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Ndidi Lilyann Eyegheleme

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.



Ndidi Lilyann Eyegheleme

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 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]. . 3

2.1 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

load. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.2 Diagram that summarizes the four different modes of operation for synthetic

trees. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
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2.3 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 (jP j= jP j< jP j),

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 (jP j> jP j), the menisci recede until achieving an

increased local vapor concentration (c ) where P �P . . . . . . . . . . . 19

2.4 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 (a1 = 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 Eqs. 1 and 4 with

jP j = 190.3 MPa, 95.1 MPa, and 39.5 MPa corresponding to 25%, 50%, and

75% relative humidities, respectively. . . . . . . . . . . . . . . . . . . . . . . 20

2.5 Graphs of the transpiration mass flow rate versus ambient water activity.

The transpiration rate is calculated from a1 and the given tree geometry

using Eqs. 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 a1. 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 = 1 and t= 1 �m, (b) H = 100 m and t= 1 �m, (c) is H = 10 m

and t= 10 �m, and (d) H = 100 m and t= 10 �m. . . . . . . . . . . . . . . . . 22
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2.6 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 � = 0�, while _m 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 = 10 m or (b) H = 100 m. 24

2.7 Plots of the maximum possible transpiration rate versus the receding contact

angle of the nanoporous leaf. First, P was calculated from Eq. 2.4 for

each value of � , and subsequently _m 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)

rp = 1 nm, (b) rp = 10 nm, or (c) rp = 100 nm. . . . . . . . . . . . . . . . . . . 25

2.8 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 _m 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 jP j= 95.1 MPa, combined with

Eq. 2.5. (a) When r = 10 nm, jP j = 14.5 MPa the leaf permeability is

k = 1.28 � 10�15 m2/Pa�s, and the linear conductance ratio is � = 1.49 � 10�5.

(b) When r = 100 nm, jP j = 1.45 MPa, k = 1.28 � 10�13 m2/Pa�s, and

� = 1.49 � 10�6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
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2.9 The retreat distance as a function of the ambient water activity. Values for �

are calculated using Eqs. 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 p = 1 kPa to yield � = 1:49 � 10�4; 10�5, or 10�6 for r = 1, 10,

or 100 nm, respectively. (b) The linear conductance ratio was varied with a1.

Specifically, p =a1p was plugged into Eq. 2.6 to obtain �. . . . . . . . . 28

2.10 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

Eqs. 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% (jP j = 95.1 MPa) or (b) 75%

(jP j= 39.5 MPa). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

2.11 The local water activity (left y-axis) and retreat distance (right y-axis) as

functions of the receding contact angle. Values are calculated from Eqs. 2.1,

2.2, 2.4, 2.5, and 2.6 with t = 100 �m. (a–c) The ambient humidity was

50% with nanopore sizes of r = 1, 10, and 100 nm, respectively, resulting

in � = 2.36 � 10�4, � 10�5, or � 10�6. (d–f) The ambient humidity was

75% with nanopore sizes of r = 1, 10, and 100 nm, respectively, resulting

in � = 3.54 � 10�4, � 10�5, or � 10�6. . . . . . . . . . . . . . . . . . . . . . . 31

2.12 Graphs plotting the retreat distance (left y-axis) and transpiration rate (right

y-axis) as functions of nanopore radius. These variables were calculated from

Eqs. 2.1, 2.2, 2.3, 2.4, 2.5, and 2.6, where � = 0� and the ambient humidity

was either 50% (jP j= 95.1 MPa) or 75% (jP j= 39.5 MPa). The tube height

and leaf thickness were: (a) 10 m and 1 �m, (b) 100 m and 1 �m, (c) 10 m and

10 �m, or (d) 100 m and 10 �m. . . . . . . . . . . . . . . . . . . . . . . . . . 33
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2.13 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 (jP j = jP j < jP j), 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 (jP j> jP j). In this case,

the menisci recede until achieving a reduced evaporation rate and increased

local vapor concentration (c ) where mass is conserved and P �P . . . . 37

2.14 (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 = _m . (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 = 10 m and

the leaf thickness was t= 1 �m). . . . . . . . . . . . . . . . . . . . . . . . . . 38

2.15 (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

the end of each curve, where the value of _m depended on the tree geometry. 40
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�`�2�;�B�K�2 ���M�/ �K�2�M�B�b�+�B �`�2�i�`�2���i �Q�p�2�` �i�?�2 �`���M�;�2 �Q�7 �?�2���i �B�M�T�m�i�b �+�Q�M�b�B�/�2�`�2�/�X�X �X �X �X �X�9�8

�k�X�R�3 �:�`���T�?�b �T�H�Q�i�i�B�M�; �i�?�2 �H�Q�+���H �r���i�2�` ���+�i�B�p�B�i�v �U�H�2�7�i �v�@���t�B�b�V ���M�/ �K���t�B�K�m�K �i�`���M�b�T�B�@
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�R �b�m�M �Q�7 �b�Q�H���` �B�`�`���/�B���i�B�Q�M �Uq�b�Q�H���`= 1:0�F�q �K� 2�V�- ���M�/ �i�?�2 �H���i�2�M�i �?�2���i �Q�7 �p���T�Q�`�@

