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O)~oo~J.±•~~~240)m~•~O)oo~~~liJ,-1:Y-T9-~200)~00~~ 

)t)lfffi$© :!l l::.J: ~ ';: l1iJ '/J':.--::> -C tit-!.€:> 7)':.';:~Jj. ~ i.i}( C"?"?J.±tl:»ilb~ 2 4 (!)~iii';: 

~o, IUf~'/J~'m'±llt~ia:~tFoo *~:Mii~~\.3«!ffl-t o ifb7fit..r .. :Y?';f;ff'itd:O~ 9 o 
wt%W.J:, ~$'/J~::J::l;:;< X\.3~0-ft~:O~fflv' t>:h -Cli'Qo 1.>:l:O)m~ia:~ N°l* ~ 

~v'0 jffl~O)J: :J l;:-1 :Yt- !J- ~ 2 0 (J)~iiH;:J'j:, ~ b:lP tliJjS'/J~ 6 Owt%J;l'"f 

"t*' ib o-ftttJl.r .. :y ?'#(J)/'\ :Y ?'Ji 3 o 7}~ ~ o/ ~ l;: J: ~Uf~d ~ tL -Clt' o ~' -t:"'(J)f*tff 

-t~b~ (-1:Y'T!J-P-2o(J)~OO~) x (~~~~) <1)2•-a:~.:toJ:?~. 

fif'*. l.., < J'j: 5 ttf ~ o 1t' f'j: 1 01tf J;lJ:. C ti O J: ? l::., ~~tffl;{;f 2 6 OJf*.fi ~~ :Q:'."9 

Oo -t:"OJf.ij*, -1:YT9 - P' 201;:~ bib), tao~ 7~ ~tit:::..fttti./":Y?''/J~~~=t$ 

$t 2 6 ';:~~t~.A,, "l*''b .. -t (J)>l!~*ll.EiX;J"t+~M'@i':fl•'/J~ilii < fl o o £ t;:, ~~fflS 

$t 2 6 (J)f:ijs:.ftH'i, -1 Yt- 9 - ~ 2 0 O)f*:~f;:%.f" L- -C-t tLW.J: \:'~ '?, £ f;:~~if!S . . 

# 2 6 (J)tlg!l!f(J)$~f'i-1 :Y'T !J - ~ 2 0 OJ5tbffitiP t>J±tl::»ilbf* 2 4 O)lfi>i:.•G O)'OJ 

o .1:7Jti:J 1::. 1" fl < ~ 'b -1 :Y t- 9 - ~ 2 o (!)~.. •I "OJ o v 'f'J:-N: '15 (J) ? i? (J)-"? (/) '1-~ 

(/) 1" tl < c 'b '*" :9-a-~ x. -c ~ w L- -c " ' o ::. c »~ m "£ L. " , 0 tcl! 'lf tel! t> .. .::::. (/) ~ w L­

$~ :0~11r • ll;ij: 1;:Jii!ff l ;:~w-t o::. C: ?3~EE'M:flilbf* 2 4 ~1¥iii" Q tJ'l t> "t*' i> oo ::. 
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~-t ~7" 2 8 OJJk.IOOf'J:~-.A 1 o ~itiOJ~l(~MJi"t"~o-'":Y?°·Jii 3 o 1;:@ff L. 
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7" 2 8 c <l)J±Aj;j-11:001;::ff.f£T oo ~ (J)$~f'i~ll!tlifl'.l::.:l.m~ ~ :h-C 'b m~n.it.t. 

t;, •"£¥-E~9;f~T o I~ l;(l)-JJ .A~~J't L. fcJ!v' L, ~ -r ~ 7' 2 8 (l)j'fi~#~t~*~~ J: 
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ltFHr.JllliT o ?J~, filti:!ltiiii,Jtl;::JI ~ti v"(!)-e';:. (/),,., ;:/ ?t'ti~t=. c!:: ;itf6iil! t... -c b 71 

.A~1=_(/)~~-J':tla: c!:: Iv ~tiv"c .{ ;:/-j- 9 - P' 2 0 O)~jjj l:.'.:.~ ~ ~ ~ nt=.fg;tE!,1' - . 

~ ?'J':tJ± t~lbf* 2 4 (I)~-Hij: I:.: x f'i:t&t.1 2 6 (I) ii Uil.1' ;:/ ?' l:.'.:. ft!i! lt 16 lv-e' L. * ? o 

~ (l):Jl~t&M 2 6 O)ium~.SHJ::k~ ""?J~~~Hij:O) !J 7 p -m.~~1':tmi\I t..,t.tv"(/)1: 

;Ji.A~4:.0)~~-J':tl~c!::lvJ:tt1t"o *-tr., m=illtll=ij:i@itlffi..1,Y?f(l)~-.A }-7}~:1.m~-m 

M ~.tio"/J~ .. iiimJ,~?f~(l)i.l~fttm.,,,~~ c J:t::~-to c .1,Y!l'i.R-1v~,,, Y~ 
1RV05;!4:.J':tif!i~J-C ~ftv",, ~ft., it. c!:: :~J'~ !/'(l)~J*il~ ~".:> -c 'b .. T <+~ X. o 

(/) -eJJ<ifMJ~lh f* ~71<.fM.ilb .:r ~- tJ-1 l:.: i-t li t...lft v ':> 

~-c,J±C~lfJ=f(!)~--~~~ToA~!/'~M$0)M*~~NToo *~~ 

fij ~J.£ 11u~lh=r 0) -*:tli1* J:: ""(/) § 1:1:n1-r -r A 1-- i:.: :to"" -c , :lit t> ~ v ".. '"t ti v t;, r"1 

$ (/) J± m1Jilb{4s: ?J~lilf '* L. ~Tv '~'iftH;t.. a: 'ilt~IJ-f*:"/J~ A T ti-e' ;It) 0 m~-t (/)±iii 

Ct.iiii) :a::-1~J£.71<.lJL1;:: L. t=-~~.. ~o "'f':tJ±tfUlilbf*(l)mfil;t,~ J~1£7k~ .. ~ill(/) 

