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Thermomechanical Modeling of Oxidation Effects in Porous Ultra-

High Temperature Ceramics

Brenton A. Morris

(ABSTRACT)

The effects of oxidation in the thermomechanical response of porous TiB, have been in-
vestigated. An in-house quasi-static material point method tool was used to perform two-
dimensional plane strain simulations on unoxidized hexagonal representative volume ele-
ments (RVEs) with macroporosity volume fractions of 10%, 40% and 70% to establish a
baseline for the response due to geometric effects. Compressive strains of up to 30% were
applied at room temperature. The 10% and 40% RVEs showed shear banding and subse-
quent shear failure of the inter-pore struts, while shear banding in 70% RVE weakened the
struts, which lead to buckling failure. A snapshot oxidation model was then applied to the
hexagonal RVEs in place of a transient, diffusion-based oxidation solver. Compressive strain
simulations were performed on RVEs with oxide layers ranging from 5 to 50 pm. In RVEs
with porosity of 40% or higher, oxide percolation in the struts reduced the effective elastic
modulus and compressive strength, though further oxidation beyond the percolation point
did not have a significant impact. Ramped and cyclic thermal loads were applied and the
damage due to thermal expansion coefficient mismatch at the oxide-substrate interface de-
creased as the oxide layer was increased. Finally, the snapshot oxidation modeling approach
was applied to large porous RVEs derived from micro-computed tomography images of TiB;
foam. The effective elastic modulus decreased by 47% when the 5 pm layer was applied due
to many thin, flexible struts becoming fully oxidized. Subsequent oxidation did not have a

significant impact on the thermomechanical response.



Thermomechanical Modeling of Oxidation Effects in Porous Ultra-

High Temperature Ceramics

Brenton A. Morris

(GENERAL AUDIENCE ABSTRACT)

Thermal loading experienced by hypersonic flight vehicles has posed significant design chal-
lenges in the development of platforms for military and re-entry applications. The advent
of hypersonic strike weapons and waveriders has led to an interest in utilizing ceramics
with melting points above 3000°C, called ultra-high temperature ceramics (UHTCs), that
offer improved resistance to high-temperature oxidation. Beyond load-carrying applications,
UHTCs imbued with macroscale porosity have been introduced as candidates for providing
thermal insulation of sensitive on-board components. This thesis presents a first pass at
modeling the coupled effects of oxidation and continuum damage in the thermomechanical
response of such materials. Using an in-house material point method tool, two-dimensional
compressive strain simulations were performed on hexagonal representative volume elements
(RVEs) of TiB; foam with varying levels of macroporosity, along with large porous RVEs
derived from micro-computed tomography images of TiB, foam. A snapshot oxidation model
was applied to these RVEs in place of a transient, diffusion-based oxidation solver, then sim-
ulations with applied compressive strains of up to 30% were performed on RVEs with oxide
layers ranging from 5 to 50 pm. Ramped and cyclic thermal loads were applied to explore
the effects of thermal expansion mismatch between the substrate and oxide phases. The
oxide layers were shown to reduce the effective stiffness, compressive strength, and thermal
conductivity of the RVEs, with the oxidation state of the inter-pore struts having a large

impact on the overall material response.
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i72°K HHQ / X BREXX X X X X X X X X X X X X X XRyX X X X

eXRR 1772+iBp2i?2°K H+QM/m+iBpBivQ7H :2TQ ' Qmb _01bM T
H v2 i?B+FM2bb2b b /2BKTKIBN@QBWE/(m K))X X X RyN

tpBBB



*?2 Ti2 R

AMIi Q/m+iBQM

h?2i?2°"K HHQ /BM; 2tT2 B2M+2/ #v ?2vT2 bQMB+ 7HB;?i p2?B+H2b
? bTQb2/ bB;MB7B+ Mi/2bB;M +? HH2M;2b BM i?2 /2p2HQTK2Mi Q7
2Mi'v TTHB+ iBQMbX h?2 H2p2H Q7 bi'm+im’ H-R TRT h® b8 p+~2 M/
i?72b2 p2?B+H2b+ M +?B2p2Bb /B 2+i 7mM+iBQM Q7 KBX h@22KT2"
? b?i?2 K H2MpB QMK2Mi BM/m+2/#v 2 Q/vM KB+ ?2 iBM;r?BH2
"2[mMB2b i?2b2 p2?B+H2b iQ #2 2[MBTT2/ rBi? h?2'K H S 'Qi2+iBQ!
bi'm+im> H7 BHM 2 #27Q°2 i?2 KBbbjBR N D B2 MS-a@IQMHRIiBOMb - |
#HHMMi@#Q/v ;2QK2i'v M/ #H iBp2 +2° KB+ iBH2b- "2 Q7i2M mb2/
BMi2; Biv Q7 ?vT2 bQBS$ (X2r@2H2BiBp2 hSa bQHMiBQMb- BM+HmM
Q ?2 ib?B2H/ +QQHBM; pB +B +mH iBM; 27 B;2 Mi-? p2 MQi #22
P2?2B+HRbP2 /p2Mi Q7 2vT2'bQMB+ bi'BF2r2 TQMb M/ r p2'B/2'b
BM mMiBHBXBM; +2° KB+b rBi? K2HiBM)-THQBM24 n#ip2@ ¢PBye*izKT2"
+2° KB+b Ul>h*bV- BM b? "T H2 /IBM; 2/;2b r?2 2 i?2 #HmMi #Q/v T
MmM ++2Ti #H2 2 Q/vM KB+ TZ2)XQ K M+2 /27B+Bi (

I>h*b Q772  BKT Qp2K2Mi BM QtB/ iBQM "2bBbi M+2 Qp2 i’ /BiBQ
H2 /BM; 2/;2b i? i /2i2°'BQ  i2 r?2M bm#D2+i2/ iQ HQM; 2tTQbm 2 iE
2MpB QME)XMAP 2 #2M27Bi Q7 mbBM; I>h*b Bb +H2 “- #mi K Mm7 +in
M/ i2biBM; i?2K BM bBKmH i2/ QT2  iBM; 2MpB QMK2Mi Bb #Qi? -
X h?Bb KQiBp i2b i?2 /2p2HQTK2Mi Q7 +QKTmi iBQM H iQQHDb i-
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Q7 QtB/ iBQM M/ / K ;2 mM/2  i?2 ' KQK2+? MB+ H HQ /X q?BH2 +Q
bQ7ir 2T +F ;2b Q772 ~ M;2Q7i?2 K HKQ/2HBM; iQQHb- QtB/ iE
QMHv #2 //2/rBi? mb2 @/27BM2/ bm# QmiBM2bX KQ'2 'Q#mbi TT
/ K ;2 KQ/2H iQ M 2tBbiBM; QT2M@bQm +2 bi'm+im  H M HvbBb iC
+QMi"QH Qp2  i?2 bQHpP2 M/ +QmH/ H2 /iQ bKQQi?2 BMi2;  iBQM
iQQHbX 6Q  BMbi M+2- bm+? iQQH +QmH/ #2 BKTH2K2Mi2/ b i?2 |
+QmMTH2/ 7HMB/@bi"m+im 2 BMi2" +iBQM KQ/2HX AMTmib “2; “/BM
+QKTQbBIBQM Q7 i?2 ?B;?2@bT22/ 7THQr + M #2 T bb2/iQ i?Bb K i2
bi'm+im- 28b " 2bTQMb2 M/b2H2+ii?2B/2 H+QKTQbBIiBQM Q KB+ ¢
K M+2 /2bB 2/X MQi?2" /p Mi ;2 Q7 BKT ' QpBM; M QT2M@bQm +2 -
irQ@T? b2 K i2'B Hb- bm+? b M MQbi'm+im 2@iQm;?22M2/ I>h*bX
2772+ibi? i QtB/ iBQM? b QM i?2 K2+? MB+ HT QT2 iB2b Q7 bi'm
i72 T°QT2iB2b Q7 I>h*b M/ b?Q i2MBM; i?2 /2p2HQTK2Mi iBK2 Q7 °

h?2 Q#D2+iBp2 Q7 i?Bb "2b2 "+?2 277Q i BbiQ /2p2HQT M/ BMi2;" i
rBi?BM M 2tBbiBM; +QKTmi iBQM HIiQQH 7Q T 2/B+iBM; i?2 2H bi
Im+iBpBiv Q7 I>h*b r?B+? ? p2 #22M bm#D2+i2/iQ i?2 KQK2+? MB+



*? Ti2 K

JQiBp i BQM " +F; QmM/

AM i?Bb +? Ti2 - i?2 T?vbB+ H M/ +?22KB+ H T Q+2bb2b i? i 772+i
i2KT2 im 2b "2 /Bb+mbb2/X h?2M #'B27 ?BbiQ'v Q7 K i2 B H m
p2?B+H2b Bb T 2b2Mi2/ iQ T°QpB/2 7m i?2  +QMi2ti 7Q  i?2 TTHB+
iBQM HiQQHX h?Bb Bb 7QHHQr2/ #v M Qp2 pB2r Q7 I>h*b rBi? 7Q
rBi? KmHiBb+ H2 TQ QbBiv7Q  r2B;?i "2/m+iBQM M/ BKT Qp2/i?2"

kXR >B;? h2KT2 im 2 J i2' B H 1tTQbm 2

h?2 T'BK v T?2MQK2M i? i Q++m  BM K i2'B Hb 2tTQb2/ iQ Qtv;?2
?B;? i2KT2  im'2b "2 #H iBQM M/ QtB/ iBQM- r?B+? ? p2 /BbiBM
i?72 bi'm+im 2X #H iBQM Bb M 2M/Qi?2 KB+ 2 +iBQM i? i T Qi2+]
+QMbmKBM; 2ti2 ' BQ K i2'B HX 6m i?2  BM+QKBM; +QMp2+iBp2 ?2
Q7 ?Qi; bb2bi? i ' 2bmHiIi 7°QKi?Bb T Q+2bb-i?2 2#v T Qi2+iBM;i?2
"2+2bbBROMIMTHBM; #2ir22M 7HQr 7B2H/ bQHp2 " M/ K i2 B H "2k
FMQrM b 7HmMB/@bi m+im 2 BMi2> +iBQM U6aAV KQ/2HBM;- Bb 2]
2°Qi?2 KQ/VM KB+ T?vbBNX @i +#H KRQAH(Bb #2vQM/i?2 b+QT2 Q7 |
277Q°1/m2iQi?2 +QKTmi iBQM H +QKTH2tBiv M/ ?2 pv7Q+mb QM

PtB/ iBQM Q++m b r?2M Qtv:2M "2 +ibrBi? i?2 K i2°B Hob 2ti2"M H t
+QMp2'ii?2 bm#bi® i2 BMiQ "2 +iBQM @ OFsm +Blp Divh + ToBU#DB P i 2 X

]
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PtB/ iBQM ? b #22M 7QmM/iQ “2/m+2i?2 +QKT 2bbBp2 bi 2M;i?- 2H
bi'2M:i? Q7 ?B;?@i2KT2" im 2 K i2) BR}b bNBHMEZB#HViBIQN - BMp2bi
QtB/ iBQM/ K ;2 BM ?B;?@i2KT2  im 2K i2'B Hb Bb TQbbB#H2 #2+
QtB/2@# b2/ 2 +iBQM T Q/m+ib " i?2 i? M #2BM; + B2/ r vrBi? i
AM //BiBQM iQ 2tT2 'BK2Mi H QtB/ iBQM i2biBM;- K i?2K iB+ H M
#22M /2p2HQT2/iQ /2i2 ' KBM2 QtB/2 H v2 i 78R RKX AK TNHI2;,K QMiiB Mi2
bm+? KQ/2Hb rBi?BM 7BMBi2 2H2K2Mi K2i?Q/ U61JV Q K i2 B H T¢
rQmH/ T QpB/22p2MKQ 2BM7Q K iBQM #Qmii?2 +Q "2H iBQM #2ir
| K ;2X

kXk Ji2°'B HIb ;2BM>T2 bQMB+ 6HB;?i 02?

