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Ăɻʠʜ ʥʘ ʣʶʙʠʪʝʣʷ ʘʩʪʨʦʥʦʤñ ʩʲʜʲʨʞʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʨʝʜʩ-

ʪʦʷʱʠʪʝ ʧʨʝʟ ʛʦʜʠʥʘʪʘ ʧʦ-ʟʘʙʝʣʝʞʠʪʝʣʥʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠ ʷʚ-

ʣʝʥʠʷ, ʢʘʪʦ ʝ ʦʪʜʝʣʝʥʦ ʧʦʚʝʯʝ ʚʥʠʤʘʥʠʝ ʥʘ ʫʩʣʦʚʠʷʪʘ ʟʘ ʪʷʭʥʦʪʦ 

ʥʘʙʣʶʜʝʥʠʝ ʦʪ ɹʲʣʛʘʨʠʷ.  

ʂʥʠʞʢʘʪʘ ʩʲʜʲʨʞʘ ʩʲʱʦ ʥʷʢʦʣʢʦ ʘʚʪʦʨʩʢʠ ʩʪʘʪʠʠ ʥʘ ʨʘʟ-

ʣʠʯʥʠ ʪʝʤʠ ʦʪ ʘʩʪʨʦʥʦʤʠʷʪʘ ʠ ʦʧʪʠʢʘʪʘ. ʀʟʜʘʥʠʝʪʦ ʝ ʥʘʩʦʯʝʥʦ 

ʢʲʤ ʰʠʨʦʢʠʷ ʢʨʲʛ ʯʠʪʘʪʝʣʠ, ʧʨʦʷʚʷʚʘʱʠ ʠʥʪʝʨʝʩ ʢʲʤ ʪʝʟʠ ʦʙ-

ʣʘʩʪʠ ʠ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʣʝʟʥʦ ʟʘ ʣʶʙʠʪʝʣʠʪʝ ʘʩʪʨʦʥʦʤʠ ï ʧʨʠ 

ʧʣʘʥʠʨʘʥʝʪʦ ʥʘ ʪʝʭʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ. 

 

 

 
ɸʚʪʦʨʲʪ ʠʟʢʘʟʚʘ ʙʣʘʛʦʜʘʨʥʦʩʪ ʢʲʤ ʩʚʦʠʪʝ ʢʦʣʝʛʠ, ʜʦʧʨʠʥʝʩʣʠ ʩ ʪʨʫʜʘ ʩʠ 

ʠʣʠ ʩ ʤʘʪʝʨʠʘʣʠ ʟʘ ʪʘʟʠ ʢʥʠʛʘ: ʝʢʠʧʲʪ ʥʘ ʢʘʪʝʜʨʘ Ăɸʩʪʨʦʥʦʤʠʷñ ʧʨʠ ʉʦ-

ʬʠʡʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ. 
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ʇʨʝʜʥʘ ʢʦʨʠʮʘ: ʤʲʛʣʷʚʠʥʘʪʘ NGC 896, ʢʦʷʪʦ ʝ ʥʘʡ-ʷʨʢʘʪʘ ʯʘʩʪ ʦʪ ʧʦ-

ʦʙʰʠʨʥʘʪʘ ʤʲʛʣʷʚʠʥʘ IC 1805 Ăʉʲʨʮʝñ (Heart Nebula) ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʂʘʩʠʦʧʝʷ. 

ʀʟʦʙʨʘʞʝʥʠʝʪʦ ʝ ʧʦʣʫʯʝʥʦ ʩ 50/70 ʩʤ ʐʤʠʪ ʪʝʣʝʩʢʦʧ ʥʘ ʅɸʆ ʈʦʞʝʥ.  
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ʄʦʤʝʥʪʠʪʝ ʥʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʪʝ ʷʚʣʝʥʠʷ ʩʘ ʜʘʜʝʥʠ ʚ ʙʲʣʛʘʨʩʢʦ ʦʬʠʮʠʘʣʥʦ 

ʚʨʝʤʝ. ʀʟʢʣʶʯʝʥʠʷ ʩʘ ʤʘʣʢʦ ʥʘ ʙʨʦʡ ʩʣʫʯʘʠ, ʚ ʢʦʠʪʦ ʩʘ ʧʦʩʦʯʝʥʠ ʤʦʤʝʥʪʠ ʧʦ 

UTC, ʢʘʪʦ ʪʦʚʘ ʝ ʠʟʨʠʯʥʦ ʫʢʘʟʘʥʦ. ʄʦʤʝʥʪʠʪʝ ʥʘ ʚʠʜʠʤʠʪʝ ʦʪ ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʷ 

ʩʘ ʠʟʯʠʩʣʝʥʠ ʟʘ ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ ʥʘ ʉʦʬʠʡʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ 

Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ, ʩ ʛʝʦʛʨʘʬʩʢʠ ʢʦʦʨʜʠʥʘʪʠ 42Á 40ǋ 55ǌN ʠ 23Á 20ǋ 42ǌE 

(ɚ ʚ ʯʘʩʦʚʠ ʝʜʠʥʠʮʠ 01
h
 33

m
 22.8

s
). 

 

 

ʅɸʏɸʃʆ ʅɸ ʉɽɿʆʅʀʊɽ, 

ʇɽʈʀʍɽʃʀʁ ʀ ɸʌɽʃʀʁ ʅɸ ɿɽʄʗʊɸ 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʘ ʧʨʦʣʝʪ: 20 ʤʘʨʪ, 17
h
 33

m
 (ʧʨʦʣʝʪʥʦ ʨʘʚʥʦʜʝʥʩʪʚʠʝ) 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʦ ʣʷʪʦ: 21 ʶʥʠ, 12
h
 13

m
 (ʣʷʪʥʦ ʩʣʲʥʮʝʩʪʦʝʥʝ, ʥʘʡ-ʜʲʣʛʠʷ 

ʜʝʥ ʚ ʛʦʜʠʥʘʪʘ, ʪʨʘʝʱ 15 ʯʘʩʘ ʠ 20 ʤʠʥʫʪʠ ʟʘ ʉʦʬʠʷ) 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʘ ʝʩʝʥ: 23 ʩʝʧʪʝʤʚʨʠ, 04
h
 03

m
 (ʝʩʝʥʥʦ ʨʘʚʥʦʜʝʥʩʪʚʠʝ) 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʘ ʟʠʤʘ: 21 ʜʝʢʝʤʚʨʠ, 23
h
 48

m
 (ʟʠʤʥʦ ʩʣʲʥʮʝʩʪʦʝʥʝ, ʥʘʡ-

ʢʲʩʠʷ ʜʝʥ ʚ ʛʦʜʠʥʘʪʘ, ʪʨʘʝʱ 09 ʯʘʩʘ ʠ 03 ʤʠʥʫʪʠ ʟʘ ʉʦʬʠʷ) 

 

ɿʝʤʷʪʘ ʱʝ ʙʲʜʝ ʚ ʧʝʨʠʭʝʣʠʡ (ʚ ʥʘʡ-ʙʣʠʟʢʘʪʘ ʜʦ ʉʣʲʥʮʝʪʦ ʪʦʯʢʘ ʦʪ ʩʚʦʷʪʘ 

ʦʨʙʠʪʘ) ʥʘ 4 ʷʥʫʘʨʠ ʚ 08
h
 52

m
, ʧʨʠ ʨʘʟʩʪʦʷʥʠʝ ɿʝʤʷ-ʉʣʲʥʮʝ 147 105 052 km. ʇʦ 

ʚʨʝʤʝ ʥʘ ʩʚʦʷ ʧʝʨʠʭʝʣʠʡ ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ ʩʝ ʜʚʠʞʠ ʥʘʡ-ʙʲʨʟʦ ʧʦ ʦʨʙʠʪʘʪʘ ʩʠ ï 

ʩʲʩ ʩʢʦʨʦʩʪ 30.29 km/s. 

 

ɿʝʤʷʪʘ ʱʝ ʙʲʜʝ ʚ ʘʬʝʣʠʡ (ʚ ʥʘʡ-ʦʪʜʘʣʝʯʝʥʘʪʘ ʦʪ ʉʣʲʥʮʝʪʦ ʪʦʯʢʘ ʥʘ ʩʚʦʷʪʘ 

ʦʨʙʠʪʘ) ʥʘ 4 ʶʣʠ ʚ 10
h
 10

m
, ʧʨʠ ʨʘʟʩʪʦʷʥʠʝ ʜʦ ʉʣʲʥʮʝʪʦ 152 098 455 km. ʇʦ 

ʚʨʝʤʝ ʥʘ ʘʬʝʣʠʷ ɿʝʤʷʪʘ ʩʝ ʜʚʠʞʠ ʥʘʡ-ʙʘʚʥʦ ʧʦ ʦʨʙʠʪʘʪʘ ʩʠ ï ʩʲʩ ʩʢʦʨʦʩʪ 29.29 

km/s. 

 

 

ʇʨʝʟ 2022 ʛ. ʣʷʪʥʦ ʯʘʩʦʚʦ ʚʨʝʤʝ (ʩ 1 ʯʘʩ ʥʘʧʨʝʜ) ʱʝ ʩʝ ʚʲʚʝʜʝ ʥʘ 27 ʤʘʨʪ 

(ʥʝʜʝʣʷ) ʚ 03
h
 00

m
.  

ɺʨʲʱʘʥʝʪʦ ʢʲʤ ʟʠʤʥʦ ʯʘʩʦʚʦ ʚʨʝʤʝ ʱʝ ʩʪʘʥʝ ʥʘ 30 ʦʢʪʦʤʚʨʠ (ʥʝʜʝʣʷ) ʚ 

04
h
 00

m
.  

 

 

ɼʥʠʪʝ ʥʘ ʘʩʪʨʦʥʦʤʠʷʪʘ ʧʨʝʟ 2022 ʛ. ʱʝ ʙʲʜʘʪ 7 ʤʘʡ ï ʧʨʦʣʝʪʝʥ ʠ 1 ʦʢʪʦʤʚ-

ʨʠ ï ʝʩʝʥʝʥ. 
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ʌɸɿʀ ʅɸ ʃʋʅɸʊɸ, ʇɽʈʀɻɽʀ ʀ ɸʇʆɻɽʀ, 

ɼʈʋɻʀ ʃʋʅʅʀ ʗɺʃɽʅʀʗ 2022 ʛ. 

 
ʊʘʙʣʠʮʘ 1. ʃʫʥʥʠ ʬʘʟʠ ʟʘ 2022 ʛ. 

 
 

ʇʲʣʥʦʣʫʥʠʝʪʦ ʥʘ 14 ʶʥʠ ʚ 14
h
 51

m
 ʱʝ ʧʨʝʜʭʦʞʜʘ ʩ 11 ʯʘʩʘ ʠ 32 ʤʠʥʫʪʠ ʧʝ-

ʨʠʛʝʷ ʥʘ ʃʫʥʘʪʘ ʥʘ 15 ʶʥʠ ʚ 02
h
 23

m
 (ʚʠʞʪʝ ʠ ʪʘʙʣʠʮʘ 2). ʇʨʠ ʙʣʠʟʢʠ ʚʲʚ ʚʨʝʤʝ-

ʪʦ ʧʲʣʥʦʣʫʥʠʝ ʠ ʧʝʨʠʛʝʡ, ʠʣʠ ʥʦʚʦʣʫʥʠʝ ʠ ʧʝʨʠʛʝʡ, ʥʘʩʪʲʧʚʘ ʷʚʣʝʥʠʝʪʦ 

ʩʫʧʝʨʣʫʥʠʝ (ʧʦʜʨʦʙʥʦʩʪʠ ï ʚ ʪʝʢʩʪʘ ʧʦ-ʜʦʣʫ). 

ʆʱʝ ʧʦ-ʙʣʠʟʢʠ ʚʲʚ ʚʨʝʤʝʪʦ ʱʝ ʙʲʜʘʪ ʧʝʨʠʛʝʷʪ ʥʘ ʃʫʥʘʪʘ ʥʘ 13 ʶʣʠ ʚ 

12
h
 09

m
 ʠ ʧʲʣʥʦʣʫʥʠʝʪʦ ʚ 21

h
 37

m
 ʥʘ ʩʲʱʘʪʘ ʜʘʪʘ ï ʩ ʨʘʟʣʠʢʘ 9 ʯʘʩʘ ʠ 28 ʤʠʥʫʪʠ. 

ʅʦʚʦʣʫʥʠʝʪʦ ʥʘ 2 ʷʥʫʘʨʠ ʚ 20
h
 33

m
 ʱʝ ʥʘʩʪʲʧʠ 19 ʯʘʩʘ ʠ 32 ʤʠʥʫʪʠ ʩʣʝʜ 

ʧʝʨʠʛʝʷ ʥʘ ʩʲʱʘʪʘ ʜʘʪʘ ʚ 01
h
 01

m
. ɺ ʢʨʘʷ ʥʘ ʛʦʜʠʥʘʪʘ ʥʦʚʦʣʫʥʠʝʪʦ ʥʘ 23 ʜʝʢʝʤʚ-

ʨʠ ʚ 12
h
 17

m
 ʱʝ ʧʨʝʜʭʦʞʜʘ ʩ 22 ʯʘʩʘ ʠ 17 ʤʠʥʫʪʠ ʧʝʨʠʛʝʷ ʥʘ 24 ʜʝʢʝʤʚʨʠ ʚ 

10
h
 34

m
. ʊʦʚʘ ʧʨʠʥʮʠʧʥʦ ʩʘ ʩʲʱʦ ʩʫʧʝʨʣʫʥʠʷ, ʤʘʢʘʨ ʯʝ ʧʨʠ ʥʦʚʦʣʫʥʠʝ ʃʫʥʘʪʘ 

ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʥʝ ʩʝ ʦʯʘʢʚʘ ʪʝ ʜʘ ʙʲʜʘʪ ʦʙʷʚʝʥʠ ʧʦ ʤʝ-

ʜʠʠʪʝ. 

ʅʘʡ-ʜʘʣʝʯʥʠʷʪ ʘʧʦʛʝʡ ʥʘ ʃʫʥʘʪʘ ʟʘ 2022 ʛ. ï ʥʘ 29 ʶʥʠ ʚ 09
h
 10

m
 (ʪʘʙʣʠʮʘ 

3) ʱʝ ʥʘʩʪʲʧʠ ʩʘʤʦ 3 ʯʘʩʘ ʠ 18 ʤʠʥʫʪʠ ʩʣʝʜ ʥʦʚʦʣʫʥʠʝʪʦ ʥʘ ʩʲʱʘʪʘ ʜʘʪʘ ʚ 

05
h
 52

m
. ʇʨʠ ʙʣʠʟʢʠ ʚʲʚ ʚʨʝʤʝʪʦ ʘʧʦʛʝʡ ʠ ʧʲʣʥʦʣʫʥʠʝ (ʠʣʠ ʘʧʦʛʝʡ ʠ ʥʦʚʦʣʫʥʠʝ) 

ʛʦʚʦʨʠʤ ʟʘ ʷʚʣʝʥʠʝʪʦ ʤʠʢʨʦʣʫʥʠʝ (Ăʤʠʢʨʦ ʃʫʥʘñ). 
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ʊʘʙʣʠʮʘ 2. ʇʝʨʠʛʝʠ ʥʘ ʃʫʥʘʪʘ 

 
 

 
ʊʘʙʣʠʮʘ 3. ɸʧʦʛʝʠ ʥʘ ʃʫʥʘʪʘ 

 
 

Ăʉʫʧʝʨ ʃʫʥʘñ (ʧʝʨʠʛʝʡʥʘ ʩʠʟʠʛʠʷ ʚ ʩʠʩʪʝʤʘʪʘ ɿʝʤʷïʃʫʥʘïʉʣʲʥʮʝ) ʠʤʘʤʝ 

ʧʨʠ ʙʣʠʟʢʠ ʚʲʚ ʚʨʝʤʝʪʦ ʧʲʣʥʦʣʫʥʠʝ (ʠʣʠ ʥʦʚʦʣʫʥʠʝ) ʠ ʧʝʨʠʛʝʡ, ʪ.ʝ. ʢʦʛʘʪʦ ʃʫ-

ʥʘʪʘ ʩʝ ʧʨʠʙʣʠʞʘʚʘ ʥʘʡ-ʤʥʦʛʦ ʜʦ ɿʝʤʷʪʘ, ʦʙʠʢʘʣʷʡʢʠ ʷ ʧʦ ʩʚʦʷʪʘ ʝʣʠʧʪʠʯʥʘ 

ʦʨʙʠʪʘ. ɺʨʝʤʝʪʦ ʤʝʞʜʫ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʧʨʝʤʠʥʘʚʘʥʠʷ ʥʘ ʃʫʥʘʪʘ ʧʨʝʟ ʧʝʨʠ-

ʛʝʷ ʝ ʩʨʝʜʥʦ 27.55455 ʜʥʠ ï ʪ.ʥʘʨ. ʘʥʦʤʘʣʠʩʪʠʯʝʥ ʤʝʩʝʮ. ɺʨʝʤʝʪʦ ʤʝʞʜʫ ʜʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʝʜʥʦʠʤʝʥʥʠ ʣʫʥʥʠ ʬʘʟʠ (ʥʘʧʨʠʤʝʨ ʦʪ ʥʦʚʦʣʫʥʠʝ ï ʜʦ ʩʣʝʜʚʘ-
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ʱʦʪʦ ʥʦʚʦʣʫʥʠʝ) ʝ ʩʨʝʜʥʦ 29.53059 ʜʥʠ ï ʩʠʥʦʜʠʯʝʥ ʤʝʩʝʮ. ʈʘʟʣʠʢʘʪʘ ʦʪ 1.976 

ʜʥʠ ʚ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʜʚʘʪʘ ʪʠʧʘ ʤʝʩʝʮʠ ʩʝ ʥʘʪʨʫʧʚʘ ʚʲʚ ʚʨʝʤʝʪʦ ʠ ʚʦʜʠ 

ʜʦ ʩʲʚʧʘʜʝʥʠʝ ʥʘ ʧʲʣʥʦʣʫʥʠʝ (ʠʣʠ ʥʦʚʦʣʫʥʠʝ) ʩ ʧʝʨʠʛʝʡ ʚʝʜʥʲʞ ʥʘ ʙʣʠʟʦ 411.8 

ʜʥʠ. ʅʦ ʚʲʧʨʝʢʠ ʪʦʟʠ ʜʲʣʲʛ ʧʝʨʠʦʜ, ʥʘ ʧʨʘʢʪʠʢʘ ʚʩʠʯʢʠ ʧʲʣʥʦʣʫʥʠʷ, ʩʣʫʯʚʘʱʠ 

ʩʝ ʧʨʠ ʨʘʟʩʪʦʷʥʠʷ ɿʝʤʷ-ʃʫʥʘ ʧʦ-ʤʘʣʢʠ ʦʪ 360 000 km, ʩʝ ʦʙʷʚʷʚʘʪ ʚ ʤʝʜʠʠʪʝ 

ʢʘʪʦ ʩʫʧʝʨʣʫʥʠʷ (Ăʩʫʧʝʨ ʃʫʥʘñ). ʇʦʨʘʜʠ ʪʦʚʘ ʜʚʝ ʠʣʠ ʪʨʠ ʩʲʩʝʜʥʠ ʧʲʣʥʦʣʫʥʠʷ ʚ 

ʛʦʜʠʥʘʪʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʦʙʷʚʝʥʠ ʟʘ ʩʫʧʝʨʣʫʥʠʷ. 

ʉʫʧʝʨʣʫʥʠʷʪʘ ʧʨʠ ʙʣʠʟʢʠ ʚʲʚ ʚʨʝʤʝʪʦ ʥʦʚʦʣʫʥʠʝ ʠ ʧʝʨʠʛʝʡ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ 

ʥʘʙʣʶʜʘʚʘʪ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʦʙʠʢʥʦʚʝʥʦ ʪʝ ʥʝ ʩʝ ʦʙʷʚʷʚʘʪ. 

 

ʇʨʠ ʩʫʧʝʨʣʫʥʠʝ ʩ ʥʝʚʲʦʨʲʞʝʥʦ ʦʢʦ ʥʝ ʝ ʚʲʟʤʦʞʥʦ ʜʘ ʩʝ ʦʪʯʝʪʝ ʨʘʟʣʠʢʘ ʚʲʚ 

ʚʠʜʠʤʠʷ ʜʠʘʤʝʪʲʨ ʥʘ ʃʫʥʘʪʘ. ʊʦʛʘʚʘ ʪʦʡ ʝ ʩ ʙʣʠʟʦ 7% ʧʦ-ʛʦʣʷʤ ʦʪ ʩʣʫʯʘʷ, ʢʦʛʘ-

ʪʦ ʥʘʰʠʷʪ ʝʩʪʝʩʪʚʝʥ ʩʧʲʪʥʠʢ ʝ ʥʘ ʩʨʝʜʥʦ ʨʘʟʩʪʦʷʥʠʝ ʦʪ ɿʝʤʷʪʘ (ʥʘ 384 403 ʢʤ). 

ʇʨʠ ʩʫʧʝʨʣʫʥʠʝ ʃʫʥʘʪʘ ʝ ʩ ʷʨʢʦʩʪ ʦʢʦʣʦ 16% ʧʦ-ʚʠʩʦʢʘ ʦʪ ʩʨʝʜʥʘʪʘ, ʥʦ ʪʲʡ 

ʢʘʪʦ ʥʷʤʘ ʩ ʢʘʢʚʦ ʜʘ ʩʨʘʚʥʠʤ ʪʘʟʠ ʧʦʚʠʰʝʥʘ ʷʨʢʦʩʪ, ʥʝ ʤʦʞʝʤ ʜʘ ʦʮʝʥʠʤ ʨʘʟʣʠ-

ʢʘʪʘ ʚʠʟʫʘʣʥʦ. 

 

ʆʯʘʢʚʘʥʠʷʪ ʚʠʜʠʤ ʝʬʝʢʪ ʦʪ ʩʫʧʝʨʣʫʥʠʝʪʦ ʥʝ ʙʠʚʘ ʜʘ ʩʝ ʙʲʨʢʘ ʩ ʯʝʩʪʦ ʥʘʙ-

ʣʶʜʘʚʘʥʘʪʘ ʠʣʶʟʠʷ Ăʦʛʨʦʤʥʘ ʠʟʛʨʷʚʘʱʘ ʃʫʥʘñ ʠ ʘʥʘʣʦʛʠʯʥʦ Ăʦʛʨʦʤʥʦ ʠʟʛʨʷ-

ʚʘʱʦ ʉʣʲʥʮʝñ. ʇʨʠ ʩʚʦʠʪʝ ʠʟʛʨʝʚʠ ʠ ʟʘʣʝʟʠ ʜʚʝʪʝ ʥʝʙʝʩʥʠ ʩʚʝʪʠʣʘ ʯʝʩʪʦ 

ʠʟʛʣʝʞʜʘʪ ʦʨʘʥʞʝʚʠ, ʧʦʨʘʜʠ ʛʦʣʷʤʘʪʘ ʚʲʟʜʫʰʥʘ ʤʘʩʘ, ʧʨʝʟ ʢʦʷʪʦ ʧʨʝʤʠʥʘʚʘ 

ʪʷʭʥʘʪʘ ʩʚʝʪʣʠʥʘ ʜʦʢʘʪʦ ʩʘ ʥʠʩʢʦ ʥʘʜ ʭʦʨʠʟʦʥʪʘ. ʉʲʱʦ ʪʦʛʘʚʘ ʪʝ ʤʦʞʝ ʜʘ ʥʠ 

ʠʟʛʣʝʞʜʘʪ ʛʦʣʝʤʠ, ʧʦʥʝʞʝ ʧʦʜʩʲʟʥʘʪʝʣʥʦ ʛʠ ʩʨʘʚʥʷʚʘʤʝ ʩ ʧʦʟʥʘʪʠ ʦʪ ʝʞʝʜʥʝʚʠ-

ʝʪʦ ʥʠ ʦʙʝʢʪʠ, ʚʠʜʠʤʠ ʥʘ ʭʦʨʠʟʦʥʪʘ ï ʜʲʨʚʝʪʘ, ʩʛʨʘʜʠ, ʧʣʘʥʠʥʩʢʠ ʚʲʨʭʦʚʝ ʠ ʜʨ. 

ʄʦʞʝʤ ʣʝʩʥʦ ʜʘ ʜʦʢʘʞʝʤ, ʯʝ ʪʦʚʘ ʝ ʠʣʶʟʠʷ, ʯʨʝʟ ʩʣʝʜʥʠʷ ʧʨʦʩʪ ʝʢʩʧʝʨʠʤʝʥʪ: 

ʌʦʪʦʛʨʘʬʠʨʘʤʝ ʩ ʪʝʣʝʦʙʝʢʪʠʚ ʠʟʛʨʷʚʘʱʘʪʘ Ăʦʛʨʦʤʥʘñ ʃʫʥʘ, ʘ ʧʦ-ʢʲʩʥʦ ï ʢʦʛʘʪʦ 

ʪʷ ʝ ʚʝʯʝ ʚʠʩʦʢʦ ʚ ʥʝʙʝʪʦ, ʧʨʘʚʠʤ ʚʪʦʨʘ ʩʥʠʤʢʘ ʧʨʠ ʩʲʱʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 

ʥʘ ʦʙʝʢʪʠʚʘ. ɸʢʦ ʩʨʘʚʥʠʤ ʜʚʝʪʝ ʣʫʥʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʱʝ ʚʠʜʠʤ, ʯʝ ʪʝ ʩʘ ʚ ʝʜʥʘ-

ʢʲʚ ʤʘʱʘʙ. ʑʝ ʟʘʙʝʣʝʞʠʤ ʩʘʤʦ ʥʝʛʦʣʷʤʦ ʚʝʨʪʠʢʘʣʥʦ ʩʧʣʝʩʢʚʘʥʝ ʥʘ ʣʫʥʥʠʷ 

ʦʙʨʘʟ ʦʪ ʧʲʨʚʘʪʘ ʩʥʠʤʢʘ, ʜʲʣʞʘʱʦ ʩʝ ʥʘ ʧʦ-ʩʠʣʥʘʪʘ ʘʪʤʦʩʬʝʨʥʘ ʨʝʬʨʘʢʮʠʷ ʜʦ 

ʭʦʨʠʟʦʥʪʘ. ʀʣʶʟʠʷʪʘ ʩ ʫʚʝʣʠʯʝʥʠʪʝ ʨʘʟʤʝʨʠ ʩʝ ʟʘʙʝʣʷʟʚʘ ʠ ʧʨʠ ʩʲʟʚʝʟʜʠʷʪʘ. 

ɸʢʦ ʝʜʥʦ ʜʦʙʨʝ ʧʦʟʥʘʪʦ ʥʠ ʩʲʟʚʝʟʜʠʝ ʝ ʥʠʩʢʦ ʜʦ ʭʦʨʠʟʦʥʪʘ ï ʥʘʧʨʠʤʝʨ ʆʨʠʦʥ 

ʩʣʝʜ ʠʟʛʨʝʚʘ ʩʠ, ʪʦ ʠʟʛʣʝʞʜʘ ʧʦ-ʛʦʣʷʤʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʤʦʤʝʥʪʘ, ʚ ʢʦʡʪʦ ʩʲʱʦʪʦ 

ʩʲʟʚʝʟʜʠʝ ʢʫʣʤʠʥʠʨʘ ʚʠʩʦʢʦ ʚ ʥʝʙʝʪʦ. 

 

 

ʇʆʃʋʄʈɸʂʒʊ 

ɿʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʜʝʥʷ ʩʝ ʩʯʠʪʘ ʚʨʝʤʝʪʦ ʦʪ ʠʟʛʨʝʚʘ ʜʦ ʟʘʣʝʟʘ ʥʘ 

ʉʣʲʥʮʝʪʦ ʟʘ ʜʘʜʝʥʦ ʛʝʦʛʨʘʬʩʢʦ ʤʷʩʪʦ, ʥʦ ʠʟʚʝʩʪʥʦ ʚʨʝʤʝ ʧʨʝʜʠ ʠʟʛʨʝʚʘ ʠ ʩʣʝʜ 

ʟʘʣʝʟʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʦʩʚʝʪʷʚʘ ʦʪ ʨʘʟʩʝʷʥʘ ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ, ʠʜʚʘʱʘ 

ʦʪ ʛʦʨʥʠʪʝ ʩʣʦʝʚʝ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ. ʊʘʟʠ ʦʩʚʝʪʝʥʦʩʪ ʙʘʚʥʦ ʥʘʤʘʣʷʚʘ ʚʝʯʝʨ ʜʦ 
ʥʘʩʪʲʧʚʘʥʝʪʦ ʥʘ ʥʦʱʥʠʷ ʤʨʘʢ ʠ ʙʘʚʥʦ ʥʘʨʘʩʪʚʘ ʩʫʪʨʠʥ ʜʦ ʤʦʤʝʥʪʘ ʥʘ ʠʟʛʨʝʚʘ. 

ʊʦʚʘ ʝ ʚʨʝʤʝʪʦ ʥʘ ʧʦʣʫʤʨʘʢʘ, ʥʘʨʠʯʘʥ ʦʱʝ ʩʫʤʨʘʢ ʠʣʠ ʟʜʨʘʯ. ʇʨʝʜʚʠʜ ʨʘʟʣʠʯ-
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ʥʠʪʝ ʩʬʝʨʠ, ʚ ʢʦʠʪʦ ʧʦʣʫʤʨʘʢʲʪ ʠʤʘ ʟʥʘʯʝʥʠʝ, ʪʦʡ ʩʝ ʧʦʜʨʘʟʜʝʣʷ ʥʘ ʪʨʠ ʝʪʘʧʘ ï 

ʛʨʘʞʜʘʥʩʢʠ, ʥʘʚʠʛʘʮʠʦʥʝʥ ʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠ, ʢʦʠʪʦ ʚʝʯʝʨ ʟʘʧʦʯʚʘʪ ʚ ʪʦʟʠ ʨʝʜ 

ʦʪ ʤʦʤʝʥʪʘ ʥʘ ʟʘʣʝʟʘ ʥʘ ʉʣʲʥʮʝʪʦ. 

 

ɻʨʘʞʜʘʥʩʢʠʷʪ ʧʦʣʫʤʨʘʢ ʟʘʚʲʨʰʚʘ ʚʝʯʝʨ, ʢʦʛʘʪʦ ʮʝʥʪʲʨʲʪ ʥʘ ʩʣʲʥʯʝʚʠʷ 

ʜʠʩʢ ʩʣʝʟʝ ʥʘ 6Á ʧʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠʷ ʭʦʨʠʟʦʥʪ (ʬʠʛ. 1). ɼʦʪʦʛʘʚʘ ʧʨʠ ʷʩʥʦ ʥʝʙʝ 

ʠ ʥʘ ʦʪʢʨʠʪʦ, ʯʦʚʝʢ ʩ ʥʦʨʤʘʣʥʦ ʟʨʝʥʠʝ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʙʝʟ ʥʫʞʜʘ ʦʪ ʠʟʢʫʩʪʚʝʥʦ 

ʦʩʚʝʪʣʝʥʠʝ. ʂʲʤ ʢʨʘʷ ʥʘ ʛʨʘʞʜʘʥʩʢʠʷ ʧʦʣʫʤʨʘʢ ʧʨʘʚʠʣʥʦʪʦ ʨʘʟʣʠʯʘʚʘʥʝ ʥʘ 

ʮʚʝʪʦʚʝʪʝ ʠ ʨʘʙʦʪʘʪʘ ʥʘ ʦʪʢʨʠʪʦ ʩʘ ʚʝʯʝ ʟʘʪʨʫʜʥʝʥʠ, ʘ ʧʦ ʥʝʙʝʪʦ ʩʝ ʟʘʙʝʣʷʟʚʘʪ 

ʥʘʡ-ʷʨʢʠʪʝ ʟʚʝʟʜʠ ʠ ʧʣʘʥʝʪʠ. ʇʨʝʧʦʨʲʯʠʪʝʣʥʦ ʝ ʫʣʠʯʥʦʪʦ ʦʩʚʝʪʣʝʥʠʝ ʜʘ ʩʝ 

ʚʢʣʶʯʚʘ ʦʢʦʣʦ ʢʨʘʷ ʥʘ ʛʨʘʞʜʘʥʩʢʠʷ ʧʦʣʫʤʨʘʢ. 

  

ʅʘʚʠʛʘʮʠʦʥʥʠʷʪ ʧʦʣʫʤʨʘʢ (ʠʟʚʝʩʪʝʥ ʦʱʝ ʢʘʪʦ ʤʦʨʩʢʠ ʧʦʣʫʤʨʘʢ) ʟʘ-

ʚʲʨʰʚʘ ʚʝʯʝʨ, ʢʦʛʘʪʦ ʮʝʥʪʲʨʲʪ ʥʘ ʩʣʲʥʯʝʚʠʷ ʜʠʩʢ ʩʣʝʟʝ ʥʘ 12Á ʧʦʜ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʷ ʭʦʨʠʟʦʥʪ. ʆʢʦʣʦ ʪʦʟʠ ʤʦʤʝʥʪ ʧʨʠ ʷʩʥʦ ʥʝʙʝ ʠ ʚ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʃʫʥʘʪʘ 

ʚʠʜʠʤʦʩʪʪʘ ʝ ʥʘʤʘʣʝʥʘ ʜʦ ʩʪʝʧʝʥ ʨʘʟʣʠʯʘʚʘʥʝ ʥʘ ʩʠʣʫʝʪʠ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʝʜʤʝʪʠ. 

ʍʦʨʠʟʦʥʪʲʪ ʩʝ ʨʘʟʛʨʘʥʠʯʘʚʘ ʚʝʯʝ ʪʨʫʜʥʦ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ ʚʠʩʦʯʠ-

ʥʠʪʝ ʥʘ ʟʚʝʟʜʠ ʟʘ ʥʘʚʠʛʘʮʠʦʥʥʠ ʮʝʣʠ ʩʪʘʚʘ ʥʝʚʲʟʤʦʞʥʦ. ʈʘʙʦʪʘʪʘ ʥʘ ʦʪʢʨʠʪʦ ʙʝʟ 

ʠʟʢʫʩʪʚʝʥʦ ʦʩʚʝʪʣʝʥʠʝ ʝ ʩʲʱʦ ʥʝʚʲʟʤʦʞʥʘ. 

  

ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʷʪ ʧʦʣʫʤʨʘʢ ʟʘʚʲʨʰʚʘ ʚʝʯʝʨ, ʢʦʛʘʪʦ ʮʝʥʪʲʨʲʪ ʥʘ ʩʣʲʥ-

ʯʝʚʠʷ ʜʠʩʢ ʩʣʝʟʝ ʥʘ 18Á ʧʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʠʷ ʭʦʨʠʟʦʥʪ. ʆʢʦʣʦ ʪʦʟʠ ʤʦʤʝʥʪ ʧʨʠ 

ʷʩʥʦ ʥʝʙʝ ʠ ʚ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʃʫʥʘʪʘ, ʦʪ ʤʷʩʪʦ ʦʪʜʘʣʝʯʝʥʦ ʦʪ ʩʚʝʪʣʠʥʠʪʝ ʥʘ ʥʘ-

ʩʝʣʝʥʠ ʠ ʧʨʦʤʠʰʣʝʥʠ ʨʘʡʦʥʠ ʚʝʯʝ ʤʦʛʘʪ ʜʘ ʩʝ ʟʘʙʝʣʝʞʘʪ ʥʘʡ-ʩʣʘʙʠʪʝ ʟʚʝʟʜʠ, 

ʜʦʩʪʲʧʥʠ ʟʘ ʥʝʚʲʦʨʲʞʝʥʦʪʦ ʯʦʚʝʰʢʦ ʦʢʦ ï ʩ ʙʣʷʩʲʢ ʦʢʦʣʦ 6 mag. ʆʪ ʪʦʟʠ ʤʦ-

ʤʝʥʪ ʟʘʧʦʯʚʘ ʥʦʱʥʠʷʪ ʤʨʘʢ. 

 

ɺ ʢʨʘʷ ʥʘ ʥʦʱʪʘ ʧʲʨʚʠ ʟʘʧʦʯʚʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʷʪ ʧʦʣʫʤʨʘʢ ï ʧʨʠ ʉʣʲʥʮʝ 

ʥʘ 18Á ʧʦʜ ʭʦʨʠʟʦʥʪʘ. ʉʣʝʜʚʘ ʥʘʚʠʛʘʮʠʦʥʥʠʷʪ ï ʧʨʠ ʉʣʲʥʮʝ ʥʘ 12Á ʧʦʜ ʭʦʨʠʟʦʥ-

ʪʘ. ʇʦʩʣʝʜʝʥ ʟʘʧʦʯʚʘ ʛʨʘʞʜʘʥʩʢʠʷʪ ʧʦʣʫʤʨʘʢ ï ʧʨʠ ʉʣʲʥʮʝ ʥʘ 6Á ʧʦʜ ʭʦʨʠʟʦʥʪʘ. 

ʇʦʣʫʤʨʘʢʲʪ ʟʘʚʲʨʰʚʘ ʩ ʠʟʛʨʝʚʘ. 
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ʂʨʘʷʪ ʥʘ ʛʨʘʞʜʘʥʩʢʠʷ, ʥʘʚʠʛʘʮʠʦʥʥʠ ̫ʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʷ ʧʦʣʫʤʨʘʢ ʚʝʯʝʨ, ʩʧʦʨʝʜ ʧʦʣʦʞʝʥʠ-

ʝʪʦ ʥʘ ʉʣʲʥʮʝʪʦ ʧʦʜ ʭʦʨʠʟʦʥʪʘ. ʉʫʪʨʠʥ ʩʲʱʠʪʝ ʟʘʧʦʯʚʘʪ ʚ ʦʙʨʘʪʝʥ ʨʝʜ 

 



12 

ʊʘʙʣʠʮʘ 4. ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʛʨʘʞʜʘʥʩʢʠʷ, ʥʘʚʠʛʘʮʠʦʥʥʠʷ ʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʷ ʧʦʣʫʤʨʘʢ 
ʧʨʝʟ ʛʦʜʠʥʘʪʘ ʟʘ ʛʝʦʛʨʘʬʩʢʘʪʘ ʰʠʨʠʥʘ ʥʘ ʉʦʬʠʷ 
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ʉʃʒʅʏɽɺʀ ʀ ʃʋʅʅʀ ɿɸʊʒʄʅɽʅʀʗ 

ʇʨʝʟ 2022 ʛ. ʱʝ ʩʝ ʩʣʫʯʘʪ ʦʙʱʦ ʯʝʪʠʨʠ ʟʘʪʲʤʥʝʥʠʷ. ɼʚʝ ʦʪ ʪʷʭ ʱʝ ʙʲʜʘʪ 

ʯʘʩʪʠʯʥʠ ʩʣʲʥʯʝʚʠ ï ʥʘ 30 ʘʧʨʠʣ ʠ ʥʘ 25 ʦʢʪʦʤʚʨʠ, ʘ ʦʩʪʘʥʘʣʠʪʝ ʜʚʝ ʱʝ ʩʘ ʧʣ̡-

ʥʠ ʣʫʥʥʠ ï ʥʘ 16 ʤʘʡ ʠ 8 ʥʦʝʤʚʨʠ.  

ʆʪ ɹʲʣʛʘʨʠʷ ʱʝ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʜʚʝ ʦʪ ʟʘʪʲʤʥʝʥʠʷʪʘ. ʑʝ ʚʠʜʠʤ 

ʥʘʯʘʣʥʠʪʝ ʯʘʩʪʠʯʥʠ ʬʘʟʠ ʥʘ ʧʲʣʥʦʪʦ ʣʫʥʥʦ ʟʘʪʲʤʥʝʥʠʝ ʥʘ 16 ʤʘʡ ʠ ʱʝ ʤʦʞʝʤ 

ʜʘ ʧʨʦʩʣʝʜʠʤ ʦʪʥʘʯʘʣʦ ʜʦ ʢʨʘʡ ʯʘʩʪʠʯʥʦʪʦ ʩʣʲʥʯʝʚʦ ʟʘʪʲʤʥʝʥʠʝ ʥʘ 25 ʦʢʪʦʤʚ-

ʨʠ. 

ʅʷʢʦʠ ʚʘʞʥʠ ʧʦʥʷʪʠʷ, ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʦʧʠʩʘʥʠʝʪʦ ʥʘ ʟʘʪʲʤʥʝʥʠʷʪʘ, ʢʘʪʦ 

ʤʘʢʩʠʤʘʣʥʘ ʬʘʟʘ (magnitude), ʟʘʢʨʠʪʘ ʧʣʦʱ (obscuration) ʠ ʛʘʤʘ (gamma), ʩʘ 

ʨʘʟʷʩʥʝʥʠ ʚ ʢʨʘʷ ʥʘ ʪʘʟʠ ʯʘʩʪ. 

 

 

1. ʏʘʩʪʠʯʥʦ ʩʣʲʥʯʝʚʦ ʟʘʪʲʤʥʝʥʠʝ ʥʘ 30 ʘʧʨʠʣ 

ɿʘʪʲʤʥʝʥʠʝʪʦ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʪ ʶʛʦʠʟʪʦʯʥʘʪʘ ʯʘʩʪ ʥʘ ʊʠʭʠʷ ʦʢʝʘʥ ʠ 

ʖʞʥʘ ɸʤʝʨʠʢʘ (ʏʠʣʠ, ɸʨʞʝʥʪʠʥʘ, ʇʘʨʘʛʚʘʡ, ʋʨʫʛʚʘʡ ʠ ʖʞʥʘ ɹʦʣʠʚʠʷ). ʆʪ 

ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʝʪʦ ʥʷʤʘ ʜʘ ʙʲʜʝ ʚʠʜʠʤʦ. 

ʇʦ ʚʨʝʤʝ ʥʘ ʪʦʚʘ ʟʘʪʲʤʥʝʥʠʝ ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʙʣʠʟʦ ʜʦ ʚʲʟʭʦʜʷʱʠʷ ʚʲʟʝʣ 

ʥʘ ʩʚʦʷʪʘ ʦʨʙʠʪʘ. ʄʘʢʩʠʤʘʣʥʘʪʘ ʬʘʟʘ ʱʝ ʥʘʩʪʲʧʠ 4.7 ʜʥʠ ʧʨʝʜʠ ʣʫʥʥʠʷ ʘʧʦʛʝʡ. 

ʊʦʚʘ ʟʘʪʲʤʥʝʥʠʝ ʝ ˉ 66 ʦʪ ʩʘʨʦʩ ʩʝʨʠʷ 119, ʩʲʜʲʨʞʘʱʘ ʦʙʱʦ 71 ʩʣʲʥʯʝʚʠ ʟʘ-

ʪʲʤʥʝʥʠʷ. 

 
ʄʦʤʝʥʪ ʥʘ ʛʝʦʮʝʥʪʨʠʯʥʦʪʦ ʩʲʝʜʠʥʝʥʠʝ ʥʘ ʃʫʥʘʪʘ ʧʦ ʝʢʣʠʧʪʠʯʥʘ ʜʲʣʞʠʥʘ: 

30 ʘʧʨʠʣ ʚ 23
h
 28

m
 05

s
  

 

ɻʝʦʮʝʥʪʨʠʯʥʠ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʉʣʲʥʮʝʪʦ ʠ ʃʫʥʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʬʘʟʘ 

ʉʣʲʥʮʝ: Ŭ = 02
h
 32

m
 15.6

s
  ŭ = +14Á 57ǋ 53ǌ  

ʃʫʥʘ: Ŭ = 02
h
 34

m
 04.8

s
  ŭ = +13Á 57ǋ 49ǌ  

ʉʲʟʚʝʟʜʠʝ ʆʚʝʥ 

 

ʒʛʣʦʚʠʷʪ ʨʘʜʠʫʩ ʥʘ ʉʣʲʥʮʝʪʦ ʧʦ ʚʨʝʤʝ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʱʝ ʙʲʜʝ 15ǋ 52.6ǌ,  

ʘ ʥʘ ʃʫʥʘʪʘ 15ǋ 04ǌ. 

 

 

ʍʘʨʘʢʪʝʨʥʠ ʤʦʤʝʥʪʠ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ 

ʇʲʨʚʠ ʢʦʥʪʘʢʪ ʥʘ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ʃʫʥʘʪʘ ʩʲʩ ɿʝʤʷʪʘ: 30 ʘʧʨʠʣ 21
h
 45

m
 20

s
  

ʄʘʢʩʠʤʘʣʥʘ ʬʘʟʘ: 30 ʘʧʨʠʣ 23
h
 41

m
 26

s
  

ʇʦʩʣʝʜʝʥ ʢʦʥʪʘʢʪ ʥʘ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ʃʫʥʘʪʘ ʩʲʩ ɿʝʤʷʪʘ: 1 ʤʘʡ 01
h
 38

m
 02

s
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ʄʘʢʩʠʤʘʣʥʘ ʬʘʟʘ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ: 0.6396 (ʙʣʠʟʦ 0.64 ʜʠʘʤʝʪʲʨʘ ʦʪ ʩʣʲʥ-

ʯʝʚʠʷ ʜʠʩʢ ʱʝ ʙʲʜʘʪ ʟʘʢʨʠʪʠ ʦʪ ʃʫʥʘʪʘ).  

ʊʘʢʘʚʘ ʬʘʟʘ ʠ ʩʲʦʪʚʝʪʥʦ ï ʟʘʢʨʠʚʘʥʝ ʜʦ 54.2% ʦʪ ʧʣʦʱʪʘ ʥʘ ʩʣʲʥʯʝʚʠʷ ʜʠʩʢ 

ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚ 20
h
 42

m
 UT ʦʪ ʤʷʩʪʦ ʩ ʛʝʦʛʨʘʬʩʢʠ ʢʦʦʨʜʠʥʘʪʠ 62Á 06ǋ 59ǌS ʠ 

71Á 28ǋ 50ǌW (ʚ ʊʠʭʠʷ ʦʢʝʘʥ), ʧʨʠ ʟʘʣʷʟʚʘʱʦ ʥʘ ʭʦʨʠʟʦʥʪʘ ʉʣʥ̡ʮʝ. 

ɻʘʤʘ: ï1.1901 

 

 

 

2. ʇʲʣʥʦ ʣʫʥʥʦ ʟʘʪʲʤʥʝʥʠʝ ʥʘ 16 ʤʘʡ 

ʆʪ ɿʘʧʘʜʥʘ ɽʚʨʦʧʘ ʠ ʦʪ ʎʝʥʪʨʘʣʥʘ ʠ ɿʘʧʘʜʥʘ ɸʬʨʠʢʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʱʝ ʩʝ 

ʥʘʙʣʶʜʘʚʘ ʨʘʥʦ ʩʫʪʨʠʥʪʘ ʥʘ 16 ʤʘʡ (ʧʦʥʝʜʝʣʥʠʢ) ʧʨʝʜʠ ʟʘʣʝʟʘ ʥʘ ʃʫʥʘʪʘ. ʆʪ 

ʉʝʚʝʨʥʘ ɸʤʝʨʠʢʘ ʷʚʣʝʥʠʝʪʦ ʱʝ ʙʲʜʝ ʚʠʜʠʤʦ ʚ ʧʲʨʚʠʪʝ ʯʘʩʦʚʝ ʥʘ ʥʦʱʪʘ ʩʣʝʜ 

ʠʟʛʨʝʚʘ ʥʘ ʃʫʥʘʪʘ. ʅʘʡ-ʫʜʦʙʥʦ ʟʘʪʲʤʥʝʥʠʝʪʦ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʩʣʝʜʠ ʦʪ ɸʪʣʘʥ-

ʪʠʢʘ, ʖʞʥʘ ɸʤʝʨʠʢʘ, ʶʛʦʠʟʪʦʯʥʠʪʝ ʯʘʩʪʠ ʥʘ ʊʠʭʠʷ ʦʢʝʘʥ ʠ ɸʥʪʘʨʢʪʠʢʘ. ʆʪ 

ɹʲʣʛʘʨʠʷ ʱʝ ʥʘʙʣʶʜʘʚʘʤʝ ʩʘʤʦ ʥʘʯʘʣʦʪʦ ʥʘ ʷʚʣʝʥʠʝʪʦ. ʇʦʜʨʦʙʥʦ ʦʧʠʩʘʥʠʝ ʥʘ 

ʫʩʣʦʚʠʷʪʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʢʘʨʪʠ ʱʝ ʥʘʤʝʨʠʪʝ ʧʦ-ʜʦʣʫ. 

ʇʦ ʚʨʝʤʝ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʙʣʠʟʦ ʜʦ ʥʠʟʭʦʜʷʱʠʷ ʚʲʟʝʣ ʥʘ 

ʦʨʙʠʪʘʪʘ ʩʠ. ʄʘʢʩʠʤʘʣʥʘʪʘ ʬʘʟʘ ʱʝ ʥʘʩʪʲʧʠ 1.5 ʜʥʠ ʧʨʝʜʠ ʣʫʥʥʠʷ ʧʝʨʠʛʝʡ. 

ɿʘʪʲʤʥʝʥʠʝʪʦ ʝ ˉ 34 ʦʪ ʩʘʨʦʩ ʩʝʨʠʷ 131, ʩʲʜʲʨʞʘʱʘ ʦʙʱʦ 72 ʣʫʥʥʠ ʟʘʪʲʤʥʝ-

ʥʠʷ. 

 

ʄʦʤʝʥʪ ʥʘ ʛʝʦʮʝʥʪʨʠʯʥʘʪʘ ʦʧʦʟʠʮʠʷ ʥʘ ʃʫʥʘʪʘ ʧʦ ʝʢʣʠʧʪʠʯʥʘ ʜʲʣʞʠʥʘ: 16 

ʤʘʡ ʚ 07
h
 14

m
 08

s
  

 

ɻʝʦʮʝʥʪʨʠʯʥʠ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʉʣʲʥʮʝʪʦ ʠ ʃʫʥʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʬʘʟʘ 

ʉʣʲʥʮʝ: Ŭ = 03
h
 31

m
 49.5

s
  ŭ = +19Á 05ǋ 13ǌ, ʚ ʩʲʟʚʝʟʜʠʝ ʆʚʝʥ 

ʃʫʥʘ: Ŭ = 15
h
 31

m
 27.8

s
  ŭ = ï19Á 19ǋ 40ǌ, ʚ ʩʲʟʚʝʟʜʠʝ ɺʝʟʥʠ 

 

 

ʍʘʨʘʢʪʝʨʥʠ ʤʦʤʝʥʪʠ ʦʪ ʷʚʣʝʥʠʝʪʦ 

ʅʘʯʘʣʦ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ (ʢʦʥʪʘʢʪ P1): 04
h
 32

m
 06

s
  

ʅʘʯʘʣʦ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ (ʢʦʥʪʘʢʪ U1): 05
h
 27

m
 54

s
  

ʅʘʯʘʣʦ ʥʘ ʧʲʣʥʘʪʘ ʬʘʟʘ (ʢʦʥʪʘʢʪ U2): 06
h
 29

m
 05

s
  

ʄʘʢʩʠʤʘʣʥʘ ʬʘʟʘ: 07
h
 11

m
 31

s
   

ʂʨʘʡ ʥʘ ʧʲʣʥʘʪʘ ʬʘʟʘ (ʢʦʥʪʘʢʪ U3): 07
h
 53

m
 58

s
  

ʂʨʘʡ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʩʷʥʢʘʪʘ (ʢʦʥʪʘʢʪ U4): 08
h
 55

m
 10

s
  



15 

ʂʨʘʡ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʧʦʣʫʩʷʥʢʘʪʘ (ʢʦʥʪʘʢʪ P4): 09
h
 50

m
 53

s
  

 
 

ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ: 5 ʯʘʩʘ, 18 

ʤʠʥʫʪʠ ʠ 46 ʩʝʢʫʥʜʠ. 

ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ: 3 ʯʘʩʘ, 27 ʤʠʥʫʪʠ 

ʠ 16 ʩʝʢʫʥʜʠ. 

ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʧʲʣʥʘʪʘ ʬʘʟʘ: 1 ʯʘʩ, 24 ʤʠʥʫʪʠ ʠ 53 ʩʝʢʫʥʜʠ. 

 

ʄʘʢʩʠʤʘʣʥʘ ʬʘʟʘ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ɿʝʤʪ̫ʘ: 2.3726.  

ʄʘʢʩʠʤʘʣʥʘ ʬʘʟʘ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ: 1.4137 (ʪ.ʝ. ʃʫʥʘʪʘ 

ʱʝ ʥʘʚʣʝʟʝ ʩ ʜʦ 1.4 ʩʚʦʡ ʜʠʘʤʝʪʲʨʘ ʚ ʟʝʤʥʘʪʘ ʩʷʥʢʘ) 

ɻʘʤʘ: ï0.2532. 

 

 

ʇʨʝʤʠʥʘʚʘʥʝʪʦ ʥʘ ʃʫʥʘʪʘ ʧʨʝʟ ʟʝʤʥʘʪʘ ʧʦʣʫʩʷʥʢʘ ʠ ʩʷʥʢʘ ʥʘ 16 ʤʘʡ. ʄʦʤʝʥʪʠʪʝ P1 ʠ P4 ʩʘ 

ʥʘ ʧʲʨʚʠʷ ʠ ʥʘ ʧʦʩʣʝʜʥʠʷ ʢʦʥʪʘʢʪ ʥʘ ʃʫʥʘʪʘ ʩ ʧʦʣʫʩʷʥʢʘʪʘ (penumbra). ʄʦʤʝʥʪʠʪʝ ʦʪ U1 ʜʦ 
U4 ʩʘ ʥʘ ʢʦʥʪʘʢʪʠʪʝ ʥʘ ʃʫʥʘʪʘ ʩʲʩ ʩʷʥʢʘʪʘ (umbra). ɿʘʪʲʤʥʝʥʠʝʪʦ ʱʝ ʩʝ ʩʣʫʯʠ ʩʣʝʜ ʧʨʝʤʠʥʘ-

ʚʘʥʝʪʦ ʥʘ ʃʫʥʘʪʘ ʧʨʝʟ ʥʠʟʭʦʜʷʱʠʷ ʚʲʟʝʣ ἡ ʥʘ ʥʝʡʥʘʪʘ ʦʨʙʠʪʘ. 

ʋʩʣʦʚʠʷ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʦʪ ɹʲʣʛʘʨʠʷ 

ɺ ʥʘʯʘʣʦʪʦ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʟʝʤʥʘʪʘ ʧʦʣʫʩʷʥʢʘ ʚ 04
h
 32

m
 (ʢʦʥʪʘʢʪ P1) 

ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʥʘ ʚʠʩʦʯʠʥʘ 13Á ʥʘʜ ʶʛʦʟʘʧʘʜʥʠʷ ʭʦʨʠʟʦʥʪ ʟʘ ʉʦʬʠʷ ʠ ʥʘ 10Á ʟʘ 
ɺʘʨʥʘ. ʊʦʛʘʚʘ ʚʩʝ ʦʱʝ ʥʷʤʘ ʜʘ ʩʝ ʟʘʙʝʣʷʟʚʘ ʨʘʟʣʠʢʘ ʦʪ ʦʙʠʯʘʡʥʠʷ ʚʠʜ ʥʘ ʧʲʣʥʘ-

ʪʘ ʃʫʥʘ. ʗʨʢʦʩʪʪʘ ʥʘ ʠʟʪʦʯʥʠʷʪ (ʣʝʚʠʷʪ) ʢʨʘʡ ʥʘ ʣʫʥʥʠʷ ʜʠʩʢ ʱʝ ʟʘʧʦʯʥʝ ʜʘ 
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ʩʧʘʜʘ ʧʦ-ʦʩʝʟʘʝʤʦ ʩ ʥʘʙʣʠʞʘʚʘʥʝʪʦ ʥʘ ʧʲʨʚʠʷ ʢʦʥʪʘʢʪ ʩʲʩ ʟʝʤʥʘʪʘ ʩʷʥʢʘ (U1) ʚ 

05
h
 28

m
. ʊʦʛʘʚʘ ʟʘ ʥʘʙʣʶʜʘʪʝʣ ʦʪ ʉʦʬʠʷ ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʥʘ ʚʠʩʦʯʠʥʘ ʝʜʚʘ 5Á 

ʥʘʜ ʭʦʨʠʟʦʥʪʘ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʝ ʥʫʞʥʦ ʜʘ ʩʝ ʠʟʙʝʨʝ ʤʷʩʪʦ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʩ ʥʠʩʲʢ 

ʭʦʨʠʟʦʥʪ ʚ ʧʦʩʦʢʘ ʶʛʦʟʘʧʘʜ-ʟʘʧʘʜ. ɺ ʤʦʤʝʥʪʘ ʥʘ ʟʘʣʝʟʘ ʥʘ ʃʫʥʘʪʘ ʚ 06
h
 05

m
 (ʟʘ 

ʉʦʬʠʷ) ʙʣʠʟʦ ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʥʝʡʥʠʷ ʜʠʩʢ ʱʝ ʙʲʜʝ ʚʝʯʝ ʧʦʢʨʠʪ ʦʪ ʟʝʤʥʘʪʘ ʩʷʥʢʘ. 

ʇʦʨʘʜʠ ʥʘʩʪʲʧʚʘʱʘʪʘ ʜʥʝʚʥʘ ʩʚʝʪʣʠʥʘ ʦʙʘʯʝ (ʉʣʲʥʮʝʪʦ ʱʝ ʠʟʛʨʝʝ ʚ 06
h
 04

m
 ʟʘ 

ʉʦʬʠʷ), ʟʘʪʲʤʥʝʥʘʪʘ ʯʘʩʪ ʥʘ ʣʫʥʥʠʷ ʜʠʩʢ ʥʷʤʘ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʜʦʙʨʝ ʜʦ ʟʘʣʝʟʘ 

ʥʘ ʃʫʥʘʪʘ.  

ɿʘ ʀʟʪʦʯʥʘ ɹʲʣʛʘʨʠʷ ʫʩʣʦʚʠʷʪʘ ʱʝ ʩʘ ʧʦ-ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ. ɿʘ ɺʘʨʥʘ ʃʫʥʘʪʘ 

ʱʝ ʟʘʣʝʟʝ ʚ 05
h
 44

m
 ï ʩʘʤʦ 16 ʤʠʥʫʪʠ ʩʣʝʜ ʥʘʯʘʣʦʪʦ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʟʝʤʥʘʪʘ 

ʩʷʥʢʘ. ʉʣʲʥʮʝʪʦ ʱʝ ʠʟʛʨʝʝ ʟʘ ɺʘʨʥʘ ʩʲʱʦ ʚ 05
h
 44

m
. ʇʲʣʥʘʪʘ ʬʘʟʘ ʥʘ ʟʘʪʲʤʥʝ-

ʥʠʝʪʦ ʥʷʤʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʪ ɹʲʣʛʘʨʠʷ. 

 

 

ʏʘʩʪʠʯʥʦ ʟʘʪʲʤʥʝʥʘʪʘ ʃʫʥʘ ʪʘʢʘ ʢʘʢʪʦ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘʜ ʟʘʧʘʜʥʠʷ ʭʦʨʠʟʦʥʪ ʥʘ 16 ʤʘʡ 
ʦʢʦʣʦ 05h 40m ʟʘ ʥʘʙʣʶʜʘʪʝʣ ʦʪ ʨʘʡʦʥʘ ʥʘ ʉʦʬʠʷ. ʉ̡ ʱʘʪʘ ʩʫʪʨʠʥ ʉʣʲʥʮʝʪʦ ʱʝ ʠʟʛʨʝʝ ʚ 
06h 04m ʟʘ ʉʦʬʠʷ, ʪʘʢʘ ʯʝ ʦʢʦʣʦ ʧʦʣʦʚʠʥ ʯʘʩ ʧʦ-ʨʘʥʦ (ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʛʨʘʞʜʘʥʩʢʠʷ ʧʦʣʫʤʨʘʢ) 

ʟʘʪʲʤʥʝʥʘʪʘ ʯʘʩʪ ʦʪ ʣʫʥʥʠʷ ʜʠʩʢ ʱʝ ʙʲʜʝ ʚʩʝ ʦʱʝ ʜʦʙʨʝ ʚʠʜʠʤʘ. 
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ʃʫʥʥʠʷʪ ʜʠʩʢ, ʥʘʚʣʷʟʲʣ ʜʦ ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʜʠʘʤʝʪʲʨʘ ʩʠ ʚ ʟʝʤʥʘʪʘ ʩʷʥʢʘ ʥʘ 16 ʤʘʡ ʚ 06h 00m ï 
ʩʘʤʦ 5 ʤʠʥʫʪʠ ʧʨʝʜʠ ʟʘʣʝʟʘ ʥʘ ʃʫʥʘʪʘ ʚ 06h 05m ʟʘ ʉʦʬʠʷ. ʊʦʛʘʚʘ ʦʙʘʯʝ, ʧʦʨʘʜʠ ʚʝʯʝ ʥʘʩʪʲ-
ʧʠʣʘʪʘ ʜʥʝʚʥʘ ʩʚʝʪʣʠʥʘ, ʟʘʪʲʤʥʝʥʘʪʘ ʤʫ ʯʘʩʪ ʥʷʤʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ. 

 

 

3. ʏʘʩʪʠʯʥʦ ʩʣʲʥʯʝʚʦ ʟʘʪʲʤʥʝʥʠʝ ʥʘ 25 ʦʢʪʦʤʚʨʠ 

ʊʨʝʪʦʪʦ ʟʘ 2022 ʛ. ʟʘʪʲʤʥʝʥʠʝ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʪ ɽʚʨʦʧʘ, ʉʝʚʝʨʦʠʟʪʦʯʥʘ 

ɸʬʨʠʢʘ ʠ ɿʘʧʘʜʥʘ ɸʟʠʷ. ʆʪ ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʝʪʦ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʩʣʝʜʠ ʚ ʨʘʥ-

ʥʠʷ ʩʣʝʜʦʙʝʜ ʥʘ 25 ʦʢʪʦʤʚʨʠ (ʚʪʦʨʥʠʢ). 

ʊʦʚʘ ʟʘʪʲʤʥʝʥʠʝ ʩʝ ʩʣʫʯʚʘ ʧʨʝʜʠ ʃʫʥʘʪʘ ʜʘ ʧʨʝʤʠʥʝ ʧʨʝʟ ʥʠʟʭʦʜʷʱʠʷ ʚ̡ -

ʟʝʣ ʥʘ ʦʨʙʠʪʘʪʘ ʩʠ. ʄʘʢʩʠʤʘʣʥʘʪʘ ʬʘʟʘ ʱʝ ʥʘʩʪʲʧʠ 4.2 ʜʥʠ ʧʨʝʜʠ ʣʫʥʥʠʷʪ ʧʝʨʠ-

ʛʝʡ. ɿʘʪʲʤʥʝʥʠʝʪʦ ʝ ˉ 55 ʦʪ ʩʘʨʦʩ ʩʝʨʠʷ 124, ʩʲʜʲʨʞʘʱʘ ʦʙʱʦ 73 ʩʣʲʥʯʝʚʠ 

ʟʘʪʲʤʥʝʥʠʷ. 

 
ʄʦʤʝʥʪ ʥʘ ʛʝʦʮʝʥʪʨʠʯʥʦʪʦ ʩʲʝʜʠʥʝʥʠʝ ʥʘ ʃʫʥʘʪʘ ʩʲʩ ʉʣʲʥʮʝʪʦ ʧʦ ʝʢʣʠʧ-

ʪʠʯʥʘ ʜʲʣʞʠʥʘ: 25 ʦʢʪʦʤʚʨʠ ʚ 13
h
 48

m
 41

s
  

 

ɻʝʦʮʝʥʪʨʠʯʥʠ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʉʣʲʥʮʝʪʦ ʠ ʃʫʥʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʬʘʟʘ 

ʉʣʲʥʮʝ: Ŭ = 13
h
 59

m
 20.5

s
  ŭ = ï12Á 10ǋ 17ǌ  

ʃʫʥʘ: Ŭ = 14
h
 01

m
 10.9

s
  ŭ = ï11Á 14ǋ 16ǌ  

ʉʲʟʚʝʟʜʠʝ: ɼʝʚʘ 
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ʒʛʣʦʚ ʨʘʜʠʫʩ ʥʘ ʉʣʲʥʮʝʪʦ: 16ǋ 05.0ǌ  

ʒʛʣʦʚ ʨʘʜʠʫʩ ʥʘ ʃʫʥʘʪʘ: 15ǋ 52.6ǌ  

 

 

ʍʘʨʘʢʪʝʨʥʠ ʤʦʤʝʥʪʠ ʦʪ ʟʘʪʲʤʥʝʥʠʝʪʦ  

ʇʲʨʚʠ ʢʦʥʪʘʢʪ ʥʘ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ʃʫʥʘʪʘ ʩʲʩ ɿʝʤʷʪʘ: 11
h
 58

m
 21

s
  

ʄʘʢʩʠʤʘʣʥʘ ʬʘʟʘ: 14
h
 00

m
 10

s
  

ʇʦʩʣʝʜʝʥ ʢʦʥʪʘʢʪ ʥʘ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ʃʫʥʘʪʘ ʩʲʩ ɿʝʤʷʪʘ: 16
h
 02

m
 16

s
  

 

 

ʄʘʢʩʠʤʘʣʥʘ ʬʘʟʘ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ: 0.8619 (ʙʣʠʟʦ 0.86 ʜʠʘʤʝʪʲʨʘ ʦʪ ʩʣʲʥ-

ʯʝʚʠʷ ʜʠʩʢ ʱʝ ʙʲʜʘʪ ʟʘʢʨʠʪʠ ʦʪ ʃʫʥʘʪʘ).  

ʊʘʢʘʚʘ ʬʘʟʘ ʠ ʩʲʦʪʚʝʪʥʦ ï ʟʘʢʨʠʚʘʥʝ ʜʦ 82.1% ʦʪ ʧʣʦʱʪʘ ʥʘ ʩʣʲʥʯʝʚʠʷ ʜʠʩʢ 

ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚ 11
h
 00

m
 UT ʦʪ ʤʷʩʪʦ ʩ ʛʝʦʛʨʘʬʩʢʠ ʢʦʦʨʜʠʥʘʪʠ 61Á 38ǋ 56ǌN ʠ 

77Á 20ǋ 37ǌE (ʶʞʥʦ ʦʪ ʛʨ. ʈʘʘʜʫʞʥʳʡ, ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʠʡ ʘʚʪʦʥʦʤʝʥ ʦʢʨʲʛ, 

ʈʫʩʠʷ). ɿʘ ʥʘʙʣʶʜʘʪʝʣ ʦʪ ʪʘʤ, ʚ ʧʦʩʦʯʝʥʠʷ ʤʦʤʝʥʪ ʉʣʲʥʮʝʪʦ ʱʝ ʙʲʜʝ ʟʘʣʷʟʚʘʱʦ 

ʥʘ ʭʦʨʠʟʦʥʪʘ. 

ɻʘʤʘ: 1.0701. 

 

 

ʋʩʣʦʚʠʷ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʦʪ ɹʲʣʛʘʨʠʷ 

ɿʘ ʉʦʬʠʷ ʟʘʪʲʤʥʝʥʠʝʪʦ ʱʝ ʟʘʧʦʯʥʝ ʚ 12
h
 27

m
 16

s
. ʅʘʡ-ʛʦʣʷʤʦ ʟʘʢʨʠʚʘʥʝ ʥʘ 

ʩʣʲʥʯʝʚʠʷ ʜʠʩʢ ï ʜʦ 32.1% ʦʪ ʧʣʦʱʪʘ ʤʫ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚ 13
h
 36

m
 39

s
 (ʤʘʢʩʠ-

ʤʘʣʥʘ ʬʘʟʘ 0.436). ʊʦʛʘʚʘ ʉʣʲʥʮʝʪʦ ʱʝ ʙʲʜʝ ʥʘ ʚʠʩʦʯʠʥʘ 35Á ʥʘʜ ʶʞʥʠʷ ʭʦʨʠ-

ʟʦʥʪ. ʂʨʘʷʪ ʥʘ ʷʚʣʝʥʠʝʪʦ ʟʘ ʉʦʬʠʷ ʱʝ ʙʲʜʝ ʚ 14
h
 45

m
 59

s
. ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ 

ʟʘʪʲʤʥʝʥʠʝʪʦ ʟʘ ʩʪʦʣʠʮʘʪʘ ʱʝ ʙʲʜʝ 2 ʯʘʩʘ, 18 ʤʠʥʫʪʠ ʠ 43 ʩʝʢʫʥʜʠ. 

ʆʪ ʀʟʪʦʯʥʘ ɹʲʣʛʘʨʠʷ ʟʘʪʲʤʥʝʥʠʝʪʦ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩ ʤʘʣʢʦ ʧʦ-ʛʦʣʷʤʘ 

ʤʘʢʩʠʤʘʣʥʘ ʬʘʟʘ. ɿʘ ɺʘʨʥʘ ʪ ̫ʱʝ ʙʲʜʝ 0.503 (ʩ 39.4% ʟʘʢʨʠʪʘ ʧʣʦʱ ʥʘ ʩʣʲʥʯʝ-

ʚʠʷ ʜʠʩʢ) ʠ ʱʝ ʥʘʩʪʲʧʠ ʚ 13
h
 42

m
 41

s
. ʅʘʯʘʣʦʪʦ ʠ ʢʨʘʷʪ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʟʘ ɺʘʨ-

ʥʘ ʱʝ ʙʲʜʘʪ ʩʲʦʪʚʝʪʥʦ ʚ 12
h
 29

m
 43

s
 ʠ ʚ 14

h
 54

m
 45

s
. ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ 

ʟʘʪʲʤʥʝʥʠʝʪʦ ʪʘʤ ʱʝ ʙʲʜʝ 2 ʯʘʩʘ, 25 ʤʠʥʫʪʠ ʠ 02 ʩʝʢʫʥʜʠ. 

 

ʅʫʞʥʦ ʝ ʜʘ ʦʪʧʨʘʚʠʤ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʚ ʪʘʢʠʚʘ ʩʣʫʯʘʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʟʘ ʟʘʱʠʪʘ ʥʘ ʟʨʝʥʠʝʪʦ ʠ ʥʘ ʬʦʪʦʛʨʘʬʩʢʘʪʘ ʪʝʭʥʠʢʘ ʦʪ ʦʧʘʩʥʦ ʩʠʣʥʘʪʘ 

ʩʣʲʥʯʝʚʘ ʩʚʝʪʣʠʥʘ! ʇʦʩʪʘʚʷʡʪʝ ʧʦʜʭʦʜʷʱʠ ʩʣʲʥʯʝʚ ʬʠʣʪʨʠ ʧʨʝʜ ʦʯʠʪʝ ʩʠ 

ʠ ʧʨʝʜ ʦʙʝʢʪʠʚʠʪʝ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʦʪ ʚʘʩ ʦʧʪʠʯʥʠ ʧʨʠʙʦʨʠ! 

 

ɺ ʩʣʝʜʚʘʱʠʪʝ ʜʚʝ ʢʘʨʪʠ ʝ ʩʨʘʚʥʝʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʬʘʟʘ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ, 
ʢʘʢʪʦ ʱʝ ʠʟʛʣʝʞʜʘ ʦʪ ʉʦʬʠʷ ʠ ʦʪ ɺʘʨʥʘ: 



19 
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4. ʇʲʣʥʦ ʣʫʥʥʦ ʟʘʪʲʤʥʝʥʠʝ ʥʘ 8 ʥʦʝʤʚʨʠ 

ʊʦʚʘ ʧʦʩʣʝʜʥʦ ʟʘ ʛʦʜʠʥʘʪʘ ʟʘʪʲʤʥʝʥʠʝ ʱʝ ʙʲʜʝ ʚʠʜʠʤʦ ʦʪ ɸʟʠʷ, ɸʚʩʪʨʘʣʠʷ, 

ʊʠʭʠʷ ʦʢʝʘʥ, ʉʝʚʝʨʥʘ ɸʤʝʨʠʢʘ, ʟʘʧʘʜʥʠʪʝ ʯʘʩʪʠ ʥʘ ʖʞʥʘ ɸʤʝʨʠʢʘ ʠ ɸʨʢʪʠʢʘ. 

ʆʪ ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʝʪʦ ʥʷʤʘ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ.  

ʇʨʠ ʪʦʚʘ ʟʘʪʲʤʥʝʥʠʝ ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʙʣʠʟʦ ʜʦ ʚʲʟʭʦʜʷʱʠʷ ʚʲʟʝʣ ʥʘ ʦʨʙʠ-

ʪʘʪʘ ʩʠ. ʄʘʢʩʠʤʘʣʥʘʪʘ ʤʫ ʬʘʟʘ ʱʝ ʥʘʩʪʲʧʠ 5.8 ʜʥʠ ʧʨʝʜʠ ʣʫʥʥʠʷ ʘʧʦʛʝʡ. ɿʘʪʲʤ-

ʥʝʥʠʝʪʦ ʝ ˉ 20 ʦʪ ʩʘʨʦʩ ʩʝʨʠʷ 136, ʩʲʜʲʨʞʘʱʘ ʦʙʱʦ 72 ʣʫʥʥʠ ʟʘʪʲʤʥʝʥʠʷ. 

 

ʄʦʤʝʥʪ ʥʘ ʛʝʦʮʝʥʪʨʠʯʥʘʪʘ ʦʧʦʟʠʮʠʷ ʥʘ ʃʫʥʘʪʘ ʧʦ ʝʢʣʠʧʪʠʯʥʘ ʜʲʣʞʠʥʘ: 

8 ʥʦʝʤʚʨʠ ʚ 13
h
 02

m
 07

s
  

 

ɻʝʦʮʝʥʪʨʠʯʥʠ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʉʣʲʥʮʝʪʦ ʠ ʃʫʥʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ 

ʬʘʟʘ 

ʉʣʲʥʮʝ: Ŭ = 14
h
 54

m
 11.2

s
  ŭ = ï16Á 37ǋ 47ǌ, ʚ ʩʲʟʚʝʟʜʠʝʪʦ ɺʝʟʥʠ 

ʃʫʥʘ: Ŭ = 02
h
 53

m
 48.1

s
  ŭ = +16Á 51ǋ 07ǌ, ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʆʚʝʥ 

 

 

ʍʘʨʘʢʪʝʨʥʠ ʤʦʤʝʥʪʠ ʦʪ ʷʚʣʝʥʠʝʪʦ 

ʅʘʯʘʣʦ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ (ʢʦʥʪʘʢʪ P1): 10
h
 02

m
 16

s
  

ʅʘʯʘʣʦ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ (ʢʦʥʪʘʢʪ U1): 11
h
 09

m
 14

s
  

ʅʘʯʘʣʦ ʥʘ ʧʲʣʥʘʪʘ ʬʘʟʘ (ʢʦʥʪʘʢʪ U2): 12
h
 16

m
 41

s
  

ʄʘʢʩʠʤʘʣʥʘ ʬʘʟʘ: 12
h
 59

m
 11

s
   

ʂʨʘʡ ʥʘ ʧʲʣʥʘʪʘ ʬʘʟʘ (ʢʦʥʪʘʢʪ U3): 13
h
 41

m
 40

s
  

ʂʨʘʡ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʩʷʥʢʘʪʘ (ʢʦʥʪʘʢʪ U4): 14
h
 49

m
 06

s
  

ʂʨʘʡ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʧʦʣʫʩʷʥʢʘʪʘ (ʢʦʥʪʘʢʪ P4): 15
h
 56

m
 13

s
  

 

 

ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ: 5 ʯʘʩʘ, 53 

ʤʠʥʫʪʠ ʠ 57 ʩʝʢʫʥʜʠ. 

ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ: 3 ʯʘʩʘ, 39 ʤʠʥʫʪʠ 

ʠ 52 ʩʝʢʫʥʜʠ. 

ʇʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʧʲʣʥʘʪʘ ʬʘʟʘ: 1 ʯʘʩ, 24 ʤʠʥʫʪʠ ʠ 58 ʩʝʢʫʥʜʠ. 

 

ʄʘʢʩʠʤʘʣʥʘ ʬʘʟʘ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ɿʝʤʪ̫ʘ: 2.4143  

ʄʘʢʩʠʤʘʣʥʘ ʬʘʟʘ ʥʘ ʟʘʪʲʤʥʝʥʠʝʪʦ ʦʪ ʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ: 1.3589  
ɻʘʤʘ: 0.2570  
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ʇʨʝʤʠʥʘʚʘʥʝʪʦ ʥʘ ʃʫʥʘʪʘ ʧʨʝʟ ʟʝʤʥʘʪʘ ʧʦʣʫʩʷʥʢʘ ʠ ʩʷʥʢʘ ʥʘ 8 ʥʦʝʤʚʨʠ. ʄʦʤʝʥʪʠʪʝ P1 ʠ P4 
ʩʘ ʥʘ ʧʲʨʚʠʷ ʠ ʥʘ ʧʦʩʣʝʜʥʠʷ ʢʦʥʪʘʢʪ ʥʘ ʃʫʥʘʪʘ ʩ ʧʦʣʫʩʷʥʢʘʪʘ (penumbra). ʄʦʤʝʥʪʠʪʝ ʦʪ U1 
ʜʦ U4 ʩʘ ʥʘ ʯʝʪʠʨʠʪʝ ʢʦʥʪʘʢʪʘ ʥʘ ʃʫʥʘʪʘ ʩʲʩ ʩʷʥʢʘʪʘ (umbra). ɿʘʪʲʤʥʝʥʠʝʪʦ ʱʝ ʩʝ ʩʣʫʯʠ ʩʣʝʜ 

ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʥʘ ʃʫʥʘʪʘ ʧʨʝʟ ʚʲʟʭʦʜʷʱʠʷ ʚʲʟʝʣ ἠ ʥʘ ʥʝʡʥʘʪʘ ʦʨʙʠʪʘ. 

 

 

ɿʘ ʧʦʥʷʪʠʷʪʘ ʬʘʟʘ ʠʣʠ ʩʪʝʧʝʥ (magnitude) ʥʘ ʟʘʪʲʤʥʝʥʠʝ, 

ʟʘʢʨʠʪʘ ʧʣʦʱ (obscuration) ʠ ʛʘʤʘ (gamma) 
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ʈʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʬʘʟʘʪʘ (ʠʣʠ ʩʪʝʧʝʥʪʘ, magnitude) ʠ ʟʘʢʨʠʪʘʪʘ ʧʣʦʱ (obscuration) ʚ % ʧʨʠ 
ʩʣʲʥʯʝʚʠʪʝ ʟʘʪʲʤʥʝʥʠʷ ʝ, ʯʝ ʬʘʟʘʪʘ ʧʦʢʘʟʚʘ ʢʘʢʚʘ ʯʘʩʪ ʦʪ ʜʠʘʤʝʪʲʨʘ ʥʘ ʜʠʩʢʘ ʥʘ ʟʘʪʲʤʥʷʚʘ-
ʥʦʪʦ ʪʷʣʦ (ʉʣʲʥʮʝʪʦ) ʝ ʧʦʢʨʠʪ ʦʪ ʟʘʪʲʤʥʷʚʘʱʦʪʦ ʪʷʣʦ (ʃʫʥʘʪʘ). ʊʫʢ ʟʘ ʩʨʘʚʥʝʥʠʝ ʝ ʜʘʜʝʥ 

ʧʨʠʤʝʨ ʩʲʩ ʩʣʲʥʯʝʚʦ ʟʘʪʲʤʥʝʥʠʝ ʩ ʬʘʟʘ 0.5 (a) ʠ ʩ 50% ʟʘʢʨʠʪʘ ʧʣʦʱ ʥʘ ʩʣʲʥʯʝʚʠʷ ʜʠʩʢ (b). 

O ï ʮʝʥʪʲʨ ʥʘ ʩʣʲʥʯʝʚʠʷ ʜʠʩʢ  

r ï ʨʘʜʠʫʩ ʥʘ ʩʣʲʥʯʝʚʠʷ ʜʠʩʢ 

 

 

ʇʨʠ ʣʫʥʥʠʪʝ ʟʘʪʲʤʥʝʥʠʷ ʬʘʟʘʪʘ ʧʦʢʘʟʚʘ ʢʘʢʚʘ ʯʘʩʪ ʦʪ ʜʠʘʤʝʪʲʨʘ ʥʘ ʣʫʥʥʠʷ ʜʠʩʢ ʝ ʧʦʢʨʠʪʘ ʦʪ 
ʧʦʣʫʩʷʥʢʘʪʘ ʠʣʠ ʦʪ ʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ:  

a ï ʟʘʪʲʤʥʝʥʠʝ ʦʪ ʧʦʣʫʩʷʥʢʘʪʘ ʩ ʬʘʟʘ 0.5  

b ï ʟʘʪʲʤʥʝʥʠʝ ʦʪ ʩʷʥʢʘʪʘ ʩ ʬʘʟʘ 0.5  
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O ï ʮʝʥʪʲʨ ʥʘ ʣʫʥʥʠʷ ʜʠʩʢ  

ʊʲʡ ʢʘʪʦ ɿʝʤʷʪʘ ʭʚʲʨʣʷ ʧʦʣʫʩʷʥʢʘ ʠ ʩʷʥʢʘ, ʧʨʠ ʣʫʥʥʠʪʝ ʟʘʪʲʤʥʝʥʠʷ ʩʝ ʧʦ-

ʩʦʯʚʘʪ ʜʚʘ ʤʘʛʥʠʪʫʜʘ, ʚʘʣʠʜʥʠ ʢʲʤ ʤʦʤʝʥʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʬʘʟʘ ʥʘ ʟʘʪʲʤʥʝ-

ʥʠʝʪʦ: penumbral magnitude ï ʤʘʢʩʠʤʘʣʥʘ ʬʘʟʘ ʦʪ ʧʦʣʫʩʷʥʢʘʪʘ, ʠ umbral 

magnitude ï ʤʘʢʩʠʤʘʣʥʘ ʬʘʟʘ ʦʪ ʩʷʥʢʘʪʘ. 

ɸʢʦ ʣʫʥʥʠʷʪ ʜʠʩʢ ʝ ʚ ʟʝʤʥʘʪʘ ʧʦʣʫʩʷʥʢʘ, ʥʦ ʥʝ ʝ ʥʘʚʣʷʟʲʣ ʚ ʟʝʤʥʘʪʘ ʩʷʥʢʘ, 

ʟʘ umbral magnitude ʩʝ ʜʘʚʘ ʦʪʨʠʮʘʪʝʣʥʘ ʩʪʦʡʥʦʩʪ, ʧʦʢʘʟʚʘʱʘ ʢʦʣʢʦ ʣʫʥʥʠ ʜʠʘ-

ʤʝʪʲʨʘ ʦʩʪʘʚʘʪ ʤʝʞʜʫ ʢʨʘʷ ʥʘ ʣʫʥʥʠʷ ʜʠʩʢ ʠ ʛʨʘʥʠʮʘʪʘ ʥʘ ʟʝʤʥʘʪʘ ʩʷʥʢʘ. 

ɸʢʦ ʮʝʣʠʷʪ ʣʫʥʝʥ ʜʠʩʢ ʩʝ ʥʘʤʠʨʘ ʚ ʧʦʣʫʩʷʥʢʘʪʘ ʠʣʠ ʚ ʩʷʥʢʘʪʘ ʥʘ ɿʝʤʷʪʘ, 

ʩʲʦʪʚʝʪʥʘʪʘ ʤʘʢʩʠʤʘʣʥʘ ʬʘʟʘ ʠʤʘ ʩʪʦʡʥʦʩʪ 1 ʠʣʠ ʧʦ-ʛʦʣʷʤʘ ʦʪ 1. 

 

ɻʘʤʘ (gamma ʠʣʠ ɔ) ʧʨʠ ʩʣʲʥʯʝʚʠʪʝ ʟʘʪʲʤʥʝʥʠʷ ʝ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʦʩʪʘ 

ʥʘ ʢʦʥʫʩʘ ʥʘ ʣʫʥʥʘʪʘ ʩʷʥʢʘ ʠ ʮʝʥʪʲʨʲʪ ʥʘ ʟʝʤʥʦʪʦ ʢʲʣʙʦ, ʦʪʯʝʪʝʥʦ ʚ ʟʝʤʥʠ ʝʢ-

ʚʘʪʦʨʠʘʣʥʠ ʨʘʜʠʫʩʠ. ʋʧʦʤʝʥʘʚʘ ʩʝ ʟʘ ʤʦʤʝʥʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʬʘʟʘ ʥʘ ʜʘʜʝʥʦ 

ʩʣʲʥʯʝʚʦ ʟʘʪʲʤʥʝʥʠʝ, ʢʦʛʘʪʦ ʛʘʤʘ ʠʤʘ ʥʘʡ-ʤʘʣʢʘ ʩʪʦʡʥʦʩʪ. ʅʘʧʨʠʤʝʨ ʧʨʠ ʯʘʩ-

ʪʠʯʥʠʪʝ ʩʣʲʥʯʝʚʠ ʟʘʪʲʤʥʝʥʠʷ ʛʘʤʘ ʠʤʘ ʩʪʦʡʥʦʩʪ ʧʦ-ʛʦʣʷʤʘ ʦʪ 1, ʪʲʡ ʢʘʪʦ ʚʲʨʭʫ 

ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʧʦʧʘʜʘ ʧʦʣʫʩʷʥʢʘʪʘ ʥʘ ʃʫʥʘʪʘ, ʥʦ ʥʝ ʠ ʥʝʡʥʘʪʘ ʩʷʥʢʘ. 

ʇʨʠ ʣʫʥʥʠʪʝ ʟʘʪʲʤʥʝʥʠʷ ʛʘʤʘ ʝ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʦʩʪʘ ʥʘ ʢʦʥʫʩʘ ʥʘ ʟʝʤ-

ʥʘʪʘ ʩʷʥʢʘ ʠ ʮʝʥʪʲʨʲʪ ʥʘ ʃʫʥʘʪʘ, ʦʪʯʝʪʝʥʦ ʩʲʱʦ ʚ ʟʝʤʥʠ ʝʢʚʘʪʦʨʠʘʣʥʠ ʨʘʜʠʫʩʠ. 

ʋʧʦʤʝʥʘʚʘ ʩʝ ʟʘ ʤʦʤʝʥʪʘ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʬʘʟʘ ʥʘ ʜʘʜʝʥʦ ʣʫʥʥʦ ʟʘʪʲʤʥʝʥʠʝ, 

ʢʦʛʘʪʦ ʛʘʤʘ ʠʤʘ ʥʘʡ-ʤʘʣʢʘ ʩʪʦʡʥʦʩʪ.  

ɸʢʦ ʧʦ ʚʨʝʤʝ ʥʘ ʤʘʢʩʠʤʘʣʥʘʪʘ ʬʘʟʘ ʥʘ ʜʘʜʝʥʦ ʟʘʪʲʤʥʝʥʠʝ ʦʩʪʘ ʥʘ ʣʫʥʥʘʪʘ 

ʩʷʥʢʘ ʧʨʝʤʠʥʘʚʘ ʶʞʥʦ ʦʪ ʟʝʤʥʠʷ ʮʝʥʪʲʨ, ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʛʘʤʘ ʝ ʦʪʨʠʮʘʪʝʣʥʘ. 
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ɺʀɼʀʄʆʉʊ ʅɸ ʇʃɸʅɽʊʀʊɽ ʆʊ 

ʉʃʒʅʏɽɺɸʊɸ ʉʀʉʊɽʄɸ 

ʇʲʨʚʦ ʥʝʢʘ ʜʘ ʥʘʧʦʤʥʠʤ, ʯʝ ʧʣʘʥʝʪʠʪʝ ʦʪ ʄʝʨʢʫʨʠʡ ʜʦ ʉʘʪʫʨʥ ʚʢʣʶʯʠʪʝʣ-

ʥʦ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʩ ʥʝʚʲʦʨʲʞʝʥʦ ʦʢʦ ʢʘʪʦ ʷʨʢʠ ʟʚʝʟʜʦʧʦʜʦʙʥʠ ʦʙʝʢʪʠ. 

ɺ ʥʘʯʘʣʦʪʦ ʥʘ 2022 ʛ. ʱʝ ʙʲʜʘʪ ʚʠʜʠʤʠ ʄʝʨʢʫʨʠʡ, ʖʧʠʪʝʨ ʠ ʉʘʪʫʨʥ ï ʚʝʯʝʨ, 

ʢʘʢʪʦ ʠ ʄʘʨʩ ï ʨʘʥʦ ʩʫʪʨʠʥ. 

ʅʷʢʦʠ ʪʝʨʤʠʥʠ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʦʧʠʩʘʥʠʝʪʦ ʥʘ ʧʣʘʥʝʪʥʠʪʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʘ 

ʦʙʷʩʥʝʥʠ ʚ ʩʝʢʮʠʷʪʘ Ăʇʣʘʥʝʪʥʠ ʢʦʥʬʠʛʫʨʘʮʠʠñ ʚ ʢʨʘʷ ʥʘ ʪʘʟʠ ʯʘʩʪ. 

