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ABSTRACTS
Moz hai ev M. O. ¢cModel s and met hod:
comput er system in providing f oifr en s
Manuscript.

Dissertation fo a Doctor Degree of Technical Science(ScD): Speciality
05.13.051 "Computer systems antbmponents"l Cherkasy state technological
university, Cherkasy, 2021.

The dissertation is devoted to the solving of an actual scientific and applied
problem of incresing of reliability of conclusions of forensic examinations in the
conditions of processg of considerable data sets on the basis of development of
mathematical models and methods of synthesis of a specialized computer system
providing forensic sciergservice for justice.

Forensic science services are various in form and fact and uslipigp is
impossible without the involvement of information resources, by which the
legislator understands individual documents and individual arrays of documents.
doauments and arrays of documents in information systems (libraries, archives,
funds, data &nks, other information systems). Data support of forensic science
services should be defined by the legislator as a process of collecting, processing
accumulating, t®ring, searching and disseminating information. Thus, the data
support of forensic examation is necessary to solve forensic cases.

The applicability of the dissertation is induced by the need to comply with
the requirements for the reliability of therémsic report using a specialized
computer system in providing forensic science senimepistice. The analysis of
the current state of development of computer systems of forensic examination ha
shown a tendency to increase the amount of data to leegsex. This, in turn,
leads to an additional strain on the hardware and software ofecakped
computer system to provide forensic science services for justice, which can lead t
a decrease in the reliability of forensic conclusions.

Tasks and objeates. The task of the research is to increase the reliability of

forensic conclusions inhe processing of large data sets by developing
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mathematical models and methods of synthesis of a specialized computer syste
for forensic activities.

To achieve this ask the following objectives were formulated in the
dissertation:

1) analysis of requireents to modern specialized computer systems for
forensic science services;

2) development of a set of interconnected models of computer system
components to ensure piding forensic science services using the formalism of
Feynman integrals;

3) developmenof a set of methods for operational assessment of the quality
of the computer system to ensure forensic activities with control of the basic
parameters of the signals

4) development of a set of models of interference impact on hardware
components, namelyn the network equipment of the computer system to ensure
forensic activities;

5) development of a method of research of signs of editing of photo and
video data withapplication of a complex criterion of noise allocation;

6) development of a simulation adel of information transmission in a
computer system to provide forensic science services based on the study c
network structure using a spati@e meter of availalblbandwidth;

7) development of a method of redistribution of computing resources of a
conmputer system to provide forensic activities through the use of signal processing
algorithms;

8) conducting a comparative assessment of developed and existing model
ard methods of synthesis of specialized computer systems for providing forensic
science sefices;

9) research and implementation of developed models and methods of
synt hesis of specialized computer Sy
Htsfdz' HY Htdedgyj M Htotseo jHjdedg" MEzHBo ' J &M
Mfdy Odz' LsoaOdets™ SRR 6 lsjtedets’™ MdMmisy dzd.
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Subjet of researchi models and methods of synthesis of a specialized
computer system of forensic examination.

The analysis of the existing requirements to modern specialized computer
systems of providing forensic activity is carried out; general repaings or the
necessary hardware components of the computer system and their supportin
software are formulated on the basis of analysis. The analysis showed the
feasibility of using specialized computer systems for providing forensic science
services, bualso bund that currently existing models and methods of synthesis of
specialized computer systems for forensic science services do not always compl
with requirements for the reliability of the results of expert services. This fact
determines the need tmmprove the relevant classical mathematical tools to
increase the reliability of the conclusions of forensic examinators.

A set of interconnected models of computer system components was
developed to ensure forensic activity using the formalism of Feynntegmals,
which considers the peculiarities of information transmission over optical channels
and is based on the determination of information parameters by studying the
spatiectemporal and spatirequency correlations of the wave field. The use of this
set of models in predicting the distribution of information flows in a computer
system allows to consider the impact of weak heterogeneity of the signal
propagation environment and nonlinear effects, what leads to improved reliability
of the computer sysins inproviding forensic science services.

A set of methods for operational quality assessment of the computer systen
to provide forensic science services with control of the main parameters of signal:
that provide information transmission, acousfiicd spectum analyzers, which
improves the reliability of packet transmission in the network.

A set of models for the impact of interference on hardware components,
namely on the network equipment of a computer system that provides forensic
services, which @nsides the process of forming a highly conductive electronic
channel that affects the conduction state of the air gap of different geometric sizes

The appliance of these models in the synthesis of a computer system will improve
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the conditions for the ansferof information in a computer system which ensure
forensic science services, which will increase the reliability of the results of the
examination;

A simulation model of information transmission in a computer system has
been developed to provide foec adivities based on an approach focused on
studying the structure of the network using a sgiame meter of available
bandwidth, which allows to determine the location of connections with less
available bandwidth than all previous connections orsthéiedroute and to form
a balanced strain on the nodes of the core network. The application of the results c
this model in the development of methods of information transfer in a computer
system to provide forensic activities will increase the bandwadithirtual routes,
which improves the reliability of examination results by improving the reliability
of primary data transmitted and processed in computer system.

The method of research of signs of editing of photo and video data which
differs from known ones ly use of orthogonal adaptive transformations is
improved with application of complex criterion of allocation of noise taking into
account entropy and dispersion of partial images. Use of this method allows tc
reduce time for processing of primarytalanddue to improvement of quality of
allocation of signs of installation to reach increase of reliability of results of the
corresponding examination.

The method of redistribution of computing resources of the computer system
for providing forensic sciece sevices due to the use of signal processing
algorithms used in MIMO technologies was further developed, which reduces
errors in the process of information transfer, thus improving the quality of
information transmission in difficult conditions, andighsigrificantly improve the

reliability of the results of the computer systems in forensic science services

Scientific novelty ofthe obtained results:
- for the first time a set of interconnected models of computer system

components was developed to provideehsic activities using the continuum
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integral formalism, which takes into account the peculiarities of information
transmission over optical chansehnd is based on determining information
parameters by studying spatiotemporal and spatiofrequency weeld f
correlations. . The use of this set of models in predicting the distribution of
information flows in a computer system allows to take into adcthenimpact of
weak heterogeneity of the signal propagation environment and nonlinear effect:
that occurwhich leads to improved reliability of the computer system to provide
forensic activities;

- for the first time a set of methods for operational sssent of the quality
of the computer system to ensure forensic activities with control of the main
paraméers of signals that provide information transmission, acewstical
spectrum analyzers, which improves the reliability of packet transmissiore in th
network;

- for the first time a set of models of interference impact on hardware
components was develabenamely on the network equipment of a computer
system to provide forensic expertise, which takes into account the process o
forming a highly condudve electronic channel. The use of these models in the
synthesis of a computer system will improve theditions for the transfer of
information in a computer system to ensure forensic activities, which will increase
the reliability of the results of thexamination;

- further developed a simulation model of information transmission in a
computer system torpvide forensic activities based on an approach focused on
studying the structure of the network using a sgame meter of available
bandwidth, whib allows to determine the location of connections with less
available bandwidth than all previous conneas on the studied route and to form
a balanced load on the nodes of the core network. The application of the results ¢
this model in the development methods of information transfer in a computer
system to provide forensic activities will increase biaadwidth of virtual routes,
which improves the reliability of the examination results by improving the

reliability of primary data transmitted andogessed in the computer system;
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- the method of research of signs of montage of photo and video data which
differs from known by use of orthogonal adaptive transformations with application
of complex criterion of allocation of noise taking into account entropy and
dispersion of partialnnages is improved. The use of this method allows to reduce
the time for pocessing the primary data and by improving the quality of the
selection of installation features to increase the reliability of the results of the
relevant examination;

- further deeloped the method of redistribution of computing resources of
the computersystem to provide forensic activities through the use of signal
processing algorithms used in MIMO technologies, which reduces errors in the
transmission of information, thus impiaog the quality of information
transmission in complex conditions, and ghsignificantly improve the reliability
of the results of the computer system of forensic science.

Practical significance of obtained resultsThe practical value of the work
is that the models and methods developed in the e@la scientific and practt
basis for the creation and improvement of computer systems of forensic science
The engineering methods and algorithms presented on their basis allow:

- perform modeling of the computer system of forensic activity and its
computer network;

- optimize the redistribution of computing resources in the computer system
and reduce the load on a specialized computer system to provide forensic activitie
by 8%;

- to improve the complex criterion of noise allocation taking into adcoun
orthogonal adaptive transfoations allows to reduce the probability of error of the
conclusion of examination of photographic images by 7%;

- to determine the location of connections with less available bandwidth than
all previous connections on the diied route and to form a baleed load on the
nodes of the core network;

- reduce the cost of operating a computer system of forensic science by 3
7%.
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Implementation. The dissertation was performed in accordance with the
research plan of Cherkasy State Technological UsityerThe tleoretical and
practical results obtained in it are used and implemented in the following
institutions, establishments, organizations:

- National Research Center "Institute of Forensic Science. Zasl. prof. M.S.
Bocarius 0i n thhwerk andmplermeatedonfresaarersweri. rAct of
implementation dated June 10, 2019;

- Research Center for Forensic Intellectual Property of the Ministry of Justice
of Ukraine (Kyiv) in solving promising problems of synthesis of a specialized
computer systa of forenst science. Act of implementation dated 10.06.2020;

- LLC "KharkivPrompostach" (Kharkiv) in the performance of research work.
Act of implementation dated 10.06.2020;

- in the educational process of Cherkasy State Technological University. Act of
implementabn dated 20.12.20109.

