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Multimodal micron-sized spherical aluminum powders were subjected to the detonation prod-
ucts of a gaseous oxyacetylene mixture. The objective was to analyze the blast enhancement
from the combustion of non-uniform-sized aluminum particles. These multimodal aluminum
powders consisted of a 50/50 mixture by mass of larger (~30 m) and smaller (~1-10 m)
particles. Experiments were conducted at the large-scale Virginia Tech Shock Tube Research
Facility to measure blast pressure, impulse, and heat release efficiency during combustion in
these detonations. These results were compared against oxyacetylene detonations conducted
with the addition of unimodal aluminum particles approximately 1, 10, 30, and 95 m in
diameter. These experiments were controlled by maintaining a particle mass concentration
of 200 g/m3, a constant volume of air for particle dispersion, and a consistent size for the
gaseous oxyacetylene explosive charge of 0.11 m®. This approach ensured that any variations

in explosive output were due to the characteristics of the aluminum powder.

For unimodal aluminum, the combustion of 1 m aluminum powder yielded the highest
increase in blast pressure, impulse, and heat of combustion efficiency whereas H-95 provided
the least amount of blast enhancement. These results showed an inverse relationship where
decreasing aluminum particle size resulted in increased blast output, a phenomenon driven
by the shorter combustion times of smaller particles. For multimodal aluminum combustion,

the performance of these powders exceeded the pressure and impulse performance of their



unimodal counterparts.

The heat of combustion efficiency—defined as the ratio of energy driving the shock wave
to the total energy available—was estimated using a two-part blast scaling methodology.
The first step in this process used Sachs’ blast scaling laws to infer time-dependent energy
release contributing initially to blast pressure and impulse. The second step introduced a
new modified Sachs scaling technique to account for late-time energy release contributing
solely to blast impulse. This scaling approach addressed the previously neglected impact of
delayed aluminum combustion on blast behavior. This two-part scaling approach revealed
that the combustion of multimodal aluminum powders in oxyacetylene detonations resulted
in 75.1%-85.3% of the available heat of combustion contributing to blast pressure and impulse
compared to the 30.8%-74.6% provided by unimodal aluminum powders. These results
suggest that the combustion of multimodal aluminum powder results in more powerful and

efficient detonations, providing a technique to improve and optimize energetic performance.
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Micron-sized spherical aluminum powders serve as additives to enhance the performance
of propellants, pyrotechnics, and explosives. Previous laboratory-scale research has shown
that aluminum’s ignition and combustion characteristics are influenced by particle size, with
smaller particles tending to ignite more quickly and release more energy than larger ones.
However, little research has been directed at understanding the impact of particle size distri-
bution on aluminum combustion, and whether combining smaller particles with larger ones

can enhance the overall combustion reactivity and efficiency.

This work investigated the impact of mixed (multimodal) aluminum combustion on the blast
pressure, impulse, and overall heat of combustion efficiency of oxyacetylene detonations. To
achieve this, the experimental procedure consisted of three testing series: (i) oxyacetylene
detonations without aluminum powder; (ii) unimodal aluminum combustion in oxyacetylene
detonations; and (iii) multimodal aluminum combustion in oxyacetylene detonations. These
blast experiments were conducted using the large-scale Virginia Tech Shock Tube Research
Facility. This detonation-driven shock tube maintained a constant aluminum particle mass
concentration of 200 g/ m?, a constant volume of air for particle dispersion, and a consistent
size for the gaseous oxyacetylene explosive charge of 0.11 m®. This experimental design

ensured that any variations in explosive output were due to the explosive charge size and

particle characteristics of the aluminum powder.



Results showed that introducing unimodal aluminum powder into oxyacetylene detonations
significantly enhanced blast pressure, impulse, and energy efficiency compared to the control
case of pure oxyacetylene. Furthermore, a reduction in the mean particle size of aluminum
powder resulted in greater blast output, revealing an inverse relationship where smaller par-
ticle sizes led to higher blast performance due to their faster reaction rates. For multimodal
aluminum powders, the use of mixed particle sizes produced even greater blast pressure,
impulse, and energy efficiency than their unimodal counterparts. These findings indicate
that the combustion of multimodal aluminum powder produces more powerful and efficient

detonations, providing an approach to enhance and optimize energetic performance.
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Aluminum is a highly versatile metal widely used across industries due to its low density,
strong resistance to corrosion and oxidation, excellent electrical and thermal conductivity,
abundant availability, and low cost [10]. However, aluminum’s high reactivity poses serious
safety risks during manufacturing and processing. The fine particles created during alu-
minum production can be highly combustible, and improper handling has led to catastrophic
accidents. For example, the Hayes Lemmerz automotive plant in Indiana was destroyed in
2003 due to an explosion caused by accumulated aluminum dust, injuring two workers and
resulting in one fatality [11]. Similarly, in 2018, a flood at an aluminum recycling plant in
Soja City, Japan, resulted in a devastating explosion when molten aluminum came into con-
tact with water, sparking fires that destroyed over 120 nearby homes [12]. These incidents
underscore the importance of stringent safety measures and the need for deeper research into

the behavior of aluminum under various conditions.

The high reactivity characteristics make aluminum ideal for pyrotechnics, propellants, and
explosives [13], where aluminum’s high gravimetric and volumetric heats of combustion sig-
nificantly enhance energy output of energetic formulations [14]. Beyond industrial applica-
tions, aluminum’s energy-release potential has also made it a common ingredient in military

applications, particularly in explosives and other energetic devices used in irregular warfare.
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i"B#miBQMb ; BMbi i?2B° mMBKQ/ H +QmMi2 T “ibc UBBBV /2i2 KB
Q7 HMKBMmMK +QK#mbiBQM i?2°Qm;? #H bi b+ HBM;c M/ UBpV +Q°
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KmHIiBKQ/ H HmKBMmK M/ #H bi2M2 ;v "2H2 b2X

hQ +?B2p2 i?2b2 Q#D2+iBp2b- b2'B2b Q7 +QMi"QHH2/ /2iQM iBQ
r?2°2 HmKBMmMK TQr/2 br2 2 bm#D2+i2/iQ i?2/2iQM iBQM T Q/m+i
#H bib- HHQrBM; 7Q° /2i BH2/ M HvbBb Q7 #H bi 2M? M+2K2Mi /mr
#mbiBQMX h?2 #H bi T°2bbm 2- BKTmHb2- M/ ?2 iQ7 +QK#mbiBQM
r2°2°2+Q°/2/ mbBM; i?2H “;2@b+ H2 0B ;BMB h2+? a?Q+F hm#2 2
Q7 Qtv +2ivH2M2 /2iQM iBQMb rBi? mMBKQ/ H HmMKBMmMK T “iB+H?2
QM iBQMb rBi? KmHIBKQ/ H HmKBMMKX h?2b2 2tT2 BK2Mib r2° 2 +
T "iB+H2 K bb +QM+2Mi"> $BQMQMbkWi;pRHMK2 Q7 B 7Q T "iB+H:
M/ +QMbBbiI2Mi bBx2 7Q  i?2 ; b2Qmb Qtv +2ivH2XI2h2BbHQI@Bp2
T°Q +?2Mbm 2/i? i Mvp B iBQMbBM 2tTHQbBp2 QmiTmir2 2 /m2
HmMKBMmK TQr/2 X

h?2 TQi2MiB H TTHB+ iBQMb Q7 i?Bb "2b2 “+? BM+Hm/2,
CIT/ i2/ K Mm7 +im BM; M/ ? M/HBM; T°Q+2/m 2b 7Q° HmMKBMmHKk
C"H bi@ 2bBbi Mi K i2'B H/2p2HQTK2Mi M/ i2biBM;
C1M? M+2/ #mBH/BM; +Q/2b M/ i2+?MB+ H bi M/ /b
C AKT Qp2/ "Q+F2i T'QT2HH Mib
CJBMB im Bx iBQM Q7 KBHBi v Q /BM M+2

C 2/m+iBQM BMr bi2 Q7 M im> HHv T Q/m+2/ HmKBMmMK

RXj] h?2bBb PmiHBM?2

h?Bb i?2bBb +QMbBbib Q7 bBt +? Ti2 b,
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C*? Ti2  RQmiHBM2b i?2 # +F; QmM/- KQiBp iBQM- M/ Q#D2+iB}

C*? Ti2 kT QpB/2b HBi2  im 2 2pB2r7Q i?2 2 /2 iQ#2+QK27
#H bi +QM+2Tib M/ i?2Q B2b /Bb+mbb2/ BM i?Bb rQ " FX h?2b2
+? ° +i2 BbiB+b- #H bi T°2bbm 2 M/ BKTmHDb2 b+ HBM;- b?Q+F
+QK#mbiBQM T QT2 iB2b Q7 KB+ ' QM@bBx2/ mMBKQ/ H M/ Km!
TQr/2 - M/ T birQ F 2H i2/iQ i?Bb "2b2 “+?2X bmKK ‘v Q7 "2b
T QpB/2/X

