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ABSTRACT

Abhari P. Development of scientific foundations and improvement of
precision forging processes based on kinematics control of plastic deforniation.
Quialifying scientific work on the rights of manuscript.

Dissetation for the Doctoral degree of Technical Science in specialty
05.03.05 Processes and Machines of Plastic Workibgpnbass State Engineering
Academy, Ministry of Education and Science of Ukraine, Kramatorsk, 2019.

The growth of the metal forming indagthas increased. This increase is due to
development of new and more advanced equipments, presses and materials. Prod
quality, cost and time to market are three overriding issues in metal forming industry
Due to this, the use of finite element methmsed on computer aided design and
engineering techniques for process simulation has been increasing each year. Recen
the numerical simulation techniques using the +gstic finite element method
(FEM) have been successfully applied to investiglage forming characteristics of
various metal forming processes. The finite element software is used a direct iteratio
and NewtorRaphson methods to solve the nonlinear equations.

Metal forming can be classified into cold, warm, and hot forging. In thal me
forming processes, extrusion process is on of the most important processing methods
the manufacturing industry for producing different parts with various shapes such a:
flanges, branches and other geometric forms. In recent years, there has rieater a g
need for enclosed cold forging technology to provide precision parts with various
shapes. Extrusion process with room temperature is type of cold forging process. Ne:
net shape quality, excellent surface finished and improved mechanical pr@perties
most important advantages by using cold forging process. During the simulations b
commercial software for plastic deformation as QForm2D/3D and Deform2D/3D, it is
seemed that the tubular billet is rigothstic body and various tool parts arerigjid
bodies. The cylindrical solid or tubular billet is located in the die cavity and is squeezec
by multiple rams. The billet is compressed with one or two opposite rams movemen

and the billet material fills the die cavity.



By this process can be pramhd axisymmetric and neaxisymmetric parts.
There are principal types of extrusion process such as forward, backward, radial
lateral and combined. Defects occurring as folding defect during metal forming
processes sometimes are caused. Control matéwial i§ very important and
necessary during extrusion processes by kinematical mechanism to predict an
avoid defects.

The dissertation is aimed for solving important scientific and technical
problems in improve efficiency of precision forging processesdasdefinition
of literary analysisdevelopment of scientific foundations, technological regimes
kinematics control method of plastic deformatidre tools movement, expanding
range of parts and improving parts qualRyoblens solving in different felds of
precision forging processes are related with theoretical and experimental
investigations make a mathematical perfect models for the regulation of the
kinematics inmaterialflow, make new methods to get precision parts with various
forms ofdefomationand development of process design methods based on them.

By the way, he aim of the dissertation is to increase the efficiency of
precision forging processes based on the development of scientific foundations an
development of technological method$ deformationwith the egulation of
kinematics in materigplastic flow that provide to increase productivity and high
guality product and resource savings.

Theoreticalinvestigationof power modeand stresstrain statewith various
shapes of billetsni precision forging processes are considered by using the finite
element method and the power method of energy balance (upper bound method
For an exprimental investigation of materiibw parameters and the formation of
plastic zones in deformation, yical modeling was used. The method of physical
modeling was also used to measure technological forces in combination with the
method of mathematical planning in an experiment. To assess the accuracy of th
results of experimental studies used methodeathematical statistics.

For enclosed upsettingrocessbased on finite element methdapundary



conditionsto make perfect partchanges of power mode parameters in forming
characteristics and force of matrix disclosures are determined. Investigesuots r

are shown that for enclosed upsetting characteristic shape deviations are unfilling
in corner of matrix part. To improve the accuracy of billets, recommendations for
choice of power mode, geometric parametdis,tool movementandkinematics
contol in enclosed upsetting are consider&d. developthe quality of shaping
form, the use of a compensaton the dieis recommendedlo make parts with
different dimensions especialligh height in enclosed upsetting process, need to
design new variant tavoid folding defectRadial extrusion metltbis used in this
process to makhigh heightpart without defectwith kinematics control and die
tool movements.

Practical realizations in radial extrusion process with different kinematic
schemes of deformain require an analysis of power mode, stssgsin state with
various shapes of billets and force of matrix disclosures. Based on the energ
method of power balance (upper bound methpdyyer mode characteristics and
shaping forms in radial extrusion pess with compensator that located
perpendicular in radial direction afaterialflow are considered.

To get flanges in various levels of billets with different of shaping form in
schemes of radial extrusion process, various forming, deformation and nisachan
of defect formation such as folding defect are defined. The material flow behavior
and the influence of various factors involved in radial extrusion processes with
mandrel were explored. Forming characteristics such as deformation pattern:
(gridlines dstortion), distributions of effective strain and stress in two different
schemes of radial extrusion process with mandrel, viz, semgled and
doubleended during the forming process with different forming parameters, and
also to predict and avoid falty defect in theses processes have been investigated.
In order to avoid folding defect and to make new material flow and to create a

hollow parts without folding defect has been used a movable upper die in die



schemes. Influence of process geometry patars in force of matrix disclosures
is determined.

By using finite element method, as determined graphics that show
relationships movement velocities in matrix with parts dimension to make parts
without folding defect. Based on upper bound method, poveglencharacteristics
and shaping forms in radial extrusion process with compensator that locatec
perpendtular in radial direction of matedi flow are considered.

New method of radial extrusion process with reduction variant to reduce
force in matrix dislosures is determined. The punch farsteoke and upper die
velocity with relative flange height in singended and doublended processes are
shown. The upsetting operation by using matrix movement is very effective to get
ideal flanges in dies mechanism

To make thick flanges with ideal deformation state using step by step
doubleended process with movement matrix is better than other process such a
singleended and to implement process in the manufacturing industries for
producing different parts witliarious shapes such as flanges, branches and other
geometric forms are used schemes of kinematics control by using die tools
movement. Simulation results are shown that the formability of the deulbled
forming is better than that of the singdaded foming in terms of straustress
distributions and forming load.

Based on finite element method, lateral extrusion processes such as di
scheme of singlended and doublended with different branch shapes are
simulated. Power mode characteristics, forceafrix disclosures, distributions of
effective strain and stress and deformation patterns (gridlines distortion) with
kinematics control and die tool movements are defined.

The power method of energy balance (upper bound method) is considered t
investigde power mode characteristics and parameters in lateral extrusion proces
with various branche®Relative pressurmewith different friction coefficiend and

variousgeometrical parameteos branchesaredefined.



To makecomplex parts such aompressormpeller, lateral and combined
extrusions are useistributions of effective strain stress andorce variations on
the punch with punch travel as determined by finite element simulation.
Theoretical and experimental investigations are shamilar resits.

Theoretical and experimental analyses of combined extrusion processes, t
make complex parts without defects such as lap, suction, collapse, cold shut an
etc. are considered. It is very necessary accurate boundary conditions in combine
extrusion preesses to make precision parts. Recommendations to predict anc
avoid defect in the form of diagrams as velocity of die tool movements vs.
relationship of billet parameters in singdaded and doublended combined
extrusion processes in material flow asgesmined.

Based on specified and obtained power patterns and deformation modes
design techniques in precision forging process are defined. Technological
recommendations to design enclosed upsetting process and radial, lateral ar
combined extrusion prosses to make various and complex parts are considered.

Technological recommendations, methodologies, methods, techniques anc
using a database of calculated models in design and simulation of extrusior
processes with hollow and solid parts by using kinemsatontrol and die tool
movementsbased on results of theoretical and experimental investigations are
determinedNew variants of material flow that are published as patents are offered.