J±tltlb-T;ttitM1Jl!l7l~~~riRJ~ Ir.ti--:> t=-~~-c:PR c!:: li9-!-t otl-a- c!:: ~ .:t &;,non 

J±~~lbf*~wxm~ilt:>ot1-a-~ .. wfih~•t...-c~~~~~oocu•m>~ra 

1£*-:lJlil:!i, il1> o \, '1-;t±ifilti~~mr~:ll-=Filil!J <M~flh) t.t~]j(:lJlt.J:!i~~rfl:il ~ (/)~.g.. c!:: 

~ ;;'t &;,hoo w_ 1qr.J§WA T~1Jilbf*t::-JH \t"f=--*~MHf~~ l:.'.:.--:>v'-C .. .:tf.!fll~(l)g 
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~ ~ 

ig] 2 ftv" L.ig] 4 l;::to1tY"(~~ms~ 2 6 (/)~f'j:~~f!:: l...-C ilt:>o:i ~IJiH:.'.:.fj:~~T 

oJ.:?~~~-~~~~c!::~b~ .. ~~*-o~~•Voo •oo•~~~mlt~f* 

2 4 ~j]ij(l)~!ifl•,1{?1-;:/l;::1fit? (l)"(!;t,:di l? IEii~ifboo lllJfoo~~Ji,1,~!f'~ 

-.A 1'0):1Ur.pt t:.-C~1>~mlUt.t~l;:.~oo x~~M 2 6 J':tJ±tlUitbf* 2 4 lr.J::I 
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~~<~o•~~~bQ)~ .. 1±•~~"*24~•00~~-~~~s~m*~J:' 

!:i"".Qlf-~l:::. J:: .Q.tJ* td'i~- ;ie ~ t- 1;::M L- -C ~.Q~tl"1M:~;ff L--C*IJffF.ffl 

~~T~oR~C~ff-~tb•240)~~•Q)m&~~-~-C, *&&e•~~ 

lv~/<*M:~~:Jirf"'t.Qtffl~~Y.>oo ftiJ, l±C~th• 2 4 Q)~fl;l:fj:-t'Q)m>C. .. J;:: 

._i:p L.-Clt' o !: 3f.f.t. L--C J;J.~O)~-~fif.t.v', -t L- -C, 7J<irtiO)f!,t .. W.JIO)t$:$t 

fj:1!t0JiT o o 

•M!Hf~5J;:::f0v'-C -1 ~'7 !J - ~ 2 o QJOO:~J'if-J o. 3 mm, $~ A:to J:"Oitl~ 

BQ)£~fj:O. 2 5mm, .EEflU.ij/J~2 40)m1L.'G*~Q)$~CQ).~f;'12. 5 

mm~~Oo *~,~-~~8MHz~~~ .. J±~~~f*240)~-~6mm, 

•&•j: b = 1. 6 mm~~.Qo J£11UJJ(!il.J{:ijs: 2 4 Q)tp1i:.' <:m1i)G) "t"'QJ;i::k~JJ: o. 
2 1 2 mm, jilij~Jlf:JJ: O. 1 2 3 mm, $~ B !: $~C QJ;!ft:W-l;::iQ~t .Q )Jj[ ~ fj: O. 

15_0mm-e~~ .. iiliiOO~ct=rb~m4!:--to2a~-J:~~o•~oot:&~T.Qo 

J±fltt.ilb• 2 4 O)~ ~ya-~ ( 1) l;::n"To 

2d=y=-O. 00992X (-3) 2 +0. 212 (mm) (1) 

::.Q)~-~fjl~ L- -Ctiii:a:-~~t Q::. !: 1;::J: "J±t1.itbf* 24Q)•flfJ:1. 7 4 9 4 

mm 3 !: f.t \? , L- t:: ;OS...::> -C, 71<& Q)@tl a- 2 . 6 5 m g /mm s !: ""ttLJ';f ft::IU'i m 

= 4. 6 3 6 mg !: :J-jJ ~ .h.Qo *ft:, .EE'i:ilitl.Jf* 2 4 0)1:£:•1trrffiH;:::t:Ht o ~ffii 
2 ~~-/C ~ J-. I q a-:ct ( 2) l;::~To 

I q= b d 3/1 2 {mm 4 ) ( 2) 

~4~ .. -~B-QJ.JtM$#26tI±•~~f*240)~00~~ .. ~20)N-N 
li"iBi~ ~ o o j(:~$*12 6 lk "Ol±flUJRlb{it;: 2 4 Q)$~ B l;::;to~t o ltfriHi:OS:fF ~ ;h. -C 

v'oc $~BfJ:l±C~lbf*2 40)~~0)tp1C. .. ~iio~OO~cpl'i:003 2 !: l--Cf!IHf 

1£~~-t" o !: 'f/ili:i"" o o ::. O)f&::Q:J-;t.Jt~=im*12 6 CT.>Ui:~ !: ~~~ ifr .ftftii 3 2 1;:gg L­

-c~#~Jj:f~i, 'O)~Mf.fH;::J-;t1E«f~Jit.t1t'~~ .. Wf"lJO)fj!'.§:J:;:: 0) J:; I;: l,f;::o .r~ 

*~*~~#TO/"'~?"'~O)-v''filfO)=tfB~~J±im~·;0~1J'~ < f.t.Qo ft-lJi;:Jflt,.' 

f=.ftt!CT.>~·tj-~f:t,. .X~$*12 6 O)]JtJ:O).,i a= 0. 1 mm .. i@<T.>ti c = 1 mm, 

J.±f!~llJf* 2 4 <l.>N b = 1. 6 mm {flJl±D ~~Qo "£ t:: .. .EEi&:ltibf* 2 4 <l.>~ 

~ Q)-¥~~ d mm, -'"'~?'WfOOO)J:)llQ)ljii~ z, -t-11.>cp.lljij;O:i. bQJ!l:elllft~ e t T 

