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ABSTRACT

The offeredextbookis intended for those who studies and uses in
work 3D modelling for the decision of computer industrial design. It is
devoted © the mathematical toobf these systemdn a basis of the
textbookit is taken workg1, 2].

Computers allow to create models of different objects. With their
help it is possible to see object not existing yet, to receive its
geometrical characteristic® execute research of its physical properties
by numerical experiments, to make necessary changes, to prepare
manufacture and, to make objectThis purpose is serve
CAD/CAM/CAE systems. A basic element of such systems is the
mathematical model of geomgiof projected object.

In work with systems 3D modellingises different areas of
knowledge. The theoretical basis of geometrical modelling is
differential and analytical geometry, topology and sections of calculus
mathematics. Geometrical modelling stwdimethods of plotting of
lines, surfaces ansblid, methods of performance above them different
operations and methods of management of models.

Section 1 is devoted to theoretical bases of geometrical
modelling.

In section2, 3 the method of modelling ofifiérent curves and
surfaces are described, beginning from elementary and finishing rational
curves and surfaces on the basi8aplines (NURBS by objects).

In section4, 5 principles of constructiosolid. For construction of
bodies topological concepase considered.

Last sectiorb is devoteccomputer graphics

The textbook is prepared according to the curriculum master's
course "Automated industrial design" on a speciality "Technology of
mechanical engineering", developed within the limits of Joimbfgan
Project Tempus "Computer Aided Industrial Design Training for
Ukrainian Engineers" on departmeritntegrated technologies of
mechanical engineering” M.Bemka's name oNational Technical
University "Kharkiv Polytechnical Snstitute".

Authors expres sincere gratitude to N.F.Nakonechnii,
E.K. Sevidova and O.VTitarenko for remarks to the manuscript.
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a Cb = alb]_ + a.zbz + a3b3. (13)
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IsOC 5y j5. 5" @dg,lg.:
q=ce; *he, (1.20)
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Jo=ae, e,
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) jojlo St dedg(1l2B G H f®g S sH' o' H
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| 5L ¢ dwdgj dgtsz’ dzd Iso jinfvis wc@ftddz fif ~  f 5o 1
@O0 Cdzs HJWCE' M . MO0 S JEeies do
COHD FHIs B E@® o' ! ©BG" dds Onrdz®s ®ugictts®
v. m02 q -0'jSk©B Qi UYd sdz0’ & s ySEp s
0o C sdzts af wdOd CdtsH d dzdzd CBo 5°  Mists’
ZOY 0o dlsd dzOLviEddsiS). y o j Clsstok
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s 5 UE L dzO Y Ols d d3iols ' CHvts tetds@f * tz i
r=q+t+ncosa+bsina=
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Hije=r0-q. } jtejloatstcdds o dtcOL
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e, @, a3z G
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Il dSCsted MlsOdedz" HdeStE' Hdzd R S BEtEH
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CcOH-D FHls stctsd3

3
r)=a rtle, tmn ¢ thae (1.47)
i=1

1t HMNIs O9 dzj dzdz™ Cted@ar) dzGa d 90Qf clsizv
fOttOd3d sted yded d3. 1 Odz' § J gz B @ @S ls
BZOs Is BJLY jto]j tco d¥ ¢ s ' fHisls W HHCEZ , B VHE!
f slstg'2B ds s Y €< Er(t)Sde@Lodso O Gy Q2 des@h s o
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H c,tmin = t(Vmin)a 1:max = 1:(Vmax)-

ltedf EMC Olsddzsd d3s  ftod V) B d3ko, L OF 30z
SHdBL dZO0ydetss Bsdslssddts vEsRBOE Qt
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r(v) =r[v(t)], Vmin ¢V ¢ Vinax (1.49
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f OOdz) O * v fHORARE olststs Hf dZMORCEO-GESE Us d
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max ~ “min max min

[ tlzc O Ctcdo O Isj f j to f=dfOshfii 0
tinCtCtiae ISt BBz o dfOHCE f OtcOd3) Istets
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T deshS shls
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f OLOd, s (HEIO WY ‘BBl o df OHS &z
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L3 de tctfo fdz' Hiz*
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d(t0) _, & 9Ty 0, (1.56)
ds ds  ds
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{55 HdzO L S@GE®Od datss  f OtfOsR s 5 dzis © vy
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W=H B +ct. (1.63

] jSlkste [ OBl HEGHO' MEkEO®da FiEp
(161, L odSttedMmsOddy & St s Oddz
dt ch b

—=¥ 3% — =7 3n— =Y. (1.64)
ds ds ds

1.5.4. 10bEkztOdz dz@ t' odgwdzdzw Ctod e

s qsqudzogtelijmdm fls R O©OCIljtd
, LoON®IEd] @B dsy j ddY ° st ' dz
dZQ’ lsogts>| ‘CY'dsg dzg B[y Gledz HEEGd wC

k=k(s)>0,c =(s). (1.65)

IMe"  dz CkOHBEYgd, SttdodL dO ' Cwikz
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ZdzCk(g] "'c(e)IsOCtsy o' H yY! sets oadetstelz o
65)
te

—n
Q
©

)
(1. dZOL do Ot Is! v dzOlskztcOdz! dzgd &3 tc* o dz'
Cted o BOE Is sH ZOC tso zOIs z tc O dz! dz'
' Htc' L dgv s Ist W Is'tsde’ ¢ dflzlstfPripdatstsdiadz. d3 AL
st), k(t) " c(t) sHdzsL dzOydets o dL d&zOyOs Is! ¢ to
f sdzsdgy d2 st tctzihPgic’

c¢ f tcOQo d dzts, f OttOdBj stedL Oy* W ¢ tc
ldL dzOyj dadev n, lstols C s W 'ky'c wagV 9 Hise ' dz
f OtcOd3j sds@jLHOjydzts o [ 1] .
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L dzOyJ dedz? BB3O¥ Is! Ho stRE togztiO S toH o s d3dz®
mMizzy dlsd sy tsB dzZOMiIs! J OLLOBjIstc” & 50
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Ctedots’ (k 28k daddie j ClsasE ki &' todzt
r=xOy®]' sq gz o dtcOL 5

r(t) = x()e;. + y(t)e. (1.66)

[ dzw Ho 53 todiy W shgf éztf - g Bicga] dBOE &
9dc dzw H
at dn
—=kn, — = kt, 1.6
ds n ds (167
Hi=drids-Htslsdydzad?2 o Sy §zdomslzgd Ctod
stcd o llode@3" tcdes’ Ctodoats’™ odL d2OYO' Is

o
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1 OlskztcOdz! dzj to' o dgW dzdzv Ho B3 tdets’
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k=|l—. (1.69)

1 1 d%r

= = - 3

a(t)=r(t) kn(t) = T

[ o5dzé SO 29 Mbus &' lszpHedsOdz’ HB § 51

Ctedots’ Z otathtzo sk dzdiisy dzO o dLd®OydIs
scddzO®' M &j2Mso 0 dsedEOdj 2.

1 syOlStsa® Ctdo O s o' Hdetsh j dades

jotsd o) dzstsd (oL ¢ Ys)gSouwdyze iy f kL tds

COHD R BiEEd

r(s)=a {s @%za (s §H, (1.70

HBE-HBo Y ddzO HIEE)d=Cosstf bristslsd ydzO0 HB Cted
[ dzw LOHOd ofdasissdz0 CEfslzHEzo (

(1.69)
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r(uv)=8a r(uve, uvi\ (1.72)

i=1



35

1 toj HMMIs Oo dzj dzdzv f so D delzOL tfo O6 ¢
fOtcORBy stedydzedds. v L OcOdz desdsz o df OH
Yofmisd &z0 Hofsdikde dzts ' tefisdgis s Bz o d f OH S 2
f OOd3j Istc’" © 50 ] ton dz' ‘O { totfv fiFts@ ldzds dad 6
U q ) dz@eshax Vimin) Vmaxe  { B d2ZOMls? L &3° ded ¢ OtcOd3,
odtf OHC z¢¥ls'd L dzPtm ' Oougatt Mdsulao5ein¢ v ¢ Vinax
vOCE B A&ZOMIS! LB dzd § OtOdjIstc’ o
o jterntdy , Odzj HdzvW §tsBEY O RZOE §izd
tc d3d dzifttBon]'tainddz’ L Oc Odz! dzgsGts us q ¢ dzw
L 20y Ot Is! ssySkz o jtn dz . cehts
' dgh q p q OtGIoO‘dﬂ;o,lSU@:' WQ, VQ), V0=V(Uo, Vo), Is ts
o jterndzt BNttt
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9dcdzw H
r(t)=p «(t)i, ¥ti,, (2.6)
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Hie-HJWe S Gsftedeo ' WL Cd RCCefCpCHs jj to dzts’
dzj S sdz' dzj Ot 2 thE Bt ds WEdC y'
O ZOdzs ¢ ydad ) =p cxtiizw y(t)iy BO* sfdi 2
Ctod ofiho s todes 3z f tesmistste " . t " lzdad yw
Hodls oz iz f tosMisstc'lsdddgyd ~ W s fBE S
BOE Is! Ho' Csd3tf sdzj dzls d, O Jolsdgtcd o
C i3y tsdzj dals o ! 8 b U8 Qd B tc Odz' sO¢, h 15
Wl dgCnft) "k (3P Is: ¢ Odatsdz’ ydad? odedzvH.
fted2dsd ' M o9 ' Hdztsh j dzdzw ," 'P.ts Lo' WL
1 jClist,dsOL s L ip=jSisttemdgL dftd d3
Hj COtlssoats’™ MdMmisj i3d S BteH d dzOls, o
Wrn LOOYH By dO ftoiHMisOadisd ez acfc
€,6C dzsB Odz! des’ HJj COtelstsots’ MmdMmilsj &id ¢

