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Analysis of Plasma Properties, Plasma Ignition and Erosion in Ion

Gridded Thrusters Operating with Alternative Propellants

Cesar A. Cardenas Ruiz

(ABSTRACT)

This work presents a comprehensive computational investigation of alternative propellants
and material response in plasma propulsion systems. A kinetic framework based on the
Particle-in-Cell method coupled with Monte Carlo collisions (PIC-MCC) is implemented to
evaluate the plasma behavior of krypton and iodine as candidate propellants for gridded
ion thrusters. The model incorporates detailed collision processes, representative operating
parameters, a simplified ion engine configuration, and an ion-optics design to characterize
plasma dynamics. Variations in mesh resolution produce consistent qualitative trends in
ion and electron energy distributions, although differences arise in total energy responses.
The accumulation of particles leads to increased ionization, indicating continuous plasma
generation across the ion engine model. In addition to ion propulsion modeling, this re-
search examines a plasma-assisted combustion concept as an alternative propulsion-related
application. A novel plasma ignition configuration is analyzed using Large Eddy Simulation
(LES) to assess the interaction between electrode placement and supersonic pulsed discharge
flow structures. The results demonstrate how geometric and electrical parameters influence
cavity flow dynamics and ignition probability. Erosion and sputtering processes are investi-
gated using molecular dynamics (MD) simulations. Sputtering yields and erosion rates are
quantified for carbon, carbon—carbon composites, graphite, molybdenum, and tungsten, and
are compared against predictions from an empirical model. Within the 200-1000 eV energy

range, the empirical formulation predicts a steady increase in sputtering yield, while the MD



results show a similar increasing trend in most configurations and an approximately constant
response in one case. Angular sputtering analyses reveal energy-dependent increases at se-
lected grid locations, with the empirical representation reproducing the characteristic rise
and post-peak decline. Furthermore, the size of the simulation domain is found to influence
the sputtering yield, with larger domains leading to clear changes in the computed yield.
Erosion rate patterns remain generally consistent across grid sections and energy intervals,
though localized increases are observed under specific conditions. The influence of incident
angle further modifies these trends, producing an initial gradual rise followed by a stabilized
erosion regime. Overall, this work integrates kinetic plasma modeling, large-eddy flow sim-
ulations, and atomistic-scale material analysis to advance the understanding of alternative
propellants and erosion mechanisms in electric propulsion systems. The results contribute to
the evaluation of krypton and iodine as viable candidates beyond xenon, while also providing

insight into potential grid material options.



Analysis of Plasma Properties, Plasma Ignition and Erosion in Ion

Gridded Thrusters Operating with Alternative Propellants

Cesar A. Cardenas Ruiz

(GENERAL AUDIENCE ABSTRACT)

This research investigates alternative fuels for propulsion, a technology applied to space ve-
hicles to attain effective performance while minimizing engine wear. Simulations are used to
study how gases such as krypton and iodine behave in these systems. Additionally, interac-
tions with materials, including carbon, graphite, molybdenum, and tungsten, that can cause
material degradation during operation are examined. This loss-of-material phenomenon is
therefore modeled in this research, given its significant impact on the lifespan of such devices.
These systems must satisfy specific operational requirements while enduring the harsh con-
ditions of space. Results show that the type of fuel affects both the energy of the particles
and the wear on engine components, with some cases producing more deterioration than
others. These insights could help design longer-lasting and more efficient systems for future
space missions. Furthermore, a new method for engine start is also explored, which may

improve their efficiency.
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bvbi2K rBHH HbQ TH v M BKTQ'i Mi "QH2 BM i?2 2°QbBQM T Q+2b
M/ Bib BMi2  +iBQM rBi? i?2 TH bK p2bb2H- b r2HH b KQ/2HBM;
7Q +? ° +i2'BXBM; i?22 ' QbBQM 2772+ibX >2M+2-i?27Q+mb BM i?
2 QbBQM i? ii F2b TH +2 BM i?2 /Bb+? ;2 +? MM2H + mb2/ #v i?2 T
"B//2/ BQM i? ' mbi2 b-i?2 KQ/2HBM; Q7 i?2 +? ;2 i  Mb72 T Q+2b
"B/ bvbi2K M/ Bib BKT +i QM i?2 BQM QTiB+b M/ ;'B/ 2 °QbBQM Bb
bT2+i i? i HBKBib i?2 HB72iBK2 Q7 > HH i? mbi2 Bb +2 i BMHvV |
BMbB/2 i?2 /IBb+? ;2 +? MM2H + mb2/ #v BQM #QK# " /K2MiX hQ 2ti
Q7 TH bK iQ Q#i BM BQM #2 Kb- QM2 Q7 i?2 7mM/ K2Mi H 2H2K2Mik
QTiB+bX Aii F2bBQMb 7°QK i?2 TH bK iQ 7Q ' KBQM #2 KbiQ# H M
M/ bBx2 Q7 i?2 BQM i? mbi2 X aim+im> H ;"B/ 7 BHm 2b M/ 2H2+i
*1s BOM 2°QbBQM 2T i Q7 i?2 HB72@HBKBiBM; K2+? MBbKb Q7
+Q/2b # b2/ QM JQMi2 * "HQ M/ S 'iB+H2@AM@*2HH SA* ? p2 #22N
p "BQmb 2772+ib bbQ+B i2/ rBi? BQM QTiB+bX _2+2Mi 2b2 *+2 2?2 b
T 2b2Mi2/ #v >2;/RMA 2B bim/v ?2 b mb2/i?2 SQBbbQM 2[m iBQM i
2H2+i"Qbi iB+ 7B2H/ #v BMi2; iBM; +H bbB+ H@[m MimK +QKTmiB
BQM QTiB+b Bb biBHH #2BM; bim/B2/ +iBp2Hv- 2H2+i'B+ T'QTmHb]
bm 7 +2 2°QbBQM Q7 r HHb- BQM ;"B/b- M/ 2H2+i"Q/2bX Ai Bb +
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pBbm HBx2 ?Qr TH bK 2°'QbBQM T ' Q; 2bb2b Qp2° bm 7 +2X am+?
P2ZHQTK2Mi Q7iQm;? TH bK K i2 B Hbi? i+ MrBi?bi M/ bTmii2 2 C
bm+? b TH bK +QMi KBM iBQMX h?2'27Q°2-7Q  HB72iBK2 BKT Qp
Bb 2bb2MiB HiQ +QMbB/2 K i2'B Hbi? i+ M#2 K Mm7 +im 2/ rBi?
i?2 °mbi2 b- TH bK 772+ibr HHbK /2 Q7 +2° KB+b U"Q " QM LBi'B/2@
+QmH/? p2 MBKTQ'i MiBM7HM2M+2 QM T2 '7Q K M+2 M/ QT2 iB(
i?2°mbi2 'b- MmK2'B+ Hbim/B2b M/ KQ'2 "2b2 “+? Q7 i?2 TH bK T'Q
"2 2[mB'2/iQ QTiBKBx2i?2BQM QTiB+biQ ;2M2" i2iQT BQM #2 Kb
HB72iBK2 b 2tTH BM2/ RB-.BM#x | 2HRXHRi{ pB MQ RI-PiX pB MQ

2i HRONE g M; 2i HHX (M/ GB 2kgM X (

RX] SH bK S QTmHbBQM Pp2 pB2r

SH bK T°"QTmHbBQM bvbi2Kb miBHBx2 2H2+i B+ HTQr2 iQ ;2M2 i
Q772'b bB;MB7B+ Mi /p Mi ;2 Qp2' +?2KB+ HT ' QTmHbBQM bvbi2
BKTmHPMM2 WIHXX Ai Bb /27BM2/ b i?2 KQKWITR2K 27T MH B 2}, KXbb U
h?2 KQmMi Q7 T ,V2BiH MbQ@+B i2/ rBi? i?2 BMBiB Hig¥WbMY/7 DbT +
i?72 p2HQ+Bivp "B iBQM i?2"Qm;? i?RYXXF24i djdh iB@R#ID[X BM bT +
/Im2iQ i?2 ?B;?2  i? mbi-r?B+? Bb MQi?2  BKTQ'i Mi bi M/ /X

lep = URXRYV

Eilks

P
m

mp = mele™ & 1] URXKV
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h?2 KQbi TT QT 'B i2 /2b+ BTiBQM Q7 1S 2[mBTK2Mi Bb # b2/ QM
;2M2° 12 1?2 mbiX b "2bmHi- i?2v + M #2 + i2;Q Bx2/ b 2H2+i Qi?:
2H2+i"QK ;M2iB+X h? ' mbi2° BQM #2 Kb "2 +QKKQMHv 272 °2/iQ

bi M/BM; i?2B" +? ~ +i2 BbiB+b Bb + m+B H7Q 2t KBMBM; T "iB+H
b?BTX g?2M  TB/ #2 Kb +QHHB/2 rBi? bHm;;Bb? M2mi- H iQKb-1i?2
T Q+2bb FMQrM b +? ;2 2t+? M;2X 1H2+i'B+ 7B2H/b 7°QK BQM C
bm#iH2 bT22/b M/ MQi #H2 b+ ii2°'BM; M;H2b- H2 /BM; iQ 2" QbBQ
bB;MB7B+ MiHv "2/m+2b i?2 T"QT2HH Mi M22/2/ 7Q" bT +2 p2?B+t
HbQ Q772" KQ'2 T '2+Bb2 M/ bK HH2 i?2 " mbii? M +?22KB+ H T QT
i mbi2 b 21?2 KQbi +QKKQM i? mbi2 b mb2/ BM /B772 2Mi bT +2
K bb- bK HH TQ'iBQM Q7 i?2 BMBiB HK bb Q7 i?2bT +2+ > 7i-+ M
i? i T'QpB/2 ?B:;?22t? mbibT22/ +QKT "2XiQ?i22KBhbBRMEQMbi > B
QM i?2 2t? mbi bT22/ Q7 "Q+F2ib BM +?22KB+ H T 'QTmHbBQM /m2 i
bi'm+im 2X >Qr2p2 -i? mbi2 ' bb2T " i2i?22 T QT2HH Mibéb 2M2 ;v 7
MQi ? p2 bBKBH ~ "2bi B+iBQMbX h?2 2 K v #2 M 2t+? M;2 #2ir22M
iQi H KOQmMi Q7 T'QT2HH MiiQ #2 /2HBp2'2/X //BiBQM HHv- b ?B
MiBHBx2/- TQr2 Bb K BMHv ;2M2" i2/ #v i?2 D2i T " QTmHbBQM Q7 2
#2 2tT 2bb2/ b,

1 2

Pjet = zmv.