C*? Ti2 j/2i BHb i?2 2tT2 'BK2Mi H /2bB;M Q7 i?Bb "2b2 “+2X h?
i2biBM; K i'Bt ;mB/BM; i?2 2tT2 ' BK2Mi HT Q+2/m 2- bi iBbiB+ |
MMBKQ/ H M/ KmHIBKQ/ HbT?2 B+ H HmMKBMmMK TQr/2" mb2/ E
TH2i2 /2b+ BTiBQM Q7 i?2 0B ;BMB h2+? a?Q+F hm#2 _2b2 “+?
/'i +[mBbBiBQM bvbi2Kb- M/ Bib TQr/2  /BbT2 bBQM bvbi2KX

C*? Ti2 9 +Qp2'b i?2 2tT2 'BK2Mi H "2bmHib Q7 Qtv +2ivH2M2 /:
KBMmK TQr/2° M/ Qtv +2ivH2M2 /2iQM iBQMb rBi? i?2 //BiBQM
iBKQ/ H HMKBMmMK TQr/2 X h?2 T2 7Q K M+2 Q7i?2b2i2bib Bb
T 2bbm 2 M/ BKTmHb2X

C*? Ti2 8 'iB+mH i2bi?2 #H bib+ HBM; i2+?MB[m2b mb2/iQ BM"
"2H2 b2 7Q° Qtv +2ivH2M2 /2iQM iBQMb rBi? i?2 +QK#mbiBQM Q
HmMKBMmMK TQr2 X a +?b6 #H bi T 2bbm 2 b+ HBM; r b mb2/iQ
"2H2 b2 +QMi B#miBM;iQT2 F#H biT 2bbm 2X M2rKQ/B7B2/ ¢
mb2/iQ +QM/m+i BKTmHb2 b+ HBM; M/ TT QtBK i2 H i2@iBK2 2
bQH2HV iQ #H bi BKTmHb2X h?Bb irQ@T ‘i b+ HBM; K2i?Q/QHQ
i?72 Qp2° HH 2?22 i Q7 +QK#mbiBQM 277B+B2M+v Q7 i?2 /2iQM iB
"2bmHib rBi? T bi "2b2 "+? Bb HbQ T QpB/2/X
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C*? Ti2 e bmKK "'Bx2b HH 2tT2 BK2Mi HT Q+2/m 2b- "2bmHib-
BMi?Bb i?2bBbX am;;2biBQMb 7Q 7mim 2rQ F +QM+2 MBM; Kr
+QK#mbiBQM "2 HbQ T QpB/2/iQ ;mB/2 7mim 2 "2b2 "+?2 bX



*? Ti2 K

GBi2 im 2 2pB2r

KXR "H bigp2*? " +i2 BbiB+b

M2tTHQbBQM Q++m b r?2M +?2KB+ H2M2 :vBM bQHB/Bb " TB/H\
b?Q+F rRX ( /2iQM iBQM Bb ivT2 Q7 2tTHQbBQM +? * +i2 Bx2/ #
r p2- "2bmHiBM:; 7 QK ?B;?Hv 277B+B2Mi 2M2 ;v +QMp2 bBQM i? i :2
BKTMHDb2 +QKT "2/ iQ bm#b QMK +6B2 REHHbI{ i2b i?2 T°Q; 2bbBQ
#H bir p2 BM ivTB+ HQT2M@7BZH//2iQM!SB-QI'I\7I<&T T iRK Qmdr Q/+F r
TQHHQr2/ #v b2+QM/ 1sza’?Egl\vifrE‘riﬁZ-#v T 27 +iBQM r p2 "27H2+iB
*QmM/X //BiBQM I—iIGZv--BWEB‘Q#nH-I-HZ-/- "2T 2b2MiBM; i?2 BM+QKTH2i
i?72 2tTHQbBpP2 K i2°B H#m MBM; iH i2  bi ;2bBM i?2 /2iQM iBQM |

6B;m 2 kXR, S'Q; 2bbBQM Q7 7 22@7B2H/ 2tTHQbBQMRXM2"  i2/:
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h?2 b?Q+F r p2 T°Q/m+2/ #v M B/2 H /2iQM iBQM Bb +? > +i2 'Bx2/
BM+ 2 b2 BM T 2bbm 2 7QHHQr2/ #v M 2tTQM2MiB HKX@bB& 2 /2+
TQbBiBp2 T? b2 Q7 i?2 T 2bbm 2 pbX iBK2 T'Q7BH2 Bb i?2 TQ iBC
K#B2Mi +QM/BiBQMbX h?2 M2; iBp2 T '2bbm 2 T? b2 “2bmHib 7°Q
Qp2°2tT MbBQM #2?BM/ i?2 b?Q+F 7°QMi "2bmHiBM; BM iKQbT?2" |
kJX h?2 [m MiBiB2b i? i /2b+ B#2 #H bir p2 BM T 2bbm 2 pbX iE
T 2bbm 2 Q7 i?2 #H bi 7°QMi-i?2 2 mM/2 i?2 TQbBiBp2T? b2-FM
Q7 Bp HUhP V Q7 i?2 #H bir p2 i TQBMi Q7 BMi2 2bi- M/ i?2 -
k3 X

6B;m 2 kXk, A/2 HBx2/ #H bi T 2bbm 2 pbX iBK2 ?BbiQ'vV RR7BH2T

h?2 Qp2° HH b? T2 M/ K :MBim/2 Q7 i?2 #H bi T'Q7BH2 "2 772+i2
i72 2tTHQbBpP2 2p2Mi- b r2HH b i?2 K#B2MRIKQOW@BB2 HQ M/BVB
iBQMb "2 2tTHQbBp2 "2 +iBQMb i? i +QMiBMm2 iQ "2H2 b2 +?2KB+
7°OMi T b®ZWIQi HBx2/ 2tTHQbBp2b +QKT BbBM; bQHB/ 2t THQbBp2
HmMKBMmK- #Q QM- K ;M2bBmK- iBi MBmK- imM;bi2M- M/ xB +QM



lYIY #4a2z b«zalOél N

h?2b2 2tTHQbBp2b 2t?B#Bi 2ti2M/2/ TQbBiBp2 #H bir p2 T? b2b M
[2H v2/ K2i H 2 +iBQMb M/ T QHQNX2IQM2B/2 RHM/NQM@B/2 H /:
iBQMb + M #2 M Hvx2/ mbBM; >QTFBMbQM®@*  Mx b+ HBM; iQ +QKT
+? *;2b Q7 p "VBM; bBx2b #mi bBKBH * ;2QK2i'v M/ +QKTQbBiBQM)]
M iBQMb Q7 i?2 b K2 2tTHQbBp2- mM/2  B/2MiB+ H iKQbT?2 B+ +C
#H bir p2 T"Q7BH2b i 2[mBp H2Mi b+ H2/ /Bbi Me®b- “2; “/H2bb Q7

kXk "H bia+ HBM:;

"H bi b+ HBM; Bb K2i?Q/ mb2/iQ "2H i2i?2 +? ~ +i2 ' BbiB+b Q7 T Q
2tTHQbBQMb Q7 /B772 2Mi K ;MBim/2b rBi? i ";2ib Q7 p "vVBM; bBxz:
h?2 7TmM/ K2Mi H +QM+2Ti Q7 #H bi b+ HBM; Bb i? i i?2 2M2 ;v [/2F}
TiBQ Q7 T?vbB+ H +? ° +i2'BbiB+ b? "2/ #v i?2 2tTHROBQBbbQm ™
b? "2/ +? ° +i2°'BbiB+ Bb +QKKQMHvV i F2M iQjR2 hiKQd[MPRpBH+2™MR2b b
(k- Q iQi H2M2 ; UNZHR2 H?b 6 "H bi a+ HBM; Bb i?2 KQbi +QKKQM K
T 2/B+ii?2 #H bi QmiTmi Q7 B/2 H /2iQM iBQMb Q7 p "BQmb bBx2b.
M/ BKTmHb2 BMiQ /I BK2MbBQMH2bb T ~ K2i2 b 2tT 2bb2/ b mMB[m
b+ H2/  M;2X h?2 BMTmib 7Q " i?2b2 /IBK2MbBQMH2bb T ~ K2i2 b
iIKQbT?2'B+ +QM/BiBQMb ii?2 iBKAIX Ai?2bQ iVHIBRINRMHD b 2 -

T iBQ Q7 #H bi T 2bbm™2-S-iQ K#B2MR, iK@BDQ?M BKTRDOM ™ 2 -

P=E UkXRYV
Po
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a +?b6 b+ H2/ BKTmHD2kX&BB M2A2 M[/NM T DMS/2/ BKTmHb2- A-i?22 b
Q7 bQmM/M/ i?22 iQi H2M2 ;v Q7 421QM iBQM- 1

| a

1/3 2/3
Eigi vPo

| = UkXkV

"QiP MI "2 THQii2/ ; BMbi /BK2MbBQRH 2B p20M #U/XPMM ; 2 -

1/3

R = ﬁ
E1/3

iQi H

UKXjV

h?Eiq Q7 M B/2 H/2iQM iBQM Bb 2kX92bbi®/ B 1TMK bb Q7 bBM;H
2tTHQbBpP2 BM:E2/BI2 Bib MZbT2+iBp2 /2iQM iBQM 2M2";vX

