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This dissertation delves into the theory, design and fabrication, and practical uses of syn-
thetic trees that replicate the transpiration mechanisms of natural trees. The first chapter
provides an in-depth explanation of how natural trees utilize hydraulic mechanisms to draw
water from the soil, through their roots, and up to their leaves, sustaining hydration through
transpiration. This process is reliant on the difference in relative humidity between the leaf
and the ambient to promote evaporation, and synthetic trees replicate this cycle by integrat-
ing reservoirs and conduits with wetted nanopores, mimicking the negative Laplace pressure
seen in natural trees.

Chapter 2 presents a detailed theoretical framework for transpiration in synthetic trees.
These trees feature a vertical array of tubes connected to a nanoporous synthetic leaf. Our
model considers the impact of convective gas flow on the leaf, minimizing the diffusive bound-
ary layer and directly influencing the leaf’s negative Laplace pressure. We next analyze how
the rate of evaporation and tree morphology affect the required Laplace pressure for mass
conservation, in an ambient environment with an appreciable diffusive boundary layer. Our
model considers the changing dynamics of the menisci, including their capability to adjust
their contact angle and withdraw into nanopores to self-stabilize. We then determine con-
ditions where transpiration is limited by evaporation or constrained by the leaf’s maximum
Laplace pressure, across various tree geometries and ambient conditions.

In Chapter 3, the focus shifts to a practical application, as the insights from the previous



chapters guide the creation of a synthetic tree for water harvesting. Solar steam generation
employing a porous evaporator, with a 3D design extending beyond the free surface to miti-
gate heat losses, is used to demonstrate how transpiration, rather than capillarity, can raise
water up glass tubes, and improve liquid transport heights over conventional methods.
Chapter 4 expands on the synthetic tree concept, proposing a mobile desalination water con-
tainer driven by transpiration. The container features a ring-shaped fin designed to absorb
solar heat, increasing water evaporation from a nanoporous synthetic leaf. This approach
combines reverse osmosis and thermal evaporation, offering a promising solution for obtain-
ing fresh water from seawater.

In Chapter 5, the study explores transpiration-powered oil-water filtration using synthetic
trees. Our approach showcases the potential for natural separation of oil and water in vari-
ous applications, without the need for a pump and in opposition to gravity.

Chapter 6 modifies the synthetic tree design to selectively absorb and retain oil from oil-
water emulsions. When water evaporates from the synthetic leaf, enabled by the generated
negative suction within, oil is then drawn and contained within the system through oleophilic
and hydrophobic membranes. This approach offers a sustainable method for oil spill clean
up, oil extraction and purification.

Chapter 7 experimentally investigates how to eliminate the capillary driving force in syn-
thetic trees. By over-filling the synthetic leaf’s top surface to remove existing concave
menisci, the study hypothesizes gravity as a replacement mechanism for negative pressure,
with the water in hydrostatic columns held in tension by the overlying water supported
within the porous leaf.

In summary, these engineered hydraulic systems offer novel approaches to water harvesting,
desalination, oil-water filtration, and the cleanup of oil spills, and the study of synthetic
trees opens up a realm of possibilities for sustainable water management and environmental

remediation, showcasing the potential of biomimicry in solving pressing global challenges.
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This dissertation explores the concept of synthetic trees designed to mimic the transpira-
tion cycle of natural trees for various applications. The first chapter provides a detailed
explanation on how this is achieved. The second chapter introduces the theoretical model,
highlighting the interplay between suction pressure, spontaneous flow, and tree geometry in
surface tension powered water flow.

In Chapter 3, the findings inform the design of a synthetic tree for water harvesting through
solar steam generation. Overcoming constraints of floating evaporators, this tree demon-
strates enhanced water condensation compared to traditional reservoirs, and the use of tran-
spiration in the tubes allow for greater height flexibility.

Chapter 4 presents a theoretical design for a portable desalinating water bottle powered
by transpiration. Inspired by mangrove trees, the bottle utilizes solar heat absorption, a
nanoporous synthetic leaf, and reverse osmosis to spontaneously enable desalination. The
hybrid approach enhances thermal evaporation and pre-filters salt, potentially producing a
daily extraction of one liter of fresh water from seawater.

Chapter 5 explores oil-water filtration using surface tension power in synthetic trees. Oper-
ating without pumps and against gravity, this spontaneous phase separation demonstrates
potential applications in oil spill cleanup, wastewater purification, and oil extraction.

In Chapter 6, the synthetic tree is further modified to selectively take up and contain only

oil from an oil-water emulsion. Driven by the surface tension mechanism, oil enters the



tree through oil loving and water membranes, yielding high-purity oil samples, and offering
innovative solutions for various environmental and industrial challenges.

Chapter 7 investigates how to stop capillary forces in synthetic trees. When water evaporates
from the leaves, it creates suction, pulling water from the soil through the xylem to keep
the tree hydrated. We filled the top of the synthetic leaf to remove the curved surfaces that
cause capillary tension. Surprisingly, water in the vertical tubes still held against gravity.
This led us to consider a new idea: gravity might be replacing surface tension, with columns
of water in the tree held in tension by the water above them in the leaf.

Overall, this research on synthetic trees suggests exciting new ways to address environmen-
tal issues and manage water resources sustainably, underlying the power of nature-inspired

solutions.
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1.1

2.1

2.2

Plant water tension measurement: (a) Diagram illustrating the Scholander
leaf pressure chamber, which is used to measure xylem pressure in plants.
A leaf is cut and positioned with its stem protruding through a seal. The
air pressure inside the chamber is gradually increased until a liquid droplet
forms at xylem’s cut surface, indicating a surplus pressure that estimates
the original negative pressure in the xylem. This method is employed to
determine xylem pressure in specific plant species. (b) The distribution of
reported xylem pressure measurements among different climatic regions. The

data points were obtained from a review article on plant fluid dynamics|[1].

Schematic of a model synthetic tree system. The tree is comprised of a vertical
array of conduits, where the top ends are interfaced with a nanoporous disk
and the bottom ends with a bulk reservoir of water. Inset shows the concavity
of the menisci within the nanopores during evaporation, from which a negative

Laplace pressure is generated and transmitted across the tree as a hydraulic

xvi



2.3

24

2.5

Schematic of a synthetic leaf in a pure vapor environment, where the con-
centration field above the leaf is uniform (i.e. negligible boundary layer). (a)
When the Kelvin pressure imposed on the menisci by the subsaturated ambi-
ent is less than the maximum possible Laplace pressure (jJPnj=]jPnj <jPnondj),
the menisci are stabilized along the outer face of the synthetic leaf (i.e. full
hydration). (b) When the ambient Kelvin stress exceeds the maximum pos-
sible Laplace pressure (jJPnj>jPmomnj), the menisci recede until achieving an

increased local vapor concentration (¢;) where Po Poopn. - - o o 0 o o L L

Plots of the critical pore radius, above which crossover from the evaporation-
limited regime to the pressure-limited regime occurs. (a) The critical pore
radius is graphed as a function of the ambient water activity, calculated from
Eq.1 and Eq.4 for a range of water activities (a5 =0.1-1.0) and assuming
room temperature conditions (T =25 C). (b) The critical pore radius is now
graphed against the receding contact angle, calculated from Egs. 1 and 4 with
jPoj =190.3 MPa, 95.1 MPa, and 39.5 MPa corresponding to 25%, 50%, and

75% relative humidities, respectively. . . . . . . . . ... ...

Graphs of the transpiration mass flow rate versus ambient water activity.
The transpiration rate is calculated from a5 and the given tree geometry
using Egs. 2.1,2.2, and 2.3. The transition from the pressure-limited regime
to the evaporation-limited regime occurs when the value for m is no longer
constant with increasing a4 . Three choices for the effective radius of the leaf’s
nanopores are used in all graphs, while the tube height and leaf thickness are
varied as (a) H=1land t=1 m, (b) H=100m and t=1 m, (¢) is H=10m
and t=10 m, and () H=100m and t=10 m. . . . . . . ... . ... ...
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2.6

2.7

2.8

Graphs of the maximum possible transpiration rate (left y-axis) and Laplace
pressure (right y-axis), as functions of the nanopore radius. The maximum
Laplace pressure was calculated using Eq.2.4 with 5 =0 , while Mgy was

then calculated from Eq.2.3. Both graphs have three choices for the leaf

thickness and the height of the tree was either (a) H=10m or (b) H=100m.

