
ʉʠʩʪʝʤʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʨʦʟʠʠ        

ʉʂʄʂ çɸʅɸʃʀʊʀʂè 



ʇʨʦʙʣʝʤʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ
ʉʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʕʍɿ ʥʝ ʨʝʰʘʶʪ ʛʣʘʚʥʦʡ ʟʘʜʘʯʠïʦʧʪʠʤʠʟʘʮʠʶ (ʤʠʥʠʤʠʟʘʮʠʶ 

ʠ ʘʜʘʧʪʘʮʠʶ) ʟʘʱʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, ʩʦʩʪʦʷʥʠʷ 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʜʨ. 
ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʧʳʪʢʘ ʫʡʪʠ ʠʟ ʘʥʦʜʥʦʡ ʟʦʥʳ (ʥʝʜʦʟʘʱʠʪʘ)ʚ ʢʘʪʦʜʥʫʶ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʟʘʧʘʩʦʤ ʧʦ ʚʝʣʠʯʠʥʝ ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ çʧʝʨʝʟʘʱʠʪʝè, ʯʪʦ ʦʯʝʥʴ ʧʘʛʫʙʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʩʦʩʪʦʷʥʠʠ ʟʘʱʠʱʘʝʤʳʭ ʦʪ ʢʦʨʨʦʟʠʠ ʪʨʫʙʦʧʦʚʦʜʘʭ, ʘ ʠʤʝʥʥʦ, 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʪʝʧʝʥʴ ʘʜʛʝʟʠʠ ʠʟʦʣʷʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʝ 

ʨʘʟʨʫʰʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʢ ʥʝʦʙʨʘʪʠʤʦʤʫ ʧʨʦʮʝʩʩʫ ïʚʦʜʦʨʦʜʥʦʤʫ 

ʦʭʨʫʧʯʠʚʘʥʠʶʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʦʝ ʚʦ ʤʥʦʛʦ ʨʘʟ 

ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʡ, ʚʟʨʳʚʦʚ ʚ ʵʪʠʭ ʟʦʥʘʭ.

ʂʦʨʨʦʟʠʦʥʥʳʝ ʷʟʚʳ ʧʨʠ ʥʝʜʦʟʘʱʠʪʝ

ʉʪʨʝʩʩ-ʢʦʨʨʦʟʠʦʥʥʳʝʪʨʝʱʠʥʳ ʧʨʠ ʧʝʨʝʟʘʱʠʪʝ

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʘʜʘʧʪʠʚʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʢʣʘʜʳʚʘʪʴ ʥʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʢʣʘʩʩʘ, ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ ʧʨʝʜʩʪʘʚʣʷʝʤʘʷ 

ʩʠʩʪʝʤʘ çɸʅɸʃʀʊʀʂè



ʉʀʉʊɽʄɸ ʂʆʄʇʃɽʂʉʅʆɻʆ ʄʆʅʀʊʆʈʀɻɸ 
ʂʆʈʈʆɿʀʀ çɸʅɸʃʀʊʀʂè

ʅɸɿʅɸʏɽʅʀɽ

ʉʠʩʪʝʤʘʢʦʤʧʣʝʢʩʥʦʛʦʤʦʥʠʪʦʨʠʥʛʘʢʦʨʨʦʟʠʠ(ʉʂʄʂ)

çɸʅɸʃʀʊʀʂèʧʨʝʜʥʘʟʥʘʯʝʥʘʜʣ ʜ̫ʠʩʪʘʥʮʠʦʥʥʦʛʦʢʦʥʪʨʦʣʷ

ʧʘʨʘʤʝʪʨʦʚʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡʟʘʱʠʪʳ,ʦʧʪʠʤʠʟʘʮʠʠʠ

ʘʜʘʧʪʠʚʥʦʛʦʫʧʨʘʚʣʝʥʠʷʧʘʨʘʤʝʪʨʘʤʠʩʪʘʥʮʠʡʢʘʪʦʜʥʦʡʟʘʱʠʪʳ.

ʆʙʝʩʧʝʯʠʚʘʝʪʧʦʜʜʝʨʞʘʥʠʝʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦʧʨʦʮʝʩʩʘʕʍɿʥʘ

ʦʧʪʠʤʘʣʴʥʦʤʫʨʦʚʥʝʤʝʞʜʫʨʘʟʨʫʰʠʪʝʣʴʥʳʤʠʟʦʥʘʤʠçʥʝʜʦʟʘʱʠʪè

ʠçʧʝʨʝʟʘʱʠʪè,ʩʫʯʝʪʦʤʜʘʥʥʳʭʤʦʥʠʪʦʨʠʥʛʘ,ʛʝʦʣʦʛʠʯʝʩʢʠʭ

ʫʩʣʦʚʠʡʚʤʝʩʪʝʧʨʦʢʣʘʜʢʠʪʨʫʙʦʧʨʦʚʦʜʘ,ʢʣʠʤʘʪʠʯʝʩʢʠʭʠʣʠ

ʩʝʟʦʥʥʳʭʠʟʤʝʥʝʥʠʡ

ʉʠʩʪʝʤʘʢʦʤʧʣʝʢʩʥʦʛʦʤʦʥʠʪʦʨʠʥʛʘʢʦʨʨʦʟʠʠçɸʥʘʣʠʪʠʢè

ʚʢʣʶʯʘʝʪʩʦʚʨʝʤʝʥʥʳʝʠʵʬʬʝʢʪʠʚʥʳʝʢʘʪʦʜʥʳʝʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ

ʠʥʚʝʨʪʦʨʥʦʛʦʪʠʧʘ,ʦʙʦʨʫʜʦʚʘʥʠʝʪʝʣʝʤʝʪʨʠʠʩ ʧʦʜʜʝʨʞʢʦʡ

ʩʦʚʨʝʤʝʥʥʳʭʪʝʭʥʦʣʦʛʠʡʩʚʷʟʠʢʣʘʩʩʘIIoT, ʩʧʝʮʠʘʣʴʥʦʝ

ʧʨʦʛʨʘʤʤʥʦʝʦʙʝʩʧʝʯʝʥʠʝ,ʨʘʟʨʘʙʦʪʘʥʥʦʝʥʘʦʩʥʦʚʝʩʦʚʨʝʤʝʥʥʳʭ

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭʠʥʬʦʨʤʘʮʠʦʥʥʳʭʪʝʭʥʦʣʦʛʠʡ



ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʉʂʄʂ çɸʅɸʃʀʊʀʂè 

ʉʠʩʪʝʤʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʕʍɿ ʥʘ ʦʧʪʠʤʘʣʴʥʦʤ ʫʨʦʚʥʝ ʤʝʞʜʫ ʟʦʥʘʤʠ 

çʥʝʜʦʟʘʱʠʪʘè ʠ çʧʝʨʝʟʘʱʠʪʘè ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʝʪ ʚʨʝʜʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʚʳʟʳʚʘʝʤʳʝ ʩʦʚʨʝʤʝʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʕʍɿ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʦʮʝʥʢʠ, ʧʨʦʜʣʝʚʘʝʪ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʩʫʨʩ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ 5é10  ʣʝʪ ʠ ʩʥʠʞʘʝʪ ʠʭ ʘʚʘʨʠʡʥʦʩʪʴ ʠʟ-ʟʘ ʢʦʨʨʦʟʠʠ