Eigi & m; E; UkX9V

a +?b6 #H bi b+ HBM; bbmK2b B/2 H /2iQM iBQM +QM/BiBQMb BM
i M2QmbX .m2 iQ i?2 MQM@B/2 H /2iQM iBQM #2? pBQ Q7 HmMKB
b+ HBM: i2+?MB[m2b /Q MQi ++m  i2Hv [m MiB7v /2i Q\HBG® 2M2°
HBb?2/ K2i?Q/7Q /2i2°KBMBM; i?2 7  +iBQM Q7 i iBin KIBOMMKK A @K #
+QMi'B#mi2 iQ T2 F#H bi T'2bbm 2BM bQHB/ 2tTHQbBpP2 +QMi BN
bb?QrM B M IBM X

Eioi & Mump, G + Meg, Gog+ |_Mpy G UkX8V
LBi'QK2i? M21tTHQbBp2 J2i H
h?2:Q HQ7i?Bbi2+?MBFRRBDONMQY Mi2R mMMiBH i?2 +Q277B+B2Mi Q7
2. 7Q7i?2 b+ H2/ T 2bbm 2 pbX " M;2 T'Q7BH2b Bb KXBIRBx2/X ©

7° +iBQM Q7 BMBiB H HMKBMmMK 2M2 ;v +QMi'B#miBQM TT2 b iQ |



IYKY bNA«ai 2] 2 #az bOe az n RR

7m i?2° 7°QK i?2 2tTH®XBQM bQm +2 (

6B:m 2 kXj, S'2bbm 2 pbX * M:2 b+ HBM: Q7 bQHB/ K2i HBx2/ 2tTH¢
bT?2 B+ H HMKBMIXK TQr/2" (

kXj] a?Q+F hm#2b b "H bi aBKmH iQ'b

a?Q+F im#2b "2 p2° b iBH2 iQQHb mb2/ BM p 'B2iv Q7 7B2H/b iQ &
b?Q+F M/ #H biX TTHB+ iBQMb BM+HmM/2 BMp2biB; iBjMniM@T?2vbB
/2 bi M/BM; #H bi@BM/m+2/i° mK9BMHi2BMBBIV Bh tH@ 2bBbi Mi K
(8X h?2B° #BHBiviQ T'Q/m+2 "2T2 i #H2 /i KB "Q BM; i° /BiBQM
rBi? /2+°2 b2/ b 72iv+QM+2"Mb M/ HQr2 QT2 iBQM H +Qbib K F2
7Q° +QM/m+iBM; 2M2 ;P)B+b?2Hh2 /BFiBOM H K F2mT Q7 b?Q+F im#2
?B:?2@T 2bbm 2 "2;BQM U/ "Bp2 b2+iBQMV b2T "~ i2/7°QK HQr@T
mbBM; /B T? ;K b b?QrMXEMd)%BJ@b2 /i QM b?Q+F im#2 T2 7Q"/
"2 /2°Bp2/ 7°QK irQ T'BK v i2biBM; TT > imb2b, +QKT 2bb2/; b@,
/2iQM iBQM@/ Bp2M b?Q+F im#2bX

*QKT 2bb2/: b@/'Bp2M b?Q+F im#2b QT2  i2 #v T 2bbm BxBM: M B
MMiBH K2i HHB+ K2K# M2 "mTim 2b iQj32M22 HB mK?Bb F?R pr2 272"
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6B:m 2 kX9, " bB+ b+?2K iB+ Q7 +QKTR20b2/: b b?Q+F im

' b iQ ;2M2" i2 b?Q+Fb /m2 iQ Bib #BHBiviQ "2THB+ i2 i’ /BiBQM

MBi"Qj2R@( BNX "H bi T'2bbm 2 M/ BKTmHb2 "2 +QMi'QHH2/ BM +
b?Q+F im#2b #v +QMi ' QHHBM; i?2 /B T? ;K M//'Bp2 T QT2 iB2b-
7mMM+iBQM Q7 i?2 /B T?]);Mbi#RMyi BKTmHb2 Bb 7mM+iBQM Q7 /
@YX /Qm#H2 /B T? ;K bvbi2K Bb Q7i2M 2KTHQvV2/ #2+ mb2 Bi BM
"2;BQM #2ir22M i?2 /'Bp2° M/ /'Bp2M b2+iBQMb- T'QpB/BM;i?2+ T
#m bi BMBjB)XB®M (Qp2 /B T? ;K /2# Bb "2bmHib BM T 2bbm 2 r p:
bm#bQMB+ 2tT MbBQM Q7 ; b2b 7QHHQrBM; b?Q+FdjX¥pn?BMQrM

T?2MQK2MQM Q7 bm#bQMB+ ;: b2Qmb 2tT MbBQM TTHB2b b2+QM/
“2bmHIX (>Qr2p2 - i?2B° 2 b2 Q7 ++2bbB#BHBiv M/ BM+"2 b2/ b 72
/2iQM iBQMb M/ /2iQM iBQM@/ Bp2M b?Q+F im#2b K F2b +QKT 2b|
?B;?HvV MiBHBxXx2/ #H bi bBKmMH iQ ®M H #Q  iQ v b2iiBM;b (

LQi2, HH/BK2MbBQMb BM KK

6B:m 2 kX8, a+?2K iB+ Q7 +QKT 2bb2/; b@/ Bp2M b?Q+F im#2 ii
GBM+QNM (



IYKY bNA«ai 2] z #4842z bOeé 4z i R]

.2IQM i BQM @/ Bp2M b?Q+F im#2b ;2M2" i2 b?Q+F r p2b #v i?2 /2iQ
OB Q' i?2 B;MBiBQM Q7 2 +iB)pR *QKKBIMMbQHB/ 2tTHQbBp2b miBF
TT " imb BM+HmM/2 +QKTQbBi2 K i2'B Hb +QNHBAOMBERPHYBiITMO M/ _ .
hLh ORX 1tTHQbBp2 b2H2+iBQM Bb # b2/ QM 2tT2 ' BK2Mi H 2[mB 2K
Q) M/ 2T2 i #BPHBawQQ+F im#2b TQr2 2/ #v ; b2Qmb /2iQM iBQMb
Im2 iQ i?2 ?B:? +Qbi Q7 bQ@HE/ 2t TKTHEBHPQRHE ¢ QKKQM ; b2Qmb 7m?2
#BQ7m2Hb M/ ?2v/[jQ9aXt Q@I p2 - KQbi 7 +BHBiIB2b 2 TQr2 2/ #v &
U# H M+2/V KBtim 2b Q7 Qtv;202W(EBi?vARQYHE M2 (

LQi2, HH/BK2MbBQMb BM KK

6B;m 2 kXe, a+?2K iB+ Q7 i?2 C6@Ry /2iQM iBQM b?Q+F imMM2H
*2BM2b2 + /2Kv Q7 a+B2®%2b- "2BDBM; (

"H biT K2i2'b7Q #Qi? bQHB/ M/; b2Qmb 2tTHQbBp2b "2i BHQ 2
K F2mT M/ i?2 iQi H KQmMi #2BM; /2iQM i2/X IMHBF2 +QKT 2bb2/
T 2bbm 2 /B772 2M+2 #2ir22M i?2 /"Bp2" M/ /'Bp2M b2+iBQMb Bb M
Q7 i?BM TH biB+ /B T? ;Kb i? i /QM6i BKTR)X bRIQ2F TpQMi ;2B QM (
/2iQM iBQM@/ Bp2M bvbi2Kb BM+HmM/2 i?2 #BHBiviQ ;2M2" i2 ?B:"
HQr bT2+B7B+ 2?2 i iBQb- M/ b?Q+Fb rBO3RBE22 TIBH? MmR#2HR W ;
bbQ+B i2/ rBi? i?Bb ivI2 Q7 b?Q+F im#2 Bb i?2 BM+'2 b2/ QT2 iB
b 72iv 2[mB 2K2Mib 7Q" ?B;? 2tTHQbBpP2 biQ" ;2RX1/ /2iQM iBQM T°

hQ i?2 mi?Q 6b FMQrH2/:2- MQ T 2pBQmb bim/B2b ? p2 ii2KTi2/iQ
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Q7 HmMKBMMK TQr/2 rBi?BM b?Q+F im#2X

kX9 IMBKQ/ H HMKBMMmMK *QK#mbiBQM

JB+ ' QM@bBx2/bT?2'B+ H HMKBMmK TQr/2  Bb +QKKQM 2M2';2iB
2ib M/ 2M? M+2/ #H bir2 TQMb /m2 iQ Bib "2 +iBpBivBM p BQmb Q
T'BK v 7m2H TOYQX/MOKT("2/ iQ Qi?2° +QKKQMHV bim/B2/ K2i Hb bn
bBHB+QM- #Q QM- #2 vHHBINK H VK KM;IMIR ®IB ME; P i?2 'K H +QM/m+iE
bBpBiv- M/ 2M2 ;v /[2MbBiv K F2 Bi +QKKQMHv TTHB2/ M/ 2b2 °
RYX h?2 T 2b2M+2 Q7 M H nhieB NHMUWR QIBM2BM; 7" QK k@9 MK BM i?|
ONrBi? K2HiIBM; i2KT2" im 2yQB/MRB#BIb(BMbi Mi M2Qmb +QK#mbi
+m "BM:;X h?2b2 b2+QM/ v "2 +iBQMb Q7 HMKBMmMK T "iB+H2b H2
BKTmMHb2- M/ BM+2M)X 6BRFRH2TB+ib i?2 ivIB+ H +QK#mbiBQM Q
KBMmK T "BB¢H2Z T 'iIB+H2 #pW Q41BHK&HKBMmMK Bb TT QtBK i2/ mbB
Hr-r?2,Bb T QTQ iBQM HOIQIiiQZ i?2 T "iB+H2 kB X2 "RIMpi2 /
+Q " 2H iBQM T 2/B+i2/i?2 i 7Q T “iBK+~thl 2% b; D7 r W BM 683 m "2
®X h?BbH  rBM/B+ i2bi? i bK HH2 T "iB+H2b + M +QK#mbi 7 bi2"
Qp2° HH #H bi QmiTmi Q7 M HmMKBMBx2/ 2tTHQbBp2 +QKT “2/iQ H

