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dril€di*. tsE-# F H €{ft FI.tilflE4$trf€ffi #' t [+ ffi ffi frrJd
ruH E I" EE FRI*' t ff ffi ,rr&ffi * fr. ̂Eh frtflttttu "

2.2.frrrBgi+tr:'-(FHl4

K 2 . 1 E B&K -- h ilru @ r[ iBE itf/I.ffr *[{+ F! 1H +H4 . rl)ttr it 6! a
iF nf+E E tu El+ " E ln*.t$ ff - t+re FIU l*. = fr fr , +'i\q+iiE f* r[ it tr i+ 4
B€mE4 . E rr)SE i+ EtFAr,J' -f STffi €4Flrr$tr 5 t 6!mE*

,rrIEit4g

&2. 1. B &K = fr N tll@ E EfrDr E it fr fr E
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FW h rc ffi +€- tE €fr 'f+tt . E E€ f 't+ P + -Z P.A+J ir,ttE tb F! €ffi . El
h ffiE#'trt ffi.tE H *f ' El &' Efirtt+ P *.H! €ffi 5 mtr* F! rr;68 FEE
l;u." whlrlqfrF!ffi+ffiE6j ' mt*-5rr*Ei+4BEF{fElElffiE . ffiE
tH {il F! rr s, Ffi t \lru&tr it H! ffi ,U E tb T 4B F!, r xEE L\ &t #.lrti&E i+ F!
#6F!rr)tE.

.LsfH44 Ll fA 4t lfrEz .2 A+rftrfi, "

2.2.1.frg.fi+-+Et!t ffi

W 2 . 2 fr. LfrfititH! rr BE it F! lH'ftfF4 # lH! " + tfrW^ m, fr + lt
f+ 6! F€ H - trgf tH f E f*' El )! B&K rr iEE itR a iR{f F! Fn f,^ tk'

t

trz.2.ltifrtr i+Ytffi(t84.

rns :,Bffifit4fit

nt6 :llitEif#effimt

's 
:ffi&*ffi|il#

rb :llrttrit#BtrlLilffi

L0tt)
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t : E rr iBE i+ ft.1fr1*.6 %+ ft TBf rtr.] ft E R 58tr Z tet 6! EE H
x :l*.Etr,f+A!+FifFl|Jtr

Fe :r$ffiWffith

Fo :'ffinfih+JEl{

@ :'ffifrh,ffiF( radls):2rf

0)n :rliBEitF!tr€.*+Rbn4- ( radls )

<'r- :lll:6EitFlt#+tEffi* ( radls )

tn :llffEitF!*#*ffi.frfr4 ( Hz)

r :'tfl\fr)rffi# ( H" )

TtU

F = k(x"-x6-L)(Wff-h)

moxo = F+Fe($N.l i tJh)

n"*" = -F ( ffiEe-L6!7: )
FII+FUIH46!E,A}ffi

x"-xo= + 
r+=-*, , "_* t t_F;,  (1)

4

= - xr --t- Fosincst

H+

4
.. fil"fro
' ms+mb

p BH lH!" frHffi.A"' rEm€4ff &B.Fttt1rt lfi# "

1tt

111 = -  +_
Ffr"mb



f  = Xs-Xb-L

Erl)ttr itftf H H F+S{naf4*.rfi1itrFrr'} ( F 
" 

: 0 ), 1t k, H fr
ffiErtA+rE4fiffiaIffrft h :

1tl = -kr

kffi Hfr+Jffi,,n fi ffinI ftft.,?" tH tri+ q ffi ltffi D)M,fH R{F iEro, ffiEJ iE
iH, :

| - R sirust

-1lRot2sinat = - kRsinsst

Elft ' ,[Btr i+A+J+ffiffi$ @"nIHtE€'lY, i

"Rg) 
" ' tt

& r* R FlA X EI EE DtEFtT rtJh ffiffi A #, "

,,)"' = x(J-*-l-l ta
\D" mol

4E R r[ d E i+ rl..ft . fr 4Wt4 ]t' * 5 t| E tiE iE ttl] [ s tr. iI tr'1 - + #]ra
l.' flU ?nd At)EtT'n"' rlIEEi+F!*fEm+4{ft . ry#FElHn' ttF-Irt
iEtr if # #- + /c FRiF.ilt t"^t4 L ( m t' a )' q Ut )d'ffi H il'ft :

"k0) 
^' ms

EE m E 4 - 34f- 4 mhrt WH ffi4ft} t rrsE it fr1r t # * ffi ffi 4
@*, *#*ffiffiffrfrfibtr it8t4 - WF-Afi.A+r-+++W'Tffifi{ll#
€5U' tsfffi +H*EX-fr[iEE i+Flil ffi aft ,ffi$frffi "

lR EE e' q F .tT EJ 69fl ,r iEE i+ t #ftl;Fa6fiFlllt4 r5 f4 -h * itilt +
t # *ffi ffi 4 " ilt{UFlffi i*Eltsr[tttr i+* ft.- + 180 f, j€F!#JR L' ft-
+ ffifr .fr+r ffi .ru E A rf m + t)ltE E F! rr it trfift 'ffiEhufila". # * ffi ffi 4 "
ilftffi 5 E+{F#i.f .
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fi x Htr\T, i,AE Ft||t4 F!' d + rri8E i+ F! t *tt 
^ 

tEru I | rts#Bfr tg
f4 Zl'rl 6 F{f /[ E+r +tr, I[ t# *ffi frfi 4# 

^/x+.. 
*fFAA,fi m +, fi {(*

ffifrl+H{ftT?-#*tfrffi4. B#H 4 H+i.fia.