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʠʨʫʝʪ ʠ ʧʦʩʪʦʷʥʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʕʍɿ ʢʘʢ ʚʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ 

ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʢʦʥʪʨʦʣʠʨʫʷ ʟʘʱʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʟʘ ʩʯʝʪ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʂʀʇ ʥʘ 

ʩʝʨʝʜʠʥʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʉʂɿ, ʘ ʪʘʢʞʝ ʚʦ ʚʩʝʭ ʢʦʨʨʦʟʠʡʥʦ-ʦʧʘʩʥʳʭ ʟʦʥʘʭ, ʛʜʝ ʪʘʢʞʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʂʀʇ. ʕʪʦ ʜʘʝʪ ʙʦʣʝʝ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ ʟʘʱʠʱʝʥʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪ ʨʝʘʣʴʥʫʶ ʟʘʱʠʱʝʥʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʘ ʦʪ ʢʦʨʨʦʟʠʠ ʧʨʠʤʝʨʥʦ ʥʘ 20é30%

ʉʠʩʪʝʤʘ ʨʝʘʣʠʟʫʝʪ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʟʘʜʘʯ ʩʠʩʪʝʤʳ ʕʍɿ (ʤʦʥʠʪʦʨʠʥʛ, 

ʦʧʪʠʤʠʟʘʮʠʷ, ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʟʘʱʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʭ ʘʥʘʣʠʟ, ʦʮʝʥʢʘ ʟʘʱʠʱʝʥʥʦʩʪʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʪʯʝʪʦʚ, ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʜʨ.), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʧʨʠʨʦʩʪ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʥʘ 30é40% 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʨʝʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʜʣʝʚʘʝʪ ʪʝʭʥʠʯʝʩʢʠʡ ʨʝʩʫʨʩ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ



ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʝʤʳʝ ʉʂʄʂ çɸʅɸʃʀʊʀʂè 

Åɸʚʪʦʤʘʪʠʟʘʮʠʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʦʪ 
ʢʦʨʨʦʟʠʠ ʧʦ ʚʩʝʤ ʫʨʦʚʥʷʤ ʫʧʨʘʚʣʝʥʠʷ

Åʆʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʘʥʘʣʘʤ 
ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʯʝʨʝʟ ʝʜʠʥʳʡ web-ʠʥʪʝʨʬʝʡʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʧʨʘʚ 
ʜʦʩʪʫʧʘ

Åɼʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘʱʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʮʠʡ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ, ʙʣʦʢʦʚ 
ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʫʥʢʪʘʭ ʠ ʜʨʫʛʠʭ 
ʩʨʝʜʩʪʚʘʭ ʕʍɿ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʦʧʨʦʩʘ

Åʉʙʦʨ, ʦʙʨʘʙʦʪʢʘ, ʭʨʘʥʝʥʠʝ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʨʝʜʩʪʚ ʕʍɿ, ʜʘʥʥʳʭ 
ʦʙʩʣʝʜʦʚʘʥʠʡ, ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʳ, ʠʟʦʣʷʮʠʠ, ʢʦʨʨʦʟʠʡʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʛʨʫʥʪʘ ʠ ʜʨ.

Åʆʧʪʠʤʠʟʘʮʠʷ ʟʘʱʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʮʠʡ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ, 
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʤʝʩʪʝ ʧʨʦʢʣʘʜʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʩʝʟʦʥʥʳʭ 
ʠʟʤʝʥʝʥʠʡ

Åɺʳʜʘʯʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʩʪʘʥʮʠʡ ʢʘʪʦʜʥʦʡ 
ʟʘʱʠʪʳ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ



ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʨʝʰʘʝʤʳʝ ʉʂʄʂ çɸʅɸʃʀʊʀʂè 

Åʆʧʦʚʝʱʝʥʠʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʘʥʘʣʘʤ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʩʦʩʪʦʷʥʠʡ ʩʨʝʜʩʪʚ 
ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʜʦʩʪʫʧʝ.

Åɸʥʘʣʠʪʠʯʝʩʢʘʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠ 
ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʟʘʜʘʯ ʦʮʝʥʠʚʘʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ 
ʩʠʩʪʝʤʳ ʦʪ ʢʦʨʨʦʟʠʠ.

Åɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʩʠʩʪʝʤʳ ʕʍɿ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤʠ ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʡ 
ʠʥʬʦʨʤʘʮʠʠ.

Åʇʦʜʛʦʪʦʚʢʘ ʠ ʛʝʥʝʨʘʮʠʷ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ, ʘʥʘʣʠʪʠʯʝʩʢʠʭ, ʩʚʦʜʥʳʭ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 
ʦʪʯʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ.

Åʋʧʨʘʚʣʝʥʠʝ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʜʘʥʥʳʤ ʠ ʬʫʥʢʮʠʷʤ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʥʳʤʠ 
ʥʘʩʪʨʦʡʢʘʤʠ, ʚʝʜʝʥʠʝ ʞʫʨʥʘʣʦʚ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʝ.

Åʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʧʦʜʜʝʨʞʢʘ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 
ʩʨʝʜʩʪʚʘʤʠ ʠ ʩʠʩʪʝʤʦʡ ʕʍɿ



ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʫʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʉʂʄʂ çɸʥʘʣʠʪʠʢè

ʉʂɿ-ʄ ïʤʦʜʫʣʴʥʳʝ ʩʪʘʥʮʠʠ 

ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ;

ʂʀʇ ïʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʫʥʢʪʳ;

ɹʂʄʋ ïʙʣʦʢʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩ 

ʧʝʨʝʜʘʯʝʡ ʜʘʥʥʳʭ ʧʦ ʩʝʪʠ 

LPWAN;

ʋɼʂʋ ïʫʩʪʨʦʡʩʪʚʘ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʉʂɿ ʣʶʙʳʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ;

ɹʉɿ ïʙʣʦʢʠ ʩʦʚʤʝʩʪʥʦʡ 

ʟʘʱʠʪʳ;

ʄʉʕʉ ïʤʝʜʥʦʩʫʣʴʬʘʪʥʳʝ

ʩʪʘʮʠʦʥʘʨʥʳʝ ʵʣʝʢʪʨʦʜʳ 

ʩʨʘʚʥʝʥʠʷ;

ʉʆʇʊ ïʩʠʩʪʝʤʳ ʦʪʚʦʜʘ 

ʧʝʨʝʤʝʥʥʳʭ ʪʦʢʦʚ;

ɸʈʄ-ʕʍɿïʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʩʣʫʞʙʳ ʕʍɿ

Å ʛʠʙʢʘʷ ʥʘʨʘʱʠʚʘʝʤʘʷ ʩʪʨʫʢʪʫʨʘ

Å ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʟʘʱʠʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʉʂɿ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ

Å ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡʩʝʪʠ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʘʣʴʥʝʛʦ ʨʘʜʠʫʩʘ 

ʜʝʡʩʪʚʠʷ ʢʣʘʩʩʘ IIoT

Å ʦʧʪʠʤʠʟʘʮʠʷ (ʤʠʥʠʤʠʟʘʮʠʷ ʠ 

ʘʜʘʧʪʘʮʠʷ) ʟʘʱʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ, 

ʩʦʩʪʦʷʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʠ ʜʨ.



ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʩʝʪʠ ʉʂʄʂ çɸʥʘʣʠʪʠʢè

Å  LPWAN (Low-PowerWide-AreaNetwork) ð ʥʦʚʳʡ ʧʦʜʭʦʜ ʚʨʘʜʠʦʩʚʷʟʠ, ʧʨʠʤʝʥʷʝʤʳʡʜʣʷ 

ʫʩʪʨʦʡʩʪʚ ʠ ʢʨʫʧʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʙʝʩʧʨʦʚʦʜʥʳʭ ʩʝʪʝʡ ʪʝʣʝʤʝʪʨʠʠ

Å ʉʝʪʴ ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʩʪʘʥʜʘʨʪʫ LPWAN ʠʤʝʝʪ ʧʨʦʩʪʫʶ ʘʨʭʠʪʝʢʪʫʨʫ ʪʠʧʘ ñʟʚʝʟʜʘò ʙʝʟ 

ʨʝʪʨʘʥʩʣʷʪʦʨʦʚ

Å  ɺ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʠ LPWAN ʥʘ ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝʣʝʞʠʪ 

ʩʚʦʡʩʪʚʦ ʨʘʜʠʦʩʠʩʪʝʤðʫʚʝʣʠʯʝʥʠʝ ʵʥʝʨʛʝʪʠʢʠ, ʘ ʟʥʘʯʠʪ ʠ ʜʘʣʴʥʦʩʪʠ ʩʚʷʟʠ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ

Å  ʇʝʨʝʜʘʯʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʯʘʩʪʦʪʝ868,8 ʄɻʮ (ʥʝ ʪʨʝʙʫʝʪ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ)ʧʨʠ ʤʦʱʥʦʩʪʠ 

ʜʦ25 ʤɺʪ. ʅʘ ʜʘʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʟʨʝʰʝʥʦ ʩʚʦʙʦʜʥʦʝ ʠ ʙʝʩʧʣʘʪʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʘʥʠʠʈʝʰʝʥʠʡɻʂʈʏ

Å  ʇʝʨʝʜʘʚʘʝʤʳʝ ʜʘʥʥʳʝ ʰʠʬʨʫʶʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ AES-128 ʠ XTEA-256, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ ʜʘʥʥʳʭ

Å  ʋʟʣʘʤ ʜʘʥʥʦʡ ʩʝʪʠ ʭʘʨʘʢʪʝʨʥʳ: ʥʠʟʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ (ʜʦ 10 ʣʝʪ ʨʘʙʦʪʳ ʦʪ ʙʘʪʘʨʝʠ),  

ʙʦʣʴʰʘʷ ʜʘʣʴʥʦʩʪʴ ʩʚʷʟʠ (15 ʢʤ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʠ 5ʢʤ ʚ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʝ),  

ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʢʦʥʝʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ

ɺ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʜʝʰʝʚʣʝ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʰʝʥʠʡ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʙʘʟʝ GSM-ʩʝʪʝʡ ʠ ʪ.ʜ.

ɿʘ ʩʯʝʪ ʜʘʣʴʥʦʩʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʪʦʢʦʣʘ ʦʜʠʥ LPWAN ʰʣʶʟ ʤʦʞʝʪ 

ʦʙʩʣʫʞʠʚʘʝʪ ʩʦʪʥʠ ʪʳʩʷʯ ʜʘʪʯʠʢʦʚ    ʦʜʥʦʡ ʨʘʜʠʦʪʦʯʢʦʡ ʥʘʧʨʷʤʫʶ. ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʦʙʱʫʶ 

ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʙʦʪʳ ʧʦ ʝʛʦ ʫʩʪʘʥʦʚʢʝ ʠ ʥʘʩʪʨʦʡʢʝ

ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʟʘʱʠʪʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʟʘ ʩʯʝʪ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʂʀʇ ʥʘ ʩʝʨʝʜʠʥʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʤʝʞʜʫ 

ʩʦʩʝʜʥʠʤʠ ʉʂɿ, ʘ ʪʘʢʞʝ ʚʦ 

ʚʩʝʭ ʢʦʨʨʦʟʠʡʥʦ-ʦʧʘʩʥʳʭ 

ʟʦʥʘʭ, ʛʜʝ ʪʘʢʞʝ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʂʀʇ. ʕʪʦ 

ʜʘʝʪ ʙʦʣʝʝ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ 

ʟʘʱʠʱʝʥʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ



ʍɸʈɸʂʊɽʈʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ:

Å ʄʦʜʫʣʴʥʘʷ (ʜʣʷ ʉʂɿ-ʄ) ʩʪʨʫʢʪʫʨʘ ʧʦʩʪʨʦʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʜʩʪʨʘʠʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ 
ʩʪʘʥʮʠʠ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ɿʘʢʘʟʯʠʢʘ

Å ʈʘʙʦʪʘ ʩʪʘʥʮʠʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʥʝʟʘʚʠʩʠʤʳʭ ʥʘʛʨʫʟʦʢ (ʜʦ 6 ʥʝʟʘʚʠʩʠʤʳʭ ʥʘʛʨʫʟʦʢ)

Å ʈʘʙʦʪʘ ʚ ʦʜʥʦʤ ʠʟ ʨʝʞʠʤʦʚ:

Å ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘʜʘʥʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʟʘʱʠʱʘʝʤʦʤ ʩʦʦʨʫʞʝʥʠʠ

Å ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘʜʘʥʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ

Å ʩʪʘʙʠʣʠʟʘʮʠʷ ʟʘʜʘʥʥʦʛʦ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ

Å ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʚ ʨʝʞʠʤ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ ʠʟ ʨʝʞʠʤʘ ʩʪʘʙʠʣʠʟʘʮʠʠ 
ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʘʚʘʨʠʠ ʚ ʮʝʧʠ ʵʣʝʢʪʨʦʜʘ ʩʨʘʚʥʝʥʠʷ

Å ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʥʘ ʨʝʟʝʨʚ, ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʩʪʨʦʷ (ʥʝʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʝ) ʦʩʥʦʚʥʳʭ 
ʤʦʜʫʣʝʡ (ʧʨʠ ʢʦʤʧʣʝʢʪʘʮʠʠ ʩʦ 100 % ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ)

Å ɺʳʩʦʢʠʡ ʂʇɼ ʩʪʘʥʮʠʠ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʰʠʨʦʢʦʤ ʜʠʥʘʤʠʯʝʩʢʦʤ ʜʠʘʧʘʟʦʥʝ ʥʘʛʨʫʟʦʢ

Å ʈʘʙʦʪʘ ʩʪʘʥʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 1-96 ɺ ʙʝʟ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʩʪʨʦʝʢ (ʧʝʨʝʢʣʶʯʝʥʠʡ), 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʪʦʣʴʢʦ ʧʦ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ

Åʂʦʤʧʣʝʢʪʘʮʠʷ ʩʪʘʥʮʠʠ ʟʘʱʠʪʦʡ ʦʪ ʠʤʧʫʣʴʩʥʳʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ ʧʦ ʚʭʦʜʥʳʤ ʠ ʚʳʭʦʜʥʳʤ ʮʝʧʷʤ

Å ɺ ʥʘʣʠʯʠʠ ʚʘʨʠʘʥʪ ʠʩʧʦʣʥʝʥʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʙʦʪʳ ʦʪ ɸʂɹ

Åʉʙʦʨ, ʦʙʨʘʙʦʪʢʘ, ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʘʭ ʩʪʘʥʮʠʠ ʠ ʧʘʨʘʤʝʪʨʘʭ ʕʍɿ

Å ʀʥʪʝʛʨʘʮʠʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʉʠʩʪʝʤʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʨʨʦʟʠʠ çɸʥʘʣʠʪʠʢè

ʉʊɸʅʎʀʀʂɸʊʆɼʅʆʁ ɿɸʑʀʊʓ
ʉʂɿ-ʄ ʠ ʉʂɿ-ʀ



˻˿˹˻ˤ˹̍˩ ̆ˢ˾ˢ˴́˩˾ˮ˿́ˮ˴ˮ ˿˴˭-˸ ˿˴˭-ˮ

˹͙ͦͣͤ͊͡Έͤ͊Ύ ͍·ͻͦ͒ͤ͊Ύ ͣͦ΅ͤͦͫͭΈΣ ͟ˤͭ 0,25 ҏ5 2 ҏ4

˨͙͊ͨ͊ͦͤ͘ ͍·ͻͦ͒ͤ·ͻ ͤ͊ͨͪΎ͔͙͚͗ͤ,ˤ 1 ҏ96 1 ҏ96

˹͊ͨͪΎ͔͙͔͗ͤ ͙͙ͨͭ͊ͤΎ ͔͙ͫͭ ͔͔͔͎ͨͪͣͤͤͦͦ ͦ͒ͤͦͺ͎͊ͤͦͦ͘ ͭͦ͊͟ ;͚͊ͫͭͦͭͦ рл ˥ͼ όҕо ˥ͼύΣ ˤ 230 ҕ10% 230 ҕ10%

˨͙͔ͦͨͯͫͭͣͦ ͤ͊ͨͪΎ͔͙͔͗ͤ ͔͙ͫͭΣ ˤ 150 ҏ264 110 ҏ264

˽͔͔ͪ͒͡· ͍͎ͨ͊ͤͦͦ͡ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡Ύ ͍·ͻ͎ͦ͒ͤͦͦ ͭͦ͊͟Σ ҈5 ҏ100 5 ҏ100

˽͔͔ͪ͒͡· ͍͎ͨ͊ͤͦͦ͡ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡Ύ ͍·ͻ͎ͦ͒ͤͦͦ ͤ͊ͨͪΎ͔͙͗ͤΎΣ ҈5 ҏ100 5 ҏ100

˨͙͊ͨ͊ͦͤ͘ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡Ύ ͎ͫͯͣͣ͊ͪͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡Σ ˤ-4,5 ҏ-0,5 -4,5 ҏ-0,5

˨͙͊ͨ͊ͦͤ͘ ͔͎͙͍͙ͪͯͪͦ͊ͤ͡Ύ ͨͦ͡Ύ͙ͪ͊͘ͼ͙͎ͦͤͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡Σ ˤ-2,5 ҏ-0,5 -2,5 ҏ-0,5

́ͦ;ͤͦͫͭΈ ͔͙ͨͦ͒͒ͪ͗͊ͤΎ ͎ͫͯͣͣ͊ͪͤͦͦ ͙ ͨͦ͡Ύ͙ͪ͊͘ͼ͙͎ͦͤͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡Σ ҈Σ ͔ͤ ͔͔͋ͦ͡ 1 1

˽ͯ͡Έͫ͊ͼ͙Ύ ͭͦ͊͟ ͤ͊ ͍·ͻ͔ͦ͒ ͫͭ͊ͤͼ͙͚Σ ҈Σ ͔ͤ ͔͋ͦ͡ 2͔ 2

˴˽˨ ͙ͨͪ ͙ͤͦͣͤ͊͡Έ͚ͤͦ ͎͔ͤ͊ͪͯ͘͟Σ ͔ͤ ͔͔͔ͣͤ 0,9 0,9

˴ͦΉͺͺ͙ͼ͙͔ͤͭ ͣͦ΅͙ͤͦͫͭΣ ͔ͤ ͙͔ͤ͗ 0,95 0,95

˹͙ͦͣͤ͊͡· ͣͦ΅͔͚ͤͦͫͭ ͙͍ͫͦ͡·ͻ ͔͚ͣͦ͒ͯ͡ 0,25, 0,5, 1, 1,5, 2,0 1, 1,5, 2,0

˴͙ͦ͡;͔͍ͫͭͦ ͙͍ͫͦ͡·ͻ ͔͚ͣͦ͒ͯ͡ ͤ͊ ͦ͒ͤͯ ͙͔ͫͫͭͣͯ ͍͔͙ͯͨͪ͊ͤ͡Ύ͒ͦ с ͒ͦ 2

˾͊͋ͦ;͔͔ ͤ͊͘;͔͙͔ͤ ͔͔ͭͣͨͪ͊ͭͯͪ· ͍ͦ͒ͯ͘ͻ͊ ͙ͨͪ Ήͫͨͯ͊ͭ͊͟͡ͼ͙͙Σ ȏ˿

͒͡Ύ ̂м

͒͡Ύ ̂̆˶м

-45 ҏ+45

-60 ҏ+45

-45 ҏ+45

-60 ҏ+45

͙́ͨ ͦͻ͔͙͊͗͒ͤ͡Ύ ͍ͦ͒ͯ͘΄ͤ·͚Σ ͔͔͍͔ͫͭͫͭͤͤ·͚͍ͦ͒ͯ͘΄ͤ·͚Σ ͔͔͍͔ͫͭͫͭͤͤ·͚

ˤ͔ͪͻ͔͔ͤ ͤ͊͘;͔͙͔ͤ ͙͔ͦͭͤͦͫͭ͡Έ͚ͤͦ ͍͙͊͗ͤͦͫͭ͡ ͍ͦ͒ͯ͘ͻ͊ ͙ͨͪ ǘ Ґ Ҍнр ȏ˿Σ ҈98 98

ˢͭͣͦͫͺ͔͔ͪͤͦ ͍͔͙͔͒͊ͤ͡Σ ͟˽͊ όͣͣΦ ͪͭΦ ͫͭΦύ
84 ҏ106,7

(630 ҏ800)

84 ҏ106,7

(630 ҏ800)

˾͔͙͗ͣ ͪ͊͋ͦͭ· ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έͤ·͚Σ ͔͔ͤͨͪͪ·͍ͤ·͚͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έͤ·͚Σ ͔͔ͤͨͪͪ·͍ͤ·͚

