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The issues of methods of  forming of aspherical surfaces of large-scale  astronomical and space mirrors 

from the stage of grinding to end up polishing with use of software-controlled processing systems and control at 

all stages of manufacturing  are considered. The modelling of the material removal process  during  the 

refinement  of optical part surface was carried out.  It was developed a technology of automated shaping of large 

aspheric optics  with diameter up to 6000 mm, that is including a complex computer-controlled machines and 

control devices. 
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ɺʚʝʜʝʥʠʝ  

ɺ ʆɸʆ ʃɿʆʉ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʟʨʘʙʦʪʘʥʳ  ʢʦʤʧʴʶʪʝʨʥʦ-ʫʧʨʘʚʣʷʝʤʳʝ 

ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʦʧʪʠʢʠ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʠʟʛʦʪʦʚʠʪʴ ʟʝʨʢʘʣʘ ʜʣʷ ʢʨʫʧʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ,  

ʚʢʣʶʯʘʷ ʟʝʨʢʘʣʘ ʜʣʷ ʩʝʪʠ ʪʝʣʝʩʢʦʧʦʚ LGOGT (Las Cumbres Observatory Global Telescope 

Network)
1
  ʩ ʜʠʘʤʝʪʨʦʤ ʛʣʘʚʥʳʭ ʟʝʨʢʘʣ ʜʦ 2 ʤ, ʪʝʣʝʩʢʦʧʘ TNT (Thai National telescope, 

Australia ï Thailand)
1
 ʩ ʛʣʘʚʥʳʤ ʟʝʨʢʘʣʦʤ ʜʠʘʤʝʪʨʦʤ 2.4 ʤ, ʟʝʨʢʘʣʦ ʪʝʣʝʩʢʦʧʘ DOT ARIES 

(Devasthal Optical Telescope, DOT, for Aryabhatta Research Institute of Observational Sciences, 

ARIES)
2
 ʩ ʟʝʨʢʘʣʦʤ ʜʠʘʤʝʪʨʦʤ 3.7 ʤ, ʦʧʪʠʢʫ ʦʙʟʦʨʥʳʭ ʪʝʣʝʩʢʦʧʦʚ VST (VLT Survey 

Telescope)
3,4

 ʠ VISTA (Visible and  Infrared Survey Telescope for Astronomy)
5,6,7

. ɿʝʨʢʘʣʘ ʵʪʠʭ 

ʪʝʣʝʩʢʦʧʦʚ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʩʬʝʨʠʯʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʘʧʝʨʪʫʨʫ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʟʝʨʢʘʣ, ʥʦ ʠ ʧʨʠ ʠʭ ʢʦʥʪʨʦʣʝ. ɼʣʷ 

ʫʩʧʝʰʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʘʢʠʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʧʪʠʢʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʦʙʨʘʙʦʪʢʠ, ʥʘʯʠʥʘʷ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʠ 

ʢʦʥʯʘʷ ʬʠʥʠʰʥʦʡ ʜʦʚʦʜʢʦʡ.  
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ɺ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ   ʢʦʥʪʨʦʣʴ ʝʝ ʥʘʙʦʨʦʤ ʩʬʝʨʦʤʝʪʨʦʚ ʠ 

ʀʂ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ, ʟʘʪʝʤ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩ ʣʠʥʟʦʚʳʤʠ ʢʦʨʨʝʢʪʦʨʘʤʠ ʠ 

ʢʦʨʨʝʢʪʦʨʘʤʠ ʥʘ ʙʘʟʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (ɼʆʕ-ʢʦʨʨʝʢʪʦʨʘʤʠ ʠʣʠ CGH-

correctors, Computer-generated hologram)
1,2
. ʇʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʶʪʩʷ  ʠʟʤʝʨʝʥʠʷ ʨʘʜʠʫʩʘ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʣʘʟʝʨʥʳʤ ʪʨʝʢʝʨʦʤ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ 

ʚʳʩʦʢʦʪʦʯʥʳʝ  ʟʝʨʢʘʣʘ, ʢʦʪʦʨʳʝ  ʩʝʡʯʘʩ ʫʩʧʝʰʥʦ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʚ ʜʝʡʩʪʚʫʶʱʠʭ 

ʪʝʣʝʩʢʦʧʘʭ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʛʝʦʤʝʪʨʠʠ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʠ ʦʙʣʝʛʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʧʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ 

ʟʝʨʢʘʣ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ Zerodur
È
, Astrositall

È
, ULE

È
, ʢʘʨʙʠʜ 

ʢʨʝʤʥʠʷ ʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʠ, ʙʝʨʠʣʣʠʡ ʠ ʜʨ. ʅʦ ʚʩʝ ʞʝ ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ  

Zerodur
È
, Astrositall

È
 ,ULE

È
 ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ. ʀʤʝʥʥʦ ʠʟ ʜʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʟʛʦʪʦʚʣʝʥʳ ʟʝʨʢʘʣʘ ʢʨʫʧʥʝʡʰʠʭ ʚ ʤʠʨʝ ʪʝʣʝʩʢʦʧʦʚ.  

ʆɸʆ ʃɿʆʉ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʟʘʧʘʩ ʟʘʛʦʪʦʚʦʢ ʠʟ ɸʩʪʨʦʩʠʪʘʣʣʘ
Ñ
 ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʢ 

ʦʪʜʝʣʴʥʳʭ ʟʝʨʢʘʣ, ʪʘʢ ʠ  ʩʦʩʪʘʚʥʳʭ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʟʝʨʢʘʣ. ʉʦʚʨʝʤʝʥʥʦʝ  ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 

ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʚʩʝ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʟʘʛʦʪʦʚʢʠ (ʬʦʨʤʫ 

ʵʣʣʠʧʩʘ, ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʠ ʜʨ.), ʤʦʛʫʪ ʚʳʧʫʩʢʘʪʴʩʷ ʟʘʛʦʪʦʚʢʠ ʩ ʟʘʣʦʞʝʥʥʳʤʠ ʩʬʝʨʠʯʝʩʢʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʟʘʛʦʪʦʚʢʠ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʟʘʛʦʪʦʚʦʢ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʦʢʦʥʯʘʪʝʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʛʦʪʦʚʢʠ, ʰʣʠʬʦʚʘʥʠʝ ʟʘʜʥʝʡ ʙʘʟʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʬʨʝʟʝʨʦʚʘʥʠʝ ʧʘʟʦʚ, ʬʘʩʦʢ, ʬʨʝʟʝʨʦʚʘʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʠ 

ʦʙʣʝʛʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʦʩʪʠʛʘʝʪ 

ʚʝʣʠʯʠʥʳ 20 ʤʢʤ ʥʘ ʜʠʘʤʝʪʨʝ ʜʦ 4000 ʤʤ (ʨʠʩ. 1). 

