
 
 
 
 
 
 
 

 
 
 
 
 

ʇʀɼ-ʈɽɻʋʃʗʊʆʈʓ  
 

ʄʀʂʈʆʇʈʆʎɽʉʉʆʈʅʓʍ ʂʆʅʊʈʆʃʃɽʈʆɺ 
 

ʄʀʂ-51, ʄʀʂ-51ʅ, ʄʀʂ-52 ʠ ʄʀʂ-52ʅ 
 
 
 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʥʘʩʪʨʦʡʢʝ  
ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ  
PID(60), PID_CAS(61), PID_IMP(62), PID_R(90), 

PID_I_R(91), D_PID(95) ʠ D_PID_I(96) 
 

TN-011_PID_Configuring 
 
 

 
 
 
 

ʋʂʈɸʀʅɸ,   ʛ. ʀʚʘʥʦ-ʌʨʘʥʢʦʚʩʢ 
2010 



 

 
2010 É ʄʀʂʈʆʃ  ǒ  ʪʝʣ/ʬʘʢʩ  (0342) 502701, 502702  ǒ  e-mail: microl@microl.ua  ǒ  http: //www.microl.ua 

2 (99) TN-011_PID_Configuring 
Rev.1.03, 12.08.2010 
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1 ɺɺɽɼɽʅʀɽ 
 
ɼʘʥʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʦʤʦʱʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦ ʥʘʩʪʨʦʡʢʝ ʩʠʩʪʝʤ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʄʀʂ-51,       
ʄʀʂ-51ʅ, ʄʀʂ-52 ʠ ʄʀʂ-52ʅ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʄʀʂʈʆʃ. 
 

ʄʝʪʦʜʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ: 

ǒ ʧʫʩʢʦʥʘʣʘʜʦʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, 
ǒ ʧʨʦʝʢʪʘʥʪʦʚ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 
ǒ ʥʘʣʘʜʯʠʢʦʚ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, 
ǒ ʧʝʨʩʦʥʘʣʘ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʂʀʇʠɸ. 
 
ɺ ʜʘʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ ʧʨʠʚʝʜʝʥʘ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʢʘʩʘʪʝʣʴʥʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ 

ʢʦʥʪʨʦʣʣʝʨʦʚ ʄʀʂ-51, ʄʀʂ-51ʅ, ʄʀʂ-52 ʠ ʄʀʂ-52ʅ, ʥʝʦʙʭʦʜʠʤʘʷ ʚ ʧʨʦʮʝʩʩʝ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤ ʜʣʷ 
ʜʘʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʠʭ ʦʪʣʘʜʢʝ ʠ ʚʦ ʚʨʝʤʷ ʧʫʩʢʦʥʘʣʘʜʦʯʥʳʭ ʨʘʙʦʪ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʩʝ FBD-ʙʣʦʢʠ ʇʀɼ-
ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʪʨʦʣʣʝʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ ʄʀʂʈʆʃ: 

ǒ ʘʥʘʣʦʛʦʚʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ (ʙʣʦʢ PID(60)), 
ǒ ʠʤʧʫʣʴʩʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ (PID_IMP(62)), 
ǒ ʢʘʩʢʘʜʥʳʡ ʘʥʘʣʦʛʦʚʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ (PID_CAS(61)), 
ǒ ʜʝʣʴʪʘ-ʨʝʛʫʣʷʪʦʨ (D_PID(95)), 
ǒ ʠʤʧʫʣʴʩʥʳʡ ʜʝʣʴʪʘ-ʨʝʛʫʣʷʪʦʨ (D_PID_I(96)), 
ǒ ʘʥʘʣʦʛʦʚʳʡ ʠ ʠʤʧʫʣʴʩʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʳ ʩ ʨʘʩʰʠʨʝʥʥʦʡ ʩʭʝʤʦʡ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ 

ʈʋʏ/ɸɺʊ/ʂɸʉ (PID_R(90) ʠ PID_I_R(91) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
ɼʣʷ ʢʘʞʜʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ, ʥʘʟʥʘʯʝʥʠʝ ʚʭʦʜʦʚ, ʚʳʭʦʜʦʚ ʠ 

ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ, ʘ ʪʘʢʞʝ ï ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 
 
ʇʝʨʝʜ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʟʥʘʢʦʤʠʪʴʩʷ 

ʩ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʢʦʥʪʨʦʣʣʝʨʳ ʄʀʂ-51, ʄʀʂ-51ʅ, ʄʀʂ-52 ʠ ʄʀʂ-52ʅ. 
ʈʕ ʥʘ ʢʦʥʪʨʦʣʝʨʳ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

 ɺ ʧʝʨʚʦʤ ʠʟ ʥʠʭ: 
ï çʂʦʥʪʨʦʣʣʝʨʳ ʤʘʣʦʢʘʥʘʣʴʥʳʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʄʀʂ-51 

(ʇʈʄʂ.421457.005 ʈʕ1)è  
ï çʂʦʥʪʨʦʣʣʝʨʳ ʤʘʣʦʢʘʥʘʣʴʥʳʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʄʀʂ-51ʅ 

(ʇʈʄʂ.421457.006 ʈʕ1)è  
ï çʂʦʥʪʨʦʣʣʝʨʳ ʤʘʣʦʢʘʥʘʣʴʥʳʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʄʀʂ-52 

(ʇʈʄʂ.421457.008 ʈʕ1)è  
ï çʂʦʥʪʨʦʣʣʝʨʳ ʤʘʣʦʢʘʥʘʣʴʥʳʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʄʀʂ-52ʅ 

(ʇʈʄʂ.421457.009 ʈʕ1)è  
ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʥʪʨʦʣʣʝʨʦʚ. 
 ɺʦ ʚʪʦʨʦʤ ï çʂʦʥʪʨʦʣʣʝʨʳ ʤʘʣʦʢʘʥʘʣʴʥʳʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ 

ʄʀʂ-51, ʄʀʂ-51ʅ, ʄʀʂ-52, ʄʀʂ-52ʅ (ʇʈʄʂ.421457.005 ʈʕ2)è - ʦʧʠʩʳʚʘʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʙʣʦʢʦʚ ʢʦʥʪʨʦʣʣʝʨʦʚ ʄʀʂ-51, ʄʀʂ-51ʅ, ʄʀʂ-52 ʠ ʄʀʂ-52ʅ. 

ɺ ʨʫʢʦʚʦʜʩʪʚʝ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ çʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʈʝʜʘʢʪʦʨ FBD-ʧʨʦʛʨʘʤʤ ɸʃʔʌɸ ʜʣʷ 
ʢʦʥʪʨʦʣʣʝʨʦʚ ʄʀʂ-51, ʄʀʂ-51ʅ ʠ ʄʀʂ-52 (ʇʈʄʂ.426000.003 ʈʕ)è ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ 
ʩʦʩʪʘʚʣʝʥʠʷ FBD-ʧʨʦʛʨʘʤʤ. 
 FBD-ʬʘʡʣʳ ʚʩʝʭ ʧʨʠʤʝʨʦʚ ʧʨʦʛʨʘʤʤ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʜʘʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʷʭ, 
ʥʘʭʦʜʷʪʩʷ ʥʘ ʢʦʤʧʘʢʪ-ʜʠʩʢʝ çʄʠʢʨʦʣè ʚ ʢʘʪʘʣʦʛʝ: MICROL\SOFTWARE\examples_programs\. 

 
2 ʋʂɸɿɸʅʀʗ ʄɽʈ ɹɽɿʆʇɸʉʅʆʉʊʀ 

 
ʆʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ ʠ ʥʘʣʘʜʯʠʢʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʦʙʷʟʘʥʳ 

ʚʳʧʦʣʥʷʪʴ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʠʥʩʪʨʫʢʮʠʠ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ ʠ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩ ʫʯʝʪʦʤ ʜʝʡʩʪʚʫʶʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ ʠ ʧʨʘʚʠʣ, ʧʨʘʚʠʣ 
ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʡ ʠʥʩʪʨʫʢʮʠʡ 
ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 
ʠʥʩʪʨʫʤʝʥʪʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʘʩʪʢʠ ʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ. 

 
ʇʨʠ ʤʦʥʪʘʞʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʧʨʝʱʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʢʘʣʠʙʨʦʚʢʫ ʠ ʧʝʨʝʩʪʨʦʡʢʫ ʚʭʦʜʥʳʭ ʠ 

ʚʳʭʦʜʥʳʭ ʘʥʘʣʦʛʦʚʳʭ ʢʘʥʘʣʦʚ, ʠʟʤʝʥʷʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ ʧʨʠ ʨʘʙʦʪʘʶʱʠʭ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ. 

 
ʇʨʠ ʚʚʦʜʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʨʝʛʫʣʷʪʦʨʦʚ, ʩʥʷʪʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ, ʩʪʘʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ, 

ʧʝʨʝʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʢʨʠʚʳʭ ʨʘʟʛʦʥʘ) ʥʝʦʙʭʦʜʠʤʦ ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʠ 

ʨʘʟʨʝʰʝʥʠʷʤʠ ʧʝʨʩʦʥʘʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʜʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʥʝ ʥʘʨʫʰʠʪʴ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʝ ʧʦʚʨʝʜʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʝ 
ʧʦʩʪʘʚʠʪʴ ʧʦʜ ʫʛʨʦʟʫ ʞʠʟʥʴ ʧʝʨʩʦʥʘʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. 
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3  ʋʉʃʆɺʅʓɽ ʆɹʆɿʅɸʏɽʅʀʗ 

 
 ʇʨʠ ʦʧʠʩʘʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ ʦʙʦʟʥʘʯʝʥʠʡ. 
ʉʠʛʥʘʣʳ ʠ ʧʘʨʘʤʝʪʨʳ ʥʘʩʪʨʦʡʢʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

ʧʨʝʬʠʢʩʀʄʗ_ʉʋʌʌʀʂʉ   ʠʣʠ   ʧʨʝʬʠʢʩʀʄʗ.ʉʋʌʌʀʂʉ 

 
 ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʨʝʬʠʢʩ ʠ/ʠʣʠ ʩʫʬʬʠʢʩ ʦʙʦʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ʅʘʧʨʠʤʝʨ: 
 

ʧʨʝʬʠʢʩʀʄʗ   ʠʣʠ   ʀʄʗ_ʉʋʌʌʀʂʉ   ʠʣʠ   ʀʄʗ. 

 
 ʇʨʝʬʠʢʩ ʦʙʦʟʥʘʯʘʝʪ ʪʠʧ ʩʠʛʥʘʣʘ. ʅʘʧʨʠʤʝʨ, ʜʠʩʢʨʝʪʥʳʡ, ʘʥʘʣʦʛʦʚʳʡ, ʚʨʝʤʝʥʥʦʡ, ʯʠʩʣʦʚʦʡ ʠ ʪ.ʧ. 

ʇʨʝʬʠʢʩ ʚʚʦʜʠʪʩʷ ʧʝʨʝʜ ʠʤʝʥʝʤ ʩʪʨʦʯʥʳʤʠ ʙʫʢʚʘʤʠ. ʊʠʧʳ ʧʨʝʬʠʢʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʦʙʦʟʥʘʯʝʥʠʠ 
ʩʠʛʥʘʣʦʚ,  ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.1. 
 ʉʫʬʬʠʢʩ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʠʛʥʘʣʝ. ʅʘʧʨʠʤʝʨ, 

ʛʠʩʪʝʨʝʟʠʩ, ʤʠʥʠʤʘʣʴʥʦʝ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ʠ ʪ.ʧ. ʉʫʬʬʠʢʩ ʫʢʘʟʳʚʘʝʪʩʷ ʧʦʩʣʝ ʠʤʝʥʠ 
ʧʨʦʧʠʩʥʳʤʠ ʙʫʢʚʘʤʠ ʧʦʩʣʝ ʩʠʤʚʦʣʘ ʧʦʜʯʝʨʢʠʚʘʥʠʷ ʠʣʠ ʪʦʯʢʠ. ʊʠʧʳ ʩʫʬʬʠʢʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 
ʦʙʦʟʥʘʯʝʥʠʠ ʩʠʛʥʘʣʦʚ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2. 
 ʀʤʷ (ʢʦʨʝʥʴ) ʚʭʦʜʥʦʛʦ ʠʣʠ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʘʨʘʤʝʪʨʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʩʙʨʦʩ, ʧʫʩʢ, ʚʭʦʜ, ʚʳʭʦʜ, ʟʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʠ ʪ.ʧ. ʇʨʠ ʦʙʦʟʥʘʯʝʥʠʠ 
ʠʤʝʥʠ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʧʠʩʥʳʝ ʙʫʢʚʳ. ʀʤʷ ʩʠʛʥʘʣʘ ʠʣʠ ʧʘʨʘʤʝʪʨʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 
ʠʤʝʥ ʩ ʨʘʟʜʝʣʠʪʝʣʝʤ (ʧʦʜʯʝʨʢʠʚʘʥʠʝʤ) ʠʣʠ ʙʝʟ ʥʝʛʦ. ʊʠʧʳ ʠʤʝʥ ʩʠʛʥʘʣʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.3. 
 ɼʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʪʠʧʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʜʝʢʩʘʮʠʷ: 
ʥʘʧʨʠʤʝʨ,  SP1,  SP2,  T3,  TM1,  TM4,  IN1,  IN2,  OUT1,  OUT2   ʠ ʪ.ʜ. 
 
 ʇʨʠʤʝʨ ʦʙʦʟʥʘʯʝʥʠʷ ʩʠʛʥʘʣʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ: 

 dDN  - ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʠʛʥʘʣʘ, 
 dERROR - ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ʦ ʥʘʣʠʯʠʠ ʦʰʠʙʢʠ 
 dMAN  - ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʨʫʯʥʦʡ ʨʝʞʠʤ, 
 dOUT_L  - ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ, ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, 
 dRESET  - ʜʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ ʩʙʨʦʩʘ, 
 eINP  - ʜʠʩʢʨʝʪʥʳʡ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʡ ʧʦ ʬʨʦʥʪʫ, 
 tFLT  - ʘʥʘʣʦʛʦʚʳʡ ʧʘʨʘʤʝʪʨ ï ʚʨʝʤʷ ʬʠʣʴʪʨʘ, 
 nINP  - ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʥʦʤʝʨ ʚʭʦʜʘ, 
 OUT_H  - ʘʥʘʣʦʛʦʚʳʡ ʧʘʨʘʤʝʪʨ, ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʭʦʜʘ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ), 
 INP2  - ʘʥʘʣʦʛʦʚʳʡ ʧʘʨʘʤʝʪʨ, ʟʥʘʯʝʥʠʝ 2-ʛʦ ʚʭʦʜʘ, 
 GAIN5  - ʘʥʘʣʦʛʦʚʳʡ ʧʘʨʘʤʝʪʨ, ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ 5-ʛʦ ʚʭʦʜʘ ʩʫʤʤʘʪʦʨʘ. 
 
ʊʘʙʣʠʮʘ 3.1 

ʇʨʝʬʠʢʩ ʅʘʠʤʝʥʦʚʘʥʠʝ ʌʦʨʤʘʪ ʜʘʥʥʳʭ ʅʘʟʥʘʯʝʥʠʝ 

d Digital ʎʝʣʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ɼʠʩʢʨʝʪʥʳʡ ʩʠʛʥʘʣ 

e Edge impulse ʎʝʣʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʌʨʦʥʪ  ʠʣʠ ʩʧʘʜ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ 

c Count digital ʎʝʣʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʉʯʝʪʥʳʡ ʚʭʦʜ 

n Number ʎʝʣʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʅʦʤʝʨ 

q Quantity ʎʝʣʦʝ ʩʪʘʥʜʘʨʪʥʦʝ ʂʦʣʠʯʝʩʪʚʦ 

t Time ʎʝʣʦʝ ʜʣʠʥʥʦʝ ɺʨʝʤʷ 

- (ʧʨʝʬʠʢʩ 

ʦʪʩʫʪʩʪʚʫʝʪ) 
Real ɺʝʱʝʩʪʚʝʥʥʦʝ ɸʥʘʣʦʛʦʚʘʷ ʧʝʨʝʤʝʥʥʘʷ 

 
ʊʘʙʣʠʮʘ 3.2 

ʉʫʬʬʠʢʩ ʅʘʠʤʝʥʦʚʘʥʠʝ ʅʘʟʥʘʯʝʥʠʝ 

 _DIS, _DI Disable ɿʘʧʨʝʪ 

 _EN Enable ʈʘʟʨʝʰʝʥʠʝ 

_EXT External ɺʥʝʰʥʠʡ 

 _H, _h, .h High ʄʘʢʩʠʤʫʤ 

 _HYS, .hys Hysteresis ɻʠʩʪʝʨʝʟʠʩ 

 _L, _l, .l Low ʄʠʥʠʤʫʤ 

 _M, .M, .m Master ʄʘʩʪʝʨ, ʚʝʜʫʱʠʡ (ʜʣʷ ʨʝʛʫʣʷʪʦʨʦʚ) 

.max Maximum ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

.min Minimum ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

.rate, .r Rate ʉʢʦʨʦʩʪʴ; ʯʘʩʪʦʪʘ 

.rng Range ɼʠʘʧʘʟʦʥ 

 _S, .S, .s Slave ɺʝʜʦʤʳʡ (ʜʣʷ ʨʝʛʫʣʷʪʦʨʦʚ) 

 _VAL, _V, .V Value ɿʥʘʯʝʥʠʝ 
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ʊʘʙʣʠʮʘ 3.3 

ʀʤ ̫ ʅʘʠʤʝʥʦʚʘʥʠʝ ʅʘʟʥʘʯʝʥʠʝ 

 BIAS Bias ʉʤʝʱʝʥʠʝ 

 CAS Cascade ʂʘʩʢʘʜʥʳʡ 

 CONV Conversion ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 

 CORR Correction ʂʦʨʨʝʢʮʠʷ 

 CNT Count ʉʯʝʪʯʠʢ 

 CTRL Control ʋʧʨʘʚʣʝʥʠʝ 

 DELAY Delay ɿʘʜʝʨʞʢʘ 

 DELTA Delta ʆʪʢʣʦʥʝʥʠʝ 

 DIR Direction ʅʘʧʨʘʚʣʝʥʠʝ 

 DIS Disable ʆʪʢʣʶʯʠʪʴ  

 DISP Display ɼʠʩʧʣʝʡ 

 DN Down ʋʤʝʥʴʰʝʥʠʝ, ʚʥʠʟ 

 ERR Error ʆʰʠʙʢʘ; ʧʦʛʨʝʰʥʦʩʪʴ 

EXT External ɺʥʝʰʥʠʡ 

 FB Feedback ʆʙʨʘʪʥʘʷ ʩʚʷʟʴ 

 FF Feedforward ʇʨʝʜʚʘʨʝʥʠʝ 

 FLT Filter ʌʠʣʴʪʨ 

 GAIN Gain ʋʩʠʣʝʥʠʝ 

 INP, IN Input ɺʭʦʜ 

 Kp  ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬ. 

 LIM Limit ɻʨʘʥʠʮʘ, ʧʨʝʜʝʣ 

 LOC Local ʃʦʢʘʣʴʥʳʡ 

 MODE Mode ʈʝʞʠʤ 

 MAN Manual ʈʫʯʥʦʡ 

 MAX Maximum ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

 MIN Minimum ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

 OFFSET Offset ʉʤʝʱʝʥʠʝ, ʥʘʯʘʣʴʥoe ʟʥʘʯʝʥʠʝ 

 OUT Output ɺʳʭʦʜ 

 PV Process variable ʇʘʨʘʤʝʪʨ ʨʝʛʫʣʠʨʫʝʤʳʡ, ʠʥʜʠʮʠʨʫʝʤʳʡ 

 RANGE, RNG Range ɼʠʘʧʘʟʦʥ 

 RATE Rate ʉʢʦʨʦʩʪʴ; ʯʘʩʪʦʪʘ 

 REM, R Remote ʋʜʘʣʝʥʥʳʡ 

 RST Reset ʉʙʨʦʩ 

 SCAL Scale ʐʢʘʣʘ, ʤʘʩʰʪʘʙ 

 SP Setpoint ɿʘʜʘʥʥʘʷ ʪʦʯʢʘ  

 SP0 Setpoint 0 ʅʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ 

 STR Structure ʉʪʨʫʢʪʫʨʘ 

 Td  ɺʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

 Ti  ɺʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

 TM Time ɺʨʝʤʷ; ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 

 TRK Tracking ʉʣʝʞʝʥʠʝ 

 TYPE Type ʊʠʧ 

 UP Up ʋʚʝʣʠʯʝʥʠʝ, ʚʚʝʨʭ 
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4 ɸʅɸʃʆɻʆɺʓʁ ʇʀɼ-ʈɽɻʋʃʗʊʆʈ 

 
 

4.1 ʅʘʟʥʘʯʝʥʠʝ 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ (ʨʠʩʫʥʦʢ 4.1) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʦʚ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʦʛʦʚʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

 
ʈʠʩʫʥʦʢ 4.1 - ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ PID(60) 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ PID(60) ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ: 
1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʚʥʝʰʥʝʡ ʢʦʤʘʥʜʝ; 
2. 4 ʨʝʞʠʤʘ ʨʘʙʦʪʳ: 

¶ ʨʫʯʥʦʡ ï ʫʧʨʘʚʣʝʥʠʝ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ; 

¶ ʣʦʢʘʣʴʥʳʡ ï ʫʧʨʘʚʣʝʥʠʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʟʘʜʘʥʠʝʤ; 

¶ ʢʘʩʢʘʜʥʳʡ - ʫʧʨʘʚʣʝʥʠʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʩ ʚʥʝʰʥʠʤ ʟʘʜʘʥʠʝʤ ʠʣʠ ʟʘʜʘʥʠʝʤ ʦʪ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʟʘʜʘʪʯʠʢʘ; 

¶ ʩʣʝʜʷʱʠʡ ï ʦʩʪʘʥʦʚʢʘ ʨʝʛʫʣʷʪʦʨʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʩʣʝʞʝʥʠʝʤ ʟʘ ʟʥʘʯʝʥʠʝʤ ʚʳʭʦʜʘ 
ʙʣʦʢʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʙʝʟʫʜʘʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʜʨʫʛʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ; 

3. ʌʫʥʢʮʠʷ ʧʨʝʜʚʘʨʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ; 
4. ʌʫʥʢʮʠʷ ʢʦʨʨʝʢʮʠʠ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

ɹʣʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪ ʇʀɼ-ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʂʦʤʧʦʥʝʥʪʳ ʇ-, ʀ- ʠ ɼ-, 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʤʦʛʫʪ ʙʳʪʴ ʘʢʪʠʚʠʟʠʨʦʚʘʥʳ ʠʣʠ ʚʳʢʣʶʯʝʥʳ ʚ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʨʷʜʢʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʇ-, ʇʀ-, ʇɼ- ʠ ʇʀɼ- ʨʝʛʫʣʷʪʦʨʳ. 

 
 
4.2 ʇʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ 

 
ʇʘʨʘʤʝʪʨ 01 nDISP ʟʘʜʘʝʪ ʥʦʤʝʨ ʜʠʩʧʣʝʷ ʨʝʛʫʣʷʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʧʨʦʛʨʘʤʤʝ ʢʦʥʪʨʦʣʣʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ (ʇʀɼ - ʘʥʘʣʦʛʦʚʳʭ, ʇʀɼ - ʠʤʧʫʣʴʩʥʳʭ, ʇʀɼ - ʢʘʩʢʘʜʥʳʭ ʘ ʪʘʢʞʝ 
ʜʝʣʴʪʘ-ʨʝʛʫʣʷʪʦʨʦʚ) ï 9. ʂʘʞʜʳʡ ʨʝʛʫʣʷʪʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʥʦʤʝʨ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʢʦʥʪʨʦʣʣʝʨʘ (ʜʠʩʧʣʝʡ ˉ).  

 
ʇʘʨʘʤʝʪʨ 02 nDIR ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʠ ʦʙʨʘʪʥʦʤ ʜʝʡʩʪʚʠʠ 

ʨʝʛʫʣʷʪʦʨʘ (02 nDIR = 0) ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ SP)(PVE --= . ɺʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʙʫʜʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʝʩʣʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʤʝʥʴʰʝ ʟʘʜʘʥʠʷ, ʠ ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʪʴʩʷ, ʝʩʣʠ 
ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʙʦʣʴʰʝ ʟʘʜʘʥʠʷ (4.1): 
 

02 nDIR = 0: 
®Ý>

¬Ý<

OUTSPPV

OUTSPPV  . 

