʚʘʣʘʩʷ ɽʆʄ, ʱʦ ʜʦʟʚʦʣʷʣʦ ʨʦʙʠʪʠ ʧʦʧʨʘʚʢʠ ʥʘ 

ʤʦʞʣʠʚʫ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʫʯʢʘ. ʉʝʨʝʜʥʽʡ ʩʪʨʫʤ ʤʽʢʨʦʪʨʦʥʫ ʩʢʣʘʜʘʚ 5 ʤʢɸ. 

ʃʽʥʽʡʥʠʡ ʧʨʠʩʢʦʨʶʚʘʯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʝʣʝʢʪʨʦʥʥʦʾ ʛʘʨʤʘʪʠ, ʽʥʞʝʢʪʦʨʥʦʾ 

ʩʠʩʪʝʤʠ, ʜʚʦʭ ʧʨʠʩʢʦʨʶʚʘʣʴʥʠʭ ʩʝʢʮʽʡ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʩʠʩʪʝʤ (ʧʦʜʘʯʽ 

ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʝʥʝʨʛʽʾ, ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ, ʬʦʢʫʩʫʶʯʦʾ ʪʘ ʽʥ). ʈʦʟʢʠʜ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʧʦ ʝʥʝʨʛʽʾ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 0.25 %, ʩʝʨʝʜʥʽʡ ʩʪʨʫʤ ʥʘ 

ʤʽʰʝʥʽ ʙʫʚ ʜʦ 6 ʤʢɸ [157]. ʃʋɽ-40 ʪʘʢʦʞ ʦʙʣʘʜʥʘʥʠʡ ʩʠʩʪʝʤʦʶ ʙʝʟʧʝʨʝʨʚʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʧʫʯʢʘ. ɺ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʧʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ: ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʾʭ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ, ʟʤʽʥʘ ʝʥʝʨʛʽʾ 

ʝʣʝʢʪʨʦʥʽʚ ʧʨʦʪʷʛʦʤ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ, ʩʘʤ ʽʤʧʫʣʴʩ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʫʯʢʘ ʪʘ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʽʚ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʥʘʧʨʷʤʢʫ. ɺ ʣʽʥʽʡʥʦʤʫ 
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ʧʨʠʩʢʦʨʶʚʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʞʝʢʪʦʨ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧô̫ ʪʠ 

ʨʝʟʦʥʘʪʦʨʥʠʭ ʩʠʩʪʝʤ ʟ ʜʫʞʝ ʥʝʟʥʘʯʥʦʶ ʦʩʮʠʣʷʮʽʻʶ. ʌʦʢʫʩʫʶʯʘ ʩʠʩʪʝʤʘ    

ʃʋɽ-40 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʢʚʘʜʨʫʧʦʣʴʥʠʭ ʣʽʥʟ [157]. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʥʘ ʷʜʨʘʭ Hf, 

Lu, Ta, ʉʝ, ʊʝ, W, Be  ̔ B ʚʠʢʦʥʫʚʘʣʦʩʴ ʜʝʢʽʣʴʢʘ ʩʝʨʽʡ ʦʧʨʦʤʽʥʝʥʴ ʪʘ 

ʚʠʤʽʨʶʚʘʥʴ. ʊʨʠʚʘʣʽʩʪʴ ʦʧʨʦʤʽʥʝʥʥʷ ʟʨʘʟʢʽʚ ʩʢʣʘʜʘʣʘ ʚʽʜ 20 ʭʚ. ʜʦ ʢʽʣʴʢʦʭ 

ʛʦʜʠʥ. 

ʄʽʰʝʥʽ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʟ ʤʝʪʘʣʽʯʥʦʛʦ Hf, Lu, Ta, ʉʝ, ʊʝ, W, Be  ̔

B ʧʨʠʨʦʜʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ. ɺ ʷʢʦʩʪʽ ʛʘʣʴʤʽʚʥʠʭ ʤʽʰʝʥʝʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʩʤʫʞʢʠ ʤʝʪʘʣʽʯʥʦʛʦ ʪʘʥʪʘʣʫ ʪʦʚʱʠʥʦʶ 1-3 ʤʤ. ɿʨʘʟʢʠ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʽ ʩʤʫʞʢʠ ʧʣʦʱʝʶ 0.2-5 ʩʤ
2
 ʪʘ ʚʘʛʦʶ 0.1-9 ʛ.  ̔

ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʘʣʶʤʽʥʽʻʚʠʤʠ ʧʦʛʣʠʥʘʯʘʤʠ ʨʘʟʦʤ ʽʟ 

ʤʦʥʽʪʦʨʘʤʠ. ɺ ʷʢʦʩʪʽ ʤʦʥʽʪʦʨʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʫ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ 

ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʘʣʽʯʥʠʡ ʪʘʥʪʘʣ, ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʣʶʪʝʮʽʡ, 

ʟʦʣʦʪʦ, ʤʽʜʴ ʪʘ ʛʘʬʥʽʡ. ʄʽʰʝʥʷʤʠ ʪʘʢʦʞ ʙʫʣʠ ʧʦʨʦʰʢʦʧʦʜʽʙʥʽ ʦʢʩʠʜʠ ʛʘʬʥʽʶ 

nat
HfO2, 

179
HfO2 (ʟʙʘʛʘʯʝʥʠʡ 

179
Hf ʜʦ 73.7 %) ʪʘ 

180
HfO2 (ʟʙʘʛʘʯʝʥʠʡ 

180
Hf ʜʦ 

94.3 %).  

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʚʝʜʝʥʦ ʾʘʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʠ, 

ʩʣʘʙʢʘ ʘʢʪʠʚʥʽʩʪʴ ʤʽʨʷʣʘʩʴ ʥʘ ʘʥʪʠʢʦʤʧʪʦʥʽʚʩʴʢʦʤʫ ʩʧʝʢʪʨʦʤʝʪʨʽ (ʜʠʚ. ʪʘʙʣ. 

2.1). ʇʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʟʙʽʨʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʽʰʝʥʝʡ ʧʝʨʝʥʦʩʠʣʠʩʴ ʚ ʦʢʨʝʤʫ 

ʣʘʙʦʨʘʪʦʨʽʶ ʽ ʨʦʟʧʘʢʦʚʫʚʘʣʠʩʴ. ɺʠʤʽʨʶʚʘʥʥʷ ʚ ʥʠʟʴʢʦʬʦʥʦʚʠʭ ʫʤʦʚʘʭ 

ʧʦʯʠʥʘʣʠʩʴ ʯʝʨʝʟ 1-20 ʭʚ. ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʟʘ ʤʦʞʣʠʚʦʩʪʽ, ʟ 

ʤʝʪʦʶ ʤʽʥʽʤʽʟʘʮʽʾ ʚʧʣʠʚʫ ʤʝʨʪʚʦʛʦ ʯʘʩʫ ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʛʦ ʪʨʘʢʪʫ ʧʽʜʙʠʨʘʣʘʩʷ 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ, ʥʘ ʷʢʽʡ ʨʦʟʤʽʱʫʚʘʣʘʩʴ ʦʧʨʦʤʽʥʝʥʘ ʤʽʰʝʥʴ. ɺ 

ʧʨʦʮʝʩʽ ʥʘʙʦʨʫ ʩʫʤʘʨʥʽ ʩʧʝʢʪʨʠ ʥʘʢʦʧʠʯʫʚʘʣʠʩʴ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʭ ʢʦʤʧôʶʪʝʨʘʭ, 

ʯʝʨʝʟ ʟʘʜʘʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʧʨʦʚʦʜʠʚʩʷ ʟʘʧʠʩ ʧʦʪʦʯʥʦʛʦ ʩʧʝʢʪʨʫ, ʘ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʚʦʜʠʣʘʩʴ ʾʭ ʦʙʨʦʙʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ       

<Winspectrum> [153]. 

ɸʥʘʣʽʟ ʽ ʦʙʨʦʙʢʘ ʚʠʤʽʨʷʥʠʭ ʩʧʝʢʪʨʽʚ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦʟʚʦʣʠʣʠ 

ʚʠʟʥʘʯʠʪʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ɔ-ʣʽʥʽʡ, ʧʦʚôʷʟʘʥʠʭ ʟ ʨʦʟʧʘʜʦʤ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʥʫʢʣʽʜʽʚ, 
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ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʨʝʘʢʮʽʷʭ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʷʜʝʨ, ʢʨʽʤ 

ʝʥʝʨʛʽʾ ɔ-ʧʝʨʝʭʦʜʽʚ, ʧʨʦʚʦʜʠʣʘʩʴ ʪʘʢʦʞ ʟʘ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ. ɿ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʡ (ʯʠʩʣʦ ʷʜʝʨ - ʧʨʦʜʫʢʪʽʚ 

ʨʝʘʢʮʽʡ), ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ ʨʝʘʢʮʽʡ. 

ʆʩʥʦʚʥʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ ʥʘʚʝʜʝʥʽ ʚ    

ʪʘʙʣ. 3.1. [100]. 

ʊʘʙʣʠʮʷ 3.1 

ʆʩʥʦʚʥʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʚʯʝʥʠʭ ʷʜʝʨ 

 

ʗʜʨʦ I
 ́

T1/2 

ʉʧʦʩʽʙ 

ʨʦʟʧʘʜʫ 
ɽɔ, ʢʝɺ Iɔ, % 

179m2
Hf 25/2

- 
25.05 ʜ. ɯ.ʧ. 453.6 67.6 

 362.6 39.5 

7
ɺʝ 4

+ 
53.3 ʜ. Ů 477.6 10.5 

175
Hf 5/2

-
 70 ʜ. Ů 343.4 84 

 
433 1.5 

318.9 0.17 

119m
Te 11/2

ï
 4.70 ʜ. Ů

 
1212 66.1 

119g
Te 1/2

+
 16.05 ʛ. Ů 644 84.0 

129m
Te 11/2

ï
 33.6 ʛ. ɓ

-
 696 3.06 

129g
Te 3/2

+
 69.3 ʭʚ. ɓ

-
 459 7.7 

135m
Ce 11/2

ï 
20 ʩ. ɯ.ʧ. 445.8 100 

135g
Ce 1/2

+ 
17.7 ʛ. Ů 265 44.2 

139m
Ce 11/2

ï 
54.8 ʩ. ɯ.ʧ. 754.2 92 

139g
Ce

 
1/2

+ 
137.6 ʜ. Ů 165.8 80.1 

177m
Lu

 
23/2

-
 160.4 ʜ. ɯ.ʧ.,ɓ

-
 378.5 29.6 

 
413.7 17.3 

418.5 21.2 

177g
Lu

 
7/2

+
 6.7 ʜ. ɓ

-
 208.4 11 
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                                                                                    ʇʨʦʜʦʚʞ. ʪʘʙʣ. 3.1 
180m

Hf 8
- 

5.5 ʛ. ɯ.ʧ., ɓ
-
 332.3 94.1 

 443.2 81.9 

178m
Lu 9

-
 23.1 ʭʚ. ɓ

-
 325.6 94.1 

 331.6 11.4 

178g
Lu 1

+
 28.4 ʭʚ. ɓ

-
 1340.8 3.2 

182m
Hf

 
8

-
 61.5 ʭʚ. ɯ.ʧ. 224.4 34.9 

178m
Ta 7

-
 2.36 ʛ. Ů 426.4 97 

178g
Ta 1

+
 9.31 ʭʚ. Ů 1350.6 1.2 

177
Ta 7/2

+
 56.6 ʛ. Ů 1057.8 0.3 

180
Ta 1

+
 8.15 ʛ. Ů, ɓ

-
 93.4 4.5 

 103.6 0.8 

ɯ.ʧ. ï ʽʟʦʤʝʨʥʠʡ ʧʝʨʝʭʽʜ, Ů ï ʝʣʝʢʪʨʦʥʥʠʡ ʟʘʭʚʘʪ, ʛ. ï ʛʦʜʠʥ, ʜ. ï ʜʽʙ, ʨ. ï ʨʦʢʽʚ, 

ʭʚ. ï ʭʚʠʣʠʥ, ʩ ï ʩʝʢʫʥʜ, ɓ
-
-ʨʦʟʧʘʜ. 

 

3.1 ɼʦʩʣʽʜʞʝʥʥʷ (ɔ,ɔ')- ʪʘ (ɔ,xn)-ʨʝʘʢʮʽʡ 

3.1.1 ɺʠʚʯʝʥʥʷ ʨʝʘʢʮʽʾ 
180

Hf(ɔ,n)
179

Hf
m2

 ʚ ʦʙʣʘʩʪʽ ʛʽʛʘʥʪʩʴʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʫ 

 

ʇʨʠ ɽʛʨ = 14.5 ʪʘ 14.8 ʄʝɺ ʧʦʪʽʢ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʮʽʾ 
176

Hf(ɔ,n)
175

Hf, ʱʦʜʦ ʷʢʦʾ ʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ 

ʧʝʨʝʨʽʟʠ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ɔ-ʢʚʘʥʪʽʚ [158]. ʈʝʘʣʴʥʠʡ ʨʦʟʧʦʜʽʣ ʛʘʣʴʤʽʚʥʠʭ       

ɔ-ʢʚʘʥʪʽʚ ʚ ʤʽʰʝʥʽ ʤʦʜʝʣʶʚʘʚʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʫ Geant4 [159] (ʜʠʚ. ʨʠʩ. 

3.1), ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʝʬʝʢʪʠ ʩʘʤʦʧʦʛʣʠʥʘʥʥʷ. 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʠʭʦʜʫ ʟʘʩʝʣʝʥʥʷ ʜʨʫʛʦʛʦ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ 
179

Hf ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʧʣʦʱʽ ʧʽʢʽʚ ɔ-ʢʚʘʥʪʽʚ ʟ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽʾ 362.6 ʪʘ 453.6 ʢeɺ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʡʦʛʦ ʨʦʟʧʘʜ (ʜʠʚ. ʨʠʩ. 3.2-3.3). ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʦʜʫ 

ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
179
Hf ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʨʝʘʢʮʽʷ 

176
Hf(ɔ,n)

175
Hf ʪʘ 

ʥʝʩʪʘʙʽʣʴʥʠʡ ʦʩʥʦʚʥʠʡ ʩʪʘʥ 
175
Hf (ʊ1/2 = 70 ʜ). ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʚʥʘʩʣʽʜʦʢ 
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ʤʘʡʞʝ ʧʦʚʥʦʾ ʧʦʜʽʙʥʦʩʪʽ ʬʫʥʢʮʽʡ ʟʙʫʜʞʝʥʥʷ (ɔ,n)-ʨʝʘʢʮʽʡ ʥʘ ʷʜʨʘʭ 
176
Hf ʪʘ 

180
Hf 

ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ (ʜʠʚ. ʨʠʩ. 3.4) 

  

ʈʠʩ. 3.1 ɺʠʜ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʛʘʣʴʤʽʚʥʦʛʦ     ʈʠʩ. 3.2 ʌʨʘʛʤʝʥʪ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 

                      ɔ-ʩʧʝʢʪʨʫ [160]                                               
179m2

Hf [100] 

 

 
(ʘ)              (ʙ) 

ʈʠʩ. 3.3 ʌʨʘʛʤʝʥʪʠ ʪʠʧʦʚʠʭ ɔ-ʩʧʝʢʪʨʽʚ ʦʧʨʦʤʽʥʝʥʠʭ ʤʽʰʝʥʝʡ 
180

HfO2 ʧʨʠ          

ɽʛʨ = 14.5 ʄʝɺ (ʘ) ʪʘ 
nat

HfO2 ʧʨʠ ɽʛʨ = 14.8 ʄʝɺ (ʙ) [160] 

 

[158]. ʑʦʙ ʦʪʨʠʤʘʪʠ ʚʠʭʽʜ ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
175

Hf ʟ ʡʦʛʦ ʨʦʟʧʘʜʫ ʙʫʣʠ 

ʚʠʟʥʘʯʝʥʽ ʧʣʦʱʽ ʬʦʪʦʧʽʢʽʚ ɔ-ʢʚʘʥʪʽʚ ʟ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽʡ 343.4 ʪʘ 353.3 ʢʝɺ 
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(ʣʠʰʝ ʜʣʷ ʦʮʽʥʢʠ) (ʜʠʚ. ʨʠʩ. 3.3). ʅʘ ʨʠʩ. 3.3(ʙ) ʪʘʢʦʞ ʧʦʢʘʟʘʥʽ ʜʚʘ ʧʽʢʠ 

ʧʦʪʨʽʡʥʦʛʦ ʩʫʤʫʚʘʥʥʷ: 450.4 ʢʝɺ, ʷʢ ʨʝʟʫʣʴʪʘʪ ʢʘʩʢʘʜʥʦʛʦ ʩʫʤʫʚʘʥʥʷ ʧʽʢʽʚ 

ɔ343.3 ʢʝɺ (ʨʦʟʧʘʜ 
175

Hf), ɔ53 ʢʝɺ (KŬ2(Lu) ʽ ɔ54.1 ʢʝɺ (KŬ1(Lu) ʪʘ 451.5 ʢʝɺ, ʷʢ 

 

ʈʠʩ. 3.4 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ (ɔ,n)-ʨʝʘʢʮʽʾ ʥʘ ʷʜʨʘʭ 
176

Hf ʪʘ 

180
Hf [158] 

 

ʥʘʩʣʽʜʦʢ ʢʘʩʢʘʜʥʦʛʦ ʩʫʤʫʚʘʥʥʷ ʧʽʢʽʚ ɔ343.3 ʢʝɺ, ɔ54.1 ʢʝɺ  ̔ɔ54.1 ʢʝɺ. ɺʦʥʠ 

ʧʨʠʩʫʪʥʽ ʚ ɔ-ʩʧʝʢʪʨʽ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʧʨʠ ɽʛʨ = 14.8 ʄʝɺ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʤʽʰʝʥʴ ʧʨʠʨʦʜʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ, ʚ ʷʢʽʡ ʚʤʽʩʪ 
176

Hf ʩʢʣʘʜʘʻ 5.2 % [160]. ɺ 

ʪʦʡ ʞʝ ʯʘʩ ʧʨʠ      ɽʛʨ = 14.5 ʄʝɺ ʧʽʢʠ ʧʦʪʨʽʡʥʦʛʦ ʩʫʤʫʚʘʥʥʷ ʚʽʜʩʫʪʥʽ, ʦʩʢʽʣʴʢʠ 

ʚ ʦʧʨʦʤʽʥʝʥʽʡ ʤʽʰʝʥʽ 
180

HfO2 ʤʽʩʪʠʪʴʩʷ ʣʠʰʝ 0.2 % ʷʜʝʨ 
176

Hf. ʅʘ ʨʠʩ. 3.3(ʙ) 

ʪʘʢʦʞ ʚʠʷʚʣʝʥʦ ʜʚʘ ʽʥʰʠʭ ʧʽʢʠ ʧʦʜʚʽʡʥʦʛʦ ʢʘʩʢʘʜʥʦʛʦ ʩʫʤʫʚʘʥʥʷ: 359.6 ʢʝɺ, ʷʢ 

ʩʫʤʘ ʧʽʢʽʚ ɔ306.6 ʢʝɺ (ʨʦʟʧʘʜ 
173

Hf) ʽ ɔ53 ʢʝɺ ʪʘ 364.2 ʢʝɺ, ʷʢ ʥʘʩʣʽʜʦʢ 

ʩʫʤʫʚʘʥʥʷ ʧʽʢʽʚ ɔ311.2 ʢʝɺ (ʨʦʟʧʘʜ 
173

Hf) ʽ ɔ53 ʢʝɺ. ʎʽ ʧʽʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʨʫʯ ʟ 

ɔ-ʧʽʢʦʤ 362.6 ʢʝɺ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
179

Hf
m2

 ʽ ʪʦʤʫ ʚʽʥ ʥʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʦʜʫ 
179

Hf
m2
. ʗʜʨʘ 

173
Hf ʩʪʚʦʨʶʶʪʴʩʷ ʚ 
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ʨʝʘʢʮʽʾ 
174

Hf(ɔ,n)
173

Hf, ʦʩʢʽʣʴʢʠ ʚʤʽʩʪ 
174

Hf ʚ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʩʢʣʘʜʘʻ 0.16 %, 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʡʦʛʦ ʚʤʽʩʪʫ ʥʘ ʨʽʚʥʽ 0.02 % ʚ ʤʽʰʝʥʽ 
180

HfO2. ɺʧʣʠʚʦʤ ʝʬʝʢʪʽʚ 

ʩʫʤʫʚʘʥʥʷ ʧʨʠ ʨʦʟʧʘʜʽ 
179

Hf
m2 
ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʮʠʭ 

ʧʽʢʽʚ ʻ ʥʠʟʴʢʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʧʽʢʽʚ ɔ343.3 ʪʘ ɔ306.6 ʢʝɺ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʪʴ ʨʦʟʧʘʜ 
175

Hf ʪʘ 
173

Hf, ʚʽʜʧʦʚʽʜʥʦ [160]. 

ɯʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ Ym2/Yg ʜʣʷ 
179

Hf ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟʘ 

ʥʘʩʪʫʧʥʠʤʠ ʬʦʨʤʫʣʘʤʠ [160]: 

m2 g g g g m2

g m2 m2 m2 m2 g

g 1

m2 g

m2 2

ɚ f (t)ɝ k Ŭ N
d=Y Y

ɚ f (t)ɝ k Ŭ N

ű ŭ
/ =

ű ŭ            (3.1) 

ʜʝ 

fm2(t) = [1-exp(-lm2tʦʧʨ)] exp(-lm2tʦʭʦʣ)[1-exp(-lm2tʚʠʤ)],          (3.2) 

fg(t) = [1-exp(-lgtʦʧʨ)] exp(-lgtʦʭʦʣ)[1-exp(-lgtʚʠʤ)]           (3.3) 

Nm2, Ng ï ʢ̔ ʣʴʢʦʩʪ̔ ʚʽʜʣʽʢʽʚ ʧ̔ʜ ʬʦʪʦʧʢ̔ʘʤʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 

ʜʦʯ̔ʨʥ̔ʭ ʷʜʝʨ ʚ ʟ̔ʦʤʝʨʥʦʤʫ (m2) ̔  ʦʩʥʦʚʥʦʤʫ (g) ʩʪʘʥʘʭ; 

Ŭm2,g ï ʢʚʘʥʪʦʚ ̔ʚʠʭʦʜʠ ɔ-ʢʚʘʥʪʽʚ ʧʨʠ ʨʦʟʧʘʜ̔ ʟ̔ʦʤʝʨʥʦʛʦ ʪʘ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʽʚ; 

ɝm2,g ï ʝʬʝʢʪʠʚʥʦʩʪ̔ ʨʝ̒ʩʪʨʘʮʽʾ ɔ-ʢʚʘʥʪʚ̔ ʨʦʟʧʘʜʫ; 

tʦʧʨ, tʦʭʦʣ, tʚʠʤ ï ʪʨʠʚʘʣʦʩʪʽ ʦʧʨʦʤʽʥʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ  ̔ ʚʠʤʽʨʶʚʘʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ, ʩ; 

km2,g ï ʢʦʝʬ̔ʮ̔ ʥ̒ʪʠ ʩʘʤʦʧʦʛʣʠʥʘʥʥʷ ɔ-ʢʚʘʥʪʚ̔ ʨʦʟʧʘʜʫ; 

űm2,g ï ʘʙʩʦʣʶʪʥ ̔ʚʤʽʩʪʠ 
180

Hf  ̔
176

Hf, ʚʽʜʧʦʚʽʜʥʦ, ʚ ʧʨʠʨʦʜʥʡ̔ ʩʫʤ̔ ʰʽ ʯʠ 

ʟʙʘʛʘʯʝʥʽʡ ʤʽʰʝʥʽ (
180

HfO2); 

ŭ1,2 ï ʨ̔ʟʥʠʮ ̔ʤ̔ ʞ ʛʨʘʥʠʯʥʦ ʁʝʥʝʨʛʽʻʶ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʚ̔ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʧʦʨʦʛʘʤʠ ʨʝʘʢʮʽʡ 
180
Hf(ɔ,n)

179g
Hf  ̔

176
Hf(ɔ,n)

175
Hf, ʚʽʜʧʦʚʽʜʥʦ, ʄʝɺ; 

ɚm2, ɚg ï ʩʪʘʣʽ ʨʦʟʧʘʜʫ ʟ̔ʦʤʝʨʥʦʛʦ  ̔ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʽʚ, ʩ
-1
. 

ʏʠʩʝʣʴʥʽ ʟʥʘʯʝʥʥʷ ɚ, Ŭ, ű ʙʨʘʣʠʩʷ ʟ [100] ʪʘ ʧʘʩʧʦʨʪʽʚ ʤʽʰʝʥʝʡ, N - ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ɔ-ʩʧʝʢʪʨʽʚ, ʘ ɝ ï ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʨʠʚʠʭ. ɼʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ ʩʧʝʢʪʨʦʤʝʪʨʽʚ ʪʫʪ ʽ ʜʘʣʽ ʚ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʢʘʣʽʙʨʫʚʘʣʴʥʽ ʪʦʯʢʦʚʽ ʜʞʝʨʝʣʘ 
152,154

Eu, 
241

Am, 
137

Cs ʽ 
133

Ba. 

ʆʩʢʽʣʴʢʠ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʟʨʘʟʢʽʚ ʙʫʣʠ ʦʙôʻʤʥʠʤʠ ʪʦ ʪʘʢʦʞ ʧʨʦʚʦʜʠʚʩʷ 
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ʪʝʦʨʝʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʝʬʝʢʪʠʚʥʦʩʪʝʡ ʨʝʻʩʪʨʘʮʽʾ ʥʝʦʙʭʽʜʥʠʭ ɔ-ʣʽʥʽʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ MCNP [161] ʪʘ Geant4 [159] ʜʣʷ ʪʦʯʢʦʚʠʭ ʜʞʝʨʝʣ. 

ɼʦʩʷʛʘʣʦʩʷ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ 

ʝʬʝʢʪʠʚʥʦʩʪʝʡ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʨʝʘʣʴʥʠʭ ʜʞʝʨʝʣ ʽ 

ʦʪʨʠʤʘʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʩʘʤʦʧʦʛʣʠʥʘʥʥʷ k ʧʽʜʩʪʘʚʣʷʣʠʩʴ ʫ ʬʦʨʤʫʣʫ (3.1). ɺ 

ʪʘʙʣʠʮʽ 3.2 ʧʦʢʘʟʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ɯɺɺ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤ. 3.1-3.3. 

ʊʘʙʣʠʮʷ 3.2  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ Ym2/Yg 
179

Hf
m2,g

 

ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ (Y ) ʟʘʩʝʣʝʥʥʷ 
179

Hf
m2,g

 [160] 

 

Eʛʨ, Meɺ Ym2/Yg, Ĭ10
-5
 ɽ*, ʄʝɺ <Y>, ʤʢʙ 

14.5 0.12Ñ0.05 6 0.18Ñ0.08 

14.8 0.31Ñ0.025 6.3 0.49Ñ0.07 

15.1 0.61Ñ0.03 6.6 1.1Ñ0.3 

17.5 0.37Ñ0.02 9 0.7Ñ0.2 

ɽ* - ʝʥʝʨʛʽʷ ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ. 

 

ɺ ʪʘʙʣ. 3.2 ʽ ʜʘʣʽ ʚ ʽʥʰʠʭ ʪʘʙʣʠʮʷʭ ʧʦʢʘʟʘʥʽ ʧʦʚʥʽ ʧʦʭʠʙʢʠ. ɼʣʷ ʦʮʽʥʢʠ 

ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ ʧʨʦʚʦʜʠʣʠʩʴ, ʷʢʱʦ ʙʫʣʘ ʪʘʢʘ ʤʦʞʣʠʚʽʩʪʴ, ʚʠʤʽʨʶʚʘʥʥʷ 

ʥʘ ʢʽʣʴʢʦʭ ʨʽʟʥʠʭ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʘʭ. ɿʥʘʯʥʘ ʧʦʭʠʙʢʘ ʧʨʠ Eʛʨ = 14.5 ʄʝɺ 

ʟʫʤʦʚʣʝʥʘ ʥʠʟʴʢʦʶ ʩʪʘʪʠʩʪʠʢʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ɔ-ʧʽʢʽʚ. 

ʑʦʙ ʚʠʟʥʘʯʠʪʠ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ (Y ) ʩʧʝʨʰʫ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʧʦʪʽʢ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʽʰʝʥʷʭ. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʣʠʩʷ 

ʧʣʦʱʽ ʬʦʪʦʧʽʢʽʚ ʟ ʝʥʝʨʛʽʻʶ 343.3 ʢʝɺ ʟ ʨʦʟʧʘʜʫ 
175

Hf (ʜʠʚ. ʨʠʩ. 3.3). ɼʘʣʽ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʥʘ ʤʦʥʽʪʦʨʽ (ʤʦʥY ). ʇʨʠ ʮʴʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʨʝʘʢʮʽʷ 
176

Hf(ɔ,n)
175

Hf, ʢʨʦʢ 0.5 ʄʝɺ ʧʨʠ Eʛʨ = 14.5 ʄʝɺ ʪʘ 

0.4 ʄʝɺ ʧʨʠ Eʛʨ = 14.8 ʄʝɺ ʽ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ [47]: 
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                    (3.4)   

 

 

ʜʝ ůi - ʪʘʙʣʠʯʥʽ ʟʥʘʯʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʾ 
176

Hf(ɔ,n)
175

Hf ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ 

ɔ-ʢʚʘʥʪʽʚ [158]; 

űi - ʚʽʜʥʦʩʥʽ ʚʝʣʠʯʠʥʠ ʧʦʪʦʢʫ, ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʚ Geant4 [159] ʩʧʝʢʪʨʘ 

ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ (ʜʠʚʠʩʴ ʨʠʩʫʥʦʢ 3.4), ʧʨʠʚʝʜʝʥʽ ʜʦ ʧʦʨʦʛʦʚʦʾ ʚʝʣʠʯʠʥʠ 

ʨʝʘʢʮʽʾ ɽʧ ʥʘ ʤʦʥʽʪʦʨʽ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʘʚʩʷ ʰʫʢʘʥʠʡ ʧʦʪʽʢ (F) ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ, 

nɔ/(ʩʤ
2
Ĭʩ) [47]: 

 

Aʦʧʨ ʦʭʦʣ ʚʠʤ ʤʦʥ

N ɚ A
F

(1 - exp (-ɚ exp (-ɚ (1 - exp (-ɚ ɝ k Ŭ YN

=
t ) t ) t )) m p                       (3.5) 

 

ʜʝ p ï ʘʙʩʦʣʶʪʥʠʡ ʚʤʽʩʪ 
176

Hf ʚ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʯʠ ʚ ʤʽʰʝʥʽ 
180

HfO2; 

NA = 6.02Ĭ10
23 
ï

 
ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ (ʢʽʣʴʢʽʩʪʴ ʷʜʝʨ/ʛĬʤʦʣʴ);  

m ï ʤʘʩʠ ʤʽʰʝʥʝʡ ʛʘʬʥʽʶ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ (ʛ/ʩʤ
2
); 

Aï ʤʘʩʦʚʝ ʯʠʩʣʦ ʘʪʦʤʽʚ 
176

Hf (ʘ.ʦ.ʤ.); 

ʋʩʽ ʽʥʰʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ ʘʥʘʣʦʛʽʯʥʽ ʚʢʘʟʘʥʠʤ ʫ ʬʦʨʤ. (3.1-3.3). ɼʘʣʽ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʜʣʷ ʨʝʘʢʮʽʾ 
180
Hf(ɔ,n)

179
Hf

m2
 ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ, ʙ [160]: 

 

Aʦʧʨ ʦʭʦʣ ʚʠʤ

Nɚ A

(1-exp(-ɚ exp(-ɚ (1-exp(-ɚ ɝ k Ŭ F N

=
t )) t ) t )) m p R

Y
   (3.6) 

 

ɼʝ R - ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʨʩʽʾ. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ        

ɽʛʨ = 14.5 ʄʝɺ, ʷʢ ʧʦʪʽʢ ʜʣʷ ʨʝʘʢʮʽʾ 
180

Hf(ɔ,n)
179m2

Hf ʚ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ 

ʚʽʜ 8.5 ʜʦ 14.5 Meɺ, ʧʦʜʽʣʝʥʠʡ ʥʘ ʧʦʪʽʢ ʚ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʚʽʜ 8.2 ʜʦ 

1
ʤʦʥ

1

Y

N

i i

i

N

i

i

=

=

sj

=

j

ä

ä
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14.5 Meɺ ʜʣʷ ʨʝʘʢʮʽʾ 
176

Hf(ɔ,n)
175

Hf. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʘʟʽ ʨʦʟʨʘʭʫʥʢʫ R ʜʣʷ ʨʝʘʢʮʽʾ 

180
Hf(ɔ,n)

179m2
Hf ʧʨʠ ɽʛʨ = 14.5 ʄʝɺ, ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʥʘʩʪʫʧʥʘ 

ʬʦʨʤʫʣʘ:179m2 175
th th

14.5 14.5

E - Hf E - Hf
=R dű / dűñ ñ . ʋʩʽ ʽʥʰʽ ʬʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ ʫ ʬʦʨʤ. (3.6) 

ʘʥʘʣʦʛʽʯʥʽ ʚʢʘʟʘʥʠʤ ʫ ʬʦʨʤʫʣʽ (3.5) [160]. 

ɺ ʪʘʙʣʠʮʽ 3.3 ʧʦʢʘʟʘʥʦ ʩʝʨʝʜʥʽ ʚʝʣʠʯʠʥʠ ʧʦʭʠʙʦʢ ʪʨʴʦʭ ʚʠʤʽʨʶʚʘʥʴ ʧʨʠ    

Eʛʨ= 14.5 ʄʝɺ ʪʘ ʜʚʦʭ ʧʨʠ Eʛʨ= 14.8 ʄʝɺ. ʇʦʭʠʙʢʘ ʢʦʞʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʠʭʦʜʫ ʚʠʟʥʘʯʘʣʘʩʷ ʷʢ ʢʦʨʽʥʴ ʢʚʘʜʨʘʪʥʠʡ ʽʟ ʩʫʤʠ ʢʚʘʜʨʘʪʽʚ 

ʧʦʭʠʙʦʢ S, Ŭ, F, R, k, ɝ. ʇʦʭʠʙʢʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ɔ-ʣʽʥʽʾ ʟ ʝʥʝʨʛʽʻʶ 353.3 ʢʝɺ, ʷʢʘ 

ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
175

Hf ʩʢʣʘʜʘʻ 7.4% ʽ ʪʦʤʫ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʭʦʜʽʚ. ʇʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʾ 

176
Hf(ɔ,n)

175
Hf ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʭʦʜʷʪʴ ʚ ʟʘʛʘʣʴʥʫ ʧʦʭʠʙʢʫ 

ʚʝʣʠʯʠʥʠ ʧʦʪʦʢʫ. ɼʣʷ ʚʝʣʠʯʠʥ ɯɺɺ ʧʦʭʠʙʢʠ ʧʦʪʦʢʽʚ ʪʘ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʩʘʤʦʧʦʛʣʠʥʘʥʥʷ ʫʩʫʚʘʶʪʴʩʷ ʽ ʟʘʛʘʣʴʥʘ ʧʦʭʠʙʢʘ ʩʪʘʻ ʥʠʞʯʦʶ. 

ʊʘʙʣʠʮʷ 3.3 

ʅʘʙʽʨ ʧʦʭʠʙʦʢ ʧʨʠ ʜʚʦʭ ʛʨʘʥʠʯʥʠʭ ʚʝʣʠʯʠʥʘʭ ʝʥʝʨʛʽʾ (ʧʦʭʠʙʢʠ T1/2, tʦʧʨ, 

tʦʭʦʣ, tʚʠʤ, N  ̔Ŭ 343.4 ʢeɺ-ʥʠʭ ɔ-ʢʚʘʥʪʽʚ, p ʪʘ m < 1%) [160] 

 

 

 

ɼʞʝʨʝʣʘ ʧʦʭʠʙʦʢ 

N, ʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ ʇʦʭʠʙʢʠ, % 

Eʛʨ = 14.5 

Meɺ 

tʦʧʨ = 2 ʛʦʜ 

Eʛʨ = 14.8 

Meɺ 

tʦʧʨ = 3ʛʦʜ 

Eʛʨ= 14.5 

Meɺ 

Eʛʨ = 

14.8 

Meɺ 

ɔ362.6 ʢeɺ 375Ñ123 

tʦʭʦʣ = 20.9 

ʜ. 

tʚʠʤ = 23 ʜ 

 32.8  

ɔ453.6 ʢʝɺ (ʚʠʤʽʨʶʚʘʥʥʷ N2) 217Ñ90 

tʦʭʦʣ = 7.8ʜ. 

tʚʠʤ = 13 ʜ. 

9450Ñ343 

tʦʭʦʣ = 1.8 ʜ. 

tʚʠʤ = 7.8 ʜ. 

41.5 3.8 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 3.3 

ɔ453.6 ʢeɺ(ʚʠʤʽʨʶʚʘʥʥʷ N3) 213Ñ110 

tʦʭʦʣ= 4.9 ʜ. 

 

8913Ñ339 

tʦʭʦʣ = 9.8 ʜ. 

 

51.6 3.8 

 tʚʠʤ = 2.8 ʜ. tʚʠʤ = 10.5 ʜ   

ʂʚʘʥʪʦʚʠʡ ʚʠʭʽʜ (ɔ362.6 ʢʝɺ)   3.8 3.8 

ʂʚʘʥʪʦʚʠʡ ʚʠʭʽʜ (ɔ453.6 ʢʝɺ)   4.4 4.4 

ɽʬʝʢʪʠʚʥʽʩʪʴ (ɔ362.6 ʢʝɺ, 

ɔ343.4 ʢʝɺ  ̔ɔ453.6 ʢʝɺ) 

  5 5 

ʉʘʤʦʧʦʛʣʠʥʘʥʥʷ   3 3 

ʇʦʪʽʢ   11.6 11.6 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʨʩʽʾ   3 3 

ɺʠʭʽʜ (ɔ362.6 ʢeɺ)/ɯɺɺ   43.8/42.1  

ɺʠʭʽʜ (ɔ453.6 ʢeɺ) 

(ʚʠʤʽʨʶʚʘʥʥʷ N2)/ɯɺɺ 

  35.6/33.3 14.6/8.3 

ɺʠʭʽʜ ɔ453.6 ʢʝɺ 

(ʚʠʤ̔ʨʶʚʘʥʥʷ N3)/ɯɺɺ 

  53.5/52.1 14.6/8.3 

ʋʩʴʦʛʦ(ʩʝʨʝʜʥʻ)   44.3/42.5 14.6/8.3 

 

ʆʩʢʽʣʴʢʠ ʚ ʫʩʽʭ ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʥʽ ɔ-ʣʽʥʽʾ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 
181

Hf, 

ʷʢʠʡ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʘʢʮʽʾ 
180

Hf(n,ɔ) ʪʦ ʥʝʦʙʭʽʜʥʦ ʦʮʽʥʠʪʠ ʧʦʪʽʢ ʥʝʡʪʨʦʥʽʚ. ʎʽ 

ʥʝʡʪʨʦʥʠ ʤʦʞʫʪʴ ʟʘʩʝʣʷʪʠ 
179

Hf
m2 
ʚ ʨʝʘʢʮʽʷʭ 

178
Hf(n,ɔ) ʪʘ 

179
Hf(n,n'). ʆʩʢʽʣʴʢʠ ʚ 

ʷʢʦʩʪʽ ʤʽʰʝʥʝʡ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
nat

Hf ʪʦ ʥʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʦʮʽʥʠʪʠ 

ʤʦʞʣʠʚʝ ʟʘʩʝʣʝʥʥʷ 
179m2

Hf ʚ (ɔ,ɔ')-ʢʘʥʘʣʽ. ɼʝʪʘʣʴʥʦ ʧʨʦ ʦʮʽʥʢʫ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ 

ʪʘ ʚʠʭʦʜʫ ʨʝʘʢʮʽʾ 
179

Hf(ɔ,ɔ')
179m2

Hf ʙʫʜʝ ʥʘʧʠʩʘʥʦ ʧʽʟʥʽʰʝ. ɰʭʥʽʤ ʚʥʝʩʢʦʤ ʤʦʞʥʘ 

ʟʥʝʭʪʫʚʘʪʠ [160]. 

ʇʨʠ ɽʛʨ = 15.1 ʪʘ 17.5 ʄʝɺ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʭʦʜʫ ʟʘʩʝʣʝʥʥʷ ʜʨʫʛʦʛʦ 

ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ 
179

Hf ʚʠʟʥʘʯʘʣʠ ʧʣʦʱʽ ʬʦʪʦʧʽʢʽʚ ɔ-ʣʽʥʽʡ 362.6, 316 ʪʘ 453.6 

ʢʝɺ (ʜʠʚ. ʨʠʩ. 3.2 ʽ 3.5). ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʭʦʜʫ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
179

Hf, ʦʩʢʽʣʴʢʠ 

ʚʦʥʦ ʩʪʘʙʽʣʴʥʝ, ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʨʝʘʢʮʽʷ 
176

Hf(ɔ,n)
175

Hf ʪʘ ʥʝʩʪʘʙʽʣʴʥʠʡ 

ʦʩʥʦʚʥʠʡ ʩʪʘʥ 
175

Hf. ʎʝ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʚʥʘʩʣʽʜʦʢ ʪʦʛʦ, ʱʦ ʬʫʥʢʮʽ ʾʟʙʫʜʞʝʥʥʷ 

(ɔ,n)-ʨʝʘʢʮʽʡ ʥʘ ʷʜʨʘʭ 
176

Hf ʽ 
180

Hf ʷʢ ʽ ʧʨʠ ɽʛʨ = 14.5 ʪʘ 14.8 ʄʝɺ ʤʘʡʞʝ 
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ʽʜʝʥʪʠʯʥʽ ʽ ʜʦ ɽʛʨ =17.5 ʄʝɺ (ʜʠʚ. ʨʠʩ. 3.4 [158]). ɺʠʟʥʘʯʘʣʠʩʴ ʽʥʪʝʥʩʠʚʥʦʩʪʽ    

ɔ-ʣʽʥʽʡ 319 ʪʘ 353 ʢʝɺ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 
175

Hf (ʜʠʚ. ʨʠʩ. 3.5-3.6) [12]. 

 

 

ʈʠʩ. 3.5 ʌʨʘʛʤʝʥʪʠ ɔ-ʩʧʝʢʪʨʘ ʤʽʰʝʥʽ Hf  ʈʠʩ. 3.6 ʌʨʘʛʤʝʥʪ ʩʭʝʤʠ ʨʦʟʧʘʜʫ   

ʦʧʨʦʤʽʥʝʥʦʾ ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ         
175

Hf [100] 

ʟ ɽʛʨ=17.5 ʄʵɺ [12]. 

 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤʫʣʘʤʠ 

(3.1-3.3) ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.2. ʊʘʤ ʞʝ ʥʘʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ 

ʚʠʭʦʜʠ ʨʝʘʢʮʽʾ 
180

Hf(ɔ,n)
179

Hf
m2

 ʧʨʠ ɽʛʨ = 15.1 ʪʘ 17.5 ʄʝɺ, ʦʪʨʠʤʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ (3.4) ʪʘ Ym2/Yg. ʉʧʦʯʘʪʢʫ ʟʘ ʮʽʻʶ ʬʦʨʤʫʣʦʶ 

ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʠʭʽʜ ʨʝʘʢʮʽʾ 
180

Hf(ɔ,n)
179

Hf ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʝʨʝʨʽʟʽʚ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟ [158]. ɼʘʣʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ Ym2/Yg ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʠʭʽʜ 
179

Hf
m2
. ɸʥʘʣʦʛʽʯʥʦ ʙʫʣʠ 

ʨʦʟʨʘʭʦʚʘʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʽ ʧʨʠ ɽʛʨ = 14.5 ʪʘ 14.8 ʄʝɺ. ɰʭ ʚʝʣʠʯʠʥʠ 

ʩʧʽʚʧʘʣʠ ʟ ʜʘʥʠʤʠ, ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʟʘ ʬʦʨʤ. (3.4-3.6). 

ʆʩʢʽʣʴʢʠ ʧʨʠ ɽʛʨ = 17.5 ʄʝɺ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 
nat

Hf, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʤʦʞʣʠʚʝ ʟʘʩʝʣʝʥʥʷ 
179m2

Hf ʚ (ɔ,ɔ')-ʨʝʘʢʮʽʾ. ʅʘ ʞʘʣʴ, ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝʤʘʻ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʾ 
179
Hf(ɔ,ɔ')

179m2
Hf ʜʣʷ 
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ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ɔ-ʢʚʘʥʪʽʚ. ʆʪʞʝ, ʜʣʷ ʦʮʽʥʢʠ ʚʥʝʩʢʫ (ɔ,ɔ') - ʢʘʥʘʣʫ ʚ ʟʘʩʝʣʝʥʥʷ 

ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ ʟ ʝʥʝʨʛʽʻʶ 1105 ʢʝɺ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʨʝʘʢʮʽ ̫
180
Hf(ɔ,ɔ')

180m
Hf. 

180
Hf ʤʘʻ ʦʜʥʘʢʦʚʫ ʨʽʟʥʠʮʶ ʩʧʽʥʽʚ ʤʽʞ ʧʝʨʰʠʤʠ ʽʟʦʤʝʨʥʠʤ ʪʘ ʦʩʥʦʚʥʠʤ 

ʩʪʘʥʘʤʠ, ʷʢ ʽ 
179m2
Hf (ȹI = 8), ʪʘ ʙʣʠʟʴʢʫ ʝʥʝʨʛʽʶ ʟʙʫʜʞʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ  

(E = 1141 ʢʝɺ). ɼʣʷ ʮʽʻʾ ʨʝʘʢʮʽʾ ʚ ʙʘʟʽ ʜʘʥʠʭ EXFOR ʽʩʥʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʧʝʨʝʨʽʟʠ ʜʣʷ ʜʝʷʢʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ʬʦʪʦʥʽʚ. ɹʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ 

ʟʛʽʜʥʦ (3.4) ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʠʭʽʜ ʨʝʘʢʮʽʾ 
180
Hf(ɔ,ɔ')

180m
Hf, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ ʜʘʥ̔ ʟ ʨʦʙʦʪʠ [46] ʪʘ ʤʦʜʝʣʴʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ű. ʆʪʨʠʤʘʥʘ 

ʚʝʣʠʯʠʥʘ ʧʨʠ ɽʛʨ=17.5 ʄʝɺ ʨʽʚʥʘ <Y> = 0.12 ʤʢʙ, ʱʦ ʚ 13 ʨʘʟʽʚ ʥʠʞʯʝ, ʥʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ. ʆʩʢʽʣʴʢʠ ʚʤʽʩʪ 
180
Hf ʚ 2.6 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʚʤʽʩʪ 

179
Hf ʫ 

ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʽʟʦʪʦʧʽʚ, ʪʦ ʤʦʞʣʠʚʠʡ ʚʥʝʩʦʢ ʢʘʥʘʣʫ (ɔ,ɔ') ʚ ʟʘʩʝʣʝʥʥʷ 
179m2

Hf 

ʚʽʜʧʦʚʽʜʥʦ ʟʥʠʞʫʻʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʨʘʭʫʚʘʣʘʩʴ ʬʫʥʢʮʽ ̫ʟʙʫʜʞʝʥʥʷ ʨʝʘʢʮʽʾ 

179
Hf(ɔ,ɔ')

179m2
Hf, ʽ ʧʽʩʣʷ ʟʛʦʨʪʢʠ ʟʘ ʬʦʨʤ. (3.4) ʦʪʨʠʤʘʥ ̔ ʪʘʢʽ ʚʝʣʠʯʠʥʠ:          

<Y> = 34Ĭ10
-7
 ʤʙ ʫ ʚʠʧʘʜʢʫ EMPIRE-3.2 ʪʘ <Y> = 0.51Ĭ10

-7
 ʤʙ ʜʣʷ ʢʦʜʫ 

TALYS-1.6 ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʢʦʜʘʭ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. 

ʆʪʨʠʤʘʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʙʤʝʞʝʥʥʷ ʉɺ ʨʝʘʢʮʽʾ 
179

Hf(ɔ,ɔ')
179m2

Hf ʧʨʠ         

ɽʛʨ = 17.5 ʄʝɺ ʤʘʻ ʚʠʱʫ ʚʝʣʠʯʠʥʫ ʽ ʩʢʣʘʜʘʻ <Y> Ò 0.3 ʤʢʙ (ʜʠʚ. ʪʘʙʣ. 3.5). 

ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ 
180

Hf(ɔ,n)
179

Hf
m2 
ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ     

TALYS-1.6 [57] ʪʘ EMPIRE-3.2 [58]. ɿ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʚ ʦʙʦʭ ʧʘʢʝʪʘʭ ʧʨʠ ʨʦʟʧʘʜʽ ʟʙʫʜʞʝʥʠʭ ʷʜʝʨ ʚʨʘʭʦʚʫʚʘʣʘʩʴ 

ʦʜʥʘʢʦʚʘ ʢʽʣʴʢʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ ʥʠʟʴʢʦʨʦʟʪʘʰʦʚʘʥʠʭ ʨʽʚʥʽʚ. ʎʽ ʨʽʚʥʽ ʚ ʦʙʦʭ 

ʢʦʜʘʭ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ʉʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʽʚʥʽʚ ʽ ʩʭʝʤʠ ʾʭ ʨʦʟʧʘʜʫ ʙʝʨʫʪʴʩʷ ʟ ʙʽʙʣʽʦʪʝʢʠ RIPL-3 [162]. 

ɺ ʦʙʦʭ ʢʦʜʘʭ ʟʘʢʣʘʜʝʥʦ ʜʝʢʽʣʴʢʘ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʡ. ɼʣʷ                  

ɔ-ʢʚʘʥʪʽʚ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʫ ʚʠʭʦʜʠ ʜʘʶʪʴ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ, ʷʢʠʡ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʝʦʨʽʾ ʍʘʫʟʝʨʘ ʪʘ ʌʝʰʙʘʭʘ [29] ʪʘ ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʠʡ ʤʝʭʘʥʽʟʤ, 

ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʢʩʽʪʦʥʥʽʡ ʤʦʜʝʣʽ [163]. ʇʨʠ ʨʦʟʧʘʜʽ ʟʙʫʜʞʝʥʦʛʦ ʷʜʨʘ ʚ ʦʙʦʭ 

ʢʦʜʘʭ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʟʘʢʦʥʠ ʟʙʝʨʝʞʝʥʥʷ ʢʫʪʦʚʦʛʦ ʤʦʤʝʥʪʫ ʪʘ 
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ʧʘʨʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʝʡʪʨʦʥʘ ʟʛʽʜʥʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʯʠ 

ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥʽʟʤʽʚ. 

ɺ ʝʢʩʽʪʦʥʥʽʡ ʤʦʜʝʣʽ [163] ʧʽʩʣʷ ʧʦʯʘʪʢʦʚʦʾ ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʢʠ ʟ ʷʜʨʦʤ 

ʤʽʰʝʥʽ, ʟʙʫʜʞʝʥʝ ʢʦʤʧʘʫʥʜ-ʷʜʨʦ ʧʝʨʝʜ ʜʦʩʷʛʥʝʥʥʷʤ ʩʪʘʥʫ ʨʽʚʥʦʚʘʛʠ ʧʨʦʭʦʜʠʪʴ 

ʩʝʨʽʶ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʽʟ ʫʩʝ ʟʨʦʩʪʘʶʯʦʶ ʢʦʤʧʣʝʢʩʥʽʩʪʶ. ɿʙʫʜʞʝʥʥʷ 

ʩʢʣʘʜʝʥʦʛʦ ʷʜʨʘ ʤʦʞʝ ʟʥʽʤʘʪʠʩʴ ʯʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʝʡʪʨʦʥʘ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʽʥʰʦʛʦ ʽʟʦʪʦʧʫ, ʯʠ ʢʘʩʢʘʜʦʤ ɔ-ʢʚʘʥʪʽʚ ʥʘ ʦʩʥʦʚʥʠʡ ʘʙʦ ʽʟʦʤʝʨʥʠʡ 

ʨʽʚʥʽ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ. 

ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʦʥʠʢʥʝʥʥʷ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʬʝʨʠʯʥʦʾ ʦʧʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʢʦʜʫ ECIS06 [164]. ʅʘʙʽʨ ʛʣʦʙʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ ʥʝʡʪʨʦʥʽʚ ʙʫʚ ʚʟʷʪʠʡ ʽʟ [165]. ʂʦʝʬʽʮʽʻʥʪʠ ʧʨʦʥʠʢʥʝʥʥʷ ʜʣʷ 

ʬʦʪʦʥʽʚ ʪʘʢʦʞ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ 

ʚʠʭʦʜʽʚ. ɰʭ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʽʟ ʩʠʣʦʚʠʭ ʬʫʥʢʮʽʡ. ʋ ʚʠʧʘʜʢʫ TALYS-1.6 ʜʣʷ        

E1-ʧʝʨʝʭʦʜʫ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʣʦʨʝʥʮʽʘʥ ʂʦʧʝʮʴʢʦʛʦ ʽ ʋʣʷ [166]; ʘ ʜʣʷ M1-, 

E2- ʪʘ ʄ2-ʧʝʨʝʭʦʜʽʚ ʬʫʥʢʮʽʷ ɹʨʽʥʢʘ - ɸʢʩʝʣʷ [167]. ɼʣʷ EMPIRE-3.2 ʫ ʚʠʧʘʜʢʫ 

E1-, M1- ʪʘ E2-ʧʝʨʝʭʦʜʽʚ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʣʦʨʝʥʮʽʘʥ (ʤʦʜʝʣʴ 

ˉ1) [168]. ʇʘʨʘʤʝʪʨʠ ʜʣʷ ʮʴʦʛʦ ʣʦʨʝʥʮʽʘʥʫ ʙʨʘʣʠʩʷ: ʫ ʚʠʧʘʜʢʫ ɽ1-ʧʝʨʝʭʦʜʽʚ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ (ʘ ʟʘ ʾʭ ʚʽʜʩʫʪʥʦʩʪʽ) ʟ ʪʝʦʨʝʪʠʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ [162], ʜʣʷ      

E2-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ [169,170], ʜʣʷ M1-ʧʝʨʝʭʦʜʫ ʟ [171]. ɺ ʤʦʜʝʣʽ EMPIRE-3.2 

M2-ʧʝʨʝʭʦʜʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴʩʷ. ʇʨʠ ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʷʭ ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ 

ʷʜʨʘ ʩʧʝʢʪʨ ʚʚʘʞʘʚʩʷ ʥʝʧʝʨʝʨʚʥʠʤ ʽ ʦʧʠʩʫʚʘʚʩʷ ʛʫʩʪʠʥʦʶ ʨʽʚʥʽʚ. 

ʇʘʢʝʪ TALYS-1.6 ʤʽʩʪʠʪʴ ʰʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʫ ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ, 

ʘ EMPIRE-3.2 ï ʯʦʪʠʨʠ. ɺʠʙʽʨ ʙʫʜʴ-ʷʢʦʛʦ ʟ ʮʠʭ ʚʘʨʽʘʥʪʽʚ ʚ TALYS-1.6 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʭʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ñldmodelò, ʘ ʚ EMPIRE-3.2 - 

ñLEVDENò. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʫʩʽʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʥʷ ʛʫʩʪʠʥ 

ʨʽʚʥʽʚ: ldmodel=1 ʽ levden=2 ïʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʌʝʨʤʽ-ʛʘʟʫ (CT+FG) [172]; 

levden=3 ï ʤʽʢʨʦʩʢʦʧʽʯʥʘ, ʢʦʤʙʽʥʘʪʦʨʥʘ (HFBM) [173]; levden=1 ï ʫʟʘʛʘʣʴʥʝʥʘ, 

ʥʘʜʪʝʢʫʯʘ (GSM) [174]; levden=0 ï ʧʦʢʨʘʱʝʥʘ, ʥʘʜʪʝʢʫʯʘ (EGSM) [175]; 

ldmodel=2 ï ʟʚʦʨʦʪʥʦ-ʟʤʽʱʝʥʘ ʌʝʨʤʽ-ʛʘʟʫ (BFM) [176]; ldmodel=3 ï 

ʫʟʘʛʘʣʴʥʝʥʘ, ʥʘʜʪʝʢʫʯʘ (GSM) [177-178]; ldmodel=4 ï ʤʽʢʨʦʩʢʦʧʽʯʥʘ (ʪʘʙʣʠʮʽ 
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ɻʦʨʝʣʽ [179]); ldmodel=5 ï ʤʽʢʨʦʩʢʦʧʽʯʥʘ (ʪʘʙʣʠʮʽ ʍʽʣʘʨʽ [180], ʩʠʣʠ ʉʢʽʨʤʘ), 

ldmodel=6 ï ʤʽʢʨʦʩʢʦʧʽʯʥʘ (ʪʘʙʣʠʮʽ ʍʽʣʘʨʽ [181], ʩʠʣʠ ɻʦʛʥʽ). 

ɹʽʣʴʰ ʜʝʪʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʜʠ TALYS-1.6 ʪʘ EMPIRE-3.2 ʥʘʚʝʜʝʥʘ ʚ   

[57-58]. 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟ 

ʢʨʦʢʘʤʠ 0.5 ʄʝɺ ʧʨʠ ɽʛʨ = 14.5,15.1 ʪʘ 17.5 ʄʝɺ, 0.4 ʄʝɺ ʧʨʠ ɽʛʨ = 14.8 ʄʝɺ 

ʚʽʜ ʧʦʨʦʛʫ ʨʝʘʢʮʽʾ ʽ ʜʦ ɽʛʨ. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʟʛʦʨʪʢʘ ʦʪʨʠʤʘʥʠʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʟ ʤʦʜʝʣʴʦʚʘʥʠʤ ʛʘʣʴʤʽʚʥʠʤ ʩʧʝʢʪʨʦʤ ʟʘ ʬʦʨʤʫʣʦʶ 3.4. 

ɺʨʘʭʦʚʫʚʘʚʩʷ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʚʝʨʩʽʾ. ɼʘʣʽ ʚ ʨʦʙʦʪʽ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʉɺ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʘʥʘʣʦʛʽʯʥʘ ʤʝʪʦʜʠʢʘ. ʅʝ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʭʦʜʽʚ ʷʢ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ 

ʟʘʜʘʥʽ ʚ ʢʦʜʘʭ ʟʘ ʫʤʦʚʯʘʥʥʷʤ, ʪʘʢ ʽ ʧʨʠ ʾʭ ʚʘʨʽʘʮʽʾ ʚ ʨʦʟʫʤʥʠʭ ʤʝʞʘʭ. ɺ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ ʪʝʦʨʝʪʠʯʥʽ ʚʠʭʦʜʠ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʝʣʠʯʠʥʠ, 

ʚ 2.6-1550 ʨʘʟʽʚ, ʭʦʯʘ ʜʘʥʽ EMPIRE-3.2 ʻ ʜʝʱʦ ʙʣʠʞʯʠʤʠ ʜʦ ʥʠʭ. ʅʘʡʙʽʣʴʰʦʛʦ 

ʟʥʠʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʭʦʜʽʚ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʘʨʽʘʮʽʻʶ ʧʘʨʘʤʝʪʨʦʤ ʩʧʽʥʦʚʦʛʦ 

ʦʙʨʽʟʘʥʥʷ (r). ʇʨʦʪʝ ʧʦʜʽʙʥʘ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʫʧʥʘ ʣʠʰʝ ʚ ʢʦʜʽ TALYS-1.6. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʡʥʠʞʯʘ ʚʝʣʠʯʠʥʘ ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʚʠʭʦʜʽʚ ʥʘʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʩʢʣʘʜʘʻ 2.6 ʪʘ 6 ʨʘʟʽʚ ʧʨʠ ɽʛʨ = 14.5 ʪʘ 14.8 ʄʝɺ, 

ʚʽʜʧʦʚʽʜʥʦ. ɺʠʩʫʚʘʻʪʴʩʷ ʛʽʧʦʪʝʟʘ ʧʨʦ ʤʦʞʣʠʚʽ ʜʚʽ ʧʨʠʯʠʥʠ ʜʘʥʦʛʦ 

ʧʝʨʝʚʠʱʝʥʥʷ: ʚʧʣʠʚ ʥʘʧʽʚʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʜʦʤʽʥʫʚʘʥʥʷ ʟʘʩʝʣʝʥʥʷ 

ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʨʦʪʘʮʽʡʥʦʾ ʩʤʫʛʠ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
179

Hf [160]. 

