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#bi® +iX g2 T'QpB/2 +HQb2/@7Q K 2tT 2bbBQMb 7Q" i?2 }'bi KQK2Mib UBX2X- i?2 pQH
POHMK2@r2B;?i2/ +2Mi"QB/V Q7 TQHV?2/°QM +HBTT2/ #v T #QHQB/-i? i Bb- Q7 TOQH
b2+i2/rBi? i?2 bm#b2i Q7i?22i? 22@/BK2MbBQM H "2 HbT +2 HQ+ i2/ QM QM2 bB/2 Q7 T °
+HQb2/@7Q K 2tT 2bbBQMb 2 /2'Bp2/ 7TQHHQrBM; bm++2bbBp2 TTHB+ iBQMb Q7 i?2 /Bp:
i?72 Dm/B+BQmb T ~ K2i'Bx iBQM Q7 i?2 BMi2 ' b2+iBQM Q7 i?2 TQHV?2/ ' QMob 7 +2b rBi? i?2
T'QpB/2 K2 Mb 7Q° B/2MiB7vBM; K#B;mQmb /Bb+'2i2 BMi2 ' b2+iBQM iQTQHQ;B2b- M/ T'Q
T Q+2/m 2 7Q T 2p2MiBM; i?2B° Q++m ' 2M+2X 6BM HHv-r2 Tmi Qm > T°QTQb2/ +HQb2/@7Q
MmK2'B+ H TT ' Q +?2iQi?2i2birBi? KBHHBQMb Q7 > M/QK M/ K Mm HHv 2M;BM22°2/ TQHV?
QHQB/ BMi2 ' b2+iBQM +QM};m” iBQMbX h?2 "2bmHib Q7 i?2b2 i2bib b?Qri? ir2 "2 #H2iQ ~
K +?BM2@ ++m" i2 2biBK i2b Q7 i?2 }'bi KQK2Mib i +QKTmi iBQM H +Qbii? i BbrBi?BM QI
K ;MBim/2 Q7 i? i Q7 bi i2@Q7@i?2@ i ? H7@bT +2 +HBTTBM; H;Q Bi?KbX

RX AMi"Q/m+IBWYMQKTmMi iBQM H K2i?Q/b M/ TTHB+ iBQMb-" M;BM;
IMBi2@2HRKGMiEMMi@+2HH /Bb+QMiBRMmM QM bBIKK2 BBMBO QK?2i B+
M HvbBb K2RBQ/bi@Q i?72 BMBiBOHBNRBROIMY ( M/ i° MbTk@ Q(
BMi2'7 +2b 7Q  bBKmH iBM; ; b@HB[mB/ ~Qrb- "2[mB 2 2biBK iBM; BMi2;
i?7i "2 +HBTT2/ #v +m 'p2/ bm 7 +2bX h?2b2 TTHB+ iBQMb ? p2 2M;2M/
[2/B+ i2/[m /> im 2 "'mH2b M/ BMi2;" iBQMbi' i2;B2b- KQbi Q7 r?B+? 7Q+
K iBM;i?2} bi72r KQK2Mib Q7 i?2b2 +HBTT2/ TQHvV?2/" -i?mb +QMbB/2"E
BMi2;" M/b QMHvVX h?2 MmK2 B+ H TT ' Q +?2b 2KTHQV2/iQ 2biBK i2i?2b?
;72 iIHVBM i2°' Kb Q7 ++m’ +v- +QKTmi iBQM H +Qbi- M/ " Q#mbiM2bbX JQI
Q/bRGtRE "2 2ti’2K2Hv "Q#mbi M/ bi® B;?i7Q°r '/ iQ BKTH2K2Mi- ?Qr2p2"
bmz2°7°QK TQQ +QMp2 ;2M+2 " i2-?22M+2i?2B" +Qbif ++m~ +v " iBQ Bb
T Q +?2b # b2/ QM Q+i 2X-kkjpRABEBbBIQM K2 i'B M;mH iBQMfi2bb2H iBQM
k3 2t?B#Bi #2ii2° +QMp2 ;2M+2 " i2b-v2ii?2B  +QKTmi iBQM H +Qbi 2K E
7Q° MmK2'B+ H TTHB+ QBE@MiBR @RBIBAMiBK iBQMbX MmK#2' Q7 2@
+2Mi TT°Q +?2b "2HVv QM bm++2bbBp2 TTHB+ iBQMb Q7 i?2 /Bp2 ;2M+2 i
i?72} ' bi KQK2Mib Q7 +HBTT2/ TQHV?2/"QMBMiQirQ@ M/fQ  QM2@/BK2M
h?2b2 BMi2;" Hb + M i?2M #2 MmK2 B+ HHv BMi2;" i2/ i HQr +QKTmi iBQN
bT2+B}+bm 7 +2ivT2b-2p2M #2 /2 °Bp2/ BMiQ +HQHX 2D rBX@K 2tT 2bbBQM
K i2i?2pQHMK2 Ux2 ' Qi? KQK2MiV Q7 +m#2 +HBTT2/#v M BKTHB+Bibm"
rBi? H2p2H@b2i 7mM+iBQM i?°Qm;? BMi2;  iBM; i?2 HQ+ H ?2B;?i Q7 i?
irQ@/BK2MbBQM H : mbb@G2;2M/"2 [m /> im 2 "'mH2X h?Bb rQ'F ? b #22
i?72 }'bi KQK2Mib Q7 +HBTT2/ +m2QBAXv 6QB2?BHEBKBH ~ Tm @

aB#H2v a+?QQH Q7 J2+? MB+ H M/ 2°QbT +2 1M;BM22 BM;- *Q "M2HH IMBp2 bBiv- Ai? -
IMBi2/ ai i2b

Y*QKTmi2 - *QKTmi iBQM H- M/ ai iBbiB+ H a+B2M+2b .BpBbBQM- GQb H KQb L iBQM H
GQb H KQb-LJ3d898-1IMBi2/ ai i2b

2G2?'bim?H 7C* J2+? MBb+?2 02°7 ?°'2Mbi2+?MBF- PiiQ@pQM@:m2'B+F2@IMBp2 'bBi i J
p2 'bBi ibTH ix k- jNRye J ;/2#m ;- :2 'K Mv
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TQb2 Q7 2biBK iBM; i?2 x2 Qi? KQK2Mi Q7 TQHV?2/"QM +HBTT2/ #v M B
CQMZbHXN/2+QKTQb2i?2 +HBTT2/ TQHV?2/" QM BMIiQ b2i Q7 bBKTHB+2l
bTHBi BMiQ "272°2M+2 TQHV?2/"QM r?Qb2 pQHmMK2 Bb +QKTmi2/ M HVIE
TmM/ K2Mi H +m p2/ /QK BMb r?2Qb2 pQHmMK2b "2 2biBK i2/ mbBM; irQ@
mbb@G2;2M/°2 [m /7 im 2 "mH2X *@BMo2M/.am AN KIi [(Mm /° im 2
"MHRR7Q  BMi2;  iBM; Qp2 i?2 7 +2b Q7 TQHV?2/"QM #QmM/2/ #v ~ iBQ
" iBQM H"0xB2® M/ "@bTHBM2 T i+?2bX 6Q° MQM@  iBQM Hbm 7 +2 T °
vB2H/b 2t +i BMi2;" H2biBK iBQMb Q7 TQHVMQKB HBMi2;" M/b-T QpB/2
i?72 .mp M Mi mH2 Bb ?B;? 2MQm;?X IERQK2bIiBK 1i?2 x2 Qi?
KQK2Mi Q7 TQHV?2/°'QM +HBTT2/ #v M BKTHB+Bibm 7 +2 #v HQ+ HHv
BKTHB+Bibm'7 +2 b T > #QHQB/ M/ TTHVBM;i?2/Bp2 ;2M+2i?22Q 2K ir
i?72 +HBTT2/ pQHMK2 BMIiQ bmK Q7 QM2@/BK2MbBQM HBMi2;" Hb-r?B+
rBi? : mbb@G2;2M/"2 [m /" im 2 mH2X 6BM HHv- mbBM; "2 bi2BM # bB
bi2 / Q7 KQMQKB H QM2b- MiQHBM+RIMBBY bPTH2] (? i- TQHHQrBM;
bm++2bbBp2 TTHB+ iBQMb Q7 i?2 /Bp2 ;2M+2 i?2Q 2K- TQHVMQKB H BN
i2;° i2/ BM bi® B;?i7Q°'r °/ M/ M HviB+ HK MM2  Qp2  +m 'p2/ TQHv?2/"
#v MQM @ iBQM H "0xB2 Q  "@bTHBM2 bm~ 7 +2bX

h?Bb K Mmb+ "BTi Bb +QM+2 M2/ rBi? 2biBK iBM; i?2 }'bi KQK2Mib Q7 &
Q7 +m p2/ TQHv?2/" -i? i "2TH M >  MQM@+QMp2t TQHvVv?2/" +HBTT2/ #
bm' 7 +2 UKRIBW X JQ ' 2Qp2°-r2 "2[mB 2 i?Bb 2biBK iBQM iQ U V "2 +? K
++m’ +v-r?BH2 U#V K BMi BMBM; +QKTmi iBQM H2tT2Mb2i? i BbHQr 2
BipM@i?2@+miBQM BM ivTB+ H MmMK2 B+ H TTHB+ iBQMb U2X;X-1i?2 bB
T? b2 ~QrbrBi? }MBi2@pQHMK2bV- M/ U+V #2BM; "Q#mbiiQ bBM;mH ~ +Q
T #QHQB/ bm™ 7 +2b #2BM; T ~ #QHB+ +vVHBM/2  Q°  TH M2b- M/fQ > K#
BMi2 b2+iBQM iQTQHQ;B2bVX h?2b2 +?QB+2b M/ "2[mB 2K2Mib- Hi?Qm
#v i?72 mb2 Q7 i?2b2 KQK2Mib 7Q° bBKmH iBM; irQ@T? b2 ~Qrb- K v HbQ
iBQMb BM i?2 MmK2 B+ H }2H/b HBbi2/ #Qp2X K BM /B{+mHiv BM +HBTT
rBi? T #QHQB/HB2bBMi?27 +ii? ii?27 +2b Q7 i?2 +HBTT2/ TQHv?2/"
i2K iB+ HHv #2 2T 2b2Mi2/ rBi? MQM@  iBQM HKA@YX iBXBW H "GxB2" T i+?
T 2p2Mib i?2 mb2 Q7 "2+2MiHv T°QTQb2/ BMi2;" iBQMbi® i2;B2b /2bB;M2/
2217 #QmM/2/ #v "0xB2  Q  "@ b M8 M2bom+7#2bbBH2 TTHB+ iBQMb Q7 i?2
/IBp2 ;2M+2i?2Q 2K-r2b?Qri? ii?2} bi KQK2Mib Q7 i?2 +HBTT2/ TQHv?2
2tT ' 2bb2/ b bmK Q7 QM2@/BK2MbBQM H BMi2;" Hb Qp2  bi® B;?2i HBM2 b
b2+iBQM "+bX gBi? T ® K2i'Bx iBQM Q7 i?2H ii2" BMiQ " iBQM H "GxB2"
+HQb2/@7Q K 2tT 2bbBQMb 7Q " i?2 } ' bi KQK2Mib- "2M/2°BM; i?2B° MmK
2t +i rBi?BM K +?BM2 ++m° +vX AKTH2K2Mi2/ rBi?BM i?2 ? H7T@2/;2 ] i
i22 QT2M@ARQM ¥2+2 2+QMbi m+iB@W ZR#+QKTmi iBQM H +Qbi
Q7 i?72b2 KQK2Mi 2biBK iBQMb Bb F2TirBi?BM M Q' /2 Q7 K ;MBim/2 Q7 i
TQHV?2/"QM rBi? ? H7@bT +2X 6BM HHv- Qm™ +?QB+2 Q7 "+ T ~ K2i"
Dm+iBQM rBi? i?2 /2i2+iBQM M/ i 2 iK2Mi Q7 K#B;mQmb /Bb+ 2i2 iQTQH
"Q#mbi KQK2Mi 2biBK i2b 2p2M BM /2;2M2" i2 +QM};m” iBQMbX

h?2 “2K BM/2° Q7 i?Bb K Mmb+'BTi Bb 92 MBRR&K 6 /HMQH2H QPR,

T Q#H2K i? i r2 //°2bb M/ i?2 MQi iBQMb 2KTHQV2/ i?2°Qm:?2Qmi i?2 K N
h?2 +HQb2/@7Q K 2tT 2bbBQMb Q7 i?2 +HBTT2/ TQHV?2/ " QM&8b } bi KQK:
a2+iBEAMFiIBQQM+?22b mTQM i?2 BMi2;  iBQM Q7 [m MiBiB2b U2X;X-i?2 Kt
i72 +HBTT2/ TQHV?2/ ' QM&ba2miBQUATSBHEDLBYX T Q+2/m 2 2KTHQvV2/

Rh?2AMi2 7 +2 _2+QMbi'm+iBQM GB®mM v UAQGNVBb p BH #H2 mM/2° JQxBHH Sm#@
HB+ GB+2Mb2 kXy UJSG@KKYBi?m#X+QKf Q#2 i@+?BQ/BfBMi2°7 +2@ 2+QMbi m+iBQM@
HB#  “vfi'22fT ~ #QHQB/X+miiBM;
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7Q° T 2p2MiBM; K#B:mQmb +HBTT2/ T&QHN BZYNEDLM m@ B DH P:B 2 b X
2ti2MbBQM Q7 Qm" TT'Q +?2iQ ?B;?22°@Q /2  KQK2MibX 6BM HHv- i?2 +-
M/ Q#mbiM2bb Q7 Qm  T°QTQb2/ BMi2;" iBOMbIQA2M r2 bb2bb2/ BM