Plots of the maximum possible transpiration rate versus the receding contact
angle of the nanoporous leaf. First, Pppon was calculated from Eq.2.4 for
each value of , and subsequently mpgp was found using Eq.2.3. All three
graphs employ the same four combinations of tree height (H =10 or 100 m)
and leaf thickness (t=1 or 10 m), while the nanopore size is fixed as (a)

ro=1nm, (b) r,=10nm, or (c¢) r,=100nm. . . . ... ... .. ... ....

The maximum transpiration rate (left y-axis), as well as the retreat distance
required to stabilize the menisci (right y-axis), can be tuned by changing the
leaf thickness. Values for mppy were calculated with Eq.2.4 (using =0 C)
combined with Eq.2.3. Curves for  were generated using Eq.2.1 for a
fixed ambient humidity of 50%, resulting in jPgj=95.1 MPa, combined with
Eq.2.5. (a) When rg =10nm, jPypppj =14.5 MPa the leaf permeability is
k=128 10 ®m?/Pas, and the linear conductance ratio is =1.49 10 °.
(b) When ry =100nm, jPgoogj =1.45MPa, k =1.28 10 ¥ m?/Pas, and

=149 10 8 . . .

24
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2.9

2.10

2.11

2.12

The retreat distance as a function of the ambient water activity. Values for

are calculated using Eqgs. 2.1, 2.4 and 2.5. (a) The linear conductance ratio,
was chosen to be independent of the changes in the external vapor pressure.
It was calculated using Eq.2.6 with a representative mean ambient vapor
pressure of ppgg=1kPa to yield =1:49 10 4,10 ° or 10 ° for ry=1, 10,
or 100 nm, respectively. (b) The linear conductance ratio was varied with a .

Specifically, poon =a4 pogr was plugged into Eq. 2.6 to obtain . . . . . . . ..

The local water activity (left y-axis) and retreat distance (right y-axis) as
functions of the nanopore radius. Values for a; and are calculated using
Egs. 2.1, 2.4, 2.5, and 2.6. Tree properties include =0 C and t=100 m.
The ambient humidity was either (a) 50% (jPgj =95.1 MPa) or (b) 75%
(JPoj=39.5MPa). . . . ..

The local water activity (left y-axis) and retreat distance (right y-axis) as
functions of the receding contact angle. Values are calculated from Egs. 2.1,
2.2, 24, 2.5, and 2.6 with t =100 m. (a—c) The ambient humidity was
50% with nanopore sizes of rgp =1, 10, and 100 nm, respectively, resulting
in =236 104 10 ° or 10 ® (df) The ambient humidity was
75% with nanopore sizes of rgp =1, 10, and 100 nm, respectively, resulting

in =354 104 105 o0r 1068 ... ... ... ...,

Graphs plotting the retreat distance (left y-axis) and transpiration rate (right
y-axis) as functions of nanopore radius. These variables were calculated from
Eqgs. 2.1, 2.2, 2.3, 2.4, 2.5, and 2.6, where 5 =0 and the ambient humidity
was either 50% (JPpj=95.1 MPa) or 75% (jPpj=39.5 MPa). The tube height
and leaf thickness were: (a) 10m and 1 m, (b) 100m and 1 m, (¢) 10m and

10 m,or (d) 100m and 10 m. . . . . ... ... oo oo
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2.13

2.14

2.15

Schematic of a synthetic leaf in a non-uniform humidity environment, where
a diffusive concentration boundary layer exists above the leaf. (a) When the
Laplace suction required to replenish water evaporating from the leaf is less
than the maximum possible Laplace pressure (jPpj = jPpj < jPoioogj), the
menisci are stabilized along the outer face of the synthetic leaf. (b) When
the evaporation rate exceeds a critical value, conservation of mass requires a
Laplace pressure that exceeds what is possible (JPnj>jPpioogj). In this case,
the menisci recede until achieving a reduced evaporation rate and increased

local vapor concentration (¢;) where mass is conserved and Pg Pgpgm. .« . .

(a) Graph of the critical nanopore size as a function of the transpiration rate,
for six different tree geometries. Curves were obtained by combining Eqs. 2.3
and 2.4 and solving for the second of two roots from the resulting quadratic
expression. Curves extend across the evaporation-limited regime, coming to
a halt at the pressure-limited regime where m=mggy. (b) The critical pore
radius is graphed as a function of the nanopore’s receding contact angle, for
three fixed choices of transpiration rate. The tube height was H=10m and

the leaf thickness was t=1 m). . . . . . .. .. ... ... ... ... ....

(a—f) Laplace pressure versus the transpiration rate for 18 different tree ge-
ometries. This suction pressure is calculated from summing up the pressure
drops across the synthetic tree (Eq.2.3) to achieve any given flow rate. The

transition from the evaporation-limited to pressure-limited regimes occurs at

37

the end of each curve, where the value of Mgy depended on the tree geometry. 40
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UtvH2K +QM/mBibV- M/ U#AQT? 2M2HBBXBMb2 i2/ BMiQ “2+2b
/"BHH2/ BMiQ i?2iQT 7 +2 Q7 i?2H2 7 M/i?2b2 Kr bb2 H2/
2TQtW¥ S BQ iQ mMMBM; M 2tT2 BK2Mi BM i?2 bQH "~ biBHF
i22 1 b T 2@7BHH2/ rBi? /2; bb2/r i2° #v bm#K2 ;BM; Bi BM
ri2°X)/\0?2 T°'BK2/i°22r1 b ?2H/ #Qp2 "2b2 pQB  rBi?BM i?2
iQ /2KQMbi i2i?2 bQH " bi2 K:2M2  iBQM M/ bm#b2[m2Mi r
7°QKi?2 +QM/2Mb2 X h?2 M2; iBP2\G; TM2+ 2 I/ 2B IPB N2 iLP 2
H2 7Bbmb2/iQ Qp2 +BK2-iSDBHRYWBHMR2 Y/ QIPi VB+ U
T 2bbm 2 /XOXBX X X X X X X X X X X X X X X X X 83X X X X
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iXj *QKT 'BbQMb Q7 i?2, U V 2p TQ iBQM K bb 7Hmt- U#V +QM/
M/ U+V +QMp2 bBQMZ7AMBFB2MmHE r i2°- Qm  bvMi?2iB+ i 2
M/ 7HQ iBM; bi BMH2bb bi22H K2b?2b 7°QK T '2pBQmb rQ F |
7Q° i?2 bi BMH2bb bi22H K2b?2b r2°2 MQ K HBx2/ #v KmHiB"
p Hm2b #v yXje- iQ ++QmMi 7Q  i?2 /B772 'BM; bQH ~ B " /B \
AM i?Bb r v-i?22p TQ  iBQM 7HmMt 7Q" i?2 #mHF r i2° +QMi Q
2[mBp H2Mi + Qbb #Qi? b2imThX 1 +? p Hm2 7Q" Qm" 2tT2 BK
i?°22i°B Hb M/i?22°Q # 'bBM/B+ i2 QMX X M/X KyXpE iBQ

j X9 * H+mH i2/ #bQHmMi2 p HM2b Q7 i?2 M2; iBp2 G TH +2 T 2bb
M/ +Q i2/i°22b-7QmM/ bi?2bmKQ7i?2i? 22TQbBiBp2 T 2bt
b?QrM 2T 2b2Mi HQ; Bi?KB+ THQib Q7 i?2 p2 ;2 p Hm2b-r
+Q "2bTQM/BM; iQ QM2 bi M/X/X 20K DBIMXX X X Xed X X X >

9XR *QM+2Tim H /2bB;M Q7 i?2 i° MbTB iBQM@TQr2 2/ /2b HE
LQi/  IIMiQbX MH2KX X X X X X X X X X X X X X X HyX X X X

9Xk h> MbTB  iBQM  i2p2 bmbi?2  /BmbQ7i?2bQH " /BbFX o H
iBQM " i2 "2+ H+mH i2/ 7 QK 1[bX9XR MR/DEKFRQIK#QiiH2  /
RbmM Q7 bQH * Bydi#BOIBQMW- M/ i?2 H i2Mi?2 iQ7p TQ @
Bx iBQM i "QQK i2KE2:23im1f OfF; XXX X X X X X X & X X X