2_exh URXjV

h?2M-7Q  i? mbi 2biBK iBQMb-i?2 7TQHHQrBM; "2H iBQMDb?BT + M :

T= URX9V
lsp O
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h?2 KQmMi Q7 T'QT2HH Mi + M #2 BM+'2 b2/ 7Q" +2°i BM KBbbBQ
/Bbi Mi HQ+ iBQMbX >Qr2p2 - i?2 % R iP2TTM/RM22nQMBQM BM r?B-
T ° K2i2 Bb H2bb i? MIg?@MmkK#22Mi6m i?2 KQ 2-i?2 D2i TQr2  Bb T
iQ i72 bT2+B7B+ BKTMHPR /204 EX2MI2BMB 2 bBM; bT2+B7B+ BKTm
+?B2p2/ MbBM; i? mbi2 b rBi? 7Q0m @; B/ BQM QTiB+bX //BiBQM H
BM+HmM/2 K bb mb2 T2 7@ KnViKH#R2" Q7 2t? mbiM/EQMB QTQ iBQM Q
BQMb "2H iBp2iQi?2 KQmMi Q7 i?2mJ U KBKK/ T QT2HH Mi

URX8V

B3

AM i2 Kb Q7 +? ;2/ BQMb M/ i?2 iQKB+ K bb Q7 i?2 T'QT2HH Mi- i
#2 TTHB2/,

|§

b

— URXeV
e

m:

13

p
r?2°12 2T 2b2Mib i?2 #2 K 7THQr #2BM; 2t? mbi2/-

I2MQi2b i?2 +? M2BMNMB+ i2b i?2 iQKB+ K bbX h?mb-i?2 iQi HTQr2
#Qi? i?22D2i TQr2° M/ BQM T Q/m+iBQMX 6Q°  BQM i? mbi2'b- BQM
PQHI ;2- 2T 2b2Mi2/ boX >2M+2-i?2 2t? mbi p2HQ+Biv + M #2 Q#i

, _ 2eV

Vo = 1 URXdV

h?2M-i?2 2tT2Mb2 Q7 i?2 T°Q/m+iBQM Q7 BQMb + M #2 /27BM2/ b,
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b= -2 URX3V

q?2°Rp, 2T 2b2Mib i?2 TQr2  "2[mB 2/ 7Q  BQM T Q/m+iBQMX A7 r2
7 QK i?2 iQi Hi? mbi +QMi'B#miBQM- i?2 Qp2" HH 277B+B2M+v Q7
mMbBM: i?2 7TQHHQrBM; 2[m iBQM,

URXNYV

AM i?Bb 2[R, iB2T® b iQ i?2 BMTmi TQr2 X h?Bb /27BMBiBQM HbQ 2N\
ivT2b iQ #2 +QKT "2/ ++Q /BM;iQi?2B  KQbi 2H2p Mi+? * +i2 BbhiE
Bb ;Bp2M #v S iBMQ :ZJ2HMXH M/R3-ixM/ >QHbi2kgiX HX (

RX]JXR S QT2HH Mib h? mbi2 b

M2bb2MiB H+QKTQM2Mi Q7 M 2H2+i'B+ T'QTmHbOBQM bvbi2K Bb
72+ib #Qi? i? ' mbi 277B+B2M+v M/ bT2+B7B+ BKTmHb2 > M;2bX h?"
++2H2  iBQM Q7 BQMb ;2M2" i2/i?2°Qm;:? 2H2+i'QM BKT +i BQMBX
MQi2rQ i?v 7Q  i?2B  277B+B2M+vX h?2°2 Bb MQ mMBp2'b HHv QTi
b Bi+? M;2b # b2/ QM i?2 bT2+B7B+ M22/b- "2[mB 2K2Mib- M/ Q#
i2Qm;? t2MQM Bb i?2 KQbi +QKKQMHvV +?Qb2M Hi2 M iBp2- Bib HE
+? HH2M;2 7Q  i?2 K "F2i /2THQVK2Mi Q7 2H2+i'B+ T'QTmHbBQM i2
bQHB/ ibi M/ /i2KT2 im 2 M/ T 2bbm 2X AiBb #Qi? #mM/ Mi M/
Mim H p BH #BHBiv QM 1 "i?X AM i?2 TH bK T'QTmHbBQM +QKK
7Q° M2 "Hv irQ /2+ /2b #2+ mb2 Q7 Bib ?B:;? iQKB+ K bb M/ HQr B
"2 irQ +'BiB+ H7 +iQ'bi? i +QMi'B#mi2 iQ "2 bQM #H2 i?2 mbi@iC
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BQ/BM2 ? b 72r /IQrMbB/2b- BM+HmM/BM; Bib +Q "QbBp2 T QT2 iBz
rBi? i?72 M2+2bb v 7 +BHBiIB2b 7Q QT2 iBM; MQ#H2 ; b2bX h?Bb
iQ BM+m® bB:MB7B+ Mi2M2 ;v +Qbi7Q 2p2'v 2H2+i'QM@BQM T B
"2[mB 2/ 7Q  /BbbQ+B iBQM M/ 2t+Bi iBQMX h?Bb Bb ii'B#mi2/ iQ
b 2t+Bi iBQM M/ /BbbQ+B iBQMX h?2 KQbi TT2 HBM; ivT2 Q7 T
T°QTmMHbBQM TTHB+ iBQMb Bb QM2 i? i "2HB2b QM BQM ++2H2" i
r?B+? BMpQHpP2i?2 BOMBX iBQM Q7 ; bi?2 Qm;? i?2BKT +i Q7 2H2
2i HRPK s2MQM M/ F'vTiQM ? p2 ?B;? BQMBx iBQM 2M2 ;B2b- r?B+
;2MB+ 2MpB QMK2MibX AM //BiBQM-F vTiQM6b HB;?i2" iQKB+ r2l
kyW "2/m+iBQM BM i?2 TQr2 ' @iQ@i? mbi " iBQ '2H iBp2iQ t2MQMX
BQ/BMR?B+? Bb pB2r2/ b KQH2+mH T QT2HH Mi-? p2;: BM2/ bB;I
QTiBQMb TT2 " iQ BMpQHpP2 KQ 2 +QKTH2t KQ/2Hb i? i M2+2bbBi |
M/ +? ° +i2'Bx iBQM Q7 TH bK X Ai KB;?i HbQ "2[mB"2/ i bm+? b
“2H2p Mi bT2+B2p-BMPpQHWY2/W/2b+ " B#2/ #v L mbk®Xii 2i HX (

RX9 aTmii2 BM; h?2Q v BM AQM : " B//2/ h? mkLk

h?2°2Bb+QMbB/2" #H2 BMi2 2bi BMBM+ 2 bBM;i?2277B+B2M+v M
7mM/ K2Mi H +? HH2M;2 "Bb2b 7 QK i?2bTmii2 'BM; Q7 iQKb 7 QK
Hi?Qm:? KQHV#/2MmK Bb +QKKQMHvV mb2/ 7Q° BQM i? mbi2" ;"B/b
2tTHQ 2/ 7Q  i?2B  bmT2 ' BQ" "2bBbi M+2 iQ i?Bb/ K ;2X .m BM; QT
i2°mbi2° BM M Q /2 HvK MM2 X >Qr2p2 - bQK2 +QHHB/2 rBi? i?2 b
+ mb2/ #v bTmii2 BRWRI7B+2MNi bim/B2b ? p2 2t KBM2/i?2 2772+iBp
Ki2'B Hb 7Q b+ 22M ;:"B/b iQ // 2bb i?Bb Bbbm2X *? HH2M:2b BM
BMiQ i? 22 bT2+B7B+ ;:"QmTb, H mM+?- QT2 iBQM- M/ 2 °QbBQMX
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bm 7 +2 #v BQM #QK# '/K2Mi Bb FMQrM b bTmii2 ' BM;-r?B+? + Mi F.
K DQ i? mbi2° 7 BHm 2X *2°i BM K H7TmM+iBQM KQ/2b "2 HBMF2Z
bmHIBM; 7°QK *1s BQM bTmii2 ' BM;- 2H2+i'"QM # +Fbi 2 KBM; /Im2iQ
BMi?2 ++2H2 iQ - M/ 2H2+i'B+ Hb?Q 'ib Q++m "BM; BMi?2 ;" B/b:
#22M TTHB2/ b K2i?Q/ 7Q 2i+?BM; T Q+2/m 2b M/ i?2 2HBKBM
iBQM 7 QK bm#bi® i2bX Ai H2 /biQ 2°’QbBQM M/ Hi2' iBQM Q7 i?2 (
TH bK -r?B+? Bb MQi i?2 #2bi "2bmHi BMi?2 TH bK @K i2°'B HBMi2"
mb2/iQ +Q ii?2bm 7 +2b Q7 TH bK bvbi2Kb bm+? b ;"B//2/ BQM i’
2 772+i2/ #vt2MQM BQMb i HQr 2M2 ;B2b URyy Ryyy 20VX h?2 "2
7BHK +Q iBM;b QM p 'BQmb bm#bi’ i2b BM Qi?2° TTHB+ iBQMb-2M
JQH2+mH ~ /vM KB+b bBKmH iBQMb ? p2 "2+2MiHv BM/B+ i2/i? i i~
mM 772+i2/ #v i?2 BMBiB H + "#QM "~ M;2K2Mi M/ T '2pBQmb bTmi
7Q°2-i?2°2Bb ;QQ/ ;°22K2Mi rBi? bTmii2"BM; 2tT2 'BK2Mib- r?B+
i?72 [mB+F KQ T?Bx iBQM Q7 i?2 bm#bm 7 +2 Q7 + "#QM r?BH2 BQN
2TQi2/ #v a M; 2;QjIBQIBbLHXIFMHXNM/ "2+F2° BIXHPQ(2Qp2 - MQM@
+'vbi HHBM2 7Q K iBQMb ? p2 #22M "2TQ i2/ + Qbb rB/2 " M;2 Q-
M;H2bX Ai? b HbQ #22M /2b+ " B#2/i? i bTmii2"BM; vB2H/ K2 bm"2
bm'7 +2 "Qm;?M2bb M/ K vp v bi?2KQ T?QHQ;v Q7+ #QM 7B#2
Q7 2H2+i'B+ T'QTmMHbBQM-p 'B iBQMb BM bTmii2 'BM; vB2H/ i HQ!
BQMb BMi2® +iBM; rBi? bm 7 +2 72 im 2b- + 2 iBM; 2Bi?2" "2/2TQb
QM/ "vbTmii2 2/ bT2+B2b- b T 2b2MijBj #M hh MM R e} XR1((T?Bi2
? b HbQ #22M +QMbB/2°2/ b i ";2iKi2’B H7Q bm 7 +2 2°"QbBQNM
1tT2 BK2Mi H i2+?MB[m2b ? p2 #22M /2p2HQT2/ iQ +? = +i2 Bx2 'E
bm' 7 +2b- b /2b+ B#2/ #vp BQmb mi?Q bX ++Q /BM;Hv- bT2+BK
r2°2 b2H2+i27 B@Q@QMs2tT2 BK2Mib- b /2i BH2/ #RBX#3MBBRPH 2ib @ MK/
BMi2® +iBQMb ? p2 #22M 2ti2MbBp2Hv "2b2 “+?22/ M/ +? ~ +i2 ' Bx2/
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im2X 1tT2'BK2Mi H M Hvb2b ? p2b?QrMi? iBQM /B iBQM QM 2°C
7Q0°K iBOM- T?2MQK2MQM i? i +QMiBMm2b iQ #2 Q7 bT2+B7B+ BM
TH bK T°QTmHbBQMX