 
 ʇʨʠ ʧʨʷʤʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (02 nDIR = 1), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

SPPVE -= . ɺʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʝʩʣʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʙʦʣʴʰʝ ʟʘʜʘʥʠʷ, ʠ 

ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʪʴʩʷ, ʝʩʣʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʤʝʥʴʰʝ ʟʘʜʘʥʠʷ (4.2): 
 

02 nDIR = 1: 
®Ý<

¬Ý>

OUTSPPV

OUTSPPV   

 
ʇʘʨʘʤʝʪʨ 03 nSTR ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʨʝʛʫʣʷʪʦʨʘ:  

1. 03 nSTR = 0 ï ʧʘʨʘʣʣʝʣʴʥʘʷ;  
2. 03 nSTR = 1 ï ʩʤʝʰʘʥʥʘʷ. 

 ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʩʭʝʤʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʣʫʯʘʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥʳ 
ʥʘ ʨʠʩʫʥʢʝ 4.2. 

(4.1) 

(4.2) 
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ʘ)                                                                    ʙ) 

ʘ ï ʧʘʨʘʣʣʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ; ʙ ï ʩʤʝʰʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. 
ʈʠʩʫʥʦʢ 4.2 ï ʉʪʨʫʢʪʫʨʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

 
ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʘ 4.2, ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 

ñ ++Ö=
t

0
dt

dE(t)

d
TE(t)dt

ʽ
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1
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p
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ʜʣʷ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 

ñ ++Ö=
t

0
dt

dE(t)

d
TE(t)dt

ʽ
T

Kp
E(t)

p
KY(t) ,  

ʛʜʝ:  
pK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 11 Kʨ); 

iT  ï ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 09 TI); 

dT  ï ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 10 TD). 

 
ʉʫʤʤʘʨʥʦ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ, 

ʚʣʠʷʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʊ ̔ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʂʨ ʨʘʟ. 
ʌʦʨʤʫʣʳ (4.3) ʠ (4.4) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʜʘʪʦʯʥʳʤ ʬʫʥʢʮʠʷʤ ʘʥʘʣʦʛʦʚʳʭ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ. ɺ 

ʨʝʛʫʣʷʪʦʨʘʭ ʢʦʥʪʨʦʣʣʝʨʘ ʄʀʂ-51 ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʝ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʚ 
ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʄʀʂ-51 ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʳʧʦʣʥʷʝʪʩʷ ʯʠʩʣʦʚʳʤʠ ʤʝʪʦʜʘʤʠ (ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ) ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ 
ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʚʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʇʀɼ-
ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʝʪ ʚʠʜ (4.5): 
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ʜʣʷ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ (4.6): 
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ʛʜʝ: 
pK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 11 Kʨ); 

iT  ï ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 09 TI); 

dT  ï ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 10 TD). 

iE  ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʟʘʜʘʥʠʝʤ ʨʝʛʫʣʷʪʦʨʘ ʠ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ Ti ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʚʝʣʠʯʠʥʳ; 

iED  - ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ iE  ʠ 1iE - ; 

tD  - ʚʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ iT  ʠ 1iT- ; 

ä
=

n

0i

iE  -ʥʘʢʦʧʣʝʥʥʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʫʤʤʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʡ. 

 
ʇʘʨʘʤʝʪʨ 04 nTYPE ʦʪʚʝʯʘʝʪ ʟʘ ʪʠʧ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ (0 ï ʧʦ ʫʤʦʣʯʘʥʠʶ). 

 
ʇʘʨʘʤʝʪʨ 05 nQNT_SP ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʜʘʥʠʡ: 

1 ï ʚʥʫʪʨʝʥʥʷʷ ʟʘʜʘʥʥʘʷ ʪʦʯʢʘ; 
2 ï ʚʥʫʪʨʝʥʥʷʷ / ʚʥʝʰʥʷʷ ʟʘʜʘʥʥʘʷ ʪʦʯʢʘ. 

(4.3) 

(4.4) 

(4.5) 

(4.6) 
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ʇʨʠ ʚʳʙʦʨʝ 05 nQNT_SP = 1, ʢʦʥʪʨʦʣʣʝʨ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʨʫʯʥʦʡ ʨʝʞʠʤ ï 

ʫʧʨʘʚʣʝʥʠʝ ʚʳʭʦʜʦʤ ʚʨʫʯʥʫʶ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʢʦʥʪʨʦʣʣʝʨʘ ʢʣʘʚʠʰʘʤʠ ñʙʦʣʴʰʝò-ñʤʝʥʴʰʝò ʠʣʠ ʩ ʚʝʨʭʥʝʛʦ 
ʫʨʦʚʥʷ (ʇʂ) ʠ ʣʦʢʘʣʴʥʳʡ ʨʝʞʠʤ ï ʫʧʨʘʚʣʝʥʠʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʟʘʜʘʥʠʝʤ. 

ʇʨʠ 05 nQNT_SP = 2 ʨʝʛʫʣʷʪʦʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʝʱʝ ʚ ʪʨʝʪʴʝʤ ʨʝʞʠʤʝ ï ʂɸʉʂɸɼʅʆʄ. 
 
ʇʘʨʘʤʝʪʨʦʤ 06 nConv  ʚʳʙʠʨʘʝʪʩʷ ʦʜʠʥ ʠʟ ʰʝʩʪʠ ʪʠʧʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ:  

1. ɽʚʳʭE = ; (ʟʥʘʯʝʥʠʝ 06 nConv = 0) 

2. ɽʚʳʭE = ; (ʟʥʘʯʝʥʠʝ 06 nConv = 1) 

3. ElogʚʳʭE = ; (ʟʥʘʯʝʥʠʝ 06 nConv = 2) 

4. 
E

eʚʳʭE = ; (ʟʥʘʯʝʥʠʝ 06 nConv = 3) 

5. 
2
ɽʚʳʭɽ = ; (ʟʥʘʯʝʥʠʝ 06 nConv = 4) 

6. 
E

1

ʚʳʭE = . (ʟʥʘʯʝʥʠʝ 06 nConv = 5) 

ʇʨʠ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʘ 06 nConv = 0 ( ɽʚʳʭE = ) ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʪʦʪ ʙʣʦʢ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ (ʨʠʩʫʥʦʢ 4.3). ɽʩʣʠ ʚʳʙʨʘʥ ʧʘʨʘʤʝʪʨ 06 nConv = 1, ʪʦ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʧʦʣʫʯʠʤ ʩʠʛʥʘʣ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 4.4. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʤʘʣʦʤ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʠ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 
ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʚʭʦʜʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʷʪʦʨ ʙʫʜʝʪ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʧʨʠ 
ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. ʅʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 
ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʭʦʜʥʦʛʦ, ʧʦʵʪʦʤʫ ʨʝʛʫʣʷʪʦʨ ʙʫʜʝʪ ʤʝʜʣʝʥʥʝʝ ʨʝʘʛʠʨʦʚʘʪʴ, ʯʝʤ 
ʧʨʠ ʣʠʥʝʡʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ. ʆʙʨʘʪʥʳʡ ʟʘʢʦʥ ʙʫʜʝʪ ʜʣʷ 06 nConv = 4. ʇʨʠ ʤʘʣʦʤ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʠ 

ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʙʣʦʢʘ çʪʠʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷè ʙʫʜʝʪ ʤʝʥʴʰʝ ʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʪʦʤʫ ʨʝʛʫʣʷʪʦʨ ʙʫʜʝʪ 
ʤʝʜʣʝʥʥʝʝ ʨʝʛʫʣʠʨʦʚʘʪʴ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʢ ʧʨʠʤʝʨʫ, ʥʘ 1% ʦʪ ʜʠʘʧʘʟʦʥʘ 
ʠʟʤʝʨʝʥʠʷ, ʪʦ ʚʳʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚʭʦʜʥʦʛʦ, ʧʦʪʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʙʫʜʝʪ 
ʧʨʦʠʩʭʦʜʠʪʴ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʠ ʣʠʥʝʡʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ. 

 
         EEʚʳʭ=    

ʈʠʩʫʥʦʢ 4.3 ï ɻʨʘʬʠʢ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
 

 

 - EEʚʳʭ= ,   - EEʚʳʭ=  (ʧʦʢʘʟʘʥʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʬʫʥʢʮʠʝʡ EEʚʳʭ= ) 

 
ʈʠʩʫʥʦʢ 4.4 ï ɻʨʘʬʠʢ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
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ʇʘʨʘʤʝʪʨ 07 dTRK ʦʪʚʝʯʘʝʪ ʟʘ ʫʩʪʘʥʦʚʢʫ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡʥʳʭ ʠʣʠ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʤʘʥʜʘ 07 dTRK = 1 ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʨʝʛʫʣʷʪʦʨ ʚ 
ʨʝʞʠʤ ʉʃɽɼʗʑɽɻʆ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ). ʇʨʠ ʵʪʦʤ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʜʘʥʥʦʝ ʚ 
ʧʘʨʘʤʝʪʨʝ 21 TRK.V ʙʝʟʦʧʘʩʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠʣʠ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʝʩʣʠ ʦʥ 
ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʢʘʢ çʩʚʷʟʘʥʥʳʡè (ʩʤ. ʦʧʠʩʘʥʠʝ ʥʘ ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʨʝʜʘʢʪʦʨ FBD-ʧʨʦʛʨʘʤʤ ɸʃʔʌɸ). 

 
ʇʘʨʘʤʝʪʨ 08 nMode ʦʪʚʝʯʘʝʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʠʣʠ 

ʧʦ ʩʝʪʠ:  
1. 08 nMode = 0 ï ʈʋʏʅʆʁ ʨʝʞʠʤ; 
 2. 08 nMode = 1 ï ɸɺʊʆʄɸʊʀʏɽʉʂʀʁ ʨʝʞʠʤ (ʃʆʂɸʃʔʅʆɽ ʫʧʨʘʚʣʝʥʠʝ ï ʃʋ); 
 3. 08 nMode = 2 ï ɸɺʊʆʄɸʊʀʏɽʉʂʀʁ ʨʝʞʠʤ (ʂɸʉʂɸɼʅʆɽ ʫʧʨʘʚʣʝʥʠʝ ï ʂʋ). 
ʇʦʩʣʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʤ ʨʝʞʠʤʝ, ʢʦʪʦʨʳʡ ʫʢʘʟʘʥ ʚ ʧʘʨʘʤʝʪʨʝ 08 

nMode. ʇʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 6.2.3 ʨʫʢʦʚʦʜʩʪʚʘ ʇʈʄʂ.421457.005 ʈʕ1. 
ʊʘʢʞʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʤʦʞʥʦ ʧʝʨʝʢʣʶʯʘʪʴ ʚʥʝʰʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʩʜʝʣʘʚ ʧʘʨʘʤʝʪʨ 08 nMode çʩʚʷʟʘʥʥʳʤè. 
ʊʦʛʜʘ ʥʘ ʚʭʦʜ ʧʨʤ(08) ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʩ ʚʥʝʰʥʠʭ ʜʠʩʢʨʝʪʥʳʭ ʚʭʦʜʦʚ (DIN(06)) ʠʣʠ ʜʨʫʛʦʡ ʩʠʛʥʘʣ, 
ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 
ʇʘʨʘʤʝʪʨ 09 TI ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 10 TD ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 11 Kp ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 
 
ʇʘʨʘʤʝʪʨ 12 SP ʦʪʚʝʯʘʝʪ ʟʘ ʟʘʜʘʥʠʝ ʨʝʛʫʣʷʪʦʨʫ. 

 
ʇʘʨʘʤʝʪʨ 13 SP.ext ʦʪʚʝʯʘʝʪ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨ 13 SP.ext ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. ʇʨʠ ʵʪʦʤ ʚ ʙʣʦʢʝ ʧʦʷʚʠʪʩʷ ʚʭʦʜ ʩ 
ʥʘʟʚʘʥʠʝʤ ʧʨʤ(13), ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ. ɺʥʝʰʥʠʤ ʟʘʜʘʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʩʠʛʥʘʣ ʩ 
ʘʥʘʣʦʛʦʚʦʛʦ ʚʭʦʜʘ ʢʦʥʪʨʦʣʣʝʨʘ (ʙʣʦʢʘ AIN(05)), ʧʨʦʛʨʘʤʤʥʦʛʦ ʟʘʜʘʪʯʠʢʘ (TM_PRG(57)) ʠʣʠ ʣʶʙʦʡ ʜʨʫʛʦʡ 
ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 
ɺ ʧʘʨʘʤʝʪʨ 14 OUT ʟʘʧʠʩʳʚʘʶʪ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʘʥʘʣʦʛʦʚʦʛʦ ʚʳʭʦʜʘ ʨʝʛʫʣʷʪʦʨʘ. ʉ 

ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʯʥʝʪ ʠʟʤʝʥʷʪʩʷ ʚʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ʨʫʯʥʦʛʦ ʨʝʞʠʤʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ. ʊʘʢʞʝ 
ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʳʭʦʜʦʤ ʨʝʛʫʣʷʪʦʨʘ ʩ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (ʥʘʧʨʠʤʝʨ, ʩʦ 
SCADA-ʩʠʩʪʝʤʳ). 

 
ʇʘʨʘʤʝʪʨ 15 PV.rng ï ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʇʘʨʘʤʝʪʨ ʦʪʚʝʯʘʝʪ ʟʘ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʧʦ ʰʢʘʣʝ 0 ï 100% ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʧʘʟʦʥʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 
ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʘʨʘʤʝʪʨ 15 PV.rng ʟʘʜʘʝʪʩʷ ʨʘʚʥʳʤ ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʤʝʪʨʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʊʉʄ 50ʄ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 
ʠʟʤʝʨʝʥʠʷ -50,0 Üʉ... +200,0 Üʉ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ 250 Üʉ, ʪʦ ʝʩʪʴ 15 PV.rng = 250. ɼʣʷ ʪʘʢʦʛʦ 
ʜʠʘʧʘʟʦʥʘ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʟʘʜʘʥʠʠ SP = 50 Üʉ ʠ ʧʘʨʘʤʝʪʨʝ PV = 60 Üʉ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʙʫʜʝʪ 
ʩʦʩʪʘʚʣʷʪʴ E = 10 Üʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 4% ʦʪ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʠʘʧʘʟʦʥ 
ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ ʙʦʣʴʰʦʡ, ʘ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʤʝʥʴʰʝ ʯʝʤ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ. ɼʣʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʧʨʠʤʝʨʘ, ʝʩʣʠ ʜʠʘʧʘʟʦʥ 
ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 20é120 Üʉ, ʪʦ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ 100 Üʉ, (15 PV.rng = 
100). ʇʨʠ ʪʘʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʟʘʜʘʥʠʠ SP = 50 Üʉ ʠ ʧʘʨʘʤʝʪʨʝ PV = 60 Üʉ, 
ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʪʝ ʞʝ ɽ = 10 Üʉ, ʥʦ ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʵʪʦ ʙʫʜʝʪ ʨʘʚʥʦ 10%. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʠʚ ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʣʫʯʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 15 PV.rng ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʣʝʙʘʥʠʷʤ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ 
ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʣʠ ʙʦʣʴʰʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ. 

 
ʇʘʨʘʤʝʪʨ 16 SP.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 17 SP.l ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʨʠ ʚʚʝʜʝʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʜʘʥʠʷ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ, ʠʟʤʝʥʝʥʠʝ ʥʠʞʝ ʧʘʨʘʤʝʪʨʘ 16 SP.h ʠ 17 

SP_l ʟʘʙʣʦʢʠʨʦʚʘʥʦ. ɽʩʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ 
ʧʨʤ(13), ʙʦʣʴʰʝ (ʤʝʥʴʰʝ) ʦʪ ʟʥʘʯʝʥʠʷ, ʟʘʜʘʥʥʦʛʦ ʚ ʧʘʨʘʤʝʪʨʝ 16 SP.h (17 SP.l), ʪʦ ʥʘ ʩʫʤʤʘʪʦʨ ʧʦʩʪʫʧʘʝʪ 
ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ ʟʥʘʯʝʥʠʶ 16 SP.h (17 SP.l). ɼʠʘʛʨʘʤʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.5.  
 ɽʩʣʠ ʧʘʨʘʤʝʪʨ 16 SP.h ʨʘʚʥʳʡ ʧʘʨʘʤʝʪʨʫ 17 SP.l, ʪʦ ʟʘʜʘʥʠʝ ʙʫʜʝʪ ʥʝʠʟʤʝʥʥʳʤ ʠ ʨʘʚʥʳʤ SP =        
16 SP.h = 17 SP.l. 
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ʈʠʩʫʥʦʢ 4.5 ï ɼʠʘʛʨʘʤʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ 
 
ʇʘʨʘʤʝʪʨ 18 SP.r ʦʪʚʝʯʘʝʪ ʟʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ (ʪʝʭ.ʝʜʠʥʠʮ ʥʘ ʤʠʥʫʪʫ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 18 SP.r, ʝʩʪʴ ʜʚʘ ʨʝʞʠʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ: 
 1. 18 SP.r = 0 ï ʩʪʘʪʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ, 

2. 18 SP.r  ̧0 ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ. 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʙʘʣʘʥʩʠʨʦʚʦʢ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.6. 
 

 

ʘ) ʩʪʘʪʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ 
 

 
ʙ) ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ 

 
ʈʠʩʫʥʦʢ 4.6 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʙʘʣʘʥʩʠʨʦʚʦʢ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʙʣʦʢʘ PID(60) 

 
ʇʨʠʤʝʯʘʥʠʝ. ʅʘ ʩʭʝʤʝ ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʜʣʷ ʨʫʯʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʨʝʛʫʣʷʪʦʨʘ. 
 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʚ ʢʘʩʢʘʜʥʦʤ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ (ʩ ʚʥʝʰʥʠʤ 
ʟʘʜʘʥʠʝʤ) ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʦ ʧʘʨʘʤʝʪʨʘʤʠ 16 SP.h ʠ 17 
SP.l, ʘ ʩʢʦʨʦʩʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʷ - ʧʘʨʘʤʝʪʨʦʤ 18 SP.r. ʅʘ ʨʠʩʫʥʢʝ 4.7 ʰʪʨʠʭʦʚʦʡ ʣʠʥʝʡ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʚʭʦʜ ʧʨʤ(13), ʘ ʩʧʣʦʰʥʦʡ ʣʠʥʝʡ ï ʨʝʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʟʘʜʘʶʱʝʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʅʘ ʦʪʨʝʟʢʝ ɸɹ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʥʴʰʝ 
ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ, ʫʢʘʟʘʥʥʦʡ ʚ ʧʘʨʘʤʝʪʨʝ 18 SP.r, ʧʦʪʦʤʫ ʟʘʜʘʥʠʝ ʨʘʚʥʦ ʚʥʝʰʥʝʤʫ ʟʘʜʘʶʱʝʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ. ʅʘ ʦʪʨʝʟʢʝ ɹɺ ʚʥʝʰʥʝʝ ʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʩʢʦʨʦʩʪʴ 
ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʛʨʘʬʠʢʝ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ ʦʪʨʝʟʢʘ 
t

)13(ʧʨʤ
)(tg

D

D
=b , ʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ SP.r 18

t

SP
)(tg =

D

D
=a . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 

)(tg)(tg a>b  ʟʘʜʘʥʠʝ ʨʝʛʫʣʷʪʦʨʫ ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ, ʠ ʠʟʤʝʥʷʪʩʷ - ʧʦ 

ʦʪʨʝʟʢʫ ɹɻ, ʘ ʥʝ ɹɺ-ɺɻ. ɸʥʘʣʦʛʠʯʥʳʤ ʙʫʜʝʪ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ. 
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16 SP.h 



 

 
2010 É ʄʀʂʈʆʃ  ǒ  ʪʝʣ/ʬʘʢʩ  (0342) 502701, 502702  ǒ  e-mail: microl@microl.ua  ǒ  http: //www.microl.ua 

12 (99) TN-011_PID_Configuring 
Rev.1.03, 12.08.2010 

 
 

ʈʠʩʫʥʦʢ 4.7 ï ɼʠʘʛʨʘʤʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ 
 

ʊʘʙʣʠʮʘ 4.1 - ʌʫʥʢʮʠʠ ʨʝʞʠʤʦʚ ʙʘʣʘʥʩʠʨʦʚʦʢ ʘʥʘʣʦʛʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʙʣʦʢʘ PID(60) 

 ʉʪʘʪʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ ɼʠʥʘʤʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ 

ʀʟʤʝʥʝʥʠʝ 
ʚʥʫʪʨʝʥʥʝʡ ʟʘʜʘʥʥʦʡ 
ʪʦʯʢʠ (ʩ ʧʝʨʝʜʥʝʡ 
ʧʘʥʝʣʠ ʠʣʠ ʧʦ 
ʠʥʪʝʨʬʝʡʩʫ) 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʧʨʠʥʠʤʘʝʪ 
ʟʥʘʯʝʥʠʝ ʥʦʚʦʛʦ ʟʘʜʘʥʠʷ 

SPOLD  SPNEW 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʩʷ ʦʪ 
ʟʥʘʯʝʥʠʷ ʩʪʘʨʦʛʦ ʟʘʜʘʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ  
ʚʚʝʜʝʥʥʦʛʦ ʥʦʚʦʛʦ ʟʘʜʘʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ 18 SP.r 
SPOLD  SPNEW 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʈʋ Ÿ ʃʋ 

ʇʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ 
ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ 

SP= PV 

ɿʘʜʘʥʠʝ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ 
ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʜʦ ʟʥʘʯʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʜʘʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʟʘʜʘʥʠʷ 18 SP.r 
PV  SP 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʃʋ Ÿ ʈʋ 

ɿʘʜʘʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ 

SP PV 

ɿʘʜʘʥʠʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 
SP 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʃʋ Ÿ ʂʋ 

ɿʥʘʯʝʥʠʝ ʟʘʜʘʥʠʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ 
ʚʥʫʪʨʝʥʥʝʛʦ ʥʘ ʚʥʝʰʥʝʝ 

SPɺʅʋʊʈ  SPɺʅɽʐ 

ɿʘʜʘʥʠʝ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ 
ʚʥʫʪʨʝʥʥʝʛʦ ʟʥʘʯʝʥʠʷ ʜʦ ʚʥʝʰʥʝʛʦ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ 18 SP.r 
SPɺʅʋʊʈ  SPɺʅɽʐ 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʂʋ Ÿ ʃʋ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 
ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʂʋ Ÿ ʈʋ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 

 
ʇʘʨʘʤʝʪʨ 19 OUT.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʭʦʜʘ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 20 OUT.l ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʭʦʜʘ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 21 TRK.V ʦʪʚʝʯʘʝʪ ʟʘ ʟʥʘʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʘʨʘʤʝʪʨʦʤ 07 dTRK). ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʡ 
ʨʘʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɽʩʣʠ ʨʝʛʫʣʷʪʦʨ ʧʝʨʝʚʝʜʝʥ ʚ ʨʝʞʠʤ ʉʋ (ʧʘʨʘʤʝʪʨ 07 dTRK = 1), ʪʦ ʙʣʦʢ ʫʩʪʘʥʦʚʢʠ ʙʝʟʦʧʘʩʥʦʛʦ 
ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʢʣʶʯʠʪ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʘ ʥʘ ʚʳʭʦʜʝ 
ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ, ʟʘʜʘʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʧʘʨʘʤʝʪʨʝ 21 TRK.V. 

 
ʇʘʨʘʤʝʪʨ 22 PV.max ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʪʘʚʢʠ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. ɽʩʣʠ ʧʘʨʘʤʝʪʨ ʨʘʚʝʥ ʫʩʪʘʚʢʝ MAX ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʝʝ 
(PVÓSP+PV.max), ʪʦ ʩʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣʠʟʘʮʠʷ ʄɸʍ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʥʘʯʥʝʪ ʩʚʝʪʠʪʴʩʷ 

ʩʚʝʪʦʜʠʦʜ , ʘ ʥʘ ʚʳʭʦʜʝ 03 dMAX ʙʣʦʢʘ PID(60) ʫʩʪʘʥʦʚʠʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ. 
 