˸͙͊ͫͣ͊͟͡Έͤ·͔ ͎͙͊͋͊ͪͭͤ·͔ ͔ͪ͊ͣͪ͘· ό˨Ҏ̊ Ҏʕ ύΣ ͣͣ 700Ҏ600Ҏ1650 600Ҏ300Ҏ750

˸͊ͫͫ͊Σ ͎͟Σ ͔ͤ ͔͔͋ͦ͡ 250 60

ʉʊɸʅʎʀʀʂɸʊʆɼʅʆʁ ɿɸʑʀʊʓ
ʉʂɿ-ʄ ʠ ʉʂɿ-ʀ



ɹʃʆʂʀ ʂʆʈʈʆɿʀʆʅʅʆɻʆ ʄʆʅʀʊʆʈʀʅɻɸ (ɹʂʄ)

ʅɸɿʅɸʏɽʅʀɽ

ɹʣʦʢʠʢʦʨʨʦʟʠʦʥʥʦʛʦʤʦʥʠʪʦʨʠʥʛʘ,ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝʚ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝʧʫʥʢʪʠr
ʧʨʝʜʥʘʟʥʘʯʝʥʳʜʣʠ̫ʟʤʝʨʝʥʠʷʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦʠʩʫʤʤʘʨʥʦʛʦʟʘʱʠʪʥʳʭʧʦʪʝʥʮʠʘʣʦʚʠʧʝʨʝʜʘʯʠ
ʜʘʥʥʳʭʧʘʨʘʤʝʪʨʦʚʧʦɻ ʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡʩʝʪʠLPWAN. ʋʩʪʘʥʦʚʢʘɹʂʄʧʨʝʜʫʩʤʦʪʨʝʥʘʚʜʦʣʴʚʩʝʡ
ʪʨʘʩʩʳʪʨʫʙʦʧʨʦʚʦʜʘʚʂʀʇ

ʍɸʈɸʂʊɽʈʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ:

Åʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡʩʝʪʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ 

LPWAN (IIoT)

Åʤʘʣʳʡ ʪʦʢ ʧʦʪʨʝʙʣʝʥʠʷ ʚ ʩʧʷʱʝʤ ʨʝʞʠʤʝ ïʜʦ 1 ʤɸ

Åʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʤʝʜʥʦʩʫʣʴʬʘʪʥʳʭʵʣʝʢʪʨʦʜʦʚ ʄʉʕʉ

˻͍ͫͤͦͤ·͔ ͻ͔͙͙͙͊ͪ͊ͭͪͫͭ͟͟

˨͙͊ͨ͊ͦͤ͘ ͙͔͔͙ͣͪͤ͘Ύ ͎ͫͯͣͣ͊ͪͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡Σ ˤ-4 ҏ+4

˨͙͊ͨ͊ͦͤ͘ ͙͔͔͙ͣͪͤ͘Ύ ͨͦ͡Ύ͙ͪ͊͘ͼ͙͎ͦͤͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡Σ ˤ-4 ҏ+4

˨͙͊ͨ͊ͦͤ͘ ͙͔͔͙ͣͪͤ͘Ύ ͭͦ͊͟ ͨͦ͡Ύ͙ͪ͊͘ͼ͙͙ ͍͎͔ͫͨͦͣͦ͊ͭ͡Έ͎ͤͦͦ Ή͔ͭͪͦ͒͊͟͡Σ ͣˢ-20 ҏ+20

͙̇ͺ͍͚ͪͦͦ ͍ͻͦ͒ ͦͤͭͪͦ͟͡Ύ ͫͦͫͭͦΎ͙ͤΎ ͍͔͙͒ͪ 0/1

˹͙ͦͣͤ͊͡Έ͔ͤͦ ͤ͊ͨͪΎ͔͙͔͗ͤ ͔͙͋͊ͭ͊ͪ ͍͎͊ͭͦͤͦͣͤͦͦ ͙͙ͨͭ͊ͤΎΣ ˤ3,6

˿͔͔ͭͨͤΈ ͊͘΅͙ͭ· ͦͪͨͯͫ͊͟ IP56

˨͙͊ͨ͊ͦͤ͘ ͪ͊͋ͦ;͙ͻ ͔͔ͭͣͨͪ͊ͭͯͪΣ ȏ˿ -45 ҏ+45

˥͙͊͋͊ͪͭͤ·͔ ͔ͪ͊ͣͪ͘· ό˨ͻ̊ͻˤύΣ ͣͣ флͻррͻмпр

˸͊ͫͫ͊Σ ͎͟ 0,45



ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʉʂʄʂ çɸʥʘʣʠʪʠʢè

Å  ʆʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʤʝʞʜʫ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ 

ʢʘʥʘʣʘʤ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʯʝʨʝʟ ʝʜʠʥʳʡ web-ʠʥʪʝʨʬʝʡʩ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ 

ʘʚʪʦʨʠʟʘʮʠʠ ʠ ʧʨʘʚ ʜʦʩʪʫʧʘ

Å  ɼʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘʱʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʮʠʡ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ, 

ʙʣʦʢʦʚ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʥʪʨʦʣʴʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʫʥʢʪʘʭ ʠ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʕʍɿ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ 

ʦʧʨʦʩʘ

Å  ʉʙʦʨ, ʦʙʨʘʙʦʪʢʘ, ʭʨʘʥʝʥʠʝ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʨʝʜʩʪʚ ʕʍɿ, 

ʜʘʥʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ, ʩʦʩʪʦʷʥʠʷ ʪʨʫʙʳ, ʠʟʦʣʷʮʠʠ, ʢʦʨʨʦʟʠʡʥʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʛʨʫʥʪʘ 

ʠ ʜʨ.

Å  ʆʧʪʠʤʠʟʘʮʠʷ ʟʘʱʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʘʥʮʠʡ ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ 

ʤʦʥʠʪʦʨʠʥʛʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʤʝʩʪʝ ʧʨʦʢʣʘʜʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʣʠ ʩʝʟʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ

Å ɺʳʜʘʯʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʩʪʘʥʮʠʡ 

ʢʘʪʦʜʥʦʡ ʟʘʱʠʪʳ ʚ ʨʝʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʚʨʝʤʝʥʠ

Å  ʆʧʦʚʝʱʝʥʠʝ ʧʦ ʨʘʟʣʠʯʥʳʤ ʢʘʥʘʣʘʤ ʧʨʠ ʘʚʘʨʠʡʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ, 

ʩʦʩʪʦʷʥʠʡ ʩʨʝʜʩʪʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʣʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʜʦʩʪʫʧʝ

Å  ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ, ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʟʘʜʘʯ ʦʮʝʥʠʚʘʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʢʦʨʨʦʟʠʠ

Å  ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʧʦʜʜʝʨʞʢʘ ʧʨʦʮʝʩʩʦʚ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʦ 

ʫʧʨʘʚʣʝʥʠʶ ʩʨʝʜʩʪʚʘʤʠ ʠ ʩʠʩʪʝʤʦʡ ʕʍɿ



ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉʂʄʂ çɸʥʘʣʠʪʠʢè

ʋʧʨʘʚʣʝʥʠʝ ʧʨʘʚʘʤʠ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʜʘʥʥʳʤ ʠ 

ʬʫʥʢʮʠʷʤ ʩʠʩʪʝʤʳ, ʩʠʩʪʝʤʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ, ʚʝʜʝʥʠʝ 