4, 7I * i.f 
'[ 

S E it F! p i]g tRi, rtStJbtiEE itt A! f ,b rnfirf 1^5tJ
F!trE+ffiffiF a"-E*hff " fH4F!trr..rtfrffi0)Wlr+.h I

|  + tsnzr + 
Fo 

sinlt= o
mb

FilFBffitFltilt ttslfla+.|L, nt :
-ts21sitnst + tsnz*simrst * 

Fo 

" inrt 
= O

mb

Elrk

R1tsn2-. j .2) 
-+= 

o

d+

R =- F!
m6 (t;n2 - tozl

#Dfl#E{ftf,lif,tritfilfflf+ffidl+r,i ( c,t11@n) , liffi, t}lfiffi,
t  R, '  EHTrtEm :

Ro =- Fo 
=

- mo@nt

ffiffiW A+r &# n, -5 Htilh] F! &# R i_'bb4tsf;F#fr :

fra 0)n2

iE*F#tg#Bfr,, #frZVbbt,4' [U :

1

^ 
= 

--T 

t4,
r -13-12

\@"1

k A4 #^ * # FJI : E q iA ilF A m[ # 5 rr iE tr it F! tr A *rF m[ + E bbtt))

R _ mo ktlr2 - to2l

Ro Fo

17



rf ' #Bf[mERZlE]F!{nffiH^. Elm ' E€rt{+-tF! )1D)&.trtE.Ei+fr+r
€ +ft ,t'H €&4Hr[' H T e&r ilBtr itFfffi frlr:rrflru l+ 5.Wtrft.A+Dr A
trtr' ?E t* )tt F *fE fr ( + r.j H! fft ,t €.H € a! Wrn +,A.,EEI T, r itE it F! E A
^*ffi ffi 4.r[;SEi+fr i+thMffi 9*htt^g.Hft ttR(ntrz.s)f lffi {EiI[tiF*E
M.frffiAX,il782.3 t+ixHn .

,r)tE ilF! E H R++Ea*ffiri[4tR7tf5Erryi^tBF!8t4ft t_5
,f+B# +T*[ h ffiE' +p88tr mtF! tb,fH, tts h - frkffin|J, rrr8E i+ +
,BFlmE4mtiE{UeFTF4EF!fte' EHtgA,ttnTXF :

*#*ffiiffi+ _ I
HHB+++#FfrI+ {'

2.3.trEF'EE

,rBtr i+ H! E +fi ,t FltH xf 4.f tt€ iR, fr t El 2 . 3 " tsf+F! m 4ffiMffitx#
Bfr i E - + 1qfi F! ffi + ffi E A' E rrEE it EtEE+EAiff Frr.t F! €ffi ,t g
,ft " t T t+ 5uts t{.- ftffiatfrMffi u' rri8tr it#+-4. 180 HHli$iFr*l''

A,EBI+ff8

lo%lE =0. 3 f,

3dBlE=0.5fh

tstt€trd€Eaart

u
f,
rK

f **frtfitF fm FilLf;fl

82. 3. il )ttr i+ 7i ffi 4 tr ffi fi A&E
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tf+Fjlt f rr )SE it F! iE {U h+r * x * f f 4, i+ f46M f ,i 5Iid }E
( 4 )H X " flTx* # #ffitIi$E D)HI*{t/. ( 4 )ffif+5U

A=+.(s)
r-lL1z

\ <ts- I

'fE 
( 5 ) E H * itH{+{Fiffi +T * F+EA 5 ililt{E Z t'EJ ffi fR # #EI pRE

€Hfri+ruE.

2.3.1. f i+rm
W 2. 3 #.EA* # * ffi ffi 46fr8 T rr iE E i+ "l ffi F! Di # ffi E' zIts ffi E

+' EfFAffi ,^.EBr'f ' il)6E it6!€ ffi 9_,0ty|t++Eft- "

t**ffiffi+M . , IlF,ffi+ru8fit*4fr . t Tf+S|JflH1tr?.*^l}-ffiffi
4,'y) tilfr.EBlcl+ HE +Nf F! FIUiS' 4+ * H ft4. F! mttdBmt . -,gt
*ix,' rE€7E{+Fltrttfi4EH'&' Etft 4*H+id. F!ffi t4mt' fEEffit4
E 4 d. A iF lt f f. E Eli'f Lh+r h*. 4,/Am p+{f ,0EE it F! A f E . E
k,, flzrttstrsHrifl+Hlrri8Ei+ ' HaffE+I{ft ' Es*}fi , EatrEfi!
,rBE it BtZi 6Ztts1RH ffi+r,j F! itllt .

E )1"+ d ffi A+rtn 4 FREI D* E X rr iEE i+ F!ffi + qfi M f; 
't,, 

EtnE i

5 %ffi+F.{r tu ffi4 L' * ffi l][ Sll rr )SE i+#E -b' FlfE A 5 iltJ€,fH Z la] fi !{H
E h 5 % . t)l ft *H ffr tr ililt E! fr ztUE A fifrB ltlu) )! frniB E i+ t # + ffiffi411r
rt-'nz- ( 0.22) "

I 0 % ffi fFFEzI k ffi4 L' q ffi ,r Ft| rr$E itEEt F!ffi A 5 ilt|E{E Z tEI F! iH
#i! L0 %' ti ft +Hfft E itlE 6! fr t+E A ffiftr lD) )s IriEtr it 4 # + ffiffi4.fr:.!.
=hz- (0.30).

3 dB ffi :p p4 tk ffi4 L' q ffi ,r 5U r0ii8tr it#Bt F!ffi 
'JS 

itl|E{E ].tqhtr E
t 3 dB " t)l ft iHffr tr iftlE F! F ttE A ffi4 jfl{u) h rr$6tr i+ 4 * +fEtil # F!-
+(0.54).
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2.3.2.f iEFTFE

E € rr S tr it T E FE]E S U FE F! H ifi qA D . EHr.'l+ FA f+. F'itJ -xil 6 h
A+r lts HT t 

^P 
4 €ffi ' q tr ffi tI+T pRi*Et -5 rrSE itf E i€ fi !ffi Ent

as ' fttfr7t#i^Ef ,til)tEitiuiF€ffiz)s+' H B&K rri8tritfflBijE

'i;it#Ejilllt{ftEo. 
oo3 Hz fr+Jffiil "

*FMH + tR.].'#F.ffiFT FR4.T I ffi Z' tr ft 4 6E[ f {Hfr FlHifi q6
M6HTl'-+^F!frp4.

Bfr E n 7t # F! lft ,ttrtt+h?4 I Mt ffi 3 4" ffiilFfr E n 
^ 

# " H! firid . 5{ft ffi
ilUJRA X Zqr EF'ffilrH*H "qF F!r[$E i+.[f 68" + iX Ffi .

2.4.[I,E'+iH

E €ft t+E +E F fi AUts.HEffi il,4 h+r - N+,tt f+ . g !n ts ffi ++lS F! +t t+ t
tf E €4 f l+, F!tnEXfP I /r #. ( El tiEE mt f ), t)) &. 