aBM+2 i?2 H i2 RN8yb- p "B2ivQ7 KBbbBH2-bT +2+° 7i- M/ ?B;?@
“2[mB2/ + "27mH +QMbB/2" iBQM Q7 i?2°'K HHQ /bX PM2 Q7 i?2 2
LQ i? K2'B+ M s@R8-r?B+? mb2/ AM+QM2H M/ iBi MBmK iQ K M

Bib H2 /BM; 2/;2b M/ bmXbihP2+em@ R HbQ 72 im 2/ Mi2MM b M/t
i? ir2°2 +Q i2/ BM bBHB+QM 2H biQK2 B+ #H iBp2 BMbmH iBQMX
+Q iBM;- i?2 s@R8 "2HB2/ QM i?2 ?B;? i?2°K H+QM/m+iBpBiv Q7 B
22 i rv7 QKi?2MQb2+QM2 M/H2 /IBM; 2/;2b-i?2M " /B i2 Q" +QMp
# +F BMiQ i?72 iKQIXT?2RBKBH ° TT'Q +?2r b /QTi2/ QM 2 "Hv BMi:
# HHBbiB+ KBbbBH2b M/ 2@2Mi v p2?B+H2b-r?B+? 72 im 2/ K2i H
'2QK2i"vX h?2°Qm;? 7m’i?2  /2p2HQTK2Mi Q7 BMi2 ' +QMiBM2Mi H #
p2?B+H2b- #H iBp2 +2° KB+b [mMmB+FHv 2TH +2/ K2i HHB+ ?2 i b?l
/[2bB;MX h?2 /QrMbB/2 iQ "2HVBM; QM #H iBQM r b i?2 H +F Q7 2n
/[/"2bb2/ BM i?2 /2bB;M Q7 i?2 aT +2 a?miiH2 M/ i?2)XK QP?PQb2/ GC



IYkY ma zA?0INifeyy z 9T+7 20« 8

a?miiH2 BM+Q TQ  i2/ 2BM7Q +2/ + #QM@+ #QM U*f*V +QKTQDb!|
M/ rBM; H2 /IBM; 2/;2b 7Q KmHIBTH2 2@2Mi v ?2 iBM; +v+H2b- b
K BMi BM Bib bi 2M;i? M/ i?2 K Hb?Q+F "2bBbi M+2 i ?B;? i2KT2"
*f* TH i2br2°2 +Q i2/ rBi? aB*iQ T'QpB/2 BKT Q@{RXQtB/ iBQM “2bB

1K2 ;BM; ?2vT2 ' bQMB+ TH i7Q Kb- BM+HmM/BM; B @# 2 i?BM; + mBH!
r2 TQMb-? p2 7QHHQr2/ bmBi#v mbBM; "2BM7Q +2/ *f*H2 /BM; 2/;2
S@9] M/"Q2BM; s@8R-#Qi? B @# 2 i?BM; 2vT2 ' bQMB+r p2 'B/2"b
BM+HmM/BM; *f* H2 /BM; 2/;2b- bi22H F22H #2 Kb- HmKBMmK M/ iBi
+2° KB+ M/ bi22H bRPMHP? MAKRE Q7 *f*r bi F2M bi2T 7m’i?2 QM i~
>ho@k ?2vT2 ' bQMB+ #QQbi@;:HB/2 /2KQMbi  iQ X PM >ho@k- i?2 2
*f* rBi? M #H iBp2 aB*+Q iBM; TTHB2REXiQ2BI22/BMBB/;Id Qt+2HH:
+?7QB+2 7Q° 2 Qb?2HH +QKTQM2Mib /m2 iQ Bib BM+ 2 b2/ bi 2M;i
?B;?Hv pmHM2 > #H2 iQ QtB/ iBQMX h?2 aB* +Q iBM; r b M2+2bb v
i? i rQmH/ Qi?2 rBb2 /2i2 'BQ i2i?2 H2 /BM; 2/;2 r?2M 2R®Ab2/iQ ?
IM+Q 2/ *f* #2:BMb iQ QtB/BI)X2i?inBBB&*H{ M/b MQ +? M+2 Q7 bm pBj
2ti2M/2/ /m> iBQM i ?vT2 bQMB+ bT22/bX J Mv bim/B2b ? p2 BMp2
Q7 *f* QtB/ iBQM "2bBbi M+2 #v BM+HmM/BM; aB* M/ I>h* €)Q iBM;b
RB-RE-RYX 6m i?22° "2b2 “+? BM ?B;?@i2KT2 im 2 M/ mHi° @?B;? i
HQM; rBi?i?2 "2H i2/ KQ/2HBM; M/ 7 # B+ iBQMi2+?MB[m2b- Bb -
/2p2HQTK2Mi Q7 ?2vT2 ' bQMB+ TH i7Q KbX

kXj ITHi°” @>B;? h2KT2 im 2 *2° KB+b

AM //BiBQMiQ 2M? M+BM; i?2 QtB/ iBQM "2bBbi M+2 Q7 *f* +QKTQl
i2 +Q277B+B2Mi Q7 i?2 K H 2tT MbBQM- ?B;? i?2°K H +QM/m+iBpB
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i ?B;? i2KT2  drX2tBP2M i?2b2 #2M27Bib- b2p2° H 27 >%EQ v /B#GQ
M/ hBY ? p2 #22M T QTQb2/ 7Q  ?vT2'bQMB+ TTHB+ iBQMb- bT2-
2/;2IRRRBX .2bTBi2 i?2B" /p Mi ;2b- I>h*b bm772° 7°QK HQr 7" +im
i72°K Hb?Q+F "2bBbi M+2- M/ HQr/ K ;2 iQH2  M+2X S Q+2bbBM;
'Bp2M i? i +?B2pBM; mMMB7Q K /2MbB7B+ iBQM i HQr i2KT2" im"2
?B;? i2KT2  im 2b- r?B+? H2 /b iQ TQQ  K2+? MB+ H T QT2 iB2bV
aB*d{X aBKBH "~ iQ *f* +QKTQbBi2b- I>h*b ? p2 #22M b?QrM iQ #2M2
BM i2 Kb Q7 BM+'2 b2/ QtB/RIKQX 6B M@22(- +QHHQB/ H T Q+2kL
? p2 #22M b?QrM iQ 2M #H2 M2 "@M2i b? TBM; Q7 I>h* +QKTQM2M
QK2i'B2b "2[mB 2/iQ K22ii?2 2°Qi?2 KQ/VM KB+ T2 7Q K M+2 M2
kkk9X

"2vQM/ i?72 Tm TQb2b Q7 rBi?bi M/BM; 2ti ' 2K2 ?2 i 7THmt2b i? i “2b
MT iQ jyyyé* QM H2 /BM; 2/;2b Q +QK#mbiQ b Q7 ?vT2 bQMB+ p2?]
#22M /Bb+mbb2/ b ;QQ/ + M/B/ i2b 7Q  T°QpB/BM; i?2 K H BMbmH
rBi?BM i?2b2 p2?B+H2bX h FBM; /p Mi ;2 Q7 b2p2° H +2° KB+ T°'Q
2i HXK§(T ' QTQb2/ KmHiBb+ H2 TQ Qmb I>h* K i2'B Hb iQ #2 mb2/

#2ir22M ?2Qi 2ti2 M H I>h* +QKTQM2Mib M/ +QQH2  BMi2 ' BQ  +QK-
TQ Qmb I>h*b BM+HmM/2 2/m+iBQM BM i?2 i?2 'K H 2tT MbBQM +Q
?2 i xQM2b M/ i?2 BMbmH iQ - BKT ' Qp2/ QtB/ iBQM "2bBbi M+2 Q|
K BMi BM2/ i?2 K H bi #BHBiv- M/ p2?B+H2 r2B;?i 2/m+iBQMX h
T'Q+2bbBM; i2+?MB[m2b- BM+HmM/BM; i?2 bTQM;2 '2THB+ K2i?Q/-
;2H@+ biBM;-B+2 i2KTH iBM;- M/ T “iB H bWMIRDB 2 +BKRdvhi+i B MBI
bi?2 QM2 b?2ARMBMBi? iQi H TQ QbBiB2b Q7 mT iQ NjW rBi? TQ 2
3y iQ Ryyy 'KX >B+Fb 2i HX 2KTHQV2/ 2H2+i'QbTmMBIQHAK2b 7B #?2
TM;BM; 77QK 8iQ kR'K i? i "2bmHi2/ BM iQi HKIEX QbBiB2b Q7 mT iC
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UVs@ ViQKQ:; T?vBK7Q QFBIRU#V all BK ;2 Q7 KmHiBb+ H2 TQ Qb
39W TQ QbBivX 2T 'BMi2/ rBi? T2¥RBRPpBEQBMMBKK 2T BMi2/rBi?
h HHQM 2§ HX ( T2 ' KBbbBQM 7 QK SXGQHMv 2i HX (

6B:m 2 KXR, s@  ViQKQ; T?2vU V M/ alJQ#IBKTHBWT hB"

h?2b2 T 2pBQmb277Q ib7Q+mb2/ QM i?2T ' Q+2bbBM;i2+?MB[m2b "
BM; Q7 KmHiBb+ H2 TQ Qmb I>h*b- b r2HH b i?2 +? > +i2 'Bx iBQM
2H biB+ KQ/mHmb M/ i?2 'K H+QM/m+iBpBivi? Qm;? K2+? MB+ H i
HiBOMX _2H i2/ rQ Fb #v SQpDBMpQHpRX NHiBb+ H2 RQ/KHBM; Q
Q#i BM2/i? ' Qm;? Sa6 ;2H@+ biBM; UIiQ BM/m+2K + QTQ QbBivV M
Ur?B+? BK#m2b mT iQ jyW KB+ @XUR\ObBiMW)B BB 20k 2+i QM KB+ Qb+
BK ;2 QL W®"K +QMi BMBM:; KmHiBb+ H2 TQ QbBivX h?2 bQHB/ “2/ -
Q 2-r?B+?? b H2M;i? b+ H2 Q7 R'K-r?BH2i?2/ b?2/ 2/ +B +H2 B!
H2M;i? b+ H2 Q7 Ryy '"KX h?2 v2HHQr 2HHBTb2 ?B;?HB;?ib i?2 BM
h?Bb K i2°'B HBb HbQ i?2bm#D2+i Q7 i?2+m "2Mi 2b2 +?-r?B+?t
iQi?2i?72 ' KQK2+? MB+ H+? * #i70BKXiBOKMXDBHREL T 2/B+iBQM Q7 i?
+QM/m+iBpBiv- biB77M2bb- M/ bi'2M;i? Q7 QtB/Bx2/ TQ Qmb I>h*!
KB+ Qbi m+im 2 pB T Q+2bbBM; 27BM2K2Mi iQ ;2M2" i2 K i2 B HI
BM ?vT2 ' bQMB+ p2?B+H2bX



*2 Ti2" ]

PtB/ iBQM EBM2iB+b JQ/2HBM:

h?Bb +? Ti2  /Bb+mbb2b i?2 QtB/ iBQM FBM2iB+b i? i Q++m > BM *f*
T2 im 2bX h?2M #'B27 bmKK "v Q7 {i2KTibi? i ? p2 #22M K /2 iQ
T2'7Q°K M+2 M/ KQ/2H QtB/ iBQM BM ?B;?@i2KT2  im 2 2MpB QM
bBb Bb TH +2/ QM i?2 /B77B+mHiv BM +°2 iBM; i MbB2Mi- /B77m
BKTH2K2Mi iBQM HQM;bB/2 K i2'B H "2bTQMb2 bQHp2 X

