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ABSTRACT

Since its initial discovery less than 80 years ago by Glenn Seaborg 0Il 0, Americium-241 (DD]Am) has
found its way into household and industrial applications ranging from smoke detectors to well logging.
Although “IUAm continues to grow in demand, US production stopped 0I000 1984 causing stockpiles to
dwindle and increased reliance on capricious foreign supplies. Motivated by this vulnerability and the
potential to reduce volumes of radioactive waste streams, Los Alamos National Laboratories (LANL)
launched a campaign to isolate ""Am from plutonium in a diverse set of feed stocks using the Chloride
Extraction And Recovery Line (CLEAR). Since its inception, CLEAR had produced high-purity SAm
using Extraction Chromatography (EC) which has demonstrated effectiveness for recovering and purifying
A m, but there are serious limitations with EC and how it interfaces with CLEAR.

Among the limitations, the most hindering are (0) “""Am breakthrough and low ""Am recovery, (0)
ill-defined lifespan of EC material from harsh conditions from “““Am processing, and (0) appreciable
quantities of neptunium-237 (DDDNp, the "Am daughter) in product streams. This research is focused on
providing the necessary tools needed for CLEAR to be utilized more effectively. First, “""Am adsorbtion
was characterized for the EC material currently used known as the Mckee Resin (O-CMPO"") in terms
of acid and matrix concentrations. Results suggested the 0-CMPOP"? was outperformed by the
industrially-available Rare Earth (RE) and Diglycolamide (DGA) EC materials. To determine longevity,
all of these materials were also compared in terms of acid (HClg)) as well as -radiation exposure (using a
0Cs radiation source). The O-CMPOPPY material which has been used to process over 150 g of “"Am in
harsh processing environments were compared to the artificial -radiation exposure experiments. Results
showed similarities in morphology features (swelling) as well as “"”Am extraction performance but
variances in degradation chemistry. The DGA resins were shown to outperform the (0-CMPO""Y) on
many fronts. Lastly, the oxidation properties of FENp (the FPAm daughter) were characterized in matrices
relevant to ““Am processing. Results suggested Np currently partitions to the 44, 54, and 6+ oxidation
states in current operations which causes it to leach into Pu and """Am product streams. Depending on
the matrix identity, the Np oxidation with NaClOp pathway and kinetics changed suggesting that limiting
the acid in feed materials while using the NaClOp oxidizing agent may effectively control the Np oxidation.
Better defining the operational constraints for CLEAR would equip engineers and technicians to have
efficient "™ Am production in order to have better "Am yield, defined lifespan for EC materials used, and

higher product purity.
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“2bBM i? ir b2tTQb2/iQ M2HdUYRRYX aT2+i° 7 QK "2bBMb i? ir2°2
2tTQb2Ri®L * /B iBQM "2 b?QrM BM i?2 bm#b2[m2Mii> +2b KQpBM; /QrM
b 7mM+iBQM Q7 BM+2 bBM; /Qb2X HH bT2+i> r2°2 M@ RKIBx2/iQ i?

"XRd jRS LJ_bT2+i° Q7 .B"mivHS?QbT? i2 U."SV-h'B"mivHS?QbT? i2 U
KBtim 2 Q7 Tm 2 h"S M/ THX X'EXX X X X X X X X X X X XRXdX X X X X

1XR *QTv B;?i T2 ' KBbbBQM bi i2/XQMX?8 X X* X2XbBi X XRf{jX X X X X

1Xk *QTv 'B;?i T2 'KBbbBQM bi i2/ QM
2iiTh,ffrrrX b+XQ ;fDQmM M Hb@#QQFb@/ i # b2bf mi?Q @ M/@ 2pB2r:

tBp



#H?2

#H2

#H?2

#H?2

#H2

#H?2

#H2

#H?2

#H2

#H?2

#H?2

GAah P6 h "G1la

RXR *QKKQM QtB/Bx2 b mb2/7Q  SHMIiQMBMK T XQX 2b IXBXI ;XBRlyXBX 2X 2Xi

jXR all BK ;2ZIb Bb@MDBMb i? i ? / #22M 2FKQBZbi-Q M/ >3 HX
1°"Q°b "2 2TQUiX ¥R X X X X X XX XXX XXXXXXX®BXXX XX

Xk alJdJ AK ;BM; S X K2X2XbX X X X X X X X X X X X X X X X XK X X X X
9XR _2 +iBQM K i BtX@MIBIBQMHEXX X X X X X X X X X X X deX X X X X
9Xk _2 +iBQM K i BtXQXMABABQMDX X X X X X X X X X X X X 88 X X X X

"XR _2bmHib p2 'B7vBM; DK R2m 12 #BiM/B/NM; K2 bm 2K2Mib mbBM: bi #H2
Imis +2/rBIPmMX X X X X X X X X X X X X X X X X X X X X Rk8 X X X X

*XR L2TimMBmK ~ i2 H r FBMRUBXly B MWH @Iy xB¥HYV +QM/B KB R RKbX
*Xk  L2TimMBmK * i2 H r FBMJUB\ND B BI*HB/; 2 QM BB AMb X X XRKKX X X X

XR _QH2b M/ '2bTQMbB#BHBiB2b 7Q" +Q mi?Q'b Q7 K Mmb+"BTi BM *?
T QpB/2/ 722/# +F QM i?22 /" 7Ti2 KKXMIMEAXBIDRK X X X X X X RPRX X X X

Xk _QH2b M/ 2bTQMbB#BHBiIB2b 7Q " +Q mi?Q b Q7 K Mmb+"BTi BM *? T
T QpB/2/ 722/# +F QM i?22 /" 7Ti2 KKXMIMKAXBIDK X X X X X X RPRX X X X >

Xj _QH2b M/ '2bTQMbB#BHBiIB2b 7Q" +Q mi?Q b Q7 K Mmb+"BTi BM *? T
T QpB/2/ 722/# +F QM i?22 /" 7Ti2 KKXMIMEAXBI XK X X X X X X R X X X X

tp



GAah P6 aulJ"PGa

p2° ;2 /Bmb Q7 +vVHBXI/XBX X ¥?22BKKHX X X X X X X X X X X X X X X ¥ X X X X X
1ti +iBOQM *?2 QK i@ XTRX X X X X X X X X X X X X X X X X X X X A*X X X X X |

g2B;?i .Bbi B#mMIiBRM XiBX X X X X X X X X X X X X X X X X X X XKX X X X X X

'2M2° HLQK2M+H im’ 2

HT? 2+ X X X X X X X X XXX XXX XXXXXXXXXXXXXXXXXXXX

tpB



GAah P6 ""_10A hAPLa

*2HQ B/2 1ti~ +iBQM MK _2HOQE2XvX X X X X X X X X X X X X X X*®IX X X X X X
*QHQ  /Q a+?QQHXQX XBXKI2ZbX X X X X X X X X X X X X X X X X X Xad X X X X X
1tT2 BK2Mi H *?2HQ B/2 1tiXHBQM BBMZ X X X X X X X X X X X KsX18 X X X X )
1ti° +iBQM *2 QK i@ XTOX X X X X X X X X X X X X X X X X X X X X*™ X X X X .
AM/m+iBp2HvV *QmTH2/ SH bK @ iQKB+ 1XBbXEBQM XTR2 N RK2K K*E@& XaX X X X
J+E22 2BBM X X X X X X X X X X X X X X X X X X X X X X X@*SHX X X X X X
SHMIQMBMK- 1> MBmK _2/m+iBQM XXIXiX NBQM X X X X X X X BIX1% X X X X X
AQHP2Mi 1ti  ¥iBQAMX X X X X X X X X X X X X X X X X X X X X X X AsX X X X X
h'B"MiVHS?2Q@bR K2X X X X X X X X X X X X X X X X X X X X X X X K"®% X X X X X
b2/ Lm+H2 "BmeHK X X X X X X X X X X X X X X X X X X X X X X XID6EX X X X X
g2 TQMb > /2 SHMIOMBIMK X X X X X X X X X X X X X X X X X X H:8¥nK X X X X |
#Bb@K@2i?2vHU?2tvHYV K2R BT XQX B¢ X+B/X X X X X X X X X X X X>XLXSX X X X X

i2i° Q+ivH/B;HVHEQAMN KBX2X X X X X X X X X X X X X X X X X X XhR X X X X X X )

tpBB



*ELPgG1l.:J1Lha

h? MFb iQ Kv /pBbQ  C2M a? 72 7Q Tmb?BM; K2iQ Tm-bm2 S?. M/ ?2HTBM,;

Kv7 i?2 T bb2/X HbQiQi?2G LG bmTTQ iBM; b+B2MiBbib 2bT2+B HHv . pB/ . |
EQXBKQ - M/ . p2 EBK# HHX hQ Kv 7°'B2M/b M/ 7 KBHv 7Q  vQm  +QMiBMm2/ bm’

tpBBB



A/2/B+ i2 i?Bb iQ Kv ?B;? b+?QQH +?2KBbi'vi2 +?22° .QM H/ PX * Kr?Q BMbTB":
Jv #B;;2bi "2:°2i Bb MQii? MFBM; vQm #27Q°2vQm T bb2/X _ASX

tBt



*> Shl R
ALh_P.I*hAPL

h?2 ;HQ# HBMp2MiQ'v Q7 r2 TQMb ;" /2 THmMIiQMB nER5000 SI6;908 5 ;2bHB Kbi2/ iQ #
i? M?2 H7 Q7 r?B+2r b T'Q/m+RX @BM+ZQMb}{bi /2iQM iBQM Q7 M iQKB+ #QK#
RN98 iQi HQ7 k-y83 Mm+H2 */2pB+2b ? p2 #22M /2iQM i2/ BM mM/2 ;"QmM/- #
bT +2 i2db 6?2 ;HQ# H Mm+H2 " biQ+FTBH2 "2 +?2/ Bib K tBKmK BM RN3e rBi? Q
r?B+? laa_ M/ i?2la +QMi QHHIXQ@BMNBWZ BKTH2K2Mi iBQM Q7 Mm+H2  /2i2
MmK#2' Q7 ?mK M HBp2b HQbi 7°QK K2/ +QM~B+ib 2?2 b /°QTT2// K iB+ HHVX 6«
i?2 Mm+H2 “biQ+FTBH2 Bb Q7 mTKQbi BKTQ i M+2iQ bbm 2 M iBQM H b2+m Bi\
+QM~B+i "2bQHMIBQM i?"Qm;? Mm+H2 ~/2i2 "2M+2X ambi BMBM; /2[m i2 bi2r */
r?BH2 MQi bi® BMBM; i?2 HBKBib QM Mm+H2 “r bi2 /BbTQb HBb T~ KQmMiX

h?2 T'BK v BbQiQT2 BNMsqnsmQBBAp2" b q:SM’S@bMPEM ++mKmH i2 /m2iQ
M2mi*QM + Tim 2 7°QK bTQMi M2Qmb }bbBQM M/epXn #b+ bB (Br-M HB K MMIKERTEHEBM i B Q N
KO m /2+ vBRK- + mbBWMK iQ ++mKmH i2 BM q:Sm UbRXH [nPPRQBbL M
mMM/2bB 2/ #vT Q/m+i BM Mm+H2 “r "?@/p+4mA7Q BN+ Q7i2bdyR bt 2 idb (

K9RKob "2H iBp2HV HQM; ? H7T@HB72 i?2°2 "2 H°3k/v?b BBM BIM diS ik QMVM PI2 R
KQmMib rBHH +QMiBMm2 iQ ++mKmH i2 BM q:Sm 7Q" i H2 6B BVBRXKR2r 2mM/ "
h?2 +m p2b b?26BMBMRXRMHV 7 QK /2+ v M/ i?2°27Q 2 Bb M mM/2 2biBK iBQM /
2p2Mim H BM¥°Bnp2#BiW/ M+2X 1p2M rBi? i?Bb mM/2° TT QtBK iBQM- Bidéh Q#pB(
i?72H ;2 iQKB+ #mMIRM+RIBAOIZT T 2b2Mi BM 2/ q:Sm K F2i?27 i2 Q7 i?2b2 BbQ
p2°v BKTQ'i MiiQ +QMbB/2  r?BH2 "2T ' Q+2bbBM; q:Sm 7Q" /2[m i2 biQ+FTBH2 b
i?72b2 BbQiQT2b iQ T Q/m+2 i?ZRK2 \W2hiSPQHABBHHRBMBKBXBM; r bi2 Bb i?2 K Bl
7Q  i?Bb /Bbb2"i iBQMX

"27Q'2 /Bb+mbbBM; i?2 b2T * iBQM K2i?Q/b 7Q  i?2b2 BbQiQT2b- #'B27 Qp2]
+iBMB/2b Bb /Bb+mbb2/X //BiBQM HHv- mTbi*2 K T°Q+2bb2bi? i BMi'Q/m+2 +Q
Kb2T " iBQM pB [m2Qmb T °Q+2bbBM; rBHH #2 /2b+ B#2/- M K2Hv Tv Q+?2KB+
[mM2Qmb T°Q+2bbBM; K2i?Q/b BM+HmM/BM; QtB/ iBQM bi i2 +QMi'QH M/ [m2Qmb
BMi“Q/m+2/X

t1=p = 14:3 yr

py ! 2tAm |

tiop = 432 yr 27Np 1=z =2:14 10° yr 238pgq - URXRYV

2+ 2+



6B:m 2 RXR * H+mH i2/ BbQiQTB+ +QKTQbBIiBQM Q7 BbQiQT2b T 2b2Mi BM M ;2
q:Sm *6 BbQiQTB+ #mM/ M+2b WX BM2/THQBQMb "2 # b2/ QM BbQiQTB+ /2+ v
BM+Hm/2 :2M2° iBQM Q7 M2r BbQiQT2b 7°QK M2mi'QM #bQ TiBQM Q bTQMi M2
i?2 BbQiQT2 2T 2b2MibX

