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ɿʘʨʦʞʜʝʥʠʝ, ʨʘʟʚʠʪʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ  

ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʥʘ ʙʘʟʝ ʄʕʄʉ ʠ ʅɽʄʉ 

ɺ.ɸ. ɹʳʢʦʚ
1, 2, 3

 

1
ɻʨʫʧʧʘ ʢʦʤʧʘʥʠʡ NT-MDT Spectrum Instruments, ʄʦʩʢʚʘ, ɿʝʣʝʥʦʛʨʘʜ, 124460 

vbykov@ntmdt-si.ru 
2
ʂʘʬʝʜʨʘ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʌʌʂʕ ʄʌʊʀ, ʄʦʩʢʚʘ, ɿʝʣʝʥʦʛʨʘʜ, 124460 

3
ʅʘʥʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ ʈʦʩʩʠʠ, ʄʦʩʢʚʘ, ɿʝʣʝʥʦʛʨʘʜ, 1246832 

ɺ 2021 ʛʦʜʫ ʠʩʧʦʣʥʠʪʩʷ 40 ʣʝʪ ʩʦ ʚʨʝʤʝʥʠ ʦʬʠʮʠʘʣʴʥʦʛʦ ʦʪʢʨʳʪʠʷ ʤʝʪʦʜʦʚ 

ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʤʝʪʦʜ ʧʨʦʰʝʣ ʧʝʨʠʦʜ ʤʦʱʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʝʛʦʜʥʷ 

ʩʢʘʥʠʨʫʶʱʘʷ ʟʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ/ʩʧʝʢʪʨʦʩʢʦʧʠʷ ï ʵʪʦ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʚ ʧʨʠʣʦʞʝʥʠʷʭ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ ʜʦ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ. ɺ ʣʝʢʮʠʠ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʚʝʭʠ 

ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʦʚ ʉɿʄ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

Origin, development and prospects for development of  

metrological equipment based on MEMS and NEMS 

V.A. Bykov
1, 2, 3

 

1
NT-MDT Spectrum Instruments, Moscow, Zelenograd, 124460 

vbykov@ntmdt-si.ru 
2
Chair of microelectronics, Moscow physico-technical institute, Moscow, Zelenograd, 124460 

3
Nanotechnological society of Russia, Moscow, Zelenograd, 1246832 

In 2021 it will be 40 years since the official opening of scanning tunneling microscopy. 

During this time the method has passed a period of powerful development and today Scanning 

Probe Microscopy / Spectroscopy is one of the most powerful methods of studying 

nanostructures in applications from molecular biology to microelectronics and space technology. 

The lecture will present the main milestones and modern capabilities of SPM methods, as well as 

the possibilities of its further development. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʝʤʥʠʷ ʠ ʛʝʨʤʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ɸ.ɸ. ʉʘʨʘʥʠʥ 

ʀʥʩʪʠʪʫʪ ʘʚʪʦʤʘʪʠʢʠ ʠ ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ɼɺʆ ʈɸʅ, ɺʣʘʜʠʚʦʩʪʦʢ, 690041 

saranin@iacp.dvo.ru 

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʩʝ ʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʨʠʚʣʝʢʘʝʪ ʩʦʟʜʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʟ ʦʪʜʝʣʴʥʳʭ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ (ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ 

ʪʝʭʥʦʣʦʛʠʷ çʩʥʠʟʫ ʚʚʝʨʭè) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʭʘʥʠʟʤʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʜʦʢʣʘʜʝ 

ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʩʢʘʥʠʨʫʶʱʝʡ ʪʫʥʥʝʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʝ ʩʦʩʪʘʚʘ, ʘʪʦʤʥʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʘʩʧʝʢʪʘʤ 

ʤʝʪʦʜʦʚ ʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

Study of the self-organization of atoms and molecules on the surface of silicon 

and germanium by means of scanning tunneling microscopy 

A.A. Saranin 

Institute of Automation and Control Processes FEB RAS, Vladivostok, 690041 

Among the various approaches in recent years, much attention of researchers has been 

attracted to the creation of nanostructures from individual atoms and molecules (the so-called 

bottom-up technology) using self-organization mechanisms. The report will present the 

possibilities of scanning tunneling microscopy for studying the topography of a surface, its 

composition, atomic and local electronic structure. The main attention will be paid to the 

quantitative aspects of the methods and accuracy of measurements. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʜʭʦʜʘ çʩʥʠʟʫ ʚʚʝʨʭè: 1) ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʧʨʦʚʦʜʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ (~10
-10

 ʊʦʨ); 2) çʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʦʡè 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩʣʫʞʘʪ ʘʪʦʤʘʨʥʦ-ʯʠʩʪʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ; 3) ʚ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʥʦʩʪʨʫʢʪʫʨ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʚʝʨʭʪʦʥʢʠʝ ʩʣʦʠ 

ʘʜʩʦʨʙʘʪʦʚ ʪʦʣʱʠʥʦʡ ʦʪ ʜʦʣʝʡ ʜʦ ʝʜʠʥʠʮ ʘʪʦʤʥʳʭ ʩʣʦʝʚ; 4) ʤʝʪʦʜʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʥʦʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʘʪʦʤʥʘʷ ʠʣʠ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʘʤʦʩʙʦʨʢʘ (ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʷ). 

ʆʩʥʦʚʦʡ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ, ʘʪʦʤʥʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʬʠʟʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʚ ʝʝ ʩʦʚʨʝʤʝʥʥʦʤ 

ʧʦʥʠʤʘʥʠʠ ʨʦʜʠʣʘʩʴ ʚ 1960-ʭ ʛʦʜʘʭ. ʉʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʟʘʜʘʶʪʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʚʝʨʭʥʠʤʠ ʩʣʦʷʤʠ ʘʪʦʤʦʚ, ʧʦʵʪʦʤʫ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʘʪʦʤʥʦʛʦ 

ʩʪʨʦʝʥʠʷ, ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʯʝʥʴ ʚʘʞʥʘ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʩʦʟʜʘʥʠʷ ʟʘʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɺ ʬʠʟʠʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʘʨʩʝʥʘʣ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʆʜʥʘʢʦ, 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʷʚʣʝʥʠʷʭ ʜʠʬʨʘʢʮʠʠ ʠʣʠ 

ʨʘʩʩʝʷʥʠʷ, ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ, ʫʩʨʝʜʥʝʥʥʫʶ ʧʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ, 1 ʤʢʤ 