 

 

ʄʝʨʢʫʨʠʡ 

ʊʦʚʘ ʢʦʝʪʦ ʚʠʥʘʛʠ ʪʨʷʙʚʘ ʜʘ ʧʦʤʥʠʤ ʟʘ ʧʲʨʚʘʪʘ ʧʣʘʥʝʪʘ ʝ, ʯʝ ʢʘʪʦ ʥʘʡ-

ʙʣʠʟʢʘ ʜʦ ʉʣʲʥʮʝʪʦ ʪʷ ʩʝ ʥʘʙʣʶʜʘʚʘ ʪʨʫʜʥʦ ʠ ʟʘ ʢʨʘʪʢʦ ï ʚʝʯʝʨ ʩʣʝʜ ʟʘʣʝʟʘ ʥʘ 

ʟʘʧʘʜ ʠʣʠ ʨʘʥʦ ʩʫʪʨʠʥ ʧʨʝʜʠ ʠʟʛʨʝʚʘ ʥʘ ʠʟʪʦʢ. ʅʘʡ-ʫʜʦʙʥʠʪʝ ʤʦʤʝʥʪʠ ʟʘ ʥʘʙ-

ʣʶʜʝʥʠʝ ʥʘ ʄʝʨʢʫʨʠʡ ʩʘ ʦʢʦʣʦ ʜʘʪʠʪʝ, ʢʦʛʘʪʦ ʪʦʡ ʩʝ ʥʘʤʠʨʘ ʥʘ ʥʘʡ-ʛʦʣʷʤʦ 

ʲʛʣʦʚʦ ʦʪʩʪʦʷʥʠʝ ʠʟʪʦʯʥʦ ʠʣʠ ʟʘʧʘʜʥʦ ʦʪ ʉʣʲʥʮʝʪʦ ï ʪ. ʥʘʨ. ʤʘʢʩʠʤʘʣʥʠ ʠʟʪʦʯ-

ʥʠ ʠ ʟʘʧʘʜʥʠ ʝʣʦʥʛʘʮʠʠ. ʆʱʝ ʚ ʥʘʯʘʣʦʪʦ ʥʘ 2022 ʛ. ʱʝ ʠʤʘ ʪʘʢʲʚ ʫʜʦʙʝʥ ʤʦʤʝʥʪ 

ï ʥʘ 7 ʷʥʫʘʨʠ ʚʝʯʝʨʪʘ ʧʣʘʥʝʪʘʪʘ ʱʝ ʟʘʣʝʟʝ 1 ʯʘʩ ʠ 33 ʤʠʥʫʪʠ ʩʣʝʜ ʟʘʣʝʟʘ ʥʘ 

ʉʣʲʥʮʝʪʦ (ʪʘʙʣ. 5). ɺʝʯʝʨʠʪʝ ʦʢʦʣʦ 29 ʘʧʨʠʣ ʱʝ ʙʲʜʘʪ ʦʱʝ ʧʦ-ʫʜʦʙʥʠ, ʪʲʡ ʢʘʪʦ 

ʪʦʛʘʚʘ ʟʘʣʝʟʲʪ ʥʘ ʄʝʨʢʫʨʠʡ ʱʝ ʟʘʢʲʩʥʷʚʘ ʥʘʡ-ʤʥʦʛʦ ʩʣʝʜ ʩʣʲʥʯʝʚʠʷ ʧʨʝʟ ʪʘʟʠ 

ʛʦʜʠʥʘ ï ʜʦ 1 ʯʘʩ ʠ 56 ʤʠʥʫʪʠ. ɼʨʫʛʠʪʝ ʧʦ-ʫʜʦʙʥʠ ʤʦʤʝʥʪʠ ʱʝ ʩʘ ʫʪʨʘʪʘ ʦʢʦʣʦ 

9 ʦʢʪʦʤʚʨʠ ʠ ʚʝʯʝʨʠʪʝ ʦʢʦʣʦ 21 ʜʝʢʝʤʚʨʠ. ʆʩʚʝʥ ʯʝ ʚ ʧʦʩʦʯʝʥʠʪʝ ʤʦʤʝʥʪʠ 

ʄʝʨʢʫʨʠʡ ʝ ʚ ʤʘʢʩʠʤʘʣʥʘ ʝʣʦʥʛʘʮʠʷ, ʪʦʛʘʚʘ ʝʢʣʠʧʪʠʢʘʪʘ ʩʝ ʠʟʜʠʛʘ ʧʦ-ʩʪʨʲʤʥʦ 

ʥʘʜ ʭʦʨʠʟʦʥʪʘ, ʢʦʝʪʦ ʝ ʜʨʫʛʘʪʘ ʧʨʠʯʠʥʘ ʟʘ ʧʦ-ʜʲʣʛʠʪʝ ʠʥʪʝʨʚʘʣʠ ʚʨʝʤʝ ʤʝʞʜʫ 

ʟʘʣʝʟʠʪʝ (ʨʝʩʧ. ʠʟʛʨʝʚʠʪʝ) ʥʘ ʉʣʲʥʮʝʪʦ ʠ ʧʣʘʥʝʪʘʪʘ. 

ʆʨʙʠʪʘʣʥʠʷʪ ʧʝʨʠʦʜ ʥʘ ʄʝʨʢʫʨʠʡ ʝ 87.97 ʜʥʠ, ʘ ʩʠʥʦʜʠʯʥʠʷʪ ï 115.88 ʜʥʠ. 

 
ʊʘʙʣʠʮʘ 5. ʄʘʢʩʠʤʘʣʥʠ ʝʣʦʥʛʘʮʠʠ ʥʘ ʄʝʨʢʫʨʠʡ ʧʨʝʟ ʛʦʜʠʥʘʪʘ 
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ɺʝʥʝʨʘ 

ɺ ʥʘʯʘʣʦʪʦ ʥʘ ʛʦʜʠʥʘʪʘ ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ʥʝʚʠʜʠʤʘ ï ʥʘ 9 ʷʥʫʘʨʠ ʚ 02
h
 48

m
 

ʪʷ ʱʝ ʙʲʜʝ ʚ ʜʦʣʥʦ ʩʲʝʜʠʥʝʥʠʝ ʩʲʩ ʉʣʲʥʮʝʪʦ, ʪ.ʝ. ʚ ʥʘʡ-ʙʣʠʟʢʘʪʘ ʜʦ ʥʘʩ ʪʦʯʢʘ 

ʥʘ ʩʚʦʷʪʘ ʦʨʙʠʪʘ. ʉʣʝʜ ʢʨʘʪʲʢ ʧʝʨʠʦʜ ʥʘ ʦʪʩʲʩʪʚʠʝ ʥʘʡ-ʷʨʢʘʪʘ ʧʣʘʥʝʪʘ ʱʝ ʟʘ-

ʧʦʯʥʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʪʥʦʚʦ ʦʢʦʣʦ ʩʨʝʜʘʪʘ ʥʘ ʷʥʫʘʨʠ ʢʘʪʦ ɿʦʨʥʠʮʘ. ʆʪʥʘʯʘʣʦ 

ʱʝ ʩʝ ʦʪʢʨʠʚʘ ʪʨʫʜʥʦ ʚ ʟʦʨʘʪʘ ʩʫʪʨʠʥ ï ʥʠʩʢʦ ʥʘʜ ʶʛʦʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ. ɻʣʝ-

ʜʘʥʘ ʧʨʝʟ ʪʝʣʝʩʢʦʧ ʠʣʠ ʩ ʤʦʱʝʥ ʙʠʥʦʢʲʣ ʪʦʛʘʚʘ ʪʷ ʱʝ ʠʟʛʣʝʞʜʘ ʢʘʪʦ ʪʲʥʲʢ 

ʩʲʨʧ. ɺ ʢʨʘʷ ʥʘ ʷʥʫʘʨʠ ʧʣʘʥʝʪʘʪʘ ʱʝ ʠʟʛʨʷʚʘ ʚʝʯʝ ʦʢʦʣʦ 2 ʯʘʩʘ ʠ 12 ʤʠʥʫʪʠ 

ʧʨʝʜʠ ʠʟʛʨʝʚ ʩʣʲʥʮʝ. ʊʦʛʘʚʘ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʫʜʦʙʥʦ ʩ 14.5% ʦʩʚʝʪʝʥ ʜʠʩʢ (ʚʩʝ 

ʦʱʝ ʪʲʥʲʢ ʩʲʨʧ) ʠ ʩ ʷʨʢʦʩʪ ï4.6 mag. ʄʘʣʢʦ ʧʨʝʜʠ ʪʦʚʘ ï ʥʘ 29 ʷʥʫʘʨʠ ʨʘʥʦ 

ʩʫʪʨʠʥʪʘ ɺʝʥʝʨʘ, ʄʘʨʩ ʠ ʪʲʥʢʠʷʪ ʩʲʨʧ ʥʘ ʩʪʘʨʘʪʘ ʃʫʥʘ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʚʠʜʠ-

ʤʦ ʧʦʜʨʝʜʝʥʠ ʚ ʧʨʘʚʘ ʣʠʥʠʷ, ʥʠʩʢʦ ʥʘ ʶʛʦʠʟʪʦʢ.  

ʅʘ 20 ʤʘʨʪ ʚ 11
h
 25

m
 ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ʚ ʤʘʢʩʠʤʘʣʥʘ ʝʣʦʥʛʘʮʠʷ ï ʥʘ 46.6Á ʟʘ-

ʧʘʜʥʦ ʦʪ ʉʣʲʥʮʝʪʦ. ʅʘ ʪʘʟʠ ʜʘʪʘ ʷʨʢʘʪʘ ʧʣʘʥʝʪʘ ʱʝ ʠʟʛʨʝʝ 2 ʯʘʩʘ ʠ 1 ʤʠʥʫʪʘ 

ʧʨʝʜʠ ʠʟʛʨʝʚʘ ʥʘ ʉʣʲʥʮʝʪʦ. ʇʨʘʚʠ ʚʧʝʯʘʪʣʝʥʠʝ, ʯʝ ʤʘʢʘʨ ʪʦʛʘʚʘ ɺʝʥʝʨʘ ʜʘ ʝ ʚ 

ʤʘʢʩʠʤʘʣʥʘ ʝʣʦʥʛʘʮʠʷ, ʥʝʡʥʠʷʪ ʠʟʛʨʝʚ ʱʝ ʠʟʧʨʝʚʘʨʠ ʩʣʲʥʯʝʚʠʷ ʩ ʦʢʦʣʦ 11 ʤʠ-

ʥʫʪʠ ʧʦ-ʤʘʣʢʦ, ʦʪʢʦʣʢʦʪʦ ʚ ʢʨʘʷ ʥʘ ʷʥʫʘʨʠ! ʅʘ ʧʨʲʚ ʧʦʛʣʝʜ ʪʦʚʘ ʧʨʦʪʠʚʦʨʝʯʠ ʥʘ 

ʣʦʛʠʢʘʪʘ, ʥʦ ʧʨʠʯʠʥʘʪʘ ʝ ʚ ʥʘʤʘʣʷʚʘʱʠʷ ʲʛʲʣ ʤʝʞʜʫ ʝʢʣʠʧʪʠʢʘʪʘ ʠ ʭʦʨʠʟʦʥʪʘ ʚ 

ʫʪʨʘʪʘ ʦʪ ʢʨʘʷ ʥʘ ʷʥʫʘʨʠ ʜʦ 20 ʤʘʨʪ. ɺʩʲʱʥʦʩʪ ʘʢʦ ʧʦ-ʚʥʠʤʘʪʝʣʥʦ ʘʥʘʣʠʟʠʨʘʤʝ 

ʦʙʱʠʷʪ ʝʬʝʢʪ ʦʪ ʜʚʝʪʝ ʫʩʣʦʚʠʷ, ʦʧʨʝʜʝʣʷʱʠ ʤʦʤʝʥʪʘ ʥʘ ʚʝʥʝʨʠʡʥʠʷ ʠʟʛʨʝʚ ï 

ʚʠʜʠʤʦʪʦ ʦʪʜʘʣʝʯʘʚʘʥʝ ʥʘ ʧʣʘʥʝʪʘʪʘ ʦʪ ʉʣʲʥʮʝʪʦ ʠ ʩʧʦʤʝʥʘʪʦʪʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʲʛ̡ʣʘ ʥʘ ʝʢʣʠʧʪʠʢʘʪʘ, ʥʘʡ-ʛʦʣʷʤʦʪʦ ʧʦʜʨʘʥʷʚʘʥʝ ʥʘ ʠʟʛʨʝʚʘ ʥʘ ɺʝʥʝʨʘ ʧʨʝʜʠ 

ʥʝʡʥʘʪʘ ʤʘʢʩʠʤʘʣʥʘ ʝʣʦʥʛʘʮʠʷ ʱʝ ʙʲʜʝ ʥʘ 16 ʠ 17 ʬʝʚʨʫʘʨʠ ï ʩ ʧʦʯʪʠ 2 ʯʘʩʘ ʠ 

30 ʤʠʥʫʪʠ ʧʨʝʜʠ ʩʣʲʥʯʝʚʠʷ ʠʟʛʨʝʚ.  



26 

ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ɿʦʨʥʠʮʘ ʜʲʣʛʦ ʚʨʝʤʝ ï ʧʨʝʟ ʮʷʣʘʪʘ ʧʨʦʣʝʪ ʠ ʧʨʝʟ ʣʷʪʦʪʦ. 

ʂ̡ ʤ ʢʨʘʷ ʥʘ ʩʝʧʪʝʤʚʨʠ ʪʷ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚʝʯʝ ʪʨʫʜʥʦ ʚ ʩʫʪʨʝʰʥʘʪʘ ʟʦʨʘ. ʅʘ 

23 ʦʢʪʦʤʚʨʠ ʚ 00
h
 17

m
 ʧʣʘʥʝʪʘʪʘ ʱʝ ʙʲʜʝ ʚ ʛʦʨʥʦ ʩʲʝʜʠʥʝʥʠʝ ï ʚ ʥʘʡ-

ʦʪʜʘʣʝʯʝʥʘʪʘ ʦʪ ʥʘʩ ʪʦʯʢʘ ʥʘ ʥʝʡʥʘʪʘ ʦʨʙʠʪʘ (ʦʪʪʘʪʲʢ ʉʣʲʥʮʝʪʦ). ʊʦʛʘʚʘ ɺʝʥʝʨʘ 

ʥʷʤʘ ʜʘ ʙʲʜʝ ʚʠʜʠʤʘ, ʥʦ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʜʝʢʝʤʚʨʠ ʪʷ ʱʝ ʟʘʧʦʯʥʝ ʜʘ ʩʝ ʧʦ̫ʚʷʚʘ 

ʚʝʯʝʨ, ʥʠʩʢʦ ʥʘʜ ʶʛʦʟʘʧʘʜʥʠʷ ʭʦʨʠʟʦʥʪ.  

ʆʨʙʠʪʘʣʥʠʷʪ ʧʝʨʠʦʜ ʥʘ ɺʝʥʝʨʘ ʝ 224.7 ʜʥʠ (0.6152 ʟʝʤʥʠ ʛʦʜʠʥʠ), ʘ ʩʠʥʦ-

ʜʠʯʥʠʷʪ Ⱬ ʧʝʨʠʦʜ ʝ 583.92 ʜʥʠ. 

 

 

ʇʨʝʤʠʥʘʚʘʥʝʪʦ ʥʘ ɺʝʥʝʨʘ ʚ ʨʘʡʦʥʘ ʥʘ ʨʘʟʩʝʷʥʠʷ ʟʚʝʟʜʝʥ ʢʫʧ M44 Ăʗʩʣʠñ (ʠʣʠ Ăʂʦʰʝʨñ ï 
Beehive Cluster) ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʈʘʢ ʦʪ 14 ʜʦ 23 ʘʚʛʫʩʪ. ʅʘ 18 ʘʚʛʫʩʪ ʨʘʥʦ ʩʫʪʨʠʥʪʘ ʷʨʢʘʪʘ ʧʣʘ-
ʥʝʪʘ ʱʝ ʙʲʜʝ ʥʘ ʦʢʦʣʦ 33ǋ ʶʞʥʦ ʦʪ ʮʝʥʪʲʨʘ ʥʘ ʢʫʧʘ. ʅʘ ʪʘʟʠ ʜʘʪʘ ɺʝʥʝʨʘ ʱʝ ʠʟʛʨʝʝ ʚ 05h 05m 
ʟʘ ʉʦʬʠʷ, ʘ ʉʣʲʥʮʝʪʦ ï ʚ 06h 36m. ʅʝʙʝʩʥʘʪʘ ʘʪʨʘʢʮʠʷ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘ ʚʠʩʦʯʠʥʘ ʩʘʤʦ 
ʥʷʢʦʣʢʦ ʛʨʘʜʫʩʘ ʥʘʜ ʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ, ʜʦ ʥʘʩʪʲʧʚʘʥʝʪʦ ʥʘ ʟʦʨʘʪʘ. ʇʨʝʜʚʠʜ ʪʦʚʘ ʠ ʟʘ ʜʘ 
ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʟʚʝʟʜʥʠʷʪ ʢʫʧ ʄ44 ʝ ʥʫʞʥʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʙʠʥʦʢʲʣ ʠʣʠ ʥʘ ʤʘʣʲʢ ʪʝʣʝʩʢʦʧ. 

ʅʫʞʥʦ ʝ ʩʲʱʦ ʜʘ ʩʝ ʠʟʙʝʨʝ ʥʘʙʣʶʜʘʪʝʣʥʦ ʤʷʩʪʦ ʩ ʥʠʩʲʢ ʭʦʨʠʟʦʥʪ ʚ ʧʦʩʦʢʘ ʠʟʪʦʢ-
ʩʝʚʝʨʦʠʟʪʦʢ. ʅʘ ʪʘʟʠ ʜʘʪʘ ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ ï3.9 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 10.4ǌ. ɻʣʝʜʘ-
ʥʘ ʧʨʝʟ ʪʝʣʝʩʢʦʧ ʥʝʡʥʠʷʪ ʜʠʩʢ ʱʝ ʠʟʛʣʝʞʜʘ ʧʦʯʪʠ ʧʲʣʝʥ ï 95% ʦʩʚʝʪʝʥ. ʅʘ ʢʘʨʪʘʪʘ ʧʦʟʠʮʠʠ-
ʪʝ ʥʘ ɺʝʥʝʨʘ ʩʘ ʦʟʥʘʯʝʥʠ ʚʲʚ ʬʦʨʤʘʪ ʤʝʩʝʮ-ʜʝʥ (mm-dd). 

 

ʄʘʨʩ 

ʊʦʡ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʱʝ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʛʦʜʠʥʘʪʘ ï ʨʘʥʦ ʩʫʪʨʠʥ 

ʧʨʝʜʠ ʨʘʟʚʠʜʝʣʷʚʘʥʝ, ʥʠʩʢʦ ʥʘʜ ʶʛʦʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ. ʑʝ ʙʲʜʝ ʚ ʁʞʥʘʪʘ ʯʘʩʪ 

ʥʘ ʩʲʟʚʝʟʜʠʝʪʦ ɿʤʠʝʥʦʩʝʮ. ʗʨʢʦʩʪʪʘ ʤʫ ʪʦʛʘʚʘ ʱʝ ʙʲʜʝ ʦʢʦʣʦ 1.5 mag, ʢʦʝʪʦ ʝ 

ʤʘʣʢʦ ʧʦ-ʩʣʘʙʦ ʦʪ ʚʠʜʠʤʦ ʙʣʠʟʢʘʪʘ ʜʦ ʥʝʛʦ ʯʝʨʚʝʥʠʢʘʚʘ Ăʟʚʝʟʜʘ-ʩʲʧʝʨʥʠʯʢʘñ 

ɸʥʪʘʨʝʩ, Ŭ ʦʪ ʩʲʟʚʝʟʜʠʝʪʦ ʉʢʦʨʧʠʦʥ. ʋʩʣʦʚʠʷʪʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʄʘʨʩ ʱʝ ʩʝ 
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ʧʦʜʦʙʨʷʚʘʪ ʤʥʦʛʦ ʙʘʚʥʦ ï ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʧʦʯʪʠ ʮʷʣʘ ʛʦʜʠʥʘ ʠ ʪʦʡ ʱʝ ʟʘʩʪʘʥʝ 

ʚ ʦʧʦʟʠʮʠʷ (ʚ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ ʥʘ ʉʣʲʥʮʝʪʦ) ʯʘʢ ʥʘ 8 ʜʝʢʝʤʚʨʠ ʚ 07
h
 42

m
. ʊʦʯʥʦ 

ʚ ʪʦʟʠ ʤʦʤʝʥʪ ʦʙʘʯʝ ʟʘ ʥʘʰʠʪʝ ʛʝʦʛʨʘʬʩʢʠ ʰʠʨʠʥʠ ʄʘʨʩ ʱʝ ʙʲʜʝ ʟʘʢʨʠʪ ʦʪ 

ʧʲʣʥʘʪʘ ʃʫʥʘ (ʚʠʞʪʝ ʨʘʟʜʝʣ Ăʆʢʫʣʪʘʮʠʠ ʥʘ ʧʣʘʥʝʪʠ ʦʪ ʃʫʥʘʪʘñ). ʆʢʦʣʦ ʤʦʤʝʥ-

ʪʘ ʥʘ ʦʧʦʟʠʮʠʷʪʘ ʩʠ ʄʘʨʩ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ ï1.9 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 17ǌ. 

ʆʨʙʠʪʘʣʥʠʷʪ ʧʝʨʠʦʜ ʥʘ ʄʘʨʩ ʝ 686.96 ʜʥʠ (1.88 ʟʝʤʥʠ ʛʦʜʠʥʠ), ʘ ʩʠʥʦʜʠʯ-

ʥʠʷʪ ï 779.96 ʜʥʠ. 

 

 

ʖʧʠʪʝʨ ʠ ʉʘʪʫʨʥ 

ɺ ʥʘʯʘʣʦʪʦ ʥʘ ʛʦʜʠʥʘʪʘ ʜʚʝʪʝ ʛʠʛʘʥʪʩʢʠ ʛʘʟʦʚʠ ʧʣʘʥʝʪʠ ʱʝ ʙʲʜʘʪ ʚʠʜʠʤʠ 

ʥʘʜ ʶʛʦʟʘʧʘʜʥʠʷ ʭʦʨʠʟʦʥʪ ʚʝʜʥʘʛʘ ʩʣʝʜ ʩʚʝʯʝʨʷʚʘʥʝ. ʉʘʪʫʨʥ ʱʝ ʙʲʜʝ ʚ ʩʲʟʚʝʟ-

ʜʠʝʪʦ ʂʦʟʠʨʦʛ, ʘ ʖʧʠʪʝʨ ï ʚʲʚ ɺʦʜʦʣʝʡ. ɺʲʚ ʚʝʯʝʨʠʪʝ ʦʢʦʣʦ 20 ʷʥʫʘʨʠ ʉʘʪʫʨʥ 

ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚʝʯʝ ʪʨʫʜʥʦ, ʪʲʡ ʢʘʪʦ ʱʝ ʙʲʜʝ ʤʥʦʛʦ ʥʠʩʢʦ ʥʘʜ ʭʦʨʠʟʦʥʪʘ ʩʣʝʜ 

ʩʪʲʤʚʘʥʝ. ʉʲʱʦʪʦ ʱʝ ʩʝ ʩʣʫʯʠ ʠ ʩ ʖʧʠʪʝʨ, ʥʦ ʙʣʠʟʦ ʤʝʩʝʮ ʧʦ-ʢʲʩʥʦ.  

ʉʲʝʜʠʥʝʥʠʝʪʦ ʥʘ ʉʘʪʫʨʥ ʩʲʩ ʉʣʲʥʮʝʪʦ ʱʝ ʙʲʜʝ ʥʘ 4 ʬʝʚʨʫʘʨʠ ʚ 21
h
 05

m
, ʘ 

ʥʘ ʖʧʠʪʝʨ ï ʥʘ 5 ʤʘʨʪ ʚ 16
h
 07

m
.  

 

 

ʅʝʙʝʪʦ ʥʘʜ ʶʛʦʟʘʧʘʜʥʠʷ ʭʦʨʠʟʦʥʪ ʥʘ 5 ʷʥʫʘʨʠ ʧʨʠ ʩʚʝʯʝʨʷʚʘʥʝ ʩ ʧʣʘʥʝʪʠʪʝ ʄʝʨʢʫʨʠʡ, ʉʘ-

ʪʫʨʥ ʠ ʖʧʠʪʝʨ, ʟʘʝʜʥʦ ʩ ʪʲʥʢʠʷʪ ʣʫʥʝʥ ʩʲʨʧ (ʃʫʥʘ ʩ 12% ʦʩʚʝʪʝʥ ʜʠʩʢ). ɼʚʘ ʜʥʠ ʧʦ-ʢʲʩʥʦ ï 
ʥʘ 7 ʷʥʫʘʨʠ ʚ 13h 04m ʄʝʨʢʫʨʠʡ ʱʝ ʙʲʜʝ ʚ ʤʘʢʩʠʤʘʣʥʘ ʝʣʦʥʛʘʮʠʷ ï ʥʘ 19.2Á ʠʟʪʦʯʥʦ ʦʪ ʉʣʲʥ-
ʮʝʪʦ, ʢʦʝʪʦ e ʝʜʠʥ ʦʪ ʥʘʡ-ʫʜʦʙʥʠʪʝ ʤʦʤʝʥʪʠ ʟʘ ʥʝʛʦʚʦʪʦ ʥʘʙʣʶʜʝʥʠʝ ʧʨʝʟ 2022 ʛ. 
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ʆʪ ʦʢʦʣʦ 10 ʤʘʨʪ ʉʘʪʫʨʥ ʱʝ ʟʘʧʦʯʥʝ ʜʘ ʠʟʛʨʷʚʘ ʥʘ ʠʟʪʦʢ-ʶʛʦʠʟʪʦʢ, ʨʘʥʦ 

ʩʫʪʨʠʥ ʧʨʝʜʠ ʨʘʟʚʠʜʝʣʷʚʘʥʝ. ʉʣʝʜʚʘʡʢʠ ʜʠʩʪʘʥʮʠʷʪʘ ʦʪ ʙʣʠʟʦ ʤʝʩʝʮ ʩʣʝʜ ʥʝʛʦ, 

ʖʧʠʪʝʨ ʩʲʱʦ ʱʝ ʟʘʧʦʯʥʝ ʜʘ ʩʝ ʧʦʷʚʷʚʘ ʩʫʪʨʠʥ ʦʪ ʦʢʦʣʦ 10 ʘʧʨʠʣ. ʆʪ ʪʘʟʠ ʜʘʪʘ 

ʚ ʢʨʘʷ ʥʘ ʥʦʱʠʪʝ ʱʝ ʙʲʜʝ ʚʠʜʠʤ ʛʦʣʷʤ ʧʘʨʘʜ ʥʘ ʧʣʘʥʝʪʠʪʝ ï ʚ ʧʦʩʦʢʘ ʠʟʪʦʢ-

ʶʛʦʠʟʪʦʢ (ʚʠʞʪʝ ʨʘʟʜʝʣ Ăʇʦ-ʘʪʨʘʢʪʠʚʥʠ ʚʟʘʠʤʥʠ ʩʲʝʜʠʥʝʥʠʷ ʥʘ ʧʣʘʥʝʪʠʪʝ ʠ 

ʧʣʘʥʝʪʥʠ ʧʘʨʘʜʠñ ʧʦ-ʜʦʣʫ).  

ʋʩʣʦʚʠʷʪʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʩʝ ʧʦʜʦʙʨʷʚʘʪ ï ʪʝʭʥʠʪʝ ʠʟ-

ʛʨʝʚʠ ʱʝ ʧʦʜʨʘʥʷʚʘʪ ʚʩʝ ʧʦʚʝʯʝ ʧʨʝʟ ʥʦʱʠʪʝ ʠ ʢʲʤ ʢʨʘʷ ʥʘ ʣʷʪʦʪʦ ʪʝ ɦʝ ʙʲʜʘʪ 

ʚʠʜʠʤʠ ʦʢʦʣʦ ʜʚʘ ʯʘʩʘ ʩʣʝʜ ʟʘʣʝʟ ʩʣʲʥʮʝ, ʥʠʩʢʦ ʥʘ ʠʟʪʦʢ-ʶʛʦʠʟʪʦʢ. ʇʨʦʪʠʚʦʩ-

ʪʦʷʥʠʝʪʦ ʥʘ ʉʘʪʫʨʥ ʱʝ ʙʲʜʝ ʥʘ 14 ʘʚʛʫʩʪ ʚ 20
h
 10

m
, ʘ ʥʘ ʖʧʠʪʝʨ ï ʥʘ 26 ʩʝʧʪʝʤ-

ʚʨʠ ʚ 22
h
 33

m
. ʅʘ ʪʝʟʠ ʜʘʪʠ ʩʲʦʪʚʝʪʥʠʪʝ ʧʣʘʥʝʪʠ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʥʘʡ-ʫʜʦʙʥʦ 

ʥʘʜ ʶʞʥʠʷ ʭʦʨʠʟʦʥʪ ʚ ʧʦʣʫʥʦʱ, ʩ ʥʘʡ-ʚʠʩʦʢʘ ʷʨʢʦʩʪ ʠ ʩ ʥʘʡ-ʛʦʣʷʤ ʲʛʣʦʚ ʜʠʘ-

ʤʝʪʲʨ. ʇʨʠ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝʪʦ ʩʠ ʉʘʪʫʨʥ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ 0.3 mag ʠ ʩ ʲʛʣʦʚ 

ʜʠʘʤʝʪʲʨ 18.8ǌ, ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʂʦʟʠʨʦʛ. ʅʘ 26 ʩʝʧʪʝʤʚʨʠ ʖʧʠʪʝʨ ʱʝ ʙʲʜʝ ʩ ʷʨ-

ʢʦʩʪ ï2.9 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 49.8ǌ, ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʈʠʙʠ.  

ɼʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʫʜʦʙʥʦ ʜʦ ʢʨʘʷ ʥʘ ʛʦʜʠʥʘʪʘ. ʇʨʝʟ ʜʝʢʝʤʚ-

ʨʠ ʪʝ ʱʝ ʙʲʜʘʪ ʚʠʜʠʤʠ ʚʠʩʦʢʦ ʥʘʜ ʶʞʥʠʷ ʭʦʨʠʟʦʥʪ, ʚʝʜʥʘʛʘ ʩʣʝʜ ʩʚʝʯʝʨʷʚʘʥʝ. 

ʆʨʙʠʪʘʣʥʠʷʪ ʧʝʨʠʦʜ ʥʘ ʖʧʠʪʝʨ ʝ 4 335.35 ʜʥʠ (11.87 ʟʝʤʥʠ ʛʦʜʠʥʠ), ʘ ʩʠ-

ʥʦʜʠʯʥʠʷʪ ʤʫ ʧʝʨʠʦʜ ʝ 398.86 ʜʥʠ. 

ʉʘʪʫʨʥ ʠʤʘ ʦʨʙʠʪʘʣʝʥ ʧʝʨʠʦʜ 10 759.22 ʜʥʠ (29.46 ʟʝʤʥʠ ʛʦʜʠʥʠ) ʠ ʩʠʥʦ-

ʜʠʯʝʥ ʧʝʨʠʦʜ 378.09 ʜʥʠ. 

 

 

ʋʨʘʥ  

ʂʘʢʪʦ ʠ ʧʨʝʟ ʤʠʥʘʣʘʪʘ ʛʦʜʠʥʘ, ʩʠʥʢʘʚʘʪʘ ʧʣʘʥʝʪʘ ʱʝ ʧʨʦʜʲʣʞʠ ʜʘ ʩʝ ʜʚʠʞʠ 

ʙʘʚʥʦ ʚ ʶʞʥʘʪʘ ʯʘʩʪ ʥʘ ʩʲʟʚʝʟʜʠʝʪʦ ʆʚʝʥ. ʅʘ 17 ʘʧʨʠʣ ʋʨʘʥ ʱʝ ʙʲʜʝ ʥʘ 13ǋ 20ǌ 

ʩʝʚʝʨʥʦ ʦʪ ʟʚʝʟʜʘʪʘ ɞ-Ari, ʢʦʷʪʦ ʝ ʩ ʙʣʷʩʲʢ 5.8 mag. ʊʦʛʘʚʘ ʧʣʘʥʝʪʘʪʘ ʱʝ ʙʲʜʝ ʩ 

ʷʨʢʦʩʪ 5.9 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 3.3ǌ. ʑʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚ ʧʲʨʚʘʪʘ ʧʦʣʦʚʠʥʘ ʥʘ 

ʥʦʱʠʪʝ. ʅʝʤʥʦʛʦ ʩʣʝʜ ʪʦʚʘ ï ʥʘ 5 ʤʘʡ ʚ 10
h
 21

m
 ʋʨʘʥ ʱʝ ʙʲʜʝ ʚ ʩʲʝʜʠʥʝʥʠʝ ʩʲʩ 

ʉʣʲʥʮʝʪʦ, ʪ.ʝ. ʥʝʜʦʩʪʲʧʝʥ ʟʘ ʥʘʙʣʶʜʝʥʠʝ. ʉ ʧʦʷʚʘʪʘ ʥʘ ʩʲʟʚʝʟʜʠʝʪʦ ʆʚʝʥ ʥʘʜ 

ʩʝʚʝʨʦʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ ʨʘʥʦ ʩʫʪʨʠʥ ʧʨʝʟ ʶʥʠ, ʱʝ ʟʘʧʦʯʥʝ ʩʣʝʜʚʘɦ ʠʷʪ ʧʝʨʠʦʜ 

ʥʘ ʚʠʜʠʤʦʩʪ ʥʘ ʋʨʘʥ. ʇʣʘʥʝʪʘʪʘ ʱʝ ʙʲʜʝ ʚ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ ʥʘ 9 ʥʦʝʤʚʨʠ ʚ 

10
h
 26

m
, ʢʦʛʘʪʦ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ 5.6 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 3.7ǌ. ɺ ʥʦʱʠʪʝ ʦʢʦ-

ʣʦ ʪʘʟʠ ʜʘʪʘ ʋʨʘʥ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘʡ-ʫʜʦʙʥʦ ʠ ʚʠʩʦʢʦ ʥʘʜ ʶʞʥʠʷ ʭʦʨʠʟʦʥʪ, 

ʦʢʦʣʦ ʧʦʣʫʥʦʱ. 

ɺʲʧʨʝʢʠ ʯʝ ʪʝʦʨʝʪʠʯʥʦ ʙʠ ʩʣʝʜʚʘʣʦ ʋʨʘʥ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʩ ʥʝʚʲʦ-

ʨʲʞʝʥʦ ʦʢʦ, ʥʘ ʧʨʘʢʪʠʢʘ ʪʦʚʘ ʝ ʥʝʚʲʟʤʦʞʥʦ ï ʪʦʡ ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʧʦʟʥʘʪ 

ʩʨʝʜ ʩʣʘʙʠʪʝ ʟʚʝʟʜʠ ʥʘ ʆʚʝʥ. ʄʦʞʝ ʜʘ ʙʲʜʝ ʥʘʤʝʨʝʥ ʩ ʙʠʥʦʢʲʣ, ʥʦ ʩʣʝʜ ʢʘʪʦ 

ʧʲʨʚʦ ʩʝ ʟʘʧʦʤʥʠ ʜʦʙʨʝ ʨʘʟʧʦʣʦʞʝʥʠʝʪʦ ʤʫ ʩʨʝʜ ʟʚʝʟʜʠʪʝ.  

ʇʨʝʟ 2022 ʛ. ʟʘ ʥʘʰʠʪʝ ʛʝʦʛʨʘʬʩʢʠ ʰʠʨʠʥʠ ʋʨʘʥ ʱʝ ʙʲʜʝ ʦʢʫʣʪʠʨʘʥ (ʟʘʢ-

ʨʠʪ) ʜʚʘ ʧʲʪʠ ʦʪ ʃʫʥʘʪʘ ï ʥʘ 15 ʩʝʧʪʝʤʚʨʠ ʠ ʥʘ 5 ʜʝʢʝʤʚʨʠ. ɿʘ ʧʦʚʝʯʝ ʧʦʜʨʦʙ-

ʥʦʩʪʠ ʚʠʞʪʝ ʨʘʟʜʝʣʘ Ăʆʢʫʣʪʘʮʠʠ ʥʘ ʧʣʘʥʝʪʠ ʦʪ ʃʫʥʘʪʘñ ʧʦ-ʜʦʣʫ. 

ʋʨʘʥ ʝ ʥʘʙʣʶʜʘʚʘʥ ʟʘ ʧʨʲʚ ʧʲʪ ʦʪ ʘʥʛʣʠʡʩʢʠʷʪ ʘʩʪʨʦʥʦʤ ʋʡʣʷʤ ʍʝʨʰʝʣ, 

ʢʦʡʪʦ ʦʙʷʚʷʚʘ ʪʦʚʘ ʩʚʦʝ ʦʪʢʨʠʪʠʝ ʥʘ 13 ʤʘʨʪ 1781 ʛ. 
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ʆʨʙʠʪʘʣʥʠʷʪ ʧʝʨʠʦʜ ʥʘ ʪʘʟʠ ʧʣʘʥʝʪʘ ʝ 30 688.5 ʜʥʠ (84.02 ʟʝʤʥʠ ʛʦʜʠʥʠ), ʘ 

ʩʠʥʦʜʠʯʥʠʷʪ Ⱬ ʧʝʨʠʦʜ ʝ 369.66 ʜʥʠ. 

 

 

ʅʝʧʪʫʥ  

ɺ ʥʘʯʘʣʦʪʦ ʥʘ ʛʦʜʠʥʘʪʘ ʯʝʪʚʲʨʪʠʷʪ ʛʘʟʦʚ ʛʠʛʘʥʪ ʚ ʉʣʲʥʯʝʚʘʪʘ ʩʠʩʪʝʤʘ ʱʝ 

ʩʝ ʜʚʠʞʠ ʚ ʩʝʚʝʨʦʠʟʪʦʯʥʘʪʘ ʯʘʩʪ ʥʘ ʩʲʟʚʝʟʜʠʝʪʦ ɺʦʜʦʣʝʡ, ʩ ʷʨʢʦʩʪ 7.9 mag ʠ ʩ 

ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 2.4ǌ. ʅʘ 2 ʤʘʡ ʅʝʧʪʫʥ ʱʝ ʧʨʝʩʝʯʝ ʛʨʘʥʠʮʘʪʘ ʥʘ ɺʦʜʦʣʝʡ ʩ ʈʠʙʠ, 

ʥʦ ʥʘ 18 ʘʚʛʫʩʪ ʱʝ ʩʝ ʚʲʨʥʝ ʦʙʨʘʪʥʦ ʚʲʚ ɺʦʜʦʣʝʡ. ʇʨʝʟ ʮʷʣʘʪʘ 2022 ʛ. ʅʝʧʪʫʥ 

ʱʝ ʙʲʜʝ ʚʠʜʠʤʦ ʙʣʠʟʦ ʜʦ ʷʨʢʠʷʪ ʖʧʠʪʝʨ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʫʩʣʦʚʠʷʪʘ ʟʘ ʥʘʙʣʶʜʝ-

ʥʠʝ ʥʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʙʲʜʘʪ ʩʭʦʜʥʠ. ʅʘ 13 ʤʘʨʪ ʚ 13
h
 43

m
 ʅʝʧʪʫʥ ʱʝ ʙʲʜʝ ʚ 

ʩʲʝʜʠʥʝʥʠʝ ʩʲʩ ʉʣʲʥʮʝʪʦ. ʅʘ 12 ʘʧʨʠʣ ʚ 17
h
 43

m
 ʪʦʡ ʱʝ ʙʲʜʝ ʚ ʙʣʠʟʢʦ ʩʲʝʜʠʥʝ-

ʥʠʝ ʧʦ ʝʢʣʠʧʪʠʯʥʠ ʜʲʣʞʠʥʠ ʩ ʖʧʠʪʝʨ (ʚʠʞ ʨʘʟʜʝʣ Ăʇʦ-ʘʪʨʘʢʪʠʚʥʠ ʚʟʘʠʤʥʠ 

ʩʲʝʜʠʥʝʥʠʷ ʥʘ ʧʣʘʥʝʪʠʪʝ ʠ ʧʣʘʥʝʪʥʠ ʧʘʨʘʜʠñ). ʅʘ 17 ʩʝʧʪʝʤʚʨʠ ʚ 01
h
 21

m
 ʅʝʧ-

ʪʫʥ ʱʝ ʙʲʜʝ ʚ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ, ʩ ʷʨʢʦʩʪ 7.8 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 2.4ǌ.  

ʊʘʟʠ ʧʣʘʥʝʪʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʝʬʝʢʪʠʚʥʦ ʩʘʤʦ ʩ ʪʝʣʝʩʢʦʧ ʧʨʠ ʛʦʣʝʤʠ 

ʫʚʝʣʠʯʝʥʠʷ, ʤʘʢʘʨ ʯʝ ʪʝʦʨʝʪʠʯʥʦ ʙʠ ʩʣʝʜʚʘʣʦ ʪʷ ʜʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʘʙʝʣʷʟʘʥʘ ʠ ʩ 

ʙʠʥʦʢʲʣ.  

ʅʝʧʪʫʥ ʝ ʥʘʙʣʶʜʘʚʘʥ ʟʘ ʧʨʲʚ ʧʲʪ ʦʪ ʥʝʤʩʢʠʷʪ ʘʩʪʨʦʥʦʤ ʁʦʭʘʥ ɻʦʜʬʨʠʜ 

ɻʘʣ ʥʘ 23 ʩʝʧʪʝʤʚʨʠ 1846 ʛ., ʥʘ ʧʦʟʠʮʠʷ ʩʘʤʦ ʩ 1Á ʨʘʟʣʠʢʘ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 

ʠʟʯʠʩʣʝʥʘʪʘ ʦʪ ʬʨʝʥʩʢʠʷ ʤʘʪʝʤʘʪʠʢ ʠ ʘʩʪʨʦʥʦʤ ʖʨʙʝʥ ʃʴʦʚʝʨʠʝ. ɻʦʜʠʥʠ ʧʨʝʜʠ 

ʪʦʚʘ ʜʨʫʛ ʬʨʝʥʩʢʠ ʘʩʪʨʦʥʦʤ ï ɸʣʝʢʩʠʩ ɹʫʚʘʨ ʜʦʧʫʩʢʘ ʩʲʱʝʩʪʚʫʚʘʥʝʪʦ ʥʘ ʧʣʘ-

ʥʝʪʘ ʦʪʚʲʜ ʋʨʘʥ, ʧʦʨʘʜʠ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʦʨʙʠʪʘʪʘ ʥʘ ʩʘʤʠʷ ʋʨʘʥ, 

ʧʦʨʦʜʝʥʠ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ ʩʤʫʱʝʥʠʝ ʥʘ ʥʝʠʟʚʝʩʪʥʘʪʘ ʪʦʛʘʚʘ ʦʩʤʘ ʧʣʘʥʝʪʘ.  

ʆʨʙʠʪʘʣʥʠʷʪ ʧʝʨʠʦʜ ʥʘ ʅʝʧʪʫʥ ʝ 60 182 ʜʥʠ (164.8 ʟʝʤʥʠ ʛʦʜʠʥʠ), ʘ ʩʠʥʦ-

ʜʠʯʥʠʷʪ ʤʫ ʧʝʨʠʦʜ ʝ 367.49 ʜʥʠ. 

 

 

 

ʇʣʘʥʝʪʥʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʇʣʘʥʝʪʠʪʝ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʚʠʥʘʛʠ ʙʣʠʟʦ ʜʦ ʝʢʣʠʧʪʠʢʘʪʘ ʠʣʠ ʥʘ ʩʘʤʘʪʘ ʥʝʷ. 

ʇʨʠʯʠʥʘʪʘ ʟʘ ʪʦʚʘ ʩʘ ʥʝʛʦʣʝʤʠʪʝ ʥʘʢʣʦʥʠ ʥʘ ʪʝʭʥʠʪʝ ʦʨʙʠʪʠ ʩʧʨʷʤʦ ʨʘʚʥʠʥʘʪʘ 

ʥʘ ʟʝʤʥʘʪʘ ʦʨʙʠʪʘ, ʥʘʨʠʯʘʥʘ ʝʢʣʠʧʪʠʯʥʘ ʨʘʚʥʠʥʘ. 

ʂʦʛʘʪʦ ʝʜʥʘ ʚʲʪʨʝʰʥʘ (ʜʦʣʥʘ) ʧʣʘʥʝʪʘ ʝ ʚ ʤʘʢʩʠʤʘʣʥʘ ʠʟʪʦʯʥʘ ʠʣʠ ʚ ʤʘʢ-

ʩʠʤʘʣʥʘ ʟʘʧʘʜʥʘ ʝʣʦʥʛʘʮʠʷ (Greatest eastern / western elongation), ʪʷ ʩʝ ʥʘʙʣʶʜʘ-

ʚʘ ʥʘʡ-ʜʲʣʛʦ ʚʨʝʤʝ ʚʝʯʝʨ ʩʣʝʜ ʟʘʣʝʟʘ ʥʘ ʉʣʲʥʮʝʪʦ, ʨʝʩʧ. ʩʫʪʨʠʥ ʧʨʝʜʠ ʠʟʛʨʝʚʘ. 

ɻʣʝʜʘʥ ʧʨʝʟ ʪʝʣʝʩʢʦʧ ʚ ʪʝʟʠ ʤʦʤʝʥʪʠ, ʜʠʩʢʲʪ ʥʘ ʧʣʘʥʝʪʘʪʘ ʠʟʛʣʝʞʜʘ ʦʩʚʝʪʝʥ 

ʥʘʧʦʣʦʚʠʥʘ. ʇʦ ʚʨʝʤʝ ʥʘ ʤʘʢʩʠʤʘʣʥʠʪʝ ʩʠ ʝʣʦʥʛʘʮʠʠ ʄʝʨʢʫʨʠʡ ʩʝ ʥʘʙʣʶʜʘʚʘ 

ʥʘ ʲʛʣʦʚʠ ʦʪʩʪʦʷʥʠʷ ʤʝʞʜʫ 18Á ʠ 28Á ʦʪ ʉʣʲʥʮʝʪʦ, ʘ ɺʝʥʝʨʘ ï ʥʘ ʦʪʩʪʦʷʥʠʷ 

ʤʝʞʜʫ 45Á ʠ 47Á. 
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ʇʣʘʥʝʪʥʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʂʦʛʘʪʦ ʝʜʥʘ ʚʲʪʨʝʰʥʘ ʧʣʘʥʝʪʘ ʝ ʚ ʜʦʣʥʦ (ʚʲʪʨʝʰʥʦ) ʠʣʠ ʚ ʛʦʨʥʦ (ʚʲʥʰʥʦ) 

ʩ̡ ʝʜʠʥʝʥʠʝ ʩʲʩ ʉʣʲʥʮʝʪʦ (Inferior / Superior conjunction), ʪʷ ʩʝ ʥʘʤʠʨʘ ʚ ʥʘʡ-

ʙʣʠʟʢʘʪʘ ʜʦ ʥʘʩ, ʨʝʩʧ. ʚ ʥʘʡ-ʦʪʜʘʣʝʯʝʥʘʪʘ ʦʪ ʥʘʩ ʪʦʯʢʘ ʦʪ ʩʚʦʷʪʘ ʦʨʙʠʪʘ. ʆʢʦʣʦ 

ʪʝʟʠ ʤʦʤʝʥʪʠ ʧʣʘʥʝʪʘʪʘ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ, ʪʲʡ ʢʘʪʦ ʩʝ ʛʫʙʠ ʚ ʩʠʷʥʠʝʪʦ 

ʦʢʦʣʦ ʉʣʲʥʮʝʪʦ. 

ʂʦʛʘʪʦ ʝʜʥʘ ʚʲʥʰʥʘ (ʛʦʨʥʘ) ʧʣʘʥʝʪʘ ʝ ʚ ʠʟʪʦʯʥʘ ʢʚʘʜʨʘʪʫʨʘ (Eastern 

quadrature), ʪʷ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚ ʧʲʨʚʘʪʘ ʧʦʣʦʚʠʥʘ ʥʘ ʥʦʱʪʘ, ʚ ʧʦʩʦʢʘ ʥʘ 90Á ʠʟ-
ʪʦʯʥʦ ʦʪ ʚʝʯʝ ʟʘʣʷʟʣʦʪʦ ʉʣʲʥʮʝ. ɸʢʦ ʝʜʥʘ ʚʲʥʰʥʘ ʧʣʘʥʝʪʘ ʝ ʚ ʟʘʧʘʜʥʘ ʢʚʘʜʨʘ-
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ʪʫʨʘ (Western quadrature), ʪʷ ʝ ʚʠʜʠʤʘ ʚʲʚ ʚʪʦʨʘʪʘ ʧʦʣʦʚʠʥʘ ʥʘ ʥʦʱʪʘ, ʥʘ 90Á 

ʟʘʧʘʜʥʦ ʦʪ ʦʱʝ ʥʝʠʟʛʨʷʣʦʪʦ ʉʣʲʥʮʝ. 

30 

ʂʦʛʘʪʦ ʝʜʥʘ ʚʲʥʰʥʘ ʧʣʘʥʝʪʘ ʝ ʚ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ ʥʘ ʉʣʲʥʮʝʪʦ (ʠʣʠ ʚ ʦʧʦʟʠ-

ʮʠʷ ï Opposition), ʪʷ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚʲʟʤʦʞʥʦ ʥʘʡ-ʜʦʙʨʝ ï ʚ ʧʦʣʫʥʦʱ, ʥʘʜ ʶʞʥʠʷ 

ʭʦʨʠʟʦʥʪ. ʆʢʦʣʦ ʪʦʟʠ ʤʦʤʝʥʪ ʧʣʘʥʝʪʘʪʘ ʝ ʥʘʡ-ʙʣʠʟʦ ʜʦ ɿʝʤʷʪʘ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʩʝ 

ʚʠʞʜʘ ʩ ʥʘʡ-ʛʦʣʷʤ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ ʠ ʩ ʥʘʡ-ʚʠʩʦʢʘ ʷʨʢʦʩʪ. 

ʂʦʛʘʪʦ ʝʜʥʘ ʚʲʥʰʥʘ ʧʣʘʥʝʪʘ ʝ ʚ ʩʲʝʜʠʥʝʥʠʝ ʩʲʩ ʉʣʲʥʮʝʪʦ (Conjunction), ʪʷ 

ʩʝ ʥʘʤʠʨʘ ʚ ʥʘʡ-ʦʪʜʘʣʝʯʝʥʘʪʘ ʦʪ ʥʘʩ ʪʦʯʢʘ ʥʘ ʩʚʦʷʪʘ ʦʨʙʠʪʘ ʠ ʥʝ ʤʦʞʝ ʜʘ ʩʝ 

ʥʘʙʣʶʜʘʚʘ, ʧʦʥʝʞʝ ʩʝ ʛʫʙʠ ʚ ʩʠʷʥʠʝʪʦ ʦʢʦʣʦ ʮʝʥʪʨʘʣʥʦʪʦ ʥʠ ʩʚʝʪʠʣʦ. 

 

ʉʲʝʜʠʥʝʥʠʝ ʥʘ ʜʚʝ ʧʣʘʥʝʪʠ ʠʣʠ ʥʘ ʧʣʘʥʝʪʘ ʩ ʃʫʥʘʪʘ ʠʤʘʤʝ, ʢʦʛʘʪʦ ʩʝ ʠʟ-

ʨʘʚʥʷʪ ʪʝʭʥʠʪʝ ʨʝʢʪʘʩʮʝʥʟʠʠ ʠʣʠ ʝʢʣʠʧʪʠʯʥʠ ʜʲʣʞʠʥʠ. ʇʨʠ ʦʧʠʩʘʥʠʝʪʦ ʥʘ ʪʘ-

ʢʠʚʘ ʷʚʣʝʥʠʷ ʩʣʝʜʚʘ ʜʘ ʩʝ ʫʪʦʯʥʠ ʜʘʣʠ ʩʲʝʜʠʥʝʥʠʝʪʦ ʝ ʧʦ ʨʝʢʪʘʩʮʝʥʟʠʷ ʠʣʠ ʧʦ 

ʝʢʣʠʧʪʠʯʥʘ ʜʲʣʞʠʥʘ. ʇʦ ʚʨʝʤʝ ʥʘ ʩʲʝʜʠʥʝʥʠʝʪʦ ʜʚʘʪʘ ʦʙʝʢʪʘ ʩʘ ʚʠʜʠʤʦ ʙʣʠʟʦ ʠ 

ʘʢʦ ʩʘ ʷʨʢʠ, ʪʝ ʧʨʠʚʣʠʯʘʪ ʧʦʛʣʝʜʘ ʢʲʤ ʦʙʣʘʩʪʪʘ ʦʪ ʥʝʙʝʪʦ, ʢʲʜʝʪʦ ʩʝ ʥʘʤʠʨʘʪ. 

 

 

 

ʇʦ-ʘʪʨʘʢʪʠʚʥʠ ʚʟʘʠʤʥʠ ʩʲʝʜʠʥʝʥʠʷ ʥʘ ʧʣʘʥʝʪʠʪʝ ʠ ʧʣʘʥʝʪʥʠ ʧʘʨʘʜʠ 

13 ʬʝʚʨʫʘʨʠ ʠ 12 ʤʘʨʪ ï ɺʝʥʝʨʘ ʠ ʄʘʨʩ ʥʘ ʦʪʩʪʦʷʥʠʷ ʩʲʦʪʚʝʪʥʦ 6.5Á 

ʠ 4Á 

ʈʝʢʪʘʩʮʝʥʟʠʠʪʝ ʥʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʩʝ ʠʟʨʘʚʥʷʪ ʟʘ ʧʲʨʚʠ ʧʲʪ ʪʘʟʠ ʛʦʜʠʥʘ 

ʥʘ 13 ʬʝʚʨʫʘʨʠ ʚ 03
h
 18

m
, ʢʦʛʘʪʦ ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ʥʘ 6Á 35ǋ ʩʝʚʝʨʥʦ ʦʪ ʄʘʨʩ. ʊʦ-

ʛʘʚʘ ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ ï4.6 mag, ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 40.6ǌ ʠ ʩ 26% ʦʩʚʝʪʝʥ 

ʜʠʩʢ (ʚʲʚ ʚʠʜ ʥʘ ʩʲʨʧ). ʄʘʨʩ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ 1.3 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 4.5ǌ.  

ʆʪ ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʝʪʦ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʝʤʥʦʛʦ ʩʣʝʜ ʤʦʤʝʥʪʘ ʥʘ ʩʲʝʜʠ-

ʥʝʥʠʝʪʦ ʧʦ ʨʝʢʪʘʩʮʝʥʟʠʷ ï ʥʘ 13 ʬʝʚʨʫʘʨʠ ʦʪ ʠʟʛʨʝʚʘ ʥʘ ʄʘʨʩ 2 ʯʘʩʘ ʧʨʝʜʠ ʥʘ-

ʯʘʣʦʪʦ ʥʘ ʜʝʥʷ (ʦʪ 05
h
 27

m
 ʟʘ ʉʦʬʠʷ), ʜʦ ʨʘʟʚʠʜʝʣʷʚʘʥʝ. ʊʦʛʘʚʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ 

ʱʝ ʙʲʜʘʪ ʥʘ ̡ʛʣʦʚʦ ʦʪʩʪʦʥ̫ʠʝ ʦʢʦʣʦ 6.5Á. 

 

ʅʘ 12 ʤʘʨʪ ʚ 16
h
 10

m
 ʩʲʱʠʪʝ ʧʣʘʥʝʪʠ ʦʪʥʦʚʦ ʱʝ ʙʲʜʘʪ ʚ ʩʲʝʜʠʥʝʥʠʝ ʧʦ ʨʝʢ-

ʪʘʩʮʝʥʟʠʠ. ʊʦʛʘʚʘ ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ʥʘ 4Á 00ǋ ʩʝʚʝʨʥʦ ʦʪ ʄʘʨʩ, ʩ ʷʨʢʦʩʪ ï4.5 mag, 

ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 27.3ǌ ʠ ʩ 45.2% ʦʩʚʝʪʝʥ ʜʠʩʢ. ʄʘʨʩ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ 1.2 mag ʠ 

ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 4.9ǌ.  

ʆʪ ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʝʪʦ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʨʝʜʠ ʤʦʤʝʥʪʘ ʥʘ ʩʲʝʜʠʥʝʥʠʝʪʦ ï 

ʥʘ 12 ʤʘʨʪ, ʦʪ ʠʟʛʨʝʚʘ ʥʘ ʄʘʨʩ 1 ʯʘʩ ʠ 53 ʤʠʥʫʪʠ ʧʨʝʜʠ ʠʟʛʨʝʚʘ ʥʘ ʉʣʲʥʮʝʪʦ (ʦʪ 

04
h
 51

m
 ʟʘ ʉʦʬʠʷ), ʜʦ ʨʘʟʚʠʜʝʣʷʚʘʥʝ. ʊʦʛʘʚʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʙʲʜʘʪ ʥʘ ʦʪʩʪʦʷ-

ʥʠʝ ʦʢʦʣʦ 4Á ʝʜʥʘ ʦʪ ʜʨʫʛʘ. 
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29 ʤʘʨʪ ï ɺʝʥʝʨʘ ʠ ʉʘʪʫʨʥ ʥʘ ʦʪʩʪʦʷʥʠʝ 2.1Á 

ʊʝʟʠ ʧʣʘʥʝʪʠ ʱʝ ʙʲʜʘʪ ʚ ʩʲʝʜʠʥʝʥʠʝ ʧʦ ʨʝʢʪʘʩʮʝʥʟʠʷ ʥʘ 29 ʤʘʨʪ ʚ 16
h
 12

m
, 

ʢʦʛʘʪʦ ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ʥʘ 2Á 10ǋ ʩʝʚʝʨʥʦ ʦʪ ʉʘʪʫʨʥ, ʩ ʷʨʢʦʩʪ ï4.3 mag, ʩ ʲʛʣʦʚ 

ʜʠʘʤʝʪʲʨ 22.4ǌ ʠ ʩ 54% ʦʩʚʝʪʝʥ ʜʠʩʢ. ʉʘʪʫʨʥ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ 0.9 mag ʠ ʩ ʲʛʣʦʚ 

ʜʠʘʤʝʪʲʨ 15.8ǌ.  

ʆʪ ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʝʪʦ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘ 29 ʤʘʨʪ, ʦʪ ʠʟʛʨʝʚʘ ʥʘ ʉʘʪʫʨʥ 1 

ʯʘʩ ʠ 41 ʤʠʥʫʪʠ ʧʨʝʜʠ ʠʟʛʨʝʚ ʩʣʲʥʮʝ (ʦʪ 05
h
 33

m
 ʟʘ ʉʦʬʠʷ), ʜʦ ʨʘʟʚʠʜʝʣʷʚʘʥʝ. 

ʊʦʛʘʚʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʙʲʜʘʪ ʥʘ ʦʪʩʪʦʷʥʠʝ ʦʢʦʣʦ 2.1Á. 

 

 

5 ʘʧʨʠʣ ï ʄʘʨʩ ʠ ʉʘʪʫʨʥ ʥʘ ʦʪʩʪʦʷʥʠʝ 19ǋ  

ʈʝʢʪʘʩʮʝʥʟʠʠʪʝ ʥʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʩʝ ʠʟʨʘʚʥʷʪ ʥʘ 5 ʘʧʨʠʣ ʚ 01
h
 03

m
, ʢʦʛʘ-

ʪʦ ʄʘʨʩ ʱʝ ʙʲʜʝ ʥʘ 19ǋ 15ǌ ʶʞʥʦ ʦʪ ʉʘʪʫʨʥ, ʩ ʷʨʢʦʩʪ 1.0 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝ-

ʪʲʨ 5.3ǌ. ʉʘʪʫʨʥ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ 0.9 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 15.9ǌ. 

ʆʪ ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʝʪʦ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʯʘʩʦʚʝ ʩʣʝʜ ʤʦʤʝʥʪʘ ʥʘ ʩʲʝʜʠʥʝ-

ʥʠʝʪʦ ʧʦ ʨʝʢʪʘʩʮʝʥʟʠʷ ï ʥʘ 5 ʘʧʨʠʣ, ʦʪ ʠʟʛʨʝʚʘ ʥʘ ʄʘʨʩ 1 ʯʘʩ ʠ 53 ʤʠʥʫʪʠ ʧʨʝʜʠ 

ʠʟʛʨʝʚ ʩʣʲʥʮʝ (ʦʪ 05
h
 09

m
 ʟʘ ʉʦʬʠʷ), ʜʦ ʨʘʟʚʠʜʝʣʷʚʘʥʝ. ʊʦʛʘʚʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ 

ʙʲʜʘʪ ʥʘ ʦʪʩʪʦʷʥʠʝ 18.5ǋ ʝʜʥʘ ʦʪ ʜʨʫʛʘ, ʘ ʥʘ ʦʢʦʣʦ 7.2Á ʚʣʷʚʦ ʦʪ ʪʷʭ ʱʝ ʙʲʜʝ 

ʚʠʜʠʤʘ ɺʝʥʝʨʘ. ʄʦʞʝ ʜʘ ʩʝ ʢʘʞʝ, ʯʝ ʪʦʚʘ ʩʲʝʜʠʥʝʥʠʝ ʝ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʘʪʨʘʢʪʠʚ-

ʥʠʷʪ ʧʘʨʘʜ ʥʘ ʧʣʘʥʝʪʠʪʝ, ʢʦʡʪʦ ʱʝ ʥʘʙʣʶʜʘʚʘʤʝ ʧʨʝʟ ʧʨʦʣʝʪʪʘ (ʩʣʝʜʚʘʪ ʧʦʜ-

ʨʦʙʥʦʩʪʠ). 
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ʉʘʪʫʨʥ ʩ ʧʦ-ʷʨʢʠʪʝ ʩʠ ʩʧʲʪʥʠʮʠ ʠ ʄʘʨʩ, ʢʘʢʪʦ ʱʝ ʠʟʛʣʝʞʜʘʪ ʚ ʦʢʫʣʷʨʘ ʥʘ ʪʝʣʝʩʢʦʧ ʩʲʩ ʟʨʠ-
ʪʝʣʥʦ ʧʦʣʝ 0.4Á (ʙʝʟ ʦʙʨʲʱʘʥʝ ʥʘ ʦʙʨʘʟʘ) ʥʘ 5 ʘʧʨʠʣ ʚ 05h 45m. ʊʦʛʘʚʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʙʜ̡ʘʪ 
ʥʘ ʲʛʣʦʚʦ ʦʪʩʪʦʷʥʠʝ 18ǋ 27ǌ ʠ ʥʘ ʚʠʩʦʯʠʥʘ ʥʘʜ ʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ 6Á ʟʘ ʥʘʙʣʶʜʘʪʝʣ ʦʪ ʨʘʡʦʥʘ 

ʥʘ ʉʦʬʠʷ 

 

ʇʣʘʥʝʪʝʥ ʧʘʨʘʜ ʧʨʝʟ ʘʧʨʠʣ ʠ ʤʘʡ 

ʊʦʡ ʱʝ ʟʘʧʦʯʥʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦ-ʫʜʦʙʥʦ ʦʪ ʦʢʦʣʦ 10 ʘʧʨʠʣ ʨʘʥʦ ʩʫʪʨʠʥ, 

ʥʠʩʢʦ  ʥʘʜ ʭʦʨʠʟʦʥʪʘ ʚ ʧʦʩʦʢʘ ʠʟʪʦʢ-ʶʛʦʠʟʪʦʢ. ʑʝ ʙʲʜʝ ʬʦʨʤʠʨʘʥ ʦʪ ʧʝʪ ʧʣʘ-

ʥʝʪʠ. ʖʧʠʪʝʨ, ɺʝʥʝʨʘ ʠ ʥʝʚʠʜʠʤʠʷʪ ʩ ʥʝʚʲʦʨʲʞʝʥʦ ʦʢʦ ʅʝʧʪʫʥ ʱʝ ʙʲʜʘʪ ʚ ʩʲʟ-

ʚʝʟʜʠʝʪʦ ɺʦʜʦʣʝʡ, ʘ ʄʘʨʩ ʠ ʉʘʪʫʨʥ ï ʚ ʩʲʩʝʜʥʦʪʦ ʩʲʟʚʝʟʜʠʝ ʂʦʟʠʨʦʛ. ʇʦ-ʢʲʩʥʦ 

ʧʨʝʟ ʘʧʨʠʣ ʫʩʣʦʚʠʷʪʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʧʘʨʘʜʘ ʱʝ ʩʝ ʧʦʜʦʙʨʷʚʘʪ. ʇʣʘʥʝʪʠʪʝ ʱʝ 

ʠʟʛʨʷʚʘʪ ʚʩʝ ʧʦ-ʨʘʥʦ ʧʨʝʜʠ ʢʨʘʷ ʥʘ ʥʦʱʠʪʝ ʠ ɦʝ ʧʨʠʚʣʠʯʘʪ ʧʦʛʣʝʜʘ ʚʩʝ ʧʦ-

ʚʠʩʦʢʦ ʥʘʜ ʶʛʦʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ. ɺ ʫʪʨʘʪʘ ʥʘ 25, 26 ʠ 27 ʘʧʨʠʣ ʚʲʚ ʚʠʜʠʤʘ 

ʙʣʠʟʦʩʪ ʜʦ ʪʷʭ ʱʝ ʙʲʜʝ ʣʫʥʥʠʷʪ ʩʲʨʧ. ʉʫʪʨʠʥʪʘ ʥʘ ʧʦʩʣʝʜʥʘʪʘ ʦʪ ʪʝʟʠ ʜʘʪʠ ʃʫ-

ʥʘʪʘ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩ 14.4% ʦʩʚʝʪʝʥ ʜʠʩʢ ʥʘ ʦʢʦʣʦ 3.5Á ʶʞʥʦ ʦʪ ɺʝʥʝʨʘ ʠ 6Á 

ʶʛʦʟʘʧʘʜʥʦ ʦʪ ʖʧʠʪʝʨ.  

 



34 

 

ʇʘʨʘʜʲʪ ʥʘ ʧʣʘʥʝʪʠʪʝ ʥʘ 27 ʘʧʨʠʣ ʦʢʦʣʦ 1 ʯʘʩ ʧʨʝʜʠ ʠʟʛʨʝʚ ʩʣʲʥʮʝ (ʦʢʦʣʦ 05h 30m ʟʘ ʉʦʬʠʷ), 
ʩ ʪʲʥʢʠʷʪ ʣʫʥʝʥ ʩʲʨʧ ʥʘ 3.5Á ʶʞʥʦ ʦʪ ɺʝʥʝʨʘ 

 

12 ʘʧʨʠʣ ï ʖʧʠʪʝʨ ʠ ʅʝʧʪʫʥ ʥʘ ʦʪʩʪʦʷʥʠʝ 6ǋ 

ʊʦʚʘ ʩʲʝʜʠʥʝʥʠʝ ʥʷʤʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʫʜʦʙʥʦ ʧʦʨʘʜʠ ʛʦʣʷʤʘʪʘ 

ʨʘʟʣʠʢʘ ʚ ʷʨʢʦʩʪʪʘ ʥʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʠ ʧʦʨʘʜʠ ʚʠʜʠʤʘʪʘ ʠʤ ʙʣʠʟʦʩʪ ʜʦ ʉʣʲʥʮʝ-

ʪʦ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʱʝ ʜʘʜʝʤ ʦʙʝʢʪʠʚʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʙ̡ʠʪʠʝʪʦ, ʪʲʡ ʢʘʪʦ ʪʦ 

ʝʜʚʘ ʣʠ ʱʝ ʙʲʜʝ ʧʦʜʤʠʥʘʪʦ ʙʝʟ ʰʫʤ ʦʪ ʘʩʪʨʦʣʦʟʠʪʝ, ʧʨʝʜʚʠʜ ʜʲʣʛʠʷʪ ʧʝʨʠʦʜ ʦʪ 

ʙʣʠʟʦ 12.6 ʛʦʜʠʥʠ, ʧʨʝʟ ʢʦʡʪʦ ʖʧʠʪʝʨ ʠ ʅʝʧʪʫʥ ʩʝ Ăʩʨʝʱʘʪñ ʧʦʢʨʘʡ ʝʢʣʠʧʪʠʢʘ-

ʪʘ.  

ʅʘ 12 ʘʧʨʠʣ ʚ 17
h
 43

m
 ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʙʲʜʘʪ ʚ ʩʲʝʜʠʥʝʥʠʝ ʧʦ ʝʢʣʠʧʪʠʯʥʠ 

ʜʲʣʞʠʥʠ. ʊʦʛʘʚʘ ʅʝʧʪʫʥ ʱʝ ʙʲʜʝ ʥʘ ʦʪʩʪʦʷʥʠʝ 05ǋ 58ǌ ʶʞʥʦ ʦʪ ʖʧʠʪʝʨ. ʊʷʭʥʦ-

ʪʦ ʩʲʝʜʠʥʝʥʠʝ ʧʦ ʨʝʢʪʘʩʮʝʥʟʠʷ ʱʝ ʥʘʩʪʲʧʠ ʥʷʢʦʣʢʦ ʯʘʩʘ ʧʦ-ʢʲʩʥʦ ï ʚ 23
h
 03

m
, 

ʢʦʛʘʪʦ ʅʝʧʪʫʥ ʱʝ ʙʲʜʝ ʥʘ 06ǋ 29ǌ ʶʞʥʦ ʦʪ ʖʧʠʪʝʨ. ʇʦ ʩʲʱʦʪʦ ʚʨʝʤʝ ʅʝʧʪʫʥ 

ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ 8.0 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 2,4ǌ, ʪ.ʝ. ʚʠʜʠʤ ʩʘʤʦ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʥʦ. ʖʧʠʪʝʨ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ ï2.1 mag ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 33.8ǌ. ʊʘʟʠ ʦʛʨʦʤ-

ʥʘ ʨʘʟʣʠʢʘ ʚ ʷʨʢʦʩʪʪʘ ʥʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ï ʙʣʠʟʦ 330 ʧʲʪʠ, ʱʝ ʟʘʪʨʫʜʥʠ ʦʧʠʪʠʪʝ 

ʜʘ ʙʲʜʘʪ ʬʦʪʦʛʨʘʬʠʨʘʥʠ ʝʜʥʦʚʨʝʤʝʥʥʦ.  

ʅʘ 12 ʘʧʨʠʣ ʖʧʠʪʝʨ ʠ ʅʝʧʪʫʥ ʱʝ ʠʟʛʨʝʷʪ ʦʢʦʣʦ 56 ʤʠʥʫʪʠ ʧʨʝʜʠ ʠʟʛʨʝʚʘ 

ʥʘ ʉʣʲʥʮʝʪʦ (ʦʢʦʣʦ 05
h
 55

m
 ʟʘ ʉʦʬʠʷ), ʢʦʛʘʪʦ ʦʙʘʯʝ ʥʘ ʠʟʪʦʢ ʟʘʧʦʯʚʘ ʜʘ ʥʘʩʪʲʧ-

ʚʘ ʟʦʨʘʪʘ. ʊʦʚʘ ʱʝ ʙʲʜʝ ʚʪʦʨʘʪʘ ʧʨʠʯʠʥʘ, ʩʠʣʥʦ ʚʲʟʧʨʝʧʷʪʩʪʚʘʱʘ ʥʘʙʣʶʜʝʥʠʷ-

ʪʘ. ʅʘ ʩʲʱʘʪʘ ʩʫʪʨʠʥ ʉʣʲʥʮʝʪʦ ʱʝ ʠʟʛʨʝʝ ʟʘ ʉʦʬʠʷ ʚ 06
h
 51

m
. 
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ʖʧʠʪʝʨ ʩ ʥʷʢʦʠ ʦʪ ʩʧʲʪʥʠʮʠʪʝ ʩʠ ʠ ʅʝʧʪʫʥ, ʢʘʢʪʦ ʙʠʭʘ ʠʟʛʣʝʞʜʘʣʠ ʚ ʦʢʫʣʷʨʘ ʥʘ ʪʝʣʝʩʢʦʧ 

ʩʲʩ ʟʨʠʪʝʣʥʦ ʧʦʣʝ 0.2Á (ʙʝʟ ʦʙʨʲʱʘʥʝ ʥʘ ʦʙʨʘʟʘ) ʥʘ 12 ʤʘʡ ʚ 06h 00m. ʊʦʛʘʚʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ 
ʙʲʜʘʪ ʥʘ ʦʪʩʪʦʷʥʠʝ 8ǋ 13ǌ ʝʜʥʘ ʦʪ ʜʨʫʛʘ, ʥʦ ʤʥʦʛʦ ʥʠʩʢʦ ʜʦ ʭʦʨʠʟʦʥʪʘ ʠ ʧʨʠ ʚʝʯʝ ʠʟʩʚʝʪʣʷʚʘ-
ʱʦ ʥʝʙʝ. ʇʦʨʘʜʠ ʪʦʚʘ ʥʘʙʣʶʜʝʥʠʝʪʦ ʥʘ ʩʲʝʜʠʥʝʥʠʝʪʦ ʱʝ ʙʲʜʝ ʧʦʯʪʠ ʥʝʚʲʟʤʦʞʥʦ 

 

 

 

ʅʦʱʪʘ ʥʘ 30 ʘʧʨʠʣ ʩʨʝʱʫ 1 ʤʘʡ ï ɺʝʥʝʨʘ ʠ ʖʧʠʪʝʨ ʥʘ ʦʪʩʪʦʷʥʠʝ 14ǋ 

ʂʫʣʤʠʥʘʮʠʷʪʘ ʥʘ ʧʨʦʣʝʪʥʠʷ ʧʘʨʘʜ ʱʝ ʙʲʜʝ ʩʲʝʜʠʥʝʥʠʝʪʦ ʥʘ ʜʚʝʪʝ ʥʘʡ-ʷʨʢʠ 

ʧʣʘʥʝʪʠ. ʊʝʭʥʠʪʝ ʨʝʢʪʘʩʮʝʥʟʠʠ ʱʝ ʩʝ ʠʟʨʘʚʥʷʪ ʥʘ 30 ʘʧʨʠʣ ʚ 21
h
 37

m
, ʢʦʛʘʪʦ 

ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ʥʘ 14ǋ 49ǌ ʶʞʥʦ ʦʪ ʖʧʠʪʝʨ. ʉ̡ ʝʜʠʥʝʥʠʝʪʦ ʠʤ ʧʦ ʝʢʣʠʧʪʠʯʥʠ 

ʜʲʣʞʠʥʠ ʱʝ ʙʲʜʝ ʥʘ 1 ʤʘʡ ʚ 00
h
 14

m
, ʢʦʛʘʪʦ ʧʣʘʥʝʪʠʪʝ ʱʝ ʙʲʜʘʪ ʚʠʜʠʤʦ ʤʘʣʢʦ 

ʧʦ-ʙʣʠʟʦ ï ʥʘ 13ǋ 50ǌ ʝʜʥʘ ʦʪ ʜʨʫʛʘ. 

ʇʦ ʚʨʝʤʝ ʥʘ ʪʝʟʠ ʩʲʝʜʠʥʝʥʠʷ ʖʧʠʪʝʨ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ ï2.1 mag ʠ ʩ ʲʛʣʦʚ 

ʜʠʘʤʝʪʲʨ 34.7ǌ. ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ ï4.1 mag, ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 16.9ǌ ʠ ʩʲʩ 

67.5% ʦʩʚʝʪʝʥ ʜʠʩʢ.  

ʆʪ ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʝʪʦ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʯʘʩʦʚʝ ʩʣʝʜ ʩʲʝʜʠʥʝʥʠʷʪʘ ï ʥʘ 1 

ʤʘʡ ʩʣʝʜ ʠʟʛʨʝʚʘ ʥʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʦʢʦʣʦ 04
h
 50

m
 (ʟʘ ʉʦʬʠʷ). ʊʦʛʘʚʘ ʪʝ ʱʝ ʙʲʜʘʪ 

ʥʘ ʦʪʩʪʦʷʥʠʝ 17ǋ 53ǌ ʝʜʥʘ ʦʪ ʜʨʫʛʘ. ʅʘ ʩʲʱʘʪʘ ʜʘʪʘ ʉʣʲʥʮʝʪʦ ʱʝ ʠʟʛʨʝʝ ʚ 

06
h
 23

m
 ʟʘ ʩʪʦʣʠʮʘʪʘ, ʪʘʢʘ ʯʝ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʝʜʥʦʚʨʝ-
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ʤʝʥʥʦ ʜʦ ʦʢʦʣʦ 05
h
 45

m
 ʚ ʥʘʩʪʲʧʚʘʱʘʪʘ ʟʦʨʘ. ɼʦʪʦʛʘʚʘ ʟʘ ʥʘʙʣʶʜʘʪʝʣ ʦʪ ʉʦʬʠʷ 

ʪʝ ʱʝ ʩʝ ʠʟʜʠʛʥʘʪ ʥʘ ʚʠʩʦʯʠʥʘ 9.5Á ʥʘʜ ʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ. ʉʣʝʜ ʪʦʚʘ ʚ ʟʦʨʘʪʘ 

ʱʝ ʦʩʪʘʥʝ ʚʠʜʠʤʘ ʩʘʤʦ ʧʦ-ʷʨʢʘʪʘ ɺʝʥʝʨʘ. ʇʨʝʧʦʨʲʯʠʪʝʣʥʦ ʝ ʞʝʣʘʝʱʠʪʝ ʜʘ ʥʘʙ-

ʣʶʜʘʚʘʪ ʷʚʣʝʥʠʝʪʦ ʜʘ ʠʟʙʝʨʘʪ ʤʷʩʪʦ ʩ ʥʠʩʲʢ ʠʟʪʦʯʝʥ ʭʦʨʠʟʦʥʪ. ʇʦʜʭʦʜʷʱʠ ʟʘ 

ʮʝʣʪʘ ʱʝ ʙʲʜʘʪ ʩ̡ ʱʦ ʛʦʨʥʠʪʝ ʝʪʘʞʠ ʥʘ ʚʠʩʦʢʠ ʩʛʨʘʜʠ. ɺ ʦʢʫʣʷʨʘ ʥʘ ʪʝʣʝʩʢʦʧ 

ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʟʘʝʜʥʦ ʱʝ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʘʪʨʘʢʪʠʚʥʘ, ʜʲʣʛʦ ʟʘʧʦʤʥʷʱʘ ʩʝ ʛʣʝʜʢʘ.  

ʊʨʘʜʠʮʠʦʥʥʦ ʧʦ ʚʨʝʤʝ ʥʘ ʩʲʝʜʠʥʝʥʠʷʪʘ ʥʘ ʖʧʠʪʝʨ ʠ ɺʝʥʝʨʘ ʟʘʯʝʩʪʷʚʘʪ 

ʩʲʦʙʱʝʥʠʷʪʘ ʟʘ ʥʘʙʣʶʜʘʚʘʥʠ ʘʥʦʤʘʣʥʠ ʷʚʣʝʥʠʷ ʚ ʥʝʙʝʪʦ, ʥʘʡ-ʚʝʯʝ ʦʪ ʭʦʨʘ, 

ʥʝʧʦʟʥʘʚʘʱʠ ʧʣʘʥʝʪʠʪʝ. ʄʦʞʝʤ ʜʘ ʦʯʘʢʚʘʤʝ ʩʲʱʦʪʦ ʠ ʧʨʝʟ ʪʘʟʠ ʧʨʦʣʝʪ. 

 

 

ɺʝʥʝʨʘ ʠ ʖʧʠʪʝʨ ʢʘʢʪʦ ʱʝ ʩʝ ʚʠʞʜʘʪ ʩ ʥʝʚʲʦʨʲʞʝʥʦ ʦʢʦ ʥʘʜ ʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ ʥʘ 1 ʤʘʡ 
ʦʢʦʣʦ 50 ʤʠʥʫʪʠ ʧʨʝʜʠ ʠʟʛʨʝʚ ʩʣʲʥʮʝ (ʦʢʦʣʦ 05h 30m ʟʘ ʉʦʬʠʷ). ʊʦʛʘʚʘ ʪʝ ɦʝ ʙʲʜʘʪ ʥʘ ʲʛʣʦʚʦ 

ʦʪʩʪʦʷʥʠʝ 18ǋ 55ǌ. ɾʝʣʘʪʝʣʥʦ ʝ ʦʙʘʯʝ ʥʘʙʣʶʜʝʥʠʷʪʘ ʜʘ ʟʘʧʦʯʥʘʪ ʧʦ-ʨʘʥʦ, ʤʘʢʘʨ ʯʝ ʪʦʛʘʚʘ 
ʧʣʘʥʝʪʠʪʝ ʱʝ ʙʲʜʘʪ ʧʦ-ʥʠʩʢʦ ʜʦ ʭʦʨʠʟʦʥʪʘ 
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ʖʧʠʪʝʨ ʩ ɻʘʣʠʣʝʝʚʠʪʝ ʩʠ ʩʧʲʪʥʠʮʠ ʠ ɺʝʥʝʨʘ, ʢʘʢʪʦ ʱʝ ʠʟʛʣʝʞʜʘʪ ʚ ʦʢʫʣʷʨʘ ʥʘ ʪʝʣʝʩʢʦʧ ʩʲʩ 
ʟʨʠʪʝʣʥʦ ʧʦʣʝ 0.6Á (ʙʝʟ ʦʙʨʲʱʘʥʝ ʥʘ ʦʙʨʘʟʘ), ʥʘ 1 ʤʘʡ ʚ 05h 20m. ʊʦʛʘʚʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ 
ʙʲʜʘʪ ʥʘ ʦʪʩʪʦʷʥʠʝ 18ǋ 39ǌ ʝʜʥʘ ʦʪ ʜʨʫʛʘ ʠ ʥʘ ʚʠʩʦʯʠʥʘ ʥʘʜ ʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ 5Á ʟʘ ʥʘʙʣʶʜʘ-

ʪʝʣ ʦʪ ʨʘʡʦʥʘ ʥʘ ʉʦʬʠʷ 

 

29 ʤʘʡ ï ʄʘʨʩ ʠ ʖʧʠʪʝʨ ʥʘ ʦʪʩʪʦʷʥʠʝ 38ǋ  

ʉʲʝʜʠʥʝʥʠʝʪʦ ʧʦ ʨʝʢʪʘʩʮʝʥʟʠʷ ʥʘ ʪʝʟʠ ʜʚʝ ʧʣʘʥʝʪʠ ʱʝ ʥʘʩʪʲʧʠ ʥʘ 29 ʤʘʡ ʚ 

03
h
 04

m
, ʢʦʛʘʪʦ ʄʘʨʩ ʱʝ ʙʲʜʝ ʥʘ 38ǋ 02ǌ ʶʞʥʦ ʦʪ ʖʧʠʪʝʨ, ʩ ʷʨʢʦʩʪ 0.7 mag, ʩ 

ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 6.4ǌ ʠ ʩ 87.5% ʦʩʚʝʪʝʥ ʜʠʩʢ. ʖʧʠʪʝʨ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ ï2.2 mag 

ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 37.0ǌ. 

ʆʪ ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʝʪʦ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʫʜʦʙʥʦ ʩʢʦʨʦ ʩʣʝʜ ʤʦʤʝʥʪʘ ʥʘ ʩʲ-

ʝʜʠʥʝʥʠʝʪʦ ï ʥʘ 29 ʤʘʡ, ʦʪ ʠʟʛʨʝʚʘ ʥʘ ʄʘʨʩ 2 ʯʘʩʘ ʠ 40 ʤʠʥʫʪʠ ʧʨʝʜʠ ʠʟʛʨʝʚ 

ʩʣʲʥʮʝ (ʦʪ 03
h
 13

m
 ʟʘ ʉʦʬʠʷ), ʜʦ ʨʘʟʚʠʜʝʣʷʚʘʥʝ. ʆʢʦʣʦ 1 ʯʘʩ ʠ 30 ʤʠʥʫʪʠ ʧʨʝʜʠ 

ʥʘʯʘʣʦʪʦ ʥʘ ʜʝʥʷ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʙʲʜʘʪ ʚʠʜʠʤʠ ʥʘ ʚʠʩʦʯʠʥʘ 12.5Á ʥʘʜ ʠʟʪʦʯ-

ʥʠʷ ʭʦʨʠʟʦʥʪ (ʚ 04
h
 23

m
 ʟʘ ʉʦʬʠʷ). ʑʝ ʩʝ ʥʘʤʠʨʘʪ ʥʘ ʦʢʦʣʦ 3.5Á ʠʟʪʦʯʥʦ ʦʪ ʧʨʦ-

ʣʝʪʥʘʪʘ ʨʘʚʥʦʜʝʥʩʪʚʝʥʘ ʪʦʯʢʘ ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʈʠʙʠ. ɼʦʪʦʛʘʚʘ ʲʛʣʦʚʦʪʦ ʦʪʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʄʘʨʩ ʠ ʖʧʠʪʝʨ ʱʝ ʝ ʥʘʤʘʣʣ̫ʦ ʦʱʝ ï ʜʦ 37ǋ 19ǌ. 
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ʖʧʠʪʝʨ ʩ ɻʘʣʠʣʝʝʚʠʪʝ ʩʠ ʩʧʲʪʥʠʮʠ ʠ ʄʘʨʩ, ʪʘʢʘ ʢʘʢʪʦ ʱʝ ʠʟʛʣʝʞʜʘʪ ʚ ʦʢʫʣʷʨʘ ʥʘ ʪʝʣʝʩʢʦʧ 
ʩʲʩ ʟʨʠʪʝʣʥʦ ʧʦʣʝ 0.8Á (ʙʝʟ ʦʙʨʲʱʘʥʝ ʥʘ ʦʙʨʘʟʘ), ʥʘ 29 ʤʘʡ ʚ 04h 23m. ʊʦʛʘʚʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ 
ʱʝ ʙʲʜʘʪ ʥʘ ʦʪʩʪʦʷʥʠʝ 37ǋ 19ǌ ʠ ʥʘ ʚʠʩʦʯʠʥʘ ʥʘʜ ʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ 12.5Á ʟʘ ʥʘʙʣʶʜʘʪʝʣ ʦʪ 

ʨʘʡʦʥʘ ʥʘ ʉʦʬʠʷ 

 

29 ʜʝʢʝʤʚʨʠ ï ʄʝʨʢʫʨʠʡ ʠ ɺʝʥʝʨʘ ʥʘ ʦʪʩʪʦʷʥʠʝ 1.4Á 

ʆʪ ʪʨʠʪʝ ʩʲʝʜʠʥʝʥʠʷ ʥʘ ʄʝʨʢʫʨʠʡ ʩ ɺʝʥʝʨʘ ʪʘʟʠ ʛʦʜʠʥʘ ï ʥʘ 26 ʩʝʧʪʝʤʚʨʠ, 

22 ʥʦʝʤʚʨʠ ʠ 29 ʜʝʢʝʤʚʨʠ, ʨʝʘʣʥʦ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʘʤʦ ʧʦʩʣʝʜʥʦʪʦ.  

ʅʘ 29 ʜʝʢʝʤʚʨʠ ʨʝʢʪʘʩʮʝʥʟʠʠʪʝ ʥʘ ʜʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʩʝ ʠʟʨʘʚʥʷʪ ʚ 11
h
 18

m
, 

ʢʦʛʘʪʦ ʄʝʨʢʫʨʠʡ ʱʝ ʙʲʜʝ ʥʘ 1Á 24ǋ ʩʝʚʝʨʥʦ ʦʪ ɺʝʥʝʨʘ, ʩ ʷʨʢʦʩʪ 0.4 mag, ʩ ʲʛʣʦʚ 

ʜʠʘʤʝʪʲʨ 8.3ǌ ʠ ʩ 28.5% ʦʩʚʝʪʝʥ ʜʠʩʢ. ɺʝʥʝʨʘ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ ï3.9 mag, ʩ ʲʛʣʦʚ 

ʜʠʘʤʝʪʲʨ 10.4ǌ ʠ ʩ 96% ʦʩʚʝʪʝʥ ʜʠʩʢ. 