ʅʘʧʽʚʧʨʷʤʠʡ ʤʝʭʘʥʽʟʤ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ ʪʝʦʨʝʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʷʢʽ ʟʘʢʣʘʜʝʥʽ 

ʚ ʢʦʜʠ TALYS-1.6 ʪʘ EMPIRE-3.2. ɺʽʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʟʘʩʝʣʝʥʥʷ 

179m2
Hf ʽ ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ [182]: 1) ʚʟʘʻʤʦʜʽʷ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʟ ʷʜʨʦʤ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʢʦʣʝʢʪʠʚʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʪʘʥʫ (1
-
); 2) ʝʤʽʩʽʷ ʥʝʡʪʨʦʥʘ ʟ 

ʮʴʦʛʦ ʩʪʘʥʫ, ʷʢʠʡ ʚʠʥʦʩʠʪʴ ʟʥʘʯʥʫ ʝʥʝʨʛʽʶ ʪʘ ʥʝʚʠʩʦʢʠʡ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ 

(ʥʘʧʽʚʧʨʷʤʠʡ ʤʝʭʘʥʽʟʤ); 3) ʨʦʟʧʘʜ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ ʜʦ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ ʟ 

ʥʠʞʯʦʶ ʝʥʝʨʛʽʻʶ, ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʧʘʨʦʚʫʚʘʣʴʥʦʶ ʤʦʜʝʣʣʶ. ʂʘʩʢʘʜ ɔ-ʢʚʘʥʪʽʚ, 

ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ ʮʴʦʛʦ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ ʤʘʻ ʥʠʞʯʫ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʭʦʜʽʚ ʽ 

ʦʪʞʝ ʥʠʞʯʫ ʽʤʦʚʽʨʥʽʩʪʴ ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ. ʎʝʡ ʤʝʭʘʥʽʟʤ ʧʨʠʟʚʦʜʠʪʴ 
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ʜʦ ʟʥʠʞʝʥʥʷ ʚʠʭʦʜʫ ʟʘʩʝʣʝʥʥʷ 
179m2

Hf ʧʦʨʽʚʥʷʥʦ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ 

ʚʞʝ ʧʨʠ ʚʝʣʠʯʠʥʽ ʝʥʝʨʛʽʾ ʝʤʽʪʦʚʘʥʠʭ ʥʝʡʪʨʦʥʽʚ ʜʦ 6 ʄʝɺ (ɽʛʨ = 14.5 ʄʝɺ) ʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʜʽʻʚʠʤ ʧʨʠ ʝʥʝʨʛʽʾ ʥʝʡʪʨʦʥʽʚ ʜʦ 9 ʄʝɺ (ɽʛʨ = 17.5 ʄʝɺ) [160]. 

ɼʦʜʘʪʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʟʥʠʞʝʥʥʷ ʚʠʭʦʜʫ ʨʝʘʢʮʽʾ 
180

Hf(ɔ,n)
179m2

Hf ʤʦʞʝ ʙʫʪʠ 

ʜʦʤʽʥʫʶʯʝ ʟʘʩʝʣʝʥʥʷ ʨʽʚʥʽʚ ʨʦʪʘʮʽʡʥʦʾ ʩʤʫʛʠ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
179

Hf. ʎʝʡ 

ʤʝʭʘʥʽʟʤ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʨʠ ʟʘʩʝʣʝʥʥʽ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʷʢ ʚ ʨʝʘʢʮʽʾ 

178m2
Hf(n,ɔ)

179m2
Hf

g
 [24], ʪʘʢ ʽ ʚ (ɔ,n)-ʨʝʘʢʮʽʷʭ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ ʽʟʦʤʝʨʽʚ ʥʘ 

ʤʽʰʝʥʷʭ ʽʟ Z = 47-50 [183]. ɺʠʣʽʪʘʶʯʠʡ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʡ ʥʝʡʪʨʦʥ ʟ 

ʜʠʧʦʣʴʥʦʛʦ ʚʭʽʜʥʦʛʦ ʩʪʘʥʫ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠ ʽʤʦʚʽʨʥʽʩʪʴ ʟʘʩʝʣʝʥʥʷ ʟʙʫʜʞʝʥʠʭ 

ʨʽʚʥʽʚ ʨʦʪʘʮʽʡʥʦʾ ʩʤʫʛʠ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʥʝʩʦʢ ʥʘʧʽʚʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʦʞʝ ʟʨʦʩʪʘʪʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʠʤʝ ʜʦ ʟʥʠʞʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʟʘʩʝʣʝʥʥʷ ʨʽʚʥʷ ʟ J
ˊ
 = 25/2

-
 ʚ 

179
Hf 

ɼʦʜʘʪʢʦʚʦʶ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʢʣʘʜ (ɔ,2n)-ʢʘʥʘʣʫ. ʎʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ɽʛʨ ʟ 15.1 ʜʦ 17.5 ʄʝɺ (ʜʠʚʠʩʴ ʪʘʙʣ. 3.2). ɺ ʪʦʡ ʞʝ 

ʯʘʩ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ɽʛʨ ʟ 14.5 ʜʦ 15.1 ʄʝɺ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʷʢ ɯɺɺ, 

ʪʘʢ ʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ. ɼʘʥʠʡ ʜʽʘʧʘʟʦʥ ʟʤʽʥʠ ɽʛʨ ʚʽʜʧʦʚʽʜʘʻ ʜʽʘʧʘʟʦʥʫ 

ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ 
179

Hf ʚʽʜ 7.1 ʜʦ 7.7 ʄʝɺ [160]. ɯʤʦʚʽʨʥʦ ʚ 

ʜʘʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʽʩʥʫʻ ʥʘʙʽʨ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ, ʷʢʽ ʧʝʨʝʚʘʞʥʦ 

ʟʘʩʝʣʷʶʪʴ ʨʦʪʘʮʽʡʥʫ ʩʤʫʛʫ ʧʦʙʫʜʦʚʘʥʫ ʥʘ ʽʟʦʤʝʨʥʦʤʫ ʨʽʚʥʽ 
179

Hf ʟ ʂ
ˊ
 = 25/2

-
. 

ɺʧʣʠʚ ʮʴʦʛʦ ʟʘʩʝʣʝʥʥʷ ʤʦʞʝ ʧʦʩʣʘʙʣʶʚʘʪʠ ʚʧʣʠʚ ʥʘʧʽʚʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʅʘ 

ʞʘʣʴ, ʩʭʝʤʘ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ 
179

Hf ʚʽʜʦʤʘ ʣʠʰʝ ʜʦ ʝʥʝʨʛʽʾ 4.2 Meɺ [184]. 

ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟ 15.1 ʜʦ 17.5 ʄʝɺ 

(ʦʙʣʘʩʪʴ ɻɼʈ) ʟʥʠʞʫʶʪʴʩʷ ʽ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ ʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ 

ʚʠʭʦʜʠ 
179

Hf
m2
. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʦʜʥʦʛʦʨʙʠʡ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ ʨʝʘʢʮʽʾ 

180
Hf(ɔ,n)

179
Hf

 m2 
ʚ ʮʽʡ ʦʙʣʘʩʪʽ [12]. 

 

3.1.2 ɼʦʩʣʽʜʞʝʥʥʷ (ɔ,n)-ʨʝʘʢʮʽʡ ʥʘ ʪʝʣʫʨʽ ʪʘ ʮʝʨʽʾ 

ʌʨʘʛʤʝʥʪʠ ʛʘʤʤʘ-ʩʧʝʢʪʨʽʚ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʝʥʝʨʛʽʾ Eʛʨ=15 ʄʝɺ ʧʨʠʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 3.7-3.8. 
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ʈʠʩ. 3.7 ʌʨʘʛʤʝʥʪ ɔ-ʩʧʝʢʪʨʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʝʥʝʨʛʽʾ Eʛʨ=15 ʄʝɺ ʦʧʨʦʤʽʥʝʥʦ ʾ

ʤʽʰʝʥ ̔ʮʝʨʽʶ [27] 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʚʤʽʩʪ 
136
ʉʝ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 

0.19 %, ʘ 
120
ʊʝ ï 0.09 % ʟ ʨʠʩ. 3.7-3.8 ʚʠʜʥʦ, ʱʦ ɔ-ʣʽʥʽʾ 265 ʢʝɺ ʽ 644 ʢʝɺ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ ʦʩʥʦʚʥʠʭ ʩʪʘʥʽʚ ʧʽʩʣʷ (g,n)-ʨʝʘʢʮʽʾ ʨʝʻʩʪʨʫʪʁʴʩʷ 

ʥʘʜʽʡʥʦ. ʈʘʟʦʤ ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ g-ʣʽʥʽʡ ʚʽʜ ʨʦʟʧʘʜʫ 
135
ʉʝ ʽ 

119
ʊʝ ʧʨʦʚʦʜʠʣʦʩʷ  

 

ʈʠʩ. 3.8 ʌʨʘʛʤʝʥʪ ɔ-ʩʧʝʢʪʨʫ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʽʡ ʝʥʝʨʛʽʾ Eʛʨ=15 ʄʝɺ 

ʦʧʨʦʤʽʥʝʥʦ ʾʤʽʰʝʥ ̔ʪʝʣʫʨʫ [27] 
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ʚʠʤʽʨʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ɔ-ʣʽʥʽʡ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 
139
ʉʝ ʽ 

129
ʊʝ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʥʦʨʤʫʚʘʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʢʘʣʽʙʨʦʚʢʠ ʚʠʭʦʜʽʚ ʨʝʘʢʮʽʡ 

136
ʉʝ(g,n)

135
ʉʝ ʽ 

120
ʊʝ(g,n)

119
ʊʝ. ɿ ʨʦʙʦʪʠ [30] ʙʨʘʣʠʩʷ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ 

140
ʉʝ(g,n)

139
ʉʝ ʪʘ 

130
ʊʝ(g,n)

129
ʊʝ. 

ʉʧʝʢʪʨʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʧʘʜʫ ʦʩʥʦʚʥʠʭ ʽ ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ 

ʽʟʦʪʦʧʽʚ 
119
ʊʝ, 

129
ʊʝ ʪʘ 

135
ʉʝ, 

139
ʉʝ ʙʨʘʣʠʩʷ ʽʟ ʨʦʙʽʪ [185,100] ʽ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣ. 

3.1. ʇʦʤʽʪʥʦ, ʱʦ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ (ʽʟʦʪʦʧʽʚ ʮʝʨʽʶ ʽ ʪʝʣʫʨʫ) ʚ         

(g,n)-ʨʝʘʢʮʽʷʭ ʟʘʩʝʣʷʶʪʴʩʷ ʽʟʦʤʝʨʥʽ ʨʽʚʥʽ, ʽ ʮʝ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʦʙʯʠʩʣʝʥʥʽ 

ʧʦʚʥʠʭ ʚʠʭʦʜʽʚ ʽ ʧʝʨʝʨʽʟʽʚ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʨʦʟʧʘʜʫ ʽʟʦʪʦʧʽʚ 

ʮʝʨʽʶ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʤʽʞ ʟʘʢʽʥʯʝʥʥʷʤ ʦʧʨʦʤʽʥʝʥʥʷ ʪʘ ʧʦʯʘʪʢʦʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʢʣʘʜʘʚ ʙʽʣʴʰʝ 10 ʭʚʠʣʠʥ. ʇʨʦʪʷʛʦʤ ʮɹ ʦʛʦ ʯʘʩʫ ʧʦʚʥʽʩʪʶ ʨʦʟʧʘʜʘʣʠʩʷ ʽʟʦʤʝʨʥʽ 

ʩʪʘʥʠ ʽʟʦʪʦʧʽʚ ʮʝʨʽʶ ʟʽ 100 % ʽʤʦʚʽʨʥʽʩʪʶ ʥʘ ʦʩʥʦʚʥʠʡ ʩʪʘʥ. ʆʪʞʝ, ʚʠʤʽʨʶʶʯʠ 

ʚʽʜʥʦʰʝʥʥʷ ʘʢʪʠʚʥʦʩʪʝʡ ʦʩʥʦʚʥʠʭ ʩʪʘʥʽʚ ʜʦʯʽʨʥʽʭ ʽʟʦʪʦʧʽʚ ʮʝʨʽʶ, ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʥʦʛʦ ʚʠʭʦʜʫ (g,n)-ʨʝʘʢʮʽʾ ʥʘ 
136

Ce ʜʦ ʧʦʚʥʦʛʦ ʚʠʭʦʜʫ 

ʨʝʘʢʮʽʾ 
140
ʉʝ(g,n)

139
ʉʝ ï ɖ [27]. 

ʆʪʞʝ, ʟ ʚʠʤʽʨʷʥʠʭ ʧʣʦʱ ʛʘʤʤʘ-ʣʽʥʽʡ ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ 

ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʩʪʘʥʽʚ ʽʟʦʪʦʧʽʚ 
135

Ce ʽ 
139

Ce ʟʘ ʬʦʨʤʫʣʘʤʠ (3.1-3.3). ɺ ʥʠʭ 

ʽʥʜʝʢʩʠ m2 ʪʘ g ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʷʜʝʨ 
135
ʉʝ  ̔

139
ʉʝ, ʚʽʜʧʦʚʽʜʥʦ ʘ ŭ = 1. 

ɼʣʷ ʽʟʦʪʦʧʽʚ ʪʝʣʫʨʫ ʟʚʝʩʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʥʠʭ ʚʠʭʦʜʽʚ (g,n)-ʨʝʘʢʮʽʾ Yn ʜʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʚʥʠʭ ʚʠʭʦʜʽʚ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ Yg ʥʝ ʤʦʞʥʘ, ʦʩʢʽʣʴʢʠ ʯʘʩ ʞʠʪʪʷ 

ʽʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ ʙʽʣʴʰʠʡ ʥʽʞ ʦʩʥʦʚʥʠʭ. ʇʦʚʥʠʡ ʚʠʭʽʜ Yn ʟʚ¡̫ʟʘʥʠʡ ʟ ʚʠʭʦʜʘʤʠ 

ʟʙʫʜʞʝʥʥʷ ʦʩʥʦʚʥʦʛʦ Yg ʽ ʽʟʦʤʝʨʥʦʛʦ Ym ʩʪʘʥʽʚ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: Yn = Yg + Ym 

= Yg(1 + Ym/Yg) = Yg(1 +d) [27]. 

ɯʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ d ʜʣʷ ʷʜʝʨ 
119
ʊʝ ʽ 

129
ʊʝ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʨʘʥʽʰʝ 

[186]. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʾʭ ʽ ʚʠʤʽʨʶʶʯʠ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʩʪʘʥʽʚ ʽʟʦʪʦʧʽʚ ʪʝʣʫʨʫ 
119
ʊʝ ʽ 

129
ʊʝ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʥʠʭ ʚʠʭʦʜʽʚ 

h (g,n)-ʨʝʘʢʮʽʾ ʥʘ ʮʠʭ ʥʫʢʣʽʜʘʭ [27]: 

119 119120
gn

130 129 129

n g

Y (1+d )Y
ɖ= =

Y Y (1+d )
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ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʥʠʭ ʚʠʭʦʜʽʚ 120 130

n nY Y  ʽ 136 140

n nY Y  ʜʣʷ ʨʝʘʢʮʽʡ 

120
ʊʝ(g,n)

119
ʊʝ ʽ

 136
ʉʝ(g,n)

135
ʉʝ ʚʽʜ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.9. ʉʪʘʥʜʘʨʪʥʘ ʧʦʭʠʙʢʘ ʩʢʣʘʜʘʻ ʤʝʥʴʰʝ 0.5 % ʽ ʥʝ 

  

 

ʈʠʩ. 3.9(ʘ) ɺʽʜʥʦʰʝʥʥʷ ʧʦʚʥʠʭ ʚʠʭʦʜʽʚ (g,n)-ʨʝʘʢʮʽʡ ʜʣʷ ʽʟʦʪʦʧʽʚ ʪʝʣʫʨʫ [27] 

 

ʈʠʩ. 3.9(ʙ) ɺʽʜʥʦʰʝʥʥʷ ʧʦʚʥʠʭ ʚʠʭʦʜʽʚ (g,n)-ʨʝʘʢʮʽʡ ʜʣʷ ʽʟʦʪʦʧʽʚ ʮʝʨʽʶ [27] 
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ʧʝʨʝʚʠʱʫʻ ʨʦʟʤʽʨ ʪʦʯʢʠ. ɺʝʣʠʯʠʥʠ ʦʩʥʦʚʥʠʭ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʧʦʭʠʙʦʢ 

ʟʥʘʭʦʜ̫ʪʴʩʷ ʚ ʥʘʩʪʫʧʥʠʭ ʤʝʞʘʭ: ʤʘʩʠ ʟʨʘʟʢʽʚ ï ¢ 0.05 %, ʝʬʝʢʪʠʚʥʦʩʪ̔ 

ʨʝʻʩʪʨʘʮʽʾ ʩʧʝʢʪʨʦʤʝʪʨʘ ï 5 %, ʧʝʨʽʦʜʠ ʥʘʧʽʚʨʦʟʧʘʜʫ ï ¢ 0.5 %, ʢʚʘʥʪʦʚʽ ʚʠʭʦʜʠ 

ʛʘʤʤʘ-ʣʽʥʽʡ ï ¢1 %. 

ʆʪʨʠʤʘʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ ʚʠʭʦʜʽʚ (g,n)-ʨʝʘʢʮʽʡ 

Y(ʉe
136

)/Y(ʉe
140

) ʪʘ Y(Te
120

)/Y(Te
130
) ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ            

ɔ-ʢʚʘʥʪʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟ ʦʪʨʠʤʘʥʠʭ ʨʘʥʽʰʝ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ 
130
ʊʝ(g,n)

129
ʊʝ ʽ

 

140
ʉʝ(g,n)

139
ʉʝ [186], ʨʦʟʨʘʭʫʚʘʪʠ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ 

120
ʊʝ(g,n)

119
ʊʝ ʪʘ

 

136
ʉʝ(g,n)

135
ʉʝ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʦʙʝʨʥʝʥʦʾ ʤʘʪʨʠʮʽ [187]. 

ʆʜʝʨʞʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʝʨʝʨʽʟʠ ʜʣʷ (g,n)-ʨʝʘʢʮʽʡ ʥʘ ʽʟʦʪʦʧʘʭ 
120

Te ʽ 
136
ʉe 

ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ. 3.10 [27]. 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.10 ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ ʨʝʘʢʮʽʡ 
120
ʊʝ(g,n)

119
ʊʝ ʽ

 136
ʉʝ(g,n)

135
ʉʝ 

ʤʘʶʪʴ ʦʜʥʦʛʦʨʙʠʡ ʚʠʛʣʷʜ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ʝʥʝʨʛʽʾ ʚ ʦʢʦʣʽ 15 ʄʝɺ. ɹʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʢʨʠʚʦʶ ʃʦʨʝʥʮʘ: 

( ) 22

0

22

0

2

22

0
0)(

EEE

E
E

G+-

G
Ö=ss , ʜʝ s0, E0, G0 ï ʚʽʜʧʦʚʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʧʝʨʝʨʽʟʫ, ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ ʨʝʟʦʥʘʥʩʫ ʪʘ ʡʦʛʦ ʥʘʧʽʚʰʠʨʠʥʘ. 

 

ʈʠʩ 3.10(ʘ) ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʾ 
120
ʊʝ(g,n)

119
ʊʝ [27] 
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ʈʠʩ 3.10(ʙ) ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʾ 
136
ʉʝ(g,n)

135
ʉʝ [27] 

 

ʅʘ ʨʠʩ. 3.10 ʩʫʮʽʣʴʥʠʤʠ ʣʽʥʽʷʤʠ ʧʦʢʘʟʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʾ. ʆʪʨʠʤʘʥʽ 

ʚʥʘʩʣʽʜʦʢ ʧʽʜʛʦʥʢʠ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʻ ʥʘʩʪʫʧʥʠʤʠ: ʜʣʷ ʨʝʘʢʮʽʾ 

120
ʊʝ(g,n)

119
ʊʝ s0 = 262.0 ° 2.0 ʤʙ, E0 = 15.4 ° 0.1 ʄʝɺ, G0 = 5.33 ° 0.10 ʄʝɺ; ʜʣʷ 

ʨʝʘʢʮʽʾ 
136
ʉʝ(g,n)

135
ʉʝ s0 = 294.1 ° 4.4 ʤʙ, E0 = 15.10 ° 0.09 ʄʝɺ,                          

G0 = 4.41 ° 0.14 ʄʝɺ [27]. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʦʨʽʚʥʷʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʜʘʥʽ ʟ ʪʝʦʨʝʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ 

ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ 
136
ʉʝ(g,n)

135
ʉʝ ʪʘ

 120
ʊʝ(g,n)

119
ʊʝ ʙʫʣʠ ʦʙʯʠʩʣʝʥ ̔ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ TALYSï1.9, ʷʢʠʡ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʷ ʜʣʷ ʘʩʪʨʦʬʽʟʠʢʠ 

[57]. ʇʦʜʽʙʥʽ ʤʦʜʝʣʴʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʟ ʮʽʣʣʶ ʜʦʜʘʪʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ, ʙʫʣʠ 

ʚʠʢʦʥʘʥʽ ʪʘʢʦʞ ʜʣʷ ʷʜʝʨ 
142

Nd, ʷʢʠʡ ʟʘ ʩʚʦ̒ʁ ʧʨʠʨʦʜʦ  ʁʙʣʠʟʴʢʠʡ ʜʦ ʽʟʦʪʦʧʽʚ 

ʮʝʨʽʶ. ʈʘʥʽʰʝ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʚʩʽʤ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʝʨʝʨʽʟ 

ʨʝʘʢʮʽʾ 
142

Nd(g,n)
141

Nd. ʗʜʨʘ 
142

Nd ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʛʨʘʥʠʮʽ b-ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ 

ʩʢʣʘʜʘʶʪʴ 27.1 % ʚ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʷʜʝʨ ʥʝʦʜʠʤʫ. ɼʦʩʣʜ̔ʞʝʥʥʷ 
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ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʥʘ ʢʚʘʟʽʤʦʥʦʭʨʦʤʘʪʠʯʥʦʤʫ ʧʫʯʢʫ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ, ʧʨʠ ʮʴʦʤʫ 

ʨʝʻʩʪʨʫʚʘʣʠʩʷ ʥʝʡʪʨʦʥʠ [188]. 

ɺ ʢʦʜʽ TALYSï1.9 ʷʢ ʽ ʚ TALYSï1.6 ʜʣʷ ʨʝʘʢʮʽʡ ʚʠʢʣʠʢʘʥʠʭ                  

ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ, ʧʨʠ ʨʦʟʧʘʜ ̔ ʟʙʫʜʞʝʥʦʛʦ ʷʜʨʘ ʜʦʤʽʥʫʶʪʴ ʜʚʘ ʤʝʭʘʥʽʟʤʠ: 

ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʽ ʧʨʦʮʝʩʠ ʽ ʩʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʧʘʜ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ ʤʦʜʝʣʽ 

ʍʘʫʟʝʨʘïʌʝʰʙʘʭʘ [29]. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʤʽʰʢʘ ʥʘʧʽʚʧʨʷʤʠʭ ʧʨʦʮʝʩʽʚ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 5ï8 %. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ 
136
ʉʝ(g,n)

135
ʉʝ, 

120
ʊʝ(g,n)

119
ʊʝ ʪʘ 

142
Nd(g,n)

141
Nd ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.11. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ 

ʧʦʟʥʘʯʝʥʽ ʪʦʯʢʘʤʠ ʟ ʧʦʭʠʙʢʘʤʠ, ʤʦʜʝʣʴʦʚʘʥʽ ï ʟôʻʜʥʘʥʽ ʣʽʥʽʷʤʠ. ʗʢ ʚʠʜʥʦ ʟ  

ʨʠʩ. 3.11 ʟʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʫʩʽʭ 

ʪʝʦʨʝʪʠʯʥʠʭ ʧʝʨʝʨʽʟʽʚ (g,n)-ʨʝʘʢʮʽ ʾ ʥʘ ʷʜʨʘʭ 
120
ʊʝ, 

136
ʉʝ ʽ 

142
Nd. ɺ ʢʦʜ ̔    

TALYS-1.9 ʧʝʨʝʜʙʘʯʝʥʦ ʰʽʩʪʴ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʘʥʥʷ ʛʫʩʪʠʥ ʨʽʚʥʽʚ ʚ ʦʙʣʘʩʪʽ 

ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʧʝʢʪʨʫ. ʅʘʡʢʨʘʱʝ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ ʩʧʽʚʧʘʣʠ 

ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʟʚʦʨʦʪʥʦ ʟʤʽʱʝʥʦʾ ʟʘ ʝʥʝʨʛʽʻ  ʁ ʤʦʜʝʣʽ ʌʝʨʤʽ-ʛʘʟʫ [27]. 

ʇʨʦʚʦʜʠʣʠʩ ɹʪʘʢʦʞ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽ ʜʣʷ ʽʥʰʠʭ ʤʦʜʝʣʝʡ. ʈʝʟʫʣʴʪʘʪʠ 

ʚʠʷʚʠʣʠʩʷ ʧʦʜʽʙʥʠʤʠ. 

ɺʠʢʦʥʘʥʘ ʨʦʙʦʪʘ ʜʦʟʚʦʣʠʣʘ ʦʜʝʨʞʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʥʠʭ ʚʠʭʦʜʽʚ (g,n)-ʨʝʘʢʮʽ ʾʥʘ ̫ʜʨʘʭ 
120
ʊʝ, 

130
ʊʝ, 

136
Ce ʽ 

140
Ce ʚʽʜ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ     

10ï18 ʄʝɺ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʨʦʟʨʘʭʫʚʘʪʠ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ 
120
ʊʝ(g,n)

119
ʊʝ, 

136
ʉʝ(g,n)

135
ʉʝ ʚ ʦʙʣʘʩʪʽ ɻɼʈ. ʌʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ ʤʘʶʪʴ ʦʜʥʦʛʦʨʙʫ ʬʦʨʤʫ 

ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʩʬʝʨʠʯʥʠʭ ʷʜʝʨ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ʝʥʝʨʛʽʾ 15.1 ʄʝɺ ʜʣʷ 
136

Ce ʽ 

15.4 ʄʝɺ ʜʣʷ 
120
ʊʝ, ʱʦ ʥʘ 0.1 ï 0.3 ʄʝɺ ʙʽʣʴʰʝ ʥʽʞ ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ ʚʘʞʢʠʭ 

ʥʫʢʣʽʜʽʚ 
140

Ce
 
ʪʘ 

130
ʊʝ [10], ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʟʘ ʘʙʩʦʣʶʪʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʄʘʶʪʴ ʤʽʩʮʝ ʥʠʞʯ̔ ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʽʟʽʚ           

(g,n)-ʨʝʘʢʮʽʡ ʜʣʷ ʽʟʦʪʦʧʽʚ 
120
ʊʝ ʽ 

136
Ce ʧʦʨʽʚʥʷʥʦ ʟ ʷʜʨʘʤʠ 

130
ʊʝ ʽ 

140
Ce. ɼʘʥʘ 

ʨʽʟʥʠʮʷ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʘ ʚʠʱʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʦʨʦʛʘʤʠ (g,n)-ʨʝʘʢʮʽʡ 
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ʜʣʷ ʣʝʛʰʠʭ ʥʫʢʣʽʜʽʚ 
120
ʊʝ ʽ 

136
Ce ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʦʛʘʤʠ ʨʝʘʢʮʽʡ 

130
ʊʝ(g,n)

129
ʊʝ ʽ 

140
ʉʝ(g,n)

139
ʉʝ [27]. 

 

 

ʈʠʩ. 3.11 ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʦʚʘʥʠʭ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ 
120
ʊʝ(g,n)

119
ʊʝ (a), 

136
ʉʝ(g,n)

135
ʉʝ (ʙ) ʽ 

142
Nd(g,n)

141
Nd (ʚ) ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ [27] 

 

ʆʪʨʠʤʘʥʦ ʪʝʦʨʝʪʠʯʥʽ ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ 
120
ʊʝ(g,n)

119
ʊʝ, 

136
ʉʝ(g,n)

135
ʉʝ ʽ 

142
Nd(g,n)

141
Nd ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʜʫ TALYS ï1.9 [57]. ɿʘʜʦʚʽʣʴʥʝ 
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ʫʟʛʦʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʤʽʥʫʶʯʫ 

ʨʦʣʴ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ (g,n)-ʨʝʘʢʮʽʾ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʨʘʭ ʽ 

ʦʙˇʨʫʥʪʦʚʘʥʩ̔ʪɹ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʍʘʫʟʝʨʘïʌʝʰʙʘʭʘ [29] ʚ ʘʩʪʨʦʬʽʟʠʮʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʝʨʝʨʽʟʽʚ (g,n)-ʨʝʘʢʮʽʡ. 

3.1.3 ɺʠʚʯʝʥʥʷ (ɔ,xn)-ʨʝʘʢʮʽʡ ʥʘ ʪʘʥʪʘʣʽ ʧʨʠ ɽʛʨ = 20, 40 ʪʘ 55 ʄʝɺ 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʽʚ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʚ̔ ʜʣʷ ʫʩʽʭ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦ ʾ

ʝʥʝʨʛʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʛʘʨʥʦ ʚʠʚʯʝʥʘ ʨʝʘʢʮʽ̫  
181
Ta(ɔ,n)

180
Ta [189] ʥʘ ʮʠʭ ʞʝ 

ʤ̔ʰʝʥʷʭ. ʇʨʠ ʮʴʦʤʫ ʚʠʟʥʘʯʘʣʠʩʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʫ ɔ-ʣʽʥʽʾ 103.6 ʢʝɺ, ʷʢʘ 

ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
180

Ta (ʜʠʚ. ʨʠʩ. 3.12) ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʠʭ̔ʜ ʨʝʘʢʮʽʾ 

181
Ta(ɔ,n)

180
Ta. ʎʝʡ ʚʠʭʽʜ ʚʠʟʥʘʯʘʚʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʛʦʨʪʢʠ ʪʘʙʣʠʯʥʠʭ ʟʥʘʯʝʥʴ 

ʧʝʨʝʨʽʟʽʚ ʮʽʻʾ ʨʝʘʢʮʽʾ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟ ʢʨʦʢʦʤ 1 ʄʝɺ ʟ 

ʚʽʜʥʦʩʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʤʦʜʝʣʴʦʚʘʥʦʛʦ ʚ Geant4 [159] ʩʧʝʢʪʨʘ ʛʘʣʴʤʽʚʥʠʭ            

ɔ-ʢʚʘʥʪʽʚ (ʜʠʚ. ʨʠʩ. 3.13) ʟʘ ʬʦʨʤʫʣʦʶ 3.4. 

 

                         (ʘ)        (ʙ) 

ʈʠʩ. 3.12 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
180
Ta (ʘ) [100 ]  ̔ɔ-ʩʧʝʢʪʨʘ ʪʘʥʪʘʣʘ, 

ʦʧʨʦʤʽʥʝʥʦʛʦ ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ ɽʛʨ = 40 ʄʝɺ (ʙ) [190] 

 

ʇʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʛʝʦʤʝʪʨʽ̫  ʤh̔ʝʥʝʡ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ ʩʘʤʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʜ̔ Geant4, ʪʦʙʪʦ ʚʨʘʭʦʚʫʻʪʴʩʷ ʦʩʣʘʙʣʝʥʥ ̫ʧʦʪʦʢʫ ʜʣʷ ʥʠʟʢɹʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʛʘʣʴʤʽʚʥʠʭ ʛʘʤʤʘ-ʢʚʘʥʪʚ̔. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʮʠʤʠ ʧʦʧʨʘʚʢʘʤʠ ʤʦʞʥʘ 
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ʟʥʝʭʪʫʚʘʪʠ, ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʠʭ ʧʦʨʦʛʦʚʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʚ̔ 

ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʡ̔. 

 

ʈʠʩ. 3.13 ʄʦʜʝʣʴʦʚʘʥʠʡ ʩʧʝʢʪʨ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʚ̔  

ʜʣʷ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʚ̔ 20, 40 ʪʘ 55 ʄʝɺ [47] 

 

ʈʝ̒ʩʪʨʘʮʽʷ ʘʢʪʠʚʥʦʩʪ ̔
178m

Ta ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ɔ-ʣ̔ʥ̔ ʻʶ 426.4 ʢʝɺ, (ʨʠʩ. 3.14). 

ʌʨʘʛʤʝʥʪʠ ʚʠʤʽʨʷʥʠʭ ɔ-ʩʧʝʢʪʨʚ̔ ʧʨʠʚʝʜʝʥ ̔ʥʘ ʨʠʩ. 3.15. 

ɿʘ ʬʦʨʤʫʣʦ  ʁ (3.6), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʜʘʥʽ ʪʘ ʧʦʧʨʘʚʢʠ ʥʘ ʨʟ̔ʥʠʮ ʁ

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʨʦʛʚ̔ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʡ̔ ̔ ʨʝʘʢʮʽʾ ʥʘ ʤʦʥʪ̔ʦʨʘʭ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ Y
 
ʨʝʘʢʮʡ̔ 

181
Ta(ɔ,3n)

178m
Ta, 

181
Ta(ɔ,4n)

177
Ta 

 
ʧʨʠ Eʛʨ = 40 ʪʘ  

 
ʈʠʩ. 3.14 ʌʨʘʛʤʝʥʪ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 

178m,g
Ta [100] 



108 

 

 

 

 
ʈʠʩ. 3.15 ʌʨʘʛʤʝʥʪʠ ɔ-ʩʧʝʢʪʨʽʚ ʤ̔ʰʝʥ̔ ʧʨʠʨʦʜʥʦʛʦ Ta [47] ʦʧʨʦʤʽʥʝʥʦʛʦ 

ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ Eʛʨ = 20 ʄʝɺ (ʘ), Eʛʨ =40 ʄʝɺ (ʙ) ʪʘ Eʛʨ =55 ʄʝɺ (ʚ) 

 

55 ʄʝɺ ̔ 
180

Ta(ɔ,2n)
178m

Ta 
 
ʧʨʠ Eʛʨ = 20 ʄʝɺ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʠʚʝʜʝʥ ̔ʚ ʪʘʙʣʠʮʽ 3.4. 

ʉʣ̔ʜ ʚʽʜʤʽʪʠʪʠ, ʦɦ ʚʤʽʩʪ 
180

Ta ʚ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʩʢʣʘʜʘʻ ʣʠʰʝ 0.012%, ʘ ʧʦʨʛ̔ 

ʨʝʘʢʮʽʾ 
181

Ta(ɔ,3n) ʨʽʚʥʠʡ 22.2 ʄʝɺ. ʊʦʤʫ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʧʨʠʨʦʜʥʦʛʦ ʊʘ 
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ʊʘʙʣʠʮʷ 3.4 

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʽ ʪʝʦʨʝʪʠʯʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ (Y ) 

ʥʘʧʨʘʮʶʚʘʥʥʷ 
177,178m

Ta [47] 

 

 

ʈʝʘʢʮʽ̫ 

ɽʥʝʨʛʽ̫  

Eʛʨ, 

(Mʝɺ) 

Y , ʤʙ 

ɽʢʩʧʝʨʠ 

ʤʝʥʪ 

TALYS-1.9, ʤʦʜʝʣ ̔ʛʫʩʪʠʥ ʨʽʚʥʽʚ* 

ld1 ld2 ld3 ld4 ld5 ld6 

180
Ta(ɔ,2n)

178m
Ta 20 48.5Ñ5 61 56 61 25 73 56 

 

181
Ta(ɔ,3n)

178m
Ta 

40 1.5Ñ0.15 6.7 7 3 7 5.4 

55 1.3Ñ0.1 4.5 4.6 2.5 5 3.8 

 

181
Ta(ɔ,4n)

177
Ta 

40 9.3Ñ0.9 3.8 3.3 3.7 2.5 2.2 2.7 

55 6.1Ñ0.9 5.8 5.6 5.2 4.1 4.6 5.3 

*ʇʦʟʥʘʯʝʥʥʷ ʤʦʜʝʣʝʡ ʛʫʩʪʠʥ ʨʽʚʥʽʚ ʚ TALYS-1.9 ʘʥʘʣʦʛʽʯʥʝ TALYS-1.6. ɼʘʥʽ 

ʧʨʦ ʥʠʭ ʥʘʚʝʜʝʥʦ ʥʘ ʩ. 96. 

 

ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ ɽʛʨ = 20 ʄʝɺ ʚʦʥʘ ʟʘʙʦʨʦʥʝʥʘ ʟʛʽʜʥʦ ʟʘʢʦʥʫ 

ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽ,ʾ ʘ ʧʨʠ Eʛʨ = 40 ̔  55 ʄʝɺ ʧʦʚʥʽʩʪʶ ʜʦʤ̔ʥʫ.̒ 

ʉʪʘʪʠʩʪʠʯʥʘ ʧʦʭʠʙʢʘ ʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʩʢʣʘʣʘ ʤʝʥɹhʝ 5 %. ɺ ʪʦʡ 

ʞʝ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʝʢʪʨʘ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʚ̔ ̒  ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʟ̔ʥ̔ ʟʘ ʨʦʟʤ̔ʨʘʤʠ ʪʘ 

ʤʘʩʘʤʠ ʟʙ̔ʨʢʠ. ʆʮ̔ʥʢʘ ʧʦʭʠʙʢʠ ʟʘ ʨʘʭʫʥʦʢ ʬʦʨʤʠ ʛʘʣʴʤʽʚʥʦʛʦ ɔ-ʩʧʝʢʪʨʘ ʩʢʣʘʣʘ 

ʙʽʣʷ 10 %. ɼʣʷ ʦʮʥ̔ʢʠ ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʨ̔ʟʥʠʭ ʩʧʝʢʪʨʦʤʝʪʨʘʭ, ʚ ʪʘʙʣʠʮʽ 3.4 ʚʢʘʟʘʥʘ ʟʘʛʘʣʴʥʘ ʧʦʭʠʙʢʘ [47]. 

ɼʣʷ ʦʮʥ̔ʢʠ ʤʝʭʘʥʟ̔ʤ̔ʚ ʧʝʨʝʙʽʛʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʡ̔ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʫ TALYS-1.9. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʚʝʜʝʥ ̔ ʚ ʪʘʙʣʠʮʽ 3.4. ʗʢ ʚʠʜʥʦ ʚ ʦʙʣʘʩʪ ̔

ʤʘʢʩʠʤʘʣʴʥʦ ʾ ʝʥʝʨʛʽʾ 20 ʄʝɺ ʜʣʷ (ɔ,2n)-ʨʝʘʢʮʽʾ ʜʦʩ̫ʛʘʻʪʴʩʷ ʥʝʧʦʛʘʥʝ 

ʫʟʛʦʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ̔ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ɦ ʦ ʚ ʜʘʥʡ̔ 

ʨʝʘʢʮʽʾ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʤ̔ʞ ʚʠʩʦʢʦʩʧʥ̔ʦʚʠʤʠ ʩʪʘʥʘʤʠ ʟ J
ˊ
 9

-
 Ÿ 7

-
  ̔
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ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʫʩ̔ʭ ʤʦʜʝʣʝʡ ʛʫʩʪʠʥʠ 

ʨ̔ʚʥ̔ʚ. ʎ ̔ ʜʘʥ̔ ʨ̔ʟʢʦ ʢʦʥʪʨʘʩʪʫʶʪʴ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤʠ, ʚ ʷʢʠʭ ʚʠʚʯʘʻʪʴʩʷ 

ʟʘʩʝʣʝʥʥ ̫ʚʠʩʦʢʦʩʧʥ̔ʦʚʠʭ ʩʪʘʥʽʚ ʟ ʂ = 25/2 (ʜʠʚ ʧ. 3.1.1). Cʝʨʝʜʥʴʦʟʚʘʞʝʥʽ 

ʚʠʭʦʜʠ ʜʣʷ (ɔ,n)-ʨʝʘʢʮʽʾ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʽʪʴ ʷʢʽʩʥʦ ʥʝ ʦʧʠʩʫʶʪʴʩʷ ʚ ʢʦʜ ̔

TALYS-1.9 (ʜʠʚ. ʧ. 3.1.1). ɼʘʥʘ ʦʙʩʪʘʚʠʥʘ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʦɦ ʩʪʘʪʠʩʪʠʯʥ ̔

ʧʝʨʝʭʦʜʠ ʩʣʘʙʦ ʟʘʩʝʣʷʶʪ ɹ ʩʪʘʥʠ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʘ ʧʝʨʝʙʫʜʦʚʘ ʭʾ 

ʩʪʨʫʢʪʫʨʠ [47]. 

ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʠʭ̔ʜ (ɔ,4n)-ʨʝʘʢʮʽʾ  ʧʨʠ ɽʛʨ = 55 ʄʝɺ ʟʘʜʦʚʽʣʴʥʦ 

ʦʧʠʩʫ̒ʪʴʩʷ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜ̔ TALYS-1.9. ʎʝ ʚʢʘʟʫʻ ʥʘ ʜʦʤʽʥʫʚʘʥʥʷ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʣʷ ʜʘʥʦ ʾʨʝʘʢʮʽ.ʾ ɼʝʷʢʘ ʘʥʦʤʘʣʽ̫  ʜʣʷ (ɔ,4n)-ʨʝʘʢʮʽʾ ʚ 

ʫʟʛʦʜʞʝʥʥʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʭʦʜ̔ʚ ʧʨʠ 40 ʄʝɺ ʤʦʞʝ ʙʫʪʠ 

ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ɦʦ ʤʘʢʩʠʤʫʤ ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ ʮʽʻʾ ʨʝʘʢʮʽʾ ʟʥʘʭʦʜʠʪʩɹʷ ʚ 

ʦʙʣʘʩʪ ̔40-45 ʄʝɺ ̔ ʟʤ̔ʱʝʥʥ ̫ʡʦʛʦ ʥʘ 5 ʄʝɺ ʟʤʽʥʶʻ ʚʠʭ̔ʜ (ɔ,4n)-ʨʝʘʢʮʽʾ ʧʨʠ  

Eʛʨ = 40 ʄʝɺ ʚ ʨʘʟʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ 55 ʄʝɺ ʧʦʜʽʙʥʝ ʟʤʽʱʝʥʥʷ ʥʝ ʛʨʘʻ ʪʘʢʦʾ 

ʢʘʨʜʠʥʘʣʴʥʦ ʾʨʦʣ̔ [47]. ɼʣʷ (ɔ,3n)-ʨʝʘʢʮʽʾ ʪʝʦʨʝʪʠʯʥʽ ʉɺ ʫ 2-4 ʨʘʟʠ ʚʠʱʽ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

3.1.4 ɼʦʩʣʽʜʞʝʥʥʷ ʽʟʦʤʝʨʽʚ 
179

Hf
m2 
ʪʘ 

180
Hf

m 
ʚ (ɔ,ɔ')-ʨʝʘʢʮʽʾ ʚ ʰʠʨʦʢʦʤʫ  

ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ 

 

ɺʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʜʣʷ ʽʟʦʪʦʧʽʚ ʛʘʬʥʽʶ ʧʨʦʚʦʜʠʣʠʩʴ 

ʜʣʷ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟ ʛʨʘʥʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽʾ 17.5, 20, 37 ʽ 55 

ʄʝɺ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʧʨʠ ɽʛʨ = 20 ʪʘ 55 ʄʝɺ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʨʝʘʢʮʽ ̫
181
Ta(ɔ,n)

180
Ta, ʷʢʘ ʜʦʙʨʝ ʚʠʚʯʝʥʘ ʚ ʜʘʥʦʤʫ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [189] ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ɔ-ʢʚʘʥʪʽʚ. ʇʨʠ ɽʛʨ = 20 

ʄʝɺ ʧʨʦʚʦʜʠʣʘʩʷ ʜʦʜʘʪʢʦʚʘ ʧʝʨʝʚʽʨʢʘ ʧʦʪʦʢʫ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʝʘʢʮʽʾ 
174

Hf(ɔ,n)
173

Hf. ʈʝʟʫʣʴʪʘʪʠ ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʩʧʽʚʧʘʣʠ ʟ 

ʜʘʥʠʤʠ ʦʪʨʠʤʘʥʠʤʠ ʟ ʨʝʘʢʮʽʾ 
181
Ta(ɔ,n)

180
Ta. ʇʨʠ ɽʛʨ = 17.5 ʄʝɺ ʟ ʤʝʪʦʶ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʨʝʘʢʮʽʷ 
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176
Hf(ɔ,n)

175
Hf, ʷʢʘ ʚʠʚʯʝʥʘ ʚ ʜʘʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [158]. ʇʦʪʽʢ 

ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʧʨʠ ɽʛʨ = 37 ʄʝɺ ʚʠʟʥʘʯʘʚʩʷ ʟ ʜʘʥʠʭ ʜʚʦʭ ʨʝʘʢʮʽʡ ʥʘ 

ʣʶʪʝʮʽʾ ï 
175

Lu(ɔ,n)
174

Lu ʪʘ 
175

Lu(ɔ,2n)
173

Lu, ʷʢʽ ʥʝʧʦʛʘʥʦ ʚʠʚʯʝʥʽ ʚ 

ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [191]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʧʦʪʦʢʫ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʧʨʠ ɽʛʨ = 17.5 ʪʘ 20 

ʄʝɺ ʚʠʟʥʘʯʘʣʠʩʴ ʧʣʦʱʽ ʬʦʪʦʧʽʢʽʚ ɔ-ʣʽʥʽʡ 343.4 ʽ 297 ʢʝɺ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ 

ʨʦʟʧʘʜ 
175

Hf ʪʘ 
173

Hf
 
ʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʡ 

176
Hf(ɔ,n)

175
Hf ʪʘ 

174
Hf(ɔ,n)

173
Hf, ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ɽʛʨ = 55 ʄʝɺ ʚʠʟʥʘʯʘʣʠʩʴ ʧʣʦʱʽ ʬʦʪʦʧʽʢʽʚ        

ɔ-ʣʽʥʽʾ 103.6 ʢʝɺ, ʷʢʘ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
180

Ta
 
(ʜʠʚ. ʨʠʩ. 3.16) ʽ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʠʭʽʜ ʨʝʘʢʮʽʾ 
181
Ta(ɔ,n)

180
Ta. ʇʨʠ ɽʛʨ = 37 ʄʝɺ ʱʽʣʴʥʽʩʪʴ 

ʧʦʪʦʢʫ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʤʽʨʶʚʘʥʥʷ 

ʘʢʪʠʚʥʦʩʪʝʡ 
174

Lu (T1/2 = 3.31 p., Eɔ = 76.5 ʢʝɺ) ʪʘ 
173

Lu (T1/2 = 1.37 p.,                  

Eɔ = 272 ʢʝɺ) ʪʘ ʜʘʥʠʭ ʧʨʦ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʡ 
175

Lu(ɔ,n)
174

Lu ʪʘ 

 

ʈʠʩ. 3.16 ʌʨʘʛʤʝʥʪʠ ɔ-ʩʧʝʢʪʨʘ ʪʘʥʪʘʣʫ, ʦʧʨʦʤʽʥʝʥʦʛʦ ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ 

ɽʛʨ = 55 ʄʝɺ [42] 

 

175
Lu(ɔ,2n)

173
Lu. 

ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʤʦʥʽʪʦʨʥʠʭ ʨʝʘʢʮʽʡ - 
176

Hf(ɔ,n)
175

Hf, 
174

Hf(ɔ,n)
173

Hf
 
, 

181
Ta(ɔ,n)

180
Ta, 

175
Lu(ɔ,n)

174
Lu ʪʘ 

175
Lu(ɔ,2n)

173
Lu ʚʠʟʥʘʯʘʣʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʟʛʦʨʪʢʠ ʟ ʢʨʦʢʦʤ 1 ʄʝɺ ʟʘ ʬʦʨʤʫʣʦʶ 3.4. ʇʨʠ ʮʴʦʤʫ ʟʜʽʡʩʥʶʚʘʣʦʩʴ 

ʧʨʠʚʝʜʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʚʝʣʠʯʠʥ ʧʦʪʦʢʽʚ, ʤʦʜʝʣʴʦʚʘʥʠʭ ʚ Geant4 [159] ʩʧʝʢʪʨʽʚ 
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ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ (ʜʠʚ. ʨʠʩ. 3.17), ʜʦ ʧʦʨʦʛʦʚʠʭ ʚʝʣʠʯʠʥ ʤʦʥʽʪʦʨʥʠʭ ʨʝʘʢʮʽʡ 

[42]. 

ʇʽʩʣʷ ʮʴʦʛʦ ʱʽʣʴʥʦʩʪʽ ʧʦʪʦʢʽʚ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟʘ  

 

ʈʠʩ. 3.17 ɻʘʣʴʤʽʚʥ ̔ʩʧʝʢʪʨʠ ʜʣʷ ʨʽʟʥʠʭ ʛʨʘʥʠʯʥʠʭ ʝʥʝʨʛʽʡ [42] 

ʬʦʨʤʫʣʦʶ (3.5). 

ɼʘʣʽ ʧʦ ʬʦʨʤʫʣʽ (3.6), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʱʽʣʴʥʦʩʪʽ ʧʦʪʦʢʽʚ ʪʘ 

ʧʦʧʨʘʚʢʠ ʥʘ ʨʽʟʥʠʮʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʨʦʛʽʚ ʽ ʢʫʣʦʥʽʚʩʴʢʠʭ ʙʘʨôʻʨʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʽʡ ʽ ʨʝʘʢʮʽʡ ʥʘ ʤʦʥʽʪʦʨʘʭ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ
 
(ɔ,ɔ')-ʨʝʘʢʮʽʡ ʥʘ ʷʜʨʘʭ 

179,180
Hf, ʷʢʽ ʧʨʠʚʦʜʷʪʴ ʜʦ 

ʟʘʩʝʣʝʥʥʷ ʂ-ʽʟʦʤʝʨʽʚ. ʌʨʘʛʤʝʥʪʠ ʩʭʝʤ ʨʦʟʧʘʜʫ 
179

Hf
m2

 ʪʘ 
180

Hf
m
 ʧʨʠʚʝʜʝʥʽ ʥʘ 

ʨʠʩʫʥʢʘʭ 3.2 ʪʘ 3.18. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʠʭʦʜʽʚ ʚʠʟʥʘʯʘʣʠʩʷ ʧʣʦʱʽ ʬʦʪʦʧʽʢʽʚ       

ɔ-ʣʽʥʽʡ ʟ ʝʥʝʨʛʽʷʤʠ 453.6 ʪʘ 443.2 ʢʝɺ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 
179

Hf
m2

 ʪʘ 

180
Hf

m
, ʚʽʜʧʦʚʽʜʥʦ (ʜʠʚ. ʨʠʩ. 3.19 ʪʘ 3.20). 

 

ʈʠʩ. 3.18 ʌʨʘʛʤʝʥʪ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
180

Hf
m 

[100] 
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ʈʠʩ. 3.19 ʌʨʘʛʤʝʥʪ ɔ-ʩʧʝʢʪʨʫ ʤʽʰʝʥʽ 
179

HfO2, ʦʧʨʦʤʽʥʝʥʦʾ ɔ-ʢʚʘʥʪʘʤʠ ʟ  

ɽʛʨ = 55 ʄʝɺ [42] 

 

ʈʠʩ. 3.20 ʌʨʘʛʤʝʥʪ ɔ-ʩʧʝʢʪʨʫ ʤʽʰʝʥʽ 
180

HfO2, ʦʧʨʦʤʽʥʝʥʦʾ ɔ-ʢʚʘʥʪʘʤʠ ʟ  

ɽʛʨ = 55 ʄʝɺ [42] 

 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.5. Cʪʘʪʠʩʪʠʯʥʘ ʪʘ 

ʩʠʩʪʝʤʘʪʠʯʥʘ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʴ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ɔ-ʣʽʥʽʡ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 

5%. ʆʩʪʘʥʥʷ ʦʮʽʥʝʥʘ ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʜʝʢʽʣʴʢʦʭ ʩʧʝʢʪʨʦʤʝʪʨʘʭ. 
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ɺ ʪʘʙʣʠʮʽ 3.5 ʥʘʚʝʜʝʥʘ ʟʘʛʘʣʴʥʘ ʧʦʭʠʙʢʘ. 

ʊʘʙʣʠʮʷ 3.5 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʥʘʧʨʘʮʶʚʘʥʥʷ 

179
Hf

m2 
ʪʘ

 180
Hf

m
 [42] 

 

 

ʈʝʘʢʮʽʷ 

ɽʥʝʨʛʽʷ 

ɽʛʨ
 

(Mʝɺ) 

Y , ʤʢʙʥ 

Eʢʩʧ. TALYS-1.9 EMPIRE-3.2 

 

 

179
Hf(ɔ,ɔǋ)

179m2
Hf 

17.5 Ò0.3 2.0 0.04 

20 3.8Ñ1.2 1.5 0.04 

37 Ò1.3 2.6 0.013 

55 0.7Ñ0.1 2.2 0.012 

 

180
Hf(ɔ,ɔǋ)

180m
Hf 

20 3.9Ñ0.4 2.2 0.03 

55 2.0Ñ0.3 3.1 0.03 

 

ʊʘʢʦʞ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ɔ-ʩʧʝʢʪʨʚ̔ ʚʠʟʥʘʯʘʣʠʩʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ 

Y  ʜʣʷ 
179m2

Hf ʪʘ 
180m

Hf ʟʘ ʬʦʨʤʫʣʦ  ʁ[42]: 

               

(3.7) 

 

 

ʜʝ fʤʦʥ(t), fm(t) ï ʬʫʥʢʮʽʾ ʘʥʘʣʦʛʽʯʥʽ (3.1) ʪʘ (3.2) ʟ ʟʘʤʽʥʦʶ ʚʽʜʧʦʚʽʜʥʠʭ 

ʽʥʜʝʢʩʽʚ ʧʨʠ ʩʪʘʣʠʭ ʨʦʟʧʘʜʫ; 

ʤʦʥY ðʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʡ ʥʘ ʷʜʨʘʭ-ʤʦʥʽʪʦʨʘʭ, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ 

ʬʦʨʤ. (3.4); 

Nm,ʤʦʥðʢʽʣʴʢʽʩʪʴ ʚʽʜʣʽʢʽʚ ʧʽʜ ʬʦʪʦʧʽʢʘʤʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ ʽʟʦʤʝʨʽʚ 

Hf (m) ʪʘ ʷʜʝʨ-ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʡ ʥʘ ʤʦʥʽʪʦʨʘʭ (ʤʦʥ); 

Ŭm,ʤʦʥðʢʚʘʥʪʦʚʽ ʚʠʭʦʜʠ ɔ-ʢʚʘʥʪʽʚ, ʢʦʪʨʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ ʽʟʦʤʝʨʽʚ Hf ʽ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʡ ʥʘ ʤʦʥʽʪʦʨʘʭ, ʚʽʜʧʦʚʽʜʥʦ; 

ɝm,ʤʦʥðʝʬʝʢʪʠʚʥʦʩʪ̔ ʨʝʻʩʪʨʘʮʽʾ ʚʠʱʝʟʛʘʜʘʥʠʭ ɔ-ʢʚʘʥʪʽʚ; 

m ʤʦʥ ʤʦʥ ʤʦʥ m

ʤʦʥ m m m m ʤʦʥ

ʤʦʥ ʤʦʥ m ʤʦʥ ʤʦʥ

ʤʦʥ m m

ɚ f (t)ɝ k Ŭ N A

ɚ f (t)ɝ k Ŭ N A

Y m ű
Y =

m ű
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tʦʧʨ, tʦʭʦʣ, tʚʠʤðʪʨʠʚʘʣʦʩʪʽ ʦʧʨʦʤʽʥʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ, c; 

km,ʤʦʥðʢʦʝʬʽʮʽʻʥʪʠ ʩʘʤʦʧʦʛʣʠʥʘʥʥʷ ɔ-ʢʚʘʥʪʽʚ ʨʦʟʧʘʜʫ ʽʟʦʤʝʨʽʚ Hf ʽ ʷʜʝʨ 

ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʡ ʥʘ ʤʦʥʽʪʦʨʘʭ, ʚʽʜʧʦʚʽʜʥʦ; 

űm,ʤʦʥðʘʙʩʦʣʶʪʥʠʡ ʚʤʽʩʪ 
179,180

Hf ʪʘ ʷʜʝʨ-ʤʦʥʽʪʦʨʽʚ ʚ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʽʰʝʥʷʭ, 

ʚʽʜʧʦʚʽʜʥʦ; 

Am,ʤʦʥðʤʘʩʦʚʽ ʯʠʩʣʘ Hf ʽ ʤʦʥʽʪʦʨʽʚ, ʚʽʜʧʦʚʽʜʥʦ; 

ɚm,ʤʦʥðʩʪʘʣʽ ʨʦʟʧʘʜʫ ʷʜʝʨ 
179m2

Hf, 
180m

Hf ʪʘ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʡ ʥʘ ʤʦʥʽʪʦʨʘʭ, 

ʚʽʜʧʦʚʽʜʥʦ, ʩ
-1
; 

mm,ʤʦʥðʤʘʩʠ ʤʽʰʝʥʝʡ Hf ʽ ʤʦʥʽʪʦʨʽʚ, ʚʽʜʧʦʚʽʜʥʦ, ʛĬʩʤ
-2
. 

ɺʝʣʠʯʠʥʠ ɚm, ɚʤʦʥ, km,ʤʦʥ, Ŭm,ʤʦʥ, űm, Am,ʤʦʥ ʙʫʣʠ ʚʟʷʪʽ ʠʟ [100] ʪʘ ʧʘʩʧʦʨʪʽʚ 

ʤʽʰʝʥʝʡ, Nm, Nʤʦʥðʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ɔ-ʩʧʝʢʪʨʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦ 

ʬʦʨʤ. (3.7) ʚ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʩʧʽʚʧʘʣʠ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʬʦʨʤ. 

(3.6). 

ɿ ʜʘʥʠʭ ʧʨʦ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʟʘʩʝʣʝʥʥʷ 
179m2

Hf ʪʘ 
180m

Hf ʚʠʧʣʠʚʘʻ, ʱʦ 

ʚ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʦʢʦʣʽ 20 ʄʝɺ ʽʩʥʫʻ ʜʨʫʛʠʡ ʨʝʟʦʥʘʥʩ ʚ ʾʭ 

ʟʘʩʝʣʝʥʥʽ. ɺ ʮʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʝʨʝʨʽʟ ʬʦʪʦʧʦʛʣʠʥʘʥʥʷ 

ʟʥʠʞʫʻʪʴʩʷ ʜʦ ʚʝʣʠʯʠʥ 10-20 ʤʙ ʽ ʦʪʞʝ ʧʝʨʝʨʽʟ (ɔ,ɔ')-ʨʝʘʢʮʽʡ ʩʪʘʻ ʧʨʠʙʣʠʟʥʦ 

ʨʽʚʥʠʤ 10
-3
ů. ʎʽ ʜʘʥʽ ʷʢʽʩʥʦ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʦʮʽʥʢʘʤʠ, ʥʘʚʝʜʝʥʠʤʠ ʚ ʨʦʙʦʪʽ [44]. 

ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʦʮʽʥʠʪʠ, ʩʢʽʣʴʢʠ ʥʝʡʪʨʦʥʽʚ ʥʘʧʨʘʮʴʦʚʫʻʪʴʩʷ ʚ ʛʘʣʴʤʽʚʥʽʡ 

ʤʽʰʝʥʽ. ʆʮʽʥʢʘ ʙʫʜʝ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ɽʛʨ = 37 ʄʝɺ. ʆʩʢʽʣʴʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʩʝʨʝʜ ʽʥʰʠʭ ʽ ʤʽʰʝʥʴ 
nat

Hf ʪʦ ʥʝʡʪʨʦʥʠ ʤʦʛʣʠ ʜʘʪʠ ʚʥʝʩʦʢ ʚ ʟʘʩʝʣʝʥʥʷ 
179

Hf
m2

 

ʟʘʚʜʷʢʠ ʨʝʘʢʮʽʷʤ 
178

Hf(n,ɔ)
179

Hf
m2

, 
179

Hf(n,n')
179

Hf
m2

 ʪʘ 
180

Hf(n,2n)
179

Hf
m2

. 