/> 1 +QM+Hm bBXMEbGBWM 3

kX STQ#H2K bi i2KQMiDB/2" i?2 irQ TQHHQRBM; bm#b2ib Q7
TQHV?2P QM BKBiad #AH M " TQHV;QM;iIRR7L+2:0-
2 +2 2[MBTT2/rBi? MQmir '/@TQBNiB X MOBKH D2 Ri Q"
M/R¥X L2BR?MQ" BibH +20°2[mB 2/iQ #2 +QMp2tX
h?2 "2;BQMQ+ i2/ QM QM2 bB/2 G87U ZX® X/6BI2@ BY R +
qBi?Qmi HQbb Q7 ;2M2° HBiv-r2 bbmK2iQ #2rQ FBM; BM * i2bB M +QQ
2[mBTT2/ rBi? i?2 Q i?QNeQeKeH -#rBBDBM r?B+? i?2 TQbBIBQM p2+iQ°
2 /o= x y z'- M/ r?202M5 2 BKTHB+BiHv /2}M2/ b

UKXRV Q=fx2R%: (x) Og;
UkXkV S=fx2R®: (x)=0g;
rBi?
3
UkXjV RETOR (; )2R?:

X 7 x2+ y?+7z;

h?2b2 bbmKTiBQMb /Q M\DS 2BOMB2~i7Q° MV T * #QHQB/@#QmM/2/ +HBTTI
"2:BQREBM2'2 2tBbib +QK#BM iBQM Q7 Qi iBQMb M/ i’ MbH iBQMb Q7 i
+QQ /BM i2 bvbi2K "2bmHiBM; BM bm+2 BKSKBBIiP2MBBQWMb Q7
+H "Biv M/ +QM+Bb2M2bb-r2 BMi"Q/m+2i?2 7QHHQrBM; MQi iBQMb,
h?2 bm#b+ ' BI72°b iQ iQTQHQ;B+ H 2H2K2Mi Q  [m MiBiv “2H i2/ it
ii?77 +2 Q7 i?2 TQMX?2/° QM
h?2 bmT2 B+BKTIHB2b M BMi2 b2+iBQM rBi?Qi?2X%KXBTTBM; “2;BQM
P P\Q QF, F;\Q X
h?2bmT2 68BTHB2b MBMi2 b2+iBQM MBi2X8XF\PHW?2/ QM
h?Bb K2 MWBPi?@ X
b K2ZMiBQM2Z+BRIQ K2R 2 BMi2 2bi2/ BM + H+mH iBM; i?2 x2°Qi? M/ } bi K
K2MibPE7/P\Q U2X:;X6B28 ¥ RBX2X- Bib pQHMK2 M/ pQHMK2@r2B;?i2/ +2
i*QB/- ;Bp2M b
Z Z
= 1dx; M/ M?: X dx:
= p
AMi?2 2K BM/2 Q7 i?BbrQ F-r2b? HH 272 iQi?2b2[m MiBiB2b b 6i?2
Q  6i?2 KQK2Mib?B8F?2 r2 ;"QmT BMiQ i?2 p2+iQ"
" #

UkKkX9V M

ST

P M5 z
UkX8V MP= "9 = (x) dx;
M1 =)
r?2°2
3 4
UkXeV : R™ R |

x 7 1 x vy z

iX JOQK2Mib /2 Bp iBBMXi?2 /Bp2 ;2M+2 i UAQIRM #2[X2r Bi@
i2M b

z z
UiXRV MP= r ((x) e&)dx= X)(ng e)da;

B @
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ns3

s

ng

ng

e, [SP
L Lo

e, er

UV TQHV?P/"QRMX AM i?Bb 2tPKTH2Y h?2 7 @EQ#F;, M/i?2B  Qmir /@
Bb "2:mH " /Q/2+ ?22MQM2ZBi2#2bXQBMiBM; MQ K H; pi2#i:>b;ng g X

€r €
U+V T #QHQBSbBMi2 +H22P B M?2U/V h?2 BMi2 'b2+iBQM Q7 8?2BT? #QHQB/
/QK BMBb i?2 bm#R2HQ%? i2/ #3HQi”?2 TQHV? P/ RMS\P X
rBi? "2bT2ei XQ

€r €r
U2V h?2 +HBTT2/ TOHPAD/ Q2" 2 U7V h?2 7 @BEQF [ SX
Q Bbi?2 bm#R2#QRA QX

6B;XXRTQHV?2P QM3 BMi2 b2+i2/ #vi?2 +HBATRMHQ+BIQMt2HQr T ° #QHQB/
bm*7 S22



6A_ah JPJ1Lha P6 SPGu>1. PL *GASS1."u S _ "PGPA. 8

r?2°@ Bb M BM}MBi2bBK H bm'@ #2 EH2X2iMR@QmM/Pv Q7
Ng Bbi?2 MQ @H @BMiBM; iQr /b i?2PQmNUBBD QZ}IM2/ b
8
3 4
<R R
x 7! (x)dz = z xz yz %zzl
0
1[XUjXRW #2 bTHBi BMiQ i?2 7TQHHQrBM; bmK Q7 BMi2;" Hb-
z % Z
UjXjVv M P = (X)(ns €,)da+ x)(ni e,)da;
s iz Fi

UjXkV

r?2°¢=S\P Bb i?2 TQ iBQM Q7 i?R BMDbBQH PR/ T QP WP2X &M
b2BB;m 2VRL Bb i?2 MQ IS HQBMiBM; Qmi@ UBX®Xe, OV-
MFE =F\Q Bbi?2 TQ iBQM G7BMbB/22i?2 +HBTQ BN X X;-Bi®2N
6B:m ¥YRPrBM; iQi?2 /2}@BMRMb (Bp2M BMKX[MMU K % K72
MQ K IBiQQBMiBM:; Qm@ "2/ 7b

r

X9V = :
UjXx9 Ns K
vB2H/BM;
Z Z
: P _ r(x) e e | .
UjXx8v M " = < (x) T Ok da+i:l | xX)(n; e;) da:
h?2 bm % +2M #2 2tT 2bb2/ BM i?2 T~ K2i'B+ 7Q K
82 3 9
< X =
UjXeV s=.4 y 5S;xy)23, ;
. X2 y2 ’

rBi? M/ i?22 +Q2{+B2Mib BMi Q/thkjVBMrBBR i?2 T'QD2+@
iBQMSQYMIQ x?@TH M2X IM/2" i?72 bbmK&i8QM2i21 7F+-2
i2fl::i;npeg-+ M HbQ #2 2tT 2bb2/ BMi?2 T ° K2i'B+ 7Q K

82 3 9
< X =
UjXdv Fi=. 4 y  Si(xy)2F7
i ix Y ’
rBi?
UjX3V = XRL 7Q0 my2F;
ni €
UjXNV = S
ni €
. _ Ni &,
UjXRyV =
iXRy Il

M/ rBF? i?2 T'"QD2+FBQMIiQ&AP@TH M2X h?2b2 2tTHB+Bi T * K2i'Bx iBQMtL
VB2H/
Z X Z

UjXRRV M * = s(xy)da’+  bB(M e;) F (xy) da’ ;
s’ i=1 Py
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r?2°2s M/ g 20?22 7TmM+iBQM p2+iQ°b

3 2
x2 y? i iX Y
. § x 3 xyzg g iX X2 ixy
UjXRkVs(xy) = yx2 y3b: FEYI= 2y xy o y25
Iox2+ y2? ooix oy’

M/da’ =dxdy Bb M BM}MBi2bBK H bm'7 x @ABRKMX QQii2?2? i BM
Q'/2° iQ bBKTHEXBWXRRY ? p2 mb2/ i?2 7kri(kkiBb i?2
[2i2°KBM MiQ7i?2 T KIK@R-iBVMIM?jn; e,j ' Bbi?2 /2i2 " KBM Mi
Q7 i?2 T > K2i BXXEEM h?2 T°QD2+i2/ BMi2;" 8BQMHDK BMb
+Q "2bTQM/BM; iQ i?2 + @B} mm 2 il BWHD i 6 B2 MBI k

1[XUjXRRM #2 “2r° Bii2M b
z

UiXRjVM P = 1 ( s(xy) &) da’
S’?

X+ z
+ b B(nW e,) ot ( F(xy) e)da’;

i=1 i
r?2°2s M/ g "2/2}M2/ b
SR R

X

UIXROV Sto(xy) T s(xy) dx
0

UJXR8V Fite (xy) 7! £ (xy) dx
0

LQi2 i? ii?2 +?2QB+2 K /2 ?22°2 Q7 BMi2rBiBM2bT 2¢ BiQ "#B @
i Cv- M/i? ir2+QmH/? p22[mBp H2MiHV BMi2;VyiZ2R2{PeBK BBM? "2bT2+iiQ
iQ “2TH #2, BM 1UXXXjVbBM; i?2 /Bp2 ;2M+2i?2Q 2K QM+2 ; BM- i?Bb ;B

z 5 Z

- P
Ui XReN" = s(XY)(Ngs» e) dl+ FOGY)(INgae  €y) dl;
@’ @ " i=1 @f\i? @f\l "

r?2°@ Bb M BM}MBi2bBK H HBM2 2H2K2Mi Q@572 2VB@ 72" iBQM /QK BMb
r?B+? "2 0?2 #QmM/ "B2b Q7 i?2 T'QD2F i RQYNQ FBPR M2Rb Q7
bbm+?-i?2v +QMbBbi Q7 +HQ@THMMBE2H?BM i2dm++2bbBQMb Q7 +QMB-
b2+iBQM “+b M/fQ  HBM2 b %KM idob MZRVX- bQE2 i? ii?2 i2 K

6bBnMe,)d Bb MQr BKTHB+BiHvV ++QmMi2/ 7@ -UbM?222H®DbQI2m p2b
i72B° T'QD2+iBQNM @WH@»2 "2 Q' B2Mi2/ bQ b iQ T'Q/m+2 MQ K H
P2+iQ  TQBMiBM: iQr /b P22 Qinbib@hHQ 7HbQ #2 MQi2/i? ii?2 BMi2;" iBQM
/QK B&D M@’ /Q MQi M2+2bb "BHv +QMbBbi Q7 QM2 +HQb2/ +m p2 2 +?
2 +?2 #2 i?2 MMBQM Q7 b2p2° H MQM@BMi2 b2+iBM; Q B2Mi2/ +HQb2/ +m’

G2imb bbmK2i? i T  K2i'Bx iBQM

UjXR&Y (1) = Xij (Dex + iy (Hey + zij (Nez; t2[01] j2f1:iingg;
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UVS QD2+@ QM?QP2Bb b?QrEIEBM U#V S QD2+i2/ +HBTT 24 1@T2b BRI ? 2
m 2 RDMiQxy?@ TH M2X

X’{l;z(t) X;l)l-3(t)
. X71:4(t) X71.4(t)
X11:1(t)
€y €y
I X115 [
eX le;s(t) eX

U+V S QD2+i2/ +HERT2M/7i22 U/V P B2Mi2/ +HQb2/ +mMp2iQM r?2B +?
bTHBIiBM; Q7 Bib #QugM/=6 BMiQBb BMi2;" i2/X
T K2i'Bx2/ ‘+bX

P'B;BM
0
X31;4(1 t) X‘:{l;4(l t)
€y €y
T—) ex T—) ex

UV P B2Mi2/ +HQb2/ +m'p2 QM7WV?B¥22Mi2/ +HQb2/ +iM 2 QM r?B+2
M2, BbBMIi2; i2/X Bb BMi2;" i2/X

6B;XXAHHmMbi® iBQM Q7 i?2 QM2@/BK2MbBQM H BMi2;  iBQM /QK BMb mb2/ 7Q" BMi2;
b2+QM/- M/ i?B / +QMi ' B#miBQMb iQ i?2 KQK2MibX
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Bb FMQrM 7Q" 2ng? QFH@7- 1?22 21?2 7TmMy+ B QMMZ; #2HQM;

iQ@C[0:1)X JQ 2Qp2 - H2imb MQi2i? i2 +?2 T ° K2i'Bx2/ +QMB+ b2+iBQM "+
iQ@ Bb M2+2bb "BHv T'2b2Mi BM QM2 M/ QMHv QM2@7 i?2 +HBTT2/ 7 +2
r?2°2BiBbi  p2'b2/BMi?2 QTTQbBi2 /Br2%iB[AMNKR@MEM22L" iBM;

#2 r'Bii2M b

¥ % £
UjxR8Y = P D1y () 18 sy (D:yi (1) v (1) dt;

i=1 j=1 O
r?2'2

. a_ 1 B7ipi2 "+ @/ HbQ #2H@M ;b iQ
VIXRNVEL"= o Qi?2'rBb2 '