JjXR PtB/ iBQM "2? pBQ BM *f* M/ I>h*Db

6Q *f* +QKTQbBi2b 2tTQb2/iQ i2KT2  im 2b #2HQr eyyé*- QtB/ iBQ
2 +iBQMb i +iBp2bTQib QM i?@X i®iBpR bmQvb+22(i?2 "2bmHi Q7 T
/2MbBiv- T°Q/m+iBQM K2i?Q/- BKTm Biv- M/ 2bB/m H bi*2bb QM i?
eyy M/ 3yyé*-i?2/B77mbBQM p2HQ+BivQ7 Qtv;2Mi?2"Qm;dXm 7 +2
"2vQM/ i?2 i° MbBiBQM i2KT2"  im'2-i?2 /B77mbBQM p2HQ+Biv Q7 ¢
+QMi"QHb i?2 QtB)DBQ\WM ;2M2° H- i?2 FBM2iB+b "2 p2°v bBKBH °
QtB/ iBQM #27? pBQ ,QuT/2MBK2NMB"'rBi? kiX8biWoBBIi2 BM; B/ 2tTQb?2
iQ B i i2KT2 im 2b Q7 3yyé M/ Rkyyé*r b BMpRNKBHB2fxR EQ? 2i
b?Qrb allJ KB+ Q; T?b Q7 i?22 7 +imbZBmBR2Mb7 TihBOtB/ iBQM BI
i2KT2 im 2 "2;BK2bX



kYSY Q,027 Oné #1Nz&0f Oé +g+ 2é2m?2i+ N

6B:m 2 jXR, 6al1J KB+ Q;  T?b Q7 7 +hM22BK2W 22TWHAEBIQ B U \
3yyé* 7Q Ry ? M/ U"V i Rkyyé* 7Q k ?X6 2T BMi2/ rBi? T2 ' KBbbB
aQMb UGB+2Mb2 LmK#2", 8y9KNdRQRWBe Vi KYYIR (

2T2M/BM; QM i?2 2tTQbm 2 i2KT2  im 2- QM2 Q7 i?2 irQ 7QHHQTrBI
IQKBM Mi,

th'(s)+_iPk(g): hBEs)+ "«Pi(l) UjXRV

"kPi()= "«Pjy(9) UjXkV

:Bp2M i?2 T~ #QHB+ r2B;?2i; BM "2TQ i2/ M/ p MY TMPRUF2BI7 #Qi?
Bb +H2 ~i? i "PXREBKEW i2b i?2 HQr i2KT2  im 2 QtB/ iBQM FBM2iB+
)P, T? b2 Bb HB[mB/ i ?B;? i2KT2"  im 2b #mi #2+QK2b bQHB/ QM+
iQ "QQK i2KT2  im 2- b b?QX®R BM BB2mm2?Q b MQi2 M BMBiB H r2
ii"B#mi2/ iQ i?2 7Q K,iB\QMWIBPUBP7QHHQr2/ #v bHB;?i /2+ 2 b2 B
Air b TQbimH i2/i? i QM+2 i?2 KQmMi Q7 QtB/ iBQM T Q/m+ib ~2 4
P TQ Bx iBPMWQD*+m "2/ TB/Hv ++Q [EMi?ib 2 milBEMA bHB:?i r2B
HQlBIX AM i?2 bT2+BK2M QtB/Bx2/ i RkyyeésPi\2 @ +T+@n Box BiE RIMMQ 7@
M2QmbHvV ii?2 QtB/2@bm#bi’ i2BBUWMIT7 B2BR?MERMIMI BM i?2 alJl B
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h?2 "2 +iBQM BM i?Bb ?B;? i2KT2 im 2 2;BK2 Bb,

hBi(s)+ - PUO)= NBRI+ " (Pi(0) UiXjV

h?Bb “2bmHib BM irQ@T? b2 bT2+BK2MmHDWMbiRbiBM: Ry 2R iIPB" F
Hv2 Q7UB® "2bTQM/BM;iQ Ry?2tTQbm 2iBK2VX h?Bbbim/v ?B;
Q7 i?2 QtB/ iBQM FBM2iB+b BM I>h*b- 2p2M rBi?Qmi i?2 //BiBQM G
AM i?2 +QMi2ti Q7 +QMiBMmmK K2+? MB+b KQ/2HBM;- "2T 2b2MiB
HQr2 i2KT2  im 2b rQmH/ 2[mB 2 bB;MB7B+ Mi KQ/B7B+ iBQMb iQ

iXk PtB/ iBQM _2bBbi M+2 M/ J2+? MB+ H 2

qBi? bm* 7 +2 /272+ib H2 /BM; iQ i?72 + 2 iBQM Q7 +iBp2 bTQib i? i
7BM2/ /2MbB7B+ iBQM M/ M MQbi'm+im 2@iQm;?2MBM; i2+?MB[m
i?72 bi’2M;i? M/ QtB/ iBQM "2bBbi M+2 Q7 *f* +QKTQbBi2b M/ I>h*
? p2 #22M +QMbB/2°2/ 7Q "  BKT QpBM; i?2 QtB/ iBQM "2bBbi M+2 Q7
BM; i?72 KQbi +QKKQMX h?2 HBi2° im 2 +QMi BMb K Mv bim/B2b Q7 |
i2KT2' im 2b-BM+HmM/BM; bim/B2b Q7 I>h*b + RNk BMBM; DPDRDPp@H'
K M+2 Q7 mBi"? aB* +QMi2Mi > M;BM; 7 QK ky iQ 3y pQHW T b 2p Hm i2
ErBi? Q#b2 p iBQMb #2BM; K /2 #Qmii?2 QtB/ iBQM "2 +iBQM T i?
i?B+FM2bb Q7 T QbamiBp2aBPiBM;- M/ TQbbB#H2 I>h* /2MbBiv "
aB* //BiBlpR2% @BKBH " i2bibr2°'2 T2 7Q K2/ QM b? "T H2 @BM; 2/;2 &
pPQHW aB* mbBM; /B 2+i@+QMM2+i b+ KD2i B;-r?2 2 2KT? bBb
QtB/2 b+ H2 i?B+FM2bb pB T?ypB+b@# b2/ KQ/2Hb (
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_2+2Mi277Q ib #v aBHp2bi QMB,2+ QMK BMBMb;iB* i/ wB* BM bmT2"
"+@D2i rBM/ imMM2H- 2tTQbBM; i?2 +2° KB+ iQ i2KT2  im 2b Q7 k
i?72 /2T2M/2M+v Q7 QtB/ iBQM #2? pBQ QM Qtv;2M +QMi2Mi BM i?2
aB*RX h?Bb #°B27 b KTH2 "27H2+ib i?2 ;2M2° HM im 2 Q7 i?2 “2b
QtB/ iBQM BM I>h*b- b KQbi 2b2 “+?22°b 7Q+mb QM i?2 i?B+FM2bb
Hv2 - i?2 i? Mi?2bi'm+im> HT QT2 iB2bX h? ib B/-b2p2° H bin
i2KT2 im 2 /2T2M/2M+B2b Q7 K2+? MB+H MBQ T2 +iBRBNJKX w "
JMM Q +QKTBH2/i?2 "2bmHib Q7 i?2 HBi2" Tm#HBQ?KMQBBI?BM;
Q7 K i2'B HT QT2'iB2b 7Q  i2KT2 jkiiX 2lb2mK il RyyR&* T2 7Q K2/ b
BH ° 2tT2 BK2MibrFi@ aB* //2/- Tm#HBb?BM; 2H biB+ KQ/mHmb- 7
M/ 7 +im 2iQm;?M2bb p Hm2b 7Q" i2 K TRNXi m?Dmm™ iR RZ B\ 2(b i B
iBQMb Q7 ?B:?@i2KT2" im 2 K2+? MB+ HT QT2 iB2b K2MiBQM QtB
Hv2 i?B+FM2bb- i?2v /Q MQi T°QpB/2 /B 2+i HBMF #2ir22M QtB/
i2biBM; M/ KQ/2HBM; Bb "2[mB 2/ iQ BbQH i2 i?2 2772+ib Q7 QtB
?B;?@i2KT2  im 2 2tTQbm 2X

iXj JQ/2HBM: Q7 PtB/ iBQM EBM2iB+b BM I>h:

h?2 HBi2  im 2 +QMi BMbp "BQmb K2i?Q/b 7Q  KQ/2HBM; QtB/ iBQ!
7Q BKTH2K2Mi iBQMrBi?BM MBM@?Qmb2 +QKTmi iBQM HiQQHX
K2+? MBbiB+ KQ/2H 7Q  i?2 QtB/,i-BXyM K2 f BIBQ? BM i?2 i2KT2  im 2
"M;2 Q7 Ryyy@R3yyé*- bT2+B7B+ HHv T '2/B+iBM; r2B;?i +? M;2-
iI?B+FVRRO Pi?2° QtB/ iBQM KQ/2Hb T '2b2Mi2/ BM i?2 HBi2 im 2 ?
iQQHb 7Q  BMi2 T 2iBM; 2tT2'BK2Mi H/ i - i?2 i? M b KQ/2Hb /2
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Rdjy)X 6Q° BMbi M+2- i?2 7Q 2K2MjBHRM/BM;iR/y2®7KT7HM2b BM+Hm
+QK#BM2/ 2°Qi?2 K H@QtB/ iBQM KQ/2H-r?B+?2r b# b2/ QM 2tT2"
i2bib-iQ ++QmMi 7Q  i?2 Q#b2°p2/ QtB/2 ¥)¥2 i?B+FM2bb ii?2iB

"QM;BQ ' MQ 2i HX /Bb+mbb2/i?27Q KmH iBQM Q7 KQ/2H 7Q  Qtv;:
b+ H2 Q7 M/™>3mbBM; 7B bi T'BM+BTH2b- bBKmH iBQj\)o%x hN22tT 2" E
KQ/2H Bib2H7 Bb MQi T 2b2Mi2/- #mi b2p2  H +? HH2M;2b r2 2 +FI
KQ/2HBM; Q7 i?2 KB+ Qbi'm+im> H2pQHmiBQM Q7 +QKTH2tQtB/2 |
K2i?Q/b /m2 iQ +QKTH2t j. KB+ Qbi'm+im- 2b rBi? +Q2tBbiBM; K i2"
BM+Q 'TQ  iBQM Q7 i?2 K2+? MB+ H M/ i?2°K H+QM/BiBQMb bm;;:
M/ 2?22 i/B7T7TmbBQM K vM22/iQ#2bQHp2/ bBKmHiIi M2QmpXv rBi? K
.2bTBi2 i?2b2 /IB77B+mHiB2b-i?2v "2Bi2" i2i? i T 2/B+iBp2 KQ/2HK&E
I>h* +QKTQbBIiBQM M/ KB+ Qbi'm+im 2b 7Q° mb2 BM i?2 ?2vT2°'bQ
?B;?Hv /2bB)X¥H2 (

aBKBH " iQi?2b?Q i ;2Q7 QtB/ iBQM@bT2+B7B+/ K ;2/ i -i?2 2 Bl
KQ/2HBM: 277Q ibX _ /?B 2i HX +QM/m+i2/ 7BM®Bjp RGIRW2AB* M