I =af L, &f,

Iy =a@ L, 8,£; (2.7)
I, = 8@, 3L, &L,
U 5 Y o’ fsyobtsd y' B Myd e
CottoH ddzOls. | 510 BlOLds y § it

fMls 0o dZJ d
tetsL ¢ dzOH OdzdzW e, §fse; BdBE af@dz! dats’ Hi C Otclst

CtststeH d dzOIs :
P=pe 1,6 BHse. (2.8)

sOCdd yddsd, MsiekzClkzteO HOd]A
sfdfm & Myjets’ MdmisjdBd k oEHEL.H'
lted Ld3 d fodztsy jdedey ° ste'  dzZlsOY
LB dzt ¥ lst MW C tsdglf 6§ dis i 4@ ui§ O dzv to dz'
XO)'Z(tOddh 0v Is! MW dzj L d3' deded &5, LB jte'

2.2.4.5 5 dzts

stdrstsy dzO s MO 5O H @ MY sdztsy | dz
YJ delistclz Ho © o L O'Odjrlztslzd B tc Bty f il g apts ™  H S ¢
iy, Nt o (L EAREPDF dEtizy dfiEsO :

r(t)=p +¥codi, r+sii,, Ot ¢ 2¢ (2.9)
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sEds e gy sodsd ¢ ENUEDJ U d
gz ' o dzse ' HH Odzjtdas € cdmj Wi dzdjd dzltst b
fsBsets ¢ SsieH d daPisrdmt YO kst 64202
of dBO' o d ¢ dzv H

0k =12 (2.10)

i dz
H
i dz

2251 &' { fi

(dz' ) & odC dzOHj d2 .21 )C scmpif ys s d
COHD FHs BB

r(t)=p -+acosti, bsini,, 0 t¢ 2 (2.11)
HP -P' o990 " M) Jd e

t dilkzdats€C dzazd 4 f

4C Odv todz' x(LQaSsty ' E=bdink j dztfg ' WL Odz
tc' o dg¥ dzdzV O3

OX 2’& 02 ~
= of g =3 (2.12)

(2" fMsd *° 6 t5d3jtste d dglzd] flzizts fodyi WISt
MO o' HMEOd] X fHsD CHREE ' s 18 ¢ HEasO dzd R
WsCEemMOdkd, * fsfls' rhattfn 2. doof @B dzOs s HE '
COHD FHlssted WEsCkMm o ' o d

f,=p ~a2 B, f, p=vJa# IA,. (2.13)
sEdE dz' § BE dzzls d disd  dz' dz' W dsd .
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226 " §f jteB 58d&zO
1o @y Bklsd Bf{HOWMOBLO!
r(t)=p -achti, bshi,, t,, tct. g (2.14)

{ OHbpRINE s Mk’ ' d Cd GHdz ¢
[ekE O ¢' MO dssytj teezts d -asjf &Mook tc O H '

r(t)=p -achti, bshi , t; t¢t. ¢ (215

4 C Odzv todz' x(tp=ladhk, yt)=bsht ¢ § j B tsdzd L ©
tc' o dzW dzdzV of3

1o of®

02 o
ya 2 (2.16)
b¢c” =

AL

[ Odets 3z t6' o dzvidatizs s Ise OH'ts s(ti-dhazhty '
y(t) = No sht.

L' fjEBEO wodv' fasesE ¢ 2@ dlf tzts o
Hdzw WG dn O fsdz ls dZOH fyl§ @iy dz0t toh a &

|k "y °°  f dtsS@QdddsCEzHoRd, ° f
o dzd ud &ZBRi O -ofg @St WECEM o ' odz
— _fz 2
f=p ~a~ B (2.17)
f,=p wa® B,
' Z€Of j b ts=ifdd, ) O dzO ‘WS yf toj HMIsOo
dz® d. B)2.

2271 O OB 5 O
] Otc OB BB BEEjzls SEG MO st s ds

r(t)=p%pt2ix Wl b €t (2.18)
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it dMEz2AAE " dBY Q tcd s dz tdMzdzsE OB OB 5 dzO

4 0dv i dz x(ﬁt{;dz;ﬁz,uy(tjzpt f O 0B s drL Otz

tc' o dzgV dzdzV o3
2px-y*=0. (2.19)

1 Otc OBftdaf@Gi dgls'O o ¢ j 5 g ldnlsytfffdzj dzO ff dzts h
HdzZv  wCdn o' HisOdetEWh t5° ‘W' C ff SO dpzq
oLl C EMsd, Histk' o dts’ o' H fifjas@sy dztsH
dw), " 5 dzOL o' @ tej C s FRlststed IKNASC 21
Hdtej Slstedmd ' o dg

f=p +§ix, d(w) = —2’4X Wi (220

I j dzd Y d@zlzOL d o O Is 5CEMmdsy o' Hi

228 ZCOE®E 5 g dz' § f)

[ ek dfssiddBd s dMOB detdl @Oty dftsy j dz
YyJ ZlisiczrHo O oL O Bdets telssesdzOdz dzd -~ o
ix iy, "5 o dL Oy s & Myjelk Mmdmisj Bk
a, SkZlakb@AOoddew d3tssPYn: sz - k2
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r(t)=p +coq g tsig)i, r sif , tasig)'ny, (2.2)
O¢t ¢ a

HpEgn= +1, seq@jscjy sty HEL ' fslsd ¢t
Mlste” S d ftod § ¢ dvinzie geosgedbic’ y
WCh s UNG kPP f 5 Rk O ¢ tHddedzd
Mlste’ S 5% ftod 1§56 dvH I, =iy iZhlst
Hotsd3 todzsdsz o df OHSCE Htod ftsedzwH'

O OGS Yt ¥ Stofibigfrc it @

r(t)=p -acos @ tsigni, bsif , €sig, (2.22
0¢t ¢ a ’
HP'b-1" esmiz jd M
229K ddz' deHted ydzO My ' tc Odz!

Addz dzn tod U dz® OCHEY (6O dz'tOdiOEs ds,d | @ dzj
dzj fip€esy Bsde@ § dsifidts dzts X | dzdz™ dp * finstay@oilsyS’ 2

btc! SBBEEBL BElstscsdzOd dd &5 o j S lsig tc O d3q
i, i, e OH ' bMEdpES SfdPteOdsj stod Udas® HEGo g d

r(t)=p ¥codi, rsii, h-gaiz, 0t €. (223

Addz deie i)\ de@ED gsidgOed i 2. 4. [ ' ok
By O SH,jyOld hdvrnsd §dfie s dadzY

t d iz dzts £'dazn'tg® ‘g @ oz
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1 855 Hdz OdzOdz' sdyded & dg dda) 2% edgciade
C sy sdzj dalss oS lalin® hkdkls © \sdzle lf oz’ dz'
L OH Oolistefn ' dz" 5 MY shtsetsds. dg@ toc
LOBSded Hisoy ddets® o Clststelz) ,( ZQde daj fs
odf OHCOR Ltwkzyds hj dOId HOdZ (tets dz
[y O fsBbkHko ORY' desidBl thnkiddry ds O
feshsstesodt Ctdodrnpj Clststod dzo s d fi ke
OdzOdz' Isq ydzd B W zdzS y* v &Bq .

