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FORUM TOPICS 

1. NUCLEAR PHYSICS 

¶ Nuclear reactions: theory and experiment 

¶ Structure and properties of the atomic nuclei 

¶ Technique and methods of nuclear-physical experiment 
¶  

2. SOLID STATE RADIATION PHYSICS AND ISSUES OF MATERIALS SCIENCE 

¶ Formation and evolution of defects in solids 
¶ Structural and fuel materials of nuclear and fusion facilities  

¶ New materials and methods of their preparation, nano-materials   
 

3. RADIATION ECOLOGY AND METHODS OF ANALYSIS  

¶ Radio-ecological studies of former nuclear test sites, assessment of risks and radiological issues.  
¶ Technologies for reducing ecological risk of the radiation-hazardous facilities and territories, 

radioactive wastes handling  
¶ Analytical methods in the radio-ecology and nuclear forensics 

 

4. NUCLEAR AND RADIATION METHODS IN MEDICINE AND INDUSTRY 

Á Production and application of radioactive isotopes 
Á Nuclear medicine 
Á Radiation technologies 

 

 

 

 

The Forum also includes: 

- Meeting ç25 years of membership of the Republic of Kazakhstan at JINRè 

- Round table çResearch Reactors: safety, utilization, aging managementè, dedicated to the 50th 
anniversary of the research reactor WWR-K  
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ʊɽʄɸʊʀʂɸ ʌʆʈʋʄɸ 

 

1. ʗɼɽʈʅɸʗ ʌʀɿʀʂɸ 

¶ ʗʜʝʨʥʳʝ ʨʝʘʢʮʠʠ: ʪʝʦʨʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪ 
¶ ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʘʪʦʤʥʳʭ ʷʜʝʨ 

¶ ʊʝʭʥʠʢʘ ʠ ʤʝʪʦʜʳ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 
 

2.ʈɸɼʀɸʎʀʆʅʅɸʗ ʌʀɿʀʂɸ ʊɺɽʈɼʆɻʆ ʊɽʃɸ  ʀ ʇʈʆɹʃɽʄʓ 

ʄɸʊɽʈʀɸʃʆɺɽɼɽʅʀʗ 

¶ ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʵʚʦʣʶʮʠʷ ʜʝʬʝʢʪʦʚ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ 

¶ ʂʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʠ ʪʦʧʣʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʷʜʝʨʥʦʡ ʠ ʪʝʨʤʦʷʜʝʨʥʦʡ 
ʪʝʭʥʠʢʠ  

¶ ʅʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʭ ʧʦʣʫʯʝʥʠʷ, ʥʘʥʦʤʘʪʝʨʠʘʣʳ 
 

3. ʈɸɼʀɸʎʀʆʅʅɸʗ ʕʂʆʃʆɻʀʗ ʀ ʄɽʊʆɼʓ ɸʅɸʃʀɿɸ 

¶ ʈʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʚʰʠʭ ʷʜʝʨʥʳʭ ʧʦʣʠʛʦʥʦʚ, ʦʮʝʥʢʘ ʨʠʩʢʦʚ ʠ ʚʦʧʨʦʩʳ 
ʜʦʟʠʤʝʪʨʠʠ 

¶ ʊʝʭʥʦʣʦʛʠʠ ʩʥʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʪʝʨʨʠʪʦʨʠʡ, 
ʦʙʨʘʱʝʥʠʝ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ 

¶ ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʨʘʜʠʦʵʢʦʣʦʛʠʠ ʠ ʷʜʝʨʥʦʡ ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ 
 

4. ʗɼɽʈʅʓɽ ʀ ʈɸɼʀɸʎʀʆʅʅʓɽ ʄɽʊʆɼʓ ɺ ʄɽɼʀʎʀʅɽ ʀ  

ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

Á ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʦʪʦʧʦʚ 
Á ʗʜʝʨʥʘʷ ʤʝʜʠʮʠʥʘ 
Á ʈʘʜʠʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

 

 

 

 

 

ɺ ʨʘʤʢʘʭ ʌʦʨʫʤʘ ʩʦʩʪʦʷʪʩʷ ʪʘʢʞʝ: 

- ʉʦʚʝʱʘʥʠʝ ç25 ʣʝʪ ʯʣʝʥʩʪʚʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʚ ʆʀʗʀè  

- ʂʨʫʛʣʳʡ ʩʪʦʣ çʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʝʘʢʪʦʨʳ: ʙʝʟʦʧʘʩʥʦʩʪʴ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʫʧʨʘʚʣʝʥʠʝ 
ʨʝʩʫʨʩʦʤè, ʧʨʠʫʨʦʯʝʥʥʳʡ ʢ 50-ʣʝʪʠʶ ʧʫʩʢʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʘʢʪʦʨʘ ɺɺʈ-ʂ 

 



Dear participants and guests of the International Scientific Forum 

"Nuclear Science and Technologies"!  
 

 

 

On behalf of the Ministry of Energy of the Republic of Kazakhstan, the International 
Advisory Council and the Organizing Committee, I welcome you to the international scientific 
forum "Nuclear Science and Technologies" dedicated to the 60th  anniversary of the Institute of 

Nuclear Physics. 
This forum consolidates several important events of the scientific community: the traditional 

11th International Conference "Nuclear and Radiation Physics", the International Conference 
"Nucleus-2017" and the 8th Eurasian Scientific and Practical Conference "Nuclear Science and its 
Application". The Forum will also include the meeting, devoted to the 25th anniversary of 

Kazakstan's participation in the International Intergovernmental Scientific and Research 
Organization "Joint Institute of Nuclear Research". 

In the message "Third modernization of Kazakhstan: global competitiveness" to the people 
of Kazakhstan the President specifies the task to create a new model of economic growth that will 
support the global competitiveness of the country. The first priority is the accelerated technological 

modernization of the economy, which implies the necessity to develop new industries. For this 
purpose, it is necessary to develop the scientific and innovative potential, including that in nuclear 

and radiation technologies. 
The major part of the scientific, technical and human potential of the nuclear industry is 

concentrated in such research centers as the Institute of Nuclear Physics and the National Nuclear 

Center of the Republic of Kazakhstan. 
The Institute of Nuclear Physics, founded 60 years ago, is the main organization of the 

country involved in scientific research in nuclear and radiation physics, physics of nuclear reactors 
and charged particle accelerators, solid state physics, radiation materials science, radioecology, 
radiochemistry, radiopharmaceutical and development of nuclear and radiation technologies. 

Within the framework of this Forum, the leading scientists from various countries of the 
world plan to discuss the current issues of nuclear and radiation physics, materials science, 

radiation ecology, analysis methods, nuclear and radiation methods in medicine and industry. 
The level and quality of scientific achievements in nuclear science and technology contribute 

to upgrading the international authority of any country. The long-term successful work of the 

Kazakhstan scientists in peaceful use of atomic energy supports the global initiatives and efforts 
of Kazakhstan in realization of new principles of nuclear safety and keeping the world free of 

nuclear weapons. 
I would like to wish the productive work, interesting scientific discussions and great progress 

to all participants, guests and organizers of the Forum!  

 

 

 

 
Minister of Ener gy of the Republic of Kazakhstan   ʂ.ɸ. Bozumbayev 
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ʋʚʘʞʘʝʤʳʝ ʫʯʘʩʪʥʠʢʠ ʠ ʛʦʩʪʠ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʨʫʤʘ 

çʗʜʝʨʥʘʷ ʥʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠè! 

 

 
ʆʪ ʠʤʝʥʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʛʦ ʩʦʚʝʪʘ ʠ ʆʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʨʠʚʝʪʩʪʚʫʶ ʚʘʩ ʥʘ 
ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ çʗʜʝʨʥʘʷ ʥʘʫʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠè, ʧʦʩʚʷʱʝʥʥʦʤ 60-ʣʝʪʠʶ 

ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ. 
ʕʪʦʪ ʬʦʨʫʤ ʦʙʲʝʜʠʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʠʤʳʭ ʜʣʷ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʩʦʙʳʪʠʡ ï ʵʪʦ 

ʪʨʘʜʠʮʠʦʥʥʘʷ 11-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʗʜʝʨʥʘʷ ʠ ʨʘʜʠʘʮʠʦʥʥʘʷ ʬʠʟʠʢʘè, 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʗʜʨʦ-2017è ʠ 8-ʷ ɽʚʨʘʟʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ 
ʢʦʥʬʝʨʝʥʮʠʷ çʗʜʝʨʥʘʷ ʥʘʫʢʘ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʝè. ɺ ʨʘʤʢʘʭ ʬʦʨʫʤʘ ʙʫʜʝʪ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʦ 

ʩʦʚʝʱʘʥʠʝ, ʧʦʩʚʷʱʝʥʥʦʝ 25-ʣʝʪʠʶ ʫʯʘʩʪʠʷ ʂʘʟʘʭʩʪʘʥʘ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 
ʤʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ çʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ 
ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡè. 

ɺ ʧʦʩʣʘʥʠʠ ʥʘʨʦʜʫ ʂʘʟʘʭʩʪʘʥʘ çʊʨʝʪʴʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʂʘʟʘʭʩʪʘʥʘ: ʛʣʦʙʘʣʴʥʘʷ 
ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴè ʇʨʝʟʠʜʝʥʪʦʤ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʤʦʜʝʣʴ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʛʣʦʙʘʣʴʥʫʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʘʥʳ. 
ʇʝʨʚʳʤ ʧʨʠʦʨʠʪʝʪʦʤ ʷʚʣʷʝʪʩʷ ʫʩʢʦʨʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʵʢʦʥʦʤʠʢʠ, ʚ 
ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʥʦʚʳʝ ʠʥʜʫʩʪʨʠʠ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ 

ʥʘʫʯʥʳʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʳʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ. 

ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʘʪʦʤʥʦʡ ʦʪʨʘʩʣʠ 
ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʪʘʢʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ, ʢʘʢ ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

ʉʦʟʜʘʥʥʳʡ 60 ʣʝʪ ʥʘʟʘʜ ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʷʚʣʷʝʪʩʷ ʛʦʣʦʚʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ 
ʩʪʨʘʥʳ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʬʠʟʠʢʠ, 

ʬʠʟʠʢʠ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʠ ʫʩʢʦʨʠʪʝʣʝʡ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ, 
ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʨʘʜʠʦʵʢʦʣʦʛʠʠ, ʨʘʜʠʦʭʠʤʠʠ, ʨʘʜʠʦʬʘʨʤʘʮʝʚʪʠʢʠ ʠ 
ʨʘʟʨʘʙʦʪʢʠ ʷʜʝʨʥʳʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʛʦ ʬʦʨʫʤʘ ʚʝʜʫʱʠʝ ʫʯʝʥʳʝ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʤʠʨʘ ʧʣʘʥʠʨʫʶʪ 
ʦʙʩʫʜʠʪʴ ʘʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʷʜʝʨʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʬʠʟʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʵʢʦʣʦʛʠʠ, ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʷʜʝʨʥʳʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʤʝʜʠʮʠʥʝ ʠ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  

ʋʨʦʚʝʥʴ ʠ ʢʘʯʝʩʪʚʦ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʩʬʝʨʝ ʷʜʝʨʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʘʚʪʦʨʠʪʝʪʘ ʣʶʙʦʡ ʩʪʨʘʥʳ. ʄʥʦʛʦʣʝʪʥʷʷ 
ʫʩʧʝʰʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʫʯʝʥʳʭ ʚ ʦʙʣʘʩʪʠ ʤʠʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʠʥʠʮʠʘʪʠʚʳ ʠ ʫʩʠʣʠʷ ʂʘʟʘʭʩʪʘʥʘ, 
ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʥʦʚʳʭ ʧʨʠʥʮʠʧʦʚ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʤʠʨʘ, 
ʩʚʦʙʦʜʥʦʛʦ ʦʪ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ. 

ʍʦʯʫ ʧʦʞʝʣʘʪʴ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ, ʛʦʩʪʷʤ ʠ ʦʨʛʘʥʠʟʘʪʦʨʘʤ ʬʦʨʫʤʘ ʧʣʦʜʦʪʚʦʨʥʦʡ 
ʨʘʙʦʪʳ, ʠʥʪʝʨʝʩʥʳʭ ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʡ ʠ ʙʦʣʴʰʠʭ ʪʚʦʨʯʝʩʢʠʭ ʫʩʧʝʭʦʚ! 

 

 
 

 

ʄʠʥʠʩʪʨ ʵʥʝʨʛʝʪʠʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ   ʂ.ɸ. ɹʦʟʫʤʙʘʝʚ  
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ʀʉʊʆʈʀʗ ʉʆɿɼɸʅʀʗ, ʆʉʅʆɺʅʓɽ ɼʆʉʊʀɾɽʅʀʗ ʀ ʇɽʈʉʇɽʂʊʀɺʓ ʈɸɿɺʀʊʀʗ ʀʅʉʊʀʊʋʊɸ 

ʗɼɽʈʅʆʁ ʌʀɿʀʂʀ 

 

ʂʝʥʞʠʥ ɽ.ɸ. 

 

ʈɻʇ çʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠè, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ  

 
ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʙʳʣ ʩʦʟʜʘʥ ʚ 1957 ʛʦʜʫ ʜʣʷ ʨʘʟʚʠʪʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠ ʤʠʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ. ɺ 

ʩʚʦʝʤ ʦʙʨʘʱʝʥʠʠ ʚ ʉʦʚʝʪ ʄʠʥʠʩʪʨʦʚ ʉʉʉʈ ʠ ʎʂ ʂʇʉʉ ʦ ʩʦʟʜʘʥʠʠ ʀʥʩʪʠʪʫʪʘ, ʧʨʝʟʠʜʝʥʪ ɸʢʘʜʝʤʠʠ ʥʘʫʢ 

ʂʘʟʘʭʩʢʦʡ ʉʉʈ ʘʢʘʜʝʤʠʢ ʂ. ʀ. ʉʘʪʧʘʝʚ ʧʠʩʘʣ: çʆʛʨʦʤʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ʂʘʟʘʭʩʪʘʥʘ ʪʨʝʙʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʩʠʣʝʥʠʷ ʥʘʫʢʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʥʝʜʨʝʥʠʷ ʚʦ ʚʩʝ ʟʚʝʥʴʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠè. ʉʝʛʦʜʥʷ ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ 

ʬʠʟʠʢʠ, ʦʪʤʝʯʘʶʱʠʡ ʚ 2017 ʛʦʜʫ ʩʚʦʝ 60-ʣʝʪʠʝ, ʫʩʧʝʰʥʦ ʚʳʧʦʣʥʷʝʪ ʵʪʫ ʤʠʩʩʠʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ ʥʘʫʯʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʂʘʟʘʭʩʪʘʥʘ ʚ ʦʙʣʘʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʨʘʜʠʘʮʠʦʥʥʦʡ ʬʠʟʠʢʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ, ʷʜʝʨʥʳʭ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʀʥʩʪʠʪʫʪʘ ʩʦʟʜʘʚʘʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʢʦʚ ʣʝʪ, ʧʨʠ ʵʪʦʤ ʯʝʪʳʨʝ ʙʘʟʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ - 

ʘʪʦʤʥʳʡ ʨʝʘʢʪʦʨ ɺɺʈ-ʂ, ʢʨʠʪʠʯʝʩʢʠʡ ʩʪʝʥʜ, ʜʚʘ ʫʩʢʦʨʠʪʝʣʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ï ʋ-150 ʠ ʋʂʇ-2-1 ï ʙʳʣʠ 

ʩʦʟʜʘʥʳ ʚ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ. ɺ ʛʦʜʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ ʚʚʝʜʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʝʱʝ ʯʝʪʳʨʝ ʢʨʫʧʥʳʝ 

ʫʩʪʘʥʦʚʢʠ: ʫʩʢʦʨʠʪʝʣʴ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ɼʎ-60, ʧʨʦʪʦʥʥʳʡ ʮʠʢʣʦʪʨʦʥ ʉ-30, ʫʩʢʦʨʠʪʝʣʠ ʵʣʝʢʪʨʦʥʦʚ ʕʃɺ-4 ʠ ʀʃʋ-

10. 

ɺ ʩʪʨʫʢʪʫʨʫ ʀʥʩʪʠʪʫʪʘ ʚʭʦʜʷʪ ʙʦʣʝʝ 20 ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʠ ʮʝʥʪʨʦʚ ʩ ʩʦʚʨʝʤʝʥʥʳʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʜʚʘ ʬʠʣʠʘʣʘ ʠ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ. ɺ ʀʗʌ ʨʘʙʦʪʘʶʪ ʦʢʦʣʦ 700 ʩʦʪʨʫʜʥʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʦʣʝʝ 70 ʜʦʢʪʦʨʦʚ ʠ 

ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ. 

ʀʗʌ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʦʧʳʪ ʩʦʟʜʘʥʠʷ ʥʘʫʢʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʚʥʝʜʨʝʥʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: 

¶ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʜʠʦʠʟʦʪʦʧʥʦʡ ʧʨʦʜʫʢʮʠʠ; 

¶ ʨʘʜʠʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ; 

¶ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʦʥʥʦ-ʪʨʝʢʦʚʳʭ ʤʝʤʙʨʘʥ; 

¶ ʤʦʥʠʪʦʨʠʥʛ ʠ ʨʝʘʙʠʣʠʪʘʮʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

¶ ʦʙʨʘʱʝʥʠʝ ʩ ʷʜʝʨʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʠʩʪʦʯʥʠʢʘʤʠ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ 

ʦʪʭʦʜʘʤʠ. 

ʀʥʩʪʠʪʫʪ ʚʳʧʦʣʥʷʝʪ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʢʦʥʪʨʘʢʪʦʚ 

ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠ ʢʦʤʧʘʥʠʷʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʢʘʢ ʚ ʈʝʩʧʫʙʣʠʢʝ 

ʂʘʟʘʭʩʪʘʥ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʘʣʠʟʘʮʠʠ ʢʨʫʧʥʳʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʝʜʠʮʠʥʩʢʠʝ ʮʝʥʪʨʳ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʨʘʥʳ ʥʝʦʙʭʦʜʠʤʦʡ ʨʘʜʠʦʠʟʦʪʦʧʥʦʡ ʠ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʠ ʚʳʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʫʩʣʫʛʘʤʠ. ʀʗʌ ʩʦʪʨʫʜʥʠʯʘʝʪ ʩ 

ʚʝʜʫʱʠʤʠ ʚʫʟʘʤʠ ʂʘʟʘʭʩʪʘʥʘ, ʟʘʨʫʙʝʞʥʳʤʠ ʷʜʝʨʥʳʤʠ ʮʝʥʪʨʘʤʠ ʠ ʫʥʠʚʝʨʩʠʪʝʪʘʤʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʩʪʫʜʝʥʪʦʚ ʙʘʢʘʣʘʚʨʠʘʪʘ, ʤʘʛʠʩʪʨʘʪʫʨʳ ʠ PhD ʜʦʢʪʦʨʘʥʪʦʚ. 
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ɽɼʀʅʓʁ ʄɽʍɸʅʀɿʄ ʇʆʗɺʃɽʅʀʗ ʊ-ʅɽʏɪʊʅʓʍ TRI- ʀ ROT-ɸʉʀʄʄɽʊʈʀʁ ɺ ʈɽɸʂʎʀʗʍ 

ʊʈʆʁʅʆɻʆ ɼɽʃɽʅʀʗ ʗɼɽʈ-ɸʂʊʀʅʀɼʆɺ ʍʆʃʆɼʅʓʄʀ ʇʆʃʗʈʀɿʆɺɸʅʅʓʄʀ ʅɽʁʊʈʆʅɸʄʀ 

 
1 ʂʘʜʤʝʥʩʢʠʡ ʉ.ɻ., 2 ɹʫʥʘʢʦʚ ɺ.ɽ., 1 ʃʶʙʘʰʝʚʩʢʠʡ ɼ.ɽ. 

 
1ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

2ʅʀʎ ñʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪò, ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ɻʘʪʯʠʥʘ, ʈʦʩʩʠʷ 

kadmensky@phys.vsu.ru 

 

ɺ ʨʘʤʢʘʭ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʜʝʣʝʥʠʷ [1-5] ʩʪʨʦʠʪʩʷ ʝʜʠʥʳʡ ʤʝʭʘʥʠʟʤ ʧʦʷʚʣʝʥʠʷ ʊ-ʥʝʯʸʪʥʳʭ TRI- ʠ ROT-

ʘʩʠʤʤʝʪʨʠʡ ʚ ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʪʨʝʪʴʠʭ ʯʘʩʪʠʮ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʝʜʨʘʟʨʳʚʥʳʝ 

ʘʣʴʬʘ-ʯʘʩʪʠʮʳ ʜʣʷ ʠʩʪʠʥʥʦʛʦ, ʘ ʪʘʢʞʝ ʤʛʥʦʚʝʥʥʳʝ ʥʝʡʪʨʦʥʳ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʜʣʷ ʟʘʜʝʨʞʘʥʥʦʛʦ ʪʨʦʡʥʦʛʦ 

ʜʝʣʝʥʠʷ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʜʝʨ-ʘʢʪʠʥʠʜʦʚ ʭʦʣʦʜʥʳʤʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠ ʥʝʡʪʨʦʥʘʤʠ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝʤ ʚʨʘʱʝʥʠʷ ʩʦʩʪʘʚʥʦʛʦ ʜʝʣʷʱʝʛʦʩʷ ʷʜʨʘ ʥʘ ʘʤʧʣʠʪʫʜʳ ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʬʨʘʛʤʝʥʪʦʚ ʜʝʣʝʥʠʷ B ʠ ʪʨʝʪʴʠʭ ʯʘʩʪʠʮ A ʯʝʨʝʟ ʂʦʨʠʦʣʠʩʦʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʥʦʛʦ ʩʧʠʥʘ ʩʦʩʪʘʚʥʦʛʦ ʷʜʨʘ ʢʘʢ 

ʩ ʦʨʙʠʪʘʣʴʥʳʤʠ ʤʦʤʝʥʪʘʤʠ ʬʨʘʛʤʝʥʪʦʚ ʜʝʣʝʥʠʷ L, ʪʘʢ ʠ ʧʨʝʜʨʘʟʨʳʚʥʳʭ ʪʨʝʪʴʠʭ ʯʘʩʪʠʮ l  ʧʨʠ ʫʯʸʪʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʝʣʠʪʝʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʨʘʟʣʠʯʥʳʭ s-ʥʝʡʪʨʦʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ (s, s¡) ʩʦʩʪʘʚʥʦʛʦ ʜʝʣʷʱʝʛʦʩʷ ʷʜʨʘ, 

ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʠ ʟʘʭʚʘʪʝ ʧʘʜʘʶʱʝʛʦ ʥʝʡʪʨʦʥʘ ʷʜʨʦʤ-ʤʠʰʝʥʴʶ ʠ ʦʙʣʘʜʘʶʱʠʭ ʥʝ ʪʦʣʴʢʦ ʦʜʠʥʘʢʦʚʳʤʠ J Js s= ¡

, ʥʦ ʠ ʨʘʟʣʠʯʥʳʤʠ ʩʧʠʥʘʤʠ J Js s¸ ¡. ʇʨʠ ʵʪʦʤ ʜʣʷ ʧʨʝʜʨʘʟʨʳʚʥʳʭ ʘʣʴʬʘ-ʯʘʩʪʠʮ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʝ ʢʚʘʟʠʢʣʘʩʩʠʯʥʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ 
22 iZ e

l
va

h=  ,     ʢʦʛʜʘ ʬʘʟʘ ʫʢʘʟʘʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 
ld ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ l, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʟʠʪʴ ʛʣʘʚʥʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʘʩʪʠ ʯʸʪʥʳʭ  (){ }evA q  ʠ  ʥʝʯʸʪʥʳʭ  (){ }oddA q  

ʢʦʤʧʦʥʝʥʪ ʘʤʧʣʠʪʫʜʳ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʣʴʬʘ-ʯʘʩʪʠʮ ʯʝʨʝʟ ʠʭ ʫʛʣʦʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ( )Pq  ʠ ( )Pp q- . 

ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʝʥʠʝ TRI- ʠ ROT-ʘʩʠʤʤʝʪʨʠʡ ʜʣʷ ʧʨʝʜʨʘʟʨʳʚʥʳʭ ʘʣʴʬʘ-ʯʘʩʪʠʮ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʫʯʸʪʦʤ 

ʚʣʠʷʥʠʷ ʂʦʨʠʦʣʠʩʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢ ʥʘ ʘʤʧʣʠʪʫʜʳ B ʬʨʘʛʤʝʥʪʦʚ ʜʝʣʝʥʠʷ, ʪʘʢ ʠ ʥʘ ʥʝʯʸʪʥʳʝ 
oddA  ʠ ʯʸʪʥʳʝ

evA  ʢʦʤʧʦʥʝʥʪʳ ʘʤʧʣʠʪʫʜ ʘʣʴʬʘ-ʯʘʩʪʠʮ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʞʝ ʘʩʠʤʤʝʪʨʠʡ ʠʩʧʘʨʠʪʝʣʴʥʳʭ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠ ʥʝʡʪʨʦʥʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʦʣʫʯʝʥʥʳʡ ʨʘʥʝʝ ʨʝʟʫʣʴʪʘʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʸʪʘ ʚʣʠʷʥʠʷ 

ʂʦʨʠʦʣʠʩʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʦʣʴʢʦ ʥʘ ʘʤʧʣʠʪʫʜʫ B ʬʨʘʛʤʝʥʪʦʚ ʜʝʣʝʥʠʷ [4]. ʇʨʠ ʵʪʦʤ ʯʸʪʥʳʡ ʭʘʨʘʢʪʝʨ 

ʘʤʧʣʠʪʫʜ 
evA A=  ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠ ʥʝʡʪʨʦʥʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʚʳʩʪʨʦʝʥʥʦʩʪʴʶ ʩʧʠʥʦʚ 

ʬʨʘʛʤʝʥʪʦʚ ʜʝʣʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʧʦʧʝʨʝʯʥʳʭ wriggling- ʠ bending-ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʥʦʛʦ 

ʜʝʣʷʱʝʛʦʩʷ ʷʜʨʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʝʛʦ ʪʦʯʢʠ ʨʘʟʨʳʚʘ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʪʦʣʴʢʦ  ROT-ʘʩʠʤʤʝʪʨʠʡ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʝ ʫʛʣʳ ʧʦʚʦʨʦʪʘ qD  ʬʨʘʛʤʝʥʪʦʚ ʜʝʣʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʂʦʨʠʦʣʠʩʦʚʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʚʧʘʜʘʶʪ 

ʜʣʷ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ TRI- ʠ ROT-ʘʩʠʤʤʝʪʨʠʡ ʢʘʢ ʜʣʷ ʧʨʝʜʨʘʟʨʳʚʥʳʭ, ʪʘʢ ʠ ʜʣʷ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʪʨʝʪʴʠʭ 

ʯʘʩʪʠʮ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [6] ʤʝʭʘʥʠʟʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʪʨʘʝʢʪʦʨʥʳʭ ʨʘʩʯʸʪʦʚ [7], ʚ ʧʨʠʥʮʠʧʝ, ʥʝ ʤʦʛʫʪ ʫʯʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʘʩʠʤʤʝʪʨʠʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʜʝʣʠʪʝʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʨʘʟʣʠʯʥʳʭ s-ʥʝʡʪʨʦʥʥʳʭ ʨʝʟʦʥʘʥʩʦʚ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʥʝʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ bending-ʢʦʣʝʙʘʥʠʡ ʩʦʩʪʘʚʥʦʛʦ ʜʝʣʷʱʝʛʦʩʷ ʷʜʨʘ ʜʣʷ 

ʦʧʠʩʘʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʚ [6] TRI-ʘʩʠʤʤʝʪʨʠʡ ʠ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʨʫʰʝʥʠʝ ʚ [6] ʪʨʝʙʦʚʘʥʠʷ ʩʦʚʧʘʜʝʥʠʷ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʨʘʩʯʸʪʘʭ TRI- ʠ ROT-ʘʩʠʤʤʝʪʨʠʡ ʧʝʨʝʭʦʜʥʳʭ ʜʝʣʠʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡ J Ks s sp  ʩ 

ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʧʨʠ ʨʘʩʯʸʪʘʭ ʘʩʠʤʤʝʪʨʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʈ- ʠ ʊ-ʯʸʪʥʦʩʪʷʤʠ ʚ 

ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʬʨʘʛʤʝʥʪʦʚ ʜʚʦʡʥʦʛʦ ʜʝʣʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʷʜʝʨ. 
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CHALLENGE FOR CREATION OF SCIENCE AND INDUSTRY ON THE  BASE OF COOPERATION 

BETWEEN CHIYODA TECHNOL CO. AND THE INSTITUTE OF NUCLEAR PHYSICS  

 

Hosoda T.*1,  Kenzhin Y.*2  

 

*1 Chairman of Chiyoda Technol Corporation, Tokyo, Japan  

*2 Director General of the Institute of Nuclear Physics, Almaty, Kazakhstan 

ʝ-mail: hosoda-t@c-technol.co.jp 

 

The idea of Chiyoda Technol Corporation (CTC) is ñ to contribute to society on the base of technology for safety 

utilization of radiationñ.  And the Institute of Nuclear Physics (INP) has a field of activity in common with CTC.  By the 

way, the reactors for research in Japan have been not operated after Fukushima earthquake.  Therefore, CTC and INP 

signed new memorandum mainly concerning study fields with WWR-K reactor owned by INP,  on Nov.8th of 2016 when 

the president of Republic of Kazakhstan visited in Japan.   

In this memorandum, as interesting cooperation fields, CTC and INP selected four terms, i.e. RI production, Next 

generation dosimeter development, ū300mm Neutron transmutation dopingïSi development and Neutron irradiation 

study promotion. CTC and INP will aim to achieve ñNew utilization of WWR-K reactorò,  ñ Improve of Science and 

technologyò and  ñ Personnel training on technology for safety utilization of radiation against medical persons and 

university studentsò.    

For four months from this memorandum signing, CTC and INP have investigated the possibility of cooperation 

on creation of research and industry.  Then, the cooperation study agreement was signed on 28th March in 2017.   Special 

study topics are shown as follows. 

ᵑ RI production technology development                

ᵒ 99Mo production technology development by (n,ɔ) method with WWR-K   

ᵓ NDT-Si production technology development   

ᵔ Next generation dosimeter development   

ᵕ Irradiation Technology development for irradiation study promotion with WWR-K   

ᵖ D-Shuttle application study 

 

In this time, the outline of status and future plan on our cooperation for the creation of science and industry between 

CTC and INP will be presented. 

 

 

 

ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ʆɹʃɸʉʊʀ ʗɼɽʈʅʆʁ ʇʃɸʅɽʊʆʃʆɻʀʀ ɺ ʆʀʗʀ 

 

ʐʚʝʮʦʚ ɺ.ʅ. 