+QKTQbBi2iQ BMp2biB; i2i?2b2H7@?2 HBM; T (@R hiBRb K@ /i21R Qt
+QmTH2b Qtv;2M FBM2iB+b rBi? [m bB@# BiiH2/ K ;2 T°QT ; iBQM-
Bbmb2/iQ+QMM2+ii?2 QtB/ iBp2 2 +iBQMiQi?2+? M;2Q7 / K ;21
iQ MQi2i? ii?2/ K ;2T K2i2 + Tim 2bi?2/ K ;2 M/i?2b2H7@?2
Q7T bbBp2 QtB/jPBXQ MT@MHWIB H BKT Qp2K2Mi Q7 i?Bb277Q irQmH.
Ki2°B HHQbb i? i +QK2b 7°QK +iBp2 QtB/ iBQMX q?BH2 i?Bb bim/
iQ/ K ;2-72r KQ/2HBM; 277Q ib K F2 i?Bb +QMM2+iBQMX

aBM+2 i?2 :Q H Q7 i?Bb 277Q i Bb iQ BKTH2K2Mi M QtB/ iBQM KQ
Tmi iBQM HiQQH- #2ii2° mM/2 bi M/BM; Q7 i?2 QtB/ iBQM FBM2iB
"2[mB 2/X b 7B bibi2T- QtB/ iBQM + M #2 pB2r2/ BM K + Qb+QT
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b #2BM; :Qp2 M2/ #v 6B+FB M /B77mbBQMX h?2 7QHHQrBM; 2[m il
2 Qri? KQ/MRH (

%:n(ZD)”tnl UjXxov

r?2°@ Bb /2i2 ' KBM2/ #v i?2 SBHHBM;@"2/rQ i? ~ iBQ iQ ? p2 p Hr
iQ BM/B+ i2 HBM2 * Q' T ° #QHB+ b+ HD2BbQiri2-/BZETF2HE B2 HQR 7 7
r?B+? K v #2 bQHp2/ 7Q" pB 6B REKXbhPBHOM7 7@ 1b( 7B bi T bb i Q#
i?2 i?B+FM2bb Q7 i?2 QtB/2 Hv2 b 7mM+iBQM Q7 iBK2- HHQrBN
/QK BM iQ #2+QK2 #QQH2 M 7mM+iBQM Q7 /Bbi M+2 7°QK i?2 M2
KQ/2H Bb p HB/ rBi? i?2 bbmKTiBQMi? i i?2 K i2’B HBb MQMTQ"Q
bi ;2- K2 MBM: BirQmH/ MQi #2 /B 2+iHv TTHB+ #H2iQ I>h*7Q Kb i
KB+ QTQ QbBivX JQ/B7B+ iBQMb rQmH/ M22/iQ #2 K /2 iQ ++QmM
“i2/m2iQTQ QbBivX h? i- HQM; rBi? i?2 +QKTH2tBiB2b BM bQHpB|
K F2 BKTH2K2MiBM; i?2 b22KBM;Hv bBKTH2 KQ/2H MQM@ i BpB H

6m i?2° +?2 HH2M;2b /2p2HQT r?2M KQpBM; BMiQ KQ/2HBM; k. K i2’
“i2b K +°Qb+ H2 TQ QbBivX PM2 TT'Q +?2 iQ BKTH2K2Mi i?2 R.:"Q
Bb +QMbB/2'BM; QM2 #QmM/ v Q7 i?2 K i2'B HbT2+BK2M iQ #2 2tT
"QMK2Mi- i?2M bT2+B7v iBK2@/2T2M/2Mi QtB/2 7°QMi i? i ;"Qrb B
#QmM/ "vX M BKT ' Qp2K2Mi Q7 i?Bb TT'Q +?2 7QTQ'Qmb K i2 B }
"Qri?2 QtB/2 H v2' ++Q /BNXFOQQUKNMEBQYM Q 2 bm 7 +2X *QKTmi |
bT2 FBM;-i?BbrQmH/ "2[mB 2+ H+mH iBM; i?2 MQ 'K Hp2+iQ" i2 -
M/ bT2+B7VvBM; i?2 QtB/2 /2Ti? Q77b2i 7°QK i?Qb2 TQBMib i 2 +72 i
?2 p2 #22M 2 bQM #H2 7B bi bi2T- i?2 7Q+mb Q7 i?2 "2b2 +? b?E
IB77TmbBQM@# b2/ QtB/ iBQM KQ/2HX
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Air b TQbimH i2/i? ii?2 QtB/ iBQM bi i2 Q7 MvTQBMiBMi?2K i2 B
B7B2/ #v /2i2 KBMBM; i?2 i2KT2  im'2 M/ Qtv;2M +QMi2Mi ii? i TC
irQ@/BK2MbBQM H /B77mbBQM bQHp2 X h?2 ;Qp2 MBM; 2[m iBQN\
7°QKi?2i?°22@/BK2MbBQM H7Q K Q7 6B+F6b a2+QM/ Gj8r, HbQ + t

%f: Dr 2 UjX8vV

r’2°'@ Bb i?2 +QM+2Mi° iBQM DR BIRty;BM i®M2 /B77mbBQM +Q277B+B
bbmK2/iQ #2 BM/2T2M/2Mi Q7 /B " 2+iBQMX "vbQHpBM; i?2 /B77mb
Qtv;2M +QMi2Mi M/ bBKmHi M2QmbHvV bQHpPBM; 7Q  i?2 i2KT2" im":
/IQK BM- i?2 "2 +iBQM jBXN\R Q[mHIBKRMMb2/ iQ BM7Q K i?2 QtB/ iBQM |
/IQK BMX g?BH2 i?Bb Kv b22K bBKTH2 i 7B bi ;H M+2- 1?22 "2 il
T 2p2Mi i?2 +QMM2+iBQM Q7 i?2 /B77mbBQM 2[m iBQM bQHmMiBQM
i?72 KQK2+? MB+ HbBKmH iBQMX h?2 7B bi Q7 r?B+? Bb /2i2 " KBMB
BM Mv  ;Bp2M K i2'B H 2;BQM ;Bp2M bT2+B7B2/ Qtv;2M +QM+2Mi"
MQi bm77B+B2Mi +QM+2Mi" iBQM iQ + mb2 ijXR 2 +iBQM ;Bp2M BM

M Hi2 M i2 TT'Q +? rQmH/ #2 /2p2HQTBM; i2°M v T? b2 /B ; K
i2K- r?B+? +QmH/ #2 mb2/iQ 2tTHB+BiHv /27BM2 r? i "2 +iBQMb Q-
i?72 i?°22 bT2+B2b i +2°i BM i2KT2 im 2X q?BH2 /i 7Q i?Bb i2
p BH #H2 BM i?2 HBi2  im 2- >QbQ/ 2i HX T 2b2Mi2/ T? b2 /B ;°
i2°M v bvbi2KBMi?2 +QMi2ti Q7 mM/2 bi M/BM; i?2 T? b2 2 +iBQM
+QKTQbB)Xbh(?2 [m i2°M v T? b2 /B ;" K+ M #2 BMi2 T 2i2/ b i2i
i72 p2°iB+2b 2T 2b2MiBM; RyyW +QM+2Mi" iBQM Q7 2 +? Q7 i?2 7C
BKTHB2b i? i 2 +?2 7 +2 2T 2b2Mib i2'M v bvbi2K r?2°2 i?2 +QM-
bT2+B2b Bb Hr vb yW- i?mb i?2 bvbi2K T 2b2Mi2/ #v >QbQ/ 2i H>X



KYKY Kii21a0él iA Q,02z2 Oé FO&éT O« Oé m?i+ R8

mb2/ iQ # +F Qmi i?2 T? b2 "2 +iBQMb Q7 i?2 hB@"@P bT2+B2b Q7
[2i2 °KBM2 i?2 T? b2 "2 +iBQMb-[m i2°M v T? b2 /B ;" Kb ib2p2  H
HBM2 "Hv BMi2 TQH i2/ #2ir22MX IM7Q imM i2Hv- i?2b2 /i r2°2 M
HBi2  im 2-i?mb T 2p2MiBM; K2 MBM;7mH "2bmHib 7 QK #2BM; /" r
bQHMIBQMX

1p2M B7i?2 2r2°2bm77B+B2Mi/ i iIQBM7Q K ++m  i2T? b2 "2 +iB
BMi?27Q'KQ7H +FBM;i?2 +QMM2+iBQM #2ir22M i?2 QtB/ iBQM bi
AM //BiBQM iQ T '2/B+iBM; i?2 K2+? MB+ H '2bTQMb2- MQi?2  +QK
+QMM2+iBQM #2ir22M KB+ Q+ +Fb + mb2/ #v K2+? MB+ H/ K ;2 |
/IB77mbBQM " i2- bBim iBQM MQi T 2b2Mi BM i?2 i2bi/ i Q' KQ/2H
q?BH2 M {ii2KTi +QmH/ #2 K /2 iQ +QMM2+i i?2 QtB/2 H v2  i?B+FM
S i?b " i?2v 2ijdHXQ (i?2 T bbBp2 QtB/ iBQM / K ;2 KQ/2H T 2b2Mi2
HXj9- ?B;? H2p2H Q7 BMbB;?i BMiQ #Qi? KQ/2Hb rQmH/ #2 M2+2
M im 2 Q7i?2B° "2bT2+iBp2 Tm#HB+ iBQMb-i?Bb bQHmMIBQM rQmH
Q7 i?Bb "2b2 "+? 277Q iX 6m i?2°'KQ 2- i?2 QtB/ iBQMdKOMH Q7 S
/2p2HQT2/ mM/2  b2p2° H +QMbi° BMBM; bbmKTiBQMb- M K2Hv i?
Qtv;2Mi?2 Qm;? bQHBBRQP/B77mbBQM QMHV Q++m b i? " Qm;? +vHBN
QtB/2 H v2 X h?Bb 2tTHB+Bi /27BMBIiBQM Q7 i?2 QtB/2 b+ H2 +QM
TTHB+ iBQMiQ ;2M2° H+QM+2Mi' iBQM bi i2@# b2/ QtB/ iBQM K

AiBb +H2 “i? i Hi?Qm;? QtB/ iBQM FBM2iB+b 2 r2HH mM/2 biQQ/
bm#bi> i2 2+2bbBQM- M/ QtB/2 H v2 i?B+FM2bb-i?2 2 Bb Km+?2 T
T? b2 "2 +iBQMb iQ HBMF Qtv;2M /B77mbBQM iQ K2+? MB+ H T QT?
7B bi@T bb TT Q +? Bb i?2 bM Th?Qi QtB/ iBQM KQé2H?BX*%2 /Bb+
+ Tim 2b QtB/ iBQM 2772+ib # b2/ QM FMQrM 2tT2 BK2Mi H QtB/2 ;
BM?B#Bi2/ #v i?2 7Q 2K2MiBQM2/ Q#bi +H2bX
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h?2 KQK2+? MB+ HJ i2 B H SQF
J2i?20Q/

h?2 +QKTmi iBOMiQQH Mb2/iQ T2 7Q KbBKmH iBQMb QM QtB/Bx2/
MBM@?Qmb2 JSJ +Q/2 /2p2HQT2/ #v SQpQHMvV 2i HX h?Bb +? Ti:
7Q° b2H2+iBM: i?Bb +Q/2 Qp2  KQ 2 +QMp2MiBQM H iQQHb- HQM:
M/ i?2°K H bT2+ib Q7 i?2 +Q/2X h?2b2 /Xi3BHmi 2> npKEH ¥ DT B (
'Qp2 "MBM: 2[m iBQMb Bb T 2b2Mi2/ ?22°2iQ Q772" KQ'2 +QKTH2i2
h?2 # BiiH2/ K ;2 KQ/2H 2KTHQV2/ BM i?2 +Q/2 Bb /Bb+mbb2/-i?2M
7Q  /2i2 °KBMBM; i?2 2772+iBp2 i?2 KQK2+? MB+ HT QT2 iB2b Q7 |
i727Q+mb Q7 i?Bb i?2bBb Bbi?2 BMi2;" iBQM Q7 QtB/ iBQM 2772+ik
Q7 T 2pBQmbrQ Fbr?B+? 2KTHQV2/ MmK2 B+ HbBKmH iBQMb iQ /2
"2bTQMb2 Q7 TQ Qmb I>h*b Bb MQi BM+HmM/2/X am+? “2pB2rr b T:
iQ KQiBp i2 i?72 /2p2HQTK2Mi Q7 i?2 JSJ iQQH /Bb+mbb2/ 22 2BM-
# +F;"QmM/ Q7 i?2b2 bBKmH iB&Mb3IXM #2 7QmM/ BM (