23stdoe’ Hicketsets ftstiecwHCE

[ &' 4§ fp, f OO ks sz® dzOL o O Is!
fj®BjLOdGEsHEE swossedgo ] L zd s ok
Ctods ydes® (B tE , 'LO fhgsadj

ftotsh tsH d Is YdteiL. og &h g dzlf 28 ts dplethfis d d
CodgBfhlez: N jls of blsttdeizlr M2 sets o MM, It
Cths Ckls f dztsh o ddg d3jLdzh o)’ Iech)Z |sdistsliz iy
A6 o' MMms, Ikt SHjteydBs ¢ ffjteB tsdzkz
CQﬁLtSGL dZzOyj dz2' i3’ Isffts mddso deg'H Jj toy d d3ts
stsdz ydB' LfdiSieagdo dd&zd HEkzesets §stWHSCE
f Otc O34 Istbt Jezfnls Oo dzj dzdzw Ctodze' ydzd - H J v
odf OHC OR, dz2Of te'd S lx®ded i3 ,tc dH s i3 1fids +
CtststeH d dzO Is dedflatal dsdec ' aHdizw ydna Ctedodn.
odCtsdzze Olsd  §jte]lse tste]toamigH mdao dajzp v ¢
f O
fts

[ C OkltststH o0l 2O f desh ddz Stedoe d
BW HCHL Qdg to' odadzde" 5 HckEBE B Miskt

Cur + fy” + 2C1n B 2 + 20y + Tz = 0, (2.24)

H JCi1, Co2 Ca3, Ci2 Ci3 Cpz - & SJYyv ** dals d , s o dL daC
tedo s’ ’ f dddstg j dzdels Oy "' & 2O ff dzsh d dzg
5j % Yt dals Lpdzif 5o d dzjsde’ o dzt » Qls g ) deac
jJtoj a3 M j dedz’ O BidsH tdfiAsocelass Isf s tEWaid€alz € 5
22, Caz, Ciz, C13, Cos 2y L OdzifWw Oelzlp t d3' dzdzd o5 . z dzv =
fjtcjd3d M jdedeind fif isjud®ds € E s stc H (RAAD s edz® dz
fitjlsostedlsd HE  dz02 B S b &Of &t Pl G
COdetsdz’ yded d3z. 1 j dzd yd dzqd
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C1 Co G
11=C1y €5 |, &€ Cif£1p 13 CH Cpp € (2.25)
C3 C Cz3

" dzo Ote' Odzls ©Odzd dz' dz(2.24) eH'teHzdztishig dsts
fJBgtste] d¥ Hdastg Isiisfo t€ ststeH d dzOIs .
s df dz' dz' Hicketse s fsteWHCE
odL dzZOyos Is! L dzOyd dadzt,dig v * deesQ t8 ' @sdiplsizts
BOLtcdydes iz L OF o o) Hiws'ie 6 & dzts dz(@EM)tcds®i'C 2
9dc dzw H

R'CC.(R=0, (2.26)
Hi odCtbEhbOuzEdIR' o€ is sy by
Ce
ex g €G1 Gz Gg
R=gy HCC =2012 G2 G - (2.27)
¢ & Cs Ca

WgOoy's d d 2 HikzeGEs
oL dz@Y@OS s ' kzo Otc' Odzls iz

TJdd fisduded2>9d¢, wChts

1 § OtcOB sdz' Yydedl=0;sdf, weChrs

1 ¢ §JtcB tisdf'fy ddgf<RD.h ts

[ dzv 'EwBts dz'zdE'tS6 SH W steWHSCE dzgj o d
ftow d3' dzj SH3; O.H dit§ '’ v 3O jdaz'
(Ix/1) >0, Ists tc(224atsdzda OH s tsdz! dz"f ‘dztsyf te HlalE
O to' o dzv dgdz" (zOL tf & © igse stfedy’ o tiriky ety sdd s ¢
f ©ld>0,1;, Ols @/1)>0, ¢ Piftdcddszl;, 0,4 Otc OB 5 ZO
ff teld=0,15, O.

sy dZ0 SCttdoe O HERESds HjEY RS Zid
CtsteH d dzOls  § tod 2 BOH . € Otz di quipedi 23z o o
Cdztso dats®s Y (K@ OG dak' dz' v RO Yy d
CsteHddzOls. stedo B, (YOS s dy'j telzls'ts , XEWAS 1B H]
Y j dzldntelinls j i3 S tststeHddzOls, 2 we'2 Cted
C Odzts dz' Y zaZ® R eEefiw S Mls j &3 te' o dzv dz!
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CiX+ CoYo 3 &

(2.29)
CioXot CpYo 103 &
t@m&s Is !
1163 G 1/C1 G
= = oy = . (2.29
o [5]C3 Cp ° 21C12 Cj

skls foojsEkse dats’  Mdfls jodsdH dz& fg date
fsYOE @RS sz dzv ° MdMmisj &3 t6° o dgv dz

(cy- l)cos jepsin 0

cpoco8 fcp -)8in 0

H]-Ctte' d@ ROwOCk,jtdfisdydssets t' o

CSChNts jUBBLGOCIsjteodMmisdydetse s to' o dav dz

(228 3O BHdz] dzj L Odzj 3 dzj | o' dodzygufleizr 1
SHjtey d dits

(2.30)

Cotgj 1€, &,Clg  jcy (2.3))
CcE¢hftp, 00BfR, My, I dBSy 2O o dL Z2Qudisd
Gz dzts ' Ty ) bk it S ool ks QD Bisls

1 G
ctg( 3 (2.32
(3) 2,
lted §fjtojnBBH' H & dzsts dztshipiatels | dagfj dElst
o' odzw dztipM o @B g 5 dPzLVOH C £ Odesdz’ ydzd 2 o

aX% ya 0 .
= O @ %H dzet] (233
0X2~ ~
S‘% e l’ge £ HdM jacd Az (234
ca - bg =
X-y* = Hdvd f Otc OBz
1 O9 j HJ dz Wtsted3|z dzd HSL 9 sdzW & Is ¢ i
LOdzj g dztsfm dzv Ctedo d 2 EHWHE s € ts s tfgEfcdz® I



54 uj SteDis B j dz¥ o Odzdz™
o' odgW dzdzy dief f jtoj mntSHE of tej HYfiEAddgidsic
CtoststcHd dzOIsdzed » t6' o dzv dz# ff tsls tef(xpllz®, L dzO
wedd3 Lo' wL Odg C ox)c Wt C@ifdz | ¥ Z@W y-
fdzsh ddz, k& w¢' 2 tsizjdg'dlisyn ofistels] ete@izlz LHQ +
ftow d3tsC Iz Is dzlz mMd misj BBz CtststcH d dzOIs ‘
HjEB®Bsolz (v i3S zGEtcHfid@ed] dsfspdsy § d
B Myjets’” HJjCOwlstse s’ fisd il dismBipsss tizx
¢ stils'QBde OH®dz dzisB Odz! ddz' 2?2 frnépigasiic digd dzO |
9odOL O3]

a = & 9,6,

jy = ~cosje sin €}, (2.36)

Io Sin g, Co6S &,]

Hdn,e-BOLdM 6dzsB Odz! dzts’ sE&B G20’ Md

[ fMyje' ¢ Bidftased d#QlsGfdz’ 'L ¢ dzss Odz
CtsteH d qaOust© d3ddzv dzdzv d3( :

x= (p -q)cos j(® op}sin .

y={p @)sin [ pr o)eos

[ dzvlis tew] d3Qetzday dzW-@aday) =0 |, s Leo' wL k'

CotstoH  dzOlsd, o Grisls B8 dAf(BIFDS @ dotBB 7sH{dzw
COdzsdz' Ydg{BO €. 55t H

(2.37)

2. 4. wiff dzO2 dzd
H

M dzO2 detsds (o ff ezO d2Cd’, dz. 6 jspd @)n
‘s lsl OCGjCObdkz WkdSy' s, "t
ftedesHd O Gy dsdz Jj dj d,

Az Sy L s dfdsH Bz L Ot OL L, d oGk dd

o' HSB' (BOISj BOdC OB HOo dts, § syddzOt
“dalsj defdo des o de yOlsd R fsyodzd Is' dz
1946 ty' whoO¢ zjdBjtte of jtthj o
C Ok fd dsd Od dzdn Mf &zO2dz o.
f 4 WOpodzts * dzMmistelzdg] dzlstsdz Isj st Isd ydzd
L

W dzw dzd W wC ' M jdadgv te' Ldzd R j €M
shssdkdots o Ijtste' dOBddyjd . 1
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sBydmdzs 9 Odz' dets”’ Isj ndz Cd My dzO2 dz'
CodBf ' s Isj todz' 2) devtoOHdzdy . ' BBH

U BOGOI! sn fttOCIsduyudzdr L OO HOYOR
9' HEBRO, Odzj Y Blste' Bdats, dzOf ted ¢ dzOH ,
ssysd BOXRZO §jodzd?2 Mk dz'i L ©Oke@uX ts
fsn" " HdZ . ([ tLEdzVd dss SOC" Ctedo

[
[ .