aTmii2 2/
ﬂ S "iB+H2b

/7777777777777777777

2iam’ 7 +2

6B;m 2 RXR, LQ K HbTmii2 BM;'rBi? BM+B/2Mi M;H2

RX8 SH bK *QHHBbDBQM JQ/2HD

SH bK T '"iB+H2 +QHHBbBQMb /B772  bB;MB7B+ MiHv 7 QK M2mi"
i2MbBp2 BM7HM2M+2 Q7 i?2 *QmMHQK# 7Q +2X a2p2° HBKTQ i Mi +
iBOQMb BMpQHpPBM; +Q/2 T "iB+H2 /2p2HQTK2Mi ? p2 #22M T QTQ
+ MIHVBM7HmM2M+2 T Q+2bb2brBi?BMi?2TH bK X h?2b2 +QHHBbB
Q7i2M KQ 2 "2H2p Mii? Mi?Qb2i? iH2 /iQ bm#bi MiB H+? M;2b BM
AM //BiBQM-i?2b2 2 BM+Hm/2/ rBi?BM #BM ‘v +QHHBbBQM +QM:"
2772+i QM i?2 /Bbi'B#miBQM Q7 2H2+i"QM 2M2 :v i? i +QMi ' QHb i?
T 'iB+H2b + M 2tT2 ' B2M+2 p BQmb +QHHBbBQM 7" K2rQ Fb- bm+?
M/ +2 :22t+? M;2X "Qi? i?2 +QHHBbBQM + ' Qbb@b2+iBQM M/ i?2
"QH2b BM /2i2°KBMBM; i?2 T'Q# #BHBiv Q7 +QHHBbBQMbX PM2 +(
+QHHBbBQMb Bb iQ BKTH2K2Mi i?2 G M/ mM@6QFF2 @SH M+F 2[m
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* "HQ K2i?Q/b "2 +QKKQMHvV mb2/iQ bQHp2 i?Bb 2[m iBQM- r?B+?
T "iB+H2b BM bBKmH iBQM b+2M 'BQb Q7 BQMb M/ M2mi> HbX *Qnm
+QHHBbBQMb #2+ mb2 +? *;2/ T "iB+H2b BKT +i bm > "QmM/BM; T °
H2M;i?X b  "2bmHi- i?2b2 +QHHBbBQMb "2 +QMbB/2 2/ KmHIBTH
?2 M/H2/ b #BM v +QHHBbBQMb r?2M M;H2b "2 bK kDH-*22M2T Q" i2
2i HXK( M/ L MEMX(IJQ 2Qp2 -JQMi2* "HQ +QHHBbBQM H;Q 'Bi?Kb
iIQ bBKmH i2 *1s +QHHBbBQMb BM i? mbi2 ' bX AMi?2 2;BQM r?2 2
KQK2MimK +? M;2 BM BQMb M/ M2mi° Hb Bb BMbB;MB7B+ MiX h?2
iIBK2 biz2ZBb mbm HHv ;Bp2M b,

P=1 2t{,v 1) URXRYV

q?2° 8B,- -v "2 i?2 /2MbBiv Q7 i?2 i ;2i- + Qbb@b2+iBQM- M/ p2HQ
[2T2M/2Mi QM i?2 p2HQ+Biv- i?2°2 "2 TQi2MiB HHv irQ r vb iQ bb:
+QMbB/2  i?2i “;2i p2HQ+Biv b M2;HB;B#H2 BM +QKT "BbQM iQ i?
BbiQ 2biBK i2 i?Bbi “;2i b 7HmMB/ rBi? M bWmK2H @2 KPEKQiAB v

JQ2Qp2 - MMHH@+QHHBDOBQM K2i?Q/? b #22M BKTH2K2Mi2/iQ k
iQ ++QmMi 7Q° BMi2  +iBQMb #2ir22M TH bK bT2+B2b M/ M2mi’
#2 ++m> i2Hv 2T 2b2Mi2/ mbBM; i?2 MMHH@+QHHBbBQM K2i?Q/>
+QKTmi iBQM H "2bQm +2b- K tBKmK HHQr #H2 +QHHBbBQM 7 2]

max = K (n(>)) K { 1(E)) K tv) URXRRV

AM //BiBQM-i?2 K tBKmK T "iB+H2 MmK#2" Bb ;Bp2M #v,
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Nomax = N(1  2tT max 1) URXRKV

h?Bb K2i?Q/ ? b #22M 2KTHQv2/ BM bBKmH iBQMb Q7 TH bK T'Q°
“/BQ@7 2[m2M+v BQM i? mbi2 b U_Ahba)- bRy (BMR6 #21B  IM/HH (
am*2Mju)X

RX8XR "BM v *QHHBbBQMDb

h?2 BMi2® +iBQMb Q7 +? *:2/ T 'iB+H2b BM T 'iB+H2@BM@+2HH bB
#BM v +QHHBbDBQM i2+?MB[m2b i? i F22T KQK2MimK M/ FBM2iB+
2p Mi mb2 Q7 i?2b2 TT'Q +?22bX >2M+2-Bi? b #22M /2i2 KBM2/ i?
+QMbB/2 2/ BM +QK#BM iBQM rBi? i?2 #2? pBQ Q7 +QHHBbBQMH?2
[M2MiHv mMiBHBx2 JQMi2 * "HQ i2+?MB[m2b iQ bi iBbiB+ HHv KQ/2H
7° K2rQ ' F Bb '2+Q;MBx2/7Q  Bib 2772+iBp2M2bb BM K M ;BM; BMi2
BQMb M/ 2H2+i'QM@2H2+i'QM +QHHBbBQMb BM TH bK bX 6m i?2"
aBKmH iBOQM JQMi2 * "HQ U.aJ*V + M T 2+Bb2Hv bQHp2 i?2 "QHixK
2Q00Q/ Q7 +QHHBbBQMb Bb /2i2°KBM2/ mbBM; + Qbb@b2+iBQM K2i
[2°Bp2/ 7°QK i?2? /@bT?2 2 KQ/2HX h?Bb ? bi?2 /p Mi ;2 Q7 HH
+QHHBbDBQM /vM KB+b # b2/ QM i?2 BbQi'QTB+ b+ ii2 ' BM; +? ° +i2
+2Mi2° Q7 K bb- b b?QrM #v h FBxnEMB p BIMBRAB 2iMHEZ MQ 2i HX

(RX >Qr2p2°-i?Bb KQ/2H Bb mM 2 HBbiB+ #2+ mb2 +QHHBbBQM T
p B iBQMbX M BKT Qp2K2Mi Bb T QpB/2/ #vi?2p "B #H2? /@DbT?
i?72 /B K2i2° Bb 7mM+iBQM Q7 i?2 p2HQ®Kiv b /2b+ B#2/ BM "B/ (



SY9Y Taz ¢z +inaad Ofé Kiz2Ta Rj

RX8Xk 1H2+i'QM L2mi> H *QHHBbBQMD

AM i?2b2 +QHHBbOBQMb- 2H2+i'QMb i Mb72  QMHv bK HH KQmMi
AM //iBQM- BQMBxX iBQM M/ 2H biB+ +QHHBbBQMb +QMi B#mi2 bB
T°Q+2bbX >2M+2- BM M 2H biB+ +QHHBbBQM- i?2 M2mi® H iQK®&
MMKQ/B&ZBN!Ue +AV M/ K v Q++m" ii?2 +QKTH2i2 " M:2 Q7 BM+B
2M2 ;B2bX >Qr2p2 - i?2 +QHHBbBQM + Qbb@b2+iBQM /2+°2 b2b i
BM+B/2Mi 2H2+i'QM +QHHB/2b rBi? i ;2i T 'iB+H2- TQ'iBQM Q7
[2HBP2'2/iQ i?2 i “;2iX h?Bb 2M2 ;v 2t+? M;2 + Mi> MbBiBQM i?2 i
BMi2 M H2M2 ;v H2p2HbX h?2°27Q 2- BM2H biB+ +QHHBbBQMb BM
i"QMbiQ M2mi> HT "iB+H2b- +?B2pBM;i?2 2te BAiB@MA7MX2 i ;2i
h?2 + Qbb@b2+iBQM p 'B2b # b2/ QM i?2 M2mi  H iQKob 2t+Bi2/ +(
BOQMBX iBOQM #2+ mb2 Q@ 2H2+16 QN B/KB BMUB+ i2/ #RPQMI/i2 Q"

K)- M/ *? THBMRRK HX2(ivT2b Q7 +QHHBbBQMb i? i ivTB+ HHv Q++m
2[MBTK2Mi "2 FMQrM b JQK2MimK 1t+? M;2 UJ1sV M/ *? “:2 1t+? |
+QHHBbBQMb + M? TT2M rBi?BM i?2 THMK2 Q" i?2 /Bb+? ;2 +? K#!
+iBQM T?2MQK2M TH v bB:MB7B+ Mi 'QH2BM 2M2 :vi > Mb72° M
T "iB+H2b-r?B+? + M mHiBK i2Hv ;2M2" i2 HQbb Q7 i? mbiX bB;l
i2°BM; M;H2b + M "2bmHi 7°QK *1s M/ J1s +QHHBbBQMbX _2b2  +7
/2KQMbi® i2/i? i *1s BQMb-/m2iQ i?2B  bB;MB7B+ Mi FBM2iB+ 2M2
2°QbBQM BM BQM QTiB+b i?°Qm;? bTmii2 BM;X AM //BiBQM iQ i?2
+QKTmi iBQM H bBKmH iBQM Q7 *1s Bb + m+B Hbi ;2 7Q HB72 b
pMi7 +iQ Bbi?2 bb2bbK2Mi Q7 i?2 mbi2 T2 7Q K M+2-r?B+? + M #
THMK2 T°QT2 iB2b b /2KQMbi  i2/kiv- @M ;2 iMBNXi®™ M; 2i RBEX (

- M/g M;2ijBX (



R9 +NZy 1 SYBé 2 « Ofié

RXe S Q#H2K ai i2K2Mi

6BM/BM; M Hi2 M iBp2iQ t2MQM 7Q 1S TTHB+ iBQMb Bb K M/ iQ
+m  2MiHV +QMbB/2 2/ TQi2MiB H Hi2 M iBp2bX >Qr2p2 - i?2 BKT
iBQMb QM i?2 2°QbBQM Q7 M BQM i? " mbi2  /m BM; QT2  iBQM M/ i
i7Q°Qm;? +QKT "BbQM Q7 i?2 2°QbBQM T Q+2bb2b Q7 ivTIB+ H K |
MbBM; t2MQM- F'vTiQM- M/ BQ/BM2TH bK b Q BQM #2 Kb Bb 2bb21
Q7 ivTB+ HK i2'B Hb M22/b iQ #2 bim/B2/ BMbB/2 T'QT2HH Mi TH |
bBKBH " iQ i?Qb2 BMbB/2 i?2 i? " mbi2° /m"BM; QT2 iBQM BM bT +2
T Q+2bb2b Q7 ;"B/K i2'B Hb + mb2/ #vi?2 BQM THmMK2 Q7 i?2i? 22
QM i?2b2 K i2'B H bim/B2b M/ i?2 T > K2i2'b bb2bb2/- KQ/2H Q7
P2HQT2/ r?2 20?22 2772+ib Q7 2°QbBQM 2 BM+Q TQ  i2/X AM + b’
b2p2°2 M 2 °QbBQM M/ i?mb vB2H/BM; iQQ b?Q i HB72iBK2b 7Q" i?
Hi2 M iBp2 T'QT2HH Mib-K i2'B H Hi2 "M iBp2b M22/iQ #2 7QmM/:
'm > Mi22BM;i?2b 72 mb2 Q7 i?2 Hi2 M iBp2 T'QT2HH Mib BM 1S b
70 i?2T°Q; 2bb Q7 bT +2 T'QTMHbBBQMX b > HHi? mbi2 b QT2 i2
M2+2bb "viQ ? p2 /Bb+? “:2 +?2 MM2Hb M/ + i?Q/2b K /2 Q7 K i2 B
? "b? TH bK +QM/BiBQMbX :'B/ bvbi2Kb 7Q° BQM i? mbi2'b "2 K /
K2i HbX >2M+2- TQi2MiB HK i2 B Hb > M;2 7°QK K2i Hb iQ +2° KB+
/[2MmK-i?2B° HHQvVb- +QKTQbBi2 +2° KB+b- M/ + "#QM +QKTQbBi:
QTiBQMb 7Q  BQM QTiB+b bvbi2Kb /m2iQ i?2B  bB;MB7B+ Mi K2+? I
#BHBiv iQ rBi?bi M/ ?B;? i2KT2  im 2b- M/ 2 b2 Q7 K +?BMBM;X *
D2+iBp2 Q7 i?Bb "2b2 "+?2 T'QTQb HBbiQ B/2MiB7v r?B+? Q7 i?2b2
M/ 2Qr i?2v KB;?i 772+ii?22i?2 mbi2 6b HB72bT M M/ T2 7Q K M+2



