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Fluid-Structure Interaction Modeling of a Flexible-Inflatable Heav-
ing Wave Energy Converter Through Generalized Modes

Corbin Robert Lenderink

(ABSTRACT)

The point absorber, one of the most popular types of ocean wave energy converter (WEC),
usually consists of a rigid body buoy that can be efficiently modeled using existing WEC
simulation tools. However, new wave energy technologies have looked to utilize flexible buoy
structures to decrease costs, improve power generation, and increase portability. In addition
to replacing rigid body designs, the combination of multiple renewable energy sources is an-
other area that shows promising potential for increasing WEC power generation. With these
concepts in mind, this work considers a new WEC design that features a flexible-inflatable
buoy, an ocean current harvesting turbine, and a buoy shape that has been optimized for
simultaneous wave and current energy harvesting. For this device, conventional modeling
techniques cannot be used due to the highly nonlinear hydrodynamic interactions that result
between the flexible buoy and the ocean waves. As a result, a Fluid-Structure Interaction
(FSI) model must be used to determine how the flexibility of the buoy will influence the
device’s power generation. Currently, high-fidelity FSI modeling approaches are computa-
tionally expensive and unsuitable for early design decisions. As a result, this thesis utilizes a
mid-fidelity method, the generalized modes modeling approach, to accurately and efficiently
model the FSI of a WEC’s flexible buoy. The resulting flexible buoy model was then com-
pared to a rigid design to determine the performance differences between a rigid and flexible

buoy, with a complex, optimized shape.



Fluid-Structure Interaction Modeling of a Flexible-Inflatable Heav-
ing Wave Energy Converter Through Generalized Modes

Corbin Robert Lenderink

(GENERAL AUDIENCE ABSTRACT)

The ocean is a vast potential energy resource with a variety of different sources of renewable
energy. Of these sources, ocean waves and ocean currents are two potentially massive power
reserves present in many coastal areas. To capture energy from these sources, this work
discusses the development of a device that can harvest energy from ocean waves and ocean
currents simultaneously. In addition to harvesting energy from multiple sources, this device
also features a flexible-inflatable buoy, with a shape that has been optimized for this unique
application. However, since this device utilizes flexible materials, traditional modeling tech-
niques used for rigid body designs would not be applicable. As a result, this work looks to
model the interaction between the flexible buoy and the ocean waves to accurately predict

the power generation of this device’s wave energy converter.
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In this work, a Fluid-Structure Interaction (FSI) model will be considered for a flexible-
inflatable, hybrid wave and current energy harvesting device. To fully understand the mod-
eling of the device, it is first necessary to give some background on several topics concerning
the proposed system. In this section, an introduction of renewable energy, wave energy
harvesting, hybrid wave and current energy harvesting, and flexible body wave energy con-
verters is provided. Following this introduction, the design of the wave and current energy
harvesting device detailed in this work is discussed along with the modeling challenges as-
sociated with the system. This will serve as sufficient background before introducing the

remainder of this work in the final section.

Oi0  Ooobbotio doonod

In recent decades, advancements in technology and the rapid growth of the global population
have led to an exponential growth in energy demand around the globe [30]. As a result of
this growth in demand, our world has developed a dependency on fossil fuels that has been
the direct cause of serious environmental impacts. Fossil fuels are not only a limited resource
but also the direct source of harmful carbon emissions which have been shown to cause severe
health issues and climate change [31]. In recent years, global greenhouse gas emissions have

risen to levels about 59% and 44% higher than in the years 1990 and 2000, respectively [32].

1
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Without significant changes in all areas of energy use, the present trend of greenhouse gas
emissions will result in severe health problems, rising sea-levels, and weather changes around

the world [30].