Qo z JJ:/"'~?'$0)ti8!J!f~;::f{}-?-C a!: c Q)mJ:a::-urMil~~H~~{tTQ °bO) !:T.Qo ~ 
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O)jtijjU:tJ£11t1ttbi*: 2 4 O)li§J'.iE)'4ili~im o c $0" B O)f.f:#lt!TifiHr.:f.Ht oJ£C~lbf* 

2 4 J:r,:.;b.Q ~~~*12 6 O)l'Jfffii 2 ~~-JC~ t- I s ~-;t~ ( 3) ~~ ~t1oc 

e 
Is= 2 J y z z d y 

d 

[ c ( 3 d 4
- 4 d 3 e + e 4

) + z ( 3 e 4
- 4 e 3 d + d 4

) ] 

[6 (e-d)] 
(mm") 

(3) 

:tffl~B lr.:fJv'-C x = o. 2 5 mmiO~e, o. 5 ..t-eO)JKflf.1-a:- 5 ~7} L--C 6 ltlfooa­
~~, -tn.:e:h(J)!m-iiHr.01t,·cit (1), (2) .. (3) lr.J:-:>-Cd, Iq, Is 

:3::-;ft~.Oc 7l<a~*-f-Y~~~~ Eq, fltm1..1,;_..-?f, -f§ij c!: l...-C .A;;<'~1f* 9 6 %, m 
~~~o. o 5%0).1,;_..-?f;f.1°0)-y;..--?"" .. Esl, it16t./iitr,~?f .. -Jtlc L--CM"5"1f~ 

8 9. 5%, .A;(-8"1f~8%0)'1'~?"$Es2cToc -t-h:f:h,O){t~:tEq=7 3. 

OGPa (7454kgf/mmz), Esl=42. lGPa (4300kgf/ 

mm 2
) , Es2= 1 5. 7GP a (1 6 O Ok g f /mm 2

) -e;bo 0 ::.tt,€;,O)fjf 

a-~lll1fjij0) I q, I s'r.*-f' Oc m*O)#t*l·';t, q= q u a r t z, s= s u p p o 

r t, l=ff:\:;flil..1,~?f .. 2=j9jfR1,1,~?f-z;iboo ~ tji;:, J±C~lb~ 2 4 (J):f!,i:.•11l 

~G l::tiiDHr.:liilli:tt{Bi.(J)i'iij'~W= 9. 8 N ( 1 k g f) :3::-#Ht (Jl<db.Jathl*~ 

jt~*J'ifflm,r..tt~JL.t;::~&~L- .. NJEWTL-tlv'°bO)cTo) , -t(J)f.ti:~u:::.t ~~ 

A:. "°Cv'o l*ffi:ilr.f1=JflT 0 Jib~-f~- JC~ !-- :r!:M ~T 0:: /'\ ~?f 0)~$ B 0)-N:- ~ ~:t 0. 

2 5mmcm< n~07f<dM1ill.J~O):fi,t·~~€:>JJ:l!!<, ~2. 5mmlilth-Cv'o0)~ 

.. B fffHr.fi!JflT o dlHf--=E--~ ~ t- MJ'J:J3:J£-~-z;;b '=' -C .. M= 2 4. 5 N ( 2. 

5kgf •mm) ~~oc!:Too 

.::. ? L--C~ btitt.<b o WfiiH;:::f-Ht o 1 / p = d i / d x J:t, ~'A: ( 4) l;::/J'T 

~:to lJ c floo 

1 / p = d i / d x =M/ (Eq I q+ Es Is) ( 4) 

~ ( 4) 'r.:tov'"t° p f'j:r.fll'.[jjj(J)rt!J~jja.7j.(J)ftll~-¥~ (mm) , i ~';;t~#ifJ ( r a 

d) -c_;ibQo L.t~i>~-?"t°, tf'B,}BO)~~#J.'1is~:t~ (4) :t-mHtBO);kSJ.\x=O. 

2 5 ti~&:> o. 5 ~~~?;)-'"thl'!~~~hoo ~(J)~:$!1'tJ:~~lfiiil;:::to~to:r.t ( 4) 
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(J)1ft;O:i. i:>, #W~~.a-Ji=Jv'-Cik1i~~Tt1J-.f J: v'o if"•(J)~;;J:i.v'il@(J)~:JzlH'itl 

!mi"" 0 0 *6*J'iif:ttll.r<Y ?'-C:J'i i sl = 0. 0 4 5 4 3 ( r a d) , i@itBl.1" / ?7'l'i 

i s2= O. 0 7 3 5 6 ( r a d) ~if.> -?>o ~ f;:, -t(J)mJJ.lr..El~T -?>EE'l:ti:lbf* 

2 4 (J)1D;:,i:. ... (J)~fll: 6 J'i, ~.7J.1fJ ';::!fi,iY£ ~O)il!I@ I = 2. 5 mm .f!:-"ttHt-Cltnil.1" 

::...-?'~61=0. 11358 (mm) , i9itl..1,/?f-C:62=0. 183 9 0 (mm) 

l:: ~!:>no 0 -t L--C~jj ... .I°'\/ ?fj[~Wc1YmHt B 0).1<-*M: l:: L--c' .EE'l:~ib1* 2 

4 0>£1t,&•l:::~Jj L-f;::.1~-*Ji:lfo)Sfg;fJil.1,/?f'"eKsl= 8 6. 3 N/mm ( 8. 

8 0 4 4 kg f /mm) , iiifl..1,;:..r?f~ks2= 5 3. 3 N/mm (5. 4 3 7 7 

kg f /mm) :O~~t:>nt;::o itifl..1,/?f;t.10)"\?/~$.f";tfg;m_.1";:...-?f*f0).:t:';t10)~ 

3 7. 2 % l.,;O::i.fl' < :::k•itl'kilHlitt:OSW)ffl ~ti,f;::;Oi, x~*O)"~-*i.E«k-C:O)J:t.J'i~ 