RXR :2M2° H +iBMB/2 *?2KBbi v

h?2 +iBMB/2br2°2 QM+2 TH +2/ rBi?BM i?2 i’ MbBiBQM 2H2K2Mib mMiBH a2 #
6 2pQHMIBQM v +iBMB/RNQMHCTPBM; i?2 M2rHv /Bb+Qp2 2/ 2H2K2Mib 7 QK i?;
K2i Hb #HQ+F iQ i?2 M2rHv /2} M2 NWXEWBb2To 2 /B2K 0?B7i "2bmHi2/ 7 QK i?2 bvM
i72 H i2° +iBMB/2b M/ i?2B" "2bT2+iBp2 +?2KBbi'B2bX h?Bb T2 ' TH2tBiv Bb TT'
+?2KBbi'v Bb 2t KBM2/X P #Bi H /BbiQ iBQM BM i?2b2 2H2K2Mib Bb 2bmHi Q7
BMM2 @H2p2H b?B2H/BM; 2H2+i ' QMb rBi?BM i?2 2 "Hv +iBMB/2 2H2K2Mib M/ #
T QMQMM+2/ b KQ 2 2H2+i QM@ Q2#Bi2 HIQ/ XM i?2 b2 B2bX AM i?2b2 22 pv 2H2
R@2H2+i'QMb "2 +? p2HQ+BiB2b ;"2 i?2 i? M eyW i?2 bT22/ Q7 HB;?i- r?B+? "2b
2H2+i " QMRYRPBX(h?Bb BM+'2 b2/ K bb + mb2b i?2 FBM2iB+ 2M2 ;v iQ BM+'2 b2 rB
i?72 2H2+i'QM Q #BiHb #B/ PR IR?B2H/ i?2 Qmi2 2H2+i"QMb KQ 2- + mbBM; i?2 Q



/IBbiQ i2/X bKQ 2T QiQMb "2 //2/iQ i?2 MM2H2mib QiIMB 2222, 0By M/ i?2 +iBM
#2;BM iQ #2? p2 KQ'2 HBF2 i?2 H Mi? MB/2b- bi "iBM; rBi? K rRKkX h¥2be #H2 QtB.
Q #Bi Hb BM i?2 +iBMB/2b "2 #2HB2p2/iQ bT TR HBV AbQ Mmi2B42 2 Qi iBR Bm ;; 2t
iQ#2 KQ 2T 'QMQMM+2/i? Mi? | bM2RIQBABIi HDBM i?2 H Mi? MB/2bX amTTQ iBWM
7Q°  i?Bb +H BK Bbi?2BM+'2 b2 BM QtB/ iBQM TQi2MiB H7Q  i?2 jY iQ 9Y QtB/ iE
H Mi? MB/2bX h?2 9Y QtB/ iBQM bi i2 #2+QK2b Km+? H2bb ++2bbB#H2 7i2° +2E
H Mi? MB/2 b2'B2bV-p2'bmb i?2 b K2 2z2+ib?QrM 7i2° M2TimMBmR)X}7i? 2H2K:
h?2 +iBMB/2 QtB/ iBQM bi i2b UBM +B/B+ bQHmMiBQMbV bi i T'2/QKBM MiHVv
9Y 7Q " i?7Q°'BmK- M/ i?29Y M/ 8Y bii2b 2T '2p H2Mi 7Q T Qi +iBMBmKX h?2 M
i?72 H “;2bi MmMKM#2® Q7 +QKKQMHvV ++2bbB#H2 QtB/ iBQM bi i2bc jY-9Y-8Y- M
M/ eY 7Q M2TimMBmK- jY-9Y-8Y- M/RYREX FHIDIQIMBNMRK2H2K2Mib K v #2 T 2b:
BM KmHiBTH2 QtB/ iBQM bi i2b U Hi?Qm;? m> MBmK ivTB+ HHv QtB/Bb2b iQ eYV
M2TimMBmKX AM 7 +i- M2TimMBmK ? b #22M /2b+"B#2/ b QM2 Q7 i?2 KQbi b2Mb
b2°'B2b rBi? "2; /b iQ QtB/ iBQM bi i2- Hi?Qm;? Sm Bb KREX AMKQQMNi7Qi-iPBb #2°
2H2K2Mib #2vQM/ Sm "2 p2°v bi #H2 rBi? "2; /b iQ i?2jY QtB/ iBQM bi i2X h?Bb
M/ LT "2H iBp2Hv 2 bviQ b2T ~ i2i#% K K-/BK+mHiiQ b2T ~ i2 7°QK *K M/ i?2
H Mi? MB/2 b2°B2bX b bm+?- +iBMB/2 '2/Qt +?2KBbi'v Bb BKTQ i MiiQ mM/2 bi
2{+B2Mi 7Q° [m2Qmb M/ Tv Q+?2KB+ H "2T ' Q+2bbBM;X

RXk :2M2° H SHMiQMBmMK S'Q+2bbBM;
RXkXR Sv'Q+?2KB+ Ha Hi S'Q+2bbBM;

SV 'Q+?2KB+ Hb Hi T'Q+2bbBM; Bb +QKT +i M/ 2H iB fRXvHMEBo+BML2HNY2bQ |
i?72 JmHiB*V+H2 .B 2+i PtB/2 _2/m+iBQM UJ*.P_V T 'Q+2bb- BM r?B+? bQHB/ + H+
QtB/Bx2/iQ T'Q/m+2 Sm KRb®H2MI-*H b?QrM RVKLFQ rcBbQM iQ K22i Tm Biv
bT2+B}+ iBQMb- M/ *PRIQF22b2Mi /m2 iQ BM; Qri?- //BiBQM H TRER)bbBM; Bb M

CaCl

2Ca(s)+Pu02! Pu #+2CaO(s) URXkV

"MHF "2KQP°RK@BM Tv Q+?22KB+ Hb Hi T°Q+2bbBM; i GQb H KQb L iBQM H G #
i72 J2i H*?HQ BM iBQM UJ*V T°Q+2bbX AM i?Bb bi2T-i?2 K2i HBb 2?2 i2/ #Qp2
L *HfE*H- ¢jNM/ 2 +i2/ rBi? +?HQ BM2 ; b- b b?R)¢MRB4 1B ?i B Q MV @b B im
T Q/m+i $XnhBBb $nP2dM "2 +ib*’BK?iQ 7Q K “2H iBp2Hv HQr2  /2MbBiv + mbi i? i |
b+ T2/ Qzi?2iQT Q7i?2 K2Hi- rv 7 QK KQbi Q7 i?2 SmX h?2Sm@ #mM/ Mi b Hi
2H2+i Q 2}MBM*tPB@2#M@B/ Mi b Hi Bb i?2 bi "iBM; K i2’B H7Q  i?2 [m2Qmb T Q



G LGR3X h?2 KQmMi Q7 KT 2b2Mi/2T2M/b QM i?2 ;2 M/ ?BbiQ v Q7 i?2 g:Sm-
M/ +°2 i2b /Bp2'b2 722/biQ+F 7Q° [mM2Qmb T Q+2bbBM;X

2Pu +3Cl,! 2PuCls; URXjV

PuCls+Am !  Pu #+AmCl 3" URXO9V
RXkXk [m2Qmb S Q+2bbBM;

h?2 1tT2'BK2Mi H *?HQ B/2 1ti° +iBQM GBM2 U1s*1GV ? b #22M BM QT2  iBQN
iQ "2+Qp2°SmM7°'QKp "BQmb b Hir bi2b U/2b+ " B#2/ BM i?2 T 2+2/BM; b2+iBQMYV
HBM2bX h?Bb T °Q+2bb #2;BMb #v /BbbQHpPBM; i?2 p "BQmb BMH2i bi’2 Kb BMiQ ¢
Mv SHT 2b2Mi Bb QtB/BX2bBMSIMQ/BmK +?HQ MEBAMbDRAPH i2° BNRKAEHXB QM
h?Bb bQHMIBQM Bb i?2M 2Bi?2° T°Q+2bb2/ mbBM; bQHp2Mi 2ti° +iBQM UasV Q" B
h?2 as T'Q+2bb BMpQHp2Bh ' HEIBMiBEQMIBi? M BKKBb+B#H2 Q" ; MB+ bQHMIiBQM
Uh"SV-r b?2/rBi? ?B;?Hv +QM+2Mi" i2/ +B/ bQHMIBQM Ue@3 J >*HV-i?22M bi BT
+B/ bQHKyK®@X ?2 As T'Q+2bb mb2b bi"QM;Hv # bB+ TQHVPBMZH TBBABM?2 "2t
U 2BHH2t "2bBMVYV /2p2HQT2/ #v _ 2 BB Hw 2MR(¥ib h BRIb T AQ+2Ub b bBKBH " iQ i?:
T°Q+2bb BMi? ii?2 SmBb HQ /2/ QMiQ i?2 "2bBM i ?B;? +B/ +QM+2Mi’ iBQM- r |
bQHMIBQM- M/ i?2M “2+Qp2'2/ #v bi'BTTBM; rBi? HQr2 °%“8BBjiib [@2DBrbb bQHmM
“2bBM #v 7Q ' KBM; M MBQMB+ +QKA®@Rt 2NZ" VBABMD * ¥ FBMKIXMAM #Qi? i?2
as M/ As K2i?Q/bi%2BM/b | ?B;? +B/ +QM+2Mi’  iBQMb- ?2Qr2p2°-i?2r v BM r?B+
#BM/iQ SmBM 2 +? K2i?Q/ /Bz2 b bm#bi MiB HHvX //BiBQM HHv- rBi? As- BMbi2
bQHMIBQMb U [mMm2Qmb M/ Q ; MB+ rBi? asV i?2 As T Q+2bb 2KTHQvb M BKKBb+
T +F2/ BMiQ +QHmMKM M/ HB[mB/ T bb2/i?2°Qm;? i?2 +QHMKM UKQ#BH2 T? b2V}



6B;m 2 RXk *?2KB+ Hbi'm+im 2 Q7 i?2bi QM;Hv # bB+ TQHvpBMVH Tv ' B/BM2 mb
mb2/7Q° Sm "2+Qp2°vBMi?2 1s*1G HBM2X

gBi? 2Bi?2" K2i?Q/ UAs Q asV- 7i2°i?72Q"; MB+ T? b2 Q" BKKQ#BH2 T? b2 Bb
/DmbiK2Mi bi2T Bb +QM/m+i2/iQ HHQr7Q° M Qt HB+ +B/ T 2+BTBi iBQM- M/ i
+ H+BM2/iQ KyR2h®@P {M i2 bQHmMiBQM Bb 2Bi?2° 7Q K2/ BMiQ ?v/ QtB/2 + F27
T Q+2bb2/i?2°Qm;? *2GQ 'B/2 1ti° +iBQM M/ _2+Qp2'v U*G1 _ViQ '2+Qp2 i?2 K
i?72*G1 _ T 'Q+2bb- 2ti° +iBQM +?2 QK iQ;> T?2v U1*V Bb mbRbXbBB bi2/MVQXbB/m
KIY pB bK HH As +QHmMKM mbBM; _2BHH2t "2bBMX h?2 2|m2Mi 7°QK i?2 _2BHH
+QHMKM- FMQrM b i?2 J+E22 2bBM-rBi? RyW h"S U?BbiR@SMHHRRYW . SV M
6B;m 2XkXR2 J+E22 'ROBMSEBSY Bb r? i mHIiBK i2Hv b2T/¥ 720 K?BKKm 2KiBQ2b U
L-E-J;-*- Bi-MX h?2 J+E22 "2bBM 2|m2Mi T°Q/m+i KBbi?2M +QMp2i2/ BMiQ
+ H+BM2/iQ T Q/mxZTi1QZmKPr?BH2 i?2 "2K BMBM; 2|m2Mi Bb T°'2+BTBi i2/ b ?v/’
T +F2/7Q  /IBbTQb HX