LQi2 i? i BMULKRBM BM i?2 2K BM/2" Q7 i?Bb K Mmb+ "BTi-i?2 bmT2 b+ B
BM/B+ i2bi? i 7mM+iBQM ? b #22M /Bz2 2MiB i2/ rBi? "2bT2+iiQ Bib mN
+HQb2/@7Q K 2tT ' 2bbBQM + M #2 /2 ' Bp2U0jXER2Re2p@i2Bibl BM 1[X
mb2 7Q° MmK2'B+ HHv + H+mH iBM; i?2 KQK2Mib Bb mM/2bB™ #H2 7Q" irQ
RX?2 2tT ' 2bbBQM +QMi BMb K Mv i2°'Kb- "2M/2°"BM; Bib MmK2 B+ H +
T2MbBp2c
kXi?2 2tT ' 2bbBQM /2 F2M/IMQMr?B+? HH i2M/ iQr /b BM}MBiv b
nj e, i2M/b iQr /b x2°'Q-H2 /IBM;iQH ;2 QmM/@Qz 2 "Q ' bBM i?2 +1(
~Q iIBM;@TQBMi "Bi?K2iB+bX
AMbi2 /- i?2 BMi'Q/m+iBQM Q7 irBM T * K2@@xMB@N Qm@2 “+b Q7
/IB+BQmb bTHBiiBM; Q7 i?QBERB2 #QBM 4[+2 i?72 +QKTH2tBiv Q7 Bib
+HQb2/@7Q K 2tT°'2bbBQM M/ "2KQp2 Bib /B 2+i /2T2M/2M+v QM i?2 TQi
+Q2{+B2Mjb M/ X G2i mbi?2M BMi"Q/m+2i?2 T > K2i'Bx iBQM

UjXkyX; (t) = xij (t)ex + yij (t)ey + zij ()e; t2[01] j 2fLiiiingg;

r?B+? HBMIP L (1) #v bi® B;?i HBM2X 6Q i?2 b F2 Q7 +QM+Bb2M2bb- r2
2727 1Q i?2b2 irQ XiRBMib; b MK (1)=xi51 BM i?2 "2K BM/2® Q7
i?BbrQ ' FX h?Bb irBMT * K2i'Bx iBQM Q7 2 +? "+ Bb bBKTHv ;Bp2M b
UJXKRV  xij (1) =1 t)Xij 0+ txij; 15 t2[01 j2f1:ng gt

A7 IPIZ’ T+ @'A( /Q2b MQi #ZBQMM Xi;j -yi;,- yi;,- M/Zi;j Zi;j X
g2 + M i?2M 2@ Q ;UNDBRBW [ X

UjXkkV
P RF r}@fi Zl
M "= F (X (85 yi5 (D)5 (1) dt
i=1 j=1 0
Zl
1% s(xij (1);yig ()Y (1) dt
ya
I RO O ) sO O ) Y5 O

+ o s(xig (1)3yi (1) (X (DY (1) v () dt
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h?2 KQK2Mib + M i?mb #2 /2b+"B#2/ b i?2 bmK Q7 i? 22 /BbiBM+i +QMi B
x x x

UiXkjV M P =M PramMPeamPo=" MPie™ MPee™ M Py
i=1 i=1 i=1
r22°2
UjX kBt = i F (X (DY (D) (1) dt;
=1
UjXKBIV? = . 1P s(xij (v (D)5 (1) dt;
j=1
Z 13@5\'
UjX kB = i IR sl Oy (1) F (X (535 (0) v (1)
=1

(R (X (DY (1) s(xij (DY (1) yg (1) dt:

h?2 +QMi B#AMiBOW/M 2 “2[mB 2 i?2 BMi2;' iBQM Q7 i?2 T ° #QHQB/ M/
TH M2 T'BKBiBp2b Qp2" bi' B:?2i HBM &b 2QNUH k-2 X2 K+ D222

bi* B:?2i7Q'r /iQ /2 Bp2X h?M FOMIMB#MRi QM ? M/- “2[mB 2b i?22

T K2i'Bx iBQM Q7 i?2 +QM B@ B2 BXQAB 23 W B FA|I b?QmH/ HbQ

#2 MQi2/i? i 2 +?2 "+ Q7 i?2 @NBTONI B#MMZbH - ©22°2 b QMHV

i72 +QMB+ b2+iBQM ‘+b BM i?Qb2 7 +2b UQ B ER riBilBV7 QK i?2 BMi2 b2
+QMiI'B#MiIZiMM P:- QrBM; iQ i?2 T 2b2M+2 Q1P?R +Q2{+B2Mi

JXRX GB bi ifd” IlDféXGZl mb #2 ° 2KBM/2/ i?ii?2 #QmM/ vQ72 +? +HBTT2
7 +@ - B bm++2mbBOQMMBA b2+iBQM "+b M/fQ  bi® B;?2i HBM2 b2;K2Mib
2 +7? HBMF bi X & QBI\/NI 2M/ XQBXILQr "2+ HH i? ir2 BK iQ/2° Bp2
2tT°2bbBQMb i? i 2722 Q7-iP2 MQ2bB+DM pQB/ " QmM/@Qz2 "Q b
BMi?2 MmK2 B+ H+ H+mH iBQM Q7 i?2 KQK2MibX /Q bQ-r1r2 bbB;M i
272 2M+ X TRBMIb2 QMHY "2[mB ' 2K2Mi Bb iQ #2HQMFi®Q i?2 TH M2 +QMi I
2X%-2F Xi10X 6Q° 2 +? 4+ Q7 2 +’> +HBTT2/ 7 +2- " i?2" i? M BMi2;" iBM
i?72 bi® B;?i HBMQ; d BREBM2 BMi2;" i2 BMbi2 / QM i?2 Q‘BZMiZ/i‘B M;H2
(1) = (Xij 0; Xig, 1 Xi; ~2pX aB@éerl?Z mMBQM Q7 +HQb2/+m p2b-i?2 bi i TQBM
2 +? Q7 Bib +QMb|B|m|BM "+b Bb M2+2bb "BHv i?2 2M/ TQBMi Q7 MQi?2
Q7 HHi?2b2i°'B M;H2 BMi2;" Hb Bb2[m HiQi?2bmK Q7 i?2bi” B;?i "+ BN
i2 °Kb- bm#biBirrUB)MERM[iX) U[Xkdv2 H ii2° + M #2 "2r'Bii2M b

UjXkdV
S
Mt = P OXig o+ B 1 (1 Yo+ tyip A)(Yig 1 Vi o) dt;
0 a1
1'5@F” P DX oo+ X 151 YYig o+ tyig (Vi 1 Vi o)
= @ + F (0 OXip 1+ Xiver; (1 Vi 1+ Yirer )(Viret Vi 1) A dt:
0 j=1 + (@ OXirer + Xi 0; (X )Virer + tYig 0)(Vigi 0 Viref)

J FBM; mb2 Q7| XFoRVUjXR8M/ Q7 i?2 7 +i i? i

1

UjXk3V Zi 27 iXi; 27 iYi 27
UjXkNV zig = i Xy @Y os 8 2fLiiiiingag
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Bi 7TQHHQrb i? i

RV ’sl—r}@fi VIS 1)y o iy o)t
UjXjyv. Mt = A (Xl;]; 0+ Xij; 15 Xj; 2)B (Xl;J; 0y Xij; 15 Xi; oW
i=1

r?2 R Bb i?2 QT2  iQ  7Q  + H+mH iBM; i?2 bB;M2/ T'QD2+i2/ "2 Q7 i E
i?72 FMQrH2/;2 Q7 Bib i? 22 +Q M2 b- BX2X-

R RE R ! R
(XasXp; Xe) 7! %(Xa()’b Ye) + Xo(Ye  Ya)* Xc(Ya  Yb))

MBY :R® R® R3I R* 2 /b b
2 3
4(zq + zp+ Z¢)
S 1 8(za+ zp+ z)(Xa+ Xp+ Xc) + XaZa + XpZp + XcZ
UXIBV)X;X;X=f a b C a c a‘ta cley
JXTBY (XaiXoiXe) = 358 (7,4 25+ 20) (Ya + Yot Yo) + YaZa + YoZo+ YeZe
22+ 22+ 22+ 22+ ZaZp+ ZaZc

UjXjRX

iXkX a2+QM/ iR ¥RX6Q" +QKTMiBEMHBKBH " HamHbRMiB-QM jXR
r2 +2QQb2 272 XM#2MQBIMBM; D Q#pBQmb +?2QB+2 7Q  i?Bb 272 2M+:
TQBMi Bbi?2 Q°B:BM Q7 Qm  +QQ BN 6D b2b+2k-BKRXH2+iBQM "+
Q72 +?2 +HBTT2/7 +2-i?2 i? MBMi2; iBM; QMoiP@pi* B;?i HBM2 HBMFE
r2 BMi2;" i2 BMbi2 / QM i?2 Q TB2M(2{ ¢ 6 MxPX 6Q° 2i ie?
7 +2RQ7i?Bb vB2H/b i?2 KQK2Mi +QMi B#miBQM

UjXijv

0 1
5 VRN s(@  OXig o+ Xig 150 OYig o+ tyi )(Yig 1 Vi 0)
M i = 1%3@ + s((@ t)xig o+ tXs; (A )i 1+ tys)ys Vi 1) A dt;
0 j=1 + (@ Oxs+ Xig o5 (L )ys + tyig o)(Vi; o Ys)

IbBM; 1 bXRMJVU|XRBY#biBygEBM; M/ K FBM; mb2 Q7 i?2 7 +ii? i
. Zij o= X2 y 2. :

UjXjov 1%®so0, i 0 i 0 B0 . gj2f1::::n
1A i Zij 1= X%j;l yiz;;;l | @Y

Bi 7TQHHQrb i? i

UiXjsVv M3 =" 1%A (xij 0:xi5 1,0)B@ (xig; 0i i 1) |
i=1

r?2°8 Bbi?2 bB;M2/ T°QD2+i2/i'B M;H2 "2 QURXjRWI i2PM2/ BM 1[X
QT2 B¥:R® R3! R* 2 /b b

UjXjeV 2 3
15(X aXp+ YaYo Za 2Zp)
@ oy 1 6 (Ya VYo)(XoYa XaYb)+9(Xa+ Xp)(Za + 2p) .
B (Xav Xb) = Aan .
90 6 (Xa Xb)(YoXa VYaXp)+9(Va+ Yo)(Za + Zp)

2 (XbYa Xayb)2 +3(Za+ Zo)( X aXp+ YaYb Za Zb)+3Zazp

LQi2 iMif; 6 M P2- QrBM;iQ Qm  +?QB+2 Q7 BMi2;  iBM; Qp2 i'B M;H2b  i?
i?72 BM/BpB/m H “+b- ?2Qr2p2°  i?2B  bmK Qp2" HH 7 +2b Bb 2[m H- vB2H/E

Ujxjdv MPe=" M2
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1HHBTb2f?vT2 #QH b2KB@K DQ" t
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10°

10*

10°
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Lol vl vl i

10°

<

3
4

N
N

6B;XXa2KB@K DQ" tBb Q7 i?2 +QMB+ b2+iBQM ;2M2" i2/ #v i?2 BMi2 ' b2+iBQM Q7 i?2 T °
b /2}M2/ BMUIKXkn?2M=j j=1-rBi? i?2 TH M2 BKTHB+BR2 v /2f M2t #Bi?
n= cos() 0 sin( ) [ TmM+iBQM Q7 iR2h2;B2KB@K DQ" tBb Q7 i?2 +QMB+ b2+iBQM
i2M/b iQ BM}MBiv T72® +?2b KmHiBTKR2MBM; i? i T ' K2i'Bx iBQM Q7 Mv '+ Q7
i?Bb +QMB+ b2+iBQM rBi? i'B;QMQK2i B+ 7mMni&QMIX#2+QK2b bBM;mH "~ B7

iXjX h?2B / i2M"XhQ /2°'Bp2 +HQb2/@7Q KWM2¥T-26b@QM 7Q"

K2i'Bx iBQM Q7 i?2 +QMB@bmbB@ R T QpBA2/X 6Q  i?2 2HHBTIiB+ M/
2VT2 #QHB+ + b2b-i> /BiBQM HT * K2i'Bx iBQMb mbBM; i'B;QMQK2i B+
Qmb +?QB+2b- ?2Qr2p2  i?2v+ MVB2H/bB;MB}+ Mi " QmM/@Qz2 Q' b/m2i
Q7 i?2B" +QMbiBimiBp2 T ~ K2i2 b U2X;X-i?2 b2KB@K DQ" M/ b2KB@KB
BHHmbi 6B/ BM72°2 i?2 b2KB@K DQ" tBb Q7 i?2 +QMB+ b2+iBQM :2M2"
i72 BMi2 b2+iBQM Q7 T ° #QHQB/rBi? TH M2 Bb THQii2/ bi?Bb TH M2
i?2, # bBb p2+iQ X hQ pQB/ bBM;mH * “+ T K2i'Bx iBQMb- r2 2tT 2bb
b2+iBQM ‘+ b ' iBQM HREXENZBbnT p@pB/2b :2M2° H T * K2i'Bx iBQM
i? iBbp HB/ Qp2° HH +QMB+ b2+iBQM + b2b UBX2X- 2HHBTIiB+- 2vT2 #Q
HHQrb b2 KH2bb M/ bKQQi? i MbBiBQM #2ir22M + b2bX +QMB+ b2+i
bi i TQBMIIQ M 2M/ TKQBMIM #2 2t +iHv "2T 2b2Mi2/ #v i?2 ~ iBQM H
[m /" iB+ "0xB2  +m ' p2 T ° K2i'B+ HHv /2}M2/ b

Bo(t)Xi;j; ot Wi; Bl(t)xfj + Bz(t)Xi;j; 1
Bo(t) + wij B1(t) + By(t) :

UjXj3Vv Xi;j (1) = t 2 [0;1];

r?2°2

UjXjNV Bo() = (1 1)%;
UjX9yV Bi(t)=2(1 ®)t;
UjX9RV B,(t) = t2;

"2i?2 "2 "Mbi2BM TQHVMQXB Nip; QF'b/2 y2R;?i bbQ+B i2/ rBi? i?2
+QMi’ QHxT XBHPIBb +QMi QH TQBMi Bb HQ+ i2/ ii?2 BMi2 b2+iBQM Q7 i?2
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i?2+QMB+ b2+iBQM ii?2bi i M/2M/ TQBMibX AMi?2+ b2 Q7i?2BMi2 bz
7 2 rBi? T #QHQBABbmM?ZbR2 M;2Mib "2 Q#i BM2/ #v i?2 BMi2 ' b2+iBQN
Q7 i?2 TH M2b i SM;i2iMRil) i M/ 2M/ TQBMib-rBi? i?2 F-XM2 +QMi BMBM;

h?2 TQBME Bb- #v /2}MBiBQM- HQ+ i2/ i iS2BiNiZDD2iBQMIQ7

HBMEBM; i} X am#biBtmvB M 10XX|3Bi 7QHHQrb i? i

ijng Wi;j Xi;j % Xﬁj :Xi;j % Xi;j % X

7 QK r?®#?+ M #2 /2/m+ipv)X <Al- i?2 ° iBQM H "0xB2  +m 'p2 Bb M "+

Q7 M 2HHjTp2t Bi?2 * iBQM H "GxB2  +m 'p2 Bb M "+ Q7 T ~ #QH - M/
jwijj>1-i?2 iBQM H "GxB2  +m'p2 Bb M "+ Q7B?MT2X#QH U2X;X- b22

N[

Xiij

wij =5 U "+ Q7 2vT2
wij =1 U "+ Q7 T #

wij =+ U +Q7 M2H

6B;XX8?°22 ° iBQM H "0xB2" “+b HBMP®M; i @iMiZMYBBGBMI HbQ b?QrMm
20?2 +QMiQWITQBMIi2B;®jj - HQM; rBi? iI22XEQEBMIM/X;; L i?2 0+ M #2
mb2/ 7Q" /2i2 K MBM;

Hi2 M iBp2Hv- i®%2 r@aB22M TQbBiBp2V "2H i2b iQ i?2 #UQHMI2 +m p im 2
i22 +QMB+ b2+iBQM “+ ixBid MK2KBERHQRPM; (
S S

. .y ? . .

