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�ABF4JVO. � CD98EF46?9AV= DB5BFV DB;7?SAGFB 64DV4AF @B89DAV;4JVW 4E<AIDBAAB7B 
9?9>FDBCD<6B84 LA9>B6B7B >BA69єD4 ; 6<>BD<EF4AAS@ E<EF9@< E>4?SDAB7B >9DG64AAS.  
�?NKB6V E?B64: 9?9>FDBCD<6B8, LA9>B6<= >BA69єD, E<EF9@4 >9DG64AAS. 
 

 
 
 9FBN DB5BF< є DB;DB5>4 4E<AIDBAAB7B 9?9>FDBCD<6B84 

LA9>B6B7B >BA69єD4. �V8CB6V8AB 8B CBEF46?9A<I ;484K: 
3 B5�DGAFG64F< 4>FG4?PAVEFP @B89DAV;4JVW >BA69єDV6; 
3 DB;7?SAGFV BC<E F4 F9IAVKAV I4D4>F9D<EF<>< >BA69єD4  

$�-��,-200;  
3 6<>BA4F< DB;D4IGAB> 86<7GA4 F4 =B7B I4D4>F9D<EF<>; 
3 B5D4F< K4EFBFA<= C9D9F6BDR64K; 
3 CDB69EF< @B89?R64AAS 6 CDB7D4@V MATLAB F4 6<;A4K<F< 

BEAB6AV CB>4;A<>< S>BEFV E<EF9@<. 
,A9>B@ 45B 76<AFB6<@ >BA69єDB@ A4;<64RFP CD<EFDV=, S><= 

;8V=EARє C9D9@VM9AAS 64AF4:G CB :B?B5G ;4 8BCB@B7BR 
B59DFB6B7B 64?G, ?BC4F4@<, DB;F4LB64A<@< CB 76<AFB6V= ?VAVW. 
#DBEFBF4 >BAEFDG>JVW, 6<EB>4 CDB8G>F<6AVEFP, A48V=AVEFP F4 
A96<547?<6VEFP 76<AFB6<I >BA69єDV6 6<;A4K4є WI A4=L<DL9 
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6<>BD<EF4AAS 6 DV;A<I B5?4EFSI 6<DB5A<KBW 8VS?PABEFV, 
CB6'S;4ABW ; C9D9@VM9AAS@ 69?<><I B5ES7V6 E<CGK<I 64AF4:V6. 

#D< B59DF4AAV 76<AF4 ?BC4F< CDBLFB6IGRFP 64AF4: G;8B6: 
:B?B54. �6<AFB6V >BA69єD< E>?484RFPES ; E9>JV= 8B6:<ABR  
2-4 @, ;474?PA4 8B6:<A4 S><I ;4;6<K4=, A9 C9D96<MGє 60 @, 
8V4@9FD :B?B54 100-600 @@. �6<AFB6V >BA69єD< CDBEFV CB 
>BAEFDG>JVW[1], ;DGKAV G 9>EC?G4F4JVW, BEB5?<6B CD< 
FD4AECBDFG64AAV 64AF4:V6, MB DB;E<C4RFPES.  

#9D9647BR 76<AFB6<I >BA69єDV6 є A48V=AVEFP, CDBEFBF4 V 
>B@C4>FAVEFP, 79D@9F<KAVEFP, @B:?<6VEFP ;464AF4:9AAS V 
DB;64AF4:9AAS G 5G8P-S>B@G @VEJV CB 8B6:<AV FD4E<. 

�B A98B?V>V6 76<AFB6<I >BA69єDV6 64DFB 6V8A9EF< 89S>9 
;8DV5AR64AAS @4F9DV4?G, S><= FD4AECBDFGєFPES, VAF9AE<6A9 
;ABLG64AAS 76<AF4 F4 :B?B54 CD< FD4AECBDFG64AAV 45D4;<6A<I 
@4F9DV4?V6, 69?<>4 C<FB@4 6<FD4F4 9A9D7VW, A9CD<84FAVEFP 8?S 
C9D9@VM9AAS >DGCAB>GE>B6<I, ?<C><I F4 6B?B7<I @4F9DV4?V6. 

"59є>FB@ @B89DAV;4JVW 6<EFGC4є 76<AFB6<= >BA69єD $�-��,-
200, S><= @4є 8V4@9FD 76<AF4 200 @@, >DB> 200 @@, K4EFBFG 
B59DF4AAS 100 B5/I6, 140 B5/I6 45B 250 B5/I6. !B@VA4?PA4 
CBFG:AVEFP 86<7GA4 64DVRєFPES 6V8 0.75 >�F 8B 4 >�F, 6 
;4?9:ABEFV 6V8 8B6:<A<[2].  