1 jdzdSd?2 ¢ &z0f Gsakdbzod@ldz 5 MEzd
5OC' & dz ° dzOL @B Odz e3d .Is BALJ U dk® 30O dzO
M z02dzd. [ d tetsLcdvdsj B3 Sk ' yded 2
[ OctOdy O, MY zO2 dz fipf d@Asti] [ t& ds'lSkis@RZO

100H0OYL MOoadvis! kOSddH gt dgts" |
COHD FHIssted g d Arj0el, @6z ni desdsj tod sty
fslstc' Bdets §GBRHEZO Ol "€’ ©O®YL
f Otc OdgilstOIL, 2» ,nHESte' o dzste Oowds of d3q i fydzts ¢
dzj sBR ' Hdes ftsBEzHEZo Olsd * dalsj teff sdzv y* 2

v syfdy ¢ odL dzOyOos Is! d&z' dz' s ‘
BlZH j i35 dZ0Qta@CAdsidte o M ls d wdzd 3¢  Is 6 wAO@ d3q
udfdztse ' 2 o' f)' oBkaHiiORE @O H Gz G Ot
olzL

241] OROBO dz' dz W

1 027 tetsfls* h ®s0O HIOSARE Y dd® diD dz®  di' tsddzOY
MCdZOH O Is! Mw L o' Ht' LS 9, wWC' {tsihd
1 20y dzdzv  f Ot OBy Istelz © C 8y dz' 2 dzO
B' dzt M § LdzOyYd dedz?y f OtcOd3jtls<telz  of Oi st
9JCIstste ZOBOdets™ odL d&zOYyOE Is! ' 9 dz' Mmls

r(t)=p;(1 w) praw, w t_t=t_lt| L, ta, (239
i+1 i
Hji¢t¢ti+1.

1 OOliy 8L  © OF Is! B Mydiodds f OO
Ctedots’ 3ty tgls s WS OO dAPEHFO datsdzO dz' talz' ~
tesLtcdo O Is! Mw 5 HEseoy ddz ‘ s dOf
L d3g dg¢ " s+ mw ) SHdER ttdtdkdkz §ttshissH
o dL dzOy  dzdzv tf RusOdEfdsticlz o d € tste d fpsSstn 2 o
mMdMmisj &skz CststeH d dzO s . [ dzw f OteOd3J Istc
ffflsj Bz SttstHddzOls, HjtgHisE o dzsdzO ydptst
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ksyStEi. uvOCk §O0wL0Odk)lstedL Oy' ¥ dzOL
f OOdj sted Udz® Htsoy kO EOBOdS o IsC
ksysS o dzzfy sHddz I} tedC dzOH 2.520 RO dzts

| OBBOdz@iEs Y § Blzlsd
LOBS dzzIsts | z Yy! s
fJtho ~nOtOCIsjtedMmlsc
S H dzts Y O ) dzts ‘ ' ts
1 OteOd3§ Iste d ydzO H

L OB dgb s s’ 2O 3O dzts
azlz Is <, w C
taneaspaspam @ o doto ST EST T L)
o OMisde s5Misj2:
qen@ds d dzj ¢ S 5 dis § 1o MSODIOHEY . dzts §f k2 O dzd Is
15 dglz s km)S, 5 oSl to' o, O St YEBO WO fipsSot

[
L h
BH] OBOdsS d dz ‘& .

B Y
tclz
ZH

2424 f dzQcds O

VU BOGOI! tn { tayd@EX Idfdsusda] ~B detsO of HE®B Iz H Iz
Ctcdolz dz' dg' v, h s ff totisAsgfndup * egusite] L
BzHEZMB P2 ds j o3’ dz ¢ My dzO2 dzé HdzsL S te(
ZOL od Ctoj Mdw tefn! Listetsy dz didrjig ©iz 5] dab dz' 2
Bsyejid @Y sO¢, Mt ftosbhsEdlsd yjtejL

CChis L OHOdMS isistsd s oudp hiflds o o &dz0
ftots2 Isd IsWtdstho @1, dz' -0'j C bas®YEE , st L O
H Odzd &3 By dzO ff tsB I Hely EIGR ts tdffddd 2 dz
fsdz' descstsds niHdlzf jfdaf ®RtsL ¢dzw dzgj diss € &
M zBRcdls © mdAY

[ OBOdzE dz' dz' ¥ i3tsy dz0 L= E,Ols d
hsfsplzM@slo o  Hitc' L § ' o ftow d3ts’ daz' dz'
fsBlzHEZO Olsd¢ HBS dafiniz) dAdz el @z@W2 Istcj Is' 1S
flsky jdtts cdOHSE MisdCks s v &y Mt
N ZQedE O, "t fesitsHdls! YjeEsEL OnO
BO' osERR OH @GS Hd .-oj 5 ORRPAES I
o' oz 9J Clssted o ysdEQE Sds @ ezl dzO Y4 dac
f Ot Odyy sk S td'(te<de) , 1=HOj1, 2» ,n-dets )} to
s . 1 O HsdzQdsl” t6.df) Hdz0d shiff 2OB@
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f sdas Bsds' s lsmiskzy jdzv BB Wyjotsets § Ote

f(w)=a, aw & av, w-_ =i (239
i+ 7§

f " Mmyd oed?2 wLOlE Oy’ Id9g His? 1o, HBQjE G Ste
1,230 L dzOda®* st Ocdzd ' tSH' dzw dzS d S ted o

r(0)=p;, 1 (D Bt (0 a7 5 (3= (240

1" fpdzv o' Y dedze MdMmisj dsd tc° o dg¥ dg
SHJ tPdzgsth dz' s ¢ BB Ay tz@2002

r(t)=pi(1 -3n? EW\F) +
+pi+1(3vv2 —2W3) q(w 2/ V\F)’ q 1{' w 'V‘?)
= E3(W)pi +1(aN)pi+l O{W)qi 1("")qp+r (249

t-t
i a ,
ti+1_ti tO tqi

HECte t. (241 o0 j Hsiftsz dzOyj dzedzy H dzv
ao(w) 4 3w 2w, (&) 3wE 2w- (242
bo(w) =w 2w wE, (W  wE W,

s L OH o tedzo digey: Is -

(2.40),

Wz dzS Y

3,(0) A, ) & (4 0= ,()al

a,'(0) 0, @() & (@ 0=,()a C (2.43)
bo(o) 9, otéj) = 1( @ 0, = 1( ) b0 .
bo'(o) 4, ob(]) 0= 1(6 0121('1b1

Hj hlsaddZOyO®' HdV¥jtsjudzy 'Kl @iz o
L EOh 50 Odz' t6' o dzgs s tedzs, ISt O
f OOy s OLS to' o diafizts B3] s@EE t=i. I tod

dzj o' o dzs ' to dzts s s f @ © O ¢ HAS Ezafizipdz O dz
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t-t BBy dzGed AHdzw fstsf stsy ‘92 da ils O dz'
9" HY 5o 'lshsdpfisdd.. {tg|. & ¢ dzOR ts ofipff @ AsdD
B4 BRI L ORS dzizls d d&s.

Idh jetsL ¢ dzw dglf ©stEsRg Hdzv Cttdots’™ L O
sts@f cS¢hts didgjrs HHAS o3 , teasyd Bz diftss) dzoH «
LY Mnad d.