6 1. 8 %lr.J.1:°£-?-Cv'-?>o .:.nf'i:Jtl10).1":..r?7':1tlr.~'£nt:.~~ L--C"'\?~:1".$ 

(}) ~ v '.7l<ii*1:0~.ff1£T .'5 f;:: lb.1, Y ?f*1°0)~~ lr. J: -?> ~*:Q~~lb t> :ht=. t;:: lb-C: if.>-?> o 

~ 1;:., .EE 'iltlilbi* ~ ~ 'b ~--"~*~* ~;ff'T-?> 0)-C:, -t 0).1<-* :iElc ~ * lb-C :to 

< o ~ (J).1<;f.~lft;KqJ±il.IfPJ.1¥.Hr., J±t11ilb1*11>t.'G l;::;tiffiH;::~~ l;:.1.Jn :l i:>;h,f;:fili 

•w= g. s N < 1 k g f > l:: ... -t-tt-l;:. J: o.EEfltt&lh1**"*C7) d:h ~fmh-l::: J: .om: 
,i:. ... G Q)~fft !: O)J:l::;-C:if.> oo ::. (}) dh ~j~.;t;.i;::~-9-T o O)J'j:~ 2 '~:tov'-C~~c Q)$ 

~ B O)l'Jlfi;6:i. t>~'L'G * -C:O)fflHt l:: JJ.t.t L- -CJ: v"o ::. O):im~J±l*JfiiiJ(J)J¥ ~ il~~f~T 

.Q--~-ji(J)Jl~i;,~-C: ... -t'(J) ~ i:l:n'lfrH;:.1Vf~W;OSfFJi=J L-"t'v'oo -•l*iii-C:J'ifl' 

1t "Q) -C: J:.~ 0) :im ~ B (}) ~ '1-~ :ift lb t;:: ti-it J;:. it{-? -C , 7Jc ~ J-1· f# i;, m 0) :Ii .:P :7.7 JtiJ l;:. lfc 

flM(J)lfiifi~~n.ii;u;:.i& ~ ... *ltliiiil::::to~t o~mwl;:: J: o ~ilii 2 :rx.:e-- :1- :..r t- 1 q 

<~<2>~H> ... ~w.:e--:1-~t-MC~ifi(/)~oo~s~~~-•l::~o) ~* 
bf), 7kli~-\?~~·Eq=73. OGPa (7454kg f/mm 2

) l::L-, :tr-S 

flj(J) dhlf~h-l;::. J::-?> lfl>i:.'G ~~{ll0)1'flj.~t:-:it ( 4) l;::. J: '?~lb oo .:. ~ l:: ~ ... 

""' y ?ff,t~Jji Es I s~!Uf!i"" -?>o -t L--c' -th b ~ li!: L'it:b-lt Q l:: rt+.tl¥Jt.t7kil 

titl:J-f.*(J)$~Cl;:.J::.Qm,i:.,GO>~{ft 6 q= 1. 1 9 4 8 mm, /<*~ifcKq= 8. 

2 0 N/mm ( 0. 8 3 7 0 k g f /mm) ;OS:;ftlb t>:h-?> 0 

IS! s f:t ... J±f!t1Jijb-T- l;::.1.Jn:b o fa:""f11!$f;:: J: o ~tb~~IJl1-t .o .:e-71v!Sl-C:it>o o 

£). ""f ~M.19J l;:: J:-? -C, e!t ';::* lbt;: Kq, Ks, ml:: ... ii•l~ J: ~ 71<.Ri•lb-f*l;::.~1:: 

T o~fJC1.>:k1J,-C:ibo ifii~11r•tt !: ~ml~~P,IJ t>ipl;::T oo ~ 5 l;:::J0lt'-C1£t~lb 
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f-0)~-\"' ~ :1' 2 8 O)P'Jf,$-C:J';;}:, -ilffiiJS~.K:O)~AE ~ tJ,f::3~.J~j/{* ~ •fiffit~.1{* 

(.1{-*:iEl!cKs) , -t:'O)ft!!l'tffiH;::OO:~H~1fm~tJ,t::.7l<a'ithHtbP!s:-*1* t •fiffit~.1<-* (.1{ 

-*'.i:E~Kq) iJS~).,' ~ bf;::-t-O))'G)lffiH;::7J<.iffi1Jilbf*O)'.j>i:.''~t-:Hto~1iltiii:l:m7}Slf.i 

btJ,-Clt'o 0 .1{* Ks~ .1{* Kq~ O)jE.f.~j.1{-*0)-ftJJX.1{*·'.i:Eit1r Kt Tot tk'A: 

( 5 ) f;: J: ., Jjt 11) b tJ, Q 0 

1./K= 1/Kq+1 /Ks; K=KqKs/ (Kq+ k s) ( 5) 

;:: 0) J: ? ';:~7 Jv{~ ~ tJ,t::J±t~bUib-f-iJS, firl;::ttrJJ L-t:::lf/d!~O)~~-C:*ti 3 4 J:. 

';::ifli ~ h iJ)o b1'-"F""to 'b 0) t Too J±'il~ib-T-*~JJ:ifii ~ O)~ h l;::ft! ~Tofllfl: 

.::i:.*N:¥~,W~•~O)-~-C:~~~-v~M~To~~x*~~~~~Too 

--~~~-~~*~To~, ~-O)J±t~~-•iffiWAm~~tt~~lb~~~ 

oo-t'0)~1iJWAmO)~ibx*N:¥~~~5~~GTo~1Jbs~~~*K~-V 

o o 'b L.-·~;0~5j~-C:1' J.1:-lti"' ';::]j:C]fil~T o ti-B-l'J:, .1{* i>~ !Ilk:~ T-" ~ x *1v:¥ iJS 

ll~Jm:Jt 2:: &Rt5a!Ji:O)~~fniO)f1H;::-M~""toll!ibx*1v:¥1f1:>0 "'J'i1'rifli ~ t & 

M~~O)~~~~To&Rx*N:¥~~o~,~~~~~~O)*W~~~~~~ 