Different types of tool parts including use of clamping deviceditoireate
the disclosure of matrixes and nel@sign ofdies and stamps for various forging
and extrusion processes to make complex and different parts are considered.

Obtained results such as theoretical and experimental investigat®nsed
in educatioal process as theoretical and practical courses in metal forming
department (DSEA).

Key words: precision forging proceskinematics of shaping form, power
mode, force of matrix disclosures, finite element method, ssteam state, defect

formation.
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L dZOR BH I Mw o hdE[QQEY Ro ts¢ @ IsfigelzO " | dzdzv .
sy dzd o " Milst Blsted d30dzdz ftcOo ddz! dzgdr G J 503,
BJL f sSHBRHA O dg” ydzts’ sBtetsB ¢ d. 10 Istojls!
fsfjtejHds 2 dzOB '  tc tsSBO' Bz BIlsOdzE o dBO?2
fJjBHEH" 9 HBkZoaO' Is! Mw Htesyjm SCSdiB' datse O
mMiBj BGMlsObtydsy Wtohskzlsotej dzdg? L tso dz' |
GjBdi3j stcdyded d3sd tetsL d3' tOdRRd. 1 O tMlsOdeds s
Isj rdesdztse ' ydz[ddqg. § j toj &3 y < d

] o sdeso Odzd 2 ydis[j?2r dztf detisay j fn) n sdztsH dats @
o dHOo dzt © Odzdz?" H O dzOMmisz{ dz' fjtejoOcd o
ftesy M3 tlstcd 3O dzdz? H j Is Odz' Bj ssHEsd to
B lsOdzz, B ' dzZ h MftedwWisdzdo ] Wstocliskzlso Stcj «
Hi S " o, hts odded ¢ OF Is! 9 fHtwtsyj MOR &5
(Zlwgodsj dadzw , ftetsfylste’ dzd, daj ftsodzj L Of ts¢

1 0 ddsH j dzv 7, dzQo. j2H5j, dzdord HOAfS , to dfififs. © ff tof
Mismlsjte' O Is! Mw Isjy w dsjdfOdilz, 9 v ozt
[fsdBOd dzd 3 dzO@ HOBs®BEZ §jtejotsH' *  dajd
LOGEtlssoaCd BHAdyOmMdts L €' dyJodd W tsttdik
HisMw ¢ dzj dzdzw ZO2CtOh segts Witolskzlse stcj dadz
o Otc" Odzls’ o Wstedsdd (EZzOdzmtsdzO 658  ‘d30 lastdndswp'ls
fjtojatSH' 9.

ldatsHwyd L HOdzdr to]iLHlg di Sld4c@iiss' 000 dztiz@ s to
C' dgj BOIsdSd bjy = @RBjlsOdzz, sltedBdOdz f tc
LOBjLY jyjdedzg?" tosL d3 to' @ ©  Hftse Hdzdm €t
Gjtsd3j Istcd dz'V stctslsdz’ otistc dzs ¢ s defplstcz dzj dzls &z
fs5¢COL OQHatfeetity. 2 B), O,

Il MisOdets o dzj dzts, hts ftod f jtojntSH' dz0 =~
o qtesB dzd yls o ° Cstef Mz L OteWw H Iz Btsy dzd 9 s
fsdz §hdisd B34 » Odz' ydz -2 O S UsdedeLd dnldsd] € d¢
B - OdzssBtotsB € . 1l tod - 5 dzts H dzts d3lz h Is O d3tf |
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t iz dzBCT [IsH J dz8 9 Odzdzy f tetsyd Mz ¢ Ssustdafdiaty
Csbdzv sd o degs @ 5 L OtEWjHdzjedsj adzls (S NEpMJdRBRE d3'
O s j tcWHsdpdz o OffizjjtBd H (L otsteslsdzy Todz® Ob
sMsOltsydss Bz  § jldg jfifvs H ' deliilsdd dibdzy ff Stetsy dz
Misted ¥ dzj 9 @ Ow@fipldsh 2@ ( S tsd3B " dzgtso Odzj 9 dH Oo

RO jtc' Odzz, "5 HBLoBdY' Liessdlsd jtjn
dzj 5B R "' Hded 7 0 GlOjdts dufigds{ R 127G slstso ¢ d

VL Y! Bz HBsCEd&jdls' D.J. Kim O ff"
BissHdCE L OMistsize Odedz?  hols fytetssy j fp@in? toistst
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BilsOdz" 9. JdSBstedMmistsolz’ Is! Mw Istcdh Otctso O
B to " 9 d ¢ tstc Pigds tsdcle ‘Islsly MW o Stetsils dats @ s ]
odL dzZOyoO' Is+ Mmw LOMistsmMize Odadz” o3 dzOB dzd 3 J dac
odna' Hdzd R L OGlstso ¢, w g L OHtso sdz! dgv &
fstosy dzeddzd BOItedy' . | jtdkjlte’ v "MlsO®f &z
sOCdds ydsksdie " HMYf s HOIs Edisso Ods HJL O2
1 Of tetsf sdetso Odz' MnajdBd Bldd kM ' "hdts OHO
tesL 3 oz LOetslssoCd HAv g Mddjlsted ydzts
Gl Iste’” ° Hdzv yddz' dzgnted ydesets hC' a4
dBzdv y° ° ME" deud deded »  J dzj Bj dals® o  HdzW
BEHStedMmdzt L OMlstsMso Odz0 HB BOGCOIstsjIsOf
fjtcjJHBOYOId dzjL Of so dzj dz' sBMWaed HJWECC
odStdzze Is MW ftod BsH | dzelzb Oelzdz' MC ' dzyj dzdzc

Vv ttsBHEIS" Sdng [ 149] Bkzdzs HEGSMdz' HY J
LOCtcdlstsets hIsOdiY 9o Odzdz™ ¢ sde’ ydets’ fJtcj
BsH jdzg 2 MG deyd deded = j dzj d3j dzls® o . l etsyy !
Ctsdg” ydets™ fjtejHOY' Bzdzd odBmBO®BB] & Is(
stc' &3 ssets, Htod fftosjSlskzo Odzade dzOBEStc' ©
hisdWls, BEdzs ftsojHjds JECMYjtedd3j dals -
fjtej HOY' Hdzw sy’ deSd jJWjSClsdo desfls’ tots L
Bzdzs oMlsOdzso dgpzis Z af iy B B @dzOY L ¢ sodzdd3s Iz
BzdzO tltedd@zdOdzO B L o d dzd € dzj dzdzw HiWJje
fJjtoW stcOsBIGO 9" HBEZAMW YJtegL dzj © j dzd € |

W tstcdzlz o Odzdzw . 1 QoHwCd {ftsto' o daV dades toj L Iz
M Bz dzv yetzelzd syBdzaj dets L o' WL tsC B 3 fddzs
tetsLh dtgj dzdzv, ' Blkdzs oflsOdetso dzj dets, N ts

