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第五章简介

单自由度响应谱模型的由来？

单自由度响应谱模型的优点？

什么是伪谱响应速度？

响应谱是如何在外界因素的作用下产生变化的？

响应谱界限？

傅里叶谱与响应谱有什么不同么？

这些问题都在本章中做了详细的介绍。最近的这些年里，我们对地

震和核爆炸的效应做了很多的研究，但实际上还不曾把这些研究成果

运用到爆炸振动分析中使用。本章就针对爆炸振动分析做了详细的介

绍。

本章通过开头的橡皮带加剪刀的模型介绍，从而引出了单自由度响

应模型的概念并对其做了详细的介绍。之后通过由此模型产生的响应

谱及伪谱响应速度更好地诠释了在爆炸振动过程中的结构响应。
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PVp',,=21!(20)(0.5)=63.5mm/s(2.5in/sec)
jf:~P V 21 fF:;1;J.~ 2 ;f;~~:tf.OO5 -Sa_t. ~~:tI~i=J1 t§;H'-J-J1!!.1!fi}:

J5. fjJ :fJ.. ;f!f ~rr 13 (I(J !If fjt f ~ J3l ~-r ~. ~~ ill ~ f};J :i$. Ii: % J1X. m S"

-5a q;r as ~~.
.--

~1IJ'PJ~iI~tt:tf.m 5, -5(f'iJt1Y~.:::.m!l!1f.J:. :tf.it.fJ;J-*
!i:[:!~-~lmm~;fOmT1E~~i1i{Pl(f'iJ{th.. :Q * *11 x,t {\L $&

~:\lIIM£J:.1i11jj{~:-'r. *Jl~Tf};J~I!t: (PV) ~21!f~. f};J1Jft
it~ ( P A ) tiIIM~J:.1i1~~. *Jl~TPV~~21!f. p A~

pv'~~~J.1Jl1iiJj:~f};J.1!Jj:, ~~.-'t::1(]$~JE~tJt:.i!J; {Pl-. .~

pff. x.t=fI'J'.I3{t~t!t"ffif~. .iZ.~~1t$1iJfJ:IiJ!.:ilifPl~:aag~:x1

1lt1jt~~;f1j:)t1~~,( ~;'el~~",,~s~cr\'Far,1I;. ,1964) .
iJ7 ~~i'i!!,~iJlI,~lEiJ!"1liJ ~ff;J~ljj: 3jm~ frl:i ~ :i:& ;Jt:

1ffffl~, ~:Yij£ moo ~:t;f{i'i~~*~.*~$jZfE1J R"J1t~~
~. ;kj~10Hz~t!tX;j"!l5 -Sat:p*~~. (f'iJ ~ EY.. ;1t.: rf$
'(;,..x =:,0. 25mm ( 0.01 in. ). ~-"I'-OO;ff~$f*.1-JI0'Hz(f'iJ ~
:f!,J p).lE5!~~1~, ~:fl'~-"I'-.*fJJ:i$.1f ( P V ) ~f};J.1JU .1£ It:c . -C,
(PP-- ~ , ';.
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PV =PO. ax =2Jt..(lO) (0. Ol}""=O4~25in./sec(16mml s)

... P.A=pzO.. aX =4Jt~" (;lOO)(O.Ol)=~9.5in:/secZ~O.19
:;!ict[:1*~' ~ £ 't.li!,!,:;Olt,t.. ::;*J!!j-&~l#-..tI"ll1-mmlAl: J.. *..a.~ Y"-'fl u.. ox,*1t ~'rIJ\-~, ~-./\.l&f!J~U"':::mlS1 ~J- .f3.~' ,

~lli. :1£00 5 -6~;1J!#!;-*~~~}fffiJ\~m~, ~ ~;)1\: ~

m.
.w:r.t.t, JJii~joP .

lof~P1PJEY..ifiifi~.m;it:j~:i!f!:~ o",ox,...W~~f);~~po. OX

m~. ?&Itii, ftH~}}.fj;j,jjt;~*lli*11A.j"&~, ;tf.I}.))J:I!I!J:.:!:":fif
~ -

.'!; .:)(, ~ ~~"J;;J" fft ~ H~ ~!:t. ~tfJ w~ fig ~ 1liIJi:1:JJ $1 EY. ~o

.'J:!:t-r)!1-1* 1:!;1, f/;J:i!f!:11f.:tE~EY.il~ rp~Jf! ~ £~1f;.

