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Soliar O.l. fiFrictional Contact Problems with Unknown Interaction Regio@ds

Quialifying scientificwork presented as a manuscript.

Dissertation submitted for the degree of Doctor of Philosqphip) in the field of
knowledge 11 Mathematics and Statistics, speciality 118pplied Mathematics.
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Ya. S. Pidstryhach Institute for Applied Problems of Mecharind Mathematics of the

National Academy of Sciences of Ukraine, Lviv, 2026.

The dissertation addresses an important scientific and applied problem: t
development of numericanalytical methods and approaches for determining an
analysing the stresstrain state in the contact interaction zone for tvemd three
dimensional frictional contact problems with unknown contact regions.

The object of the research is threimensional and plane frictional contact
problems with unknown interaction regions.

The aubject of the research is the development of approaches based
mathematical, numerical, and computer modelling for studying the Stir@ss state in
the contact interaction zone.

The scientific noveltyof the obtained results is as follows:

1. An approachis developed for solving spatial frictional contact problems with
unknown interaction regions. The approach is based on the method of Signorini intec
equationsinequalities and their subsequent reduction to a quadratic programmil
problem. The influere of friction on the distribution of contact pressures beneatl
punches of complex shape and on the stresses arising in their vicinity is investigated.

2. This approach is used to develop a method for analysing axisymmetric cont
problems with unknown intecéion regions in a halpace and in a body containing a
spherical cavity.

3. The wear process beneath a rough rotating punch is investigated, with wi
driven by frictional forces. The problem is solved using a stepwise-ititagration
method.

4. A numericalanalytical algorithm is developed for solving frictional contact
problems for a halépace and a layer. Contact pressures in aspalfe and a layer are
analysed for different punch shapes, mechanical characteristics, and friction. It
established thatetsile stresses arise near the punch and may be comparable

magnitude to the maximum contact pressures.
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5. A method is developed for analysing frictional contact problems for a continuot
anisotropic strip and for an anisotropic strip containing cracksddaa the regions of
tensile stresses arising near the punch.

The practical and theoretical significance of the obtained resultdies in the
development of a comprehensive approach to determining and analysing the str
strain state under contact loadjrggnce the contact interaction zone is often the regior
in which strength loss occurs or structural failure is initiated in structural elements a
machine components.

The paper considers an axisymmetric contact problem for sspadfe, taking into
account punch rotation and wear in the interaction region. The influence of the we
process on the evolution of the contact pressure and on changes in its distribution wi
the contact region is investigated. In particular, it is established that, astaofesedr,
elevated contact pressures near local surface irregularities gradually decrease anc
sufficiently large values of the time coordinate, acquire a distribution characteristic o
punch with a smoothed surface.

In all the considered cases fohich calculations were carried out, the shape of the
punch base in its central part after wear, at sufficiently large times, became co
shaped. As a result, hi gh pressures a
effect.

The obtained resultsan be used in cases where high contact pressures arise bene
wavy punches. One possible way of optimising the punch shape is to perfol
preliminary rotation of the punch about its axis. As shown in the dissertation, wear c
substantially reduce contagtresses when the load applied to the punch and the duratic
of its rotation are chosen optimally.

Using the developed numerieahalytical algorithm, contact pressures and
tangential stresses in a halface and a layer are analysed with respect to mhagte,
mechanical characteristics, and friction. It is established that tensile stresses arise
the punch and may be comparable in magnitude to the maximum contact presst

Such stresses may lead to the formation of surface cracks, which may sulbigeque
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grow under repeated loading, as occurs, for example, during the motion of trains alc
rails. In this context, the developed method for investigating stresses near cracks loc:
in the vicinity of punches in composites is of considerable practitatest, since it
makes it possible to predict the initiation of failure processes.

The dissertation consists of an introduction, four chapters, conclusions, a list
references, and appendices.

The introduction provides the rationale for the choice of tbsearch topic;
formulates the aim, object, subject, and tasks of the dissertation; presents the scier
novelty and practical significance of the obtained results; and describes the connec
of the work with scientific programmes, plans, and rese#opics. It also presents the
applicantédés personal contribution, I nf
a |list of the applicantds publications

The first chapter analyses current researcltantact mechanics and methods for
solving spatial and plane contact problems with unknown interaction regions. T
relevance of the research is substantiated by the wide range of important pract
problems that arise in various branches of industrye Tain relations required for
formulating the integral equations of contact problems for admate and a layer in the
spatial formulation, as well as for a strip in the plane formulation, are presented. T
main relations of L enk thendissessdtian i t@ solve ncentatt
problems for an anisotropic strip and for an anisotropic strip weakened by a crack,
also outlined.

The second chapter presents a numerical algorithm for solving an axisymmet
problem of elasticity theory concernirtge interaction of an elastic hapace with a
rigid punch whose surface has a complex shape. Under the action of such a pul
contact occurs over separate regions that are not known in advance. The cor
problem is formulated in terms of Signorinitegral equatiorisnequalities, which,
using quadrature formulae for singular integrals, are transformed into a system of lin

algebraic equatioiignequalities. This system is then reduced to the minimisation of .
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quadratic form subject to linear consiiai imposed on the unknown contact stresses
which leads to a quadratic programming problem.

Using the developed algorithm, the contact pressure distribution is determined &
analysed for punches of various shapes, including punches with a sinusoidaé surf
Contact problems are also considered for cases in which thegaalé or the punch
contains grooves of different shapes. Stresses near a groove are investigated depel
on the load applied to the punch.

An axisymmetric frictional contact problem isonsidered in the case where
frictional forces act between the punch and the elasticspale. The wear process
caused by frictional forces is investigated depending on the punch shape and the 1
coordinate. The wear problem is solved using a steptns2integration method. At
each time step, the contact problem is solved for the modified shape of the punch.

It is shown that wear can substantially reduce contact stresses when the load apy
to the punch and the duration of its rotation are chopgimally.

The dissertation also considers the determination of contact stresses that arise v
a punch is pressed into a spherical cavity in an elastic space. Its solution is also redt
to the consideration of Signorini integral equatianequalities.The problem of solving
integral equations with singular kernels is reduced to a system of linear algebr
eguationsinequalities on the basis of the derived quadrature formulae. The system
equationsinequalities is solved using approaches developethinwithe quadratic
programming method. Contact pressure is also investigated for spheroidal punche:
different shapes pressed into a spherical cavity. The analysis identifies cases in wi
the contact regions are simply or doubly connected and eigher tihe lower part of the
cavity or extend to its upper part. The analysis reveals new mechanical effe
associated with the formation of an annular contact region and-enapatonic contact
pressure distribution for certain geometric parameters afgheroidal punch.

The third chapter develops a numeraahlytical algorithm for solving a spatial
frictional contact problem concerning the interaction of two bodies. It is assumed tt

the interaction region is small compared with the dimensions obbddees; therefore,
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the bodies are modelled as hgfaces. The contact problem with unknown interaction
regions is reduced to the solution of Signorini integral equdtinequalities. The
integrals are discretised using cubature formulae developed idigkertation. The
unknown contact pressures are approximated by piecewise linear continuous functic
The coefficients of the cubature formulae are reduced to the evaluation of integr
whose integrands contain singularities. It is shown that theseaesf§ can be found
using analytical formulae. By applying the cubature formulae, the system of line
integral equatiorisnequalities is reduced to a linear system of equatioegualities,
which is then reduced to a quadratic programming problem.

Calcdations are performed for bodies with parabolic profiles in the interactiol
region, for different values of the relative approach of the bodies, friction coefficient
and Poissonds ratios. The numericalar e
smooth punch, the numerical solutions obtained are in good agreement with analyt
solutions available in the literature. For contact problems with friction, the reliability c
the results is verified by determining the shapes of the deformed suofaitesbodies
produced by the calculated contact pressures. It is shown that the surface prof
obtained in this way satisfy the contact conditions imposed in the problem formulatior

Using the developed algorithm, a frictional contact problem conagriine
interaction of a layer with punches of complex shape is also considered. For t
purpose, an efficient algorithm is first developed for determining the fundament
solution for a layer, taken as the normal displacements of the layer boundary loause
a concentrated force. This solution is represented using two approaches. For pc
|l ocated far from the force, the sol ut
the Vashchenk@akharchenko formula in terms of exponentially convergent séras.
points close to the force, the Hankel integral transform is used. The improper integr
are approximated with high accuracy by polynomials using the-dgastres method.
The contact problem is solved using the algorithm described above for thepdoedf
The coefficients of the cubature formula are represented as the sum of the coefficie

obtained for the halpace and numerically evaluated integrals with smooth integrands
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The reliability of the obtained numerical results is investigated. Fonggsurposes,
contact pressure calculations are performed for adpalfe and a layer for different
values of punch displacement The results show that, for small indentation depths,
contact pressures in the layer and the-bBp#ce are nearly idendic For larger punch
indentations, the contact pressures in the layer are higher than those in $mabalf
and the contact region in the case of the layer also increases compared with that for
half-space. Contact pressures for the case of a smooith are in good agreement with
data obtained in the literature by another method.

Using the developed algorithm, contact pressures are calculated for punches
different shapes and for different values of indentation and friction coefficient. It |
shown that the developed algorithm is effective and makes it possible to solve, wi
controlled accuracy, frictional contact problems concerning the interaction of tw
elastic bodies, when the contact region is small, as well as contact problems for
elasticlayer interacting with punches of complex shape.

The fourth chapter develops an approach for solving a plane frictional conte
problem for a layer with a fixed base made of a generally anisotropic material. T
integral equation of the contact problen &écontinuous strip is written on the basis of
a fundamental solution constructed wusi
discretised using Jacoliithebyshev quadrature formulae and reduced to the solution
a linear system of equations. Thmknown boundaries of the contact regions are
determined from a system of nonlinear equations, consisting of two equations in
case of one punch and four equations
method.

Calculations are carried out for oaad two parabolic punches and for punches with
a flat base rounded at the edges. Punches that are displaced vertically or may rc
during loading are considered. The influence of the orientation of the reinforcir
elements of composites on the contacésges is investigated. The numerical results
obtained for an orthotropic material and a parabolic punch are in good agreement v

data reported in the literature. It is established that high tensile stresses arise neal
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punch, with maximum values com@able to the maximum contact pressure. Therefore
under the action of punches with friction, edge cracks may occur in the strip near
punch.

To address this issue, the dissertation develops an algorithm for solving t
elasticity problem for an anisaoipic strip with a fixed base weakened by cracks. This
problem is reduced to a system of integral equations with respect to the unkno
pressure beneath the punch and the displacement jumps across the crack faces.
kernels of the equations are writtenngs Greenrtype solutions for the strip, so that the
boundary conditions on the rectilinear
solution is written analytically in te
components, or polesre separated. A discrete analogue of the integral equations
constructed using Jac®hebyshev quadrature formulae in the contact region an
Gaus$Chebyshev quadrature formulae on the cracks.

Testing of the developed algorithm using the ANSYS softvpaekage confirms
the reliability of the obtained results. Stresses near internal and edge cracks in
anisotropic strip are investigated for selected loading conditions. Under the action c
punch, the crack is assumed to be an edge crack located iagib@ where tensile
stresses act. Stress intensity factors, the contact region, and contact stresses
determined depending on the crack location and length. A significant influence of t
orientation of the orthotropy axes on the stress intensity ra@od on the contact
stresses beneath the punch is established.

The conclusions summarise the main results of the research. These results show
the approach developed in the dissertation, based on the method of integral eiquatic
inequalities and readion to a quadratic programming problem, is effective and make
it possible to investigate a broad class of contact problems with unknown interacti
regions under punches of complex shape, including problems that account for frictio
forces and wear.

The main resultshave been published in 20 scientific works, including one chapte

in a collective monograph; one article in an international -pe@ewed scientific
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journal with an Impact Factor of 3.2, indexed in the international scientometric databe
Scopus (Q2 quartile); four articles in journals indexed in the international scientomet
database Scopus (Q3 quartile); three articleSategory B journals; and kbnference
abstracts presented at international and national scientific conferencesarfioles
were published independently.

Keywords: frictional contact interaction, unknown contact regions, integra
equation method, finite element method, Signorini method, quadratic programmir
anisotropy, composites, complex surface profiggepves wear, strip, contact stresses,
crack, stress intensity factors.
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sOCdry LLOMs sMise 28 Is LOCtsdz skkdzsdzO [ 2, 4
tcsL 90V L zo Odzada" . S sdzls OC Is dz’ L OHOY' L dzd ®
tesLoOVWL Ez8 s HdMStejIsdL ¥ yd tc' o dzv dzdaw t
Bkj IstsH d.

1 dze sy HtsMdz A BiizOC Bazd & yl Dz Mists
sB d&zZOMIs! CtsdzlsOClslkz BFOZO ftsto' odgwdets L tosL d
tesdz, Mt ' Mbtslsdes Mftesh ' ttsL 90w L Izo Odadaw
HOt Is+ w¢ hOte, ftedH"  dzj dzts OdBj] dzh JA Jz f @scOP WL
WHiIO o " dlsj cteOdz dzgd - &' 9 dgV dzdlz" n  BOE IS f
ydmzseo ddzdd dRBjIssHORd OBt L O dzOB dzd ¥y § dzd &3
EsL AV H Ok tMjMmddilstedyde L OHOY' L [39.d¢

1 @ANYOd Hdzv " Otlkz, o wWCdr otOntsabksls! Isj
[42]. e GhMsBdds ' M o IstdKko b d isdzE @820 afst
dzj dz' dz' 2 dedr ' Hdzv totsL 90 W L Iz9o Odzdf40, 1O&1L 1k tc d fr

it SL tetsB dzj dzts s Gif' ts )y ddfs) datet © GQlsf, BAs56,009, 112,213 4
1 5Ct.j &3O o[1131f t Oy Oy lz L &4 HJ dzts H S ‘'dzlsj @
] OBz teh Isj 2 dzO. lted VyY!' sz L OfMmissise zo Odzc
"sjtOy 2 dBsyj BRI 9jddits (HjMwIisCd) .

v te' L dzd ~ C Odzkzts fiyls:” i htedstels[Shszs ® d ¢ sSted Mis 5
BZOIs j to' Odzd . [ sfdz' vy j dadaw oL O BSH"’ IsO¢
Ctsdels OC Is dzd n L OHOY H dzw Odetcd 8 I wits fodizf = L
CsifsL dlsddn KOs to [104E16p tetsL ¢ dzv H Odzd ! o

s tsdzls OC Is dz' L OH O Hdzwo § Grdeh d g tc siffj dg O dz! dz
1] Odz" d&20. J L O ®BsH' W hlsOdf " &9 L thdase s YC
5B &ZOMls' CdkOSlkk. | O&Od& kdudksdkkz sodc
CsdglsOCIsdzdr L OHOY twWtsLoowWL k8 Ils! v  dedzr. Mmd
Stelssls sy dats’ f' of dzsh ddzd € 5dals OC Is dz' dzO 1
OdzOdz' Isdydesdzz o de dzw H &ZOo jHjdzs o [ 117]
ftozydets’ " of dzsh ddzd, L hilsOBfsd3 ¢ dzd detsq
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O d2Odz' sduydzed? Lo O0KBOBTIOHAOs joiz j tetgsg s L 19

[ dzv Btellstestf ds’ Mdzed SOCO Ctsdzls OC Is dz
[ 121] YsBERZHBOo Odets dzOB dzdy J dzd?2 L OBE dzj dzd 2
CWHE LO BOdJAB §f OtcOd) stesdg, wWE¢d2 MftcOo j I
CdzlzOCd [ 122] CtsdzsOCIsdzO L OHOYO tetsL G dzw
9 0c¢ (. 1 O Odz! dzd 2 f'HR"H HE ttsLeobwL zeo O
BOIsjtc' Odz' 9 dzO twshdatso BRBJ stsH E ¢ tcO dzdoupdrdsa
[124, 125] H sMdz' H Y o Oa fipis oS wzed @ dzf dZzOMIsd des ¢ L
Mddzc zdzw tedzd m " dzlsj ctcOdz! dzd = to' o dav dz' . 1 dls
MlsOdzdr Hdzvw Ctdif §12@¢.Isdzd = dBBOIsj to* Odz' o

