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Ψ⎧ ⎫Ψ ≥⎪ ⎪⎪ ⎪Ψγ = ⎨ ⎬
Ψ⎪ ⎪Ψ <π −⎪ ⎪Ψ⎩ ⎭
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G �&��#)(K

Q�1L� �;� 1�G1≥81�

Q�1L� �;� G81�R1�G1�R81�
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J Me Mm

dt

d

dt

⎧ ⎫⎛ ⎞= + − σ + σ + ω⎪ ⎪⎜ ⎟⎝ ⎠⎪ ⎪
⎪ ⎪
⎪ ⎪⎛ ⎞

= + − σ ω + σ + ω⎪ ⎪⎜ ⎟⎜ ⎟⎪ ⎪⎝ ⎠
⎪ ⎪
⎪ ⎪

= +⎪ ⎪
⎪ ⎪
⎨ ⎬
⎪ ⎪ρ⎪ ⎪ω = = ω+
⎪ ⎪
⎪ ⎪
⎪ ⎪ω⎪ ⎪= −
⎪ ⎪
⎪ ⎪

α⎪ ⎪= ω⎪ ⎪⎩ ⎭

>M?

�&��#)�;��)",$%#,*,#&0�

mR SqMe K i i= ⋅ ⋅ >P?

.�%��

2
(1 ) .

3 b SK p L= − σ

5�"���)",0�;#���*,�&"%,0)�#�.&*9���#��$:0,�(;�'
$,1#,$:%&0)�-,%����0%$%&#�*�&��)�(>)�9��?�
+<"%,<���(.�,*�")&=E%���#�0)"(���#��0)&1�#�%&'

0)�#��<&��#�*$%�=#��1#�C*�")&=E%���#��&��#)(�;��'
)",$%#�.&@MB�(%,0�(1�0�D9�"�%&�"!)��0)�#<"%�1=$�&*,
�&��#)( �;��)",$%#�.& 0�;#��� >$%D0)& 0)�# (0)�;&#, 1�0)
(%,0��*�#, * $%�0�� �"!)0%,� #�C � �0?� 
� ",0(#�( �
<"%��0)�*�&#&<"%�9��.�&��#)(�;��)",$%#�.&<"%,%���'
*�#�(0�&�&*,��
+ <"%�9��.( �&��#)( �;��)",$%#�.& *���E $,�; ."�'

#�$%#,��)!",1�0)�H��)��%�0)&0&*�#��"�.(;�)&"!*&�%��'
-�#�(<"%���I#��&*,��

�"#$%"�����0)�*��#��%�&�,H��&*�#�1)�9;�$,*,9&"(*��)&"!*#�<�D$��H�;&*#���

γSψ(N) 
dψ, dM         N = 1 N = 2 N = 3 N = 4 N = 5 N = 6 

dM = 1 V2 (110) V3 (010) V4 (011) V5 (001) V6 (101) V1 (100) 

dM = 0 V1 (100) V2 (110) V3 (010) V4 (011) V5 (001) V6 (101) dψ = 1 

dM = –1 V6 (101) V1 (100) V2 (110) V3 (010) V4 (011) V5 (001) 

dM = 1 V3 (010) V4 (011) V5 (001) V6 (101) V1 (100) V2 (110) 

dM = 0 V4 (011) V5 (001) V6 (101) V1 (100) V2 (110) V3 (010) dψ = –1 

dM = –1 V5 (001) V6 (101) V1 (100) V2 (110) V3 (010) V4 (011) 
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M eK M

ω��� ( )RG s
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)",$%#�.&*,#&0���M�0 � 1�0)%#�$%#���"!)0%,&�$%�0(
"&%"($:(0�;#�����)�.&<&*&�((%�0��#�&#�1�0)<"%,1D$��
�&��;( #�<D�( >"�.(;�)&", :�0)�"�%&*�GH�;&*#��G0�;#��?
1��& &9���)( 9�%�#�"$,1#�.& & 0)�-,� *%�&$#��#�( 91�
5"%, )���$: %�-&C�#��$: �&C#� <"%��0)�*�E (<"&0%$%&#,
(�-��"�.(;�$1�<"D��&=$��F)&*�10�;#���%.&�#��%",0(#'
������

'��
��(���	�	����(�������	���(�

+(�-��%��<"%��0)�*�&#,�#�",0(#�(�"&%*�C�#&�*�
<"%,<�����&9&"(<�"���)"!*"�.(;�)&"�<"D��&=$��
8��&<��"*0%, "&%*�C&#& "�.(;�)&"<"&<&"$1&#�;#, >5?