�B�x���i�B�Q�M ���i �`�Q�Q�K �i�2�K�T�2�`���i�m�`�2 �UL =2:43 � 106 �C�f�F�;�V�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�8

�9�X�j �S�`�2�b�b�m�`�2 �/�`�Q�T�b �p�2�`�b�m�b �i�?�2 �H�2���7�ö�b �M���M�Q�T�Q�`�2 �`���/�B�m�b�X �h�?�2 �p���`�B�Q�m�b �T�`�2�b�b�m�`�2 �/�`�Q�T�b

�r�2�`�2 �+���H�+�m�H���i�2�/ �7�`�Q�K �1�[�b�X �9�X�j�- �9�X�9�- �9�X�8�- ���M�/ �9�X�d�X �h�?�2 �K�m�H�i�B�T�H�2 �+�m�`�p�2�b �7�Q�` �i�?�2

�`�2�p�2�`�b�2 �Q�b�K�Q�b�B�b �T�`�2�b�b�m�`�2 �/�`�Q�T �U�#�H�m�2�V ���M�/�- �#�v �2�t�i�2�M�b�B�Q�M�- �i�?�2 �i�Q�i���H �T�`�2�b�b�m�`�2 �/�`�Q�T

�U�Q�`���M�;�2�V ���+�+�Q�m�M�i �7�Q�` �i�?�2 �B�M�+�`�2���b�B�M�; �b�Q�H�m�i�2 �+�Q�M�+�2�M�i�`���i�B�Q�M �Q�7 �i�?�2 �7�2�2�/�r���i�2�` �Q�p�2�`

�i�?�2 �+�Q�m�`�b�2 �Q�7 �i�?�2 �/���v�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�e
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�9�X�9 �S�`�2�b�b�m�`�2 �/�`�Q�T�b �p�2�`�b�m�b �i�?�2 �H�2���7�ö�b �M���M�Q�T�Q�`�2 �i�?�B�+�F�M�2�b�b�X �h�?�2 �p���`�B�Q�m�b �T�`�2�b�b�m�`�2

�/�`�Q�T�b �r�2�`�2 �+���H�+�m�H���i�2�/ �B�M �i�?�2 �b���K�2 �K���M�M�2�` ���b �6�B�;�m�`�2 �9�X�j�- �#�m�i �?�2�`�2 �i�?�2 �M���M�Q�T�Q�`�2

�`���/�B�m�b �r���b �p���`�B�2�/ ���b �U���-�#�Vr �T= �8 �M�K �Q�` �U�+�-�/�Vr �T= �8�y �M�K�X�X �X �X �X �X �X �X �X �X �X �X �X�d�d

�9�X�8 �a�2�K�B�@�H�Q�; �T�H�Q�i �Q�7 �i�?�2 �/���B�H�v �p�Q�H�m�K�2 �Q�7 �?���`�p�2�b�i�2�/ �r���i�2�` �p�2�`�b�m�b �i�?�2 �/�B�b�F �`���/�B�m�b

�U�#�H�m�2 �H�B�M�2�V �Q�` �r���i�2�` �#�Q�i�i�H�2 �`���/�B�m�b �U�`�2�/�V�X �*�m�`�p�2�b ���`�2 �;�2�M�2�`���i�2�/ �m�b�B�M�; �1�[�X �9�X�R

�7�Q�` �� �7�B�t�2�/ �#�Q�i�i�H�2 �`���/�B�m�b �Q�7R�" = �8 �K �Q�` �� �7�B�t�2�/ �b�Q�H���` �/�B�b�F �`���/�B�m�b �Q�7R�a�. = �R�y �K�X�X�3�R

�8�X�R �6���#�`�B�+���i�B�Q�M �Q�7 �i�?�2 �b�v�M�i�?�2�i�B�+ �`�Q�Q�i�b �i�?���i �2�M���#�H�2 �Q�B�H�@�r���i�2�` �b�2�T���`���i�B�Q�M ���i �i�?�2

�B�M�i���F�2 �Q�7 �i�?�2 �b�v�M�i�?�2�i�B�+ �i�`�2�2�X �U���V �a�+�?�2�K���i�B�+ ���M�/ �U�#�V �T�?�Q�i�Q�;�`���T�? �Q�7 �i�?�2 �+�Q�K�@

�T�Q�M�2�M�i�b �Q�7 �i�?�2 �7�B�H�i�2�` �+���T�b �+�Q�K�T�`�B�b�B�M�; �i�?�2 �`�Q�Q�i�b�X �6�`�Q�K �i�Q�T �i�Q �#�Q�i�i�Q�K�- �i�?�2

���b�b�2�K�#�H���;�2 �Q�7 �2���+�? �7�B�H�i�2�` �+���T �B�M�+�H�m�/�2�b �7�Q�m�` �#�Q�H�i�b�- ���M �m�T�T�2�` ���H�m�K�B�M�m�K �7�H���M�;�2�-

