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ɸʥʥʦʪʘʮʠʷ 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ (ʄɻɼ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʪʘʪʢʘ 

ʩʚʝʨʭʥʦʚʦʡ ʟʚʝʟʜʳ (ʆʉʅ) ʩ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʝʞʟʚʸʟʜʥʦʡ ʩʨʝʜʦʡ (ʄɿʉ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʸʭʤʝʨʥʦʡ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʄɿʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʠʬʬʫʟʠʦʥʥʦʝ ʛʘʟʦʚʦʝ ʦʙʣʘʢʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʦʢʦʣʦ ʆʉʅ. ɻʘʟʦʚʦʝ ʦʙʣʘʢʦ ʠʤʝʝʪ 

ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʣʦʝʚ. ɺʥʫʪʨʝʥʥʠʡ ʩʬʝʨʠʯʝʩʢʠʡ ʩʣʦʡ ʨʘʜʠʫʩʘ 

1.6 ʧʢ ʩʦʩʪʦʠʪ ʠʟ ʭʦʣʦʜʥʦʛʦ ʧʣʦʪʥʦʛʦ ʷʜʨʘ (ʩ ʧʣʦʪʥʦʩʪʴʶ n = 40 ʩʤ
-3

 ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ 

T = 80 K). ɺʥʝʰʥʷʷ ʦʙʦʣʦʯʢʘ ʦʙʣʘʢʘ ʨʘʜʠʫʩʘ 2.1 ʧʢ ʩʦʩʪʦʠʪ ʠʟ ʛʘʟʘ, ʥʘʛʨʝʪʦʛʦ ʋʌ 

ʠʟʣʫʯʝʥʠʝʤ ʚ ʄɿʉ (ʧʣʦʪʥʦʩʪʴ n = 0.25 ʩʤ
-3

 ʠ ʪʝʤʧʝʨʘʪʫʨʘ T = 8 000 K). ʇʘʨʘʤʝʪʨʳ ʆʉʅ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʟʨʳʚʫ ʩʚʝʨʭʥʦʚʦʡ ʟʚʝʟʜʳ Ia-ʪʠʧʘ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚ ʄɿʉ ʦʜʥʦʨʦʜʥʦ. ɺ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʄɿʉ ʥʘ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ ʆʉʅ ʩ ʛʘʟʦʚʳʤ ʦʙʣʘʢʦʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩʦʩʪʦʷʥʠʷ ʄɿʉ: 

n = 10
3
 ʩʤ

-3
, T = 10

6
 K ʠ n = 1 ʩʤ

-3
, T = 10 000 K.  

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘʯʠʥʘʝʪʩʷ ʩ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʨʘʟʤʝʨ 

ʦʙʦʣʦʯʢʠ ʆʉʅ ʜʦʩʪʠʛʘʝʪ 2 ʧʢ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʚ ʨʘʙʦʪʝ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʥʘ 

ʪʝʦʨʠʠ ʠʜʝʘʣʴʥʦʡ ʄɻɼ.  

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʩʦʩʪʦʷʥʠʷ ʄɿʉ ʥʘʙʣʶʜʘʶʪʩʷ 

ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʷ ʵʚʦʣʶʮʠʠ ʢʘʢ ʆʉʅ, ʪʘʢ ʠ ʛʘʟʦʚʦʛʦ ʦʙʣʘʢʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ 

(ʧʣʦʪʥʦʩʪʴ ʚ ʦʙʣʘʢʝ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʚ ʫʜʘʨʥʦʡ ʚʦʣʥʝ ʆʉʅ) ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʩʞʘʪʠʷ ʦʙʣʘʢʘ ʠ ʘʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʨʝʜʳ ʚʦʢʨʫʛ ʦʙʣʘʢʘ. ɽʩʣʠ ʧʣʦʪʥʦʩʪʠ ʚ 

ʦʙʣʘʢʝ ʠ ʫʜʘʨʥʦʡ ʚʦʣʥʝ ʆʉʅ ʩʨʘʚʥʠʤʳ, ʪʦ ʦʙʣʘʢʦ ʨʘʟʨʫʰʘʝʪʩʷ. ɺʣʠʷʥʠʝ ʛʘʟʦʚʦʛʦ 

ʦʙʣʘʢʘ ʥʘ ʫʜʘʨʥʫʶ ʚʦʣʥʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʤʝʪʥʦ ʩʣʘʙʝʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʄɿʉ ʤʦʛʫʪ ʙʳʪʴ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ 

ʘʩʠʤʤʝʪʨʠʶ ʢʘʨʪʠʥ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʨʷʜʘ ʥʘʙʣʶʜʘʝʤʳʭ ʆʉʅ. 

A STUDY OF INTERACTION BETWEEN SUPERNOVA REMNA NT SHOCK WAVE 

AND GAS CLOUD IN THE INTERSTELLAR MEDIUM  

Ermishkin M.V. ,  Surzhikov S.T. 

Institute for problem in mechanics RAS, Russia, Moscow, 119526 

Magnetohydrodynamic (MHD) interaction between the supernova remnant (SNR) and the 

interstellar medium (ISM) has been studied using a three-dimensional numerical model. The 

inhomogeneity of the ISM is introduced by a diffusion gas cloud located near the SNR. The 

gas cloud has a spherical shape and consists of two layers. The inner spherical layer with 

radius of 1.6 pc consists of cold dense gas (concentration n = 40 cm
-3

, temperature T = 80 K). 

The outer shell with radius of 2.1 pc consists of gas heated by ultraviolet radiation propagating 

in the ISM. In this layer of the cloud concentration and temperature are n = 0.25 cm-3, 

T = 8 000 K. Parameters of the SNR correspond to explosion of Ia type supernova star. The 

direction of magnetic field in the ISM is constant. In the work two different cases of state of 
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the ISM are investigated: n = 10
-3
 cm

-3
, T = 10

6
 K and n = 1 cm

-3
, T = 10 000 K. Numerical 

solutions begin at the time when the shell of the SNR reaches the distance of 2 pc. The 

numerical model has been developed using the ideal MHD model of plasma.  

Our findings suggest that for considered values of the ISM characteristics there are two 

different scenarios of evolution of both the SNR and the gas cloud. In the first case (density of 

cloud is much higher than density of shock wave of the SNR) the processes of cloudôs 

compression and strong mixing of the surrounding medium are observed. If densities of the 

cloud and the shock wave are comparable the cloud is destroyed. The influence of the cloud on 

the shock wave is much smaller in this case. Results of the investigation suggest that 

inhomogeneities of the ISM could be an important factor responsible for asymmetry of 

radiation intensity images in a number of observed supernova remnants.   

1. ɺʚʝʜʝʥʠʝ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘʜʮʘʪʴ ʣʝʪ ʙʣʘʛʦʜʘʨ ̫ʨʘʟʚʠʪʠʶ ʚʥʝʟʝʤʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʢʦʩʤʦʩʦʤ ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ ʯʠʩʣʦ ʦʪʢʨʳʚʘʝʤʳʭ ʩʚʝʨʭʥʦʚʳʭ ʟʚʝʟʜ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ, ʩʚʝʨʭʥʦʚʳʭ 

ʠʣʠ ʉʅ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ɽʚʨʦʧʝʡʩʢʦʛʦ ɸʩʪʨʦʥʦʤʠʯʝʩʢʦʛʦ ʉʦʦʙ-

ʱʝʩʪʚʘ (http://cfa-www.harvard.edu/iau/cbat.html) ʟʘ ʛʦʜ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʉʅ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʨʳʚʘ ʩʚʝʨʭʥʦʚʦʡ ʦʙʨʘʟʫʝʪʩʷ ʦʛʨʦʤʥʦʝ ʦʙʣʘʢʦ ʧʣʦʪʥʦʡ ʧʣʘʟʤʳ ʩ 

ʦʛʨʦʤʥʦʡ ʵʥʝʨʛʠʝʡ, ʷʚʣʷʶʱʝʝʩʷ ʦʩʪʘʪʢʦʤ ʚʟʨʳʚʘ ʩʚʝʨʭʥʦʚʦʡ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ, ʆʉʅ). 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩ ʚʝʱʝʩʪʚʘ ʚʟʦʨʚʘʚʰʝʡʩʷ ʟʚʝʟʜʳ ʠ ʚʝʱʝʩʪʚʘ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ (ʟʜʝʩʴ ʠ 

ʜʘʣʝʝ, ʄɿʉ), ʚʳʤʝʪʝʥʥʦʛʦ ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʦʩʪʘʪʢʘ ʉʅ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʦʩʪʘʪʢʦʚ ʉʅ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʳʝ: ʦʥʠ ʠʤʝʶʪ ʚʦʟʨʘʩʪ 

ʥʝ ʙʦʣʝʝ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʣʝʪ. ɻʦʨʘʟʜʦ ʤʝʥʴʰʘʷ ʯʘʩʪʴ ʆʉʅ ʠʤʝʝʪ ʚʦʟʨʘʩʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ 

ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʣʝʪ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ɺʦ ʤʥʦʛʦʤ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ 

ʩʪʨʫʢʪʫʨʘ ʪʠʧʠʯʥʦʛʦ ʦʩʪʘʪʢʘ ʉʅ ʙʦʣʴʰʦʛʦ ʚʦʟʨʘʩʪʘ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʩʪʨʫʢʪʫʨʝ ʤʝʞʟʚʝʟʜʥʦʡ 

ʩʨʝʜʳ ʠ ʠʭ ʟʘʯʘʩʪʫʶ ʪʨʫʜʥʦ ʦʪʣʠʯʠʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʉʚʝʨʭʥʦʚʳʝ ʟʚʝʟʜʳ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ [1-4]. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʉʅ 
ʩʪʨʦʠʪʩʷ ʧʦ ʥʘʣʠʯʠʶ ʠʣʠ ʦʪʩʫʪʩʪʚʠʶ ʣʠʥʠʡ ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʩʧʝʢʪʨʝ ʟʚʝʟʜʳ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʚʦʜʦʨʦʜ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʩʧʝʢʪʨʝ ʉʅ ʦʪʩʫʪʩʪʚʫʶʪ ʣʠʥʠʠ ʚʦʜʦʨʦʜʘ, ʪʘʢʘʷ ʉʅ ʠʤʝʝʪ ʧʝʨʚʳʡ 

ʪʠʧ (I). ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʟʚʝʟʜʘ ʠʤʝʝʪ ʚʪʦʨʦʡ ʪʠʧ (II). ɼʘʣʴʥʝʡʰʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ (ʪʠʧʳ 

Ia, Ib, Ic, IIb, IIl, IIp) ʩʪʨʦʠʪʩʷ, ʠʩʭʦʜʷ ʠʟ ʥʘʣʠʯʠʷ ʣʠʥʠʡ ʠʟʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʷʞʝʣʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʬʦʨʤʳ ʢʨʠʚʳʭ ʙʣʝʩʢʘ (ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʦʪ 

ʚʨʝʤʝʥʠ) ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʟʨʳʚʘ. ʅʝ ʨʘʩʩʤʘʪʨʠʚʘʷ ʚʩʝʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʟʤʦʚ ʚʟʨʳʚʘ 

ʩʚʝʨʭʥʦʚʳʭ, ʦʪʤʝʪʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʷ ʚʟʨʳʚʘ ʉʅ. ɺ 

ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʚʟʨʳʚ ʟʚʝʟʜʳ - ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʉʅ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʦʩʪʘ ʤʘʩʩʳ 

ʙʝʣʦʛʦ ʢʘʨʣʠʢʘ ʚʩʣʝʜʩʪʚʠʝ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʛʦʨʝʥʠʷ ʠ ʜʦʩʪʠʞʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ 

ʤʘʩʩʳ ʟʚʝʟʜʳ (1.4ĿMSun ï ʧʨʝʜʝʣʘ ʏʘʥʜʨʘʩʝʢʘʨʘ; ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʩʠʤʚʦʣ MSun ʦʙʦʟʥʘʯʘʝʪ ʤʘʩʩʫ 

