
˽͙͔͙͔ͪͦ͗ͤ͡

Á ˴͎͊ͪͭͦͪ͊ͺ͙͔ͪ͊ͤ ͤ͊ ͔ͣͤͦͭͦ͘ ͨ͊ͭͤͦ͡
Á ˶͙͙͔ͦ͊ͪ͊ͤ͘͟͡ ͤ͊ ͙ͦͤ͘ ͫ ͙ͨͪͦͨ͊͒͊ͤΎ
Á ˾͎͙͊ͪ͊ͤ͘;͍͔͊͊ͤ ͔ͣ͗͒ͯ ;͙ͫͭ ͙ ͊ͣ͘Ά͔ͪͫͤ ͋͊͊ͫͭ͡
Á ˻͙͍͔ͭͪ͊ͤ͟ ͤ͊ ͯ;͊ͫͭΆͼ͙ ͫ ͔͙ͨͪͦ͋ͣ͡ ͍ ͍ͦͭͦ͒ͤΎ͍͔͊ͤͭͦ

˥͔ͦͪ͊͒͊ͪ

˭͊ ͼ͔͙͔ͭ͡ ͤ͊ ͙͔͍͔ͣͪ͊ͤͭͦ͘ ͫ ͎͔͔ͦͪ͊͒͊ͪͫ ͙͍ͨͦ͊ͭ͘͘͡ 
͙ͭͪ ͔͙͊ͤͭͤΣ ͔͙ͪ͊ͨͦͦ͗ͤ͘͡ ͔͒ͤ͊ ͍ ͔ͫͪ͒͊ͭ͊ ͤ͊ 
͔͔͙͗ͤ͘͡Ύ ͨΆͭ ͙ ͨͦ ͔͒ͤ͊ ͍͒ ͍͊ͭ͊ ͪ͊͟ΎΣ ͔ͦͭͦ͟ 
͍ͨͦͦ͘͡Ύ͍͊ ͔͔͊ͫͤͣ͊ͤ͘ ͤ͊ ͼ͔͙͡Ύ ͨͪͦͺ͙͡ ͤ͊ 
͔͔͙͗ͤ͘͡Ύ ͨΆͭΦ ˿ͭ͊ͤ͒͊ͪͭͤͦͭͦ ͙ͨ͘Ά͔͙͔ͤͤ͡ ͔ ͫ 
͔͙͊ͤͭͤ ͫ ;͔ͫͭͦͭ͊ плл MHz, ͘ ͊ ͔ͦͭͦ͟ ͫ͊ ͔͙ͪ͊ͪ͊͋ͦͭͤ͘ 
ͫͦͺ͔͙ͭͯͪͤ ͙͔͙ͨͪͦ͗ͤ͡Ύ ͊͘ ͍͙͊ͭͦͣ͊ͭ;͔ͤ ͙͊ͤ͊͘͡ ͤ͊ 
͔͙͔ͪͯͭ͊ͭͭ͘͡ ͤ͊ ͙͙͔ͦͤͭͪͦͪ͊ͤͭ͟͡ ͔͙ͨ͊ͪ͊ͣͭͪΦ 

˾͔͙͊ͣͪ͘ ͤ͊ ͔͊ͤͭͤ͊ͭ͊ ό͒Ά͙͗ͤ͊͡ ͻ 
΄͙͙ͪͤ͊ύ ς38 cm ͻ поcm;
͔͎́ͦ͡ - ~ 5,5 kg

˽͙ͪ ͫͦͪͦͫͭ͟ ͤ͊ ͙͔͍͔ͣͪ͊ͤ͘  мнл km/h ςͫ ͭΆͨ͊͟ ͤ͊ ͔͔͊ͫͤͣ͊ͤ͘ ͔ͨͪ͘ Ϥ мл cm;
˨Ά͋ͦ͡;͙ͤ͊ ͤ͊ ͔͔͊ͫͤͣ͊ͤ͘ ς͍  ͍͙͙͊ͫͣͦͫͭ͘ ͦͭ ͨͦ;͍͊ͭ͊ ς͒ ͦ Ϥ о m.