ʇʘʨʘʤʝʪʨ 23 PV.min ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʪʘʚʢʠ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. ɽʩʣʠ ʞʝ ʧʘʨʘʤʝʪʨ ʨʘʚʝʥ ʠʣʠ ʤʝʥʴʰʝ ʫʩʪʘʚʢʠ MIN (PVÒSP-PV.min), ʪʦ 

ʩʨʘʙʦʪʘʝʪ ʩʠʛʥʘʣʠʟʘʮʠʷ MIN. ʅʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʙʫʜʝʪ ʩʚʝʪʠʪʴʩʷ ʩʚʝʪʦʜʠʦʜ , ʘ ʥʘ ʚʳʭʦʜʝ 04 dMIN ʙʣʦʢʘ 
PID(60)  ʫʩʪʘʥʦʚʠʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ. 

 
ʇʘʨʘʤʝʪʨ 24 PV.hys ʦʪʚʝʯʘʝʪ ʟʘ ʛʠʩʪʝʨʝʟʠʩ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʘ. 
 

16 SP.h 

17 SP.l 
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ʇʘʨʘʤʝʪʨ 25 FF.V ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʝʜʚʘʨʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʏʪʦʙʳ ʚ ʙʣʦʢʝ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʦʷʚʠʣʩʷ ʚʭʦʜ ʧʨʝʜʚʘʨʝʥʠʷ, ʧʘʨʘʤʝʪʨ  25 FF.V ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. 
 
ʇʘʨʘʤʝʪʨ 26 FF.G ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʉʠʛʥʘʣ ʩ 

ʚʭʦʜʘ ʧʘʨʘʤʝʪʨʘ 25 FF.V ʫʩʠʣʠʚʘʝʪʩʷ (ʦʩʣʘʙʣʷʝʪʩʷ) ʵʪʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 

 
ʇʘʨʘʤʝʪʨ 27 FF.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 
 
ʇʘʨʘʤʝʪʨ 28 FF.l  ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ɺʝʨʭʥʝʝ ʠ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ ʚʳʩʪʘʚʣʷʶʪʩʷ ʠʩʭʦʜʷ ʩ ʩʦʦʙʨʘʞʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʥʘʯʘʣʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ FFK  ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʳʡ ʥʫʣʶ. ʊʦʛʜʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʙʝʟ ʧʨʝʜʚʘʨʝʥʠʷ. ʂʦʛʜʘ ʧʦʜʦʙʨʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ pK , ʠʊ ʠ ʜʊ , ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʘʪʴ 

ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ FFK  ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʩʠʩʪʝʤʝ ʥʝ ʚʦʟʥʠʢʥʫʪ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʧʨʠ FFʢʨK . 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʝʜʚʘʨʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʪʘʢ (4.7): 
  

FFʢʨK7,0FFK Ö=  , 

ʛʜʝ: FFK  - ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ; 

FFʢʨK  - ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʩʠʩʪʝʤʝ 

ʚʦʟʥʠʢʘʶʪ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ. 
 
ʇʘʨʘʤʝʪʨ 29 COR.V ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʨʨʝʢʮʠʶ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʇʘʨʘʤʝʪʨ 

ʜʝʣʘʝʪʩʷ çʩʚʷʟʘʥʥʳʤè ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʙʣʦʢʝ ʧʦʷʚʠʪʩʷ ʚʭʦʜ ʧʨʤ(29). ʅʘ ʵʪʦʪ ʚʭʦʜ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ 
ʢʦʨʨʝʢʮʠʠ ʩ ʙʣʦʢʘ COR_ST(93) ʠʣʠ COR_D(94), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʶ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʦʤ ʢʦʨʨʝʢʮʠʠ ʠ ʪʦʯʢʦʡ ʢʦʨʨʝʢʮʠʠ (4.8): 

 

( )CORCORCOR SP2PVFVAL -= ,  

ʛʜʝ: 
CORVAL  - ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ (ʚ %), ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʚʭʦʜ ʧʨʤ(29) ʙʣʦʢʘ PID(60); 

COR2PV  - ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʢʦʨʨʝʢʮʠʠ; 

CORSP  - ʟʥʘʯʝʥʠʝ ʪʦʯʢʠ ʢʦʨʨʝʢʮʠʠ. ɼʣʷ ʙʣʦʢʘ COR_ST(93) ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʝ ʠ 

ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʘ ʜʣʷ ʙʣʦʢʘ COR_D(94) ï ʜʠʥʘʤʠʯʝʩʢʦʝ, ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ 
ʧʝʨʝʢʣʶʯʝʥʠʠ ʩ ʨʝʞʠʤʘ ʈʋ ʚ ʨʝʞʠʤ ʃʋ, ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʢʦʨʨʝʢʮʠʠ ʚ ʤʦʤʝʥʪ 
ʧʝʨʝʢʣʶʯʝʥʠʷ 

CORCOR 2PVSP = ;  

( )CORCOR SP2PVF -  - ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
CORCOR SP2PV - , ʢʦʪʦʨʘʷ 

ʟʘʜʘʝʪʩʷ ʚ ʙʣʦʢʘʭ COR_ST(93) ʠ COR_D(94). 
 
ʇʘʨʘʤʝʪʨ 30 COR.G ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ. ʏʝʤ ʙʦʣʴʰʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʚʣʠʷʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ ʥʘ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʠ ʥʘʦʙʦʨʦʪ. 
 
ʇʘʨʘʤʝʪʨ 31 COR.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ. 

 
ʇʘʨʘʤʝʪʨ 32 COR.l  ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ. 

 
ʇʘʨʘʤʝʪʨ 33 FB ï ʩʣʫʞʝʙʥʳʡ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʦʡ ʥʘʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʥʘʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʧʨʦʛʨʘʤʤʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 
 

 
 

(4.8) 

(4.7) 
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4.3 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʥʘʣʦʛʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.8.  
 

 
ʈʠʩʫʥʦʢ 4.8 - ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʘʥʘʣʦʛʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

 
ɿʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ 01 PV ʙʣʦʢʘ ʠ ʠʥʜʠʮʠʨʫʝʪʩʷ ʥʘ ʜʠʩʧʣʝʝ 

ʇɸʈɸʄɽʊʈ. ɺ ʧʘʨʘʤʝʪʨʝ 01 nDISP ʟʘʜʘʝʪʩʷ ʥʦʤʝʨ ʜʠʩʧʣʝʷ ʨʝʛʫʣʷʪʦʨʘ. ɿʥʘʯʝʥʠʝ 01 nDISP = 0 ʜʝʣʘʝʪ 
ʨʝʛʫʣʷʪʦʨ ʥʝʚʠʜʠʤʳʤ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ. 

ʈʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ ʉʀɻʅɸʃʀɿɸʎʀʗ (5), ʛʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ 
ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ (ʜʝʚʠʘʮʠʦʥʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ). ɼʘʥʥʳʡ ʫʟʝʣ ʬʦʨʤʠʨʫʝʪ 
ʜʠʩʢʨʝʪʥʳʝ ʩʠʛʥʘʣʳ dMIN ʠ dMAX, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʳʭʦʜʳ 04 ʠ 03 ʙʣʦʢʘ PID(60). ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ 
ʩʠʛʥʘʣʳ ʥʘʧʨʷʤʫʶ çʧʨʠʚʷʟʘʥʳè ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʠʛʥʘʣʴʥʳʤ ʩʚʝʪʦʜʠʦʜʘʤ ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ 
ʢʦʥʪʨʦʣʣʝʨʘ ʚʦʟʣʝ ʠʥʜʠʢʘʪʦʨʘ ʇɸʈɸʄɽʊʈ. 

ʉʣʝʜʫʶʱʠʤ ʫʟʣʦʤ ʚ ʮʝʧʠ ʦʙʨʘʙʦʪʢʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʉʋʄʄɸʊʆʈ (4), ʧʨʠʯʝʤ, 
ʟʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʥʝʛʦ ʩʦ ʟʥʘʢʦʤ ñ+ò. 

ʋʟʝʣ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʙʣʦʢʦʚ. ɿʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 
ʧʘʨʘʤʝʪʨʘ (ʫʟʝʣ SP (2)) ʦʛʨʘʥʠʯʝʥʦ ʧʦ ʤʘʢʩʠʤʫʤʫ ʠ ʤʠʥʠʤʫʤʫ ʧʘʨʘʤʝʪʨʘʤʠ 16 SP.h ʠ 17 SP.l. ɿʥʘʯʝʥʠʝ 
ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʨʝʛʫʣʷʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʨʘʤʝʪʨʝ 12 SP, ʢʦʪʦʨʳʡ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 
çʩʚʷʟʘʥʥʳʤè. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ (ʧʘʨʘʤʝʪʨ 05 nQNT_SP = 2), ʝʝ ʟʥʘʯʝʥʠʝ 
ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʳʚʘʪʴ ʚ ʧʘʨʘʤʝʪʨ 13 SP.ext (ʪʘʢʞʝ ʩʜʝʣʘʚ ʝʛʦ çʩʚʷʟʘʥʥʳʤè). ʇʘʨʘʤʝʪʨ 18 SP.r ʦʧʨʝʜʝʣʷʝʪ 
ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ (ʚ ʪʝʭ. ʝʜʠʥʠʮʘʭ ʥʘ ʤʠʥʫʪʫ). 

ʋʟʝʣ BALANCE (3) ʦʪʚʝʯʘʝʪ ʟʘ ʙʝʟʫʜʘʨʥʦʝ (ʧʣʘʚʥʦʝ) ʧʝʨʝʢʣʶʯʝʥʠʝ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. 
ʉʠʛʥʘʣ ʩ ʫʟʣʘ BALANCE (3) ʧʦʩʪʫʧʘʝʪ ʥʘ ʉʋʄʄɸʊʆʈ (4) ʩʦ ʟʥʘʢʦʤ ñ-ò. 

ʅʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʠ 
ʟʘʜʘʥʠʝʤ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ: ɽʪʝʭ.ʝʜ.=PV-SP. ʕʪʦʪ ʩʠʛʥʘʣ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʧʦ ʰʢʘʣʝ 0 ï 100% (ʫʟʝʣ 
ʄɸʉʐʊɸɹʀʈʆɺɸʅʀɽ (6)) ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ PV, ʟʘʜʘʚʘʝʤʦʛʦ ʚ ʧʘʨʘʤʝʪʨʝ 15 PV.rng.  
ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ï ʦʥ ʧʦʜʘʝʪʩʷ ʥʘ 
ʚʳʭʦʜ 08 delta ʙʣʦʢʘ PID(60). 
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ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʩʣʝ ʫʟʣʘ ʄɸʉʐʊɸɹʀʈʆɺɸʅʀɽ (6) ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ 
CONV (7) ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʣʝʜʫʶʱʠʡ ʫʟʝʣ - DIR (8) - ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʚʳʙʠʨʘʝʪʩʷ  ʧʘʨʘʤʝʪʨʦʤ 
02 nDIR). ʇʨʠ ʦʙʨʘʪʥʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (02 nDIR = 0), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

)SPPV(E --= . 

ʇʨʠ ʧʨʷʤʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (02 nDIR = 1), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

SPPVE -= . 

ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʨʝʢʮʠʠ (ʫʟʝʣ CORR (9)) ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʉʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
PVE  ʧʦʩʣʝ ʙʣʦʢʘ DIR (8) ʩʫʤʤʠʨʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʢʦʨʨʝʢʮʠʠ (4.9): 

( )COR.h

COR.lCORPV VALCOR.GEE Ö+=  

ʉ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʟʘʚʠʩʠʪ 
ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ 30 COR.G. ʏʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʚʣʠʷʥʠʝ ʩʠʛʥʘʣʘ 
ʢʦʨʨʝʢʮʠʠ ʥʘ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʠ ʥʘʦʙʦʨʦʪ.  

ɼʘʣʝʝ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʫʟʝʣ FB (11), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʣʫʞʝʙʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦʡ 
ʨʘʙʦʪʦʡ ʥʘʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 
ʥʘʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʫʟʣʘ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʧʨʦʛʨʘʤʤʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʇʦ ʫʤʦʣʯʘʥʠʶ 
ʜʘʥʥʳʡ ʫʟʝʣ ʟʘʙʣʦʢʠʨʦʚʘʥ (ʧʘʨʘʤʝʪʨ 33 FB = 0) ʠ ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. 
 ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʧʘʜʘʝʪ ʥʘ ʙʣʦʢ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ PID (12). ʇʀɼ-
ʨʝʛʫʣʷʪʦʨ ʧʦʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ 
ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʦʟʜʝʡʩʪʚʠʝ Y(t) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʛʫʣʷʪʦʨʘ E(t) (ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ PV ʠ ʟʘʜʘʥʠʝʤ ʨʝʛʫʣʷʪʦʨʘ SP). 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʨʝʛʫʣʷʪʦʨʘ E(t) ʠ ʚʳʭʦʜʥʳʤ Y(t) ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʜʘʪʦʯʥʘʷ 
ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ. ɸʣʛʦʨʠʪʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʜʝʨʞʠʪ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʝʛʫʣʷʪʦʨʘ: ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ 
(ʇ-ʩʦʩʪʘʚʣʷʶʱʘʷ), ʠʥʪʝʛʨʘʣʴʥʘʷ (ʀ-ʩʦʩʪʘʚʣʷʶʱʘʷ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ (ɼ-ʩʦʩʪʘʚʣʷʶʱʘʷ). 

ʉ ʚʳʭʦʜʘ ʙʣʦʢʘ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʉʋʄʄɸʊʆʈ (14). ʂ|ʜʦ| ʩʫʤʤʘʪʦʨʫ ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʩʠʛʥʘʣ 
ʧʨʝʜʚʘʨʝʥʠʷ ʫʟʣʘ FEED FORWARD (13). ʏʪʦʙʳ ʚ ʙʣʦʢʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʦʷʚʠʣʩʷ ʚʭʦʜ ʧʨʝʜʚʘʨʝʥʠʷ, 
ʧʘʨʘʤʝʪʨ 25 FF.V ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. ʉʠʛʥʘʣ ʩ ʵʪʦʛʦ ʚʭʦʜʘ ʫʩʠʣʠʚʘʝʪʩʷ/ʦʩʣʘʙʣʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ FFK , ʟʘʜʘʥʥʳʤ ʚ ʧʘʨʘʤʝʪʨʝ 26 FF.G, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʩʪʘʚʢʘʤʠ, 

ʟʘʜʘʥʥʳʤʠ ʚ ʧʘʨʘʤʝʪʨʘʭ 27 FF.h ʠ 28 FF.l ʠ ʧʦʜʘʝʪʩʷ ʥʘ ʩʫʤʤʘʪʦʨ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩʫʤʤʠʨʫʝʪʩʷ ʩ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʇ-ʨʝʛʫʣʷʪʦʨʘ ʢʘʥʘʣʘ ʧʨʝʜʚʘʨʝʥʠʷ (ʨʠʩʫʥʦʢ 4.9). 
 

 
 

ʈʠʩʫʥʦʢ 4.9 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʨʝʜʚʘʨʝʥʠʝʤ 
 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ ʦʛʨʘʥʠʯʝʥʠʷ LIM (15) ʩʦʛʣʘʩʥʦ ʧʘʨʘʤʝʪʨʦʚ 19 OUT.h ʠ 20 

OUT.l ʩ ʩʠʛʥʘʣʠʟʘʮʠʝʡ ʜʦʩʪʠʞʝʥʠʷ ʟʥʘʯʝʥʠʡ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʜʠʩʢʨʝʪʥʳʭ ʚʳʭʦʜʘʭ 05 dOUT.h ʠ 06 dOUT.l. 
ɼʘʣʝʝ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʙʣʦʢ ʫʩʪʘʥʦʚʢʠ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟʦʧʘʩʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ TRACK (16). ɽʩʣʠ ʢʦʤʘʥʜʘ ʥʘ ʫʩʪʘʥʦʚʢʫ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ 
ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʪʦʪ ʙʣʦʢ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʉʠʛʥʘʣ ʢʦʤʘʥʜʳ ʥʘ ʫʩʪʘʥʦʚʢʫ ʙʝʟʦʧʘʩʥʦʛʦ 
ʧʦʣʦʞʝʥʠʷ ʟʘʚʦʜʠʪʩʷ ʥʘ ʚʭʦʜ ʧʨʤ(07), ʜʣʷ ʯʝʛʦ ʧʘʨʘʤʝʪʨ 07 dTRK ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. 

ʇʦʪʦʤ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʙʣʦʢ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʨʦʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ MODE (18) (ʈʋʏʅʆʁ / 
ɸɺʊʆʄɸʊ). ɺʳʙʦʨ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʢʦʥʪʨʦʣʣʝʨʘ ʠʣʠ ʟʘʜʘʝʪʩʷ ʚ 
ʧʘʨʘʤʝʪʨʝ 08 nMODE. ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 
ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʚʳʭʦʜ 07 OUT, ʘ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ - ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ 
ʧʨʠʙʦʨʘ ʠʣʠ ʧʦ ʠʥʪʝʨʬʝʡʩʫ. ɽʩʣʠ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʪʝʨʬʝʡʩʫ, ʪʦ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ 
ʀʄ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʧʘʨʘʤʝʪʨ 14 OUT. 

(4.9) 
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4.4 ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠ  ̫
 

ɼʦʧʫʩʪʠʤ, ʝʩʪʴ ʘʙʩʪʨʘʢʪʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɺʦʜʫ ʚ ʝʤʢʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʛʨʝʪʴ ʠ 
ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʟʦʚʘʷ ʛʦʨʝʣʢʘ, 
ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʝʤʢʦʩʪʴʶ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʢʣʘʧʘʥʦʤ ʧʦʜʘʯʠ ʛʘʟʘ. ʅʘ ʨʠʩʫʥʢʝ 4.10 
ʧʦʢʘʟʘʥʦ, ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʘʥʘʣʦʛʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 4.10 - ʇʨʠʤʝʥʝʥʠʝ ʘʥʘʣʦʛʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 
 

 
ʅʘ ʨʠʩʫʥʢʝ 4.11 ʠʟʦʙʨʘʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ PID(60) 

ʢʦʥʪʨʦʣʝʨʘ ʄʀʂ-51. ɿʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ʙʣʦʢʦʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 4.12 ï 4.15.        
FBD-ʬʘʡʣ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ ʜʦʩʪʫʧʝʥ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ ʧʨʝʜʧʨʠʷʪʠʷ ʄʀʂʈʆʃ 
(Analog_PID.zip). 

 

 

 
 

ʈʠʩʫʥʦʢ 4.11 ï ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʤʝʨʘ ʚ ʨʝʜʘʢʪʦʨʝ ɸʃʔʌɸ 
 
 

http://www.microl.ua/software/examples_programs/Analog_PID.rar
http://www.microl.ua/software/examples_programs/Analog_PID.zip
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ʈʠʩʫʥʦʢ 4.12 ï ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ AIN(05) 

 
 

 
 

ʈʠʩʫʥʦʢ 4.13 - ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ PID(60) 

 

 
 

ʈʠʩʫʥʦʢ 4.14 - ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ AOT(08) 
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ʈʠʩʫʥʦʢ 4.15 - ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ SP(53)  
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5 ʀʄʇʋʃʔʉʅʓʁ ʇʀɼ-ʈɽɻʋʃʗʊʆʈ 

 
5.1 ʅʘʟʥʘʯʝʥʠʝ 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ (ʨʠʩʫʥʦʢ 5.1) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʦʚ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

 
ʈʠʩʫʥʦʢ 5.1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ PID_IMP(62) 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ PID_IMP(62) ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʇʀɼ-ʠʤʧʫʣʴʩʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ: 
1. ɺʥʫʪʨʝʥʥʷʷ ʠʣʠ ʚʥʝʰʥʷʷ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ; 
2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʦʪʢʨʳʪʦ/ʟʘʢʨʳʪʦ) ʧʦ 
ʚʥʝʰʥʝʡ ʢʦʤʘʥʜʝ; 
3. 4 ʈʝʞʠʤʘ ʨʘʙʦʪʳ: 

¶ ʨʫʯʥʦʡ ï ʫʧʨʘʚʣʝʥʠʝ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ; 

¶ ʣʦʢʘʣʴʥʳʡ ï ʫʧʨʘʚʣʝʥʠʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʟʘʜʘʥʠʝʤ; 

¶ ʢʘʩʢʘʜʥʳʡ - ʫʧʨʘʚʣʝʥʠʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʩ ʚʥʝʰʥʠʤ ʟʘʜʘʥʠʝʤ ʠʣʠ ʟʘʜʘʥʠʝʤ ʦʪ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʟʘʜʘʪʯʠʢʘ; 

¶ ʩʣʝʜʷʱʠʡ ï ʦʩʪʘʥʦʚʢʘ ʨʝʛʫʣʷʪʦʨʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʩʣʝʞʝʥʠʝʤ ʟʘ ʧʦʣʦʞʝʥʠʝʤ 
ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦ ʣʠʥʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ; 

4. ʌʫʥʢʮʠʠ ʧʨʝʜʚʘʨʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ ʠ ʢʦʨʨʝʢʮʠʠ ʩʠʛʥʘʣʘ 
ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ.  

 
 
5.2 ʇʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ 

 
ʇʘʨʘʤʝʪʨ 01 nDisp ʟʘʜʘʝʪ ʥʦʤʝʨ ʜʠʩʧʣʝʷ ʨʝʛʫʣʷʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʧʨʦʛʨʘʤʤʝ ʢʦʥʪʨʦʣʣʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ (ʇʀɼ - ʘʥʘʣʦʛʦʚʳʭ, ʇʀɼ - ʠʤʧʫʣʴʩʥʳʭ, ʇʀɼ - ʢʘʩʢʘʜʥʳʭ ʘ ʪʘʢʞʝ 
ʜʝʣʴʪʘ-ʨʝʛʫʣʷʪʦʨʦʚ) ï 9. ʂʘʞʜʳʡ ʨʝʛʫʣʷʪʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʥʦʤʝʨ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʢʦʥʪʨʦʣʣʝʨʘ (ʜʠʩʧʣʝʡ ˉ).  

 
ʇʘʨʘʤʝʪʨ 02 nDIR ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʠ ʦʙʨʘʪʥʦʤ ʜʝʡʩʪʚʠʠ 

ʨʝʛʫʣʷʪʦʨʘ (02 nDIR = 0) ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ SP)(PVE --= . ɺʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʙʫʜʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ (ʚʢʣʶʯʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʚʳʭʦʜʘ ɹʆʃʔʐɽ), ʝʩʣʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʤʝʥʴʰʝ 
ʟʘʜʘʥʠʷ, ʠ ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʪʴʩʷ (ʚʢʣʶʯʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʚʳʭʦʜʘ ʄɽʅʔʐɽ), ʝʩʣʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ 
ʙʫʜʝʪ ʙʦʣʴʰʝ ʟʘʜʘʥʠʷ (5.1): 
 

02 nDIR = 0: 
)"ʄ."ʚʳʭ.ʜʠʩʢʨ(OUTSPPV

)"ɹ."ʚʳʭ.ʜʠʩʢʨ(OUTSPPV

®Ý>

¬Ý<  . 

 
 ʇʨʠ ʧʨʷʤʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (02 nDIR = 1), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

SPPVE -= . ɺʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ (ʚʢʣʶʯʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʚʳʭʦʜʘ ɹʆʃʔʐɽ), ʝʩʣʠ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʙʦʣʴʰʝ ʟʘʜʘʥʠʷ, ʠ ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʪʴʩʷ (ʚʢʣʶʯʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʚʳʭʦʜʘ 
ʄɽʅʔʐɽ), ʝʩʣʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʤʝʥʴʰʝ ʟʘʜʘʥʠʷ (5.2): 
 

02 nDIR = 1: 
)"M."ʚʳʭ.ʜʠʩʢʨ(OUTSPPV

)"ɹ."ʚʳʭ.ʜʠʩʢʨ(OUTSPPV

®Ý<

¬Ý>   

 
ʇʘʨʘʤʝʪʨ 03 nSTR ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʨʝʛʫʣʷʪʦʨʘ:  
1. 03 nSTR = 0 ï ʧʘʨʘʣʣʝʣʴʥʘʷ;  
2. 03 nSTR = 1 ï ʩʤʝʰʘʥʥʘʷ. 

 ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʩʭʝʤʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʣʫʯʘʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʢʘʟʘʥʳ 
ʥʘ ʨʠʩʫʥʢʝ 5.2. 

(5.1) 

(5.2) 



 

 
2010 É ʄʀʂʈʆʃ  ǒ  ʪʝʣ/ʬʘʢʩ  (0342) 502701, 502702  ǒ  e-mail: microl@microl.ua  ǒ  http: //www.microl.ua 

20 (99) TN-011_PID_Configuring 
Rev.1.03, 12.08.2010 

    
ʘ)                                                                    ʙ) 

ʘ ï ʧʘʨʘʣʣʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ; ʙ ï ʩʤʝʰʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. 
ʈʠʩʫʥʦʢ 5.2 ï ʉʪʨʫʢʪʫʨʳ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

 
ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʘ 5.2, ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 

ñ ++Ö=
t

0
dt

dE(t)

d
TE(t)dt
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1
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p
KY(t) , 

 
ʜʣʷ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 

ñ ++Ö=
t

0
dt

dE(t)

d
TE(t)dt

ʽ
T

Kp
E(t)

p
KY(t) ,  

ʛʜʝ:  
pK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 14 KP); 

iT  ï ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 12 TI); 

dT  ï ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 13 TD). 

 
ʉʫʤʤʘʨʥʦ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ, 

ʚʣʠʷʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʊ ̔ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʂʨ ʨʘʟ. 
ʌʦʨʤʫʣʳ (5.3) ʠ (5.4) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʜʘʪʦʯʥʳʤ ʬʫʥʢʮʠʷʤ ʘʥʘʣʦʛʦʚʳʭ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ. ɺ 

ʨʝʛʫʣʷʪʦʨʘʭ ʢʦʥʪʨʦʣʣʝʨʘ ʄʀʂ-51 ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʝ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʚ 
ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʄʀʂ-51 ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʳʧʦʣʥʷʝʪʩʷ ʯʠʩʣʦʚʳʤʠ ʤʝʪʦʜʘʤʠ (ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ) ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ 
ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʚʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʇʀɼ-
ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʝʪ ʚʠʜ (5.5): 
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ʜʣʷ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ (5.6): 
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ʛʜʝ: 
pK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 14 KP); 

iT  ï ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 12 TI); 

dT  ï ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 13 TD). 

iE  ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʟʘʜʘʥʠʝʤ ʨʝʛʫʣʷʪʦʨʘ ʠ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ Ti ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʚʝʣʠʯʠʥʳ; 

iED  - ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ iE  ʠ 1iE - ; 

tD  - ʚʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ iT  ʠ 1iT- ; 

ä
=

n

0i

iE  -ʥʘʢʦʧʣʝʥʥʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʫʤʤʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʡ. 

 
ʇʘʨʘʤʝʪʨ 04 nTYPE ʦʪʚʝʯʘʝʪ ʟʘ ʪʠʧ ʠʤʧʫʣʴʩʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. 

04 nTYPE = 0 ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʙʝʟ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʧʦ ʧʦʣʦʞʝʥʠʶ 
ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʀʄ). ʇʦʣʦʞʝʥʠʝ ʀʄ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦ. 

04 nTYPE = 1 ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʩʦʚʤʝʩʪʥʦ ʩ ʜʘʪʯʠʢʦʤ ʧʦʣʦʞʝʥʠʷ 
ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

 
 

(5.3) 

(5.4) 

(5.5) 

(5.6) 



 

 
2010 É ʄʀʂʈʆʃ  ǒ  ʪʝʣ/ʬʘʢʩ  (0342) 502701, 502702  ǒ  e-mail: microl@microl.ua  ǒ  http: //www.microl.ua 

21 (99) TN-011_PID_Configuring 
Rev.1.03, 12.08.2010 

ʇʘʨʘʤʝʪʨ 05 nQntSP ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʟʘʜʘʥʠʡ: 

1 ï ʚʥʫʪʨʝʥʥʷʷ ʟʘʜʘʥʥʘʷ ʪʦʯʢʘ; 
2 ï ʚʥʫʪʨʝʥʥʷʷ / ʚʥʝʰʥʷʷ ʟʘʜʘʥʥʘʷ ʪʦʯʢʘ. 
ʇʨʠ ʚʳʙʦʨʝ 05 nQntSP = 1, ʢʦʥʪʨʦʣʣʝʨ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: ʨʫʯʥʦʡ ʨʝʞʠʤ ï 

ʫʧʨʘʚʣʝʥʠʝ ʚʳʭʦʜʦʤ ʚʨʫʯʥʫʶ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʢʦʥʪʨʦʣʣʝʨʘ ʢʣʘʚʠʰʘʤʠ ñʙʦʣʴʰʝò-ñʤʝʥʴʰʝò ʠʣʠ ʩ ʚʝʨʭʥʝʛʦ 
ʫʨʦʚʥʷ (ʇʂ) ʠ ʣʦʢʘʣʴʥʳʡ ʨʝʞʠʤ ï ʫʧʨʘʚʣʝʥʠʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʟʘʜʘʥʠʝʤ. 

ʇʨʠ 05 nQntSP = 2 ʨʝʛʫʣʷʪʦʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʝʱʝ ʚ ʪʨʝʪʴʝʤ ʨʝʞʠʤʝ ï ʂɸʉʂɸɼʅʆʄ. 
 
ʇʘʨʘʤʝʪʨʦʤ 06 nCNV  ʚʳʙʠʨʘʝʪʩʷ ʦʜʠʥ ʠʟ ʰʝʩʪʠ ʪʠʧʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ:  

1. ɽʚʳʭE = ; (ʟʥʘʯʝʥʠʝ 06 nCNV = 0) 

2. ɽʚʳʭE = ; (ʟʥʘʯʝʥʠʝ 06 nCNV = 1) 

3. ElogʚʳʭE = ; (ʟʥʘʯʝʥʠʝ 06 nCNV = 2) 

4. 
E

eʚʳʭE = ; (ʟʥʘʯʝʥʠʝ 06 nCNV = 3) 

5. 
2
ɽʚʳʭɽ = ; (ʟʥʘʯʝʥʠʝ 06 nCNV = 4) 

6. 
E

1

ʚʳʭE = . (ʟʥʘʯʝʥʠʝ 06 nCNV = 5) 

ʇʨʠ ʚʳʙʦʨʝ ʧʘʨʘʤʝʪʨʘ 06 nCNV = 0 ( ɽʚʳʭE = ) ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʪʦʪ ʙʣʦʢ 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ (ʨʠʩʫʥʦʢ 5.3). ɽʩʣʠ ʚʳʙʨʘʥ ʧʘʨʘʤʝʪʨ 06 nCNV = 1, ʪʦ ʥʘ ʚʳʭʦʜʝ ʙʣʦʢʘ ʧʦʣʫʯʠʤ ʩʠʛʥʘʣ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 5.4. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʤʘʣʦʤ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʠ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 
ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʯʝʤ ʚʭʦʜʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʷʪʦʨ ʙʫʜʝʪ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʧʨʠ 
ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. ʅʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 
ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʭʦʜʥʦʛʦ, ʧʦʵʪʦʤʫ ʨʝʛʫʣʷʪʦʨ ʙʫʜʝʪ ʤʝʜʣʝʥʥʝʝ ʨʝʘʛʠʨʦʚʘʪʴ, ʯʝʤ 
ʧʨʠ ʣʠʥʝʡʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ. ʆʙʨʘʪʥʳʡ ʟʘʢʦʥ ʙʫʜʝʪ ʜʣʷ 06 nCNV = 4. ʇʨʠ ʤʘʣʦʤ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʠ 
ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʙʣʦʢʘ çʪʠʧ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷè ʙʫʜʝʪ ʤʝʥʴʰʝ ʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʧʦʪʦʤʫ ʨʝʛʫʣʷʪʦʨ ʙʫʜʝʪ 
ʤʝʜʣʝʥʥʝʝ ʨʝʛʫʣʠʨʦʚʘʪʴ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʢ ʧʨʠʤʝʨʫ, ʥʘ 1% ʦʪ ʜʠʘʧʘʟʦʥʘ 
ʠʟʤʝʨʝʥʠʷ, ʪʦ ʚʳʭʦʜʥʦʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʚʭʦʜʥʦʛʦ, ʧʦʪʦʤʫ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʙʫʜʝʪ 
ʧʨʦʠʩʭʦʜʠʪʴ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʠ ʣʠʥʝʡʥʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ. 

 
         EEʚʳʭ=    

ʈʠʩʫʥʦʢ 5.3 ï ɻʨʘʬʠʢ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 

 

 - EEʚʳʭ= ,   - EEʚʳʭ=  (ʧʦʢʘʟʘʥʦ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʬʫʥʢʮʠʝʡ EEʚʳʭ= ) 

 
ʈʠʩʫʥʦʢ 5.4 ï ɻʨʘʬʠʢ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
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ʇʘʨʘʤʝʪʨ 07 dTRK ʦʪʚʝʯʘʝʪ ʟʘ ʫʩʪʘʥʦʚʢʫ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡʥʳʭ ʠʣʠ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʤʘʥʜʘ 07 dTRK = 1 ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʨʝʛʫʣʷʪʦʨ ʚ 
ʨʝʞʠʤ ʉʃɽɼʗʑɽɻʆ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ). ʇʨʠ ʵʪʦʤ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʜʘʥʥʦʝ ʚ 
ʧʘʨʘʤʝʪʨʝ 23 TRK_V ʙʝʟʦʧʘʩʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠʣʠ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʝʩʣʠ ʦʥ 
ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʢʘʢ çʩʚʷʟʘʥʥʳʡè (ʩʤ. ʦʧʠʩʘʥʠʝ ʥʘ ʇʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ ʨʝʜʘʢʪʦʨ FBD-ʧʨʦʛʨʘʤʤ ɸʃʔʌɸ). 

 
ʇʘʨʘʤʝʪʨ  08 nMODE ʦʪʚʝʯʘʝʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʠʣʠ 

ʧʦ ʩʝʪʠ:  
1. 08 nMODE = 0 ï ʈʋʏʅʆʁ ʨʝʞʠʤ; 
 2. 08 nMODE = 1 ï ɸɺʊʆʄɸʊʀʏɽʉʂʀʁ ʨʝʞʠʤ (ʃʆʂɸʃʔʅʆɽ ʫʧʨʘʚʣʝʥʠʝ ï ʃʋ); 
 3. 08 nMODE = 2 ï ɸɺʊʆʄɸʊʀʏɽʉʂʀʁ ʨʝʞʠʤ (ʂɸʉʂɸɼʅʆɽ ʫʧʨʘʚʣʝʥʠʝ ï ʂʋ). 
ʇʦʩʣʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʤ ʨʝʞʠʤʝ, ʢʦʪʦʨʳʡ ʫʢʘʟʘʥ ʚ ʧʘʨʘʤʝʪʨʝ 08 

nMODE. ʇʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 6.2.3 ʨʫʢʦʚʦʜʩʪʚʘ ʇʈʄʂ.421457.005 
ʈʕ1. ʊʘʢʞʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʤʦʞʥʦ ʧʝʨʝʢʣʶʯʘʪʴ ʚʥʝʰʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʩʜʝʣʘʚ ʧʘʨʘʤʝʪʨ 08 nMODE 
çʩʚʷʟʘʥʥʳʤè. ʊʦʛʜʘ ʥʘ ʚʭʦʜ ʧʨʤ(08) ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʩ ʚʥʝʰʥʠʭ ʜʠʩʢʨʝʪʥʳʭ ʚʭʦʜʦʚ (DIN(06)) ʠʣʠ ʜʨʫʛʦʡ 
ʩʠʛʥʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 
ʇʘʨʘʤʝʪʨ 09 Tctrl ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʷ ʤʝʭʘʥʠʟʤʘ, ʪʦ ʝʩʪʴ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʠʤʧʫʣʴʩʥʳʡ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʩ ʩʦʩʪʦʷʥʠʷ çʧʦʣʥʦʩʪʴʶ ɿɸʂʈʓʊʓʁè ʧʝʨʝʭʦʜʠʪ ʚ ʩʦʩʪʦʷʥʠʝ çʧʦʣʥʦʩʪʴʶ 
ʆʊʂʈʓʊʓʁè ʧʨʠ ʧʦʜʘʯʠ ʥʘ ʥʝʛʦ ʩʠʛʥʘʣʘ çɹʆʃʔʐɽè, ʠ ʥʘʦʙʦʨʦʪ, ʩ ʩʦʩʪʦʷʥʠʷ çʧʦʣʥʦʩʪʴʶ ʆʊʂʈʓʊʓʁè ʚ 
ʩʦʩʪʦʷʥʠʝ çʧʦʣʥʦʩʪʴʶ ɿɸʂʈʓʊʓʁè ʧʨʠ ʧʦʜʘʯʠ ʥʘ ʥʝʛʦ ʩʠʛʥʘʣʘ çʄɽʅʔʐɽè. 

ɿʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʤʝʭʘʥʠʟʤʘ ʫʢʘʟʳʚʘʝʪʩʷ ʚ ʧʘʩʧʦʨʪʝ ʥʘ ʠʤʧʫʣʴʩʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ. 
ʇʘʨʘʤʝʪʨ çʚʨʝʤʷ ʤʝʭʘʥʠʟʤʘè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʚʳʭʦʜʘ ʇʀɼ-ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ. 
ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚʨʝʤʷ ʤʝʭʘʥʠʟʤʘ 63 ʩ, ʠ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʦʞʝʥʠʠ 40% ʦʪʢʨʳʪʦ, ʪʦ ʯʪʦʙʳ ʟʘʢʨʳʪʴ ʝʛʦ ʥʘ 
10%, ʥʫʞʥʦ ʯʪʦʙʳ ʜʠʩʢʨʝʪʥʳʡ ʚʳʭʦʜ çʄɽʅʔʐɽè ʚʢʣʶʯʠʣʩʷ ʥʘ (5.7): 

ʩ3,6

%10
%100

ʩ63

%

%100

ʤTM ==

D

= . 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʪʢʨʳʪʴ ʥʘ 25%, ʥʫʞʥʦ ʜʠʩʢʨʝʪʥʳʡ ʚʳʭʦʜ çɹʆʃʔʐɽè ʚʢʣʶʯʠʪʴ ʥʘ (5.8): 

ʩ75,15
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D
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ɼʠʘʛʨʘʤʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.5. 
 
  

 
 

ʈʠʩʫʥʦʢ 5.5 ï ɼʠʘʛʨʘʤʤʘ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 
ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʠʤʧʫʣʴʩʥʳʤ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʤ 

 
 ʇʘʨʘʤʝʪʨ 10  Tmin ʦʪʚʝʯʘʝʪ ʟʘ ʤʠʥʠʤʘʣʴʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʤʧʫʣʴʩʘ. ʉʨʘʙʘʪʳʚʘʥʠʝ 

ʠ ʦʪʢʣʶʯʝʥʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʚʳʭʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʜʠʘʛʨʘʤʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 5.6. 
 

 
 

ʈʠʩʫʥʦʢ 5.6 ï ɼʠʘʛʨʘʤʤʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʠ ʦʪʢʣʶʯʝʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʚʳʭʦʜʦʚ 
ʧʨʠ ʟʘʜʘʥʥʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ 

 
 ɿʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʪʦʯʥʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, 
ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ. ʏʝʤ ʤʝʥʴʰʝ ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, ʪʝʤ ʪʦʯʥʝʝ ʙʫʜʝʪ 
ʨʝʛʫʣʠʨʦʚʘʥʠʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʩʨʘʙʘʪʳʚʘʥʠʡ ʜʠʩʢʨʝʪʥʳʭ ʚʳʭʦʜʦʚ, 
ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʠʟʥʦʩʫ ʧʫʩʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ.  
 ʌʦʨʤʫʣʘ, ʧʦ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (5.9): 
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ʛʜʝ: ʤʠʥT  - ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ; 
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ʤʠʥPVD  - ʤʠʥʠʤʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʦʝ ʜʦʧʫʩʪʠʤʦ ʧʦ ʢʘʯʝʩʪʚʫ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

ʤʝʭʊ  - ʚʨʝʤʷ ʤʝʭʘʥʠʟʤʘ; 

ʂ - ʧʝʨʝʜʘʪʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʲʝʢʪʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ; 

RANGEPV  - ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ; 

PVD  - ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʳʭʦʜʘ ʥʘ ʚʳʭD %. 

  
ʅʘʧʨʠʤʝʨ, ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ -50é200 Üʉ, ʧʨʠ ʜʦʧʫʩʪʠʤʦʤ ʦʪʢʣʦʥʝʥʠʠ ʦʪ 

ʟʘʜʘʥʠʷ Ñ4 Üʉ, ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʤʠʥPVD  ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʨʘʚʥʳʤ 2 Üʉ. ɺʨʝʤʷ 

ʤʝʭʘʥʠʟʤʘ ʩʦʩʪʘʚʣʷʝʪ 63 ʩ.  ɽʩʣʠ ʧʨʠ ʟʘʢʨʳʪʠʠ/ʦʪʢʨʳʪʠʠ ʢʣʘʧʘʥʘ ʥʘ %10ʚʳʭ=D  ʧʘʨʘʤʝʪʨ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 

C30PV ¯=D , ʪʦ ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʙʫʜʝʪ ʨʘʚʥʦ: 

c42.0
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ʇʨʠʤʝʯʘʥʠʝ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ (04  nTYPE = 1) ʥʫʞʥʦ ʙʦʣʝʝ ʪʱʘʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ 

ʧʘʨʘʤʝʪʨ 10 tMIN, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʠʤ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʫʪʨʝʥʥʝʡ ʦʙʨʘʪʥʦʡ 
ʩʚʷʟʠ (04  nTYPE = 0). 

 
ʇʘʨʘʤʝʪʨ 11 Tdly ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʤʝʞʜʫ ʚʢʣʶʯʝʥʠʷʤʠ ʚʳʭʦʜʘ çɹʆʃʔʐɽè ʠ ʚʳʭʦʜʘ 

çʄɽʅʔʐɽè. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʦʜʘʯʠ ʩʠʛʥʘʣʦʚ 
çɹʆʃʔʐɽè - çʄɽʅʔʐɽè, ʯʪʦ ʤʦʛʣʦ ʙʳ ʧʨʠʚʝʩʪʠ ʢ ʢʦʨʦʪʢʦʤʫ ʟʘʤʳʢʘʥʠʶ. ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ 
ʚʳʙʠʨʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʱʥʦʩʪʠ ʧʫʩʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 
0,1 ʜʦ 4 ʩ. 

 
ʇʘʨʘʤʝʪʨ 12 TI ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 13 TD ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 14 KP ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 15 SP ʦʪʚʝʯʘʝʪ ʟʘ ʟʘʜʘʥʠʝ ʨʝʛʫʣʷʪʦʨʫ. 

 
ʇʘʨʘʤʝʪʨ 16 SP_EXT ʦʪʚʝʯʘʝʪ ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨ 16 SP_EXT ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. ʇʨʠ ʵʪʦʤ ʚ ʙʣʦʢʝ ʧʦʷʚʠʪʩʷ ʚʭʦʜ ʩ 
ʥʘʟʚʘʥʠʝʤ ʧʨʤ(16), ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ. ɺʥʝʰʥʠʤ ʟʘʜʘʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʩʠʛʥʘʣ ʩ 
ʘʥʘʣʦʛʦʚʦʛʦ ʚʭʦʜʘ ʢʦʥʪʨʦʣʣʝʨʘ (ʙʣʦʢʘ AIN(05)), ʧʨʦʛʨʘʤʤʥʦʛʦ ʟʘʜʘʪʯʠʢʘ (TM_PRG(57)) ʠʣʠ ʣʶʙʦʡ ʜʨʫʛʦʡ 
ʘʥʘʣʦʛʦʚʳʡ ʩʠʛʥʘʣ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 
ʇʘʨʘʤʝʪʨ 17 OUT ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʠʩʢʨʝʪʥʳʤʠ ʚʳʭʦʜʘʤʠ ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩ 

ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (ʥʘʧʨʠʤʝʨ, ʩʦ SCADA-ʩʠʩʪʝʤʳ). ɺ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ, ʟʘʧʠʩʴ ʚ ʜʘʥʥʳʡ 
ʧʘʨʘʤʝʪʨ ʧʦ ʠʥʪʝʨʬʝʡʩʫ ʯʠʩʣʘ ʚ ʧʨʦʮʝʥʪʥʦʡ ʰʢʘʣʝ (0é100%) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ ʯʠʩʣʘ ʧʨʠʚʝʜʝʪ ʢ 
ʧʝʨʝʤʝʱʝʥʠʶ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘ ʦʪʢʨʳʪʠʝ ʠʣʠ ʟʘʢʨʳʪʳʝ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ ʥʘ ʟʘʜʘʥʥʦʝ 
ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʮʝʥʪʘʭ. ʇʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 17 OUT 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʙʥʫʣʠʪʩʷ. 

 
ʇʘʨʘʤʝʪʨ 18 PV_r ï ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ.  ʇʘʨʘʤʝʪʨ ʦʪʚʝʯʘʝʪ ʟʘ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʧʦ ʰʢʘʣʝ 0 ï 100% ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʧʘʟʦʥʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 
ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʘʨʘʤʝʪʨ 18 PV_r ʟʘʜʘʝʪʩʷ ʨʘʚʥʳʤ ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ. 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʤʝʪʨʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʊʉʄ 50ʄ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 
ʠʟʤʝʨʝʥʠʷ -50,0 Üʉ... +200,0 Üʉ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ 250 Üʉ, ʪʦ ʝʩʪʴ 18 PV_r = 250. ɼʣʷ ʪʘʢʦʛʦ 
ʜʠʘʧʘʟʦʥʘ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʟʘʜʘʥʠʠ SP = 50 Üʉ ʠ ʧʘʨʘʤʝʪʨʝ PV = 60 Üʉ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʙʫʜʝʪ 
ʩʦʩʪʘʚʣʷʪʴ E = 10 Üʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 4% ʦʪ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʜʠʘʧʘʟʦʥ 
ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ ʙʦʣʴʰʦʡ, ʘ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʤʝʥʴʰʝ ʯʝʤ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ. ɼʣʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʧʨʠʤʝʨʘ, ʝʩʣʠ ʜʠʘʧʘʟʦʥ 
ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 20é120 Üʉ, ʪʦ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ 100 Üʉ, (18 PV_r = 
100). ʇʨʠ ʪʘʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʟʘʜʘʥʠʠ SP = 50 Üʉ ʠ ʧʘʨʘʤʝʪʨʝ PV = 60 Üʉ, 
ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʪʝ ʞʝ ɽ = 10 Üʉ, ʥʦ ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʵʪʦ ʙʫʜʝʪ ʨʘʚʥʦ 10%. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʠʚ ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʣʫʯʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 18 PV_r ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 
ʢʦʣʝʙʘʥʠʷʤ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʪʴʩʷ ʥʘ 
ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʣʠ ʙʦʣʴʰʦʛʦ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ. 
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ʇʘʨʘʤʝʪʨ 19 SP_h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 20 SP_l ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʨʠ ʚʚʝʜʝʥʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʜʘʥʠʷ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ, ʠʟʤʝʥʝʥʠʝ ʥʠʞʝ ʧʘʨʘʤʝʪʨʘ 19 SP_h ʠ 20 

SP_l ʟʘʙʣʦʢʠʨʦʚʘʥʦ. ɽʩʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ 
ʧʨʤ(16), ʙʦʣʴʰʝ (ʤʝʥʴʰʝ) ʦʪ ʟʥʘʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʚ ʧʘʨʘʤʝʪʨʝ 19 SP_h (20 SP_l), ʪʦ ʥʘ ʩʫʤʤʘʪʦʨ ʧʦʩʪʫʧʘʝʪ 
ʟʥʘʯʝʥʠʝ ʨʘʚʥʦʝ ʟʥʘʯʝʥʠʶ 19 SP_h (20 SP_l). ɼʠʘʛʨʘʤʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.7.  
 ɽʩʣʠ ʧʘʨʘʤʝʪʨ 19 SP_h ʨʘʚʥʳʡ ʧʘʨʘʤʝʪʨʫ 20 SP_l, ʪʦ ʟʘʜʘʥʠʝ ʙʫʜʝʪ ʥʝʠʟʤʝʥʥʳʤ ʠ ʨʘʚʥʳʤ SP =        
19 SP_h = 20 SP_l. 