ï 1 ʤʤ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʪʨʫʜʥʷʝʪ ʢʦʥʪʨʦʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʩ 

ʘʪʦʤʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʉʠʪʫʘʮʠʷ ʟʘʤʝʪʥʦ ʫʣʫʯʰʠʣʘʩʴ ʩ ʥʘʯʘʣʘ 1990-ʭ ʛʦʜʦʚ, ʙʣʘʛʦʜʘʨʷ 

ʫʩʠʣʠʷʤ ɻʝʨʜʘ ɹʠʥʥʠʛʘ ʠ ɻʝʥʨʠʭʘ ʈʦʨʝʨʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ ʢ ʩʦʟʜʘʥʠʶ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʪʫʥʥʝʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉʊʄ). ʕʪʦʪ ʧʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʜʠʥʦʯʥʳʝ ʘʪʦʤʳ 

ʚʝʱʝʩʪʚʘ ʠ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʘʥʘʣʠʟʘ ʥʘʥʦʩʪʨʫʢʪʫʨ. 

ʀʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʉʊʄ, ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʠʛʣʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʝ ʩʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʝ ʘʪʦʤʦʚ, ʩʢʦʣʴʢʦ 

ʣʦʢʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʢʘʟʳʚʘʝʪʩʷ ʢʨʘʡʥʝ ʧʦʣʝʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʮʠʧʦʚ. ʉʊʄ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ.  
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ  

ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ɺ.ʗ. ʐʫʨ 

ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ, ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 620000, 
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ɹʫʜʝʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʟʣʦʞʝʥʦ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʩʢʘʥʠʨʫʶʱʝʡ 

ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʦʤʝʥʦʚ ʩ 

ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʣʦʢʘʣʴʥʦʛʦ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʤʠʢʨʦ- ʠ ʥʘʥʦʜʦʤʝʥʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ.  

Study of ferroelectric domain structure by scanning probe microscopy  

V.Ya. Shur 

School of Natural Sciences and Mathematics, Ural Federal University, 620000, Ekaterinburg, Russia 

Application of various methods of the scanning probe microscopy for visualization of the 

ferroelectric domains with high spatial resolution, investigation of the domain structure, local 

switching and creation of the micro- and nanodomain patterns will be presented systematically.   

ɹʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (Scanning Probe 

Microscopy - SPM). ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʜʦʩʪʦʠʥʩʪʚʘʤ ʠ ʥʝʜʦʩʪʘʪʢʘʤ SPM. 

ɹʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʚʳʝ ʫʩʧʝʰʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ ʧʦʤʦʱʴʶ 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (Atomic Force Microscopy ï AFM) ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ 

ʨʝʣʴʝʬʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʚʳʷʚʣʝʥʥʦʛʦ ʩ ʧʦʤʦʱʴʶ 

ʩʝʣʝʢʪʠʚʥʦʛʦ ʪʨʘʚʣʝʥʠʷ. ɹʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʧʨʠʥʮʠʧ ʠ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʦʛʦ ʤʝʪʦʜʘ - ʤʠʢʨʦʩʢʦʧʠʠ ʩʠʣ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ (Piezoresponse Force 

Microscopy - PFM), ʘ ʪʘʢʞʝ ʪʘʢʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʦʜʳ ʢʘʢ Spectroscopy, Dual AC Resonance 

Tracking (DART) ʠ Band Excitation (BE).  

ɹʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ (local switching) ʩ ʧʦʤʦʱʴʶ ʧʨʦʚʦʜʷʱʝʛʦ ʟʦʥʜʘ 

SPM ʠ PFM ʚʠʟʫʘʣʠʟʘʮʠʠ (Scanning Probe Microscopy tip-induced ferroelectric domain 

switching) ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʚʳʩʦʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʚʘʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.   

1) ʅʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʨʷʤʦʛʦ ʧʨʦʨʘʩʪʘʥʠʷ ʜʦʤʝʥʦʚ ʚ ʧʦʣʷʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (forward 

growth) ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʥʘ ʥʝʧʦʣʷʨʥʦʤ 

ʩʨʝʟʝ ʦʜʥʦʦʩʥʦʛʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʥʠʦʙʘʪʘ ʣʠʪʠʷ [1,2].  

2) ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʜʦʤʝʥʦʚ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʵʬʬʝʢʪʫ ʧʝʨʝʤʝʞʘʝʤʦʩʪʠ 

(intermittency) ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠ ʭʘʦʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʧʦʣʷʨʥʦʤ 

ʩʨʝʟʝ ʥʠʦʙʘʪʘ ʣʠʪʠʷ [3].  

3) ʈʘʩʧʘʜ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʦʙʨʘʪʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ) 

[4] ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʜʦʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚ 

ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ [5] ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʨʝʣʘʢʩʦʨʥʦʛʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ ʥʠʦʙʘʪʘ ʙʘʨʠʷ-

ʩʪʨʦʥʮʠʷ SBN.  

4) ʈʦʣʴ ʚʥʝʰʥʝʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʤ ʦʙʨʘʪʥʦʤ ʧʝʨʝʢʣʶʯʝʥʠʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʦʩʣʝ ʚʳʢʣʶʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʥʘ ʥʝʧʦʣʷʨʥʦʤ ʩʨʝʟʝ ʥʠʦʙʘʪʘ ʣʠʪʠʷ [6]. 

5) ɺʣʠʷʥʠʝ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʥʘ 

ʨʦʩʪ ʜʦʤʝʥʦʚ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʧʝʨʝʢʣʶʯʝʥʠʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʥʠʦʙʘʪʝ ʣʠʪʠʷ [7,8]. 
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6) ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚ 

ʦʜʠʥʦʯʥʦʤ ʟʝʨʥʝ ʚ ʙʝʩʩʚʠʥʮʦʚʳʭ ʢʝʨʘʤʠʢʘʭ [9-12] 

7) ɺʣʠʷʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʜʦʤʝʥʥʳʭ ʩʪʝʥʦʢ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʨʝʣʘʢʩʘʮʠʶ ʚ 

ʙʝʩʩʚʠʥʮʦʚʦʡ ʢʝʨʘʤʠʢʝ (K,Na)NbO3 [13] 

8) ʉʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʜʦʤʝʥʳ ʚ ʤʠʢʨʦʪʨʫʙʢʘʭ ʜʠʬʝʥʠʣʘʣʘʥʠʥʘ [14]. 