1" HEB®RS, h ts B ' dzw hisORBf © yYyoOflsts o d dzd
209 Odzls Oy j dzdzv = ( 2O thd WO HE JRIED Y Z ' OCE s dB
olstsdBdzed iz i3 - Odz’' L BsAdZ Bsy zls ! HsfmMwelsd ¢
2O tclzy j dz B' dzv Istc' h d dg, w g o dded € OF Is
C'dzr €' Mlsy HtsMdz' HY j d&' .

v ftcOyw A [ 127, 128] f sediatso @dats  * dz
' ot dzsh ddzd L Istc" M d dzts ¥ Is©O dz09o O JAR®M MLI0Hzts
CEdzsOCIsdzO L OHOYO Hdzv 'L islstetsy dats’ " ot
otcOrRzoOdgdz? Isjtelsw ' H hlsOBIBdR stsdsOCIs
tetsL 3" M j dg' ds d fiz® EzOMds n dgof tclzy j da' . [ dzw
tesLoOWLEZoOld ' Mlstsilsdats dzgj dz' dz' 2 dz' tc* o dzV dz
hisORBf sd3 sO Bjteje 9 Istc' hddz. v tetsBtsls’ [
' ofdtsh dded L MmdMmisj ists®s  Iste” " Jlz #$ pthj @ teed.
Hisfdz' HY j dadaW ftesyd M' o tclz 2 dzlz © O dzdz" LO
yqdeoz ydzdres dzOo Odzls Oy j dzdz" = 9 d § dzOH j dets o [ 1

1 OHOYOdZ HdzW Odz' L slstestf dzgdr dBEOIsj tc® Odz' o
ftedmowyjdets Is' dz2 ¢ d € toj d3tizts ftedfsdz@Isd . Is g dz' o
hlsOdif " @ tetsL ¢ dzv H OdzO My ® [ 133]. 1 O Odz! dz
B' dzv Istc' hddz 9 Odz' L islstetstf dzgdm d3OIsj tc' OdzOn
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1 Okzoa Oy dd&sts, hs k2 MEzyOmdedrs HEsSMdz' HY j dadaw
' &z L dz0Oydsj BRERj dZ'L,02®HOs BLONso ks s Wisd
sjtlsw dz0 L dzsmsmls' 2¢' Mls! &OLjtc' Odz & &

f' oftesmsst’ o, f ksMSts §OLOd d ddr "0
Isjf dzsodH"' dzj dzdz? o " H IsJ3IBK3I. totsL 6 dzv dzlzls® o
[ MsB dafColsdz Odz! dzd A3 L O HOdzdz" HEsMdz' HY J da
mMddz Isjtelsw, A j fso0wWL Odes L Is d o3, h ts
GLIsWEko Odz dz d2Of telzy j dedz" , we! Yy " o d3
CsdzisOC Isdzed d3d dzOf telzy § dzdew o3d . v O€d HEO {f dedzded
fsojtendzi o dn Istc' h d dz, w g ) fsHOd Mts

ZzOo Odzls Oy 4 dzdzv = (N 5, O tod € dzOH , ' HBlEzo C
LoOWwWLSE L ydd3 mMsoOdzso dls! L dzOydzd?2 (tOCIs
stc' h ddz tosL 3 BPdgff~mo .B " pztzw h ' L slstetsf dgd » RO
‘dzlsj delmMdo dzes sL 9 do O st w9 dz' sjtcOkte" .
Odz' L slstetsf ' ' ¥ dBOIsjtc' Odzz IsO Iste' h ddzgOd3d L C

1. 2 [ Mdzts o dz' My " o9 ' Hdtsh j dzdaw H dzw fts
Wied Sy 2dedn StsdzZlsOCIsdzedn L OH OY

VU teBElS' tEL CdY dzissOW®Y'S yh &t § T &t Of
fesfisstess ' 2 8O §fdsmMe' 2 §oMsOdsetOn. 1 C
wWedr BEZHEZoOdzd ' dzsj ctcOdz’ dz' to' o dgW dadzw € tsd
1217 2 dgH O d3j dzls Oedtd Wz € dle sz W ted S y' 2 dzgs’ G 1

f' of tsiplss®R OYUOR CtdsOClds’ oL 0O d&H' -
HjYSteso Odzsets MisOdzgz BOLE' 5! MW  dz® W Iz dzH «
Hdzw ' ofesfisttsl. 5OCddsd tetsL o0 wBicBORY

ZOo OdzlsOY j dzdzv ) SO Y jtekzlsls® (HBBIsdydzy dzO9-
Of OOl Hd&" Bidhnkz fjtjdk hjd (o jtend .

1 OHOYyo 1L azdp M BC 1 mm" dzy mE O H dzw
ZOo Odzls Oy j detsets L sMjtejHYj datss dzts te B3O dz! dzts
WidgH OBj dels Oz dz@ WhkdgSy' v ofdzdolz Hdv §sBE
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fsoowLlzs Is! Ctsdzls OC Is dzd 2 Isd ¢ "L fJjtoj

Wstcdgzdzs 9 Olsd IsO tesL o9 O6WLEkzoaOlsd CtdzlsOC Isdz
i BLEdYHO' Is! MW tsHdatstec 'dRdzd 2 9 't 2Bl tfadzdfz@  «

r=yJx? 42, R={X¥ + #, G= E (1.1)

T2+ 0
HIED ddsH EZdz? nd dRas@,W ' y' * dzisG d kO mindzdzOL Mkzoe Iz
14n02 E boyy' (sojtndy < dipfHigwdests oL

dsted@3Odz HEt o jtends . 1 jtojdg hjdedzw 5o te

W:lME. (1.2)

p E 1
OB S w=k— H j :%,
r
1 jtoj B N jdzdew o ' oz 15O dzOftelzy j dzdzwy o L
a1-
0= P & né s, _3pPZ 3PxZ 3PyZ (1.3)

2pR° ba 2pR° T ¥ 2pR
14dr02 HB @iz HBedy§ &OH dzj dzj dzb s Wt
UtsH ' destedzOdz' dz' f jtej d3 M jdedew d3i ' ' o ff tots
W(x,y):kﬁwdxj.
W
1 OH Oy O Y{Odokzdsde” H O Is' MW S H dats te “f Hodz My ,dzj * LSS Is
L O2 kO f ofPls ' t dzsMC s o " dzizdass tso jton daj o
v Is s @,0,0) d&3j 3 ° f  offtesmisstclz § tod & dzOM, j &
My tow diztso Odzkz On,L HiPBRYIs s fiH' sIsd Yydats His ff 59 j ton dz
1dtBr"  Hdzs o dL dzOydilsd & HBe ' dz' dz' 2 Istsyy
1T Soiftsd dzsd yvsj 3" " j dz
1T SR sdzj deglsd Isj desistc O dzOff ez y § dz!

1 CtdBYsd dEsd @)W sEEOY" 2

(1.4)

1 OHOYO MWo BHE] desL 9 OW L zo Odzgdg? ' o dzgv dz# tc
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ﬁzo
HX;
L kZtcOrnkzoOdzdzw d3 MY ' 99" Hdetsh jdg@ st IsO L C
sij = hd &
sO €' dgj 3ZOIsdyded~r Mt " @99 " Hdzsh j dg' :
1éi IJ.UJ
o 1gu Wi
| 29 j M
10 o' HB3 dzz 9o ' H (L PO dz! 1dOn M) fagd@)<,0 L O

ofdzg slsdydzdr (L Mizo dzde® ) ¢ tz® 9 © Bz20 )y Jsdz'dzO . A
L dzOyJ dzdzW H dzw :

f LOHOY StdsOClsdets’ ols@dg®n' ° L bk©OLko
1 OdzO dz'fnkte dzd & dkO fLiadedy' j df' ts dzls OC Is Iz ;
| GELELONEMS &9 k EpEB@adzcy’ , &Bizd dasp b &d

1 ted 2 d3j d3ts, h %0, ORD)ZB s W p'oz-® f dz'd ¢ dzQHSifipge J H
H 5Is d ydzi), fiifdezdstso Odzlz xo L His9 Yy M’
U139 j toj d3' hyEARvY sdsj tcr d2' o dL d&zOyoOs Is! Mmw

Qx é,(l' I)_,_ZXﬁ
4GE r SO

Uy (% Y, 0)=

Q e2nxy (1 -2 )y
pGE 3 r(r %)

(jfzrpxl
G 17 (1.5)
¢ 2O zts ¢ ' YdzasQy, HEAed MdfEaej deBY: oL HESo Y M)

Q é2nxy (1-2 )
pGE 3 W)

Q €2(1- n 2 A
4pGg r 3

- 2 ngyl
4pG 2%’

uy(x y,0)=

u,(x Yy, 0)=

Uy (X% Y, 0)=

uy (X% y, 0)=

u,(x ¥, 0)= (1.6)
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1 ©O9 J H ] dg My " 99" Hdzs" j dzdgv ° Wz dzh Od3j dzls (
dstedzsOdz! dzdn SO HBlsduydede T Jjted 3" M jdz2 B89y
ofdzdotse’ WERCBHRISODIsdz®OH Oy OB’ d@dsH '~ , M O3]
"dzlsj cteOdz dzgd - T 9dzvWdzyr k2 L OHOYOR CdzlsOC IS
[ dz¥zOf iz j(xdey, 2 2 L OHOY' Yy jtokzlsls® f tse dzd 2
" fdzz*, Odzj $139%z @tc tfde JLSHAEGCHH2dZ 2 € tsdzlsO A 19dz'o
dz4 odf dmizs Is f tso dz' Miss ) ts ) dzts o fdasslsizizdzy s
1l M idzj G®EssE yjtojL ofdzdetse WERSYy' ~, o
HdW J toj dzy’' ® 9 Odzdav ds. v Csdtf OC Is dzts i3Iz odac
ftsodtendaj 8 drn alz@opeds Gpiidpdtsh W Is! § silsj dzy’ Oc

QX Y, 2= ¢ x )hvd dx,
W

Q(x ¥, 2=1 ¢ x )hvd o,
W

Q.(% Y. 2=0 Hix )hvd dx, (1.7)
W
. 1
HJV = :
Jx- ¥ @& P nZ
vtsH' it di3 Mjdede? °  dzOf WO Jsczdgw = jfejay
Q Q. Q. Aj flsOdzH Otclsdzts® B OL Hs o dafdzy ts totff tis

CdzElsOS sdzdr LOHOY L dested3Odz! dgd dsd 2 HEslsd

wdzls | ¢ e ©Odz' dz' ftcj] HiMIs @0 dzjddgddH € £ | tdsjtsd3 ' {f htsjHdz!
dz0 9 Odzls O, (xdd q(xy) ¢ j e d3' M j dzda” odL dzOYyOs Is
o' Hitseo HddS ofdzdotsods WhkdSy' 2.

Visso d CtdsOCklk L Isjthbwd sk dsdo.

V CSBdzlsOCIsdzedr L OHOYOR 9o9tHWIS! WkEkdeC y' &
Ctsdzs OC Isdzd B 5o jtorn dgv g Is' dz M tsy G B[t ebaPH
odL &2OyoOs s wC 9" HfMsOdy &' ¥ o ten dav i3,
f 5o j tpDd.2 0L dzOy WK, ).
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Vaiso d CtdzsOC sk Wistedgzdzs s1s! bk odaEdzWH"

Vo(X ¥)2 0, p(x y)2 0. (1.8)
Hip(xy)-SsdzlsOCIsdzd 2 IsdMm§ .

v BB Ists, BOE Is &' Myyj HOO o0’ Odzls(. 1 59
Z i3ts @€ y)2 0, p(x y)=0. ¢B® ¢ 5dzls O Cldsiden, Vis=00dz(x y)2 0.
vBUzy 8 HBR oJ dzduddsd p(QyHexs)E0.dY & Is! LA

stsB Ists

y OBt o jtend &pPOSpstEsOCIsks s :

17 OBt '  Quisd@lsp@0lIs:

] " HfMEBS 59O fsmMsOdsea SO LB Okt Ctdso

v L Oc Odz' dzts (3Iz odf OHSC Iz dzj 5B -~ ' H dzts L
p(xY), g(x Y, g(xy' BEOMY, CEAEEOSEES SHAdEYOTR

1. ELetsHY j d2° s datstc dg@jdzy s ndz o) tog pcgkO fij Itz

Gy=h(xy - dwd(xy WA(xy 0dz0, q
Hih(xy) fByOlStod® L OO dzj L wfedvj datzts (30 dz
fitedd3 M jdedzy By flzyddnrn Is' dz

2. & d3ts o d s tiids s ® dzOMts dzlerO € Is

3. destcd3Odz’ dz' ° HBslsd ytizon v Odz's daO@Ists dzt€ dg dzs D¢

lax Y= mxy, Hjgmd SsjW" y' ‘das Isjtelsw (1.9)

1 ©9 j HJ dz " dzZls | et Odzt dz fif ] sElsk dzsh’j dzdiry
shizso sésffdlt SCtdsOCldts’ oL 0O ®BsH' @ ftok

fcOCkdyudss 90y dzdodr odfOHS o OdOdz Isd Yy da
B Bsy dzdots YjtjL MSkOHdE cjtdkjlt's ¢t
tetsLf SH" dz dzOo Odzals O j dadzV Is @ dztiz®@ VW a|detsEIs5!' $ 15 Bt
VU LOaOWLSCE L ydd& §tsilsO ydiy s @GRz 'dds disdzd 3
totsL o OWLEZo Odadzy WtedCy.  2dedrn CStsdelsOCIsdzdrn L C
ydMd@ded sdyded?2 §  HE'H ~“twkdidsk’ st fiw
‘dzlsj G Odzt dzd = tc' otsdAsdd €, Is L ‘@ Heschah' dztsiz dgtz 00 df dz'
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s jtcOste' @8 '8 HdMCtejlsdddkd OkOdEEOdRd. U
d fls j d3d -dag 'tes dedateils j 2 L HGHOISC s d EO fiztatirse j
L d3" M jdedzy 3dy Is° dz
1.2.2 [fdsedz MY  da edzOudiptsiadz" dzodsQ fhskmpkjmmzO
MlsOdz h Otk

dddzo sdz' yded 2 MY csdni 8t =fLtced2VHAEjodgfts tdds Leadzts © O G
stsBlsts oy deatsets MmMjtejHsadh O, sB d3j  J dets G
(tsteyj o ddisd f dzsh o dzCRgds) Lz B dACwztes RHSRY A MY j S Is

1 jtgh j, tjLbkd sOId tsLo 6w L Odzdg? Hj W
odfOHCE fkydsets h Ok, "t MIduO' Isi fiqw
ftedC dzOHdzy L dzOyJj dzdzw £k BERZH' 9] dz dz' 2 d3j -~ O

ltHtezej, otdzO ' yY' COotssodwiL Ozl dsin
LOMlstsmkzo Olsd ' dzglsj ctcOdz Abzted6' HB dzj Istcdo ® C
1 ®Wstej Is” o sdzO BO’ BJLYtMjtejHds 2 L ©
HjWtstcdzOy" & stso Mists’ f dzd Isd, weo Yy O

yddz' dzH tdfdswpdgttgn dzj ¥ L Ise " tcded &3, § Jjtef j dzH d G |
tsLedzvdzgj Bs L OHOYk ftets L dzORtsH Y j dedav e
ftoky desfmls® o fjtoj d3" h jdedgw i [ 35] :

M W, p em 1£
m-2 Wy

u

=

y=Hd M0 (1.10)
Z

% |
=

Hz tBdAXIE'O L OHOddR C©0O2te drz=igesh &6t
sBd3j ylzelsy hOte, O LOCBY LO HJWwWCdR Y kzdso
1l izsh Olgle 9 Oy O Bs o SkefigjOn jsododdas 2 f dzsh ddzt h
it BLEZYHOI B dd3ts o df OHSE L OH Odzdz?" dzOff tolz
z=h 4 3°4 t 3 °0 (1.11)
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L Yy' 2 LOHOYU VY ] tf JOdg dld datedzW z,dz¢ lsyts sy to d