9Xj S'2bbm 2/°QTb p2'bmbi?2H2 76bM MQTQ 2" /BmbX h?22p
r2°2 + H+mH i2/ 7°QK 1[bX 9Xj- 9X9- 9X8- M/ 9XdX h?2 KmHiE
"2p2° b2 QbKQbBb T 2bbm 2/ QT U#HmM2V M/- #v 2ti2MbBQM- |
UQ  M:2V ++QmMi7Q i?2BM+'2 bBM; bQHmMi2 +QM+2Mi > iBQ
72 +QmM b2 Q7XN22 KWK X X X X X X X X X X X X X Xd¥ X X X O
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9X9 S'2bbm 2 /"QThb p2 bmb i?2 H2 76b M MQTQ 2 i?B+FM2bbX
/I’QTbr2 2+ H+mH i2/BMi?2b K2K MM2" b6B:m 29Xj-#mi ?2
“/Bmbr bp B2/rEBMK/Q URBy MKXX X X X X X ¥dX X X X

9X8 a2KB@HQ; THQi Q7 i?2 / BHvV pQHMK2 Q7 ? “p2bi2/ri2 p2
U#Hm2 HBM2V Q  r i2  #QiiH2 > /Bmb U 2/VX *m p2b 2 ;2M2
7Q° 7Bt2/ #QiiHR =/8KINQ77Bt2/ bQH ~ /BRE= REIKIBR 7

8XR 6 # B+ iBQM Q7 i?2 bvMi?2iB+ "QQib i? i 2M #H2 QBH@T i
BMi F2 Q7 i?2 bvMi?2iB+ i'22X U V a+?2K iB+ M/ U#V T?2QiQ;
TQM2Mib Q7 i?2 7BHi2 + Tbh +QKT BbBM; i?2 "QQibX 6 QK i
bb2K#H ;2 Q7 2 +? 7BHi2 + TBM+Hm/2b 7Qm" #QHib- M mT"
TB2+2 Q7 +2HHMHQb2 +2i i2 7BHi2 T T2 b M/rB+22/ #2ir
K2b?2b- HQr2' HmKBMmK 7H M;X-XM{ XQMmXMmMXbX X X X X .
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8Xk h> MbTB' iBQMTQr2' 2/ QBH®@r i2 b2T " iBQM mbBM; bvMi?
M/ U#V T?2QiQ;  T? Q7 i?2 2tT2 'BK2Mi Hb2imT-rBi?i?2 QQib
i22 bm#K2 ;2/BM M QBH®@r i2° "2b2 pQB" M/i?2M MQTQ Qr
?2MKB/Biv +QMi QH #QtX h?2 iQT 'B;?i BMb2i b?Qrb K :MB7B
ri2>2p TQ iBM; 7°QKi?2 M MQTQ 2b +'2 i2b +QM+ p2 K2MB!
i2 M2; iBp2 G TH +2 T 2bbm 2X h?2 #QiiQK H27i BMb2i BH
ri2°> T°272°2MiB HHv ;2ib bm+F2/ + Qbb i?2 QBH 7BHi2 b UB
M/ mTi?2 im#2b- r?BH2 b+ 22MBM; i?2 QBH U?2t /2+ M2V /" Q
2 +? 2t?B#BiBM; M BMM2 /B K2i2 Q7 9XyeKK M/ ?2B;?i Q7
M2QmbHv i> MbTB 2/r i2  7°QKi?2 "2b2 pQB  iQ K BMi BM ?v/
bvMi?2iB+ H2 7X h?2 Qp2'?2 / biB "2 r b im M2/ QM 7Q Ry k
T 2p2Mi /2@2KmHbB7B+ iBQM- 7QHHQr2/ #v RKBM Q7 MQ biB
K bb# H M+2iQ ++m > i2Hvi +Fi?2/2+°2 b2 BMK 2N2 pQB K

8Xj a+ MMBM: 2H2+i'QM KB+'Q;" T?b Q7 i?2bvMi?2iB+ H2 7 M/"
M MQTQ Qmb H2 7rBi? M2biBK i2/8pMK32W RQ2QUBiwb Q7
M/iQ imQbBivQ7|jX8X U+-/V*2HHMHQb2 +2i i2 K2K# M2 2t
QW50 K M/ K tBKMK TQ 2 /B2KEXX B7X X X X X X X XN¥ X X X .

8X9 > T?b Q7 i?2r i2 K bbi> MbTB'BM; 7°QK i?2 bvMi?2iB+ i 2
h> MbTB 2/ K bb Qp2  iBK2 r?22M i?2 H2 7 r b 2tTQb2/iQ M K/
PB QMK ¢jW KWV M/ i?2 "QQib r2 2 bm#K2 ;2/ BM Tm 2 r
"2b2 pQB X U#V h> MbTB 2/ K bb Qp2 iBK2 r?2M i?2 H2 7r b
KB/Biv +QMi RMHEBQ BWV M/ i?2 "QQib r2 2 biBHH bm#K2 ;2/
Tm 2ri2° "2b2 pQB X h?2 p HM2b 7Q  i?2i° MbTB 2/ r i2 K b
MQ K HBx2/ #vi?2 iQi HK bb Q7 r i2° +QMi BMX/BMiR2 ;H bb
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8X8 *? ° +i2°'Bx iBQMQ7i° MbTB' iBOQM@TQr2 2/ QBH@r i2 b2T
i MbTB 2/ K bbr?2Mi?2H2 7r b2M+ b2RBM3I3IWN2 RWK/B/Biv #Qt
M/i?2 "QQibr2 2 bm#K2 ;2/ BMi?2 QBH@r i2° 2KmHbBQM # |
"BivQ7i?2T2 K2 i2b-" M/QKHv b KTH2/ 7 QK i? 22 Q7 1?2 i Z
i?72 +QM+HmMbBQM Q7 M 2tT2'BK2MiX h?2 T2 +2Mi ;2 Tm Biv
#Qi? ;C pBK2i'B+ M HvbBb UH27i +QHmMKMbV M/ 27  +iBp2 E
+QHMKMbVX 1°°Q  # Bbi2M/2W2/@pB iBQM + ' Qbb i? 22 /B772
b KTH2b UBX2X-i?°22 Q7 i?2 im#R X X7XQ X XBY2MX NRIKM XX X X

8Xe * H+mH i2/p Hm2b Q7i?2p 'BQmb T 2bbm 2/ QTb + Qbb i?:
i° MbTB® iBQM@TQr2 2/ QBH@r i2  b2T "~ iBQMX h?2 7Bp2 T":
BM+HmM/2 i?2 UpBb+QmbV 8B b MBHHRLT iBorb B "®bbm 2 U
+ Qbb i?2 ;H bb im#2b-i?2 pBb+Qmb . “+vA.28bM/2b + Qbb i
"QQPh.YV- M/i?2K ;:MBim/2Q7i?2 M2; iBpPGVTTABH2T 2bbm "2
Kmbi #2 2[m HiQ i?2 bmK Q7 i?2 TQbBiBp2 T 2bbm 2 /°QTbX h
7Q° 2 +?2 ivT2 Q7 T 2bbm 2 +Q "2bTQM/ iQ, URV i?2 H2 7 2tTC
M/ "QQib bm#K2 ;2/ BM Tm 2r i2 # i? U2tT2 ' BK2Mib 7 QK €
i?72 H2 7 2M+HQDb2/ BM i?2 ?mKB/Biv +QMi QH #Qt M/ QQib b
ri2° # i? UBB;X8X9#V- M/ UjV i?2 H2 7 2M+HQb2/ BM ?mKB
M/ "QQib bm#K2 ;2/ BM M QBH@r i2° 2KmHbBQM # i? U6B;X
"2T 2b2Ribi M/ “/ /2pB iBQM + QbKiX X2Xi B XBXX RyX X X X

