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ʈɽʇɽʊʀʊʀɺʅɸ ʈɽɾɽʂʊʀʈɸʑɸ ʉʄʋʑɽʅʀʗʊɸ DRC-ʉʀʉʊɽʄɸ  

ɿɸ ʋʇʈɸɺʃɽʅʀɽ ʅɸ ʈʆɹʆʊ-ʄɸʅʀʇʋʃɸʊʆʈ FANUC M-430IA/4FH 

 

ɽʤʠʣ ʅʠʢʦʣʦʚ, ʅʠʥʘ ɻ. ʅʠʢʦʣʦʚʘ 

 

ʈʝʟʶʤʝ: ʇʨʝʜʣʦʞʝʥʘ ʠ ʘʥʘʣʠʟʠʨʘʥʘ ʝ ʨʝʧʝʪʠʪʠʚʥʘ ML-DRC-ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚ-

ʣʝʥʠʝ ʥʘ ʠʥʜʫʩʪʨʠʘʣʝʥ ʨʦʙʦʪ-ʤʘʥʠʧʫʣʘʪʦʨ. ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʢʘʯʝʩʪʚʦʪʦ ʠ ʬʠʣʪ-

ʨʠʨʘʱʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʩʠʩʪʝʤʘʪʘ ʜʘ ʢʦʤʧʝʥʩʠʨʘ ʝʬʝʢʪʠʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʠ 

ʤʝʭʘʥʠʯʥʠ ʚʠʙʨʘʮʠʠ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠ ʦʪ ʨʦʙʘʩʪʥʠʷ ʘʥʘʣʠʟ ʚ ʫʩʣʦʚʠʷ 

ʥʘ ʘʧʨʠʦʨʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ.  

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʈʝʧʝʪʠʪʠʚʥʘ ML-DRC-ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʬʠʣʪʨʘʮʠʷ ʥʘ 

ʤʝʭʘʥʠʯʥʠ ʚʠʙʨʘʮʠʠ, ʨʦʙʘʩʪʝʥ ʘʥʘʣʠʟ. 

 

REPETITIVE DRC-SYSTEM OF ROBOT-MANI PULATOR   

FANUC M-430IA/4FH 

 

Emil Nikolov , Nina G. Nikolova 

 

Abstract: A repetitive ML-DRC-system for an industrial robot manipulator has been 

proposed and analyzed. The performance and filtering properties of the system to ef-

fectively compensate for production mechanical vibrations have been studied. Results 

of robust analysis in conditions of a priori uncertainty are presented. 

Key words: Repetitive ML-DRC-system, mechanical vibration filtration, robust analysis. 

ɺʒɺɽɼɽʅʀɽ 

ʈʘʟʛʣʝʞʜʘ ʩʝ ʠʥʜʫʩʪʨʠʘʣʝʥ ʨʦʙʦʪ-ʤʘʥʠʧʫʣʘʪʦʨ FANUC M-430IA/4FH ʢʘʪʦ 

ʦʙʝʢʪ ʟʘ ʫʧʨʘʚʣʝʥʠʝ, ʧʨʝʜʩʪʘʚʝʥ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʘʪʘ ʩʭʝʤʘ (ʌʠʛ. 1), ʩ ʘʥʪʨʦʧʦʤʦʨ-
ʬʥʠ ʨʘʤʝʥʘ, ʩʬʝʨʠʯʥʘ ʨʘʙʦʪʥʘ ʢʠʪʢʘ ʠ ʧʝʪ ʥʝʟʘʚʠʩʠʤʠ ʦʩʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʜʚʠ-

ʞʝʥʠʝʪʦ (5-DOF). ɽʣʝʢʪʨʦʟʘʜʚʠʞʚʘʥʝʪʦ ʥʘ ʨʦʙʦʪʘ ʝ ʩ ɼʇʊ ʩ ʧʦʩʪʦʷʥʥʠ ʤʘʛʥʠʪʠ. 