ʉʧʦʯʘʪʢʫ ʚ ʪʘʥʪʘʣʽ ʩʪʚʦʨʶʚʘʣʠʩʷ ʥʝʡʪʨʦʥʠ ʟʘʚʜʷʢʠ ʨʝʘʢʮʽʾ 
181

Ta(ɔ,n)
180

Ta 

(Eʧʦʨ = 7.5 ʄʝɺ). ʆʪʞʝ, ʧʽʩʣʷ ʚʠʣʴʦʪʫ ʟ Ta ʜʽʘʧʘʟʦʥ ʝʥʝʨʛʽʾ ʥʝʡʪʨʦʥʽʚ ʢʦʣʠʚʘʚʩʷ 

ʚʽʜ 20.5 ʜʦ 29.5 ʄʝɺ, ʦʩʢʽʣʴʢʠ ʫ ʬʦʣʴʟʽ Ta, ʚ ʦʩʥʦʚʥʦʤʫ ʛʝʥʝʨʫʚʘʣʠʩʷ ʛʘʣʴʤʽʚʥʽ 

ʬʦʪʦʥʠ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 28-37 ʄʝɺ. ɼʘʣʽ ʮʽ ʥʝʡʪʨʦʥʠ ʨʫʭʘʣʠʩʷ ʢʨʽʟʴ 

ʘʣʶʤʽʥʽʻʚʠʡ ʮʠʣʽʥʜʨ (ʜʠʚ. ʈʠʩ. 1 ʟ [192]), ʽʥʽʮʽʶʶʯʠ ʨʝʘʢʮʽʶ 
27

Al(ɔ,n)
26

Al              

(Eʧʦʨ = 13.1 ʄʝɺ) [192]. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʮʴʦʤʫ ʮʠʣʽʥʜʨʽ ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ 

ʥʝʡʪʨʦʥʽʚ ʟʤʽʥʶʻʪʴʩʷ. ʇʦ-ʧʝʨʰʝ ʜʦʜʘʶʪʴʩʷ ʥʝʡʪʨʦʥʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ 
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ʝʥʝʨʛʽʾ ʚʽʜ 14.9 ʜʦ 0 ʄʝɺ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʟʘʚʜʷʢʠ ʚʟʘʻʤʦʜʽʾ ʛʘʣʴʤʽʚʥʠʭ 

ʬʦʪʦʥʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽ ʾ28-13.1 ʄʝɺ ʟ ʘʣʶʤʽʥʽʻʚʠʤ ʨʘʜʽʘʪʦʨʦʤ. ʇʦ-

ʜʨʫʛʝ, ʪʘʢʦʞ ʜʦʜʘʶʪʴʩʷ ʥʝʡʪʨʦʥʠ ʟ ʝʥʝʨʛʽʷʤʠ ʚʽʜ 23.9 ʜʦ 14.9 ʄʝɺ, ʷʢʽ 

ʛʝʥʝʨʫʶʪʴʩʷ ʟʘʚʜʷʢʠ ʚʟʘʻʤʦʜʽʾ ʟ ʘʣʶʤʽʥʽʻʤ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʬʦʪʦʥʽʚ, ʱʦ 

ʩʪʚʦʨʶʶʪʴʩʷ ʚ ʪʘʥʪʘʣʦʚʦʤʫ ʨʘʜʽʘʪʦʨʽ. 

ɺ ɔ-ʩʧʝʢʪʨʘʭ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʨʝʘʢʮʽʾ 
181

Ta(n,ɔ)
182

Ta ʪʘ 
180

Hf(n,ɔ)
181

Hf ʫ 

ʪʘʥʪʘʣʦʚʽʡ ʪʘ ʛʘʬʥʽʻʚʽʡ ʤʽʰʝʥʷʭ, ʚʽʜʧʦʚʽʜʥʦ. ɺʠʩʫʚʘʻʪʴʩʷ ʛʽʧʦʪʝʟʘ, ʷʢʘ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʨʠʩ. 6ʙ ʨʦʙʦʪʠ [193], ʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʧʝʢʪʨ ʬʦʪʦʥʝʡʪʨʦʥʽʚ 

ʤʦʞʥʘ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʄʘʢʩʚʝʣʣʽʚʩʴʢʠʤ ʨʦʟʧʦʜʽʣʦʤ ʚʽʜ 0 ʜʦ 29.5 ʄʝɺ ʟʽ 

ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʝʧʽʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ (0.5 ʝɺ <ɽn <0.5 ʄʝɺ). ɹʫʣʦ ʚʠʩʫʥʫʪʝ 

ʧʨʠʧʫʱʝʥʥ,̫ ʱʦ ʾʭ ʚʥʝʩʦʢ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 20 %, ʽ ʦʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ 

ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ ~ 2Ĭ10
5
 (ʥ/(ʩʤ

2
Ĭʩ)). ɺʽʥ ʥʘ ʧôʷʪʴ ʧʦʨʷʜʢʽʚ ʥʠʞʯʠʡ, 

ʥʽʞ ʧʦʪʽʢ ʛʘʣʴʤʽʚʥʠʭ ʬʦʪʦʥʽʚ [192]. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʠ ʧʦʪʦʢʽʚ ʥʝʡʪʨʦʥʽʚ, 

ʦʙʯʠʩʣʝʥʽ ʟʘ ʦʙʦʤʘ ʨʝʘʢʮʽʷʤʠ 
181
Ta(n,ɔ)

182
Ta ʪʘ 

180
Hf(n,ɔ)

181
Hf, ʟʙʽʛʣʠʩʷ ʚ ʤʝʞʘʭ 

15 %. ʋ ʩʚʦʶ ʯʝʨʛʫ ʧʦʪʽʢ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʥʝʡʪʨʦʥʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʚʦʜʠʪʠ 

ʜʦ ʟʘʩʝʣʝʥʥʷ 
179

Hf
m2
, ʚʠʷʚʣʷʪ̒ʴʩʷ ʚʠʱʠʤ ʣʠʰʝ ʫ 4 ʨʘʟʠ ~ 8Ĭ10

5
 (ʥ/(ʩʤ

2
Ĭʩ)). ʎʝ ʚ 

2.5Ĭ10
4
 ʨʘʟʠ ʥʠʞʯʝ, ʥʽʞ ʧʦʪʽʢ ʛʘʣʴʤʽʚʥʠʭ ʬʦʪʦʥʽʚ. ʗʢʱʦ ʤʘʢʩʚʝʣʣʽʚʩʴʢʠʡ 

ʨʦʟʧʦʜʽʣ ʬʦʪʦʥʝʡʪʨʦʥʽʚ ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ (4) [193] ʟ T = 0.5 ʄʝɺ (k = 1), ʪʦ 

ʚʥʝʩʦʢ ʥʝʡʪʨʦʥʽʚ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥ ̔0-5 ʄʝɺ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 99.9 %. 

ʇʨʠ T = 1 ʄʝɺ ʾʭ ʚʥʝʩʦʢ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 99 %. ɺʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʽ ʥʝʡʪʨʦʥʠ 

ʤʦʞʫʪʴ ʜʘʪʠ ʚʥʝʩʦʢ ʜʦ 8 % ʫ ʥʘʧʨʘʮʶʚʘʥʥʷ 
179

Hf
m2

 ʟʘʚʜʷʢʠ ʨʝʘʢʮʽʷʤ 

178
Hf(n,ɔ)

179
Hf

m2
 ʪʘ 

179
Hf(n,n')

179
Hf

m2
 ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʾʭ ʧʝʨʝʨʽʟ ʧʝʨʝʚʠʱʠʪʴ 

ʧʝʨʝʨʽʟ ʨʝʘʢʮʽ ʾ
180
Hf(ɔ,n)

179
Hf

m2
 ʚ 10

3
 ʨʘʟʠ [192]. ʆʜʥʘʢ ʫ ʙʘʟʽ ʜʘʥʠʭ EXFOR 

ʥʝʤʘʻ ʧʝʨʝʨʽʟʽʚ ʮʠʭ ʨʝʘʢʮʽʡ ʚ ʜʘʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ɿ ʬʽʟʠʯʥʦʾ 

ʪʦʯʢʠ ʟʦʨʫ, ʦʨʙʽʪʘʣʴʥʠʡ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ ʜʘʥʠʭ ʥʝʡʪʨʦʥʽʚ ʻ ʟʘʥʘʜʪʦ ʥʠʟʴʢʠʤ 

ʜʣʷ ʟʥʘʯʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʟʘʩʝʣʝʥʥʷ 
179

Hf
m2
, ʦʩʢʽʣʴʢʠ ʦʩʪʘʥʥʽʡ ʤʘʻ J

ˊ 
= 25/2

-
. 

ʂʽʣʴʢʽʩʪʴ ʥʝʡʪʨʦʥʽʚ ʟ E > 5 ʄʝɺ, ʜʣʷ ʷʢʠʭ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ (n,n'), (n,ɔ) ʪʘ (n,2n) 

ʨʝʘʣʴʥʦ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ (ɔ,n) ʚ 10
3
 ʨʘʟʠ [194] ʦʮʽʥʶʻʪʴʩʷ 

ʥʘ 8 ʧʦʨʷʜʢʽʚ ʥʠʞʯʠʤ, ʥʽʞ ʢʽʣʴʢʽʩʪʴ ʬʦʪʦʥʽʚ. ʆʪʞʝ, ʥʝʡʪʨʦʥʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ 



117 

 

ʚ ʪʘʥʪʘʣʦʚʦʤʫ ʨʘʜʽʘʪʦʨʽ ʪʘ ʘʣʶʤʽʥʽʻʚʦʤ ʧʦʛʣʠʥʘʯʽ, ʥʝ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ 

ʟʘʩʝʣʝʥʥʷ 
179

Hf
m2

 [192]. 

ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʽʡ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ TALYS-1.9 ʪʘ    EMPIRE-3.2. ɹʽʣʴʰ 

ʜʝʪʘʣʴʥʦ ʧʨʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʢʦʜʽʚ ʚʠʢʣʘʜʝʥʦ ʚ [57-58]. 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.5. ɺʠʜʥʦ, ʱʦ ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 20-35 ʄʝɺ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ TALYS-1.9 ʥʝʧʦʛʘʥʦ ʦʧʠʩʫʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ. ʂʨʘʱʦʛʦ ʢʽʣʴʢʽʩʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʤʦʞʥʘ ʜʦʙʠʪʠʩʷ 

ʚʘʨʽʶʶʯʠ ʚʥʝʩʢʦʤ ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʇʨʦʪʝ ʜʘʥʘ ʚʘʨʽʘʮʽʷ ʥʝ ʻ 

ʥʘʜʽʡʥʦʶ, ʦʩʢʽʣʴʢʠ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʦʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʤʘʶʪʴ 

ʟʥʘʯʥʫ ʧʦʭʠʙʢʫ, ʘ ʟ ʽʥʰʦʛʦ ʜʣʷ ʜʘʥʠʭ ʷʜʝʨ ʪʘ ʛʨʘʥʠʯʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ 

ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʽʜʩʫʪʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽ ʦʙʣʘʩʪʽ ʜʨʫʛʦʛʦ ʨʝʟʦʥʘʥʩʫ ʫ 

ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ (ɔ,ɔ')-ʨʝʘʢʮʽʡ ʜʦʤʽʥʫʻ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ [42]. 

 

3.2 ɺʠʚʯʝʥʥʷ ʨʝʘʢʮʽʡ ʟ ʚʠʣʴʦʪʦʤ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ 

3.2.1 ɼʦʩʣʽʜʞʝʥʥʷ (ɔ,pxn)-ʨʝʘʢʮʽʡ ʥʘ ʷʜʨʘʭ ʧʨʠʨʦʜʥʦʛʦ ʪʘʥʪʘʣʫ  

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʧʨʠ ɽʛʨ = 20, 40 ʪʘ 55 ʄʝɺ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʨʝʘʢʮʽ ̫
181
Ta(ɔ,n)

180
Ta. 

ʇʨʠ ɽʛʨ = 20 ʄʝɺ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʠʭʦʜʫ ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ ʟ 

I
ˊ
=8

-
 ʚ ʨʝʘʢʮʽʾ 

181
Ta(ɔ,p)

180
Hf

m 
ʚʠʟʥʘʯʘʣʘʩʷ ʧʣʦʱʘ ʬʦʪʦʧʽʢʫ ʛʘʤʤʘ-ʣʽʥʽʾ ʟ 

ʝʥʝʨʛʽʻʶ 215 ʢʝɺ, ʷʢʘ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
180

Hf
m
 (ʜʠʚ. ʨʠʩ. 3.21 ʪʘ 3.18). 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3.21 ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʘʢʦʞ ʽʥʰʽ ɔ-ʧʽʢʠ ʟ ʨʦʟʧʘʜʫ 
180

Hf
m
, ʘ 

ʩʘʤʝ ʟ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽʾ 332.3 ʪʘ 443.1 ʢʝɺ. ɯʥʰʽ ʪʨʠ ɔ-ʧʝʨʝʭʦʜʠ ʟ ʚʝʣʠʯʠʥʘʤʠ 

ʝʥʝʨʛʽʾ 93.3 ʢʝɺ, 500.6 ʢʝɺ ʪʘ 57.6 ʢʝɺ ʥʝ ʧʦʢʘʟʘʥʽ, ʦʩʢʽʣʴʢʠ ʧʝʨʰʽ ʜʚʘ ʤʘʶʪʴ 

ʥʠʟʴʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘ ʦʩʪʘʥʥʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 
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ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʂʨʽʤ ʪʦʛʦ 93.3 ʢʝɺʥʠʡ ɔ-ʢʚʘʥʪ ʥʝ ʚʽʜʜʽʣʷʻʪʴʩʷ ʚʽʜ      

ɔ-ʧʽʢʫ 93.4 ʢʝɺ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
180

Ta [190]. 

 

ʈʠʩ. 3.21 ʌʨʘʛʤʝʥʪ ʪʠʧʦʚʦʛʦ ɔ-ʩʧʝʢʪʨʫ ʦʧʨʦʤʽʥʝʥʦʛʦ ʪʘʥʪʘʣʫ ʧʨʠ                

ɽʛʨ = 20 ʄʝɺ [190] 

 

ʑʦʙ ʦʪʨʠʤʘʪʠ ʟʘʩʝʣʝʥʥʷ ʷʜʝʨ 
180

Hf
m 
ʧʨʠ ɽʛʨ = 40 ʽ 55 ʄʝɺ, ʚʠʟʥʘʯʘʣʘʩʷ 

ʘʢʪʠʚʥʽʩʪʴ ɔ-ʧʽʢʫ ʟ ʝʥʝʨʛʽʻʶ 443.1 ʢʝɺ (ʜʠʚ. ʨʠʩ. 3.22 (ʘ) ʽ (ʙ)). 

ʇʨʠ ʪʘʢʠʭ ʚʝʣʠʯʠʥʘʭ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʩʪʘʻ 

ʝʥʝʨʛʝʪʠʯʥʦ ʤʦʞʣʠʚʘ ʨʝʘʢʮʽʷ 
181

Ta(ɔ,3n)
178

Ta
m 

(T1/2 = 2.36 ʛʦʜ) [100]. ʆʜʥʘ 

ʽʥʪʝʥʩʠʚʥʘ ɔ-ʣʽʥʽʷ ʟ ʝʥʝʨʛʽʻʶ 331.6 ʢʝɺ ʟ ʨʦʟʧʘʜʫ 
178

Ta
m
 ʤʘʡʞʝ ʥʘʢʣʘʜʘʻʪʴʩʷ ʚ   
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(a)       (ʙ) 

ʈʠʩ.3.22 ʌʨʘʛʤʝʥʪʠ ʪʠʧʦʚʠʭ ɔ-ʩʧʝʢʪʨʽʚ ʦʧʨʦʤʽʥʝʥʠʭ ʤʽʰʝʥʝʡ ʪʘʥʪʘʣʫ ʧʨʠ      

ɽʛʨ = 40 ʄʝɺ (ʘ) ʽ 55 ʄʝɺ (ʙ) [190] 

 

ɔ-ʩʧʝʢʪʨʽ ʟ 332.3 ʢʝɺʥʦʶ ɔ-ʣʽʥʽʻʶ ʟ ʨʦʟʧʘʜʫ 
180

Hf
m
 ʘ ʽʥʰʘ ɔ-ʣʽʥʽʷ 

178
Ta

m
 ʟ 

ʝʥʝʨʛʽʻʶ 213.4 ʢʝɺ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʨʫʯ ʟ 215.3 ʢʝɺʥʠʤ ɔ-ʧʽʢʦʤ, ʷʢʠʡ 

ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
180

Hf
m
. ʊʦʤʫ ʦʙʠʜʚʘ ʡʦʛʦ ɔ-ʧʝʨʝʭʦʜʠ ʟ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽʾ 

332.6 ʪʘ 215.3 ʢʝɺ ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʭʦʜʫ 
180

Hf
m
. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʪʦʢʽʚ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʣʴʥʠʭ ʛʝʦʤʝʪʨʽʡ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʙʽʨʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ Geant4 [159] (ʜʠʚ. ʨʠʩ. 3.17 ʪʘ 3.13). ʅʘ ʞʘʣʴ, ʚʽʜʩʫʪʥʷ 

ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʾ 
181

Ta(ɔ,n)
180

Ta ʚ ʙʘʟʽ ʜʘʥʠʭ 

[40] ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠʭ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 40 ʜʦ 

55 ʄʝɺ. ʊʦʤʫ ʚ ʮʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʚʦʜʠʚʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʜʫ TALYS-1.9 [57] ʚʽʜ ʧʦʨʦʛʫ ʜʘʥʦʾ ʨʝʘʢʮʽʾ ʽ ʜʦ 55 ʄʝɺ ʟ ʢʨʦʢʦʤ 1 ʄʝɺ. ɺ 

ʦʙʣʘʩʪʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʚʽʜ ʧʦʨʦʛʫ ʽ ʜʦ 40 ʄʝɺ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʨʽʟʠ ʥʝʧʦʛʘʥʦ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ [189] (ʜʠʚ. ʨʠʩ. 3.23). ʎʝ 

ʜʦʟʚʦʣʠʣʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʦʟʨʘʭʦʚʘʥʽ ʚ ʢʦʜʽ TALYS-1.9 ʧʝʨʝʨʽʟʠ ʜʣʷ ʧʽʜʨʘʭʫʥʢʫ 

ʧʦʪʦʢʫ ʟʘ ʬʦʨʤʫʣʦʶ 3.4 ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 40 ʜʦ 55 ʄʝɺ [190]. 
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ʈʠʩ. 3.23 ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʤʦʜʝʣʴʦʚʘʥʠʭ ʚʝʣʠʯʠʥ 

ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʾ 
181

Ta(ɔ,n)
180

Ta [190] 

 

ʋ ʬʦʨʤʫʣʽ (3.6), ʟʘ ʷʢʦʶ ʚʠʟʥʘʯʘʣʠʩʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʾ 

181
Ta(ɔ,p)

180
Hf

m
 ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʥʚʝʨʩʽʾ R ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʢʫʣʦʥʽʚʩʴʢʠʡ ʙʘʨô̒ ʨ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʽʥ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʟʘ ʬʦʨʤ. (20) ʟ ʨʦʙʦʪʠ 

[195] ʽ ʩʫʤʫʚʘʚʩʷ ʨʘʟʦʤ ʽʟ ʝʥʝʨʛʝʪʠʯʥʠʤ ʧʦʨʦʛʦʤ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʘʢʮʽʾ. 

ʆʪʨʠʤʘʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 3.6. 

ɺ ʫʩʽʭ ɔ-ʩʧʝʢʪʨʘʭ ʧʨʠʩʫʪʥʽ ʧʝʨʝʭʦʜʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 
182

Ta, ʷʢʠʡ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʥʘʧʨʘʮʴʦʚʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʨʝʘʢʮʽʾ 
181

Ta(n,ɔ). ʆʪʞʝ ʩʣʽʜ ʪʘʢʦʞ 

ʦʮʽʥʠʪʠ ʧʦʪʽʢ ʥʝʡʪʨʦʥʽʚ, ʷʢʠʡ ʤʦʞʝ ʜʘʚʘʪʠ ʚʥʝʩʦʢ ʚ ʟʘʩʝʣʝʥʥʷ 
180

Hf
m
 ʽ 

180
Ta ʟʘ 

ʨʘʭʫʥʦʢ ʨʝʘʢʮʽʡ 
181

Ta(n,2n)
180

Ta ʪʘ 
181

Ta (n,np)
180

Hf
m
. ɹʫʣʘ ʚʠʢʦʥʘʥʘ ʾʭ ʦʮʽʥʢʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʘ ʦʧʠʩʘʥʦʛʦ ʥʘ ʩ. 115-116 ʟ ʷʢʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʥʝʩʢʦʤ 

ʥʝʡʪʨʦʥʽʚ ʤʦʞʥʘ ʟʥʝʭʪʫʚʘʪʠ. 
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ʊʘʙʣʠʮʷ 3.6 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʾ 
181

Ta(ɔ,p)
180m

Hf ʪʘ 

181
Ta(ɔ,pn)

179
Hf

m2
 ʧʨʠ ɽʛʨ = 37 ʄʝɺ [190] 

 

ɽʥʝʨʛʽʷ 

ɽʛʨ, (Meɺ)
 

Y , ʤʢʙʥ 

Y  
ʪʝʦʨ

ʩʪʘʪ
Y  

ʝʢʩʧ

ʧʨ
Y  

ʪʝʦʨ

ʧʨ
Y  

20 51Ñ5 1(ld3) 23Ñ3 21 

37 1.8Ñ0.1    

40 69Ñ9 20(ld3) 55Ñ6 57 

55 56Ñ6 28(ld3) 50Ñ5 59 

 

ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʤʝʭʘʥʽʟʤʫ ʜʘʥʦʾ ʨʝʘʢʮʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʾʾ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ TALYS-1.9 [57]. 

ʅʝ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʚʠʭʦʜʘʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʫʤʦʚʯʘʥʥʷʤ (ʤʦʜʝʣʴ ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ 

CT+FG (ldmodel1)) ʚ ʥʝʧʝʨʝʨʚʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʊʝʦʨʝʪʠʯʥʽ 

ʚʠʭʦʜʠ ʟʘʣʠʰʘʣʠʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ ʜʚʘ ʧʦʨʷʜʢʠ ʥʠʞʯʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʚʝʣʠʯʠʥ ʧʨʠ ɽʛʨ = 20 ʄʝɺ ʽ ʥʘ ʧʦʨʷʜʦʢ ʧʨʠ ɽʛʨ = 40 ʪʘ 55 ʄʝɺ. ʇʨʠ ʚʘʨʽʘʮʽʾ 

ʤʦʜʝʣʝʡ ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ, ʟʦʢʨʝʤʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʟʘʛʘʣʴʥʝʥʦʾ ʥʘʜʪʝʢʫʯʦʾ 

ʤʦʜʝʣʽ (GSM) [177-178] (ldmodel3) ʪʝʦʨʝʪʠʯʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʩʪʘʶʪʴ 

ʜʝʱʦ ʙʣʠʞʯʠʤʠ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠʯʠʥ. ʇʨʦʪʝ ʟʥʘʯʥʘ ʨʽʟʥʠʮʷ 

ʟʘʣʠʰʘʻʪʴʩʷ [190]. ʄʦʜʝʣʴ GSM ʛʝʥʝʨʫʻ ʚʠʱʫ ʛʫʩʪʠʥʫ ʨʽʚʥʽʚ ʥʽʞ CT+FG, 

ʧʦʯʠʥʘʶʯʠ ʟ ʦʙʣʘʩʪʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʩʧʝʢʪʨʫ ʽ ʜʦ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ 20 ʄʝɺ 

ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʨʘʭʫʚʘʪʠ ʜʝʬʦʨʤʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʷʜʝʨ 
180

Hf 

ʨʘʟʦʤ ʟ ʢʣʶʯʝʤ ñldmodel3ò ʚʘʨʽʶʚʘʚʩʷ ʽ ʚʭʽʜʥʠʡ ʢʣʶʯʦʚʠʡ ʧʘʨʘʤʝʪʨ 

ñcolenhanceò. ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʘʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ 

ʚʠʭʦʜʠ 
ʪʝʦʨ

ʩʪʘʪ
Y  ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 3.6. ʇʨʠ ʮʴʦʤʫ ʪʝʦʨʝʪʠʯʥʽ ʚʠʭʦʜʠ 

ʟʘʣʠʰʘʶʪʴʩʷ ʟʥʘʯʥʦ ʥʠʞʯʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠʯʠʥ, ʚʽʜʧʦʚʽʜʥʦ ʫ 51, 3.5 
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ʪʘ 2 ʨʘʟʠ ʧʨʠ ɽʛʨ = 20, 40 ʪʘ 55 ʄʝɺ. ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʜʦʤʽʥʫʚʘʥʥʷ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠ ʜʘʥʠʭ ʛʨʘʥʠʯʥʠʭ ʚʝʣʠʯʠʥʘʭ 

ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ [190]. 

ɼʣʷ ʧʨʦʷʩʥʝʥʥʷ ʪʠʧʫ ʥʝʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ 

ʪʝʦʨʝʪʠʯʥʘ ʤʦʜʝʣʴ, ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʘʭ [196-197], ʷʢʘ ʚʨʘʭʦʚʫʻ ʽʟʦʩʧʽʥʦʚʝ 

ʨʦʟʱʝʧʣʝʥʥʷ ɻɼʈ ʽ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʦʧʠʩʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʝʨʝʨʽʟʠ       

(ɔ,p)-ʨʝʘʢʮʽʡ ʚ ʣʝʛʢʠʭ ʪʘ ʚʘʞʢʠʭ ʷʜʨʘʭ. 

ɺʽʜʦʤʦ, ʱʦ ʩʪʘʥʠ ʘʪʦʤʥʠʭ ʷʜʝʨ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʚʘʥʪʦʚʠʤ ʯʠʩʣʦʤ 

ʽʟʦʩʧʽʥʦʤ. ʎʝ ʻ ʥʘʩʣʽʜʢʦʤ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ(ʥʝʯʫʪʣʠʚʦʩʪʽ) ʥʫʢʣʦʥ-ʥʫʢʣʦʥʥʠʭ ʩʠʣ 

ʜʦ ʟʘʤʽʥʠ ʥʝʡʪʨʦʥʘ ʥʘ ʧʨʦʪʦʥ ʽ ʥʘʚʧʘʢʠ. ʉʧʝʮʠʬʽʢʘ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ ʽʟʦʩʧʽʥʘ 

ʷʩʢʨʘʚʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʟʙʫʜʞʝʥʥʷ ʽ ʨʦʟʧʘʜʫ ɻɼʈ. 

ʗʢ ʚʽʜʦʤʦ, ʥʝʡʪʨʦʥ ʽ ʧʨʦʪʦʥ ʫʪʚʦʨʶʶʪʴ ʽʟʦʜʫʙʣʝʪ - ʯʘʩʪʠʥʢʫ ʟ ʽʟʦʩʧʽʥʦʤ        

t = 1/2, ̫ ʢʘ ʤʘʻ ʚ ʪʨʠʤʽʨʥʦʤʫ ʝʚʢʣʽʜʦʚʦʤʫ ʽʟʦʩʧʽʥʦʚʦʤʫ (ʟʘʨʷʜʦʚʦʤʫ) ʧʨʦʩʪʦʨʽ 

ʜʚʽ ʤʦʞʣʠʚʽ ʧʨʦʝʢʮʽʾ ʥʘ ʚʽʩʴ Z, ʨʽʚʥʽ 1/2 ʘʙʦ -1/2. ʆʜʥʘ ʽʟ ʮʠʭ ʧʨʦʝʢʮʽʡ 

ʧʨʠʧʠʩʫʻʪʴʩʷ ʧʨʦʪʦʥʫ, ʽʥʰʘ ï ʥʝʡʪʨʦʥʫ [196]. 

ʉʪʘʥʠ ʷʜʝʨ ʤʦʞʫʪʴ ʤʘʪʠ ʽʟʦʩʧʽʥ ʊ ʚ ʽʥʪʝʨʚʘʣʽ ʚʽʜ T0 = |(N-Z)/2| ʜʦ A/2, 

ʧʨʠʯʦʤʫ ʽʟʦʩʧʽʥ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʟʘʚʞʜʠ ʤʘʻ ʥʘʡʥʠʞʯʝ ʟʥʘʯʝʥʥʷ ï T0. ʇʦ ʤʽʨʽ 

ʟʨʦʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʜʦ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʽʚʥʽʚ ʟ ʽʟʦʩʧʽʥʦʤ T0 ʩʧʦʯʘʪʢʫ 

ʧʨʠʻʜʥʫʶʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʽʚʥʽʚ ʟ T0+1, ʧʦʪʽʤ ʟ T0+2 ʽ ʪ.ʜ. ʆʩʢʽʣʴʢʠ ʚ ʷʜʨʽ ʻ 

ʢʫʣʦʥʽʚʩʴʢʽ ʩʠʣʠ, ʷʢʽ ʧʦʨʫʰʫʶʪʴ ʽʟʦʩʧʽʥʦʚʫ ʩʠʤʝʪʨʽʶ, ʪʦ ʷʜʝʨʥʽ ʩʪʘʥʠ ʥʝ ʻ 

ʘʙʩʦʣʶʪʥʦ ʯʠʩʪʠʤʠ ʧʦ ʽʟʦʩʧʽʥʫ. ʂʦʣʠ ʤʘʶʪʴ ʥʘ ʫʚʘʟʽ ʨʽʚʥʽ, ʷʢʽ ʟʙʫʜʞʫʶʪʴʩʷ 

ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʷʜʨʦʤ ɽ1-ʬʦʪʦʥʘ, ʪʦ ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪʽ [196], ʪʘ ʧʦʩʠʣʘʥʥʷ 

ʪʘʤ, ʜʦʩʠʪʴ ʦʙʤʝʞʠʪʠʩʴ ʨʽʚʥʷʤʠ ʟ T0 ʪʘ T0 + 1. ʇʨʠʯʦʤʫ ʦʩʥʦʚʥʽ ʪʘ 

ʥʠʟʴʢʦʣʝʞʘʯʽ (ʜʦ ʜʝʢʽʣʴʢʦʭ ʄʝɺ) ʩʪʘʥʠ ʷʜʝʨ ʤʘʶʪʴ ʚʠʩʦʢʫ ʯʠʩʪʦʪʫ ʧʦ ʽʟʦʩʧʽʥʫ. 

ʊʘʢ ʜʣʷ ʦʩʥʦʚʥʠʭ ʩʪʘʥʽʚ ʜʦʤʽʰʢʘ ʩʪʘʥʫ ʟ T0 + 1 ʩʢʣʘʜʘʻ 10
-4
-10

-8
. ʇʦ ʤʽʨʽ 

ʟʨʦʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʷʜʨʘ ʯʠʩʪʦʪʘ ʟʘ ʽʟʦʩʧʽʥʦʤ ʡʦʛʦ ʩʪʘʥʽʚ 

ʧʦʛʽʨʰʫʻʪʴʩʷ. ɼʣʷ ʩʪʘʥʽʚ ʚ ʦʙʣʘʩʪʽ ɻɼʈ ʜʦʤʽʰʢʘ ʩʪʘʥʽʚ ʟ çʯʫʞʠʤè ʽʟʦʩʧʽʥʦʤ 

ʤʦʞʝ ʚʠʷʚʠʪʠʩʴ ʩʫʪʪʻʚʦʶ. ʇʨʦʪʝ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʨʽʚʥʽ ɻɼʈ ʤʦʞʥʘ 

ʧʨʦʜʦʚʞʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʧʝʚʥʠʤ ʽʟʦʩʧʽʥʦʤ ʽ ʩʧʝʮʠʬʽʢʘ ʮʴʦʛʦ ʢʚʘʥʪʦʚʦʛʦ 

ʯʠʩʣʘ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻɼʈ [196]. 
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ʇʨʘʚʠʣʘ ʚʽʜʙʦʨʫ ʧʦ ʽʟʦʩʧʽʥʫ ʜʣʷ ɽ1-ʧʝʨʝʭʦʜʽʚ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʽʟʦʩʧʽʥʠ 

ʩʪʘʥʽʚ ʛʽʛʘʥʪʩʴʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʯʠ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʘʣʦʯʠʩʝʣʴʥʽ ʷʜʨʘ ʟ N=Z (ʾʭ ʥʘʟʠʚʘʶʪʴ ʩʘʤʦʩʧʨʷʞʝʥʠʤʠ 

ʷʜʨʘʤʠ, ʷʢʽ ʤʘʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ ʽʟʦʩʧʽʥ T0 = 0) ʯʠ ʷʜʨʘ ʟ NÍZ, ʽʟʦʩʧʽʥ 

ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʷʢʠʭ T0 = |(NïZ)/2| Í 0 (ʘʙʩʦʣʶʪʥʘ ʙʽʣʴʰʽʩʪʴ) ʚʠʢʦʥʫʶʪʴʩʷ 

ʥʘʩʪʫʧʥʽ ʧʨʘʚʠʣʘ ʚʽʜʙʦʨʫ ʜʣʷ ʷʜʝʨ ʟ [196]: 

 

                                       N = Z: Tf =  T0 + 1 ſ 1                                                    3.8(ʘ) 

                                       N Í Z: Tf = T0 ʯʠ T0 + 1                                                 3.8(ʙ) 

 

ɼʣʷ ʬʦʨʤ. 3.8(ʙ) ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʟʥʘʯʝʥʥʷ ʊ< = T0  ̔ʊ> = T0 + 1. 

ʇʨʠ ʧʦʛʣʠʥʘʥʥʽ ʷʜʨʦʤ ɽ1-ʬʦʪʦʥʫ ʟ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ, ʷʢʠʡ ʻ ʧʨʘʢʪʠʯʥʦ 

ʯʠʩʪʠʤ ʟʘ ʟ̔ʦʩʧʥ̔ʦʤ, ʟʙʫʜʞʫʶʪʴʩʷ ʩʪʘʥʠ ɻɼʈ, ʷʢʽ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʝʚʥʠʤ ʟ̔ʦʩʧʥ̔ʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʘʚʠʣʘʤʠ ʚʽʜʙʦʨʫ (3.8). ʎʽ ʩʪʘʥʠ ʞʠʚʫʪʴ 

ʜʝʷʢʠʡ ʯʘʩ ʚ ʫʤʦʚʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʬʦʥʫ ʷʜʝʨʥʠʭ ʩʪʘʥʽʚ ʟ ʽʥʰʠʤ ʽʟʦʩʧʽʥʦʤ ʽ 

ʤʦʞʫʪʴ ʟʘ ʨʘʭʫʥʦʢ ʢʫʣʦʥʽʚʩʴʢʦʾ ʚʟʘʻʤʦʜʽʾ, ʷʢʘ ʧʦʨʫʰʫʻ ʽʟʦʩʧʽʥʦʚʫ ʩʠʤʝʪʨʽʶ 

ʥʫʢʣʦʥ-ʥʫʢʣʦʥʥʠʭ ʩʠʣ, ʦʪʨʠʤʘʪʠ ʜʦʤʽʰʢʫ ʩʪʘʥʽʚ ʟ ʽʥʰʠʤ ʽʟʦʩʧʽʥʦʤ. ʎʝ 

ʩʪʦʩʫʻʪʴʩʷ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʩʪʘʥʽʚ ʊ> = T0 + 1, ʛʫʩʪʠʥʘ ʷʢʠʭ ʩʫʪʪʻʚʦ ʥʠʞʯʘ 

ʛʫʩʪʠʥʠ ʥʘʚʢʦʣʠʰʥʽʭ ʩʪʘʥʽʚ ʟ ʊ< = T0 , ʱʦ ʩʧʨʠʷʻ ʦʪʨʠʤʘʥʥʶ ʜʦʤʽʰʢʠ T0-ʩʪʘʥʽʚ 

ʜʦ ʩʪʘʥʽʚ ʟ T0 + 1 [196]. ʗʢʱʦ, ʧʨʠ ʮʴʦʤʫ, ʊ>-ʩʪʘʥʠ ʞʠʚʫʪʴ ʜʦʩʠʪʴ ʜʦʚʛʦ, ʪʦ 

ʚʦʥʠ ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʩʫʪʪʻʚʫ ʜʦʤʽʰʢʫ ʊ<-ʩʪʘʥʽʚ. ɺ ʮʴʦʤʫ ʩʝʥʩʽ ʟʨʫʯʥʦ 

ʨʦʟʛʣʷʜʘʪʠ ʩʘʤʦʩʧʨʷʞʝʥʽ ʷʜʨʘ, ʚ ʷʢʠʭ ɽ1-ʬʦʪʦʥʦʤ ʟʙʫʜʞʫʶʪʴʩʷ ʣʠʰʝ ʩʪʘʥʠ ʟ 

ʽʟʦʩʧʽʥʦʤ 1. ɼʦ ʥʠʭ ʢʫʣʦʥʽʚʩʴʢʠʤʠ ʩʠʣʘʤʠ ʤʦʞʫʪʴ ʧʽʜʤʽʰʫʚʘʪʠʩʷ ʩʪʘʥʠ ʟ 

ʽʟʦʩʧʽʥʦʤ 0. ʉʘʤʦʩʧʨʷʞʝʥʽ ʷʜʨʘ ʦʩʦʙʣʠʚʦ ʟʨʫʯʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʫʧʝʥʶ 

ʟʙʝʨʝʞʝʥʥʷ ʽʟʦʩʧʽʥʘ ʫ ʩʪʘʥʽʚ ɻɼʈ, ʦʩʢʽʣʴʢʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʝ ʯʠʩʣʦ ʧʨʦʪʦʥʽʚ ʪʘ 

ʥʝʡʪʨʦʥʽʚ. ʆʩʢʽʣʴʢʠ ʨʦʟʧʘʜ ɻɼʈ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʚʠʣʴʦʪʦʤ ʧʨʦʪʦʥʽʚ 

ʽ ʥʝʡʪʨʦʥʽʚ, ʪʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʽʥʮʝʚʽ ʷʜʨʘ ʻ ʟʝʨʢʘʣʴʥʠʤʠ ʽ ʤʘʶʪʴ ʩʧʽʚʧʘʜʘʶʯʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʽʚʥʽʚ, ʷʢʽ ʧʦʧʘʨʥʦ ʫʪʚʦʨʶʶʪʴ ʽʟʦʩʧʽʥʦʚʽ ʜʫʙʣʝʪʠ [196]. ʊʦʤʫ, 

ʷʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʢʫʣʦʥʽʚʩʴʢʠʤʠ ʩʠʣʘʤʠ, ʷʢʽ ʧʦʨʫʰʫʶʪʴ ʯʠʩʪʦʪʫ ʽʟʦʩʧʽʥʫ, ʪʦ 

ʨʦʟʧʘʜ ʩʪʘʥʽʚ ʟ ʊ = 1, ʷʢʽ ʚʠʥʠʢʣʠ ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ɽ1-ʬʦʪʦʥʫ, ʟ 
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ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʧʨʦʪʦʥʘ ʽ ʥʝʡʪʨʦʥʘ ʙʫʜʝ ʧʦʚʥʽʩʪʶ ʩʠʤʝʪʨʠʯʥʠʤ, ʷʢʱʦ 

ʟʘʣʠʰʢʦʚʽ ʷʜʨʘ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʦʜʥʘʢʦʚʠʭ ʩʪʘʥʘʭ. ʆʪʞʝ, ʚʽʜʥʦʰʝʥʥʷ 

ʧʘʨʮʽʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ (ɔ,pi) ʪʘ (ɔ,ni), ʜʝ ʽ ʧʦʟʥʘʯʘʻ ʨʽʚʥʽ ʢʽʥʮʝʚʦʛʦ ʷʜʨʘ, 

ʧʨʠ ʨʽʚʥʦʩʪʽ ʧʦʨʦʛʽʚ ʧʦʚʠʥʥʦ ʙʫʪʠ ʨʽʚʥʝ 1, ʪʦʙʪʦ ů(ɔ,pi)/ů(ɔ,ni) = 1 [196]. 

ɹʽʣʴʰ ʨʝʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʮʴʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʧʦʚʠʥʥʘ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʤʽʰʢʫ 

ʩʪʘʥʽʚ ʟ ʊ = 0 ʜʦ ʩʪʘʥʽʚ ʟ ʊ = 1, ʨʽʟʥʠʮʶ ʚ ʧʦʨʦʛʘʭ ʨʝʘʢʮʽʡ (ɔ,ʨ) ʽ (ɔ,n) ʪʘ 

ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʧʦʪʦʢʘʭ ʚʠʣʽʪʘʶʯʠʭ ʧʨʦʪʦʥʽʚ ʪʘ ʥʝʡʪʨʦʥʽʚ ʥʘ ʤʝʞʽ ʷʜʨʘ. 

ʇʽʜʩʫʤʢʦʚʠʡ ʚʠʨʘʟ ʤʘʻ ʚʠʛʣʷʜ [196]: 

 

 

3.9 

ʜʝ Pp  ʪʘ Pn - ʧʨʦʪʦʥʥ ̔ʪʘ ʥʝʡʪʨʦʥʥ ̔ʧʨʦʟʦʨʦʩʪʽ ʢʫʣʦʥʚ̔ʩɹʢʦʛʦ  ̔ʚʽʜʮʝʥʪʨʦʚʦʛʦ 

ʙʘʨô̒ʨ̔ʚ; 

Ep ʪʘ En  - ʢ̔ʥʝʪʠʯʥ ̔ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʘ ʪʘ ʥʝʡʪʨʦʥʘ (ʤʥʦʞʥʠʢ 

ʚʨʘʭʦʚʫʻ ʚʽʜʥʦʰʝʥʥʷ ʧʨʦʪʦʥʥʠʭ ʽ ʥʝʡʪʨʦʥʥʠʭ ʧʦʪʦʢ̔ʚ ʥʘ ʤʝʞʽ ʷʜʨʘ, ʱʦ 

ʜʦʨʽʚʥʶʻ ʚʽʜʥʦʰʝʥʥʶ ʾʭ ʽʤʧʫʣʴʩʽʚ). ʄʥʦʞʥʠʢ  ʚʨʘʭʦʚʫʻ ʜʦʤʽʰʢʫ 

ʩʪʘʥʽʚ ʟ ʊ = 0 ʜʦ ʩʪʘʥʽʚ ʟ ʊ = 1 ʪʘ ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ ʚ ʨʦʙʦʪ̔ [198]. 

ʋʩʷ ʩʫʢʫʧʥʽʩʪʴ ʽʩʥʫʶʯʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ [196] ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʚʦʣʽ 

ʚʠʩʦʢʫ ʯʠʩʪʦʪʫ ʟʘ ʽʟʦʩʧʽʥʦʤ ʩʪʘʥʽʚ ʣʝʛʢʠʭ ʷʜʝʨ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʦʙʣʘʩʪʽ ɻɼʈ. 

ɼʦʤʽʰʢʘ ʩʪʘʥʽʚ ʟ ʊ = 0 ʜʦ ʩʪʘʥʽʚ ʟ ʊ = 1, ʚ ʦʙʣʘʩʪʽ ʤʘʢʩʠʤʫʤʫ ɻɼʈ ʚ ʫʩʽʭ 

ʚʠʧʘʜʢʘʭ ʥʝ ʧʝʨʝʚʠʱʫʻ 5 %. 

ʊʝ, ʱʦ ʩʪʘʥʠ ɻɼʈ ʣʝʛʢʠʭ ʷʜʝʨ ʟʙʝʨʽʛʘʶʪʴ ʚʠʩʦʢʫ ʯʠʩʪʦʪʫ ʟʘ ʽʟʦʩʧʽʥʦʤ 

ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʜʣʷ ʮʠʭ ʷʜʝʨ ʜʦʤʽʥʫʻ ʥʘʧʽʚʧʨʷʤʠʡ ʨʦʟʧʘʜ ɻɼʈ. 

ʊʨʠʚʘʣʽʩʪʴ ʧʦʜʽʙʥʦʛʦ ʨʦʟʧʘʜʫ ʤʘʣʘ (å 10
-21

 ʩ) ʽ ʻ ʩʫʪʪʻʚʦ ʤʝʥʴʰʦʶ ʭʘʨʘʢʪʝʨʥʦʛʦ 

ʯʘʩʫ ʜʽʾ ʢʫʣʦʥʽʚʩʴʢʠʭ ʩʠʣ tʢʫʣ å ˂/<Vʢʫʣ> å 10
-15

-10
-20

 ʩ, ̫ʢʠʡ ʥʝʦʙʭʜ̔ʥʠʡ ʜʣʷ 

ʟʤʽʰʫʚʘʥʥʷ ʟʘ ʟ̔ʦʩʧʥ̔ʦʤ (ʪʫʪ <Vʢʫʣ> ï ʩʝʨʝʜʥ ̒ʟʥʘʯʝʥʥ ̫ʤʘʪʨʠʯʥʦʛʦ ʝʣʝʤʝʥʪʘ 

ʢʫʣʦʥʚ̔ʩɹʢʦʾ ʚʟʘ̒ʤʦʜʽʾ ʤ̔ ʞ ʩʪʘʥʘʤʠ ʟ ʨ̔ʟʥʠʤʠ ʟ̔ʦʩʧʥ̔ʘʤʠ, ʷʢʝ ʟʤʽʥʶʻʪʴʩʷ ʜʣʷ 

ʨ̔ʟʥʠʭ ʷʜʝʨ ʪʘ ʝʥʝʨʛʡ̔ ʟʙʫʜʞʝʥʥʷ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ 1 ʝɺ - 100 ʢʝɺ [196]). ɼʣʷ 

ʚʘʞʢʠʭ ʷʜʝʨ ʜʦʤʽʥʫʶʯʦʶ ʬʦʨʤʦ ʁ ʨʦʟʧʘʜʘ ɻɼʈ ʩʪʘ ̒ ʩʪʘʪʠʩʪʠʯʥʠʡ. ʁʦʛʦ 
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ʪʨʠʚʘʣʽʩʪʴ ʜʦʩʠʪʴ ʚʝʣʠʢʘ (å 10
-19
ï10

-18
 ʩ), ʜʣʷ ʪʦʛʦ ʱʦʙ ʟʤʽʰʫʚʘʥʥʷ ʟʘ ʟ̔ʦʩʧʥ̔ʦʤ 

ʩʪʘʣʦ ʟʥʘʯʥʠʤ, ʜʦʩʷʛʘʶʯʠʤ 50-60% [196]. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʘ ʩʪʘʥʽʚ ɻɼʈ, 

ʫʪʚʦʨʝʥʠʭ ʷʢ ʊ>, ʟʤʽʰʫʶʪʴʩʷ ʟ ʊ< -ʩʪʘʥʘʤʠ  ̔ʨʦʟʧʘʜʘʻʪʴʩʷ ʙʫʜʫʯʠ ʥʘʜʽʣʝʥʠʤ 

ʩʘʤʝ ʮʠʤ ʦʩʪʘʥʥʽʤ ʟ̔ʦʩʧʥ̔ʦʤ. ɼʘʥʫ ʦʙʩʪʘʚʠʥʫ ʥʝʦʙʭʜ̔ʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ 

ʘʥʘʣʟ̔̔ ʬʦʪʦʨʦʟʱʽʧʣʝʥʥʷ ʤʘʩʠʚʥʠʭ ʷʜʝʨ. ʈʘʟʦʤ ʩ ʪʠʤ ʥʝʦʙʭʽʜʥʦ ʧʘʤ'ʷʪʘʪʠ, ʯʪʦ 

ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʪʘʢʠʤʠ ʷʜʨʘʤʠ ɽ1-ʬʦʪʦʥʚ̔ ʩʪʘʥʠ, ʷʢʽ ʟʙʫʜʞʫʶʪʴʩʷ ʦʪʨʠʤʫʶʪʴ 

ʟ̔ʦʩʧʥ̔ʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʨʘʚʠʣʘʤʠ ʚʽʜʙʦʨʫ (3.8) ,̔ ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʟʥʘʯʥʝ 

ʥʘʩʪʫʧʥʝ ʟʤʽʰʫʚʘʥʥʷ ʟʘ ʟ̔ʦʩʧʥ̔ʦʤ, ʚʦʥʠ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʪʠʭ ʞʝ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʦʙʣʘʩʪʷʭ, ʚ ʷʢʠʭ ʧʦʯʘʪʢʦʚʦ ʚʠʥʠʢʣʠ. ʎʝ ʦʟʥʘʯʘ,̒ ʦɦ ʘʥʘʣʟ̔ʫʶʯʠ ʨʝʘʢʮʽʾ (ɔ,n) ʪʘ 

(ɔ,ʨ) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʥ̔ʬʦʨʤʘʮʽʁ  ʧʨʦ ʝʥʝʨʛʝʪʠʯʥʝ ʧʦʣʦʞʝʥʝʥʥʷ ʚʭ̔ʜʥʠʭ ʊ<  ʪʘ 

ʊ> ʩʪʘʥʽʚ [196]. 

ɿ ʚʠʨʘʟʫ ʜʣʷ ʥ̔ʪʝʛʨʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʛʣʠʥʘʥʥʷ ʢʚʘʥʪʦʚʦ ʁ ʩʠʩʪʝʤʦ ʁ            

ɽ1-ʬʦʪʦʥʘ ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʧʝʨʰʽ ʤʦʤʝʥʪʠ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝʨʽʟʽʚ, ʷʢʽ 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ S< ʪʘ S> (ʮʽ ʚʝʣʠʯʠʥʠ ʥʘʟʠʚʘʶʪʴ ʪʘʢʦʞ ʟʚʘʞʝʥʠʤʠ ʧʦ 

ʛʘʣʴʤʽʚʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ, ʤʘʶʯʠ ʥʘ ʫʚʘʟʽ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʩʧʝʢʪʨ ʛʘʣʴʤʽʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʠʡ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ 

ʟʘʣʝʞʥʽʩʪʶ 1/ɽ) [196]: 

 

         3.10(ʘ) 

 

3.10(ʙ) 

 

ʊʫʪ f<  ʽ f> - ʩʫʢʫʧʥʽʩʪʴ ʢʚʘʥʪʦʚʠʭ ʯʠʩʝʣ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʊ< ʽ ʊ> ʩʪʘʥʠ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ, ʾʭ ʽʟʦʩʧʽʥʠ T0 ʪʘ T0+1. ʋ ʚʠʨʘʟʘʭ ʜʣʷ S< ʪʘ S> ʚʠʜʽʣʝʥʽ ʽʟʦʩʧʽʥʦʚʽ 

ʤʥʦʞʥʠʢʠ (ʢʚʘʜʨʘʪʠ ʽʟʦʩʧʽʥʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʂʣʝʙʰʘ-ɻʦʨʜʘʥʘ), ʷʢʽ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʶʪʴ çʽʟʦʩʧʽʥʦʚʫ ʯʘʩʪʠʥʫè ʽʤʦʚʽʨʥʦʩʪʽ ɽ1-ʧʝʨʝʭʦʜʽʚ, ʘ 

ʫʩʶ ʯʘʩʪʠʥʫ ʢʦʞʥʦʛʦ ʚʠʨʘʟʫ, ʱʦ ʟʘʣʠʰʠʣʘʩʷ (ʩʫʤʫ ʢʚʘʜʨʘʪʚ̔ ʤʘʪʨʠʯʥʠʭ 

ʝʣʝʤʝʥʪʚ̔ ʧʝʨʝʭʦʜʚ̔ ʤ̔ʞ ʦʩʥʦʚʥʠʤʠ ʪʘ ʟʙʫʜʞʝʥʠʤʠ ʩʪʘʥʘʤʠ ʟ ʟ̔ʦʩʧʥ̔ʘʤʠ ʊ<  ̔

ʊ>, ʚʢʣʶʯʘʶʯʠ ʢʦʥʩʪʘʥʪʫ 4ˊ
2
/c˂), ʧʦʟʥʘʯʝʥʦ ʚʽʜʧʦʚʽʜʥʦ 

2

<I  ʪʘ 
2I>. ʎ ̔ʚʝʣʠʯʠʥʠ 
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ʥʘʟʳʚʘʶʪ ɹʧʨʠʚʝʜʝʥʠʤʠ ʥ̔ʪʝʥʩʠʚʥʦʩʪʷʤʠ ɽ1-ʧʝʨʝʭʦʜʚ̔ ʟ ʫʪʦʚʦʨʝʥʥʷʤ ʊ< ʪʘ ʊ> 

ʩʪʘʥʽʚ. ʋ ʧʽʜʩʫʤʢʫ ʚʠʭʦʜʠʪʴ [196]: 

 

      S = S< + S> = 
2

<I  T0/(T0+1) + 
2I> /(T0+1)             3.11 

 

ʎʽ ʦʮʽʥʢʠ ʽʤʦʚʽʨʥʦʩʪʝʡ ʟʙʫʜʞʝʥʥʷ ʊ< ʪʘ ʊ> ʩʪʘʥʽʚ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʥ̔ʪʝʥʩʠʚʥʦʩʪʷʤʠ ʊ< ʪʘ ʊ> ʛʽʣʦʢ ɻɼʈ ʚ ʣʝʛʢʠʭ ʷʜʨʘʭ, ʷʢʽ 

ʤʘʶʪʴ N å Z. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ̫ ʢʙʠ ʙʫʣʦ 2

<I  å 2I>, ʪʦ ʟ 3.11 [196]: 

 

S>/S< å 1/T0                        3.12 

 

ʅʘʩʧʨʘʚʜʽ ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 2

<I  > 2I>, ʦʩʢʽʣʴʢʠ ʯʠʩʣʦ 

ʧʝʨʝʭʦʜʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʊ< ʩʪʘʥʠ ʚʠʱʝ. ɺ ʩʝʨʝʜʥʽʭ ʪʘ ʚʘʞʢʠʭ ʷʜʨʘʭ ʦʮʽʥʢʘ 

3.12 ʙʫʜʝ ʱʝ ʙʽʣʴʰʝ ʟʘʚʠʱʝʥʦʶ ʽ ʟ ʽʥʰʦʾ ʧʨʠʯʠʥʠ. ʇʦ ʤʽʨʽ ʟʨʦʩʪʘʥʥʷ ʤʘʩʠ ʷʜʨʘ 

ʟʨʦʩʪʘʻ ʚʝʣʠʯʠʥʘ ʥʝʡʪʨʦʥʥʦʛʦ ʥʘʜʣʠʰʢʫ N-Z. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʮʠʤ ʟʨʦʩʪʘʻ 

ʯʠʩʣʦ ʤʦʞʣʠʚʠʭ ʯʘʩʪʠʥʢʦʚʦ-ʜʽʨʢʦʚʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʷʢʽ ʜʘʶʪʴ ʚʥʝʩʦʢ ʣʠʰʝ ʚ 

ʊ<-ʩʪʘʥʠ. ʅʘʚʧʘʢʠ, ʯʠʩʣʦ ʢʦʥʬʽʛʫʨʘʮʽʡ, ʷʢʽ ʜʘʶʪʴ ʚʢʣʘʜ ʚ ʊ>-ʩʪʘʥʠ ʰʚʠʜʢʦ 

ʟʥʠʞʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ɽ1-ʧʝʨʝʭʦʜʠ ʡʜʫʪʴ ʚ ʩʫʩʽʜʥʶ ʦʙʦʣʦʥʢʫ, ʘ ʚʦʥʘ ʧʨʠ 

ʟʨʦʩʪʘʥʥʽ ʥʘʜʣʠʰʢʫ ʥʝʡʪʨʦʥʚ̔ ʟʘʧʦʚʥʶʻʪʴʩʷ. 

ɺ ʨʦʙʦʪ̔ [199] ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʚʝʣʠʯʠʥ 
2

<I  ʪʘ 
2I> ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʠʨʘʟʦʤ (1 - Ŭ)/(1 + Ŭ/T0), ʜʝ Ŭ å (3/2)T0A
-2/3
. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʧʽʜʩʫʤʢʫ [196]: 

 

                                                                                             (3.13) 

 

ɼʣʷ ʷʜʝʨ 
27

Al  (T0 = 1/2), 
90

Zr (T0 = 5) ʪʘ 
208

Pb (T0 = 22) ʮʝʡ ʚʠʨʘʟ ʜʘʻ:       

2Ĭ0.78 = 1.56; 0.58/5 å 0.12 ʪʘ 5.8Ŀ10
-2
/22 å 2.6Ŀ10

-3
, ʚʽʜʧʦʚʽʜʥʦ, ʪ. ʙ. ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʤʘʩʩʦʚʦʛʦ ʯʠʩʣʘ ʥ̔ʪʝʥʩʠʚʥʩ̔ʪʴ ʊ> ʢʦʤʧʦʥʝʥʪʠ ɻɼʈ ʰʚʠʜʢʦ ʧʘʜʘ.̒ 
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ɻʦʣʦʚʥʽ ʛʽʧʦʪʝʟʠ, ʷʢʽ ʙʫʣʠ ʟʨʦʙʣʝʥʽ ʧʨʠ ʚʠʚʝʜʝʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 3.13. 

ʥʘʩʪʫʧʥʽ: ʦʩʥʦʚʥʠʡ ʩʪʘʥ ʷʜʨʘ ʦʧʠʩʫʻʪʴʩʷ ʦʜʥʦʯʘʩʪʠʥʢʦʚʦʶ ʤʦʜʝʣʣ  ʁʦʙʦʣʦʥʦʢ 

ʟ ʧʦʪʝʥʮʘ̔ʣʦʤ ʛʘʨʤʦʥʡ̔ʥʦʛʦ ʦʩʮʠʣʷʪʦʨʘ; ʚʽʜʩʫʪʥʻ ʟʤʽʰʫʚʘʥʥʷ ʊ< ʪʘ ʊ> ʩʪʘʥʽʚ 

ʢʫʣʦʥʚ̔ʩɹʢʠʤʠ ʩʠʣʘʤʠ. ʊʦʤʫ ʚʽʜ ʬʦʨʤ. 3.13 ʤʦʞʥʘ ʚʠʤʘʛʘʪʠ ʣʠʝh ʦʧʠʩʘʥʥ ̫

ʫʩʝʨʝʜʥʝʥʠʭ ʟʘ ʩʫʢʫʧʥʩ̔ʪʁ ʷʜʝʨ ʥ̔ʪʝʥʩʠʚʥʦʩʪʝʡ ʊ< ʪʘ ʊ> ʢʦʤʧʦʥʝʥʪ. ɼʣʷ 

ʦʢʨʝʤʠʭ ʷʜʝʨ ʧʝʨʝʜʙʘʯʝʥʥʷ 3.13 ʤʦʞʝ ʜʘʚʘʪʠ ʧʦʤʽʪʥʽ ʚʽʜʭʠʣʝʥʥʷ [196]. 

ʅʘ ʨʠʩ. 3.24 ʟʣʽʚʘ ʜʣʷ ʷʜʨʘ ʟ N>Z ʧʦʢʘʟʘʥʘ ʚʝʣʠʯʠʥʘ æEʪ h ʫʢʘʥʦʛʦ 

ʽʟʦʩʧʽʥʦʚʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ɻɼʈ, ʷʢʘ ʨʽʚʥʘ E> - E< (ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʦ ʦʜʥʦʤʫ 

 

 

ʈʠʩ. 3.24. ʆʮʽʥʢʘ ʚʝʣʠʯʠʥʠ æEʪ ʽʟʦʩʧʽʥʦʚʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʛʽʛʘʥʪʩʴʢʦʛʦ 

ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ [196] 

 

ʜʠʧʦʣʴʥʦʤʫ ʨʽʚʥʶ  ʟ T< = T0  ̔ T> = T0 +1). Cʪʘʥ ʟ T> = T0 +1 ʚ ʷʜʨ ̔ (N,Z) ʤʘʻ 

ʟ̔ʦʙʘʨ-ʘʥʘʣʦʛ ʚ ʩʫʩʽʜʥʴʦʤʫ ʷʜʨ̔ (N+1,Z-1)), ʢʦʪʨʠʡ ʚ ʮʴʦʤʫ ʷʜʨ̔  ̒ʚʞʝ ʊ< ʩʪʘʥʦʤ 

ʽ ʪʦʤʫ ʡʦʛʦ ʝʥʝʨʛʽ̫  ʟʙʫʜʞʝʥʥʷ E<, ʷʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʢʫʣʦʥʚ̔ʩɹʢʠʤʠ ʩʠʣʘʤʠ, ʪʘ 

ʞʝ, ʦɦ ʡ ʝʥʝʨʛʽ̫  ʊ> ʩʪʘʥʫ ʚ ʷʜʨ ̔(N,Z). 