9XR Zm bB@ai iB+ J i2'B H SQBMi J2i?Q/

b B/2MiB7B2/ #v SQpQHMVER/i2 H¥M;2 Q7 +QKTmi iBQM H TT Q +?22
JQ'B@h M F KB+ QK2+? MB+b M/ i?2 61J- ? p2 #22M mb2/ iQ bb2

Re
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I>h*b mM/2" +QKT 2bbBp2 HQ /BM;X :Bp2M i?2 H ;2 /27Q K iBQM

Q#b2 p2/ BM TQ ' Qmb I>h*b bm#D2+i2/ iQ +QKT 2bbBp2 bi- BMb Q7
JSJr2°2 +QMbB/2°2/i?2 bi QM;2bi + M/B/ i2b 7Q mb2 BM i?Bb 277
+22/rBi?i?2JSJ " i?2 i? M61Jr b# b2/ QMi?2 7TQHHQrBM; +QMbB
Bb rB/2Hv mb2/ M/ r2HH@mM/2 biQQ/ K2i?Q/ 7Q° KQ/2HBM; 2H b
2i HX TOBMi Qmii? i Bi 6°2[mB 2b //BiBQM H +QKTmi iBQM H +QK
/27Q K iBQM- K2b? /BbiQ iBQM-7" +im 2- b2H7@+QHHBbOBQM- M/
i2'B H®X(aT2+B HbQHp2'b M/ bi' i2;B2b "2 Q7i2M "2[mB 2/iQ ? M
+ b2bX h?2 JSJ/Bb+ 2iBx2b +QMiBMmmK #Q/v BMiQ MmK#2 Q7 L
TQBMib- r?2B+? "2 Qp2'H B/ mTQM M 1mHKZXB WP 2 KR 2 @mMT @ BIM7 |
+ v HH T?vbB+ HT QT2 'iB2b-Q  bi i2 p 'B #H2b- Q7 i?2 +QMiBMr
+ "B2bMQ T2'K M2Mi BM7Q K iBQMX

i i?72 #2;BMMBM; Q7 2 +? +QKTmi iBQM H Bi2' iBQM-BM7Q K iBQN
TQBMibiQi?2 +QKTmi iBQM HK2b?-r?B+?Bbmb2/ b b+ i+?T /iQ
bQHMIBQM Q7 i?2 2[m iBQMb Q7 KQiBQM i? i Bb BMi2 TQH i2/ # +F
JSJ2KTHQVb i?261JiQ T2 '7Q 'K i?2 BMi2 TQH iBQM M/ # +F;"QmNMN
Bi pQB/b i?2 7Q 2K2MiBQM2/ TBi7 HHb Q7 i?2 61J M/ Bb i?2°27Q
b2H7@+QHHBbBBQM M/ +  +F T QT ; iBOM rBi?Qmi K2b? 2Mi M;H2K
k3X +FMQrH2/;BM;i? ii?2JSJK Vv#2KQ 2 +QKTmi iBQM HHv 2tT2
7Q° bBKTH2 bBKmH iBQMb- #mi Q772°'b MmK2 ' Qmb /p Mi ;2b 7Q" |
i?Bb bim/v-i?22 3JSJr b b2H2+i2/X aBKmH iBQMb mbBM; i?2 22t ;QMN
#v SQPQHMvV 2i HX iQ p HB/ i2 i?72 T2 ' 7Q 'K M+2 Q7 i?2 JSJ ; BMbi
"2;BK2X _2/mM/ Mi bBKmH iBQMb ? p2 MQi #22M T2 7Q K2/ /m BM
+2Mi BKT ' Qp2K2Mib Q7 SQpQHMvéb +Q/2 BM+HmM/2 [//IBM; i2KT2 i
K2+? MB+ HT ' QT2'iB2b b /B 2+iBMTmib-i?mb HHQrBM #22 T ' QT*



R3 +Nzy ¢ :YiNT énef«Nzéd«zaKz 9 O0zaTnOé

[2p2HQT2/ # b2/ QM / i T QpHKR/ #ABMHANBLY/Bb+mbb2X®M b2+iBQM

h?2 JSJ +Q/2 bQHp2b b2'B2b Q7 +QmTH2/ 2?2 ii° Mb72° M/ 2H biB:
/2 Bp2/ #v SQpQHABX2h?BXQp2 MBM; 2[m iBQMb M/ # BiiH2 / K ;2
T2 i2/22°2iQ T QpB/2 +QMi2ti 7Q  i?2 bBKmH iBQMb- #mi 7m i?2" /2
+Qp2 2/ 2ti2MbBPRHV BM Qi T 2b2Mi2/X g2 #2;BM rBi? i?2 ;Qp2 MB]
2[m iBQM 7Q  i° MbB2Mi ?2 ii’ Mb72 rBi? +QMiBMmmK / K ;2- T 2b
iBQM,

CoL=(1 d)kT; U9XRYV

r?2°2Bbi?2 K bb/2MbBiv Q70,?BIKi?P2 BTRA+B7B+ ?22 i i +CkVEh Mi T 2|
i?72i?72 K H+QM/MMBhBRBiI2-KT2 im 2 7B2H/ b 7mM+iBQM Q7 i?2* i
M/ iBK2-dBb i?72 +QMIiBMmmK / K ;2 T~ K2i2 ' X *QMb2 p iBQM Q7 H
;Bp2M #v

ij +h=0; U9XkV

M/ b2 p2b b i?2 # bBb 7Q  i?2 2[m iBQMBIRQ7?2H ImB*BbiX2bB i2ZMb
Mbh Bb i?2 bT iB H #Q/v 7Q +2X LQi2 i? i BM2'iB H7Q +2b 2 +QNMN
i?2 +QMbiBimiBp2 "2H iBQMb "2BMi"Q/m+2/iQ +QMM2+i/27Q K iB
i?72 /BbTH +2K2Mi 7B2H/,

u = X X Uuoax;Vv

r?2 %X, Bb i?2 "272°2M+2 +QQ /BM i2X h?Bb HHQrb 7Q  i?2 /27BM
> /B2 Mi,
Fj = o U9X9V

a22FBM; iQ 2KTHQV i?2 aiX 02M MIi@EB +?2?Q77 +QMbiBimiBp2 KQ



YSY[ Z OAb 2 O« Kz § O0zaTnOé KT N2 RN
"2[mB 2bi?2 /27BMBIiBQM Q7 i?2 :'22M@G ;° M;2 bi° BM,
Eij = %(Fki Fy i) Uuoxsv
r22°2 Bbi?2 E'QM2+F2" /2H¥ SBHI @ KB +?Q77 bi 2bb i2MbQ",
Sj = JF ! le“l UugXeV

r?2°2= /26X h?Bb bi'2bb i2MbQ  + M #2 2tT M/2/ iQ BM+Q TQ  i2 i7
2772+ib#v bbmKBM; HBM2 " i?2 °KQ@?VT2 2H biB+Biv bI TH2K2M

Sj =1 d)Cyu (Ex T ) uoaxdyv

r?72°Qu Bbi?27Qm i?@Q /2  biB77M2bb i2MbQ X 6BM HHv-i?2 irQ¢
bmKTiBQM 2KTHQV2/ BM i?Bbbim/v HHQrb i?2 +QKTmi iBQM H /QK
Ki2'B HiQ +Q "2bTQM/ /B 2+iHviQ i?2 TH M2 Q7 BbQi QTvX h?2"2
aiX 02M Mi@EB +?Q77 +QMbiBimiBp2 H ri F2b i?2 7Q K,

S =(1 d[Ewi +2E3 @ +2 ) Tyl Ugx3v

r?2°2 M/ "2i?2G KOG +QMMEbMPAR>-pQHMK2i "B+ +Q277B+B2Mi Q7 i?2
M/ T Bb i?2 +?2 M;2 BM i2KT2  im 2 "2H iBp2 iQ Ta72 RNFE i2KT2"
k3X i2MbBH2@QMHvV KQ/B7B+ iBQM Q7i?2J x b/ K :2 2pQHmIiBC
mb2/iQ /2i2dKBM2? + M #2 2tT 2bb2/ BM i2MbBH2 M/ &QMT 2bbBp:
de- "2bT2+iBYWXHWQ /2+QKTQbBIiBQM Bb ;Bp2M b,

d= tdt+(1 t)dc; 0 t 1 U9XNYV
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re2"22 Bb b+ H BM/B+ iBM; i?72 KQmMi Q7 i2MbBH2 bi° BM T 2b
h?2 / K ;2 Hr 2[mB 2bd? MHOQKQMQIiQMB+ HHvVv BM+'2 b2- ?2Qr2p2°
¢« HHQrb i?2 Qp2° HH / K d2i@ /2k222b2 B7 K i2°'B H TQBMi #2+QK
BM +QKT 2bbBQMX h?2 b2H7@+QMi +i BMBiB i2/ #v +QKT 2bbBp2
"2@2bi #HBb?2b +QM/m+iBp2 T i?r vX Airb bbmK2/i? i +QKT" 2}
/| K ;2-r?B+?Bb 2 bQM #H2 +QMbB/2 BM; i? il>h*b 2t?B#Bi 2t+2TiE
bi2M;i?b "2H iBp2 iQ i?2B" ijXMbBMRbbI22M+iZ2bi(?2 / K ;2 T ~ K2i2" iC
d= kX h?2J x b/ K ;2 2pQHmMUBIQRRH i”r2Q@Q K,

d()=1 A2tTB(™ %); 0 d 1 U9XRyV

(1 A)
r?22Bb i?2 2[mBp HZMBbDii?BMK ;2 BMBiB MMEWibi2lBM2 KQmMi

Q7 "2bB/m H bB 2Mi M/Hb i?2 / K ;2 2pQHmMiBI@AM I 2HQ b BM QM/ @

BM; iQ x2 ' Q "2bB/m H bi'2bb 7iB =500H® 2KmBVi2M/ BiiH2 7 BHmM 2 -
bBKmH iBQMb T2 7Q K2/ BM i?8%RXIBR3IIMONRZITBRMMI i?2 7mHH b
Q7 ;Qp2 MBM; /B772 2MiB H 2[m iBQMb- r?B+? "2 +QmTH2/ BM i2"}
MK2i B+ bi° BMb M/ +QMiBMmmK / K :2i? i 772+ib #Qi? i?2 'K H M

OXk 1772+iBp2 S’ QT2 iB2b

1772+iBp2i?2 ' KQK2+? MB+ HT QT2 iB2b + M #2 /2i2 ' KBM2/ 7 QK i
i?72 +QKTmi iBQM H ?2QKQ;2MBx iBQM TT Q +? RIXb2NM22KBW B®pQF
i?72 2772+iBp2 2H biB+ +QMbi Mib BM i?2 TH M2 bi° BM bBKmH iBQ
THBb?2/ #v mbBM; i?2 i° Mbp2 ' b2Hv BbQi'QTB+ p2 ' bBQM Q7 i?2 ai
i° Mbp2 b2Hv BbQi'QTB+ biB77M2bb i2MbQ  Bb r Bii2M BM 0QB;i MC