Global greenhouse gas emissions, per country and region
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fo International transport

Other countries
50 )
Other Gzo countries
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0
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Figure 1.1: Global greenhouse gas emissions by country and region [32]

To combat this issue, governments around the globe have begun the transition to renewable
energy sources in a variety of sectors [30]. Renewable energy sources can be defined as any
resource that can produce energy without depletion. Additionally, many of these resources
have the added benefit of meeting energy demand with zero, or almost zero, emission of air
pollutants or greenhouse gasses [33]. In the United States today, renewable energy sources
generate about 20% of all US electricity through established sources like wind, hydropower,

solar, biomass, and geothermal energy [12].

In addition to these mainstream renewable energy technologies, there are several newer
technologies that have shown great promise for countering greenhouse gas emissions and
air pollution. To name a few, marine energy, concentrated solar photovoltaics, enhanced

geothermal energy, cellulosic ethanol, and artificial photosynthesis all have shown the poten-
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Figure 1.2: Total electricity production in 2022 among the types of renewable power [29]

tial to contribute significantly in the near future [12]. Of the many exciting technologies that
are being developed, marine energy, also known as ocean energy, is one of the most promis-
ing renewable energy sources. Oceans cover about 71% of the earth, and many techniques
have been developed for extracting energy from this vast resource [12]. These techniques
include devices designed to harvest power from ocean waves, tidal currents, ocean currents,

and more [19].

00 000 00Opood Cooboboooo

Of the many potential resources in the ocean, one of the most promising areas of development
is ocean wave energy harvesting. Compared to more mainstream forms of renewable energy,
like solar, wave energy has been shown to be more predictable, more consistent throughout
the day and night, and have a significantly higher energy density [24]. Of the benefits of

wave energy, the main area that makes wave energy stand out is its energy density. While
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commercial wind and photovoltaic sources have peak energy densities of around 1 KW /m?,

wave energy in San Francisco was shown to have an energy density of 25 KW /m [4].

TABLE 1-WAVE ENERGY COMPARED WITH OTHER RENEWABLE ENERGY SOURCES [6].

PHOTOVOLTAIC WIND WAVE
Status Early commercial Commercial Precommercial
Energy source Sun Sun Sun-wind
Power density 1 kw/m? at peak solar isolation 1 kw/m? at 12 m/s [General Elec- 25 KW/m at San Francisco, average
tric (GE) 1.5-MW machine] annual power flux
Variability Daily cycles—clouds When it blows 247 and highly variable
Predictability Poor Hours Daily

Figure 1.3: Wave energy power density compared to other renewable energy sources [4]

Due to this high energy density, the world’s theoretical wave power resource is estimated at
approximately 2.11 T'W. This power is present in areas all over the globe; however, increased
wave activity is found between the latitudes of 30 and 60 degrees on both hemispheres [9].
Figure 1.4 demonstrates the annual mean wave power density, which ranges between 10-100

KWh in most locations.

N
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Figure 1.4: Map of global mean power density for ocean waves [9]
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To capture the vast potential energy of ocean waves, devices known as wave energy convert-
ers, or WECs, have been proposed as early as the 1700s. Due to the vast potential of ocean
wave energy, it is not surprising that more than 1000 WEC patents were registered by 1980,
with a considerable number more filed in recent years [36]. Unlike wind turbines, which are
fairly similar in structure, WECs come in all shapes and sizes due to the many different ways
energy could be harvested by waves [6]. Due to the different types of WECs, these devices
are classified by Falcao, a well-known pioneer in the field of wave energy, according to their

working principle. According to Falcao, the three main categories of WECs can be defined

as: oscillating water column devices, oscillating bodies, and overtopping devices [6].