&)"�#0��)�#$1�

( )RG s Kω= >N?

#�)&���0)"�.(;�)&"<"&<&"$1&#�;#&'$�-�(1F$,>5�?&)"�#0'
��)�#$1�


1

( )R
T s

G s K
T s
ω

ω
ω

⎛ ⎞+
= ⎜ ⎟

⎝ ⎠
>T?

9,-�#�;�%&*�#,*�"(.��1�&;�1#&=$��
2&9!"*%�&$#��#��"�.(;�)&"�51�0)%#�$%#��<"&0)0%,

#�C <�"���)"!* "�.(;�)&"� 5�� 
��0)�), #�;�C, ;�$%,E 0�D

% ),��C�(�-��"�.(;�$1�% "�.(;�)&"��59D�%��<&0����-
0)�),%� * <"%,<���( &9$�FC�#�� #�<D�(� 5&<"%�% �&9!"
*�")&=$�*%�&$#��#���&C#�*<-,*�E#�*�")&=E0)�),%�(
� * *��;( <"%,<����$: <"%��,0-&*,$: )���� "&%*�F%�#��
1�0)*,0)�"$%�1F$��/�-��0)�"&*�#��%"�.(;�)&"��5� 1�0)
*<�-#��0)�),$%#,��;�#�;�C,;�$%,E0�D)(%<�*#,���&�'
<;���$1���*�&9&"%�#�0)�*�+&��*��#,�(�-��%��<"%,'
1D)&�C�*,1=$���%"�.(;�)&"�<"D��&=$�1�0)0,.#�-�&��#'
)(%���1F$�.&1�&���0,��;#�1*�")&=$�1��ULA1��

'�����$)*%"+,-��

/�-�� %���#�D), % ",0(#�(M $:�"��)�",%(1� 0�D )"�#0��'
)�#$1F&9���)(�#�"$,1#�.&

1 1
( )

11
Z

zad

M

G s
J T ss

K Kω

= ≡
++

>��?

.�%������&%#�$%�%���#F0)�-F$%�0&*F��)!"F�&9��"�<"&'
1��)�#) � #� )�1 <&�0)�*�� *,%#�$%� 0�D *0<!-$%,##��
*%�&$#��#��"�.(;�)&"�9ω��%�;�C#&=$� >��?*,#����C�
%*�D�0%�#�� *�")&=$� *%�&$#��#�� <&*&�(1� 0�"!$�#��
0)�-�1$%�0&*�1%���#�D)�.&(�-��("�.(;�$1���H��)��1�0)
<"%,0<��0%�#��<"%�9��.!*<"%�1=$�&*,$:�

�",0(#��$:M�P<"%��0)�*�&#&<"%�9��.�<"D��&=$�ω

� �&��#)( �;��)",$%#�.& 1 �;� "&%"($:( � 0)�9�;�%�$1�
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�
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+ )�9�;� � %�9"�#& <�"���)", 0�;#��� *,�&"%,0)�#�.&
*9���#��$:0,�(;�$,1#,$:�

�"#$%"����5�"���)",0�;#���

������2�5"%�9��.�<"D��&=$�ω�;�$%�0!*"�.(;�$1�K��L���>�?���L���>�?���L����>A?
%&9$�FC�#���(��"&*,�1 L1�

Pn = 15 kW Lσs = 6,6978e-004 H 

Usn = 127 V  Lσr = 5,6898e-004 H 

Isn = 46,15 A  Lm = 0,0155 H  

pb = 2 Ls = 0,0161 H  

f1n = 60 Hz Lr = 0,0160l H  

pf  = 0,853 J = 0,5 kg⋅m2  

sn = 0,0287  σR = 0,0368 

skn = 0,1758  σS = 0,0433 

ω1n = 188,5 rad/s σ = 0,0755 

ω = 183,1 rad/s Im = 64,92 A  

Mn = 81,49 N⋅m Um = 179,63 V 

Rs = 0,1062 � K = 0,0199  

Rr ���	�
���� Tr = 0,210 s 

 Ts = 0,152 s 
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