LB ' dz hlz* mMddzz L OkdMms Oyo, RO Blzlsd d
odtsBlkz. 1 VY! BEB HGMdzZ HYj dzdz? B EZdgs dissy 'y
Bklsd jWjChkdodts odittdfisOdkd2 bk ¥stkd
ftcOChkdudzsets odCstedimlsOdedz” E o' HYtSo' Hd
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1 tod R dztsH dzts 3z asdficHsO| adafsfpls@dZdz’ © J totsB * o
Mard Bd o dHO98 dz¢ 9 Odzdz" dz® H OdadABtR| Oth)tHad Is3Y el
Mis' dEEHsEHCI SO o9 dHOo drsCd Odadr'l oLs daly t8 UsSH O W
fdlssds fnd dzd o dHOo dzt 9 Odzadzg™ sO " Ho(
" demistelz 3y dzlsz [ 150, 151] . ]l ttsBsls' [ 1
f stesy dzd Mistse 5 o qtesB Iz L OH Odzts’ Windlstevdgigd
LHjWStcdico Odese s diBjlsOdzz L o d ¢ sted Mmls O©dadzg”
zd Mstsoasets hIsOBY 2o Odzda . 10 fJjth ik
Cd3B ' deso Odzedd3 o dHOo dz¥ 9 Odzgdz" s tslstcd gz ¥ Is
tetsL 3 OB HBdedets® yYOfilsddzed WwOMistclr d sk tcdi
n SdztsH dzts 8 f &zOMmlIs d ydats e HiWBtedsOy' ‘ & 9
odlsWwcekzoOdzdz" 5 L' Milstsdgh jdzgdz" &3 o9 d G tslstso dzv &
[ isHtsd3 MC " dzyj dzded m Jj dzj d3d dzls' © o MisOdzts o
LOBJ LY Jjyksls! tHddsyOMdEr IszQlf tw dg§ @D dzk O
ZOf " oW OBted S Olsz ftcod Ldedy jdedr Mddzseadn t
foesf cOyemla@isztcd diBilsOdzz =~ sdzisH dztss ]
' HBEZOO' Is! Mw Ek Mmls' day' odtesBlz H] wltcd
HjWtsted3O0md . 1(. 27, Q) . lted y!' sz Mmist
f dzOMmisd ydetsmis® wsvew O H dedzOygdiglzy 1. 27, B

1 ktcORkzo Odzdz" &3 dzOC s dyj dedrn HJ W st dBOY
BsH,j dzs o Odzgdz? HEkdtsets §jtjroisHEz odlwel
fsmdz' Hiso dztis o OtElaE RIS © BBOIsted yv = . l Mils Odzts 9 dz,
o dlswekzoOdadz" o' H f jtoj 3" M jdadew  zOdeitsdalz
sO Mk jdz¥ odStedMmMlsOdedzy tj MztemMkz  dzOMmlL

L B ESis' Y. S. Lee SO Mf' 9 Qolstste’ o |
tc OH daB dzts 9 dH Oo dz¢ 9 O dzda" ¢C' dz ¢ Mmdets O dzO«
jdzj i3jdzls' . 1 dH WOCktt o, OSCdE wC H
CtsdWwW' ' y' " dzls Isjtelsw L OMmMlssmMtse 28 Is! Mw ) (
ftoesj Clslzo Odzdzy dz0O HBOSC Md ig@dg' dzjf | @D Gaz@Ys,
Isd m¢ dzO " demiste lz d3j dzls, sO¢ d 2 w ¢ ZH Ote
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L Oc Odz! dgs & Is! mw ) Isj ted3’" dzOn BOSC Md 3O dz!
MC dzyd dedzets | dzj d3d dzls dzdif2tc v @3ie@ds' Lo dte oo ' d® dz! Oczst
fjodsséts H' OfOLtsdzz H' Od3jIstc’' &9 tsftcOo Cd,
BtsH j dz¢ 9 Odzdzy Y tste' adgs s Is! pw L jJSMY Jted d3d
h 5B fjtcjo  todlilsd Cstedmdz Mis! L ey j dzids @
BtsH j dz¥ 9 Odzdzv, twtsBdls! MW odMmdesotsS, M s d3
LB ' d&2 "' ' Mw, MC' ' d ¢d LB ' d& hk' s fw

ssets, H'  OfRBjlste BHtcOoCd MjtejH Ctdmlstclz¢
Wistcdslze ' dz09 O @d@les O piiazdzgtsikzizd o i H O dz¥ 9 O dzdz'
COH' ] Ckkktsotsets CkkO &O' dzjL dzOyded?2 o
tcjLkzdz sSOIsd ftetso jHJjdtsets HisMdz' HY J dzdaw :

-CBJ Wyt fdals Isjwlsw dz mMddzt dzgs o f dzd o C
dz0o Odzls Oy j dzda? dz0 s B0 9 dizO MY z] Watsy ‘o f dizdld o 1©]
209 Odzls Oy § dzdzw d3 dzO * dzfistelz d3d dazls ;

-BRBOC M BOdz dzgj dzO0o Odzls Oy jdzdzv LB dz' h E2°
sftcOoCd OBt CBjW'  y' ' dzlsO Isjtclsw;

- BOC fMd 3O dz! dzj dz0 9o Odzls Oy j dzdzw dzd " J§ s
LB ' dzt hlz' Iss v tOH' tsd3j Ists;

-H" Pste  sfteOoCd dzO@2B " dz' hj otf dzdo O
dz0o Odzls Oy j dzgdg? MjtejH Istc! sn WOCItste' 8
BO2YJ dzi of dzdeo O dO dBOSC Md d30dz' dzi dzO9 Oc

- fskkyd Mk sSftOeCd §SOLE' f§sfilk'
f OO steORd Hists ] C BI€o @dpdr®O, H | B demistelz*
E ofM' R odfOHCOR. utdBz H' Odgjlstc tsftcO@o ¢
off dzdo dzO dzO9 Odzls Oy j dzdz¥ ;

-dz09 Odzls O j dzdz? sO fteOoCd HJ BdBsdzMistck
ftesyjmM @ t©OH' Odz' degsets o'duH OB dzt & Ofipdz® Is | |
ftosyy Mk ftow d3ts @ s o dHOo dzt 9 Odzdz" . stc' d3
LB ' dz hk'Is!mw B ' dh t'LCts o ftstc' o dzV dzdz
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1.5 [fMsBdzdotsmis’ Cdmlstlky o Odzdz? h lsOd
BOIsted yw dzd

Ujndesdzse ' ydz fmn s o H j Widtsta d3iZ ed§aidd ~
~nOOCIsjtedL iz Is! Mw stg' * dzlskzo Odzdzgw d3 f dztsh ( «
s f Iz Odzfmts dz0O, ydmzsds ¢ dzshdd ttL ' ‘.
hisO®Y zo Odadz? * Is. H.

lds '  tc 90t Odzslz tesLIsON zo Odadzgy  dzsh d «
Wstedlis® dCB8¢ tesL di3' e O3], Ed3dso Odzd o dhn
Isj mndetsdztse ' ydz Milste o dcetslstso dzj dzdgy BOIted Y

dlsOB ' dzt dz' Mmlis! ' JWJdSIlsdoe dz® Mmis: ftotsyy
LOdzj ¥ OIs! 9" H CBdhistezCy' ' odStstcdmistso z¢
zbOBfd L tetsL ' ' dzdadidis]’ BO'ls ey Yy fipdats al3dzm |
yOofmisddzd, h s LodyoO? dz hilsOdRf d Hdzw

o' HA dzdz’ Mls! WO o Iz, s "IsORY
okL dzOBd L Odzd ¢ Odzdzv , ftedL dzOyd ded dsd H dzw
' oadOIstcd y'zlso shcts s Is! f tod L d&3d & O dzdz' f
AlzdzC y' tsdzOdz! dzd 2 OdzO dz' L hlsORf ' o ‘ o Iz
G J dzj tclz o Odzdzw BJLd ' o Otc' Odzls' 959, 17, ¢C't
154158

1 0 Bfifdse’ OOz’ Lk Witedd3 fsCtsotsC
tc gBls O [ 115, 116] o dH' dzj dz tsdzts o dz'
BOstedywrn. MmOtOCIsjtedzd d3d BL BZOSCOBR §ted?2
fts o' Hdgsh jdzdz® HE My HjWbstedsze ytsets
tetsL SO 59 OdzO® 9 dzOf teWw BC 2 tokr 2 EZfmdzO difiztOdain
[117].

g dMmilsj dfdzdi2= " H HB HtotsjClskzo Odzdz dztso
hisORY o Odzdz?y o N IlsORBY On L tetsL ' ' d3ded &3 d3C
HBLoaBdZzdd&zO B Gy ' dzdilsd Isj -~ desdztse ' ydz' d3ts
odBtstcl Isdfkz hlsO®RYf L.
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vsfftctsB fzOMEW " C o Ols( ¢ ' dzj B3OIs d ydz tc
tesL IsOM 2p @z dzd ttsL ' * 3z B kzdzd [ LdcdsBialy odd
dJ skLdz ysd O wls®Bsff sf se® [ 117, 159].