LV fiteh sz odffPwkd’ BdafdzO

_PiaPia 2.44
A 1:i+1'ti-l ( )

1 tod dzj to' o dzs ' todats dsiAts\ to s B @ ¥ o Gl
o dL dzOyJ dzdz'g sty Hded{d j isd Hts fsWe(d
[ dzw L Of sB ' ¢ Odadg” i sy ek "fdghlslj dz'fnr jod
odL dzOuj dzdzy. § SBY 6 def] BzOHte d 2 v Iel3fizy dz@

- P bis B
S«+ 5 , (2.45)
! s +Sy 5 *5i

Hds=ftg-161, Su=ltg1-tg] - 8 HMlsOdz 3" N 1
Is s Q &J .
) Gstelj s peg dav s Is! &3t Myw B e dzj MS
iz " Hsds Qdsf :
p pll

by B
g = Ll (2.46)
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t) =s. 5, { . 2.49
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l e@50) s iz Cks' yded?2 6 Gtdet,detsds d

B3O Ho ' dzj o SH'tsds’ redgvdzd vl dadfd L dzOyJ dzdz
fjtehk R Hdize M zO2 dzz tog®t ¢ f tfe Ote s’
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f sdztsy j dzdzv sHdz ‘O L n Ot slsl jJitsd Mis
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. n _n.. n! i n-i
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M sdzz yJ dzdzgv dzj B8KH+1H datlz L 102B10 G I8 totHdBO Y J
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' o dp@dfAn dz' H E2f 5 Mg Ht) dz@ SHJ dzff Qe dB i
9 Niy.1(t) "N a(t). [ BWI(HBO Miskzf " dz 1,
N,(t) - Csdeis Oddls@), L SO fted ydgRg flskzy ' dz
l esHisa Yy Iz yd, s d@ , H " Xsls W Hagzhplatsy
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B'dz hj BOYOdSe L d=0yJ)ddddrydzigusiafis: O dzv
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SHJ o) d Bts dzBts oiits L o oy itz AR s azS Y, ()
2N,_1,(t). 1ijteh O WEkdCy' v o dn NKY s i
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€0 0¢i &,
t=1i k * k i¢n¢ (2.78)
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OIN §8850"8 @307
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it sLfdmOlsd W kdS yfhf zGRfdeazlzay | gztetlz’ d
WstcdBOH OYO dzj ftetsflsO. [MsBdzdets ME dzC
k. vz Hdzw B yYdMmdz dedzv S ststeH  dzOIs
¥ stcdSzo dey dAgaf dzQ2 dzz o d S sted fistso k28 Is tc
CdeS toj Isdz’ L dzOyj dedz? f OteOd3j Istelz ' H
74 ft dedn SBUdMdzE s s G 5 WwHOF A Is
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M z02ded, w¢' HjtyOd fted H' ' dzj dzdz
stsyy' (Hde. [1, 2]).
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ftotsntsHdls! yjstjsio tafigideCl 0K 08 st . 1 dzOC
(283 s OC 53 @8 olChHf dzO 2 dzsHE\O B L OH Othls+ |
L t6Odzd yded 3 L dzO | dedav di 1 QctdERFGRcdz
o' HY sk KOs H dhgz@hls  [ilsY cteOded ydzd d3 L «
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ftosH S0ty diaz’ . stedolr & ts'dzO B lisHiHASIS - dzts
ZOL do Ol d di3j B35 E OF eafdizd@ WPusshlsttlk S sk
HOdzd n  totf Biafdpdez I€ cd o d = .

2817 to' LCQad®» O

] Otc O B jidstcty g0 O € to uedd Is Y midisi i€ 5°  * dzh
Ctod oSt 'dadz® H ' 2 M dis? sd3 L &3' dedf L z© te Gpth
f OOBpOtEse 5’ . Qdd®? §OLO&kKE B O
L o3’ sdgs ) G §t@ B 1 todalz O tcdod L dzOyd i3ts
YOMEE @ sots’ Stedots’ , fHfi' &Y 5 fi
tenda tHinc.ﬂ: tbegin ¢ 1:maxt tmin ¢ 1:end ¢ tmax-

1 Of owiLdgBs® Ctcdots’™ dtsyj LB cOIsdMm
Ctedots’ OBt Bkld 268z f toddtey dzd d
CChts Ctodo O L ORS dakz sty H s t51s tspGE ¥ edtzOH
oS dzOkd HoBBO MisMsBOBRI: bk fsLdl
k@ fteslsddjy dsdise ZOFBsdOEd dz dw dzts |
OBS dzzls d 5 € e tpdiztp®, CeoodmHEERE O3] 9tds s i g
OLOClsjtedL k' LB' ¢ ~  EHOHEY & d2 i3
dZOyj dzdzv -1+1 1 OO BH) Gt hLOS HY 59" H(
O tc O 3 jtoikls 'Ot t§ Myin=0, § OL®OER EEddde Hong i
Ote O W jols te OEHSHine =S, = Hthegn tend 1 f Ote O d3J Is ts d
"HMsOdgh  bhefi LY EZEORIZo Odzdz" 8 .ORE ez 515
Ctedo O dzj LSO, (49K sistpzc® Ctedo
s gk ¥ 5t il dzts s

r (W) = rp(thegin+ W GBign), 0¢ W ¢ S(tpegin tend, (2.85)

H Jrpt), tminCtCtha - B OL 59 O SkelptddO;0 ° H Mis O dz (

O EH - J1

282[CBHdMlsOdas 20 Ctedo O
(S b1 d f)lsPdizlscis § Gifisz 6Oy Clsfgtetsds
F() = Fo(®) + O3 to0), tmin € € ¢ e (2.86)
Hirt) - BOL 59 O tg(ttﬁ;q’j;r%?-lqu’dzq’udchﬁ Htsls
My
9jClstste Hs BOLBots O-COHOHz]20 o0y © bz
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[BdzOMIs! L By { Oc0&GEHE ' c O Is! M
sB dzOfglsF dzd f Oec@uEy ds tEiAcF oS 'H.d M 1§ @dkls RO
odf e H o tss  dz@yt)e-lf diE N Gstcd @ OP' O 9
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Hiczed?2 HEBHOSS (286f tc o se®Mm sz deg'd Is
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i detsted30dz' ' H ©' HiBo" ' H’ Btsy¢
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a rp(t,)

{ iz dzt2@41-S S o dH dMisOdzels ZOW Ctodo OW

2831 smd &zOdz! dzO Ctcd o O

1 s zOdzr diOy j&zteded Q s dzO Istsyc © w ¢
hdzwisd3 HJwWetsets  jto]lso Sic@uuaesgsd . HY
1 sind dzO dz! dzlz  Qste d otc® Y S tixdigiydas d3

r(t) = Mt C")'b(t)v tmin cte tmax (287)

Hjrpt) -BOLSO O Mo O da® dBZOIstedyw j tc,
BOL Cotdstf §§ 1] . [1Bd3ZOdpds ¢ ff Ofta=<Chylz(j dsQedz dzts |
LB' GO Is! My d3L dztfB @R Esjolsstclz Ctcd o 57 .

284t jf OtcOd3j stedL 59 OdzO Stedo O

[ dz' dz' 2, Pt ftsBlkzHto OdZ dzO BOL
L' L3 dzi des¥ B dzOfiss § OtcOd3] Isrigtly . 1
tmin Ct Ctax BOZO B dZOMis! o d L WzPdwitdedzy ¢ Otc
Yy! 5Bz o dfOHCE Ry kO fsBbkHkze Okd toj
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M t(W) =ty —omex™ W W Yhin (2.89)

Whax = Win Whax ~Win

"SO fEodd M: LBGFO O §O° < b

odL dzOyd dzdzv OO Istclz. [ ' odg L L
LOMssMtso z¥ Is H dzw L G'BH)inZdZW ts B dzC
Ctdodhn hts  dzj 3 Olsj tegalzOmsthnziis of ‘to dS tdf dsestiz’
Isdz.

285] csHBso Y J d2O S tdo O

[ Bo ' dz' dgz dz' dz' ¥ L dgBladizO @alzi Is? ddf €t
dzj 5B 2 WidddsREI ZE6O Stdoe O d\syj Blld
LictzZOP dz20 L OHOdEZz § O0OdjIstedydzz o Hfy

14nr02 fiste' Bdzts )t ot dzv T tsdfo
totsL h dtoj dzdzv B &ZOMIs’' o darr @l tdadeh. § Ot
1 te®@<0 b>0 € tod ottd Xtfigd tdsH BJjop 0 b<@ tcYtcd o O
Lt®'Lls! w ., cChts GCstgd oloOs * f tadO dzk flelztdHs'
Bj ) s B OIS o diddz@ngjCABIE? scts ydS dz
f jtoj cOR zo Odada

éry(t 4), t tgin
|

r()=irp(t),  tn @ o (2.90)
bro(t- 1), thax 4

H JD = tmax - tmin.

cShts 3y Ctod@iiirisO’ " L Of OtcOdj sl o
sB dzOMls* o d LnddOfug sedtsatefd sz 5 WHGSHAs d Y
o0 BOEZO d&O o H{ tso ‘IsH]iflzis i3 tc ® A Wz |§
Ctedo ' 2 dzj sB - ' Hdz G JjBd3] Istcdajdzls 5 ter C
ftocsHBo Y j dats’ C tod® tstedBBis B y d ) dzd d3ts
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e dr
Irb(tmin)"'(t 'tmin)d_:_ t tﬁﬂn;
{ in
r(t)=iry(t), tn @ oo (291)
|
N dr
1Irb(tmax)+(t 1, )d: R S <
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Ctedo O, dzj ¢ tso d dzdz Hsf EMS Olsd B OGO
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f sBEzH J§ Glsfdnls Odzls dzlz  dz' dz'ts*” € W@ ) I8 Codzls dat
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BOLBosflic@dellz s’ , O OISty y¢¥ of i dgdsipC
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t d )l dats SuC 2zAEK 2S e © O