;{£2)-JJ;b1JP~li~~, '!:-i!i~~3}'J~1'-£?iIiI~jj, 'b~~:ttJ
I ..

~"J;;J"1Jpit1i:x(:I{JP£j~. f51Ji:t, !;;]3HfflftJ~i1~!fI:p2. 1:>", .xift{U~.. .
"J;;J"1Jl1it1i:x~~~~ffla~. ~~i3t~ - 3, =Jtm Of\;~t3, m

. c ., ,
-x~~&-u (~X;j"fft~~5i:f:~), TiI~::ffr I:!:Ix = p%& ~.

.lit , 1}.t3~a;j", ~X;j"1JtI~Jt~:=ff/;J3!~o

DIfiJ 12l i!*~~ BfJ ~ it

:f1l:mjg~*~:tJJ;.I:;a~~'l2m (236f t ):jiii::f11:11!!W1(iJJ7J{...:;pc.

:iE.~, #1[.7 30/0 !Ii1i!Jf.~l1!i¥.'~:lt:!!t~~i!, :[jnOO 5~.7rt"lIf!~

AWr7i\. J!mf\11I1',%34ms, 'W:F;\!:90kg (2001b .) 1t~m*'Fgtj.. r

m 5-7~IllI~B!1li~~-t'm~i~~:1J~*J;l:lf-Jii};~ (f == 0.\>1
.:,. ,

Hz, a=O..OOlg, ~'=3:04~mjs (i.2:t-1"!i".!sec), *itu~
15.2cm ( 6in. ) )tt~a~ 3 %l!:'iiJf{.mll::.l!'l'"JE1J.if. m rJ;j . N
..m~PM~iI, ~Ef :ee'!n.t~f';:Ca;tr(~ia~:A\~ 1940 !it:.
lmpe rial V alleyjf!!,.a~!1);~J'~~ijlj-. :t~:iiJt:fIN~RjPj M if£- rIiJ EI

. ~7..





C e n t r 0 ~:II :f:n -iW iIt ~ fIfI ~ It :t!l ~ PJJ , ;tJ ~;j:i;IJ ~ :fl t1'iJ Ifi M:
iff ~ ~ fJ:J. =f iW~ g ?;iJ W ~ ~:tIP..g ;1j , :tIP.. jg ;IJ § * -"'- -t ~

,

ft~?W!$1(!~o "rriiA, ;t;I1ilfl~;IJ 15"{;t~~~$-~Itjjf!.~W
'ii; :;cJ.itft -~

~I:JJJI'J!J~o". . I

'w;f;tj::':, ffii:-;;q'-1;il:~. . , ..

fi;

1000

~

--

~E
tOO ~

ift
,~
~

x J~
~

/", I '" I / "-
'EtCen\fO .-
'-2% ~

...~" ,--- /I=S" ~.' ~
/1"20% ,",.,. '. - Jii!jiiiJ6i;JI~?;( I;

I", **ftr >z >r

~I~
~

~

/,, '
1'i:

-" ~

1!15-7 ifJ!.1I, iE5tdiJ~~1I~~~~n!fi1eii

m'qJw..~~~$rJft'fi:i1J.~~~~iE~RttoJ:!I1JU ( It iti'J
~~w.~~~ ) W~*. :i!~:WJm~~{t, \:51~:fIP.fj$~:f;t~
~f/;{;Ji~"'5R;lIiJjfYrj§JlJttoJiWj~D*~. m 5 -8I:j:fttoJDjljJmzil~

~:ti1t-MJp:~~5R, W~::1;.JiE~~~~ia~~:i5l;jJtr~~,
;m.J1It.~, "fiJPJ.~i1J:i!~.:l?~*~~~iti'J::;'. :,'

'Jti~jj!~ ~im1fii jgl;jJ~Ei1 g.'Jti=f m~liJj mtlYf-~~, JI1iJ

!Y- 11 ~:(F.JS:WJ t'SJ JI::1;.J ~ fICJ..~?j:~. ;rrIi.1!5-9(m.1:j:f ~ R)W
w.&.~R/W2/1. W~) 1:j:f"fiJt:J.::rm;j:g;f1ls&,~, mJ::fJf1i1~m:

..411'.
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~$(Hz)

(115-8 ~~.~~mRe.~~it
.w'(ill'., Mi:m:fiTli. mm/s-!'Jib.ltccE)Z;!L~"

=3%)

M~~.ii't!fR'J. j1J:li:m~J;1 m..ii't!fWJ :!;d;~i!#li (l(Jill;/Jitj~.,
.-(l{J~*lj: --t~1f1.F1:1J~, 'ffij!lj--t~Ib..t::;-tamr£.t1<1.