10 nOwOCIsjtesdz fijtejHOY Mddz tsL Ctodl
tesL to' L dgW ¥ Is! Isdofr dz igwfldry Is juggdfin Isif dz tetsL ' ° d3dats
Is tc O dafry dz® mMddzd LOdmMSE -d&p oy B@)S.
Bsydzdodr Majdd PO o L tj OCIsd e dzd d3
fdzsh ddz ttsL' *“ Bz odH " dzjdz o jtelsd S Odzr dzO

10 tste' ' dzlskzo Odedew f dztsh ddzd tetsL ' ' Bz d3C
[ 117] hlO®fd ttsLH' dzj dg dz0: hlsOdf d L
f OteOdzy dzt dzO tsfy° Codzso dztsets HJWistodzgzs ytsa
oL ' ' i3s3, f dzsh ddz0 wCtsets ff jicly das dglg iz gzt
fzOodhtdzO; "IsOo®Rfd L  -f siz] tt Pdaddzdztf ists H "5’ R

[ B dzOMmIs: L OMistsmMize Odzdz? NP IO " 8 L f 5
(fitcj o0 dets ¢ Otew YyO) fcsCsoatsC Ibdfkz Cklis
dzaj ftew BddZ S kZlstsdy His tsfy"  frpdsHe@dgddelvn, M AtER', t
fcsCtsoaCd L o' HiesMIsC O], tetsL IsOh s9 Odzd d3d
Fdsso Od3d © dHOdzj dzdz? L P ISOBIO wednm oL ' °

zOBYd L fHtsifjtej ydetsy f dztsh detss tetsL '
CGOtWw ysdiz n sdds H iz Gz Is® O dzdigdzs égj Is O dzj 2
f slstseo h j dzdgv d3qd , fjtlf jdeH d S Iz dzv tc dzad d3q sy
LH' 2fdes & s mw ftesyjMmMd t©OH' Odz detscts
COtHOdzdzd = M Otcdz" .o 9, W dzOdzy' © € OtcH Odzdzad -

1 sSHOdz M j EMSdkezdzj"dsd@dsfitseo Odzd s HJj SO
LOMistsmize Odzdz? M IsOd3yf " & L ° LA hOdzd &3 tefs
tesL ' ' BBz yOmkss §jtfijdidSizdvtcdddd tHdd
hisOlisf & Mdzzy dls! hIsOBBY HdzW o dceBlsse dzj dzda"

sdkzOmMdW " Sy Wdz' pytsd D teslstff sf s © [ 117]
OHOMBE L kM n ttLcecdvdikzisda, IsOheyiddots
o Otc’' Odzlsd tetsL ' ' gz BwBOItedy!' o "NIsOBRf OF L
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10 €' dz' € " flsé HjWBtedkzs ydo §LzOdmtd :
HoBrmfsm Isfc! Yyt lguzmisiizdzse s h ISORBRY o Odzdzw [
fjtcjartSH & totsLtc' L dgv s s SsHdztst jJtoj ' Hdzj
fsfgdz Hise dzatsfyls '  totisHe datisg O fif dzjO dzf) sfiAS g oz’ H s 0 dzj
159, 161].

[ Mdetse dz' tsB 34 X 4 dzdzv [z Lo (t€ tsue'd ‘Mdgd@diatia] d
fseo' WL Odg L MC zZOH detslsw d3d tSH s yOMmdetsa ts
tesL Ctedlslsw ftod Lotstetslsdsdzz =~ &89, 159 6d]L &
sz Cto' d@3 o' HsdZdr odd3se HB M IsO®RY " o
dZOdzOG sH Y jodfdets C © HtoetsHEZzCIsdoe dz' MmiIs! ) , h Is Oc
f so d dzdz’ LOBjLYjuykzea Olsd M "' dz' dzj Mmis d i dzj
H]WBtocdizo Odzgdzw, hoedHGC] ' o' dzr dzgj tetsL d&3d € C

] SedzvHE d&O0 ttLcdvdkzlis' odh j Cted
shdzOh LdgdiglstczCIsdodz t6' M jdzdgw, NhPts LOBJ L
LOMissMso s Is! Mw o MEzyoOmdedes h OB Or H dz¥
Bsy dz0 LetckzfzoOlsd L O dzOMmlskzt ded &3 dzOf to
ftedmlstets’™ o, oBlzHtso Odzd ~ ) h ls Gl o [ 1(1fiy-
HyWtstcd3zeo Odzdz" ) , hts HEtsL OBdzV 8 Is! od¢C tstodf
Isj mndetsdztse ' ydze Mmddzz [ 161] ; Milse stcj dadz™
hisOd®Y " © HdAI®4.dedr [ 162

lJdzd&' bjnrndsdzBe’ ydz© sy dzdo smls’® d30¢8
BOlstcd yw dzsetsl cdr bz ls OB kO -1'6dZ. |u.¢ @i, o dlLd
BEdzO LOftestf sdeso OdzO® CtsdgmlstczC y' v hilsOd3tf
Mlstedy dzj adrms HJjlOdzj?2 L f§tslstsoh jdadz? d@gd OFE

[169]. | twseslk' [59] LOftuf szt Dy
f dzsh ddzs® tsL' * Bk Hdzw hISO®RY ko Odzdz? 2o f
OS¢y Sodhlsekzey' ® hkOdkf' e, WC' o d& fik
LOBIC Odzdz® ' o BOltedy’' . J' HsEO € sdzilsts

f' o BOIted y* ftcsosHdIs gy o BsP tcdw tisfitzdzts § th
o J .J dlse ddztse LOf tetstf sdzzo Oo h s O dzff L [
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hlsO®Rf o Odzgdzy L " esyts¢ [ 155], 1 dgj s L
P fdzz ¥ st M IsO®Y e Oy df tdechjogcfdzdzty] ~ O dz’ L d3O 3
fsCOL Odzg [ 171] .CywhdzeslORY € & dzflotc 2 € d A

L 9 Odzd 2 chMOdissL OlsdmMEc e ' o9 B30OIsted y* . 1 j to,
LORI S Odzgdz? Mddz tesL Ctedlslsw BOtcdy o N lIs
ftcj MO. [ 5 dzl H Bdif COa dztof)lsi'dzets pw 1968 thwdzd ¢ O d
f tod fijlote 5