ˢͪͻ͙͔ͭͭͯͪ͊͟ ͤ͊ ͙͔ͫͫͭͣ͊ͭ͊

ʄʥʦʛʦʢʘʥʘʣʝʥ ʢʦʥʪʨʦʣʝʥʙʣʦʢ

(4 ʢʘʥʘʣʘ)

ɸʥʪʝʥʘ 1

400 MHz

ɸʥʪʝʥʘ 2

400 MHz

ɸʥʪʝʥʘ 3 (ʜʚʫʜʠʘʧʘʟʦʥʥʘ)

400 / 900 MHz

ɽʥʢʦʜʝʨ

ʈʝʛʠʩʪʨʘʪʦʨ ʥʘ 

ʜʘʥʥʠ

(Panasonic CF54)

GPS
ʉʧʝʮʠʘʣʠʟʠʨʘʥʘ 

ʚʠʜʝʦʢʘʤʝʨʘ

͔̆͊ͪ͒ͯͪ

ˮ͍ͨͦ͊͘͘͡ 
ͫΆ΅͔͍͍ͫͭͯ͊΅͙Ύͭ 
͔͔ͤͦ͒ͪͤ͊͟ 
͙ͣͦͭͪͫ͊ͭ͊Σ ͊ͭͦ͟ 
͙ͫͤͻ͙͙ͪͦͤͪ͊͘ 
͙͔͒͊ͤͤͭ ͦͭ 
͙͔ͦͫͭ͊ͤ͊ͭ͡ 
͙͔͍͙ͣͪ͊ͤ͘Ύ

˽͙ͪ 
ͫΆ͍͔͙ͣͫͭͣͦͫͭ 
͙͍ͨͦ͊͘͘͡ 

ͫΆ΅͔͍͍ͫͭͯ͊΅͙Ύͭ 
GPS

˾͔͙͊ͨͦͦ͗ͤ͘͡ ͫ͊ ͍ ͙͊͋ͤ͊ͭ͊͟ ͤ͊ 
͙ͣͦͭͪͫ͊ͭ͊



250 MHz

700 MHz

˻͍͙ͫͤͦͤ ͔͙ͨͦͦ͗ͤ͡Ύ ͙ͨͪ ͙͔͍͔ͫ͒͊ͤ͘͡ ͫ ͎͔ͦͪ͊͒͊ͪ



˴͙͙ͦͤͭͪͦͪ͊ͤ͡ ͔͙ͨ͊ͪ͊ͣͭͪ

͙͍́ͨͦ ͔ͤ͊ͨͪ;͔ͤ ͨͪͦͺ͙͡

˴͙͙ͦͤͭͪͦͪ͊ͤ͡ ͔͙ͨ͊ͪ͊ͣͭͪΣ ͙ͦͭͦ͟ ͔ͫ ͙͙͊ͤ͊ͪ͊ͭ͘͡ ͍͙͊ͭͦͣ͊ͭ;ͤͦ ͦͭ ͫͦͺ͔ͭͯͪ͊ ͍Ά͘ 
͍ͦͫͤͦ͊ ͤ͊ ͙͊ͫ͟͡ͺ͙͊͟ͼ͙͙ͦͤͤ ͙͔͙͙ͪͭͪ͟Υ
Å˭͊ͣΆͪͫΎ͍͔͊ͤ ͤ͊ ͍͙͋͊͊ͫͭͦ͊ͭ͊ͨͪͣ͊͘͡ όBallast fouling)
Å˽͔͍ͪͯ͊͗ͤ͡Ύ͍͔͊ͤͤ͊ ͍͙͋͊͊ͫͭͦ͊ͭ͊ͨͪͣ͊͘͡(Ballast moisture)
Åˤ͎͊͊͡ ͍ ͍ͦͫͤͦ͊ͭ͊ ͤ͊ ͍͙͋͊͊ͫͭͦ͊ͭ͊ͨͪͣ͊͘͡ όMoisture at the base of ballast) 
Å˾͍͙͊ͤͤͤͦͫͭͤ͊ ͍ͦͫͤͦͤ͊ͭ͊ ͨͦ͡΅͊͒͊͟ όUndulation of ballast)