ʗʢʱʦ ʟʥʝʭʪʫʚʘʪʠ ʢʫʣʦʥʚ̔ʩɹʢʠʤʠ ʩʠʣʘʤʠ ʪʘ ʨ̔ʟʥʠʮʝ ʁ ʤʘʩʩ ʧʨʦʪʦʥʘ ʪʘ 

ʥʝʡʪʨʦʥʘ, ʪʦ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʥʘʧʽʚʝʤʧ̔ʨʠʯʥʦʾ ʬʦʨʤʫʣʠ ɺʘʡʮʟʝʢʢʝʨʘ ʜʣʷ ʝʥʝʨʛʽʾ 

ʟʚô̫ ʟʢʫ ʷʜʨʘ [200], ʝʥʝʨʛʽʾ ʫʩʽʭ ʩʪʘʥʽʚ ʷʜʨʘ (N+1,Z-1) ʙʫʜʫʪ ɹʟʩʫʥʫʪʽ ʚʚʝʨʭ ʧʦ 

ʝʥʝʨʛʽʾ ʚʽʜʥʦʩʥʦ ʩʪʘʥʽʚ ʷʜʨʘ (N,Z) ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʩʠʤʝʪʨʽʾ      
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Eʩʠʤ å 24(N - Z)
2
/A ʄʝɺ. ʇʨʠ ʧʝʨʝʭʦʜ ̔ʚʽʜ ʷʜʨʘ (N,Z) ʜʦ ʷʜʨʘ (N+1,Z-1) ʮʝ 

ʟʨʦʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʩʠʤʤʝʪʨʽʾ, ʷʢ ʣʝʛʢʦ ʧʝʨʝʢʦʥʘʪʠʩʷ, ʩʢʣʘʜʝ:                              

Eʩʠʤ = 24Ĭ4[(N-Z)+1]/A = 96(2T0+1)/A ʄʝɺ. ʎʷ ʞ ʚʝʣʠʯʠʥʘ ʙʫʜʝ ʜʘʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʽʟʦʩʧʽʥʦʚʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ æEʪ, ʄʝɺ [196]: 

 

ȹET å 100(2T0+1)/A                  3.14 

 

ɺʨʘʭʫʚʘʥʥʷ ʢʫʣʦʥʽʚʩʴʢʦʾ ʚʟʘʻʤʦʜʽʾ ʪʘ ʨ̔ ʟʥʠʮʽ ʤʘʩ ʧʨʦʪʦʥʘ  ̔ ʥʝʡʪʨʦʥʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʦʛʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʷʜʨʘ (N+1,Z-1) ʥʘ ʚʝʣʠʯʠʥʫ   

ȹEʢʫʣ + (mn - mp)c
2
, ʜʝ ȹEʢʫʣ - ʟʥʠʞʝʥʥʷ ʢʫʣʦʥʚ̔ʩɹʢʦʾ ʝʥʝʨʛʽʾ ʷʜʨʘ (N+1,Z-1)) 

ʧʦʨʽʚʥʷʥʦ ʟ ʷʜʨʦʤ (N,Z), ʦɦ, ʧʨʦʪʝ, ʥʝ ʚʧʣʠʥʝ ʥʘ ʚʝʣʠʯʠʥʫ ȹET. ʉʣʽʜ 

ʚʽʜʟʥʘʯʠʪʠ, ʦɦ ȹEʢʫʣ ʜʦʙʨʝ ʘʧʨʦʢʩʠʤʫʻʪʴʩʷ ʚʠʨʘʟʦʤ ȹEʢʫʣ = (1.44Z/A
1/3

 - 1.13), 

ʄʝɺ [196]. 

ɼʣʷ ʦʮʽʥʢʠ ȹET ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʽʥʰʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʠʥʮʠʧʘ ʽʟʦʙʘʨʠʯʥʦʾ 

ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʜʦ ʜʚʦʭ ʩʠʣʴʥʦ ʚʟʘʻʤʦʜʽʶʯʠʭ ʦʙôʻʢʪʽʚ. ɿ ʮʽʻʾ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ 

ʚʠʧʣʠʚʘʻ, ʱʦ ʧʦʪʝʥʮʽʘʣ ʪʘʢʦʾ ʚʟʘʻʤʦʜʽʾ, ʥʘʧʨʠʢʣʘʜ, ʯʘʩʪʠʥʢʠ ʘ ʪʘ ʷʜʨʘ ɸ ʥʝ 

ʧʦʚʠʥʝʥ ʟʘʣʝʞʘʪʠ ʚʽʜ ʧʦʚʦʨʦʪʽʚ ʚ ʽʟʦʩʧʽʥʦʚʦʤʫ ʧʨʦʩʪʦʨ,̔ ʪ.ʙ. ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʩʢʘʣʷʨʦʤ ʚ ʮʴʦʤʫ ʧʨʦʩʪʦʨʽ ( ʟ̔ʦʩʢʘʣʷʨʦʤ). ʇʦʟʥʘʯʠʤʦ ʚʝʢʪʦʨ ʟ̔ʦʩʧʥ̔ʘ ʯʘʩʪʠʥʢʠ 

ʘ ʯʝʨʝʟ a, ʘ ʚʝʢʪʦʨ ʟ̔ʦʩʧʥ̔ʘ ʷʜʨʘ ɸ ʯʝʨʝʟ A. ʅʘʡʧʨʦʩʪʽʰʠʤ ʟ̔ʦʩʢʘʣʷʨʦʤ, 

ʧʦʙʫʜʦʚʘʥʠʤ ʟ ʮʠʭ ʚʝʣʠʯʠʥ,  ̒ ʭʾ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ( aĬ A). ʊʦʤʫ ʧʦʪʝʥʮʘ̔ʣ 

ʩʠʣʴʥʦ ʾ ʚʟʘ̒ʤʦʜʽʾ ʯʘʩʪʠʥʢʠ ʘ ʪʘ ʷʜʨʘ ɸ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ:           

VaA = const( aĬ A) [196].  

ɺ ʷʢʦʩʪʽ ʢʦʥʩʪʘʥʪʠ ʚ ʮʴʦʤʫ ʚʠʨʘʟʽ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʤʘʩʰʪʘʙ ʚʟʘʻʤʦʜʽʾ, ʚʽʟʴʤʝʤʦ 

ʚʝʣʠʯʠʥʫ å100/A ʄʝɺ, ʷʢʘ ʬʽʛʫʨʫʻ ʫ ʬʦʨʤ. 3.14 ʧʝʨʝʜ ʽʟʦʩʧʽʥʦʚʠʤ ʤʥʦʞʥʠʢʦʤ 

(2T0+1). ɺ ʧʽʜʩʫʤʢʫ ʦʪʨʠʤʘʻʤʦ ʪʘʢ ʟʚʘʥʠʡ ʧʦʪʝʥʮʘ̔ʣ ʃʝʡʥʘ [201], ʷʢʠʡ 

ʩʧʦʯʘʪʢʫ ʚʠʥʠʢ ʚ ʟʘʜʘʯʘʭ ʦʧʠʩʘʥʥ ̫ ʨʦʟʩʽʷʥʥʷ ʥʫʢʣʦʥʚ̔ ʷʜʨʘʤʠ ʚ ʨʘʤʢʘʭ 

ʦʧʪʠʯʥʦʾ ʤʦʜʝʣ,̔ ʄʝɺ [196]: 

 

VaA å 100(aĬ A)/A  (3.15) 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ (3.14) ʚʞʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʝʣʠʯʠʥʫ ȹET ʟ̔ʦʩʧʥ̔ʦʚʦʛʦ 

ʨʦʟʱʝʧʣʝʥʥʷ ɻɼʈ. ɼʽʡʩʥʦ, ʧʨʠ ʧʦʛʣʠʥʘʥʥʽ ʷʜʨʦʤ ɽ1-ʬʦʪʦʥʘ ʚ ʥʴʦʤʫ 

ʫʪʚʦʨʶʻʪʴʩʷ ʯʘʩʪʠʥʢʘ ̔ ʜ̔ʨʢʘ. ʊʦʤʫ ʷʜʨʦ ʫ ʟʙʫʜʞʝʥʦʤʫ ʩʪʘʥʽ - ʮʝ ʩʫʢʫʧʥʽʩʪʴ 

ʚʟʘ̒ʤʦʜʽʶʯʠʭ ʦʜʠʥ ʟ ʦʜʥʠʤ ʯʘʩʪʠʥʢʦ-ʜ̔ ʨʢʦʚʦʾ ʧʘʨʠ (ph) ʪʘ ʦʩʪʦʚʘ                 

(ʜʠʚ. ʨʠʩ. 3.25). 

 

 

 

ʈʠʩ. 3.25 ɿʙʫʜʞʝʥʝ ʷʜʨʦ ʟ ʟ̔ʦʩʧʥ̔ʦʤ T ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʦʩʪʦʚʘ ʟ ʟ̔ʦʩʧʥ̔ʦʤ T0  ̔

ʯʘʩʪʠʥʢʦʚʦ-ʜ̔ʨʢʦʚʦʾ ʧʘʨʠ ʟ ʟ̔ʦʩʧʥ̔ʦʤ tph [196] 

 

ɺ ʚʠʨʘʟʽ (3.15) ʚ ʷʢʦʩʪʽ ʯʘʩʪʠʥʢʠ ʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ph-ʧʘʨʘ ʟ ʟ̔ʦʩʧʥ̔ʦʤ tph, ʘ 

ʚ ̫ʢʦʩʪʽ ʷʜʝʨʥʦʛʦ ʟ̔ʦʩʧʥ̔ʘ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʟ̔ʦʩʧ̔ʥ T0 ʷʜʨʘ ʚ ʦʩʥʦʚʥʦʤʫ ʩʪʘʥʽ   

(ʪ. ʙ. ʟ̔ʦʩʧʥ̔ ʥʝʟʙʫʨʝʥʦʛʦ ʷʜʝʨʥʦʛʦ ʦʩʪʦʚʘ). ɯʟʦʩʧʥ̔ ʊ ʟʙʫʜʞʝʥʦʛʦ ʷʜʨʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨʥʦ  ʁʩʫʤʦʶ ʟ̔ʦʩʧʥ̔̔ʚ ʦʩʪʦʚʘ ʪʘ ʯʘʩʪʠʥʢʦʚʦ-ʜ̔ʨʢʦʚʦʾ ʧʘʨʠ:   

 = 0 + ph. ɿʚʽʜʢʠ [196] 

 

               3.16 

 

ʪʫʪ ʢʚʘʜʨʘʪʠ ʟ̔ʦʩʧʥ̔̔ʚ ʟʘʤʥ̔ʝʥ̔ ʾʭʥʽʤʠ ʢʚʘʥʪʦʚʦʤʝʭʘʥʯ̔ʥʠʤʠ ʚʣʘʩʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ, ʯʦʤʫ ʚʠʷʚʣʷʻʪʴʩʷ ʨ̔ʚʥʠʤ ̔ʟʦʩʧʥ̔ ʊ 

ʟʙʫʜʞʝʥʦʛʦ ʷʜʨʘ: ʊ< = T0 ʯʠ ʊ> = T0 + 1, ʜʣʷ (phĬ 0) ʦʪʨʠʤʘʻʤʦ ʜʚʘ ʤʦʞʣʠʚʠʭ 

ʟʥʘʯʝʥʥ̫ [196]: 

 

  

          3.17 
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ʈʽʟʥʠʮʷ ʝʥʝʨʛʽʡ E>  - E<  ʩʪʘʥʽʚ ʟ ʊ> ʪʘ ʊ<, ʪ.ʙ. ʚʝʣʠʯʠʥʘ ʽʟʦʩʧʽʥʦʚʦʛʦ 

ʨʦʟʱʝʧʣʝʥʥʷ ȹET, ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʟʥʠʮʝʶ ʟʥʘʯʝʥʴ (phĬ 0) ʜʣʷ ʊ>  ̔ ʊ< ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʤʘʩʰʪʘʙʥʦʛʦ ʤʥʦʞʥʠʢʘ 100/A, ʄʝɺ [196]: 

 

          ȹET = E> - E< = 100(T0 + 1)/A 3.18  

 

ʎʝʡ ʚʠʨʘʟ ʤʘʻ ʩʭʦʞʫ ʟ ʬʦʨʤ. (3.14) ʩʪʨʫʢʪʫʨʫ, ʘʣʝ ʧʝʨʝʜʙʘʯʘʻ ʤʝʥʴʰʫ 

ʚʝʣʠʯʠʥʫ ʟ̔ʦʩʧʥ̔ʦʚʦʛʦ ʨʦʟɦʝʧʣʝʥʠʷ. 

ʆʙʠʜʚʘ ʮ̔ ʚʠʨʘʟʠ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʝʬʝʢʪ ʢʦʣʝʢʪʠʚʟ̔ʘʮ̔ʾ ʦʢʨʝʤʠʭ                  

1ʨ1h-ʟʙʫʜʞʝʥʴ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʭʝʤʘʪʠʯʥʦ ʁʤʦʜʝʣʣʁ  ɹʨʘʫʥʘ-ɹʦʣʩʪʝʨʣ,̔ 

ʪ.ʙ. ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʜʥʦʯʘʩʪʠʥʢʦʚʽʡ ʢʘʨʪʠʥ ̔ʬʦʪʦʨʦʟʱʝʧʣʝʥʥʷ. ʂʦʣʝʢʪʠʚʟ̔ʘʮ̫̔ 

ʧʨʠʟʚʦʜʠʪ ɹ ʜʦ ʟʩʫʚʫ ʚʚʝʨʭ ʧʦ ʝʥʝʨʛʽʾ ʜʠʧʦʣʴʥʠʭ ʩʪʘʥʽʚ. ʆʩʢʽʣʴʢʠ ʯʠʩʣʦ          

ɽ1-ʧʝʨʝʭʦʜʚ̔ T0ŸT0 ʚ ʩʝʨʝʜʥʭ̔ ʪʘ ʚʘʞʢʠʭ ʷʜʨʘʭ ʙʣ̔ʴʝh, ʥʽʞ ʯʠʩʣʦ ɽ1-ʧʝʨʝʭʦʜʚ̔ 

T0ŸT0+1, ʪʦ ʝʬʝʢʪ ʟʩʫʚʫ ʜʦʛʦʨʠ ʧʦ ʝʥʝʨʛʽʾ ʩʠʣʴʥʽʰʠʡ ʜʣʷ ʨ̔ ʚʥʽʚ ʟ ʊ<, ʦɦ 

ʧʨʠʟʚʦʜʠʪ ɹʜʦ ʟʙʣʠʞʝʥʥʷ ʛʽʣʦʢ ʟ ʨ̔ ʟʥʠʤ ʟ̔ʦʩʧʥ̔ʦʤ ,̔ ʷʢ ʧʦʢʘʟʘʥʦ ʚ ʨʦʙʦʪ̔ [202], 

ʝʬʝʢʪʠʚʥʦʤʫ ʟʤʝʥʴʰʝʥʥʶ ʤʘʩʰʪʘʙʥʦʛʦ ʤʥʦʞʥʠʢʘ 100/A ʧʨʠʙʣʠʟʥʦ ʫ 1.5 ʨʘʟʠ. 

ʊʦʤʫ ʙʣ̔ɹ  hʦʙʛʨʫʥʪʦʚʘʥʠʡ ʚʠʨʘʟ ʜʣʷ ȹET, ʷʢʠʤ ʷʢ ʧʨʘʚʠʣʦ ʽ ʢʦʨʠʩʪʫʶʪʴʩʷ, ʤʘʻ 

ʚʠʛʣʷʜ, ʄʝɺ [196]: 

ȹET å E> - E< = 60(T0 + 1)/A (3.19) 

ɼʣʷ ʷʜʝʨ 
27

Al, 
90

Zr ʪʘ 
208
Pb ʚʝʣʠʯʠʥʘ ȹET ʩʢʣʘʜʘʻ å 3.3, 4.0  ̔ 6.6 ʄʝɺ 

ʚʽʜʧʦʚʽʜʥʦ, ʪ.ʙ ʟ ʨʦʩʪʦʤ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽ̫  ʟʨʦʩʪʘʥʥʷ 

ʝʥʝʨʛʽʾ ʨʦʟʝɦʧʣʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʛʛ̔ʘʥʪʩʢɹʦʛʦ ʨʝʟʦʥʘʥʩʫ ʟ ʨ̔ ʟʥʠʤ ʟ̔ʦʩʧʥ̔ʦʤ. ʂʨʤ̔ 

ʪʦʛʦ, ʨʦʟʱʝʧʣʝʥʥʷ T> ʪʘ ʊ< -ʩʪʘʥʽʚ ʧʨʠ ʬʢ̔ʩʦʚʘʥʦʤʫ Z ʟʨʦʩʪʘʻ ʟ ʨʦʩʪʦʤ 

ʥʝʡʪʨʦʥʥʦʛʦ ʥʘʜʣʠʰʢʫ. ʊʘʢ ʜʣʷ ʟ̔ʦʪʦʧʚ̔ ʤʦʣʙ̔ʜʝʥʘ ȹET ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 3.3 ʄʝɺ 

(
92
ʄʦ) ʜʦ 5.4 ʄʝɺ (

100
ʄʦ) [196]. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ 

ʚʠʭʦʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʧʽʚʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ 
ʝʢʩʧ

ʧʨ
Y  ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ 
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ʛʽʧʦʪʝʟʘ ʧʨʦ ʜʦʤʽʥʫʚʘʥʥʷ ʥʘʧʽʚʧʨʷʤʦʛʦ ʨʦʟʧʘʜʫ ɻɼʈ ʚ (ɔ,p)-ʨʝʘʢʮʽʾ. 

ɺʨʘʭʦʚʫʶʯʠ ʷʢ ʢʦʣʝʢʪʠʚʥʽ ʝʬʝʢʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʙʫʜʞʝʥʴ, ʪʘʢ ʽ ʝʥʝʨʛʽʶ 

ʩʠʤʝʪʨʽʾ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʽʟʦʩʧʽʥʦʚʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʨʽʚʥʷʥʥʷ (3.19). ʇʽʩʣʷ ʮʴʦʛʦ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʠʭʽʜ ʜʣʷ ʥʘʧʽʚʧʨʷʤʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤ. 3.6. ɺ 

ʥʽʡ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ R ʝʥʝʨʛʽʷ ʢʫʣʦʥʽʚʩʴʢʦʛʦ ʙʘʨô̒ ʨʫ ʟʘʤʽʥʶʻʪʴʩʷ ʥʘ ȹET. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʨʝʘʢʮʽʾ 
181

Ta(ɔ,p)
180m

Hf ʩʫʤʘʨʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʨʽʛ 

ʨʽʚʥʠʡ 13.2 ʄʝɺ. ʆʪʨʠʤʘʥʽ ʚʠʭʦʜʠ 
ʝʢʩʧ

ʧʨ
Y ʪʘʢʦʞ ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 3.6 [190]. 

ʊʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʥʘʧʽʚʧʨʷʤʦʛʦ ʧʨʦʮʝʩʫ (
ʪʝʦʨ

ʧʨ
Y ), ʷʢʽ ʜʘʶʪʴʩʷ ʚ 

ʪʘʙʣʠʮʽ 3.6 ʚ ʦʩʪʘʥʥʽʡ ʢʦʣʦʥʮʽ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ, ʷʢʘ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʦʨʤʫʣʽ (3.13) ʯʠ ʬʦʨʤ. (3) ʟ ʨʦʙʦʪʠ [197]: 

ʩʨ -2/3
ʪʝʦʨ ʤʦʥ 0m

-2/3ʧʨ
0g m

Y Y (1-1.5T A )
Y =

( Y + Y )T (1+1.5A )
. ɼʘʥʘ ʬʦʨʤʫʣʘ ʚʨʘʭʦʚʫʻ ʽʟʦʩʧʽʥʦʚʝ 

ʨʦʟʱʝʧʣʝʥʥʷ ɻɼʈ. ʊʫʪ 
m

Y , 
g

Y  - ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʟʘʩʝʣʝʥʥʷ 

ʽʟʦʤʝʨʥʦʛʦ ʪʘ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʽʚ, ʚʽʜʧʦʚʽʜʥʦ, ʨʝʘʢʮʽʾ 
181

Ta(ɔ,p)
180

Hf
m,g

, 

ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʬʦʨʤ. 3.4 ʜʣʷ ʧʝʨʝʨʽʟʽʚ, ʤʦʜʝʣʴʦʚʘʥʠʭ ʚ ʢʦʜʽ TALYS-1.9.      

ʩʨ

ʤʦʥY  - ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʠʭʽʜ ʨʝʘʢʮʽʾ 
181

Ta(ɔ,n)
180

Ta, ʦʙʯʠʩʣʝʥʠʡ ʟʘ ʬʦʨʤ. 3.4. 

ʆʪʞʝ, ʚʨʘʭʫʚʘʥʥʷ ʽʟʦʩʧʽʥʦʚʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʜʣʷ ʥʘʧʽʚʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ ʚ 

ʨʝʘʢʮʽʾ 
181

Ta(ɔ,p)
180

Hf
m
 ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʜʝʤʦʥʩʪʨʫʻ 

ʛʘʨʥʝ ʢʽʣʴʢʽʩʥʝ ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʚʝʣʠʯʠʥ [190]. 

ɺ ʪʘʙʣ. 3.6 ʪʘʢʦʞ ʧʦʢʘʟʘʥʠʡ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʠʭʽʜ ʨʝʘʢʮʽʾ 
181

Ta(ɔ,pn)
179

Hf
m
, 

ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘ ʬʦʨʤʫʣʦʶ 3.6 ʧʨʠ ɽʛʨ = 37 ʄʝɺ. ɺ ʷʢʦʩʪʽ ʤʦʥʽʪʦʨʘ ʧʨʠ ʮʴʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʷʜʨʘ 
nat

Lu ʽ ʨʝʘʢʮʽʾ 
175

Lu(ɔ,n)
174g

Lu ʪʘ 
175

Lu(ɔ,2n)
173

Lu [192]. 

3.2.2 ɺʠʚʯʝʥʥʷ (ɔ,pxn)-ʨʝʘʢʮʽʡ ʥʘ ʷʜʨʘʭ ʛʘʬʥʽʶ ʟ ʟʘʩʝʣʝʥʥʷʤ 
177,178

Lu ʚ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ 

ʇʨʠ ɽʛʨ = 20 ʪʘ 55 ʄʝɺ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʪʦʢʫ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʨʝʘʢʮʽʷ 
181
Ta(ɔ,n)

180
Ta [189], ʧʨʦ ʱʦ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʥʘ ʩ. 
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106-107. ɼʣʷ Eʛʨ = 37 ʄʝɺ ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʢʫ ʛʘʣʴʤʽʚʥʠʭ         

ɔ-ʢʚʘʥʪʽʚ ʥʘʚʝʜʝʥʦ ʚʠʱʝ ʥʘ ʩ. 110-111. ʇʨʠ Eʛʨ = 17.5 ʄʝɺ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʪʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʨʝʘʢʮʽʷ 
176
Hf(ɔ,n)

175
Hf, ʷʢʘ ʥʝʧʦʛʘʥʦ ʜʦʩʣʽʜʞʝʥʘ ʚ 

ʜʘʥʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ [158] ʪʘ ɔ-ʣʽʥʽʷ ʟ ʝʥʝʨʛʽʻʶ 343.3 ʢʝɺ, ʷʢʘ 

ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
175
Hf (ʜʠʚ. ʨʠʩ. 3.26). 

 

ʈʠʩ. 3.26 ʌʨʘʛʤʝʥʪʠ ʪʠʧʦʚʠʭ ɔ-ʩʧʝʢʪʨʽʚ ʛʘʬʥʽʶ ʧʨʠʨʦʜʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ, 

ʦʧʨʦʤʽʥʝʥʦʛʦ ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʟ ɽʛʨ = 17.5 ʄʝɺ (ʘ), ɽʛʨ = 37 ʄʝɺ (ʙ) ʪʘ 

ɽʛʨ = 55 ʄʝɺ (ʚ) [36] 

 

ɸʢʪʠʚʥʽʩʪʴ 
177

Lu ʨʝʻʩʪʨʫʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɔ-ʣʽʥʽʾ ʟ ʝʥʝʨʛʽʻʶ 208 ʢʝɺ. 

ʌʨʘʛʤʝʥʪʠ ʚʠʤʽʨʷʥʦʛʦ ɔ-ʩʧʝʢʪʨʫ 
177

Lu ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.26 ʽ 3.27. 

 

 

ʈʠʩ. 3.27 ʌʨʘʛʤʝʥʪʠ ʪʠʧʦʚʠʭ ɔ-ʩʧʝʢʪʨʽʚ 
179
Hf, ʦʧʨʦʤʽʥʝʥʦʛʦ ʛʘʣʴʤʽʚʥʠʤʠ  

ɔ-ʢʚʘʥʪʘʤʠ ʟ ɽʛʨ = 20 ʄʝɺ (ʘ) ʪʘ ɽʛʨ = 55 ʄʝɺ (ʙ) [36] 
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ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʡ ʥʘ ʤʦʥʽʪʦʨʘʭ 
181
Ta(ɔ,n)

180
Ta, 

175
Lu(ɔ,n)

174
Ta, 

175
Lu(ɔ,2n)

173
Lu ʪʘ 

176
Hf(ɔ,n)

175
Hf ʪʘ ʧʦʪʦʢʠ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤ. (3.4-3.5). ʄʦʜʝʣʴʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʜʫ Geant4 ʛʘʣʴʤʽʚʥʽ  

ɔ-cʧʝʢʪʨʠ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.28. ɺʨʘʭʦʚʫʶʯʠ ʧʦʧʨʘʚʢʠ ʥʘ ʧʦʪʦʢʠ 

ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ, ʟʫʤʦʚʣʝʥʽ ʨʽʟʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʦʨʦʛʘʤʠ ʨʝʘʢʮʽʡ ʥʘ 

 

ʈʠʩ. 3.28 ʉʧʝʢʪʨʠ ʛʘʣʴʤʽʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʠ ʝʥʝʨʛʽʾ ʝʣʝʢʪʨʦʥʽʚ 17.5(1), 

20(2) ʽ 55(3) ʄʝɺ ï (ʘ) [36] ʪʘ ʧʨʠ ɽʛʨ = 37 ʄʝɺ (ʙ), ʚʟʷʪʠʡ ʟ [192] 

 

ʤʦʥʽʪʦʨʘʭ ʪʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʽʡ ʨʘʟʦʤ ʟ ʢʫʣʦʥʽʚʩʴʢʠʤʠ ʙʘʨôʻʨʘʤʠ ʦʩʪʘʥʥʽʭ 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʡ 
178

Hf(ɔ,p)
177

Lu ʧʨʠ ɽʛʨ = 17.5 

ʪʘ 20 ʄʝɺ, 
nat

Hf(ɔ,pxn)
177

Lu ʧʨʠ ɽʛʨ = 37 ʄʝɺ, 
nat

Hf(ɔ,pxn)
177

Lu, 
179

Hf(ɔ,pn)
177

Lu 

ʪʘ 
180

Hf(ɔ,p2n)
177

Lu ʧʨʠ ɽʛʨ = 55 ʄʝɺ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣʠ 3.6. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.7. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʜʣʷ 
nat

Hf 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩ,̫ ʟʥʘʶʯʠ, ʱʦ ʚ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ 76% ʘʪʦʤʽʚ ʨʽʟʥʠʭ ʽʟʦʪʦʧʽʚ 

ʛʘʬʥʽʶ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ 
177

Lu ʧʨʠ Eʛʨ = 55 ʽ 37 ʄʝɺ, ʽ ʪʽʣʴʢʠ 

178
Hf (27%) ʧʨʠ Eʛʨ = 17.5 ʪʘ 20 ʄʝɺ [36]. 

ʉʪʘʪʠʩʪʠʯʥʘ ʧʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ 5%. ʆʮʽʥʝʥʘ ʧʦʭʠʙʢʘ 

ʬʦʨʤʠ ʛʘʣʴʤʽʚʥʦʛʦ ɔ-ʩʧʝʢʪʨʫ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 10%. ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ 

ʩʠʩʪʝʤʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʽʟʥʠʭ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʘʭ ʽ ʚ 
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ʊʘʙʣʠʮʷ 3.7 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʤʦʜʝʣʴʦʚʘʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ (Y ) ʚʠʭʦʜʠ 

ʥʘʧʨʘʮʶʚʘʥʥʷ 
177

Lu [36] 

 

 

ʈʝʘʢʮʽ̫ 

ɽʥʝʨʛʽ̫  

Eʛʨ, (Mʝɺ) 

Y , ʤʢʙ 

ɽʢʩʧʝʨʠʤʝʥʪ TALYS-1.9 EMPIRE-3.2 

178
Hf(ɔ,p)

177
Lu 17.5 590Ñ60 0.9 0.6 

20 1360Ñ190 1.5 1.9 

nat
Hf(ɔ,pxn)

177
Lu 37 450Ñ70 41 - 

55 200Ñ30 44 - 

179
Hf(ɔ,pn)

177
Lu  

55 

120Ñ20 79 - 

180
Hf(ɔ,p2n)

177
Lu 1.7Ñ0.5 0.06 0.02 

 

ʪʘʙʣʠʮʽ 3.7 ʧʨʠʚʝʜʝʥʘ ʩʫʤʘʨʥʘ ʧʦʭʠʙʢʘ. 

ɼʣʷ ʦʮʽʥʢʠ ʤʝʭʘʥʽʟʤʽʚ ʨʝʘʢʮʽʡ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭʥʽʭ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʫ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ EMPIRE-3.2 [57] ʪʘ 

TALYS-1.9 [203]. ɺ ʦʙʦʭ ʢʦʜʘʭ ʜʦʤʽʥʫʶʪʴ ʩʪʘʪʠʩʪʠʯʥʠʡ ʪʘ ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʠʡ 

ʤʝʭʘʥʽʟʤʠ. ʇʨʠ ʮʴʦʤʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʤʽʰʝʥʝʡ 
nat

Hf ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʤʽʩʪʫ ʢʦʞʥʦʛʦ ʡʦʛʦ ʽʟʦʪʦʧʫ ʚ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ. ʆʪʨʠʤʘʥʽ 

ʪʝʦʨʝʪʠʯʥʽ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.7. ʗʢ ʚʠʜʥʦ, ʚʥʝʩʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ 

ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʠʭʽʜ (ɔ,p)-ʨʝʘʢʮʽʾ ʚ ʦʙʣʘʩʪʽ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʷ 20 

ʄʝɺ ʥʝ ʧʝʨʝʚʠʱʫʚʘʚ 0.1-0.2 %. ʉʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʚʥʝʩʢʫ 

ʚʽʜ (ɔ,pn)-ʨʝʘʢʮʽʾ ʧʨʠ Eʛʨ = 20 ʄʝɺ (ʜʠʚʠʩʴ ʨʠʩʫʥʦʢ 3.27(ʘ)); ʪʦʙʪʦ ʘʢʪʠʚʥʽʩʪʴ 

177
Lu ʧʨʠ ʮʽʡ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʠʢʣʠʢʘʥʘ ʣʠʰʝ ʨʝʘʢʮʽʻʶ (ɔ,p) [36]. 

ʎʝ ʧʦʚʥʽʩʪʶ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʦʮʽʥʢʘʤʠ ʚʥʝʩʢʫ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʢʘʥʘʣʫ ʫ (ɔ,p)-

ʨʝʘʢʮʽ,ʁ ʷʢʽ ʥʘʚʝʜʝʥʽ ʫ [204-205] ʜʣʷ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟ Eʛʨ = 23 ʄʝɺ. ɼʘʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ (ʩʫʮʽʣʴʥʘ ʣʽʥʽʷ) ʪʘ ʧʨʷʤʦʛʦ (ʧʫʥʢʪʠʨʥʘ) 

ʤʝʭʘʥʽʟʤʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.29. ʎ̫  ʟʘʣʝʞʥʽʩʪʴ ʜʦʟʚʦʣʷ ̒ʟʨʦʙʠʪʠ ʦʮʽʥʢʫ, 

ʱʦ ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʧʽʚʧʨʷʤʠʭ ʨʝʘʢʮʽʡ ʚ ʦʙʣʘʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ Z ʥʘ ʧʦʨʷʜʦʢ 
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ʚʠʱʘ, ʥʽʞ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɿ ʜʘʥʦʛʦ ʛʨʘʬʽʢʘ ʪʘʢʦʞ ʚʠʧʣʠʚʘʻ, ʱʦ Y å 3 

ʤʙ ʜʣʷ ʧʨʷʤʦʛʦ ʢʘʥʘʣʫ (ɔ,p)-ʨʝʘʢʮʽʾ. ʎʝ ʥʝʧʦʛʘʥʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʦʪʨʠʤʘʥʠʤʠ 

ʜʘʥʠʤʠ ʜʣʷ ʮʴʦʛʦ ʜʽʘʧʘʟʦʥʫ ʝʥʝʨʛʽʡ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʷʤʠʡ ʢʘʥʘʣ ʜʦʤʽʥʫʻ ʜʣʷ (ɔ,p)-ʨʝʘʢʮʽʾ ʚ ʦʙʣʘʩʪʽ 

ʤʘʢʩʠʤʫʤʫ ʛʽʛʘʥʪʩʴʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ. ʉʠʪʫʘʮʽʷ ʢʘʨʜʠʥʘʣʴʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʚʠʱʠʭ ʝʥʝʨʛʽʡ [36]. 

 

ʈʠʩ. 3.29 ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʨʦʪʦʥʽʚ ʚʽʜ ʟʘʨʷʜʫ 

ʷʜʨʘ, ʚʟʷʪʽ ʟ [204-205] 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʧʨʦ ʚʥʝʩʦʢ (ɔ,pn)-ʢʘʥʘʣʫ ʚ ʟʘʩʝʣʝʥʥʷ 
177

Lu ʧʨʠ Eʛʨ = 55 

ʄʝɺ ʜʦʟʚʦʣʠʣʠ ʦʮʽʥʠʪʠ Y  (ɔ,p)-ʨʝʘʢʮʽʾ ʧʨʠ Eʛʨ = 37 ʪʘ 55 ʄʝɺ. ɺʦʥʠ ʩʢʣʘʣʠ 

1.5 ʤʙ ʪʘ 1.1 ʤʙ, ʚʽʜʧʦʚʽʜʥʦ. ɼʘʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʚ ʬʦʨʤʫʣʽ (3.6) ʨ = 0.76 ʥʘ ʨ = 0.273 (ʘʙʩʦʣʶʪʥʠʡ ʚʤʽʩʪ 
178

Hf ʚ 

ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʬʦʨʤʠ ʛʘʣʴʤʽʚʥʦʛʦ ʩʧʝʢʪʨʘ ʪʘ ʚʽʜʥʽʤʘʥʥʷ 

ʚʥʝʩʢʽʚ (ɔ,pn)- ʪʘ (ɔ,p2n)-ʢʘʥʘʣʽʚ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʥʝʩʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ 

ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟʨʦʩʪʘʻ ʽ ʜʦʩʷʛʘʻ ʜʣʷ (ɔ,pn)-ʨʝʘʢʮʽʾ 60% (ʜʠʚ. 

ʪʘʙʣ. 3.7). ɼʘʥʘ ʦʙʩʪʘʚʠʥʘ ʚʢʘʟʫʻ ʥʘ ʙʽʣʴʰʠʡ ʚʥʝʩʦʢ ʚʠʩʦʢʦʩʧʽʥʦʚʠʭ ʩʪʘʥʽʚ ʚ 

ʮʽʡ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ, ʦʩʢʽʣʴʢʠ ʧʨʷʤʽ ʨʝʘʢʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʙʫʜʞʝʥʥʷ ʥʠʟʴʢʦʩʧʽʥʦʚʠʭ ʩʪʘʥʽʚ [36]. 



136 

 

ɿ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩʣʽʜʫʻ, ʱʦ ʚ ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʚʥʝʩʦʢ (ɔ,p)-ʨʝʘʢʮʽʾ ʚʠʱʠʡ 

ʫ 1.5-2 ʨʘʟʠ ʥʽʞ ʚʥʝʩʦʢ (ɔ,pn)-ʨʝʘʢʮʽʾ. ɼʝʷʢʽ ʨʦʟʙʽʞʥʦʩʪʽ ʮʠʭ ʜʘʥʠʭ ʟ ʦʮ̔ʥʢʘʤʠ, 

ʟʨʦʙʣʝʥʠʤʠ ʚ ʨʦʙʦʪ̔ [206], ʽʤʦʚʽʨʥʦ, ʧʦʚôʷʟʘʥʽ ʟ ʪʠʤ, ɦʦ ʚ [206] ʦʮʥ̔ʢʠ 

ʚʠʢʦʥʫʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚ ̔ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʢʦʜ ̔TALYS-1.9, ʚ ʷʢʦʤʫ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʚʥʝʩʦʢ ʧʨʷʤʦʛʦ ʢʘʥʘʣʫ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʡ ʜʘʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʧʨʦʚʝʜʝʥ ̔ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʜʫ TALYS-1.9 ʪʘʢʦʞ ʜʘʶʪ ɹ ʟʘʥʠʞʝʥ̔ ʦʮ̔ʥʢʠ ʧʦʨʽʚʥʷʥʦ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ (ʜʠʚ. ʪʘʙʣ. 3.7) [36]. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ ʥʘʧʨʘʮʶʚʘʥʥʷ 
177

Lu ʧʨʠ 

Eʛʨ = 20 ʄʝɺ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʧʨʷʤʽ ʨʝʘʢʮʽʾ ʟʙʽʣʴʰʫʶʪʴ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ 

ʚʠʭʦʜʠ ʧʨʠ Eʛʨ = 55 ʄʝɺ ʷʢ ʤʽʥʽʤʫʤ ʫ 2 ʨʘʟʠ ʽ ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʚʥʝʩʢʫ 

ʜʦʟʚʦʣʷʻ ʥʘʙʣʠʟʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚʠʭʦʜʽʚ ʜʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʘʥʠʭ. ɺ ʨʦʙʦʪʽ [207] ʦʪʨʠʤʘʥʦ ʚʠʭ̔ʜ ʨʝʘʢʮʽʾ 
nat

Hf(ɔ,pxn)
177

Lu, ʨʚ̔ʥʠʡ 610 Ñ 60 

ʤʢʙʥ ʧʨʠ Eʛʨ = 40 ʄʝɺ, ʘ ʦʪʨʠʤʘʥʠʡ ʪʫʪ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʠʭ̔ʜ ʜʘʥʦʾ ʨʝʘʢʮʽʾ 

ʨʽʚʥʠʡ 450 Ñ 70 ʤʢʙʥ ʧʨʠ Eʛʨ = 37 ʄʝɺ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʟʨʦʩʪʘʥʥʷ ʚʥʝʩʢʫ   

(ɔ,pn)-ʢʘʥʘʣʫ ʧʨʠ ʟʨʦʩʪʘʥʥʽ Eʛʨ, ʩʧʽʚʧʘʜʘʥʥʷ ʥʝʧʦʛʘʥʝ [36]. 

ʇʨʦʚʦʜʠʣʠʩʴ ʪʘʢʦʞ ʚʠʤʽʨʶʚʘʥʥʷ ʽʤʦʚʽʨʥʦʛʦ ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʦʚʛʦʞʠʚʫʯʦʛʦ 

ʟ̔ʦʤʝʨʘ 
177m

Lu, ʪʘ ʦʪʨʠʤʘʥʽ ʦʮ̔ʥʢʠ, ʦɦ ʚʥʝʩʦʢ ʡʦʛʦ ʘʢʪʠʚʥʦʩʪ ̔ʥʝ ʧʝʨʝʚʠʱʫʻ 

0.01 % ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʤ̔ʰʝʥʝʡ ʧʨʦʪʷʛʦʤ 7-10 ʜʥʽʚ. ʎ  ̫ʦʮ̔ʥʢʘ ʥʝ ʩʫʧʝʨʝʯʠʪʴ 

ʦʮ̔ʥʮ ̔ʚʥʝʩʢʫ 
177m

Lu, ʦʪʨʠʤʘʥʽʡ ʚ [206]. 

ʗʢ ʫʞʝ ʦʙʛʦʚʦʨʶʚʘʣʦʩʷ ʫ ʚʩʪʫʧʽ, ʜʘʥ ̔ʧʨʦ ʘʢʪʠʚʘʮʽ ʁ
177
Lu ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ̔ʥʪʝʨʝʩ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʢʘʥʘʣʚ̔ 

ʦʪʨʠʤʘʥʥʷ 
177
Lu ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʨʘʜ̔ʦʬʘʨʤʧʨʝʧʘʨʘʪʚ̔. ʆʪʞʝ ʙʫʣʘ ʨʦʟʨʘʭʦʚʘʥʘ 

ʘʢʪʠʚʘʮʽ̫  
177
Lu ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʤ̔ʰʝʥʝʡ ʟ ʧʨʠʨʦʜʥʦɹʛʦ ʛʘʬʥʽ ʁʛʘʣʴʤʽʚʥʠʤʠ   

ɔ-ʢʚʘʥʪʘʤʠ ʟ ʤʘʢʩʠʤʘʣʴʥʦ ʁ ʝʥʝʨʛʽʻʶ 37 ʪʘ 55 ʄʝɺ. ɺʠʭ̔ʜ 
177

Lu ʚʠʷʚʠʚʩʷ 

ʨʽʚʥʠʤ 7.6Ĭ10
4 
ɹʢ/(ʛĬʤʢɸ) ʪʘ 16Ĭ10

4 
ɹʢ/(ʛĬʤʢɸ) ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʤ̔ʰʝʥʝʡ 

ʧʨʦʪʷʛʦʤ ʦʜʥ̔̒ ʾ ʛʦʜʠʥʠ. ɺ ʨʦʙʦʪ̔ [206] ʚʽʜʤʽʯʘʻʪʴʩʷ, ʦɦ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ 

ʤ̔ʰʝʥ̔ ʚʘʛʦʶ 10 ʛ ʟ ʧʨʠʨʦʜʥʦʛʦ Hf ʩʪʨʫʤʦʤ 0.1 ʤɸ ʥʘ ʧʨʦʪʷʟʽ 10 ʜʽʙ 

ʥʘʧʨʘʮʴʦʚʫʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʩʦʪʝʥ ɹ ʤʂʠ ʘʢʪʠʚʥʦʩʪ ̔
177

Lu. ɿ ʥʘʰʠʭ ʜʘʥʠʭ 

ʦʪʨʠʤʘʥʦ, ʦɦ ʧʨʠ ʧʦʜʙ̔ʥʠʭ ʫʤʦʚʘʭ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʧʨʘʮʶʻʪʴʩʷ 650 ʤʂʠ 

ʘʢʪʠʚʥʦʩʪʽ
 177

Lu. ɺ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʚ ʷʜʝʨʥʡ̔ ʤʝʜʠʮʠʥ ̔ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʞʝʨʝʣʘ 
177

Lu ʟ ʘʢʪʠʚʥʽʩʪʁ ʙʽʣʷ 27 ʤʂʠ. ʅʘʚʝʜʝʥʽ ʚʝʣʠʯʠʥʠ ʜʝʤʦʥʩʪʨʫʶʪʴ 
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ʧʝʨʩʧʝʢʪʠʚʥʩ̔ʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤ̔ʢʨʦʪʨʦʥʚ̔ ʪʘ ʣ̔ʥ̔ʡʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ 
177
Lu, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʙʘʛʘʯʝʥʠʭ ʤ̔ʰʝʥʝʡ ʛʘʬʥʽ ʁ[36]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʭʦʜʫ ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ ʟ I
ˊ
 = 9

-
 ʚ ʨʝʘʢʮʽʾ 

180
Hf(ɔ,pn)

178
Lu

m,g
 ʧʨʠ Eʛʨ = 55 ʄʝɺ ʚʠʟʥʘʯʘʣʘʩʷ ʯʠʩʪʘ ʧʣʦʘɦ ɔ-ʧʽʢʫ ʟ ʝʥʝʨʛʽʻʶ 

325.6 ʢʝɺ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ ʣʠʰʝ 
178

Lu
m
. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʚʠʭʽʜ 

ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʟ I
ˊ
 = 1

+
, ʚʠʟʥʘʯʘʣʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ɔ-ʧʝʨʝʭʦʜʫ 1340.8  

ʢʝɺ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʘʜʫ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
178

Lu (ʜʠʚʠʩʴ ʨʠʩʫʥʦʢ 3.30 (ʘ) ʪʘ 

(ʙ)) [31]). ʂʚʘʥʪʦʚʠʡ ʚʠʭʽʜ ʮʽʻʾ ɔ-ʣʽʥʽʾ ʙʫʚ ʫʟʷʪʠʡ ʟ [208], ʜʝ ʡʦʛʦ ʧʦʭʠʙʢʘ 

ʥʘʙʘʛʘʪʦ ʥʠʞʯʘ, ʥʽʞ ʚ [100]. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ(ʧʝʨʝʨʽʟʽʚ) ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ 

(Yh) ʪʘ ʥʠʟʴʢʦʩʧʽʥʦʚʦʛʦ (Y l) ʩʪʘʥʽʚ 
178

Lu ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʬʦʨʤʫʣʠ 

[209]: 

 

(3.20) 

 

 (3.21) 

 

ʜʝ fh,l ï ʯʘʩʦʚʽ ʬʫʥʢʮʽʾ ʘʥʘʣʦʛʽʯʥʽ 3.2 ʪʘ 3.3 ʣʠʰʝ ʟ ʧʦʟʥʘʯʝʥʥʷʤʠ h ï ʜʣʷ 

ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ, l ï ʥʠʟʴʢʦʩʧʽʥʦʚʦʛʦ ʨʽʚʥʽʚ; 

ɝh, ɝl - ʬʦʪʦʝʬʝʢʪʠʚʥʦʩʪ̔ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ɔ-ʣʽʥʽʡ ʚʽʜ ʨʦʟʧʘʜʫ 

ʚʽʜʧʦʚʽʜʥʦ ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ (h) ̔  ʥʠʟʴʢʦʩʧʽʥʦʚʦʛʦ (l) ʩʪʘʥʽʚ; 

kh, kl - ʧʦʧʨʘʚʢʠ ʥʘ ʩʘʤʦʧʦʛʣʠʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʣʽʥʽʡ;  

Ŭh, Ŭl - ʽʥʪʝʥʩʠʚʥʦʩʪʽ ɔ-ʣʽʥʽʡ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ ʽ 

ʥʠʟʴʢʦʩʧʽʥʦʚʦʛʦ ʩʪʘʥʽʚ;  

ɚh, ɚl - ʩʪʘʣʽ ʨʦʟʧʘʜʫ ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ ̔  ʥʠʟʴʢʦʩʧʽʥʦʚʦʛʦ ʩʪʘʥʽʚ, c
-1
;  

tʦʧʨ, tʦʭʦʣ, tʚʠʤ - ʯʘʩʠ ʦʧʨʦʤʽʥʝʥʥʷ, ʦʭʦʣʦʜʞʝʥʥʷ ̔  ʚʠʤʽʨʶʚʘʥʥʷ, c;  

Nh, Nl - ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʬʦʪʦʧʽʢʽʚ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ ʚʽʜʧʦʚʽʜʥʦ 

ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ (h) ̔  ʥʠʟʴʢʦʩʧʽʥʦʚʦʛʦ (l) ʩʪʘʥʽʚ; 

( )
()
()

h h l h

l l hl h l
l h h l

h l h l

Y (ů ) ɚ -ɚ
d= =

Y ( ) f tN ű ɚ
c ɚ -ɚ -pɚ +wɚ

N ű ɚ f t

s ë ûå õî î
ì üæ ö
î îç ÷í ý

h,l h,l h,l h,lű =ɝ k Ŭ
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(ʘ) 

 

(ʙ) 

ʈʠʩ. 3.30 ʌʨʘʛʤʝʥʪʠ ʪʠʧʦʚʦʛʦ ɔ-ʩʧʝʢʪʨʫ 
178

Lu
m,g

 (ʘ) [31] ʽ ʩʭʝʤʠ ʨʦʟʧʘʜʫ ʮʴʦʛʦ 

ʷʜʨʘ (ʙ) [100] 

 

c - ʧʦʧʨʘʚʢʘ ʥʘ ʧʨʦʨʘʭʫʥʢʠ ʽ ʥʘʢʣʘʜʝʥʥʷ ̔ ʤʧʫʣʴʩʽʚ; 

w - ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʛʘʣʫʞʝʥʥʷ (ʚʽʜʥʦʰʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʽ ʧʝʨʝʭʦʜʫ ʽʟʦʤʝʨʥʦʛʦ 

ʨʽʚʥʷ ʥʘ ʦʩʥʦʚʥʠʡ ʜʦ ʧʦʚʥʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʧʘʜʫ ʽʟʦʤʝʨʥʦʛʦ ʨʽʚʥʷ). 

ʈʦʟʨʘʭʫʥʦʢ ɝh, ɝl, kh, kl ʦʧʠʩʘʥʦ ʫ [31]. ɺʝʣʠʯʠʥʠ Nh, Nl ʙʨʘʣʠʩʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ɔ-ʩʧʝʢʪʨʽʚ, ʘ Ŭh, Ŭl, ɚh, ɚl, w ʟ [100]. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.8. 
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ʊʘʙʣʠʮʷ 3.8 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ, ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ Y ʪʘ 

ɯɺɺ ʜʣʷ (ɔ,ʨn)- ʽ (ɔ,Ŭ)-ʨʝʘʢʮʽʡ [31] 

 

 

ʈʝʘʢʮʽʷ 

Eʥʝʨʛʽʷ 

ɽʛʨ
 

(Meɺ) 

 

Yh/Y l, 

ʝʢʩʧ. 

 

Yh/Y l, 

ʪʝʦʨ. 

 

Y , ʤʢʙʥ 

ɽʢʩʧ. EMPIRE 3.2 

 

181
Ta(ɔ,Ŭ)

177
Lu

m
 

 

 

     37 

 

 

(2.3Ñ0.4)Ā10
-2
 

1.1Ā10
-2 

(levden0) 

1.9Ā10
-2 

(levden1) 

 

2.2Ñ4 

0.63(levden0) 

1.1(levden1) 

 

181
Ta(ɔ,Ŭ)

177
Lu

g
 

 

100Ñ10 

55.3(levden0) 

58.8(levden1) 

 

180
Hf(ɔ,pn)

178
Lu

m
 

 

55 

 

 

(2.3Ñ0.3)Ā10
-1
 

 

 

1.5Ā10
-2 

(levden0) 

 

315Ñ25 

 

17.9(levden0) 

 

180
Hf(ɔ,pn)

178
Lu

g
 

 

55 

 

1370Ñ 
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1210(levden0) 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʠʭʦʜʫ ( Y ) ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʧʦʪʦʢʠ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʥʘ ʤʽʰʝʥʷʭ. ɼʣʷ Eʛʨ = 37 ʪʘ 55 ʄʝɺ ʜʦʢʣʘʜʥʠʡ 

ʦʧʠʩ ʚʠʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʦʪʦʢʫ ʥʘʚʝʜʝʥʦ ʚʠʱʝ. ɼʘʣʽ ʟʘ (3.6), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʮʝʡ ʧʦʪʽʢ ʽ ʧʦʧʨʘʚʢʠ ʥʘ ʨʽʟʥʠʮʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʨʦʛʽʚ, ʨʦʟʨʘʭʫʥʦʢ ʷʢʠʭ 

ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʠʡ ʚ [192] ʽ ʢʫʣʦʥʽʚʩʴʢʠʭ ʙʘʨ'ʻʨʽʚ, ʨʦʟʨʘʭʦʚʫʚʘʣʠ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʾ 
180

Hf(ɔ,ʨn)
178

Lu
m,g

. 

ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.8. 

ɼʣʷ ʦʮʽʥʢʠ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ ʜ̫ʝʨʥʦ ʾ ʨʝʘʢʮʽʾ 
180

Hf(ɔ,pn)
178

Lu
m,g

 ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʾ ʾʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʠʭʦʜʫ ʫ ʨʘʤʢʘʭ ʢʦʜʫ EMPIRE-3.2 

[31]. ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ɯɺɺ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.8. ʅʝ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʽ 
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ʪʝʦʨʽʻʶ ʜʣʷ Iɺɺ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ 

(levden0). ʊʝʦʨʝʪʠʯʥʽ ʚʝʣʠʯʠʥʠ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʟʘʣʠʰʘʣʠʩʷ ʚ 15.3 

ʨʘʟʠ ʥʠʞʯʠʤʠ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʥʝʧʦʛʘʥʝ 

ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʪʝʦʨʽʻʶ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʧʨʠ ʟʘʩʝʣʝʥʥʽ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
178

Lu. 

ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʠʤʽʨʥ̫ʠʡ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʚʠʭʽʜ ʟʘʩʝʣʝʥʥʷ 
178

Lu
m
 ʥʘ 

ʧʦʨʷʜʦʢ ʧʝʨʝʚʠʱʫʻ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʝʘʢʮʽʾ
 180

Hf(ɔ,pn)
178

Lu
m,g 
ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʝʣʽ ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ. ɺʘʨʽʶʚʘʥʥʷ ʤʦʜʝʣʷʤʠ 

ʜʣʷ ʦʧʠʩʫ ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ ʥʝ ʧʨʠʟʚʝʣʠ ʜʦ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ɯɺɺ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʟʘʩʝʣʝʥʥʷ 

178
Lu

m
. ʊʦʤʫ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʤʽʥʫʶʯʠʤ ʻ 

ʥʝʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ [31]. 

3.2.3 ɼʦʩʣʽʜʞʝʥʥʷ (ɔ,Ŭ)-ʨʝʘʢʮʽʡ ʥʘ ʷʜʨʘʭ ʪʘʥʪʘʣʫ ʪʘ ʚʦʣʴʬʨʘʤʫ ʚ ʦʙʣʘʩʪʽ 

ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʚʠʱʽʡ ʝʥʝʨʛʽʾ ʛʽʛʘʥʪʩʴʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʨʝʟʦʥʘʥʩʫ 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʭʦʜʫ ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ ʟ I
ˊ
 = 23/2

-
 ʜʣʷ ʨʝʘʢʮʽʾ 

181
Ta(ɔ,Ŭ)

177
Lu

m,g 
ʚʠʟʥʘʯʘʣʠ ʯʠʩʪʫ ʧʣʦʱʫ ɔ-ʧʽʢʫ ʟ ʝʥʝʨʛʽʻʶ 413.7 ʢʝɺ, ʷʢʠʡ 

ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʘʜʫ ʣʠʰʝ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ 
177

Lu
m
 (ʜʠʚʠʩʴ ʨʠʩʫʥʦʢ 3.31 (a) ʪʘ 

(ʙ). ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 3.31(ʘ), ʚ ɔ-ʩʧʝʢʪʨʽ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ɔ-ʧʨʦʤʝʥʽ ʟ 

ʝʥʝʨʛʽʻʶ 378.5 ʢʝɺ, 413.7 ʢʝɺ ʪʘ 418.5 ʢʝɺ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ 

ʪʘʢʦʞ ʥʘʣʝʞʘʪʴ 
177

Lu
m
 [31]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʭʦʜʫ ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʟ I
ˊ
 = 7/2

+
 ʜʣʷ ʨʝʘʢʮʽʾ 

181
Ta(ɔ,Ŭ)

177
Lu

m,g
 ʚʠʟʥʘʯʘʣʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ɔ-ʢʚʘʥʪʽʚ ʟ ʝʥʝʨʛʽʻʶ 208.4 ʢʝɺ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ 
177

Hf ʧʨʠ ʨʦʟʧʘʜʽ ʷʢ ʽʟʦʤʝʨʥʦʛʦ, ʪʘʢ ʽ  

ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʽʚ 
177

Lu. ʇʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʧʨʦʪʷʛʦʤ 1 

ʜʥʷ ʜʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɔ-ʧʨʦʤʝʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 208.4 ʢʝɺ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʨʦʟʧʘʜʫ ʣʠʰʝ 
177

Lu
g 
[31]. ɺʽʜʩʫʪʥʽʩʪʴ ʽʥʪʝʥʩʠʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ 

ʨʦʟʧʘʜ 
177

Lu
m
, ʻ ʜʦʜʘʪʢʦʚʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʪʦʛʦ, ʱʦ ʮʝʡ ɔ-ʢʚʘʥʪ ʚʽʜʧʦʚʽʜʘʻ 

ʨʦʟʧʘʜʫ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
177

Lu. ɿ ʯʠʩʪʦʾ ʧʣʦʱʽ ʧʽʢʘ ʧʦʚʥʦʛʦ ʧʦʛʣʠʥʘʥʥʷ      

208.4 ʢʝɺ ʚʠʨʘʭʦʚʫʚʘʣʠʩʴ ʧʣʦʰʽ ʥʘʩʪʫʧʥʠʭ ɔ-ʧʨʦʤʝʥʽʚ, ʷʢʽ ʻ ʧʽʢʘʤʠ ʧʦʜʚʽʡʥʦʛʦ 

ʩʫʤʫʚʘʥʥʷ: ɔ-ʣʽʥʽʷ ʟ ʝʥʝʨʛʽʻʶ 208.2 ʢʝɺ (ʜʠʚ. ʨʠʩ. 3.32), ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 
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(ʘ) 

 

(ʙ) 

ʈʠʩ. 3.31 ʌʨʘʛʤʝʥʪʠ ʪʠʧʦʚʦʛʦ ɔ-ʩʧʝʢʪʨʫ 
177

Lu
m,g

 (ʘ) [31] ʽ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 

ʮʴʦʛʦ ʷʜʨʘ (ʙ) [100] 

 

ʚʠʧʘʜʢʦʚʦʛʦ ʩʫʤʫʚʘʥʥʷ 152.4 ʢʝɺʥʦʛʦ ɔ-ʢʚʘʥʪʫ (ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʘʜʫ 
182

Ta) + 55.8 

ʢʝɺ (KŬ1 (Hf)) ʪʘ ɔ-ʣʽʥʽʷ ʟ ʝʥʝʨʛʽʻʶ 208.7 ʢʝɺ, ʷʢ ʥʘʩʣʽʜʦʢ ʚʠʧʘʜʢʦʚʦʛʦ 

ʩʫʤʫʚʘʥʥʷ 152.4 ʢʝɺʥʦʛʦ ɔ-ʢʚʘʥʪʫ ʽ 56.3 ʢʝɺ (KŬ2 (Ta)). ʎʽ ʧʽʢʠ ʥʝ ʚʽʜʜʽʣʷʶʪʴʩʷ 

ʚʽʜ ɔ-ʣʽʥʽʾ 208.4 ʢʝɺ ʽ ʪʦʤʫ ʥʝ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 3.32. ɰʭ ʯʠʩʪʽ ʧʣʦʱʽ ʦʮʽʥʶʚʘʣʠ ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʯʠʩʪʦʾ ʧʣʦʱʽ ʽʥʰʦʾ ɔ-ʣʽʥʽʾ, ʷʢʘ ʻ ʧʽʢʦʤ ʧʦʜʚʽʡʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ 

ʩʫʤʫʚʘʥʥʷ: 209.9 ʢʝɺ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʩʫʤʫʚʘʥʥʽ 152.4 ʢʝɺʥʦʾ ɔ-ʣʽʥʽʾ ʪʘ 

 

ʈʠʩ. 3.32 ʌʨʘʛʤʝʥʪʠ ʪʠʧʦʚʦʛʦ ɔ-ʩʧʝʢʪʨʫ 
177

Lu
g
 [31] 

 

57.5 ʢʝɺ (KŬ1 (ʊʘ)). ɺʦʥʘ ʯʽʪʢʦ ʚʽʜʦʢʨʝʤʣʝʥʘ ʚʽʜ ʽʥʰʠʭ ɔ-ʧʽʢʽʚ ʫ ʩʧʝʢʪʨ ̔(ʜʠʚ. 

ʨʠʩ. 3.32). 
182
Ta (ʊ1/2 = 114.4 ʜ.) ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʢʮʽʾ 

181
Ta(n,ɔ)

182
Ta ʥʘ 

ʚʪʦʨʠʥʥʠʭ ʥʝʡʪʨʦʥʘʭ. ʇʨʦʪʝ, ʮʽ ʥʝʡʪʨʦʥʠ ʥʝ ʚʧʣʠʚʘʣʠ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽ ʨʝʘʢʮʽʾ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ (Yh) ʪʘ 

ʥʠʟʴʢʦʩʧʽʥʦʚʦʛʦ (Y l) ʩʪʘʥʽʚ 
177

Lu ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʬʦʨʤʫʣʠ 3.20 ʽ 3.21. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.8 [31]. 

ɼʘʣʽ ʟʘ ʬʦʨʤ. (3.6), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʪʽʢ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʽ ʧʦʧʨʘʚʢʠ ʥʘ 

ʨʽʟʥʠʮʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʨʦʛʽʚ, ʨʦʟʨʘʭʫʥʦʢ ʷʢʠʭ ʜʦʢʣʘʜʥʦ ʦʧʠʩʘʥʠʡ ʚ [192] ʽ 

ʢʫʣʦʥʽʚʩʴʢʠʭ ʙʘʨ'ʻʨʽʚ, ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʜʣʷ ʨʝʘʢʮʽʾ 

181
Ta(ɔ,Ŭ)

177
Lu

m,g
. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʫʤʘʨʥʽ ʧʦʧʨʘʚʢʠ ʜʣʷ ʨʝʘʢʮʽʡ ʟ ʚʠʣʴʦʪʦʤ 

ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʟʘʣʝʞʘʪʠʤʫʪʴ ʚʽʜ ʬʦʨʤʫʣʠ, ʟʘ ʷʢʦʶ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʢʫʣʦʥʽʚʩʴʢʠʡ ʙʘʨ'ʻʨ (Bk). ʈʽʟʥʽ ʬʦʨʤʫʣʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʽʟʥʠʭ ʧʦʨʦʛʽʚ, ʱʦ, ʚ 
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ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʧʦʪʦʢʽʚ ʛʘʣʴʤʽʚʥʠʭ ʛʘʤʤʘ-ʧʨʦʤʝʥʽʚ ʽ, ʦʪʞʝ, ʜʦ 

ʨʽʟʥʠʭ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ. ɿʦʢʨʝʤʘ, ʮʷ ʨʽʟʥʠʮʷ ʩʫʪʪʻʚʘ ʜʣʷ ʨʝʘʢʮʽʾ 

181
Ta(ɔ,Ŭ)

177
Lu

m,g
. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʬʦʨʤ. (55.4) ʟ [200] ʦʪʨʠʤʫʻʤʦ                         

Bk = 25.3 ʄʝɺ, ʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʨʤʫʣʠ (20) ʟ [195] ʦʪʨʠʤʫʻʤʦ                       

Bk = 16.5 ʄʝɺ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʯʦʪʠʨʠʢʨʘʪʥʦʾ ʨʽʟʥʠʮʽ ʫ ʚʝʣʠʯʠʥʘʭ ʧʦʪʦʢʽʚ, ʘ 

ʦʪʞʝ ʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ [31]. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʨʫʛʝ ʨʽʚʥʷʥʥʷ, ʪʦʤʫ ʱʦ ʚʦʥʦ ʚʨʘʭʦʚʫʻ 

ʢʽʥʮʝʚʠʡ ʨʦʟʤʽʨ ʷʜʨʘ. ʊʦʜʽ ʷʢ ʧʝʨʰʝ ʻ ʥʘʙʣʠʞʝʥʠʤ. ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.8. 