A Xij; 05 Xijj; 1aXi';j _ A Xij; 03 Xij; 1, X
? - ?

(Xiz; 0)kX{] Xij; ok® (Xij; 1)kxj Xig; 1k

?
5]

UjX9jV Wi =

r?2°2 i Mv TQB®M i?2 +QMB+ b2+iBQRMIBb ;Bp2M #v (
_dnir o (x) (H (i v (X)),

i X99V
Uix9os (x) ki T (XK !
rBi® i?2 >2bbB M K i Bt .
00
ujxosv H =240 05 :
0 00

LQi2i? i-BM Q' /2 iQ T 2p2Mi " QmM/@Qz 2 "Q'b BMAI2 MMK2 B+ H + H+r
r2 HBKBi Qm ™ BKTH2K2Mi iB@M iQX% b2b+@EAb2[m2M+2- +QMB+ b2+iBQM
“+b i? irQmH/ "2bmHiIi BM M2; iBp2 " iBQM H "GxB2 r2B;?ib "2 "2+m bBrg
TQbBiBp2 r2B;?ib "2 7QmM/X qBi? bm+? T * K2i'Bx iBQM Q7 i?2 +QMB+
+ M #2 b?2QrM i? i

. =) l}@fl ?
UjXx9eV M P2 = 1A Xij 05X 1;X

? 3 . . v ? .
i B® Wi 5 Xij; 05 Xigj; 15 X5 5
j=1
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r?2°8 Bbi?2 bB;M2/ T°QD2+i2/i'B M;H2 ‘2 QURX|RW/ I2PM2/ BM 1[X
QT2 BY :R* R® R® R:! R* Bb ;Bp2N TBM/BX

jX9X bT2+B H 2HHB?BM »*» W2XBX2Bb M 2HHBTiIB+ T ~ #QHQB/V
M/ i?2 MQ KFHBIRbm+™Mi?e,i60-i?2 BMi2 ' b2+iBQM Q7 i?2TH M2 +QMi BMB
i?727 F2rBi?i?2bmSBB2M 2HHBTb2X h?2 B MBA 32 B QIMQH2 ,
2KTiv- +QHH2+iB(3M Q7 +b Q7 i?Bb 2HHBTb2- Q  i?2 2MiB 2 2HHBTbh2X
bmK Q7 i?2 +QMil\‘/IB|#mNB/M)|i@Fb+ M #2 /B 2+iHv + H+mH i2/ #v BMi2;  iBM;
s M/ g Qp2 i?2 7mHH 2HHBTb2- r?B+? vB2H/b i?2 KQ 2 +QM+Bb2 2tT 21|

2 3
1
2 2 2 i
UJ'X9“|\’1§2+M?3: sign(n; e;) S 5?2 I)E ’ ?
32( ¥ 7
5i2 5|2 i
ot &
r22°2- - ML ? p2 #22M /2}M2/ BjM DFBORYMQi2 i? i i?Bb + b2 QMHv

Q++m b 76Q80- 22M+2 i?2b2 +Q2{+B2Mib 2?22 MQM@bBM:mH "X

9X AMi2;" iBNMEXQM?Qm:? i?Bb K Mmb+"BTi Bb +QM+2 M2/ rBi? 2biBK i
i72 }'bi KQK2MibiQZ BMi2;" iBQM /QK BMb M/ T > K2i"Bx iBQMb BMi Q/n
BM2+iBQMM HbQ #2 mb2/ 7Q° BMi2;" iBM; [m MiBiB2b bbQ+B i2/ rBi? i?
bm 7S+ 2X;X- Bib KQK2MibXSh7® "BM@7M+2- ;Bp2M b

z
U9XRV M; = 1dx;
S
HbQ "2 /b 7i2° TTHB+ iBQM Q7 i?2 /Bp2 ;2M+2 i?2Q 2K b
RF r}@fi Zl
U9XkV Mg = 1 (x5 (v ()Y (O dt;
i=1 j=1 0
r?2°2
8
< R? I R
. X
U9XJV (X,y) 7! p1+4 2X2+4 2y2dx

0

h?2 }'bi KQK2Mib @7%2HH b i?2 p2 ;2 MQ'K H p2+iQ - p2 ;2 : mbbB M
+mp im2 M/ p2 ;2 K2 M Bm7QIM2t2KIMH2- + M #2 2tT 2bb2/ bBKBH “Hv
bbmKb Q7 QM2@/BK2MbBQM HBMi2;  HEDX2*QMIT VKQi?R+ “+b Q7
}1'bi KQK2MAb @Q@r2p2° - i?2v M22/iQ #2 2biBK i2/ mbBM; MmK2 B+ H[m /°
"MH2- b +HQb2/@7Q K 2tT 2bbBQMb + MMQi #2 /2 Bp2/X

8X PM~Q iBM;@TQBMi "Bi?K2iB+b MM iQ2Zm@M 2bibX7 ~Q iBM; @
TQBMi "Bi?K2iB+b-i?2"2 2tBbi + b2b 7Q  r?B+? i?2 +QKTmi2/ iQTQHQ;vV
7 +BbK v #2 BHH@TQb2/- T'2p2MiBM; i?2 ++m" i2 + WXmH iBQM Q7 i?2 K
h?Bb Q++m b r?2M- BM i?2 /Bb+72i2 b2Mb2,

RX?22bm 3 BBi M;2MiiQ QM2 Q" KQ 2 2/;2b ®¢i?2 TQHV?2/"QM

kXiH2 biQM2 +Q M2  Q p2i2t QF #Z2HTQH B 1D/ i Q®™MKEmMm 7 +2
6Q° Mv ;Bp2MPF7-+422Q7Q K2 + b2 Bb MmMK2 B+ HHv /2i2+i2/ #v +QKTmiBM
#bQHMiI2 p HM2 Q7 i?2 /Qi T Q/m+i #2ir22M i?73 MY KHBx2/ i M;2Mi iQ
MQ K HBx2/2/;27 QK r?B+?i?2i M;2MiQ B;BM i2b- M/ +?22+FBM; r?2i?2"°
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iM:2m@Q@7 mMMBivX h?2 H ii2° + b2 Bb /2i2+i2/ #v +?2+FBM; r?2i?2" i?2 BMi2
M 2/;2 rBiMB2b rBigHM7 +Q M2 Q p2'i2t Q7 IPXTqPRWP2/ QM

Mv Q7 i?2b2 +QM}:m" iBQMb Bb /2i2PiBb i?8 /QXHIW? 2/ MNOIWH 2/

M/ Qi i2/ #Qmi Bib +2Mi QB/ #v /Bbi M+2 Mé, M MM;i22 2[m H iQ
+HBTT2/7 +2/Bb+ 2i2iQTQHQ:B2b "2 2@+QKTmi2/X JQ 2Qp2°-r2 HbQ
f4m’ +v~Q iIBM:@TQBMi 7 GBA@ #-BA1Z8@ #BQRQ K iX AM i22 +m " 2Mi

fQ F- r?2°2 r2 BK iQ T°Q/m+2 "2bmHib BM 6/Qm#H2 T 2+BbBQM&- r2 }N
mMms:5 100 105 - 4o M3 102 s1- M/imi2anF 10° - rBig=2 52 M/

s=2 1222 mTT2 #QmM/b Q7 i?2 "2H iBp2 TERA@#BKIAB@M 2 Q" BM

#Bi ~Q iBM:@TQBMi "Bi?K2iB+b- "2bT2+iBp2Hv- iQ T 2p2Mi i?2 +QKTmi
TQb2/ iQTQHQ:B2b BM HH i2bibB U@ Mi2B BMK Q5 2 i M

Q++m 2M+2b Q7 i?2 +m "2Mi 6Mm/:BM:6 T Q+2/m 2 "2 7Q°+2/iQ Q++m"V
P HmM2b 7Q  i?2b2 iQH2" M+2bK v 2bmHi BMi?2:2M2" iBQM Q7 MQM@p H
M/fQ 2 QM2Qmb KQK2MibX Ai b?QmH/ #2 M@Ii2Bii? pQ AMK2TQHV?22/ QM
ME=0(1)-i?2 " i2Q7 Q++m 2M+2 Q7 i?2 + b2bi'B;;2'BM; i?Bb +Q "2+iBQM
2ti'2K2Hv bK HH Ui? i Bb- 7Q° MQM@2M:BM22 2/ BMi2 b2+iBQM +QM}:m"

exX >B;?22°@Q /2" KQX2MIMX@ M/ ?B;?2 ° @Q /2" KQK2Mib Q7 i?2 +HBT1
TQHV?2R @MW #2 /2'Bp2/ mbBM; i?2 b K2 T ' Q+2/a 2iBlOIQP2b2Mi2/ BM
i?72+ H+mH iBOM Q7 i?2x2°Qi? M/} bi KQK2MibX h?Bb K2 2Hv 2Mi BHb T
Q'/2° KQMQKB HbiQ i?2 7mNe4iBZYMB MRE(REN?2 "+ T ° K2i'Bx @
iBQMb BMi  Qidm+iB/@Wmb2/ 7Q  + H+mH iBM; i?2i? 22 KQK2Mi +QMi B#mi
MPrMPeo MM P rQmH/ 2K BM mM+? M;2/- r?BBfY i#3 Q™" iQ b
B® rQmH/ i?2M +QMi BM //BiBQM H +QKTQM2Mib “2bT2+iBp2Hv +Q "2b
KQMQMB Hb TT2X/®2 PRTQi?2bBx2 i? i +HQb2/@7Q K 2tT ' 2bbBQMb bBK
i?7Qb2 ;Bp2M-BBMZMM #2 /2 Bp2/ 7Q° KQB2ZMiHBY7 'vQ /2 X >Qr2p2"-
i?72b2 rQmH/ BMpQHp2 M 2p2  BM+'2 bBM; KQmMMiQ7NMB;?2@Q /2" KQMQH
Q7 i?22 +QKTQM2Mib Q7 B? Mg 2Q Bi®2b+@Mi QH TQBMib Q7 i?2 +QMB+ b2+l
‘+b @8- "2M/2°BM; i?2 +QKTmi iBQM Q7 i?2 KQK2Mib KQ 2 b2MbBiBp2 iC
2°°Q'bX

dX 02'B}+ iBA\OMMMXBb b2+iBQM-i?2 +HQb2/@7Q &K22tBKWEHEBQMb /2 ' Bp2/
i?72 TT Q +22Q@iMBQOMQYBMi2;" iBM; QM i?2 +HBTT2/ bm 7 +2- M/ i?2 +Q "2
T Q+2/ma2@®BQME2bi2/ QM rB/2 p "B2iv Q7 2M;BM22 2/ M/ > M/QK BMi:
b2+iBQM +QM};m” iBQMbX q?2M M HviB+ H 2tT 2bbBQMb Q7 i?2 2t +i K
p BH #H2- r2 "2+m bBp2Hv bTHBIi i?72 P HZb Q7Q?2Z TQUHBK2I2Q M