1 4 - 02 dB)s WBDdi o Onfiyy chipdsjddsls © o
ri(Wi)v Wimin Wi Wi max i=1121» » N (292)
1 sYOISso j L dzO i ozt K eorcididsd % dg jz B3 ts

' o dzd 05 gz dzé .dzlz) Oitts® o qleMkZE ECHMOE? B3] B3t
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1:min =0, tmax :a (VVI max W min) . (293)
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vBH' BQL Bz eaf & L dz6 Y O W Hzdzdzd3
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e a
I’(t) =ry ekam # a( I max W'mm) L:Jrk(:\’\k)! 0 t tFnaxl (2'95)
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MYy o Cayf syl ste' .

sty dzO dz' dz' v iz imkS &l e diglst SOf tso
Ho B3 todats’ dz' dz' T ZfAOd Ldek@ . L ] e Bk 6
G tcOdzicd H fis Ge@dfPp)lzts
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|l eOdz sk Hz@lsas,ﬂmf'rﬁ]dizw «Bq :

ra(Ug, Vi) =P + Uiy + iy, upOx, 0 vEDy,

r2(ul, vl) = p + u2iy + v2|z, 0 u20y, 0 v@Oz,

r3(ul, vi) = p + u3ix + v3iz, 0 uB0x, 0 vlOz,

r4(u4, v4) = p + ziz + udix + vdiy, 0  udOx, 0 Q@4 O vy,
(5.2)

r5(u4, v4) = p + Xix + uSiy + v5iz,0 u6Oy, 0 vBOz,

ré(u4, v4) = p +yiy + ubix + v6iz,0 uBOx, 0 veOz.

vV I syjBPBkis 2

G tcOdz dzfs tc &30 dz! ftsoj
My tow d3ts o O dzO dzOL s 9 dz'
fJttn Hxckz g D sfMls
Emj ted HJdzlz. AW ‘
3" Misdols MO dz £ o dadz
LB ' Gk dsttdzOdzj 2 .

1 ©®4H]BEJMN SH dzS G €
J 6. 1 O ted € dzOH ,

h sBOHtoclzG 58 GO
fisgr dz' dz'° "5 f JtojIsc
G @dzjvXfjC dz0l8IOO® H o tsadd’ Hatflz' L €

Iu\ﬂ(t)z[ul(t) Vl(t)]T :EO yt]Tv Loa(D oy v,

Iuv2(t) =[U2(t) Vz(t)]T =EO yt]T’ Iuvz(t) riZ(UZ’ V2)7 (53)
oc¢ct d,

‘Wds o j.tdRdde Q) [ ri(us, v) sL dzOoyo‘ , Il s o
dzj ¥ dls'  dzOry(Uf, &) .j 6@ Hg(tYfitao(un, Vo) i A ts o' Hits' L
o) dzi M dls dz@,vi) s5pJ B d2lzOf oW BSE toj Bt
L dzO0ff tow 3C 5.8 Shotf o SOW " CMz' d@Bs o 5L dzC
JLdOAB ¢z dOftw B3¢k tojBtcO® L dodgdstf toW o3
ftoOf stotsfigstc 1 dgt®Oy J ftcd 22 d3OIsd Ho O L daC
dzi ¢ Olsd o dzj . tJBtes ontH(dIs! z yde dz
f
H
dz

{ deipzts § - (56 ‘Bd@w y'd S o] B
CteOdzj 2 fdesdEd®L  j o
s d

tcOf tstcts d3, O 9 yYdCdzj sOBd®Bdd dgtc® &OY
dodilsdmw kL kg ptc@OltsvdgE Is' dzOsets
diNdlss fiteh O EROERZgO O ftcOo St

[ dzw fsBkHtsead ctcOdzj 2 s &zO HBMJ
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5.2.2 Adqdz' dzHted ydej Is' dzts

wdzh 8 OC sl 9Ctss sy j BLEIsd5.4ydd dzH 1
1 syoOlts¢ 3" Myd o s’
— CoststoH df@sZ’ Misd dBs o
\rs———d SHdssGL Isstey’ 9 yiddz' dz
i ZOf tcOo ddi3s EZLHBOY 2
‘ yddz' dzH te B ts atey@HdzlAz M

J

]
‘I

A ddz' dzH e d ydzd Is' dzts

(H-ﬂ\ Womisddz f dzish o dadf,  h ot
|

COdz . uBtyje' GCtOd
EE—~23 CsdzOdd d&O® ded R, COd
| — SLd&OCd Gt ' dsoy' ' d

G @dz dzOL s9 dz' s dzO.

tdb s tt&s @y yd¢ Ssteyjots’ ctOd ME kO
o Odz) zH b EZOs L OBS dzklstsets tojBGO.
s * 8 kOCBEts to] Bt

fjtojlsddzOdedzy, wCk MC dzOH OB Is! Ho ' ¢ 1
Csdzsds  dzO f esh  dg' dz' Vi, 108 1BE By dzO
yddz' tedztcd o jtendz . | OGOHO" d3s, hts
lsotstes & Is! dZ' dz' i 4 ted Isd dzO dzdzv , |
f OOd3j Isted ydziz Htso ) d dzlz .

1" ydzO cteOdz Is' dzO BOLE' Is! mMw dzO

1= (Uy Vi) =p +T COSUyix + T SinUiiy +hvii,
0w 2" ,vyO 1.0 O (5.9

| SleBOd (BHY Lo dcOd MY of OHOF

AwsteOdy RO' SHddz yqSd. Add dHtedy

LOBS dzzlstss L O SHdzddB L § OO®Rj ste' o .
L60d Ghdssd BOLEY ! v dOs desd

2= (Up, Vo) =P + Uay + Valy, (5.5

3= (Us, V3) =P + Ugiy + Valy + hiy, (5.6)

Hi f Ot Gyj dzjex(Ols &t dz@th=rdzost r sint]’,
00t02 ", dzO ra(uzm d 20 § Qdevdfj fs@ls: EMj ts,

C ts dg@t) =[rcost rsint]’,00t02 ", dzO rif(uizs) d dz'
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1 Bted30dz' (BB J b dz'c tc Odzl @AP ety izl o
Gste Ok (5.85' j to ol COfHOH 0% s .

t d Blots, fsBkzHtSO Odzy dzO dz' dz' ° L O
ztse, |sOC fp@AEC jws & twjsts, BOL
fjtejlsddzOdzdzy . v y* sl j & dq 0L  dy
Ho tsd3’ todzd 3 Ctedo d d3d

lvor®) =[us® vi(®]" F0 h", 10 iUy vy,

lvoz2(t) :[Uz(t) Vz(t)]T =E2 Fyt]Tv Lo D) T H(uy vy, (5.7)
o¢t d,
wer o uRz'ugkls O3, dz0 yddz' dzgHted ydz' 2 ff tse

tdstets & 3 B "usdgwles (GOEOfdzfiser  dz' dz
f§tejlsddzOdzdz v YPRz@HIPHZ] R o 57 @ B o3y B d
(o ‘

' H i€l dgd O
L () =[w(®) w(0]" to]', Laa(®) 13Uy v,
o () =[O V(9] Freostrsint]™, 1, €) 1,0,v,) (5.8)
O¢t @ .p

I ntelu)s Cdz 3 d s toha@g Vi) Sts dliz(t) dzj 3 d s
dz0 f tsafuisp)dz’ | J - 02 dzOft o'W aiffs @ Hi@® i Bots @RS
Ctod ¢518), N ts o  HL dZOyYydadsits o HY SO ' HdztsH
Aj tjBtets oantsHdlk! E ydsdz fjtehts’ ¢t
YydSdz Hickdts dzjst@dsdf'o dzd 3. (Sh s HHEo dlIsc
tcjBtcO L 5o dz Is' dzO, st dz' etstelzy o' |
ftcOo Bictlzne O.

tdBtets 3 > B "uUsdpsts (SOpOfdzfidislr dz' dz'
f4tedlsduaPtzdayte @@ ¢ ZOHO' s v "L Hofs
(o