͙͍́ͨͦ ͔ͤ͊ͨͪ;͔ͤ ͨͪͦͺ͙͡ ͫΆ͎͊ͫͤͦ͡ ͤ͊ͼ͙ͦͤ͊ͤ͊ͭ͊͡ ͔ͤ͊ͪ͒͋͊Φ ˣ͍͙͊͊ͫͭͦ͊ͭ͊ͨͪͣ͊͘͡ ͔ ͫ 
͙͙ͣͤͣ͊ͤ͊͡ ͔͔͙͒͋ͤ͊͡ ͦͭ ͙͙ͣͤͣͯͣ оо cm ͨ ͦ͒ ͔͒ͦͤ͡ ͪΆ͋ ͤ͊ ͍͔ͭͪ͊ͪͫ͊ ό͙͍͔ͦ͋ͤͦͤͦ͟ ͔ 
ͦͦͦ͟͡ сл cm). ˿ ͔͍͒͊͡ ͊͘΅͙͔ͭͤ ό͙͍ͨͪͦͭͦ͊ͣͪ͘Ά͍͊͘΅ύ ͨ͊ͫͭ͡Σ ͙͍͔ͦ͋ͤͦͤͦ͟ ͦͦͦ͟͡ рл cm. 
˹͔͊ͨͪ;͙ͤΎ ͤ͊ͦͤ͟͡ ͙ͨͪ ͍ͦͫͤͦ͊ͭ͊ ͤ͊ ͋͊͊ͫͭ͊͡ ͙ ͊͘΅͙͙ͭͤΎ ͨ͊ͫͭ͡ ͔ р҈. 

ˤΆ͘ ͍ͦͫͤͦ͊ ͤ͊ ͔͔͔ͫͨͪͭͤ͟ ͙͊ͤ͊͘͡ ͙͔͍͔ͣͪ͊ͤͭͦ͘ ͫ ͎͔͍ͦͪ͊͒͊ͪͨͦͦ͘͡Ύ͍͊ 
͙͔͙͒ͤͭͺ͙ͼ͙͔ͪ͊ͤ ͤ͊ ͙ͦͤ͘ ͫ ͤ͊ͪͯ΄͔ͤ͊ ͙͙ͤͦͫͣͦͫͨͦͫͦ͋ͤͦͫͭ ͙ͦͤ͘ ͫ ͔͙ͨͪͦ͋ͣ͡ 
͍ ͍ͦͭͦ͒ͤΎ͍͔͊ͤͭͦ ό͍͔ͦ͋ͪ͊ͯ͊ͤ͘ ͤ͊ ͙͋͊͊ͫͭͤ͡ ͍͔͒͗ͦ͋ͦκ͙ͦͪͭ͊͟κ;͍͙ͯ͊͡ύΦ

ˣ͍͙͊͊ͫͭͦ͊ͨͪͣ͊͘͡

˭͊΅͙͔ͭͤ ͨ͊ͫͭ͡

˹͙͊ͫͨ

~ 60 cm

~ 50 cm

5% 5%

5%

Ballast fouling;
Ballast moisture
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5%