ʉʦʣʥʮʘ, MSun = 1.989 Ĭ 10
33 
ʛ). ʇʨʠ ʵʪʦʤ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʜʚʦʡʥʦʡ ʟʚʝʟʜʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʦʜʥʦʡ ʠʟ ʟʚʝʟʜ ʷʚʣʷʝʪʩʷ ʙʝʣʳʡ ʢʘʨʣʠʢ, ʘ 

ʜʨʫʛʦʡ ï ʤʘʩʩʠʚʥʘʷ ʟʚʝʟʜʘ ʩ ʩʠʣʴʥʳʤ ʟʚʝʟʜʥʳʤ ʚʝʪʨʦʤ ï ʥʘʧʨʠʤʝʨ, ʢʨʘʩʥʳʡ ʠʣʠ ʛʦʣʫʙʦʡ 

ʩʚʝʨʭʛʠʛʘʥʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʩʮʝʥʘʨʠʡ, ʚ ʢʦʪʦʨʦʤ 

ʚʟʨʳʚ ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʩʪʦʣʢʥʦʚʝʥʠʷ ʜʚʫʭ ʙʝʣʳʭ ʢʘʨʣʠʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʜʚʦʡʥʫʶ 

ʟʚʝʟʜʥʫʶ ʩʠʩʪʝʤʫ [5, 6]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʟʨʳʚʘ ʠʤʝʶʪ ʤʝʩʪʦ ʚ 

ʩʚʝʨʭʥʦʚʳʭ Ia-ʪʠʧʘ. ʆʩʪʘʪʢʠ ʩʚʝʨʭʥʦʚʳʭ Ia-ʪʠʧʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʫʶ 

ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʥʝ ʠʤʝʶʪ ʢʦʤʧʘʢʪʥʦʛʦ ʦʩʪʘʪʢʘ ʟʚʝʟʜʳ ʚ ʮʝʥʪʨʝ. ɺ ʩʚʝʨʭʥʦʚʳʭ ʪʠʧʦʚ 

Ib,c ʠ II ʤʝʭʘʥʠʟʤ ʚʟʨʳʚʘ ʦʩʥʦʚʘʥ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʢʦʣʣʘʧʩʝ ʤʘʩʩʠʚʥʦʡ ʟʚʝʟʜʳ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʟʨʳʚʘ ʩʚʝʨʭʥʦʚʘʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʥʝʡʪʨʦʥʥʫʶ ʟʚʝʟʜʫ ʣʠʙʦ ʯʝʨʥʫʶ ʜʳʨʫ, 

ʦʢʨʫʞʝʥʥʫʶ ʨʘʟʣʝʪʘʶʱʝʡʩʷ ʦʙʦʣʦʯʢʦʡ.  

ʂʣʘʩʩʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʵʚʦʣʶʮʠʠ ʦʩʪʘʪʢʘ ʩʚʝʨʭʥʦʚʦʡ ʩʪʨʦʠʪʩʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʘʢ ʥʘʯʘʣʴʥʦʛʦ ʚʟʨʳʚʘ, ʪʘʢ ʠ ʦʢʨʫʞʘʶʱʝʡ ʄɿʉ [7]. ʊʘʢʞʝ ʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʉʅ ʠ ʦʢʨʫʞʘʶʱʝʡ ʄɿʉ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʩʠʣʫ ʵʪʠʭ ʧʦʣʦʞʝʥʠʡ 
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ʦʩʪʘʪʦʢ ʉʅ ʜʦʣʞʝʥ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʨʘʩʰʠʨʷʶʱʫʶʩʷ ʩʬʝʨʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ. ʇʨʠʚʝʜʝʤ 

ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʨʘʩʰʠʨʝʥʠʷ ʦʙʦʣʦʯʢʠ ʆʉʅ. ʂʣʶʯʝʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝ-

ʣʷʶʱʠʤʠ ʵʚʦʣʶʮʠʶ ʆʉʅ, ʷʚʣʷʶʪʩʷ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʉʅ E, ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ ʉʅ MSN, ʘ 

ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ ʄɿʉ ɟ0 ʠ ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ ɔ. ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʙʦʣʦʯʢʘ 

ʆʉʅ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʜʘʨʥʫʶ ʚʦʣʥʫ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʫʶʩʷ ʩʚʦʙʦʜʥʦ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʄɿʉ. ʄɿʉ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʜʚʠʞʝʥʠʝ ʦʙʦʣʦʯʢʠ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʠ ʧʣʦʪ-

ʥʦʩʪʴ ʟʘ ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʄɿʉ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʙʦʣʦʯʢʠ 

Sv  ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʘ. ʈʘʜʠʫʩ ʦʙʦʣʦʯʢʠ RS ʣʠʥʝʡʥʦ ʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ:  

 S SR t= Öv . (1) 

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ Sv  ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚʩʷ 

ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʦʙʦʣʦʯʢʠ ʆʉʅ. ɽʩʣʠ ʪʘʢʞʝ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʚʥʫʪʨʠ ʆʉʅ ʧʦʩʪʦʷʥʥʘ, ʪʦ ʠʤʝʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 
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=v . (2) 

ɹʦʣʝʝ ʢʦʨʨʝʢʪʥʘʷ ʦʮʝʥʢʘ ʩʪʨʦʠʪʩʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʦ ʨʘʟʣʝʪʝ 

ʛʘʟʦʚʦʛʦ ʰʘʨʘ ʚ ʧʫʩʪʦʪʫ [8]. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʨʝʰʝʥʠʶ ʩʢʦʨʦʩʪʴ ʚʥʫʪʨʠ ʆʉʅ ʣʠʥʝʡʥʦ 

ʚʦʟʨʘʩʪʘʝʪ ʦʪ ʮʝʥʪʨʘ ʦʩʪʘʪʢʘ (ʛʜʝ ʩʢʦʨʦʩʪʴ ʨʘʚʥʘ ʥʫʣʶ) ʢ ʝʛʦ ʛʨʘʥʠʮʝ, ʛʜʝ ʜʦʩʪʠʛʘʝʪ 

ʟʥʘʯʝʥʠʷ: 
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ʉʪʘʜʠʷ ʩʚʦʙʦʜʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʟʘʢʘʥʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʤʘʩʩʘ ʚʳʤʝʪʝʥʥʦʛʦ ʛʘʟʘ ʄɿʉ 

ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤʦʡ ʩ ʠʩʭʦʜʥʦʡ ʤʘʩʩʦʡ ʉʅ. ʈʘʜʠʫʩ ʆʉʅ RS ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʤʦʞʥʦ ʥʘʡʪʠ 

ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʚʳʨʘʞʝʥʠʷ: 
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ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʜʣʷ ʟʥʘʯʝʥʠʡ ɟ0 = 1.67 Ĭ 10
-24

 ʛ/ʩʤ
3
, (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1 ʩʤ
-3
), MSN = 1.4 MSun, 

E = 10
51

 ʵʨʛ  ʧʦʣʫʯʘʝʤ ʦʮʝʥʢʫ RS ~ 2.8 ʧʢ (1 ʧʢ = 3.086 Ĭ 10
18

 ʩʤ = 3.26 ʩʚ. ʣʝʪ). ʄʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t, ʢʦʛʜʘ ʦʙʦʣʦʯʢʘ ʨʘʩʰʠʨʷʝʪʩʷ ʜʦ ʪʘʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ 

(1, 3): vS = 11 000 ʢʤ/ʩ, t = 200 ʣʝʪ.  

ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʥʘʯʠʥʘʝʪʩʷ ʧʝʨʝʭʦʜ ʥʘ ʩʪʘʜʠʶ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʂʦʥ-

ʬʠʛʫʨʘʮʠʷ ʦʩʪʘʪʢʘ ʉʅ ʧʨʠ ʵʪʦʤ ʤʝʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʷʚʣʷʝʪʩʷ ʚʥʝʰʥʷʷ 

ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʩʤʝʪʘʶʱʘʷ ʚʝʱʝʩʪʚʦ ʦʢʨʫʞʘʶʱʝʡ ʄɿʉ. ʊʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʠ ʦʙʨʘʪʥʘʷ 

ʫʜʘʨʥʘʷ ʚʦʣʥʘ, ʜʚʠʞʫʱʘʷʩʷ ʚʥʫʪʨʠ ʦʩʪʘʪʢʘ ʢ ʝʛʦ ʮʝʥʪʨʫ. ɺʩʣʝʜʩʪʚʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʫʜʘʨʥʳʭ 

ʚʦʣʥ ʚʝʱʝʩʪʚʦ ʚʳʙʨʦʩʘ ʠ ʄɿʉ ʥʘʛʨʝʚʘʶʪʩʷ. ɼʘʥʥʳʝ ʥʘʛʨʝʪʳʝ ʦʙʣʘʩʪʠ ʨʘʟʜʝʣʷʝʪ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʥʦʛʦ ʨʘʟʨʳʚʘ. ʇʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮʳ ʵʪʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 

ʪʦʯʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʬʦʨʤʫʣʘʤʠ (1, 3). ʇʦʩʢʦʣʴʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʆʉʅ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, 

ʧʦʪʝʨʠ ʥʘ ʠʟʣʫʯʝʥʠʝ ʤʘʣʳ. ʇʦʵʪʦʤʫ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ʜʚʠʞʝʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ. ʕʪʠʤ ʠ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʟʚʘʥʠʝ ʜʘʥʥʦʡ ʩʪʘʜʠʠ. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʢ ʢʦʥʮʫ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʆʉʅ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 28 % ʠ 72 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [1].  

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʝ 

ʫʩʣʦʚʠʝ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦ ʩʠʣʴʥʦʤ ʪʦʯʝʯʥʦʤ ʚʟʨʳʚʝ: ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ 

ʦʙʣʘʩʪʠ ʚʟʨʳʚʘ ʤʥʦʛʦ ʙʦʣʴʰʝ ʦʢʨʫʞʘʶʱʝʛʦ ʜʘʚʣʝʥʠʷ, ʠ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʦʭʚʘʯʝʥʥʦʛʦ 

ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ, ʙʦʣʴʰʝ ʤʘʩʩʳ ʧʨʦʜʫʢʪʦʚ ʚʟʨʳʚʘ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʠʟʚʝʩʪʥʦ, ʢʘʢ ʤʝʥʷʶʪʩʷ 



ɽʨʤʠʰʢʠʥ ʄ.ɺ., ʉʫʨʞʠʢʦʚ ʉ.ʊ.   ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʩʪʘʪʢʘ ʩʚʝʨʭʥʦʚʦʡ ʟʚʝʟʜʳé 
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ʩʦ ʚʨʝʤʝʥʝʤ t ʚʩʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʆʉʅ: ʨʘʜʠʫʩ ʦʩʪʘʪʢʘ RS, ʩʢʦʨʦʩʪʴ vS, ʧʣʦʪʥʦʩʪʴ ɟS, 
ʜʘʚʣʝʥʠʝ pS ʠ ʪʝʤʧʝʨʘʪʫʨʘ TS ʟʘ ʬʨʦʥʪʦʤ ʚʥʝʰʥʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ [8,9]: 
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ʛʜʝ ɛ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʛʘʟʘ ʚ ʄɿʉ, R0 ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ 

(R0 = 8.31 Ĭ 10
7
 ʵʨʛ/KĿʤʦʣʴ). ʂʦʵʬʬʠʮʠʝʥʪ ()a g ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʦʢʘʟʘʪʝʣʷ ʘʜʠʘʙʘʪʳ ɔ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʩʠʣʴʥʦʛʦ ʚʟʨʳʚʘ [9], ()0.87a g=  ʜʣʷ ɔ = 1.67.  
ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘ ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʘʜʘʝʪ ʜʦ ʟʥʘʯʝʥʠʡ (5 õ 6) Ĭ 10