SYeY QaRT« O&Y zé2+ié O2a Ofé b z Te7é RS8

RXd P#D2+iBp2b M/ *QMi B#miBQMb ai 12K2N\

h?2 +QMi'B#miBQMb Q7 i?Bb T°QD2+i BM+HmM/2, UAV i?2 +QKT " iB
;2M2° i2/ #v Hi2 M iBp2 T'QT2HH Mi ; b2b Qi?2  i? M t2MQM M/ i?
i? ' mbi2° ;"B/bX UAAV h?2 KQ/2HBM; M/ /2i BH2/ bim/v Q7 KmHiBTH
+ “#QM-;  T?Bi2- KQHV#/2MmK- M/imM:bi2M- mM/2 i?2 #QK# /K2
BQMbX UAAAV h?2 B/2MiB7B+ iBQM Q7 TT QT B i2 K i2'B H bQHn
2M #H2 i?2 mb2 Q7 bm#biBimi2 T'"QT2HH Mib BM ;"B//2/ BQM i? mbi
bB:MB7B+ Mi /p M+2K2Mi Qp2 T 2pBQmbHv Tm#HBb?2/ rQ F i? Q
Q7 T?QiQBQMBxXx iBQM M/ i?2 BM+HMbBQM Q7 ; b TH bK BMi2  +iE
im #mH2Mi 7THQrX 6Q  i?Bb Tm TQDb2- +QKTmi iBQM H M HvbBb rB
rBi? i?2 °2b2 "+? TH MiQ 2p Hm i2 "2T 2b2Mi iBp2 TH bK +QM/BiBQ
BM; QT2  iBQM rBi? MQp2H T'QT2HH Mi bT2+B2bX " b2/ QM i?Bb T
i?72 K i2’B Hb mM/2> "2T 2b2Mi iBp2 QT2  iBM; +QM/BiBQMb + M #2 |
BMiQ i? mbi2  KQ/2HbiQ ++QmMi7Q 2 °QbBQM 2772+ibX h?mb-i?2
"2 UAViQ KQ/2Hi?2 QT2 iBQM HTH bK T QT2'iB2b Q7 bBKTH2;
/BbiBM+i T"QT2HH Mib, BQ/BM2 UAV M/ F vTiQM UE VX h?Bb bBKn
S "iB+H2@BM@*2HH K2i?Q/ +QmTH2/ rBi? JQMi2 * "HQ b+?22K2X
7° K2rQ F iQ bBKmH i2 i?2 2772+ib Q7 bTmii2 'BM; M/ 2°QbBQM QN
HbX UAAAV .2p2HQT +QKTmi iBQM H KQ/2H 7Q° TH bK @ bbBbi:
MQp2H +QKTmi iBQM H 7> K2rQ F i? i BMi2;  i2b S 'iB+H2@BM@*
bBKmMH iBQMb- mbBM; 2M2 ;v K2 bm 2K2Mib 7°QK TH bK /B ;MQbiE
Q#D2+iBp2b + M #2 2ti2M/2/iQ BM+Hm/2 //BiBQM H KQH2+mH T
F2HH b :'B/K i2°B Hb BM 7mim 2 +QKTmi iBQM H BMp2biB: iBQMbX
7QmM/ iBQM 7Q" /2p2HQTBM; 2tT2 ' BK2Mi H 277Q ib 7Q+mb2/ QM 2
KQ'2 ++m’ i2 2°QbBQM 2biBK iBQMb- HB72iBK2- M/ T2 7Q K M+2



Re +Nzy 1 SYBé fiz2 « Ofié

? p2 bB;MB7B+ Mi BKT +i QM i?2 /2bB;M Q7 BQM i? mbi2 b + T #}
"2[mB 2K2Mib Q7 ;Bp2M KBbbBQM T Q7BH2bX



"B#HBQ; T?v

(RamM M# M;-J Q:2Mr M;-u M; Cm M-sB :m M;[BM;-*?22M J QHBI
S 'iB+H2 bBKmH iBQM Q7 i? 22@; B/ 2+ BQM i? misil2 b&ETiB+b |
a+B2M+2 M/ h2-+RMUOKWVQkOyYy- kyRyX

(K)X mi?Q X hBiH2 Q7G%2n "MBHHRKR Ry- kyRdX

(j))J1 " QM2 M/ ." :> p2bX *?2KB+ H M/ T?vbB+ H bTmii2 'BM: Q7
CQm'M HQ7 TTHBAUTWWoketibRkd9- RNN8X

(9 "2+F2°-J:B2b- SQHBiv-a*? ii2'D22- M/SCEH "X J i2'B HbT"
7°2[m2M+v BOM@bQm +2b, AQM@#2 K bTmii2 @/2P8PBIBQM N\
b+B2MiB7B+ BMiyiUk¥K2MiBN X

(8)° 2K2 "B'JRQH2+mH ' : b/vM KB+b M/i?2 /B 2+i bBROVH)IBQM Q
MMBp2 bBiv T 2bb- RNNO9X

(e¥? "H2b E "B /b HHX S "iB+H2@BM@+2HH +? ;2/@T iB+H2 bBK
bBQMb rBi? M2mi  H i@KbhihBMDKHBROMb QM TFHRNK KNV+82 1382
RNNR X

(da "' 2xBMb2F-J6 ai KT- . LBb?BDBK - .KBi'v"Q Q/BM- aildT? M2
aJ b2M-J 'iBM P6JmHH M2- * "DQ2 F b- EB b+?M2 - 2i HX a
+?2KB+ H bbBbi2/ T?vbB+ HbTmii2 ' BM; Q7 #2LwHHEm KZB¥ B Q2D
89URYV,RyYjyyR- kyR9X

(3 ""2xBMb2F- SQbTB2bx+xvF- : a2 ;B2MFQ- _ .mt- J * p2/QM
EE'B2;2 X *?2KB+ HHv bbBDbi2/ T?vbB+ HbTmii2 ' BM; Q7 imM;L

Rd



R3 #B#HBQ; T?v

ele Yi° MbBiBQM Q7 r/BMi2tiQ M/ b/2LmTH2/2 T H2bE BX M/
1M2-R3,8y 88- kyRNX

(NEmM#Qb " BM XK bBKmH iBQMb #v*23 RFb-2ky R N X

(RYyGm *? M;-GmQ u M;-sB m M;[BM;-: Q >mB- M/ smLmMQX LmMmK?2
;' B/ 2°QbBQM Q7 7B2H/ 2KBbbB @MW DK2ai+ B2 M+ Tkh/HibEHPMNXQ HQ
URYV,Ry9yyR- kykRX

(RRO2 MQM > *? THBM- C K2b 1 SQHF- A" E ix- :2Q ;2 gqBHHB Kb- :.
UBK- M/ CQ?M _ M/2°bQMX j/ bBKmH iBQMb Q7 BOM i? mbi2"
++QmMIBM; 7Q° +? ;2 2t+? M;2 BARDIDTQPFBRMPS ;QXnAHVOBQM *QM
T ;2 93Rk- kyR3X

(Rk)m M;v2 *?2M- / KCQ?M ai MB2 - GmBb *? +!M-ai2p2M 1/r */ MI/:
S?BHBTX KmHiBb+ H2 ?v#'B/ K tr2HHB M@KQMi2@+ "HQ +Qn
T "iB+H2 bBKIGBMBRMb®7 *QKTmi iBD M HR B PddbmB-+hy k 8 X

(Rjp? MMQM umM @ JBIN{ZRBM:XQ7 > HH i? mbi2"  HB72iBK2X M/ 2°Qb
S?.i?22bBb-J bb +?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v- kyydX

(ROGGMBb *QMIRIXQ/mM+iBQM iQ TH bK T?vbB+b M/ BMbbEim22 QTHB
S?vbB+b- kyk8X

(R83 i'B+F .B2ix- M/’2 b _22?-EQMbi MiBME2BH-E BbiQ7 >QHbi2-
M/ *2 Bb 0QHFK X :HQ# H KQ/2Hb 7Q " ° /BQI&T 2pm2M BYnBIOM |
M/ AMbi  mK2-MiUIBQ M Y- kykR X

(Re) 1bi2p2b- 6 J "Kmb2- * .~ ;- "Qm /QM- Hp 2x G ;mM - M/
*?2 ;2/@T 'iB+H2b K2 bm 2K2MibBMHQr@T 2bbm 2BQ/BM2 TH
bBQIWMWHXbK aQm +2b a+B2M+2- NR/URH, YN Yy/@ -vky k k X



#B#HBQ; T?v RN

(RA)M J :Q2#2H M/ A° &EmMX K2Mi Hb Q7 2H2+i'B+ T'QTmHbBQM,
iI?2 mbi@HmMK2 RX CQ?M gBH2v aQMb- kyy3X

(R39 > #2MB+?i-q "QHDb2- ES GB2#-E _2BK MM- M/1:2v2 X L MQK2i
M/ b2H7@ 77BM2 "Qm:?2MBM; Q7 BQM@ B2 Ku@2 8 /228 A?'Bi2 b
U9V, kkyy- RNNNX

(RN iB#? _ :?2mT iB >2:/2-S QHQ J "+ M/2HHB- um M+?mM >2- Gn
qBHHB Kb- Apv S2M:- M/ ai27 MQ J "FB/BbX 2v# B/ [m MimK@
K2i?Q/ 7Q  TH bK bBRsBp IBQMIBMi sBp;kéykBxyNkey

(KYE'BbiQ7 >QHbi2- S i'B+F .B2ix- ai2772M a+? 'K MM- EQMbi MiB
MB2H wb+? ixb+?-J 2Bi2K2v2 - "2MMv L mb+?Cii- 6 EB272 -
i? mbi2'b7Q 2H2+i B+ T"QTmHbBQM, a+B2MiB7B+ Bbbm2b /2p

P K2 +? M:22KB2r Q7 a+B2MiB7BNRMdV-nkk R Wb

(kRUBM / CQb?B M/ *? BbiB M >2BHB;2'X S 'iB+H2@BM@+2HH bB
i7" mbi2° "BC@RXMXH Q7 1H2+i -Bjt) B\VQ& mkyIkB ® M

(kk)r MvQM; CmM; M/ >QM;@:v2 amM; X bim/v QM T "iB+H2 +QHH
TH bK mbBM; ?v# B/ TBA®IBKM KBRQREMHK CQm M HQ7 2 QM miB
a+t+B2MkPWbkV,jke jj3- kykkX

(kKjhBKQ S EBpBMB2KB- 12°Q >B ' pBDQFB- M/ MiiB C 0B i M2MX
#BM "V@+QHHBDBQM H;Q Bi?KBMT 'iB+H2@BM@+2HH bBKmH
TH bK®XM M H Q7 SH bKRdYXWaBl¥B3dykRN- kKykR X

(k9JC G p2HH- C EBb?- h a2tiQM- _G J biB- A JQ? KK /- JC EBK-
EC pBb-ga+mHHBM-C:a? r-2i HX 02 B7B+ iBQM Q7 KQMi2 +