> M/HBM; M/ T Q+2bbBM; H “;2[m MiBiB2b Q7 ° /BQ +iR9X BRQIRIB2bi2 p2 BM?
i?72? x /b bbQ+B i2/ rBi? BM/mbi'B HT Q+2bbBM;- ;HQp2#Qt2b ? p2 #22M bT2+
T°Q+2bbBM; 2zQ ibX Mv T Q+2bbBM; Hi2 M iBp2b T°QTQb2/ Kmbi #2 +QKT iB#F
*Gl _;HQpP2#Qt HBM2bX 6Q" 2t KTH2- ;HQpP2#Qt U:HQp2#Qt RV Bb +QM};m 2/ 7¢(
+QHMKM 7Q /B 2+i Sm "2+Qp2'vX 6Qm~> +QHMKMb BM :HQp2#Qt R mb2 i?2 2BHF
+ T +Bivi? i+ M "2+Qp2 8yy; Q7 Sm iQM+2X h?Bb ;HQp2#ﬁiK+‘:M+Q—pb2Qv#2 T2+QN
r?2°2i?2 K@ 'B+? 2lm2Mi Bb HbQ i Mb72°"2/iQ MQi?2 ;HQp2#Qt U:HQp2#Qt k'
J+E22 _2bBM Bb miBHBx2/ BM b2[m2MiB H ¥QHMHnQIQ WQ?L2 Rp K2BKIWK HHQr2/ j
; Q7 K+ M #2 T Qk@¥bB/Qp2#QtjBb mb2/7Q" ?2v/ " QtB/2 7Q K iBQM 7°QK HQr K
+QM+2Mi° iBQM bi"2 Kbr?2°'2 b :HQp2#Qt 9 Bb mb2/7Q° K+ H+BM iBQMX 1 +?2 T
i2bi2/ 7Q° mb2 BM M BM/mbi'B H b2iiBM;- 2t+2Ti 7Q" i?2 J+E22 "2bBM-r?B+? ? b



K i'B+2b rBi? FMQrM +QMi KBM MibX Pp2 "HQQFBM: i?2r vi?2 J+E22 "2bBM M/ E
i?2b2 +QM/BiBQMb H2 p2b i?Bb T'Q+2bb pmHM2" #H2 iQ Bbbm2bX

RXkXj S QHB}+ 1ti° +i Mib BM [m2Qmb +iBMB/2 S'Q+2bbBM;

hrQ +H bb2b Q7 2ti° +i Mib- BKTQ'i Mi BM +iBMB/2 b2T ~ iBQMb rBHH #2 /Bb+n
bQHp iIBM; Umb2/ BM as M/ 1*V M/ BQaMB@R2t12VRXKIk2 UAs- b22

*QKKQM bQHp iBM; HB; M/b BM+HmM/2 i BBmmv BVR XQ T R Q2 W) K232vH T?QbT?BM
QtB/2 /2 Bp iBp2b6B*iSPVRXI9 /B;HV+QH KB/BB ;i 2UXXBmi Q7 HH Q7 i?2b2- h"S ?
i?72 KQbi #mM/ Mi ?BbiQ v-r?2"21}"bi "2TQ ib/ i2 b7 ~# +FKdkd>X AMTP? +i M S QI
h"S Bb biBHH mb2/ BM Mm+H2 ~7m2H 2T ' Q+2bbBM; M/ r2 TQMb T Q/m+iBQM #v
+QMi +iBM; i?Bb [m2Qmb@BMbQHM#H2 T? b2 rBi? i?72 SmkIRkQMiXBIMBBIHL [Mm2Qm
KQbirB/2Hv mb2/ TTHB+ iBQM Bb i?2 SHMIiQMBmMK-1" MBmK _2/m+iBQM M/ 1si’
r2B+?2r b} bi /2p2HQTXRABEMRANSN (s T Q+2bb Bb mb2/ BM G > ;m2-6" M+2iQ ~2°
iQMM2b Q7 HB;?ir i2° "2 +iQ > 7m2H T2 v2 ° M/ Bb mb2/iQ "2T9X+8bblg:Sm U/2b
Bb ii°” +iBp27Q " SmT Q+2bbBM;-#mi ? bbQK2 /" r# +FbX q?2M h"S Bb 2tTQb2/ i
+B/ M/fQ" " /B iBM@MmMIYH 7TmM+iBQM HQM;ATE Bv/ QHvxHBB m22VKXH?Bb
/2;° /] iBQM + mb2b i?2 T'2pBQmbHV bQHp iBM; HB; M/ iQ +i b +REOM@2t+? M;
(8-je)X q?2M i'VBM; iQ # +F@2ti> +ii?2 K2i H7 QK i?2 Q" ; MB+ T? b2 #v HQr2 'BM
12;° 12/ h"S #BM/b iQ i?2 Sm5 h?2 7 +iQ b i? i? p2i?2H ";2bi BKT +i QM h"S ?2v/ (
UBM /2+ 2 bBM; Q/2'V "2i?22 KQmMi Q7 Sm +iBpBiv- i2KTj@)Xim?2-SMAs+B/ +QM
T'Q+2bb M/ Bib "2bT2+iBp2 /2 'Bp iBp2b 2 FMQrM iQ b2T " i2 LT-1- M/ Sm- ?Qr:
2T Q+2bbBM; Bb M2+2bb "viQ b2T " i2i?2 KBMQ™ +iBMB/2b U K- *K- LTV 7°QK i
T°Q/m+ib UiI-MX h?2 *JSP M/ .: 2ti° +i Mib "2 “;m2/iQ #2i?2 +m "2Mi bi i2 Q7 i
+?B2p2i?2b2 b2T " iBQMbX

6B;m 2 RX¥j 4 _; P UM@#mivHVBbh B#mivH SRQbT? P2UM@V2MiyHV M/ _
M@T2MivH Bb/B KvH- KVHT?QbT?QM i2U. SV

h?2 *JSP +H bb Q7 HB; M/ r b Q' B;BM HHvV /2p2HQT2/ #v ;QMM2 L iBQM H G #
i"Bp H2Mi +iBMB/2 p3X PirB@Mb 2 TH2i?Q" Q7 /2 Bp iBp2b-i?2 KQbi T'"QKBbBM



+QKT ' Bb2/ Q7 b _4Q+ivH _ A BDIMD Hb W HNBMRIXBDbi2/ b _ "2 1 "i? "2bBM U_1 "2bt
QMB:m 2rkKRQMbB/2 2/ i?2 #2bi +QK#BM iBQM Q7 + "#QMVH # bB+Biv- "2bBbi M-
2ti° +iBQM T QT2 iB2b- jMXDIQA2mHPBHIB2M(2 2b2 “+?22°b 7 +2/ 7Q  /2p2HQTBM; M
/2 °Bp iBp2br biQ /2i2°KBM2 ¥ H2Mi22BQBiK Qp2  i?2 "2bi Q7 i?2 TQbbB#H2 K2i
r?BH2 K BMi BMBM; bQHM#BHBiv M/ HBKBiBM; i?B /@T? b2 7Q K iBBQM BM TTH
_2b2 "+?22°b +QM+HmM/2/ QM2@+ #QM #°B/;2 #2ir22M i?2 T'BK "v. M/ b2+QM/ v
?2B;?2 #BM/BM; {MEBiv?7®  KQ@+ #QM # B/;2X //BiBQM HHv-r?2M _ M/ _6 2
KIY 2ti° +iBQM Bb BM+"2 b2/- #mi b2H2+iBpBivr b "2/m+2/X PM i?2 Qi?2 2?2 M/- T
KIY b2H2+iBpBivX G biHv- //BM; Bh@miwH j?@W@TiIRb2 7Q K iBQM r?BH2 MQi

bQHM#BHBiv M/ b2H2+iBpBivX hQ 2HBKBM i2i?2 i?B /@T? b2 T'Q#H2K 7 QK as-
h?2 1* K i2'B Hb "2 K720bQYPBQMbHM v Bb T°2T "2/ Q7 i?2 bm#bi i2- *JSP-

bK HH KQmMi Q7 h"S BMiQ HB;?i H+Q?QH Ubm+? b K2i? MQHV- BXbQ F- i?2\

6B;m 2 RX9 AKT +i Q7 7mM+iBQM H ;"QmTb QM *JSP 2ti  %YyBRM T QT2 iB2b

6Q° *JSP TTHB+ iBQMb rBi? 1*- Q' ; MB+ bQHp2Mi bQHM#BHBiv Bb MQi M2+2bt
ip "VBM; T>6b Bb "2[mB 2/X 6Q 2t KTH2-r?2M _ M/ _6 ¥ HOQBM2?2MvHBNWQmMTb
BM+'2 b2b- M/ Bb BMh@FMMEMZDERM25Bp iBp2b "2 HbQ ii° +iBp2 #2+ mb2 i?2v +
BM #mHF mbBM; bBKTH2 :'B;M '/ 2 +iBQM- ?2Qr2p2 i?22XiB2% QT2 bQ\V  Mb72" +
iQ ? p27 pQ > #H2 FBM2iB+b 7Q " T9#9BX H? BB BB+ MBMIQMb iQ bQHP2Mi 2ti° +iB
h"S Bb mb2/iQ /2+ 2 b2 i?B /@T? b2 7Q K iBQM M/ T9@K Qi22b' QIS M #BHBHVQI7 *J



HB; M/b ? p2 #22M mb2/ bm++2bb7mHHvV 7Q" /2+ /2b #mii?2v "2 HBKBi2/ #v i?2 H
T?QbT?Q vH ;"QmT M/ bmb+2TiB#BHBiviQ ?v/ " QHvbBb M/ /BQHVbBb-r?B+? B
"2+2MiHvV bim/B2/;°QmT Q7 HB; M/b-i?2 .: +H bb-r?B+? +QKT Bb2b Q7 QMHV +
MBi"Q;2M U*>PLV M/ ? bb?2QrM ;2 i T ' QT2MbBiv7Q b2T ~ iBQMb M/ 2+Qp2°
h?2 .: +H bb Q7 HB; M/br2°2 Q°B;BM HHv /2p2HQT2/ #vi?2 C T M iQKB+ 1M2"
T "iBiBQMBM; M/ i° MbKmi iBQM M/ ? p2 /2KQMbi® i2/ T"TQKBb2 P@93b2/ Mm+H?2
M BKT 2bbBp2 KQmMi Q7 /2°Bp iBp2b Q7 i?Bb HB; M/ ? b #22M bvMi?2bBx2/ M/
+iBMB/2b M/ H MIiRSEHIB/2BM+2 Bib /Bb+Qp2 v- .: 2ti° +i Mib? p2 TH v2/ M BMi2;
b2p2° HT Q+2bb2IORPMRBRNBM2T ~ iBQMbX JQbi Q7 i?2 T'Q+2bb2b mb2 h2i° @P+
UhP.: VrBi? +QK#BM iBQM Q7 bQ7i/QMQ " HB; M/b 7Q " b2T "8i&WXHh®2? MB/2b
2ti° +i Mi ? b #22M TQbimH i2/iQ #BM/ BM #Qi? i B/2Mey2RX />#BPPNi-i2 7 b?l|
i?72 +2Mi° H 2i?2° Qtv;2M Bb H2 bi bi #H2 r?2M MQi +QQ /BM iBM; iQ i?2 K2i H +2]
2B;?2i@K2K#2'2/ " BM;V- M/ i?2 +QQ ' /BM iBQM +QKTQmMmM/ Bb KQbi bi #H2 r?2M i7
+QMi +i2/rBi? i?2 K2i HBQM U+"2 iBM; }p2@K2K#2 2/ 'BM;VX .2KQMbi" i2/ #v ]
#bQ TiBQM 6BM2 ai m+im 2 Uls 6aV-.: b #BM/ iQ i?2 i'Bp H2Mi K2i H M M/ GM
iQKb BM i@jXHq?2M .: 2ti° +i Mib 7Q°'K "2p2 b2 KB+2HH2 i2i° K2  bi'm+im 2-r?
(>LR) Q7 yXd J-i?22v ? p2 b?QrM mMB[m2 T Z@2' R M@ Ki g@ M 2% . :
2ti° +i Mi Bb ?2v/"QHvx2/i?2/2;" /| iBQM T Q/m+ib "2 MQi b?QrMiQ 2M; ;2 BM b K
+iBpBivrBi? K2i Hb b /2;e§R/h?'B.( 2ti° +i Mi?2 bb?QrM 2t+2TiBQM HT QKBb2 I
M/ M 2ti° +iBQM T QT2 iB2b M/ rBHH #2 /2b+ B#2/ BM ;"2 i2° /2i BHi?'Qm;?Qm

6B;m 2 RX8 h?2bi'm+im 27Q° ;2M2'B+ /B;Hv+QH KB/2 U.: VX h?2 KQbi/Bb+mbl
M/ _4dk@2i?vH@?2tvH Uhl>.: VX JQ 2 bT2+B}+ .: 2ti° +i MitkkX'2 /Bb+mbb2/ BM *

bvbi2K r?B+? /IBbTH vb +QMi* biBM; +B/ /2T2M/2M+2 #2? pBQ BM bQHp iBM;
+ iIBQM@2t+? M;2 2ti° +i Mi-r?B+? ? b H B@ 24222 MRipPHTIQ TPB @R bX b i?2 M K2
bm:;2bib- + iIBQM@2t+? M;2 HB; M/b "2YiPQM2i BBA?27 MM+iBER2VM>H ;" QmT i? i Bb 2t+
iQ #BM/ rBi? i?2 K2i H UbRX&pPX iBIOR@HB}+ 2t KTH2 Q7 i?2 + iBQM@2t? M;2 +H bt
#Bb@k@2i?vHU?2tvHV T?QbT?Q B+ +B/ U>.1>SV- KQbiHv FMQrMde&3 Bib mb2 B!