ɼʣʷ ʦʮʽʥʢʠ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ 
181

Ta(ɔ,Ŭ)
177

Lu
m,g

 ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʫ ʨʘʤʢʘʭ ʢʦʜʫ EMPIRE-3.2 [58]. 

ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ɯɺɺ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣ. 3.8. ʅʝ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʽ ʪʝʦʨʽʻʶ ʜʣʷ Iɺɺ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʥʘʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʣʷ ʦʙʦʭ ʨʝʘʢʮʽʡ. 

ʊʝʦʨʝʪʠʯʥʽ ʚʝʣʠʯʠʥʠ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʟʘʣʠʰʘʣʠʩʷ ʚ 2.1 ʨʘʟʠ 

ʥʠʞʯʠʤʠ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. ʆʜʥʘʢ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣ ɹ

ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ (levden1), ʷʢʘ ʻ ʫʟʘʛʘʣʴʥʝʥʦʶ ʥʘʜʪʝʢʫʯʦʶ ʤʦʜʝʣʣʶ (GSM) 

[174,210], ʪʦ ʜʦʩʷʛʘʻʪʴʩʷ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ ʪʝʦʨʽʻʶ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʦʤ (ʜʠʚ. ʪʘʙʣ. 

3.8). ʇʨʠ ʮʴʦʤʫ ʪʝʦʨʝʪʠʯʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʪʘ 

ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʽʚ 
177

Lu  ̒ ʧʨʠʙʣʠʟʥʦ ʚ 2 ʨʘʟʠ ʥʠʞʯʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʚʝʣʠʯʠʥ. ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ  ̔ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʜʦʤʽʥʫʶʪʴ 

ʥʝʩʪʘʪʠʩʪʠʯʥʽ ʤʝʭʘʥʽʟʤʠ [31]. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʨʝʘʢʮʽʡ 
184

W(ɔ,Ŭ)
180m

Hf  ̔

186
W(ɔ,Ŭ)

182m
Hf ʧʨʠ ɽʛʨ = 40 ʪʘ 55 ʄʝɺ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʦʢʫ ʛʘʣʴʤʽʚʥʠʭ        

ɔ-ʢʚʘʥʪʽʚ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʨʝʘʢʮʽʷ 
181

Ta(ɔ,n)
180

Ta ʽ ʤʦʜʝʣʴʦʚʘʥʠʡ ʚ 

Geant4 ʩʧʝʢʪʨ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ (ʜʠʚ. ʨʠʩ. 3.33). ʎʽ ʧʦʪʦʢʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ 

ʬʦʨʤ. (3.4-3.5). ɼʘʣʽ ʟʘ ʬʦʨʤ. (3.6), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʧʦʪʦʢʠ ʪʘ ʧʦʧʨʘʚʢʠ ʥʘ 

ʨʽʟʥʠʮʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʨʦʛʽʚ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ Y
 
(ɔ,Ŭ)-ʨʝʘʢʮʽʡ ʥʘ ʧʨʠʨʦʜʥʽʭ 

ʚʦʣʴʬʨʘʤ ̔  ̔ʪʘʥʪʘʣ,̔ ̫ ʢʽ ʧʨʠʚʦʜʷʪ ɹʜʦ ʘʢʪʠʚʘʮʽʾ ʂ- ʟ̔ʦʤʝʨʚ̔ ʚ 
180,182

Hf. 
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ʈʠʩ. 3.33 ʉʧʝʢʪʨ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʚ̔ ʜʣʷ ʨʟ̔ʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ 

ʝʣʝʢʪʨʦʥʚ̔ [50] 

 

ʌʨʘʛʤʝʥʪʠ ʩʭʝʤ ʨʦʟʧʘʜʫ 
180m

Hf ʪʘ 
182m

Hf ʧʨʠʚʝʜʝʥ ̔ ʥʘ ʨʠʩ. 3.18, 3.34. ɼʣʷ 

ʦʪʨʠʤʘʥʥʷ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜ̔ʚ ʟʘʩʝʣʝʥʥ̫  ̔ʟʦʤʝʨʥʠʭ ʩʪʘʥʽʚ 
180m

Hf, 
182m

Hf 

 

ʈʠʩ. 3.34 Cʭʝʤʘ ʨʦʟʧʘʜʫ 
182m

Hf [100] 

 

ʚʠʟʥʘʯʘʣʠʩʷ ʧʣʦʱ̔ ɔ-ʣ̔ʥ̔ʡ 443.2 ʢʝɺ ʪʘ 224.4 ʢʝɺ, ʚʽʜʧʦʚʽʜʥʦ (ʜʠʚ. ʨʠʩ.        

3.35-3.36). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.9. 
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ʈʠʩ. 3.35 ʌʨʘʛʤʝʥʪ ɔ-ʩʧʝʢʪʨʘ ʦʧʨʦʤʽʥʝʥʦʾ ʤ̔ʰʝʥ̔ 
nat

W. ʈʝʘʢʮʽ̫  
184

W(ɔ,Ŭ)
180m

Hf. 

ɽʛʨ = 55 ʄʝɺ [50] 

 

ɼʣʷ ʦʮʥ̔ʢʠ ʤʝʭʘʥʟ̔ʤ̔ʚ ʧʝʨʝʙʽʛʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʡ̔ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʚ̔ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʫ TALYS-1.9. 

ɹ̔ʣɹ  hʜʝʪʘʣʴʥʦ ʧʨʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʢʦʜʫ ʚʠʢʣʘʜʝʥʦ ʚ [203]. 

 

 

ʈʠʩ. 3.36 ʌʨʘʛʤʝʥʪ ɔ-ʩʧʝʢʪʨʘ ʦʧʨʦʤʽʥʝʥʦʾ ʤ̔ʰʝʥ̔ 
nat

W. ʈʝʘʢʮʽ̫  
186

W(ɔ,Ŭ)
182m

Hf. 

ɽʛʨ = 55 ʄʝɺ [50] 
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ʊʘʙʣʠʮʷ 3.9 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʽ ʪʝʦʨʝʪʠʯʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ Y  ʚʠʭʦʜʠ ʥʘʧʨʘʮʶʚʘʥʥʷ 

180
Hf

m
 ʪʘ

 182
Hf

m
 [50] 

 

 

 

 

 

 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3.9. ʗʢ ʚʠʜʥʦ ʜʣʷ ʦʙʦʭ 

ʛʨʘʥʠʯʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʥʝ ʜʦʩʷʛʘʻʪʴʩʷ ʫʟʛʦʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʠʭ, ʢ̫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʨʘʤʝʪʨʚ̔ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ, 

ʪʘʢ  ̔ ʧʨʠ ʾʭ ʚʘʨʘ̔ʮ̔ʾ ʚ ʨʦʟʫʤʥʠʭ ʤʝʞʘʭ. ʊʝʦʨʝʪʠʯʥ ̔ ʚʠʭʦʜʠ ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʠʞʯʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠʙʣʠʟʥʦ ʥʘ 3 ʧʦʨʷʜʢʘ. 

ʊʦʤʫ ʙʫʚ ʨʦʟʛʣʷʥʫʪʠʡ ʤʝʭʘʥʟ̔ʤ ʥʘʧʽʚʧʨʷʤʠʭ ʨʝʘʢʮʡ̔ [196]. ʇʨʠ ʪʘʢʦʤʫ 

ʧ̔ʜʭʦʜ ̔ Ŭ-ʯʘʩʪʠʥʢʘ ʚʠʣ̔ ʪʘʻ ʟ ʷʜʨʘ ʟʘ ʯʘʩ t ~ 10
-21

 c., ʘ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 

ʢʫʣʦʥʚ̔ʩɹʢʦʛʦ ʙʘʨôʨ̒ʘ 10
-15

 - 10
-20

 c. [211,202,196]. ʇʩ̔ʣ̫ ʚʠʣɹ ʦʪʫ Ŭ-ʯʘʩʪʠʥʢʠ 

ʷʜʨʦ ʨʦʟʧʘʜʘʪ̒ɹʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʚʠʯʘʡʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʝʨʝʭʦʜʽʚ. ɺ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʨʦʟʧʘʜʘʶʪʩɹʷ ʟʘʣʠʰʢʦʚʽ ʷʜʨʘ 
180,182

Hf ʘʥʘʣʦʛʯ̔ʥʦ, ʢ̫ ̔ ʜʣʷ               

(ɔ,ɔô)-ʨʝʘʢʮʡ̔ [42]. ʈʦʟʨʘʭʦʚʘʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʚ ʢʦʜ ̔TALYS-1.9 ʜʣʷ 

ʤʦʜʝʣ ̔ ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ ʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʌʝʨʤ̔-ʛʘʟʫ [172], ʷʢʘ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʜʘʶʪ ɹ ʜʣʷ 
180,182

Hf ʚʝʣʠʯʠʥʠ Y  å 2-3 

ʤʢʙʥ, ʪʦʙʪʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʟʘʜʦʚʽʣʴʥʦʤʫ ʫʟʛʦʜʞʝʥʥʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ [50]. 

 

3.2.4 ɺʠʚʯʝʥʥʷ ʟʘʩʝʣʝʥʥʷ 
7
Be ʚ ʨʝʘʢʮʽʷʭ ʟ ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ 

ʄʦʥʽʪʦʨʫʚʘʥʥʷ ʧʫʯʢʘ ɔ-ʢʚʘʥʪʽʚ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ (ɔ,n)-ʨʝʘʢʮʽʾ ʥʘ 

181
Ta. 

ʈʝʘʢʮʽʷ ɽʛʨ, 

ʄʝɺ 

Y , ʝʢʩʧ, 

ʤʢʙ 

Y , TALYS-1.9, ʤʢʙ 

184
W(ɔ,Ŭ)

180m
Hf

 
40 1.0(2) 0.004 

184
W(ɔ,Ŭ)

180m
Hf

 
55 2.5(3) 0.005 

186
W(ɔ,Ŭ)

182m
Hf

 
40 5.7(17) 0.001 

186
W(ɔ,Ŭ)

182m
Hf

 
55 2.8(9) 0.003 
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ʇʨʠ ɽʛʨ = 55 ʄʝɺ ʚ ʨʝʘʢʮʽʾ (ɔ,2n) ʥʘ 
9
Be ʪʘ ʚ ʨʝʘʢʮʽʷʭ (ɔ,p2n)-, (ɔ,dn)-, (ɔ,t) ʥʘ 

10
ɺ, (ɔ,p3n)-, (ɔ,d2n)-, (ɔ,tn) ʥʘ 

11
B ʫʪʚʦʨʶʻʪʴʩʷ 

7
Be (ʜʠʚ. ʨʠʩ. 3.37). 

 

   ʘ       ʙ 

ʈʠʩ. 3.37 ʌʨʘʛʤʝʥʪʠ ɔ-ʩʧʝʢʪʨʽʚ ʦʧʨʦʤʽʥʝʥʠʭ ʤʽʰʝʥʝʡ 
nat
B (ʘ) ʽ Be (ʙ) ʧʨʠ    

ɽʛʨ = 55 ʄʝɺ [38] 

ʇʨʠ ɽʛʨ = 40 ʄʝɺ ʫʪʚʦʨʝʥʥʷ 
7
ɺʝ ʤʦʞʣʠʚʝ ʣʠʰʝ ʚ (ɔ,p2n)-, (ɔ,dn)-,              

(ɔ,t)-ʨʝʘʢʮʽʷʭ ʥʘ 
10
ɺ, ʪʘ (ɔ,tn)- ʥʘ 

11
B (ʜʠʚ. ʨʠʩ. 3.38). 

  

   ʘ       ʙ 

ʈʠʩ. 3.38 ʌʨʘʛʤʝʥʪʠ ɔ-ʩʧʝʢʪʨʽʚ ʦʧʨʦʤʽʥʝʥʠʭ ʤʽʰʝʥʝʡ 
nat
B (ʘ) ʪʘ Be (ʙ) ʧʨʠ      

ɽʛʨ = 40 ʄʝɺ [38] 

ʇʨʠ ɽʛʨ =20 ʄʝɺ ʟʘʩʝʣʝʥʥʷ 
7
ɺʝ ʜʦʟʚʦʣʝʥʝ ʣʠʰʝ ʜʣʷ ʨʝʘʢʮʽʾ 

10
B(ɔ,t)

7
Be, 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʨʽʛ ʷʢʦʾ ʩʢʣʘʜʘʻ 18.7 ʄʝɺ (ʜʠʚ. ʨʠʩ. 3.39) ʘ ʢʫʣʦʥʽʚʩʴʢʠʡ ʙʘʨ'ʻʨ 
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~ 1.5 ʄʝɺ. ʆʪʞʝ ʤʝʭʘʥʽʟʤ ʜʘʥʦ ʾʨʝʘʢʮʽ ʾʤʦʞʝ ʙʫʪʠ ʣʠʰʝ ʧʨʷʤʠʤ, ʽ ʧʨʠ ʮʴʦʤʫ 

ʽʛʥʦʨʫʻʪʴʩʷ ʢʫʣʦʥʽʚʩʴʢʠʡ ʙʘʨ'ʻʨ. ʉʪʘʪʠʩʪʠʯʥʘ ʪʦʯʥʽʩʪʴ ɔ-ʧʽʢʫ, ʷʢʠʡ 

ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
7
Be ʩʢʣʘʜʘʻ 15-20 % ɺ ʪʦʡ ʞʝ ʯʘʩ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʨʽʛ 

 

 

ʈʠʩ. 3.39 ʌʨʘʛʤʝʥʪʠ ɔ-ʩʧʝʢʪʨʫ ʦʧʨʦʤʽʥʝʥʦʾ ʤʽʰʝʥʽ 
nat
B ʧʨʠ ɽʛʨ = 20 ʄʝɺ [38] 

 

ʨʝʘʢʮʽʾ 
9
Bʝ(ɔ,2n)

7
Be ʨʽʚʥʠʡ 20.6 ʄʝɺ ʽ ʚʦʥʘ ʧʨʠ ʮʽʡ ʝʥʝʨʛʽʾ ʟʘʙʦʨʦʥʝʥʘ. 

ɼʘʣʽ ʧʦ ʬʦʨʤʫʣʽ (3.6), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʱʽʣʴʥʦʩʪʽ ʧʦʪʦʢʽʚ ʪʘ 

ʧʦʧʨʘʚʢʠ ʥʘ ʨʽʟʥʠʮʶ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʨʦʛʽʚ ʽ ʢʫʣʦʥʽʚʩʴʢʠʭ ʙʘʨôʻʨʽʚ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʽʡ ʽ ʨʝʘʢʮʽʾ ʥʘ ʤʦʥʽʪʦʨʘʭ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ Y  
ʨʝʘʢʮʽʡ 

9
Be(ɔ,2n)

7
Be 

 
ʧʨʠ Eʛʨ = 40 ʪʘ 55 ʄʝɺ, 

10
B(ɔ,t)

7
Be ʧʨʠ Eʛʨ = 20 ʄʝɺ ʽ 

nat
B(ɔ,x)

7
Be 

ʧʨʠ ɽʛʨ = 40 ʪʘ 55 ʄʝɺ. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.10. 

ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʙʽʛʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮʽʡ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 

ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ TALYS-1.9 ʪʘ EMPIRE-3.2. 
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ʊʘʙʣʠʮʷ 3.10 

ʉʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʤʦʜʝʣʴʦʚʘʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʡ 

ʟʘʩʝʣʝʥʥʷ 
7
Be ʧʨʠ ʨʽʟʥʠʭ ʛʨʘʥʠʯʥʠʭ ʝʥʝʨʛʽʷʭ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ [38] 

 

ɽ, ʄʝɺ 20 40 40 55 55 

Y , ʤʢʙ 11(2) 390(40) 423(40) 675(90) 920(90) 

ʈʝʘʢʮʽʾ/ɽʥʝʨ 

ʛʝʪʠʯʥʽ 

ʧʦʨʦʛʠ, 

ʄʝɺ 

10
B(ɔ,t)/18.7 

10
B(ɔ,t)/18.7

 

11
B((ɔ,tn)/30.1 

10
B((ɔ,dn)/24.9 

10
B((ɔ,p2n)/27.2 

9
ɺe(ɔ,2n)

7
Be/20.6 

9
ɺe(ɔ,2n)

7
Be/20.6 

10
B(ɔ,t)/18.7

 

11
B((ɔ,tn)/30.1 

10
B((ɔ,dn)/24.9 

10
B((ɔ,p2n)/27.2 

11
B((ɔ,d2n)/36.4 

11
B((ɔ,p3n)/38.6 

TALYS-1.9 0.09 556 - 0.3 491 

EMPIRE-3.2 - 58 134 155 99 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.10. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 3.10, ʧʨʠ ɽʛʨ = 40 ʪʘ 55 ʄʝɺ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ TALYS-1.9 

ʥʝʧʦʛʘʥʦ ʦʧʠʩʫʻ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʥʘ 
nat
B ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ ʫ ʚʠʧʘʜʢʫ   

(ɔ,2n)-ʨʝʘʢʮʽ ʾ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʥʠʞʯʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʪʝ, ʱʦ (ɔ,2n)-ʨʝʘʢʮʽʷ ʥʘ 
9
ɺʝ 

ʧʨʦʪʽʢʘʻ, ʧʝʨʝʚʘʞʥʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʇʨʦʪʝ ʚ ʢʦʜʽ     

EMPIRE-3.2 ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʜʘʥʦʾ ʨʝʘʢʮʽʷ ʚʽʜʪʚʦʨʶʶʪʴʩʷ ʟʥʘʯʥʦ 

ʢʨʘʱʝ. ɼʦʩʠʪʴ ʩʢʣʘʜʥʦ ʟʨʦʟʫʤʽʪʠ ʪʘʢʫ ʟʥʘʯʥʫ ʨʽʟʥʠʮʶ ʤʽʞ ʜʘʥʠʤʠ ʦʙʦʭ ʢʦʜʽʚ 

ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʘʢʮʽʾ 
9
ɺe(ɔ,2n)

7
Be ʧʨʠ ɽʛʨ = 40 ʪʘ 55 ʄʝɺ. ɺʠʩʫʚʘʻʪʴʩʷ 

ʛʽʧʦʪʝʟʘ, ʱʦ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʨʽʟʥʘ ʧʘʨʘʤʝʪʨʠʟʘʮʽ ̫ʛʫʩʪʠʥ ʨʽʚʥʽʚ 

ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ ʚ ʦʙʦʭ ʢʦʜʘʭ [38]. ʊʝ, ʱʦ ʪʝʦʨʝʪʠʯʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ 

ʟʥʘʯʥʦ ʥʠʞʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʷʢʽʩʥʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʥʘʯʥʠʤ ʚʥʝʩʢʦʤ 

ʧʨʷʤʦʛʦ ʢʘʥʘʣʫ. ʇʨʦʪʝ ʪʝʦʨʝʪʠʯʥʽ ʉɺ (ɔ,t)-ʨʝʘʢʮʽʾ ʧʨʠ 20 ʄʝɺ ʥʘʚʽʪʴ ʷʢʽʩʥʦ ʥʝ 

ʤʦʞʫʪʴ ʦʧʠʩʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʎʝ ʻ ʜʦʢʘʟʦʤ ʪʦʛʦ, ʱʦ ʤʝʭʘʥʽʟʤ 

ʜʘʥʦʾ ʨʝʘʢʮʽʾ ʻ ʧʦʚʥʽʩʪʶ ʧʨʷʤʠʤ. ʗʜʨʘ ʟ ɸ = 6ï11 ʥʘʣʝʞʘʪʴ ʜʦ ʧʝʨʝʭʽʜʥʦʾ 

ʦʙʣʘʩʪʽ ʽ ʜʣʷ ʥʠʭ, ʚ ʮʽʣʦʤʫ ʭʘʨʘʢʪʝʨʥʘ ʧʦʜʽʙʥʘ ʧʦʚʝʜʽʥʢʘ ʬʫʥʢʮʽʡ ʟʙʫʜʞʝʥʥʷ. 
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ɼʣʷ ʮʠʭ ʷʜʝʨ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʧʨʷʤʠʤ ʽ ʩʪʘʪʠʩʪʠʯʥʠʤ ʤʝʭʘʥʽʟʤʘʤʠ ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʤʝʞʘʭ 1 õ 10 [204-205]. 

ɺʘʞʣʠʚʠʤ ʧʨʠʢʣʘʜʥʠʤ ʜʦʨʦʙʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʷʜʨʘʭ ʙʦʨʫ ʪʘ ʙʝʨʠʣʽʶ ʻ ʪʝ, 

ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ 30ï40 ʄʝɺ 

ʚʝʣʠʯʠʥʠ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʨʝʘʢʮʽʡ (ɔ,2n) ʪʘ (ɔ,ʨ2n) ʧʨʠʙʣʠʟʥʦ 

ʦʜʥʘʢʦʚ.̔ ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʣʷʪʠ ʤʝʪʦʜʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 
10
Be, ʷʢʠʡ 

ʘʢʪʠʚʫʻʪʴʩʷ ʚ (n,ɔ) ʽ (n,p)-ʨʝʘʢʮʽʷʭ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʛʦ ʧʽʜʭʦʜʫ [38]. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

 

ʋ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʫʜʞʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʪʘ 

ʦʩʥʦʚʥʠʭ ʩʪʘʥʽʚ ʷʜʝʨ ʚ ʨʝʘʢʮʽʷʭ ʟ ʛʘʣʴʤʽʚʥʠʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ. ʅʘʚʦʜʷʪʴʩʷ 

ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ. ʆʧʠʩʫʶʪʴʩʷ ʬʦʨʤʫʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ 

ʚʠʭʦʜʽʚ. 

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʟ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʪʘ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʤʽʰʝʥʝʡ ʟ ʛʘʣʴʤʽʚʥʠʤʠ           

ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʧʨʠ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʥʷʭ ʾʭ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʷʜʨʘʭ: 
179m2

Hf ʚ 

(g,n)-, (g,g')- ʪʘ (g,ʨn)-ʨʝʘʢʮʽʷʭ; 
180m

Hf ʚ (g,g')-ʨʝʘʢʮʽ;ʾ 
178m
ʊʘ ʚ (g,2n)- ʪʘ         

(g,3n)-ʨʝʘʢʮʽʷʭ; 
177
ʊʘ ʚ (g,4n)-ʨʝʘʢʮʽ;ʾ 

177
Lu ʚ (g,p)-, (g,ʨn)-, (g,ʨ2n)-, (g,ʨxn)- ʪʘ 

(g,Ŭ)-ʨʝʘʢʮʽʷʭ; 
178m,g

Lu ʚ (g,pn)-ʨʝʘʢʮʽ.ʾ 

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʦʜʥʦʛʦʨʙʠʡ ʭʘʨʘʢʪʝʨ ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ ʨʝʘʢʮʽʾ 

180
Hf(ɔ,n)

179
Hf

m2 
ʚ ʦʙʣʘʩʪʽ ɻɼʈ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟ 15.1 ʜʦ 17.5 ʄʝɺ ʟʥʠʞʫʶʪʴʩʷ ʽ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ʚʠʭʦʜʽʚ ʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʥʘʧʨʘʮʶʚʘʥʥʷ 
179

Hf
m2

. 

ɼʣʷ ʫʩʽʭ ʚʠʱʝʟʛʘʜʘʥʠʭ ʨʝʘʢʮʽʡ ʧʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʽʟʦʤʝʨʥʠʭ 

ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʪʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ 

ʧʘʢʝʪʽʚ TALYS-1.6,1.9 ʪʘ EMPIRE-3.2 ʽ ʟʜʽʡʩʥʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʟ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ɺ ʨʝʘʢʮʽʷʭ (g,g')-, (g,2n)-, (g,3n)- ʪʘ (g,4n)- 

ʧʦʢʘʟʘʥʦ ʜʦʤʽʥʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʟʘʩʝʣʝʥʥʷ 
180

Hf
m 
ʚ (ɔ,p)-ʨʝʘʢʮʽʾ ʜʣʷ 

ʛʨʘʥʠʯʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ 20, 40 ʪʘ 55 ʄʝɺ. ʇʨʦʚʝʜʝʥʦ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ ʚ 

ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ TALYS-1.9. ʅʝ ʜʦʩʷʛʥʫʪʦ ʫʟʛʦʜʞʝʥʥʷ ʤʽʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ ʚʠʭʦʜʘʤʠ ʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʜʫ ʟʘ ʫʤʦʚʯʘʥʥʷʤ ʥʽ ʧʨʠ ʾʭ ʚʘʨʽʘʮʽʾ ʚ ʨʦʟʫʤʥʠʭ ʤʝʞʘʭ. ʆʪʞʝ ʮʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʜʘʥʦʾ ʨʝʘʢʮʽʾ. 

ɺʨʘʭʫʚʘʥʥʷ ʽʟʦʩʧʽʥʦʚʦʛʦ ʨʦʟʱʝʧʣʝʥʥʷ ʜʣʷ ʥʘʧʽʚʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʜʝʤʦʥʩʪʨʫ ̒ʛʘʨʥʝ ʢʽʣʴʢʽʩʥʝ ʫʟʛʦʜʞʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʚʝʣʠʯʠʥ. 

ɺʧʝʨʰʝ ʚʠʤʽʨʷʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʽʡ 
10
B(ɔ,t)

7
ɺʝ ʧʨʠ Eʛʨ = 20 

ʄʝɺ, 
nat
B(ɔ,x)

7
ɺʝ ʧʨʠ ɽʛʨ = 40 ʪʘ 55 ʄʝɺ, 

9
Bʝ(ɔ,2n)

7
ɺʝ ʧʨʠ Eʛʨ = 40 ʽ 55 ʄʝɺ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ TALYS-1.9 ʪʘ EMPIRE-3.2 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʦʤʽʥʫʚʘʥʥʷ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚ (ɔ,t)-ʨʝʘʢʮʽʾ ʧʨʠ        

Eʛʨ = 20 ʄʝɺ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʥʠʭ ʢʦʜʽʚ TALYS-1.9 ʪʘ 

EMPIRE-3.2 ʜʝʤʦʥʩʪʨʫʶʪʴ ʜʦʤʽʥʫʚʘʥʥʷ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ (ɔ,p)-, 

(g,ʨn)-, (g,ʨ2n), (g,ʨxn)- ʪʘ (g,Ŭ)-ʨʝʘʢʮʽʷʭ ʧʨʠ ɽʛʨ = 17.5 ʪʘ 20 ʄʝɺ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʛʨʘʥʠʯʥʦʾ ʝʥʝʨʛʽʾ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʚ̔ ʚʥʝʩʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ 

ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʚ̔ ʟʨʦʩʪʘʻ ʥʘ 1-2 ʧʦʨʷʜʢʠ  ̔ʧʦʯʠʥʘʻ ʜʘʚʘʪʠ ʟʥʘʯʥʠʡ 

ʚʥʝʩʦʢ ʫ ʚʠʭʽʜ (ɔ,p)-ʨʝʘʢʮʽʾ ʪʘ ʨʝʘʢʮʽʡ ʥʘ ʙʦʨʽ ʪʘ ʙʝʨʠʣʽʾ. 

ʆʪʨʠʤʘʥʦ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ 
120
ʊʝ(g,n)

119
ʊʝ, 

136
ʉʝ(g,n)

135
ʉʝ ʚ ʦʙʣʘʩʪʽ ɻɼʈ. ʂʨʠʚʽ 

ʧʝʨʝʨʽʟʽʚ ʤʘʶʪʴ ʦʜʥʦʛʦʨʙʫ ʬʦʨʤʫ ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ ʩʬʝʨʠʯʥʠʭ ʷʜʝʨ. ɺ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ TALYSï1.9 ʧʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʝʨʝʨʽʟʽʚ 

ʨʝʘʢʮʽʡ 
120
ʊʝ(g,n)

119
ʊʝ, 

136
ʉʝ(g,n)

135
ʉʝ ʽ 

142
Nd(g,n)

141
Nd. ɿʘʜʦʚʽʣʴʥʝ ʫʟʛʦʜʞʝʥʥʷ 

ʪʝʦʨʝʪʠʯʥʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʤʽʥʫʶʯʫ ʨʦʣʴ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʙʽʛʫ (g,n)-ʨʝʘʢʮʽʾ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʨʘʭ. 
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ɺʧʝʨʰʝ ʚʠʤʽʨʷʥʽ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʽ ʚʠʭʦʜʠ ʨʝʘʢʮʡ̔ 
184

W(ɔ,Ŭ)
180m

Hf ʪʘ 

186
W(ɔ,Ŭ)

182m
Hf ʧʨʠ Eʛʨ = 40  ̔ 55 ʄʝɺ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʫ TALYS-1.9 ʜʝʤʦʥʩʪʨʫʶʪ ɹ ʜʦʤ̔ʥʫʚʘʥʥʷ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʢʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ: 

Vishnevsky I. N., Zheltonozhsky V. A., Savrasov A. N., Mazur V.M. Study of 

179
Hf

m2
 Excitation. Physics of Atomic Nuclei. 2016. Vol. 79. No. 9-10. P. 1381ï1385. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ, ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ 

ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

Zheltonozhsky V. A., Savrasov A. M. Population cross-section of 
179m2

Hf from the 

reactions on hafnium and tantalum targets. Nuclear Instruments and Methods. 2019. 

Vol. B438. ʈ. 20-25. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ, ʦʙʨʦʙʮʽ 

ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʝʦʨʝʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

Zheltonozhsky V. A., Savrasov A. M. Excitation of 
179

Hf
m2

 with (ɔ,n)-reaction. 

Nuclear Instruments and Methods. 2019. Vol. B456. P. 116-119. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ 

ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ, ʪʝʦʨʝʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ 

ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

ʄʘʟʫʨ ɺ. ʄ., ɹʽʛʘʥ ɿ. ʄ., ɼʝʨʝʯʢʝʡ ʇ. ʉ., ɾʝʣʪʦʥʦʞʩʴʢʠʡ ɺ. ʆ., ʉʘʚʨʘʩʦʚ ɸ. ʄ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʨʽʟʽʚ (ɔ,n)-ʨʝʘʢʮʽʡ ʥʘ ʨ-ʷʜʨʘʭ 
120
ʊʝ, 

136
ʉʝ ʚ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʾ 

ʛʽʛʘʥʪʩʴʢʦʛʦ ɽ1-ʨʝʟʦʥʘʥʩʫ. ʗʜʝʨʥʘ ʬʽʟʠʢʘ ʪʘ ʝʥʝʨʛʝʪʠʢʘ. 2019. ʊ. 20. ˉ 3.      

C. 228-234. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʪʝʦʨʝʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

Zheltonozhsky V. A., Savrasov A. M., Zheltonozhskaya M. V., Chernyaev A. P. 

Excitation of 
177,178

Lu in reactions with bremsstrahlung with escaping of charged 

particles. Nuclear Instruments and Methods. 2020. Vol. B476. P. 68-72. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ, ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʝʦʨʝʪʠʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 
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Zheltonozhsky V. A., Zheltonozhskaya M. V., Savrasov A. M., Belyshev S. S., 

Chernyaev A. P. and Yatsenko V. N. Studying the Activation of 
177

Lu in (ɔ,ʨxn) 

Reactions. Bulletin Russian Academy of Science. Physics. 2020. Vol. 84. P. 923ï928. 

(ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ, ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ, 

ʪʝʦʨʝʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

Zheltonozhsky V. A., Zheltonozhskaya M. V., Savrasov A. N., Chernyaev A. P. and 

Yatsenko V. N. Investigation of Excitation of K Isomers 
179m2

Hf and 
180m

Hf in (ɔ,ɔǋ) 

Reactions. Physics of Atomic Nuclei. 2020. V. 83. P. 539ï544. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï 

ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʝʦʨʝʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ 

ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

ɾʝʣʪʦʥʦʞʩʴʢʠʡ ɺ. ʆ., ʄʠʟʥʽʢʦʚ ɼ. ɭ., ʉʘʚʨʘʩʦʚ ɸ. ʄ., ʉʣʽʩʝʥʢʦ ɺ. ɯ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʩʝʣʝʥʥʷ 
7
Be ʚ ʨʝʘʢʮʽʷʭ ʟ ʛʘʣʴʤʽʚʥʠʤʠ ɔ-ʢʚʘʥʪʘʤʠ ʚ ʰʠʨʦʢʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ. ʗʜʝʨʥʘ ʬʽʟʠʢʘ ʪʘ ʝʥʝʨʛʝʪʠʢʘ. 2020. ʊ. 21.  ̄ 4.        

C. 302-307. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ, ʦʙʨʦʙʮʽ ʜʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʝʦʨʝʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

ɾʝʣʪʦʥʦʞʩʢʠʡ ɺ. ɸ., ɾʝʣʪʦʥʦʞʩʢʘʷ ʄ. ɺ., ʉʘʚʨʘʩʦʚ ɸ. ʄ., ʏʝʨʥʷʝʚ ɸ. ʇ., 

ʗʮʝʥʢʦ ɺ. ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʙʫʞʜʝʥʠʷ ʂ-ʠʟʦʤʝʨʦʚ 
180,182

Hf ʠ 
177

Lu ʚ         

(ɔ,Ŭ)-ʨʝʘʢʮʠʷʭ. ʌʠʟʠʢʘ ʕʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ. 2021. ʊ. 18.    

ˉ 3(235). ʉ. 255-260. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ, ʦʙʨʦʙʮʽ 

ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

Zheltonozhsky V. A., Zheltonozhskaya M. V., Savrasov A. N., Varzar S. V. and 

Kobets V. V. Studying the Population of 
178m,177

Ta in (ɔ, xn) Reactions. Physics of 

elementary particles and atomic nuclei. 2021. Vol. 18. ˉ 3. P. 315-318. (ʆʩʦʙʠʩʪʠʡ 

ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ, ʦʙʨʦʙʮʽ ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʝʦʨʝʪʠʯʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

Zheltonozhsky V. A., Savrasov A. M., Zheltonozhskaya M. V. and Chernyaev A. P. 

Excitation of 
180

Hf
m
 with (ɔ,p)-reaction. The European Physical Journal. 2021. Vol. 

A57. P. 121-126. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ, ʦʙʨʦʙʮʽ ʜʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 
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ʈʆɿɼɯʃ 4  

ɼʆʉʃɯɼɾɽʅʅʗ ʈɽɸʂʎɯʁ ɿ ʅɽʁʊʈʆʅɸʄʀ ʊɸ ʃɽɻʂʀʄʀ 

ɿɸʈʗɼɾɽʅʀʄʀ ʏɸʉʊʀʅʂɸʄʀ 

 

ʋʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ 

 

ɺʠʚʯʝʥʥʷ ʨʝʘʢʮʽʡ ʟ ʧʨʦʪʦʥʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʚʦʭ ʧʨʠʩʢʦʨʶʚʘʯʘʭ ɯʗɼ 

ʅɸʅʋ: ʥʘ ʪʘʥʜʝʤ-ʛʝʥʝʨʘʪʦʨʽ ɽɻʇ-10ʂ ʪʘ ʥʘ ʮʠʢʣʦʪʨʦʥʽ ʋ-120. ʅʘ ʮʠʢʣʦʪʨʦʥʽ 

ʋ-240 ʚʠʚʯʘʣʠʩʴ ʨʝʘʢʮʽʾ ʟ Ŭ-ʯʘʩʪʠʥʢʘʤʠ, ʘ ʥʘ ʪʘʥʜʝʤ-ʛʝʥʝʨʘʪʦʨʽ ʟ ʜʝʡʪʨʦʥʘʤʠ. 

ɼʞʝʨʝʣʦʤ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʥʝʡʪʨʦʥʽʚ ʙʫʚ ʜʦʩʣʽʜʥʠʮʴʢʠʡ ʷʜʝʨʥʠʡ ʨʝʘʢʪʦʨ 

ɺɺʈ-ʄ ɯʥʩʪʠʪʫʪʫ ʷʜʝʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅɸʅʋ ʤ. ʂʠʾʚ, ʘ ʰʚʠʜʢʠʭ ï ʥʝʡʪʨʦʥʥʠʡ 

ʛʝʥʝʨʘʪʦʨ ʅɻ-300 ʢʘʬʝʜʨʠ ʷʜʝʨʥʦʾ ʬʽʟʠʢʠ ʂʅʋ ʽʤ. ʊ. ɻ. ʐʝʚʯʝʥʢʘ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ ʪʘ ʧʝʨʝʨʽʟʽʚ ʥʘ ʷʜʨʘʭ Hf, Ta, Lu, 

Nb, Au, Pt, Sn, Hf, Mo ʽ Cs ʚʠʢʦʥʫʚʘʣʦʩʴ ʜʝʢʽʣʴʢʘ ʩʝʨʽʡ ʦʧʨʦʤʽʥʝʥʴ ʪʘ 

ʚʠʤʽʨʶʚʘʥʴ. ʊʨʠʚʘʣʽʩʪʴ ʦʧʨʦʤʽʥʝʥʥʷ ʟʨʘʟʢʽʚ ʩʢʣʘʜʘʣʘ ʚʽʜ 20 ʭʚ. ʜʦ 6 ʜ̔ ʙ. 

ʄʽʰʝʥʽ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʟ ʤʝʪʘʣʽʯʥʦʛʦ Hf, Ta, Lu, Nb, Au, Pt, Sn, 

Hf, Mo ʽ Cs ʷʢ ʧʨʠʨʦʜʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ, ʪʘʢ ʽ ʟʙʘʛʘʯʝʥʽ. 

ʆʩʥʦʚʥʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ ʥʘʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 4.1 ʪʘ ʚ ʪʘʙʣʠʮʷʭ 3.1 ʪʘ 5.1. 

 

ʊʘʙʣʠʮʷ 4.1 

ʆʩʥʦʚʥʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʚʯʝʥʠʭ ʷʜʝʨ [100] 

 

ʗʜʨʦ I
 ́

T1/2 

ʉʧʦʩʽʙ 

ʨʦʟʧʘʜʫ 
ɽɔ, ʢʝɺ Iɔ, % 

196m
Au 12

-
 9.7 ʛ. ɯ.ʧ. 148 43 

 188 37 

196g
Au 2

- 
6.2 ʜ. Ů , ɓ

- 
356 87 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 4.1 

198m
Au

 
12

-
 2.3 ʜ. ɯ.ʧ. 214.9 77 

 97.2 69.3 

198g
Au 2

-
 2.7 ʜ. ɓ

-
 411.8 96 

134m
Cs 8

ï 2.91 ʛ. ɯ.ʧ. 127.5 12.7 

134g
Cs 4

+
 2.062 ʨ. ɓ

-
 604.7 97.5 

93m
Tc

 
1/2

-
 44 ʭʚ. ɯ.ʧ. 392 58 

93g
Tc

 
9/2

+
 2.8 ʛ. Ů, ɓ

+
 1363 66 

95m
Tc 1/2

-
 61 ʜ. Ů, ɓ

+
 835 27 

95g
Tc 9/2

+
 20 ʛ. Ů, ɓ

+
 766 94 

120m
Sb 8

-
 5.8 ʜ. Ů 197 87 

 1171 100 

120g
Sb 1

+
 15.9 ʭʚ. Ů 1171 1.7 

197m
Pt 13/2

+
 95.41 ʭʚ. ɯ.ʧ., ɓ

-
 346.5 11.1 

197g
Pt 1/2

-
 18.3 ʛ. ɓ

-
 191.4 3.7 

178m2
Hf 16

+
 31 p. ɯ.ʧ. 213.4 81.4 

 216.7 64.6 

174m
Lu 6

-
 142 ʜ. Ů, ɓ

+
 67.1 7.3 

174g
Lu 1

-
 3.31 p. Ů, ɓ

+
 1241.8 5.1 

93m
Mo

 
21/2

+
 6.85 ʛ. ɯ.ʧ. 263.1 56.7 

 684.7 99.7 

ɯ.ʧ. ï ʽʟʦʤʝʨʥʠʡ ʧʝʨʝʭʽʜ, ʛ. ï ʛʦʜʠʥ, ʜ. ï ʜʽʙ, ʨ. ï ʨʦʢʽʚ, ʭʚ. ï ʭʚʠʣʠʥ,                     

Ů ï ʝʣʝʢʪʨʦʥʥʠʡ ʟʘʭʚʘʪ, ɓ
-
, ɓ

+
 - ɓ

-
, ɓ

+ 
ʨʦʟʧʘʜʠ. 

 

4.1 ɼʦʩʣʽʜʞʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ ʚ ʷʜʨʘʭ 
93,95

Tc ʪʘ 
95

Nb 

 
93

Tc ʤʘʻ ʦʜʠʥ iʟʦʤʝʨʥʠʡ ʩʪʘʥ ʘ ʦʩʥʦʚʥʠʡ ʨʽʚʝʥʴ ʻ ʥʝʩʪʘʙʽʣʴʥʠʤ. ʇʨʠ ʮʴʦʤʫ 

ʜʣʷ ʷʜʝʨ 
93

Tc
m
 - Ὅ“ = 1/2

ī
, ʘ ʜʣʷ 

93
Tc

g
 - Ὅ“ = 9/2

+
 [100]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨiʟʫ 

ʥʘʧʨʘʮʶʚʘʥʥʷ iʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ 
93

Tc ʚʠʟʥʘʯʘʣʘʩʷ ʧʣʦʱʘ ɔ-ʣiʥiʾ 392 ʢʝɺ ʧʽʩʣʷ 

ʨʦʟʧʘʜʫ ʣʠʰʝ 
93

Tc
m
 (Ὕ1/2 = 43.5 ʭʚ.) (ʜʠʚ. ʨʠʩ. 4.1). ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ 
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ʥʘʧʨʘʮʶʚʘʥʥʷ 
93

Tc
g
 (Ὕ1/2 = 2.75 ʛʦʜ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ɔ-ʧ̔ʢ 1363 ʢeɺ, ʷʢʠʡ 

ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ ʜʨʫʛʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ ʷʜʝʨ 
93
Mo, ʷʢʠʡ ʟʘʩʝʣʷʻʪʴʩʷ 

ʧʽʩʣʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʟʘʭʚʘʪʫ ʣʠʰʝ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
93

Tc (ʜʠʚ. ʨʠʩ. 4.1). 

 
ʈʠʩ. 4.1 ʌʨʘʛʤʝʥʪʠ ʩʧʝʢʪʨʘ 

93
Tcά

,Ὣ 
(a) [51] ʪʘ ʩʭʝʤʠ ʨʦʟʧʘʜʫ ʮʴʦʛʦ ʷʜʨʘ (ʙ) [100] 

 

 

95
Tc ʤʘʻ ʦʜʠʥ iʟʦʤʝʨʥʠʡ ʩʪʘʥ ʘ ʦʩʥʦʚʥʠʡ ʨʽʚʝʥʴ ʻ ʥʝʩʪʘʙʽʣʴʥʠʤ. ʇʨʠ ʮʴʦʤʫ  

Ὅ“ = 9/2
+
 ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 

95
Tc ʪʘ Ὅ“ = 1/2

ī
 ʜʣʷ ʽʟʦʤʝʨʥʦʛʦ [100]. ɿ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨiʟʫ ʥʘʧʨʘʮʶʚʘʥʥʷ 
95

Tc
m
 ʚʠʟʥʘʯʘʣʘʩʷ ʧʣʦʱʘ ʬʦʪʦʧiʢʘ ‎-ʢʚʘʥʪʘ ʟ 

ʝʥʝʨʛʽʻʶ 835 ʢʝɺ, ʷʢʠʡ ʩʣʽʜʫʻ ʟʘ ʨʦʟʧʘʜʦʤ ʟʙʫʜʞʝʥʦʛʦ ʨiʚʥʷ 
95

Mo ʟ ʝʥʝʨʛiʻ  ʁ

1039 ʢʝɺ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻ ʝʣʝʢʪʨʦʥʥʠʡ ʟʘʭʚʘʪ ʣʠʰʝ 
95

Tc
m
 (Ὕ1/2 = 61 ʜ)         

(ʜʠʚ. ʨʠʩ. 4.2) [51]. ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʝʨʝʨʽʟ ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 

95
Tc ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ‎-ʧʝʨʝʭiʜ 766 ʢʝɺ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ ʟʙʫʜʞʝʥʦʛʦ 
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ʩʪʘʥʫ 
95
Mo ʟ ʜʘʥʦʶ ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛiʾ ʟʙʫʜʞʝʥʥʷ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻ 

ʝʣʝʢʪʨʦʥʥʠʡ ʟʘʭʚʘʪ ʚʠʢʣʶʯʥʦ 
95

Tc
g
 (Ὕ1/2 = 20 ʛʦʜ) (ʜʠʚ. ʨʠʩ. 4.2). 

95
Nb ʤʘʻ ʦʜʠʥ iʟʦʤʝʨʥʠʡ ʪʘ ʥʝʩʪʘʙiʣʴʥʠʡ ʦʩʥʦʚʥʠʡ ʩʪʘʥʠ. 

 
ʈʠʩ. 4.2 ʌʨʘʛʤʝʥʪʠ ʩʧʝʢʪʨʘ 

95
Tcά

,Ὣ 
[51] (a) ʪʘ ʩʭʝʤʠ ʨʦʟʧʘʜʫ ʮʴʦʛʦ ʷʜʨʘ (ʙ) [100] 

 

 

ʆʩʥʦʚʥʠʡ ʩʪʘʥ 
95

Nb ʤʘʻ I
ˊ
 = 9/2

+
 ʘ ʽʟʦʤʝʨʥʠʡ ʨʽʚʝʥʴ I

ˊ
 = 1/2

ī
. ʇʝʨʝʨiʟ 

ʟʘʩʝʣʝʥʥʷ 
95

Nb
m
 ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ɔ-ʣiʥiʾ 235 ʢeɺ, ʷʢʘ ʩʣʽʜʫʻ ʟʘ 

ʨʦʟʧʘʜʦʤ ʣʠʰʝ iʟʦʤʝʨʥʦʛʦ ʨʽʚʥʷ 
95

Nb (Ὕ1/2 = 86.6 ʛʦʜ) [100] (ʜʠʚ. ʨʠʩ. 4.3). ɿ 

ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨʽʟʫ ʥʘʧʨʘʮʶʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
95

Nb (Ὕ1/2 = 35 ʜ) 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ɔ-ʣʽʥʽʷ ʟ ʝʥʝʨʛʽʻʶ 766 ʢʝɺ, ʷʢʘ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 

ʟʙʫʜʞʝʥʦʛʦ ʨiʚʥʷ 
95

Mo ʟ ʜʘʥʦʶ ʝʥʝʨʛiʻ  ʁʟʙʫʜʞʝʥʥʷ, ʷʢʠʡ ʟʘʩʝʣʷʻʪʴʩʷ ʧʽʩʣʷ     

ɼ-ʨʦʟʧʘʜʫ ʣʠʰʝ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
95

Nb (ʜʠʚʠʩʴ ʨʠʩʫʥʦʢ 4.3). ʊʘʢ ʷʢ ʜʘʥʘ ɔ-ʣʽʥʽʷ 

ʩʣʽʜʫʻ ʪʘʢʦʞ ʟʘ ʨʦʟʧʘʜʦʤ 
95

Tcg, ʪʦ ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʡʦʛʦ ʚʥʝʩʢʫ ʫ ʧʣʦʱʫ ‎-ʧiʢʘ 

766 ʢeɺ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ‎-ʣʽʥʽʷ ʟ ʝʥʝʨʛiʻ  ʁ1074 ʢeɺ ʟ ʨʦʟʧʘʜʫ ʣʠʰʝ 
95

Tcg i ʟ 
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ʧʨʠʡʥʷʪʥʦʶ ʩʪʘʪʠʩʪʠʯʥʦʶ ʪʦʯʥiʩʪʶ ʩʧʦʩʪʝʨiʛʘʻʪʴʩʷ ʫ ‎-ʩʧʝʢʪʨi                   

(ʜʠʚ. ʨʠʩ. 4.3(ʘ)). ʈʦʟʨʘʭʫʥʦʢ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʧʨʦʧʦʨʮiʡ 

[51]. 

ɿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ‎-ʩʧʝʢʪʨiʚ ʚʠʟʥʘʯʘʣʠʩʷ iʟʦʤʝʨʥi ʚiʜʥʦʰʝʥʥʷ ʧʝʨʝʨiʟiʚ 

„m/„g ʜʣʷ 
93

Tcά
,Ὣ, 

95
Tcά

,Ὣ 
i 

95
Nbά

,Ὣ 
ʟʛiʜʥʦ ʟ ʬʦʨʤʫʣʘʤʠ (3.20-3.21). 

 

ʈʠʩ. 4.3 ʌʨʘʛʤʝʥʪʠ ʩʧʝʢʪʨʘ 
95

Nbm,g 
(a) [51] ʪʘ ʩʭʝʤʠ ʨʦʟʧʘʜʫ ʮʴʦʛʦ ʷʜʨʘ (ʙ) [100] 

 

ʆʪʨʠʤʘʥi ʜʘʥi ʧʨʦ iʟʦʤʝʨʥi ʚiʜʥʦʰʝʥʥʷ ʧʝʨʝʨiʟiʚ ʟ ʨiʟʥʠʤʠ ʙʦʤʙʘʨʜʫʶʯʠʤʠ 

ʯʘʩʪʠʥʢʘʤʠ ʥʘʚʝʜʝʥi ʚ ʪʘʙʣʠʮi 4.2. Iʥʰi ʘʥʘʣiʪʠʯʥi ʣiʥiʾ ʟ ʜʦʩʪʘʪʥʴʦʶ 

iʥʪʝʥʩʠʚʥiʩʪʶ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ iʟʦʤʝʨʥʠʭ ʚiʜʥʦʰʝʥʴ. 

ʏʠʩʝʣʴʥi ʚʝʣʠʯʠʥʠ ʮʠʭ ʚiʜʥʦʰʝʥʴ ʟʙiʛʘʶʪʴʩʷ ʟ ʚʢʘʟʘʥʠʤʠ ʚ ʪʘʙʣʠʮi 4.2 ʚ ʤʝʞʘʭ 

ʧʦʭʠʙʦʢ. Iɺʇ ʙʫʣʠ ʦʪʨʠʤʘʥi ʚʧʝʨʰʝ ʜʣʷ ʨʝʘʢʮiʾ 
97

Mo(d,ɻ)95
Nbm,g 

ʘ ʜʣʷ iʥʰʠʭ 

ʨʝʘʢʮiʡ ʚʧʝʨʰʝ ʧʨʠ ʜʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʝʥʝʨʛiʾ ʙʦʤʙʘʨʜʫʶʯʠʭ ʯʘʩʪʠʥʦʢ [51]. 
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ɯʟʦʤʝʨʥ ̔ʚiʜʥʦʰʝʥʥ ̫ʧʝʨʝʨiʟiʚ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ 

ʧʘʢʝʪʽʚ TALYS-1.4 [57] ʪʘ EMPIRE-3.2 [58]. ɼʣʷ ʪʦʛʦ ʱʦʙ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ 

ʚ ʦʙʦʭ ʢʦʜʘʭ ʙʫʣʠ ʟʘʙʝʟʧʝʯʝʥʽ ʦʜʥʘʢʦʚʽ ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ, ʚʠʢʦʥʫʚʘʣʘʩʷ 

ʢʦʤʧʽʣʷʮʽʷ ʧʽʩʣʷ ʷʢʦʾ 70 ʜʠʩʢʨʝʪʥʠʭ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʟʙʫʜʞʝʥʠʭ ʨiʚʥi 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤi. ʉʭʝʤʠ ʨʦʟʧʘʜʫ ʨiʚʥiʚ ̔  ʾʭ 

ʩʧʝʢʪʨʦʩʢʦʧiʯʥi ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʨʫʪʴʩʷ ʟ ʙiʙʣiʦʪʝʢʠ RIPL-3 [162]. ɺ ʦʙʦʭ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʘʭ ʧʝʨʝʜʙʘʯʝʥʦ ʜʝʢiʣʴʢʘ ʤʝʭʘʥiʟʤiʚ ʧʝʨʝʙʽʛʫ ʨʝʘʢʮiʡ. ɺ ʤʝʞʘʭ 

ʢʦʜʫ TALYS-1.4 ʜʣʷ ʨʝʘʢʮiʡ 
97

Mo(d,‌)
95

Nbά
,Ὣ ʪʘ 

94
Mo(d,n)

95
Tc ʛʦʣʦʚʥʠʡ ʚʢʣʘʜ 

 

ʊʘʙʣʠʮʷ 4.2 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥi ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʚʝʣʠʯʠʥʠ iʟʦʤʝʨʥʠʭ ʚiʜʥʦʰʝʥʴ ʧʝʨʝʨiʟiʚ. 

ůh ï ʧʝʨʝʨiʟ ʟʘʩʝʣʝʥʥʷ ʚʠʩʦʢʦʩʧiʥʦʚʦʛʦ ʨiʚʥʷ, ůl ï ʧʝʨʝʨiʟ ʟʘʩʝʣʝʥʥʷ 

ʥʠʟʴʢʦʩʧiʥʦʚʦʛʦ ʩʪʘʥʫ, E*1
 ï ʝʥʝʨʛiʷ ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ,             

E*2
 ï ʝʥʝʨʛiʷ ʦʩʪʘʥʥʴʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʨiʚʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ [51] 

 

ʈʝʘʢʮʽʷ 

ɽʥʝʨ

ʛʽʷ 

Meɺ 

ůh/ůl ɽ*
1
, 

Meɺ 
ɽ*

2
, Meɺ 

ɽʢʩʧʝʨʠʤʝʥʪ TALYS-1.4 EMPIRE-3.2 

92
Mo(d,n)

93
Tc

m,g
 4.5 1.13 Ñ 0.1 2.0 5.1 6.3 6.0 

94
Mo(d,n)

95
Tc

m,g
 4.5 1.07 Ñ 0.11 2.1 3.5 7.1 2.8 

92
Mo(p,ɔ)

93
Tc

m,g
 6.8 0.29 Ñ 0.3 2.0 1.6 10.9 6.0 

97
Mo(d,Ŭ)

95
Nb

m,g
 4.5 3.64 Ñ 0.3 2.9 31 14.5 14.6(5.8)* 

 

 

* ʋ ʚʠʧʘʜʢʫ EMPIRE-3.2 ʚʨʘʭʦʚʫʶʪʴʩʷ ʜʠʩʢʨʝʪʥi ʨiʚʥi, ʚʝʣʠʯʠʥʘ ʝʥʝʨʛiʾ 

ʟʙʫʜʞʝʥʥʷ ʷʢʠʭ ʥʠʞʯʘ ʝʥʝʨʛiʾ ʟʚôʷʟʢʫ ʥʝʡʪʨʦʥʘ ʫ ʷʜʨi. ʊʦʤʫ ʜʣʷ 
95

Nb 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʣʠʰʝ 57 ʨiʚʥiʚ. 
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ʚ ʧʝʨʝʨiʟ ʟʘʩʝʣʝʥʥʷ ʷʢ ʦʩʥʦʚʥʦʛʦ ʪʘʢ i iʟʦʤʝʨʥʦʛʦ ʩʪʘʥiʚ ʜʘʻ ʧʝʨʝʜʨiʚʥʦʚʘʞʥʠʡ 

ʤʝʭʘʥiʟʤ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʘ ʝʢʩʠʪʦʥʥʘ ʤʦʜʝʣ ɹ[163, 212ï213]. ɺ ʪʦʡ ʞʝ 

ʯʘʩ ʫ ʚʠʧʘʜʢʫ ʨʝʘʢʮiʡ 
92

Mo(p,ɔ)
93

Tc i 
92

Mo(d,n)
93

Tc ʜʦʤʽʥʫʶʯʠʡ ʚʢʣʘʜ ʚ ʧʝʨʝʨiʟ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʪʘ iʟʦʤʝʨʥʦʛʦ ʩʪʘʥiʚ ʜʘʻ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥiʟʤ, ʚ 

ʦʩʥʦʚʫ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʘ ʪʝʦʨi  ̫ʍʘʫʟʝʨʘïʌʝʰʙʘʭʘ [29]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʜʫ EMPIRE-3.2 ʜʣʷ ʫʩiʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʘʢʮiʡ ʫʚʝʩʴ ʚʢʣʘʜ ʫ 

ʧʝʨʝʨiʟ ʥʘʧʨʘʮʶʚʘʥʥʷ iʟʦʤʝʨʥʦʛʦ i ʦʩʥʦʚʥʦʛʦ ʨiʚʥ̔ʚ ʜʘʻ ʚʠʱʝʟʛʘʜʘʥʠʡ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥiʟʤ [29]. ɻʣʦʙʘʣʴʥ ̔ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʥʝʡʪʨʦʥiʚ ʪʘ ʧʨʦʪʦʥiʚ 

ʙʨʘʣʠʩʷ iʟ [165], ʜʣʷ ʜʝʡʪʨʦʥiʚ ʟ [214-215], ʘ ʜʣʷ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ iʟ [216]. 

ʂʦʝʬiʮiʻʥʪʠ ʧʨʦʥʠʢʥʝʥʥʷ ʜʣʷ ʬʦʪʦʥiʚ ʟʥʘʭʦʜʠʣʠʩʴ iʟ ʨʘʜʽʘʮʽʡʥʠʭ ʩʠʣʦʚʠʭ 

ʬʫʥʢʮiʡ (ʈʉʌ). ʋ ʚʠʧʘʜʢʫ TALYS-1.4 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽ ʞ ʬʫʥʢʮʽʾ ʱʦ ʫ 

TALYS-1.6. ʇʘʢʝʪ TALYS-1.4 ʤiʩʪʠʪʴ ʧôʷʪʴ ʚʘʨiʘʥʪiʚ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʫ 

ʛʫʩʪʠʥʠ ʨiʚʥiʚ, ʷʢʽ ʽʜʝʥʪʠʯʥʽ ʧʝʨʰʠʤ ʧôʷʪʠ ʚʘʨʽʘʥʪʘʤ ʢʦʜʫ TALYS-1.6. ɼʘʣi ʚ 

ʤʝʞʘʭ ʜʘʥʦʛʦ ʧʽʜʨʦʟʜʽʣʫ ʜʣʷ ʦʙʦʭ ʢʦʜʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʩʪʘʣʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʌʝʨʤi-ʛʘʟʫ (CT + FG) [172] ʧʨʠ ʘʥʘʣiʟi ʨʝʟʫʣʴʪʘʪiʚ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʦʧʠʩʘʥʥʷ ʛʫʩʪʠʥ ʨiʚʥiʚ ʚ ʥʝʧʝʨʝʨʚʥiʡ ʦʙʣʘʩʪi ʝʥʝʨʛiʾ 

ʟʙʫʜʞʝʥʥʷ. ʈʦʟʨʘʭʫʥʢʠ ʜʣʷ iʥʰʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʈʉʌ 

ʪʘ ʛʫʩʪʠʥ ʨiʚʥiʚ, ʷʢi ʧʝʨʝʜʙʘʯʝʥʽ ʚ ʦʙʠʜʚʦʭ ʢʦʜʘʭ, ʥʝ ʧʨʠʚʦʜʠʣʠ ʜʦ ʟʥʘʯʥʦʛʦ 

ʧʦʢʨʘʱʝʥʥʷ ʫʟʛʦʜʞʝʥʥʷ ʤiʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ ʜʘʥʠʤʠ 

[51]. 

ʊʝʦʨʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ɯɺʇ ʜʣʷ ʨʝʘʢʮiʡ 
97

Mo(d,‌)
95

Nbά
,Ὣ, 

92
Mo(d,n)

93
Tcά

,Ὣ i 

94
Mo(d,n)

95
Tcά

,Ὣ 
ʧʨʦʚʦʜʠʣʦʩʴ, ʧʦʯʠʥʘʶʯʠ ʚiʜ ʚʽʜʧʦʚʽʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʧʦʨʦʛʫ i ʜʦ 4.5 ʄʝɺ ʟ ʢʨʦʢʦʤ 0.5 ʄʝɺ. ɼʣʷ ʨʝʘʢʮiʾ 
92

Mo(p,‎)93
Tcά

,Ὣ ʪʝʦʨʝʪʠʯʥʠʡ 

ʨʦʟʨʘʭʫʥʦʢ Iɺʇ ʟʜʽʡʩʥʶʚʘʚʩʷ, ʧʦʯʠʥʘʶʯʠ ʚiʜ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʦʨʦʛʫ i ʜʦ 6.8 

ʄʝɺ ʟ ʢʨʦʢʦʤ 0.5 ʄʝɺ. ɼʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʚʠʩʥʦʚʢʠ. ɼʣʷ ʨʝʘʢʮiʾ 
92

Mo(p,‎)93
Tcά

,Ὣ ʟʥʘʯʝʥʥʷ Iɺʇ ʤʘʣʦ ʟʤiʥʶʶʪʴʩʷ iʟ 

ʟʨʦʩʪʘʥʥʷʤ ʝʥʝʨʛiʾ ʧʨʦʪʦʥiʚ i ʟʘʣʠʰʘʶʪʴʩʷ ʫ ʤʝʞʘʭ „h/„ὰ = 2.0 ʜʣʷ TALYS-1.4 i 

„h/„ὰ = 1.6 ʜʣʷ EMPIRE-3.2 ʧʝʨʝʚʠʱʫʶʯʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ ʚʝʣʠʯʠʥʠ 

ʧʨʠʙʣʠʟʥʦ ʫ 6.9 ʪʘ 5.5 ʨʘʟʠ, ʚiʜʧʦʚiʜʥʦ (ʜʠʚ. ʪʘʙʣ. 4.2). ɼʣʷ (p,‎)-ʨʝʘʢʮiʾ ̒ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥi ʜʘʥʽ ʚ ʰʠʨʦʢʦʤʫ ʜiʘʧʘʟʦʥi ʚʝʣʠʯʠʥ ʝʥʝʨʛiʾ ʧʨʦʪʦʥiʚ [51]. ʅʘ 
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ʨʠʩ. 4.4 ʚʽʜʦʙʨʘʞʝʥʽ ʮi ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥi Iɺʇ ʨʘʟʦʤ iʟ ʪʝʦʨʝʪʠʯʥʦ ʦʪʨʠʤʘʥʠʤʠ 

ʜʣʷ ʨiʟʥʠʭ ʤʦʜʝʣʝʡ ʛʫʩʪʠʥ ʨiʚʥiʚ. ʅi ʦʜʥʘ ʟ ʮʠʭ ʤʦʜʝʣʝʡ ʥʝ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ 

ʢʨʘʱʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ 

ʝʥʝʨʛiʷʭ ʧʨʦʪʦʥiʚ ʚiʜ 3.0 ʜʦ 8.9 ʄʝɺ. ʇʨʦʪʝ ʧʨʠ ʥʠʞʯʠʭ ʝʥʝʨʛiʷʭ ʧʨʦʪʦʥiʚ 

ʨiʟʥʠʮʷ ʤiʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ Iɺʇ ʟʥʠʞʫʻʪʴʩʷ ʽ ʧʨʠ 

 

ʈʠʩ. 4.4 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥi ʪʘ ʪʝʦʨʝʪʠʯʥi Iɺʇ ʜʣʷ ʨʝʘʢʮiʾ 
92

Mo(p,‎)93
Tcά

,Ὣ [51]. 

ʆʧʠʩʘʥʥʷ ʤʦʜʝʣʝʡ ʛʫʩʪʠʥ ʨiʚʥiʚ ʜʘʥʦ ʥʘ ʩ. 96-97. 

 

Ὁὴ = 1.84 ʄʝɺ ʩʪʘʻ ʨiʚʥʦʶ 0. ʇʨʠ ʮʽʡ ʝʥʝʨʛʽʾ ʙʦʤʙʘʨʜʫʶʯʠʭ ʧʨʦʪʦʥʽʚ ʝʥʝʨʛiʷ 

ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ ʨiʚʥʘ 5.94 ʄʝɺ i ʬʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʟ ʝʥʝʨʛiʻ  ʁ

70-ʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʨiʚʥʷ 
93

Tc. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʨiʟʥʠʮʷ ʤiʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ Iɺʇ ʩʧʨʠʯʠʥʝʥʘ ʤʦʞʣʠʚʠʤ 

ʽʩʥʫʚʘʥʥʷʤ ʥʝiʜʝʥʪʠʬiʢʦʚʘʥʠʭ ʥʠʟʴʢʦ- ʪʘ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ‎-ʧʝʨʝʭʦʜiʚ 

ʥʠʟʴʢʦʾ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪi ʚ ʷʜʨʘʭ 
93

Tc ʚ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛiʾ ʟʙʫʜʞʝʥʥʷ ʮʴʦʛʦ ʷʜʨʘ 

6.5ï13 ʄʝɺ ʥʘ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥi ʟʙʫʜʞʝʥi ʩʪʘʥʠ ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘ ʟ 

ʧʦʜʘʣʴʰʠʤ ʾʭ ʨʦʟʧʘʜʦʤ ʥʘ ʥʠʟʴʢʦʩʧiʥʦʚʠʡ iʟʦʤʝʨʥʠʡ ʨiʚʝʥʴ 
93

Tc. ɺ 

ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʜʘʥʘ ʦʙʩʪʘʚʠʥʘ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. ɼʦʜʘʪʢʦʚʦ  ʁ

ʧʨʠʯʠʥʦʶ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʻ 

ʪʝ, ʱʦ ʜʣʷ ʙʘʛʘʪʴʦʭ ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʨiʚʥiʚ 
93

Tc ʥʝʚiʜʦʤʘ ʩʭʝʤʘ ʾʭ 
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ʨʦʟʧʘʜʫ i ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʦʥʠ ʟʘʩʝʣʷʶʪʴ ʦʩʥʦʚʥʠʡ ʚʠʩʦʢʦʩʧiʥʦʚʠʡ ʨiʚʝʥʴ 

[51]. 

Iʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʬʘʢʪʠʯʥʦ ʥʝ ʟʤiʥʶʁʪʴʩʷ ʜʣ ̫ ʨʝʘʢʮiʾ 

92
Mo(d,n)

93
Tcά

,Ὣ 
ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʝʥʝʨʛiʾ ʜʝʡʪʨʦʥiʚ i ʟʘʣʠʰʘʪʁʴʩʷ ʚ ʤʝʞʘʭ         

„h/„ὰ = 2.0 ʜʣʷ TALYS-1.4 ʪʘ „h/„ὰ = 5.1 ʜʣʷ EMPIRE-3.2, ʧʝʨʝʚʠʱʫʶʯʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ɯɺʇ ʧʨʠʙʣʠʟʥʦ ʫ 1.8 ʪʘ 4.5 ʨʘʟʠ, ʚiʜʧʦʚiʜʥʦ. ɺ TALYS-1.4 

ʧʝʨʝʜʙʘʯʝʥʘ ʤʦʞʣʠʚiʩʪʴ ʟʙiʣʴʠhʪʠ ʚʥʝʩʦʢ ʧʨʷʤʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ           

(d,n)-ʨʝʘʢʮiʾ ʟʨʠʚʫ [217]. ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʣʶʯʦʚʠʭ ʩʣ̔ʚ, ʷʢi ʟʤʽʥʶʶʪʴ 

ʚʢʣʘʜʠ ʧʝʨʝʜʨiʚʥʦʚʘʞʥʦʛʦ ʪʘ ʧʨʷʤʦʛʦ ʤʝʭʘʥiʟʤiʚ ʥʝ ʜʦʟʚʦʣʠʣʦ ʧʦʢʨʘʱʠʪʠ 

ʩʧʽʚʧʘʜʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʚʝʣʠʯʠʥ ɯɺʇ [51]. ɼʣʷ 

ʟʘʟʥʘʯʝʥʦʾ ʨʝʘʢʮiʾ ̒ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥi ʜʘʥi ʚ ʰʠʨʦʢʦʤʫ ʜiʘʧʘʟʦʥi ʝʥʝʨʛiʡ 

ʜʝʡʪʨʦʥiʚ. ʅʘ ʨʠʩʫʥʢʫ 4.5 ʧʦʢʘʟʘʥʽ ʮi ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥi ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ 

ʧʝʨʝʨʽʟʽʚ ʨʘʟʦʤ iʟ ʤʦʜʝʣʴʦʚʘʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʣʷ ʨiʟʥʠʭ ʤʦʜʝʣʝʡ, ʱʦ 

ʦʧʠʩʫʶʪʴ ʛʫʩʪʠʥʠ ʨiʚʥiʚ. ʇʨʠ ʝʥʝʨʛiʾ ʙʦʤʙʘʨʜʫʶʯʠʭ ʜʝʡʪʨʦʥiʚ 3.9 ʄʝɺ ʝʥʝʨʛi  ̫

ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ ʩʪʘʥʦʚʠʪʴ 5.7 ʄʝɺ, ʪʦʙʪʦ ʻ ʥʠʞʯʦ  ʁʝʥʝʨʛiʾ 70-ʛʦ 

ʜʠʩʢʨʝʪʥʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʨiʚʥʷ. ʇʨʦʪʝ ʧʨʠ ʮʴʦʤʫ ʨiʟʥʠʮʷ ʤiʞ 

 

 

ʈʠʩ. 4.5 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥi i ʪʝʦʨʝʪʠʯʥi Iɺʇ ʜʣʷ ʨʝʘʢʮiʾ 
92

Mo(d,n)
93

Tcά
,Ὣ. 

ʇʦʟʥʘʯʝʥʥʷ ʤʦʜʝʣʝʡ ʪʘʢi ʩʘʤi, ʷʢ i ʥʘ ʨʠʩ. 4.4 [51] 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ Iɺʇ ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʘʯʥʦ ,ʁ 

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ (p,‎)-ʨʝʘʢʮiʾ ʧʨʠ ʙʣʠʟʴʢʽʡ ʝʥʝʨʛiʾ ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ. 

ʗʢ ʥʘʩʣʽʜʦʢ, ʤʦʞʥʘ ʚʠʩʫʥʫʪʠ ʛʽʧʦʪʝʟʫ, ʱʦ ʨiʟʥʠʮ ̫ʤiʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ Iɺʇ ʧʨʠ ʝʥʝʨʛiʾ ʜʝʡʪʨʦʥiʚ 3.9ï4.5 ʄʝɺ ʟʫʤʦʚʣʝʥʘ 

ʤʦʞʣʠʚʦʶ iʥʰʦʶ ʩʪʨʫʢʪʫʨʦʶ ʽ/ʯʠ ʩʭʝʤʘʤʠ ʨʦʟʧʘʜʫ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ, ʱʦ 

ʟʘʩʝʣʷʶʪʴʩʷ ʚ (d,n)-ʨʝʘʢʮiʾ, ʥʘ ʚiʜʤiʥʫ ʚiʜ (p,‎)-ʨʝʘʢʮi  ʾ[51]. ʇʨʠ ʚʠʱʠʭ ʝʥʝʨʛiʷʭ 

ʙʦʤʙʘʨʜʫʶʯʠʭ ʜʝʡʪʨʦʥiʚ ʨiʟʥʠʮ ̫ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ 

ʜʘʥʠʤʠ ʤʦʞʝ ʙʫʪʠ ʟʫʤʦʚʣʝʥʘ, ʷʢ i ʫ ʚʠʧʘʜʢʫ (p,‎)-ʨʝʘʢʮiʾ, ʤʦʞʣʠʚʠʤ 

ʽʩʥʫʚʘʥʥʷʤ ʚʠʩʦʢʦ- ʪʘ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ‎-ʧʝʨʝʭʦʜiʚ ʥʠʟʴʢʦʾ 

ʤʫʣʴʪʠʧʦʣʴʥʦʩʪi ʚ ʷʜʨʘʭ 
93

Tc ʟ ʦʙʣʘʩʪi ʚʝʣʠʯʠʥʠ ʝʥʝʨʛiʾ ʟʙʫʜʞʝʥʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ 7ï14 ʄʝɺ ʥʘ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥi ʟʙʫʜʞʝʥi ʩʪʘʥʠ ʜʠʩʢʨʝʪʥʦʛʦ 

ʩʧʝʢʪʨʘ. ʎʽ ʨʽʚʥʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʘʩʝʣʷʶʪʴ iʟʦʤʝʨʥʠʡ ʩʪʘʥ 
93

Tc. ʅʝʜʦʩʪʘʪʥʽʩʪʴ 

iʥʬʦʨʤʘʮiʾ ʧʨʦ ʩʭʝʤʫ ʨʦʟʧʘʜʫ ʜʠʩʢʨʝʪʥʠʭ ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʭ ʨiʚʥiʚ ʜʘʥʦʛʦ ʷʜʨʘ 

ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦʶ ʧʨʠʯʠʥʦʶ ʟʥʘʯʥʦʾ ʨʽʟʥʠʮʽ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ [51]. 

ʉʭʦʞʘ ʩʠʪʫʘʮiʷ ʩʢʣʘʣʘʩʷ i ʜʣʷ ʨʝʘʢʮiʾ 
94

Mo(d,n)
95

Tcά
,Ὣ. Iɺʇ ʧʝʨʝʙʫʚʘʻ ʚ ʦʢʦʣʽ 

„h/„ὰ = 2.1 ʜʣʷ TALYS-1.4 ʪʘ „h/„ὰ = 3.5 ʜʣʷ EMPIRE-3.2, ʧʝʨʝʚʠʱʫʶʯʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ ʚʝʣʠʯʠʥʠ ʧʨʠʙʣʠʟʥʦ ʫ 2 ʪʘ 3.3 ʨʘʟʘ, ʚiʜʧʦʚiʜʥʦ. ʇʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʚ ʢʦʜʽ TALYS-1.4 ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘ ʫʤʦʚʯʘʥʥʷʤ ʜʦʤiʥʫʻ 

ʧʝʨʝʜʨiʚʥʦʚʘʞʥʠʡ ʤʝʭʘʥiʟʤ [163,212-213], ʥʝʟʥʘʯʥʠʡ ʚʢʣʘʜ ʜʘʻ ʩʪʘʪʠʩʪʠʯʥʠʡ, ʘ 

ʧʨʷʤʠʡ ʤʝʭʘʥiʟʤ ʧʦʚʥʽʩʪʶ ʽʛʥʦʨʫʻʪʴʩʷ. ɺʘʨʽʶʚʘʥʥʷ ʢʣʶʯʦʚʠʤʠ ʩʣʦʚʘʤʠ, ʷʢʽ 

ʟʙʽʣʴʰʫʶʪʴ ʚʢʣʘʜ ʧʨʷʤʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʦʟʚʦʣʷʻ ʢʨʘʱʝ ʫʟʛʦʜʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ɯɺʇ ʚ ʢʦʜʽ TALYS-1.4 [51]. ʇʨʦʪʝ ʟʥʘʯʥʝ 

ʧʝʨʝʚʠʱʝʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ ʥʘʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʆʪʞʝ ʽʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ ʨʦʟʙiʞʥʦʩʪʝʡ 

ʤʦʞʝ ʙʫʪʠ ʽʩʥʫʚʘʥʥʷ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ‎-ʧʝʨʝʭʦʜiʚ ʟ ʥʠʟʴʢʦ ʁ

ʤʫʣʴʪʠʧʦʣʴʥʩ̔ʪʁ ʚ 
95

Tc ʟ ʨʘʡʦʥʫ ʝʥʝʨʛiʾ ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ 6ï7 ʄʝɺ 

ʥʘ ʥʠʟʴʢʦʣʝʞʘʯʽ ʟʙʫʜʞʝʥi ʩʪʘʥʠ ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘ ʟ ʧʦʜʘʣʴʰʠʤ ʾʭ ʨʦʟʧʘʜʦʤ 

ʥʘ ʥʠʟʴʢʦʩʧiʥʦʚʠʡ iʟʦʤʝʨʥʠʡ ʩʪʘʥ 
95

Tc. ʑʝ ʙʽʣʴʰʝ ʥʝʩʧʽʚʧʘʜʘʥʥʷ ʤiʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ i ʪʝʦʨʝʪʠʯʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ɯɺʇ ʜʣʷ ʨʝʘʢʮiʾ 



164 

 

97ὓέ(d,‌)
95

Nbά
,Ὣ 
ʽʩʥʫʻ ʣʠʰʝ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚ ʢʦʜʽ EMPIRE-3.2 [58]. ɼʣʷ ʜʚʦʭ 

ʢʦʜiʚ ʟʥʘʯʝʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ ʬʘʢʪʠʯʥʦ ʥʝ ʟʤiʥʶʶʪʴʩʷ iʟ 

ʟʨʦʩʪʘʥʥʷʤ ʝʥʝʨʛiʾ ʜʝʡʪʨʦʥiʚ i ʧʝʨʝʙʫʚʘʶʪʴ ʥʘ ʨiʚʥi „h/„ὰ = 2.9 ʜʣʷ TALYS-1.4 

[57] i „h/„ὰ = 31 ʜʣʷ EMPIRE-3.2, ʱʦ ʥʠʞʯʝ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥ ̔ʚʝʣʠʯʠʥʠ 

ʧʨʠʙʣʠʟʥʦ ʫ 1.26 (TALYS-1.4) ʪʘ ʚʠʱʝ ʾʭ ʫ 8.5 (EMPIRE-3.2) ʨʘʟʠ. ɼʣʷ ʮʽʻʾ 

ʨʝʘʢʮʽʾ ʽʤʦʚʽʨʥʦʶ ʧʨʠʯʠʥʦʶ ʢʨʘʱʠʭ ʨʝʟʫʣʴʪʘʪiʚ ʜʣʷ TALYS-1.4 ʻ ʚʢʣʘʜ 

ʧʝʨʝʜʨiʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥiʟʤʫ [51]. ʎʝʡ ʧʨʦʮʝʩ ʩʧʨʠʯʠʥʷʻ ʚʠʣʽʪ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʠ 

ʟ ʚʠʱʠʤ ʤʦʤʝʥʪʦʤ ʧʦʨiʚʥʷʥʦ iʟ ʩʪʘʪʠʩʪʠʯʥʠʤ ʤʝʭʘʥiʟʤʦʤ, ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʟʘʣʠʰʢʦʚʝ ʷʜʨʦ 
95

Nb
 
ʤʘʪʠʤʝ ʥʠʞʯʠʡ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʥʠʞʯʠʡ 

ʧʝʨʝʨiʟ ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʚʠʩʦʢʦʩʧiʥʦʚʦʛʦ ʩʪʘʥʫ. ɸʣʝ ʮʴʦʛʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʧʦʷʩʥʝʥʥʷ ʨʦʟʙʽʞʥʦʩʪʝʡ. ʉʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥiʟʤ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚ ʢʦʜʽ 

TALYS-1.4 ʤʦʞʝ ʨʝʘʣʴʥʦ ʜʘʚʘʪʠ ʜʝʱʦ ʙʽʣʴʰʠʡ ʚʢʣʘʜ ʧʨʠʚʦʜʷʯʠ ʜʦ ʧʦʚʥʦʛʦ 

ʩʧʽʚʧʘʜʘʥʥʷ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ Iɺʇ. ʊʘʢʦʞ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʫʚʘʪʠ i ʪʝ, ʱʦ ʟ ʫʩiʭ ʚʠʚʯʝʥʠʭ ʷʜʝʨ ʩʭʝʤʘ ʨʦʟʧʘʜʫ 
95

Nb ʜʦʩʣʽʜʞʝʥʘ 

ʥʘʡʛʽʨʰʝ. ɿ 70 ʜʠʩʢʨʝʪʥʠʭ ʨiʚʥiʚ, ʷʢʽ ʘʚʪʦʤʘʪʠʯʥʦ ʚʨʘʭʦʚʫʶʪʴʩʷ ʚ ʦʙʦʭ ʢʦʜʘʭ, ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʚiʜʦʤi ʩʭʝʤʠ ʨʦʟʧʘʜʫ ʣʠʰʝ ʜʣʷ ʪʨʴʦʭ ʥʘʡʥʠʞʯʠʭ ʧʝʨʝʭʦʜiʚ. ɼʘʥʘ 

ʦʙʩʪʘʚʠʥʘ ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʦ  ʁʧʨʠʯʠʥʦʶ ʥʝʩʧʽʚʧʘʜʽʥʥʷ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ [51]. 

 

4.2 ɺʠʚʯʝʥʥʷ ʨʝʘʢʮʽʡ 178
Hf(nr,ɔ)

179
Hf

m2
, 

197
Au(n,ɔ)

198
Au

m,g
, 

197
Au(n,p)

197
Pt

m,g
 ʪʘ 

133
Cs(n,ɔ)

134
Cs

m,g
 

 

ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥ̫ 
179

Hf
m2

 ʚ (nr,ɔ)-ʨʝʘʢʮʽʾ ʥʘ 

178
Hf (92.4%) ʥʘ ʨʝʘʢʪʦʨʽ ɺɺɽʈ-10. ʇʦʪʽʢ ʥʝʡʪʨʦʥʽʚ ʨʝʘʢʪʦʨʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʩʧʝʢʪʨʫ ʦʧʨʦʤʽʥʶʚʘʚ ʥʘ ʧʨʦʪʷʟʽ 6 ʜʽʙ ʛʘʬʥʽʻʚʫ ʧʦʨʦʰʢʦʧʦʜʽʙʥʫ ʤʽʰʝʥʴ ʫ 

ʢʨʫʛʣʽʡ ʢʚʘʨʮʝʚʽʡ ʘʤʧʫʣʽ ʜ̔ʘʤʝʪʨʦʤ ʙʽʣʷ 0.5 ʩʤ. 
180

Hf (1.6%), ʷʢʠʡ ʟʥʘʭʦʜʠʚʩʷ ʚ 

ʤʽʰʝʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ̫ʢʦʩʪʽ ʤʦʥ̔ʪʦʨʫ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʟ ʨʦʟʨʘʭʫʥʢʫ 

ʛʫʩʪʠʥʠ ʧʦʪʦʢʫ ʥʝʡʪʨʦʥʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʙʣʠʯʥ ̔ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʾ 

180
Hf(n,ɔ)

181
Hf [100,218]. 
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ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨʽʟʫ ů ʟʘʩʝʣʝʥʥ̫  ʜʨʫʛʦʛʦ ̔ʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ 
179

Hf 

ʚʠʟʥʘʯʘʣʠ ʧʣʦʱ̔ ʬʦʪʦʧ̔ʢ̔ʚ ɔ-ʣ̔ʥ̔ʡ 453.4  ̔362.4 ʢʝɺ ʘ 
181

Hf ï 482.2 ʢʝɺ (ʜʠʚʠʩʴ 

ʨʠʩʫʥʢʠ 4.6 ʪʘ 3.2). 

 

ʈʠʩ. 4.6 ʌʨʘʛʤʝʥʪ ɔ-ʩʧʝʢʪʨʫ ʤʽʰʝʥʽ 
178

Hf ʦʧʨʦʤʽʥʝʥʦʾ ʥʝʡʪʨʦʥʘʤʠ [192] 

ɿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ɔ-ʩʧʝʢʪʨʚ̔ ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʨʽʟ ʜʣʷ 
179

Hf
m2

 ʟʘ ʬʦʨʤʫʣʦʶ 

3.7, ʚ ʷʢʽʡ ʟʘʤʽʩʪʴ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʨʽʟʠ. 

ʄʦʥʽʪʦʨʥʠʤ ʧʝʨʝʨʽʟʦʤ ʻ ʪʘʙʣʠʯʥʠʡ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ 
180

Hf(n,ɔ)
181

Hf, ʷʢʠʡ 

ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ [100] ʪʘ [218] ʽ ʧʨʦ ʥʴʦʛʦ ʙʫʜʝ ʥʘʧʠʩʘʥʦ 

ʧʽʟʥʽʰʝ; ɯʥʜʝʢʩ (ʤʦʥ) ʩʪʦʩʫʻʪʴʩʷ 
181

Hf, ʘ (m) - 
179

Hf
m2

. 

ɯʟʦʪʦʧʠ 
178

Hf ʽ 
180

Hf ʤʽʩʪʷʪʴʩʷ ʚ ʦʜʥʽʡ ʤʽʰʝʥʽ ʽ ʙʫʣʠ ʦʧʨʦʤʽʥʝʥʽ ʪʠʤ ʞʝ 

ʨʝʘʢʪʦʨʥʠʤ ʧʦʪʦʢʦʤ ʥʝʡʪʨʦʥʽʚ (Fr). ʆʪʞʝ, ʜʣʷ ʨʝʘʢʮʽʡ 
178

Hf(nr,ɔ)
179m2

Hf ʪʘ 

180
Hf(nr,ɔ)

181
Hf ʤʠ ʤʦʞʝʤʦ ʥʘʧʠʩʘʪʠ ʥʘʩʪʫʧʥʽ ʜʚʘ ʨʽʚʥʷʥʥʷ [192]: 

 

ʤʦʥ

ʤʦʥ ʤʦʥ ʤʦʥ

ʤʦʥ

ʤʦʥ ʦʧʨ ʤʦʥ ʦʭʦʣ ʤʦʥ ʚʠʤ A

r

ʤʦʥ

ʤʦʥ

ʤʦʥ

S ɚ A
F

(1-exp(-ɚ exp(-ɚ (1-exp(-ɚ ɝ k Ŭ N

=
t ) t ) t )) mp

ů
       (a) 

m2

m2 m2 m2

m2

m2 ʦʧʨ m2 ʦʭʦʣ m2 ʚʠʤ A

r

m2

r

m2

S ɚ A
F

(1-exp(-ɚ exp(-ɚ (1-exp(-ɚ ɝ k Ŭ N

=
t ) t ) t )) mp

ů
      (ʙ) 



166 

 

ʋʩʽ ʚʝʣʠʯʠʥʠ ʚ ʨʽʚʥʷʥʥʷʭ (a) ʪʘ (ʙ) ʤʘʶʪʴ ʪʽ ʞ ʧʦʟʥʘʯʝʥʥʷ, ʱʦ ʡ ʫ ʨʽʚʥʷʥʥʽ 

(3.7). ʈʦʟʜʽʣʠʚʰʠ (a) ʥʘ (ʙ) ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ Frůʤʦʥ å Fth ůth + Fepi 

ůri ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ ʚʠʨʘʟʫ, ʦʪʨʠʤʘʻʤʦ: Frůʤʦʥ/Frůr = (Fth ůth + Fʝpi ůri)/Frůr = ůfw/ůr 

(c), ʧʽʩʣʷ ʥʝʭʪʫʚʘʥʥʷ ʚʥʝʩʢʫ ʰʚʠʜʢʠʭ ʥʝʡʪʨʦʥʽʚ (Fʰʚ) ʫ ʟʘʩʝʣʝʥʥʷ 
181

Hf. ʊʫʪ ůth ʽ 

ůri - ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʾ 
180

Hf(n,ɔ)
181

Hf ʜʣʷ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ, ʷʢʽ ʙʫʣʠ ʚʟʷʪʽ ʟ 

[100] ʪʘ ʝʧʽʪʝʧʣʦʚʠʭ, ʷʢʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟ [218]; ůfw = (Fth ůth + Fepi ůri)/Fr - 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʡ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ 
180

Hf(n,ɔ)
181

Hf. Fth ʽ Fʝpi - ʧʦʪʦʢʠ ʪʝʧʣʦʚʠʭ ʽ 

ʝʧʽʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ, ʚʽʜʧʦʚʽʜʥʦ [192]. ɿʛʽʜʥʦ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ɺʦʨʦʥʠ ʪʘ ʽʥ. 

[219], ʫ ʚʠʢʦʨʠʩʪʘʥʦʤʫ ʢʘʥʘʣʽ ʧʦʪʦʢʠ ʩʪʘʥʦʚʣʷʪʴ, ʥ/(ʩʤ
2
Ĭʩ): Fr = 4.35Ĭ10

13
,      

Fth = 2.42Ĭ10
13

 (56 % Fr), Fʝpi = 1.51Ĭ10
13

 (35 % Fr) ʽ Fʰʚ = 0.42Ĭ10
13

 (9 % Fr). 

ɸʚʪʦʨʠ [219] ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʮʽ ʧʨʦʧʦʨʮʽʾ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʚʠʤʽʨʶʚʘʥʥʷʤ 

ʧʦʪʦʢʽʚ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʫ 

ʤʝʞʘʭ ʧʦʭʠʙʢʠ [192]. ʇʽʜʩʪʘʚʣʷʶʯʠ ʚ (ʩ) ʚʠʱʝʚʢʘʟʘʥʽ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʫʻʤʦ 

18.4/ůr, ʜʝ ůfw = 18.4 ʙ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʘʚʫ ʯʘʩʪʠʥʫ ʨʽʚʥʷʥʥʷ (b)/(a), 

ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ (3.7). ʆʩʢʽʣʴʢʠ ʚ (ʩ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʜʥʦʩʥʽ ʟʥʘʯʝʥʥʷ 

ʧʦʪʦʢʽʚ, ʪʦ ʨʝʘʣʴʥʘ ʾʭ ʟʤʽʥʘ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʥʝ ʩʠʣʴʥʦ ʚʧʣʠʚʘ ̒ʥʘ ʟʥʘʯʝʥʥʷ 

18.4/ůr, ʷʢʱʦ ʚʚʘʞʘʪʠ ʦʜʥʘʢʦʚʠʤʠ ʧʨʦʧʦʨʮʽʡʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʪʨʴʦʤʘ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʜʽʘʧʘʟʦʥʘʤʠ ʥʝʡʪʨʦʥʽʚ. ɹʫʣʦ ʧʽʜʨʘʭʦʚʘʥʦ, ʱʦ ʥʘʚʽʪʴ ʷʢʱʦ ʮʷ 

ʧʨʦʧʦʨʮʽʷ ʟʤʽʥʠʪʴʩʷ ʚ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ ʚʥʝʩʢʫ ʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʽʚ ʟ 56 % ʜʦ 66 

% ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥ̫ ʚʥʝʩʢʫ ʝʧʽʪʝʧʣʦʚʠʭ ʜʦ 29 %, ʘ ʰʚʠʜʢʠʭ ʜʦ 5% ʟʥʘʯʝʥʥʷ 

18.4/ůr ʟʥʠʞʫʻʪʴʩʷ ʣʠʰʝ ʥʘ 3 %. ʆʪʨʠʤʘʥʠʡ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ 
178

Hf (nr,ɔ)
179

Hf
m2

 

ʩʢʣʘʜʘʻ 101(8) ʤʢʙ [192]. 

ʇʨʠ ʪʝʦʨʝʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʘʢʮʽʾ 
178

Hf(n,ɔ)
179

Hf
m2 
ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʜʽʚ TALYS-1.6 ʪʘ EMPIRE-3.2 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʟʘ 

ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʤʦʜʝʣʥɹʽ ʨʦʟʨʘʭʦʚʘʥʽ ʧʝʨʝʨʽʟʠ ʫ 3-100 ʨʘʟʽʚ ʥʠʞʯʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠʯʠʥ. ɺʠʩʫʚʘʻʪʴʩʷ ʛʽʧʦʪʝʟʘ, ʱʦ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʪʝʦʨʝʪʠʯʥʠʤʠ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ ʤʦʞʝ 

ʙʫʪʠ ʨʝʘʣʴʥʠʡ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʥʝʡʪʨʦʥʽʚ, ʝʥʝʨʛʽʷ ʷʢʠʭ ʚ 

ʨʝʘʢʪʦʨʥʦʤʫ ʩʧʝʢʪʨʽ ʤʦʞʝ ʜʦʩʷʛʘʪʠ 17 ʄʝɺ. ɹʝʟ ʮʠʭ ʥʝʡʪʨʦʥʽʚ ʥʝʤʦʞʣʠʚʦ 

ʦʪʨʠʤʘʪʠ ʟʘʩʝʣʝʥʥʷ ʚʠʩʦʢʦʩʧʽʥʦʚʠʭ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʦʩʢʽʣʴʢʠ ʷʜʨʦ ʤʽʰʝʥʴ ʤʘʻ 



167 

 

I
ˊ
=0

+
. ɺ ʨʘʤʢʘʭ ʢʦʜʫ EMPIRE-3.2 ʜʣʷ ʤʦʜʝʣʽ ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ GSM [174] ʚʜʘʣʦʩʷ 

ʜʦʩʷʛʪʠ ʥʝʧʦʛʘʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʪʝʦʨʽʾ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʥʝʡʪʨʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 3-10 ʄʝɺ. ɼʣʷ ʥʝʡʪʨʦʥʽʚ ʟ ʝʥʝʨʛʽʻʶ 11-17 ʄʝɺ 

ʪʝʦʨʝʪʠʯʥʠʡ ʧʝʨʝʨʽʟ (n,ɔ)-ʨʝʘʢʮʽʾ ʟʥʠʞʫʚʘʚʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ ʚʥʝʩʢʫ 

(n,2n)-ʨʝʘʢʮʽʾ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʧʦʜʽʙʥʦʾ ʤʦʜʝʣʽ GSM [177-178] ʚ ʨʘʤʢʘʭ ʢʦʜʫ 

TALYS-1.6 ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʨʽʟʠ ʟʘʣʠʰʘʣʠʩʷ å ʫ 100 ʨʘʟʽʚ ʥʠʞʯʠʤʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ. ʍʦʯʘ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʘ 

ʥʘʜʪʝʢʫʯʘ ʤʦʜʝʣʴ ʧʨʦʪʝ ʜʣʷ EMPIRE-3.2 ʛʫʩʪʠʥʘ ʨʽʚʥʽʚ ʟʥʘʯʥʦ ʚʠʱʘ. ʎʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦ ʚʠʱʦʾ ʽʤʦʚʽʨʥʦʩʪʽ ʟʘʩʝʣʝʥʥʷ ʚʠʩʦʢʦʩʧʽʥʦʚʠʭ ʟʙʫʜʞʝʥʠʭ 

ʨʽʚʥʽʚ ʟ J
ˊ
 > 25/2 ʚ ʥʝʧʝʨʝʨʚʥʽʡ ʦʙʣʘʩʪʽ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ     

ɽ* = 8-17 ʄʝɺ ʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʘʯʥʦ ʚʠʱʦʛʦ ʟʥʘʯʝʥʥʷ ʧʝʨʝʨʽʟʫ ʨʝʘʢʮʽʾ 

178
Hf(n,ɔ)

179
Hf

m2
 ʧʨʠ ʧʨʠʙʣʠʟʥʦ ʪʠʭ ʞʝ ʟʥʘʯʝʥʥʷʭ ʪʝʦʨʝʪʠʯʥʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ 

ʧʝʨʝʨʽʟʫ ʜʣʷ ʨʝʘʢʪʦʨʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ. ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʨʝʘʢʮʽʷ 
178

Hf(n,ɔ)
179

Hf
m2

 ʡʜʝ ʥʘ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʥʝʡʪʨʦʥʘʭ 

ʨʝʘʢʪʦʨʥʦʛʦ ʩʧʝʢʪʨʫ ʽ ʧʨʠ ʮʴʦʤʫ ʜʦʤʽʥʫʻ ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ (95%) ʟ 

ʚʥʝʩʢʦʤ ʙʽʣʷ 5% ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʇʨʠ ʮʴʦʤʫ ʛʫʩʪʠʥʘ ʨʽʚʥʽʚ 

ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤʘʪʠʮʽ [174]. 

ʅʝʱʦʜʘʚʥʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʨʝʘʢʮʽʾ 
178

Hf(n,ɔ)
179

Hf
m2 
ʟʘ 

ʜʦʧʦʤʦʛʦʶ Cd-ʨʽʟʥʠʮʝʚʦʛʦ ʤʝʪʦʜʫ [25]. ʆʪʨʠʤʘʥʠʡ ʧʝʨʝʨʽʟ ʥʘ ʪʝʧʣʦʚʠʭ 

ʥʝʡʪʨʦʥʘʭ ʩʢʣʘʜʘʻ 6(5) ʤʢʙ, ʘ ʨʝʟʦʥʘʥʩʥʠʡ ʽʥʪʝʛʨʘʣ ï 1.63(5) ʤʙ. ɼʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʨʝʘʢʮʽʷ 
178

Hf(n,ɔ)
179

Hf
m2 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 

ʝʧʽʪʝʧʣʦʚʠʭ ʥʝʡʪʨʦʥʘʭ. 

ʇʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ ʧʨʠ ʟʙʫʜʞʝʥʥʽ 

198m,g
Au, 

197m,g
Pt ʪʘ 

134m,g
ʉs ʰʚʠʜʢʠʤʠ ʥʝʡʪʨʦʥʘʤʠ ʟ ʚʝʣʠʯʠʥʦ  ʁʝʥʝʨʛʽ ʾ2.9 ʄʝɺ. 

ʆʧʨʦʤʽʥʝʥʥʷ ʥʝʡʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʥʝʡʪʨʦʥʥʦʤʫ ʛʝʥʝʨʘʪʦʨʽ ʂʅʋ, ʷʢʽ 

ʫʪʚʦʨʶʚʘʣʠʩʴ ʚ ʨʝʘʢʮʽʾ d + d = n + 
3
He. ɼʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 

ʤ̔ʰʝʥ̔ ʟ ʧʨʠʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʪʘ ʮʝʟʽʶ. 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ ʟ I
ˊ
=8

-
 ʚ ʨʝʘʢʮʽʾ 

133
Cs(n,ɔ)

134
Cs

m,g 
ʚʠʟʥʘʯʘʣʘʩʷ ʧʣʦʱʘ ʬʦʪʦʧʽʢʫ ʟ ʝʥʝʨʛʽʻʶ 128 ʢʝɺ, ʷʢʠʡ 

ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
134

Cs
m
 (ʜʠʚʠʩʴ ʨʠʩʫʥʦʢ 4.7 ʪʘ ʪʘʙʣʠʮʶ 4.1). 
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(ʘ)        (ʙ) 

ʈʠʩ. 4.7 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
134m,g
ʉs (ʘ) [100] ʽ ɔ-ʩʧʝʢʪʨy ʨʝʘʢʮʽʾ

 
            

133
Cs(n,ɔ)

 134m,g
ʉs (ʙ) 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʟ I
ˊ
=4

+
 ʨʝʘʢʮʽʾ 

133
Cs(n,ɔ)

134
Cs

m,g 
ʚʠʟʥʘʯʘʣʘʩʷ ʧʣʦʱʘ ʬʦʪʦʧʽʢʫ ʟ ʝʥʝʨʛʽʻʶ 605 ʢʝɺ, ʷʢʠʡ 

ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ 
134

Cs
g
 (ʜʠʚ. ʨʠʩ. 4.7 ʪʘ ʪʘʙʣ. 4.1). 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʟʘʩʝʣʝʥʥʷ ʷʢ ̔ʟʦʤʝʨʥʦʛʦ ʟ I
ˊ
=12

-
, ʪʘʢ ʽ 

ʦʩʥʦʚʥʦʛʦ I
ˊ
=2

-
 ʩʪʘʥʽʚ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ 

197
Au(n,ɔ)

198
Au

m,g 
ʚʠʟʥʘʯʘʣʠʩʷ ʧʣʦʱ ̔    

ɔ-ʣʽʥʽʡ ʟ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽ ʾ 215 ʪʘ 411.8 ʢʝɺ, ʷʢ ̔ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 

ʽʟʦʤʝʨʥʦʛʦ ʪʘ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʽʚ 
198

Au, ʚʽʜʧʦʚʽʜʥʦ (ʜʠʚ. ʨʠʩ. 4.8 ʪʘ ʪʘʙʣ. 4.1). 

 
(ʘ) 
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(ʙ) 

ʈʠʩ. 4.8 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
198m,g

Au (ʘ) [100] ʽ ɔ-ʩʧʝʢʪʨy ʨʝʘʢʮʽʾ
 
           

197
Au(n,ɔ)

 198m,g
Au (ʙ) 

 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʟʘʩʝʣʝʥʥʷ ʷʢ ̔ʟʦʤʝʨʥʦʛʦ ʟ I
ˊ
=13/2

+
, ʪʘʢ ʽ ʦʩʥʦʚʥʦʛʦ 

I
ˊ
=1/2

-
 ʩʪʘʥʽʚ ʚ ʨʝʘʢʮʽʾ 

197
Au(n,p)

197
Pt

m,g 
ʚʠʟʥʘʯʘʣʠʩʷ ʧʣʦʱ ̔ɔ-ʣʽʥʽʡ ʟ ʚʝʣʠʯʠʥʘʤʠ 

ʝʥʝʨʛʽ ʾ346.5 ʪʘ 191.4 ʢʝɺ, ʷʢ ̔ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ ʽʟʦʤʝʨʥʦʛʦ ʪʘ ʦʩʥʦʚʥʦʛʦ 

ʩʪʘʥʽʚ 
197

Pt, ʚʽʜʧʦʚʽʜʥʦ (ʜʠʚʠʩʴ ʨʠʩʫʥʦʢ 4.9 ʪʘ ʪʘʙʣʠʮʶ 4.1). 

 
 

ʈʠʩ. 4.9 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
197m,g

Pt [100] 

 

ɿ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ 

ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʟʘ ʬʦʨʤ. (3.20-3.21). ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ 
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ʪʘʙʣʠʮʽ 4.3. ɺ ʥʽʡ ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʨʽʟʽʚ 

ʜʘʥʠʭ ʨʝʘʢʮʽʡ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ TALYS-1.9. 

ʊʘʙʣʠʮʷ 4.3 

ɯʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʚ (n,p) ʪʘ (n,ɔ)-ʨʝʘʢʮʽʷʭ 

 

 

ʈʝʘʢʮʽʷ 

 

Iʧʦʯ 

 

ɽʥ, 

ʄʝɺ 

 

„h/„ὰ̆ ̋̒̐ 

ůh/ ůl
ʪʝʦʨ

 

(Talys-1.9) 

 

ȹI 

 

 

E
isom

, 

ʄʝɺ 

 

E*, 

ʄʝɺ 

133
Cs(n,ɔ)

134m,g
Cs 7/2

+
  

2.9 

0.1Ñ0.02 0.34 4 0.14 9.8 

197
Au(n,ɔ)

198m,g
Au 3/2

+
 (5Ñ0.8)Ā10

-4
 4.8Ā10

-4
 10 0.8 9.4 

197
Au(n,p)

197m,g
Pt 3/2

+
 1.22Ñ0.28 - 6 0.4 3.0 

ʊʫʪ E
isom

 ï ʝʥʝʨʛʽʷ ʽʟʦʤʝʨʥʦʛʦ ʨʽʚʥʷ, E* - ʝʥʝʨʛʽʷ ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ 

ʷʜʨʘ. 

ɿ ʪʘʙʣʠʮʽ ʚʠʧʣʠʚʘʻ, ʱʦ ʨʝʘʢʮʽʷ 
197

Au(n,ɔ)
198m,g

Au ʥʦʩʠʪʴ ʧʦʚʥʽʩʪʶ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʽʥʰʠʭ ʤʦʞʣʠʚʠʡ ʟʥʘʯʥʠʡ ʚʢʣʘʜ 

ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

4.3 ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʡ ʟ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʦʪʦʥʘʤʠ 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʟʘʩʝʣʝʥʥʷ ʷʢ ʽʟʦʤʝʨʥʦʛʦ ʟ I
ˊ
=12

-
, ʪʘʢ ʽ 

ʦʩʥʦʚʥʦʛʦ ʟ I
ˊ
=2

-
 ʩʪʘʥʽʚ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ 

198
Pt(p,n)

198
Au

m,g 
ʚʠʟʥʘʯʘʣʠʩʷ ʧʣʦʱ ̔     

ɔ-ʣʽʥʽʡ ʟ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽ ʾ 97 ʪʘ 412 ʢʝɺ, ʷʢ ̔ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 

ʽʟʦʤʝʨʥʦʛʦ ʪʘ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʽʚ 
198

Au, ʚʽʜʧʦʚʽʜʥʦ (ʜʠʚ. ʨʠʩ. 4.8(ʘ), 4.10 ʪʘ ʪʘʙʣ. 

4.1). 

 
ʈʠʩ. 4.10 ʌʨʘʛʤʝʥʪʠ ɔ-ʩʧʝʢʪʨy ʘʢʪʠʚʦʚʘʥʦʾ ʧʣʘʪʠʥʠ. ɽʨ=6.8 ʄʝɺ 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʟʘʩʝʣʝʥʥʷ ʷʢ ̔ʟʦʤʝʨʥʦʛʦ ʟ I
ˊ
=12

-
, ʪʘʢ ʽ ʦʩʥʦʚʥʦʛʦ ʟ 

I
ˊ
=2

-
 ʩʪʘʥʽʚ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ 

196
Pt(p,n)

196
Au

m,g 
ʚʠʟʥʘʯʘʣʠʩʷ ʧʣʦʱ ̔ ɔ-ʣʽʥʽʡ ʟ 

ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽ ʾ 148 ʪʘ 356 ʢʝɺ, ʷʢ ̔ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ ʽʟʦʤʝʨʥʦʛʦ ʪʘ 

ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʽʚ 
196

Au, ʚʽʜʧʦʚʽʜʥʦ (ʜʠʚ. ʨʠʩ. 4.11 ʪʘ ʪʘʙʣ. 4.1). ɼʘʥʘ ʨʝʘʢʮʽʷ 

ʚʠʚʯʘʣʘʩʴ ʧʨʠ ʜʚʦʭ ʟʥʘʯʝʥʥʷʭ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ: 5 ʄʝɺ ï ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʘʥʜʝʤ-ʛʝʥʝʨʘʪʦʨʽ ɽɻʇ-10ʂ ʪʘ 6.8 ʄʝɺ ʟ ʦʧʨʦʤʽʥʝʥʥʷʤ 

ʤʽʰʝʥʝʡ ʥʘ ʮʠʢʣʦʪʨʦʥʽ ʋ-120. 

ɿ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ɯɺʇ 

 
(ʘ) 

 
(ʙ) 

ʈʠʩʫʥʦʢ 4.11 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
196m,g

Au (ʘ) [100] ʽ ɔ-ʩʧʝʢʪʨy ʨʝʘʢʮʽʾ 

196
Pt(p,n)

196m,g
Au (ʙ) 
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ʟʘ ʬʦʨʤ. (3.20-3.21). ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ.4.4. 

ɿ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʟʘʩʝʣʝʥʥʷ ʷʢ ̔ʟʦʤʝʨʥʦʛʦ ʟ I
ˊ
=8

-
, ʪʘʢ ʽ ʦʩʥʦʚʥʦʛʦ 

ʟ I
ˊ
=1

+
 ʩʪʘʥʽʚ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ 

120
Sn(p,n)

120
Sb

m,g 
ʧʨʠ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ 3.9 ʄʝɺ 

ʚʠʟʥʘʯʘʣʘʩʷ ʧʣʦʱʘ ɔ-ʧʽʢʫ ʟ ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽ ʾ 1171 ʢʝɺ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫ ̒

ʨʦʟʧʘʜ ʽʟʦʤʝʨʥʦʛʦ ʪʘ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʽʚ 
120

Sb, (ʜʠʚ. ʨʠʩ. 4.12 ʪʘ ʪʘʙʣʠʮʶ 4.1). ʎʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʧʦʭʠʙʦʢ ʷʢ ʢʦʝʬʽʮʽʻʥʪʘ ʩʘʤʦʧʦʛʣʠʥʘʥʥʷ 

ʊʘʙʣʠʮʷ 4.4 

ɯʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʚ (p,n)-ʨʝʘʢʮʽʷʭ ʜʣʷ ʷʜʝʨ 
196,198

Au ʟ æɯ = 10 

E
isom

, E*  - ʤʘʶʪʴ ʪʽ ʞ ʧʦʟʥʘʯʝʥʥʷ, ʱʦ ʡ ʫ ʪʘʙʣ. 4.3 

 

 

ʈʝʘʢʮʽʷ 

Iʧʦʯ ɽp, 

ʄʝɺ 

„h/„ὰ̆ ̋̒̐ ůh/ ůl
ʪʝʦʨ

 

(TALYS-1.9) 

E
isom

, 

ʄʝɺ 

E*, 

ʄʝɺ 

 

196
Pt(p,n)

196m,g
Au 

 

0 

5 (1.5Ñ0.3)Ā10
-4
 8Ā10

-5
  

0.6 

2.5 

 

6.8 

(2.3Ñ0.4)Ā10
-4
 7.1Ā10

-4
 4.3 

198
Pt(p,n)

198m,g
Au 0 (7.8Ñ1.5)Ā10

-4
 1.6Ā10

-3
 0.8 4.9 

 

 
ʈʠʩʫʥʦʢ 4.12 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 

120m,g
Sb [100] 

 

 

ʛʘʤʤʘ-ʢʚʘʥʪʽʚ, ʪʘʢ ʽ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ. ɺʽʜʨʘʟʫ ʧʽʩʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʧʨʦʪʷʛʦʤ 30 ʭʚʠʣʠʥ ʥʘʙʠʨʘʚʩʷ ɔ-ʩʧʝʢʪʨ ʫ ʷʢʦʤʫ ʟ ʥʝʦʙʭʽʜʥʦʶ ʩʪʘʪʠʩʪʠʯʥʦʶ 

ʪʦʯʥʽʩʪʶ ʨʝʻʩʪʨʫʚʘʚʩʷ ɔ-ʧʽʢ ʟ ʝʥʝʨʛʽʻʶ 1171 ʢʝɺ. ʊʝ, ʱʦ ʚʽʥ ʩʫʧʨʦʚʦʜʞʫʻ 
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ʨʦʟʧʘʜ ʩʘʤʝ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
120

Sb ʦʜʥʦʟʥʘʯʥʦ ʩʚʽʜʯʠʣʘ ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʮʴʦʤʫ 

ʩʧʝʢʪʨʽ ɔ-ʧʝʨʝʭʦʜʫ ʟ ʝʥʝʨʛʽʻʶ 197 ʢʝɺ. ʏʝʨʝʟ ʜʦʙʫ ʧʽʩʣʷ ʧʦʚʥʦʛʦ ʨʦʟʧʘʜʫ ʷʜʝʨ 

120
Sb ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʧʦʚʪʦʨʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʘʢʪʠʚʦʚʘʥʦʾ ʤʽʰʝʥʽ ʧʨʦʪʷʛʦʤ 5 ʜʽʙ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘʙʨʘʥʠʡ ʟ ʧʨʠʡʥʷʪʥʦʶ ʩʪʘʪʠʩʪʠʯʥʦʶ ʪʦʯʥʽʩʪʶ ʧʽʢ ʟ ʝʥʝʨʛʽʻʶ 

1171 ʢʝɺ ʦʜʦʟʥʘʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʨʦʟʧʘʜʫ 
120m

Sb (ʜʠʚʠʩʴ ʨʠʩʫʥʦʢ 4.13). 

 

 

ʈʠʩ. 4.13 ʌʨʘʛʤʝʥʪʠ ɔ-ʩʧʝʢʪʨy ʨʝʘʢʮʽʾ 
120

Sn(p,n)
120

Sb
m,g 
ʚʠʤʽʨʷʥʽ ʚʽʜʨʘʟʫ ʧʽʩʣʷ 

ʦʧʨʦʤʽʥʝʥʥʷ (ʘ) ʪʘ ʯʝʨʝʟ ʜʦʙʫ (ʙ). ɽʨ = 3.9 ʄʝɺ 

 

ʇʽʩʣʷ ʮʴʦʛʦ ʟʘ ʬʦʨʤ. (3.20-3.21) ʟ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ 

ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʫʚʘʣʦʩ ɹ ʽʟʦʤʝʨʥʝ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ. ʁʦʛʦ 

ʚʝʣʠʯʠʥʘ ʩʢʣʘʣʘ (9.1Ñ2.3)Ā10
-4 
ʜʣʷ ʨʝʘʢʮʽʾ 

120
Sn(p,n)

120
Sb

m,g 
ʧʨʠ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ 

3.9 ʄʝɺ. ʄʦʜʝʣʶʚʘʥʥʷ ʮʴʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ   
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EMPIRE-3.2 ʪʘ TALYS-1.9 ʥʝ ʧʨʠʚʝʣʦ ʜʦ ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ. 

ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʪʝ, ʱʦ ʝʥʝʨʛʽʷ ʟʙʫʜʞʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ ʨʽʚʥʘ 2 ʄʝɺ ʽ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʙʣʘʩʪʽ ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʜʝ ʥʝ ʧʨʘʮʶʶʪʴ ʩʪʘʪʠʩʪʠʯʥʽ 

ʤʝʭʘʥʽʟʤʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʝʡʪʨʦʥʫ ʟ ʢʦʤʧʘʫʥʜ-ʷʜʨʘ ʤʦʞʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ɺʠʩʫʥʝʥʥʷ ʛʽʧʦʪʝʟʠ ʧʨʦ 

ʧʨʠʩʫʪʥʽʩʪʴ ʥʠʟʴʢʦʨʦʟʪʘʰʦʚʘʥʦʛʦ, ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ ʟ 

ʝʥʝʨʛʽʻʶ 330 ʢʝɺ ʪʘ ʩʧʽʥʦʤ (7
-
,8

-
) ʚ ʩʭʝʤʽ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʽʚ 

120
Sb ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʧʦʛʘʥʦʛʦ ʫʟʛʦʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʄʝʪʦʜʠʢʘ, ʷʢʘ ʘʨʛʫʤʝʥʪʫʻ ʤʦʞʣʠʚʫ ʥʘʷʚʥʽʩʪʴ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ, 

ʚʠʩʦʢʦʩʧʽʥʦʚʠʭ, ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʚ ʷʜʨʘʭ 
120

Sb ʦʧʠʩʘʥʘ ʚ ʨʦʙʦʪʽ [220]. 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʫ ʥʘʧʨʘʮʶʚʘʥʥʷ 
93m

Mo ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʽʰʝʥʷʭ 

ʧʨʠʨʦʜʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ ʥʽʦʙʽʶ ʧʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʾʭ ʧʨʦʪʦʥʘʤʠ ʟ 

ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽʾ 3.85 ʄʝɺ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ ʟʙʫʜʞʝʥʥʷ 

ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ ʩʢʣʘʜʘʻ ʣʠʰʝ 200 ʢʝɺ. ʆʧʨʦʤʽʥʝʥʥʷ ʤʽʰʝʥʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ 

ʪʘʥʜʝʤ-ʛʝʥʝʨʘʪʦʨʽ. ɺ ʷʢʦʩʪʽ ʤʦʥʽʪʦʨʫ ʟ ʤʝʪʦʶ ʫʩʫʥʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ ʚʝʣʠʯʠʥʠ 

ʧʦʪʦʢʫ ʧʨʦʪʦʥʽʚ ʽʟ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʨʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʤʽʜʥʘ ʬʦʣʴʛʘ ʪʘ 

ʨʝʘʢʮʽʷ 
nat

Cu(p,x)
63

Zn. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 4.14. 

 

 
ʈʠʩ. 4.14 ɹʣʦʢ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʪʘʥʜʝʤ-ʛʝʥʝʨʘʪʦʨʽ 



175 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ 
93

Mo
m 
ʟ I

ˊ
=21/2

+ 
ʚ 

ʨʝʘʢʮʽʾ 
93

Nb(p,n)
93

Mo
m 
ʚʠʟʥʘʯʘʣʘʩʷ ʧʣʦʱʘ ɔ-ʧʽʢʫ ʟ ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽ ʾ263 ʢʝɺ, 

ʷʢʘ ʩʫʧʨʦʚʦʜʞʫ ̒ʨʦʟʧʘʜ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ 
93

Mo, (ʜʠʚ. ʨʠʩ. 4.15 ʪʘ ʪʘʙʣʠʮʶ 4.1). 

ʊʘʢʦʞ ʧʨʠʩʫʪʥʽ ʽʥʰʽ ʛʘʤʤʘ-ʧʽʢʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 
93

Mo
m
. ɺ ʪʦʡ ʯʘʩ ʷʢ 

ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʦʟʧʘʜʫ 
63

Zn ʚ ʤʦʥʽʪʦʨʥʽʡ ʨʝʘʢʮʽʾ 
nat

Cu(p,x)
63

Zn 

 

(ʘ) 

 

(ʙ) 

ʈʠʩ. 4.15 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
93m

Mo [100] (ʘ) ʽ ɔ-ʩʧʝʢʪʨy ʘʢʪʠʚʦʚʘʥʦʾ 

ʤʽʰʝʥʽ ʥʽʦʙʽʶ 
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ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʛʘʤʤʘ-ʧʽʢʫ, ʷʢʘ ʡʦʤʫ ʥʘʣʝʞʠʪʴ ʟ ʝʥʝʨʛʽʻʶ 669 

ʢʝɺ (ʜʠʚʠʩʴ ʨʠʩʫʥʦʢ 4.16). 

ʇʽʩʣʷ ʮʴʦʛʦ ʟ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ 

ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ 
93

Nb(p,n)
93

Mo
m
 ʟʘ ʬʦʨʤʫʣʘʤʠ 3.7. ɺ ʥʽʡ ʟʘʤʽʩʪʴ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʨʽʟʠ ʘ ʤʦʥʽʪʦʨʦʤ ʻ ʨʝʘʢʮʽʷ  

 

(ʘ) 

 

(ʙ) 

ʈʠʩʫʥʦʢ 4.16 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
63

Zn [100] (ʘ) ʽ ɔ-ʩʧʝʢʪʨy ʘʢʪʠʚʦʚʘʥʦʾ 

ʤʽʰʝʥʽ ʤʽʜʽ 

 

nat
Cu(p,x)

63
Zn. ʊʘʙʣʠʯʥʠʡ ʧʝʨʝʨʽʟ ʤʦʥʽʪʦʨʥʦʾ ʨʝʘʢʮʽʾ ʙʝʨʝʪʴʩʷ ʟ ʪʘʙʫʣʷʮʽʡ [221]. 

ʆʪʨʠʤʘʥʘ ʚʝʣʠʯʠʥʘ ʧʝʨʝʨʽʟʫ ʩʢʣʘʜʘʻ ů
ʝʢʩʧ

= 5.6(5) ʤʢʙ. 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʫ ʨʝʘʢʮʽʾ 
93

Nb(p,n)
93m

Mo ʧʨʠ ʜʘʥʽʡ 

ʚʝʣʠʯʠʥʽ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ ʧʨʦʚʝʜʝʥʦ ʚʧʝʨʰʝ. ʇʨʠ ʚʠʱʠʭ ʝʥʝʨʛʽʷʭ ʧʨʦʪʦʥʽʚ 

ʽʩʥʫʶʪʴ ʨʦʙʦʪʠ ʜʝʢʽʣʴʢʦʭ ʛʨʫʧ ([222] ʪʘ ʧʦʩʠʣʘʥʥʷ ʪʘʤ). ʅʘ ʨʠʩʫʥʢʫ 4.17 

ʥʘʚʝʜʝʥʽ ʧʝʨʝʨʽʟʠ, ʦʪʨʠʤʘʥʽ ʚ ʮʠʭ ʨʦʙʦʪʘʭ ʨʘʟʦʤ ʽʟ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʪʫʪ ʜʘʥʠʤʠ. 

 

 
ʈʠʩ. 4.17 ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʾ 

93
Nb(p,n)

93m
Mo 

 

ʗʢ ʚʠʜʥʦ ʽʩʥʫʻ ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʧʝʨʝʨʽʟʘʤʠ ʷʢ ʚ 

ʦʙʣʘʩʪʽ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ, ʪʘʢ ʽ ʧʨʠ ʝʥʝʨʛʽʾ 5-7 ʄʝɺ. 

4.4 ɺʠʚʯʝʥʥʷ ʨʝʘʢʮʽʡ ʟ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ 

ɺ ʨʝʘʢʮʽʷʭ (Ŭ,Ŭxn) ʥʘ ʤʽʰʝʥʷʭ ʽʟ ʧʨʠʨʦʜʥʴʦʛʦ ʣʶʪʝʮʽʶ ʚʠʤʽʨʷʥʽ ʽʟʦʤʝʨʥʽ 

ʚʽʜʥʦʰʝʥʥʷ ʚ 
174m,g

Lu (I
ˊ
 = 6

-
 ʽ 1

-
). ɿʙʠʨʘʣʘʩʷ ʟʙʽʨʢʘ ʽʟ 7 ʤʽʰʝʥʝʡ, 4 ʽʟ ʷʢʠʭ 

ʷʚʣʷʣʠ ʩʦʙʦʶ ʤʝʪʘʣʽʯʥʽ ʬʦʣʴʛʠ ʣʶʪʝʮʽʶ ʪʦʚʱʠʥʦʶ 15 ʤʢʤ, ʘ 2 ʽʥʰʽ ï ʬʦʣʴʛʠ 

ʤʽʜʽ ʪʦʚʱʠʥʦʶ 10 ʤʢʤ (ʜʠʚʠʩʴ ʨʠʩʫʥʦʢ 4.18). ʅʘ ʥʴʦʤʫ ʪʘʢʦʞ ʚʢʘʟʘʥʽ ʪʦʚʱʠʥʠ 

ʤʽʰʝʥʝʡ ʪʘ ʩʝʨʝʜʥʽ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʚ ʢʦʞʥʽʡ ʟ ʥʠʭ. ʄʽʜʥʽ ʤʽʰʝʥʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʤʦʥʽʪʦʨʫʚʘʥʥʷ ʧʦʪʦʢʫ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ. ʇʝʨʰʘ ʤʽʰʝʥʴ 

ʣʶʪʝʮʽʶ ʙʫʣʘ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʦʢʩʠʜʫ Lu2O3, ʟʙʘʛʘʯʝʥʦʛʦ 
175

Lu ʜʦ 
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ʨʽʚʥʷ 99.8%, ʧʨʠ ʚʤʽʩʪʽ 
176

Lu ï 0.2%. ʇʦʯʘʪʢʦʚʘ ʚʝʣʠʯʠʥʘ ʝʥʝʨʛʽʾ ʧʘʜʘʶʯʠʭ 

ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʥʘ ʧʨʠʩʢʦʨʶʚʘʯʽ ʋ-120 ʩʢʣʘʣʘ 27.2 ʄʝɺ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ 

ʧʨʠʨʦʜʥʽʡ ʩʫʤʽʰʽ ʣʶʪʝʮʽʶ ʤʽʩʪʠʪʴʩʷ 97.4% 
175

Lu ʪʘ 2.6% 
176

Lu. ʅʝʟʚʘʞʘʶʯʠ ʥʘ 

ʟʥʘʯʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʷʜʝʨ 
175

Lu, ʨʝʘʢʮʽʶ 
176

Lu(Ŭ,Ŭ2n)
174m,g

Lu ʚʽʜʢʠʜʘʪʠ ʪʝʞ ʥʝ 

ʩʣʽʜ ʟ ʧʨʠʯʠʥʠ ʟʥʘʯʥʦʛʦ ʧʝʨʝʚʠʱʝʥʥʷ ʩʧʽʥʫ ʷʜʝʨ 
176

Lu ʥʘʜ ʷʜʨʘʤʠ 
175

Lu. 