 

ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʛ.ɼʫʙʥʘ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʷʜʝʨʥʦʡ ʧʣʘʥʝʪʦʣʦʛʠʠ ʚʝʜʫʪʩʷ ʚ ʜʚʫʭ ʣʘʙʦʨʘʪʦʨʠʷʭ ʆʙʲʝʜʠʥʝʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʆʀʗʀ): ʃʘʙʦʨʘʪʦʨʠʠ ʥʝʡʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʠʤ. ʀ.ʄ.ʌʨʘʥʢʘ ʠ ʃʘʙʦʨʘʪʦʨʠʠ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʙʠʦʣʦʛʠʠ. ʕʪʠ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʀʥʩʪʠʪʫʪʦʤ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈɸʅ.  

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʪʝʢʪʦʨʦʚ ʥʝʡʪʨʦʥʦʚ ʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ, ʬʠʟʠʯʝʩʢʠʝ 

ʢʘʣʠʙʨʦʚʢʠ ʵʪʠʭ ʧʨʠʙʦʨʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʝ ʚ ʢʦʩʤʦʩʝ 

ɼʝʪʝʢʪʦʨʘ ʥʝʡʪʨʦʥʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ (HEND) ʥʘ ʙʦʨʪʫ ʤʘʨʩʠʘʥʩʢʦʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʅɸʉɸ Mars 

Odyssey, ʢʦʣʣʠʤʠʨʦʚʘʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʥʝʡʪʨʦʥʦʚ LEND ʥʘ ʙʦʨʪʫ ʣʫʥʥʦʛʦ ʦʨʙʠʪʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʅɸʉɸ Lunar 

Reconnaissance Orbiter, ʠʥʩʪʨʫʤʝʥʪʘ ɼʠʥʘʤʠʯʝʩʢʦʝ ʘʣʴʙʝʜʦ ʥʝʡʪʨʦʥʦʚ (DAN) ʥʘ ʙʦʨʪʫ ʩʧʫʩʢʘʝʤʦʛʦ ʘʧʧʘʨʘʪʘ 

ʅɸʉɸ Curiosity ʠ ʜʨʫʛʠʭ. 
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ʈɸɼʀʆʅʋʂʃʀɼʓ ʀ ʊʆʂʉʀʏʅʓɽ ʕʃɽʄɽʅʊʓ ɺ ʊʈɸʅʉɻʈɸʅʀʏʅʓʍ ʈɽʂɸʍ ʂɸɿɸʍʉʊɸʅɸ ï 

ʈɽɿʋʃʔʊɸʊʓ 10-ʃɽʊʅɽɻʆ ʄʆʅʀʊʆʈʀʅɻɸ 

 

ʉʦʣʦʜʫʭʠʥ ɺ.ʇ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 

ʉʦʩʪʦʷʥʠʝ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʙʱʝʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʭ ʟʘʛʨʷʟʥʝʥʠʝʤ ʠ ʠʩʪʦʱʝʥʠʝʤ. ʉʠʪʫʘʮʠʷ ʫʩʫʛʙʣʷʝʪʩʷ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ ʨʘʟʚʘʣʘ ʉʉʉʈ ʠ 

ʨʘʟʦʙʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʨʝʩʧʫʙʣʠʢ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʙʠʣʠʩʴ ʢʦʦʨʜʠʥʘʮʠʷ ʨʘʙʦʪ ʧʦ ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʧʦʪʦʢʦʚ 

ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʨʝʢ ʠ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠʭ ʚʦʜ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʟʜʘʝʪ ʫʛʨʦʟʫ ʧʦʚʳʰʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʠʩʢʘ  ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ ʜʣʷ ʞʠʪʝʣʝʡ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʙʘʩʩʝʡʥʘʭ ʵʪʠʭ ʨʝʢ, ʠ 

ʪʨʝʙʫʝʪ ʧʨʠʥʷʪʠʷ ʩʨʦʯʥʳʭ ʤʝʨ ʧʦ ʢʦʥʪʨʦʣʶ ʩʦʩʪʘʚʘ ʠʭ ʚʦʜʥʳʭ ʧʦʩʪʫʧʣʝʥʠʡ. 

ʂ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ ʪʨʘʥʩʛʨʘʥʠʯʥʳʤ ʨʝʢʘʤ ʂʘʟʘʭʩʪʘʥʘ, ʚʪʝʢʘʶʱʠʤ ʠʟ ʩʦʧʨʝʜʝʣʴʥʳʭ ʩʪʨʘʥ (ʩʪʨʘʥʘ 

ʫʢʘʟʘʥʘ ʚ ʩʢʦʙʢʘʭ), ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ: ʨ. ʀʨʪʳʰ ʠ ʨ. ʀʣʠ (ʂʅʈ), ʨ. ʉʳʨʜʘʨʴʷ (ʋʟʙʝʢʠʩʪʘʥ), ʨ. ʋʨʘʣ (ʈʦʩʩʠʷ). 

ɺ ʧʝʨʝʯʝʥʴ ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʚʭʦʜʷʪ ʪʘʢʞʝ ʩʣʝʜʫʶʱʠʝ ʤʝʥʝʝ ʧʦʣʥʦʚʦʜʥʳʝ ʨʝʢʠ: ʨ ʕʤʝʣʴ ʠ ʨ. ʊʝʢʝʩ (ʂʅʈ); ʨ. ʐʫ, 

ʨ. ʂʘʨʘʙʘʣʪʘ, ʨ. ʊʘʣʘʩ (ʂʳʨʛʳʟʩʪʘʥ); ʨ. ʏʘʛʘʥ, ʨ. ʊʦʙʦʣ, ʨ. ɸʷʪ ʠ ʨ. ʀʣʝʢ (ʈʦʩʩʠʷ). 

ʅʘʯʠʥʘʷ ʩ ʚʝʩʥʳ 2007 ʛ. ʈɻʇ çʂʘʟʛʠʜʨʦʤʝʪè ʠ ʀʗʌ ʄʕ ʈʂ ʧʨʦʚʦʜʷʪ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ  

ʨʘʜʠʦʥʫʢʣʠʜʥʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʧʨʠʛʨʘʥʠʯʥʳʭ ʫʯʘʩʪʢʘʭ 

ʨʝʢ, ʚʪʝʢʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʂʘʟʘʭʩʪʘʥʘ.  ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʵʪʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʤʝʪʦʜʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʣʣʝʢʪʠʚʦʤ ʫʯʝʥʳʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠ ʉʐɸ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ 

ʄʝʞʜʫʥʘʨʦʜʥʦʤʫ ʧʨʦʝʢʪʫ çʅʘʚʨʫʟè [1]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʦʡ ʤʝʪʦʜʦʣʦʛʠʝʡ ʥʘ ʥʘʤʝʯʝʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ 

ʧʫʥʢʪʘʭ ʝʞʝʛʦʜʥʦ (ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ) ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʦʪʙʦʨʫ ʧʨʦʙ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ.  ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʥʦʛʦ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʦʚ ʦʙʨʘʟʮʦʚ ʧʦʯʚʳ, ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʨʘʩʪʚʦʨʠʤʳʭ ʠ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʜʳ ʧʨʦʚʦʜʠʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʪʦʜʘʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ g-ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʥʝʡʪʨʦʥʦʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʅɸɸ), 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ( ʈʌɸ), ʤʘʩʩ- ʠ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʦʡ ʧʣʘʟʤʦʡ 

(ʄʉ-ʀʉʇ ʠ ɸʕʉ-ʀʉʇ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʦʣʦʛʠʷ ʠ ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 10-ʣʝʪʥʝʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʧʨʠʛʨʘʥʠʯʥʳʭ ʫʯʘʩʪʢʘʭ ʵʪʠʭ ʨʝʢ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʬʘʢʪʳ ʪʨʘʥʩʛʨʘʥʠʯʥʦʛʦ ʧʝʨʝʥʦʩʘ ʦʪʜʝʣʴʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʚʣʠʷʥʠʷ ʪʝʭʥʦʛʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

(ʜʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʫʨʘʥʘ, ʤʝʪʘʣʣʫʨʛʠʷ) ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʙʘʩʩʝʡʥʘʭ 

ʪʨʘʥʩʛʨʘʥʠʯʥʳʭ ʨʝʢ ʂʘʟʘʭʩʪʘʥʘ. ɺʩʝ ʨʝʢʠ ʨʘʥʞʠʨʦʚʘʥʳ  ʧʦ ʫʨʦʚʥʶ ʠʭ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʨʘʜʠʦʥʫʢʣʠʜʘʤʠ ʠ 

ʪʦʢʩʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ɺʳʨʘʙʦʪʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʜʝʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ 

ʟʘʛʨʷʟʥʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʦʪʜʝʣʴʥʳʭ ʠʟ ʵʪʠʭ ʨʝʢ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ / ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ 

ʦʧʘʩʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

 

1.  Passell H.D., Solodukhin V.P., Khazhekber S., Poznyak V. L., Vasiliev I.A., Alekhina V., Djuraev A., 

Salikhbaev U.S., Radyuk R.I., Suozzi D., Barber D.S. The Navruz Project: Cooperative, Transboundary Monitoring, Data 
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ɸʊʆʄʅʆ-ɺʆɼʆʈʆɼʅɸʗ ʕʅɽʈɻɽʊʀʂɸ, ʂɸʂ ɸʂʊʋɸʃʔʅʆɽ ʅɸʇʈɸɺʃɽʅʀɽ ʕʅɽʈɻɽʊʀʂʀ 

ɹʋɼʋʑɽɻʆ  

 

ɻʘʨʠʙʦʚ ɸ.ɸ. 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʗʜʝʨʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʎʝʥʪʨ 

ʀʥʩʪʠʪʫʪ ʈʘʜʠʘʮʠʦʥʥʳʭ ʇʨʦʙʣʝʤ ʅɸʅɸ 

 

ɺʳʷʚʣʝʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ ʧʫʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʜʝʨʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʦʚʨʝʤʝʥʥʦʩʪʠ.  ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʥʝʨʛʠʠ 

ʜʝʣʝʥʠʷ ʷʜʨʘ ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʚʦʜʦʨʦʜʘ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 50 ʣʝʪ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʢʘʢ ʘʪʦʤʥʦ-ʚʦʜʦʨʦʜʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʠ ʪʝʧʣʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʷʜʝʨʥʦʡ 

ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ. ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʫʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʠʥʝʪʠʢʘ ʠ ʤʝʭʘʥʠʟʤʳ ʥʘʢʦʧʣʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʠ ʪʝʧʣʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʚ ʦʩʥʦʚʥʦʤ ʚ ʯʝʪʳʨʸʭ ʛʨʫʧʧʘʭ 

ʧʦ ʤʝʨʝ ʜʘʪʳ ʦʙʥʘʨʫʞʝʥʠʷ. 

ʈʘʜʠʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠ ʨʘʜʠʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʝʨʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʩ ʫʯʘʩʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʢʩʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. 

ʈʘʜʠʘʮʠʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ ʚ ʨʘʜʠʘʮʠʦʥʥʦ-ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʢʩʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʨʘʜʠʘʮʠʦʥʥʦ-ʛʝʪʝʨʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦ ʨʘʟʤʝʨʥʳʭ ʦʢʩʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʥʘʥʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʢʠʥʝʪʠʢʘ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʢʩʠʜʦʚ BeO, Al2O3, ZrO2, 

SiO2  ʠ ʩʣʦʞʥʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʶʪʩʷ ʮʝʦʣʠʪʳ, ʘʣʶʤʦʩʠʣʠʢʘʪʳ, ʙʦʨʩʠʣʠʢʘʪʳ, 

ʘʣʶʤʦʮʠʨʢʦʥʘʪʳ, ʙʝʨʠʣʠʡʩʠʣʠʢʘʪʳ ʠ SiO2 ï ZrO2 ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ T=373-773 K ʚ ʧʣʦʪʥʦʩʪʷʭ ʧʘʨʦʚ ʚʦʜʳ 

rʥ2ʦ 91.0 -º  ʤʛ/ʩʤ3 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʯʠʥʘʷ ʩ TK473²  ʦʢʩʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʫʩʢʦʨʷʶʪ ʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ 

ʚʦʜʳ. ɺʳʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʪʠʧ ʦʢʩʠʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ. ʇʨʝʜʣʦʞʝʥ 

ʤʝʭʘʥʠʟʤ  ʪʝʨʤʦʢʘʪʘʣʠʪʠʮʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʚʦʜʦʨʦʜʘ. 

ʊʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ. 

ʅʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʜʠʦʣʠʟʘ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʰʠʨʦʢʠʭ ʢʣʘʩʩʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʩʣʦʞʥʳʭ 

ʦʢʩʠʜʘʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʩʦʩʪʘʚʘ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʦʚ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʢʩʠʜʥʳʝ 

ʩʠʩʪʝʤʳ ʠʛʨʘʶʪ ʨʦʣʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʵʥʝʨʛʠʠ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʚ ʙʦʣʝʝ ʤʦʙʠʣʴʥʦʡ ʠ ʫʜʦʙʥʦʡ ʬʦʨʤʝ ʠ 

ʧʝʨʝʜʘʯʝ ʢ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤ ʤʦʣʝʢʫʣʘʤ ʚʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʢʦʥʪʘʢʪʝ ʩ 

ʦʢʩʠʜʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʚʳʭʦʜ ʚʦʜʦʨʦʜʘ ʧʨʝʚʳʰʘʝʪ ʦʪ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʘ ʧʨʠ ʨʘʜʠʦʣʠʟʝ ʯʠʩʪʦʡ ʚʦʜʳ ʚ ʛʦʤʦʛʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, 

 
ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʫʢʘʟʘʪʝʣʝʤ ʨʘʜʠʘʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʨʘʜʠʘʮʠʦʥʥʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ. ɺʳʷʚʣʝʥʘ ʧʨʠʨʦʜʘ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʥʝʨʘʮʠʠ, ʤʝʭʘʥʠʟʤ  ʤʠʛʨʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʥʦʩʠʪʝʣʝʡ 

ʵʥʝʨʛʠʠ ʚ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʦʩʠʪʝʣʷʤʠ ʵʥʝʨʛʠʠ ʚ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʶʪʩʷ 

ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʦʚ, ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʜʝʬʝʢʪʥʳʝ ʩʦʩʪʦʷʥʠʷ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʘʢ ʧʝʨʚʠʯʥʳʭ ʠʟʣʫʯʝʥʠʡ, ʪʘʢ ʠ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʣʫʯʝʥʠʡ ʚ ʦʢʩʠʜʥʳʭ 

ʩʠʩʪʝʤʘʭ. ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʦʚ ʥʦʩʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʦʪ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ, ʰʠʨʠʥʳ 

ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʩʪʨʫʢʪʫʨʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ ʠ ʜʠʩʧʝʨʩʥʦʩʪʠ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤ. ʅʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʧʦʨʦʛʦʚʳʝ ʵʥʝʨʛʠʠ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʭ 

ʧʘʨ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʦʢʩʠʜʦʚ. ʊʘʢ ʜʣʷ ʦʢʩʠʜʘ ʜʠʵʣʝʢʪʨʠʢʘ ɽʧʦʨ=2,0ɽg, ʘ ʚ ʧʦʣʫʧʨʦʚʦʜʠʤʳʭ ʦʢʩʠʜʘʭ 

Eʧʦʨ=3,0õ4,0ɽg ʛʜʝ ɽg ʰʠʨʠʥʘ ʟʘʧʨʝʰʝʥʥʳʭ ʦʢʩʠʜʦʚ. ɺʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ 

ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʦʢʩʠʜʘʭ ʤʠʛʨʘʮʠʷ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʜʨʝʡʬʦʚʳʤ ʤʝʭʘʥʠʟʤʘʤ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʛʝʥʝʨʘʮʠʠ, ʤʠʛʨʘʮʠʠ, ʣʦʢʦʣʠʟʘʮʠʠ ʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʚ 
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ʰʠʨʦʢʠʡ ʢʣʘʩ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʳʷʚʣʝʥʘ ʨʦʣʴ ʩʪʨʫʢʪʫʨʥʳʭ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʝʡ ʠ ʨʘʟʤʝʨʥʳʝ ʵʬʬʝʢʪʳ ʚ 

ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʡ ʚ ʪʚʝʨʜʳʭ ʦʢʩʠʜʥʳʭ ʩʠʩʪʝʤʘʭ ʚ ʚʠʜʝ ʵʥʝʨʛʠʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʥʦʩʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʚ ʦʢʩʠʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʷʭ. ɺʳʷʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʪʠʧʳ ʠ ʬʦʨʤʳ ʦʢʩʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ. ʇʨʠ ʊÒ573ʂ ʦʧʨʝʜʝʣʝʥʳ ʩʦʦʪʥʦʰʝʥʠʷ 

ʤʝʞʜʫ ʚʳʭʦʜʘʤʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʠ ʚʳʭʦʜ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʨʘʟʣʦʞʝʥʠʠ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʬʦʨʤ ʢʣʘʩʩʠʯʝʩʢʠʭ  ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

 
G0 (ʥ.ʵ) ï ʥʘʯʘʣʴʥʳʝ ʚʳʭʦʜʳ ʥʦʩʠʪʝʣʝʡ ʵʥʝʨʛʠʠ. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʊÓ673ʂ ʚ ʨʘʜʠʘʮʠʦʥʥʦ-ʪʝʨʤʦʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʤʠʩʩʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ H ʠ OH ʢ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʦʜʦʨʦʜʫ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ  ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ G(H2) = G0(ʥ.ʵ), ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʵʪʠʭ 

ʩʠʩʪʝʤʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
h
ʨ=3Gm (H2) 24º %. 

ʇʨʠ ʨʘʩʯʝʪʝ ʟʥʘʯʝʥʠʡ G(H2) ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ-ʪ ʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚʢʣʘʜ ʪʝʨʤʦʢʘʪʘʣʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʨʘʟʣʦʞʝʥʠʝ ʚʦʜʳ ʚʳʯʠʪʳʚʘʝʪʩʷ Wp(H2) = W ʨʪ(H2)ïWʪ(H2) ʠ ʧʦʵʪʦʤʫ ʚ ʟʥʘʯʝʥʠʷʭ 
h

 ʥʝ ʫʯʪʝʥʳ 

Wʪ(H2)  

ʇʦʵʪʦʤʫ ʨʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʂʇɼ ʨʘʜʠʘʮʠʦʥʥʦʛʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʙʦʣʴʰʝ 
hh=
ʨ. 

ɿʘ ʧʦʩʣʝʜʥʠʝ 25 ʣʝʪ ʥʘ ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʜʠʘʮʠʦʥʥʦ-ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʨʘʟʣʦʞʝʥʠʷ ʚʝʱʝʩʪʚ ʚʳʷʚʣʝʥ ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʧʝʨʝʥʦʩʝ ʵʥʝʨʛʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʫʨʦʚʝʥʴ. ʉʦʛʣʘʩʥʦ 

ʵʪʦʤʫ ʵʬʬʝʢʪʫ ʝʩʣʠ ʚ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʜʣʠʥʘ ʧʝʨʝʥʦʩʘ ʥʦʩʠʪʝʣʝʡ 

ʵʥʝʨʛʠʠ ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤ ʩ ʨʘʟʤʝʨʘʤʠ ʯʘʩʪʠʮʳ ʢʘʪʘʣʠʟʘʪʦʨʘ (R) ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ G(H2)=f 

(R). ɽʩʣʠ ʫʯʝʩʪʴ ʯʪʦ, ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʟʘʨʷʜʦʚ ʚ ʦʢʩʠʜʥʳʭ 

ʜʠʵʣʝʢʪʨʠʢʘʭ ʜʣʷ ʵʥʝʨʛʠʠ ʯʘʩʪʠʮʳ ɽ=10ï103 ʵʚ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ lev10º 2-10 ʥʤ ʚʳʩʦʢʘʷ ʨʘʜʠʘʮʠʦʥʥʦ-

ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩ ʥʘʥʦʨʘʟʤʝʨʘʤʠ. ʈʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ ʚ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʦʜʪʚʝʨʞʜʝʥ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʜʠʦʣʠʟʘ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʘʥʦ ʨʘʟʤʝʨʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ. ɺ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʨʘʜʠʘʮʠʦʥʥʦ-ʢʘʪʦʣʠʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩ ʠ 

ʧʝʨʝʜʘʯʘ ʵʥʝʨʛʠʠ ʚʝʱʝʩʪʚ ʧʦʜʚʝʨʛʘʶʱʠʤʩʷ ʨʘʟʣʦʞʝʥʠʶ ʧʨʦʠʩʭʦʜʷʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

ʠ ʧʦʵʪʦʤʫ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʰʠʨʠʥʘʤʠ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʦʢʩʠʜʦʚ ʠ ʜʠʩʩʦʮʠʘʪʠʚʥʦʛʦ ʫʨʦʚʥʷ (ɽɼ) ʚʦʜʳ ɽgÓɽɼ. ɺ ʨʘʜʠʘʮʠʦʥʥʦ-ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʥʘʥʦ-ʩʠʩʪʝʤ 

+ʅ2ʆ ʜʣʠʥʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʙʝʛʘ ʚʪʦʨʠʯʥʳʭ d-ʵʣʝʢʪʨʦʥʦʚ Lev>R ʠ ʧʦʵʪʦʤʫ ʯʘʩʪʴ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʧʨʦʭʦʜʠʪ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩʨʝʜʦʡ. ʇʦʵʪʦʤʫ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʚʢʣʘʜ ʧʝʨʝʥʦʩʘ ʢ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʯʘʩʪʠʮʳ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ 

ʠʩʪʦʯʥʠʢ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʣʫʯʝʥʠʡ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʫʨʦʚʥʷʤ ʠ ʢ 

ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩʨʝʜʝ ʠʟʫʯʝʥʳ ʥʘ ʧʨʠʤʝʨʘʭ n-SiO, n-Al2O3, n-ZrO2, n- Al2O3-n-ZrO2, n-SiO2 ʠ n-Be, n-Si. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʚʦʜʳ ʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʬʘʟʝ ʥʘʥʦ-ʦʢʩʠʜʦʚ ʧʨʠ 

ʊÒ673ʂ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ G(H2)=G0(ʥ.ʵ.) ɺ ʩʣʫʯʘʝ ʨʘʜʠʦʣʠʟʘ ʞʠʜʢʦʡ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʥʦ-ʦʢʩʠʜʦʚ ʠ n-Be, 

n-Si ʪʚʝʨʜʘʷ ʬʘʟʘ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʚʪʦʨʠʯʥʳʭ ʠʟʣʫʯʝʥʠʡ. ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʠʟʣʫʯʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʥʘʥʦ ʯʘʩʪʠʮʘʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ 

ʧʦʚʝʨʭʥʦʩʪʠ 4-5 ʥʤ. ʈʘʟʣʦʞʝʥʠʝ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʧʨʠ ʨʘʜʠʦʣʠʟʝ ʚʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʥʘʥʦ-ʩʠʩʪʝʤ ʜʦʩʪʠʛʘʝʪʩʷ G(H2)º14 ʤʦʣʝʢʫʣ/100ʵɺ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ hº42%. ɽʩʣʠ ʨʝʘʣʠʟʦʚʘʪʴ 

ʪʨʘʥʩʤʠʩʩʠʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʢ ʢʦʥʝʯʥʦʤʫ ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʦʜʦʨʦʜʫ ʠ ʫʯʝʩʪʴ ʪʝʨʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʨʘʟʣʦʞʝʥʠʷ ʚʦʜʳ, ʪʦ ʦʞʠʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ h ʙʫʜʝʪ ʙʦʣʴʰʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʦʜʦʨʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʘʪʦʤʥʦ-ʚʦʜʦʨʦʜʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ ʠ ʚ ʩʦʯʝʪʘʥʠʷʭ 

ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʷʜʝʨʥʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. 
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ʅʆɺʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ɺ ʀʉʉʃɽɼʆɺɸʅʀʀ ʅʋʂʃʆʅʅʓʍ ɻɸʃʆ 

 

ɼʝʤʴʷʥʦʚʘ ɸ.ʉ. 

 
1ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

 ʧʣ. ɸʢʘʜʝʤʠʢʘ ʂʫʨʯʘʪʦʚʘ, 123182 ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 
ʆʪʢʨʳʪʠʝ ʛʘʣʦ ï ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʬʠʟʠʢʠ ʷʜʨʘ ʚ ʢʦʥʮʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɻʘʣʦ ʙʳʣʦ ʦʪʢʨʳʪʦ 

ʚ ʦʩʥʦʚʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʷʜʝʨ, ʣʝʞʘʱʠʭ ʥʘ ʛʨʘʥʠʮʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʥʦʚʦʛʦ çʠʥʩʪʨʫʤʝʥʪʘè - ʧʫʯʢʦʚ 

ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʷʜʝʨ. ʆʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʛʘʣʦ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʥʳʡ ʨʘʜʠʫʩ ʚʘʣʝʥʪʥʳʭ ʥʝʡʪʨʦʥʦʚ, ʚ 2 - 3 ʨʘʟʘ 

ʧʨʝʚʳʰʘʶʱʠʡ ʨʘʟʤʝʨʳ ʦʩʪʦʚʘ. ʆʜʥʘʢʦ ʧʨʷʤʳʭ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʫʩʦʚ ʢʦʨʦʪʢʦʞʠʚʫʱʠʡ ʩʦʩʪʦʷʥʠʡ ʥʘ ʪʦʪ 

ʤʦʤʝʥʪ ʥʝ ʙʳʣʦ. 

ʅʘʰʝʡ ʛʨʫʧʧʦʡ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʫʩʦʚ ʷʜʝʨ ʚ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ 

ʩʦʩʪʦʷʥʠʷʭ:  

1)  ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʄɼʄ), ʠʩʧʦʣʴʟʫʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʠ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. 

2) ʤʝʪʦʜ ʨʘʜʫʞʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʜʫʞʥʦʡ ʢʦʤʧʦʥʝʥʪʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ. 

3) ʄʝʪʦʜ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʭ ʥʦʨʤʠʨʦʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ɸʅʂ) 

4) ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʄɼʄ ʥʘ ʨʝʘʢʮʠʠ ʧʝʨʝʟʘʨʷʜʢʠ (3ʅʝ,t) ʠ, ʚʦʟʤʦʞʥʦ, (d,2He) 

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

¶ ʛʘʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ çʥʝʵʢʟʦʪʠʯʝʩʢʠʭè ʩʪʘʙʠʣʴʥʳʭ ʷʜʨʘʭ (9ɺʝ, 13ʉ) 

¶ ʛʘʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʪʦʣʴʢʦ ʚ ʦʩʥʦʚʥʳʭ, ʥʦ ʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʷʜʝʨ (9ɺʝ, 13ʉ) 

¶ ʛʘʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʪʦʣʴʢʦ ʚ ʩʦʩʪʦʷʥʠʷʭ ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʥʦ ʠ ʚ ʩʦʩʪʦʷʥʠʷʭ ʢʦʥʪʠʥʫʫʤʘ 

(ʚʨʘʱʘʪʝʣʴʥʳʝ ʧʦʣʦʩʳ 9ɺʝ) 

¶ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ ʧʨʦʪʦʥʥʦʝ ʛʘʣʦ ʚ 13N. ɺ ʟʝʨʢʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 13N - 13C ʥʘʙʣʶʜʘʶʪʩʷ ʛʘʣʦ 

(ʧʨʦʪʦʥʥʦʝ ʠ ʥʝʡʪʨʦʥʥʦʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʠʤʝʶʱʠʝ ʦʜʠʥʘʢʦʚʳʝ ʨʘʜʠʫʩʳ 

¶ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʙʦʨʨʦʤʠʥʦʚʩʢʠʭ ʠ ʪʘʥʛʦ ʩʪʨʫʢʪʫʨ ʚ ʪʨʝʭʪʝʣʴʥʳʭ ʛʘʣʦ 

¶ ʛʘʣʦ ʚ ʠʟʦʙʘʨ-ʘʥʘʣʦʛʦʚʳʭ ʩʦʩʪʦʷʥʠʷʭ. 6ʅʝ (2n) ï 6Li (np) ï 6ɺʝ (2p).  

 

 

 

 

THREE-BODY ASYMPTOTIC NORMALIZATION FUNCTIONS AS A NEW FUNDAMENTAL DYNAMIC 

CHARACTERISTI C OF THE THREE-BODY HALO NUCLEI  

 

Yarmukhamedov R. 

 

Institute of Nuclear Physics, Uzbekistan Academy of  Sciences, 100214  Tashkent, Uzbekistan 

 

The present review report is devoted to consideration of the asymptotic method of deriving the true asymptotics 

of the  radial three-body wave functions of  halo nuclei with two both loosely bound  òvalenceò  neutrons and charged 

particles. These presented asymptotic forms are expressed in terms of a new fundamental dynamic  characteristics of the 

three-body halo nucleus  in the form of the  three-body asymptotic normalization functions (TBANFs). The methods 

proposed for determination of the TBANFs are discussed. The results for the TBANF values obtained for the some 

specific light halo nuclei and their sensitivity to the used  two-body nuclear potentials  are also presented. 
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25 ʃɽʊ ʅɸʎʀʆʅɸʃʔʅʆʄʋ ʗɼɽʈʅʆʄʋ ʎɽʅʊʈʋ ʈɽʉʇʋɹʃʀʂʀ ʂɸɿɸʍʉʊɸʅ. 

ʆʊ ʅɸʎʀʆʅɸʃʔʅʆʁ ʊʈɸɻɽɼʀʀ ï ʂ ʅɸʎʀʆʅɸʃʔʅʆʁ ɻʆʈɼʆʉʊʀ 

 

ɹʘʪʳʨʙʝʢʦʚ ʕ.ɻ. 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ, ʂʫʨʯʘʪʦʚ, ʂʘʟʘʭʩʪʘʥ 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʷʜʝʨʥʳʡ ʮʝʥʪʨ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ (ʅʗʎ ʈʂ) ʩʦʟʜʘʥ 15 ʤʘʷ 1992 ʛʦʜʘ ʋʢʘʟʦʤ 

ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ˉ779 ʥʘ ʙʘʟʝ ʢʦʤʧʣʝʢʩʘ ʙʳʚʰʝʛʦ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʛʦ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ 

ʧʦʣʠʛʦʥʘ (ʉʀʇ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʠ ʦʙʲʝʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʂʘʟʘʭʩʪʘʥʘ. ʉ ʟʘʢʨʳʪʠʝʤ ʧʦʣʠʛʦʥʘ ʧʝʨʝʜ ʤʦʣʦʜʳʤ ʥʝʟʘʚʠʩʠʤʳʤ ʛʦʩʫʜʘʨʩʪʚʦʤ ʚʦʟʥʠʢ ʨʷʜ ʟʘʜʘʯ, ʨʝʰʝʥʠʝ 

ʢʦʪʦʨʳʭ ʙʳʣʦ ʧʦʨʫʯʝʥʦ ʅʗʎ ʈʂ, ʘ ʠʤʝʥʥʦ: ʣʠʢʚʠʜʘʮʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʠʩʧʳʪʘʥʠʡ ʷʜʝʨʥʦʛʦ 

ʦʨʫʞʠʷ; ʢʦʥʚʝʨʩʠʷ ʙʳʚʰʝʛʦ ʚʦʝʥʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʀʇ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʤʠʨʥʳʭ ʮʝʣʷʭ; ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʚʝʜʝʥʠʝʤ ʠʩʧʳʪʘʥʠʡ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ ʥʘ ʜʨʫʛʠʭ ʜʝʡʩʪʚʫʶʱʠʭ 

ʧʦʣʠʛʦʥʘʭ ʤʠʨʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʢʘʜʨʦʚʦʡ ʙʘʟʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʩʣʦʞʥʦʩʪʠ ʧʝʨʝʭʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʥʘʯʘʣʘ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʧʦʩʣʝʜʫʶʱʠʝ ʪʨʫʜʥʳʝ 

ʛʦʜʳ ʩʪʘʥʦʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʦʰʣʦ ʚʤʝʩʪʝ ʩʦ ʚʩʝʡ ʩʪʨʘʥʦʡ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, 

ʯʪʦ ʅʗʎ ʈʂ ʫʩʧʝʰʥʦ ʩʧʨʘʚʠʣʩʷ ʩ ʧʦʩʪʘʚʣʝʥʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʦʤ ʟʘʜʘʯʘʤʠ ʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʘʢʪʠʚʥʦ ʥʘʨʘʱʠʚʘʝʪ ʩʚʦʡ ʦʧʳʪ ʠ ʢʦʤʧʝʪʝʥʮʠʠ ʚ ʩʬʝʨʝ ʤʠʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʝʪʨʦʩʧʝʢʪʠʚʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʅʗʎ ʈʂ ʟʘ ʧʨʦʰʝʜʰʠʝ ʩ ʤʦʤʝʥʪʘ ʝʛʦ ʩʦʟʜʘʥʠʷ ʛʦʜʳ ʠ ʚʳʧʦʣʥʝʥ ʦʙʟʦʨ 

ʪʝʢʫʱʠʭ ʨʘʙʦʪ.  