li'o W.rftti.il!O)f;::1Jb~U•'i•~~1'1l:To ~f&'.iEToc .1{-*Ki>~~J&i""....:t~x* 

;v:¥U ~Jt ( 6) l;:::ff.:T o 

U=mgh= (1/2) mv 2 = (1/2) Ks 2 (6) 

Jt4' g JJ:J!frbnim.it~, g = 9 8 o cm/ s 2 -C:3?00 

~ 5(J)::C71v1;: J::. oW. ""fO)it~JJ:, 1t'"f l;: J:: o.a:~~ilJf*O)-lEO)~IJJx*'v 

:¥'/J~Kq t: Ks t ';:~fit ~tL-C~lbl ~no :o~, -t'O)ti~.:Jtf.¥.1{-*lElcKsil~~o&JJr 

1J' ~ \t'}ji>iJ.±M;IHtbf*O)•iffi .. r{-*ttKql;::~Jbl ~ tLo .:x.*1v:¥7J~ J: ., -11' 1..,, L-t:: 

iJi-? "tiilbf*~1Jfll ~-tt J: ? ~ T o~.t.J;ij~1J' ~ < t~ o ~ 1t'? ;:: ~ ~'.i:EA~l;::ff.:-{: 

? ~To °b0)~1f1:>00 

:ct ( 6) tr~ l;, .. j'j~JdIJl: v ~ li7;1Ib~1lf: s J';}:, :ct ( 7) 0) J: ? ~r.~:b-lt Oo 

:.v=J 2 g h, s =J m/Kv (7) 

*- t~, ~fll s ~;::ct t;i m,L.,1lt.l;::~1:.i" o 7.1 ~ f , -t'(J) 7.1 f ~;:: J: o Jl<A(J)i!Wfffff 

(~3~, -f.ii:ltM.il~~~noiti) l~fFJf:JToo ::c-~::..rt-~M, -t-O)::c--~::..r 

t- l;:: J: ~ 7J<.JbO)liJtlf!Ji'1f!Sl*iii l;::~~T o ifl*~.11 u ~JHJ:J;t ( 8) 0) J:: ? ~=-~1t-o" 

f=Ks, M=fl, o=M/Z, Z=by 2/6 (8) 
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~:to Z J";;tlt 'Pl9> o l*iii~lk""e';li;>--:> "C, iBc~iiilr.:tov'"C~:hiW'fmCl) 8 MH z Cl) AT 

fi-eJ";;ty=O. 1 5 Omm1:'3iJtLf"i, Z=O. 0 0 6mm 3 t'.floo m=4. 6 3 - . 
6 mg, h = 1 0 0 c mQ)W'fr, *~1ifii~~(J)jtt$:1¥-Jfllcflt~lt ( 5) ?):i. t:>~ 

( 8) ';::jlffl L, f;::*'5*t:'.", ~lr.~T o ~;to, ~*l, 2'r."?v'"C f';tWJ~ t IFl.llt ti;ti. 

r .. Y ¥ t itiia,," Y .Y (J) ~~1J :a::-~""to 

U=4. 54X.10- 6 J (454. 29erg) 

v = 4 4 2 . 7 c m/ s 

Kl= 7. 4 9 N/mm ( 0. 7 6 4 3 4 kg f /mm) 

K2=7. llN/mm (0. 72535kgf/mm) 

sl=O. 11018mm 

s 2= O. 1 1 3 1 1 mm 

f 1 = 0 . 8 2 5 N ( 0 . 0. 8 4 2 1 5 k g f ) 

f 2= 0 • 8 0 4 N ( 0 • 0 8 2 0 4 4 k g f ) 

Ml= 2. 0 6 N •mm ( 0. 2 1 0 6 kg f ·mm) 

M2 = 2 . 0 1 N • mm ( 0 . 2 0 5 2 k g f • mm) 

u1=344MPa (35. lOkgf/mm 2
) 

a 2= 3 3 5 MP a ( 3 4. 1 8 k g f /mm 2 ) 

/'\ y .Y#(J)fjj lr.:to•t Q ~ .. ~t~·*-~*:a~~ ~ti,f;:.(7)1:'' -t-(J)l!cfwnr."? v'"C w.-r 
(;::Jt;~~t-f • ~~T-50 '£i*5t~1f!S (if 2 i:J:i(f[S~B) lr../flv'f;::/'\Y,Y#c7)i"Y1°' 

* lr. •-J:** *~:at 3iJ 0 t::. (7) ti n~D! 11 \*a ~tt (7) ff:1£ (7) t::. ~ lr. ~ Q) ~ :0trift "".) '"( .. 

Ks2/Ksl= 6 1. 8 %'-i!lf<7)JtJ;::f~--:>tt.::. ~ •':tf!JJ;::_iz!!,r;:.f;::0 l:ieKl t K2=l".lt; 

~To ir., K2/K 1= 9 4. 9 % t ~ ~ I;::tt€ift L. f;::o ::. tLJ'i.::e--~ Y "c7)11J~ .7J 

~Wfiii(J)1". ~ lr. "t> J:: o il~-~f;::-Jti, '~f-;tdlHf~T < mv 'tJif-;t!llH'fJtrf1,,(J) ~~ o 'IJ~ .. 

7J<ilr.fi*{:cfs:f-;t+~-Jt1''f;::at>-{:"Q)/.:C-*~f:tKqf'j:1j' ~ < ~0 f;:: ( ::::i :,r/7 ~ 7 Y 7..'IJ~ 

:;k) ;O~, -1.fKs2, Kslt.t~ 2 tpff!S~ B (J)filiJ:i. ~ (J)f;::at>Jt~l¥JllJ1J¥.fil~ifli < lcfl«:k 

(J)t;:: ~it ( 5) (J)-ft-pX;"~*~lcK (J)~:Q~ ~ ~ lr.1J' ~ < f,t o ~ t lr.fl-? t;:fp t;, ~ib 

Oo ~t:>tLt;::~.fll s, :fJ f .. 1tiHf.::c-~ Y J-.M, J;(;:fJ a (J)-ttt,.:e:hJ:."?v'-C, ~ 