 

 
 

ʈʠʩʫʥʦʢ 4.18 ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʟʘʩʝʣʝʥʥʷ ʷʢ ̔ʟʦʤʝʨʥʦʛʦ ʟ I
ˊ
=6

-
, ʪʘʢ ʽ ʦʩʥʦʚʥʦʛʦ 

I
ˊ
=1

-
 ʩʪʘʥʽʚ ʧʨʦʜʫʢʪʽʚ ʨʝʘʢʮʽʾ 

nat
Lu(Ŭ,Ŭxn)

174
Lu

m,g 
ʚʠʟʥʘʯʘʣʠʩʷ ʧʣʦʱ̔ ɔ-ʧʽʢʽʚ ʟ 

ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽ ʾ67.1 ʪʘ 1241.8 ʢʝɺ, ʷʢ ̔ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ ʽʟʦʤʝʨʥʦʛʦ ʪʘ 

ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʽʚ 
174

Lu, ʚʽʜʧʦʚʽʜʥʦ (ʜʠʚ. ʨʠʩ. 4.19 ʪʘ ʪʘʙʣʠʮʶ 4.1). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʥʰʽ ɔ-ʣʽʥʽʾ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 
174

Lu
m 
ʤʘʶʪʴ ʯʠ 

ʟʘʥʘʜʪʦ ʥʠʟʴʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ (176.7, 272.9, 992.1 ʢʝɺ) ʯʠ ʥʝ ʚʽʜʜʽʣʷʶʪʴʩʷ ʚʽʜ 

ʧʽʢʽʚ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ (ʧʽʢʽʚ ʚʠʣʴʦʪʫ) (44.7 ʢʝɺ). ʎʝ 

ʪʚʝʨʜʞʝʥʥʷ ʩʪʦʩʫʻʪʴʩʷ ʪʘʢʦʞ ʽ ʛʘʤʤʘ-ʧʽʢʽʚ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 

ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
174

Lu. 
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(ʘ) 

 

(ʙ) 

ʈʠʩ. 4.19 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
174

Lu
m,g

 [100] (ʘ) ʽ ɔ-ʩʧʝʢʪʨy ʘʢʪʠʚʦʚʘʥʦʾ 

ʤʽʰʝʥʽ ʣʶʪʝʮʽʶ (ʙ) 

 

ʈʦʟʨʘʭʦʚʘʥʽ ʟ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ ʽʟʦʤʝʨʥʽ 

ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʟʘ ʬʦʨʤʫʣʘʤʠ (3.20-3.21) ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.5. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ ʧʦ ʤʽʨʽ ʟʨʦʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʽʟʦʤʝʨʥʽ 

ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ. ɸ ʦʩʢʽʣʴʢʠ ʚʤʽʩʪ 
176

Lu ʚ 
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ʊʘʙʣʠʮʷ 4.5 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʨʝʘʢʮʽʾ 

175
Lu(Ŭ,Ŭn)

174
Lu

m,g 

 

ɽ, ʄʝɺ 15.3 17.3 19.2 21.0 25.2 

ům/ůg
ʝʢʩʧ

 0.41(4) 0.40(4) 0.42(4) 0.41(4) 0.47(4) 

 

ům/ůg
ʪʝʦʨ

, 

EMPIRE-3.2 

levden0 - 0.37 0.91 1.2 1.8 

levden1 - 0.25 0.44 0.54 0.66 

levden3 - 0.25 0.41 0.49 0.65 

 

 

ům/ůg
ʪʝʦʨ

, 

TALYS-1.4 

ld1 - - 0.47 0.41 0.73 

ld2 - - 0.45 0.41 0.71 

ld3 - - 0.69 0.72 0.57 

ld4 - - 0.59 0.37 0.61 

ld5 - - 0.44 0.5 0.77 

 

ʧʝʨʰʽʡ ʤʽʰʝʥʽ ʨʽʚʥʠʡ 0.2% ʘ ʚ ʫʩʽʭ ʽʥʰʠʭ ʤʽʰʝʥʷʭ ʣʶʪʝʮʽʶ ï 2.6%, ʪʦ ʮʝ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ 
176

Lu ʥʘ ʨʝʘʢʮʽʶ 
nat

Lu(Ŭ,Ŭxn)
174

Lu
m,g

. 

ʄʘʣʦʽʤʦʚʽʨʥʦ, ʱʦ ʚʽʥ ʟʥʘʯʥʠʡ ʽ ʦʜʥʘʢʦʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʝʨʝʨʽʟʠ ʦʩʥʦʚʥʦʛʦ ʪʘ 

ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʽʚ ʚ ʫʩʽʭ ʤʽʰʝʥʷʭ. ɺ ʮʽʡ ʪʘʙʣʠʮʽ ʪʘʢʦʞ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʚʽʜʢʨʠʪʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ ʜʣʷ ʫʩʽʭ ʜʦʩʪʫʧʥʠʭ ʛʫʩʪʠʥ 

ʨʽʚʥʽʚ. ʎʽ ʜʘʥʽ ʥʝʧʦʛʘʥʦ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʽʟʦʤʝʨʥʠʤʠ 

ʚʽʜʥʦʰʝʥʥʷʤʠ ʧʝʨʝʨʽʟʽʚ ʧʨʠ ʝʥʝʨʛʽʷʭ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ 19.2 ʄʝɺ. ʇʨʠ ʚʠʱʠʭ 

ʝʥʝʨʛʽʷʭ ʪʝʦʨʝʪʠʯʥʽ ɯɺʇ ʜʝʱʦ ʚʠʱʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠʯʠʥ. ɺʠʢʣʶʯʝʥʥʷʤ 

ʻ ʤʦʜʝʣʴ levden0, ʜʘʥʽ ʷʢʦʾ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ɯɺʇ ʢʨʽʤ 

ɽŬ=17.3 ʄʝɺ. ʇʨʠ ʝʥʝʨʛʽʾ 15.3 ʄʝɺ ʥʽ ʦʩʥʦʚʥʠʡ ʥʽ ʽʟʦʤʝʨʥʠʡ ʩʪʘʥʠ 
174

Lu ʥʝ 

ʟʘʩʝʣʷʶʪʴʩʷ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ ʩʪʨʫʢʪʫʨʠ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʚ ʾʭ 

ʟʘʩʝʣʝʥʥʷ. 

ʊʘʢʦʞ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʦʥʽʪʦʨʥʫ ʨʝʘʢʮʽʶ 
nat

Cu(Ŭ,x)
66

Ga [221] 

ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʧʝʨʝʨʽʟʠ ʨʝʘʢʮʽʡ 
175

Lu(Ŭ,Ŭn)
174

Lu
m,g

 ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ 3.7  

ʈʝʟʫʣʴʪʘʪʠ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.6. 
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ʊʘʙʣʠʮʷ 4.6 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʨʽʟʠ ʟʘʩʝʣʝʥʥʷ ʽʟʦʤʝʨʥʦʛʦ/ʦʩʥʦʚʥʦʛʦ 

ʩʪʘʥʽʚ ʨʝʘʢʮʽʾ 
175

Lu(Ŭ,Ŭn)
174

Lu
m,g 

 

ɽ, ʄʝɺ 15.3 17.3 19.2 21.0 25.2 

ům
ʝʢʩʧ
, ʤʢʙʥ 180(25) 109(15) 76(10) 67(10) 60(9) 

ůg
ʝʢʩʧ
, ʤʢʙʥ 439(50) 273(40) 181(20) 163(20) 128(20) 

ům/ůg
ʪʝʦʨ

, 

EMPIRE-3.2, 

ʤʢʙʥ 

levden0 - 0.017/0.046 1.0/1.1 7.4/6.2 244/133 

levden1 - 0.005/0.02 0.7/1.6 6/11.2 70/106 

levden3 - 0.007/0.028 0.45/1.1 3.6/7.4 241/368 

 

ům/ůg
ʪʝʦʨ

, 

TALYS-1.4, 

ʤʢʙʥ 

ld1 - - 0.08/0.17 2.5/6.1 145/200 

ld2 - - 0.09/0.2 2.9/7 174/244 

ld3 - - 0.2/0.29 5.9/8.2 206/351 

ld4 - - 0.13/0.22 1.8/4.9 121/198 

ld5 - - 0.07/0.16 3/6 226/295 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʝʨʝʨʽʟʠ ʥʘ 1-4 ʧʦʨʷʜʢʠ ʚʠʱʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠ ʝʥʝʨʛʽʾ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ 17.3-21.0 ʄʝɺ. ʈʦʟʫʤʥʦʶ 

ʚʘʨʽʘʮʽʻʶ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʜʘʻʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʫʟʛʦʜʠʪʠ ʽ ʧʝʨʝʨʽʟʠ ʽ ʽʟʦʤʝʨʥʽ 

ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥʷ ʜʨʫʛʦʛʦ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ 
179

Hf ʚ ʨʝʘʢʮʽʾ 

176
Lu(Ŭ,p)

179
Hf

m2
 ʚʠʟʥʘʯʘʩ ̫ʧʣʦʘɦ ʬʦʪʦʧʽʢʫ ɔ-ʣʽʥʽ ʾ453.6 ʢʝɺ, ʷʢʘ ʩʫʧʨʦʚʦʜʞʫʻ 

ʡʦʛʦ ʨʦʟʧʘʜ (ʜʠʚ. ʨʠʩ. 4.20 ʪʘ 3.2). ɹʣʦʢ-ʩʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʜʽʙʥʘ 

ʟʦʙʨʘʞʝʥʽʡ ʥʘ ʨʠʩ. 4.18 ʘʣʝ ʟ ʦʜʥʽʻʶ ʤʦʥʽʪʦʨʥʦʶ ʤʽʜʥʦʶ ʤʽʰʝʥʥʶ ʪʘ ʦʜʥʽʻʶ 

ʤʽʰʝʥʥʶ ʤʝʪʘʣʽʯʥʦʛʦ ʣʶʪʝʮʽʶ. ʗʢ ʚʠʜʥʦ ʟʽ ʩʧʝʢʪʨʫ ʽʥʰʽ ʛʘʤʤʘ-ʣʽʥʽʾ ʟ ʨʦʟʧʘʜʫ 

179
Hf

m2 
ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ. ʇʨʦʪʝ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʣʠʰʝ ʜʣʷ ʦʮʽʥʢʠ 

ʦʩʢʽʣʴʢʠ ʜʝʷʢʽ ʟ ʥʠʭ ʤʘʣʠ ʥʠʟʴʢʫ ʩʪʘʪʠʩʪʠʯʥʫ ʪʦʯʥʽʩʪʴ ʯʠ ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʦʙʣʘʩʪʽ 

ʚʠʱʦʾ ʧʦʭʠʙʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʻʩʪʨʘʮʽʾ, ʘ ʽʥʰʽ ʥʘʢʣʘʜʘʣʠʩʷ ʟ ʧʽʢʘʤʠ ʩʫʤʫʚʘʥʥʷ 

ʚʽʜ ʦʩʥʦʚʥʠʭ ʣʽʥʽʡ 
176

Lu. ʎʽ ʣʽʥʽʾ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚ ɔ-ʩʧʝʢʪʨʽ, ʦʩʢʽʣʴʢʠ 

ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʦʪʷʛʦʤ 5 ʜʽʙ. 
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ʈʠʩ. 4.20 ʌʨʘʛʤʝʥʪ ɔ-ʩʧʝʢʪʨy ʘʢʪʠʚʦʚʘʥʦʾ ʤʽʰʝʥʽ ʣʶʪʝʮʽʶ 

 

ʇʽʩʣʷ ʮʴʦʛʦ ʟ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ 

ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ 
176

Lu(Ŭ,p)
179

Hf
m2

 ʟʘ ʬʦʨʤʫʣʘʤʠ 3.7. ɺ ʥʽʡ ʟʘʤʽʩʪʴ 

ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʠʭ ʚʠʭʦʜʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʨʽʟʠ ʘ ʤʦʥʽʪʦʨʦʤ ʻ ʨʝʘʢʮʽʷ 

nat
Cu(Ŭ,x)

66
Ga. ʊʘʙʣʠʯʥʠʡ ʧʝʨʝʨʽʟ ʤʦʥʽʪʦʨʥʦʾ ʨʝʘʢʮʽʾ ʙʝʨʝʪʴʩʷ ʟ ʪʘʙʫʣʷʮʽʡ [221]. 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.7. ɺ ʮʽʡ ʪʘʙʣʠʮʽ ʪʘʢʦʞ ʧʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʝʘʢʮʽʾ 
176

Lu(Ŭ,p)
179

Hf
m2

 ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ TALYS-1.4 ʪʘ 

EMPIRE-3.2. ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʜ TALYS-1.4 ʥʝʧʦʛʘʥʦ 

ʦʧʠʩʫʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʤʦʜʝʣʽ ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ 

ldmodel2. ʇʨʠ ʮʴʦʤʫ ʤʝʭʘʥʽʟʤ ʮʽʻʾ ʨʝʘʢʮʽʾ ʻ ʩʪʘʪʠʩʪʠʯʥʠʤ ʟ ʚʥʝʩʢʦʤ 11 % ʧʝʨʝʜ 

ʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʮʠʭ ʜʘʥʠʭ ʢʦʜ EMPIRE-3.2 ʜʘʻ ʟʥʘʯʥʦ 

ʥʠʞʯʽ ʨʝʟʫʣʴʪʘʪʠ. ʄʦʞʣʠʚʦʶ ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʜʝʱʦ ʟʘʩʪʘʨʽʣʽ ʜʘʥʽ ʧʨʦ 

ʜʠʩʢʨʝʪʥʽ ʟʙʫʜʞʝʥʽ ʨʽʚʥʽ ʷʜʝʨ. 
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ʊʘʙʣʠʮʷ 4.7 

ʇʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʽʟʽʚ ʜʣʷ 

(Ŭ,p)- ʪʘ (Ŭ,2n)-ʨʝʘʢʮʽʡ 

 

 

 

ʈʝʘʢʮʽʷ/ʄʦʜʝʣʴ 

ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ 

 

176
Lu(Ŭ,p)

179
Hf

m2
  

EŬ=26Ñ1.2 Meɺ 

ů
ʝʢʩʧ

= 1.1(1) ʤʙʥ 

175
Lu(Ŭ,2n)

177
Ta 

EŬ=26Ñ1.2 Meɺ 

ů
ʝʢʩʧ

= 366(18) ʤʢʙʥ
 

ů
ʪʝʦʨ

, 

ʤʙʥ 

ɺʥʝʩʦʢ ʧʝʨʝʜ 

ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ, % 

ů
ʪʝʦʨ

, 

ʤʢʙʥ
 

ɺʥʝʩʦʢ ʧʝʨʝʜ 

ʨʽʚʥʦʚʘʞʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ, %
 

levden 0 0.048 2 1021 10 

levden 1 0.208 2 1009 10 

levden 3 0.106 2 1013 10 

1dmodel 1 0.67 11 790 9 

1dmodel 2 0.89 11 780 10 

1dmodel 3 0.67 11 792 7 

1dmodel 4 0.41 11 793 9 

1dmodel 5 0.8 11 784 9 

 

ʅʘ ʮʽʡ ʞʝ ʤʽʰʝʥʽ ʣʶʪʝʮʽʶ ʟ ʪʠʤ ʞʝ ʤʽʜʥʠʤ ʤʦʥʽʪʦʨʦʤ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʨʝʘʢʮʽʷ 

175
Lu(Ŭ,2n)

177
Ta. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥʷ 

177
Ta

 
 ʚʠʟʥʘʯʘʣʘʩ ̫ʧʣʦʘɦ 

ʬʦʪʦʧʽʢʽʚ ɔ-ʣʽʥʽʡ 1057.8 ʪʘ 745.9 ʢʝɺ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʡʦʛʦ ʨʦʟʧʘʜ (ʜʠʚ. ʨʠʩ. 

4.21). ɯʥʰʽ ʛʘʤʤʘ-ʣʽʥʽʾ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʨʦʟʧʘʜ 
177

Ta ʤʘʣʠ ʯʠ ʥʠʟʢɹʽ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʯʠ ʥʝ ʚʽʜʜʽʣʷʣʠʩʷ ʚ ʩʧʝʢʪʨʽ ʚʽʜ ʽʥʰʠʭ ʣʽʥʽʡ. ʇʽʩʣʷ ʮʴʦʛʦ ʟ 

ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʧʝʨʝʨʽʟ 

ʨʝʘʢʮʽʾ 
175

Lu(Ŭ,2n)
177

Ta ʟʘ ʬʦʨʤ. 3.7. ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.7 ʨʘʟʦʤ ʽʟ 

ʜʘʥʠʤʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʘʭ. ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ ʪʝʦʨʝʪʠʯʥʽ 

ʧʝʨʝʨʽʟʠ ʜʣʷ ʦʙʦʭ ʢʦʜʽʚ ʙʽʣʴʰ ʥʽʞ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʚʝʣʠʯʠʥʠ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 
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(ʘ) 

 

 

(ʙ) 

ʈʠʩ.4.21 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
177

Ta
g
 (ʘ) [100] ʽ ɔ-ʩʧʝʢʪʨy ʘʢʪʠʚʦʚʘʥʦʾ 

ʤʽʰʝʥʽ ʣʶʪʝʮʽʶ (ʙ) 

 

ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
178m2

Hf ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.22. ɺʽʜʙʫʚʘʻʪʴʩʷ 

ʢʘʩʢʘʜ ʨʦʟʧʘʜʽʚ ʟʽ ʩʪʘʥʫ 16
+ 

 ʜʦ ʩʪʘʥʫ 8
-
, ʷʢʠʡ ʻ ʜʚʦʢʚʘʟʽʯʘʩʪʠʥʢʦʚʠʤ ʽʟʦʤʝʨʦʤ 

(QP) ʟ ʧʝʨʽʦʜʦʤ ʥʘʧʽʚʨʦʟʧʘʜʫ 4 ʩ. 
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ʈʠʩ. 4.22 ʌʨʘʛʤʝʥʪʠ ʩʭʝʤʠ ʨʦʟʧʘʜʫ 
178m2
Hf. ʋʩʽ ʛʘʤʤʘ-ʧʽʢʠ, ʷʢʽ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʡʦʛʦ ʨʦʟʧʘʜ (ʟʘ ʚʠʢʣʶʯʝʥʥʷʤ ʥʘʡʤʝʥʰ ʽʥʪʝʥʩʠʚʥʠʭ ʟ 

ʝʥʝʨʛʽʷʤʠ 12 ʪʘ 309 ʢʝɺ) ʚʠʤʽʨʷʥʽ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʽ ʥʘ ʨʠʩʫʥʢʫ ʧʦʢʘʟʘʥʽ 

ʩʫʮʽʣʴʥʠʤʠ ʩʪʨʽʣʢʘʤʠ [100] 

 

ʆʧʨʦʤʽʥʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʧʨʠʩʢʦʨʶʚʘʯʽ ʋ-240 ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ. 

ɿʙʠʨʘʣʠʩʷ 2 ʟʙʽʨʢʠ. ʇʝʨʰʘ ʚʢʣʶʯʘʣʘ ʫ ʩʝʙʝ 4 ʪʘʥʪʘʣʦʚʽ ʢʚʘʜʨʘʪʥʽ ʤʽʰʝʥʽ 

ʨʦʟʤʽʨʘʤʠ 1Ĭ1 ʩʤ ʪʘ ʪʦʚʱʠʥʦʶ 200 ʤʢʤ ʢʦʞʥʘ, ʘ ʜʨʫʛʘ ï 5 ʪʘʥʪʘʣʦʚʠʭ ʤʽʰʝʥʝʡ 

ʪʘʢʠʭ ʞʝ ʨʦʟʤʽʨʽʚ ʪʘ ʪʦʚʱʠʥʦʶ 100 ʤʢʤ. ʇʝʨʰʘ ʦʧʨʦʤʽʥʶʚʘʣʘʩʴ                

ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʟ ʝʥʝʨʛʽʻʶ 100 ʄʝɺ, ʘ ʜʨʫʛʘ ʪʝʞ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʟ 

ʝʥʝʨʛʽʻʶ 80 ʄʝɺ. ʆʧʨʦʤʽʥʝʥʥʷ ʪʨʠʚʘʣʦ ʧʨʦʪʷʛʦʤ 1 ʜʦʙʠ ʧʨʠ ʚʝʣʠʯʠʥʽ ʩʪʨʫʤʫ 5 

ʤʢɸ. ʊʨʠʚʘʣʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʦʙʦʭ ʟʙʽʨʦʢ ʩʢʣʘʣʘ 24 ʨʦʢʠ. ɼʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʫʯʢʘ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʥʘ ʚʽʜʩʪʘʥʽ 3 ʩʤ ʚʽʜ ʦʩʪʘʥʥʽʭ ʤʽʰʝʥʝʡ ʟʙʽʨʦʢ ʤʦʥʪʫʚʘʣʦʩʷ 

ʢʽʣʴʮʝ ʥʘ ʷʢʝ ʧʦʜʘʚʘʚʩʷ ʧʦʪʝʥʮʽʘʣ ʚʝʣʠʯʠʥʦʶ 500 ɺ. ʎʝ ʙʫʣʦ ʧʦʪʨʽʙʥʦ ʜʣʷ 

ʫʩʫʥʝʥʥʷ ʚʥʝʩʢʫ ʚʪʦʨʠʥʥʠʭ ʝʣʝʢʪʨʦʥʽʚ ʫ ʚʝʣʠʯʠʥʫ ʩʪʨʫʤʫ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ. ɺ 

ʩʚʦʶ ʯʝʨʛʫ ʥʘ ʚʽʜʩʪʘʥʽ 3 ʩʤ ʚʽʜ ʢʽʣʴʮʷ ʙʫʚ ʨʦʟʪʘʰʦʚʘʥʠʡ ʮʠʣʽʥʜʨ ʌʘʨʘʜʝʷ, ʷʢʠʡ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʤʽʨʶʚʘʚ ʩʪʨʫʤ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʽ ʮʽ ʜʘʥʽ ʟʘʧʠʩʫʚʘʣʠʩʴ 
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ʱʦʭʚʠʣʠʥʥʦ. ʇʽʩʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʩʝʨʝʜʥʽʡ ʩʪʨʫʤ                 

ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʘ ʦʪʞʝ ʽ ʧʦʪʽʢ ʪʘ ʦʮʽʥʶʚʘʣʘʩʴ ʡʦʛʦ ʧʦʭʠʙʢʘ. 

ʊʘʢʠʡ ʪʨʠʚʘʣʠʡ ʯʘʩ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʟʚʽʚ ʜʦ ʪʦʛʦ, ʱʦ ʧʦʚʥʽʩʪʶ ʨʦʟʧʘʣʠʩʷ 

ʢʦʨʦʪʢʦʞʠʚʫʯʽ ʥʫʢʣʽʜʠ, ʟʦʢʨʝʤʘ 
172

Hf. ʆʩʪʘʥʥʽʡ ʤʽʛ ʩʠʣʴʥʦ ʩʧʦʪʚʦʨʶʚʘʪʠ        

ɔ-ʩʧʝʢʪʨʠ ʘʢʪʠʚʦʚʘʥʠʭ ʤʽʰʝʥʝʡ ʪʘʥʪʘʣʫ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʟʘ ʜʦʙʫ ʦʧʨʦʤʽʥʝʥʥʷ 

ʥʘʧʨʘʮʶʚʘʣʦʩʷ ʤʘʣʦ ʜʦʚʛʦʞʠʚʫʯʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʷʢʽ ʤʘʶʪʴ ʥʠʟʴʢʽ ʧʝʨʝʨʽʟʠ 

ʥʘʧʨʘʮʶʚʘʥʥʷ. 

ʅʘ ʨʠʩʫʥʢʫ 4.23 ʧʦʢʘʟʘʥʦ ʬʨʘʛʤʝʥʪʠ ɔ-ʩʧʝʢʪʨʫ ʦʜʥʽʻʾ ʟ ʘʢʪʠʚʦʚʘʥʠʭ ʤʽʰʝʥʝʡ 

ʪʘʥʪʘʣʫ ʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʜʽʘʧʘʟʦʥʘʭ 80-220 ʢʝɺ ʪʘ 53-58 ʢʝɺ, ʥʘʙʨʘʥʦʛʦ 

ʧʨʦʪʷʛʦʤ 10 ʜʽʙ. 

 
ʈʠʩ. 4.23 ʌʨʘʛʤʝʥʪʠ ʛʘʤʤʘ-ʩʧʝʢʪʨʘ ʟ ɔ-ʣʽʥʽʷʤʠ ʟ ʨʦʟʧʘʜʫ 

178m2
Hf, ʷʢʽ ʤʘʶʪʴ 

ʥʘʡʥʠʞʯʫ ʝʥʝʨʛʽʶ ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʣʽʥʽʾ ʛʘʬʥʽʶ (ʜʠʚ. ʚʢʣʘʜʢʫ) 

ɿ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʘʙʣʠʯʥʠʭ ʜʘʥʠʭ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ ʧʝʨʝʨʽʟ 

ʥʘʧʨʘʮʶʚʘʥʥʷ 
178m2

Hf ʟʘ ʬʦʨʤʫʣʦʶ 3.6. ɺ ʥʽʡ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʥʚʝʨʩʽʾ ʽ ʧʝʨʝʨʽʟ ʦʪʨʠʤʫʻʪʴʩʷ ʟʘʤʽʩʪʴ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʦʛʦ ʚʠʭʦʜʫ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.8. 
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ʊʘʙʣʠʮʷ 4.8 

 ʇʝʨʝʨʽʟʠ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178m2

Hf ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʟ 

ʝʥʝʨʛʽʷʤʠ 100 ʪʘ 80 ʄʝɺ ʤʽʰʝʥʝʡ ʟ ʪʦʚʱʠʥʘʤʠ 200 ʪʘ 100 ʤʢʤ, ʚʽʜʧʦʚʽʜʥʦ 

 

ˉʧ/ʧ Ea(Meɺ) s
178m2Hf

(ʤʢʙ) Ea(Meɺ) s
178m2Hf

(ʤʢʙ) 

 200 ʤʢʤ 100 ʤʢʤ 

1 92(8) 5.70(57) 77(3) 7.8(8) 

2 77(7) 8.2(8) 68(5) 12.4(13) 

3 61(9) 17.5(26) 58(5) 16.7(25) 

4 39(13) 2.40(48) 48(6) 7.1(11) 

5  36(7) 1.10(22) 

 

ɺ ʜʫʞʢʘʭ ʙʽʣʷ ʚʝʣʠʯʠʥ ʧʝʨʝʨʽʟʽʚ ʧʦʜʘʥʽ ʧʦʚʥʽ ʧʦʭʠʙʢʠ (ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ 

ʩʢʣʘʜʘʻ 1ů). ɺʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʦʭʠʙʦʢ (9õ19%), 

ʩʠʩʪʝʤʘʪʠʯʥʠʭ (5%) ʪʘ ʧʦʭʠʙʦʢ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʨʝʻʩʪʨʘʮʽʾ (5%). 

ɯʥʰʽ ʚʝʣʠʯʠʥʠ ʧʦʭʠʙʦʢ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ 1%. 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʮʽʥʠʪʠ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ s(
178m2

Hf)/s(
178g

Hf) ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʛʨʘʤʥʽ ʢʦʜʠ, ʦʩʢʽʣʴʢʠ ʦʩʥʦʚʥʠʡ ʩʪʘʥ 
178g

Hf ʻ ʩʪʘʙʽʣʴʥʠʤ. 

ɹʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʢʦʜ TALYS-1.4, ʷʢʠʡ ʙʫʚ ʩʢʦʤʧʽʣʴʦʚʘʥʠʡ ʪʘ 110 

ʥʠʟʴʢʦʨʦʟʪʘʰʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ 

ʨʝʞʠʤʽ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʮʽʥʢʘ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
178

Hf 

ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʟʘ ʫʤʦʚʠ ʟʙʽʛʫ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥʷ 
178m2

Hf ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʢʨʦʢʦʤ 1 ʄʝɺ ʜʣʷ ʢʦʞʥʦʾ ʨʝʘʢʮʽʾ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʘʩʝʣʝʥʥʷ 
178m2

Hf ʚʽʜ ʧʦʨʦʛʫ ʽ ʜʦ 100 ʄʝɺ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʣʷ ʢʦʞʥʦʾ ʪʘʥʪʘʣʦʚʦʾ 

ʬʦʣʴʛʠ ʧʽʜʨʘʭʦʚʫʚʘʚʩʷ ʩʝʨʝʜʥʽʡ ʧʝʨʝʨʽʟ. ɿ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʣʽʜʫʻ, 

ʱʦ ʣʠʰʝ ʪʨʠ ʨʝʘʢʮʽʾ - (Ŭ,Ŭp2n), (Ŭ,3p4n) ʪʘ (Ŭ,
3
ʅʝp3n) ʨʦʙʣʷʪʴ ʛʦʣʦʚʥʠʡ ʚʥʝʩʦʢ 

ʚ ʧʝʨʝʨʽʟ ʟʘʩʝʣʝʥʥʷ ʜʨʫʛʦʛʦ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ 
178

Hf. ɯʥʰʽ ʨʝʘʢʮʽʾ (ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ï 12) ʤʘʶʪʴ ʥʝʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʮʝʡ ʧʝʨʝʨʽʟ, ʦʩʢʽʣʴʢʠ 

ʽʤʦʚʽʨʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ d, t ʪʘ 
6
He ʻ ʥʠʟʴʢʠʤʠ (ʜʠʚ. ʪʘʙʣ. 4.9). 
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ʊʘʙʣʠʮʷ 4.9 

ʋʩʽ ʝʥʝʨʛʝʪʠʯʥʦ ʤʦʞʣʠʚʽ ʨʝʘʢʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʜʘʚʘʪʠ ʚʢʣʘʜ ʚ ʧʝʨʝʨʽʟ 

ʩʪʚʦʨʝʥʥʷ 
178m2

Hf (ʜʦʤʽʥʫʶʯʽ ʨʝʘʢʮʽʾ ʚʠʜʽʣʝʥʽ ʢʫʨʩʠʚʦʤ) 

 

ˉʧ/ʧ ʈʝʘʢʮʽʷ ʇʦʨʽʛ (ʄʝɺ) 

1 a, at 13.6 

2 a, adn 17.6 

3 a, ap2n 18.3 

4 a, 
6
Hep 21.4 

5 a, 2tp 33.8 

6 a, 
3
Hetn 34.6 

7 a, t2d 37.9 

8 a, tdpn 40.3 

9 a, 
3
Hed2n 41.1 

10 a, t2p2n 42.6 

11 a, 
3
Hep3n 43.4 

12 a, 3dn 44.4 

13 a, 2dp2n 46.6 

14 a, d2p3n 49.1 

15 a, 3p4n 51.4 

 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.24 ʜʣʷ 3 

ʤʦʜʝʣʝʡ ʛʫʩʪʠʥʠ ʨʽʚʥʽʚ: ʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʬʝʨʤʽ-ʛʘʟʫ (CT+FM),   

ʟʚʦʨʦʪʥʴʦ-ʟʤʽʱʝʥʦʾ ʤʦʜʝʣʽ ʬʝʨʤʽ-ʛʘʟʫ (BFM) ʪʘ ʫʟʘʛʘʣʴʥʝʥʦʾ ʥʘʜʪʝʢʫʯʦʾ ʤʦʜʝʣʽ 

(GSM). 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʚʦʭ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʠʩʫ ʛʫʩʪʠʥ ʨʽʚʥʽʚ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʨʦʟʙʽʞʥʦʩʪʝʡ ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʪʘ ʪʝʦʨʝʪʠʯʥʠʤʠ 
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ʈʠʩ. 4.24 ʇʝʨʝʨʽʟʠ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178m2

Hf, ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʤʦʜʝʣʝʡ ʛʫʩʪʠʥ 

ʨʽʚʥʽʚ CT+FM, BFM ʪʘ GSM ʟ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʟʘʜʘʥʠʤʠ ʟʘ ʫʤʦʚʯʘʥʥʷʤ 

 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʚ ʫʩʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʊʦʤʫ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʚ ʜʘʥʽʡ 

ʨʦʙʦʪʽ ʥʝ ʧʨʠʚʦʜʷʪʴʩʷ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʪʝ, ʱʦ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʙʦʤʙʘʨʜʫʶʯʠʭ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ 68-92 ʄʝɺ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178m2

Hf ʥʘʡʢʨʘʱʝ 

ʦʧʠʩʫʻʪʴʩʷ ʤʦʜʝʣʣʶ BFM, ʘ ʜʣʷ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʟ ʝʥʝʨʛʽʷʤʠ 58 ʪʘ 62 ʄʝɺ ï 

ʤʦʜʝʣʣʶ GSM. ʆʪʞʝ ʜʣʷ ʮʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ 

ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʙʫʣʠ ʧʽʜʨʘʭʦʚʘʥʽ ʧʝʨʝʨʽʟʠ ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
178

Hf. 

ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ 

s(
178m2

Hf)/s(
178g

Hf) ʜʣʷ ʫʩʴʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʙʦʤʙʘʨʜʫʶʯʠʭ      

ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ, ʚʝʣʠʯʠʥʠ ʷʢʠʭ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.25. ʆʩʢʽʣʴʢʠ ʜʣʷ ɽŬ = 58 

ʪʘ 62 ʄʝɺ ʨʝʟʫʣʴʪʘʪʠ ʙʣʠʟʴʢʽ, ʽ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ ʟʘ ʚʝʣʠʯʠʥʘʤʠ ʷʢ ʝʥʝʨʛʽʡ, ʪʘʢ ʽ 
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ʈʠʩ. 4.25 ɯʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ s(
178m2

Hf)/s(
178g

Hf) ʜʣʷ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʟ 

ʝʥʝʨʛʽʷʤʠ 58-92 ʄʝɺ. ɼʣʷ ʽʥʰʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛʽʾ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʩʠʣʴʥʦ 

ʟʘʚʠʱʝʥʽ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʟʘʥʠʞʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
178

Hf 

 

ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʪʦ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʽʟʦʤʝʨʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ. 

ʈʦʟʨʘʭʦʚʘʥʽ ɯɺʇ ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 4.10 ʨʘʟʦʤ ʽʟ ʨʦʙʦʪʘʤʠ ʽʥʰʠʭ ʘʚʪʦʨʽʚ 

ʜʣʷ ʨʝʘʢʮʽʡ ʟ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ (ʚ ʜʫʞʢʘʭ ʚʢʘʟʘʥʘ ʟʘʛʘʣʴʥʘ ʧʦʭʠʙʢʘ). ɺʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʷʢ ʟ ʧʦʭʠʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥʷ 

178m2
Hf, ʪʘʢ ʽ ʟ ʧʦʭʠʙʢʠ ʤʦʜʝʣʴʦʚʘʥʦʾ ʚʝʣʠʯʠʥʠ ʧʝʨʝʨʽʟʫ ʟʘʩʝʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ 

ʩʪʘʥʫ 
178

Hf. ʆʩʪʘʥʥʷ ʩʢʣʘʜʘʻ 7 %. ʅʠʞʯʘ ʧʦʭʠʙʢʘ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ 

ʧʝʨʝʨʽʟʽʚ ʧʨʠ ɽŬ = 77 ʪʘ 92 ʄʝɺ ʧʦʷʩʥʶʻʪʴʩʷ ʙʣʠʟʴʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʦʙʦʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʛʘʨʥʠʤ ʫʟʛʦʜʞʝʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ 

ʪʝʦʨʝʪʠʯʥʠʤʠ. 
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ʊʘʙʣʠʮʷ 4.10 

ʇʦʨʽʚʥʷʥʥʷ ɯɺʇ s(
178m2

Hf)/s(
178g

Hf) ʜʣʷ ʨʽʟʥʠʭ ʨʝʘʢʮʽʡ ʧʨʠ ʨʽʟʥʠʭ ʝʥʝʨʛʽʷʭ 

ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ 

 

ʈʝʘʢʮʽʷ ɽʥʝʨʛʽʷ, ʄʝɺ ɯʟʦʤʝʨʥʝ 

ʚʽʜʥʦʰʝʥʥʷ (%) 

ʇʦʩʠʣʘʥʥʷ 

181
Ta(a,total) 92(8) 18.3(22) ɼʘʥʘ ʨʦʙʦʪʘ 

181
Ta(a,total) 77(3) 42.4(44) ɼʘʥʘ ʨʦʙʦʪʘ 

181
Ta(a,total) 68(5) 61.6(78) ɼʘʥʘ ʨʦʙʦʪʘ 

181
Ta(a,total) 58(5) 43.2(50) ɼʘʥʘ ʨʦʙʦʪʘ 

176
Yb(a,2n) 36 5.0(15) [66] 

176
Yb(a,2n) 35 2.40(36) [15] 

175/176
Lu(a,p/d) 35 18(9) [15] 

176
Yb(a,2n) 35 3 [223] 

175
Lu(a,p)

 35 20 [223] 

 

ɺ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 60-92 ʄʝɺ ʣʠʰʝ ʪʨʠ ʨʝʘʢʮʽʾ (a,ap2n), (a,3p4n) ʪʘ 

(a,
3
Hep3n) ʜʘʶʪʴ ʜʦʤʽʥʫʶʯʠʡ ʚʥʝʩʦʢ ʚ ʟʘʩʝʣʝʥʥʷ 

178m2
Hf. ʇʨʠʯʦʤʫ ʩʝʨʝʜ ʮʠʭ 

ʨʝʘʢʮʽʡ ʧʝʨʝʚʘʞʘʻ ʨʝʘʢʮʽʷ (a,ap2n) ʚ ʫʩʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʘ 

ʚʠʢʣʶʯʝʥʥʷʤ 92 ʄʝɺ. ʊʫʪ ʚʢʣʘʜ ʫʩʽʭ ʪʨʴʦʭ ʨʝʘʢʮʽʡ ʩʧʽʚʨʦʟʤʽʨʥʠʡ. ʆʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʨʽʟʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʨʦʛʠ ʜʘʥʠʭ ʨʝʘʢʮʽʡ: 18.3 ʄʝɺ ʜʣʷ         

(a,ap2n)- ʪʘ ʟʥʘʯʥʦ ʚʠʱʽ ʜʣʷ (a,3p4n)- ʪʘ (a,
3
Hep3n)-ʨʝʘʢʮʽʡ: 51.4 ʪʘ 43.4 ʄʝɺ, 

ʚʽʜʧʦʚʽʜʥʦ. 

ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ ʽʟʦʤʝʨʥʦʛʦ ʩʪʘʥʫ 
178

Hf ʻ ʤʘʢʩʠʤʫʤ 

ʫ ʬʫʥʢʮʽʾ ʟʙʫʜʞʝʥʥʷ ʧʨʠ ʝʥʝʨʛʽʾ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʚ ʦʢʦʣʽ 60 ʄʝɺ. ʊʘʢʫ 

ʧʦʚʝʜʽʥʢʫ ʧʝʨʝʨʽʟʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʨʘʭʫʚʘʥʥʷʤ ʚʢʣʘʜʫ ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʦʛʦ 

ʤʝʭʘʥʽʟʤʫ. ɺ ʥʴʦʤʫ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʝʥʝʨʛʽʾ ʙʦʤʙʘʨʜʫʶʯʠʭ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ 

ʚʠʣʽʪʘʶʯ ̔ʯʘʩʪʠʥʢʠ ʚʠʥʦʩʷʪʴ ʚʩʝ ʙʽʣʴʰʠʡ ʢʫʪʦʚʠʡ ʤʦʤʝʥʪ. ʆʪʞʝ ʧʨʠ ʮʴʦʤʫ 

ʟʥʠʞʫʶʪʴʩʷ ʩʧʽʥʠ ʟʙʫʜʞʝʥʠʭ ʩʪʘʥʽʚ ʟʘʣʠʰʢʦʚʦʛʦ ʷʜʨʘ ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʩʪʘʻ 

ʥʠʞʯʠʤ ʧʝʨʝʨʽʟ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178m2

Hf. ɼʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʮʶ ʛʽʧʦʪʝʟʫ. 

ʎʽʢʘʚʦ ʢʽʣʴʢʽʩʥʦ ʧʦʨʽʚʥʷʪʠ ʤʦʞʣʠʚʦʩʪʽ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178m2

Hf ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʪʘ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʤʽʰʝʥʽ 
176

Yb. ʄʽʰʝʥʽ ʪʘʥʪʘʣʫ ʤʦʞʫʪʴ ʤʘʪʠ ʫ 20 ʨʘʟʽʚ 
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ʙʽʣʴʰʫ ʪʦʚʱʠʥʫ, ʧʨʦʪʝ ʧʝʨʝʨʽʟ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178m2

Hf ʥʘ ʥʠʭ ʫ 500 ʨʘʟʽʚ ʥʠʞʯʠʡ 

ʥʽʞ ʥʘ ʤʽʰʝʥʷʭ ʟ 
176

Yb. ʆʪʞʝ ʥʘʧʨʘʮʴʦʚʫʻʪʴʩʷ ʫ 25 ʨʘʟʽʚ ʤʝʥʰʝ ʷʜʝʨ 
178m2

Hf ʯʠ 

ʙʽʣʷ 2Ĭ10
7 
ʥʘ ʩʝʢʫʥʜʫ ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʧʫʯʢʦʤ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

100 ʤʢɸ [224]. ʇʨʦʪʝ ʤʽʰʝʥʴ ʟ ʊʘ ʤʘʻ ʜʝʷʢʽ ʧʝʨʝʚʘʛʠ. ʇʦ ʧʝʨʰʝ, ʾʾ ʥʝ ʧʦʪʨʽʙʥʦ 

ʟʙʘʛʘʯʫʚʘʪʠ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ ʽʪʝʨʙʽʻʚʦʾ ʤʽʰʝʥʽ ʮʝ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ, 

ʚ ʽʥʘʢʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʥʘʧʨʘʮʴʦʚʫʚʘʪʠʩʴ ʙʘʛʘʪʦ ʷʜʝʨ 
172

Hf ʚ ʨʝʘʢʮʽʾ 

170
Yb(Ŭ,2n)

172
Hf. ʇʦ-ʜʨʫʛʝ, ʜʣʷ ʜʝʷʢʠʭ ʩʧʝʮʠʬʽʯʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʢʦʣʠ ʷʜʨʘ 

178m2
Hf ʦʧʨʦʤʽʥʶʶʪʴʩʷ ʣʘʟʝʨʘʤʠ ʟ ʝʥʝʨʛʽʻʶ ʬʦʪʦʥʽʚ ʣʠʰʝ ʜʝʢʽʣʴʢʘ ʝɺ, 

ʥʘʷʚʥʽʩʪʴ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʷʜʝʨ 
178g

Hf ʤʦʞʝ ʟʥʘʯʥʦ ʟʥʠʞʫʚʘʪʠ ʯʫʪʣʠʚʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʤʘʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʟʜʘʪʥʽ 

ʫʩʫʥʫʪʠ ʷʜʨʘ 
172

Hf, ʘʣʝ ʷʜʨʘ 
178g

Hf ʻ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʦʶ ʧʨʦʙʣʝʤʦʶ. ɯ, ʧʦ-ʪʨʝʪʻ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ ʪʘʥʪʘʣʫ (3017̄ C) ʻ ʟʥʘʯʥʦ ʚʠʱʦʶ ʥʽʞ ʽʪʝʨʙʽʶ (834̄ C) ʽ 

ʪʦʤʫ ʧʨʦʙʣʝʤʘ ʦʭʦʣʦʜʞʝʥʥʷ ʤʽʰʝʥʝʡ ʚʠʨʽʰʫʻʪʴʩʷ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ ʥʽʞ ʫ 

ʚʠʧʘʜʢʫ ʽʪʝʨʙʽʻʚʦʾ ʤʽʰʝʥʽ [66,225]. 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 4 

 

ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʫʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʪʘ ʽʟʦʤʝʨʥʠʭ 

ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ ʚ ʨʝʘʢʮʽʷʭ ʟ ʥʝʡʪʨʦʥʘʤʠ, ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʧʨʦʪʦʥʘʤʠ 

ʽ ʜʝʡʪʨʦʥʘʤʠ ʪʘ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ. ʅʘʚʦʜʷʪʴʩʷ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʪʘ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ. 

ʆʧʠʩʫʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʘʥʠʭ, ʨʦʙʣʷʪʴʩʷ 

ʚʠʩʥʦʚʢʠ ʧʨʦ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʙʽʛʫ ʚʠʱʝʟʛʘʜʘʥʠʭ ʨʝʘʢʮʽʡ. 

ɺʠʤiʨʷʥi iʟʦʤʝʨʥi ʚiʜʥʦʰʝʥʥʷ ʧʝʨʝʨiʟiʚ ʚ ʷʜʨʘʭ 
93

Tcά
,Ὣ 
ʚ (d,n) i (p,ɔ)-ʨʝʘʢʮiʷʭ, 

ʚ ʷʜʨʘʭ 
95

Tcά
,Ὣ 
ʚ (d,n)-ʨʝʘʢʮiʾ, ʚʧʝʨʰʝ ʚ ʷʜʨʘʭ 

95
Nbά

,Ὣ 
ʚ (d,Ŭ)-ʨʝʘʢʮiʾ ʜʣʷ 

ʜʝʡʪʨʦʥiʚ ʪʘ ʧʨʦʪʦʥiʚ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛiʡ 4.5 ʪʘ 6.8 ʄʝɺ, 

ʚiʜʧʦʚiʜʥʦ. ɺ ʨʦʙʦʪi ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ iʟʦʤʝʨʥʠʭ ʚiʜʥʦʰʝʥʴ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʧʨʦʛʨʘʤʥi ʢʦʜʠ TALYS-1.4 ʪʘ EMPIRE-3.2. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʪʝʦʨʝʪʠʯʥi ʚʝʣʠʯʠʥʠ ɯɺʇ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥi, ʟʘ ʚʠʥʷʪʢʦʤ 

ʨʝʘʢʮiʾ 
97

Mo(d,Ŭ)
95

Nbά
,Ὣ 
ʧʨʠ ʤʦʜʝʣʶʚʘʥʥi ʚ ʧʘʢʝʪi TALYS-1.4. ɼʣʷ EMPIRE-3.2 
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ʧʨʠ ʧʨʦʪiʢʘʥʥi ʫʩiʭ ʨʝʘʢʮiʡ ʜʣʷ ʧʘʨʘʤʝʪʨiʚ, ʷʢi ʟʘʜʘʥi ʟʘ ʫʤʦʚʯʘʥʥʷʤ ʜʦʤiʥʫʻ 

ʩʪʘʪʠʩʪʠʯʥʘ ʤʦʜʝʣʴ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʤʝʭʘʥiʟʤ ʍʘʫʟʝʨʘïʌʝʰʙʘʭʘ. ɺ 

ʪʦʡ ʞʝ ʯʘʩ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ TALYS-1.4 ʩʪʘʪʠʩʪʠʯʥʘ ʤʦʜʝʣʴ ʨʦʙʠʪʴ 

ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʜʣʷ ʨʝʘʢʮiʡ 
92

Mo(d,n)
93

Tcά
,Ὣ 

i 
92

Mo(p,ɔ)
93

Tcά
,Ὣ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʫ 

ʚʠʧʘʜʢʫ ʨʝʘʢʮiʡ 
94

Mo(p,ɔ)
95

Tcά
,Ὣ 

i 
97

Mo(d,Ŭ)
95

Nbά
,Ὣ 
ʧʝʨʝʚʘʞʘʻ ʧʝʨʝʜʨiʚʥʦʚʘʞʥʘ 

ʤʦʜʝʣʴ. ʇʨʦʪʝ ʦʙʠʜʚi ʮi ʤʦʜʝʣi ʧʦʛʘʥʦ ʦʧʠʩʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥi ʟʥʘʯʝʥʥʷ 

Iɺʇ, ʭʦʯʘ ʚ ʮiʣʦʤʫ ʧʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ TALYS-1.4 ʢʨʘʱʝ ʦʧʠʩʫʻ ʟʛʘʜʘʥi ʚʠʱʝ 

ʨʝʘʢʮiʾ, ʥiʞ EMPIRE-3.2 ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ʝʥʝʨʛiʾ ʙʦʤʙʘʨʜʫʶʯʠʭ 

ʯʘʩʪʠʥʦʢ. ɿʘʛʘʣʴʥʦʶ ʤʦʞʣʠʚʦʶ ʧʨʠʯʠʥʦʶ ʥʝʫʟʛʦʜʞʝʥʦʩʪʝʡ ʻ ʤʘʣʦʯʠʩʝʣʴʥʘ 

iʥʬʦʨʤʘʮiʷ ʧʨʦ ʰʣʷʭʠ ʨʦʟʧʘʜʫ ʚʠʩʦʢʦʟʙʫʜʞʝʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʨiʚʥiʚ, ʦʩʦʙʣʠʚʦ 

ʜʣʷ 
95

Nb. ɼʦʜʘʪʢʦʚʦʶ ʧʨʠʯʠʥʦʶ ʨʦʟʭʦʜʞʝʥʥʷ ʜʣʷ ʫʩiʭ ʨʝʘʢʮiʡ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʥʝʩʢʠ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʝʬʝʢʪiʚ ʜʣʷ ʜʘʥʠʭ ʚʝʣʠʯʠʥ ʝʥʝʨʛiʡ ʙʦʤʙʘʨʜʫʶʯʠʭ 

ʯʘʩʪʠʥʦʢ. 

ɺʧʝʨʰʝ ʦʪʨʠʤʘʥʦ ʧʝʨʝʨʽʟ ʨʝʘʢʮʽʾ 
178

Hf(n,ɔ)
179

Hf
m2 
ʥʘ ʥʝʡʪʨʦʥʘʭ ʨʝʘʢʪʦʨʥʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ. ʇʨʦʚʝʜʝʥʦ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ 

TALYS-1.9 ʟ ʷʢʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʨʝʘʢʮʽʷ 
178

Hf(n,ɔ)
179

Hf
m2

 ʡʜʝ ʥʘ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʥʝʡʪʨʦʥʘʭ ʨʝʘʢʪʦʨʥʦʛʦ ʩʧʝʢʪʨʫ ʽ ʧʨʠ ʮʴʦʤʫ ʜʦʤʽʥʫʻ 

ʩʪʘʪʠʩʪʠʯʥʠʡ ʤʝʭʘʥʽʟʤ (95%) ʟ ʚʥʝʩʢʦʤ ʙʽʣʷ 5% ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ.  

ʈʦʟʨʘʭʦʚʘʥʦ ʽʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ 
133

Cs(n,ɔ)
134m,g

Cs, 

197
Au(n,ɔ)

198m,g
Au ʪʘ 

197
Au(n,p)

197m,g
Pt ʧʨʠ ʝʥʝʨʛʽʾ ʥʝʡʪʨʦʥʽʚ 2.9 ʄʝɺ. ʇʨʦʚʝʜʝʥʦ 

ʾʭ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʢʦʜʽ TALYS-1.9 ʟ ʷʢʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʨʝʘʢʮʽʷ 

197
Au(n,ɔ)

198m,g
Au ʥʦʩʠʪʴ ʧʦʚʥʽʩʪʶ ʩʪʘʪʠʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʜʣʷ 

ʽʥʰʠʭ ʤʦʞʣʠʚʠʡ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʫ ʨʝʘʢʮʽʾ 
93

Nb(p,n)
93m

Mo ʧʨʠ ʝʥʝʨʛʽʾ 

ʧʨʦʪʦʥʽʚ 3.85 ʄʝɺ. ɿʜʽʡʩʥʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ 

ʨʝʘʢʮʽʡ 
196

Pt(p,n)
196m,g

Au ʽ 
198

Pt(p,n)
198m,g

Au ʧʨʠ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ 6.8 ʄʝɺ ʪʘ 

120
Sn(p,n)

120
Sb

m,g
 ʧʨʠ ʝʥʝʨʛʽʾ ʧʨʦʪʦʥʽʚ 3.9 ʄʝɺ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʜʘʥʠʭ ʚʢʘʟʫʶʪʴ ʥʘ ʤʦʞʣʠʚʫ ʧʨʠʩʫʪʥʽʩʪʴ 

ʥʠʟʴʢʦʨʦʟʪʘʰʦʚʘʥʦʛʦ, ʚʠʩʦʢʦʩʧʽʥʦʚʦʛʦ ʟʙʫʜʞʝʥʦʛʦ ʨʽʚʥʷ ʟ ʝʥʝʨʛʽʻʶ 330 ʢʝɺ ʪʘ 



194 

 

ʩʧʽʥʦʤ (7
-
,8

-
) ʚ ʩʭʝʤʽ ʜʠʩʢʨʝʪʥʠʭ ʨʽʚʥʽʚ 

120
Sb ʪʘ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʝʩʪʘʪʠʩʪʠʯʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʨʝʘʢʮʽʡ 
196

Pt(p,n)
196m,g

Au ʪʘ 
198

Pt(p,n)
198m,g

Au. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʪʘ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʧʝʨʝʨʽʟʽʚ 

ʨʝʘʢʮʽʾ 
175

Lu(Ŭ,Ŭn)
174

Lu
m,g

 ʜʣʷ ʦʢʨʝʤʠʭ ʟʥʘʯʝʥʴ ʝʥʝʨʛʽʾ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʥʠʤʠ ʤʽʰʝʥʝʡ ʧʨʠʨʦʜʥʦʛʦ ʽ ʟʙʘʛʘʯʝʥʦʛʦ ʣʶʪʝʮʽʶ ʚ ʜʽʘʧʘʟʦʥʽ   

15.3-25.2 ʄʝɺ. ʇʨʦʚʝʜʝʥʦ ʾʾ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʚʽʜʢʨʠʪʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʜʽʚ 

ʜʣʷ ʫʩʽʭ ʜʦʩʪʫʧʥʠʭ ʛʫʩʪʠʥ ʨʽʚʥʽʚ. ʇʨʠ ʝʥʝʨʛʽʷʭ ʘʣʴʬʘ-ʯʘʩʪʠʥʦʢ 17.3-21 ʄʝɺ 

ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʨʽʟʠ ʥʘ 1-4 ʧʦʨʷʜʢʠ ʥʠʞʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʘ ʧʨʠ 

ʝʥʝʨʛʽʾ 15.3 ʄʝɺ ʥʽ ʦʩʥʦʚʥʠʡ ʥʽ ʽʟʦʤʝʨʥʠʡ ʩʪʘʥʠ 
174

Lu ʥʝ ʟʘʩʝʣʷʶʪʴʩʷ, ʱʦ 

ʛʦʚʦʨʠʪʴ ʧʨʦ ʤʦʞʣʠʚʠʡ ʚʥʝʩʦʢ ʩʪʨʫʢʪʫʨʠ ʟʙʫʜʞʝʥʠʭ ʨʽʚʥʽʚ ʚ ʾʭ ʟʘʩʝʣʝʥʥʷ. ʇʨʠ 

ɽŬ = 25.2 ʄʝɺ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʭʘʥʽʟʤʠ ʜʦʤʽʥʫʶʪʴ, ʦʩʢʽʣʴʢʠ ʪʝʦʨʝʪʠʯʥʽ ʧʝʨʝʨʽʟʠ 

ʧʝʨʝʚʠʱʫʶʪʴ ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʝʣʠʯʠʥʠ. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʨʝʘʢʮʽʡ 
176

Lu(Ŭ,p)
179

Hf
m2

 ʪʘ 

175
Lu(Ŭ,2n)

177
Ta ʧʨʠ ʦʧʨʦʤʽʥʝʥʥʽ ʤʽʰʝʥʝʡ ʧʨʠʨʦʜʥʦʛʦ ʣʶʪʝʮʽʶ                   

ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʟ ʝʥʝʨʛʽʻʶ 26 ʄʝɺ. ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʧʦʨʽʚʥʷʥʥʷ ʪʝʦʨʝʪʠʯʥʽ 

ʧʝʨʝʨʽʟʠ ʚʜʚʽʯʽ ʧʝʨʝʚʠʱʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʝʣʠʯʠʥʠ ʜʣʷ (Ŭ,2n)-ʨʝʘʢʮʽʾ, ʱʦ 

ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʧʨʷʤʠʭ ʤʝʭʘʥʽʟʤʽʚ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ           

(Ŭ,p)-ʨʝʘʢʮʽʾ ʚʥʝʩʦʢ ʧʝʨʝʜʨʽʚʥʦʚʘʞʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘ ʨʽʚʥʽ 11%, ʘ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʚ ʦʢʦʣʽ 89% ʜʦʟʚʦʣʷʻ ʫʟʛʦʜʠʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ 

ʜʘʥʽ. 

ɺʧʝʨʰʝ ʧʨʦʚʝʜʝʥʦ ʚʠʤʽʨʶʚʘʥʥʷ ʧʝʨʝʨʽʟʽʚ ʥʘʧʨʘʮʶʚʘʥʥʷ 
178

Hf
m2

 ʧʨʠ 

ʦʧʨʦʤʽʥʝʥʥʽ ʤʽʰʝʥʝʡ ʧʨʠʨʦʜʥʦʛʦ ʪʘʥʪʘʣʫ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 36-92 ʄʝɺ. ɿʜʽʡʩʥʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʭ ʧʝʨʝʨʽʟʽʚ ʫ ʚʽʜʢʨʠʪʦʤʫ ʢʦʜʽ 

TALYS-1.4 ʟ ʷʢʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʟʘʩʝʣʝʥʥʷ 
178

Hf
m2 
ʜʘʶʪʴ 

ʨʝʘʢʮʽʾ (a,ap2n), (a,3p4n) ʪʘ (a,
3
Hep3n). ɺ ʜʽʘʧʘʟʦʥʽ ʝʥʝʨʛʽʡ Ŭ-ʯʘʩʪʠʥʦʢ 58-92 

ʄʝɺ ʪʝʦʨʝʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʛʘʨʥʦ ʩʧʽʚʧʘʣʠ ʟ ʤʦʜʝʣʴʦʚʘʥʠʤʠ ʽ ʙʘʟʫʶʯʠʩʴ ʥʘ 

ʮʴʦʤʫ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʦʮʽʥʢʫ ʧʝʨʝʨʽʟʫ ʥʘʧʨʘʮʶʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
178

Hf. ɿ 

ʮʽʻʾ ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʦ ʚʝʣʠʯʠʥʠ ɯɺʇ s(
178m2

Hf)/s(
178g

Hf). ʎʽ ʚʝʣʠʯʠʥʠ 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʥʝʧʦʛʘʥʦʤʫ ʫʟʛʦʜʞʝʥʥʽ ʟ ʪʝʥʜʝʥʮʽʻʶ ʟʤʽʥʠ ɯɺʇ ʫ ʽʥʰʠʭ ʨʝʘʢʮʽʷʭ 

ʟ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʥʠʞʯʠʭ ʝʥʝʨʛʽʡ ʥʘ ʽʥʰʠʭ ʤʽʰʝʥʷʭ. 
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ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʘʥʦʛʦ ʨʦʟʜʽʣʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʢʠʭ 

ʧʫʙʣʽʢʘʮʽʷʭ: 

Zheltonozhsky V. A., Savrasov A. M. Population cross-section of 
179m2

Hf from the 

reactions on hafnium and tantalum targets. Nuclear Instruments and Methods. 2019. 

Vol. B438. ʈ. 20-25. (ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ï ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʧʨʦʚʝʜʝʥʥʽ, ʦʙʨʦʙʮʽ 

ʜʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʝʦʨʝʪʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʥʘʧʠʩʘʥʥʽ ʩʪʘʪʪʽ). 

Savrasov A. M. Isomeric cross-section ratios for 
93,95

Tc and 
95

Nb nuclei. Ukrainian 

Journal of Physics. 2016. Vol. 61. No. 4. P. 283ï290. 

ɺʠʰʥʝʚʩʴʢʠʡ ɯ. ʄ., ɾʝʣʪʦʥʦʞʩʴʢʠʡ ɺ. ʆ., ʉʘʚʨʘʩʦʚ ɸ. ʄ., ʈʦʚʝʥʩʴʢʠʭ ɭ. ʇ., 

ʇʨʠʤʝʥʢʦ ɻ. ɯ. ɺʠʚʯʝʥʥʷ ʨʝʘʢʮʽʡ ʟ ʧʨʦʪʦʥʘʤʠ ʪʘ ʥʝʡʪʨʦʥʘʤʠ ʥʘ ʷʜʨʘʭ 
133

Cs, 

196
Pt ʪʘ 

197
Au. ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ ʍʍɯ ʱʦʨʽʯʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ɯʗɼ ʅɸʅ 

ʋʢʨʘʾʥʠ. ʂʠʾʚ, 27-31 ʩʽʯʥ̫  2014 ʨ. ʉ. 27. 

Vishnevsky I. N., Zheltonozhsky V. A., Savrasov A. N., Kirischuk V. I. Investigation 

of 
178m2,179m2

Hf isomers creation in reactions with alpha-particles. Fundamental 

problems of nuclear physics, atomic power engineering and nuclear technologies. 

The book of Abstracts of the LXIV  international conference on nuclear physics 

ñNucleus 2014ò. Minsk, July 01-04. 2014 y. P.89. 

ɺʠʰʥʝʚʩʴʢʠʡ ɯ. ʄ., ɾʝʣʪʦʥʦʞʩʴʢʠʡ ɺ. ʆ., ʉʘʚʨʘʩʦʚ ɸ. ʄ., ʂʠʨʠʱʫʢ ɺ. ɯ., 

ɻʣʘʜʢʦʚʩʴʢʘ ʆ. ɺ. ɯʟʦʤʝʨʥʽ ʚʽʜʥʦʰʝʥʥʷ ʚ ʷʜʨʘʭ 
174m,g

Lu ʚ ʨʝʘʢʮʽʷʭ ʟ 

ʙʽʣ̫ʧʦʨʦʛʦʚʠʤʠ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ. ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ ʍʍɯI ʱʦʨʽʯʥʦʾ ʥʘʫʢʦʚʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ. ʂʠʾʚ, 26-30 ʩʽʯʥ ̫2015 ʨ. ʉ. 29. 

ɺʠʰʥʝʚʩʴʢʠʡ ɯ. ʄ., ɾʝʣʪʦʥʦʞʩʴʢʠʡ ɺ. ʆ., ʉʘʚʨʘʩʦʚ ɸ. ʄ., ʂʠʨʠʱʫʢ ɺ. ɯ. 

ʅʘʧʨʘʮʶʚʘʥʥʷ 
179m2

Hf ʚ ʨʝʘʢʮʽʷʭ ʟ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʘʤʠ ʪʘ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʧʨʠ 

ʙʽʣʷʧʦʨʦʛʦʚʠʭ ʝʥʝʨʛʽʷʭ. ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ ʍʍɯI ʱʦʨʽʯʥʦʾ ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ɯʗɼ ʅɸʅ ʋʢʨʘʾʥʠ.ʂʠʾʚ, 26-30 ʩʽʯʥ ̫2015 ʨ. ʉ. 29. 
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ʈʆɿɼɯʃ 5  

ɼʆʉʃɯɼɾɽʅʅʗ ʌʆʊʆɼɯʃɽʅʅʗ ɸʂʊʀʅʀɼɯɺ 

ʋʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ 

ɺʠʚʯʝʥʥʷ ʬʦʪʦʜʽʣʝʥʥʷ ʚʘʞʢʠʭ ʷʜʝʨ ʧʨʦʚʦʜʠʣʦʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʘʣʴʤʽʚʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ Eʛʨ ʚʽʜ 6.25 ʽ ʜʦ 18 ʄʝɺ. ʁʦʛʦ ʜʞʝʨʝʣʦʤ ʙʫʚ 

ʚʠʚʝʜʝʥʠʡ ʧʫʯʦʢ ʝʣʝʢʪʨʦʥʽʚ ʤʽʢʨʦʪʨʦʥʫ ʄ30 ɯʥʩʪʠʪʫʪʫ ʝʣʝʢʪʨʦʥʥʦʾ ʬʽʟʠʢʠ 

ʅɸʅʋ ʤ. ʋʞʛʦʨʦʜ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʽʟʦʤʝʨʥʠʭ ʚʽʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʪʘ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ 

ʫʣʘʤʢʽʚ ʜʽʣʝʥʥʷ ʷʜʝʨ U, Np, Pu  ̔Am ʚʠʢʦʥʫʚʘʣʦʩʴ ʜʝʢʽʣʴʢʘ ʩʝʨʽʡ ʦʧʨʦʤʽʥʝʥʴ ʪʘ 

ʚʠʤʽʨʶʚʘʥʴ. ʊʨʠʚʘʣʽʩʪʴ ʦʧʨʦʤʽʥʝʥʥʷ ʟʨʘʟʢʽʚ ʩʢʣʘʜʘʣʘ ʚʽʜ 5 ʭʚ. ʜʦ 2 ʛʦʜʠʥ. 

ʆʩʥʦʚʥʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʜʝʨ ï ʫʣʘʤʢʽʚ 

ʜʽʣʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.1. [100]. 

ʊʘʙʣʠʮʷ 5.1 

ʆʩʥʦʚʥʽ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʚʯʝʥʠʭ ʷʜʝʨ 

 

ʗʜʨʦ I
 ́

T1/2 

ʉʧʦʩʽʙ 

ʨʦʟʧʘʜʫ 
ɽɔ, ʢʝɺ Iɔ, % 

84m
Br 5

-
,6

- 
6 ʭʚ. ɓ

-
 424 100 

 881.6 42 

84g
Br 2

- 
31.8 ʭʚ. ɓ

-
 881.6 10.5 

90m
Rb 3

-
 258 c. ɯ.ʧ., ɓ

-
 831.7 94.4 

 1375.4 16.6 

90g
Rb 0

ï
 158 c. Ů

 
1060.7 6.7 

95m
Nb 1/2

ï 86.6 ʛ. ɯ.ʧ., ɓ
-
 235.7 24.8 

95g
Nb 9/2

+
 34.975 ʜ. ɓ

-
 765.8 99.8 

97m
Nb 1/2

ï 52.7 ʩ. ɯ.ʧ. 743.4 100 

97g
Nb 9/2

+
 72.1 ʭʚ. ɓ

-
 658.1 98.4 

130m
Sb 5

+ 
6.3 ʭʚ. ɓ

-
 182.3 41 
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ʇʨʦʜʦʚʞ. ʪʘʙʣ. 5.1 
130g

Sb 8
ï 

39.5 ʭʚ. ɓ
-
 793.4 100 

131m
Te 11/2

- 
30 ʛ. ɯ.ʧ., ɓ

-
 773.7 49.9 

131g
Te 3/2

+
 25 ʭʚ. ɓ

-
 149.7 68.8 

132m
Sb 8

- 
4.1 ʭʚ. ɓ

-
 696.8 100 

 973.9 100 

132g
Sb 4

+ 
2.79 ʭʚ. ɓ

-
 635.6 9.9 

 989.6 14.9 

132m
I 8

-
 1.39 ʛ. ɯ.ʧ., ɓ

-
 599.8 14 

132g
I
 

4
+
 2.3 ʛ. ɓ

-
 954.6 17.6 

133m
Te 11/2

-
 55.4 ʭʚ. ɯ.ʧ., ɓ

-
 912.7 55 

133g
Te

 
3/2

+
 12.5 ʭʚ. ɓ

-
 312.1 62.4 

133m
Xe 11/2

-
 2.2 ʜ. ɯ.ʧ. 233.2 10 

133g
Xe

 
3/2

+
 5.2 ʜ. ɓ

-
 81 38 

134m
I 8

-
 3.7 ʭʚ. ɯ.ʧ., ɓ

-
 271.9 79 

134g
I
 

4
+
 52.6 ʭʚ. ɓ

-
 847 95.4 

135m
Xe 11/2

-
 15.3 ʭʚ. ɯ.ʧ., ɓ

-
 526.6 80.5 

135g
Xe

 
3/2

+
 9.14 ʛ. ɓ

-
 249.8 90.2 

ɯ.ʧ. ï ʽʟʦʤʝʨʥʠʡ ʧʝʨʝʭʽʜ, ʛ. ï ʛʦʜʠʥ, ʜ. ï ʜʽʙ, ɓ
-
 - ɓ

-
 
 
ʨʦʟʧʘʜ,  Ů ï ʝʣʝʢʪʨʦʥʥʠʡ 

ʟʘʭʚʘʪ, ʭʚ. ï ʭʚʠʣʠʥ, ʩ - ʩʝʢʫʥʜ. 

 

5.1 ʌʦʪʦʜʽʣʝʥʥʷ ʽʟʦʪʦʧʽʚ ʫʨʘʥʫ 

5.1.1 ɺʠʚʯʝʥʥʷ 
97

Nb ʧʨʠ ʬʦʪʦʜʽʣʝʥʥʽ ʷʜʝʨ 
235,238

U ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʛʨʘʥʠʯʥʠʭ ʝʥʝʨʛʽʡ ʛʘʣʴʤʽʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʧʫʥʢʪʫ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ iʟʦʤʝʨʥʠʭ ʚiʜʥʦʰʝʥʴ ʚʠʭʦʜiʚ ʜʣʷ 

ʧʝʨʚʠʥʥʦʛʦ ʷʜʨʘ-ʬʨʘʛʤʝʥʪʘ 
97
Nb ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʢʫʪʦʚʦʛʦ 

ʤʦʤʝʥʪʫ ʫ ʨʝʘʢʮiʷʭ ʬʦʪʦʧʦʜiʣʫ ʷʜʝʨ 
238

U, 
235
U ʛʘʣʴʤiʚʥʠʤ ʚʠʧʨʦʤiʥʶʚʘʥʥʷʤ ʟ 

ʨiʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ ʝʥʝʨʛiʷʤʠ. 
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ʇʨʠ ʬʦʪʦʧʦʜiʣ,̔ ʨʘʟʦʤ ʽʟ ʧʨʷʤʠʤ ʟʘʩʝʣʝʥʥʷʤ ʷʜʨʘ ʟ iʟʦʤʝʨʥʠʤ ʨʽʚʥʝʤ, ʪʘʢʦʞ 

ʟʘʩʝʣʷʶʪʴʩʷ ʥʫʢʣʽʜʠ ʟ ʤʘʪʝʨʠʥʩʴʢʦʛʦ iʟʦʙʘʨʥʦʛʦ ʣʘʥʮʶʞʢʘ. ɼʘʥʽ ʷʜʨʘ-iʟʦʙʘʨʠ 

ʚʥʘʩʣʽʜʦʢ ɓ-ʨʦʟʧʘʜʫ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʫʪʴ ʚʥʦʩʠʪʠ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʫ 

ʟʘʩʝʣʝʥʥʷ ʷʜʨʘ ʽ ʩʫʤʫʚʘʪʠʩʷ ʟ ʧʨʷʤʠʤ ʟʘʩʝʣʝʥʥʷʤ ʧʨʠ ʬʦʪʦʜʽʣʝʥʥʽ [92]. 

ɿʘʟʥʘʯʝʥʠʡ ʚʢʣʘʜ iʟʦʙʘʨʘ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʪʘʢ ʷʢ ʧʨʷʤʝ ʥʘʧʨʘʮʶʚʘʥʥʷ 

ʤʦʞʝ ʙʫʪʠ ʥʠʞʯʠʤ ʫ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʜʦʜʘʪʢʦʚʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧiʢʫ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ ʽʟʦʙʘʨʥʦʛʦ ʷʜʨʘ-ʧʦʧʝʨʝʜʥʠʢʘ. ʅʘ 

ʨʠʩʫʥʢʫ 5.1 ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʦʩʣiʜʞʫʚʘʥʦ ʾʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʦʟʧʘʜʽʚ. 

 

ʈʠʩ. 5.1 ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʩʝʣʝʥʦʩʪi ʦʩʥʦʚʥʦʛʦ ʪʘ iʟʦʤʝʨʥʦʛʦ ʨʽʚʥʽʚ 

ʷʜʨʘ ʧʨʠ ʧʦʜiʣi ʤʘʪʝʨʠʥʩʴʢʦʛʦ ʷʜʨʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʥʝʩʢʫ ʫ 

ʟʘʩʝʣʝʥiʩʪʴ ʚiʜ iʟʦʙʘʨʥʦʛʦ ʷʜʨʘ-ʧʦʧʝʨʝʜʥʠʢʘ [92] 

 

ʉʠʩʪʝʤʘ ʨiʚʥʷʥʴ (5.1) ʚʽʜʦʙʨʘʞʘʻ ʟʤiʥʫ ʟ ʯʘʩʦʤ ʢiʣʴʢʦʩʪi ʷʜʝʨ, ʷʢʽ 

ʫʪʚʦʨʠʣʠʩʷ ʚ ʤʝʪʘʩʪʘʙiʣʴʥʦʤʫ Nm, ʦʩʥʦʚʥʦʤʫ Ng, ʩʪʘʥʘʭ  ̔ʷʜʝʨ-iʟʦʙʘʨ Nb. ɺ ʮʽʡ 

ʩʠʩʪʝʤi ʚʽʜʪʚʦʨʝʥʦ ʧʨʦʮʝʩʠ ʧʨʷʤʦʛʦ ʥʘʧʨʘʮʶʚʘʥʥʷ ʷʜʝʨ ʧiʜ ʯʘʩ ʨʝʘʢʮiʾ, ʾʭ 

ʛʝʥʝʨʘʮʽʷ ʚʥʘʩʣʽʜʦʢ ʨʦʟʧʘʜʫ ʷʜʝʨ-ʧʦʧʝʨʝʜʥʠʢʽʚ,  ̔ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʢiʣʴʢʦʩʪi 

ʷʜʝʨ ʚʥʘʩʣʽʜʦʢ ʨʘʜiʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ [92]: 
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              (5.1) 

 

 

 

 

ʋ ʩʠʩʪʝʤi (5.1) iʥʜʝʢʩʘʤʠ m, g, b ʧʦʟʥʘʯʝʥʦ ʽʟʦʤʝʨʥʠʡ ʩʪʘʥ (m), ʦʩʥʦʚʥi ʩʪʘʥʠ 

ʜʦʩʣiʜʞʫʚʘʥʦʛʦ ʷʜʨʘ (g) ʪʘ ʤʘʪʝʨʠʥʩʴʢʦʛʦ ʷʜʨʘ-ʽʟʦʙʘʨʘ (b); 

Nm, Ng, Nb ï ʢiʣʴʢiʩʪʴ ʷʜʝʨ ʫ ʚiʜʧʦʚiʜʥʦʤʫ ʩʪʘʥi; 

ɚm, ɚg, ɚb ï ʧʦʩʪʽʡʥʽ ʨʦʟʧʘʜʫ ʷʜʝʨ; 

Ym, Yg, Yb ï ʚʠʭʦʜʠ ʨʝʘʢʮiʡ ʟ ʛʝʥʝʨʘʮʽʻʶ ʷʜʝʨ ʚ ʦʩʥʦʚʥʦʤʫ i ʽʟʦʤʝʨʥʦʤʫ 

ʩʪʘʥʘʭ, ʘ ʪʘʢʦʞ ʤʘʪʝʨʠʥʩʴʢʦʛʦ ʷʜʨʘ ʟ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʣʘʥʮʶʛʘ ɓ-ʨʦʟʧʘʜiʚ; 

Pb,g (Pb,m) ï ʯʘʩʪʢʘ ʷʜʝʨ-iʟʦʙʘʨ, ʱʦ ʧʨʠ ʨʦʟʧʘʜi ʟʘʩʝʣʷʶʪʴ ʦʩʥʦʚʥʠʡ 

(ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ) ʨʽʚʥ;̔ 

Pm,g ï ʯʘʩʪʢʘ ʷʜʝʨ, ʷʢʽ ʨʦʟʧʘʜʘʶʪʴʩʷ iʟ ʽʟʦʤʝʨʥʦʛʦ ʥʘ ʦʩʥʦʚʥʠʡ ʨʽʚʥʽ; 

 - ʬʫʥʢʮʽʷ, ʷʢʘ ʦʧʠʩʫʻ ʟʤʽʥʫ ʢʽʣʴʢʦʩʪʽ ʥʘʧʨʘʮʴʦʚʘʥʠʭ ʷʜʝʨ ʚ ʧʨʦʮʝʩʽ 

ʦʧʨʦʤʽʥʝʥʥʷ [92]. 

ʋ ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʟʨʘʟʦʢ ʩʧʦʯʘʪʢʫ ʦʧʨʦʤiʥʶʚʘʚʩʷ ʧʨʦʪʷʛʦʤ ʯʘʩʫ tʦʧʨ, ʧʽʩʣʷ 

ʮʴʦʛʦ ʧʝʨʝʤʽʱʫʚʘʚʩʷ ʜʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʟʘ ʯʘʩ tʦʭʦʣ. ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʧʦʣʷʛʘʚ ʫ 

ʚʠʢʦʥʘʥʥʽ ʚʠʤiʨʶʚʘʥ ɹ ʢiʣʴʢʦʩʪi ʚiʜʣiʢiʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʣʦʱʘʤ ʧʽʜ      

ʛʘʤʤʘ-ʧiʢʘʤʠ Si (i = m, g, b), ʱʦ ʥʘʢʦʧʠʯʠʣʠʩʴ ʟʘ ʯʘʩ ʚʠʤiʨʶʚʘʥʥʷ tʚʠʤ, ʪʘ 

ʟʚôʷʟʘʥi iʟ ʢiʣʴʢiʩʪʶ ʷʜʝʨ Ni(t) ʷʢ Si(tm) = f iŮiɚi  ʜʝ f i ï ʢʚʘʥʪʦʚʠʡ 

ʚʠʭʽʜ ʟʘʟʥʘʯʝʥʦʛʦ ʛʘʤʤʘ-ʧʽʢʫ; Ůi ï ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʻʩʪʨʘʮiʾ ʩʧʝʢʪʨʦʤʝʪʨʘ ʜʣʷ 

ʟʘʟʥʘʯʝʥʦʾ ʝʥʝʨʛiʾ, t0 = tʦʧʨ + tʦʭʦʣ, t1 = tʦʧʨ + tʦʭʦʣ + tʚʠʤ [92]. 

Iʟʦʤʝʨʥi ʚiʜʥʦʰʝʥʥʷ RY ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ IZOMER [226], ʷʢ ʚiʜʥʦʰʝʥʥʷ ʚʠʭʦʜiʚ ʨʝʘʢʮiʡ Yg/Ym, ʷʢʽ 



200 

 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʨiʚʥʷʥʥʷ (5.1) ʧʨʠ ʬiʢʩʦʚʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʚʝʣʠʯʠʥʘʭ ʧʣʦʱ Si (i = m, g, b) ʧiʜ ʛʘʤʤʘ-ʧiʢʘʤʠ. 

ʊʦʥʢʘ ʪʘʥʪʘʣʦʚʘ ʤiʰʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʫ ʷʢʦʩʪʽ ʛʘʣʴʤiʚʥʦʾ ʤiʰʝʥi, ʦʪʞʝ 

ʩʧʝʢʪʨ ʛʘʣʴʤiʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʚʽʜʧʦʚʽʜʘʚ ʩʧʝʢʪʨʫ ʐʠʬʬʘ. ʄʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ 

ʝʥʝʨʛi ʾʛʘʣʴʤiʚʥʠʭ ʛʘʤʤʘ-ʢʚʘʥʪiʚ ʩʢʣʘʜʘʣʘ 10.5, 12.0 ʪʘ 18.0 ʄʝɺ. 

ɼʦʩʣʽʜʞʫʚʘʥʠʤʠ ʤiʰʝʥʷʤʠ ʙʫʣʠ ʷʢ ʟʘʢʨʠʪʝ ʜʞʝʨʝʣʦ 
235

U (
235

U ï 90%,        

238
U ï 10%) ʤʘʩʦʶ 514 ʤʛ, ʟʘʧʘʢʦʚʘʥʝ ʚ ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʦʥʪʝʡʥʝʨ ʟ ʥʝʨʞʘʚiʶʯʦʾ 

ʩʪʘʣi, ʪʘʢ ʽ ʟʨʘʟʦʢ 
238
U ʫ ʚʠʛʣʷʜi ʩʤʫʞʦʢ ʟ ʥʘʧʠʣʝʥʠʤ 

238
U ʟʘʛʘʣʴʥʦʶ ʤʘʩʦʶ       

2 ʛ. ʅʘ ʨʠʩʫʥʢʫ 5.2 ʧʦʢʘʟʘʥʘ ʙʣʦʢ-ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʽ ʟʨʘʟʢʦʤ 

238
U. ʇʦʜʽʙʥʘ ʛʝʦʤʝʪʨʽʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʪʘʢʦʞ ʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʬʦʪʦʜʽʣʝʥʥʷ 

ʽʥʰʠʭ ʘʢʪʠʥʠʜʽʚ [92]. ʇʨʠ ʬʦʪʦʜʽʣʝʥʥʽ ʫʨʘʥʫ ʥʘ ʧʦʚʝʨʭʥi ʘʣʶʤiʥiʻʚʠʭ ʩʤʫʞʦʢ 

ʦʩʘʜʞʫʶʪʴʩʷ ʨʘʜiʦʘʢʪʠʚʥi ʫʣʘʤʢʠ, ʷʢʽ ʚʠʣiʪʘʶʪʴ ʟ ʤʽʰʝʥʽ. ʇiʩʣʷ ʦʧʨʦʤiʥʝʥʥʷ 

ʛʘʤʤʘ-ʩʧʝʢʪʨʠ ʫʣʘʤʢʽʚ ʬʦʪʦʧʦʜiʣʫ ʫ ʘʢʪʠʚʦʚʘʥʠʭ ʬʦʣʴʛʘʭ ʚʠʚʯʘʣʠʩʷ ʥʘ           

ɔ-ʩʧʝʢʪʨʦʤʝʪʨi. 

 

ʈʠʩ. 5.2 ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʛʝʦʤʝʪʨiʾ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʦʧʨʦʤiʥʝʥʥʷ 

ʟʨʘʟʢiʚ ʟ 
238

U [92] 

 

ɿʘʧʠʩ ɔ-ʩʧʝʢʪʨʽʚ ʟʜʽʡʩʥʶʚʘʚʩʷ ʯʝʨʝʟ ʢʦʞʥi 60 ʩʝʢʫʥʜ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʧʝʨʽʦʜʫ ʚʠʤiʨʶʚʘʥʥʷ tʚʠʤ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʠʭ ʝʥʝʨʛiʡ 

ʦʧʨʦʤiʥʝʥʥʷ, ʪʨʠʚʘʣʦʩʪʽ ʦʧʨʦʤiʥʝʥʥʷ tʦʧʨ, ʩʫʤʘʨʥʠʡ ʯʘʩ ʚʠʪʨʠʤʢʠ ʪʘ 
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ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ tʦʭʦʣ i ʤʘʢʩʠʤʘʣʴʥʘ ʧʦʚʥʘ ʪʨʠʚʘʣʽʩʪʴ ʚʠʤiʨʶʚʘʥʴ ʚʢʘʟʘʥʘ ʫ 

ʪʘʙʣʠʮʽ 5.2. ʅʘ ʨʠʩʫʥʢʫ 5.3 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ ʦʪʨʠʤʘʥʦʛʦ ʩʧʝʢʪʨʘ ʬʦʪʦʜʽʣʝʥʥʷ. 

ɿ̔ ʩʧʝʢʪʨʽʚ ʬʦʪʦʜ̔ ʣʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʠʩʴ iʟʦʤʝʨʥi ʚiʜʥʦʰʝʥʥʷ ʜʣʷ 
97

Nb ʟ  

ʊʘʙʣʠʮʷ 5.2 

ɼʘʥi ʧʨʦ ʛʨʘʥʠʯʥi ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʦʧʨʦʤiʥʝʥʥʷ ʫʨʘʥʫ, ʪʨʠʚʘʣʦʩʪʽ 

ʦʧʨʦʤiʥʝʥʥʷ, ʚʠʪʨʠʤʢʠ ʪʘ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʚʠʤiʨʶʚʘʥʴ ʩʧʝʢʪʨiʚ [92] 

 

 

 

ʈʠʩ. 5.3 ʌʨʘʛʤʝʥʪ ʭʘʨʘʢʪʝʨʥʦʛʦ ʩʧʝʢʪʨʘ ʬʦʪʦʧʦʜiʣʫ 
235
U, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ɯɺ. ɿʙiʣʴʰʝʥi ʜiʣʷʥʢʠ ʩʧʝʢʪʨʘ ʜʝʪʘʣiʟʫʶʪʴ ʦʙʣʘʩʪi, ʫ ʷʢʠʭ 

ʟʥʘʭʦʜʷʪʴʩʷ ʧiʢʠ ʚiʜ ɔ-ʧʝʨʝʭʦʜiʚ ʟ ɽɔ = 658.1 ʢʝɺ ʪʘ ɽɔ = 743.4 ʢʝɺ [92] 
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ʚʨʘʭʫʚʘʥʥʷʤ ʚʢʣʘʜʫ ʚiʜ iʟʦʙʘʨʥʦʛʦ ʷʜʨʘ 
97

Zr. ʅʘ ʨʠʩʫʥʢʫ 5.4 ʧʦʢʘʟʘʥʦ ʬʨʘʛʤʝʥʪ 

ʩʭʝʤʠ ʨʦʟʧʘʜʫ ʣʘʥʮʶʞʢʘ 
97
ZrŸ 

97
NbŸ 

97
Mo. 

ʆʩʥʦʚʥʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʜʘʥʦʛʦ ʣʘʥʮʶʛʘ ʧʦʣʷʛʘʣʠ ʫ ʥʘʩʪʫʧʥʦʤʫ: 1) 

ʥʝʦʙʭiʜʥiʩʪ ɹʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ɔ-ʩʧʝʢʪʨʠ ʨʽʟʥʦʾ ʪʨʠʚʘʣʦʩʪʽ, ʷʢi ʚiʜʧʦʚiʜʘʶʪʴ ʊ1/2 

ʜʦʩʣiʜʞʫʚʘʥʦʛʦ ʩʪʘʥʫ ʥʫʢʣʽʜʫ iʟ ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʨʘʭʫʥʢʦʤ ʨʦʟʨʘʭʦʚʘʥʠʭ 

 

 

ʈʠʩ. 5.4 ʌʨʘʛʤʝʥʪ ʩʭʝʤʠ ʨʦʟʧʘʜʫ ʣʘʥʮʶʞʢʘ 
97
ZrŸ 

97
NbŸ 

97
Mo. ʇʝʨʝʭʦʜʠ ʟ 

ʝʥʝʨʛʽʻʶ 743.4 ʪʘ 658.1 ʢʝɺ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥi ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʩʝʣʝʥʦʩʪʝʡ 

ʨiʚʥiʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʥiʚ ʪʘ ʧʝʨʝʭʦʜiʚ ʥʘʚʝʜʝʥʦ ʟʘ ʜʘʥʠʤʠ [100] 

 

ʟʘ ʜʘʥʠʤʠ ʩʧʝʢʪʨʘʤʠ Nm, Ng, Nb ʜʦ ʚʠʟʥʘʯʝʥʦʛʦ ʻʜʠʥʦʛʦ ʯʘʩʫ ʚʠʤʽʨʶʚʘʥʥʷ tʚʠʤ, 

2) ʟʥʘʯʥʠʤ ʥʘʢʣʘʜʝʥʥʷʤ ɔ-ʧiʢiʚ, 3) ʟʥʘʯʥʠʤ ʚʢʣʘʜʦʤ ʤʝʨʪʚʦʛʦ ʯʘʩʫ ʥʘ ʧʝʨʰʠʭ 

ʭʚʠʣʠʥʘʭ ʚʠʤiʨʶʚʘʥʴ, ʱʦ ʩʢʣʘʜʘʚ ʚiʜ 10% ʜʦ 80% [92]. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʘʮʶʚʘʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘʡiʥʪʝʥʩʠʚʥiʰ ̔      

ʛʘʤʤʘ-ʧʝʨʝʭʦʜʠ ʫ ʣʘʥʮʶʛʫ ʨʦʟʧʘʜiʚ 
97
ZrŸ 

97
NbŸ 

97
Mo, ʘ ʩʘʤʝ: 

ʘ) ʟʘʩʝʣʝʥiʩʪʴ Nb ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʷʜʨʘ-ʧʦʧʝʨʝʜʥʠʢʘ 
97

Zr ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʛʘʤʤʘ-ʧ̔ ʢʫ ʟ Eɔ = 743.4 ʢʝɺ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻ ʨʦʟʧʘʜ          

97
ZrŸ 

97m
Nb iʟ T1/2 = 16.9 ʛʦʜʠʥ; 
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ʙ)Āʟʘʩʝʣʝʥiʩʪʴ Nm ʽʟʦʤʝʨʥʦʛʦ ʨʽʚʥʷ 
97m

Nb ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʟʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ  

ɔ-ʧʽʢʫ ʟ ʝʥʝʨʛʽʻʶ 743.4 ʢʝɺ ʚiʜ ʨʦʟʧʘʜʫ 
97m
NbŸ 

97g
Nb (T1/2 = 52.7 c); 

ʚ) ʟʘʩʝʣʝʥiʩʪʴ Ng ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ 
97g

Nb ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟ ʽʥʪʝʥʩʠʚʥʦʩʪʽ                

ɔ-ʧʝʨʝʭʦʜʫ ʥʘ ʜʨʫʛʠʡ ʟʙʫʜʞʝʥʠʡ ʨʽʚʝʥʴ ʟ ʝʥʝʨʛʽʻʶ 658.1 ʢʝɺ, ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻ 

ʨʦʟʧʘʜ 
97g
NbŸ 

97
Mo (T1/2 = 72.1 ʭʚ) [92]. 

ʆʩʢʽʣʴʢʠ ʜʦʩʣiʜʞʫʚʘʥ ̔ ʨʘʜʽʦʥʫʢʣʽʜʠ ʤʘʣʠ ʚʝʣʠʢʫ ʨiʟʥʠʮ ʁ ʧʝʨiʦʜiʚ 

ʥʘʧiʚʨʦʟʧʘʜʫ, ʪʦ ʦʙʨʘʭʫʥʦʢ ʚʢʣʘʜʽʚ ʫʩʽʭ ʛʘʤʤʘ-ʧʝʨʝʭʦʜiʚ ʟ ʦʜʥʦʛʦ ɔ-ʩʧʝʢʪʨʫ, 

ʷʢʠʡ ʙʠ ʚiʜʧʦʚiʜʘʚ ʦʙʨʘʥʦʤʫ ʯʘʩʫ ʚʠʤiʨʶʚʘʥʥʷ tʚʠʤ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʙ ʚʠʩʦʢʦʶ 

ʩʪʘʪʠʩʪʠʯʥʦʶ ʧʦʭʠʙʢʦʶ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ ʜʣʷ ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʢiʣʴʢʦʩʪi 

ʩʪʚʦʨʝʥʠʭ ʷʜʝʨ ʘʥʘʣiʟʫʚʘʣʠʩʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ɔ-ʧiʢ̔ʚ ʫ ʩʧʝʢʪʨʘʭ ʫ ʪi ʧʨʦʤʽʞʢʠ 

ʯʘʩʫ, ʜʣʷ ʷʢʠʭ ʚʢʣʘʜ ʚiʜ ʜʦʩʣiʜʞʫʚʘʥʦʛʦ ʥʫʢʣʽʜʫ ʜʦʩʷʛʘʚ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʥʷ, ʽ ʧʦʪʽʤ ʟʜʽʡʩʥʶʚʘʚʩʷ ʧʝʨʝʨʘʭʫʥʦʢ ʧʣʦʱ ɔ-ʧiʢ̔ʚ ʜʦ ʻʜʠʥʦʛʦ ʯʘʩʫ tʚʠʤ. 

ɼʣʷ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʯʘʩ tʚʠʤ ʦʙʠʨʘʚʩʷ ʟʘ ʤʦʞʣʠʚʽʩʪʶ 

ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʴʢʠʤ ʜʦ ʦʜʥʦʛʦ ʊ1/2 ʨʦʟʧʘʜʫ 
97g
NbŸ

97
Mo. ʈʦʟʨʘʭʫʥʦʢ ʧʣʦʱ 

ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [92]: 

ʘ) ʨʦʟʨʘʭʫʥʦʢ ʽʥʪʝʥʩʠʚʥʦʩʪʽ Sb ɔ-ʧʝʨʝʭʦʜʫ ʟ ʝʥʝʨʛʽʻʶ 743.4 ʢʝɺ ʜʣʷ ʷʜʨʘ 
97

Zr 

ʟ T1/2 = 16.9 ʛʦʜ, ʚʠʢʦʥʫʚʘʚʩʷ ʟʘ ʨiʟʥʠʮʝʶ ɔ-ʩʧʝʢʪʨiʚ, ʪʨʠʚʘʣʽʩʪʴ ʥʘʙʦʨʫ ʷʢʠʭ 

ʚiʜʧʦʚiʜʘʻ t å 10T1/2 ʜʝʩʷʪʠ ʧʝʨiʦʜʘʤ ʥʘʧiʚʨʦʟʧʘʜʫ 
97m
Nb ʪʘ ʦʜʥʦʤʫ ʧʝʨiʦʜʫ 

ʥʘʧʽʚʨʦʟʧʘʜʫ 
97

Zr (ʪʦʙʪʦ ʟʘ ʨʽʟʥʠʮʝʶ ʩʧʝʢʪʨiʚ ʟʘ 1010 ʭʚʠʣʠʥ ï 10 ʭʚʠʣʠʥ). ɺ 

ʪʠʭ ʜʦʩʣiʜʞʝʥʥʷʭ, ʜʝ ʪʨʠʚʘʣʽʩʪʴ ʥʘʙʦʨʫ ʛʘʤʤʘ-ʩʧʝʢʪʨʽʚ ʙʫʣʘ ʥʠʞʯʦʶ 16.9 

ʛʦʜʠʥ, ʦʧʨʘʮʴʦʚʫʚʘʣʠʩʴ ɔ-ʩʧʝʢʪʨʠ, ʷʢʽ ʙʫʣʠ ʥʘʙʣʠʞʝʥʽ ʜʦ ʚʢʘʟʘʥʠʭ ʫʤʦʚ; 

ʙ) ʦʩʢʽʣʴʢʠ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʚʪʨʘʪʠ ʚiʜʣiʢiʚ ʚʥʘʩʣʽʜʦʢ ʤʝʨʪʚʦʛʦ ʯʘʩʫ ʜʣʷ 

ʢʦʨʦʪʢʦʞʠʚʫʯʦʛʦ 
97m
Nb, ʦʢʨʝʤʦ ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ɔ-ʧʝʨʝʭʦʜʫ ʟ 

ʝʥʝʨʛʽʻʶ 743.4 ʢʝɺ ʟ̔ ɔ-ʩʧʝʢʪʨʚ̔ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʭʚʠʣʠʥ ʟ ʧʦʜʘʣʴʰʠʤ 

ʚiʜʥiʤʘʥʥʷʤ ʨʦʟʨʘʭʦʚʘʥʦʛʦ ʚʢʣʘʜʫ Sb, ʧiʩʣʷ ʯʦʛʦ ʚʚʦʜʠʣʘʩʴ ʧʦʧʨʘʚʢʘ, ʱʦ 

ʚʨʘʭʦʚʫʻ ʤʝʨʪʚʠʡ ʯʘʩ ʩʧʝʢʪʨʦʤʝʪʨʘ; 

ʚ) ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʛʘʤʤʘ-ʣʽʥʽʾ Sg ʨʦʟʨʘʭʦʚʫʚʘʣʘʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟi ʩʧʝʢʪʨʘ, ʱʦ 

ʚiʜʧʦʚiʜʘʻ ʪʨʠʚʘʣʦʩʪʽ ʚʠʤiʨʶʚʘʥʥʷ tʚʠʤ. 

ɼʣʷ ʟʘʟʥʘʯʝʥʠʭ ɔ-ʣʽʥʽʡ ʜʦʜʘʪʢʦʚʦ, ʪʘʤ, ʜʝ ʮʝ ʙʫʣʦ ʤʦʞʣʠʚʦ, ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ 

ʧʣʦʱi Sm,g,b ʟ ɔ-ʩʧʝʢʪʨʽʚ, ʪʨʠʚʘʣʽʩʪʴ ʥʘʙʦʨʫ ʷʢʠʭ ʩʢʣʘʜʘʣʘ t = 1T1/2, 2T1/2, ... i ʪ.ʜ., 
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ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʝʨʝʚʽʨʢʠ ʟʤiʥʠ ʟ ʯʘʩʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʘʤʤʘ-ʣʽʥʽʾ ʚiʜʧʦʚiʜʥʦ ʜʦ 

ʟʘʢʦʥʫ ʨʘʜiʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ [92]. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱ Sb, Sm ʪʘ Sg ʘʥʘʣʽʟ ɔ-ʩʧʝʢʪʨiʚ ʚʠʢʦʥʫʚʘʚʩʷ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʚʢʣʘʜʽʚ ʚiʜ ʽʥʰʠʭ ʥʫʢʣʽʜʽʚ, ʪʦʙʪʦ ʚiʜ iʥʰʠʭ ʫʣʘʤʢʽʚ ʬʦʪʦʜʽʣʝʥʥʷ, 

ʛʘʤʤʘ-ʧʽʢʠ ʟ ʨʦʟʧʘʜʫ ʷʢʠʭ ʤʘʶʪʴ ʙʣʠʟʴʢi ʜʦ ʜʦʩʣʽʜʞʝʥʠʭ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛi ʾʪʘ ʥʝ 

ʚʽʜʜʽʣʷʶʪʴʩʷ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʦʤ, ʫʪʚʦʨʶʶʯʠ ʥʘʢʣʘʜʝʥʥʷ. ʇʽʜʨʘʭʫʥʦʢ ʪʘʢʠʭ 

ʚʢʣʘʜʽʚ ʚʠʢʦʥʫʚʘʚʩʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚiʜʥʦʰʝʥʥʷ iʥʪʝʥʩʠʚʥʦʩʪʝʡ ɔ-ʣʽʥʽʡ 

ʜʦʤʽʰʢʦʚʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ. ɿʜʽʡʩʥʶʚʘʣʘʩʴ ʜʦʜʘʪʢʦʚʘ ʧʝʨʝʚiʨʢʘ ʚiʜʧʦʚiʜʥʦʩʪi 

ʟʤiʥʠ ʟ ʯʘʩʦʤ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ɔ-ʣʽʥʽʡ ʟʛʽʜʥʦ ʟʘʢʦʥʫ ʨʘʜiʦʘʢʪʠʚʥʦʛʦ ʨʦʟʧʘʜʫ 

ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʩʪʦʨʦʥʥʴʦʛʦ ʥʫʢʣʽʜʫ [92]. ɯʥʪʝʥʩʠʚʥʦʩʪʽ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʟ̔ ʟʥʘʯʥʠʤ 

ʯʘʩʦʤ ʞʠʪʪʷ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʟʘ ʨiʟʥʠʮʝʶ ɔ-ʩʧʝʢʪʨiʚ, ʦʜʠʥ ʟ ʷʢʠʭ ʚiʜʧʦʚiʜʘʻ 

ʜʝʩʷʪʠ ʧʝʨiʦʜʘʤ ʥʘʧiʚʨʦʟʧʘʜʫ ʫʩiʭ ʢʦʨʦʪʢʦʞʠʚʫʯʠʭ ʷʜʝʨ ʪʘ ʩʧʝʢʪʨʘ, ʱʦ 

ʦʭʦʧʣʶʻ ʦʜʠʥ ʧʝʨiʦʜ ʥʘʧiʚʨʦʟʧʘʜʫ ʜʦʚʛʦʞʠʚʫʯʦʛʦ ʥʫʢʣʽʜʫ ʧiʩʣʷ ʨʦʟʧʘʜʫ 

ʢʦʨʦʪʢʦʞʠʚʫʯʠʭ ʷʜʝʨ. ʋ ʪʘʙʣʠʮʽ 5.3 ʧʦʢʘʟʘʥʦ ʣʘʥʮʛʁʠ ʨʦʟʧʘʜiʚ ʩʪʦʨʦʥʥiʭ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ, ʾʭ ʧʝʨiʦʜʠ ʥʘʧiʚʨʦʟʧʘʜʫ ʪʘ ʝʥʝʨʛiʾ ɔ-ʧʝʨʝʭʦʜʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʠʭ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʚʢʣʘʜʽʚ. 

ʊʘʙʣʠʮʷ 5.3 

ʃʘʥʮʛʁʠ ʨʦʟʧʘʜʫ ʷʜʝʨ, ʾʭ ʧʝʨiʦʜʠ ʥʘʧiʚʨʦʟʧʘʜʫ ʪʘ ʣiʥiʾ, ʷʢi 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʨʠ ʦʙʨʦʙʮi ʩʧʝʢʪʨʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʣʦʱ ʧiʜ ʧiʢʘʤʠ 

Sb, Sm ʪʘ Sg [92] 
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U ʤʘʣʘ ʩʢʣʘʜʥʫ ʬʦʨʤʫ, ʱʦ ʫʥʝʤʦʞʣʠʚʠʣʦ ʟʜʽʡʩʥʝʥʥʷ 

ʟʦʚʥiʰʥʴʦʛʦ ʢʘʣʽʙʨʫʚʘʥʥʷ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʨʝʻʩʪʨʘʮʽʾ. ʊʦʤʫ ʜʣʷ ʪʦʛʦ ʱʦʙ 

ʟʜʽʡʩʥʠʪʠ ʻʜʠʥʠʡ ʧiʜʭʽʜ ʜʦ ʘʥʘʣʽʟʫ ɔ-ʩʧʝʢʪʨiʚ ʫʩiʭ ʦʧʨʦʤʽʥʝʥʠʭ ʤʽʰʝʥʝʡ, ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʚiʜʥʦʩʥʝ ʢʘʣiʙʨʫʚʘʥʥʷ ʟʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʨʝʻʩʪʨʘʮʽʾ ʜʣʷ ʫʩiʭ ʯʦʪʠʨʴʦʭ 

ʝʢʩʧʝʨʠʤʝʥʪiʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʙʨʘʥʽ ɔ-ʩʧʝʢʪʨʠ ʧʨʦʜʫʢʪiʚ ʜʽʣʝʥʥʷ. 

ʂʘʣiʙʨʫʚʘʥʥʷ ʩʧʝʢʪʨʦʤʝʪʨʘ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚ ʩʝʨʝʜʥʴʦʤʫ 35        

ɔ-ʣʽʥʽʡ ʚ ʫʣʘʤʢʘʭ ʜʽʣʝʥʥʷ: 
131

Te, 
146

Ce, 
101

Mo, 
149

Nd, 
135

I, 
134

I, 
141
Ba, ʘ ʪʘʢʦʞ 

ʨʝʥʪʛʝʥiʚʩʴʢʠʭ ɔ-ʢʚʘʥʪʽʚ ʚiʜ ʩʚʠʥʮʶ ʪʘ ʫʨʘʥʫ. ʄʝʪʦʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʟʜʽʡʩʥʶʚʘʣʘʩʴ ʧʦʙʫʜʦʚʘ ʢʨʠʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪi, ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʠʡ ʫ ʨʦʙʦʪi [152]. 

ʈʦʟʨʘʭʦʚʘʥʽ ʛʨʘʬʽʢʠ ʚiʜʥʦʩʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪi ʨʝʻʩʪʨʘʮiʾ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ ʧʦʢʘʟʘʥʦ 

ʥʘ ʨʠʩʫʥʢʫ 5.5. 

 

ʈʠʩ. 5.5 ɺiʜʥʦʩʥʘ ʝʬʝʢʪʠʚʥiʩʪʴ ʨʝʻʩʪʨʘʮiʾ ʛʘʤʤʘ-ʚʠʧʨʦʤiʥʶʚʘʥʥʷ ʜʣʷ ʫʣʘʤʢʽʚ 

ʬʦʪʦʜʽʣʝʥʥʷ 
235
U ʪʘ 

238
U ʧiʜ ʜʽʻʶ ʛʘʣʴʤiʚʥʠʭ ɔ-ʢʚʘʥʪʽʚ ʟ ʨiʟʥʠʤʠ ʛʨʘʥʠʯʥʠʤʠ 

ʝʥʝʨʛiʷʤʠ [92] 

 

ʇiʩʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱ, ʚʠʢʦʥʫʚʘʚʩʷ ʯʠʩʣʦʚʠʡ ʨʦʟʚôʷʟʦʢ ʨiʚʥʷʥʴ (5.1) ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʜʫ IZOMER [226] ʪʘ ʦʪʨʠʤʘʥʦ iʟʦʤʝʨʥi ʚiʜʥʦʰʝʥʥʷ, ʷʢ 

ʚiʜʥʦʰʝʥʥʷ ʚʠʭʦʜiʚ ʨʝʘʢʮiʡ ʫ ʩʪʘʥ ʟ ʚʠʱʠʤ ʟʥʘʯʝʥʥʷʤ ʩʧiʥʫ ʜʦ ʚʠʭʦʜʫ ʫ ʩʪʘʥ ʟ 

ʥʠʞʯʠʤ ʟʥʘʯʝʥʥʷʤ ʩʧiʥʫ RY = Yg/Ym. ʆʪʨʠʤʘʥi ʜʘʥi ʧʨʦ ɯɺɺ 
97

Nb ʧʦʢʘʟʘʥʦ ʫ 

ʪʘʙʣʠʮʽ 5.4. ʇʦʭʠʙʢʠ ʚʠʤiʨʷʥʠʭ ɯɺɺ ʪʫʪ ʽ ʜʘʣʽ ʫ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʦʮiʥʶʚʘʣʠʩʷ ʷʢ 
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ʩʪʘʪʠʩʪʠʯʥi ʧʦʭʠʙʢʠ ʧʣʦʱ ɔ-ʧiʢ̔ʚ, ʧʦʭʠʙʢʠ ʢʚʘʥʪʦʚʠʭ ʚʠʭʦʜʽʚ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʝʡ ʨʝʻʩʪʨʘʮʽʾ ʜʘʥʠʭ ʬʦʪʦʧʽʢʽʚ ʚiʜ ɔ-ʧʝʨʝʭʦʜiʚ, ʱʦ ʚiʜʧʦʚiʜʘʶʪʴ 

ʟʘʩʝʣʝʥʥʶ ʦʩʥʦʚʥʦʛʦ, ʽʟʦʤʝʨʥʦʛʦ ʨʽʚʥiʚ ʪʘ ʨʦʟʧʘʜʫ iʟʦʙʘʨʥʦʛʦ                      

ʷʜʨʘ-ʧʦʧʝʨʝʜʥʠʢʘ [92]. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ iʟʦʤʝʨʥi ʚiʜʥʦʰʝʥʥʷ ʜʣʷ ʷʜʨʘ-ʫʣʘʤʢʫ ʬʦʪʦʜʽʣʝʥʥʷ 
95

Nb 

ʚʠʚʯʘʣʠʩʷ ʨʘʥiʰʝ ʚ ʨʝʘʢʮiʷʭ 
232

Th(n,f) ʥʘ ʥʝʡʪʨʦʥʘʭ ʟ ʝʥʝʨʛiʻʶ 14 ʄʝɺ ʪʘ 

232
Th(d,f) iʟ ʝʥʝʨʛiʻʶ ʜʝʡʪʨʦʥʽʚ 13.6 ʄʝɺ ʫ ʨʦʙʦʪi [227]. ɺʝʣʠʯʠʥʠ iʟʦʤʝʨʥʠʭ 

ʚiʜʥʦʰʝʥʴ ʩʢʣʘʜʘʶʪʴ RY = 5.0 Ñ 1.0 ʪʘ RY = 3.6 Ñ 0.6 ʚiʜʧʦʚiʜʥʦ. ʋ ʨʦʙʦʪi [228]  

ʊʘʙʣʠʮʷ 5.4 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥi ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ iʟʦʤʝʨʥʠʭ ʚiʜʥʦʰʝʥʴ 

ʚʠʭʦʜiʚ ʫ ʷʜʨi-ʬʨʘʛʤʝʥʪi 
97

Nb ʫ ʨʝʘʢʮiʷʭ ʬʦʪʦʧʦʜiʣʫ 
235

U ʪʘ 
238

U [92] 

 

 

ʙʫʣʠ ʚʠʤiʨʷʥi ɯɺɺ ʷʜʝʨ 
97
Nb, ʱʦ ʩʪʚʦʨʶʚʘʚʩʷ ʚ ʨʝʘʢʮiʷʭ 

100
Mo(ɔ,p2n)

97
Nb

 
ʪʘ

 

98
Mo(ɔ,p)

97
Nb ʟ ʛʘʣʴʤiʚʥʠʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʝʥʝʨʛiʷʤʠ ʚiʜ 

16.0 ʜʦ 60.0 ʄʝɺ. ʊʘʢ, ʧʨʠ Eʛʨ = 16.0 ʄʝɺ ʚʝʣʠʯʠʥʘ iʟʦʤʝʨʥʦʛʦ ʚiʜʥʦʰʝʥʥʷ 

ʩʢʣʘʜʘʻ RY = 1.740 Ñ 0.141. ʎʝ ʻ ʜʦʢʘʟʦʤ ʪʦʛʦ, ʱʦ ʪʠʧ ʚʭiʜʥʦʛʦ ʢʘʥʘʣʫ ʤʦʞʝ 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ɯɺɺ [92]. 

ɼʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʝʨʝʜʥʽʭ ʢʫʪʦʚʠʭ ʤʦʤʝʥʪʽʚ ʥʘʩʘʤʧʝʨʝʜ ʩʣʽʜ ʟʥʘʡʪʠ ʩʧiʥʦʚʠʡ 

ʨʦʟʧʦʜiʣ ʧʦʯʘʪʢʦʚʠʭ ʩʪʘʥiʚ iʟ ʧiʜʛʦʥʢʠ ʪʝʦʨʝʪʠʯʥʦ ʨʦʟʨʘʭʦʚʘʥʠʭ ʚʝʣʠʯʠʥ 

iʟʦʤʝʨʥʠʭ ʚiʜʥʦʰʝʥʴ ʚʠʭʦʜʽʚ ʜʦ ʾʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. ɼʣʷ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ɯɺɺ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʝ ʚ [95,90] 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʤʦʜʝʣi ʍʴʶʟʝʥʛʠïɺʘʥʜʝʥʙʦʰʘ [71,229]. ʎʷ ʤʦʜʝʣʴ 

ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʧʦʣʦʞʝʥʥʷʭ: 1) ʦʩʥʦʚʥʽ ʪʘ ʽʟʦʤʝʨʥʽ ʩʪʘʥʠ ʷʜʨʘ 
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ʟʘʩʝʣʷʶʪʴʩʷ ɔ-ʢʘʩʢʘʜʘʤʠ ʧʽʩʣʷ ʚʠʣʴʦʪʫ ʤʠʪʪʻʚʠʭ ʥʝʡʪʨʦʥʽʚ ʟ ʧʝʨʚʠʥʥʦʛʦ 

ʫʣʘʤʢʘ ʬʦʪʦʜʽʣʝʥʥʷ, ʢʦʣʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʝʥʝʨʛʽʷ ʟʙʫʜʞʝʥʥʷ ʷʜʨʘ U ʥʠʞʯʘ 

ʝʥʝʨʛʽʾ ʚʽʜʜʽʣʝʥʥʷ ʥʝʡʪʨʦʥʘ nS  [95]; 2) ʦʩʢʽʣʴʢʠ ʷʜʨʦ-ʽʟʦʤʝʨ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠʩʷ 

ʧʽʩʣʷ ʚʠʣʴʦʪʫ ʤʠʪʪʻʚʠʭ ʥʝʡʪʨʦʥʽʚ ʟ ʨʽʟʥʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛʽʾ, ʪʦ ʝʥʝʨʛʽʷ 

ʟʙʫʜʞʝʥʥʷ ʩʪʘʥʽʚ ʧʝʨʝʜ ɔ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʪʦʯʥʦ ʥʝ ʚʠʟʥʘʯʝʥʘ, ʽ ʟʘʜʘʻʪʴʩʷ 

ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ ʟʘ ʝʥʝʨʛʽʻʶ ʟʙʫʜʞʝʥʥʷ ű; 3) ʤʠʪʪʻʚʽ ʥʝʡʪʨʦʥʠ ʚʠʣʽʪʘʶʪʴ, 

ʚ ʦʩʥʦʚʥʦʤʫ, ʟ ʤʘʣʠʤʠ ʦʨʙʽʪʘʣʴʥʠʤʠ ʤʦʤʝʥʪʘʤʠ. ɺʦʥʠ ʻ ʪʘʢʠʤʠ, ʦɦ ʨʦʟʧʦʜʽʣ 

ʩʪʘʥʽʚ ʟʘ ʢʫʪʦʚʠʤ ʤʦʤʝʥʪʦʤ ʚ ʷʜʨ-̔ʧʨʦʜʫʢʪ ̔ʧʝʨʝʜ ʛʘʤʤʘ-ʧʝʨʝʭʦʜʘʤʠ ʥʝʟʥʘʯʥʦ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ P(J) ʚ ʧʝʨʚʠʥʥʦʤʫ ʷʜʨ̔-ʬʨʘʛʤʝʥʪ ̔[95]. ɼʦʜʘʪʢʦʚʦ ʚʨʘʭʦʚʫʻʤʦ 

ʥʘʧʨʘʮʶʚʘʥʥʷ ʦʩʥʦʚʥʦʛʦ (g) ʪʘ ̔ʟʦʤʝʨʥʦʛʦ (m) ʨʽʚʥiʚ ʜʦʩʣiʜʞʫʚʘʥʦʛʦ ʷʜʨʘ 

(A f,Zf ) ʟ ʟʘʨʷʜʦʤ Zf ʚiʜ ʨʦʟʧʘʜʫ iʟʦʪʦʧiʚ (A i = A f + i, Zf ) ʟ ʚʠʱʦʶ ʢiʣʴʢiʩʪʶ 

ʥʝʡʪʨʦʥiʚ i Ò im. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʚʢʣʘʜ ʫ ɯɺɺ ʚiʜ ʨʦʟʧʘʜʫ iʟʦʪʦʧiʚ, 

ʚ ʷʢʠʭ ʢiʣʴʢiʩʪʴ ʥʝʡʪʨʦʥiʚ ʧʝʨʝʚʠʱʫʻ ʢiʣʴʢiʩʪʴ ʥʝʡʪʨʦʥiʚ ʫ ʷʜʨʽ (A f,Zf) ʥʝ 

ʙiʣʴʰʝ ʥiʞ ʥʘ ʜʚʘ ʥʝʡʪʨʦʥʘ; ʜʘʥʘ ʚʝʣʠʯʠʥʘ ʧʨʠʙʣʠʟʥʦ ʚiʜʧʦʚiʜʘʻ ʩʝʨʝʜʥiʡ 

ʤʥʦʞʠʥʥʦʩʪʽ ʥʝʡʪʨʦʥʽʚ. 

ɿʘʩʝʣʝʥʦʩʪi i

kg (U,J) ʦʩʥʦʚʥʦʛʦ (k = g) ʪʘ ʽʟʦʤʝʨʥʦʛʦ (k = m) ʨʽʚʥiʚ ʷʜʨʘ 

(A f,Zf), ʷʢi ʚiʜʧʦʚiʜʘʶʪʴ ʧʝʨʝʭʦʜʘʤ ʟ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʥʝʡʪʨʦʥiʚ ʪʘ ɔ-ʢʚʘʥʪiʚ 

iʟ ʩʪʘʥiʚ ʷʜʝʨ ʟ ʝʥʝʨʛʽʻʶ ʟʙʫʜʞʝʥʥʷ U ʪʘ ʩʧiʥʦʤ J, ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʧʘʢʝʪʽʚ TALYS 1.6 [57]  ̔EMPIRE 3.2 [58]. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ɯɺɺ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ [92]: 

 

 

                          (5.2) 

 

 

 

 

ɼʝ (i)ű (U), 
(i)P (J) ï ʬʫʥʢʮʽʾ, ʷʢʽ ʤʦʜʝʣʶʶʪʴ ʨʦʟʧʦʜʽʣ ʩʪʘʥʽʚ ʫ ʷʜʨʽ-ʫʣʘʤʢʫ 

f f(A ,Z )  ʟʘ ʚʝʣʠʯʠʥʦʶ ʝʥʝʨʛʽ ʾʟʙʫʜʞʝʥʥʷ ʪʘ ʩʧʽʥʘʤʠ. ʊʘʢ ʷʢ ʬʫʥʢʮiʾ ʨʦʟʧʦʜiʣiʚ 
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ʜʣʷ ʨiʟʥʠʭ iʟʦʪʦʧiʚ ʦʜʥʦʯʘʩʥʦ ʚʭʦʜʷʪʴ ʫ ʯʠʩʝʣʴʥʠʢ ʪʘ ʟʥʘʤʝʥʥʠʢ ʬʦʨʤʫʣʠ (5.2) 

ʘ ʤʘʩʦʚi ʯʠʩʣʘ 
iA  = ɸf + i ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʤʘʣʦʤʫ ʽʥʪʝʨʚʘʣʽ, ʪʦ (i)ű (U) ʪʘ (i)P (J) 

ʧʨʠʡʤʘʣʠʩʷ ʨʽʚʥʠʤʠ ʫ ʨiʟʥʠʭ iʟʦʪʦʧʘʭ [92]. 

iP(A ) - ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʫʣʘʤʢʽʚ ʬʦʪʦʜʽʣʝʥʥʷ ʟ ʤʘʩʦʚʠʤ ʯʠʩʣʦʤ 
iA  = ɸf + i 

ʪʘ ʟʘʨʷʜʦʤ Zf. 

ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʚʨʘʭʦʚʫʚʘʚʩʷ ʨʦʟʧʘʜ ʨʽʚʥʽʚ ʟ ʚʝʣʠʯʠʥʘʤʠ ʝʥʝʨʛiʡ ʟʙʫʜʞʝʥʥʷ 

ʚ ʦʜʥʘʢʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ ȹU = 16 ʄʝɺ ʜʣʷ ʫʩiʭ iʟʦʪʦʧiʚ, ʘ ʬʫʥʢʮiʾ ʨʦʟʧʦʜiʣʫ 

ʨʽʚʥʽʚ (i)ű (U) ʤʘʣʠ ʬʦʨʤʫ ʩʭʦʜʠʥʢʠ [92]. ɺiʜʟʥʘʯʠʤʦ, ʱʦ ʟʥʘʯʝʥʥʷ ȹU = 16 

ʄʝɺ ʻ ʧʦʜʚiʡʥʦ  ʁ ʩʝʨʝʜʥʴʦʶ ʝʥʝʨʛiʻ  ʁ ʚiʜʜiʣʝʥʥʷ ʥʝʡʪʨʦʥʘ Sn = 8 ʄʝɺ          

(ȹU = 2Sn) i ʚʨʘʭʦʚʫʻ ʤʘʡʞʝ ʫʩi ʟʙʫʜʞʝʥʽ ʨʽʚʥʽ, ʱʦ ʤʘʶʪʴ ʟʤʦʛʫ ʟʘʩʝʣʷʪʠ 

ʦʩʥʦʚʥʠʡ ʪʘ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʨʽʚʥʽ ʜʦʩʣiʜʞʫʚʘʥʦʛʦ ʷʜʨʘ (ʜʠʚ. ʨʠʩ. 5.6, 5.7). ʋ 

ʷʜʨi-ʫʣʘʤʢʫ 
f f(A ,Z )  ʤiʥiʤʘʣʴʥʘ (i)

0U ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ (i)

mU  ʚʝʣʠʯʠʥʠ ʝʥʝʨʛiʾ  

 

ʈʠʩ.5.6 ʁʤʦʚiʨʥʦʩʪi ʟʘʩʝʣʝʥʥʷ (U,J) ʦʩʥʦʚʥʦʛʦ ʩʪʘʥʫ ʷʜʨʘ 
97
Nb iʟ ʩʪʘʥiʚ 

ʟʙʫʜʞʝʥʠʭ iʟʦʪʦʧiʚ 
99

Nb, 
97
Nb ʚ ʟʘʣʝʞʥʦʩʪi ʚiʜ ʝʥʝʨʛiʾ ʟʙʫʜʞʝʥʥʷ U ʪʘ ʩʧiʥʫ J, 

ʨʦʟʨʘʭʦʚʘʥi ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʢʝʪʫ EMPIRE-3.2 [92] 