� DB5BFV CDB6989AB @B89DAV;4JVR >BA69єD4, 89 ;4EF4DV?4 
D9?9=AB->BAF4>FBDA4 E<EF9@4 >9DG64AAS 5G?4 ;4@VA9A4 A4 
EGK4EA<= K4EFBFA<= C9D9F6BDR64K, MB 6 E6BR K9D7G 84?B ;@B7G 
;@9AL<F< 6<FD4F< 9?9>FDB9A9D7VW.  

� S>BEFV CD<6B84 6<>BD<EFB6GєFPES @BFBD-D98G>FBD  #"1 -
10-5,74-3/250[3], 6 S>B@G ;4EFBEB64AB 9?9>FDB86<7GA 
��$71�4S2IM1081 CBFG:AVEFR 3 >�F V K4EFBFBR B59DFV6  
1410 B5/I6[4]. 

�B7B I4D4>F9D<EF<>< ;6989AB G F45?<JR 1.  
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�?S 84ABW E<EF9@< 5G?B B5D4AB C9D9F6BDR64K K4EFBF< 
132(0026 Danfoss VLT Mitsro Drive FC 51 [5], S><= 
6V8DV;ASєFPES A48V=AVEFR F4 >B@C4>FAVEFR, CDBEFBFBR 66989AAS 
6 9>EC?G4F4JVR. �5G8B64AV HGA>JVW 484CFB64AV 8?S ;4EFBEG64AAS 
6 CDBEF<I 6<DB5A<K<I @9I4AV;@4I. 
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� S>BEFV >9DG64AAS E<EF9@BR CD<6B8G >BA69єD4, 5G?4 B5D4A4 
E>4?SDA4 E<EF9@4. #D<AJ<C E>4?SDAB7B >9DG64AAS 54;GєFPES A4 
;@VAV K4EFBF< F4 CBFBKA<I ;A4K9AP ;@VAA<I 4E<AIDBAA<I 
86<7GAV6[6, 7]. 

' F45?<JV 2 A46989AB DB;D4IGA>B6V C4D4@9FD< EFDG>FGDABW 
EI9@<[7, 8] 8?S 8BE?V8:9AAS 8<A4@V>< E<EF9@< >9DG64AAS. 
 B89?R64AAS 6<>BAG64?BES 6 E9D98B6<MV Simulink CDB7D4@< 
MATLAB, EI9@4 CB>4;4A4 A4 D<EGA>G 1, 4 BFD<@4AV C9D9IV8AV 
I4D4>F9D<EF<>< >GFB6BW L6<8>BEFV ;B5D4:9AB A4 D<EGA>G 2 F4 
D<EGA>G 3. 
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4E<AIDBAAB7B 9?9>FDBCD<6B84 LA9>B6B7B >BA69єD4. �V8CB6V8AB 8B 
CBEF46?9A<I ;484K 5G?B 6<>BA4AB[9, 10]: 

3 B5�DGAFB64AB 4>FG4?PAVEFP @B89DAV;4JVW >BA69єDV6; 
3 DB;7?SAGFB BC<E F4 F9IAVKAV I4D4>F9D<EF<>< >BA69єD4 $�-

��,-200;  
3 6<>BA4AB DB;D4IGAB> 86<7GA4 F4 =B7B I4D4>F9D<EF<>; 
3 B5D4AB K4EFBFA<= C9D9F6BDR64K; 
3 CDB6989AB @B89?R64AAS 6 CDB7D4@V MATLAB F4 6<;A4K9AB 

BEAB6AV CB>4;A<>< S>BEFV E<EF9@<. 
�4A4 @B89DAV;4JVS A9 CB7VDL4?4 CB>4;A<>V6 S>BEFV 

GEF4F>G64AAS, 4?9 ECDBEF<?4 =B7B >BAEFDG>JVR. %F4F<KAV F4 
8<A4@VKAV I4D4>F9D<EF<><, DB;D4IB64AV F4 ;@B89?PB64AV 6 84AV= 
DB5BFV ;48B6B?PASRFP 6<@B74@ F4 ABD@4@.  

&4><@ K<AB@ @B:A4 ;DB5<F< 6<EAB6B>, MB 84A4 @B89DAV;4JVS 
ECDBEF<?4 >9DG64AAS LA9>B6<@ >BA69єDB@ F4 CB>D4M<?4 
EF4F<EF<KAV F4 8<A4@VKAV I4D4>F9D<EF<>< [11].  
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