ʆɸʆ ʃɿʆʉ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʢʘʢ ʟʘʛʦ-

ʪʦʚʢʠ ʠʟ ʤʘʪʝʨʠʘʣʘ 

ɸʩʪʨʦʩʠʪʘʣʣ
Ñ
, ʪʘʢ ʠ 

ʛʦʪʦʚʳʝ ʟʝʨʢʘʣʘ, ʧʨʠʯʝʤ 

ʥʝ ʪʦʣʴʢʦ ʠʟ ɸʩʪʨʦ-

ʩʠʪʘʣʣʘ
Ñ
, ʥʦ ʠ ʠʟ ʜʨʫʛʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ. ʆʙʨʘʙʦʪʢʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʛʦʪʦʚʦʢ ʚʝʜʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʪʘʥʢʦʚ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʚ ʜʝʢʘʨʪʦʚʦʡ ʠ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʘʣʤʘʟʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʙʣʝʛʯʝʥʠʝ ʟʘʛʦʪʦʚʦʢ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ 

 

 

ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨ ʦʙʣʝʛʯʝʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ 

ʜʠʘʤʝʪʨʦʤ 1200 ʤʤ. ʆʙʣʝʛʯʝʥʠʝ ʦʢʦʣʦ 70%. 

  



 

 

 

ʜʝʪʘʣʷʭ ʜʠʘʤʝʪʨʦʤ ʜʦ 2 ʤ. ʊʘʢʞʝ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘʢʣʘʜʢʘ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʨʝʟʝʨʦʚʘʥʠʝʤ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ.  

ʐʣʠʬʦʚʘʥʠʝ ʠ ʘʩʬʝʨʠʟʘʮʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʢʦʥʪʨʦʣʝʤ ʬʦʨʤʳ  

ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʦʤʝʪʨʘʤʠ ʠ ʀʂ-ʠʥʪʝʨʬʝʨʦʤʝʪʨʘʤʠ 

ʇʨʠ ʰʣʠʬʦʚʘʥʠʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʩʬʝʨʠʟʘʮʠʠ ʰʣʠʬʦʚʘʥʠʝʤ, ʝʩʣʠ ʘʩʬʝʨʠʯʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ,  ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʪʘʢ ʠ ʘʩʬʝʨʠʟʘʮʠʷ 

ʤʘʣʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘ ʩʪʘʥʢʘʭ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ɼʣʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʰʣʠʬʦʚʘʥʠʝʤ ʠ ʧʦʣʠʨʦʚʘʥʠʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʣʘʷ ʩʝʨʠʷ ʩʪʘʥʢʦʚ, 

ʧʨʦʠʟʚʝʜʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʜʘʥʥʦʡ ʮʝʣʠ: ɸɼ-1000, ɸɼ-2000, ɸɼ-4000, ʂʋ-168ɸʄɼ ʠ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʠ (ʨʠʩ. 14,15,17), ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʰʣʠʬʦʚʘʥʠʷ ʠ ʧʦʣʠʨʦʚʘʥʠʷ 

ʜʝʪʘʣʝʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʘʤʝʪʨʦʤ ʜʦ 1000 ʤʤ, 2000 ʤʤ, 4000 ʤʤ ʠ 6000 ʤʤ. ʕʪʠ ʩʪʘʥʢʠ 

ʧʦʨʪʘʣʴʥʦʛʦ ʪʠʧʘ  ʫʧʨʘʚʣʷʶʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʣʠʙʦ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʣʠʙʦ ʚ 

ʧʦʣʷʨʥʦʡ.  

 ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪʢʠ 

ʥʝʦʙʭʦʜʠʤʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʧʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɽʝ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʪʨʝʤʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. 

- ɼʣʷ ʜʝʪʘʣʝʡ ʜʠʘʤʝʪʨʦʤ ʜʦ 1400 ʤʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʩ ʧʦʤʦʱʴʶ 6-ʢʦʦʨʜʠʥʘʪʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ 

KIM -1400, ʨʦʩʩʠʡʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʉʘʨʘʪʦʚ), ʜʘʶʱʝʡ 

ʪʦʯʥʦʩʪʴ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʪʨʝʙʫʝʤʦʡ ʘʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚ 2-3 ʤʢʤ (ʨʠʩ. 2). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʤʘʰʠʥʳ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ ʠ ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ ʠ ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʘʩʬʝʨʠʟʘʮʠʠ ʚʥʝʦʩʝʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʦʧʨʦʙʦʚʘʥʘ ʠ ʦʧʨʘʚʜʘʣʘ ʩʝʙʷ ʚ ʢʦʥʢʨʝʪʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ ʜʦʩʪʠʛʘʶʪʩʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʨʝʙʫʝʤʦʡ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʥʝʝ 2-3 ʤʢʤ. 

- ʀʟʚʝʩʪʥʳ ʩʧʦʩʦʙʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʠʟʤʝʨʝʥʠʝʤ 

ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʬʝʨʠʯʝʩʢʦʡ
8,9
. ɼʣʷ ʜʝʪʘʣʝʡ ʣʶʙʳʭ ʨʘʟʤʝʨʦʚ, ʚʳʧʫʢʣʳʭ ʠ ʚʦʛʥʫʪʳʭ, ʥʦ 

ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ, ʧʨʠʤʝʥʠʤ ʤʝʪʦʜ ʪʨʝʭʪʦʯʝʯʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʬʝʨʦʤʝʪʨʘ. ɺ ʦʩʥʦʚʝ 

ʤʝʪʦʜʠʢʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʩʚʦʡʩʪʚʦ ʘʩʬʝʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ:   ʨʘʟʣʠʯʥʳʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʟʦʥʘʭ   ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʣʠʥʝʡʥʦʛʦ ʩʬʝʨʦʤʝʪʨʘ ʥʘ ʘʩʬʝʨʠʯʝʩʢʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʞʜʫ ʢʨʘʝʚʳʤʠ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʥʦʞʢʘʤʠ ʠʟʤʝʨʷʝʪʩʷ ʩʪʨʝʣʢʘ ʧʨʦʛʠʙʘ, ʚʝʣʠʯʠʥʘ 

ʢʦʪʦʨʦʡ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩʬʝʨʦʤʝʪʨʘ. ʅʘ ʨʠʩʫʥʢʝ 3 ʦʪʨʝʟʢʘʤʠ ʧʨʷʤʳʭ ʣʠʥʠʡ 

ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʣʠʥʝʡʥʦʛʦ ʩʬʝʨʦʤʝʪʨʘ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʙʘʟʦʚʦʡ ʜʣʠʥʦʡ, ʥʦʞʢʠ ʢʦʪʦʨʦʛʦ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʪʦʯʢʠ ʟʦʥʘʣʴʥʳʭ ʦʢʨʫʞʥʦʩʪʝʡ. ʉʬʝʨʦʤʝʪʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

 

ʈʠʩʫʥʦʢ 2. ʀʟʤʝʨʠʪʝʣʴʥʘʷ 

ʤʘʰʠʥʘ ʂʀʄ-1400 

  



 

 

 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʮʝʥʪʨʘʣʴʥʘʷ ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʥʦʞʢʘ ʩʪʦʷʣʘ ʥʘ ʦʜʥʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʘ 

ʚʥʝʰʥʠʝ ʥʦʞʢʠ - ʥʘ ʩʣʝʜʫʶʱʝʡ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʝʨʝʤʝʥʥʳʡ ʰʘʛ 

ʧʝʨʝʤʝʱʝʥʠʡ ʩʬʝʨʦʤʝʪʨʘ ʚʜʦʣʴ ʨʘʜʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʠʟʤʝʨʝʥʠʡ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʘʣʦʥʥʦʝ ʟʝʨʢʘʣʦ ʩ  ʪʦʯʥʦ ʠʟʤʝʨʝʥʥʳʤ ʨʘʜʠʫʩʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʘʙʩʦʣʶʪʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʬʠʣʷ ʩʬʝʨʦʤʝʪʨʦʤ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʩʪʨʦʠʪʩʷ ʧʨʦʬʠʣʴ ʘʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʀʟʤʝʨʝʥʠʷ ʩʬʝʨʦʤʝʪʨʦʤ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ 

ʦʙʨʘʙʦʪʢʠ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʝʨʢʘʣʴʥʦ-

ʣʠʥʟʦʚʦʛʦ ʠʣʠ ʣʠʥʟʦʚʦʛʦ ʢʦʨʨʝʢʪʦʨʦʚ ʠ ʪʦʯʥʦ ʠʟʤʝʨʝʥ 

ʬʘʢʪʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʛʨʝʰʥʦʩʪʴ 

ʦʪʢʣʦʥʝʥʠʡ ʟʦʥʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʪʘʢʞʝ 

ʜʦʩʪʠʛʘʝʪ 2-3 ʤʢʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʧʦʣʫʯʠʪʴ ʟʘʜʘʥʥʳʡ ʚʝʨʰʠʥʥʳʡ ʨʘʜʠʫʩ (ʤʝʥʝʝ 2-3 ʤʤ 

ʥʘ ʨʘʜʠʫʩʝ ʜʦ 15 ʤ ʠ ʤʝʥʝʝ 1-2 ʤʤ ʥʘ ʨʘʜʠʫʩʝ ʤʝʥʝʝ 10 ʤ ʜʣʷ 

ʜʝʪʘʣʝʡ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 1 ʤ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʘʩʬʝʨʠʟʘʮʠʷ ʚʩʝʭ ʢʨʫʧʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʜʝʪʘʣʝʡ, ʚʢʣʶʯʘʷ ʛʣʘʚʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʟʝʨʢʘʣʘ ʧʨʦʝʢʪʦʚ VST, TNT, ARIES, VISTA ʠ ʪ.ʜ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʚʳʩʦʢʦʘʧʝʨʪʫʨʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʩʬʝʨʦʤʝʪʨʦʤ ʫʯʠʪʳʚʘʶʪʩʷ 

ʧʦʧʨʘʚʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʢʣʦʥʦʤ ʩʬʝʨʦʤʝʪʨʘ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʧʨʦʬʠʣʷ ʧʦ ʨʘʟʤʘʭʫ ʚ 

ʪʘʢʦʤ ʤʝʪʦʜʝ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥʳ 2-3 ʤʢʤ.  

- ʀ, ʥʘʢʦʥʝʮ, ʜʣʷ ʜʝʪʘʣʝʡ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ, ʥʘ ʩʪʘʜʠʠ ʰʣʠʬʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʀʂ-ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʟʝʨʢʘʣʴʥʳʤ  ʢʦʨʨʝʢʪʦʨʦʤ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ
10

. 

ɿʝʨʢʘʣʴʥʳʡ ʢʦʨʨʝʢʪʦʨ ʜʣʷ ʀʂ-ʜʠʘʧʘʟʦʥʘ (l=10.6 Õm), ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʘʩʬʝʨʠʟʘʮʠʠ ʛʣʘʚʥʳʭ ʟʝʨʢʘʣ ʧʨʦʝʢʪʦʚ VST
3
(ʨʠʩ. 4) ʠ VISTA

2,4
.  

 

  
 

ʈʠʩʫʥʦʢ 4. ʂʦʥʪʨʦʣʴ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ 

VST c ʀʂ- ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ 

ʈʠʩʫʥʦʢ 5. CGH-ʢʦʨʨʝʢʪʦʨ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʛʣʘʚʥʦʛʦ ʟʝʨʢʘʣʘ ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ 

 

ʈʠʩʫʥʦʢ 3.  

ʇʦʣʦʞʝʥʠʝ ʩʬʝʨʦʤʝʪʨʘ 

ʥʘ ʜʝʪʘʣʠ 

  



 

 

 

ʂʦʨʨʝʢʪʦʨ ʥʘ ʙʘʟʝ CGH  ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʰʣʠʬʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ 

ʧʨʦʝʢʪʘ ARIES M1 ʜʠʘʤʝʪʨʦʤ 3700 ʤʤ (ʨʠʩ. 5). ʆʥ ʠʤʝʝʪ ʜʠʘʤʝʪʨ 136 ʤʤ ʠ ʮʝʥʪʨʘʣʴʥʦʝ 

ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʩʬʝʨʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʦʪ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ. ɺʦʣʥʦʚʦʡ 

ʬʨʦʥʪ ʜʚʘʞʜʳ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʰʠʙʢʠ ʚʦʣʥʦʚʦʛʦ 

ʬʨʦʥʪʘ ʫʜʚʘʠʚʘʶʪʩʷ. ʅʘ ʨʠʩ. 6 ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʷʝʤʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʨʘʙʦʯʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʥʘ ʨʠʩ. 7 ʀʂ-ʠʥʪʝʨʬʝʨʦʤʝʪʨ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʝʨʢʘʣʘ ARIES M1 ʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ. 

 

ʈʠʩʫʥʦʢ 6.  