�� �T�B�2�+�2 �Q�7 �+�2�H�H�m�H�Q�b�2 ���+�2�i���i�2 �7�B�H�i�2�` �T���T�2�` �b���M�/�r�B�+�?�2�/ �#�2�i�r�2�2�M �b�i���B�M�H�2�b�b �b�i�2�2�H

�K�2�b�?�2�b�- �� �H�Q�r�2�` ���H�m�K�B�M�m�K �7�H���M�;�2�- ���M�/ �7�Q�m�` �M�m�i�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�3
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�8�X�k �h�`���M�b�T�B�`���i�B�Q�M �T�Q�r�2�`�2�/ �Q�B�H�@�r���i�2�` �b�2�T���`���i�B�Q�M �m�b�B�M�; �� �b�v�M�i�?�2�i�B�+ �i�`�2�2�X �U���V �a�+�?�2�K���i�B�+

���M�/ �U�#�V �T�?�Q�i�Q�;�`���T�? �Q�7 �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �b�2�i�m�T�- �r�B�i�? �i�?�2 �`�Q�Q�i�b �Q�7 �i�?�2 �b�v�M�i�?�2�i�B�+

�i�`�2�2 �b�m�#�K�2�`�;�2�/ �B�M ���M �Q�B�H�@�r���i�2�` �`�2�b�2�`�p�Q�B�` ���M�/ �i�?�2 �M���M�Q�T�Q�`�Q�m�b �H�2���7 �2�M�+���b�2�/ �B�M ��

�?�m�K�B�/�B�i�v �+�Q�M�i�`�Q�H �#�Q�t�X �h�?�2 �i�Q�T �`�B�;�?�i �B�M�b�2�i �b�?�Q�r�b �� �K���;�M�B�7�B�+���i�B�Q�M �Q�7 �?�Q�r �i�?�2

�r���i�2�` �2�p���T�Q�`���i�B�M�; �7�`�Q�K �i�?�2 �M���M�Q�T�Q�`�2�b �+�`�2���i�2�b �+�Q�M�+���p�2 �K�2�M�B�b�+�B�- �r�?�B�+�? �;�2�M�2�`�@

���i�2 �� �M�2�;���i�B�p�2 �G���T�H���+�2 �T�`�2�b�b�m�`�2�X �h�?�2 �#�Q�i�i�Q�K �H�2�7�i �B�M�b�2�i �B�H�H�m�b�i�`���i�2�b �?�Q�r �i�?�2

�r���i�2�` �T�`�2�7�2�`�2�M�i�B���H�H�v �;�2�i�b �b�m�+�F�2�/ ���+�`�Q�b�b �i�?�2 �Q�B�H �7�B�H�i�2�`�b �U�B�X�2�X�- �+�2�H�H�m�H�Q�b�2 ���+�2�i���i�2�V

���M�/ �m�T �i�?�2 �i�m�#�2�b�- �r�?�B�H�2 �b�+�`�2�2�M�B�M�; �i�?�2 �Q�B�H �U�?�2�t���/�2�+���M�2�V �/�`�Q�T�b�X �a�B�t �;�H���b�b �i�m�#�2�b�-

�2���+�? �2�t�?�B�#�B�i�B�M�; ���M �B�M�M�2�` �/�B���K�2�i�2�` �Q�7 �9�X�y�e �K�K ���M�/ �� �?�2�B�;�?�i �Q�7 �j�y �+�K�- �b�T�Q�M�i���@

�M�2�Q�m�b�H�v �i�`���M�b�T�B�`�2�/ �r���i�2�` �7�`�Q�K �i�?�2 �`�2�b�2�`�p�Q�B�` �i�Q �K���B�M�i���B�M �?�v�/�`���i�B�Q�M �r�B�i�?�B�M �i�?�2

�b�v�M�i�?�2�i�B�+ �H�2���7�X �h�?�2 �Q�p�2�`�?�2���/ �b�i�B�`�`�2�` �r���b �i�m�`�M�2�/ �Q�M �7�Q�` �R�y �K�B�M ���i �� �i�B�K�2 �i�Q

�T�`�2�p�2�M�i �/�2�@�2�K�m�H�b�B�7�B�+���i�B�Q�M�- �7�Q�H�H�Q�r�2�/ �#�v �R �K�B�M �Q�7 �M�Q �b�i�B�`�`�B�M�; �7�Q�` �i�?�2 �m�M�/�2�`�H�v�B�M�;

�K���b�b �#���H���M�+�2 �i�Q ���+�+�m�`���i�2�H�v �i�`���+�F �i�?�2 �/�2�+�`�2���b�2 �B�M �`�2�b�2�`�p�Q�B�` �K���b�b �Q�p�2�` �i�B�K�2�X�X �X�N�j

�8�X�j �a�+���M�M�B�M�; �2�H�2�+�i�`�Q�M �K�B�+�`�Q�;�`���T�?�b �Q�7 �i�?�2 �b�v�M�i�?�2�i�B�+ �H�2���7 ���M�/ �`�Q�Q�i�b�X �U���-�#�V �a�v�M�i�?�2�i�B�+