Keywords: computer system, computer network, synthesis, simulation model,
methods and models of synthesis, balanced loading, methods of infarmatio

transfer.
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‘B L zEigdgE ¢ dZO ke 5 2 MilsteseB bk 0 L o8 dedes @ s
' HifE Bso o Odzdz? Bsy 20 Ghtetf Bl dyL ZDay P d
f tod ° o & dz@ afffjfie ¢ ¢ L dzOydes d3j g s¢  Isted o Odzts f

VHOd 2 tsels' yj A ifizdR " o tdz0p dejo i tist
Y jelOs 8 OSEMlsstsflsdyddn OdOdz L ObtstcOn f

1 0 tflef tej HMIsOo dzj dzd 2 dzO2B ' dz' N tdftdests f
BO' odcdzvH ¢8 s RiYLsordeijls ©  daj ¢ Bl dzts
dqT.f) ¢t Mmizls' IstikOF ddasdr, sty e , o
COybkyd, WhkdCy' ‘¢ yoOmk. uwlttkClbkidO M-
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t MO0 IstcsB z9o Odede” totsL §f SH

MaHyYyomisd isd ° BY &z dz' |

[
v
» N > .
—» ¢fw 2 > Wltsttgiz%,molsdt;dz >
—> ﬁ - MlstetsB O >
T
LT
{ iz qle stek S sk tedz® Mo j GO § o
MY j S tatss stedBOyY' ° Hdzw § Hodh j

OCkmsssflsdyjMSset OdO dzq

c ¢ o dHdzts, 216z2@11tdBfiictsB C O tcOH ' tsdzzOY"
L © SH dHSE MwdBdedztc HAPdzz § s MistesBlz L 3 dzdzts G |
fts of! sk MlstesBlz By 20 L OB dzdIlsd Mk d3ss

I=1+1,,

H dzlsj dieRdgEy zdots ftoej HMIisOadlsd & o dcd

Il =J-x1

X1 —Tstr

rect(x; — Ts“'/z)c dx (2.22)

I, = _Lflutgfr ?’ect(xl + TStr/z);L-@ dx, (2.23)
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H jrect(xy) T oW Bts 2 & ez d® fr) dzOn () 4 gy nW(x) i
h' dzt dz' mis tesL f SH ' dzlz ; #,@®)sisC Tz dz' Wats Isfrids) dzj 1€ s
fslstsS b ' fipd 8 dzQds Is t5 3 nizack Is 5 ts dg! aidb hyUstf s 1 f dels 5 €
LOo OHEsodh YiklstsjdjCltcsdz o .
[dzv MmjtjHds & L dzOyj dz 4 slstsS Uz ¥ bstisdsj
M 99" Hdatsh j dadaw :

n(x) = Ny + Ny, (2.24)

[dNs iN,i ) d tof Hdz NioddOngjtsdigiel fztste QOMistsls ™ Mo

LOo OHtsodrn Whlstsgetz] CIstetsdz' 8, o Hy tse ' H

CS% "Htsd3s [ 35], NM' dz dg' Mls! ttsL §f SH' dzkz
9 OCEMmMsstsy Is Joyycf-) ¢ Bde@dz' . OHsf stewW HC B9 2" IS
tcLsH ' dzlz :

0 [a(x—xo)]? '

O fmjtoj HiddedzW L dfOGuy3j ntso dr Wil dzj CIstotsc
‘dals jtlco Oz o dd3 tos 9 Odadzv Y OMmistsisd .

wzls j &ftd,0idE, o eofgryj tcclz By dzO ftoj HMIsOs (
" dastgOdz' 9 Ctsy jide, 9" Hitse ' Hdats

L =A,+B;; L=A4,+B,, GWliji ' dzls j ¢ B Mzt Is' o
Mdcec dzOdz des’ MC dZOH 5o 57, BOE IO Em: HitdDISSS j dzj €

i:fr

N (x)dx (2.26)

st

B; = me n, (x)dx, (2.27)
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Hy f L de)uJ,l’Tqu%\ﬁx)dx o' Hftse' HO' “dzlsj colz
WBlstsj dzj S Istetsdz” 9 5 MistetsB Iz
UBBH ' By 2O ME ZOMIsd o dteOL Hdzw W Iz dzC

M D 4, —L| =0y —x¢)Ngo. 1 8§ H I B Lodz@dgyddz] g
We, ddkestedlsd SBEOBGSd Boyds fwjHMlsOs

Al—A2+B1—BZ=2£N5‘0. (228)
g oW Bz’ Bs Hsd tdAB 1Az x; > A5, sHIstEB d3] Y O TMistcd

o' HY So ' lsjOds@ls qdg@zts ¢ 5 Mff & t& © Ctdzdgl 8 | dzdoys] dz
fjtej Hdz 56 15e D HHAYdD) MBS d2@B ZH | © G dZV H Iz

£= _ (2.29

ltotso j HPdisL Oded M fojjtethy yd dzadge; 8 * g D d dzjdztsdza"O
ftostf sdeso Odaets ' M jsBlsctis@ dz'ddzts CdaW stedsOYy "t .
Alel =ML - L= AL+ 4| OB, otcOntsolzs yd (28 " o ¢
2.28):

41
ZNSO

|+ a2 | (2.30)

N[l = /1 |+ |2

[+l
CShts o990y OBffesfiiststetso sets  fiyfdddRls tc Ols tsin
Y tetsh jdeaudtr @tsy dzO H ts & rps/IAs Id B, =B, ]
UBH' odtOL Ay dz@infigdmedisd & odedzwH

N[e] = 21 [2‘;150] + 22 ] (2.31)

2Ngp

 dzw L dzOn tsH Y j dzdzv deff g Qe tz’ L & 2 dgtf y 6 tey
o qteOA3d) . ( 1 BEdWHE dzO, hts @ Mmésd & d i ds
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N A | = == ala] =

2Nsol T 2Nz, ZlesoﬂLfll_TstrnS(x)dx. (2:32)

I @3l §C dz¢ yO' HdMfjthm' ¥ o' H ' dalsj ¢
P Clstesdy o ff fots HiBdeseted 5 [ Q22O Wk S8 § o
LOL &Oydlsd, fhts i ¢ Qdgdes @k ®RE T i i
OdzOdz' L Olsst€b ' MEHKS SO Mk SOl & de@idzy digizi
shezsted 5 lSofde®fpls j 2 odf OHC so dXzj deg Rzd wddz, L
) EOfsd: o' HMmkld Mis' oL O ddes’ C e dzv
stBlsts ZEYMHE o Odr(x), OB o & & HiES ¢ B8 ( By d
900y Olsdzj e d® = teif HEdE &'  dzOfsk ] des e 5.
odh jmCOL Odzgj ,5) de@zls jf dotg @ dg% ‘@tz Js dizdztsdzi Mz d3ts ¢
dzj L Odzj Y dzgd » MC zOHBo dr  Slsts$ bs fgaflaOdzAsdy’, dac
HdMY j e’ W Mz Bddets =, 5 uH Stc "dajdert’’ dinigliy J e fif
BtsoPe dzj flsH] WdzOC * dzls j & t6 O zO

Noe| == [0, Alng(x)] dx. (2:33

2Nsol — 4NZg,

1 Hf s 02830 RERPL ( Slicd BO' &Bs o ELOL

A2e] === [ A ng(o)Ngp S22 gy (2.34)

2Nsol ~ 4Nz, 0 [a(x—x)12

I'vdzsh JSBEY,. o 2Ok tcOd [akdBEA) (6 ¢ o G s fls
ste iz & ds' W v BIOM HE io)lOuk 0Nt s s
oddzjflsd LO L &OC ndhy,jteh
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Ay
ZNSO

]_ [, SR i () Ngo] dx (2.35)

o ANZ g, YX1=Tstr [a(x—xg)]*

Al

vsO¢C WG Hdzw tetL ff SH' dziAcH dplis ® M Pl dFOBG!H
sy’ Ckzo Odzdey tofip d Q@MY wdrMmY 33PN d3ts (YOO Ists y o
ftefiOodlsd &z oadedzwH

ﬂ[ A, ] 1 J-xl sin4a(x—xo)NSO dx, (236)

2Nsol = 4N2gy Jx1—Tser [a(x—xg)]*

[sted BOdzd 2 " dasjcteOdkz dzjelCts LotHdIl! Mv
sted Blz* dBts

A [2‘?\:50] = 2o (2:37)

" 3aNg,”

I dSstedmistse ks y diztdudy 5o hsw., dBEMGOET) &S > dz0
fejHmksOoadlsd & odcdwh"

,Z[[ 4, ] _ S (2.38

2Nsol ~— 6Ngo

1 tod 3detsy j dzdz’ L ufJiode R Odzdif @88 tc OL ‘o to(OR ¢
e’ o dzHidIBY § B 2Md &3 Isted ydas dglr ) t Wrifsipeteisd dz' d
CodkRf sdgj delsd, BlstedBO' ddts o Hftseo ' Hdzd2 o dt

,Z[[ 4, ] _ Somm (2.39

2Ngo 3W,

Hij W, T j dzaj oG " W o d d35 dezidss Oftets (iizO0 dallf L totsL d3'
o jddr d dz0, GOCs®E odf @ & Itz 6 60 dgaf O Is
O ko @ 'dajL QE[ddkts W slstsdz o
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letse ' ohd OdzOdztse' ydz' fslskes e @ls @ dzdavd, tc O

HOMY j el *, Bl BEo oz detis S flts ds jj RS & t5 % STUS aizC
J] = ta e (2.40)

v OC d B3 ,ud dgtf deteffigd e o Odedz?y Y OMIstsisd fd e
/Il[e]=‘$‘“ij: (§+§T”) (2.41)

1 24) odHdets, Nt HJMNfyosfiy ¢ d20 il tf & O e
hdtod dz® o dd3 td$t@G dzts ctisB jiy djCdzts  thntd t8 fia®©tgzy ‘. 2 d
ss2 9 241 ( 9 dH dzs, h s ° ftcd o' HMEIsdzt
Hd MY J tefyp’® w odd3 tor 9 Odzdz? yYOMmlstslsd Mdc dzO
CoOdzlstso scolis thifjipQC Ishjde f otsls C O Is! o tWOCET
Y4 SteO. [ udodnudes, j dajst kil dzts dusyS i tsis ddsds
HsMWGlsd Mt " Ao Kuedgzh, jhdsdzy HisL 9 tsdzd Is ¢ L dzO "
oddi s 9 OIsd YyoOmlslslkz ©WOH' ' @B zdz' Mk o j dzc

sAfdizddgs o tjLEzdz OIs® o d ¢ tstcd fisks@ dgded
sBtetsB S d Mdc dzOfias by daaf ~LCOISHAHFIRSIS '
LH Olsdz' Mmls Bs Y § Blzlsd L d&z2Oydes sdz' §hjd
LOMmdetseo Odzd &3 dz0 o d S stedMisOdedz SCtedlsj o