^#W4tfi€pq€ ' EEZiH'ft4+rtZtE6+rt, 4^#f,1' tAff#Hfr#{Rffi#A .

p€€Fltx{t)Jfi57.*.F,tr.tVrKihtritffif E+f U.rEftil+HlE#rr.tH
F! €Ei++, ttt+h +Hfq+ F! Eitfifi FrtJ, rl. h{frW4frr#ftirttf+F! ffi rH
P+lfERWtkt[ " 812.4 hinq[tuitMF!ffiEl ' g-4.rrx8tri+PtFar,] '
5 r[i8tr FI tb fiiJA+J h lts ffi X E9f:'.'ft -L' F 4 F! €ffi H t*,#, &,t' # I FH' E
F!D[ + ffi Ef[ Ad ffi E A, )1 5 Hffi i.-Flfr+r X4 l*t+tkFltr *E' tl tI E €,
,r$Ei+FE.ftFffi++t4. E€ltf+ElAtrEH pclN #zi "
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(:) r.\

( : ) (:)

(:) ( : )

1
*stRiE*.ft,

92. 4. 
^ 

E tfr.4t W E + E Hffi fr $r fA 4 ffi 4, Effi s #. Ffr fr fr, # ffi Z lat X. H "

tngz. 4 Ffr 6, E Hrt,ft frVtT P r]Effifl ililE ffi 4 ft' " lr&ffit+,t+W
T' EffiiliftXir#ffiPL"

ff+f ,tE A,' € f Ei f thl Lh tA& #, . t f+ff F! EE f f ,F, E I F+JE A
F!ffi /'' gJtnffiP.iEil, ft.tk4Lfr friP4H! €ffi &frffiAFfrP +.fr+r€ffi-*s
&ts,t 'Et+r[i8tritF!ffi,t4F{r{r-5#Eaffi ax " *i\m , \ffiilL]J+.
ft ,W, Hffi ft 5 WIt fr rAtHfrH F! t rfil L t0,U, X f+ H T:tH tr E Fri F! An tF €ffi
tr 7i( &{0,U " Bfrry Luwlrr B tr i+ F! iq i+ bbEffi Uik itt+ 6git 6! F El Z-'
iRE i{ilF2n6Flin/.if iC# fr, 4. 2. 2. ff "



#€p€€EIL]lffi .FX{Alatffi qh+rfr ttt'Et11+rlt1?&EL\&+X<1+ttJ++ffi
fr+rHh?L\ltsFlEl ZMH' &Ei€tsf+FlE €+ ft t f+dtTEEf+ T, Et )! t
{flFlFtA€ tr fr-h+t, ffi Hfrr{ P FUtl#|J,rE E#H fr+r Fat++eA!f(-f FR#[ " H
+ts tH El' H 4 Fanl+ltXf ! rrittr i+ bb *HWE lffi?\rr)Str i+ A fi tr {ft ,
Ag[€64'.

B&K,liBtri+FfiffiA+JEHttT+d P223, PZ27 , PZ AsTnPZlOO,ILfF "
U{flF!f+.|!f 4ET:

I. PZzB R+^#:*, #AA#,tXA+r#€p€€ , ft^Etk/,Lttf+. ZEIH+
zboC ( 482"F ) FIIRE " HTtFla"AWtr ( *n 300 pclN ) f[^H{eR
fifr+rr+$.' &rizffi T B&K AA*4*f Zrri8tr it+ "

2. Pz27 ft-ffi^#tk4Lfr+r^AfffiM.+ffi,(+ , Epzz3i?tllD), tEH+
,J.4rlBEit.

3. pz 45 E--ffiT+ilrqefr 
^Ite.4t 

#+,paa , ERA++frtJ+jEFliRtrr6
M ' EHt400T, ( 7sz"F ) r)lTFliRtrffiffi " B&K*lzlHtHf[Ei+*rl
)ttrii+Hftt f+ "

4. PZ 100 E-ffi+H,DitFflE.6F+tE'g.F,6. EIH+ 250C ( 482"F ) D)
T Alifi tr ru E' F. A R F F! f,g. E l* E{ft F!7f, tr ffi A Atrtr, Z &Ht
B&K 8305 4ffi WE 4 )t$Etr*i+ L]& /rtsB# + "

Ffr E B &x r[ )8tr i+ H F! E €7c{+At]E # rli8tr i+p ff 'fi f+ + A f tl "

2.5. *hr!ili*tri+ifti+

Bl&K rr)68i+t*.ffi-t =fr4E1fr+tilttfr,#tr4ifti+ ,Bt- ffiiti+ , EIr+E9g
t)Jtt-frry+ll@ itifzrTK2.5.6itHTr:rr.:ffiig-i+ ( .[,K 2.6 ) . H+=fr
*+u@ fr+r#.h?thEltftn ' lL+FfiEA! B&K rli8tri+ftjHSllt .

I . = fi4tJ@ifiif.=+E€rul+tl= +ffi.E&L\= frfrrfrtR?.d!f,+.= frfr1
+,0 '&F!6ia.  U f [ fHtKf F!*EtEE" tE{+ #f+AAnU4*f
fi' rr.ffi1*il T F{+t+ 6Efl oj#tt . *Ei{E€n'Wp +ffirV1, UI+
ttJthFfr+r*l+.8 " Effi lrfr,f65*E Z tirt R + "
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P

M

H

I

+F,ryqJ

&2.s.+ff i i l t1| f r f l= frryt l ta ik i t  ,  M:f f i .E*,  P:EHnt* ,  R:y6 ,

2.

3.

B:&rE

= Rfr ttJ@ it i+ tb 4i& iq i+ F! atrE 5 ffie zbL* H, *fEtjfl ++E rf fn
H' ff #BMAfriHtr ffi A frtrF,{8j*AU+tffi ' ts ffi it i+ tr & h ffi B+r tt F
++{4 iF Z rf iEH f [ ++*4 ti F! rri8E i+ tilJiRrs,fs .