ttpB



eXR a+?2K iB+ Qp2 pB2r Q7 T'272 2MiB HHv b2[m2bi2 " BM; QBH
T BK 'vBK ;2/2TB+ib p2 iB+ HHv@Q B2Mi2/ bvMi?2iB+i 22r
"QQib "2 bm#K2 ;2/ BM M QBH@r i2° # i?X bi?2 T 2@7BHH?2
7 QK i?2 bvMi?2iB+ H2 7- QBH Bb T 272°2MiB HHv TmHH2/ BM
iBOMX h?2mTT2 @H27i BMb2i Bb T?QiQ; T?Q7i?2bm+iBQ|
H2 7- r?B+?2 r b +QKT Bb2/ Q7 +QKK2 +B HHv p BH #H2 M |
IBbFX h?2 mTT2 @ B;?i BMb2i /2TB+ib 2p TQ iBQM ii?2TQ
rez 2 M MQb+ H2 +QM+ p2 K2MBb+B ;2M2" i2 M2; iBp2 G TH
HQr2 @ 'B:;?i BMb2ib b?Qr M BHHmMbi® iBQM Q7 i?2 +QKTQM21
Sh61 7BHi2 T T2 U+Q 2bTQM/BM; T?QiQ; T?VBb b2 H2/ BN
im#2 #2ir22MbmTTQ iBM; K2b?2bX h?2 HQr2 @H27iBMb2i Bb
i?72 /Bb+ 212 T? b2b Q7 i?2 QBHfr i XKmHEBQM X RRRkK X X X

eXk hBK2@H Tb2 T?QiQ;  T?v Q7 QBH mMTi F2 BMiQ i?2 bvMi?2iF
jyy KBMX h?2 QBH Bb /v2/ "2/ iQ 2M? M+2 pBbm HBx iBQM M,
QBH BMi2 7 +2Bb i  +F2/7Q i?2 7°QMiirQ im#2bX "vi?2 7BM
BMbB/2i?2i 22?2 b#22M 7mHHv "2TH +2/rBi? QBHX a22 0B/2CQ
AM7Q K XBROMXX X X X X X X X X X X X X X X X X RR9 X X X

eXj] LQM@/BK2MbBQM Hi MbTB 2/ K bb Q7 ri2 7 QK i?2 bvMi?
i b2'B2b "2T 2b2Mii?°22 /B772 2Mi i B Hb nKMX2XRRB3b K2 +
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eX9 U V a+?2K iB+ M/ U#V ;> T?b Q7 i?2 T '2bbm 2/°QTb +'Qbb
/Im BM; i MbTB™ iBQMX h?2 T 2bbm 2 /' QTb BM+HmM/2 i?2 7
pBb+Qmb T 2bbm 2 /"QTb + QbdMi?iIn #HQRENS- UM/ H2 7
UP _p2¥- b r2HH b i?2 7THQr@BM/2T2M/2Mi ?v/ Qbi iB+ T 2bb
i?72 p2 iB+ Him¥Xb W?2 bQHB/ #Hm2 # "b 2T 2b2Mi + H+mH il
T 2bbm 2 /°"QTb /m " BM; 2 "Hv@mBKRVi- MBTBIi?2iBQYMWUb "2
T 2@7BHH2/rBi? QBH M/ i?2 im#2b M/ H2 7 2T 2@7BHH2/r
2/ # b 2T 2b2MiH i2@iBK2i° MbTB™ iBQM-r?2"2 TT QtBK i
mB/ pQHmMK2 rBi?BM i?2 i 22 Bb +QKM BBRA/XQT1 22t#2+ M2 U
2T 2b2Mib M p2° ;2 Q7 i?21i? 221 B Hb-r?22i?2 2tT2 BK2)
POQHMK2i"B+ DWQmb22il® + H+mH i2 i?2 pBb+Qmb T 2bbm 2 /" C
bHB;?iHV7 QKi'B HiQi'B HX h?2 bbQ+B i2/2°°Q # 'bQ7 QM
"2bQ bK HHi? ii?2v + MMQIi¥2XpBHIKMXHB X2 XXX X RRKeX X X

eX8 :° pBK2i'B+ M/ 27 +iBp2 BM/2t M Hvb2b Q7 i?2 Tm Biv Q1
i*22 7i2° i° MbTB' iBQM +v+H2X 1R M/ W /2P B2 bRGM
+ Qbbb i? 22 RBXHOX X X X X X X X X X X X X X XRKkR X X X

eXe :° T?b Q7, UV h?2 MQM@/BK2MbBQM H BM+'2 b2 BM ?2B;
rBi?BMi?2irQ7 QMi Him#2b Q7 bvMi?2hB+hp{tyHX SHQii2/p HI
r2°2 K2 bm 2/ 7°QK i?2 iBK2@H Th2 TB+im 2b b?QrM BM 6B
OKBM 2T 2b2Mib i?2 #2;BMMBM; Q7 i’ MbTB  iBQMX h?2 +m"
he= y #2+ mb2i?2 + K2 +QmH/MQipBbm HBx2i?2 #QiiQK TQ i
'QBM; BMiQ i?2 "2b2 pQB X h?2 +m  plb iR #eB-MmiR2DMdi b?v Q
mTT2 2M/b Q7 i?2 im#2b 2 2K#2//2/ BMbB/2 Q7 i?2 M MQTQ"
/2+°2 b2MBMQp2 iBK2 bri2 Bb 2TH +2/ #v 'BBBM; QBH +QH
UbQHB/ +mMi, p2WwQ2/ +m p2V Bb [m MiB7B2/ #v X?X XRKK v v@
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eXd hBK2 '2[mB 2/ 7Q° QBH iQ +QKTH2i2Hv "2TH +2 i?2r i2° Q
BM bvMi?2iB+ i 22- p2 bmb i?2 ?2 i BMTmi mb2/ iQ ?2vTQi?2
2p TQ  iBQM " i27°QKi?2H2 7X h?2i?'22/ i b2 'B2b 2T 2b2]
PQB/pQHMK2b 7Q  i?2 bvMigRIiBF i2D2MiBild; i?2i 22 T QiQivT2
mb2/ 7Q° HH 2tT2BK2 MW/ ,d/#2BM; i?2Q 2iB+ Hb+ H2@mThb
122 bvbhbi2KX X X X X X X X X X X X X X X X X X X Rk® X X X

dXR U V a+?2K iB+ M/- U#V hBK2 H Th2 T?QiQ;  T?b Q7 i?2 2t]
r?2°2 i?2 bvMi?2iB+ 22 rBi? 7BHK Q7 ri2° iQT i?2 M MQT
M/ im#2b 2tTQb2/iQ B -r b ?2H/ bmbT2M/2/ #Qp2 +QHH2+
iBMmMQmbHv "2TH2MBb?2/ QM i?2 H2 76b iQT bm 7 +2 rB+F2/
K2K# M2 iQ 6FBHHG i?2 +m p2/ B @r i2° K2MBb+mbX JQ 2
7°QK bBM;H2 im#2 T°2@bmTTQb2b HQr2 ?v/° mHB+ "2bBbhi
bT QTQb2/BM T 2pBEMBXNXFX(RX X X X X X X KK X X X

dXk UV * TBHH v /'Bp2M i2MbBQM r?2°2r i2  2p TQ  i2b 7 QK
TQ Qmb K2/B M/ i?2 "2bmHiBM; +QM+ p2 K2MBb+B :2M2" |

Bb i° MbKBii2/ /QrM BMiQ i?2 #mHF r i2° #Q/vX U#V :  pBiv .
i2MbBQM-r?2°2i?2iQT Q7i?2 TQ Qmb K2/B Bb 7HQQ/2/- M/
ri2> +QHMKM TmHHb /QrM ; BMbi i?2 +Q?2bBp2 7Q +2b 2tBb
KQH2+mH2bX AMb2ib "2 xQQK2/ Qmi pB2rbXQX X XREMQTQ Q

dXj " T?2 Q7 ?v/ Qbi iB+PTV2HD M, BM; rBi? /2Ti? Q7 r i2° BM im#?2
M/i?2 +Q "2bTQM/BM; BM+ 2 b2 BM iR2w MM XBMRjAMbB QM
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XR a+?2K iB+b "2M/2°"BM; ?2Qr bvMi?2iB+ i 22 Bb 7 # B+ i2/X
+QKT ' Bb2/ Q7 M MQTQ Qmb +2° KB+ /BbFi? ib2 ' p2/ bi?2H
mb2/ 7Q tvH2K +QM/mBib- M/ "QQib //2/ QM 7i2° +? “;BM; U
1 +?2 im#2r b TH +2/ BMiQ + pBiv/'BHH2/ BMiQ i?2 mTT2 bm
M/ i?72 DQBMir b K /2 B iB;?i #v b2 HBMN; B iXr Xi X 2RQOKX X X