5
 K, 

ʨʘʜʠʘʮʠʦʥʥʳʝ ʧʦʪʝʨʠ ʩʪʘʥʦʚʷʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ [10]. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʥʘʩʪʫʧʘʝʪ ʩʪʘʜʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʊʝʧʣʦʚʦʝ ʜʘʚʣʝʥʠʝ ʧʘʜʘʝʪ ʠʟ-ʟʘ ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ ʠ ʥʝ ʤʦ-

ʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʚʥʝʰʥʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʘʜʠʘʙʘʪʠʯʝʩʢʦʛʦ ʨʘʩ-

ʰʠʨʝʥʠʷ. ɼʚʠʞʝʥʠʝ ʚʥʝʰʥʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʤʧʫʣʴʩʦʤ ʛʘʟʘ ʜʚʠʞʫʱʝʛʦʩʷ 

ʥʘʨʫʞʫ. ʆʩʪʘʪʦʢ ʉʅ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʧʣʦʝ ʨʘʟʨʝʞʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʦʙʣʘʩʪʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʦʢʨʫʞʝʥʥʦʝ ʚʥʝʰʥʝʡ ʙʦʣʝʝ ʭʦʣʦʜʥʦʡ ʪʦʥʢʦʡ ʠ ʧʣʦʪʥʦʡ 

ʦʙʦʣʦʯʢʦʡ. ʕʪʘ ʦʙʦʣʦʯʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʚʝʱʝʩʪʚʘ ʄɿʉ, ʧʝʨʝʩʝʢʘʶʱʝʛʦ ʛʨʘʥʠʮʫ ʬʨʦʥʪʘ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʦʩʪʘʶʱʝʛʦʩʷ ʨʷʜʦʤ ʩ ʥʝʡ. ʊʘʢʫʶ ʢʘʨʪʠʥʫ ʩʛʨʝʙʘʥʠʷ ʛʘʟʘ ʄɿʉ ʯʘʩʪʦ 

ʩʨʘʚʥʠʚʘʶʪ ʩʦ ʩʙʦʨʦʤ ʩʥʝʛʘ ʥʘ ʧʝʨʝʜʥʝʤ ʢʨʘʶ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʩʪʘʜʠʶ ʨʘʜʠʘʮʠʠ-

ʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʠ ʥʝʨʝʜʢʦ ʥʘʟʳʚʘʶʪ ʩʪʘʜʠʝʡ ʩʥʝʛʦʦʯʠʩʪʠʪʝʣʷ. ʍʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤʷ 

ʧʝʨʝʭʦʜʘ ʥʘ ʩʪʘʜʠʶ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʣʝʪ, ʘ 

ʨʘʟʤʝʨ ʦʩʪʘʪʢʘ ï ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʧʘʨʩʝʢ.  

ʉʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʦʪ ʤʦʤʝʥʪʘ ʚʟʨʳʚʘ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʆʉʅ ʠ ʚ ʄɿʉ 

ʚʳʨʘʚʥʠʚʘʶʪʩʷ. ʀʟ-ʟʘ ʵʪʦʛʦ ʜʚʠʞʝʥʠʝ ʦʙʦʣʦʯʢʠ ʆʉʅ ʩʠʣʴʥʦ ʪʦʨʤʦʟʠʪʩʷ. ʉʢʦʨʦʩʪʴ ʨʘʩʰʠ-

ʨʝʥʠʷ ʦʙʦʣʦʯʢʠ ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤʦʡ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʩʢʦʨʦʩʪʴʶ ʭʘʦʪʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ 

ʄɿʉ 10 ʢʤ/ʩ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʦʩʪʘʪʦʢ ʉʅ ʠ ʄɿʉ ʩʪʘʥʦʚʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʨʘʟʣʠʯʠʤʳʤʠ.  

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʤʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʦʩʪʘʪʢʘ ʉʅ ʚʝʨʥʘ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦʙ ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʘʢ ʦʢʨʫʞʘʶʱʝʡ ʄɿʉ, ʪʘʢ ʠ ʥʘʯʘʣʴʥʦʛʦ ʚʟʨʳʚʘ ʉʅ. ʊʘʢʘʷ 

ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʘʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʣʠʰʴ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʄɿʉ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʡ, ʘ ʥʘʯʘʣʴʥʳʡ ʚʟʨʳʚ ʉʅ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʬʝʨʠʯʝʩʢʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʠ ʄɿʉ ʠ ʥʘʯʘʣʴʥʦʛʦ 

ʚʟʨʳʚʘ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʢʘʨʪʠʥ ʠʟʣʫʯʝʥʠʷ ʆʉʅ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ: ʨʝʥʪʛʝʥʦʚʩʢʦʤ, ʚʠʜʠʤʦʤ, ʀʂ ʠ ʜʘʞʝ ʨʘʜʠʦ- ʠ ʛʘʤʤʘ- ʜʠʘʧʘʟʦʥʘʭ. ʕʪʘ 

ʦʩʦʙʝʥʥʦʩʪʴ ʯʨʝʟʚʯrʘʡʥʦ ʠʥʪʝʨʝʩʥʘ ʜʣʷ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʠʟʚʝʩʪʥʳʭ ʆʉʅ ʠ ʧʨʠʚʝʜʝʤ ʩʦʚʨʝʤʝʥʥʳʝ ʦʙʲʷʩʥʝ-

ʥʠʷ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʠʭ ʢʘʨʪʠʥ ʠʟʣʫʯʝʥʠʷ. ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʪʘʪʢʠ ʩʚʝʨʭʥʦʚʳʭ, 

ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʜʦ ʪʳʩʷʯʠ ʣʝʪ. ʅʘ ʨʠʩ. 1(ʩʣʝʚʘ) ʧʦʢʘʟʘʥʦ 

ʠʟʣʫʯʝʥʠʝ ʦʩʪʘʪʢʘ ʉʅ 1006 ʛʦʜʘ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ. ʗʨʢʘʷ ʧʦʣʦʩʢʘ ʚ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ 

ʫʛʣʫ ʆʉʅ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʣʫʯʝʥʠʶ ʚʦʜʦʨʦʜʘ ʟʘ ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘ-

ʥʷʶʱʝʡʩʷ ʚ ʩʠʣʴʥʦ ʨʘʟʨʝʞʝʥʥʫʶ ʩʨʝʜʫ. ʅʘ ʨʠʩ. 1(ʩʧʨʘʚʘ) ʧʦʢʘʟʘʥʦ ʠʟʣʫʯʝʥʠʝ ʪʦʛʦ ʞʝ 

ʦʩʪʘʪʢʘ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʝ ʦʙʣʘʩʪʠ ʥʘ ʜʘʥʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʠʥʭʨʦʪʨʦʥʥʦʤʫ ʠʟʣʫʯʝʥʠʶ ʚʳʩʦʢʦʵʥʝʨʛʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʨʘʟʦʛʥʘʥʥʳʭ 

ʫʜʘʨʥʦʡ ʚʦʣʥʦʡ ʜʦ ʦʛʨʦʤʥʳʭ ʩʢʦʨʦʩʪʝʡ. ʊʝ ʵʣʝʢʪʨʦʥʳ, ʢʦʪʦʨʳʝ ʜʚʠʞʫʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʦʨʠʝʥʪʘʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʄɿʉ, ʠʟʣʫʯʘʶʪ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ. 

ɺʝʨʦʷʪʥʦ ʦʙʣʘʩʪʠ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ ʨʠʩ. 1(ʩʧʨʘʚʘ) ʦʪʨʘʞʘʶʪ ʜʘʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ.  

ɼʨʫʛʦʡ ʧʨʠʤʝʨ ʆʉʅ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʄɿʉ, ʷʚʣʷʝʪʩʷ ʦʩʪʘʪʦʢ 

ʉʅ ʂʝʧʣʝʨʘ ʠʣʠ ʉʅ 1604 ʛʦʜʘ. ɺʠʜʠʤʦʝ ʠʟʣʫʯʝʥʠʝ ʛʘʟʘ ʥʘ ʨʠʩ. 2(ʩʣʝʚʘ) ʦʙʫʩʣʦʚʣʝʥʦ 
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ʜʚʠʞʝʥʠʝʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʥʘʠʙʦʣʝʝ ʧʣʦʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʄɿʉ. ʇʨʠ ʵʪʦʤ ʫʜʘʨʥʘʷ ʚʦʣʥʘ 

ʥʘʛʨʝʚʘʝʪ ʛʘʟ ʄɿʉ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʦʣʦ 10 000 K. ʗʨʢʦʝ ʧʷʪʥʦ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʥʘ ʨʠʩ. 2(ʩʧʨʘʚʘ) ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʆʉʅ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʜʚʠʞʝʥʠʝʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ 

ʉʅ ʂʝʧʣʝʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [11]. ɼʨʫʛʦʝ ʚʦʟʤʦʞʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʩʠʣʴʥʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʦʠʪ ʚ ʜʚʠʞʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚʳʙʨʦʩʘ ʉʅ ʚ 

ʦʙʣʘʢʝ ʄɿʉ ʩ ʙʦʣʴʰʠʤ ʛʨʘʜʠʝʥʪʦʤ ʧʣʦʪʥʦʩʪʠ. 

ʇʨʦʷʚʣʝʥʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʪʘʪʢʘ ʉʅ ʩ ʧʦʜʚʠʞʥʦʡ ʄɿʉ ʚʦʟʤʦʞʥʦ ʷʚʣʷʝʪʩʷ ʦʩʪʘ-

ʪʦʢ ʉʅ 0509-67.5. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʦʩʪʘʪʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚʧʦʣʥʝ ʤʦʞʝʪ 

ʦʙʲʷʩʥʠʪʴ ʥʘʙʣʶʜʘʝʤʫʶ ʘʩʠʤʤʝʪʨʠʶ ʢʘʨʪʠʥʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʆʉʅ 0509-67.5. 

ʅʘ ʨʠʩ. 3(ʩʣʝʚʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʩʥʠʤʦʢ ʵʪʦʛʦ ʦʩʪʘʪʢʘ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʄʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʷʨʢʦʛʦ ʧʷʪʥʘ ʚ ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʯʘʩʪʢʝ ʆʉʅ. ʅʘ ʨʠʩ. 3(ʩʧʨʘʚʘ) ʧʦʢʘʟʘʥ 

ʩʥʠʤʦʢ ʦʩʪʘʪʢʘ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʷʨʢʫʶ ʪʦʥʢʫʶ ʧʦʣʦʩʫ ʚ 

ʥʠʞʥʝʤ ʧʨʘʚʦʤ ʫʯʘʩʪʢʝ ʦʩʪʘʪʢʘ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʨʘʟʤʳʪʦʛʦ ʣʝʚʦʛʦ ʚʝʨʭʥʝʛʦ ʫʯʘʩʪʢʘ). ʅʝ 

ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ, ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʣʝʪʘ ʆʉʅ ʚ ʄɿʉ ʩ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ. ʊʘʢʞʝ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʦʙʣʘʩʪʠ ʤʝʥʝʝ ʠʥʪʝʥ-

ʩʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʣʝʚʦʤ ʥʠʞʥʝʤ ʠ ʧʨʘʚʦʤ ʚʝʨʭʥʝʤ ʫʯʘʩʪʢʘʭ ʦʩʪʘʪʢʘ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʥʘʣʠʯʠʝʤ ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʄɿʉ: ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʵʣʝʢʪ-

ʨʦʥʦʚ, ʜʚʠʞʫʱʠʭʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʣʘʙʝʝ, ʯʝʤ ʪʝʭ ʵʣʝʢʪʨʦʥʦʚ, ʯʪʦ 

ʜʚʠʞʫʪʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʝʤʫ. ɺʦʟʨʘʩʪ ʆʉʅ 0509-67.5 ʩʦʩʪʘʚʣʷʝʪ 400 Ñ 50 ʣʝʪ [12]. 
 