YIY 2AAT« O&YT Ay OF kR

1
Ciu Cip Ciz3 O 0 0
Cpo Ciy Ci3 O 0 0
Cizs Ci3 C;z 0 O 0
0 0 0 Cu O 0 U9XRRV
0 0 0 Cus 0

0
0 0 0 0 0 St

r?2°2 i?2 j@/B 2+iBQM +Q "2bTQM/b iQ i?2 Qmi@Q7@TH M2 /B 2+
+QM/BiBQMb + M i?2M #2 TTHB2/ iQ i?2 # +F;"QmM/ ;"B/ Q7 i?2 _
7QHHQIBM: 2[m iBQM,

(U;u) A=(0;"PPX,) A 8(X1;X2)2 @ .-y U9XRkV

r72 %, M/X, "2 i?2 * “i2bB M 272 2M+2MTI@bRIBDM* i2bB M /Bb @
TH +2K2Mi +QKABMPN2IiR-B2Mi2/ MQ K H p2+iQ QM i?2 #QmM/ v Q
"B@® .5, M/I'? Bb i?2 TTHB2/ 2M;BMRERXBM;iBR BM™M (;2 bi’ BM i?2Q"2
i?72 pQHMK2@ p2° ;2/ 2M;BM22 BM; biPEHE BbiHV2M 1BF2M;2M2° i2b
"22M@G ;° M;2bi’ BM Q7,

Eapp— (1+ P2+ 1 U9XRjV

h?2 * m+?2v bi 2bb i2MbQ 1t QKT,QM2BKD 2 QmiTmi #vi?2 JSJ +Q/2-
#2 mb2/iQ + H+mH i2i?2 p PHIBQRHD @EB 2PRQ77 bi 2bbB2MbQ " +QK
MISpi pB 1[m i8XBM i?2 #b2M+2 Q7 i?2 K H bi® BMbX h?2b2 +QKT
BM@TH M2 2H biB+ +QMbi MibkidQ #2 /2i2 ' KBM2/ b (

CLi'E =5 U9XROV

Ch'% ol UIXRSYV
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h?2b2 irQ K i2°B H+QMbi Mib "2 bm77B+B2Mi iQ /2i2 ' KBM2i?2 277

mHBY' M/ 27{kd,
., C&CA cgeck
1274 7 U9XReV
C3* Ch

277 277
12 Cll

:275# U9XRdAV

IM/2i?2TH M2bi® BM bbmKTiBQM-r?B+? HHQrbi?2 01/QK BMiC
i?2b2 KQ/mMHB + M#2 mb2/BM +QMDmMM+iBQM rBi? >QQF26b H riQ /z

iB©7,7
C277
271 11
= U9XR3V
Ci
h?2 b2+QM/ 2772+iBp2 i?2 ' KQK2+? MB+ HT QT2 ivQ7 BMi2 2bi Bb

iBpRfV'r?B+? Bb +QKTmi2/ mbBM; 6Qm B2 6bH rQ7?2 i +QM/m+iB(

hopi = k27g}—T U9XRNV
dX2

r?21pi Bbi?2 pQHmMK2@ p2° ;2/?2 i 7THMtBM i?2k@/B 2+iBQMX h?:
i?72 >a+ M#2 TT QtBK i2/ b,
dT T

% U9XKyV

r22°2T Bb i?2 i2KT2  im 2 /B772 2M+2 #2ir22M i?2 iQT M/ #QiiQK
Bb T 2b+ B#2/ iQ #2 p2 v bK HHBUR?@*¥2BMW/i Q7 i?2 _o0l- r?B+? rBH
/2T2M/BM; QM i?2 H2M;i?@b+ H2 BMi2 T 2i iBQM Q79XRMd1lbX _2
K2 bm M7 QK i?2 JSJ +Q/2 QmiRMiQH#A2QrH+mH i2/ b,

K2z _ el U9XKRV
T/ Xo

AM //BiBQMiQi?22772+iBp2 2H biB+ KQ/mHmb M/i?2 K H+QM/m-+
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Q7i?2 K H2tT2(fibB@@MDbB/2 2/ #v SQkQNMPBHMHXBb T QT2 ivr b N
+ H+mH i2/ 7Q  i?2 QtB/Bx2/ K i2'B Hb +QMbB/2 2/ 22 2BM- Bi Bb Q
bim/B2bX * H+mH iBQM Q7 i?Bb T°QT2'iv "2[mB 2b irQ@bi2T T Q
HHQr2/ iQ 2tT M/ BM "2bTQMb2 iQ i2KT2  im 2 "Bb2- i?2M i?2 b
T 2b+ B#2/ BM //BiBQM iQ M TTHB2/ 2M;BM22 BM; bi’ BMX 6m’i-
"2 Bp2MPM (



*? Ti2 8

"b2HBM2 >2t ;QOM H o0l aBKmH

8XR hBYi2 B HS QT2 iB2b R. JQ/2HBM;

AiBb /2bB 2/iQ // QtB/ iBQM 2772+ibiQ M 2tBbhiBM:JSJiQQHX aB|
/B 2+iHv HBMFBM; QtB/ iBQM #2? pBQ  iQ K2+? MB+ H/ K :2- #mB
# b2/ QtB/ iBQM KQ/2H rQmH/ MQi #2 M TT QT B i2 7B bi bi2TX an
70 T 2/B+iBM: QtB/2 b+ H2 i?B+FM2bb- #mi Bi rQmH/ MQi VB2H/
"B HT2 7Q'K M+2X M Hi2 M i2 BMBiB H TT ' Q +? Bb/27BMBM; i2}
T°QT2iB2b # b2/ QM p BH #H2 2tT2 ' BK2Mi H/ i X h?Bb + Tim 2b i?
#2? pBQ Q7 i?2 K i2'B H #mi /Q2b MQi ++QmMi 7Q" QtB/ iBQM 27
b2p2° H 2t KTH2 T'Q#H2Kb r2 2 bQHp2/ rBi? BM+'2 bBM; H2p2Hb Q
i72 7QmM/ iBQM 7Q" i?2 7BM H iQQHX

8XRXR h2KT2 im2@.2T2M/2Mi J i2°'B HS QT2 iB2b

LI 7Q7i?2p "B iBQMBM i?2K i2 B H T QT2rBB2 b2 T 2 in HiH 2 / 2-NDiK2@r
TBH2/ #v JikM D §2 #22M 7B i GrEoNBMFEPN2 + | BODMH B MK J i 2 2 KOiypX

EMQrH2/;2 Q7 i?2 K2+? MB+ H M/i?2 K HbQHp2 BMTmib 7Q i?2 2
iBM; 7mM+iBQMb 7Q  bBtK i2'B HT QT2 iB2b, 2H biB+ KQ/mHmb- /
bT2+B7B+ ?2 i- i?2°K H +QM/m+iBpBiv- M/ i?2 K H 2tT MbBQM +0Q

k9
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[2T2M/2Mi 7TmM+iBQMb 2 THQii2/ ; BMbi i?2 /i 7 QK r?B+? i?2v
8XR6Q #Qi? 2H biB+ KQ/mH '@ ®V//2WBBivb b2H2+i2/ /m2iQ i?2B"
HBM2 * #2? pBQ  #2ir22M "QQK i2KT2" im 2 M/ kkyy E,
E =574:3 003164 USXRV
= 4545 + 0:1269T U8XkV

h?2/ K ;2 BMBiB iBQM bi® BM- /B37B M 2bBBK*RT# bbmKBM; i? i #n

hBy)2t?B#Bib # BiiH2 #2? pBQ  i? i Bb +? * +i2 °BbiB+ Q7 +2° KB+ K

i?72 bi'2bb@bi> BM "2bTQMb2 rBHH 2K BM HBM2 * mMiBH 7 BHm "2

i?72 i2MbBH2 hiX 2 227Q 2- i?2 bi° BM@iQ@7 BHmM 2 + M #2 2tT 2blt
o= — UsXxjVv

"v. TTHVBM@Q /2" 7Bi iQ i?2 7H2tm" H bi*2M;i? UBMi2 T 2i2/ b i2

T 'QpB/2/ #v JjkM @(M+iBQM 7Q" i?2/ K ;2 BMBiB iBQM bi° BMr b/

"5 =6:619 10 *+1:547 10T Uusxov

1tT 2bbBQMb 7Q i?2bT2+B7B+?2 i M/i?2 K H+QM/m+iBpBivr2 2°
(K- #Qi? Q7 r?B+? 2t?B#Bi bB;MB7B+ Mi i2KT2 im 2 /2T2M/2M+v,

C,=976 4262t[T 0:008(T 273)]+0:21(T 273) UsX8V

k=77:3+82702t[l 0:002(T 273)](T +137) * UusXeV

6BM HEN\@Q /2  7Bir b b2H2+i2/ 7Q  i?2 i?2 K H 2tT MbBQM +Q277E

=7:007 10 %+1:229 10°T usxdv
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6B;m 2 8XR, h2KT2  im 2@/2T2M/2Mi K pX B2 T IQ TR BRIZb 72 BB 2
2tT2 BK2Mi Hp Hm2bjK) QW/JMMAE M2 +m p2b b?Qri?2 /i 7Bi mb2/>
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8XRXk aQHmMiBQM 7Q  IMB tB H " " rBi? IMB7Q K h2KT
i"B#miBQM

b 7B bi@T bb BKTH2K2Mi iBQM Q7 i?2 2H biB+ KQ/mHmb 7mM+il
2[m iBQM 7Q° M tB H# “r bbQHp2/ mbBM; #QmM/ v +QM/BiBQMb
b?QrM BM BBK;MMI2 mMMB7Q K i2KT2  im 2 /Bbi'B#miBQMX .2i BHb Q7
iBQM- HQM; rBi? 2bb2MiB H M/ M im> H #QmM/ v +QM/BiBQMb-

K2+? MB+b i2ti#QQFb- bm+? b i?9RR7hCX HXM AW+ Qbb@b2+iBQM
"2A-Q7 0?2 # r2°2 b2H2mi2MIQ X8R 2bT2+iBp2Hv- r?BH2 i?2 K ;M
Q7 i?2[m /  iB+ /Bbi B#mBiR/UPQI/Mm M/ i?22 TTHB2/ iRJ-BD 82yy

NX h?Bb tB H# T Q#H2Kr b bQHp2/ i ~ M:2Q7i2KT2 im 2b M/
#°7Q 2 +? i2KT2  im 2 Bb b8R¢ MbBMTEBiR/2i?2 bQHMiBQMb b?Qr
2HQM; iBQM BM+ 2 b2b b i?2 i2KT2  im 2 BM+'2 b2b /m2iQ i?2 "2
i2KT2  im 2bX

6B;m 2 8Xk, GQ / +QM7B:m  iBQM 7Q  mMB tB H# T Q#H2K rBi? m
iBQM
8XRXj R.6BMBi2 1H2K2Mi aQHmiBQM 7Q IMB tB H " °