Ky #B#HBQ; T?v

7Q  bBKmH iBM: 2H biB+ M/ BM2H biB+ +QHHBbLBQWIIBBM 7 iB-
SH bK jlRU9V- kyk9X

(k8 QHBM GB- CBMvm M u M;- GBr2B w? M;- aBvm M w? M;- M/ N\
+? ° +i2 ' BbiB+b Q7i?2mTbi"'2 Kb?2 i?Q7i?2BQM QTiB+b M/ Bi
i?72 #2 K T2 ' 7Q K M+2 Q7 MCBQM N? HM® T2 "IXT HBRJRIJANL,B kY |-
kykkX

(keE2MB+?B L M#mX S Q# #BHBiv i?2Q'v Q7 2H2+i ' QM@KQH2+r
KQH2+mH2- M/ +QmHQK# +QHHBbBQMb 7Q° T "iB+H2 KQ/2HBM
M/ + bAdX 1 h™ Mb +iBQMb QM T-HKKdKj Vo NBIRMNRY- kyyyX

(kdY)2MMv h L mb+?Cii- GBK2B *?2M- E'BbiQ7 >QHbi2- M/ S2i2° C [
b2bbK2Mi Q7 TH bK T > K2i2'b BMbB/2 M BQM i? mbi2  +QK#BM
i"Qb+QTv M/ T BM+BT H +QKSQM24AMB [F2hB MY AMbH3URW2Mi iB
Rj- kykRX

(k3) Pii pB MQ- :w GB- *1 >m2'i - h?mTTmH- w *?2M- * .Q/bQM-
SH bK @K i2°B HBMi2 +iBQMb 7Q  2H2+i'B+ T'QTmHbDBQM, +?
AM?2 jei? AMi2 M iBQM H 1H2+i B+ S QT m-HKyRNK *QM72 2M+2-

(KNM;2HB+ Pii pB MQ- MB m/? h?2mTTmH- CQ?M > v2b- *? Bb .Q/b
*22M- M/ _B+? /1 gB xX AM bBim KB+ Qb+QTv 7Q  TH bK 2°Qb
_2pB2r Q7 a+B2MiB7B N AWM,y 8 MRb ky kR X

(jyM S iBMQ-u _ Bib2b- M/ _qB xX a2+QM/ v 2H2+i"QM 2KBbbBQMN
M MQbi"m+im 2/ imMTHiIRBI27 B2xKB+REBERURYW ,kyReyk- kyReX

(jRP S2 MQ-JJ "iB- GP aBHp - M/ :B MMB *QTT X ai iBbiB+ H FBN



#B#HBQ; T?v kR

iBpBbiB+ #BM "vSf2QHBBUOHB Q2WwiBXr 1 ai iBbiB+ H- LQMHBM2 - |
S?vbBdRUKV,yk8dyR- KyyNX

(jk¥B;m2Ha M; 2;Q°'BQ-sA1E M-qL:LBM;72B-:IPLBM;- M/ wmM
;. "B/b, 6mM+iBQM- K BM T ~ K2i2 b- Bbbm2b- +QM7B;m  iBQMb
7 # B+ iBQM K2iIRIQ2b2 COQm M H Q7jRUQW, ReijB+Re9IN- kyR3X

(j;))EmMM H aQMB- Gm+ b JQb2 - *Q "M2HBmM SQ QbMB+m- _Q/ B;Q N\
S mH .BM+ - _QH M/ ai2BM2 - G m 2Mi J "Qi- M/ 1 Mbi J2v2 X
bTmii2 ' BM; Q7 KBt2/ €0@r M W2QWwXLm+H28eD iRBBedR - kykk X

(jO9ONQKQMQ  h FBXxmF M/ >B Qi / #2X #BM 'v+QHHBbBQM KQ/2
rBi? T iB+HZO®@/MH Q7 +QKTmi-iBOWWH KysvBBRNb RNdd X

(j8 h> M M/ >"*22rX am'7 +2 KQ'T?QHQ;v M/ + "#QM bi'm+im 2 2"
""B/;BM; b+ H2b #2ir22M KQH2+mH ~/vM KB+b bB KHOhQHKVMBQMb M/
R3y RNj- kykjX

(jepmv . h” M-a2 M *H "F- _22/ h?QKTbQM- .2#Q" ? G2pBM- CQb
>Sm+F "2M; *?22rX * "#QM i° MbTQ i BM 2H2+i'B+ T'QTmHbBQM i:
Tmi iBQMb 7Q" + "#QM bTmii2 " BM; #v HQr 2M2A ;vaBAML #Q K# /K
kyk9 6Q-mK 2 RRj8- kyk9X

(jdo ?B/ o ?2/B M/J ?2br > Mam'2M/> X KQMi2+ "HQ +QHHBbBQM
BM@+2HH K2i?Q/, TTHB+ iBQMb iQ :0@KWNQRIVSPMUBHE 7 Q K@
KmMB+ iB@MR@kV,RdN RN3- RNNS8X

(j3CB ?QM; g M;- u Xx?2QM; CB M;- *22M G Br2M- M/ *?mM@>B M G2
QM TH bK THmMK2b Q7 M BQM i? " mbi2° mbBM: /2+QmTH2/ TB
S'QTMHbLBQM M/ 1M2 :VTkyRjW BQ kyR N X



k k #B#HBQ; T?2v

(JNEB ?QM; g M;-u x?QM; CB M;-G Br2M *?22M- M/ *?mM@>B M G2z
BMi2" +iBQM TQi2MiB H 7Q" 2H2+iCBxmT MY HnH/b BTQ W BRIbd2Kvib)B +
UNV- kykyX

(9yWw? Qvm g M;- >QM; GB-*? Qw?QM;-CBMr2M GBm- uQM;DB2 .BM
umX aBKmH iBQM Q7 TQH2 2°QbBQM BM K ;M2iB+ HHv b?B2H/2/
Al11l h> Mb +iBQMb QM SHIDIKI 9a/+ B2R+ R j8e- kykR X

(9R)HHBQii a qBb2- JBM; a GBm- M/ hQMv JBHH2 X aTmii2 ' BM; Q
HQr@2M2 ;v t2 MOKI@B QBDM H J i2 B RiypdaRBR MRy R - kyR8 X



*? Ti2 K

_2pB2r Q7 GBi2 im 2

kXR SH bK S 'iB+H2 M/ Ji2 B HAMi2 +iBQI

h?Bb b2+iBQM QmiHBM2b /2i BH2/ /2b+ BTiBQM Q7 MmK2 B+ H K
br2HH b i?2 7mM/ K2Mi Hb Q7 TH bK :2M2' iBQM- BQM i? mbi2"
mb2/i2+?MB[m2b 7Q " 2biBK iBM; bTmii2 ' BM; vB2H/b M/ 2 ' QbBQM °
/2pB+2bX

KXRXR Pp2 pB2r Q7 SH bK 62 im2b M/ .B ;MQbiB+b

E2v7 +iQ°b BMi?2 M HvbBb Q7 TH bK BM+HmM/2i?22 2H2+i"QM +? °;
h?2b2 +? ° +i2 BbiB+b 2 bB;MB7B+ Mi BM TH bK T Q+2bb2b HBF
BQMBxX iBQMX 6m i?2 KQ 2- i?2v Q772" pBi H BMbB;?ib BMiQ i?2 2
rBi? TH bK - r?B+? Bb + BiB+ HiQ 2Mbm 'BM; i?2 QTiBK H QT2  iBC
T'QTMHbBBQM /2pB+2b M22/iQ +?B2p2BKTQ'i MiT2 7Q K M+2 M/
+ M#2mb2/ b +? MM2H 7Q  i? mbi2  /2bB;M 2[mB 2b ?B;? "2bBbi
BM/m+2/bTmii2 BM:- bTmii2 2 °QbBQM- M/ 2p2Mb2+QM/ v 2H2+i (
*2/m+2bi?2b?2 i? TQi2MiB H M/ +QQHb i?2 2H2+i"QMb ii?2 TH bl
HQbb2bX >2M+2-i?2 2H2+i"QMb "2 +QH/- rBi? 2H2+i"QM i2KT2" im
K i2'B Hb ? p2 #22M i2bi2/ rBi? i? ' mbi2 'b- BM+Hm/BM: M MQK i2'B

K]
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i? 1?2 p2 #22M M Hvx2/ 2"Q QM MBi B/BW-"LVT?Bi2kBM/ \B KQM/-
KQM; Qi?2°bX *2° KB+ K i2°'B Hb bm+? b bBHB+QM + “#B/2 aB* r
kyyybX >Qr2p2 - i?2 2 Bb biBHH HBKBi2/ 2tT2 ' BK2Mi H/ i “2; /BN
mb2/ br HHbX a2p2  H7 BHM 2 KQ/2b + M #2 7QmM/ BM 2H2+i B+
T?2MQK2M K2MiBQM2/ #Qp2X 6m i?2 KQ 2-i?2 TH bK @r HH b?2
2H2+i"QM #QK# /K2Mi7°QK i ";2iK i2’B H b BHHRR _iBiBM: : Q2#
2i HX)¢ M/ G M:2M/Q' 7 MKkyXHE22Y(2 Bb 2p2M M2r BMBiB iBp2 F
BMi2;  iBM; bK i K i2'B Hb BMiQ 2H2+i'B+ T'QTmHbBQM i? i +QmH
h?2b2 K vBKT Qp2i?2 277B+B2M+v M/ HB72Q7i? mbi2 bX h?mb-

ivI2b Q7 /2pB+2b ? p2 bQK2 /p Mi ;2b Qp2 -7Q BMbi M+2-22 i 2M;
T QT2HH MibX 1S /2HBp2'b ?B;? i? mbi H2p2Hb 7Q° HQM;@/m" iB
M/ 277B+B2M+v Q7 i?2b2 +QKTQM2Mib KB;?i #2 BM+"2 b2/ #v TTt
K i2'B Hb2H2+iBQM +QmH/? p2 MBKTQ'i Mi BM7HM2M+2 QM i?2 T
QT2 iBQMT * K2i2 ' bX SH bK b "2MQ 'K HHVvDQBM2/iQr HHb rBi?
b?2 i?X SH bK b?2 i?b "2# bB+ HHv i HHTH bK #QmM/ "B2b M/
i° Mb72  UiQ M/ 7 QKr HHbV M/ HQbb2b Q7 TH bK 7 ;K2MibX h?2
bB;MB7B+ MiHv 772+ib TH bK /Bb+? ;2 i2°Qm;? b2+QM/ v 2H2+]
T QKBbBM:r viQ '2/m+2bm 7 +2 2°QbBQM M/ allBbiQ +? M;2i?2
B772 2Mi i2+?MB[m2b ? p2 #22M i2bi2/iQ bim/v TH bK T QT2 iB2b
M/ Qi?2° BMp bBp2 K2i?Q/b ? p2 #22M mb2/X >Qr2p2 - MQM@BM
QTiB+ H2KBbbBQM M/ H b2 @BM/m+2/ 7THMQ 2b+2M+2 bT2+i Qb+
#2 MiBHBx2//m 'BM;i?2 QT2  iBQM Q7 _Ahi? mbi2 b-T QpB/BM; M
T'QT2'iB2bX JQ 2Qp2 - Bi Bb TQbbB#H2 iQ 2p Hm i2 i?2 TQi2MiB
2M #H2 /2+°2 b2 BM 2 °QbBQM rBi?BM i?2 b+ 22M ;"B/X M //BiBQ
BM MQM@BMp bBp2 /B ;MQbiB+b BMpQHp2b 2KTHQVBM; i?2 T 2pB(
i?2 /Bb+? ;2 +? K#2 -r?2°2i?2/2MbBiB2b Q7 M2mi> H; b2b-T "iB+
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2t+22/i?Qb2 7QmM/ BM i?2 THmMK2X *QKT * #H2 MQM@BMp bBp2 K
Q7 i? mbi2° +QKTQM2Mib- HHQr 2M? M+2/ pBbm HBx iBOQM ii?2 KE
bim/B2bX h?Bb +?2QB+2 7 +BHBi i2bi?2/2p2HQTK2Mi Q7 KQ 2 27BN\
T 2+Bb2 M HvbBb Q7 i?2 T?vbB+b #2?BM/ 2 QbBQM M/ bm 7 +2 /
i2+?MB[m2b 7Q  TH bK i? mbi2 b-bm+? b KB+ Qr p2 b+ ii2" BM;- C
7Q p BQmb K2 bm 2K2MibX PM2 K2i?Q/ + HH2/ *Q?2 2Mi JB+ Qr
mb2/ iQ K2 bm 2 i?2 iQi H MmMK#2' Q7 2H2+i'QMb BM +2°i BM +H b
S i2H 2i jRIX AM bBKmH iBQM b+2M "BQb- TH bK /B ;MQbiB+b + M