"Hte' L CO ° CtsdzO)

o () = [ () (o] Ft 1", lpa() 15Uy W),

Iu\B(t)Z[U3(t) V3(t)]T :EVCOSt rSi”]T' lws €) H303v3) (5.9
0¢t @2 .p

I HelusSdzj 3 dIs' dg®y, Vi), ¢ a8 dz'dzj 3 d Is -
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20 § safuiek)ded - 02 dOftew BdsE tjBKO MY’
Cted b8, s 9" ' HL BZOYdBE o HYf ts9 ' Hdets®
A § tcjBtots ontSHJIS! 2 yzicdDIs d g dadf
ftcOf stetsd3, s®] lwtdfde§ tzL dIsdo dgEdBs Hdod
ELHtseay dzOff oW BC O, tcjletic Odz'L sstytddkr y Isd ‘da
Is tc jelsO dz' , O ffjtdddeCs te iz y
AdS dzd osthEaePd &M sets BHd] tojBlels.
CteOdzZ’ MEEZOHO' Is' Mw L' MfdmMEEk tjBjts
tcjBtots dzO0 E.&if tc Aftaxfie & sL dIs d o dzd
tjBtets 20 BEDLf tc Cftexfio & sL dlsd o dzq
tcjBtets dz0 B.Ytf tc Eftaxfie tbzj ¢ Ols d o dzd
tcjBtets dz0O BDif tc Eftaxfied tlzj ¢ Ols d o dzd
Addz' dznted ydzj st das Oy’ "2 seysf ¢ de' o0 dz
ftel HINdEOodic§.4.tcd M
[ dzv tsBkHtsead CcteOdzj 2 s d&zO HBsfd
C ststeHididdRils t©OH ' Bty dzH oz

5.2.3 stdz ydaj s dzts

vz 2 Wstd Lic' L Odetséts C sdalz
ydaz' dzgHtedudes iz Is' dzz L st s dzdh te
B dzts’ G tc Odz' L O fMis: yddz dzH ted ydzts
fsoj ton dg

ri(Us, vi) =p + (r+ hvy tg g (Cosuix + SinUiy) + hwai, .
0 uwo 2", v,0L 0 O (5.10

JteOdz thdsed BOLE®Is! fw dzO ff s9 j t
ro(Uz, Vo) =P + Uply + Vay, (5.1
r3(Us, V3) =P + Ugix + Vaiy + hiy, (5.12
Hi JO0tt@Qoiim®Pls!: EWMgdeq Hddz
lwo) =[rcost rsint], 0 O t O @&13
O f Ot QgsidejofOls’ Egded H d dz
lua(t)=[(r + htg g) cost (r + htg g) sint]”, oGt O

tdBtets, fYtsBkZzHBO Oz d2O B" Ydzg' 2 Gto
odfOHSE Ctsdzg ydzj Is' dzs BOL tols ts @ dAgitds O



13C uj stcDs B j dz¢ 9 Odzda”

SHdO Iststeyd 9 dm G Bty Q ufiplyveisitigiREd4Oc 400 dz!
By O odCdzs ydisd L dBsHjdz2' Is* d&zO, Ist
Stsysc¢d Ltstelz BEHJ-HA O OWZS GdslsIstc ©lso tstc
dzlz dz .

[ dzv fsBkHtSead CcteOdzj 2 s d&zO HBMd
Cotstolstd de) i, tc QHs'H'iEANS M ddiste diglz iy o [Hij ts IsSzlz Is
¢ sdzlz MdesMmis

5.2.4 wWjttdyds ' s

W JtedydzO  soBlzts{ dets B tytets §lzC s MW j to
Odzj yw B dztsd & Md] d&EO T e ds izkz dz!
tcOH ' &zMmMigsdzt MO~A . 1 5 ydoltsldsiS d3d d3” St tetztsd dzC
MWJtedydese s Is' d&zO ftsd3 MisddBs o yj dzls
MW jtedydstss ftso jton dzj ©

r(u,v) =p +r COSV COSU it COSV COSUiy+ I SiNViy,

0 W 2 Pev el (5.15
2 2
St swase § $ 9" 9 Odzj dzls dz® 9 ) dpdz'datizy tc d | dz'tlc©O

flsw ¢ dzlsls S BOdzZj Ho & todz Qtsq’a'a &0
{sd& MOR  BOs s  daj ghdr sek K a>|q’dzlz

if@Os! Istcd tojBtc@, 0ty daj L n
la® =[U® VO] $0 47, 1,u® (U,
Lo =[u@® VO] F2 8", 1e(® riuy, (5.16)
P @
2 2

O He O " dghdn tsqu’fnlz*flsl fmMw dz' dz° W &3 dzO
lno(®) =[u® v(9)]" § 2B la® 1wy

]
‘g Lo H(WY, (517
p

I o2 (t) = [U(t) V(t)] =§t

p
2
0¢t @

L34

t
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[ ' d2 'sdfi of sdz MOR S kOH O 5! fw
& dz 2 20 MW jt' . ztBe ofn SHISS']dk O
fsLdsdoddd §©Of sEad, dzjHtCHffdOdEdsis@Ls.
gl jeduds Is' dafsd B5sS OL Odats

gl jeduds Is' dzs By 20 § sBEmEe Ols
5§ géffdmd j Clststoded g Wz dzS y' w dzq

nUu,v)=p +, ¥, «/12 X- Wi ; (5.18)
RUv=p %, ¥, «/12 X- Wi (5.19)

x=x(u\V) =
=rg§osu I 21+J(1- cosv - sinv) Z\’/+(1 -cos  Ssin )E
¢ p p .
y=y(uy =
=rg§inu Tsiny 2u(1- cosv -sinv) ?,L’(l -cos  sin )8
¢ p p -
ocu &,0 ¢
203

r-twOH' 2fM thMcOEd s stelz iy dydis-tdstels d h s
odL dzZOyoOs Is! ste' * dzls Oy (518 Y d g -
ojtendz ' oafmW j(B1), dz@ >y flzlso j ton dgv

t dmMEsss§ tdzls @y yo € {tdmMEEssE B zZHBO O

G O | wEfeylEzOs W § tacutlzOse add
g% gods

| B0 ojtfidy 5 @) 8T @ @S
RO toweEC O destedBOdz' dady dz' 5° f solj@ R dz
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RZOY tydfzC [ B sdzsdzC O W y&q}ﬂdz@HlesHajz@n
f ofmWjte, * LOBCdizItss . w ' ofmWjted

.
loan(®) =[ut) V()] ept 0§ luss® 1Y)

.
uv21(t) [U(t) V(t)] H uv21(t) '|2(U V) (5-20)
O¢ ¢
_ ep pT;a .
laaz® =[u) vOI" £2 2 B 1) ii(u
T
Lo =[u(t) (O] gg—z” & lucdd) i4uy, (520
o¢ct d.
Iuvls(t):[u(t) V('[)] _gp(lz 1) p§|uv13(t) 'il(UvV),
las® =[u) O] =P S0 Tduy, 622
Oo¢ct @
]
s =[u) 0] P & ) (0.
e p@ ) s .
loae® =[u) " =2 BEZ B 1000 iy, (529
o¢t d,

] conjde(518) * (519 Hdzv Y sBEHBed MY jtec
f 6§ H fls@® dzf) Tz

[ dzv { s Bcztai@dzjd? s' &zO HBsMdIs! L 0zO |
¢ Siste HiigaRls' oMY Eigd .
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5.2.5 ubtes’ HOdz! dzgj Is' dzts

1 syObtsS & Mmyj ot thudgds | i tc € SHs@d
s &zO f sd3' Misd d3sts b dzQ tfste Bo qudstslzistficts ©OfM 'S tel
14dr®2d Nd2 tc@istlk fRids ®©tc i@ dzdRis @tk dzj
Is' dzts BRO' vsEHEEA] BOEE@dE dzs dzistse | ton dzj ©
r(u,v) =te+ (R+r cosv) cosuiy+ (R +r cosv) sinuiy +rsinvi, .
0w 2, v@ -, (5.24)

Ho O tjBO

L ® =[u® vO]" Ft -]'p

lwre ) =[u®) V(0] $t b, (5.25)
O¢t & ;p

L ® =[u® v(®]" 40 4",

Lz ®) =[u® vO]" 42 o, (5.26)
-ptt ¢ p

sHdzz 9 bw\d daz jlzax jlssdedis (R - )iy 1 Sted3Odz
ftso j t&dz'Odz 'H Gsdz'tedsts Gt * 19 ' d2® @201 't dgz ©
JteOdz Is' Z0O BO' wHddz ydSdz. AdCdz cte
9 HYtseo' Hdzd BB f tcOff stc OB :

CjBl &0 BGM-JcOtdesy sL dlsdo dad 2
©jBes 2O BB-Y cOFEEs sL dIsdo dad 2
©jBlos O] BB - O] Stc dzj ¢ Olsd o dzd 2
CjBl &0 BGM-§cOtEEsdz ¢ Olsdo dzd 2

t d misas § tcdzls @y ylycStaltsds ta t® dz! dak@ 5 Is
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U st dz dzO f s j torn dgv G tc 10 @45 BdgO L
f Otc Odf3dls tds iz dc@ B tc© B tsdzsdzS d Is' &zO L
U BttOdz dzgj s dztsy d Qds cidses @sgfipist@® dzf) oz

[ d&zv §sBEZHGSBY ZE&tcO&EBNY Is! L dzOIsd
C ststoHtgiddPils B ' dz' " R?2 WPz B t©WOH' M

5.2.6 ltweddydfd ftsBkzHtsead dgOIsj BOL

it sLedwdzzls® ' z0 Y stk (s GOKE d;3
BsH jdz Kk ' zBo jzak gdsdo stiste d df' . Is df o0 detzd
By zls Blzlsd o' Hdzj ihj dz hj Hiwge: Is
stcdClsdzO ftodL &3O ( S dzd dz) L. Ols Q)" jy Is* d
f tod dasycf § Midso j teo'tfiste 3" s o .