~~;:M""tol:tt.t~JIUJ K2/KHr..ttfiJ'3:td'J:&J:tffdTo(J)~ .. -t(J)~f~1J-.~ < f,t 
oo 7l<ilr#O)J;t1Jfio))~~l*ISJH'il1it';::~""t o t lkA#O)~~t1ll8l.:. o ~ ~ ;t t,;ti,.Q 
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o)-Z:, ~J ;tf'£J4fl o ,,, Y ?'~~;:.to ~11 CJ O)J;~IH;t~~~flffiit~fHl~~O)~ftHjO)!~ 

~~l:. f,t..Q l:.:'J;;t.QA:~-e;l1.,.Qil~ .. 1~btt,f;::~*J: I'.) (J 2/ CJ 1= 9 7. 4 %-Z:i!? I'.) 

~jJ~Jj:~ 2. 6 % l:. Tl-? f=.o 

::. O)m-lJta*~r.~ ~no .t? 1;:f,}i3"fi"•:O~iWiv',,,Y?1'*1~m11'0.:: ~ 1:.J: ~It 
. . 

%0)};(;/JiJiti~il/it'l?~ oc fl'jtJ)}O)~~'l?~o~riti ~ 1 m~o v'f±i.-tLJ: ~ ~~ 

il% v '#J-~ Q)Jk A ith itJ;t; .7J 0) tt lJ 1iEH±, ~~ J;:.7J< i:r"lrtiib f4s: i;: 5f:i I! ~#Ht t:Jiif Wr~ 

• lr. J: -? ""( ~ ~ tJ., t:: !Hr • ., pt:: .t.7-M: l:. -JJ~ ~ ~ J: lt \-if?: :a: Ji""( It ' Q <> ::. h J± J: :::: ~ r{ ""( 

~t::iJf$0)jJ~MJ~~O)~~tt~i~-ti0)~;!1.,.Q" .::O)J:; ,;:, J±~~l'JTO) 

ii'DJ:W$t.t:O~m11-0)Ji~.:=-;;(~ '? € ~ ~ib .011-.g..lr.J±, t:: l:. ;tlf(%0)afci!J l:. v';t 

e.· "b~&.0)1~•tt""O)*~~±*~ < , i.-O).i!i~(f]t.ddli1in]±itliv \, 
~~±1?0)~1fH;: J:tir!, -atti..1,:,..-?f«!ffl<l)~~q>iiiil'f$ttil~ftriWi ~ 7 5 cm 

l!~\?ib-? t:: "b O)iJ~iflit!il-'" YP'f51!.ffl1? 1. 2 m~" ~.1 . 5m*1? "b:kiJ!iiH;:ijfc~~ 

tl,f::.o i}13':fj°.(J)ifljlJV,Ypt'f;f(7)13e:ffl1?ii1Ji•fta-7c~ ( Qfc~1?~ -5 l:.:ftl~1?~ 

Q ~Jtl~~ .. ooiawtlJ c!:: •±* t::.BIH;:1>fl < l:. b 2 "".>l'i:ff.tEi" Q 0)1?-t:-n:t-Mijl=]'t" Q = 

jg I lr.f-;t.1 .... Y?i'*'f(J)m.JJ-~~~~r.£.-:5 < ~*-ei>.Qo ,,":,..-?f*f~~-Jt~f1= 
1£ L. --r, 51 ~iit!fta-ff? l:., 5f !JIJ;t;/JQ)ttBif±f$V1!Hr.I~ l:. Iv l: J;~fil~'t',r.m(J) 

!11Jll l:. 3t:ir.~i1Hr.1J.it~ L., %tlfcdhfll(J)JEC7)t1H~~r.Gt.::Jf~:tle(J)Jftlfll~flt < = ::. O)~ 

mtR:f'J:, ,t'\/'::$1'~0)-\? Y~.$il~mil~:;k~v'J~l:{Lt1t\1iRl~ft.Q .'.'.::. C ~, *Ji~'l?J'i 

~ .Q i>~M\il& L.~~l;:::OO l,., -C J'J: 1:: .A 7 !1 ~.Ail~~~, Pit$:tft*=i>~::k ~ v'tt~--c.i ~ -5 

~ ~? l:. v'? ::. ca-~ L. -C1t' oa nuitJS: L-it.itl:1? JlJv'f;:: "'r Y !1"$.l'J:~WO)I! < fJJ 

:JU)Cl)dllll<l)l{lf:i]:l.J~~)}t~'ft.{it~l>o L., WJ~O)jf-)lil"~-'"Y?f:s'(:f4;$ (Bt[S) ';::: 

1 m(t""f~1:. C? .Q~:k~11-~i>o 0. fc%°bO)m1itl~~-?""(J~¥~"tY!/"·il~ 

fJ]WJ{i«Cl)-*~JlArl;::: "b~1>To;:. ~ tJ~t>iJ"-?f:.o .."f:"(J)~!:J>MrA1•~-atm..1"YP' (.A 

;(l~irrv' 'b 0)) 'b iffiW.-'" Y ¥t J: < ~ ··cJo !>, ~{lt(J)i11fiv'l1rit-C: 'b~f~ !> itlill-'" 

/' ?f*1°(J)lJZU)"\? /' !J'""tf,.O)}:j;i)~'IJ:\f~ ., .fttlt ' 0 

m2~~.7J·~--(7)~1?~.Qa~6~**(/)W~O)B~~~~~~M~~2 

6(J)~$0)ae.-tO)#m(l)~•~ti~240)•~00~1? .. ~~~-~Y~M~~ 

tJ .. 1.iffll<l)•{.llfl:-e(l)J±fl:•lbf* 2 4 O):ft=F•1U:.i1£1ff f~Wfiii 3 6 1:.:t,nt .Q i:f:i.ftiti 

3 2 O)J:""fl;:::~1::t .Q~;IJ7!;ffi' 3 8 ~lg)~ L. "(\,\ Q 0 ~~l;:1:_;m ~tl,.QJ±fl•WJ 
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-=f(l)lf'l;::J'i, IS! 6 l;::/FT J:? ';:::JtM=tflSM 2 6 (!)~$7}S~~51i>:i.i'"l;:::fli~~H;:::~~ 