ˤ͎͊͊͡ ͍ ͍ͦͫͤͦ͊ͭ͊ ͤ͊ 
͍͙͋͊͊ͫͭͦ͊ͭ͊ͨͪͣ͊͘͡Τ
˾͍͙͊ͤͤͤͦͫͭͤ͊ 
͍ͦͫͤͦͤ͊ͭ͊ ͨͦ͡΅͊͒͊͟ 

˹͔͊ͨͪ;͔ͤ 
ͤ͊ͦͤ͟͡
˹͔͊ͨͪ;͔ͤ 
ͨͪͦͺ͙͡

ˤ ͒ͦͨΆ͔͙͔ͤͤ͡Σ ͔ͫ͒͡ ͍͙͊ͭͦͣ͊ͭ;ͤ͊ ͦ͋ͪ͊͋ͦͭ͊͟ ͔ͫ 
͔͍ͨͪ͒ͦͫͭ͊Ύ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͊͘Υ
Å˨Ά͋ͦ͡;͙ͤ͊ ͤ͊ ͔͙͔ͦͭ͒ͤͭ͡ ͔͍͔ͫͦ͡
Å˹͔͊ͨͪ;͔ͤ ͤ͊ͦͤ͟͡

˴͙͊ͫ͡ͺ͙͊͟ͼ͙͙ͦͤͤ ͙͔͙͙ͪͭͪ͟

Ballast Moisture Ballast Fouling Undulation of ballast bed basis 

Dry  Clean  Mostly Even  

Humid  Mostly Clean  Slightly Undulated  

Wet  Slightly Fouled  Undulated/Settlement  

  Fouled    

 

Ballast Moisture Ballast Fouling Undulation of ballast bed basis 

Dry  Clean  Mostly Even  

Humid  Mostly Clean  Slightly Undulated  

Wet  Slightly Fouled  Undulated/Settlement  

  Fouled    

 

Ballast Moisture Ballast Fouling Undulation of ballast bed basis 

Dry  Clean  Mostly Even  

Humid  Mostly Clean  Slightly Undulated  

Wet  Slightly Fouled  Undulated/Settlement  

  Fouled    

 

˭͊ ͙͙͔ͦͤͭͪͦͪ͊ͤͭ͟͡ ͔͙ͨ͊ͪ͊ͣͭͪ ͫ͊ 
͍Ά͍͔͔͙͒ͤ ͼ͍͔͍͙ͭͦ ͙͊ͫ͟͡ͺ͙͊͟ͼ͙͙ͦͤͤ 
͙͔͙͙ͪͭͪ͟ ςͦͭ ͔͔ͤͦ͘͡ ό͒ͦ͋ͪͦ ͫΆͫͭͦΎ͙͔ͤύ 
͒ͦ ;͔͍͔ͪͤͦ όͦ͡΄ͦ ͫΆͫͭͦΎ͙͔ͤύ



˿ͦͺ͔ͭͯͪ ͊͘ ͙͊ͤ͊͘͡ ͙ ͦ͋ͪ͊͋ͦͭ͊͟ ͤ͊ ͔͙͔ͪͯͭ͊ͭͭ͘͡ ͦͭ ͙͔͍͔ͣͪ͊ͤͭͦ͘Φ 
˽͔͍ͪ͒ͫͭ͊Ύ͔ͤ ͤ͊ ͔͙͔ͪͯͭ͊ͭͭ͘͡ 

˴͎͊ͪͭͦͪ͊ͺ͙Ύ ͤ͊ ͔ͣͤͦͭͦ͘ ͨ͊ͭͤͦ͡ 
ͦͭ ͎͔͔͔ͦͪ͊͒͊ͪͤͦ͊ͫͤͣ͊ͤ͘

˹͙͊͡;͙͔ ͤ͊ ͫΆ͙͙͔͋ͭ 
όͣͦͫͭΣ ͔ͫͭͪ͊͟͡ύ

˹͔͊ͨͪ;͔ͤ ͨͪͦͺ͙͡ ͤ͊ 
͔͍͔͔ͫͦͭ͡

ˮ͎͔͒͘͡ ͦͭ 
͍͙͔͔͒ͦ͊ͣͪ͊ͭ͊͟

˽͔ͪͻͦ͒ ˣ͊͊ͫͭ͡ ς˭ ͊΅͙͔ͭͤ ͨ͊ͫͭ͡Φ ˶͙͙ͤΎͭ͊Σ ͦ͟Ύͭͦ 
ͦ͋ͦͤ͊͘;͍͊͊ ͔ͨͪͻͦ͒͊ ͔ͫ ͍ͨͪͦ͊ͪ͊͟ ͍͙͊ͭͦͣ͊ͭ;ͤͦΣ 
ͨͦ͒ ͦͤͭͪͦ͊͟͡ ͤ͊ ͔ͦͨͪ͊ͭͦͪΦ ˤΆ͘ ͍ͦͫͤͦ͊ ͤ͊ ͔ͤΎ ͔ͫ 
͙ͦͤͭͪͦͪ͊͟͡ ͔ͨ͊ͪ͊ͣͭΆͪ͊ ͍͙ͪ͊ͤͤͤͦͫͭͤ͊ 

