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• !"#$# $% &'()*+&$,-. $+)$/$%$+ &$( 01+23(. 
• 4%2 +2(35#$# $( '+1/2 '1,2 &+6 )'(*#,"0#3. 
• 78#,&$9 :,:83+, µ'(1#3$# 2+ ;"#$# µ+<3 &+6 *=( (2) &#83*#6 >4 (*,'8.6 /?%6). 
• @',$1;'(2$+, &$( 01+23(: A(1%$. +1,0µ(µ%"+2., "91+-+6, µ(8=:,/&$)8/, 2 &#83*#6 >4. 
• =-=ABC!DBE9=F *), "?5#1,: B)$G3@,)( >.., (@(?$.5µ+>#,#)5$ )5 <FEH9= @,/ 
@?:@($ #5 (1#5$ 5@(#(?6,@,$4µ:#5 %5$ &0$ *), "?5#1,). 

• M'(1#3$# 2+ B19?#$# µ# µ'8# &$)8/ *,+1-#3+6 . µ+=1( µ(8=:,. 
• C1%&,µ('(,#3&$# B,+ '1/"#,1( $,6 +1,&$#1;6 &#83*#6. 7+0+1(B19?$# &$+ -#29. 
• D, +1,0µ(3 &# '+1#20;&#,6 +2$,&$(,"(=2 &$,6 #-+$(&$,+3#6 µ(29*#6 +29 #1E$%&%. 
• F,91-#,+ #5;$+&%6 3 E1#6. 
• 4% (8(-8%1Gµ;2#6 8=&#,6 0+ 8%H0(=2 )'' /?%. 
• I( '+1/2 (@$*)?:I()5$. 
• <5.3 (@$)/015! 
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!"#$%&µ' 1 (15 µ()*+,-) 

!"#$% &% '('#) $* &+&$, -."/$*&*. 

 
1. 0/-1 &%23)'4/*$,2-1 .25.%4 /- µ.)2%6 /- %27"8%$-4 &$) 

(-) 1) $%$-2$*µ924) (3)1) & 3) $%$-2$*µ924) (7) 1) & 2) $%$-2$*µ924) (:) &% 9#- $- $%$-2$*µ924-. 

2. 0/- ;#4'9 %6/-4 '-$"##*#) 74- .;2,/- M/X 9$-/ * %.4<"/%4- $*1 '-µ.(#*1 ;&$52*&*1 %6/-4 

(-) µ4'2, (3) µ%7"#* (7) -:4"<)2) $4 %6/-4  (:) =2)/4'" µ%$-3-##9µ%/*.  

3. >- -/$4&$-?µ4&$4'" $;#67µ-$- %/91 '4/*$,2- &;/%=)(1 2%(µ-$)1 3)*?)(/ &$)/ 5#%7=) 

(-) &$2)<@/ (3) 2).,1 (7) 2%(µ-$)1 (:) -/$6:2-&*1 :2)µ5-.  

4. 0/-1 '4/*$,2-1 &$-?%2,1 $"&*1 $2)<):)&6-1, 5=%4 924) &$2)<@/ .); )<%6#%$-4 ';26+1 

(-) &$* ?%2µ)'2-&6- $); (3) &$41 $24351 (7) &$*/ ABCD (:) &$- :4/)22%(µ-$-.  

5. E(7=2)/* 7%//,$24- &;/:5%$-4 &% ".%42) :6'$;) <-&4',1 $"&*1 V . F-$" $* &$47µ, $*1 &(/:%&*1 * 
-/" <"&* BCD $*1 7%//,$24-1 %6/-4 

(-) 6&* µ% V  (3) µ%7-#($%2* -.9 V  (7) µ4'29$%2* -.9 V  (:) 5=%4 ';µ-4/9µ%/* $4µ,.  