[ 8Y ] o dded € dzglz s d f dls Odzdzw : H dzw
EMC dzOH dzt @ Olsd isH j dz@ t&s' OIS to* LBBJIﬁtSQ;BJIjz
tcj BtcO dzdf jlctgda dzOdzdzy s jtontsde ? | "
B tfdmMOld dOBttesd ftso jten tsdz |, dzJ
' dz' 9 jteh d dzd . UV toj Odz! ded” HJ
ZOH dalz i) ji defele . L W, jlzfixifd ™ ° &y’
Ty et dstsig Bdzs f sBEZHEZO OIsd. |
fsBkHtso d fseojtontsds , h ts
’ fsBkHntsead o' 7 dzj sBAR ' H
dZOH s dd®'di3d mH gy finds' ERicASz' Bdy
"y w s OB tsdzlo t5 Gitslz’ HOM B toty € @
e} hse ftetsfo j 6h dzff Is d Is 1§ & widrializ f &
H dz' d3Gldzd1|NJtSGts s &zO yddz' dzHted yd
daOdzO dzts ¢ © Y dztlf Op dolftaiziaéds ! , M dg8 IS

B Hj d' Ho tsnh lsH;ls@lzﬂzgjz@sﬂ]’Jtmcq’ﬁ‘t
‘ HdzR.dzdzv d Is5ted Mis Odzdzy Istsff sdztse * ydad
JSbbdese s o9 dCtsdzOdzdzy ydem 6 jteOy’ 2
st L tsfdmOoddrs odhj dZOBGEAgGEME" h
L Oozdz? fydzs § Wztsh ddatss .dzj sism L ez@R Isd  dz'
d Odzdz" o jtonsdy LI =zOydna dr'd
d f HpQidys df dztdd dodlr . ste' B IStE
Y MisdS ko Odzdz? Bte' L Odes’ f dztsh ( ¢
fash dde ddusdORddse, 8H) HJodls
5o dz'  osd bz to OH PRz . Loy HBtod S
' Bdzts L dzOld bftstzBiHEo Qe ' A tzt
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LOGCOdz dzgd 3d f tcOo d dzO dzq .

lted fttsjClkzo Odzdz’ H E§ weaf 1§ OM v Otsts
HjlkOdzj POtz g ZOBHddzd y' . tI8°L dal o OO
By &zO0 SHjtey Olsd N dzv [ is@stc O dig) I8ad " alzj 5B N
o Otc' .Odglsdzy ' BEts o KOlj BOsdyde 2 &
"l ROy Y s hdvn ' Mfshmssd
Cjtdjlsted ) s@Gtith | @8 5 MC dAPE Oddzdiz® * B Ik
Hsftsodzgj d20 hj HjwCts ' diWtstedsOy' ‘s

5.3. u' O, Glthfdad Otskistzds { d

I OGOkt Is' dsCOmEs % Sy dZO0 SH | to)
ok Y 565 O i@z S0 § s RIS @@’ OlsjE
ik MEZE B gVv), " S HzOL i3 PBEHO ] W d3dzts 5
) &GS d2 € tsdzls g dglRO Lzdsoo Qi ros Y j R 02  H
5B d3j 3 § 42O ff dztsh d dg®

r(x,y) =p +Xi, +yiy, xyl W, (5.27)

HiW - 5B &zOfls! dz0 f§ dzsh ddz' 4§ OOk st
¢ 5 dzls ) St y(t)]"-

s tsdzlsct)te S dzOH O Is ‘HipMs 3’ te de@ Bsedc d © d
[Xl(t) Yi(t)]T, uiminou OuimaXyiz 11 21 m&tbmm@ Wg-‘
tHdzts & .

{ OHD Rt § tsdalisidtte dikefdrfsiilz s ( 2. 12 . 7
Ctedolz Ctdlsktol o’ ooty tc y o ik s

f’ﬂ(U) = p +Xi(u)ix + Yi(u)iyn Ui min OU oui max- (5-28)

stsdzlsztc dzj i slothfiz] dOBBK ¢ tcj Is d dzO dz
ZOf oV RBAz@(V) € gz € sdzs Bk drfs @ d3UzzH
BO' bsteyjo' ctOdz .

ststeyj 9 G tc Otzdzts WOy CBR W » j dz' L OH
CodzsztgB B qi@H-dsE fHlsstesd. cSh s dzOf
czalz Cdskzttkz L ORE d&kzls O, sts tsB 5dzts dzs
1 ydzg GteOdz 5B s dztsE d ff tdso' jdmch day @L Izt S
B' ydzd~ GctcOdzj 2 HEsSte' o dgs ydmdzz € ted
fsojtend o WSO cohbsisy s OdBdse
Ctedots’ Stdskztekz. | Odzj y dzts g ' HBEI dapk
fsBzHBEgOHH COdAsdf " & Is
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5.3.1 uv'td®©dpdziH Oo dz

CChts dzOf ew dBdets® toknk Codskztkz
gv) =ts+vhd, 0OvOl,Ists tsH j BY dztigts 9 d H Op uiiras O dadh
et bttty o d8BOgIB®EiZ] ) § )z (&N d dzts

wdzh 26 s sty o Iz G tc O dg s df
fdzsh ddztss , ' dz' §d w=pfEYOLE Gdl ¢ ts@c
9 dHOo dz¢t 9 Odzdav , hts o' HY fga)' ,H O { Chdase
f 5o jton da¥ d&3d

ri(u, V) = p +x(u)ix + yi(U)iy + vhd = ¢;(u) + vhd,
Ui min Ou OUi max 0 vO 1 (529)

v ' dzg H @9 dz¥ 9 Odzdz” , fsBkzHtSo Odzj fts
fteJ HMIsOQo dzj dis 8 . dzO [ dvd M C s dzlskztolz By C
JS9 " HdMlsOdzlsdzed?2 Ctsdzlskzte. 1 © L OH Odzd o
dz' sets Csdeskztosdy Bsy d&zO f sBkzHEkZo Olsd Is

t d mEzo8s §'dztsdH d@iv o Qinz t dMzoEsg'dzts
adH O o edez n dzts A3
sklskzr ddziz odL dzOyos Is! J o' HdMIsC

9 dHOo dzs 9 Odzdza™ . v' dzs o dHOo dz¥ 9 Odada?
tcdB. 9. I dHOodzt 9 Odzdz? o d ¢ BdzOdERY)e B
1" ydz2' 6t0Odz Is' 20 L krddtsd3 fsBEZHBS

visdeS sMis” dzadzj © H O dz¥ 9 Odzdz" By 4 B
LOBS RBzIsOB s dzgj L OBRE dzlzfigs 22 MG wpar j 22" 2
fsBkzHtsod I[SOC 5 o g 'Crisdef] @B dzle dz's Is ' ¢ @
v tsdzC sfls' dedz’ Is ' fda®j b figfls1 e iPB O Oz 6 d fh .

1 ORBC dzz s © M § de@iz s @3 CCdEdalso@ fCLAdBDH S ¢
W Cdellf sB EZHt5®0 B ] H Mis@@& dzf) 2!



{ qHzt890- u 5 dzS'dedglsiztds | dUz8A1- U s dzS dedglsiztds
odH O'® acixidly odH O'® alipz

e

{ qHzt592-1 OkS dir s ©  (izj LeP RO &EOOSH O Ctodo

532 u' d&s 5B j ol Odadg”

CShs z@fFeLEEAER  § s dzls & wedGpdez ¥y
IEEHEZEO, ks BHjBydBs Is' &s 6B, kO
ftosn cytgEln, O ° °  dzOf owsdgts$ tsh @f teld Qs
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