ʈʝʛʫʣʠʨʘʱʠ ʚʝʣʠʯʠʥʠ ʩʘ ʫʧʨʘʚʣʷʚʘʱʠʪʝ ʩʠʛʥʘʣʠ []( )5,1Íiu iJ  ʢʲʤ ʝʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʠʪʝ, ʨʝʛʫʣʠʨʫʝʤʠ ʚʝʣʠʯʠʥʠ ʩʘ ʧʦʟʠʮʠʠʪʝ []( )5,1Íiy iJ  ʥʘ ʨʘʤʝʥʘʪʘ ʥʘ ʤʘʥʠʧʫ-

ʣʘʪʦʨʘ. ʄʝʭʘʥʠʯʥʦʪʦ ʥʘʪʦʚʘʨʚʘʥʝ ʥʘ ʤʘʥʠʧʫʣʘʪʦʨʘ ʦʪ ʩʪʨʘʥʘ ʥʘ ʦʙʨʘʙʦʪʚʘʥʠʷ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʜʝʪʘʡʣ ʝ ʦʟʥʘʯʝʥʦ ʩ MV . ʉʪʨʫʢʪʫʨʥʠʷʪ [1-6, 8, 9] ʤʦʜʝʣ (ʌʠʛ. 2) 

ʦʪʨʘʟʷʚʘ ʠ ʨʝʞʠʤ ñwithout loading the wristò (ʌʠʛ. 2a), ʠ ʝʢʩʧʣʦʘʪʘʮʠʦʥʝʥ ʨʝʞʠʤ 

ñwith max load an wristò (ʌʠʛ. 2ʙ). ʇʨʝʜʘʚʘʪʝʣʥʠʪʝ ʬʫʥʢʮʠʠ iG  (1)·(6), G  (7), 

( )V,pG  (8) ʥʘ ʝʣʝʢʪʨʦʤʝʭʘʥʠʯʥʦʪʦ ʟʘʜʚʠʞʚʘʥʝ ʥʘ ʨʘʤʝʥʘʪʘ ʩ ʦʪʯʠʪʘʥʝ ʥʘ MV  ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʨʘʟʛʲʨʥʘʪʘ ʩʪʨʫʢʪʫʨʘ (ʌʠʛ. 2ʚ,ʛ). ʇʘʨʘʤʝʪʨʠʟʠʨʘʥʠ ʩʘ [8-9] ʚ (1)·(6) 

ï Tabl. 1. ʇʨʦʝʢʪʠʨʘʥʠ ʩʘ [8-12] ʢʣʘʩʠʯʝʩʢʘ (ʌʠʛ. 3) ʩ PID-ʨʝʛʫʣʘʪʦʨ *R  (9)·(11) 
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ʧʨʠ ʢʨʠʪʝʨʠʡ sï ʢʨʠʪʠʯʥʦ ʘʧʝʨʠʦʜʠʯʝʥ ʧʨʝʭʦʜʝʥ ʧʨʦʮʝʩ ʠ ʨʦʙʘʩʪʥʘ (ʌʠʛ. 4) 

DRC-ʨʝʞʝʪʠʨʘʱʘ ʩʤʫʱʝʥʠʷʪʘ (DRC-Disturbance Rejection Control System) (12)·

(23) ʩ DRCR  (12) ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ. DRC-ʩʠʩʪʝʤʘʪʘ ʩʝ ʦʪʣʠʯʘʚʘ ʦʪ PID-ʩʠʩʪʝ-

ʤʘʪʘ ʧʦ ʥʘʣʠʯʠʝʪʦ ʥʘ ʚʲʪʨʝʰʝʥ ʥʦʤʠʥʘʣʝʥ ʤʦʜʝʣ *G  ʠ ʥʘ DRC-ʨʦʙʘʩʪʝʥ ʬʠʣʪʲʨ 

ȁ
iDRCF  ʟʘ ʚʩʝʢʠ ʣʦʢʘʣʝʥ ʢʦʥʪʫʨ. 
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ʉʠʥʪʝʟʲʪ  [7,9] ʥʘ 
ȁ

iDRCF  (17) ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʤʝʪʦʜʘ ʥʘ ʙʘʣʘʥʩʥʦʪʦ ʫʨʘʚʥʝ-