9) ʊʠʧʳ ʠʩʭʦʜʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʪʘ ʜʦʤʝʥʦʚ ʧʨʠ ʣʦʢʘʣʴʥʦʤ 

ʧʝʨʝʢʣʶʯʝʥʠʠ ʥʘ ʥʝʧʦʣʷʨʥʦʤ ʩʨʝʟʝ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ ʛʣʠʮʠʥʘ [15]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʋʎʂʇ çʉʦʚʨʝʤʝʥʥʳʝ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠè ʋʨʌʋ. 
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ʉʦʟʜʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ  

ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ɸ.ɸ. ɹʫʭʘʨʘʝʚ
1,2

, ɼ.ɸ. ɹʠʟʷʝʚ
1 
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ʂʘʟʘʥʩʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɽ.ʂ. ɿʘʚʦʡʩʢʦʛʦ, 420029, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

a_bukharaev@mail.ru 
2
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 420008, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ʃʝʢʮʠʷ ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʨʠʙʦʨʘ ï ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʚ ʨʝʞʠʤʘʭ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʣʠʪʦʛʨʘʬʘ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʛʥʠʪʥʳʭ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ. 

Formation and study of magnetic structures  

by scanning probe microscope 

ɸ.ɸ. Bukharaev 
1,2 

D. A. Bizyaev
1
,  

1
 The Kazan E. K. Zavoisky Physical-Technical Institute RAS, 420029, Kazan, Russia 

a_bukharaev@mail.ru 
2
Kazan Federal University, 420008 Kazan, Russia 

The lecture is devoted to the use of the same device - the scanning probe microscope in 

the modes of scanning probe lithography, atomic force microscopy and magnetic force 

microscopy for formation and investigation of magnetic micro- and nanostructures. 

ɺ ʣʝʢʮʠʠ ʥʘ ʨʷʜʝ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʥʠʢʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʉɿʄ) ʢʘʢ ʩʦʟʜʘʚʘʪʴ, ʪʘʢ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʤʠʢʨʦ- ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʨʠʙʦʨ, 

ʨʘʙʦʪʘʶʱʠʡ ʚ ʨʝʞʠʤʘʭ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʣʠʪʦʛʨʘʬʘ, ʘʪʦʤʥʦ-ʩʠʣʦʚʦʛʦ 

ʤʠʢʨʦʩʢʦʧʘ ʠʣʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʉɿʄ ʧʦʟʚʦʣʷʝʪ 

ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ, ʥʝ ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʤ 

ʨʘʩʧʦʨʷʞʝʥʠʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʘʤʠʤ ʩʦʟʜʘʚʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ʅʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʥʝʜʦʨʦʛʦʛʦ ʉɿʄ Solver P47 ʬʠʨʤʳ ʅʊ-ʄɼʊ ʚ 

ʨʝʞʠʤʝ ʥʘʥʦʣʠʪʦʛʨʘʬʠʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʤʠʢʨʦʯʘʩʪʠʮʳ ʧʝʨʤʘʣʣʦʷ ʩ ʨʘʟʥʳʤ ʘʩʧʝʢʪʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ; ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʦʧʨʦʚʦʣʦʢʠ ʥʠʢʝʣʷ ʢʘʢ ʦʪʜʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ, ʪʘʢ ʠ 

ʩ ʤʘʩʩʠʚʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ ʠʟ ʦʜʥʦʛʦ ʠʣʠ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ [1-3]; ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʟʘʨʷʜʦʚʳʝ ʦʙʣʘʩʪʠ ʚ ʤʘʥʛʘʥʠʪʘʭ [4]. ʇʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨʳ ʠ 

ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʤʦʞʥʦ ʙʳʣʦ ʩ ʧʦʤʦʱʴʶ ʉɿʄ Solver P47 ʚ ʨʝʞʠʤʘx 

ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʣʠ ʢʝʣʴʚʠʥ-ʤʠʢʨʦʩʢʦʧʠʠ. ɺ ʨʝʞʠʤʝ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ: ʧʨʦʮʝʩʩʳ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʯʘʩʪʠʮ ʧʝʨʤʘʣʣʦʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [1]; ʧʝʨʝʩʪʨʦʡʢʘ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʧʨʦʚʦʣʦʢʘʭ ʧʨʠ ʧʨʦʧʫʩʢʘʥʠʠ ʯʝʨʝʟ ʥʠʭ ʠʤʧʫʣʴʩʥʦʛʦ 

ʪʦʢʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ [2]; ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʠʢʨʦʯʘʩʪʠʮ ʧʝʨʤʘʣʣʦʷ 

ʧʨʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʦʤ ʨʘʩʪʷʞʝʥʠʠ ʠʣʠ ʩʞʘʪʠʠ [5]. ɺʘʞʥʦ, ʯʪʦ, ʠʩʧʦʣʴʟʫʷ ʩʦʚʨʝʤʝʥʥʳʝ 

ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʤʦʞʝʪ ʩʨʘʚʥʠʚʘʪʴ ʩʚʦʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʉɿʄ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʤʦʜʝʣʴʥʳʤʠ, ʧʨʦʚʝʨʷʷ ʪʝʤ ʩʘʤʳʤ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ [1, 2, 5]. 

1. ʅ.ʀ. ʅʫʨʛʘʟʠʟʦʚ, ʊ.ʌ. ʍʘʥʠʧʦʚ ʠ ʜʨ, ʌʊʊ  56, 1756 (2014). 

2. ʅ.ʀ. ʅʫʨʛʘʟʠʟʦʚ, ɼ.ɸ. ɹʠʟʷʝʚ, ɸ. ɸ. ɹʫʭʘʨʘʝʚ, ʌʊʊ 58, 917 (2016). 

3. ɼ.ɸ. ɹʠʟʷʝʚ, ɸ.ɸ. ɹʫʭʘʨʘʝʚ, ʉ.ɸ. ɿʠʛʘʥʰʠʥʘ ʠ ʜʨ., ʄʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ 44, 437 (2015). 

4. ʈ.ʌ. ʄʘʤʠʥ, ɼ.ɸ. ɹʠʟʷʝʚ, ʈ.ɺ. ʖʩʫʧʦʚ ʠ ʜʨ., ʀʟʚʝʩʪʠʷ ʈɸʅ, ʉʝʨʠʷ ʬʠʟʠʯʝʩʢʘʷ 80, 1196 (2016). 