Oscillating water
column
(with air turbing)

Fixed structure

Isolated: _Pico, LIMPET

In breakwater: Sakata, Mutriku

Floating: Mighty Whale, Ocean Energy, Sperboy, Oceanlinx

Floating

Oscillating bodies
(with hydraulic motor,
hydraulic turbine, linear
electrical generator)

Essentially translation (heave): AquaBuoy,
IPS Buoy. FO3, Wavebob, PowerBuoy

Essentially rotation: Pelamis, PS Frog, SEAREY

<

Overtopping
{with low-head
hydraulic turbine)

Submerged

b

Fixed structure |‘<

—

o

—

Essentially translation (heave): AWS

Rotation (bottom-hinged): WaveRoller, Oyster

Shoreline (with concentration): TAPCHAN

In breakwater (without concentration): 855G

s

Floating structure (with concentration): Wave Dragon

Figure 1.5: Categories of wave energy converter designs [6]
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The first category, oscillating water column (OWC) devices, represents the most common
first-generation design for a WEC. This device, which is composed of a partly submerged
structure that is open below the water’s surface, harnesses energy from air trapped above
the water inside the device. Inside the structure, the oscillating motion of the free surface,
caused by the incoming waves, results in air flowing through a turbine that drives an electrical
generator [6]. For most OWC prototypes, an axial-flow Wells turbine, which was invented in
the 1970’s, is used due to its ability to rotate continuously in the same direction regardless
of the direction of airflow. The resulting device can therefore harvest energy from both the

rising and falling of the incident wave as air is forced in and out of the vertical column.

Figure 1.6: Example of an oscillating water column WEC [6]

While most OWC designs are fixed to the sea bottom, or a rocky cliff near the shore, the first
OWC prototypes deployed in the sea were floating devices deployed in Japan in the 1960s and
1970s. Ome example of a floating OWC, the Backward Bent Duct Buoy (BBDB), featured
an OWC duct that was bent in the opposite direction of the incident waves. For this design,
the length of the water column could be designed large enough to achieve resonance without
the draft of the structure falling outside of acceptable limits. This design was successful and

was used to power one thousand navigation buoys in Japan and China [6].
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Figure 1.7: Backward Bent Duct Buoy: floating oscillating water column WEC [6]

Despite the historical success of floating OWC devices, the most common deployment of this
category is still the fixed, near-shore design. As a result of this common deployment type,
most OWC WECs have shown the advantages of easier installation and maintenance but

also the drawback of being located in a less-energetic wave climate at the shoreline [6].

In addition to OWC devices, oscillating body WECS are another frequently used design
concept. When compared to the previous category, the main benefit of these devices is that
they can be deployed offshore to exploit the more powerful waves available in deep water.
However, these devices are often more complex to design and offer additional challenges for
mooring, maintenance, and installation [6]. Under this category, some of the most common

design types include point absorber WECs, pitching devices, and wave surge devices.

For this category, the device body, either floating or submerged, harvests energy from the
oscillatory movement of the ocean wave. As the body is driven by the wave, the kinetic energy

of the body is transferred into electrical energy through a hydraulic motor, linear generator,
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Figure 1.8: Common oscillating body WEC designs

or hydraulic turbine. Within this category, oscillating body devices can be broken down
further. First, oscillating bodies can easily be separated by whether the device is floating
on the ocean surface or submerged beneath the water. Additionally, oscillating bodies can
be further separated by whether the device harvests energy from the heaving motion of the

waves or another mode of motion, such as surge or pitch [6].

In Figure 1.8, two examples of oscillating bodies are shown. First, the image on the left
shows an example of one of the most popular WEC prototypes: the point absorber. In the
case of the point absorber, the device’s float, or buoy, harvests energy from the heaving
motion of the wave as it moves relative to either the ocean floor or a second body [6]. Next,
in the right image, a wave surge device is shown. For this WEC design, an oscillating flap
is used to harvest energy from the surge motion of the wave. This is an example of a device
that is both submerged and harvests energy from a different mode of motion compared to a
point absorber [7]. Despite having very different designs, both devices harvest energy from
the oscillatory movement of the wave which results in them being placed under the same

category.
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Overtopping devices, the final WEC category, harvest the wave energy in a different way. In
these designs, water that is close to the wave crest is harvested when it spills over the top of
the device into a reservoir. Then, since the stored water is at a higher level than the free-
surface, the potential energy of the stored water is converted into useful electricity through
a conventional, low-head hydraulic turbine [21]. Unlike the other two WEC categories, the
hydrodynamics of overtopping devices is strongly non-linear and cannot be addressed by
linear wave theory [6].

overtopping
reservoir

z N
i) -

turbine Youtlet

Figure 1.9: Example of an overtopping WEC device [21]

While prototypes in each of these design categories have shown promise, there currently is a
lack of convergence concerning the best method for harvesting wave energy [5]. As a result,
WECs are still in the development phase with different designs considered for each unique
application. When considering which design to choose for a particular application, design
complexity, mooring, maintenance, performance modeling, and many other factors must be

considered.