͍ͦͫͤͦͤ͊ͭ͊ ͨͦ͡΅͊͒͊͟  ͙ ͔͔͙͒͋ͤ͊ͭ͊͡ ͤ͊ ͔͍͔͔ͫͦͭ͡Φ

˽͔ͪͻͦ͒ ˭͊΅͙͔ͭͤ 
ͨ͊ͫͭ͡ -˹͙͊ͫͨ

˴͙͙ͦͤͭͪͦͪ͊ͤ͡ 
͔͙ͨ͊ͪ͊ͣͭͪ ˨Ά͋ͦ͡;͙ͤ͊ ͤ͊ ͔͙͔ͦͭ͒ͤͭ͡ 

͔͍͔ͫͦ͡ ό͍ ͔͙ͣͭͪ) ς͋ ͍͊͊ͫͭͦ͊͡
͙ͨͪͣ͊͘Σ ͊͘΅͙͔ͭͤ ͨ͊ͫͭ͡Φ  



˿ͦͺ͔ͭͯͪ ͊͘ ͙͊ͤ͊͘͡ ͙ ͦ͋ͪ͊͋ͦͭ͊͟ ͤ͊ ͔͙͔ͪͯͭ͊ͭͭ͘͡ ͦͭ ͙͔͍͔ͣͪ͊ͤͭͦ͘Φ 
˽͔͍ͪ͒ͫͭ͊Ύ͔ͤ ͤ͊ ͔͙͔ͪͯͭ͊ͭͭ͘͡ 

ˤ͔͔ͣ͊ͤ͘ ͤ͊ Ύ͒͊͟ ͦͭ ͍͙͋͊͊ͫͭͦ͊ͭ͊ͨͪͣ͊͘͡ ͊͘ 
͍ͯͫͭ͊ͤͦΎ͍͔͊ͤ ͤ͊ ͔ͪ͊ͤ͊ͭ͊͡ ͚ ͒Ά͋ͦ͡;͙ͤ͊Σ ͫ ͼ͔͡ 

͙͙͔͊͋ͪͪ͊ͤ͟͡ ͤ͊ ͙͔͍͔ͣͪ͊ͤͭͦ͘ 



ˣ͊͊ͫͭͤͦ͡ ͙ͦͪͭͦ͟
(ͦͤ͊͘ ͫ ͤ͊ͪͯ΄͔ͤ͊ 
͙͙ͤͦͫͣͦͫͨͦͫͦ͋ͤͦͫͭ 
͔͙ͨͪͦ͋ͣ͡ ͍ ͍ͦͭͦ͒ͤΎ͍͔͊ͤͭͦύ

˽͔͍ͪ͒ͫͭ͊Ύ͔ͤ ͤ͊ ͔͙͔ͪͯͭ͊ͭͭ͘͡ 
͍ ͙ͭ͊͋͡;͔ͤ ͍͙͒

˿ͦͺ͔ͭͯͪ ͊͘ ͙͊ͤ͊͘͡ ͙ ͦ͋ͪ͊͋ͦͭ͊͟ ͤ͊ ͔͙͔ͪͯͭ͊ͭͭ͘͡ ͦͭ ͙͔͍͔ͣͪ͊ͤͭͦ͘Φ 
˽͔͍ͪ͒ͫͭ͊Ύ͔ͤ ͤ͊ ͔͙͔ͪͯͭ͊ͭͭ͘͡ 