@\Q M@\ (RPnQ) #v +QHH2+iBQMb Q7 Q'B2Mi2/i'B M;H2bX q2 272" iQ i
+2/m 2 bi?2 / TiBp2 K2b? "2}M2K2Mi U J_V Q7 i?2P7X+®b Q7 i?2 TQHvV?2/
i?2M 2t +iHv BM§2QMi2?2 i'B M;mH i2/ TT GRBKRIBQMMY7
£, QM i?2 i°B M;mH i2/ TT QtBK iBQM @7 2 2+ +BIEHN2 / T7T +QtB @
K iBM; UKKRKRROWQ 2 +? + b2-r22Mbm 2i? i2MQm;? H2p2Hb Q7 "2+m " bBp2
"2 2KTHQvVv2/ BM Q'/27 iQ "2 +? K +?BM2@x2 QX ++mKmH i2/ 2 Qb /m2
KiBQM Q7 i?2 +QMi ' B#miBQMb Q7 HH i'B M;H2b "2 pQB/2/ #v i?2 mb2
bmKK iBQM- HbQ FMQrM b E XYyWKbmKK iBQM (

dXRX IMBi +m#2 i° MbH EBXAMHQMi i2bi- r2 +QMbB/2  i?2 2HHBTIiB+
T #QHQB/ /2}M2U#XKB[® = =1- BMi2 b2+iBM; rBi? i?2 mMBi +m#2
+2Mi2 2= 1=2 1=2 1=2 k! U b BHHmMbEBI2# @M 6Q" i?Bb + b2- (22
X2 Qi? M/} bi KQW2Mbor@HH b i?2 x2 Qi?KQKRIMiI2Q2 Bp2/ b
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M HViB+ H 7mMXiBQMQKQT "2 i?2b2 2t +i KQK2Mib ; BMbii?Qb2 +QKTmi2
MbBM; i?2 +HQb2/@7Q K 2tT 2hbBIQUMOj/2bBRE/iBM; i?2 KQK2Mib

QP- M/ #v BMi2; iBWEXM¥K2 B+ HHv rBi? M / TiBp2 : mbb@G2;2M/ 2
[m /> im 2 mMH27Q 2biBK iBM; i?25%hQ?TKQKRBRSQZ; mH "Hv

b KTH2[0BMrBi? mMB7Q K KE %0B WX

U K=1=2 U #Rv/=3=2 U H\E=5=2

6B;XX8MBi +m#2 +2Mil=2/ 1=2 1=2 k! +HBTT2/ #v i?2 2HHBTiIB+ T ° #QHQB/ T ° K2i@
"B+ HHv /2}M2/ ¥ y2X

h?2 H27i@? M/ 6BT# QFeQrb i?2 2t +i KQKR2Mbb ®I2/ #v i?2B"

K tBKmKp Hm2b- br2HH bi?2 2t +ix2b® M XK/GHK BN KO=R 2 i

h?2 "B;?2i@? M/ ®B/2 @®”Qrb i?2 2°°Q'b bbQ+B i2/ rBi? i?2B" 2biBK iBQM
b+ H2/ bBKBH "HvX h?2b2 2°°Q'b "2 HH +QMi BM2/ rBi?BM M Q /2" Q
=2 %2-i22 mTT2 #QmM/ Q7 i?2 "2H iBp2 THAQ@¥E +BQIB M @ " BM
TQBMi "Bi?K2iB+bX

h #H2 R
6Bp2 TQHV?2/ "2 +QMbB/2°2/, “2:mH " i2i  22/°QM- +m#2- “2;mH > /Q/2+ 22/ QM- °
+m#2- M/ i?2 i°B M;mH i2/ ai MR /h2RNMY i(?°22 TQHV?2/° "2 +QMp2t- r?2°2 b i?2
H biirQ "2 MQiX h?2 2QHHQr +m#2 +QMi BMb MQM@ +QMp2t 7 +2bX

2QK2i'v | hz2i 22/ QM sm#2] .Q/2+ 22/ QM>QHHQr +m#2 M7Q / #mMMy
LmK#2" Q7

D5+ 4 8 20 16 167; 891
LmK#2" Q7

Ml 4 6 12 12 335; 778

"2 HH 7 +2pb
+QMp2t\+ u2b u2b u2b LQ u2b

PYYE
Ab+TQQMHpV2't%/ QM u2b u2b u2b LQ LQ

aM Tb?Qi

dXkX S ° K2i2 br22T 7Q b2p2° H RMKBE2BRMXi2bi-r2 +QMbB/2"
b2H2+iBQM Q7 +QMp2t TQHV?2/" U “2:mH " i2i° ?22/°QM- +m#2- M/

k *YYBKTH2K2Mi iBQM Q7 i?2b2 7mM+iBQMb + M #2 7QmM/ i i?2 #2;BMMBM
fi2bibfb +fT ~ #QHQB/NnBMi2 b2+iBBMni2di QARM @I #22 2+QMbi m+iBQM
GB#  Xv


https://github.com/robert-chiodi/interface-reconstruction-library/blob/paraboloid_cutting/tests/src/paraboloid_intersection_test.cpp
https://github.com/robert-chiodi/interface-reconstruction-library/tree/paraboloid_cutting
https://github.com/robert-chiodi/interface-reconstruction-library/tree/paraboloid_cutting
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a+ H2/ 2t +i KQK2Mi

T T
PV mE
5 5 1) o
—2M f;x 2M 1z
5
1k
0 | |
0 1 2 3
k

6B;XXeJQK2Mib Q7 i?2 mMBi +m#21=22M#22/1=2 k' +HBTT2/ #v i?2 2HHBTIiB+
T #QHQB/ T ° K2i'B+ HHx =2 2/y2b M/ i?2 2°°Q" BM i?2B" 2biBBK@BRBM rBi?
~Q iBM; TQBMi "Bi?K2iB+bX h?2 pQHmMK2 KQK2Mib M/ i?2B" 2biBK iBQM 2°°Q'b "2 b+ H2/
iQ i?72 KQK2MKkE 3iX h?2 bm 7 +2 "2 M/ Bib 2biBK iBQM 2°°Q" Bb b+ H2/ rBi? "2bT2+i iQ i?
bm 7 +2 "X =01 X h?2 pQHMK2 KQK2Mib ‘2 +QKTmi2/ 7°QK i?2 M HviB+ H 2tT 2bbBQMb /2"
BM2+iBQM?2°2 bi?2bm’7 +2 "2 Bb +QKTOIXKBBM;1NK / TiBp2 : mbb@G2;2M/ 2
[m /> im2 MmMHBA@RRI K +?BM2@2=T2bBHBMb?QrM b i?2/ b?2/ 2/ HBM2X

/2+ 22/°QMV M/ MQM@+QMp2t TQHV?2/" U ?2QHHQr +m#2 M/i?2i B M;m
AMMMYIYX h?22b2 TQHV?2/ -r?2Qb2 T QT2 iB2HH2FRMBIK HBA2/ BM

bQ biQ? p2 mMMBi pRIMMK2-UBX2X2Mi QB/ BMBiB HHv HQ+ i2/ ii?2 Q B
'BM UBIR2XVX h?2v "2 i?2M i° MbH=i2) HQM' - M/ Qi i2/
#QmMii?2i?2°22 # bB&R;p26;,)QBI? i22 MyH2b M/, - "2bT2+iBp2HvX

h? Qm;?Qmi i?BHthR#;BQM-p "B2[ BNMIP-(x; y; z) "2 p 'B2/ BM

[ ; B- M/i?22 T #QHQB/ £Q2{+R2MiB 2] BB X

M/QK T > K2i2  br22T Bb } bi +QM/m+i2/ #v mMB7Q K ~ M/QK b KTHBM
2B;?i T K2ti2tybtl ; y; 255 VBMi?22T ° K2ip'2biP+2 ; PP
[ 3;11?- iQi HHBM; K@'216% '@ HBx iBQMbX ;> /2] T ° K2i2® br22T Bb
i?2M +QM/m+i2/- BM r?B+? i?2 2B;?i T > K2i2'b 2 +?Qb2M BM i?2 /Bb+
2i2° bTE+2 105363 f ;1 505 ¢ f 5 4:::;450°- "2bmHiBM; BM
5 58 112=1:;890625/BbiBM+i 2 HBx iBQMb 7@ 2?22 2D/KRIT K@
2i2° br22T /Bz2°'b 7°'QK i?2 > M/QK QM2 BM i? i Bi " Bb2b K Mv bBM;mH °
+QM}:m’ iBQMb U2X;X- /2;2M2" i2 +QMB+ b2+iBQMb i? i +QMbBbi Q7 T
BM; HBM2 b2;K2Mib- Q' +QMB+ b2+iBQMb i? i "2 T ° #QH bV M/fQ > K#E
iQTQHQ:;B2bi? i "Bb2 7°QK TQHV?2/°"QM p2 iB+2b HVYBM; QM i?2 T ~ #QHC
TQHV?2/°QM #2BM; i M;2Mi iQ i?2 T ° #QHQB/- i?2°27Q 2 i2biBM; i?2 "Q#
BKTH2K2Mi iBQM b r2HH b Q7 i?2 T «+2PXI2662°b2 8% 2 /bRMQ 7
i72° M/QK M/ ;> /2/ T * K2i2 br22Tbh-i?2 ‘RT27DNV +2H+HH2iBM ;
i?72 KQK2Mi 2°'Q b Bb Q#i BM2/ #v / TiBp2 K2b? "2}M2K2Mi U J_V Q7 i?2 7
BMiQi'B M;H2b- 7QHHQr2/ #v i?2 U2t MiV,BVMBD2M BYM R&V
Qp2 i?2i°B M;H2b #Qp2 M/ #2HQri?2 T > #QHQB/- "2bT2+iBp2HvX 1t KT

ig2 /Q MQi T 2b2Mi i?2 *2bmHib Q7 ;> /2/ T > K2i2  br22T QM i?2 ai M7Q"/ #mMMv- bB M-
6Q; MB+6 M im 2 Q7 i?Bb TQHV?2/°QM “2M/2 b ;> /2/ T > K2i2 br22T 2[mBp H2Mi iQ ~ M/
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BMi2 ' b2+iBQM + b2b M/ i?2B  bbQ+B6iR/mI2r@2 BAN2MKBIMH2b
Q7 bBM;mH ~ + b2b " Bb2//m BM; i?2; /2/ T KEB2mbHR22T "2 b?QrM BM

h?2 K tBKmK M/ p2° ;2 KQK2Mi 2°°Q b Q#i BM2/ /Im BM; i?2 > M/QK T "~
br22T "2 ;BpRMHBMKk6Q ™ i?2 i2i° ?22/'QM- +m#2- /Q/2+ ?2/"QM- M/ ?QHH(
+m#2-i?2 p2° ;2 KQK2Mi 2'Q 8D 7iD2(1D ' ¥2:-r?22°2 b i?2

K tBKmK 2°"Q° Bb #Qmi QM2 iQ irQ Q' /2°b Q7 K ;MBim/2 H ";2°X h?2 p2
K tBKmK KQK2Mi 2°°Q b 7Q " i?2 ai M7Q"/ # @MV T reBr-? ¥ Mi BMb

2 +? #QmMiQM2 Q /2 Q7 K ;MBim/2H “;2°i? M7Q i?2 Qi?2  TQHv?2/" #n
iQ K +?BM2@x2 QX h?2 ;" /2] T K2i2 br22T- r?2Q@b2H2pbmHib 2 ;Bp2M |
2t?B#Bib bBKBH ~ KQK2Mi 2°°"Q'b b 7Q " i?2 " M/QK T ™ K2i2  br22T- 2p2
#v /2bB;M- Bi * Bb2b K Mv KQ'2 bBM;mH * BMi2 'b2+iBQM +QM};m” iBQMtL
/IBb+72i2 iQTQHQ;B2b i? M i?2 > M/QK T ~ K2i2  br22T- i?2°27Q°2 "2[mB"
7°2[m2Mi mb2 Q7 i?2 Mm/;BM; T Qa2+ mBAN2®+ B#2/ BM

h #H2 k
_ M/QK T ° K2i2" br22T 2bmHibX 6Q° 2 +? ;2QK2i'v- r2 T°QpB/2, i?2 MmK#2" Q7 i2bib
Im+i2/- 1?2 MmK#2> Q7 "2+m bBp2 H2p2Hb mb2/ 7Q  i?2 J_ 272 2M+2 KQK2Mi + H+mH iBQ
i72 p2°:2 M/ K tBKmK 2 °Q b BM i?2 2biBK iBQM Q7 i?2 x2 Qi? M/} bi KQK2MibX

20K2i'V LmK#2 | J_ w2 'Qi? KQK2Mi 2°°Q° 6B bi KQK2Mib 2°°Q"
Q7 i2bib H2p2HD o~ 5 J tBKmK p2° ;2 J tBKmK
h2i* ?22/°QM 5 107 17 | 223 10 * | 38 10 *® | 16 10 * | 69 10
*m#2| 5 107 17 | 24 10 % | 25 10 ® | 87 10 Y | 21 10 ¥
.Q/2+ ?22/°QM 5 107 17 | 35 10 * | 1.9 10 ¥ | &8 10 ¥ | 62 10 %
>QHHQr +m#8 107 17 | 20 10 % | 32 10 ® | 1:3 10 * | 3.4 10 ¥
ai M7Q°/ #mMM¢ 108 13 | 58 10 ¥® | 48 10 ¥ | 227 10 ¥ | 31 10

h #H2 j

12/ T 7 K2i27 br22T "2bmHibX 6Q° 2 +? ;2QK2i'v-r2 T ' QpB/2, i?2 MmK#2> Q7 i2bib +QM/r
i?72 MmK#2° Q7 "2+m bBp2 H2p2Hb mb2/7Q i?2 J_"272'2M+2 KQK2Mi + H+mH iBQM- b r2HH
M/ K tBKmK 2°°Q b BM i?2 2biBK iBQM Q7 i?2 x2'Qi? M/} bi KQK2MibX