ʈʠʩʫʥʦʢ 5.7 ï ɼʠʘʛʨʘʤʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ 
 
ʇʘʨʘʤʝʪʨ 21 SP_r ʦʪʚʝʯʘʝʪ ʟʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ (ʪʝʭ.ʝʜʠʥʠʮ ʥʘ ʤʠʥʫʪʫ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 21 SP_r, ʝʩʪʴ ʜʚʘ ʨʝʞʠʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ: 
 1. 21 SP_r  = 0 ï ʩʪʘʪʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ, 

2. 21 SP_r   ̧0 ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ. 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʳ ʙʘʣʘʥʩʠʨʦʚʦʢ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.8. 
 

 

ʘ) ʩʪʘʪʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ 
 

 
ʙ) ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ 

 
ʈʠʩʫʥʦʢ 5.8 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʙʘʣʘʥʩʠʨʦʚʦʢ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʙʣʦʢʘ PID_IMP(62) 

 
ʇʨʠʤʝʯʘʥʠʝ. ʅʘ ʩʭʝʤʝ ʫʩʣʦʚʥʦ ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʧʝʨʝʢʣʶʯʘʪʝʣʝʡ ʜʣʷ ʨʫʯʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʨʝʛʫʣʷʪʦʨʘ. 
 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʚ ʢʘʩʢʘʜʥʦʤ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʷ (ʩ ʚʥʝʰʥʠʤ 
ʟʘʜʘʥʠʝʤ) ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʦ ʧʘʨʘʤʝʪʨʘʤʠ 19 SP_h ʠ 20 
SP_l, ʘ ʩʢʦʨʦʩʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʷ - ʧʘʨʘʤʝʪʨʦʤ 21 SP_r. ʅʘ ʨʠʩʫʥʢʝ 5.9 ʰʪʨʠʭʦʚʦʡ ʣʠʥʝʡ ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʚʭʦʜ ʧʨʤ(16), ʘ ʩʧʣʦʰʥʦʡ ʣʠʥʝʡ ï ʨʝʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʟʘʜʘʶʱʝʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʅʘ ʦʪʨʝʟʢʝ ɸɹ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʥʴʰʝ 
ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ, ʫʢʘʟʘʥʥʦʡ ʚ ʧʘʨʘʤʝʪʨʝ 21 SP_r, ʧʦʪʦʤʫ ʟʘʜʘʥʠʝ ʨʘʚʥʦ ʚʥʝʰʥʝʤʫ ʟʘʜʘʶʱʝʤʫ 
ʚʦʟʜʝʡʩʪʚʠʶ. ʅʘ ʦʪʨʝʟʢʝ ɹɺ ʚʥʝʰʥʝʝ ʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʤʝʥʷʝʪʩʷ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʩʢʦʨʦʩʪʴ 
ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʛʨʘʬʠʢʝ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʛʣʦʤ 

16 SP_EXT 

08 nMODE 

21 SP_r = 0 

08 delta 

15 SP 

15 SP 

16 SP_EXT 

08 nMODE 
21 SP_r > 0 

08 delta 

 

 

 

 

20 SP_l 19 SP_h 

SP 

ʇʘʨʘʤʝʪʨ, 
ʧʦʜʘʚʘʝʤʳʡ 
ʥʘ ʚʭʦʜ ʙʣʦʢʘ 
ʧʨʤ(16) 

20 SP_l 

19 SP_h 
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ʥʘʢʣʦʥʘ ʦʪʨʝʟʢʘ 
t

)16(ʧʨʤ
)(tg

D

D
=b , ʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ SP_r 21

t

SP
)(tg =

D

D
=a . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 

)(tg)(tg a>b  ʟʘʜʘʥʠʝ ʨʝʛʫʣʷʪʦʨʫ ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ, ʠ ʠʟʤʝʥʷʪʩʷ - ʧʦ 

ʦʪʨʝʟʢʫ ɹɻ, ʘ ʥʝ ɹɺ-ɺɻ. ɸʥʘʣʦʛʠʯʥʳʤ ʙʫʜʝʪ ʠ ʦʛʨʘʥʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ. 
 

 
 

ʈʠʩʫʥʦʢ 5.9 ï ɼʠʘʛʨʘʤʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ 
 

ʊʘʙʣʠʮʘ 5.1 - ʌʫʥʢʮʠʠ ʨʝʞʠʤʦʚ ʙʘʣʘʥʩʠʨʦʚʦʢ ʇʀɼ-ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʙʣʦʢʘ PID_IMP(62) 

 ʉʪʘʪʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ ɼʠʥʘʤʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ 

ʀʟʤʝʥʝʥʠʝ 
ʚʥʫʪʨʝʥʥʝʡ ʟʘʜʘʥʥʦʡ 
ʪʦʯʢʠ (ʩ ʧʝʨʝʜʥʝʡ 
ʧʘʥʝʣʠ ʠʣʠ ʧʦ 
ʠʥʪʝʨʬʝʡʩʫ) 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʧʨʠʥʠʤʘʝʪ 
ʟʥʘʯʝʥʠʝ ʥʦʚʦʛʦ ʟʘʜʘʥʠʷ 

SPOLD  SPNEW 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʩʷ ʦʪ 
ʟʥʘʯʝʥʠʷ ʩʪʘʨʦʛʦ ʟʘʜʘʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ  
ʚʚʝʜʝʥʥʦʛʦ ʥʦʚʦʛʦ ʟʘʜʘʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ 21 SP_r 
SPOLD  SPNEW 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʈʋ Ÿ ʃʋ 

ʇʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ 
ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ 

SP= PV 

ɿʘʜʘʥʠʝ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ 
ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʜʦ ʟʥʘʯʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʜʘʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʟʘʜʘʥʠʷ 21 SP_r 
PV  SP 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʃʋ Ÿ ʈʋ 

ɿʘʜʘʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ 

SP PV 

ɿʘʜʘʥʠʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 
SP 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʃʋ Ÿ ʂʋ 

ɿʥʘʯʝʥʠʝ ʟʘʜʘʥʠʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ 
ʚʥʫʪʨʝʥʥʝʛʦ ʥʘ ʚʥʝʰʥʝʝ 

SPɺʅʋʊʈ  SPɺʅɽʐ 

ɿʘʜʘʥʠʝ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ 
ʚʥʫʪʨʝʥʥʝʛʦ ʟʥʘʯʝʥʠʷ ʜʦ ʚʥʝʰʥʝʛʦ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ 21 SP_r 
SPɺʅʋʊʈ  SPɺʅɽʐ 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʂʋ Ÿ ʃʋ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 
ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʂʋ Ÿ ʈʋ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 

 
ʇʘʨʘʤʝʪʨ 22 POZ - ʧʦʣʦʞʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɽʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʷʷ ʦʙʨʘʪʥʘʷ 

ʩʚʷʟʴ, ʪʦ ʧʘʨʘʤʝʪʨ 22 POZ  ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè ʠ ʥʘ ʚʭʦʜ ʧʨʤ(22) ʧʦʜʘʪʴ ʩʠʛʥʘʣ ʦʪ ʜʘʪʯʠʢʘ 
ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʜʠʩʧʣʝʝ ɺʀʍɯɼ ʙʫʜʝʪ ʠʥʜʠʮʠʨʦʚʘʪʴʩʷ ʨʝʘʣʴʥʦʝ 
ʟʥʘʯʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

 
ʇʘʨʘʤʝʪʨ 23 TRK_V ʦʪʚʝʯʘʝʪ ʟʘ ʟʥʘʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʘʨʘʤʝʪʨʦʤ 07 dTRK). ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʡ 
ʨʘʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɽʩʣʠ ʨʝʛʫʣʷʪʦʨ ʧʝʨʝʚʝʜʝʥ ʚ ʨʝʞʠʤ ʉʋ (ʧʘʨʘʤʝʪʨ 07 dTRK = 1), ʪʦ ʙʣʦʢ ʫʩʪʘʥʦʚʢʠ ʙʝʟʦʧʘʩʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʢʣʶʯʠʪ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʘ ʥʘ ʚʳʭʦʜʝ 
ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ, ʟʘʜʘʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʧʘʨʘʤʝʪʨʝ 23 TRK_V, ʧʨʠʯʝʤ ʚʦʟʤʦʞʥʳ ʪʨʠ 
ʚʘʨʠʘʥʪʘ: 

1. 23 TRK_V = 0 - ʜʠʩʢʨʝʪʥʳʡ ʚʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ çʄɽʅʔʐɽè ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦ ʚʢʣʶʯʝʥ, 

ʟʘʢʨʳʚʘʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ. 
2. 0 < 23 TRK_V < 100 ï ʩʦʩʪʦʷʥʠʝ ʜʠʩʢʨʝʪʥʳʭ ʚʳʭʦʜʦʚ ʥʝ ʦʧʨʝʜʝʣʝʥʦ. ɺ ʩʚʷʟʠ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʦʡ ʥʘʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ, 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʨʦʛʨʘʤʤʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 

19 SP_h 

20 SP_l 
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3. 23 TRK_V = 100 - ʜʠʩʢʨʝʪʥʳʡ ʚʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ çɹʆʃʔʐɽè ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦ ʚʢʣʶʯʝʥ, 

ʦʪʢʨʳʚʘʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ. 
 

ʇʘʨʘʤʝʪʨ 24 MAX ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʪʘʚʢʠ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. ɽʩʣʠ ʧʘʨʘʤʝʪʨ ʨʘʚʝʥ ʫʩʪʘʚʢʝ MAX ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʝʝ (PVÓSP+MAX), ʪʦ 

ʩʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣʠʟʘʮʠʷ ʄɸʍ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʥʘʯʥʝʪ ʩʚʝʪʠʪʴʩʷ ʩʚʝʪʦʜʠʦʜ , ʘ ʥʘ 
ʚʳʭʦʜʝ 03 dMAX ʙʣʦʢʘ PID_IMP(62) ʫʩʪʘʥʦʚʠʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ. 

 
ʇʘʨʘʤʝʪʨ 25 MIN ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʪʘʚʢʠ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. ɽʩʣʠ ʞʝ ʧʘʨʘʤʝʪʨ ʨʘʚʝʥ ʠʣʠ ʤʝʥʴʰʝ ʫʩʪʘʚʢʠ MIN (PVÒSP-MIN), ʪʦ ʩʨʘʙʦʪʘʝʪ 

ʩʠʛʥʘʣʠʟʘʮʠʷ MIN. ʅʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʙʫʜʝʪ ʩʚʝʪʠʪʴʩʷ ʩʚʝʪʦʜʠʦʜ , ʘ ʥʘ ʚʳʭʦʜʝ 04 dMIN ʙʣʦʢʘ 
PID_IMP(62)  ʫʩʪʘʥʦʚʠʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ. 

 
ʇʘʨʘʤʝʪʨ 26 HYS ʦʪʚʝʯʘʝʪ ʟʘ ʛʠʩʪʝʨʝʟʠʩ ʩʠʛʥʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʘ. 
 
ʇʘʨʘʤʝʪʨ 27 FF_V ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʝʜʚʘʨʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʏʪʦʙʳ ʚ ʙʣʦʢʝ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʦʷʚʠʣʩʷ ʚʭʦʜ ʧʨʝʜʚʘʨʝʥʠʷ, ʧʘʨʘʤʝʪʨ  27 FF_V ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. 
 
ʇʘʨʘʤʝʪʨ 28 FF_G ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʉʠʛʥʘʣ ʩ 

ʚʭʦʜʘ ʧʘʨʘʤʝʪʨʘ 27 FF_V ʫʩʠʣʠʚʘʝʪʩʷ (ʦʩʣʘʙʣʷʝʪʩʷ) ʵʪʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 
 
ʇʘʨʘʤʝʪʨ 29 FF_h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 
 
ʇʘʨʘʤʝʪʨ 30 FF_l  ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

 
ɺʝʨʭʥʝʝ ʠ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ ʚʳʩʪʘʚʣʷʶʪʩʷ ʠʩʭʦʜʷ ʩ ʩʦʦʙʨʘʞʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʥʘʯʘʣʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ FFK  ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʳʡ ʥʫʣʶ. ʊʦʛʜʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʙʝʟ ʧʨʝʜʚʘʨʝʥʠʷ. ʂʦʛʜʘ ʧʦʜʦʙʨʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ pK , ʠʊ ʠ ʜʊ , ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʘʪʴ 

ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ FFK  ʜʦ ʪʝʭ ʧʦʨ, ʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʥʝ ʚʦʟʥʠʢʥʫʪ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʧʨʠ FFʢʨK . 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʝʜʚʘʨʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʪʘʢ (5.10): 
  

FFʢʨK7,0FFK Ö=  , 

ʛʜʝ: FFK  - ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ; 

 
FFʢʨK  - ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʩʠʩʪʝʤʝ 

ʚʦʟʥʠʢʘʶʪ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ. 
 
ʇʘʨʘʤʝʪʨ 31 COR_V ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʨʨʝʢʮʠʶ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʇʘʨʘʤʝʪʨ 

ʜʝʣʘʝʪʩʷ çʩʚʷʟʘʥʥʳʤè ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʙʣʦʢʝ ʧʦʷʚʠʪʩʷ ʚʭʦʜ ʧʨʤ(31). ʅʘ ʵʪʦʪ ʚʭʦʜ ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ 
ʢʦʨʨʝʢʮʠʠ ʩ ʙʣʦʢʘ COR_ST(93) ʠʣʠ COR_D(94), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʶ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʦʤ ʢʦʨʨʝʢʮʠʠ ʠ ʪʦʯʢʦʡ ʢʦʨʨʝʢʮʠʠ (5.11): 

 

( )CORCORCOR SP2PVFVAL -= ,  

ʛʜʝ, 
CORVAL  - ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ (ʚ %), ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʚʭʦʜ ʧʨʤ(31) ʙʣʦʢʘ PID_IMP(62); 

COR2PV  - ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʢʦʨʨʝʢʮʠʠ; 

CORSP  - ʟʥʘʯʝʥʠʝ ʪʦʯʢʠ ʢʦʨʨʝʢʮʠʠ. ɼʣʷ ʙʣʦʢʘ COR_ST(93) ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʝ ʠ 

ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʘ ʜʣʷ ʙʣʦʢʘ COR_D(94) ï ʜʠʥʘʤʠʯʝʩʢʦʝ, ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ 
ʧʝʨʝʢʣʶʯʝʥʠʠ ʩ ʨʝʞʠʤʘ ʈʋ ʚ ʨʝʞʠʤ ʃʋ, ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʢʦʨʨʝʢʮʠʠ ʚ ʤʦʤʝʥʪ 
ʧʝʨʝʢʣʶʯʝʥʠʷ 

CORCOR 2PVSP = ;  

( )CORCOR SP2PVF -  - ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
CORCOR SP2PV - , ʢʦʪʦʨʘʷ 

ʟʘʜʘʝʪʩʷ ʚ ʙʣʦʢʘʭ COR_ST(93) ʠ COR_D(94). 
 
ʇʘʨʘʤʝʪʨ 32 COR_G ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ. ʏʝʤ ʙʦʣʴʰʝ 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʚʣʠʷʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ ʥʘ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʠ ʥʘʦʙʦʨʦʪ. 
 
ʇʘʨʘʤʝʪʨ 33 COR_h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ. 

 
ʇʘʨʘʤʝʪʨ 34 COR_l  ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ. 
 
ʇʘʨʘʤʝʪʨ 35 FB ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʣʠʯʠʥʫ ʤʝʨʪʚʦʡ ʟʦʥʳ (ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ) ʠʤʧʫʣʴʩʥʦʛʦ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨʘ.  
ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʞʝʣʘʪʝʣʴʥʦ ʚʳʙʨʘʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʟʦʥʫ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʪʩʷ ʯʘʩʪʦʪʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʢʣʶʯʝʡ çɹʆʃʔʐɽè - çʄɽʅʔʐɽè, ʯʪʦ ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʠʟʥʦʩʫ ʧʫʩʢʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʂʨʦʤʝ 

(5.11) 

(5.10) 
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ʪʦʛʦ, ʧʨʠ ʤʘʣʦʡ ʟʦʥʝ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʤʦʛʫʪ 
ʠʤʝʪʴ ʤʝʩʪʦ ʘʚʪʦʢʦʣʝʙʘʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʥʝʜʦʧʫʩʪʠʤʦ. ɸʚʪʦʢʦʣʝʙʘʥʠʷ ʙʫʜʫʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʠʣʠ ʙʳʪʴ 
ʤʠʥʠʤʘʣʴʥʳʤʠ, ʝʩʣʠ ʚʝʣʠʯʠʥʘ ʟʦʥʳ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʙʫʜʝʪ (5.12): 
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.ʝʜ.ʪʝʭ Ö>D , 

 ʛʜʝ:  D - ʟʦʥʘ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ; 

  
RANGEPV  - ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ; 

  
ʇK  - ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ; 

  
ʠʤʧT  - ʤʠʥʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ; 

  
ʤʝʭʊ  - ʚʨʝʤʷ ʤʝʭʘʥʠʟʤʘ. 

  
ʇʨʠʤʝʨ ʛʨʘʬʠʢʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʘ ʙʝʟ ʟʦʥʳ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʘ) ʠ ʩ ʟʦʥʦʡ 

ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ (ʙ) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5.10. 
 

 
  ʘ) ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʙʝʟ ʟʦʥʳ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ     ʙ) ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩ ʟʦʥʦʡ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʈʠʩʫʥʦʢ 5.10 ï ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚ ʟʦʥʝ ʜʦʧʫʩʪʠʤʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʘʜʘʥʠʷ 
 
ʇʨʠ  ʨʝʛʫʣʠʨʦʚʘʥʠʠ ʧʘʨʘʤʝʪʨʘ ʙʝʟ ʟʦʥʳ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʦʛʜʘ ʝʩʪʴ ʥʝʙʦʣʴʰʦʝ 

ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ, ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʝʛʫʣʷʪʦʨʘ ʥʘʯʠʥʘʝʪ ʝʝ ʦʪʨʘʙʘʪʳʚʘʪʴ. ʂʦʛʜʘ 
ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʠʤʧʫʣʴʩʘ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ, 
ʟʘʜʘʥʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʧʘʨʘʤʝʪʨʝ 10 Tmin, ʩʨʘʙʘʪʳʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʩʢʨʝʪʥʳʡ ʚʳʭʦʜ. ʇʦʩʢʦʣʴʢʫ 
ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʩʪʘʚʷʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ (ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 
ʩʨʘʙʘʪʳʚʘʥʠʡ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ), ʪʦ, ʜʣʷ ʨʝʛʫʣʷʪʦʨʘ ʩ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʙʝʟ ʤʝʨʪʚʦʡ 
ʟʦʥʳ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʮʝʩʩʫ ʦʙʨʘʟʦʚʘʥʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ (ʨʠʩʫʥʦʢ 5.10,ʘ).  

ɼʣʷ ʨʝʛʫʣʷʪʦʨʘ ʩ ʟʦʥʦʡ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʧʦʧʘʜʘʝʪ ʚ ʵʪʫ ʟʦʥʫ, ʧʨʦʮʝʩʩ 
ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʢʣʶʯʘʝʪʩʷ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʠʩʢʨʝʪʥʳʝ ʚʳʭʦʜʳ ʪʘʢʞʝ ʥʘʭʦʜʷʪʩʷ ʚ ʚʳʢʣʶʯʝʥʥʦʤ 
ʩʦʩʪʦʷʥʠʠ (ʨʠʩʫʥʦʢ 5.10,ʙ). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʧʨʦʮʝʩʩ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʥʝʙʦʣʴʰʦʡ 
ʩʪʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʦʡ, ʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠʟʥʦʩ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ.  

ʅʘ ʧʨʘʢʪʠʢʝ ʟʥʘʯʝʥʠʝ ʟʦʥʳ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʳʙʠʨʘʶʪ ʨʘʚʥʳʤ ʧʦʣʦʚʠʥʝ ʦʪʢʣʦʥʝʥʠʷ ʨʝʛʫʣʷʪʦʨʘ, 
ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʧʫʩʪʠʤʳʤ ʧʦ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʊʦ ʝʩʪʴ, ʝʩʣʠ ʧʨʠ ʨʝʛʫʣʠʨʦʚʘʥʠʠ 
ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʟʘʜʘʥʠʝʤ 250 Üʉ ʥʦʨʤʘʣʴʥʳʤ ʩʯʠʪʘʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʘʜʘʥʠʷ ʥʘ Ñ6 Üʉ, ʪʦ 
ʟʥʘʯʝʥʠʝ ʟʦʥʳ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚʳʙʠʨʘʶʪ ʨʘʚʥʳʤ 3 Üʉ. 

 
 

(5.12) 
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5.3 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʠʤʧʫʣʴʩʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.11.  

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩʫʥʦʢ 5.11 - ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʙʣʦʢʘ ʠʤʧʫʣʴʩʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ PID_IMP(62) 

 
ɿʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ 01 PV ʙʣʦʢʘ ʠ ʠʥʜʠʮʠʨʫʝʪʩʷ ʥʘ ʜʠʩʧʣʝʝ 

ʇɸʈɸʄɽʊʈ. ɺ ʧʘʨʘʤʝʪʨʝ 01 nDISP ʟʘʜʘʝʪʩʷ ʥʦʤʝʨ ʜʠʩʧʣʝʷ ʨʝʛʫʣʷʪʦʨʘ. ɿʥʘʯʝʥʠʝ 01 nDISP = 0 ʜʝʣʘʝʪ 
ʨʝʛʫʣʷʪʦʨ ʥʝʚʠʜʠʤʳʤ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ. 

ʈʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ ʉʀɻʅɸʃʀɿɸʎʀʗ (5), ʛʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ 

ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ (ʜʝʚʠʘʮʠʦʥʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ). ɼʘʥʥʳʡ ʫʟʝʣ ʬʦʨʤʠʨʫʝʪ 
ʜʠʩʢʨʝʪʥʳʝ ʩʠʛʥʘʣʳ dMIN ʠ dMAX, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʳʭʦʜʳ 04 ʠ 03 ʙʣʦʢʘ PID_IMP(62). ʂʨʦʤʝ ʪʦʛʦ, 
ʜʘʥʥʳʝ ʩʠʛʥʘʣʳ ʥʘʧʨʷʤʫʶ çʧʨʠʚʷʟʘʥʳè ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʠʛʥʘʣʴʥʳʤ ʩʚʝʪʦʜʠʦʜʘʤ ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ 
ʢʦʥʪʨʦʣʣʝʨʘ ʚʦʟʣʝ ʠʥʜʠʢʘʪʦʨʘ ʇɸʈɸʄɽʊʈ. 

ʉʣʝʜʫʶʱʠʤ ʫʟʣʦʤ ʚ ʮʝʧʠ ʦʙʨʘʙʦʪʢʠ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʷʚʣʷʝʪʩʷ ʉʋʄʄɸʊʆʈ (4), ʧʨʠʯʝʤ, 
ʟʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʥʝʛʦ ʩʦ ʟʥʘʢʦʤ ñ+ò. 

ʋʟʝʣ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʙʣʦʢʦʚ. ɿʘʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 
ʧʘʨʘʤʝʪʨʘ (ʫʟʝʣ SP (2)) ʦʛʨʘʥʠʯʝʥʦ ʧʦ ʤʘʢʩʠʤʫʤʫ ʠ ʤʠʥʠʤʫʤʫ ʧʘʨʘʤʝʪʨʘʤʠ 19 SP_h ʠ 20 SP_l. ɿʥʘʯʝʥʠʝ 
ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʨʝʛʫʣʷʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʨʘʤʝʪʨʝ 15 SP, ʢʦʪʦʨʳʡ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ 
çʩʚʷʟʘʥʥʳʤè. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʝʡ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ (ʧʘʨʘʤʝʪʨ 05 nQntSP = 2), ʝʝ ʟʥʘʯʝʥʠʝ 
ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʳʚʘʪʴ ʚ ʧʘʨʘʤʝʪʨ 16 SP_EXT (ʪʘʢʞʝ ʩʜʝʣʘʚ ʝʛʦ çʩʚʷʟʘʥʥʳʤè). ʇʘʨʘʤʝʪʨ 21 SP_r 
ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ (ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ ʟʘ ʤʠʥʫʪʫ). 