6B;m 2 kXd, hviB+ HB;MBIiBQM- +QK#mbiBQM M/ #m M i&X+QKTH?2
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6B;m 2 kX3, "m MiBK27Q HMmMKBMMK T "iB+H2b # b8)/XQM i?2 "2-
kX8 JmHIBKQ/ H HmMKBMmK *QK#mbiBQM

h?2°2 Bb b+ "+2 "2b2 "+? QM i?2 iQTB+ Q7 #H bi 2M? M+2K2Mi 7 (
+QK#mbiBQMX _2MKjM/MV?wha;M; 2ie) lBME2biB; i2/ i?2 2772+ib Q7 T
bBx2 /Bbi'B#miBQM QM HMmMKBMmK TQr/2" +QK#mbiBQMX h?2v +Q
T K2i2°b 7Q  bBt mMBMQMMH7QP KmHiB&Y/ HMKBMmK TQr/2 b b
b?QrM BM kX®1B?2b2 HmMKBMmMK bT2+BK2Mb r2°2 +QK#mbiBQM BN
bT?2°2i? i ;2M2" i2/ /mbi +HQm/b FBM iQ & X iQbv@HB FR+b® 7m 2B
2tTHQbBQM bT?2°2 M/ ivIB+ H/2iQM iBQM T 2bbm R@NBX2 T Q7E
+QK#mbiBQM T2 7Q K M+2 Q7 i?2 mMBKQ/ H M/ KmHiBKQ/ H TQr/2
7QHHQIBM; #H bi T ~ K2i2 b, TP, #1 Mi: I BMb#H i T 2bbm 2 Qp2
®)- 2tTHQbB QKL BMIRE- 7" QK B;MBiBQM iQ T2tf #M/HBK2Bb@K?2-

B;MBiBQM iQ K tBKmK +? M;2 BM #HtKHRT QpBi2Ri?2b2 QmiTmib 7Q
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MMBKQ/ H M/ KmHiBKQ/ H HmKBMmK +QK#m k)i BQN +HmbX/ w@?i M;
7Q° MMBKQ/ H HmMKBMmK- /2+ 2 bBMP,T MBRJR,2 MBx2 BAML 2iBL/

i72 "Bp H iBK2MMBE 6Q° KmHIBKQ/ H HmKBMmKk)) 2R MMHWmM?2N ; (
i? Diyg-Dyo-D3o- MDs, T ° K2i2 b #2bi T 2/B+ii?2 #H bi BMi2MbBiv Q7 K
+QK#mMbiBQM ++Q /BM;iQ bi2T@rBb2 "2;°2bbBQM bi iBbiB+ H M

h #H2 kXR, IMBKQ/ H M/ KmHIBKQ/ H HmKBMaK i2bi2/ #v w?

Py P P Py Ps Ps "1 "2 "3 "4

.10 UKV jX3 e XN RkX3 kyXy k8X9 jeXd 9Xe 9X3 |
.20 UKV 9X9 d XN ROXN k9X9 jRXe 9dX3 eX9 eXe
.30 UKV 9XN 3X3 ReXd k3X8 jdXj 83XN dXN N Xy
.40 UKV 8 XN RyX9 kyX8 jdX9 9NXd d8XN RyXR RyXN
.50 UKV exX8 RkXy k8Xj 99Xe ekX8 NyXe RRX3 RkXy
.60 UKV dXy RjXk kNX8 8yXk djXy RyeXy RkX9 RjX9
.70 UKV dXy RjXk kNX8 8yXk djXy RyeXy RkX9 RjX9
.80 UKV dX3 RjXe k3X9 ekX3 d3Xy R8dXR jkXN e9X8
.90 UKV 3XN R8X9 jkX3 d8X3 33Xy R3jXy 88XN 3NXR
.32 UKV 8Xe N X N RNXj j9XR 99Xe dyX8 RRX8 RjX9
.43 UKV e Xk RyXN kRXy 9eX9 8yXk Ry8Xy RkX9 RjXd
Saa KV Rk X]j kyXy 99XR kekXy j9yXy jjdXy kdyXy j8yXy
aa %EV RyedXy eyjXy jJRRXd Rd8Xy R9jXy 38Xy k8jXk 993
D yX3e yX3] RXyy RXej RXdy RXNR kX8e kXe8

h #H2 kXk, "H bi T2 ' 7Q " K M+2 Q7 mMBKQ/ H M/ KBt2/ HedXBMmK i.

I:)l P2 P3 I:)4 I:)5 PG "l "2 "3 II4

Pex UJS V yX33 RXjR yX33 yXey yX8e yX9e yXdd RXKkS3
‘fj—'f)ex @'n%v Ry8X3 e3Xd 98Xk RjXN eX3 8X3 8jX3 9dXe
Kstly'n%v k3dXj] R3eX9 RkkXd jdXd R3Xe R3Xe R9eXR RkN
t; UKbV yXkR yXkj yXjR yXj3 yXj8 yX9k yXR9 yXkR vy
to UKbV yXyR yXyk yXyj yXyd yXyN yXR9 yXyk yXyR

aBKBH "Hv- * bi2HH) Mn®R/2i jel@HBi2" 2tTHQDbBQM bT?2 2 iQ /2i2 K
T 'iB+H2 bBx2 TQHvV/BBV2 BBz MB MVIZKIPXI HmMKBMMK /mbi +HQm/b¢
T 2bbm 2 M/BKTmHb2X 6Bp2 KmHIBKQ/ KXRKHIF?2 K-20 BOQWM B MB6GBi;2n
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6B;m 2 kXN, aBr2F 2tTHQbBQM bT?2 2 M/ ivTB}XH T 2bbm 2 p

bBx2 QM R8'2 +°2 i2/ #v KBtBM; mMMBKQ/ H HmMKBMmMK R +QKT "2
MAL)ex X hTBo 7Q° HH HMKBMmK KBtim 2b r b ?2Bfo+ @MWki Mi r?BH
T2 +2MiBH2b p "B2/X

Doo Do

= — UkXeV
P Dso

_2bmHib b?Qr2/i? i BMp Q70BMIKBMmMK T iB+H2bDeR? Q@MY Mi
2H2p R2/ M[®),, b b?QrM BM IEBRMT2Qb2 "2bmHib +Q "2H i2/ bi"QM;H
bm 7 +2 "2 K2 M [B,KZiDK i?2 KBt2/ T "iB+H2 +? ~ +i2 Bx iBQMbX
#H bi T°2bbm 2 M/ BKTmHb2 r2°2 ii'B#mi2/iQ i?2 ?B;?22° +QM+2Mi
TT QtBK i2HK B@KB K2i2 X h?2b2 T "iB+H2b ? / ;"2 i2° bT2+B7B+
+QmH/ B;MBi2 i HQr2  i2KT2  im 2b M/ +QK#mbi KQ 2 > TB/Hv i? |
Ry KX 6Q° i?2b2 2 bQMb- * bi@HB+MEK2M/BXKi? i HMKBMmK TQr/?
[2b+ B#2/ BM i KbDX

h b+!l) m i?2 2tTHQ 2/ i?2 "2HB #BHBiv Q7 i?2 TQHV/BbT2 bBiv E
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6B;m 2 kXRy, JIMHIBKQ/ H HmMKBMMmMK TQr/2 b 2t )KM2/ #v * bi2

6B:m 2 kXRR, "H bi T°2bbm>2 M/ i2 Q7 T 2bbm 2 'Bb2 pbX +QM+
KBMmK #v * bi2HH M Qb 2i HX (
X

p BH #H2/ id-BR8IkEj-89 Q7 mMMBKQ/ H M/ KmHIiBKQ/ H HMKBMmK +Q
h?22®) 7°QK i?2b2 T bi 2tT2 BK2Mib 2 KXF0KB PB/B/Mi 6BVMBZ 12/ (7 |
HmMKBMmK KBtim 2b rBi? ?B;?2° +QM+2Mi' iBQMb Q7 bK HH2" T “il
T 2bbm 2 "Bb2 M/ +QK#mbiBQM " i2X
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6B:m 2 kXRk, _ i2 Q7 T Dhb#v 2 bBDRH MQY R HX (

+HQDb2 2t KBM iBQM Q7 i?2 i2bi g i7 BAR i@2A4mi" i2Hv /2b+ B#2 r
#H bi T2 7Q K M+2Bb/m2iQH ;2 KQmMib Q7 7BM2 Q  +Q b2 T 'iB
b+ M 2bmHi 7" QK D2+Q2 B M ;DhBM; 6Q  i?Bb "2 bQMKHFRMM2bb U