1£m~*=f30m ( 100ft), 3iJi!.J!i~{~)ia.cj~~.t~ 31
.

~*~lI h~20"" 1QOHz, 'ffij)t;'J=fJ::;t1{, *~~~~:tE~,.., 50.
Hz. :I::t1t (cl=1200m/s=4000ft / sec) ~!.J!i";f:j (c =

4100m/s=13000ft/tec) ZI~l:1;;fR'J(l(Jf!i.~$; mw.:4 51
I:t~m 5 -loWr~(l(Jnjf1J~iI~fJ.11. :13.~if;)i1:;fLtiI&it~jm~ ~
)li:!it. m:.1;t:t'F re~ (I(J ill ;1Jtt~ (I(J , I:t filj rE.7A{ (I(J ~~~PJ. f!j~ t

."~.~.I$~, *'f!1.m:!tn~ 6 .~I!ij~lm.i!!~.

(7'.'

..



-"..-,

~£-

~

"""'
u
...
'"

c

,

~

.
~
~

~

,

A
~

-
l!(
~

~~~
I

O.
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~.5Y.if~ fi~M ~f.t.mS-g f3
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...
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~ '-'... "1'
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~.~"- -,..'¥rl 1:.'
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0,7.1 10
~* (Hz) ;

liIS-1O ~JiIt:~~.tt.il.ti!Jt.atJ~ft(f3= 30/0)
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DfD]ei~:&!fiJ!~~I~tt
}Y\!::fl ,517~"riIPJ.~lli, ~?;JF.~f( =p/21T)~;iE. it EI

,

(;entro:l1!!,..":t~i1P.1Hi~;b fJ9 ~ $ W * (>10 Hz ) ~ /j'\.
\ ,

«O,1Hz r) a-t, ;t:t1Pii!JJ5Y.1DI~!(;r ffl ~ ~:;£E.*:I1!!,1Hi1JU~~;f:J1

_*:I4I11iim,J:. ~~~~1~~*~~~~~:Ji)t1iZJ111jijj~~, , ,

:fI" i%. ~{/W{t (:f'iJ ~ ~, ~=f fi;j J1X.)!~ ~ $It (f(J ~fi;j ~ ~~ $i. ,
$fq~~~151J(f(Jtjj!JA1!i.9!$ WZlt~f.m~~~f.,,#;f~*ffiIf'.~. -~J5Y.df!~tP'~(f(J~~~~. . ~ '. /" '

, ., / t 0
~~fiIj~~A$i$~~, 'mf4j;~f;(£:!1!!."(fif~151J (Ji;iit::f;1" L-

:i6:m~fEb~ > ~~ft*ll1~ :i6#.~(5l;nla~~1tJ£*jJt-::I:~::{E. , .-
fx~~L, r:f:t:Y~$Jtm~~*~1U'!iA~151Ja{;1I£G/j)f/W 1«.)..

~~ 8<J Jft.j~drf:{tii:-;g~3JijitJfi,: - ,:;-J-,g&Ji'Y-, ::{Edtf(!~J5151J~. '.,

* ~~ Ef.JM 00 , !!f{.7I.g~"iDJ",4 ~jJ(J,~}1~" ~'.~!f:* :11!!, iDIm" '::;'C' , J.c ,'I" '."

fJ1. :1!ftlm&-~T P.J.ffl f't:k:*~151J*~"i-!f~:+tE!l.'llra{;~J]m~

m~. ~J] ,~~~~'~~~!':7,~--'!;:( " -=;~~;

::{Ei!(I{J'7:~:i!l...t; 'ffJx~~tffJiJfJrA~$:~tR { *J~',~, W PJ.