I d mdzswiftHg WifcsOdis e Odzs sMdeso dz2'  f tod yd d
ZOSYOLddSCd vwisfmis' 8B M sk ¥ dzQ dedg | @Y C
MzHtse 57 d.Chmf selsdlay dzzIsts e dzd 9 sMis :
Isd Miskzo Odzdz? € OdzOdz’ o L' WL SRk Cdif' s lsj
iz H dzts ol nd

v OC By HdR Wz f o sdzlz’ IsdHO dgplstss ©d oM
OC EfMmis sltstfls d @dz#Eddz' MiPJsE Btc @j IssH dC O  HitLlsadis dz
teSLH' dzt dzgz L HOIsdz Mis! ¢fde LO ttOREzdsC |
MdedzOdzz s MlstesBlz L 3 dzdzts edgim L Ciz@gEz disse)
slsted 3OS L dzOs g dedat® ¢ stz O s Jj BOE 9 O dzdz¢ dzOdeA Iz
Hfdh' ‘& detsL ddwlzh s IstediB dzsils § to s i3 dztlzd O dz
yw B3j ssHdC O BEZH]J f sh dtoj dzO ' dzO )
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242 [y ¢ O (¢ tslsj dzyg R de® Yy  tetydzteig s 0zOH |
otsABY zdz' M o

C¢ HEBsB o "' HBWS, ) B' dz' h sfls’ ¢ fydat
H' 2Mdgs * s+ Mmw f smdz' Hso dzj L ydlskz o Odzdav
dz d3j dzls® o . v OS deo Qyf@isd, RO HEH s
d d3' tosoo GsdeayS.Cxy 9 df OH 8 fp ezt Yafdfds H * dzj dets’™ L (
zOommmde®,n,, ...,ny}. sty j da J dzxj Py lsidistc O o dd3
OOCIsjtedL z® Is! MW RO MO Islsf @ dpd)d §' 8 Tq).¢ 2z o
i toultsizf3
M(n;) = A(n;) = b;,i =1,2,...,N .

I HEIH &, ¢ WekdSy' whiflssm OO
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-

11 ~Y © Q.

. 2 . 2
b= (i) + (M) 242
Hial f OtcOdfjtdstern Ot OC Isj tod dzz’ o ez@ ) Is QLED4n @
My j Clstcdd, HEORddd ' D.f B @ROE s jtedL £ MEBEMN
Ho tsdRiz’OL ts 9 @ARIEGzENz: ny°
1l 262 O@f dz' skH O dfsteWIRO HOEZEIS + fiHvts S H d dac
sBdz ¢ 9 fBHO "Bz dzay BO' IstclzHdetsh ' 9.
1 0 @I 213 §f € Odzd 2 d3ts Y dzdjotaj@ds ¢ 8 d H dz® Y J
o] Clsstc® n, ' BsMmy L &I dd| trdf dav &S mijadz 0,5
o " HY 569 Hdafdrd)dz0
1 todiz) L Odzj ) dztsyls”’ o Hdz'" €9 ®Hddz o' H
BOIsd o9dc dzv H

P(A,n) =TI, P(bny), (2.43

nj

: (2.44)

e bip

n;!

H JP(bn;) =
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it dBl24u J toj H dpjdeh fZDIststc O 2.8 ¢ j tc jJiHQPHA | dedll Iststc O
f tc =m0 f cd=00

) Blsj deys@opaled 0 © HdMmy j e’ v Deeyd wdzk@y of @
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Uk) sudeodHddds uddesds odOxyOsIs! v  yjts,
L OHBo sdz dgv ¥ yd visy d3 Oxizjj & 'day dpdzdzdz sy OIls€ so d d
CELEOYd &sdj dsd

L7 K Pk 2)=(G, .G, G .G} ), (35)

HOG( z‘r 2,:k), p=1,....n, G{' (7 F.4r,,2,;kj), s=L...m,0 Cklste

M¢ sefSsf dzO YO Hsdzj dinihyj tefjts OdzfOdEe dzt W ©dz' L «
1l syOlsCtsotst EZditso BF) H'dzW dBsdzj dzls' o (

LoallF K Fii) 2) =0l - £)O o - ).

313.0 z0dz' Isd ydz o el ¢ 8 dif s dgYj jols ff pO s 0 5 ¢

1 sYq dz0ezQd f esfls’ " 56 &5 )L, josimsfida<Bizo) ((H dzv
G(riar,,z;k) -f s Mmkl', §odv /SsulsdEEssO dss st

(7..2)," Bty EO°
LolFk2)=ret s i (2)UF D, ] oA, 3
I €2 y
HJ
/1l

P, 7) =%ke(k) h(zi- z,)h(z- zi) a’(fCi- /%Zi)); (3.7)

hz) @ Miskyf ' dyuOmlsO ¥ & dCrl]=fexp|ifijastr) T 21 O,
N OOS K jtzd B)ls ¥ @dzSoyd fs@a C SO 5E s ff 52w .
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cS o'[bBIBsodt ddfeo O 56 §,6) N s s izVsA3 G 3 p d
L., Bzdzd L O®C dzlzddn] dRefs o d dzdzitzj B £ lisds | ez tizo B Ged o3
ksBlsts 2 ¢ EEOISHRD oSy ® 1§@tc st Bz 2

K, (5 0)=K (7 7 2) Az, - 2).dz,, - 7).

MOLOS s oYy dy@Od § s Mls@sH' o odc

F[/]=exp$%ﬂzi£,[/]8, (3,8)
| -o y
H
VAUE a in—r:r”ﬂrci...drCKn(rci, rC Zl)/(fci,Zi).../(/Cn,Zi) (3.9)

CS odHARE[/|L* (dZOMY tc O dzts & lz(e)y S W k2 dzC A
' &zrSd O L Odzj2 ozn is e Is o tcf QezP di3§f B QG flzdzy tsb dzj
HdzZv L iskzydesls' fste' adavdedzy L tj L Izdz IsOls O

} HBOo dzv37 Y BD] ( O 3MF t Itafdyly ldof3 (

h,o(fc,k z)= rf-‘Xpl— nﬂZl[/% (zi)+d /n(lg(a ), zi,k) ] u D/g: (3.10)
P2

HJ

@ mlFd)=2 42 8 ol (5. £

(3.11)
) Sto' o dze3s 1@)3. (3) , Gt dlaks (/i kz) L OHEse Sdz
to' o dzW3dadzy , ( @ (M%) ©dglr dzjodals,z)dz0Cc % iz CUYS Z © 30 ¢ dz

f tots dad § dzts fif IsH dzdf (M distst¥s, 2 ) =K, o PteDL) (o Is¢
LOdZjydls! dezOB CicH
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2. 1eak _
a’mw—ana1 L& (k)H K, =const. (3.12)

USH' 9o ' Hietsy ted 6zd 8 310 ) dzff dptisyd &z deiECHH2S
‘Itz CtOkOED Odzadz" tiis @4 ) , lsted BOIsd :

4lyo(rc,k,z):Go(rC- rci|z zo;k)expg%d mlz- zo)g. (3.13)

CS d&jcelt Ihshsd O, slsy j ,31 3 s to dglif df@
Sy sdzj dzy' Oz dzj L @cifimAsads” O tisdfigsts rdmlgofibstz’
o dif OndjsHsAsdE Higg t6j Hisa dh

] Je@L3) dsyRO6d ° BjLYMjtejHdy 5, o
1.(MkzZodnz ¢IGigH ® Is' Mv  WEXE Gz dzss  (

vOCddz yddzsd3, ©Obxer lsdtpdbdEo @ i tiston ls ' H o
Bs BBjodzlr dzCi e "dz0@ f Otc OB tsdz' df Szls & 6 M) s O dzde™ dgdzW s «
AN 2BOAO. [IsxJ, o flxgsdyipdda)’ deds ! Is Fifgstdr)t€derf wiadd
ftsh dqtoj dzetztzO iy o flsdyudessBiz € OdzOd Lo
ftotsisHOEEs ¢ s 5Pt s 4gif Ry @ § & dzdz’ .

3.141 ' o daw dzdzw j ezelzyy ' Q tetfr Wk dz2C y' 2
[ dzv  sistcddsddedstc © B dats i tcsr dz¢f Iz dzC s B 2

GGy, HdW Coyds’ L wSdk odEumidhk syl b
slsted BO* dsts:

C. C z n C C
12201 ke, 2.k2,2) = 7P rP'ZI[kl T (2i)- kz%(zi)]b':[' 11 DIy DN2.(3.14)

1|
X0 | —
A2
f
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Hj ' delsjefplg Baztipd diiss e &3 St O Clstste’ W
b 3t o BiBe) =T o,
Na(z0) =102, M(2) =11, @ =%, O Whkdy' w

M1 (F,2") = 3h(z' = 2) h(z = 2')

(3.19
X [kl.u(kl) 5(5 — 1 (Zf)) — kou (k) 5(ﬁf — 1, (Zf))] :

MOEOC Is | todf Byl dERIRP ez ls Oo 2w * ds ' ed' e detsrH’

Bz . a1 C Cry 1 C Cond
chal-en] ot Gt Rl Suonbalf Bl (319

I deoL (1) L EZ©ORkzo Odzdzw O3 Hdzw O g
sdedvHE wCtdiko b G dadzy d o

ey 141 1 g CC g C. C
&—+—8—Dr- —Dno8 Q.12 2K, ko Jud 1271 ke 12, k2,2) =0, 3.1
¢ 2, K, 028 Ul (3.17)

.yC C ok C C, k C C
H jQIro.r 2'Zik11k2):&z§71”(k1)d(r - 11)- 71n(k2)d(r St

cC

\

Dag, Dapcf 5 j t6j ydzd 2 ozOf dzOfm'rPrélz L O C s5te
3. 1. 5. {H dovdzvCdidmigdd2y Y E2dzS y' 2 HBe ' dz datsc

1jL " mkslddn kMG ddgsidj dZ sty dgOdzdmls t
Hiso 'daRc 5 CHf Stovfgf g dz H & BLZISEGL -Gin ' L dzso

odStstedmisso z¥ yd Hdzw Coydasse s ' L M ' o &
slstcd 3O dBts
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8.z an m 0
Lnm = ﬁexplll—z ~ ziga kp%(Zi)- 3 kgl%z(zi)gb Fll nml D DI, (3.18)
F€2, &= s=1 Hg,
H J
(2= 2 hizi- 7o) hiz- 20
9 3.19
sgoakpn(k)(r. § (2i)- akw(kg) oS- r?(»H (319
=1

DI =DH; ...DV,, DHi=DHj ... DR},
O ' ldg tolz o O dzdz” ftoesotsHdIs! fyw fts ofp' d3
dOfMmiszf dzd 3d ¢ tOded yded d3d Ik dstso O B( :

_

Mp(Zo) =Top, Wy@ =1,  p=1...m,

Wi(zo) =Ths, Ni(2)=r%, s=1...m.