20K2i"v LmK#2" | J_ w2 'Qi? KQK2Mi 2°°Q° 6B bi KQK2Mib 2°°Q"
Q7 i2bib H2p2HD o+ .5 J tBKmK p2° ;2 J tBKmK
h2i* ?22/°QM5°% 112 22 | 27 10 % | 49 10 *® | 221 10 ® | 39 10 ™
*m#2| 5° 112 22 | 26 10 % | 47 10 *® | 1.0 10 *® | 2212 10 ¥
.Q/2+ 22/ QM58 112 22 | 37 10 * | 1:7 10 ¥ |83 10 Y | 54 10 ®
>QHHQr +m#%8 112 22 | 220 10 * | 42 10 ¥ |16 10 *® | 48 10

dXjX S K2i2" br22T rBi? Mml/@X2" iQ 7m i?2 i2bii?2 "Q#mbiM2bb
Q7Qm  BKTH2K2Mi iBQM M/ Q7 i?2 Mm/;BM2F I Q@@2R&EQMZd + B#2/ BM
bB/2  i?2 b K2 M/IQK T ~ K2i2 br22T 7Q  i?2 +m#2 ;2QK®@i'v b /2b+ B#2/
b2+iBQM#dXikrBi? i?2 //BiBQM Q7 TQbi@b KTH2 i° MbH iBQM Q7 i?2 T
HO®&;bQ b 7Q° QM2 Q7 Bib p2°iB+2b iQ HB2 2t +iHv QM i?2 T ~ #QHQB/X
Bi2> iBQM Q7 i?2 Mm/;BMgZFi@€RBM?2 Q7Q 2 "2[mB 2/ 7Q 2 +?  M/QK
+ b2X h?2 "2bmHib Q7 i?Bb ~ M/QK T ~ K2iR #H22BbTH ; BRRIM BM
2°°Q°'b Q7 bBKBH "Q'/2 Q7 K ;MBim/2 b7Q i?2 M/QK T ~ K2i2 br22T
BMm#b2+iBXQM dXKk

dX9X hBKBAMbX /2  iQ bb2bbi?2 T2 '7Q K M+2b Q7 Qm  BKTH2K2Mi iE

iBK2 "2[mB 2/ 7Q 2 +? KQK2Mi 2biBK iBQM Q7 i?2  M/QK T ~ K2i2 br22Tl
BMm#b2+iBQMBAIPkb #22M K2 bm 2/ mbBMQRTRNISHEBK2UV
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UV h2i® ?22/"QM U#V *HBTT2/i2i° ?22U+«QMHBTT2/i2i° ?22/°"QM U J_ "27XV

U/V *m#2 U2V *HBTT2/ +m#2 U7V *HBTT2/ +m#2 U J_ 27XV

U:V .Q/2+ 22/°QMU?V *HBTT2/ /Q/2+ ¥BNQGMBTT2//Q/2+ 22/°QM U J_ 27XV

UDV >QHHQr +m#YFV *HBTT2/ 2QHHQHAM¥MEBTT2/ 2QHHQr +m#2 U J_ 27XV

UKV ai M7Q°/ #ieMMv (UMV *HBTT2/ #mMMMQV *HBTT2/ #mMMv U J_ "27XV

6B;XXdlt KTH2b Q7 ~ M/QK BMi2'b2+iBQM + b2b #2ir22M i?2 }p2 +QMbB/2 2/ TQHvVv?2/"
T #QHQB/X h?2 H27i +QHmMKM b?Qrb i?2 7mHH TQHv?2/  ci?2 +2Mi° H +QHmMKM b?Qrb i?2"°
#v T S #QHQB/c i?2 'B;?i +QHMKM b?Qrb i?2 2/;2b Q7 i?2 J_ Q7 i?2 TQHV?2/° mb2/ 7Q" + |
i?72 "272°2M+2 KQK2MibX



6A_ah JPJi1Lha P6 SPGu>1. PL *GASS1."u S _ "PGPA. RN

uvVv U#vV Uu+V

6B;:XX3t KTH2b Q7 + b2b rBi? bBM;mH * BMi2 b2+iBQM +QM};m" iBQMb M/fQ  K#B:mQm
:B2b +Qp2°2/ #v i?2 ;> /2/ T > K2i2 br22T, U V i?2 2HHBTIiB+ T ° #QHQB/ Bb i M;2Mi iQ 7Qn
i?72 TQHV?2/°QMc U#V i?2 T ° #QHB+ +VvHBM/2  Bb i M:2Mi iQ QM2 7 +2 Q7 i?2 TQHv?2/°QM
/2;2M2° i2 +QMB+ b2+iBQM BMi2 b2+iBQM i? i Bb K /2 Q7 irQ Qp2 H TTBM; T~ HH2H HBM2
b2+iBQM Q7 i?2 ?vT2 #QHB+ T ° #QHQB/ rBi? QM2 7 +2 Q7 i?2 TQHV?2/°QM "2bmHib BM /2;:
i? iBbi?2 BMi2 b2+iBQM Q7 irQ bi> B;?i HBM2bX

h #H2 9
_ M/QK T K2i2 br22T rBi? QM2 p2'i2t Q7 i?2 TQHV?2/°QM HVBM; 2t +iHv QM i?2 T * #QH
T QpB/2, i?2 MmMK#2"> Q7 i2bib +QM/m+i2/- i?2 MmK#2° Q7 “2+m bBp2 H2p2Hb mb2/ 7Q" i?2
KQK2Mi + H+mH iBQM- br2HH bi?2 p2 ;2 M/ K tBKmK 2°°Q b BM i?2 2biBK iBQM Q7 i?2 x
}bi KQK2MibX

20K2i%v LmK#2 | J_ w2 'Qi? KQK2Mi 2°°Q" 6B hi KQK2Mib 2°°Q"
' Q7 i2bib H2p2HbB o~ 5 J tBKmK p2° ;2 J tBKmK
*m#2 Up2'i28Q 5 107 17 | 24 10 % | 7.8 10 ® | 1:8 10 | 45 10 ¥

TmMM+iBOQMB+?? b T 2+BbBQM Q7R M MQb2+QM/ QM i?2 rQ Fbi iBQM i?
h?2 +? ° +i2° 'BbiB+b Q7 i?Bb rQ Fbi iBQM#H X 8mIeK Y+EX2/ B M
BKTH2K2MiBM; i?2 +HQb2/@7Q K 2t&22HB BN ¥ 212 MIb2MKT/BBIN /

rBi? i?2 :LI RyXjXy bmBi2 QF-+QuBMB:H 220~ ; bt Bip2XI8B M

h?2 iBKBM;b "2 bmKK ¥Bx22é?BM? b?Qrb i?2 p2° ;2 KQK2Mi+ H+mH iBQM
iBK2 7Q° i?2 x2°Qi? KQK2Mi QMHv- M/ 7Q" #Qi? i?2 x2°Qi? M/} bi KQK21
HH- i?2 p2 ;2 iBK2 7Q  + H+mH iBM; i?2 }'bi KQK2Mib Q7 TQHV?2/ QM
T #QHQB/ BbHZLM2i?7M2 Q7 i?2 Q°B;BM H TQHV?2/"QMX /B 2+i +QKT
+ M #2 K /2 rBi? i?72 2 H7@bT 82 +PBATBM2QI?PZ b K2 rQ Fbi iBQM

bi?2 +m "2Mi rQ FX Aii> MbTB 2b i? i i?2 +HBTTBM; Q7 +m#2 #v T ° {
p2° ;2 H2bWB iBKI2b KQ 2 2tT2MbBp2 i? M Bib +HBTTBM; #v TH M2X (?:
Mm/;BM; T Q+2/2+iB (@M 82[mB 2/- b Bbi?2 + b27Q 2 +? "2 HBx iBQM Q7
KQ/B}2/  M/QK T > K2i2 br22T Tm24h2MiBQEMIBKBM:;b Q7 r?B+?

2 b?QrM BM i?2 HHo#HQre®I7BM+"2 b2 BM +Qbi #v 2000B®° Q7 #Qmi

Q#b2 p2/X h?Bb Bb KQbiHv /m2 iQ i?2 brBi+? iQ [m /"mTH2 T 2+BbBQM i
BM +QMDmM+iBQM rBi? i?2 > M/QK i  MbH iBQM M/ Qi iBQM Q7 i?2 TQHvV?
Q7wm/;:X Ai b?2QmH/ #2 MQi2/i? i bm+? + b2b Q++m’ 2ti 2K2Hv ° "2Hv- mMH
K Mm HHv 2M;BM 2212626 B} M dX |

3X *QM+HMEROMIRX/2 Bp2/ +HQb2/@7Q K 2tT 2bbBQMb 7Q" i?2 } bi KQ
Q7 TQHV?2/°"QM +HBTT2/#v T #QHQB/-2M #HBM; i?2B  "Q#mbi K +?B
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p2M/Q ' nB/ :2MmMBM2AMiI2H
*S|1 7 KBHv e
JQ/2H R83
JQ/2H M K2 AMi2HU_V *Q 2UhJV Bd@3dyyE *S| jXdy |
*S| ai2TTBM; Ry
JB+ ' Q+Q/2 yt+
JBMfK t +HQ+F *SI 7 2[m23Wwvi>x 9Xdy :>x
*S| bb2%i2/ 7°2[m2M+v 9Xy :>x
* +?22 bBx2 Rkk33 E"
amBi2 iLl
*QKTBHZ2 02 bBQM Ry XjXy
6H ;b @Pj @K "+?4M iBp2 @.L.1"l: @.L.1"1:nS1|

@.L.1"1:nS1_6Bb MA_G@bT2+B}+ +QKTBH2 ~

hBKBM;b 7Q" i?2 °

M/QK T °
K2 bm 2/ BWQ  i?2 +HBTTBM; Q7

h #H2 e

+m#2 #v

TH M2

K2i2" br22Tahm® 1202 E eMMB MXX
2 T°QpB/2/7Q° "272°2M+2 Ui?2vr2°2 K

QM i?2 b K2 rQ Fbi iBQM b mb2/ 7Q  i?2 +m "2Mi rQ FVX

6

;i?2 1 /Bb #H2b //BiBQM B)K#m;;BM;

i2°'BbiB+b Q7 i?2 rQ Fbi iBQM mb2/ 7Q" i?2 iBKBM#b2bmBKbl 7BBb2Mi2/ BM

bb2 iBQMb (

h?2 iBKBM;b

. p2° :2 KQK2Mi + H+mH iBQM iBK2

12QK2i'v LQ"}Ki#;ZbiJ W2 'Qi? KQK2Mi QMHW2'Qi? M/ }'bi KQK2Mib
bfi2bi bfi2bif7 +2 bfi2bi bfi2bif7 12
h2i> ?22/°QM 5 107 1:07 0:27 1:89 0:47
*m#2| 5 107 1:57 0:26 2:53 0:42
*m#2 U? H7@bT +2 +3) B TIB MOV 0:27 0:05

.Q/2+ ?2/°QM 5 107 2:66 0:22 3:96 0:33

>QHHQr +m#3 107 3:27 0:27 5:12 0:43

ai M7Q°/ #mMM¢ 10° | 6:22 10* 0:19 | 6:41 10* 0:19

*m#2 Up2 i26QW 5 107 | 236 | 39:3 | 541 90:2 |

K iBQM i

+QKTmi iBQM H +Qbii? i Bb +QMbB/2> #Hv HQr2  i? M rBi? My

#H2 TT Q +?X h?2b2 2tT 2bbBQMb ? p2 #22M Q#i BM2/ #v +QMb2+miB
Q7 i?2/Bp2 ;2M+2i?2Q 2K-i’ Mb7Q KBM; i?2i?°22@/BK2MbBQM H BMi2

X2 Qi?

b2+iBQM Q7 i?22T °

M/} bi KQK2Mib Q7 i?2 +HBTT2/ TQHV?2/°QM BMiQ
BMi2;" HbX h?Bb "2[mB 2b T * K2i'BXBM; i?2 +QMB+ b2+iBQM
#QHQB/rBi? i?2 TQHV?2/"QMG6b 7 +2b-r?B+2r127? p2 +°

bmK Q7 QM
“+b 2bmHi

b iBQM H[m /" iB+ "0xB2 +m p2bX h?2 KQK2Mib Q7 i?2 +HBTT2/ TQHvV
"2bmHi- #2 2tT 2bb2/
TQHvV?2/°"QM p2'iB+2b M/ Q7 i?2 +Q2{+B2Mib Q7 i?2 T °

MQi /Bz2 # b2/ QM i?2 ivT2 Q7 T °
T #QHB+VX J FBM; mb2 Q7 i?Bb T °

bi?2bmK Q7 i?°22K BM +QMi B#miBQMb i? i

27
#QHQB/X h?2b2

#QHQB/i? i Bb +QMbB/2 2/ U2HHBTIB
K2i'Bx iBQM-r2 HbQ b?Qr2QriQ 2t

Qp2  i?2 +m p2/ 7 +2b Q7 i?2 +HBTT2/ TQHV?2/"QM b i?2 bmKb Q7 QM2@

;7 HbX g?2M K#B;mQmb /Bb+2i2 BMi2"b2+iBQM iQTQHQ;B2b

T2 /2i2+i2

T #QHQB/ Bb i M:2MiiQ M 2/:2 Q7 i?2 TQHV?2/°"QM Q' BMi2 b2+ib i?2 1
i?72 HQ+ iBQM Q7 QM2 Q7 Bib p2 iB+2b-