ʥʠʝ  ʧʨʠ ʢʨʠʪʝʨʠʡ  ʤʠʥʠʤʘʣʥʦ ʦʪʢʣʦʥʝʥʠʝ mine  ʥʘ ʪʨʘʝʢʪʦʨʠʷʪʘ 

ȁ
iDRCy  (19) ʥʘ 

ʧʘʨʘʤʝʪʨʠʯʥʦ/ʩʪʨʫʢʪʫʨʥʦ ʩʤʫʪʝʥʘ DRC-ʩʠʩʪʝʤʘ ʦʪ ʥʦʤʠʥʘʣʥʘʪʘ ʪʨʘʝʢʪʦʨʠʷ 

inomy . ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ *R  (9) ʠ ( )M,VɠRDRC  (15) ʩʘ ʘʥʘʣʠʟʠʨʘʥʠ ʚ [10]. 
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5D R C5D R C F  (23) 

ɺ ʝʢʩʧʣʦʘʪʘʮʠʦʥʝʥ ʨʝʞʠʤ ñwith max load an wristò ʟʘ ʧʘʨʘʤʝʪʨʠʯʥʠʪʝ 

ʬʣʫʢʪʫʘʮʠʠ ɠ ʥʘ ʦʙʝʢʪʘ (ʌʠʛ. 2ʛ) ʚ ʜʠʘʧʘʟʦʥʠ ʊʘʙʣ. 2 ʠ ʊʘʙʣ. 3, ʤʘʥʠʧʫʣʘʪʦʨʲʪ 

ʝ ʧʦʜʣʦʞʝʥ ʥʘ ʭʘʨʤʦʥʠʯʥʠ td ipi wsin=  ʚʠʙʨʘʮʠʠ ʩ ʯʝʩʪʦʪʘ ipw  ʠ ʧʝʨʠʦʜ ipt  ʦʪ 

ʩʪʨʘʥʘ ʥʘ ʤʝʭʘʥʠʯʥʠʪʝ ʧʨʦʮʝʜʫʨʠ ʚʲʨʭʫ ʦʙʨʘʙʦʪʚʘʥʠʷ ʜʝʪʘʡʣ (ʊʘʙʣ. 4.) ʎʝʣʪʘ ʥʘ 

ʥʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʝ ʜʘ ʩʝ ʧʨʦʝʢʪʠʨʘ ʨʝʧʝʪʠʪʠʚʥʘ ʩʠʩʪʝʤʘ ʟʘ ʫʧʨʘʚʣʝʥʠʝ (12)

·(23) ʩ DRCMLAR , ʢʦʷʪʦ ʝʬʝʢʪʠʚʥʦ ʜʘ ʢʦʤʧʝʥʩʠʨʘ ʦʪʨʘʞʝʥʠʷʪʘ ʥʘ id  ʚʲʨʭʫ ʧʦʢʘʟʘ-

ʪʝʣʠʪʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ. ʇʦʩʪʘʚʝʥʠ ʩʘ ʟʘʜʘʯʠ ʟʘ ʩʠʥʪʝʟ ʥʘ ʩʲʦʪʚʝʪʥʠʪʝ ʨʝʧʝʪʠʪʠʚʥʠ 

ʬʠʣʪʨʠ ʠ ʘʥʘʣʠʟ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʧʨʦʝʢʪʠʨʘʥʘʪʘ ʨʝʧʝʪʠʪʠʚʥʘ DRC-ʩʠʩʪʝʤʘ ʟʘ 

ʧʘʨʘʤʝʪʨʠʯʥʠʪʝ ʬʣʫʢʪʫʘʮʠʠ ɠ ʥʘ ʦʙʝʢʪʘ (ʌʠʛ. 2ʛ) ʚ ʜʠʘʧʘʟʦʥʠ ʊʘʙʣ. 2, ʊʘʙʣ. 3 ʠ 

id  ï ʊʘʙʣ. 4. 

