
 

!"#"$%&'$# ()(#*+, ' -'$'+*#$.& */&.#*0

1"12.1*'$ ()(#*+ 03* #" *2*&#$"+*&4'1%

.&'2 &"3-2.15

 !" #$#%&'(' )* "%"+,-)."+!#$(+#% '&',".' (' $), # $"/ '012"+,3  !"

($,"-"', )* #$#%&4($5 ,!"(- 6&$#.(+ 1"!#7()- (' -"8"+,"6 1& ,!" ($+-"#'($5

#.)0$, )* -"'"#-+! ($ ,!(' #-"# 9'"" *)- ($',#$+" :;;< =>< >?< @< =AB3 C$ :=DA

,!"-" (' # +!#E,"- 6"6(+#,"6 ,) ,!" +)0E%"6 E-)1%". #$6 (, (' -".#-F"6 ,!#,

(, (' # E-)1%". 6(G"-"$, *-). E#-#.",-(+ -"')$#$+"3 C$ :D@A ,!" /!)%" 1))F ('

6"6(+#,"6 ,) ,!" E-)1%". 10, ,!" #$#%&,(+#% ,-"#,."$, '0EE)'"' ')." '.#%%

E#-#.","-< # !&E),!"'(' #7)(6"6 !"-"3 H"+"$,%&< ,!" E-)1%". (' 1""$ ($,"$'"%&

',06("6 #5#($< '"" :I< ?< >A< 10, ,!" %(,"-#,0-" (' 7#',3

 !" .0,0#% ($,"-#+,()$ 1",/""$ "%"+,-(+#% #$6 ."+!#$(+#% E#-,' %"#6' 0'

,) #$#%&4" # 7"-& ($,"-"',($5 $)$%($"#- 6&$#.(+#% '&',".' :I>< J>< D?< JD< ?KA<

($ /!(+! ,!" $)$%($"#-(,& +)."' *-). ,!" +)0E%($5 #$6 7#-("' /(,! ,!" +)0E%($5

+)$6(,()$'3

C$ ,!(' L!#E,"-< /" #$#%&4" ,!" 6&$#.(+#% 1"!#7()- )* # '(.E%" "%"+M

,-)."+!#$(+#% '&',". +).E)'"6 1& # +#-, /!)'" .),()$ (' 6-(7"$ 1& # NL

.),)-3  !" +)0E%($5 1",/""$ ,!" .),)- #$6 ,!" +#-, (' .#6" 1& # ."+!#$('.

+#%%"6  !"#!$ %"&' ') ,!#, ,!" .),)- -),#,()$#% .),()$ (' ,-#$'*)-."6 ($,) #

+#-, !)-(4)$,#% .),()$3

 !" #$%&'()* +, -./ '+-+01)&0- *$*-/'

 !"!" #$%&'()&*$ +,+'%-. /0 -1'1(

 !" .#,!".#,(+#% .)6"%($5 )* NL .),)-' (' 1#'"6 )$ ,!" O(-+!!)GP'

%#/ :DQA3 C, (' /-(,,"$ #'
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∆

τ

τ (t) = ∆(t)× f(t) ,

∆ = (∆ cosα(t), ∆ sinα(t), 0)

f

f f

τ

τ(t) = −f(t) ∆ sinα(t) .

m mc

x

m ẍ(t) = f(t)

x(t) α(t)

x(t) = ∆ cos (α(t)) .
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Tp

ε

νt(t) = ν +χ sin(ω1t)
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