  

ʈʠʩ. 1.ʉʥʠʤʢʠ ʦʩʪʘʪʢʘ ʉʅ 1006 ʛ.  ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ (ʚ ʣʠʥʠʷʭ ʚʦʜʦʨʦʜʘ) ï ʩʣʝʚʘ ʠ ʚ 

ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ (0.5 õ 3 ʢʵɺ) ï ʩʧʨʘʚʘ.  ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ: 60 ʩʚ. ʣʝʪ. 

(Credit: Middlebury College/F.Winkler, NOAO/AURA/NSF/CTIO Schmidt & DSS; 

NASA/CXC/Rutgers/G.Cassam-Chenai, J.Hughes et al.)   

  

ʈʠʩ. 2. ʉʥʠʤʢʠ ʦʩʪʘʪʢʘ ʉʅ ʂʝʧʣʝʨʘ (1604 ʛ.) ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ (Hubble, 2003) ï ʩʣʝʚʘ 

ʠ ʚ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ (0.7 õ 6 ʢʵɺ, Chandra, 2012) ï ʩʧʨʘʚʘ. ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ: 

19 õ 33 ʩʚ. ʣʝʪ. (Credit: NASA/ESA/JHU/R.Sankrit&W.Blair; NASA/CXC/SAO/D.Patnaude)   
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ʇʘʨʘʤʝʪʨʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʦʩʪʘʪʢʦʚ ʉʅ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʩʪʘʜʠʠ ʩʚʦʙʦʜʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ï ʥʘʯʘʣʴʥʦʡ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ. ɺʦʟʨʘʩʪʥʳʝ ʦʩʪʘʪʢʠ, 

ʪʘʢʠʝ ʢʘʢ G299.2-29.2 ʠ ʆʉʅ 0103-72.6 ʥʘʭʦʜʷʪʩʷ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ. ʉʦʛʣʘʩʥʦ 

ʨʘʙʦʪʝ [13], G299.2-29.2 ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʆʉʅ Ia ʪʠʧʘ ʩ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 4 500 ʣʝʪ, 

ʥʘʭʦʜʷʱʝʤʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 16 000 ʩʚʝʪʦʚʳʭ ʣʝʪ ʦʪ ɿʝʤʣʠ. ʅʘ ʨʠʩ. 4 (ʩʣʝʚʘ) ʧʦʢʘʟʘʥʦ ʨʝʥʪ-

ʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʜʘʥʥʦʛʦ ʦʩʪʘʪʢʘ. ʉʣʘʙʦʝ ʠʟʣʫʯʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʩʦʦʪʚʝʪʩʪ-

ʚʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʷ. ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʦʡʩʪʚʝʥʝʥ 

ʦʩʪʘʪʢʘʤ ʉʅ ʪʠʧʘ Ia. ɺʥʝʰʥʷʷ ʦʙʦʣʦʯʢʘ ʆʉʅ ʠʤʝʝʪ ʜʚʦʡʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʜʚʫʭ ʧʦʣʫ-ʦʙʦʣʦʯʝʢ ʨʘʜʠʫʩʦʚ 7 ʠ 9 ʧʢ. ʊʘʢʘʷ ʢʘʨʪʠʥʘ ʤʦʞʝʪ ʩʣʝʜʩʪʚʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 

ʄɿʉ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʦʙʣʘʩʪʝʡ ʩ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʴʶ. ʇʦ ʦʮʝʥʢʘʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʵʥʝʨʛʠʷ 

ʚʟʨʳʚʘ, ʧʦʨʦʜʠʚʰʝʛʦ ʵʪʦʪ ʆʉʅ, ʩʦʩʪʘʚʣʷʣʘ 1.6 Ĭ 10
50

 ʵʨʛ, ʘ ʧʣʦʪʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʄɿʉ 

ʠʟʤʝʥʷʣʘʩʴ ʦʪ 0.1 ʜʦ 0.3 ʩʤ
-3
. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʩʧʣʶʩʥʫʪʘʷ ʬʦʨʤʘ ʦʩʪʘʪʢʘ ʥʘ ʨʝʥʪʛʝʥʦʚ-

ʩʢʦʤ ʩʥʠʤʢʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʄɿʉ.  

  
ʈʠʩ. 3. ʉʥʠʤʢʠ ʦʩʪʘʪʢʘ ʆʉʅ 0509-67.5 ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʜʠʘʧʘʟʦʥʝ (0.2 õ 7 ʢʵɺ) ï ʩʣʝʚʘ  

ʠ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ (ʚ ʣʠʥʠʷʭ ʚʦʜʦʨʦʜʘ) ï ʩʧʨʘʚʘ. ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ: 58 ʩʚ. ʣʝʪ.  

(Credit: NASA/CXC/SAO/J.Hughes et al.; NASA/ESA/Hubble Heritage Team (STScI/AURA)) 

ʇʨʠʤʝʨʦʤ ʦʩʪʘʪʢʘ II  ʪʠʧʘ ʙʦʣʴʰʦʛʦ ʚʦʟʨʘʩʪʘ ʷʚʣʷʝʪʩʷ ʆʉʅ 0103-72.6. ɹʦʣʴʰʠʥʩʪʚʦ 

ʵʣʝʤʝʥʪʦʚ ʚ ʆʉʅ ʩʦʩʪʘʚʣʷʶʪ ʢʠʩʣʦʨʦʜ ʠ ʥʝʦʥ. ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [14], ʚʦʟʨʘʩʪ ʜʘʥʥʦʛʦ 

ʦʩʪʘʪʢʘ ʩʦʩʪʘʚʣʷʝʪ 18 000 ʣʝʪ, ʘ ʚʟʦʨʚʘʚʰʘʷʩʷ ʟʚʝʟʜʘ ʙʳʣʘ ʚ 18 ʤʘʩʩʠʚʥʝʝ ʉʦʣʥʮʘ. ʕʥʝʨʛʠʷ 

ʚʟʨʳʚʘ ʉʅ ʩʦʩʪʘʚʣʷʣʘ 1.2 Ĭ 10
51

 ʵʨʛ, ʘ ʧʣʦʪʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʄɿʉ 0.16 ʩʤ
-3
. ʈʝʥʪʛʝʥʦʚʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʆʉʅ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4 (ʩʧʨʘʚʘ). ʂʨʘʩʥʳʡ ʮʚʝʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʥʝʰʥʠʤ ʦʙʣʘʩ-

ʪʷʤ ʦʩʪʘʪʢʘ, ʥʘʛʨʝʪʳʤ ʬʨʦʥʪʦʤ ʧʨʷʤʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ. ʀʟʣʫʯʝʥʠʝ, ʧʦʢʘʟʘʥʥʦʝ ʟʝʣʝʥʳʤ ʠ 

ʩʠʥʠʤ ʮʚʝʪʦʤ, ʦʪʦʙʨʘʞʘʶʪ ʥʘʛʨʝʪʫʶ ʧʣʘʟʤʫ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʷʭ ʆʉʅ. ʆʙʦʣʦʯʢʘ ʆʉʅ 

ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʬʝʨʫ ʨʘʜʠʫʩʘ 23 ʧʢ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 

ʟʘʤʝʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʵʪʦʡ ʬʦʨʤʳ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʩʪʘʪʢʘ. ʇʨʠʯʠʥʦʡ ʵʪʠʭ 

ʦʪʢʣʦʥʝʥʠʡ, ʚʝʨʦʷʪʥʦ, ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʄɿʉ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʝʜʤʝʪʦʤ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʄɿʉ ʩʚʷʟʘʥʥʘʷ ʩ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠʚʝʜʝʤ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ 

ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʩʪʘʚʝ ʄɿʉ. ʆʜʥʦ ʠʟ ʧʝʨʚʳʭ ʦʧʠʩʘʥʠʡ ʄɿʉ ʧʨʠʚʝʜʝʥʦ, ʚʝʨʦʷʪʥʦ, ʚ ʨʘʙʦʪʝ 

[15]. ʆʩʥʦʚʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʄɿʉ ʷʚʣʷʶʪʩʷ ʚʦʜʦʨʦʜ ʠ ʛʝʣʠʡ. ʇʨʠʯʝʤ ʥʘ 10 

ʯʘʩʪʠʮ ʚʦʜʦʨʦʜʘ ʧʨʠʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ ʯʘʩʪʠʮʘ ʛʝʣʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(C, N, O, Ne, Mg, Si, S, Fe) ʧʦ ʦʪʥʦʰʝʥʠʷ ʢ ʚʦʜʦʨʦʜʫ ʝʱʝ ʤʝʥʴʰʝ.  

ʅʝʡʪʨʘʣʴʥʳʡ ʘʪʦʤʘʨʥʳʡ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʦʜʦʨʦʜ ʩʦʜʝʨʞʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʦʙʣʘʢʘʭ ʄɿʉ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʯʘʩʪʠʮ ʦʢʦʣʦ 10 õ 100 ʩʤ
-3
 (ʚ ʩʨʝʜʥʝʤ 40 ʩʤ

-3
) 

ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʦʣʦ 80 K. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʪʘʢʠʭ ʦʙʣʘʢʦʚ ʦʢʦʣʦ 7 ʩʚʝʪʦʚʳʭ ʣʝʪ. ʍʘʨʘʢʪʝʨ-

ʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʦʙʣʘʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 ʢʤ/ʩ. ɼʦʣʷ ʚʝʱʝʩʪʚʘ 

ʄɿʉ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʜʠʬʬʫʟʠʦʥʥʳʭ ʦʙʣʘʢʘʭ, ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2 %.  
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ʈʠʩ. 4. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʩʥʠʤʢʠ ʆʉʅ G299.2-2.9 (Chandra, 2010) ï ʩʣʝʚʘ ʠ ʆʉʅ 0103-72.6 

(Chandra, 2002) ï ʩʧʨʘʚʘ. ʈʘʟʤʝʨ ʠʟʦʙʨʘʞʝʥʠʡ: 114 ʠ 226 ʩʚ. ʣʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. (Credit: 

NASA/CXC/U. Texas at Arlington/S.Park et al, ROSAT; Credit: NASA/CXC/PSU/S. Park et al.) 

ɼʨʫʛʦʡ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʄɿʉ ʷʚʣʷʣʠʩʴ ʦʙʣʘʩʪʠ ʠʦʥʠʟʘʮʠʠ ʚʦʢʨʫʛ ʷʨʢʠʭ ʤʦ-

ʣʦʜʳʭ ʟʚʝʟʜ. ʋʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʪʘʢʠʭ ʟʚʝʟʜ ʠʦʥʠʟʫʝʪ ʠ ʥʘʛʨʝʚʘʝʪ ʦʢʨʫʞʘʶʱʠʡ 

ʛʘʟ ʜʦ ʪʝʤʧʝʨʘʪʫʨ ʦʢʦʣʦ 8 000 K. ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʵʪʦʪ ʛʘʟ ʨʘʩʰʠʨʷʝʪʩʷ 

ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 15 ʢʤ/ʩ.  