M _ M . —
—=Uj B, — %ilsw w&= C (1.12)
A Z "o

l.r dzv tetsL 96w L Odedz?y CtcO2ts0drm LOHOY RO
sO Istsofmlsts” Hdzdlsd, odwedw'  Is: Mw HEMdI! L
LOf dMk tLedvVvndkdd wdWHite] dzy’' Odz dedm tc' 9 «
[MsBdzdeots dzOtsydes jtej o 0Ocd yk ts@fls = iifflaoits
dZzOMmils' dz2 € d MC ZOHdes™ MdMmlsjddd HIW jtej dzy’ O
ftolzy dzsfyls’ o  jted d3' M j daedew . Q tdfisteity fighss dafdsdgt
0O MOdJ ZO to' o dzv dzdz' [ Of ZOMO:

2 2
L f‘z B g (1.13)
e W Al
IlEHj BB hECOLd tsLodwL ¢ yY! sets &' 9 dzv dz
F=82°h(xy +aZ%" fi(x )y (1.14)
s=0 s

14 BO flktejBd bkztchkd Olige s tctsH 2B ‘' 3 tzd
Wsted3Odz! dzgd?2 Of OtcOIls Hd&zv fwsBEHtSead o' HY S8
fsHOds dzj Mlsjfjdzjodd3 cWwHBBd, O k odcedwH

]l slste' Bdets " HfMlsOoadlsd twH (1.14) ptc@S®
[ Of zOMO L O Hxyk®j tejd3 daded d3q

D= g 4 (1.15)

Hd =:1'l_X’ ZUfE (1.16)

odCtsdzOahd o Hftse Hdegj H jtojcctelzll zo Odzdz"

A 78D f(x Y+ (25 A)(25 2) fop (X ) &
s=0

+8 °7ED Hi(% ) 425 B)(2S 3fea (X ) B (1.17)

s=0

e’ ode" ' dsts jfjte HES:dkdw StsjW' y' ¢ dzls.
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D2fy(x, y)+1 Of,(x,y) G,
D2f,(x,y)+3 &f,(x,y) G,
D?f, (X, Y)+(2s A)(2s 2)f.,(%Y) G s 0%2.
v OCdds yd dats o3,

b= D (0 W(xy 0 6%

b d&zB&Bds df OHC

foo(X,Y) = (%!DZS f(xy) s E2,2.. (1.18)

¢ ZOdzse ' ydzd d3 yddzsdz tslsted d©z0° d3ts:

Fi(0 Y) = (2(8111)!D23f0(xy) s £2,2.. (1.19)

JIsyd, ofm" CsjW¥" y' ' dalsdfy(cy)H E(x9)d tc BYs® 4sls!

L dzOWj dzdzv b b€ Bgs ) s Dl dzS y I%FZ\SWOH s te j H J dzdz

Otz =Pk
[ BOdR(?2 tjLbd kO &sy kO L 0fdmosd kb
_a ((17° 2s n (D° 1 s+l
F(Xay1z)—20®(2[) 5(X9+S§(28—4_1)!T3( zIy? JOxy. (1.20)
ltcOattoalze yd, hHts
s (-1)° o (D 1 e
20(25)!)( =CosX, S%m—sz =sinx
SHjtYyk" &3t L Of dm:
F(x,¥.9=cos(zD) § (x y) £ §(x v, (1.21)

1 i3 Mls y! sets LOfdmMkz LetHdI! MW HEs Istses
cos@zD), % singD’

b odedzWH' (v HZDY ous@zdfls Lt [JdaOBdzts) RO tde'd Isf
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D), ' HOd ¢ tcdftcd@iyifddgd BshizOlsstO HJW.
foxy)" fgxy)fdtedn wedid o  d LOfdmMOdd?2 fipOdid
eWH (1.14).

letslsy , htsB ®lsteddkOlsd (1. 21), L sofm' d3
tcWHOMRJ; dBsYydZO Bkdkzts 98" H MOBsSets f syOlsC iz
Fi+DF =9, (1.22)

Hy hlstednd L dZOYOs Is! zHEd toj day” u det® dd® 5 ]L
we LoadyO22dzj HOWjtejdoy' Odz dzj v 6 Sofiivic@R s ol
ftod2 d&3Os Is¢ wWC CrdzmlsOdzlskz. " odgwdadzy (1. 22
i e dz=0":

F="f(xy), Fi=fxy). (1.23)
BSEets Lo WL tsC wWCigOL ° dBO' eodedwH (1
et sOC, WwWC. LOLdOyjdts odh j
21 sLedVdzj i3 Isjfjte to odgwdzdzy (1. 10)
sz ydm! L OL Oy dsets fted2sdkz, L Ofdhj

m m
U'haf,D *'jl“@ ot H—"'lW Q,

m m
ui — —— |a—+ W
'ho’ED _21U2‘5 m_212U“ 5 Q.

2(m 1) m ?
4— 0, 1.24
m- 2 -hm -2 k! m 2 2 W W ( )

. BLedYH O ud  fd dops dguD’ W & ifs piah) s @diflsects ' Ocisiz:
ye  md mdstgidizs Lo dyO2ded s H W jotg jHddals @tps dadpF
L d3' dzdas© L OHOdzd s dz2O Mj to zw0] dzdz'dfs oo h d dz'

fteg=0,u=y, vy, wOru O0=viO = iy (1.25)

SSH'  dzj MC &ZOH dzd B § § t6 ) loosts tis v diEE35Hsds 3O

m  zsin(zD
2m-2) D b

u=cos@zD)y
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m  zsin(zD

v=cos(zD)y 2m-2) D 1M
W:smI(DzD) +2(mn-1 2)%Sml(DZD) Zcos(zD) 85 (1.26)
HJ 99 JHJdt L dOyj dzdzV
Vo= EWo W W (1.27)
1 sHOdzr ' fjtejlsoste] dedzgv d3tsy dz© o d S tsdzlzo O
te €£LdzOH O Yy d oA - twH(d. 1 Of ted € dzOH , h 51

f sd3dztsy d d3ts uiovdotd GiLfds © * pw,dgs O Wiz@ tetsH d W j to§ dzyg &
' Hikkso ks yd, GltedBO' Bis:

v=cos@zD)y. (1.28)
1 Ozoa Oy ddiits sOC sy, hts ftste’ o dgW dzdzv Yy =
COtedssdz ydes®s WhkdsSy' ‘.
100 dh jois odwOLd dzOftelzy jdz' 2O fQzsh dd

M " desh p dg (1. 26) ‘ (1. 28) SO Wsstedztzdz L C
1 sinzD m
atzx = [() )(Dzuo 1'W'b)'1 m- 2 ZCOS(ZD) 16
1 sin(zD m
6tZy = [() )(D2v0 S p— zcos(zD) , . (1.29)
19" HInd L (1.12) slstcd B30, hts o L O
tyy 9, v O~ C. (2.30)

LIy 4J, LOf dmMOdes o Mmddw stz ydz® BB yd d & dzv +
2h. L j2 mesd MftcOosjHdzdeod?2 IsOChshts Highd ¥ QD ted
CGZOHCE Y tteMmMisCkz thmdtse & 'z= lzOpipfizgady dgdizd 2 d

Ly ol U 2= 4 a(sy).

1 ©9 J HJ dg M 99" Hdztsh j dadzv BlzH EzIs! od¢Cts

WtedCy' 2dzdm StdzsOCIsdzdms L OHOY HOZW "M Otclz.
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1. 2.3 [Mmdesoadz My " 99" Hdatsh j dgdz?y Hdzv f dzts:
[ dzv Htshdd e yledvded m Ctsdzels OCIsdzgd = L OH OY H

h OQtez (MdBzed * ' of dzsh ddgd) © tetsB IS o d

sfMmdzs o dz to' odgV dadz? f dzsMCdr Ode L tslstetst dzd n

[140].

1 0Ctsdz | ECO Hdzv Ouz OcOds ff jddigfc?s LIO Cds@iz ) |

Mo tss dzOftokzy jdedzg" SO HjWBtedsOYy' ', Hd&W Od
?ex :aill xS al-li y Sa13 +z a§4 yi" a15t Xz 'a16 X;
|
7€, B, S a Sk a :
1€y 1S 8% y 26 % (1.31)
’|‘ ..............................................
POy 31 xS 8 y S Feiiiiiinnn. A6 Y

Hig fely d2 MisOd dGesTas eQ dal,.e i duHsidis ts &30
Sy S S xb xely, d2OY telzy § dzdz? .

[ 5L GV dzgj di3s § dzsMS d2 dzOf ey j dzgd?2 MsOdz H
fjtejHdddzO § dshddd ' §dksh ddss nddkjst’
Hdzv Y 8¢t odfOHSE &Oddj odc¢dvH

,I\eex :all xS al_lé y SalG-lZy'

16y B S ah y Sty (1.32)
|
Oy 61 S 3 y Bgehy
1 0Ctsdz | 2SO LOfdmize Is! ‘L o9dSCtsted Mmlis Odzdz" |
_1 ny hx 1 _Q |§l
e, =— S —= sX + t, —e , =2% -
X EX X Ey y Ex Xy’ y Ey y EX § Ey Xy
h h 1
Gy == & =* , s+, (1.33)
E, Ey y

HJELE  3EHEd 5dcO o [BOf fediCdys Hithigz 2 ny, iz o &
CtjW y' “dsd 1 EOMMtsdO. uvtelt, dbddezdz 5o

_1 _ 1 1 h_ h
1=— Yp = 22 —, a Qg = 7~ Arg ——

66 ~ j 26 )
Ey GW EX Ey

Q

r-]X
E’
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fed uysdsk &O° g /Hp FifEM " o dz' Mls

10 ftOClsdy’ hdJtesC ts o d ¢ sdpQfldnjlstds’ o @zdrds,
~nOteOCIsjtedMmMlsdSd wWCdr dBBOE Is! x=HBHYIFB.C sp dzW {f ld&
B3OIsj e’ Odz' 9, wWC' dzOL o O Isag=BcP®Istctst dzd d3d

{ Mdzts o dz' tc' o dgv dzdlny ' f deg fipQets . 1 U@ iz ¥ alaf indzO
O oy j estocdstso Odese s MisOdzgz (11 8#) SCtBf L
Odz' L slstets dz' BOIsj to' Odzd . t sLGdzv dzgj dss o d
Odz' L slstetsf dzdr d3OIsj tc' Odz' o . 1 " H ff dztstf) O tdss
L OcOdz dzgj dzd?2 f dzsC d2 dOftelzy j dzd?2 Mmls Odg;

VL OGOdz dzgj dad 2 ff dztsfC of 2ts L dz@Afv teidg pisisdzd@dz’ fiy ksGd
stsoh @z wWC O © HBo dzr dz" 2 Ibsyy'®™ &HEO f dzts b
Md toj HJdzdzg' 2 f dzsh d dz . s toff 3 Lyts gsdz'tsh dAl tc  &@
ftocd S dzOH jdes SOC, s 26t tjLizdz ks yoO oz
fd ted Hddedelz f dztsh ddzz Hts HJ S Oy Eafty) o Md ik
f zOMmlisd dz€ d ftod?2 @30 Is+ Mmw o ' dz/ dzd d3d 8 ‘toHf
Hisfdz' HY J deds' 1re IbsdSdrn § zOMisddzsS dzOf &
Istso M d dz’ ‘ 5L BQYOYls! O yjtdgdddsd ¢ B sd
dzOf tolzy § dz dzj mlskz¥ st .

g 99" Hdsh j dedg" Hdzv  dzsk@suls'ts edgosfdevizy j[dd
tc' o dzts tizeztiziso OG

t !
ﬁ_i_“_;y ;Q,_H’ 4_3’“0; (1.33)
MX M XH y H
fMf " o9 " Hdzsh j dedz? st5h°
Hu M W _Vv
€ =, & — —_—. 1.34
e T v LT (1.34)

Hig, £ iHI W BEEBAYTdjClsbts §jtoj d M jde ;
bdisso O Mbds' Mdesfls’ HJj W stekOy" 2
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er+“ f (1.35)
T uxu
) 5L dzOYd Bs ) Nk i dzG) Isfdtalzl s j WRists j L s O HiZDdz
L qidfdaes § Syt L SN 0¥ .dZ Sdstipddz kO dsi ' b
[140]

sxCcosfix) +,fcosQy) X,  toshx) ,eos(y)Y (1.36)
H jcosh x),cosh y T Ssfmddzzid Skl © d3 ¥ L o dz hLidpOB
sMw@JOyo ' Hftse ' Hdzs. v OSEZ LOHOYk dOL deo O Is
ftolzy datsyls

[ cts@®dzso dZO L OHOYO &BO° ' M) J cdd® N @zdd
5L dzOyd diG, gWd eYdsse d dzO By 3" IsBsH' BOEIs!

u(xy)=a(xy, €xy=g( xy ( xyi. (1.37)

) Z5MSC O H Y EMEBAWESMS S LOHOY' kit
dz0o j H | dz odhj M 99  Hdetsh jdzdgw Hdzv o dztst
ftolzy dz' afplsQd®Csde | 2SO (1. 82) WSO adfd lslzD"
W s te d3iz @a0izd

2
a _ 91833~ di3 I 81,833~ 84393 a . = 6933~ A3d3p
1=, 12 = , 16 — ,
33 333 333
AprBnn- & AorBan- Aoad Ann- &
a.. = 92293 3 . _ 963~ Ap3dse a.. = 56933~ d3p
2=, 26 — , 6 - — . -
A3 A33 33

1 OL dz2Byd s tsm' s’ dOftelzy j dzdzv o dL dzOyos

1
S; = ‘—(313 xS&F y 8 QS/)
933

sl dzj S dz Y] dyd ®dzdls{ j B tztleq Yk ¢ teOf o

2 2
S, -“E, $ —E-l; xy L —=Fli (1.38)
Ky M X M

10 OC odL dzOyj dzdn O telzy j dz@ to' o dzv dzdz
) Homplskw s yd MY oo ' Hdetsh jdzdzr (1.38) kb od
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' o dgV dzdz? Mk Mdesfls® HjWsedOoy' 2 (1. 35)

WEdzCy' ' Oty jdz odedzwHLE
= 4 4 4F 4F

[z Sbcbiosf dsds d3®lthGdﬂcEI2tz yj ' odgvdz

1u'F a1 _n, OfF e 451

Ew &, “E B E vu

[ind y'Sdz f5C0OLOds, Mt LOCOd dd2 t
LOfdMOdzd?2 & odcedwhH' [140]
F=R(x %5y H(x sty Hrx sy K x 5),

HJF(2D)- Hise ' dz dz' s, Wztstf jydz” | - O B s tsdDéssiad zdz”

0

D(s) = @S 2- ;48 (24, ag) % &2 ,5- . (1.40)

l MlsOdetso dzj dets [ 140], hts Ctstejdz ~ROLOS Is
OBt wdflss kvedddd udmgE@HE,J P E: fv s DS
e dzO yOfMmlsddzO BEZzdzO HBHOISdsY .