ʆʪ ɹʲʣʛʘʨʠʷ ʷʚʣʝʥʠʝʪʦ ʱʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘ 29 ʜʝʢʝʤʚʨʠ ʚʝʯʝʨʪʘ, ʩʣʝʜ ʟʘʣʝ-

ʟʘ ʥʘ ʉʣʲʥʮʝʪʦ ʚ 17
h
 01

m
 (ʟʘ ʉʦʬʠʷ). ʆʢʦʣʦ 40 ʤʠʥʫʪʠ ʧʦ-ʢʲʩʥʦ, ʢʘʪʦ ʩʝ ʠʟʧʦʣʟ-

ʚʘ ʷʨʢʘʪʘ ɺʝʥʝʨʘ ʟʘ ʦʨʠʝʥʪʠʨ, ʩ ʙʠʥʦʢʲʣ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʦʪʢʨʠʝ ʄʝʨʢʫʨʠʡ ʚʲʚ 

ʚʩʝ ʦʱʝ ʟʜʨʘʯʘʚʘʱʦʪʦ ʩʝ ʥʝʙʝ. ɼʚʝʪʝ ʧʣʘʥʝʪʠ ʱʝ ʙʲʜʘʪ ʚʠʜʠʤʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʥʝʚʲʦʨʲʞʝʥʦ ʦʢʦ ʧʦ-ʢʲʩʥʦ ï ʚʚ̡ ʚʝʯʝ ʥʘʧʨʝʜʥʘʣʠʷ ʧʦʣʫʤʨʘʢ. ʑʝ ʙʲʜʘʪ ʥʠʩʢʦ 

ʥʘʜ ʶʛʦʟʘʧʘʜʥʠʷ ʭʦʨʠʟʦʥʪ ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʉʪʨʝʣʝʮ. ʉʲʱʘʪʘ ʚʝʯʝʨ ɺʝʥʝʨʘ ʱʝ 

ʟʘʣʝʟʝ ʚ 18
h
 14

m
 (ʟʘ ʉʦʬʠʷ), ʪ.ʝ. ʫʜʦʙʥʠʷʪ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠʥʪʝʨʚʘʣ ʱʝ ʙʲʜʝ ʢʨʘ-

ʪʲʢ. ʇʦʨʘʜʠ ʪʦʚʘ ʩʝ ʧʨʝʧʦʨʲʯʚʘ ʠʟʙʦʨ ʥʘ ʥʘʙʣʶʜʘʪʝʣʥʦ ʤʷʩʪʦ ʩ ʥʠʩʲʢ ʭʦʨʠʟʦʥʪ 

ʚ ʧʦʩʦʢʘ ʟʘʧʘʜ-ʶʛʦʟʘʧʘʜ. 
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ɺ ʧʦʩʣʝʜʥʠʪʝ ʥʷʢʦʣʢʦ ʚʝʯʝʨʠ ʥʘ ʜʝʢʝʤʚʨʠ ʷʨʢʠʪʝ ʧʣʘʥʝʪʠ ʠ ʣʫʥʥʠʷʪ ʩʲʨʧ 

ʱʝ ʧʨʠʚʣʠʯʘʪ ʧʦʛʣʝʜʘ ʥʘʜ ʶʛʦʟʘʧʘʜʥʠʷ ʭʦʨʠʟʦʥʪ, ʦʱʝ ʧʨʠ ʩʚʝʯʝʨʷʚʘʥʝ. ɺʝʥʝʨʘ 

ʠ ʄʝʨʢʫʨʠʡ ʱʝ ʙʲʜʘʪ ʚʠʜʠʤʦ ʙʣʠʟʦ, ʤʥʦʛʦ ʥʠʩʢʦ ʥʘʜ ʭʦʨʠʟʦʥʪʘ ï ʚ ʩʲʟʚʝʟʜʠʝʪʦ 

ʉʪʨʝʣʝʮ, ʉʘʪʫʨʥ ʱʝ ʙʲʜʝ ʚ ʂʦʟʠʨʦʛ, ʘ ʖʧʠʪʝʨ ï ʚ ʈʠʙʠ.  

 

 

ʄʝʨʢʫʨʠʡ, ɺʝʥʝʨʘ, ʖʧʠʪʝʨ ʠ ʉʘʪʫʨʥ, ʟʘʝʜʥʦ ʩ 24% ʦʩʚʝʪʝʥʘʪʘ ʃʫʥʘ ʥʘ 27 ʜʝʢʝʤʚʨʠ ʦʢʦʣʦ 55 
ʤʠʥʫʪʠ ʩʣʝʜ ʟʘʣʝʟ ʩʣʲʥʮʝ (ʦʢʦʣʦ 17h 55m ʟʘ ʉʦʬʠʷ). ʅʘʡ-ʪʨʫʜʥʦ ʱʝ ʙʲʜʝ ʚʠʜʠʤ ʄʝʨʢʫʨʠʡ 
ʚʲʚ ʚʩʝ ʦʱʝ ʟʜʨʘʯʘʚʘʱʦʪʦ ʩʝ ʥʝʙʝ, ʥʦ ʷʨʢʘʪʘ ɺʝʥʝʨʘ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʦʨʠʝʥʪʠʨ 
ʧʨʠ ʦʪʢʨʠʚʘʥʝʪʦ ʤʫ. 

 

 

 

ʆʢʫʣʪʘʮʠʠ ʥʘ ʧʣʘʥʝʪʠ ʦʪ ʃʫʥʘʪʘ 

1. ʆʢʫʣʪʘʮʠʷ ʥʘ ʋʨʘʥ ʥʘ 15 ʩʝʧʪʝʤʚʨʠ  

ɿʘʢʨʠʚʘʥʝʪʦ ʥʘ ʧʣʘʥʝʪʘʪʘ ʥʷʤʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʫʜʦʙʥʦ 
ʧʦʨʘʜʠ ʛʦʣʷʤʘʪʘ ʨʘʟʣʠʢʘ ʚ ʷʨʢʦʩʪʪʘ ʥʘ 78% ʧʲʣʥʘʪʘ ʃʫʥʘ ʠ ʪʘʟʠ ʥʘ ʋʨʘʥ 
(5.7 mag). ʃʫʥʘʪʘ ʱʝ ʟʘʢʨʠʝ ʧʣʘʥʝʪʘʪʘ ʩ ʦʩʚʝʪʝʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʩʚʦʷ ʜʠʩʢ, 
ʢʦʡʪʦ ʱʝ ʙʲʜʝ ʩ ʚʠʜʠʤ ʜʠʘʤʝʪʲʨ 30ǋ 46ǌ. ʅʘʙʣʶʜʝʥʠʷ ʩ ʧʦ-ʛʦʣʷʤ ʫʩʧʝʭ 
ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʦʚʝʜʘʪ ʧʨʠ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʋʨʘʥ ʦʪʢʲʤ ʪʲʤʥʘʪʘ ʩʪʨʘʥʘ ʥʘ 
ʃʫʥʘʪʘ, ʘʢʦ ʩʝ ʠʟʧʦʣʟʚʘ ʪʝʣʝʩʢʦʧ ʩ ʛʦʣʷʤʦ ʫʚʝʣʠʯʝʥʠʝ. 
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ɿʘ ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ ʥʘ ʉʋ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ ʟʘʢʨʠ-

ʚʘʥʝʪʦ ʥʘ ʧʣʘʥʝʪʘʪʘ ʱʝ ʟʘʧʦʯʥʝ ʥʘ 15 ʩʝʧʪʝʤʚʨʠ ʚ 00
h
 10

m
 17

s
, ʥʘ ʧʦʟʠʮʠʦʥʝʥ 

ʲʛʲʣ (P.A. ʠʣʠ PA) 69Á. ʇʦʨʘʜʠ ʤʘʣʢʠʷʪ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ ʥʘ ʋʨʘʥ ï ʩʘʤʦ 3.6ǌ, 

ʠʥʪʝʨʚʘʣʲʪ ʚʨʝʤʝ ʤʝʞʜʫ ʥʘʯʘʣʦʪʦ ʠ ʢʨʘʷ ʥʘ ʟʘʢʨʠʚʘʥʝʪʦ ʱʝ ʙʲʜʝ ʩʘʤʦ 7.5 ʩʝ-

ʢʫʥʜʠ. 

 

ʆʪʢʨʠʚʘʥʝʪʦ ʥʘ ʧʣʘʥʝʪʘʪʘ ʟʘ ʆʙʩʝʨʚʘʪʦʨʠʷʪʘ ʥʘ ʉʋ ʱʝ ʟʘʧʦʯʥʝ ʚ 01
h
 13

m
 

43
s
, ʥʘ PA 232Á. ʋʨʘʥ ʱʝ ʙʲʜʝ ʠʟʮʷʣʦ ʦʪʢʨʠʪ 7.5 ʩʝʢʫʥʜʠ ʧʦ-ʢʲʩʥʦ. ɺ ʪʦʟʠ ʤʦ-

ʤʝʥʪ ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʥʘ ʚʠʩʦʯʠʥʘ 36.5Á ʥʘʜ ʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ. 

 

ɿʘ ʅɸʆʇ-ɺʘʨʥʘ ʥʘʯʘʣʦʪʦ ʥʘ ʟʘʢʨʠʚʘʥʝʪʦ ʱʝ ʙʲʜʝ ʦʢʦʣʦ 00
h
 12

m
 52

s
 ʥʘ PA 

73Á, ʘ ʥʘ ʦʪʢʨʠʚʘʥʝʪʦ ï ʚ 01
h
 16

m
 59

s
, ʥʘ PA 226Á. 

 

 

ʆʪʢʨʠʚʘʥʝʪʦ ʥʘ ʋʨʘʥ ʦʪ ʃʫʥʘʪʘ ʥʘ 15 ʩʝʧʪʝʤʚʨʠ ʚ 01h 13m 51s ʟʘ ʥʘʙʣʶʜʘʪʝʣ ʦʪ ɸʩʪʨʦʥʦʤʠ-

ʯʝʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ ʥʘ ʉʋ. ʊʦʛʘʚʘ ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʥʘ ʚʠʩʦʯʠʥʘ 36.5Á ʥʘʜ ʠʟʪʦʯʥʠʷ ʭʦʨʠ-
ʟʦʥʪ. ʇʦʨʘʜʠ ʩʧʦʤʝʥʘʪʠʪʝ ʚ ʪʝʢʩʪʘ ʪʨʫʜʥʦʩʪʠ, ʦʪ ʮʷʣʦʪʦ ʷʚʣʝʥʠʝ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ 
ʧʦ-ʫʜʦʙʥʦ ʩʘʤʦ ʦʪʢʨʠʚʘʥʝʪʦ, ʧʦʥʝʞʝ ʪʦ ʱʝ ʙʲʜʝ ʦʪʢʲʤ ʪʲʤʥʘʪʘ ʩʪʨʘʥʘ ʥʘ ʣʫʥʥʠʷ ʜʠʩʢ. 

 

2. ʆʢʫʣʪʘʮʠʷ ʥʘ ʋʨʘʥ ʥʘ 5 ʜʝʢʝʤʚʨʠ 

ʇʨʠ ʪʘʟʠ ʚʪʦʨʘ ʟʘ ʛʦʜʠʥʘʪʘ ʦʢʫʣʪʘʮʠʷ ʥʘ ʋʨʘʥ, ʃʫʥʘʪʘ ʱʝ ʟʘʢʨʠʝ ʧʣʘʥʝʪʘʪʘ 

ʩ ʪʷʩʥʘʪʘ ʩʠ ʪʲʤʥʘ ʩʪʨʘʥʘ. ʃʫʥʥʠʷʪ ʜʠʩʢ ʱʝ ʙʲʜʝ 94% ʦʩʚʝʪʝʥ ʠ ʩ ʚʠʜʠʤ ʜʠʘʤʝ-

ʪʲʨ 30ǋ 41ǌ. ʀ ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʥʘʙʣʶʜʝʥʠʷʪʘ ʱʝ ʙʲʜʘʪ ʟʘʪʨʫʜʥʝʥʠ ʧʦʨʘʜʠ ʛʦʣʷʤʘ-
ʪʘ ʨʘʟʣʠʢʘ ʚ ʷʨʢʦʩʪʪʘ ʥʘ ʃʫʥʘʪʘ ʠ ʥʘ ʋʨʘʥ. ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ ï11.9 mag, ʘ 

ʧʣʘʥʝʪʘʪʘ ï ʦʪ 5.6 mag, ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 3.6ǌ. 
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ɿʘ ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ ʥʘ ʉʋ ʥʘʯʘʣʦʪʦ ʥʘ ʟʘʢʨʠʚʘʥʝʪʦ ʱʝ ʙʲʜʝ 

ʚ 18
h
 23

m
 35

s
, ʥʘ ʧʦʟʠʮʠʦʥʝʥ ʲʛʲʣ (PA) 48Á. ʆʢʦʣʦ 7.5 ʩʝʢʫʥʜʠ ʧʦ-ʢʲʩʥʦ ʋʨʘʥ ʱʝ 

ʙʲʜʝ ʚʝʯʝ ʠʟʮʷʣʦ ʟʘʢʨʠʪ. 

 

ʅʘʯʘʣʦʪʦ ʥʘ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʧʣʘʥʝʪʘʪʘ ʱʝ ʙʲʜʝ ʦʢʦʣʦ 19
h
 30

m
 45

s
 ʥʘ PA 

248Á. ʆʢʦʣʦ 7.5 ʩʝʢʫʥʜʠ ʧʦ-ʢʲʩʥʦ ʋʨʘʥ ʱʝ ʙʲʜʝ ʦʪʢʨʠʪ ʠʟʮʷʣʦ. 

 

ɿʘ ʅɸʆʇ-ɺʘʨʥʘ ʥʘʯʘʣʦʪʦ ʥʘ ʟʘʢʨʠʚʘʥʝʪʦ ʱʝ ʙʲʜʝ ʦʢʦʣʦ 18
h
 26

m
 34

s
 ʥʘ PA 

53Á, ʘ ʥʘʯʘʣʦʪʦ ʥʘ ʦʪʢʨʠʚʘʥʝʪʦ ï ʦʢʦʣʦ 19
h
 36

m
 32

s
, ʥʘ PA 242Á. 

 

 

ʅʘʯʘʣʦʪʦ ʥʘ ʟʘʢʨʠʚʘʥʝʪʦ ʥʘ ʋʨʘʥ ʦʪ ʃʫʥʘʪʘ ʥʘ 5 ʜʝʢʝʤʚʨʠ ʚ 18h 23m 35s ʟʘ ʥʘʙʣʶʜʘʪʝʣ ʦʪ 

ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ ʥʘ ʉʋ. ʊʦʛʘʚʘ ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʥʘ ʚʠʩʦʯʠʥʘ 33Á ʥʘʜ ʠʟʪʦʯʥʠʷ 
ʭʦʨʠʟʦʥʪ. ʇʦʨʘʜʠ ʷʨʢʠʷʪ 94% ʦʩʚʝʪʝʥ ʣʫʥʝʥ ʜʠʩʢ, ʦʪ ʮʷʣʦʪʦ ʷʚʣʝʥʠʝ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶ-
ʜʘʚʘ ʩʘʤʦ ʟʘʢʨʠʚʘʥʝʪʦ ʥʘ ʧʣʘʥʝʪʘʪʘ, ʧʨʠ ʪʦʚʘ ʪʨʫʜʥʦ. 

 

3. ʆʢʫʣʪʘʮʠʷ ʥʘ ʄʘʨʩ ʥʘ 8 ʜʝʢʝʤʚʨʠ ʩʫʪʨʠʥʪʘ 

ʆʢʫʣʪʘʮʠʷʪʘ ʱʝ ʩʝ ʩʣʫʯʠ ʥʘ ʜʘʪʘʪʘ ʥʘ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝʪʦ ʥʘ ʄʘʨʩ, ʢʦʝʪʦ ʱʝ 

ʙʲʜʝ ʥʘ 8 ʜʝʢʝʤʚʨʠ ʚ 07h 42m EET. ʊʦʛʘʚʘ ʧʣʘʥʝʪʘʪʘ ʱʝ ʙʲʜʝ ʩ ʷʨʢʦʩʪ ï1.9 mag 

ʠ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 17.0ǌ. ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʚʲʚ ʬʘʟʘ ʧʲʣʥʦʣʫʥʠʝ ï ʩ ʷʨʢʦʩʪ ï12.7 

mag, ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ 29ǋ 55ǌ, ʚ ʩʲʟʚʝʟʜʠʝʪʦ ɹʠʢ. 

 

ʍʘʨʘʢʪʝʨʥʠ ʤʦʤʝʥʪʠ ʦʪ ʷʚʣʝʥʠʝʪʦ ʟʘ ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ ʥʘ 
ʉʋ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ, ʉʦʬʠʷ: 
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ʅʘʯʘʣʦ ʥʘ ʟʘʢʨʠʚʘʥʝʪʦ ʥʘ ʄʘʨʩ: 07
h
 11

m
 30

s
 ʥʘ ʧʦʟʠʮʠʦʥʝʥ ʲʛʲʣ (PA) 88Á. ɺ 

ʪʦʟʠ ʤʦʤʝʥʪ ʟʘ ʆʙʩʝʨʚʘʪʦʨʠʷʪʘ ʥʘ ʉʋ ʜʚʝʪʝ ʥʝʙʝʩʥʠ ʪʝʣʘ ʱʝ ʙʲʜʘʪ ʥʘ ʚʠʩʦʯʠʥʘ 

7.5Á ʥʘʜ ʭʦʨʠʟʦʥʪʘ, ʚ ʧʦʩʦʢʘ ʟʘʧʘʜ-ʩʝʚʝʨʦʟʘʧʘʜ. 

ʂʨʘʡ ʥʘ ʟʘʢʨʠʚʘʥʝʪʦ: 07
h
 12

m
 01

s
. 

ʅʘʯʘʣʦ ʥʘ ʦʪʢʨʠʚʘʥʝʪʦ: 08
h
 03

m
 17

s
 ʥʘ ʧʦʟʠʮʠʦʥʝʥ ʲʛʲʣ 267Á. 

ʂʨʘʡ ʥʘ ʦʪʢʨʠʚʘʥʝʪʦ: 08
h
 03

m
 45

s
. 

ɺ ʢʨʘʷ ʥʘ ʦʢʫʣʪʘʮʠʷʪʘ ʃʫʥʘʪʘ ʠ ʄʘʨʩ ʚʝʯʝ ʱʝ ʟʘʣʷʟʚʘʪ ʟʘ ʉʦʬʠʷ, ʘ ʉʣʲʥʮʝ-

ʪʦ ʱʝ ʙʲʜʝ ʚʝʯʝ ʠʟʛʨʷʣʦ. ʇʦʨʘʜʠ ʪʦʚʘ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʧʣʘʥʝʪʘʪʘ ʥʷʤʘ ʜʘ ʩʝ ʥʘʙ-

ʣʶʜʘʚʘ ʦʪ ɹʲʣʛʘʨʠʷ. 

ʀʟʛʨʝʚʲʪ ʥʘ ʉʣʲʥʮʝʪʦ ʥʘ 8 ʜʝʢʝʤʚʨʠ ʟʘ ʉʦʬʠʷ ʱʝ ʙʲʜʝ ʚ 07
h
 44

m
.  

 

 

ʍʘʨʘʢʪʝʨʥʠ ʤʦʤʝʥʪʠ ʦʪ ʷʚʣʝʥʠʝʪʦ ʟʘ ʅɸʆʇ Ăʅʠʢʦʣʘʡ ʂʦʧʝʨʥʠʢñ, ɺʘʨʥʘ: 

 

ʅʘʯʘʣʦ ʥʘ ʟʘʢʨʠʚʘʥʝʪʦ: 07
h
 09

m
 39

s
 ʥʘ PA 82Á, ʧʨʠ ʃʫʥʘ ʥʘ ʚʠʩʦʯʠʥʘ 5Á ʥʘ 

ʟʘʧʘʜ-ʩʝʚʝʨʦʟʘʧʘʜ. 

ʂʨʘʡ ʥʘ ʟʘʢʨʠʚʘʥʝʪʦ: 07
h
 10

m
 09

s
. 

ɿʘʣʝʟ ʥʘ ʃʫʥʘʪʘ ʟʘ ɺʘʨʥʘ: 07
h
 49

m
. 

ʂʨʘʷʪ ʥʘ ʦʢʫʣʪʘʮʠʷʪʘ ʥʷʤʘ ʜʘ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ. 

ʀʟʛʨʝʚ ʥʘ ʉʣʲʥʮʝʪʦ ʟʘ ɺʘʨʥʘ ʥʘ 8 ʜʝʢʝʤʚʨʠ: 07
h
 27

m
.  

 

ʉʣʝʜʚʘʱʠʪʝ ʜʚʝ ʢʘʨʪʠ ʧʦʢʘʟʚʘʪ ʧʲʨʚʠʷʪ ʢʦʥʪʘʢʪ ʥʘ ʷʚʣʝʥʠʝʪʦ ʟʘ ɸʩʪʨʦʥʦ-

ʤʠʯʝʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ ʥʘ ʉʋ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ ʚ ʉʦʬʠʷ ʠ ʟʘ ʅɸʆʇ 

Ăʅ. ʂʦʧʝʨʥʠʢñ ɺʘʨʥʘ: 
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 ʇʆ-ʗʈʂʀ ʂʆʄɽʊʀ 

ʇʨʝʟ 2022 ʛ. ʩʝ ʦʯʘʢʚʘ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʥʘ ʥʷʢʦʣʢʦ ʢʦʤʝʪʠ ʩʲʩ ʩʨʝʜʥʘ ʷʨʢʦʩʪ, 

ʧʦʟʚʦʣʷʚʘʱʘ ʪʝ ʜʘ ʙʲʜʘʪ ʥʘʙʣʶʜʘʚʘʥʠ ʩ ʙʠʥʦʢʲʣ ʠʣʠ ʩ ʤʘʣʲʢ ʪʝʣʝʩʢʦʧ. 

 

 

ʉ/2021 A1 (Leonard) 

ɺ ʧʲʨʚʠʪʝ ʥʷʢʦʣʢʦ ʚʝʯʝʨʠ ʥʘ ʷʥʫʘʨʠ ʱʝ ʠʟʧʨʘʪʠʤ ʪʘʟʠ ʢʦʤʝʪʘ, ʢʦʷʪʦ ʙʝ 

ʧʲʨʚʘʪʘ ʦʪʢʨʠʪʘ ʧʨʝʟ 2021 ʛ. ʑʝ ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʙʘʯʝ ʪʨʫʜʥʦ ï ʦʢʦʣʦ 18
h
 00

m
 ʟʘ 

ɿʘʧʘʜʥʘ ɹʲʣʛʘʨʠʷ, ʤʥʦʛʦ ʥʠʩʢʦ ʥʘ ʶʛʦʟʘʧʘʜ, ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʖʞʥʘ ʨʠʙʘ. ʇʨʝʜʠ 

ʪʦʚʘ A1 (Leonard) ʙʝ ʚʠʜʠʤʘ ʩ ʙʠʥʦʢʲʣ ʜʦ ʦʢʦʣʦ 10 ʜʝʢʝʤʚʨʠ ʨʘʥʦ ʩʫʪʨʠʥ. ʂʦ-

ʤʝʪʘʪʘ ʱʝ ʧʨʝʤʠʥʝ ʧʨʝʟ ʧʝʨʠʭʝʣʠʷ ʩʠ ʥʘ 3 ʷʥʫʘʨʠ 2022 ʛ., ʥʘ ʨʘʟʩʪʦʷʥʠʝ 0.6152 

AU (92.03 ʤʣʥ. km) ʦʪ ʉʣʲʥʮʝʪʦ. ʅʘʡ-ʙʣʠʟʦ ʜʦ ɿʝʤʷʪʘ ʪʷ ʙʝ ʥʘ 12 ʜʝʢʝʤʚʨʠ 

2021 ʛ. ï ʥʘ 0.233 AU (34.86 ʤʣʥ. km). 

 

 

C/2021 O3 (PanSTARRS) 

ʊʷ ʱʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚ ʧʦʩʣʝʜʥʠʪʝ ʚʝʯʝʨʠ ʥʘ ʘʧʨʠʣ ʠ ʚ ʧʲʨʚʠʪʝ ʥʘ 

ʤʘʡ, ʥʠʩʢʦ ʥʘʜ ʩʝʚʝʨʦʟʘʧʘʜʥʠʷ ʭʦʨʠʟʦʥʪ. C/2021 O3 ʱʝ ʧʨʝʤʠʥʝ ʧʨʝʟ ʧʝʨʠʭʝʣʠʷ 

ʩʠ ʥʘ 21 ʘʧʨʠʣ, ʥʘ ʨʘʟʩʪʦʷʥʠʝ 0.28758 AU (43.02 ʤʣʥ. km) ʦʪ ʉʣʲʥʮʝʪʦ. ʊʦʛʘʚʘ 

ʩʝ ʦʯʘʢʚʘ ʢʦʤʝʪʘʪʘ ʜʘ ʜʦʩʪʠʛʥʝ ʤʘʢʩʠʤʘʣʥʘ ʷʨʢʦʩʪ ï ʦʢʦʣʦ 5 mag (ʚʠʜʠʤʘ ʟʚʝʟ-

ʜʥʘ ʚʝʣʠʯʠʥʘ). 

 

 

ɿʘʧʘʜʥʘʪʘ ʯʘʩʪ ʥʘ ʥʝʙʝʪʦ ʥʘ 20 ʘʧʨʠʣ 2022 ʛ. ʦʢʦʣʦ 1 ʯʘʩ ʠ 15 ʤʠʥʫʪʠ ʩʣʝʜ ʟʘʣʝʟ ʩʣʲʥʮʝ (ʦʢʦ-

ʣʦ 21h 30m ʟʘ ʉʦʬʠʷ) ʩ ʚʠʜʠʤʠʪʝ ʧʲʪʠʱʘ ʥʘ ʢʦʤʝʪʠʪʝ C/2021 ʆ3 (PanSTARRS) ʠ 45P/Honda-
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Mrkos-Pajdusakova ʟʘ ʢʨʘʷ ʥʘ ʘʧʨʠʣ ʠ ʥʘʯʘʣʦʪʦ ʥʘ ʤʘʡ. ʇʦʟʠʮʠʠʪʝ ʥʘ ʢʦʤʝʪʠʪʝ ʩʘ ʦʟʥʘʯʝʥʠ 
ʧʨʝʟ ʜʚʘ ʜʥʠ ʟʘ 21h 30m, ʚʲʚ ʬʦʨʤʘʪ ʤʝʩʝʮ-ʜʝʥ (mm-dd). 

 

C/2017 K2 (PanSTARRS) 

ʂʲʤ ʪʘʟʠ ʢʦʤʝʪʘ ʘʩʪʨʦʥʦʤʠʪʝ ʧʨʦʷʚʷʚʘʪ ʠʥʪʝʨʝʩ ʦʪ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ. ʅʝʡ-

ʥʠʷʪ ʧʝʨʠʭʝʣʠʡ ʱʝ ʙʲʜʝ ʥʘ 19 ʜʝʢʝʤʚʨʠ 2022 ʛ. ʊʦʛʘʚʘ ʪʷ ʱʝ ʧʨʝʤʠʥʝ ʥʘ ʨʘʟʩ-

ʪʦʷʥʠʝ 1.79695 AU (268.82 ʤʣʥ. km) ʦʪ ʉʣʲʥʮʝʪʦ. ʆʢʦʣʦ ʜʘʪʘʪʘ ʥʘ ʩʚʦʷ 

ʧʝʨʠʭʝʣʠʡ C/2017 K2 ʱʝ ʩʝ ʜʚʠʞʠ ʥʘ ʬʦʥʘ ʥʘ ʩʲʟʚʝʟʜʠʷʪʘ ɾʝʨʪʚʝʥʠʢ ʠ ʇʘʫʥ ï 

ʥʠʩʢʦ ʚ ʶʞʥʘʪʘ ʥʝʙʝʩʥʘ ʧʦʣʫʩʬʝʨʘ. ʊʝʟʠ ʩʲʟʚʝʟʜʠʷ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ 

ʦʪ ɹʲʣʛʘʨʠʷ, ʥʦ ʠ ʦʪ ʶʞʥʠʪʝ ʰʠʨʠʥʠ ʢʦʤʝʪʘʪʘ ʱʝ ʙʲʜʝ ʪʨʫʜʥʦ ʜʦʩʪʲʧʥʘ ï ʧʦ 

ʩʲʱʦʪʦ ʚʨʝʤʝ ʉʣʲʥʮʝʪʦ ʱʝ ʙʲʜʝ ʚʠʜʠʤʦ ʥʝʜʘʣʝʯ, ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʉʪʨʝʣʝʮ. ʆʪ 

ʥʘʰʠʪʝ ʰʠʨʠʥʠ ʥʘʡ-ʧʦʜʭʦʜʷʱʦʪʦ ʚʨʝʤʝ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ K2 (PanSTARRS) ʱʝ 

ʙʲʜʘʪ ʤʝʩʝʮʠʪʝ ʶʣʠ, ʘʚʛʫʩʪ ʠ ʩʝʧʪʝʤʚʨʠ. ʊʦʛʘʚʘ ʢʦʤʝʪʘʪʘ ʱʝ ʧʨʝʤʠʥʝ ʧʨʝʟ ʩʲʟ-

ʚʝʟʜʠʷʪʘ ɿʤʠʝʥʦʩʝʮ ʠ ʉʢʦʨʧʠʦʥ, ʘ ʥʝʡʥʘʪʘ ʷʨʢʦʩʪ ʩʝ ʦʯʘʢʚʘ ʜʘ ʙʲʜʝ ʦʢʦʣʦ 

7 mag. ʑʝ ʙʲʜʝ ʚʠʜʠʤʘ ʩ ʙʠʥʦʢʲʣ. ɺ ʢʨʘʷ ʥʘ ʩʝʧʪʝʤʚʨʠ ʢʦʤʝʪʘʪʘ ʱʝ ʥʘʚʣʝʟʝ ʚ 

ʩʲʟʚʝʟʜʠʝʪʦ ɺʲʣʢ ʠ ʱʝ ʟʘʣʷʟʚʘ ʩʘʤʦ 1 ʯʘʩ ʠ 20 ʤʠʥʫʪʠ ʩʣʝʜ ʟʘʣʝʟʘ ʥʘ ʉʣʲʥʮʝʪʦ. 

ʊʦʛʘʚʘ ʱʝ ʠʤʘʤʝ ʧʦʩʣʝʜʥʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʷ ʚʠʜʠʤ ʦʪ ɹʲʣʛʘʨʠʷ.  

C/2017 K2 (PanSTARRS) ʧʨʠʚʣʝʯʝ ʚʥʠʤʘʥʠʝʪʦ ʥʘ ʘʩʪʨʦʥʦʤʠʪʝ ʩ ʬʘʢʪʘ, ʯʝ 

ʢʦʛʘʪʦ ʙʝ ʦʪʢʨʠʪʘ ï ʥʘ 21 ʤʘʡ 2017 ʛ., ʥʝʡʥʘʪʘ ʢʦʤʘ (ʚʨʝʤʝʥʥʘʪʘ Ⱬ ʘʪʤʦʩʬʝʨʘ) ʝ 

ʙʠʣʘ ʜʦʩʪʘʪʲʯʥʦ ʛʦʣʷʤʘ ʟʘ ʜʘ ʙʲʜʝ ʟʘʙʝʣʷʟʘʥʘ ʦʪ ʨʘʟʩʪʦʷʥʠʝ 2.4 ʤʣʨʜ. km ʦʪ 

ʉʣʲʥʮʝʪʦ ï ʦʪʚʲʜ ʦʨʙʠʪʘʪʘ ʥʘ ʉʘʪʫʨʥ. ʆʪʢʨʠʚʘʥʝʪʦ ʥʘ ʢʦʤʝʪʘ ʪʦʣʢʦʚʘ ʨʘʥʦ 

ʧʨʝʜʠ ʥʝʡʥʠʷ ʧʝʨʠʭʝʣʠʡ ʧʨʝʜʧʦʣʘʛʘ ʛʦʣʝʤʠ ʨʘʟʤʝʨʠ ʥʘ ʷʜʨʦʪʦ ʠ ʩʲʦʪʚʝʪʥʦ ï 

ʨʘʥʥʦ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʤʘʪʘ ʦʢʦʣʦ ʥʝʛʦ, ʧʦʜ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʩʣʲʥʯʝʚʠʪʝ ʣʲʯʠ. 
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ɺʠʜʠʤʠʷʪ ʧʲʪ ʥʘ ʢʦʤʝʪʘʪʘ C/2017 K2 (PanSTARRS) ʦʪ ʥʘʯʘʣʦʪʦ ʥʘ ʶʣʠ ʜʦ ʦʢʦʣʦ ʩʨʝʜʘʪʘ ʥʘ 
ʦʢʪʦʤʚʨʠ 2022 ʛ. ʇʦʟʠʮʠʠʪʝ ʥʘ ʢʦʤʝʪʘʪʘ ʩʘ ʦʟʥʘʯʝʥʠ ʧʨʝʟ 7 ʜʥʠ ʟʘ 00h EET, ʚʲʚ ʬʦʨʤʘʪ ʤʝ-
ʩʝʮ-ʜʘʪʘ (mm-dd). 
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ʇʆ-ɸʂʊʀɺʅʀ ʄɽʊɽʆʈʅʀ ʇʆʊʆʎʀ 

ʇʨʠ ʧʣʘʥʠʨʘʥʝʪʦ ʥʘ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʤʝʪʝʦʨʥʠ ʧʦʪʦʮʠ ʧʦ ʚʨʝʤʝ ʥʘ ʪʝʭʥʠʪʝ 

ʤʘʢʩʠʤʫʤʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʦʙʨʘʟʠʤ ʩ ʪʨʠ ʚʘʞʥʠ ʫʩʣʦʚʠʷ: ʇʲʨʚʦ, ʪʨʷʙʚʘ ʜʘ ʧʨʦ-

ʚʝʨʠʤ ʜʘʣʠ ʤʘʢʩʠʤʫʤʲʪ ʥʘ ʧʦʪʦʢʘ, ʢʦʡʪʦ ʞʝʣʘʝʤ ʜʘ ʥʘʙʣʶʜʘʚʘʤʝ, ʩʝ ʧʘʜʘ ʚ 

ʪʲʤʥʘʪʘ ʯʘʩʪ ʥʘ ʜʝʥʦʥʦʱʠʝʪʦ ʟʘ ʥʘʰʠʪʝ ʛʝʦʛʨʘʬʩʢʠ ʜʲʣʞʠʥʠ. ʏʘʩʲʪ ʥʘ ʥʘʩʪʲʧ-

ʚʘʥʝʪʦ ʥʘ ʤʘʢʩʠʤʫʤʘ ʩʝ ʦʧʨʝʜʝʣʷ ʥʘ ʙʘʟʘ ʝʢʣʠʧʪʠʯʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ ʉʣʲʥʮʝʪʦ 

ɚἝ (ʜʘʚʘʥʘ ʚ ʛʨʘʜʫʩʠ), ʧʨʠ ʢʦʷʪʦ ʩʝ ʩʯʠʪʘ, ʯʝ ɿʝʤʷʪʘ ʩʝ ʥʘʤʠʨʘ ʚ ʥʘʡ-ʛʲʩʪʘʪʘ 

ʯʘʩʪ ʥʘ ʤʝʪʝʦʨʥʠʷ ʨʦʡ, ʧʦʨʘʞʜʘʱ ʩʲʦʪʚʝʪʥʠʷ ʧʦʪʦʢ. ɸʢʦ ʤʘʢʩʠʤʫʤʲʪ ʩʝ ʧʘʜʘ 

ʧʨʝʟ ʜʝʥʷ, ʧʨʝʮʝʥʷʚʘʤʝ ʢʦʝ ʝ ʥʘʡ-ʙʣʠʟʢʦʪʦ ʜʦ ʥʝʛʦ ʫʜʦʙʥʦ ʚʨʝʤʝ ʟʘ ʥʘʙʣʶʜʝʥʠʝ 

ï ʚ ʥʘʯʘʣʦʪʦ ʠʣʠ ʚ ʢʨʘʷ ʥʘ ʥʘʡ-ʙʣʠʟʢʘʪʘ ʥʦʱ. 

ɺʪʦʨʦʪʦ ʚʘʞʥʦ ʥʝʱʦ ʝ ʜʘ ʠʟʙʝʨʝʤ ʚʨʝʤʝ ʟʘ ʥʘʙʣʶʜʝʥʠʝ, ʢʦʛʘʪʦ ʪ.ʥʘʨ. ʨʘ-

ʜʠʘʥʪ ʥʘ ʤʝʪʝʦʨʥʠʷ ʧʦʪʦʢ ʝ ʥʘʜ ʭʦʨʠʟʦʥʪʘ. ʂʦʣʢʦʪʦ ʧʦ-ʚʠʩʦʢʦ ʚ ʥʝʙʝʪʦ ʝ ʨʘʜʠ-

ʘʥʪʲʪ, ʪʦʣʢʦʚʘ ʧʦ-ʛʦʣʷʤ ʙʨʦʡ ʤʝʪʝʦʨʠ ʱʝ ʚʠʜʠʤ ʦʪ ʜʘʜʝʥʠʷ ʧʦʪʦʢ. 

ʊʨʝʪʦʪʦ, ʥʦ ʥʝ ʥʘʡ-ʤʘʣʦʚʘʞʥʦ ʫʩʣʦʚʠʝ ʩʝ ʦʪʥʘʩʷ ʟʘ ʃʫʥʘʪʘ. ɸʢʦ ʪʷ ʝ ʥʘʜ 

ʭʦʨʠʟʦʥʪʘ ʠ ʚʲʚ ʬʘʟʘ ʙʣʠʟʢʘ ʜʦ ʧʲʣʥʦʣʫʥʠʝ, ʱʝ ʩʲʟʜʘʚʘ ʩʚʝʪʲʣ ʬʦʥ ʥʘ ʥʝʙʝʪʦ, 

ʧʨʠ ʢʦʡʪʦ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʝʬʝʢʪʠʚʥʠ ʚʠʟʫʘʣʥʠ ʥʘʙʣʶʜʝʥʠʷ. 

ɺ ʢʨʘʷ ʥʘ ʪʘʟʠ ʯʘʩʪ ʱʝ ʥʘʤʝʨʠʪʝ ʨʘʟʷʩʥʝʥʠʷ ʟʘ ʧʦʥʷʪʠʝʪʦ ʨʘʜʠʘʥʪ, ʢʘʢʪʦ ʠ 

ʧʦʣʝʟʥʠ ʧʨʝʧʦʨʢ̡ʠ ʢʲʤ ʞʝʣʘʝʱʠʪʝ ʜʘ ʧʨʦʚʝʞʜʘʪ ʤʝʪʝʦʨʥʠ ʥʘʙʣʶʜʝʥʠʷ. 

 

 

ʂʚʘʜʨʘʥʪʠʜʠ (QUA)  

Mʘʢʩʠʤʫʤʲʪ ʥʘ ʧʲʨʚʠʷ ʤʝʪʝʦʨʝʥ ʧʦʪʦʢ ʟʘ 2022 ʛ. ʱʝ ʙʲʜʝ ʥʘ 3 ʷʥʫʘʨʠ ʦʢʦ-

ʣʦ 22
h
 40

m
, ʪ.ʝ. ʧʨʠ ʝʢʣʠʧʪʠʯʥʘ ʜʲʣʞʠʥʘ ʥʘ ʉʣʲʥʮʝʪʦ ɚἝ = 283.15Á. ɸʢʪʠʚʥʦʩʪʪʘ 

ʥʘ ʧʦʪʦʢʘ ʧʨʠʚʝʜʝʥʘ ʢʲʤ ʠʜʝʘʣʥʠ ʫʩʣʦʚʠʷ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʝ ʦʢʦʣʦ 120 ʤʝʪʝʦʨʘ ʟʘ 

ʯʘʩ (ZHR ~120), ʥʦ ʚ ʧʦʩʦʯʝʥʠʷ ʤʦʤʝʥʪ ʥʝʛʦʚʠʷʪ ʨʘʜʠʘʥʪ ʱʝ ʙʲʜʝ ʤʥʦʛʦ ʥʠʩʢʦ 

ʥʘʜ ʩʝʚʝʨʥʠʷ ʭʦʨʠʟʦʥʪ. ʊʦʚʘ ʱʝ ʥʘʤʘʣʠ ʜʨʘʩʪʠʯʥʦ ʙʨʦʷʪ ʥʘ ʟʘʙʝʣʷʟʘʥʠʪʝ ʤʝʪʝ-

ʦʨʠ. ʊʲʡ ʢʘʪʦ ʂʚʘʜʨʘʥʪʠʜʠ ʠʤʘ ʢʨʘʪʲʢ ʠʥʪʝʥʟʠʚʝʥ ʤʘʢʩʠʤʫʤ, ʞʝʣʘʝʱʠʪʝ ʜʘ ʛʦ 

ʚʠʜʷʪ ʤʦʞʝ ʜʘ ʠʟʙʝʨʘʪ ʧʦ-ʪʝʩʝʥ ʠʥʪʝʨʚʘʣ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ï ʥʘʧʨʠʤʝʨ ʦʪ ʦʢʦʣʦ 
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h
 30

m
 ʜʦ ʢʲʤ 23

h
 30

m
. ʉʣʝʜ ʪʦʚʘ ʘʢʪʠʚʥʦʩʪʪʘ ʱʝ ʩʧʘʜʘ. 

ʊʦʟʠ ʧʦʪʦʢ ʩʝ ʧʦʨʘʞʜʘ ʦʪ ʤʝʪʝʦʨʥʠ ʨʦʝʚʝ ï ʦʙʣʘʮʠ ʦʪ ʢʦʩʤʠʯʝʩʢʠ ʯʘʩʪʠʮʠ, 

ʦʪʜʝʣʷʱʠ ʩʝ ʚ ʢʦʩʤʠʯʝʩʢʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʜʚʝ ʪʝʣʘ: ʢʦʤʝʪʘʪʘ 96P/Machholz 1 

(ʩ ʦʨʙʠʪʘʣʝʥ ʧʝʨʠʦʜ 5.3 ʛʦʜʠʥʠ) ʠ ʘʩʪʝʨʦʠʜʲʪ 2003 EH1 (ʩ ʦʨʙʠʪʘʣʝʥ ʧʝʨʠʦʜ 5.5 

ʛʦʜʠʥʠ). ʂʦʤʝʪʘʪʘ 96P/Machholz 1 ʟʘ ʧʦʩʣʝʜʝʥ ʧʲʪ ʧʨʝʤʠʥʘ ʧʨʝʟ ʩʚʦʷ ʧʝʨʠʭʝ-

ʣʠʡ ʥʘ 27 ʦʢʪʦʤʚʨʠ 2017 ʛ., ʘ ʩʣʝʜʚʘʱʠʷʪ ʥʝʠʥ ʧʝʨʠʭʝʣʠʡ ʱʝ ʙʲʜʝ ʥʘ 31 ʷʥʫʘʨʠ 

2023 ʛ. 

 

 

ʃʠʨʠʜʠ (LYR) 

ʄʘʢʩʠʤʫʤʲʪ ʥʘ ʤʝʪʝʦʨʥʠʷ ʧʦʪʦʢ ʃʠʨʠʜʠ ʪʘʟʠ ʛʦʜʠʥʘ ʱʝ ʙʲʜʝ ʥʘ 22 ʘʧʨʠʣ 

ʦʢʦʣʦ 22
h
 ʙʲʣʛʘʨʩʢʦ ʚʨʝʤʝ (ʧʨʠ ɚἝ = 32.32Á), ʢʦʛʘʪʦ ʟʝʥʠʪʥʦʪʦ ʯʘʩʦʚʦ ʯʠʩʣʦ ʥʘ 

ʧʦʪʦʢʘ ʜʦʩʪʠʛʘ ʦʢʦʣʦ 18. ʇʦ ʧʨʠʥʮʠʧ ʧʦʪʦʢʲʪ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʣʝʜ 22
h
, 

ʢʦʛʘʪʦ ʩʲʟʚʝʟʜʠʝʪʦ ʃʠʨʘ ʩʝ ʠʟʜʠʛʘ ʥʘʜ ʩʝʚʝʨʦʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ. ʂʲʤ ʢʨʘʷ ʥʘ 
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ʥʦʱʪʘ ʨʘʜʠʘʥʪʲʪ ʝ ʚʝʯʝ ʚʠʩʦʢʦ ʚ ʥʝʙʝʪʦ. ɺ ʥʦʱʪʘ ʥʘ 22 ʩʨʝʱʫ 23 ʘʧʨʠʣ ʦʙʘʯʝ 

ʃʫʥʘʪʘ ʱʝ ʠʟʛʨʝʝ ʚ 03
h
 05

m
 ʟʘ ʉʦʬʠʷ, ʩ 56% ʦʩʚʝʪʝʥ ʜʠʩʢ (ʬʘʟʘ ʧʦʩʣʝʜʥʘ ʯʝʪ-

ʚʲʨʪ), ʩʣʝʜ ʢʦʝʪʦ ʱʝ ʟʘʪʨʫʜʥʷʚʘ ʥʘʙʣʶʜʝʥʠʷʪʘ. ʅʘʡ-ʫʜʦʙʥʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʦʩ-

ʪʘʚʘʪ ʯʘʩʦʚʝʪʝ ʧʨʝʜʠ ʣʫʥʥʠʷʪ ʠʟʛʨʝʚ. 

ʇʦʪʦʢʲʪ ʃʠʨʠʜʠ ʝ ʘʢʪʠʚʝʥ ʦʪ 16 ʜʦ 25 ʘʧʨʠʣ. ʅʝʛʦʚʦʪʦ ʨʦʜʠʪʝʣʩʢʦ ʪʷʣʦ ʝ 

ʜʲʣʛʦʧʝʨʠʦʜʠʯʥʘʪʘ ʢʦʤʝʪʘ C/1861 G1 (Thatcher) /ʊʘʯʲʨ/, ʩ ʧʝʨʠʦʜ 415 ʛ. ɿʘ ʧʦʩ-

ʣʝʜʝʥ ʧʲʪ ʪʘʟʠ ʢʦʤʝʪʘ ʝ ʧʨʝʤʠʥʘʣʘ ʧʨʝʟ ʩʚʦʷ ʧʝʨʠʭʝʣʠʡ ʥʘ 3 ʶʥʠ 1861 ʛ. 

 

 

ɽʪʘ-ɸʢʚʘʨʠʜʠ (ETA)  

ʇʦʪʦʢʲʪ ʝ ʘʢʪʠʚʝʥ ʦʪ 19 ʘʧʨʠʣ ʜʦ 28 ʤʘʡ, ʩ ʤʘʢʩʠʤʫʤ ʟʘ 2022 ʛ. ʥʘ 6 ʤʘʡ 

ʦʢʦʣʦ 11
h
 ʙʲʣʛʘʨʩʢʦ ʚʨʝʤʝ (ʧʨʠ ɚἝ = 45.5Á). ʇʨʝʜʚʠʜ, ʯʝ ʩʲʟʚʝʟʜʠʝʪʦ ɺʦʜʦʣʝʡ, ʚ 

ʢʦʝʪʦ ʩʝ ʥʘʤʠʨʘ ʨʘʜʠʘʥʪʘ ʥʘ ʧʦʪʦʢʘ, ʠʟʛʨʷʚʘ ʢʲʤ ʢʨʘʷ ʥʘ ʤʘʡʩʢʠʪʝ ʥʦʱʠ, ʥʘʙ-

ʣʶʜʝʥʠʷʪʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʦʚʝʜʘʪ ʩʲʱʦ ʪʦʛʘʚʘ. ʅʘ 6 ʤʘʡ ʨʘʜʠʘʥʪʲʪ ʝ ʙʣʠʟʦ ʜʦ 

ʟʚʝʟʜʘʪʘ ɖ ɺʦʜʦʣʝʡ ʠ ʟʘ ʉʦʬʠʷ ʪʦʡ ʱʝ ʠʟʛʨʝʝ ʦʢʦʣʦ 03
h
. ɺ ʥʦʱʪʘ ʥʘ 5 ʩʨʝʱʫ 6 

ʤʘʡ ʃʫʥʘʪʘ ʱʝ ʟʘʣʝʟʝ ʦʱʝ ʚ 01
h
 14

m
 ʟʘ ʉʦʬʠʷ ʩ 22% ʦʩʚʝʪʝʥ ʜʠʩʢ ʠ ʥʷʤʘ ʜʘ ʟʘʪ-

ʨʫʜʥʷʚʘ ʥʘʙʣʶʜʝʥʠʷʪʘ ʜʦ ʩʫʪʨʠʥʪʘ. ʅʘ 6 ʤʘʡ ʉʣʲʥʮʝʪʦ ʱʝ ʠʟʛʨʝʝ ʟʘ ʉʦʬʠʷ ʚ 

06
h
 15

m
, ʪʘʢʘ ʯʝ ʚʠʟʫʘʣʥʠ ʥʘʙʣʶʜʝʥʠʷ ʱʝ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʦʚʝʞʜʘʪ ʜʦ ʦʢʦʣʦ 05

h
. 

ʇʦʪʦʢʲʪ ɖ-ɸʢʚʘʨʠʜʠ ʩʝ ʧʦʨʘʞʜʘ ʦʪ ʤʝʪʝʦʨʥʠ ʨʦʝʚʝ, ʦʪʜʝʣʷʱʠ ʩʝ ʚ ʢʦʩʤʠʯʝʩʢʦ-

ʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʍʘʣʝʝʚʘʪʘ ʢʦʤʝʪʘ (1P/Halley), ʢʦʷʪʦ ʝ ʩ ʦʨʙʠʪʘʣʝʥ ʧʝʨʠʦʜ 

ʦʢʦʣʦ 76 ʛʦʜʠʥʠ. ɿʝʥʠʪʥʦʪʦ ʯʘʩʦʚʦ ʯʠʩʣʦ ʥʘ ʧʦʪʦʢʘ ʧʨʠ ʥʝʛʦʚʠʷ ʤʘʢʩʠʤʫʤ ʝ 

ʤʝʞʜʫ 40 ʠ 85 ï ʚʘʨʠʨʘʱʦ ʚ ʨʘʟʣʠʯʥʠ ʛʦʜʠʥʠ, ʥʦ ʨʝʘʣʥʦ ʦʪ ʥʘʰʘʪʘ ʩʪʨʘʥʘ ʤʦʛʘʪ 

ʜʘ ʩʝ ʚʠʜʷʪ ʦʢʦʣʦ 15 ï 30 ʙʲʨʟʠ ʙʝʣʠ ʤʝʪʝʦʨʘ ʟʘ ʯʘʩ, ʧʦʨʘʜʠ ʥʠʩʢʠʷʪ ʜʦ ʭʦʨʠ-

ʟʦʥʪʘ ʨʘʜʠʘʥʪ. 

 

 

ʊʘʫ-ʍʝʨʢʫʣʠʜʠ (TAH)  

ʀʤʘ ʰʘʥʩ ʥʘʡ-ʛʦʣʷʤʘʪʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʘ ʘʪʨʘʢʮʠʷ ʟʘ 2022 ʛ. ʜʘ ʜʦʡʜʝ ʦʪ ʪʦ-

ʟʠ ʤʘʣʢʦ ʠʟʚʝʩʪʝʥ ʤʝʪʝʦʨʝʥ ʧʦʪʦʢ. ʊʦʡ ʝ ʤʥʦʛʦ ʩʣʘʙ ï ʧʦ-ʩʢʦʨʦ ʪʝʦʨʝʪʠʯʥʦ 

ʩʲʱʝʩʪʚʫʚʘʱ, ʧʦʨʦʜʝʥ ʦʪ ʯʘʩʪʠʮʠ, ʦʪʜʝʣʷʱʠ ʩʝ ʦʪ ʢʦʤʝʪʘʪʘ 73P/Schwassmann-

Wachmann 3. ɺ ʢʨʘʷ ʥʘ 1995 ʛ. ʷʜʨʦʪʦ ʥʘ ʪʘʟʠ ʢʦʤʝʪʘ ʩʝ ʨʘʟʧʘʜʥʘ ʥʘ ʥʷʢʦʣʢʦ 

ʬʨʘʛʤʝʥʪʘ, ʢʦʝʪʦ ʧʨʝʜʧʦʣʘʛʘ ʦʪʜʝʣʷʥʝʪʦ ʥʘ ʛʦʣʝʤʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʭ ʚ ʢʦʩʤʠ-

ʯʝʩʢʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʅʘ 25 ʘʚʛʫʩʪ 2022 ʛ. ʢʦʤʝʪʘʪʘ 73P ʱʝ ʧʨʝʤʠʥʝ ʟʘ ʧʦʨʝʜʝʥ 

ʧʲʪ ʧʨʝʟ ʩʚʦʷ ʧʝʨʠʭʝʣʠʡ, ʥʦ ʧʨʝʜʠ ʪʦʚʘ ï ʨʘʥʦ ʩʫʪʨʠʥʪʘ ʥʘ 31 ʤʘʡ, ʩʝ ʦʯʘʢʚʘ 

ʥʘʰʘʪʘ ʧʣʘʥʝʪʘ ʜʘ ʧʨʝʢʦʩʠ ʦʙʣʘʮʠʪʝ ʦʪ ʧʨʘʭ, ʦʪʜʝʣʠʣ ʩʝ ʦʱʝ ʧʦ ʚʨʝʤʝ ʥʘ ʪʦʚʘ 

ʨʘʟʧʘʜʘʥʝ. ɸʢʦ ʪʝʟʠ ʧʨʝʜʚʠʞʜʘʥʠʷ ʩʝ ʩʙʲʜʥʘʪ, ʤʝʞʜʫ 04
h
 50

m
 ʠ 05

h
 20

m
 UTC ʥʘ 

31 ʤʘʡ ʤʦʞʝ ʜʘ ʙʲʜʝ ʥʘʙʣʶʜʘʚʘʥ ʤʝʪʝʦʨʝʥ ʜʲʞʜ, ʩ ʘʢʪʠʚʥʦʩʪ ʜʦ ʥʷʢʦʣʢʦ ʭʠʣʷ-

ʜʠ ʤʝʪʝʦʨʘ ʟʘ ʯʘʩ! ɿʘ ʩʲʞʘʣʝʥʠʝ ʧʦ ʩʲʱʦʪʦ ʚʨʝʤʝ ʟʘ ʥʘʰʠʪʝ ʛʝʦʛʨʘʬʩʢʠ ʜʲʣʞʠ-

ʥʠ ʜʝʥʷʪ ʚʝʯʝ ʱʝ ʝ ʥʘʩʪʲʧʠʣ. ʇʦ ʙʲʣʛʘʨʩʢʦ ʚʨʝʤʝ ʠʥʪʝʨʚʘʣʲʪ ʱʝ ʝ ʤʝʞʜʫ 

07
h
 50

m
 ʠ 08

h
 20

m
. ʉʢʦʨʦʩʪʪʘ ʥʘ ʥʘʚʣʠʟʘʥʝ ʥʘ ʤʝʪʝʦʨʥʠʪʝ ʪʝʣʘ ʚ ʟʝʤʥʘʪʘ ʘʪʤʦʩ-

ʬʝʨʘ ʱʝ ʙʲʜʝ ʩʨʘʚʥʠʪʝʣʥʦ ʥʠʩʢʘ ï ʦʢʦʣʦ 16 km/s, ʢʦʝʪʦ ʱʝ ʜʦʚʝʜʝ ʜʦ ʥʘʙʣʶʜʝ-

ʥʠʝ ʥʘ ʙʘʚʥʠ ʦʨʘʥʞʝʚʠ ʤʝʪʝʦʨʠ. ʇʨʠʯʠʥʘʪʘ ʟʘ ʪʦʟʠ ʮʚʷʪ ʱʝ ʙʲʜʝ ʧʦ-ʥʠʩʢʘʪʘ 
ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʯʘʩʪʠʮʠʪʝ, ʥʘʛʨʷʚʘʱʠ ʩʝ ʦʪ ʩʲʧʨʦʪʠʚʣʝʥʠʝʪʦ ʥʘ ʚʲʟʜʫʭʘ. ʅʘʡ-

ʧʦʜʭʦʜʷʱʠʪʝ ʤʝʩʪʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʷʚʣʝʥʠʝʪʦ ʱʝ ʙʲʜʘʪ ʟʘʧʘʜʥʦ ʦʪ ɹʲʣʛʘʨʠʷ 
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ï ʖʛʦʟʘʧʘʜʥʘ ɽʚʨʦʧʘ (ʖʞʥʘ ʀʩʧʘʥʠʷ, ʂʘʥʘʨʩʢʠʪʝ ʦ-ʚʠ), ɿʘʧʘʜʥʘ ɸʬʨʠʢʘ, ɸʪ-

ʣʘʥʪʠʢʘ, ʶʛʦʠʟʪʦʯʥʠʪʝ ʯʘʩʪʠ ʥʘ ʉʝʚʝʨʥʘ ɸʤʝʨʠʢʘ ʠ ʩʝʚʝʨʥʠʪʝ ʯʘʩʪʠ ʥʘ ʖʞʥʘ 

ɸʤʝʨʠʢʘ. ʃʫʥʘʪʘ ʥʷʤʘ ʜʘ ʟʘʪʨʫʜʥʷʚʘ ʥʘʙʣʶʜʝʥʠʷʪʘ. 

 

 

ɸʨʠʝʪʠʜʠ (ARI) 

ʇʦʪʦʢʲʪ ʝ ʘʢʪʠʚʝʥ ʦʪ ʦʢʦʣʦ 14 ʤʘʡ ʜʦ 24 ʶʥʠ, ʩ ʤʘʢʩʠʤʫʤ ʥʘ 7 ʶʥʠ ʧʨʠ ɚἝ 

= 76.6Á. ʄʝʪʝʦʨʠ ʦʪ ʥʝʛʦ ʤʦʛʘʪ ʜʘ ʩʝ ʚʠʜʷʪ ʨʘʥʦ ʩʫʪʨʠʥ, ʚ ʩʲʚʩʝʤ ʢʲʩʠʷʪ ʠʥʪʝʨ-

ʚʘʣ ʦʪ ʠʟʛʨʝʚʘ ʥʘ ʨʘʜʠʘʥʪʘ ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʆʚʝʥ (ʚ 03
h
 40

m
 ʟʘ ʉʦʬʠʷ), ʜʦ ʠʟʩʚʝʪ-

ʣʷʚʘʥʝʪʦ ʥʘ ʥʝʙʝʪʦ ʥʘ ʩʝʚʝʨʦʠʟʪʦʢ ʧʨʝʜʠ ʠʟʛʨʝʚʘ. ɿʝʥʠʪʥʦʪʦ ʯʘʩʦʚʦ ʯʠʩʣʦ ʥʘ 

ɸʨʠʝʪʠʜʠ ʝ ʦʢʦʣʦ 30 ʤʝʪʝʦʨʘ ʟʘ ʯʘʩ, ʥʦ ʧʨʝʜʚʠʜ ʥʠʩʢʠʷʪ ʜʦ ʭʦʨʠʟʦʥʪʘ ʨʘʜʠʘʥʪ ʠ 

ʢʨʘʪʢʦʪʦ ʚʲʟʤʦʞʥʦ ʚʨʝʤʝ ʟʘ ʥʘʙʣʶʜʝʥʠʝ, ʨʝʘʣʥʦ ʟʘʙʝʣʷʟʘʥʠʪʝ ʤʝʪʝʦʨʠ ʩʣʝʜʚʘ 

ʜʘ ʩʘ ʤʥʦʛʦ ʧʦ-ʤʘʣʢʦ. ʇʦʪʦʢʲʪ ʝ ʪʨʫʜʝʥ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʙʠʢʥʦʚʝʥʦ ʩʝ ʦʧʨʝʜʝ-

ʣʷ ʢʘʪʦ ʜʥʝʚʝʥ.  

ʅʘ 7 ʶʥʠ ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʚʲʚ ʬʘʟʘ ʧʲʨʚʘ ʯʝʪʚʲʨʪ ʠ ʱʝ ʟʘʣʝʟʝ ʚ 02
h
 02

m
 ʟʘ 

ʉʦʬʠʷ, ʪ.ʝ. ʥʷʤʘ ʜʘ ʧʨʝʯʠ. ʅʘ ʩʲʱʘʪʘ ʜʘʪʘ ʉʣʲʥʮʝʪʦ ʱʝ ʠʟʛʨʝʝ ʚ 05
h
 49

m
 ʟʘ ʉʦ-

ʬʠ,̫ ʪʘʢʘ ʯʝ ʚʠʟʫʘʣʥʠ ʥʘʙʣʶʜʝʥʠʷ ʱʝ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʦʚʝʞʜʘʪ ʜʦ ʦʢʦʣʦ 04
h
 35

m
. 

ʈʦʜʠʪʝʣʩʢʦʪʦ ʪʷʣʦ ʥʘ ʧʦʪʦʢʘ ʥʝ ʝ ʦʧʨʝʜʝʣʝʥʦ ʩʲʩ ʩʠʛʫʨʥʦʩʪ. ʇʨʝʜʧʦʣʦʞʝ-

ʥʠʷʪʘ ʩʘ ʜʚʝ ï ʘʩʪʝʨʦʠʜʲʪ 1566 Icarus ʠʣʠ ʢʦʤʝʪʘʪʘ 96P/Machholz. 

 

 

ʖʥʩʢʠ ɹʦʦʪʠʜʠ (JBO) 

ʊʦʟʠ ʧʦʪʦʢ ʝ ʠʥʪʝʨʝʩʝʥ ʩ ʙʘʚʥʠʪʝ ʩʠ ʷʨʢʠ ʞʲʣʪʦ-ʦʨʘʥʞʝʚʠ ʤʝʪʝʦʨʠ. ɸʢʪʠ-

ʚʝʥ ʝ ʦʪ 22 ʶʥʠ ʜʦ 2 ʶʣʠ, ʩ ʤʘʢʩʠʤʫʤ ʪʘʟʠ ʛʦʜʠʥʘ ʥʘ 27 ʶʥʠ ʦʢʦʣʦ 14
h
 ʙʲʣʛʘʨʩ-

ʢʦ ʚʨʝʤʝ (ɚἝ = 95.7Á). ʆʢʦʣʦ 27 ʶʥʠ ʃʫʥʘʪʘ ʱʝ ʠʟʛʨʷʚʘ ʚ ʢʨʘʷ ʥʘ ʥʦʱʠʪʝ ï ʚʲʚ 

ʬʘʟʘ ʤʘʣʢʦ ʧʨʝʜʠ ʥʦʚʦʣʫʥʠʝ ʠ ʟʘʪʦʚʘ ʥʷʤʘ ʜʘ ʧʨʝʯʠ ʥʘ ʥʘʙʣʶʜʝʥʠʷʪʘ. ʇʨʝʜʚʠʜ, 

ʯʝ ʟʘ ɹʲʣʛʘʨʠʷ ʤʘʢʩʠʤʫʤʲʪ ʩʝ ʧʘʜʘ ʧʨʝʟ ʜʝʥʷ, ʥʘʡ-ʙʣʠʟʢʦʪʦ ʜʦ ʥʝʛʦ ʧʦʜʭʦʜʷʱʦ 

ʚʨʝʤʝ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʱʝ ʙʲʜʝ ʥʘ 27 ʶʥʠ ʚʝʯʝʨʪʘ. 

ɸʢʪʠʚʥʦʩʪʪʘ ʥʘ ʧʦʪʦʢʘ ʧʦ ʚʨʝʤʝ ʥʘ ʤʘʢʩʠʤʫʤʘ ʚʘʨʠʨʘ ʚ ʰʠʨʦʢʠ ʛʨʘʥʠʮʠ 

ʧʨʝʟ ʨʘʟʣʠʯʥʠ ʛʦʜʠʥʠ, ʥʦ ʜʦʨʠ ʠ ʧʨʠ ʥʠʩʢʘ ʘʢʪʠʚʥʦʩʪ, ʷʨʢʠʪʝ ʙʘʚʥʠ ʤʝʪʝʦʨʠ ʩʝ 

ʬʦʪʦʛʨʘʬʠʨʘʪ ʧʦ-ʫʩʧʝʰʥʦ ʦʪ ʙʲʨʟʠʪʝ ʤʝʪʝʦʨʠ ʥʘ ʧʦʚʝʯʝʪʦ ʜʨʫʛʠ ʧʦʪʦʮʠ. ʖʥʩ-

ʢʠ ɹʦʦʪʠʜʠ ʩʝ ʧʦʨʘʞʜʘ ʦʪ ʤʝʪʝʦʨʥʠ ʨʦʝʚʝ, ʦʪʜʝʣʠʣʠ ʩʝ ʦʪ ʢʦʤʝʪʘʪʘ 7P/Pons-

Winnecke, ʩ ʦʨʙʠʪʘʣʝʥ ʧʝʨʠʦʜ 6.4 ʛʦʜʠʥʠ. ɿʘ ʧʦʩʣʝʜʝʥ ʧʲʪ ʪʘʟʠ ʢʦʤʝʪʘ ʧʨʝʤʠʥʘ 

ʧʨʝʟ ʩʚʦʷ ʧʝʨʠʭʝʣʠʡ ʥʘ 27 ʤʘʡ 2021 ʛ., ʘ ʩʣʝʜʚʘʱʠʷʪ Ⱬ ʧʝʨʠʭʝʣʠʡ ʱʝ ʙʲʜʝ ʥʘ 25 

ʘʚʛʫʩʪ 2027 ʛ. 

 

 

ʖʞʥʠ ʜʝʣʪʘ-ɸʢʚʘʨʠʜʠ (SDA) ʠ ɸʣʬʘ-ʂʘʧʨʠʢʦʨʥʠʜʠ (CAP)  

ʊʦʚʘ ʩʘ ʜʚʘ ʧʦʪʦʢʘ ʩ ʙʣʠʟʢʠ ʨʘʜʠʘʥʪʠ, ʥʘʤʠʨʘʱʠ ʩʝ ʩʲʦʪʚʝʪʥʦ ʚ ʩʲʟʚʝʟʜʠʷ-

ʪʘ ɺʦʜʦʣʝʡ ʠ ʂʦʟʠʨʦʛ. ʄʘʢʩʠʤʫʤʠʪʝ ʥʘ ʜʚʘʪʘ ʧʦʪʦʢʘ ʩʲʚʧʘʜʘʪ ʠ ʩʘ ʥʘ 30 ʶʣʠ 

(ɚἝ = 127Á ʠ ʟʘ ʜʚʘʪʘ). ʄʝʪʝʦʨʠʪʝ ʠʤ ʩʘ ʙʘʚʥʠ, ʞʲʣʪʝʥʠʢʘʚʠ, ʢʘʪʦ ʥʝʨʷʜʢʦ ʩʘ 

ʤʥʦʛʦ ʷʨʢʠ Ăʙʦʣʠʜʠñ. ʅʘʙʣʶʜʘʚʘʪ ʩʝ ʥʘʡ-ʜʦʙʨʝ ʚʲʚ ʚʪʦʨʘʪʘ ʧʦʣʦʚʠʥʘ ʥʘ ʥʦʱʠ-

ʪʝ ʦʢʦʣʦ ʢʨʘʷ ʥʘ ʶʣʠ ʠ ʚ ʥʘʯʘʣʦʪʦ ʥʘ ʘʚʛʫʩʪ. ʄʘʢʘʨ ʯʝ ʟʝʥʠʪʥʦʪʦ ʯʘʩʦʚʦ ʯʠʩʣʦ 
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ʥʘ ʖʞʥʠ ŭ-ɸʢʚʘʨʠʜʠ ʝ ʦʢʦʣʦ 25, ʘ ʥʘ Ŭ-ʂʘʧʨʠʢʦʨʥʠʜʠ ï ʦʢʦʣʦ 5, ʧʦ ʚʨʝʤʝ ʥʘ 

ʪʝʭʥʠʪʝ ʤʘʢʩʠʤʫʤʠ ʦʪ ʥʘʰʠʪʝ ʛʝʦʛʨʘʬʩʢʠ ʰʠʨʠʥʠ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʨʦʷʪ ʩʘʤʦ 

ʦʢʦʣʦ 15 ï 20 ʤʝʪʝʦʨʘ ʟʘ ʯʘʩ, ʦʙʱʦ ʦʪ ʜʚʘʪʘ ʧʦʪʦʢʘ. ʇʨʠʯʠʥʘʪʘ ʝ ʚ ʥʠʩʢʠʪʝ ʠʤ 

ʜʦ ʭʦʨʠʟʦʥʪʘ ʨʘʜʠʘʥʪʠ. ʇʨʝʟ ʶʣʩʢʠʪʝ ʥʦʱʠ ʩʲʟʚʝʟʜʠʷʪʘ ɺʦʜʦʣʝʡ ʠ ʂʦʟʠʨʦʛ ʩʘ 

ʚʠʜʠʤʠ ʥʠʩʢʦ ʥʘ ʶʛʦʠʟʪʦʢ ʚ ʧʦʣʫʥʦʱ ʠ ʥʠʩʢʦ ʥʘ ʶʛʦʟʘʧʘʜ ʨʘʥʦ ʩʫʪʨʠʥ ʧʨʝʜʠ 

ʨʘʟʩʤ̡ʚʘʥʝ. 

ɺ ʥʦʱʠʪʝ ʦʢʦʣʦ 30 ʶʣʠ ʃʫʥʘʪʘ ʥʷʤʘ ʜʘ ʟʘʪʨʫʜʥʷʚʘ ʥʘʙʣʶʜʝʥʠʷʪʘ. ʅʘ 28 

ʶʣʠ ʚ 20
h
 54

m
 ʪʷ ʱʝ ʙʲʜʝ ʚʲʚ ʬʘʟʘ ʥʦʚʦʣʫʥʠʝ. 

ʅʘ 30 ʶʣʠ ʉʣʲʥʮʝʪʦ ʱʝ ʠʟʛʨʝʝ ʟʘ ʉʦʬʠʷ ʚ 06
h
 16

m
, ʪʘʢʘ ʯʝ ʝʬʝʢʪʠʚʥʠ ʥʘʙ-

ʣʶʜʝʥʠʷ ʱʝ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʦʪ ʧʦʣʫʥʦʱ, ʜʦ ʦʢʦʣʦ 05
h
.  

ʇʦʪʦʢʲʪ ʖʞʥʠ ŭ-ɸʢʚʘʨʠʜʠ ʝ ʘʢʪʠʚʝʥ ʦʪ 12 ʶʣʠ ʜʦ 23 ʘʚʛʫʩʪ. ʅʝʛʦʚʦʪʦ ʨʦ-

ʜʠʪʝʣʩʢʦ ʪʷʣʦ ʥʝ ʝ ʫʩʪʘʥʦʚʝʥʦ ʩʲʩ ʩʠʛʫʨʥʦʩʪ, ʥʦ ʩʝ ʩʯʠʪʘ, ʯʝ ʝ ʢʦʤʝʪʘʪʘ 

96P/Machholz 1 (ʩʲʱʘʪʘ, ʢʦʷʪʦ ʧʦʨʘʞʜʘ ʠ ʧʦʪʦʢʲʪ ʂʚʘʜʨʘʥʪʠʜʠ, ʘ ʚʝʨʦʷʪʥʦ ʠ 

ɸʨʠʝʪʠʜʠ). ʊʷ ʠʤʘ ʦʨʙʠʪʘʣʝʥ ʧʝʨʠʦʜ ʦʪ 5.3 ʛʦʜʠʥʠ. ɿʘ ʧʦʩʣʝʜʝʥ ʧʲʪ ʪʘʟʠ ʢʦʤʝʪʘ 

ʧʨʝʤʠʥʘ ʧʨʝʟ ʧʝʨʠʭʝʣʠʷ ʩʠ ʥʘ 27 ʦʢʪʦʤʚʨʠ 2017 ʛ., ʘ ʩʣʝʜʚʘʱʠʷʪ Ⱬ ʧʝʨʠʭʝʣʠʡ 

ʱʝ ʙʲʜʝ ʥʘ 31 ʷʥʫʘʨʠ 2023 ʛ. 

ʇʦʪʦʢʲʪ Ŭ-ʂʘʧʨʠʢʦʨʥʠʜʠ ʝ ʘʢʪʠʚʝʥ ʦʪ 3 ʶʣʠ ʜʦ 15 ʘʚʛʫʩʪ ʠ ʩʝ ʧʦʨʘʞʜʘ ʦʪ 

ʤʝʪʝʦʨʥʠ ʨʦʝʚʝ, ʦʪʜʝʣ̫ʱʠ ʩʝ ʦʪ ʢʦʤʝʪʘʪʘ 45P/HondaïMrkosïPajduġ§kov§, ʠʤʘɦ ʘ 

ʧʝʨʠʦʜ 5.25 ʛʦʜʠʥʠ. ʊʘʟʠ ʢʦʤʝʪʘ ʱʝ ʧʨʝʤʠʥʝ ʧʨʝʟ ʧʝʨʠʭʝʣʠʷ ʩʠ ʥʘ 26 ʘʧʨʠʣ 

2022 ʛ., ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʠʯʠʥʘ ʟʘ ʧʦʚʠʰʝʥʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʦʪʦʢʘ. 

 

 

ʇʝʨʩʝʠʜʠ (PER) 

ʄʘʢʩʠʤʫʤʲʪ ʥʘ ʤʝʪʝʦʨʥʠʷ ʧʦʪʦʢ ʇʝʨʩʝʠʜʠ ʟʘ 2022 ʛ. ʱʝ ʙʲʜʝ ʥʘ 13 ʘʚʛʫʩʪ 

ʩʣʝʜ 04
h
 ʙʲʣʛʘʨʩʢʦ ʚʨʝʤʝ (ʧʨʠ ɚἝ ʦʢʦʣʦ 140Á), ʥʦ ʟʘ ʩʲʞʘʣʝʥʠʝ ï ʧʨʠ ʧʲʣʥʘ ʃʫ-

ʥʘ. ʊʷ ɦʝ ʩʲʟʜʘʚʘ ʩʚʝʪʲʣ ʬʦʥ ʥʘ ʥʝʙʝʪʦ ʠ ʪʘʢʘ ʱʝ ʚʲʟʧʨʝʧʷʪʩʪʚʘ ʥʘʙʣʶʜʝʥʠʷʪʘ. 

ʇʦʨʘʜʠ ʪʦʚʘ, ʯʝ ʩʝ ʩʣʫʯʚʘ ʚ ʫʜʦʙʥʦ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʚʨʝʤʝ ï ʚʲʚ ʚʩʝ ʦʱʝ 

ʪʦʧʣʠʪʝ ʘʚʛʫʩʪʦʚʩʢʠ ʥʦʱʠ, ʧʦʪʦʢʲʪ ʇʝʨʩʝʠʜʠ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʚʣʠʯʘ ʚʥʠʤʘʥʠ-

ʝʪʦ ʥʘ ʤʥʦʛʦ ʣʶʙʦʧʠʪʥʠ ʭʦʨʘ ʦʪ ʉʝʚʝʨʥʦʪʦ ʧʦʣʫʢʲʣʙʦ ʥʘ ɿʝʤʷʪʘ. ʊʘʟʠ ʛʦʜʠʥʘ 

ʦʙʘʯʝ ʫʩʣʦʚʠʷʪʘ ʟʘ ʥʝʛʦʚʦʪʦ ʥʘʙʣʶʜʝʥʠʝ ʱʝ ʙʲʜʘʪ ʧʦ-ʜʦʙʨʠ ʩʘʤʦ ʜʦ ʦʢʦʣʦ 9 

ʘʚʛʫʩʪ, ʢʦʛʘʪʦ ʃʫʥʘʪʘ ʱʝ ʝ ʧʦʜ ʭʦʨʠʟʦʥʪʘ ʚ ʧʦʩʣʝʜʥʠʪʝ ʯʘʩʦʚʝ ʥʘ ʥʦʱʠʪʝ. 

ʈʘʜʠʘʥʪʲʪ ʥʘ ʧʦʪʦʢʘ ʩʝ ʥʘʤʠʨʘ ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʇʝʨʩʝʡ, ʢʦʝʪʦ ʜʦ ʢʨʘʷ ʥʘ 

ʥʦʱʪʘ ʱʝ ʩʝ ʠʟʜʠʛʘ ʚʩʝ ʧʦ-ʚʠʩʦʢʦ ʥʘʜ ʭʦʨʠʟʦʥʪʘ. ʅʘ 13 ʘʚʛʫʩʪ ʉʣʲʥʮʝʪʦ ʠʟʛʨʷ-

ʚʘ ʟʘ ʉʦʬʠʷ ʚ 06
h
 31

m
, ʧʨʝʜʚʠʜ ʢʦʝʪʦ ʧʨʠʥʮʠʧʥʦ (ʚ ʙʝʟʣʫʥʥʘ ʥʦʱ) ʝʬʝʢʪʠʚʥʠ 

ʥʘʙʣʶʜʝʥʠ̫ ʤʦʛʘʪ ʜʘ ʩʝ ʧʨʦʚʝʞʜʘʪ ʜʦ ʦʢʦʣʦ 05
h
 20

m
.
 

ʇʦʪʦʢʲʪ ʇʝʨʩʝʠʜʠ ʩʝ ʧʦʨʘʞʜʘ ʦʪ ʤʝʪʝʦʨʥʠ ʨʦʝʚʝ, ʦʪʜʝʣʠʣʠ ʩʝ ʦʪ ʢʦʤʝʪʘʪʘ 

109P/Swift-Tuttle (ʉʫʠʬʪ-ʊʲʪʣ). ʊʷ ʝ ʜʲʣʛʦʧʝʨʠʦʜʠʯʥʘ ʠ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʧʝʨʠ-

ʭʝʣʠʷ ʥʘ ʦʨʙʠʪʘʪʘ ʩʠ ʚʝʜʥʲʞ ʥʘ ʦʢʦʣʦ 133 ʛʦʜʠʥʠ. ɿʘ ʧʦʩʣʝʜʝʥ ʧʲʪ 109P ʧʨʝʤʠ-

ʥʘ ʧʨʝʟ ʧʝʨʠʭʝʣʠʷ ʩʠ ʥʘ 11 ʜʝʢʝʤʚʨʠ 1992 ʛ. ʆʪ ʦʢʦʣʦ 17 ʶʣʠ ʜʦ 24 ʘʚʛʫʩʪ ʚʩʷʢʘ 

ʛʦʜʠʥʘ ɿʝʤʷʪʘ ʧʨʝʢʦʩʷʚʘ ʪʝʟʠ ʤʝʪʝʦʨʥʠ ʨʦʝʚʝ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʚ ʙʝʟʣʫʥʥʠʪʝ ʥʦɦʠ 

ʦʪ ʪʦʟʠ ʧʝʨʠʦʜ ʤʦʞʝʤ ʜʘ ʚʠʜʠʤ ʤʥʦʛʦ ʤʝʪʝʦʨʠ. ɿʘ ʥʝʙʝʩʥʘʪʘ ʘʪʨʘʢʮʠʷ ʜʦʧʨʠʥʘ-

ʩʷ ʠ ʬʘʢʪʲʪ, ʯʝ ʇʝʨʩʝʠʜʠ ʩʝ ʟʘʩʪʲʧʚʘ ʧʦ ʚʨʝʤʝ ʩ ʦʧʠʩʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʜʚʘ ʧʦʪʦʢʘ 
ʖʞʥʠ ŭ-ɸʢʚʘʨʠʜʠ ʠ Ŭ-ʂʘʧʨʠʢʦʨʥʠʜʠ (ʢʘʢʪʦ ʠ ʩ ʦʱʝ ʥʷʢʦʣʢʦ ʧʦ-ʩʣʘʙʠ), ʢʦʠʪʦ 

ʜʦʙʘʚʷʪ ʩʚʦʷ ʧʨʠʥʦʩ. 
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ɸʫʨʠʛʠʜʠ (AUR) 

ʊʦʟʠ ʤʝʪʝʦʨʝʥ ʧʦʪʦʢ ʩʝ ʥʘʙʣʶʜʘʚʘ ʦʪ 28 ʘʚʛʫʩʪ ʜʦ 5 ʩʝʧʪʝʤʚʨʠ, ʥʦ ʪʨʫʜʥʦ. 

ʇʨʝʟ 2022 ʛ. ʥʝʛʦʚʠʷʪ ʤʘʢʩʠʤʫʤ ʱʝ ʙʲʜʝ ʥʘ 1 ʩʝʧʪʝʤʚʨʠ ʦʢʦʣʦ 12
h
 ʙʲʣʛʘʨʩʢʦ 

ʚʨʝʤʝ, ʧʨʠ ɚἝ = 158.6Á.  

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʧʨʝʜʥʠ ʛʦʜʠʥʠ, ʟʘ ʪʦʟʠ ʧʦʪʦʢ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʤʝʪʝʦʨʥʘ ʦʨ-

ʛʘʥʠʟʘʮʠʷ ʩʝʛʘ ʧʨʦʛʥʦʟʠʨʘ ʧʦ-ʥʠʩʢʦ ʟʝʥʠʪʥʦ ʯʘʩʦʚʦ ʯʠʩʣʦ ï ʩʘʤʦ 10. ʆʢʦʣʦ 1 

ʩʝʧʪʝʤʚʨʠ ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʚʲʚ ʬʘʟʠ ʧʨʝʜʠ ʧʲʨʚʘ ʯʝʪʚʲʨʪ ʠ ʥʷʤʘ ʜʘ ʝ ʚʠʜʠʤʘ ʚ 

ʧʦʩʣʝʜʥʠʪʝ ʯʘʩʦʚʝ ʥʘ ʥʦʱʠʪʝ. ʊʦʯʥʦ ʪʦʛʘʚʘ ʩʲʟʚʝʟʜʠʝʪʦ ʂʦʣʘʨ, ʩ ʨʘʜʠʘʥʪʘ ʥʘ 

ʧʦʪʦʢʘ ɸʫʨʠʛʠʜʠ, ʱʝ ʙʲʜʝ ʚʝʯʝ ʧʦ-ʚʠʩʦʢʦ ʥʘʜ ʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ. ʅʘ 1 ʩʝʧʪʝʤ-

ʚʨʠ ʉʣʲʥʮʝʪʦ ʱʝ ʠʟʛʨʝʝ ʚ 06
h
 51

m
 ʟʘ ʉʦʬʠʷ, ʪʘʢʘ ʯʝ ʚʠʟʫʘʣʥʠ ʥʘʙʣʶʜʝʥʠʷ ʱʝ ʩʘ 

ʚʲʟʤʦʞʥʠ ʜʦ ʦʢʦʣʦ 05
h
 45

m
.  

ʈʦʜʠʪʝʣʩʢʦʪʦ ʪʷʣʦ ʥʘ ɸʫʨʠʛʠʜʠ ʝ ʢʦʤʝʪʘʪʘ C/1911 N1 (Kiess), ʢʦʷʪʦ ʧʨʝ-

ʤʠʥʘ ʧʨʝʟ ʧʝʨʠʭʝʣʠʷ ʩʠ ʥʘ 30 ʶʥʠ 2011 ʛ. ʊʷ ʠʤʘ ʤʥʦʛʦ ʜʲʣʲʛ ʧʝʨʠʦʜ ï ʩʧʦʨʝʜ 

ʨʘʟʣʠʯʥʠ ʠʟʪʦʯʥʠʮʠ ʤʝʞʜʫ 1800 ʠ 2500 ʛʦʜʠʥʠ. ʊʦʚʘ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʜʘ ʩʝ 

ʦʯʘʢʚʘ, ʯʝ ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ ɸʫʨʠʛʠʜʠ ʱʝ ʟʘʪʠʭʚʘ ʩ ʚʨʝʤʝʪʦ. 

 

 

ɼʨʘʢʦʥʠʜʠ (DRA) 

ʊʦʚʘ ʦʙʠʢʥʦʚʝʥʦ ʝ ʩʣʘʙ ʤʝʪʝʦʨʝʥ ʧʦʪʦʢ. ʅʝʛʦʚʠʷʪ ʤʘʢʩʠʤʫʤ ʟʘ 2022 ʛ. ʱʝ 

ʙʲʜʝ ʥʘ 9 ʦʢʪʦʤʚʨʠ ʦʢʦʣʦ 03
h
 30

m
 ʙʲʣʛʘʨʩʢʦ ʚʨʝʤʝ (ɚἝ = 195.4Á), ʩ ʦʢʦʣʦ 5-10 

ʙʘʚʥʠ ʯʝʨʚʝʥʠʢʘʚʠ ʤʝʪʝʦʨʘ ʟʘ ʯʘʩ. ʇʨʝʟ ʥʦʱʪʘ ʥʘ 8 ʩʨʝʱʫ 9 ʦʢʪʦʤʚʨʠ ʦʙʘʯʝ 

ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʧʲʣʥʘ ʠ ʱʝ ʥʘʧʨʘʚʠ ʚʠʟʫʘʣʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ ʥʝʝʬʝʢʪʠʚʥʠ. 

ʇʦ-ʚʠʩʦʢʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʧʦʪʦʢʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʣʝʜ ʩʢʦʨʦʰʥʦ ʧʨʝʤʠʥʘʚʘʥʝ 

ʥʘ ʢʦʤʝʪʘʪʘ 21P/Giacobini-Zinner ʧʨʝʟ ʥʝʡʥʠʷ ʧʝʨʠʭʝʣʠʡ. ɿʘ ʧʦʩʣʝʜʥʦ ʪʘʢʘʚʘ 

ʧʦʚʠʰʝʥʘ ʘʢʪʠʚʥʦʩʪ ʙʝ ʥʘʙʣʶʜʘʚʘʥʘ ʧʨʝʟ 2011 ʠ 2012 ʛ. ʂʦʤʝʪʘʪʘ 21P ʝ ʩ ʦʨʙʠ-

ʪʘʣʝʥ ʧʝʨʠʦʜ 6.6 ʛʦʜʠʥʠ ʠ ʟʘ ʧʦʩʣʝʜʝʥ ʧʲʪ ʧʨʝʤʠʥʘ ʧʨʝʟ ʧʝʨʠʭʝʣʠʷ ʩʠ ʥʘ 10 

ʩʝʧʪʝʤʚʨʠ 2018 ʛ. ʉʣʝʜʚʘʱʠʷʪ ʥʝʠʥ ʧʝʨʠʭʝʣʠʡ ʱʝ ʙʲʜʝ ʥʘ 25 ʤʘʨʪ 2025 ʛ. ɿʝʤʷ-

ʪʘ ʧʨʝʢʦʩʷʚʘ ʤʝʪʝʦʨʥʠʪʝ ʨʦʝʚʝ, ʦʪʜʝʣʷʱʠ ʩʝ ʦʪ ʪʘʟʠ ʢʦʤʝʪʘ, ʚ ʢʨʘʪʢʠʷ ʧʝʨʠʦʜ ʦʪ 

6 ʜʦ 10 ʦʢʪʦʤʚʨʠ, ʢʦʛʘʪʦ ʩʘ ʘʢʪʠʚʥʠ ɼʨʘʢʦʥʠʜʠ. 

 

 

ʆʨʠʦʥʠʜʠ (ORI) 

ʄʘʢʩʠʤʫʤʲʪ ʥʘ ʪʦʟʠ ʤʝʪʝʦʨʝʥ ʧʦʪʦʢ ʝ ʥʘ 21 ʦʢʪʦʤʚʨʠ ʧʨʠ ɚἝ = 208Á, ʩ 

ʦʢʦʣʦ 15 ʙʲʨʟʠ ʤʝʪʝʦʨʘ ʥʘ ʯʘʩ. ʇʦʪʦʢʲʪ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʣʝʜ ʠʟʛʨʝʚʘ ʥʘ 

ʥʝʛʦʚʠʷʪ ʨʘʜʠʘʥʪ ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʆʨʠʦʥ ï ʦʪ ʦʢʦʣʦ 22
h
 40

m
 ʟʘ ʉʦʬʠʷ, ʜʦ ʩʫʪʨʠʥ-

ʪʘ. ʊʘʟʠ ʛʦʜʠʥʘ ʥʘ 21 ʦʢʪʦʤʚʨʠ ʃʫʥʘʪʘ ʱʝ ʠʟʛʨʝʝ ʚ 03
h
 04

m
 ʟʘ ʉʦʬʠʷ ʩ 20.5% 

ʦʩʚʝʪʝʥ ʜʠʩʢ, ʘ ʥʘ 22 ʦʢʪʦʤʚʨʠ ï ʚ 04
h
 11

m
, ʩ 12.7% ʦʩʚʝʪʝʥ ʜʠʩʢ. ʉʣʝʜ ʠʟʛʨʝʚʘ 

ʩʠ ʪʷ ʥʷʤʘ ʜʘ ʟʘʪʨʫʜʥʷʚʘ ʦʩʝʟʘʝʤʦ ʚʠʟʫʘʣʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ. ʅʘ 21 ʦʢʪʦʤʚʨʠ 

ʉʣʲʥʮʝʪʦ ʱʝ ʠʟʛʨʝʝ ʚ 07
h
 47

m
 ʟʘ ʉʦʬʠʷ, ʪʘʢʘ ʯʝ ʝʬʝʢʪʠʚʥʠ ʥʘʙʣʶʜʝʥʠʷ ʱʝ ʤʦ-

ʛʘʪ ʜʘ ʩʝ ʧʨʦʚʝʞʜʘʪ ʜʦ ʦʢʦʣʦ 06
h
 40

m
. 
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ʇʦʪʦʢʲʪ ʆʨʠʦʥʠʜʠ ʝ ʘʢʪʠʚʝʥ ʦʪ ʦʢʦʣʦ 2 ʦʢʪʦʤʚʨʠ ʜʦ 7 ʥʦʝʤʚʨʠ. ʊʦʡ, ʢʘʢʪʦ 

ʠ ʦʧʠʩʘʥʠʷʪ ʧʦ-ʛʦʨʝ ʧʦʪʦʢ ɖ-ɸʢʚʘʨʠʜʠ, ʩʝ ʧʦʨʘʞʜʘʪ ʦʪ ʤʝʪʝʦʨʥʠ ʨʦʝʚʝ, ʦʪʜʝʣʠ-

ʣʠ ʩʝ ʦʪ ʍʘʣʝʝʚʘʪʘ ʢʦʤʝʪʘ. ɿʝʤʷʪʘ ʧʨʝʤʠʥʘʚʘ ʜʚʘ ʧʲʪʠ ʛʦʜʠʰʥʦ ʧʨʝʟ ʪʷʭ ï ʧʨʝʟ 

ʧʨʦʣʝʪʪʘ ʠ ʧʨʝʟ ʝʩʝʥʪʘ. 