ʞʫʨʥʘʣʦʚ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʝ

Å  ʈʝʛʠʩʪʨʘʮʠʷ ʥʦʚʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ

Å ʇʨʝʜʦʩʪʘʚʣʝʥʠʝ ʨʘʟʥʳʭ ʧʦʣʥʦʤʦʯʠʡ

Å ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ çʨʦʣʝʡè

Å ʇʨʦʩʤʦʪʨ ʩʧʠʩʢʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʝʞʠʤʝ çon-lineè

ɸʚʪʦʨʠʟʘʮʠʷ



ʉʙʦʨ, ʦʙʨʘʙʦʪʢʘ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ

ɺʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʩʝʨʚʠʩʘ ʜʣʷ 

ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ, 

ʩʠʩʪʝʤʳ ʕʍɿ ʠ 

ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤʠ 

ʬʘʢʪʦʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ

ʄʝʥʶ

ʅʘʚʠʛʘʪʦʨ ʧʦ ʩʨʝʜʩʪʚʘʤ ʕʍɿ

ʌʠʣʴʪʨʳ ʠ ʧʦʠʩʢ

˴͊ͪͭ͊ ͔ͪ͊ͣ͘΅͔͙ͤΎ 
ͫͪ ͔͍͒ͫͭ ̏̆˭

ʆʢʥʦ ʩʦʦʙʱʝʥʠʡ

ʆʢʥʦ ʢʦʤʘʥʜ



ʀʥʬʦʨʤʘʮʠʷ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʘ ʩʣʝʜʫʶʱʠʭ ʜʘʥʥʳʭ: 

Å ʦʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ

Å ʢʨʘʥʦʚʳʝ ʫʟʣʳ

Å ʥʘʟʝʤʥʳʝ ʦʙʲʝʢʪʳ

Å ʧʝʨʝʭʦʜʳ

Å  ʩʦʩʪʦʷʥʠʝ ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ 

Å ʧʨʦʯʥʦʩʪʴ ʩʪʘʣʠ

Å ʜʠʘʤʝʪʨ ʪʨʫʙʳ

Å  ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ

Å  ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ

Å ʩʪʝʧʝʥʴ ʢʦʨʨʦʟʠʠ

Å ʙʣʫʞʜʘʶʱʠʝ ʪʦʢʠ

Å ʢʠʩʣʦʪʥʦʩʪʴ ʧʦʯʚʳ

Å ɻʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ

Å ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ

Å ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʜʫʢʪʘ

Å ʫʨʦʚʝʥʴ ʜʘʚʣʝʥʠʷ

Å ʧʨ.
ɿʘʱʠʱʘʝʤʳʝ ʦʙʲʝʢʪʳ  ʠ ʧʘʨʘʤʝʪʨʳ

ʉʨʝʜʩʪʚʘ ʕʍɿ



ʉʙʦʨ, ʦʙʨʘʙʦʪʢʘ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʉʂɿ

ɿʘʱʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʉʦʩʪʦʷʥʠʝ 

ʉʂɿ

ʈʘʩʯʝʪʥʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ʉʂɿ

ɼʠʩʪʘʥʮʠʦʥʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʘ, 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʉʂɿ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ɿʇ
ʀʥʬʦʨʤʘʮʠʷ ʦʙ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʠ 

ʠ ʩʦʩʪʦʷʥʠʠ  

ʜʚʝʨʝʡ

ɿʘʱʠʪʥʳʝ ʧʦʪʝʥʮʠʘʣʳ 

ʥʘ ʵʣʝʢʪʨʦʜʘʭ 

ʩʨʘʚʥʝʥʠʷ 

ɺʳʙʦʨ ʢʘʥʘʣʘ ʉʂɿ

ʈʝʞʠʤ 

ʩʪʘʙʠʣʠʟʘʮʠʠ

ʈʘʙʦʪʘ ʢʘʥʘʣʦʚ ʚ ʛʨʫʧʧʝ

ʈʫʯʥʦʡ ʦʧʨʦʩ



ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʥʘʩʪʨʦʡʢʘ ʨʘʙʦʪʳ ʉʂɿ 

ʈʝʞʠʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ:

Å  ʩʫʤʤʘʨʥʳʡ ʧʦʪʝʥʮʠʘʣ,

Å  ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ,

Å  ʚʳʭʦʜʥʦʡ ʟʘʱʠʪʥʳʡ ʪʦʢ,

Å  ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ

ɼʠʩʪʘʥʮʠʦʥʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʦʢʘ, 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʉʂɿ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ɿʇ

ʅʘʩʪʨʦʡʢʘ ʛʨʫʧʧ ʢʘʥʘʣʦʚ



ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʪʯʝʪ ʧʦ ʜʘʥʥʳʤ ʤʦʥʠʪʦʨʠʥʛʘ

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ, ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠ 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʟʘʜʘʯ 

ʦʮʝʥʠʚʘʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʦʙʲʝʢʪʦʚ 

ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʢʦʨʨʦʟʠʠ

ɻʨʫʧʧʠʨʦʚʘʥʠʝ, 

ʬʠʣʴʪʨʘʮʠʷ ʠ 

ʩʦʨʪʠʨʦʚʢʘ ʜʘʥʥʳʭ ʚ 

ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝ

ʌʠʣʴʪʨʳ ʦʪʯʝʪʘ

ɼʘʥʥʳʝ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʨʝʜʩʪʚ ʕʍɿ

ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʪʝʥʮʠʘʣʦʚ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ



ɸʥʘʣʠʟ ʠ ʦʮʝʥʠʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʟʘʱʠʪʳ ʦʙʲʝʢʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʡ ʩʠʩʪʝʤʳ 

ɸʥʘʣʠʟ ʢʦʨʨʦʟʠʦʥʥʦʡ
ʘʛʨʝʩʩʠʚʥʦʩʪʠʛʨʫʥʪʘ,ʪʠʧʦʚ
ʠʟʦʣʷʮʠʠ,ʥʘʣʠʯʠʝʙʣʫʞʜʘʶʱʠʭ
ʪʦʢʦʚʠʜʨ.