ʉʦʩʪʘʚʣʷʶʱʝʡ ʄɿʉ ʩ ʥʘʠʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʷʚʣʷʝʪʩʷ ʢʦʨʦʥʘʣʴʥʳʡ ʛʘʟ, ʥʘʙʣʶʜʘ-

ʝʤʳʡ ʚ ʣʠʥʠʷʭ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦ ʠʦʥʠʟʦʚʘʥʥʳʭ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɽʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʤʠʣʣʠʦʥʦʚ ʛʨʘʜʫʩʦʚ ʂʝʣʴʚʠʥʘ. ʀʩʪʦʯʥʠʢʦʤ ʢʦʨʦʥʘʣʴʥʦ-

ʛʦ ʛʘʟʘ ʤʦʛʫʪ ʙʳʪʴ ʦʩʪʘʪʢʠ ʩʚʝʨʭʥʦʚʳʭ, ʚʳʙʨʘʩʳʚʘʶʱʠʝ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [15], ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʚʩʝʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ: ʭʦʣʦʜʥʳʭ ʦʙʣʘʢʦʚ ʥʝʡʪʨʘʣʴʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʦʙʣʘʩʪʝʡ ʪʝʧ-

ʣʦʛʦ ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʛʦʨʷʯʝʛʦ ʩʠʣʴʥʦ ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʢʦʨʦʥʘʣʴʥʦʛʦ ʛʘʟʘ. ʀʩʭʦʜʷ 

ʠʟ ʧʨʠʤʝʨʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʜʘʚʣʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʝʧʣʦʛʦ ʠʦʥʠʟʦ-

ʚʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ (0.1 õ 1 ʩʤ
-3

) ʠ ʢʦʨʦʥʘʣʴʥʦʛʦ ʛʘʟʘ (10
-3

 õ 10
-2

 ʩʤ
-3

).  
ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʚ ʄɿʉ ʙʳʣʦ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʝ [16]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʶʱʠʝ ʧʨʦʮʝʩʩʳ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʩʦʩʪʘʚ 

ʄɿʉ: ʩʛʨʝʙʘʥʠʝ ʛʘʟʘ ʦʙʦʣʦʯʢʘʤʠ ʆʉʅ, ʧʨʝʚʨʘʱʝʥʠʝ ʭʦʣʦʜʥʳʭ ʦʙʦʣʦʯʝʢ ʆʉʅ ʚ ʭʘʦʪʠʯʝʩʢʠ 

ʜʚʠʞʫʱʠʝʩʷ ʜʠʬʬʫʟʠʦʥʥʳʝ ʦʙʣʘʢʘ, ʥʘʛʨʝʚʘʥʠʝ ʛʘʟʘ ʫʜʘʨʥʳʤʠ ʚʦʣʥʘʤʠ ʠ ʦʩʪʳʚʘʥʠʝ ʠʟ-ʟʘ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʧʦʪʝʨʴ, ʠʦʥʠʟʘʮʠʷ ʠ ʨʝʢʦʤʙʠʥʘʮʠʷ ʦʙʣʘʢʦʚ ʠ ʤʝʞʦʙʣʘʯʥʦʡ ʩʨʝʜʳ, ʠʩʧʘʨʝ-

ʥʠʝ ʭʦʣʦʜʥʳʭ ʦʙʣʘʢʦʚ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʛʦʨʷʯʠʡ ʛʘʟ.  

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [16] ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʩʪʘʷ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʦʙ-

ʣʘʢʘ. ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʦʙʣʘʢʦ ʠʤʝʣʦ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. ɺ ʮʝʥʪʨʝ ʦʙʣʘʢʘ ʥʘʭʦʜʠʣʦʩʴ 

ʧʣʦʪʥʦʝ ʭʦʣʦʜʥʦʝ ʥʝʡʪʨʘʣʴʥʦʝ ʷʜʨʦ ʨʘʜʠʫʩʘ 1.6 ʧʢ, ʦʢʨʫʞʝʥʥʦʝ ʙʦʣʝʝ ʪʝʧʣʦʡ ʨʘʟʨʝʞʝʥʥʦʡ 

ʦʙʦʣʦʯʢʦʡ ʨʘʜʠʫʩʘ 2.1 ʧʢ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʵʪʘ ʦʙʦʣʦʯʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʚʝʱʝʩʪʚʘ, ʠʦʥʠʟʦʚʘʥ-

ʥʦʛʦ ʋʌ ʠʟʣʫʯʝʥʠʝʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʤʩʷ ʚ ʤʝʞʦʙʣʘʯʥʦʡ ʩʨʝʜʝ. ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ 

ʩʦʩʪʦʷʣʘ ʠʟ ʧʦʣʥʦʩʪʴʶ ʠʦʥʠʟʦʚʘʥʥʦʛʦ ʩʠʣʴʥʦ ʨʘʟʨʝʞʝʥʥʦʛʦ ʛʦʨʷʯʝʛʦ ʛʘʟʘ. ɿʥʘʯʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʧʣʦʪʥʦʩʪʠ n, ʪʝʤʧʝʨʘʪʫʨʳ T ʠ ʩʪʝʧʝʥʠ ʠʦʥʠʟʘʮʠʠ x (ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʵʣʝʢʪʨʦʥʦʚ ʢ 

ʦʙʱʝʤʫ ʯʠʩʣʫ ʯʘʩʪʠʮ ʚ ʩʨʝʜʝ) ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. ʆʪʤʝʪʠʤ, ʯʪʦ 

ʜʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʢ ʟʥʘʯʝʥʠʷʤ ʠʟ ʨʘʙʦʪʳ [15], ʧʦʣʫʯʝʥʥʳʤ ʚʦ ʤʥʦʛʦʤ ʥʘ ʦʩʥʦʚʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʪʨʦʝʥʠʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʛʘʟʦʚʦʛʦ ʦʙʣʘʢʘ ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʥʘ-

ʯʝʥʠʷ ʠʟ ʨʘʙʦʪʳ [17], ʷʚʣʷʶʱʝʡʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪʳ [16]. ʇʦʤʠʤʦ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ 

ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʙʦʪʝ [17] ʧʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʦʮʝʥʢʠ ʜʦʣʠ ʢʘʞʜʦʡ ʠʟ ʢʦʤʧʦʥʝʥʪ (ʬʘʢʪʦʨʘ 

ʟʘʧʦʣʥʝʥʠʷ) f ʚ ʄɿʉ (ʪʘʙʣ. 2). 
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ʊʘʙʣʠʮʘ 1 

ʂʦʤʧʦʥʝʥʪʳ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ (ʄɿʉ) 

ʂʦʤʧʦʥʝʥʪʳ ʄɿʉ n, ʩʤ-3 T, K x 

ʍʦʣʦʜʥʘʷ ʥʝʡʪʨʘʣʴʥʘʷ ʄɿʉ 42 80 10
-3

 

ʊʝʧʣʘʷ ʥʝʡʪʨʘʣʴʥʘʷ ʄɿʉ 0.37 8000 0.15 

ʊʝʧʣʘʷ ʠʦʥʠʟʦʚʘʥʥʘʷ ʄɿʉ 0.25 8000 0.68 

ɻʦʨʷʯʘʷ ʠʦʥʠʟʦʚʘʥʥʘʷ ʄɿʉ 3.5 Ĭ 10
-3

 4.5 Ĭ 10
5
 1 

ʊʘʙʣʠʮʘ 2 

ʂʦʤʧʦʥʝʥʪʳ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ (ʄɿʉ) ʠ ʬʘʢʪʦʨ ʟʘʧʦʣʥʝʥʠʷ 

ʂʦʤʧʦʥʝʥʪʳ ʄɿʉ n, ʩʤ-3
 T, K f, % 

ʍʦʣʦʜʥʘʷ ʥʝʡʪʨʘʣʴʥʘʷ ʄɿʉ  

(ʭʦʣʦʜʥʳʡ ʛʘʟ ʚ ʦʙʣʘʢʘʭ) 
42 80 75 

ʊʝʧʣʘʷ ʥʝʡʪʨʘʣʴʥʘʷ ʄɿʉ 0.25 8000 23 

ɻʦʨʷʯʘʷ ʠʦʥʠʟʦʚʘʥʥʘʷ ʄɿʉ  

(ʢʦʨʦʥʘʣʥɹʳʡ ʛʘʟ) 
1.6 Ĭ 10

-3
 3.5 Ĭ 10

5
 2 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʫʜʝʣʝʥʦ ʧʨʦʮʝʩʩʫ ʠʩʧʘʨʝʥʠʷ ʦʙʣʘʢʦʚ. ɹʦʣʝʝ ʜʝʪʘʣʴ-

ʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ ʚ ʄɿʉ, ʨʝʛʫʣʠʨʫʝʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʟʚʝʟʜ, ʚʟʨʳʚʘʤʠ 

ʩʚʝʨʭʥʦʚʳʭ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʄɿʉ ʧʨʠʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ [18]. ʅʝ ʦʩʪʘʥʘʚʣʠʚʘʷʩʴ ʥʘ 

ʜʝʪʘʣʷʭ ʵʪʦʡ ʨʘʙʦʪʳ, ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʚʳʙʦʨʝ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʛʘʟʘ, ʘ ʪʘʢʞʝ ʧʦʪʦʢʘ ʠʦʥʠʟʫʶʱʝʡ ʨʘʜʠʘʮʠʠ ʚʦʟʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʷ 

ʄɿʉ. ʇʨʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʄɿʉ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ ʚʟʨʳʚʦʚ ʉʅ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʦʚʝʩʠʝ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʄɿʉ ï ʭʦʣʦʜʥʳʭ ʦʙʣʘʢʦʚ ʠ ʪʝʧʣʦʛʦ ʠʦʥʠʟʦʚʘʥ-

ʥʦʛʦ ʛʘʟʘ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʚʟʨʳʚʦʚ ʉʅ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʘʷ ʩʪʨʫʢʪʫ-

ʨʘ ʄɿʉ, ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ. ʇʨʠ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʚʟʨʳʚʦʚ ʉʅ ʄɿʉ ʧʦʣʥʦʩʪʴʶ ʩʦʩʪʦʠʪ 

ʠʟ ʛʦʨʷʯʝʛʦ ʨʘʟʨʝʞʝʥʥʦʛʦ ʛʘʟʘ. ʊʘʢʞʝ ʚʦʟʤʦʞʝʥ ʚʘʨʠʘʥʪ ʮʠʢʣʠʯʥʦʛʦ ʨʝʞʠʤʘ ʠʟʤʝʥʝʥʠʷ ʩʦ-

ʩʪʦʷʥʠʷ ʄɿʉ. 

ʅʝʦʜʥʦʨʦʜʥʘʷ ʢʘʨʪʠʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʆʉʅ, ʨʘʩʧʦʣʘʛʘ-

ʶʱʠʭʩʷ ʚʙʣʠʟʠ ʧʣʦʩʢʦʩʪʠ ʛʘʣʘʢʪʠʢʠ. ɺ ʨʘʙʦʪʝ [19] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʆʉʅ 

ʦʙʫʩʣʦʚʣʝʥʘ ʩʠʣʴʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʧʣʦʪʥʦʩʪʠ ʚ ʄɿʉ ʚʙʣʠʟʠ ʧʣʦʩʢʦʩʪʠ ʛʘʣʘʢʪʠʢʠ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʨʘʙʦʪʝ ʫʜʝʣʷʝʪʩʷ ʵʚʦʣʶʮʠʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚ ʩʨʝʜʝ ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʠʟʤʝʥʷ-

ʶʱʝʡʩʷ ʧʣʦʪʥʦʩʪʴʶ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʴ ʚʝʱʝʩʪʚʘ ʆʉʅ ʧʦʢʠʜʘʝʪ ʛʘʣʘʢʪʠʢʫ, ʘ ʦʩʪʘʣʴ-

ʥʦʝ ʚʝʱʝʩʪʚʦ ʤʦʞʝʪ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʦʨʷʯʝʛʦ ʛʘʣʦ ʛʘʣʘʢʪʠʢʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʆʉʅ ʩ ʧʣʦʪʥʳʤʠ ʦʙʣʘʢʘʤʠ ʚ ʄɿʉ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʙʦʪʘʭ [20,21]. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ 

ʨʘʙʦʪʝ [21] ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʆʉʅ ʠ ʩ 

ʧʣʦʪʥʳʤ ʦʙʣʘʢʦʤ ʚ ʄɿʉ. ɺ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʦʜʥʦ- ʠ ʜʚʫʭ-

ʤʝʨʥʳʝ ʤʦʜʝʣʠ.  