�M���M�Q�T�Q�`�Q�m�b �H�2���7 �r�B�i�? ���M �2�b�i�B�K���i�2�/ ���p�2�`���;�2 �T�Q�`�2 �`���/�B�m�b �Q�780�M�K�-32�W �T�Q�`�Q�b�B�i�v�-

���M�/ �i�Q�`�i�m�Q�b�B�i�v �Q�7 �j�X�8�X �U�+�-�/�V �*�2�H�H�m�H�Q�b�2 ���+�2�i���i�2 �K�2�K�#�`���M�2 �2�t�?�B�#�B�i�B�M�; �� �i�?�B�+�F�M�2�b�b

�Q�7150� �K ���M�/ �K���t�B�K�m�K �T�Q�`�2 �/�B���K�2�i�2�` �Q�72� �K�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�9

�8�X�9 �:�`���T�?�b �Q�7 �i�?�2 �r���i�2�` �K���b�b �i�`���M�b�T�B�`�B�M�; �7�`�Q�K �i�?�2 �b�v�M�i�?�2�i�B�+ �i�`�2�2 �Q�p�2�` �i�B�K�2�X �U���V

�h�`���M�b�T�B�`�2�/ �K���b�b �Q�p�2�` �i�B�K�2 �r�?�2�M �i�?�2 �H�2���7 �r���b �2�t�T�Q�b�2�/ �i�Q ���M ���K�#�B�2�M�i ���B�` �2�M�@

�p�B�`�Q�M�K�2�M�i �URH = �e�j�W� �k�W�V ���M�/ �i�?�2 �`�Q�Q�i�b �r�2�`�2 �b�m�#�K�2�`�;�2�/ �B�M �� �T�m�`�2 �r���i�2�`

�`�2�b�2�`�p�Q�B�`�X �U�#�V �h�`���M�b�T�B�`�2�/ �K���b�b �Q�p�2�` �i�B�K�2 �r�?�2�M �i�?�2 �H�2���7 �r���b �2�M�+���b�2�/ �B�M �� �?�m�@

�K�B�/�B�i�v �+�Q�M�i�`�Q�H �#�Q�t �URH = �3�W� �R�W�V ���M�/ �i�?�2 �`�Q�Q�i�b �r�2�`�2 �b�i�B�H�H �b�m�#�K�2�`�;�2�/ �B�M ��

�T�m�`�2 �r���i�2�` �`�2�b�2�`�p�Q�B�`�X �h�?�2 �p���H�m�2�b �7�Q�` �i�?�2 �i�`���M�b�T�B�`�2�/ �r���i�2�` �K���b�b �U�v�@���t�B�b�V �r�2�`�2

�M�Q�`�K���H�B�x�2�/ �#�v �i�?�2 �i�Q�i���H �K���b�b �Q�7 �r���i�2�` �+�Q�M�i���B�M�2�/ �B�M �i�?�2 �;�H���b�b �i�m�#�2�b�X�X �X �X �X �X�N�8
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�8�X�8 �*�?���`���+�i�2�`�B�x���i�B�Q�M �Q�7 �i�`���M�b�T�B�`���i�B�Q�M�@�T�Q�r�2�`�2�/ �Q�B�H�@�r���i�2�` �b�2�T���`���i�B�Q�M�X �U���V �L�Q�M�@�/�B�K�2�M�b�B�Q�M���H

�i�`���M�b�T�B�`�2�/ �K���b�b �r�?�2�M �i�?�2 �H�2���7 �r���b �2�M�+���b�2�/ �B�M �i�?�2 �?�m�K�B�/�B�i�v �#�Q�t �URH = �3�W� �R�W�V

���M�/ �i�?�2 �`�Q�Q�i�b �r�2�`�2 �b�m�#�K�2�`�;�2�/ �B�M �i�?�2 �Q�B�H�@�r���i�2�` �2�K�m�H�b�B�Q�M �#���i�?�X �U�#�V �q���i�2�` �T�m�@

�`�B�i�v �Q�7 �i�?�2 �T�2�`�K�2���i�2�b�- �`���M�/�Q�K�H�v �b���K�T�H�2�/ �7�`�Q�K �i�?�`�2�2 �Q�7 �i�?�2 �i�`�2�2�ö�b �i�m�#�2�b ���7�i�2�`

�i�?�2 �+�Q�M�+�H�m�b�B�Q�M �Q�7 ���M �2�t�T�2�`�B�K�2�M�i�X �h�?�2 �T�2�`�+�2�M�i���;�2 �T�m�`�B�i�v �r���b �/�2�i�2�`�K�B�M�2�/ �#�v

�#�Q�i�? �;�`���p�B�K�2�i�`�B�+ ���M���H�v�b�B�b �U�H�2�7�i �+�Q�H�m�K�M�b�V ���M�/ �`�2�7�`���+�i�B�p�2 �B�M�/�2�t ���M���H�v�b�B�b �U�`�B�;�?�i

�+�Q�H�m�K�M�b�V�X �1�`�`�Q�` �#���`�b �`�2�T�`�2�b�2�M�i� �R �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M ���+�`�Q�b�b �i�?�`�2�2 �/�B�7�7�2�`�2�M�i