m m1tJ£/j'\ 1)ft ::I:~~~/'~. £~!i EiJ=f~5'- .J::R.~-+~
.

X;j/j'\~mft1. ttj~~j;J~JiI: P)~JJIl~-.a{;..!fJti1:j:J, T~~fl
-,

W!f{J~M"~~J~~~'t~~:ff1W~Iiff..(1{JiJ!ji.. ~jffi"f'[i~~
Fm.f/W!f{J~~nW~¥::t'f:~...~1&M~gjE;1J, ~Jlt, :lYi:l:

... ,/':
!f{J 11u * Jj: ~ ~..i" :11!!, 1M ~~..11n * 'Ii: . :13: *1fItt & J:§!i':ff ~ 1Ji: 'llrfJ ~

, /' ,"", \

J]mM-;--m-~~:;(:tf:~t't#~~,. ifif:jJJ] t191tri~~~::r:{ !\!!-
1Hi ) ~~.

~ J/t., :!{11:JJ!; 1nli! ~}t~~ E!l.mm Ii'j' mf1f:!f{J ;JJ~fi(~. 1m - ~
,

f4J:xit~ fit] ~~~ ~t19:;ftj~1fft$~ rm.A~lsb:~~~~ $ ifif~
1t. ~:1-J ~ X;j m ~:R:: ~fIi, ii!Ii~ tJ(J::I:. ~ ~ j!;I , .":t ~ ~ $~ ~ OIfiJj

it.~N.~.
"..,.,. .,



D~]& i~ W ~~
. r£f~f/JV1t\dJ:;jEf Cehtro!tJ1.m* ijl,;', 0';04<:+£< 0.4~

Hz) a1, PliiJ~i"J"3f-1TT_fiill!.m ( EJ(.~i\) ill~. nJijj mL
_c. ,': '.' ,

~1f1!;j:i!"!'- $ j}.~!!;j~§ 3', ~ 7ilI1l"J bY. Wc~~ ~)'~;~1-:fiJ( ;k

~.?MftA*l3~{I\i:-J1f!.Wf{\f.~u:1'g~. ~~f/W {fi. (J:;jEl Cen-
t ro:!1!!;:iI*i!!l., 2<f<10I}~7i) a1, nJijj~itt",*:;y.:fj-T~{l\i:tU!Ji\

..

1Jn~Ji:. I!j'ciJM.iI~~:i!1-$)tf';j;::'/i11JnJt1j:~~j ~~nJijjbY."i:ifw.
_.c.o.., ,

;i!f.fpj'j,] ;\it1';:fif(~riA.!§~~:fI!!.iii1Jr:I *,~tl";{fi~~;: it (r;J Vi W

t8::tIJ::!Z~1-J3!~W-I\lil;, ~J;]it(Ig~~!ft~nr p),~}£~~t:fiJ(*~
" ,., . ,

IIcA"l3l!$mjJ!!m:l$:~'":U~*:. --,".
'w:oritt, )ij(:)(~]A,

f-};J~Jim~;,E]'e ~
!!1"'); ~~~ S::t ;fg)(;j{.tl~,:iiX,I-Y.?:Ii:5r;i1?ag) ,1i)T~:;flI &,~JtfJ. olin

mi!(f~ f};]:It~tWf~1;J~~. ;ig,~"'-/rm~?t '=::-JJj-%JjX;, -iff;$'6:

~*!f.c PV) &'~tm3!1J:+11x1{)l;fto*m~,(:~i1:iE.j(.. ;PV "

. ,~m ). x, =:--:;;;-;--f -:: ) (, 5 ~~:.).
~'ic("',1 "~.,..jd[," ";1. j" "', ", ;. , , ":--' '- ,

:itT,f:lfd~'!-lffi;j(J\Jm.JP./M:;flI~$. J)i!~(tiJ~fi;j:f-fld~f.,'c ! ).[1:,

~!t~;~... ~ Jifr~~ '9..~x::Jl::~f';J.*{ll.fi~l111!!m{ll.~Z~..
m;tr.~~ag~?:Ii:::Jl::£:j~m .x:;t:f*tf'iJ~~~~!1t~It. :tin m 5-. -.::. - II

1Iam:;;r.;, :fg~ff~:!t!J-t)J~/~~~~~~l&;?:Ii: r, ~ at:!i'i7/!J