ʇʦʤʠʤʦ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʄɿʉ, ʧʨʠʩʫʪʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ 

ʄɿʉ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʆʉʅ ʠ ʄɿʉ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʦʙʦʣʦʯʢʠ ʆʉʅ ʤʦʛʫʪ ʚʣʠʷʪʴ ʠ 

ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʬʘʢʪʦʨʳ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʄɿʉ ʠ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ, ʥʘʙʣʶʜʘʝʤʳʝ, ʥʘʧʨʠʤʝʨ, ʚ ʂʨʘʙʦʚʠʜʥʦʡ ʪʫʤʘʥʥʦʩʪʠ. ʇʨʠʤʝʨʦʤ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʥʘʯʘʣʴʥʦʛʦ ʚʟʨʳʚʘ ʉʅ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʞʝʪʳ ʚ ʆʉʅ ʂʘʩʩʠʦʧʝʷ ɸ. ʀʟʚʝʩʪ-

ʥʦ, ʯʪʦ ʆʉʅ ʪʠʧʦʚ II ʠ Ib,c ʩʦʜʝʨʞʘʪ ʥʝʡʪʨʦʥʥʳʝ ʟʚʝʟʜʳ ʠʣʠ ʯʝʨʥʳʝ ʜʳʨʳ. ʉʠʣʴʥʦʝ ʤʘʛ-

ʥʠʪʥʦʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʷ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ ʠ ʯʝʨʥʳʭ ʜʳʨ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʨʳʚʘ ʤʘʩʩʠʚʥʳʭ ʩʚʝʨʭʥʦʚʳʭ ʤʦʛʫʪ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʦʢʨʫʞʘ-

ʶʱʝʡ ʠʭ ʦʙʦʣʦʯʢʠ ʦʩʪʘʪʢʘ ʉʅ. 
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ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ (ʄɻɼ) 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʩʪʘʪʢʘ ʉʅ ʩ ʜʠʬʬʫʟʠʦʥʥʳʤ ʛʘʟʦʚʳʤ ʦʙʣʘʢʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨ-

ʥʦʡ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ. ʅʘʰʠʤ ʩʪʨʝʤʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʢʘʨ-

ʪʠʥ ʠʟʣʫʯʝʥʠʷ ʥʘʙʣʶʜʘʝʤʳʭ ʆʉʅ, ʠʩʧʦʣʴʟʫʷ ʄɻɼ ʤʦʜʝʣʴ ʠ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪ-

ʨʦʚ ʚʟʨʳʚʘ ʉʅ ʠ ʩʪʨʫʢʪʫʨʳ ʄɿʉ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʷ ʄɿʉ ʥʘ ʵʚʦʣʶ-

ʮʠʶ ʢʘʢ ʆʉʅ, ʪʘʢ ʠ ʛʘʟʦʚʦʛʦ ʦʙʣʘʢʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʠʩʧʘʨʝʥʠʷ 

ʦʙʣʘʢʘ, ʘ ʪʘʢʞʝ ʠʦʥʠʟʘʮʠʷ ʠ ʠʟʣʫʯʝʥʠʷ. 

2. ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣ ɹ

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʚ ʨʘʙʦʪʝ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʦʙʣʘʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʫʙ ʩ ʨʝʙʨʦʤ 

60 ʧʢ (ʨʠʩ. 5). ʅʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʧʢ ʦʪ ʮʝʥʪʨʘ ʦʙʣʘʩʪʠ (X = 0 ʧʢ, Y = 0 ʧʢ, Z = 0 ʧʢ) ʨʘʩʧʦʣʘ-

ʛʘʝʪʩʷ ʛʘʟʦʚʦʝ ʦʙʣʘʢʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʜʚʫʭ ʩʣʦʝʚ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʢʘʞʜʦʤ ʠʟ ʩʣʦʝʚ ʨʘʚʥʦʤʝʨʥʳʝ.  

 

ʈʠʩ. 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ɟ ʚ ʝʜ. ɟISM  ï ʧʣʦʪʥʦʩʪʠ ʄɿʉ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ B ʥʘʧʨʘʚʣʝʥʦ ʚʜʦʣʴ ʦʩʠ ʍ. ʆʩʪʘʪʦʢ ʩʚʝʨʭʥʦʚʦʡ 

(SNR) ʠ ʛʘʟʦʚʦʝ ʦʙʣʘʢʦ (gas cloud) ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʠʩʫʥʢʘ 

ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʙʣʘʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʨʘʙʦʪʦʡ [17] (ʪʘʙʣ. 2). ɺʥʫʪ-

ʨʝʥʥʠʡ ʩʬʝʨʠʯʝʩʢʠʡ ʩʣʦʡ ʦʙʣʘʢʘ ʨʘʜʠʫʩʘ 1.6 ʧʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʦʣʦʜʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʄɿʉ, 

ʘ ʚʥʝʰʥʠʡ ʩʣʦʡ ʨʘʜʠʫʩʘ 2.1 ʧʢ ï ʪʝʧʣʦʡ ʢʦʤʧʦʥʝʥʪʝ ʄɿʉ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʄɿʉ, ʦʢʨʫʞʘʶʱʝʡ ʛʘʟʦʚʦʝ ʦʙʣʘʢʦ. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʵʪʦʡ ʩʨʝʜʳ ʨʘʚʥʘ nISM = 10
-3

 ʩʤ
-3
, ʘ ʪʝʤʧʝʨʘʪʫʨʘ TISM = 10

6
 K. ɺʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: nISM = 1 ʩʤ
-3
, TISM = 10 000 K. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ 

ʚʘʨʠʘʥʪ ʦʧʠʩʳʚʘʝʪ ʧʨʠʙʣʠʞʝʥʦ ʄɿʉ, ʩʦʩʪʦʷʱʫʶ ʪʦʣʴʢʦ ʠʟ ʛʦʨʷʯʝʡ ʢʦʤʧʦʥʝʥʪʳ, ʘ ʚʪʦʨʦʡ ï 

ʠʟ ʪʝʧʣʦʡ ʢʦʤʧʦʥʝʥʪʳ. ɼʣʷ ʢʨʘʪʢʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʤʦʜʝʣʠ ʄɿʉ ʙʫʜʝʤ ʜʘʣʝʝ ʥʘʟʳʚʘʪʴ 

"ʪʝʧʣʦʡ" ʠ "ʛʦʨʷʯʝʡ" ʄɿʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɺʝʱʝʩʪʚʦ ʚʦ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʧʦʢʦʠʪʩʷ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʘ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʜʥʦʨʦʜʥʦ ʠ ʥʘʧʨʘʚʣʝʥʦ ʚʜʦʣʴ ʦʩʠ ʍ. ɸʤʧʣʠʪʫʜʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʦʩʪʘʚ-

ʣʷʝʪ 3.57 Ĭ 10
-6

 ɻʩ [22].  
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ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʄɿʉ ʧʨʝʜʩʪʘʚʣʝʥ ʩʤʝʩʴʶ ʚʦʜʦʨʦʜʘ ʠ ʛʝʣʠʷ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʯʠʩʣʘ 

ʯʘʩʪʠʮ 10:1 [15]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ ʛʘʟʘ ʄɿʉ ʨʘʚʥʘ 1.4 ʛ/ʤʦʣʴ. ʄʦʜʝʣʴ ʦʩʪʘʪʢʘ 

ʩʚʝʨʭʥʦʚʦʡ ʦʩʥʦʚʘʥʘ ʪʘʢʞʝ ʥʘ ʨʘʙʦʪʝ [22], ʚ ʢʦʪʦʨʦʡ ʆʉʅ ʧʨʝʜʩʪʘʚʣʝʥ ʨʦʩʪʦʤ ʚʥʫʪʨʝʥʥʝʡ 

ʵʥʝʨʛʠʠ ʚ ʩʬʝʨʝ ʨʘʜʠʫʩʘ 2 ʧʢ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʮʝʥʪʨʝ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ. ɿʥʘʯʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʩʦʩʪʘʚʣʷʝʪ 10
51

 ʵʨʛ, ʘ ʤʘʩʩʘ ʉʅ ʨʘʚʥʘ MSN = 1.4ĿMSun. ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ ʪʠʧʘ ʩʚʝʨʭʥʦʚʳʭ ï Ia. ʇʦʩʢʦʣʴʢʫ 

ʚʝʱʝʩʪʚʦ ʚʥʫʪʨʠ ʆʉʅ ʩʬʝʨʳ ʥʝʧʦʜʚʠʞʥʦ, ʪʦ ʵʥʝʨʛʠʷ ʚʟʨʳʚʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʪʦʣʴʢʦ ʚ 

ʪʝʧʣʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. ʉʯʠʪʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʠ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʆʉʅ ʠʤʝʶʪ 

ʨʘʚʥʦʤʝʨʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ɟ, ʜʘʚʣʝʥʠʷ p, 

ʪʝʤʧʝʨʘʪʫʨʳ T ʆʉʅ ʠ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʄɿʉ, ʘ ʪʘʢʞʝ ʤʘʩʩʳ ʆʉʅ MSNR. 

ʊʘʙʣʠʮʘ 3 

ʇʘʨʘʤʝʪʨʳ ʦʩʪʘʪʢʘ ʩʚʝʨʭʥʦʚʦʡ (ʆʉʅ) ʠ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ (ʄɿʉ) 

ʌʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ 
ʤʦʜʝʣʴ "ʛʦʨʷʯʝʡ" ʄɿʉ ʤʦʜʝʣʴ "ʪʝʧʣʦʡ" ʄɿʉ 

ʄɿʉ ʆʉʅ ʄɿʉ ʆʉʅ 

ʇʣʦʪʥʦʩʪʴ, ɟ (ʛ/ʩʤ3) 2.83 Ĭ 10
-24

 9.36 Ĭ 10
-27

 1.22 Ĭ 10
-23

 9.36 Ĭ 10
-24

 

ɼʘʚʣʝʥʠʝ, p (ʵʨʛ/ʩʤ
3
) 1.4 Ĭ 10

-13
 6.8 Ĭ 10

-7
 1.4 Ĭ 10

-12
 6.8 Ĭ 10

-7
 

ʊʝʤʧʝʨʘʪʫʨʘ, T (K) 106 4.1 Ĭ 109 104 9.5 Ĭ 108 

ʄʘʩʩʘ ʆʉʅ, MSNR  (MSun) ï 1.4 ï 6. 

ʀʟ ʬʦʨʤʫʣʳ (4) ʤʦʞʥʦ ʥʘʡʪʠ ʨʘʜʠʫʩ ʆʉʅ ʚ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʩʪʘʜʠʠ ʩʚʦʙʦʜʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ. ɼʣʷ ʤʦʜʝʣʠ ʪʝʧʣʦʡ ʄɿʉ ʦʥ ʩʦʩʪʘʚʣʷʝʪ 12.8 ʧʢ; ʜʣʷ ʤʦʜʝʣʠ ʛʦʨʷʯʝʡ ʄɿʉ
 
ï

 1.3 ʧʢ. ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ɟ0 ʚ 

ʬʦʨʤʫʣʝ (4) ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʚʦʟʨʘʩʪʘʝʪ ʚ ( )( )1 1 4g g+ - = ʨʘʟʘ (ʚ ʨʘʙʦʪʝ 

ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ g ʧʦʣʘʛʘʝʪʩʷ ʨʘʚʥʳʤ 1.67 ʚʦ ʚʩʝʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚ ʤʦʜʝʣʠ "ʛʦʨʷʯʝʡ" ʄɿʉ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚ ʦʩʪʘʪʢʝ ʉʅ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʪʘʜʠʠ ʩʚʦʙʦʜʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, ʘ ʚ ʤʦʜʝʣʠ "ʪʝʧʣʦʡ" ʄɿʉ ï ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ (1,3), 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʦʟʨʘʩʪ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʦʩʪʘʪʢʦʚ. ɺ ʤʦʜʝʣʠ "ʛʦʨʷʯʝʡ" ʄɿʉ ʚʦʟʨʘʩʪ ʆʉʅ 

ʩʦʩʪʘʚʣʷʝʪ 180 ʣʝʪ. ɼʣʷ ʤʦʜʝʣʠ "ʪʝʧʣʦʡ" ʄɿʉ ʚʦʟʨʘʩʪ ʆʉʅ ʩʦʩʪʘʚʣʷʝʪ 180 õ 370 ʣʝʪ. ʇʨʝ-

ʜʝʣʳ ʟʥʘʯʝʥʠʡ ʚʦʟʨʘʩʪʘ ʆʉʅ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʚʦʟʥʠʢʘʶʪ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʆʉʅ ʩʛʨʝʙʘʝʪ 

ʚʝʱʝʩʪʚʦ ʄɿʉ, ʠ ʝʛʦ ʤʘʩʩʘ ʤʝʥʷʝʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ ʦʪ 1.4ĿMSun ʜʦ 6ĿMSun. ʊʦʯʥʳʡ ʚʦʟʨʘʩʪ ʪʘ-

ʢʦʛʦ ʆʉʅ ʤʦʞʝʪ ʙʳʪʴ ʜʘʞʝ ʙʦʣʴʰʝ ʠʟ-ʟʘ ʪʦʛʦ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʥʘ ʘʜʠʘ-

ʙʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟ ʬʦʨʤʫʣʳ (1) ʚʨʝʤʷ ʧʝʨʝʭʦʜʘ ʩ ʦʜʥʦʡ 

ʩʪʘʜʠʠ ʥʘ ʜʨʫʛʫʶ ʚʦʟʨʘʩʪʘʝʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʥʝʩʫʱʝʩʪʚʝʥʥʘ ʜʣʷ ʥʘʰʝ-

ʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʵʚʦʣʶʮʠʠ ʆʉʅ ʩʦʩʪʘʚʣʷʁ ʪ ʦʪ ʪʳʩʷʯ ʜʦ 

ʜʝʩʷʪʢʦʚ ʪʳʩʷʯ ʣʝʪ.  

3. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɼʚʠʞʝʥʠʝ ʧʣʘʟʤʳ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘ-

ʤʠʢʠ (ʄɻɼ). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʸʭʤʝʨʥʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʠʜʝʘʣʴʥʘʷ ʄɻɼ 

ʤʦʜʝʣʴ ʧʣʘʟʤʳ [23-27]. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ: ʜʠʬʬʫ-
ʟʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʜʞʦʫʣʝʚʳ ʧʦʪʝʨʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʟʤʘ ʦʙʣʘʜʘʝʪ ʙʝʩʢʦʥʝʯ-

ʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʧʣʘʟʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʠʩʪʝʤʘ 

ʫʨʘʚʥʝʥʠʡ [23-27]: 
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* 4

B V Be
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, (8) 
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B
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t

µ
è ø= ³ê úµ

, (9) 

ʛʜʝ t ï ʚʨʝʤʷ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ; V  ï ʩʢʦʨʦʩʪʴ; B  ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ; 
2 8p p B p*= +  ï ʩʫʤʤʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʜʘʚʣʝʥʠʡ; 2 22 8e V Be r p= + +  

ï ʩʫʤʤʘ ʧʣʦʪʥʦʩʪʝʡ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ, ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʵʥʝʨʛʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʧʣʘʟʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʝʣʴ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʘ ʩ ʧʦʢʘʟʘʪʝʣʝʤ ʘʜʠʘʙʘʪʳ 1.67g=  

ʠ ʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ( ),pe e r= :  

 
( )1
p

e
r g
=
Ö -

. (10) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (6)-(10) ʨʝʰʘʝʪʩʷ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʉʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ ʚʝʢʪʦʨʳ ʩʢʦʨʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠʤʝʶʪ ʪʨʠ ʢʦʤʧʦʥʝʥʪʳ ʚʜʦʣʴ ʢʘʞʜʦʡ ʠʟ ʦʩʝʡ: 

[ , , ], [ , , ]x y zV u v w B B B B= = . I ï ʝʜʠʥʠʯʥʳʡ ʪʝʥʟʦʨ ʨʘʟʤʝʨʥʦʩʪʠ 3 Ĭ 3. ʀʩʧʦʣʴʟʫʝʪʩʷ ʨʘʚʥʦ-

ʤʝʨʥʘʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʩʝʪʢʘ ʩ ʯʠʩʣʦʤ ʫʟʣʦʚ 301 ʚʜʦʣʴ ʢʘʞʜʦʡ ʦʩʠ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʟʘʜʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦ-

ʜʝʣʴʶ ʆʉʅ, ʛʘʟʦʚʦʛʦ ʦʙʣʘʢʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʄɿʉ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʙʘ S ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʦʪʨʘʞʘʶʱʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ɺ ʩʠʣʫ ʵʪʦʛʦ ʣʶʙʦʝ ʚʦʟʤʫʱʝʥʠʝ, ʜʦʩʪʠʛʘʶʱʝʝ ʛʨʘʥʠʮ 

ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʢʠʜʘʝʪ ʝʝ, ʥʠʢʘʢ ʥʝ ʚʦʟʜʝʡʩʪʚʫʷ ʥʘ ʚʝʱʝʩʪʚʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʚʥʫʪʨʠ. ʄʘ-

ʪʝʤʘʪʠʯʝʩʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʜʘʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠʚʝʜʝʥʘ ʚ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ:  

 
d
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d

T

x y z
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f
f p u v w e B B B

n
r r r rè ø
ê ú

= = , (11) 

ʛʜʝ n  - ʚʝʢʪʦʨ ʥʦʨʤʘʣʠ ʢ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ S. ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ (6)-(10) ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʩʭʝʤʝ ʩ 

ʜʦʥʦʨʥr ʤʠ ʷʯʝʡʢʘʤʠ [28]. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʧʝʨʚʦʛʦ - ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʦ 
ʧʨʦʩʪʨʘʥʩʪʚʫ (ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʥʘ ʛʣʘʜʢʠʭ ʨʝʰʝʥʠʷʭ; ʚʪʦʨʦʡ ï ʥʘ ʨʘʟʨʳʚʘʭ) ʠ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ ʧʦ ʚʨʝʤʝʥʠ.  

ɺʝʨʠʬʠʢʘʮʠʷ ʠʩʧʦʣʴʟʫʝʤʦʡ ʯʠʩʣʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʦʜʠʣʘʩʴ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʯʠʩʣʝʥ-

ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʦ ʩʠʣʴʥʦʤ ʪʦʯʝʯʥʦʤ ʚʟʨʳʚʝ [8,9] ʜʣʷ 

ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ ʆʉʅ ʚ ʦʜʥʦʨʦʜʥʦʡ ʄɿʉ, ʘ ʪʘʢʞʝ ʩ ʨʝʰʝʥʠʝʤ ʠʟ ʨʘʙʦʪʳ 

[22]. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʘʰʝʡ ʨʘʙʦʪʝ [29], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʦʪʣʠʯʠʝ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʙʦʣʝʝ 30 % ʧʨʠ ʨʝʰʝʥʠʠ ʥʘ ʩʝʪʢʝ ʩ 

101
3
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3
 ʫʟʣʘʤʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʪʘ-

ʥʦʚʢʘ ʟʘʜʘʯʠ ʦ ʩʠʣʴʥʦʤ ʪʦʯʝʯʥʦʤ ʚʟʨʳʚʝ ʥʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʘʣʠʯʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʜ-

ʥʘʢʦ, ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʉʝʜʦʚʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʟʘʜʘʯʠ ʦ ʨʘʟʣʝʪʝ ʆʉʅ, 

ʪʘʢ ʢʘʢ ʤʘʛʥʠʪʥʦʝ ʜʘʚʣʝʥʠʝ ʚʦ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʦʙʣʘʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʪʝʧʣʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ ʟʘ ʬʨʦʥʪʦʤ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʆʉʅ. ɼʘʥʥʘʷ ʢʘʨʪʠʥʘ ʩʧʨʘʚʝʜʣʠʚʘ ʚʧʣʦʪʴ ʜʦ ʚʨʝʤʝʥ 

ʧʦʨʷʜʢʘ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʦʥʦʚ ʣʝʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʪʠʧʠʯʥʦʛʦ ʆʉʅ. 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʪʘʪʢʦʚ ʩʚʝʨʭʥʦʚʳʭ ʙʦʣʴʰʦʛʦ 

ʚʦʟʨʘʩʪʘ: ʆʉʅ G299.9-2.9 ʠ ʆʉʅ 0103-72.6. ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʬʠʟʠʯʝ-

ʩʢʠʭ ʚʝʣʠʯʠʥ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʩʪʘʪʢʦʚ ʩʚʝʨʭʥʦʚʳʭ 

ʪʘʢʠʭ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʬʨʦʥʪ ʚʥʝʰʥʝʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄɻɼ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʷʚʣʝʥʠʡ 

ʩʝʨʴʝʟʥʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞ-
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ʥʳʭ ʘʨʛʫʤʝʥʪʦʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʥʘʤʠ ʜʣʷ ʚʝʨʠʬʠʢʘʮʠʠ ʪʘʢʦʡ ʤʦʜʝʣʠ, ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʄɻɼ ʤʦʜʝʣʠ ʠ ʤʦʜʝʣʠ "ʯʘʩʪʠʮ ʚ ʷʯʝʡʢʘʭ" (particle in 

cell, PIC) ʜʣʷ ʟʘʜʘʯʠ ʦ ʨʘʟʣʝʪʝ ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʣʘʢʘ ʚ ʨʘʟʨʝʞʝʥʥʫʶ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ [25, 26]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʄɻɼ ʤʦʜʝʣʴ ʦʧʠʩʳʚʘʝʪ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ 

ʪʝʯʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ. ʇʦʭʦʞʠʝ ʘʨʛʫ-

ʤʝʥʪʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʛʦ ʚʝʪʨʘ ʩ 

ʠʦʥʦʩʬʝʨʦʡ ɿʝʤʣʠ [30], ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʣʥʝʯʥʦʡ ʢʦʨʦʥʝ [31-34], ʘ ʪʘʢʞʝ ʚ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʨʘʙʦʪ [35-43].  

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʨʷʜ ʨʘʙʦʪ [44-49], ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ 
ʟʘʜʘʯ ʦ ʩʪʦʣʢʥʦʚʝʥʠʠ ʫʜʘʨʥʳʭ ʚʦʣʥ ʩ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʙʣʘʢʘ ʩ ʧʣʦʪ-

ʥʦʩʪʴʶ ʙʦʣʴʰʝʡ, ʯʝʤ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ.  

4. ʈʝʟʫʣʴʪʘʪʳ ʠ ʆʙʩʫʞʜʝʥʠʝ 

ʈʘʩʩʤʦʪʨʠʤ ʵʚʦʣʶʮʠʶ ʦʙʦʣʦʯʢʠ ʦʩʪʘʪʢʘ ʉʅ, ʘ ʪʘʢʞʝ ʛʘʟʦʚʦʛʦ ʦʙʣʘʢʘ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʚʥʫʪʨʠ ʥʝʸ ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ, ʦʢʨʫʞʘʶʱʝʡ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʦʩʪʘʪʦʢ ʠ ʛʘʟʦʚʦʝ ʦʙʣʘʢʦ. ʇʝʨʚʦʝ ʩʦʩʪʦʷʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʝ ʟʥʘʯʝʥʠʷʤʠ 

ʧʣʦʪʥʦʩʪʠ nISM = 10
-3

 ʩʤ
-3
ʠ ʪʝʤʧʝʨʘʪʫʨʳ TISM = 10

6
 K ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ "ʛʦʨʷʯʝʡ" ʤʝʞ-

ʟʚʝʟʜʥʦʡ ʩʨʝʜʳ (ʩʤ. ʈʘʟʜʝʣ "ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ"). ʉʣʫʯʘʡ ʩ nISM = 1 ʩʤ
-3

, TISM = 10
4
 K ʦʧʠ-

ʩʳʚʘʝʪ ʤʦʜʝʣʴ "ʪʝʧʣʦʡ" ʄɿʉ. ɺʥʘʯʘʣʝ ʨʘʩʩʤʦʪʨʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʵʚʦʣʶʮʠʠ ʫʧʦʤʷʥʫʪʳʭ 

ʚʳʰʝ ʦʙʝ̡ʢʪʦʚ ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʄɿʉ, ʘ ʟʘʪʝʤ ʩʨʘʚʥʠʤ ʠʭ.  

ɺ ʢʘʯʝʩʪʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʤʦʪʨʠʤ ʜʚʫʤʝʨʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʚ ʧʣʦʩʢʦʩʪʠ XY, ʩʦʜʝʨʞʘʱʝʡ ʦʩʪʘʪʦʢ ʉʅ ʠ ʛʘʟʦʚʦʝ ʦʙʣʘʢʦ. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʜʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪ ʢʘʨʪʠʥʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝ-

ʦʜʥʦʨʦʜʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʨʝʘʣʴʥʳʭ ʆʉʅ, ʤʦʞʥʦ ʩʚʷʟʳʚʘʪʴ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝʤ ʵʪʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʚʝʣʠʯʠʥ (ʪʝʧʣʦʚʦʛʦ ʠ ʤʘʛʥʠʪ-

ʥʦʛʦ ʜʘʚʣʝʥʠʡ, ʩʢʦʨʦʩʪʠ) ʧʨʠʚʝʜʝʤ ʚ ʚʠʜʝ ʦʜʥʦʤʝʨʥʳʭ ʛʨʘʬʠʢʦʚ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʤʦʜʝʣʝʡ 

ʄɿʉ. 

4.1. "ɻʦʨʷʯʘʷ"  ʤʝʞʟʚʝʟʜʥʘʷ ʩʨʝʜʘ (nISM = 10
-3

 ʩʤ
-3

, TISM = 10
6
 K) 

ʅʘ ʨʠʩ. 6-11 ʧʦʢʘʟʘʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ɟ ʠ ʪʝʤʧʝʨʘʪʫʨʳ T ʚ ʧʣʦʩʢʦʩʪʠ XY 

ʧʨʠ Z = 0 ʧʢ. ɿʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʝʜʠʥʠʮʘʭ 272.34 10hotr
-= ³ ʛ/ʩʤ

3 
ï ʧʣʦʪʥʦʩʪʠ 

"ʛʦʨʷʯʝʡ" ʄɿʉ, ʦʢʨʫʞʘʶʱʝʡ ʆʉʅ ʠ ʛʘʟʦʚʦʝ ʦʙʣʘʢʦ. ɼʘʥʥʳʝ ʨʠʩʫʥʢʠ ʠʣʣʶʩʪʨʠʨʫʶʪ ʭʘʨʘʢ-

ʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʘʨʪʠʥʳ ʪʝʯʝʥʠʡ ʚʙʣʠʟʠ ʛʘʟʦʚʦʛʦ ʦʙʣʘʢʘ.  

ʂ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t = 500 ʣʝʪ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʆʉʅ ʜʦʩʪʠʛʘʝʪ ʛʨʘʥʠʮʳ ʦʙʣʘʢʘ. ʆʉʅ ʚ 

ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ ʩʚʦʙʦʜʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʘʚʣʝ-

ʥʠʝ ʚ ʦʙʣʘʢʝ ʥʝʤʥʦʛʦ ʧʨʝʚʦʩʭʦʜʠʪ ʜʘʚʣʝʥʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʦʙʣʘʢʦ ʨʘʩʰʠʨʷʝʪʩʷ. ʆʜ-

ʥʘʢʦ ʩʢʦʨʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʤʘʣʘ ʠ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʥʝ ʚʣʠʷʝʪ ʥʘ ʜʚʠʞʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚʦʢʨʫʛ 

ʦʙʣʘʢʘ. ʇʣʦʪʥʦʩʪʴ ʚ ʫʜʘʨʥʦʡ ʚʦʣʥʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 4Ŀɟhot,  ʘ ʚ ʦʙʣʘʢʝ 40 000Ŀɟhot. ʉʪʦʣʴ 

ʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʧʨʦʥʠʢʘʝʪ ʚ ʦʙʣʘʢʦ. 

ɺ ʦʙʣʘʩʪʠ ʩʣʝʚʘ ʦʪ ʦʙʣʘʢʘ ʬʦʨʤʠʨʫʝʪʩʷ ʦʪʨʘʞʝʥʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ (ʨʠʩ. 6). ʆʪʤʝʪʠʤ, ʯʪʦ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ ʚʪʦʨʠʯʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʜʣʷ ʦʧʠʩʘʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʨʘʩʧʨʦ-

ʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʧʣʦʪʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʄɿʉ.  

ɺ ʨʘʡʦʥʝ t = 5 000 õ 7 000 ʣʝʪ (ʨʠʩ. 7) ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʆʉʅ ʥʘ ʘʜʠʘʙʘʪʠʯʝʩʢʫʶ 

ʩʪʘʜʠʶ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʫʧʥʳʭ ʚʠʭʨʝʡ  ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ~ 25 ʧʢ ʦʪ ʮʝʥ-

ʪʨʘ ʦʙʣʘʩʪʠ. ʂ ʵʪʦʤʫ ʤʦʤʝʥʪʫ ʆʉʅ ʜʦʩʪʠʛʘʝʪ ʨʘʩʩʪʦʷʥʠʡ, ʙʦʣʴʰʠʭ, ʯʝʤ ʨʘʟʤʝʨʳ ʠʩʩʣʝʜʫʝ-

ʤʦʡ ʦʙʣʘʩʪʠ.  

ʂ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ t = 7 000 õ 9 000 ʣʝʪ (ʨʠʩ. 8) ʤʦʞʥʦ ʯʝʪʢʦ ʨʘʟʣʠʯʠʪʴ ʧʦʣʦʞʝʥʠʝ 

ʛʨʘʥʠʮʳ (R ~ 26 ʧʢ) ʢʦʥʪʘʢʪʥʦʛʦ ʨʘʟʨʳʚʘ ʧʦ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʢʦʪʦʨʦʡ ʚʝʱʝʩʪʚʦ ʆʉʅ ʜʚʠ-

ʞʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ.  
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ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʦʙʣʘʩʪʴ (R ~ 19 ʧʢ), ʚ ʢʦʪʦʨʦʡ ʜʚʠʞʫʱʘʷʩʷ ʢ ʮʝʥʪʨʫ ʦʙʨʘʪʥʘʷ 

ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʪʦʨʤʦʟʠʪʩʷ ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʚʝʱʝʩʪʚʦʤ ʦʩʪʘʪʢʘ. ʌʨʦʥʪ ʦʪʨʘʞʝʥʥʦʡ ʫʜʘʨʥʦʡ 

ʚʦʣʥʳ ʜʚʠʞʝʪʩʷ ʦʪ ʦʙʣʘʢʘ ʢ ʮʝʥʪʨʫ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʨʝʞʝʥʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʦʩʪʘʪʢʘ. 

ʂʦ ʚʨʝʤʝʥʠ t = 12500 ʣʝʪ (ʨʠʩ. 9) ʦʙʨʘʪʥʘʷ ʫʜʘʨʥʘʷ ʚʦʣʥʘ ʜʦʩʪʠʛʘʝʪ ʮʝʥʪʨʘ ʆʉʅ, ʚʳ-

ʨʘʚʥʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʪʝʯʝʥʠʝ ʚʨʝ-

ʤʝʥʠ t = 12500 õ 17500 ʣʝʪ (ʨʠʩ. 10) ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʞʠʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʣʢʠʭ ʚʠʭʨʝʡ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ R ~ 10 õ 15 ʧʢ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʥʘʛʨʝʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʆʉʅ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʨʘʟʨʝʞʝʥʠʷ. ʋʜʘʨʥʘʷ ʚʦʣʥʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʘʷʩʷ ʚ ʛʘʟʦʚʦʤ ʦʙʣʘʢʝ, 

ʫʧʣʦʪʥʷʝʪ ʠ ʥʘʛʨʝʚʘʝʪ ʝʛʦ. 

ʊʘʢ ʢʦ ʚʨʝʤʝʥʠ t = 20000 õ 30000 ʣʝʪ (ʨʠʩ. 11) ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʫʢʨʘʪʥʳʡ ʨʦʩʪ ʧʣʦʪʥʦ-

ʩʪʠ ʚ ʦʙʣʘʢʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʳ (ʜʦ ʟʥʘʯʝʥʠʡ ʦʢʦʣʦ 10
5
 K). ʉʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʧʦ ʦʙʣʘʢʫ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʢʤ/ʩ ʥʝʚʝʣʠʢʘ ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʜʚʠʞʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚʥʫʪʨʠ ʆʉʅ. ɺ ʨʘʙʦʪʝ [16] ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʧʦʜʦʙʥʦʡ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʩʪʘʪʢʦʚ ʉʅ ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 

10 õ 100 ʢʤ/ʩ, ʯʪʦ ʙʣʠʟʢʦ ʢ ʟʥʘʯʝʥʠʷʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

 

   

 

ʈʠʩ. 6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ɟ ʚ ʝʜ. 272.34 10hotr -= ³ ʛ/ʩʤ
3
 (ʩʣʝʚʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ T, K 

(ʩʧʨʘʚʘ) ʚ ʧʣʦʩʢʦʩʪʠ XY ʢʦ ʚʨʝʤʝʥʠ t = 5000 ʣʝʪ 

    

ʈʠʩ. 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ɟ ʚ ʝʜ. 272.34 10hotr -= ³ ʛ/ʩʤ
3 
(ʩʣʝʚʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ T, K 

(ʩʧʨʘʚʘ) ʚ ʧʣʦʩʢʦʩʪʠ XY ʢʦ ʚʨʝʤʝʥʠ t = 7000 ʣʝʪ 



ɽʨʤʠʰʢʠʥ ʄ.ɺ., ʉʫʨʞʠʢʦʚ ʉ.ʊ.   ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʦʩʪʘʪʢʘ ʩʚʝʨʭʥʦʚʦʡ ʟʚʝʟʜʳé 
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ʈʠʩ. 8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ɟ ʚ ʝʜ. 272.34 10hotr -= ³ ʛ/ʩʤ
3 
(ʩʣʝʚʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ T, K 

(ʩʧʨʘʚʘ) ʚ ʧʣʦʩʢʦʩʪʠ XY ʢʦ ʚʨʝʤʝʥʠ t = 9000 ʣʝʪ 

   

 

ʈʠʩ. 9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ɟ ʚ ʝʜ. 272.34 10hotr -= ³ ʛ/ʩʤ
3 
(ʩʣʝʚʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ T, K 

(ʩʧʨʘʚʘ) ʚ ʧʣʦʩʢʦʩʪʠ XY ʢʦ ʚʨʝʤʝʥʠ t = 12500 ʣʝʪ 

   

 

ʈʠʩ. 10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ɟ ʚ ʝʜ. 272.34 10hotr -= ³ ʛ/ʩʤ
3 
(ʩʣʝʚʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ T, K 

(ʩʧʨʘʚʘ) ʚ ʧʣʦʩʢʦʩʪʠ XY ʢʦ ʚʨʝʤʝʥʠ t = 17500 ʣʝʪ 