MOLOSIsjtedMisdyded 2 Wk dsg yls med@ddpfits j: H iy ls ¢

Fl nm]:
m d
= exp| nﬂzéz.e—a korfhep - 5o (21)- <& Kinfia)ol- R ))%' (320
fzo s=1

ANBSte3z3E® (1 EZtcOR3R2G Odd¥ &3 o({nien@L WHsdzwds® L
odJedzvHE WwWitSets By dzO 9 HEOLEZ LOfdmMOlsd

=

Wnm 80 1 n g
— = Da a D“s Inm™
Hz 2%1‘% P ki 9

. (3.21)

+62|e akpn(kp)d(r' r ) aks”(ks) ( ri- ré)gl n,m-

24
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1 900¥ d (3R] ky=..=kp =kj=..=ki=Kk, ftcd2H ] B HE t
ftetsfiststetsodn St dzw y' 2dedn ¥ OECWY 26 Ozdy
o OHC 5o B )c' toaEBeAzY 6Od " j BLdd Gltd ko

todew d@t2) (Hkzxj MC dzOH dzgz o8, HD iz @ fpls t[ 15 30
Ctoj G WSy 2, OdzOdz sdydets tetsL o' Wi
n=m=1(3.17).

rdzv MkOlsdmisd ydzs GHEESE Hdscts &) st
C 5 dZd 2 zkiky)= QL - Touzkeky), Wl dz€ YUt BsOdz dis'C d
WOCIktste' L s9 Olsd . [ dzw  y! 56 t53.1d) Custesa|flzRt© da

L B czdEd - W, fz%. sifjte Ld dadg '3 G o

fSH' dws s fw

- ||(k1 K2)

Fiz (2o

C C
11100 k. T2, k2,2) =

8. i (3.22)
1L Razig kaks #Q(z.) 2 (h(z.)) Ziky, kzﬁDrﬁ:
i2,, eki-ka) i &,

Hy dgdr OHtsotsdz! dzv e Is! cteOded yded 3 k ditso

| o - o o o C kll’ 1- kzr 2. — klrl - er\JZ
M o2; h(Z) =rp-rop, X(Zo)— ~ 0 X(Z) k k :
ky- ko 1- K2

1 kZtcOr kzo Odzdzw d3 dAs2R) d3kzdgtyded® o jdidgj@fd fi{ O ls «

Ell(r‘é,kl,r\'z,kz;z):
)- koo - ro2) o, 0. C )

Q
~
=
—_
=
=
0
=3

Hy WEtEZgk)L Ontse sdz! dev © dzOMiskzf ded o5 6"
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fgi 21'%371 k—lngA - Q(rcfz;kl,kz)gf(rc,z;kl,kz):0;
7=7, = (VC rColJf'fCoz)-

t " o dz¥v dzdaw Halzw i3EpsdEY dzls'ls 2 fis@lsd ¢ ° dz' '€ O
Ctetsds” LHSd®BY § wzy Bttt ¢ yei d & j & paky ' Gda delz' ™
o' Hf s9 ' H dg Mistsn OIS didpdb iz clff Bdizy dzdBts,0o-O H
(stotej dzd tetso Odzdzts M ils d H dzw tesL ygj tf dzj deds” , o
fdtdntHYAE waPt OF et ddd s dfimd. 1 09 " Is!
ftosMiststetso d n Ctstej dzv y ' 2 figg B ¢ 3yts dgP filpls * odzj Is
L O9 H OdzdzV 3.

stcdstsethtcdstc QH R des sz df d HE s fiy Is O dzdzw z 1
W sted3lz dzd - ntrdedzQutizo © o dz& Ry Is! IsteilsH @tsh d A e
ZOMmMlszf ds'dazd ydad = L Ooa HOdzdzg" n, i dMmkze Odzd -
tc' o dzv dz fjtoh 6 So dius ta¥jrd8' 2 f§( B 2 H j d¥so sdzQ L
Ld3dzdzts L f 5 OIsC tso d i3] t=@ d3=sfig OGS d M Is d Yy dz’ o dizOMmls
Bsdzj tzles d L dzOMOs Isils Ols d Mils @ Y dzf tlyd M IsH A B dsds ¢
i tctsy jzt)lif tc Joctet, w g i tso dz'lsfyldpw &5 OdcipifEds j to
Wizde€ y' ts5dz0O dzts o3

ot R
Ftl ]:<exp‘i'ei Ftt | (t) z(T)E>
fo 7

I y' sz odfOHSE ttsL tcOR tsp Bzl ¢ t5OO ¥ fipj
(zt)R[Z) (RlZ-w € d2 M WEkde)) 0ot ' wist, ttdo
SBEdstse dzj dzd 2 dzj &t 3l Oferdeds] i ) € s
L C ZOH Odzdz? o Wk dzSy' BdzOcdz' dzgd2 ©WH U j2c

4G dzOH dz' fipsg P ' tds idixjndedzy H kY o dgtsd3j dzls' & L fo
fstcWHCE: wehts o' odgW dzdzv dz0 " Bj tc§ izt ft
fjteh gt BBREB{SLEWHSC & odt' Nksls! Mw o L
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OdzOdz' Isd ydzj Gzdzv j dedizv B a@mzh o dMsC IR disd
pHO' Is! fqw .

l S sted MlsOdadz?Y s w HBL 9 sdeY ‘M j tiadas i) ldcts- o 10D
Wetets ff tstapod q@zezdO fucd) M j dz2f 25 w  © dayf f) Jedadz”
IStz H dztsh “ & L o dp ' dzdzwts BlalzOfiisy' dz' daf - f to9d o Qi
sssk h s Ilstsydss tsByYdmdzs v Is! fw- csQizdntzy h j Isi
odtOLd HovVdzdgPedr VO dzd dz3tzY Iz Izl 6 B3I «
o dz"wiggtt dzd € O% yd b todp ju js@i@ze d & § OtcOdsj Ists '

5OC, dOfttds &OH, &y 0 ©lstediyols Y  dgse
(¢ jtoj dass®s HEf shBsess wWoEses (k' & L

" sz d o deTls [ HEA W Sy L OL WBHO,  OEO'dA fstso da
' oW dzdz dzj odt' hk‘lsifw ° & Misdlms BC
IzWadzJ<I?1;Cd@>VIz odedwvH' sw ydm T OwLOdjIste’ o

C tsted fzOe diatnyj dzdz?y O d iy Is ts ksdsy dHsH PHBRBERY 1B j
" dzls j dzfigd o dzts

cS o' Hsdis, 1 tsLe0f @S G@Gd dzdpPjodedd4) L
O HO' Islsthf dzOds d dzQ@izf\fejy 5¢ fse' wiL Odedms tof o dg
BRI d3d dzls * o), § dwuztzy ddag dgy d » BB A3 dzls ' B s HeBldS!'e
dkj dzBf &z o dAfStafii C " 9. wC &ZOH 2 M’ odte’
tc' odavdzr ftso' WL OdzO L slutclr Ddz®ftz® diglf ¢ tisB g df fg «

1 OLoadyoO?2 Hdzv ttsL yj tf dzj dedz? dzOdzays 3 ¢ O
Bsdj ZOdEsE® §stevHSE fted? dsap Uty o fijse dz
o' h j dztizd. WIstodBlzdzs o Oczdz' L OoHOdzdzy o Isjto
¢''IislsjLd {§totsw o dzeizOls ‘dAd W tfj ‘etlizv| He Hoviozd w20 ¥ 5 dzdz
hts HisLotsdY' ftsMmsjydlsd L O =& QO 't
L OfflssMtse datsfiyls * .
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32f sHY szOVzddldz’ 2 daf~dzjidalsd Ivd Qdzts™ S s & Is
B4 t6d 3’

l osB dzj A LOBJ LY Jyj dedzv dzj 5B 19 @dzdzy
(QoS) sBhkdzs f(tedfmow yd dzts -210dzCdgddlz  BCE cdef € 6 df)
sdeso dz? W OPLGldsBEHYBS His L dzd 9 lg al8msdaw ¢ (1 |
"OlststedOd@sHOzn " dzdilsd dz0 ¢ dzr €O Gtz :

WOCIststed, w¢' odL dOyOsils: mMwv MmlstelzC Is

WAaEsedwW e edL dOyOrils! MW fteddydy OR
sByYydmdzt e Odz? detsets toj Mztemlz s d;

WOCIststed, o d € dg@yOrelszOfmisd o smisk g dzd *
Is gg¢ ts 3%z @zP dzts cCOm dsOedztdzY s 4 .

stsydetsdzsz L ydr WOCIktst' 9 fHtodmowyj dets ¢
ts fr) daEOe o Oc O BlzH j ftedH " dzj dzO tsfls O dzdz
IsJ dzj ¢ 53z dz' BCAEOH d2QidiEdEvs cHat dg' o0 Ov @ajipdz® gzdzy
o ' H'fHsdptsdipls © dZ] o i3 dgET @3 QoS s d &3d ,
toj Odz' L s Is! Mw o MkyoOMmdzedre Ctdthd etz g otz & O
hts off dzd o O Is O w¢' fyls! tsB Mdzlz ¢ s 9 lsds @ dzdh
md ¢ daa@iz v CHsgldzo @' Is' Mw  fRoOm] & O B &k QLA &2 dzts
ftoeso jHjdes OdzOdz' L BjlstsH' & ' Mfsmtse’ o
YyomaslsYsdif ' s Isjtcdedr d3j toj 3 On HdzVW L dad j dz
Mddemrtetsdz’ L Oy 'L o' ¢ L AR dr@H jsded” H f totso SH d ¢
ez o Odgdz" dff rd dzO Misjd2e sHE& HY jtoj dzO Mmd e dzO0dzkz
fshdtejdedgv. 1 toj Odz' desfis¢ dz@Hnge' M"eoj' ,H Blizte BE Is
dzj sB R ' Hdz Mls! otlcOnlzo Odzdzy B3O dzts’ ¢ Cogj' d2'dats
Se&zOH dzOdzdzy s o .