~~~b--:> "Clt'o {>Q)7}~~"'o -i:'(l)ti-~!Wff!S4 o l:::to~toB:t:J:JJilbf* 2 4 <l)~ffil 

#~~~~6hk~@~R-#26<l)~~<l)k~~Zh~~~~C,~<l)k~~ 

oo s 6 J::(J)~t.H'i, t> t..xr:t$tt 2 6 t1~tlltn•tm:•-effi ~noJ;tti7t:;fff 4 2 -e 
i1' ~no J: ? j;:::cflll:iii 3 2 ;O:i. b(l)i!RU;::J;:~fij L.t:.i9:11JH19fl:tliJJJ ~To~~ .t:: ~' 

•~~~-~~~1.J~~44~~~h~J:?~~oo~(/)•*~t.J~i~~*i'"o 
J:? fl7t~n::t.to .tMUJ9 ~hoo lt~I~t!•i;:::J: o .t, IEJ~ L.~7i~ t>1ilHf~~ 
~t o3:ft~ Jt-(l)~tl,~.llBl (11~.lllEJO)MU/& L7ilf~~~t~;:::M L -c~~Wtil~fi! ~ti 

"'•*~!O)~t.Jfl) •'i, ~~$0)it~1.J~cf:JO)f=.bf>tift~ Jt:f$(l)~v't$7t ~ iilf:e~~ 

~ L. It 'lf-mti>i.•q)JBl;(t,JSR,tt J:: !J fg;""f L, ·~ (l)fg;""f O)flt .. J'j: 1 . o ~Ai.:it, NJ&~ 

:tfl!(l)/-1v <rlif•~:m> 7}~1J,~<~"'li~';:::f"J:2. s1;::-t~PX:'"to.tO)re:4&:o~a? 

Qg ~;n,~~~~~~o~ZJJ0•*•~~~$~~~~~~<l)••~m:kL.-c 

"'o7J:i.&;,~cb ~, ti~ t.,(l)fll.-' 1 IEJO)f.ljif.(~'bl~ti~cbo ~i,,;tJ:: ;o .'.:.<l)fialt 

iP t:>~ 6 (l)~f.J7}~~~lft:ft ~ hQo 

LiP L., *~1fif§iJ~J'J:*1Jfa':Jl;::::if'l!!~-e, ,,..... ~?' .t 7.kdL .t "'? Jfdl-=> t=.Mfl-e 

St#~W:fJC7i~.#Jpj(: ~;h,"(lt'o f,OC7}SJ4fl"' .Ji~lt'7J<A ~~7}:i.1tv-.. ~?i';t}S§lv~\.'o 

(J)~, fff•f-;tf9!•1;:::fatt~tLtdiilJ: ~ t-=> .t1J'~ < flo~~-? ?o ~-~JJJJ.:t -C 

;; ~t!, -•ttf(~cb~.$ 2. s 1:::.t:. .t X.J'i~ t> l;::,, ... ~?f*-1 ~ lk~MCT.>.Y~~~ 

(l)J:tEs/Eq (f.lftl..1,~?f""t:"J'J:O. 5 7 7, itjt1_.1,~?i'"t:"l'tO. 2 1 5) ~)!-/J~ 

•:o~o f.>:i. "b~nttv"'a t:.r.::'. L-flt•t>~ 1 ~""Flfilo ~ t: •'ittv'~"->~? o ~ 0) J:? fJ: 

f.&IDi<J.>""f"t:' .. flJiafff• 2. 5 1;::-m;m_.1-.. ~ ?f <J.>1" ~ ~·J:t~#Ht o t: fff•J'J: 1 . 4 

4 ~ti r; tJ:i.ft ~ Cl)R;~f.1<J.>:li:kJ-;t~o ~ t: l;:::tioo LtP L.., j9jt;_,, ... ~¥~Jt.11t"'o l:: 

fff•J'i1 (f!O)f!«J"J:o. 53s<1 J::tto<J.>-e-t&•1 .ti""o) ~ti'?~f.1-~J';;): 

~<~<~QoT~b~*AM**Cl)D~~7N~~#~hoO)-e~~<J.>~*~ 

~o ~ .t f;:::ttoo 

~h~O)~~~-~O)M-~:to~o-X..~~~~Tot:,••O)~@~~M® 

(l)~~<J.>tmrr .t ::tt1;::f.!I:iflitA1t'-rnQ),, ... ~ ?'#(!)•~~ t-t-0)-\" ~ ~•;()~1.fJGP L--c, 
ttteft-1'-fl.t !J t:k~ < ~~ L$}fiBi.1<-*~ltKsf'i1J' ~ < fl~, *A<J.>J;t;t.Jf-;t~ C 

.Oo L.7J:i. L., tf:h~;~$(l)i\ilil.r',.. ... ~?'*fl;::to1t'"CJ'j:, .X~$0)~m;1.:1;::. Lf=.;O:i:--:::i-c 
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,..,y?f#(})~7)i J: "*~ "'(})~-17 ~ ?'°$(})-ftt""ftJi J: "xmtr L..•~~t.l!~mt1~-11 
!tliJnT .Q ~ it;>-5 ; '/J" t:;,, ftttJll-'" Y ?f#O)tj;-fr ~ ())JkdU~fJJ:t~J:f}ij(})~l\Jilt.* ~ ~ - . 