 

 

ʃʝʦʥʠʜʠ (LEO) 

ʇʦʪʦʢʲʪ ʃʝʦʥʠʜʠ ʝ ʘʢʪʠʚʝʥ ʦʪ 6 ʜʦ 30 ʥʦʝʤʚʨʠ, ʩ ʤʘʢʩʠʤʫʤ ʟʘ 2022 ʛ. ʥʘ 18 

ʥʦʝʤʚʨʠ ʦʢʦʣʦ 01
h
 ʙʲʣʛʘʨʩʢʦ ʚʨʝʤʝ (ʧʨʠ ɚἝ = 235.27Á). ɺ ʥʦʱʪʘ ʥʘ ʤʘʢʩʠʤʫʤʘ 

ʨʘʜʠʘʥʪʲʪ ʥʘ ʧʦʪʦʢʘ ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʃʲʚ ʱʝ ʠʟʛʨʝʝ ʦʢʦʣʦ 23
h
 10

m
 ʟʘ ʨʘʡʦʥʘ ʥʘ 

ʉʦʬʠʷ. ʅʝʤʥʦʛʦ ʩʣʝʜ ʪʦʚʘ ï ʚ 00
h
 53

m
 ʱʝ ʠʟʛʨʝʝ ʠ ʃʫʥʘʪʘ ʩ 36.8% ʦʩʚʝʪʝʥ ʜʠʩʢ. 

ɺ ʥʝʛʦʣʷʤʘ ʩʪʝʧʝʥ ʪʷ ʱʝ ʟʘʪʨʫʜʥʷʚʘ ʚʠʟʫʘʣʥʠʪʝ ʥʘʙʣʶʜʝʥʠʷ ʜʦ ʢʨʘʷ ʥʘ ʥʦʪɦʘ. 

ʇʨʠʥʮʠʧʥʦ ʧʦ ʚʨʝʤʝ ʥʘ ʤʘʢʩʠʤʫʤʘ ʥʘ ʃʝʦʥʠʜʠ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʨʦʷʪ ʦʢʦʣʦ 

15 ʙʲʨʟʠ ʩʠʥʴʦ-ʟʝʣʝʥʠʢʘʚʠ ʤʝʪʝʦʨʘ ʟʘ ʯʘʩ. ʈʦʜʠʪʝʣʩʢʦʪʦ ʪʷʣʦ ʥʘ ʧʦʪʦʢʘ ʝ ʢʦʤʝ-

ʪʘʪʘ 55P/Tempel-Tuttle (ʊʝʤʧʲʣ-ʊʪ̡ʣ), ʠʤʘʱʘ ʧʝʨʠʦʜ ʦʢʦʣʦ 33 ʛʦʜʠʥʠ. ɿʘʪʦʚʘ 

ʧʨʝʟ ʩʲʱʠʷ ʧʝʨʠʦʜ ʧʦʪʦʢʲʪ ʃʝʦʥʠʜʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚʲʚ ʚʠʜ ʥʘ ʤʝʪʝʦʨʥʠ ʜʲʞʜʦ-

ʚʝ. ʇʦʩʣʝʜʥʠʷʪ ʪʘʢʲʚ ʙʝ ʧʨʝʟ 2002 ʛ., ʩ ʠʥʪʝʥʟʠʚʥʦʩʪ ʦʢʦʣʦ 3 500 ʤʝʪʝʦʨʘ ʥʘ 

ʯʘʩ. 

 

 

ɻʝʤʠʥʠʜʠ (GEM) 

ʊʦʚʘ ʝ ʪʨʝʪʠʷʪ ʠ ʧʦʩʣʝʜʝʥ ʚʠʩʦʢʦ ʠʥʪʝʥʟʠʚʝʥ ʤʝʪʝʦʨʝʥ ʧʦʪʦʢ ʧʨʝʟ ʛʦʜʠʥʘ-

ʪʘ, ʩʣʝʜ ʂʚʘʜʨʘʥʪʠʜʠ ʠ ʇʝʨʩʝʠʜʠ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʦʪ ʦʢʦʣʦ 4 ʜʦ 17 ʜʝʢʝʤʚʨʠ, 

ʢʦʛʘʪʦ ɿʝʤʷʪʘ ʧʨʝʢʦʩʷʚʘ ʤʝʪʝʦʨʥʠ ʨʦʝʚʝ, ʦʪʜʝʣʷʱʠ ʩʝ ʦʪ ʘʩʪʝʨʦʠʜʘ 3200 ʌʘʝ-

ʪʦʥ. ʄʘʢʩʠʤʫʤʲʪ ʥʘ ɻʝʤʠʥʠʜʠ ʟʘ 2022 ʛ. ʱʝ ʙʲʜʝ ʥʘ 14 ʜʝʢʝʤʚʨʠ ʦʢʦʣʦ 15
h
 ʙʣ̡-

ʛʘʨʩʢʦ ʚʨʝʤʝ, ʧʨʠ ɚἝ = 262.2Á. ʇʨʠʥʮʠʧʥʦ ʚ ʤʦʤʝʥʪʘ ʥʘ ʤʘʢʩʠʤʫʤʘ ʘʢʪʠʚʥʦʩʪʪʘ 

ʝ ʥʘʜ 120 ʤʝʪʝʦʨʘ ʟʘ ʯʘʩ, ʥʦ ʚʝʯʝʨʪʘ ʥʘ ʩʲʱʘʪʘ ʜʘʪʘ ʃʫʥʘʪʘ ʱʝ ʠʟʛʨʝʝ ʚ 

22
h
 39

m
 ʟʘ ʉʦʬʠʷ, ʩʲʩ 65% ʦʩʚʝʪʝʥ ʜʠʩʢ ʠ ʱʝ ʟʘʪʨʫʜʥʠ ʥʘʙʣʶʜʝʥʠʷʪʘ. 

ʈʘʜʠʘʥʪʲʪ ʥʘ ʧʦʪʦʢʘ ʩʝ ʥʘʤʠʨʘ ʚ ʩʲʟʚʝʟʜʠʝʪʦ ɹʣʠʟʥʘʮʠ, ʢʦʝʪʦ ʜʦ ʢʨʘʷ ʥʘ 

ʥʦʱʪʘ ʱʝ ʩʝ ʠʟʜʠʛʘ ʚʩʝ ʧʦ-ʚʠʩʦʢʦ ʥʘʜ ʠʟʪʦʯʥʠʷ ʭʦʨʠʟʦʥʪ. 

 

 

ʋʨʩʠʜʠ (URS) 

ʊʦʟʠ ʧʦʩʣʝʜʝʥ ʟʘ ʛʦʜʠʥʘʪʘ ʤʝʪʝʦʨʝʥ ʧʦʪʦʢ ʝ ʘʢʪʠʚʝʥ ʦʪ 17 ʜʦ 26 ʜʝʢʝʤʚʨʠ. 

ɿʘ 2022 ʛ. ʥʝʛʦʚʠʷʪ ʤʘʢʩʠʤʫʤ ʱʝ ʙʲʜʝ ʥʘ 23 ʜʝʢʝʤʚʨʠ ʦʢʦʣʦ 00
h
, ʧʨʠ ɚἝ = 

270.7Á. ʊʦʛʘʚʘ ʱʝ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʨʦʷʪ ʦʢʦʣʦ 10 ʩʨʝʜʥʦ ʙʲʨʟʠ ʤʝʪʝʦʨʘ ʟʘ ʯʘʩ, ʘ 

ʃʫʥʘʪʘ ʱʝ ʙʲʜʝ ʚ ʥʦʚʦʣʫʥʠʝ ʠ ʥʷʤʘ ʜʘ ʟʘʪʨʫʜʥʷʚʘ ʥʘʙʣʶʜʝʥʠ̫ ʪʘ.  

ʈʦʜʠʪʝʣʩʢʦʪʦ ʪʷʣʦ ʥʘ ʧʦʪʦʢʘ ʝ ʢʦʤʝʪʘʪʘ 8P/Tuttle (ʊʲʪʣ), ʩ ʦʨʙʠʪʘʣʝʥ ʧʝʨʠ-

ʦʜ 13.6 ʛʦʜʠʥʠ. ɿʘ ʧʦʩʣʝʜʝʥ ʧʲʪ ʪʷ ʧʨʝʤʠʥʘ ʧʨʝʟ ʧʝʨʠʭʝʣʠʷ ʩʠ ʥʘ 27 ʘʚʛʫʩʪ 

2021 ʛ., ʘ ʩʣʝʜʚʘʱʠʷʪ ʥʝʠʥ ʧʝʨʠʭʝʣʠʡ ʱʝ ʙʲʜʝ ʥʘ 18 ʘʧʨʠʣ 2035 ʛ. 
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ɺʘʞʥʠ ʧʦʥʷʪʠʷ ʠ ʧʨʝʧʦʨʲʢʠ ʧʨʠ  ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʤʝʪʝʦʨʥʠ 

ʧʦʪʦʮʠ 

ʇʨʠ ʧʣʘʥʠʨʘʥʝʪʦ ʥʘ ʤʝʪʝʦʨʥʠ ʥʘʙʣʶʜʝʥʠʷ ʪʨʷʙʚʘ ʜʘ ʩʝ ʩʲʦʙʨʘʟʠʤ ʩ ʃʫʥʘ-

ʪʘ, ʢʦʷʪʦ ʧʨʠ ʬʘʟʘ ʦʢʦʣʦ ʧʲʣʥʦʣʫʥʠʝ ʩʲʟʜʘʚʘ ʧʦʚʠʰʝʥʘ ʦʩʚʝʪʝʥʦʩʪ ʥʘ ʥʝʙʝʪʦ ʠ ʩ 

ʪʦʚʘ ʚʲʟʧʨʝʧʷʪʩʪʚʘ ʚʠʟʫʘʣʥʦʪʦ ʨʝʛʠʩʪʨʠʨʘʥʝ ʥʘ ʩʣʘʙʠʪʝ ʤʝʪʝʦʨʠ. ʊʨʘʜʠʮʠʦʥʥʘ-

ʪʘ ʧʨʝʧʦʨʲʢʘ ʢʲʤ ʞʝʣʘʝʱʠʪʝ ʜʘ ʧʨʦʚʝʞʜʘʪ ʤʝʪʝʦʨʥʠ ʥʘʙʣʜʁʝʥʠʷ ʝ ʜʘ ʠʟʙʝʨʘʪ 

ʤʷʩʪʦ, ʜʦʩʪʘʪʲʯʥʦ ʦʪʜʘʣʝʯʝʥʦ ʦʪ ʥʦʱʥʠʪʝ ʩʚʝʪʣʠʥʠ ʥʘ ʛʨʘʜʦʚʝ, ʩʝʣʠʱʘ ʠ ʧʨʦ-

ʤʠʰʣʝʥʠ ʟʦʥʠ. ʅʘʡ-ʜʦʙʨʠ ʫʩʣʦʚʠʷ ʧʨʝʜʣʘʛʘʪ ʚʠʩʦʢʦʧʣʘʥʠʥʩʢʠ ʤʝʩʪʥʦʩʪʠ ʚ 

ʷʩʥʠ ʠ ʙʝʟʣʫʥʥʠ ʥʦʱʠ. 

ʄʝʪʝʦʨʥʠʪʝ ʥʘʙʣʶʜʘʪʝʣʠ ʪʨʷʙʚʘ ʜʘ ʩʘ ʟʘʧʦʟʥʘʪʠ ʠ ʩ ʜʚʝ ʚʘʞʥʠ ʧʦʥʷʪʠʷ ï 

ʢʘʢʚʦ ʦʟʥʘʯʘʚʘ ʨʘʜʠʘʥʪ ʥʘ ʤʝʪʝʦʨʥʠʷ ʧʦʪʦʢ ʠ ʟʝʥʠʪʥʦ ʯʘʩʦʚʦ ʯʠʩʣʦ (ZHR). 

 

ʈʘʜʠʘʥʪʲʪ ʥʘ ʜʘʜʝʥ ʤʝʪʝʦʨʝʥ ʧʦʪʦʢ ʝ ʤʘʣʢʘ ʦʙʣʘʩʪ ʦʪ ʥʝʙʝʪʦ, ʩʧʨʷʤʦ ʢʦʷ-

ʪʦ ʠʟʛʣʝʞʜʘ, ʯʝ ʤʝʪʝʦʨʠʪʝ ʩʝ ʨʘʟʣʠʪʘʪ ʚʲʚ ʚʩʠʯʢʠ ʧʦʩʦʢʠ ʥʘʦʢʦʣʦ. ɸʢʦ ʥʘʙʣʶ-

ʜʘʚʘʤʝ ʤʝʪʝʦʨʝʥ ʧʦʪʦʢ ʠ ʚʥʠʤʘʪʝʣʥʦ ʥʘʥʘʩʷʤʝ ʚʲʨʭʫ ʟʚʝʟʜʥʘ ʢʘʨʪʘ 

ʪʨʘʝʢʪʦʨʠʠʪʝ ʥʘ ʟʘʙʝʣʷʟʘʥʠʪʝ ʤʝʪʝʦʨʠ, ʪʦ ʪʝʭʥʠʪʝ ʧʨʦʜʲʣʞʝʥʠʷ ʚ ʧʦʩʦʢʘ ʥʘʟʘʜ 

(ʦʙʨʘʪʥʦ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʤʝʪʝʦʨʠʪʝ) ʱʝ ʩʝ ʧʨʝʩʝʢʘʪ ʚ ʨʘʜʠʘʥʪʘ. ʄʝʪʝʦʨʥʠʪʝ 

ʧʦʪʦʮʠ ʥʦʩʷʪ ʠʤʝʥʘʪʘ ʥʘ ʩʲʟʚʝʟʜʠʷʪʘ, ʚ ʢʦʠʪʦ ʩʝ ʥʘʤʠʨʘʪ ʪʝʭʥʠʪʝ ʨʘʜʠʘʥʪʠ ʧʦ 

ʚʨʝʤʝ ʥʘ ʤʘʢʩʠʤʫʤʠʪʝ ʠʤ. ʅʘʧʨʠʤʝʨ ʨʘʜʠʘʥʪʲʪ ʥʘ ʧʦʪʦʢʘ ʇʝʨʩʝʠʜʠ (PER) ʧʦ 

ʚʨʝʤʝ ʥʘ ʥʝʛʦʚʠʷ ʤʘʢʩʠʤʫʤ ʩʝ ʥʘʤʠʨʘ ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʇʝʨʩʝʡ (Perseus). ʈʘʜʠʘʥ-

ʪʲʪ ʥʘ ʧʦʪʦʢʘ ɻʝʤʠʥʠʜʠ (GEM) ʝ ʚ ʩʲʟʚʝʟʜʠʝʪʦ ɹʣʠʟʥʘʮʠ (Gemini) ʠ ʪ.ʥ. ʀʟʢʣʶ-

ʯʝʥʠʝ ʧʨʘʚʠ ʤʝʪʝʦʨʥʠʷʪ ʧʦʪʦʢ ʂʚʘʜʨʘʥʪʠʜʠ (QUA), ʥʘʨʝʯʝʥ ʥʘ ʚʝʯʝ 

ʥʝʩʲʱʝʩʪʚʫʚʘʱʦʪʦ ʩʲʟʚʝʟʜʠʝ ʂʚʘʜʨʘʥʪ (Quadrans Muralis), ʢʦʝʪʦ ʩʝ ʝ ʥʘʤʠʨʘʣʦ 

ʤʝʞʜʫ ʬʠʛʫʨʠʪʝ ʥʘ ɻʦʣʷʤʘʪʘ ʤʝʯʢʘ, ɺʦʣʦʚʘʨ, ʍʝʨʢʫʣʝʩ ʠ ɼʨʘʢʦʥ. 

ʅʘʙʣʶʜʘʪʝʣʠʪʝ ʦʙʘʯʝ ʥʝ ʪʨʷʙʚʘ ʜʘ ʩʠ ʤʠʩʣʷʪ, ʯʝ ʚʩʠʯʢʠ ʤʝʪʝʦʨʠ ʦʪ ʜʘʜʝʥ 

ʧʦʪʦʢ ʩʝ ʧʦʷʚʷʚʘʪ ʩʘʤʦ ʚ ʩʲʟʚʝʟʜʠʝʪʦ, ʚ ʢʦʝʪʦ ʩʝ ʥʘʤʠʨʘ ʥʝʛʦʚʠʷʪ ʨʘʜʠʘʥʪ. ʇʨʠ 

ʦʨʛʘʥʠʟʠʨʘʥʠ ʛʨʫʧʦʚʠ ʥʘʙʣʶʜʝʥʠʷ ʝ ʦʙʠʯʘʡʥʘ ʧʨʘʢʪʠʢʘ ʥʘʙʣʶʜʘʪʝʣʠʪʝ ʜʘ ʩʷ-

ʜʘʪ ʩ ʛʨʲʙ ʝʜʠʥ ʢʲʤ ʜʨʫʛ, ʪʘʢʘ ʯʝ ʚʩʝʢʠ ʦʪ ʪʷʭ ʜʘ ʦʛʣʝʞʜʘ ʦʧʨʝʜʝʣʝʥʘ ʦʙʣʘʩʪ ʦʪ 

ʥʝʙʝʪʦ. ʊʘʢʘ ʮʷʣʘʪʘ ʛʨʫʧʘ ʱʝ ʤʦʞʝ ʜʘ ʨʝʛʠʩʪʨʠʨʘ ʚʩʝʢʠ ʤʝʪʝʦʨ, ʧʦʷʚʠʣ ʩʝ ʚ 

ʢʦʷʪʦ ʠ ʜʘ ʝ ʯʘʩʪ ʥʘ ʥʝʙʦʩʚʦʜʘ. 

 

ɿʝʥʠʪʥʦʪʦ ʯʘʩʦʚʦ ʯʠʩʣʦ ʥʘ ʜʘʜʝʥ ʤʝʪʝʦʨʝʥ ʧʦʪʦʢ (Zenithal Hourly Rate ï 

ZHR) ʦʧʨʝʜʝʣʷ ʥʝʛʦʚʘʪʘ ʘʢʪʠʚʥʦʩʪ, ʪ.ʝ. ʢʦʣʢʦ ʤʝʪʝʦʨʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʚʠʜʷʥʠ, 

ʦʙʠʢʥʦʚʝʥʦ ʧʦ ʚʨʝʤʝ ʥʘ ʤʘʢʩʠʤʫʤʘ, ʧʨʠʚʝʜʝʥʦ ʢʲʤ ʚʨʝʤʝ ʝʜʠʥ ʯʘʩ. ʅʘʧʨʠʤʝʨ 

ʘʢʦ ʟʘ 15 ʤʠʥʫʪʠ ʟʘʙʝʣʝʞʠʤ 10 ʤʝʪʝʦʨʘ, ʤʦʞʝʤ ʜʘ ʢʘʞʝʤ, ʯʝ ʘʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʧʦʪʦʢʘ ʝ ʦʢʦʣʦ 40 ʤʝʪʝʦʨʘ ʟʘ ʯʘʩ. ɸʢʪʠʚʥʦʩʪʪʘ, ʫʢʘʟʘʥʘ ʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʪʝ 

ʢʘʣʝʥʜʘʨʠ ʯʨʝʟ ZHR ʦʙʘʯʝ ʙʠ ʙʠʣʘ ʨʝʘʣʥʘ ʩʘʤʦ ʧʨʠ ʠʜʝʘʣʥʠ ʫʩʣʦʚʠʷ ʟʘ ʥʘʙʣʶ-

ʜʝʥʠʝ ï ʚ ʤʥʦʛʦ ʷʩʥʘ ʠ ʙʝʟʣʫʥʥʘ ʥʦʱ, ʘʢʦ ʨʘʜʠʘʥʪʲʪ ʥʘ ʧʦʪʦʢʘ ʝ ʚ ʟʝʥʠʪʘ, ʘʢʦ 

ʦʪʙʨʦʷʚʘʤʝ ʚʩʠʯʢʠ ʧʦʷʚʠʣʠ ʩʝ ʤʝʪʝʦʨʠ ʧʦ ʮʝʣʠʷ ʥʝʙʦʩʚʦʜ (ʢʦʝʪʦ ʥʝ ʝ ʚʲʚ ʚʲʟ-

ʤʦʞʥʦʩʪʠʪʝ ʥʘ ʩʘʤ ʥʘʙʣʶʜʘʪʝʣ) ʠ ʧʨ. ʊʘʢʠʚʘ ʫʩʣʦʚʠʷ ʥʘ ʧʨʘʢʪʠʢʘ ʨʷʜʢʦ ʩʘ ʥʘ-

ʣʠʮʝ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʨʝʘʣʥʦ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʥʘ ʤʝʪʝʦʨʥʠʪʝ ʧʦʪʦʮʠ ʝ 

ʧʦ-ʥʠʩʢʘ ʦʪ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ZHR, ʜʘʚʘʥʠ ʟʘ ʪʷʭ. ʆʪ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʝ ʥʘ ʢʘʢʚʘ 
ʚʠʩʦʯʠʥʘ ʥʘʜ ʭʦʨʠʟʦʥʪʘ ʩʝ ʥʘʤʠʨʘ ʨʘʜʠʘʥʪʲʪ ʥʘ ʜʘʜʝʥ ʧʦʪʦʢ ʧʦ ʚʨʝʤʝ ʥʘ ʥʘʙ-

ʣʶʜʝʥʠʝʪʦ. ɸʢʦ ʨʘʜʠʘʥʪʲʪ ʝ ʧʦʜ ʭʦʨʠʟʦʥʪʘ ï ʦʱʝ ʥʝʠʟʛʨʷʣ ʠʣʠ ʚʝʯʝ ʟʘʣʷʟʲʣ, 
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ʤʝʪʝʦʨʠ ʦʪ ʪʦʟʠ ʧʦʪʦʢ ʥʝ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘʪ. ʀ ʦʙʨʘʪʥʦ ï ʥʘʡ-ʜʦʙʨʠ ʫʩʣʦ-

ʚʠʷ ʟʘ ʥʘʙʣʶʜʝʥʠʷ ʠʤʘʤʝ ʘʢʦ ʤʘʢʩʠʤʫʤʲʪ ʥʘ ʧʦʪʦʢʘ ʥʘʩʪʲʧʚʘ ʚ ʤʦʤʝʥʪ ʦʪ ʥʦʱ-

ʪʘ, ʢʦʛʘʪʦ ʥʝʛʦʚʠʷʪ ʨʘʜʠʘʥʪ ʝ ʚʠʩʦʢʦ ʥʘʜ ʭʦʨʠʟʦʥʪʘ. ʄʦʤʝʥʪʠʪʝ ʥʘ 

ʤʘʢʩʠʤʫʤʠʪʝ ʥʘ ʤʝʪʝʦʨʥʠʪʝ ʧʦʪʦʮʠ ʩʝ ʦʧʠʩʚʘʪ ʩʲʩ ʝʢʣʠʧʪʠʯʥʘʪʘ ʜʲʣʞʠʥʘ ʥʘ 

ʉʣʲʥʮʝʪʦ ɚἝ [Á], ʧʨʠ ʢʦʷʪʦ ɿʝʤʷʪʘ ʩʝ ʥʘʤʠʨʘ ʚ ʥʘʡ-ʛʲʩʪʘʪʘ ʯʘʩʪ ʥʘ ʩʲʦʪʚʝʪʥʠʷ 

ʤʝʪʝʦʨʝʥ ʨʦʡ. 

 

 

 

ʆʏɸʂɺɸʅʆ ʀɿɹʋʍɺɸʅɽ ɺ ɼɺʆʁʅɸʊɸ ɿɺɽɿɼʅɸ  

ʉʀʉʊɽʄɸ KIC 9832227 

ʇʨʝʟ 2022 ʛ. ʠʤʘ ʚʝʨʦʷʪʥʦʩʪ ʜʘ ʩʪʘʥʝʤ ʩʚʠʜʝʪʝʣʠ ʥʘ ʠʟʙʫʭʚʘʥʝ ʚ ʢʦʥʪʘʢʪ-

ʥʘʪʘ ʜʚʦʡʥʘ ʟʚʝʟʜʥʘ ʩʠʩʪʝʤʘ KIC 9832227 ʚ ʩʲʟʚʝʟʜʠʝʪʦ ʃʝʙʝʜ, ʢʦʝʪʦ ʱʝ ʧʦʨʦʜʠ 

ʷʚʣʝʥʠʝʪʦ ʅʦʚʘ. ʊʘʟʠ ʟʘʪʲʤʥʠʪʝʣʥʦ-ʜʚʦʡʥʘ ʟʚʝʟʜʘ ʝ ʦʪʜʘʣʝʯʝʥʘ ʦʪ ʥʘʩ ʥʘ ʦʢʦʣʦ 

1840 ʩʚʝʪʣʠʥʥʠ ʛʦʜʠʥʠ ʠ ʠʤʘ ʤʥʦʛʦ ʢʲʩ ʦʨʙʠʪʘʣʝʥ ʧʝʨʠʦʜ ï ʦʢʦʣʦ 11 ʯʘʩʘ. 

ʆʯʘʢʚʘʥʠʷʪʘ ʩʘ ʧʦ ʚʨʝʤʝ ʥʘ ʩʣʠʚʘʥʝʪʦ ʥʘ ʜʚʘʪʘ ʧʨʠʙʣʠʞʘʚʘʱʠ ʩʝ ʢʦʤʧʦʥʝʥʪʘ 

ʜʘ ʚʠʜʠʤ ʠʟʙʫʭʚʘʥʝ ʩ ʙʣʷʩʲʢ ʦʢʦʣʦ 2 mag, ʪ.ʝ. ʢʦʣʢʦʪʦ ʥʘ ʟʚʝʟʜʘ ʩʲʩ ʩʨʝʜʥʘ ʷʨ-

ʢʦʩʪ ʟʘ ʥʝʚʲʦʨʲʞʝʥʦʪʦ ʦʢʦ. ɺ ʤʦʤʝʥʪʘ ʙʣʷʩʲʢʲʪ ʥʘ ʦʙʝʢʪʘ ʩʝ ʧʨʦʤʝʥʷ ʚ ʛʨʘʥʠ-

ʮʠʪʝ 12.27 ï 12.46 mag, ʧʦʨʘʜʠ ʢʦʝʪʦ ʪʦʡ ʥʝ ʤʦʞʝ ʜʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʚʠʟʫʘʣʥʦ ʩ 

ʙʠʥʦʢʲʣ ʠʣʠ ʩ ʤʘʣʲʢ ʪʝʣʝʩʢʦʧ.  

 

ʂʦʦʨʜʠʥʘʪʠ ʥʘ ʦʙʝʢʪʘ ʟʘ ʝʧʦʭʘ 2000:  

R.A.: 19
h
 29

m
 15.95

s
; 

Dec: +46Á 37ǋ 19.9ǌ. 
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ʇʲʨʚʠʷʪ ʩʪʘʮʠʦʥʘʨʝʥ ʪʝʣʝʩʢʦʧ ʚ ɹʲʣʛʘʨʠʷ ï 6 ʠʥʯʦʚ ʨʝʬʨʘʢʪʦʨ, ʧʨʦʠʟʚʝʜʝʥ ʧʨʝʟ 1897 ʛ. ʦʪ 
ʬʠʨʤʘʪʘ ĂGrubbò. ʅʘʤʠʨʘ ʩʝ ʚ ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ ʥʘ ʉʦʬʠʡʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ 
Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ. ʇʨʝʟ 2022 ʛ. ʪʦʟʠ ʠʥʩʪʨʫʤʝʥʪ ʱʝ ʥʘʚʲʨʰʠ ʧʦʯʝʪʥʘ ʚʟ̡ʨʘʩʪ 125 
ʛʦʜʠʥʠ  ʉʥʠʤʢʘ: ʊʠʭʦʤʠʨ ʅʘʯʝʚ. 
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ɸʉʊʈʆʌʆʊʆɻʈɸʌʀʗʊɸ ï ʂʈɸʊʒʂ ʆɹɿʆʈ 

ʄʘʢʘʨ ʯʝ ʘʩʪʨʦʥʦʤʠʷʪʘ ʩʝ ʩʯʠʪʘ ʟʘ ʝʜʥʘ ʦʪ ʥʘʡ-ʜʨʝʚʥʠʪʝ ʥʘʫʢʠ, ʩʣʝʜ ʥʘʚʣʠ-

ʟʘʥʝʪʦ ʥʘ ʬʦʪʦʛʨʘʬʠʷʪʘ ʚ ʥʝʷ ʢʘʪʦ ʥʘʙʣʶʜʘʪʝʣʝʥ ʤʝʪʦʜ ʧʨʝʟ ʚʪʦʨʘʪʘ ʧʦʣʦʚʠʥʘ 

ʥʘ XIX ʚ. ʥʘʩʪʲʧʚʘ ʛʦʣʷʤ ʧʦʜʝʤ ʚ ʧʦʟʥʘʥʠʷʪʘ ʥʠ ʟʘ ʧʨʠʨʦʜʘʪʘ ʥʘ ʥʝʙʝʩʥʠʪʝ 

ʩʚʝʪʠʣʘ. ɺ ʧʲʨʚʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ ʥʘ XX ʚ. ʬʦʪʦʛʨʘʬʠʷʪʘ ʜʘʚʘ ʩʚʦʷ ʦʛʨʦʤʝʥ ʧʨʠ-

ʥʦʩ ʚ ʥʦʚʠʪʝ ʦʪʢʨʠʪʠʷ ʦʪʥʦʩʥʦ ʩʪʨʫʢʪʫʨʘʪʘ ʠ ʤʘʱʘʙʠʪʝ ʥʘ ɺʩʝʣʝʥʘʪʘ. ɻʣʘʚʥʦʪʦ 

ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠʪʝ ʧʨʠʝʤʥʠʮʠ (ʬʦʪʦʧʣʘʢʠ, ʬʠʣʤʠ ʠ ʩʲʚʨʝʤʝʥʥʠʪʝ 

ʮʠʬʨʦʚʠ ʩʝʥʟʦʨʠ) ʝ ʪʷʭʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʥʘʪʨʫʧʚʘʪ ʚ ʧʨʦʜʲʣʞʝʥʠʝ ʥʘ ʜʲʣʛʦʪʦ 

ʝʢʩʧʦʟʠʮʠʦʥʥʦ ʚʨʝʤʝ ʝʬʝʢʪʘ ʦʪ ʩʣʘʙʘʪʘ ʩʚʝʪʣʠʥʘ, ʠʜʚʘʱʘ ʦʪ ʜʘʣʝʯʥʠʪʝ ʢʦʩʤʠ-

ʯʝʩʢʠ ʦʙʝʢʪʠ. ʊʦʚʘ ʪʷʭʥʦ ʩʚʦʡʩʪʚʦ ʥʘʨʠʯʘʤʝ ʠʥʪʝʛʨʠʨʘʱʘ ʩʧʦʩʦʙʥʦʩʪ ʠ ʙʣʘʛʦ-

ʜʘʨʝʥʠʝ ʥʘ ʥʝʷ ʧʦʣʫʯʘʚʘʤʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʜʝʪʘʡʣʠ ʠ ʚ ʮʚʝʪʦʚʝ, ʢʦʠʪʦ 

ʯʦʚʝʰʢʦʪʦ ʦʢʦ ʥʝ ʤʦʞʝ ʜʘ ʟʘʙʝʣʝʞʠ ʚ ʦʢʫʣʷʨʘ ʥʘ ʪʝʣʝʩʢʦʧʘ. ʉ ʥʘʚʣʠʟʘʥʝʪʦ ʥʘ 

ʮʠʬʨʦʚʘʪʘ ʬʦʪʦʛʨʘʬʠʷ ʩʝ ʧʦʷʚʠ ʦʱʝ ʝʜʥʦ ʚʘʞʥʦ ʧʨʝʜʠʤʩʪʚʦ ï ʜʥʝʩ ʮʠʬʨʦʚʠʪʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʘʥʘʣʠʟʠʨʘʥʠ ʙʲʨʟʦ ʠ ʫʜʦʙʥʦ ʩʲʩ ʩʧʝʮʠʘʣʠʟʠʨʘʥ 

ʩʦʬʪʫʝʨ, ʩ ʮʝʣ ʠʟʚʣʠʯʘʥʝ ʥʘ ʪʦʯʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʙʝʢʪʘ. ʄʦʞʝʤ ʥʘʧʨʠʤʝʨ ʜʘ 

ʠʟʤʝʨʠʤ ʧʨʝʮʠʟʥʦ ʙʣʷʩʲʢʘ ʥʘ ʟʚʝʟʜʘ (ʬʦʪʦʤʝʪʨʠʷ) ʠʣʠ ʜʘ ʧʦʣʫʯʠʤ ʪʦʯʥʠʪʝ ʥʝ-

ʙʝʩʥʠ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʘʩʪʝʨʦʠʜ, ʢʦʤʝʪʘ ʠʣʠ ʜʨʫʛ ʦʙʝʢʪ (ʘʩʪʨʦʤʝʪʨʠʷ). ʆʩʚʝʥ ʪʦʚʘ 

ʬʦʪʦʛʨʘʬʩʢʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʩʲʭʨʘʥʷʚʘʪ ʜʲʣʛʦ ʠ ʥʘ ʧʦ-ʢʲʩʝʥ ʝʪʘʧ ʜʘ 

ʧʦʩʣʫʞʘʪ ʟʘ ʩʨʘʚʥʝʥʠʝ, ʚ ʪʲʨʩʝʥʝ ʥʘ ʧʨʦʤʝʥʠ ʚʲʚ ʚʠʜʘ, ʷʨʢʦʩʪʪʘ ʠʣʠ ʧʦʣʦʞʝʥʠ-

ʝʪʦ ʥʘ ʜʘʜʝʥ ʦʙʝʢʪ. ɺʩʠʯʢʦ ʪʦʚʘ ʜʦʚʝʜʝ ʜʦ ʦʢʦʥʯʘʪʝʣʥʦʪʦ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʯʦʚʝʰ-

ʢʦʪʦ ʦʢʦ ʦʪ ʬʦʪʦʛʨʘʬʩʢʠʪʝ ʤʝʪʦʜʠ, ʪʲʡ ʢʘʪʦ ʚʠʟʫʘʣʥʦ ʥʝ ʩʤʝ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ 

ʧʦʣʫʯʠʤ ʩʪʦʡʥʦʩʪʥʘ ʥʘʫʯʥʘ ʠʥʬʦʨʤʘʮʠʷ ï ʜʘʥʥʠ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʥʷʢʘ-

ʢʲʚ ʦʙʝʢʪ, ʚʲʚ ʚʠʜ ʥʘ ʯʠʩʣʘ. 

ʉʲʱʝʩʪʚʫʚʘ ʠ ʪ.ʥʘʨ ʭʫʜʦʞʝʩʪʚʝʥʘ ʘʩʪʨʦʬʦʪʦʛʨʘʬʠʷ, ʧʨʘʢʪʠʢʫʚʘʥʘ ʥʘʡ-

ʯʝʩʪʦ ʦʪ ʘʩʪʨʦʥʦʤʠʪʝ ʣʶʙʠʪʝʣʠ. ʅʝʡʥʘʪʘ ʮʝʣ ʦʙʠʢʥʦʚʝʥʦ ʝ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 

ʚʧʝʯʘʪʣʷʚʘʱʠ ʮʚʝʪʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠ ʦʙʝʢʪʠ. ʊʦʟʠ 

ʪʠʧ ʬʦʪʦʛʨʘʬʠʷ ʤʦʞʝ ʜʘ ʠʤʘ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ï ʥʘʧʨʠʤʝʨ ʟʘ ʧʦʧʫʣʷʨʠʟʠʨʘ-

ʥʝ ʥʘ ʘʩʪʨʦʥʦʤʠʷʪʘ. ɺ ʩʪʘʪʠʠʪʝ Ăʂʲʤ ʥʘʯʠʥʘʝʱʠʪʝ ʘʩʪʨʦʣʶʙʠʪʝʣʠñ ʠ Ăʃʶʙʠ-

ʪʝʣʩʢʘʪʘ ʘʩʪʨʦʬʦʪʦʛʨʘʬʠʷ ï ʩʨʝʜʩʪʚʦ ʟʘ ʧʦʧʫʣʷʨʠʟʠʨʘʥʝ ʥʘ ʘʩʪʨʦʥʦʤʠʷʪʘñ ʚ 

ʥʘʰʝʪʦ ʧʨʝʜʠʰʥʦ ʠʟʜʘʥʠʝ Ăɻʠʜ ʥʘ ʣʶʙʠʪʝʣʷ ʘʩʪʨʦʥʦʤ 2019ñ ʪʘʟʠ ʪʝʤʘ ʝ ʨʘʟʛ-

ʣʝʜʘʥʘ ʦʙʩʪʦʡʥʦ 

 

 

ɺʲʟʤʦʞʥʠ ʦʙʝʢʪʠ ʟʘ ʬʦʪʦʛʨʘʬʠʨʘʥʝ 

ʅʘʡ-ʜʦʩʪʲʧʥʠʪʝ ʟʘ ʬʦʪʦʛʨʘʬʠʨʘʥʝ ʥʝʙʝʩʥʠ ʷʚʣʝʥʠʷ ʩʘ ʩʣʲʥʯʝʚʠʪʝ ʠʟʛʨʝʚʠ 

ʠ ʟʘʣʝʟʠ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʩʥʠʤʘʪ ʩ ʦʙʠʢʥʦʚʝʥ ʬʦʪʦʘʧʘʨʘʪ, ʙʝʟ ʥʫʞʜʘ ʦʪ ʩʧʝʮʠ-

ʘʣʥʠ ʩʨʝʜʩʪʚʘ. ʊʦʚʘ ʜʘʚʘ ʰʠʨʦʢʦ ʧʦʣʝ ʟʘ ʠʟʷʚʘ ʥʘ ʪʚʦʨʯʝʩʢʠʪʝ ʚʠ ʩʧʦʩʦʙʥʦʩʪʠ, 

ʤʘʢʘʨ ʯʝ ʪʦʟʠ ʪʠʧ ʩʥʠʤʢʠ ʩʘ ʧʦ-ʩʢʦʨʦ ʢʨʘʩʠʚʠ ʧʝʡʟʘʞʠ ʠ ʪʨʫʜʥʦ ʤʦʛʘʪ ʜʘ ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʢʘʪʦ ʘʩʪʨʦʬʦʪʦʛʨʘʬʠʠ. ɹʝʟʩʧʦʨʥʦ ʝ ʦʙʘʯʝ, ʯʝ ʩʥʠʤʢʠ ʩ ʧʦʜʦʙʥʦ ʩʲ-

ʜʲʨʞʘʥʠʝ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʚʠʩʦʢʘ ʭʫʜʦʞʝʩʪʚʝʥʘ ʩʪʦʡʥʦʩʪ. 

ʃʫʥʘʪʘ ʝ ʦʙʝʢʪ, ʢʦʡʪʦ ʨʘʥʦ ʠʣʠ ʢʲʩʥʦ ʭʚʲʨʣʷ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʢʲʤ ʚʩʝʢʠ 

ʣʶʙʠʪʝʣ ʥʘ ʘʩʪʨʦʬʦʪʦʛʨʘʬʠʷʪʘ. ʊʷ ʧʨʝʜʣʘʛʘ ʤʥʦʛʦ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʦʩʪʠʛʘʥʝ 
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ʥʘ ʠʥʪʝʨʝʩʥʠ ʨʝʟʫʣʪʘʪʠ. ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʜʝʪʘʡʣʥʠ ʬʦʪʦʛʨʘʬʠʠ ʥʘ ʣʫʥʥʘʪʘ ʧʦ-

ʚʲʨʭʥʦʩʪ ʦʙʘʯʝ ʠʟʠʩʢʚʘ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʧʦ-ʩʧʝʮʠʘʣʥʘ ʪʝʭʥʠʢʘ ï ʪʝʣʝʦʙʝʢʪʠʚʠ 

ʠʣʠ ʪʝʣʝʩʢʦʧʠ ʩ ʜʲʣʛʠ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ, ʤʦʥʪʠʨʘʥʠ ʥʘ ʝʢʚʘʪʦʨʠʘʣʥʘ ʛʣʘʚʘ, ʩ 

ʬʫʥʢʮʠʷ ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʦʙʝʢʪʠʪʝ ʧʦʨʘʜʠ ʚʠʜʠʤʦʪʦ ʚʲʨʪʝʥʝ 

ʥʘ ʥʝʙʝʩʥʘʪʘ ʩʬʝʨʘ (ʪ.ʥʘʨ. ʚʦʜʝʥʝ). ɿʘ ʦʱʝ ʧʦ-ʛʦʣʷʤʘ ʧʨʝʮʠʟʥʦʩʪ ʩʝ ʥʘʣʘʛʘ ʜʦʨʠ 

ʪʦʚʘ ʚʦʜʝʥʝ ʜʘ ʙʲʜʝ ʣʝʢʦ ʟʘʙʘʚʝʥʦ ï ʩ ʦʢʦʣʦ 33ǋ ʥʘ ʯʘʩ ʩʧʨʷʤʦ ʥʦʨʤʘʣʥʘʪʘ ʤʫ 

ʲʛʣʦʚʘ ʩʢʦʨʦʩʪ, ʧʦʨʘʜʠ ʦʙʠʢʘʣʷʥʝʪʦ ʥʘ ʃʫʥʘʪʘ ʦʢʦʣʦ ɿʝʤʷʪʘ ʩ ʙʣʠʟʦ 13.2Á ʟʘ 

ʜʝʥʦʥʦʱʠʝ. 

ʇʣʘʥʝʪʠʪʝ ï ʤʦʞʝ ʙʠ ʩʣʝʜʚʘʱʠʪʝ ʦʙʝʢʪʠ, ʢʲʤ ʢʦʠʪʦ ʱʝ ʥʘʩʦʯʠʪʝ ʦʙʝʢʪʠʚʠ-

ʪʝ ʩʠ, ʧʨʝʜʣʘʛʘʪ ʩʲʱʦ ʤʥʦʛʦ ʠ ʨʘʟʥʦʦʙʨʘʟʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʥʝ. 

ɺʠʜʠʤʠʪʝ ʩʙʣʠʞʘʚʘʥʠʷ (ʩʲʝʜʠʥʝʥʠʪ̫ʘ) ʥʘ ʜʚʝ ʠʣʠ ʧʦʚʝʯʝ ʷʨʢʠ ʧʣʘʥʝʪʠ, ʠʣʠ ʥʘ 

ʜʘʜʝʥʘ ʧʣʘʥʝʪʘ ʩ ʃʫʥʘʪʘ, ʩʘ ʘʪʨʘʢʪʠʚʥʠ ʷʚʣʝʥʠʷ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʝ ʬʦʪʦʛʨʘʬʠ-

ʨʘʪ ʫʩʧʝʰʥʦ ʜʦʨʠ ʩ ʥʦʨʤʘʣʥʠ ʠ ʰʠʨʦʢʦʲʛʲʣʥʠ ʬʦʪʦʦʙʝʢʪʠʚʠ. ɿʘ ʮʝʣʪʘ ʩʘ ʥʫʞ-

ʥʠ ʝʢʩʧʦʟʠʮʠʠ ʩ ʚʨʝʤʝʪʨʘʝʥʝ ʜʦ ʥʷʢʦʣʢʦ ʩʝʢʫʥʜʠ, ʥʝʠʟʠʩʢʚʘʱʠ ʚʦʜʝʥʝ ʠ ʜʨʫʛʠ 

ʩʧʝʮʠʘʣʥʠ ʤʝʪʦʜʠ ʥʘ ʨʘʙʦʪʘ. ʊʝʟʠ ʷʚʣʝʥʠʷ ʤʦʛʘʪ ʜʘ ʩʝ ʚʢʣʶʯʘʪ ʤʥʦʛʦ ʩʧʦʣʫʯ-

ʣʠʚʦ ʚ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʥʦʱʥʠ ʧʝʡʟʘʞʠ ï ʟʘʝʜʥʦ ʩ ʛʨʘʜʩʢʠ ʩʚʝʪʣʠʥʠ, ʩʠʣʫʝʪʠ 

ʥʘ ʧʣʘʥʠʥʩʢʠ ʚʲʨʭʦʚʝ ʠʣʠ ʥʘ ʜʲʨʚʝʪʘ ʦʪ ʙʣʠʟʢʠʷ ʧʣʘʥ. ɸʢʦ ʦʙʘʯʝ ʞʝʣʘʝʪʝ ʜʘ 

ʧʦʣʫʯʠʪʝ ʜʝʪʘʡʣʥʠ ʩʥʠʤʢʠ ʥʘ ʧʣʘʥʝʪʠʪʝ ʚ ʛʦʣʷʤ ʤʘʱʘʙ, ʱʝ ʚʠ ʙʲʜʝ ʥʝʦʙʭʦʜʠʤʘ 

ʤʦʱʥʘ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʘ ʦʧʪʠʢʘ, ʢʘʢʪʦ ʠ ʥʫʞʥʠʪʝ ʫʤʝʥʠʷ ʟʘ ʨʘʙʦʪʘ ʩ ʥʝʷ, ʥʦ 

ʥʘʡ-ʚʝʯʝ ï ʪʲʨʧʝʥʠʝ, ʜʦʢʘʪʦ ʧʦʩʪʠʛʥʝʪʝ ʧʲʨʚʠʪʝ ʩʠ ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ. 

ɿʚʝʟʜʠʪʝ ï ʥʘʡ-ʚʝʨʦʷʪʥʦ ʠʤʝʥʥʦ ʪʝ ʩʘ ʧʨʠʯʠʥʘʪʘ, ʧʦʨʘʜʠ ʢʦʷʪʦ ʩʪʝ ʨʝʰʠʣʠ 

ʜʘ ʫʧʨʘʞʥʷʚʘʪʝ ʪʦʚʘ ʭʦʙʠ. ʊʝ ʩʘ ʜʦʩʪʲʧʥʠ ʟʘ ʚʩʝʢʠ ʬʦʪʦʘʧʘʨʘʪ, ʧʦʟʚʦʣʷʚʘʱ 

ʩʥʠʤʘʥʝ ʩ ʜʲʣʛʠ ʝʢʩʧʦʟʠʮʠʠ, ʦʩʦʙʝʥʦ ʘʢʦ ʩʲʱʠʷʪ ʝ ʤʦʥʪʠʨʘʥ ʥʘ ʝʢʚʘʪʦʨʠʘʣʥʘ 

ʫʩʪʘʥʦʚʢʘ ʩ ʚʦʜʝʥʝ. ɸʢʦ ʥʝ ʨʘʟʧʦʣʘʛʘʪʝ ʩ ʪʘʢʘʚʘ, ʤʦʞʝʪʝ ʜʘ ʧʦʣʫʯʠʪʝ ʝʬʝʢʪʥʠ 

ʩʥʠʤʢʠ ʩ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʟʚʝʟʜʠ (ʪ.ʥʘʨ. ʟʚʝʟʜʥʠ ʪʨʝʢʦʚʝ), ʦʯʝʨʪʘʥʠ ʚ ʢʘʜʲʨʘ ʧʦ-

ʨʘʜʠ ʚʠʜʠʤʦʪʦ ʚʲʨʪʝʥʝ ʥʘ ʥʝʙʝʩʥʘʪʘ ʩʬʝʨʘ ʧʦ ʚʨʝʤʝ ʥʘ ʜʲʣʛʘʪʘ ʝʢʩʧʦʟʠʮʠʷ. 

ʊʦʚʘ ʤʦʞʝʪʝ ʜʘ ʟʘʩʥʝʤʝʪʝ ʣʝʩʥʦ ʩ ʥʝʧʦʜʚʠʞʥʦ ʟʘʢʨʝʧʝʥ ʬʦʪʦʘʧʘʨʘʪ ʥʘ ʦʙʠʢʥʦ-

ʚʝʥ ʩʪʘʪʠʚ. ʉʥʠʤʘʥʝʪʦ ʥʘ ʜʲʛʦʚʠʜʥʠ ʟʚʝʟʜʥʠ ʪʨʝʢʦʚʝ ʚ ʙʣʠʟʦʩʪ ʜʦ ʥʝʙʝʩʥʠʷ 

ʧʦʣʶʩ ʝ ʜʨʫʛʘ ʠʥʪʝʨʝʩʥʘ ʟʘʜʘʯʘ. ʊʦʟʠ ʢʨʘʩʠʚ ʝʬʝʢʪ ʤʦʞʝ ʩʲʱʦ ʜʘ ʙʲʜʝ ʚʢʣʶʯʝʥ 

ʚ ʩ̡ʜʲʨʞʘʥʠʝʪʦ ʥʘ ʥʦʱʝʥ ʧʝʡʟʘʞ, ʘʢʦ ʠʟʧʦʣʟʚʘʪʝ ʰʠʨʦʢʦʲʛʲʣʝʥ ʦʙʝʢʪʠʚ ʩ ʦʙʭ-

ʚʘʪ ʦʢʦʣʦ 80Á ʠʣʠ ʧʦʚʝʯʝ. ʇʦ-ʜʦʙʨʠʪʝ ʮʠʬʨʦʚʠ ʬʦʪʦʘʧʘʨʘʪʠ ʩʘ ʩʧʦʩʦʙʥʠ ʧʨʠ 

ʟʘʜʘʜʝʥʘ ʚʠʩʦʢʘ ʩʚʝʪʣʦʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ ʩʝʥʟʦʨʘ ʠ ʧʨʠ ʨʘʙʦʪʘ ʩʲʩ ʩʚʝʪʣʦʩʠʣʝʥ 

ʰʠʨʦʢʦʲʛʲʣʝʥ ʦʙʝʢʪʠʚ ʜʘ ʟʘʩʥʝʤʘʪ ʫʩʧʝʰʥʦ ʟʚʝʟʜʥʦʪʦ ʥʝʙʝ ʜʦʨʠ ʙʝʟ ʚʦʜʝʥʝ ï ʩ 

ʝʢʩʧʦʟʠʮʠʠ, ʪʨʘʝʱʠ ʜʦ ʦʢʦʣʦ 15ï25 ʩʝʢʫʥʜʠ. ʇʨʠ ʪʘʢʠʚʘ ʢʲʩʠ ʚʨʝʤʝʥʘ ʟʚʝʟʜʠʪʝ 

ʩʝ ʠʟʦʙʨʘʟʷʚʘʪ ʚ ʢʘʜʲʨʘ ʧʦʯʪʠ ʪʦʯʢʦʚʠ, ʪ.ʝ. ʩʲʚʩʝʤ ʨʝʘʣʠʩʪʠʯʥʦ.  

ʄʝʪʝʦʨʠʪʝ, ʧʨʠʜʘʚʘʱʠ ʞʠʚʦʪ ʚ ʩʧʦʢʦʡʥʘʪʘ ʢʘʨʪʠʥʘ ʥʘ ʟʚʝʟʜʥʦʪʦ ʥʝʙʝ, ʩʲ-

ʱʦ ʩʘ ʜʦʩʪʲʧʥʠ ʟʘ ʬʦʪʦʘʧʘʨʘʪʠ ʩ ʢʲʩʦʬʦʢʫʩʥʠ ʦʙʝʢʪʠʚʠ. ʊʫʢ ʦʙʘʯʝ ʫʩʧʝʭʲʪ ʚʠ 

ʟʘʚʠʩʠ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʦʪ ʢʲʩʤʝʪa, ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʛʦʣʷʤ 

ʘʢʦ ʠʟʧʦʣʟʚʘʪʝ ʥʷʢʦʣʢʦ ʬʦʪʦʘʧʘʨʘʪʘ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʨʘʟʣʠʯʥʠ ʯʘʩʪʠ ʥʘ ʥʝʙʝʪʦ. 

ɺʝʨʦʷʪʥʦʩʪʪʘ ʟʘ ʫʩʧʝʭ ʥʘʨʘʩʪʚʘ, ʤʥʦʛʦʢʨʘʪʥʦ ʘʢʦ ʨʘʙʦʪʠʪʝ ʧʦ ʚʨʝʤʝ ʥʘ ʤʘʢʩʠ-

ʤʫʤʘ ʥʘ ʥʷʢʦʡ ʦʪ ʧʦ-ʘʢʪʠʚʥʠʪʝ ʤʝʪʝʦʨʥʠ ʧʦʪʦʮʠ ʧʨʝʟ ʛʦʜʠʥʘʪʘ ï ʂʚʘʜʨʘʥʪʠʜʠ, 

ʇʝʨʩʝʠʜʠ, ɻʝʤʠʥʠʜʠ ʠʣʠ ʜʨʫʛ. ʊʦʛʘʚʘ ʤʦʞʝʪʝ ʜʘ ʥʘʩʦʯʠʪʝ ʥʷʢʦʣʢʦ ʬʦʪʦʘʧʘʨʘʪʘ 

ʩ ʰʠʨʦʢʦʲʛʲʣʥʠ ʦʙʝʢʪʠʚʠ ʚʩʪʨʘʥʠ ʦʪ ʨʘʜʠʘʥʪʘ ʥʘ ʧʦʪʦʢʘ, ʪ.ʝ. ʚʩʪʨʘʥʠ ʦʪ ʤʘʣʢʘ-
ʪʘ ʦʙʣʘʩʪ ʦʪ ʥʝʙʝʪʦ, ʩʧʨʷʤʦ ʢʦʷʪʦ ʠʟʛʣʝʞʜʘ, ʯʝ ʤʝʪʝʦʨʠʪʝ ʩʝ ʨʘʟʣʠʪʘʪ ʚʲʚ ʚʩʠʯ-

ʢʠ ʧʦʩʦʢʠ. ʊʦʚʘ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʱʝ ʟʘʩʥʝʤʝʪʝ Ăʧʦ-ʜʲʣʛʠñ ʤʝʪʝʦʨʠ ï ʪʘʢʠʚʘ ʩ ʧʦ-
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ʜʲʣʛʠ ʪʨʘʝʢʪʦʨʠʠ ʧʦ ʥʝʙʝʪʦ.ʊʨʷʙʚʘ ʜʘ ʟʥʘʝʪʝ ʦʙʘʯʝ, ʯʝ ʚ ʢʘʜʨʠʪʝ ʱʝ ʩʝ ʨʝʛʠʩʪ-

ʨʠʨʘʪ ʫʩʧʝʰʥʦ ʩʘʤʦ ʪʝʟʠ ʤʝʪʝʦʨʠ, ʜʦʩʪʠʛʥʘʣʠ ʷʨʢʦʩʪ, ʩʲʠʟʤʝʨʠʤʘ ʩ ʪʘʟʠ ʥʘ 

ʷʨʢʠʪʝ ʧʣʘʥʝʪʠ. ʇʨʠ ʤʝʪʝʦʨʥʠ ʩʥʠʤʢʠ ʪʨʘʜʠʮʠʦʥʥʦ ʩʝ ʠʟʧʦʣʟʚʘ ʧʦ-ʚʠʩʦʢʘ ʩʚʝʪ-

ʣʦʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ ʩʝʥʟʦʨʘ ʥʘ ʮʠʬʨʦʚʠʷ ʬʦʪʦʘʧʘʨʘʪ ʠʣʠ ʩʝ ʨʘʙʦʪʠ ʩ ʧʦ-

ʩʚʝʪʣʦʯʫʚʩʪʚʠʪʝʣʝʥ ʬʠʣʤ. 

ʀʟʢʣʶʯʠʪʝʣʥʦ ʝʬʝʢʪʥʠ ʤʝʪʝʦʨʥʠ ʬʦʪʦʛʨʘʬʠʠ ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʩʲʩ 

ʩʚʨʲʭʰʠʨʦʢʦʲʛʲʣʥʠ ʬʦʪʦʦʙʝʢʪʠʚʠ ʪʠʧ Ăʨʠʙʝʰʢʦ ʦʢʦñ (Fish-eye), ʠʤʘʱʠ ʲʛʣʦʚ 

ʦʙʭʚʘʪ ʦʢʦʣʦ 180Á. ʉ ʪʘʢʲʚ ʦʙʝʢʪʠʚ ʤʦʞʝ ʜʘ ʩʝ ʬʦʪʦʛʨʘʬʠʨʘ ʥʘʚʝʜʥʲʞ ʮʝʣʠʷʪ 

ʥʝʙʦʩʚʦʜ, ʢʦʝʪʦ ʟʥʘʯʠ, ʯʝ ʚʩʠʯʢʠ ʧʦʷʚʠʣʠ ʩʝ ʤʝʪʝʦʨʠ ʱʝ ʧʦʧʘʜʘʪ ʚ ʦʙʭʚʘʪʘ. 

ʇʦʨʘʜʠ ʤʥʦʛʦ ʢʲʩʠʪʝ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ ʥʘ ʪʝʟʠ ʦʙʝʢʪʠʚʠ ï ʦʢʦʣʦ ʠ ʧʦʜ 10 

mm, ʢʘʜʨʠʪʝ ʚʠ ʱʝ ʙʲʜʘʪ ʚʧʝʯʘʪʣʷʚʘʱʠ ʜʦʨʠ ʙʝʟ ʚʦʜʝʥʝ. ɽʬʝʢʪʲʪ ʙʠ ʙʠʣ ʦʱʝ 

ʧʦ-ʩʠʣʝʥ, ʘʢʦ ʚ ʩʲʜʲʨʞʘʥʠʝʪʦ ʩʝ ʚʢʣʶʯʘʪ ʜʝʪʘʡʣʠ ʦʪ ʭʦʨʠʟʦʥʪʘ ï ʧʣʘʥʠʥʠ, ʜʲʨ-

ʚʝʪʘ, ʜʘʣʝʯʥʠ ʥʦʱʥʠ ʩʚʝʪʣʠʥʠ, ʯʦʚʝʰʢʠ ʩʠʣʫʝʪʠ ʠ ʜʨ. ʄʦʞʝʪʝ ʜʘ ʧʦʩʪʠʛʥʝʪʝ 

ʧʦ-ʩʪʦʡʥʦʩʪʥʠ ʨʝʟʫʣʪʘʪʠ, ʘʢʦ ʨʘʙʦʪʠʪʝ ʩʲʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠ ʬʦʪʦʛʨʘʬʠ, ʦʪʜʘʣʝʯʝ-

ʥʠ ʦʪ ʚʘʩ ʚ ʨʘʟʣʠʯʥʠ ʧʦʩʦʢʠ ʥʘ ʨʘʟʩʪʦʷʥʠʷ 60ï80 km ï ʪ.ʥʘʨ. ʙʘʟʠʩʥʘ ʤʝʪʝʦʨʥʘ 

ʬʦʪʦʛʨʘʬʠʷ. ɸʢʦ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʢʘʜʨʠ ʩ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʝʜʠʥ ʠ ʩʲʱ ʤʝʪʝʦʨ, 

ʟʘʩʥʝʪʠ ʝʜʥʦʚʨʝʤʝʥʥʦ ʦʪ ʧʦʥʝ ʜʚʘ ʥʘʙʣʶʜʘʪʝʣʥʠ ʧʫʥʢʪʘ ʩ ʠʟʚʝʩʪʥʦ ʨʘʟʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʪʷʭ (ʪ.ʥʘʨ. ʙʘʟʘ), ʧʦ ʨʝʛʠʩʪʨʠʨʘʥʘʪʘ ʦʪ ʢʘʜʨʠʪʝ ʨʘʟʣʠʢʘ ʚ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 

ʤʝʪʝʦʨʘ ʥʘ ʬʦʥʘ ʥʘ ʟʚʝʟʜʠʪʝ ʤʦʞʝ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʨʝʘʣʥʘʪʘ ʚʠʩʦʯʠʥʘ ʠ ʧʦʩʦʢʘʪʘ 

ʥʘ ʥʝʛʦʚʠʷ ʧʦʣʝʪ. ɸʢʦ ʧʨʝʜ ʝʜʠʥʠʷ ʦʪ ʬʦʪʦʘʧʘʨʘʪʠʪʝ ʩʝ ʤʦʥʪʠʨʘ ʦʙʪʫʨʘʪʦʨ ï 

ʚʲʨʪʷʱʘ ʩʝ ʧʝʨʢʘ, ʟʘʢʨʠʚʘʱʘ ʦʙʝʢʪʠʚʘ ʧʨʝʟ ʨʘʚʥʠ ʠʥʪʝʨʚʘʣʠ ʚʨʝʤʝ (ʥʘʧʨʠʤʝʨ 

10 ʧʲʪʠ ʚ ʩʝʢʫʥʜʘ), ʪʦ ʧʦ ʥʘʢʲʩʚʘʥʝʪʦ ʥʘ ʟʘʩʥʝʪʘʪʘ ʤʝʪʝʦʨʥʘ ʪʨʘʝʢʪʦʨʠʷ ʤʦʞʝ 

ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʲʛʣʦʚʘʪʘ, ʘ ʩʣʝʜ ʪʦʚʘ ï ʠ ʨʝʘʣʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʤʝʪʝʦʨʥʦʪʦ ʪʷʣʦ ʚ 

ʟʝʤʥʘʪʘ ʘʪʤʦʩʬʝʨʘ. ɺʩʠʯʢʦ ʪʦʚʘ ʦʙʘʯʝ ʠʟʠʩʢʚʘ ʩʝʨʠʦʟʥʘ ʧʦʜʛʦʪʦʚʢʘ ʠ ʜʦʙʨʘ 

ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʞʜʫ ʦʪʜʝʣʥʠʪʝ ʝʢʠʧʠ ʧʦ ʚʨʝʤʝ ʥʘ ʟʘʩʥʝʤʘʥʝʪʦ. 

ɿʚʝʟʜʥʠ ʢʫʧʦʚʝ, ʜʠʬʫʟʥʠ ʤʲʛʣʷʚʠʥʠ ʠ ʛʘʣʘʢʪʠʢʠ ï ʦʙʝʢʪʠʪʝ, ʢʦʠʪʦ ʚʠ ʢʘʨʘʪ 

ʜʘ ʟʘʪʘʷʚʘʪʝ ʜʲʭ ʟʘʜ ʦʢʫʣʷʨʘ, ʩʘ ʜʦʩʪʲʧʥʠ ʟʘ ʬʦʪʦʛʨʘʬʠʨʘʥʝ ʩ ʧʦ-ʩʚʝʪʣʦʩʠʣʥʠ 

ʦʙʝʢʪʠʚʠ, ʧʨʠ ʚʦʜʝʥʝ ʩ ʝʢʚʘʪʦʨʠʘʣʥʘ ʛʣʘʚʘ. ʂʨʘʩʠʚʠ ʬʦʪʦʛʨʘʬʠʠ ʥʘ ʧʦ-ʷʨʢʠʪʝ 

ʦʙʣʘʩʪʠ ʦʪ ʄʣʝʯʥʠʷ ʧʲʪ, ʢʘʢʪʦ ʠ ʥʘ ʥʘʡ-ʷʨʢʠʪʝ ʤʲʛʣʷʚʠʥʠ ʠ ʟʚʝʟʜʥʠ ʢʫʧʦʚʝ, 

ʤʦʞʝʪʝ ʜʘ ʧʦʣʫʯʠʪʝ ʜʦʨʠ ʩ ʥʦʨʤʘʣʝʥ ʠʣʠ ʩ ʰʠʨʦʢʦʲʛʲʣʝʥ ʩʚʝʪʣʦʩʠʣʝʥ ʬʦʪʦʦ-

ʙʝʢʪʠʚ, ʘʢʦ ʩʥʠʤʘʪʝ ʩ ʝʢʩʧʦʟʠʮʠʠ ʦʪ ʥʷʢʦʣʢʦ ʜʝʩʝʪʢʠ ʩʝʢʫʥʜʠ ʜʦ ʥʷʢʦʣʢʦ ʤʠʥʫ-

ʪʠ. ɿʘ ʮʝʣʪʘ ʩʚʝʪʣʦʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʩʝʥʟʦʨʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʦʚʠʰʠ ʜʦ ʩʪʝʧʝʥ, 

ʧʨʠ ʢʦʷʪʦ ʧʝʯʝʣʠʤ ʧʦʚʝʯʝ ʜʝʪʘʡʣʠ ʚ ʢʘʜʨʠʪʝ ʩʠ, ʥʦ ʧʨʠ ʧʨʠʝʤʣʠʚʦ ʥʠʚʦ ʥʘ 

ʪ.ʥʘʨ. ʪʦʧʣʠʥʝʥ ʰʫʤ. ɸʢʦ ʝʢʚʘʪʦʨʠʘʣʥʘʪʘ ʛʣʘʚʘ ʤʦʞʝ ʜʘ ʚʦʜʠ ʜʦʙʨʝ ʧʦ-ʜʲʣʛʦ 

ʚʨʝʤʝ ʠʣʠ ʘʢʦ ʠʤʘʤʝ ʘʚʪʦʛʠʜʠʨʘʥʝ, ʤʦʞʝʤ ʜʘ ʠʟʙʝʨʝʤ ʜʨʫʛʘ ʩʪʨʘʪʝʛʠʷ ï ʜʘ ʥʘ-

ʤʘʣʠʤ ʩʚʝʪʣʦʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʩʝʥʟʦʨʘ ʜʦ ʥʠʚʘ ʧʦʯʪʠ ʢʘʪʦ ʟʘ ʜʥʝʚʥʠ ʩʥʠʤʢʠ 

(ʥʘʧʨʠʤʝʨ ʜʦ 400 ISO) ʠ ʜʘ ʢʦʤʧʝʥʩʠʨʘʤʝ ʪʦʚʘ ʩ ʧʦ-ʜʲʣʛʠ ʝʢʩʧʦʟʠʮʠʠ. ʊʦʛʘʚʘ 

ʪʦʧʣʠʥʥʠʷʪ ʰʫʤ ʱʝ ʥʘʤʘʣʝʝ ʦʱʝ ʠ ʱʝ ʙʲʜʝ ʧʦʯʪʠ ʥʝʟʘʙʝʣʝʞʠʤ. 

ʉ ʰʠʨʦʢʦʲʛʲʣʝʥ ʠʣʠ ʩʚʨʲʭʰʠʨʦʢʦʲʛʲʣʝʥ ʩʚʝʪʣʦʩʠʣʝʥ ʦʙʝʢʪʠʚ (Fish-eye) 

ʤʦʞʝʪʝ ʜʘ ʧʦʣʫʯʠʪʝ ʠʥʪʝʨʝʩʥʠ ʧʘʥʦʨʘʤʠ ʩ ʄʣʝʯʥʠʷ ʧʲʪ, ʢʘʪʦ ʨʘʙʦʪʠʪʝ ʚ ʤʥʦʛʦ 

ʷʩʥʘ ʠ ʙʝʟʣʫʥʥʘ ʣʷʪʥʘ ʠʣʠ ʝʩʝʥʥʘ ʥʦʱ. 

ɽʜʥʘ ʯʝʩʪʦ ʩʨʝʱʘʥʘ ʛʨʝʰʢʘ ʩʨʝʜ ʥʘʯʠʥʘʝʱʠʪʝ ʚ ʪʦʚʘ ʭʦʙʠ ʝ ʤʠʩʲʣʪʘ, ʯʝ ʩ 

ʧʦ-ʜʲʣʛʦʬʦʢʫʩʥʠ ʦʙʝʢʪʠʚʠ ʠʣʠ ʩ ʧʦ-ʛʦʣʷʤ ʪʝʣʝʩʢʦʧ ʤʦʛʘʪ ʜʘ ʧʦʣʫʯʘʪ ʧʦ-
ʜʝʪʘʡʣʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʤʲʛʣʷʚʠʥʠ, ʟʚʝʟʜʥʠ ʢʫʧʦʚʝ ʠ ʛʘʣʘʢʪʠʢʠ. ʊʦʚʘ ʦʙʘʯʝ ʥʝ 

ʝ ʪʦʣʢʦʚʘ ʣʝʩʥʦ! ʇʦ-ʜʲʣʛʦʬʦʢʫʩʥʠʷʪ ʪʝʣʝʩʢʦʧ ʦʙʠʢʥʦʚʝʥʦ ʝ ʩ ʧʦ-ʤʘʣʢʘ ʩʚʝʪʣʦ-
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ʩʠʣʘ, ʦʩʚʝʥ ʘʢʦ ʥʝ ʝ ʛʦʣʷʤ ʩʢʲʧ ʠʥʩʪʨʫʤʝʥʪ. ʇʨʠ ʬʦʪʦʛʨʘʬʠʨʘʥʝ ʩ ʥʝʛʦ ʝ ʥʝʦʙ-

ʭʦʜʠʤʦ ʤʥʦʛʦ ʧʨʝʮʠʟʥʦ ʚʦʜʝʥʝ, ʢʦʝʪʦ ʥʘʡ-ʯʝʩʪʦ ʝ ʠʟʚʲʥ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʥʘ-

ʯʠʥʘʝʱʠʪʝ ʣʶʙʠʪʝʣʠ ʠʣʠ ʥʘ ʝʜʥʘ ʩʦʙʩʪʚʝʥʦʨʲʯʥʦ ʢʦʥʩʪʨʫʠʨʘʥʘ ʝʢʚʘʪʦʨʠʘʣʥʘ 

ʤʦʥʪʠʨʦʚʢʘ. ɿʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʜʦʙʨʘ ʩʥʠʤʢʘ ʩ ʪʘʢʲʚ ʪʝʣʝʩʢʦʧ ʠʣʠ ʩ ʛʦʣʷʤ ʪʝʣʝʦ-

ʙʝʢʪʠʚ, ʱʝ ʝ ʥʝʦʙʭʦʜʠʤʘ ʜʲʣʛʦʪʨʘʡʥʘ ʝʢʩʧʦʟʠʮʠʷ, ʧʦ ʚʨʝʤʝ ʥʘ ʢʦʷʪʦ ʤʦʛʘʪ ʜʘ ʩʝ 

ʜʦʧʫʩʥʘʪ ʥʝʤʘʣʢʦ ʛʨʝʰʢʠ ï ʚ ʪʦʯʥʦʩʪʪʘ ʥʘ ʚʦʜʝʥʝʪʦ, ʚʠʙʨʘʮʠʠ ʦʪ ʚʷʪʲʨʘ, ʥʝ-

ʚʦʣʥʦ ʨʘʟʣʶʣʷʚʘʥʝ ʥʘ ʫʩʪʘʥʦʚʢʘʪʘ ʧʨʠ ʜʦʢʦʩʚʘʥʝ ʠ ʧʨ. ɽʪʦ ʟʘʱʦ ʯʝʩʪʦ ʝ ʧʦ-

ʨʘʟʫʤʥʦ ʜʘ ʧʨʝʜʧʦʯʝʪʝʪʝ ʩʨʘʚʥʠʪʝʣʥʦ ʢʨʘʪʢʠ ʝʢʩʧʦʟʠʮʠʠ ʩ ʧʦ-ʢʲʩʦʬʦʢʫʩʥʠ, ʥʦ 

ʩʚʝʪʣʦʩʠʣʥʠ ʦʙʝʢʪʠʚʠ, ʩ ʢʦʠʪʦ ʱʝ ʧʦʣʫʯʠʪʝ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠ ʬʦʪʦʛʨʘʬʠʠ ʥʘ 

ʠʥʪʝʨʝʩʫʚʘʱʠʷ ʚʠ ʦʙʝʢʪ ʠ ʥʘ ʦʢʦʣʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚʝʨʦʷʪʥʦ ʦʩʝʷʥʦ ʩ ʢʨʘʩʠʚʠ 

ʟʚʝʟʜʥʠ ʩʪʨʫʧʚʘʥʠʷ. 

ʂʦʤʝʪʠʪʝ ï ʪʷʭʥʦʪʦ ʬʦʪʦʛʨʘʬʠʨʘʥʝ ʝ ʘʥʘʣʦʛʠʯʥʦ ʩ ʧʦ-ʛʦʨʝ ʦʧʠʩʘʥʘʪʘ ʤʝ-

ʪʦʜʠʢʘ. ʇʦ-ʜʲʣʛʦʪʨʘʡʥʠʪʝ ʝʢʩʧʦʟʠʮʠʠ ʩʲʩ ʩʚʝʪʣʦʩʠʣʥʠ ʦʙʝʢʪʠʚʠ ʱʝ ʚʠ ʧʦʢʘʞʘʪ 

ʧʦʚʝʯʝ ʜʝʪʘʡʣʠ ʦʪ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʢʦʤʝʪʥʠʪʝ ʦʧʘʰʢʠ, ʥʦ ʠʟʙʷʛʚʘʡʪʝ ʧʨʝʢʘʣʝʥʦ 

ʝʜʨʠʪʝ ʤʘʱʘʙʠ, ʢʦʠʪʦ ʱʝ ʚʠ ʧʦʢʘʞʘʪ ʩʘʤʦ ʯʘʩʪ ʦʪ ʦʧʘʰʢʘʪʘ, ʥʘʡ-ʚʝʨʦʷʪʥʦ ʙʝʟ 

ʜʝʪʘʡʣʠ ʠ ʩ ʣʦʰ ʢʦʥʪʨʘʩʪ. ɸʢʦ ʝ ʚʲʟʤʦʞʥʦ, ʚʢʣʶʯʝʪʝ ʢʦʤʝʪʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʚ 

ʢʨʘʩʠʚ ʚʝʯʝʨʝʥ ʠʣʠ ʫʪʨʠʥʝʥ ʧʝʡʟʘʞ. ɺʝʨʦʷʪʥʦ ʩʪʝ ʨʘʟʛʣʝʞʜʘʣʠ ʚʧʝʯʘʪʣʷʚʘʱʠ 

ʢʘʜʨʠ ʥʘ ʍʘʣʝʝʚʘʪʘ ʢʦʤʝʪʘ ʥʘʜ ʫʪʨʠʥʥʘʪʘ ʟʦʨʘ ʠʣʠ ʥʘ ʢʦʤʝʪʘʪʘ ʍʝʡʣ-ɹʦʧ ʚ ʩʠʷ-

ʥʠʝʪʦ ʥʘ ʟʘʣʝʟʘ, ʟʘʩʥʝʪʠ ʩ ʥʦʨʤʘʣʥʠ ʠ ʜʦʨʠ ʩʲʩ ʰʠʨʦʢʦʲʛʲʣʥʠ ʬʦʪʦʦʙʝʢʪʠʚʠ. 

ʇʦ-ʩʧʝʮʠʘʣʥʦ ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʪʦʜʠʢʠʪʝ ʟʘ ʬʦʪʦʛʨʘʬʠʨʘʥʝ ʥʘ ʢʦʤʝʪʠ ʝ ʦʙʲʨʥʘʪʦ 

ʚ ʩʪʘʪʠʷʪʘ Ăʂʦʤʝʪʠʪʝ ï ʢʘʢ ʜʘ ʛʠ ʥʘʙʣʶʜʘʚʘʤʝ ʠ ʬʦʪʦʛʨʘʬʠʨʘʤʝñ ʚ ʤʠʥʘʣʦʛʦ-

ʜʠʰʥʦʪʦ ʥʘʰʝ ʠʟʜʘʥʠʝ Ăɻʠʜ ʥʘ ʣʶʙʠʪʝʣʷ ʘʩʪʨʦʥʦʤ 2021ñ. 

ʉʣʲʥʮʝʪʦ ʧʨʝʜʦʩʪʘʚʷ ʩʲʱʦ ʠʥʪʝʨʝʩʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʘʩʪʨʦʬʦʪʦʛʨʘʬʠʪʝ. 

ʉʣʲʥʯʝʚʠʪʝ ʧʝʪʥʘ, ʧʨʦʪʫʙʝʨʘʥʩʠʪʝ ʠ ʩʣʲʥʯʝʚʘʪʘ ʢʦʨʦʥʘ, ʚʠʜʠʤʘ ʧʦ ʚʨʝʤʝ ʥʘ 

ʧʲʣʥʠʪʝ ʩʣʲʥʯʝʚʠ ʟʘʪʲʤʥʝʥʠʷ, ʩʘ ʚʠʥʘʛʠ ʠʥʪʝʨʝʩʥʘ ʪʝʤʘ. ʊʨʷʙʚʘ ʦʙʘʯʝ ʜʘ ʙʲʜʝ-

ʪʝ ʦʩʦʙʝʥʦ ʚʥʠʤʘʪʝʣʥʠ ʠ ʜʘ ʧʨʝʜʧʘʟʚʘʪʝ ʟʨʝʥʠʝʪʦ ʠ ʪʝʭʥʠʢʘʪʘ ʩʠ, ʢʘʪʦ ʠʟʧʦʣʟ-

ʚʘʪʝ ʩʧʝʮʠʘʣʥʠ ʩʣʲʥʯʝʚʠ ʬʠʣʪʨʠ. ɺ ʩʫʝʪʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ ʥʘʯʠʥʘʝʱʠʷʪ 

ʤʦʞʝ ʣʝʩʥʦ ʜʘ ʙʲʜʝ ʠʟʢʫʰʝʥ ʜʘ ʧʦʛʣʝʜʥʝ ʟʘ ʢʨʘʪʢʦ ʧʨʝʟ ʪʲʨʩʘʯʘ ʥʘ ʪʝʣʝʩʢʦʧʘ, 

ʦʩʪʘʚʝʥ ʙʝʟ ʟʘʱʠʪʘ ʠʣʠ ʟʘʢʨʠʪ ʩ ʥʝʧʦʜʭʦʜʷʱ ʬʠʣʪʲʨ, ʥʘʧʨʠʤʝʨ ʟʘ ʜʘ ʧʨʦʚʝʨʠ 

ʥʘʩʦʯʚʘʥʝʪʦ. ʊʘʢʲʚ ʤʦʤʝʥʪ ʥʘ ʥʝʧʨʝʜʧʘʟʣʠʚʦʩʪ ʤʦʞʝ ʜʘ ʠʤʘ ʪʨʘʡʥʠ ʧʘʛʫʙʥʠ 

ʧʦʩʣʝʜʩʪʚʠʷ ʟʘ ʟʨʝʥʠʝʪʦ ï ʨʝʪʠʥʘʪʘ ʥʘ ʦʢʦʪʦ ʤʦʞʝ ʜʘ ʠʟʛʦʨʠ ʙʝʟ ʫʩʝʱʘʥʝ ʟʘ 

ʙʦʣʢʘ! ɸʢʦ ʦʱʝ ʥʷʤʘʪʝ ʦʧʠʪ ʠ ʠʟʛʨʘʜʝʥʠ ʥʘʚʠʮʠ ʚ ʙʦʨʘʚʝʥʝʪʦ ʩ ʪʝʭʥʠʢʘʪʘ, ʥʘʡ-

ʜʦʙʨʝ ʦʩʪʘʚʝʪʝ ʩʣʲʥʯʝʚʘʪʘ ʬʦʪʦʛʨʘʬʠʷ ʟʘ ʧʦ-ʢʲʩʥʦ. ʇʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʩʥʠʤʢʠ ʩ 

ʚʠʩʦʢʘ ʨʘʟʜʝʣʠʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʩʣʲʥʯʝʚʠʪʝ ʧʝʪʥʘ ʠ ʛʨʘʥʫʣʘʮʠʷʪʘ ʥʘ ʩʣʲʥʯʝ-

ʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠʟʠʩʢʚʘ ʧʦ-ʩʧʝʮʠʘʣʥʘ ʪʝʭʥʠʢʘ ï ʜʲʣʛʦʬʦʢʫʩʝʥ ʪʝʣʝʩʢʦʧ ʠ ʬʠʣ-

ʪʨ̡, ʧʨʦʧʫʩʢʘʱ ʩʚʝʪʣʠʥʘ ʩʘʤʦ ʚ ʪʝʩʝʥ ʜʠʘʧʘʟʦʥ ʦʢʦʣʦ ʜʲʣʞʠʥʘʪʘ ʥʘ ʯʝʨʚʝʥʘʪʘ 

ʚʦʜʦʨʦʜʥʘ ʣʠʥʠʷ HŬ. 

 

 



60 

ɺɸɾʅʀ ʇʈʀʅʎʀʇʀ ɺ ɻɽʆʄɽʊʈʀʏʅɸʊɸ ʆʇʊʀʂɸ ʀ 

ɺʈʒɿʂɸʊɸ ʀʄ ʉ ʇɸʈɸʄɽʊʈʀʊɽ ʅɸ ɸʉʊʈʆʅʆʄʀʏɽʉʂʀʊɽ 

ʀʅʉʊʈʋʄɽʅʊʀ 

ʇʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ ʬʦʪʦʛʨʘʬʠʪʝ ʧʦʜʙʠʨʘʪ ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʥʘʩʪʨʦʡʢʠʪʝ ʥʘ 

ʩʚʦʷʪʘ ʪʝʭʥʠʢʘ ʩʧʦʨʝʜ ʮʝʣʠʪʝ, ʢʦʠʪʦ ʩʘ ʩʠ ʧʦʩʪʘʚʠʣʠ ʠ ʩʧʦʨʝʜ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠ-

ʪʝ ʫʩʣʦʚʠʷ, ʚ ʢʦʠʪʦ ʩʝ ʥʘʤʠʨʘʪ. ʇʨʠ ʪʦʚʘ ʪʝ ʯʝʩʪʦ ʩʠ ʩʣʫʞʘʪ ʩ ʧʦʥʷʪʠʷ, ʢʘʪʦ 

ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʩʚʝʪʣʦʩʠʣʘ, ʦʪʥʦʩʠʪʝʣʝʥ ʦʪʚʦʨ ʠ ʧʨ. ɺ ʘʩʪʨʦʬʦʪʦʛʨʘʬʠʷʪʘ 

ʜʦʙʨʦʪʦ ʧʦʟʥʘʚʘʥʝ ʥʘ ʪʝʟʠ ʠ ʥʘ ʦʱʝ ʥʷʢʦʠ ʦʧʪʠʯʥʠ ʪʝʨʤʠʥʠ ʝ ʟʘʜʲʣʞʠʪʝʣʥʦ, 

ʢʦʝʪʦ ʥʘʣʘʛʘ ʜʘ ʩʤʝ ʟʘʧʦʟʥʘʪʠ ʩ ʦʩʥʦʚʥʠʪʝ ʧʨʠʥʮʠʧʠ ʚ ʛʝʦʤʝʪʨʠʯʥʘʪʘ ʦʧʪʠʢʘ. 

ʊʦʚʘ ʧʦʤʘʛʘ ʚ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʝʩʤʝʪʥʘʪ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʝʜʥʘ 

ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ʧʨʝʜʠ ʥʝʡʥʘʪʘ ʫʧʦʪʨʝʙʘ ï ʥʝʱʦ, ʢʦʝʪʦ ʩʝ ʧʨʘʢʪʠʢʫʚʘ ʯʝʩʪʦ. 

ɸʢʦ ʥʘʧʨʠʤʝʨ ʠʟʙʠʨʘʪʝ ʪʝʣʝʩʢʦʧ ʟʘ ʜʘ ʫʧʨʘʞʥʷʚʘʪʝ ʭʦʙʠʪʦ ʩʠ, ʱʝ ʪʨʷʙʚʘ ʜʘ 

ʧʨʝʮʝʥʠʪʝ ʥʝʛʦʚʠʪʝ ʧʘʨʘʤʝʪʨʠ ʩʧʦʨʝʜ ʟʘʜʘʯʠʪʝ, ʟʘ ʢʦʠʪʦ ʩʤʷʪʘʪʝ ʜʘ ʛʦ ʠʟʧʦʣʟ-

ʚʘʪʝ. ʅʘʢʨʘʪʢʦ ï ʙʝʟ ʥʫʞʥʠʷʪ ʤʠʥʠʤʫʤ ʦʪ ʟʥʘʥʠʷ ʧʦ ʦʧʪʠʢʘ, ʫʩʧʝʭʲʪ ʚʠ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʧʦ-ʩʢʦʨʦ ʧʣʦʜ ʥʘ ʩʣʫʯʘʡʥʦʩʪʪʘ. ɿʘʪʦʚʘ ʚ ʪʘʟʠ ʩʪʘʪʠʷ ʱʝ ʨʘʟʛʣʝʜʘʤʝ ʥʘʡ-

ʚʘʞʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʪʝ ʠʥʩʪʨʫʤʝʥʪʠ, ʢʘʪʦ ʱʝ ʦʙʲʨʥʝʤ 

ʚʥʠʤʘʥʠʝ ʥʘ ʥʷʢʦʠ ʧʦ-ʤʘʣʢʦ ʠʟʚʝʩʪʥʠ ʦʩʦʙʝʥʦʩʪʠ, ʩʚʲʨʟʘʥʠ ʩ ʪʷʭ. 