[ JIstss HOdes G 5° ff I ixiigts tc ggis'dzly 022 dizd Bzj d3j dzls
sjdzj SsdBzdz’ COY' 2 desets 5B dzOH dzOdzdz?y G s '
L OMmisOdigpizve Hdzw L OB J LY j yddedzw dzj sBr' Hdzdr

[ dzv o dtc' h jdzdg" yY! SE L O9 H @dideO Isdigdtss A ‘¢
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1. wlso sted st dzciiglas] datzgets i) ISt ts ol © O dzdzy o
CsdkzdoOdz, LO HEfB®BSEEs MC &OHOdd o' HY
2. ) tltsOw@OEd dzd?2 tkn shMyddrkssto, §
rsww' dzg O
3. 1tBkHEZoOld L Odm®dzdatzd 2 & Wtz ke ®Oda
o 36 J

321 mdzshifidm’ Hdzesh j dedzy ° W sSte 3z dz® 9 O dzdz”

[ dzv o dte’ M jdzdgv L OL dzOyJ dzscts L ©O9 H O dzdz”
ftesydm Witcdszo Odzdzy o' dzt dzgdr S tsdzdo Odgsc 5] |
CoOtoytsotsets G jdz) cOBKO.

todzadzdzy o' dz' desets tolzF iz Geis dAHiAs ® OG0 dats ¢
odcdzvH:

z+ f(x)=0, (3.23

H] fimMdxkObtHdsods! L tesL d3' tcdzsdzlz o d ¢ dz
1 s jtej ude §jtejd3s M ptzdetisizinistcd Y tzlr y dz] ts dzff
fsC ted l§liNtz, Is®fmlfets W z:dzC y*©

f)=x+x3, 1>0 (3.24)

" dz dg € S lOmrar dzm Rl L ¢ s @ DO dzdzy L dz
" Rdz Mist SRRz s MYy sted Mis@Uz820. M) ¢ degl 5t ¢
dzOL d o ©'sl§ ¥ v ' dodzlRids frelgjczl dzedzh H (lzts © dzeindftsits 8 (2
ftef0 2O facd2 dzv Ists dzOL 8 OIsdzd ®. 9 dgV dadz¥ A3

L OL" ®RBOLj BOdUudksets GOWISdJSO, Mt L
Histc' o dzs
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3 X5

() =sin(x) = X - XE+H) (3.25)

[ OMO, s Ctsdzd o O'fig itcfw dan dde@ifdtey weddbstxi3 iz
s’ tetsL IsW ¢ dzlz I9fdic-dls otadmfcp e o dd dz! dzts™ M d dz'
o dcdzvwHLE:

a p @
f(X)= X8+ b - 0 >0 (3.26)
= e

] 304 326 ( o' Hdzso 24 HIPY B LM ez 5~ )
9 339-a3" W E s MdMmisj d3" .

i SLedzv dzj Bs o ' dz' dzd 2 ' tc borg ctthizpdidr Is st O,
r e wWw' dze O:

#+ x+/x° =0, (3.27).

todew ddkW) HBYEMSC O L ded yJodgdaits f stcWw HEC 2.
¥=V,V=V(X).

[ O &

de.Q< dv
== — =V—, 3.28).
dx dt dx ( )

{Is{ 4§, t' 8.d2w7dpde"f tqd 2 BO*' o dH:

v%:+ x+/x® =0, (3.29)

) Edv s yd LB dzdz' , Ghted O Bis:
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vdv+ (x+/x%)dx =0, (3.29)

wdzls j ez yd sMilsOdzdz’ t6° 9 dgW dzdz", L dzOn 5

2
VEH (x)=C,, C,=Const (3.30

H} (xf)tslsj dzy’ 2 dz0 J dzj tec ' W

1 1
1 (X)==x2+=/x°, 3.31
(X) > 2 (3.31

) s f) KOCR dzO sy PisG o d:7 k Bso

V(X ) =V,, X(0) = X, (3.32
1 dzO y Lomapmdzs o
Co=—+1 (%), (3.33

l d mazs 9id dis’ o (8B0)dzdz"

V(x)=°2C,- 1 (%) (3.34)

10 §dzskdiz Y PLBSo O IkttO Cltste' W ¢ dzo
[ BL ¢ dz2v BjoREs Co=d OO O’ Clse' W d dz' 2 dats
B8 ¢ t5dzts .

1drn®2(0BteMsCO MdMmisj B3O) .
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1tels ' Tz tod #EWR L dzOd sdbdeo IS tdodgis 8 O
332 . JtOW' ydzgy YssBkzHtsea O fsCOLE", h s
o' hj A GComm’ §ssudsEEsB80d (% (i’ 6
1 sfls Q@ L dzOy 0O Is! v v(0)d tc Ga@agdhy: , 'C aadjis ‘" ts
9" Hf s ' HO'x=0.dz0 Yy dzdz®

1333 mwdss (ftd tSHdAdde °  dsxd)n i de' dzQ
f OOy SO dzj dz' dg' 2 dztsylsdz! h g dzdevtc d " av@ & lss
ssy¢d fijtejlsddz WOLtsotsets ItcO' Clstste’
tc' o dzVtelaflay s dflz

C .
=2 0 . lim x, =x,. 3.3
& \/1+ 1+4iC For (5:33

] e Odzd ydz K1 a0 wjtfddpy' H O Is HiEY | ) Ste
fd Mmisj d3* . ¥ e frHsANs)®  tsdzj dh qobljdepS) . ( @ " HB 29 (
odlsweclkzoOdzdz? W OL s 5’ (bd®OF(HEO0s SigEIsdrs H SO

it BL G dzw dzj d@3tsar DA WG j 3@ INIs ' LesO® L OH O«
W s tc 3z dB3s38), O Ho O BOSC Md &z &i3d , hts o' H
X=Xy, yjHBSte" 9 dg

X, = % / <0. (3.36)

1 420 J dzapfaB3B0E) M 6" o dz®

1

maxC,(X,) = 2

, 1 >0. (3.37)

N |O<|\_>
1
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1 sls) &Qjdzj W6l (X)L 6 ° HEBE) BO'Ho O dBOY ifdsikiz d3

o' HY o' HOY Is k= L0 Wil sd 4(3.350
1 .
max} (X)=- —=—=C >0 (3.39

1 (15) ° (16) odHds,Co"E' ‘ pBESH @
dzj o' o@gB@ls’ vistsyded B B OIS Vo, ¥, BEYOISA b g
o dCh@OoC OL Odzz. dzj @Y b S lioess o dzO g tedalts
LldzO Y Mde o e dzv H' dzj te' o detsfls®

Vg 88—+\/\x00 (3.39

28 |
I 389 oS t5dz0dztsC, ¥E t6' o dz' Mls

U jste] iBO

1 tod o d Cfushap@isiEdsteed,r WzC ' L OH 5o S@B%Yew & Is!
tclz A, h s ©iaHidedgls” ffw dzv o' o dgw dzdgw [ &8 W W ' dz
| wesE Mdmdsiixg dzd d3. dzj tsB

[0 j H j dadaW

i 5L G dzv &BABSY O 6 2.1 5@A0Is ¢ dglr dzO Y-y &@G - 4 to
Ltetsls O Yyts® Yz dy' 8 ¢ 0L tegj O£t dzy j dats

18 10
vf(xo,/)>§%\x§— 2x§+m8 (3.40)
: .

vissydd s s dh kD' §EshiEdd omE#0 o
) 5L dZOyd s 0oz BAIsddz dzj 6 o desfyls ' (
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14J903¢CB8 HEse jMIsd, Mt

1
Vi (%./)>0, Xgm

1
Vi (°x,,/)>0, x,= m

19" HMdpOb f@E 0’ kO’ Clste' *, hts LC
(339 , dzj fJjtej BqdBOClsy dgtssig’ WO ‘C Y @ ls j
we' fitejlsddzOs Is: o' e

1i502 (®&DOHB&BD dv C,<@®j.k' ®wgsh! 50k’
slsted Bk dts

Vo <Vf (%,/),
H (X%, /) o d L dzO(3j4bets o

sOCdd yddsd, slseddsodetsls day ok dgls |
dzj ©' o &IPS’ los YOS 533) kdgsedd lss M o HEGo
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v(%,) =0, X(0) =X, (3.41)

) HEB@HADEB. 34), owORkCKE, dgg®' a3t fls

c, =1 () %xz-%\/\xg<i
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Is 15 IS\8(X,,/) > 0.
19" HMd o d 9o tsHCodgts: Hzodgds ofdis Yy O Is
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V(%) =0,x(0) =%, 0<|x|<

1
/]

lted od¢C tsdzOdedz’ ff 8.42PIs Wtrsh d A § Bd3t®s1 dY (Pdz
stcO' Clswmt® B dzkz z' dz' w g s lists etz s Isl20 Is .f
odS ts dz0 dzdz' f sYyOlsS3m3) d - to' I gtezlzy ( o' 9 dzv dzdz
dzj sBd3j N Jdets. [ JlsOdz dz' ') tofffitdtine iz tEiEE s o
(342 f ts5C dzOH j BBts

V(%) =0, X(0) =X, [x|> (3.43

1

%|> =,
J

O<e<l (3.44)

1 342 333 ( L dzOToH (85 o By d i3fe(X).) o L Edz! IsC
BO' B WstedBzdzz WOLssts’ IsteO Cliste'

es es ., X
= —%- —0- _ ¢ix,|, O 1. 3.4
‘V(X )‘ \/V‘Q 59 X"+ 5 X ¢[x|, O0<e< (3.45

e CstodMis@49EE e yd Mdzd dss © * H dzsh j dadz®

@‘: 1- € o<e<1 (3.46)
X, 2

1 3(46) ody dzdo Ot O NCHs sWeOL Sof j t6' BH Y
mdmisj &g o dlsv ¢ dzlnlsy’ Uz Ltsidsm 3 v CE fifij dzs 5 dzw
WOLBodsteO' Clhtst' 2 G jt' sHdudedr twhkadrfo o
MdMmisj 5. Ategzdd (23) "eGubStisvBb2 kst
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9" Hnddzj dzdz’ TOdAIszzd3h, (RPJM ° (22) Cilsgtc’
(12) o dajwod 2FHBiEH FBEOL' o dz¢ dzv H

F(xv)=v2-2C0+x2+%x5

[fisBdzde ' Istsy¢d dsQ0k(- x*P)s(xts HO) dzO lsd]

sklstso g2 St W' Y=vi dilsdz@stsriduisizsiy L ' o d

A+2Bk+Ck® =0,
Hg, J1, dz®@yj dadz?y - Hdzd R

d’F d?F d%F
dx ' dxdv'  dv?