+?2Qb2M bi?2T°272°2/K2i?Q/7Q /2b+ B#BM; HmMKBMmMEKNX iB+H2
a2p2° H 2[m iBQMb ? p2 #22M T Q BR:b2/b2Q QMHBIAKIBE+- ;2QK2i"
M/ HQ; "Bi?KB+ K2i?Q/b3DX KQK2MIib H K2i?Q/ T'QTQb2/ #v 6QHF

88 M/H i2  KQ/B7B2/ #v "HQBbM?BT¥2272 "2/ K2i?Q/SKQX h2?BO iBM;
K2i?Q/- ;Bp2M (k%8B MX b2/ QMb KTH2 [m MiBH2b M/ 2/m+2bi?2b2N\
BMi?2T "iB+H2 /BoX BWnHBRBIMMK KBtim 2 BRy720M2BuRm2 T “iB+H2
/Bbi'B#miBQM i? i Bb bF2r2/ H27i rBi? ?B;?2  +QM+2Mi" iBQMb Q7 7
p HM2SKRQBM/B+ i2b /Bbi'B#miBQM Bb bF2r2/iQ i?2 "B;?i rBi? ?B;"
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+Qm b2 T “3|E+H2Db (

HDAs + HDG, 2 HMo ~ HDA+ HDAs 2 HDAo

UkXdV
2(HDG,  HDA) 2(HDAs  HDA)

Skg =

kXe amKK 'vQ7 2b2 +? L22/b

AM bmKK “v- b2p2° H +'BiB+ H "2 b "2[mB 2 7m’i?2  BMp2biB; iBQI
BM; Q7 #H bi 2M? M+2K2Mi 7°QK KmHiBKQ/ H HmKBMmMK +QK#mbiE
6B bi- i?72°2 Bb M22/ 7Q" "27BM2/ #H bi b+ HBM; KQ/2Hb i? i ++m
Q7 MQM@B/2 H/2iQM iBQMb BMpQHpPBM; HmMKBMmMK TQr/2 - r?B+?
+QMpP2MiBQM Hb+ HBM; H rbX //BiBQM HHv-KQ 2 2b2 “+? Bb M22.
rBi? TQr/2 2/ K2i H7m2Hb- b 2tBbiBM; bim/B2b T°'BK "BHV 7Q+mb C
i° MbBiBQM U..hV +QK#mbiBQM M/ Qi?2  7Q Kb Q7 K2i HBx2/ 2tTHC
K2i?Q/QHQ:B2b iQ +QM/m+i M/ BMi2 T 2i b?Q+F im#2 2tT2 BK2Mil
“i2HvV bb2bbBM; #H bi T2 '7Q K M+2 mM/2  +QMi"QHH2/ +QM/BiBQ\
i?72 +Q "2H iBQM #2ir22M T iB+H2 /Bbi'B#miBQM M/ #H bi 277B+B
T "iB+H2 bBx2 M//BbT2 bBQM + MbB;MB7B+ MiHVBM7HmM2M+2 2M.
//I"2bbBM; i?2b2 "2b2 “+? M22/b rBHH 2M? M+2 i?2 #BHBiviQ T 2/B
Q7 MMBKQ/ H M/ KmHiBKQ/ H HmMKBMmK +QK#mbiBQM BM T  +iB+



*2 Ti2" ]

1tT2 BK2Mi H .2bB; M

iXR h2bi J i Bt

h?Bb bim/v BK2/iQ BMp2biB; i2 i?2 BKT +i Q7 KmHiBKQ/ H HmKB
QM i?2 #H bi T 2bbm 2 M/ BKTmHb2 Q7 Qtv +2ivH2M2 /2iQM iBQMb
+QMbBbi2/ Q7 i?°22 i2biBM; b2 'B2b, UBV Qtv +2ivH2M2 /2iQM iBQ
UBBY MMBKQ/ H HMKBMmMK +QK#mbiBQMc M/ UBBBV KmHiBKQ/ H
QM iBQM T Q/m+ib Q7 Qtv +2ivH2M2 /2iQM iBQMbX 1B;?i Qtv +2iv}
[2i2 °KBM2 i?2 p2 ;2 #H bi T°2bbm 2 M/ BKTmHb2 Q7 /2iQM iBQMb
i2bib BMp2biB; i2/i?2 2T2 i #BHBiv Q7 Qtv +2ivH2M2 /2iQM iBQMb
b# b2HBM2 "2bmHib 7Q" +QKT 'BbQM iQ i2bib rBi? HmKBMmK TQr

b2'B2b Q7 >@R->@Ry- M/>@jy mMBKQ/ H HmMKBMMK +QK#mbiBC(
i?72o0hah_6#27Q 21?2 bi "1 Q7NXBM?2HH btQMiTmi 7 QK i?2b2i2bib
iQ +QKT "2 # b2HBM2 Qtv +2ivH2M2 /2iQM iBQMb M/ KmHiBKQ/ H

>S@N8 MMBKQ/ H HmMKBMmMK +QK#mbiBQM i2bibr2 2+ ""B2/ Qmi BN
BKT +i Q7 HmKBMMK T "iB+H2bX R?p22tiP2MijyBQM #2?BM/ i?2 >@ N¢
rbi? ii?22b2 T "iB+H2brQmH/ +QMi'B#mi2 bB;MB7B+ MiHv H2bb 2M
?B;?HB;?iBM; 1 2M/ #2ir22M #H bi QmiTmi M/ HmKBMmMK T "iB+H
+QmH/i?2M #2 +QKT "2/iQ +QM+HmMbBQMb 7' QK T ' 2pBQmb HBi2 i

kR
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6Q  i?2 KmMHIBKQ/ Hi2biBM; b2 B2b- irQ KBIKiRI2b2 #2 B + 2B #2%/KBB\ @ #
BM:;irQ mMBKQ/ H HmMKBMmMK TQr/2 b BMiQ bBM;H2 #H2M/X h?2 K
JBt"r b ?2H/ +QMbi Mi i 8yW #v K bbr?BH2i?2 2K BM/2 Q7 i?2 KBt
Q >@RyX h?Bb KBtBM; i2+?MB[m2 HHQr2/ Mvp ‘B iBQMb BM 2tTH
iQ >@R Q  >@RyX KBMBKMK Q7 irQ "2THB+ i2 b?Qibr2°2 ;2M2" i:
+QK#mbiBQM #2? pBQ X h?2 "2THB+ i2b?Qib T QpB/2/ “2HB #H2/
Q7 KmMHIiBKQ/ H +QK#mbiBQM #2? pBQ M/ +QKT 'BM; Bi iQ mMBKQ

h #H2 jXR, JMHIBKQ/ H HMKBMmMK +QK#mbiBQM i2biBM; K i"Bt mb2
BM/B+ i2 K bb T2 +JMPPQHMKBMmMK KBtim 2X

>S@R >@Ry >@jy

JBt yw 8yw 8yW
JBt" 8yW yW 8yW

i Xk IMBKQ/ H HmMKBMmK SQr/2°

h?2 bT?2 B+ H HMKBMmK TQr/2 2t KBM2/ BM i?Bb "2TQ'ir b K Mm
+H bbB7B2/BMiQ 7Qm  ivT2b, >@R- >@Ry->@jy- M/ >@N8X 1 +? +
i :2i2/ K2 MT iB+H2 bBx2-rBi? >@R BM/B+ iBM; TQr/2 rBi? K2
R K->@Ry ? pBM; K2 M T "iBKH2MBE® QD R9X SQr/2° +? * +i2 Bx
r2°2+QM/m+i2/ mbBM; MG @N8y G b2  a+ ii2'BM; S "iB+H2 aBx2 .B
“2bmHib HQM: rBi? a+ MMBM; 1H2+i"QM JB+ Qb+QT2 UalJV BK :2b
BM 6B jdiRM/ h # @K



kYIY méOenzza a eOé & Th'2y Kj

6B;m 2 | XR, IMBKQ/ H HmKBMmMK T "iB+H2 bBx2 /Bbi B#miBQMb 7°
S 'iB+H2 aBx2 .Bbi B#miBQM M Hvx2 M/ +Q 2bTQM/BM; all BK ;

h #H2 jXk, IMBKQ/ H HmMKBMmK TQr/2" bi iBbiB+ HT > K2i2 b 7 QK
i2’BM; S "iB+H2 aBx2 .Bbi'B#miBQM M Hvx2 X HH p Hm2b 2 BN\
T K2i2pb MBks X

J2 M J2/B M JQ/2 Digo Dg Ds2 D Ske

>@R 8X8 jX3 jXe RjXe kXd 8Xe 8Xy yXdd yXyd
>S@Ry RO9XK RjXd ROXR 9Xe 3Xd kyXj RO9XR yX39 ¢
>S@jy  jjX9 jRXR jkXyd RO9Xe RdXj 8kXR 8yX9 RXRk @

>S@N8 RRyX]j RyeXN RydX9 keX9 dNXd R9eXj RjkXy yXel
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iXj JMHIBKQ/ H HmMKBMmK SQr/2°