!F Ei lgttJ. 5 = fr fi +lJ@ - f+, ts ffi i.ft i+ fr+r.:rr€):ul+tA *.W tll+.fr, " ffi +
ffifttEatttf+H tfrEffiftr+,D. *ltA {irl' ffi tffi tR {r tr 2 . 5 + t i\,
'U fllH HtK7: E!*m tr f ' 5 =hilNIJ@ iki+ + E+rr)rkvutE IEJ' #Bf[E
H)Lft E -if.tbt14tr,fr !' E f+' Bt T E #tr g ffi L) & iR tr A 4t h\ F2 pfr "

+,i.#E!Efifi+" 8ft+^f+rifsf-4€ffsuE E HF! atE 5f.8
ZbV., Efr;r'ff - ffie - l[#^tfi.*+5r[;EE i+#BfHE6!Wrlnt
+,0. Ef+-b " H T +,0. {fl +t#JE 4. 5 ':rnETEf+ XWh+JiS tr-t+' BB
t F! {I{EJ A d + k., lrtJ tn5 tr * /*HlK +F *ilI 6E 5 | t9trri € tE't+ tr'irlp. hffi
E Ft {H 4 ffi ,11 .,T€ B&K X ffi I F H', /F F! & rrx{ifrtrrffi i\. it + 6+r.ts.ffi F'
!6 H 5 fr 4 " iE g & f [ lF K Ih ftEE Fll-a€)c'ff -LZ . tsXi €,rri A ]E A ffi
4.JiA+t-7tadlc+.6+rt?4.ffi ,{.EEiJffi tlt+EI€F|I'RELft&,qft I-t
€H +P4€ffi , Z7rF.ffiift i++ "l&,t 5l| "

23



E2.6.t r t thtEff i ik i+ ,  M:f f ia*,  P:R.gt t , t+,  B:&tr ,  S:HF

HTl'idH Et' B&K {I ffi E ffi iA i+ rr if E itx itltt/(B q ( EIri+# ittl
e ), A#rrr +,'t?&ffi fr Vb|rEnilE +4, J,1+ 4 . Ef iA i+6 qf H+1t
H ffi il4tHT{F rr iEE i+ &}E h+J ffiW7 4 IrEtr it + o B_!E' H Fff ,[ H! fift
Eil H * rr tE #B t)l ff 4. #tr E ffi h+t R2 stu . E #rr IEE i+ ElilR?- * a+r,
r)F+Hrfr i&it[tt *rr$tr i+ FIBB F!ffi a "

2.5.1.*SEArrEtri+

tsffirrBEit6#tijEftzt# " *Wil1rD6tritfrf 812.7 ' EffiiAir
F! r[ iBE it *F h 5ttJffi Ffi ifr A\ = fril N]J@ #trAtHH . € + $,/} ffi tr MltuE+
Effi ft^ t]t+ 5tJ1S 6E RiT HlBfJEift /t?$' H 3 € 6 EiJE tu #E+r Llts H ?n iH
En"

%wailDtEi+ ffi 4 fl ' $ € ffi{* Et avr{F . FJ * F!EiJ E ri 7t ?s H - 4-
E €E{* €' mffi A{= € L)l itE#il F!{* € €ift F! f#t xE FUfl'*$€iF + ti' B
+6^&,18ffi 3 F?rS.

6*ilEn^#+H9 |  iREf[i++ FlFRfril . t T EIEEf ft ,#,' B&K
64 P Srf, F! *WilffiiaiL *$-5rri6tr i+EdIfl .
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82.7. B&K rfrWarflittr.i+ ' il.frtTfrEaIAflXfr#4.+frffi

2.5.2. XfUiftif

,[ XEtr i+6 A E+ Effi frnil q]+.n /lRIgh+rH {d iA i+ . B&K {I X H -t ffi fI
s F! tFE ift it' F + ++EtJ E = fr $qJ@ it it''E t€{* I Ffr H 1FI-*ffi4 iq it F!
ffiH )1 H+rM.frU . ft HIbIhfr ' 6 fi gE 5l T ffi -tr-EE ffi F! iA it :

EFfi$t/2t[i*tsffi iqit+Flfn€7cf+f tlffi e&ft ,F\^ft ,#ffi flIbtrh&ft -
rtgo

Ft[4u ( ilEUa ) Effi i.q i+ 5+ fr ilqffi il)' T E A!F, EE HfEff ffi-
tf;&tr+.

2.6. rrirEEi+Flaflt

fl7reE E frrr BH itE- ffi H H € # f+' U F! €ffi ,t E 5 lts ffi A+r fr$8
tr lt vblrtJg+r . t T rd fF )! itl|E #{+ F! rristr i+ 6! {f H il /fr i+ $t' rf T'E F! ffif
,r. ( ,rXfE ) flffi,t ( €ffi*€E ) ZIEIFlX64)8fiFi#rEF!4if .
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2.6. I . tbfifitbEFtrE

E€rr,6tri+\UWArc-+€if iF*-f €ftiF.Fi€tt{+rtgf U-F,€
E c 

" ffr lF H' Z -5- J1 tAH A *FiUiF €pn R. #W. A qffi + R,aI L\K.W "
EnIL\W1rc-J15 c,tn€,bh{E c" fffiFlrgjfFE€ffiiF e,dE E c"#W
# fr c 

" 
(F fiffiA+J E,EW. v 

", lntr'z. 8 Ffr 7T " ffi ffi A fr F! + i$€W tn&z. I Ffr
zr . fRffi rr[-ffi 4fr 5 LU F! i+H& 1H +' E ffi 4rt#t]6Erh].1fr H "

nz. 8. E 4. frn fi E i+ ffi E I* H rfr htr + ",*. H ffi

,r)tE itFlttElt/\;s6lift f+i^t+t{fl4&iiur,r.rriEE it* F! €+fr ,t
E€ffi68€8.

E E€rrBE i+F! €ffi Etrtr sq" E+R ffi €trfli8tr S{n F! €ffi ( L_I pc i.r
Et ) x&]8.

6 _ pC pC$ini pC q{a
gqa------ ; -=_-- ; - - - - - - - . ;_
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frrirfi&€4fr Ao 0722 " lH i+ H4E+E F! €fr Atr tr .