ʉʧʝʢʪʨ ʧʨʦʚʦʜʠʤʳʭ ʩʝʛʦʜʥʷ ʚ ʅʗʎ ʈʂ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʝʪ ʙʦʣʴʰʦʡ ʧʣʘʩʪ ʨʘʙʦʪ ʚ ʦʙʦʩʥʦʚʘʥʠʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʥʠʢʘʣʴʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ, 

ʢʦʪʦʨʫʶ ʫʜʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʠʪʴ, ʥʦ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʠ ʧʨʠʫʤʥʦʞʠʪʴ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʅʗʎ ʈʂ ʜʦʙʠʣʩʷ 

ʚʧʝʯʘʪʣʷʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʪʷʞʝʣʳʭ ʘʚʘʨʠʠ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʩ ʧʣʘʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʡ ʟʦʥʳ. ʈʝʘʣʠʟʦʚʘʥ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʷʧʦʥʩʢʠʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʯʘʩʪʴ ʠʟ ʥʠʭ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʠʣʠ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʧʨʠʟʥʘʥʠʝ ʠ ʚʳʟʚʘʣʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʩʦʚʤʝʩʪʥʦʡ ʩ ʅʗʎ ʈʂ ʨʘʙʦʪʝ 

ʩʦ ʩʪʦʨʦʥʳ ʜʨʫʛʠʭ ʟʘʨʫʙʝʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʥʦʚʳʭ ʨʝʘʢʪʦʨʦʚ.  

ɺ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʞʠʤʘ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʜʝʨʥʦʛʦ ʦʨʫʞʠʷ ʚ ʅʗʎ ʈʂ ʚʧʝʨʚʳʝ ʚ ʤʠʨʝ ʨʘʟʨʘʙʦʪʘʥʳ 

ʠ ʧʨʠʤʝʥʝʥʳ ʪʝʭʥʦʣʦʛʠʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʷʜʝʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʉʝʤʠʧʘʣʘʪʠʥʩʢʦʤ 

ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʧʦʣʠʛʦʥʝ. ʇʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʠʟʚʣʝʯʝʥʠʶ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʢ ʠʩʧʳʪʘʥʠʷʤ ʷʜʝʨʥʦʛʦ ʟʘʨʷʜʘ, 

ʟʘʢʨʳʪʳ 181 ʰʪʦʣʴʥʷ, 13 ʩʢʚʘʞʠʥ ʠ 12 ʰʘʭʪʥʳʭ ʧʫʩʢʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʷʜʝʨʥʦʛʦ 

ʦʨʫʞʠʷ. ʉʦʟʜʘʥʳ ʠ ʫʩʠʣʝʥʳ ʙʘʨʴʝʨʳ, ʠʩʢʣʶʯʘʶʱʠʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʢ ʦʪʭʦʜʘʤ ʷʜʝʨʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʝʛʦʜʥʷ ʧʝʨʝʜʦʚʳʤ ʦʧʳʪʦʤ ʅʗʎ ʈʂ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʝʨʝʩʫʝʪʩʷ ʜʨʫʛʠʝ ʩʪʨʘʥʳ, ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʦʚʘʣʠ ʷʜʝʨʥʳʝ ʧʦʣʠʛʦʥʳ. 

ʋʥʠʢʘʣʴʥʳ ʧʦ ʩʚʦʝ ʩʫʪʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʅʗʎ ʈʂ ʚ ʦʙʣʘʩʪʠ ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʨʘʤʢʘʭ 

ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʟʜʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʩʠʩʪʝʤʘ ʚʳʷʚʣʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ. ɺʳʷʚʣʝʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʨʘʜʠʦʘʢʪʠʚʥʦ-ʟʘʛʨʷʟʥʝʥʥʳʝ ʫʯʘʩʪʢʠ ʠ ʦʙʲʝʢʪʳ ʥʘ 50% ʪʝʨʨʠʪʦʨʠʠ ʉʀʇ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 9210 ʢʤ2, ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ çʫʩʣʦʚʥʦ ʬʦʥʦʚʳʭè ʪʝʨʨʠʪʦʨʠʡ. ʅʘ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 

ʵʢʩʧʝʨʪʥʳʝ ʟʘʢʣʶʯʝʥʠʷ ʄɸɻɸʊʕ. ʆʧʳʪ ʪʘʢʦʡ ʨʘʙʦʪʳ ʚʳʟʚʘʣ ʠʥʪʝʨʝʩ ʩʦ ʩʪʦʨʦʥʳ ʷʧʦʥʩʢʠʭ ʢʦʣʣʝʛ, 

ʟʘʥʠʤʘʶʱʠʝʩʷ ʣʠʢʚʠʜʘʮʠʝʡ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʧʦʩʣʝ ʘʚʘʨʠʠ ʥʘ ɸʕʉ çʌʫʢʫʩʠʤʘè. 

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʚ ʅʗʎ ʈʂ ʫʜʝʣʷʝʪʩʷ ʥʘʫʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ 

ʩʠʥʪʝʟʘ. ɺ 2017 ʛʦʜʫ ʧʨʦʚʝʜʝʥ ʬʠʟʠʯʝʩʢʠʡ ʧʫʩʢ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʛʦ ʪʦʢʘʤʘʢʘ ʂʊʄ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʋʥʠʢʘʣʴʥʦʩʪʴ ʊʦʢʘʤʘʢʘ ʂʊʄ ʚ ʪʦʤ, 

ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʢʘʭ. ʕʪʦ ʧʝʨʚʘʷ ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʙʫʜʫʱʠʭ ʪʝʨʤʦʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ, ʷʚʣʷʶʱʘʷʩʷ ʚʢʣʘʜʦʤ ʥʘʰʝʡ ʩʪʨʘʥʳ ʚ ʜʝʣʦ ʩʦʟʜʘʥʠʷ ʪʝʨʤʦʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 26 ʤʘʷ 2017 ʛʦʜʘ ʚ 

ʂʘʟʘʥʠ ʥʘ 73-ʝʤ ʟʘʩʝʜʘʥʠʠ ʕʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʩʪʨʘʥ ʉʅɻ ʰʝʩʪʴʶ ʩʪʨʘʥʘʤʠ ʉʅɻ ï ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʝʡ, 

ʈʝʩʧʫʙʣʠʢʦʡ ʂʘʟʘʭʩʪʘʥ, ʈʝʩʧʫʙʣʠʢʦʡ ɹʝʣʘʨʫʩʴ, ʈʝʩʧʫʙʣʠʢʦʡ ʊʘʜʞʠʢʠʩʪʘʥ, ʈʝʩʧʫʙʣʠʢʦʡ ʂʠʨʛʠʟʠʷ ʠ 

ʈʝʩʧʫʙʣʠʢʦʡ ɸʨʤʝʥʠʷ ʙʳʣʦ ʧʦʜʧʠʩʘʥʦ çʉʦʛʣʘʰʝʥʠʝ ʦ ʩʦʚʤʝʩʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʘʟʝ ʢʘʟʘʭʩʪʘʥʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʛʦ ʪʦʢʘʤʘʢʘè. 11 ʠʶʥʷ 2017 ʛʦʜʘ ʩʦʛʣʘʰʝʥʠʝ ʦ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʧʦʜʧʠʩʘʥʦ ʤʝʞʜʫ ʅʗʎ ʈʂ ʠ ʆʨʛʘʥʠʟʘʮʠʝʡ ʀʊʕʈ, ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʛʦʜʥʷ ʅʗʎ ʈʂ ʷʚʣʷʝʪʩʷ ʦʪʢʨʳʪʦʡ ʜʣʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʝʡ, ʨʝʛʠʦʥʘʣʴʥʳʤ ʣʠʜʝʨʦʤ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʧʝʨʝʜʦʚʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʜʣʷ ʘʪʦʤʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʧʦʚʳʰʝʥʠʷ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʆɺɽɼɽʅʀʗ ɻɽʃʀʗ ʀ ɺʆɼʆʈʆɼɸ ɺ ɼʀʉʇɽʈʉʅʆ-ʋʇʈʆʏʅɽʅʅʓʍ 

ʌɽʈʈʀʊʅʆ-ʄɸʈʊɽʅʉʀʊʅʓʍ ʈɽɸʂʊʆʈʅʓʍ ʉʊɸʃʗʍ 

 

ɻʫʩʝʚʘ ʃ.ʖ., ʂʘʣʠʥ ɹ.ɸ., ʉʪʘʣʴʮʦʚ ʄ.ʉ., ʏʝʨʥʦʚ ʀ.ʀ. 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʄʀʌʀè 

 

 ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʤʠʨʝ ʠ ʈʦʩʩʠʠ ʚʝʜʫʪʩʷ ʰʠʨʦʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʩʪʘʣʝʡ ʩ ʆʎʂ ʩʪʨʫʢʪʫʨʦʡ 

(ʤʘʨʪʝʥʩʠʪʥʳʭ, ʬʝʨʨʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʳʭ, ʬʝʨʨʠʪʥʳʭ) ʜʣʷ ʟʘʤʝʥʳ ʠʤʠ ʩʠʣʴʥʦ ʨʘʩʧʫʭʘʶʱʠʭ ʘʫʩʪʝʥʠʪʥʳʭ ʩʪʘʣʝʡ 

ʩ ɻʎʂ ʩʪʨʫʢʪʫʨʦʡ, ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʫʩʪʝʥʠʪʥʳʤʠ ʩʪʘʣʷʤʠ ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʣʘʥʠʨʫʝʪʩʷ 

ʧʦʚʳʩʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʧʝʨʩʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʦʢʩʠʜʘʤʠ (ɼʋʆ ʩʪʘʣʠ). ʊʘʢʠʝ ʩʪʘʣʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʤʝʪʦʜʘʤʠ 

ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʚʳʛʦʨʘʥʠʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʨʝʘʢʪʦʨʘʭ ʥʘ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʘʭ ʦʪ ~12% ʪ.ʘ. ʚ ɹʅ-600 ʜʦ 16-22% ʪ.ʘ. ʚ ʨʝʘʢʪʦʨʘʭ ʥʦʚʳʭ ʧʦʢʦʣʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ 

ʙʫʜʫʪ ʥʘʨʘʙʘʪʳʚʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʣʠʷ ʠ ʚʦʜʦʨʦʜʘ, ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʠʭ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʨʝʘʢʪʦʨʦʚ ʩʠʥʪʝʟʘ ʙʫʜʝʪ ʚ ʨʘʟʳ ʚʳʰʝ. ɻʝʣʠʡ ʠ ʚʦʜʦʨʦʜ ʷʚʣʷʁʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʜʝʛʨʘʜʘʮʠʠ ʩʚʦʡʩʪʚ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʠ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ʙʫʜʫʱʝʛʦ, ʧʨʠʚʦʜʷ ʢ ʩʦʢʨʘʱʝʥʠʶ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʛʝʣʠʡ ʠ ʚʦʜʦʨʦʜ ʯʘʩʪʦ ʧʨʦʷʚʣʷʪʁ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ 

ʩʠʥʝʨʛʠʟʤʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʟʘʭʚʘʪʘ, ʫʜʝʨʞʘʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʛʝʣʠʷ ʠ ʚʦʜʦʨʦʜʘ ʚ ɼʋʆ ʩʪʘʣʷʭ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʨʘʟʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʚʝʜʝʥʠʝʤ ʵʪʠʭ ʛʘʟʦʚʳʭ ʧʨʠʤʝʩʝʡ ʚ ʤʘʪʨʠʯʥʦʡ ʬʝʨʨʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ ʕʇ-450, ʥʘ ʦʩʥʦʚʝ 

ʢʦʪʦʨʦʡ ʠʟʛʦʪʦʚʣʝʥʘ ɼʋʆ ʩʪʘʣʴ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʦʢʩʠʜʦʤ Y2O3. ʀʤʧʣʘʥʪʘʮʠʷ ʛʝʣʠʷ ʠ ʚʦʜʦʨʦʜʘ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʠʦʥʥʳʭ ʫʩʢʦʨʠʪʝʣʷʭ. ʇʦʚʝʜʝʥʠʝ ʚʥʝʜʨʝʥʥʳʭ ʛʘʟʦʚ ʠ ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʦʚʘʥʳ 

ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʜʝʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ʊɼʉ) ʠ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʇʕʄ). 

ɸʙʩʦʣʶʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʦʙʨʘʟʮʘʭ ʦʧʨʝʜʝʣʝʥʦ ʚ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʝ ʤʦʜʝʣʠ 

RHEN-602 ʬʠʨʤʳ çLecoè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʚ ʧʦʪʦʢʝ 

ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ-ʥʦʩʠʪʝʣʷ (ʧʨʠ ʤʘʩʩʦʚʦʡ ʜʦʣʝ ʚʦʜʦʨʦʜʘ ʦʪ 0,00005 ʜʦ 0,01%). 

 ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʧʝʢʪʨʘ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠʟ ʤʘʪʨʠʯʥʦʡ ʩʪʘʣʠ ʕʇ-450, ʩʧʝʢʪʨ ʊɼʉ ɼʋʆ 

ʩʪʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʦʱʥʳʤ ʧʠʢʦʤ ʚʳʜʝʣʝʥʠʷ ʛʝʣʠʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʦʩʭʦʜʷʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʦʩʥʦʚʥʦʛʦ ʧʠʢʘ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʠʟ ʩʪʘʣʠ ʕʇ-450. ʈʘʩʯʝʪ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ 

ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʠʢʝ ɼʋʆ ʩʪʘʣʠ ʜʘʝʪ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ. ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʟʘʨʦʞʜʝʥʠʝʤ ʠ ʨʦʩʪʦʤ ʛʝʣʠʝʚʳʭ ʧʫʟʳʨʴʢʦʚ ʥʘ ʥʝʢʦʛʝʨʝʥʪʥʳʭ/ʧʦʣʫʢʦʛʝʨʝʥʪʥʳʭ ʛʨʘʥʠʮʘʭ 

ʨʘʟʜʝʣʘ ʤʘʪʨʠʮʳ ʩ ʦʢʩʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʩʚʷʟʠ. ʉʜʝʣʘʥʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʇʕʄ, ʚ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʯʪʠ ʥʘ ʚʩʝʭ ʛʨʘʥʠʮʘʭ ʯʘʩʪʠʮ Y2O3 ʬʦʨʤʠʨʫʶʪʩʷ ʧʫʟʳʨʴʢʠ.  

 ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʝʪʦʜʦʤ ʊɼʉ ʚʦʜʦʨʦʜʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʬʝʨʨʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ ʕʇ-450-ɼʋʆ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʛʦʨʷʯʝʡ ʵʢʩʪʨʫʟʠʝʡ (ɻʕ), ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʚʦʜʦʨʦʜʘ, ʯʝʤ ʚ ʩʪʘʣʠ  ʕʇ-450, 

ʧʦʣʫʯʝʥʥʦʡ ʧʨʦʢʘʪʢʦʡ. ɺ ʩʪʘʣʠ ʕʇ-450, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʩʧʘʨʢ-ʧʣʘʟʤʝʥʥʳʤ ʩʧʝʢʘʥʠʝʤ (ʉʇʉ) ʧʦʨʦʰʢʘ ʩʪʘʣʠ ʙʝʟ 

ʜʦʙʘʚʢʠ Y2O3, ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʚ 1,5 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʨʦʢʘʪʘʥʥʦʡ ʩʪʘʣʠ ʕʇ-450. 

ɼʦʙʘʚʢʘ Y2O3 ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʚʦʜʦʨʦʜʘ, ʧʨʠʯʝʤ ɼʋʆ ʩʪʘʣʴ (ʉʇʉ) ʩ 1 ʤʘʩ. 

% Y2O3 ʘʢʢʫʤʫʣʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʚʦʜʦʨʦʜʘ, ʯʝʤ ʪʘʢʘʷ ʞʝ ʩʪʘʣʴ ʩ 0,3 ʤʘʩ. % Y2O3, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʠʤʝʥʥʦ ʦ ʨʦʣʠ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʫʜʝʨʞʘʥʠʠ ʚʦʜʦʨʦʜʘ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ 

ʫʜʝʨʞʠʚʘʝʪʩʷ ʚ ɼʋʆ ʩʪʘʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʛʦʨʷʯʝʡ ʵʢʩʪʨʫʟʠʝʡ (ɻʕ). 

 ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʘʙʩʦʣʶʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʦʨʦʜʘ, ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʚ ʩʪʘʣʷʭ, ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ 

ʠʦʥʘʤʠ ʅ+ (E = 40 ʢʵɺ, ʊʦʙʣ = 20 Áʉ, ʌ = 5Ā1020 ʅ+/ʤ2) ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚ ʩʪʘʣʠ ʕʇ-450-ɼʋʆ (ɻʕ) ʫʜʝʨʞʠʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ (26,9Ā10-4 ʤʘʩ. %), ʚ ʩʪʘʣʷʭ ʕʇ-450, ʕʇ-450-ɼʋʆ (ʉʇʉ) ʠ ʏʉ-68 ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ (2,5, 4,1 ʠ 4,4Ā10-4 ʤʘʩ. % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʦʜʥʘʢʦ ʚ ʩʪʘʣʠ ʕʇ-450-ɼʋʆ (ʉʇʉ) ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʦʨʦʜʘ ʚ 1,6 

ʨʘʟʘ, ʘ ʚ ʩʪʘʣʠ ʏʉ-68 - ʚ 5,8 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʚ ʩʪʘʣʠ ʕʇ-450. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʢʦʣʠʯʝʩʪʚʦ 

ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʚʦʜʦʨʦʜʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʢʘʢ ʪʠʧ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʤʘʪʝʨʠʘʣʘ - ʧʨʠ 

ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚʚʝʜʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʘʫʩʪʝʥʠʪʥʦʡ ʩʪʘʣʠ ʏʉ-68 ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ 

ʚʦʜʦʨʦʜʘ, ʯʝʤ ʚ ʬʝʨʨʠʪʥʦ-ʤʘʨʪʝʥʩʠʪʥʦʡ ʩʪʘʣʠ ʕʇ-450, ʪʘʢ ʠ ʥʘʣʠʯʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʪʘʣʝʡ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʦʡ 

ʫʧʨʦʯʥʷʶʱʝʡ ʬʘʟʳ - ʚ ɼʋʆ ʩʪʘʣʷʭ ʫʜʝʨʞʠʚʘʝʪʩʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ ʚʦʜʦʨʦʜʘ, ʯʝʤ ʚ ʤʘʪʨʠʯʥʦʡ ʩʪʘʣʠ ʕʇ-450, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʦʥʠ ʠʟʛʦʪʦʚʣʝʥʳ. 

 ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤ ʩʦʟʜʘʥʠʠ ʛʝʣʠʝʚʦʡ ʧʦʨʠʩʪʦʩʪʠ ʦʙʣʫʯʝʥʠʝʤ ʠʦʥʘʤʠ ʅʝ+  (E = 40 

ʢʵɺ, ʊʦʙʣ = 20-650 Áʉ, ʌ = 5Ā1020 ʅʝ+/ʤ2) ʢʦʣʠʯʝʩʪʚʦ ʫʜʝʨʞʠʚʘʝʤʦʛʦ ʠʦʥʥʦ-ʚʥʝʜʨʝʥʥʦʛʦ ʚʦʜʦʨʦʜʘ (ʅ+, E = 25 ʢʵɺ, 

ʊʦʙʣ = 20 Áʉ, ʌ = 5Ā1020 ʅ+/ʤ2) ʚʦʟʨʘʩʪʘʝʪ ʩʦ ʩʥʠʞʝʥʠʝʤ ʜʘʚʣʝʥʠʷ ʛʝʣʠʷ ʚ ʧʫʟʳʨʴʢʘʭ (ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʨʘʟʤʝʨʘ 

ʧʫʟʳʨʴʢʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ ʛʝʣʠʷ). 
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ʆʇʈɽɼɽʃɽʅʀɽ ʅʀɿʂʆʕʅɽʈɻɽʊʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ NN-ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɺ 

ʄɸʃʆʅʋʂʃʆʅʅʓʍ ʈɽɸʂʎʀʗʍ 

 
1 ʂʦʥʦʙʝʝʚʩʢʠʡ ɽ.ʉ., 2 ʂʫʢʫʣʠʥ ɺ.ʀ., 1 ɿʫʝʚ ʉ.ɺ., 1 ʂʘʩʧʘʨʦʚ ɸ.ɸ., 1 ʄʠʮʫʢ ɺ.ɺ.,1 ʄʦʨʜʦʚʩʢʦʡ ʄ.ɺ., 2 ʃʝʙʝʜʝʚ ɺ.ʄ., 2 

ʇʦʤʝʨʘʥʮʝʚ ɺ.ʅ., 2 ʉʧʘʩʩʢʠʡ ɸ.ɺ. 

 
1ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ɼ.ɺ.ʉʢʦʙʝʣʴʮʳʥʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ  

 

ɺ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʙʳʣʦ ʦʙʲʷʩʥʝʥʠʝ ʩʚʦʡʩʪʚ ʷʜʝʨ ʠʩʭʦʜʷ 

ʠʟ ʜʘʥʥʳʭ ʦ ʥʫʢʣʦʥ-ʥʫʢʣʦʥʥʳʭ ʧʦʪʝʥʮʠʘʣʘʭ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʧʨʦʛʨʝʩʩ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ NN-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʩʪʘʝʪʩʷ ʨʷʜ ʧʨʦʙʣʝʤ, ʜʦ ʢʦʥʮʘ ʝʱʝ ʥʝ ʨʝʰʝʥʥʳʭ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʠʪʩʷ ʧʨʦʙʣʝʤʘ ʥʘʨʫʰʝʥʠʷ ʟʘʨʷʜʦʚʦʡ 

ʩʠʤʤʝʪʨʠʠ (ʅɿʉ) ʷʜʝʨʥʳʭ ʩʠʣ. ʆʩʦʙʫʶ ʨʦʣʴ ʚ ʧʨʦʚʝʨʢʝ ʛʠʧʦʪʝʟʳ ʦ ʟʘʨʷʜʦʚʦʡ ʩʠʤʤʝʪʨʠʠ ʷʜʝʨʥʳʭ ʩʠʣ ʠʛʨʘʶʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ NN-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʥʛʣʝʪʥʦʤ ʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ - ʜʣʠʥ 

ʨʘʩʩʝʷʥʠʷ ʠ ʵʥʝʨʛʠʡ ʚʠʨʪʫʘʣʴʥʦʛʦ 1S0 ʩʦʩʪʦʷʥʠʷ NN-ʩʠʩʪʝʤ. ʊʘʢ ʢʘʢ ʩʠʥʛʣʝʪʥʦʝ 1S0 ʩʦʩʪʦʷʥʠʝ ʜʚʫʭ ʥʫʢʣʦʥʦʚ 

ʧʦʯʪʠ ʩʚʷʟʘʥʦ (ʩʫʱʝʩʪʚʫʝʪ ʚʠʨʪʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩ ʵʥʝʨʛʠʝʡ ʙʣʠʟʢʦʡ ʢ ʥʫʣʶ), ʤʘʣʦʝ ʨʘʟʣʠʯʠʝ ʚ ʚʝʣʠʯʠʥʝ 

ʧʦʪʝʥʮʠʘʣʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʤʝʪʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥʳ ʨʘʩʩʝʷʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʥʦʩʪʴ ʜʣʠʥ ʨʘʩʩʝʷʥʠʷ 

(ʠʣʠ ʵʥʝʨʛʠʡ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʬʬʝʢʪʘ ʅɿʉ, ʠ ʪʨʝʙʫʶʪʩʷ 

ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦʙ ʵʪʠʭ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ NN-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʆʜʥʘʢʦ ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʜʘʥʥʳʝ ʦ ʚʝʣʠʯʠʥʝ ʥʝʡʪʨʦʥ-ʥʝʡʪʨʦʥʥʦʡ ʜʣʠʥʳ 

ʨʘʩʩʝʷʥʠʷ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ: ʦʪ ann = ï25 ʬʤ ʜʦ ann = ï14 ʬʤ [1-5], ʯʪʦ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʜʥʦʟʥʘʯʥʦ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ ʦ ʩʪʝʧʝʥʠ ʅɿʉ ʷʜʝʨʥʳʭ ʩʠʣ ʠ ʜʘʞʝ ʦ ʝʝ ʟʥʘʢʝ. 

ɺ 2016ʛ. ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ nn-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʨʝʘʢʮʠʠ d+2HŸ(nn)S+(pp)SŸn+n+p+p 

ʧʨʠ ʵʥʝʨʛʠʠ ʜʝʡʪʨʦʥʦʚ 15 ʄʵɺ ʥʘ ʮʠʢʣʦʪʨʦʥʝ ʅʀʀʗʌ ʄɻʋ [6]. ɺʧʝʨʚʳʝ, ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʠ ʧʦʣʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ 1S0 ʩʦʩʪʦʷʥʠʷ (nn)S ʩʠʩʪʝʤʳ. ɿʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʩʦʩʪʦʷʥʠʷ 

ʦʧʨʝʜʝʣʝʥʦ ʠʟ ʩʨʘʚʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʨʝʤʷ-ʧʨʦʣʝʪʥʦʛʦ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʘ ʦʪ ʨʘʟʚʘʣʘ (nn)S -ʩʠʩʪʝʤʳ ʩ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʵʪʦʡ ʵʥʝʨʛʠʠ. ʇʦʣʫʯʝʥʥʦʝ ʠʟ c2-ʘʥʘʣʠʟʘ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ Enn = 76 

Ñ 6 ʢʵɺ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʟʥʘʯʝʥʠʡ, ʧʝʨʝʩʯʠʪʘʥʥʳʭ ʠʟ nn ʜʣʠʥ ʨʘʩʩʝʷʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ nd-ʨʘʟʚʘʣʫ  (120 ï 

160 ʢʵɺ), ʯʪʦ  ʫʢʘʟʳʚʘʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʠʣʝʥʠʝ nn-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ʚ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 

ʠʩʩʣʝʜʫʝʤʦʡ ʨʝʘʢʮʠʠ.  

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʚ ʨʝʘʢʮʠʠ ndpnn ʧʨʠ ʵʥʝʨʛʠʠ 40 ʄʵɺ [7], ʜʘʥʥʳʭ 

ʧʦ ʨʝʘʢʮʠʠ ddppnn [6], ʠ ʜʘʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʜʣʠʥʳ nn-ʨʘʩʩʝʷʥʠʷ ʚ ʨʝʘʢʮʠʠ 

ndpnn [1-5]. ʆʙʥʘʨʫʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʟʥʘʯʝʥʠʡ ʜʣʠʥ ʨʘʩʩʝʷʥʠʷ (ann) ʦʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʚʫʭʥʝʡʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʪʨʝʪʴʝʡ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ (ʧʨʦʪʦʥʘ ʠʣʠ ʜʠʧʨʦʪʦʥʘ) ʧʨʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʠʥʝʤʘʪʠʢʝ ʨʝʘʢʮʠʠ. ʆʙʥʘʨʫʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ ʚ ʨʘʤʢʘʭ 

ɼʠʙʘʨʠʦʥʥʦʡ ʤʦʜʝʣʠ NN-ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [8] ʚʚʝʜʝʥʠʝʤ ʥʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ - ʦʙʤʝʥʘ ʩʢʘʣʷʨʥʳʤ ů-ʤʝʟʦʥʦʤ ʤʝʞʜʫ 

ʜʠʙʘʨʠʦʥʦʤ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ nn-ʩʠʥʛʣʝʪʦʤ 1S0) ʠ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ (ʧʨʦʪʦʥʦʤ ʠʣʠ pp-ʩʠʥʛʣʝʪʦʤ 1S0). ʇʨʠ 

ʵʪʦʤ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʬʨʘʛʤʝʥʪʘʤʠ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʚ ʧʨʝʜʝʣʝ 

ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ, ʘ ʜʣʠʥʘ ʨʘʩʩʝʷʥʠʷ ʢ ʟʥʘʯʝʥʠʶ ʚ ʦʪʩʫʪʩʪʚʠʝ  ʚʣʠʷʥʠʷ ʥʘ ʵʪʫ ʚʝʣʠʯʠʥʫ ʪʨʝʭʯʘʩʪʠʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ - ann = ï15.5 ʬʤ.  

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. Huhn V., Watzold L., Weber Ch., et al., Phys. Rev. C 63, 014003 (2000). 

2. von Witsch W., Ruan X., and Witala H., Phys. Rev. C 74, 014001 (2006). 

3. Crowe B.J.et al., TUNL Progress Report, XLV, 65 (2005-06) 

4. Gonzales Trotter D. E. et al., Phys. Rev. Lett. 83, 3788 (1999). 

5. Gonzales Trotter D. E. et al., Phys. Rev. C 73, 034001 (2006).  

6. Konobeevski E.S. et al., Few-Body Syst.  58, 107  (2017) 

7. Konobeevski E.S. et al., Physics of Atomic Nuclei 73, 1302 (2010). 

8. Kukulin, V.I., et al., J. Phys. G: Nucl. Part. Phys. 27, 1851 (2001) 

 

 

  



Plenary Reports 

 

 

19 

 

 

 

ʆ ɺʆɿʄʆɾʅʆʉʊʀ ɿɸʇɸɿɼʓɺɸʖʑɽɻʆ ɼɽʃɽʅʀʗ ʗɼɽʈ ɺ ʆɹʃɸʉʊʀ ʉɺɽʈʍʊʗɾɽʃʓʍ 

ʊʈɸʅʉʋʈɸʅʆɺʓʍ ʕʃɽʄɽʅʊʆɺ 

 

ʉʢʦʙʝʣʝʚ ʅ.ʂ. 