JMHIBKQ/ H HMKBMmMK TQr/2 r b +'2 i2/ #v KBtBM; irQ mMBKQ/ H
+QM/m+i2/ BM i?Bb bim/v- >@jy b2 p2/ b i?2 +QMi QH- Q O6H ;2
T 'iB+H2br2 2 /2bB;M i2/ b>@R Q >@RyX h?2;Q HQ7 KBtBM; i?2
H2p2' ;2 i?2 "  TB/ 2 +iBQM " i2 Q7 bK HH2 T "iB+H2b iQ B;MBi2 N\
1?72 2#v 2M? M+BM; i?2 Qp2 HH #H bi QmiTmiX hrQ KBtim 2br2 2 T
KQmMib Q7H ;2° M/ bK HH2 T "iB+H2b-7Q KBM; i?2 KmHIBKQ/ F
6B;m>@X JBt +QMbBbi2/ Q7 8yW >@Ry M/ 8yW >@jy- r?BH2 JBt " +
M/ 8yW >@jyX h?2 mMB7Q KBiv Q7 2 +? #H2M/ r b +QM7B K2/ #v (
T "iB+H2 /Bbi'B#miBQMbX ai iBbiB+ HT ~ K2i2'b7Q #QjXXBtim 2k
h?2b2 KBtim 2b r2°'2 b2H2+i2/iQ 2Mbm 2 i? i Mv Q#b2 p2/ +? M;2b
/B 2+iHvV ii B#mi2/iQi?2T 2b2M+2 Q7 i?2bK HH2 T 'iB+H2b-2Bi?.
HHQr2/ 7Q° +QMi"QHH2/ BMp2biB; iBOM Q7 T iB+H2 bBxXx2 2772+
r?2i?2° Q" MQi Bi Bb TQbbB#H2 iQ QTiBKBx2 i?2 "2 +iBp2 T'QT2 iB
bT2+B7B+ 2tTHQbBp2 TTHB+ iBQMbX

h #H2 jXj, ImMHIBKQ/ H HmKBMMK TQr/2 bi iBbiB+ HT = K2i2 b 7 C
i2’BM; S 'iB+H2 aBx2 .Bbi'B#miBQM M Hvx2 X HH p Hm2b "2 BN\
T K2i2pb MBks X

J2 M J2/B M JQ/2 .10 .90 D3> b Ske

JBt kyX3 ReX9 RO9XN RjXj RyXN jNXd 99Xd RXd8
JBt" ReXy eX8 9X3 kyXR RXN 9dXj ekXd eXN3




KY:YiT byl ¥ k8

6B;m 2 jXk, IMHIBKQ/ H HmMKBMmMK T "iB+H2 bBx2 /Bbi B#miBQMb
S 'iB+H2 aBx2 .Bbi B#miBQM M Hvx2 X

X9 h2bia2imT

jX9XR oB ;BMB h2+? a?Q+F hm#2 2b2 "+? 6 +BHBIiv

h?2 oB ;BMB h2+? a?Q+F hm#2 _2b2 +? 6 +BHBiv Pojhra2B;@%- b?Qr
Qp2 je-yyy F; M/ ?2 b H2M;i? Q7 RkXe KrBi? M BMi2 M H #H bi 7H
kX9 Kt kX9 Ki2bi b2+iBQMX h?2 b?Q+F im#2 +QMbBbib Q7 i? 22 K B
"2BM7Q +2//2iQM iBQM +? K#2  "2bTQMbB#H2 7Q" ;2M2° iBM; #H &
2ivi' MbBiBQM b2+iBQM 7Q" K BMi BMBM; b?Q+F r p2 TH M 'Bivc
KQMmMiBM; i2bi bT2+BK2Mb 7Q " #H bi 2772+ib "2b2 "+?2X h?2b2 +QK
BM; b2imTbh M/ T QpB/2 T 2+Bb2 +QMi QH Qp2 #H bir p2 +? ~ +i2°
"2b2 "+? BMiQ ?B;?7@2M2 ;vb?Q+F 2772+ibX
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6B;m 2 jXj, S?QiQ; T?B+ Qp2 pB2r Q7 i?2 ohah_6 BM "H +Fb#m ;-

h?2/2iQM iBQM +? K#2 72 im 2b +H Kb?2HH@b? T2//2bB:MrBi?
Q7 TT QtBK i2AX MRRIKIQM iBQM +?2 K#2  Bb KQmMi2/ QM 7Qm" ?
r?22H + bi2 b M/ K i2b i?°Qm;? d8 KK HQM; bHBT DQBMi iQ i?2 i
HHQrb i?2 +? K#2 iQ "2+QBH 7i2° /2iQM iBQM b2[m2M+2 M/ 2HB
"2BM7Q +2/ 7QmM/ iBQMb iQ i° MbKBi ?B;? /VM KB+ 7Q +2b iQ i?2 ;
i?72 /2iQM iBQM +? K#2  Bb 2772+iBp2Hv bi iBQM v 7Q  i?2 iBK2 2|
i p2H +QKTH2i2HV i? Qm:?i?2i MbBiBQM b2+iBQMX

h?2 i° MbBiBQM b2+iBQM Bb TT QtBK i2Hv dXj K HQM:; rBi? +QM
p2 iB+ H T°Q7BH2 bi iBM; iyXee K ii?2 /2iQM iBQM +? K#2  iQ
i i?72 b?Q+F im#2 2M/X h?2 “2+QMp2 ;BM; T'Q7BH2 Q7 i?2 i  MDbBil
7°QMi iQ 2tT M/ M/ 2K BM TH M " rBi? i?2 b2+iBQMX h?2 i’ MbBiB
+QM+2i2 7QmM/ iBQM mbBM; RkXd KK bi22H TH i2b rBi? M 2ti2 M
>aa "2BM7Q +BM; 7  K2X h?Bb /2bB;M 2Mbm 2b i? i i?2 i’ MbBiBQ\
/m BM; i2biBM; M/ HHQrb 7Q" 2T B'b M/ KQ/B7B+ iBQMb iQ i?2
+QM/m+i2/ BM i?Bb bim/v-i?2 bi'm+im> Hi2bi b2+iBQMr b H27i QT2
b?Q+F im#2X



KY:YifT by ¥ kd
JX9Xk Ptv +2ivH2M2 .2iQM iBQM@. Bp2M avhbi2K

h?2 b?Q+F im#2 Bb TQr2 2/ #v 2 +iBp2; b KBtim 2 +QMbBbiBM; Q
Q7 Qtv;2M UW/ +2ivH2d¢N2 ilQ*;2M2" i2 /2iQM iBQM@/ Bp2M b?2Q+FbX
K2i2 2/ BMiQ i?2 /2iQM iBQM +? K#2  7°QK +QKK2 +B H +QKT 2bb:
MiQK i2/ 7THQr +QMi QH bvbi2K iQ +?B2p2i?2 /2bB 2/ KBt T ' QTQ"
/2iQM iBQM +? K#2  Bb 7Bt2/ #v ii +?BM; i?BM +QK#mbiB#H2 T T
i?2 BMi2"M Hr HHb mbBM; M /?2bBp2@# +F2/ +HQi? b2 HX h?2 21
i?72 +QKTH2i2 +QK#mbiBQM Q7 i?2 Qtv +2ivH2MR@KBtim 2 Bb ;Bp2\

2C,H,+50, ! 4C0O,+2H,0 UjXRV

h?2 : b KBtim 2 Bb B;MBi2/ #v Tv Qi2+?MB+ BMBiB iQ  7°QK +Q
i?72 b?Q+F im#2X 7i2 B;MBiBQM-i?2 /2iQM iBQM T Q/m+ib 2tT M/

+QKT 2bb2/iQ 7Q K 2?B;?2@T 2bbm 2 b?Q+F r p2i? ii p2Hb /QrM
im#2X
jX9Xj .i +[mBbBiBQM avbi2Kb

h?2 bT iBQi2KTQ  H 2pQHmMIBQM Q7 i?2 #H bir p2 Bb KQMBiQ 2/ i
mbBM; M " v Q7 BOMBx iBOQM T Q#2b M/ T 2bbm jX® MDBIm+2 b
7B 2# HH ;" Qri? rBi?BM i?2 /2iQM iBQM +? K#2  Bb KQMBiQ 2/ mbB N\
irQ R3 q: URXk KKV bQHB/ +QTT2 rB 2 2H2+i'Q/2b ; TT2/ i NX8 KI
jXRd8 KK /B K2i2° MQMTQ Qmb HmMKBM +2° KB+ im#2X h?2 +2° KB
T 'Q#2 "2 2TQtB2/BMiQ .6@Rebi BMH2bb bi22H 22t #QHii? i? / #
Q7i?2BQMBxXx2/; b2b #2ir22M i?2 2H2+i Q/2b HHQrb +m "2MiiQ 7H(
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/>QT BM pQHi ;2 + Qbb i?2 "2bBbiQ X h?2 pQHi ;2 /°QT- "2+Q /2/
. i +[mBbBiBQM b KTHBM; ijy b KTH2b T2 KB+ Qb2+QM/- Bb i F
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+Q iBM; UjXje KKV TTHB2/iQ KBiB; i2 i?2 K H 2772+ibX "H bir p2
i° MbBiBQM b2+iBQM Bb KQMBiQ 2/ mbBM; b2p2M TB2xQ2H2+i B+ T
M bi'QLQp hJs@R3 ?B;?@bT22/ /B;Bi HQb+BHHQDb+QT2 rBi? M
bvbi2K i? i "2+Q /b mT iQ 9yy-yyy b KTH2b T2  b2+QM/ U TT QtBK i
i2biVX