5. ɼ.ɸ. ɹʠʟʷʝʚ, ɸ.ɸ. ɹʫʭʘʨʘʝʚ  ʠ ʜʨ, ʇʠʩʴʤʘ ʚ ɾʊʌ, 2016, 42, 24 (2016).  
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ʄʘʛʥʠʪʥʦ-ʩʠʣʦʚʘʷ ʨʝʟʦʥʘʥʩʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ  

ɺ.ʃ. ʄʠʨʦʥʦʚ
 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʈɸʅ, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ɻʉʇ-105, ʈʌ 

mironov@ipmras.ru   http://mrfm.ipmras.ru/ 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʦʥʘʥʩʥʳʭ ʤʝʪʦʜʠʢ ʤʘʛʥʠʪʥʦʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʘʛʥʠʪʥʦ-

ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʄʉʄ), ʤʠʢʨʦʩʢʦʧʠʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ (ʄɺʊ) ʠ ʤʘʛʥʠʪʥʦ-

ʨʝʟʦʥʘʥʩʥʘʷ ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʄʈʉʄ). ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʝʪʦʜʦʚ ʜʣʷ 

ʘʥʘʣʠʟʘ ʪʦʢʦʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ, ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʦʚ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʧʣʘʥʘʨʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ. 

Magnetic force resonance microscopy  

V.L. Mironov
 

Institute for physics of microstructures RAS, 603950, Nizhny Novgorod, GSP-105, Russia 

We present review the methods for diagnostics of nanostructures based on resonant modes 

of magnetic probe microscopy. We consider magnetic force microscopy (MFM), eddy current 

microscopy (ECM) and magntic resonance force microscopy (MRFM). The application of these 

methods for the analysis of conductive properties, magnetic structure, spectra and resonant 

spatial modes of magnetization oscillations for the wide range of nanostructures is discussed. 

ɺ ʤʘʛʥʠʪʥʦʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʟʦʥʜʘ 

ʩ ʦʙʨʘʟʮʦʤ. ɺ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠʩʪʦʯʥʠʢʦʤ ʢʦʥʪʨʘʩʪʘ ʷʚʣʷʝʪʩʷ 

ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʢʦʣʝʙʣʶʱʠʡʩʷ ʟʦʥʜ ʩʠʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʨʘʩʩʝʷʥʠʷ ʦʙʨʘʟʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʨʝʛʠʩʪʨʠʨʫʷ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ 

ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʘʥʪʠʣʝʚʝʨʘ, ʫʜʘʝʪʩʷ ʧʦʣʫʯʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʄʉʄ ʢʦʥʪʨʘʩʪʘ ʠ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ [1]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʣʝʙʣʶʱʠʡʩʷ ʤʘʛʥʠʪʥʳʡ ʟʦʥʜ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ ʧʨʦʚʦʜʷʱʝʤ ʦʙʨʘʟʮʝ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ ʌʫʢʦ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʦʟʜʘʶʪ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʜʝʤʧʬʠʨʦʚʘʥʠʶ ʢʦʣʝʙʘʥʠʡ ʢʘʥʪʠʣʝʚʝʨʘ. ʅʘ ʵʪʦʤ 

ʧʨʠʥʮʠʧʝ ʦʩʥʦʚʘʥʘ ʤʠʢʨʦʩʢʦʧʠʷ ʚʠʭʨʝʚʳʭ ʪʦʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʩʠʛʥʘʣʘ ʚ ʄɺʊ 

ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʠ ʜʦʙʨʦʪʥʦʩʪʠ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʘʥʪʠʣʝʚʝʨʘ 

ʥʘʜ ʫʯʘʩʪʢʘʤʠ ʩ ʨʘʟʣʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʜʦʩʪʠʛʘʝʪ 20 ʥʤ [2]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ ʥʦʚʳʡ ʤʝʪʦʜ ʜʠʘʛʥʦʩʪʠʢʠ ʨʝʟʦʥʘʥʩʥʳʭ ʩʚʦʡʩʪʚ 

ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ï ʤʘʛʥʠʪʥʦ-ʨʝʟʦʥʘʥʩʥʘʷ ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʥʘ ʦʩʥʦʚʝ 

ʷʚʣʝʥʠʷ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʌʄʈ). ɺ ʄʈʉʄ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʝʪʩʷ ʚ ʉɺʏ ʧʦʣʝ, 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʧʦ ʘʤʧʣʠʪʫʜʝ ʥʘ ʯʘʩʪʦʪʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʢʘʥʪʠʣʝʚʝʨʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʢʘʥʪʠʣʝʚʝʨʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʘʤʧʣʠʪʫʜʝ 

ʌʄʈ ʨʝʟʦʥʘʥʩʘ ʚ ʦʙʨʘʟʮʝ. ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ ʫʜʘʝʪʩʷ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʩʧʝʢʪʨʳ 

ʌʄʈ ʚ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʙʨʘʟʮʦʚ [3]. 

ʈʘʙʦʪʳ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʈʦʩʩʠʡʩʢʠʤ ʅʘʫʯʥʳʤ ʌʦʥʜʦʤ (ʧʨʦʝʢʪ ˉ 16-12-10254).  

1. D. Rugar, H.J. Mamin, P. Guethner, et al., Journal of Applied Physics, 68, 1169 (1990). 

2. S. Hirsekorn, U. Rabe, A. Boub, W. Arnold, Surface and Interface Analysis, 27, 474 (1999). 

3. O. Klein, G. de Loubens, V. V. Naletov, et al., Physical Review B, 78, 144410 (2008). 
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The main stages of the development of scanning probe microscopy and nanoscale spatial 

resolution spectroscopy are described. New design of devices, new developments of 

micromechanical systems for SPM and trends of their development are presented. The state of 

developments in Russia is evaluated in comparison with the best world achievements. 