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʰʣʠʬʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʦʥʪʨʦʣʝʤ ʀʂ-

ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʤ 

 

ʈʠʩʫʥʦʢ 7.  

ʀʂ-ʠʥʪʝʨʬʝʨʦʤʝʪʨ  

ʩ CGH-ʢʦʨʨʝʢʪʦʨʦʤ 

 

ʂʦʥʪʨʦʣʴ ʠ ʦʙʨʘʙʦʪʢʘ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʩʪʘʜʠʠ ʧʦʣʠʨʦʚʘʥʠʷ 

ʂʘʢ ʥʘ ʩʪʘʜʠʠ ʰʣʠʬʦʚʘʥʠʷ, ʪʘʢ ʠ ʥʘ ʩʪʘʜʠʠ ʧʦʣʠʨʦʚʘʥʠʷ, ʠ ʦʩʦʙʝʥʥʦ ʥʘ ʩʪʘʜʠʠ ʬʠʥʠʰʥʦʡ 

ʜʦʚʦʜʢʠ ʟʝʨʢʘʣʘ, ʦʥʦ ʙʘʟʠʨʫʝʪʩʷ ʣʠʙʦ ʥʘ ʰʪʘʪʥʦʡ ʨʘʟʛʨʫʟʢʝ, ʥʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ  ʚ ʪʝʣʝʩʢʦʧʝ, ʣʠʙʦ ʥʘ ʤʝʤʙʨʘʥʥʦ-ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʛʨʫʟʢʝ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʟʝʨʢʘʣʦ TNT ʜʠʘʤʝʪʨʦʤ 2.4 ʤ ʦʙʨʘʙʘʪʳʚʘʣʦʩʴ ʥʘ ʰʪʘʪʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʨʘʟʛʨʫʟʢʝ, ʘ ʟʝʨʢʘʣʘ VST, VISTA  ʥʘ ʤʝʤʙʨʘʥʥʦ-ʧʥʝʚʤʘʪʠʯʝʩʢʦʡ.    

ʄʝʤʙʨʘʥʥʦ-ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʦʧʨʘʚʘ (ʨʠʩ. 8) ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʢʘʢ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʝ 

ʟʝʨʢʘʣʘ  ʥʘ ʰʣʠʬʦʚʘʣʴʥʦ-ʧʦʣʠʨʦʚʘʣʴʥʦʤ ʠ ʜʦʚʦʜʦʯʥʦʤ ʩʪʘʥʢʝ, ʪʘʢ ʠ ʢʦʥʪʨʦʣʴ ʬʦʨʤʳ 

ʦʧʪʠʯʝʩʢʦʡ  ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʪʝʥʜʝ
2,3
. ʆʥʘ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʩʪʝʥʜʘ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ  ʠ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʦʥʪʨʦʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠ ʢʦʥʪʨʦʣʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʜʝʪʘʣʠ. ʉʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʨʘʟʛʨʫʟʢʠ ʟʝʨʢʘʣʘ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ  ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ  ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʟʝʨʢʘʣʘ ʚ ʧʨʦʮʝʩʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʘʪʪʝʩʪʘʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ  ʚ  ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ,  



 

 

 

ʤʝʥʴʰʠʭ ʧʦ ʘʤʧʣʠʪʫʜʝ, ʯʝʤ ʪʨʝʙʫʝʤʳʡ ʨʘʟʤʘʭ ʦʰʠʙʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʟʝʨʢʘʣʘ.   

ʄʝʤʙʨʘʥʥʦ-ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʦʧʨʘʚʳ ʥʝʩʫʪ ʥʘʛʨʫʟʢʫ ʥʘ ʦʧʦʨʫ ʜʦ 100 ʢʛ ʠ  

ʧʦʛʨʝʰʥʦʩʪʴ ʨʘʟʛʨʫʞʘʶʱʠʭ ʫʩʠʣʠʡ ʪʦʨʮʝʚʦʡ ʨʘʟʛʨʫʟʢʠ ʥʝ ʙʦʣʝʝ  °10ʛ. ʈʘʟʛʨʫʟʦʯʥʘʷ ʦʧʨʘʚʘ 

ʩʥʘʙʞʝʥʘ  ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʣʦʞʝʥʠʷ ʟʝʨʢʘʣʘ ʥʘ ʦʧʨʘʚʝ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ (ʘʪʤʦʩʬʝʨʥʦʛʦ  ʜʘʚʣʝʥʠʷ, ʚʣʘʞʥʦʩʪʠ) ʚʦ ʚʨʝʤʷ ʢʦʥʪʨʦʣʷ ʬʦʨʤʳ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʠʟʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʥʝʦʙʭʦʜʠʤʦʡ  

ʪʦʯʥʦʩʪʴʶ.  

ɺʪʦʨʠʯʥʳʝ ʟʝʨʢʘʣʘ ʨʘʟʛʨʫʞʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʰʪʘʪʥʦʡ ʦʧʨʘʚʝ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʪʝʣʝʩʢʦʧʝ. ɺʳʧʫʢʣʳʝ ʚʪʦʨʠʯʥʳʝ ʟʝʨʢʘʣʘ ʪʝʣʝʩʢʦʧʦʚ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʚ 

ʆɸʆ ʃɿʆʉ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʬʝʨ ʍʠʥʜʣʘ, ʢʦʪʦʨʳʝ  ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ɸʩʪʨʦʩʠʪʘʣʣʘ
È
.  

ʂʦʥʪʨʦʣʴ ʚʳʧʦʣʥʷʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʪʝʥʜʝ, ʢʦʛʜʘ ʚʪʦʨʠʯʥʦʝ ʟʝʨʢʘʣʦ ʚ ʩʚʦʝʡ 

ʨʘʟʛʨʫʟʢʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʥʠʟ ʥʘʜ ʩʬʝʨʦʡ ʍʠʥʜʣʘ. ʆʩʴ ʟʝʨʢʘʣʘ ʠ 

ʩʬʝʨʳ ʍʠʥʜʣʘ ʚʝʨʪʠʢʘʣʴʥʳʝ
2,7

. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʚʦʛʥʫʪʳʭ ʘʩʬʝʨʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʠʥʟʦʚʳʝ ʠʣʠ 

ʟʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʳʝ ʢʦʨʨʝʢʪʦʨʳ ʚʦʣʥʦʚʦʛʦ 

ʬʨʦʥʪʘ ʠʣʠ CGH-ʢʦʨʨʝʢʪʦʨʳ (CGH-Computer 

Generated Hologram) c CGH-ʠʤʠʪʘʪʦʨʘʤʠ 

ʟʝʨʢʘʣʘ. ʇʨʠʯʝʤ CGH-ʠʤʠʪʘʪʦʨʳ ʟʝʨʢʘʣʘ 

ʧʦʟʚʦʣʷʶʪ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠ ʣʠʥʟʦʚʳʡ 

ʢʦʨʨʝʢʪʦʨ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ. ʊʘʢʦʡ 

ʧʝʨʝʢʨʝʩʪʥʳʡ ʢʦʥʪʨʦʣʴ ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʝʨʢʘʣʘ ʠ ʧʦʣʫʯʠʪʴ ʧʨʘʚʠʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʨʰʠʥʥʦʛʦ ʨʘʜʠʫʩʘ ʠ 

ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ
1
. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʟʝʨʢʘʣʘ VISTA M1 ʜʣʷ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ 

ʢʦʨʨʝʢʪʦʨʘ ʨʘʟʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ï ʣʠʥʟʦʚʳʡ ʠ ʟʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʳʡ
6
. ɸʩʬʝʨʠʯʥʦʩʪʴ ʟʝʨʢʘʣʘ 

ʜʠʘʤʝʪʨʦʤ 4100 ʤʤ ʦʢʦʣʦ 850 ʤʢʤ.  

ʇʝʨʚʳʡ ʢʦʨʨʝʢʪʦʨ ʷʚʣʷʝʪʩʷ ʣʠʥʟʦʚʳʤ ʠ ʩʦʜʝʨʞʠʪ ʪʨʠ ʣʠʥʟʳ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʧʣʦʩʢʠʡ 

ʚʦʣʥʦʚʦʡ ʬʨʦʥʪ ʚ ʩʬʝʨʠʯʝʩʢʠʡ. ʀʥʪʝʨʬʝʨʦʤʝʪʨ ʪʠʧʘ ʊʚʘʡʤʘʥʘ-ɻʨʠʥʘ (ʨʠʩ. 9) ʩʦʜʝʨʞʠʪ 

ʢʦʨʨʝʢʪʦʨ,  ʧʣʦʩʢʫʶ ʧʣʘʩʪʠʥʫ ʩ ʵʪʘʣʦʥʥʳʤ ʢʣʠʥʦʤ ʠ ʦʙʲʝʢʪʠʚ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʣʠʥʟ - 

ʦʢʦʣʦ 300 ʤʤ. 

ɺʪʦʨʦʡ ʢʦʨʨʝʢʪʦʨ - ʟʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʳʡ, ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʟʝʨʢʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʬʦʢʫʩʠʨʫʶʱʝʡ ʣʠʥʟʳ (ʨʠʩ. 10).  ɼʠʘʤʝʪʨ ʥʘʠʙʦʣʴʰʝʛʦ ʠʟ ʟʝʨʢʘʣ ʨʘʚʝʥ 430 ʤʤ.  

 

 

 

ʈʠʩʫʥʦʢ 8.  

ɿʝʨʢʘʣʦ ʄ1 ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʨʘʚʝ 

ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʨʦʣʷ ʠ ʦʙʨʘʙʦʪʢʠ 

  



 

 

 

  

 

ʈʠʩʫʥʦʢ  9. ʃʠʥʟʦʚʳʡ ʢʦʨʨʝʢʪʦʨ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ 

 

ʅʘʠʙʦʣʴʰʘʷ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʨʨʝʢʪʦʨʦʚ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʠʟʤʝʨʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʣʠʥʟ ʠ ʟʝʨʢʘʣ ʩ ʪʦʯʥʦʩʪʴʶ 2-5 ʤʢʤ (ʢʦʨʦʪʢʠʝ ʨʘʜʠʫʩʳ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʪʦʣʱʠʥʳ ʣʠʥʟ, ʨʘʟʥʦʪʦʣʱʠʥʥʦʩʪʴ), ʚʳʩʪʘʚʠʪʴ ʩ ʪʘʢʦʡ ʞʝ ʪʦʯʥʦʩʪʴʶ 

ʚʦʟʜʫʰʥʳʝ ʧʨʦʤʝʞʫʪʢʠ, ʫʙʨʘʪʴ ʥʘʢʣʦʥʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʶʩʪʠʨʦʚʢʠ ʠ ʧʦʣʫʯʠʪʴ 

ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʘʤʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɺʘʞʥʦʩʪʴ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʨʝʢʪʦʨʘ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʦʧʪʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ,  ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʘ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʚ ʤʘʪʝʨʠʘʣʝ ʣʠʥʟ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʩʢʘʟʠʪʴ ʬʦʨʤʫ ʧʦʣʫʯʘʝʤʦʛʦ  ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ. 

ʇʦʵʪʦʤʫ  ʚ ʟʘʛʦʪʦʚʢʘʭ ʣʠʥʟ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʦʜʥʦʨʦʜʥʦʩʪʴ  ʩʪʝʢʣʘ.  ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʚ ʟʘʛʦʪʦʚʢʘʭ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʘ ʣʫʯʰʝ, ʯʝʤ 0.3Ö10
-6

 · 0.5Ö10
-6
, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʘ ʢʦʨʨʝʢʪʦʨʳ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ,  ʩ ʫʯʝʪʦʤ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʜʦʧʫʩʢʦʚ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʨʨʝʢʪʦʨʘ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʫʶ 

ʪʦʯʥʦʩʪʴ ʦʮʝʥʢʠ ʬʦʨʤʳ  ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʛʣʘʚʥʦʛʦ ʟʝʨʢʘʣʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʱʘʪʝʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʳʩʪʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ 

ʧʨʦʤʝʞʫʪʢʦʚ ʚ ʢʦʨʨʝʢʪʦʨʘʭ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʝʨʠʪʴ ʬʦʨʤʫ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʤʠ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʢʦʨʨʝʢʪʦʨʘ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʥʘ ʧʨʝʜʝʣʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʢʦʨʨʝʢʪʦʨʦʚ ʀʥʩʪʠʪʫʪʦʤ ʘʚʪʦʤʘʪʠʢʠ ʠ 

ʵʣʝʢʪʨʦʤʝʪʨʠʠ (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ) ʙʳʣ ʫʩʧʝʰʥʦ ʠʟʛʦʪʦʚʣʝʥ CGH-ʠʤʠʪʘʪʦʨ ʟʝʨʢʘʣʘ 

ʜʠʘʤʝʪʨʦʤ 159 ʤʤ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʪʘʢʦʛʦ ʠʤʠʪʘʪʦʨʘ ʩʘʤʦ ʧʦ ʩʝʙʝ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʧʨʦʩʪʦʡ 

ʟʘʜʘʯʝʡ.  