.Q 2. 6 % J: ~ 1b~:k L. -Clt' o ~ c :z}~W]~ ~hoo ~ b t;::, ~ (})-l'Y?"~«tiJJH;:: 

1*? ~*(})ffil.l;::., J::ia())-'"Y?f*1°0)WM:t :A.7 !J ~/..., Tf.i!:b"t:>P"lfflHl~il~-­

l;:: J: ~-c!:E.JE.a ~n.Q~tb.:r.*1v~O)-$~~m:.~• L-ctfclti""o ~ c l::J: olHti 

fF m 1b f1t-.ff L. -c", .:s -c: ~ ~ ? 0 ~ (}) "" ~ ?f M ';:: J: .o •~ t~ ~~ •±~.1£ oo b "tJ"l. -c: •± 
t.tlt'tJl, mt~~~(})~ll-t.i!*.1:f51.c t.-c~ c;,n-c"'otii-6-ff~O)~""'"~?f*f0):/.7 

il~~.*7cf.i!(})-C:l'i~lt '17)), c ~fil ~ tLoo 

;ifs:~P,IH;::~JfJ ~ti,o-'"Y?t°.f;t(})~7.)- • 4ia=ttt::--:>lt'-C:ffn~Too ~ 7 J±-'"~?ft.1 

i:?(})il'(})m•~?tJt~ mJt~f~~;::~-to~lBf~~-t?"7 7, ~a •±:A.;t:-M-fr1fl 

(}) 2 =m*91M-C:ib '50 .1±11~1/J-T-O)~-A~ !J - P'.IU;::~ t;,"fJ:\ Cao j ~ ::\=- L.-C :to 

<itti.-'"Y?f*ic L-Cl'i., iil!.R.i. (~80).~;f:Difj(}){lLfR) iJi~:A.;t.°(})ill!R.(2 3 2"C 

-~~r~~.Qd~~T~:b~M(})~-~~o~b60%(})~~~~~-C:~?>c 

t-::..t-t:. l..M(})lli:fl:~?}14 o '/):-it;, 8 o %(})-fr~l;::f'i~~~lt'JI ~:O~if.>oo "£ t~, J±fi: 

~ib-f*(})ji:~J;::~JfJTo i\iitll-'"Y?f*fq=r(})~(}).6}:7.)-~J'±:liiWiJ'iM 1 o o % ~ -c::a~ 

W1R.r.tT~fi!111-c: ii? .o t1~ .. .,,, Y--T !J - ""'';:: j ~ ~ ~ nt~: .. tLt1AI"" y ?fttti~m•~,;::~ 

ilk L -Citi""~ ?'# ~ fittT o ~ ~ ~~- L .. ~~~(})*11.d:O~~ 8 5 %iP b 9 7 % 

1;::~ .Q J:: ; 1;::11f:fti.o 0 r~l•(}) a 5 %·•±~ s (})tij;f:DililtJ~tsli:A. ;;(°(})i\la~riaJ c;, 

tel! 1t 'tt"'t.* 3? ~ .. * tt J: m1l 9 7 % Ji 1S1 1 1;: :to", -c j;J" 1.1:1C T ~ (}) m:J±fbil!J'f*()) 3tf!f 

$7.)-~~:IJllfP.\ ~ft,"(~ 3?.Q i!ft(J)~lff~•f!fT Q J:? ';::ltaf)f-:;_o 

~ 91:1i, *~IY.l(})ffil.(})•1ii~"fl(l)~m:o~~~h-C1t'-50 *•18i~G(})Miy:Jf;:: 

i3v'"C .. JYij~Q)~-~m c!: w:J•Q):tftJiU;:'.:J'j:IRJ-())f{f%~M 1..,, -t-O)~IYJ ~~ll&T 

o o *~1ili~S~;:::to\i'-C, *lta'-.11.t ~ ~ J'i, ::\=-1" v :1' 2 8 Ir. "bfltt.&i,1" Y?ft-1(7)-'" 

Y~/I 4 6 :O~lt~t ~tL-Cv' o A\( 1-"~oo ~ (}).1" Y?fJI 4 6 J'i, q:.-y ::Y ::1' 2 8 (})p 

~<tioo•~~©~W~~~bhoc ~(})~(l)•d~,OO~(l)•~B~t~~ 

~cl?oo 

~~fl 1 8 ':. j. ::Y ~ ~ n t-::. ti;t&V" ~ ¥ t ::\=--\" ~ 7' 2 8 FkJ iii';:: j. ~ ~ ~ht:: iff;t.&l 

"" Y ~ l:: fi.EEA J;::: J:: ~"'(alt' ~;:.EE~~ h1'1RJ L. -C~1Mj;J" J.t ~fr? 0 ""Y¥"/J), t> I.I! 

o~W19i:Ji.JiO)M~~it-::.. c!:= .:lJ:f 1 5 JL m&lt-C:3?o ~~- ~ti~~-A 1 o ~ ~-\" 
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::;.' :1' 2 8 t ~;:, t:::: t ,;{,J;f *" -~d:. :l1i ~ $3' ~t 0 :. t i):\ ~ ~ 0 c T tct b "I:> .. -'-A 1 0 -. 

O)f,ttii..1" :Y ?' 0) ;it ~ ~JJ ~ J'j:i( µ m ;btl,f';f J:: lt'c :. 0)*5-*, .-{ Y-T Y - !" 2 0-. - . 

0) ;J. ~ ~r~ ~°fl IRl&lf 1;:• < t~ 0 0 J::-? "(" .. .XMtflH=;fO)jfjl!.1" y ?f O)x~l~tH:.t 2 

6 ';:f'j:...f YT!) --1"',:.;J. ~~ ~ti"Cv'f;:f.tttfii.1-..y?fj?j~~~t~J;., ;Jiili\tfiO)xMtfB 
. . 

*12 6 J:flO)l}0).6X:$J'.l::ta-r•f'oil~ .. i;-O)f,tt-"f"O)@..tlv~1>tllt'o ""tf.tbi? .. x~tffi 

#260)~Y~*O)J:.~~~<~k~tioo ~~Lffg~~f-0)@~~-~0)• 

~!Pvff::ftf;tl.1'-Y?f (J).;M!g~ 1:.fi!J o1.mf.\:!-fffi;1.it/Jf-:i:-f*~;:)(1 L ""t"ff? it., ~ 1.1: 

O)ff~m~~~~~••~~t~m~"("i••~mMt-o~ .. ~~~~~m~a 

~titd£tml..1'-Y?f;i):\j'6. Lm~a-~~ Lffgf~llJf-Q)~fi~~To(J)-c_;, *~ij!J 
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