ʉʢʘʥʠʨʫʶʱʘʷ ʟʦʥʜʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉɿʄ) ʟʘʨʦʜʠʣʘʩʴ ʚ 1966 ʛʦʜʫ ʚ ʛʨʫʧʧʝ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʩʪʘʥʜʘʨʪʦʚ ʉʐɸ (ʈʘʩʩʝʣ ʗʥʛ) ʠ ʥʘʯʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʢʘʢ ʦʜʠʥ ʠʟ 

ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʥʦʩʪʨʫʢʪʫʨ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʛʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʰʚʝʡʮʘʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʢʦʤʧʘʥʠʠ IBM, ʥʦʙʝʣʝʚʩʢʠʭ ʣʘʫʨʝʘʪʦʚ 1986 ʛʦʜʘ, ɻ. ɹʠʥʥʠʛʘ ʠ ɻ. 

ʈʦʨʝʨʘ. ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʢʘʢ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʙʦʨʘʤʠ, ʩʙʦʨʘ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʝʨʚʦʡ ʢʣʶʯʝʚʦʡ ʠʥʥʦʚʘʮʠʝʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʛʨʫʧʧʦʡ ʈ. ʗʥʛʘ, ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʟʘʠʤʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʦʩʪʨʠʷ ʠ 

ʦʙʨʘʟʮʘ. ɻ. ɹʠʥʥʠʛ ʠ ɻ. ʈʦʨʝʨ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʙʦʨ, ʥʘʟʚʘʥʥʳʡ ʠʤʠ ʩʢʘʥʠʨʫʶʱʠʤ 

ʪʫʥʥʝʣʴʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʚʦʜʷʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ 

ʘʪʦʤʘʨʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʙʦʨʦʤ ʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ. ʇʨʦʛʨʝʩʩ ʚ ʚʦʟʤʦʞʥʦʩʪʷʭ ʧʨʠʙʦʨʦʚ ʠ ʜʦ 

ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʱʥʦʩʪʴʶ ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʨʝʣʴʝʬʘ ʥʝʧʨʦʚʦʜʷʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʠʙʢʠʝ ʙʘʣʢʠ ʩ 

ʦʩʪʨʦʡ ʠʛʣʦʡ ʥʘ ʥʝʟʘʢʨʝʧʣʝʥʥʦʤ ʢʦʥʮʝ ï ʢʘʥʪʠʣʝʚʝʨʳ, ʘ ʧʨʠʙʦʨʳ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʨʝʣʴʝʬʘ ʙʳʣʠ ʥʘʟʚʘʥʳ ʘʪʦʤʥʦ-ʩʠʣʦʚʳʤʠ ʤʠʢʨʦʩʢʦʧʘʤʠ (ɸʉʄ). ɺ ɸʉʄ ɹʠʥʥʠʛʘ, ʂʚʘʡʪʘ 

ʠ ɻʝʨʙʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʫʥʥʝʣʴʥʳʡ ʜʘʪʯʠʢ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʘʥʪʠʣʝʚʝʨʘ, ʯʪʦ ʢʨʘʡʥʝ ʥʝʫʜʦʙʥʦ. ʄʦʱʥʦʡ ʠʥʥʦʚʘʮʠʝʡ, ʩʜʝʣʘʚʰʝʡ ɸʉʄ ʨʝʘʣʴʥʦʩʪʴʶ, 

ʩʪʘʣʦ ʠʟʦʙʨʝʪʝʥʠʝ ɸʤʤʝʨʘ ʠ ʄʘʡʝʨʘ ʦʧʪʠʢʦ-ʧʦʟʠʮʠʦʥʥʦʡ ʩʭʝʤ r ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʟʤʝʥʝʥʠʷ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʢʘʥʪʠʣʝʚʝʨʘ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʯʝʪʳʨʝʭʩʝʢʮʠʦʥʥʦʛʦ ʬʦʪʦʜʠʦʜʘ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʢʘʢ 

ʥʦʨʤʘʣʴʥʳʝ, ʪʘʢ ʠ ʣʘʪʝʨʘʣʴʥʳʝ ʩʠʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜʘ ʠ ʠʩʩʣʝʜʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʥʥʦʚʘʮʠʷ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʘʷ ʜʝʡʩʪʚʠʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʵʬʬʝʢʪʘ, ʙʳʣʘ ʨʘʟʚʠʪʘ 

ʛʨʫʧʧʦʡ Ducker W.A., Cook R.F., Clarke D.R. ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʧʝʨʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ɸʉʄ ɺʝʨʜʞʠʣʦʤ ʕʣʠʥʛʦʤ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʪʝʧʧʠʥʛè ʠʣʠ ʧʦʣʫʢʦʥʪʘʢʪʥʦʡ ʤʦʜʳ. 
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ɺ ʢʦʥʮʝ 80ʭ ï ʥʘʯʘʣʝ 90ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʠʩʪʨʘʮʠʠ 

ʤʝʪʦʜʘʤʠ ʉɿʄ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ ï ʦʪ ʩʚʝʨʭʚʳʩʦʢʦʛʦ ʚʘʢʫʫʤʘ 

ï ʜʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʪʚʝʨʜʦʝ ʪʝʣʦ-ʞʠʜʢʦʩʪʴ, ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ï ʪ.ʥ. ʉɿʄ ʣʠʪʦʛʨʘʬʠʠ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʙʦʣʴʰʠʥʩʪʚʦ ʉɿʄ. 

ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʣʘʪʝʨʘʣʴʥʳʭ ʩʠʣ ʝʱʝ ʚ 1993 ʛʦʜʫ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 'Jumpingô 

ʤʦʜʘ, ʚ ʢʦʪʦʨʦʡ ʠʟʤʝʨʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʧʦʜʚʦʜʝ ʠ 

ʦʪʚʦʜʝ ʟʦʥʜʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʯʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʩʤʝʱʝʥʠʠ ʟʦʥʜʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʟʮʘ ʧʨʠ ʦʪʚʝʜʝʥʥʦʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʦʥʜʝ. ʅʦ ʚʧʣʦʪʴ ʜʦ ʧʦʩʣʝʜʥʝʛʦ 

ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʷ ʩʠʣʦʚʦʡ ʢʨʠʚʦʡ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʟʘʥʠʤʘʣʦ ʩʣʠʰʢʦʤ 

ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʠ Jumping ʤʦʜʘ ʙʳʣʘ ʥʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ. Jumping ʤʦʜʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 

ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣɻʝʤʝʥʪʥʦʡ ʙʘʟr. ʕʪʦ çPeak Forceè ʢʦʤʧʘʥʠʠ ɹʨʫʢʝʨ-

ʅɸʅʆ, HybriD ModeÊ (HD-AFMÊ) ʢʦʤʧʘʥʠʠ NT-MDT Spectrum Instruments 

(http://www.ntmdt-si.ru/hybrid-mode-afm) [1-3].  