L2ti- MQM@mMB7Q K i2KT2  im 2 /Bbi'B#miBQM r b BMp2biB; i2/
tB H# "bQHMIBQMb r2 2 + H+mH i2/ mbBM; R.61J TT Q +?7-r22"



k3 +Nzy ¢ 9Y #72 7a0é9727,21iéza p2b0Oe az

6B:m 2 8Xj, THQM: iBQM Q7 i?2 mMB tB H# ~Qp2" " M:2Q7 mMB7C

T Q#H2K r b bQHp2/ 7Q 2 +? 2H2K2Mi- HHQrBM; i?2 i2KT2 im 2@
iQ #2 /2i2°KBM2/ +'Qbbi?2/QK BMX .2i BHb Q7 i?2R.61J TT ' Q +?
_2/IvIARX h?2 i?2 K H+QM/m+iBpBivr b bbmK2/iQp 'vrBi? i2KT2'
I1[m iBM?mbi?2 7?22 i +QM/m+iBQM T Q#H2K r b bQHp2/Bi2 iBp2H
‘2 +?2/ bi2 /Iv@bi i2- b/2i2°'KBM2/ #v bBKTHR FQMP2:-;222+2 + Bi2"
i Tirb +QKTmi2/ QMHWMX A7 ;"2 i2° ++m’ +v Q +QKTmi iBQM H 2
/2bB 2/- KQ'22H2; Mi+QMp2 ;2M+2 + Bi2"BQM b?QmH/ #2 /2p2HQ"
BM2 +? 2H2K2Mir b/2i2 KBM2/#v B/2MiB7vBM; i?2i2KT2 im 2 ii?
7°QK i?2 T°2pBQmb Bi2' iBQMX b b?QrM HQM;bB/2 i?2 TQBMi@ N
+QM/BiBQMb BMI6R;, M2Z7i bB/2 Q7 i?2 # ~ 2 b 7Bt2/ i2KT2  im 2 Q;
i?2 "B;?i bB/2 Bb bm#D2+i2/ iQ M TTHE&MW/M2-ir?PBm? Q BIRFb8i?2

i2KT2' im 2 Q7 i?2 "B;?2i@KQbi 2H2K2Mi iQ8XB2@ R BYY B 6 H|BM2
i2KT2 im 2 /Bbi'B#miBQM Qp2 i?2 tB H# - bQHp2/rBi? Ryyy HBNM

aBKBH " iQi?2i?2 K H+QM/m+iBpBiv-i?72 2H biB+ KQ/mHmb BM 2 +
B/2MiB7vBM; i?2 i2KT2 im 2 ii?2 KB/TQBMi Q7 i?2 2H2K2Mi M/ T|
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KQ/mHmb 7mM+iBQM-i?mb +° 2 iBM; TB2+2rBb2 +QMbi Mi 7TmM+iB
THQii2/ ; BMbii?2 H27i 8tB®h®PK BBHMIB QM iQ i?Bb R. 61J T'Q#H2K
; BMbi i?2 R8yyé* mMB7Q KHv@/Bbi ' B#mi2/ i2BX@ bimat22tQHmiBQ
i?72 TTHB2/iBT ?2 i 7THmt + b2 b?Qrb Km+? HQr2  2HQM; iBQM- b |
HQr@i2KT2 im 2biB77M2bbX h?Bb R. 61JBKTH2K2Mi iBQM Q71?2
+QM/mM+iBpBiv7mM+iBQMb /Q2b MQi T QpB/2 MQp2H "2bmHi-#mi T
BKTH2K2Mi2/ rBi?BM i?2 61J M/ 2p2Mim HHv i?2 JSJX

6B;m 2 8X9, GQ / +QM7B:m’ iBQM 7Q  R. 61J T'Q#H2K rBi? TTHB,
#QmM/ v

6B;m 2 8X8, h2KT2  im 2 M/ 1H biB+JQ/mHmb /Bbi B#miBQMb 7Q"
HBM2 " 2H2K2Mib
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6B:m 2 8Xe, 1IHQM; iBQM 7Q  i?2 R. 61J T 'Q#H2K rBi? M TTHB2/ ?:
iBQM +QKT "2/ ; BMbii?2 MmMB7Q K i2KT2  im 2 bQHmMiBQM

8Xk k. SH M2 ai BM aBKmH iBQMb

qBi?i?261JbQHMIBQM T QpB/BM; MmM/2 bi M/BM; Q7 i?2K i2 B F
+QM/BiBQMb- i?2 M2ti bi2T r b iQ BKTH2K2Mi i?2 i2KT2' im 2@/2T
7mMM+iBQMb mbBM; #2ii2° 2T 2b2Mi, ilB QM B itP\2b T2 XQ miin 2h BO i ?:
/p Mi ;2b Qp2  61J /Bb+mbb®/ PN IBI+XD/2 /2p2HQT2/ #v ai27 M SQ
rbmb2/7Q i?2b2 bBEXHANMBIQBIb §2+iBQM-i?2 22t ;QM H ol M/ i?
M/ i?2 K H#QmM/ v +QM/BiBQMb TTHB2/iQ Bi 2 BMi Q/m+2/X
M/ 2H2p i2/@i2KT2  im 2 bBKmH iBQMb "2 /Bb+mbb2/ rBi? 2KT?
i?72°KQK2+? MB+ H "2bTQMb2 BM i?2 mMQtB/Bx2/ bi i2X h?Bb T C
bb2bbBM; i?2 "2bTQMb2 rBi? QtB/ iBQM 2772+ib T 2b2MiX



OYIY I/ TazéThb 20éb0e az Oné iR

8XKkXR >2t ;QM H _2T 2b2Mi iBp2 oQHmMK2 1H2K2Mi

k.?2t ;QM H 2T 2b2Mi iBp2 pQHMK2 2H2K2Mi U _01Vr b b2H2+i2/

iQ +QKTmi2 i?2 2772+iBp2 T'QT2 iB2b Q7 TQ Qmb I>h*X *QKKQM
#QM M MQim#2 +QTi@RBI2b (QM H _olr b b2H2+i2/ #2+ mb2 Bi Bb
i° Mbp2 ' b2HV BbQi'QTB+-+Q "2bTQM/BM; 2tTHB+BiHV iQ KQ/2HBM
_01b rBi? pQHMK2 7" +iBQMb Q7 RyW- 9yW- M/ dyW K + QTQ QbBi\
iBQM- b b?QrM BMJSB2B0L 2 M;2 Q7 TQ QbBiv HHQrb 7Q  i?2 BMp2b
2QK2i'B+2772+ib QM "2bTQMb2 #2? pBQ - #2ir22M r?B+?i?22 2 Bb
K i2 B $H9X(hQ KQ/2Hi7DhB'BMp2biB; i2/ #v SQpQHMv 2i HX- TQ 2b
PQHMK2 7" +iBQMb ? rp250 m/BrnPB®7 BKTHB2b i? i i?2 H2M;i?@b+ H?2
iBQM Q7 i?2 01Bb/2T2M/2Mi QM Bib H2p2H Q7 K + QTQ QbBivX AM
i?72 BMTmi T°QT2 iB2b BM+Hm/2 jyW KB+ QTQ QbBivpB "mH2 Q7 KI
b b?QrM #v SQPQHMV 2i HX iQ Qp2 T 2/B+i i?2 2772+iBp2 T QT2
# iBQM Q7 i?2 BMTmi T°'QT2 iB2b + M MQi v2i #2 T2 7Q K2/ /m2 iQ
QM QtB/Bx2/ I>h*bX

UV RYWTQ QbBiv U#V 9yW TQ QbBiv U+V dyW TQ QbBiv

6B;m 2 8Xd, >2t ; QM H _olb +QMi BMBM; p vVBM; H2p2Hb, Q7 K + C
7Q K
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8XkXk aBKmH iBOQM "QmM/ 'v *QM/BiBQMb

h?2 #QmM/ v +QM/BiBQMb TTHB2/iQ i?2 8XEQ " 2@ K i KB 6 Bmm2 2
M/ 2H2p i2/ i2KT2' im 2 bBKmH iBQMbX h?2 ?2QKQ;2M2Qmb TH M2
TTHB2/iQi?2 01+Q "2bTQM/iQ +QMbi° BM2/ mMB tB H+QKT 2b|
HB2b BM #2BM; #HZHO MmCE kB M2iHVX PM2 F2v /B772°2M+2 BM i?2
Bbi? ii?2Hi2°H M/ Qmi@Q7@TH M2 +QMbi® BMib QM i?2 _o1l BI
bi*2bb2b i? i rQmH/ MQi #2 T°2b2Mi BM i?2 mM+QMbi> BM2/ mMB tB
i?2 MmM+QMbi> BM2/i2bib- QMHv MQ'K Hbi'2bb BMi?2 HQ /BM; /B
/B772°2M+2 Bb i? i 2tT2'BK2Mi H mM+QMbi® BM2/ i2biBM; rQmH/ #:
rBi? H2bb mMMB7Q K TQ QbBivX :Bp2M i? i 2tT2 'BK2Mi H/ i ? b M
QtB/Bx2/ I>h*b rBi? KmHiBb+ H2 TQ QbBiv-r2 "2 mM #H2 iQ +QKT
“2bmHib M/ BiBbi?2°27Q°2 2 bQM #H2iQ T'Q+22/rBi? i?2b2 2bb?

UVJ2+?2 MB+ H"QmM/ ‘v *QM/BLBYYMIP2 K H"QmM/ v *QM/BiBQMb

6B:m 2 8X3, J2+? MB+ HU V M/ i?2 K HU#V #QmM/ v +QM/BiBQN
01 U9YyW K +' QTQ QDbBiv b?QrMVX . b?2/ HBM2b BM/B+ i2 i?2 ol
+QM/BiBQMb "2 TTHB2/ /B 2+iHvViQi?2# +F:"QmM/ "B/ UMQi b?Q
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h?2 7B bi b2 B2b Q7 bBKmH iBOQMb r2°2 T2 7Q K2/ i "QQK i2KT2" i

[2°2 bm#D2+i2/ iQ irQ b2ib Q7 i?2°K H #QmM/ v +QM/BiBQMb- i?2

Efb ° KT QM i?2 iQT #QmM/ “v i? i "2 +?22b Ryyy E i i?2 2M/ Q7 i?2

b2+QM/ TTHB2/i?2°K HHQ / Bb 9k Efb > KT QM i?2iQT bm 7 +2i?
t=t/3- 2QH/b +QMbi Mi i Ryyy E/3-M®H /2+ 2 b2b HBM2 "Hv # +F i
i2KT2  im 2X 6Q° HHbBKmH iBQMb QM i?2 ?2t ;QM H _o01b-i?2 7BM
Bfh =50sX 6Q  #Qi? b2ib Q7 i?2 'K H#QmM/ v +QM/BiBQMb- i?2 #Qi

i " QQK i2KT2 im 2 M/ i?2 bB/2b "2 i?2 'K HHv BMbmH i2/- r?B+?