 

ʃʘʙʦʨʘʪʦʨʠʷ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʠʤ. ɻ.ʅ. ʌʣʝʨʦʚʘ, ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

 ʛ. ɼʫʙʥʘ, ʈʦʩʩʠʷ, skobelev@jinr.ru 

 

ɿʘʧʘʟʜʳʚʘʶʱʝʝ ʜʝʣʝʥʠʝ ʘʪʦʤʥʳʭ ʷʜʝʨ ʙʳʣʦ  ʦʙʥʘʨʫʞʝʥʦ ʚ 1966-1967 ʛʦʜʘʭ. [1, 2]  ʠ  ʦʙʲʷʩʥʝʥʦ ʚ 1972 

ʛʦʜʫ [3]. ʆʥʦ ʚʦʟʥʠʢʘʝʪ ʚ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʤ ʷʜʝʨʥʦʤ ʧʨʦʮʝʩʩʝ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ  ɓ ïʨʘʩʧʘʜ ( ʂ- ʟʘʭʚʘʪ) ʠ 

ʧʦʩʣʝʜʫʶʱʝʝ ʜʝʣʝʥʠʝ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʨʦʜʠʪʝʣʴʩʢʦʝ ʷʜʨʦ ʩʥʘʯʘʣʘ ʧʦʜʚʝʨʛʘʝʪʩʷ  ɓï ʨʘʩʧʘʜʫ (ʠʣʠ ʚ ʥʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʂ- ʟʘʭʚʘʪ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʟʘʩʝʣʷʶʪʩʷ ʚʦʟʙʫʞʜʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʚ ʜʦʯʝʨʥʝʤ ʷʜʨʝ. ɽʩʣʠ ʵʥʝʨʛʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ ʩʦʧʦʩʪʘʚʠʤʘ ʠʣʠ ʙʦʣʴʰʝ, ʯʝʤ ʙʘʨʴʝʨ ʜʝʣʝʥʠʷ ʜʦʯʝʨʥʝʛʦ ʷʜʨʘ, ʪʦ ʜʝʣʝʥʠʝ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʤʛʥʦʚʝʥʥʦ ʚ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʨʘʩʧʘʜʘ ʵʪʦʛʦ ʷʜʨʘ [3, 4, 5]. 

ɿʘʧʘʟʜʳʚʘʶʱʝʝ ʜʝʣʝʥʠʝ ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʥʝʯʝʪʥʦ- ʥʝʯʝʪʥʳʭ ʷʜʨʘʭ, ʫ ʢʦʪʦʨʳʭ ʵʥʝʨʛʠʷ 

ɓ-ʨʘʩʧʘʜʘ (ʂ-ʟʘʭʚʘʪʘ) ʩʨʘʚʥʠʤʘ ʩ ʙʘʨʴʝʨʦʤ ʜʝʣʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʧʦʩʣʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʜʨʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ 

ʚʨʝʤʝʥʠ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 27 ʠʟʦʪʦʧʦʚ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʟʘʧʘʟʜʳʚʘʶʱʝʝ ʜʝʣʝʥʠʝ. ɿʘʧʘʟʜʳʚʘʶʱʝʝ ʜʝʣʝʥʠʝ 

ʦʙʥʘʨʫʞʝʥʦ ʚ ʪʨʝʭ ʦʙʣʘʩʪʷʭ ʥʫʢʣʠʜʦʚ: ʥʝʡʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʠʟʦʪʦʧʳ ʚ ʦʙʣʘʩʪʠ ʩʚʠʥʮʘ, ʥʝʡʪʨʦʥʦʠʟʙʳʪʦʯʥʳʝ 

ʠʟʦʪʦʧʳ ʚ ʦʙʣʘʩʪʠ Ac ʠ Pa ʠ  ʥʝʡʪʨʦʥʦʜʝʬʠʮʠʪʥʳʝ ʠʟʦʪʦʧʳ ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ [6]. ʆʜʥʘʢʦ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʦ ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʠʤʝʝʪʩʷ ʩʢʫʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʷʜʝ ʷʜʝʨ, ʠʩʧʳʪʳʚʘʶʱʠʭ ʟʘʧʘʟʜʳʚʘʶʱʝʝ ʜʝʣʝʥʠʝ. 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʚʦ ʚʩʝʭ ʪʨʝʭ ʦʙʣʘʩʪʷʭ ʢʘʨʪʳ ʥʫʢʣʠʜʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʧʦʣʫʯʝʥʠʷ ʠʟʦʪʦʧʦʚ ʠ ʠʟʫʯʝʥʠʠ ʩʚʦʡʩʪʚ ʠʭ ʨʘʩʧʘʜʘ. 

ɺ ʩʚʷʟʠ ʩ ʧʨʝʜʩʢʘʟʘʥʠʝʤ ʩʚʦʡʩʪʚ ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʝʪʩʷ ʮʝʣʳʡ ʨʷʜ ʨʘʙʦʪ 

ʧʦ ʨʘʩʯʝʪʫ ʤʘʩʩ ʥʦʚʳʭ ʷʜʝʨ ʠ ʩʚʦʡʩʪʚ ʠʭ ʨʘʩʧʘʜʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥ ʪʘʢʦʡ ʘʥʘʣʠʟ, ʛʜʝ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʥʝʯʝʪʥʦ-ʥʝʯʝʪʥʳʭ ʪʨʘʥʩʫʨʘʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʜʝʣʘʥʘ ʚʳʙʦʨʢʘ ʜʘʥʥʳʭ ʦ ʠʭ  ʵʥʝʨʛʠʠ ʂ- ʟʘʭʚʘʪʘ ʠ ʙʘʨʴʝʨʦʚ 

ʜʝʣʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʧʦʩʣʝ ʂ-ʟʘʭʚʘʪʘ ʜʦʯʝʨʥʠʭ ʷʜʝʨ, ɼʘʥʳ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʧʘʟʜʳʚʘʶʱʝʛʦ ʜʝʣʝʥʠʷ ʜʣʷ 

ʨʷʜʘ ʠʟʦʪʦʧʦʚ ʵʣʝʤʝʥʪʦʚ ʩ Z ʦʪ 103 ʜʦ 107. 
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1. NUCLEAR PHYSICS 

¶ Nuclear reactions: theory and experiment 

¶ Structure and properties of the atomic nuclei 

¶ Technique and methods of nuclear-physical experiment 

 

1. ʗɼɽʈʅɸʗ ʌʀɿʀʂɸ 

¶ ʗʜʝʨʥʳʝ ʨʝʘʢʮʠʠ: ʪʝʦʨʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪ 

¶ ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʘʪʦʤʥʳʭ ʷʜʝʨ 

¶ ʊʝʭʥʠʢʘ ʠ ʤʝʪʦʜʳ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 
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SOLVING QUANTUM MECHANICAL PROBLEMS USING FINITE ELEMENT METHOD AND 

PARAMETRIC BASIS FUNCTIONS  

 

Chuluunbaatar O. 1, Vinitsky S.I. 1, Gusev A.A. 1, Krassovitskiy P.M. 2 

 
1Joint Institute for Nuclear Research, Dubna,  Russia 
2Institute of  Nuclear Physics, Almaty, Kazakhstan. 

 

A new computational schemes, symbolic-numerical algorithms and programs implemented the high-accuracy 

finite element method (FEM) for solving the quantum mechanical boundary value problems (BVPs) are presented [1ï3]. 

A considered elliptic BVPs in a multidimensional domain are solved conventionally using the multivariable FEM. An 

alternative approach consists in a reduction of the original BVP to a set of ordinary second-order differential equations 

with respect to one of independent variable using expansion of a desirable solution over parametric basis functions of an 

appropriate auxiliary eigenvalue problem [4-7]. We demonstrate an effi ciency of the proposed calculation schemes and 

algorithms for solving the boundary value problems describing Helium atom bound states and a quadrupole vibration 

collective nuclear model (see Figure). 

 

 
 

Figure. The potential energy of quadrupole shape and two non-degenerated eigenfunctions (Ɋ1 and Ɋ6). 
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ɺʆɿɹʋɾɼɽʅʀɽ 93mMʦ ʚ (ʨ,n)- ʈɽɸʂʎʀʀ ʅɸ ʗɼʈɸʍ ʅʀʆɹʀʗ 

 

ɺʠʰʥʝʚʩʢʠʡ ʀ.ʅ., ɾʝʣʪʦʥʦʞʩʢʠʡ ɺ.ɸ., Cʘʚʨʘʩʦʚ A.ʅ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ 

 

ʅʘ ʩʝʛʦʜʥʷh ʥʠʡ ʜʝʥʴ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʩʣʝʜʦʚʘʥʳ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ ʩ ʧʨʦʪʦʥʘʤʠ ʧʨʠ ʦʢʦʣʦʧʦʨʦʛʦʚʦʡ 

ʦʙʣʘʩʪʠ ʟʥʘʯʝʥʠʡ ʥɻʝʨʛʠʠ ʙʦʤʙʘʨʜʠʨʫʶʱʠʭ ʯʘʩʪʠʮ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʦʩʪʠ ʩʧʠʥʦʚ ʠʟʦʤʝʨʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʡ ʦʩʪʘʪʦʯʥʦʛʦ ʷʜʨʘ. ɿʘʩʝʣʝʥʠʝ ʚrʩʦʢʦʩʧʠʥʦʚʦʛʦ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʫʨʦʚʥʷ ʚʙʣʠʟʠ ʥɻʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʨʦʛʘ 

ʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʩʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʤʦʞʝʪ ʙr ʪɹ ʩʠʣʴʥʦ ʟʘʪʦʨʤʦʞʝʥʦ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʦʟʙʫʞʜʝʥʠ̫  ʠʟʦʤʝʨʥʭr ʩʦʩʪʦʷʥʠʡ ̫ ʜʝʨ ʥʘ ʷʜʨʘʭ ʤʠh ʝʥʝʡ ʩ ʥʠʟʢʠʤʠ ʩʧʠʥʘʤʠ ʠ ʙʦʤʙʘʨʜʠʨʫʶʱʠʤʠ ʯʘʩʪʠʮʘʤʠ, 

ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʥʝʙʦʣʴʰʦʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ʧʦʟʚʦʣʠʪ ʣʫʯʰʝ ʦʮʝʥʠʪɹ ʨʦʣʴ ʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ. ʆʜʥʠʤ 

ʠʟ ʪʘʢʠʭ ʠʟʦʤʝʨʦʚ ̫ʚʣʷʝʪʩʷ 93mMo ï ʪʨʠʢʚʘʟʠʯʘʩʪʠʯʥʦʝ ʠʟʦʤʝʨʥʦʝ ʩʦʩʪʦʷʥʠʝ (ɽ* = 2.4 ʄɺɻ, T1/2 = 6.85 ʯ., J́  = 

21/2+,) ʠ ʧʦʪɻʦʤʫ ʮʝʣʴʶ ʥʘʝhʡ ʨʘʙʦʪr ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʯʝʥʠʷ ʥʘʨʘʙʦʪʢʠ 93mMo ʚ (ʨ,n)- ʨʝʘʢʮʠʠ ʧʨʠ 

ʦʢʦʣʦʧʦʨʦʛʦʚʦʡ ʚʝʣʠʯʠʥʝ ʥɻʝʨʛʠʠ ʧʨʦʪʦʥʦʚ. 

ʀʟʤʝʨʝʥʠʝ ʩʝʯʝʥʠʡ ʥʘʨʘʙʦʪʢʠ 93mMo ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʠh ʝʥʷʭ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʦʙʠ ̫ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ 

ʠʭ ʧʨʦʪʦʥʘʤʠ ʩ ʚʝʣʠʯʠʥʦʡ ʥɻʝʨʛʠʠ 3.85 ʄɺɻ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʥɻʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠ̫  ʦʩʪʘʪʦʯʥʦʛʦ ʷʜʨʘ 

ʩʦʩʪʘʚʣʷʝʪ ʣʠʰɹ 200 ʢɺɻ. ʆʙʣʫʯʝʥʠʷ ʤʠh ʝʥʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʪʘʥʜʝʤ-ʛʝʥʝʨʘʪʦʨʝ ʕɻʇ-10ʂ ʂʠʝʚʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʷʜʝʨʥʭr ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥr. ɺ ʢʘʯʝʩʪʚʝ ʤʦʥʠʪʦʨʘ ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥ rʧʦʪʦʢʘ 

ʧʨʦʪʦʥʦʚ ʠʟ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʜʥʘ̫ ʬʦʣʴʛʘ ʠ ʷʜʝʨʥʘ ̫ ʨʝʘʢʮʠ̫  natCu(p,x)63Zn. ʀʟʤʝʨʝʥʠʷ 

ʘʢʪʠʚʥʦʩʪʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʦʪʜʝʣʴʥʦʡ ʥʠʟʢʦʬʦʥʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ, ʩʦʙʨʘʥʥʳʭ ʥʘ 

ʙʘʟʝ HPGe-ʜʝʪʝʢʪʦʨʦʚ ʩ ʥɻʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ 1.8-2 ʢɻɺ ʥʘ ʛʘʤʤʘ-ʣʠʥʠ̫ ʭ 60Co ʠ ʬɻʬʝʢʪʠʚʥʦʩʪɹʁ  

ʨʝʛʠʩʪʨʘʮʠʠ 15-40 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ NaI(Tl)-ʜʝʪʝʢʪʦʨʦʤ ʨʘʟʤʝʨʘʤʠ 3ǌĬ3ǌ. 

ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʩʝʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ů = (5.6Ñ0.5)Ĭ10-30 ʩʤ2. 

ʇʨʦʚʦʜʠʪʩʷ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.  

 

 

 

NEW IMPROVEMENT ON THE 10B(p,a)7Be REACTION STUDIED VIA TROJAN  HORSE METHOD AT 

LOW ENERGIES  

 

Rapisarda G.G. 1, Spitaleri C. 1, Cherubini S. 1,2, Cvetinovic A. 1, Guardo G.L. 1,  Gulino M. 1,3, Cognata M. La 1, 
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It will be reported about a new measurement of the 10B(p,Ŭ)7Be at energy of astrophysical interest, performed 

applying the Trojan Horse Method to the 2H(10B,Ŭ 7Be)n three-body reaction. 

The 10B(p,Ŭ)7Be process is of astrophysical interest since represents the main process for the 10B burning and can 

provides hints to understand mixing phenomena occurring inside the stars. Such reaction turn out to be important also in 

applied physics field in the framework of the aneutronic fusion. In particular 11B(p,2Ŭ)4He is one of the main reactions 

taken into account for such fusion system. Nevertheless presence of 10B in natural boron fuel represent a source of long-

lived radioactive isotopes, that is 7Be, through the reaction 10B(p,Ŭ)7Be. 

This recent THM measurement provides a new evaluation of the astrophysical S(E) factor. In particular the 

improved experimental resolution allowed for a better separation between 8.699 MeV 11C level falling inside the Gamow 

energy region, from the subthreshold level. Moreover we obtained for the first time the separation between the Ŭ0 and Ŭ1 

channels, allowing to disentangle the contribution of the a1 channel in the extracted bare nucleus astrophysical S(E) 

factor. 

The experiment will be described ad results for both Ŭ0 and Ŭ1 channels will be shown. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ 179m2Hf ʅɸ ʗɼʈɸʍ ɻɸʌʅʀʗ ʀ ʊɸʅʊɸʃɸ ɺ ʈɽɸʂʎʀʗʍ ʉ ʊʆʈʄʆɿʅʓʄʀ 

ɻɸʄʄɸ-ʂɺɸʅʊɸʄʀ 

 

ɾʝʣʪʦʥʦʞʩʢʠʡ ɺ. ɸ., Cʘʚʨʘʩʦʚ A. ʅ. 

 

ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ ʋʢʨʘʠʥʳ 

 

ʀʟʫʯʝʥʠʝ ʩʝʯʝʥʠʡ ʠ ʚʳʭʦʜʦʚ ʟʘʩʝʣʝʥʠʷ ʚʳʩʦʢʦʩʧʠʥʦʚʳʭ ʂ-ʠʟʦʤʝʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦ ʩʪʨʫʢʪʫʨʝ ʚʦʟʙʫʞʜʝʥʥʳʭ ʫʨʦʚʥʝʡ ʚ ʥʝʧʨʝʨʳʚʥʦʡ ʠ ʜʠʩʢʨʝʪʥʦʡ ʦʙʣʘʩʪʷʭ 

ʚʦʟʙʫʞʜʝʥʠʷ, ʪʘʢ ʠ ʦ ʤʝʭʘʥʠʟʤʘʭ ʧʨʦʪʝʢʘʥʠʷ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. 179m2Hf ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʪʘʢʠʤ ʂ-ʠʟʦʤʝʨʘʤ ʠ 

ʧʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʝʯʝʥʠʡ ʥʘʨʘʙʦʪʢʠ 179m2Hf ʚ ʨʝʘʢʮʠʷʭ ʩ ʪʦʨʤʦʟʥʳʤʠ ʛʘʤʘ-

ʢʚʘʥʪʘʤʠ ʜʣʷ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʧʨʝʚʳʰʘʝʪ ʜʠʘʧʘʟʦʥ ʚʝʣʠʯʠʥ ʵʥʝʨʛʠʠ ʛʠʛʘʥʪʩʢʦʛʦ ʜʠʧʦʣʴʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ. 

ʀʟʤʝʨʝʥʠʷ ʩʝʯʝʥʠʡ ʠ ʚʳʭʦʜʦʚ ʥʘʨʘʙʦʪʢʠ 179m2Hf (T1/2 = 25 ʜ., J́  = 25/2-) ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʠʰʝʥʷʭ 

ʧʨʠʨʦʜʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʛʘʬʥʠʷ ʠ ʪʘʥʪʘʣʘ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʭ ʪʦʨʤʦʟʥʳʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʩ ʚʝʣʠʯʠʥʦʡ 

ʛʨʘʥʠʯʥʦʡ ʵʥʝʨʛʠʠ 37 ʄʵɺ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ ʵʣʝʢʪʨʦʥʦʚ ʃʋʕ-40 ʍʘʨʴʢʦʚʩʢʦʛʦ 

ʬʠʟʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʅɸʅ ʋʢʨʘʠʥʳ. ʀʟʤʝʨʝʥʠʝ ʘʢʪʠʚʥʦʩʪʝʡ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʦʪʜʝʣʴʥʦʡ 

ʥʠʟʢʦʬʦʥʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ ɔ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ, ʩʦʙʨʘʥʥʳʭ ʥʘ ʙʘʟʝ HPGe-ʜʝʪʝʢʪʦʨʦʚ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ 1.8-2 ʢʵɺ ʥʘ ʛʘʤʤʘ-ʣʠʥʠʷʭ 60Co ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʨʝʛʠʩʪʨʘʮʠʠ 15-40 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ NaI(Tl)-

ʜʝʪʝʢʪʦʨʦʤ ʨʘʟʤʝʨʘʤʠ 3ǌĬ3ǌ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʩʝʯʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʈʝʘʢʮʠ̫ 181Ta(ɔ,pn(d))179Hfm2*  180Hf(ɔ,n)179Hfm2 

E, ʄɻɺ 37 37 15.1 17.5 

E* 24.9 28.5 6.6 9 

ůint, ʤʢʙ 0.7(7) 0.53(5) 3.1(3) 0.75(8) 
*  - ɼʣʷ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʨʝʘʢʮʠʶ (ɔ,d) ʪʘʢ ʢʘʢ ʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʨʦʛ ʥʠʞʝ. E* - ʵʥʝʨʛʠʷ 

ʚʦʟʙʫʞʜʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʷʜʨʘ. 

 

ʉʥʠʞʝʥʠʝ ʩʝʯʝʥʠʷ (ɔ,n)- ʨʝʘʢʮʠʠ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʛʨʘʥʠʯʥʦʡ ʵʥʝʨʛʠʠ ʪʦʨʤʦʟʥʳʭ ɔ-ʢʚʘʥʪʦʚ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʚʢʣʘʜʘ ʧʝʨʝʜʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʣʝʪʘʶʱʠʡ ʥʝʡʪʨʦʥ ʚʳʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ 

ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ, ʦʩʪʘʚʣʷʷ ʦʩʪʘʪʦʯʥʦʝ ʷʜʨʦ ʦʙʝʜʥʝʥʥʳʤ ʚʳʩʦʢʦʩʧʠʥʦʚʳʤʠ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ.  

ʇʨʦʚʦʜʠʪʩʷ ʦʙʩʫʞʜʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

 

 

 

ʆ ʉɺʆʁʉʊɺɸʍ ʗɼɽʈ ɺ ʆʂʈɽʉʊʅʆʉʊʀ ʇʈʆʊʆʅʅʆʁ ʀ ʅɽʁʊʈʆʅʅʆʁ ɻʈɸʅʀʎʓ 

ʉʊɸɹʀʃʔʅʆʉʊʀ 

 

ʊʘʨʘʩʦʚ ɺ.ʅ., ʂʫʧʨʠʢʦʚ ɺ.ʀ., ʇʠʣʠʧʝʥʢʦ ɺ.ɺ., ʊʘʨʘʩʦʚ ɼ.ɺ. 

 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʍʌʊʀ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 

 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʪʥʦ-ʯʝʪʥʳʭ ʷʜʝʨ ʚ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʤʘʩʩʦʚʳʭ 

ʯʠʩʝʣ, ʚʢʣʶʯʘʷ ʷʜʨʘ ʩ ʧʨʦʪʦʥʥʳʤ ʠ ʥʝʡʪʨʦʥʥʳʤ ʠʟʙʳʪʢʦʤ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʡ ʠ ʧʨʦʪʦʥʥʦʡ ʛʨʘʥʠʮʳ 

ʩʪʘʙʠʣʴʥʦʩʪʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ ʷʜʨʘʤ ʟʘ ʧʨʝʜʝʣʘʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟʚʝʩʪʥʦʡ ʥʝʡʪʨʦʥʥʦʡ ʛʨʘʥʠʮʳ 

ʩʪʘʙʠʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʧʦʣʫʦʩʪʨʦʚʘ ʩʪʘʙʠʣʴʥʦʩʪʠ (ʇʆʉ) ʷʜʝʨ ʩʪʘʙʠʣʴʥʳʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʩʧʫʩʢʘʥʠʶ ʦʜʥʦʛʦ ʠʣʠ ʜʚʫʭ ʥʝʡʪʨʦʥʦʚ ʜʣʷ N = 32, 58, 82, 126, 184, 258. ʕʪʠ ʨʘʩʯʝʪʳ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʦʜʘ ʍʘʨʪʨʠ-ʌʦʢʘ ʩ ʩʠʣʘʤʠ ʉʢʠʨʤʘ (Ska, SkM*, Sly4, SkI2) ʧʨʠ ʫʯʝʪʝ ʘʢʩʠʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʷʜʝʨ. ɼʣʷ 

ʥʝʡʪʨʦʥʦʠʟʙʳʪʦʯʥʳʭ ʷʜʝʨ 166Zr, 168Mo, 170Ru c ʥʝʡʪʨʦʥʥʳʤ ʤʘʛʠʯʝʩʢʠʤ ʯʠʩʣʦʤ N = 126 ʠ 248Gd, 250Dy, 266Pb c 

ʥʝʡʪʨʦʥʥʳʤ ʤʘʛʠʯʝʩʢʠʤ ʯʠʩʣʦʤ N = 184 ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʪ 

ʧʘʨʘʤʝʪʨʘ ʢʚʘʜʨʫʧʦʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ɓ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʍʘʨʪʨʠ-

ʌʦʢʘ ʜʣʷ ʷʜʝʨ ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʧʦʣʫʦʩʪʨʦʚʘʤ ʩʪʘʙʠʣʴʥʦʩʪʠ. ɼʣʷ ʥʝʡʪʨʦʥʦʠʟʙʳʪʦʯʥʳʭ ʷʜʝʨ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 

N = 184 ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʩʚʦʡʩʪʚ ʵʪʠʭ ʷʜʝʨ ʤʝʪʦʜʦʤ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ 

ʩʨʝʜʥʝʛʦ ʧʦʣʷ (ʩ ʩʠʣʘʤʠ DD-PC1) ʧʨʠ ʫʯʝʪʝ ʘʢʩʠʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʷʜʝʨ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʢʦʥʯʘʥʠʝʤ (ʇʆʉ) ʜʣʷ 

N = 184 ʠ ʩʠʣ DD-PC1 ʷʚʣʷʝʪʩʷ ʷʜʨʦ 246Sm. 
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COMPILATION OF EXPERIMENTAL NUCLEAR REACTION DATA MEASURED IN KAZAKHSTAN 

AND UZBEKISTAN FOR THE EXFOR LIBRARY  

 

Kenzhebayev Nurzat 1, Zholdybayev Timur 2, Ergashev Feruzjon 3, Naohiko Otsuka 4* 

 
1Faculty of Physics and Technics, Kazakh National University, Almaty, 050040, Republic of Kazakhstan 

2Nuclear Physics Department, Institute of Nuclear Physics, Almaty, 050032, Republic of Kazakhstan 
3 Institute of Nuclear Physics AS RUz, Tashkent 100214, Republic of Uzbekistan 

4Nuclear Data Section, Division of Physical and Chemical Sciences, Department of Nuclear Sciences and Applications, 

International Atomic Energy Agency, A1400 Wien, Austria 
*e-mail: n.otsuka@iaea.org 

 

Several accelerators and research reactors in Kazakhstan and Uzbekistan have been utilized for measurements of 

nuclear reaction data such as cross sections. The data measured in these experimental works are useful not only for 

discussion of physics extended by those who measured the data but also for theoretical and experimental researches 

dealing with the same observables. For example, angular differential cross sections from various experiments contribute 

to establish a set of reasonable global optical potential parameters for neutron- and proton-induced reactions (e.g., RIPL-

3 [1]). Accurately measured cross sections (excitation functions) of radioisotope productions (e.g., [2]) help estimation 

of medical isotope yields for routine productions.  

In order to utilize experimental data in the literature efficiently, it is very useful to maintain a data library providing 

numerical data in a computer readable form. The International Network of Nuclear Reaction Data Centres (NRDC) has 

collaborated to exchange experimental data measured for many decades under auspices of the International Atomic 

Energy Agency, and people can receive numerical data collected in the EXFOR Library [3] from various web sites 

maintained by data centres (e.g., [4]). 

Data measured in the former USSR countries were originally compiled by four Russian data centres in Moscow 

(CAJaD, CDFE), Obninsk (CJD) and Sarov (CNPD). In order to perform compilation of data measured by the U-150M 

isochronous cyclotron at the Institute of Nuclear Physics in Almaty and other facilities in Kazakhstan and Uzbekistan 

efficiently, a group of physicists from these counties was formed in 2013 [5], and the NRDC concluded in 2014 to develop 

the new EXFOR compilation activity by the group in 2014 [6]. We are now collaborating for identification of newly 

published articles for EXFOR compilation and also for compilation of data published in these articles. Numerical data 

measured many years ago are also preserved in a printed form in the Institute of Nuclear Physics in Almaty, and we are 

trying to improve availability of original numerical data not only for new articles but also for old articles. Progress in our 

four-year collaboration will be presented. 

 

[1] R. Capote et al., Nucl. Data Sheets 110 (2009) 3107. 

[2] V.N. Levkovskij, Activation cross sections for medium mass nuclei (A=40-100) by medium energy 

protons and alpha particles (E=10-50 MeV), Inter-Vesy, Moscow, 1991. 

[3] N. Otuka et al., Nucl. Data Sheets 120 (2014) 272. 

[4] Experimental Nuclear Reaction Data (EXFOR) http://www-nds.iaea.org/exfor/ . 

[5] N. Otuka et al., INDC(KAS)-0001, p56, 2014, International Atomic Energy Agency. 

[6] N .Otuka and E. Dupont (eds.), INDC(NDS)-0661, 2014, International Atomic Energy Agency. 
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A NEW INVARIANCE OF PERIODIC LAW  

 

Asker Ali Abiyev 

 

Institute of Radiation Problems of ANAS, askeraliabiyev@hotmail.com 

 

A new invariance correlating with the periodic law has been found through Asker Ali Abiyev's Balanced Squares. 

Balanced square is an arrangement of the numbers from 1 to a  matrix, with each number occurring exactly once, 

and such that the sum of the entries of any row, any column, or any main diagonals is the same.  

In order to write Abiyevôs Balanced Squares of nth order we use n/2 quantity (if n - even or (n - 1)/2 quantity (if n-

odd) frames, closed graphs and groups of numbers consisting of 4 arithmetic progressions [1]. Letôs suppose that, point 

electrical charges have been placed in squareôs centre according to numbers. Electric moment of vector  

for each inner and outer frame of such a system has been calculated. 

If we calculate magnitude of vector , that is,  from and  for inner, outer and the sum, we will get 

the following formulas:  

= = ; 

= =  

= = , 

where n-the order of square, -the orders of frames, and - constants of the arithmetic 

progressions. These formulas are true for only Abiyevôs General Balanced Squares. 

In the table below are calculated numerical values of , , . 

Five special sequences have been found from this table: 

I - 2, 8, 18, 32, 50, é; II -  2, 12, 38, 88, 170, 292, 462, é; III - (0, 2), (6,14), (26, 44), (68, 100), (140, 190), é; 

IV - 2, 6, 10, 14, 18, 22, é; V - 2, 10, 26, 50, 82, 122, 170, 326, é; 

The first sequence, shown with the  formula, is the same as the result of Schrdinger equation. The terms of 

second sequence correspond to 1s2, é3s2, é5s2, é7s2, é9s2 elements, accordingly. The third sequence confirms the 

repetition of the periods. The fourth sequence determines the quantity of electrons in levels s, p, d, f, g, correspondingly. 

The terms of the fifth sequence can be compared with the magic numbers 2, 8, 28, 50, 82, 126. 

If we take into consideration that, the correspondence of the numbered sequences with the periodic law is not a 

coincidence and the thought of nuclear theorists about super heavy nuclei then we can suggest that, the periodic law 

consist of 218 elements [2]. 

Note the above-mentioned sequences II and III in the Table according to Quantum theory. 

      3         

             

    i -2          

  3 o 2          

    s 0 5         

    i -2 -12         

1  5 o 4 10         

    s 2 -2 7        

    i -2 -12 -38        

2  7 o 6 18 28        

    s 4 6 -10 9       

    i -2 -12 -38 -88       

3  9 o 8 26 46 60       

    s 6 14 8 -28       

 

[1] Mehmet Sahin, Asker Ali Abiyev, Azer Abiyev, The General Algorithm of Balanced Squares, Proceedings of 

4th ICSC, Computing with Words and Perceptions in Systems. Analysis, Decision and Control, p. 155-162. Antalya, 

Turkey, August 27-28, 2007.  

[2] Asker Ali Abiyev, The correlation of Abiyevôs balanced squares with periodic law, Proceedings of the 2nd 

International Conference on Applied Informatics and Computing Theory (AICTô11), Prague, Czech Republic, September 

26-28, 2011, pp 33-38. 
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NONLINEAR CORRECTIONS AND STRUCTURE FORMATION AT STRONG  INTERACTIONS  

 
Temiraliev A.T., Lebedev I.A. 