QM i?2 BMBIiB HT * K2i2°'bX o B #H2b bm+? b FBM2iB+ 2M2 ;v- iQ
p2HQ+BiB2b- /2MbBiB2b- M/ T "iB+H2 i2KT2 im 2 + M #2 KQMBIiQ
>2BHBRE-"If{ mb+?Cii P)-HGRp+?2MFRRiaHM (B (M/ E'2Mx2" 2i HX

(R BX

kXk *QKTmi iBQM H J2i?Q/b 7Q"  SH bK aBKm

*m " 2MiHv- KQbi +QKTmi iBQM H i2+?MB[m2b 7Q" TH bK T?vbB+b
OH bQp@J tr2HH 2[m iBQMb- r?B+? /2i2 ' KBM2 #Qi? i?2 2H2+i QK ;I
iBQM Q7 i?2 /Bbi B#ni(BQUYIX7 mM+TBQB+H26b KQiBQM rBi?BM K ;M2
[2b+ B#2/ #v,

@f @f

61:4' r X(st)+ r V(sts) = @t UKkXRV
C

h?2 13 7B2H/b "2 /2i2 ' KBM2/ 7 QK i?2 7TQHHQrBM; J tr2HH 2[m iBQ!

QB+r t1=0 UkXkV
@t
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z
X 1

Oo%fﬂtl: o @ Vi UKXjV
1

h?Bb 2[m iBQM bvbi2K 2 b #22M bQHp2/ BM 8.- i?°22 p2HQ+Biv +Q
+QKTQM2MibX h?2 7B bi i2 K QM i?2 H27i@? M/ bB/2 Bb i?2 iBK2 /
7mMM+iBQMX h?2 b2+QM/ i2 K 272 b iQ ?Qr T "iB+H2b rBHH KQp2
UKQiBQM Q7 T "iB+H2b BM bi  B;?i HBM2VX h?2 7QHHQrBM; i2 }
K ;M2iB+ 7B2H/b UGB+2MBX7IQ?22BBBi bB/2 Q7 i?2 2[m iBQM /2b+ B#
A7 KQpBM; BM ;Bp2M K ;M2iB+ 7B2H/- i?2 H27i bB/2 Q7 i?2 2[m iE
KQp2K2Mi Q7 T iB+H2b ;2M2  i2b +m "2Mib M/ +? “;2bX h?2°27Q
Jtr2HH 2[m iBQMb-r?B+? "2 i?2Kb2Hp2b HBM2 "X h?mb- MQM@ H B

X 41
o G ViV UKX9V
1

>Qr2p2°-i?2b2 2[m iBQM H bvbi2Kb "2 /B77B+mHiiQ bQHp2- M/ 2¢
#2 +QKTHB+ i2/ iQ mM/2 bi M/X h?22°27Q°2- i?2 +QKTmi iBQM H T
TT QtBK iBQMb M/ bQHpPBM; i?2KBM T iB+mH ~bBim iBQMbX 6m"
i?BM:b ? /2°X h?2°2 "2 HbQ /B772 2Mi bT2+B2b M/ H ;2 b+ H2b
HB:?i bT22/- Qb+BHH iBQMb Q7 2H2+i"QM TH bK - M/ Qi?2 bX >2N\
#22M /2p2HQT2/iQ TT Q +?i?Bb T Q#H2KX 6Q  BMbi M+2-J tr2HH
TTHB2/X h?2v "2 Dmbimb2/BM bQK2 + b2b #v K FBM; bQK2 bbmKT
aQ-# b2/ QM i?Bb-/B772 2Mi b+?2K2b + M #2 +QMbB/2°2/7Q bQHm
TT QtBK iBQMb "2,

C:B'QFBM2iB+ 2[m iBQMb- TH bK TT QtBK iBQMb BM bi'QM; K
"2b2 "+? "2 - +QmMH/rQF7Q bQK2 T Q#H2KDbVX
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C6HmMB/ TT QtBK iBQMbX LQibQ:QQ/7Q mM/2 bi M/BM; BMbi #]
BMK ;M2iB+ 7B2H/bX 2b2 “+? Bb #2BM; /2p2HQT2/iQ BM+Q T
TT QtBK iBQMbX

CLMK2 B+ HK2i?Q/bX h?2b2 "2 # b2/ QM # bB+ 2[m iBQMb Q7 i~
> M:B M TT Q +?2bX h?2°2Bb HbQ +iBp2 2b2 +2?X

CJQ 2 2+2MiHV-H “;2@b+ H2 +QKTmiBM; 7Q" #B:;2° T Q#H2KbX

h?mb- bQK2 +QKTmi iBQM H TH bK T?vhbB+b b+?22K2b "2,

CoH bQp @ J tr2HH 2[m iBQMb mbBM;i?26S "iIB+H2@BM@+2HHO
2 bQM #H2 Qmi+QK2b 7Q  FBM2iB+ T Q#H2KbX

Ca? +tF@+ Tim BM; K2i?Q/b 7Q 2[m iBQMb Q7 TH bK 7HmMB/X .2
+QKKMMBivX LQ HQM;2 rB/2HvVv mb2/X

C .B 2+iHv /Bb+ 2iBxBM; i?2 oH bQp@J tr2HH 2[m iBQMbX _2+21
BM+HmM/2- 7Q BMbi M+2- im #ZmH2M+2 BM 7TmbBQM K +?BM2bX

Ch?22Bb biBHH rQ F #2BM; /QM2iQ 7BM/ M2r MmK2 B+ H K2i?Q

AiBbBKTQ i MiiQ TQBMiQmii? i K2i?Q/b "2/2bB;M2/iQ F22T bQK:
Jtr2HH bvbi2K UT "iB+H2b- KQK2MimK- 2M2 ;v- M/ 2Mi'QTvVX GE
2Mbm 2 i? i 2Mi'QTv ;Q2b BM i?2 TT QT B i2 /B 2+iBQMX >Qr2p2°
iQ 2Mbm 2 i? i HH i?2b2 T°QT2'iB2b + M #2 MmK2 B+ HHv +QMb2"
+ b2b- Bi Bb MQi TQbbB#H2 iQ T 2b2 p2 KQK2MimK Q  2M2 ;v- #mi |
S "iB+H2@BM@*2HH K2i?Q/-i?20H bQp@J tr2H®E 2 [l ;iB WKBb bQH]
2T 2b2Mi2/ #VK + Q@T iB+H2b U7BMBi2@bBx2VX M BKTQ'i Mi B
T? b2@bT +2 b iBb7vi?2P.1 Q7 T "iB+H2bi? i KQp2 mM/2  i?2 GQ":
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dx
o= P UKX8V
av _ [ . .. "

a+?2K2b i? i + M #2 BKTH2K2Mi2/- 7Q ° BMbi M+2- 7Q° ? "KQMB+
b+?2K2 b 7B bi ii2KTiX MQi?2 Bbi?2 KB/@TQBMi b+?2K2X h?2
M/ Bi KB;?i #2 mb2/ iQ + 2 i2 Qi?2  bi #H2 M/ KQ 2 ++m’ i2 b+?2
Bi Bbi?2 mM;2@Emii b+?2K2b i? i + M #2 Q#i BM2/ 7°QK +QK#B|
h?Bb K2i?Q//Q2b MQi +QMb2 p2 2M2 ;v 7Q  i?2 ? "KQMB+ Qb+BHH
K2i?Q/b- bm+? b i?2 KmHiBbi ;2 _mM;2@Emii - i? i T2 KBi H ;2 il
2[m iBQMbX q?2M M2r p "B #H2 Bb //2/iQ i?2 KB/TQBMi b+?22K2

* M;2K2Mib "2 K /2- Bi #2+QK2b MQM@HBM2 "X aQ-i?2 bi ;;2 2/ |
UTQbBiBQM M/ p2HQ+BivVX AM Qi?2 b+?2K2b-bm+? bG2 T@7 Q;
M/ Qb+BHH i2b "QmM/ K2 Mp Hm2X 6Q i?2 #Qp2 2[m iBQMb- i?2

7QHHQTD,
olZl
el 1t"d®t=0 UkXdV
dt
dZ 1
el O oi— % di®t=0 UkX3V
dt 2 2 %

aQK2 BKTQ i Mi 72 im 2b Q7 i?2b2 2[m iBQMb "2,

CJtr2HH 2[m iBQMb TQbb2bb p2'vT iB+mHBD; 222 0BHM0i m+i
Bb #Bp2+iQ X



IYIY +fiey 2 Ofiéza K| N2 A Taz ezbOe az Oné kN
C.2 HBM; rBi? irQ /B772 2Mi ;2QK2i B+ ivT2bX

Ch?2u22 H;Q Bi?K Bb i?2 bBKTH2bi M/ Qmibi M/BM; H:;Q Bi?K i
Q7 ;2QK2i'B+ bi'm+im 2X Ai ? b #22M BKTH2K2Mi2/ BM KQbi SA
rQ'Fb ? p2 7Q+mb2/ QM 7BMBi2 2H2K2Mib Q" Qi?2  K2i?Q/bX