1lI!, ,:Jf:~ rJ1!j!J-t)J, ;(£:!i'i L~~ !J!E}i\L~e, :tln m 5 -lIb Jjf;ii\.

~'=::?p-::Jl::reOm. xm~~:!tiJ ~~~!J!E~~. .mi 1(!ag ~~
lJlJ ~j)# m t£, :tlI1 m 5 -11 a ~ iEtW. m~ J!Jf;ii\ . j!J EY.~~ JfJ ~ I}(j

?t 1t, /1' JfJ 1ft R1:f-f ..

7,~, .



r.",~,
B..,.. ".Q-- -7 TI J

1
1I J

,.1 I
~ ~ ~~ ~

.v."Ii--Y#~a'

(a)

~5-11 ~WiD_~W;t;(
a) -j!i~tJ9!Ji1tJJ, .( b) -~a(;~ I!II

~ ,f '.'f"c " ;, ~; ! ",
-"" Om ox"- 't'...ox ( '-~ )y", .x--.~-~ 5 -,- 9

~;)tIf.1T...x~.*~~jJ, [1ijG:f1o:iJ!1p:ftJfj -!JJ~:I: (Ti~osh-
.enko fit G'obd'ieT, 1970). ;,,~, ":!t

005 '-' 11 b~~ffp !t':J~liI!m ~"iiJ" PJ.;trl ~ ~ JJ. it iJ;. ~
,;:; c. "l.K d~..~ iJ x . 1\'1... ox ( ,

E...x--=-- 5 -iv. :E, , EI c / t, " j ..' ..

c1:t1:t:l, M£~1-*j;}~, .d~~1¥J ~~tIi1¥U!Jr/Fj1!.*'1J~t1tm~(.Ji, . ' .

JJ ), E~fi,t'\;:.~t1~:M, I~~ (-~t!1k ) ~i:!ft~~oKY!£~

:f1j1'm~'P, ~~m,~*fiti~ ~~ *I'li;fg~;fI:I rJ;J~ii'If:&. '[filii,
X11m~-Im~:!!.J(.Im~-~ filil9.f;~*~ft-*i)'t.,.*jJ~"PJ~~

,') ,
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oj;,'

, 3E"I~
.M a x

~

M &...x6El,.-. ~l " '..1':

i'o;..', ,.~:~
C' c , .. ,':

( 5,c;-1 ).

,jt':t:, .l~m~*t$t. 1l;I'JIt, ;!if~1!!I ~~P1w.m ~ 5 -11~Ji:;A-
~ 5c""lo.*fi!i~, =f~, X;j~~-OO~~1m~2.,~ Ebft:J¥q .,*~
.!IJ,.-",,'" Ll~ll"k ,:""rF.,~15?, 5,r-7JIJ1':},. :.

_&_~-~~1'" --
~r1Oma"

~x
".

e.;; .
.

f9!j~R,~)i!~-~~~~ 5 -,. 5 ~-t~*~~1iIi~JOHz
tfff4J. ~xtlfI~.*~a~H~,bJ..OI:IJ M ~ ~ 'it'~ O.25mm,
(O'.O-l-in.). ~JfiJ/j203mm (8in. )}J. 2.4 m( 8ft) jiifj
(,~~8 X12i~ )tI9!-; (d=.4 ) *iR., ~~IIIJ*Ji\i~~ ~,
~

f;E*t]*~~~D~
~fi!t&;f:ft(J(JiJ:!IiJJ~fi~m J¥l ~ m It ( SDF ) m ~ * ~

J!ff; , ~ ... =1' ~ t!!.!1t , ~i1 {)'r. ~ ~ t!!.!1t , ~ it') "fiT 1?J.:f£.:i5;fJ ~ tl 'tJIf

:f4Jat~~. ~~"i'i1r~R;(£~tl~1" ~ m~Ji'if.~~a.J, ~.=f£:
.:;f;rt-,m-£fta-J' 1'S]$E(J(J~IJ(IjJ, fflJfJ..;ff =1"~:lL:.I1iI1~!J{;!ag =1"-
t'i E!:!~ (TDF ) .~it.'. ~ijl!J.f:t~~ri;JX;j'*~::fi!:MJ1:I t!i

7~ .

,

~,J§-, .*f111-fJJ~~Yfi§~
0 01 ""8 . == 104 X 10- 6i~./ln=1041J. c;