6B:m 2 X9, S 2bbm 2 M/BQMBxXx iBQM T Q#2 HQ+ iBQMb BM i?2 /2]t
b2+iBQM Q7 i?2 ohah_6X

jX9X9 SQr/2° .BbT2 bBQM avbi2K

HmMKBMmK Bb BMi'Q/m+2/ BMiQ i?2 ohah_6 mbBM; T "iB+H2 /BbT
6B;m>X8 q?2M i?2 7B BM; b2[m2M+2 Bb BMBiB i2/- M /mBMQ T Q;"
T 2bbm Bx2/ B 7Q +2b HmMKBMmK TQr/2  i?°Qm;? KQ/B7B2/ ahl
h?Bb MQxxH2 2 QbQHBx2b i?2 HmMKBMmMK iQ 2Mbm 2 Bi 7BHHb i?
#27Q°2 B;MBi2  BMBiB iBQMX h?Bb /BbT2 bBQM b2[m2M+2 Bb /2T
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Q++m" #2ir22M i2bibX hQ +?B2p2 i?2 ?B:?2bi /2;°22 Q7 mMB7Q K
K2 bm 2K2Mib ‘2 "2+Q'/2/7Q 2 +?i2biX

PM+2i?2 Qtv +2ivH2M2 KBtim 2Bb B;MBi2/-i?2 HmKBMmK Bb bm#D
iBOQM T Q/m+ib Q7 M Qtv +2ivH2M2 /2iQM iBQMX h?2 2tT2 BK2Mib
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6B;m 2 jX8, HmMKBMMK TQr/2 /BbT2 bBQM bvbi2K mb2/ BM i
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1tT2 BK2Mi H _2bmHib

h?2 +? Ti2  T'QpB/2b i?2 "2bmHib 7°QK i?2 i? 22 i2biBM; b2 B2b +C
Qtv +2ivH2M2 /2iQM iBQMb rBi?Qmi HmKBMmK TQr/2 ¢ UBBV mMBK
Qtv +2ivH2M2 /2iQM iBQMbc M/ UBBBV KmHiBKQ/ H HmKBMmK +Q
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rBi? bm#b2[m2Mi i2bib BMpQHpBM; HmKBMmK TQr/2 X h?2b2 # b2
K M+2 Q7 BM/BpB/m H mMBKQ/ H M/ KmHIiBKQ/ H HmMKBMmMKX h?:
TQr/2’ b U>@R- >@Ry- >@jyV "2 +QKT 2/ ; BMbi KmHiBKQ/ H KBt]i
iQ /2i2 °KBM2 i?2 BM7HM2M+2 Q7 T 'iB+H2 bBx2 QM "2 +iBQM /vM K

O9XR _2T2 i #BHBiv Q7 Ptv +2ivH2M2 .2iQM iB

b2 B2b Q7?yQXRRRivH2M2 /2iQM iBQMbr2 2 + "B2/ Qmi BM i?2 oha
#H bi 2T2 i #BHBiv Q7 /2iQM iBQMb rBi?Qm9 XHRnTHB M R 2T Q12 B bXn BE
pbX iBK2 ?BbiQ v Q7 2B:?i "2THB+ i2 #H bir p2b T°QT ; iBM: i?°Q
T Q7BH2b /2TB+i i?2 ivTB+ H BMbi Mi M2Qmb "Bb2 BM T 2bbm 2 7¢
iQ iIKQbT?2 B+ +QM/BiBQMbX PmiHB2'b "2 bbQ+B i2/ rBi? b?Q +|
i?72 ;2QK2i'v Q7 i?2 ohah_6 M/ i?2 /B77mbBQM Q7 /2iQM iBQM ; b?
2ti"2K2HV +QH/r2 i?2 X h?2 BKTmHb2 "2+Q /2/ i2 +?2 T°2bbm 2T Q
i?72 "2 mM/2 i?2 T 2bbm 2 pbX iBRCRTQQBBAH2MX2h #R2;2 T2 F #H
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T 2bbm 2- BKTmHb2- M/ i?2B" +Q "2bTQM/BM; +Q277B+B2Mi Q7 p
i?72 T'2bbm> 2 "2+Q"/2/ i S'Q#2 R Bb ii'B#mi2/ iQ Bib T'QtBKBiv iQ
“2bmHiIBM; BM KQ 2 p "B #BHBivX S'Q#2d ? b ?B;?2  *0o/m2iQ B
1?72 ;2QK2i'vQ7i?2b?Q+F im#2 2tBiX Pp2" HH-i?2 2B;?i Qtv +2ivH:
"2T2 i #BHBiv7Q #H bi T 2bbm 2 M/ BKTmHb2- K FBM; i?2K "2HB
iQi2bibi? iBMi'Q/m+2 bT?2°'B+ H HmMKBMmMK +QK#mbiBQMX

6B:m 2 9XR, S 2bbm 2 pbX iBK2 T'Q7BH2b BM i?2 i MbBiBQM b2+
Qtv +2ivVH2M2 /2iQM iBQMb BM i?2 ohah_6X

h #H2 9XR, p2" :2 #H bi QmiTmib 7Q 22@tWi+2iTHBM A2 JXQRRIBQMb B
ohah_6i° MbBiBQM b2+iBQMX

SR Sk S] S9 S8 Se Sd

SUFS V jydXN RONXR RyyXy eeXy 83X3 89Xd je
*o UWV R8X8 8X8 8Xe 9Xj jX8 9X3 jXR

AUFS @KbV kkNXR RNNXN R3dXy R3yXd RdeXN Red
*o UWV  9XN  jX9 jXj jX9 jXR 9XR R3Xy




jk +Nzy ¢ :Y2,y7 Oeyé 72a°7 4
9Xk IMBKQ/ H HmKBMMK *QK#mbiBQM

IMBKQ/ H HmMKBMmMK TQr/2'b U>@R- >@Ry- >@jy- M/ >@N8V i +
r2°2 bm#D2+i2/iQ i?2 /2iQM iBQM T Q/m+ib Q7 ; b2Qmb Qtv +2ivFk
#H bi2M? M+2K2Mi 7°QK i?2 +QK#mbiBQM Q7 mMMB7Q K HmMKBMmK -
USRK t 8Rk TBt2Hb- Nyy 7TbV "2+Q /BM:; Q7 ivIB+ H/2iQM iBQM b
kyy ;FKmMBKQ/ H HmKBMmMK TQr/2° BM i?2 ohah 96XBb %2? B MNB iBBMH6 B
+QK#mbiBQM Q7 HmMKBMMK TQr/2° Bb BM/B+ i2/ #v i?B +RiM;2 BM
/2iQM iBQM BMBiB iBQMX h?2 pB/B@;i@bibB Wh#bBNYB H KQmMi
HmMKBMmK //BiBp2 ? b#m M2/X i 9XN Kb-i?2 b?Q+Fr p2 b2T " i2
T'QT : i2bi?2°Qm;?2i?2 "2bi Q7 i?2 b?Q+F im#2X

6B;m 2 9Xk, hvTB+ H /2iQM iBQM b2[m2M+2 Q7 2 +iBp23Qtv +2ivl
Q7 KB+ ' QM@bBx2/ bT?2 B+ H HmMKBMmK TQr/2  BMi?2 ohah_6X

h?2 p2° ;2b?Q+F p2HQ+Biv7Q HH MMBKQ/ H+QK#mbiBQM i2bib E
rb K2 bm'2/iQ #2 TT QtBK i2Hv Rk9j Kfb 9bdp PQ2MpRM SB7®R 2# HH
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p2HQ+Bivr b K2 bm 2/ iQ #2 Nd9 KfbX h?2b2 "2bmHib HB;M2/ rBi?
#vL a 6b*?2KB+ H1[mBHB# BmKrBi? TTHB+ iBQMbU*1 VT Q; K
M/ 7B 2# HHp2HQ+BiB2b Q7 RN33 Kfb M/ RydR Kfb- "2bT2+iBp2HVX
iQQH mMb2/iQ T 2/B+i +QK#mbiBQM T Q/m+i T'QT2 iB2b M/ p2HQ+E
2[mBHB# BmKX >Qr2p2 - L a *1 6b HBKBi iBQMb bi2K 7 QK Bib E
2[mBHB# BmK bi i2b M/ T2 72+i KBtBM;- r?B+? /Q MQi ++m > i2Hv
Q7 "2 H@rQ H/ /2iQM iBQM 2MpB ' QMK2Mib rBi? MQM@B/2 H KBtB!
i?2b2 HBKBi iBQMb- i?2 ;°22K2Mi #2ir22M i?2 2tT2 ' BK2Mi H M/ i?.
+QMDbBDbi2M+v BM i?2 Q#b2 p2/ b?Q+F #2? pBQ - bmTTQ iBM; i?2 "
/i X