> /B2Mi b?QrM BSIXBBYX 2Qi2 i? i i?Bb i?2° K H ;> /B2Mi 2pQHp2b i-
bBKmH iBQM M/ i?2 ;" /B2Mi b?QrM Bb bM Th?Qi Q7 i?2 /QK BM
"2 +22b Ryyy EX S'Q7BH2b Q7 i?2 TTHB2/i?2 K8XNHQ /b "2 b?2QrM

UV _KT2/h?2K HGQ / U#V *V+HB+ h?2 K H GQ /

6B;m 2 8XN, S'TQ7BH2 Q7 i?2 i?2°K HHQ /b TTHB2/iQ i?2 iQT #Qn
+m p2 b?Qrb i?72 i2KT2 im 2 r?BH2 i?2 p B iBQM Q7 2H biB+ KQ/r

+m p2iQ T ' QpB/2 +QMi2tiX

h?2i2KT2  im 2  KTQ7R8EfbBb 2 bQM #H27Q" 2vT2 bQMB+ 7H|

Ki2'B Hbvbi2K K v #2 2&-T#HWQIviZ/2(9k Efb ° KT Bb T?vbB+ HHv mM 2
BMi2Mi Q7 TTHVBM,; i?Bb BM+ 2 b2/ 7?2 iBM; " i2r biQ+ Tim 2i?2

“2bTQMb2 r?2M bm#D2+i2/iQ 2?2 iBM:; M/ +QQHBM; +v+H2  i?2 i?
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T?vbB+ H ++m” +v "2H iBp2iQi?2?vT2 bQMB+ 7HB;?i 2MpB QMK2
#2+ mb2i?BbJSJBKTH2K2Mi iBQMBb[m bB@bi iB+-i?2iBK2@b+ F
i?2°K HHQ / Bb QMHV Q7 BKTQ'i M+2 B7 i?2 ?2 iBM; * i2 Kmbi +Q"°
T i2-bm+? b BMKQ/2HBM; i?2 7THB;?i T Q7BH2 Q7 ?vT2 bQMB+ p2
M/ bi> BM " i2br2°2 +?2Qb2M BM/2T2M/2MiHv iQ HQr2"  i?2 +QKTmi i
i?722772+ibQ7i?2°'K H2tT MbBQMX AiBb HbQ bbmK2/i? ii?2b?Q"
/m> iBQM /Q2b MQi HHQr2MQm;? iBK2 7Q" QtB/ iBQM iQ Q++m X

8Xj *QKT 2bbBp2 GQ /BM; Q7 >2t :QM H o1lb

h?2 pQHmMK2@ p2 ;2/bi 2bb@ M// K ;2@bi" BM "2bTQMb2b Q7 i?2
BM 6B:BIXRY /8XRRT iQ M TTHB2/ +QKT 2bbBp2 bi° BM Q7 jyW BM vy
i2KT2 im 2X hQ 2bi #HBb? # b2HBM2 7Q BMi2 ' T 2iBM; i?2b2 "2b
bi> BM+m p2b7Q" M 0l1rBi?yWK + ' QTQ QbBivUjyWKB+ QTQ QbeE
Im2iQi?2i2MbBH2@QMHVv / K ;2 KQ/2H #2BM; mb2/-i?Bb _ol b?Qrk
i?7mb i?2 bi’2bb BM+°2 b2b BM T'QTQ 'iBQM iQ i?2 TTHB2/ bi® BMX
Im+2/-i?2 _01BbQT2M2/ mTiQi2MbBQM M/i?2 "2bmHiIiBM;/ K ;2 mkF
7 BHM 2- bb?QrM#vi?2 +QKT 2bbBp2bi'2bbT2 FbX AMi?2bi 2bbg
#2:BMb iQ 'Bb2 7i2  i?2b2 T2 Fb #mi i?Bb Bb QMHv #vT ' Q/m+i Q7
7Tm'i?2 bi BMBb TTHB2/-i?2 K i2°'B HBb +QKT 2bb2/ BMiQ "2;BC(
+QKT +iBM; i?2K i2°’B H M/+ mbBM; MBM+ 2 b2BMbi'2bbX h?Bb"
BMi?2 K2+? MB+ Hi2bibi? i +Q "2bTQM/iQ mM+QMbi> BM2/ +QKT"

AM Q /2 iQ +QKT "21i?2 2772+ib Q7 K +'QTQ QbBiv U M/ H i2® QtB
"2bTQMb2 Q7 KmHiBb#-HQMQ KemBhB" *2 +QMbB/2°2/X h?2 7B bi
2772+iBp2 2H biB+ KQ/mHmMmb-r?B+? Bb +QKTmi2/ 7i2 ©B22RR7%EB bi bi’
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UV ai'2bb RR@*QKTQM2Mi U#V ai 2bb kk@*QKTQM2Mi

6B;m 2 8XRy, ai 2bb pbX +QKT 2bbBp2 bi° BM +m p2b 7Q" ?2t ;QM
dyW K + QTQ QbBiv i QQK i2KT2 im 2X h?2yW TQ QbBiv +m p2E
# b2HBM2 7Q BMi2 T 2iBM; i?2 K2+? MB+ H 2bTQMb2X

UVB6mMHH 2bTQMb2 U#V AMBiB H_2bTQMb2

6B:m 2 8XRR, . K ;2 pbX +QKT 2bbBp2 bi° BM +m p2b 7Q 22t :QM F
dyW K + QTQ QbBiv i "QQK i2KT2  im 2X h?2 yW TQ QbBiv +m p2 E
# b2HBM?2 7Q° BMi2 T 2iBM; i?2 K2+? MB+ H 2bTQMb2X

6Q" i?2 22t ;QM H _0l-/ K ;2 + M #2 i?2Q0m;?2i Q7 b Q++m "BM; i #
M/ K + Qb+ H2X (i?2 KB+ Qb+ H2-i?2K i2°'B H+QKT 'BbBM; i?2b
/ K ;2 ip2v HQr bi BM H2p2Hb- b /27BM2/ #v i?2 [ K ;2 Hr M/ 7
h?2 bi" BMp Hm2 ir?B+?/ K ;2 7B bK@++@@- K RHRVMBIBEBQM bi’
i?72b2+QM/ K2i'B+ mb2/iQ +QKT “2i?2bBKmH iBQM "2bmHibX q?BH
i?72/ K ;2BMBiB iBQMbi" BM7Q i?2K i2 B H-i?2p Hm2b Q#i BM2/
rBHH #2 mMB[m2 /m2 iQ ;2QK2i'B+ 2772+ibX 6Q QtB/Bx2/ o0lb-Bir
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"2H iBp2 pQHMK2 7" +iBQMb Q7i?2T? b2bX LQi2i? ibBKmH iBQMb
BMBiB iBQM bi> BM 2KTHQvV2/ bi° BM bi2Tb Q7 yXyeW iQ +?B2p2 ?B

i i?72 K + Qb+ H2-/ K ;2 ++mKmH i2bBM i?2 K i2°'B HmMiBH + i bi’
i72 _01BbmM #H2iQ + “v //BiBQM HHQ /X AiBb Q7 BMi2 2biiQ FN
7 BHM 2Q++m b- b® 2 Q@B NK2;i?BMBiB hbBQM BB BRRi"B+X h?Bb bi’
pHM2 Bb K2 bm 2/ #v B/2MiB7vBM; i?2 TQBMi i raE8? b?2 2 M REb K C
M2; iBp2X h?2 7Qm’i? M/ 7BMQKK2bBB[Bb GPBM2iBb i F2M b i?2
P HM2,Q71i?2K + Q@/ K ;2 BMBiB iBQM bi° BMX q?BH2 i?2 bi 2bb K
BM+'2 b2 #2vQM/ i?Bb TQBMi /m2iQ i?2 ?2QKQ;2M2Qmb #QmM/ v +
BMBiB iBQM bi° BM M/ +Q "2bTQM/BM; +QKT 2bbBp2 bi'2M;i? K2i
HQ / + vBM; + T #BHBiv Q7 i?2 K i2'B HX HH 7QmB8XRQBi®R "2 T°
"QQK i2KT2 im 2 bBKmH iBQMbX

h #H2 8XR, 1H biB+ M// K :2 T°'QT2iB2b Q7 ?2t ;:QM H 01 bM Th?«
K+ QTQ QbBiv i "QQK i2KT2" im 2

J + QTQ QbBIW/72+iBpdB+ Q@. K J2+ Q@. K ;22QKT 2bbBp2

UWwyVv 1H biB+ AMBIiB iBQMAMBIB iB@M2M;i? UJS V
JQ/mHmb U:Sav: BM UWVai- BM UWV

Ry 9RN y Xj ReX3 8y-d93

9y Red yXe R9X9 R8-8ek

dy JRXe yXd3 RyX3 9-kk9Xd

6°QKi?2b2/ i -BiBb TT "2Mii? ii?2b2 K2i'B+bp "v; 2 iHvIBi? K +
BMTmi2H biB+ KQ/mHmMb @7i888B:Ni "DYMABBQM Q7 TQ QbBiv H2 /b iC
2772+iBp2 biB77M2bb > M;BM; 7°QK keW i RyWK + ' QTQ QbBiviQ N
h?Bb rB/2 > M;2 Q7 biB77M2bb p Hm2b + M #2 ii'B#mi2/iQ i?2 i M
iQ ;2QK2i'B+ "2bTQMb2- r?B+? Bb +QM7B K2/ #v i?2 BM+ 2 b2 KB+
b ?B;?2 pQHmMK2 7° +iBQM Q7 i?2 0ol Bb QT2M2/ mT- i?2 bi mi
+QKTHvV rBi? i?2 TTHB2/ HQ /-i?2°27Q 2 BM+'2 bBM; i?2 bi’ BM i
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bBHHmMbI  i2/ #v i?2 BMBiB H/ K ;8XBRVQAMEPBBMIGEBQm Mi2 2/ #V i?
i? 1i?2b2 +QKTHB Mi _01b ? p2 HQr2 Qp2  HHiQH2 M+27Q / K ;
H2 /BM;iQi?2K + Q@/ K ;2 BMBiB iBQM bi° BM /2+ 2 bBM; rBi? M
h?Bb Bb TT "2Mi BXIBGB:m?2 2BM i?22 pQHMK2@ p2° ;2// K ;2 BM i1
BM+'2 b2biQyXj 7i2 Bi 2 +?2bi?2K + Q@/ K ;2 BMBiB iBQM bi  E
2tT2 B2M+2 KBH// K :2 BM+ 2 b2b b i?2v TT Q +?2 7 BHm 2X

*QMbBbi2Mi rBi? i?2 /2+°2 b2 BM K + Q@/ K ;2 BMBiB iBQM bi" BM
Bb "2/m+2/ 7Q° _olb rBi? ?B;?2  TQ QbBiv- i?Qm;? i?2 K ;MBim/2
"2 bQM #H2 +QKT "2/iQi?2 HBi2  im 2/ i X LQiBM;i? ii?2 Tm#HBbD
7Q hBI" QQKi2KT2  im 2 Bb Dmki-Ro-BYRMHSIEQMb 7Q  2p2M i?2 ?B;?2
Q7 TQ QbBiv Qp2 T 2/B+i i?2 bi'2M;i? #v Rj9WX h?Bb ?B;?HB;?ib
+QMbi® BMib-r?B+? BM/m+2 H ;2/2:°22 Q7 i Mbp2'b2bi 2bbi? i’
Q7 i?2Dbi"2M;i? + T #BHBiB2b Q7 i?2 K i2'B HX q?BH2 +QKT 2bbBp?
i72 2K BMBM; bBKmH iBQMb 7Q" "2H iBp2 +QKT "BbQM- i?2B" #bQ
BMi2 T 2i2/ bi'm2 2T 2b2Mi iBQMb Q7 i?2 mM+QMbi> BM2/ 2bTQ

+QmMi2 " @BMimBiBp2 Q#b2°p iBQMr b HbQ K /2 #Qmi i?2 bi 2bb(
+QKT "2/iQ i?2 yW TQ QbBiv# b2HBM2X h?2 H-i2Q HRyiW2 B B +TUBT @
Bb b?QrM iQ 2t+22/ i?2 K ;MBim/2 Q7 i?Bb b K2 +QKTQM2Mi 7Q" vy
Bb +QMi’> v iQ i?2 2bi #HBb?2/ /2+ 2 bBM; i'2M/- bQ 7m’i?2" BMp:
THQIiiBM; i?2 T'BM+BT Hbi'2bb +QMiQm'b ii?2K + Q@/ K ;2 BMBi
6B:mM8XRK2 Q#b2 p2i? i bi'2bb +QM+2Mi> iBQMb Q++m"> HQM; i?2 H:
TQ 2bX 6Q  i?2 RYyW K + ' QTQ ' QbBiv _01-i?2 K :MBim/2 Q7 i?2b2 +
Rk8 :S - r?B+? H2 /biQ 2?B;?2 pQHmMK2 p2° :2/bi'2bb7Q"i?2 ol
K+ QTQ QbBiv 01X h?2 K ;MBim/2 Q7 i?2 +QM+2Mi" iBQMb /2+72 L
M/ dyW _o0l1lb-r?B+? Bb +QMbBbi2Mi rBi? i?2B  b? HHQr2 bi 2bb@b
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