�b���K�T�H�2�b �U�B�X�2�X�- �i�?�`�2�2 �Q�7 �i�?�2 �i�m�#�2�b�V�- �7�Q�` �� �;�B�p�2�M �i�`�B���H�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�d

�8�X�e �*���H�+�m�H���i�2�/ �p���H�m�2�b �Q�7 �i�?�2 �p���`�B�Q�m�b �T�`�2�b�b�m�`�2 �/�`�Q�T�b ���+�`�Q�b�b �i�?�2 �b�v�M�i�?�2�i�B�+ �i�`�2�2 �/�m�`�B�M�;

�i�`���M�b�T�B�`���i�B�Q�M�@�T�Q�r�2�`�2�/ �Q�B�H�@�r���i�2�` �b�2�T���`���i�B�Q�M�X �h�?�2 �7�B�p�2 �T�`�2�b�b�m�`�2 �/�`�Q�T�b �;�`���T�?�2�/

�B�M�+�H�m�/�2 �i�?�2 �U�p�B�b�+�Q�m�b�V �S�Q�B�b�2�m�B�H�H�2 �T�`�2�b�b�m�`�2 �UP�S�V ���M�/ �?�v�/�`�Q�b�i���i�B�+ �T�`�2�b�b�m�`�2 �UP�: �V

���+�`�Q�b�b �i�?�2 �;�H���b�b �i�m�#�2�b�- �i�?�2 �p�B�b�+�Q�m�b �.���`�+�v �T�`�2�b�b�m�`�2�b ���+�`�Q�b�b �i�?�2 �H�2���7 �UP�.�- �G�V ���M�/

�`�Q�Q�i�b �UP�.�- �6�V�- ���M�/ �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2 �M�2�;���i�B�p�2 �G���T�H���+�2 �T�`�2�b�b�m�`�2 �UjP�Gj�V �r�?�B�+�?

�K�m�b�i �#�2 �2�[�m���H �i�Q �i�?�2 �b�m�K �Q�7 �i�?�2 �T�Q�b�B�i�B�p�2 �T�`�2�b�b�m�`�2 �/�`�Q�T�b�X �h�?�2 �i�`�B�7�2�+�i�� �Q�7 �#���`�b
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�b�m�;�;�2�b�i �i�?���i �T�H���M�i�b �K�B�i�B�;���i�2 �i�?�B�b �H�B���#�B�H�B�i�v �m�b�B�M�; �r���i�2�`�ö�b �+�Q�?�2�b�B�p�2 �T�`�Q�T�2�`�i�B�2�b�- �r�?�B�+�? �B�K�T���`�i

�B�i �r�B�i�? �?�B�;�? �i�2�M�b�B�H�2 �b�i�`�2�M�;�i�?�- �i�Q �T�`�Q�T���;���i�2 �i�?�2�b�2 �M�2�;���i�B�p�2 �+���T�B�H�H���`�v �7�Q�`�+�2�b �i�?�`�Q�m�;�?�Q�m�i �i�?�2

�t�v�H�2�K�- �7���+�B�H�B�i���i�B�M�; �i�?�2 �K�Q�p�2�K�2�M�i �Q�7 �r���i�2�` �7�`�Q�K �i�?�2 �b�Q�B�H �i�Q �i�?�2 �H�2���p�2�b �(�R�8���k�j�)�X

�_�2�b�2���`�+�? �B�M�/�B�+���i�2�b �i�?���i �b�Q�B�H �r���i�2�` �T�Q�i�2�M�i�B���H �B�b �Q�7�i�2�M �M�2�;���i�B�p�2 ���M�/ �+���M �#�2 �i�?�2 �T�`�B�K���`�v �b�Q�m�`�+�2