 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʨʨʝʢʪʦʨʦʚ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʥʘ ʩʪʘʜʠʠ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ 

ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʘʩʬʝʨʠʟʘʮʠʠ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʦʧʪʠʢʠ, ʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʥʟʦʚʳʭ 

ʢʦʨʨʝʢʪʦʨʦʚ ʠ CGH-ʢʦʨʨʝʢʪʦʨʦʚ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ ʜʣʷ ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ 

ʜʦʧʦʣʥʝʥʠʠ ʩ CGH-ʠʤʠʪʘʪʦʨʘʤʠ ʟʝʨʢʘʣʘ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʧʦʣʫʯʠʪʴ ʪʨʝʙʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ ʘʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʚʝʨʰʠʥʥʳʡ ʨʘʜʠʫʩ, ʢʦʥʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ ʠ ʪ.ʜ.) ʩ 

ʪʨʝʙʫʝʤʳʤʠ ʜʦʧʫʩʢʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝʮʠʬʠʢʘʮʠʝʡ. 

  

ʈʠʩʫʥʦʢ 10. ɿʝʨʢʘʣʴʥʦ-ʣʠʥʟʦʚʳʡ ʢʦʨʨʝʢʪʦʨ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ 

 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʧʦ ʨʷʜʫ 

ʥʘʧʨʘʚʣʝʥʠʡ. ʅʦ ʥʘʠʙʦʣʝʝ   ʵʬʬʝʢʪʠʚʥʳʤʠ ʜʣʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʦʡ ʦʧʪʠʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʶʪʩʷ ʪʨʠ ʩʧʦʩʦʙʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʩʤʦʣʷʥʳʤ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠʤ 

ʧʦʣʠʨʫʶʱʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʠʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʦʣʠʨʦʚʢʘ ʠ ʤʘʛʥʠʪʦʨʝʦʣʦʛʠʯʝʩʢʘʷ ʧʦʣʠʨʦʚʢʘ. 

ɸ ʜʣʷ ʜʝʪʘʣʝʡ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 2-ʭ ʤʝʪʨʦʚ ʪʦʣʴʢʦ ʧʝʨʚʘʷ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʪʨʝʙʫʶʪ 

ʩʚʦʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʨʘʟʚʠʪʠʠ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʠʨʦʚʘʥʠʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʪʦ, ʯʪʦʙʳ ʦʙʨʘʙʦʪʘʪʴ ʚʳʩʦʢʦʘʧʝʨʪʫʨʥʦʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʚʳʩʦʢʦʘʩʬʝʨʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ ʠʣʠ ʣʠʥʟʫ, ʧʦʣʫʯʠʚ ʧʨʠ ʵʪʦʤ ʤʘʣʫʶ ʤʝʣʢʦʩʪʨʫʢʪʫʨʥʫʶ 

ʦʰʠʙʢʫ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʥʘʢʣʦʥʦʤ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʟʝʨʢʘʣʘ ʣʫʯʝʡ 

(RMS Slope), ʠʟʤʝʨʷʝʤʳʤ ʚ ʫʛʣʦʚʳʭ ʩʝʢʫʥʜʘʭ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʪ ʧʦʜʧʨʦʛʨʘʤʤ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʚʝʜʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʨʘʩʯʝʪ 

ʪʦʧʦʛʨʘʬʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʨʘʩʯʝʪ 

ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʟʘʜʘʥʥʳʤ ʥʘʙʦʨʦʤ ʧʦʣʠʨʦʚʘʣʴʥʠʢʦʚ, ʨʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 



 

 

 

ʧʦʣʠʨʦʚʘʣʴʥʠʢʦʚ ʧʦ ʜʝʪʘʣʠ, ʨʘʩʯʝʪ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʪʠʤʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʳʚʦʜ ʫʧʨʘʚʣʷʶʱʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʧʦʣʠʨʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɺ ʆɸʆ ʃɿʆʉ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʤʘʣʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ  ʧʦʣʠʨʦʚʘʣʴʥʠʢʠ ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʚ ʦʜʥʦʤ ʩʝʘʥʩʝ ʦʙʨʘʙʦʪʢʠ (ʨʠʩ. 

14,15,17). ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʝʨʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʷʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʰʠʙʢʠ ʦʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʜʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʲʝʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʚʳʩʦʢʦʡ ʘʩʬʝʨʠʯʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʩʜʝʨʞʠʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ  ʦʪ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, 

ʯʪʦʙʳ ʧʨʦʬʠʣʴ ʩʲʝʤʘ  ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʪʨʝʙʫʝʤʦʤʫ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʠ ʩʘʛʠʪʪʘʣʴʥʦʤ 

ʩʝʯʝʥʠʷʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, 

ʢʦʪʦʨʳʡ ʧʨʠʪʠʨʘʝʪʩʷ ʢ ʘʩʬʝʨʠʯʝʩʢʦʤʫ ʧʨʦʬʠʣʶ ʧʝʨʝʤʝʥʥʦʛʦ ʨʘʜʠʫʩʘ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʥʩʪʨʫʤʝʥʪʘ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʥʘ  ʧʦʚʝʨʭʥʦʩʪʷʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʨʠʚʠʟʥʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʪʘʥʦʢ ʩ ʥʘʢʣʦʥʥʦʡ ʧʦʣʠʨʫʶʱʝʡ ʛʦʣʦʚʢʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ  ʧʨʠʞʠʤʘ ʧʦʣʠʨʫʶʱʝʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʥʦʨʤʘʣʠ ʢ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 17). 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʤʘʪʝʨʠʘʣ ʩʥʠʤʘʣʩʷ ʩʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʘʤ ʦʪʢʣʦʥʝʥʠʡ 

ʧʨʦʬʠʣʷ ʦʪ ʩʘʤʦʡ ʛʣʫʙʦʢʦʡ ʷʤʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʨʠʩ. 11). ʊ. ʝ. ʪʘʤ, ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʳʡ ʙʫʛʦʨ, ʪʘʤ 

ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʲʝʤ. ʊʘʢʦʡ ʩʧʦʩʦʙ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʩʲʝʤʫ ʤʘʪʝʨʠʘʣʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʛʣʘʜʢʠʝ 

ʦʧʪʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ RMS 

Slope, ʚʢʣʶʯʘʷ ʠ ʢʨʘʝʚʳʝ ʦʙʣʘʩʪʠ ʥʘ ʜʝʪʘʣʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 12 ʧʨʠʚʝʜʝʥʳ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʜʚʫʭ ʩʝʛʤʝʥʪʦʚ ʠʟ 40 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʜʣʷ ʩʦʩʪʘʚʥʦʛʦ ʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ MB ʪʝʣʝʩʢʦʧʘ LAMOST
11
.  ʈʘʟʤʝʨʳ 

ʩʝʛʤʝʥʪʦʚ ʧʦ ʜʠʘʛʦʥʘʣʠ 1100 ʤʤ. ɿʝʨʢʘʣʘ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʤʘʪʝʨʠʘʣʘ Zerodur
Ñ
. ʂʦʥʪʨʦʣʴ 

ʩʝʛʤʝʥʪʦʚ ʚʳʧʦʣʥʷʣʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʩʪʝʥʜʝ ʩ ʣʠʥʟʦʡ ʌʠʟʦ ʜʠʘʤʝʪʨʦʤ 1200 ʤʤ. ɺʳʩʦʪʘ 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʪʝʥʜʘ ï 11  ʤʝʪʨʦʚ, ʘ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʩʝʛʤʝʥʪʦʚ ï 40  ʤʝʪʨʦʚ. 