ANzdzSy' w dzOftelzy jdz@ By J BRI LtsBtLOY | d2

F=2Re§Ri )dz + fi)dz , (1.41)
Hj(z), (%) 0dzOdz' Isd ydz' W lkdeC y' ~ z & ®s il dzg Sshy.dzd -

] OL dz20Oydgssx + &ytsy  =yk,  ai=Re(), b Im(g) j=12

1 ZH] BB SsLedz"HOIsd odf OHsS, DS tsaztg defzpgO ¥
BEZH] OdzOdz sdydp o ¢ &B desBfds] d3lz* Is DMOY * Hadzd
f J ojcds  dzdet>dzt 3 y YL ¢ 2Ozt 6 Y dets, OdzO dz' Is ¢
y(z) © B dBRMIsl " HmisOGoadehd WkdS y' '’ (1. 41)
N " o9  Hdztsh j dzdg? Hdzw L dzORtsH Y § dzdz 2O tslzy §

sy 2Regy’ (z) ¢ (%) g, s2Rg (9F (B¢
ty =2Regs (B) s+(zy, (1.42)
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HiF(z) = (2), (&) A3

1 " HiMsO@adaeah d My o9 " Hdtsh | dzdaw (1. 42)
HjWstekOy' °, O (' dsjcecwkoOohd Glstd il Is
u=2Regn (z) ® (%) g ¥y W v=2Regq (23) & (®) x v, (1.43)

Hd Up VoW HEB9' dz dg' pfssPeza, 168 9 1Fa 48 a,
j=12.

[ LAY dzj Bs f jtoh iz thdase dzz L OH OWDzH dzve tenee
BO' odcEdzv H(X(Y)- 8T ststm jftedC dzOH jdzdR HE d
HitSH Olsdz’ 2dzQ@zO0dfgCdz P tsBd fted 256t tSBRBH
3O diwsh x)=dy/ds, cos(n,y)= -dx/c. UtSH' L Ekd®kse (1.3
slsted dzlz ° d3ts

aur_y dF _y (1.44)
ds py

) " HMlsO@oadoehd MmMsHd WkdSy' ¢ dzOftelzy j dz
LOHOY Shtddhz' ¢t ctOdkdyd khsed & oddd

2Reg (z) + %) g fi¥ds &
2Regsj (z) +s Y32) gifX ds & (1.45)
HJC,CTHBSe ' dz! ddST HdsWOjdas j, dzy ' Odz HUzG d dzO € tsdzls
[ dzw Htczg ts° tsfdets o dats L OHOY' Zdsso d
(O O)H dzv W i)W 'y 2,) Cte02 500 L OHOYO KO odcd
2Regpj (2) +P U2) ga( 3. 2Re &( ) 94 v @ k (149)

1 0 thdase ' dzOazsh j dad ¢ ke seas s sl ¢ dzv dgb
LOHOY' HdY miked ' ' of dsh ddzed .
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tdryrwf 2

YRe[ [ FL ¢fJ worYWRE ST RUS t[11adcyvl ¢
Je( R [ Ul RYLJWsp Ul wod) érodymwmupd } iy
gsforvdw Althrmreorwrrruf crsofrR Iyol ST

l ' HB&BS, hs o juezfd kB QOdzjC2 dzzON de d3j - Odz'
ftcOyes ¢ Is! 9 kd@isco Or CtsdzlsOC Isdats’™ -HoJLWCES taigigsHe’ ©
MsOdzz o Ed@so O Mddztsetsets C(dsOSIsEz o C

L sdetss o9 lstcOlsd 3 ydatsfls OB s L tsdasfL dedinRjddia
Hisfdz' HY j dadgV -H jd20OH tiodzty g @alsts G ts fmls O dzlz ) Y
oHEMC sdzOdzj dzdzy CsdeflstelzCy' ° HEGLosddls! §°

LV L H' d fsBHtse Odes yYydmj dz2 ded?2 ©Odzet
LOHOY bjtte' ' Qizsdzshls fclpdscos. ' of t
hsOBfsd, o jtehid' wisdts &O' MS d&OHdk W
o' HBEZOO'Is' MW d&zO0 Ctjdkds, dOfjtwjH daj
MY Stz dz’ 50 Odzts & o ¢ dzedaj to ' ooplsty figldgi OXES] iz o2 2t
o CtedMisOdzdzg" &8 C o OH OIS izt dzd 7 st Bl dz
stcOdzl Stedsso Odzgs  Hits  MdMmlsj dsd  dz-dee t2' dacdds f
t sLodwLkzoOdedzr y' ‘' MmMdmMlsyJ B Lo jHjdes HTS
LO dz dz' 2dzdn B &) N dz S lsdrf? dzlsgMESRIR &
L tcsB dzj dzsEts Oddtstedlsdiiz HBMd HY j ds
ftoky dzcséts " oftetsmisste L f OtcOB sdzts’ H dzd 3
fdmils j gz[14]d " Bt

(SLEdY dzlsts sOCEY MjMmddjsted ydsz I @ded@n
hsOBIO Ek § oftesMmis' 6 L O L detsh o Odzdgy, L
IOHOUE MUtktdzd o Odts bk o ddgjde Ho dzts fipsly 26 taC
fletsyj M Ldetsh zo Ocdzdg? HEsMdz HY jdets BjSBHEA §
sB ZOM! € tsdals'OR sdzOf tetosjtdg'ts o dz' 2 L dzOR SH ]
tetSL tetsB dzj dzts G S5 L Fodr sligzdsldsiz s Q€ s M Md d3j Isted
ftoy desets §  of stk L hsOR{EA, "t KO
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) odCstcdMlsOdadz” d3 tetsL toctsB dzj detsc 5 ifizG s L1 is
tcSLO9OVWLEZOOdzdz2" L OHOY' ftes MW jtdyudlz f st
ysteMsSd?2 hlsOokf jmddjsedyds W stdd.
sjMddjlstedyudzscts Y stemMsSsets odlsWediksets
Ef ez dzd 2 f tetsfls 'fts touts X i 4Bktsc y dzts ©

21 M j md d3j Istcd Yy dzO Ctsdzls ©C Is dzO L OH Oy ©H OHlalEv
H™ dzv dz2€ Odzdd 9L O° dgtsH

VU f OttOCLOW f 5B IzH 59 O dztsts fipjdhy dsdzgjdldstelz] ytalss” ¢
OLO" didsH' ¥ fJtokzydesets ' oftesiststelz L ° hIsOd
tesHf' =z IsdMSE dzO dad = odL dzOy @t ldz @ 56| dzld
fsHOdZLDdd,j dzgdg" &3 HEs L OHOY' C9O0OHW©OIdYydatsa t

2. 1.1 1 tfmlsO.detva T@V AP HIBY C sdzls OC Isdzgz L OH O
dzd 2 " ofttOtffyls diesHEZ@EDG OEHzgEW ' y' ' dzetsd® l3is@fig
L MGz )y tstmMisCsets hIsORBf O, BB N Jdses ffso
wCets® Oz(ocdif).. 1 tod 23] s dgwdedzw tshdzseo d I Is ¢
dzv 5 5O z9g@dreRia). 1 OHO' st Mv Sy, H @ dedfyt
W <0, wy=f(P), P- fd dzO . e 5@ MS OA sIBORBH s9 § tor dz'
f° mdzv olsdMm¢ Odedz? N Is O3y @z= dery, d Migdr)ls wofie(r) ¥ Iz
(toRfh) . zOBY ccdZOHC 2 *° B ZzEPWEYY jScy dals @fj!

vseBO odLdOYdlsd H' dvdSd CtsdzZlsOCIskz * tesL

4

O]
[ dBIASEHRO o jtend' ' of gtk o s M8 (Onbi
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Il H]j B odatsHdISSH MY 99 H'sHizlgsts] degdzw H dzw
f tots fls tszte B, dz0o Odzls Oy j defs G 15 dzts tc 30 dz!  dzts t
S,(r,0) =) 20 f tesaRgryhidiz ade dzv H '

w(r)=uir(s)ﬁ(r yd 1 2.1)
pEp ’ ’ '
. 4 A i d e . & -
H JF(r,r) r+rKSEfr+ 72 , K(X) T d 9 ydEls st O fJtehtsc
p/2
K= f—2d 0tx 4

o (- xsir? g%

2.1. 2 [Mmdzetse dz' . fpfdzwe o dzjH LdABsH Q dizfiZl O S ezt s
CedzZsOC sz LOfdh j d3s dzO0 tshdetso f " HRBHE 4
tctsL e dzv H asB kO Mts o d3' MHEZ ‘dzvedd§ d C S dzlsOC sz, |
hts L0 1OSddE OH' dvoRidarzdud dzsd3s ilsted B3z
tc' o datizgedlz o dzsfls *° wa<dz<bI8Olic’ dz' f tod

b

() F(r, ) W(R, weh s <Q,

b

fp(D F(r, )d W(9, weh ss 0, (2.2)

H M(r)=ﬁaw) ()],

]l syoOlStso ( §f tots G dzis Lbtpod®dd t9 O * 1030 Wiz Clzday i dzts
dz' ©)stzOazOdz' Isdyded i3 B ssHOBd tsLodowL S 8¢
BOE s Wesdediil? CHis tetsL 6 dzv H k.9 ® dztycddtdn Is ¢ ts DOz O
ftosedesL 8o Odz' BBy ' Hd&W B d&OMIs' Q U@ stk
Hdzw hIsOlif ' & MW J toed yoasd B dVids@ dzlfts L ddgodr"j cflzdzv o °
1 O dzOMmlils z § dzd ~ CtesC On ftese sa,d Bsyd g s ey d
JSMy jeddsj destsals, L o5 dgh z6 yd Is° H' dzwdeS d, ¢
dziz sodr L dzOygj dz' .
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1 jteh j L tc' o dz2dz) Mg &g z'(s* Mw o B
L3 h jdadgw 3y’ ' eoftesMmisstelz LB 60" Is! fw |
i 0. [ ez O dzj 6’ o dz' Mis! MftcQoHy k' Is: Mw ¢
hsOBf O L ZORgEHdgHMY Sodtendz L HJjW Sicdss Odzt
OBt By j HBLYSCOLdMW HB dzj ’

lojHjBs HOd Cpsdkls@PS€Gdzd?2 Isdm¢

1 ited fdh j d3tsdzfecfc o ozttizBziipldr’ o (B dzv H

b
) F(r, nd r W(), w Ch tg>0,

a

b
R )FE(r, pd r W(), w ¢ htg=0,

HJq(r) =n().
t SLOOWL zo Odzdz"-dzjued  dztisf) Ip 2 dz!' sty asj p gzdlsts
fsekHE i35 CoOHWOlkZtodzz Wistedgzdzze wdzv ' dals

b
R ) F(r, pd . (2.3)

Vi jtejtoodzzg @ dzf yisaR € BY " j BBts 2’ R eds]
dzj § j 6§ oo dzd 3 * dildzjambiysididy: 2 dzd &3

N
q(r):aqnsn(r 'rn)l (2-4)
n=0
& I
sl e
10 [X/>h,

0y = a(1), h =&, My K5 htj O0=N
N+17 ¢ * dzt € ° fyls al:hs%%@d’ﬁ&ts@ts@lsﬁsq’lslsw.

UBH'  HA&Y 23dk segdil ¢ (Bt
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b
AOF(, 30 T3 ARG, N 05 N, 25)

m=0

rm+h

HJ Am= i} St -r) F(r, ) dt.
fh-h

1 O jodEGE WO dzOR tsH d dsts TMis OcdgH Otsls ded Bd -4 te
& o &OjEOdyudds: fdMlsj gOS, bk wC A ot
5j2 bk §'H' dlsjcwOd ddn Whkdsns)&a@ (dt e o dak
st zdfacdils) . | OB ded o " d odzjinel Melscpdesl)ls j2'dais gz
CoOHEOLEZEdd Bd 23)s 6 EsdEGddEE ‘(Bs Odd j B tod Y
dzj o' o dzsfyls j 2 :

g. Ahmqm: '\Nw wgh tE|n>O,

m=0

N
a Anldm? W, Q' €07 = 0...,N, (2.6)
m=0
HW,=W(r). q,=r,p(r), fo...[yo kLAt Iktsystad, nfabd yt dik
tdMmlsj B3O -digy 't davdkaGn)ls § &30 tesLoOwWL 5C, ftcd
LG HB8ZE] Lo ffmr HAZO CdzIsOCISdZO L OHOYO &GO ft
1 kdisse (6) odfdzde Ot Is! dzj to' o detsfyls * :

N
é. Ahmqm+ Wn 20’

m=0
9,2 0, n=0,...N. 2.7)
[ s d3dzts ) tff f3tsh dz ®2.7)9 dalg®istc dn<0,...,N ° HtsH O d3t
CjLbd 5Ok’ lttdBz' &
Nan, 3
J=a eadAmndn W, &
n=0Cm $ -
we dzj o' 2RRsHHEY &2d 6 ©° , J § Bq,8Q" dzfdedd A .
1 5C 0Oy j B, s CdlsOSIsdg sdMSd L dzC
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CoOHBOdUkses §tid tcOdjodadeddided L dz021sd o

N N N
J=a aAmdnt + aMa. (2.9
n=0m 9 m &
ftcd odCtdOdeds dzjte' o dzsfisj 2 odedzwHE
a, 2 0,
N
a A.dm?2 W, n=0,...,N, (2.9
m=0

[ B9 JHJdzdz?W MEEZOHO' Is* Mw "L Hetsma YOMIsd
1.1 s5COy B, s ftod 26 PpH B9 ddepdedzO E dztso
[ dzv y!' séts 99 jHJ B §tsL dzOyj dadaw

N
H=A An T W B

m=0
N
v sH'=§ #, G
n=0
1 @ S AP teh d 7 2B RS aB@(=BBN0,..., , O bdz I

J=0. b dzOdzts ¢ ' ydzts, i ted 9269 ts de@zesnrlszN,d = O
stsdz ssH' Js0OC BysBlEE jSisted B3Odzd, Mt ftod
(26) dzi © ' HO ' d3dzOEs frprjeddd ydiabtse 5 d3° dz2' B3O dzd dzts
LB oAp) U4 Edktse d, wWeddz LOHBS Bdz! dgW ¥ IsH Cts
sdmM¢d 3" dzdzdgydidzizils+ o j§

2.1 59 jJ H ] d3fs, hts MW tstediszdz! s OO L OH OYO
‘“Hddzd?2 Lo OWL SC. r dzv y! sets HBO j HJ dBts,
Yy dzt seolkz B dSy' ¥ (

NN,
V=a aAmnShnS

n=0m 9
HSHOIsdz! 5 931 Wa®a | dztsdz’ v@Ests HESH OIS dz OB s

[ y! set oL ¢ dv dzgois d2 § ' P jf wisHniss @&
fted S &zOH j dzse s dzOo Odzls O x50dzdzy =s(r), f.te @. WIS tefoEEO 1
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dets to 3O dz! dz'  f j toz=f, " jidedBtse fip dz’ Y d sdw=miz)in d o

stsH' od¢ tdzOdo uc{d3éf‘BI2|Izjr]c{dzded30[ B 5ls O
2pb

2= FROOWOUS =71 €760 d d 2pns( OLE
S

0

Al b

| 4(2-_A)
H {ME" DS d(ne——+ o ns(pﬁ(r ),

s dzO s dzsas) m3®t6d3lsdzc{ (

4(1- A) N _
w(r,) =w, —( )a ASnf  H§ $ =)
pE m=0
USH'
U s 4(1 ﬁ) N
2A= 2;tna S HW, 2”97 ash aAmsSn
n=0 no m &
(- Ay ow
=8p L3 AAnSS  S=sh
n=0m®
[ME " dz0 s ttsmtsH Olsdatss o j dzd yd dets® Ists L
W s tc d3O HtSHOIsdzes o dL dzOyj dats® . vtsBlsts tofsi
ftotsc tcOdzlz o O dzdz™ dzO0dzj 3 d Is HtS L OH Oy s L

MfteO@ony k' ! MW Iso jMeCAd jodsgQdz ©z 2 B Bl Uz’ dskz d
(jte] BOOGLMOO ftes dzjtsBR' HdzZ kO HEMsOs

1 MCOLOdtsets odh j odf dzde O° , hs MW
ftoesctcOdizzo Odzdzy BO' tosL 9d20L 8Cdz 'dzO° n¢f dzdzl .
tcsLobwLtsE ' Lo bW LIBR CtdsOCIsdts’ L C

r dzw LOHOY' CoOHKBOId ydzts G s fticsctcOd3zo
o d ¢ tsted fifjdsGudist O te Is dz' i € dodztatfdsdgd ,Is 4 fiyve *  dzO Is j
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X =% Mh, ¥ ¥ ml}, n=0,1...N, m =0,1,...M.