"Q#mbi KQK2Mi 2biBK iBQMbX
* M/QKHvV +?2Qb2M-

Mm/;BM; T°"Q+2/m 2Bb i B;;2 2/ |

b2 B2b Q7 KBHHBQMb Q7 BMi2 b2+iBQM +
br2HH b K Mm HHv 2M;BM22°2/ bQ b iQ  Bb2 bBM;r
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+QM};m’ iBQMb M/fQ® K#B;BQmb /Bb+72i2 iQTQHQ;B2b- ? p2 #22M i2bi:
+ b2 M p2° ;2 KQK2Mi 2biBK iBQM 2°"Q  i? i Bb Q7 i?2 Q°/2° Q7 i?2 K +°
M/ K tBKmK 2°"Q  i? i Bb #Qmi QM2 Q°/2° Q7 K ;MBim/2 H ;2 X h?2 iB
i?72b2 KQK2Mi 2biBK iBQMb b?Qrb i? i i?2 +HBTTBM; Q7 TQHV?2/"QM #v
rBi2 Qm- TT Q +?-Bb QM p2 ;2 #Qmi e iBK2b KQ 2 2tT2MbBp2 i? M Bib
TH M2X

2T Q/m+B#BHEBIW®/2 mb2/iQ T°Q/m+2i?2 "2bmHib T 2b2Mi2/ BM i?Bb
b+ BTiBb QT2MHvV p BH AWI2DTT+2Q2#22Mbi m+iBQM &B#' ‘v UA_GV

bi2T@#v@bi2 T7TQMB2T Q/m+BM; i?2};m 2b M/i #H2b Q7 i?Bb K Mmb+'B
BME & M#27QmM/BMi?2 HB#" “v6b /Q+mK2Mi iBQMX h?2 +QKKBi ? b? +(
iQi?72 p2 ' bBQM Q7 i?2 +Q/2 mb2/ BRRiPPEHK Mmb+ BTi Bb

+FMQrH2/;K2MiDEKb T QD2+i? b 2+2Bp2/ 7TmM/BM; 7°QKi?21m QT2 M|
>Q BxQM kyky "2b2 "+? M/ BMMQp iBQM T Q;" KK2mM/2 i?2J B2 aF " Q/(
;0 Mi 3 T22K2Mi LQ RyRykey®Rd2'i *?BQ/B r b bTQMbQ 2/ #v i?2 P{+2 Q7
LpH_2b2 "+?2UPL_V bT 'iQ7i?2JIJmHIiB/Bb+BTHBM “"vIMBp2 bBiv_2b2
UJI_AV S Q;" K-mM/2 ;" MiMmK#2 LYyyyRI@Re@R@keRdX h?2 pB2rb M,
+QMi BM2/ ?22°2BM "2i?Qb2 Q7 i?2 mi?Q b QMHvV M/ b?2QmH/ MQi #2 BMi
"2b2MiBM; i?7Qb2 Q7 PL_-i?21XaX L pvQ i?2IXaX :Qp2 ' MK2MiX

TT2M/Bt X h?B°/ +QMi'B#miBQM iQ i?IR?RQKRMiHBYMI "' B#miBQM iQ

i?72 KQK2Mib @i7-M ?PZ Bb Q#i BM2/ #v + H+mH iBM; i?2 BMi2;" H QM i?2 "B
? M/ bB/2 QUjKKeKWBM; i?72 /2}MBiBQNMRBNMKR[AMWU j X R8N Tr2HH

bi?27 +ib8j2fil:::;ng 9g-

U XRV zi; = i Xij iYij s
= 2 2
U XkV 1® g0, A0 T Yo Yo
* Zig1 = Xijp1 Yiga

M/ i? 1?2 +QMi @H FRHBOM;b iQ i?2 TH M2 +QMi BRIMM2 i22 7 +2
U XjV Zho= Xy Y

7i2° bm#biBimiBQM Q7 i?22b2 2t]X RdyBIQWKI2 BB KITKEYF iBQM-
+ M #2 b?2QrM iQ "2 / Wi BMrB[R

U X9V  B® (w;xa;Xp Xc) = diag ( E(w)) (C(Xa; Xp; Xc)KD (W) ;

r?2 L, Bb4 12K i'Btr?2Qb2 MQM@x2 Q +Q2{+BM{ib 2QBIp2BEMIBM; iQ
b

U X8V Gui= X2+2XaXp+ X2 +  Y242yayp+ Y2 224 2z,
U XeV Gi=  XZ2+2XaXp+ X5 +4XaXc +4XpXe + 4X2
+ YA+ 2YaYot Vi +4YaYe +4YnYe +4YS
4z, 4z, 8z:;
U XdV Giz= x2+ y2 z;

r?Qb2 MQM@x2 Q +Q2{+B2MibMDMiZBBMABIMb i Q

U X3V  Gyu-= 12XaYaYb + 12XaVp? + 12XpYa®  12XpYaVh
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6XaZy + 6XaZp + 6XpZa BXpZp;
U XNV  Gs= 12Xaxc2 + 60XaXcXp  12Xc2Xp
+ 28XaYaYc 8XaYaYb 4XaYc2 +20XaYcYo + 8)(ayb2
28cha2 8XcYaYc + 20XcYaYo  8XcYcYb 28chb2
+8XpYa” +20XpYaYe  8XbYaYh 4XbYe” + 28XbYcYo
+10XaZa + 20Xa2Zc + 14Xa2p  22XcZq  8XcZc
22X cZp + 14XpZa + 20XpZc + 10Xp2p ;
U XRyV Gg= 36XaXc2 + 12XaXcXp + 12Xc3 36Xc2Xp
+ 12XaYc2 +4XaYeYp  24XcYaYe + 4XcYa
Yo+ 12XcYe®  24XcYcYb + 4XpYaYe  12Xpyc”
10XaZe +2Xa2Zy  10Xcza  12Xcze  10Xczp
+2XpZa  10XpZc;
U XRRV G722 x 3+2 X oye? +2Xc2Zc;

r7Qb2 MQM@x2 Q +Q2{+B2MibMQMiZBBMABIMb i Q

U XRKV Ga= 1G°Vh 12aXpya 12XaXbyp+12XpYa
6YaZa + 6YaZp + 6YnZa  6YynZy
U XRjV G = 28Xa2)/c + 8XaZYb +28XaXcYa  8XaXcYe +20XaXcYb
8XaXpYa + 20XaXpYe 8XaXoyp 4XcZYa  AXcZYb
+20XcXpYa  8XcXbYe + 28XcXpYb + 8Xp Ya  28Kp°Ye
+ 12Yayc? +60yayeyp  12Yc%Yo
+10Yaza +20Yazc + 14Yazy  22ycZa  8ycZc
22yczp + 14YpZa + 20ypZc + 10Y62p ;
U XR9V G = 24X aXcYe + AXaXcYp + 4XaXpYe  12Xc2Ya
+12Xc%Ye  12X2Yp + 4XcXpYa  24XcXpYe
+ 36yayc” + 12yayeyn + 12yc°  36yc2yp
10yaze +2Yazp 10ycZa 12yczc  10yczp
+2¥pZa  10ypZc;
U XR8V G7=2X Ay +2 Yy +2Yez;

M/ r?Qb2 MQM@x2 Q +Q2{+B2HKiMEQ M ;B#HRM M; iQ

U XReQlg =+ 42ya°Xa®  10yp°Xa®  28yaYbXa®  28KpYa’Xa
28pYp°Xa  A0KpYaYoXa 10Xp’Ya®  42Xp°Yo®  28Kp°YaYb
+ 2 21t 28xpxa®  30xpPXa?  28XpiXa  21xut
+ 2 2lya" 28ybya®  30yb’Ya®  28yp’Ya  2lyy'
40z, + 402 + 48252 ;
U XRdO = 7yc®Xa®  10yp°Xa® +63YaycXa®  21yaybXa® +35YcYbXa®
+ 63cha2Xa 21XbYa2Xa 1oxbyczxa + 35Xc)’bzxa
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2IXpYp?Xa  28XcYaYcXa + 70XpYaYcXa + 70XcYaYbXa

40XpYaYbXa  20XcYcYbXa + 70XpYcYbXa

7)(czyaz

10Xp2Ya? + 35XcXpYa?  TXp2Ye?  TXc2Yb? + B3XcXpYb®

+35Xb2yaYC 20XcXpYaYc 10Xczyayb

+70XcXpYaYb + 63Xp%YcYb  28XcXbYcYb

+ 2 BXcXa®  2WXpXa®  21X?Xa?

21xp3X 4 + 105XcXp2Xa  30X2XpXa + 63X cXpS

+ 2 63ycYa®  2Iypya®  21ycPya’

30y52ya2 + 105

21y,%ya + 105YcYb°Ya  30¥c2YbYa + 63Yeyn®

30z,% + 1272 30z, 60z,2¢

247,72, 60z.zp;

U XRBMo = 5Q/c2xa2 2szxa2 + 28)/(:bea2 + 84XcYc2Xa
92XpYc*Xa + 28XcYp Xa  224KcYaYcXa + 56XbYaYcXa

+56XcYaYoXa  8XpYaYoXa  184XcYcYbXa
+56XpYcYbXa 56Xc?Ya®  2Xp°Ya® + 28XcXpYa®

12X 2yc2 5BXp2Yc? + 84X cX

bYe?  58Xc2yp?

+84Xc%YaYe + 28Xp?YaYe 184X cXpYaYe

92X %YaYb + 56XcXbYaYb + 84Xc2YcYh

+ 2 Bxt + 84xaxcS + 84xpxc1
276KaXpXc? + 84XaXp X + 84

+ 2 6yt +84y,ycd + 84ypyc®

21XpYaYb

30%p?Xa? + 105X XpXa>

21X 2 Xp?
YeybYa®
21y02yb2

224X cXpYcYb

168,°Xc2  168Kp2Xc?

Xa2XpXe  6Xa’Xp
16&’a2yc2 168y;

276/aYbYc? + 84Yayn?Ye + 84YaYoye  6Ya’Yp?

+157,% + 247.2 + 152,% + 1202, 2,
U XR&Y: = 12}’62Xc2 + ]-4)/aycxc2 2YaYo

62,7, + 1202.7p ;

X2

+ 14chbX<:2 + 14Xayczxc + 14beczxc
AXpYaYcXe MaYcYbXe  2XaXpyc’

+ 2 BxA + 14XaXcS + 14X

BX a XpX 2

+ 2 Byt +14yayd + 14ypy®  Byaybyc?

722 5zazc + Zazp 5zczp;
_ 2,2 2,4 2,4 2.
U X k le - 2 y Cc XC Xc yc + Zc y

2

2, 2
Ye

K]
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K Bbi?2 10K i'Bt;Bp2M b

2
3 2 : + 0 = 0 0 0 0 3
0 z 2 2 0 = 0 0 0 0
0 2 3 a 2 0 0 0 0 0
= = 0 20 = 0 4 0 0
0 7 i mo O wmw O &z 0 0
Uxkrvg ¢ @0 O a5 s 0 am O 07
0 = 0 x 0 = 1 & 0 0o 4’
7w wms 9 wa 9 mxm 0 mwm 0 &
O g% & oo O w 0 @ 0 &y
0 s 0 mw  m @ 9 mm O mm
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D Bbi?2p2+iQ " ;Bp2M b
h i
U XkkV DW= 0 w2 0 w* 0 wé 0 w8 0O wlol

h i
+(w)w 0w 0w 0w 0w 0 ;
ME Bb i?2 p2+iQ  ;Bp2M b
h i
|
U XkjV Ew)= (w)? (w?* (w?* (w)°> ;

rBi?

U Xk9V (w)=

8

% i Mpe—— p— O<w< 1
w w

:

w 1 1

+i MP p 1 w
"wZ 1wz 1

1

Ai b?2QmH/ #2 MQi2/i? i i?2 M Bp2 BKTH2K2Mi iBQM Q7 i?2b2 2tT 2bbBQ
bB;MB}+ Mi "QmM/@ Q& Bb @M ir?2 MB 1B MBivp@B/ bm+? T ' Q#H2Kb-

r2 "2bQi iQ i?2 h vHQ b2 ' B2BC2tTQWHMB/O M Q@  Bib MmK2 B+ H

2biBK iBQM¥4@®BBi;~Q iBM;@TQBMi "Bi?K2iB+b-r2? p2 7QmM/ i? ii?2
b2 B2b 2tT MBEBQMQQ D 7 QW2 [0:351L7] Bb bm{+B2Mi 7Q " T Q/m+BM; M2 °

K +?BM2@x2°Q 2biBK i2bX h?Bb BKTH2K2Mi iBQM ? b #22M mb2/7Q  T'Q
T 2b2Mi2/2BMB &M d

161 _1L*1a

(RN?2:LI *QKTBH2  *QHH2+?BI@M RyX{X;MmXQ ;fQMHBM 2L G+2fg b 2 @kR kK@ y
Rk@yNVX

(k) X #2/B M- CX S 'pBxB M- X .=bi2 - >X E? /2Kvx [/2?- SEIT7DX K_MHR2
Q7 /Bz2'2Mi BMi2;" iBQM b+?2K2b BM 7 +BM; /Bb+QMiBMmBiB2b BM i?2 6BMBi2
Qf AMi2 M iBQM H CQm M H Q7 *QKTmi iBQM H J2i?Q/BiiRly,MkyRjV- TX Rj8yyyk-
/QBXQ ;fRyXRRO9kfaykRN3@eikmjdfyryKjrQ H/b+B2MiB7B+X+QKf/QBf #bfRyXRROkf
aykRN3dekRj8yyyk2bb2/ kykk@yd@kdVX
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(j))SX MIiQHBM M/ hX >B"dm?H2im 2@7 22 AKK2 b2/ AbQ;2QK2mMBy¥ KMKRvbBb

(9)ax

(8)1X

2iiT,ff "tBpXQ ;f #bfkRWIXyRlylk®/ kykk@yd@kRVX 'sBp,kRydXyNyk9 (+b- K i?)X
"ME£- aX J Mb2'pBbB- _X a+ '/Qp2HHB- SX u2+FQ@mKN/ BatX Hv BAVRIl2 aB

. iBQM Q7 BKTHB+Bi 7mM+iBQMb 7Q" i?2 BMBiB HBXQIBDM 208 i?2 oP6 7mM+iBQ
6HMB/b- RRj UKkyR8V- TITKb9K /@B XQ ;fRyXRyRefDX+QKT7HMB/XkyRIXYy9IXyRYy

ffrrrXb+B2M+2/B 2+iX+QKfb+B2M+2f "iB+H2fXBBfayy98dNjyR9yyR93y

"m'K M- aX *H mb- SX > Mb#Q- JX :X G 'bQM- -Mmi6&1lJI, b.BBMD,

+'2iBXBM; :2QK2i'v M/ T "iB H /Bz2-2NMVB2RAM2[BQBOMEQmM M H 7Q° LmK2'B@

+ HJ2i?Q/b BM 1M;BM22'BM;- Ry9 UkgREY;fT/TOB8 XK ;8RRXRyYy-kfMK2X93Kkj

2iiTh,ffQMHBM2HB#" “vXrBH2vX+QKTf/Q BHRYXRRY ykof KKK@ XD@ KiR V X

(e) X *?B2 'B+B- GX *?B +Q- 0X G2 *?2M /2+- X a+ /Qp2HHB- SX M+FQ- M/ aX w H2bFB

(d)1 X

(3)_X

(NG X .