HD-AFMÊ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʪʦʧʦʛʨʘʬʠʶ, ʞʝʩʪʢʦʩʪʴ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ, ʘʜʛʝʟʠʦʥʥʳʭ ʩʠʣ ʧʨʠ ʩʪʨʦʯʥʦʡ ʯʘʩʪʦʪʝ ʩʢʘʥʠʨʦʚʘʥʠʷ 1-2 ɻʮ, 

ʦʙʳʯʥʦʡ ʜʣʷ ʉɿʄ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ ʘʣʛʦʨʠʪʤʠʟʘʮʠʷ ʠʟʤʝʨʝʥʠʡ, ʜʝʣʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʥʘʩʪʨʦʡʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. ɺʥʝʜʨʝʥʠʝ ʥʦʚʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠʙʦʨʦʚ ʠ ʧʨʠʜʘʝʪ ʠʤ 

ʥʦʚʦʝ ʢʘʯʝʩʪʚʦ ï ʧʨʠʙʦʨʦʚ ʰʠʨʦʢʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨ. ɺ ʧʨʠʙʦʨʘʭ NT-MDT SI ʨʝʘʣʠʟʦʚʘʥʘ ʥʦʚʘʷ ʤʦʜʘ HD PFM, ʧʦʟʚʦʣʷʶʱʘʷ 

ʠʩʩʣʝʜʦʚʘʪʴ ʜʘʞʝ ʩʣʘʙʦ ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʴʝʟʦʘʢʪʠʚʥʳʝ ʯʘʩʪʠʮʳ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʳ ʙʳʩʪʨʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩ ̫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʩʢʘʥʝʨʘ ʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʘʥʪʠʣʝʚʝʨʦʚ ʩ ʨʝʟʦʥʘʥʩʥʳʤʠ ʯʘʩʪʦʪʘʤʠ ʙʦʣʝʝ 1 ʄɻʮ. 

ɼʣʷ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʘ ʧʦʜʛʦʪʦʚʢʘ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʦ ʰʢʦʣʴʥʦʡ ʩʢʘʤʴʠ. ɺʦʟʤʦʞʥʦʩʪʠ ʚʠʜʝʪʴ ʠ ʘʢʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʨʝʟʢʦ ʤʝʥʷʝʪ ʠ ʫʩʠʣʠʚʘʝʪ ʧʦʥʠʤʘʥʠʝ ʬʠʟʠʢʠ, ʭʠʤʠʠ, ʙʠʦʣʦʛʠʠ. 

ʇʨʠʙʦʨ ʅɸʅʆʕɼʔʖʂɸʊʆʈ, ʢʦʪʦʨʳʤ ʦʙʦʨʫʜʦʚʘʥʳ ʜʝʩʷʪʢʠ ʫʯʝʙʥʳʭ ʢʣʘʩʩʦʚ ʈʦʩʩʠʠ ʠ 

ʤʠʨʘ, ʚʦʰʝʣ ʚ ʯʠʩʣʦ ʣʫʯʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʤʠʨʘ ʧʦ ʚʝʨʩʠʠ ʞʫʨʥʘʣʘ Research & Developments 

ʚ 2011 ʛʦʜʫ (http://www.rdmag.com/article/2011/06/2011-r-d-100-award-winners). 

ʇʦʷʚʣʝʥʠʝ HD-ʤʦʜʳ ʠ ʉɿʄ-ʢʘʨʪʨʠʜʞʝʡ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʪʴ ʠ 

ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ 

ʧʨʠʙʦʨʦʚ ʅɽʂʉʊ-II  (ʵʢʦʥʦʤ ʚʝʨʩʠʷ), ʊʀʊɸʅʀʋʄ, ɺɽɻɸ. ɼʠʟʘʡʥ ʧʨʠʙʦʨʦʚ ʙʣʠʟʦʢ ʢ 

ʉʆʃɺɽʈ-ʅɽʂʉʊ, ʥʦ ʚʥʫʪʨʝʥʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʩʜʝʣʘʚʰʠʝ ʚʦʟʤʦʞʥʳʤ 

ʠʥʪʝʛʨʘʮʠʶ ʢʘʨʪʨʠʜʞʝʡ ʠ HD ï ʤʦʜʳ ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʧʨʠʙʦʨʘ. ʅʦʚʘʷ ʨʘʟʨʘʙʦʪʢʘ ï ʉɿʄ 

ɺɽɻɸ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʧʣʘʩʪʠʥʘʤʠ ʜʠʘʤʝʪʨʦʤ ʜʦ 200 ʤʤ ʠ ʧʦʣʫʯʘʪʴ ʘʪʦʤʘʨʥʦʝ 

ʨʘʟʨʝʰʝʥʠʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʨʝʟʦʥʘʥʩʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʧʨʠʙʦʨʘ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʤʦʱʥʦʡ ʩʠʩʪʝʤʦʡ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʘʢʫʩʪʦʟʘʱʠʪʳ [5]. 

 

            

ʈʠʩ. 1. ʂʦʤʙʘʡʥ ʩʢʘʥʠʨʫʶʱʝʛʦ ʟʦʥʜʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʠ ʩʧʝʢʪʨʦʤʝʪʨʘ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʩʚʝʪʘ ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʧʝʢʪʨʳ ʯʝʰʫʝʢ ʛʨʘʬʝʥʘ ʥʘ Si/SiO2 

http://www.ntmdt-si.ru/hybrid-mode-afm
http://www.rdmag.com/article/2011/06/2011-r-d-100-award-winners
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ʄʦʱʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʢʦʤʙʘʡʥʳ ʉɿʄ ʠ ʩʧʝʢʪʨʦʤʝʪʨʦʚ, ʩʦʚʤʝʱʘʶʱʠʝ ʤʝʪʦʜʳ 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʭ ʠʟʤʝʨʝʥʠʡ ʪʦʧʦʛʨʘʬʠʠ ʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʪʘʢ ʠ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʘʯʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʠʟ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ [4]. 