 

 

ʈʠʩʫʥʦʢ 11.  

ʈʘʩʯʝʪ ʩʲʝʤʘ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ 

ʜʝʪʘʣʠ 

  



 

 

 

 

 

 

 
 

 

ʈʠʩʫʥʦʢ 12. ʇʨʷʤʦʡ ʢʦʥʪʨʦʣʴ ʧʝʨʚʳʭ ʩʝʛʤʝʥʪʦʚ ʚ ʢʘʤʝʨʝ ʚʳʩʦʪʦʡ 70 ʤ. ʊʦʯʢʘ 

ʢʦʥʪʨʦʣʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 40 ʤ ʦʪ ʩʝʛʤʝʥʪʘ ʟʝʨʢʘʣʘ 

 

ʅʘ ʨʠʩ. 13 ʧʨʠʚʝʜʝʥʳ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ 

ʛʣʘʚʥʦʛʦ ʟʝʨʢʘʣʘ ʪʝʣʝʩʢʦʧʘ VISTA 

ʜʠʘʤʝʪʨʦʤ 4100 ʤʤ ʠ ʘʩʬʝʨʠʯʥʦʩʪʴʶ 

ʦʢʦʣʦ 850 ʤʢʤ
6
: ʩʣʝʚʘ - ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʨʝʛʫʣʷʨʥʳʭ ʦʰʠʙʦʢ, ʜʠʩʪʦʨʩʠʦʥʥʦʛʦ 

ʠʩʢʘʞʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʨʨʝʢʪʦʨʘ ʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʦʰʠʙʢʠ ʢʦʨʨʝʢʪʦʨʘ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʪʨʦʝʥʠʷ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ   ʩʧʨʘʚʘ - ʨʝʘʣʴʥʘʷ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘ ʥʘ ʤʘʣʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʦʩ. ʅʘ ʥʝʡ ʚʠʜʥʘ ʦʩʪʘʪʦʯʥʘʷ ʨʘʩʬʦʢʫʩʠʨʦʚʢʘ ʠ ʟʦʥʘʣʴʥʘʷ ʦʰʠʙʢʘ, 

ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʦʩʪʘʪʦʯʥʦʡ ʟʦʥʘʣʴʥʦʡ ʦʰʠʙʢʝ ʣʠʥʟʦʚʦʛʦ ʢʦʨʨʝʢʪʦʨʘ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, 

ʢʦʪʦʨʘʷ ʚʳʯʠʪʘʣʘʩʴ ʠʟ ʩʫʤʤʘʨʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ.  

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʚʝʨʰʠʥʥʦʛʦ ʨʘʜʠʫʩʘ ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʘʟʝʨʥʳʡ 

ʪʨʝʢʝʨ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 18. ʈʘʜʠʫʩ R0 ʟʝʨʢʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

                                                    R0=C + h - S'F',  ʛʜʝ    

C - ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ, ʠʟʤʝʨʷʝʤʳʡ ʪʨʝʢʝʨʦʤ ʤʝʞʜʫ ʧʣʦʱʘʜʢʦʡ ʥʘ ʰʪʦʢʝ ʠʤʠʪʘʪʦʨʘ 

ʚʝʨʰʠʥʳ ʠ ʧʝʨʚʦʡ ʣʠʥʟʳ ʢʦʨʨʝʢʪʦʨʘ, ʠʣʠ ʛʦʣʦʛʨʘʤʤʦʡ ɼʆʕ-ʢʦʨʨʝʢʪʦʨʘ; 

h ï ʠʟʤʝʨʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʰʪʦʢʘ ʠʤʠʪʘʪʦʨʘ ʚʝʨʰʠʥʳ; 

S'F' ï ʨʘʩʯʝʪʥʦʝ  ʟʥʘʯʝʥʠʝ  ʦʪʨʝʟʢʘ ʦʪ ʚʝʨʰʠʥʳ ʧʦʩʣʝʜʥʝʡ ʣʠʥʟʳ 0-ʢʦʨʨʝʢʪʦʨʘ ʜʦ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʘʨʘʢʩʠʘʣʴʥʦʛʦ ʣʫʯʘ ʩ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ (ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ  ʧʨʦʛʨʘʤʤʝ ñZEMAXò). 

 
 

ʈʠʩʫʥʦʢ 13. ʀʥʪʝʨʬʝʨʦʛʨʘʤʤʳ ʚʦʣʥʦʚʦʛʦ 

ʬʨʦʥʪʘ: ʩʣʝʚʘ -  ʩ ʚʳʜʝʣʝʥʠʝʤ ʨʝʛʫʣʷʨʥʳʭ 

ʦʰʠʙʦʢ ʠ ʩʦʙʩʪʚʝʥʥʦʡ ʦʰʠʙʢʠ ʢʦʨʨʝʢʪʦʨʘ 

ʚʦʣʥʦʚʦʛʦ ʬʨʦʥʪʘ, ʩʧʨʘʚʘ -  ʨʝʘʣʴʥʘʷ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʤʘ ʥʘ ʤʘʣʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʦʣʦʩ 

  



 

 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʆɸʆ ʃɿʆʉ ʠʩʧʦʣʴʟʫʝʪ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʦʧʪʠʢʠ, 

ʚʢʣʶʯʘʶʱʠʝ ʤʘʰʠʥʳ 3D, ʣʘʟʝʨʥʳʡ ʪʨʝʢʝʨ, ʩʠʩʪʝʤʳ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʢʩʘʧʦʜʦʚ, ʢʦʤʧʣʝʢʪ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʤʠʢʨʦʧʦʜʘʯ, ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ ʩ 

ʣʠʥʟʦʚʳʤʠ ʢʦʨʨʝʢʪʦʨʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʆɸʆ ʃɿʆʉ  ʠ ɼʆʕ-ʢʦʨʨʝʢʪʦʨʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʀʥʩʪʠʪʫʪʘ ʘʚʪʦʤʘʪʠʢʠ ʠ ʵʣʝʢʪʨʦʤʝʪʨʠʠ ʉʆ ʈɸʅ, ʩʦʚʨʝʤʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʤ ʠ ʜʣʷ ʦʧʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʚʢʣʶʯʘʷ ʧʨʦʛʨʘʤʤʫ ZEMAX. ʀ ʵʪʦ 

ʣʠʰʴ ʢʨʘʪʢʠʡ ʧʝʨʝʯʝʥʴ ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ  ʠ ʪʝʭʥʦʣʦʛʠʡ. 