ʋʟʝʣ BALANCE (3) ʦʪʚʝʯʘʝʪ ʟʘ ʙʝʟʫʜʘʨʥʦʝ (ʧʣʘʚʥʦʝ) ʧʝʨʝʢʣʶʯʝʥʠʝ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. 
ʉʠʛʥʘʣ ʩ ʫʟʣʘ BALANCE (3) ʧʦʩʪʫʧʘʝʪ ʥʘ ʉʋʄʄɸʊʆʈ (4) ʩʦ ʟʥʘʢʦʤ ñ-ò. 

ʅʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʠ 
ʟʘʜʘʥʠʝʤ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮʘʭ: ɽʪʝʭ.ʝʜ.=PV-SP. ʕʪʦʪ ʩʠʛʥʘʣ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ ʧʦ ʰʢʘʣʝ 0 ï 100% (ʫʟʝʣ 
ʄɸʉʐʊɸɹʀʈʆɺɸʅʀɽ (6)) ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ PV, ʟʘʜʘʚʘʝʤʦʛʦ ʚ ʧʘʨʘʤʝʪʨʝ 18 PV_r.  
ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ï ʦʥ ʧʦʜʘʝʪʩʷ ʥʘ 
ʚʳʭʦʜ 08 delta ʙʣʦʢʘ PID_IMP(62). 

ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʩʣʝ ʫʟʣʘ ʄɸʉʐʊɸɹʀʈʆɺɸʅʀɽ (6) ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ 
CONV (7) ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 
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ʉʣʝʜʫʶʱʠʡ ʫʟʝʣ - DIR (8) - ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʚʳʙʠʨʘʝʪʩʷ  ʧʘʨʘʤʝʪʨʦʤ 
02 nDIR). ʇʨʠ ʦʙʨʘʪʥʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (02 nDIR = 0), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

)SPPV(E --= . 

ʇʨʠ ʧʨʷʤʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (02 nDIR = 1), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

SPPVE -= . 

ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʨʝʢʮʠʠ (ʫʟʝʣ CORR (9)) ʫʧʨʘʚʣʷʝʤʦʛʦ ʩʠʛʥʘʣʘ ʧʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʉʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
PVE  ʧʦʩʣʝ ʙʣʦʢʘ DIR (8) ʩʫʤʤʠʨʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʢʦʨʨʝʢʮʠʠ (5.13): 

( )COR_h

COR_lCORPV VALCOR_GEE Ö+=  

ʉ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʟʘʚʠʩʠʪ 
ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ 32 COR_G. ʏʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʚʣʠʷʥʠʝ ʩʠʛʥʘʣʘ 
ʢʦʨʨʝʢʮʠʠ ʥʘ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʠ ʥʘʦʙʦʨʦʪ.  

 
ɼʘʣʝʝ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʫʟʝʣ DB (11) çɿʦʥʘ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠè. ʅʘʩʪʨʦʡʢʠ ʵʪʦʛʦ ʙʣʦʢʘ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʧʘʨʘʤʝʪʨʦʤ 35 FB. 
 ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʧʘʜʘʝʪ ʥʘ ʙʣʦʢ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ PID (12). ʇʀɼ-

ʨʝʛʫʣʷʪʦʨ ʧʦʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ 
ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʦʟʜʝʡʩʪʚʠʝ Y(t) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʨʝʛʫʣʷʪʦʨʘ E(t) (ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ PV ʠ ʟʘʜʘʥʠʝʤ ʨʝʛʫʣʷʪʦʨʘ SP). 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʨʝʛʫʣʷʪʦʨʘ E(t) ʠ ʚʳʭʦʜʥʳʤ Y(t) ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʜʘʪʦʯʥʘʷ 
ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ. ɸʣʛʦʨʠʪʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʜʝʨʞʠʪ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʝʛʫʣʷʪʦʨʘ: ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ 
(ʇ-ʩʦʩʪʘʚʣʷʶʱʘʷ), ʠʥʪʝʛʨʘʣʴʥʘʷ (ʀ-ʩʦʩʪʘʚʣʷʶʱʘʷ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ (ɼ-ʩʦʩʪʘʚʣʷʶʱʘʷ). 

ʉ ʚʳʭʦʜʘ ʙʣʦʢʘ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʉʋʄʄɸʊʆʈ (14). ʂ|ʜʦ| ʩʫʤʤʘʪʦʨʫ ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʩʠʛʥʘʣ 
ʧʨʝʜʚʘʨʝʥʠʷ ʫʟʣʘ FEED FORWARD (13). ʏʪʦʙʳ ʚ ʙʣʦʢʝ ʇʀɼ-ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʧʦʷʚʠʣʩʷ ʚʭʦʜ 
ʧʨʝʜʚʘʨʝʥʠʷ, ʧʘʨʘʤʝʪʨ 27 FF_V ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. ʉʠʛʥʘʣ ʩ ʵʪʦʛʦ ʚʭʦʜʘ ʫʩʠʣʠʚʘʝʪʩʷ/ʦʩʣʘʙʣʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ FFK , ʟʘʜʘʥʥʳʤ ʚ ʧʘʨʘʤʝʪʨʝ 28 FF_G, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʩʪʘʚʢʘʤʠ, 

ʟʘʜʘʥʥʳʤʠ ʚ ʧʘʨʘʤʝʪʨʘʭ 29 FF_h ʠ 30 FF_l ʠ ʧʦʜʘʝʪʩʷ ʥʘ ʩʫʤʤʘʪʦʨ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ 
ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩʫʤʤʠʨʫʝʪʩʷ ʩ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʇ-ʨʝʛʫʣʷʪʦʨʘ ʢʘʥʘʣʘ ʧʨʝʜʚʘʨʝʥʠʷ (ʨʠʩʫʥʦʢ 5.12). 
 

 
 

ʈʠʩʫʥʦʢ 5.12 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʨʝʜʚʘʨʝʥʠʝʤ 
 

ɼʘʣʝʝ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʙʣʦʢ ʫʩʪʘʥʦʚʢʠ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟʦʧʘʩʥʦʛʦ 
ʟʥʘʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ TRACK (15). ɽʩʣʠ ʢʦʤʘʥʜʘ ʥʘ ʫʩʪʘʥʦʚʢʫ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ 
ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʪʦʪ ʙʣʦʢ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʉʠʛʥʘʣ ʢʦʤʘʥʜʳ ʥʘ ʫʩʪʘʥʦʚʢʫ ʙʝʟʦʧʘʩʥʦʛʦ 
ʧʦʣʦʞʝʥʠʷ ʟʘʚʦʜʠʪʩʷ ʥʘ ʚʭʦʜ ʧʨʤ(07), ʜʣʷ ʯʝʛʦ ʧʘʨʘʤʝʪʨ 07 dTRK ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. 

ʇʦʪʦʤ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʙʣʦʢ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʨʦʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ MODE (17) (ʈʋʏʅʆʁ / 
ɸɺʊʆʄɸʊ). ɺʳʙʦʨ ʨʝʞʠʤʘ ʨʦʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʢʦʥʪʨʦʣʣʝʨʘ ʠʣʠ ʟʘʜʘʝʪʩʷ ʚ 
ʧʘʨʘʤʝʪʨʝ 08 nMODE. ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʨʦʙʦʪʳ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʫʧʨʘʚʣʷʝʪ 
ʜʠʩʢʨʝʪʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʘ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʧʨʠʙʦʨʘ ʠʣʠ ʧʦ 
ʠʥʪʝʨʬʝʡʩʫ. ɽʩʣʠ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʪʝʨʬʝʡʩʫ, ʪʦ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʀʄ ʟʘʧʠʩʳʚʘʝʪʩʷ 
ʚ ʧʘʨʘʤʝʪʨ 17 OUT. 

ʇʦʩʣʝʜʥʠʤ ʟʚʝʥʦʤ ʇʀɼ-ʠʤʧʫʣʴʩʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ ʠʤʧʫʣʴʩʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ PULSE 
(18), ʢʦʪʦʨʳʡ ʧʦ ʚʳʭʦʜʫ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʬʦʨʤʠʨʫʝʪ ʠʤʧʫʣʴʩʥʳʝ ʩʠʛʥʘʣʳ çɹʆʃʔʐɽè - çʄɽʅʔʐɽè. 

ʉʠʛʥʘʣʳ çɹʆʃʔʐɽè - çʄɽʅʔʐɽè ʠʜʫʪ ʥʘ ʚʳʭʦʜʳ ʙʣʦʢʘ 05 dUP ʠ 06 dDN, ʘ ʪʘʢʞʝ ʧʦʩʪʫʧʘʶʪ ʥʘ 
ʚʥʫʪʨʝʥʥʠʡ ʠʥʪʝʛʨʘʪʦʨ INTEGR (19), ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ (ʨʘʩʩʯʠʪʘʥʥʦʝ) ʟʥʘʯʝʥʠʝ 
ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʚʳʚʦʜʠʪʩʷ ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʚ ʜʠʩʧʣʝʝ ɺʀʍɯɼ, ʘ 
ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʥʘ ʚʝʨʭʥʝʤ ʫʨʦʚʥʝ ʩ ʧʘʨʘʤʝʪʨʘ 22 POZ. ɽʩʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʝʰʥʷʷ 
ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ, ʪʦ ʧʘʨʘʤʝʪʨ 22 POZ  ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè ʠ ʥʘ ʚʭʦʜ ʧʨʤ(22) ʧʦʜʘʪʴ ʩʠʛʥʘʣ ʦʪ 
ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʇʨʠ ʵʪʦʤ ʥʘ ʜʠʩʧʣʝʝ ɺʀʍɯɼ ʙʫʜʝʪ ʠʥʜʠʮʠʨʦʚʘʪʴʩʷ 
ʨʝʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 

 
 

(5.13) 
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5.4 ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ 
 

ɼʦʧʫʩʪʠʤ, ʝʩʪʴ ʘʙʩʪʨʘʢʪʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. ɺʦʜʫ ʚ ʝʤʢʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʛʨʝʪʴ ʠ 
ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɼʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʟʦʚʘʷ ʛʦʨʝʣʢʘ, 
ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʝʤʢʦʩʪʴʶ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʛʦʨʝʥʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʢʣʘʧʘʥʦʤ ʧʦʜʘʯʠ ʛʘʟʘ. ʅʘ ʨʠʩʫʥʢʝ 5.13 
ʧʦʢʘʟʘʥʦ, ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʨʠ ʧʦʤʦʱʠ ʠʤʧʫʣʴʩʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 
 

 
ʈʠʩʫʥʦʢ 5.13 ï ʇʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 5.14 ʠʟʦʙʨʘʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ PID_IMP(62) 
ʢʦʥʪʨʦʣʝʨʘ ʄʀʂ-51. ɿʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ʙʣʦʢʦʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5.15 ï 5.19.            
FBD-ʬʘʡʣ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ ʜʦʩʪʫʧʝʥ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ ʧʨʝʜʧʨʠʷʪʠʷ ʄʀʂʈʆʃ 
(Impuls_PID.zip). 

 
 

 

 

 
ʈʠʩʫʥʦʢ 5.14 ï ʈʝʘʣʠʟʘʮʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

 

 

 
ʈʠʩʫʥʦʢ 5.15 - ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ AIN(05) 

http://www.microl.ua/software/examples_programs/Analog_PID.rar
http://www.microl.ua/software/examples_programs/Impuls_PID.zip
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ʈʠʩʫʥʦʢ 5.16 - ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ SP(53) 

 
 

 
 

ʈʠʩʫʥʦʢ 5.17 - ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ DOT1(09) 

 
 

 
 

ʈʠʩʫʥʦʢ 5.18 - ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ DOT2(09) 
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ʈʠʩʫʥʦʢ 5.19 - ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ PID_IMP(62) 
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6 ʂɸʉʂɸɼʅʓʁ ɸʅɸʃʆɻʆɺʓʁ ʇʀɼ-ʈɽɻʋʃʗʊʆʈ 
 
6.1 ʅʘʟʥʘʯʝʥʠʝ 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ (ʨʠʩʫʥʦʢ 6.1) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʦʚ ʢʘʩʢʘʜʥʦʛʦ ʇʀɼ-
ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʦʛʦʚʳʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. 

 

 
ʈʠʩʫʥʦʢ  6.1 - ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ PID_CAS(61) 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ PID_CAS(61) ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʠ ʥʘʩʪʨʘʠʚʘʝʤʦʛʦ ʢʘʩʢʘʜʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ: 
1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦ ʚʥʝʰʥʝʡ ʢʦʤʘʥʜʝ; 
2. 4 ʨʝʞʠʤʘ ʨʘʙʦʪʳ: 

¶ ʨʫʯʥʦʡ ï ʫʧʨʘʚʣʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ; 

¶ ʣʦʢʘʣʴʥʳʡ ï ʦʜʥʦʢʦʥʪʫʨʥʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʩ ʚʥʫʪʨʝʥʥʠʤ ʟʘʜʘʥʠʝʤ; 

¶ ʢʘʩʢʘʜʥʳʡ ï ʢʘʩʢʘʜʥʳʡ ʘʥʘʣʦʛʦʚʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ; 

¶ ʩʣʝʜʷʱʠʡ ï ʦʩʪʘʥʦʚʢʘ ʨʝʛʫʣʷʪʦʨʘ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʩʣʝʞʝʥʠʝʤ ʟʘ ʟʥʘʯʝʥʠʝʤ ʚʳʭʦʜʘ 
ʙʣʦʢʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʙʝʟʫʜʘʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʜʨʫʛʦʡ ʨʝʞʠʤ ʨʘʙʦʪʳ; 

3. ʌʫʥʢʮʠʷ ʧʨʝʜʚʘʨʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ; 
4. ʌʫʥʢʮʠʷ ʢʦʨʨʝʢʮʠʠ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ. 

ɹʣʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪ ʇʀɼ-ʘʣʛʦʨʠʪʤ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ʂʦʤʧʦʥʝʥʪʳ ʇ-, ʀ- ʠ ɼ-, 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʤʦʛʫʪ ʙʳʪʴ ʘʢʪʠʚʠʟʠʨʦʚʘʥʳ ʠʣʠ ʚʳʢʣʶʯʝʥʳ ʚ 
ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʨʷʜʢʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʇ-, ʇʀ-, ʇɼ- ʠ ʇʀɼ- ʨʝʛʫʣʷʪʦʨʳ. 

ɹʣʦʢ PID_CAS(61) ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʩʦʙʦʡ ʜʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʘ ʘʥʘʣʦʛʦʚʳʭ ʇʀɼ-
ʨʝʛʫʣʷʪʦʨʦʚ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʢʘʩʢʘʜʥʦʤ ʨʝʞʠʤʝ. ʇʦ ʩʪʨʫʢʪʫʨʝ ʢʘʩʢʘʜʥʳʡ ʘʥʘʣʦʛʦʚʳʡ ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʩʦʩʪʦʠʪ 
ʠʟ ʜʚʫʭ ʨʝʛʫʣʷʪʦʨʦʚ: ʚʝʜʫʱʝʛʦ (MASTER) ʠ ʚʝʜʦʤʦʛʦ (SLAVE). ɺʳʭʦʜ MASTER-ʨʝʛʫʣʷʪʦʨʘ ʷʚʣʷʝʪʩʷ 
ʟʘʜʘʥʠʝʤ ʜʣʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

 

 
6.2 ʇʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ 

 
ʇʘʨʘʤʝʪʨ 01 nDisp ʟʘʜʘʝʪ ʥʦʤʝʨ ʜʠʩʧʣʝʷ ʨʝʛʫʣʷʪʦʨʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʧʨʦʛʨʘʤʤʝ ʢʦʥʪʨʦʣʣʝʨʘ ʨʝʛʫʣʷʪʦʨʦʚ (ʇʀɼ - ʘʥʘʣʦʛʦʚʳʭ, ʇʀɼ - ʠʤʧʫʣʴʩʥʳʭ, ʇʀɼ - ʢʘʩʢʘʜʥʳʭ ʘ ʪʘʢʞʝ 
ʜʝʣʴʪʘ-ʨʝʛʫʣʷʪʦʨʦʚ) ï 9. ʂʘʞʜʳʡ ʨʝʛʫʣʷʪʦʨ ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʥʦʤʝʨ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ 
ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʝʛʫʣʷʪʦʨʦʚ ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʢʦʥʪʨʦʣʣʝʨʘ (ʜʠʩʧʣʝʡ ˉ).  

 
ʇʘʨʘʤʝʪʨ 02 nDir.m ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 03 nDir.s ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʨʠ ʦʙʨʘʪʥʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (nDIR = 0) ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

SP)(PVE --= . ɺʳʭʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʨʝʛʫʣʷʪʦʨʘ (MASTER ʠʣʠ SLAVE) ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʝʩʣʠ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʤʝʥʴʰʝ ʟʘʜʘʥʠʷ, ʠ ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʪʴʩʷ, ʝʩʣʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ 
ʙʫʜʝʪ ʙʦʣʴʰʝ ʟʘʜʘʥʠʷ (6.1): 
 

nDIR = 0: 
®Ý>

¬Ý<

OUTSPPV

OUTSPPV  . 

 
 ʇʨʠ ʧʨʷʤʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (nDIR=1), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

SPPVE -= . ɺʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʝʩʣʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʙʦʣʴʰʝ ʟʘʜʘʥʠʷ, ʠ 

ʥʘʦʙʦʨʦʪ, ʫʤʝʥʴʰʘʪʴʩʷ, ʝʩʣʠ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʙʫʜʝʪ ʤʝʥʴʰʝ ʟʘʜʘʥʠʷ (6.2): 
 

nDIR = 1: 
®Ý<

¬Ý>

OUTSPPV

OUTSPPV   

(6.1) 

(6.2) 
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ʇʘʨʘʤʝʪʨ 04 nSTR ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʦʙʦʠʭ ʨʝʛʫʣʷʪʦʨʦʚ (ʠ MASTER, ʠ SLAVE):  

1. 04 nSTR = 0 ï ʧʘʨʘʣʣʝʣʴʥʘʷ;  
2. 04 nSTR = 1 ï ʩʤʝʰʘʥʥʘʷ. 

 ɸʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʩʭʝʤʳ ʫʟʣʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʚ ʩʣʫʯʘʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʠ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 
ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 6.2. 
 

  
ʘ)    
                                

  
ʙ) 
 

ʘ ï ʧʘʨʘʣʣʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ; ʙ ï ʩʤʝʰʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ. 
ʈʠʩʫʥʦʢ 6.2 ï ʉʪʨʫʢʪʫʨʳ ʫʟʣʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

 
ʉʦʛʣʘʩʥʦ ʨʠʩʫʥʢʘ 6.2, ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 

ñ ++Ö=
t

0
dt

dE(t)

d
TE(t)dt

ʽ
T

1
E(t)

p
KY(t) , 

 
ʜʣʷ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ: 
 

ñ ++Ö=
t

0
dt

dE(t)

d
TE(t)dt

ʽ
T

Kp
E(t)

p
KY(t) ,  

 

ʛʜʝ:  
pK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 12 Kʨ.M ʜʣʷ MASTER ʠ 

ʧʘʨʘʤʝʪʨ 13 Kp.S ʜʣʷ SLAVE); 

iT  ï ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 08 Ti.M ʜʣʷ MASTER ʠ ʧʘʨʘʤʝʪʨ 09 Ti.S 

ʜʣʷ SLAVE); 

dT  ï ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 10 Td.M ʜʣʷ MASTER ʠ ʧʘʨʘʤʝʪʨ  

11 Td.S ʜʣʷ SLAVE). 
 
ʉʫʤʤʘʨʥʦ: ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ, 

ʚʣʠʷʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʊ ̔ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʂʨ ʨʘʟ. 
ʌʦʨʤʫʣʳ (6.3) ʠ (6.4) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʜʘʪʦʯʥʳʤ ʬʫʥʢʮʠʷʤ ʘʥʘʣʦʛʦʚʳʭ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ. ɺ 

ʨʝʛʫʣʷʪʦʨʘʭ ʢʦʥʪʨʦʣʣʝʨʘ ʄʀʂ-51 ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʝ ʬʦʨʤʫʣʳ ʨʘʩʯʝʪʘ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʚ 
ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʄʀʂ-51 ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʯʝʪ ʠʥʪʝʛʨʘʣʴʥʦʡ ʠ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚʳʧʦʣʥʷʝʪʩʷ ʯʠʩʣʦʚʳʤʠ ʤʝʪʦʜʘʤʠ (ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ) ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ 
ʜʠʩʢʨʝʪʠʟʘʮʠʶ ʚʦ ʚʨʝʤʝʥʠ ʟʥʘʯʝʥʠʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʇʀɼ-
ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʤʝʝʪ ʚʠʜ (6.5): 
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ʜʣʷ ʩʤʝʰʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʛʫʣʷʪʦʨʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʚʠʜ (6.6): 
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ʛʜʝ: 
pK  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 12 Kʨ.M ʜʣʷ MASTER ʠ 

ʧʘʨʘʤʝʪʨ 13 Kp.S ʜʣʷ SLAVE); 

iT  ï ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 08 Ti.M ʜʣʷ MASTER ʠ ʧʘʨʘʤʝʪʨ 09 Ti.S 

ʜʣʷ SLAVE); 

dT  ï ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ (ʧʘʨʘʤʝʪʨ 10 Td.M ʜʣʷ MASTER ʠ ʧʘʨʘʤʝʪʨ  

11 Td.S ʜʣʷ SLAVE); iE  ï ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʟʘʜʘʥʠʝʤ ʨʝʛʫʣʷʪʦʨʘ ʠ ʪʝʢʫʱʠʤ ʟʥʘʯʝʥʠʝʤ Ti 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ; 

iED  - ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʟʥʘʯʝʥʠʷʤʠ iE  ʠ 1iE - ; 

tD  - ʚʨʝʤʷ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ iT  ʠ 1iT- ; 

ä
=

n

0i

iE
 -ʥʘʢʦʧʣʝʥʥʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʫʤʤʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʡ. 

 
ʇʘʨʘʤʝʪʨ 05 nTYPE ʦʪʚʝʯʘʝʪ ʟʘ ʪʠʧ ʢʘʩʢʘʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ (0 ï ʧʦ ʫʤʦʣʯʘʥʠʶ). 

 
ʇʘʨʘʤʝʪʨ 06 dTRK ʦʪʚʝʯʘʝʪ ʟʘ ʫʩʪʘʥʦʚʢʫ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʩʣʫʯʘʝ 

ʚʦʟʤʦʞʥʳʭ ʘʚʘʨʠʡʥʳʭ ʠʣʠ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ, ʢʦʤʘʥʜʘ 06 dTRK = 1 ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʨʝʛʫʣʷʪʦʨ ʚ 

ʨʝʞʠʤ ʉʃɽɼʗʑɽɻʆ ʫʧʨʘʚʣʝʥʠʷ (ʉʋ). ʇʨʠ ʵʪʦʤ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘʜʘʥʥʦʝ ʚ 
ʧʘʨʘʤʝʪʨʝ 38 TRK.V ʙʝʟʦʧʘʩʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠʣʠ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʝʩʣʠ ʦʥ 
ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥ ʢʘʢ çʩʚʷʟʘʥʥʳʡè. 