6. O4 '4/*$,2%1 !"#$%& %/-##-&&)µ5/); 2%(µ-$)1  

(-) :%/ 5=);/ G,'$2%1 (3) -.-4$)(/ ):,7*&* (7) .-2"7);/ µ4'2, 2)., (:) '-$-&'%;"8)/$-4 -.9 %#"&µ-$-. 

7. 0/-1 µ9/4µ)1 µ-7/,$*1 5=%4 µ574&$* %/%27%4-', .;'/9$*$- 

(-) =-µ*#, (3) ;G*#, (7) &$-?%2, (:) &;/"2$*&* $); H  

8. O %.9µ%/)1 '4/*$,2-1 H%'4/" µ9/)1 $); 

(-) 3*µ-$4'91 (3) 1I %.-7+74'91 (7) 3I %.-7+74'91 (:) &(7=2)/)1. 

9. J)49/ $(.) '4/*$,2- ?- %.4#57-$% 74- .29+&* =-2$4)( &% $*#%)µ)49$;.) (<-H);  

(-) 3*µ-$4'9  (3) &(7=2)/) (7) &=4&$@/ .9#+/ (:) EK :457%2&*1 &%42"1. 

10. J)49/ $(.) '4/*$,2- ?- %.4#57-$% 74- µ6- :4"$-H* =2)/)µ5$2*&*1; 

(-) 3*µ-$4'9  (3) &(7=2)/) (7) &=4&$@/ .9#+/ (:) EK :457%2&*1 &%42"1. 

11. O4 1I %.-7+74')6 '4/*$,2%1 5=);/ 

(-) $;#47µ5/) :2)µ5- (3) 2)., %''6/*&*1 µ*:5/ (7) #%6) .%263#*µ- (:) :-'$(#4);1 )#6&?*&*1. 

12. O4 &(7=2)/)4 '4/*$,2%1 5=);/ 

(-) $;#47µ5/) :2)µ5- (3) 2)., %''6/*&*1 µ*:5/ (7) #%6) .%263#*µ- (:) :-'$(#4);1 )#6&?*&*1. 

13. O '4/*$,2-1 -;$91 :%/ =2%4"8%$-4 <;7)'%/$24'9 :4-'9.$* 

(-) :4-42)(µ%/*1 <"&*1 (3) :4.#)( .;'/+$, (7) µ9/4µ); .;'/+$,   (:) .;'/+$, %''6/*&*1. 

14. O '4/*$,2-1 -;$91 :%/ %27"8%$-4 =+261 ):,7*&* 

(-) E;/%=)(1 2%(µ-$)1 (3) 1I %.-7+74'91 (7) &(7=2)/)1   (:) 3*µ-$4'91. 

15. E"/ µ6- µ%7"#* -:2"/%4- %''4/%6 '-4 &$-µ-$" .%24):4'", &;/4&$"$-4 * =2,&* '4/*$,2- 

(-) E;/%=)(1 2%(µ-$)1 (3) 1I %.-7+74')( (7) &(7=2)/);   (:) 3*µ-$4')(. 
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!"#$%&µ' 2 (20 µ()*+,-) 

!"#$ %µ&'(')&'*$ +,-,.&/0$ %).'+-,µ#1"0+%$ µ. 2(-0"# #2* 34)(5# 3-%6&µ,2,&.7+#& 1&# "# 

#"(89".& :"# %µ&'(')&'* ,2)&6µ* µ#)#',; 6&/0-,(, *2<$ =#7".+#& 6+, 630µ#. > 2(-0"#$ '#& , 

,2)&6µ*$ :3,(" '(')&'0 /&#+,µ0 µ. .2&=4".&# A = 0,04m
2
 (:3,(" '#+#6'.(#6?.7 #2* '()&"/-&'* 

+.µ43&,). @ µ:6% #'+7"# +,( +,-,.&/,;$ .7"#& r = 0,08 m . @ 63.+&'0 µ#1"%+&'0 /&#2.-#+*+%+# +,( 

34)(5# .7"#& 2000, +,( 6&/0-,( 500, ."9 µ0 = 4! "10
#7
H /m . 