(RyaX

(RR)X

(RK¥X

(RjNX

(R9)X

(R8)X

(RehX

(Rd] X

(R3QX

(RN"X

(ky)yX

QTiBKBx2/ 0Q} HB#" 'viQ BMBiB HBxX2 i?2 %QuHIMK 2" 7S 2wilBEH FDHKI/K m M B @
+ iBQMb- UkykkV- PKX Ry, 3BYEBXQ ;fRYXRyRefDX+7i+Xk)kkKBRIFBINE? m# X
2Hb2pB2 X+QKf 2i'B2p2fTBBfayy Ry2&d®HK Kyykid@ N3 @ k8 V X

"X *?BM M/ LX amFMK2{+B2Mi K2i?Q/ iQ BMi2;  i2 TQHVMQKB Hb Qp2' TQHvV@
iQT2b M/ +m 'p2/ bQKBMi2~ B/2/ :2QK2i'B+ .2bB;M- 3k UkykyV- TX RyRNRO9-
2iiTh,ff/QBXQ ;fRyXRyRefDX+ 2Ky KIHBRMRBRO?M#X2Hb2pB2 X+QKf 2i B2p2fTBBf
ayRed3jNekyjyRyRRbb2/ kykk@yd@kRVX

*?2BQ/B M/ PX .2bBD:2BM®bH- "Q#mbi- M/ 2{+B2Mi TQHV?2/°"QM BMi2 'b2+iBQM BM
i?2 BMi2 7 +2 "2+QMbi m+iBQM MB# Q% *QKTmi iBQM H S?vbB+b- 99N UkykkV-
TX RRyd3dTh,ff/QBXQ ;fRyXRyRefDXD2MXkylKRBRIRBAM;®m#X2Hb2pB2 X+QKf
“2i'B2p2fTBBfayykRNNIWRkRPPEBKkykR@RYy@kyV X
;mK M/ _X J2MQKRMJIS, M BM/mbi'v bi M/ °/ SA7Q b? '2/@K2KQ'v T'Q; K@
KBM;A111 *QKTmi iBQM Ha+B2M+2 M/ 1M;BM22 BMiiTéh UR/MNNBXQ TITX 9e 88-
RYXRRYNfNNXE,RB222tTHQ 2XB222XQ " ;f/QUmKk2MbRd ekpjRi@ yN @ Rk V X

*X .BpB- *X 0oX 02°?2QQb2H- 6X m'B++?BQ- X _2 HB- M/ 41X >X p M ""mKK2H2M
1°"Q @2biBK i2@# b2/ / TiBp2 BMi2;" iBQM 7Q" BKK2-bhQKEWQ220K2i'B+ M HvbBb
J i?2K iB+b rBi? TTHB+ iBQMb- 3y UkykyWiiTEX KB R8RBYXRyRefDX

+ Kr XkykyXyjRyikeb , ffHBMFBM;?m#X2Hb2pB2 X+QKf 2i B2p2fi@®Bfay3N3RkkRkyjyR8
+2bb2/ kykk@yd@kdVX

X .mM p MBB;? /2;°22 2{+B2Mi bvKK2i'B+ H : mbbB M [m /> im'2 "mH2b 7Q" i?2
i'B M:HAMi2'M iBQM H CQm'M H 7Q° LmK2'B+ H J2i?Q/b BM 1M;BM22 'BM;- kR |
TTX RRKN RR9Bb,ff/QBXQ ;fRYXRyykfMK2RR&bykiRYWREBM2HB#"~ "vXrBH2vX
+QKf/IQBfRYXRYYkfMK2XR edayXiRy2/Rdy kk @y d @ kN V X

1M;r2°- aX Jv- X L=8BM;- M/ 6X ai 2Bi#i=#BHBx2/ .: *mi *2HH J2i?Q/

7Q  .Bb+ 2iBxBM;i?2 GBM2 " h’ MaAQ COmM MBEMM a+B2MiB}+ *QKTmiBM;- 9k
UkykyV- TTX jedd ?jdyh,ff/QBXQ ;fRyXRRdfRNIJPk e RB#bXbB KXQ";f
/IQBfRYXRRjdfRNJIBke82RB2/ kykj@yj@ykVX

1p Mb M/ hX ar-"ikT ' QtBK iBM; BMi2;" Hb pB JQMi2 * "THQ M/ /2i2°'KBMBbiB+ K2i?@
Q/bMQX ky BM Pt7Q / bi iBbiB+ Hb+B2M+2 b2 'B2b- Pt7Q /IMBp2 bBiv S 2bb-Pt7Q"/c
kyyyX
1X 6 "BMQK +QMB+b iQ LI_"a, imiQ'B H AMAbmQKZvmi2' :> T?B+b M/
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B222XQ ;f/IQ+mK2MUR82bdRI kykj@yk@y8VX
1X 6 "BMn'p2b M/ bm’ 7 +2b 7Q" * :., T +iB®@ H MmB/MR7K MM b2°'B2b BM
+QKTmi2" ;" T?B+b M/ ;2QK2i'B+ KQ/2HBM;-JQ ; M E m7K MM-a M 6> M+Bb+Q- * -
2/ 2/X- kyyRX

> 2M m# HB# v 7Q° KmHiB/BK2MbBQM H MmKQ KBHmiH2 B I8 P25 B BI) M
*QKKmMB+ iBQMb- Re3 UKyyBiVFHLTHQ@BXNEB-fRyXRyRefDX-2THDbkyy8XyRXYRY
ffHBMFBM;?m#X2Hb2pB2 X+ QKf 2i B2p2 Ul B B Rdyby2R kY& & &Y By @kBNKK

> 'iK MM: kO BMi2"TQH iBQM M/ #H2M/BM;?  MBtbrm™ H #2ZpKTmi2 - Rk

URNNeV- TTX RIRRIRNHQBXQ ;fRyXRyydf-'ByiRdfFKHBERFXbT BM;2 X+QKfRyX
Ryydf"6yRd3kjkiRr2bb2/ kykj@yk@y8VX

>m;?2b- CX *Qii ' 2HH- M/ uXx Ab@RQKRi"B+ M HvbBb, * .- }MBi2 2H2K2Mib-
LI_"a- 2t +i ;2QK2i'v M/ K2b? "23MQKZMi2"  J2i?Q/b BM TTHB2/J2+? MB+b

M/ 1M;BM22 'BM;- RN9 Ukyy8V- MTXbIMR[@ ERNG{IRYyXRYyRefDX+K Xkyy9XRyXyy3
2iiTh,ffHBMFBM;?m#X2Hb2pB2 ' X+QKf 2i B2plfA-B8Rfayl R 8k B@\IW@ Kk &R KR
gX CQM2b- X :X J H M- M/LX X AthM;, FMRIB HBb iBQM Q7 pQHmMK2 7" +iBQMb
7Q  mMbi'm+im-2/ ;"B/b mbBM; BKTHB +B-iQokT il i 22b/ 2 FMIBiB/AOMBRXYN UKyRNYV -
TTX RNO Riigh,ff/QBXQ ;fRyXRyRefDX+QKITIHBINKERBERYyXmER2Hb2pB 2" X

+QKf 2i'B2p2fTBBfayy98dNjyRABI|Xyky@yk@y8V X
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*J- 3 URNe8V- PXiDl;ff/QBXQ ;fRYXRRO8fje7difcbXfelldKj+KXQ ;f/QBfRyX
RRO98fjejdydXj&jdki2bb2/ kykk@yN@RkV X

(KREX E QK2 M/ .X "Qi®B;?Hv ++m  i2 +QKTmi iBQM Q7 pQHmMK2 7  +iBQMb mbBM;
/IBz2°2MiB H ;2QKBMVM H Q7 *QKTmi iBQM H S?vbB+b- jNe UkyRNV- TTX deR d3
2iiTh,ff/QBXQ ;fRyXRyRefDXP+Xky RIXXyBRWB2/B 2+iX+QKfb+B2M+2f "iB+H2f
TBBfayykRNNNRENj¥2BbAN kyRN@Ry@ykV X

(kkCX E'QK2' M/ .X "Oh?B/@Q /2" ++m’ i2 BMBiB HBx iBQM Q7 oP6 pQHmMK2 7" +iBQMb
mMbi‘m+im 2/ ;"B/b rBi? “#Bi' ‘v TQHVPR/KRRRXKRPdj (+b- K i?)- UKykRV-
20T, ff "tBpXQ ;f #bfkRRR2DpP)/ kykR@RR@ykVX “sBp, kRRRXyRydjX

(kj)GX Em/2H - LX w M/2 - aX EQHHK MMb#2 :2-aKMY/i 10+ 22B, ++m" i2Hv
BMi2;" iBM; /Bb+QMiBMmMQmb 7ANFIEQMRBN)jb BM TTHB2/J2+? MB+b M/
1M;BM22°'BM;- jye UkyReV-7TiTDO SyEQBREQR ";fRYXRYyRefDX+RiXbyReXy9Xyye
ffHBMFBM;?2m#X2Hb2pB2 ' X+QKf 2i B2p2UrB B 2dyby2d skiyFKaaRyed ERAINV3X

(k9pX GQ/? M/ CX g -"BMB2" "2T 2b2Mi iBQM 7Q" [m /' B«+*KTmi2 TQi+B221H
.2bB;M- kk URNNyV- TPXiBIf8@BXQ ;fRyXRyRefyyRy@-P94BBH NyVNyyok@ "
HBMFBM;?m#X2Hb2pB2 ' X+QKf 2i ' B2p20TBBXyh R RPRBIBA y K@KV X

(k8UX _2M /v M/ JX _2M-"$8vPah, S ' #QHB+ _2+QMbi'm+iBQM Q7 am'7 +2 h2M@
bBQM 7Q i?2 0oQHMK2@ Q7 @®HM B/ HQ7Q/QKTmi iBQM H S?vbB+b- R3j UkyykV-
TTX 9yy 9RRI-Tb,ff/QBXQ ;fRyXRyyefD+P?XKyMHKBHMREY;?m#X2Hb2pB2 X+QKf
"2i'B2p2fTBBfayykRNMNRYkNdRNyYR

(ke) X a2pBHH - aX 62 "M{M/2x@J6M/2x- MLI Xa@e2Mi? M+2/ }MBi2 2H2K2Mi
K2i?Q/ UL16XJNMi2°M iBQM H CQm"M H 7Q° LmK2'B+ H J2i?Q/b BM 1M;BM22 BM;
Ukyy3V- TTX ®eéiBp-,ff/QBXQ ;fRYXRyykPMKBXKRWRHBM2HB#  ‘VXrBH2vX+QKf
/IQBfRYXRyYyykfMK2XkPRR2/ kykk@yd@kyV X

(kdaX CX h2HH2" M/ *X >XJad/[2HBW ; AKTHB+Bi Zm /'B+b M/ 6°22@7Q K am' 7 +2b gqBi?
h*BKK2/ _ iBQM H Zm /® iB+ "2xB2" S i+?2bX M/ * "HQ >X-a2#HnPXMX U*a.@Ny@8ddV
"2TQ i-*QKTmi2  a+B2M+2 .BpBbBQM- | X*X a2 H 2wk XCn2M B XRUINNE 2 H 2 v X
2/ImfSm#bfh2+?_TibfRNNyX88k3X?iKH

(k3hX hQHH2- .X :"=M/BM;- .X "Qi?2- M/IREamM BA+2AKK2 bBQM, *QKTmiBM; pQH@
mK2 7° +iBQMb M/ bB;M2/ /Bbi M+2b 7°'QK i'B M;mH i2/ bm 7 +2b BKK2'b2/ BM mMbi
K2b?22BQKTmi2  S?vbB+b *QKKmMB+ iBQMb- kdj2UiKykK¥-QBX RY,3R9X -
RyRefDX+T+XkykRXRYyIFKIEMFBM;?m#X2Hb2pB2 ' X+QKf 2i'B2p2fTBBfayyRy9e88kRy:
U ++2bb2/ kykR@Rk@kyV X

(kN)X hm*Fai M7Q°/ j. a+ MMBM; _2TRNBIZIV,ff;” T?B+bXbi M7Q /X2/mf/ i f
j.b+ M 2Uf++2bb2/ KYkk@RK@yNV X
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