AO 0038 €r'f F!44€a!€ : 1l0pF
fiX8tri+ ( EffiHqh ) A!€a:€t: 1117pF
Eif itrtr:e. 8PC/ms-2
€18frffitr:t.tU*U/_.-,

ITTT. ,EL\H,UE€7T{+H hA+Jfr,dE C"

ca = 1007PF

&'ftH9rt, Ao0122 6!+4€AE C,ft260pF ' trft ' tf F!€faiitrtr
i , tEDH*,:

9,8.  10-12

(1007. 10-12) + (260. 1o-12)

= 7,73 mV/ms-z

H4fr-ef.4.' €E Atr tr'Bti W! II % "

fF H T IEJ F! € rh 4 ly ft. AWtr f [ +ft L€.d h+r l&l+l* rfi rLn\ &*.h+sT fi
{F ' miE Hr+E+iKfr+rHffiAI*.tEF+bbW{ft . HT{+fi!J KltrFEffi ' lc,fri#,H

3.3.2. TIEffiEF

3. z. z ff + Fft )ElKffit.$AUftIE}. |*EIF H Tiii HE T IJE,rri ?i{ ( - 3 dB,F, ),
4Htsf+F!A;\#m:
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1

2rB,C,

E_s

Etnif5lI4.T*+FT r frIlW , hl t+iE LLF {f5UEL1EHEf ,
RC A+J*#lI;tfrlFH^ . Igitl'*iff , A - fflr'i*, :

1 . tEBf!€At/SEIfiAtUilt . Elt c"EfiitEi+ h+r-+H*f. ,9-t9lrn
c 
" E lE:BtP )rt K H. rfr, " tsf+ 1fi + T * H' El )! itt+ ffiatr$ X{*.HE R.

trEp+/ft#ffi*TAdffiE "

2. iki+-+ ^Ea'EF!+ft  €[n F!BiJE].t^# . EexH€raitirE]t/l?*f!

'i* 
" 2\m ' HT*ffiFEllEtr+fr f#€[np+{ftT ' LLFttAryil. tn

RHn i, + s|l fi B Ei+ Flffi ,t E t* +fr * r.iHt aH €tsff rr, I " iF[E p+{ft '
ts +'tsfi€Ftrrrft +ft /. f#ffr fft /. €pn 4 {+F{K .

3. 3. 3. rbEHtI&^**A HIUFF

4 4 - + Hft BiJElt^ # P 4' F!r* F tFf+' €,8 tij E rf 7t lsP 4 F! F* F
5 ffi A € 6 EreX " EIB' H# Fliq Ef[ H9hfr+J K EffiTAPIA ffi ,i. H6!n*
F " i{!f,f ' E}f T EHE fr+rfh F,, tr rr E €fr Affi Em €r'IK EH rlffi p+{ft
r .J 'Er*€+AtTT .

3.4. ffrm^#ffiHrb,n

n€€ft€€,E'it#, H - r.f&at' i.t€t{ifs4E 6vhtE
l* Effi fr+rffi #-,€ ifi * 5[A - 6 ililE'fX *$ " fr, tlBffi fr+rWil Eifrfr+r'il #F! €E
E.TrEHbkJ\#+ft ,t rH5 I,l *h+r, Xr4fi.€,9fr.h+JlLtfi, "

?f HiJErft 
^# 

ffi fi r#€.--t 
^ 

F! € atft fi r.l' 4,t4, fr 
^ffi 

,11 €Etg
fE F! FF fr tJ " it A X H I F H K F! E rf fll 4 * H*n++ft.frtt*ifi,TA,dl /r -t lb]
FE " Sfn 'lLffiaJ! l0kHz ' Efi+lftljJ20nF(fEMTl00pF/mF!200m €
9f ) r.i' tstpRffi[#,t4,' TffirFix,FEtsffit#lfl .

Ct = C.+C"+cp
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- +- +-
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iT +,Lg,IF i'd T' E + FR trIJ H f* H TTE}TA# F!fi Affi 'qJ H2 JJ iEIRA+J .
,rRfrzt$fiS€tfiE 8 mA ( 446! ) fiflft20nF ' flUfi l0kHz WEII+AJfi
7e6 0 FIFE frlf ftrffi.6.37 v F!il4{H€E . EIIL , tn#.#e.tatk ' /][i8Eit A
tr EfllEijElit*s Atr EE' HP 4-f 

^T 
tL'fH F!+fii'f ' Ht tU {TFH .

+f,{€af €r{ B&K €f}nt*$HfifN.h+ttt(E4EEl3. lsFf'zi .

Els. ts. tfrfrfr1#,Hdalt B&KHlfrttan .*#EffiFtuME *4.Frt6

3.5.*\Edrfir.n

- + txgLi"il ffi^ # E +l' E € ffi EI € rli'l 
^ 

;s F! " Bt iH ",' c "I L\# trilrt
)ttri+Ag[ . B&K 9tlf:4rfiIj6F=i+F!ftffi'l*ifi {AAE 3.16 " -,R+rf,F!
t\efiii r\^#d "J H f*f r H' fl F! rr )E E it # a -*9, &E t\:H.ft.rstt jlt - fi&

. iE EEB 1f f2e4U ^EutF, E : f n # E'[ iE ti+ 6 *t] it* lr. htDE t i+ rnt
fr\t\hEdr Urtl.Hbt,, EhZft.HiR T itlt+i HtRth A+r tRAr " [4] :]. I 7 Ffr fr -dt E
B&K2644U9*bEilbHr# .

,XYJEdJKhh+JEffi ,brnfr tf*[t*r1iiffi E#l*ri"fu hV,;JtB&KrXbLil
,r )t tr i+ f I BiJ E ]t/t # "l ffi z8r3u*\Eilf* € # " t € 4 6 tat ft'l fi = t *w
Afi )B trit f* € F! € iU{*€* E . El 3. l8Ezi T 28i 34f* E 7# rrt tFtl'l#id, "
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83.16. B&Kt?Wrirtnjf iEit ( 
^EEIJ-E 

) 4s90U, B31TUflE83|8U , FRH6tbUrI

83. 17 . +8264441.tX WAr it * # # 7E - + )rn # tri! fi j

59



&nery 
t pE;[r

r Onty wittr
Rechargcabla Batteri.!