�Q�7 �/�B�K�B�M�B�b�?�2�/ �T�`�2�b�b�m�`�2 �B�M �i�?�2 �t�v�H�2�K�- ���H�H�Q�r�B�M�; �i�2�M�b�B�Q�M �i�Q �T�2�`�b�B�b�i �2�p�2�M ���i �i�?�2 �#���b�2 �Q�7 �T�H���M�i�b�-
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�6�B�;�m�`�2 �R�X�R�, �S�H���M�i �r���i�2�` �i�2�M�b�B�Q�M �K�2���b�m�`�2�K�2�M�i�, �U���V �.�B���;�`���K �B�H�H�m�b�i�`���i�B�M�; �i�?�2 �a�+�?�Q�H���M�/�2�` �H�2���7
�T�`�2�b�b�m�`�2 �+�?���K�#�2�`�- �r�?�B�+�? �B�b �m�b�2�/ �i�Q �K�2���b�m�`�2 �t�v�H�2�K �T�`�2�b�b�m�`�2 �B�M �T�H���M�i�b�X �� �H�2���7 �B�b �+�m�i ���M�/
�T�Q�b�B�i�B�Q�M�2�/ �r�B�i�? �B�i�b �b�i�2�K �T�`�Q�i�`�m�/�B�M�; �i�?�`�Q�m�;�? �� �b�2���H�X �h�?�2 ���B�` �T�`�2�b�b�m�`�2 �B�M�b�B�/�2 �i�?�2 �+�?���K�#�2�` �B�b
�;�`���/�m���H�H�v �B�M�+�`�2���b�2�/ �m�M�i�B�H �� �H�B�[�m�B�/ �/�`�Q�T�H�2�i �7�Q�`�K�b ���i �t�v�H�2�K�ö�b �+�m�i �b�m�`�7���+�2�- �B�M�/�B�+���i�B�M�; �� �b�m�`�T�H�m�b
�T�`�2�b�b�m�`�2 �i�?���i �2�b�i�B�K���i�2�b �i�?�2 �Q�`�B�;�B�M���H �M�2�;���i�B�p�2 �T�`�2�b�b�m�`�2 �B�M �i�?�2 �t�v�H�2�K�X �h�?�B�b �K�2�i�?�Q�/ �B�b �2�K�T�H�Q�v�2�/
�i�Q �/�2�i�2�`�K�B�M�2 �t�v�H�2�K �T�`�2�b�b�m�`�2 �B�M �b�T�2�+�B�7�B�+ �T�H���M�i �b�T�2�+�B�2�b�X �U�#�V �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �`�2�T�Q�`�i�2�/ �t�v�H�2�K
�T�`�2�b�b�m�`�2 �K�2���b�m�`�2�K�2�M�i�b ���K�Q�M�; �/�B�7�7�2�`�2�M�i �+�H�B�K���i�B�+ �`�2�;�B�Q�M�b�X �h�?�2 �/���i�� �T�Q�B�M�i�b �r�2�`�2 �Q�#�i���B�M�2�/
�7�`�Q�K �� �`�2�p�B�2�r ���`�i�B�+�H�2 �Q�M �T�H���M�i �7�H�m�B�/ �/�v�M���K�B�+�b�(�R�)�X

���M�/ �B�M �b�?�Q�`�i�2�` �T�H���M�i�b �r�?�2�M �i�?�2 �b�Q�B�H �B�b �M�Q�i �7�m�H�H�v �b���i�m�`���i�2�/�X �S�H���M�i �b�+�B�2�M�i�B�b�i�b �?���p�2 �m�b�2�/ �i�?�2

�2�[�m�B�H�B�#�`�B�m�K �#�2�i�r�2�2�M �r���i�2�` �B�M �i�?�2 �T�H���M�i ���M�/ �i�?�2 �b�Q�B�H�- �r�?�2�M �i�?�2�`�2 �B�b �K�B�M�B�K���H �M�2�i �r���i�2�` �7�H�Q�r



�9 �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�7�`�Q�K �i�?�2 �b�Q�B�H �i�Q �i�?�2 ���i�K�Q�b�T�?�2�`�2�- �i�Q �K�2���b�m�`�2 �b�Q�B�H �r���i�2�` �T�Q�i�2�M�i�B���H�X �h�?�2�v �i�v�T�B�+���H�H�v �K�2���b�m�`�2

�i�?�2 �t�v�H�2�K �T�`�2�b�b�m�`�2 �#�2�7�Q�`�2 �b�m�M�`�B�b�2 �r�B�i�? �� �a�+�?�Q�H���M�/�2�` �T�`�2�b�b�m�`�2 �+�?���K�#�2�` �U�6�B�;�m�`�2�R�X�R�V�- �m�b�B�M�;

�i�?�2 �T�`�2�/���r�M �p���H�m�2 �Q�7 �t�v�H�2�K �r���i�2�` �T�Q�i�2�M�i�B���H ���b ���M �2�b�i�B�K���i�2 �Q�7 �b�Q�B�H �r���i�2�` �T�Q�i�2�M�i�B���H�- ���M�/ �?���p�2

�`�2�T�Q�`�i�2�/ �i�?���i �K���M�;�`�Q�p�2�b �r�B�i�? �`�Q�Q�i�b �b�m�#�K�2�`�;�2�/ �B�M �#�`�B�M�2 �?���p�2 �M�B�;�?�i�i�B�K�2 �t�v�H�2�K �T�`�2�b�b�m�`�2�b �+�H�Q�b�2

�i�Q �i�?�2 �Q�b�K�Q�i�B�+ �T�`�2�b�b�m�`�2 �Q�7 �b�2���r���i�2�` �U� 0:33�J�S���V�- ���M�/ �i�?���i �b�?�`�m�#�b �B�M ���`�B�/ �+�H�B�K���i�2�b �b�Q�K�2�i�B�K�2�b

�?���p�2 �?�B�;�?�2�` �K���;�M�B�i�m�/�2 �Q�7 �M�2�;���i�B�p�2 �T�`�2�b�b�m�`�2 �B�M �i�?�2�B�` �t�v�H�2�K�- �+�Q�K�T���`�2�/ �i�Q �i���H�H�2�` �b�T�2�+�B�2�b �H�B�F�2

�K���T�H�2�b �B�M �?�m�K�B�/ �+�H�B�K���i�2�b�X �6�`�Q�K �6�B�;�R�X�R�U���V�- �i�?�2 �t�v�H�2�K �Q�7 �+�`�2�Q�b�Q�i�2 �#�m�b�?�- �� �b�?�Q�`�i �T�H���M�i �B�M