 

 

ʌʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 

ʊʦʚʘ ʝ ʨʘʟʩʪʦʷʥʠʝʪʦ, ʥʘ ʢʦʝʪʦ ʝʜʥʘ ʩʲʙʠʨʘʪʝʣʥʘ ʣʝʱʘ ʠʣʠ ʦʙʝʢʪʠʚ ʬʦʢʫʩʠ-

ʨʘ ʩʚʝʪʣʠʥʘʪʘ, ʠʜʚʘʱʘ ʦʪ ʤʥʦʛʦ ʦʪʜʘʣʝʯʝʥ ʪʦʯʢʦʚ ʩʚʝʪʦʠʟʪʦʯʥʠʢ ï ʥʘʧʨʠʤʝʨ 

ʟʚʝʟʜʘ (ʬʠʛ. 1 ʘ). ɸʢʦ ʚʟʝʤʝʤ ʝʜʥʘ ʩʬʝʨʠʯʥʘ ʩʲʙʠʨʘʪʝʣʥʘ ʣʝʱʘ, ʢʦʷʪʦ ʬʦʢʫʩʠʨʘ 

ʩʚʝʪʣʠʥʘʪʘ ʩʣʝʜ ʩʝʙʝ ʩʠ ʥʘ ʨʘʟʩʪʦʷʥʠʝ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʚʠʰʘʚʘʱʦ ʩʦʙʩʪʚʝʥʘʪʘ 

Ⱬ ʜʝʙʝʣʠʥʘ, ʤʦʞʝʤ ʜʘ ʢʘʞʝʤ, ʯʝ ʪʦʚʘ ʝ ʪʲʥʢʘ ʣʝʱʘ. ʊʦʛʘʚʘ ʩʲʩ ʟʘʜʦʚʦʣʠʪʝʣʥʘ 

ʪʦʯʥʦʩʪ ʤʦʞʝʤ ʜʘ ʠʟʤʝʨʠʤ ʬʦʢʫʩʥʦʪʦ Ⱬ ʨʘʟʩʪʦʷʥʠʝ f ʦʪ ʥʝʡʥʠʷ ʝʢʚʘʪʦʨ (ʩʪʨʘ-

ʥʠʯʥʠʷʪ Ⱬ ʨʲʙ) ʜʦ ʨʘʚʥʠʥʘʪʘ, ʚ ʢʦʷʪʦ ʩʝ ʧʦʩʪʨʦʷʚʘ ʦʙʨʘʟʲʪ F ʥʘ ʩʚʝʪʦʠʟʪʦʯʥʠʢʘ 

(ʬʦʢʘʣʥʘʪʘ ʨʘʚʥʠʥʘ). ɺ ʜʚʝʪʝ ʬʠʛʫʨʠ ʧʦ-ʜʦʣʫ ʬʦʢʫʩʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʩʘ ʧʨʝʜʘ-

ʜʝʥʠ ʩʢʲʩʝʥʠ ʟʘ ʜʘ ʩʝ ʧʦʙʝʨʘʪ ʩʭʝʤʠʪʝ ʚ ʧʦ-ʤʘʣʢʘ ʰʠʨʠʥʘ. ʊʝʦʨʝʪʠʯʥʦ ʪʦʯʢʦʚʠ-

ʷʪ ʩʚʝʪʦʠʟʪʦʯʥʠʢ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʦʪʜʘʣʝʯʝʥ ʥʘ ʙʝʟʢʨʘʡʥʦʩʪ, ʧʨʠ ʢʦʝʪʦ 

ʩʚʝʪʣʠʥʘʪʘ, ʠʜʚʘʱʘ ʦʪ ʥʝʛʦ, ʝ ʚʲʚ ʚʠʜ ʥʘ ʧʘʨʘʣʝʣʝʥ ʩʥʦʧ ʣʲʯʠ. ʄʥʦʛʦ ʝ ʫʜʦʙʥʦ, 

ʘʢʦ ʧʨʦʝʢʪʠʨʘʤʝ ʩʣʲʥʯʝʚʠʷ ʦʙʨʘʟ ʚʲʨʭʫ ʝʢʨʘʥ. ʇʦʨʘʜʠ ʛʦʣʷʤʘʪʘ ʦʪʜʘʣʝʯʝʥʦʩʪ 

ʥʘ ʉʣʲʥʮʝʪʦ, ʨʘʟʩʪʦʷʥʠʝʪʦ, ʥʘ ʢʦʝʪʦ ʥʝʛʦʚʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝ ʧʦʩʪʨʦʷʚʘ ʟʘʜ 

ʣʝɦʘʪʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʝ ʨʘʚʥʦ ʥʘ ʥʝʡʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f. ʊʨʷʙʚʘ ʜʘ ʩʝ 

ʧʨʘʚʠ ʷʩʥʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʬʦʢʫʩʥʘʪʘ ʪʦʯʢʘ F ʠ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ f. ʂʦʛʘʪʦ 

ʩʝ ʢʘʟʚʘ ʥʘʧʨʠʤʝʨ Ăʬʦʢʫʩʲʪ ʝ ʚ ʨʘʚʥʠʥʘʪʘ ʥʘ CCD ʤʘʪʨʠʮʘʪʘñ, ʩʪʘʚʘ ʜʫʤʘ ʟʘ 

ʬʦʢʫʩʥʘʪʘ ʪʦʯʢʘ F. ʅʦ ʘʢʦ ʢʘʞʝʤ Ăʪʦʟʠ ʬʦʪʦʦʙʝʢʪʠʚ ʝ ʧʦ-ʜʲʣʛʦʬʦʢʫʩʝʥñ, ʩʪʘʚʘ 

ʷʩʥʦ, ʯʝ ʠʤʘʤʝ ʧʨʝʜʚʠʜ ʥʝʛʦʚʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f. 
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ʌʠʛ. 1. ʀʟʤʝʨʚʘʥʝ ʥʘ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ ʥʘ ʪʲʥʢʠ ʩʬʝʨʠʯʥʠ ʣʝʱʠ.  
ʇʨʠʤʝʨ a ï ʧʨʠ ʩʲʙʠʨʘʪʝʣʥʘ (ʢʦʥʚʝʨʛʝʥʪʥʘ, ʧʦʣʦʞʠʪʝʣʥʘ) ʣʝʱʘ: p ï ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ ʥʘ 

ʣʝʱʘʪʘ; H ï ʛʣʘʚʥʘ ʪʦʯʢʘ (ʧʨʦʝʢʮʠʦʥʝʥ ʮʝʥʪʲʨ); F ï ʛʣʘʚʝʥ ʬʦʢʫʩ, ʚ ʢʦʡʪʦ ʩʝ ʧʦʩʪʨʦʷʚʘ ʜʝʡʩ-

ʪʚʠʪʝʣʥʠʷʪ ʦʙʨʘʟ ʥʘ ʙʝʟʢʨʘʡʥʦ ʦʪʜʘʣʝʯʝʥ ʪʦʯʢʦʚ ʩʚʝʪʦʠʟʪʦʯʥʠʢ (ʟʚʝʟʜʘ). ʄʦʞʝʤ ʜʘ ʚʠʜʠʤ 
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ʪʦʟʠ ʦʙʨʘʟ ʘʢʦ ʧʦʩʪʘʚʠʤ ʝʢʨʘʥ ʚʲʚ ʬʦʢʫʩʘ F; f ï ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʦʪʯʝʪʝʥʦ ʤʝʞʜʫ ʮʝʥʪʲ-
ʨʲʪ H ʥʘ ʣʝʱʘʪʘ ʠ ʬʦʢʫʩʥʘʪʘ ʪʦʯʢʘ F. 
ʇʨʠʤʝʨ b ï ʧʨʠ ʨʘʟʩʝʡʚʘʪʝʣʥʘ (ʜʠʚʝʨʛʝʥʪʥʘ, ʦʪʨʠʮʘʪʝʣʥʘ) ʣʝʱʘ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʠʟʤʝʨʚʘ-

ʥʝʪʦ ʝ ʧʦ-ʪʨʫʜʥʦ, ʧʦʨʘʜʠ ʥʝʜʝʡʩʪʚʠʪʝʣʥʠʷ (ʤʥʠʤ) ʦʙʨʘʟ ʚʲʚ ʬʦʢʫʩʘ F ʥʘ ʣʝʱʘʪʘ.  ɿʘ ʮʝʣʪʘ 
ʧʨʝʜ ʧʦʩʣʝʜʥʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʜʠʘʬʨʘʛʤʘ (ʙʣʝʥʜʘ) ʩ ʠʟʚʝʩʪʝʥ ʜʠʘʤʝʪʲʨ d ʥʘ ʥʝʡʥʠʷ 
ʦʪʚʦʨ, ʢʦʡʪʦ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʧʦ-ʤʘʣʲʢ ʦʪ ʜʠʘʤʝʪʲʨʘ ʥʘ ʠʟʤʝʨʚʘʥʘʪʘ ʣʝʱʘ. ɺʲʨʭʫ ʝʢʨʘʥʘ ʟʘʜ 

ʣʝʱʘʪʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʩʝ ʦʯʝʨʪʘʚʘ ʦʢʨʲʞʥʦʩʪ k ʩ ʜʚʦʡʥʦ ʧʦ-ʛʦʣʷʤ ʜʠʘʤʝʪʲʨ 2d. ʃʦʛʠʯʥʦ 
ʜʠʘʬʨʘʛʤʝʥʠʷʪ ʦʪʚʦʨ ʧʨʦʧʫʩʢʘ ʢʲʤ ʣʝʱʘʪʘ ʧʘʨʘʣʝʣʝʥ ʩʥʦʧ ʣʲʯʠ ʩ ʜʠʘʤʝʪʲʨ d. ʇʨʠ ʠʟʤʝʨʚʘ-
ʥʝʪʦ ʦʪʜʘʣʝʯʘʚʘʤʝ ʠʣʠ ʧʨʠʙʣʠʞʘʚʘʤʝ ʝʢʨʘʥʘ ʜʦʢʘʪʦ ʥʘʤʝʨʠʤ ʪʘʢʦʚʘ ʨʘʟʩʪʦʷʥʠʝ fǋ ʟʘʜ ʣʝʱʘ-
ʪʘ, ʧʨʠ ʢʦʝʪʦ ʦʢʨʲʞʥʦʩʪʪʘ k ʩʝ ʦʢʘʟʚʘ ʠʟʮʷʣʦ ʟʘʧʲʣʥʝʥʘ ʩ ʨʘʟʩʝʡʚʘʱʘʪʘ ʩʝ ʩʚʝʪʣʠʥʘ. ʊʦʚʘ 
ʦʟʥʘʯʘʚʘ, ʯʝ ʧʨʠ ʨʘʟʩʪʦʷʥʠʝʪʦ fǋ ʠʤʘʤʝ ʩʚʝʪʣʦ ʧʝʪʥʦ ʚʲʨʭʫ ʝʢʨʘʥʘ ʩ ʜʠʘʤʝʪʲʨ 2d. ʊʦʛʘʚʘ 
ʨʘʟʩʪʦʷʥʠʝʪʦ fǋ ʝ ʨʘʚʥʦ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ f ʥʘ ʣʝʱʘʪʘ, ʦʪʯʝʪʝʥʦ ʤʝʞʜʫ ʥʝʡʥʠʷ ʧʨʦʝʢ-
ʮʠʦʥʝʥ ʮʝʥʪʲʨ H ʠ ʤʥʠʤʠʷ ʬʦʢʫʩ F. ʉ ʜʨʫʛʠ ʜʫʤʠ ʦʙʨʘʪʥʠʪʝ ʧʨʦʜʲʣʞʝʥʠʷ ʥʘ ʧʨʝʯʫʧʝʥʠʪʝ ʠ 
ʨʘʟʩʝʡʚʘʱʠ ʩʝ ʩʣʝʜ ʣʝʱʘʪʘ ʣʲʯʠ, ʧʨʝʜʩʪʘʚʝʥʠ ʪʫʢ ʩ ʧʨʝʢʲʩʥʘʪʠ ʣʠʥʠʠ, ʩʝ ʩʲʙʠʨʘʪ ʚʲʚ ʬʦʢʫʩ-

ʥʘʪʘ ʪʦʯʢʘ F ʧʨʝʜ ʣʝʱʘʪʘ. ʇʦ ʪʘʟʠ ʧʨʠʯʠʥʘ ʨʘʟʩʝʡʚʘʪʝʣʥʠʪʝ ʣʝʱʠ ʥʝ ʩʘ ʚ ʩʲʩʪʦʷʥʠʝ ʜʘ ʧʦʩʪ-
ʨʦʷʪ ʜʝʡʩʪʚʠʪʝʣʥʠ ʦʙʨʘʟʠ ʥʘ ʥʷʢʘʢʚʠ ʦʙʝʢʪʠ.  
ɿʘ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʧʦ-ʫʜʦʙʥʦ ʠʟʤʝʨʚʘʥʝʪʦ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʜʠʘʬʨʘʛʤʘʪʘ ʧʨʝʜ ʣʝʱʘʪʘ ʜʘ 

ʙʲʜʝ ʩ ʧʦ-ʰʠʨʦʢʘ ʧʝʨʠʬʝʨʠʷ, ʟʘ ʜʘ ʟʘʩʝʥʯʚʘ ʜʦʙʨʝ ʝʢʨʘʥʘ ʠ ʪʘʢʘ ʜʘ ʤʦʞʝʤ ʜʘ ʚʠʞʜʘʤʝ ʧʦ-
ʷʩʥʦ ʠʥʪʝʨʝʩʫʚʘʱʦʪʦ ʥʠ ʢʨʲʛʣʦ ʩʚʝʪʣʦ ʧʝʪʥʦ ʩ ʜʠʘʤʝʪʲʨ 2d, ʢʦʝʪʦ ʝ ʩ ʧʦ-ʥʠʩʢʘ ʦʩʚʝʪʝʥʦʩʪ. ɿʘ 
ʮʝʣʪʘ ʩʘ ʧʦʜʭʦʜʷʱʠ ʥʘʧʨʠʤʝʨ ʥʝʧʨʦʟʨʘʯʥʠʪʝ ʧʣʘʩʪʤʘʩʦʚʠ ʰʘʡʙʠ ʦʪ ʢʨʲʛʣʠʪʝ ʢʫʪʠʠ ʟʘ DVD 
ʠʣʠ CD ʜʠʩʢʦʚʝ, ʢʦʠʪʦ ʠʤʘʪ ʜʠʘʤʝʪʲʨ d ʥʘ ʮʝʥʪʨʘʣʥʠʷ ʩʠ ʦʪʚʦʨ 15 mm, ʘ ʚʲʥʰʥʠʷʪ ʠʤ ʜʠʘ-
ʤʝʪʲʨ ʝ ʦʢʦʣʦ 12 ʩʤ 

ɸʢʦ ʥʘʧʨʘʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪ ʩ ʙʣʠʟʲʢ ʩʚʝʪʦʠʟʪʦʯʥʠʢ ï ʟʘʧʘʣʝʥʘ ʣʘʤʧʘ ʠʣʠ 

ʛʦʨʷʱʘ ʩʚʝʱ, ʥʘʤʠʨʘʱʘ ʩʝ ʩʘʤʦ ʥʘ ʥʷʢʦʣʢʦ ʤʝʪʨʘ ʦʪ ʥʘʩ, ʜʝʡʩʪʚʠʪʝʣʥʠʷʪ ʠ 

ʦʙʲʨʥʘʪ ʦʙʨʘʟ ʥʘ ʦʙʝʢʪʘ ʱʝ ʩʝ ʧʦʩʪʨʦʠ ʟʘʜ ʣʝʱʘʪʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ, ʧʦ-ʜʲʣʛʦ ʦʪ 

ʬʦʢʫʩʥʦʪʦ f. ʊʦʚʘ ʨʘʟʩʪʦʷʥʠʝ ʱʝ ʥʘʨʠʯʘʤʝ ʦʙʨʘʟʥʦ. 

ʌʦʪʦʛʨʘʬʠʪʝ ʟʥʘʷʪ, ʯʝ ʢʦʛʘʪʦ ʩʥʠʤʘʪ ʙʣʠʟʲʢ ʦʙʝʢʪ ʩ ʬʦʪʦʦʙʝʢʪʠʚ ʩ ʧʦʩʪʦ-

ʷʥʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ (ʪʚʲʨʜ ʦʙʝʢʪʠʚ), ʧʦ ʚʨʝʤʝ ʥʘ ʬʦʢʫʩʠʨʦʚʢʘʪʘ ʩʝ ʥʘʣʘʛʘ 

ʧʦʩʣʝʜʥʠʷʪ ʜʘ ʩʝ ʦʪʜʘʣʝʯʠ ʦʪ ʩʝʥʟʦʨʘ ʥʘ ʬʦʪʦʘʧʘʨʘʪʘ ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʷʩʝʥ ʦʙ-

ʨʘʟ. ʊʦʚʘ ʝ ʩʲʱʦ ʟʘʨʘʜʠ ʧʦ-ʜʲʣʛʦʪʦ ʦʙʨʘʟʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʬʦʢʫʩʥʦ-

ʪʦ. ʈʘʟʛʦʚʦʨʥʦ ʦʙʘʯʝ ʜʚʝʪʝ ʧʦʥʷʪʠʷ ʯʝʩʪʦ ʩʝ ʩʤʝʩʚʘʪ. ʅʘʧʨʠʤʝʨ ʥʝʨʷʜʢʦ ʩʝ 

ʢʘʟʚʘ: Ăʬʦʢʫʩʲʪ ʥʘ ʦʙʝʢʪʠʚʘ ʥʘʨʘʩʪʚʘ ʩ ʧʨʠʙʣʠʞʘʚʘʥʝʪʦ ʢʲʤ ʦʙʝʢʪʘñ. ɺʩʲʱʥʦʩʪ, 

ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʦʙʝʢʪʠʚʘ ʝ ʯʘʩʪʝʥ ʩʣʫʯʘʡ ʥʘ ʦʙʨʘʟʥʦʪʦ ï ʢʘʢʚʦʪʦ ʝ ʪʦ 

ʧʨʠ ʦʙʝʢʪ, ʦʪʜʘʣʝʯʝʥ ʥʘ ʙʝʟʢʨʘʡʥʦʩʪ. ʀʤʝʥʥʦ ʪʘʟʠ ʩʪʦʡʥʦʩʪ ʩʝ ʜʝʢʣʘʨʠʨʘ ʢʘʪʦ 

ʝʜʠʥ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠʪʝ ʦʙʝʢʪʠʚʠ, ʥʘ ʪʝʣʝʩʢʦʧʠʪʝ, ʦʢʫ-

ʣʷʨʠʪʝ ʠ ʥʘ ʨʘʟʣʠʯʥʠ ʜʨʫʛʠ ʩʲʙʠʨʘʪʝʣʥʠ ʩʠʩʪʝʤʠ. 
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ʌʠʛ. 2. ɿʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʦʙʝʢʪʥʦʪʦ, ʦʙʨʘʟʥʦʪʦ ʠ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʧʨʠ ʪʲʥʢʘ ʩʲʙʠʨʘ-
ʪʝʣʥʘ ʣʝʱʘ:  
A ï ʪʦʯʢʘ ʦʪ ʚʲʨʭʘ ʥʘ ʙʣʠʟʲʢ ʦʙʝʢʪ;  
Aǋ ï ʚʨʲʭ ʥʘ ʜʝʡʩʪʚʠʪʝʣʥʠʷ ʦʙʲʨʥʘʪ ʦʙʨʘʟ ʥʘ ʦʙʝʢʪʘ;  

H ï ʛʣʘʚʥʘ ʪʦʯʢʘ, ʧʨʦʝʢʮʠʦʥʝʥ ʮʝʥʪʲʨ ʥʘ ʪʲʥʢʘʪʘ ʣʝʱʘ;  
p ï ʨʘʚʥʠʥʘ ʥʘ ʪʲʥʢʘʪʘ ʣʝʱʘ;  
F ʠ Fǋ ï ʧʨʝʜʝʥ ʠ ʟʘʜʝʥ ʛʣʘʚʝʥ ʬʦʢʫʩ (ʬʦʢʫʩʥʠ ʪʦʯʢʠ);  
f ʠ fǋ ï ʧʨʝʜʥʦ ʠ ʟʘʜʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ;  
2f ʠ 2fǋ ï ʧʨʝʜʥʦ ʠ ʟʘʜʥʦ ʜʚʦʡʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ;  
a ï ʦʙʝʢʪʥʦ (ʧʨʝʜʤʝʪʥʦ) ʨʘʟʩʪʦʷʥʠʝ ï ʦʪ ʦʙʝʢʪʘ ʜʦ ʧʨʦʝʢʮʠʦʥʥʠʷʪ ʮʝʥʪʲʨ H ʥʘ ʣʝʱʘʪʘ;  
b ï ʦʙʨʘʟʥʦ ʨʘʟʩʪʦʷʥʠʝ ï ʦʪ ʮʝʥʪʲʨʘ H ʜʦ ʦʙʨʘʟʘ ʥʘ ʦʙʝʢʪʘ;  
h ʠ hǋ ï ʨʘʟʤʝʨʠ ʩʲʦʪʚʝʪʥʦ ʥʘ ʦʙʝʢʪʘ ʠ ʥʘ ʥʝʛʦʚʠʷ ʦʙʲʨʥʘʪ ʜʝʡʩʪʚʠʪʝʣʝʥ ʦʙʨʘʟ 

ɺ̡ ʚ ʬʠʛ. 2 ʝ ʧʨʝʜʩʪʘʚʝʥ ʛʝʦʤʝʪʨʠʯʥʠʷʪ ʧʨʠʥʮʠʧ, ʧʦ ʢʦʡʪʦ ʩʝ ʧʦʩʪʨʦʷʚʘ 

ʜʝʡʩʪʚʠʪʝʣʥʠʷʪ ʦʙʲʨʥʘʪ ʦʙʨʘʟ ʥʘ ʙʣʠʟʲʢ ʦʙʝʢʪ ʩ ʥʷʢʘʢʚʠ ʨʘʟʤʝʨʠ (ʚʠʩʦʯʠʥʘ) h. 

ʆʪ ʚʩʠʯʢʠ ʙʝʟʙʨʦʡ ʤʥʦʛʦ ʣʲʯʠ, ʪʨʲʛʚʘʱʠ ʦʪ ʦʙʝʢʪʘ ʢʲʤ ʣʝʱʘʪʘ, ʩʘ ʨʘʟʛʣʝʜʘʥʠ 

ʪʨʠ, ʟʘʧʦʯʚʘʱʠ ʦʪ ʥʝʛʦʚʠʷ ʚʨ̡ʭ A. ʃʲʯʲʪ l1 ʦʪʥʘʯʘʣʦ ʝ ʫʩʧʦʨʝʜʝʥ ʥʘ ʦʧʪʠʯʥʘʪʘ 

ʦʩ, ʥʦ ʩʣʝʜ ʧʨʝʯʫʧʚʘʥʝʪʦ ʩʠ ʣʦʛʠʯʥʦ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʟʘʜʥʠʷ ʬʦʢʫʩ Fǋ. ʃʲʯʲʪ l2 

ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʧʨʦʝʢʮʠʦʥʥʠʷ ʮʝʥʪʲʨ H ʥʘ ʪʲʥʢʘʪʘ ʣʝʱʘ ʙʝʟ ʜʘ ʩʝ ʧʨʝʯʫʧʠ. 

ʊʦʚʘ ʝ ʪ. ʥʘʨ. ʛʣʘʚʝʥ ʠʣʠ ʦʩʥʦʚʝʥ ʣʲʯ (principal ray ʠʣʠ chief ray). ʃʲʯʲʪ l3 ʧʨ̡-

ʚʦ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʧʨʝʜʥʠʷ ʬʦʢʫʩ F, ʘ ʩʣʝʜ ʧʨʝʯʫʧʚʘʥʝʪʦ ʩʠ ʧʨʦʜʲʣʞʘʚʘ ʫʩʧʦ-

ʨʝʜʥʦ ʥʘ ʦʧʪʠʯʥʘʪʘ ʦʩ. ʊʘʤ ʢʲʜʝʪʦ ʪʨʠʪʝ ʧʨʝʤʠʥʘʣʠ ʣʲʯʘ ʩʝ ʧʨʝʩʠʯʘʪ, ʝ ʚʲʨʭʲʪ 

Aǋ ʥʘ ʦʙʨʘʟʘ. ɸʢʦ ʦʙʝʢʪʲʪ  ʩʝ ʥʘʤʠʨʘ ʧʦ-ʜʘʣʝʯ ʧʨʝʜ ʣʝʱʘʪʘ ʦʪ ʥʝʡʥʦʪʦ ʜʚʦʡʥʦ 

ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 2f (ʪ.ʝ. ʧʨʠ a > 2f), ʥʝʛʦʚʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ Aǋ ʩʝ ʧʦʩʪʨʦʷʚʘ 

ʟʘʜ ʣʝʱʘʪʘ ʥʘ ʦʙʨʘʟʥʦ ʨʘʟʩʪʦʷʥʠʝ b ʧʦ-ʜʲʣʛʦ ʦʪ ʬʦʢʫʩʥʦʪʦ fǋ, ʥʦ ʧʦ-ʢʲʩʦ ʦʪ 

ʜʚʦʡʥʦʪʦ ʬʦʢʫʩʥʦ 2fǋ (ʪ.ʝ. fǋ < b < 2fǋ). ʇʨʠ ʪʦʚʘ ʧʦʩʪʨʦʝʥʠʝ ʝ ʚʘʣʠʜʥʘ ʩʣʝʜʥʘʪʘ 

ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʨʘʟʤʝʨʠʪʝ h ʠ hǋ ʥʘ ʦʙʝʢʪʘ ʠ ʥʘ ʥʝʛʦʚʠʷʪ ʦʙʨʘʟ, ʩʧʦʨʝʜ ʨʘʟʩ-

ʪʦʷʥʠʷʪʘ a ʠ b: 
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ʦʪʢʲʜʝʪʦ ʤʦʞʝʤ ʜʘ ʠʟʯʠʩʣʠʤ ʥʘʧʨʠʤʝʨ ʨʘʟʤʝʨʲʪ hǋ ʥʘ ʦʙʨʘʟʘ ʥʘ ʦʙʝʢʪʘ: 

 

ʊʘʢʘ ʩʝ ʦʧʨʝʜʝʣʷ ʫʚʝʣʠʯʝʥʠʝʪʦ ʥʘ ʦʙʨʘʟʘ (ʚ ʩʣʫʯʘʷ ï ʫʤʘʣʷʚʘʥʝ ʩ h/hǋ ʧ̡ -

ʪʠ). ɿʘ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʦʙʨʘʟʘ Aǋ ʩʘ ʜʦʩʪʘʪʲʯʥʠ ʠ ʩʘʤʦ ʜʚʘ ʦʪ ʧʦʢʘʟʘʥʠʪʝ ʪʨʠ 

ʣʲʯʘ ï ʥʘʧʨʠʤʝʨ ʛʣʘʚʥʠʷʪ l2 ʠ ʝʜʠʥ ʦʪ ʦʩʪʘʥʘʣʠʪʝ ʜʚʘ. 

ɿʘʚʠʩʠʤʦʩʪʪʘ ʤʝʞʜʫ ʪʨʠʪʝ ʨʘʟʩʪʦʷʥʠʷ a, b ʠ f ʩʝ ʜʘʚʘ ʩ ʪ.ʥʘʨ. ʦʩʥʦʚʥʘ ʬʦʨ-

ʤʫʣʘ ʟʘ ʪʲʥʢʘʪʘ ʣʝʱʘ ʚʲʚ ʚʲʟʜʫʰʥʘ ʩʨʝʜʘ:  

 

ɸʢʦ ʟʥʘʝʤ ʢʦʠʪʦ ʠ ʜʘ ʩʘ ʜʚʝ ʦʪ ʪʝʟʠ ʨʘʟʩʪʦʷʥʠʷ, ʣʝʩʥʦ ʤʦʞʝʤ ʜʘ ʧʨʝʩʤʝʪ-

ʥʝʤ ʪʨʝʪʦʪʦ: 

 

ʊʝʟʠ ʬʦʨʤʫʣʠ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʦʩʪʘ ʯʝʩʪʦ ʚ ʧʨʘʢʪʠʢʘʪʘ ʥʘ ʦʧʪʠʢʘ.  

 

ʄʦʞʝʤ ʙʲʨʟʦ ʠ ʩ ʧʨʠʙʣʠʟʠʪʝʣʥʘ ʪʦʯʥʦʩʪ ʜʘ ʠʟʤʝʨʠʤ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ 

ʥʘ ʪʲʥʢʘ ʩʲʙʠʨʘʪʝʣʥʘ ʣʝʱʘ ʠ ʙʝʟ ʜʘ ʠʟʧʦʣʟʚʘʤʝ Ăʙʝʟʢʨʘʡʥʦ ʦʪʜʘʣʝʯʝʥ ʪʦʯʢʦʚ 

ʩʚʝʪʦʠʟʪʦʯʥʠʢñ ʠʣʠ ʛʦʨʥʠʪʝ ʬʦʨʤʫʣʠ. ɿʘ ʮʝʣʪʘ ʤʦʞʝʤ ʜʘ ʧʨʦʝʢʪʠʨʘʤʝ ʚʲʨʭʫ 

ʝʢʨʘʥ ʦʙʨʘʟʠʪʝ ʥʘ ʥʷʢʘʢʚʠ ʢʦʥʪʨʘʩʪʠʨʘʱʠ ʠʣʠ ʩʚʝʪʝʱʠ ʦʙʝʢʪʠ, ʦʪʜʘʣʝʯʝʥʠ ʥʘ 

ʧʦʚʝʯʝ ʦʪ 1 ʢʤ ʦʪ ʥʘʩ. ɿʘ ʝʢʩʧʝʨʠʤʝʥʪ ʤʦʞʝʤ ʜʘ ʠʟʧʦʣʟʚʘʤʝ ʢʘʪʦ ʦʙʝʢʪʠ ʜʘʣʝʯ-

ʥʠ ʣʘʤʧʠ ʦʪ ʥʦʱʥʦʪʦ ʛʨʘʜʩʢʦ ʦʩʚʝʪʣʝʥʠʝ, ʯʠʠʪʦ ʦʙʨʘʟʠ ʱʝ ʙʲʜʘʪ ʷʩʥʦ ʚʠʜʠʤʠ 

ʚʲʨʭʫ ʝʢʨʘʥʘ, ʧʨʠ ʣʠʧʩʘ ʥʘ ʩʠʣʥʦ ʩʪʨʘʥʠʯʥʦ ʦʩʚʝʪʣʝʥʠʝ. 
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ʌʠʛ. 3. ɹʲʨʟʦ ʦʨʠʝʥʪʠʨʦʚʲʯʥʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ f ʥʘ ʪʲʥʢʘ ʩʲʙʠʨʘʪʝʣʥʘ 
ʣʝʱʘ, ʯʨʝʟ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʦʙʨʘʟʠʪʝ ʥʘ ʦʪʜʘʣʝʯʝʥʠ ʦʙʝʢʪʠ ʚʲʨʭʫ ʝʢʨʘʥ. ʉʘʤʠʪʝ ʦʙʝʢʪʠ ʠʤʘʪ 
ʥʷʢʘʢʚʠ ʚʠʜʠʤʠ ʨʘʟʤʝʨʠ ʠ ʩʘ ʜʘʣʝʯ ʚʣʷʚʦ ï ʠʟʚʲʥ ʦʙʭʚʘʪʘ ʥʘ ʬʠʛʫʨʘʪʘ. ʂʦʛʘʪʦ ʨʘʟʩʪʦʷʥʠʝʪʦ 
ʤʝʞʜʫ ʣʝʱʘʪʘ ʠ ʝʢʨʘʥʘ ʝ ʪʘʢʦʚʘ, ʯʝ ʚʠʞʜʘʤʝ ʷʩʥʦ ʫʤʘʣʝʥʠʪʝ ʠ ʦʙʲʨʥʘʪʠ ʦʙʨʘʟʠ A1ǋ ʠ A2ǋ ʥʘ 

ʦʙʝʢʪʠʪʝ, ʤʦʞʝʤ ʜʘ ʩʯʠʪʘʤʝ ʩʲʩ ʟʘʜʦʚʦʣʠʪʝʣʥʘ ʪʦʯʥʦʩʪ, ʯʝ ʪʦ ʝ ʨʘʚʥʦ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷ-
ʥʠʝ f  

ʊʲʡ ʢʘʪʦ ʧʨʝʜʤʝʪʠʪʝ ʦʢʦʣʦ ʥʘʩ ʠʤʘʪ ʚʠʜʠʤʠ (ʲʛʣʦʚʠ) ʨʘʟʤʝʨʠ, ʪʦ ʪʝʭʥʠʪʝ 

ʫʤʘʣʝʥʠ ʠ ʦʙʲʨʥʘʪʠ ʦʙʨʘʟʠ ʚʲʨʭʫ ʝʢʨʘʥʘ ʱʝ ʙʲʜʘʪ ʩ ʥʷʢʘʢʚʠ ʣʠʥʝʡʥʠ ʨʘʟʤʝʨʠ 

(hǋ ʚʲʚ ʬʠʛ. 2). ʇʦʩʣʝʜʥʠʪʝ ʟʘʚʠʩʷʪ ʦʪ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ f ʥʘ ʣʝʱʘʪʘ (ʦʙʝʢ-

ʪʠʚʘ), ʧʨʠ ʪʦʚʘ ʧʨʘʚʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ. ɸʢʦ ʠʟʤʝʨʠʤ ʚʲʨʭʫ ʝʢʨʘʥʘ ʨʘʟʤʝʨʠʪʝ hǋ 

ʥʘ ʦʙʨʘʟʠʪʝ ʥʘ ʤʥʦʛʦ ʦʪʜʘʣʝʯʝʥʠ ʦʙʝʢʪʠ ʠ ʩʣʝʜ ʪʦʚʘ ʟʘʤʝʥʠʤ ʣʝʱʘʪʘ ʩ ʜʨʫʛʘ ï ʩ 

ʜʚʘ ʧʲʪʠ ʧʦ-ʜʲʣʛʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʦʙʨʘʟʠʪʝ ʥʘ ʩʲɦ ʠʪʝ ʦʙʝʢʪʠ ʱʝ ʩʪʘʥʘʪ 

ʜʚʘ ʧʲʪʠ ʧʦ-ʛʦʣʝʤʠ (2hǋ). ʅʘʧʨʠʤʝʨ ʩʣʲʥʯʝʚʠʷʪ ʜʠʩʢ ʝ ʩ ʲʛʣʦʚ ʜʠʘʤʝʪʲʨ ʦʢʦʣʦ 

32ǋ (å0.53Á). ʇʨʠ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f = 500 mm ʥʝʛʦʚʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʚʲʚ 

ʬʦʢʘʣʥʘʪʘ ʨʘʚʥʠʥʘ (ʝʢʨʘʥʘ) ʱʝ ʙʲʜʝ ʩ ʜʠʘʤʝʪʲʨ 4.65 mm. ʇʨʠ f = 1000 mm ʱʝ 

ʠʤʘʤʝ ʦʙʨʘʟ ʩ ʜʠʘʤʝʪʲʨ 9.3 mm ʠ ʪ.ʥ. ɸʢʦ ʟʥʘʝʤ ʲʛʣʦʚʠʪʝ ʨʘʟʤʝʨʠ Ŭ ʥʘ ʦʙʝʢʪʘ ʚ 

ʛʨʘʜʫʩʠ ʠ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ f ʥʘ ʦʙʝʢʪʠʚʘ ʚ mm, ʤʦʞʝʤ ʙʲʨʟʦ (ʥʘ ʫʤ) ʩʲʩ 

ʟʘʜʦʚʦʣʠʪʝʣʥʘ ʪʦʯʥʦʩʪ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʣʠʥʝʡʥʠʷ ʨʘʟʤʝʨ hǋ ʥʘ ʥʝʛʦʚʠ̫ ʪ ʦʙʨʘʟ ʚ 

mm: 

 

hǋ = f Ĭ Ŭ/57.296 

 

ʢʲʜʝʪʦ ʯʠʩʣʦʪʦ 57.296 ʝ ʙʨʦʷʪ ʥʘ ʛʨʘʜʫʩʠʪʝ ʚ 1 ʨʘʜʠʘʥ. ɸʢʦ ʨʘʙʦʪʠʤ ʚ ʜʲ-
ʛʦʚʠ ʩʝʢʫʥʜʠ, ʟʘʤʝʥʷʤʝ ʪʦʚʘ ʯʠʩʣʦ ʩ 206 265 ï ʙʨʦʷʪ ʥʘ ʩʝʢʫʥʜʠʪʝ ʚ 1 ʨʘʜʠʘʥ.  
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ɿʘ ʪʦʯʥʦ ʧʨʝʩʤʷʪʘʥʝ ʦʙʘʯʝ, ʦʩʦʙʝʥʦ ʧʨʠ ʦʙʝʢʪʠ ʩ ʛʦʣʝʤʠ ʚʠʜʠʤʠ ʨʘʟʤʝʨʠ, 

ʤʦʞʝʤ ʜʘ ʧʦʣʫʯʠʤ hǋ ʪʘʢʘ: 

 

hǋ = 2 Ĭ f Ĭ tg(Ŭ/2) 

 

ʢʲʜʝʪʦ Ŭ/2 ʝ ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʲʛʣʦʚʠʷ ʨʘʟʤʝʨ ʥʘ ʦʙʝʢʪʘ.  

 

 

ʌʠʛ. 4. ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʧʨʠ ʩʬʝʨʠʯʥʦ ʦʛʣʝʜʘʣʦ ʦʪ ʨʘʜʠʫʩʘ ʥʘ ʧʦʚʲʨʭ-
ʥʦʩʪʥʘʪʘ ʤʫ ʢʨʠʚʠʥʘ:  

ʆ ï ʮʝʥʪʲʨ ʥʘ ʩʬʝʨʘʪʘ, ʯʘʩʪ ʦʪ ʢʦʷʪʦ ʝ ʚʜʣʲʙʥʘʪʘʪʘ ʦʪʨʘʟʷʚʘʱʘ ʧʦʚʲʨʭʥʦʩʪ; 
S ï ʚʨʲʭ ʥʘ ʦʛʣʝʜʘʣʦʪʦ (vertice), ʪ.ʝ. ʮʝʥʪʲʨʲʪ ʥʘ ʦʪʨʘʟʷʚʘʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʊʦʟʠ ʪʝʨʤʠʥ ʩʝ 
ʠʟʧʦʣʟʚʘ ʥʝʟʘʚʠʩʠʤʦ ʜʘʣʠ ʦʛʣʝʜʘʣʦʪʦ ʝ ʚʜʣʲʙʥʘʪʦ ʠʣʠ ʠʟʧʲʢʥʘʣʦ. ʀʟʧʦʣʟʚʘ ʩʝ ʩʲʱʦ ʠ ʧʨʠ 
ʦʧʪʠʯʥʠʪʝ ʣʝʱʠ;  
p ï ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ; 
r  ï ʨʘʜʠʫʩ ʥʘ ʦʪʨʘʟʷʚʘʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʘʪʦ r  = OS; 
D ï ʜʠʘʤʝʪʲʨ ʥʘ ʦʛʣʝʜʘʣʦʪʦ; 
F ï ʛʣʘʚʥʘ ʬʦʢʫʩʥʘ ʪʦʯʢʘ (ʦʙʨʘʟ ʥʘ ʟʚʝʟʜʘʪʘ ʥʘ ʦʧʪʠʯʥʘʪʘ ʦʩ); 

f ï ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʢʘʪʦ f = r/2. ɺʩʲʱʥʦʩʪ ʧʦʨʘʜʠ ʦʧʪʠʯʥʠʷ ʜʝʬʝʢʪ ʩʬʝʨʠʯʥʘ ʘʙʝʨʘʮʠʷ, f 
ʥʝ ʝ ʪʦʯʥʦ ʨʘʚʥʦ ʥʘ ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʨʘʜʠʫʩʘ r  ʟʘ ʚʩʠʯʢʠ ʦʪʨʘʟʝʥʠ ʣʲʯʠ, ʥʦ ʩ ʤʥʦʛʦ ʜʦʙʨʦ ʧʨʠʙ-
ʣʠʞʝʥʠʝ ʤʦʞʝʤ ʜʘ ʧʨʠʝʤʝʤ, ʯʝ ʪʦʚʘ ʝ ʪʘʢʘ; 
2f ï ʜʚʦʡʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʢʘʪʦ 2f = r . 
ʉʯʠʪʘ ʩʝ, ʯʝ ʟʘʚʠʩʠʤʦʩʪʪʘ f = r/2 ʝ ʙʠʣʘ ʠʟʚʝʩʪʥʘ ʦʱʝ ʥʘ ʫʯʝʥʠʪʝ ʧʨʝʟ ɸʥʪʠʯʥʦʩʪʪʘ (ɸʨʭʠʤʝʜ 
ʠ ʜʨ.) 

ɼʦʪʫʢ ʠʟʛʣʝʞʜʘ, ʯʝ ʤʦʞʝʤ ʣʝʩʥʦ ʜʘ ʠʟʤʝʨʠʤ ʩʲʩ ʟʘʜʦʚʦʣʠʪʝʣʥʘ ʪʦʯʥʦʩʪ 

ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʪʲʥʢʘ ʩʲʙʠʨʘʪʝʣʥʘ ʣʝʱʘ ʠʣʠ ʥʘ ʚʜʣʲʙʥʘʪʦ ʦʛʣʝʜʘʣʦ. 

ʆʙʠʢʥʦʚʝʥʦ ʦʙʘʯʝ ʬʦʪʦʛʨʘʬʩʢʠʪʝ ʦʙʝʢʪʠʚʠ, ʦʢʫʣʷʨʠʪʝ ʠ ʨʘʟʣʠʯʥʠ ʜʨʫʛʠ ʩʲʙʠ-

ʨʘʪʝʣʥʠ ʩʠʩʪʝʤʠ, ʩʘ ʩʣʦʞʥʠ ï ʩ̡ ʩʪʘʚʝʥʠ ʦʪ ʥʷʢʦʣʢʦ ʥʘ ʙʨʦʡ ʣʝʱʠ. ʇʨʠ ʪʦʚʘ 

ʪʝʭʥʠʪʝ ʣʝʱʠ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʦʪ ʨʘʟʣʠʯʥʠ ʪʠʧʦʚʝ ʩʪʲʢʣʘ ʠʣʠ ʦʪ ʜʨʫʛʠ ʧʨʦʟʨʘʯʥʠ 

ʤʘʪʝʨʠʘʣʠ, ʠʤʘʱʠ ʨʘʟʣʠʯʥʠ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʧʨʝʯʫʧʚʘʥʝ. ʇʦʚʲʨʭʥʦʩʪʠʪʝ ʥʘ 

ʪʝʟʠ ʣʝʱʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʢʘʢʪʦ ʩʬʝʨʠʯʥʠ, ʪʘʢʘ ʠ ʘʩʬʝʨʠʯʥʠ. ʎʝʣʪʘ ʝ ʜʘ ʩʝ ʢʦʨʠ-

ʛʠʨʘʪ ʚʲʟʤʦʞʥʦ ʧʦ-ʜʦʙʨʝ ʦʧʪʠʯʥʠʪʝ ʜʝʬʝʢʪʠ, ʭʘʨʘʢʪʝʨʥʠ ʟʘ ʝʜʠʥʠʯʥʘʪʘ ʣʝʱʘ ï 

ʩʬʝʨʠʯʥʘʪʘ ʘʙʝʨʘʮʠʷ, ʭʨʦʤʘʪʠʟʤʘ, ʢʦʤʘʪʘ, ʘʩʪʠʛʤʘʪʠʟʤʘ, ʜʠʩʪʦʨʩʠʷʪʘ ʠ ʩʬʝ-
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ʨʠʯʥʦʪʦ ʦʛʲʚʘʥʝ ʥʘ ʬʦʢʘʣʥʦʪʦ ʧʦʣʝ. ʅʘ ʪʝʟʠ ʥʝʜʦʩʪʘʪʲʮʠ ʱʝ ʦʙʲʨʥʝʤ ʧʦ-

ʩʧʝʮʠʘʣʥʦ ʚʥʠʤʘʥʠʝ ʧʦ-ʜʦʣʫ.  

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʪʲʥʢʘʪʘ ʣʝʱʘ, ʤʥʦʛʦʝʣʝʤʝʥʪʥʠʪʝ ʩʠʩʪʝʤʠ ʠʤʘʪ ʥʝʧʨʝʥʝʙʨʝ-

ʞʠʤʦ ʛʦʣʷʤʘ ʩʦʙʩʪʚʝʥʘ ʜʝʙʝʣʠʥʘ. ʅʘʧʨʠʤʝʨ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʯʝʣʥʘʪʘ ʠ ʧʦʩ-

ʣʝʜʥʘʪʘ ʣʝʱʘ ʥʘ ʝʜʠʥ ʬʦʪʦʛʨʘʬʩʢʠ ʦʙʝʢʪʠʚ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʪ ʥʷʢʦʣʢʦ 

ʩʘʥʪʠʤʝʪʨʘ ʜʦ ʥʷʢʦʣʢʦ ʜʝʩʝʪʢʠ ʩʘʥʪʠʤʝʪʨʘ ï ʧʨʠ ʛʦʣʝʤʠʪʝ ʪʝʣʝʦʙʝʢʪʠʚʠ. ʇʨʠ 

ʜʚʫʦʛʣʝʜʘʣʥʠʪʝ ʪʝʣʝʩʢʦʧʠ, ʢʘʢʪʦ ʠ ʧʨʠ ʦʛʣʝʜʘʣʥʦ-ʣʝʱʦʚʠʪʝ (ʥʘʨʠʯʘʥʠ ʦʱʝ 

ʢʘʪʘʜʠʦʧʪʨʠʯʥʠ ʪʝʣʝʩʢʦʧʠ) ʠʤʘʤʝ ʛʦʣʷʤʘ ʜʠʩʪʘʥʮʠʷ ʤʝʞʜʫ ʦʛʣʝʜʘʣʘʪʘ. ʊʦʛʘ-

ʚʘ ʚʲʟʥʠʢʚʘ ʚʲʧʨʦʩʲʪ ʦʪʢʲʜʝ ʪʦʯʥʦ ʩʝ ʦʪʯʠʪʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ? ʄʥʦʟʠʥʘ 

ʦʪʛʦʚʘʨʷʪ ʧʨʠʙʲʨʟʘʥʦ: Ăʦʪ ʩʨʝʜʘʪʘ ʥʘ ʪʫʙʫʩʘñ, Ăʦʪ ʧʦʟʠʮʠʷʪʘ ʥʘ ʙʣʝʥʜʘʪʘ ʚ 

ʦʙʝʢʪʠʚʘñ ʠʣʠ Ăʦʪ ʥʘʡ-ʟʘʜʥʘʪʘ ʥʝʛʦʚʘ ʣʝʱʘñ, ʥʦ ʪʝʟʠ ʦʪʛʦʚʦʨʠ ʤʦʛʘʪ ʜʘ ʩʝ ʦʢʘ-

ʞʘʪ ʧʨʘʚʠʣʥʠ ʩʘʤʦ ʚ ʦʪʜʝʣʥʠ ʩʣʫʯʘʠ.  

ɿʘ ʜʘ ʦʪʛʦʚʦʨʠʤ ʢʦʨʝʢʪʥʦ ʥʘ ʪʦʟʠ ʚʲʧʨʦʩ ʠ ʟʘ ʜʘ ʨʘʟʛʣʝʜʘʤʝ ʥʷʢʦʠ ʠʥʪʝʨʝʩ-

ʥʠ ʩʣʝʜʩʪʚʠʷ ʦʪ ʥʝʛʦ, ʪʨʷʙʚʘ ʜʘ ʥʘʜʥʠʢʥʝʤ ʟʘ ʤʘʣʢʦ ʠ ʚ ʪ. ʥʘʨ. ɻʘʫʩʦʚʘ ʛʝʦʤʝʪ-

ʨʠʯʥʘ ʦʧʪʠʢʘ. ʊʷ ʝ ʦʩʦʙʝʥʦ ʧʦʣʝʟʥʘ ʚ ʩʣʫʯʘʠʪʝ, ʢʦʛʘʪʦ ʪʨʷʙʚʘ ʜʘ ʩʝ ʦʙʦʙʱʠ 

ʩʣʦʞʥʠʷʪ ʧʲʪ ʥʘ ʩʚʝʪʣʠʥʘʪʘ (ʧʦ-ʪʦʯʥʦ ï ʥʘ ʪ. ʥʘʨ. ʧʘʨʘʢʩʠʘʣʥʠ ʣʲʯʠ) ʧʨʝʟ ʜʝʙʝ-

ʣʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʤʥʦʛʦʝʣʝʤʝʥʪʥʘ ʪʘʢʘʚʘ. ʇʨʠ ʧʨʝʤʠʥʘʚʘʥʝʪʦ 

ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʧʨʝʟ ʜʝʙʝʣʘ ʣʝʱʘ, ʪʷ ʩʝ ʧʨʝʯʫʧʚʘ ʜʚʘ ʧʲʪʠ: ʧʨʠ ʧʦʧʘʜʘʥʝʪʦ ʩʠ 

ʚʲʨʭʫ ʧʲʨʚʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ï ʥʘ ʧʨʝʭʦʜʘ ʦʪ ʚʲʟʜʫʰʥʘ ʩʨʝʜʘ ʢʲʤ ʩʪʲʢʣʦ, ʠ ʚʪʦʨʠ 

ʧʲʪ ï ʧʨʠ ʥʘʧʫʩʢʘʥʝʪʦ ʥʘ ʣʝʱʘʪʘ, ʥʘ ʦʙʨʘʪʥʠʷ ʧʨʝʭʦʜ ʩʪʲʢʣʦ ï ʚʲʟʜʫʭ. ɺ ʛʦʨʥʠ-

ʪʝ ʧʨʠʤʝʨʠ, ʨʘʟʛʣʝʞʜʘʡʢʠ ʧʨʝʯʫʧʚʘʥʝʪʦ ʧʨʝʟ ʪʲʥʢʘ ʣʝʱʘ, ʥʝ ʚʟʝʤʘʭʤʝ ʧʦʜ ʚʥʠ-

ʤʘʥʠʝ ʪʘʟʠ ʦʩʦʙʝʥʦʩʪ. ʊʦʛʘʚʘ ʪʷ ʥʘʠʩʪʠʥʘ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʥʝʙʨʝʛʥʝ, ʥʦ ʧʨʠ 

ʜʝʙʝʣʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ʢʘʨʪʠʥʘʪʘ ʝ ʟʥʘʯʠʪʝʣʥʦ ʫʩʣʦʞʥʝʥʘ ʠ ʝ ʥʫʞʝʥ ʤʝʪʦʜ ʟʘ 

ʦʙʦʙʱʘʚʘʥʝ ʥʘ ʝʬʝʢʪʘ ʦʪ ʜʚʝʪʝ ʧʨʝʯʫʧʚʘʥʠʷ. 

 

 

ʌʠʛ. 5. ɽʣʝʤʝʥʪʠ ʥʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ï ʜʝʙʝʣʘ ʣʝʱʘ: 
l1 ʠ l2 ï ʧʨʦʪʠʚʦʧʦʩʦʯʥʠ ʣʲʯʠ, ʧʦʧʘʜʘʱʠ ʚ ʣʝʱʘʪʘ ʫʩʧʦʨʝʜʥʦ ʥʘ ʦʧʪʠʯʥʘʪʘ ʦʩ; 
l1ǋ ʠ l2ǋ ï ʧʨʝʯʫʧʝʥʠ ʦʪ ʣʝʱʘʪʘ ʣʲʯʠ; 

Q ʠ Qǋ ï ʧʨʝʩʝʯʥʠ ʪʦʯʢʠ ʥʘ ʧʨʦʜʲʣʞʝʥʠʷʪʘ ʦʪ ʧʦʧʘʜʘʱʠʪʝ ʠ ʧʨʝʯʫʧʝʥʠʪʝ ʣʲʯʠ; 
p ʠ pǋ ï ʧʨʝʜʥʘ ʠ ʟʘʜʥʘ ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʥʘʨʠʯʘʥʠ ʩʲʱʦ ʛʣʘʚʥʠ ʧʣʦʩʢʦʩʪʠ 
(principal planes). ʊʝʭʥʠʪʝ ʧʦʣʦʞʝʥʠʷ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʪʦʯʢʠʪʝ Q ʠ Qǋ; 
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H ʠ Hǋ ï ʛʣʘʚʥʠ ʪʦʯʢʠ (principal points), ʚ ʢʦʠʪʦ ʦʧʪʠʯʥʘʪʘ ʦʩ ʧʨʦʙʦʞʜʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 
ʜʚʝʪʝ ʛʣʘʚʥʠ ʨʘʚʥʠʥʠ; 
S ʠ Sǋ ï ʚʨʲʭʥʠ ʪʦʯʢʠ ʥʘ ʨʘʙʦʪʥʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ  (ʚʲʨʭʦʚʝ, vertices). ʌʠʟʠʯʝʩʢʘʪʘ ʜʝʙʝʣʠʥʘ d 
ʥʘ ʣʝɦ ʘʪʘ ʝ d = SSǋ; 
F ʠ Fǋ ï ʛʣʘʚʝʥ ʧʨʝʜʝʥ ʠ ʛʣʘʚʝʥ ʟʘʜʝʥ ʬʦʢʫʩ (ʛʣʘʚʥʠ ʬʦʢʫʩʥʠ ʪʦʯʢʠ); 
f ʠ fǋ ï ʧʨʝʜʥʦ ʠ ʟʘʜʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʦʪʯʠʪʘʥʠ ʩʲʦʪʚʝʪʥʦ ʦʪ ʛʣʘʚʥʠʪʝ ʪʦʯʢʠ H ʠ Hǋ ʜʦ 

ʛʣʘʚʥʠʪʝ ʬʦʢʫʩʠ F ʠ Fǋ  

ʇʨʦʪʠʚʦʧʦʩʦʯʥʠʪʝ ʣʲʯʠ l1 ʠ l2 ʧʦʧʘʜʘʪ ʚ ʜʚʝʪʝ ʩʨʝʱʫʧʦʣʦʞʥʠ ʧʦʚʲʨʭʥʦʩʪʠ 

ʥʘ ʩʠʩʪʝʤʘʪʘ, ʫʩʧʦʨʝʜʥʦ ʥʘ ʥʝʡʥʘʪʘ ʦʧʪʠʯʥʘ ʦʩ (ʬʠʛ. 5). ʊʝʭʥʠʪʝ ʧʨʦʜʲʣʞʝʥʠʷ 

ʦʪ ʤʝʩʪʘʪʘ ʥʘ ʧʲʨʚʦʪʦ ʠʤ ʧʨʝʯʫʧʚʘʥʝ, ʢʘʢʪʦ ʠ ʧʨʦʜʲʣʞʝʥʠʷʪʘ ʚ ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ 

ʥʘ ʚʝʯʝ ʥʘʧʫʩʥʘʣʠʪʝ ʣʝʱʘʪʘ ʩʚʲʨʟʘʥʠ ʩ ʪʷʭ ʣʲʯʠ l1ǋ ʠ l2ǋ, ʩʝ ʧʨʝʩʠʯʘʪ ʚ ʪʦʯʢʠʪʝ 

Q ʠ Qǋ (ʧʨʦʜʲʣʞʝʥʠʷʪʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩ ʧʨʝʢʲʩʥʘʪʠ ʣʠʥʠʠ). ʊʝʟʠ ʜʚʝ ʪʦʯʢʠ 

ʦʧʨʝʜʝʣʷʪ ʧʦʣʦʞʝʥʠʷʪʘ ʥʘ ʧʨʝʜʥʘʪʘ ʠ ʟʘʜʥʘʪʘ ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ p ʠ pǋ, ʥʘʨʠʯʘʥʠ 

ʩʲʱʦ ʠ ʛʣʘʚʥʠ ʧʣʦʩʢʦʩʪʠ. ɻʣʘʚʥʠʪʝ ʨʘʚʥʠʥʠ ʩʘ ʘʙʩʪʨʘʢʪʥʠ, ʛʝʦʤʝʪʨʠʯʥʦ ʜʝʬʠ-

ʥʠʨʘʥʠ ʦʙʝʢʪʠ, ʪ.ʝ. ʪʝ ʥʝ ʩʘ ʤʘʪʝʨʠʘʣʥʠ. ʊʦʯʢʠʪʝ H ʠ Hǋ, ʚ ʢʦʠʪʦ ʦʧʪʠʯʥʘʪʘ ʦʩ 

ʧʨʦʙʦʞʜʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʣʘʚʥʠʪʝ ʨʘʚʥʠʥʠ, ʩʝ ʥʘʨʠʯʘʪ ʛʣʘʚʥʠ ʪʦʯʢʠ. ʈʘʟʩ-

ʪʦʷʥʠʷʪʘ HF ʠ HǋFǋ ʩʘ ʩʲʦʪʚʝʪʥʦ ʧʨʝʜʥʦʪʦ ʠ ʟʘʜʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f ʠ fǋ 

ʥʘ ʩʠʩʪʝʤʘʪʘ. 

ɸʢʦ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʛʣʘʚʥʠʪʝ ʨʘʚʥʠʥʠ p ʠ pǋ ʝ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʢʦ ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʬʦʢʫʩʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ, ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʨʘʟʛʣʝʞʜʘ ʢʘʪʦ ʪʲʥʢʘ 

ʣʝɦ ʘ. 

ɺ ʧʨʘʢʪʠʢʘʪʘ ʝ ʚʘʞʥʦ ʝ ʜʘ ʩʝ ʟʥʘʝ, ʯʝ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʤʥʦʛʦʝʣʝʤʝʥʪʥʘ 

(ʜʝʙʝʣʘ) ʩʲʙʠʨʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ï ʥʘʧʨʠʤʝʨ ʬʦʪʦʛʨʘʬʩʢʠ ʦʙʝʢʪʠʚ, ʥʝʡʥʠʷʪ ʧʨʦʝʢ-

ʮʠʦʥʝʥ ʮʝʥʪʲʨ ʝ ʟʘʜʥʘʪʘ ʛʣʘʚʥʘ ʪʦʯʢʘ (Hǋ). ʅʘʧʨʠʤʝʨ ʘʢʦ ʩʥʠʤʘʤʝ ʩʝʨʠʷ ʢʘʜʨʠ 

ʩ ʮʝʣ ʩʲʩʪʘʚʷʥʝ ʥʘ ʧʘʥʦʨʘʤʘ ï ʯʨʝʟ ʧʦʝʪʘʧʥʦ ʟʘʚʲʨʪʘʥʝ ʥʘ ʬʦʪʦʘʧʘʨʘʪʘ, ʧʦʩʣʝʜ-

ʥʠʷʪ ʪʨʷʙʚʘ ʜʘ ʩʝ ʚʲʨʪʠ ʦʢʦʣʦ ʚʝʨʪʠʢʘʣʥʘ ʦʩ, ʧʨʝʤʠʥʘʚʘʱʘ ʧʨʝʟ ʟʘʜʥʘʪʘ ʛʣʘʚʥʘ 

ʪʦʯʢʘ ʥʘ ʦʙʝʢʪʠʚʘ. ʊʦʚʘ ʝ ʦʱʝ ʧʦ-ʥʘʣʦʞʠʪʝʣʥʦ ʘʢʦ ʠʤʘʤʝ ʚʘʞʥʠ ʠʣʠ ʢʦʥʪʨʘʩʪʠ-

ʨʘʱʠ ʦʙʝʢʪʠ ʚ ʙʣʠʟʢʠʷ ʧʣʘʥ. ʆʙʠʢʥʦʚʝʥʠʪʝ ʬʦʪʦʛʨʘʬʩʢʠ ʩʪʘʪʠʚʠ ʥʷʤʘʪ ʚʲʟ-

ʤʦʞʥʦʩʪ ʟʘ ʠʟʥʘʩʷʥʝ ʥʘ ʬʦʪʦʘʧʘʨʘʪʘ ʥʘʟʘʜ ʩʧʨʷʤʦ ʚʝʨʪʠʢʘʣʥʘʪʘ ʦʩ ʥʘ ʛʣʘʚʘʪʘ, 

ʧʦʨʘʜʠ ʢʦʝʪʦ ʩʝ ʥʘʣʘʛʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʫʩʪʨʦʡʩʪʚʦ ʩ ʨʦʣʷ ʥʘ 

ʭʦʨʠʟʦʥʪʘʣʥʘ ʨʝʣʩʘ. 

 

ʈʝʘʣʥʠʷʪ ʧʲʪ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʚ ʝʜʥʘ ʤʥʦʛʦʝʣʝʤʝʥʪʥʘ ʩʲʙʠʨʘʪʝʣʥʘ ʩʠʩʪʝʤʘ 

(ʦʙʝʢʪʠʚ) ʝ ʜʦʩʪʘ ʩʣʦʞʝʥ. ʊʦʡ ʩʝ ʠʟʯʠʩʣʷʚʘ ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʧʦʩʣʝʜʥʘʪʘ 

ʯʨʝʟ ʩʧʝʮʠʘʣʠʟʠʨʘʥ ʩʦʬʪʫʝʨ. ʅʦ ʚʲʧʨʝʢʠ ʤʥʦʛʦʙʨʦʡʥʠʪʝ ʧʨʝʯʫʧʚʘʥʠʷ ʥʘ ʣʲʯʠ-

ʪʝ ʧʨʝʟ ʚʩʠʯʢʠ ʣʝʱʠ, ʚʠʥʘʛʠ ʤʦʞʝʤ ʜʘ ʥʘʤʝʨʠʤ ʧʦʣʦʞʝʥʠʷʪʘ ʥʘ ʛʣʘʚʥʠʪʝ ʨʘʚ-

ʥʠʥʠ ʯʨʝʟ ʦʙʦʙʱʘʚʘʥʝ ʥʘ ʭʦʜʘ ʥʘ ʧʘʨʘʢʩʠʘʣʥʠʪʝ ʣʲʯʠ ï ʢʘʢʪʦ ʚʲʚ ʬʠʛ. 5. ʊʘʢʘ 

ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʪʦʯʥʦ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʘ ʦʪʪʘʤ ʠ ʜʨʫʛʠ 

ʥʝʡʥʠ ʧʘʨʘʤʝʪʨʠ. ʊʨʷʙʚʘ ʜʘ ʦʪʙʝʣʝʞʠʤ ʦʙʘʯʝ, ʯʝ ʟʘ ʣʲʯʠ, ʧʦʧʘʜʘʱʠ ʚ ʩʠʩʪʝʤʘʪʘ 

ʧʦʜ ʛʦʣʝʤʠ ʲʛʣʠ ʩʧʨʷʤʦ ʛʣʘʚʥʘʪʘ ʦʧʪʠʯʥʘ ʦʩ, ʧʦʥʷʪʠʝʪʦ Ăʛʣʘʚʥʘ ʨʘʚʥʠʥʘñ ʛʫʙʠ 

ʩʤʠʩʲʣ, ʪʲʡ ʢʘʪʦ ʧʦ ʦʧʠʩʘʥʠʷʪ ʧʨʠʥʮʠʧ ʟʘ ʪʷʭ ʤʦʞʝʤ ʜʘ ʧʦʣʫʯʠʤ ʥʷʢʘʢʚʘ ʥʝ-

ʨʘʚʥʘ, ʧʦ-ʩʣʦʞʥʘ ʧʦʚʲʨʭʥʠʥʘ. 
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ʌʠʛ. 6. ʇʲʪ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʧʨʝʟ ʯʝʪʠʨʠʝʣʝʤʝʥʪʝʥ ʩʠʤʝʪʨʠʯʝʥ ʦʙʝʢʪʠʚ ʚ ʯʘʩʪʝʥ ʩʣʫʯʘʡ, ʧʨʠ 
ʢʦʡʪʦ ʦʙʝʢʪʲʪ A ʩ ʨʘʟʤʝʨ h ʝ ʦʪʜʘʣʝʯʝʥ ʦʪ ʧʨʝʜʥʘʪʘ ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ p ʥʘ ʜʠʩʪʘʥʮʠʷ, ʨʘʚʥʘ ʥʘ 
ʫʜʚʦʝʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 2f. ʊʦʛʘʚʘ ʜʝʡʩʪʚʠʪʝʣʥʠʷʪ ʦʙʲʨʥʘʪ ʦʙʨʘʟ Aǋ ʥʘ ʦʙʝʢʪʘ, ʩ ʨʘʟ-
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ʤʝʨ hǋ, ʩʝ ʧʦʩʪʨʦʷʚʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ 2fǋ ʩʣʝʜ ʟʘʜʥʘʪʘ ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ pǋ, ʩʲʱʦ ʨʘʚʥʦ ʥʘ ʜʚʦʡʥʦ-
ʪʦ ʬʦʢʫʩʥʦ (2f = 2fǋ). ɺ ʪʘʢʠʚʘ ʩʣʫʯʘʠ ʦʙʝʢʪʲʪ ʠ ʥʝʛʦʚʠʷʪ ʦʙʨʘʟ ʩʘ ʚ ʤʘʱʘʙ 1:1, ʪ.ʝ. h = hǋ  

ɺʲʚ ʬʠʛ. 6 ʘʥʘʣʦʛʠʯʥʦ ʥʘ ʧʨʝʜʠʰʥʠʷ ʧʨʠʤʝʨ ʤʦʞʝʤ ʜʘ ʦʧʨʝʜʝʣʠʤ ʧʦʣʦʞʝ-

ʥʠʷʪʘ ʥʘ ʜʚʝʪʝ ʛʣʘʚʥʠ ʨʘʚʥʠʥʠ, ʦʪ ʢʦʠʪʦ ʩʝ ʦʪʯʠʪʘʪ ʧʨʝʜʥʦʪʦ ʠ ʟʘʜʥʦʪʦ ʬʦʢʫʩʥʦ 

ʨʘʟʩʪʦʷʥʠʝ. ɿʘ ʮʝʣʪʘ ʧʨʦʩʣʝʜʷʚʘʤʝ ʧʨʦʜʲʣʞʝʥʠʷʪʘ ʥʘ ʧʦʧʘʜʘʱʠʷ ʚ ʧʲʨʚʘʪʘ ʧʦ-

ʚʲʨʭʥʦʩʪ ʣʲʯ l1 ʠ ʥʘ ʠʟʭʦʜʥʠʷ ʣʲʯ l3ǋ, ʢʦʠʪʦ ʩʘ ʫʩʧʦʨʝʜʥʠ ʥʘ ʦʧʪʠʯʥʘʪʘ ʦʩ. 

ʇʨʦʩʣʝʜʷʚʘʤʝ ʩʲʱʦ ʠ ʧʨʦʜʲʣʞʝʥʠʷʪʘ ʥʘ ʧʨʝʤʠʥʘʚʘʱʠʪʝ ʧʨʝʟ ʧʨʝʜʥʠʷ ʠ ʟʘʜʥʠʷ 

ʬʦʢʫʩ ʣʲʯʠ l3 ʠ l1ǋ (ʧʫʥʢʪʠʨʘʥʠʪʝ ʠʤ ʧʨʦʜʲʣʞʝʥʠʷ ʩʘ ʧʦ-ʫʜʦʙʥʦ ʚʠʜʠʤʠ ʚ ʧʨʠ-

ʤʝʨ b). ʉʧʦʨʝʜ ʚʝʯʝ ʧʦʟʥʘʪʠʷʪ ʥʠ ʧʨʠʥʮʠʧ ʪʝʭʥʠʪʝ ʧʨʝʩʝʯʥʠ ʪʦʯʢʠ Q ʠ Qǋ ʦʧ-

ʨʝʜʝʣʷʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷʪʘ ʥʘ ʛʣʘʚʥʠʪʝ ʨʘʚʥʠʥʠ p ʠ pǋ. 

ɺ ʧʨʠʤʝʨ c ʝ ʧʦʢʘʟʘʥʦ ʢʘʢ ʩʲʙʠʨʘʪʝʣʥʘʪʘ ʩʠʩʪʝʤʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʝʜʩʪʘʚʝ-

ʥʘ ʩʘʤʦ ʯʨʝʟ ʛʣʘʚʥʠʪʝ ʩʠ ʨʘʚʥʠʥʠ ï ʥʝʱʦ, ʢʦʝʪʦ ʤʦʞʝʤ ʜʘ ʚʠʜʠʤ ʚ ʥʷʢʦʠ ʯʝʨ-

ʪʝʞʠ ʠ ʚ ʪʝʭʥʠʯʝʩʢʘʪʘ ʜʦʢʫʤʝʥʪʘʮʠʷ ʥʘ ʨʘʟʣʠʯʥʠ ʧʨʠʙʦʨʠ. 

 

ɸʢʦ ʜʦʩʝʛʘ ʦʧʠʩʘʥʠʝʪʦ ʥʘ ʪʦʟʠ ʧʨʠʥʮʠʧ ʚʠ ʠʟʛʣʝʞʜʘʰʝ ʤʘʣʢʦ ʩʢʫʯʥʦ, ʜʦʡ-

ʜʦ ʚʨʝʤʝ ʜʘ ʨʘʟʛʣʝʜʘʤʝ ʥʷʢʦʠ ʚʘʞʥʠ ʦʪ ʧʨʘʢʪʠʯʝʩʢʘ ʛʣʝʜʥʘ ʪʦʯʢʘ ʩʣʝʜʩʪʚʠʷ ʦʪ 

ʥʝʛʦ. ɺʩʝʢʠ ʧʨʘʢʪʠʢʫʚʘʱ ʬʦʪʦʛʨʘʬ ʠ ʘʩʪʨʦʥʦʤ ʩʝ ʝ ʚʲʟʧʦʣʟʚʘʣ ʦʪ ʪʷʭ, ʥʝʟʘʚʠ-

ʩʠʤʦ ʜʘʣʠ ʝ ʦʩʲʟʥʘʚʘʣ ʪʦʚʘ ʠʣʠ ʥʝ.  
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ʌʠʛ. 7. ɽʬʝʢʪʠʚʥʦ (ʝʢʚʠʚʘʣʝʥʪʥʦ) ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʩʣʦʞʥʘ ʩʠʩʪʝʤʘ. ʇʦʢʘʟʘʥʠ ʩʘ ʜʚʘ 
ʧʨʠʤʝʨʘ ʩ ʠʟʥʘʩʷʥʝ ʥʘ ʟʘʜʥʘʪʘ ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ ʧʨʝʜ ʠ ʟʘʜ ʩʠʩʪʝʤʘ ʦʪ ʜʚʝ ʣʝʱʠ: 
1 ï ʩʲʙʠʨʘʪʝʣʥʘ (ʧʦʣʦʞʠʪʝʣʥʘ, ʢʦʥʚʝʨʛʝʥʪʥʘ) ʣʝʱʘ; 

2 ï ʨʘʟʩʝʡʚʘʪʝʣʥʘ (ʦʪʨʠʮʘʪʝʣʥʘ, ʜʠʚʝʨʛʝʥʪʥʘ) ʣʝʱʘ. ʈʘʟʩʝʡʚʘʪʝʣʥʠʪʝ ʣʝʱʠ ʩʘ ʧʦ-ʪʲʥʢʠ ʚ 
ʩʨʝʜʘʪʘ, ʦʪʢʦʣʢʦʪʦ ʚ ʧʝʨʠʬʝʨʠʷʪʘ ï ʦʙʨʘʪʥʦ ʥʘ ʩʲʙʠʨʘʪʝʣʥʠʪʝ; 
Q ï ʧʨʝʩʝʯʥʘ ʪʦʯʢʘ ʥʘ ʧʦʧʘʜʘʱʠʷ ʣʲʯ l ʩ ʧʨʦʜʲʣʞʝʥʠʝʪʦ ʦʪ ʩʚʲʨʟʘʥʠʷ ʩ ʥʝʛʦ ʧʨʝʯʫʧʝʥ ʠʟʭʦ-
ʜʷʱ ʣʲʯ lǋ (ʧʨʠʤʝʨ a) ʠ ʥʘ ʧʨʦʜʲʣʞʝʥʠʝʪʦ ʦʪ ʧʦʧʘʜʘʱʠʷ ʣʲʯ l ʩʲʩ ʩʘʤʠʷ ʧʨʝʯʫʧʝʥ ʣʲʯ lǋ 
(ʧʨʠʤʝʨ b). ɸʥʘʣʦʛʠʯʥʦ ʥʘ ʨʘʟʛʣʝʜʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʧʨʠʤʝʨʠ, ʪʦʯʢʘ Q ʦʧʨʝʜʝʣʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠ-
ʝʪʦ ʥʘ ʟʘʜʥʘʪʘ ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ p, ʥʝʟʘʚʠʩʠʤʦ ʯʝ ʪʷ ʝ ʠʟʚʲʥ ʩʠʩʪʝʤʘʪʘ. 
H ï ʟʘʜʥʘ ʛʣʘʚʥʘ ʪʦʯʢʘ; 
F ï ʟʘʜʝʥ ʛʣʘʚʝʥ ʬʦʢʫʩ; 

f ï ʝʬʝʢʪʠʚʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʮʷʣʘʪʘ ʩʠʩʪʝʤʘ. ʊʦ ʝ ʝʜʥʦ ʠ ʩʲʱʦ ʚ ʧʨʠʤʝʨʠʪʝ a ʠ b; 
t ï ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʘʜʥʘʪʘ ʣʝʱʘ ʠ ʬʦʢʘʣʥʘʪʘ ʨʘʚʥʠʥʘ. ʊʦ ʝ ʧʦ-ʢʲʩʦ ʦʪ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷ-
ʥʠʝ f ʚ ʧʨʠʤʝʨ a ʠ ʝ ʧʦ-ʜʲʣʛʦ ʦʪ f ʚ ʧʨʠʤʝʨ b. ʇʦʥʷʢʦʛʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʷ ʝʣʝ-
ʤʝʥʪ ʥʘ ʝʜʥʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ ʠ ʬʦʢʘʣʥʘʪʘ ʨʘʚʥʠʥʘ (ʬʦʪʦʧʨʠʝʤʥʠʢʘ) ʩʝ ʥʘʨʠʯʘ ʪʠʨʘʞ; 
ʇʦʢʘʟʘʥʠʪʝ ʩʭʝʤʠ ʚ ʧʨʠʤʝʨʠʪʝ a ʠ b ʧʦʥʷʢʦʛʘ ʦʙʦʙʱʝʥʦ ʩʝ ʥʘʨʠʯʘʪ Ăʪʝʣʝʦʙʝʢʪʠʚñ ʠ Ăʦʙʲʨʥʘʪ 
ʪʝʣʝʦʙʝʢʪʠʚñ 

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʨʘʟʛʣʝʜʘʥʠʪʝ ʧʨʝʜʠ ʢʣʘʩʠʯʝʩʢʠ ʩʣʫʯʘʠ, ʧʦʟʥʘʪʠ ʥʠ ʩʲʱʦ ʠ ʦʪ 

ʫʯʝʙʥʠʮʠʪʝ, ʬʠʛ. 7 ʜʝʤʦʥʩʪʨʠʨʘ ʢʘʢ ʟʘʜʥʘʪʘ ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ p ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʠʟʥʝʩʝʥʘ ʧʨʝʜ ʩʠʩʪʝʤʘ ʦʪ ʩʲʙʠʨʘʪʝʣʥʘ ʠ ʨʘʟʩʝʡʚʘʪʝʣʥʘ ʣʝʱʘ ʠʣʠ ʦʙʨʘʪʥʦ ï ʜʘ 
ʙʲʜʝ ʦʪʤʝʩʪʝʥʘ ʜʘʣʝʯ ʟʘʜ ʥʝʷ. ʊʦʚʘ ʥʝ ʝ ʧʨʦʩʪʦ ʩʫʭʘ ʪʝʦʨʠʷ, ʘ ʥʘ ʧʨʘʢʪʠʢʘ ʦʟʥʘ-

ʯʘʚʘ, ʯʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʦʥʩʪʨʫʠʨʘʥ ʦʙʝʢʪʠʚ, ʧʨʠ ʢʦʡʪʦ: a) ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ 
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ʝ ʩʲʠʟʤʝʨʠʤʦ ʠʣʠ ʜʦʨʠ ʧʦ-ʜʲʣʛʦ ʦʪ ʩʦʙʩʪʚʝʥʠʷʪ ʤʫ ʪʫʙʫʩ ʠ b) ʬʦʢʫʩʥʦʪʦ ʨʘʟʩ-

ʪʦʷʥʠʝ ʝ ʤʥʦʛʦ ʧʦ-ʢʲʩʦ ʦʪ ʬʠʟʠʯʝʩʢʘʪʘ ʜʠʩʪʘʥʮʠʷ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʷ ʝʣʝʤʝʥʪ ʥʘ 

ʦʙʝʢʪʠʚʘ ʠ ʛʣʘʚʥʠʷ ʤʫ ʬʦʢʫʩ F. 

ʏʠʪʘʪʝʣʷʪ ʩʠʛʫʨʥʦ ʚʝʯʝ ʩʝ ʜʦʩʝʱʘ, ʯʝ ʧʲʨʚʠʷʪ ʧʦʭʚʘʪ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠ ʬʦ-

ʪʦʛʨʘʬʩʢʠʪʝ ʪʝʣʝʦʙʝʢʪʠʚʠ, ʜʦʢʘʪʦ ʚʪʦʨʠʷʪ ʥʘʤʠʨʘ ʧʨʠʣʦʞʝʥʠʝ ʧʨʠ ʰʠʨʦʢʦʲ-

ʛʲʣʥʠʪʝ ʦʙʝʢʪʠʚʠ ʟʘ SLR ʠ DSLR ʬʦʪʦʘʧʘʨʘʪʠ. ʇʨʠ ʧʦʩʣʝʜʥʠʪʝ ʪʨʷʙʚʘ ʜʘ ʠʤʘ 

ʩʚʦʙʦʜʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʪ ʦʢʦʣʦ 4 ʩʤ ʟʘʜ ʦʙʝʢʪʠʚʘ, ʟʘ ʜʘ ʤʦʞʝ ʜʘ ʨʘʙʦʪʠ ʧʦʜ-

ʚʠʞʥʦʪʦ ʦʛʣʝʜʘʣʦ ʥʘ ʦʛʣʝʜʘʣʥʦ-ʨʝʬʣʝʢʩʥʠʷ ʚʠʟʴʦʨ. ʇʨʠ ʪʝʟʠ ʰʠʨʦʢʠ ʦʙʝʢʪʠʚʠ 

ʬʦʢʫʩʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʥʘʠʩʪʠʥʘ ʩʘ ʧʦ-ʢʲʩʠ ʦʪ ʜʠʩʪʘʥʮʠʷʪʘ ʤʝʞʜʫ ʛʨʠʚʥʘʪʘ ʥʘ 

ʪʷʣʦʪʦ ʥʘ ʬʦʪʦʘʧʘʨʘʪʘ, ʩʣʫʞʝʱʘ ʟʘ ʟʘʢʨʝʧʚʘʥʝ ʥʘ ʦʙʝʢʪʠʚʘ, ʠ ʨʘʚʥʠʥʘʪʘ ʥʘ ʩʝʥ-

ʟʦʨʘ. ʊʦʚʘ ʨʘʟʩʪʦʷʥʠʝ ʝ ʠʟʚʝʩʪʥʦ ʩʨʝʜ ʬʦʪʦʛʨʘʬʠʪʝ ʢʘʪʦ ʨʘʙʦʪʥʘ ʦʪʩʝʯʢʘ ʠʣʠ 

Flange Focal Distance ï FFD. ʊ ̫ʝ ʨʘʟʣʠʯʥʘ ʧʨʠ ʨʘʟʣʠʯʥʠʪʝ ʤʦʜʝʣʠ ʬʦʪʦʘʧʘʨʘʪʠ 

ʠ ʦʙʝʢʪʠʚʠ. ʅʘʧʨʠʤʝʨ ʟʘ Canon EF ʠ EF-S-mount ʪ ̫ʝ 44.0 mm. ɿʘ Nikon F-mount 

ʝ 46.5 mm. ɿʘ ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʦʪʦ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʜʝʩʝʪʠʣʝʪʠʷ ʥʘ ʤʠʥʘʣʠʷ ʚʝʢ ʫ 

ʥʘʩ ʦʢʘʯʚʘʥʝ ʩ ʨʝʟʙʘ M42Ĭ1 (Praktica, Pentacon, ɿʝʥʠʪ, Pentax, Contax S ʠ ʜʨ.), 

ʪʦʚʘ ʨʘʟʩʪʦʷʥʠʝ ʙʝ 45.46 mm. ɿʘ ʩʪʘʥʘʣʦʪʦ ʧʦʧʫʣʷʨʥʦ ʧʘʢ ʪʦʛʘʚʘ, ʥʦ ʯʝʩʪʦ ʠʟ-

ʧʦʣʟʚʘʥʦ ʠ ʜʥʝʩ ʦʢʘʯʚʘʥʝ T-mount (Tamron T-400 ʠʣʠ T-2) ʩ ʨʝʟʙʘ M42Ĭ0.75, 

ʪʘʟʠ ʜʠʩʪʘʥʮʠʷ ʝ 55.0 mm. ʅʦ ʟʘ ʩʧʦʤʝʥʘʪʠʪʝ ʠ ʟʘ ʜʨʫʛʠ ʤʦʜʝʣʠ ʬʦʪʦʘʧʘʨʘʪʠ ʩ 

ʨʘʙʦʪʥʠ ʦʪʩʝʯʢʠ ʦʪ ʩʲʱʠʷ ʧʦʨʷʜʲʢ ʩʲʱʝʩʪʚʫʚʘʪ ʰʠʨʦʢʦʲʛʲʣʥʠ ʠ ʩʚʨʲʭʰʠʨʦʢʦ-

ʲʛʲʣʥʠ ʦʙʝʢʪʠʚʠ ʩ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ ʩʘʤʦ 8 ï 10 mm. ɿʘʪʦʚʘ ʘʢʦ ʥʷʢʦʛʘ ʩʪʝ ʩʠ 

ʟʘʜʘʚʘʣʠ ʚʲʧʨʦʩʘ ʢʘʢ ʪʘʢʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʧʦʩʪʨʦʝʥʦ ʦʪ ʪʘʢʲʚ ʦʙʝʢʪʠʚ, ʠʟʦʙʱʦ 

ʤʦʞʝ ʜʘ ʜʦʩʪʠʛʥʝ ʨʘʚʥʠʥʘʪʘ ʥʘ ʩʝʥʟʦʨʘ, ʪʦ ʦʪʛʦʚʦʨʲʪ ʝ ʚʲʚ ʬʠʛ. 7b. ʉ ʜʨʫʛʠ 

ʜʫʤʠ ʧʨʝʜʥʘʪʘ ʛʨʫʧʘ ʣʝʱʠ ʧʨʠ ʪʝʟʠ ʦʙʝʢʪʠʚʠ ʝ ʩ ʦʙʱ ʨʘʟʩʝʡʚʘʪʝʣʝʥ ʝʬʝʢʪ, ʜʦ-

ʢʘʪʦ ʚ ʟʘʜʥʘʪʘ ʛʨʫʧʘ ʩʘ ʚʢʣʶʯʝʥʠ ʤʦʱʥʠ ʩʲʙʠʨʘʪʝʣʥʠ ʣʝʱʠ ʠ ʣʦʛʠʯʥʦ ʪʷ ʩʲʱʦ ʝ 

ʩʲʙʠʨʘʪʝʣʥʘ, ʧʨʠ ʪʦʚʘ ʩ ʜʦʩʪʘ ʢʲʩʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ. 

ʊʨʷʙʚʘ ʜʘ ʩʝ ʧʦʤʥʠ, ʯʝ ʨʘʙʦʪʥʘʪʘ ʦʪʩʝʯʢʘ (FFD) ʝ ʧʘʨʘʤʝʪʲʨ ʢʘʢʪʦ ʥʘ ʪʷʣʦ-

ʪʦ ʥʘ ʬʦʪʦʘʧʘʨʘʪʘ, ʪʘʢʘ ʠ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠʷ ʦʙʝʢʪʠʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʠ ʥʘ 

ʜʚʘʪʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʩʲʦʙʨʘʟʝʥʠ ʩ ʥʝʷ. ʉʲʱʦ ʪʘʢʘ ʪʨʷʙʚʘ ʜʘ ʩʝ ʧʨʘʚʠ ʷʩʥʘ ʨʘʟ-

ʣʠʢʘ ʤʝʞʜʫ ʪʨʠʪʝ ʦʪʜʝʣʥʠ ʧʦʥʪ̫ʠʷ FFD, ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʦʙʝʢʪʠʚʘ ʠ 

ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʧʦʩʣʝʜʥʘʪʘ ʤʫ ʣʝʱʘ ʠ ʩʝʥʟʦʨʘ. ʇʦʩʣʝʜʥʦʪʦ ʩʝ ʫʧʦʤʝʥʘʚʘ 

ʨʷʜʢʦ, ʥʦ ʤʦʞʝ ʜʘ ʩʝ ʦʢʘʞʝ ʚʘʞʥʦ ʘʢʦ ʤʝʞʜʫ ʦʙʝʢʪʠʚʘ ʠ ʩʝʥʟʦʨʘ ʩʝ ʥʘʤʠʨʘʪ 

ʜʨʫʛʠ ʦʧʪʠʯʥʠ ʠʣʠ ʤʝʭʘʥʠʯʥʠ ʝʣʝʤʝʥʪʠ. 

ʉʣʫʯʘʷʪ, ʧʦʢʘʟʘʥ ʚʲʚ ʬʠʛ. 7b, ʤʦʞʝ ʜʘ ʩʪʘʥʝ ʧʨʠʯʠʥʘ ʟʘ ʟʘʙʣʫʜʘ ʧʨʠ ʠʟʤʝʨ-

ʚʘʥʝ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʥʝʧʦʟʥʘʪʘ ʩʲʙʠʨʘʪʝʣʥʘ ʩʠʩʪʝʤʘ ï ʥʘʧʨʠʤʝʨ ʥʘ 

ʦʙʝʢʪʠʚ ʩ ʥʝʜʝʢʣʘʨʠʨʘʥʠ ʧʘʨʘʤʝʪʨʠ. ɸʢʦ ʨʘʙʦʪʝʱʠʷʪ ʥʝ ʝ ʦʩʚʝʜʦʤʝʥ ʟʘ ʧʨʠʥ-

ʮʠʧʠʪʝ, ʦʧʠʩʘʥʠ ʪʫʢ, ʪʦʡ ʤʦʞʝ ʜʘ ʦʪʯʝʪʝ ʨʘʟʩʪʦʷʥʠʝʪʦ t ʤʝʞʜʫ ʦʙʝʢʪʠʚʘ ʠ ʥʝʛʦ-

ʚʠʷ ʬʦʢʫʩ F, ʢʘʪʦ ʩʠ ʤʠʩʣʠ, ʯʝ ʪʦʚʘ ʝ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ f. ʅʘʧʨʠʤʝʨ ʝʜʥʘ 

ʩʠʩʪʝʤʘ ʦʪ ʩʲʙʠʨʘʪʝʣʥʘ ʠ ʨʘʟʩʝʡʚʘʪʝʣʥʘ ʣʝʱʘ ʤʦʞʝ ʜʘ ʠʤʘ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 

f = 20 ʩʤ, ʥʦ ʦʙʱʘʪʘ ʠʤ ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ p ʤʦʞʝ ʜʘ ʝ ʦʪʤʝʩʪʝʥʘ ʪʦʣʢʦʚʘ ʜʘʣʝʯ ʟʘʜ 

ʪʷʭ, ʯʝ ʨʘʟʩʪʦʷʥʠʝʪʦ t ʜʘ ʙʲʜʝ ʦʢʦʣʦ 80 ʩʤ ï ʚ ʧʲʪʠ ʧʦ-ʜʲʣʛʦ! ʊʘʢʘʚʘ ʛʨʝʰʢʘ ʱʝ 

ʩʝ ʦʪʢʨʠʝ ʝʜʚʘ ʢʦʛʘʪʦ ʩʪʘʥʝ ʷʩʥʦ, ʯʝ ʤʘʱʘʙʲʪ ʥʘ ʧʦʩʪʨʦʝʥʠʷ ʦʙʨʘʟ ʦʪ ʪʦʟʠ ʦʙʝʢ-

ʪʠʚ ʥʝ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʠʟʤʝʨʝʥʦʪʦ Ăʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝñ.  

 
ʂʦʛʘʪʦ ʠʤʘʤʝ ʩʠʩʪʝʤʘ ʦʪ ʜʚʘ ʠʣʠ ʧʦʚʝʯʝ ʦʧʪʠʯʥʠ ʝʣʝʤʝʥʪʘ, ʢʘʢʪʦ ʚʲʚ ʬʠ-

ʛʫʨʠ 6 ʠ 7, ʤʦʞʝʤ ʜʘ ʥʘʨʝʯʝʤ ʥʝʡʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʝʬʝʢʪʠʚʥʦ, ʝʢʚʠʚʘ-
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ʣʝʥʪʥʦ ʠʣʠ ʨʝʟʫʣʪʘʥʪʥʦ, ʪʲʡ ʢʘʪʦ ʪʦ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʬʘʢʪʦʨʘ ʥʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ 

ʩʲʩʪʘʚʷʱʠʪʝ ʷ ʝʣʝʤʝʥʪʠ, ʢʘʢʪʦ ʠ ʦʪ ʨʘʟʩʪʦʷʥʠʷʪʘ ʤʝʞʜʫ ʪʷʭ. ʅʦ ʪʲʡ ʢʘʪʦ ʥʘʡ-

ʯʝʩʪʦ ʩʪʘʚʘ ʜʫʤʘ ʟʘ ʢʦʥʢʨʝʪʝʥ ʧʨʠʙʦʨ ï ʪʝʣʝʩʢʦʧ, ʬʦʪʦʦʙʝʢʪʠʚ ʠʣʠ ʜʨ., ʥʝʟʘʚʠ-

ʩʠʤʦ ʢʦʣʢʦ ʦʧʪʠʯʥʠ ʜʝʪʘʡʣʘ ʩʲʜʲʨʞʘ ʪʦʡ, ʛʦʚʦʨʠʤ ʧʨʦʩʪʦ ʟʘ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷ-

ʥʠʝ ʥʘ ʜʘʜʝʥʠʷ ʧʨʠʙʦʨ.  

ɸʢʦ ʟʥʘʝʤ ʩʦʙʩʪʚʝʥʠʪʝ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ ʥʘ ʝʣʝʤʝʥʪʠʪʝ, ʫʯʘʩʪʚʘʱʠ ʚ ʪʘ-

ʢʘʚʘ ʩʠʩʪʝʤʘ, ʢʘʢʪʦ ʠ ʨʘʟʩʪʦʷʥʠʷʪʘ ʤʝʞʜʫ ʪʷʭ, ʤʦʞʝʤ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʥʝʡʥʦʪʦ 

ʝʬʝʢʪʠʚʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ (ʬʠʛ. 8). 

 

 

ʌʠʛ. 8. ʌʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʜʚʫʝʣʝʤʝʥʪʥʘ ʩʠʩʪʝʤʘ. ʋʩʧʦʨʝʜʝʥ ʩʚʝʪʣʠʥʝʥ ʩʥʦʧ ʧʦʧʘʜʘ ʚ 
ʦʙʝʢʪʠʚ, ʩʲʩʪʘʚʝʥ ʦʪ ʜʚʝ ʪʲʥʢʠ ʩʲʙʠʨʘʪʝʣʥʠ ʣʝʱʠ. ʅʘ ʝʢʨʘʥʘ ʚʲʚ ʬʦʢʫʩʘ F ʩʝ ʧʨʦʝʢʪʠʨʘ 
ʦʙʨʘʟʲʪ ʥʘ ʦʪʜʘʣʝʯʝʥ ʪʦʯʢʦʚ ʩʚʝʪʦʠʟʪʦʯʥʠʢ (ʟʚʝʟʜʘ).  