[ dzv M hdetsets tsMet' dedz toftsL 6 dzv dglz s (-
sMdzOnM j dgdgwy dzj sBR Hdzgs o dte' hdisd IOC - L (
CdmlstczC Isstem! Ctsets R OOCIsj tolz:

- oL tesBC O Isjrdetsdztse’ ydedrs Mrjdz ° HEsM
tesL ' ' d3dzd - BOBtsd gdzy s shs MC stesilsdlilsd ¢
hisO®RRf zo Odzdz" L O tOREdesC ' dzalsj deqpdW ™ COy" °

-esLtesBC O CtdmlstckzCIsdodedr frn jedsL ™ IS @3
BkOIsted yw d3d , hts HBLOtdY:E Is! slstcd &3OIsd M
odBBtelz Mnj B GHL o' GBSt y'L Olsd MYtnlsJ Bd
LOBjLY jyke ! dzgitsBr' Hdgk Istsyds fls! * dzO+

UJndesdzse ' ydzO dzOH ' 2 dz' Mlis ‘ JW-j ClIs
hlsOd3f o Odz! dats@ s odtesB dzd ylso O BOGOIsts €
HiWBttcd3szo Odz! dzts@ s o dgmis Bisdgisdzllz, W ¢ lisd3ts ,
fsmddze s Is! Mvw o stey' 2dets L tesMmisOdedzs ME «
SHjtey ko Odds odttsB ' ®© [172, 173].

VHBME 5dz0dzj dzdzv S tsdzmlstelzC y' - L BBj st
o BOG O 0dzOdz' L Iz ofn" '’ CodzmistclisE '
Wistedislso stcdzls 6 5 " defmiste iz dzj dzls Iz . 1 tod sfmoe
¢ tsdzfy s te Iz Cldsjtstadfps dEttss * y dz' o' N j dadzgv dzj SBR " H(
Csdzs OC Isdetsets IsdmSkz ° fHsdz §fhjdedgy EZdise

1 sdz' fhdlsd EdRtsed tetsBtslsd dBsy tdasy tcls
hdzw r tsd3 dzOdzj M dedzv dz2O twtsB Y ftse jtcn dg
Odzd?2 yoOfm fdz eaCtseo’ YwCtodlslsw L dzO2h dzd
dqtetsB dzd ylsoe * 0O MmMody ) sf jteOy" U] B

I

©
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1 Odzi Mj dedz® §Ctedlsls’ 650 zPte " @algds to iz 13 oids @er
Mz StdksOCldkscts kjtlsy, fodusdz yj?2

sjtedtsHddzOd ydes ' Bls oS H] SERAISlE ' 0 Hj W
fsCtedlls' 9, "t &Osls! BOCOLBYOLd MmNkl
M&OHdzd R Isdf' ® HBLoGAY' o L dOydds dj:
yddzsds, tjchkdo0Old WedSy' 2d2 o &zOflsdoe
[175-177].

l dmdztse € d

1. ltesyj Md btydtsets tB' ' BBdesets hIsOd3
Slstcd 3O dzdz H j IsOdzj 2mlas s QH olofth yjddztrfls sw. C v ff
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=&+ +4 =0 (2.7)
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HjWsteBOy" By 20 By ddlsd fMsizy ' dz

f ZOMls AN HSs OC 5y ftescdsL Zof@H.d Isj § dse d
| sdzRddzed f jtoj 9 O OB BjIssHEZ AtsCEts

ZzOtsydz' fmls! ‘ Bsy dzd o ' Mlis! odL dzOyd dzdz? ) 5

B dz 3L Oy 9 jtondz 56 tcOded ydzd n L dzOyJ dz

90’ 2500dzd 3 § OORj steOd i lsdikl L OY' f iz
" deflsttbk ] delssds sflkdd LOY' S O Eklstsyds dad
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f " Ha'"H 9 &JIBHOR [ ‘ 1] HBLOBMV'
hodHCtMIs] 2, fiocsedzsL o Olsd R OKOCIs] tedz
dzj L Of 5o dzj dzd rs Liftdsfi@ts Yo dzdfidé \] 787 HAS&HAO].

2.2.2 10fstshize Odadz? 3j ssHE MS " dzyj da
sjndsdzse’ ydzdR iy gk o B0 Bhscs " IsOdst

[dbtsH  MC" dgyj dzdzd ~  § dzj d3j dals’® © (far)
Edz o jtcmOdz dz' Mistets§ g L OMpOB Iz Otlzdzy H dzv ¢
ftozydedr HjWBStcdzOY' 2 hlsO®Rf " o, f dzOMmilsd ydz
O cliip j estc s Odese s MisOdzglz Isj &3 j e Ols L
L O9 H Odzdz" - sB totsB € 191, d308. A d& roi ylg d MIE us@3xE O dz
9B Oy 2dztsets BjIssHEz. EBEEB o' HAB dadz fls!
hs CttsteH d dzOls dz WikdeC y' gdr's dp'tcOzdE L Wzlz da
totsL h oy sy dzd @ sfls B ssHE L dzO ydzts
CststeH d dzOIs dzd - WEZdeS y' 2t M jsdzde'ts dzv fhy d i) ls jo dgdn
HgW jtejdzy 2dedn to' o dav dzr  H[191-183] f) Is[j jolists HOZ' HOs |

odte' hzoaOlsd wW¢ fdtsme", * tMmjmddjlsted ydz
tdLrkdz IsOlsd ydmj d dzsets OdzOdz' L & Bsy dzQ k2
dzO0f tocd € dzOH dz' dz' 2 Isj y' ’ Yyomlis d dats ¢ A3 s
HyWtstedzOy' 2, O tclzy j dz . 1 208 yd vy toj L L
HijWjCl' o Wtttk ' §tWol [L96dA4K96]tsj H YO dzs

J H Odzd 2 Y Of H dzw BsH | dz= oo @ty {f tet
odCtstedflstso kz¥ Is! Wi detg' dejdie dz' L QfcOEdg’ Isits ls
tesLtesBdzf d2 " H toj Odz dzz Isj m dzsdztse ' ydzlz L

]l tmhdztso ’ [ djydls! tesLBdIslsw tBO6 "
ftesmisdn c6jd3jIstedudzdn § dzj d3j dzls’ o (dff dzts'f
Ctedo sdz' dz' 2 dz' |, f tcOo ddz' dz ‘ Hise ' dz' dz
[ dzj d3j dzls©Od3 © y' dzscdzgz ' Sty desdzgz o kzL dzlz L t
O Ctyjdz Jdzj a3 dzls BO° o zZOMisdo sMmis* BOIs
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[ dzv  f e sk@iisd ydzd » GO jis™" Odz’'OCo o dnjj d3d - C
mMittjHtsodh O. [ Mdzts o dz’ M " 99" Hdatsh j dedgv |
LOMdzso Odz' OBts d&zO Isj ste’ ~ § dzOMmis[fof]dzets ™ Is ]

w dzlz * BJLO y mMifJjyl Qg jLdgotc@edd-r § Q<L) @
J dzJ dzjodEs dazOdz' L 2, Hdzw diIsH | dz¥ 9 Odzdzv , tefsL
o dHOo dzt 9 Odzdz' L oJdzdSddBBd HJWBELHBOY' W d
sB' " RBzsets hIsOBY o Odedzy o CtsdZB' dz2OYy " L
(jfdztsed?, HE dzZDd3o ydedntiztss dzts oz, M4 o § 5@ dzn
ftesctcORd, IsABAQUS C QFNBRM ,[ 156, 157, 18