�i�?�2 �/�2�b�2�`�i�- �2�t�?�B�#�B�i�2�/ �M�2�;���i�B�p�2 �T�`�2�b�b�m�`�2 �r�B�i�? �K���;�M�B�i�m�/�2 ���b �?�B�;�? ���b �3 �J�S���- �r�?�B�H�2 �i���H�H�2�` �T�H���M�i�b

�+�H�Q�b�2 �i�Q �#�`�Q�Q�F�b ���M�/ �7�`�2�b�?�r���i�2�` �b�Q�m�`�+�2�b �2�t�?�B�#�B�i�2�/ ���p�2�`���;�2 �M�2�;���i�B�p�2 �T�`�2�b�b�m�`�2�b ���`�Q�m�M�/ �k �J�S���X

�6�m�`�i�?�2�` �b�i�m�/�v �`�2�p�2���H�2�/ �i�?���i �r�?�2�M �i�?�2 ���i�K�Q�b�T�?�2�`�2 �B�b �/�`�B�2�` �i�?���M �i�?�2 �b�Q�B�H�- �r���i�2�` �7�H�Q�r�b �b�T�Q�M�i���@

�M�2�Q�m�b�H�v �7�`�Q�K �`�Q�Q�i�b �i�Q �H�2���p�2�b ���H�Q�M�; �i�?�2 �T���i�? �Q�7 �r���i�2�` �T�Q�i�2�M�i�B���H �/�B�7�7�2�`�2�M�+�2�X �h�?�2 �K�2�K�#�`���M�2�b

�B�M �#�Q�i�? �i�?�2 �`�Q�Q�i�b ���M�/ �H�2���p�2�b �+�Q�M�p�2�`�i �i�?�2 �/�B�b�T���`�B�i�v �B�M �r���i�2�` �T�Q�i�2�M�i�B���H ���+�`�Q�b�b �T�?���b�2�b �U�i�?���i �B�b�-

�r���i�2�` �+�Q�M�i���B�M�2�/ �r�B�i�?�B�M �i�?�2 �b�Q�B�H �T�Q�`�2�b ���M�/ �p���T�Q�` �B�M �i�?�2 ���i�K�Q�b�T�?�2�`�2�V�- �B�M�i�Q �� �T�`�2�b�b�m�`�2 �/�B�7�7�2�`�2�M�+�2

�r�B�i�?�B�M �i�?�2 �t�v�H�2�K �H�B�[�m�B�/�- ���H�H�Q�r�B�M�; �7�Q�` �?�B�;�? �+�Q�M�/�m�+�i���M�+�2 �Q�7 �r���i�2�` �7�`�Q�K �i�?�2 �b�Q�B�H �i�Q �i�?�2 �H�2���p�2�b�X

�h�`���M�b�T�B�`���i�B�Q�M �7�`�Q�K �� �b�Q�B�H �r�B�i�? �H�Q�r �K�Q�B�b�i�m�`�2 �+�Q�M�i�2�M�i �B�b �� �7�Q�`�K �Q�7 �T�m�`�B�7�B�+���i�B�Q�M �b�B�K�B�H���` �i�Q �`�2�@

�p�2�`�b�2 �Q�b�K�Q�b�B�b�- �r�?�2�`�2 �r���i�2�` �2�t�B�i�b �i�?�2 �H�2���7 �#�v �2�p���T�Q�`���i�B�Q�M �B�M�i�Q �b�m�#�b���i�m�`���i�2�/ ���B�`�- �+���m�b�B�M�; �i�?�2

�T�`�2�b�b�m�`�2 �B�M �i�?�2 �t�v�H�2�K �i�Q �/�`�Q�T �B�M�i�Q �i�2�M�b�B�Q�M�X �h�?�B�b �i�2�M�b�B�Q�M �B�b �i�`���M�b�K�B�i�i�2�/ �i�Q �i�?�2 �`�Q�Q�i�- �T�m�H�H�B�M�;

�r���i�2�` �7�`�Q�K �i�?�2 �`�Q�Q�i�- �m�M�i�B�H �B�i�b �r���i�2�` �T�Q�i�2�M�i�B���H �/�`�Q�T�b �#�2�H�Q�r �i�?���i �Q�7 �i�?�2 �b�Q�B�H�X �G�B�[�m�B�/ �r���i�2�`

�2�M�i�2�`�b �i�?�2 �`�Q�Q�i �K�2�K�#�`���M�2 �7�`�Q�K �i�?�2 �b�Q�B�H �r�B�i�? �H�Q�r �K�Q�B�b�i�m�`�2 �+�Q�M�i�2�M�i�- �T�`�Q�T�2�H�H�2�/ �#�v �M�2�;���i�B�p�2

�T�`�2�b�b�m�`�2 �B�M �i�?�2 �m�M�K�B�t�2�/ �T�?���b�2 �r�B�i�?�B�M �i�?�2 �t�v�H�2�K�- �`���i�?�2�` �i�?���M �T�`�2�b�b�m�`�2 �B�M �i�?�2 �m�M�/�2�`�@�b���i�m�`���i�2�/