 
ʇʘʨʘʤʝʪʨ 07 nMODE ʦʪʚʝʯʘʝʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʠʣʠ 

ʧʦ ʩʝʪʠ: 
1. 08 nMode = 0 ï ʈʋʏʅʆʁ ʨʝʞʠʤ; 
 2. 08 nMode = 1 ï ɸɺʊʆʄɸʊʀʏɽʉʂʀʁ ʨʝʞʠʤ (ʃʆʂɸʃʔʅʆɽ ʫʧʨʘʚʣʝʥʠʝ ï ʃʋ; ʦʜʥʦʢʦʥʪʫʨʥʳʡ ʇʀɼ-

ʨʝʛʫʣʷʪʦʨ ʩ ʚʥʫʪʨʝʥʥʠʤ ʟʘʜʘʥʠʝʤ); 
 3. 08 nMode = 2 ï ɸɺʊʆʄɸʊʀʏɽʉʂʀʁ ʨʝʞʠʤ (ʂɸʉʂɸɼʅʆɽ ʫʧʨʘʚʣʝʥʠʝ ï ʂʋ; ʢʘʩʢʘʜʥʳʡ ʘʥʘʣʦʛʦʚʳʡ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨ). 
ʇʦʩʣʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʣʝʨ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʤ ʨʝʞʠʤʝ, ʢʦʪʦʨʳʡ ʫʢʘʟʘʥ ʚ ʧʘʨʘʤʝʪʨʝ 08 

nMode. ʇʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʦʧʠʩʘʥʦ ʚ ʨʘʟʜʝʣʝ 6.2.3 ʨʫʢʦʚʦʜʩʪʚʘ ʇʈʄʂ.421457.005 ʈʕ1. 
ʊʘʢʞʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʤʦʞʥʦ ʧʝʨʝʢʣʶʯʘʪʴ ʚʥʝʰʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʩʜʝʣʘʚ ʧʘʨʘʤʝʪʨ 07 nMODE çʩʚʷʟʘʥʥʳʤè. 
ʊʦʛʜʘ ʥʘ ʚʭʦʜ ʧʨʤ(07) ʧʦʜʘʝʪʩʷ ʩʠʛʥʘʣ ʩ ʚʥʝʰʥʠʭ ʜʠʩʢʨʝʪʥʳʭ ʚʭʦʜʦʚ (DIN(06)) ʠʣʠ ʜʨʫʛʦʡ ʩʠʛʥʘʣ, 
ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

 
ʇʘʨʘʤʝʪʨ 08 Ti.M ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 09 Ti.S ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 10 Td.M ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 11 Td.S ʦʪʚʝʯʘʝʪ ʟʘ ʚʨʝʤʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 12 Kp.M ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 13 Kp.S ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 
 
ʇʘʨʘʤʝʪʨ 14 SP.M ʦʪʚʝʯʘʝʪ ʟʘ ʟʘʜʘʥʠʝ MASTER-ʨʝʛʫʣʷʪʦʨʫ. 

 
ʇʘʨʘʤʝʪʨ 15 SP.S ʦʪʚʝʯʘʝʪ ʟʘ ʟʘʜʘʥʠʝ SLAVE-ʨʝʛʫʣʷʪʦʨʫ. 

 
ɺ ʧʘʨʘʤʝʪʨ 16 OUT ʟʘʧʠʩʳʚʘʶʪ ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʘʥʘʣʦʛʦʚʦʛʦ ʚʳʭʦʜʘ ʨʝʛʫʣʷʪʦʨʘ. ʉ 

ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘʯʥʝʪ ʠʟʤʝʥʷʪʩʷ ʚʳʭʦʜ ʨʝʛʫʣʷʪʦʨʘ ʧʨʠ ʧʝʨʝʭʦʜʝ ʩ ʨʫʯʥʦʛʦ ʨʝʞʠʤʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ. ʊʘʢʞʝ 
ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʳʭʦʜʦʤ ʨʝʛʫʣʷʪʦʨʘ ʩ ʚʝʨʭʥʝʛʦ ʫʨʦʚʥʷ (ʥʘʧʨʠʤʝʨ, ʩʦ 
SCADA-ʩʠʩʪʝʤʳ). 

 
ʇʘʨʘʤʝʪʨ 17 PV.M.rng ï ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

ʇʘʨʘʤʝʪʨ ʦʪʚʝʯʘʶʪ ʟʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʧʦ ʰʢʘʣʝ 0 ï 100% ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ 
ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʘʨʘʤʝʪʨ 17 PV.M.rng ʟʘʜʘʝʪʩʷ ʨʘʚʥʳʤ ʜʠʘʧʘʟʦʥʫ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ. 
ʅʘʧʨʠʤʝʨ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʤʝʪʨʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʊʉʄ 50ʄ ʩ ʧʨʝʜʝʣʴʥʳʤʠ ʛʨʘʥʠʮʘʤʠ 

(6.6) 
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ʠʟʤʝʨʝʥʠʷ -50,0 Üʉ... +200,0 Üʉ, ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ 250 Üʉ, ʪʦ ʝʩʪʴ 17 PV.M.rng = 250. ɼʣʷ 

ʪʘʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʟʘʜʘʥʠʠ SP = 50 Üʉ ʠ ʧʘʨʘʤʝʪʨʝ PV = 60 Üʉ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ 
ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ E = 10 Üʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 4% ʦʪ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 
ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ ʙʦʣʴʰʦʡ, ʘ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ 
ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ ʤʝʥʴʰʝ ʯʝʤ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʜʘʪʯʠʢʘ. ɼʣʷ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʧʨʠʤʝʨʘ, ʝʩʣʠ 
ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʝʪ 20é120 Üʉ, ʪʦ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʙʫʜʝʪ ʨʘʚʝʥ 100 Üʉ, 
(17 PV.M.rng = 100). ʇʨʠ ʪʘʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʟʘʜʘʥʠʠ SP = 50 Üʉ ʠ ʧʘʨʘʤʝʪʨʝ PV = 60 
Üʉ, ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʪʝ ʞʝ ɽ = 10 Üʉ, ʥʦ ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʵʪʦ ʙʫʜʝʪ ʨʘʚʥʦ 10%. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʤʝʥʴʰʠʚ ʜʠʘʧʘʟʦʥ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʣʫʯʰʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 
ʨʝʛʫʣʷʪʦʨʘ. 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ 17 PV.M.rng ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʦʣʝʙʘʥʠʷʤ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʦʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ 
ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʣʠ ʙʦʣʴʰʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ. 

 
ʇʘʨʘʤʝʪʨ 18 SP.M.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 19 SP.M.l ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʨʠ ʚʚʝʜʝʥʠʠ ʟʘʜʘʥʠʷ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ, ʠʟʤʝʥʝʥʠʝ ʥʠʞʝ ʧʘʨʘʤʝʪʨʘ 18 SP.M.h ʠ 19 SP.M.l 

ʟʘʙʣʦʢʠʨʦʚʘʥʦ. ɽʩʣʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ ʧʘʨʘʤʝʪʨ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ 
ʧʨʤ(14), ʙʦʣʴʰʝ (ʤʝʥʴʰʝ) ʦʪ ʟʥʘʯʝʥʠʷ, ʟʘʜʘʥʥʦʛʦ ʚ ʧʘʨʘʤʝʪʨʝ 18 SP.M.h (19 SP.M.l), ʪʦ ʥʘ ʩʫʤʤʘʪʦʨ 
ʧʦʩʪʫʧʘʝʪ ʟʥʘʯʝʥʠʝ, ʨʘʚʥʦʝ ʟʥʘʯʝʥʠʶ 18 SP.M.h (19 SP.M.l). ɼʠʘʛʨʘʤʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʥʘ ʨʠʩʫʥʢʝ 6.5.  
 ɽʩʣʠ ʧʘʨʘʤʝʪʨ 18 SP.M.h ʨʘʚʥʳʡ ʧʘʨʘʤʝʪʨʫ 19 SP.M.l, ʪʦ ʟʘʜʘʥʠʝ ʙʫʜʝʪ ʥʝʠʟʤʝʥʥʳʤ ʠ ʨʘʚʥʳʤ 
SP.M = 18 SP.M.h = 19 SP.M.l. 

ʈʠʩʫʥʦʢ 6.5 ï ɼʠʘʛʨʘʤʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʥʠʷ 
 
ʇʘʨʘʤʝʪʨ 20 SP.M.rate ʦʪʚʝʯʘʝʪ ʟʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ (ʪʝʭ.ʝʜʠʥʠʮ 

ʥʘ ʤʠʥʫʪʫ). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 20 SP.M.rate, ʝʩʪʴ ʜʚʘ ʨʝʞʠʤʳ ʙʘʣʘʥʩʠʨʦʚʢʠ: 
 1. 20 SP.M.rate = 0 ï ʩʪʘʪʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ, 

2. 20 SP.M.rate  ̧0 ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʙʘʣʘʥʩʠʨʦʚʢʠ ʩ ʚʥʝʰʥʠʤ ʟʘʜʘʥʠʝʤ (ʢʦʛʜʘ ʧʘʨʘʤʝʪʨ 14 SP.M 
ʷʚʣʷʝʪʩʷ çʩʚʷʟʘʥʥʳʤè) ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ ʙʫʜʝʪ ʦʛʨʘʥʠʯʝʥʦ ʧʘʨʘʤʝʪʨʘʤʠ 
18 SP.M.h ʠ 19 SP.M.l, ʘ ʩʢʦʨʦʩʪʴ ʝʛʦ ʠʟʤʝʥʝʥʠʷ - ʧʘʨʘʤʝʪʨʦʤ 20 SP.M.rate. ʅʘ ʨʠʩʫʥʢʝ 6.6 ʰʪʨʠʭʦʚʦʡ ʣʠʥʝʡ 
ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʚʭʦʜ ʧʨʤ(14), ʘ ʩʧʣʦʰʥʦʡ ʣʠʥʝʡ ï ʨʝʘʣʴʥʦʝ 
ʠʟʤʝʥʝʥʠʝ ʟʘʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʘ. ʅʘ ʦʪʨʝʟʢʝ ɸɹ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʚʥʝʰʥʝʛʦ ʟʘʜʘʶʱʝʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ, ʫʢʘʟʘʥʥʦʡ ʚ ʧʘʨʘʤʝʪʨʝ 20 SP.M.rate, ʧʦʪʦʤʫ ʟʘʜʘʥʠʝ 
ʨʘʚʥʦ ʚʥʝʰʥʝʤʫ ʟʘʜʘʶʱʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʅʘ ʦʪʨʝʟʢʝ ɹɺ ʚʥʝʰʥʝʝ ʟʘʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʟʤʝʥʷʝʪʩʷ ʩ 
ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʛʨʘʬʠʢʝ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʛʣʦʤ ʥʘʢʣʦʥʘ ʦʪʨʝʟʢʘ 
t

)14(ʧʨʤ
)(tg

D

D
=b , ʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ 

SP.M.rate 20
t

SP
)(tg =
D

D
=a . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ )(tg)(tg a>b  ʟʘʜʘʥʠʝ ʨʝʛʫʣʷʪʦʨʫ ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ 

ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ, ʠ ʠʟʤʝʥʷʪʩʷ - ʧʦ ʦʪʨʝʟʢʫ ɹɻ, ʘ ʥʝ ɹɺ-ɺɻ. ɸʥʘʣʦʛʠʯʥʳʤ ʙʫʜʝʪ ʠ ʦʛʨʘʥʠʯʝʥʠʝ 
ʩʢʦʨʦʩʪʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ. 

 

19 SP.M.l 
18 SP.M.h 

SP 

ʇʘʨʘʤʝʪʨ, 
ʧʦʜʘʚʘʝʤʳʡ 
ʥʘ ʚʭʦʜ ʙʣʦʢʘ 
ʧʨʤ(14) 

19 SP.M.l 

18 SP.M.h 
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ʈʠʩʫʥʦʢ 6.6 ï ɼʠʘʛʨʘʤʤʘ ʦʛʨʘʥʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʥʝʰʥʝʛʦ ʟʘʜʘʥʠʷ 
 

ʊʘʙʣʠʮʘ 6.1 - ʌʫʥʢʮʠʠ ʨʝʞʠʤʦʚ ʙʘʣʘʥʩʠʨʦʚʦʢ ʟʘʜʘʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ ʙʣʦʢʘ PID_CAS(61) 

 ʉʪʘʪʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ ɼʠʥʘʤʠʯʝʩʢʘʷ ʙʘʣʘʥʩʠʨʦʚʢʘ 

ʀʟʤʝʥʝʥʠʝ 
ʚʥʫʪʨʝʥʥʝʡ ʟʘʜʘʥʥʦʡ 
ʪʦʯʢʠ (ʩ ʧʝʨʝʜʥʝʡ 
ʧʘʥʝʣʠ ʠʣʠ ʧʦ 
ʠʥʪʝʨʬʝʡʩʫ) 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʧʨʠʥʠʤʘʝʪ 
ʟʥʘʯʝʥʠʝ ʥʦʚʦʛʦ ʟʘʜʘʥʠʷ 

SPOLD  SPNEW 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʩʷ ʦʪ 
ʟʥʘʯʝʥʠʷ ʩʪʘʨʦʛʦ ʟʘʜʘʥʠʷ ʜʦ ʟʥʘʯʝʥʠʷ  
ʚʚʝʜʝʥʥʦʛʦ ʥʦʚʦʛʦ ʟʘʜʘʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ 20 SP.M.rate 
SPOLD  SPNEW 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʈʋ Ÿ ʃʋ 

ʇʨʠ ʧʝʨʝʢʣʶʯʝʥʠʠ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ 
ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ 

SP= PV 

ɿʘʜʘʥʠʝ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ 
ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ  ʜʦ ʟʥʘʯʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʟʘʜʘʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ 

ʟʘʜʘʥʠʷ 20 SP.M.rate 
PV  SP 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʃʋ Ÿ ʈʋ 

ɿʘʜʘʥʠʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ 

SP PV 

ɿʘʜʘʥʠʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 
SP 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʃʋ Ÿ ʂʋ 

ɿʥʘʯʝʥʠʝ ʟʘʜʘʥʠʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʝʪʩʷ ʩ 
ʚʥʫʪʨʝʥʥʝʛʦ ʥʘ ʚʥʝʰʥʝʝ 

SPɺʅʋʊʈ  SPɺʅɽʐ 

ɿʘʜʘʥʠʝ ʥʘʯʠʥʘʝʪ ʠʟʤʝʥʷʪʩʷ ʦʪ ʟʥʘʯʝʥʠʷ 
ʚʥʫʪʨʝʥʥʝʛʦ ʟʥʘʯʝʥʠʷ ʜʦ ʚʥʝʰʥʝʛʦ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʟʘʜʘʥʠʷ 20 SP.M.rate 
SPɺʅʋʊʈ  SPɺʅɽʐ 

ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʂʋ Ÿ ʃʋ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 
ʇʝʨʝʢʣʶʯʝʥʠʝ 
ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʂʋ Ÿ ʈʋ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 

ɺʥʫʪʨʝʥʥʝʝ ʟʘʜʘʥʠʝ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ 
ʚʥʝʰʥʝʛʦ ʟʘʜʘʪʯʠʢʘ 

SPɺʅʋʊʈ = SPɺʅɽʐ 

 
ʇʘʨʘʤʝʪʨ 21 MAX ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʪʘʚʢʠ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ MASTER-ʨʝʛʫʣʷʪʦʨʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. ɽʩʣʠ ʧʘʨʘʤʝʪʨ ʨʘʚʝʥ ʫʩʪʘʚʢʝ MAX ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʝʝ 
(PVÓSP+MAX), ʪʦ ʩʨʘʙʘʪʳʚʘʝʪ ʩʠʛʥʘʣʠʟʘʮʠʷ ʄɸʍ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʥʘʯʥʝʪ ʩʚʝʪʠʪʴʩʷ 

ʩʚʝʪʦʜʠʦʜ , ʘ ʥʘ ʚʳʭʦʜʝ 05 dMAX ʙʣʦʢʘ PID_CAS(61) ʫʩʪʘʥʦʚʠʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ. 
 
ʇʘʨʘʤʝʪʨ 22 MIN ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʟʥʘʯʝʥʠʝ ʫʩʪʘʚʢʠ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ MASTER-ʨʝʛʫʣʷʪʦʨʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. ɽʩʣʠ ʞʝ ʧʘʨʘʤʝʪʨ ʨʘʚʝʥ ʠʣʠ ʤʝʥʴʰʝ ʫʩʪʘʚʢʠ MIN 

(PVÒSP-MIN), ʪʦ ʩʨʘʙʦʪʘʝʪ ʩʠʛʥʘʣʠʟʘʮʠʷ MIN. ʅʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʙʫʜʝʪ ʩʚʝʪʠʪʴʩʷ ʩʚʝʪʦʜʠʦʜ , ʘ ʥʘ 
ʚʳʭʦʜʝ 06 dMIN ʙʣʦʢʘ PID_CAS(61)  ʫʩʪʘʥʦʚʠʪʩʷ ʣʦʛʠʯʝʩʢʘʷ ʝʜʠʥʠʮʘ. 

 
ʇʘʨʘʤʝʪʨ 23 HYS ʦʪʚʝʯʘʝʪ ʟʘ ʛʠʩʪʝʨʝʟʠʩ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ 

MASTER-ʨʝʛʫʣʷʪʦʨʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ. 
 
ʇʘʨʘʤʝʪʨ 24 FF.M.V ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʝʜʚʘʨʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

ʏʪʦʙʳ ʚ ʙʣʦʢʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʦʷʚʠʣʩʷ ʚʭʦʜ ʧʨʝʜʚʘʨʝʥʠʷ, ʧʘʨʘʤʝʪʨ 24 FF.M.V ʥʫʞʥʦ ʩʜʝʣʘʪʴ 
çʩʚʷʟʘʥʥʳʤè. 

 
ʇʘʨʘʤʝʪʨ 25 FF.M.G ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ MASTER-

ʨʝʛʫʣʷʪʦʨʘ. ʉʠʛʥʘʣ ʩ ʚʭʦʜʘ ʧʘʨʘʤʝʪʨʘ 24 FF.M.V  ʫʩʠʣʠʚʘʝʪʩʷ (ʦʩʣʘʙʣʷʝʪʩʷ) ʵʪʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 
 
ʇʘʨʘʤʝʪʨ 26 FF.M.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 
 
ʇʘʨʘʤʝʪʨ 27 FF.M.l  ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

 

18 SP.M.h 

 

19 SP.M.l 
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ɺʝʨʭʥʝʝ ʠ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ ʚʳʩʪʘʚʣʷʶʪʩʷ ʠʩʭʦʜʷ ʩ ʩʦʦʙʨʘʞʝʥʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʥʘʯʘʣʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ FFK  ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʚʥʳʡ ʥʫʣʶ. ʊʦʛʜʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ 

ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʙʝʟ ʧʨʝʜʚʘʨʝʥʠʷ. ʂʦʛʜʘ ʧʦʜʦʙʨʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ pK , ʠʊ ʠ ʜʊ , ʥʝʦʙʭʦʜʠʤʦ ʥʘʯʘʪʴ 

ʫʚʝʣʠʯʠʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ FFK  ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚ ʩʠʩʪʝʤʝ ʥʝ ʚʦʟʥʠʢʥʫʪ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʧʨʠ FFʢʨK . 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʝʜʚʘʨʝʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʪʘʢ (6.7): 
  

FFʢʨK7,0FFK Ö=  , 

ʛʜʝ: FFK  - ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ; 

FFʢʨK  - ʢʨʠʪʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʩʠʩʪʝʤʝ 

ʚʦʟʥʠʢʘʶʪ ʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ. 
 
ʇʘʨʘʤʝʪʨ 28 COR.M.V ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʨʨʝʢʮʠʶ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

ʇʘʨʘʤʝʪʨ ʜʝʣʘʝʪʩʷ çʩʚʷʟʘʥʥʳʤè ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʙʣʦʢʝ ʧʦʷʚʠʪʩʷ ʚʭʦʜ ʧʨʤ(28). ʅʘ ʵʪʦʪ ʚʭʦʜ ʧʦʜʘʝʪʩʷ 
ʩʠʛʥʘʣ ʢʦʨʨʝʢʮʠʠ ʩ ʙʣʦʢʘ COR_ST(93) ʠʣʠ COR_D(94), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʫʥʢʮʠʶ 
ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʦʤ ʢʦʨʨʝʢʮʠʠ ʠ ʪʦʯʢʦʡ ʢʦʨʨʝʢʮʠʠ (6.8): 

 

( )CORCORCOR SP2PVFVAL -= ,  

ʛʜʝ: 
CORVAL  - ʟʥʘʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ (ʚ %), ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʚʭʦʜ ʧʨʤ(28) ʙʣʦʢʘ 

PID_CAS(61); 

COR2PV  - ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʢʦʨʨʝʢʮʠʠ; 

CORSP  - ʟʥʘʯʝʥʠʝ ʪʦʯʢʠ ʢʦʨʨʝʢʮʠʠ. ɼʣʷ ʙʣʦʢʘ COR_ST(93) ʵʪʦ ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʝ ʠ 

ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʘ ʜʣʷ ʙʣʦʢʘ COR_D(94) ï ʜʠʥʘʤʠʯʝʩʢʦʝ, ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʢʘʞʜʦʤ 
ʧʝʨʝʢʣʶʯʝʥʠʠ ʩ ʨʝʞʠʤʘ ʈʋ ʚ ʨʝʞʠʤ ʃʋ, ʠ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʢʦʨʨʝʢʮʠʠ ʚ ʤʦʤʝʥʪ 
ʧʝʨʝʢʣʶʯʝʥʠʷ 

CORCOR 2PVSP = ;  

( )CORCOR SP2PVF -  - ʬʫʥʢʮʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
CORCOR SP2PV - , ʢʦʪʦʨʘʷ 

ʟʘʜʘʝʪʩʷ ʚ ʙʣʦʢʘʭ COR_ST(93) ʠ COR_D(94). 
 
ʇʘʨʘʤʝʪʨ 29 COR.M.G ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

ʏʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʚʣʠʷʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ ʥʘ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʠ 
ʥʘʦʙʦʨʦʪ. 

 
ʇʘʨʘʤʝʪʨ 30 COR.M.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 31 COR.M.l  ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ MASTER-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 32 FB.M ï ʩʣʫʞʝʙʥʳʡ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʦʡ ʥʘʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʥʘʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʧʨʦʛʨʘʤʤʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 

 
ʇʘʨʘʤʝʪʨ 33 PV.S.rng ï ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

ʇʘʨʘʤʝʪʨ ʦʪʚʝʯʘʶʪ ʟʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ ʧʦ ʰʢʘʣʝ 0 ï 100% ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ 
ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 

 
ʇʘʨʘʤʝʪʨ 34 SP.S.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 35 SP.S.l ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘʜʘʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 36 OUT.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʭʦʜʘ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 37 OUT.l ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚʳʭʦʜʘ ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 38 TRK.V ʦʪʚʝʯʘʝʪ ʟʘ ʟʥʘʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʘʨʘʤʝʪʨʦʤ 06 dTRK). ɼʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʡ 
ʨʘʟʥʦʝ ʟʥʘʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɽʩʣʠ ʨʝʛʫʣʷʪʦʨ ʧʝʨʝʚʝʜʝʥ ʚ ʨʝʞʠʤ ʉʋ (ʧʘʨʘʤʝʪʨ 06 dTRK = 1), ʪʦ ʙʣʦʢ ʫʩʪʘʥʦʚʢʠ ʙʝʟʦʧʘʩʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪʢʣʶʯʠʪ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ, ʘ ʥʘ ʚʳʭʦʜʝ 
ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʚʦʟʜʝʡʩʪʚʠʝ, ʟʘʜʘʥʥʦʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʧʘʨʘʤʝʪʨʝ 38 TRK.V. 

 
ʇʘʨʘʤʝʪʨ 39 FF.S.V ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʝʜʚʘʨʝʥʠʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. ʏʪʦʙʳ 

ʚ ʙʣʦʢʝ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʦʷʚʠʣʩʷ ʚʭʦʜ ʧʨʝʜʚʘʨʝʥʠʷ, ʧʘʨʘʤʝʪʨ 39 FF.S.V ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. 
 
ʇʘʨʘʤʝʪʨ 40 FF.S.G ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

ʉʠʛʥʘʣ ʩ ʚʭʦʜʘ ʧʘʨʘʤʝʪʨʘ 39 FF.S.V  ʫʩʠʣʠʚʘʝʪʩʷ (ʦʩʣʘʙʣʷʝʪʩʷ) ʵʪʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ. 

(6.8) 

(6.7) 
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ʇʘʨʘʤʝʪʨ 41 FF.S.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 
 
ʇʘʨʘʤʝʪʨ 42 FF.S.l  ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʝʜʚʘʨʝʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 
 
ʇʘʨʘʤʝʪʨ 43 COR.S.V ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʨʨʝʢʮʠʶ ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

ʇʘʨʘʤʝʪʨ ʜʝʣʘʝʪʩʷ çʩʚʷʟʘʥʥʳʤè ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʙʣʦʢʝ ʧʦʷʚʠʪʩʷ ʚʭʦʜ ʧʨʤ(43). 
 