ʈʘʟʚʠʪʠʝ ʵʪʠʭ ʤʝʪʦʜʦʚ ʥʘʯʘʣʦʩʴ ʚ 1998 ʛ. ʩ ʨʘʟʨʘʙʦʪʢʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʈʘʤʘʥʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʅɸʅʆʌɸʁʅɼɽʈ (ʢʦʤʧʘʥʠʠ ʅʊ-ʄɼʊ ʠ ʊʦʢʠʦ-ʀʥʩʪʨʫʤʝʥʪʩ), ʚʩʣʝʜ ʟʘ 

ʢʦʪʦʨʳʤ ʧʦʷʚʠʣʩʷ ʧʨʠʙʦʨ ʀʅʊɽɻʈɸ-ʉʇɽʂʊʈɸ ï ʢʦʤʙʘʡʥ ʉɿʄ ʠ ʈʘʤʘʥʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ. ʅʦʚʳʝ ʨʝʞʠʤʳ ʧʦʟʚʦʣʠʣʠ ʨʝʘʣʠʟʦʚʘʪʴ ʠ TERS ʚ ʞʠʜʢʦʩʪʥʳʭ ʷʯʝʡʢʘʭ. 

ʉʦʟʜʘʥʳ ʧʝʨʚʳʝ ʚʘʨʠʘʥʪʳ ʧʨʠʙʦʨʦʚ ʙʝʟʘʧʝʨʪʫʨʥʦʡ ʀʂ ʙʣʠʞʥʝʧʦʣʴʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ɸʉʄ (Aperturless Scanning Near-Field Optical Microscopy, 

ASNOM) ʩ ʨʘʟʨʝʰʝʥʠʝʤ ʜʦ 10 ʥʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʀʂ ʠʟʣʫʯʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ  ʉʆ2 ʣʘʟʝʨ ʩ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ ʄʘʡʢʝʣʴʩʦʥʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʩʪʨʦʡʢʠ 

ʧʦ ʜʣʠʥʝ ʚʦʣʥʳ ʚ ʜʠʘʧʘʟʦʥʝ 10,3 - 10,8 ʤʢʤ. ɼʣʷ ʠʥʠʮʠʘʮʠʠ ʨʘʩʩʝʷʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʟʦʥʜʳ ʩ ʧʨʦʚʦʜʷʱʠʤ ʧʦʢʨʳʪʠʝʤ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʥʝʫʧʨʫʛʦʝ ʨʘʩʩʝʷʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʟʦʥʜʘ ʩ ʦʙʨʘʟʮʦʤ, 

ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʷ ʟʦʥʜʘ ʥʘ ʬʦʥʝ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʣʘʟʝʨʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʩʠʛʥʘʣʳ ʥʝʫʧʨʫʛʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʚʦʟʙʫʞʜʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʤʦʜ ʤʦʣʝʢʫʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 

ʧʨʠʙʦʨʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʲʝʜʠʥʝʥʠʝ ʤʝʪʦʜʦʚ ɸʉʄ, ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʠ ʈʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʠ ASNOM ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʦʩʣʝʜʥʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʩʢʘʜʥʳʭ ʣʘʟʝʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʢʘʢ ʦ ʪʦʧʦʛʨʘʬʠʠ ʠ 

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʘʢ ʠ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʉɿʄ ʧʦʟʚʦʣʠʣʦ ʧʝʨʝʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ 

ʵʪʠ ʧʨʠʙʦʨʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʦʪ ʵʥʪʫʟʠʘʩʪʦʚ ʤʝʪʦʜʘ, ʜʦ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʙʦʨʘʤʠ ʧʦʩʣʝʜʥʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ NT-MDT Spectrum Instruments ʩ ʫʩʧʝʭʦʤ ʤʦʛʫʪ ʧʦʣʴʟʦʚʘʪʴʩʷ 

ʠ ʣʘʙʦʨʘʥʪʳ, ʠ ʠʥʞʝʥʝʨʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʦʚ, ʠ 

ʩʧʝʮʠʘʣʠʩʪʳ-ʤʘʪʝʨʠʘʣʦʚʝʜʳ, ʮʝʣʴ ʢʦʪʦʨʳʭ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʦʙʲʝʢʪʘ. 

1. Magonov S., Belikov S., Surtchev M., Leesment S., & Malovichko I. (2015). High-resolution 

Mapping of Quantitative Elastic Modulus of Polymers. Microscopy and Microanalysis, 21 (Suppl. 3), 

pp 2183-2184.. 

2. Montenegro, J., Vazquez-Vazquez, C., Kalinin, A., Geckeler, K. E., & Granja, J. R. (2014). Coupling 

of carbon and peptide nanotubes. Journal of the American Chemical Society.  

3. Alexander, J., Magonov, S. (2015). High-resolution imaging in different atomic force microscopy 

modes. NT-MDT Application note, Vol. 88. http://www.ntmdt.com/data/media/files/products/general/high-

resolution_imaging_in_afm_an088_a4_full.pdf 

4. A. V. Shelaev P. S. Dorozhkin, V. A. Bykov. Near-fild optical lithography in application to plasmonic 

antennas characterization. Instruments and Experimental Techniques. November 2016, Volume 59, 

Issue 6, pp 837ï841. 

5. ɹʳʢʦʚ ɺ.ɸ. ʉʦʚʨʝʤʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʢʘʥʠʨʫʶʱʝʡ ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʦʨʦʜ. ʄʘʪʝʨʠʘʣʳ V ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ñNANOTECHOILGAS-2016ò, ʄʦʩʢʚʘ, ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤʝʥʠ ʀ.ʄ.ɻʫʙʢʠʥʘ, 22-

23 ʥʦʷʙʨʷ 2016 ʛ., ʩʪʨ. 41-46. 
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ʄʘʛʥʠʪʥʦ-ʩʠʣʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ  

ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ Co/Pt 

ʆ.ʃ. ɽʨʤʦʣʘʝʚʘ, ʅ.C. ɻʫʩʝʚ, ɺ.ʃ. ʄʠʨʦʥʦʚ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʈɸʅ, 603950, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, ɻʉʇ-105, ʈʌ 

mironov@ipmras.ru   http://mrfm.ipmras.ru/ 

ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʄʉʄ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʝʥʦʢ Co/Pt ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʩʘʞʜʝʥʠʷ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʢʨʳʚʘʶʱʝʛʦ ʩʣʦʷ ʉʦ ʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ ʅʝ
+
. 