ltetsyd Md 9 dHO9 dz¢t 9 Odzdzv nOtcOCIsjtedL 28
o4 dzd yd dzts © HjWtstedsOy"' 2, dzOw o dz' fylss L Ofmls
HiWwWBted3dOy' ® L O tsB Ot alzfsily fig Djcds Istfste tf jdte | y ddy G t
9 dHOo dzt 9 O dzda¥ ~nOtOCIsj tedzO ME &zOH dz' Mis ¢
dzOw 9 dz' Mlis H4 G dzr Ctsm Miskzf jdz2' 8 MoatBEBH(
RBsHjdzt 9 O0dzdz" L O HBSIBBRBeEE [d| o t6OLO |,
Hts Sfdmk kel d@GOljte' Odzz ([ Odle3Pldzy Jj o A3k

odyfOHCEZ o L Sdg s mMdd3j Istc® H J 9 J dz
z02B' & PO ' jdzj d3gj dzlsd Mmddz' dets MisdmE O Is!
odr Hdzsets € 9 OH O lsldiztd dzts Isj dgf dzjodzlsi@ v IsC d
Ctesd3C O ° odm" Hdzdmr YOMIsddzOr d3OIStdy"

dzj sSHdztste' Hdzz H j WnstcasBytizse © M fsdzjddsj dals d o7
odtsHY Y Y My b HEEJ v L sdz t©OH' bk hdisdw
fsekhsls v ° CodksOClsdy bkdsed. uv0OS] o
990Y0OIsd tejLbkd IsOIsd toLtcOrRkdZS @ HBMise'

[JHddz L dBj IstsH' o I Mkzidg)rd@aywls dup' dE0y f tiBjIHHE
Ldsjdz" jdzd s R O©OCIkjtededds tetsL &3 totsd3 O gadzgss,
L dz0 ydzd d3 GteOH ' ‘' dzlstsd3 HyWtstedsOy " (L d
HjWstedOy' " ). 1028 dh jWjSIsdsiadeylsdayc
fitcijekuso0O f'IsSCd L oMmlsOdase dzj ded 5 o sfls
[220]. wimistslsdzd &3 dzj Hisdz' € Sdg L' OL igOta)j fdsste tiss offf
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fJodzg dBsd3d dzlsd yomkz dzjL Odzj ydets o' H { tsis
[sSHdW'  COy' w B3y ssHEz L o MlsOdztso dzj dzts
HtsL o sdzv *° Bk Mmbkz 2% dl Yy’ 2 dgtiz] Hotfdf' &H S 2 sy ' dgs
f OtcOd3] IstB 9§ dz’e [ Ftosf sz’ Is+ Mw L O HJWEdd3C
Ctedbsjte" v, "t sfdhmkzels: OC" MfJjydw’ -
HJ W ttcd3lzo Odzdz" ' odCtcdodzj dgdzw W istedsd od
zOvw o detsfis' o dp9dedr f tso J ton 5dz

v O¢Cdd3 ud dzts d3, 9'dE @'d MOy d3tsEz] dzt o
sB' ' RBzsets N IsOBRBY o Odzdzy L O HBftsBSEEE
JEMyf jted 3 dels Oz dets i3z H tsfpdz' H Y j dzdz® ‘ Isj
HsfdlIls! JWJjClsdodzdds ftcd OdzOdz' L' Htesyj m’
f sMmisOo dzj dzdd dzjL, OloagEdHiz' dz' ftesyjmM" @€ o©dHO9

o' h § dzdgv , L Ofmdzso Odz 20 Mmftetsh j dzd n G
f' HCte' § dzj dzdz" lsted BOded 7 toj [192 dB8]ls Oys ' ‘o dzt
BisCk, dzj BO' Mkfjtej ydssfmils' * o uUs@GakkzOdzh t
[ HBY' dz dets Cstedmdets EZlssydzdlsd L O

[193, 197, 199, Q0.
2.2.3 1 dzOdzz o Oczdz®  j St j tod o3 dzls bz

1 s Isdzay " Hodh jodzdzgw JWjiCIsdodesmlis® H t
Hsfw e O Is! mw 9dC sted Mis O©dzdz™ d3 BOIs j d30OIs
d $MYJtedd3j dals” o . I'd § tstdplshilds@{dEpisd | dedg(Chls | dgid s
f smMisOdzseo Y L Oo HOdz |, o fHttsyj M’ sBtotsB ¢
Isjted3" dzd to' N j dzdzv , L ded ) I2° o dlstcOIlsd dzO
slstcd BOdzed » toj L zdz! sOIs’ 9.

Il weshmis' dzj L Odzj » @z 5! Mmwd3' ez dz° HoydlBOdAe
ftesyjm o [[ u. | sC0Odz! dzZO ftsB dzOMls odL dz
Of to' tstedzed n B cClzo Odz . stsyjdz L Yy d dzdz
wdzls j tco Odzd o Otc" ¥ 9 Odgdz? W OSCIstste’ 9 AL
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9C0OL Iz¥ I

SMmdzese dzs Bz, "o jdedpalzsegglz t6° o daV n
WOClkste' 9 (lOBd 2.1).
vOBdZJUYY " 2dzl W OCIstste’ o
ANOCIststed X, , ,
{ Mdztso dzd 2 X, 8" o Xy, 2 N
wdzls j tco Odz oD®Jc ' ® DX, DX, DX,
Il jtendz 2 x#a) 94 d X +DX, X,, +DX, X, +DX,
1V dx det 2 fe2-p)j dz'| X, -DX, X,, - DX, X, - DX,
S tSH Izo Odada" x dzO Y Jf dg'eo 6 W O dz' L X0 s z
My o9  Hdesh j dzdzV o3d :
x = Xi[;X_Xio | (2.15)

l sfjdz' Hise dz' s
1. [ BLcOR kS

SZ

Yu

Hy, 6] L £ diclsOly tsp Isists] dedp'OLE O;
O to d® W3 izl Bz E &

v, 1M B8J Hde

n o
a (v, - )
:—gzl

f 1

u

f=n-17 ydfds Mlskfjd o

Hd MY jStam’

[ dzv f jtoj o' tef
s sn toj dzO.

. Oy Yy mMmax
G N

d ®BSHst' HdsMIs'

SZ

as;
u=l !

Hd MY j efn’

sBttsBSCd tjLizdz SOIs® 9o
HsMmdz' HEz:

(2.16)

Hisindz' HIz;
Mo SBIBHA SEHWLHEC (&

tcWHE

(2.17)
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H JG°RG*°* T Zdiso O BHMSte' HdzsEMIs® ®©WHE HJM

2 . i BLOR Zdzts € CeyW' y" ' dzls' o tcj Gtoj
BzHE s Mw L O IsOCtss L Odzj 3y dg' Mmliss
y:b0+abi6(i+é.b|j6(i6(j+ ab|

jl
1¢ica 1¢i¢cjca 1¢i¢cjcica

& O & +bype Og &, O3 Oy, (2.18)

rdzv tetsL teOREdzC 9 Cts5j VW 'lsy ‘fwdzldc oL h of to g o

f ZOdgz o Odzdz® (OB dz. 2.2) ' tejLbkzd kOId
ax, 9,
b ==, (2.19)

3. ljtejo' ©SO MlsOkdmlsdydes’ L dzOylz h
odL dzOyj dedzy HdMY jte' @ sy dts¢ CtsjW' y' ' c
S

"N (2.20)

I Odz' waf Ll HBe " toyd?2 ' dzlsjtco Odz C s W
D, =t & (2.21)

stsjW' Yy ‘desd, OBfMmtsdzs sdz0 o j dzd yd dzO@ w ¢
Oets B'd hj 2t.¢t, M H odL &Okd MlsOlk
dzj L dzOyblzh ' Csj W' y' ‘dlesf wd IsdftsH j &' B3y dzO

4 ) jtejo 60O OHjCoOldasils: BEHj
dzj OH j S 9 Olsdatsfyls " .