El3. i8.2813U-' EE XWA#4.#

2 8 1 36! +f ,U € lE H {F it[€,fX *S 4,t fFiA & f+r f l . - f f iE + tt^6+r tX\EiJJ I*
€#& E# /'. B&K fJFAfU=E h)tfrlLB "

*+tsttE,ft 
^?s 

# /.- t il)sEit ls*' Et Bt ifi t 4i* " .,Et+6\ 4 %ft
f fi it i+ A! E F! Eff {fi H E 4h r:rrHfE{+F! I F H* {ft F! € * Elftt {( F ff tr 6! il it
tr i+ *. # l+EV " ffi 3 f + r[ )B tr i+ lt Hrfr , h+J I4.H H r* F f I H fr!/k# Lfr+r €,ffitft
FfifJ?RtrB "

F t*' x H,I Er,EJ A, h+J *n IJr[ Xf tr i+ f [ { tr r* F F! {+ B AS E!.fr A\ffi & _Lfi
* *[ A h] E " E'tt1 lh E H .E.f+ 6!fJt,F, : aI ffi #   rr iB tri+ A F! Ht E ]fr 

^ 
# fi

+i tfi F!r* F qi tH + X ffi # A rr it trit Ffi )Jt h+rtblf:drffi Eli 
^ 

*$ " E t^' ts 4
t*\EAriiJ Etk^ ?S H H H + I iL& iltlift 6 t . ? {f l R6tst+ F!{/i,F, : 6?ffi \#
E|J K F! Rf €'H*ts X{ft Fn fi,81 " ilffi A hlt +t*r&E s6 F! €lIf[ € 9f !ft
fr h+r RW H.ftE^H t + 4! F! fE d Hf E,fr 

^ 
A* rc Vb{it, t {f t € tb ti { K A+J " i+ rW hrr

+Enwft3.6t+rrr)lifn "
+w rXM:d h! ift i+ H + 6J EF H + *, I& h+rEM {*fi + tr ffi 1S 6E & ft T 7t

tT " f*ffi ' B&K f/ift,6HT,EH€86+t , E B&K F!rhtEi++# AT H
ffi€ .H,tsfiEFlFtEliJl*s.

t{\m' r[iB tri+ + r[   T Ef+ 6! € +$'tftr[)6 Ei.+ aliR Effi E fla d
i{ ffi ffi E E 5t T pRffi [ " ts# pR#|J & z? trE+ Xft.trriB Ei+ fi ].a4rt\5sa EiJ E ]f

^ 
*$ " rf E 4f dq 4f {U A+r#trAf.rti ill€ F.}& 4 rf ,! A s! H0 E rf t *S f E

trnL\4B. "
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tr * g M H tr A.ffi 4 FSh+ttX$E Aift i+, Rf El EiJ tL yFf E A+r 4 tfrfrsz^ ffi t\
il € gfi " rr fi € t'f tE Et E'i 

^ 
;S ig FU € iF -t #,H. x )x € iF x € )x ffiii tz E .

{* € }F T EtE tniF{F EtE E'ffi " _ + 
^ 

nfrT EVEffih+r " B &K 4 nM.H - +
tEE iF' #D H €tF €ifi iE Frl,,t{+ ffi ffi a{= q, 8+a#."+ebbE ift iF6
tnE_fieil*,6u,"

3. s. I . B&K *98dfi ilt,tiffifr5Eafr €i*
- + txuLirt fiti6 E i+ F! a tr E Effi x E rxg8 a,i 

^ 
# +fi H H F! € ifi Atr

E ( pA/ms-2 )#zi " {*€#fftStHg+t&*A$:r...=FIL1iH+}&H€ifia&tr
f[{*€#F!A$tr ( mY/pA )fE*mBft| ' S{iEmV/ms-2 "

lilJln : Vgq p )t 3. r 6 p A/ ms- " A+t - t t*.WA r[ iE Eit q - A Z8I3 Utfr,
gffirf*€#)gf*E ' .E FlAtrEf;tE3.16mV/ms-2 o

3. 5. 2. B&K *5EA&^ #fl *gEdJft €t*

,lX8tri+F!€64ffitr ( pC,/ms-= ) ts'fti6U2044 ( pA/pC) 6!4trtr
ftzU, 4 fr+Jffi frH+++ft /r'i € ifi A&\ E ( p A/ ms- " ) " F iF .E' f, Ff. idfl Ff+, H i*
€ gS Atr E* L\2M46t ffi fr{F{+Ft| S {n tr mVlms - 2 fi !,ffi .

ffilfla: 7ff.p)! 3. 16pclms- "h+J-+il$6tri+ ' Et5zil4tt28r3#H
r'f ' 681+ FUflll'S{tt| + + -f+F! itrtr 3. 1 6 mV,/ms- 2 o

3. 6. * #:FfEil ffi Aff lttt A#.tfrF"ffiEilrt'f,SRFIFE! E*

ft 4 EE itll€ Fliq E + &'&El Bf f r K € fA a+r {fr ffi IttLF. ? A tbtEE 6!, Et
[Lxf T fi4 itf € 

^ 
fitt t],EEt*F fr+t bL+i RW E F.te&g ht " ri&l+ &. t+h+r 

^ 
tt

L]IEMtsffi'Ii}H "
rLltTrtJ tilF-bL+\.

1 . f*;#*4,f*t&A!iliBtri+t*-A€ffiffiElt^# ( qn: ikHta*a! ) "
2 . t*tbfr+rir$EEi+ 5X H "i+j&" Sfr   F! €ffi ,t^ *S+EE .

3 . *ffitE,EiFfliHffiil€iftF! B&K*,WAr*h "
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4. XH{EEiF 'iEfrrl€ififl-e"j+tu"ffi^F! B&K tX\LEX*tt "

5. *ffi{Eift:ffi€€iF ( B&K#4f*DftFfr ) h\Hl-rt\Mdtfrfr..

6 . H4'r€ffiBtE,l7t#F!+{Siltrttri+ .