CJ tr2HH 2[m iBQMb "2 ?2vT2 #QHB+X

kXkXR .Bb+QMiBMMQmb : H2 ' FBM a+?2K2b

AM i?2b2 b+?2K2b- i?2 bQHMIBQM Bb ;Bp2M #v mbBM; /Bb+QMiBM
"2T 2b2Mi /p M+2/ H:Q Bi?Kb 7Q  i?2 bQHMIiBQM Q7 2vT2 #QHB+
h?2°2 "2 irQ 2bb2MiB H 2H2K2Mib BM i?2 : H2 ' FBM b+?2K2X h?2
/IBK2MbBQM HbT +2 Q7 7mM+iBQMb M/ 2 °Q /27BMBiBQMb ? biQ #
7Q52°Q KBMBKBX iBQM- +2°i BMBMi2 'p HBb/2i2 KBM2/- M/ 7°Q
*2 +?2Qb2MX 6Q° 2t KTH2-r2 + M +QMbB/2° BMPAXMQ (BRR)2M/ T
<N X h?2M- Bi Bb "2[mB 2/ iQ /27BM2 rv 7Q 2 °Q K2 bm 2K2Mi>
rviQ /Qi?Bb Bb #v b2H2+iBM; M BMM2 T Q/m+i M/i?2M mbBM; Bi
BMbi M+2-r2 KB;?i +QMbB/2  i?2 7QHHQrBM; BMM2 T Q/m+i,

z 1
(f;9) = f (X)g(x)dx UKkXNV
1

h?2M-L2MQ K+ M #2 /27BM2/ b,

ifjiz =(f;f) UkXRyV

7i2° b2H2+iBM; i?2 7TBMBi2@/BK2MbBQM H bT +2 M/ MQ K- : F
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bi m+i2/X h?Bb b+?2K2 Bb + HH2/ /Bb+QMiBMmMmQmb #2+ mb2 BMi2 "
M/ TTHB2/iQ 2 +? +2HH mbBM; i?72: H2 FBM K2i?Q/X GBF2rBb2-
i?Bb /Bb+QMiBMmQmb : H2'FBM Bb 2T 2b2Mi iBQM- #mi Bi Bb MQ
2T 2b2Mi iBQM Bb MQ K HHv ;Bp2M #v i?2r2 F@2[m HBiv+QM+2T
7mMM+iBQM bT +2 M/ i?2 BMM2 T Q/m+i b2H2+i2/X .Bb+QMiBMmQrt
Mmb2/iQ bQHP2 MQi QMHV ?2vT2 #QHB+ #mi HbQ T ~ #QHB+ 2[m iBQN
Jtr2HH@oOH bQp 2[m iBQMb + M MQi F22T KQK2MimK- #mi 2M2 ;v +
KQK2MimK TT2 “/m2iQ /Bb+QMiBMmBiB2b ii?2 +2HH BMi2 7 +2b (
[2T2M/2Mi Q7 p2HQ+Biv M/ bT +2 /Bb+ 2iBx iBQMX 6 QK i?2/2b+"B
Bi+ M#2 BM72 "2/ i? ii?2 SA* K2i?Q/ Bb M BKTQ i Mi MmMK2 B+ H
bQHpBM; oH bQp@J tr2HH 2[m iBQMbX .B772 2Mi S 'iIB+tH2@QAM@ *
Qp2  i?2 H bi 72r /2+ /2bX aQK2 Q7 i?2K "2 PaA_Aa- oP_S G-q ‘T
T "iB+H2@BM@+2HH +Q/2-aS *1-? b #22M T°QTQb2/ 7Q  2H2+i C
TH bK b i? i BMpQHp2 iQKB+ T?vbB+b T ' Q+2bb2bX gBi? i?2 iviB+
iQ +?2QQb2 T 'iB+H2 bT iB H /Bbi'B#miBQM rBi?BM i?2 pQHmMK2 BN
i BM2/X SA* mb2b b? T2 7TmM+iBQMb Q7 i?2 "@bTHBM2 7 KBHvVX q°?
i?7°22 /B772 2Mi TmM+iBQMb + M #2 b2H2+i2/, M2 "2bi ; 2 i TQBMi
M/i'B M;H2@b? T2/ +HQmM/ Q ha*X GBF2rBb2-Bi +QmH/ T 2b2 p2|
"2bT2+iBp2 BMi2 ' TQH iBQM TT Q +?7-9B/2k+iB225BM M@ MI K2X?2Q/
"2 ;Bp2M 7Q° bQHpPBM; i?2 oH bQp@SQBbbQM 2[m iBQMb bvbi2KX
i? ii?72 aS *1 KQ/2HBb # b2/ QM T > HH2H j. 7Q+mb BI)M Hvx2/ #v

kXkXk S 'iB+tH2@BM@*2HH J2i?Q/

AMTH bK bBKmH iBQMb- MmK2 B+ HK2i?Q/b "2+ i2:Q Bx2/BMiQ
+Q/2b //°2bb i?2 2[m iBQMb Q7 K ;:M2iQ?v/ ' Q/vM KB+b-r?2'2 b FB
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#2? pBQ Q7 BM/BpB/m HT "iB+H2bX AMi?Bb +QMi2ti- FBM2iB+ +Q
+QKTmi iBQM H 2bQm +2b +QKT "2/iQ 7THMB/ +Q/2bX AMi?Bb TT°
Bb "2T 2b2Mi2/ #v /Bb+ 2iBxBM; Bi BMiQ +QHH2+iBQM Q7 K + QT
b G :;  M;B M 2T 2b2Mi iBQMX h?2b2 K + QT "iB+H2b KQp2 HQI
bT +2 mM/2  i?2 BM7HmM2M+2 Q7 i?2 7B2H/b- r?BH2 i?2B T QT2 iB:
aBKBH "Hv- i?Bb 7" K2rQ ' F 2ti2M/b iQ HQr@i2KT2  im 2 TH bK b |
+? K#2 b 2KTHQV2/ BM TH bK i? " mbi2 b- M/ Bi? b#22M 2ti2MbBp2|
/vM KB+b BM .* BQM i? mbi2 bX Ai ? b HbQ #22M BMi2;  i2/ rBi? JC
bBKMH i2 +QHHBbBQM H T?2MQK2M i?°Qm;? BMi2" +iBQM rBi? M
i?72 #2? pBQ Q7 M2mi> HT "iB+H2b BbMQi BM+Hm/2/- #2+ mb2i?2 S
* TB/ MmK2 B+ H bi #BHBiv M/ 7 +BHBi i2b i?2 bb2bbK2Mi Q7 i?2E
#2°b- b 2TQ i2/ BM h +0yQ NW 2 MXZIRIXIQ 2Qp2° -2 +2 T "iB+H2 ?
TQbBIiBQM M/ p2HQ+Biv M/ 7QHHQrb /27BM2/i D2+iQ v- b /2i2 |
M/ i?2 bbQ+B i2/ +m p2bX h?2 bBKmH iBQM /QK BM Bb /27BM2/
+2HHb M/ ;"B/ TQBMibX JQ 2Qp2 - HBKBi2/ MmK#2 Q7 T "iB+H2b
+QKTmi iBOQM H +QbiX h?2 bBKmH iBQM iBK2 Bb /Bb+ 2iBx2/ M/ /p
2tTH BM2/ BM *? BhljHBRE EiRHMXp(/ >2MRYX? (

h?2 KQbi +QKKQM bi2Th Q7 i?2 SA* H;Q Bi?K "2,

C1[m iBQMb Q7 KQiBQM BMi2;  iBQMX
C*m "2Mi M/ +? ;2 bQm +2b BMi2 ' TQH iBQM iQ i?2 7B2H/ K2b?X
C 6B2H/b +QKTmi iBQM Qp2  K2b? TQBMibX

C 6B2H/b BMi2 TQH iBQM 7 QK i?2 K2b? iQ i?2 HQ+ iBQM Q7 i?2 T

h?2 /IB772°2Mi KQ/mH2b Q7 i?Bb +QKTmi iBQM H K2i?Q/+ M HbQ #
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C BMBiB HBx TBQBHH2 TQbBiBQMb- p2HQ+BiB2bX
CT iB+tH2 KQw2HQ+Biv M/ TQbBIiBQM mT/ i2b- iQKB+ T?vbB+b
C 7B2H/ BMi21TQH QEKQMb? iQ T "iB+H2

C+m "2Mi /2TQbBIiBQM QM K2b?

K2i?Q/ U6.h.VX

C 7B2H/ bQHPB®HpP2 J tr2HHG6D 2[m iBQMb mbBM; i?2 7BMBi2 /B7

t
BQMb B/

6B;m 2 kXR, Pp2 ' pB2r Q7 i?2 S 'iB+tH2@AM@*2HH USA*V H;Q"

6Q 2 +? "B/ HOQ+?BQMb FXQ W22 r2B;RiEW+ H+mH i2/ 7Q  i?22 TQbI
X Q7 2 +2 T RIBERUO- i?2 bT2+B2b "2 ++2H2 i2/iQ /2i2 ' KBM2 i?2B"
TQbBIBQMX 7i2°r /- JQMi2 * "HQ +QHHBbBQMb "2 p HB/ i2/ 7Q"
+7 ":2 M/ p2HQ+BivX h?2 +Jn M/Mi R M2 F#Bi?BM i?2 "B/ K2b? TQ
h?2 M2r 2H2+iEB+M7BQHV2iB4B7B2HY#i BM2/ 7 QK J tr2HHGb 2[m iBQ
Qp2° HH T2 bT2+iBp2 Q7 +v+H2 i bT2+B7B2/kiBR2Qm 2/ BAW2bH?Q
BM >2MRYX?AM i?2 KQ/2HBM; Q7 +QHHBbBQMH2bb TH bK - i?2 Mm
BM+HmM/BM; i?2 oH bQp@J tr2HH 7> K2rQ F- + M #2 +QMbB/2 2/ bB}
POHMK2 i2+?MB[m2b- M/ b2KB@G ;> M;B M TT Q +?2bX h?Bb K2
i72 KQbi +QKKQM TT'Q +? 7Q  bBKmH iBM: i?2b2 2[m iBQMbX Ai +
7Q  bQHpPBM; i?2 oH bQp 2[m iBQM rBi? /Bb+ 2iBx iBQM bi® i2;viQ
7B2H/ mbBM; J tr2HHGb 2[m iBQMb Q' bBKTHB7B2/ KQ@/2H b T 2b2
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kXkXj) >v# B/ S 'iIB+tH2@BM@*2HH ai i2;v

Zm MimK +QKTmiBM; 2 b "2+2MiHv #22M +QMbB/2 2/ b K2 MbiQ :
+QMp2MiBQM H TH bK bBKmH iBQMbX >Qr2p2 - Bi Bb MQi2/i? i Tk
iQ T2 7Q K rBi? i?2 +m "2Mi [m MimK 2[mBTK2MiX h?2°27Q 2- Bi Bl
TMiBM; iQ BM+HmM/22 Q" T 2/B+iBQMbX M Hi2 M iBp2 MmK2 B+ H
TH bK /vM KB+b T'Q#H2Kb Bb iQ + HHnvHQI2 ii?2 ZB22 MKIQ+BIR2% H?B
T iB+mH "Hv MQiB+2 #H2 BM J>. TTHB+ iBQMb bm+? b 7mbBQM |
#BHBiv Q7 BMp2biB; iBM; b2p2° H TH bK T?2MQK2M - bm+? br p2
[m MimK +QKTmiBM; 7° K2rQ F- b b?2QrM #WXQaBMBM / &liv:ib2B7(72"
S "iB+H2@BM@*2HH TT ' Q +?2i? i BM+Q TQ  i2b ?v# B/ [m MimK |
i"Qbi iB+ SQBbbQM 2[m iBQM ? b #22M /2PPH DTRS HQ HP2A 2 Bb H X+
QM [m MimK +QKTmi2 BMi2;" i2/ rBi? M2m" H M2irQ Fb- r?B+? 2T
h?2 SA* bBKmH iBQM i BMb i?2b2 M2irQ FbX h?Bb K2i?Q/? b #22M
Q7 TH bK BMbi #BHBiv KQ/2HX 6Q  i?2 H2 "MBM; bi’ i2;v- i?Bb bE
"QmM/ e9 TQBMib BM i?2 ;"B/ M/ "QmM/ kyy bT2+B2bX h?2 2M/ iB|
rBi? TT QtBK i2Hv Ryyy bi2Tbh- M/i?2 T "iB+H2 TQbBiBQM Bb mT/
i? i Bi Bb HbQ M2+2bb v iQ 2t KBM2 i?2 2biBK iBQM Q7 2H2+i B+ 1
M2irQ ' F+ M #2 TTHB2/iQ '2/m+2 2 °Q  /BbT2 bBQMX h?2 Qmi+QK:
TT'Q +?2 + M #2 QTiBKBx2/iQ 2biBK i2i?2 2H2+i "B+ 7B2H/ M/ r?2M
iB2b "Bb2X AM //BiBQM-i?Bb TT ' Q +? BKbDiQ #2 2EE=MV2hiQ bQH[
/B772 2Mi QTiBQM iQ i?2 SQBbbQM 2[m iBQM 7Q  i?2 2H2+i B+ 7B
+QMi'B#miBQM #v Jkd M/ ZBM2p i?2 oH bQp SQBbbQM 2[m iBQM- +
bQ+B i2/ MQMHBM2 ~ /vM KB+bX h?2 7BM/BM;b /2KQMbi  i2 i? i MC
+ M #2 2772+iBp2Hv HBM2 "Bx2/i?°Qm;? i?2 a+? °/BM;2" SQBbbQM
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kXj AQM h? mbi2> SH bK :2M2" iQ"