Xk a+?2K iB+ b?QrBM; ?2Qr bvMi?2iB+ i°'22 Bb +? “;2/ rBi? /2; &
BKK2 bBM; Bi BM TQi Q7 #QBHBM; r i2 - #27Q 2 bvMi?2iB+
M/ M 2tT2 BK2Mi Bb +QM/m+i2K M Xt K2XBX 2MXXX R X X X .
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GBbi Q7 h #H2b

8XR amKK v Q7 2tBhiBM; QBH@r i2 Xo XTX XBQM X X? B[ 2% X

dXR amKK v Q7 2tT2 ' BK2Mi H K2i?Q/b mb2/iQ bi 2blRKN2" iQ M:

tttB



GBbi Q7 ## 2pB iBQMb

Mt * BiB+ H722/r i2° KQH "Biv
aQH ~ #bQ TiBpBiv
*QM/m+i M+2 ° iBQ
+Qpb *QMi +i M;H2b Q7 QBH /"QTH2i QM bQHB/ bm#bi' i2 BM B
+Qb *QMi +i M;H2b Q7 r i2° /"QTH2i QM bQHB/ bm#bi* i2 BM B"
h, LQM@/BK2MbBQM H ?2B;?i/B772 2MiB H
mo J bb Q7 QBH
P S'2bbm'2/°QT
P.g. +v T 2bbm'2 +'Qbb H2 7
P.sg. +v T 2bbm 2 + Qbbi?2 7BHIi2 + Tb
P. . +v T '2bbm 2 /°QT
P..o>v/ Qbi iB+ T°2bbm 2 Q7 QBH +QHmMKM
P... >v/"Qbi iB+ T 2bbm 2 Q7r i2 +QHmMKM
P. >v/'Qbi iB+ T'2bbm 2 /°QT

Prq G TH +2 T 2bbm 2 "2[mB 2/ 7Q  i?2 QBH@r i2° K2MBb+B iQ |
+2ii2
Ps SQBb2mBHH2 T 2bbm 2 /°QT
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P p
Piovbe@ui2 i2MbBQM
Pioi Q Pi hQi HT 2bbm 2/ QT
**BiB+ HK2MBb+B "2i°'2 i /Bbi M+2
m  GB[mB/K bb 7HQr  i2
m 1p TQ iBQMK bb 7HQr " i2
Mmq: J tBKmK i MbTB  iBQM " i2
Q. *'BiB+ H?22i2 TQr2"
Q >2i2° TQr2
177B+B2M+v

0QHMK2 7> +iBQM Q7 QBH BM Tm 2 22t /2+ M2

Q
L)

0.1 S2°K2 i26b pQHMK2 7° +iBQM Q7 QBH

0-ir 0QHMK2 7° +iBQM Q7 QBH BM Tm 2 r i2°

0-ik 0QHMK2 7° +iBQM Q7 QBH BM 2KmHbBQM

0-i 0OQHmMK2 7" +iBQM Q7 QBH BM T2 K2 i2

0.q OQHMK2 7" +iBQM Q7 QBHBM Tm 2 r i2°

o1 S2° K2 i20b pQHmMK2 77 +iBQM Q7 r i2°
am'7 +2 i2MbBQM Q7 r i2°

p BMi2°7 +B Hbm'7 +2i2MbBQM QBH@ B~
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pq am 7 +2i2MbBQM Q7 i?2 ?2t /2+ M2@r i2 BMi2 7 +2
. AMi2°7 +B Hbm 7 +2 i2MbBQM Q7 bQHB/@ B"
6 S2 K2 #BHBiv Q7 i?2 7BHi2 T T2
w S2°'K2 #BHBiv +Q277B+B2Mi Q7 2p2 b2 QbKQbBb K2K#™ M2
GB[mB/ pBb+QbBiv
o PBHpBb+QbBiv
r qi2 pBb+QbBiv
GB[mB/ KQH " pQHmMK2
Q' SQ'QbBivQ7i?2M MQTQ 2b
PbKQiB+ T 2bbm 2
SB
GB[mB/ /2MbBiv
hw GB[mB//2MbBiv
o PBH/2MbBiv
" qi2 /2MbBiv
hQ imQbBivQ7i?2M MQTQ 2b
2tti 1tT2 BK2Mi HiBK2 b+ H2
in200N?2Q 2iB+ HiBK2 b+ H2

J2MBb+B +QMi +i M:H2 rBi? M MQTQ 2 r HHb
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Pq- /Ip M+BM; M;H2 Q7 1?72 QBH K2MBb+mb
_2+2/BM; +QMi +i M;H2 Q7 K2MBb+B
a qgi2 +iBpBiv
A QAy, 2?2 + Qbb@b2+iBQM H "2 Q7 i?2M MQTQ Qmb /BbF
A. "QiiH2 +'Qbb@b2+iBQM H "2
A "2 Q72 +? 7BHi2 T T2
ay GQ+ Hr i2 +iBpBiv #Qp2 i?2 K2MBb+mb
a K#B2Mir i2° +iBpBiv
c 0 TQ +QM+2Mi’ iBQM
C *QM+2Mi® i BQM Q7 ri2 p TQ #Qp2i?22p TQ iBM; BMi2 7 +2
Ct *QM+2Mi® iBQM Q7 b im™ i2/ri2 QM i?2 +QH/ TH i2
D qi2 pTQ /B77mbBpBivU*? Ti2 kV- hm#2 BMM2 /B K2i2 U*?
dr Qdr. go®BHiI2 T T2 TQ 2 bBx2
g " pBi iBQM H +QMbi Mi
Ove; GB[mB/ +QM/m+i M+2
Jpr OTQ +QM/m+i M+2
H >2B;?21i Q7 im#2
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RXR h MbTB  iIBQM BM M im  Hi 22b M/ TH I

h*22b M/ Qi?2° TH Mib ? p2 ‘2K 'F #H2 #BHBiviQ i MbTQ'ir i2 7
H2 p2b i?7°Qm;? T Q+2bb FMQrM b i MbTB iBQMX IMHBF2 rBi?
Q'; MBbKb-i?Bb KQp2K2Mi Q7 7THmMB/i? ' Qm;? i?2B  p2BMb Bb KQbik
QMi?2M im> H; /B2MiBM KQBbim 2 H2p2H #2ir22M B M/ bQBH- "
2M2 ;v 7Q° TnMRIQOTNBMSH MitvH2Kb-r?B+? "2 +QM/mBibK /2Q7BMi2"
r HHb Q7 /2 / +2HHb- ? p2 BMi2'M H K2K#" M2b rBi? TQ 2b i? i #Qi
KQp2K2Mi- M/ b2'p2 b b+'22M 7 QK i?2RKRBRM# QpeilgBOI M/~ (
;. pBiv + mb2b /2+°2 b2 BM T 2bbm 2 BM i?2 tvH2K- M/ 7Q  ?2B;
T 2bbm 2 #2+QK2b M2; iBp2X h?Bb M2; iBp2 T ' 2bbm 2- Q i2MbBQ
tvH2K iQ #2 bmT2 ?2 i2/ M/ K2i bi #H2- K FBM; Bi T'TQM2 iQ #QBH|
+ M H2 /iQ HQbb Q7 +QM/m+i M+2X i T 2bbm 2b bHB;?iHv #2HC(
#Qp2 iKQbT?2'B+ T 2bbm'2-i?2 HB[mB/- T'2pBQmbHvV BM +QMi +
B'- MQr +QMi BMb M 2t+2bb Q7 /BbbQHp2/ ; b2b M/ #2+QK2b pC
EmM##H2 ;2M2° iBQMX gBi? 7m’i?22° T 2bbm 2 "2/m+iBQMb #2HQr i?:
HbQ #2+QK2b bmT2 22 i2/- mMbi #H2 M/ T'QM2iQ #QBHBM; Up TQ
i?Bb TQi2MiB HHvV T'Q#H2K iB+ b+2M 'BQ- #Qi? i?2b2 mMbi #H2 bi |
/Im2 iQ i?2 +Qbi Q7 +iBp iBQM 2M2 ;v "2[mB 2/ 7Q" ; b MR+ H2mb 1
Lm+H2 iBQM i?2Q B2b bm;;2bi i? i i?Bb K2i bi #BHBiv + M 2M/m 2
*Ryy JS - T'QpB/2/i?2'2 2 MQ T 2R¥XtBH?BM QM MbBIQRB@i2MbBQ M
bm;;2bi i? i TH Mib KBiB; i2 i?Bb HB #BHBiv mbBM; r i2 6b +Q?2bB
Bi rBi? ?B;? i2ZMbBH2 bi 2M;i?-iQ T°QT ; i2 i?2b2 M2; iBp2 + TBHF
tVH2K- 7 +BHBi iBM; i?2 KQp2K2Mi Q7 r i2° 7RBK|)iR2 bQBH iQ i?2 H2