 
Institute of Physics and Technology, Almaty, Kazakhstan 

 
Perturbative QCD with asymptotic freedom is effective in the high-energy limit (at short distances) but there are 

uncertainty in non-perturbative region. Many investigations on nonlinear corrections to linear evolution equations 

DGLAP and BFKL or CCFM had done to understand which of nonlinear equations describe quark-gluon dynamics. There 

are some applications of science of nonlinear dynamics, chaos and fractals in hadron physics [1-3]. In the framework 

discrete map method of nonlinear dynamics we proposed the nonlinear equation [4,5], which is consider a quark-gluon 

dynamical system described by the evolution equation of the map form: xt+1={RȚF(xt)}. Here x is the momentum fraction, 

t is the time index, an experimental quark-gluon distributions F(x) stands for a nonlinear operator, R is a parameter, which 

controls the efficiency of strong interactions and determines the character of observing regimes We use the 

renormalization-group approach to the evolution equation. The investigation of nonlinear dynamics of stable structure 

formation in quark-gluon cascade at multiple hadron and nuclear processes at high energy had discussed. Numerical 

solution of the nonlinear equation has shown that arise an evolution termination in the ýeld of small values of parameter 

R, the transition is an established mode. The phase trajectories after transient regime reach some steady value (fixed 

point). Later the orbit becomes strictly periodic with the period two (bifurcation of motionless point). At large values of 

parameter, the quark-gluon system transfer in a chaotic mode when two close points run up on di erent trajectories. In 

order to distinguish between the chaotic and not chaotic modes, we compare orbits of close entry conditions in these 

modes. Dynamic quark-gluon systems are highly sensitive to an initial condition. The strange quark phase trajectories 

(strange attractor with a fractal structure) display a new nonlinear phenomenon in hadron and nuclear physics ï stable 

structure formation through dynamic deterministic chaos in quark-gluon evolution. We assume that steady structure 

formation in nonlinear quark-gluon evolution is a mechanism for confinement. 

 
[1]  Batunin A.V.: Fractal analysis and Feigenbaum universality in hadron physics. Physics-Uspekhi. 38(6), 

609-622(1995) 

[2]  Yuki Minami, Dynamics near QCD critical point by dynamic renormalization group, 

arXiv:1102.5485v3 (2014) 

[3]  E. Goldfain, Non-equilibrium Dynamics as Source of Asymmetries in High Energy Physics EJTP 7, 

No. 24 (2010) 219ï234 

[4]  A.T.Temiraliev ñChaotic dynamics in quark-gluon cascadeò http://arxiv.org/abs/1106.4624 (2011) 

[5]  ʊʝʤʠʨʘʣʠʝʚ ɸ.ʊ., ɼʘʥʣʳʙʘʝʚʘ ɸ.ʂ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʚ ʥʝʣʠʥʝʡʥʦʡ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ 

ʵʚʦʣʶʮʠʠ. ʀʟʚʝʩʪʠʷ ʅɸʅ ʈʂ, 2014, ʩʪʨ.106-112;  

 

 

 

COMPARISON OF PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS 

RELIABILITY  FOR 140,142Ce 

 

Varlamov V.V., Barbaryan V.A., Peskov N.N. 

 

Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia 

 

In systematic investigations of experimental partial photoneutron cross sections for many medium and heavy 

nuclei [1-3] it was found out that many of them do not satisfy specially introduced criteria of data reliability [4]. It was 

shown out that in various energy ranges of initial photons the ratios F1 = s(g, 1n)/s(g, xn) = s(g, 1n)/s[(g, 1n) + 2(g, 2n) 

+ 3(g, 3n) + é] have physically forbidden negative values and at the same time corresponding ratios F2 = s(g, 2n)/s(g, 

xn) have physically unreliable values larger 0.50. That means that experimental neutron multiplicity sorting has been 

done erroneously because of large systematic uncertainties and are not reliable. 

Using experimentalïtheoretical method [1-3, 5] for partial photoneutron reaction cross sections evaluation new 

data satisfied to data reliability criteria were obtained for many nuclei (for example, 91,94Zr, 115In, 112ï124Sn, 133Cs, 159Tb, 
181Ta, 186-192Os, 197Au, 208Pb, 209Bi). The only experimental reaction cross section sexp(g, xn) free from the problems of 

experimental determination of neutron multiplicity was used and shared into the partial parts using the equations Ftheor
i = 

stheor(g, 1n)/stheor(g ,xn) of the combined model of photonuclear reactions [6, 7]. It was shown that evaluated cross sections 

differ noticeably from experimental once and that the main of that reasons are the complicated dependence of neutron 

multiplicity on its measured kinetic energy.  

The isotopes 140,142Ce are of special interest concern the problems of data reliability because there are the significant 

difference between experimental data obtained for partial photoneutron reactions (g, 1n) and (g, 2n) in [8] using 
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quasimonoenergetic annihilation photon beam and neutron multiplicity sorting method. The point is that for 140Ce 

integrated cross section of the (g, 1n) reaction is 1941 MeV mb and that of (g, 2n) reaction is 457 MeV mb. At the same 

time for 142Ce correspondent values are 1022 and 1186 MeV mb. Therefore there are noticeable differences between the 

integrated cross sections for total photoneutron reaction (g, Sn) = [(g, 1n) + (g, 2n)] ï 2400 and 2210 MeV mb 

correspondingly and neutron yield reaction (g, xn) = [(g, 1n) +2 (g, 2n)] ï 2857 and 3396 MeV mb. The possible reason 

is the large differences between energy thresholds Bn1 and Bn2 of (g, 1n) and (g, 2n) on 140,142Ce isotopes. Bn1 are 

correspondingly 9.2 and 7.16 MeV but Bn2 are 16.66 and 12.59 MeV. 

Experimental data the reactions (g, 1n) and (g, 2n) on both isotopes were analyzed using data reliability criteria. It 

was found out that with the exception of narrow energy range (~ 19-21 MeV) in 142Ce there are no noticeable 

disagreements with criteria used. At the same time the energy dependencies of Fexp
i  differ noticeably from those of Ftheor

i. 

Therefore for both isotopes evaluated partial reaction cross sections were obtained using the experimental-theoretical 

method. The way of new cross sections evaluation was the following ï seval(g, in) = Ftheor
i ¶ sexp(g, xn). It means that 

competition between partial reactions is in accordance with model and their sum seval(g, xn) is equal to sexp(g, xn) also 

free from problems mentioned. Using evaluated partial reactions cross sections new data were obtained also for total 

photoneutron reaction [(g, 1n) + (g, 2n) + (g, 3n) + é] º (g, abs). 

The research was carried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of 

the MSU SINP. It is supported by the Coordinated Research Project (F41032, the Research Contract 20501) of the 

International Atomic Energy Agency. Authors acknowledge Prof. B.S.Ishkhanov and Dr. V.N.Orlin for theoretical 

calculations and very useful and important discussions. 
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Present report is dedicated to test of silicon based detection system constructed for the study of rare fission mode 

processes in spontaneous fission of 252Cf. The system includes  silicon detectors such as hybrid pixel detector Timepix, 

thin PIN detector and APD diode. Two telescopes consisting of two Timepix and two thin PIN detectors are constructed 

for particle identification by means of the well known æEīE technique. The 300 ɛm thick Timepix detector, which has 

an active area of 1.41.4 cm2 and reverse bias voltage of 100 V, is used as E detector. The thin PIN detector used as æE 

has an active area of 11 cm2 and 12 ɛm thicknesses and about reverse bias voltage of 12V. The 7 ɛm thick APD diodes 

with an active area of 33 mm2 are considered to use for detection of fission fragments. 

Detection performance of the system is presented with alpha radioactive sources (244Cm, 233U, 238Pu, and 239Pu) in 

this report. Energy calibration is done for every detector and synchronization system is tested. Signals from the PIN 

detectors and APD diodes are recorded by using 12 bit CAEN desktop waveform digitizer (DT5720) with a sampling rate 

of 250 MS/s. The Timepix detector, however, is controlled with its readout and control system FITPix.   
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EVALUATION OF RELIABLE PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS FOR 139La 

 

Varlamov V.V., Kaydarova V.D., Peskov N.N. 

 

Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia 

 

The majority of partial and total photoneutron reaction cross sections were obtained at Livermore (USA) and 

Saclay (France) using quasimonoenergetic annihilation photons and the neutron multiplicity sorting based on its energy 

measurement. Using physical criteria of partial photoneutron reaction cross sections reliability it was found out [1ï4] that 

for many nuclei (91,94,96Zr, 115In, 112ï124Sn, 159Tb, 181Ta, 197Au, 208Pb) those data are nor reliable. It was shown that many 

data under discussion do not satisfy to proposed objective data reliability criteria: in various photon energy ranges the 

ratios F2 = s(g, 2n)/s(g, xn) = s(g, 2n)/s[(g, 1n) + 2(g, 2n) + 3(g, 3n) + é] have physically unreliable values larger 0.50 

and at the same time ratios F1 = s(g, 1n)/s(g, xn) have physically forbidden negative values. That means that experimental 

neutron multiplicity sorting has been done erroneously because of large systematic uncertainties. Using the experimentalï

theoretical method [1, 2] for reliable partial reaction cross section evaluation (seval(g, in) = Ftheor
i ¶ sexp(g, xn)) new data 

for reactions (g, 1n) and (g, 2n) (g, 3n) free of such kind uncertainties were evaluated for many nuclei. It means that 

competition between partial reactions is in accordance with the combined model of photonuclear reactions [5, 6] and their 

sum seval(g, xn) is equal to sexp(g, xn) free from neutron multiplicity sorting problems mentioned above. It was obtained 

that the new evaluated data noticeably differ from the correspondent experimental once.  

Data for partial reactions (g, 1n) and (g, 2n) cross sections on 139La [7, 8] obtained in two experiments in Saclay 

were analyzed. It was obtained that data obtained in both experiments (Livermore and Saclay) generally satisfy objective 

physical data reliability criteria. But data for both reaction cross sections are not reliable because: 

ï ratios Fexp
i obtained for data from both experiments [7, 8] are near Ftheor

i calculated in the model [5, 6] only at 

energies below ~ 20 MeV; 

ï at larger energies one can see noticeable disagreements between Fexp
i and Ftheor

i: for both experiments Fexp
1 > 

Ftheor
1 and Fexp

2 < Ftheor
2. 

New cross sections for (g, 1n) and reactions on 139La were evaluated using experimentalïtheoretical method [1, 2]. 

New data for total photoneutron reaction s(g, Sn) = s[(g, 1n) + (g ,2n) + (g, 3n) + é] were obtained also. The deviations 

of evaluated partial reactions cross sections from experimental ones were discussed. It was shown that the main reason 

of those deviations is unreliable moving the parts of neutrons from (g, 1n) reaction to (g, 2n) reaction at energies ~ 19ï22 

MeV and vice versa from (g, 2n) reaction to (g, 1n) reaction at energies ~ 22ï25 MeV . 

The research was carried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of 

the MSU SINP. It is supported by the Coordinated Research Project (F41032, the Research Contract 20501) of the 

International Atomic Energy Agency. Authors acknowledge Prof. B.S.Ishkhanov and Dr. V.N.Orlin for theoretical 

calculations and very useful and important discussions. 
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NEW PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS  FOR 90Zr IN THE REGION OF GDR  

 

Varlamov V.V., Davydov A.I., Peskov N.N. 

 

Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia 

 

Using objective physical criteria of partial photoneutron reaction cross sections reliability it was shown [1ï4] that 

for many nuclei those data obtained using quasimonoenergetic annihilation photon beams and photoneutron multiplicity 

sorting method are nor reliable. In various energy ranges the ratios F1 = s(g,1n)/s(g,xn) = s(g,1n)/s[(g,1n) + 2(g,2n) + 

3(g,3n) + é] have physically forbidden negative values and at the same time corresponding ratios F2 = s(g,2n)/s(g,xn) 

have physically unreliable values larger 0.50. Experimental neutron multiplicity sorting has been done erroneously 

because of large systematic uncertainties. Using the experimental-theoretical method [2] for reliable partial reaction cross 

section evaluation new data for reactions (g, 1n) and (g, 2n) free of such kind uncertainties were evaluated for isotopes 
91,94Zr [5]. It was obtained that in cases of both isotopes the new evaluated data noticeably differ from the correspondent 

experimental once. 

The experimental data for partial reactions (g, 1n) and (g, 2n) cross sections on isotope 90Zr [6, 7] were analyzed. 

It was obtained that data obtained in both experiments (Livermore and Saclay) do not satisfy objective physical data 

reliability criteria: 

ï ratios Fexp
i = sexp(g, 1n)/sexp(g ,xn) obtained for data from both experiments [6, 7] noticeably differ from Ftheor

i = 

stheor(g, 1n)/stheor(g ,xn) calculated in the combined model of photonuclear reactions [8, 9]; 

ï in the energy range from ~ 24.5 MeV up to ~ 27 MeV there are forbidden negative values in Fexp
1 [6] and 

correspondingly values Fexp
2 [6] > 0.50. 

New data free of the uncertainties mentioned above were evaluated for 90Zr using the experimental-theoretical 

method [1]. The only experimental reaction cross section sexp(g, xn) [6] free from problems of experimental determination 

of neutron multiplicity was used and shared into the partial parts using the equations Ftheor
i = stheor(g, 1n)/stheor(g ,xn) of 

the combined model [8, 9]. The way of new cross sections evaluation was the following ï seval(g, in) = Ftheor
i ¶ sexp(g, xn). 

It means that competition between partial reactions is in accordance with model and their sum seval(g, xn) is equal to 

sexp(g, xn) also free from problems mentioned. New cross sections were evaluated for (g, 1n) and (g, 2n) reactions. Using 

evaluated partial reactions cross sections new data were obtained also for total photoneutron reaction [(g, 1n) + (g, 2n) + 

(g, 3n) + é] º (g, abs). 

Similarly to the situation for isotopes 91,94Zr in the case of isotope 90Zr there are noticeable disagreements between 

the evaluated and experimental data also. Therefore many physical effects estimations based on using the experimental 

data for 90Zr(g, 1n) and 90Zr(g, 2n) reactions cross sections should be reanalyzed. 

The research was carried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of 

the MSU SINP. It is supported by the Coordinated Research Project (F41032, the Research Contract 20501) of the 

International Atomic Energy Agency. Authors acknowledge Prof. B.S.Ishkhanov and Dr. V.N.Orlin for theoretical 

calculations and very useful and important discussions. 
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   Systematic studies of neutron skin thickness are quite important for determining the equation of state of 

asymmetric nuclear matter.  In order to determine the thickness of the neutron skin one needs to know both the proton 

and neutron radii.  Neutron radii can be deduced from matter radii via reaction cross-section measurements.  Proton 

radii have previously been obtained from electron scattering and/or isotope shift measurements, but these methods are 

limited to stable nuclei and metallic elements of the alkali (earth) group and noble gases.  Therefore, we developed a 

method to obtain proton radii using charge-changing cross-section measurements [1] and applied it to light nuclei, but 

not, heretofore, to medium heavy nuclei.  Now, we have measured charge-changing cross-sections of Ca and Ni 

isotopes on a carbon target, including the nuclei for which proton radii are already known, in the RI Beam Factory 

(RIBF) at RIKEN, using the Big-RIPS beam line.  The data analysis is in progress. 

 

 
 

 [1] T. Yamaguchi et al., Phys. Rev. Lett. 107, 032502 (2011) 
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PHOTONEUTRON REACTION CROSS SECTION RELIABILITY  

 

Varlamov V.V., Orlin V.N., Peskov N.N. 

 

Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia 

 

Most of the cross sections of total and partial photonuclear reactions were obtained using quasimonoenergetic 

annihilation photon beams at the National Lawrence Livermore Laboratory (USA) and France Centre dôEtudes Nucleaires 

de Saclay [1, 2]. Both laboratories used similar methods to separate reactions with different multiplicities based on the 

assumption that the neutron spectra of (g, 1n) and (g, 2n) reactions are fundamentally different. Quite different methods, 

however, were used to measure kinetic energy of neutrons: at Livermore the so called ñring-ratioò method was used and 

at Saclay a specifically calibrated large Gdïloaded liquid scintillator was used [1]. As a result there are wellïknown 

complex systematic discrepancies in partial photoneutron reaction cross sections obtained at Livermore and Saclay: as a 

rule the (g, 1n) reaction cross sections are larger at Saclay, and the (g, 2n) cross sections are larger at Livermore. Therefore 

SaclayïLivermore data difference is in some cases up to about 60ï100%. 

These disagreements were a subject of special studies for several years [3ï6]. Since the total number of neutrons 

detected at both laboratories agrees, it has been suggested that the difference of the partial reaction cross sections 

originated from the noticeable systematic uncertainties of the procedures used to separate counts into 1n and 2n events. 

Using the objective physical criteria of partial photoneutron reaction cross sections reliability it was shown that for many 

nuclei those data obtained using quasimonoenergetic annihilation photon beams and photoneutron multiplicity sorting 

method are nor reliable. In various energy ranges the ratios F1 = s(g, 1n)/s(g, xn) = s(g, 1n)/s[(g, 1n) + 2(g, 2n) + 3(g, 

3n) + é] have physically forbidden negative values and at the same time corresponding ratios F2 = s(g, 2n)/s(g, xn) have 

physically unreliable values larger 0.50. New data free of the uncertainties mentioned above were evaluated for many 

nuclei (for example, 91,94Zr, 115In, 112ï124Sn, 133Cs, 159Tb, 181Ta, 186-192Os, 197Au, 208Pb, 209Bi) using the experimental-

theoretical method. The only experimental reaction cross section sexp(g, xn) free from problems of experimental 

determination of neutron multiplicity was used and shared into the partial parts using the equations Ftheor
i = 

stheor(g, 1n)/stheor(g, xn) of the combined model of photonuclear reactions (CMPNR) [7, 8]. The way of new cross sections 

evaluation was the following ï seval(g, in) = Ftheor
i ¶ sexp(g, xn). It means that competition between partial reactions is in 

accordance with model and their sum seval(g, xn) is equal to sexp(g, xn) also free from problems mentioned. New cross 

sections were evaluated for (g, 1n), (g, 2n) and (g, 3n) reactions. For 159Tb data were evaluated in [3, 4], for 208Pb in [5], 

for 209Bi in [9]. The noticeable disagreements between the evaluated and experimental data were found out. It was shown 

that the main reason of such disagreements is the complex relation between the measured energy of a neutron and its 

multiplicity obtained. In preliminary calculations for 181Ta [10] it was shown that the energies of neutron from the reaction 

(g, 1n) and the energy of the first neutron from the reaction (g, 2n) could be near. 

Using the CMPNR the energy spectra of various chances outgoing neutrons from the reactions (g, 1n), (g, 2n) and 

(g, 3n) were calculated for nuclei 181Ta, 208Pb, and 209Bi. Calculations were carried out for nucleus excitation energies 15, 

20, 25, 30, 40, and 50 MeV. For all three nuclei it was obtained that if nucleus excitation energy increase the part of high-

energy neutrons in the inclusive neutron spectra increase also. At the same time the shapes and averaged energies of 

various neutron spectra are near and the main maxima are place in small neutron energies ~ 0.7ï1.0 MeV. The reason 

could be that there are many neutron transitions to the excited states of final nucleus. Therefore the dependence of neutron 

multiplicity with its energy is very complex. 

The research was carried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of 

the MSU SINP. It is supported by the Coordinated Research Project (F41032, the Research Contract 20501) of the 

International Atomic Energy Agency. Authors acknowledge Prof. B.S.Ishkhanov for theoretical calculations and very 

useful and important discussions. 
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RELIABILITY OF PARTIAL PHOTONEUTRON REACTION CROSS SECTIONS  AND NEUTRON 

ENERGY SPECTRA FOR 116Sn 

 

Varlamov V.V., Ishkhanov A.A., Orlin V.N. 

 

Skobeltsyn Institute of Nuclear Physics of Lomonosov Moscow State University, Moscow, Russia 

 

Many cross sections of total and partial photonuclear reactions were obtained using quasimonoenergetic 

annihilation photon beams at Livermore (USA) and Saclay (France) [1, 2]. Both laboratories used similar methods to 

separate reactions with different multiplicities based on the assumption that the neutron spectra of (g, 1n) and (g, 2n) 

reactions are noticeably different. To measure kinetic energy of neutrons different methods were used. Those were so 

called the ñring-ratioò method at Livermore and specially calibrated the large Gdïloaded liquid scintillator at Saclay [1]. 

There are wellïknown complex systematic discrepancies in partial photoneutron reaction cross sections obtained at both 

laboratories: as a rule the (g, 1n) reaction cross sections are larger at Saclay, and the (g, 2n) cross sections are larger at 

Livermore (data difference in some cases is about 60ï100%). In special studies [3ï6] it has been shown that the 

differences of the partial reaction cross sections originated from the noticeable systematic uncertainties of the procedures 

used to separate counts into 1n and 2n events. Because of those many neutrons are unreliably transmitted from one partial 

reaction to another. At Livermore for many nuclei the (g, 1n) reaction cross section decreases up to appearing of physically 

forbidden negative values and the (g, 2n) reaction cross section vice versa increases up to values for which the data 

reliability criterion F2 = s(g, 2n)/s(g, xn) = s(g, 2n)/s[(g, 1n) + 2(g, 2n) + 3(g, 3n) + é] have physically unreliable values 

larger 0.50. 

Such effects are very impressive for 116Sn [7]. At energies ~ 21-26 MeV there are many negative values of (g, 1n) 

reaction cross section correlated with F2 > 0.50 values. Additionally in contradiction to the definition F2 noticeably 

decreases at energies larger ~ 23 MeV, though the energy threshold of (g, 3n) reaction B3n = 27.4 MeV. So it should be 

concluded that the data for both partial reactions are not reliable. To evaluate the reliable partial reactions cross sections 

the experimental-theoretical method was proposed [8, 9]. The only experimental reaction cross section sexp(g, xn) free 

from problems of experimental determination of neutron multiplicity was used and shared into the partial parts using the 

equations Ftheor
i = stheor(g, 1n)/stheor(g ,xn) of the combined model of photonuclear reactions (CMPNR) [10, 11]. The 

evaluated cross sections were obtained as seval(g, in) = Ftheor
i ¶ sexp(g, xn) [8]. It means that competition between partial 

reactions is in accordance with model and their sum seval(g, xn) is equal to sexp(g, xn) also free from problems mentioned. 

Evaluated partial reactions cross sections noticeably differ from experimental cross sections obtained at both Livermore 

and Saclay. It was concluded that those discrepancies depend on  the energy spectra of outgoing neutrons. Thus, the 

relationship between the energy of a neutron and its multiplicity is very complex. To investigate the connection of neutron 

multiplicity with its energy in details the energy spectra of neutrons from the reactions (g, 1n), (g, 2n), (g, 3n), and (g, 4n) 

on 116Sn were calculated in the frame of the CMPNR. The spectra were obtained for 116Sn nucleus excitation energies Eexc 

= 20, 30, and 40 MeV and for neutrons of various chances ï the unique neutron from the (g, 1n) reaction, both neutrons 

from (g, 2n) reaction, etc. It was obtained that the neutrons with high energies up to Eexc-Bn are presented in all spectra. 

But the maxima of spectra for various Eexc are placed at near energies about 0.7 ï 1.0 MeV. It means that the connection 

of the neutron multiplicity and its energy is very complicated. This is the main reason of significant systematic 

uncertainties of experimental data obtained using the method of neutron multiplicity sorting and therefore of many 

unreliable photoneutron partial reaction cross sections. 

The research was carried out in the Department of Electromagnetic Processes and Atomic Nuclei Interactions of 

the MSU SINP. It is supported by the Coordinated Research Project (F41032, the Research Contract 20501) of the 

International Atomic Energy Agency. Authors acknowledge Prof. B.S.Ishkhanov and Dr. V.N.Orlin for theoretical 

calculations and very useful and important discussions. 
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ʄɸʉʉʆɺʓɽ ʀ ʕʅɽʈɻɽʊʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʇʈʆɼʋʂʊʆɺ ɼɽʃɽʅʀʗ 241PU 
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ʄʥʦʛʦʣʝʪʥʠʡ  ʠʥʪʝʨʝʩ ʢ ʷʚʣʝʥʠʶ ʜʝʣʝʥʠʷ ʩʚʷʟʘʥ ʩ ʝʛʦ ʰʠʨʦʢʠʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʠ ʚʘʞʥʳʤ 

ʥʘʫʯʥʳʤ ʟʥʘʯʝʥʠʝʤ. ɺ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ ʜʝʣʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ 

ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʷʜʝʨ, ʧʦʩʢʦʣʴʢʫ ʦʯʝʥʴ ʤʥʦʛʦʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʷʜʨʝ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʟʘʭʚʘʪʘ ʥʝʡʪʨʦʥʘ ʠ 

ʠʩʧʫʩʢʘʥʠʝʤ g-ʢʚʘʥʪʦʚ ʚʦʟʙʫʞʜʝʥʥʳʤʠ ʢʦʥʝʯʥʳʤʠ ʷʜʨʘʤʠ-ʦʩʢʦʣʢʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʘʤʝʪʥʳʡ ʧʨʦʛʨʝʩʩ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʩʤʳʩʣʝʥʠʠ ʮʝʣʦʛʦ ʨʷʜʘ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʦʣʥʦʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ 

ʠʤʝʶʱʝʡʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʩʩʦʚʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʟʘʨʷʜʦʚʳʭ ʠ ʫʛʣʦʚʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʜʦʩʪʠʯʴ ʥʝ ʫʜʘʣʦʩʴ. ʇʨʦʙʣʝʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʥʠ 

ʩʘʤ ʤʦʤʝʥʪ ʨʘʟʨʳʚʘ ʷʜʨʘ ʥʘ ʦʩʢʦʣʢʠ, ʥʠ ʬʦʨʤʘ ʷʜʨʘ ʧʝʨʝʜ ʨʘʟʨʳʚʦʤ ʥʝ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʤʳʤʠ, ʠ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʪʦʣʴʢʦ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʨʷʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘʙʣʶʜʘʝʤʳʭ ʚʝʣʠʯʠʥ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʤʢʘʭ ʪʝʭ ʠʣʠ ʠʥʳʭ ʤʦʜʝʣʝʡ ʠʣʠ ʧʦʜʭʦʜʦʚ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʜʝʣʝʥʠʷ ʘʪʦʤʥʦʛʦ ʷʜʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʭ ʚʝʣʠʯʠʥ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʩʩʦʚʦʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ  ʠ ʟʘʨʷʜʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ [1].  

ʀʟʤʝʨʝʥʠʝ  ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʷʜʝʨ 241Pu ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʢʘʥʘʣʝ ʨʝʘʢʪʦʨʘ ɺɺʈ-ʉʄ ʀʗʌ ɸʅ ʈʋʟ [2] ʠ ʨʘʟʜʝʣʷʶʱʠʤ 

ʧʨʦʜʫʢʪʳ ʜʝʣʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʤʘʩʩʘʤ ʄ, ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ ɽʢ  ʠ ʠʦʥʥʳʤ ʟʘʨʷʜʘʤ z*. ʇʦʪʦʢ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ ʥʘ ʤʠʰʝʥʠ ʩʦʩʪʘʚʣʷʣ ʚʝʣʠʯʠʥʫ ʌʪ = 2³1012 ʥ/ʩʤ2Ŀʩ, ʘ ʢʘʜʤʠʝʚʦʝ ʦʪʥʦʰʝʥʠʝ ʌʪ./ʌʙ=25. ɺ ʠʟʤʝʨʝʥʠʷʭ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʠʰʝʥʴ ʠʟ 241Pu ʧʨʠʛʦʪʦʚʣʝʥʥʘʷ ʚ ʚʠʜʝ ʜʚʫʦʢʠʩʠ ʭʠʤʠʯʝʩʢʠʤ ʦʩʘʞʜʝʥʠʝʤ ʥʘ ʘʣʶʤʠʥʠʝʚʫʶ 

ʧʦʜʣʦʞʢʫ ʪʦʣʱʠʥʦʡ 0,5 ʤʤ ʩ ʘʢʪʠʚʥʳʤ ʩʣʦʝʤ 40ʭ5 ʤʤ2 ʠ ʪʦʣʱʠʥʦʡ 275°5 ʤʢʛ/ʩʤ2, ʩʦʜʝʨʞʘʥʠʝ 241Pu  (80,5°0,1)%. 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʡ ʠ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʧʝʢʪʨʦʚ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ ʚ [3]. ɺr ʭʦʜ rʧʨʦʜʫʢʪʦʚ 

ʜʝʣʝʥʠʷ 241Pu ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʠʟʤʝʨʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩʦʚʳʭ ʯʠʩʝʣ ɸ=130-158 ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʵʥʝʨʛʠʡ Ek = 35; 40; 45; 50; 55; 60; 62,5; 67; 70; 74; 76,5 ʠ 80Mʵɺ ʠ ʠʦʥʥʳʤʠ ʟʘʨʷʜʘʤʠ 

z* = (16-28)eʦ. ʆʧʨʝʜʝʣʝʥ ʩʫʤʤʘʨʥʳʡ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʳʭʦʜ ʧʦ ʚʩʝʤ ʢʠʥʝʪʠʯʝʩʢʠʤ ʵʥʝʨʛʠʷʤ. 

ʇʦʥʠʞʝʥʥʳʡ ʚʳʭʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʩ ɸ=138 ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʜʝʣʝʥʠʷ 239Pu [4]. ɸ ʪʘʢʞʝ 

ʜʣʷ A=140 ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʵʥʝʨʛʠʷʭ. ʅʘʙʣʶʜʘʶʪʩʷ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʘʩʩʦʚʳʤʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʠ ʟʥʘʯʝʥʠʷʤʠ ʧʦʣʫʰʠʨʠʥ ʜʣʷ 241Pu ʠ 239Pu [4] ʦʩʦʙʝʥʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩʦʚʳʭ ʯʠʩʝʣ 135<ɸ<145. 

ɼʣʷ  ʜʝʣʝʥʠʷ 241Pu ʭʘʨʘʢʪʝʨʥʳ ʤʝʥʴʰʠʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ  ɽʢ, ʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʤʝʥʴʰʝʡ 

ʟʘʨʷʜʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʵʪʦʡ ʜʝʣʷʱʝʡʩʷ ʩʠʩʪʝʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʦʜʠʣʘʩʴ ʢʦʨʨʝʣʷʮʠʷ ʥʘʰʠʭ ʠʟʤʝʨʝʥʠʡ ʧʨʦʜʫʢʪʦʚ 

ʜʝʣʝʥʠʷ ʪʷʞʝʣʦʡ ʛʨʫʧʧʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢ ʥʠʤ ʧʨʦʜʫʢʪʘʤʠ  ʜʝʣʝʥʠʷ ʣʝʛʢʦʡ ʛʨʫʧʧʳ  241Pu ʩ ʤʘʩʩʦʚʳʤʠ 

ʯʠʩʣʘʤʠ ɸ = 80 - 88, ʠʟʤʝʨʝʥʥʳʤʠ ʥʘ ʘʥʘʣʦʛʠʯʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ LOHENGRIN ʚ ɻʨʝʥʦʙʣʝ (ʌʨʘʥʮʠʷ) [5]. 

ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʷʜʝʨ 239Pu, 249Cf ʠ 242Am ʜʣʷ ʣʝʛʢʦʡ ʛʨʫʧʧʳ, ʪʘʢʞʝ 

ʠʟʤʝʨʝʥʥʳʤʠ ʥʘ ʵʪʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ. ɼʣʷ ʚʩʝʭ ʜʝʣʷʱʠʭʩʷ ʪʝʧʣʦʚʳʤʠ ʥʝʡʪʨʦʥʘʤʠ ʷʜʝʨ ʭʘʨʘʢʪʝʨʥʘ ʪʦʥʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʤʘʩʩʦʚʳʭ ʯʠʩʝʣ ʩ ɸ = 80, 82 ʠ 84. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʦʥʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʣʝʛʢʦʡ ʛʨʫʧʧʝ ʩʚʷʟʘʥʘ ʩ 

ʯʝʪʥʦ-ʯʝʪʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʠ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʩʢʦʣʢʦʚ ʜʝʣʝʥʠʷ ʩ ʤʘʛʠʯʝʩʢʠʤʠ ʯʠʩʣʘʤʠ 28 ʠ 50 ʜʣʷ Z ʠ N, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʷʞʝʣʦʡ ʛʨʫʧʧʝ ʥʘʣʠʯʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʤʘʩʩʦʚʳʭ ʯʠʩʝʣ ɸ = 154, 156. 

ʇʦʣʫʰʠʨʠʥʳ ʤʘʩʩʦʚʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʜʣʷ ʵʪʠʭ ʤʘʩʩʦʚʳʭ ʯʠʩʝʣ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʦʚʳʭ ʚʳʭʦʜʦʚ ʧʦʢʘʟʳʚʘʶʪ ʧʦʚʳʰʝʥʥʳʡ ʚʳʭʦʜ ʦʩʢʦʣʢʦʚ 

ʜʝʣʝʥʠʷ ʩ ɸ = 154-155 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʚʝʩʪʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ [5]. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʤʳ ʧʨʦʚʦʜʠʣʠ ʠʟʤʝʨʝʥʠʷ  ʚ ʫʟʢʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʠʥʪʝʨʚʘʣʝ, ʧʦʟʚʦʣʷʶʱʝʤ ʚʳʷʚʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʤʘʩʩʦʚʳʭ ʯʠʩʝʣ ʧʦ ʤʦʜʝʣʠ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ 

ʜʝʣʷʱʝʡʩʷ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʘʥʘʣʘ ʜʝʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʙʦʣʴʰʦʡ 

ʜʝʬʦʨʤʘʮʠʝʡ ɓL @ 1,1 ʣʝʛʢʦʛʦ ʦʩʢʦʣʢʘ ʠ ʤʘʣʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ɓH  @ 0,35 ʪʷʞʝʣʦʛʦ ʦʩʢʦʣʢʘ. 
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The relative angle correlation of intermediate mass fragments has been studied for 4 GeV 4He + Au collisions at 

the Dubna Nuclotron with the FASA [1] 4ˊ detector array. Strong suppression at small angles is observed caused by IMF-

IMF Coulomb repulsion. Experimental correlation function (Fig. 1) is compared to that obtained by the multi-body 

Coulomb trajectory calculations with the various decay time of fragmenting system. The analysis has been done on an 

event by event basis. The multibody Coulomb trajectory calculations of all charged particles have been performed starting 

with the initial break-up conditions given by the combined model INC [2] + SMM [3]. The correlation function was 

calculated for prompt break-up and for mean life time of the system 100 fm/c at freeze-out volume Vf = 3V0.  

It was found good agreement of calculations and measured correlation function. Mean life time of the system is 

47 Ñ 12 fm/c for 4He(4 Gev) + Au reaction which is in accordance with the scenario of a simultaneous multibody decay 

of a hot and expanded nuclear system.  

The research was supported by Grant No. 15-2-02745 from Russian Foundation for Basic Research. 

 

 
Fig. 1. Relative angle correlation function for IMF produced in 4He + Au collisions at 4 GeV. Points ï 

experimental data. Solid line ï INC+SMM calculations with prompt secondary disintegration. Doted line correspond to 

INC+SMM calculations with mean time of secondary disintegration 100 fm/c. 
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ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʌɽʄʊʆʉɽʂʋʅɼʅʆɻʆ ʃɸɿɽʈʅʆɻʆ ʀʄʇʋʃʔʉɸ ʉ ʄʀʐɽʅʔʖ 181Ta 

 

ʉʝʢʩʝʤʙʘʝʚ ɾ.ɹ. 1, ɹʘʷʭʤʝʪʦʚ ʆ.ʉ. 1,2, ɸʟʘʤʘʪʦʚ ɸ.ɸ. 1,2, ɸʤʘʥʙʝʢ ʅ.ʅ. 1,2, ʉʘʭʠʝʚ ʉ.ʂ. 1 

 

1 ɽʚʨʘʟʠʡʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ.ɻʫʤʠʣʝʚʘ, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

2 ɸʩʪʘʥʠʥʩʢʠʡ ʬʠʣʠʘʣ ʀʗʌ ʈʂ, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʇʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʟʥʘʤʝʥʦʚʘʣʦʩʴ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʧʨʦʛʨʝʩʩʦʤ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʣʘʟʝʨʦʚ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʳ ʬʝʤʪʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʕʪʠ ʣʘʟʝʨʥʳʝ ʫʩʪʘʥʦʚʢʠ, 

ʦʙʣʘʜʘʷ ʤʘʣʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʚʝʪʦʚʦʛʦ ʠʤʧʫʣʴʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʠʢʦʚʫʶ ʤʦʱʥʦʩʪʴ ʚʧʣʦʪʴ ʜʦ 1015 ɺʪ. 

ʌʦʢʫʩʠʨʦʚʢʘ ʜʘʥʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʦʛʨʦʤʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ 

1016-1021 ɺʪ/ʩʤ2. ʊʘʢʦʝ ʩʚʝʨʭʠʥʪʝʥʩʠʚʥʦʝ ʠʟʣʫʯʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʇʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʝʝʪ ʨʝʚʦʣʶʮʠʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʬʠʟʠʢʠ, ʩʨʘʚʥʠʤʦʝ ʩ 

ʩʦʟʜʘʥʠʝʤ ʠʤʧʫʣʴʩʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ ʦʩʥʦʚʝ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. ʇʨʠʥʮʠʧʠʘʣʴʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʛʠʛʘʥʪʩʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʥʝʨʛʠʠ ~1011 ɼʞ/ʩʤ3 ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʦʢʫʩʠʨʦʚʢʦʡ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ çʤʠʢʨʦʦʙʲʝʤè ~ 10-11 ʩʤ3. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʠʷ, ʧʝʨʝʜʘʚʘʝʤʘʷ ʦʜʥʦʤʫ ʘʪʦʤʫ, ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 10 (1 ʵɺ = 1,6ʭ10-19 ɼʞ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʟʘʪʨʘʪʠʪʴ ʥʘ ʨʘʩʱʝʧʣʝʥʠʝ ʷʜʨʘ 

ʥʘ ʦʪʜʝʣʴʥʳʝ ʥʫʢʣʦʥʳ, ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩʚʷʟʠ eb (eb>>8 ʄʵɺ) ʥʘ ʯʠʩʣʦ ʥʫʢʣʦʥʦʚ, 

ʘ ʵʥʝʨʛʠʷ ʦʪʜʝʣʝʥʠʷ ʥʫʢʣʦʥʘ ʠʣʠ ʧʨʦʪʦʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2-20ʄʵɺ [1]. ɺ ʨʝʞʠʤʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ 

ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟʫʯʘʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ ʚ ʩʠʣʴʥʦ ʥʝʨʘʚʥʦʚʝʩʥʳʭ, 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʡ ʠʟ ʧʣʘʟʤʳ, ʩʦʟʜʘʚʘʝʤʦʡ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʣʘʟʝʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ.  

ɺ ʤʦʤʝʥʪ ʦʙʣʫʯʝʥʠʝ ʪʘʥʪʘʣʘ ʣʘʟʝʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʫʙʣʠʤʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ, ʪʝʤ ʩʘʤʳʤ ʟʘʩʪʘʚʣʷʷ ʪʚʝʨʜʦʝ 

ʪʝʣʦ ʧʝʨʝʡʪʠ ʚ ʩʦʩʪʦʷʥʠʝ ʧʣʘʟʤʳ. ɺʩʷ ʵʥʝʨʛʠʷ ʣʘʟʝʨʘ ʫʭʦʜʠʪ ʥʘ ʪʦ, ʯʪʦʙʳ ʨʘʟʨʫʰʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ 

ʤʠʰʝʥʠ, ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ɺʘʥ-ʜʝʨ ɺʘʣʴʩʦʚʳʭ ʩʠʣ, ʘ ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʙʫʜʝʪ ʠʦʥʠʟʠʨʦʚʘʪʴ ʚʩʝ ʘʪʦʤʳ ʤʠʰʝʥʠ. 

ʇʦʩʣʝ ʯʝʛʦ ʙʫʜʝʪ ʚʳʣʝʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʢʦ ʠ ʠʦʥʥʦʛʦ ʦʙʣʘʢʦ ʣʝʪʷʱʠʝ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʤʝʪʦʜʳ ʵʪʠʭ ʨʘʩʯʝʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʩʧʝʢʪʨʘ ʵʥʝʨʛʠʡ 

ʵʣʝʢʪʨʦʥʦʚ. ʇʨʦʠʟʚʝʜʝʥʳ ʩʨʘʚʥʝʥʠʷ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 
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[2]  ɺʦʨʦʥʯʝʚ ɺ.ʊ., ʂʫʢʫʣʠʥ ɺ.ʀ. ʗʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʋʊʉ. // ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ, 2000, ʊ.63, 
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PRECISE GROUND STATE ENERGY OF THE HELIUM -MUONI C ATOMS  

 

Aznabayev D.T. 1,2, Bekbaev A.K. 1,2, Korobov V.I. 1 

 
1Joint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Moscow region, Russia, 

2Al-Farabi Kazakh National University, 71 Ave.,050038, Almaty 

 

In our work the nonrelativistic ionization energies 3He2+ɛ-e- and 4He2+ɛ-e-  of helium-muonic atoms are calculated 

for ground states. The calculations are based on the variational method of ñexponentialò expansion. Convergence of  the 

numerical values of variational energies is studied by increasing a number of  the basis functions N. That allows to claim 

that the obtained energy values have 21 significant digits for ground states. 

Muonic helium ions 3He2+ɛ-e- and 4He2+ɛ-e-  are simple three-body systems composed of the electron, a negative 

muon and positive nucleus of  3He or 4He. The lifetime of such atoms are determined by the lifetime of muon t= 

2.19703(4)Å10-6 sec. The three-body bound states has complicated hyperfine structure which is caused by an interaction 

of magnetic moments of  the electron, the muon and the nucles. Muon systems represent themselves as a unique laboratory 

for precise determination of nuclei properties such as charge radius. Lately, a significant progress in an investigation of 

energy spectrums of muonic atoms has been achieved by the CREMA collaboration (Charge Radius Experiment with 

Muonic Atoms). The Lamb shift and hyperfine structure in muonic hydrogen and muonic deuterium have been measured. 

Similar experiments are planned for muonic helium. Light muonic atoms are important for testing of the Standard Model, 

theory of bound states in quantum electrodynamics and for searching of exotic particles and interactions. 

 

TABLE 1: The convergence of the total energies in atomic units for the ground states in the helium-muonic atoms. 

N is the total number of basis functions used in calculations. 

 

TABLE 2: The convergence of the expectation values for the delta functions for various pairs of particles.  N is 

the total number of  basis functions used in calculations. 

N 3He2+ɛ-e- 4He2+ɛ-e- 

{ŭ(rNɛ)} {ŭ(rNe)}  {ŭ(rɛe)}  {ŭ(rɛe)}  

2000 20 149 938.845 0.320 611 550 99 0.313 682 320 01 0.313 760 536 34 

3000 20 149 938.845 0.320 611 551 42 0.313 682 320 00 0.313 760 536 38 

4000 20 149 938.845 0.320 611 551 56 0.313 682 319 99 0.313 760 536 37 

 

Variational wave functions of  bound states were obtained by solving the Schrodinger equation for the quantum 

three-body problem with Coulomb interaction using a variational approach based on exponential expansion with the 

parameters of exponents being chosen in a pseudorandom way. The results of calculations of the nonrelativistic energy 

levels for a helium atom were presented. The numerical calculation results are listed in Table 1-2. The results of these 

studies demonstrated that the energy values are as accurate as 21 significant digits. This accuracy allows one to obtain 

reliable theoretical predictions. 
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N 3He2+ɛ-e- 4He2+ɛ-e- 

2000 399.042 336 832 862 534 827 027 433 402.637 263 035 135 454 018 960 573 

3000 399.042 336 832 862 534 827 041 147 402.637 263 035 135 454 018 973 292 

4000 399.042 336 832 862 534 827 041 545 402.637 263 035 135 454 018 974 468 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʅɽʈɻɽʊʀʏɽʉʂʆʁ ɿɸɺʀʉʀʄʆʉʊʀ ʇɸʈɸʄɽʊʈʆɺ ʆʇʊʀʏɽʉʂʀʍ 

ʇʆʊɽʅʎʀɸʃʆɺ ɼʃʗ ʉʀʉʊɽʄʓ 14N+10B ɺ ʀʅʊɽʈɺɸʃɽ ɽ= 38,1-97 ʄʕɺ  

 

ɹʫʨʪʝʙʘʝʚ ʅ. 1., ɹʦʟʪʦʩʫʥ ʀ. 2, ɸʣʠʤʦʚ ɼ.ʂ 1, ʂʝʨʠʤʢʫʣʦʚ ɾ.ʂ 1, ɹʫʨʪʝʙʘʝʚʘ ɼ.ʊ. 1, ʄʫʭʘʤʝʜʞʘʥʦʚ ɽ.ʉ.1,  

ʅʘʩʫʨʣʣʘ ʄʘʨʞʘʥ1,3, ʍʦʜʞʘʝʚ ʈ.ɸ. 1, ʂʘʨʘʢʦʯ ʄ. 2, ʂʫʨʘʭʤʝʜʦʚ ɸ.E. 4 

 
1ʈɻʇ ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʂʕ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

2 ʋʥʠʚʝʨʩʠʪʝʪ ɸʢʜʝʥʠʟ, ʬʘʢʫʣʴʪʝʪ ʬʠʟʠʢʠ, ɸʥʪʘʣʴʷ, ʊʫʨʮʠʷ 
3ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʣʴ-ʌʘʨʘʙʠ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

4ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ɻʫʤʠʣʝʚʘ, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʜʝʨʥʦʡ ʘʩʪʨʦʬʠʟʠʢʠ ʧʨʦʜʦʣʞʘʶʪ ʦʩʪʘʚʘʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʜʝʨ 1ʨ-ʦʙʦʣʦʯʢʠ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ CNO-ʮʠʢʣʘ ʚ ʟʚʝʟʜʘʭ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʜʝʨʥʦ-ʷʜʝʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɿʥʘʥʠʝ ʜʦʩʪʦʚʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʝʞʲʷʜʝʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʡ 

ʚʩʝʚʦʟʤʦʞʥʳʭ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʷʜʝʨʥʳʭ ʩʠʩʪʝʤ [1].  

ʂʫʣʦʥʦʚʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʛʣʫʙʦʢʦʤʫ ʧʝʨʝʢʨʳʚʘʥʠʶ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʷʜʝʨ, ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʦʩʠʪ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʚʝʜʝʥʠʝʤ ʤʝʞʲʷʜʝʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʧʦʨʷʜʢʘ ʩʫʤʤʳ ʨʘʜʠʫʩʦʚ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʤʠʤʦ ʫʧʨʫʛʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʜʦʤʠʥʠʨʫʶʪ ʢʚʘʟʠʫʧʨʫʛʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʦʩʪʦʷʥʠʷʤ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʟ 

ʛʣʫʙʦʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʷʜʝʨʥʳʭ ʩʠʩʪʝʤ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʚʨʘʱʘʪʝʣʴʥʳʝ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ, 

ʚʦʟʙʫʞʜʘʶʱʠʝʩʷ ʚ ʥʝʫʧʨʫʛʦʤ ʨʘʩʩʝʷʥʠʠ, ʪʘʢ ʦʜʥʦʯʘʩʪʠʯʥʳʝ ʠ ʢʣʘʩʪʝʨʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʟʘʩʝʣʷʝʤʳʝ ʚ ʨʝʘʢʮʠʷʭ 

ʧʝʨʝʜʘʯʠ ʥʫʢʣʦʥʦʚ ʠʣʠ ʢʣʘʩʪʝʨʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ, ʤʝʭʘʥʠʟʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʯʝʥʠʡ 

ʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʪʷʞʝʣʳʭ ʠʦʥʦʚ ʥʘ ʣʝʛʢʠʭ ʷʜʨʘʭ ʦʩʪʘʶʪʩʷ ʥʝ ʧʦʣʥʳʤʠ, ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ ʠ ʪʨʝʙʫʶʪ ʙʦʣʝʝ 

ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ʘʥʘʣʠʟ ʚʢʣʶʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟ ʨʘʙʦʪ [2,3] ʧʨʠ ʵʥʝʨʛʠʷʭ ɽ14N = 38,1-97 ʄʵɺ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʧʨʦʛʨʘʤʤʝ FRESCO [4]. ʇʘʨʘʤʝʪʨʳ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʦʜʙʠʨʘʣʠʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʥʘʠʣʫʯʰʝʛʦ ʩʦʛʣʘʩʠʷ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʫʛʣʦʚʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʫʪʝʤ ʤʠʥʠʤʠʟʘʮʠʠ ʚʝʣʠʯʠʥʳ ɢ2/N ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ, ʙʳʣʠ 

ʚʟʷʪʳ ʧʘʨʘʤʝʪʨʳ ʧʦʪʝʥʮʠʘʣʘ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [3, p.199]. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʠ ʤʳ ʩʪʘʨʘʣʠʩʴ 

ʥʝ ʫʭʦʜʠʪʴ ʜʘʣʝʢʦ ʦʪ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (rV, aV) ʧʦʪʝʥʮʠʘʣʘ. ɼʣʷ ʣʫʯʰʝʛʦ 

ʩʦʛʣʘʩʠʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʣʠʰʴ ʛʣʫʙʠʥʘ ʤʥʠʤʦʡ ʯʘʩʪʠ (WD) ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʣʘʩʴ. 
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In many nuclear physics laboratories around the world, there is an increased interest to study short-lived radioactive 

nuclei. Pioneering experiments with exotic 52,54Ca isotopes gave an evidence for strong shell effects [1,2]. The low-energy 

E1 strength, which is often called pygmy dipole resonance (PDR), is sensitive to the shell structure [3]. For this reason, 

the properties of the PDR in neutron-rich Ca isotopes provides important tests of theoretical studies. One of the successful 

tools for describing the PDR is the quasiparticle random phase approximation (QRPA) with the self-consistent mean-field 

derived from Skyrme effective interactions [4]. Such an approach can describe the properties of the low-lying states 

reasonably well by using existing Skyrme interactions. Due to the anharmonicity of vibrations there is a coupling between 

one-phonon and more complex states. The main difficulty is that the complexity of calculations beyond standard QRPA 

increases rapidly with the size of the configuration space, and one has to work within limited spaces. Using a finite rank 

separable approximation for the residual particle-hole interaction derived from the Skyrme forces one can overcome this 

numerical problem [5-7]. In our talk the effects of phonon-phonon coupling (PPC) on the low-energy electric dipole 

response in 40-58Ca is discussed. Using the same set of parameters we describe available experimental data for 40,44,48Ca 

and give the prediction for 50-58Ca [8]. In particular, the inclusion of the PPC results in the formation of low-energy 1ī 

states. There is an impact of the PPC effect on low-energy E1 strength of 40,44,48Ca. We predict a strong increase of the 

summed E1 strength below 10 MeV, with increasing neutron number from 48Ca until 58Ca. The PPC effect on the electric 

dipole polarizability is discussed. 

This work is partly supported by CNRS-RFBR agreement No. 16-52-150003. 
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MOMENTUM DISTRIBUTIONS FOR EXCITED STATES OF 11ɺ, 13ʉ, 17ʆ NUCLEI, OBTAINED WITH 

THE MODIFIED WAVE FUNCTIONS  
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Currently, vast experimental material is assembled on the study the unusual properties of some atomic nuclei, 

known as the halo-states [1-5]. The defining feature of a halo was from the beginning understood to be a large spatial 

extension caused by neutrons tunneling out from a nuclear core. Nuclei may reveal not only well-developed halo states 

but also something intermediate between normal nuclei and halo nuclei, so called skin-states.  

Halo effect research attractiveness that is quite enough reliably identify two main features of halo states as large 

root mean radius 
rmsr  and narrow localized impulse distributions. 

Despite the seeming simplicity and transparency of the question, both experimental and theoretical studies still 

face certain difficulties. 

In papers [6, 7] the results of our calculations for the modified radial wave functions for low-lying 2s-, 2d-excited 

states 1/ 2 , 3 / 2 , 5 / 2Jp + + +=  of positive parity p with total momentum J in 11 13 17B, C, and O nuclei are presented. To 

construct these modified functions the matching procedure of oscillatory wave functions with corresponding Whittaker 

functions have been used. It should be recalled that the matching radius 
mr  is directly proportional to the oscillatory 

parameter 
0r  for which we used several values: some of them allow to reproduce available experimental and theoretical 

data for 
rmsr  of 11 13B, C,  and 17O  nuclei in the states with 1/ 2 , 3 / 2 , 5 / 2Jp + + += , and another ones are obtained from 

the relation 
0 01/r k= . 

The obtained  modified wave functions [6, 7] have been presented as convenient expansion by Gaussian basis and 

used in the current calculations of momentum distributions for mentioned above excited states of 11 13 17B, C, O nuclei. 

These calculations show that in the region of small momentum transfers 0q momentum distributions obtained for all 

functions differ drastically. Thus, our assumption is that this characteristic is sensitive to the modifications of the 

asymptotic behavior is fully confirmed. To address the issue of choice of reliable functions it is necessary in the future to 

compare the obtained results with the available experimental data on elastic and inelastic form factors. 
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ɻɸʃʆ- ʀ ʉʂʀʅ-ʈɸɼʀʋʉʓ ɺʆɿɹʋɾɼɽʅʅʓʍ ʉʆʉʊʆʗʅʀʁ ʗɼɽʈ 11ɺ, 13ʉ, 17ʆ  

 

ɸʬʘʥʘʩʴʝʚʘ ʅ.ɺ. 1, ɹʫʨʢʦʚʘ ʅ.ɸ. 2, ʐʘʨʘʬʫʪʜʠʥʦʚʘ ɼ.ʅ. 2 

 

1 ï ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʂʘʟʘʭʩʢʦʛʦ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʣʴ-ʌʘʨʘʙʠ, ʛ. ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

2 - ʂʘʟʘʭʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʣʴ-ʌʘʨʘʙʠ, ʛ. ɸʣʤʘʪʳ, ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʦʜʦʣʞʘʝʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʠʟʢʦʣʝʞʘʱʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ 2s-, 2d-ʩʦʩʪʦʷʥʠʡ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʯʝʪʥʦʩʪʠ ʩ ʧʦʣʥʳʤ ʤʦʤʝʥʪʦʤ 1/ 2 , 3 / 2 , 5 / 2Jp + + +=  ʷʜʝʨ 11 13 17B, C, O, ʥʘʯʘʪʳʝ ʚ ʨʘʙʦʪʘʭ [1, 2]. 

ʀʥʪʝʨʝʩ ʢ ʜʘʥʥʦʡ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʤ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ ʷʜʝʨ 11 13 17B, C, O 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʙʦ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʛʘʣʦ-ʩʦʩʪʦʷʥʠʷ ʩ ʥʠʟʢʦʧʣʦʪʥʦʩʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʘʣʝʥʪʥʳʭ 

ʥʫʢʣʦʥʦʚ, ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʝʥʥʳʭ (ʥʘ  0,5-0,9 ʬʤ) ʦʪ ʢʦʨʘ ʷʜʨʘ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʩʪʦʷʥʠʷ ʩ 1/ 2Jp +=  ʷʜʝʨ 
13 17C, O), ʣʠʙʦ ʷʚʣʷʶʪʩʷ ʩʢʠʥ-ʩʦʩʪʦʷʥʠʷʤʠ ʩ ʠʟʙʳʪʦʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʫʢʣʦʥʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ 

ʷʜʨʘ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʨʘʟʤʝʨʦʚ [3] (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʦʩʪʦʷʥʠʝ ʩ 5/ 2Jp +=  ʷʜʨʘ 13C ). ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʭ (ʪʦʯʥʳʭ) ʟʥʘʯʝʥʠʡ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʨʘʜʠʫʩʦʚ 
rmsr  ʜʣʷ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʷʜʝʨ 11 13 17B, C, O. ʅʝʩʤʦʪʨʷ ʥʘ ʢʘʞʫʱʫʶʩʷ 

ʧʨʦʩʪʦʪʫ ʵʪʦʡ ʟʘʜʘʯʠ, ʠ ʪʝʦʨʠʷ, ʠ ʵʢʩʧʝʨʠʤʝʥʪ ʜʦ ʩʠʭ ʧʦʨ ʚʩʪʨʝʯʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʥʘ ʧʫʪʠ ʝʝ ʨʝʰʝʥʠʷ, 

ʠ ʪʨʫʜʥʦʩʪʠ ʵʪʠ ʩʚʷʟʘʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʨʘʜʠʫʩʦʚ [4, 5]. 

ʈʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [1, 2] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ, 

ʢʘʢ ʜʣʷ ʦʩʥʦʚʥʳʭ, ʪʘʢ ʠ ʥʠʟʢʦʣʝʞʘʱʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ 2s-, 2d-ʩʦʩʪʦʷʥʠʡ ʷʜʝʨ 11 13 17B, C, O ʩ 1/ 2 , 3 / 2 , 5 / 2Jp + + +=

. ʅʘʧʦʤʥʠʤ, ʯʪʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʜʘʥʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʮʝʜʫʨʘ 

ʩʰʠʚʘʥʠʷ ʦʩʮʠʣʣʷʪʦʨʥʳʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʫʥʢʮʠʷʤʠ ʋʠʪʪʝʢʝʨʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʥʝʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʦʣʥʦʚʳʭ ʬʫʥʢʮʠʡ 

[1, 2] ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʭ ʨʘʜʠʫʩʦʚ ʜʣʷ ʥʠʟʢʦʣʝʞʘʱʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʷʜʝʨ 
11 13B, C  ʠ 

17O. ɺ ʮʝʣʦʤ, ʟʥʘʯʝʥʠʷ 
rmsr , ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʣʠʙʦ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʰʠʙʦʢ 

ʠʟʤʝʨʝʥʠʡ ʠʤʝʶʱʠʭʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [5, 6] (ʜʣʷ ʩʦʩʪʦʷʥʠʡ 1/ 2 , 5 / 2Jp + +=  ʷʜʨʘ 

13C), ʣʠʙʦ ʥʝʤʥʦʛʦ ʧʨʝʚʳʰʘʶʪ ʠʭ (ʜʣʷ ʩʦʩʪʦʷʥʠʡ 1/ 2 , 5 / 2Jp + +=  ʷʜʨʘ 
17ʆ), ʯʪʦ ʚʧʦʣʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʟʘʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʩʮʠʣʣʷʪʦʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ r0 ʠ ʨʘʜʠʫʩʦʚ ʩʰʠʚʘʥʠʷ 

mr . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ rmsr  ʥʝ ʪʦʣʴʢʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʣʠʯʠʝ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʦʛʦ 

ʛʘʣʦ-ʵʬʬʝʢʪʘ ʚ ʩʦʩʪʦʷʥʠʷʭ ʩ 1/ 2Jp +=  ̫ ʜʝʨ 13 17C, O ʠ ʷʨʢʦ-ʚʳʨʘʞʝʥʥʦʛʦ ʩʢʠʥ-ʵʬʬʝʢʪʘ ʚ ʩʦʩʪʦʷʥʠʠ ʩ 5/ 2Jp +=  

ʷʜʨʘ 
13C, ʥʦ ʠ ʚʧʦʣʥʝ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʘʣʠʯʠʝ ʛʘʣʦ-ʵʬʬʝʢʪʘ ʚ ʩʦʩʪʦʷʥʠʷʭ ʩ 1/ 2 , 3 / 2 , 5 / 2Jp + + +=  ʷʜʨʘ 

11ɺ, 

ʧʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ 
rmsr  ʜʣʷ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʟʢʦʣʝʞʘʱʠʭ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʷʜʨʘ 

11ɺ ʧʨʠʤʝʨʥʦ ʚ 1,5 - 2 

ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʘʥʥʦʛʦ ʷʜʨʘ. 

 

1 Afanasyeva N.V., Burkova N.A. Modification of oscillator wave functions for the ground states of 
11 13B, C,

 and 
17O  // Abstracts of the 66th Int. Conf. ñNucleus 2016ò ï 11-14 October, Sarov, Russia ï 2016 ï P. 9. 

2 Afanasyeva N.V., Burkova N.A. Modification of oscillator wave functions for 2s-, 2d-excited states of 11 13B, C,  

and 
17O  // Abstracts of the 66th Int. Conf. ñNucleus 2016ò ï 11-14 October, Sarov, Russia ï 2016 ï P. 10. 

3 ʀʙʨʘʝʚʘ ɽ.ʊ., ɾʫʩʫʧʦʚ ʄ.ɸ., ʀʤʘʤʙʝʢʦʚ ʆ., ʉʘʭʠʝʚ ʉ.ʂ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʣʝʛʢʠʭ ʥʝʩʪʘʙʠʣʴʥʳʭ 

ʷʜʝʨ ʠ ʤʝʭʘʥʠʟʤ ʫʧʨʫʛʦʛʦ ʧʨʦʪʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ // ʕʏɸʗ ï 2011 ï ʊ.42, ɺʳʧ. ˉ6 ï ʉ.1602-1691. 

4 Belyaeva T. L., Perez-Torres R., Demyanova A. S. et al. Neutron asymptotic normalization coefficients and halo 

radii of the first excited states of 
13C  and 

11Be // Phys. Rev. ï 2014 ï ̄ 90 ï P. 1-2.  

5 Lin Cheng-Jian et al. Extraction of the rms radius of 13C from asymptotic normalization coefficients // Chinese 

Phys. Lett. ï 2001. ï V. 18, No11. ï P. 1446-1448. 