WliBwatt tl-, X.ffitet*t* it^ ( llrJla : EE4& El ) *rrlttrit Ed
HEr6r*&rE Z+ 6!Kf!& 4 rr r)l&9& "

l:t i sfr+t h trfr +' +!f fllHift fft /. # F!r* F H.: f El * F! R 6ffi t |id,h+r "

I . F{n €*& " 4r +lEJ ffi Erfi 6+rtlL+ffiE.ilrT.'rl tlFEffi il t lr1#[A4,r't-ffi €
ffi " )s-I fx'7}fFUffi+1ts'ttffrA*lts-bb+i , HrfrftTffiF!6ffi'l*l,tT
A[gtIP4.-f 100pC Flr€ffir*F q" , ft,rtttfrfiE+ ' tsffitg#€iffjl
EI Ll tHf ul /r - + i# F! € ffi iF " 4E R € rf f iq A H * + * l}.ftlEirtffi j.
ffi ,E xiqa* ffifti*F Hgfr ' flvzBt+rl*Ht+i+EFn f, T "

i:tf, : 100pc HlE#€€ffi8-ft&#a!ffin , ft.tP.ffitsf,fE , lyE'H
t\^ fr, zt4 tF bb +t r'J F! - ffi + Pr .

2 . &roE H . A*FlftL*SiA &4, H HT+fr.EttL#tl.fr,T'it'tb8ffi.h+r4 AU
E' ElL, lrrfrE.i+ fr+rrffrfn{9frfr+rF'ffiEetls4fr.j&€,fn " Ef+' ift
E€9fr.frff+trr#-f,E[A " hT b|+ilriffi+Ffr1+A#tBE F! ' +n{il#iin-
tstEpa)!  1v.

f; 91, * tr=xlai.$wvr h\r thtr t',f i4 {F r.}' € t'f l' dt a,u 4, H Fffi E €
ffi BM Ff 4Ft F!r+ F . t*ffi ' E f r* F lR t hu*#tJ "I r)lflt i6ffi t E {f tb+t
h+Jffi.tr "

lrft fxME# t+if , T' F* F +E h+r Eft .Iy # ffi+ L] AE F! 4 {n # zr fr tr'fx eS
F!+fi/\E ( 4n : 666trgnkjr\#ht+:'*Hffi ' +EE X\8Af*€;SFleFif €ifi
ffi traifr2fer1iil{*€#F!+Fif €E)Et-k,tH*t)Ift ,{'f X#F!Ftrtr{FEI+9+ft Ft
-tBFlI*FAffiE.
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)E 7 lfw 6 tftHEld h+J bb+\H 4 t' +t{f l +BT tU /t f # XL\ #f a!f , r
,8, tJ fr " AW tr#f,U4 )rD tgt* tg ffiB!'rl )E tr i+ f I H' *4, € ffi ,ft 

^ 
+$ +E i€ F!t* i,t,

)! #r,U' Hh A lts 4 ffi* #zr " W kfr!+ &.8 - + 
^ 

?"F.erf tF*[r* F Afi
,&6+r+n+fr,EUir . 8E #3. r "

r0t r 58c80

& 3. 1. L# lrt )t E i+ / ffi E nf. 
^ 

# 1t 
^ 

*$p* F a! ffi+ fi, hy fi h+J vt +t

#+ rh t, -+ I 4 lE : -Erf {*}&El ff6r* F 6! Atr E, n - + frif r+H
€ r* F F! Atr E' AW. E 6+J bb+\. R EUlrFl- + 4 r* F iF ZIE] i8 Itf [i+ H . I
4lE1.t#.FFtl#' "

firtEif
-r

ffiI&*r*uBE

ffir.tffl.ffi
RFIlEtrE

(dB)

fiil[Eitffi€fr*
tE*tffirnf$il

RFfi!EfrE
(aa1

#E}UEH
RF

Ff,€
FF

F'OES[
*F

Ff,E
RF

H*flrrxEtri+
f*i&+ft/.€6)n^es

0
(84tH.

LjajpC/Y)

0
(a'4TF.
100pC)

- 130 0

H*I,'IXEEi+
"isr&"ffi  €ffirk7t?$

-70 0 -70 0

B&Kt*Wdtir$EHit
B&K,XWaJffig,# -26 -80 - 154 -80

B&KrtgEarliEEi+
"i+i&"+ft,r.B&K*\8il
i*€#

-70 -80 -86 -80

2*U[iillr$Atri+
IEifrr*,bLiilt*E#
( iFB&KF# )

0 -80 - 130 -80

+ftfrriEEi+
41'Effib'.*#

-60 0 -60 0



3. 6. I . FrtFtfi itEEi+fi €lEf,tlil*3*

K 3.le. #frtsHiAEF!+if €86 ' ^trEdl/.T €/fF*FiFf[€Er*
FiF " f;T#Bij-fi+MHT€ffi . €rrifll€Ftzl"JF!4^X6 'EkfEE
effl rf r* F tF tnfift 7 tFil.k' fl tJ ffi rf ffi E ]n^ *$ H +ft 

^ 
rH +if € ffi t*F * #

fr Ht Et+#7i\ E-{+# + T " €-f r* FiF##iI )! Erfi i. F! .

€fitirEn*s

El 3. I e. H il,t* ttu htr lrt )8 E i+ 5 H il,i* th b+J tfr 
^ 

Hffi Irt )< # tE E b+r H'l t + i, E ffi

&'UEHNF

?RlH+ ' tEr+F€Efflrli8trit€dt ( c": 1nF ) F!*dR.
t[ looopc/v.

FfrEFF

)!-I ffiHE,ffiJTltsLb+ €.n' 4i{ll*LEts,1.t/v 100pc .

H RteE f6EFt F!r* F tb fi +rSH€i€FE A+rt*F 4)<1+ 4 .

3.6.2. Froft!turEEi+fi€1ff&^i* ( "Fro"*^ )

265rryHffi tu^#tErf T-tffi -f 'f*'&"f fi /.ffi Ha-+tfizi?"i+tb"
ffi l\"ff*i&ffi . *fF "ftt&" ffi 

^&H 
/f B&K F!6ffi B6Ern7t#_b " \ ffi -

w6Hny*#&l* 5!| tij E r,t /l a* F! fni l € Bfr l. F'j, EW 
"| 

tf ft Hft 6 rt. H- * 7 "
)tffi frl Ji 6! +Fif €sa4E K 3. 20Fft E "
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#"i+ru"n  F!
EEffiiilllrii(*

E 3. 20.'H il, t* rb, E+r lrDt E it 5 " + H A " i+ th" tfr 
^ 

ht 4.7fi ffi i< # tH E h+J ffi I (, + -,*.
Hffi

E'UEIH+*F

f*r&81 s6r* F h+ri+ H@tt f tr ffi H- t*:6Hbt 
^;s 

F!+Htqf;il ft
( CMRR ) " ?ElL,lHldT , CMRRlEXrr.h 70dB ( -10.3x10-3El+ ) "
ft H =LeE Hlf t 35 Bt * E € rf F! r* F € E &a'i 4 fr .H9h EFE R 

" ffi 
l,f t&,tE

e F! H €pg. R1 to ut L, IL+Ffr E A+JE.Wfrsfi. R1 n" t -L' R" F!44'fHt 0. 05
a /m . tE * f E+'i+t&" rkt#ffi ,t A!+i{ € ffi EFA tll I nY /pC *6fr Efr\,
t BP €tsf € ffi iY*..# frtr AW E- "

fl [ afft  #+ii €ffi t*Ffl-ftaI E tt :

^ 
Rc ^ , €n. CMRR Rrc",

"" fr|fi'on - -1fr6d 
ftb"t + 4

+EAX,fHflr 
^Bt+fr# 

{RikgqhKtr'r.{. 200 *. , flFat*t&ts8f,n*.F a
trEi'i€o.301pC/V "

FNEtrMFIRF

t 4 *.H -r*EH,nt*sF! tum, B**fft /.#t{/ i t*E 1 00pc "



HdrEJr[, ' xH"i+]&"ffi Ltr ,E6i9tb*5peH&t&81f6#*6!rftF '
E E 1 E, A+J EI+#HFfi * h+JF*F "

3.6.3. B&KEl8ail^8*fitrIEi* (&tuf;^ )
83 . zrFft fi ft- + *WrJr lrti6 E i+ 4 5l] r rf tr i+ tE i€ F! tXrSAr ffi H ?,E,

ts28t3u{*4,#*-A B&K Affi*SF!+if €F6 ' ?E€iF+ft^#tLFlSif€
jfrF4z*n'n tni+.fr ' t}'blti ih/t # F! Atr tr El E E I p A/ pC, rf.q.fiAr WXZ# ht

&'UEHERF

o=! '- Ro 10-6 [A/pC]

W j. ( A / p c) tr, Efi#ffi D+ t&+Ef* € ?S ffr   ffi F! +if € ifi r* F ++{LFn
*W-,1tt19r#+ft lr#6legif €ffir*F . tsHt{+f{ f -t s0 pclv F!+if nftF
Fff i tr.
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J ,f*" €

.  dq"
' '  dt

I e" = c". ",n,,

Rc

(o--i
tt9f.fritfrEi+ r en

+itr€ifli*F

ry
tliiEit

+
t waft^#

*,s$a
1*H#
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EN€FEfrT9FF

4F * E H € 9f F! {ft efr iE f rfJL tfr'Bj.E tfrP +'U * F!' [ tl H + EH € if M €
ifi , EJ tl{Fiit )!-figfrr4 |tE . w2 ' fft /.5tt{+€#*6!r+F€ififittsf+
ry/J\ 

dq^
in =r=oqnocos@t

E 4 +tsf+ € *S a+r A$ tr &,8 
^. 

FliE' ts f li +'Ei 9A &- t ft t au, (, :
100 ) r.u+H€!ftFatrH10-"pc ' It,fHfrEfin4rgilrffi)rt7t " *,IF{+FU3.6. 1
ff + H r[, € iff ]n 7t *$ F! fl Ff+ ElFEFfr *F*F F! E' tg 2 Hrh B+r'ffiElr ffi 4fr . E
I 60 kH z " Fft L) 5 H *nF! € /f 

't ^ 
# tlbi.,, *WA 4 tnfi E##* FA -E

h2'rc7tf&x!+J&#. "

ftlL,tb4E'S'Hf*ttElfrf'P+F**nfr+t++/tEl+#E/fi MFfr *P*.*nh+t
+ t F! rL +{* . -5 H f[ F! € if it *s+E th, rx\E7Jr 

^ 
9i,1{ gtr* F R 6 1 FH

#A+rtfi+ fr6? h " &€fr." i+t&" € ffi ,ft t :$, f+ft E *tH h+J trHHFfr 5!. h+rt*
FtFifi,T, t{gLttrF.^A+rfr+ frhV h lht*E,tA{ri F! .

3.6.4. B&KE5Ed'il^ttf0trrbe* ( "Fro"f;^ )

flrflWrtrI*E#F!+fi 
^XH4'3.6.zff 

+frffi b\*#Ffr ffi h\rtslu)fr i*"i+
J& " *g X E A EI AU,6+J " 2813 4{F E 86ts -rhh?A+rik &' U F! +Fif € fA {E K
3. 22Fft rf . PA T A -+ +if i+'& € FE R l n u t ( : 20t<9 ) GlE tl" t fll L)lBiJ F!
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#ET*fr+Jffi'{T#MHffi
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SEA rr iE E it F! + t & lt M 1A Efi Hffit r {€ ffi F! fl ffi l f 11 lfr .H Rff t h+J txil € 9f
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)S tr i+ f r H A " t9t&" fii 
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3.2+Ffrzifr\t*FAW.E "

T0r r63GB0

*3. 2. )rn )t Ei+ ffi ,A ffi Zra ffi E trteIE n-F' ) LfI trDE B.i1, / ffi Enf.^ # 4 tn fi +*
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/ft ti;,r ?S ts # ffi HIJ tE# -H.F f-t+Wt ltFft 4 * f ! fr [# -t {lf.I;/;ffi 4' ffi ,E F
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3.7.3. EtfitFfrt*

B&K Hfr E'i zt # fr B 
^ 

x rH ++ A+rr)rhU,ftftfi +E* H E . EiE rf ffi /.li

^ 
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# 1 . KtrAtr#H.

# 2. )EEffJ&H

# 3. hEfrE#J&H

)K E* IE)K ,€ 4-f
1 100 1 000 3,281 39.37

0,01 1 10 0,0328 0,3937

0,001 0,1 1 0,00328 0,03937

0,3048 30,48 304,8 1 12

0,0254 2,54 25.4 0,0833
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0,102 1 000 2.2046 35,274

9.807 I 9807 21,6205 345,93

10{ I ,O2 10{ 1 2,205 10-3 3,527 10-2

0,45359 4,625 10-2 453,59 16

2.835 10-2 2,8908 1 0-3 28,35 6,25 10-2 'I
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6q)8,9 69,089 704,49 6,805 1o-2 27,736
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