br2HH b MfGM b2T ~ iBQMb UM K2Hv BM i?2 h"Bp H2Mi MfGM a2T * iBQM #v S
1ti° +iBQM 7°QK [m2Qmb EQKTH2t2b Uh eB)XSH?BY T iB@MEV2(+? M;2 2ti’ +i Mi ?
#22M mb2/ BM #Qi? 1dy X 68sS (?2b2 bvbi2Kb-i?2 T> Q7 i?2 [m2Qmb T? b2 Kmbi #2
7Q i?2K2i HiQ Qmi®HQKEMI2ZBI? i?2 B WR2(T> /2T2M/2M+2 7Q " i?Bb +H bb Q7
Bidb H “;2bi/ r# +F/m2iQ  T>p 'B #BHBiv i M BM/mbi'B Hb+ H2X hQ bi'BT i?2
UQ Q ; MB+ bQHpP2MiV-i?2 +B/ +QM+2Mi  iBOMGK BMT QieM- £ nPlRBH/E ;i MY >
QTTQbBiI2 iQ bQHp iBM; 2ti~ +i MibX

M™ +nL (OH)m! M nlL O )m+(n m)H* URX8V

6Q° HH Q7 i?2 HB; M/b /2b+ " B#2/i?2 2ti° +iBQM T " Q+2bb Bb 2tQi?2 ' KB+- K2 M
r2°2iQ BM+"2 b2 i?2 2ti° +iBQMdk@§X /Lt2+ +AB0Q@M /2b+"B#2/ ?2°2 Bb 2Mi? HTv@ /"
2Mi"QTvK vQ K v MQi? p2 ?BM/2'BM; 2z2+i QM 2ti° +iBQM U/2T2M/BM; QM i?2
2ti° +i MIiVX *QKT "BM; i?2 hP.: M/ *JSP 2ti° +i Mib-i?2 hP.: 2ti° +iBQM Q7 K B
2tQi?2°KB+ M/ H2bb 62Mi ' QTv@ ?BM)/R H2ZKET2 MmMIZMBH M BKTQ'i Mi7 +iQ r?2M
+QMbB/2°'BM; H ";2@b+ H2 T@Q+2BHBOM#2M mBD2 T Q+2bdBdEX2 [ MIBPTHER;MI (
BKTQ i Mi-i2KT2" im 2 +QMi'QH Bb MQi BKTH2K2Mi2/ i M BM/mbi'B Hb+ H2 HB

RXkX9 S QHB}+ PtB/BxBM; ;2Mib BM [m2Qmb +iBMB/2 S'TQ+2bbBM;

+iBMB/2 2ti° +iBQM #2? pBQm  Bb ?B;?HvV /2T2M/2Mi QM i?2 QtB/ iBQM bi i2-
Hr vb /B 2+iHv +Q "2H i2/iQ @JK/ bB/QM+bB#2( BRXR++BQMBMB/2 Bb mMB[m2 BM
i2°’Kb Q7 [m2Qmb "2/Qt T QT2 iB2b M/ BM i?Bb b2+iBQM M BMi ' Q/m+iBQM iQ +C
;Bp2MX 6Q+mb rBHH #2 QM i?2 irQ KQbi "2/Qt T"TQKBb+mQmb +iBMB/2b-Sm M/ L
SHMIiQMBmMK Bb #v 7 " i?2 KQbi bim/B2/ Q7 i?2i° Mbm™ MB+ 2H2K2Mib /m2 iQ Bi
T°QT2'iB2bX .2b+ B#R/XBMnaRb HBIMQMHYV b22M BM i?2 jY- 9Y-8Y- M/fQ eY QtB
BM [m2Qmb +B/B+ K2/B M/ K v 2tBbi BM HH QtB/ iBQM bi i2b BM bQHmMIiBQM i
2M;BM22°'BM; T2 ' bT2+iBp2-i?Bb T°QT2'ivBb mM ii’ +iBp2- b2 +? QtB/ iBQM bi
T°QT2'iB2b + mbBM; i?2 SmiQ H2 +? Qmi BMiQ r bh2#MH 2REE I ° Q@ Bn? @H 22 Kb X
Qp2'pB2r Q7 QtB/BxBM; :2Mib mb2/ 7Q  Sm T ' Q+2bbBM;X h?2}'biH “;2@b+ H2 T
#BbKmi? T?QbT? i2 T'Q+2bb-r?B+? b2HY+irBp ZHY K B+ BATBib bBGWMN T Q/m+ibX
Ib2/ 7°QK RN98 iQ RN8R-i?2 "2 +iQ  7m2H r b /BbbQHpX/ BM SEPBMBNB 2HHV iBQ
T 2b2Mir b " 2/m+2/m@BM » ¥R7Q 2 #2BM; T 2+BTBi i24 @BI®NRh?BRSP
T'2+BTBi i2r b 2/BbbQHp2/ rBi? bQHMIBQM;QM/@1B /B MA@k B;MBIQ MBPL P
SMPEYX h?22 "2bmHiIiBM; bQHMIBQMr b ; BM +QMR+B2VRBiBM22 "B\GIAQ T 2+BTBi i2



BKTm ' BiB2b r?BH2 HA*SBM; i QHSMBPQMX 7i2° +2MiB7m;BM;*M¢ b2+ BMBM;- i?2 St
“2/m+2/ i®'SMBM; LR/ "2T2 i2/iQ T°Q/m+2i?2} bi@2p2 K + ' Qb+QTB+ KQmMib
i?72J M? ii M S @PR+i (

h?2 #BbKmi? T?QbT? i2 T°'Q+2bbr b bmT2 b2/2/ rBi? P BOMDB2Q +Qbb-r?22°2 "
QtB/Bx2 Sm {J-SBrbPb Hi2/ rBi YHW//Pi?2 SIMBb 2ti° +i2/ #v 22tQM2X h?Bb 2ti* +i N
+QMi BMBM; #QimIBmP Bb +QMi +i2/ rBi? 72°°Qmb hloPHa\YK Q20WBE2U+Bp2H v
2/m+2i?2/Sm@ S HHQrBM; 7Q" # +F@2ti’ +i2/ BMiQ ?B ;¥ h@QWrABQMEQM2HU
62Ut Pa¥ 2/m+BM; ;2Mi Bb HbQ mb2/ BM i?2 SI_1s T Q+2bb-RXKkXPER#27 2 "HB2"
MHIiBK i2Hv bmT2'b2/2/i?2b2 T°Q+2bb2b M/ Bb biBHH mb2/iQ i?Bb / vX

LQiB+2 i?hi B2 RIXR 2{+B2M+v Q7 bQK2 QtB/BxBM; ;2Mib 2 22 pBHv /2T2M/ N
BMr?B+? Sm Bb /BbbQHp2/XYGQB2BXCHHRWSHBM >*H K2/B #mi 7m i?2° QtB/Bx2b
SMiQ Sm¥ BM > K2/B X h?2 K2/B SAIXBIQBMNBYUbi 2M;i?- +B/ +QM+2Mi’ iBQM-
i2KT2" in2i?¥XBb + BiB+ H BM /2}MBM; i?2 QtB/BxBM; ;2Mii? i b?QmH/ #2 mb2/X

h #H2 RXR *QKKQM QtB/Bx2 b mb2/ 7Q  SHMiQMBmMK T Q+2bbBM; BM /Bz

PtB/ iBQM ai i2 PtB/BxBM; ;2Mi/B 272 2M+2
sm’
L *HP e@3J>*H RY
*H yX8 J>*H BR
x Y RX8@e J>*H (3k3j
IJMR .BHmi2 > (3R
SmP
62" >*H (BR3H
> L Py yXR J >LP @R
L >gL > yX8 J >*H BR
SmpY
* N Py 9X3 J>*H (39
* N Py .BHmMi2 »LP (BR38§
L "BP R@8 J >LP d3dN3R
* 0 yX8@R J>LP (3R3R
P kJ>*H (3¢
JMR RJ>LP (3R
L P, >2 i M/ yX8@kJ >LP3ER

GBF2 Sm-LT+ M2 bBHv b?B7i 7°QK QM2 QtB/ iBQM bi i2iQ MQi?2° M/i?2 Qtl
K i'Bt/2T2M/2MiX .2b+ B#RXRBRM BD+KBRQMbi #H2 BM i?2 9Y- 8Y- M/ eY QtB/ iBQM
+B/B+ K2/B M/ + M QtB/Bx2 7 QK 22 8@33p2W " MBBMB/@Mi(B H b2iiBM;- bi #BHB
LTRY QtB/ iBQM bi i2 Bb BM+ 2/B#Hv /B{+mHi- 2bT2+B HHv BM i?2 S|_1s T Q+2bk
SI_1sT°Q+2bb mb2b h"S iQ +J@PR"- +MSLTH'X h?22 LT Bb i?2M "2/ mg2iQQ LTP

#2 b2H2+iBp2Hv # +F@2ti° +i2/ rv7 QK Sm'-MWBR2>mpBHHTBbT QTQ iBQM i2.

Ry



iQi?2 HQbb Q7 QtB/ iBQM bi i2 +QRIKd& HR WHPR3 NNXi BRI QTQ iBQM (BQM Q7 LTI
Q++m b 8yyt7 bi2” BM SI_1s +QM/BiBQMb UjyW h"S BM F2 ' Qb2M2V iR)M Bi /Q2b E
Hi?Qm:;? VTP iBiBQMb BM ?B;? +B/ K2/B - 2T 8bibib#H2BMLK®/2" i2Hv ?B;? UR:
>*HV BM BM2 i 2Mp\BRXQ MXK20\2i B (QT2 iB2b ?B;?HB;?i ?2Qr +? HH2M;BM; T Q+2bbB\
BM/mbi'B H b+ H2 r?BH2 LT BREX hBWi BBiZ2bS@ 4B HHv i'm2 7Q° [m2Qmb +?HQ E
mb2/ +m 2MiHv 7Q  q:Sm 2T Q+2bbBM;X

2NpOsaq) +4H (aq) § NPOZi) +Np oy +2H 20 URXeV

3PU(y +2H20¥ 2Puliy +PuO * aq +4H 4 URXdV

h?2 [m2Qmb +?HQ B/2 q:Sm T Q+2bbBM; bi*2 Kb mb2 +?HQ BM i2/ QtB/ Mib Ul
L *HPV 7Q° Sm Tm 'B}+ iBQMX AM +B/B+ [mBR MM QW Qi B2 TLQHRPIQ 2p2 v
QtB/ iBQM bi i2 Q7 +UH@AREM2vTFR +? MQUEIRW*HPH Q BiD WAHPF?HQ | i2 U*HP
UY8V M/fQ T2 +?HQV LRYUVEKP Hi?Qm;? +?HQ BW P YB Y tB b 2MQiHPD M B@ H fiH#H 2
BM [mM2Qmb bQHmMIiBQMb M/ /Q2b MEXi AM+MBM/mMi2i"B H R2iiBM22M ntb2/ 7Q°
/2+ /12b iQ QtB/BkQ SMmX q?BH2 L, BbP2z2+iBp2 i +QMi'QHHBM; i?2 QtB/ iBQM bi i2
HBiiH2 Bb FMQrM #Qmii?2 2z2+ib QM LTX h?Bb FMQrH2/;2; T ?2BM/2 b Qm" #BF
7i2Q7LTBMQ@:SmT Q+2bbBM;X //BM;iQ i?Bb +QKTH2tBiv- KmHIBTH2 "2 +iBQN
L *HRPBM >fHbQHMIiBQMbX 6Q" 2t KTH2-i?2 7TQHH@NB3Bb 22HBRA ViY@ + BAMBM
?B;?Hv +B/B+ bQHmMIiBQMb M/ BB+7 iR2¢EPHM Bb #2HB2p2/iQ 12 RWKBi? Sm
amTTQ ' iBM; 2pB/2M+2 Bb H +FBM; 7Q " i?Bb K2+? MBbK rBi?°65@tBM/iBOQMMHV #2:
IP Y (N8NEX h?Bb /Bbb2'i iBQM b22Fb iQ iQ mM/2 bi M/ i?2 2 +iBpBiv Q7 LT mM/:
+QM/BiBQMb iQ T'QpB/2 7QmM/ iBQWMRiQ M2 ¢:iSmKKQ 2 Tm 2

5NaClOgaq) +4HCl (ag) ! 4ClOz(aq) +5NaCl ) +2H,0 URX3V

3PuZyy +3ClO zag) +3H (g § 3Puly +HCl (aq) +2HCIO 544 URXNV

RXj TT Q +?
RXjXR 1ti® +iBQM *?2 QK iQ;  T?v aim/B2b

6B;m 2R»Qrb i?2 ;2M2° H +QMbB/2" iBQM 7Q  K2i H #bQ #iBQM M/ 2+Qp2° #
1* K i2°’B HX 6Q° T Q+2bb iQ #2 "2H2p MiiQ BM/mbi'B H TTHB+ iBQMb- i?2 K2i
QM2 +QM/BiBQM M/ 2+Qp2 2/ 6BMi2 2- RIXBP B/2 AMt KTH2 Bb p "VBM; i?2 +B/
+QM+2Mi> iBQMX h?2 K2 bm 2K2Mi mb2/iQ /2i2 ' KBM2 i?2 KQmMi Q7 K2i H #bQ"
r2B;?i /Bbi B#miBKQW + H3QnH i2/ mbBMXRm iBQM