l 9 Oy Odzq , hS' SHEOMIsS zIsdzdStsds L CBBKHC
o j " Ezsh) 5B OIS 1 5 CLtc RIMASIGHY dsRHS#E b d B 16 ©
sO¢, htsB o  HYBO HdZ ~ d3 CtstSteH d dzOIsd IsBYT

1 " HiMsOoadoehd My " 99" Hdztsh j dedey ( 3=8)y =%, W
we' dzOdzy ) OF ! HBvdzOemdsL' dzO yJ dzdzvj (xgyle JzH joddts’ tc O
oL dzsodr Isys oOrn wlsted BO' B

] n, m:a A nnm - em (3.9)

n,m

Hdjnm=0&wy),
H

h
Ah,r,n.m:Cm,- n Ci,jzﬁ ﬁ( )(Sl'ty( )“’(?( ,'YX )ddl
-h

H

3.1.3 J1dLdzOyjdzgdz? StjW%' y' ‘ delst azv C g Ok
L Of oty St OdzSEts ' HABHE dzj HB.5 ' Hdash) o@ad



97
Wstcdidz dze Hdzv toL teOcGzdze @L C isgz¥, Wb fzbizig o o L dzc
mMf " 99" Hdatsh jdadzw o5 ( 3. 2) , slstcd &3z ' d3ts

G;=la; -bp
H J
hxhy 1
a;=n ANCXxH()h d ax
A N P L &
h-:hﬁhym(m()h s d o
! -hy -y Y (x 'Xi)2 (+ Wj)z
) " H' dZsjctOd d2  WkdSy' S k& yde  CtjW
x %; hysij 0=, 2., hts EMC dzOH dgs L dzO R tsH Y j dad
a;h bk Wottdkzd (3.9) udhessddrd djlstsHOdd.
f°H YO HdMStjldLOy' ' ©Bd&OMs' SCsdsoCl
' sCd &0 bidKlzlsozdl ffsoz Hidz? CsjW' y' * dasq
odedvH', ftd Y sz @O Stydsdz L | dj s,

o dCtedMlsto kodfjdidj tS gt o tizls j tof sdzv y' 2 dzgz W
stedSklsd 2 ' sy’ L-GHSGS & e dY gl sz 2 s
HOds Ldsck § Hodhdlsd ksyd Mis' ©sL©EOREd

) ZO2Hj B Csj% Yy ‘dasd L Wtdkzdd (3.
odritHdlsd L ktets, ht LdORsHYj dd" yd-n
"dlsj ceOd 9 odEdHE

hy Ty
d;i=fn FNOIKY ¢ x-x y-y dx
- hy hy

Hogx =iy =i, i) 6 1°2,.8
A' CwjW'y' ‘dilsd hzwotsds ' delsj ctolzo Odadew L
" st 3z dzO oz

hxhydi,j:( Faje TR 1« tFH1 0 4 F)



08
! 2(Fi,j+1+ Fyy +® & it E) 4+,

HJF ;= B%,y), WeEdSayde doy@tussd vl ¢z to' o dzv dadz”

4

wFE
———=09(xY).
IJXZMZ

l sBlzH 9 Odz tcsLodowL C(d LO Ekdtse d, h
WizdzC W H O Is! Bsy dzd 9 * Mls o Ctdi3f OFC Is dets 3z
CEd W' yd;. dzs* o

JeOntsolzs yd LOftsfsdse Odj odhj tLagdls
f 5C &zOH J i35

1
9(x =", r=4x% 42,
Az dzS FlesH ' o dL &zOYO' B L 6 o dgv dzdgw
WE_1
|JX2 M2 r
wdzls j ok yd 2666, L &ZOSGHJ®BS

F ety {2 B ym(x F N LLVE )

[ dzv B ydmdzj dzday; IO P " "ditsls * o

g(X,Y)=X2+ 2"

wdzls j stelze yd Hdzvw HOdesets oadf OHSCEZ ' o dgv dz

WF_ X
e W X ¥

slsted Bk &

F (X, Y) %xzyarctgz ifarctg)—( 2 @3F R)n® -
X 6 y 12



99

3.1.4 vdfased?2 Oddstdlsd Gl o 6lvdSHeua

ssoks yd HdMStjlsdlkz Wsttdzdzz (3.9), L-Of
dzj ' o desflsj2 (3.3), (3.4) & -edgfdedzvorists fifilsdf
é Ah mn,ms n,m =+ N 1IntGdS n m.’ (3-10)
é 'Ah m,m° nm 2F n 1IntGCfS n m (3.11)

H4F wFX oy ) FXY)=f(xy) +w

t ' o dg¥ dzdzw (3.10) ' HY s8D, H OB Is dzj tis'B edaiPtifilp
odCtsdalzs st MvS\De ©EEOML &Y, , BeaPlel§ dzdze ZIsd H 1
5B dsOf) Ctsdzls OC sz OBt to' o dzd dzclzj iz szetzs b5 D (12
we o adhj, tlttdBkz ®s EZdktse d

a Ah mnmS nm 2F nir

n,m

Sy m20, (3.12)
foduskko E@®' &s KOS, hsed o Hfso' H

5B dZCHYls
sty dz0 L fijthdn bEdkse (3. 129 g dcUsaks dlsy
dzj &' Bds, ,' HBHOMBES 5 LO M G300 (UEHS. dadzh

CjLbd 50k’ sltddBz' &

J =é a'Ah n,m Sxm Sn m 'g, n m (3-13)
) SBZHBo Odz® W istedkzdzO (3.13) ° HdMSCte] Isc

sOSCtsets MfsmMtselz fsBkzHtseod Wotedilzdzd (3. 13)
Wstclidedz Hdzw fsHe 2dzd-s HOotodd todzdm ' dzlsj G
l1ted od¢ 5dz0Odzdz &0, (ISl a3t s o j dzd -
1 s5C 0Oy J d3ts, hs ftcd HBSHOLSCBoatsdiz L OH &FaipEsdd) ¢
tc' o dats® dzlz dz¥ | ktsBlsts HEMYeEO Motsets



100
Iso j toH ¥ j dedgv . | d&z¥ y! BSet LOfd"j BE:
. € o :
J=aéaMt mmbm FmlUSad, on
n, rgh,m 9] n-m

HJ Cn, m:é. A,n,nr,m Sm F , m

{54, LO o d¢ 5dz0O dfiipy0)z dstg® g9k 3 . HAD)Xzs ¢ ©
d ¢ sdzOdedz’ LsRigDY BAFBY ) (

L LOOWLSE L yYydds Mt steBzd ' s OLHEZ OB
sdzd L OHtso sdz! dgv dzdlz' 33t dzch Oz . b J Yzd 5@ dztiz' (
OHOYO Co9O0OHWBOBdUdsets HtosctcOdzkzo Odadz” . )

O JHJdzdz" CBdzlsOC Isdets’ L OHOY' HtS €9 OHtOIsC
B]1,5 tesLcdzv HO yd fdzsmMCEz LOHOYE Isj tste’ °

©

©

-

-

©

3.1.B5d&il5Qsd L OSkdS " o .

3151ss5dzlsOCIsdzO L OHOYO Hdzvw Is° dz L 1.QtcO
SfcBsEets KoL tesBdz) dzsets Oz stedlsdBBz L ¢
L O' diBsH " & Ho s Is' dz, GjBdjIste" 8 B IZOMIS J

I

©

odcdmrPY=A¢ +BY. [ 5 dzdn dzOdzj 4 Ols! C kO Isd
Ckdzr, Ckd' ' ydd dzHtedydetsets Yy tsdzsB O, tots
Hottmn yYddz' dzHtc' o, tcsL IsOh s Odzedr dzOo - tcj Ml

©

"Hifzlsdesmils* Isj toldyj taiQdsBlAdg]” , o dofmfj ddz' Cod da' dzw
OdzOdz' kg ydesds o & dzv H ' .

[ sMdz" HY J dedzv CBSdElsOC Isdzts® L OHOY' ftotso j
) EOMMBsdzO ' dz ‘  §H=0EO S s oscf il eyl t ostglz  Bezcfitj C

©

_y2n lJ]ojHjdBS ©® tBLEMEYH BJjLEGBL B toc
2(1- 1
= s | Wetdkzd (3.1), (3.2) Isu' odfdd

L dzO = SH Y j dzdaW o' HdegsMmdztsc ts Isdm¢ iz o d L jddoade
Csj W' y' ‘ dzsf’ V1 EPEHEESEOR y! sets ftcd L OH Odz



101

hi LOdzd ydls! ‘w (99 LHO ‘edjddidfcus] deds dzd 3 § dzdzv Is' dz
| BLICORZAdZSd  tctsSoA 'HB) datic’ L Gzd &' w diapAj dz@ oL
(Wp) , W' Ldedr L dzOyj dedzk)s K& W@ taee o g ts5
S khtiste dzOB dzd y J dedz® o € tstc d fifisLsCodz o WOtslrtfls ACAK
Hdz" cdzOHSCdr hlO®RY o, o wCdm odL dzOyj dz
Flstsydzs 9o Odzd L O otcORlzo Odeda? Isj tolsw .

lted ttsL 96w L zo Odadz L OHOY' 9tcOn 59 Odzts,
o' Hdzsm@xs ®BiE'Onlzo OdzdzgY M A3 ste® ™ HBL o tsdzW °
mMd Misj 3" -dztb o d dedztizMmis j 2 .

s sYOSk ST R ds®igds’ § W BsCklsdzd S, w¢d2
Csdzls OC sz . 1 5 Ctae'ddg kdiafls d2asts ¢ Nsfif' sCs o LH ot o
Csted L cdbOtzlesUs’C0 Htothtg deBY telsd ¢ Odz' . 1 tod

L dzOy jNzdd. | tjLizdz O yYydmzseatsets tesL 9
ftotsctcOBzo Odzdz tslsted Bzo Oz S tsdzes OC sdz'  dzO
[ O ©BLEE"HOEZd HoO odfOHSH. 1 jtehd8: ¢
dzJ dzdz' soddiBd. Aj L &ZOYO' , S h BB Al Otdze
ssBz HOd LB ' dzhh thg OdadtsL 6wl o Ocdzd L OH ¢

ftotsc teOd3lz o Odzdzvdzls @ls dZO YOS f sHis Isd r  § dzfs,
LOwWo dzwIs! v B dZOMIs YL dzlzaiis LssodgvdgdO disfd frirgdds
LdzZO2Hjdz CtdzsOSCIsdz Isdméd dzlz dz' s d d3d &
IssBlsts ttsLld tcgd d s @2 L Os9 j dzd & d d3(d . U S HS

hdzw asd3 oaddzzyd dedzy fteddzy cdzdm Hts °~ 7 d3gd Y
ftcd y! sk L i3] dzh e Ozd ! tesL i3 tcd CtotsC "’ o,
[ Bydmdze o OEM H0B,d IssBlss Ctsdzd MEzBFOLLdO ¢
Hste' adz¢e 9 OdzO 900. 1" H yoOfm ttsLo0wWL z9o Odzck
fddd Isted yded d3d @x, H dztsfgdzts BigOS Koy Kxizd), K
HOo Odzts L discz L d3j dzh dIsd € ' dz' € “dijlde’ oddgtsofr] IsHjt
I s sd3 4y S 5 BzptigB®ezd & o de dzvH' ftow BSCE



102

-c x e-d <y o @=l5M,d=10N.

[ BUudMmdzj dedz® o FEOMMpEdASO0Bed | d&z¥ ! et ot
DftsCtedo Odzd ' Ishg =009 he=9.89M® d3qf

1Bjlstss IsjMiskeo Odzdzy oS t5dzOces tetsL t8OR k2 dzl
o' HMklsdzts fiksD) . Is jltetdsh  1L(dz@\ j dagz 8.02f (jtebsef. edCZots o
BOC M BOdz dzd?2 IsdMmS, wCd2 HBMWEO' Is!dy Lo
Gl tesB dzj dzd A3 POLIZBEBINOWBGEL 9] s o] kL G 1
L dzOyj dzdzw @&, SBq7OPER0, WwWCj L dzORtSHJ dzd L [@55]Ists
0 dz0 dzts ¢ ' wlzts0.0RGNd 5 Is to d dfR.8.7464010° * p ., =9.732010°.

tjLEd SO tL©OoEZd&S' & op HEASHGRDSD § BGd
(k=0.3) , Cj¥W' y' ‘ dzo 9.3 1 nifceE L dzoyj dzdzv
Wy = 0.03; 0.025; 0.0} (dzO09 j H J dzt8.2@0 Ctecffgdd d3d 1

1 0 BRB). dz0o jHJdets L dzgOyJ dadz™ 9 ' H datsthidzd -
Wo= 0.02M(ls O t' L dedr L dzOyJ dedz'’k =0.6504,10% ( Yt d-3éls O

' HY o' Hdzfs
P

gl

0.01 |

0.008 | P i N

N | L
\\\\ 0.006 |

\ 0.004
\ \ 0.002 |
/ W

46 12 08 04 0 04 08 12 42 08 04 0 04 08 12
9 B)
t dB2) ' Hdetsmded 2 € Sdzls OF 1Bezd. Ty BsHHPUB L O Iz izt
(@Li31 wy= 0.03; 0.025; 6.0l ;B:1i37 k=0.6;0.4;0.; wy= 0.02fm ()

0.008 |
0.006 | /
0.004 /

0.002 j(

DN
)

/
/
|

0

O 2O e ' Yydz' toj L & dif bl db s AL0PB Ha2® 'j 81 j dzt



103
tcd 30 ‘' B) 3.3/ 0CMdBOd dzd?2 IdMmS E yj dzk
W= 0.02f, odL dzOyjdd?2 L O tiL @SeEIAPIFA sOd
ssydzj L-d@EuTodR8B0° L G sHY e s! MW &'y MsB G

p p

0.01 /3,2////:\5‘ 0.008 a—
0.008 // é/——\\\\\\ 2 y 1

0.006 [/ // \

y N\ |
0_004_/// A\ R
Il W ol ]

0.002 \ i /!
s e o—&# 7
1 -08-06-04-02 0 02 04 06 08 x 16 12 08 04 0 04 08 &
9 B)
{ B3] " Hdetsfded 2 € sdals OC Is dzgBE 0.1 1) CA=Q.2B |
(@Li37 w,= 0.02; 0.025; 0.08)¢B:1I3T1T k=0.6;0.4;0.5; w, = 0.02fn «.