ʇʘʨʘʤʝʪʨ 44 COR.S.G ʦʪʚʝʯʘʝʪ ʟʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

ʏʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʚʣʠʷʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ ʥʘ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʠ 
ʥʘʦʙʦʨʦʪ. 

 
ʇʘʨʘʤʝʪʨ 45 COR.S.h ʦʪʚʝʯʘʝʪ ʟʘ ʚʝʨʭʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 46 COR.S.l  ʦʪʚʝʯʘʝʪ ʟʘ ʥʠʞʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʩʠʛʥʘʣʘ ʢʦʨʨʝʢʮʠʠ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

 
ʇʘʨʘʤʝʪʨ 47 FB.S ï ʩʣʫʞʝʙʥʳʡ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʨʘʙʦʪʦʡ ʥʘʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʥʘʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʧʨʦʛʨʘʤʤʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. 

 

 
6.3 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʩʢʘʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6.7.  

 

 
 

ʈʠʩʫʥʦʢ 6.7 - ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʣʦʢʘ ʢʘʩʢʘʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ PID_CAS(61) 
 
ɿʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ MASTER-ʨʝʛʫʣʷʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ 01 PV.M ʙʣʦʢʘ ʠ 

ʠʥʜʠʮʠʨʫʝʪʩʷ ʥʘ ʜʠʩʧʣʝʝ ʇɸʈɸʄɽʊʈ. ɺ ʧʘʨʘʤʝʪʨʝ 01 nDisp ʟʘʜʘʝʪʩʷ ʥʦʤʝʨ ʜʠʩʧʣʝʷ ʨʝʛʫʣʷʪʦʨʘ. ɿʥʘʯʝʥʠʝ 
01 nDisp = 0 ʜʝʣʘʝʪ ʨʝʛʫʣʷʪʦʨ ʥʝʚʠʜʠʤʳʤ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ. 

ʈʝʛʫʣʠʨʫʝʤʳʡ ʧʘʨʘʤʝʪʨ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ INP, ʛʜʝ ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʢʣʦʥʝʥʠʝ 
ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʪ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ (ʜʝʚʠʘʮʠʦʥʥʘʷ ʩʠʛʥʘʣʠʟʘʮʠʷ). ɼʘʥʥʳʡ ʫʟʝʣ ʬʦʨʤʠʨʫʝʪ 
ʜʠʩʢʨʝʪʥʳʝ ʩʠʛʥʘʣʳ dMIN ʠ dMAX, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʳʭʦʜʳ 06 ʠ 05 ʙʣʦʢʘ PID_CAS(61). ʂʨʦʤʝ ʪʦʛʦ, 
ʜʘʥʥʳʝ ʩʠʛʥʘʣʳ ʥʘʧʨʷʤʫʶ çʧʨʠʚʷʟʘʥʳè ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʠʛʥʘʣʴʥʳʤ ʩʚʝʪʦʜʠʦʜʘʤ ʥʘ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ 
ʢʦʥʪʨʦʣʣʝʨʘ ʚʦʟʣʝ ʠʥʜʠʢʘʪʦʨʘ ʇɸʈɸʄɽʊʈ. 

ʉʠʛʥʘʣ ʚ ʫʟʣʝ INP ʧʦʩʪʫʧʘʝʪ ʚ ʜʝʣʠʪʝʣʴ, ʛʜʝ, ʩ ʫʯʝʪʦʤ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 
ʧʘʨʘʤʝʪʨʘ (17 PV.M.rng), ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʙʝʟʨʘʟʤʝʨʥʫʶ ʚʝʣʠʯʠʥʫ (0é100%). ɼʘʣʝʝ ʟʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 
ʧʘʨʘʤʝʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʦ ʟʥʘʢʦʤ ñ+ò ʥʘ ʉʋʄʄɸʊʆʈ (3). 

ʋʟʝʣ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʙʣʦʢʦʚ. ɿʥʘʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ MASTER-
ʨʝʛʫʣʷʪʦʨʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʘʨʘʤʝʪʨʝ 14 SP.M, ʢʦʪʦʨʳʡ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʙʣʦʢʠ ʫʟʣʘ SP (1) ʩ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 18 SP.M.h ʠ 19 SP.M.l ʬʦʨʤʠʨʫʶʪ 
ʧʦʜʫʟʝʣ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʥʠʷ. ʉ ʫʟʣʘ  SP (1) ʩʠʛʥʘʣ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʧʦʩʪʫʧʘʝʪ ʚ ʫʟʝʣ BALANCE (2). 



 

 
2010 É ʄʀʂʈʆʃ  ǒ  ʪʝʣ/ʬʘʢʩ  (0342) 502701, 502702  ǒ  e-mail: microl@microl.ua  ǒ  http: //www.microl.ua 

40 (99) TN-011_PID_Configuring 
Rev.1.03, 12.08.2010 

ʋʟʝʣ BALANCE (2) ʦʪʚʝʯʘʝʪ ʟʘ ʙʝʟʫʜʘʨʥʦʝ (ʧʣʘʚʥʦʝ) ʧʝʨʝʢʣʶʯʝʥʠʝ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ, 

ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʜʝʣʠʪʝʣʴ, ʛʜʝ, ʘʥʘʣʦʛʠʯʥʦ ʟʥʘʯʝʥʠʶ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʟʥʘʯʝʥʠʝ ʟʘʜʘʥʥʦʡ 
ʪʦʯʢʠ ʧʝʨʝʚʦʜʠʪʩʷ ʚ ʙʝʟʨʘʟʤʝʨʥʫʶ ʚʝʣʠʯʠʥʫ (0é100%). ʉʠʛʥʘʣ ʩ ʫʟʣʘ BALANCE (2) ʧʦʩʪʫʧʘʝʪ ʥʘ 
ʉʋʄʄɸʊʆʈ (3) ʩʦ ʟʥʘʢʦʤ ñ-ò. 

ʅʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʠ 
ʟʘʜʘʥʠʝʤ ʚ ʝʜʠʥʠʮʘʭ ʧʨʦʮʝʥʪʥʦʡ ʰʢʘʣʳ: ɽ=PV-SP. ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ ʧʦʣʴʟʦʚʘʪʝʣʷ ï ʦʥ ʧʦʜʘʝʪʩʷ ʥʘ ʚʳʭʦʜ 08 DELTA ʙʣʦʢʘ PID_CAS(61). 

ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʩʣʝ ʩʫʤʤʘʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ DIR (4), ʢʦʪʦʨʳʡ  
ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ (ʚʳʙʠʨʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ 02 nDIR.m). ʇʨʠ ʦʙʨʘʪʥʦʤ 

ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (02 nDIR.m = 0), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ )SPPV(E --= . 

ʇʨʠ ʧʨʷʤʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (02 nDIR.m = 1), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

SPPVE -= . 

ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʨʝʢʮʠʠ (ʫʟʝʣ CORR (5)) ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʉʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
PVE  ʧʦʩʣʝ ʙʣʦʢʘ DIR (4) ʩʫʤʤʠʨʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʢʦʨʨʝʢʮʠʠ (6.9): 

( ) h.M.COR

l.M.CORCORPV VALG.M.COREE Ö+= . 

ʉ ʬʦʨʤʫʣʳ ʚʠʜʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʥʘ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʟʘʚʠʩʠʪ 
ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ 29 COR.M.G. ʏʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʝ ʚʣʠʷʥʠʝ ʩʠʛʥʘʣʘ 
ʢʦʨʨʝʢʮʠʠ ʥʘ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ, ʠ ʥʘʦʙʦʨʦʪ.  

ɼʘʣʝʝ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʫʟʝʣ FB (6), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʣʫʞʝʙʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʨʘʙʦʪʦʡ ʥʘʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 
ʥʘʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʫʟʣʘ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʧʨʦʛʨʘʤʤʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʇʦ ʫʤʦʣʯʘʥʠʶ 
ʜʘʥʥʳʡ ʫʟʝʣ ʟʘʙʣʦʢʠʨʦʚʘʥ (ʧʘʨʘʤʝʪʨ 32 FB.M = 0) ʠ ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. 
 ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ MASTER-ʨʝʛʫʣʷʪʦʨʘ ʧʦʧʘʜʘʝʪ ʥʘ ʙʣʦʢ ʇʀɼ-
ʨʝʛʫʣʠʨʦʚʘʥʠʷ PID (9). ʇʀɼ-ʨʝʛʫʣʷʪʦʨ ʧʦʩʪʨʦʝʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ t ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʙʫʜʝʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚʦʟʜʝʡʩʪʚʠʝ Y(t) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
ʨʝʛʫʣʷʪʦʨʘ E(t) (ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʧʘʨʘʤʝʪʨʦʤ PV ʠ ʟʘʜʘʥʠʝʤ ʨʝʛʫʣʷʪʦʨʘ SP). 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʨʝʛʫʣʷʪʦʨʘ E(t) ʠ ʚʳʭʦʜʥʳʤ Y(t) ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʜʘʪʦʯʥʘʷ 
ʬʫʥʢʮʠʷ ʨʝʛʫʣʷʪʦʨʘ. ɸʣʛʦʨʠʪʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʝʛʫʣʷʪʦʨʘ ʩʦʜʝʨʞʠʪ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʝʛʫʣʷʪʦʨʘ: 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ (ʇ-ʩʦʩʪʘʚʣʷʶʱʘʷ), ʠʥʪʝʛʨʘʣʴʥʘʷ (ʀ-ʩʦʩʪʘʚʣʷʶʱʘʷ) ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ (ɼ-
ʩʦʩʪʘʚʣʷʶʱʘʷ). 

ʉ ʚʳʭʦʜʘ ʙʣʦʢʘ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʉʋʄʄɸʊʆʈ (8). ʂ|ʜʦ| ʩʫʤʤʘʪʦʨʫ ʪʘʢʞʝ ʧʦʜʭʦʜʠʪ ʩʠʛʥʘʣ 
ʧʨʝʜʚʘʨʝʥʠʷ ʩ ʫʟʣʘ FEED FORWARD (9). ʏʪʦʙʳ ʚ ʙʣʦʢʝ MASTER-ʨʝʛʫʣʷʪʦʨʘ ʧʦʷʚʠʣʩʷ ʚʭʦʜ ʧʨʝʜʚʘʨʝʥʠʷ, 
ʧʘʨʘʤʝʪʨ 24 FF.M.V ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. ʉʠʛʥʘʣ ʩ ʵʪʦʛʦ ʚʭʦʜʘ ʫʩʠʣʠʚʘʝʪʩʷ/ʦʩʣʘʙʣʷʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ ʧʨʝʜʚʘʨʝʥʠʷ FFK , ʟʘʜʘʥʥʳʤ ʚ ʧʘʨʘʤʝʪʨʝ 25 FF.M.G, ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʫʩʪʘʚʢʘʤʠ, 

ʟʘʜʘʥʥʳʤʠ ʚ ʧʘʨʘʤʝʪʨʘʭ 26 FF.M.h ʠ 27 FF.M.l ʠ ʧʦʜʘʝʪʩʷ ʥʘ ʩʫʤʤʘʪʦʨ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʩ 
ʫʟʣʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩʫʤʤʠʨʫʝʪʩʷ ʩ ʚʳʭʦʜʥʳʤ ʩʠʛʥʘʣʦʤ ʇ-ʨʝʛʫʣʷʪʦʨʘ ʢʘʥʘʣʘ ʧʨʝʜʚʘʨʝʥʠʷ (ʨʠʩʫʥʦʢ 6.8). 
 

 
 

ʈʠʩʫʥʦʢ 6.8 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʭʦʜʘ 
 ʫʟʣʘ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ ʩ ʧʨʝʜʚʘʨʝʥʠʝʤ 

 
ɺʳʭʦʜʥʦʡ ʩʠʛʥʘʣ MASTER-ʨʝʛʫʣʷʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ SP (10) SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʙʣʦʢʠ ʫʟʣʘ SP (10) ʩ ʫʯʝʪʦʤ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 34 SP.S.h ʠ 35 SP.S.l ʬʦʨʤʠʨʫʶʪ ʧʦʜʫʟʝʣ 

ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ. 
ʉ ʫʟʣʘ  SP (10) ʩʠʛʥʘʣ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ SLAVE-ʨʝʛʫʣʷʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʚ ʫʟʝʣ STATIC BALANCE (11), 

ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ ʩʪʘʪʠʯʝʩʢʫʶ ʙʘʣʘʥʩʠʨʦʚʢʫ ʟʘʜʘʥʠʷ. ʉʠʛʥʘʣ ʩ ʫʟʣʘ STATIC BALANCE (11) ʧʦʩʪʫʧʘʝʪ ʥʘ 
ʉʋʄʄɸʊʆʈ (12) ʩʦ ʟʥʘʢʦʤ ñ-ò. 

ɿʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ SLAVE-ʨʝʛʫʣʷʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ 02 PV.S ʙʣʦʢʘ ʠ ʜʘʣʝʝ ï ʥʘ 
ʫʟʝʣ INP, ʛʜʝ, ʩ ʫʯʝʪʦʤ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ (33 PV.S.rng), ʧʝʨʝʚʦʜʠʪʩʷ ʚ 
ʙʝʟʨʘʟʤʝʨʥʫʶ ʚʝʣʠʯʠʥʫ (0é100%). ɼʘʣʝʝ ʟʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʦʩʪʫʧʘʝʪ ʩʦ ʟʥʘʢʦʤ ñ+ò ʥʘ 
ʉʋʄʄɸʊʆʈ (12). 

ʅʘ ʚʳʭʦʜʝ ʩʫʤʤʘʪʦʨʘ ʬʦʨʤʠʨʫʝʪʩʷ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʠ 
ʟʘʜʘʥʠʝʤ ʚ ʝʜʠʥʠʮʘʭ ʧʨʦʮʝʥʪʥʦʡ ʰʢʘʣʳ: ɽ=PV-SP. ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦʩʣʝ 
ʩʫʤʤʘʪʦʨʘ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ DIR, ʢʦʪʦʨʳʡ  ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ 
(ʚʳʙʠʨʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ 03 nDIR.s). ʇʨʠ ʦʙʨʘʪʥʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (03 nDIR.s = 0), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ 
ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ )SPPV(E --= . 

(6.9) 
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ʇʨʠ ʧʨʷʤʦʤ ʜʝʡʩʪʚʠʠ ʨʝʛʫʣʷʪʦʨʘ (03 nDIR.s = 1), ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

SPPVE -= . 

ʊʘʢʞʝ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʨʝʢʮʠʠ (ʫʟʝʣ CORR (14)) ʩʠʛʥʘʣʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ ʧʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʘʨʘʤʝʪʨʫ. ʉʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ 
PVE  ʧʦʩʣʝ ʙʣʦʢʘ DIR ʩʫʤʤʠʨʫʝʪʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʢʦʨʨʝʢʮʠʠ (6.10): 

( )COR.S.h

COR.S.lCORPV VALCOR.S.GEE Ö+= . 

ɼʘʣʝʝ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʫʟʝʣ FB (15), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʣʫʞʝʙʥʳʤ. ɺ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʨʘʙʦʪʦʡ ʥʘʜ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 
ʥʘʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʫʟʣʘ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʧʨʦʛʨʘʤʤʘʭ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ. ʇʦ ʫʤʦʣʯʘʥʠʶ 
ʜʘʥʥʳʡ ʫʟʝʣ ʟʘʙʣʦʢʠʨʦʚʘʥ (ʧʘʨʘʤʝʪʨ 47 FB.S = 0) ʠ ʥʠʢʘʢ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ. 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʩʠʛʥʘʣ ʨʘʩʩʦʛʣʘʩʦʚʘʥʠʷ SLAVE-ʨʝʛʫʣʷʪʦʨʘ ʧʦʧʘʜʘʝʪ ʥʘ ʙʣʦʢ ʇʀɼ-
ʨʝʛʫʣʠʨʦʚʘʥʠʷ PID (16).ʉ ʚʳʭʦʜʘ ʙʣʦʢʘ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʉʋʄʄɸʊʆʈ (17). ʂ|ʜʦ| ʩʫʤʤʘʪʦʨʫ ʪʘʢʞʝ 
ʧʦʜʭʦʜʠʪ ʩʠʛʥʘʣ ʧʨʝʜʚʘʨʝʥʠʷ ʩ ʫʟʣʘ FEED FORWARD (18). ʏʪʦʙʳ ʚ ʙʣʦʢʝ MASTER-ʨʝʛʫʣʷʪʦʨʘ ʧʦʷʚʠʣʩʷ 
ʚʭʦʜ ʧʨʝʜʚʘʨʝʥʠʷ, ʧʘʨʘʤʝʪʨ 39 FF.S.V ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʫʟʝʣ ʦʛʨʘʥʠʯʝʥʠʷ LIM (19) ʩʦʛʣʘʩʥʦ ʧʘʨʘʤʝʪʨʦʚ 36 OUT.h ʠ 37 
OUT.l. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʝʛʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʟʥʘʯʝʥʠʡ ʫʩʪʘʚʦʢ 36 OUT.h ʠʣʠ 37 OUT.l ʫʟʝʣ LIM (19) 
ʩʬʦʨʤʠʨʫʝʪ ʜʠʩʢʨʝʪʥʳʝ ʩʠʛʥʘʣʳ dOUT.h ʠ dOUT.l, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʳʭʦʜʳ 03 ʠ 04 ʙʣʦʢʘ 
PID_CAS(61). 

ɼʘʣʝʝ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʙʣʦʢ ʫʩʪʘʥʦʚʢʠ ʥʘ ʚʳʭʦʜʝ ʨʝʛʫʣʷʪʦʨʘ ʙʝʟʦʧʘʩʥʦʛʦ 
ʟʥʘʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ (ʫʟʝʣ TRACK (19)). ɽʩʣʠ ʢʦʤʘʥʜʘ ʥʘ ʫʩʪʘʥʦʚʢʫ ʙʝʟʦʧʘʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʩʫʪʩʪʚʫʝʪ, ʪʦ 
ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʪʦʪ ʙʣʦʢ ʙʝʟ ʠʟʤʝʥʝʥʠʡ. ʉʠʛʥʘʣ ʢʦʤʘʥʜʳ ʥʘ ʫʩʪʘʥʦʚʢʫ ʙʝʟʦʧʘʩʥʦʛʦ 
ʧʦʣʦʞʝʥʠʷ ʟʘʚʦʜʠʪʩʷ ʥʘ ʚʭʦʜ ʧʨʤ(06), ʜʣʷ ʯʝʛʦ ʧʘʨʘʤʝʪʨ 06 dTRK ʥʫʞʥʦ ʩʜʝʣʘʪʴ çʩʚʷʟʘʥʥʳʤè. 

ʇʦʪʦʤ ʩʠʛʥʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʙʣʦʢ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʨʦʙʦʪʳ ʨʝʛʫʣʷʪʦʨʘ MODE (ʈʋʏʅʆʁ / ɸɺʊʆʄɸʊ). 
ɺʳʙʦʨ ʨʝʞʠʤʘ ʨʦʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʢʦʥʪʨʦʣʣʝʨʘ ʠʣʠ ʟʘʜʘʝʪʩʷ ʚ ʧʘʨʘʤʝʪʨʝ 07 
nMODE. ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʨʦʙʦʪʳ ʨʝʛʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʢʘʩʢʘʜʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ 
ʚʳʭʦʜ 07 OUT, ʘ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ - ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʝʨʝʜʥʝʡ ʧʘʥʝʣʠ ʧʨʠʙʦʨʘ ʠʣʠ ʧʦ 
ʠʥʪʝʨʬʝʡʩʫ. ɽʩʣʠ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʥʪʝʨʬʝʡʩʫ, ʪʦ ʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʀʄ ʟʘʧʠʩʳʚʘʝʪʩʷ 
ʚ ʧʘʨʘʤʝʪʨ 16 OUT. 

 

 
6.4 ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ 

 
ʅʘʛʨʝʚʘʪʝʣʴ ʧʝʯʠ (ʛʦʨʝʣʢʘ) ʠʤʝʝʪ ʠʟʙʳʪʦʯʥʫʶ ʤʦʱʥʦʩʪʴ, ʠ ʦʙʲʝʢʪ ʥʘʛʨʝʚʘ ʤʦʞʝʪ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ 

ʧʝʨʝʛʨʝʪʴʩʷ, ʘ ʩ ʜʨʫʛʦʡ - ʦʩʪʘʪʴʩʷ ʭʦʣʦʜʥʳʤ. ɽʩʣʠ ʧʦʜʦʙʥʳʡ ʨʝʞʠʤ ʥʘʛʨʝʚʘ ʥʝʜʦʧʫʩʪʠʤ, ʪʦ ʦʜʥʦʢʦʥʪʫʨʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʙʫʜʝʪ ʫʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ 
ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʜʚʫʭ ʤʝʩʪʘʭ: ʨʷʜʦʤ ʩ ʥʘʛʨʝʚʘʪʝʣʝʤ ʠ ʚ ʩʘʤʦʤ ʭʦʣʦʜʥʦʤ ʤʝʩʪʝ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʝʛʫʣʷʪʦʨ 
ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʜʚʘ ʇʀɼ-ʟʚʝʥʘ, ʚʢʣʶʯʝʥʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. ʇʝʨʚʦʝ ʇʀɼ-ʟʚʝʥʦ (ʥʘʟʳʚʘʝʤʦʝ 
ʚʝʜʫʱʠʤ), ʥʘ ʚʭʦʜ ʢʦʪʦʨʦʛʦ ʧʦʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʭʦʣʦʜʥʦʤ ʤʝʩʪʝ, ʙʫʜʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴ 
ʟʥʘʯʝʥʠʝ ʫʩʪʘʚʢʠ ʜʣʷ ʚʪʦʨʦʛʦ ʟʚʝʥʘ (ʥʘʟʳʚʘʝʤʦʛʦ ʚʝʜʦʤʳʤ). ʅʘ ʚʭʦʜ ʚʝʜʦʤʦʛʦ ʟʚʝʥʘ ʧʦʜʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 
ʦʢʦʣʦ ʥʘʛʨʝʚʘʪʝʣʷ (ʨʠʩʫʥʦʢ 6.9). 

 

 
ʈʠʩʫʥʦʢ 6.9 ï ʇʨʠʤʝʥʝʥʠʝ ʢʘʩʢʘʜʥʦʛʦ ʘʥʘʣʦʛʦʚʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

 
ʅʘ ʨʠʩʫʥʢʝ 6.10 ʠʟʦʙʨʘʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ PID(60) 

ʢʦʥʪʨʦʣʝʨʘ ʄʀʂ-51. FBD-ʬʘʡʣ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ ʜʦʩʪʫʧʝʥ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ 
ʧʨʝʜʧʨʠʷʪʠʷ ʄʀʂʈʆʃ (PID_Cascad_2.zip). 

(6.10) 

http://www.microl.ua/software/examples_programs/Analog_PID.rar
http://www.microl.ua/software/examples_programs/Analog_PID.rar
http://microl.ua/software/examples_programs/PID_Cascad_2.zip
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ʈʠʩʫʥʦʢ 6.10 ï ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʤʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 2-ʭ ʘʥʘʣʦʛʦʚʳʭ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʦʚ 

 
 
ʅʘ ʨʠʩʫʥʢʝ 6.11 ʠʟʦʙʨʘʞʝʥʘ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʤʝʨʘ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʣʦʢʘ PID_CAS(61) 

ʢʦʥʪʨʦʣʝʨʘ ʄʀʂ-51. ɿʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ ʙʣʦʢʦʚ ʜʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 6.12 ï 6.16.            
FBD-ʬʘʡʣ ʧʨʠʤʝʨʘ ʧʨʦʛʨʘʤʤʳ ʜʦʩʪʫʧʝʥ ʜʣʷ ʩʢʘʯʠʚʘʥʠʷ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ ʧʨʝʜʧʨʠʷʪʠʷ ʄʀʂʈʆʃ 
(PID_Cascad_1.zip). 

 

 
ʈʠʩʫʥʦʢ 6.11 - ʈʝʘʣʠʟʘʮʠʷ ʧʨʠʤʝʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʩʢʘʜʥʦʛʦ ʇʀɼ-ʨʝʛʫʣʷʪʦʨʘ 

 

 
ʈʠʩʫʥʦʢ 6.12 - ʇʘʨʘʤʝʪʨʳ ʙʣʦʢʘ AIN1(05) 

 