9 bsyy' . 'HEOHGHESsEdsnlf SteW HE 2
2 2 2

d |2:=2+6/x2, d°F =0, d 5:2.

dx dxdv dv

rdméted d3' dzOdels &5 & Hzls AhgRECTAR'H S

B2- AC=-22+6/x?)<0.

sOCdd yddesds, bBOE&E bt Bsw§d dj EO°
ZOL d o O Is'dzd'Bs s odgO dz' 2 BCsddy' O L ipdazd
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BO" ' Ldzz ftsojH" dgCkz. 1 tetso jH]J BEO ORI
Mls Ol j Yydzets' tW H. 2u lytek)]dkz smsdd Istfj jutess 5 6w H Iz
00), f(x)° x,
(-x3,0), f(x)°-2x+x,),
(x2,0), f(x)°-2(x- x,).

1 WstdBzdd o dH @) M dhdO s olg Y@ Y d3ts © O deC
f Sdsy j dedzy e dzdab® O § 1S G s o fi) A j lso Si5Y ' Is
9 HiOL dzdo Iz
] Sz’ d@3s L O Odz' dzd 2 ° dzls | & wctO@a ‘tc ' >p HAY fjdst
fdMmisgd d3d :
#+x+/x*=0, />0 (3.47)
{1 fzdz847( o' Hh ECE' B b ofdecfygvdal M@ &z § Is
x=acr(u,k), u=st, (3.49
HO, TGOdzg ' Hkifsdijls: 2 dz
S stcdmMisO' Bsmw 9" HBA&J K] M " @9 Hdztsh
Wl deS oy 2
(cnu)i=-snudy (snu)i=snu@nu (dnu)j=-k’snu@nu (3.49

1 02 i g7 'oH (48

#=-assnudy #=-as?*(cnul@n’u- k’srfucnu) =- xs*(dn°u- k’srfu).  (3.50)
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smu=1- cn’u;  dnfu=1- k®snu=1- k® +cn’u. (3.51)
[lsted BO' ®Bis:
2[( 2) 22 2( 2 )]_ 2€ 2) 2k* .0
#=- xs °[[L- k°)+k“cn“u- k°|L- cn°y)|=xs gl- k +?x H

Istsls ts

2.2
i+ 5 2(1- kz)x+2ka,f X, (3.52)
1 (349 ' (352 5 ks to  dgiz HEktSD czv clzclz
2.2
s2(1- k?)=1 Zkaf =/ (353

L to' o &BBdedz'ols~(tSHItcd dzj 8 HBRI R, Istsisz to
 dstsio

X(0) =x%,, ¥0)=0. (3.59

| OHBo 5dz difaisfy dfEsey Odstc O 7, & ain(0, W)L,
sn(0, k)=0 1 &zO2 HhjERE X, sBlsts L 3 By @R sod?2 .o d3

) sBo @85 0, stk dekl O8 B) © drigou) b
1

0cke . (3.55)
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x = x,cni(st, k), (3.56)
H J
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FIN) = 220" (5(27) - $(271) ) F(N - 27) (5.7)

L F( BYE12-0

VL IsGHEdf HMHMEzBE®'Ods: C8 @ dm' o, WwC i
Odze sted s BOM . INSBISEBIFL6cEB)-70, B(8E-§2, F(8)=94.] tc d
N=64 S(64)=2,10*16! , D(64)=9,78"10'* B(64)=6,41*10° F(64)=1,06*10".
1 9 dyRddz, o so d 3’ tcdzs e smis'd fO@LCdeM 'S da! deO y dzf
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v OB dZ1y W
]l ste’ adgvdedzy ¢ dz S sMls® BOLdM" 9, wC

SHJdsydzy HJ 6 S(N)=[S(N/2)]*> + 1, S(2)=2

fsHo ' 2daj HJ o, D(N)=[D(N/2)]*+S(N)—S(N/2)

YOoMmssddgs Ofmtso | B(N) = 2[BIN /2] - [BIN/4]]*

Hyted ot GdzlzyC i [togN]

i dsj dzls Oy F(N) = Z (s(21) = s(2-1)) F(N - 21)
i=1

[BUdMd® o QrH dZOM IS O ¢ & Wz omis s O € f ¥
L sBtcOy J d&

[z GHdssddi ttdscs Ny ddlj o O affCdat
oMt ydmdzt 9 Odz? &z ME dzZOH dz' s Odze sted
YoMl slyddthtso 56 5 HJj &Nd, OONB, za(Nd) o Hf s ' H
[BUffg@d &zO ¢ zO Hialz' didstz y SOsEG SMAJEdEEE) dzls @'
BOS Md BOdz' doj yNFMIs M cdzj dzls™ o (

1 od Ozl 2 o d SLAd(diddsfOomidig'ds ®Baded @ H dzW 9 BB H
sjfMistsadr LBBOY j d& o Mis Odzts o dzff dztO,dzG fists d Ik
HiSL o B@&O%I sC tcON dIsd L de@®y jodzdandztsth ' j Saslay sdfizd ¢ ¢
fted dzedL' Sdr hodHSCtsMiswr CtsHIEzo Odada” .

5. 3 [ Jj IstsH ddzve digvjoHdB)jcdz © Odzdz? L tsB tc Oy j dz

5310 dzOdz' L Isdff ' & tcjHOGEZO Odzdz?y L sBtcOYy j

1 ddz2' o dzOfdz' HsC Miste’ BS sE@sHs'sa o'd sthtzts
f tots Hdz CHIsw tsB o5 B dzj dzdz" fr) dzlz #siB to O ) hjoglaotskd o s M

BOdz" f Zdz¥ 9 Odzdz? L d3' Mistsdz yd W tetsotgfd= Ydshistdsso
w sls 5 ¢ tc@MP, RaintNET, PhotoPosProPhotoScapeFotorls © ° dz. ) H
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BjLd Y oSy dzd o chfidsi? WS cLai@ WERR L[ HdZD Cdsj

o' HEB] M Iledste tY©ddszlC fipls W sbsc©wOY '~ &y d
shdse dzd2 sd§ d:
- o] sk iz ©

-oMs0eCO (Whlstsdiitsdzls Oy ) ;

-MsdmME Odzdzy "L 9 IstcOIs O3] .

t dIskzhzo OdzdzY T ¥ f5ls Bz @Y dzdzvy dzts € Odz' dzd -
IsB e Oy j dadav (W fig€lts, 0 0 isdgjsdz, j dededy f pdglz ) dztf & O
sCtcj Bdm H' dzvwdesC [ 8] . L oL toj Isdzj zo
LOWO dzw s Ist fpw | Odzj L3 dzad fJjodzdrm BGMESI
f sodai L dzd € dzj dzdzv . 1 to (LS ®EDE JSAED ,t6 j dsdzH @B jOciat
tdh e Sl sd U@OB s ENHEcffak] ls) dzO Mits
sBdzd yy' (HEpp. tdmizdzsC

t dMESBE) tod ¢ dZOH toj Iskzh zo Odzdz? L 5B tcOY § da

I MO QP odzjfjdedzy © LBOY | dssEEO
MOBses LsBtc@y NizddC ( { &y Jd,H Bt LodEHdseO o €

o' HsRd2 Tfdftddsllp Odzdz WtcOG di3j dzls® o S & dzg
Jozj d3j dzls' o) L t5B tc O%.4) dedz™a df' HECp 9. I6 PG fsiPliasdzmE L
odJf OHSCZ By dzde O dJrdedR Misd § " ®B Bl& Is jEdmile d
WslstsgteOW *
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gilsdmM¢ Qdzdpvls 6'OIs Odzd sftse dzd o ‘jofgds & v ¥ i @
hdtesCts oditstedmMBBRdkz2 sWfgbstsdtc®izyydze 2 §to
ZMmls Odzts 0 dzflzilzts cftOtc@d3g Istc @ W ¢ sMls L sSBteOY J
fsletdz) t6' L dzsets BH)MeG l j thd@dzo W s ' .9 Is1el0d5 Odigd
LsBteOY jdadzgw, Nt ftod L ) ydef o dgWWsS *fifiisld! iy € d
BOGOlststcOL so sd3dz Mmisd M < Odzdz L tc OBdAES & dz0%¢
z dzj dzgtsy dzd o dzv ° ©dzfis oz d3j dzlsigigls “ dzd @ o O'daCidg” de
tcj sBEOdzdzy IO dBts dzls Gjldy 6 @V teso 5° W

t dMzsBE ¢ tcd ¢ &ZzOH WStk dsOylz L 5B tc
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t dmMizszE C tod C @B dzlz © Odzdzy Wt OG d3j dzls® & L

5320 dzOdz' L HtMd Hdzdy' S dr f tetsd te Odgded A

1 tocts ¢ tcladg@opy Detection (Matlab 7.14) [148 ftodL deyd d
Hjlsj Clskzo Odzdaw e ztzdzEs o Oudad & tc Oy J dzdgv .DCT-1 €
fJtcjlsotste] dedzgv, € dzO fkgnteans @y ' fets HLOAEZ! dy Jd lslEs HS®B
Cstej dzvy' ° ' ¥y BizsC OdRRd L tsBtcOy j dadzv .