RR



Al AV
= — RXRyV
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r?72°2o0Bb i?2 pQHMK2 Q7 i?2BM ;QBM; K2i HbQHmiBQM UivTB+ HHv R KGV- K B

k8 8 K;V- Md M/ ; "2 i?2 BMBiB H M/}M H +iBpBiB2b Q7 i?2 KNdNNXQHMiBQM- "
h?2 +? * +i2 'BbiB+b Q7 K2i H #bQ TiBQM BKTQ'i Mi 7Q° M BM/mbi'B H b2iiBM;
+ T +Biv- "2+Qp2° #BHBiv- M/ +?2KB+ H M/ /B iBQM /2;" / iBQM "2bBbi M+2 6Q
BM/m+iBp2Hv +QmTH2/ TH bK iQKB+ 2KBbbBQMKbV2p-H@BHQTA U N4@ 12NVB M? 2
bBKBH 7 b?BQM mEBAMRRL[mM iBQM

M) Ml VvV

5T MY m

URXRRYV

r?22°2 @M/ (%) 2i?2BMBiB H M/}M H M Hvi2 +QM+2Mi> iBQMb- "2bT2+iBp2H

6B:m 2 RXe 1t KRHZHQJi 7Q° M B/2 H1*K i2 B HrBi? bQHp iBM; 2ti> +i M

M //BiBQM HT > K i2-/2p2HQZR/i@b 2Q@2BIQHMKM pQHMK2 iQ T2 F K tBKmK
FORyWX h72B;7Bbi B#miBQMV BBHQ Wi +QMp2 pX) BME®i B#miBQMV i@ M;
1[m iBRNRK

EV:M URXRKYV

r?2 2 Bbi?2 /2MbBiv Q7 i?2 2tiBBi2®@i KD/MmMi Q7 2ti° +i Mi HQ /2/DMiQ i?2 #2
S Kb Q7 2ti° +i MiT2 ;> Kb Q7 "2bBM- mbm HHv yX9VX h?2 H bi i?BM; iQ /Q Bb +
1[m B8

Vs
Vim

r?2°% Bb i?2 pQHMK2 Q7 i?2 bi iB@MBWiP2 pQHWK?2 Q7 i?2 KQ#BH2 T? b2- 2bT
#Qi? pQHMK2b "2 # b2/ QM i?2 "2bBM bHm v # RER [ FaBD/25N QM i B GiHim KR K r(

k°= E URXRjV

Rk



Km+? bQHMIBQM M22/b iQ #2 T bb2/i?2°Qm;? +QHMKM #27Q 2 K tBKmK K2i H 2H
T K2i2°BM 1* bim/B2b Bb i?2 K2i H #BM/BM; + T +BivX h?Bb ;Bp2b HBKBi iBQN
“2bBM K bb M22/2/iQ #2 T +F2/ BMiQ i?2 +QHMKM 7Q  bm++2bb7mH /2+QMi KBM
+ T +BivBb /2i2 °KBM2/ mIRBAR;91[m iBQM

Metal Binding Capacity = (M1 [r?]/l]f) v URXR9V

h?2b2 K2i?Q/b "2 2z2+iBp2 7Q  /2i2°KBMBM; T * K2i2°b 7Q  T'BbiBM2 bi "iBM; K
Kmbi#2 T B/ iQ i?2 2p2Mim H/2;  / iBQM 7°QK * /B iBQM M/ +B/2tTQbm 2X Hb
+B/ +QM+2Mi° iBQM M/ K2i H+QM+2Mi® iBQM /2T2M/2MiX ii2MiBQM rBHH #2 ;B
JQbirQ"F QM +? * +i2°BxBM; 2ti° +i Mi/2;" / iBQM b "2bmHi Q7 +B/ M/ /B i
/IQM2 BM bQHp2Mi 2ti" +iyBj@WMdbRpiRWe (Bi? bQK2 rQ F QM 2ti® +iBQM +?2 QK iQ;" T
bvbi2 Kik RycRy)3 Q7 r?B+? KQbi "2 K22 bBKmH iBQM bim/B2bX aBKmH i2/ " /B iB
r?2°2i?2 2ti’ +i Mi bvbi2K Bb 2tTQb2/iQ M 2%i%bMH* Qb 2MJ rkhai tH H v
+QKT "2/iQ /2i2°KBM2 "2bBM HB72bT MX aQK2 bim/B2b ;Q b7 ° b2tTQbBM; i?2
@ /B iBQM #VKEAX [BWEPSM QMiQ 1* K i2°B Hb iQ /2i2" K BRWER ONK2>Z¥r2pid" {
i?2b2 bim/B2b B @MAMQ MQi +QMi BM Mv +QMi KBM Mib MQ" 2tTQb2i?2 T Q+2
“2H2p MiiQ BM/mbi'B HT ' Q+2bb2bX h?2 bim/B2b 222 rBHH TTHv i?2 TT 'Q +?2
+QKT "2i?21*K i2’B HiQ i?2 BM/mbi'B HHv@mb2/ K i2°B HX h?Bb TT'Q +? Bb i
Q7 bBKmH iBM; QM 1* K i2°B H7Q " /BQ+?2KB+ H bi #BHBiv M/ b2+QM/-iQ /2i2
T'QKBbBM; T2'7Q K M+2 "2 bi #H2 r?2M 2tTQb2/iQ bBKBH ~2MpB ' QMK2MibX

RXjXk LT PtB/ iBQM _2 +iBpBiv

.2bTBi2 i?2 7 +ii? iLT? b M 2tT M/BM; T'2b2M+2 BM Sm 722/biQ+Fb-i?2 2 Bk
i?72 QtB/ iBQM +?2KBbi'v Q%X Th?8BbLUOHP?QT2b iQ +QMi'B#mi2 iQ i?2 K M/ Sm T
2zQib #v 7m i?2°'BM; mM/2 bi M/BM; Q7 i?2 QtB/ iBQM +22RBbi?2 #BK2QM LT M/
+QMi"QH i?2 LT rBi?BM [m2Qmb Sm M/ KT Q+2bbBM; i G LGX 6B bi-iQ #2ii2" 1
bim/B2br2°2 +QM/m+i2/iQ "2THB+ i2i?2 +m "2Mi T°Q+2bbBM; +QM/BiBQMb i bK
"2 +iBpBivX a2+QM/Hv- b2p2° HT ' K2i2'br2°2p 'B2/7Q  i?2 T ' Q+2bbBM; bi2T-
7Q  mMb2 BM M BM/mbi'B Hb2iiBM;X 6Q 2 +? Q7 i?2b2 +QM/BiBQMb- FBM2iB+b C
a2+iB*M h?2 FBM2iB+ bim/B2b "2 MQiiQ /2}M2 i?2 K2+? MBbK- #mi " i?2° +i b
2M;BM22°b iQ /2p2HQT bi M/ "/ T°Q+2/m 2b M/ K M ;2 2tT2+i iBQMb 7Q LT QtB/
T Q/m+ibi’2 KbX b bi i2/RBMAR2BBMIBQM bi i2 +?2KBbi"v Q7 i?2 +iBMB/2b Bb
BM~m2M+2/ #v i?2 M Hvi2ob K2/B X bbm+?-i?2H biTQ iBQM Q7 i?Bb bim/v rBF
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K2/B BM~m2M+2b i?2 "2 +iBQM FBMXB+b Q7 LT M/ L *HP
RX9 _2b2 “+? a+QT2 M/ :Q Hb

>BbiQ B+ HHv- G LG r b QT2 i2/ b "2b2 "+? 7 +BHBiv M/ b "2bmHii?2r bi2
T Q+2bbBM; + M#2 mMT 2/B+i #H2X "2ii2° mM/2 bi M/BM; M/ KBIiB; iBM; i?2 2z2
BMTmib M/ TQbbB#H2 bQHmMIiBQMb 7Q" /2p2HQTBM; "Q#mbi T ' Q+2bbBM; 2zQ ib 1
KBMBKBXxBM; Mm+H2 “r bi2 M/ g:SmT Q+2bbBM;X h?Bb rQ ' FrBHH #2 +QM/m+i2
2M;BM22°'BM; T2 ' bT2+iBp2-BMi? ii?2H ;2 QmiHvVBM; p "B #H2b UK i'Bt- " /B iE
BKT +i T'Q+2bb QT2  iBQMbX h?2 ;Q HW@Ri2BWBKEZ 2 #HQMdIiTQ T Q+2bb HBKB
UKV QpB/2 72 bB#H2 bQHAPIBQNMDBAR/i?22 T QTQb2/ +? M;2b "B;Q " QmbHvV 7Q" QTi
bm++2bb7mH T ' Q+2bb BKTH2K2Mi iBQMX h?2 KQbi T® +iB+ Hr viQ 2z2+im i2 +?
THMIQMBmMK 7 +BHBiv Bb iQ BMi'Q/m+2 bHB;?i/2pB iBQMb 7Q K i2 B Hb M/ K2i
G LG +QMbiBimi2 KmHIB@KBHHBQM /QHH “ T2 v2 T 'QD2+ibi? i ? p2rB/2bT" 2
h?2'27Q°2-+ 27mH M HvbBb Kmbi #2 i F2ZM BMiQ ++QmMi iQ ++QKTHBb? Mv |
T'QpB/2i? i M HvbBbX h? 22 T°QD2+ib /2b+"B#2/ 22 2BM ? p2i?2b K2 Qp2" “+?
7mM/ K2Mi H mM/2 BPRWM/BM+@DBbBM; iQ BKT Qp2 T°Q+2bb 2M;BM22 'BM;X h?2 }'t
7Q+mb QM i?2 1*r?2°2i?2i?B/ 7Q+mb2b QM QtB/ iBQM +?22KBbi'vX q? i +QK#BN
7mM/ K2Mi H +?22KBbi'v BMbB*?RK?2Ti (BH2HIKBM2 KQ 2 "Q#mbiX
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*> Shl_k
*> *hl AwAL: 1sh_ *hAPL *> PJ hP:_ S>u6P_G :1@a* G1 J1_A*AlIJ@k9R
S P*laaAlL:

_2T'BMi2/ rBi? T2 ' KBAMBQM 7BQK 1M;BM22 'BM; *?2KB+ H _2b2 “+?
"B M ‘RiQ-pB/. Ma > GX /2HK. MI-B2H GXB>m@gR/ "X EBK#¥ HilQb? X
EQxBKQJBH L?m BoRQMBF JQG2ADB72" *X¥a?2MD-KBM gqX ai2BG6IX
h?B2K MMX

KXR  #bi® +i

h?2 K2'B+Bm¥®BKORMBQBbQIQT2? bp Hm #H2 Mm+H2 ~ T QT2 iB2bi? i }M/ #
mb ;2X 1Mbm BM; bi #HRKMBTHBLBH+QHA 7Q " bmTTQ iBM; U M/ 2tT M/BM;V i?2 2tB
KS9RK@ TTHB+ iBQM bT +2 M/ 2M°FK@N2 22K2QBM;B2b i? i "2 BKTQ i Mi 7Q" 2+QM
2 Qri?-2M2:v- M/ M iBQM H b2+m BivX IM7Q TRKVTIZH WM + PRQ MaBM? R-IN29 M/ i?2
2tBbiBM; BMp2MiQ v r b /2TH2i2/ BM i?2 2 "Hv kyyybX h?Bb bBim iBQM “2+2MiHv
2T "iK2Mi Q7 1M2 ;v AbQiQT2 S Q“RK 2biGieBb?26G Qb H KQb L iBQM H G #Q" iC
hQ/ v-H “;2@b+ H2 [MRMIBBRIYOQ@#i BM2/ mbBM; i?2 *?HQ B/2 1ti° +iBQM M/ +i
_2+Qp2'vU*G1 _VT'Q+2bbX h?Bb K2i?Q/ mb2b '2bBMi? i? bi?2/B@ U9@i@ #r
#mivH+ “# KQVHK2i?2VHT? @@rIBMY QtB/2iUMi /bQ #2/ QM “2bBM°BER /iQ ? “p2bi
7°QK THMiIiQMBmMK +QMi BMBM; r bi2 bi*2 KbX hQ K BMi BM MFBKTR Qp2+*G1 _ T
2p Hm i2/ 2ti° +fBFEMK@*ISP b 7mM+iBQM Q7 i?°22 BKTQ i Mi T°Q+2bbBM; 2|
WY >*H +QM+2Mi’ iBQM- UKV K2i H+QMi KBM Mi +QM+2Mi" iBQM- M/ UjV +QMi +
K@*JSP "2bBMr b //BiBQM HHv +QKT "2/ ; BMbi +QKK2 +B HHv p BH #H2 “2bB
“2bBM M/ b2H2+i2/ b2'B2b Q7 /B;HV+QH KB/2 U.: V 2bBMEX*PHP ~2bBIMib bm;;.
QmMiT2'7Q K2/ KQbi Q7 i?2 +QKK2 +B HHv p BH #H2 Hi2 M iBp2bX >Qr2p2 -i2i’
i2i° 2i?VH?2tvH@.: Uhl>.: VT '2p BH2/ QM b2p2° H 7 QMibX h?2 hP.: M/ h1l>.:
[m MiBi iBp2HVKBK2iB2Qr >*H +QM+2 i D5B@MIR2U2 H2bb bmb+2TiB#H2 iQ /2H2i2"
2z2+ib 7°QK K2i H+QMi KBM Mib BM i?2 KO¥&KHRZ Fi2 b e/ #Mni2b2 “2bmHib- r
+QM+HmM/2PRK i2+Qp2 v vB2H/b ? p2i?2 TQi2MiB HiQ BKT Qp2 B7 hP.: Q  hl>.:
TH +2K@*JSP 7Q  H “:2@b+ H2 *G1 ¢+ 2bbBM: Q7