_2b2 "+? BM/B+ i2bi? ibQBH T r i2° TQi2MiB HBb Q7i2M M2; iBp2 M
Q7 /IBKBMBb?2/ T 2bbm 2 BM i?2 tvH2K- HHQrBM; i2MbBQM iQ T2 |
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6B:m 2 RXR, SH Mir i2  i2MbBQM K2 bm 2K2Mi, U V .B ;> K BHHmbD
T 2bbm 2 +? K#2 - r?B+? Bb mb2/ iQ K2 bm 2 tvH2K T 2bbm 2 BM -
TQbBiBQM2/ rBi? Bib bi2K T°'Qi ' m/BM; i?°Qm:? b2 HX h?2 B T 2b
> /m HHv BM+ 2 b2/ mMiBH HB[mMB// ' QTH2i 7Q Kb i tvH2KG&b +mi
T 2bbm 2i? i 2biBK i2bi?2 Q' B;BM HM2: iBp2 T 2bbm 2BM i?2 tvH?:
iQ /2i2 ' KBM2 tvH2K T 2bbm 2 BM bT2+B7B+ TH MibT2+B2bX U#V h?
T 2bbm 2 K2 bm 2K2Mib KQM; /B772 2Mi +HBK iB+ "2;BQMbX h?2
7°QK "2pB2r iB+H2 QM TH MX7HmMB/ /vM KB +Db(

M/ BM b?Q i2° TH Mib r?2M i?2 bQBH Bb MQi 7mHHv b im™ i2/X SH
2[mBHB# BmK #2ir22Mr i2° BM i?2 TH Mi M/ i?2 bQBH-r?2M i?2 2
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7 QK i?2 bQBH iQ i?2 iKQbT?2°2-iQ K2 bm 2 bQBH r i2° TQi2MiB 't
i?2 tvH2K T 2bbm 2 #27Q 2 bmM 'Bb2 rBi? a+?QH RKXR MbXoMm 2 -
i72 T2/ rMp Hm2 Q7 tvH2K r i2° TQi2MiB H b M 2biBK i2 Q7 bQBH
"2TQi2/i? iK M;"Qp2brBi? "QQibbm#K2 ;2/BM # BM2? p2 MB;?iiB
iQi?2 QbKQiB+ T 2bbm B3I3DB2VE iRIVU? ib? m#b BM "B/ +HBK i2b bQ
? p2 ?B;?2° K ;MBim/2 Q7 M2; iBp2 T 2bbm 2 BM i?2B" tvH2K- +QK1
K TH2b BM ?mKB/ +HBK R V6 iPR 6BH2K Q7 +2QbQi2 #mb?- b?Q
i?72 /2b2i- 2t?B#Bi2/ M2; iBp2 T 2bbm 2 rBi? K ;MBim/2 b ?B;? b 3.
+HQb2 iQ #° QQFb M/ 7°2b?r i2° bQm +2b 2t?B#Bi2/ p2" ;2 M2; iBp:

6m i?2 bim/v 2p2 H2/i? ir?2Mi?2 iKQbT?2 2Bb/ B2 i? Mi?2bQ
M2QmbHvV 7°QK "QQib iQ H2 p2b HQM; i?2 T i? Q7 r i2  TQi2MiB H |
BM #Qi? i?2 "QQib M/ H2 p2b +QMp2'ii?2 /BbT "BivBMr i2  TQi2M;
ri2°+QMi BM2/rBi?BMi?2bQBHTQ 2b M/p TQ BMi?2 iKQbT?2 2
rBi?BM i?2 tvH2K HB[mB/- HHQrBM; 7Q" ?B;? +QM/m+i M+2 Q7 r i2°
h> MbTB' iBQM 7°'QK bQBH rBi? HQr KQBbim' 2 +QMi2Mi Bb 7Q K
P2'b2 QbKQbBb-r?2 2 r i2° 2tBibi?2 H2 7 #v 2p TQ  iBQM BMiQ bm
T 2bbm 2 BM i?2 tvH2K iQ /" QT BMiQ i2MbBQMX h?Bb i2MbBQM Bb i
ri2°> 770K i?2 "QQi- mMiBH Bibr i2° TQi2MiB H /'QTb #2HQr i? i Q°
2Mi2 b i?2 "QQi K2K# > M2 7°QK i?2 bQBH rBi? HQr KQBbim 2 +QMi:
T 2bbm 2BMi?2 mMKBt2/ T? b2 rBi?BMi?2tvH2K-" 1?22 i? M T 2bbr
T? b2X AMi?Bbr v- TH Mib T2'7Q°K 7Q K QMX 2p2'b2 2p2°b2 Qb

g?BH2 TH Mib /Q MQiivTB+ HHv ii BMi?2 K tBKmK i2MbBH2 bi 2M;
i° MbTB iBQM- /Bb mTiBQM Q7 7THmB/ +QMiBMmBiv BM i?2 tvH2K |
K2i?Q/b 2 2KTHQV2/iQ K2 bm 2 i?Bb T?2MQK2MQM- BM+HmM/BM;
pB/m Hbi2K 2KTivBM;- +QmbiB+ bb2bbK2Mi mbBM; mK3kPQmM/ ;
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M/ BKK2/B i2Hv K2 bm BM;i?2 ?v/"  mHB+ 2bBbi M+2Q +QM/m+i M
rBi? DbT2+B7B2/r i2k§RIAMBB MQi2rQ i?vi? i TH Mib+ M "2+mT2"
iB H2K#QHBx iBQM U#v i?2 "2TH2MBb?K2Mi Q7 2K#QHBx2/ p2bb?2
H2i? H i? 2b?QH/ 7Q" +QM/m+i M+2 Kdbbhp 2 BAWBAB hEQMBQRE ¢ pB
Q7i2M Q++m'b i i2MbBQMb +QMbB/2" #Hv #2HQr i?2 MiB+BT i2/ bi
M2Qmb Mm+HX hBRW R+Bb2 T Q+2bb i? i 2bi #HBb?2b i?2 bi #BHBIiv
Mm+H2 iBQM Bb MQi v2i 7TmHHV mM/2 biQQ/X >Qr2p2 - 2tT2 BK2Mi
i iBQM +QmH/ Q++m> b B Bb TmHH2/ BMiQ HB[mB/ 7BHH2/ tvH2K
K2K#' MRIK (//BiBQM HHv- ?2i2°Q;2M2Qmb K2+? MBbKb Q7 #m##H?2
Q#b2 p2/ BM i?2 bim/v Q7 bmT2 ?2 i2/ HB[mB/b M/ #QBHBM;- K v
Q7 K2i bi #H2 +QM/BiBQMb bB;MB7B+ MiHV HQr2'  i? M ?2QKQ;:2M2¢(
k3X b BKTHB2/ #Qp2-i?2; pBi iBQM HT 2bbm 2?2 /BKTQb2b H
tvVH2K Q7 i°22b-7Q b TH Mi ;"Qrbi HH2 - i?2 K2i bi #BHBiv BM i?
“2b2 “+? B/2MiB7B2/ +QMbBbi2Mi T ii2 MbBM bT2+B7B+ T?vbBQHOQ
K2K# M2 bi m+im 2V b TH Mib; Qri HH2 - M/ i?2M 2ti2M/BM; i?2¢L
TQBMir?2°2 pB #BHBivHQbb-bm+? b +QKTH2i2 +QM/m+iBpBiv HQI
i BMbT2+B2bd K tBKmK ?2B;?ib+QmH/ #2 2bi B+i2/ #v HBKBi iBQMNM
h?2b2 T'"QTQbBiBQMb "2 ?2Qr2p2  # b2/ QM bbmKTiBQMb M/ i?Q"
TH Mib "2 +? +2°i BM K tBKmK ?2B;Rdb Bb biBHH mM+H2 ~ (