1 tots @ tcl@ag@Ml (Matlab 7.12) 14 f ted L dzOy jj @ o @ dztiz
Czsdetso Odzd »  H'jdl dzs€ d € s EBIsrsuulr)’  fipflt' t<iie dglél
fstc' adztk 9 Odzgdr BdzsC ' © L sBtcOY j dadz™ .

1B todzd € (4@ Mata®)df tc[d1l dzOyd dzd 2 Hdzv ff tot
Hisfpdz' HY jdza@ L tsBteOy j dzdzV :

- Cdzsdzz 9 Odzdz?  3j IstsH tsd3 O dzO dSingular Vdiud dzc Iz
DecompositionSVvD);

-totsL o Qe dBJ IssH A ¢ szEsiedga] Compbrenkly ts
Analysis PCA);

-9dHOdzj dzdzvy (tojlskh zo OEatBVYD W tcOG d3j dzls

-9afMlsOe ¢ ' L tsBteOy j dzdaw Edgl Betastidy) § ts
ftsHe 2deséts G o Odzlskzo Odada” ;

- fshESE M jdgE0das® @K | d  dig Ises'Elstsp QEdzG



L sBtcOy j dadzv .

1 etsy GG (Mptlah) MY oW d3tseo Odzd?2 dzO HBMdz" HY J
e ' Isdzj dzdz' sBitg BPizdedzs dzO0 L

1 totsj $H%] (Matlab) My ewdiso Odzd 2 dzO HESMdz' H:
fshkCk COHt' 9 'L dfsHe 2dzdds Co Odzlslzo Odz

1 etsj BB (Mptthh)  d3' Mmisy'Is@ dz' miisio Odzj f tgF eddz® o
(15 f totsc tc ©d3) H dzw Hsfdz' HY J dadaW sL dzO6
L 5B tc Oy l§ Hat @EFY ELA, CFA.

1 steWH "L M jy Odz' L so Oded dz 1 toets ¢ te © d3dz(
Cted d3° dzOdz' f)lsig datidy H sBdZOY jodef, Yo ZW § tsts ¢ 5@
ftotsH ¢ Is dis LSO cfOsxf Ldez0 y j dzdzv |, hts HEtSL 9 tsdzW 8 |
o' Ldzdr o dzOMisdo Ofipglsg B v sHEON § Hadzv sO¢ d
WS Emizo Odzdzv , ~nOtcOCIsjtedmMisdSd h kgafmedzvIs ts
odC stcd fils @izdzy ff tSS|EMatalg® [f1s HEBL o Bz ' L BE O
we'Mmls! WsCEkMmMkzoOdzdzw L BtOY J dedzy HJ &' dzt €

vOCtsy "‘desiBymdzae Odzdzy ~ OwOCISjtedMmisd ¢
fiocsctcOdMatlpbl 5 S tslstc©® HBL 9 sdzwo'fglsts y ‘o dfstf OBIS
ftegpp' © LOSCddsd Kg Is ESan@ghayr (KSLim); Stephens Method
(KS-S); Marsaglia Method (K$1); Lilliefors test (KSL); AndersonDarling
(AD); CramerVon Mises (CvM); ShapirWilk (SW); ShapireFrancia (SF);
JarqueBe r a ( J Btjpo anddPéatsgnoDA).

1 Jtemy § € Isxfteodzh lsdOdiAlzy H dzv ¢ s §) tzls 5 8§35 dzls O
toJ Iskzh zo Odzdg?Y L sBtcOY § dzdz? 508 Is! BHIESH d O:
d3ssH d W °© Sh@mdn Joint(Sample Approximate Conditiona] Permutational
Fuzzy) [155] (Matlab).

1 .otsj € 156] (Matlab) MY tow d3ts o Ofgiisfa2 s to jdztddzw h g
tsByd mdezcprOd® dze sted Is d3'SYDILBTA. di3J Is s H O A3

[ dzW Hisfdz" H Y j dedaw L 5B tc O WP gzdzf ) s © g 3
fijtemMyf jSIsdoek od¢ tsted MmlsOdadzw BO° BBJ s H
ts ) ts B dzd §SpdrpdegJR Robust Features, &RF) [157] (Matlab). [ j IstsH  dBC
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fjodgz fls HOwChglsy fHftsso Stej dz' L tsB 6Oy j dzdz
Bl ) .

5 4. (CtdBjelssmdy o dzj dzdzy L dzOS Bsdas Oy 2
"' 9 LO BOSMIE LOY' ‘¢ jdstsf

54. 1 ¢ dzOdz' L sy Oofipided fdzjdggdes h Z Bz L B 6

Zzdiso O sSigOzAHSB tc Oy | dzdzy teotdysiO dz® Iz I8k o

WstedsOy " ftes tJ HOGERZoO Odzdzv L tsElADER| palz
L sSBtcOY j dadzg? BO¥ Is! BHdeste' Hdzd 2 " EZditse d 2
BRI dzls QK . [ [ H dzOdetlz oI dzlez] " L L Oc¢ Oxr tai@sc) tlzddy
dzd S Bstej Clsdzed d3 L GKodH Odigjday 7 * Hdigs " tets L H ' dzd Is d
Ho' MCdZOHBe ' , Y SSHAO®. L whbarg yls ts U3gets & ezgl ©
LOoHOdzdz" odSCttcdMmMlstsoalze Is! o' Ldzz Of o' ts
[ ssHd odwedzj dzdzV Isg 6 fgls Y@ dzdetctsle s Es@
Ok do dz (oBkzHtso zo Odzdzy ff j o dats” Mz B 59 15
Mlso sty @A ] 3O cotmHWAddrR L dzOC ' 9 ¢e) ' f Ofm
ftedetsHddr hkdseadn MS dHasdA@HSEZY  tzO
n Otc OC I4z] todEd3-nEzfatcptsls dzsc s Oda®'dzazd Ik 3B ‘d
' HED Glsgn BOese "

- " ¢ fRitaz’ dzls s Odz' ( ¢ dBsdzz 2@ dzdzv M dz@3F
MsOlsdmisdydz ) ;

- W stedidds ' dzISIBEGO 620 dzls 2 9 IDBERRUWZSIE @ 9 O dzdzv ) ;

- € O d3gstisdls s 9 O dz' (9 dH " dzj dzfipy dzf =Cdcdmj, ¥ O
J dzj Clstctsdzded » dg dejtedsjodzls ‘OeB,j O™y " ) ;

-9 dWw e dzj dzdaw WL dydzsdn dzj ©° Hf 50 ' H dzfsf
fitMSlsdod O ¢ jtsdikjlste’’ BO' Cls' 9) .

] " Hatansd sy’ dzft 9 Odedzy 6" 92" hEdz ¢ tsH
COlsjcugtctzt 08 Odzdzy N 2 3z 9dz0 tstuyff) s & WOdHRZAIZEZO * ¢
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GtcOH ' Odzlsyd dzlso Odzdzy h Z dzlz dz@66EENdBdz L L & da
B stsH' 9 oKW Btizg etlzy dz@ hdetso ' o dH" dzj dzdav
dzOo jH jdets 58. IsOB dzd y*

1 O Odz! dzd d3  dzj HtiER G d3 d3j WstiSLHG dz dz0O d
dzj sB ' t@tiEl Byfllsw L sBtcOy j didgo daz® & tzed § °
LOdzj ydz' Mis! tejL Ekzdz sOIs' o BodefsC * daj dzdzwdzjhifAaigE
Z t©OL ', Codzd totsL 3 6 BAEZSC O HBt' o dg
ftodlsOigOEEds sHE Ml cOdsdtizQy ' Ry tidis & Est® 'dzd &0 d
o dH" dzj dgdzv BditdsdzteH M ff'RC M j dzLSB-H j Is B ©EY 16 YzdAfj 2
BjIssH HEsL o tsdzv ' L fduisfd Cuig edae Qzs) dmiyy  dz0 o §
(LOLoadyo2 8) Hdzvw " A §tHOd "8 ddaQda
ted Mz dE®SC 3" frids wilsdz' Chisdgtf ds'dzj dzlsd L tsB O] d
LOkZzoa OYdIsd, hMts yj YwoH"  dzjdadew dzj * tffisd
BB Miswidss B sdzj dzlsd S BtedmMdese s Mde dzOdzz ff tsto

v OB dz2jw) dzOdz" L. osj IstsH " © o d Miptgl] dzdavd HY 'd
h b &5 o

(NGl jsBHBEEE W [ fEa o sMmis’
[ j sBH Hizzsc GBY 1 J HO' Ikhyddsce s
[28] OQdz0dz' L Iz YyqdWtcso qtetsL IsOh Iz 9 Odzdaw
btc! 5RO &ZOBBeOR] |¥ O d&3j dzls O
1 4 HiSdZ C 503 34

[ jlstsH o dWwe dzj dadz™

i J tc Juni ed@lzw | h ts
hzd3' o dzO0 ts B
[29] s t fiptta L 5Bt Oy J dzdzgW 9" I

o Otg’ Oy* ° h Iz 3z _
o feOsisdy’ Yd (
14t VeFflsls
H' 2 Mfdzetsfls

[ jIstsH o dWw e dzj dadzw
[30] shdzts o ° OdzOfls j B5d
o' Ldeddsd o Otc’ Oy VY

LjHBd €68 odCtt
o' HsdB] S o dzOfls des

[3]] [ jIstsH odwe dzjndaetle J f tcOYyJ L ezO s Wzt & ¢
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B 3 "ed@seddd ~O
L 5B Oy j dadai O e di3€ )

o ' H Mk ls dz-HoglzdERdl |

[ jIstsH o dw e dzj dzdzv
wed?2 L OMmMissMmtse D1 J ‘ mjdzj CIsd o
[32] sf jteOy' 2, sOC dnrdzOy’' dzj dzgd 2 dz©
toj Iskzh iz ojChdestastf, to jtdh' |5 j Oy ¥
L3 20 tehisds tlkz Ist
s as@ ‘tc O YL w
tsLed XLJdZ:dZ nd LHOIs] dz H
SHdztstc’ H dz hj g dg _
foad j ded e H ' dzv dgts
[33] h &z dzlz dzO f"  Hinls _
oL : Ld3" dz, ftslstcj Bz’
fJtlse st dadav , _ : ,
_ " delsjteftej lsOY
C@BH " ' dzlsdzse s 3] Ist
(34 [ jstsH sy dz¥ 9 Odz( dzw fsCtcOh j dzdz