[ SLEdY dzlsts IsOC sy B=0.1E0 H 8\ 0.58, tshoize0.065m ¢,
h,=0.065n¢ [ OCIdBOd dd2 IdmnS & ywnzls®o2h(ss

o dL dzOu jOdzdi@s L to 5B dzj dzd g, € ABRSERET, Is dis@R |s 5y dzj
Py =1.0997010° L GsHY EZE 5! qw ' 3 fMsBEGE . s s dal
o j dzd wg de@o j H | dz' - ol ol @RIz 3 4w H S 2 dzO

1 O M8fle) dzOo jHjdets o' HdegsMmdz € tsdzls OOy dz'
O dzOdzts e ' Yydz' iLbkd SO tsLteOnkzdS' o ft
4200 j H j dz' 3.40Q tqd@B.4ded fpzOo0 j H j dzs € sdzls OC Is dg
L dz0yJ dedz¥p’ * fzsOW 1 OMMO3B®) . ( t J L k2dz KOs
@ZOo j H j dz3.4820 ° B.6d Msls to d dy@ dz'0.02fnte d



104

)2 P
I
—_— \\3
0.012 3%::3 0.012 ____: S~
L i p \
0.009 I //}///_\\\ 0.009 \\\

NN | oo AN
’/ {/// N A

ol
o

0.01 3 7277 | SN\

0.009

oy N \
| \

/)
R
\

/

0.004 |

—

I \\\ 0.003
0.002 | - /
ogd o=+t F—
04 02 0 02 04 x 06 04 02 0 02 04
o) 9

{ dB4] " Hdesfdzd 2 € s5dals OC Is dzBEO.Iflpdf 1) SA=QA5B |
@QLi31 wy= 0.02; 0.025; 6.08)¢B:1I371 k=0.6;0.4;0.;; wy= 0.02fn (

9:1i37 k=0.2,0.4,0.6c1I37T n ©.1,0.3,0.5 w, = 0.02Mm ()

13 dzz o  HdzBldedn BElEpEOs oL HESOK L Ot H |

L dz0yg dz'  owj dzd O H € B 0.1ffdls zh=0.8B dz0 9 j H § dzt
ted B50) [ B ud Mdzj dedz?  { to tshp JO0Indzth, =9.63 «. I dL dzO
5 O¢ B =1.2173010% " p.,, =1.2189010° §f o= 0.02f), wWEC' kLG
3"y MtsB t5¥3.58)] OzA@jfiH. J dzs o " HdesMmdz' Cts5dzlsOCIs
Oy. ¢ dzOdzsc ' ydz' tjLlzdz' sOIsd L t6OREzdzS " o
0o j H j dz' 3583Q tqd@B5ddz0o j Hj dzs € tsdzls OC Is dz'
LdzOyj dzgdz? 7 S5 %' yh 'OdEoO3 05 . Ofyfjts dz@z' K OIs d
ZOo j H | dz3.56)z0 * B.6df fis s to d dy@ dz'0.02fnte d



105

~

P i P
0.014 | ] — 0014 [T
0.012 | A? \\\\ 0.012 F _\‘2\3\
0.01 | V. \\\\ 0.01 S \\\\
0.008 [ / / N\ 0.008 | ™~ AN
- : n NN
0.006 | / \\ 0.006 | \\
0.004 [ / / \ 0.004 | \ \
0.002 [ I il 0.002 | \
211 e O O S R O WL 0
-05-04-03-02-01 0 010203 04 x 0 005 01 015 02 025 03 035
9 B)
p P
0.012 | 0012 [
001 | y AN 0.01 | 1/3// \\

0.008 %) N\\ 0.008 % \\
0.006 | / \\ 0.006 \

0.004 /// \ 0.004 // \
0.002 /// \\\ 0.002 //

0F 0F

-04 03 02 -01 0 01 02 03 X -04 03 -02 -01 0 01 02 03 0A

o) 9
{ dB5) " Hdzsdzd?2 CtdzsOC BRI BsHAFPSB L © k d

@QLi37 w,= 0.03; 0.025; 0.0MGBIikZLBAP HBSHOBKERS N
9:11371 k=0.2,0.4,0.6 1137 n 9U.1,0.3,0.5 wy= 0.02M ()
1 0 8b@. dz0eo d3 fdalets oL HdzsMmdzd = € tsdzls O Ols dz@
ZOo jHjddr odhj duzi@lhj dzdey © H Bl AAMLGIS dag 0.1B.
1 0O t8@bB). dzOo jHJjdzs o' Hdzsdz C ©xrzls O dsyta] ) drjc
W, = 0.02M(IsO dzOo j H j dzdg® yjodfdewjr ¢ 54 k=046 0.400I$ O
(Stedd), 1lo" Hif so ' H dzts.



106

ol
™

)
/

7S\
oy

0.01 | :
0.005 / H 0.005
06 04 -02 0 02 04 05-04-03-02-01 0 01 02 03 04
9 B)

{ IB6] " Hdetsded2 € tsdzls OC Is dzdR=0.88)@BM'S A=0.B I
@Li37 w,= 0.02; 0.025; 0.08)¢B:1I3T7T k=0.6;0.4,0.;; w, = 0.02fn ()

1 B dzz o HdgsMded R Cdzs X @I B bz & 2 dz®ny
W, 2 o dtf On SB=0.1MTYs dAF0.9B dzO o) joats dzB.7CG9 f sy d fdzj
fteso j Hj dg=0.G4d, h, =0.045n¢ | d L dzO Y jas=1.B50ENE)
Prax =1.2432010° f tod,= 0.02flp, W C' EZLGEBHY E%IS! MB7EIE >
tojzidz) sOld tsLtOREZdS & fted oS OLOddn odh.

)2 j2
[ 3
2/\

7 NN AN
ol W f
A T

-0.4 -0.2 0 0.2 04 x -0.4 -0.2 0 0.2 x
9 B)

{ dB7] " nHdetsdzd 2 € t5dzls OF IsBizd). 2 ds' ARG.9BL O Iz
(@Li31 wy= 0.02; 0.025; 06.08)¢B:1I37 k=0.6;0.4;0.;; wy= 0.02fn ()




107
{ SLEdzW dgzlsts o AHBOBMNTE. (Gdzddz sOd tesL tol
CodasOCIsdzdn IsdMS o ftod dz09 j H jwkdZDo ] gz
cd B8O , O W) -tof ik d s Gliedzst By W @AEN(SO o ¢ OL
odhj CwjW"  y' ¢ddasios? ' s daslseydw Sz0 i, dA859010°
=1.2821010%.

%
pmax

~

P

ki

_ _
NN
W A \
oW |

-04 -03 02 -00 O 01 02 03 x -04 -03 02 01 0 01 02 03 X

9 B)
t B8 " Hdstsded 2 € tsdzls OF NdzB 0. gtk M< L O |

(@Li37T wy= 0.02; 0.025; 6.08)¢B:1I3T7 k=0.6;0.4,0.;; wy = 0.02fn ()

CS o9dHdts L ctOW' €' 9 CsdzlsOC Isdzd?2 Isdm¢
dej Misslsdzts L Odz ¥ dls! o " WHAdOWUG a2y y ' GBEAsiPd ©IOJ
o d Lyde@iz' LO d&OojHjdddz Odzettedlsd@disdz SO Ist
ZLesHYyEZE Is4 Mw a3 M tst . AB L di3'Ldly ‘dddsismwe !
Csdzls OC sz,

ltcd totsLGdzvH' L OHO Yt j 020 s igiztso ‘tcsL OH
ftesG tcOd3lz o Odzdzs O WHegAzts €30 L O dzts o Y!' sz o0
Wsted3® ° HBHOId s oadL dzOyJ dz0, O Issdizz L Ol
Isj stcj dzey O I de@ , BO "Hddzgd?2 tosLoOwWL SC. L
dzj 3O dzj sB R ' HdzsSMIs " .

rdzv  odfoOHCE Wildedys 2 deisOH @Y dzls®Od h j fs¢C
MY stcdszdz' s Odzts’ LOHOY' CoOHtOBdydese s

/)]




Hise J Misd

HiSL 9 sdzw ¢

¢ ts dzs @S
b istso Iz

HiSH Ols dg®

sBydmds o OkzOmw

cChts CtsdzlsOC Isdz' O tclz ) j dadaW
L dzOUjjgedzt B G Ols d -

fsojteitsdy Is' dzf 5U1@d tsBYkAshys

nm

odL dzOyJ dz' Mmls
Hso J igsidS 2 HLd® Hndsy ™ telisaL @H te OWs d {y dzis &
"fdalz o Ols d dg P LHCdEd. 2 uvtetLeed W L Sz L
ydmdztse scitsL C lisisL 9)

dZOf oz s ed® L totsedzj ded 3 Odze sted Is dEts d3.

dzOff tclz ) j dadaW
(3.11),

u“lﬁ

L OH 89 5 dz!
wCO ftseddzdzO

W tste

e e QRURel: 74 Olle; » ZORVIORZN NN y B
$.15 dfls @ Sl i dzd

o dCtdzzo Olsd Mj, i fe' o desfyls’

) Is BB dt.

A=B 0.1f &,

) O @O s O Is k &0bw

dz0 o j H j dzts
fvigd 0.025M ¢ h,=0.04, h, =0.04,

5B ZOMB2 v 830 o

] B&zOMIs!
LT \j=t0 j teB dzO FPIB6 <<  8.3¢.

d3d stss

©jLEd kOIsq

108

dZW“ISJ
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L dzOy 4 dzdz" ~

¢ 5 dzlsXx&0 ls@? deO d

v OB dzd yw

Yy (M H,...,9)

j 0om

I:O,m

j om 'FO,r

0.0000000E+00

2.5000000ED2

2.5000000ED2

0.0000000E+0

3.9999999ED2

2.4839999ED2

2.4840001ED2

-1.8626451E09

7.9999998ED2

2.4359988ED2

2.4360001ED2

-1.3038516ED8

0.1200000 2.3560006ED2 2.3560001ED2 5.5879354E09
0.1600000 2.2440003ED2 2.2440001ED2 1.8626451E09
0.2000000 2.1000013ED2 2.1000002E02 1.1175871E08
0.2400000 1.9240001ED02 1.9240001ED02 0.0000000E+00
0.2800000 1.7160004ED2 1.7160000ED2 3.7252903ED9
0.3200000 1.4760002ED2 1.4760001E02 1.8626451E09
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0.3600000 1.2141656E02 1.2040001E02 1.0165479E04
X, (n :9-,...,9) j n.0 I:n,O J n,0 'FDO
-0.3600000 1.2040009ED2 1.2040001E02 7.4505806E09
-0.3200000 1.4760002ED2 1.4760001E02 1.8626451ED9
-0.2800000 1.7159995E02 1.7160000ED2 -5.5879354E09
-0.2400000 1.9240012ED2 1.9240001ED2 1.1175871E08
-0.2000000 2.1000009ED2 2.1000002ED2 7.4505806E09
-0.1600000 2.2440016ED2 2.2440001ED2 1.4901161E08
-0.1200000 2.3560008ED2 2.3560001ED2 7.4505806E09
-7.9999998ED2 2.4359990ED2 2.436000E-02 -1.1175871ED8
-3.9999999E02 2.4840005ED2 2.4840001ED2 3.7252903E09
0.0000000E+00 | 2.5000000ED2 2.5000000ED2 0.0000000E+00
3.9999999ED2 2.4840003ED2 2.4840001ED2 1.8626451ED9
7.9999998ED2 2.4359999E02 2.4360001ED2 -1.8626451ED9

0.12®M000 2.3559991ED2 2.3560001ED2 -9.3132257E09
0.1600000 2.2440005ED2 2.2440001ED2 3.7252903ED9
0.2000000 2.1000003ED2 2.1000002ED2 1.8626451E09
0.2400000 1.9240003E02 1.9240001E02 1.8626451E09
0.2800000 1.7159997E02 1.7160000ED2 -3.725293E09
0.3200000 1.4760000ED2 1.4760001E02 -9.3132257FE10
0.3600000 1.2523303E02 1.2040001E02 4.8330147E04
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IBE 0. HiFd "teASL0BE) 1 Iz fiAE
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v OB dzd y
Ym (M 0,...,9) J om Fom Jom “Fo,r
0.0000000E+00 | 1.9999994ED2 2.0000000ED2 -5.5879354ED9
4.5000002ED2 1.9797498ED2 1.9797500ED2 -1.8626451E09
9.0000004ED2 1.9189993ED2 1.9190000ED2 -7.4505806ED9
0.1350000 1.8177494ED2 1.8177500ED2 -5.5879354ED9
0.1800000 1.6760001ED2 1.6759999ED2 1.8626451E09
0.2250000 1.4937498E02 1.4937500ED2 -1.8626451E09
0.2700000 1.2709999ED2 1.2709999ED2 0.0000000E+00
0.3150000 1.0077493ED2 1.0077500ED2 -6.5192580E09
0.3600000 8.3915861ED3 7.0399987ED3 1.3515875E03
0.4050000 7.2802850ED3 3.5974961FE03 3.6827889ED3
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x (n =9...,9) i no Fno Jno “Fro
-0.4050000 7.0213415603 | 5.2377479ED3 | 1.7835936ED3
-0.3600000 8.4753772ED3 | 8.3359992ED3 | 1.3937801ED4
-0.3150000 1.1069746ED2 | 1.1069750ED2 | -4.6566129ED9
-0.2700000 1.3439000ED2 | 1.3439000ED2 | 0.0000000E+00
-0.2250000 1.544374702 | 1.5443750E02 | -2.7939677ED9
-0.1800000 1.7083999ED2 | 1.7083999ED2 | 0.0000000E+00
-0.1350000 1.8359751E02 | 1.8359749ED2 | 1.8626451ED9

-9.0000004ED2 1.9270997E02

1.9270999E02 -1.8626451E09

-4.5000002E02 1.9817751E02

1.9817749E02 1.8626451E09

0.0000000E+00 | 1.9999994ED2

2.0000000ED2 -5.5879354E09

4.5000002E)2 1.9817749E02

1.9817749E02 0.0000000E+00

9.0000004ED2 1.9270996ED2

1.9270999E02 -3.725D03E09

0.1350000 1.8359745ED2 1.8359749ED2 | -3.7252903ED9
0.1800000 1.7084006ED2 1.7083999ED2 7.4505806ED9
0.2250000 1.5443748ED2 1.5443750E02 | -1.8626451ED9
0.2700000 1.3439003ED2 1.3439000ED2 3.7252903ED9
0.3150000 1.1069750ED2 1.106975&-02 | 0.0000000E+00
0.3600000 9.2171496ED3 | 8.3359992ED3 | 8.8115036ED4
0.4050000 7.9890378ED3 | 5.2377479ED3 2.7512899ED3

CS odHdes L IsOBdzdy' Eddtced SCtdasOCIslz L O

9COLE dzO Ctstoj Clsad Mbskz. L dzO2 H | desE s toisL 9

VL BB&. 4 ROBFYUPHAOd d2 S sdlsOCIsdz Isd
BOC Md 3Odz! dz' CtsdalsOCIsde IsdmMSd Hdzw o HIBSd3C
o' HiMklsdetsMls® Isjtelsw . { SABOD.HpEE § OBE G, H j

A=0.1B f todp = ©.02; 0.025n¢.

v OB dzd yw

B=0.1f &, A=0.1nd

Wy = 0.02f)( Pra=1.28253 0 Wo= 0.0250 ¢, P =1.4353 GO0?
pmax = x* = pmax = x* =

k L olsj tol P= PBnax ~Prax| €% LR P=Poax ~Pmax| &%
0.1] 1.2834234E02 | -9.6773729E06 |0.075403 1.4347923ED2 | 5.1893294E06 |0.036168
0.2| 1.2819515E02 | 5.0421804ED6 |0.039337 1.4330496ED2 | 2.2616237ED5 | 0.15782
0.3| 1.2794453E02 | 3.0104071ED5 | 0.23529| 1.4301707ED2 | 5.1405281E05 | 0.35944
0.4] 1.2759451E02 | 6.5105967ED5 | 0.51026| 1.4262388ED2 | 9.0724789ED5 | 0.636l1
0.5| 1.2714483E02 | 1.1007395ED4 | 0.86574| 1.4211635ED2 | 1.4147721E04 | 0.99550
0.6| 1.2659908E02 | 1.6464852ED4 1.3006 | 1.4150174E02 | 2.0293798ED4 1.4342

N
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0.7] 1.2595971F02 | 2.2858568E04 | 1.8147 | 1.4078583ED2 | 2.7452968ED04 | 1.9499
0.8] 1.2523470E02 | 3.0108@4E-04 | 2.4042 | 1.3997258ED2 | 3.5585463ED4 | 2.5423
0.9] 1.2442214E02 | 3.8234238E04 | 3.0729 | 1.3906624E02 | 4.4648815ED4 | 3.2106
1.0] 1.2353296E02 | 4.7126040ED4 | 3.81496] 1.3807326E02 | 5.4578669ED4 | 3.9528
v OB dzd yw <
B=0.1fhd, A=0.1B
Wy = 0.02f) ( Pray=8.7001A0° | wy= 0.028n( P =9.6931010°
pmax PO ~ p PO o

K L ISJtGl p_pmax 'pmax e’% L malsttBL p_pmax 'pmax e’%
0.1]8.6972453E03| 3.2000244ED6 | 0.0368| 9.6083134E03 | 8.4752217ED5 | 0.8821