6B:m 2 9Xj, a?Q+F M/ 7B 2# HH/2iQM iBQM p2HQ+BiB2b 7Q " mMB
TQr/2° "2;BQMX 1°°Q  # ‘b /2TB+i QM2 bi M/ “//2pB iBQM Q7 2 Q"X
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h?2 BKT +i Q7 HMKBMmMK +QK#mbiBQM QM i?2 7B 2# HH M/ b?Q+F
iIBQM +?2 K#2 r b M Hvx2/ BMi2 Kb Q7 iBK2 Q7 ~"Bp HUhP V M/ T:
BKT +i QM 7B 2# HH p2HQ+Biv- b?Q+F p2HQ+Biv- M/ T2 F #H bi T 2
i?72 2pQHMIBQM Q7 Qtv +2ivH2M2 /2iQM iBQM T Q/m+ib T bbBM; i?
M/ iIKQbT?2 B+ b2+iBQMb Q7 i?2 /2iQM XBQQIrb ?2?R#PP Xp®K; mN\2; 2
T'Q7BH2b 7Q  i?2 7B 2# HH M/ b?Q+F p2HQ+BiB2b 7Q  i?2 # b2HE
/2iQM iBQMb rBi? i?2 //BiBQM Q7 mMMBKQ/ H HmMKBMmMK TQr/2 X A
rBi?2Qmi HmKBMMK TQr/2 - /BbiBM+i b2T ~ iBQM Bb Q#b2 p2/ #2ir
T Q7BH2b- rBi? i?2 b?Q+F p2HQ+Biv +QMbBbi2MiHv bm T bbBM: i?
;722 Q7 bBKBH "BivBMi?2 hP p2 ' bmb  M;2 T Q7BH2b + Qbb mMB
i2bib bm;;2bibi? i T 'iB+H2 bBx2 ? b KBMBK HBM7HmM2M+2 QM 7B "~
i?72 TQr/2> "2;:BQM Q7 i?2 /2iQM iBQM +? K#2 X h?Bb Q#b2 p iBQM
HmMKBMmK T 'iB+H2 bBx2 M/ T 'iB+H2 bBx2 /Bbi B#miBQMb "2 m
/IB772 2M+2b BM #H bi #2? pBQ X

6B;m 2 9X9, 6B 2# HH M/ b?Q+FhP pbX  M;2T Q7BH2b7Q mMBK
i?72 ohah_6/2iQM iBQM +? K#2 X h?°22 "2THB+ i2 # b2HBM2 M/ Hr
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h?2 T°2bbm 2 pbX °~ M;2 T Q7BH2b BM i?2 /2iQM iBRQMNOPRQ KiR21- T Qp
i72 HMKBMmMK +QK#mbiBQMBMi?2TQr/2 b2+iBQM T Q/m+2/ b2+Q
i?2 BMBiB H Qtv +2ivH2M2 /2iQM iBQMX h?2 T 2bbm 2 "Bb2 i /+T |
HmMKBMmMK +QK#mbiBQM-r?BH2i?2 T 2bbm 2BM+°2 b2 i/+T9Bb &L
+QK#mbiBQMX h?2 +QK#mbiBQM Q7 >@R- >@Ry- M/ >@jy HmKB
Ryyy R8yy FC ii?2 HQ+ iBQM Q7 /+T 9 M/ bi"QM;Hv ;°22/rBi? i?2 |
#H bi T'2bbm™2X >@N8 T'QpB/2/ M2;HB;B#H2 //BiBQM H 2M2 ;v i
iQ MQ HmMKBMmMK r b +QK#mbi2/ ii? i HQ+ iBQMX h?Bb /B772 2M+
ii"B#mi2/ iQ i?2 /IB772°2M+2 BM i?2 K2 M T "iB+H2 bBx2 Q7 i?2 /B
>S@Ry- M/ >@jy HmKBMmMK-/mbi +HQmM/b 7Q K2/ r?2M i?2 T "iB+H2
+QMi” bi->@N8 HmMKBMMmMKTr b7 "H2bb b2MbBiBp2iQ /Bbim # M+2 ;
K i+?22/i? i Q7 ;> MmH ~ #2 +? b M/X h?Bb K F2b Bi Km+? 2 bB2" 7Q
HmMKBMmMK iQ 2°QbQHBx2 M/ 7BHH i?2 2MiB 2 /2iQM iBQM +? K#2"

6B;:m 2 9X8, S 2bbm 2 pbX * M:2 T'Q7BH2b 7' QK mMmMBKQ/ H>@R- >
+QK#mbiBQM BM i?2 ohah 6 /2iQM iBQM +? K#2 X " b2HBM2- >@R-
E KB/NX h? 22 "2THB+ i2 # b2HBM2 M/ HmKBMmK i2bib 2 b?QrM
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h?2 /2iQM iBQM T ' Q7BH2b Q7 Qtv +2ivH2M2 rBi? mMBKQ/ H HmKBNM
i?72i° MbBiBQM b2+iBQM Q7 i?2 ohah_®X&h D2 g2MFBAHG6IBI; M 20bm "2 |
p2HQ+BivBM+'2 b2/ bi?2 HmMKBMMK T "iB+H2 bBx2 /2+°2 b2/X >(
Im+2/i?2;°2 i2biBM+ 2 b2BM#H biT 2bbm 2 M/BKTmHb2r?2 2 b:
T QpB/2/i?2 H2 bi2M? M+2K2Mi 7Q  i?2b2 T "9KKZiR7?2 D2bR@HMB M +
T 2bbm 2 M/ BKTmHb2 2bmHIBM; 7 QK >@Ry M/ >@jy HmKBMmMK
iQ i?72 Qp2 H T Q7 i?2B T 'iB+H2 bBx2 /Bbi B#miBQMbX Pp2" HH-
"2H iBQMb?BTr?2°2/2+ 2 bBM; HmMKBMmMK T "iB+H2bBx2T Q/m+2/
#H bi BKTmHb2- M/ b?Q+Fr p2bT22/X

6B;m 2 9Xe, S 2bbm 2 pbX iBK2T Q7BH2b BMi?2 ohah_6i MbBiBQ
M/ >@N8X >@R->@Ry- M/ >@jy/ NX ®RKQ#2 E KB/2Z{Hm/2/ 7Q" +H
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h #H2 9Xk, p2° ;2T 2bbm 2 M/BKTmHb27Q mMBKQ/ H HmKBMmK
i* MbBiBQM b2+iBQMX 0 Hm2b 7Q° >@R- >@Ry- M/ >@jyNMmKBMm|

aT2+BK2M "H bi S K2i2° SR Sk Sj S9 S8 Se S

>@R SUFS V 9RkXd k83XR R3NXR R9yXe N8Xd N |
AUFS @KbV 8RRX9 j3kXd j89Xj j93X9 j9eX9 jkN
>S@RYy SUFS V j38XR kRNXR R83Xj] RyeXN 3dXe 3jX
AUFS @KbV 9k8X8 jJKk9XN jRRXe kNkX3 kNdXd Kk
>@jy SUFS V jo8Xd k9RX9 ReyX8 RyNXe 3eXR 3R
AUFS @KbV JNj Xy jk9X9 jyyX3 k3dX8 kNyX8 kdl
>@N8 SUFS V je9Xy RNeXj Rk3Xd Ry8Xy d8Xy d9oX
L 4| AUFS @KbV jk9Xj kd9o9Xy k8dXy k88Xy k8jXy KkjF

6B;m9%2bM /9 XBHHmMDbi~ i2i?2 "2H iBQMb?BT #2ir22Mi?2# b2HBM2 Qt:
M/i?2 +Q "2bTQM/BM; 2M? M+2K2Mib +?B2p2/ mbBM; mMBKQ/ H

2Mi T "iB+H2 bBX2aR @Bym? 24 i?2 #H bi T'2bbm 2 BM+'2 b2b rBi? i?2
Q7 HmKBMmMK-rBi? bK HH2 T '"iB+H2b HBF2 > @R T ' Q/m+BM; bB;I
+QKT "2/iQH ";2°T "iB+H2b HBF2 >@N8X h?2 T2 +2Mi ;2 ; BMb- BN\
UYKYW- YOYW-YeyW- Y3yWV-?B;?HB;?ii?2bmT2 BQ 2M2 ;v 2H2 |
T "iB+tH2bX >@N8 T Q/m+2/ KQ/2bi BKT Qp2K2Mib- BM/B+ iBM; i? i
72+iBp2M2bb Q7 HmMKBMMK@2M? M+2/ /| 2QFKiG® K Mb X 22BiR Bi H H Hovi-
BKTmHb2 7TQHHQrb +QKT * #H2i'2M/-rBi? bK HH2 T 'iB+H2b +?B
RyyW- h?Bb bmbi BM2/ BKTmHb2 "27H2+ib T"TQHQM;2/ +QK#mbiBQ
i?72 HmKBMmK- bbK HH2 T "iB+H2b 2 +iKQ 2 [mB+FHv M/ 7mHH\
bm 2b M/ 2ti2M/BM; i?2 #H bi/m’ iBQMX h?2 Q#b2 p2/i'2M/b HB;M
reB+? /12KQMbi™ i2bi? ibK HH2 HmKBMMK T "iB+H2b ? p27 bi2 +(C
277B+B2M+v-i?mb +QMi B#miBM; iQ BM+'2 b2/ T2 FT 2bbm 2b M/
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