RGQb H KQb L iBQM H G #b- GQb H KQb-LJ 3d898- la

KLm+H2 * a+B2M+2 M/ 1M;BM22 BM; S'Q; K- *QHQ  /Q a+?QQH Q7 JBM2b- :QH/2M- *P 3y9yR- la
»*Q " 2bTQM/BM; mi?Q b, /FBK# HH!H MHX;Qp U.X"X EBK# HHV- biQb?!H MHX;Qp UaX X EQxBKQ V-
a22 TT2M/BRQ® mi?Q b?BT "QH2b
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kXk AMi"Q/m+iBQM

_ /BQMmM+HB/2b "2 F2v +QKTQM2Mib 7Q° K Mv BKTQ i Mi i2+?MQHQ;B2b M/ i-
bT2+i RRRRX i QM2 2ti'2K2- " /BQBbQiQT2b "2 "2bTQMbB#H2 7Q" i?2 /B ;MQbi
ii"B#mi2b Q7 ° /BQT? 'K +2miB+ Hb mb2/ iQ iRR&EB&K2"DXR2MBRE2b2 M€2" (
2ti’2K2b K2/B+BM2iQr2 TQM'v HB2b p bi TTHB+ iBQMbT +2r?2°2 mMB[m2
" /BQMmM+HB/2b ? p2 #22M + 2 iBp2HWRBRMBIXBi2/ 7Q" /2+ /2b (

PM2 " /BQBbQiQT2i? i? bT "iB+mH "Hv /Bp2 b2 Mm+H2 k¥RKVXia?BbiB+b Bb
HQM;@HB@29jWKeUeV U2 "MBGMm+HB/2 2KBib @B;?i@2M2b;¢8X9 J20 URjXRWV M/
J20 U39X3WV)- 2@b HB7ABQM UBNX8 F20V- M/ T 'QpB/2b +QMp2MB2Mi M2mi QM t
T 2b2M+2 Q7 bi #H2 %2 WHRHBIORK @ NK2 Qmb i2+?MQHQ;B2b "2 #mBHi "QmM/ i?Q
T'QT2'iB2b-®RRBMKH M #H2 M/ BM ?B;? /2K M/X h?2 KQbi +HB+?0 TTHB+ iBQM 2
C 2;2°6b /Bb+QpTW i®2KBbbBQM +QmH/ #2 ? M2 b HRAKKQ@ rhZ2 2 nb KNDIFZ ( 2p2HQT:
KSRK bKQF2 /2i2+iQ " i2+?MQHQ;B2b b p2/ +QmMiH2bb HBp2b i? 2 i2M2/ #v }'2 BM
“2bB/2MiB H #mBH/BM;b bBM+2 #2+QKRIRR lpjBKB# H2+ENMIi 2K RYUIYyD K QF2 /2i2+i(
i2+?MQHQ;B2b /Bp2 ;2/“I1RQKMRr T2 QKR fBK @# b2/ i2+?MQHQ;B2b ? p2 2K2 ;2/X |
BM+HmM/2 mbBM;/BQBIQM 2KBf1BKTQQ/RiI2'KBM2 i?B+FM2bb2b Q7 rB/2  M;2 Q7 K
XK2i Hb?22ib- ;H bbaMBRRNAGR KX h*2RK ° /BQMm+HB/2 Bb HbQ mb2/iQ BM
T2 '7Q KBM; +QKT +2R QM0 i DIOBKMBVRK Pi?2° TTHB+ iBQMb +QK2 7°QK K2 'B+BmK
UK"2V M2miQM bQm +2b-r?B+? }M/ mb2 BM M2mi QM RjMRQY MT2vH X QBbim 2 M
"2 +iQ  bi "R&AMM/(M2mi'QM +iBp iBQM M Hvb2b 7Q° QBH@r2HH HQ;;BM; M/ /'B
RRRj3RjNX

hvTB+ HRK-Bb ? “p2bi2/ 7°QK THmiFMBmM@-2 24 RIXjkN vé) To)I/m+iX
6°QK RN8Y iQ RNN3-i?2 IMBi2/ ai i2b Q7 K2 'B+ UlXaXV°RKBMI BBMWR/m ivi BBMB 2 Mi Q
mb2 M/ bmTTHB2/i?2rQ H/ rBi? M 2¥iBKROAK 0?2 MQBM RN39 IXaX T'Q+2bbBM; :
biQTT2/ MFIRPR BMp2MiQ v r b /2TH2i2/ #v kyy9X JQiBp i2/ #v i?Bb pmHM2" #BHB|
“2/m+2 /2T2M/2M+2 Q7 i?2 1XaX QM 7Q 2B;M bmTTHB2b- i?2 IXaX .2T "iK2Mi Q7 1
B/2MiB}2/ r bi2 bi'2 K7 QK THMIQMBmMK T Q+2bbBM; i?2 1tT2 ' BK2Mi H *?HQF
Uls*1GV iGQb H KQbL iBQM HG #Q " iQ v USRK®Qn +TXRIRMIB 15*1G
T Q+2bbr b /2THQv2/ i G LG BMRNNjiQ '2+Qp2° M/ Tm ' B7v THMIiQMBmMK 7 QK r
#v Tv Q+?2KB+ HT Q+2bbBM; M/ iQ KBMBKBx2 ™ /BQ +iBpRMKXi2KBDH)/Bb+? ~;2/°
+QMi KBM Mii? i T bb2bi?2 Qm;? i?22 1%KL RIRQ @a2BBBHi?Bb b M QTRQ imMBiv i
“2/m+2 71 bi2 pQHMKW2W /MAR #m > /2M QM i tT v2'b- M2r T°Q+2bbBM; HBM2r b /2p.



/[2THQV2/ i G LG BM i?2 H i2 ky RF&b7I@ K2iRQpI2s*1G r bi2 bi*2 KX h?Bb M2rHv
2bi #HBb?2/ *?HQ B/2 1ti° +iBQM M/ +iBMB/2 _2+Qp2'vU*G1l VT Q+2bbBM; H|
bQm +2PRKX >2M+2-Bi ? b #2+QK2 M iBQM H T BQ 'BiviQ K BMi BM M/ bi*2M;i?
+ T #BHBiB2b bQ i? i i?2 IXPRBMPRM2Q@MQ7BM2/ M/ bQ i? i +m "2Mi M/ 7mim 2 I
KORK M22/b "2 RBK
F2v TQBMi BM *G1 _ T Q+8¥KBMi BbiBXEM +? QK iQ;" T?v bi2TX h?Bb b2T " iB

mMiBHBx2b G LG /2p2HQTR@®21iS F6BMi BVkXRB+? Bb /bQ #2/ HQM;bB/2 T? b2 i’
+ i Hvbi Ui'B#mivH T?QbT? i2- h"S- Q" /B KVH 6BHNT2RER? b HHSURyy iQ R8y
KV TQHVK2i? + vH i2 RKBMHA2Qr;? i?Bb T°Q+2bbBM; bi2T ? b #22M bm++2bb7n
T°Q/mM+BM; H “;2@b+ HEBKYGR+ MI/HABE2@ Tm BivVHF K+ RibbQ®M/b Qmi b p2t iBQmb
(ROJIX LmK2'Qmb +? * +i2 ' BbiB+b #Qmii?2 b2T *~ iBQM "2 MQir2HH mM/2 biQQ/>
T°QT2'iB2b +QmK/RBKIT QHZb BNX-/m ¥2RK HQbb /m"BM; +QHMKM HERBM: - BM+"2
"2+Qp2'v/m'BM; +QHMKM bi'BTTBM;- M/ K F2i?2 2ti° +iBQM T Q+2bb KQ 2 ++(
722/biQ+FbX

>2°2BM- bQK2 Q7 i?Qb2 b2T " iBQM +? * +i2 'BbiB+b ? p2 #22M "B;Q QmbHvV BM
i?72 +m "2MiHV /2THQV2/ T°Q+2bbBM; + QM IKi@ BINGID 2 t6Q + LB QM H2bB®MD b #BHBIivV i
KO9RK b 7mM+iBQM Q7 i?°22 F2vp 'B #H2b ? b #22M Rp>H M +2/Mb 2 M nkMB (BVQbM Q 7
K2i H+QMi KBM Mi +QM+2 W +i@WiVi-i BK/2b X S2°7QRI@ MESPQZLBRb r2°2 i?22M
2p Hm i2/ ; BMbii?2 +?2KB+ HHv bBKBH ~ M/ +QKK2 +B HHv p BH #H2 _ "2 1 i
*JSP@# b2/ "2bBMb r2°2 HbQ +QKT “2/iQ + "27mHHvV b2H2+i2/ b2'B2b Q7 +QKK
/IB;Hv+QH KB/2 U.: V # BB/ mZRE&IKUg2 2p Hm i2/i?2 "2bmHib rBi? i?72 BMi2Mi Q7 |
"2+QKK2M/ iBQMb iQ BKT ' Qp2 *G1 _ T°Q+2bbBM; M/ rBi?BM i?2 +QMi2ti Q7 i?2 k&
rBi? QT2 iBM; ;HQpP2#Qt HBM2 BM i?2 SHMiIQMBmMKk8ROMYBIBOM 6 2BHBib i G L
bm;;2bi2/i? i +? M;BM; 7°QK i?2 +nK@2NBPv22THQRQAM "2bBM iQ i?2 +QKK2 +B HI
p BH #H2 hP.: M/fQ  h1>.: "2bBMb‘¥RmBARPRZYV 22Q ib KQ 2 "Q#mbi M/ 2z2+iE

kXj _2bmHib M/ .Bb+mbbBQM
kKXjXR avMi?2Km@Eb*QIP 1ti° +iBQM _2bBMbX

6B;m 2/KXFMK2Mib i?2 MQK2M+H im 2 mb2/ 7Q" i?2 2ti° +iBQM “2bBMb i2bi2/ ?:
U.: V/2'Bp2/ 2bBMb M/ _1 2bBM r2'2 Q#i BM2/ +QKK2 +B HHv U1B+? QK h2+?N\
rBIiK@*JSPS M/K@*IJSPS “2bBMbX h@2B3PS M/K@*JSPS “2bBMb r2°2
Q#i BM2/ b HB[mQib "2T '2b2Mi iBp2 Q7 i?2 H ;2 BMp2MiQ'v Q7 “2bBM T 2T "2/
iQ/ VBMbmTTQ i Q7 QT2 iBQRRKXT /@ ©2FbBMMKIEN* ISP 2ti° +i Mi M/ T? b2
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i* Mb72° + i Hvbib Uh"S M/ . SV iQ '2bBM #2 /br b +?B2p2/ mbBM; G LG T Q+2
T 2pBQmMbHV #i JHEB2m  2VKPKR 9K J Mv bT2+ib Q7 i?27 # B+ iBQM T ' Q+2/m*2  :
h?Bb "2bBM T 2T " iBQM T Q+2/m 2 T°Q+22/2/ BM M2 * [m MiBi iBp2 vB2H/X Ai +
b+ HZER B;V- QM #2M+?2iQT- mbBM; +QKKQM H #Q" iQ v 2[mBTK2Mi- M/ rBi?Qmi
KQBbim'2X /bQ TiBQM BMpQHp2/ KBtBM; i?2 2ti* +i Mi M/ i?2 T? b2 i Mb72" + |
K2i? MQH UJ2P>VX h?2 bQHp2Mir bi?2M “2KQp2/ M/i?2 "2bBMr b /'B2/BM p +m
Ua22 a2+iBERM)SK hrQ ivT2b Q7 "2bBMb r2°2 mb2/, bK HH #2 /US 2@}Hi2" "2bBM-
AM+- R9y@kdy K2b?K¥j MY Rly8;2 #2 / U K#2 HBi2s .@d "2bBM ky@e4yXK2b?- k8y i
_2bBMb r2°2 +? * +i2°'Bx2/ T°BQ" {*ORKp2Him +BBVQNI?RBI T2 iB2b mbBM; MmK2 Qm|
bT2+i"Qb+QTB+ K2i?Q/bX 6Q  BMbi M+2- BM7" "2/ bT2+i"Qb+QTv UA_V bb vbr2
"2bBMbX : b +? QK iQ;" T?2v K bb bT2+i &b+N/Fe MmIa\2 MK ;M2iB+ "2bQM M+2
ULJ_VbT2+i"Qb+QTv bb vbr2°2K /2 QM bQHmMiBQMb Q#i BM2/ 7i2° bi'BTTBM; i
i* Mb72° + i Hvbi 7°QK i?2 "2bBM #2 /X .2mi2" i2/@dB/Kr2 b?mt D/In7HY7 QtB/2 U.JaP @
K2 bm 2K2Mib M/ 2i?vH +2i i27Q" :*JaX q2 7QmM/ Bi 2 bB2biiQ +QKKmMB+ i2 "
i?72RS LJ_ /i -2Qr2p2° bBKBH ~ +QM+HmMbBQMb + M #2 "2 +?22/ #v M HVXBM; i?2
RS LJ_bT2+i° 7°QK _1 "2bBM +QMi BM2/ QMHvV irQ T2 Fb- QM2 7°QK i?2 *JSP 2ti’
7°QK h"SX g2 K2 bm*2/i?2 *JSP,h"S T2 FBMi2;  iBQM iBQiQ #2 TT QtBK i2Hv
6QK@*ISPS M/IK@*JIJSPS-i?22bT2+i° r2°2KQ 2 +QKTHB+ i2/X h?2b2 “2bBMb +Q
irQ T2 Fb ii?2iBK2 Q7 7R®)IB 6FEIMSPS - k8XN TRIRWISPV NRXN TTK
U. SVT2 Fbr2'2 Q#b2K@FrISHP- k8XN TRI@WISPV MIyXd3 TTK Uh"SV T2 Fb
r2 2 Q#b2 p2/X hQ/ v- "Qm;?Hv ky v2 "b 7i2°i?2 "2bBMb r2°2 T°2T “2/- 2@ bb v I
K@*JSPS M/IK@*JSPS /2+QKTQb2/ bHB;?iHVX h?2°2r b MQ 2pB/2M+2 #v :*Ja M/
bT2+i"Qb+QTv Q7 h"S /2+ QK K@ RIBREI’M ZKBMX26R@I*ISPS “2bBM- :*Ja
BM/B+ i2/. S/2+QKTQbBiBQM ? / Q++m "2/iQ HBKBi2/ 2ti2MiX 6Q #Qi? "2bBN
K@*JSPr bbmb+2TiB#H2 iQ /2+QKTQbBIBQMX 6@FSAtIK TR2FHhABi2 teB R BAR I
+?2KB+ H b XEa@ribS®@ Ub22 aRXBRQMT2M/®X " b2/ QM LJ_ +?2KB+ H b?B7ib- :*Ja
/i -A_bT2+i"Qb+QTv- M/ T'2pBQmb "2TQ ib r2 bk@F2$P KBH#2 102 @MHIABBIQ7
RYyRyeX _2; "/H20BS 122 M Hvb2b b? QK@ *iPRPS “2bBM r3BW Tm 2 BM
K@*JSP M/ iR@*ISPS "2bBM rNoyW Tm R@MSPX ii?Bb TQBMi- Bi b22Kb TT QT B
"2KBM/i?2 2 /2" i? i /2bTBi2 BKTm BiB@*TSEL2 Mi/B@*iPD2 “2bBMb Bi
"2K BMb BKTQ'i MiiQ 2p KRAKi2tQ7#PRM: #BHBiv #2+ mb2 i?2v "2i?2 +m "2Mi BN
bi M/ */ M/ "2 2T 2b2Mi iBp2 Q7 r? i Bb mb2/ QT2  iBQM HHv iQ/ vX
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6B;m 2 kXR 1ti® +i Mib M/ T? b2i> Mb72" + i Hvbibi? ir2°2 /bQ #2/ QM "2bBM