6°QK i?2 2H2+i'B+ T'QTmHbBQM T2 bT2+iBp2-i?2 B/2 Hi? " mbi2®
Bb BMD2+i2/ BMiQ +? K#2 r HH 7BHH2/ rBi? M2mi>  H; b BM r?B
GBF2rBb2-; b2t+Bi iBQMBb +'2 i2/ b BQMb +QK2 BMiQ i?2 ;"B/b Q

2H2+i"QMb i? i ;Q iQ i?2 r HH F22T i?2 +? *:2X h?2 TH bK 7HQr
++2H2  iQ rBi? "Q?K +m "2Mi "2 :Bp2MR#H bQ2#2H M/ E ix (

A=:—2LM2;p UkXRRYV

r?2°12 Bbi?2 /2MbBiv Q% PR iBQMbHQOmbiB+ p2HQ+BiAk BF i?2 BQMb- |
Q7 HQbb Q7 i?2 BQMbX h?2M i?2 BQM #2 K +m  2Mi Bb,

AZ%MZQ hg UKXRKV

>2 T3 Bb i?2 i° MbT "2M+v Q7 i?2 ;"B/X Ai + M #2 ;Bp2M b i?2  iBQ
7HQrBM; i?2°Qm:BiitR2i?BIQi HBQM +m  2Mi i? i H2Ukb MO 2D BEY
2i HX®)V,

A :
h= — UkXRjV
A J

AiBb +QMbB/2°2/i? iBQMb 2T Q/m+2/r?2M M2mi°  HT "iB+H2b
TH bK BMi?2 /Bb+? ;2 +? K#2° M/ "2 ;Bp2M b,

A= MMe( ip)o UKXROV
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r?2°8 Bb i?2 /2MbBiv Q7 i?2nMBmii?8 (20MbBiv Q7 i?2 TH bK 2H2+i
BQMBxX iBQM + Qbb B¢ BBQIM2BD2HQ+Biv Q7 i?2 2H2+i"QMX h?22 i2°
b2b 2T 2b2Mib i?2 BQMBx iBQM + ' Qbb@b2+iBQM + H+mH i2/ Qp2°
/Bbi'B#mMiBQM 7mM+iBQMX aBM+2 TQr2  Bb T'2b2 p2/ BM i?2 bvbi2
i? i ;Q2b Qmi b +? “:2/ T "iB+H2bX 7i2  i?2 TQr2  Bb BMD2+i2/ BM
2M+2b BQMBxX iBQM M/ 2t+Bi iBQM Q7 i?2 M2mi  H; bX h?2M- 2H24
i° MbTQ i2/iQ i?2 r HHb M/ ;"B/b #v i?2 2H2+i'QMb M/ BQMbX h?:
bvbi2K Bb),

Sm=IpU++IU+Iii+neVe UkXRS8V

r?2°@" "272°biQi?2 T'QT2HH MU ; BbBIQMBRiiBMQIE-H 2t+Bi iBQM Q7 i
Bbi?2 +QM7BM2K2Mi iBK2 BB i?2 2M2+jvA@M-i?2 BOQM i F2MiQ i?2 r |
Bbi?2 2M2 ;v Q7 i?2 2H2+i"QM i’ MbKBii2/ iQ i?2 r HHb #v i?2 2H2+
TH bK X 6m i?R BREMQrM bi?2 " i2 Q7 2t+Bi2/ M2mi"  H T Q/m+iBQ

kX9 AQM h? mbi2> h?2Q'v M/ PT2 iBQM

AQM ;:"B//2/i?2 mbi2'b 2K /2mTQ7i? 22 F2v T “ib, /Bb+? ;2 +? |
M/ M2mi> HBXBM; +QKTQM2MiX qBi?BM i?2 /Bb+? ;2 +? K#2 - T
Bb :2M2" i2/ r?2M TTHVBM; ?B;? pQHi ;2 + Qbb irQ 2H2+i Q/2bX
7Q0°+2b "2 mb2/iQ T QT2H +? “;2/ T "iB+H2b i?B;?bT22/b M/ + 2 |
+? K#2 - BQMb "2 T°Q/m+2/ #v #QK# /BM; M2mi  H T'QT2HH Mi
T°QT2HH Miéb BQMBx iBQM T Q+2bb BM+HmM/2b i?2 2KBbbBQM Q7
KBtim 2 Q7 2H2+i'QMb M/ BQMb ;2M2" i2b i?2 TH bK BMbB/2 i?2 +°
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7°QK TH bK bQm'+2 #v M ++2H2" iQ  2[mBTT2/ rBi? b2'B2b Q
[2+2H2° iQ°VX PM+2 2ti° +i2/ M/ T 'QT2HH2/ b i?2v KQp2 i?°'Qm;?
i?2 'mbi2° b2imT- M2mi> H ; b Bb BMD2+i2/ BMiQ M BQMBXx iBQM +?
2H2+i"QMb iQ ;2M2 " i2 [m bB@M2mi®> HTH bK X PM i?2 2t? mbi bE
“2+Qp2'2/ #v M2mi> HBx2 X hQ 2/m+2 2°QbBQM Q7 i?2 ++2H2" ic
i?72 ;°B/ ?22HTb KBiB; i2 bTmii2 " BM; + mb2/ #v BKT +iBM; BQMbX h?lI
Bb "272°°2/iQ bBQM QTiB+bX 7i2° BQMb "2 2ti" +i2/- pQHi ;2 /¢
++2H2" i2b BQMbX hvTB+ HHv- i?2 pQHi ;2 ir?B+? BQM 2M;BM2b
QM i?2 ;"QmM/ bB/2 M/ "QmM/ Ryyy o ii?2 b+22M ;°"B/ M/ MQ/2:
'2M2° iBQM Q7 ?B;?@/2MbBiv BQMbX AM +QMi" bi-i?2 ++2H2  iBQ
TQi2MiB Hb BM i?2 ° M;2 Q7 ?2mM/ 2/b Q7 pQHibX >2M+2- i?Bb QT
2H2+i"B+ 7B2H/bX h?mb-i?2B" /2bB;M Bb F2v iQ i?2 QT2 iBQM Q7
T2 7Q°'K M+2- HB72iBK2- M/ /BK2MbBQMbX AM //BiBQM- KBbbBQ
TQr2  BMi F2 + M #2 2KTHQvV2/ rBi? i?Bb 1S /2pB+2X MQi?2  + i?Q
i?72 /IBb+? ";2 +?2 K#2  iQ "2H2 b2 2H2+i'QMb 7Q " M2mi® HBx iBQM I
Q7 M2; iBp2 +? ";2bX h?2b2 +? ;2b + M + mb2 BQMb iQ # +Fbi 2
i?2 mbiX SH bK T°QTmHbBQM + M +?B2p2 ?B;? bT2+B7B+ BKTmkh
Q7 +?2KB+ HT ' QTmHbBQM bvbi2KbX AQM i? mbi2 b T°QpB/2 ?B;?2
iIQ@i? mbi 277B+B2M+v- M/ p2 ;2 i? mbi H2p2Hb +QKT "2/ iQ > H
K F2i?2KB/2 H7Q" TTHB+ iBQMb bm+? bbT +2+" 7i iiBim/2 +QMi
6m i?2 'KQ 2-:"B//2/ BQM 2M:BM2b- +QKKQMHV HbQ FMQrM b :A1l-
72 im2 +QM+2"MBM; i?2 /IBbiBM+iBQM #2ir22M i?2 T°'Q+2bb2b Q7
BOQMbX gBi?BM i?2 +? K#2 Q7 /Bb+? ;2- QMHv HBKBi2/ TQ iBQM ¢
BOQMBx iBQM-r?B+? 7BM HHv + 2 i2bTH bK X 1ti 2K2HvVv HQri2KT2"
BM bi #H2 2t+Bi iBQM T ' Q+2bbX *QMp2 b2Hv- 2H2p i2/i2KT2" im’
Q7 bm#bi MiB HMmMK#2 Q7 +? ;2/ BQMb-r?B+?+ M 2/m+2i? mbi
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TQi2MiB Hb + M "2 +? p2 v ?B;? H2p2Hb-r?B+? K vH2 /iQ 2 ' QbBQN
K2+? MBbK M/ BMi?2 ;"B/ "2 "2bTQMbB#H2 7Q  i?2 2ti° +iBQM T?
M/ E iRR L FH2b XiIN-HXQb?B M/ SRBHB/[2™ (mK2"  2)XHX (

kX8 aTmii2 BM; aBKmH iBQMb Q7 : B//2/ h? n

h?2b2i?2 mbi2 b /Q MQi2772+iBp2HVvV 2tT2H BQMbX >2M+2- bQK2 Q7
2 QbBQM i?2°'Qm;? bTmii2 BM;X h?Bb ? TT2Mb r?2M BQMb bi BF2 i?.
M/ Bi Bb 2bb2MiB H iQ /2i2°KBM2 ?Qr Km+? 2 °QbBQM ? b Q++m" "2/
+iBQM "2bmHib BM i?2 /Bb+? “:2 Q7 T "iB+H2b 7°QK i?2 bm 7 +2-r
M/ T2 7Q 'K M+2X JQ'2Qp2°- i?2 K ;M2iB+ +B +mBi Bb 2tTQb2/- r-
TQbbB#H2 7 BHm 2X 1H2+i QM # +Fbi 2 KBM; Bbi?2 K BM + mb2 Q
i?2 °mbi2° ;"B/b- M/ 2°QbBQM Q7 ;'B/ ;2QK2i'v Qp2' iBK2 Bb +HQb?2
BM * 2i2H MABpPBLMK2 ' Qmb K2i?Q/b ? p2 #22M mb2/iQ 2t KBM2 /B7
TT Q +?2b-bm+? b+ H+mH iBM; 2  QbBQM " i2b mbBM; i?2 bTmii2"
MmK#2 Q7 HB#2 i2/ iQKb T2 BM+B/2Mi BQM M/ Bb ;Bp2M b,

y=-22 UkXReV
i

Ai Bb TQbbB#H2 iQ /Bb+ BKBM i2 #2ir22M i?°22 /B772 2Mi bTmii2
HBM2 * + b+ /2- M/ bBM:H2 FMQ+F@QMX JQ 2Qp2 - bTmii2 BM; ?
PM2 "2H i2biQ bT2+B7B+ 2;BQM Q7 i?2BQM " M;2 M/ ; Qrb rBi? E
#2 KX h?22 /2Ti? ir?B+? b? ii2 2/ iQKb 2 "2H2 b2/ Bb i?2 b2+QM
H2p2Hb /m BM; i?Bb T°Q+2bb MQ Ry He iIQMB2F20QK 12TQ i2/ #v GB
kR-JB+? 2HRI-HE;KmB/ (M/ M/2 b2M M/X MYH2+mH */vM KB+b UJ
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