 

 

ʈʠʩʫʥʦʢ 14. ʇʨʦʮʝʩʩ ʧʦʣʠʨʦʚʢʠ ʟʝʨʢʘʣʘ 

ʜʠʘʤʝʪʨʦʤ 6 ʤʝʪʨʦʚ ɹʊɸ ʥʘ ʩʪʘʥʢʝ ʂʋ-

168ɸɼʄ 

 

ʈʠʩʫʥʦʢ 15. ʌʠʥʠʰʥʘʷ ʧʦʣʠʨʦʚʢʘ ʟʝʨʢʘʣʘ 

ʜʠʘʤʝʪʨʦʤ 3700 ʤʤ ʥʘ ʩʪʘʥʢʝ ʩ 

ʢʦʤʧʴʶʪʝʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ 

 

 

ʈʠʩʫʥʦʢ 16. ʖʩʪʠʨʦʚʢʘ 

ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʚʥʝʦʩʝʚʦʡ 

ʘʩʬʝʨʠʢʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʝʢʩʘʧʦʜʘ ʠ ʣʘʟʝʨʥʦʛʦ ʪʨʝʢʝʨʘ APIT3 

 

ʈʠʩʫʥʦʢ 17. ʌʠʥʠʰʥʘʷ ʧʦʣʠʨʦʚʢʘ ʟʝʨʢʘʣʘ ʩ 

ʥʘʢʣʦʥʦʤ ʩʪʦʣʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ 

ʠʥʩʪʨʫʤʝʥʪʘ ʧʦ ʥʦʨʤʘʣʠ  ʢ ʟʝʨʢʘʣʫ 



 

 

 

 

1 - ʥʫʣʴ-ʢʦʨʨʝʢʪʦʨ; 2 - ʚʝʨʭʥʷʷ 

ʤʘʨʢʘ; 3 - ʥʠʞʥʷʷ ʤʘʨʢʘ ʥʘ 

ʧʦʜʩʪʘʚʢʝ; 4 - ʠʤʠʪʘʪʦʨ ʚʝʨʰʠʥʳ; 

5 - ʰʪʦʢ (ʚ ʩʦʩʪʘʚʝ ʠʤʠʪʘʪʦʨʘ);  

6 - ʠʟʤʝʨʷʝʤʦʝ ʟʝʨʢʘʣʦ; 7 - ʦʧʨʘʚʘ, 

8 -  ʣʘʟʝʨʥʳʡ ʪʨʝʢʝʨ. 

 

 

 

 

  

ʈʠʩʫʥʦʢ 18. ʂʦʥʪʨʦʣʴ ʚʝʨʰʠʥʥʦʛʦ ʨʘʜʠʫʩʘ ʟʝʨʢʘʣʘ 

ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʛʨʘʬʠʢʦʤ 

(ʨʠʩ. 19), ʧʨʠʚʝʜʝʥʥʳʤ P. Dierickx ʚ 1999 ʛʦʜʫ
12
, ʜʦʧʦʣʥʠʤ ʝʝ ʜʘʥʥʳʤʠ ʧʦʩʣʝʜʥʝʛʦ 

ʜʝʩʷʪʠʣʝʪʠʷ ʠ ʫʢʘʞʝʤ ʥʘ ʥʝʡ ʧʦʣʦʞʝʥʠʝ ʦʙʨʘʙʦʪʘʥʥʳʭ ʚ ʆɸʆ ʃɿʆʉ ʛʣʘʚʥʳʭ ʠ ʚʪʦʨʠʯʥʳʭ 

ʟʝʨʢʘʣ ʧʦ ʦʩʥʦʚʥʳʤ ʧʨʦʝʢʪʘʤ. ɻʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʩʪʝʧʝʥʴ ʩʣʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ 

ʟʝʨʢʘʣʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʘ dy ʠ ʜʦʩʪʠʛʥʫʪʦʛʦ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ RMS(W): 

                                                             dy=8N
3
/k 

ʛʜʝ N ï ʘʧʝʨʪʫʨʘ (ʘfocal ratio) ʦʧʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ k ï ʢʦʥʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʯʝʤ ʙʣʠʞʝ ʪʦʯʢʘ ʥʘ ʛʨʘʬʠʢʝ ʥʘʭʦʜʠʪʩʷ ʢ ʥʘʯʘʣʫ ʢʦʦʨʜʠʥʘʪ, ʪʝʤ 

ʩʣʦʞʥʝʝ ʠʟʛʦʪʦʚʣʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʅʘ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ. 

ǅ - ʟʝʨʢʘʣʘ ʪʝʣʝʩʢʦʧʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʜʦ 1985 ʛʦʜʘ (Wavefront RMS error (nm) Pre-1985), 

ƴ ï ʟʝʨʢʘʣʘ ʪʝʣʝʩʢʦʧʦʚ  ʩ ʧʘʩʩʠʚʥʦʡ ʦʧʪʠʢʦʡ (Wavefront RMS error (nm) Passive), 

ƶï ʟʝʨʢʘʣʘ ʪʝʣʝʩʢʦʧʦʚ  ʩ ʘʢʪʠʚʥʦʡ ʦʧʪʠʢʦʡ (Wavefront RMS error (nm) Active), 

Ǐ ï ʩʝʛʤʝʥʪʳ ʪʝʣʝʩʢʦʧʘ Keck, ʚʢʣʶʯʘʷ ʩʝʛʤʝʥʪʳ , ʦʙʨʘʙʦʪʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʦʥʥʦʡ 

ʧʦʣʠʨʦʚʢʠ (Wavefront RMS error (nm) Segment, Wavefront RMS error (nm) Segment IB. All  

Keck data assume most diffi cult segment), 

ǒ ï ʟʝʨʢʘʣʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʪʝʣʝʩʢʦʧʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ ʆɸʆ ʃɿʆʉ ʟʘ ʧʝʨʠʦʜ ʩ 1990 

ʛʦʜʘ. 