0.2] 8.6934213E03| 7.0240349ED6 | 0.0808| 9.6039400E03 | 8.9125708ED5 | 0.9280
0.3]8.6985%1E03| 1.3407320ED5 | 0.1541] 9.5966691E03 | 9.6396543E05 | 1.0045

0.4 8.6781532E03| 2.2292137ED5 | 0.2569| 9.5863901E03 | 1.0667555E04 | 1.1128

0.5] 8.6667920ED3 | 3.3653341ED5 | 0.3883] 9.5729539E03 | 1.2011174ED4 | 1.2547

0.6 8.6529171ED3| 4.7528185ED5 | 0.5493| 9.5566362E03 | 1.3642944E04 | 1.4276

0.7] 8.6362800ED3 | 6.4165331ED5 | 0.7430| 9.5374743E03 | 1.5559141E04 | 1.6314
0.8]8.6172847ED3| 8.3160587ED5 | 0.9650| 9.5151570E03| 1.7790869E04 | 1.8697

0.9 8.5957218ED3| 1.0472350ED4 | 1.2183] 9.4899461E03| 2.0311959ED4 | 2.1404

1.0/ 8.5718818ED3| 1.2856349E04 | 1.4998| 9.4616199E03 | 2.3144577ED4 | 2.4462
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wedrn odLdzOyjdz tBd&OMis' CdksOSkkE [ 2,
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o' H LB hjd¢, w=$0.01 {05 BORddzO9 j H j dzts3.980
Ctod o dad 1
10 B8Pf). §SHOMS L Oy ddzv o ' H datsi dfdied
W= 0.02fp(L Odzd Y des 9" H L dzOyJ k020808 * y' ' dzls O

["d’ to' od CtdgsOCldzsets sdMSk O Isted
f tedy= 0.02M " k=0.6, L B0y J &8 ) BOH )tgd .1 ts.00" zHsdz
f 5L dZOURMEP | HJ P fsodzd2 IsqfMmC. v
P, =8.45746 1430 *.
p : P p
004 | ~ 004 | 004 | 57
0.03: \\ 0-03: Y ] 0.03: 27;/1
0-02: \ 0.02: /%f\\ 002: ’;/

i VN
A A

-0.08 -0.04 0 0.04 008 x -0.15 -0.1  -0.05 0 0.056 01 x -0.15 -0.1  -0.05 0 0.056 01 x

9 B) 9)




114
y =
0.1

0.05-

V[‘

!lu@, 'N"” ’ i

ll

-0.05]

0.1

{ IB9) " Hdesfded 2 € t5dzls @8, Sidpdi ms2d i ¢
O w, = 0.0, 0.015 06.02)ck=0;B) k=0.6; 9 k=0.2;0.4; 0.6, w, = 0.02f

gdz' dz' = t' o dz¥ § mHpiEldColdddts clopizl tzdesieias O

{iLbd O] GE-&@OE G | &SAUOs dEAFELS t6d o C
fl' 5C 5% L h $008¥N@ ek 0.021fn

k=0.6, Py,,=2.9848510 3.

IR AN e | 2N

N AN .

o L NN

| W] el
SN . :

-0.4 -0.2 0 0.2

o Iz BOte dzd 2w, 3 G.028) ¢ 1 t

T

Q
N
\\
- Pd
22>

0.2 x



115

D-
15
g1l —

0 :{f, =

{ B10) " HdzsMdzd 2§ tsdals @S, SIdpdi) misdd ¢
Q1 wy= 0.0, 0.015; 6.0 k=0.6; B)Tk=0.2;,0.4;0. w,= 0.02fn ¢
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ulzB3OWdzd 2 g of WO2M, 0.6, P,,=4.668646M1C.

P P D

p
[ H 3/\ L 2;4\\.\3
001 | : FN
i \ \ 0009 |2 0.009 {\\ A2
.l \ - VN\ /\\ » / \ // \.\“\\
0.006 | N \ 0.006 [ N 0.006 — 3
i ‘ 0.003 —/ 0.003
0F 0 — — L 0
05 0.25 0 0.25 x 05 0.25 0 0.25 x 05 -0.25 0 0.25 x



116

~

t dB1l] " Hdesmdzd 2 € B@BQ%BM@@ mised M ¢ § &
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m=8, P,,,= 5.8839500°%  Hrz®0 P,,,=6.78%58310 .
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Qi r,,=05Md, m=10;8)i r,=1Md, m=8; 9)i r, =1Md, m=10

10 sMmdse’ dOojHjdzdr odhj HOdgdddEY ditsd A
f OtcOB tsdzs’ H Odz! dzts chts2) hislg QedsivO dEjtf dds sis dzts Iso
CsdzlsOS sz SO CtdzlsOC Isdz zOf telzy j dedaw . [ O
Yyd dzstcOdzr dz' 2 yOfmilsd dzOY sk aizp izl G ts dets © € dedizts
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l tedn>2, Ctdzd yj dzlstcOdz' dzgO@ yYOMmlis d dadts h 6 &3
Isjtolsw " Mislsdats L d3' dgs ° tesLftsH'  dz CStsdalsOC
sB dzZOMIs® CtdzlsOSIskz dz2Of telzy § dzdzvy  ° B3O dzd d3qd
o ddzed ¢ OF Is B' dzv dz' 8’ a3 Csdzs OC s iz, \
Ctsted L Sdzls Odz' @Om diigsPdd .dz' [ dzOff tclz ) j dzdaw L B d
f OtcOd3n.lIstc O

i sLedY dzgzlss sOCBYy o9dfOHSH dzj 5o desct
HEHOISCE ¢

3.2 ANzdzHO®Rj dzlsOdz! dzgd?2 Lo b6wWL ¢ HAzvw h O

L fOwLOCKLOYW' ' (oL 'cAMA O Cls'dis"OC B dzE ¢ y OH O
L dZORsHdIs! Mw dz20 ¢ dzOHEC " 2 HystemMlsC ' 2 thdese

[ dzv L O dMmkz ‘" dalsj ctcOdz! detsets to' o daW dzdgv  da.
tesdva ¢ . ] y' ‘o Bj s tetsL ¢ d&zZ0RDs ' mywe d
tetsL 3" M j dzgd B ' O cxi@B s 2=0Mmitzegd 2 GZJ e, H s HE
fted ¢ dzOH jRZO Wifdodz@i * *° dzsted3Odz! degts Hs iBjTy " @
H' ' fOtcO®@j.dz’ dets tsfy'

t sdva ¢ y' ot L OHOY' dzOo jHjdzets o dz' Isj fe
{ HdzOC o d¢ sted fls Odzdaw IsO¢ d2 tetsL o OWL € ;
MC ZOH dzts, sME " dzr €d IstsH' Ctsd W' y' ‘ dzlsd z
odL dzOyOIlsd vyjtejL dagfotso d GZHCdES j ¢czIOf da® W zc
"delsj cteOdz. ) OL dzOyqd di3ts, 5 MGG, 2 WWSkzdd2H Oddg) ec
vi{oN dzj stsgdzA s’ O dMOdzd2 £k odedzwH' Hotsnh
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tesL d3° tedztsmis .

[ dzv L dzORtSH Y jdzdzgw f jtoj d3zB ez YHEBHOHL )
tc" odgwdz , dzORBd o dC tsted Mils @dzgts dzls f § tc O bizts tizgled ¥
MmOdzS j dzv , W tstc 026D talyQY hdgSdsS. s

1 jtej 3" N jdadz" L OYfdMOdes k2 odedzWwH' oW H "' ¢
[OCHBROM HO. A° twud H»dddsL §)] et M jcd
9 HMIsOdew s o " H ftodC dzOH j dets™ fd dzd . [ dzw L
Hts ftod S dzOH jdzedr Mddz o dStstedMisOdats ' dzlsj G to
odfOHSE f§jtej di3" N jdzdzy OftetsCMddiise Bets HPd
f tossH d Isd ftotsyy M W d fipdztOaiaday 5 tddfsLj & tc O dz' dz
Codestotsdz! 59 Odzis®  Istsydz flss .

3.2.1 'V dzstcB@ L e dzfyktzd o df OHSS, §
nd d£@0,2). [ dzw L dzOn SH Y J dzdaV dzts tc )30 dz! dzd - i J
odicAdH ftod?2 BO' dits, h 15 9 Hd3 dedzd d&3d o ' H
S,l., AWxY). uvwBH' fitjd Mjdd odL dzOY0Os Is! Mw

:1G : ;‘2223 _ (3.15)
2
+
T
é 2
Hj d? = e 4_%
cHX M
| OfmsshE Gt Wi ' ' 0 Wk dC Yyl O 5 Dl g ks . ©
oS0’ B L C ZOH &0 fhls’ HiEsB
2 i2
sin“d sin“a, 21 (3.16)
& sin d & " coga, d® - A
C 2d =

Hda, - SBtejdz L HESHOIsdzts® H'?ﬂ%@t&&ﬂﬂ{@ﬁ]lsq’dztsﬂ

UH' 20 Bhdtse ' W stdkd @Ryl 5,5 (53s.6lGRO
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w=w =Y i . (3.17)

Hy WEkdaEdL zOyos s mMw Lt o dzv dzdgV

(d?- &)q = (3.18)
lted H' W LM g3Aadkigiid yodda(g) - Hj dt BE@S y°
[ 8OCO. 1 dzv y!' tsets 9adfOHSEZ L to' 9 dav dadav (
Z
G = 2012 Ko( ia),

Hi RIh R Ex 97 (¥ P2 Ke(D- ¥ EdzSy' v [ OCH sdzOdz H
o' H (g

W= ST RAE (3.19

tsLoowL S (3.19) ¢ to'iplsdidR2r" f.tg d[mmfds@] dmy
tetsL B Y ded?2 ftod dBwBOdzdm L dzOyj dede” = o j dzd yd
[ dzw L dzO R SH Y j dzda¥ fjtoj &3 njdat o LtftcddgB
"delsj ctcOdz! dzj ff jtoj lso sy dadad B Bm@udaf zEzv . dzw
d0x %) (¢ %) —Fi B 1B
Py
1 " HMMsOoaddis WlkzdsC y' &
a=Z ¢ %) (¥ ¥ = ¥ Rd
Po
b o' odgv dgdz® (3. 15) kO odSttedmsO’ &t Isj,

g(dz)q=25pﬁg(-2|hz) ¥ BRI,
0

UBH' tslted ©3O° Bs
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lel- nZ . sinif H
Gh 2p %Jrsinhz h g
¢

JB(IRd |

2l h =

1- nZ %, 2sintf h
G 2ph!%h sinh2

JP]( hd . (3.20)

1 5BtOL d i35

~ 28|n_hzh 3.(h bd h—£ (),
O'Eh +sinh2 h r

. “exp2h 1 2
f(r J a .
"I M sz b ol b

A dzS Yy dzO f osr3B P S id k' Bt f sd' dats B ¢
L dzO2Hj B BjsSHEBR dZO2 &) dh dn SoOHOl' o .

f(r) °of.()r 'a?;cn "

n=0
H J
c, =-1.1675, £ =-0.0012382,c =0.384 c, =0.033259, £ =-0.227:
cs = 0.12215, g =-0.027402, ;¢ =0.0023313.
ANzdzC f(rve " Htc' L dgv ‘' Is! fiffr) fotd b 3 e@ dzf Jydzd u d dzlz
104, v 0OCdd3 yddetsdz tslsted Blz* dsts

frl+ 0D, r 3¢
1- nZ
Ve = G 2phi
%'é.tgz aky( a).r 8.
i

3.2.2 1'wvw cttedL cdadgOdzktztts, Mdd d L dzO2 L
Cisted L tsdzls O df talids.” ¢ diyddegdizss o d f OH SC Ctsdzd dz0
-h << kL OH Odz" dzOf telzy § dzdzv

S, lzon®, t

= °h :OZF ] X,¥.

Z]
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1 j 8] &3 Mzjindfdgy sted ydes sz atlf =QH Glr , ,, € Gyt
fojHmlsOo dzj dzd?2 bk Mo sdz' ydesdge o dedzw ' |

2Gv%=%% L, (3.21)
H te Tkt PR T =t 5 T =3 &
g, =d°[ Wosd cod Vsid (sid , coshd],
D sind/(d) £ zHk,

M _H <
HX M

| BtedsOdz! dz2' f jtej 3" M jdzdzy dzO 34 ' o dL dzOy

W =W = F(d)

1 E]sin2d
. 1~ 2d
HJ Fd)=——+5—.
g2 1+S|n2d
2d

[ SLCkOHj &S ys WkdCy'* dO fsfls’ Hiss

1 msinZd
1 24 L1 1 n
F d - 1 + —,
(@ d? ;,SinA A 1)ai cosa, d? - & d?
2d

IS stedmbso s yd WEs@HReuy 2O | d€ &' Hind
WX _ZG @al. Cos ( |6)1; Q)’

Hi WEBWwWoevYwL Sd ' odwdz (Hch)dsg,s MWhsda-uy 'cH
GtsL o 6 W L ts5Gd?Qe p.dzv dzdzw
isLedwd i3t Isjfjtc adfOHBSE H'  Ltsinjtej H:

o

tzx z:°h:)€(Xd )i))'(y %)v "D O’tc Xl(tx ;6) (l-y dM)
it sLodOwWL ¥ yd to'dpsdew dzdzv, L dzO~tsSH
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QO:ZLp win r@pxlézxo,
b= 5o Mol R 5 ERK()
USH'
%W(;UZ,
1 x€ a, n
Bai- co§a 0N 2prg 2|&EK1( i) 2 (3.22)

1 jth' 8 Ctstejadz' 9 to' o dgv dadav

2.1062 + 1.1254i, 5.3563 + 1.5516i, 8.5367 + 1.7755i, 11.6992204i,

14.8541 + 2.0469i, 18.0049 + 2.1419i, 21.1534 + 2.2217i, 24.3003 + 2.2906i.