ʊʘʙʣ. 2 

nom1k  nom1T  nom2k  nom2T  nom3T  

85,3k1 =  s91,1T1 =  25,0k2 =  s0,6T2 =  s5,1T2 =  

vark1  constT
1  vark2  constT
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ʇʈʆɽʂʊʀʈɸʅɽ ʅɸ ʈɽʇɽʊʀʊʀɺʅɸ ML-DRC-ʉʀʉʊɽʄɸ 

ɺ ʨʘʙʦʪʘʪʘ ʩʝ ʧʨʝʜʣʘʛʘ ʧʨʦʝʢʪʠʨʘʥʝʪʦ [11,12] ʥʘ ʨʝʧʝʪʠʪʠʚʥʘʪʘ ML-DRC-

ʩʠʩʪʝʤʘ ʩ DRCMLAR  (24) ʧʦ ʩʪʨʫʢʪʫʨʘʪʘ ʦʪ ʌʠʛ. 5. ʊʷ ʩʝ ʦʪʣʠʯʘʚʘ ʦʪ DRC-ʩʠʩʪʝʤʘʪʘ 

(ʌʠʛ. 4) ʧʦ ʥʘʣʠʯʠʝʪʦ ʥʘ ʨʝʧʝʪʠʪʠʚʥʠʪʝ ʬʠʣʪʨʠ (ʌʠʛ. 5ʙ) ʩ ʧʘʤʝʪ iML  (ʊʘʙʣ. 5) 

ʟʘ ʚʩʝʢʠ ʣʦʢʘʣʝʥ ʢʦʥʪʫʨ. ɸʥʘʣʠʪʠʯʥʠʷʪ ʩʠʥʪʝʟ ʥʘ iML  ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ (25) ʧʦ ʤʝ-

ʪʦʜʘ ʥʘ  ʫʨʘʚʥʝʥʠʝʪʦ ʥʘ ʣʝʥʪʦʚʠʷ ʬʠʣʪʲʨ  (27) ʠ ʢʨʠʪʝʨʠʡ ʨʝʞʝʪʠʨʘʱ ʤʦʜʫʣ  

(28) [11,12]. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʬʠʣʪʨʠʪʝ iML  (ʊʘʙʣ. 5) ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ. 6. ɺ ʩʣʫʯʘʡ 

ʥʘ ʘʜʠʪʠʚʥʦ ʚʲʟʜʝʡʩʪʚʠʝ äd  (26) ʥʘ ʚʠʙʨʘʮʠʠʪʝ id  (ʊʘʙʣ. 5), ʧʨʦʝʢʪʠʨʘʥʘʪʘ ML-

DRC-ʩʪʨʫʢʪʫʨʘ ʠʟʧʦʣʟʚʘ ʤʫʣʪʠʧʣʠʢʘʪʠʚʝʥ ʬʠʣʪʲʨ (ʌʠʛ. 6) ʩ ʧʘʤʝʪ ǰML  (26).  
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                         ʌʠʛ. 6ʘ                             ʌʠʛ. 6ʙ                                ʌʠʛ. 6ʚ 

 

ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʩʠʥʪʝʟʠʨʘʥʠʪʝ ʨʝʧʝʪʠʪʠʚʥʠ ʬʠʣʪʨʠ iML  (ʊʘʙʣ. 5) ʝ ʠʟʩ-

ʣʝʜʚʘʥʘ ʯʨʝʟ ʚʝʨʠʬʠʢʘʮʠʷ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʢʨʠʪʝʨʠʷ (28), ʧʨʝ-

ʜʷʚʝʥ ʢʲʤ ʪʝʭʥʠʷ ʩʠʥʪʝʟ. ʈʝʟʫʣʪʘʪʠʪʝ, ʠʣʶʩʪʨʠʨʘʥʠ ʩ ʨʝʘʢʮʠʠʪʝ ʠʤ ʥʘ ʭʘʨʤʦʥʠ-

ʯʝʥ ʚʭʦʜʝʥ ʩʠʛʥʘʣ ʥʘ ʌʠʛ. 7, ʜʦʢʘʟʚʘʪ ʯʝ ʠʟʠʩʢʚʘʥʠʷʪʘ (28) ʢʲʤ iML  (ʊʘʙʣ. 5) ʩʘ 

ʠʟʧʲʣʥʝʥʠ ʩ ʛʨʝʰʢʘ ( )0*,,%10.5,1* 4 ­°<< - ee , ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʢʦʷʪʦ ʢʣʦʥʠ 