Q1 ʠ Q2 ï ʧʨʝʩʝʯʥʠ ʪʦʯʢʠ ʥʘ ʧʨʦʜʲʣʞʝʥʠʷʪʘ ʦʪ ʚʣʠʟʘʱʠʪʝ ʠ ʧʨʝʯʫʧʝʥʠʪʝ ʠʟʭʦʜʷʱʠ ʣʲʯʠ. 
ʊʝʟʠ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷ ʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʦʙʱʘʪʘ ʟʘ ʩʠʩʪʝʤʘʪʘ ʟʘʜʥʘ ʛʣʘʚʥʘʪʘ ʨʘʚʥʠʥʘ p; 
d ï ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʣʝʱʠʪʝ; 
fʦʙ. ï ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʦʙʝʢʪʠʚʘ, ʦʪʯʝʪʝʥʦ ʤʝʞʜʫ ʛʣʘʚʥʘʪʘ ʪʦʯʢʘ H ʠ ʬʦʢʫʩʘ F  

ɸʢʦ ʩʦʙʩʪʚʝʥʠʪʝ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ ʥʘ ʜʚʝʪʝ ʪʲʥʢʠ ʣʝʱʠ ʩʘ ʩʲʦʪʚʝʪʥʦ f1 ʠ 

f2, ʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʪʷʭ ʝ d, ʪʦ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ fʦʙ ʥʘ ʦʙʝʢʪʠʚʘ ʱʝ 

ʙ̡ʜʝ:  

 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʝʤ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʩʠʩʪʝʤʘ ʦʪ n 

ʥʘ ʙʨʦʡ ʣʝʱʠ, ʩ n-1 ʜʠʩʪʘʥʮʠʠ ʤʝʞʜʫ ʪʷʭ. ʌʦʢʫʩʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʥʘ ʨʘʟʩʝʡʚʘ-

ʪʝʣʥʠʪʝ ʣʝʱʠ ʩʝ ʟʘʧʠʩʚʘʪ ʩʲʩ ʟʥʘʢ ʤʠʥʫʩ. 

 

ʅʘʧʲʣʥʦ ʦʯʘʢʚʘʥʦ, ʦʩʚʝʥ ʚʲʚ ʬʦʪʦʦʧʪʠʢʘʪʘ, ʠʟʥʘʩʷʥʝʪʦ ʥʘ ʛʣʘʚʥʘʪʘ ʨʘʚʥʠ-

ʥʘ ʧʨʝʜ ʠʣʠ ʟʘʜ ʦʧʪʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʩʝ ʧʨʠʣʘʛʘ ʧʨʠ ʚʩʝʚʲʟʤʦʞʥʠ ʜʨʫʛʠ ʧʨʠʙʦʨʠ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʧʨʠ ʦʛʣʝʜʘʣʥʠʪʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠ ʠʥʩʪʨʫʤʝʥʪʠ (ʬʠʛ. 9). 
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ʌʠʛ. 9. ʌʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʜʚʫʦʛʣʝʜʘʣʝʥ ʪʝʣʝʩʢʦʧ ʩʠʩʪʝʤʘ ʂʘʩʝʛʨʝʥ ʠʣʠ ʈʠʯʠ-ʂʨʝʪʠʝʥ: 

1 ï ʛʣʘʚʥʦ (ʧʲʨʚʠʯʥʦ) ʚʜʣʲʙʥʘʪʦ ʦʛʣʝʜʘʣʦ ʩ ʮʝʥʪʨʘʣʝʥ ʦʪʚʦʨ; 
2 ï ʚʪʦʨʠʯʥʦ ʠʟʧʲʢʥʘʣʦ ʦʛʣʝʜʘʣʦ; 
Fʦʛʣ ï ʧʨʷʢ ʬʦʢʫʩ ʥʘ ʛʣʘʚʥʦʪʦ ʦʛʣʝʜʘʣʦ, ʚ ʢʦʡʪʦ ʙʠ ʩʝ ʩʲʙʠʨʘʣʘ ʩʚʝʪʣʠʥʘʪʘ ʘʢʦ ʛʦ ʥʷʤʘʰʝ 
ʚʪʦʨʠʯʥʦʪʦ;  

fʦʛʣ ï ʩʦʙʩʪʚʝʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʛʣʘʚʥʦʪʦ ʦʛʣʝʜʘʣʦ; 
F ï ʛʣʘʚʝʥ ʬʦʢʫʩ ʥʘ ʪʝʣʝʩʢʦʧʘ; 

l1 ʠ l2 ï ʣʲʯʠ ʦʪ ʧʘʨʘʣʝʣʝʥ ʩʚʝʪʣʠʥʝʥ ʩʥʦʧ, ʠʜʚʘʱ ʦʪ ʟʚʝʟʜʘ ʠ ʧʦʧʘʜʘʱ ʚ ʛʣʘʚʥʦʪʦ ʦʛʣʝʜʘʣʦ; 
l1ǋ ʠ l2ǋ ï ʬʦʢʫʩʠʨʘʱʠ ʩʝ ʩʣʝʜ ʚʪʦʨʠʯʥʦʪʦ ʦʛʣʝʜʘʣʦ ʧʨʦʜʲʣʞʝʥʠʷ ʥʘ ʣʲʯʠʪʝ l1 ʠ l2; 
p ï ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ, ʠʟʥʝʩʝʥʘ ʜʘʣʝʯ ʧʨʝʜ ʦʧʪʠʯʥʘʪʘ ʩʠʩʪʝʤʘ. ʅʝʡʥʘʪʘ ʧʦʟʠʮʠʷ ʩʝ ʦʧʨʝʜʝʣʷ 
ʘʥʘʣʦʛʠʯʥʦ ʥʘ ʚʝʯʝ ʧʦʟʥʘʪʠʷ ʥʠ ʧʨʠʥʮʠʧ ï ʪʘʤ, ʢʲʜʝʪʦ ʩʝ ʦʢʘʞʝ ʧʨʝʩʝʯʥʘʪʘ ʪʦʯʢʘ Q ʥʘ ʧʦʧʘ-
ʜʘʱʠʷʪ ʚ ʪʝʣʝʩʢʦʧʘ ʣʲʯ l1 ʩ ʤʠʩʣʝʥʦʪʦ ʧʨʦʜʲʣʞʝʥʠʝ ʚ ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ ʥʘ ʩʚʲʨʟʘʥʠʷʪ ʩ ʥʝʛʦ 
ʬʦʢʫʩʠʨʘʱ ʩʝ ʣʲʯ l1ǋ (ʧʨʦʜʲʣʞʝʥʠʝʪʦ ʝ ʜʘʜʝʥʦ ʩ ʯʝʨʚʝʥʘ ʧʨʝʢʲʩʥʘʪʘ ʣʠʥʠʷ). 
H ï ʛʣʘʚʥʘ ʪʦʯʢʘ. ɺ ʥʝʷ ʦʧʪʠʯʥʘʪʘ ʦʩ ʧʨʦʙʦʞʜʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʣʘʚʥʘʪʘ ʨʘʚʥʠʥʘ p; 
f ï ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʩʠʩʪʝʤʘʪʘ, ʢʘʪʦ f = HF. ʊʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩ ʜʲʣʞʠʥʘ ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʨʝʚʠʰʘʚʘʱʘ ʜʠʩʪʘʥʮʠʷʪʘ ʤʝʞʜʫ ʦʛʣʝʜʘʣʘʪʘ 1 ʠ 2, ʪ.ʝ. ʤʥʦʛʦ ʧʦ-ʜʲʣʛʦ ʦʪ ʪʫʙʫʩʘ ʥʘ ʪʝʣʝʩʢʦ-
ʧʘ. ʆʙʠʢʥʦʚʝʥʦ f ʝ ʤʥʦʛʦ ʧʦ-ʜʲʣʛʦ ʠ ʦʪ ʩʦʙʩʪʚʝʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ fʦʛʣ ʥʘ ʛʣʘʚʥʦʪʦ 
ʦʛʣʝʜʘʣʦ. ʂʦʣʢʦʪʦ ʲʛʲʣʲʪ ɔ ʤʝʞʜʫ ʣʲʯʲʪ l1 ʠ ʦʙʨʘʪʥʦʪʦ ʧʨʦʜʲʣʞʝʥʠʝ ʦʪ l1ǋ ʝ ʧʦ-ʤʘʣʲʢ, ʪʦʣʢʦ-
ʚʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ f ʝ ʧʦ-ʜʲʣʛʦ 

ɼʝʤʦʥʩʪʨʠʨʘʥʠʷʪ ʚ̡ ʚ ʬʠʛ. 9 ʧʨʠʥʮʠʧ ʧʦʟʚʦʣʷʚʘ ʢʦʥʩʪʨʫʠʨʘʥʝ ʥʘ ʪʝʣʝʩʢʦ-

ʧʠ ʩ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ ʤʥʦʛʦ ʧʦ-ʜʲʣʛʠ ʦʪ ʩʦʙʩʪʚʝʥʠʪʝ ʠʤ ʪʫʙʫʩʠ. ʊʦʚʘ ʦʟʥʘ-

ʯʘʚʘ ʧʦ-ʣʝʢʠ, ʣʝʩʥʦ ʧʨʝʥʦʩʠʤʠ ʠ ʧʦ-ʝʚʪʠʥʠ ʠʥʩʪʨʫʤʝʥʪʠ, ʠʣʠ ʩʪʘʮʠʦʥʘʨʥʠ 

ʪʘʢʠʚʘ, ʠʟʠʩʢʚʘʱʠ ʧʦ-ʤʘʣʢʠ ʧʦ ʨʘʟʤʝʨ ʢʫʧʦʣʠ. ɺʩʲʱʥʦʩʪ ʪʦʚʘ ʜʘʣʝʯ ʥʝ ʝ ʙʠʣʘ 

ʦʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʦʧʪʠʮʠʪʝ, ʧʨʠ ʧʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʜʚʫʦʛʣʝʜʘʣʥʠʪʝ ʩʠʩʪʝʤʠ. 

ʄʥʦʛʦ ʧʦ-ʚʘʞʥʘ ʟʘʜʘʯʘ ʧʨʝʜ ʪʷʭ ʝ ʙʠʣʘ ʦʪʩʪʨʘʥʷʚʘʥʝʪʦ ʚ ʢʦʣʢʦʪʦ ʩʝ ʤʦʞʝ ʧʦ-

ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʥʘ ʥʷʢʦʠ ʦʧʪʠʯʥʠ ʜʝʬʝʢʪʠ, ʢʘʪʦ ʩʬʝʨʠʯʥʘʪʘ ʘʙʝʨʘʮʠʷ ʠ ʢʦʤʘʪʘ 

(ʬʠʛ. 16), ʢʘʢʪʦ ʠ ʦʛʲʚʘʥʝʪʦ ʥʘ ʧʦʣʝʪʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ (ʬʠʛ. 19) ï ʥʝʜʦʩʪʘʪʲ-

ʮʠ, ʢʦʠʪʦ ʩʧʦʤʝʥʘʭʤʝ ʢʘʪʦ ʭʘʨʘʢʪʝʨʥʠ ʠ ʟʘ ʧʨʦʩʪʘʪʘ ʩʬʝʨʠʯʥʘ ʣʝʱʘ. ʂʦʨʝʢʮʠʷ-

ʪʘ ʥʘ ʪʝʟʠ ʘʙʝʨʘʮʠʠ ʩʝ ʧʦʩʪʠʛʘ ʯʨʝʟ ʧʨʠʜʘʚʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʘʪʘ ʬʦʨʤʘ ʥʘ 

ʦʪʨʘʟʷʚʘʱʠʪʝ ʧʦʚʲʨʭʥʦʩʪʠ ʥʘ ʦʛʣʝʜʘʣʘʪʘ, ʩʧʦʨʝʜ ʧʨʝʜʚʠʜʝʥʠʷ ʪʠʧ ʦʧʪʠʯʥʘ 

ʩʠʩʪʝʤʘ ʥʘ ʙʲʜʝʱʠʷ ʪʝʣʝʩʢʦʧ ï ʂʘʩʝʛʨʝʥ, ʈʠʯʠ-ʂʨʝʪʠʝʥ ʠʣʠ ʜʨ. ʊʦʚʘ ʩʪʘʚʘ ʧʦ 

ʚʨʝʤʝ ʥʘ ʰʣʠʬʦʚʘʥʝʪʦ ʥʘ ʩʘʤʠʪʝ ʦʛʣʝʜʘʣʘ. ʉʧʦʨʝʜ ʬʦʨʤʘʪʘ ʩʠ, ʦʛʣʝʜʘʣʘʪʘ ʤʦ-

ʛʘʪ ʜʘ ʙʲʜʘʪ ʩʬʝʨʠʯʥʠ, ʧʘʨʘʙʦʣʠʯʥʠ, ʭʠʧʝʨʙʦʣʠʯʥʠ ʠ ʝʣʠʧʪʠʯʥʠ, ʢʘʪʦ ʠʟʢʣʶ-

ʯʠʤ ʧʣʦʩʢʠʪʝ ʦʪʢʣʦʥʷʚʘʱʠ. ʅʘ ʧʨʘʢʪʠʢʘ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʜʚʝʪʝ ʦʛʣʝʜʘʣʘ ʩʝ 

ʩʲʯʝʪʘʚʘ ʪʘʢʘ, ʯʝ ʦʙʱʠʷʪ ʝʬʝʢʪ ʜʘ ʙʲʜʝ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʦʙʨʘʟ ʩ ʚʲʟʤʦʞʥʦ ʧʦ-

ʜʦʙʨʦ ʢʘʯʝʩʪʚʦ, ʚ ʨʘʤʢʠʪʝ ʥʘ ʧʨʝʜʚʠʜʝʥʦʪʦ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʬʦʢʘʣʥʦ ʧʦʣʝ. ʉʘʤʘʪʘ 
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ʠʜʝʷ ʟʘ ʩʠʩʪʝʤʘ ʦʪ ʚʜʣʲʙʥʘʪʦ ʠ ʠʟʧʲʢʥʘʣʦ ʦʛʣʝʜʘʣʦ, ʢʦʨʠʛʠʨʘʱʠ ʚʟʘʠʤʥʦ ʩʚʦʠ-

ʪʝ ʘʙʝʨʘʮʠʠ, ʧʨʝʜʦʩʪʘʚ ̫ʠ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʜʲʣʛʠ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦ-

ʥ̫ʠʷ ʯʨʝʟ ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʛʣʘʚʥʘʪʘ ʨʘʚʥʠʥʘ ʥʘʧʨʝʜ.  

 

ʊʦʟʠ ʧʨʠʥʮʠʧ ʥʘʤʠʨʘ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʠ ʧʨʠ ʛʦʣʝʤʠʪʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠ 

ʠʥʩʪʨʫʤʝʥʪʠ. ʅʘʧʨʠʤʝʨ ʜʚʫʤʝʪʨʦʚʠʷʪ ʈʠʯʠ-ʂʨʝʪʠʝʥ-ʂʫʜʝ (RCC) ʪʝʣʝʩʢʦʧ ʚ 

ʅɸʆ ʈʦʞʝʥ, ʧʨʠ ʩʠʩʪʝʤʘ ʈʠʯʠ-ʂʨʝʪʠʝʥ (ʬʠʛ. 10), ʝ ʩ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʣʘʚʥʦ-

ʪʦ ʠ ʚʪʦʨʠʯʥʦʪʦ ʦʛʣʝʜʘʣʦ 3.787 m. ʈʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʚʪʦʨʠʯʥʦʪʦ ʦʛʣʝʜʘʣʦ ʜʦ 

ʬʦʢʘʣʥʘʪʘ ʨʘʚʥʠʥʘ (ʪ.ʝ. ʦʪ 2a ʜʦ F) ʝ ʙʣʠʟʦ 5.156 m. ɺʪʦʨʠʯʥʦʪʦ ʦʛʣʝʜʘʣʦ ʝ ʧʦʜ-

ʚʠʞʥʦ, ʩ ʮʝʣ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʬʦʢʫʩʠʨʘʥʝ. ʌʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʩʠʩʪʝʤʘʪʘ 

ʦʙʘʯʝ ʝ 16 m ï ʚ ʧʲʪʠ ʧʦ-ʜʲʣʛʦ ʦʪ ʧʦʩʦʯʝʥʠʪʝ ʜʠʩʪʘʥʮʠʠ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ 

ʛʣʘʚʥʘʪʘ ʨʘʚʥʠʥʘ ʝ ʠʟʥʝʩʝʥʘ ʥʘ ʛʦʣʷʤʦ ʨʘʟʩʪʦʷʥʠʝ ʧʨʝʜ ʪʝʣʝʩʢʦʧʘ ï ʧʨʘʢʪʠʯʝʩ-

ʢʠ ʪʷ ʝ ʜʦʨʠ ʠʟʚʲʥ ʥʝʛʦʚʠʷ ʢʫʧʦʣ. ʇʨʠ ʧʨʝʤʠʥʘʚʘʥʝ ʢʲʤ ʩʠʩʪʝʤʘ ʂʫʜʝ (ʬʠʛ. 11), 

ʚʪʦʨʠʯʥʦʪʦ ʦʛʣʝʜʘʣʦ 2a ʩʝ ʩʤʝʥ ̫ʩ ʦʱʝ ʧʦ-ʢʲʩʦʬʦʢʫʩʥʦʪʦ 2b ʯʨʝʟ ʧʨʝʚʲʨʪʘʥʝ 

ʥʘ ʥʦʩʝʱʠʷ ʛʠ ʢʨʲʩʪ. ʊʦʚʘ ʝ ʧʨʠʯʠʥʘ ʝʬʝʢʪʠʚʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʜʘ ʩʪʘʥʝ 

72 m, ʪ.ʝ. ʛʣʘʚʥʘʪʘ ʨʘʚʥʠʥʘ ʩʝ ʦʪʜʘʣʝʯʘʚʘ ʦʱʝ ʧʦ-ʥʘʧʨʝʜ. ʊʦʛʘʚʘ ʦʙʘʯʝ ʥʘʨʘʩʪʚʘ 

ʠ ʨʘʟʩʪʦ̫ ʥʠʝʪʦ ʤʝʞʜʫ ʚʪʦʨʠʯʥʦʪʦ ʦʛʣʝʜʘʣʦ 2b ʠ ʬʦʢʫʩʘ Fǋ (ʂʫʜʝ-ʬʦʢʫʩ) ï ʪʦ 

ʩʪʘʚʘ 18.64 m. ʊʦʚʘ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʯʨʝʟ ʜʚʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʧʣʦʩʢʠʪʝ ʦʛʣʝʜʘʣʘ 3 

ʠ 4 ʂʫʜʝ-ʬʦʢʫʩʲʪ ʜʘ ʙʲʜʝ ʦʪʚʝʜʝʥ ʧʨʝʟ ʪʨʲʙʥʠʪʝ ʦʩʠ ʥʘ ʤʦʥʪʠʨʦʚʢʘʪʘ ʜʦ ʧʦ-

ʜʦʣʥʠʷ ʝʪʘʞ ʥʘ ʩʛʨʘʜʘʪʘ. ʊʘʤ ʪʦʡ ʧʦʧʘʜʘ ʚ ʧʨʦʮʝʧʘ ʥʘ ʚʥʫʰʠʪʝʣʝʥ ʧʦ ʨʘʟʤʝʨʠ 

ʂʫʜʝ-ʩʧʝʢʪʨʦʛʨʘʬ. 
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ʌʠʛ. 10. ɼʚʫʤʝʪʨʦʚʠʷʪ RCC ʪʝʣʝʩʢʦʧ ʥʘ ʅɸʆ ʚ ʩʠʩʪʝʤʘ ʈʠʯʠ-ʂʨʝʪʠʝʥ (RC): 1 ï ʛʣʘʚʥʦ ʭʠ-
ʧʝʨʙʦʣʠʯʥʦ ʦʛʣʝʜʘʣʦ ʩ ʜʠʘʤʝʪʲʨ 2 m; 2a ï ʚʪʦʨʠʯʥʦ ʭʠʧʝʨʙʦʣʠʯʥʦ ʦʛʣʝʜʘʣʦ ʩ ʜʠʘʤʝʪʲʨ 73 
ʩʤ; F ï RC-ʬʦʢʫʩ. ʇʨʠ ʪʘʟʠ ʩʠʩʪʝʤʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʝ 16 m, f/8. ʆʪʥʦʩʥʦ ʤʝʭʘʥʠʢʘʪʘ ʠ 
ʤʦʥʪʠʨʦʚʢʘʪʘ: n ï ʙʣʦʢ ʟʘ ʧʨʠʢʘʯʚʘʥʝ ʥʘ ʩʚʝʪʦʧʨʠʝʤʥʘ ʘʧʘʨʘʪʫʨʘ; m ï ʨʘʟʪʦʚʘʨʚʘʱ ʤʝʭʘʥʠ-
ʟʲʤ, ʥʦʩʝʱ ʛʣʘʚʥʦʪʦ ʦʛʣʝʜʘʣʦ; d ï ʪʨʲʙʥʘ ʜʝʢʣʠʥʘʮʠʦʥʥʘ ʦʩ, s ï ʩʬʝʨʠʯʝʥ ʣʘʛʝʨ ʚʲʨʭʫ ʤʘʩ-
ʣʝʥʘʪʘ ʚʲʟʛʣʘʚʥʠʮʘ a; aǋ ï ʶʞʝʥ ʣʘʛʝʨ; saǋ ï ʪʨʲʙʥʘ ʯʘʩʦʚʘ ʦʩ; P ï ʧʨʦʪʠʚʦʪʝʞʝʩʪ, 

ʙʘʣʘʥʩʠʨʘʱʘ ʪʫʙʫʩʘ 
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ʌʠʛ. 11. ʇʨʠ ʩʠʩʪʝʤʘ ʂʫʜʝ (Coude) ʚʪʦʨʠʯʥʦʪʦ ʦʛʣʝʜʘʣʘ 2a ʠ 2b ʩʘ ʨʘʟʤʝʥʝʥʠ ʯʨʝʟ ʧʨʝʚʲʨʪʘ-
ʥʝ ʥʘ ʥʦʩʝʱʠʷ ʛʠ ʢʨʲʩʪ (Ăʩʧʘʡʜʲʨʘñ). ʂʫʜʝ-ʦʛʣʝʜʘʣʦʪʦ 2b ʝ ʩ ʜʠʘʤʝʪʲʨ 52 ʩʤ ʠ ʩ ʧʦ-ʢʲʩʦ 
ʩʦʙʩʪʚʝʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʪ.ʝ. ʧʦ-ʠʟʤʲʢʥʘʣʦ. ʊʦʚʘ ʧʦʚʠʰʘʚʘ ʝʬʝʢʪʠʚʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩ-
ʪʦʷʥʠʝ ʥʘ ʮʷʣʘʪʘ ʩʠʩʪʝʤʘ ʜʦ 72 m, f/36. ʆʩʚʝʥ ʪʦʚʘ ʥʘ ʧʲʪʷ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʩʝ ʧʦʩʪʘʚʷ ʧʣʦʩʢʦʪʦ 
ʦʪʢʣʦʥʷʚʘʱʦ ʦʛʣʝʜʘʣʦ 3, ʢʦʝʪʦ ʟʘʝʜʥʦ ʩʲʩ ʩʲʱʦ ʧʣʦʩʢʦʪʦ ʦʛʣʝʜʘʣʦ 4 ʦʪʨʘʟʷʚʘʪ ʬʦʢʫʩʠʨʘʱʠʷ 

ʩʝ ʩʚʝʪʣʠʥʝʥ ʩʥʦʧ ʧʨʝʟ ʜʚʝʪʝ ʪʨʲʙʥʠ ʦʩʠ ʥʘ ʤʦʥʪʠʨʦʚʢʘʪʘ, ɺ ʨʝʟʫʣʪʘʪ ʂʫʜʝ-ʬʦʢʫʩʲʪ Fǋ ʩʝ 
ʦʢʘʟʚʘ ʚ ʧʦʤʝʱʝʥʠʝʪʦ ʥʘ ʚʭʦʜʥʠʷ ʙʣʦʢ ʥʘ ʛʦʣʷʤ ʂʫʜʝ-ʩʧʝʢʪʨʦʛʨʘʬ, ʠʥʩʪʘʣʠʨʘʥ ʥʘ ʜʦʣʥʠʷ 
ʝʪʘʞ 
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ʆʧʪʠʯʥʠʪʝ ʘʙʝʨʘʮʠʠ ï ʥʘʢʨʘʪʢʦ 

ʇʲʨʚʠʪʝ ʪʝʣʝʩʢʦʧʠ-ʨʝʬʨʘʢʪʦʨʠ ʙʠʣʠ ʩ ʝʜʥʦʣʝʱʦʚʠ ʦʙʝʢʪʠʚʠ, ʢʦʥʩʪʨʫʠʨʘ-

ʥʠ ʧʦ ʩʭʝʤʘʪʘ ʪʨʲʙʘ ʥʘ ʂʝʧʣʝʨ. ʊʝ ʜʘʚʘʣʠ ʦʙʨʘʟ ʩ ʤʥʦʛʦ ʦʧʪʠʯʥʠ ʜʝʬʝʢʪʠ ï ʩʲʩ 

ʩʠʣʥʘ ʭʨʦʤʘʪʠʯʥʘ ʠ ʩʬʝʨʠʯʥʘ ʘʙʝʨʘʮʠʷ. ɹʠʣʦ ʥʫʞʥʦ ʜʘ ʩʝ ʧʦʪʲʨʩʠ ʨʝʰʝʥʠʝ ʟʘ 

ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʦʧʪʠʯʥʘʪʘ ʠʤ ʩʠʩʪʝʤʘ. 

ʇʨʝʟ 1675 ʛ. ʰʦʪʣʘʥʜʩʢʠʷʪ ʤʘʪʝʤʘʪʠʢ ɼʞʝʡʤʩ ɻʨʝʛʦʨʠ (James Gregory, 

1638-1675), ʩʲʱʠʷʪ, ʢʦʡʪʦ ʧʨʝʜʣʦʞʠʣ ʜʚʫʦʛʣʝʜʘʣʥʘʪʘ ʩʠʩʪʝʤʘ, ʠʟʚʝʩʪʥʘ ʢʘʪʦ 

Ăʊʝʣʝʩʢʦʧ ʥʘ ɻʨʝʛʦʨʠñ, ʪʝʦʨʝʪʠʯʥʦ ʜʦʢʘʟʘʣ ʚʲʟʤʦʞʥʦʩʪʪʘ ʜʘ ʩʝ ʢʦʥʩʪʨʫʠʨʘ 

ʜʚʫʝʣʝʤʝʥʪʝʥ ʦʙʝʢʪʠʚ-ʘʭʨʦʤʘʪ ʦʪ ʩʲʙʠʨʘʪʝʣʥʘ ʠ ʨʘʟʩʝʡʚʘʪʝʣʥʘ ʣʝʱʘ. 

ʇʨʝʟ 1733 ʛ. ʘʥʛʣʠʡʩʢʠʷʪ ʘʜʚʦʢʘʪ ʏʝʩʪʲʨ ʍʦʣ (Chester Moore Hall, 1703-

1771) ʩʪʠʛʥʘʣ ʜʦ ʠʟʚʦʜʘ, ʯʝ ʜʚʝʪʝ ʣʝʱʠ ʥʘ ʘʭʨʦʤʘʪʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʟʨʘʙʦʪʝʥʠ 

ʦʪ ʩʪʲʢʣʘ ʩ ʨʘʟʣʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʧʨʝʯʫʧʚʘʥʝ. ʉʲʙʠʨʘʪʝʣʥʘʪʘ ʣʝʱʘ ʪʨʷʙʚʘ ʜʘ 

ʙʲʜʝ ʦʪ ʦʙʠʢʥʦʚʝʥʦ ʩʪʲʢʣʦ (ʢʨʦʥ), ʘ ʨʘʟʩʝʡʚʘʱʘʪʘ ï ʦʪ ʪʝʞʢʦ ʩʪʲʢʣʦ, ʩʲʜʲʨʞʘ-

ʱʦ ʦʣʦʚʝʥ ʦʢʠʩ (ʬʣʠʥʪ). 

ɺʲʚ ʚʪʦʨʘʪʘ ʧʦʣʦʚʠʥʘ ʥʘ 18-ʠ ʚ. ɼʞʦʥ ɼʦʣʲʥʜ (John Dollond, 1706-1761) 

ʠʟʨʘʙʦʪʠʣ ʧʲʨʚʠʪʝ ʪʝʣʝʩʢʦʧʠ-ʨʝʬʨʘʢʪʦʨʠ ʩ ʜʚʫʝʣʝʤʝʥʪʥʠ ʘʭʨʦʤʘʪʠʯʥʠ ʦʙʝʢʪʠ-

ʚʠ. ʊʦʡ ʟʘʙʝʣʷʟʘʣ, ʯʝ ʜʫʙʣʝʪʲʪ-ʘʭʨʦʤʘʪ ʥʝ ʧʦʟʚʦʣʷʚʘ ʧʲʣʥʦ ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʭʨʦ-

ʤʘʪʠʯʥʘʪʘ ʘʙʝʨʘʮʠʷ ï ʦʩʪʘʚʘʣ ʪ.ʥʘʨ. ʚʪʦʨʠʯʝʥ ʩʧʝʢʪʲʨ (ʦʩʪʘʪʲʯʝʥ ʭʨʦʤʘʪʠʟʲʤ). 

ʅʝʛʦʚʠʷʪ ʩʠʥ ʇʝʪʲʨ ʢʦʥʩʪʨʫʠʨʘʣ ʧʦ-ʜʦʙʨʝ ʢʦʨʠʛʠʨʘʥ ʦʙʝʢʪʠʚ-ʘʧʦʭʨʦʤʘʪ, ʯʠʪ̫ʦ 

ʠʟʨʘʙʦʪʢʘ ʦʙʘʯʝ ʙʠʣʘ ʪʚʲʨʜʝ ʩʣʦʞʥʘ ʠ ʩʢʲʧʘ ʟʘ ʪʦʛʘʚʘʰʥʘʪʘ ʨʲʯʥʘ ʪʝʭʥʦʣʦʛʠʷ. 

ʅʘʡ-ʛʦʣʝʤʠʷʪ ʨʝʬʨʘʢʪʦʨ, ʢʦʥʩʪʨʫʠʨʘʥ ʦʪ ɼʦʣʲʥʜ, ʝ ʩ ʜʠʘʤʝʪʲʨ ʥʘ ʦʙʝʢʪʠʚʘ 10 

ʩʤ (~4 ʠʥʯʘ). 

 

ɺ ʩʣʝʜʚʘʱʠʪʝ ʬʠʛʫʨʠ ʩʘ ʧʦʢʘʟʘʥʠ ʩʧʦʤʝʥʘʪʠʪʝ ʚʝʯʝ ʦʧʪʠʯʥʠ ʜʝʬʝʢʪʠ, ʭʘ-

ʨʘʢʪʝʨʥʠ ʟʘ ʝʜʠʥʠʯʥʘʪʘ ʩʬʝʨʠʯʥʘ ʣʝʱʘ. ʆʪ ʢʘʟʘʥʦʪʦ ʧʦ-ʛʦʨʝ ʤʦʞʝʤ ʜʘ ʦʙʦʙ-

ʱʠʤ, ʯʝ ʩʪʨʝʤʝʞʲʪ ʟʘ ʪʷʭʥʦʪʦ ʦʪʩʪʨʘʥʷʚʘʤʝ ʚ ʨʘʟʣʠʯʥʠʪʝ ʪʠʧʦʚʝ ʦʧʪʠʯʥʠ 

ʩʠʩʪʝʤʠ ʝ ʝʜʥʘ ʦʪ ʛʣʘʚʥʠʪʝ ʜʚʠʞʝʱʠ ʩʠʣʠ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʦʧʪʠʢʘʪʘ, ʜʦʚʝʣʠ ʜʦ 

ʜʥʝhʥʦʪʦ ʥʝʡʥʦ ʚʠʩʦʢʦ ʥʠʚʦ. 

 



79 

 

ʌʠʛ. 12. ʇʨʠʯʠʥʘ ʟʘ ʧʦʷʚʘʪʘ ʥʘ ʭʨʦʤʘʪʠʯʥʘ ʘʙʝʨʘʮʠʷ ʧʨʠ ʝʜʠʥʠʯʥʘ ʣʝʱʘ. ʊʦʟʠ ʜʝʬʝʢʪ ʝ 
ʥʘʨʠʯʘʥ ʦʱʝ ʭʨʦʤʘʪʠʟʲʤ, ʠʣʠ ʮʚʝʪʥʘ ʘʙʝʨʘʮʠʷ. ʇʦʨʘʜʠ ʣʝʢʦ ʨʘʟʣʠʯʘʚʘʱʠʪʝ ʩʝ ʬʦʢʫʩʥʠ ʨʘʟʩ-
ʪʦʷʥʠʷ ʟʘ ʨʘʟʥʦʮʚʝʪʥʠʪʝ ʣʲʯʠ ʦʙʨʘʟʠʪʝ ʥʘ ʜʘʜʝʥ ʦʙʝʢʪ, ʢʦʠʪʦ ʪʝ ʧʦʩʪʨʦʷʚʘʪ ʚ ʩʲʦʪʚʝʪʥʠʪʝ 

ʮʚʝʪʦʚʝ, ʩʘ ʚ ʣʝʢʦ ʨʘʟʣʠʯʝʥ ʤʘʱʘʙ. ʊʦʚʘ ʢʘʪʦ ʮʷʣʦ ʚʣʦʰʘʚʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʘ 
ʢʦʥʪʫʨʠʪʝ ʥʘ ʧʦ-ʢʦʥʪʨʘʩʪʠʨʘʱʠʪʝ ʜʝʪʘʡʣʠ ʚ ʥʝʛʦ ʩʝ ʚʠʞʜʘʪ ʦʮʚʝʪʝʥʠ ʚ ʮʚʝʪʦʚʝʪʝ ʥʘ ʜʲʛʘʪʘ 

 

 

ʌʠʛ. 13. ɼʝʡʩʪʚʠʝ ʥʘ ʘʭʨʦʤʘʪʠʯʝʥ ʜʫʙʣʝʪ: ʆʙʨʘʪʥʘʪʘ ʧʦ ʧʦʩʦʢʘ ʭʨʦʤʘʪʠʯʥʘ ʘʙʝʨʘʮʠʷ ʥʘ 

ʚʪʦʨʘʪʘ ʦʪʨʠʮʘʪʝʣʥʘ ʣʝʱʘ ʜʦ ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʢʦʨʠʛʠʨʘ ʪʘʟʠ ʥʘ ʧʲʨʚʘʪʘ ʧʦʣʦʞʠʪʝʣʥʘ ʣʝʱʘ. 
ʈʘʟʣʠʯʥʘʪʘ ʦʧʪʠʯʥʘ ʧʣʲʪʥʦʩʪ ʥʘ ʜʚʘʪʘ ʪʠʧʘ ʩʪʲʢʣʦ, ʦʪ ʢʦʠʪʦ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʜʚʝʪʝ ʣʝʱʠ, ʝ 
ʟʘʛʘʪʥʘʪʘ ʪʫʢ ʩ ʨʘʟʣʠʯʥʠʪʝ ʮʚʝʪʦʚʝ ʥʘ ʧʦʩʣʝʜʥʠʪʝ. ɿʘ ʜʘ ʩʝ ʧʦʜʯʝʨʪʘʝ ʧʦ-ʜʦʙʨʝ ʦʩʪʘʪʲʯʥʠʷʪ 
ʭʨʦʤʘʪʠʟʲʤ, ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʬʦʢʫʩʠʪʝ Fg ʥʘ ʟʝʣʝʥʠʪʝ ʣʲʯʠ ʠ Fbr ʥʘ ʩʠʥʠʪʝ ʠ ʯʝʨʚʝʥʠʪʝ ʣʲʯʠ 
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ʝ ʧʨʝʫʚʝʣʠʯʝʥʘ. ʅʘ ʧʨʘʢʪʠʢʘ ʪʷ ʝ ʦʢʦʣʦ 0.0005 Ĭ f. ʅʘʧʨʠʤʝʨ ʧʨʠ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 1000 
mm ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʜʚʘʪʘ ʬʦʢʫʩʘ ʱʝ ʙʲʜʝ ʙʣʠʟʦ 0.5 mm 

ɸʭʨʦʤʘʪʠʯʥʠʷʪ ʜʫʙʣʝʪ (ʬʠʛ. 13) ʝ ʩʲʩʪʘʚʝʥ ʦʪ ʩʲʙʠʨʘʪʝʣʥʘ ʠ ʨʘʟʩʝʡʚʘʪʝʣʥʘ 

ʣʝʱʘ, ʠʤʘʱʠ ʝʜʥʘʢʚʠ ʠʣʠ ʤʥʦʛʦ ʙʣʠʟʢʠ ʨʘʜʠʫʩʠ ʥʘ ʢʨʠʚʠʥʠʪʝ ʥʘ ʚʲʪʨʝʥhʠʪʝ 

ʧʦʚʲʨʭʥʦʩʪʠ, ʩ ʢʦʠʪʦ ʪʝ ʢʦʥʪʘʢʪʫʚʘʪ. ɼʚʝʪʝ ʣʝʱʠ ʩʘ ʩʣʝʧʝʥʠ ʩ ʧʨʦʟʨʘʯʥʦ ʣʝʧʠ-

ʣʦ ʠʣʠ ʘʢʦ ʩʘ ʩ ʧʦ-ʛʦʣʷʤ ʜʠʘʤʝʪʲʨ, ʤʝʞʜʫ ʪʷʭ ʩʝ ʦʩʪʘʚʷ ʪʷʩʥʘ ʚʲʟʜʫʰʥʘ ʤʝʞʜʠ-

ʥʘ. ʉʲʙʠʨʘʪʝʣʥʘʪʘ ʣʝʱʘ ʝ ʠʟʨʘʙʦʪʝʥʘ ʦʪ ʢʨʦʥʦʚʦ ʩʪʲʢʣʦ, ʦʙʠʢʥʦʚʝʥʦ BK 7, ʩ 

ʧʦʢʘʟʘʪʝʣ ʥʘ ʧʨʝʯʫʧʚʘʥʝ ne = 1.519 (ʟʘ ʟʝʣʝʥʘʪʘ ʣʠʥʠʷ e ʥʘ ʞʠʚʘʢʘ ʩ ʜʲʣʞʠʥʘ ʥʘ 

ʚʲʣʥʘʪʘ ɚ = 546.07 nm). ʂʨʦʥʲʪ ʠʤʘ ʚʠʩʦʢʦ ʯʠʩʣʦ ʥʘ ɸʙʝ (ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʜʠʩ-

ʧʝʨʩʠʷʪʘ), ʢʦʝʪʦ ʟʘ BK 7  ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʷ Schott ʝ ɜe = 63.96. ɺʠʩʦʢʦʪʦ ʯʠʩʣʦ 

ʥʘ ɸʙʝ ʦʟʥʘʯʘʚʘ, ʯʝ ʩʪʲʢʣʦʪʦ ʝ ʥʠʩʢʦʜʠʩʧʝʨʩʥʦ. ʈʘʟʩʝʡʚʘʪʝʣʥʘʪʘ ʣʝʱʘ ʝ ʠʟʨʘʙʦ-

ʪʝʥʘ ʦʪ ʧʦ-ʪʝʞʢʦ ʩʪʲʢʣʦ ʬʣʠʥʪ, ʩʲʜʲʨʞʘʱʦ ʦʣʦʚʝʥ ʦʢʩʠʜ. ʆʙʠʢʥʦʚʝʥʦ ʪʦ ʝ F2 ʠ 

ʠʤʘ ʧʦ-ʚʠʩʦʢ ʧʦʢʘʟʘʪʝʣ ʥʘ ʧʨʝʯʫʧʚʘʥʝ ne = 1.624, ʥʦ ʦʩʚʝʥ ʪʦʚʘ ʝ ʧʦ-

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦ ï ʩ ʧʦ-ʤʘʣʢʦ ʯʠʩʣʦ ʥʘ ɸʙʝ ɜe = 36.11. ʊʝʟʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʩʪʲʢʣʘʪʘ ʢʦʤʝʥʪʠʨʘʭʤʝ ʧʦ-ʦʙʩʪʦʡʥʦ ʚ ʩʪʘʪʠʷʪʘ Ăʉʧʝʢʪʨʦʩʢʦʧʠʷ ʟʘ ʘʩʪʨʦʥʦʤʠ 

ʣʶʙʠʪʝʣʠñ ʚ ʧʨʝʜʠʰʥʦʪʦ ʥʠ ʠʟʜʘʥʠʝ Ăɻʠʜ ʥʘ ʣʶʙʠʪʝʣʷ ʘʩʪʨʦʥʦʤ 2020ñ. ʆʪ 

ʢʘʟʘʥʦʪʦ ʜʦʪʫʢ ʩʣʝʜʚʘ, ʯʝ ʘʢʦ ʠʟʨʘʙʦʪʠʤ ʜʚʝ ʪʨʠʲʛʲʣʥʠ ʧʨʠʟʤʠ ʩ ʘʙʩʦʣʶʪʥʦ 

ʝʜʥʘʢʚʘ ʛʝʦʤʝʪʨʠʷ, ʥʦ ʝʜʥʘʪʘ ï ʦʪ ʢʨʦʥ, ʘ ʜʨʫʛʘʪʘ ï ʦʪ ʬʣʠʥʪ, ʚʪʦʨʘʪʘ ʧʨʠʟʤʘ ʱʝ 

ʧʨʝʯʫʧʚʘ ʩʚʝʪʣʠʥʘʪʘ ʥʘ ʧʦ-ʛʦʣʷʤ ʲʛʲʣ. ʆʩʚʝʥ ʪʦʚʘ ʦʙʘʯʝ ʧʨʠ ʚʪʦʨʘʪʘ ʱʝ ʟʘʙʝ-

ʣʝʞʠʤ ʧʦ-ʩʠʣʥʦ ʜʠʩʧʝʨʛʠʨʘʥʝ ʥʘ ʙʷʣʘʪʘ ʩʚʝʪʣʠʥʘ ʚ ʮʚʝʪʦʚʝʪʝ ʥʘ ʜʲʛʘʪʘ, ʢʦʝʪʦ ʝ 

ʥʝʞʝʣʘʥ ʝʬʝʢʪ ʧʨʠ ʦʧʪʠʯʥʠʪʝ ʣʝʱʠ. ʀʜʝʷʪʘ ʥʘ ʜʫʙʣʝʪʘ ʝ ʭʨʦʤʘʪʠʟʤʲʪ ʥʘ ʩʲʙʠ-

ʨʘʪʝʣʥʘʪʘ (ʧʦʣʦʞʠʪʝʣʥʘʪʘ) ʣʝʱʘ ʜʘ ʙʲʜʝ ʢʦʤʧʝʥʩʠʨʘʥ ʦʪ ʪʦʟʠ ʥʘ ʨʘʟʩʝʡʚʘʪʝʣʥʘ-

ʪʘ (ʦʪʨʠʮʘʪʝʣʥʘʪʘ), ʪʲʡ ʢʘʪʦ ʧʨʠ ʚʪʦʨʘʪʘ ʣʝʱʘ ʜʠʩʧʝʨʩʠʷʪʘ ʝ ʚ ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ. 

ʊʦʟʠ ʤʝʭʘʥʠʟʲʤ ʨʘʙʦʪʠ ʟʘʜʦʚʦʣʠʪʝʣʥʦ ʜʦʙʨʝ. ʂʘʪʦ ʨʝʟʫʣʪʘʪ ʩʠʥʠʪʝ ʠ ʯʝʨʚʝʥʠʪʝ 

ʣʲʯʠ ʩʝ ʩʲʙʠʨʘʪ ʚ ʝʜʠʥ ʦʙʱ ʬʦʢʫʩ, ʘ ʩʧʨʷʤʦ ʪʷʭ ʟʝʣʝʥʠʪʝ ʣʲʯʠ ʦʩʪʘʚʘʪ ʣʝʢʦ 

ʥʝʢʦʨʠʛʠʨʘʥʠ ï ʪʝ ʩʝ ʬʦʢʫʩʠʨʘʪ ʤʘʣʢʦ ʧʦ-ʙʣʠʟʦ ʟʘʜ ʦʙʝʢʪʠʚʘ. ʊʦʚʘ ʧʦʨʘʞʜʘ 

ʪ.ʥʘʨ ʚʪʦʨʠʯʝʥ ʩʧʝʢʪʲʨ ʠʣʠ ʦʩʪʘʪʲʯʝʥ ʭʨʦʤʘʪʠʟʲʤ, ʥʦ ʚʲʧʨʝʢʠ ʥʝʛʦ, ʪʘʟʠ ʩʪʝʧʝʥ 

ʥʘ ʢʦʨʝʢʮʠʷ ʩʝ ʩʯʠʪʘ ʟʘ ʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʘ ʚ ʤʥʦʛʦ ʩʣʫʯʘʠ. ʅʘʧʨʠʤʝʨ ʚ ʧʨʠʙʦʨʠ-

ʪʝ ʟʘ ʚʠʟʫʘʣʥʠ ʥʘʙʣʶʜʝʥʠʷ, ʠʤʘʱʠ ʘʭʨʦʤʘʪʠʯʥʠ ʦʙʝʢʪʠʚʠ, ʚʪʦʨʠʯʥʠʷʪ ʩʧʝʢʪʲʨ 

ʝ ʧʦʯʪʠ ʥʝʟʘʙʝʣʝʞʠʤ ʧʨʠ ʦʧʪʠʤʘʣʥʠ ʫʚʝʣʠʯʝʥʠʷ. ʉʲʱʝʩʪʚʫʚʘʪ ʙʣʠʟʢʠ ʧʦ ʢʦʥʩ-

ʪʨʫʢʮʠʷ ʦʙʝʢʪʠʚʠ ï ʜʚʫʣʝʱʦʚʠ ʠʣʠ ʪʨʠʣʝʱʦʚʠ, ʧʨʠ ʢʦʠʪʦ ʭʨʦʤʘʪʠʯʥʘʪʘ ʘʙʝʨʘ-

ʮʠʷ ʝ ʦʱʝ ʧʦ-ʜʦʙʨʝ ʢʦʨʠʛʠʨʘʥʘ ï ʩʠʥʠʪʝ, ʟʝʣʝʥʠʪʝ ʠ ʯʝʨʚʝʥʠʪʝ ʣʲʯʠ ʩʝ ʩʲʙʠʨʘʪ 

ʚ ʝʜʠʥ ʬʦʢʫʩ. ʊʦʚʘ ʩʘ ʚʝʯʝ ʩʧʦʤʝʥʘʪʠʪʝ ʧʦ-ʛʦʨʝ ʦʙʝʢʪʠʚʠ ʘʧʦʭʨʦʤʘʪʠ, ʢʦʠʪʦ 

ʦʙʘʯʝ ʣʦʛʠʯʥʦ ʩʘ ʧʦ-ʩʢʲʧʠ. 
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ʌʠʛ. 14. ʈʘʟʣʠʯʥʠ ʚʘʨʠʘʥʪʠ ʥʘ ʘʭʨʦʤʘʪʠʯʥʠ ʜʫʙʣʝʪʠ: a ï ʥʘ ʌʨʘʫʥʭʦʬʝʨ, ʧʦʜʦʙʝʥ ʥʘ ʩʲʩʪʘ-
ʚʝʥʠʪʝ ʦʪ ʍʦʣ ʠ ɼʦʣʲʥʜ; b ï ʥʘ ʑʘʡʥʭʘʡʣ, ʩ ʧʲʨʚʘ ʨʘʟʩʝʡʚʘʪʝʣʥʘ ʣʝʱʘ ʦʪ ʬʣʠʥʪ; c ï ʥʘ ɹʝʡ-
ʢʲʨ, ʩ ʚʲʟʜʫʰʥʘ ʤʝʞʜʠʥʘ; d ï ʥʘ ʃʠʪʨʦʫ, ʩ ʝʜʥʘʢʚʠ ʨʘʜʠʫʩʠ ʥʘ ʪʨʠʪʝ ʩʬʝʨʠʯʥʠ ʧʦʚʲʨʭʥʦʩʪʠ 

ʠ ʩ ʧʣʦʩʢʘ ʟʘʜʥʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʦʝʪʦ ʫʣʝʩʥʷʚʘ ʠʟʨʘʙʦʪʢʘʪʘ; e ï ʥʘ ʂʣʘʨʢ, ʩ̡ ʩ ʰʠʨʦʢʘ ʚʟ̡ʜʫʰʥʘ 
ʤʝʞʜʠʥʘ ʦʢʦʣʦ 15% ʦʪ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʜʫʙʣʝʪʘ, ʧʦʟʚʦʣʷʚʘʱʘ ʧʦʯʠʩʪʚʘʥʝ ʦʪʩʪʨʘʥʠ 
ʙʝʟ ʜʝʤʦʥʪʘʞ ʥʘ ʣʝʱʠʪʝ; f ï ʥʘ ɻʘʫʩ, ʦʪ ʜʚʝ ʤʝʥʠʩʢʦʚʠ ʣʝʱʠ; g ï ʥʘ ʐʝʚʘʣʠʝ, ʩ ʜʠʘʬʨʘʛʤʘ 
ʦʪʧʨʝʜ, ʠʟʧʦʣʟʚʘʥ ʢʘʪʦ ʧʝʡʟʘʞʝʥ ʬʦʪʦʦʙʝʢʪʠʚ; h ï ʥʘ ʂʫʢ, ʩ ʜʚʦʡʥʦ ʚʜʣʲʙʥʘʪ ʚʪʦʨʠ ʝʣʝʤʝʥʪ 
ʦʪ ʬʣʠʥʪ, ʥʦ ʩ ʧʦ-ʩʠʣʥʦ ʠʟʷʚʝʥʘ ʢʦʤʘ ʠ ʪʨʫʜʝʥ ʟʘ ʠʟʨʘʙʦʪʢʘ. ʇʲʨʚʠʪʝ ʪʨʠ ʜʫʙʣʝʪʘ ʩʘ ʧʦ-ʜʦʙʨʝ 
ʢʦʨʠʛʠʨʘʥʠ ʦʪ ʢʦʤʘ, ʥʦ ʥʝ ʠ ʜʦ ʩʪʝʧʝʥ, ʧʦʟʚʦʣʷʚʘʱʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʢʘʪʦ ʰʠʨʦʢʦʲʛʲʣʥʠ 
ʦʙʝʢʪʠʚʠ 

ɸʭʨʦʤʘʪʠʯʥʠʷʪ ʜʫʙʣʝʪ ʢʘʪʦ ʩʘʤʦʩʪʦʷʪʝʣʝʥ ʦʙʝʢʪʠʚ ʧʦʯʪʠ ʥʝ ʥʘʤʠʨʘ ʧʨʠ-

ʣʦʞʝʥʠʝ ʚ ʩʲʚʨʝʤʝʥʥʘʪʘ ʬʦʪʦʛʨʘʬʠʷ, ʪʲʡ ʢʘʪʦ ʧʨʠ ʥʝʛʦ ʦʩʪʘʚʘʪ ʥʝʜʦʩʪʘʪʲʯʥʦ 

ʜʦʙʨʝ ʦʪʩʪʨʘʥʝʥʠ ʘʩʪʠʛʤʘʪʠʟʤʘ ʠ ʦʛʲʚʘʥʝʪʦ ʥʘ ʧʦʣʝʪʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ. ʇʦʨʘ-

ʜʠ ʪʝʟʠ ʜʝʬʝʢʪʠ ʘʭʨʦʤʘʪʲʪ ʚʲʟʧʨʦʠʟʚʝʞʜʘ ʢʦʥʪʨʘʩʪʝʥ ʦʙʨʘʟ ʩʘʤʦ ʦʢʦʣʦ ʮʝʥʪʲʨʘ 

ʥʘ ʬʦʢʘʣʥʘʪʘ ʩʠ ʨʘʚʥʠʥʘ, ʪ.ʝ. ʪʘʢʲʚ ʦʙʝʢʪʠʚ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʧʨʠʙʦʨ ʩʲʩ ʩʨʘʚʥʠ-

ʪʝʣʥʦ ʤʘʣʢʦ ʟʨʠʪʝʣʥʦ ʧʦʣʝ. ɽʪʦ ʟʘʱʦ ʦʙʝʢʪʠʚʠʪʝ ʥʘ ʙʠʥʦʢʣʠʪʝ, ʟʨʠʪʝʣʥʠʪʝ ʪʨʲ-

ʙʠ ʠ ʪʝʣʝʩʢʦʧʠʪʝ ʨʝʬʨʘʢʪʦʨʠ ʥʘʡ-ʯʝʩʪʦ ʩʘ ʘʭʨʦʤʘʪʠʯʥʠ ʜʫʙʣʝʪʠ.  ʇʦʨʘʜʠ 

ʩʨʘʚʥʠʪʝʣʥʦ ʤʘʣʢʠʪʝ ʲʛʣʦʚʠ ʦʙʭʚʘʪʠ ʥʘ ʪʝʟʠ ʧʨʠʙʦʨʠ, ʩʧʦʤʝʥʘʪʠʪʝ ʜʝʬʝʢʪʠ 

ʦʩʪʘʚʘʪ ʧʦʯʪʠ ʥʝʟʘʙʝʣʝʞʠʤʠ. ʆʩʚʝʥ ʪʦʚʘ ʤʘʣʢʠʷʪ ʙʨʦʡ ʥʘ ʣʝʱʠʪʝ, ʩʲʩʪʘʚʷʱʠ 

ʘʭʨʦʤʘʪʘ ï ʩʘʤʦ ʜʚʝ, ʧʦʟʚʦʣʷʚʘ ʥʘ ʧʨʠʝʤʣʠʚʘ ʮʝʥʘ ʜʘ ʙʲʜʘʪ ʠʟʨʘʙʦʪʝʥʠ ʪʘʢʠʚʘ 

ʦʙʝʢʪʠʚʠ ʩ ʧʦ-ʛʦʣʝʤʠ ʜʠʘʤʝʪʨʠ, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ ʧʦ-ʜʦʙʨʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʧʨʠʪʝʞʘʚʘʱʠʪʝ ʛʠ ʧʨʠʙʦʨʠ. 

ɺ ʢʦʥʩʪʨʫʢʮʠ̫ ʪʘ ʥʘ ʨʘʟʣʠʯʥʠ ʩʣʦʞʥʠ ʦʧʪʠʯʥʠ ʩʠʩʪʝʤʠ ï ʬʦʪʦʦʙʝʢʪʠʚʠ, 

ʦʢʫʣʷʨʠ ʠ ʜʨ., ʯʝʩʪʦ ʩʝ ʩʨʝʱʘʪ ʩʣʝʧʝʥʠ ʜʚʦʡʢʠ ʣʝʱʠ, ʫʯʘʩʪʚʘʱʠ ʧʦ ʨʘʟʣʠʯʝʥ 

ʥʘʯʠʥ ʚ ʪʝʭʥʠʪʝ ʩʠʩʪʝʤʠ. ʅʝʱʦ ʧʦʚʝʯʝ ï ʤʥʦʛʦ ʦʪ ʩʲʚʨʝʤʝʥʥʠʪʝ ʬʦʪʦʛʨʘʬʩʢʠ 
ʦʙʝʢʪʠʚʠ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʥʘ ʙʘʟʘ ʥʘ ʥʷʢʦʠ ʦʪ ʧʦʢʘʟʘʥʠʪʝ ʚʲʚ ʬʠʛ. 14 ʨʘʟʥʦʚʠʜ-
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ʥʦʩʪʠ ʥʘ ʘʭʨʦʤʘʪʠʯʥʠʷ ʜʫʙʣʝ. ʂʘʪʦ ʧʨʠʤʝʨ ʱʝ ʧʦʩʦʯʠʤ ʩʠʩʪʝʤʘʪʘ ɼʚʦʝʥ ɻʘʫʩ, 

ʭʘʨʘʢʪʝʨʥʘ ʟʘ ʤʥʦʛʦ ʤʦʜʝʣʠ ʥʦʨʤʘʣʥʠ ʬʦʪʦʛʨʘʬʩʢʠ ʦʙʝʢʪʠʚʠ (ʬʠʛ. 18). 

 

ʈʘʟʛʣʝʜʘʥʠʪʝ ʧʦ-ʜʦʣʫ ʚʠʜʦʚʝ ʘʙʝʨʘʮʠʠ ʥʷʤʘʪ ʦʪʥʦʰʝʥʠʝ ʢʲʤ ʜʠʩʧʝʨʩʠʷʪʘ 

ʥʘ ʩʚʝʪʣʠʥʘʪʘ, ʥʘʙʣʶʜʘʚʘʱʘ ʩʝ ʧʨʠ ʥʝʡʥʦʪʦ ʧʨʝʯʫʧʚʘʥʝ, ʟʘʪʦʚʘ ʪʝ ʯʝʩʪʦ ʙʠʚʘʪ 

ʥʘʨʠʯʘʥʠ ʤʦʥʦʭʨʦʤʘʪʠʯʥʠ. ʊʘʢʠʚʘ ʩʘ ʩʬʝʨʠʯʥʘʪʘ ʘʙʝʨʘʮʠʷ, ʢʦʤʘʪʘ, ʘʩʪʠʛʤʘ-

ʪʠʟʤʲʪ, ʧʝʮʚʘʣʦʚʘʪʘ ʢʨʠʚʠʥʘ ʥʘ ʧʦʣʝʪʦ ʠ ʜʠʩʪʦʨʩʠʷʪʘ. 

 

 

ʌʠʛ. 15. ʉʬʝʨʠʯʥʘ ʠ ʢʦʤʘʪʠʯʥʘ ʘʙʝʨʘʮʠʷ (ʢʦʤʘ) ʧʨʠ ʩʬʝʨʠʯʥʘ ʣʝʱʘ 
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ʌʠʛ. 16. ʉʬʝʨʠʯʥʘ ʘʙʝʨʘʮʠʷ ʠ ʢʦʤʘ ʧʨʠ ʩʬʝʨʠʯʥʦ ʚʜʣʲʙʥʘʪʦ ʦʛʣʝʜʘʣʦ. ɿʘ ʜʘ ʩʝ ʠʟʙʝʛʥʘʪ ʪʝʟʠ 
ʜʝʬʝʢʪʠ, ʦʛʣʝʜʘʣʘʪʘ ʩʝ ʠʟʨʘʙʦʪʚʘʪ ʩ ʘʩʬʝʨʠʯʥʘ ʬʦʨʤʘ ʠʣʠ ʯʘʩʪʠʯʥʦ ʩʝ ʟʘʜʠʘʬʨʘʛʤʠʨʘʪ 

ɸʩʪʠʛʤʘʪʠʟʤʲʪ ʝ ʜʨʫʛ ʩʝʨʠʦʟʝʥ ʥʝʜʦʩʪʘʪʲʢ, ʢʦʡʪʦ ʢʦʨʝʩʧʦʥʜʠʨʘ ʩ ʧʦʢʘʟʘ-

ʥʠʷʪ ʚʲʚ ʬʠʛ. 15 ʜʝʬʝʢʪ ʢʦʤʘ, ʥʦ ʩʝ ʧʨʦʷʚʷʚʘ ʥʘʡ-ʚʝʯʝ ʧʨʠ ʰʠʨʦʢʦʲʛʲʣʥʠʪʝ 

ʦʙʝʢʪʠʚʠ ï ʬʦʪʦʛʨʘʬʩʢʠ ʠʣʠ ʥʘ ʜʨʫʛʠ ʧʨʠʙʦʨʠ ʩ ʧʦ-ʰʠʨʦʢʠ ʟʨʠʪʝʣʥʠ ʧʦʣʝʪʘ. 

ʇʨʠʯʠʥʘʪʘ ʟʘ ʧʦʷʚʘʪʘ ʥʘ ʘʩʪʠʛʤʘʪʠʟʤʘ ʝ ʠʣʶʩʪʨʠʨʘʥʘ ʚʲʚ ʬʠʛ. 17. ʇʘʨʘʣʝʣʝʥ 

ʩʚʝʪʣʠʥʝʥ ʩʥʦʧ ʩ ʢʨʲʛʣʦ ʥʘʧʨʝʯʥʦ ʩʝʯʝʥʠʝ, ʠʜʚʘʱ ʦʪ ʜʘʣʝʯʝʥ ʪʦʯʢʦʚ ʩʚʝʪʦʠʟ-

ʪʦʯʥʠʢ, ʧʦʧʘʜʘ ʚ ʦʙʝʢʪʠʚ ʧʦʜ ʲʛʲʣ ɔ ʩʧʨʷʤʦ ʛʣʘʚʥʘʪʘ ʤʫ ʦʧʪʠʯʥʘ ʦʩ. ʑʝ ʧʨʦʩ-

ʣʝʜʠʤ ʢʘʢ ʩʝ ʬʦʢʫʩʠʨʘʪ ʣʲʯʠʪʝ, ʣʝʞʘʱʠ ʚ ʜʚʝ ʚʟʘʠʤʥʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ 

ʨʘʚʥʠʥʠ ʚ ʩʥʦʧʘ ï ʚ ʤʝʨʠʜʠʦʥʘʣʥʘʪʘ ʨʘʚʥʠʥʘ a ʠ ʚ ʩʘʛʠʪʘʣʥʘʪʘ b, ʧʨʝʩʠʯʘʱʠ ʩʝ 

ʧʦ ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʥʝʛʦʚʘʪʘ ʦʩ. ʄʝʨʠʜʠʦʥʘʣʥʘʪʘ ʨʘʚʥʠʥʘ ʝ ʪʘʟʠ, ʚ ʢʦʷʪʦ ʦʩʚʝʥ 

ʦʩʪʘ ʥʘ ʧʦʧʘʜʘʱʠʷ ʩʥʦʧ, ʣʝʞʠ ʠ ʛʣʘʚʥʘʪʘ ʦʧʪʠʯʥʘ ʦʩ ʥʘ ʦʙʝʢʪʠʚʘ. ɿʘ ʜʘ ʠʟʚʲʨ-

ʰʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʩʪʘʚʷʤʝ ʧʨʝʜ ʦʙʝʢʪʠʚʘ ʥʝʧʨʦʟʨʘʯʥʘ ʧʨʝʛʨʘʜʘ ʩ ʚʨʷʟʘʥ ʚ 

ʥʝʷ ʧʨʦʮʝʧ, ʩʣʝʜ ʢʦʝʪʦ ʯʨʝʟ ʥʝʡʥʦʪʦ ʟʘʚʲʨʪʘʥʝ ʥʘ 90Á ʤʦʞʝʤ ʜʘ ʧʨʦʧʫʩʢʘʤʝ 

ʣʲʯʠʪʝ, ʣʝʞʘʱʠ ʪʫ ʚ ʝʜʥʘʪʘ ʨʘʚʥʠʥʘ, ʪʫ ʚ ʜʨʫʛʘʪʘ. ʊʦʛʘʚʘ ʱʝ ʟʘʙʝʣʝʞʠʤ, ʯʝ 

ʣʲʯʠʪʝ ʦʪ ʤʝʨʠʜʠʦʥʘʣʥʘʪʘ ʨʘʚʥʠʥʘ a ʩʝ ʬʦʢʫʩʠʨʘʪ ʧʦ-ʙʣʠʟʦ ʟʘʜ ʦʙʝʢʪʠʚʘ ʦʪ 

ʪʝʟʠ, ʣʝʞʘʱʠ ʚ ʩʘʛʠʪʘʣʥʘʪʘ ʨʘʚʥʠʥʘ b (ʪ.ʝ.  ʬʦʢʫʩʲʪ Fa ʝ ʧʦ-ʙʣʠʟʦ ʜʦ ʦʙʝʢʪʠʚʘ 

ʦʪ Fb). ɸʢʦ ʤʘʭʥʝʤ ʧʨʝʛʨʘʜʘʪʘ ʩ ʧʨʦʮʝʧʘ, ʦʙʨʘʟʲʪ ʥʘ ʪʦʯʢʦʚʠʷ ʩʚʝʪʦʠʟʪʦʯʥʠʢ 

ʱʝ ʥʘʧʦʜʦʙʷʚʘ ʢʨʲʩʪʯʝ, ʥʘ ʢʦʝʪʦ ʦʙʘʯʝ ʜʚʝʪʝ ʩʲʩʪʘʚʷʱʠ ʛʦ ʯʝʨʪʠʯʢʠ ʩʘ ʨʘʟʜʝʣʝ-

ʥʠ ʠ ʣʝʞʘʪ ʚ ʨʘʟʣʠʯʥʠ ʬʦʢʘʣʥʠ ʨʘʚʥʠʥʠ, ʦʪʜʘʣʝʯʝʥʠ ʥʘ ʨʘʟʣʠʯʥʠ ʨʘʟʩʪʦʷʥʠʷ 

ʟʘʜ ʦʙʝʢʪʠʚʘ. 
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ʌʠʛ. 17. ʂʲʤ ʦʙʷʩʥʝʥʠʝʪʦ ʟʘ ʦʧʪʠʯʥʠʷ ʜʝʬʝʢʪ ʘʩʪʠʛʤʘʪʠʟʲʤ: a ʠ b ï ʜʚʝ ʚʟʘʠʤʥʦʧʝʨʧʝʥʜʠʢʫ-
ʣʷʨʥʠ ʨʘʚʥʠʥʠ (ʩʲʦʪʚʝʪʥʦ ʤʝʨʠʜʠʦʥʘʣʥʘ ʠ ʩʘʛʠʪʘʣʥʘ), ʧʨʝʩʠʯʘʱʠ ʩʝ ʧʦ ʦʩʪʘ ʥʘ ʧʘʨʘʣʝʣʝʥ 
ʩʚʝʪʣʠʥʝʥ ʩʥʦʧ, ʧʦʧʘʜʘʱ ʚ ʦʙʝʢʪʠʚʘ ʧʦʜ ʲʛʲʣ ɔ. ɺ ʤʝʨʠʜʠʦʥʘʣʥʘʪʘ ʨʘʚʥʠʥʘ a ʣʝʞʘʪ ʢʘʢʪʦ 

ʦʩʪʘ ʥʘ ʩʥʦʧʘ, ʪʘʢʘ ʠ ʛʣʘʚʥʘʪʘ ʦʧʪʠʯʥʘ ʦʩ ʥʘ ʦʙʝʢʪʠʚʘ. Fa ʠ Fb ï ʥʝʩʲʚʧʘʜʘʱʠ ʬʦʢʫʩʠ ʟʘ 

ʣʲʯʠʪʝ, ʣʝʞʘʱʠ ʚ ʜʚʝʪʝ ʨʘʚʥʠʥʠ. ʈʘʟʣʠʢʘʪʘ ʚ ʪʝʭʥʠʪʝ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ ʝ Df, ʢʘʪʦ ʩʲʱʘʪʘ 

ʥʘʨʘʩʪʚʘ ʙʲʨʟʦ ʧʨʠ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʲʛʲʣʘ ɔ. ɻʦʨʝ ʚʜʷʩʥʦ ʝ ʧʦʢʘʟʘʥ ʬʨʘʛʤʝʥʪ ʦʪ ʢʘʜʲʨ ʩʲʩ 
ʟʚʝʟʜʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʠʪʦ ʧʦʨʘʜʠ ʘʩʪʠʛʤʘʪʠʟʤʘ ʩʘ ʩʝ ʚʲʟʧʨʦʠʟʚʝʣʠ ʚ ʢʨʘʷ ʥʘ ʧʦʣʝʪʦ ʚʲʚ 
ʚʠʜ ʥʘ ʨʘʟʢʨʠʚʝʥʠ ʢʨʲʩʪʯʝʪʘ, ʦʧʠʩʚʘʥʠ ʧʦʥʷʢʦʛʘ ʧʦ-ʦʙʨʘʟʥʦ ʢʘʪʦ Ăʣʝʪʷʱʠ ʧʪʠʮʠñ 

ʈʘʟʣʠʢʘʪʘ Df ʤʝʞʜʫ ʬʦʢʫʩʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʟʘ ʣʲʯʠʪʝ ʦʪ ʜʚʝʪʝ ʨʘʚʥʠʥʠ ʩʠʣ-

ʥʦ ʟʘʚʠʩʠ ʦʪ ʲʛʲʣʲʪ ɔ, ʧʦʜ ʢʦʡʪʦ ʩʚʝʪʣʠʥʥʠʷʪ ʩʥʦʧ ʧʦʧʘʜʘ ʚ ʦʙʝʢʪʠʚʘ. ʅʘʧʨʠ-

ʤʝʨ ʟʘ ʘʭʨʦʤʘʪʠʯʝʥ ʜʫʙʣʝʪ ʩ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 300 mm, ʧʨʠ ʲʛʲʣ ʥʘ ʧʦʧʘʜʘʥʝ 

ɔ ʦʢʦʣʦ 35-40Á, ʨʘʟʣʠʢʘʪʘ Df ʝ ʦʪ ʥʷʢʦʣʢʦ ʤʠʣʠʤʝʪʨʘ. ʇʨʠʯʠʥʘʪʘ ʟʘ ʪʦʚʘ ʝ, ʯʝ 

ʢʦʩʦ ʧʦʧʘʜʘʱʠʪʝ ʣʲʯʠ ʩʨʝʱʘʪ ʧʦ ʨʘʟʣʠʯʝʥ ʥʘʯʠʥ ʧʦʚʲʨʭʥʦʩʪʥʘʪʘ ʢʨʠʚʠʥʘ ʥʘ 

ʦʙʝʢʪʠʚʘ ʚ ʜʚʝʪʝ ʚʟʘʠʤʥʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠ ʥʘʧʨʘʚʣʝʥʠʷ a ʠ b. ʊʦʚʘ ʚʦʜʠ ʜʦ 

ʥʝʝʜʥʘʢʚʦʪʦ ʠʤ ʧʨʝʯʫʧʚʘʥʝ ʠ ʜʦ ʩʲʙʠʨʘʥʝʪʦ ʠʤ ʚ ʨʘʟʣʠʯʥʠ ʬʦʢʫʩʠ. 

ʇʨʦʩʪʦ ʫʩʪʨʦʝʥʠʪʝ ʦʙʝʢʪʠʚʠ ï ʝʜʥʦʣʝʱʦʚʠ, ʜʚʫʣʝʱʦʚʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ 

ʨʘʟʛʣʝʜʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʘʭʨʦʤʘʪʠʯʥʠ ʜʫʙʣʝʪʠ, ʧʨʠ ʢʦʠʪʦ ʘʩʪʠʛʤʘʪʠʟʤʲʪ ʥʝ ʝ ʦʪʩʪ-

ʨʘʥʝʥ ʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʝ, ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʢʘʪʦ ʦʙʝʢʪʠʚʠ ʘʩʪʠʛʤʘʪʠ. ɸʩʪʠʛʤʘ-

ʪʠʟʤʲʪ ʩʝ ʦʪʩʪʨʘʥʷʚʘ ʪʨʫʜʥʦ ʯʨʝʟ ʩʣʦʞʥʠ ʢʦʤʙʠʥʘʮʠʠ ʦʪ ʣʝʱʠ ʩ ʨʘʟʣʠʯʥʘ 

ʬʦʨʤʘ, ʠʟʨʘʙʦʪʝʥʠ ʦʪ ʪʠʧʦʚʝ ʩʪʲʢʣʘ ʩ ʨʘʟʣʠʯʥʠ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʧʨʝʯʫʧʚʘʥʝ, ʩ ʮʝʣ 

ʜʘ ʙʲʜʘʪ ʜʦʙʨʝ ʦʪʩʪʨʘʥʝʥʠ ʠ ʦʩʪʘʥʘʣʠʪʝ ʥʝʜʦʩʪʘʪʲʮʠ ʥʘ ʧʨʦʩʪʘʪʘ ʣʝʱʘ. ʇʨʠʪʚʘ-

ʨʷʥʝʪʦ ʥʘ ʜʠʘʬʨʘʛʤʘʪʘ ʥʘ ʬʦʪʦʦʙʝʢʪʠʚʘ ʩʲʱʦ ʥʘʤʘʣʷʚʘ ʘʩʪʠʛʤʘʪʠʟʤʘ, ʧʨʠ ʪʦʚʘ 

ʜʦʩʪʘ ʦʩʝʟʘʝʤʦ. ʉʲʚʨʝʤʝʥʥʠʪʝ ʬʦʪʦʛʨʘʬʩʢʠ ʦʙʝʢʪʠʚʠ, ʩʲʜʲʨʞʘʱʠ ʪʨʠ ʠʣʠ ʧʦ-

ʚʝʯʝ ʥʘ ʙʨʦʡ ʣʝʱʠ, ʧʨʠ ʢʦʠʪʦ ʘʩʪʠʛʤʘʪʠʟʤʲʪ ʝ ʜʦʩʪʘʪʲʯʥʦ ʜʦʙʨʝ ʢʦʨʠʛʠʨʘʥ, ʩʝ 

ʢʣʘʩʠʬʠʮʠʨʘʪ ʢʘʪʦ ʦʙʝʢʪʠʚʠ ʘʥʘʩʪʠʛʤʘʪʠ. ʊʝ ʩʘ ʩ ʧʦ-ʛʦʣʷʤʘ ʩʚʝʪʣʦʩʠʣʘ ʠ 

ʜʘʚʘʪ ʢʘʯʝʩʪʚʝʥʦ ʦʩʪʨʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦ ʮʷʣʘʪʘ ʧʣʦʱ ʥʘ ʢʘʜʲʨʘ. 
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ʌʠʛ. 18. ʐʝʩʪ ʣʝʱʦʚ ʘʥʘʩʪʠʛʤʘʪ ʩʠʩʪʝʤʘ ɼʚʦʝʥ ɻʘʫʩ (Double Gauss lens). ʊʘʟʠ ʢʦʥʩʪʨʫʢʮʠʷ ʝ 
ʭʘʨʘʢʪʝʨʥʘ ʟʘ ʤʥʦʛʦ ʤʦʜʝʣʠ ʥʦʨʤʘʣʥʠ ʬʦʪʦʛʨʘʬʩʢʠ ʦʙʝʢʪʠʚʠ, ʢʘʪʦ ʚʝʯʝ ʩʲʱʝʩʪʚʫʚʘʪ ʧʦʜʦʙ-
ʨʝʥʠ ʥʝʡʥʠ ʚʝʨʩʠʠ ʩ ʧʦʚʝʯʝ ʥʘ ʙʨʦʡ ʝʣʝʤʝʥʪʠ ʠ ʩ ʧʦʚʠʰʝʥʘ ʩʚʝʪʣʦʩʠʣʘ. ʄʘʣʢʦ ʝ ʪʨʫʜʥʦ ʜʘ ʩʝ 
ʧʦʚʷʨʚʘ, ʯʝ ʠʜʝʷʪʘ ʟʘ ʪʦʟʠ ʦʙʝʢʪʠʚ ʧʨʦʠʟʭʦʞʜʘ ʦʪ ʘʭʨʦʤʘʪʠʯʥʠʷ ʜʫʙʣʝʪ, ʧʨʝʜʣʦʞʝʥ ʦʪ ʤʘʪʝ-
ʤʘʪʠʢʘ ʂʘʨʣ ʌʨʠʜʨʠʭ ɻʘʫʩ ʧʨʝʟ 1817 ʛ. (ʬʠʛ. 14-f) 
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ʌʠʛ. 19. ʆʛʲʚʘʥʝ ʥʘ ʧʦʣʝʪʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ï ʪ.ʥʘʨ. ʇʝʮʚʘʣʦʚʘ ʢʨʠʚʠʥʘ (Petzval field 
curvature). ʉʚʝʪʣʠʥʥʠʷʪ ʩʥʦʧ a, ʧʦʧʘʜʘʱ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚ ʣʝʱʘʪʘ, ʩʝ ʬʦʢʫʩʠʨʘ ʚ ʪʦʯʢʘ Fa 
ʦʪ ʦʩʥʦʚʥʘʪʘ ʬʦʢʘʣʥʘ ʨʘʚʥʠʥʘ 1. ʅʘʢʣʦʥʝʥʠʪʝ ʩʧʨʷʤʦ ʛʣʘʚʥʘʪʘ ʦʧʪʠʯʥʘ ʦʩ ʩʥʦʧʦʚʝ b ʠ c 

ʦʙʘʯʝ (ʚ ʯʝʨʚʝʥʦ) ʩʝ ʬʦʢʫʩʠʨʘʪ ʚ ʨʘʚʥʠʥʘʪʘ 2, ʢʦʷʪʦ ʝ ʧʦ-ʙʣʠʟʦ ʜʦ ʣʝʱʘʪʘ. ʊʨʠʪʝ ʬʦʢʫʩʘ Fa, 
Fb ʠ Fc ʦʯʝʨʪʘʚʘʪ ʩʬʝʨʠʯʥʦ ʦʛʲʥʘʪʦ ʦʙʨʘʟʥʦ ʧʦʣʝ ʦʢʦʣʦ ʧʨʦʝʢʮʠʦʥʥʠʷ ʮʝʥʪʲʨ H ʥʘ ʩʠʩʪʝʤʘ-
ʪʘ. ʅʘ ʧʨʘʢʪʠʢʘ ʦʛʲʚʘʥʝʪʦ ʤʦʞʝ ʜʘ ʥʝ ʙʲʜʝ ʩʬʝʨʠʯʥʦ, ʘ ʩ ʜʨʫʛʘ ʬʦʨʤʘ. ʊʲʡ ʢʘʪʦ ʬʦʪʦʛʨʘʬʩ-
ʢʠʪʝ ʧʨʠʝʤʥʠʮʠ ʩʘ ʧʣʦʩʢʠ, ʪʦʟʠ ʜʝʬʝʢʪ ʚʦʜʠ ʜʦ ʥʝʝʜʥʘʢʚʘ ʨʷʟʢʦʩʪ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʧʦ 
ʮʷʣʘʪʘ ʧʣʦʱ ʥʘ ʢʘʜʲʨʘ. ɿʘ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʢʨʠʚʠʥʘʪʘ ʥʘ ʧʦʣʝʪʦ ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʧʝʮʠʘʣʥʠ 
ʢʦʨʝʢʪʦʨʥʠ ʣʝʱʠ (field flatteners), ʤʦʥʪʠʨʘʱʠ ʩʝ ʙʣʠʟʦ ʜʦ ʬʦʢʘʣʥʘʪʘ ʨʘʚʥʠʥʘ ʥʘ ʪʝʣʝʩʢʦʧʘ. 
ʇʨʠ ʥʷʢʦʠ ʤʦʜʝʣʠ ʦʙʝʢʪʠʚʠ, ʥʘʡ-ʟʘʜʥʠʪʝ ʝʣʝʤʝʥʪʠ ʚ ʪʝʭʥʠʪʝ ʦʧʪʠʯʥʠ ʩʠʩʪʝʤʠ ʠʟʧʲʣʥʷʚʘʪ 
ʨʦʣ̫ʪʘ ʥʘ ʢʦʨʝʢʪʦʨ ʟʘ ʧʣʦʩʢʦ ʧʦʣʝ 
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ʌʠʛ. 20. ɼʠʩʪʦʨʩʠʷ ï ʠʟʢʨʠʚʷʚʘʥʝ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠʪʝ ʬʦʨʤʠ ʥʘ ʦʙʨʘʟʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʦʣʦ-
ʞʝʥʠʝʪʦ ʥʘ ʜʠʘʬʨʘʛʤʘʪʘ ʩʧʨʷʤʦ ʦʙʝʢʪʠʚʘ:  
a ï ʧʦʟʠʪʠʚʥʘ ʜʠʩʪʦʨʩʠʷ (pincushion distortion ï Ăʚʲʟʛʣʘʚʥʠʯʢʘñ). ʇʨʠ ʜʠʘʬʨʘʛʤʘ ʟʘʜ ʦʙʝʢʪʠ-

ʚʘ, ʩʪʨʘʥʠʪʝ ʥʘ ʧʨʘʚʦʲʛʲʣʥʠʪʝ ʦʙʝʢʪʠ ʩʝ ʧʨʝʜʘʚʘʪ ʦʛʲʥʘʪʠ ʢʲʤ ʮʝʥʪʲʨʘ ʥʘ ʢʘʜʲʨʘ;  
b ï ʥʝʛʘʪʠʚʥʘ ʜʠʩʪʦʨʩʠ ̫(barrel distortion ï Ăʙʲʯʚʘñ). ʇʨʠ ʜʠʘʬʨʘʛʤʘ ʧʨʝʜ ʦʙʝʢʪʠʚʘ ʠʟʢʨʠʚʷ-
ʚʘʥʝʪʦ ʝ ʚ ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ;  
c ï ʦʪʩʪʨʘʥʝʥʘ ʜʠʩʪʦʨʩʠʷ ʯʨʝʟ ʩʠʤʝʪʨʠʯʥʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʣʝʱʠʪʝ ʩʧʨʷʤʦ ʜʠʘʬʨʘʛʤʘʪʘ, 
ʭʘʨʘʢʪʝʨʥʦ ʧʨʠ ʩʠʤʝʪʨʠʯʥʠʪʝ ʦʙʝʢʪʠʚʠ 

 

 

ɼʠʦʧʪʲʨ, ʦʧʪʠʯʥʘ ʩʠʣʘ ʥʘ ʣʝʱʘ 

ʂʦʛʘʪʦ ʩʝ ʛʦʚʦʨʠ ʟʘ ʝʜʠʥʠʯʥʠ ʣʝʱʠ ï ʥʘʧʨʠʤʝʨ ʟʘ ʩʪʲʢʣʘ ʟʘ ʦʯʠʣʘ, ʤʥʦʛʦ 

ʯʝʩʪʦ ʩʝ ʩʧʦʤʝʥʘʚʘ ʧʦʥʷʪʠʝʪʦ ʜʠʦʧʪʲʨ.  ʆʧʪʠʯʥʘʪʘ ʩʠʣʘ ʠʣʠ ʧʨʝʯʫʧʚʘʱʘʪʘ ʩʠʣʘ 

D ʥʘ ʣʝʱʠʪʝ ʠ ʠʟʦʙʱʦ ï ʥʘ ʨʝʬʨʘʢʪʦʨʥʠʪʝ ʩʠʩʪʝʤʠ, ʩʝ ʠʟʤʝʨʚʘ ʚ ʜʠʦʧʪʨʠ (dpt): 

 

ʪ.ʝ. D ʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ f, ʚʟʝʪʦ ʚ ʤʝʪʨʠ. 
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ʇʨʝʯʫʧʚʘʱʘʪʘ ʩʠʣʘ ʥʘ ʩʲʙʠʨʘʪʝʣʥʠʪʝ (ʢʦʥʚʝʨʛʝʥʪʥʠʪʝ) ʣʝʱʠ ʩʝ ʦʪʯʠʪʘ ʚ 

ʜʠʦʧʪʨʠ ʩ ʧʦʣʦʞʠʪʝʣʥʘ ʩʪʦʡʥʦʩʪ. ʊʘʢʠʚʘ ʩʘ ʥʘʧʨʠʤʝʨ ʩʪʲʢʣʘʪʘ ʥʘ ʦʯʠʣʘʪʘ, ʢʦ-

ʨʠʛʠʨʘʱʠ ʜʘʣʝʢʦʛʣʝʜʩʪʚʦ. ʇʨʠ ʨʘʟʩʝʡʚʘʪʝʣʥʠʪʝ (ʜʠʚʝʨʛʝʥʪʥʠʪʝ) ʣʝʱʠ ʝ ʦʙʨʘʪ-

ʥʦ ï ʧʨʝʯʫʧʚʘʱʘʪʘ ʠʤ ʩʠʣʘ ʩʝ ʜʘʚʘ ʩ ʦʪʨʠʮʘʪʝʣʝʥ ʟʥʘʢ. ʊʘʢʠʚʘ ʩʘ ʣʝʱʠʪʝ ʥʘ 

ʦʯʠʣʘʪʘ ʟʘ ʢʦʨʝʢʮʠʷ ʥʘ ʢ̡ʩʦʛʣʝʜʩʪʚʦ. 

 

ʇʨʠʤʝʨʠ: ʩʲʙʠʨʘʪʝʣʥʘ ʣʝʱʘ ʩ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 1 m ʠʤʘ ʧʨʝʯʫʧʚʘʱʘ ʩʠ-

ʣʘ +1 dpt. ʉʲʙʠʨʘʪʝʣʥʘ ʣʝʱʘ ʩ f = 0.5 m ʝ ʩʲʩ ʩʠʣʘ +2 dpt. ʅʦʨʤʘʣʝʥ ʬʦʪʦʛʨʘʬʩ-

ʢʠ ʦʙʝʢʪʠʚ ʩ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 50 mm ʠʤʘ ʧʨʝʯʫʧʚʘʱʘ ʩʠʣʘ +20 dpt. ʆʙʝʢʪʠʚ 

ʥʘ ʤʠʢʨʦʩʢʦʧ ʩ f = 5 mm ʠʤʘ ʩʠʣʘ +200 dpt. ɼʲʞʜʦʚʥʘ ʢʘʧʢʘ ʩ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷ-

ʥʠʝ ʧʦ-ʢʲʩʦ ʦʪ 1 ʩʤ ʠʤʘ ʧʨʝʯʫʧʚʘʱʘ ʩʠʣʘ ʥʘʜ 100 ʜʠʦʧʪʲʨʘ.  

ʈʘʟʩʝʡʚʘʪʝʣʥʘ ʣʝʱʘ ʩ f = ï0.5 m ʠʤʘ ʧʨʝʯʫʧʚʘʱʘ ʩʠʣʘ ï2 dpt, ʘ ʪʘʢʘʚʘ ʩ 

f = ï0.2 m ʝ ʦʪ ï5 dpt. 

 

ɹʲʨʟ ʠ ʣʝʩʝʥ ʥʘʯʠʥ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʥʘ ʫʤ ʜʠʦʧʪʨʠʪʝ ʥʘ ʣʝʱʘ ʝ ʢʘʪʦ ʨʘʟʜʝ-

ʣʠʤ ʯʠʩʣʦʪʦ 100 ʥʘ ʥʝʡʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʚ ʩʘʥʪʠʤʝʪʨʠ. ʅʘʧʨʠʤʝʨ ʩʲʙʠ-

ʨʘʪʝʣʥʘ ʣʝʱʘ ʩ f = 40 ʩʤ ʠʤʘ ʧʨʝʯʫʧʚʘʱʘ ʩʠʣʘ +2.5 dpt, ʪ̡ ʡ ʢʘʪʦ 100/40 = 2.5. 

ʊʫʢ ʯʠʩʣʦʪʦ 100 ʝ ʙʨʦʷʪ ʥʘ ʩʘʥʪʠʤʝʪʨʠʪʝ ʚ 1 m. 

 

ʅʠʱʦ ʥʝ ʧʨʝʯʠ ʜʘ ʦʧʠʰʝʤ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʚʜʣʲʙʥʘʪʦ ʠʣʠ ʠʟʧʲʢ-

ʥʘʣʦ ʦʛʣʝʜʘʣʦ, ʢʘʢʪʦ ʧʨʠ ʣʝʱʠʪʝ ï ʩ ʥʝʛʦʚʘʪʘ ʨʝʮʠʧʨʦʯʥʘ ʩʪʦʡʥʦʩʪ ʚ ʜʠʦʧʪʨʠ. 

ʊʨʷʙʚʘ ʦʙʘʯʝ ʜʘ ʧʨʘʚʠʤ ʨʘʟʣʠʢʘ ʦʪ ʥʷʢʦʠ ʩʣʫʯʘʠ, ʚ ʢʦʠʪʦ ʜʠʦʧʪʲʨʲʪ ʩʝ ʠʟʧʦʣʟʚʘ 

ʟʘ ʦʧʠʩʘʥʠʝ ʥʘ ʢʨʠʚʠʥʘʪʘ ʥʘ ʜʲʛʘ ʠʣʠ ʥʷʢʘʢʚʘ ʠʟʚʠʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʅʘʧʨʠʤʝʨ ʟʘ 

ʦʢʨʲʞʥʦʩʪ ʩ ʨʘʜʠʫʩ 0.25 m ʤʦʞʝʤ ʜʘ ʢʘʞʝʤ, ʯʝ ʩʲʱʘʪʘ ʠʤʘ ʢʨʠʚʠʥʘ ʦʪ 4 ʜʠʦʧ-

ʪʲʨʘ. 