N !".

r
#

A

F

i

 

(#) (4) O-76+. 24"< 6+, 630µ# +% =,-4 +%$ µ#1"%+&'0$ -,0$ '#& 63./&46+. +, µ#1"%+&'* ';')<µ# 
2,( #"+&6+,&3.7 6+, 6;6+%µ# %).'+-,µ#1"0+%-,2)&6µ,;. 

 

 

 

 

 

(5) (4) A-48+. µ7# :'=-#6% 1&# +%" 6(",)&'0 µ#1"%+&'0 #"+76+#6% 6#" 6("4-+%6% +,( µ0',($ +<" 
/;, /&#':"<" /. 

 

 

 

(1) (4) A-48+. µ7# :'=-#6% 1&# +%" #(+.2#1<10 +,( 2%"7,( L  6#" 6("4-+%6% +,( µ0',($ +<" 
/;, /&#':"<", /. 

 

 

 

 

(/) (4) A-48+. µ7# :'=-#6% 1&# +%" 6(",)&'0 /;"#µ% F  2,( .=#-µ*B.& , %).'+-,µ#1"0+%$ 6+," 
,2)&6µ* <$ 6("4-+%6% +,( µ0',($ +<" /&#':"<", /. 

 

 

 

 

(.) (4) Y2,),176+. +," #-&?µ* +<" .)&1µ4+<" N  2,( #2#&+,;"+#& 1&# "# 2#-#3?.7 /;"#µ% 

F = 2.000N *+#" +, -.;µ# .7"#& i = 4A  '#& +, /&4'.", / = 10mm. 
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!"#$%&µ' 3 (20 µ()*+,-) 

!"#$%µ& '( &)*#"+$%µ& ,*'-./0( 12 µ& µ&*3./0( 4*( "'( 5&06$µ-7('*5µ8. 9$ µ-7('*,8 :$0.;$ .$%  

,*'-./0( &;'(* (<0('&*(,8 µ& <%'(µ*,/ .0*6/ ,(* )&0*40=:&.(* ()8 .-' &+;535- 
 
!" (t) = I

!!#(t)+ b !#(t) . 

H .(7>.-.( !!(t)  µ& .-' $)$;( )&0*5.0":&.(* .$ :$0.;$ (,$#$%?&; .$ ,#(5*,8 .0()&@$&*<"A )0$:;# 

)$% 4*( "'( ,>,#$ #&*.$%04;(A <;'&.(* 5.$ )(0(,=.3 57/µ(. B;'&.(* 8.* I = 1!kgm
2
,!b = 1!Nms / rad . 

0,0

4 +

4 !

3+

3!

1+

1!

0+

t !(s) !" !# n!(rpm)$ !(Nm)!!" !(rad / s
2
)!" !(rad / s)

0,0

0,00,0
54321 t !(s)

!" !(rad / s)

5,0

0,0
0  

(() (5) 1%µ)#-0C5.& .$' )0$-4$>µ&'$ );'(,(. (rpm = 5.0$:"A/#&).8). 

 

 

 

(6) (10) 17&<*=5.& .*A ()(*./5&*A 0$)/A (Nm) 5.0$:C' (rpm) .$% :$0.;$% .$% ,*'-./0(. 

n (rpm)

$ (Nm)
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 (4) (5) B*(.;?&'.(* .0&*A ,*'-./0&A .3' $)$;3' 4'30;@$%µ& .*A 7(0(,.-0*5.*,"A 0$)/A-5.0$:C' 4*( 
.- µ"4*5.- .=5- #&*.$%04;(A .$%A. 1.$*7&;( <;'$'.(* 5.$' &)8µ&'$ );'(,(. D0$.&;'&.& .$' 
,(.(##-#8.&0$ ,*'-./0( ,(* &+-4&;5.& )3A 5,&:?/,(.&. 