ʢʲʤ ʥʫʣʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ (ʌʠʛ. 8, ʌʠʛ. 9) ʥʘ PIDR -, DRCR - ʠ ʥʘ DRCMLAR -ʘʣʛʦʨʠʪ-

ʤʠʪʝ ʟʘ ʫʧʨʘʚʣʝʥʠʝ (9), (24), (12) ʩʘ ʧʦʢʘʟʘʥʠ ʚ ʩʨʘʚʥʠʪʝʣʝʥ ʧʣʘʥ.  
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ɸʅɸʃʀɿ ʅɸ ʂɸʏɽʉʊɺʆʊʆ ʅɸ ʈɽʇɽʊʀʊʀɺʅɸ ML-DRC-ʉʀʉʊɽʄɸ 

ʄʦʜʝʣʠʪʝ (9)·(25) ʥʘ ʧʨʦʝʢʪʠʨʘʥʠʪʝ PID-, DRC- ʠ ML-DRC-ʩʠʩʪʝʤʠ ʟʘ ʫʧ-

ʨʘʚʣʝʥʠʝ (ʌʠʛ. 3, ʌʠʛ. 4, ʌʠʛ. 5) ʥʘ ʤʘʥʠʧʫʣʘʪʦʨʘ ʩʘ ʩʠʤʫʣʠʨʘʥʠ. ʍʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠʪʝ ʥʘ ʟʘʪʚʦʨʝʥʠʪʝ ū ʠ ʥʘ ʦʪʚʦʨʝʥʠʪʝ W  ʩʠʩʪʝʤʠ ʩ iML  (ʊʘʙʣ. 5) ʩʘ ʠʣʶʩʪʨʠ-

ʨʘʥʠ ʥʘ ʌʠʛ. 10·ʌʠʛ. 15, ʘ ʩ  ǰML  (26) ï ʥʘ ʌʠʛ. 16. ʇʘʨʘʤʝʪʨʠʟʠʨʘʥʠʪʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʠ (ʧʦ ʊʘʙʣ. 3) ʥʘ DRC- ʠ ML-DRC-ʩʠʩʪʝʤʠʪʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛ. 17. 

ʆʯʝʚʠʜʥʦ ML-DRC-ʩʠʩʪʝʤʘʪʘ  ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʥʘʧʲʣʥʦ (ʠ ʧʦ ʊʘʙʣ. 2, ʠ ʧʦ  ʊʘʙʣ. 

3, ʟʘ iML  ʠ ʟʘ ǰML ) ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ: 

ƴ   ʣʦʢʘʣʥʠʷ ʢʨʠʪʝʨʠʡ ʟʘ ʢʘʯʝʩʪʚʦ s (10),(24) ʠ ʟʘʧʘʟʚʘʥʝ ʥʘ ʙʲʨʟʦʜʝʡʩʪ-

ʚʠʝʪʦ 
p

t  (25), ʥʝʟʘʚʠʩʠʤʦ ʦʪ MV  ʠ ɠ, ʠʟʨʘʟʝʥʦ ʩʨʘʚʥʠʪʝʣʥʦ ʥʘ ʌʠʛ. 10·

ʌʠʛ. 17 (ʊʘʙʣ. 2, ʊʘʙʣ. 3);  

ƴ   ʢʨʠʪʝʨʠʷ ʟʘ ʤʠʥʠʤʘʣʥʦ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʤʠʥʘʣʥʘʪʘ ʪʨʘʝʢʪʦʨʠʷ  

(19) ʠʟʨʘʟʝʥ ʩʨʘʚʥʠʪʝʣʥʦ ʩ DRCMLe A , 
D RCe  ʠ ʩ 

PID
e  (26) ʥʘ ʌʠʛ. 9 (ʧʦ ʊʘʙʣ. 