N
S& :ana. (yut;; 7 ym °
%JO < omy Q)N’ (2.22)

] IljLO ftes OHJ Co90OIdz MiIs: dsHJ dz' 9



HJFEP™FE T @ "I jst O ftes OHJ CoOlsdz Mls

[ dzv
odL &zOydisd

13¢€

SZ
e O fu “dzj €

fofy

2 1
Sy

f zOdz' @ € tsjif'y’ 1 dzls g
W st sz dzO &3 :

N k N N
bh=Cay,-Caaxy, h=Ciaxy,,
u=1 i=lu=1 u=1

LO sOCddd

(2.23)

BESH

jctej i)' 2 dzts e

(2.24)

N N 2 kKN 5 N
B =Csa (XX)u¥y- B =Caxy,+Ced axyy,-Cay,, (2.25)

HJC.CoiHBY Sd3" ) dz

¢ 5 dzils O dzls .

sOBdJUY s2 At d&z0 BOIsted yvw ¢ dzOdzkz
" T d Xo X1 X2 X3 | XiX2 | X1Xz | XoXz | X122 | X2 | Xa?
1 1 Tl T1 T1 1 1 1 1 1 1
2 1 1 T1 T1 1 T1 1 1 1 1
3 1 T1 1 T1 T1 1 T1 1 1 1
4 1 1 1 T1 1 Tl Tl 1 1 1
5 1 Tl T1 1 1 Tl Tl 1 1 1
6 1 1 T1 1 T1 1 T1 1 1 1
7 1 Tl 1 1 Tl Tl 1 1 1 1
8 1 1 1 1 1 1 1 1 1 1
9 1 [ 0 0 0 0 0 1 0 0
10 1 1 0 0 0 0 0 1 0 0
11 1 0 [ 0 0 0 0 0 1 0
12 1 0 1 0 0 0 0 0 1 0
13 1 0 0 1 0 0 0 0 0 1
14 1 0 0 1 0 0 0 0 0 1
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t " odew dzdev Wepw®) 5! MWodOdzj ¥ dz' Mmiss :

14 14 14
y=hy+ ahx +a bxx; +ahx’. (2.26)

2. 2.4 JldLdzOyd dzdzg" dz2Oftelzy j dese s Mls Odak
f zOfmls d ydzs s

Il ftesyjfm' ~ntsdzsHdtsets § zOMIsd ydzsets HJ
B4 IsOdzz, 9 HBEZOO' Is' MW dzOS ¢ d fitb deolzt v pls ' d

L dzgJ d3° ydzj dzdzv BOIsy t6” Odzlz L dad % § dedz¥ f 56
tcjLEzdz sOIs® Yy' tse s mMftsmlsjtc' cO' Is! Mw i t
odttsB ' 9, O HESE k2 dkzoOdzdz?" L O lstse 5¢

odtesB ' 9 Htod JSMidzfPPugdzr. WO’ L O Bt
B ssHOB] [[uv dgj Zdsydzdets BjL sy ' dfd L H
tclz?2 dzizo Odzdzv, fted o3 dz' BBOdz! desdzgz o9 dyd tef OC

| sdzso dzgd 3 W OC Is stc s 3, hts of dzd o O dzO
ntsdzcH dzts G s HJ WSz dg® dzdazOf tclz ) § dzis G t5 fls
f dzZOMmlsdydetsmis® o' H f OLOBRjIstc" 8, hts KOO
ZOL do Ot Is! H' OcteOdRss § dzOMIsd ydetsmls* .

1 02B' dz hsets f§tsh o dzdg? zOB dzts kW o dzj
fsCOLddC O dzOftekzy j dzsc s )ls Odatzd izt ‘thaf ds:

p=3F0 _Si¥S,+S; (2.27)
Sq Sq
Hjol@"' HietsMmisOIlsdydzj dzOff tolzy j dadav ;
O, 2, BTE s sdgj dzlsd Isj dzL stc© G tsdztsoe dad m dal
OuT ' dzlsj defpd @ dzg' Mis' dzOf tckzy j dz’' .

] sCOLdafS ogOnRtsolz ofdzdolz Istejls! ts@ts
s s Bz Q3O cftazO M ls d ydets i lsiddzgsts § tz®tce  EPBOBF O
off' n Wwsydzdoadn odH' & dOftky j dsets MisOdt



14C
rdzv tB' ‘Clkdodes’ sy de€d HJ W Stdise datsf
ftiesyj MO~ dzj sBrn' Hdzs toBLIsONsOokzo O ¢

sfdmz° ~° ° MEeofjedude’ L dzd R Mo j 8O &Of ok
BjlsOd o dz® § &zOMmisdydzs Mis! o COd&jtE' odf
' Ldd tjLbkd Ok, o' HfSe' ' HdZd  ©HddH

ZOf tolzy j dats GO . My ls Oflfc (BRI RBE G steso d d3, 9 Mis O zts
tctsL IsW G zo Odzdz ) Z diztseo On d=20 f d&zOMmisd yd
.01 s5G0Itse s ' dgh HsfMdz Hded € d ¢ 0L
odatsHdIs! ' Ldd?2, ftod yYy' sz wC¢O K OLOC
BjlsOdaeg [ chtctsHdz SO o MiSAdetypjdipdz’ , M ®© e
COdzj te* odMmMCtsets IsdmMSkz Ekdkse L t' o dad dzd
fMlsOdzz, § zOMmisd ydz' Mis! BEH]G oM > dady Ud,

 dzv o dGC dzt yj dedzv By dzdodma totsL B ) dztsfy
Bj lsOdz' o dzj sBR ' Hdzts, dsztsBls j & dztHdipdz’ yHdgtEzoyk
J S j ted d3j dzls Or L ftsBlkzHBo H' OcteOd3 1 ¢

'Hj dzlsd ydztsfyls fiPEOHK] stcos 1 PAOOS s jtedL &z
dZzOf telzy J dz' .
/72 :ZM_ 1= 232 B sl_ 53 (228)
S1- 53 S1- 53

] Odzj  dz' flis! f zOMmisd ydetsfyls’ o ‘s - B
SfdMOdz0 hdzwinitsds fsBbHtsead fodts’ s
Qi di eg. 1 OL dzOyj dzO L Odzj y dz' fls ¢ L Of tets i tsdzts
fsBzHBO9 O o' WLOMO L Y dddz WHBAR Istclzt

lds"t6 ° BB Ltk dis k4 @dzokYy dzfs ézs Otipls Odizlz* of
L OH Oy BjnOdz S d RO jto' Odz' o ¢ fiojsr J 2 otz
I . da0odzj o dyoO.