kKXjXk *QKK2Mib QM .Bbi'B#miBQM *Q2{+B2Mi J2Xom 2K2Mib UE

HKg K2 bm 2K2Mib r2°2 K /2 mM/2" 2tT2 ' BK2Mi H+QM/BiBQMb i? i KBKB+F2/

"2 bQM #Hv TQbbB#H2 YFXH "Q2@bEBM2 22Q iX hQKy/K2BkmZRIK2Mib r2°2

K /2 i "QQK i2KT2  imF\2XUKBBM;H2 +QMi +i iBK2 Q7 k9 ?r b b2KR2+i2/ 7Q" KQbi Q7
K2 bm 2K2Mib #2+ mb2 BiiviB+ HHvi F2b QM2 / viQ HQ / 2ti° +iBQM "2bBMb /m"’
K2 bm 2K2Mib r2°2 + *"B2/ Qmi iQ +QKT "2 i?2 ¥K20M iQQRbBMbQ # mMM+iBQM G
2ti° +i Mi B/2MiBiv- T? b2 i° Mb72" + i Hvbi B/2MiBiv- M/ 2bBM #2 / bBx2X 6BM
B/2MiBivr b 2bi B+i2/ i@QGMH2Mi® iBQMb *ZK2pQMMKM HQ /BM;- +QHMKM r b?BN
M/*RK 2HMIiBQM BM i?2 *G1 _ T°Q+2bbc M K2Hv yXR iQ 3 JX

KXjXj AM~m2M+2 Q7 >*H *QM+3WiK IBQMI@QM #v *JSP@.2 Bp2/ 2bBMbX

6B;m 2 kXArBRK /IBbi'B#miBQM +R2d*’BRMDMM/ iQ i?2 "2bBM T@RW#QmM/
7°QK@*JISPS-K@*JISPS - M/ _1 '2bBM b 7mMuiBOWMMIF2MIHIBQMX J “;BM H mTi
Mg 5KGf;VEFKTr b Q#b2 p2/r?22Mi?2 >*H +QM+2MiZ kBIYMIQr2 RHIQT 2R
*JSP@/2°Bp2/ "2bBMbX AM+ 2 bBMk I¥2BMH #OBRII2RMR2MIiBQMX 6Q° _1 "2bBM-
BM+'2 bBM; i?2 >*H +QM+2Mi" iBOM 7 &RKKQ@ B Bm2bh2/iBB2 mMMiB¥ "2 +?BM;
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KGf;:X _2bmHib 7°QK i?2 G K@A@ISBT MK@*IJSPS /Bz2 2/ 7°QKi?2 _1 2bBM BM
irQ MQi #H2 r vbX 6B bi*FK2K'Bp HBIb rBi? BM+"2 bBM; >*H +QM+2Mi’ iBQM r b K
TOMQMM+2/X a®R@ML-p?2m2b r2°2 H R@*JSPS M/IK@*ISPS i? M7Q° _1

“2bBMX Zm MiBi iBp2°2H2MBBIQM @71 b Q#b2 p2H@¥JISPS M/K@*JISPS

r2BH2 f9K Ky p Hm2 7Q° _1 "2b@MKGH;, Ub22 J i2°B Hb b2+iBQM GBKBi Q7 Zm MiB}
bm#b2+iBQM 7Q" i?2 /2}MBIiBQM Q7 6[m MiBi iBp2Hv /bQ #2/6VX *QHH2+iBp2HYV
K@*JSPS M/IK@*IJSP® QmiT2'7Q K2/ _1 2hBX BM >*H

6B;m 2 kXk h2KT2  im 2@ +@VMBWQ HH21 iBIM + Q¥ {# EARKbUKE M*BV K /2 BM >*H
UyXR iQ 3JV 7i2° +QMi +i iBK2b Q7 k9 ?X K®*IBH® "R@BMIRH27M/ _ "2

1 °i?2 U_1V) "2 +QKT "2/ ; BMbi.: "2bBMb U_B;?ic hP.: - h1>.: - hS2.: - h>.: - h"
hB".: VrBi? "2bBM HQ /BM; > M:BM;X J2KbkiB 2K2Mib r2°2 K /2 BM i'BTHB+ i2 M/
mMM+2"i BMiv Bb b?QrM b i?2 bi M/ "/ /2pB iBQM hZRKH #2Kb &1Zth iR /bQ #6 M/
6Zm Mi _2H2 b26r2°2/2}M2/ b 6[m MiBi iBp2Hv /bQ #2/6 M/ 6[m MiBi iBp2Hv ":

1p Hm Mg Hm2b BM bQHMIiBQMb r?2°2 i?22 >*HXxB8QM 2D i H 2B Q Mrb #iH 2
T2+mHB “Biv bbQ¥BKi22irBMPBQM #v K@ *$PSPZ-K@*IJSPS - M/ _1 2bBMbX
_2i2MiBOMIKQT72 +?22/ KBMBKMK & KGF2W i yX8 J >*HX hW9BKIKZD Hm2b Qb2 iQ

10 KGf; i yXR J(zf¥ h?Bb K /2 mb [m2biBQM i?2 +?2KB+ H T*&42bb2b "2bTQMbB
“2i2MiBR@OMPS-K@*IJSPS - M/ 1 2bBMbX am p2vBM; i?2 HBi2' im 2 "2p2 H2/
? p2 Q#b2°p2/ bBKBH ~ T2 ' 7Q K M+2 7 QR *cRIXORI7 b2 iZ2BBMIBKQ/ H /2T2M/2M+;
KO9RK Kg p HM2b QM >*H +QM+2Mi" iBQMb Bb i B#@2J)$® TW/QQR?HRBO ME i2@mTh
RIOX AMi*B;m2/ #v i?Bb T?2MQK2M -r2 "2 KQ#BK@®xBSPBIX@tJigRS 2p Hm i2
M/ 1 2bBM BMi2  +iBi® MitbBBI? KK+ Qb+QTB+{TRKMNBIBR L PQ@biB+ bT2+i'Qb+QTB
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K2i?2Q/bX Pm> BMi2Mi Bb iQ #2ii2° +? ~ +i2 Bx2 iR@ BMPM 20@ 2IBPr?2B +? i?2
M/ 1 2i BM X
KXjX9 AM~m2M+2 Q7 >*H *QM+2RK 18QMiBOM #v *JSP@ pb .: @.2 Bp2/
_2bBMbX

6B;m 2 KDOIQ /Q+mMK2Mi2 KR®rkgd Hm2b p "B2/ b 7mM+iBQM Q7 >*H +QM+2Mi"
. @# b2/ "2bBMbX LQi2-i?2b2 .: "2bBMb /B/ MQi BM+HmM/2 T? b2 i Mb72" + i Hv
r?B+? Bb /BbiBM+i 7°QK i?2 *JSP@# b2/ "2bBMb /2b+ B#2PRKEp2X A2t “;2bi ~ N
r2 2 Q#i BM2/ 7°QK .: "2bBMb rBi? 2i?vH@?2tvH Uh1>.: V M/ Q+ivH UhP.: V bm#
irQ "2bBMb Uhl:.: M/ hP*RK-/bQ TiBQMrr b MQi /2i2+i2/ i HQr +B/ +QM+2Mi" iE
JVX AM+ 2 bBM; i?2 >*H +QM+2Mi" iBQM°BICK/BHWH BRI m@iB2 [M2MiBi iBp2 /bQ Ti
rb Q#b2 p2/ i3J>*HX *QMbB/2'BM; "2bBM T2 7Q K M+2 BM i2°Kb Q7 +?B2pBM
/2+QMi KBM iBQM*°FK2HHQpP2 v- i?2b2 hl>.: M/ hP.: "2bBMb ? /i?2 KQbi T QKB
+? ° +i2°BbiB+b Q7 HH .: @# b2/ 2ti° +i MibX h?2 hl1>.: M/ hP.: “2bBMb +QKTH
KO9RK i HQr >*H +QM+2Mi’ iBQM- KQ/'PRK2HBMIR BN22B i2 >*H +QM+2Mi’ iBQMb- M
+QKTH2i2Hv ¥3RKBNM2B;? >*H +QM+2Mi" iBQMbX 6 QK i?Bb T2 ' bT2+iBp2- h1>.: N\
? p2i?2 ?B;?2bi TQi2MiB H 7GRk B: D@ 2BRBINMB M QKT K@ *iIBsF 2
K@*JSPS - M/ _1 2bBMb /Bb+mbb2/ #Qp2X

*2 M;BM; i?2 bm#biBim2Mib QM i?2 .: 2ti° +i Mi 7°QK 2i?vH@?2tvH Uhl1>.: V M
rQ°b2M2/ "2bBM T2 ' 7Q K M+2X 6Q" 2t KTH'Z?RK?R Kp ;WB2mM /2 QK i?2°2bBMb rBi?
#mivH Uh".: V M/ BbQ#mivH UhB".: V bm#biBim2Mibr2'2 KQ'2i? MirQ Q' /2 b Q7
hi>.: M/ hP.: Xh?2h".: M/hB".: p Hm2b HbQ b?Qr2/ HBiiH2 /2T2M/2M+2 QM :
+QM+2Mi’ iBQM + Qbb i?2i2bi2/  M;2 Uy iQ 3JVX h?2  T2MivH UhS2.: V M/ M@?
“2bBMb T °QpB/2/ //BiBQM H 2t KTH2b QM ?2Qr i?2 .**@Exb2t#b iE BAW2MiQ rRM% QM + 2/
BMbi M+Rq MD}IH2b 7°QK i?2b2 "2bBMb rK@*28BMBOKEMIQRPS U/2b+ B#2/
#Qp2V-r?B+? "2 H2bb /2bB" #H2 i? Mi?Qb2 7°QK hP.: M/ hl>.: X

kXjX8 J i'Bt 1z2+it’®KM_2i2MiBQMX

LmK2 Qmb K2i H+QMi KBM Mib "2 TQi2MiB HHv T°2b2Mi BM i?2 BMTmi bi 2 K
K+ Qb+QTB+ [m MiBiB2bX h?2b2 ?0KMi?K@M; P2i? ZQHMQQMBMK "2KQp H bi2T Uls
T'Q+2bbBM;VX q2 /2}M2 6K + Qb+QTB+6 KQmMib b #2BM; KBHHB; Kb T2  HBi2
>2M+2- bBKmH i2/ BMTmi bi2 Kbr2'2 +'2 i2/iQ +?2 * +i2"'Bx2"BK i?2b2 +QMi KB\
“2i2MiBQM QM “2H2p Mi 2ti° +i K@V JIIBBNKI@ *M SIFPHY _1- hP.: - h1>.: -
M/ h>.: WBB;m 2ilQEB;m 2VkXB?2 bBKmH i2/ bi'2 Kb +QMi BM2/ K + ' Qb+QTB+ [m N

kR



i?2 7TQHHQrBM; K2i Hbc H-"2-* - *2-* - *Q-*m-62-: -E-J;-JM-L -LB-S#- hB-
i?72 HQr +QM+2Mi° iBQM bQHmMIiBQM-2 +? K2i HBM i?2 #Qp2 HBbir b T 2b2Mi i ¢
+QM+2Mi° iBQM bQHMIBQMb-2 +? K2i Hr b T°2b2Mi i k8 TTK M/ BM i?2 ?B;? +Q
K2i Hb r2°2 T°2b2Mi i Ryy TTKX 1 +? bQHMIiBQM UHQr- K2/BmK- M/ ?B;? +QM+2]1
KB+ Qb+QTB+ [m MMBTIB2IBQi7” +RYy M*BfRG10 8 ;fKGV M/ Q7 +Qm*B¥K i?2
M HVi2KyUM*BfKG-Rey!® ;fKGVX LQi2-Smr b MQi BM+Hm/2/ b TQi2MiB H +QMi KI
Sm Bb '2KQp2/ 7°QK i?2r bi2bi'2 K/m'BM; 1s*1G T'Q+2bbBM;- r?B+? Q++m'b T°