AJ2 tLodwL tsC rjd | CrioogieQi2dsiH stfjteigfdzy ¢ j to] O3
L 2Oy jrdedafRsted Mis O d3ts  f jjtagwls o tstoj dzdz? m O dzl

2G 1- 2nP x- x,€1 1 -1 r o
p h® R gr 1 2 isinh2 B+
1 P x- ’L ha(hy | ?
12) L

“2pn R e( 'Em'h'z h o hy

1 Px-xeé 1 . hJ(h)
1 2)% 4% (), F(r : .
2ph2Re( 5 AE RO ()Olnh2h+2h

[ dzv L dzOr BH Y J @diMe W ligKdag'n” L dzOyd dzdzv = Ote
W H

+1
1al‘ 20 n

L) & Z”faeé O ()

n=0

l1HMsOoa dzwv s yd yJj 2 L CdzOH ' H ' dalsj et Odz

"0 LA ags ¢

nO

(3.23)

J|-0:08
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a +
n - h2n 2

[
(m)? TSinhan +2 %

H J a, =

IBydmdze ¥ yd y° ' dzlsjcteOdzd, L dzO~tsHJ B

a,=0.3839, a =-0.6626,,a =0.8946, a =-1.Q7&4=1.2242,

a;=-1.3514, g =1.4656,,a =-1.5708, a =1.669g5-1.762(

ltcd odSttdMmlsOdzdz’ o' His' L 2 rtcdidgjzdztad. 110ts
rafjtejdg hjdadz" odL dzOyodzOm! L O teWwHOB] (

tWH (3.23) LB'OgOQs! sz HEEROMIETE B 1
o dteOlsd HE&MlsOIdy 5 ojdzdSk €' dz ¢ Ml: yYdzj
Wtk WEM@SyYr Oy kit v ftsd dsBsd, S,
BissHEBE d@O2dkjdhdr CoOHEOI 8. 0L dOYdd
ftosctcOizg Qdzddz! fdz' WEkdzeCy' ' tetsL tcORtsolzs Is!
F(r) 20 § tos@srxEz { s dBC s dA0‘ RbsHzi " BEilsd Ot
LO W stedkdztss

F(r) °R()r ézbn " (3.29
n=0

b, = 0.00013181, p =0.18772,b =0.028H, = -0.15634,
b, =0.090639, b =-0.021703,b =0.00894

l o >3tcW H S8R9 3y dzO dejswlSlzo Olsd

H

-2 )rilr 41 )R @), o 3

n
—, r >38.
r

33sB8dZsOCIsdZzO L OHOYO H&zvW h Otk LO ottOrlzo O

3311 sMisOdzetso € Of LL@EHIBD W OIsd BB BB o df OH ¢,
CotdlOnlz dgd dzO ' o' dz fjtojBlzo O IsdfAs dBjdy A3t
9 tBdzOMls' CdzlsOCIskz HEslsd ydy L Odz' dzta ted§ Asidztsos
4, 157.t SLEEVYHO' Ist v ¢ tsdzls O0<lz BHO W AHKQ Y s tsH dRY
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yBieMsCH Q' ¢ ONdasd. Wiwd2 dsj iss, h s o) toh dgv
hSOBfsd, HE W6 icP,{ wdSAzOH | 420 kel O dz' dzt
CtedL 5dzls Ofz' dgGs fHd d20 | OO, dzts "

Z

t dBB3unj BO CtdsOCIsdets’ oL O dBsH '~ F

lLO @BsH' W 9 HBEOO'Is! W L Isjtlswdz hilsO
Il BBd&OMIs" CdlsOC Iskls @ ' 1 tsly Joubi o iz P gzdzde , W
LOC s s kdzsdzO®, o B d&ZzOMIs' ¢ sdgls®C,ls 2k jf s
CyW "  y" " dzls bjtelsw, wed2 dzOH O = P, tesf 200"
] BL d2Oyd dis dBBsHlzdzr L fMkeak * CG&pW ' B dz@Hsls ]
U tehbL Atted3O hIsOBY O, wed2 fted?2 B3O B
sfdmiz® s M z=ate(xpyde" dzddals ff & SO0, d3ts,

332wdzls j e e Odz' dzj | de€ etz i@ jdets] 821 2 oM. 90 " +
Hdzw  odL dzOyJ dzdzv ff j t6j d3° h j dz'(0,0&) B O40,0), LW
ftod ¢ dzOH j d2' o (). dzv dz' 2 Istsyy'

1 6d 2 @308 yd o' HEBEBdB] dbsfe'd3Oaiis Gi s ooty #edz,) 4
' Mmdzw ' dzlsj Gtelzo Odzdzw D,{ tSts 4B flegiAr] Isd3ts  CWistsidsdiA det
deste 3O dz! dz & j 2 tsgzgipEh h Otclz

w()gy,h)=%ﬁ§( XCWK(X Ly x)d-d, (3.25)
D
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. 1-n 1 1-2n X
HJg =—G K( ,a) bRE, ) aFb , . FO:r_ Kk

2p 2(L - )n hr?’
T2 () 27O 3, ¢
F, =1 . . . (3.26)
.1 oRreftg? &, (8 kX%t 2Re—12 K (, )a T :
bor i o hr?z_r acofa, 38
r :R/hR\%(x ¥ x(y+)*, Kosi(2)- WkdeS y' ~ [ OLHBA&OM H

a - Cstejdz L HBHOIsdts®s H' 2sintra tyOMIs d dats ¢

vbkls ttsLdcdzvwdizlsts oadf OHtSS, Ctdzd HBIsfRde
ltcd LOHOddE fjtc]jdsieh p dzfdeEy h |s &Rl Ot Oaixtziatfd
9  Hdzsmdzts C sdzls OC Is de\ii DdzOf telz ) § dz f tod

333 pdzetstcdlsdz ttsL o OV L g ez®@dzdivtcd € @ H D gl o L
CsdzlsOC sz, w¢ ftOQoddzts dzOf jteiH dzj 8 HEB®E
ydmdzse d2 d3j tisHH R ' ®, MO &H 2 ¢ tolz dzlatigj “ tds 7 ofigits
g’ dg 2Bt dz ' dzj © Otc' Oy ' 2 dad 2 d&3j IstsH L ®
CoOHtOIs d ydeasizoO dfd's&[&IR 7 1 d MC toj Is dzidzj @dz® dizisd
f sBbkzH 5o Odztds Qdzd®' i tc Hfk SH * 9, H tc BE & ® dzdizy dzd m
ldSstedmssolks yd HIMStejlsdz OdzO detsdzif to' ooty
Ofdfmize Odzd k& eodcdzvu'  Mddyists ozl dehpliscjs tcdg@
Wstcdzzdzs o Odzd L OHOYykz Co9OHEGOIdydetsa 8B.L)ff tots G te

] OH @YD HEOIdYUdesets flescteOBzo Odzdz?y RO
(3.11). sHBj'oy 4dBbd ¥ stedsz zOr o dL dzOyOdzg
WSt i3l dzts

-

Ah, r,n.m:Cm,- nr
s W ufy L @ dmOodets iz digef dfkzw®,  #°) dzoe j nj &2
CjW' y ‘desd Hdw § oftesmstsl,
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h H
=/ FOXFOx -y )dd
-h H

K ‘tdzlsj ctcOdzd L dzOR sH d dzd Iy Yydmazsets L G
sM¢ " dz ¢ dF WezedgBjuy jvdetst dzj f J toj tco dats¥ W lkzdzC y'

334t jLEdz sOIsd ttsLtcOrkzdzS " o

3.34.1zIsOdf f OtcOB sz’ HIOdz'dFetis s W tstg dgds z © O«
teSL cOnrlzdzC d C BSOS Isdzd - d2Of oz J d22 HAzVY G d

F(x, y)=2—1R(x2 +). (3.27)

{ 5L e OR s a4 @ziadnzd 3 p=lssd fSte ch =h, 0.02h, w,= 0.001h,
2R=10h & f jtoy®® utBtcOy jdzd B . 0 GGHo s 1.
sl totsB dzj dzd of O cz@ tste o Is Bts ddzts Mdgd Q ) d ds@(dy S dzd 2H
p=1.019 M0%. 1 0 shMdss ' 6O st Szt asts tfizf CHIPP B s

} 5C dzOH Odzd h, O COMW3F. wy= 0.04h, 2R=10h. | ' H dzts fyd
Codzals OC AR 2 dz®o j H | &2 2 4 ZO bBBE O RS Odz’ L O
Odze stedls B 5O [ih] dhfdifod;O di txip' ts lodf H d2L6] 0O

0.0216, 9  HfB9 '  Hdzts.
B

2

0.02 | / \
0.016 |

0.004

TN ..

06 -04 -02 0 02 04 x/h

tdm. . 13 HdZsMdzd?2 SCtdls@CtE o2 &M dd M isC
f tody,= 0.001h; 0.04h

1 o dC stedMlsOdzdzy d3 totsL tetsB dzj dese s Odze tsted |
LOHOYk ftes oL O dBsH' 8 " Otckz L N"NIsOi Odzd
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LOHOY LotBHdI MW HB twLecdkWHE hOkE, C ¢
Y M sy T (§y)=1(AC +BY) 1 BT OH Odzd 7 A PESIESE 7

I BLEOREZdSd ftoseAl'B) dete' L @d &' L de@ HJ dz' wy)L d3
5O t' LdzdAn L dzOyj dzdzv R) . S Sjtdd yd § as®' st todz@
ZOB dzdy j dzdz' o dSCttedfmlssobkzeo Odzd OdzOdz' Is d ydz
hlsO& * o, E wedrhn odL dOyj d 1550 ks @@l
Flssydzs o Odzd ! L ktc® Bisay@ dgdzy tolisj e W L O dzdzv
Codas OCIsdzd m s MSOxe s, Y)HTdgxmgets  wBHOR Iz 8 O dzdz?
HOo OQdzts L BsGlz L d3gj dz" dlsd €' ozt C-tigfids ' o dlisjfipls jH2AS

[ 5 5B 3 dz0 StoBddBOfids® zOf: k& odedwH' tow
5B ZOMlsx 6 -d <y & @&=]5K(, d=15H).

[ BLEOREdS d  ClsHHpOE Isdxf € sdzOdzts Hdzw  f * ¢
A=B 95 Csj¥' 'y’ dasH3IB@ONMdO®: & ok@aRE s jd
y!' sets o df ODYls Csadz@iOM  dgdh|s=DBLh, b, =RO0EE.C O

fJLkd O tiLteORkzdS " o op=hsdes M dzd Byj=B s dz
L O L dz0yd dewy/he=jadq8y @.64g 0.015; 0:02; 0.025; 0.dzO9 j H j dat

ed®. 15) detfbtsq” &ztedo d 3y (Htzbteff nspgdsd Ctedoo
p

0.035 |
0.03 |

)

r y 7, ’
0.025 —/7/%
W4

AR/ )
V)

0.02 [ \\\\\‘
. N Y
0.015 /"r "//

\J
\‘\
\
\\
3\ \

L)

‘\ﬁ
)

oor L] MRAN
oo0s |1 WA
L T W

-0.2 -0.16 -0.1 -0.05 0 0.05 01 015.’13/]1

t dB1s 1 " Hdesmdz' € sSdals @CIYdZ o fistefthifisfstc” SO
A=B 9.5 n 9.3 k=0.8, wy/h= 0.008; 0.01, 0.015; 0-02; 0.025; O.
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w, = 90.015; 0.01, 06.00)
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Ctedo '

H dz'
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fsCtedo OdzOMm:
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) Z OMmiNsa®s © f tog

dz0O
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W= 0020 'L dzd n

t© d 8)168)
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0.006
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)
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o d H dzts h
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Ctcdo
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B0 dzd

o h Ot (
i tc ©¢As dmldas’ dz'Bdz'c Ol & 4 dn'w H
1 tod d B dzpatzdzy m WIh®@dgF; ©0.025; 6.0 ( S to 3 °

y' sk B &ZOMls!

Ht LdZWBISJfr]W

9 "' H

h Ot

L dzOyJ dzd
¢ sdzls C

¢ t5dzls

O tclzy § dz'D Iz

fn* B Ehs6.06, Lh, /h&@AE.C OlBg L Zdz! SO ¢

C tsdzls OC Is dzd

sdMC"' &=03, L G5 5g $ OR
L dzO y j eigdiar ~0.03; j adad5Sy PdedzOo J H j

Ctod o3 .d3d 1 dzOyJ dzdzv

Ctcd 3 s ' H Y S0 ' Hdzs.

AR
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RN
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o
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AN

/

[/
|
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-0.

5

0

0.5

z/h

P

0.008 |
0.006 |
0.004 |

0.002 |

" H ddsdhfidAp- § teidts
L dzO Y J dzdzWk==0.6;04j0%," y dz0 eizls © §

X

A\

/

i

|

1

-0.5

0

0.5

Y.

t dB16Ql "

H dzts ) dzc

C tsdzls OF Is dzd 2A=IBd-]03,
k=0.3, w,= 0.03; 0.025, 6.0

{ d 8168) 1 °
C tsdzls OC Is dzd 2A=IBd-a3,

H dzts fiy dac

k=0.6;0.4;0.;, w, = 0.02

103" dzlz

o § dzd o, dif
Mt dz¢ mMdzlz Isd 2

8 t

H dzts i) dzd ~
o df OHS B-0.0% B ddFA ( f OtcOB Sz h is Odzl «

¢ ts dzls © ©la d@Y RdzGsdjfHS* dad Ro Lol

o (EOf d®o3§ iz ] &BYQdzO [tead i M dzj dzdz”
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Y ' K=@BEO Is§ tsjsW' y' * dzk
n 93 1 03Wehej L zd kO] tctoyORIS®@S ‘98 Of Bdizd
Cj¥W' y' sEs0On Isjts

fte dh /h=0.06%, h/h=0.065 Ctsj "

P P
0012 %/_q_ RN 0.008 | //-\
0.01 | ™ \
: /3/—\\ \ 0.006 | 2/? \
0.008 | / D [
0.006 | / / \\\ 0.004 | // \\
0.004 | / / \\ lf \\\
o W\ | ooz
0.002 | / [ \ \ : [ \\\
0F 0r
12 08 04 0 04 08 ‘.:‘U/h 4 w05 o 05 ﬁc/h
t dB17Q ) ° H dats fpdzd 2 t dB178) 1 ' H dztsdzd 2 (
sd ¢ AF®BOS B =0.5A; k=03 |IsdMm¢ i tcA=0.05 B =0.5A,
w, = 0.03; 0.025; 0.0 W, = 0.02, k=0.6;0.4; 0.

¢ ZOdzs ¢ ' ydz' HOdz £ OCtsdizz A=0(D% B =0126Az
dzOo j HJ dz'3.18%8)0 twc@)B). 18tcd B Yydmadzj dzdg? = B dZzO
h/h=0.1, h,/h=0.1.
B _ B
0.01; v \\ [ L
i / 008 | N
0.008 | % | \\\\ :ZZ: i % \\\
T N \
/7 N
0.004 | : //
voor L1/ \\ | oooe
.| WL \
15 ‘_‘0.5‘“0‘.“0-5‘..‘1‘..#/?1 2 '-1m:o.5HHolmo.5HH1maL~/h
t 3180 ) ' whpdzd 2 Ct¢ { dB1I8B) I " HdzsMdzed 2 ¢

k=0.3, w,= 0.03; 0.025; 0.0

sdMS AE®OS B =0.25A:

sdMS AE®OS B =0.25A
k=0.6;0.4; 0.0, wp = 90.02
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10 idtizdb L 2 OtlgPL Zdz! sOls' 9 5B YPMEBj.di'8, el
LesBdlsd OS¢ odimdzseCd: CtdsOCldzd? Isd
LB dz' h jdedz L OcG dzds dzjSdedpW;' yf tcdzls ©® B Isgzisls ¥ dzdd
Hihts Ldgjdeh 2 s Mvw AIBO2 tff HodfO fyls 'ts dflzts dplsc@C sz L
AB=1iL d3gj dzh &* Is* fqw .

3342s 5z OC s dz® L OHOYOtsmdzso 5O R &L * C 58
s s5dzls OC Is dz' ZOftolzy jdzdzd £ ' ofteshssts
o j dzd yd dztss , s Cdz dz! S daztedisCL dfe ORRESAIOOC s 2 RO dzd
C sdals OC Is dz' RO telzy j dzdz" Ek h Ot L Odzj 3 dzts
fste" adaW ' ks R L deOf ek jdedv B3 k2 o ftcts
sfdsod hlsOBIO E odcdwH'

m

r

txy) ==

f $m=6, ¢ dzOerh ¢ 0.95; 0k 0¥5;1.;1.5; &) 3.
ssdzZs OCIsdz' rlsdmBgBfedm.. 3. 24)

[BdzOBlsia WC'2 o' HBkoOoafmvw fs"kS CsdlsO
fesyj ' toLOREdS" o) {ftMEd® O desh.anysin Is ¢
h, =0.0075M (H dz¥ ' o ftesfisttel ° HdY " Ok,

(3.28)

tdLEzdz sOIsq teSL tcOR ZdzS o 9 ' H Pzt &) dzdi izw
f' ofosMisstcly=0 tfdj tg to ' CLES jWk'=Q6, ' dlss'y VIS jytls dzls
n D3 L Odzj ydzs o' H L A3 M jdz2 wy3ds QO3] ©.015 wEOH) « § t
dzOo j H J dzt8.1900 G He3d i3d 1

1 0  tSd9p) f sSHOdzts L dzOyJ dedzv o ° H datdHm tiztf §
Wo= 0.02M(L Odzj Y dzs 9o "' H L dzOyJ kiZ0.2,08 0.0 ° (" delf @t

O ZOdse ' Yydz' HOdE HEY " Otk E sGIMWEL'
tc d 8199.

[ " dg tc' o daw Cdzls OF Is dztf & 6 A3 odfidy S Hzdsis @& ©
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teSL On 5o Oz O0.0Fffe,dk=06 L 5B Oy J dats 3.16m0O ° 3dfjm). ,
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