C sdz tstetfste tsfdiSyvis

o dCiids so Lo Olsd o
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9 )
tdMmMz®BBS ( juBdd ftSH® dzj deadg? L sB tc Oy j dzda™
“inC ts o sfls
ON SMdz H Bt tedzy 1 THO:dMs f bz h 50 Odzj L 5B t5 O3
o) bdgse hOtd ((LAKEFERSB Gtdc' dzOdkz 50O
L sBEOY jd bk fdshdd “hnStOsshls

542[ jlstsH o dH ' dzj dzdz da"lz di2Oo GiEESKE O BOS My d d3

wdzW st@dgO Y 'J dzlsEcstsos ¥ | dzdets dztsds o d L dzOyO* Is
My " o9 " HdE2).] dzdzv d3

[ sy dz' dg' fls: wygdEdstEdft)is@azdisw Hdzv o H
L s®pj dzdz? f sdzv e O o Issd3kz, N tsh kil Esth " bz
dz' ) Hlsd ted3' dztso OdzdtHz] dglsk tsic ¢ ) 2Dy j dRdizadidf.
fsdztsy j dzgdz" Bj ssHE, s ftosftsdilz’ Is! fw, §1
L s®pj dedzy, WwWC 26t YOfmls djdetfls tc s s dzO A jRC
LOMmsmse £ Is' v i’ € iggPdgy dadas B € @y faizdzy Is C

- L 5B Oy jfifziz®B EZOIs ' MW  Hts s tc dzBP dzdpidz ¢
ydimd dz dets’ oL teWHA M lsCd;

- yd ¢ dz' ydats sBYdmdzs s Blc@Y J ded®Mmis€ ts08 ' H
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tetsL oWIHROj dz@ Sty desets " Cfpjdzw, f tsyddzOs

- Hdzv dfsttsy yOfMmlsStsotsets LisBtoOy jlazdzy " 8B ycC

-h ZdiRtso 58 Cli3f sUzPezp tzelzy L B89 Oy O° s+ Mw
LtsBteOy jJdedzw, hts BBO' BOCMd BOdz dzz | dzlste 5

l eyt ® o dH ' dzj dzdzv P d3’ Hots L CCNnpisaiaEips® 26
h Otz L SBtOy j dzdz" 5Ctoj BBz BE ol € HOH Sists®
BOS Md d3lz d3ts d3 of ezl thztf § ° d2CB® d fndiSdts o © L 5B 6 (
slstcd 30 dz' dzdh j Mkt L O ®&BOCHdBsdh Pzl tct
H' Of OUBSdEs v H d )tle 'L fig e O o sfyls® ted ¢ dzOd
29, ' BOdsd daf dsde.30

Q) B ) o)

tdmz®@89 ltcd Oz o dH ' dzj dzda ts BhipArgzVoL: O B ) dz' T

J dzlstestf * ° o' H § ' hdz guoids ' ¢ Qdddy diapt3tso® RBGIS to
v A3z deQife s f sdetso Odes o HisME B dzO dzj dzd 2

o dH' dzj dzdzv M @dBzZ L] dZikOStRz'e” SO HdMY e’

J(n) = E(n) * D(n), (5.8)
HETjdstetstf " w yOfmlsCsotsets LisBtoOY j daiz®), LISE
9 d¢ stcd Misdxizdawdy ¢ B8 Oo sMis

Di Hdfmf jtefm' w Yy! sets Yyomk®mddejsdzdzY L B k&
MdtjHd set) . daclf&HzOHO o df@ C foz difz Bs G tc Y ts g3
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JdzOo j H j dzts &D. tod fylz dzS Iz

Q) B ) o)

t MRS 1 tdC dzOH odH' dzjdzdzw P EdZ &9 L O € tsd
O) G5B OY j dzetlzj ¥ dz')Mls' H § detrtc & E M ohcisdstiss @
¢ Otols d dzOd dstEts ik St to s f *

v OCdd3 ydydussl, s dzts ©® O dzd 2 d3j IstsH odH' dzj
Sflsd BOd dets, dzO s fetzgdlshy O K hedbl) dRZe s i d3
Cstedmdzed?2 MdcecdzOdz ° hkd3 € sy datsc ts B 1S g tc GHC
L G dzOH Y Iz 9 O dzdzw . Zzditso OL L Bls g 8O, i3 sl ® ¢ ds
At BOIsdeo dzesr SO ftedHOIdZO HAdY f BHOd hfs
slstcd BO daezdsistish W sdzz sy dzdeo j wWE hdzwatsdy o
BjssHOR] 2ttt CdZOMdBEME OO d21 Odd stEtf st
CdzOMmd W " &@ds's SRCB)s (" 2 dsts o ts gdsdzL,ts Bde@ay jjH j dzd 2
5.3.

Il HYf 59 ' Hdzs 5.8 SdzGPRIZIO s s'tc  hfdgodiz | IS oCdds
L sBtoOy j dada" dzO RO 2 C dz@fifl) o HY Z¢z" & M ez e
CdzOMmksdbaH'HY Mo ' 2 Cijstdz'tetds L if S i © ded ' I6HEs 'di) dsdz! s ¢
YJ oo sdas'cBf QLOs dzts 3 126%H).C tcOo sfls’ 0

U OB AR MOteOCIsjtcdmisd S d L @if waHIS
1 02 d3j dgz{utf " 929" Hdesh jdadif " 0 j dz@ W §&z@MBE
¢ dzOfmk ' CMmj dzv o&zq CL sBtcOY § dzdz’ a3
h Qtc’ o hzd3" o
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I R>G&G>B 255/7

B B>R&R>G 255/(7*2)
C G>B&B>R 255/(7*3)
D B>G&G>R 255/(7%4)
E G>R&R>B 255/(7*5)
F R>B&B>G 255/(7°6)
G R=G&G=B 255

t dimzoAd T [ tcd ¢ dzOdz’ dzj L sBtcOy j dadz dfdp0O)

[ d&zv B3O d € d&zOM' o h ksFEQAe j dzdef ¢ - BB®E@C dz
tc' odgHals’ R Otslsd yded 2 9o%16)dzw H[ dg"H 19 ts B tada@m) dz’
toj HOdzdz"o GIsls Oz - OOCIsjtede BOYJ ¢ dzOM'
BOY hkds' o Gtedc' dzOdz ‘odgs 0gCHBIO o oLdzp@a| dz' H * tak
5.11).

[y a®r dzj o' o dztsd3’ tocdztisigity’ dBOHedsBOZS Gis
sy’ &S tss &BOfd SCdkOm' e hkd& ¢, add daos Q" dz
dzj o' o degs s’ tedetsfyls’ N Edskz. (€ Ctdbkjt' 2
C dzOMmisj tod L OEs'sB ydhindzsl? ,Is' v L O M 990  Hdash



kelr =y, yn_ WIGDSIELEDY g, (5.9)

m=n

HJ,)TLdOyj dedgy N 2 df86) s clfs CChivigQifi)lz L(tsB to O J dac
kelr, %i S5 j W dgls CzOMjtedL Oy~ hbedk LBt
1 2O y jkclrdavts L o 5 dzw HOo Olsd ydff)s&isdey j tizte

hzdiisotsdts Wisdzz L OfstwsO g detizf H OG &z 9 O dzdz™

{ d oA @ d &BOf S &Of's hbkdk o (O,
5431 sfMdz' Hy Pdegey desls’' 6" odgw h 3z o " H

[ sfdz" HY j dedz? L Odzj ) detsfls” h sz modz@i
fted ¢ dzOH ‘Carhdddiizg @@ " dzv - chdip & dedets GticHOdzs to * H dzd
e Ldzdd3d ctcOHOY wWddd ' tesets © H' Of OL sdz
if ZOHOdZO 13. " o9jdg hbkdz tBYdMds 9 O MW
wWiCteOo sMis® o' @ dpgtc j W filpl 50 & s Mixdz L 5B tcO:
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to d fri%iL3).

35 - i PiBens mymy

mn

FAAS r‘
3]
n
AN

1 -

i y = BE-13%5 - 5E-1065 + 2E-07x* - 2E-05¢ + 0,0003 +0,0654x + 0,1999
05 1 [ R =G B al |

0 ! . ,

10 60 110 160 210 260
PiBens sAckpaBocTti QoHYy

t dMEBABE) @ y dz' Mis! hEzdBz LtsBtOy jdedzg" o' H
Cannord 0 0 s O 2fdedsd I fwic s €

54 4 1 tMmdz" HYyjdzgdg" of dzdo z MmiIsd M O dzdaw
L 5B tc Oy Jj dadzv

[ jIssH( Misd i & @@tO 3d , jpeg ¢ P& dzd L d
f Shefizdz? SO odCttedflsssdy ®EMw Wl tetodnd & W
Mizlsls® atsets L d3gd dzgh § dzdzy 5B PCE ‘o yff GasdizY 13 'S¢
olstcOYO* fjodzz € dz' €' Mlis! CdeW stedzOy "t
WodislssetcOW " . v LoOwWLSEZdtz gfddJytesE] B
C' dayjso L tsBtcOY j dadagw 9 "' H L OHOdzts G s jpetfitc d
{ Yy’ dz¢ 9 Odzdz” ff WipdsiAZ"fjjodelry tSH dzSte’ H dzs IS h Iz d
ftesotsHdlsd L O udfmjdz dddz CtedlIsipel’ s " &
CazOmisj edL Oy' °~ "z dsdz' s Yy mkzdsk O & figH) dA DY Jed
1 ted € dzOH jpegfndd{dntE Odzdzy dzO L f SH' dz h Z.d3so
5.14. 1 Odzj ) dz' fMls! CjW' y' ' dzlsO ¢ dzOmegtod L
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