AMB;m 2ik6B;m 2-KXB8°RK Ky p Hm2b r2'2 +? * +i2°Bx2/ b 7mM+iBQM Q7 BM+ "7
+QMi KBM Mi U8 TTK- k8 TTK- M/ Ryy TTKV M/ >*H UyXRiQ 3JV +QM+2Mi" iBQM
+QKT "2/ rBiR4JX2 bm 2K2Mib /2b+ B#2/ #Qp2 7°QK i?2 T'BbiBM2 bQHmMIiBQMb i?
KSRK M HVIiZX;i®Qb2i? i 2 / MQ K2i H+QMi KBM Mi K i'Bt2z2+ib UH #2H2/ b &y T°
i?72 HQr2bi +?B2p #H2 >*H +QM+2Mi° iBQM 7Q" ?B;?@K2i H+QMi KBM Mi 2tT2"B
9 JX "2HQr 9 JBM >*H- K2i H+QMi KBM i2b T'2+BTBi i2/ 7°QK i?2 ?B;? +QM+2Mi"

AM ;2M2° H- *JSP 2ti *%¥NIB O M QA#bi MiB HHv BKT +i2/ #v i?2 K2i H +QMi KBM M
+QM+2Mi° iBQMX hQ 7 +BHBi i2 +QKT 'BM; "2bBM T2 7Q K M+2-r2 HQQb2Hv /2}
6BMb2MbBiBpBiv "2;BQM®6 #2ir22M k M/ 9J >*H U/2K “6B2m#2ik¢H +F " "Qr BM i?
6B;m 2vkkX§2 /2}M2/i?Bb BMb2MbBiBpBiv "2;BQM b M >*H +QM+2Mi  iBQM ~ M;?2
“2bBMbV i?2 K2i HK i'Bt +QKTQbBIiBQM ? /"RRK BM pHHRWKZTX + IHQMQIiA 2? i?2 2 r b
p "B iBQM 7' QK + b2iQ + b2-BM ;2M2° H- "GKiRR p IeR22BBRIMb2i D2/ rBi? BM+ 2 b
Ki'Bt+QM+2Mi' iBQM #2HQr i?2 BMb2MbBiBKWPRpvHMNBQ/N X 22blAt?BH2B W2 2 bBM
Ki'Bt+QM+2Mi® iBQM #Qp2i?2 BMb2MbBiBpBiv "2;BQMX h?Bb #2? pBQ  r b Q#¢
KORK 2ti° +iBQM i ?B;? >*H +QM+2Mi° iBQMr b T iBR&hHSPEvMOM+2 " MBM; 7Q"
K@*JSPS #2+ mb2 Bi "2/nf%X 222 +iBQM T2 '7Q K M+2 7 QK #2BM; BKT 2bbBp2H
UBM T 'BbiBM2 b KTH2bV i@ MO2VX? ARBBM? U +i2 BbiB+ "B 2HY HiZ2 /@ mQ?
/Im"BM; *G1 _T Q+2bbBM; +QHMKM HQ /BM;-r?B+? ? b #22M Q#b2 p2/iQp vBM
T°Q+2bbBM; M/ Bb HBF2Hv "2H i2/iQ p 'B iBQM BM i?2 722/ bi*2 KX

h?2 .: "2bBMb Uh>.: - hP.: - M/ hl>.: V #2? p2/ bBKBH "Hv iQ *JSP "2bBMb it
+QMi KBM i2 +QM+2Mi’ iBQMb #2HQr i?2 K €' lBt@BMbHYM PRIKRZpIBEMM2BQM U
BM+ 2 b2/ rBi? BM+ 2 bBM; K2i H+QMi KBM Mi +QM+2Mi" iBQMb-r?B+? ; 22b rE
b HBMBiv UL *HV K i'B+2b i KQ/2  i2 REK+AM 2 Mb QBGMbEI@b+ H2 T°Q+2bbBM
+? ° +i2°BbiB+r b Q7 KQ/2  i2 +QM+2 KPRM/ 2BQPRB BHK?(BKBXx2/ B7 i?2 +QHMKM
i2Q°Qm;?Hvr b?2/ M/ K2i H+QMi KBM i2b + QKPR 22HHWIi B2XKND g2/ BRIDP Rir b
2t+BiBM; iQ Q#b2 ' p2i?2 /Bz2 '2M+2 #2ir22M .: M/ *JSP "2bBMb i ?B;? K2i H +QN\
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+QM+2Mi’ iBQMbMAQM*EMi® iBQMbX h?2b2 "2bmHib ;22 rBi? T'2pBQmb bim/B
>Q rB2x HNMQ  HQr +QMi KBM Mi + RWMRDMi2ZHB QMi? 2 bvM2 ;BbiB+ 2z2+i b?QrM rBi-
K2i H+QMi KB\NMIXMGB(?BM i?Bb " Z°BKXyiPHm2b r2°2 BMb2MbBiBp2 iQr /b K2i H
+QMi KBM Mi +QM+@BLim iBQRINX 2-kXIBB;m 2/RKQMbi* i2/ i?Bb ;> T?B+ HHv b?QrE
?2Qr 2ti° +iBQM {MEBFRH26v7.0 7 QK bQHMiIBQMb i? i +QMi BM2/ H “;2 KQmMib Q7 k
+QMi KBM Mib URyy TTKV r2°2 M2 "Hv bmT2'BKTQb2/ QM M HQ;Qmb p Hm2b Q#i
r?22°2 MQ K2i H+QMi KBM Mibr2'2 T 2b2Mi Uy TTKVX W¥Rb#2 22BmHQmhth;;2bi2/ i~
/Im BM; i?2 HQ /BM; Q7 .: "2bBM rQmH/ #2 HQr2  i? Mi? i 7°7QK *JSP "2bBMX
AM i?2 #Qp2 /IBb+mbbBQM- r2X?‘K+KnybR HMERHZHAQOM 2 - i?2 2MiB 2/ i b2i Bb p
iQ b?Qr 2p2°'v +QMi KBM Miéb #2? pBQ" b 7mM+iBQM Q7 K i'Bt +QM+2Mi’ iBQM
7QHHQrBM;X h?2 *JSP "2bBMb b?Qr2/ T'QKBb2 7Q  b2T * iBM; Y9 + iBQMb UHBF;
UHBF2 vii'BmK M/i?2" 22 'i? 2H2K2MibVX qBi?BM i?Bb p2BM- bQK2 Q7 i?2 .:
hP.: -h1>.: V? p2 TQi2MiB H7Q  b2T ' iBEXX{i2BDK2MiDK +HR8HmMH? 2
hi>.: "2bBM b22K2/ 2t+2TiBQM HHv bmBi2/ 7Q  b2T " iBM; bQK2 Yk 2H2K2Mib Ul
“2bBM r b [mBi2 2z2+iBp2 i "2KQpBM; 625 RKX AMMZ Kb ®R.”2i U M/ 7Q"
i?72 Qi?2° "2/Qt +iBp2 K2i H+QMi KBM i2bV-r22M+Qm" ;2i?2 "2 /2" iQ pBbBii?2
MQp H2M+2 /DmbiK2Mir b T2 ' 7Q KYNT@i" 242miBQKi P22 ;2M2° iQ X *? M;BM; i?
KINNT QtB/ iBQM bi i2 rBHH mM/Qm¥MeTHy B KT RB-R 8)kX

kKXjX&°RK 2i2MiBQM b 6mM+iBQM Q7 *QMi +i hBK2X

h?2 iBK2 7Q° 2 +? 2ti° +i“RfiKi@ 6B®M/° +i2'Bx2/ b 7mM+iBQM Q7 "2bBM #2 / bB
bK HH #2 /b US'2@}Hi2" "2bBMc 1B+? QK h2+?MQHQ;B2b- R9y@kdy K2b?V p2'b2
K2b?VX LQi2-i?2b2 2tT2'BK2Mib r2°2 K /2 QM b KPRRbM? M@ERi BM2/ QMHvV
+QMi KBM Mi K MMtTMOh?2 b+QT2 Q7 i?2b2 2tT2'BK2Mibr b HBKBi2/iQ 2p Hm iB N\
bQHMIBQMb i? i +QMi BMRQ MB2M3+*HBQMb Ue Q9BKIMTi?R222 b K tBKBx2/X
h?Bb- +QMb2[m2MiHv- KBKB+F2/ +QHMKM HQ /BM; +QM/BiBQMb /m BM; T Q+2bb
TQi2MiB*MRR@"2 Fi?"Qm;?2 b 7mM+iBQM Q7 ~Qr " i2X P7 T iB+mH "~ "2H2p M+2
/IBb+mbbBQM #2HQr Bb i?2 Q#b2 p iBQM i? i.: 2ti° +i Mib /b&RUCKRQAM?bK HH #2
7 biXRI?2Vi?2 M *JSP 2ti° +i Mib #QmM/ QM bBKBR ?WWBXK HH #2 /b U

h?2 h>.: 2ti° +i Mir b Q#b2 p2/ fORKt7 Bii2bi M/ [m MiBi iBp2¥¥K/bQ #2/
rBi?BM jy b i #Qi? 3 M/ e J >*HX AM+"2 bBM; i?2 #2 / bBx2 7°QK bK HH US 2@ }H
/> biB+ HHv bHQr2/ 2fiR lBONM?Q72ISP@# b2/ "2bBMb Ua2R /THIBYBtHHvV- i?2
“iBQ Q7 T? b2i> Mb72  + i Hvbi Uh"SV iQ 2ti° +i Mi U*JSPV PRKbi MiB HHv BKT -
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2ti° +iBQM iBK2b-BM i? i 2[mMBHB# BmKr b +?B2p2/7 bi2 r?2MH ;2" [m MiBiB;
r2°2 HQ /2/ QMiQ i?2 "2bBM #2 /X 6Q" 2t KTH2- 2ti° +iBQM r b bHmM;;Bb? M/ M2p2
TQBMir?2M i?2 "2bBMK@Q HSP iQbb * iBQb r2°2 2Bi?2° x2'Q WKe@WI SPHB® iQ 9yW
HQr UeyW "2bBM- RYW@*$SPYWiQK ~ iBQ Q7 RK@TISIQPBS LJ_V rBi? "2bT2+i
iQ h"SX AM +QMi" bi-[m MiBi iBp2 2ti- +iBQMr b +?B2p2/ UrBi?BM k9 ?2V B7 i?2 i
i?72 h"S2X:2M i?2 "2bBM iKI@SISP r2B;?i " iBQr b jyWiQ jyWiQ 9yW U iQK * iBQ
iQ k3 PpBS LJ_VX g2 iBQM HBx2/i?2b2 "2bmHib M Bp2Hv M/ ®FwKK2 i? i ° TB/Hv
Q++m "2/ #2+ mb2i?2T? b2i° Mb72  + i Hvbi Bb HB[mMB/X h?Bb T QT2"iv HBF2F
K@*JSP 2ti* +i Mi Ur?B+? Bb bQHB/V M Q'; MB+ /BHM2Mi 7Q " + ““VBM; Qmi i?2
rbT 2b2MKi@2JSP 2ti° +iBQM r b bHm;;Bb? #2+ mb2i?2°2r b 2bb2MiB HHv MQ b
b im' iBM; "2bBM #2 /b rBi? h"S T°QpB/2/i?2 KR®I*QSPMB+ ABHMBRM; Qi i?2
2ti° +iBQMX IM/Qm#i2/Hv-i?2 T? b2 i Mb72  + i Hvbiob "QH2 Bb KQ 2 bQT?BbiB-
TT'QT'B i2 K i'Bt7Q" 2ti° +iBQM M/ K Mv bim/B2b ?ROZRYMHX2/ QM i?Bb iQTB+
6Q° H ;2 #2 /.. "2bBMb- 2ti° +iBQM r b bH®QX Bp22 HH-2IM2BL “2bmHib bm;;2bi:
i?2°RK 2ti° +iBQM 7°QKH “;2°s .@d #2 /br biQQ bHQriQ #2 2 bBHv BKTH2K2Mi:
KORK T°Q+2bbBM; HBM2X
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