2), ʌʠʛ. 10 (ʧʦ ʊʘʙʣ. 3);  
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ƴ   ʢʨʠʪʝʨʠʷ ʟʘ ʫʩʪʦʡʯʠʚʦʩʪ (27), ʢʘʪʦ ʟʘʧʘʩʠʪʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʧʦ ʤʦʜʫʣ 
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ƴ  ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘ ʠʥʚʘʨʠʘʥʪʥʦʩʪ (28) ʥʘ ʧʦʢʘʟʘʪʝʣʠʪʝ ʥʘ 

ʢʘʯʝʩʪʚʦʪʦ ʥʘ ML-DRC-ʩʠʩʪʝʤʘ  ʦʪ 
MV ʠ id  (ʊʘʙʣ. 2, ʊʘʙʣ. 3, ʊʘʙʣ. 4). 

ʆʯʝʚʠʜʥʦ ʝ ʧʨʝʚʲʟʭʦʜʩʪʚʦʪʦ ʥʘ ʧʦʢʘʟʘʪʝʣʠʪʝ ʥʘ ʢʘʯʝʩʪʚʦ ʥʘ ML-DRC-

ʩʠʩʪʝʤʘʪʘ ʧʨʝʜ PID- ʠ DRC-ʩʠʩʪʝʤʠʪʝ, ʘ (24)·(28) ʘʨʛʫʤʝʥʪʠʨʘʪ ʥʝʡʥʘʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪ. 
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ɸʅɸʃʀɿ ʅɸ ʌʀʃʊʈʀʈɸʑʀʊɽ ʉɺʆʁʉʊɺɸ ʅɸ ML-DRC-ʉʀʉʊɽʄɸʊɸ  

ʌʠʣʪʨʠʨʘʱʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ML-DRC-ʩʠʩʪʝʤʘʪʘ ʢʲʤ ( )ipid w  (ʊʘʙʣ. 5) ʩʘ 

ʘʥʘʣʠʟʠʨʘʥʠ [11] ʧʦ ʤʝʪʦʜʘ ʥʘ ʘʣʛʝʙʨʠʯʥʘʪʘ ʧʨʦʠʟʚʦʜʥʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʝ 
( )iȘ

DRCMLiȀ A  

(29) ʥʘ ʥʝʡʥʘʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ DRCMLe Amod  (30), ʢʲʜʝʪʦ 

DRCMLȆ A  ʝ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ (30) ʥʘ 

ML-DRC-ʩʠʩʪʝʤʘʪʘ ʩ iML  (ʊʘʙʣ. 5) ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʥʘ ʌʠʛ. 18ʙ·ʌʠʛ.22ʙ, ʘ ʘʣ-

ʛʝʙʨʠʯʥʠʪʝ ʧʨʦʠʟʚʦʜʥʠ (29) ï ʥʘ ʌʠʛ. 18ʚ·ʌʠʛ. 22ʚ (ʚ ʩʨʘʚʥʠʪʝʣʝʥ ʧʣʘʥ ʩ ʪʝʟʠ 

ʥʘ PID- ʠ DRC-ʩʠʩʪʝʤʠʪʝ). ʌʠʣʪʨʠʨʘʥʝʪʦ ʥʘ ( )ipid w  e ʪʦʣʢʦʚʘ ʧʦ-ʝʬʝʢʪʠʚʥʦ, 

ʢʦʣʢʦʪʦ ʧʦ-ʩʠʣʥʦ ʝ ʠʟʧʲʣʥʝʥʦ ʠʟʠʩʢʚʘʥʝʪʦ (31). ʈʝʟʫʣʪʘʪʠʪʝ (ʌʠʛ. 18ʚ·ʌʠʛ. 