ʆʮʝʥʢʘʪʝʭʥʦʛʝʥʥʦʡʩʠʪʫʘʮʠʠ

ʚʜʦʣʪɹʨʘʩʩʪrʨʫʙʦʧʨʦʚʦʜʘ

(ʢʦʨʨʦʟʠʡʥʦʦʧʘʩʥʳʝʟʦʥʳ)

ʆʮʝʥʢʘʟʘʱʠʱʝʥʥʦʩʪʠʧʦʚʨʝʤʝʥʠʠʧʦ
ʧʨʦʪʷʞʝʥʥʦʩʪʠ

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ
ʟʘʱʠʱʝʥʥʦʩʪʠʪʨʫʙʦʧʨʦʚʦʜʘ



ɻʝʥʝʨʘʮʠʷ ʦʪʯʝʪʦʚ ʚ ʬʦʨʤʘʪʝ Word ʠ Excel

ʇʦʜʛʦʪʦʚʢʘ ʠ ʛʝʥʝʨʘʮʠʷ 

ʦʪʯʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʩʠʩʪʝʤʳ: 

Å ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ

Åʘʥʘʣʠʪʠʯʝʩʢʠʭ 

Å ʩʚʦʜʥʳʭ 

Å ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ



ɺʦʧʨʦʩʥʦ-ʦʪʚʝʪʥʳʡ ʨʝʞʠʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ

ʉʠʩʪʝʤʘ ʪʘʢʞʝ 

ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʜʠʘʛʥʦʩʪʠʢʠ, 

ʦʮʝʥʠʚʘʥʠʷ, 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ 

ʣʶʙʳʭ ʫʨʦʚʥʷʭ 

ʫʧʨʘʚʣʝʥʠʷ

ʆʢʥʦ 

ʟʘʜʘʯ

ʉʧʠʩʦʢ 

ʚʦʧʨʦʩʦʚ

ʆʢʥʦ

ʦʪʚʝʪʘ

ʆʢʥʦ 

ʵʢʩʪʨʝʥʥʳʭ

ʩʦʦʙʱʝʥʠʡ

ʆʢʥʦ 

ʦʙʲʷʩʥʝʥʠʷ



Å  ɸʥʘʣʠʟ, ʦʮʝʥʢʘ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʩʠʪʫʘʮʠʡ

Å  ʂʦʥʪʨʦʣʴ ʠ ʜʠʘʛʥʦʩʪʠʢʘ ʩʦʩʪʦʷʥʠʡ

Å ʆʮʝʥʢʘ ʚʘʞʥʦʩʪʠ ʠ ʧʨʠʦʨʠʪʝʪʘ

Å  ɺʳʷʚʣʝʥʠʝ ʠ ʦʧʦʚʝʱʝʥʠʝ ʦ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʷʭ

Å  ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʩʦʙʳʪʠʡ ʠ ʜʝʡʩʪʚʠʡ

Å  ʈʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʠ ʩʮʝʥʘʨʠʝʚ ʜʝʡʩʪʚʠʡ

Å  ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʠ ʩʦʚʝʪʦʚ

Å  ʆʙʝʩʧʝʯʝʥʠʝ ʙʳʩʪʨʦʡ ʥʘʩʪʨʦʡʢʠ, ʘʜʘʧʪʘʮʠʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ ʩʠʩʪʝʤʳ ʢ ʥʦʚʳʤ 

ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ

ɿʘʜʘʯʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ

ɺʳʙʦʨ 

ʚʦʧʨʦʩʦʚ

ʇʦʣʫʯʝʥʠʝ 

ʜʘʥʥʳʭ

ʃʦʛʠʯʝʩʢʠʡ 

ʚʳʚʦʜ

ɽʗ-

ʠʥʪʝʨʬʝʡʩ

ʀʥʪʝʛʨʘʮʠʷ



ɸʜʘʧʪʠʚʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʱʠʪʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʉʂɿ

ʄʦʜʝʣʠʨʦʚʘʥʠʝ
ʩʦʩʪʦʷʥʠʷ
ʩʨʝʜʩʪʚʘʕʍɿ

ʆʛʨʘʥʠʯʝʥʠʷ
ʧʦʪʦʢʫ

ʇʨʦʚʝʜʝʥʠʝ
ʨʘʩʯʝʪʦʚ

ɿʘʜʘʥʠʝ
ʧʘʨʘʤʝʪʨʦʚ
ʬʣʘʥʮʝʚ

ɿʘʜʘʥʠʝ
ʜʦʧʫʩʪʠʤʳʭ
ʛʨʘʥʠʮ
ʠʟʤʝʥʝʥʠʷɿʇ

ʂʠʣʦʤʝʪʨʳ
ʘʥʘʣʠʟʘʜʣʷ
ʪʨʫʙʦʧʨʦʚʦʜʘ

ʂʠʣʦʤʝʪʨ
ʨʘʟʤʝʱʝʥʠʷ
ʩʨʝʜʩʪʚʘʕʍɿ

ʇʦʣʫʯʝʥʠʝ
ʛʨʘʥʠʮ
ʧʘʨʘʤʝʪʨʦʚʦʪ
ʉʇʇʈ

ɿʘʜʘʥʠʝ
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ
ʦʛʨʘʥʠʯʝʥʠʡʧʦ 
ʪʦʢʫ

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʦʩʥʦʚʘʥʦ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʦʜʘ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʎʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ 

ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ 

ʩʫʤʤʳ ʟʘʱʠʪʥʳʭ ʪʦʢʦʚ 

ʚʩʝʭ ʉʂɿ



˹͙͊͡;͙͔ 
ˤ˾˿

ˤͦͣͦ͗ͤͦͫͭ͘Έ 
˸ˣ˴

˹͙͊͡;͙͔ 
͔͙͚͋͊ͭͪ͟

˹͙͊͡;͙͔ 
͋ͯ͗͒͊͡Ό΅͙ͻ 
͍ͭͦͦ͟

˸͙͙ͤͣ͊͡Έͤͦ ͙͔͒ͦͨͯͫͭͣͦ ͤ͊͘;͔͙͔ͤ 
͎ͫͯͣͣ͊ͪͤͦͦ ˭˽

͔͔͔́ͪ͋ͯͣͦ ͤ͊͘;͔͙͔ͤ 
͎ͫͯͣͣ͊ͪͤͦͦ ͊͘΅͙͎ͭͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡

ˣ͊͊͘
͒͊ͤͤ·ͻ

͙́ͨ 
͎ͪͯͤͭ͊

͔͔́ͣͨͪ͊ͭͯͪ͊ 
͔ͤͺ͙ͭ

͙́ͨ 
͙ͦ͘͡Ύͼ͙͙

͙́ͨ 
͔͔ͨͪͻͦ͒͊

͙́ͨ 
̂˥ˤ

ʄʦʜʝʣʴ ʥʘʭʦʞʜʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ

˿ͦͫͭͦΎ͙͔ͤ 
͊͘΅͙΅͔͙ͤͤͦͫͭ ͍ͭͪͯ͋ͦͨͪͦͦ͒͊

[͙ͤ͊͘͟Ύ ͫͦͪͦͫͭ͟Έ ͙͙ͦͪͪͦ͘͟Τ ͙͚͔ͦͪͪͦͤͦ͘͟ ͔͙͍͙͔ͪ͊ͫͭͪͫ͊ͤ͟ ͨͦ͒ ͤ͊ͨͪΎ͔͙͔͗ͤͣΤ
͍͔ͦ͒ͦͪͦ͒ͤͦ ͦͻͪͯͨ;͙͍͙͔͊ͤΤ ͍ͨͦ·΄͔ͤͤ͊Ύ ͫͦͪͦͫͭ͟Έ ͙͙ͦͪͪͦ͘͟Τ 

͍·ͫͦ͊͟Ύ ͫͦͪͦͫͭ͟Έ ͙͙ͦͪͪͦ͘͟]