 

K*'-./0(A !max (Nm)  nmax (rpm)  

A 15 150 

B 20 150 

E 20 200 

B 10 100 
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!"#$%&µ' 4 (25 µ()*+,-) 

!"#$%&µ'(#) (* %+&,-.#)µ% +*"*/0/1 "%-µ*,#2 3&*4#"%,&$12 5).(6,7,*2 *+6 *),1 ,#) 3&$,-#), 
."75&µ#+#&#-µ% '(* 8%-/#2 5-/."#(0( µ7.*(9( ($&(7,1"*-/%((1,"&*2) +#) 5)(3'#(,*& µ% $#&(1 
:,"*$,#. ; 5-/."#(#2 3< $&(7,1"*2 ,"#4#3#,%=,*& *+6 ,# 3=$,)# ,0( 50 Hz, µ% 5)(,%>%5,1 
*+63#572 0,9 %(9 7 5)(3%µ'(7 µ% *),6( 5-/."#(7 3< /%((1,"&* *+#3=3%& "%-µ* µ% 5).(6,7,* 40 
Hz $*& 5)(,%>%5,1 *+63#572 0,95. 

 

(*) (5) !#&#2 %=(*& # %>:.&5,#2 *+*&,#-µ%(#2 *"&?µ62 +6>0( 5,#( $&(7,1"* $*& 5,7 /%((1,"&*; 

 

 

 

 

 

 

(@) (5) !#&* %=(*& 7 µ7.*(&$1 /0(&*$1 ,*.-,7,* ,72 *,":$,#) %$4"*5µ'(7 5% rpm; 

 

 

 

 

(/) (5) !#&* %=(*& 7 µ7.*(&$1 ,*.-,7,* ,#) µ*/(7,&$#- +%3=#) ,#) $&(7,1"* 5,# 3&:$%(#; A#) 
µ*/(7,&$#- +%3=#) 5,7 /%((1,"&*; 

 

 

 

 

 

 

(3) (5) !#&* %=(*& 7 5).(6,7,* 5% Hz ,0( "%)µ:,0( 5,# 3"#µ'* ,#) $&(7,1"*; 

 

 

 

(%) (5) !657 &5.- +*"'.%& 7 /%((1,"&* %:( # $&(7,1"*2 *+#""#4: 20 kW; 

 

 

 

 



6 

!"#$%&µ' 5 (20 µ()*+,-) 

!"#$ 3% &'#()(*+,$ +*"-./0#$ 4 ',1)" 23&* 4"4µ#5.*+/ .65- 690 V, 4"4µ#5.*+/ *537 55 kW +#* 
4"4µ#5.*+/ 583",.-.# 50 Hz. 9 +*"-./0#$ #'4004:6 0&7µ# 97 ; µ& 58".&1&5./ *5374$ 0,87 
&'#()(*+,. 9* #'<1&*&$ 3#1+47 5.4 5.6.- &="#* 1,6 kW +#* 5.4 >04µ2# 600 W, 4* µ-3#"*+2$ 
#'<1&*&$ &="#* 700 W +#* 4* #'<1&*&$ '80/"# &="#* 1500 W. 9* 8',14*'&$ #'<1&*&$ #µ&147".#*.  

!"#$ 

(!) (5) "#$% &$'() µ*+!,-.*+!& $+/ 0./µ-! µ-$1 +/2 0&34*5/2 ( P
!"#$

); 

 

 

 

 

 

 

 

(6) (5) 78/9/:;$+* +%5 &$'( 8/2 µ*+!+.-8*+!& $* µ%'!5&4< (%9*4+./µ!:5%+&4< &$'()). 

 

 

 

 

 

 

(:) (5) 78/9/:;$+* +% µ%'!5&4< &$'( *=#0/2. 

 

 

 

 

 

 

(>) (5) ?'414(=5.& .4" 58".&1&5./ #',>45-$ .48 +*"-./0#. 

 

 

 