 

ʇʨʠ ʦʧʠʩʘʥʠʝʪʦ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʩʣʦʞʥʠ ʦʧʪʠʯʥʠ ʩʠʩʪʝʤʠ ï ʦʙʝʢʪʠʚʠ, 

ʦʢʫʣʷʨʠ ʠ ʜʨ., ʧʨʝʯʫʧʚʘʱʘʪʘ ʠʤ ʩʠʣʘ ʚ ʜʠʦʧʪʨʠ ʨʷʜʢʦ ʩʝ ʫʧʦʤʝʥʘʚʘ. ɼʝʢʣʘʨʠ-

ʨʘʥʝʪʦ ʥʘ ʪʝʭʥʠʪʝ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ ʝ ʧʦ-ʧʨʘʢʪʠʯʥʦ. 

 

 

 

ʃʫʧʘ, ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʦʙʨʘʟ ʩ ʫʚʝʣʠʯʝʥʠʝ, ʩʚʝʪʣʠʥʝʥ ʤʠʢʨʦʩʢʦʧ ʠ 

ʘʬʦʢʘʣʥʠ ʩʠʩʪʝʤʠ 

ʅʘ ʧʨʲʚ ʧʦʛʣʝʜ ʠʟʛʣʝʞʜʘ, ʯʝ ʪʝʟʠ ʧʦʥʷʪʠʷ ʩʪʦ̫ʪ ʤʘʣʢʦ ʜʘʣʝʯ ʦʪ ʘʩʪʨʦʥʦʤʠ-

ʯʝʩʢʘʪʘ ʦʧʪʠʢʘ, ʥʦ ʪʦʚʘ ʩʘ ʦʩʥʦʚʥʠ ʧʨʠʥʮʠʧʠ, ʠʟʧʦʣʟʚʘʱʠ ʩʝ ʢʘʢʪʦ ʚ ʥʝʷ, ʪʘʢʘ ʠ 

ʚʲʚ ʚʩʝʚʲʟʤʦʞʥʠ ʜʨʫʛʠ ʦʧʪʠʯʥʠ ʫʨʝʜʠ. ʅʘʧʨʠʤʝʨ ʤʥʦʛʦ ʧʨʠʙʦʨʠ ʟʘ ʪʦʯʥʠ ʠʟ-

ʤʝʨʚʘʥʠʷ ʩʘ ʩʥʘʙʜʝʥʠ ʩ ʦʧʪʠʯʥʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʤʘʛʘʱʠ ʧʨʠ ʦʪʯʠʪʘʥʝʪʦ ʥʘ ʧʦʢʘ-

ʟʘʥʠʷʪʘ ʧʦ ʪʝʭʥʠʪʝ ʩʢʘʣʠ. ʊʘʢʠʚʘ ʩʝ ʩʨʝʱʘʪ ʧʨʠ ʨʘʟʣʠʯʥʠ ʪʝʦʜʦʣʠʪʠ, 

ʛʦʥʠʦʤʝʪʨʠ, ʠʥʩʪʨʫʤʝʥʪʘʣʥʠ ʤʠʢʨʦʩʢʦʧʠ, ʜʦ ʩʢʘʣʠʪʝ ʥʘ ʢʦʦʨʜʠʥʘʪʥʠʪʝ ʢʨʲʛʦʚʝ 

ʧʨʠ ʥʷʢʦʠ ʪʝʣʝʩʢʦʧʠ, ʚ ʘʥʘʣʠʪʠʯʥʠʪʝ ʚʝʟʥʠ ï ʦʧʪʠʢʘʪʘ, ʧʨʦʝʢʪʠʨʘʱʘ ʧʦʜʚʠʞʥʠ-

ʪʝ ʠʤ ʩʢʘʣʠ ʠ ʧʨ. ʅʘʡ-ʦʙʱʦ ʪʝʟʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʝʜʠʥ ʪʫʙʫʩ, ʚ ʢʦʡʪʦ ʝ 

ʤʦʥʪʠʨʘʥʘ ʩʲʙʠʨʘʪʝʣʥʘ ʣʝʱʘ ʠʣʠ ʧʦ-ʩʣʦʞʝʥ ʦʢʫʣʷʨ. ʇʨʝʟ ʥʝʛʦ ʨʘʙʦʪʝʱʠʷʪ 

ʚʠʞʜʘ ʩʢʘʣʘ ʟʘ ʦʪʯʠʪʘʥʝ ʥʘ ʥʷʢʘʢʚʘ ʚʝʣʠʯʠʥʘ ʠʣʠ ʜʨʫʛ ʠʥʪʝʨʝʩʫʚʘʱ ʛʦ ʦʙʝʢʪ, 
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ʧʦʜ ʫʚʝʣʠʯʝʥʠʝ ï ʢʘʪʦ ʧʨʝʟ ʣʫʧʘ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʧʦ-ʛʦʣʷʤʦ ʫʚʝʣʠʯʝʥʠʝ 

ʧʨʠʙʦʨʲʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʩʥʘʙʜʝʥ ʩʲʩ ʟʨʠʪʝʣʥʘ ʪʨʲʙʘ, ʩ ʦʧʪʠʯʥʘ ʩʭʝʤʘ ʥʘ ʩʚʝʪʣʠ-

ʥʝʥ ʤʠʢʨʦʩʢʦʧ. ɺ ʪʝʟʠ ʩʣʫʯʘʠ, ʚ ʧʨʝʜʥʠʷ ʬʦʢʫʩ ʥʘ ʦʢʫʣʷʨʘ ʥʘ ʤʠʢʨʦʩʢʦʧʘ ʤʦʛʘʪ 

ʜʘ ʙʲʜʘʪ ʤʦʥʪʠʨʘʥʠ ʤʝʨʠʪʝʣʥʠ ʤʨʝʞʠ ʠʣʠ ʨʘʟʛʨʘʬʝʥʠ ʢʨʲʩʪʦʚʝ ʟʘ ʪʦʯʥʦ ʦʪʯʠ-

ʪʘʥʝ ʥʘ ʣʠʥʝʡʥʠ ʠʣʠ ʲʛʣʦʚʠ ʨʘʟʤʝʨʠ. ʅʘʧʨʠʤʝʨ ʦʢʫʣʷʨʥʠʪʝ ʛʣʘʚʠ ʥʘ ʠʥʩʪʨʫ-

ʤʝʥʪʘʣʥʠʪʝ ʤʠʢʨʦʩʢʦʧʠ ʩʘ ʩʥʘʙʜʝʥʠ ʩʲʩ ʱʨʠʭʦʚʠ ʤʨʝʞʠ ʠ ʩʢʘʣʠ ʟʘ ʦʪʯʠʪʘʥʝ ʥʘ 

ʨʘʟʩʪʦʷʥʠʷ, ʢʘʢʪʦ ʠ ʥʘ ʲʛʣʠ ʤʝʞʜʫ ʢʦʥʪʫʨʠʪʝ ʥʘ ʠʟʤʝʨʚʘʥʠʪʝ ʦʙʝʢʪʠ. 

 

 

ʌʠʛ. 21. ʄʠʢʨʦʤʝʪʨʠʯʝʥ ʦʢʫʣʷʨ ʠ ʧʦʛʣʝʜ ʧʨʝʟ ʥʝʛʦ. ʊʘʢʠʚʘ ʠ ʧʦʜʦʙʥʠ ʫʩʪʨʦʡʩʪʚʘ ʩʘ ʧʦʣʝʟʥʠ 

ʚ ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʰʠʨʦʢ ʢʨʲʛ ʟʘʜʘʯʠ ï ʧʨʠ ʠʟʤʝʨʚʘʥʝ ʥʘ ʣʠʥʝʡʥʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʤʘʣʢʠ ʦʙʝʢʪʠ 
ʧʦʜ ʤʠʢʨʦʩʢʦʧ ʠʣʠ ʥʘ ʲʛʣʦʚʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʜʘʣʝʯʥʠ ʦʙʝʢʪʠ ʧʨʝʟ ʪʝʣʝʩʢʦʧ. ʆʪʯʠʪʘʥʝʪʦ ʩʝ 
ʠʟʚʲʨʰʚʘ ʢʘʢʪʦ ʧʦ ʩʢʘʣʘʪʘ, ʚʠʜʠʤʘ ʚ ʦʢʫʣʷʨʘ, ʪʘʢʘ ʠ ʧʦ ʥʦʥʠʫʩʘ ʥʘ ʤʠʢʨʦʤʝʪʨʠʯʥʠʷ ʚʠʥʪ, 
ʧʦʢʘʟʘʥ ʚ ʣʷʚʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ. ʇʲʨʚʦ ʩʝ ʦʧʨʝʜʝʣʷ ʢʦʥʩʪʘʥʪʘʪʘ ʥʘ ʦʙʝʢʪʠʚʘ ʥʘ ʧʨʠʙʦʨʘ, ʩ 
ʢʦʡʪʦ ʱʝ ʩʝ ʨʘʙʦʪʠ (ʥʝʛʦʚʦʪʦ ʫʚʝʣʠʯʝʥʠʝ). 1 ï ʥʝʧʦʜʚʠʞʥʘ ʤʠʣʠʤʝʪʨʦʚʘ ʩʢʘʣʘ; 2 ï ʤʝʨʠʪʝʣʝʥ 
ʢʨʲʩʪ, ʟʘʜʚʠʞʚʘʥ ʦʪ ʤʠʢʨʦʤʝʪʨʠʯʥʠʷ ʚʠʥʪ 

 

ʃʫʧʘ 

ɸʢʦ ʠʟʧʦʣʟʚʘʤʝ ʝʜʥʘ ʩʲʙʠʨʘʪʝʣʥʘ ʣʝʱʘ ʢʘʪʦ ʦʙʠʢʥʦʚʝʥʘ ʣʫʧʘ ʟʘ ʯʝʪʝʥʝ 

(ʢʘʪʦ ʫʚʝʣʠʯʠʪʝʣʥʦ ʩʪʲʢʣʦ), ʥʠʝ ʷ ʜʲʨʞʠʤ ʥʘ ʜʠʩʪʘʥʮʠʷ a ʦʪ ʨʘʟʛʣʝʞʜʘʥʠʷ 

ʦʙʝʢʪ, ʧʨʠ ʢʦʷʪʦ ʚʠʞʜʘʤʝ ʥʘʡ-ʷʩʥʦ ʫʚʝʣʠʯʝʥʠʷʪ ʥʝʛʦʚ ʦʙʨʘʟ (ʬʠʛ. 22). ʈʘʟʩʪʦʷ-

ʥʠʝʪʦ ʘ ʦʙʠʢʥʦʚʝʥʦ ʝ ʤʘʣʢʦ ʧʦ-ʢʲʩʦ ʦʪ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ f ʥʘ ʣʝʱʘʪʘ. ɿʘ ʜʘ 

ʦʙʷʩʥʠʤ ʧʦʩʪʨʦʷʚʘʥʝʪʦ ʥʘ ʦʙʨʘʟʘ ʚ ʪʦʟʠ ʩʣʫʯʘʡ, ʪʨʷʙʚʘ ʜʘ ʧʨʦʩʣʝʜʠʤ ʭʦʜʘ ʥʘ 

ʧʦʥʝ ʜʚʘ ʣʲʯʘ, ʟʘʧʦʯʚʘʱʠ ʦʪ ʚʲʨʭʘ A ʥʘ ʦʙʝʢʪʘ: ɽʜʠʥʠʷʪ ʣʲʯ ʝ ʠʟʙʨʘʥ ʪʘʢʘ, ʯʝ 

ʧʲʨʚʦʥʘʯʘʣʥʦ ʝ ʫʩʧʦʨʝʜʝʥ ʥʘ ʦʧʪʠʯʥʘʪʘ ʦʩ, ʘ ʩʣʝʜ ʧʨʝʯʫʧʚʘʥʝʪʦ ʩʠ ʧʨʝʤʠʥʘʚʘ 

ʧʨʝʟ ʟʘʜʥʠʷ ʬʦʢʫʩ Fǋ. ɼʨʫʛʠʷʪ ʣʲʯ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʮʝʥʪʲʨʘ ʥʘ ʣʝʱʘʪʘ (ʛʣʘʚʝʥ 
ʣʲʯ). ʋʚʝʣʠʯʝʥʠʷʪ ʥʝʜʝʡʩʪʚʠʪʝʣʝʥ ʠ ʧʨʘʚ ʦʙʨʘʟ, ʠʤʘʱ ʚʠʜʠʤ ʨʘʟʤʝʨ hǋ, ʩʝ ʧʦʩ-

ʪʨʦʷʚʘ ʦʪ ʧʨʦʜʲʣʞʝʥʠʷʪʘ ʚ ʦʙʨʘʪʥʘ ʧʦʩʦʢʘ ʥʘ ʧʨʝʯʫʧʝʥʠʪʝ ʧʨʝʟ ʣʝʱʘʪʘ ʣʲʯʠ. 
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ʊʝʟʠ ʧʨʦʜʲʣʞʝʥʠʷ ʩʝ ʩʲʙʠʨʘʪ ʚʲʚ ʚʲʨʭʘ Aǋ ʥʘ ʦʙʨʘʟʘ ʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʲʚ ʬʠ-

ʛʫʨʘʪʘ ʩ ʧʨʝʢʲʩʥʘʪʠ ʣʠʥʠʠ. 

ɼʠʩʪʘʥʮʠʷʪʘ a ʟʘʚʠʩʠ ʦʪ ʪʦʚʘ, ʢʦʣʢʦ ʝ ʦʪʜʘʣʝʯʝʥʦ ʦʢʦʪʦ ʥʘ ʥʘʙʣʶʜʘʪʝʣʷ ʦʪ 

ʣʫʧʘʪʘ ʠ ʝʚʝʥʪʫʘʣʥʦ ʦʪ ʥʘʣʠʯʥʘ ʧʨʠ ʥʝʛʦ ʟʨʠʪʝʣʥʘ ʥʝʜʦʩʪʘʪʲʯʥʦʩʪ ï ʜʘʣʝʢʦʛ-

ʣʝʜʩʪʚʦ ʠʣʠ ʢʲʩʦʛʣʝʜʩʪʚʦ. ɿʘʙʝʣʝʞʝʪʝ, ʯʝ ʩʚʝʪʣʠʥʥʠʷʪ ʩʥʦʧ ʩʣʝʜ ʣʫʧʘʪʘ, ʦʪʠ-

ʚʘʱ ʢʲʤ ʦʢʦʪʦ ʥʘ ʥʘʙʣʶʜʘʪʝʣʷ, ʝ ʣʝʢʦ ʨʘʟʭʦʜʷʱ, ʢʦʝʪʦ ʥʝ ʝ ʥʝʦʙʠʯʘʡʥʦ. ʂʦʛʘʪʦ 

ʨʘʟʛʣʝʞʜʘʤʝ ʙʣʠʟʢʠ ʜʦ ʥʘʩ ʧʨʝʜʤʝʪʠ, ʩʚʝʪʣʠʥʘʪʘ ʦʪ ʪʷʭ ʧʦʧʘʜʘ ʚ ʦʯʠʪʝ ʥʠ ʩʲʱʦ 

ʚʲʚ ʚʠʜ ʥʘ ʨʘʟʭʦʜʷʱʠ ʩʥʦʧʦʚʝ. ʊʦʛʘʚʘ ʥʘʩʪʲʧʚʘ ʧʨʦʮʝʩ, ʥʘʨʝʯʝʥ ʘʢʦʤʦʜʘʮʠʷ ï 

ʚʪ̡ʨʝʦʯʥʠʪʝ ʥʠ ʣʝʱʠ ʧʨʦʤʝʥʷʪ ʬʦʨʤʘʪʘ ʩʠ ʟʘ ʜʘ ʬʦʢʫʩʠʨʘʪ ʥʘ ʧʦ-ʢʲʩʘ ʜʠʩʪʘʥ-

ʮʠʷ ʠ ʦʪʥʦʚʦ ʚʠʞʜʘʤʝ ʷʩʝʥ ʦʙʨʘʟ. 

 

 

ʌʠʛ. 22. ʍʦʜ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʧʨʝʟ ʩʲʙʠʨʘʪʝʣʥʘ ʣʝʱʘ, ʠʟʧʦʣʟʚʘʥʘ ʢʘʪʦ ʦʙʠʢʥʦʚʝʥʘ ʣʫʧʘ (ʫʚʝʣʠ-

ʯʠʪʝʣʥʦ ʩʪʲʢʣʦ) 

ʋʚʝʣʠʯʝʥʠʝʪʦ M  ʥʘ ʣʫʧʘʪʘ (ʚ ʧʲʪʠ ï x) ʩʝ ʦʧʨʝʜʝʣʷ ʯʨʝʟ ʩʲʧʦʩʪʘʚʷʥʝ ʥʘ 

ʥʝʡʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f ʩ ʧʨʠʝʪʦʪʦ ʟʘ ʩʪʘʥʜʘʨʪʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʥʘʡ-ʷʩʥʦ 

ʚʠʞʜʘʥʝ ʦʪʙʣʠʟʦ, ʢʦʝʪʦ ʝ 250 mm: 

 

ʂʘʪʦ ʪʫʢ f ʩʝ ʚʟʝʤʘ ʚ ʤʠʣʠʤʝʪʨʠ. ʅʘʧʨʠʤʝʨ ʣʝʱʘ ʩ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 

f = 100 mm (ʪ.ʝ. ʩ ʧʨʝʯʫʧʚʘʱʘ ʩʠʣʘ 10 dpt), ʠʟʧʦʣʟʚʘʥʘ ʢʘʪʦ ʣʫʧʘ, ʱʝ ʥʠ ʜʘʚʘ 

ʫʚʝʣʠʯʝʥʠʝ 2.5 ʧʲʪʠ, ʪʲʡ ʢʘʪʦ 250/100 = 2.5. ʉʪʘʚʘ ʷʩʥʦ, ʯʝ ʪʘʢʘ ʧʨʝʩʤʝʪʥʘʪʦʪʦ, 

ʫʚʝʣʠʯʝʥʠʝ ʝ ʪʚʲʨʜʝ ʦʪʥʦʩʠʪʝʣʥʦ, ʟʘʱʦʪʦ ʥʝ ʚʩʠʯʢʠ ʭʦʨʘ ʧʨʝʜʧʦʯʠʪʘʪ ʜʘ ʯʝʪʘʪ 

ʦʪ ʨʘʟʩʪʦʷʥʠʝ 250 mm. ʅʠʱʦ ʥʝ ʧʨʝʯʠ ʦʙʘʯʝ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʘʥʘʣʦʛʠʯʥʦ ʫʚʝʣʠ-

ʯʝʥʠʝʪʦ ʥʘ ʣʫʧʘʪʘ ʩʧʨʤ̫ʦ ʜʨʫʛʦ, ʧʨʝʜʧʦʯʠʪʘʥʦ ʦʪ ʥʘʩ ʨʘʟʩʪʦʷʥʠʝ. 
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ʇʨʦʝʢʪʠʨʘʥʝ ʥʘ ʦʙʨʘʟ ʩ ʫʚʝʣʠʯʝʥʠʝ 

ɺʲʚ ʬʠʛ. 23 ʣʝʱʘ ʧʨʦʝʢʪʠʨʘ ʦʙʨʘʟʘ ʥʘ ʦʙʝʢʪ ʩ ʨʘʟʤʝʨ h, ʦʪʜʘʣʝʯʝʥ ʥʘ ʨʘʟʩ-

ʪʦʷʥʠʝ ʘ ʧʨʝʜ ʥʝʷ (ʧʨʝʜʤʝʪʥʦ ʠʣʠ ʦʙʝʢʪʥʦ ʨʘʟʩʪʦʷʥʠʝ). ʆʙʲʨʥʘʪʠʷʪ ʦʙʨʘʟ ʥʘ 

ʦʙʝʢʪʘ ʝ ʩ ʧʦ-ʛʦʣʷʤ ʨʘʟʤʝʨ hǋ ʠ ʩʝ ʧʦʩʪʨʦʷʚʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ b ʟʘʜ ʣʝʱʘʪʘ (ʦʙʨʘʟ-

ʥʦ ʨʘʟʩʪʦʷʥʠʝ). ʇʨʠ ʪʘʢʘʚʘ ʧʨʦʝʢʮʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝ, ʦʙʝʢʪʲʪ ʩʝ ʥʘʤʠʨʘ ʤʝʞʜʫ 

ʧʨʝʜʥʠʷ ʬʦʢʫʩ F ʠ ʪʦʯʢʘʪʘ F2 ʚ ʢʨʘʷ ʥʘ ʧʨʝʜʥʦʪʦ ʜʚʦʡʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 2f, 

ʪ.ʝ. 2f > a > f. ʈʘʟʩʪʦʷʥʠʝʪʦ b ʦʙʘʯʝ, ʥʘ ʢʦʝʪʦ ʩʝ ʧʦʩʪʨʦʷʚʘ ʦʙʨʘʟʲʪ, ʝ ʧʦ-ʜʲʣʛʦ 

ʦʪ ʟʘʜʥʦʪʦ ʜʚʦʡʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 2fǋ. ʇʨʠ ʧʨʦʞʝʢʮʠʦʥʥʠʪʝ ʦʙʝʢʪʠʚʠ ʨʘʟʩ-

ʪʦʷʥʠʝʪʦ b ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ ʜʝʩʝʪʢʠ ʤʝʪʨʠ ï ʥʘʧʨʠʤʝʨ ʢʦʣʢʦʪʦ ʝ 

ʜʲʣʲʛ ʢʠʥʦʩʘʣʦʥʲʪ. 

 

 

ʌʠʛ. 23. ʍʦʜ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʧʨʠ ʧʨʦʝʢʮʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝ 

ʇʨʘʚʠʣʦʪʦ ʟʘ ʧʦʩʪʨʦʷʚʘʥʝ ʥʘ ʦʙʨʘʟʘ ʚ ʪʦʟʠ ʩʣʫʯʘʡ ʝ ʘʥʘʣʦʛʠʯʥʦ ʥʘ ʦʧʠʩʘ-

ʥʦʪʦ ʢʲʤ ʬʠʛ. 2, ʥʦ ʪʫʢ ʨʝʟʫʣʪʘʪʲʪ ʝ ʫʚʝʣʠʯʝʥ ʦʙʨʘʟ: ʆʪ ʚʲʨʭʲʪ A ʥʘ ʦʙʝʢʪʘ 

ʠʟʙʠʨʘʤʝ ʪʨʠ ʣʲʯʘ, ʧʲʨʚʠʷʪ ʦʪ ʢʦʠʪʦ l1 ʝ ʫʩʧʦʨʝʜʝʥ ʥʘ ʦʧʪʠʯʥʘʪʘ ʦʩ. ɺʪʦʨʠʷʪ l2 

(ʛʣʘʚʥʠʷʪ ʣʲʯ) ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʮʝʥʪʲʨʘ ʥʘ ʪʲʥʢʘʪʘ ʣʝʱʘ. ʊʨʝʪʠʷʪ ʣʲʯ l3 ʧʨʝʤʠ-

ʥʘʚʘ ʧʨʝʟ ʧʨʝʜʥʠʷ ʬʦʢʫʩ F ʧʨʝʜʠ ʜʘ ʜʦʩʪʠʛʥʝ ʣʝʱʘʪʘ. ʉʣʝʜ ʧʨʝʯʫʧʚʘʥʝʪʦ ʩʠ 

ʧʲʨʚʠʷʪ ʣʲʯ l1ǋ ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʟʘʜʥʠʷ ʬʦʢʫʩ Fǋ. ɻʣʘʚʥʠʷʪ ʣʲʯ l2ǋ ʩʝ ʜʚʠʞʠ ʚ 

ʧʲʨʚʦʥʘʯʘʣʥʦʪʦ ʩʠ ʥʘʧʨʘʚʣʝʥʠʝ, ʘ ʪʨʝʪʠʷʪ l3ǋ ï ʫʩʧʦʨʝʜʥʦ ʥʘ ʦʧʪʠʯʥʘʪʘ ʦʩ. ʊʘʤ 

ʢʲʜʝʪʦ ʪʨʠʪʝ ʧʨʝʤʠʥʘʣʠ ʣʲʯʘ ʩʝ ʩʲʙʠʨʘʪ, ʩʝ ʧʦʩʪʨʦʷʚʘ ʚʲʨʭʲʪ Aǋ ʥʘ ʜʝʡʩʪʚʠʪʝʣ-

ʥʠʷ ʦʙʲʨʥʘʪ ʦʙʨʘʟ ʥʘ ʦʙʝʢʪʘ. 

 

ɸʢʦ ʟʥʘʝʤ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ f ʥʘ ʣʝʱʘʪʘ ʠ ʝʜʥʦ ʦʪ ʜʚʝʪʝ ʨʘʟʩʪʦʷʥʠʷ a 

ʠʣʠ b, ʤʦʞʝʤ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʜʨʫʛʦʪʦ:  
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ʂʘʪʦ ʟʥʘʝʤ a, b ʠ ʨʘʟʤʝʨʲʪ h ʥʘ ʦʙʝʢʪʘ, ʤʦʞʝʤ ʜʘ ʧʦʣʫʯʠʤ ʨʘʟʤʝʨʘ hǋ ʥʘ 

ʥʝʛʦʚʠʷ ʦʙʨʘʟ ʧʦ ʚʝʯʝ ʧʦʟʥʘʪʘʪʘ ʥʠ ʬʦʨʤʫʣʘ:  

 

ʦʪʢʲʜʝʪʦ ʤʦʞʝʤ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʫʚʝʣʠʯʝʥʠʝʪʦ M  ʧʨʠ ʧʨʦʝʢʮʠʷʪʘ (ʚ ʧʪ̡ʠ):  

 

ʊʦʟʠ ʧʨʠʥʮʠʧ ʝ ʩʲʱʦ ʯʝʩʪʦ ʩʨʝʱʘʥ ʧʨʠ ʤʥʦʛʦ ʦʧʪʠʯʥʠ ʧʨʠʙʦʨʠ. ʅʘ ʧʨʘʢ-

ʪʠʢʘ ʪʘʢʘ ʨʘʙʦʪʷʪ ʧʨʦʞʝʢʮʠʦʥʥʠʪʝ ʦʙʝʢʪʠʚʠ ʥʘ ʢʠʥʦʤʘʰʠʥʠʪʝ ʠ ʠʟʦʙʱʦ ï 

ʦʙʝʢʪʠʚʠʪʝ ʥʘ ʚʩʠʯʢʠ ʘʧʘʨʘʪʠ, ʧʨʦʝʢʪʠʨʘʱʠ ʦʙʨʘʟ ʩ ʫʚʝʣʠʯʝʥʠʝ ʚʲʨʭʫ ʝʢʨʘʥ. ʅʘ 

ʩ̡ʱʠʷʪ ʧʨʠʥʮʠʧ ʨʘʙʦʪʷʪ ʠ ʦʙʝʢʪʠʚʠʪʝ ʥʘ ʤʠʢʨʦʩʢʦʧʠʪʝ. 

 

 

 

ʉʚʝʪʣʠʥʝʥ ʤʠʢʨʦʩʢʦʧ 

ʆʙʝʢʪʠʚ ʥʘ ʤʠʢʨʦʩʢʦʧ ʧʦʩʪʨʦʷʚʘ ʦʙʲʨʥʘʪ ʜʝʡʩʪʚʠʪʝʣʝʥ ʦʙʨʘʟ ʥʘ ʦʙʝʢʪ ʩ 

ʨʘʟʤʝʨ h (ʤʠʢʨʦʩʢʦʧʩʢʠ ʧʨʝʧʘʨʘʪ ʠʣʠ ʜʨ.), ʩ ʥʷʢʦʣʢʦʢʨʘʪʥʦ ʫʚʝʣʠʯʝʥʠʝ ï ʜʦ 

ʨʘʟʤʝʨ hǋ (ʬʠʛ. 24). ʊʦʟʠ ʦʙʨʘʟ ʩʝ ʧʦʩʪʨʦʷʚʘ ʚ ʨʘʚʥʠʥʘ, ʦʪʜʘʣʝʯʝʥʘ ʟʘʜ ʦʙʝʢʪʠʚʘ 

ʥʘ ʨʘʟʩʪʦʷʥʠʝ b ʠ ʩʲʚʧʘʜʘʱʘ ʩ ʧʨʝʜʥʠʷ ʬʦʢʫʩ Fʦʢ ʥʘ ʦʢʫʣʷʨʘ. ʂʘʢʪʦ ʚ ʨʘʟʛʣʝʜʘ-

ʥʠʷ ʧʦ-ʛʦʨʝ ʩʣʫʯʘʡ, ʦʙʝʢʪʘ ʩʝ ʥʘʤʠʨʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝ a ʧʨʝʜ ʦʙʝʢʪʠʚʘ, ʢʦʝʪʦ ʝ ʧʦ-

ʜʲʣʛʦ ʦʪ ʬʦʢʫʩʥʦʪʦ ʤʫ ʨʘʟʩʪʦʷʥʠʝ fʦʙ, ʥʦ ʧʦ-ʢʲʩʦ ʦʪ ʜʚʦʡʥʦʪʦ ʬʦʢʫʩʥʦ 2fʦʙ 

(ʪ.ʝ. 2fʦʙ > a > fʦʙ). ʅʘʙʣʶʜʘʪʝʣʷʪ ʚʠʞʜʘ ʦʙʨʘʟ ʩ ʨʘʟʤʝʨ hǌ, ʜʦʧʲʣʥʠʪʝʣʥʦ ʫʚʝʣʠ-

ʯʝʥ ʦʪ ʦʢʫʣʷʨʘ ï ʢʘʪʦ ʧʨʝʟ ʣʫʧʘ. ʊʦʟʠ ʥʝʜʝʡʩʪʚʠʪʝʣʝʥ ʢʨʘʝʥ ʦʙʨʘʟ ʩʝ ʧʦʩʪʨʦʷʚʘ 

ʦʪ ʧʨʦʜʲʣʞʝʥʠʷʪʘ ʥʘ ʥʘʧʫʩʢʘʱʠʪʝ ʦʢʫʣʷʨʘ ʣʲʯʠ (ʧʨʦʜʲʣʞʝʥʠʷʪʘ ʩʘ ʧʨʝʜʩʪʘʚʝ-

ʥʠ ʩ ʧʨʝʢʲʩʥʘʪʠ ʣʠʥʠʠ). 

 

 

ʌʠʛ. 24. ʉʭʝʤʘ ʥʘ ʩʚʝʪʣʠʥʝʥ ʤʠʢʨʦʩʢʦʧ 
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ʋʚʝʣʠʯʝʥʠʝʪʦ Mʦʙ (ʚ ʧʲʪʠ), ʜʘʚʘʥʦ ʩʘʤʦ ʦʪ ʦʙʝʢʪʠʚʘ ʧʨʠ ʧʨʦʝʢʮʠʷʪʘ, ʱʝ 

ʙʲʜʝ:  

 

ʋʚʝʣʠʯʝʥʠʝʪʦ ʥʘ ʦʢʫʣʷʨʘ Mʦʢ ʱʝ ʙʲʜʝ:  

 

ʢʲʜʝʪʦ fʦʢ ʝ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʦʢʫʣʷʨʘ ʚ ʤʠʣʠʤʝʪʨʠ. ʆʙʱʦʪʦ (ʢʨʘʡ-

ʥʦʪʦ) ʫʚʝʣʠʯʝʥʠʝ Mʦʙʱʦ ʥʘ ʤʠʢʨʦʩʢʦʧʘ ʱʝ ʙʲʜʝ:  

 

Mʦʙʱʦ = Mʦʙ Ĭ Mʦʢ 

 

ʉʪʘʚʘ ʷʩʥʦ, ʯʝ ʦʧʪʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʥʘ ʤʠʢʨʦʩʢʦʧʘ ʝ ʩʲʩʪʘʚʥʘ ï ʢʦʤʙʠʥʘʮʠʷ 

ʦʪ ʨʘʟʛʣʝʜʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʜʚʘ ʧʨʠʤʝʨʘ: ʇʨʦʝʢʪʠʨʘʥʝʪʦ ʥʘ ʦʙʨʘʟ ʩ ʫʚʝʣʠʯʝʥʠʝ ʝ 

ʧʨʠʥʮʠʧ, ʚʘʣʠʜʝʥ ʟʘ ʦʙʝʢʪʠʚʘ, ʘ ʦʢʫʣʷʨʲʪ ʜʝʡʩʪʚʘ ʢʘʪʦ ʣʫʧʘ. ʇʦ-ʜʦʣʫ ʱʝ ʚʠʜʠʤ 

ʢʘʢ ʮʷʣʘʪʘ ʟʨʠʪʝʣʥʘ ʪʨʲʙʘ ʥʘ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʩʚʦʡ ʨʝʜ ʤʦʞʝ ʜʘ ʥʘʤʝʨʠ ʧʨʠʣʦʞʝ-

ʥʠʝ ʧʨʠ ʥʷʢʦʠ ʤʝʪʦʜʠ ʥʘ ʨʘʙʦʪʘ ʩ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠ ʠʥʩʪʨʫʤʝʥʪʠ. 

 

 

 

ɸʬʦʢʘʣʥʠ ʩʠʩʪʝʤʠ 

ɸʢʦ ʠʤʘʤʝ ʩʣʦʞʥʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ, ʚ ʢʦʷʪʦ ʧʦʧʘʜʘ ʧʘʨʘʣʝʣʝʥ ʩʚʝʪʣʠʥʝʥ 

ʩʥʦʧ, ʢʘʪʦ ʥʘʧʫʩʢʘʱʘʪʘ ʷ ʩʚʝʪʣʠʥʘ ʝ ʩʲʱʦ ʚʲʚ ʚʠʜ ʥʘ ʧʘʨʘʣʝʣʝʥ ʩʥʦʧ, ʢʘʟʚʘʤʝ, 

ʯʝ ʩʠʩʪʝʤʘʪʘ ʝ ʘʬʦʢʘʣʥʘ (ʥʝʬʦʢʫʩʠʨʘʱʘ). ʄʦʞʝ ʜʘ ʩʝ ʢʘʞʝ ʦ ʝɦ, ʯʝ ʬʦʢʫʩʲʪ ʥʘ 

ʪʘʟʠ ʩʠʩʪʝʤʘ ʝ ʙʝʟʢʨʘʡʥʦ ʦʪʜʘʣʝʯʝʥ, ʠʣʠ ʯʝ ʥʝʡʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʝ ʨʘʚʥʦ 

ʥʘ ʙʝʟʢʨʘʡʥʦʩʪ. ʊʘʢʲʚ ʩʣʫʯʘʡ ʠʤʘʤʝ ʥʘʧʨʠʤʝʨ ʧʨʠ ʩʠʩʪʝʤʘ ʦʪ ʜʚʝ ʩʲʙʠʨʘʪʝʣʥʠ 

ʣʝʱʠ, ʧʨʠ ʢʦʠʪʦ ʟʘʜʥʠʷʪ ʬʦʢʫʩ ʥʘ ʧʲʨʚʘʪʘ ʣʝʱʘ ʩʲʚʧʘʜʘ ʪʦʯʥʦ ʩ ʧʨʝʜʥʠʷ ʬʦʢʫʩ 

ʥʘ ʚʪʦʨʘʪʘ, ʪ.ʝ. ʪʝʟʠ ʣʝʱʠ ʩʘ ʢʦʥʬʦʢʘʣʥʠ. ʅʘ ʧʨʲʚ ʧʦʛʣʝʜ ʪʘʢʘʚʘ ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʜʘ ʠʟʛʣʝʞʜʘ ʙʝʟʩʤʠʩʣʝʥʘ, ʥʦ ʩ ʥʝʷ ʤʦʞʝʤ ʜʘ ʧʨʦʤʝʥʠ ʜʠʘʤʝʪʲʨʘ ʥʘ ʠʟʭʦʜʥʠʷ 

ʩʚʝʪʣʠʥʝʥ ʩʥʦʧ, ʩʧʨʷʤʦ ʪʦʟʠ ʥʘ ʚʭʦʜʥʠʷ ï ʥʘʧʨʠʤʝʨ ʩ ʮʝʣ ʜʘ ʨʘʟʰʠʨʠʤ ʧʘʨʘʣʝ-

ʣʝʥ ʩʥʦʧ ʣʘʟʝʨʥʘ ʩʚʝʪʣʠʥʘ. ʆʩʚʝʥ ʪʦʚʘ ʚ ʢʦʥʮʝʧʮʠʷʪʘ ʩʝ ʧʨʝʜʧʦʣʘʛʘ, ʯʝ ʩʣʝʜ 

ʘʬʦʢʘʣʥʘʪʘ ʩʠʩʪʝʤʘ ʩʝ ʥʘʤʠʨʘ ʚʪʦʨʘ, ʢʦʷʪʦ ʚʝʯʝ ʝ ʩʧʦʩʦʙʥʘ ʜʘ ʧʦʩʪʨʦʠ ʜʝʡʩʪʚʠ-

ʪʝʣʝʥ ʦʙʨʘʟ, ʠʟʧʦʣʟʚʘʡʢʠ ʠʟʭʦʜʥʠʷʪ ʧʘʨʘʣʝʣʝʥ ʩʥʦʧ ʥʘ ʘʬʦʢʘʣʥʘʪʘ. ɺ ʨʦʣʷʪʘ ʥʘ 

ʪʘʢʘʚʘ ʚʪʦʨʘ ʩʠʩʪʝʤʘ ʤʥʦʛʦ ʯʝʩʪʦ ʝ ʯʦʚʝʰʢʦʪʦ ʦʢʦ. ɺʩʷʢʘʢʚʠ ʚʠʜʦʚʝ ʟʨʠʪʝʣʥʠ 

ʪʨʲʙʠ ʥʘ ʨʘʟʣʠʯʥʠ ʦʧʪʠʯʥʠ ʧʨʠʙʦʨʠ, ʬʦʢʫʩʠʨʘʥʠ ʥʘ ʙʝʟʢʨʘʡʥʦʩʪ, ʧʨʝʜʩʪʘʚʣʷʚʘʪ 

ʘʬʦʢʘʣʥʠ ʩʠʩʪʝʤʠ, ʟʘʱʦʪʦ ʧʨʠ ʪʘʢʘʚʘ ʬʦʢʫʩʠʨʦʚʢʘ ʩʚʝʪʣʠʥʘʪʘ ʥʘʧʫʩʢʘ ʪʝʭʥʠʪʝ 

ʦʢʫʣʷʨʠ ʚʲʚ ʚʠʜ ʥʘ ʧʘʨʘʣʝʣʝʥ ʩʥʦʧ. ʊʫʢ ʥʝ ʦʙʩʲʞʜʘʤʝ ʚʘʨʠʘʥʪʠ, ʧʨʠ ʢʦʠʪʦ ʪʨʲ-

ʙʘʪʘ ʝ ʥʘʩʦʯʝʥʘ ʢʲʤ ʙʣʠʟʲʢ ʦʙʝʢʪ ʠʣʠ ʢʦʛʘʪʦ ʥʘʙʣʶʜʘʪʝʣʷʪ ʧʨʦʤʝʥʠ ʣʝʢʦ ʬʦʢʫ-

ʩʠʨʦʚʢʘʪʘ, ʟʘ ʜʘ ʢʦʤʧʝʥʩʠʨʘ ʩʚʦʡ ʟʨʠʪʝʣʝʥ ʥʝʜʦʩʪʘʪʲʢ ï ʢʲʩʦʛʣʝʜʩʪʚʦ ʠʣʠ 

ʜʘʣʝʢʦʛʣʝʜʩʪʚʦ. 
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ʌʠʛ. 25. ʉʭʝʤʘ ʥʘ ɻʘʣʠʣʝʝʚʘ ʟʨʠʪʝʣʥʘ ʪʨʲʙʘ (1609 ʛ.) 

ɻʘʣʠʣʝʝʚʘʪʘ ʪʨʲʙʘ, ʥʘʨʠʯʘʥʘ ʩʲʱʦ ʠ ʛʘʣʠʣʝʦʩʢʦʧ (ʬʠʛ. 25), ʝ ʪʠʧʠʯʝʥ ʧʨʠ-

ʤʝʨ ʟʘ ʘʬʦʢʘʣʥʘ ʩʠʩʪʝʤʘ. ʊʷ ʝ ʧʨʦʩʪʦ ʫʩʪʨʦʝʥ ʪʝʣʝʩʢʦʧ ʩ ʥʝʛʦʣʷʤʦ ʫʚʝʣʠʯʝʥʠʝ. 

ʆʙʝʢʪʠʚʲʪ ʠ ʦʢʫʣʷʨʲʪ ʩʘ ʦʪ ʝʜʠʥʠʯʥʠ ʣʝʱʠ ï ʩʲʦʪʚʝʪʥʦ ʩʲʙʠʨʘʪʝʣʥʘ ʠ ʨʘʟʩʝʡ-

ʚʘʪʝʣʥʘ. ʇʦ-ʜʲʣʛʦʬʦʢʫʩʥʘʪʘ ʦʪ ʪʷʭ ʝ ʩʲʙʠʨʘʪʝʣʥʘʪʘ (ʦʙʝʢʪʠʚʘ).  

ʋʚʝʣʠʯʝʥʠʝʪʦ M  (ʚ ʧʲʪʠ) ʥʘ ɻʘʣʠʣʝʝʚʘʪʘ ʪʨʲʙʘ, ʢʘʢʪʦ ʠ ʥʘ ʚʩʷʢʘ ʜʨʫʛʘ 

ʘʬʦʢʘʣʥʘ ʩʠʩʪʝʤʘ, ʩʝ ʧʨʝʩʤʷʪʘ ʣʝʩʥʦ ʩ ʦʪʥʦʰʝʥʠʝʪʦ ʥʘ ʜʠʘʤʝʪʲʨʘ D ʥʘ ʦʙʝʢʪʠ-

ʚʘ ʢʲʤ ʜʠʘʤʝʪʲʨʘ d ʥʘ ʠʟʭʦʜʥʠʷ ʩʚʝʪʣʠʥʝʥ ʩʥʦʧ ʩʣʝʜ ʦʢʫʣʷʨʘ, ʧʨʠ ʫʩʣʦʚʠʝ ʯʝ 

ʪʨʲʙʘʪʘ ʝ ʥʘʩʦʯʝʥʘ ʢʲʤ ʜʘʣʝʯʝʥ ʪʦʯʢʦʚ ʩʚʝʪʦʠʟʪʦʯʥʠʢ (ʟʚʝʟʜʘ) ʠ ʝ ʬʦʢʫʩʠʨʘʥʘ 

ʧʦ ʥʝʛʦ: 

 

M = D/d 

 

ɼʠʘʤʝʪʨʠʪʝ D ʠ d ʦʧʨʝʜʝʣʷʪ ʩʲʦʪʚʝʪʥʦ ʚʭʦʜʥʘʪʘ ʠ ʠʟʭʦʜʥʘʪʘ ʟʝʥʠʮʘ ʥʘ 

ʩʠʩʪʝʤʘʪʘ (ʥʘʨʠʯʘʥʠ ʦʱʝ ʚʭʦʜʝʥ ʠ ʠʟʭʦʜʝʥ ʦʪʚʦʨ), ʟʘʱʦʪʦ ʜʠʘʤʝʪʲʨʲʪ D ʥʘ 

ʦʙʝʢʪʠʚʘ ʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷ ʠ ʪʦʟʠ ʥʘ ʚʭʦʜʷʱʠʷʪ ʩʚʝʪʣʠʥʝʥ ʩʥʦʧ. ʆʙʠʢʥʦʚʝʥʦ D 

ʩʝ ʟʥʘʝ, ʥʦ ʥʘ ʧʨʘʢʪʠʢʘ ʝ ʤʥʦʛʦ ʧʦ-ʪʨʫʜʥʦ ʜʘ ʩʝ ʠʟʤʝʨʠ ʩ ʜʦʩʪʘʪʲʯʥʘ ʪʦʯʥʦʩʪ 

ʜʠʘʤʝʪʲʨʘ d ʥʘ ʠʟʭʦʜʥʘʪʘ ʟʝʥʠʮʘ. ʂʘʪʦ ʠʤʘʤʝ ʧʨʝʜʚʠʜ, ʯʝ D/fʦʙ = d/fʦʢ, ʢʲʜʝʪʦ 
fʦʙ ʠ fʦʢ ʩʘ ʬʦʢʫʩʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʥʘ ʦʙʝʢʪʠʚʘ ʠ ʦʢʫʣʷʨʘ, ʧʦ-ʣʝʩʥʦ ʝ ʜʘ ʧʨʝʩʤʝʪ-

ʥʝʤ ʫʚʝʣʠʯʝʥʠʝʪʦ M  ʯʨʝʟ ʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʪʝ: 
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M = fʦʙ /fʦʢ 

 

ʊʲʡ ʢʘʪʦ ʧʨʠ ɻʘʣʠʣʝʝʚʘʪʘ ʪʨʲʙʘ ʦʢʫʣʷʨʥʘʪʘ ʣʝʱʘ ʝ ʨʘʟʩʝʡʚʘʪʝʣʥʘ, ʪ.ʝ. ʩ 

ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʩ ʦʪʨʠʮʘʪʝʣʥʘ ʩʪʦʡʥʦʩʪ, ʧʨʠ ʛʦʨʥʦʪʦ ʧʨʝʩʤʷʪʘʥʝ ʪʨʷʙʚʘ ʜʘ 

ʚʟʝʤʝʤ ʥʝʛʦʚʘʪʘ ʘʙʩʦʣʶʪʥʘ ʩʪʦʡʥʦʩʪ.  

ʇʨʠ ʟʨʠʪʝʣʥʠʪʝ ʪʨʲʙʠ ʠ ʙʠʥʦʢʣʠ ʩʲʩ ʩʠʩʪʝʤʘ ʥʘ ɻʘʣʠʣʝʝʚʘ ʪʨʲʙʘ ʤʥʦʛʦ 

ʯʝʩʪʦ ʜʠʘʤʝʪʲʨʲʪ d ʥʘ ʠʟʭʦʜʥʘʪʘ ʟʝʥʠʮʘ ʟʥʘʯʠʪʝʣʥʦ ʧʨʝʚʠʰʘʚʘ ʪʦʟʠ ʥʘ ʟʝʥʠʮʘ-

ʪʘ ʥʘ ʯʦʚʝʰʢʦʪʦ ʦʢʦ, ʊʦʚʘ ʝ ʪʘʢʘ ʟʘʨʘʜʠ ʩʣʘʙʦʪʦ ʫʚʝʣʠʯʝʥʠʝ, ʭʘʨʘʢʪʝʨʥʦ ʟʘ ʪʝʟʠ 

ʧʨʠʙʦʨʠ. ʅʘʧʨʠʤʝʨ ʧʨʠ ʜʠʘʤʝʪʲʨ ʥʘ ʦʙʝʢʪʠʚʘ D = 30 mm ʠ ʫʚʝʣʠʯʝʥʠʝ M  = 3x, 

ʱʝ ʠʤʘʤʝ ʠʟʭʦʜʥʘ ʟʝʥʠʮʘ ʩ d = D/M  = 10 mm. ʊʦʚʘ ʝ ʦʢʦʣʦ 1.5 ʧʲʪʠ ʧʦʚʝʯʝ ʦʪ 

ʜʠʘʤʝʪʲʨʘ ʥʘ ʟʝʥʠʮʘʪʘ ʥʘ ʦʢʦʪʦ ʩʣʝʜ ʘʜʘʧʪʘʮʠʷ ʢʲʤ ʤʨʘʢʘ (ʪʦʛʘʚʘ ʪʷ ʩʝ ʨʘʟʰʠ-

ʨʷʚʘ ʜʦ ʦʢʦʣʦ 7 mm). ʊʦʚʘ ʦʙʘʯʝ ʝ ʜʦʧʫʩʪʠʤʦ, ʪʲʡ ʢʘʪʦ ʪʘʢʠʚʘ ʧʨʠʙʦʨʠ ï ʥʘʡ-

ʚʝʯʝ ʜʝʪʩʢʠ ʠ ʪʝʘʪʨʘʣʥʠ ʙʠʥʦʢʣʠ ï ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʝʥʝʤ ʠʣʠ ʚ ʫʩʣʦʚʠʷ, ʚ ʢʦʠʪʦ 

ʩʚʝʪʣʠʥʘʪʘ ʝ ʧʨʝʜʦʩʪʘʪʲʯʥʘ. ʇʨʠ ʦʧʠʪ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʛʦʣʷʤʦ ʫʚʝʣʠʯʝʥʠʝ ʩ ɻʘ-

ʣʠʣʝʝʚʘ ʪʨʲʙʘ, ʢʦʛʘʪʦ ʠʟʭʦʜʥʘʪʘ ʟʝʥʠʮʘ ʩʪʘʚʘ ʩʲʠʟʤʝʨʠʤʘ ʠʣʠ ʧʦ-ʤʘʣʢʘ ʦʪ ʟʝ-

ʥʠʮʘʪʘ ʥʘ ʦʢʦʪʦ, ʩʝ ʧʦʷʚʷʚʘʪ ʦʧʪʠʯʥʠ ʠʟʢʨʠʚʷʚʘʥʠʷ, ʢʦʠʪʦ ʨʷʟʢʦ ʚʣʦʰʘʚʘʪ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʦʙʨʘʟʘ. ʊʦʚʘ ʚʩʝ ʧʘʢ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʦʜʦʣʝʝ ʢʘʪʦ ʟʘʤʝʥʠʤ ʥʝʩʲ-

ʚʲʨʰʝʥʠʷ ʝʜʥʦʣʝʱʦʚ ʦʙʝʢʪʠʚ ʩ ʢʦʨʠʛʠʨʘʥ ʘʭʨʦʤʘʪʠʯʝʥ ʜʫʙʣʝʪ, ʥʦ ʩʝ ʷʚʷʚʘ ʠ 

ʦʱʝ ʝʜʥʦ ʥʝʫʜʦʙʩʪʚʦ: ʧʨʠ ʛʦʣʝʤʠ ʫʚʝʣʠʯʝʥʠʷ ʟʨʠʪʝʣʥʦʪʦ ʧʦʣʝ ʥʘ ʧʨʠʙʦʨʘ ʩʝ 

ʩʪʝʩʥʷʚʘ. ʊʦʛʘʚʘ ʧʨʝʟ ʨʘʟʩʝʡʚʘʪʝʣʥʘʪʘ ʦʢʫʣʷʨʥʘ ʣʝʱʘ ʥʘʙʣʶʜʘʪʝʣʷʪ ʚʠʞʜʘ 

ʩʚʝʪʣʠʷ ʦʪʚʦʨ ʥʘ ʦʙʝʢʪʠʚʘ ʜʦʩʪʘ ʫʤʘʣʝʥ ï ʢʘʪʦ ʦʪʜʘʣʝʯʝʥʦ ʤʘʣʢʦ ʢʨʲʛʯʝ, ʚ ʨʘʤ-

ʢʠʪʝ ʥʘ ʢʦʝʪʦ ʩʝ ʚʠʞʜʘ ʦʙʝʢʪʘ ʠʣʠ ʯʘʩʪ ʦʪ ʥʝʛʦ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʨʘʙʦʪʘʪʘ ʩ ɻʘʣʠ-

ʣʝʝʚʘʪʘ ʪʨʲʙʘ ʩʪʘʚʘ ʜʦʩʪʘ ʥʝʫʜʦʙʥʘ. ʇʨʠ ʥʝʷ ʰʠʨʠʥʘʪʘ ʥʘ ʟʨʠʪʝʣʥʦʪʦ ʧʦʣʝ 

ʟʘʚʠʩʠ ʥʝ ʩʘʤʦ ʦʪ ʫʚʝʣʠʯʝʥʠʝʪʦ, ʥʦ ʠ ʦʪ ʜʠʘʤʝʪʲʨʘ D ʥʘ ʦʙʝʢʪʠʚʘ. ʑʦʤ ʩʝ ʜʦʩ-

ʪʠʛʘ ʜʦ ʥʫʞʜʘ ʦʪ ʦʙʝʢʪʠʚ ʩ ʛʦʣʷʤ ʜʠʘʤʝʪʲʨ, ʧʨʠ ʪʦʚʘ ʢʦʨʠʛʠʨʘʥ ʦʪ ʘʙʝʨʘʮʠʠ, ʪʦ 

ʧʦ-ʜʦʙʨʝ ʜʘ ʟʘʤʝʥʠʤ ʨʘʟʩʝʡʚʘʪʝʣʥʘʪʘ ʦʢʫʣʷʨʥʘ ʣʝʱʘ ʩ ʢʘʢʲʚʪʦ ʠ ʜʘ ʝ ʩʲʚʨʝʤʝ-

ʥʝʥ ʦʢʫʣʷʨ ʠ ʜʘ ʧʦʣʫʯʠʤ ʜʘʣʝʯ ʧʦ-ʫʜʦʙʝʥ ʟʘ ʠʟʧʦʣʟʚʘʥʝ ʧʨʠʙʦʨ, ʨʘʙʦʪʝʱ ʥʘ 

ʧʨʠʥʮʠʧʘ ʥʘ ʂʝʧʣʝʨʦʚʘʪʘ ʪʨʲʙʘ (ʬʠʛ. 26). ʇʨʠ ʥʝʷ ʦʙʨʘʟʲʪ ʝ ʦʙʲʨʥʘʪ, ʥʦ ʟʘ ʨʘʟ-

ʣʠʢʘ ʦʪ ʪʨʲʙʘʪʘ ʥʘ ɻʘʣʠʣʝʡ ʰʠʨʠʥʘʪʘ ʥʘ ʟʨʠʪʝʣʥʦʪʦ ʧʦʣʝ ʧʨʠ ʜʘʜʝʥʦ ʫʚʝʣʠʯʝ-

ʥʠʝ ʥʘ ʧʨʠʙʦʨʘ ʟʘʚʠʩʠ ʦʪ ʜʠʘʤʝʪʲʨʘ ʥʘ ʦʢʫʣʷʨʘ, ʘ ʥʝ ʦʪ ʪʦʟʠ ʥʘ ʦʙʝʢʪʠʚʘ. 

ɺʲʧʨʝʢʠ ʠʟʙʨʦʝʥʠʪʝ ʥʝʩʲʚʲʨʰʝʥʩʪʚʘ, ʦʧʪʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʪʠʧ ɻʘʣʠʣʝʝʚʘ 

ʪʨʲʙʘ ʚʩʝ ʦʱʝ ʥʘʤʠʨʘ ʧʨʠʣʦʞʝʥʠʷ. ʆʩʚʝʥ ʚ ʤʘʣʢʠʪʝ ʤʦʜʝʣʠ ʙʠʥʦʢʣʠ, ʪʨʲʙʠʪʝ-

ʪʲʨʩʘʯʠ ʥʘ ʥʷʢʦʠ ʣʶʙʠʪʝʣʩʢʠ ʪʝʣʝʩʢʦʧʠ ʩʘ ʩʲʱʦ ʥʘ ʪʦʟʠ ʧʨʠʥʮʠʧ. ʉʲʱʝʩʪʚʫʚʘʪ 

ʠ ʭʠʨʫʨʛʠʯʝʩʢʠ ʦʯʠʣʘ ʩ ʧʨʠʢʨʝʧʝʥʠ ʚ ʜʦʣʥʘʪʘ ʠʤ ʯʘʩʪ ʤʘʣʢʠ ʛʘʣʠʣʝʦʩʢʦʧʠ, 

ʜʘʚʘʱʠ ʥʝʛʦʣʷʤʦ, ʥʦ ʧʦʣʝʟʥʦ ʧʦ ʚʨʝʤʝ ʥʘ ʨʘʙʦʪʘ ʫʚʝʣʠʯʝʥʠʝ. ʄʦʞʝ ʙʠ ʥʘʡ-

ʛʦʣʷʤʦʪʦ ʧʨʝʜʠʤʩʪʚʦ ʥʘ ʪʘʟʠ ʩʠʩʪʝʤʘ ʝ, ʯʝ ʧʨʠ ʥʝʷ ʥʷʤʘ ʦʙʨʲʱʘʥʝ ʥʘ ʦʙʨʘʟʘ ʠ 

ʩʲʦʪʚʝʪʥʦ ï ʥʝ ʩʝ ʥʘʣʘʛʘ ʥʝʛʦʚʦʪʦ ʠʟʧʨʘʚʷʥʝ ʩ ʧʨʠʟʤʠ ʠʣʠ ʩ ʜʦʧʲʣʥʠʪʝʣʥʘ ʩʠʩ-

ʪʝʤʘ ʣʝʱʠ. ʊʦʚʘ ʧʨʘʚʠ ɻʘʣʠʣʝʝʚʘʪʘ ʪʨʲʙʘ ʧʦ-ʢʲʩʘ ʠ ʣʝʢʘ. 

ʊʨʲʙʘʪʘ ʝ ʥʘʨʝʯʝʥʘ ʚ ʯʝʩʪ ʥʘ ɻʘʣʠʣʝʦ ɻʘʣʠʣʝʡ (1564 ï 1642), ʤʘʢʘʨ ʯʝ ʪʷ ʥʝ 

ʝ ʠʟʦʙʨʝʪʝʥʘ ʦʪ ʥʝʛʦ. ʅʘ 7 ʷʥʫʘʨʠ 1610 ʛ. ɻʘʣʠʣʝʡ ʟʘ ʧʨʲʚ ʧʲʪ ʠʟʧʦʣʟʚʘ ʪʘʢʘʚʘ 

ʟʨʠʪʝʣʥʘ ʪʨʲʙʘ ʟʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠ ʥʘʙʣʶʜʝʥʠʷ. ʉ ʥʝʷ ʪʦʡ ʧʨʘʚʠ ʨʝʜʠʮʘ ʦʪʢʨʠ-

ʪʠʷ ʠ ʧʦʩʪʘʚ ̫ʥʘʯʘʣʦʪʦ ʥʘ ʪʝʣʝʩʢʦʧʠʯʥʘʪʘ ʝʨʘ ʚ ʘʩʪʨʦʥʦʤʠʷʪʘ. 
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ʌʠʛ. 26. ʉʭʝʤʘ ʥʘ ʪʨʲʙʘ ʥʘ ʂʝʧʣʝʨ ʩ ʦʢʫʣʷʨ ʦʪ ʜʚʦʡʥʦ ʠʟʧʲʢʥʘʣʘ ʣʝʱʘ (1611 ʛ.) 

ʉʲʚʨʝʤʝʥʥʠʪʝ ʪʝʣʝʩʢʦʧʠ ʨʝʬʨʘʢʪʦʨʠ ʨʘʙʦʪʷʪ ʥʘ ʧʨʠʥʮʠʧʘ ʥʘ ʪʨʲʙʘʪʘ ʥʘ 

ʂʝʧʣʝʨ. ʇʨʠ ʪʷʭ ʦʙʝʢʪʠʚʲʪ ʠ ʦʢʫʣʷʨʲʪ ʩʘ ʩʲʙʠʨʘʪʝʣʥʠ ʩʠʩʪʝʤʠ ʦʪ ʜʚʘ ʠʣʠ ʧʦʚʝ-

ʯʝ ʝʣʝʤʝʥʪʘ, ʘ ʥʝ ʝʜʠʥʠʯʥʠ ʣʝʱʠ ï ʢʘʢʪʦ ʧʦ ʚʨʝʤʝʪʦ ʥʘ ʂʝʧʣʝʨ. ʆʙʝʢʪʠʚʠʪʝ 

ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʘʭʨʦʤʘʪʠʯʥʠ ʜʫʙʣʝʪʠ (ʬʠʛʫʨʠ 13 ʠ 14) ʠʣʠ ʘʧʦʭʨʦʤʘʪʠ, ʘ ʦʢʫʣʷ-

ʨʠʪʝ ï ʩʣʦʞʥʠ ʩʠʩʪʝʤʠ ʦʪ ʪʨʠ ʠʣʠ ʧʦʚʝʯʝ ʣʝʱʠ (ʬʠʛ. 27). ʎʝʣʪʘ ʝ ʜʘ ʙʲʜʘʪ ʦʪʩʪ-

ʨʘʥʝʥʠ ʚʲʟʤʦʞʥʦ ʧʦ-ʜʦʙʨʝ ʨʘʟʛʣʝʜʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʚʠʜʦʚʝ ʦʧʪʠʯʥʠ ʘʙʝʨʘʮʠʠ, ʟʘ 

ʜʘ ʚʠʞʜʘʤʝ ʢʘʯʝʩʪʚʝʥ ʦʙʨʘʟ. ʊʲʡ ʢʘʪʦ ʦʙʝʢʪʠʚʲʪ ʦʙʨʲʱʘ ʦʙʨʘʪʥʦ ʦʙʨʘʟʘ, ʙʠ-

ʥʦʢʣʠʪʝ ʠ ʟʨʠʪʝʣʥʠʪʝ ʪʨʲʙʠ ʠʤʘʪ ʜʦʧʲʣʥʠʪʝʣʥʘ ʧʨʠʟʤʦʚʘ ʠʣʠ ʣʝʱʦʚʘ ʠʟʧʨʘʚʷ-

ʘɦ ʩʠʩʪʝʤʘ.  
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ʌʠʛ. 27. ʇʨʠʥʮʠʧʥʘ ʩʭʝʤʘ ʥʘ ʩʲʚʨʝʤʝʥʥʘ ʟʨʠʪʝʣʥʘ ʪʨʲʙʘ ʩ ʜʚʫʝʣʝʤʝʥʪʝʥ ʦʙʝʢʪʠʚ ʘʭʨʦʤʘʪ ʠ ʩ 
ʦʢʫʣʷʨ ʦʪ ʥʷʢʦʣʢʦ ʝʣʝʤʝʥʪʘ (ʪʨʠʣʝʱʦʚ ʂʝʣʥʝʨ)  

ʈʘʟʪʲʣʢʫʚʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʧʦʥʷʪʠʷ ʚʭʦʜʥʘ ʠ ʠʟʭʦʜʥʘ ʟʝʥʠʮʘ, ʢʘʢʪʦ ʠ ʤʝʪʦʜʠʪʝ 

ʟʘ ʧʨʝʩʤʷʪʘʥʝ ʥʘ ʫʚʝʣʠʯʝʥʠʝʪʦ ʩʘ ʚʘʣʠʜʥʠ ʠ ʧʨʠ ʪʨʲʙʘʪʘ ʥʘ ʂʝʧʣʝʨ, ʨʝʩʧ. ʠ ʧʨʠ 

ʩʲʚʨʝʤʝʥʥʠʪʝ ʪʝʣʝʩʢʦʧʠ, ʧʨʠ ʧʦʩʪʘʚʝʥ ʦʢʫʣʷʨ ʥʘ ʪʷʭ. 

ɸʢʦ ʨʘʙʦʪʠʤ ʩ ʠʥʩʪʨʫʤʝʥʪ, ʧʨʠ ʢʦʡʪʦ ʤʦʞʝʤ ʜʘ ʩʤʝʥʷʤʝ ʨʘʟʣʠʯʥʠ ʦʢʫʣʷ-

ʨʠ, ʜʦʙʨʝ ʝ ʜʘ ʧʦʤʥʠʤ ʟʘʚʠʩʠʤʦʩʪʪʘ ʤʝʞʜʫ ʜʠʘʤʝʪʲʨʲʪ D ʥʘ ʦʙʝʢʪʠʚʘ, ʫʚʝʣʠʯʝ-

ʥʠʝʪʦ M  ʥʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʜʠʘʤʝʪʲʨʲʪ d ʥʘ ʥʝʛʦʚʘʪʘ ʠʟʭʦʜʥʘ ʟʝʥʠʮʘ: d = D/M . 

ʎʝʣʪʘ ʝ ʜʘ ʥʝ ʜʦʧʫʩʢʘʤʝ ʩʣʫʯʘʡ, ʧʨʠ ʢʦʠʪʦ ʜʠʘʤʝʪʲʨʲʪ ʥʘ ʠʟʭʦʜʥʘʪʘ ʟʝʥʠʮʘ 

ʩʪʘʚʘ ʧʦ-ʛʦʣʷʤ ʦʪ ʪʦʟʠ ʥʘ ʟʝʥʠʮʘʪʘ ʥʘ ʯʦʚʝʰʢʦʪʦ ʦʢʦ, ʩʣʝʜ ʘʜʘʧʪʘʮʠʷʪʘ ʤʫ ʢʲʤ 

ʥʦʱʥʠʷ ʤʨʘʢ (ʪ.ʝ. d ʥʝ ʪʨʷʙʚʘ ʜʘ ʧʨʝʚʠʰʘʚʘ 7 mm). ɸʢʦ ʪʦʚʘ ʩʝ ʩʣʫʯʠ, ʥʘ ʧʨʘʢ-

ʪʠʢʘ ʥʷʤʘ ʜʘ ʠʟʧʦʣʟʚʘʤʝ ʝʬʝʢʪʠʚʥʦ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʪʲʡ ʢʘʪʦ ʚ 

ʥʘʝhʪʦ ʦʢʦ ʱʝ ʚʣʠʟʘ ʩʘʤʦ ʯʘʩʪ ʦʪ ʮʝʣʠʷ ʩʚʝʪʣʠʥʝʥ ʧʦʪʦʢ, ʦʩʠʛʫʨʝʥ ʦʪ ʦʙʝʢʪʠʚʘ. 

ʅʘʧʨʠʤʝʨ ʟʘ ʪʝʣʝʩʢʦʧ ʩ ʜʠʘʤʝʪʲʨ ʥʘ ʦʛʣʝʜʘʣʦʪʦ D = 140 mm, ʤʠʥʠʤʘʣʥʦʪʦ ʫʚʝ-

ʣʠʯʝʥʠʝ Mʤʠʥ, ʢʦʝʪʦ ʤʦʞʝʤ ʜʘ ʠʟʧʦʣʟʚʘʤʝ ʙʝʟ ʟʘʛʫʙʠ ʥʘ ʩʚʝʪʣʠʥʘ, ʝ ʦʢʦʣʦ 20 

ʧʲʪʠ, ʟʘʱʦʪʦ: 

 

Mʤʠʥ = D/7 = 140/7 = 20x 

 

ʀʤʘʡʪʝ ʧʨʝʜʚʠʜ ʩʲʱʦ, ʯʝ ʧʨʠ ʧʦ-ʚʲʟʨʘʩʪʥʠʪʝ ʭʦʨʘ, ʟʝʥʠʮʠʪʝ ʥʘ ʘʜʘʧʪʠʨʘ-

ʥʠʪʝ ʠʤ ʢʲʤ ʤʨʘʢʘ ʦʯʠ ʩʘ ʩ ʜʠʘʤʝʪʲʨ ʧʦ-ʤʘʣʲʢ ʦʪ 7 mm. ɺʩʲʱʥʦʩʪ ʧʨʠ ʧʦ-

ʜʲʣʛʦʬʦʢʫʩʥʠʪʝ ʪʝʣʝʩʢʦʧʠ, ʜʦʨʠ ʩ ʥʘʡ-ʩʣʘʙʠʪʝ ʦʢʫʣʷʨʠ ʪʨʫʜʥʦ ʤʦʞʝʤ ʜʘ ʧʦʣʫ-

ʯʠʤ ʫʚʝʣʠʯʝʥʠʷ ʧʦ-ʤʘʣʢʠ ʦʪ ʧʨʘʛʦʚʦʪʦ Mʤʠʥ. 
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ʌʠʛ. 28. ʉʭʝʤʘ ʥʘ ʧʲʨʚʠʷʪ ʪʝʣʝʩʢʦʧ ʥʘ ʧʦʩʪʦʷʥʝʥ ʬʫʥʜʘʤʝʥʪ ʚ ɹʲʣʛʘʨʠʷ, ʧʨʦʠʟʚʝʜʝʥ ʦʪ ʬʠʨ-
ʤʘʪʘ ĂGrubbò ʠ ʤʦʥʪʠʨʘʥ ʧʨʝʟ 1897 ʛ. ʚ ɸʩʪʨʦʥʦʤʠʯʝʩʢʘʪʘ ʦʙʩʝʨʚʘʪʦʨʠʷ ʥʘ ʉʦʬʠʡʩʢʠʷ ʫʥʠ-
ʚʝʨʩʠʪʝʪ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ. ʅʝʛʦʚʘ ʩʥʠʤʢʘ ʤʦʞʝʪʝ ʜʘ ʚʠʜʠʪʝ ʥʘ ʩ. 55. ʊʦʡ ʝ ʨʝʬʨʘʢʪʦʨ 
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ʩ ʜʠʘʤʝʪʲʨ ʥʘ ʦʙʝʢʪʠʚʘ 6 ʠʥʯʘ. ɼʚʝʪʝ ʧʦʤʦʱʥʠ ʟʨʠʪʝʣʥʠ ʪʨʲʙʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘ ʩʘ ʧʦʢʘʟʘʥʠ 
ʦʪʜʝʣʥʦ 

 

 

ʌʠʛ. 29. ɸʬʦʢʘʣʥʠ ʜʚʫʦʛʣʝʜʘʣʥʠ ʩʠʩʪʝʤʠ ï ʪʝʣʝʩʢʦʧʠ ʥʘ ʄʝʨʩʝʥ (Marin Mersenne, 1588 ï 

1648): 1 ï ʛʣʘʚʥʦ ʧʘʨʘʙʦʣʠʯʥʦ ʠʣʠ ʩʬʝʨʠʯʥʦ ʦʛʣʝʜʘʣʦ ʩ ʮʝʥʪʨʘʣʝʥ ʦʪʚʦʨ; 2 ï ʚʪʦʨʠʯʥʦ ʩʠʣʥʦ 
ʧʘʨʘʙʦʣʠʟʠʨʘʥʦ ʦʛʣʝʜʘʣʦ, ʚʜʣʲʙʥʘʪʦ (ʧʨʠʤʝʨ a) ʠʣʠ ʠʟʧʲʢʥʘʣʦ (ʧʨʠʤʝʨ b); S1 ʠ S2 ï ʚʨʲʭʥʠ 
ʪʦʯʢʠ ʥʘ ʦʛʣʝʜʘʣʘʪʘ (ʮʝʥʪʨʦʚʝ ʥʘ ʨʘʙʦʪʥʠʪʝ ʠʤ ʧʦʚʲʨʭʥʦʩʪʠ); f1 ʠ f2 ï ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ 
ʩʲʦʪʚʝʪʥʦ ʥʘ ʛʣʘʚʥʠʪʝ ʠ ʥʘ ʚʪʦʨʠʯʥʠʪʝ ʦʛʣʝʜʘʣʘ. ʀ ʚ ʜʚʘʪʘ ʧʨʠʤʝʨʘ ʬʦʢʫʩʠʪʝ ʥʘ ʜʚʝʪʝ ʦʛʣʝ-
ʜʘʣʘ ʩʲʚʧʘʜʘʪ ʚ ʪʦʯʢʘ F, ʧʦʨʘʜʠ ʢʦʝʪʦ ʩʚʝʪʣʠʥʘʪʘ ʥʘʧʫʩʢʘ ʩʠʩʪʝʤʘʪʘ ʚʲʚ ʚʠʜ ʥʘ ʧʘʨʘʣʝʣʝʥ 
ʩʥʦʧ ʣʲʯʠ 

 
ɼʚʫʦʛʣʝʜʘʣʥʠʪʝ ʪʝʣʝʩʢʦʧʠ ʥʘ ʄʝʨʩʝʥ (ʬʠʛ. 29) ʩʘ ʥʝʱʦ ʢʘʪʦ ʦʛʣʝʜʘʣʥʠ 

ʘʥʘʣʦʟʠ ʥʘ ʟʨʠʪʝʣʥʠʪʝ ʪʨʲʙʠ ʥʘ ɻʘʣʠʣʝʡ ʠ  ʂʝʧʣʝʨ. ʇʨʝʟ ʪʷʭ ʥʘʙʣʶʜʘʪʝʣʷʪ ʱʝ 
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ʚʠʞʜʘ ʫʚʝʣʠʯʝʥ ʦʙʨʘʟ ʙʝʟ ʥʫʞʜʘ ʦʪ ʦʢʫʣʷʨ, ʪʲʡ ʢʘʪʦ ʩʚʝʪʣʠʥʘʪʘ ʥʘʧʫʩʢʘ ʩʠʩʪʝ-

ʤʘʪʘ ʚʲʚ ʚʠʜ ʥʘ ʧʘʨʘʣʝʣʝʥ ʩʥʦʧ. ʊʝʟʠ ʪʝʣʝʩʢʦʧʠ ʦʙʘʯʝ ʥʝ ʩʘ ʩʝ ʥʘʣʦʞʠʣʠ ʚ 

ʧʨʘʢʪʠʢʘʪʘ ʧʦ ʥʷʢʦʣʢʦ ʧʨʠʯʠʥʠ: ʈʘʙʦʪʘʪʘ ʩ ʪʷʭ ʧʨʠ ʛʦʣʝʤʠ ʫʚʝʣʠʯʝʥʠʷ ʙʠ ʙʠʣʘ 

ʥʝʢʦʤʬʦʨʪʥʘ ï ʧʦ ʩʲʱʠʪʝ ʧʨʠʯʠʥʠ, ʢʘʢʪʦ ʠ ʧʨʠ ɻʘʣʠʣʝʝʚʘʪʘ ʪʨʲʙʘ. ʆʩʚʝʥ ʪʦʚʘ 

ʥʘʙʣʶʜʘʪʝʣʷʪ ʱʝ ʚʠʞʜʘ ʧʨʝʟ ʮʷʣʦʪʦ ʚʨʝʤʝ ʦʪʨʘʞʝʥʠʝʪʦ ʥʘ ʮʝʥʪʨʘʣʥʦʪʦ ʧʨʝʧʷʪ-

ʩʪʚʠʝ (ʚʪʦʨʠʯʥʦʪʦ ʦʛʣʝʜʘʣʦ ʠ ʥʦʩʝʱʠʪʝ ʛʦ ʨʘʟʪʷʞʢʠ) ʚ ʮʝʥʪʲʨʘ ʥʘ ʟʨʠʪʝʣʥʦʪʦ 

ʧʦʣʝ, ʢʦʝʪʦ ʦʧʨʝʜʝʣʝʥʦ ʱʝ ʝ ʧʨʦʙʣʝʤ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʦʙʨʘʟʲʪ ʱʝ ʙʲʜʝ ʜʝʬʦʨʤʠ-

ʨʘʥ ʢʲʤ ʢʨʘʷ ʥʘ ʧʦʣʝʪʦ, ʪʲʡ ʢʘʪʦ ʪʝʟʠ ʩʠʩʪʝʤʠ ʥʝ ʩʘ ʜʦʙʨʝ ʢʦʨʠʛʠʨʘʥʠ ʦʪ ʥʷʢʦʠ 

ʘʙʝʨʘʮʠʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʚʘ ʪʝʣʝʩʢʦʧʠʪʝ ʥʘ ʄʝʨʩʝʥ ʩʣʫʞʘʪ ʢʘʪʦ ʙʘʟʦʚʠ ʤʦʜʝ-

ʣʠ ʚ ʨʘʟʨʘʙʦʪʢʘʪʘ ʥʘ ʥʦʚʠ ʦʛʣʝʜʘʣʥʠ ʩʠʩʪʝʤʠ ï ʥʘʧʨʠʤʝʨ ʟʘ ʙʲʜʝʱʠ ʛʦʣʝʤʠ 

ʢʦʩʤʠʯʝʩʢʠ ʪʝʣʝʩʢʦʧʠ. ɺ ʪʘʢʠʚʘ ʧʨʦʝʢʪʠ ʩʝ ʪʲʨʩʠ ʢʦʤʧʨʦʤʠʩ ʤʝʞʜʫ ʛʦʣʷʤʦ ʧʦ 

ʜʠʘʤʝʪ̡ ʨ, ʥʦ ʣʝʩʥʦ ʟʘ ʠʟʨʘʙʦʪʚʘʥʝ ʛʣʘʚʥʦ ʦʛʣʝʜʘʣʦ ï ʩʬʝʨʠʯʥʦ ʠʣʠ ʝʣʠʧʪʠʯʥʦ 

(ʪ.ʝ. ʥʝʜʦʙʨʝ ʢʦʨʠʛʠʨʘʥʦ ʦʪ ʘʙʝʨʘʮʠʠ) ʠ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʦʩʪʘʥʘʣʠʪʝ ʧʦ-ʤʘʣʢʠ 

ʦʧʪʠʯʥʠ ʝʣʝʤʝʥʪʠ, ʢʦʠʪʦ ʪʨʷʙʚʘ ʢʦʤʧʝʥʩʠʨʘʱʦ ʜʘ ʦʪʩʪʨʘʥʷʪ ʘʙʝʨʘʮʠʠʪʝ ʥʘ 

ʛʣʘʚʥʦʪʦ ʦʛʣʝʜʘʣʦ. ʋʩʧʝʰʥʦʪʦ ʨʝʰʝʥʠʝ ʥʘ ʝʜʥʘ ʪʘʢʘʚʘ ʟʘʜʘʯʘ ʦʟʥʘʯʘʚʘ ʧʦ-

ʧʨʠʝʤʣʠʚʘ ʮʝʥʘ ʥʘ ʧʨʦʝʢʪʘ ʠ ʧʦ-ʛʦʣʷʤ ʰʘʥʩ ʟʘ ʥʝʛʦʚʘʪʘ ʨʝʘʣʠʟʘʮʠʷ. 

 

 

 

ʆʩʥʦʚʥʠʪʝ ʪʠʧʦʚʝ ʦʧʪʠʯʥʠ ʩʠʩʪʝʤʠ ï ʦʙʦʙʱʝʥʠʝ 

ʇʨʠʥʮʠʧʠʪʝ ʥʘ ʨʘʙʦʪʘ ʥʘ ʚʩʠʯʢʠ ʦʧʪʠʯʥʠ ʧʨʠʙʦʨʠ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʝʜʥʘ ʦʪ 

ʨʘʟʛʣʝʜʘʥʠʪʝ ʜʦ ʪʫʢ ʦʧʪʠʯʥʠ ʩʠʩʪʝʤʠ, ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʠ ʥʘ ʯʝʪʠʨʠ ʪʠʧʘ. ʊʝ ʩʘ 

ʜʝʬʠʥʠʨʘʥʠ ʩʧʦʨʝʜ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʩʠʩʪʝʤʘʪʘ ʜʦ ʦʙʝʢʪʘ ʠ ʦʪ ʩʠʩʪʝʤʘʪʘ ʜʦ ʦʙ-

ʨʘʟʘ ʥʘ ʦʙʝʢʪʘ. ɺ ʧʦ-ʩʣʦʞʥʠʪʝ ʧʨʠʙʦʨʠ ʝ ʚʲʟʤʦʞʥʘ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʜʚʝ ʠʣʠ ʧʦ-

ʚʝʯʝ ʦʪ ʪʝʟʠ ʩʠʩʪʝʤʠ. ɽʪʦ ʛʠ ʥʘʢʨʘʪʢʦ ʟʘ ʜʘ ʩʝ ʩʨʘʚʥʷʪ ʨʘʟʣʠʢʠʪʝ ʤʝʞʜʫ ʪʷʭ:  

 

1. ʌʦʪʦʛʨʘʬʩʢʠ ʦʙʝʢʪʠʚ: ʦʙʝʢʪʲʪ ʝ ʙʝʟʢʨʘʡʥʦ ʦʪʜʘʣʝʯʝʥ, ʘ ʥʝʛʦʚʠʷʪ ʜʝʡʩ-

ʪʚʠʪʝʣʝʥ ʦʙʨʘʟ ʩʝ ʧʦʩʪʨʦʷʚʘ ʥʘ ʦʧʨʝʜʝʣʝʥʦ ʢʨʘʡʥʦ ʨʘʟʩʪʦʷʥʠʝ ʩʣʝʜ ʦʧʪʠʯʥʘʪʘ 

ʩʠʩʪʝʤʘ, ʨʘʚʥʦ ʥʘ ʥʝʡʥʦʪʦ ʬʦʢʫʩʥʦ f (ʬʠʛʫʨʠ 1a ʠ 3). ʅʘ ʪʦʟʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʷʪ 

ʦʙʝʢʪʠʚʠʪʝ ʥʘ ʚʩʠʯʢʠ ʬʦʪʦʘʧʘʨʘʪʠ, ʚʠʜʝʦʢʘʤʝʨʠ, ʪʝʣʝʩʢʦʧʠ-ʘʩʪʨʦʛʨʘʬʠ ʠ ʧʦ-

ʜʦʙʥʠ, ʢʦʛʘʪʦ ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ ʤʥʦʛʦ ʜʘʣʝʯʥʠ ʦʙʝʢʪʠ. ʉʲʱʦʪʦ ʩʝ ʦʪʥʘʩʷ ʠ ʟʘ 

ʯʦʚʝʰʢʦʪʦ ʦʢʦ. 

 

2. ʇʨʦʝʢʮʠʦʥʥʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ: ʦʙʝʢʪʲʪ ʝ ʦʪʜʘʣʝʯʝʥ ʥʘ ʦʧʨʝʜʝʣʝʥʦ 

ʢʨʘʡʥʦ ʨʘʟʩʪʦʷʥʠʝ ʧʨʝʜ ʩʠʩʪʝʤʘʪʘ ʠ ʜʝʡʩʪʚʠʪʝʣʥʠʷʪ ʤʫ ʦʙʨʘʟ ʩʝ ʧʦʩʪʨʦʷʚʘ ʥʘ 

ʦʧʨʝʜʝʣʝʥʦ ʢʨʘʡʥʦ ʨʘʟʩʪʦʷʥʠʝ ʩʣʝʜ ʥʝʷ. ʄʦʞʝ ʜʘ ʩʝ ʢʘʞʝ, ʯʝ ʪʦʟʠ ʩʣʫʯʘʡ ʝ ʧʦ-

ʨʝʘʣʠʩʪʠʯʥʠʷʪ ʚʘʨʠʘʥʪ ʥʘ ʧʲʨʚʠʷ, ʟʘʱʦʪʦ ʥʘ ʧʨʘʢʪʠʢʘ ʚʩʠʯʢʠ ʦʙʝʢʪʠ, ʢʦʠʪʦ 

ʚʠʞʜʘʤʝ ʩ ʦʯʠʪʝ ʩʠ ʠʣʠ ʢʲʤ ʢʦʠʪʦ ʥʘʩʦʯʚʘʤʝ ʬʦʪʦʦʙʝʢʪʠʚʘ, ʦʪʩʪʦʷʪ ʦʪ ʥʘʩ ʥʘ 

ʥʷʢʘʢʚʠ ʧʨʝʜʝʣʥʠ ʨʘʟʩʪʦʷʥʠʷ. ʊʠʧʠʯʥʠ ʧʨʠʤʝʨʠ ʩʘ ʩʣʫʯʘʠʪʝ, ʚ ʢʦʠʪʦ ʨʘʟʩʪʦʷ-

ʥʠʷʪʘ ʦʙʝʢʪʠʚ-ʦʙʝʢʪ ʠ ʦʙʝʢʪʠʚ-ʦʙʨʘʟ ʠʤʘʪ ʩʨʘʚʥʠʪʝʣʥʦ ʥʝʛʦʣʷʤʘ, ʦʙʦʟʨʠʤʘ 

ʨʘʟʣʠʢʘ ï ʥʘʧʨʠʤʝʨ ʧʨʠ ʬʦʪʦʛʨʘʬʠʨʘʥʝ ʥʘ ʙʣʠʟʢʠ ʦʙʝʢʪʠ ʠʣʠ ʧʨʠ ʧʨʦʞʝʢʮʠʦʥ-

ʥʠʪʝ ʘʧʘʨʘʪʠ (ʤʫʣʪʠʤʝʜʠʡʥʠ ʧʨʦʝʢʪʦʨʠ, ʜʠʘʧʨʦʝʢʪʦʨʠ, ʱʨʘʡʙʧʨʦʝʢʪʦʨʠ, ʬʦʪʦ-

ʫʚʝʣʠʯʠʪʝʣʠ ʠ ʧʦʜʦʙʥʠ). ʇʨʠ ʧʦʩʣʝʜʥʠʪʝ ʦʙʨʘʟʲʪ ʩʝ ʧʨʦʝʢʪʠʨʘ ʩ ʫʚʝʣʠʯʝʥʠʝ 

ʚʲʨʭʫ ʩʨʘʚʥʠʪʝʣʥʦ ʙʣʠʟʲʢ ʝʢʨʘʥ (ʬʠʛ. 23). ʏʘʩʪʝʥ ʩʣʫʯʘʡ ʠʤʘʤʝ ʧʨʠ ʦʙʝʢʪ, ʨʘʟ-
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ʧʦʣʦʞʝʥ ʚ ʜʚʦʡʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 2f ʥʘ ʦʧʪʠʯʥʘʪʘ ʩʠʩʪʝʤʘ (ʬʠʛ. 6). ʊʦʛʘ-

ʚʘ ʥʝʛʦʚʠʷʪ ʜʝʡʩʪʚʠʪʝʣʝʥ ʦʙʨʘʟ ʩʝ ʧʦʩʪʨʦʷʚʘ ʥʘ ʩʲʱʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʩʣʝʜ ʩʠʩʪʝ-

ʤʘʪʘ, ʢʘʪʦ ʨʘʟʤʝʨʠʪʝ ʥʘ ʦʙʝʢʪʘ ʠ ʥʘ ʦʙʨʘʟʘ ʩʘ ʝʜʥʘʢʚʠ. 

 

3. ʊʝʣʝʩʢʦʧ: ʦʙʝʢʪʲʪ ʝ ʙʝʟʢʨʘʡʥʦ ʦʪʜʘʣʝʯʝʥ ʦʪ ʦʧʪʠʯʥʘʪʘ ʩʠʩʪʝʤʘ ʠ ʥʝʛʦ-

ʚʠʷʪ ʦʙʨʘʟ ʩʝ ʧʦʩʪʨʦʷʚʘ ʩʲʱʦ ʚ ʙʝʟʢʨʘʡʥʦʩʪʪʘ. ʊʫʢ ʩʪʘʚʘ ʜʫʤʘ ʟʘ ʘʬʦʢʘʣʥʘ ʩʠʩ-

ʪʝʤʘ, ʧʨʠ ʢʦʷʪʦ ʧʦʧʘʜʘʱʠʷʪ ʚ ʦʙʝʢʪʠʚʘ ʩʥʦʧ ʣʲʯʠ ʠ ʥʘʧʫʩʢʘʱʠʷʪ ʦʢʫʣʷʨʘ ʩʥʦʧ 

ʩʘ ʧʘʨʘʣʝʣʥʠ. ʅʘ ʪʦʟʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʷʪ ʚʩʠʯʢʠ ʪʝʣʝʩʢʦʧʠ ʩ ʦʢʫʣʷʨʠ, ʥʝʟʘʚʠʩʠʤʦ 

ʨʝʬʨʘʢʪʦʨʠ ʠʣʠ ʨʝʬʣʝʢʪʦʨʠ, ʩ ʦʙʲʨʥʘʪ ʠʣʠ ʩ ʧʨʘʚ ʦʙʨʘʟ ï ʪʠʧ ɻʘʣʠʣʝʝʚʘ ʪʨʲʙʘ 

(ʬʠʛʫʨʠ ʦʪ 25 ʜʦ 28). ʉ̡ ʱʦʪʦ ʩʝ ʦʪʥʘʩʷ ʠ ʟʘ ʜʚʫʦʛʣʝʜʘʣʥʠʪʝ ʩʠʩʪʝʤʠ ʥʘ ʄʝʨʩʝʥ 

(ʬʠʛ. 29). 

 

4. ʄʠʢʨʦʩʢʦʧ: ʦʙʝʢʪʲʪ ʝ ʥʘ ʦʧʨʝʜʝʣʝʥʦ ʢʨʘʡʥʦ ʨʘʟʩʪʦʷʥʠʝ ʧʨʝʜ ʦʧʪʠʯʥʘʪʘ 

ʩʠʩʪʝʤʘ, ʘ ʦʙʨʘʟʲʪ ʤʫ ʩʝ ʧʦʩʪʨʦʷʚʘ ʚ ʙʝʟʢʨʘʡʥʦʩʪʪʘ. ʊʦʚʘ ʝ ʪʘʢʘ ʟʘʱʦʪʦ ʩʚʝʪʣʠ-

ʥʘʪʘ ʥʘʧʫʩʢʘ ʦʢʫʣʷʨʘ ʥʘ ʧʨʠʙʦʨʘ ʚʲʚ ʚʠʜ ʥʘ ʧʘʨʘʣʝʣʝʥ ʩʥʦʧ. ʇʨʠ ʤʠʢʨʦʩʢʦʧʠʪʝ 

ʦʙʝʢʪʲʪ ʩʝ ʥʘʤʠʨʘ ʤʝʞʜʫ ʧʨʝʜʥʠʷ ʬʦʢʫʩ ʠ ʧʨʝʜʥʦʪʦ ʜʚʦʡʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 

ʥʘ ʦʙʝʢʪʠʚʘ (ʬʠʛ. 24).  