˸͙͊ͫͣ͊͟͡Έͤͦ
͙͒ͦͨͯͫͭͣ·͚ 
ͫͯͣͣ͊ͪͤ·͚ ˭˽

˸͙͙ͤͣ͊͡Έͤͦ
͙͒ͦͨͯͫͭͣ·͚ 
ͫͯͣͣ͊ͪͤ·͚ ˭˽

ˣ͊͊͘
ͺ͍͊ͭͦ͟

͔͔́ͣͨͪ͊ͭͯͪ͊ 
͔ͤͺ͙ͭ

͙́ͨ 
͙ͦ͘͡Ύͼ͙͙

͙́ͨ 
˽˽˿

͙́ͨ 
̂˥ˤ

͔́ͯ͟΅͙͚ 
ͫͯͣͣ͊ͪͤ·͚ ˭˽

ʄʦʜʝʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʟʘʱʠʱʝʥʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ

ʇʨʠʤʝʨ ʧʨʘʚʠʣʘ:
IF Tʥʝʬʪʠ>40oCØTʥʝʬʪʠ<=60oCØ(ɺʦʟʤ_ʄɹʂ

Ùɺʦʟʤ_ɹʣ_ʊʦʢʠÙr>=10 Oʤ*ʤ Ùɺʈʉ>1ʛ/1ʢʛ ʛʨʫʥʪʘ)

ÝMin _ZP_O = - 1,0 ɺ

ʇʨʠʤʝʨ:ʧʨʠʥʷʪʳʡ ʢʨʠʪʝʨʠʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʘʱʠʪʥʦʛʦ  

ʧʦʪʝʥʮʠʘʣʘ (ð0,85 ɺ) ʚ ʩʝʚʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʚʩʝʛʜʘ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʩʫʣʴʬʘʪʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʙʘʢʪʝʨʠʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʜʦʟʘʱʠʪʘ; ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʙʣʠʟʢʦʡ 

ʢ ʥʫʣʶ, ðʧʝʨʝʟʘʱʠʪʘʪʨʫʙʦʧʨʦʚʦʜʦʚ

ɸʜʘʧʪʠʚʥʘʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʟʘʱʠʪʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʉʂɿ



ʇʦʣʫʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʘʱʠʪʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ 

ʦʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ

ʉʧʠʩʦʢ 

ʟʘʜʘʯ

ɺʦʧʨʦʩ: ʂʘʢʦʝ ʟʥʘʯʝʥʠʝ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʜʘʥʥʦʡ ʉʂɿ?

ʉʧʠʩʦʢ ʧʦʣʫʯʝʥʥʳʭ

ʦʪʚʝʪʦʚ

ʆʙʲʷʩʥʝʥʠʝ



ʅʘʯʘʣʴʥʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʧʦ ɹʂʄʋ+ʂʀʇ 

ɸʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʉʂɿ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʦʧʪʠʤʠʟʘʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ ʧʦ ʢʨʠʪʝʨʠʶ 

ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʱʠʪʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ(ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʱʠʪʥʦʛʦ 

ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ), ʪʘʢ ʠ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʩʫʤʤʘʨʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʪʦʢʘ ʉʂɿ

ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʪʦʢʘ ʉʂɿ (ʝʩʣʠ ʪʦʢ 

ʚʳʙʨʘʥʥʳʭ ʉʂɿ ʤʝʥʷʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦ, ʠʣʠ ʚ ʧʨʠʥʮʠʧʝ 

ʥʝʚʦʟʤʦʞʥʦ)

ʟʥʘʯʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʩʫʤʤʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʝ 1,05 ɺ, ʯʪʦ ʟʘʜʘʥʦ ʢʘʢ 

ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ (ʧʦʣʫʯʝʥʦ ʦʪ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ), ʪ.ʝ. ʚʦʟʥʠʢʘʝʪ 

çʥʝʜʦʟʘʱʠʪʘè



ʂʦʨʨʝʢʮʠʷ ʧʣʘʥʘ ʩʚʝʨʭʫ ʩʦʛʣʘʩʥʦ ʩ Uʩʫʤminʠ ʩʥʠʟʫ - Uʩʫʤmax

ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʟʥʘʯʝʥʠʝ 

ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʩʣʠʰʢʦʤ ʥʠʟʢʠʤ. 

ʊʘʢʠʝ ʫʯʘʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ  

ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʦʧʘʩʥʳʤʠ ʟʦʥʘʤʠ 

çʧʝʨʝʟʘʱʠʪʳè



ʆʪʢʣʦʥʝʥʠʝ (ʧʨʦʚʘʣ) ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʘ ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʡ ʉʂɿ ʥʘ 130 ʢʤ 

ʪʨʫʙʦʧʨʦʚʦʜʘ

!!!

ʆʪʢʣʶʯʝʥʠʝ 

ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʥʘ 

ʉʂɿ



ʅʦʚʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʡ ʉʂɿ ʥʘ 130 ʢʤ ʪʨʫʙʦʧʨʦʚʦʜʘ



ʉʤʝʥʘ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ (ʪʨʝʙʫʝʪʩʷ ʨʝʞʠʤ ʶʩʪʠʨʦʚʢʠ)

ʆʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʧʣʘʥ ʧʦ ʪʝʢʫʱʝʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʚ 

ʧʝʨʠʦʜ ʜʦʞʜʝʡ

ʆʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʧʣʘʥ ʧʦ ʪʝʢʫʱʝʤʫ ʤʦʥʠʪʦʨʠʥʛʫ ʚ 

ʧʝʨʠʦʜ ʟʘʩʫʭʠ

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ (ʦʩʘʜʢʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪ.ʧ.), ʢʦʪʦʨʳʝ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚʣʠʷʶʪ ʥʘ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʛʨʫʥʪʘ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠʟʦʣʷʮʠʠ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟʤʝʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʦʢʘ ʟʘʱʠʪʳ ʚʜʦʣʴ ʪʨʫʙʦʧʨʦʚʦʜʘ
ʛʨr



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʟʘʱʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʉʂɿ ʥʘ ʄɻ çɸʢʰʘʙʫʣʘʢ-

ʂʳʟʳʣʦʨʜʘè(0-122.9 ʢʤ)
ʇʝʨʚʘʷ ʠʪʝʨʘʮʠʷ ʦʧʪʠʤʠʟʘʮʠʠ (ʤʠʥʠʤʠʟʘʮʠʷ ʩʫʤʤʘʨʥʦʛʦ 

ʪʦʢʘ)

ɺʪʦʨʘʷ ʠʪʝʨʘʮʠʷ ʦʧʪʠʤʠʟʘʮʠʠ (ʧʳʪʘʝʤʩʷ ʫʙʨʘʪʴ ʟʘʧʘʩʳ ʧʦ 

ʚʝʣʠʯʠʥʝ ʟʘʱʠʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ)



ʕʪʘʧʳ ʨʘʙʦʪʳ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ

ʈʘʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʘɺʳʙʦʨʉʂɿ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʇʨʦʚʝʨʢʘ ʩʚʷʟʠ ʩ ʚʳʙʨʘʥʥʳʤʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘʤʠ

ʇʨʦʩʤʦʪʨ, ʫʪʚʝʨʞʜʝʥʠʝ ʠ ʚʳʜʘʯʘ ʫʩʪʘʚʦʢʥʘ ʉʂɿʇʦʣʫʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʘʱʠʪʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʦʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ


