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Conclusions

Measurements play an important role in of economic, science dmd tec
nology development. Theoretical fundamentals of IMS are one of neeasur
ment theory areas and IMS are among primary meaassafringmeasue-
mentsuniformity in practice.

Measuremenbbjectsarea significant set of phenomena, processes and
systems of different nature a large number of subject asea

Measuremensubjectsare model methods, mars, technicglinforma-
tional, software ad other tools to ensure measurememiormity.

There are threbasicmeasurement tasks: homombousdisplayingof
information to measure research object in physical and mathematidal mo
els, the use of homogeneity in space and stationary in tm@asuresvhile
carrying measurement and information security praess

Solving these measurement taske€ombinel on abass of the use of
physical and mathematical models. Mathematical models of nesbsigr
nals in general form reflect the measuralues (physical quanigs) dy-
namics in space and time.

IMS classificationis based on the use of three main features: functional
purpose; operation modes (algorithms); quantity and dynavhicgeasured
values in space and time.

s dztm|mdzs 9 O

o dd3' tos 9 Odadav measurement

ftesg i3’ to¥ 9 Odzdg" | measurement process
LOM' B oadd3 t¥ 9 Od measurement tool

‘W ste'gPogsd d3° to¥ 9 O informationmeasurement
md Mmisj d&zO system

O s O Istiidists ¢ § @ d3dz hardwaresoftware
LOM' B oadd3 t¥ 9 Od measurement tool

dzg d L dzO yg dialz 'miks® © O] measurement uncertainty
toj L zddls®dldc 9 Odz? | measurement result

f Bded&ddy tcr o9 Odzdzv| measurement error
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Y ted 2 B30 Is Ofed e qtelR] Mistetsw &3d, L 5§ t6j BO,
Ydodnea &6 Odzday g qedgOdzt Stedz3Oy "' ¥ s s j Is ayt
LOf Od3' W du®p jzts jsH Gywis ' w5 dz' dg¥ Wsd mwe 2w L
9 HSBOY O Y MW Lickzadasdiz Hdzv M thf2 dzv Is
dzj dzdzw 2 o dH: daftdccff} lek® tebtlzy dz .
VHY J o) dzOr "WdishtdsligzdsGsy "fijw  f 50 ' H tsd3dzj dzdaw
J Yomd Hsadzg Mis! L dzOC { dndEdaPdip f§ dztlzd )
Is' s yd " dzg"'" LejHjdedgw, HOdz , toj Ll
dS stoffipls ity W stcd3lzo Odzdzy ff tso Odb-d3dzj dz
ssd3 Hif ] ZzOERdz) def dztd sBdg@ & 'tsaly O &Rf-®o ' Is
J BO, LEOCOB] dBtsykls: BERIsd BECod { tod
1dtfjtejtcods o' Hisdgdzj dgdgw dzj tefse H ' dzw
w3 yoOmkz. vdfseddkd fttdS zOH OB ditsy zis-
AntsHEZ 30K totdijtlfdg toj tco dgs o d 3" tc¥ © Odz H Odz

RV
w

8@ >

ZOf oW B3sC ° heodHC Mt o' kel * . H. |
fjtejlsotstes sls! v o yYydWtetses' L @GP ¢
LBjtejyjdedzy 2 LORdMbEk ' d stedgOY"

ltesHEZCIsd o dz' Mis:  HYZ deg i) IS ! daWeafQatekidn O °
o' Hsdsdzj dzdz® oL &zOYO' k! Mv e MktefOdd
yofgkz

l etsHEZC Isd o dz' ) B (X)HdgQLtafjod®® s v  fkz d&30 te d;
fco Hgdzj dz@  jtejHOdedr L O tSHdzedy®r yYOf
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H/(X)=H(X)/T.

l sHES Isdafdg fipls Is! v o B'IsOF dgG Mmj ¢

dZd udder C 10 o du E1UM(sy dzj Bj dels* © o MmjSkdeH kz)
H'(X) =u, H(X).

b dzOdzts e " Yyded &3 yddzesds, tsL H' dzdoh d L dzC
Cdel St 3Oy Y ¢ dz2@ 5L dzO Yy OM QXdY) = H(X/Y)IT,
FXY)=1(X,Y)IT, tHjteyddhs o' HY sbds ozt Ae ' jode
o€ dzd Csfls', ' tda istEE@3Oe @jzd § s oz0H g d3dz] dzdz
dzd ye yoOfmk.

zodHGC " Mmiss fjtcj HBRAQL d o GlgWiss tdrlyO ys j dzd y d ¢
Cdal Sl dEAY) OdZW O " sdzisets OdzmMOdIB dzv M d ¢ dzO«

o' Hdzj Mj dz0O H B C &N 6 ded Y20 BREBMEBm oz M ¢ dzO
9~ BSH' def 016 tc § BHDAAYO di3BAlz! M d ¢ dzOdz, lots dzO
hodHC"' Mis! §jtoj HOQLO kW sted3OY" °~ s
1/(X,Y) =H(X)- H(X/Y)=H'(Y)- H'(Y/X). (2.12)

Ad MY o9  Hdetsh j dedde d fdzO s .ds. ' dzs Mistclz”

s Qi odVClz

i
it A wo o won | L
\w\ AW/
[ JtejdisL>

[dﬁ!]S.H:Jd3®IsdqdzJ LBBtGOXJdZdZW ftoesyj Mz

10 thif.cL 20 Wj(H)- ftesHizCIsdo dz Mis! HYjtejC
fd c @ dzttB(Y) - iftesHEZSIsdo dz' Mis: 0 € OdzOdzkz,
C W steROY Y 9 ftd2dvWistsBz fd e dzOd L

H/(XIY) * obktOltss ' dWstedOYy' OBt dzj dzOH
YOMmEH/ (Y/X) - hoadH S Mis! Mise tstej dedzv s B3 dz$
WstedhOy' S 9 C0OdzOdz' , w MY digB lzddgds of dzg oz dz

mMElsd &3d o COdzOdzZ' L O9 OH O3] .
1 O 9o dL dzO 7 j dimtpsdizOs .dzj dzOH " 2 dz' Mis! 5-C O dzO
HEZz, Ctdzd odr'H o' HBHRRJ?2, IstsBlsts d-° s

L 20y detsfyls ' M & dz falzds fH®D/ XY - * j delstetsf W
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o Otzdgsy dzO § jtoj oL § SH ' dzdils g

odAE, SCtdd of'H o' HEBHHF?

tcj Hdz 15 dzj o dL dzOyJ detsfyls® ¢ jtoj
gff " 99 Hdzsh HOaddY) "dfi/¢¥/ X)L Qaz
ydls! o' H o dOMIsdoetsMmisji?2 ¢ OdzOd
fjtcg@@d S sotsets MdedzOdzz s ¢
Mizetss s M Odadz, wCO dzjH
9 HlseBstej dzdzv MmdedzOdzz * , L dz
olsteOYO’ st fmw Yyofmlsddz©@ ¢ tsted md
BO2 X J dzj slstcd @3z * Is* fmw HOtS ]
Yy sz o df OHSE

H/(X/Y)> H (Y X.

CShts 3 MdedzOdz o HIso Btels- s+ Mw
Bz ftoshdzzrtseo zs s Mw  dzO0@®4 H j dzd
H' 8¢ 0dz0O dzlz, sts y4 L dOyo' , A

C sted dets BOYUY tstc i3 tSHj ey-Ocdzd B
dzOH dzd h C s t5° CodaW ts to df QoD ydzre Oh ts
dzs, HB Rdnfzd 5 MY " o9 " Hdatsh j dzdz?
H/(X/Y)< H(Y/ X.
WiCkdods Mis! 8O dzOH dg- todz'
i OoHOdzgdz? " Hodh jdadgw jWJ
dls' MW Hts L d3gj dgh j dzdgv dzOH
GOz, Itsyds hj HEGhH-ttOy:

M
¢
a

1 OH B tedg MiIs! s ' Htsdgdzj dzdaw
jozj &3j dzgsd 59 Hisd3dzj dzdzv dzj
B » dddd ° MlsOlsdmlsdyladad Lag'd
s s f s ' H i Bdzjuddaddisiss®C f sH ° dz
2d@se " tedetsmis j 2 MmefdEd @@ fgvd S HstE 2 (s
BOdz' dztsc s ( H ST o' o (fidtpldis jolaEsedsz
Ckz OBt HB dzs Oy gicd B &dz
BiLYjtoitcodzdrn W@®DdH didzjodeto)s.L t
HiSL 8 sdzv * Eimizdzzlsd dzOH d3'stedz’ Mls
LYSH dz 2 Btse ' tedesflsj 2 j dzj d&3j dz

lted CdgOHtIsH ' B detse ts € tsidise O dzadz
ZOANOdets. 2zt Mistsmkz' Ist Mw tefd ¢ dz0
dz' mls! L Odzjxdls! o' H MmMismtsBE
ltesyj M BEH QPR tctse SHYIEZ: Is! My
hdtej dzdzv s Mdszecd yoOmlssls Mdcdz
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mMiszc s  YOMmissils f J jodedrO.dzts"édffte | teldsizy ' Hifsogios d
ZOHEdh S sodd. v OMstldd® d&OH M oz MBH § b
fjtojzbsm Mok’ HOd dsct ditodig sy ok dat
f SH GHSHzty OEGEWHeEzd " j dzdzv  j W j CIsd e desfyls '
odBdtOlsd MY tsMhuskddzs dgsmHdg'dwdg s sOCdn~  fMd
LisCtoj BO, dzOdzj N dls! GHdshBzecss O §jtcjH
B fMlwis! YOl sl dets dzd dzO H d§ tetisdgtisfipls ¢ st © W d3d
® ' Hisd3dzj dz' .

[HdZOC, csottewyd ftets jWiSldodzimls:
d f€@® Ohtsfmis' 26" Mls! . vMbkdaj dedf- dzOH
& fMls! §jejnOoy , Odj Lddyk' o' e
toj qJdedgv OB 99 jH]dzdzg?" dZ2OH B todztsmlis’
SG¢' Hdz Mis! fjtejHOo Odadzy. [lyjd JWj
JHO9 Odzdz" " dgW¥ stedzgOy ' °~  dzjdzjoditsty) dzOH dptsd t
Odedzy " Hodh jdedzgw JWJjSClsdoedesMmlO- 2 L
2y  dW sted3OYy’ T MisOdatse dzw st Hfdzkz
E L s cfts HC Sgffe S o' fidasL o 6 W L O dzdzw

Il d dz0yY dzdeW stedzOy "' ° HYjtojdz Hotsid dzo tsdz
ltetso jH ) B Odz@tzd [ HBEREEEEZO s Mo &0H O
desfls® Hotmn odf OHC 58 bR dzBjd E&zj ¥ &d A d e |
S BLGEhd Bt § os'smis g, dzde™ Crpadgif ©
CsotffEBHS Mo dlf OHC o ¢,rn AW 20 ¢ ' dzf ¢
N=m+ m.[ dzj Bty fdech * Hsd3dzj dz@ yY! BG- HY J t
Bzlsisigfdz o' H BHdSE, BSdaz fos § Qdfdks
o j&zdyUqddzOdid. s' d& C' Mls' oOt' Odasyty- o

drts EBts d3B | HzOiythy,2 lsu;t%iséﬁﬂg.

i sLedzvdzj BBs SOC )] Y HYJjtj izt § s9- H 53
Hiso dzsflsDy, DYME,HEDD, b wC° 2 O s sipd dgats &
m'lsy, 8 ' Hstsisit Bdzts [ dzw HtQIzGISGISdnTiw%(HaGszG d

s dz ¢ fyls: CdeW st dzOy " Ctoydesets L HY
e e I BLAOYd B ¢ dz € fls) jdi Stmfogidy "
ZzOdizd: fISch secwlirctsdBd’' ' HdZO' &3 Yy 'j -H9 O
tcj ZO © Hdzj (st SH)Y=FRD.[Mmd GaedaDdBid " s
C' Mmlst " deW stedzOy " I(Y) Is tf jslo 'd Hzelza® s jHB) p dz® o Ol
D) , O ud mditsi se@ifef@Pedzls [dn € dzr € dzse Oted R
Histe" o dgt ' Mk dksecOwdW d3 o, Ists

I(Y)=in(crcr) #n(Ct) W(CT) 19 (.

SO RO - o
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odotHdIss My
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dz' sets Oz
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" HOdsBEZ fe

IdejtjBs we & bk ¢ & Sl
fd d3o s’ dadfsizdzff dz'ff o if g tiztg, 2 dz
OtdW s Y S ko Odsd sd-yd
sBlst dtsE Oted W gz o
I :kln(C,Tl) =In(n/n! nt)
HKTydmdzts, OdzLydlIs! 9 " H
& 6k C dgt SEBOY .

i BLGdzv dzj Bts  f 59 ' H s d3dej ‘dirlzy L
ftoj iMsOo Bt 256t W

| =kIn(n!) -kin(n!) Kn(n!)

10 Z®tselie jv&d )
¥ SRz O uls' td dze O
n(m)emMnm-ms sH' 24%EL L ( sdgs Stod f

9 O

adB sl

(2.12)

ud s, bk

v s Wistedzdzd wls® todz' dze © dzOB &z H
| =k(ninn -n RInn n+ nkhn n)+
=kn§m1

8&;"”1 %Inr& In—n,g
9 JOL 3B ez § ®BRH OIS W ¢

%%1%+Inn -:8% In%}; I n Irgn

=ﬁlnﬂ -&In& Mlnn Inn
N n n n n

V tjLiEd SO’ HJ oY ddBs

H

| = knge%ln% %]In—?i : (2.13)
l de@L13) HBLoatdw' ty' ddlsd ¢
HY J o dzO B s dsatids o *° H TSidsfiz) dz |

B dzls Odz! dzd d&3d  H Odad oiB3d ,m "otz Yy d o
H s d3dzg deglz’ . o0 SO HSE ff
o dd&id , 55 Y th®d dzts "nyndzdg H tsdc-
dzs 5 Is! 2 d3so ' todets MB(Y)dP(E).ssaid s
odtc®ld (dzOBdzall o

I = nkgP(s)nH'g) ®gn Pgy (214)

s'dz ¢ Mlst  C deW StcdfO ' ¥ to dity @
2O tHddz Mddotsdz (fSH' 8 ), HB
dzts f Is *
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i=l/n =k{pinp pin p), (2.15)
H 1= P(s1); p2 = P(s).
I deOL HEY 168 ydmdzj dzegd i B BOWgREE s H
odf OHC Sodp@L B8 B dzs® s. 2z J dzdzes dzO
it sLedzvdz] Bs 268G Hps@Rd dz, " Jsis, [ ff 'L dz
p=p P=1litcf SHOBS 2tets £ oadedzvH'

i= kgolnp & pin(l p-gi( pF
wdeW sted3OyYy' W, wECO odL dyQ' Auzjfmywd st H dad d
Cdzsfls ' BHd ‘ t6= LO fis@EE H StV © tas i(0) dzlz dz
i(1) = 0. IdLdzoyd®s kiMssd &GOS fHdEz e
di/dp= kgl Wp I{1 pP-1ginp=n(1 -§ O

[ 5% hp/(L- p) B, p/(1- p) %L Pos=0.5.

[ OCMd BOdzr dzgO@ €' dz ¢ fMls! ' dgW stedzOYy "
L 2kso tdshiswYmkdpd O 05 iddEs28s | dB j tj &
sSOC] HYJjtjds, wWC jlOdtsd, o0 @ fid,
oz Histe' o dfimx=BHJdH wBR)'' Le' Hdzs WSt
Z j dgdzs dzO@ BO‘ d3ts

i= {pnp, pInp,)/In2. (2.16)

100 dMm Wettdizdzd 2z J dzdzsdzO d3tsy dzO MY e ts !
dztsc Oted W 3O . x ¥ s/ Ida® Y2 dds2=tinHp, In 2=Inp, 2= p.

J sy d x=lgzp=Inp/in 2.
[ d¥ Stedsz dzd ZstsdedptE@O dsts 1 dz" d2 L Of d

i= plsgn p, bt

Hj opitige ' 2Ctso d2 dzste Oted W 8 yd fypdzO

1 tod ¢ dgOHh 15=0,125=2 "'p,=0, 87i50, 546356, s L dzOy
sHddy' . K jNCtz@a® HY jtoj ZOC b dzh O tzihls 5 H iz
d3o’q1|:i1N1,|2=i2N2tU_ﬂ=l&|, Is 5 9’ HdZtSh J dzdzw tetsL dz,t ' o q
ftesftstey' 2dzs ' Ddz 2 fesHEZCIdo dzgsfyls”

sEBlBARE ' sk ¥ ' distdkOoy' v &ty 0 f et
LBjte' ¢OIsd E dBidh "2 LO totsL 3 tetsdy H Rez? dgy*
dzj dddz® ¢ d &5 y d dzts d3, hsed ftsHEZSIsde dz' Mis: HY
BdzdL ! Cts HB daj ) .

ltocsHtse Yy dd3s HBMdz' HHzgzetedz®, W s Ok g o 2 g
i= gP(s)log,P(s) +P(s)log,M(s)1=gP(s)i(s) +A(s) (5) 4 (2.17)

v kzits) (%) C'dzt €" Mlsy " dW stedzOYy ' - fted
H's2'sy, P@) P()i ' n 2d@tse ' todatsls" .
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¢ deH2e

¢ dzH totsf
[ OtC ts9
(1856- 1922)

' 20 C O3
Isd ¢, fted
filsjtBlEO:!

CTIWmHIC— o

"o detsfs -
9 0, sf B
ttOdz hj B
| Ot tseo iz d
SOC sy !
tctsB tsls L-
3O dz' Is dedsd H
BOIs j BOIs d uc
az' L Iz 1 B
etsC ' o G
ftoj Hd3j st
A4 det  oyd dz
sj stg' w =2
misj 2, 99"
sB' ' Cls H S
T ftsmdz’ HE
LOdzj 3 dzd A & -
odn 9 J dzd y
yomsd3 sk
dzoL 9 Iz BOt
zOdzyt ¢ ' 9.

60

l dL dzOy4d dzdzv deW StedsOY -7 H Y
ydedr o df OHC tso dirLEEA 'd ddts 9 «
Csdzd ROk j BOIsd ydzk BSHj Gzt Ho &

o Odzts’ ff sfdz' H tsolzjtiets O dzy § & 45 i 1§ @
Cso 0. [ d¥ [DEAsEO [ OLOCIs ] odz
I Bso ttdsiisj?2 odiPaCuoldEctf sH
L fsH' 2 BO&O & Myj dzO § i

s JtojHdzy H,sHE® dz@ dz@&OMISz{ dzrt
By dzdo © § o O Bss "Plsdzs) s ©
fsHS Y ' dBBSo 'Pledss)fiplstsh 5 ¢ j 6 H
f sSH' Ws, B IO Tdjtse ddcdztsls’' L Of d f
o dR(5/3).P(s/s). 1 BLEOYUJBE 2EB
fsved sif see®B i3z CPEBWPa(k). (o

Cf2Mmisd d3s, hts L OHOdzts Hiis0)OIlst ¢
Po( 0), YRe(@)wBu(Bl= 1,Pi(k) +Px(k)= 1 °
9" Hsd' E dsts o dz 2 di3ts @(stestats My ls
P(s/s), P(s/s),P(s/s). usH' Myfw@sjHdd
Cktcjdalsdze M " @9 " Hdgsh j dgdz? H dzw
R(9=R(k DR(sI 9 H ks b o
R(k=R(k )As/9  kI-P5 3
[ dzv BOtws " oafm! Cdr HIdMCtcplsdzdn
desmilsj 2 R OtOCIsj todzts, hts ' Mmdz
2Bse " cdesmis fswed YBHOR2 it
dzj ydedd&3d o' H ftsyOlsCsodr EZdise
CtesC Iz.
1 t6d S &zOH ted § & f)lsRYEEL, Py0) s O,
P(s/s1) = 0,5,P(s/s1) = 0,5,P(s/s;) = 0,6,P(s/s,) = 0,4.
JLEzd IsOlsd tsLteOrbkzds @ L O Wistd

sOB2iz.2 . 10 L3 dzj dzd m Pi@)syQ@QIsS tso
P{0)=1 tojLbd 680@B Getcd? j & dz

1 OdeOdz' Lk IsOBdZ. 2. 23- 2.3
dzts as YOt so drn BERE EikiEd0 il
o dzt 8 Is! MW Ry =200 J SAZOM546.

v OB d&zdqyw 2. 2
K 0 |1 2 3 4 5
P(K)| 1 |05 |0,55 | 0,545 0,545/ 0,54545
PAk)| O | 0,5 | 0,455 0,455 0,454 0,45455
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v OB d&zdyw 2. 3
K 0 1 2 3 4 5
Pi(k) | O 0,6 |0,54]|0,546| 0,5454| 0,54546
Pak) | 1 0,4 |0,46| 0,454| 0,4546| 0,45454

[MS " d C©d HkRvdstoe, defifsfifls ' dajls 5L @ HziOp s
YdPK=P(k-1) 'L odOLE (2.22) Ghtddkz s
Zdn L kzOyjdd PR®Seo ' todzsflsy 2

___ P(s/s)
i P(s/s)+ Hs/ 9 #(s)
___ P(s/s)
& P(s/s)+ H's/ 9 Pls)
IS stedimistobks yd §jtjn’ Hdg 2 BSe' todgtsh

HotsMddgo sdz! degdr 89" HEBsdgdzj dz@ "L to' L dzd d3c

HsfdzZ" Hy ko Olsd ofdzde Ctstcj dzwvwy' ° dzO ¢ ' dz
[ dzv 0w o' Cd P(&&)SMW(S:/@SR@WSJ),Q
1-P(s) =P(s), 1-P(s2) =P(s;)) * Hdzw CjW' ' y' ' dzZlsO ¢ st

r=(P(s/s) -A9)/ B 9=(P(s/s) -H3)/ R 9
Idojujdt Wokdzdd HEY odL dOyj dd ¢
BOwLE of)! Cdn o' HEBE ds.uds BB k6 dds
BOIs j OIS d Ydz (B H saf@dERUd B L O ¥ tsts Bk dz
i(s)=P(s/s)(s/9 +RY $(i8 H
i(s)=P(s/s) (s/s) +Ry 9 (8 3
[W CkoOd® C' dz €' fMls! ' dg¥i stecBOY' ~ HY .
=P(s)i(s) +s)(s) (2.24)
1 s OY §BBH &z ( 2 .5HIY)ea] ds2 . 24)

i=P(s)P(s/s) (¢/ 9 +R3 2 p(ib)s
+P(s)P(s/s) (¢/5) +B3 P p(ik)s
1 Oz &30 Nifs,/s)= Hog,P(s/5), i(s,/s)= dog,P(s/9),
i(s,/s)= dog,P(s/3), 5lstc d 5O é?j%P(sq)logzP(s/ 5).
v MdedzOdkk [ OCtso O 2 d3se ' tdasMmils® HE

Plsg)=H 9 R¥ 3 =Psb (Pis)pe (Rs)s+{ B9 ¢

(2.23)
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P(ss)=Hs9 =05 3 P.s)8 (P/s)s +(R/s) g

Plss)=Hs) Ry 9 =05 5 Psis)pg (R/s)s+(R 9 ¢

Jted S dzPpBL ¢ dzv dzj d3ts  dzOMisz f dzd 2 MmMde dzOdz [ Ot
P(si/s1)=3/4, P(s)/s1) = 1/4,P(s/s,) = 1/8,P(s:/s,) = 71/ 8. V O BAREZ
P(s)=1/3,P(s;) =2/ 3. cS¢Bd Mdd@Botsdzd BERdAdd dzj L Odzj y d

i=(log,3)/3 €23 log( B2 #,9118
LSS dZO ' daW St BOS ' Y dz0 M d e s dzd

i(s,)=(3/4)log,(34 {1469 = 08113,

i(s,)=(y8)log,8 {7 9 log( 8 J = 0,5428.

[U CkoOdz0 ' dWstedkOY' ¥ HYjtoj &ZO &O ©Hdd fc
L dzO0yJ dzdz®

i=i(s,)/3 #(s,)/3 6,6323

l s5dzO@ o3 dzh O, dg'' 3y bk HYjtoj zO f s ' Hsddzj dz

Il L dzOyd dedzv " dzW? stedzOy " E odf @k
tcj &z ftso' HtBWEiRd] 3 HO O HYJjj ZO (o
md dizo mdz'v,9€é , v, " U, U,,€é ,Uun’ B' ' Hd2Odzi H)Y J 6] C
md dso Bdzi=4 , B j=£2ée ,m .. | " Hs®Bd?2 BOGOIste
esL fsH' dziz 2RBEY. ek, @un) =P(VL ) , Lh] ¥
dzO W VRV, I, éwl T8 j CIstste M4 tBo | oz julssj|iz@, |
L bun T jSlstste fd d3o szt 9 U HLUsdz@ TS G liste @ defy tets ditOe

s'dzt €' fMls! " dW stedZBOY' T Sy desEts L O HYJ
i (V)= élP(\/i)IogzP(\(), (2.250)
i (juf) = élp(U-)logzP(q), 2.25% )
i Jul) = gl_frinlp( j)IOQZP(Vi’Uj)- (2.35)
i=lj=

CChts Hyjte) O flsOls d iplyci<@by) Hzj) O dajst dz
i(|v|,|u|)= é_%P(v)P(q)logzgw {1 -

B ¥)los.A P(Hl) j-méF( P)IOQZ FE P)jmléié ,-U)-

1 BSEdVHE aaécp)zlsq]ap(u?)ﬂ, SHJ toyfgfdito 9 ' H dztsh j dac
i=1 j=1
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(M) = (M) (Jul) (2.26)
stsBlsts ' dWtstcd3OYy' W tsB' ‘ HdzOdetsG s H Y J toj dzC
Histe" o dgt ' MEd' " dWstedzOYy® ' HYJjtojdz, Mts

CShts HYjte]j d&ZzO  tso ' H tsdfgdy tlds, HndstOdsddy'Istefc
LOCtBdz tetsL §f sSH ' dzlz:

P(v u)=P(v) H y/ ¥ =P(u)P(v/y).
stH' @ @dBPa) (HdAv sBydhdj ddzr €' dz' S sl
HY Jty d&zZO dzOBZzo O o dHE

()= & aP(v) P{y/v)gog, Ky teg, & /Y |
| E©OFR ke OddPfy/if)sEsy | &isd dis:

()= 4 P(v)log, P(y) &R (1 )

H Ji(|u|,vi): —ng(LJJ/Y)|0g2F(lTI/i\/) iEdiso dzO €' dz €' fildst ' dz
GGt HYJtej dzO, W CNhstf ji3@etscdes fHpl J tdnjddad. ts dz
" wsa P(v)iu/v)=i([U/]V) T e e 2O € & mis: gk b

W) 2O B whiasdysas  I(o)Fi(v) Hu/N). (@27)
[ 20 §5COLOd OStY, s MfteOo jHdd
() =i(el) 4(/1d)- (2.28)
{MS" Rvidlss MfwOo jHdzdo O dzgj o' o dz' fls!
 P(v)i{lu/v) <i(ld)
{34, LOeaxyud RBO" & fMyj
(] ful) <i(v) #(u),

ktseds'sdz $' Mls! ' dWsSE®OY' ~ B' ‘' HZOGSES
Yy'' eodn' Hdedr MisOldMmilsdydets L Odzj 3 dzad = H

{ Mdztsam[dg dzts o € (

whdzzs s Isted §' HaSHG Hi OdOd Lk ' do¥ sted
ff 6 O ¢ B3O Is Oy digcRdzls OC ) Ydzts Bz Y o dizts nd 1 OR & dnlf sl
fllsOo dzj dzdz® ' deW stedkOyY' ~, hodHSC' Mis! foj-toj H O
dzj dzdzv ' d2W St BOY' C, dzOH' 2dz Mis: ' ol ugRdz fls:
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sduydzd?2 OMfJiCls ftedfzms O’ o rted z'o @Wzaday dz3@ 3"
oL O iIEYOMIs'dBOR odStstcdMmissokz’ Is: Mw Yy@®MRISC O
dd?2, L Ibds ud " d"dr ftedydd, HY{EisdwHEd?
2dzvIss dzZOL do Olsd ' deW sted3BOY' 2 dzd di3d B O CIs Od3g

wdzW sted3OyYy' w ° " O0OtOCIsjtedMmisdS s  dafg’ M ts9 " +
HY JtoJ dzsdy " (deBOte dAsys a3 Htsfdz' Hy jdadew ) , s H
o Oy judigl ste 3Oy’ 2 off to jmBdi ILdsd fesyj fd, wedh O
dzj BOIsj to' Odz! dzts”’ o zOMmiIsd e sfis ' , hts tesL G dzV H
o zOMmiIsd.o sMmisj 2

M4 g dzs * datt fstsafOnyts dsdzjodzéte” L d ydzd 2 tsB' ° CIs
weodhyj, s Wisttd3kze Is! fJtcd HOdzi  BW] Pisdigdz] dz
Yj dedz?y OB L A3 d&2O@ HJWEB™ W' Lduydets® ofg-dzd ydd
cts sB' " ¢SO (MdMlsjd&dd OBt wWodhO).jrmg@EJ
f so' Htsd3dzj dz 9" H H)YJto] d&zO ' dz stc 3@z Otc dizH 5
Yy sz dz' C Oyt 2 ded i3 g Mils j 3O B

gilskztf * dz L3 ded dzdi o L dzOyJ detsfyls mMdkikzoy"
B3 ted CdeW stedzOyt . ) tod ' oz s ke fizdedp? dzYestdd® F6z] ) dat
okoOlsd L& Mls s HsBBdzj d@ (Mj BOdesdS k),
SLdZOC OB, 903ddeddd L §tscdwvwHbkz fjtjHOY'

V bbjtsEdkOy'dVtsf " H ¢ dz ¢ Milsts ' dW stedZOY "
dzj o dL dzOYJ detsfls® L dzgOdede” . | dzOr SH Y J dzdzv- IS OC &
CsMmis® HJitejHOd " ditttddOy' . v Ij®©s" ~
sls! yYydmdzseoz R OtOCIs] tod Misid Sz Hny T HzDEzY 5 8 d:
' ~nOOSCIsjtedL 2° dzj o dL dzOy4 dz' Mmis+ , wCO Ldz
odJedzv"H' HOdscts Mmdc dzOdk.

s' dz €' Mmis! dzOdziintgtdag®@§ ‘nd ydetsdzlz tc* o dz' o d L dal
J dzstetstf " ' dglgtitsy ‘dyd . o d L dzOyYO*' d3'Btglz dalzjus-d f dz®
gdzj dz@ dzO@ e -tsH' MdMmlsj 3d *° B yYdfijddsgh Gdcdfpw v
y' ef' 7 ff sor drlistel¥sitfj dadzvmy jtoj dzO 2 ¢ ezt € fls
' ydad B' tiz' OfW @@L KE HY j o] dzO. [ dzlstotstf * W
dimisdydzd = o d&zOfMisdoesMmisj 2 ¢ tso' HBAdzj dz' .
Jdzdzv HY Jted dzO to' 9o dzs?2 3so ' tedz® 2 MISOIsd
JtesB dzv ' dzj to' o dets?2 Eso ' todz € f) f 30 drts dgtiz] ez
5

6 odL dzOU) dedz' JjdEssy’ S 2 ¢ d Cdsfls’
d wCdn MsOdmisdudss Lo' WL Od , daj sy dC
Bso " tcdzdgilsyef Hdzs tSBSo ' WL CBSoats otcOBsSolzo O
fls”

fsved wsWdzjdal-~ 50" H
uf dz 2O jdesteSy W HetR Yo' HBddZj d7 HEB
SHdsets L dzdnr ° Edssodzets’ Jdalstesy' W HOskzGtsGt
toded i3 f§ 59 ' Hitsd3dzj dede” d3d Jj dzlstetstf " W HY jtoj dzO L

64


http://www.cyclone.spb.ru/chapter1/Gloss-Ind.html#19
http://www.cyclone.spb.ru/chapter1/Gloss-Ind.html#19
http://www.cyclone.spb.ru/chapter1/Gloss-Ind.html#19

fsLH &z 1. | O9HOdzdzw W EdzC-9 Bzied & Gedev dzd &zt f @56

| Offls Odzdz" H 2" MOBEE 5 dzls 6 ts dz¥

) ftoswo Odsd WwWCdn WikdzG y3d? L 'zdgistists dg@ ‘d3ts fd
10ME " dz €d OCIkkzOdz d2 o  dlsOdzdz ° daf 5t d3C
V Yysdz fsdzZvce O’ o' HA3 dedz' MIs! o YdZWIslsw
109 jH s ftedC dzOHd MEC ZOHdzdr ' dzW stedBOY "
100 dh " Is¢ Wietedgz dzd Hdzw B yYdMmdzd dedzv €' dz
S9 ' Htsd3dzj dzdzv .
it sLSCted2Is] o d&zOMIsdoe ' Mis! Mdd3d ste® ° Hdzw §°
it BLSCted2Isy o d&zOMIsde ' Mis! OHdIsdoe desfyls’ H dzv
1 ajfh sy Wstedidzdze Hdzw MjtjHd BT € dz Ctsfy
CcS" o3 tod ' W BttdzOYy' ' odSsttedMmlssoalze s’ HC
9" ' st tSHdddy' oddi tc¥ o Odzdzv ' deW Bt dzO Y
JH' s+ CdzOMmMdW " COy" ¢ & to ' deW stedzOYy " °
sy odL dzOUJ dedzv j dzlstetst ' °
H' Is! Wtttz dze Hdzw o dL dzgOyd dzdzw Mt ° dz' d
LdzOylsy Bhdzseo dz o dzOMmisdo sMmis’® J dzlstetsy
15. ZOylsy ®wBiy' o wedn dBsyj L d" dzt 9 Olsd M
16. ¢ Ld3 det “ Iss mMw jdestetst " w ftod dzOW g detsfls’
Bilddtedzd 3 § tso ' H s d3dzj dzdav d3d ?

NSO~ WNE

10.
11. 1
12. ¢
13. ]
)
)

Conclusions

There are three approaches to information analysis: syntactic, semantic and
pragmatic. At the syntactic level rcaer type and way of information presenting,
transmission and processing speed, code sizes of provided information, reliability
and accuracy of conversion of these codes, etc are taken into account. Semantic
aspect allows information content accounting. @nsure information interaction,
the part of information that contains specific (or permissible) data volume is most
commonly used. Such data parts are called information objects or messages.

Information is not a message characteristic, but a ratio batimégrmation
source (research object), message and its user. Information clgebiects, -
cesses, phenomena of material or immaterial nature that are viewed in terms of
their information properties.

The source of information or messags a physial object, a system or ph
nomenon that generates transmitted message. Message is a value or change of a
physical quantity that reflects state of information object (system or phenomenon).
Ways and processes that ensure messages transmission from sausee doe
called informatiorcommunication systems.

The degree of situation uncertainty changes forms the basis of quantitative
measure of information. When introducing a quantitative measure of information
only formal attributes that are important in terofsmessages transmission via
communication channels should be taken into account, not message casmtent (s

65



srftroRr el JRWALLTS oukg -] R wt d] o] My eruu ]

mantics).

In information theory quantity of information means a measure of reducing
knowledge uncertainty. Finding such a measure requires estinaaiihcalculating
the quantity of information transmitted. In information theory, the quantity-of i
formation is a numerical characteristic of signal that does not depend on its form
and content and characterizes uncertainty that disappears after recengsgame
in form of a given signal.

The quantity of information on the syntactical level is defined by the concept
of system entropy. Entropy defines a measure of uncertainty of all the multiple
messages at system input and is calculated as an averager mirtb own info-
mation in all messages. The larger the size of the source alphabet, the greater the
source entropy and quantity of information. Source entropy depends on statistical
properties of messages. Entropy is maximal, if source messages dhe @upha-
ble and statistically independent. Source entropy that generates not equally prob
ble messages is always less than the maximum allowable.

When determining entropy and information quantity in messages, whdeh el
ments are statistically related, wkould not be limited by unconditional probabil
ties I we should also consider conditional probabilities of separate messages
emerging.

The total entropy of two messages is the sum of unconditional entropy of one
message and conditional entropy of the adctvhen there is a link betweenreel
mentary messages, source entropy decreases.

s dztm|mdzs o O

‘deW ste'dgPits o © H s d3dzj ¢ information message
HY J to'flziizis to'd3O y information source

Cdzr €' ' stc'dsO y amount of information
ditc QizW s to'dsO Y measuref information
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31.] dHdc OO = RO j' 3B B ¢ itz

16" Hdzgs L L Oc Odz' dztsf to dny devdd©u®s 1dzlp g @35 ‘dz
ftesyjfm, s COLOfitsyfpldsttdn s @ dzlef yaztsc ts
HivVEtsets BBO' ClsO odSstcdmstsoalz’ s+ imyw
fjtcl HOoO Odzdz , {f tc @ g SfEkrdatm"ts d3dztdz!

4 € dZOdzd By s BOISd ' Ldkz WL dddaz § g
MaEodd (Misttkzd yd dzOftezc0), CtdCtjlsdk toj
jtOdkz Gshgdizss Ol 7 ftedmisteswa o' HEBEOY
fd ¢ dzO dzcdg s e @ dzO i3 Mz 2z, Ih ts.

sdedzOdzd ©® L O9 HOdzdzY = eocffdf3’ técHs oo Addnizvdzd
Mg OB dMEze Is+ Mw 9 " Hf s ' Hdzd d3d O]
Otcezdzj dzls Ok wWECdr o L OGOdz! detsxzlz: o d{f C
WO

1 2O dzdz? BOIs ] BOIsdydedrs &BsH | dzi 2 fdc dz
f stc’ o dgw dz! dzd 2 O dzCFzO tc P € o jdte aPlsydXlsdf (
sy dzs 90Isd tojLlzdz IsOIs izt 9 @ RY to tlsasA@ds' Y, dz’
totsL B ' MipdsiplO R'deO Mg ® " 'Sz § Ol dc Oo d ezf ds3dzOL o
tcr 9 OdzifsaO dzz o dL dzZOYO*' Is! MW o dHBd 2t
dzOff ted & dzOH , Hyls] ted3' dzse Odz nd ¢ dzO dzd
WidS y' W], i oedd[fODHE Wwed R Wz dzS y' W &i3q .

4 syOlsSkz tesLecdzWdzd Bs tshMdeseoa dz2' o dH(]
s(t), WG d9B ddgEhjls: ot T tzO | dz@efylssi RL dzO Y j dz
MOOCIsjte L d3 ded L dzOyJ dz' ¢ € " tsO teosLizvdiy dizls
CdzofmdW " SOy 2z i OGBS 6d Helz L gk codhO dazts ¢
Otce zBtzlstBtsy dzd o dzOMlskzyf dz@ uyslsdted o dH
1)fnd ¢ dzO dzd dz;ﬂ;ttheadz LO L dzOyJ dzdzv o
2)fnd ¢ dzOdzd HdME dz' o yofm" ° dzj ¥
33Mde dzOdzd HdMES dz (SCo0Odzlstseo Odz' )
Hd

m
uyom® ;
Hfd e dzO dzd Ctoj Isdz’ Tiy@ Witcdz® U j dgdpve adkeC
ddcdzOdzd ff j teh sHEP® WzOd 1 lp @©éz@ dzffc 68 t§ d3d ,
J te
(

tcj Is
tcjls
tcj Is
dzj dsdqa(idmdsOlSdudZ BsHj Az OSH~ fmd
Hs(), x(1), u(t), e

4 d G dzO dzd oHdleiz ¢ BHBRAZO L d 9 1O( fis? tc | b d@g d3d
), O0BHsd MG tcg B detfiiddc dzO dzP iBd3. dz H d MC tcj Is dzd 2
HdMCtoj Isdzgk yYyOMmMBseok B dZOMIs! o dL dzOyYj dzc
y OfmMtse d2 Difzis j tdp dz0,1,.dzOL d 9 ®©fdgs 'C o5 ¢ 5
yomtse s’ HdMSCtjIsdL Oy* . C ¢ DisdzjS tgus®@ dz y O
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Ndls' nBtelsthlsOdd & olftt OGOl '\ q @O dziz
dzis@iz tc @I © fuxizls | Bl @@ d otPF " sH R H (fM@-tej Isd
j B3O d ydz BsHj d&'sLgE®YPE sijd & &Odz' o

s(t), x(t), u(t), n=0,1,....

S S

i ) 4 oo s
3|--- 3=t -0 ——
o
. 17T T-r-r-F t
; 17 T*f‘

t 0 1 2 3 4 5 7 8 n

9
tdm. 3. 1. [ Mmdap@®gdso ﬁ'tGdgtﬁjI—lSJtSdztsafl);dezOdz'

ud G dzOdzd s 6 i o (tdio)ts AzO L oo dEs'ts 9 O dadizsd
Y seEdsHni] ¢ dzOcdz' o L W' 2 Mdzr st MW L PG tedddy o
O MOdB Mmdc dzO dz SYHta]? OBO‘d3dHS‘>1c{ﬁdck€Efd,n} WOy | dz
stesC C o Odzls z o Odzdz” d D] SdeTgkzlz WICO {tdc Goo dfjozls
O’ Is! fmw, fidsCeditels dzj LkOfdA) Iy fzdzBls  UHz'  dBSH
fd e dapea &0 yos Is's s (8 S {)sihl k=0,1,...

#dcdzOdzd ug § e el 20 L updais tdss.oudg df
fdc Oz s s+ v E B dzr hsfls® o dd OyO©f'e
" CoOdzskzo Odgiaf j & @A 5 Md e dzOdzkz, OB
HY § tod &zOd3d ( 6 J dzj t6.Q IOdsig CggIs o] dz'dzO dgds i )i dz’
420 dff toH O ¥ dsd H§KtL), % (t). U (L), nk=0,1,...

1 JftescdesL 59 Odz' fMils! cLCdECy j dz2® T dz@ e Wizlz
SL YRz Mo dEjdits s ¢ dats L EEOAE digls! ) d ¢ dz0 dzl
we 2 dsdijitdkzslsgomins Mz kY d s  fdc dzod
Hjlsjtods'lci@isgd Pa@H S ts9." fd e dzOdzd

rdlsjtods’ detseo Odzd 3  dzO L GO lsizddy W 1§ off & dzC
BlloddL dz@y jsde'@ 2 d3ts dzdsdsls igCehipizd deds ¢ 'd@Ats L ts o
dd i3 2 d3ts o ', el frHststcr o diaf )
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1020 tesfis' "dd&3 fted S dzOH tsdp J BQ léc gz Edish Wak

MdecdzOdzk Btsy j BEklsd cOtedissds ydaj € tsdzd e O0
u(t) = Acog(mt +f) t T, (3.1)

Hdzv W CtsEts ¢,0d8 et sdz@®PUOHsgRRCigE &d OL O
9 Qdz' L OHOdz .

l Jf OHSC s dd3d dzOL d 820§ dzdet) d eEEGEE(- zd3 B Iz
a3 dzls dgjOodptizy dzd o 5 o L dzO y¢ffls| HL S Q' dptsdas’ * to dis Hifg

ltcd S dzZOHORRd o df OHSC BB dr Mdce dzOdztize sy
dav , 9 Hlsotste® 9 Odz OC EkMmlis d ydztsl¥ Q@ OO OO Isf
Mlso stcs 9 Odz' OlsBsMW jtecdzgddzd wodh Oz, Istsh

1 dz2h HjlsOdzr dzets o df OHSC B9 md ¢ dzO dzd ,
Wz dzS y 'tesd3d dzvv H OlsttsgizlB2 dg't dB Ho 'IsHALSdsQ Ui ts d
tcj Odz" LOY' wd3d odf OHSCBOoBBEts ftotsyjnkz
y' yofmk.

Ll tcOWH Fldj teds’ dztso Odetd ¢(8&1) 'd ¢f dzQaals ¢ s 5 W
jo, OL BB Oy j dzts2,Glz®@Q @ dizdiaL (AR H i EE0s det®dny. 3.
u(t)

T
SV

B
t B2 tOW ' Cd o d df)dicctda@idz! odzd -
O8 HJjlsj o3 daEdosOFHS@HSS, 50 56 5

) 5OCIkdudss ofy' odds ¥ e Od d& fdc dzOd
odf OnSBoad B, BMC & Cd HJjlsj o s Gl
‘s dROY ' ) dafls dEsMiSdle'kzlsd f seo dz Mls¥ 9
ftod2 BOdedz® BjL fjtojHO9 Qdegetc B3 Hzs® OdzO dzi ¢
wle odCstdfssolksls! Mw " & I8j flsso 'dz0 O ESE
odds s o Odedz", O OSEY odR' Hd Tdc dzOdzc

[ B d&ZOMIs: o dL dzOyjcdBdzuts fd@s dOEOd Y C Oy
o dHE Mmdrc ddterzeo O dy Offjds'e s6 5 , ' dals jdigoy@Ez v ¢ ts
Bz MdcdOd, kit &sy kO o ddaj e sody jlHRiE
fndff:‘]gi@@ZOBU z dz' fdzv ' fifezdz@sdzd 2 d3j ¥ Okls j@ke’ Cuday .
Yy o.

1 OCOd dz@ VYistedkO L OfdMmk dzj i S(t)deyj dadz
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ti(-p)OBE[0,9,0 ' &f zd fMdekf), Hda e g o :

bo MC " dzyd dedz' BI ' YOMBo e ' B EDIO dzlz,
todzd d3d 4 to of Cs@no® dbpflzd R M d ¢ ZOdz' -8 MeT'H * @s'SH
nde Yy, odSbtdfistoks s MO o Hip BN At Iz dglf

(tedMme). 3.3,
A(t) Al

kﬂﬂhwk

TN

O] e B

tdf. | BOB.Cd o' 1)) 5" o3 @ OB £ d MO (

cehmt)io Hits' dfkdzr M), Ists o' HYtse ' Hdad?2
u(t) = At)cos(mt +£) , (32)

Hi o3dzeA(iziE@L d o @&'Ble Me@EY ' df(d,@ iz dzC y' v

comt+ f)i 2 ce M syOmistsisdzdds L Of 5o dzj dedz” o8

T daodg’ C0  diofy dQuEtieQ s | etsd3 1O dzd

Yd dz¢ Mg s 0z dziAps' G dsdsu@ia] dz0 d3’ ydz' i d culzO dzq .
dz' 2 disgdddenkzIsdz’ 2 yYyOMmMsasdE ' O B Hyzodds
stsolzs Is! Mw, dOfted S dzOH, Hdzw L Bjte' ¢Odzdz
CsH"® E fORBOWIS® tsBydmdzte 9 Odz! dzgd = BOhI ¢
BOIsted yv f Jz®MWBsydz MdedzOdzd L Odzj 3 Ols+ o
BsH jdz sfdhiEzsls: v WEdSy wdsd yomk.

r ' 2Mmdzt € tsdgipdy Cfipdizvd@dpizesy.j W z d€-v '
Bsetss wCdn LOHOBI! MW dtsH j dz md ¢ dzO dz’
Codif dzj $ mded i3 . & MH detl)d § d2O tzd s B3P LD ¢ s
C dzOm{ 2 in@zs a3 dzj ¢ fmdz'

vfn' LRI &z Mdcecdod o dOEj.x Ols!
[ Olsj B30I ydzlz d3tsH § dz@ € tselfsdej T Pz - fdafs alzde
GdzW H

z() = x(t) +jy(1), (3.3)
Hgx(t) "y(t) 8 ' 2 dz  f/c1dB0irdg dzO tsH d dzd YW .
1 t6d C ZOH BB  BSHj d (3.3) ‘- kOog¢
J S MY sdzj dzy' Odzx(tzfed =bpgtc Oz C 2 L Bilssht
‘s HipM L0 W W Ode@ Y j CIstcOd dztsEts OdzOdz' L k2.
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Iseolststcr 9 Odzg' Mis' de' de@Widg te ' ffdHeddx@A th)ls ¢
Bsyd BRI ¢ dZOMdW ' SOy 2detss  tsL dzOC B8 MM
L dgw 8 Is Ho O tsidsts afde'tc’ Ustir@ftgfizic ) dist e dy

¢)fd ¢ dzO dzd
) 06 Odz dz0 W steBO @Ol RO ydts' RisHj d
G dz¥ H : x(t)=x(t 0T), n= 1, 2.,

Hp-f jto' 5H MdedOdzkz. 1 jws' §jt' &4dyds

100 AN

T T t

O] B
t dB.4. 1 taftt YnRt'otsH d yded s fMdc dzOd' o :
08 oW BsC BS dzthn L OEAJ G dzlz i) dzd A

| Otedzstsdz’ ydz' | Ogdgsia’dagdz’ fMd 6 dzOdzd sSelzOL d o
B steduded B3 Mdc dzOzOR]. [ Olsj BOISJ@-dZO d3
‘s mw W 3 &3l ozts Gs fifsyddifditsocizc O dilz L 5B2ACD N § dats

[ 5L ¢ dzes@)s BE3OIs d Ydko ? (s fipls’f spf = M d ¢ dzO d

s i3y dzj-§ M tsdzj doy’ Oddf @ds | A dzQdz@ RBSH J
C 5B dzdj CfEss dzj dzy ' Ozt ded 7 @ s O
3.4
l(a‘;)tstedfr]lsmtst?atglz]dztsﬁ (2 dz) 60,3 4)sHID RSO WEH i 1

2(t)= Acos(ugt +£) JAsi( v (3.5)

[ BHOdSd E e 2 ydfls dide'tso toH sztzy dadz? ) (izE
¢ ZOH 5o ' 46 dytff ds oA fjalgts Oz desets Mg e O dzlz (3 .

IO (&sHRO OSty LEQ@F)MMokHs k) o),

R ARG +) ' y(1)= Asin(igt +f).

10 tfisBBOY jdats MistezClkztodz Mo j Bz § tad fls
fowd 2 fded 7 SNt cyldPHC b N dzCEL ed@HOW Asls HEEzdzd3
ZOBYOMd ¢ zOsttc d Bz Is' L O dzOo j H | detszv Rflsds tod .
G tc Oafif] O ftOlsjodd: L Oy
11# T

X(t) =Ac 0 sqt +(

12
I y() =As i nit+(oX

{ dM5. 35 j RO VY Gw6ze Ok dzd s Mdcdzod o
118 c6jdzj tcOlstste 6 Otel3p/@d Y@ B¢ cd&z0dg’ o ;
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‘st fqw Y o' Hdzsh j dzdzv d
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f syOobt bk da] Afffias O o e @ s tc d 3 dizef,ROIB) 7,09 U d
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U

to tO
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(O] B
tdfp. 3. 7. & Mjde" Hg SYEEH 'z dlf )Y BsC kL

[Olj BOsdyde EwsHjd L& "jddr kb yof)
By O LOfdMOlsd k£ sdedvh' Mmdmisjd ' od

s(t) =) Ut /28 2 -Hdz" L Olted B30detse s fd ¢ dz

TO th [P
fu. th [ #/2, 1t o J
s()TOH[p Hd'df jtejHY Zo Odz! detse s f
1) v L Oc Odz' dzts A3z o d ¢ dzv
y s(t-t) Mls s’ 5! fw d&sH | &
¢ts fdc @i SO j dzf - o d
tcd HY zo Odz' dztske jig T ) dads-4izO dzlz |
= . T o0z L Mkzeod&r WG dzO dzlz

stedCklsds o H ®S-&BY &dz
tdB8 uvtedCilsi BOIsdydzO dBtsH j dz SH dats @ t
8 HIB BIE® o yj 5 dfftzpB), Mhd BJ Isted yc
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GisL B " jdsets o' Hdshds YOSk ®m-Hd
Bl 2 :

eU(1+t/(t/2)) t i +244;
s(t) = |U(l t/(tv2), t [io, /9;
f 0, tT [- 2, 182].

stedChklsdd?2 o' Hjt Bfbkdr f k LOCOd dats
L3 hjdedds o' HdzsMdes § 539PkSE o' HdZ Sk Y
[Olj BOIdydz® stsHjd IedSksdscts Mdc:

(teBhH9 , BO': odcdzvH ]
gU(1+(t 4,)/( £2), t [tI 12,t];
s(t-§) FUQ- (t 4)/( 7)), t [tht, Ay
0, tht, - t2,t, +21
rdzv odfjtiHykzoOdz desets IsteIPBEZIsdsets o
U (1+(t (1), t [It, - /2, tt]; -
t ( £2), t [lt,,-t, - /3t
th [, -/2, t,- /2

— T t — T
0 o7 U th + Ttei U Tty + 0
B

(O]
tdMm9y &. " jd2 o yOfm' IedSkld o' H,

dn' HYOMIs' u K tgO filpl§ : mMde dzOdzd (ted m.
i WilzdeC y' W sd |, dnal cddaf adptzv d3d
1 Optlzdz y' vd&3d . m@g BB Y ya@zO
B H J dz mMr" HYOMssets mMdeac
sfdmkz’ Is! iw wC:

1, t20;
| t s(t) :{0, (<0 (3.6)

{q®.10. wo' wy(V LOGCOM dsdkz odfOHCE i
Bsyj BlRlsd L& "iskEOISE ZH

o'  Hdz' ¢k UYAizd® o Hdzd Ddsdeldf B¢ d OBt o df J

[Olj BOdUdz® sHjd MR' HyOMssets Mmdcd
1 t2t,;

yofkz BO° osd Gtz d4 tet,
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a i to) 1+t

t - t
0 to ity 0

O] B
tdm.1. 3 4 Mmr" HYOM@IsL Ol ¢ dp@dEdffRY; j tcJ HY o Odz' «
[ Olsj BOIdydz® sHjd odf ] HyfgB' Odz dat
wombs' WSy ' odideud {§ibP ndnsj s
LEOW " Cd 3dz0 Istedei®slr = Ot OC IsQ st o dyrdated
o jtojH o O dzsc s MdE dzOdz o o ° H dats fdzts
[ dz-WsrOizC q ‘B € dzv dzj s ' d3f el fiateddis-Cied ¢ d
v s’ Wstdd, Ghdss O W
Lh t, O shdfpgl® yd &zO®, B
Ht: h=1/t] yd 9 d H dzt®,z HM 5
w Gotsl ZEP OB ) o j 2O sOC
fd ¢ dzO dzts o, Histe' o dzs
TuZ  iur o0 ue Wz ¢ P,=h 1y .OW " Cd ¥td)e dzO dz’
t dm.2. 31 8B tOy j dadgy) M3 sted ydes tetsL d&3' h § dzd =
f syl o' Hdz' CRO-yOME
W) dzL BB Oy j d8.12d6Q 2o s dz' ) S O OC Is j to dzo

BEHC CIRSE s f§ dZsh O H st Po=gerdt UsH d @Dy

{ SL ¢ dzv daj BES sodnf(ff @i BoEOY BBz H s dzlz dzv .
Me stesyks kidde Od Bjlds' ,¢ O° Moty  dzsh k2, Is
RO dzj B A3 N j dzs L tesfls Olizd .o d ff tODEER>Y s O
o O IsijfighulllQlzC OBWsE &zC y' ‘¥ [ ' ©OC O

dit) #mv(t ). (3.8)

[ J dziWleg@zC y' v HiSte' o dgt dzlz dz¢ o f0 & d L
we'2 otdz0 dzOB ko O dzgj MC ' dzyd dedetse ts L dzO
, U =0;
de) {Z o (3. 9)
cS odfdzde O L M 99 Hdesh jdzg2 (3. 7)
WEdeCy® "8, MC' dayj dzdz0O:

Rddt 4. (3.10)
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I oL (3. 10dpts oola] LAY oY QradzRvy [ Hdgiz! sl
Esils' L OdY gt yHj dzt © Palifidelsy O . dipdidsts, W
fpr " HUGMB @S yHY oy j BRisd fcBuh j t20 dgOMm
(te@fif).) &5 " j dzk § tc Oo s i by dzad s fMdz0 ydPen@® Is -
BOdsEY EdzS y' 'y BsHjd 0 LOfdMmkslk:  fd

B, A,
dt +,) {—0’ ot
01+ to) Ui to)
Tty 0 t 0 to !
(O] B

t dm.3. 3} tdB toc®Wlj AP L Istcd dBOelztfff j toj HY o Odz' dat
v oL’ L d3' hWjlogdgvy "W j doiz'lseOdstcz y  © ° H dats iy

WOME ° °  dzOL d o OF Is idY d dizf s jzdal O dis QIESS :
Lt =t
dit +,) {% L
) T

[ oW EkdSy ‘s ' MR HyOMmlstss WkdSy' ‘¥

"HY so A dzofhlsi'f s ' Hdz Mis! dsY dzO dzj ¢ ¢ s
H131jtsd3 deBu(tt)ng&Ey(BOlsc[udzo BsHjdz'j -WEs

0, - h2;
BsE o ada.(smégy A2, /21t 2: (3.11)
1, t> t/2.

L BOW " ¢ u'danwlzodzﬁdﬁ?CBW@ ff " o9 Hdash
(3. 11)3.14 fydes sffe. t tesq "
t -oWlkdC whtyy jejasHdl 1l
E e Hyofmbk WkdSy' v, BBkt

imu(tt) =(8, (3.12) o5/ |

fsn'  HdZO L O Yomtsd Hi WlkdSy'
utt) LB' 60O Is! fw ! W ‘H““ ¢

v(tit), L OHOO ' 99 ' H dz ddr]%qzisgis(ﬂb!dzﬁm(ttw
(3.11) vittls®B )36 t]’tsq’
t -0: Itir_rgui(tt) =(9l (3.13)
wL cteOddydedes MY 99" Hdatsh j dd &z 2By '1'2)
Yy sn' HigD' B YOl tsdt) FikdzC y* °
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] sH dztdfQdrP o j H &d ss@ Bte'dzj dzj fisrd' j How Odgcifizw W |
Cy W bl dz® QU A d .
cShts HJWCE dzgj tfJ tex()toth sakdztsi fdesdy "-dz0 H
Wz dzC gt ) HisBERIStsC L " dzlst ¢ tshse Gulgd &zid® IsQE
dz¢ 9 Olsd d3y L dzOyJ dzdz® dzd § J tot), tc oHdgts 'L tSifrizidisk '
¢ B d M. wf©OsH" ,axtrdtRydHon Hdis) ¢ daeal
odteOL o' Hte" L dgv " Is! fipt,. vo " W' 2dzkzlsly y uihd " Wi iz oS

@ZOB ko O C 5dzS 6] Migeelsi  LOoEONOEAEGA i dzj LiEQIS G
" dzlsj CcOkO. YOMsdd® ' dzsj cOdzO, thts L C
Bzo OdirdzC y*' ° (3. 10), HBE' o deistsd ggisd dzd

o q 1o @L)= Ax(D @ t)at ) ()
L Y! BERE o diw addrwi s ofiy

} U

9 dzOMlis d W dge yoOwd ¢ seE Mis

CeremvfedMistesv s o dd3 6t s,
e W(meméwggfgg@
MR j GO WO EGIEY MNS ZOH O gt o disgs Is o
Hosn dzOdzts€ : i s dzdzts . IzaOu_szogg_)dzJ dalsgd ¢ 6 Ols
1 2Oy X(gdz"B ZH | odd3 tewdets Isdd&3 Istsydz " |,

yddz Ssteslsh d2 toj Odz dgd?2 Mmd-& He@izy' 8 s dzOE
b d ¢ ditzlaxlzC. yA B dzC ysignt), sign(t)
BOl j BOLd YO wsHfklsdmy v s’
Misj digss ' o detsMmisj 2 :
gl t>0;
sign(t):{ 0, t =0 i
[-1 t <, { d B16. Iu 4 tzbizds-
dz0L d o Oy (ls ddidizC | "tc' PAp).
drn' HYOMIsO sty &2dzC 'dW¥ Hztlz o3y "signt)f so 6 W L Odz'
Yy " oo H datsstt)j {zdaiyrdB)f 2; signt)=2t) 1

[ dzj 66 j Isd ydz ~nOtcOC IR Cd MJ & dpO© dil
fslskydstsfyls® 1O jdgjted' '~ jdzjSlstedydedrm Mc
fjtejdgjmlsd dz2O0 o' Hf tso ' Hdz tf'dadidV Isisd ¢ B dx'l

[ BL GV dzgj Bts 02§ esfls' "3 17 S B isd fEizos t
G j dzj o Ols ts tou@), HIED fStedzjcdd W C et f * H' d3Rdz] dzts
U Ctdz o' C Q dzOMsddas VW Ctsets o dL dz®
{ BOR)=u(t)/R.
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it) [dlsls 9] L dzOyj dedz" 1 tslslzy dz
W) HEGE' od ' GBI HE GG
p() = (Y (1.
u(t) |:|R [dzj g W 8 ° ° ¢ j dzjjeOlststs
ik (Jdjtte W, his oadH' &
R, o ' disj&dods d @O [is
glg]z)irdztssmalsql_ MY * o9 ' H daspp(thlztzy Wd:i(9) dt.
odf OHSREL MEGKE Ctd HSt' o drt- dzOf 1
AWM O L O dtips Vi) dee B E, () ot
LLOCOd s fdWlsksw flsky dsils' O
vCsdkz ki)Yo folyteizdy ity | dzYYjtadzicddj M B
o' HYBo Hd fodvlslw flsbky s visO Jj dzj
iR aR V)T HiWE fdcdzodPls( ket &
MdcdzOdk 8). 10 OdOdBsE: ‘% L Mmf o8  Hdat
B, (D)= U() ()
ZOL do Olod @) digsziss 1 Sls 2y dz' @ ls' dzl)f & ®dz’ o
E,, = AUH WY dt (3.15)

PToL O dgdets® yjddBtecZO'des oH © ff s dzO g daodet * v
HOE, vOode Istsistsy dzsulty 5t safdzdtOydls’ MW o d te

E, = AU(Y) dt. (3.16)

t

C o

1j dzd y chidefut) dt dzOL d o O SISO diywis dzq o HHEATBCAUS S of
u® vt f BL dz@YO" st fw
V)= AUHUD dt. (3.17)

1 st oadaWdzgdg" o dteOL " 9o (S AW te dzd 2( 3H. &
ss¢ mMIsDEZAEE)yO2YW " L dydsgy BB WO j dzj t
fd ¢ dzO dE to8 Is ts

(uv)=E,. (3.18)

CouUOMts o df OHBC 3' 18 YW si'GlEd. G:

s O0Cdd3 tHddeEaB®, J dzj ' W MJdecdzOdzz B L dzO~
BlstsC MdedzOdkz. 'L MOKkdd Mte s
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i dzj € Mdz' MdecdeOdzd. (¢ Sh s L ¢ o k2tss (3
sd fmodiz jdzgjtec' 8 Cd3f dzj € e §F 070wk,
HS Istsets, hts 2 Jjdgjtee' w IkOC O dzlz Ik
Codf dzj C Mdese (sME" dz2 €d SCHOH sf dzj € fyc
WedeCy' v Stk dzj CSMdz®) , O gk <. . Misd d3ts.
jdzgjteeg' ¥ Hotn € () Ahdz®A Od ~
ff * o9 " Hdash j dzdg™ o3 ¢

Ee=@V) sugviyd @19 o enw

HiV()d d e dzOd, C-tditiedeinS ffatER ‘L(ll}%cﬁrﬁ;gfg&%’dﬂs%
vi).] " M o9 Hdzsh jdzdzv (3. D9) wC ©Ctej B2
dzj d3ts  f ts o diztstidg fA) fipdsts ¢ su(thyd ¢ dz0 dzbeh B dzd 250 1sQ -
A lsd @ ¢ cpzd fiick
E,=(u). (3.20) W L dzdolzj ) t¢
 sBlIsBC Ctdf dzj ¢ Mdi oWy Q dasuds di thigesss digdzts
dzj ¢ o jdzdydded (WkdzCy' ' ) HBE'Jo dzsay ?;?OH'[QOl
o j dzd yuftidzstfuf . [ S dzr $d S 9 OHtePls" H iz dAv ¢ s g oz
Chdes’ WeHEYY' Y W' 2 fdzO, cs-tsogﬁ%wmcdzc;mc'
f dzj € fdetsoits IIARCBO dinls O W' e By fod Wi d2s s

_ Ny hj 800L dO
Is ts Eu.-_rl|u(t)|2dt. 5§ Q@O

sste' dz C9oOHWGOdd?2 L (W&dz@z%é T%WG‘ ’
U QL o OF I dats 6 st S 0 & BeOWhy came o

o 58 . f) czjc b
lal=,/alu@f dt. ®j OOdz  @®¢
. e ) s daas WL d € o, -
AZdzS g v wCs' o dC Sz gt Y e e O
lulf=1dzOL d o d2ts tsd3ts a O dats © £ 5k @ezdj 9, O

[y gestdso Odd tsd zOL qtp s Iy oiP e, # oodteS u '

2O jdzjteeg' w wCdR HBt' o de¥ ‘gefH d -
[GBcEROd & MNd e dO ddd -5 smEdEise & ¢z0 &

fndr.o © M dEZ2odrdzOL d o O tsls i sidE SIS AWK |

G G BF s Rd 2 M Odv to dAfyd redh GG 5C .

oL O di3dzO jdzgjtec' WV, HBHE' SdZBSBOEfJ\EI&@ZE:

(U, V)= Au(t () dt B. ¢ DCOHdeaz ¢

1d & dzud dedzO Mg Milsj &3O On " 2 fded » W EZzdzS y
daz* i )or £ 43 (d....., (9.} d2OL o GHeis! MW
e tsdzO,dz! s s MC OdzW tedzgd?2 HBBEIStSS Ho A
e dzOd o, O wlyj, ' 'Sdv sL0O' kdO j daj
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Jdp jtc 'MM@PDH
(Oliver Heaviside
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0 dz@ df d 2 jdaz
MOd§isz 'dzy J dz
BOIs § BOK' § ¢
dlso sted 6§ Wt
4 tcg ©aizry O «
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Mo O s B dzj
ud fndzOe dHodayj
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dzlz az§ ;. i) i W) L@dt 0f s, m.
ltedfEMCOE k! , hts jdzjtsd' w G
mdmisd dsd dej HBGte" gipdt)dt Qalefzs , Is
LsCtej RO, sL dzOyo* , hts ) sH dzO
Histc' 9 dzgt ° Istslstsy dets dzlz dz® .
14 MC " deud dedzlz ) fjfixig}d stz @ tzciaS y

StolstsetsdzOdz) dzgdn tSH O tHE 2
dzd ydiss to,dzqlstsB Ists: Hdzw W C dn
6o P (3.21)
dzOL d o fPgf figls | Bts¥  Stols i dzHAS dzts @ © B
Slssdstcdiso Odzd d3 B OL d Misd3
1B &3 dz2i BGBBOOWL SS9 tS, h ts
BOLdMdzedr WEdS Yy 2 LOBjdfjykze
YJ dedzaBlg tc'o Oz’ yYyOfMmkz. whdzlzs Is!
wedn fdMfmlsj dgd (o} Wzted ydzt@tc dzts © O dz'
e deyj dedzs Bz ' dzls j oo Oz yYOMk.
ltod C dAg@H 6 dzv dzj di3ts tSHJ'dEf - S- dfO2 o

hdtej dzd - BOLdM" 9, h s Elsostcs ' Is
MdMmisj s ¢ OEdBup 2ded -

10 ' dzlsj epO&T/2uyffifids | B3O Js-ted ¢ sd
stedudzdn WkdSy' 2 'L SOl dd ]
MsOddd & ypMm® MdecdzOdztsd3

J o) 4/\/-?;

j () N2/Tsin2tpT ;
j,(t) =/2/Tcos2tpl ;

eeeeeeeeeeeeeeeeeeee

i pel(t) X2/Tsin2 gy /T ;
j () =2/Tcos2k /T, ..

o thicl s dzis to Bts o A dzdfte IsBs@LSHEP. dz!  dzts )
WldC Yyt 2 dzj ¢ C SO dfQids jLSky de@ll i oW |
Y ) .M (tedM8) ) dL d2Oyd B3ts j dzd 6e " ®
B’ Wldrdg® ' dzsj e O tklstse tsdzOd

T/2

E = i j(t)adt.

-T/2
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16" Hdzs y' ' ' W st Bk dods tg BE) tdich
jo), Hste' o dzs ' BHJddzd Yy’

tz

o
Ug,
1

] sdz @ te
[ st OC
(Paul Adrien
- ) Maurice Dirac,
I o I ' ' 1902- 1984),
t d 3184 tOW OLqsts dz¥ g diz? OZedE 2 L §
s Hdudz s ot iy
‘ — ‘ ssodgj - O iz
[ 2y, () =/2/T cog( 2y T) &3O dsts o) o %;;
Ti2 o] W'L
E = f £y ot 240 ST IGTI2 5 o) @0 ® i b
< T gpk/T  [2T/2° 7 16 J'd2G | to S
‘fimisOa doh d d34>| " dzls d Gsteqﬁ@ @p\z@%g@qnﬂamow 2
Lz (3.23), Mils Odzj @ W  tlz® yC'lo dzfids € ocgy mL dzts
HisSts' o dz¥ ng’(ﬁzq&ﬁﬁsm(ZWT)Bl&ﬁg 990@184&@&‘@5
Bz s Lc  Hds (3.22) OdzOdsd %gg bz ks
{SLGd dd2 8OLdMN G@tsqié ebn, U b d
dz' ‘¥ L BOGOI! sn MdMmlsj d3 Wﬁtqﬁsdmm@sa O d
lde' 6 ' yd "dhs MmEME meml@sdztsted
Yy '@OoL)fpazj y dls! w¢ o' H adz@@% € 2 fyc
sOC * o' H SCtdf tej Isdzda Izd3tS|§J1SLtQ ﬂsl% Iza@dz
1 0 O0dz d2@ toj Ctsdgj dzgH Oy DBz
1)BOL d dz" W EkdS y o @ﬂrdsdmmpﬂsqj
BOSC M 3Odz! dets ff sSGtsH Y J dzd B ELL@M%B@I@% L
o Odzd 3 M;d ¢ dzO dzts o qdf ¢ o O dzls digo

D skte' Bdas dzOBOCE Ols g fyw "O%@E"Z@%ﬂ w g
ftosmlis' hd?dz@ﬁ@ulﬂdﬁmlﬂm&mﬁO%b%HtamH

az'' L Oy BOL dfm CSOdZJSISJdZUSCISL

1 O9 j HJdg toj Csd3j der @) ‘ot OdHFBIstclz B OL
Hd o9HO'Is! Mw odCtsdzOIsd sz f 6OCIsdy" ,
dls: mMw hECOIsd CtBRftotsdich) o' ¥ §SEHYJ
d BOLdMmdzd n W Sitdzdglsy " Atsmdz’ HY zo OdzisG s
dedzOdz ' ftesMmisslstss fOBSCtcORds yd O
‘LOyYy"’ BOLdME.
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VL O Odz dzj dz Its W isdis o tzal sk, dzd 2
mMdedPdzL ° MCJ daltp dgdzis®, IstsBlsts |

WCEt o dC ks (i< dg®s @ 5 H Ols d

odcedvH' W©WHLE:
ﬂ\ s(t) = kaoq (D, (3.24)

fod Mals  sHdG T EBIWI Y dasd esL PG W S

Ak stesd g gideQfifs j 50 Stk sdsitdss O
(JeanBatiste' Wz dzC 5§ '02.d M
f;)ggf’*l‘ggg)“e“ lej Hins Og3AR) de@y do O s* W kL O¢

W HBM®R AkZtodt) e d ez8 etz B OL d )
ngdzy'ﬂfﬁwq UL LOGOM dtskz odfOHSE ftjH
Borte oY shEwHEsd (3.24) &Y kO o8 fisd
S p O sHaj Wi Cldeds Mls! (B O cotstedls
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