RXk >BbiQ v Q7 bvMi?2iB+ 1 22b

“rBM; BMbTB  iBQM 7°QK i?2M im> HT Q+2bb Q7 i  MbTB  iBQM-
"2THB+ i2 i?2 7TmM+iBQM HBiv Q7 i°22b i?°Qm;? i?2 +2 iBQM Q7 b
+QM+2Ti Q7 bvMi?2iB+ i'22b / i2b # +FiQ R3N8-r?2M .BtQM M/ CQ
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BMpQHpBM; i?72 +QMiBMMQmb TmKTBM; Q7 r i2 - mT bBM;H2 im#2
+QMM2+i2/ iQ TQ ' Qmb +mTh @MXQAMBDB[VI;22M /Bp(M+2K2Mib BM i?
BM+HmM/2 h?mi6éb RNk3 /2KQMbi® iBQM-r?2°2 T 2@7BHH2/ bvMi?
K2'+m V@7BHH2/ # i? mTi?2 im#2jypX AM 2p O@MiZb2A FBM; /2p2HQ
BM RNdy- > vr '/ /2KQMbi 2/ 2K "F #H2 +?B2p2K2Mi #v mbBM;
K BMi BM +QHmMKM Q7 HB[mB/- i ?2B;?i Q7 RdK #Qp2 Bib bm " Qr
BMRX h?Bb 2tT2 BK2Mir b i?2 7B biiQ b?Qr i?2 #BHBiviQ K BMi E
ri2> T 2bbm 2i? i2t+22/2/i? iQ7i?2 iKQbT?2'2X Hi?Qm;? MQi M
M im"  Hi 226bi MbTB iBQM-i?Bb 2tT2 BK2Mi+QM7B K2/i?272 b
M2; iBp2 T'2bbm 2b BM bvMi?2iB+ bvbi2KbX

AM kyy3- q?22H2° M/ ai QQ+F 2KTHQv2/ +miiBM;@2/;2 M MQfKB+
+72 12 bvMi?2iB+i°22i? i "2THB+ i2/i?2 7mM+iBQMb Q7 "QQib-tvk
i?72 7B bi 6i'22@ QM@ @+?BTX06 h?Bb /2p2HQTK2Mi /2KQMbi™ i2/i?
K BMi BM M2; iBp2r i2° T '2bbm 2b QM i?2kIX/HIiQQ K22 iS 2w /BhbMQi
[2KQMbi™ i2i?2 #BHBiIiVIiQHB7ir i2° Qp2  Ryy K2i2 ' b-i?27?B;?2biT":
rBi?Qmi + pBi iBQMr b RXyJS -r?B+? Bb i?2Q 2iB+ HHv bm77B+B
M/ ai’QQ+F BM kyyN- +QKT "2/ i?2 +? HH2M;2b bbQ+B i2/ rBi? mb
+°2i2ri2 i2MbBQMi? Qm;? + TBHH BivBM bQHB/TQ QmbH2 7X
/] vb 7Q° M MQTQ' 2 +? “;BM;- Q7i2M H2/iQ ;H bb 7  +im'BM; /m ' BM
rbmM #H2 iQ +?B2p2r i2°  i2MbBQNX H2BQrHBEBSIiBQM r b ii B#
iQ i72 TQ 2 bBx2b, iQ ;2M2" i2 M2; iBp2 T'2bbm 2b BM HB[mB/ r i
K2K#™ M26b TQ 2b Kmbi ? p2 ~ /Bmb H2bb i? M KB+ QK2i2" B7 71
T2 i22uQmM; @G TH +2 2[m iBQMX h?2 K i2'B HKmbi HbQ ? p2 b
bBx2 /IBbi ' B#miBQM M/ #2 /272+i@7 22X A7 bBM;H2 TQ 2 2t+22/
B7i?2°2 27 +im2bBMi?2 K i2°'B HH2 /BM; iQTQ 2b Q7 i?Bb bB
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i2°Qm;? i?2b2 T i?b #27Q 2 M2; iBp2 T 2bbm 2b + M #2 +?B2p2/X h
i72v T°QTQb2/ mbBM; +?2KB+ HHv + Qbb@HBMF2/- TQHVK2 B+ ?
TQ Qmb bQHB/ 7Q i?2 K2K#  M2X >v/ ' Q;2Hb r2°2 /2b+ B#2/iQ Q77
TTHB+ #BHBiv/m2iQ i?2 KQH2+mH "@b+ H2 KBtBM; Q7 r i2 rBi? i’
bm#bi MiB Hi?2 KQ/vVM KB+ bi #BHBxX iBQM Q7 i?2r i2 X h?Bb T°Q°
K BMi BM ?v/> iBQM U pQB/ B BMp bBQMV M/ r i2° KQ#BHBiv 2p?2
Q7 2ti'2K2HvV HQr +iBpBivX AM M ii2KTiiQ +? > +i2 'Bx2i?2 i?2 K
Q7 r i2> mM/2° M2; iBp2 T 2bbm 2- BM+HmM/BM; Bib K2i bi #H2 bi i
Q#b2 p2/ i?2 2b?QH/ Q7 bi #BHBiv 7Q  HB[mMB/r i2° BM bvMi?2iB+ ;2
JS X h?2bim/v7m i?2 BMp2biB; i2/i?2 TQi2MiB H7 +iQ b +QMi B#
i?72 T'2/B+iBQM Q7 ?QKQ;2M2Qmb Mm+H2 iBQM i?2Q v- BM+Hm/BM
iQ ?2v/ QT?Q#B+ T i+?2b QM pQB/r HHb- Mm+H2 iBQM i"B;;2 2/ #v /
BMBiB i2/ #v T 2@2tBbiBM; p TQ  Mm+H2B- M/ B BMp bBQMi? Qm
M HvbBb bm;:2bibi? ii?2 H biirQ TQbbB#BHBiB2b "2 H2bb HBF2H
Gi)Xx

/IBiBQM H bim/B2b ? p2 2tTHQ 2/ i?2 /vM KB+b Q7 /'VvBM; M/ + |
M MQb+ H2 ?v/> mMHB+ bvbi2Kb- bT2+B7B+ HHv 7Q+mbBM; QM bBir
K2/BmK Bb 2tTQb2/iQ bm#b imjd2d)-iKBJBT2ZQ@ (b BM/B+ iBM; irQ K
MBbKb Q7 /"vBM;, QM2 BMpQHpPBM; i?2 "2+2/BM; Q7 i?2 HB[mB/ T?
B H- M/i?2 Qi?2° BMpQHpPBM: + pBi iBOM Up TQ  #m##H2b 7Q K b
HB[mB/ 2 +?22b Bibi2MbBH2bi'2M;i? Q i?°Qm;?i?2 K HHv +iBp i2/
TQ 2 HB[M)B/VMIM kyR9- ai ' QQ+F 2i HX mMp2BH2/ b2MbQ  + T #H:
M2: iBp2 T 2bbm Rl 83HQ@B;MB7B+ MiHvV 2ti2M/BM; i?2 K2 bm 2K 2\
i? i Q7 2tBbiBM; i2NI3BQK2i2 b (

_2+2MiHv- G K# 2i HX bm;;2bi2/ MQp2H TT Q +?iQ + 2 iBM; bvM
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2K2 ;BM; K i2 B Hb HBF2 ;> T?2M2 QtB/2X h?2b2 K i2 B Hb TQbb2|
i? i KBKB+ i?Qb2 7QmM/ BM TH Mi +2HH r HHb- r?B+? TH v "QH2 B
+ T #H2 Q7 :2M2  iBM: ;"2 i2° + TBHH v 7Q +2b M/ i  MbTQ iBM; F
AM i?2B  2tT2 BK2Mi- mbBM; +2° KB+ /BbF b H2 7-i?2v bm++2b
iQ ?2B;?i Q7 3 K2i2'b BM KB+]]pX GBRRi WHMN#2KQMbi  i2/i?2 im]l
Biv Q7 i  MbTB  iBQM #v 2KTHQVBM; ;2H@HBF2 H2 p2b 72 im BM; *
KB+ Q+? MM2Hb iQ KBMBKBxXx2 7HQr “2bBbi M+2- M/ M MQ@bBx2/
K :MBim/2 Q7 BOgXiBh@®bQR /p M+2K2Mib ?B;?HB;:?i i?2 2pQHmMiBQM
i2+?MQHQ:;v M/ Bib TQi2MiB H iQ "2THB+ i2 M/ bm T bb i?2 ?v/  n
i*22bX