Magnetic force microscopy of modified multilayer structures Co/Pt 

O.L. Ermolaeva, N.S. Gusev, V.L. Mironov 

Institute for physics of microstructures RAS, 603950, Nizhny Novgorod, GSP-105, Russia 

We present the results of MFM investigations of domain structure in the multilayer films 

Co/Pt with perpendicular anisotropy modified by deposition of additional covering Co layer and 

by the local irradiation with He
+
 beams. 

ʀʩʭʦʜʥʳʝ ʩʪʨʫʢʪʫʨʳ ʉʦ/Pt ʩ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʩʦʩʪʦʷʣʠ ʠʟ ʚʦʩʴʤʠ 

ʩʣʦʝʚ ʉʦ (1 ʥʤ) ʠ Pt (0,5 ʥʤ), ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ ʩ ʧʦʜʩʣʦʝʤ Ta. 

ɼʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʘʩʴ ʤʝʪʦʜʘʤʠ ʤʘʛʥʠʪʥʦ-ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʄʉʄ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʨʘʱʠʚʘʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Co/Pt ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʣʦʝʚ ʉʦ 

(ʪʦʣʱʠʥʦʡ 0.5 - 3 ʥʤ) ʩ ʘʥʠʟʦʪʨʦʧʠʝʡ ʣʝʛʢʘʷ ʧʣʦʩʢʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʠʟʤʝʥʝʥʠʶ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ (ʨʠʩ. 1). 

(ʘ)  (ʙ)  (ʚ)  

ʈʠʩʫʥʦʢ 1. ʄʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʨʘʟʮʘ CoPt ʙʝʟ ʧʦʢʨʳʚʘʶʱʝʛʦ ʩʣʦʷ Co (ʘ), ʩ ʧʦʢʨʳʚʘʶʱʠʤ 

ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ 1 ʥʤ (ʙ) ʠ 1,3 ʥʤ (ʚ). ʈʘʟʤʝʨ ʢʘʜʨʘ 5 Ĭ 5 ʤʢʤ. 

ʍʘʨʘʢʪʝʨʥʳʡ ʣʘʪʝʨʘʣʴʥʳʡ ʤʘʩʰʪʘʙ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ Co/Pt ʙʝʟ ʧʦʢʨʳʚʘʶʱʝʛʦ 

ʩʣʦʷ ʉʦ ʩʦʩʪʘʚʣʷʝʪ ~ 1 ʤʢʤ. ʅʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ Co/Pt ʩ 

ʧʦʢʨʳʚʘʶʱʠʤ ʩʣʦʝʤ ʉʦ ʪʦʣʱʠʥʦʡ 1 ʥʤ (ʨʠʩ. 1(ʙ)) ʠ 1,3 ʥʤ (ʨʠʩ. 1(ʚ)) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʩʨʝʜʥʠʤʠ ʣʘʪʝʨʘʣʴʥʳʤʠ ʤʘʩʰʪʘʙʘʤʠ 250 ʠ  150 ʥʤ. 

ʃʦʢʘʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʣʝʥʦʢ ʉʦ/Pt ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʦʩʘʞʜʝʥʠʷ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʴ ʪʦʥʢʠʭ (ʪʦʣʱʠʥʦʡ 20 ʥʤ) ʜʠʩʢʦʚ ʉʦ ʜʠʘʤʝʪʨʦʤ 2 ʤʢʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, 

ʤʘʩʰʪʘʙ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ CoPt ʧʦʜ ʜʠʩʢʘʤʠ ʉʦ ʠ ʚ ʩʚʦʙʦʜʥʦʡ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʦʪʣʠʯʘʝʪʩʷ. ʊʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦʣʷ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʵʪʠʭ ʦʙʣʘʩʪʝʡ. 

ɼʨʫʛʦʡ ʩʧʦʩʦʙ ʣʦʢʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʉʦPt ʩʦʩʪʦʠʪ ʚ 

ʦʙʣʫʯʝʥʠʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʧʫʯʢʦʤ ʠʦʥʦʚ He
+
 [1]. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʦʤʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʥʘ ʛʨʘʥʠʮʝ  ʦʙʣʫʯʝʥʥʦʡ ʠ ʥʝʦʙʣʫʯʝʥʥʦʡ ʧʣʝʥʢʠ. ʈʘʟʤʝʨ ʟʘʩʚʝʯʝʥʥʦʛʦ ʧʷʪʥʘ ʚ 

ʤʘʩʩʠʚʝ ʩʦʩʪʘʚʣʷʣ 100 ʥʤ, ʧʝʨʠʦʜ ʨʝʰʝʪʢʠ 200 ʥʤ. ʄʉʄ ʠʟʤʝʨʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʟʳ, ʚ ʦʙʣʫʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ ʨʝʘʣʠʟʫʝʪʩʷ ʣʠʙʦ ʚʠʭʨʝʚʦʝ ʣʠʙʦ 

ʩʢʠʨʤʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ [1]. 
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(ʘ)  (ʙ)  (ʚ)  

ʈʠʩʫʥʦʢ 2. ʄʉʄ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ CoPt ʩ ʜʠʩʢʘʤʠ ʉʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ.  

(ʘ) ï ʚ ʨʘʟʤʘʛʥʠʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ,  

(ʙ) ʧʦʩʣʝ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʧʦʣʝ 150 ʕ,  

(ʚ) ï ʚ ʧʦʣʝ 200 ʕ. ʈʘʟʤʝʨ ʢʘʜʨʘ 7 Ĭ 7  ʤʢʤ. 

 

ʈʠʩʫʥʦʢ 3. ʄʉʄ ʠʟʦʙʨʘʞʝʥʠʝ ʧʣʝʥʢʠ CoPt ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʠʦʥʘʤʠ He+.  

ʉʣʝʚʘ ʦʙʣʫʯʝʥʥʘʷ ʦʙʣʘʩʪʴ, ʩʧʨʘʚʘ ʥʝʦʙʣʫʯʝʥʥʘʷ. ʈʘʟʤʝʨ ʢʘʜʨʘ 5 Ĭ 5  ʤʢʤ. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʈʦʩʩʠʡʩʢʠʤ ʅʘʫʯʥʳʤ ʌʦʥʜʦʤ (ʧʨʦʝʢʪ ˉ 16-12-10254).  

1. M.V. Sapozhnikov, S.N. Vdovichev, O.L. Ermolaeva, N.S. Gusev, A.A. Fraerman, S.A. Gusev, 

Yu.V. Petrov, APL 109, 042406 (2016).  

  