X12 '

:1!;{£~ 9, 12.1:J:t~~i;fit, i:;;:&,8in. JJ~i~~::I::~ ~ ~

.¥.!1P'.~300fl5*~~~i1~!,1. ~:!&OO" jg1FJJ (r:J J1f.,~~{:j![*~

~25.4mttl/s( lin./sec), J:~}t.(fCJm~:tt~:&:~.



~~:;JJ IfgPJPj M, ~ffi FPJ 1t!!.iMJ!ih.~'fi!i.~Ii::,fI1mS PF!jj TDfi..
'"~ff!f.it.tI{;PJPjM~~. -

~tJt*!PJ~ff~.R-:r:mltJi!$~ (~;tg{ft :fir14><1f/S) ,
~1-t1!i;jIJ;J-~T£.tF-:t£.".,.1-jjOOL~ijJ. ~11 ~ 5 - 12JiJi~. :$

~:4I\1'M'6tr, .mSDF~~*li\.1-~f4JPJ~;Jf;:;1};:3J.ff'1. :¥J~

1iiM, ~t1t*~~~f4J~Ii:~=ffl ( jWj;tg{ft:fir14>/ J! ), !~ ~

i1;J;j.i!1~:t£:mIiagjjlP]L~:iJIJ, ~n~EJfli\; .!~~, 1!J!.mSDF~

~:flJ~Jl::~fii]1I}!lag. .
:)(ij'T.:iE~~*1!}." ~~j1};ji11~;ft:t{~~-pf!(J~1t;1g

-1-- 2J!wf{2 is
12

jJ; rp';' ';:<I>~~:~'~( ~N ) w:Jr:::!1!!.Mg$'~$ ( ~!t::):::~;
J1:.~fi3~:ii1.zl'l1] ~., We s~~-WiJtftf.~It. ~5~I3~7i;

: '
. Jj (I(J ~ ~'ttlm :£, ~!1jj!::f1I tit 1t ~rQj (I(J* * . r£l'i=! ~ ¥t;J W:13;l!

Zl'l1](l(Jf£~@'i!!l.:;/iJ10m (30ft), ~~~~,A~(l(Jf~~".{j: ~-' '

~~. 'fl:i1~:fJ;J~;j:§mftJT:N!3f., ~ffi-;1t1.rtJ£~~, 1m M
-;1t1.l1iJriE;iJ, :J!~~M~$~, ft;.1tJ}£'~~~ ( A~t3'g
~:ijc~:(j:~1i;I~~) , ~~~.{~, f!!i.1t.lt.It~~ ( ~~~
~fl;~:l: 9::~iJt ) ~ii-fig.. ,

.=~f!f39TDf~~. 15 J;j70Hz2~:i)5:~~$~ It.~~
iE;iJ.JjjJJ!1~.f39l1fliJl~~!f;r~~,~7t"~~1;:.~do ;ft1 Do,'\-dipg,
1984). jj;~**ItJJ:"'" . , r:::-..

1. 1£~~" !;'G:!lniJi*T20Hzn~., TDF:tfiSDF '=/i"*

~~Jff.:I:~1Y-i!Jt:~-m:~~!1Jlj, :Jf J1.=~*i;ff~if~Ftf]~;;£*,::i~

~~:Jtie~il~IJIiiJ~~{tm/J"'.
2. :t£~:i!i:gff~!m";f;f~$a<jf~~~JJibl!t, 1IJIiJ1Y-**:Jilijfl

5!li, :)t- Jl~~*/J"'*~-=fiJk:it.fo11~";fLJEi:~.
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1115-12 ~*E;m.m.R --1.fi{jct~

. r r C.

. .
}};I~fJ',j"~"J', ~,

m5- ~:, m{:i!;~liJilmIMR. --t,D~*9tj:i:{f.

f51J1t;..,~-"f~~tf1j1~mt:t.~&t:ff}1*;!;.:., PJ. * .i-ij2oHz~
$Jfi~I1IlI£iJ, )}I,If1~.mg*, ~~1'"&:;f'j"~)/..tI~fnJWl;. ~~
k; lt~~~, fflj.!.~~fj]i*~it1I£iJ, *~W. JijlJ ~"]'- ~
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