�T�?���b�2�X �A�M �i�?�B�b �r���v�- �T�H���M�i�b �T�2�`�7�Q�`�K �� �7�Q�`�K �Q�7 �õ�`�2�p�2�`�b�2 �`�2�p�2�`�b�2 �Q�b�K�Q�b�B�b�ö �(�R�)�X

�q�?�B�H�2 �T�H���M�i�b �/�Q �M�Q�i �i�v�T�B�+���H�H�v ���i�i���B�M �i�?�2 �K���t�B�K�m�K �i�2�M�b�B�H�2 �b�i�`�2�M�;�i�? �Q�7 �r���i�2�` ���b �B�i �m�M�/�2�`�;�Q�2�b

�i�`���M�b�T�B�`���i�B�Q�M�- �/�B�b�`�m�T�i�B�Q�M �Q�7 �7�H�m�B�/ �+�Q�M�i�B�M�m�B�i�v �B�M �i�?�2 �t�v�H�2�K �B�b �b�Q�K�2�i�B�K�2�b �Q�#�b�2�`�p�2�/�X �o���`�B�Q�m�b

�K�2�i�?�Q�/�b ���`�2 �2�K�T�H�Q�v�2�/ �i�Q �K�2���b�m�`�2 �i�?�B�b �T�?�2�M�Q�K�2�M�Q�M�- �B�M�+�H�m�/�B�M�; �Q�T�i�B�+���H �Q�#�b�2�`�p���i�B�Q�M �Q�7 �B�M�/�B�@

�p�B�/�m���H �b�i�2�K �2�K�T�i�v�B�M�;�- ���+�Q�m�b�i�B�+ ���b�b�2�b�b�K�2�M�i �m�b�B�M�; �m�H�i�`���b�Q�m�M�/ ���;���B�M�b�i �i�?�2 �i�`�2�2�ö�b �i�`�m�M�F �(�k�9�-�k�8�)�-
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���M�/ �B�K�K�2�/�B���i�2�H�v �K�2���b�m�`�B�M�; �i�?�2 �?�v�/�`���m�H�B�+ �`�2�b�B�b�i���M�+�2 �Q�` �+�Q�M�/�m�+�i���M�+�2 �Q�7 �� �b�2�+�i�B�Q�M�2�/ �T�H���M�i �b�i�2�K

�r�B�i�? �� �b�T�2�+�B�7�B�2�/ �r���i�2�` �T�Q�i�2�M�i�B���H �(�k�e�)�X �A�i �B�b �M�Q�i�2�r�Q�`�i�?�v �i�?���i �T�H���M�i�b �+���M �`�2�+�m�T�2�`���i�2 �7�`�Q�K �T���`�@

�i�B���H �2�K�#�Q�H�B�x���i�B�Q�M �U�#�v �i�?�2 �`�2�T�H�2�M�B�b�?�K�2�M�i �Q�7 �2�K�#�Q�H�B�x�2�/ �p�2�b�b�2�H�b �r�B�i�? �H�B�[�m�B�/ �r���i�2�`�V�- ���M�/ �i�?�2

�H�2�i�?���H �i�?�`�2�b�?�Q�H�/ �7�Q�` �+�Q�M�/�m�+�i���M�+�2 �H�Q�b�b �p���`�B�2�b �#�v �b�T�2�+�B�2�b �(�k�d�)�X �h�?�2 �B�M�B�i�B���i�B�Q�M �Q�7 �+���p�B�i���i�B�Q�M

�Q�7�i�2�M �Q�+�+�m�`�b ���i �i�2�M�b�B�Q�M�b �+�Q�M�b�B�/�2�`���#�H�v �#�2�H�Q�r �i�?�2 ���M�i�B�+�B�T���i�2�/ �b�i���#�B�H�B�i�v �i�?�`�2�b�?�Q�H�/ �7�Q�` �?�Q�K�Q�;�2�@

�M�2�Q�m�b �M�m�+�H�2���i�B�Q�M �(�R�)�X �h�?�2 �T�`�2�+�B�b�2 �T�`�Q�+�2�b�b �i�?���i �2�b�i���#�H�B�b�?�2�b �i�?�2 �b�i���#�B�H�B�i�v �H�B�K�B�i �B�M �t�v�H�2�K �/�m�2 �i�Q

�M�m�+�H�2���i�B�Q�M �B�b �M�Q�i �v�2�i �7�m�H�H�v �m�M�/�2�`�b�i�Q�Q�/�X �>�Q�r�2�p�2�`�- �2�t�T�2�`�B�K�2�M�i���H �2�p�B�/�2�M�+�2 �b�m�;�;�2�b�i�b �i�?���i �+���p�B�@

�i���i�B�Q�M �+�Q�m�H�/ �Q�+�+�m�` ���b ���B�` �B�b �T�m�H�H�2�/ �B�M�i�Q �� �H�B�[�m�B�/ �7�B�H�H�2�/ �t�v�H�2�K �b�2�;�K�2�M�i �i�?�`�Q�m�;�? �i�?�2 �b�2�T���`���i�B�M�;
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