 

ʊʝʟʠ ʩʠʩʪʝʤʠ ʩʘ ʦʙʨʘʪʠʤʠ ʠʣʠ ʤʦʛʘʪ ʜʘ ʧʨʝʤʠʥʘʚʘʪ ʦʪ ʝʜʥʘ ʚ ʜʨʫʛʘ. ʅʘʧ-

ʨʠʤʝʨ ʘʢʦ ʚ ʟʘʜʥʠʷ ʬʦʢʫʩ ʥʘ ʬʦʪʦʛʨʘʬʩʢʠʷ ʦʙʝʢʪʠʚ ʧʦʩʪʘʚʠʤ ʦʙʝʢʪ ʠ ʛʦ ʦʩʚʝ-

ʪʠʤ ʧʦʜʭʦʜʷʱʦ, ʥʝʛʦʚʠʷʪ ʦʙʨʘʟ ʱʝ ʩʝ ʧʦʩʪʨʦʠ ʚ ʙʝʟʢʨʘʡʥʦʩʪʪʘ, ʘ ʦʙʝʢʪʠʚʲʪ ʱʝ 

ʨʘʙʦʪʠ ʢʘʪʦ ʧʨʦʞʝʢʮʠʦʥʝʥ.  

ʇʨʠʥʮʠʧʥʦ ʝ ʚʲʟʤʦʞʥʦ ʧʨʝʤʠʥʘʚʘʥʝ ʦʪ ʩʠʩʪʝʤʘʪʘ ʪʝʣʝʩʢʦʧ ʢʲʤ ʤʠʢʨʦʩʢʦʧ 

ʠ ʦʙʨʘʪʥʦ. ɸʢʦ ʬʦʢʫʩʠʨʘʤʝ ʝʜʠʥ ʪʝʣʝʩʢʦʧ ʧʦ ʤʥʦʛʦ ʙʣʠʟʢʠ ʦʙʝʢʪʠ, ʫʜʲʣʞʘʚʘʡ-

ʢʠ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʙʝʢʪʠʚ ï ʦʢʫʣʷʨ ʢʦʣʢʦʪʦ ʝ ʥʫʞʥʦ, ʱʝ ʜʦʩʪʠʛʥʝʤ ʜʦ ʜʝʬʠʥʠʮʠ-

ʷʪʘ ʟʘ ʤʠʢʨʦʩʢʦʧ (ʚʠʞʪʝ ʪ. 4), ʤʘʢʘʨ ʠ ʩ ʜʲʣʛʦʬʦʢʫʩʝʥ ʦʙʝʢʪʠʚ. 

 

 

 

ɸʧʝʨʪʫʨʘ, ʦʪʥʦʩʠʪʝʣʝʥ ʦʪʚʦʨ ʠ ʩʚʝʪʣʦʩʠʣʘ 

ɸʧʝʨʪʫʨʘʪʘ ʥʘ ʦʙʝʢʪʠʚʘ ʝ ʥʝʛʦʚʠʷʪ ʦʪʚʦʨ ï ʚʭʦʜʥʘʪʘ ʟʝʥʠʮʘ ʥʘ ʩʠʩʪʝʤʘ-

ʪʘ, ʢʘʪʦ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ ʥʝʛʦʚʠʷʪ ʜʠʘʤʝʪʲʨ D. ɸʢʦ ʦʙʝʢʪʠʚʲʪ ʠʤʘ ʜʠʘʬʨʘʛʤʘ 

(ʙʣʝʥʜʘ), ʘʧʝʨʪʫʨʘʪʘ ʤʫ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʜʝʡʩʪʚʘʱʠʷ ʦʪʚʦʨ ʥʘ ʜʠʘʬʨʘʛʤʘʪʘ, ʢʘ-

ʢʲʚʪʦ ʝ ʪʦʡ ʚ ʤʦʤʝʥʪʘ. ʇʦ-ʛʦʣʝʤʠʷʪ ʧʦ ʜʠʘʤʝʪʲʨ ʦʙʝʢʪʠʚ ʩʲʙʠʨʘ ʧʦʚʝʯʝ ʩʚʝʪ-

ʣʠʥʥʘ ʝʥʝʨʛʠʷ ʦʪ ʦʙʝʢʪʘ (ʟʚʝʟʜʘʪʘ) ʟʘ ʝʜʠʥʠʮʘ ʚʨʝʤʝ, ʟʘʱʦʪʦ ʚ ʥʝʛʦ ʧʦʧʘʜʘ 

ʩʚʝʪʣʠʥʝʥ ʩʥʦʧ ʩ ʧʦ-ʛʦʣ̫ʤʦ ʩʝʯʝʥʠʝ. ʊʘʢʘ ʛʦʣʷʤʘʪʘ ʘʧʝʨʪʫʨʘ ʥʠ ʧʦʟʚʦʣʷʚʘ ʜʘ 

ʟʘʙʝʣʝʞʠʤ ʚ ʦʢʫʣʷʨʘ ʧʦ-ʩʣʘʙʠ ʟʚʝʟʜʠ. ɿʚʝʟʜʥʘʪʘ ʚʝʣʠʯʠʥʘ ʥʘ ʥʘʡ-ʩʣʘʙʠʪʝ ʟʚʝʟ-

ʜʠ, ʢʦʠʪʦ ʤʦʞʝʤ ʜʘ  ʚʠʜʠʤ ʧʨʝʟ ʪʝʣʝʩʢʦʧʘ, ʦʧʨʝʜʝʣʷ ʥʝʛʦʚʘʪʘ ʧʨʦʥʠʢʚʘʱʘ 

ʩʧʦʩʦʙʥʦʩʪ. 

 

 

ʆʪʥʦʩʠʪʝʣʝʥ ʦʪʚʦʨ (ʦʪʥʦʩʠʪʝʣʥʘ ʘʧʝʨʪʫʨʘ) 
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ʊʦʚʘ ʝ ʦʪʥʦʰʝʥʠʝʪʦ D/f ʥʘ ʜʠʘʤʝʪʲʨʘ ʥʘ ʦʙʝʢʪʠʚʘ ʢʲʤ ʥʝʛʦʚʦʪʦ ʬʦʢʫʩʥʦ 

ʨʘʟʩʪʦʷʥʠʝ. ʄʦʞʝʤ ʜʘ ʛʦ ʟʘʧʠʰʝʤ ʠ ʢʘʪʦ ʧʨʘʚʠʣʥʘ ʜʨʦʙ ʩ ʯʠʩʣʠʪʝʣ ʝʜʠʥʠʮʘ ʠ 

ʟʥʘʤʝʥʘʪʝʣ ï ʨʝʮʠʧʨʦʯʥʦʪʦ ʦʪʥʦʰʝʥʠʝ f/D, ʧʦʢʘʟʚʘʱʦ ʢʦʣʢʦ ʧʲʪʠ ʬʦʢʫʩʥʦʪʦ 

ʨʘʟʩʪʦʷʥʠʝ ʝ ʧʦ-ʜʲʣʛʦ ʦʪ ʜʠʘʤʝʪʲʨʘ ʥʘ ʦʙʝʢʪʠʚʘ (ʪ.ʝ. ʦʪʥʦʩʠʪʝʣʥʦʪʦ ʬʦʢʫʩʥʦ 

ʨʘʟʩʪʦʷʥʠʝ): 

 

ʉʨʝʜ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʬʦʪʦʛʨʘʬʩʢʘʪʘ ʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʪʘ ʦʧʪʠʢʘ ʚʠʥʘʛʠ ʬʠ-

ʛʫʨʠʨʘ ʦʟʥʘʯʝʥʠʝʪʦ f/N (f/number, f-ratio ʠʣʠ focal ratio), ʚ ʢʦʝʪʦ N = f/D, ʥʦ ʧʦ-

ʩʦʯʚʘʥʝʪʦ ʥʘ ʦʪʥʦʩʠʪʝʣʥʠʷ ʦʪʚʦʨ ʚʲʚ ʚʠʜʘ 1:N, ʩʨʝʱʘʱʦ ʩʝ ʧʦʚʝʯʝ ʚ ʧʦ-ʩʪʘʨʘʪʘ 

ʣʠʪʝʨʘʪʫʨʘ, ʢʘʪʦ ʯʝ ʣʠ ʝ ʧʦ-ʧʨʘʢʪʠʯʥʦ. ʅʘʧʨʠʤʝʨ ʪʝʣʝʩʢʦʧ ʩ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷ-

ʥʠʝ 2000 mm ʠ ʜʠʘʤʝʪʲʨ ʥʘ ʦʙʝʢʪʠʚʘ 200 mm ʱʝ ʠʤʘ ʦʪʥʦʩʠʪʝʣʝʥ ʦʪʚʦʨ 

1:(2000/200) = 1:10 (ʧʨʦʠʟʥʘʩʷ ʩʝ Ăʝʜʥʦ ʢʲʤ ʜʝʩʝʪñ). ɿʘʪʦʚʘ ʚ ʜʦʢʫʤʝʥʪʘʮʠʷ ʤʫ 

ʱʝ ʚʠʜʠʤ ʦʟʥʘʯʝʥʠʝʪʦ 1:10 ʠʣʠ f/10. 

 

 

ʉʚʝʪʣʦʩʠʣʘ 

ʊʦʚʘ ʝ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʝʜʠʥ ʦʙʝʢʪʠʚ ʜʘ ʚʲʟʧʨʦʠʟʚʝʜʝ ʚʲʚ ʬʦʢʘʣʥʘʪʘ ʩʠ 

ʨʘʚʥʠʥʘ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʦʧʨʝʜʝʣʝʥʘ ʦʩʚʝʪʝʥʦʩʪ. ʅʝʢʘ ʜʘ ʧʨʠʧʦʤʥʠʤ, ʯʝ ʩʚʝʪʣʠ-

ʥʘʪʘ ʩʝ ʨʘʟʩʝʡʚʘ ʩ ʢʚʘʜʨʘʪʘ ʥʘ ʠʟʤʠʥʘʪʦʪʦ ʦʪ ʥʝʷ ʨʘʟʩʪʦʷʥʠʝ (ʟʘʢʦʥ ʟʘ ʦʙʨʘʪʥʠʪʝ 

ʢʚʘʜʨʘʪʠ). ʅʘʧʨʠʤʝʨ ʘʢʦ ʫʚʝʣʠʯʘʚʘʤʝ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʩʚʝʪʦʠʟʪʦʯʥʠʢ ʠ 

ʦʩʚʝʪʷʚʘʥ ʦʪ ʥʝʛʦ ʝʢʨʘʥ, ʦʩʚʝʪʝʥʦʩʪʪʘ ʚʲʨʭʫ ʧʦʩʣʝʜʥʠʷ ʱʝ ʩʧʘʜʘ ʙʲʨʟʦ ʩ ʢʚʘʜ-

ʨʘʪʘ ʥʘ ʥʘʨʘʩʪʚʘʱʦʪʦ ʨʘʟʩʪʦʷʥʠʝ. ʊʦʟʠ ʧʨʠʥʮʠʧ ʝ ʚ ʩʠʣʘ ʧʨʠ ʤʥʦʛʦ ʷʚʣʝʥʠʷ ʠ 

ʧʨʦʮʝʩʠ, ʢʘʢʪʦ ʚ ʧʨʠʨʦʜʘʪʘ, ʪʘʢʘ ʠ ʚ ʪʝʭʥʠʢʘʪʘ. ʉʚʝʪʣʦʩʠʣʘʪʘ ʥʘ ʝʜʠʥ ʦʙʝʢʪʠʚ 

ʩʲʱʦ ʝ ʩʚʲʨʟʘʥʘ ʩ ʥʝʛʦ. ʅʘʧʨʠʤʝʨ ʘʢʦ ʧʨʝʟ ʪʝʣʝʩʢʦʧ ʥʘʙʣʶʜʘʚʘʤʝ ʦʙʝʢʪ ʩ ʥ̫-

ʢʘʢʚʠ ʚʠʜʠʤʠ ʨʘʟʤʝʨʠ (ʧʣʦʱʝʥ ʦʙʝʢʪ) ʠ ʫʜʲʣʞʠʤ ʜʚʫʢʨʘʪʥʦ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦ-

ʷʥʠʝ ʥʘ ʦʙʝʢʪʠʚʘ ʩ ʣʝʱʘ ʥʘ ɹʘʨʣʦʫ, ʪʝʦʨʝʪʠʯʥʦ ʱʝ ʥʘʤʘʣʠʤ ʦʩʚʝʪʝʥʦʩʪʪʘ ʥʘ 

ʦʙʨʘʟʘ ʚʲʚ ʬʦʢʘʣʥʘʪʘ ʨʘʚʥʠʥʘ 4 ʧʲʪʠ. ɸʢʦ ʬʦʪʦʛʨʘʬʠʨʘʤʝ ʦʙʝʢʪʘ, ʱʝ ʪʨʷʙʚʘ 

ʢʦʤʧʝʥʩʠʨʘʱʦ ʜʘ ʫʜʲʣʞʠʤ ʝʢʩʧʦʟʠʮʠʦʥʥʦʪʦ ʚʨʝʤʝ 4 ʧʲʪʠ. ʑʝ ʧʦʩʪʠʛʥʝʤ ʩ̡ -

ʱʠ̫ ʝʬʝʢʪ ʠ ʘʢʦ ʥʘʤʘʣʠʤ ʜʚʫʢʨʘʪʥʦ ʜʠʘʤʝʪʲʨʘ ʥʘ ʜʝʡʩʪʚʘʱʠʷ ʦʪʚʦʨ ʥʘ ʬʦʪʦʛ-

ʨʘʬʩʢʠ ʦʙʝʢʪʠʚ, ʢʘʪʦ ʩʚʠʝʤ ʜʠʘʬʨʘʛʤʘʪʘ ʤʫ. ʇʦʚʝʯʝ ʧʦʜʨʦʙʥʦʩʪʠ ʟʘ ʤʝʪʦʜʠʪʝ 

ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʜʲʣʛʠ ʠʣʠ ʧʦ-ʢʲʩʠ ʝʬʝʢʪʠʚʥʠ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ, ʧʨʘʢʪʠ-

ʢʫʚʘʥʠ ʧʨʠ ʨʘʙʦʪʘ ʩ ʪʝʣʝʩʢʦʧ, ʱʝ ʥʘʤʝʨʠʪʝ ʚ ʪʝʤʘʪʘ Ăʇʨʦʤʷʥʘ ʥʘ ʬʦʢʫʩʥʦʪʦ 

ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʩʣʦʞʥʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘñ ʧʦ-ʜʦʣʫ. 

 

ʊʝʦʨʝʪʠʯʥʦ ʩʚʝʪʣʦʩʠʣʘʪʘ ʝ ʯʠʩʣʦ S, ʧʨʘʚʦʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ ʢʚʘʜʨʘʪʘ ʥʘ 

ʜʠʘʤʝʪʲʨʘ D ʥʘ ʦʙʝʢʪʠʚʘ ʠ ʦʙʨʘʪʥʦʧʨʦʧʦʨʮʠʦʥʘʣʥo ʥʘ ʢʚʘʜʨʘʪʘ ʥʘ ʬʦʢʫʩʥʦʪʦ 

ʤʫ ʨʘʟʩʪʦʥ̫ʠʝ f: 
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ɸʢʦ ʠʟʧʦʣʟʚʘʤʝ ʪʘʟʠ ʬʦʨʤʫʣʘ, ʩʣʝʜʚʘ ʜʘ ʫʤʥʦʞʠʤ ʧʦʣʫʯʝʥʠʷʪ ʨʝʟʫʣʪʘʪ ʧʦ 

ʢʦʝʬʠʮʠʝʥʪ Ű, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱ ʧʨʦʧʫʩʢʣʠʚʦʩʪʪʘ (ʧʨʦʟʨʘʯʥʦʩʪʪʘ) ʥʘ ʦʙʝʢʪʠʚʘ. 

ʉʪʦʡʥʦʩʪʪʘ ʥʘ ʪʦʟʠ ʢʦʝʬʠʮʠʝʥʪ ʝ ʧʦ-ʤʘʣʢʘ ʦʪ ʝʜʠʥʠʮʘ, ʥʦ ʦʙʠʢʥʦʚʝʥʦ ʝ ʙʣʠʟʢʘ 

ʜʦ ʝʜʠʥʠʮʘʪʘ, ʦʩʦʙʝʥʦ ʟʘ ʦʛʣʝʜʘʣʥʠʪʝ ʪʝʣʝʩʢʦʧʠ. ʇʨʠ ʪʷʭ ʩʚʝʪʣʠʥʘʪʘ ʩʝ ʦʪʨʘʟʷ-

ʚʘ ʥʘʡ-ʯʝʩʪʦ ʜʚʫʢʨʘʪʥʦ ʦʪ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠ ʦʛʣʝʜʘʣʥʠ ʧʦʚʲʨʭʥʦʩʪʠ, ʙʝʟ ʜʘ 

ʧʨʝʤʠʥʘʚʘ ʧʨʝʟ ʤʥʦʛʦ ʥʘ ʙʨʦʡ ʠʣʠ ʜʝʙʝʣʠ ʘʙʩʦʨʙʠʨʘʱʠ ʷ ʩʪʲʢʣʝʥʠ ʝʣʝʤʝʥʪʠ.  

ʆʙʠʢʥʦʚʝʥʦ ʦʙʘʯʝ ʟʘ ʩʚʝʪʣʦʩʠʣʘʪʘ ʩʝ ʩʲʜʠ ʢʦʩʚʝʥʦ ï ʧʦ ʦʪʥʦʰʝʥʠʝʪʦ f/D, 

ʢʦʝʪʦ ʚ ʧʨʘʢʪʠʢʘʪʘ ʝ ʥʘʡ-ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʦ. ʊʲʡ ʢʘʪʦ ʩʚʝʪʣʦʩʠʣʘʪʘ ʝ ʚ ʧʨʷʢʘ 

ʚʨʲʟʢʘ ʩ ʦʪʥʦʩʠʪʝʣʥʠʷ ʦʪʚʦʨ ʥʘ ʦʙʝʢʪʠʚʘ, ʜʚʝʪʝ ʧʦʥ̫ʪʠʷ ʯʝʩʪʦ ʩʝ ʩʤʝʩʚʘʪ.  

 

ɺʝʯʝ ʩʧʦʤʝʥʘʭʤʝ, ʯʝ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʨʝʜʩʪʚʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʜʲʣʛʠ 

ʠʣʠ ʧʦ-ʢʲʩʠ ʬʦʢʫʩʥʠ ʨʘʟʩʪʦʷʥʠʷ ï ʣʝʱʠ ʥʘ ɹʘʨʣʦʫ ʬʦʢʘʣʥʠ ʨʝʜʫʢʪʦʨʠ ʠ ʜʨ., ʩʝ 

ʧʨʦʤʝʥʷ ʩʲʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʜʠʘʤʝʪʲʨʲʪ D ʥʘ ʦʙʝʢʪʠʚʘ ʠ ʧʦʣʫʯʝʥʦʪʦ ʝʬʝʢ-

ʪʠʚʥʦ (ʝʢʚʠʚʘʣʝʥʪʥʦ) ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ fʝʬ. ʂʘʪʦ ʩʝ ʟʥʘʝ ʧʦʩʣʝʜʥʦʪʦ, ʧʦ ʦʧʠ-

ʩʘʥʠʷʪ ʧʦ-ʛʦʨʝ ʥʘʯʠʥ, ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʩʤʝʪʥʝ ʥʦʚʦʧʦʣʫʯʝʥʠʷʪ ʦʪʥʦʩʠʪʝʣʝʥ ʦʪʚʦʨ 

ʠ ʩʚʝʪʣʦʩʠʣʘʪʘ ʥʘ ʧʨʦʤʝʥʝʥʘʪʘ ʩʠʩʪʝʤʘ. ʊʝʟʠ ʩʪʦʡʥʦʩʪʠ ʪʨʷʙʚʘ ʜʘ ʩʝ ʠʤʘʪ ʧʨʝʜ-

ʚʠʜ ʚ ʧʨʝʮʝʥʢʘʪʘ ʥʘ ʝʢʩʧʦʟʠʮʠʦʥʥʠʪʝ ʚʨʝʤʝʥʘ, ʦʩʦʙʝʥʦ ʘʢʦ ʩʝ ʬʦʪʦʛʨʘʬʠʨʘʪ 

ʩʣʘʙʠ ʧʣʦʱʥʠ ʦʙʝʢʪʠ (ʢʦʤʝʪʠ, ʜʠʬʫʟʥʠ ʤʲʛʣʷʚʠʥʠ, ʛʘʣʘʢʪʠʢʠ ʠ ʜʨ.). ɽʪʦ ʢʦʥʢ-

ʨʝʪʝʥ ʯʠʩʣʦʚ ʧʨʠʤʝʨ: 

 

ʈʘʙʦʪʠʤ ʩ ʪʝʣʝʩʢʦʧ ʩ ʜʠʘʤʝʪʲʨ ʥʘ ʦʙʝʢʪʠʚʘ D = 200 mm ʠ ʩ ʬʦʢʫʩʥʦ ʨʘʟʩ-

ʪʦʷʥʠʝ f = 1000 mm, ʪ.ʝ. ʩ ʦʪʥʦʩʠʪʝʣʝʥ ʦʪʚʦʨ 1:5 (f/5). ʉ ʣʝʱʘ ʥʘ ɹʘʨʣʦʫ (ʠʣʠ ʧʦ 

ʜʨʫʛ ʥʘʯʠʥ) ʧʦʩʪʠʛʘʤʝ ʝʬʝʢʪʠʚʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ fʝʬ = 3000 mm, ʢʘʪʦ ʩʤʝ 

ʩʠʛʫʨʥʠ, ʯʝ ʜʠʘʤʝʪʲʨʲʪ ʥʘ ʣʝʱʘʪʘ ʝ ʜʦʩʪʘʪʲʯʝʥ, ʟʘ ʜʘ ʧʨʦʧʫʩʥʝ ʮʝʣʠʷ ʩʚʝʪʣʠʥʝʥ 

ʧʦʪʦʢ, ʠʜʚʘʱ ʦʪ ʦʙʝʢʪʠʚʘ. ʇʲʨʚʦ ʪʲʨʩʠʤ ʥʦʚʦʧʦʣʫʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʝʥ ʦʪʚʦʨ ʥʘ 

ʪʘʢʘ ʧʨʦʤʝʥʝʥʘʪʘ ʩʠʩʪʝʤʘ: 

 

ʪ.ʝ. 1:15. ɿʘ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʩ ʢʦʣʢʦ ʧʲʪʠ ʝ ʥʘʤʘʣʷʣʘ ʛʝʦʤʝʪʨʠʯʥʘʪʘ ʩʚʝʪʣʦ-

ʩʠʣʘ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʨʘʟʛʣʝʞʜʘʤʝ ʦʪʥʦʰʝʥʠʝʪʦ ʤʝʞʜʫ ʢʚʘʜʨʘʪʠʪʝ ʥʘ ʟʥʘʤʝʥʘ-

ʪʝʣʠʪʝ ʥʘ ʜʚʝʪʝ ʜʨʦʙʠ, ʠʟʨʘʟʷʚʘʱʠ ʥʦʚʦʧʦʣʫʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʝʥ ʦʪʚʦʨ ʠ 

ʩʦʙʩʪʚʝʥʠʷ ʦʪʥʦʩʠʪʝʣʝʥ ʦʪʚʦʨ ʥʘ ʦʙʝʢʪʠʚʘ 1:5: 

 

ʪ.ʝ. ʩʝʛʘ ʩʚʝʪʣʦʩʠʣʘʪʘ ʝ 9 ʧʲʪʠ ʧʦ-ʤʘʣʢʘ. ʊʘʟʠ ʩʚʝʪʣʦʩʠʣʘ, ʧʦʣʫʯʝʥʘ ʩʣʝʜ 
ʜʦʙʘʚʷʥʝʪʦ ʥʘ ʩʨʝʜʩʪʚʦ ʟʘ ʧʨʦʤʷʥʘ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ, ʤʦʞʝʤ ʫʩʣʦʚʥʦ ʜʘ 

ʥʘʨʝʯʝʤ ʝʬʝʢʪʠʚʥʘ (ʠʣʠ ʜʝʡʩʪʚʠʪʝʣʥʘ, ʨʝʟʫʣʪʘʥʪʥʘ) ï Sʝʬ. ʅʝʡʥʦʪʦ ʦʪʥʦʰʝʥʠʝ 
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ʩʧʨʷʤʦ ʩʦʙʩʪʚʝʥʘʪʘ ʩʚʝʪʣʦʩʠʣʘ Sʦʙ ʥʘ ʦʙʝʢʪʠʚʘ ʤʦʞʝʤ ʜʘ ʧʦʣʫʯʠʤ ʠ ʢʘʪʦ ʧʨʝʩ-

ʤʝʪʥʝʤ Sʦʙ ʠ Sʝʬ ʯʨʝʟ ʬʦʢʫʩʥʠʪʝ ʨʘʟʩʪʦʷʥʠʷ fʦʙ ʠ fʝʬ, ʢʘʪʦ ʠʟʧʦʣʟʚʘʤʝ ʠ ʜʠʘʤʝ-

ʪʲʨʘ ʥʘ ʦʙʝʢʪʠʚʘ D: 

 

ʩʣʝʜ ʪʦʚʘ ʨʘʟʜʝʣʷʤʝ ʧʦ-ʛʦʣʷʤʦʪʦ ʯʠʩʣʦ ʥʘ ʧʦ-ʤʘʣʢʦʪʦ: 

 

ʈʝʟʫʣʪʘʪʲʪ ʝ ʩʲʱʠʷ ʢʘʪʦ ʚ ʧʦ-ʛʦʨʥʠʷ ʧʨʠʤʝʨ.  

ʇʨʠ ʬʦʪʦʛʨʘʬʩʢʠ ʥʘʙʣʶʜʝʥʠʷ ʪʨʷʙʚʘ ʜʘ ʢʦʨʠʛʠʨʘʤʝ ʝʢʩʧʦʟʠʮʠʦʥʥʦʪʦ ʚʨʝ-

ʤʝ, ʢʘʪʦ ʚʟʝʤʝʤ ʧʦʜ ʚʥʠʤʘʥʠʝ ʜʝʚʝʪʦʢʨʘʪʥʦ ʥʘʤʘʣʝʥʘʪʘ ʝʬʝʢʪʠʚʥʘ ʩʚʝʪʣʦʩʠʣʘ. 

ɸʢʦ ʥʘʧʨʠʤʝʨ ʧʨʠ ʩʥʠʤʘʥʝ ʚ ʧʨʝʢʠʷ ʬʦʢʫʩ ʥʘ ʪʝʣʝʩʢʦʧʘ, ʟʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ 

ʦʧʪʠʤʘʣʥʦ ʝʢʩʧʦʥʠʨʘʥ ʦʙʨʘʟ ʥʘ ʜʘʜʝʥ ʦʙʝʢʪ ʝ ʙʠʣʘ ʥʫʞʥʘ ʝʢʩʧʦʟʠʮʠʷ ʦʪ 2 s, ʪʦ 

ʩʣʝʜ ʪʨʠʢʨʘʪʥʦʪʦ ʫʜʲʣʞʘʚʘʥʝ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʪʦ ʝʢʩʧʦʟʠ-

ʮʠʦʥʥʦ ʚʨʝʤʝ ʚʝʯʝ ʱʝ ʙʲʜʝ 2 Ĭ 9 = 18 s. ɿʘʙʝʣʝʞʝʪʝ, ʯʝ ʨʝʟʫʣʪʘʪʲʪ 9 ʚ ʪʦʟʠ ʧʨʠ-

ʤʝʨ ʚʩʲʱʥʦʩʪ ʝ ʨʘʚʝʥ ʥʘ ʢʚʘʜʨʘʪʘ ʦʪ ʫʜʲʣʞʘʚʘʥʝʪʦ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʚ 

ʧʲʪʠ (ʚ ʩʣʫʯʘʷ 3 ʧʲʪʠ, ʢʘʪʦ 9 = 3
2
). ʊʦʚʘ ʝ ʥʘʡ-ʙʲʨʟʠʷʪ ʥʘʯʠʥ ʜʘ ʧʨʝʮʝʥʠʪʝ ʥʫʞ-

ʥʘʪʘ ʢʦʨʝʢʮʠʷ ʥʘ ʝʢʩʧʦʟʠʮʠʦʥʥʦʪʦ ʚʨʝʤʝ.  

 

ʂʦʛʘʪʦ ʧʨʦʤʝʥʷʤʝ ʜʠʘʤʝʪʲʨʘ ʥʘ ʜʠʘʬʨʘʛʤʝʥʠʷ ʦʪʚʦʨ ʥʘ ʝʜʠʥ ʬʦʪʦʛʨʘʬʩʢʠ 

ʦʙʝʢʪʠʚ, ʜʚʠʞʝʡʢʠ ʧʨʲʩʪʝʥʘ ʥʘ ʜʠʘʬʨʘʛʤʘʪʘ ʤʫ, ʥʠʝ ʧʨʦʤʝʥʷʤʝ ʦʪʥʦʩʠʪʝʣʥʠʷ 

ʦʪʚʦʨ, ʘ ʩʣʝʜʦʚʘʪʝʣʥʦ ï ʠ ʩʚʝʪʣʦʩʠʣʘʪʘ ʥʘ ʦʙʝʢʪʠʚʘ. ʉʘʤʘʪʘ ʩʢʘʣʘ ʥʘ ʜʠʘʬʨʘʛ-

ʤʘʪʘ ʝ ʨʘʟʛʨʘʬʝʥʘ ʚ ʩʪʦʡʥʦʩʪʠ, ʢʘʪʦ 1.4, 2, 2.8, 4, 5.6, 8, 11, 16, 22 ʠ 32, ʢʦʠʪʦ ʩʘ 

ʟʥʘʤʝʥʘʪʝʣʠ ʥʘ ʦʪʥʦʩʠʪʝʣʥʠʪʝ ʦʪʚʦʨʠ 1:1.4, 1:2, 1:2.8 ʠ ʪ.ʥ., ʥʘʨʠʯʘʥʠ ʩʪʘʥʜʘʨ-

ʪʥʠ ʜʠʘʬʨʘʛʤʝʥʠ ʯʠʩʣʘ (ʠʣʠ f-stops). ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʪʝʟʠ ʯʠʩʣʘ ʩʘ ʪʘʢʘ ʧʦʜʙ-

ʨʘʥʠ, ʯʝ ʚʩʷʢʦ ʦʪ ʪʷʭ ʜʘʚʘ ʜʝʡʩʪʚʘʱ ʦʪʚʦʨ ʩ ʜʚʘ ʧʲʪʠ ʧʦ-ʤʘʣʢʘ ʩʚʝʪʣʦʩʠʣʘ ʦʪ 

ʣʷʚʦʩʪʦʷʱʦʪʦ ʯʠʩʣʦ, ʨʝʩʧ. ʩ ʜʚʘ ʧʲʪʠ ʧʦ-ʛʦʣʷʤʘ ʩʚʝʪʣʦʩʠʣʘ ʦʪ ʩʣʝʜʚʘʱʦʪʦ ʯʠʩ-

ʣʦ ʚʜʷʩʥʦ. ʅʘʧʨʠʤʝʨ ʧʨʠ ʧʨʦʤʷʥʘ ʥʘ ʦʪʥʦʩʠʪʝʣʥʠʷ ʦʪʚʦʨ ʦʪ 1:4 ʥʘ 1:5.6 (ʪ.ʝ. ʩ 

ʝʜʠʥ f-stop), ʩʚʝʪʣʦʩʠʣʘʪʘ ʥʘ ʦʙʝʢʪʠʚʘ ʥʘʤʘʣʷʚʘ ʜʚʘ ʧʲʪʠ. ɸʢʦ ʩʚʠʝʤ ʜʠʘʬʨʘʛ-

ʤʘʪʘ ʜʦ ʩʣʝʜʚʘʱʘʪʘ ʩʪʘʥʜʘʨʪʥʘ ʩʪʦʡʥʦʩʪ 1:8 (ʪ.ʝ. ʙʣʝʥʜʘ 8), ʥʘʤʘʣʷʚʘʤʝ ʩʚʝʪʣʦ-

ʩʠʣʘʪʘ ʩ ʦʱʝ ʜʚʘ ʧʲʪʠ ʠʣʠ ʩʧʨʷʤʦ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʩʪʦʡʥʦʩʪ 1:4 ʱʝ ʠʤʘʤʝ ʚʝʯʝ 

ʯʝʪʠʨʠʢʨʘʪʥʦ ʧʦʥʠʞʝʥʘ ʩʚʝʪʣʦʩʠʣʘ (ʬʠʛ. 30). 
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ʌʠʛ. 30. ʉʨʘʚʥʝʥʠʝ ʥʘ ʩʚʝʪʣʦʩʠʣʘʪʘ ʥʘ ʜʚʘ ʦʙʝʢʪʠʚʘ ʩ ʨʘʟʣʠʯʥʠ ʦʪʥʦʩʠʪʝʣʥʠ ʦʪʚʦʨʠ (ʠʣʠ ʥʘ 
ʝʜʠʥ ʠ ʩʲʱʠ ʦʙʝʢʪʠʚ ʧʨʠ ʜʚʘ ʨʘʟʣʠʯʥʠ ʦʪʚʦʨʘ ʥʘ ʜʠʘʬʨʘʛʤʘʪʘ). ʊʲʡ ʢʘʪʦ ʦʪʥʦʰʝʥʠʷʪʘ 1:4 ʠ 
1:8 ʩʝ ʨʘʟʣʠʯʘʚʘʪ ʜʚʫʢʨʘʪʥʦ, ʥʘ ʧʨʲʚ ʧʦʛʣʝʜ ʠʟʛʣʝʞʜʘ, ʯʝ ʪʝ ʧʦʜʩʢʘʟʚʘʪ ʨʘʟʣʠʢʘ ʚ ʩʚʝʪʣʦʩʠʣʘ-

ʪʘ ʩʲʱʦ 2 ʧʲʪʠ. ʃʝʚʠʷʪ ʦʪʚʦʨ ʦʙʘʯʝ, ʢʦʡʪʦ ʝ ʜʚʦʡʥʦ ʧʦ-ʛʦʣʷʤ ʧʦ ʜʠʘʤʝʪʲʨ, ʠʤʘ 4 ʧʲʪʠ ʧʦ-
ʛʦʣʷʤʘ ʧʣʦʱ (ʣʠʮʝ). ʊʲʡ ʢʘʪʦ ʦʙʝʢʪʠʚʲʪ ʧʨʠʝʤʘ ʩʚʝʪʣʠʥʘʪʘ ʠʤʝʥʥʦ ʯʨʝʟ ʧʦʚʲʨʭʥʦʩʪʥʘʪʘ ʩʠ 
ʧʣʦʱ, ʣʝʚʠʷʪ ʦʙʝʢʪʠʚ ʱʝ ʦʩʠʛʫʨʷʚʘ 4 ʧʲʪʠ ʧʦ-ʛʦʣʷʤʘ ʩʚʝʪʣʦʩʠʣʘ, ʪ.ʝ. ʧʨʠ ʥʝʛʦ ʦʙʨʘʟʲʪ ʱʝ 
ʙʲʜʝ 4 ʧʲʪʠ ʧʦ-ʩʚʝʪʲʣ. ʅʘʡ-ʙʲʨʟʦ ʤʦʞʝʤ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʨʘʟʣʠʢʘʪʘ ʚ ʩʚʝʪʣʦʩʠʣʘʪʘ ʢʘʪʦ ʨʘʟʜʝ-
ʣʠʤ ʟʥʘʤʝʥʘʪʝʣʠʪʝ ʥʘ ʜʚʘʪʘ ʦʪʥʦʩʠʪʝʣʥʠ ʦʪʚʦʨʘ ï ʧʦ-ʛʦʣʝʤʠʷʪ ʥʘ ʧʦ-ʤʘʣʢʠʷ, ʩʣʝʜ ʢʦʝʪʦ 
ʧʦʚʜʠʛʘʤʝ ʨʝʟʫʣʪʘʪʘ ʥʘ ʢʚʘʜʨʘʪ. ɺ ʩʣʫʯʘʷ ʠʤʘʤʝ 8/4 = 2 ʠ 22 = 4 ʧʲʪʠ ʨʘʟʣʠʢʘ 

ʉʣʝʜ ʢʘʟʘʥʦʪʦ ʜʦʪʫʢ ʝ ʚʘʞʥʦ ʜʘ ʩʝ ʦʩʤʠʩʣʠ ʬʘʢʪʲʪ, ʯʝ ʜʦʢʘʪʦ ʟʚʝʟʜʥʘʪʘ ʚʝ-

ʣʠʯʠʥʘ ʥʘ ʥʘʡ-ʩʣʘʙʠʪʝ ʟʚʝʟʜʠ, ʢʦʠʪʦ ʤʦʞʝʤ ʜʘ ʟʘʙʝʣʝʞʠʤ ʚ ʦʢʫʣʷʨʘ ʥʘ ʪʝʣʝʩʢʦ-

ʧʘ, ʪʝʦʨʝʪʠʯʥʦ ʟʘʚʠʩʠ ʩʘʤʦ ʦʪ ʜʠʘʤʝʪʲʨʲʪ D ʥʘ ʦʙʝʢʪʠʚʘ, ʪʦ ʦʩʚʝʪʝʥʦʩʪʪʘ ʥʘ 

ʦʙʨʘʟʠʪʝ ʥʘ ʧʣʦʱʥʠʪʝ ʦʙʝʢʪʠ ï ʪʝʟʠ, ʠʤʘʱʠ ʥʝʧʨʝʥʝʙʨʝʞʠʤʦ ʛʦʣʝʤʠ ʲʛʣʦʚʠ 

ʨʘʟʤʝʨʠ, ʟʘʚʠʩʠ ʦʪ ʩʚʝʪʣʦʩʠʣʘʪʘ, ʨʝʩʧ. ʦʪ ʦʪʥʦʰʝʥʠʝʪʦ f/D. ʇʦʨʘʜʠ ʛʦʣʷʤʘʪʘ ʩʠ 

ʦʪʜʘʣʝʯʝʥʦʩʪ ʟʚʝʟʜʠʪʝ ʩʘ ʪʦʯʢʦʚʠ ʦʙʝʢʪʠ, ʪʘʢʘ ʯʝ ʧʦʧʘʜʘʱʘʪʘ ʚ ʦʙʝʢʪʠʚʘ ʩʚʝʪ-

ʣʠʥʘ ʦʪ ʝʜʥʘ ʟʚʝʟʜʘ ʩʝ ʬʦʢʫʩʠʨʘ ʚ ʩʲʚʩʝʤ ʤʘʣʢʘ ʦʙʣʘʩʪ ʦʪ ʬʦʢʘʣʥʘʪʘ ʨʘʚʥʠʥʘ, 

ʠʤʘʱʘ ʜʠʘʤʝʪʲʨ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ ʤʠʢʨʦʥʠ. ʉ ʜʨʫʛʠ ʜʫʤʠ ʟʚʝʟʜʥʠʷʪ ʦʙʨʘʟ ʝ ʧʦʯʪʠ 

ʪʦʯʢʦʚ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʩʚʝʪʣʠʥʥʘ ʝʥʝʨʛʠʷ, ʩʲʙʠʨʘʱʘ ʩʝ ʚ ʥʝʛʦ, ʩʝ 

ʦʧʨʝʜʝʣʷ ʩʘʤʦ ʦʪ ʜʠʘʤʝʪʲʨʘ ʥʘ ʦʙʝʢʪʠʚʘ. 

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʟʚʝʟʜʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʝʟʠ ʥʘ ʤʲʛʣʷʚʠʥʠʪʝ, ʛʘʣʘʢʪʠʢʠʪʝ, 

ʧʣʘʥʝʪʠʪʝ ʠ ʜʨʫʛʠʪʝ ʦʙʝʢʪʠ, ʠʤʘʱʠ ʥʷʢʘʢʚʠ ʲʛʣʦʚʠ ʨʘʟʤʝʨʠ, ʣʦʛʠʯʥʦ ʠʤʘʪ ʦʧ-

ʨʝʜʝʣʝʥʠ ʧʣʦʱʠ ʚʲʚ ʬʦʢʘʣʥʘʪʘ ʨʘʚʥʠʥʘ ʥʘ ʪʝʣʝʩʢʦʧʘ. ʊʦʚʘ ʦʟʥʘʯʘʚʘ, ʯʝ ʩʚʝʪʣʠ-

ʥʘʪʘ ʦʪ ʝʜʠʥ ʪʘʢʲʚ ʦʙʝʢʪ, ʧʦʧʘʜʥʘʣʘ ʚ ʦʙʝʢʪʠʚʘ, ʩʝ ʨʘʟʧʨʝʜʝʣʷ ʚʲʨʭʫ ʮʷʣʘʪʘ 

ʧʣʦʱ ʥʘ ʥʝʛʦʚʠʷ ʦʙʨʘʟ. 

ʇʨʠʤʝʨ: ʥʘʩʦʯʠʣʠ ʩʤʝ ʜʚʘ ʪʝʣʝʩʢʦʧʘ ʢʲʤ ʜʠʬʫʟʥʘʪʘ ʤʲʛʣʷʚʠʥʘ M 42 ʚ ʩʲʟ-

ʚʝʟʜʠʝʪʦ ʆʨʠʦʥ. ʀ ʜʚʘʪʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠʤʘʪ ʦʪʥʦʩʠʪʝʣʥʠ ʦʪʚʦʨʠ 1:8 (f/8), ʢʘʪʦ 

ʦʙʘʯʝ ʝʜʠʥʠʷʪ ʝ ʩ ʜʠʘʤʝʪʲʨ ʥʘ ʦʙʝʢʪʠʚʘ 100 mm ʠ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 800 mm, 
ʘ ʜʨʫʛʠʷʪ ï ʩ ʜʠʘʤʝʪʲʨ 200 mm ʠ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 1600 mm. ʊʲʡ ʢʘʪʦ ʤʲʛʣʷ-

ʚʠʥʘʪʘ  ʝ ʧʣʦʱʝʥ ʦʙʝʢʪ, ʪʝʦʨʝʪʠʯʥʦ ʥʝʡʥʠʷʪ ʦʙʨʘʟ ʱʝ ʙʲʜʝ ʩ ʝʜʥʘ ʠ ʩʲʱʘ ʦʩʚʝ-
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ʪʝʥʦʩʪ ʚʲʚ ʬʦʢʘʣʥʠʪʝ ʨʘʚʥʠʥʠ ʥʘ ʜʚʘʪʘ ʪʝʣʝʩʢʦʧʘ, ʧʦʨʘʜʠ ʝʜʥʘʢʚʘʪʘ ʠʤ ʩʚʝʪʣʦ-

ʩʠʣʘ. ʅʘʠʩʪʠʥʘ ʦʙʝʢʪʠʚʲʪ ʥʘ ʧʦ-ʛʦʣʝʤʠʷ ʠʥʩʪʨʫʤʝʥʪ ʠʤʘ 4 ʧʲʪʠ ʧʦ-ʛʦʣʷʤʘ 

ʩʚʝʪʣʦʩʲʙʠʨʘʱʘ ʧʣʦʱ, ʥʦ ʧʨʠ ʥʝʛʦ ʜʚʫʢʨʘʪʥʦ ʧʦ-ʛʦʣʝʤʠʷʪ ʢʘʪʦ ʤʘʱʘʙ ʦʙʨʘʟ ʥʘ 

ʤʲʛʣʷʚʠʥʘʪʘ ʝ ʩʲʱʦ ʩ 4 ʧʲʪʠ ʧʦ-ʛʦʣʷʤʘ ʧʣʦʱ. ɿʘʪʦʚʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʩʚʝʪ-

ʣʠʥʥʘʪʘ ʝʥʝʨʛʠʷ ʚʲʨʭʫ ʦʙʨʘʟʘ ʥʘ ʪʦʟʠ ʦʙʝʢʪ ʱʝ ʙʲʜʝ ʢʘʢʪʦ ʚ ʤʘʣʢʠʷ ʪʝʣʝʩʢʦʧ. 

ʇʨʠ ʟʚʝʟʜʠʪʝ ʢʘʪʦ ʪʦʯʢʦʚʠ ʦʙʝʢʪʠ ʦʙʘʯʝ ʱʝ ʠʤʘʤʝ ʨʘʟʣʠʢʘ ï ʧʨʝʟ ʧʦ-

ʛʦʣʝʤʠʷʪ ʧʨʠʙʦʨ ʱʝ ʤʦʞʝʤ ʜʘ ʚʠʜʠʤ 4 ʧʲʪʠ ʧʦ-ʩʣʘʙʠ ʟʚʝʟʜʠ, ʧʦʨʘʜʠ ʢʦʤʝʥʪʠ-

ʨʘʥʘʪʘ ʯʝʪʠʨʠʢʨʘʪʥʘ ʨʘʟʣʠʢʘ ʚ ʧʣʦʠɦʪʝ ʥʘ ʜʚʘʪʘ ʦʙʝʢʪʠʚʘ. ɼʨʫʛʠ ʨʘʟʣʠʢʠ, ʢʦʠ-

ʪʦ ʱʝ ʠʤʘʤʝ, ʩʘ ʜʚʘ ʧʲʪʠ ʧʦ-ʰʠʨʦʢʦʪʦ ʟʨʠʪʝʣʥʦ ʧʦʣʝ ʥʘ ʤʘʣʢʠʷ ʪʝʣʝʩʢʦʧ ʠ 

ʩʲʦʪʚʝʪʥʦ ï ʜʚʘ ʧʲʪʠ ʧʦ-ʛʦʣʷʤʦʪʦ ʫʚʝʣʠʯʝʥʠʝ, ʜʘʚʘʥʦ ʦʪ ʛʦʣʝʤʠʷ, ʥʦ ʧʨʠ ʝʜʥʘʢ-

ʚʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʝʭʥʠʪʝ ʦʢʫʣʷʨʠ. 

 

ɺ ʪʘʙʣʠʮʘʪʘ ʧʦ-ʜʦʣʫ ʩʘ ʜʘʜʝʥʠ ʛʨʘʥʠʯʥʠʪʝ ʚʠʜʠʤʠ ʟʚʝʟʜʥʠ ʚʝʣʠʯʠʥʠ [mag] 

ʩʧʦʨʝʜ ʜʠʘʤʝʪʲʨʘ D ʥʘ ʦʙʝʢʪʠʚʘ ʧʨʠ ʚʠʟʫʘʣʥʠ ʥʘʙʣʶʜʝʥʠʷ, ʪ.ʝ. ʚʝʯʝ ʩʧʦʤʝʥʘʪʘ-

ʪʘ ʧʨʦʥʠʢʚʘʱʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʪʝʣʝʩʢʦʧʘ. ʉʪʦʡʥʦʩʪʠʪʝ ʚ ʪʨʝʪʘʪʘ ʢʦʣʦʥʘ ʩʘ ʧʨʠʙ-

ʣʠʟʠʪʝʣʥʠ, ʪʲʡ ʢʘʪʦ ʛʨʘʥʠʯʥʘʪʘ ʟʚʝʟʜʥʘ ʚʝʣʠʯʠʥʘ ʟʘʚʠʩʠ ʦʪ ʨʝʜʠʮʘ ʫʩʣʦʚʠʷ ï ʦʪ 

ʦʪʨʘʟʷʚʘʱʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʦʛʣʝʜʘʣʘʪʘ, ʦʪ ʙʨʦʷ ʠ ʜʝʙʝʣʠʥʘʪʘ ʥʘ ʦʧʪʠʯʥʠʪʝ 

ʝʣʝʤʝʥʪʠ, ʨʘʙʦʪʝʱʠ ʚ ʧʨʝʤʠʥʘʣʘ ʩʚʝʪʣʠʥʘ (ʣʝʱʠ, ʧʨʠʟʤʠ), ʦʪ ʚʠʩʦʯʠʥʘʪʘ ʥʘ 

ʦʙʝʢʪʘ ʥʘʜ ʭʦʨʠʟʦʥʪʘ, ʦʪ ʪʫʨʙʫʣʝʥʪʥʦʩʪʪʘ ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʧʦ ʚʨʝʤʝ ʥʘ ʥʘʙʣʶ-

ʜʝʥʠʝʪʦ ʠ ʧʨ. 

ʅʘʡ-ʷʨʢʠʪʝ ʟʚʝʟʜʠ, ʢʦʠʪʦ ʤʦʞʝʤ ʜʘ ʚʠʜʠʤ ʧʦ ʥʝʙʝʪʦ, ʩʘ ʩ ʙʣʷʩʲʢ ʦʢʦʣʦ 

0 mag, ʘ ʥʘʡ-ʩʣʘʙʠʪʝ ï ʦʢʦʣʦ 6 mag. ɿʚʝʟʜʘ ʦʪ ʚʩʷʢʘ ʩʣʝʜʚʘʱʘ ʟʚʝʟʜʥʘ ʚʝʣʠʯʠʥʘ 

ʠʤʘ 2.51 ʧʲʪʠ ʧʦ-ʥʠʩʲʢ ʙʣʷʩʲʢ. ʅʘʧʨʠʤʝʨ ʟʚʝʟʜʘ ʦʪ 4 mag ʝ 2.51 ʧʲʪʠ ʧʦ-ʩʣʘʙʘ 

ʦʪ ʟʚʝʟʜʘ ʦʪ 3 mag. ʈʘʟʣʠʢʘ ʦʪ 5 ʟʚʝʟʜʥʠ ʚʝʣʠʯʠʥʠ (ʥʘʧʨʠʤʝʨ ʦʪ 0 ʜʦ 5 mag) 

ʦʟʥʘʯʘʚʘ å100 ʧʲʪʠ ʨʘʟʣʠʢʘ ʚ ʙʣʷʩʲʢʘ, ʪʲʡ ʢʘʪʦ 2.51
5
 = 99.6. ʇʨʠ ʜʝʩʝʪʦʢʨʘʪʥʦ 

ʨʘʟʣʠʯʘʚʘʱʠ ʩʝ ʜʠʘʤʝʪʨʠ ʥʘ ʦʙʝʢʪʠʚʠʪʝ ï ʥʘʧʨʠʤʝʨ ʪʝʟʠ ʩ D = 5 ʠ 50 ʩʤ (ʜʚʘʪʘ 

ʨʝʜʘ ʩ ʯʝʨʚʝʥ ʰʨʠʬʪ ʚ ʪʘʙʣʠʮʘʪʘ), ʩʚʝʪʣʦʩʲʙʠʨʘʱʘʪʘ ʧʣʦʱ ʥʘ ʧʦ-ʛʦʣʝʤʠʷ ʦʙʝʢ-

ʪʠʚ ʝ 100 ʧʲʪʠ ʧʦ-ʛʦʣʷʤʘ ʠ ʪʦʡ ʱʝ ʥʠ ʧʦʢʘʞʝ 100 ʧʲʪʠ ʧʦ-ʩʣʘʙʠ ʟʚʝʟʜʠ, ʢʦʝʪʦ ʝ 

ʨʘʚʥʦ ʥʘ ʢʦʤʝʥʪʠʨʘʥʘʪʘ ʨʘʟʣʠʢʘ ʦʪ 5 ʟʚʝʟʜʥʠ ʚʝʣʠʯʠʥʠ (ʚ ʩʣʫʯʘʷ 11 ʠ 16 mag ʟʘ 

ʜʚʘʪʘ ʦʙʝʢʪʠʚʘ).  
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ʅʘ ʫʝʙ ʘʜʨʝʩ https://www.cruxis.com/scope/limitingmagnitude.htm ʤʦʞʝʪʝ ʜʘ 

ʥʘʤʝʨʠʪʝ ʦʥʣʘʡʥ ʢʘʣʢʫʣʘʪʦʨ ʟʘ ʛʨʘʥʠʯʥʘʪʘ ʚʠʜʠʤʘ ʟʚʝʟʜʥʘ ʚʝʣʠʯʠʥʘ (Online 

Telescope Limiting Magnitude Calculator), ʚ ʢʦʡʪʦ ʩʝ ʚʟʝʤʘʪ ʧʦʜ ʚʥʠʤʘʥʠʝ ʤʥʦʛʦ 

ʫʩʣʦʚʠʷ, ʢʦʠʪʦ ʧʦʪʨʝʙʠʪʝʣʷʪ ʚʲʚʝʞʜʘ, ʩ ʮʝʣ ʧʦ-ʦʙʝʢʪʠʚʥʘ ʦʮʝʥʢʘ 

 

 

 

ʇʨʦʤʷʥʘ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʩʣʦʞʥʘ ʦʧʪʠʯʥʘ ʩʠʩʪʝʤʘ 

ɺ ʩʪʨʝʤʝʞʘ ʩʠ ʜʘ ʨʘʟʰʠʨʷʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʩʚʦʠʪʝ ʪʝʣʝʩʢʦʧʠ, ʘʩʪʨʦʣʶ-

ʙʠʪʝʣʠʪʝ ʠʟʧʦʣʟʚʘʪ ʥʷʢʦʠ ʧʦʭʚʘʪʠ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʜʲʣʛʠ ʠʣʠ ʧʦ-ʢʲʩʠ ʬʦʢʫʩ-

ʥʠ ʨʘʟʩʪʦʷʥʠʷ, ʩ ʮʝʣ ʧʨʦʤʷʥʘ ʥʘ ʤʘʱʘʙʘ ʥʘ ʦʙʨʘʟʘ ʚʲʨʭʫ ʬʦʪʦʧʨʠʝʤʥʠʢʘ, ʨʝʩʧ. 

ʥʘ ʫʚʝʣʠʯʝʥʠʝʪʦ ʧʨʠ ʚʠʟʫʘʣʥʠ ʥʘʙʣʶʜʝʥʠʷ. ʇʦ-ʛʦʨʝ ʚʝʯʝ ʢʦʤʝʥʪʠʨʘʭʤʝ ʢʘʢ ʩʝ 

ʧʨʦʤʝʥʷ ʩʚʝʪʣʦʩʠʣʘʪʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʧʨʠ ʪʘʢʘʚʘ ʧʨʦʤʷʥʘ. ʅʘʡ-ʯʝʩʪʦ ʩʝ ʧʨʘʢʪʠʢʫ-

ʚʘʪ ʪʨʠ ʤʝʪʦʜʘ: 1) ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʜʲʣʛʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʩ ʣʝʱʘ ʥʘ ɹʘʨʣʦʫ 

ʠʣʠ ʩ ʪʝʣʝʢʦʥʚʝʨʪʦʨ, 2) ʜʦʧʲʣʥʠʪʝʣʥʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʦʙʨʘʟʘ ʩ ʧʨʦʝʢʮʠʦʥʝʥ ʦʢʫ-

ʣʷʨ ʠ 3) ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʢʲʩʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʩ ʬʦʢʘʣʝʥ ʨʝʜʫʢʪʦʨ (ʪʝʣʝ-

ʢʦʤʧʨʝʩʦʨ). ʇʦ-ʜʦʣʫ ʩʘ ʨʘʟʛʣʝʜʘʥʠ ʧʦʜʨʦʙʥʦ ʠ ʪʨʠʪʝ ʧʦʭʚʘʪʘ. ʊʨʷʙʚʘ ʜʘ 

ʧʦʤʥʠʤ ʦʙʘʯʝ, ʯʝ ʨʘʟʜʝʣʠʪʝʣʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʥʘ ʪʝʣʝʩʢʦʧʘ ʟʘʚʠʩʠ ʦʪ ʜʠʘʤʝʪʲ-

ʨʲʪ D ʥʘ ʥʝʛʦʚʠʷ ʦʙʝʢʪʠʚ, ʟʘʪʦʚʘ ʥʝ ʤʦʞʝʤ ʜʘ ʦʯʘʢʚʘʤʝ ʪʷ ʜʘ ʨʘʩʪʝ ʙʝʟʢʨʘʡʥʦ ʩ 

ʫʜʲʣʞʘʚʘʥʝʪʦ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʒʛʣʦʚʘʪʘ ʨʘʟʜʝʣʠʪʝʣʥʘ 

ʩʧʦʩʦʙʥʦʩʪ Ŭ ʥʘ ʪʝʣʝʩʢʦʧʘ ʚ ʨʘʜʠʘʥʠ, ʟʘ ʩʚʝʪʣʠʥʘ ʩ ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ 

ɚ = 550 nm (ʪ.ʝ. ʟʘ ʞʲʣʪʦ-ʟʝʣʝʥʠʷ ʮʚʷʪ) ʩʧʦʨʝʜ ʪ.ʥʘʨ. ʣʠʤʠʪ ʥʘ ʈʝʡʣʠ, ʝ: 

 

Ŭ = 1.22 Ĭ ɚ/D 
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ʢʘʪʦ D ʠ ɚ ʩʘ ʚ ʤʠʣʠʤʝʪʨʠ (550 nm = 0.00055 mm). ɿʘ ʜʘ ʧʦʣʫʯʠʤ ʨʘʟʜʝʣʠ-

ʪʝʣʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʚ ʜʲʛʦʚʠ ʩʝʢʫʥʜʠ, ʪʨʷʙʚʘ ʠʣʠ ʜʘ ʫʤʥʦʞʠʤ ʨʝʟʫʣʪʘʪʘ ʧʦ 

206 265 ï ʙʨʦʷʪ ʥʘ ʩʝʢʫʥʜʠʪʝ ʚ 1 ʨʘʜʠʘʥ, ʠʣʠ ʜʘ ʧʨʝʩʤʝʪʥʝʤ Ŭ ʪʘʢʘ: 

 

Ŭ = 140/D 

 

ʇʨʠ ʢʘʢʚʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʦʙʘʯʝ ʱʝ ʤʦʞʝʤ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘʤʝ ʥʘʡ-

ʜʦʙʨʝ ʦʪ ʪʘʟʠ ʨʝʟʦʣʶʮʠʷ, ʟʘʚʠʩʠ ʦʪ ʜʨʫʛʠ ʫʩʣʦʚʠʷ ï ʥʘʧʨʠʤʝʨ ʦʪ ʛʦʣʝʤʠʥʘʪʘ ʥʘ 

ʧʠʢʩʝʣʠʪʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʢʘʤʝʨʘʪʘ. ʉʲʱʦ ʧʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʠʝʪʦ ʚ ʨʘʟʜʝʣʠ-

ʪʝʣʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ, ʧʨʠ ʚʠʟʫʘʣʥʠ ʥʘʙʣʶʜʝʥʠʷ ʥʷʤʘ ʜʘ ʟʘʙʝʣʝʞʠʤ ʤʥʦʛʦ ʧʦʚʝʯʝ 

ʜʝʪʘʡʣʠ ʦʪ ʦʙʝʢʪʘ, ʘʢʦ ʚʜʠʛʥʝʤ ʫʚʝʣʠʯʝʥʠʝʪʦ ʥʘʜ 50x ʟʘ ʚʩʝʢʠ ʠʥʯ ʦʪ ʜʠʘʤʝʪʲʨʘ 

ʥʘ ʦʙʝʢʪʠʚʘ. ʅʘʧʨʠʤʝʨ ʟʘ ʦʙʝʢʪʠʚ ʩ D = 100 mm (å4 ʠʥʯʘ), ʧʦʣʝʟʥʦʪʦ ʫʚʝʣʠʯʝ-

ʥʠʝ ʱʝ ʙʲʜʝ ʜʦ ʦʢʦʣʦ 200x, ʪ.ʝ. ʜʦ ʦʢʦʣʦ 2 Ĭ D ʧʨʠ D ʚ ʤʠʣʠʤʝʪʨʠ. 

 

 

1. ʈʘʙʦʪʘ ʩ ʣʝ ʘɦ ʥʘ ɹʘʨʣʦʫ ʠʣʠ ʩ ʪʝʣʝʢʦʥʚʝʨʪʦʨ 

ɸʥʛʣʠʡʩʢʠʷʪ ʤʘʪʝʤʘʪʠʢ ʠ ʠʥʞʝʥʝʨ ʇʠʪʲʨ ɹʘʨʣʦʫ (Peter Barlow, 1776-1862) 

ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʜʲʣʛʦ ʝʬʝʢʪʠʚʥʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʦʪ 

ʪʦʚʘ ʥʘ ʜʘʜʝʥ ʦʙʝʢʪʠʚ. ɿʘ ʮʝʣʪʘ ʤʘʣʢʦ ʧʨʝʜʠ ʬʦʢʫʩʘ ʥʘ ʦʙʝʢʪʠʚʘ ʩʝ ʧʦʩʪʘʚʷ 

ʦʪʨʠʮʘʪʝʣʝʥ ʘʭʨʦʤʘʪʠʯʝʥ ʜʫʙʣʝʪ, ʥʘʨʠʯʘʥ ʣʝʱʘ ʥʘ ɹʘʨʣʦʫ. ɼʠʩʪʘʥʮʠʷʪʘ ʤʝʞʜʫ 

ʪʘʟʠ ʣʝʱʘ ʠ ʦʙʝʢʪʠʚʘ, ʢʘʢʪʦ ʠ ʧʨʝʯʫʧʚʘʱʘʪʘ ʩʠʣʘ ʥʘ ʩʘʤʘʪʘ ʣʝʱʘ ʦʧʨʝʜʝʣʷʪ 

ʢʦʣʢʦ ʧʲʪʠ ʱʝ ʙʲʜʝ ʫʚʝʣʠʯʝʥʦ (ʫʜʲʣʞʝʥʦ) ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʮʷʣʘʪʘ ʩʠʩ-

ʪʝʤʘ. ʇʨʝʢʦʤʝʨʥʦʪʦ ʤʫ ʫʜʲʣʞʘʚʘʥʝ ʦʙʘʯʝ ʚʣʦʰʘʚʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʦʙʨʘʟʘ, ʧʦʨʘʜʠ 

ʢʦʝʪʦ ʥʘʡ-ʯʝʩʪʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʫʚʝʣʠʯʝʥʠʷ ʤʝʞʜʫ 1.5 ʠ 3 ʧʲʪʠ. ʇʨʝʜʠʤʩʪʚʦʪʦ ʥʘ 

ʪʦʟʠ ʤʝʪʦʜ ʝ, ʯʝ ʬʘʙʨʠʯʥʦ ʩʝ ʛʘʨʘʥʪʠʨʘ ʙʲʨʟ ʠ ʢʦʤʧʘʢʪʝʥ ʤʦʥʪʘʞ ʥʘ ʣʝʱʘʪʘ ʥʘ 

ɹʘʨʣʦʫ ʚ ʦʢʫʣʷʨʥʠʷ ʚʲʟʝʣ ʥʘ ʪʝʣʝʩʢʦʧʘ, ʙʝʟ ʛʦʣʷʤʘ ʜʦʙʘʚʝʥʘ ʜʲʣʞʠʥʘ ʟʘʨʘʜʠ 

ʥʝʡʥʠʷ ʪʫʙʫʩ. ʉ ʪʦʚʘ ʩʝ ʠʟʙʷʛʚʘ ʥʝʞʝʣʘʥʦ Ăʧʨʦʚʠʩʚʘʥʝñ ʘʢʦ ʚʤʝʩʪʦ ʦʢʫʣʷʨ ʚ 

ʢʨʘʷ ʥʘ ʪʫʙʫʩʘ ʩʝ ʤʦʥʪʠʨʘ ʧʦ-ʤʘʩʠʚʥʘ ʢʘʤʝʨʘ.  
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ʌʠʛ. 31. ʇʨʠʥʮʠʧ ʥʘ ʜʝʡʩʪʚʠʝ ʥʘ ʣʝʱʘʪʘ ʥʘ ɹʘʨʣʦʫ 
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ɺʲʚ ʬʠʛ. 31 ʝ ʠʣʶʩʪʨʠʨʘʥ ʧʨʠʥʮʠʧʲʪ ʥʘ ʤʝʪʦʜʘ: ʊʲʥʢʘʪʘ ʩʲʙʠʨʘʪʝʣʥʘ ʣʝʱʘ 

1 ʩ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f1 ʧʦʩʪʨʦʷʚʘ ʦʙʨʘʟʘ ʥʘ ʤʥʦʛʦ ʜʘʣʝʯʝʥ ʪʦʯʢʦʚ ʦʙʝʢʪ ʚʨ̡-

ʭʫ ʝʢʨʘʥ (ʧʨʠʤʝʨ a), ʪ.ʝ. ʪʷ ʠʟʧʲʣʥʷʚʘ ʨʦʣʷʪʘ ʥʘ ʦʙʝʢʪʠʚ ʥʘ ʪʝʣʝʩʢʦʧ. ʅʘ ʠʟʚʝʩʪ-

ʥʦ ʨʘʟʩʪʦʷʥʠʝ d ʩʣʝʜ ʥʝʷ ʧʦʩʪʘʚʷʤʝ ʪʲʥʢʘʪʘ ʨʘʟʩʝʡʚʘʪʝʣʥʘ ʣʝʱʘ 2 ʚ ʨʦʣʷʪʘ ʥʘ 

ʣʝʱʘ ʥʘ ɹʘʨʣʦʫ (ʧʨʠʤʝʨ b). ʊʷ ʠʤʘ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f2 ʩ ʦʪʨʠʮʘʪʝʣʥʘ ʩʪʦʡ-

ʥʦʩʪ. ʅʝʡʥʦʪʦ ʧʨʝʯʫʧʚʘʥʝ ʚʦʜʠ ʜʦ ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʦʙʨʘʟʘ ʥʘ ʜʠʩʪʘʥʮʠʷ m ʧʦ-

ʥʘʟʘʜ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʦʪʜʘʣʝʯʘʚʘʤʝ ʝʢʨʘʥʘ ʩʲʱʦ ʩ ʪʦʣʢʦʚʘ, ʜʦʢʘʪʦ ʦʪʥʦʚʦ ʧʦʣʫ-

ʯʠʤ ʜʦʙʲʨ ʬʦʢʫʩ. ʈʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʨʘʟʩʝʡʚʘʪʝʣʥʘʪʘ ʣʝʱʘ 2 ʠ ʧʨʝʜʠʰʥʦʪʦ 

ʧʦʣʦʞʝʥʠʝ ʥʘ ʦʙʨʘʟʘ ʚ ʧʨʝʢʠʷ ʬʦʢʫʩ F ʥʘ ʦʙʝʢʪʠʚʘ, ʝ a. ʈʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ 

ʩʲʱʘʪʘ ʣʝʱʘ 2 ʠ ʥʦʚʦʪʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʦʙʨʘʟʘ ʚ ʪʦʯʢʘ Fǋ, ʝ b. ʇʦʩʣʝʜʥʦʪʦ ʣʦʛʠʯ-

ʥʦ ʝ ʩʫʤʘ ʦʪ a + m. ʅʝ ʙʠʚʘ ʦʙʘʯʝ ʜʘ ʩʠ ʤʠʩʣʠʤ, ʯʝ ʝʬʝʢʪʠʚʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩ-

ʪʦʷʥʠʝ ʥʘ ʮʷʣʘʪʘ ʩʠʩʪʝʤʘ ʩʝ ʝ ʧʦʚʠʰʠʣʦ ʩʘʤʦ ʩ ʜʠʩʪʘʥʮʠʷʪʘ m. ʊʦʚʘ ʝ ʯʝʩʪʦ 

ʜʦʧʫʩʢʘʥʘ ʛʨʝʰʢʘ! ʉʲʛʣʘʩʥʦ ʦʧʠʩʘʥʠʷʪ ʧʦ-ʛʦʨʝ ʧʨʠʥʮʠʧ ʦʪ ɻʘʫʩʦʚʘʪʘ ʦʧʪʠʢʘ, 

ʧʨʝʩʝʯʥʘʪʘ ʪʦʯʢʘ Q ʥʘ ʧʦʧʘʜʘʱʠʷ ʚ ʦʙʝʢʪʠʚʘ ʣʲʯ l ʠ ʧʨʦʜʲʣʞʝʥʠʝʪʦ ʥʘ ʩʚʲʨʟʘ-

ʥʠʷ ʩ ʥʝʛʦ ʬʦʢʫʩʠʨʘʱ ʩʝ ʣʲʯ lǋ ʦʧʨʝʜʝʣʷ ʧʦʟʠʮʠʷʪʘ ʥʘ ʦʙʱʘʪʘ ʛʣʘʚʥʘ ʨʘʚʥʠʥʘ 

pʩʠʩ ʥʘ ʮʷʣʘʪʘ ʩʠʩʪʝʤʘ. ɺ ʩʣʫʯʘʷ ʪ ̫ʩʝ ʦʢʘʟʚʘ ʦʪʜʘʣʝʯʝʥʘ ʜʦʩʪʘ ʧʦ-ʥʘʧʨʝʜ, ʚ 

ʩʨʘʚʥʝʥʠʝ ʩ ʦʪʤʝʩʪʚʘʥʝʪʦ m ʜʦ ʬʦʢʫʩʘ Fǋ. ʊʘʢʘ ʧʦʣʫʯʝʥʦʪʦ ʝʬʝʢʪʠʚʥʦ ʬʦʢʫʩʥʦ 

ʨʘʟʩʪʦʷʥʠʝ f  ʝʬ (ʥʘʨʠʯʘʥʦ ʦʱʝ ʝʢʚʠʚʘʣʝʥʪʥʦ ʠʣʠ ʨʝʟʫʣʪʘʥʪʥʦ) ʩʝ ʦʢʘʟʚʘ ʤʥʦʛʦ 

ʧʦ-ʜʲʣʛʦ ʦʪ ʬʠʟʠʯʝʩʢʦʪʦ ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʥʘʟʘʜ.  

ɺ ʧʨʠʤʝʨ c ʝ ʧʦʢʘʟʘʥʦ ʢʘʢ ʥʝʨʷʜʢʦ ʩʝ ʦʟʥʘʯʘʚʘʪ ʩʲʙʠʨʘʪʝʣʥʠʪʝ ʠ ʨʘʟʩʝʡʚʘ-

ʪʝʣʥʠʪʝ ʣʝʱʠ. 

 

ʄʦʞʝʤ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʝʬʝʢʪʠʚʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f  ʝʬ ʥʘ ʩʠʩʪʝʤʘʪʘ 

ʪʘʢʘ: 

 

f  ʝʬ = f1 Ĭ b/a 

 

ʠ ʜʘ ʚʠʜʠʤ ʢʦʣʢʦ ʧʲʪʠ ʪʦ ʝ ʧʦ-ʜʲʣʛʦ ʦʪ ʩʦʙʩʪʚʝʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f1 

ʥʘ ʦʙʝʢʪʠʚʘ: 

 

ʢʲʜʝʪʦ M  ʝ ʫʚʝʣʠʯʝʥʠʝʪʦ (ʫʜʲʣʞʝʥʠʝʪʦ) ʚ ʧʲʪʠ, ʥʦ ʚʘʣʠʜʥʦ ʩʘʤʦ ʟʘ ʦʧʨʝ-

ʜʝʣʝʥʦ ʨʘʟʩʪʦʷʥʠʝ a. ʆʙʠʢʥʦʚʝʥʦ ʣʝʱʠʪʝ ʥʘ ɹʘʨʣʦʫ ʩʝ ʦʧʠʩʚʘʪ ʩ ʜʘʚʘʥʦʪʦ ʦʪ 

ʪʷʭ ʫʚʝʣʠʯʝʥʠʝ M, ʥʘʧʨʠʤʝʨ 2x ʠʣʠ 3x. ʄʥʦʛʦ ʧʦ-ʨʷʜʢʦ ʩʝ ʫʧʦʤʝʥʘʚʘ ʪʷʭʥʦʪʦ 

ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ (f2). ɸʢʦ ʥʝ ʛʦ ʟʥʘʝʤ, ʥʦ ʩʤʝ ʩʧʦʩʦʙʥʠ ʜʘ ʠʟʤʝʨʠʤ ʨʘʟʩʪʦʷ-

ʥʠʷʪʘ a ʠ b, ʤʦʞʝʤ ʜʘ ʛʦ ʠʟʯʠʩʣʠʤ ʧʦ ʩʣʝʜʚʘʱʘʪʘ ʬʦʨʤʫʣʘ, ʢʘʪʦ ʦʯʘʢʚʘʥʦ ʨʝ-

ʟʫʣʪʘʪʲʪ ʱʝ ʙʲʜʝ ʩ ʦʪʨʠʮʘʪʝʣʝʥ ʟʥʘʢ: 

 

ɿʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʝʜʥʘ ʣʝʱʘ ʥʘ ɹʘʨʣʦʫ ʤʦʞʝʤ ʜʘ ʩʲʜʠʤ ʧʦ ʜʲʣ-

ʞʠʥʘʪʘ, ʠʟʤʝʨʝʥʘ ʚ ʥʝʡʥʠʷ ʪʫʙʫʩ, ʤʝʞʜʫ ʩʘʤʘʪʘ ʣʝʱʘ ʠ ʦʪʚʦʨʲʪ, ʚ ʢʦʡʪʦ ʩʝ ʤʦʥ-



111 

ʪʠʨʘ ʦʢʫʣʷʨʘ. ɸʢʦ ʣʝʱʘʪʘ ʝ ʩ ʫʚʝʣʠʯʝʥʠʝ 2x, ʪʘʟʠ ʜʲʣʞʠʥʘ ʝ ʨʘʚʥʘ ʠʣʠ ʙʣʠʟʢʘ 

ʜʦ ʥʝʡʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f . ɸʢʦ ʣʝʱʘʪʘ ʝ ʩ ʫʚʝʣʠʯʝʥʠʝ 3x, ʪʘʟʠ ʜʲʣʞʠʥʘ 

ʝ ʙʣʠʟʢʘ ʜʦ ʜʚʦʡʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 2f. ʀʟʦʙʱʦ ï ʟʘ ʣʝʱʘ ʩ ʫʚʝʣʠʯʝʥʠʝ M  

ʧʲʪʠ, ʜʲʣʞʠʥʘʪʘ ʝ f Ĭ (M  ï 1). ʊʫʢ ʩʝ ʠʤʘ ʧʨʝʜʚʠʜ ʘʙʩʦʣʶʪʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ 

ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʣʝʱʘʪʘ, ʪ.ʝ. ʙʝʟ ʟʥʘʢʘ ʤʠʥʫʩ. ʇʦ ʩʲʱʠʷ ʥʘʯʠʥ ʟʘʚʠʩʠ ʠ 

ʦʙʨʘʟʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ b. ʉ ʜʨʫʛʠ ʜʫʤʠ ʜʣ̡ʞʠʥʘʪʘ ʥʘ ʪʫʙʫʩʘ ʥʘ ʣʝʱʘʪʘ ʝ ʨʘʚʥʘ 

ʠʣʠ ʙʣʠʟʢʘ ʜʦ ʨʘʟʩʪʦʷʥʠʝʪʦ b. 

 

 

ʌʠʛ. 32. ʃʝʰʘ ʥʘ ɹʘʨʣʦʫ ʩ ʫʚʝʣʠʯʝʥʠʝ 2x. ɺ ʛʦʨʥʠʷ ʢʨʘʡ ʥʘ ʥʝʡʥʠʷ ʪʫʙʫʩ ʠʤʘ ʚʠʥʪ ʟʘ ʧʨʠʪʷ-

ʛʘʥʝ ʥʘ ʧʦʩʪʘʚʝʥ ʦʢʫʣʷʨ ʠʣʠ ʢʘʤʝʨʘ. ʇʨʠ ʪʦʚʘ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʣʝʱʘʪʘ, ʜʲʣʞʠʥʘʪʘ ʥʘ ʪʫʙʫʩʘ ʝ 
ʙʣʠʟʢʘ ʜʦ ʥʝʡʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ 

ɼʘ ʨʘʟʛʣʝʜʘʤʝ ʩʣʝʜʥʠʷ ʧʨʠʤʝʨ: ʊʝʣʝʩʢʦʧ ʩʠʩʪʝʤʘ ʅʶʪʦʥ ʝ ʥʘʩʦʯʝʥ ʢʲʤ 

ʤʥʦʛʦ ʦʪʜʘʣʝʯʝʥ ʦʙʝʢʪ, ʠʤʘʱ ʥʷʢʘʢʚʠ ʚʠʜʠʤʠ ʨʘʟʤʝʨʠ (ʬʠʛ. 33). ʇʨʠ ʥʦʨʤʘʣʥʦ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘ, ʦʙʨʘʟʲʪ ʥʘ ʦʙʝʢʪʘ ʙʠ ʩʝ ʧʦʩʪʨʦʠʣ ʚʲʚ ʬʦʢʘʣʥʘʪʘ 

ʨʘʚʥʠʥʘ ʥʘ ʪʝʣʝʩʢʦʧʘ ʠ ʙʠ ʠʤʘʣ ʣʠʥʝʝʥ ʨʘʟʤʝʨ h. ʅʘ ʜʠʩʪʘʥʮʠʷ a ʧʨʝʜ ʧʨʝʢʠʷ 

ʬʦʢʫʩ F ʦʙʘʯʝ ʝ ʧʦʩʪʘʚʝʥʘ ʣʝʱʘ ʥʘ ɹʘʨʣʦʫ, ʢʦʷʪʦ ʝ ʧʨʠʯʠʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʜʘ 

ʩʝ ʧʦʩʪʨʦʠ ʥʘ ʜʠʩʪʘʥʮʠʷ m ʧʦ-ʥʘʟʘʜ ʠ ʜʘ ʙʲʜʝ ʩ ʧʦ-ʛʦʣʷʤ ʨʘʟʤʝʨ hǋ. 
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ʌʠʛ. 33. ʍʦʜ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ʧʨʠ ʪʝʣʝʩʢʦʧ ʩʠʩʪʝʤʘ ʅʶʪʦʥ, ʩ ʧʦʩʪʘʚʝʥʘ ʣʝʱʘ ʥʘ ɹʘʨʣʦʫ 
1 ï ʛʣʘʚʥʦ ʚʜʣʲʙʥʘʪʦ ʦʛʣʝʜʘʣʦ, ʥʘʡ-ʯʝʩʪʦ ʧʘʨʘʙʦʣʠʯʥʦ, ʩ ʨʘʚʥʠʥʘ pʦʛʣ. ʠ ʮʝʥʪʲʨ S 
2 ï ʧʣʦʩʢʦ ʦʪʢʣʦʥʷʚʘʱʦ (ʜʠʘʛʦʥʘʣʥʦ) ʦʛʣʝʜʘʣʦ 
F ï ʧʲʨʚʠʯʝʥ (ʧʨʷʢ) ʬʦʢʫʩ ʥʘ ʪʝʣʝʩʢʦʧʘ 

k1 ʠ k2 ï ʨʘʟʩʪʦʷʥʠʷ ʩʲʦʪʚʝʪʥʦ ʦʪ ʮʝʥʪʲʨʘ S ʥʘ ʛʣʘʚʥʦʪʦ ʦʛʣʝʜʘʣʦ ʜʦ ʮʝʥʪʲʨʘ ʥʘ ʦʪʢʣʦʥʷʚʘ-
ʱʦʪʦ, ʠ ʦʪ ʧʦʩʣʝʜʥʦʪʦ ï ʜʦ ʬʦʢʫʩʘ F. ʉʫʤʘʪʘ k1 + k2 ʝ ʨʘʚʥʘ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ 
ʪʝʣʝʩʢʦʧʘ fʪʝʣ  
pʙʘʨʣ ï ʨʘʚʥʠʥʘ ʥʘ ʣʝʱʘʪʘ ʥʘ ɹʘʨʣʦʫ; 
h ï ʣʠʥʝʝʥ ʨʘʟʤʝʨ ʥʘ ʦʙʨʘʟʘ ʥʘ ʜʘʣʝʯʝʥ ʦʙʝʢʪ, ʢʘʢʲʚʪʦ ʙʠ ʙʠʣ ʚ ʧʨʝʢʠʷ ʬʦʢʫʩ F, ʪ.ʝ. ʙʝʟ ʣʝʱʘ 
ʥʘ ɹʘʨʣʦʫ 
hǋ ï ʫʚʝʣʠʯʝʥʠʷʪ ʨʘʟʤʝʨ ʥʘ ʦʙʨʘʟʘ ʧʨʠ ʫʜʲʣʞʝʥʦʪʦ ʩ ɹʘʨʣʦʫ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ. ʊʦʛʘʚʘ 
ʦʙʨʘʟʲʪ ʩʝ ʧʦʩʪʨʦʷʚʘ ʥʘ ʜʠʩʪʘʥʮʠʷ m ʧʦ-ʥʘʟʘʜ ï ʚ ʦʪʤʝʩʪʝʥʘ ʬʦʢʘʣʥʘ ʨʘʚʥʠʥʘ, ʚ ʢʦʷʪʦ ʩʝ 

ʥʘʤʠʨʘ ʨʝʟʫʣʪʘʥʪʥʠʪ̫ ʬʦʢʫʩ Fǋ. ʃʝʱʘʪʘ ʥʘ ɹʘʨʣʦʫ ʥʝ ʠʟʧʨʘʚʷ ʦʙʲʨʥʘʪʠ ̫ʦʙʨʘʟ 

ɼʘ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʝ ʥʷʤʘʤʝ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʣʝʱʘʪʘ ʥʘ ɹʘʨ-

ʣʦʫ ʠ ʪʨʷʙʚʘ ʩʘʤʠ ʜʘ ʛʠ ʧʦʣʫʯʠʤ, ʯʨʝʟ ʠʟʤʝʨʚʘʥʠʷ ʠ ʥʷʢʦʣʢʦ ʧʨʝʩʤʪ̫ʘʥʠʷ. ʇʦ 

ʧʨʠʥʮʠʧ ʯʨʝʟ ʚʝʯʝ ʧʦʟʥʘʪʘʪʘ ʥʠ ʬʦʨʤʫʣʘ ʟʘ ʦʙʱʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʜʚʫ-

ʣʝʱʦʚʘ ʩʠʩʪʝʤʘ: 
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ʤʦʞʝʤ ʜʘ ʧʨʝʩʤʝʪʥʝʤ ʝʬʝʢʪʠʚʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f  ʝʬ ʥʘ ʪʝʣʝʩʢʦʧʘ ʩ 

ʧʦʩʪʘʚʝʥʘʪʘ ʣʝʱʘ ʥʘ ɹʘʨʣʦʫ. ʊʲʡ ʢʘʪʦ ʧʦʩʣʝʜʥʘʪʘ ʝ ʨʘʟʩʝʡʚʘʪʝʣʥʘ, ʟʥʘʢʲʪ ʧʨʝʜ 

ʥʝʡʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f  ʙʘʨʣ ʝ ʦʪʨʠʮʘʪʝʣʝʥ: 

 

ʅʦ ʟʘ ʜʘ ʩʝ ʚʲʟʧʦʣʟʚʘʤʝ ʦʪ ʪʘʟʠ ʬʦʨʤʫʣʘ, ʦʩʚʝʥ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ 

ʪʝʣʝʩʢʦʧʘ fʪʝʣ, ʝ ʥʫʞʥʦ ʜʘ ʟʥʘʝʤ ʠ ʪʦʚʘ ʥʘ ʣʝʱʘʪʘ ʥʘ ɹʘʨʣʦʫ f  ʙʘʨʣ, ʢʘʢʪʦ ʠ ʜʠʩ-

ʪʘʥʮʠʷʪʘ d ʧʦ ʦʧʪʠʯʥʠʷʪ ʧʲʪ ʤʝʞʜʫ ʧʦʩʣʝʜʥʘʪʘ ʠ ʛʣʘʚʥʦʪʦ ʦʛʣʝʜʘʣʦ 1. ʅʘ ʧʨʘʢ-

ʪʠʢʘ ʦʙʘʯʝ ʪʨʫʜʥʦ ʤʦʞʝʤ ʜʘ ʠʟʤʝʨʠʤ d ʟʘʨʘʜʠ ʦʪʢʣʦʥʷʚʘʱʦʪʦ ʦʛʣʝʜʘʣʦ 2. ɽʜʥʦ 

ʪʘʢʦʚʘ ʠʟʤʝʨʚʘʥʝ ʚ ʪʫʙʫʩʘ ʥʘ ʪʝʣʝʩʢʦʧʘ ʙʠ ʙʠʣʦ ʥʝʫʜʦʙʥʦ, ʥʝʪʦʯʥʦ ʠ ʠʟʦʙʱʦ ï 

ʥʝ ʝ ʜʦʙʨʘ ʠʜʝʷ. ʇʦ ʧʨʠʥʮʠʧ d = fʪʝʣ ï a, ʥʦ ʪʦʯʥʦʪʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ 

a ʝ ʩʲʱʦ ʧʨʦʙʣʝʤʥʦ. ʅʘʡ-ʯʝʩʪʦ ʪʦ ʝ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ ʥʷʢʦʣʢʦ ʩʘʥʪʠʤʝʪʨʘ. ʇʨʠ 

ʧʦ-ʜʲʣʛʦ ʨʘʟʩʪʦʷʥʠʝ a (ʪ.ʝ. ʧʨʠ ʧʦ-ʢʲʩʦ d), ʫʚʝʣʠʯʝʥʠʝʪʦ ʥʘ ʣʝʱʘʪʘ ʥʘ ɹʘʨʣʦʫ ʝ 

ʧʦ-ʛʦʣʷʤʦ, ʠ ʦʙʨʘʪʥʦ. ʅʘ ʧʨʘʢʪʠʢʘ ʝ ʧʦ-ʣʝʩʥʦ ʜʘ ʠʟʤʝʨʠʤ ʨʘʟʩʪʦʷʥʠʝʪʦ b ʤʝʞʜʫ 

ʣʝʱʘʪʘ ʠ ʦʪʤʝʩʪʝʥʘʪʘ ʥʘ ʜʠʩʪʘʥʮʠʷ m ʦʙʨʘʟʥʘ ʨʘʚʥʠʥʘ, ʥʦ ʩʘʤʦ ʪʦʚʘ ʥʝ ʝ ʜʦʩʪʘ-

ʪʲʯʥʦ.  

ʄʦʞʝʤ ʜʘ ʦʧʨʝʜʝʣʠʤ ʫʚʝʣʠʯʝʥʠʝʪʦ M  ʥʘ ʣʝʱʘʪʘ ʜʠʨʝʢʪʥʦ ï ʧʦ ʨʘʟʣʠʢʘʪʘ ʚ 

ʨʘʟʤʝʨʠʪʝ h ʠ hǋ ʥʘ ʜʚʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʘʣʝʯʝʥ ʦʙʝʢʪ, ʟʘʩʥʝʪʠ ʩʲʦʪʚʝʪʥʦ ʙʝʟ ʠ 

ʩʲʩ ʣʝʱʘ ʥʘ ɹʘʨʣʦʫ. ɿʘ ʮʝʣʪʘ ʤʦʞʝʤ ʜʘ ʟʘʩʥʝʤʝʤ ʃʫʥʘʪʘ ʠʣʠ ʥʷʢʦʷ ʜʚʦʡʥʘ ʟʚʝʟ-

ʜʘ, ʩʣʝʜ ʢʦʝʪʦ ʜʘ ʦʪʯʝʪʝʤ ʨʘʟʤʝʨʠʪʝ ʥʘ ʜʚʘʪʘ ʦʙʨʘʟʘ ʚ ʙʨʦʡ ʧʠʢʩʝʣʠ. ʊʦʛʘʚʘ 

ʫʚʝʣʠʯʝʥʠʝʪʦ M  (ʚ ʧʲʪʠ) ʱʝ ʙʲʜʝ; 

 

M = hǋ/ h = b/a 

 

ʦʪʢʲʜʝʪʦ ʧʨʠ ʚʝʯʝ ʠʟʤʝʨʝʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ b, ʤʦʞʝʤ ʜʘ ʥʘʤʝʨʠʤ a: 

 

a = b/M 

 

ʅʦ ʦʪ ʧʨʠʤʝʨʘ ʚʲʚ ʬʠʛ. 31 ʩʣʝʜʚʘ, ʯʝ M  = 1 ï b/fʙʘʨʣ, ʦʪʢʲʜʝʪʦ ʤʦʞʝʤ ʜʘ 

ʥʘʤʝʨʠʤ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ʣʝɦ ʘʪʘ ʥʘ ɹʘʨʣʦʫ: 

 

ʉʣʝʜ ʢʘʪʦ ʚʝʯʝ ʟʥʘʝʤ ʫʚʝʣʠʯʝʥʠʝʪʦ (ʫʜʲʣʞʘʚʘʥʝʪʦ ʥʘ ʬʦʢʫʩʥʦʪʦ ʨʘʟʩʪʦʷ-

ʥʠʝ) M  ʚ ʧʲʪʠ, ʧʨʝʩʤʷʪʘʤʝ ʠ ʝʬʝʢʪʠʚʥʦʪʦ ʬʦʢʫʩʥʦ ʨʘʟʩʪʦʷʥʠʝ f  ʝʬ: 

 