] ttsBBls' I . ¢. J[cottetsHd Ctsoadds L Of
f dzOMmlsd ydetsmls® @ieid BsBGEHdSR@I@ES, hHts o0
‘dzo Ot BWP pftclz y j dz



141

c= Y1:(T) _3\/51@'2@3. (2.29)

30,0, s,

l s jtendzs  dzOMisd ydetsMmis' , ‘e lzy s odsdsdpiaa
odL d2Oydilsd w¢ B' ' @3z H' OOz § dzOMmIisd
fjtoff j dzH d § oz Oc dp'teRfjLidsfs' His Slsted BOdzdz? H' O¢
CotsteH qUEQ(sd)nr dzv fsBkzHtsoad H' OGtOd f dzOMmls
dzj sBR ' Hdzes ftotsotsHdIsd IstezHtsd MIsSC' odt tof
od¢dzs yo Bsy dzd o * Mls odftesBlzo Odzdzy ff dz
o df tctsB zo Odadzw dzO tetsL Isw ¢ dzj dzda” ftcdL © 5H
o dzOMmMdz' HC Ywed Nd26¢d.

sdoOCBd w. [. totsL tetsB dzj dzO efffcs sh z? Pts
ftesMisdr odftsBlzo Ody dO wLISYWE, Msdms
yddz' dgHted ydzthB sz @€ ©OR o t6d L dets™ Istso M d dzd .

lted HJWBtdOYy" ', Csdzd fsCOLddS dzOf
fsmis' 2dedd3, § &zOMlsdydz' Mls: Htedldawlss Y'
tolz 2 dzz © O dzdzv . o lzlsdz fMmls Ctedlsjte’ "o tkz2 dzkz
ZOC s d yd dedgW s fiflds’h CagsHlg Qadz, NP5 L Odzy Y dls+ ¢
HiWtstedzdOy' & 1O dADFWF Y j desects Mis Odzz

glszq ' dz fsh CsHY j desfyls” B sOdzE dzOL d
f dzOMmisd ydesmls® (1. ¢. [cEBtetsHd CStsa), wWCd?2
dzj Hj W stoditseo Odatsc ®s Ig83j s@tizE detftc  dzetlzkdzs , O k3

9 d G gz2lH
ldestedmistso 28 yd dz st dzOy " ¢ ftots 171l
LOMIssmMizo Oah d Ctodlsjte’’ tokz2 dzzo Odzdzy, s

LOkdh CsotsEts tojmMktem' o § &zOflsdydesmls'
odmtzj dzdR B3jssHOBR] dsSOd dscts HjWstkdizs
fiLkd Od totsL tc ORHEZdCHE okt o RS | di
o dCttedMsOd Hov Yy &$d LdoOyjd odCst
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odL &zOyodzd L O ¥ sttdkdss .
| Bdzts 9 dz' dzOf tclz ) j dadaW oL dzOy0Os Is! fMmw
s dzv dgdz?, WCj o LOGOd dgsBz odfOHSE * ¢

_%d
Y = ne(_h%@ (2.30)

Hp(de)Tf Bo jtorndzt cteOdzd ydzdma HJ W BtEdZBOY' 2

@:%Tuom@dﬁ S SHPH O

s - 1,32+, -1,=0, (2.31)
HOTihEZ2COdze ctsdzso dzg' dzOff tolzy j dadav ;
Il f Bh 42, Hikzed?2 ' Itjls' 2 90’ Odzls

23 JssHdSC O ftetso jHjdedzw JSMYJteddsd dzlsOc

2.3.1 ] dL dzOy iadp sde@ifste Oddsdzts s O dzkz

1 dzt bt s d $MY J ted d3d dzls Odz! dzd = d&gj Ists
HiWstcditseo Odats@ s fmls O dzlz L Omddse Gedg' stc'dz0 @&
HyWstedsOy42 20][.2060O0Odij Isted Hj W stcditse Odatsc
"MisOodzj dgdzgw €' dzyjots’ Wstddd *° totsL d&3 to'
Wstedzs® ' odr' Hdzedd3d twtsL o3 tOd3sd [ 208] .

lted yY!' sz 9 eatHWIS! MW HEs] M j dedets ytf iyt
stedtsL d3' dzd BOIj o' Odz dets’™ IstsySd, wEC bkd3t
JWstese Oded d3 Mmls O dzts 3. 1 Of oW dzded 2 Isj dzL G
stc’ o dzs o' Hiso' HdzbdBz L O yYyOmtsdz d&zOff tc O
Yyt [M@misSd

[ dzv o dL dzPiglr gageets BB i3tso Odesc s MisOdzgz (1
odStstcdmistso zo Odzd 34 Is JR10, Q1§ 1§ tH dodgfCHs dadd@” ]
ZOf tew B3¢ d G Bdzse dzd n sy 2 ftod?2 &30 Is! fmw

-

I ==

I
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G@Odzj j dedz ' S d LB ¢O¥Is! fw &OIsj 62 O

dz02 d34 dzh d 2 mskzy ' dz HJWBted&zOy" . t 5B (L
Csdztcodzdr BMj2 LB ' ¢OtlIs: Mw L dzOf tow d3¢ O d3c
s' &z € d20 HOdsdBEZz JjlsOf " . Z dzv A Hj W Ste
dz' dz' " v .

1 sfdz' Hise dzg' MisH L tcORtedg@ g’ 26 s dz@ ts dijtsdy
JIsOf Or HjWBStodizo Odzdzv ftedo jHJ 2O o I[IsOBdz
tedMm2 ' 232. { BLOREZdES {§ Otid@ sts dsds o @Rt doth
ftiocsosHdoamw L odSstedmlsOdadzy a3 [ [ .

sOBdzd y¥ { BLBOR EZdzC 59 Wistedslzdzd H&z® o
HjWstedsOy' 2 LO B SIBHdSCtss w. ) . jdadaj [ 2

) [ sOf A & te Bz dzd
1 ..I o J. H J. dZdZW 9] X01Y01 Xal Ya1 XCI Yo;
H O dzd T a9, by, d
y, = arctg Xo - Xa
5 sklsd od¢teg Yo- Ya
shhj te g ¢C -
s blzarctgu; a=b-y,
XO'XC
,| rsexdwmo 8 =(Xo- Xa)? + (Y- Ya)?
§orod) iy by =/(Xo - Xe)? + (Yo - Ye)?
A=a, (b, & Gosdy - a, (y, (a5 (osd,
1 O Odj Isted C=ayd ® @osa, - a Iy b @osa,
4] L t_eozlz;zcc;alz B=aZ b2 - a2 b
HJWtts =
s H _ B° VB2 +40ACT
nl2_ .s
2QA




144
1 totsH 59 ) J dadaW

[ sOf

A 5 tc d3lz dzd

']B’dzjhrj_dzdzw

0e = 1y b7 @af +20y Gy By Ghosa,
T2 p2+n2 @2 +20), (G, , (osd,

5 H YW stekoy Dez——l b +n3 G + 20, Gy, (b, Gosd,
2 bZ+ns@3+20, G, b, @osd,
De; =- (Dg, + De,)
| sElsd woRdw _arctgblc'sinyﬁnl@lﬁosp/z-bl)
sfj 2 ' by Bosy ; +ny Gy Bing, - by)
7 1 Mz o dz HJ W Dt,, =(De, - De,) Bin( ;)
{De, - De,)? +
) tedts’ Mls ° dal % S
8 | yozDez Des)? +
HjWtsttdOy 2
%QD‘% De)” +
1. .
:EC[)Del"'Dez"'(Del' De,) &os 4]
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Sr =S,-S :EOS_CP
s a8 (2.34)
S, =5,-So=2C1
3 e
I (2.35)
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Sijif " cdyded?2 MmMIlsOdzH Otcls, wCd2 o dL dzOy(
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X- d<a<x-d, (2.45)
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S(1- g)<s <S{1+q), (2.47)
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D= Da—JOSC%] L L Cl)n— (2.48)
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