RXj GBKBi iBQMb Q7 +m > 2Mi bvMi?2iB+ i 22k

_2+2Mi2TQ'ib? p2bvMi?2iB+ H2 p2b2tTQb2/iQ K2i2°2/ B  bi 2 K
i?72 K#B2Mi ?mKB/Biv- HHQrBM; i?2 i'22iQ QT2 i2 BM 7Bt2/ T i
QMK 2BR[jk-jd-j3)X AM bm+? +QMi'QHH2/ 2MpB " QMK2Mi-r?2M i?2i?
#Qp2i?2 B @r i2" BMi2 7 +22t+22/bi?2 K tBKmK M2; iBp2 bm+iBC
+ M bmbi BM- i?2 K2MBb+B r2°'2 "2TQ i2/ iQ BM+'2 b2 i?2B  HQ+ H
#v 2+2/BM; BMRX/AM +QMi" bi- K Mv Qi?2 b2imTbh TH +2 i?2 bvMi?~
2MpB QMK2Mir?2°2i?2 B  Bbj#®JEOy DRMNAMBIQBIb(+ b2- i?2 HQ+ H ?
Biv- M/ +QMb2[m2MiHv i?2 i?2 KQ/vM KB+ T 2bbm 2 M/ +QmMi2 #
BMBiB HHv mM/2i2 ' KBM2/- + M #2 TT QtBK i2/ #v [m MiB7vBM; i?z
TTHVBM; i?2 T'BM+BTH2 Q7 K bb +QMb2 p iBQM iQ i?2 i'22- r?2Qb
FMQrMX

a+ H2i T ' 2b2Mi- bvMi?2iB+i 22 /2bB;Mb T 2/QKBM MiHv 72 im 2 KB-
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bm#bi  i2- +QM7B;m iBQMi? ib2p2 '2Hv +m'i BHb i?2B b+ H #B
i?2B° miBHBiv 7Q T  +iB+ H TTHB+ iBQMb "'2[mB BM; H ;2 @b+
BM 7B2H/b HBF2 r i2" 2ti° +iBQM M/ QBH b2[m2bi° iBQMX q?BH2 b
[2p2HQT2/ rBi? p2 ' iB+ HHv Q B2Mi2/ bi m+im 2b-i?2 K DQ Biv 2
+QM/mBibX h?Bb bi M/b BM bi "F +QMi" biiQM im> Hi 22b-r?B+? ¢
BM; tvH2K M2irQ Fb-2M #HBM; i?2K iQ 277B+B2MiHv i° MbTQ i 7Hr
_2+2Mi bim/B2b ? p2 ii2KTi2/iQ // '2bb i?Bb HBKBi iBQM #v /2bB; N\
KmHIiBTH2 p2 iB+9) #@M/M2B2bb(BHH 2tBbi HQi Q7 "QQK 7Q  BKT'Q

h?"Qm;?Tni?2 BMbi #BHBiv Q7 K2MBb+B BM bvMi?2iB+ H2 p2b mM/
/IBIBQMb T 2b2Mib bB;MB7B+ Mi +? HH2M;2 7Q i?2B mb2 BM "2
"Bb2b 7°QK /Bb+ 2T M+vBMTr i2° +iBpBiv ii?2BMi2°7 +2 Q7 bm#|
ri2° - "2bmHiBM; BM K2+? MB+ HT 2bbm 2 FMQrM b E2HpBM T 2b
i?Bb E2HpBM T 2bbm 2 BM+ 2 b2b +QMiBMmMQmbHv- 2t+22/BM; 2p2
i?7 i+ M#2 +?B2p2/ 7Q° ;Bp2M TQ 2 bBx2 #2HQr +'BiB+ H ?mKB/
bvbi2Kb- i?Bb #2+QK2b T 'Q#H2K iB+ 7i2" i?2 BMi2'7 +2b 7mHHv r
M/ 2Mi2 i?2 M2B;?#Q BM; p b+mH ~ +? MM2Hb- i?2 G TH +2 T 2bk
MQ HQM;2  T'2b2MiX aQK2 bim/B2b ? p2 b?QrM i? i r?2M i?2 pQH i
1?72 TQ 2b Q7 i?2 H2 7-i?2v+ M 2 +? 2[mBHB#IRBR®RKX b Qn2WR/Biv B
+? HH2M;2b 2K BM BM /2bB;MBM; i 22b rBi? i?B+F 2MQm;? H2 p2b
biQK i +QM+2Mi" i2HQ+ H ?mKB/Biv /B 2+iHv #Qp2r i2 K2MBb+B
iB+ H TTHB+ iBQMb "2[mB BM; ?B;?2r i2 i?2 ' Qm;?Tmi + Qbb irQa@
HBKBi iBQM iQ i?2°Qm;?Tmi BM +m " "2Mi bvMi?2iB+ i'22b Bb i? i i?2
bBM;H2 KB+ Q+ TBHH "v- ?BM/2 BM; i?2B" #BHBiviQ +?B2p2i?2 7~
H ";2-M im Hi 22bX

TTHB+ iB@QWMNMi?2iB+i 22b? p2/2KQMbi" i2/ 2K "F #H2TQi2MiB H
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bm'7 +2 i2MbBQM iQ T bbBp2Hv /'Bp2 p BQmb TTHB+ iBQMbX aQ

iBQM iQ 2p TQ  i2 ri2 - b?Qr+ bBM; i?2 HB7iBM; TQr2" Q7 bvMi?
i?72°2 7?2 p2 #22M 277Q ib iQ 2tTHQ 2 i?72B" TI9XB +2bB @M BM2 b2b HaB |
p M+2K2Mib- i?2 2 2tBbib bB;MB7B+ Mi mMi TT2/ TQi2MiB H 7Q" b
bm+? bri2 2 'p2biBM; M/ QBH@r i2° b2T * iBQMX 1tT M/BM; i?2
bvMi?2iB+ i 22b ?BM;2b QM //"2bbBM; i?2B" +m " "2Mi HBKBi iBQMb-
i2°Qm;?2TmiX Pp2 '+QKBM; i?2b2 +? HH2M;2b +QmH/ mMmMHQ+F M2r T
K FBM; i?2K 2p2M KQ 2 p2'b iBH2 M/ BKT +i7mH BM //"2bbBM; T .
i2+?MQHQ;B+ HM22/bX

Pp2° HH- Qp2 +QKBM; i?2b2 HBKBi iBQMb rBHH #2 + m+B H 7Q " mN
i?2iB+ i°22b BM p "BQmb 7B2H/b- BM+HmM/BM; r i2> K M ;2K2Mi- “2N
K2Mi H "2K2/B iBQMX



*? Ti2 K

h- MbTB iIBQM BM bvMi?2iB+ i 2

6h?2 :Q HQ7 HB72 BbiQ K F2vQm"®
22 Ti#2 i K i+? 0?22 #2 i Q7 i?2
MmMMBp2 ' b2-iQ K i+?2vQm M im 2 rB
L im®d2

CQb2T? * KT#2HH

h?2 +QMi2Mi Q7 i?Bb +? Ti2  r b T 2pBQmbHv Tm#HBb?2/ b 2t
iB7B+ DQI MJK/QHBM; i MbTB  iBQM BM bvMi?2iB+ i'22b- L/B/B
S2M;- M/ CQM i? M "X "Q 2vFQ- AMiX CX >2i J bb h> Mb7X kyk}
RyXRyRefDXBD?2 iK bbi’ Mb72 XkykRXRKkRKRV- M/ 2T Q/m+2/ ?
h?Bb +? Ti2  ;Bp2b /2i BH2/ i?2Q 2iB+ H /2TB+iBQM Q7 ?2Qr- #Qi?
"QMK2Mii?2 bvMi?2iB+ H2 7 Bb 2tTQDb2/ iQ- M/ +? M;BM; bBx2 Q7 i-
i?72°i2 M/ HBKBib Q7 i  MbTB" iBQMX

RR
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