22ʚ), ʧʨʝʜʩʪʘʚʝʥʠ ʩʲʩ ʩʲʦʪʥʦʰʝʥʠʷʪʘ (32), ʝʜʥʦʟʥʘʯʥʦ ʜʦʢʘʟʚʘʪ ʚʲʟʤʦʞʥʦʩʪʠʪʝ 

ʥʘ ML-DRC-ʩʠʩʪʝʤʘʪʘ ʝʬʝʢʪʠʚʥʦ ʜʘ ʢʦʤʧʝʥʩʠʨʘ ʦʪʨʘʞʝʥʠʷʪʘ ʥʘ id  ʚʲʨʭʫ ʧʦʢʘ-

ʟʘʪʝʣʠʪʝ ʥʘ ʢʘʯʝʩʪʚʦ. 
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ʈʆɹɸʉʊɽʅ ɸʅɸʃʀɿ ʅɸ ʈɽʇɽʊʀʊʀɺʅɸ ML-DRC-ʉʀʉʊɽʄɸ 

ɿʘ ʩʨʘʚʥʝʥʠʝ ʥʘ ʬʫʥʢʮʠʦʥʘʣʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʧʨʦʝʢʪʠʨʘʥʠʪʝ ʩʠʩʪʝʤʠ 

ʚ ʥʝʩʪʘʮʠʦʥʘʨʝʥ ʧʘʨʘʤʝʪʨʠʯʝʥ ʨʝʞʠʤ ʥʘ ʘʧʨʠʦʨʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ, ʝ ʧʨʦʚʝʜʝʥ 

ʨʦʙʘʩʪʝʥ ʘʥʘʣʠʟ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʟʘ ʬʣʫʢʪʫʘʮʠʠ ʥʘ ʫʧʨʘʚʣʷʚʘʥʠʷ ʦʙʝʢʪ ʚ ʜʠʘʧʘʟʦ-

ʥʠʪʝ, ʫʢʘʟʘʥʠ ʚ Tabl.2 ʩ ʘʥʘʣʠʪʠʯʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʫʤ [11] ʥʘ: 
ǒ  ʯʝʩʪʦʪʝʥ Nyquist-ʘʥʘʣʠʟ (ʌʠʛ. 23a) ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʥʦʤʠʥʘʣ-

ʥʠʪʝ *W  ʠ ʥʘ ʩʤʫʪʝʥʠʪʝ ʥʘ ʥʘʡ-ʛʦʨʥʘ ʛʨʘʥʠʮʘ ÂW  (33) ʦʪʚʦʨʝʥʠ ʩʠʩ-

ʪʝʤʠ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʨʦʙʘʩʪʥʠ ʫʩʪʦʡʯʠʚʦʩʪ iRS  (39) ʠ ʢʘʯʝʩʪʚʦ iRP  
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(40) ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʘʧʨʠʦʨʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ, ʤʦʜʝʣʠʨʘʥʘ ʩ ʢʨʲʛʦʚʝ 

( )wp j  (36) ʧʦ ʦʢʨʲʞʥʦʩʪʠ ( )ijwp0  (37) ʩ ʨʘʜʠʫʩʠ ( )ir w0  (38) ʠ ʮʝʥ-

ʪʨʦʚʝ ʚ ʪʦʯʢʠʪʝ iw  ʦʪ ʭʦʜʦʛʨʘʬʘ *W  

ǒ  ʢʦʤʙʠʥʠʨʘʥ ʯʝʩʪʦʪʝʥ Nyquist-ʘʥʘʣʠʟ (ʌʠʛ. 23ʙ) ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ 

ʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ih ʠ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ie  ʥʘ ʟʘʪ-

ʚʦʨʝʥʠʪʝ ʩʠʩʪʝʤʠ, ʩʲʦʙʨʘʟʥʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ (39) ʠ (40); 

ǒ   ʟʘʧʘʩʘ ʥʘ ʨʦʙʘʩʪʥʘ ʫʩʪʦʡʯʠʚʦʩʪ (ʌʠʛ. 23ʚ) solmk  (41) ʠ ʥʘ ʟʘʧʘʩʘ ʥʘ 

ʨʦʙʘʩʪʥʦ ʢʘʯʝʩʪʚʦ (ʌʠʛ. 30) polmk  (42). 
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