6 Dubovichenko S.B. ï Thermonuclear processes of the Universe. First English edition. NOVA Sci. Publ. New-

York. 2012. 194p. 
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ʋʇʈʋɻʆɽ ʇʈʆɼʆʃʔʅʆɽ ʈɸʉʉɽʗʅʀɽ ʕʃɽʂʊʈʆʅʆɺ ʅɸ ʃɽɻʂʀʍ ʗɼʈɸʍ 1P-ʆɹʆʃʆʏʂʀ 

 

ɹʘʷʭʤʝʪʦʚ ʆ.ʉ. 1,2, ʉʝʡʪϨʘʣʠ ɸ.Ϸ. 1 

 

1 ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʃ.ʅ. ɻʫʤʠʣʝʚʘ, ʛ.ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

2 ɸʩʪʘʥʠʥʩʢʠʡ ʬʠʣʠʘʣ ʀʗʌ ʈʂ, ʛ.ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʈʘʩʩʝʷʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʦ ʩʝʙʷ ʢʘʢ ʦʜʠʥʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʘʪʦʤʥʳʭ ʷʜʝʨ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʷʜʝʨ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʫʧʨʫʛʠʝ ʧʨʦʜʦʣʴʥʳʝ ʬʦʨʤʬʘʢʪʦʨʳ ʪʘʢʠʭ ʣʝʛʢʠʭ ʷʜʝʨ 1p-ʦʙʦʣʦʯʢʠ, ʢʘʢ 
9Be, 12C, 16O ʚ ʤʦʜʝʣʠ ʷʜʝʨʥʳʭ ʦʙʦʣʦʯʝʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʷʜʨʘ 9Be ʥʘʤʠ ʨʘʩʩʯʠʪʘʥʳ ʫʧʨʫʛʠʝ ʧʨʦʜʦʣʴʥʳʝ 

ʬʦʨʤʬʘʢʪʦʨʳ ʚ ʢʣʘʩʪʝʨʥʦʡ (2Ŭ+n)-ʤʦʜʝʣʠ [1]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʳ ʚʟʷʣʠ ʜʘʥʥʳʝ ʠʟ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ [2,3] ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ [4,5] ʨʘʙʦʪ. 

 
ʈʠʩ.1 ï ʋʧʨʫʛʠʝ ʬʦʨʤʬʘʢʪʦʨʳ ʷʜʨʘ 12C 

 
ʈʠʩ.2 ï ʋʧʨʫʛʠʝ ʬʦʨʤʬʘʢʪʦʨʳ ʷʜʨʘ 16O 

 
ʈʠʩ. 3 ï ʋʧʨʫʛʠʝ ʧʨʦʜʦʣʴʥʳʝ ʬʦʨʤʬʘʢʪʦʨʳ 

ʷʜʨʘ 9Be 

 

 

 [1] ʂʫʢʫʣʠʥ ɺ.ʀ. ʠ ʜʨ. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʷʜʝʨ ʩ A=9 (9Be-9B) ʚ ʨʘʤʢʘʭ 

ʤʫʣʴʪʠʢʣʘʩʪʝʨʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 2Ŭ+N// ʗʜʝʨʥʘʷ ʬʠʟʠʢʘ, 1994,ʊ.57, ˉ11, ʉ.1964-1980. 

[2] I. Sick et al., 1970,Nucl. Phys., A 150 631. 

[3]  J.P.Glickman, W.Bertozzi, T.N.Buti, et al. ''Electron scattering from 9Be'', Phys.Rev.,Vol.C43, 1991, 

pp. 1740-1753. 

[4] Ma E.J. et al., Chin.Phys.Lett. 23, (2006) 2695, arXiv:0709.1245 [nucl-th]. 

[5]  R.A. Radhi, N.M.Adeeb, A.K.Hashim Elastic Longitudinal Electron Scattering form Factors of 9Be. // 

Journal of Al-Nahrain University, Vol.14 (2), June, 2011, pp.116-122. 
 

 

  



1. Nuclear Physic 

 

 

42 

 

RADIATIVE  CAPTURE 7
Ŭ(Ű,ɔ) Be AT LOW ENERGIES  

 

Burkova N.A. 1, Dubovichenko S.B. 2, Tkachenko A.S. 1, 2, Mukaeva A.R. 1,2, Beisenov B.U. 1,2 

 
1al-Farabi Kazakh National University, Almaty, the Republic of Kazakhstan 

2V.G. Fesenkov Astrophysical Institute, Almaty, Kazakhstan 

 

The process of radiative capture 3 7He( , ) Bea g  at low energies corresponding to the thermonuclear processes in 

the prestellar stage of the evolution of the Universe plays a key role in nuclear astrophysics, since it can close the proton-

proton fusion cycle [1]. 

Another aspect that requires an estimation of the 7Be rate production is the inclusion of this nucleus in the chain 

of radiative capture of protons leading to the synthesis of 8B whose decay is directly related to the solution of the problem 

of the intensity of solar neutrino fluxes [2]. That is why, experimental data on the reaction 3 7He( , ) Bea g  are constantly 

refined [3, 4], which in turn requires the adjustment of theoretical model calculations. 

Special interest to the 3 7He( , ) Bea g  reaction concerns the new measurements for the astrophysical S-factor 

performed for lowest today 23 keV energy [2, 3]. 

In the framework of the modified potential cluster model with the classification of orbital states according to 

Young diagrams and the refined potential parameters for the ground state of the 7Be nucleus in the 3He4He cluster model 

with forbidden states, astrophysical S-factors of the radiative capture of 3He4He from 20 keV have been calculated [5, 6]. 

The parameters of the cluster-cluster potential are consistent with the data on the asymptotic normalization constants, the 

data on the 7Be nucleus spectra, the binding energy, and also the root-mean-square charge radii. 

The results of present calculations are given in Figure. For references to the experimental data compilation see [4]. 

Transitions on to the ground state (3/2-) and first excited state (1/2-) have been accounted; solid curve is the sum of these 

partial cross sections.  
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As can be seen in Figure, the results of our calculations at the energy of 23 keV lie in the region of experimental 

errors in [2]. For the energy of 20 keV, our calculation yields an S-factor of 0.570 keVÖb, and at 23 keV it is 0.561 keVÖb. 

The most recent measurements of the S-factor at öö
÷

õ
ææ
ç

å

-

+

5

6
23  keV energy [2] lead to a value of 0.548 (54) keVÖb which 

agrees well with our results. 

 

1.  Imbriani G. Direct measurements of cross section of astrophysical interest // Journal of Physics: 

Conference Series 312 (2011) 042004. 

2.  Tak§cs M.P. et al. Constraining big bang lithium production with recent solar neutrino data // Phys. 

Rev. 2015. V. D91. P. 123526 (7p.) 

3.  Trezzi D., Anders M., Aliotta M. et al. Big Bang 6Li nucleosynthesis studied deep underground (LUNA 

collaboration) // Astroparticle Physics. 2017. V. 89. P. 57-65. 

4.  Di Leva A., Gialanella L., Strieder F. Experimental status of 7Be production and destruction at 

astrophysical relevant energies // Journal of Physics: Conference Series 665 (2016) 012002. 

5.  Dubovichenko S.B. Astrophysical S factors of radiative 3He4He, 3H4He, and 2H4He capture // Phys. 

Atom. Nucl. 2010. V.73. P.1517-1522 

6.  Dubovichenko S.B. Radiative neutron capture and primordial nucleosynthesis of the Universe. Fifth Russian 

Edition, corrected and added. Germany, Saarbrucken: Lambert Academy Publ. GmbH&Co. KG. 2016. 496p.  
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SPECTROSCOPY OF MOLECULAR HYDROGEN IONS  

 

Bekbaev A.K. 1,2, Aznabayev D.T. 1,2, Korobov V.I. 2 and Nurbakova G.S. 1 

 
1Al-Farabi Kazakh National University (Almaty, Kazakhstan) 
2Joint Institute for Nuclear Research BLTP (Dubna, Russia) 

 

The static dipole polarizability for the hydrogen molecular ions 
++ HD,2H , and +

2D  are calculated. These new 

data for polarizability take into account the leading-order relativistic corrections to the wave function of the three-body 

system resulting from the BreitïPauli Hamiltonian of 4am  order. Our study covers a wide range of rotational (J = 0 - 5) 

and vibrational (v = 0 - 10) states, which are of practical interest for precision spectroscopy of the hydrogen molecular 

ions. 

It has been shown recently [1] that simple molecular ions have potential uses as optical clocks with very good 

stability. An essential ingredient for the high fidelity of such clocks is a good knowledge of the molecule reaction on the 

external fields appeared in the experimental setup. For hydrogen molecular ions (HMIs), as the simplest three-body 

system, such data can be rigorously obtained from the ab initio calculations with very high precision. The nonrelativistic 

polarizability of ro-vibrational states with up to eight or sometimes even more significant digits is now available for a 

wide range of states [2ï5]. It is easy to show that relativistic corrections to polarizability enters at a relative order of 

))(( 3aO  or contribute to about 10-4 of relative precision [6]. 

In this work we carry out calculations of the leading-order relativistic correction to the dipole polarizability of the 

hydrogen molecular ions 
++ HD,

2
H , and +

2D . We take into consideration a wide range of ro-vibrational states: J = 0-

5, v = 0-10. This is the first systematic study of the relativistic effects to polarizability of the HMIs for a variety of states. 

The higher order ))(( 3aO  radiative corrections in principle may be also taken into account, so far that has been done 

rigorously only for the helium ground state [7, 8]. In our present work we do not touch this issue, thus our current 

predictions are limited to 6ï7 significant digits as a physically meaningful quantity. 

Relativistic correction 
B
a  to the static dipole polarizability: 
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here 

B
H  is the Hamiltonian of the Breit-Pauli interaction for the three-body system [9, 10], and 

B
Y  is the 

relativistic correction to the nonrelativistic wave function 
0
Y : 
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ʉɺʆʁʉʊɺɸ ʃɪɻʂʀʍ ʄɽɿʆʅʆɺ ɺʆ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗʍ ʊʗɾɪʃʓʍ ʗɼɽʈ ɺ ʕʂʉʇɽʈʀʄɽʅʊɽ 

ʌɽʅʀʂʉ 

 

ɹʝʨʜʥʠʢʦʚ ʗ.ɸ., ɹʝʨʜʥʠʢʦʚ ɸ.ʗ., ɾʘʨʢʦ ʉ.ɺ., ʂʦʪʦʚ ɼ.ʆ., ʈʘʜʟʝʚʠʯ ʇ.ɺ. 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ. 

 

ɺ 2005 ʛʦʜʫ ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʢʦʣʣʘʡʜʝʨʝ RHIC (ɹʅʃ, ʉʐɸ) ʩʜʝʣʘʣʠ ʟʘʷʚʣʝʥʠʝ ʦʙ ʦʙʥʘʨʫʞʝʥʠʠ 

ʩʠʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ʢʚʘʨʢ-ʛʣʶʦʥʥʦʡ ʧʣʘʟʤʳ (ʩʂɻʇ) ï ʩʦʩʪʦʷʥʠʷ ʷʜʝʨʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝʥʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʠʜʝʘʣʴʥʫʶ ʞʠʜʢʦʩʪʴ, ʩʪʝʧʝʥʷʤʠ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ 

ʢʚʘʨʢʠ ʠ ʛʣʶʦʥʳ, ʦʙʣʘʜʘʶʱʠʝ ʮʚʝʪʦʚʳʤ ʟʘʨʷʜʦʤ [1].  

ʆʜʥʠʤ ʠʟ ʧʨʠʟʥʘʢʦʚ ʩʂɻʇ ʷʚʣʷʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ ʠʥʢʣʶʟʠʚʥʳʭ ʚʳʭʦʜʦʚ ʣʝʛʢʠʭ ʤʝʟʦʥʦʚ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ 

ʧʦʧʝʨʝʯʥʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʚʳʭʦʜʦʤ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ p+p ʩʪʦʣʢʥʦʚʝʥʠʷʭ, ʥʦʨʤʠʨʦʚʘʥʥʦʤ ʥʘ ʯʠʩʣʦ 

ʧʘʨʥʳʭ ʥʝʫʧʨʫʛʠʭ ʥʫʢʣʦʥ-ʥʫʢʣʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ. ʈʷʜ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ [2] ʩʚʷʟʳʚʘʝʪ ʧʦʜʦʙʥʦʝ 

ʧʦʜʘʚʣʝʥʠʝ ʩ ʧʦʪʝʨʝʡ ʵʥʝʨʛʠʠ ʞʝʩʪʢʠʭ ʧʘʨʪʦʥʦʚ ʚ ʛʦʨʷʯʝʡ ʠ ʧʣʦʪʥʦʡ ʩʨʝʜʝ, ʨʦʞʜʝʥʥʦʡ ʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʪʷʞʝʣʳʭ ʷʜʝʨ.   

ʆʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʘʨʪʦʥʦʚ ʚ ʩʂɻʇ 

ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʧʝʢʪʨʦʚ ʨʦʞʜʝʥʠʷ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʳ. ʅʝʡʪʨʘʣʴʥʳʝ ʧʠʦʥʳ ʷʚʣʷʶʪʩʷ ʧʩʝʚʜʦʩʢʘʣʷʨʥʳʤʠ 

ʤʝʟʦʥʘʤʠ ʩ ʥʫʣʝʚʳʤ ʩʧʠʥʦʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʝʪʥʦʩʪʴʶ. ʇʦʩʢʦʣʴʢʫ ʚ ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʪʦʣʴʢʦ ʢʚʘʨʢʠ ʧʝʨʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ, u ʠ d, ʧʠʦʥʳ ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʚʳʭʦʜʘ ʯʘʩʪʠʮ ʚ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʪʷʞʝʣʳʭ ʷʜʝʨ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʠʭ ʩʧʝʢʪʨ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦʧʝʨʝʯʥʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʚ ʨʘʟʥʳʭ ʢʣʘʩʩʘʭ ʮʝʥʪʨʘʣʴʥʦʩʪʠ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʪʷʞʝʣʳʭ ʷʜʝʨ.    

ʀʟʫʯʝʥʠʝ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʪʷʞʝʣʳʭ ʷʜʝʨ, ʪʘʢʠʭ ʢʘʢ Cu+Au, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʤʘʪʝʨʠʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ 

ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʨʝʘʣʠʟʫʝʪʩʷ ʦʩʦʙʘʷ ʛʝʦʤʝʪʨʠʶ ʧʝʨʝʢʨʳʪʠʷ, ʦʪʣʠʯʥʘʷ ʦʪ ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʭ 

ʢʘʢ Cu+Cu ʠʣʠ Au+Au. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʤʤʝʪʨʠʯʥʳʭ ʠ ʥʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʩʪʘʣʢʠʚʘʶʱʠʭʩʷ ʷʜʝʨʥʳʭ ʩʠʩʪʝʤ, ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʠʭ ʩʦʛʣʘʩʠʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ 

ʥʘʢʣʘʜʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʯʠʩʣʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʮʚʝʪʦʚʳʭ ʟʘʨʷʜʦʚ ʠ ʣʫʯʰʝ ʧʦʥʷʪʴ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʪʦʥʦʚ ʩʦ 

ʩʨʝʜʦʡ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ PHENIX ʥʘ RHIC [3] ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʚʳʭʦʜʳ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ ʚ Cu+Au, Cu+Cu ʠ 

Au+Au ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʵʥʝʨʛʠʝʡ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ, ʨʘʚʥʦʡ 200 ɻʵɺ ʥʘ ʥʫʢʣʦʥ. ʇʦʜʘʚʣʝʥʠʝ ʚʳʭʦʜʦʚ 

ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ ʚ Cu+Au ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʟʤʝʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

Cu+Cu ʠ Au+Au ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʧʨʠ ʙʣʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ ʫʯʘʩʪʥʠʢʦʚ. ʆʜʥʘʢʦ, ʚ ʧʝʨʠʬʝʨʠʡʥʳʭ Cu+Au 

ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩʫʱʝʩʪʚʫʝʪ ʥʘʤʝʢ ʥʘ ʧʨʝʚʳʰʝʥʠʝ ʚʳʭʦʜʘ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ Au+Au 

ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʧʨʠ ʙʣʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʯʠʩʣʘ ʫʯʘʩʪʥʠʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ ʚʳʭʦʜʘ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ, ʠ 

ʚ Cu+Cu ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʠʭ ʚʳʭʦʜ ʩʣʘʙʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʳʭʦʜʘ, ʠʟʤʝʨʝʥʥʦʛʦ ʚ ʵʣʝʤʝʥʪʘʨʥʳʭ p+p ʩʪʦʣʢʥʦʚʝʥʠʷʭ 

ʠ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʯʠʩʣʦ ʧʘʨʥʳʭ ʥʝʫʧʨʫʛʠʭ ʥʫʢʣʦʥ-ʥʫʢʣʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ. ʉʪʝʧʝʥʴ ʧʦʜʘʚʣʝʥʠʷ ʚʳʭʦʜʦʚ 

ʥʝʡʪʨʘʣʴʥʳʭ ʧʠʦʥʦʚ ʚ Cu+Au ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʥʦʤ ʩʦʛʣʘʩʠʠ ʩʦ ʩʪʝʧʝʥʴʶ ʧʦʜʘʚʣʝʥʠʷ ʘʜʨʦʥʥʳʭ 

ʩʪʨʫʡ ʚ ʪʦʡ ʞʝ ʩʠʩʪʝʤʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʪʷʞʝʣʳʭ ʷʜʝʨ.  

ʈʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ 

3.1498.2017/4.6.  
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʇʆɼʂʈʀʊʀʏɽʉʂʆʁ 

ʉɹʆʈʂʀ çʗʃɯʅɸ ʊɽʇʃʆɺɸʗè ʄɽʊʆɼʆʄ ʄʆʅʊɽ-ʂɸʈʃʆ ʉ ɹʀɹʃʀʆʊɽʂɸʄʀ ʆʎɽʅɽʅʅʓʍ 

ʗɼɽʈʅʓʍ ɼɸʅʅʓʍ ENDF/B-VII ʀ JENDL-3.2 

 

ɹʝʨʝʩʥʝʚʘ ɺ.ɸ., ʂʦʨʙʫʪ ʊ. ʅ., ʂʦʨʥʝʝʚ ʉ.ɺ. 

 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʷʜʝʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʉʦʩʥʳè ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ, ʈʝʩʧʫʙʣʠʢʘ ɹʝʣʘʨʫʩʴ, ʄʠʥʩʢ, 

vaberesneva93@gmail.ru 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʧʦʜʢʨʠʪʠʯʝʩʢʦʡ ʩʙʦʨʢʝ çʗʣʽʥʘ-ʊʝʧʣʦʚʘʷè ʩ 

ʪʦʧʣʠʚʦʤ UO2 10% ʦʙʦʛʘʱʝʥʠʷ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʙʦʨʢʠ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʟʥʘʪʴ ʩʧʝʢʪʨ 

ʥʝʡʪʨʦʥʦʚ ʚ ʟʘʜʘʥʥʦʤ ʦʙʲʝʤʝ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠʟʤʝʨʝʥʠʷ ʥʝʡʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ, ʢʘʞʜʳʡ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʘʢʪʠʚʘʮʠʦʥʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟʤʝʨʝʥʠʷ ʙʦʣʴʰʠʭ ʧʦʪʦʢʦʚ ʥʝʡʪʨʦʥʦʚ ʥʘ ʬʦʥʝ ʤʦʱʥʦʛʦ 

ɔ-ʠʟʣʫʯʝʥʠʷ. ʅʘʚʝʜʝʥʥʘʷ ʥʝʡʪʨʦʥʘʤʠ ʘʢʪʠʚʥʦʩʪʴ ʦʙʣʫʯʝʥʥʳʭ ʜʝʪʝʢʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʜʝ 

SAND-II ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ. ʊʘʢʞʝ ʥʝʡʪʨʦʥʥʦ ï ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʢʨʠʪʠʯʝʩʢʦʡ 

ʩʙʦʨʢʠ çʗʣʽʥʘ-ʊʝʧʣʦʚʘʷè ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ ʢʦʜʘ MCNP4B ʠ ʙʠʙʣʠʦʪʝʢ ʦʮʝʥʝʥʥʳʭ 

ʷʜʝʨʥʳʭ ʜʘʥʥʳʭ ENDF/B-VII  ʠ JENDL- 3.2. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ ʚ ʧʦʜʢʨʠʪʠʯʝʩʢʦʡ ʩʙʦʨʢʝ çʗʣʽʥʘ-ʊʝʧʣʦʚʘʷè ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʤʦʜʝʣʴʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ. ʈʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʧʝʨʝʥʦʩʘ ʠʟʣʫʯʝʥʠʷ MCNP4B, 

ʨʝʘʣʠʟʫʶʱʝʡ ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ ʠ ʧʨʦʛʨʘʤʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʧʝʢʪʨʘ ʥʝʡʪʨʦʥʦʚ SAND-II.  

ʈʘʩʩʯʠʪʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ MCNP4B ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ SAND-II ʩʧʝʢʪʨʳ ʥʝʡʪʨʦʥʦʚ ʭʦʨʦʰʦ 

ʩʦʛʣʘʩʫʶʪʩʷ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʢʦʨʨʝʢʪʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ SAND-II ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʧʝʢʪʨʦʚ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʩʢʦʨʦʩʪʝʡ ʨʝʘʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʘ, 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʥʦʛʦ. 

 

 

 

CAEN: ʀʉʊʆʏʅʀʂʀ ʇʀʊɸʅʀʗ ʀ ʎʀʌʈʆɺɸʗ ʕʃɽʂʊʈʆʅʀʂɸ ɼʃʗ ʗɼɽʈʅʆʁ ʌʀɿʀʂʀ ʀ 

ʌʀɿʀʂʀ ʏɸʉʊʀʎ 

 

ɹʨʝʜʠʭʠʥ ʀʚʘʥ 

 

ʆʆʆ çɻʘʤʤʘʊʝʢè, ʈʦʩʩʠʷ, ʄʦʩʢʚʘ, ivan@gammatech.pro 

 

ʂʦʤʧʘʥʠʷ CAEN ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʙʝʟʫʩʣʦʚʥʳʭ ʣʠʜʝʨʦʚ ʨʳʥʢʘ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʷʚʣʷʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʢʦʤʧʘʥʠʝʡ ʚ ʤʠʨʝ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʡ ʧʦʣʥʳʡ ʩʧʝʢʪʨ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠ ʥʠʟʢʦʚʦʣʴʪʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʤʦʜʫʣʝʡ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʩʝʤ ʩʪʘʥʜʘʨʪʘʤ IEEE. 

ʂʦʤʧʘʥʠʷ CAEN ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʷʭ: 

¶ ʌʠʟʠʢʠ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ 

¶ ɸʩʪʨʦʬʠʟʠʢʠ 

¶ ʅʝʡʪʨʠʥʥʦʡ ʬʠʟʠʢʠ 

¶ ʀʩʩʣʝʜʦʚʘʥʠʡ ʪʸʤʥʦʡ ʤʘʪʝʨʠʠ 

¶ ʗʜʝʨʥʦʡ ʬʠʟʠʢʠ 

¶ ʅʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ 

¶ ʄʝʜʠʮʠʥʩʢʦʡ ʬʠʟʠʢʠ 

¶ ʅʘʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

¶ ʇʨʦʠʟʚʦʜʩʪʚʘ 

ɹʦʣʝʝ 35 ʣʝʪ ʢʦʤʧʘʥʠʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʯʸʥʳʤ ʠ ʠʥʞʝʥʝʨʘʤ ʥʘʠʙʦʣʝʝ ʧʨʦʜʚʠʥʫʪʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʚʩʝʭ 

ʚʠʜʦʚ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʜʠʘʮʠʠ ʠ ʚʩʝʭ ʪʠʧʦʚ ʜʝʪʝʢʪʦʨʦʚ  (ʬʦʪʦʫʤʥʦʞʠʪʝʣʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ, ʛʘʟʦʚʳʝ, 

ʞʠʜʢʠʝ, ʧʣʘʩʪʠʢ).  

ɺ ʜʦʢʣʘʜʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʧʦʢʦʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʚʢʣʶʯʘʷ ʤʦʜʝʣʠ 

2017 ʛʦʜʘ, ʣʠʥʝʡʢʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʘʥʘʣʠʟʘʪʦʨʦʚ, ʥʦ ʠ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ï ʩʝʤʝʡʩʪʚʦ Digitzer. 
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ʕɺʆʃʖʎʀʗ ʆɼʅʆʏɸʉʊʀʏʅʆʁ ʉʊʈʋʂʊʋʈʓ ʗɼɽʈ ʉ N=28 ɺ ɼʀʉʇɽʈʉʀʆʅʅʆʁ ʆʇʊʀʏɽʉʂʆʁ 

ʄʆɼɽʃʀ 

 

ɹʝʩʧʘʣʦʚʘ ʆ.ɺ., ʂʣʠʤʦʯʢʠʥʘ ɸ.ɸ. 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ñʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘò 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ɼ.ɺ. ʉʢʦʙʝʣʴʮʳʥʘ, 

 ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

ʂʘʢ ʠʟʤʝʥʷʝʪʩʷ ʦʙʦʣʦʯʝʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʜʝʨ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʛʨʘʥʠʮʘʤ ʥʫʢʣʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ï ʦʜʠʥ 

ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʨʠʛʫʶʱʠʭ ʚʦʧʨʦʩʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʛʨʘʥʠʮʝ ʥʝʡʪʨʦʥʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʦʩʣʘʙʣʝʥʠʷ ʦʙʦʣʦʯʝʯʥʦʛʦ ʵʬʬʝʢʪʘ [1], ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʚ ʤʦʜʝʣʠ ʩʨʝʜʥʝʛʦ 

ʧʦʣʷ ʩ ʨʷʜʦʤ ʚʘʨʠʘʥʪʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʉʢʠʨʤʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ )2( 1
+E ʠʟʦʪʦʥʦʚ ʩ 

ʤʘʛʠʯʝʩʢʠʤ ʯʠʩʣʦʤ N = 28 (ʩʤ. ʨʠʩʫʥʦʢ, ʯʘʩʪʴ ʘ) ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʜʣʷ ʜʚʘʞʜʳ ʤʘʛʠʯʝʩʢʠʭ ʷʜʝʨ 48ʉʘ 

ʠ 56Ni. ʅʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ )2( 1
+E  ʩʨʝʜʠ ʠʟʦʪʦʥʦʚ ʩ N = 28 ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʠʟʦʪʦʧʘ 42Si c Z = 14, ʥʘʭʦʜʷʱʝʛʦʩʷ 

ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʥʝʡʪʨʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʷʜʨʝ 42Si ʟʘʤʳʢʘʝʪʩʷ ʧʨʦʪʦʥʥʘʷ 

ʧʦʜʦʙʦʣʦʯʢʘ Z = 14 [2], ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʬʦʨʤʘ ʵʪʦʛʦ ʷʜʨʘ ʙʣʠʟʢʘ ʢ ʩʬʝʨʠʯʝʩʢʦʡ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʚʦʣʶʮʠʠ ʥʝʡʪʨʦʥʥʳʭ ʦʜʥʦʯʘʩʪʠʯʥʳʭ ʵʥʝʨʛʠʡ 
nljE  ʚ ʷʜʨʘʭ ʩ N = 28 ʠ 14 ¢ Z 

¢ 32, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʤʦʜʝʣʠ ʩʨʝʜʥʝʛʦ ʧʦʣʷ ʩ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʦʧʪʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ (ɼʆʇ) [3]. ʇʦʪʝʥʮʠʘʣ 

ʵʪʦʡ ʤʦʜʝʣʠ ʝʜʠʥ ʜʣʷ ʦʙʣʘʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʥʝʨʛʠʡ ʥʫʢʣʦʥʘ, ʘ ʩʘʤʘ ʤʦʜʝʣʴ ʫʩʧʝʰʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʩʝʯʝʥʠʡ ʨʘʩʩʝʷʥʠʡ ʥʫʢʣʦʥʦʚ ʷʜʨʘʤʠ ʠ ʦʜʥʦʯʘʩʪʠʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʷʜʝʨ. ɺ ʥʝʡʪʨʦʥʥʳʭ 

ʦʜʥʦʯʘʩʪʠʯʥʳʭ ʩʧʝʢʪʨʘʭ ʷʜʝʨ ʩ N = 28 ʦʩʣʘʙʣʝʥʠʝ ʦʙʦʣʦʯʝʯʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʛʨʘʥʠʮʝ 

ʥʝʡʪʨʦʥʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʨʘʩʯʝʪʥʦʡ ʯʘʩʪʠʯʥʦ-ʜʳʨʦʯʥʦʡ ʱʝʣʠ G ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʷʤʠ 

1f7/2 ʠ 2ʨ3.2 c 3.9 ʄʵɺ ʚ 58Zn ʜʦ 1.5 ʄʵɺ ʚ 42Si (ʩʤ. ʨʠʩʫʥʦʢ, ʯʘʩʪʴ ʙ). ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʝʘʢʮʠʷʭ ʦʜʥʦʥʫʢʣʦʥʥʦʛʦ ʩʨʳʚʘ ʠ ʧʦʜʭʚʘʪʘ ʥʘ ʥʝʡʪʨʦʥʥʦ-

ʠʟʙʳʪʦʯʥʳʭ ʠʟʦʪʦʧʘʭ Si [4], ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʩʫʱʝʩʪʚʝʥʥʳʭ ʚʦʟʙʫʞʜʝʥʠʷʭ ʯʝʨʝʟ ʱʝʣʴ N = 28 ʚ 36,38,40Si. 

 

ʘ) 

 

 

 

 

                                                                         ʙ) 

 

ʈʠʩ. ʕʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ )2( 1
+E  (ʘ) ʠ ʵʚʦʣʶʮʠʷ ʥʝʡʪʨʦʥʥʳʭ ʦʜʥʦʯʘʩʪʠʯʥʳʭ ʵʥʝʨʛʠʡ (ʙ) ʠʟʦʪʦʥʦʚ ʩ  

N = 28. ʊʝʤʥʳʝ ʟʥʘʯʢʠ ï ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ. ʉʚʝʪʣʳʝ ʟʥʘʯʢʠ, ʩʦʝʜʠʥʝʥʥʳʝ ʩʧʣʦʰʥʳʤʠ 

ʣʠʥʠʷʤʠ  - ʨʘʩʯʝʪ ʩ ɼʆʇ, ʰʪʨʠʭ-ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ï ɻ ʥʝʨʛʠʷ ʌʝʨʤʠ. 

 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1.  J. Dobaczewski,W. Nazarewicz, T. R.Werner, et al., Phys. Rev. C 53, 2809 (1996). 

2.  Fridmann, I. Wiedenhºver, A. Gade et al. Nature 435, 922 (2005). 

3.  C.Mahaux, R.Sartor,  Adv. Nucl. Phys.  20, 1 (1991). 

4.  S. R. Stroberg, A. Gade, J. A. Tostevin et al. Phys. Rev.  C, 90, 034301 (2014) 

 

 

 



1. Nuclear Physic 

 

 

47 

 

 

 

ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʈɸɼʀɸʎʀʆʅʅʆʁ ʉʊʆʁʂʆʉʊʀ ʈɸɿʃʀʏʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ 

ʋʉʊɸʅʆɺʂɽ ɼʃʗ ʈɸɼʀɸʎʀʆʅʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʈɽɸʂʊʆʈɸ ʀɹʈ-2 

 

ɹʫʣʘʚʠʥ ʄ.ɺ., ʂʫʣʠʢʦʚ ʉ.ɸ. 1  

 
1ʆʙʲʝʜʠʥʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʃʘʙʦʨʘʪʦʨʠʷ ʥʝʡʪʨʦʥʥʦʡ ʬʠʟʠʢʠ ʠʤ. ʀ.ʄ. ʌʨʘʥʢʘ, ʛ. 

ɼʫʙʥʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

ʀʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʜʝʪʝʢʪʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (Si, 

ʧʦʣʠ- ʠ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʘʣʤʘʟʘ, GaAs, ʧʝʯʘʪʥʳʝ ʧʣʘʪʳ ʠʟ ʘʨʣʦʥʘ ʠ ʧʦʣʠʠʤʠʜʘ ʠ ʪ.ʜ.) ʠʣʠ ʩʝʥʩʦʨʦʚ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (3D ʟʦʥʜʳ ʩ ʭʦʣʣʦʚʩʢʠʤʠ ʩʝʥʩʦʨʘʤʠ) ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʥʝʡʪʨʦʥʘʤʠ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʨʝʯʴ ʟʘʭʦʜʠʪ ʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʦ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʠʙʦʨʦʚ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤʠʭ ʜʘʪʯʠʢʦʚ ʚ ʧʦʣʷʭ ʩʠʣʴʥʦʛʦ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʅʘ ʨʝʘʢʪʦʨʝ ʀɹʈ-2 ʚ ʃʅʌ ʆʀʗʀ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʷʪ ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʋʩʪʘʥʦʚʢʘ ʩʧʦʩʦʙʥʘ ʧʝʨʝʤʝʱʘʪʴʩʷ ʢ 

ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ ʧʦ ʨʝʣʴʩʦʚʦʤʫ ʧʫʪʠ, ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʡ ʢʘʥʘʣ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʟʘʱʠʪʝ, ʥʘ ʤʠʥʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ 40 ʤʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʧʦʪʦʢʘ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ (ʙʦʣʝʝ 1 ʄʵɺ) 

ʧʦʨʷʜʢʘ 2Ā1012 ʥ/ʩʤ2/ʩ. ʇʨʠ ʵʪʦʤ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʬʣʶʝʥʩ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʟʘ ʦʜʠʥ ʩʪʘʥʜʘʨʪʥʳʡ ʮʠʢʣ ʨʘʙʦʪʳ 

ʨʝʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 11 ʩʫʪʦʢ, ʜʦʭʦʜʠʪ ʜʦ 1018 ʥ/ʩʤ2. ʊʘʢʦʡ ʬʣʶʝʥʩ ʥʝʡʪʨʦʥʦʚ ʧʦʣʫʯʘʶʪ ʤʘʪʝʨʠʘʣʳ 

ʜʝʪʝʢʪʦʨʦʚ ATLAS ʠ CMS (LHC, CERN) ʟʘ ʚʨʝʤʷ ʩʚʦʝʡ ʨʘʙʦʪʳ ʥʘ ʬʠʟʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 10 ʣʝʪ. ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʧʦʣʝʡ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʝʪʝʢʪʦʨʦʚ ʫʭʫʜʰʘʶʪʩʷ (ʧʦʚʳʰʘʝʪʩʷ ʪʦʢ ʫʪʝʯʢʠ, ʠʟʤʝʥʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʪ.ʜ.) ʚʧʣʦʪʴ ʜʦ ʚʳʭʦʜʘ ʧʨʠʙʦʨʦʚ ʠʟ ʩʪʨʦʷ. ʄʝʥʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʚʦʟʨʘʩʪʘʝʪ ʥʘʚʝʜʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʪʘʢʞʝ ʟʘʩʪʘʚʣʷʝʪ ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠ ʧʨʦʙʣʝʤʘʤ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʟʘʤʝʥʝ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʝʪʝʢʪʦʨʦʚ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʨʦʢʘ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʢʪʦʨʘ ʀɹʈ-2 ʷʚʣʷʝʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʨʘʙʦʪʳ ʩʝʥʩʦʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʪʝʨʤʦʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ 

ITER. ɺ ʪʦʢʘʤʘʢʝ ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʨʫʛʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ. ʈʘʜʠʘʮʠʦʥʥʦ-ʩʪʦʡʢʠʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʝʥʩʦʨʳ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʬʣʶʝʥʩʘ ʥʝʡʪʨʦʥʦʚ (>1018 

ʥ/ʩʤ2), ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʥʘʢʦʧʣʝʥ ʟʘ ʚʨʝʤʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ITER (~20 ʣʝʪ). ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʩʝʥʩʦʨʦʚ ʜʣʷ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ 

ï DEMO Scale, ʬʣʶʝʥʩ ʥʝʡʪʨʦʥʦʚ ʚ ʢʦʪʦʨʦʤ ʙʫʜʝʪ ʙʦʣʝʝ, ʯʝʤ 1019 ʥ/ʩʤ2. 

ʂʨʦʤʝ ʟʘʜʘʯ ʧʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʨʘʜʠʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʬʣʶʝʥʩʘʤʠ 

ʥʝʡʪʨʦʥʦʚ ʙʦʣʝʝ 1019 ʥ/ʩʤ2, ʥʘ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʷʪʩʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʦʙʣʫʯʝʥʠʶ ʦʙʨʘʟʮʦʚ ʤʘʣʳʤʠ ʬʣʶʝʥʩʘʤʠ ʥʝʡʪʨʦʥʦʚ ʦʪ 5Ā1011 ʥ/ʩʤ2, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ 

GaAs-ʜʝʪʝʢʪʦʨʦʚ. 

 

 

 

ʈɽɸʂʎʀʀ ʉ ɺʓʃɽʊʆʄ ʅɽʁʊʈʆʅʆɺ ʅɸ W: ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ɺɽʈʀʌʀʂɸʎʀʗ 

ʈɽɿʋʃʔʊɸʊʆɺ ʄʂ-ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʅɸ GEANT4 

 

ɹʝʣʳʰʝʚ ʉ.ʉ., ɹʳʭʘʣʦ ɻ.ʀ., ʉʪʦʧʘʥʠ ʂ.ɸ., ʍʘʥʢʠʥ ɺ.ɺ. 

 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɼ. ɺ. ʉʢʦʙʝʣʴʮʳʥʘ (ʅʀʀʗʌ ʄɻʋ) ʠʤ. ʄ. ɺ. 

ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ 

 

ʄʝʪʦʜ ʧʨʦʪʦʥʥʦʡ ʠ ʠʦʥʥʦʡ ʧʫʯʢʦʚʦʡ ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʣʝʯʝʥʠʠ 

ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʫʯʢʦʚ ʧʨʦʪʦʥʦʚ ʠ ʣʝʛʢʠʭ ʠʦʥʦʚ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʧʠʢʘ ɹʨʵʛʛʘ ʚ ʬʫʥʢʮʠʠ ʫʜʝʣʴʥʳʭ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʥʘ ʨʘʟʥʳʭ ʛʣʫʙʠʥʘʭ ʚ ʚʝʱʝʩʪʚʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʣʦʢʘʣʠʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʜʠʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʫʯʢʦʚ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʧʨʦʪʦʥʦʚ ʠ ʠʦʥʦʚ 

ʩ ʵʥʝʨʛʠʝʡ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʄʵɺ ʩ ʚʝʱʝʩʪʚʦʤ ʧʨʦʪʝʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ 

ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ (ʚ ʯʘʩʪʥʦʩʪʠ, ʥʝʡʪʨʦʥʦʚ) ʠ ʵʬʬʝʢʪʘʤ ʧʝʨʝʨʘʩʩʝʷʥʠʷ. ʅʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʧʨʦʮʝʜʫʨʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʙʣʫʯʝʥʠʷ ʠ 
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ʜʦʟʠʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʪʨʘʥʩʧʦʨʪʘ ʯʘʩʪʠʮ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʪʦʥʥʦʡ ʪʝʨʘʧʠʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʢʝʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʄʦʥʪʝ-ʂʘʨʣʦ. 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʳʭʦʜʫ ʚʪʦʨʠʯʥʳʭ ʥʝʡʪʨʦʥʦʚ 

ʥʘ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʘʭ W. ʄʥʦʛʦʣʝʧʝʩʪʢʦʚʳʝ ʢʦʣʣʠʤʘʪʦʨʳ (ʄʃʂ), ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʠʟ ʚʦʣʴʬʨʘʤʘ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʫʯʢʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʘʮʠʝʥʪʘ, ʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʙʣʫʯʝʥʠʷ ʵʪʦ ʩʪʘʪʴ ʜʣʷ ʥʝʛʦ ʠʩʪʦʯʥʠʢʦʤ ʧʦʚʳʰʝʥʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʬʦʥʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ ʧʦʤʦʱʴʶ 

ʤʝʪʦʜʘ ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʫʩʪʘʥʦʚʢʝ [1] ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʚʳʭʦʜʳ ʨʝʘʢʮʠʡ ʩ ʠʩʧʫʩʢʘʥʠʝʤ 

ʥʝʡʪʨʦʥʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʚʦʣʴʬʨʘʤʦʚʦʡ ʤʠʰʝʥʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩ ʵʥʝʨʛʠʝʡ 55 ʄʵɺ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʨʘʩʯʝʪʘʤʠ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʥʝʡʪʨʦʥʦʚ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ 

ʄʦʥʪʝ-ʂʘʨʣʦ GEANT4 [2], ʘ ʪʘʢʞʝ ʩ ʚʳʭʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʪʦʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ, ʚʳʯʠʩʣʝʥʥʳʤʠ ʥʘ 

ʦʩʥʦʚʝ ʜʦʩʪʫʧʥʳʭ ʪʘʙʣʠʯʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʩʝʯʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʦʯʥʦʩʪʠ 

ʨʘʩʯʝʪʘ ʥʝʡʪʨʦʥʥʳʭ ʜʦʟ ʥʘ GEANT4 ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʦʙʣʫʯʝʥʠʷ ʚ ʣʫʯʝʚʦʡ ʪʝʨʘʧʠʠ. 

 

1.  K. A. Stopani et al., "Studying photonuclear reactions using the activation technique," Nucl. Instrum. 

Methods A 745, 133ð137 (2014). 

2. S. Agostinelli et al., Nucl. Instrum. Methods Phys. A 506, 250 (2003). 
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ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

  

ʈʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ  ʩ ʚʝʱʝʩʪʚʦʤ ʚʝʜʫʪʩʷ  ʩ ʥʘʯʘʣʦ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [1].   

ɺ ʨʘʙʦʪʝ [2] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ  ʨʘʩʯʝʪʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʬʦʨʤʠʨʫʝʤʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʫʯʢʦʚ ʯʘʩʪʠʮ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʩ ʞʠʜʢʦʡ ʩʨʝʜʦʡ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʥʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʣʫʢʣʘʩʩʠʯʝʩʢʘʷ  ʤʦʜʝʣʴ   [3].  ʋʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ ʩʦ ʩʨʝʜʦʡ  ʧʨʦʚʦʜʠʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʯʘʩʪʠʮʘʭ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʘʢʝʪ GEANT4. ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ   ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ ʢʣʘʩʩʠʯʝʩʢʦʡ  

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʣʠʥʝʡʥʦʛʦ ʪʦʢʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ [4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦ ʨʘʩʩʯʠʪʘʥʳ  ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʬʦʨʤʠʨʫʝʤʳʭ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʛʘʟʦʚʦʡ ʩʨʝʜʦʡ, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʠ ʜʘʚʣʝʥʠʡ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ  ʨʘʩʩʯʠʪʘʥʥʳʭ ʫʛʣʦʚʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʟʤʝʥʝʥʠʡ ʵʥʝʨʛʠʠ  ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ  [5].  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʧʨʦʚʦʜʠʤʳʭ  ʧʦ ʜʘʥʥʦʡ  ʤʝʪʦʜʠʢʝ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ  ʜʝʪʝʢʪʦʨʦʚ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʬʠʟʠʢʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ 

ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʠʟ ʩʨʝʜʩʪʚ ʉʇʙɻʋ  11.38.242.2015 ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʨʝʩʫʨʩʥʦʛʦ ʮʝʥʪʨʘ 

çɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ ʉʇʙɻʋè. 

 

1.  ʏʝʨʝʥʢʦʚ ʇ.ɸ. -ʨʘʜʠʘʮʠʠ. //  ɼɸʅ ʉʉʉʈ., 

1934, ʪ. 2, ˉ 8 ʉ. 451-454. 

2.  ɺʘʣʠʝʚ ʌ.ʌ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʘʤʤʘ ʢʚʘʥʪʦʚ 

ʩ ʵʥʝʨʛʠʝʡ 1 ʄʵɺ ʩ ʞʠʜʢʦʡ ʩʨʝʜʦʡ. // ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ 66-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʧʨʦʙʣʝʤʘʤ 

ʷʜʝʨʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʩʪʨʫʢʪʫʨʝ ʷʜʨʘ. ʉʘʨʦʚ, 2016.  ʉ. 175-176.  

3.  Valiev F.F. Electromagnetic fields formed upon the interaction of ionizing radiation with matter. // 

Bulletin of the Russian Academy of Sciences: Physics. 2011. V. 75.  ˉ 7.  P. 1001-1006. 

4.  ɹʦʨʠʩʦʚ. ɺ.ɺ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʥʝʫʩʪʘʥʦʚʠʚʰʠʭʩʷ ʪʦʢʦʚ. ʉʇʙ.: ʉ.-ʇ.ʋʥʠʚʝʨʩʠʪʝʪ, 1996.  

208ʩ.  

5.  ʈʫʞʠʯʢʘ ʗʥ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʘ ɺʘʚʠʣʦʚʘ-ʏʝʨʝʥʢʦʚʘ.  

// ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ. ɼʫʙʥʘ1993. 28 ʩ. 
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ʄʝʪʦʜʦʤ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚ ʘʣʴʬʘ-ʯʘʩʪʠʮ ʦʪ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ 238-Pu ʪʨʝʤʷ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʯʝʪʥʳʤʠ ʢʘʥʘʣʘʤʠ [1] ʧʦʣʫʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ { }it  ʨʝʛʠʩʪʨʘʮʠʠ ʘʣʴʬʘ-

ʯʘʩʪʠʮ ʟʘ ʚʨʝʤʷ T.  ʉʧʦʩʦʙʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʟ { }it  ʧʦʣʫʯʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ (ʕʈ) ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʚʳʙʦʨʦʢ ʦʙʲʝʤʘ 20n<  ʯʠʩʝʣ ʦʪʩʯʝʪʦʚ ( )K tD  ʯʘʩʪʠʮ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʟʘ ʚʨʝʤʷ tD. ɺʝʣʠʯʠʥʳ n  ʠ tD - ʵʪʦ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʜʫʨʳ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʇʦʣʥʦʝ ʯʠʩʣʦ 

ʕʈ ʩʦʩʪʘʚʣʷʣʦ 5 7/ ( ) 10 10 ,M T n t= D = -  ʛʜʝ n t qD = - ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʡ ʚʳʙʦʨʢʠ. ʊʠʧ ʕʈ ʚ ʬʦʨʤʝ 
jl  - 

ʤʝʨʥʦʛʦ ʩʣʫʯʘʡʥʦʛʦ ʚʝʢʪʦʨʘ 
0( ,..., )j ljn n , ʛʜʝ 

jl - ʝʛʦ ʩʣʫʯʘʡʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʠ 
0

jl

ij

i

n n
=

=ä  ʬʠʢʩʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ 

ʟʥʘʯʝʥʠʷ çIDè ʩʣʫʯʘʡʥʦʛʦ ʧʦʣʠʥʦʤʘ[1].  

 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʠʭ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʧʘʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ { }it , 
1{ }i i it tt += - , { ( )}iK tD  ʠʟ ʚʩʝʭ ʪʨʝʭ ʢʘʥʘʣʦʚ ʥʝ ʚʳʷʚʠʣ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʥʘ 

ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0,1a= .  

 ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ ʠʜʝʥʪʠʯʥʳʭ ʧʦ çIDè ʕʈ ʢʘʞʜʦʛʦ ʪʠʧʘ j  ʨʘʟʤʝʨʦʤ 10 jM<  

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʩʪʦʤʫ ʧʦʪʦʢʫ ʇʫʘʩʩʦʥʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 
ijr  ʤʝʞʜʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʕʈ ʦʜʥʦʛʦ ʪʠʧʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʢʘʟʘʪʝʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩ ʧʘʨʘʤʝʪʨʦʤ jr ʚ ʝʜʠʥʠʮʘʭ q. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʠʟʤʝʨʝʥʠʡ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʢʘʥʘʣʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟ ʠʜʝʥʪʠʯʥʳʭ ʪʠʧʦʚ 

ʕʈ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʤʠ 
jM  ʠ ʩʨʝʜʥʠʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ( ),jr P  ʛʜʝ 1,2,3p=  - ʠʥʜʝʢʩ ʢʘʥʘʣʘ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ( , )jr p q  ʤʝʞʜʫ ʧʘʨʘʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʠʜʝʥʪʠʯʥʳʭ ʧʦ ʪʠʧʫ 

ʕʈ ʠʟ ʣʶʙʳʭ ʜʚʫʭ ʢʘʥʘʣʦʚ 0 ( , ) ( ) ( )j j jr p q i p i q¡< = - , ʛʜʝ ( )ji p  ʠ ( )ji q¡  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʦʨʷʜʢʦʚʳʝ ʧʦʣʦʞʝʥʠʷ 

ʕʈ ʚ ʢʘʥʘʣʘʭ p ʠ ,q  ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʦʢʘʟʘʪʝʣʴʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 1/ ( , ) 1/ ( ) ( )j j jr p q r p r q= +

. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʇʫʘʩʩʦʥʘ p  ʜʨʫʛʠʤ ʧʨʦʮʝʩʩʦʤ ʇʫʘʩʩʦʥʘ q  ʧʦʜʦʙʥʦ ʠʟʚʝʩʪʥʦʡ 

ʩʭʝʤʝ  çʩʪʘʨʪ-ʩʪʦʧè ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʩʦʩʪʦʷʥʠʡ [3]. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʫʤʤʠʨʦʚʘʥʠʶ ʜʚʫʭ 

ʠʜʝʥʪʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʇʫʘʩʩʦʥʘ.  

 ʊʘʢʘʷ ʧʦʯʪʠ ʩʠʥʭʨʦʥʥʦʩʪʴ ʠʤʝʝʪʩʷ ʜʣʷ ʧʘʨ ʠʜʝʥʪʠʯʥʳʭ ʕʈ ʚʩʝʭ ʪʨʝʭ ʢʘʥʘʣʦʚ ʩ ʨʘʟʙʨʦʩʦʤ ʧʦʨʷʜʢʘ 

( , ).jr p q  ʆʯʝʚʠʜʥʦ, ʯʝʤ ʙʦʣʴʰʝ /j jM M r=  ʠ ʤʝʥʴʰʝ jr  ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʢʘʥʘʣʘʭ p  ʠ ,q  ʪʝʤ ʣʫʯʰʝ 

ʩʠʥʭʨʦʥʥʦʩʪʴ. ɼʣʷ ʤʘʣʦʚʝʨʦʷʪʥʳʭ ʪʠʧʦʚ ʕʈ ʩ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ jr ʷʚʣʝʥʠʝ ʧʦʯʪʠ ʩʠʥʭʨʦʥʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʠʩʯʝʟʘʝʪ. 

ʇʦʵʪʦʤʫ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʝʥʠʷ ʧʦʯʪʠ ʩʠʥʭʨʦʥʥʦʛʦ ʧʦʷʚʣʝʥʠʷ ʧʦʯʪʠ ʦʜʥʦʪʠʧʥʳʭ ʕʈ 

ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʚ [2] ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʪʦʨʥʦ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʫʘʩʩʦʥʦʚʩʢʠʭ ʧʦʪʦʢʦʚ ʠ ʥʝ 

ʪʨʝʙʫʝʪ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʦʩʦʙʳʭ ʥʝʠʟʚʝʩʪʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʘʣʴʬʘ-ʨʘʩʧʘʜ ʷʜʝʨ. 

 

1. E.V. Akindinova et.al. // Procedings of the International Sumposium on Exotic Nuclear, 2014 p. 651 

2. ʉ.ʕ. ʐʥʦʣʴ ʠ ʜʨ. // ʋʌʅ, 1998, ʪ.41, ʩ.1029 

3. ɸ.ɺ. ʇʦʪʘʧʦʚ ʠ ʜʨ. // ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʝ. ʄ. ɸʪʦʤʠʟʜʘʪ, 1980, 

- 264 ʩ. 
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ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʯʘʩʪʠʮ ʧʦʪʦʢʦʚ ʘʣʴʬʘ-

ʠʟʣʫʯʝʥʠʷ 238-Pu, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʢʘʥʘʣʴʥʦʛʦ ʚʨʝʤʷ-ʘʤʧʣʠʪʫʜʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ [1], ʧʦʟʚʦʣʠʣʘ 

ʦʙʨʘʟʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʳʙʦʨʦʢ ʦʙʲʝʤʦʤ n ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ 

(ʕʈ) ʦʪʩʯʝʪʦʚ ( )K tD  ʯʘʩʪʠʮ ʟʘ ʠʥʪʝʨʚʘʣʳ tD ʧʨʠ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜʥʦʛʦ ʕʈ n tQ= D, ʧʦʣʥʦʤ ʚʨʝʤʝʥʠ 

ʠʟʤʝʨʝʥʠʷ T  ʠ ʯʠʩʣʝ ʚʩʝʭ ʕʈ 5 7/ 10 10 .T MQ= -  ʈʘʩʧʨʝʜʝʣʝʥʠʷ ( )K tD  ʠ ʠʥʪʝʨʚʘʣʦʚ 
1i it tt += - ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʧʦʪʦʢʦʤ ʇʫʘʩʩʦʥʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʣʦʚʥʳʝ ʕʈ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ :j  
0( ,..., )j ljn n  ʧʨʠ 

0

,
lj

ij

i

n n
=

=ä  ʛʜʝ ( ( ))ij in K tD  

- ʯʠʩʣʘ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʡ 
iK  ʚ ʚʳʙʦʨʢʝ, 0,1,...,i jK l=  ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʇʫʘʩʩʦʥʘ ʩ 

1

N

j

j

M M
=

=ä , ʛʜʝ 
jM  - ʩʣʫʯʘʡʥʳʝ ʙʠʥʦʤʠʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʯʠʩʣʘ ʕʈ ʪʠʧʘ j. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʷʚʣʝʥʠʝ 

jM  -

ʢʨʘʪʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʣʶʙʦʛʦ ʠʟ ʚʩʝʭ N  - ʚʦʟʤʦʞʥʳʭ ʪʠʧʦʚ j  ʕʈ ʧʨʠ 10 jM<   ʠ 20n<  ʦʙʫʩʣʦʚʣʝʥʦ 

ʢʦʤʙʠʥʘʪʦʨʥʦ-ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʫʩʣʦʚʥʳʭ ʕʈ. ʕʬʬʝʢʪ çʙʣʠʞʥʝʡ 

ʟʦʥʳè, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [2] ʥʘ ʦʩʥʦʚʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʩʧʘʜ ʷʜʝʨ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ, ʷʚʣʷʝʪʩʷ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʘʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ 
jr  ʤʝʞʜʫ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʕʈ, ʧʦʨʦʞʜʝʥʥʦʛʦ ʧʫʘʩʩʦʥʦʚʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʕʈ ʜʣʷ ʢʘʞʜʦʛʦ 

ʠʭ ʪʠʧʘ j  ʜʣʷ ʚʩʝʭ ʪʨʝʭ ʢʘʥʘʣʦʚ. 

ɸʥʘʣʠʟ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ, ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʠʭ ʌʫʨʴʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʣʷ ʚʨʝʤʝʥʥʳʭ 

ʨʷʜʦʚ ʕʈ ʢʘʞʜʦʛʦ ʪʠʧʘ ʚʩʝʭ ʢʘʥʘʣʦʚ ʥʝ ʚʳʷʚʠʣ ʧʝʨʠʦʜʠʯʥʦʩʪʝʡ 2 72jʤʠʥ T ʯʘʩ< <  ʚ ʦʮʝʥʢʘʭ ʢʦʨʨʝʣʷʮʠʡ 

ʛʘʨʤʦʥʠʢ ʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ( , ),j jcor t mT s mT+ +  0,1...m=  . 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʷʚʣʝʥʠʝ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ ʩ ʧʝʨʠʦʜʘʤʠ 
jT  ʕʈ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ j  ʝʩʪʴ 

ʩʣʝʜʩʪʚʠʝ ʥʝ ʚʥʝʰʥʠʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʧʨʝʜʣʦʞʝʥʦ ʚ [2], ʘ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʦʪ 
jr   

ʩʣʫʯʘʡʥʦʛʦ ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ, ʥʦ ʪʦʣʴʢʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʭʦʞʠʭ ʧʦ ʬʦʨʤʝ ʕʈ ʚ ʠʥʪʝʨʚʘʣʘʭ ( )j jr rs°  ʩ ʨʦʩʪʦʤ 

jr , ʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʢʘʢ ʧʨʠ jr  ʢʨʘʪʥʦʤ 24jT =  ʯʘʩʘ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʧʝʨʠʦʜʘʭ 
jT  ʠʟ ʨʘʙʦʪʳ [2]. 

1. E.V.Akindinova, A.G. Babenko, V.A. Rabotkin, V.M. Vakhtel et al.//Proccedings of the International Sumposium 

on Exotic Nuclei, 2014, p.651 

2. ʉ.ɽ. ʐʥʦʣʴ, ʠ ʜʨ.// ʋʌʅ, 1998, ʪ. 168, ˉ10, ʩ.1129. 
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ʐʠʨʠʥʘ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ ʚ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʩʪʨʫʢʪʫʨʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʝʛʦ ʠʟʦʪʦʧʥʦʤ ʠ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ, ʥʘʣʠʯʠʠ ʧʨʠʤʝʩʝʡ ʠ ʜʨ. ʇʨʠ ʵʪʦʤ 

ʚʝʣʠʯʠʥʘ ʰʠʨʠʥ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʪʦʣʱʠʥʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʰʠʨʠʥʳ ʣʠʥʠʡ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɺ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʰʠʨʠʥ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ ʜʣʷ ʦʙʨʘʟʮʦʚ ʧʦʨʦʰʢʘ Fe2O3 ʩ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʡ 57Fe (2,11%), ʨʘʟʣʠʯʥʳʝ ʧʦ ʩʚʦʝʡ ʤʘʩʩʝ: ʦʪ 0,1 ʜʦ 50 ʤʛ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʦʙʨʘʟʮʝ Fe2O3 ʣʠʥʠʷ 

ʧʦʛʣʦʱʝʥʠʷ  14,4 ʢʵɺ ʚ 57Fe ʨʘʩʱʝʧʣʷʝʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʩʝʢʩʪʝʪ ʣʠʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ ʤʘʛʥʠʪʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʯʠʩʣʘ. ʀʟʤʝʨʝʥʠʷ ʰʠʨʠʥʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʚʩʝʭ ʣʠʥʠʡ ʩʝʢʩʪʝʪʘ 

ʥʘ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ MS 1104Em ʧʨʦʠʟʚʦʜʩʪʚʘ ʖʌʋ ʅʀʀ ʌʠʟʠʢʠ ʚ ʨʝʞʠʤʝ ʧʦʩʪʦʷʥʥʳʭ 

ʫʩʢʦʨʝʥʠʡ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ. ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʝ NaI  ɸʢʪʠʚʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ 57Co ʚ ʭʨʦʤʦʚʦʡ ʤʘʪʨʠʮʝ ʥʘ ʤʦʤʝʥʪ ʠʟʤʝʨʝʥʠʡ ʨʘʚʥʷʣʘʩʴ 10.46 

ʤʂ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʣʴʪʨʘʤʘʣʳʭ ʤʘʩʩ Fe2O3,  ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ  ʜʚʫʭ 

ʧʦʨʦʰʢʦʚ (Fe2O3 ʠ ʉ). ʉʥʘʯʘʣʘ 10 ʤʛ ʧʦʨʦʰʢʘ  Fe2O3 ʙʳʣʠ ʨʘʟʙʘʚʣʝʥʳ ʚ 1 ʛʨ ʫʛʣʝʨʦʜʘ, ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʝʨʝʤʝʰʢʦʡ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʟʘʪʝʤ ʠʟ ʧʦʣʫʯʝʥʥʦʡ ʩʤʝʩʠ ʙʳʣʘ ʩʜʝʣʘʥʘ ʥʘʚʝʩʢʘ ʤʘʩʩʦʡ 10 ʤʛ ʠ ʩʥʷʪ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʚʪʦʨʥʦʝ ʨʘʟʙʘʚʣʝʥʠʝ ʜʘʥʥʦʡ ʩʤʝʩʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʤʘʩʩʦʡ 1 ʛʨ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʚʪʦʨʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʩʤʝʩʴ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʚʘʥʥʝ. ʂʦʥʪʨʦʣʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʝʤ ʨʝʥʪʛʝʥʦʬʣʶʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ Fe2O3 ʤʘʩʩʦʡ 50 ʤʛ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʣʠʥʠʡ ʩʝʢʩʪʝʪʘ. ʅʘ ʨʠʩ.2 ʜʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʦʚ ʨʘʟʥʦʡ ʤʘʩʩʳ. ʂʚʘʜʨʘʪʠʢʘʤʠ  ʦʪʤʝʯʝʥʳ ʰʠʨʠʥʳ ʧʝʨʚʦʡ ʣʠʥʠʠ ʤʝʩʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʝʢʩʪʝʪʘ, 

ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʪʨʝʪʴʝʡ ʣʠʥʠʠ ʩʝʢʩʪʝʪʘ. ɼʘʥʥʳʝ ʧʦ ʰʠʨʠʥʘʤ ʣʠʥʠʡ ʧʦʣʫʯʝʥʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʧʝʢʪʨʦʚ ʚ 

ʧʨʦʛʨʘʤʤʝ Univem. ʆʙʨʘʙʦʪʢʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʣʠʥʠʷʤʠ ʣʦʨʝʥʮʝʚʦʡ ʬʦʨʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ 

ʧʨʘʚʜʦʧʦʜʦʙʥʦʩʪʠ ɢ2å1. 

 

 

 

ʇʦʣʫʯʝʥʥʳʝ ʘʧʧʘʨʘʪʥʳʝ ʩʧʝʢʪʨʳ ʩʣʘʙʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʰʠʨʠʥʳ ʣʠʥʠʡ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ. ɺ [2] ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʦʨʝʥʮʝʚʦʡ ʬʦʨʤʳ ʣʠʥʠʡ ʠʩʧʫʩʢʘʥʠʷ 

ʠ ʧʦʛʣʦʱʝʥʠʷ ʧʦʢʘʟʘʥʦ ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʪʦʥʢʠʭ ʨʝʟʦʥʘʥʩʥʳʭ ʧʦʛʣʦʪʠʪʝʣʝʡ (ʜʦ 4 ʤʛ/ʩʤ2), ʰʠʨʠʥʘ  ʣʠʥʝʡʥʦ ʨʘʩʪʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ.  ʇʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʥʳʭ ʩʧʝʢʪʨʦʚ ʰʠʨʠʥʳ ʜʘʣʝʢʠ ʦʪ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ.  

 

 

  

ʈʠʩ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ 1-ʦʡ ʠ 3-ʝʡ ʣʠʥʠʠ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʦʪ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ. 

ʈʠʩ 1. ʍʘʨʘʢʪʝʨʥʳʡ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʡ 

ʩʧʝʢʪʨ Fe2O3 ʤʘʩʩʦʡ 50 ʤʛ. ʎʠʬʨʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʣʠʥʠʠ ʩʝʢʩʪʝʪʘ. 