Qoo ODooit boo o0 Ubobidd dobidt booodooiod

In addition to harvesting energy from ocean waves, ocean tidal and current energy are two
additional energy sources that can be harvested from the ocean. For example, a 2021 report

from the National Renewable Energy Lab stated that U.S. marine energy resources have
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the potential to produce up to 2300 TWh/year. This estimate included approximately 1400
TWh/year of ocean wave energy and 269 TWh/year of tidal and current energy [19]. While
ocean current and tidal energy make up a smaller portion of the total energy available,
turbine technology is more mature than the current state of WEC devices [17]. Additionally,
marine current energy could offer an advantage over wave energy due to its regular and

predictable nature [27].

= ,-,_,_.?_‘\' S, ' Resource as a Percent
— Q"} U S States Technical Resource Potential Number of US. Electridty
\(.ﬂ \ (TWhfyr)® of Homes Powered" Generation (%"
‘\ ‘ Tec h nica I Power ® Wave (to EEZ) 1,400 130,000,000 34
2 300 || Potential of U.S. “'*-‘ e e -
e Ocean Current 4 4,600,000 12

.4 / Marine Energy Resources g ccnmems 540 Sison =
i (in TWh/year) @ FRiver % 9,300,000 24
Pyt Total 2,300 220,000,000 57

Figure 1.10: Overview of marine energy sources in the US [20]

In literature, many examples of ocean current and tidal turbines have been shown to have
great potential. Myers and Bahaj designed a current energy farm that utilized arrays of
horizontal-axis turbines [27]. In addition to horizontal-axis turbines, Patel and Prabhu in-
vestigated the hydrodynamic performance of a Savonius, vertical axis turbine and provided a
methodology for performance prediction [34]. Finally, simulation methods, such as computa-
tional fluid dynamics and blade element momentum modeling, have been used to accurately
predict the performance of ocean current turbines [17]. In Figure 1.11, a rendering of an

example ocean current turbine is shown.

While ocean waves and current energy have large potential on their own, there are many
locations that contain both of these resources simultaneously. For example, the west coast
of the United States [24], the Egyptian [2], and the Mediterranean [43] regions are rich in
both of these resources. Additionally, in many near-shore locations, ocean tides offer an
additional source of energy that could be harvested during specific hours of the day and

night. By using a WEC or current harvesting turbine alone, traditional devices cannot make
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Buoyancy Compensation Modules

Compensation
Module Bracket

Mooring Cable

Figure 1.11: Example design of an ocean current harvesting turbine [38]

use of coexisting forms of ocean energy.

To capitalize on multiple energy sources, Jiang et al. introduced the concept of a hybrid
ocean wave-current energy converter (HWCEC) that was designed to harvest both ocean
waves and current. To harvest this energy simultaneously, this device combines a two-body,
point absorber WEC and a horizontal-axis, current turbine. While combining these devices
may appear straightforward, the HWCEC requires a specialized power take-off design. First,
the hybrid power take-off utilizes two one-way clutches to convert the bi-directional heaving
motion of the WEC into unidirectional rotation of a generator. Then, an additional one-way
clutch is used to couple the turbine with the same generator. This unique gearbox, named
the hybrid mechanical motion rectifier (HMMR), was shown to increase the output power

of the device between 24% and 89% over either a current turbine or WEC acting alone [17].
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Bi-directional Rotation
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|
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(a)Overall System (b) Power Take Off (c) Hybrid PTO Gearbox

Figure 1.12: Hybrid wave and current energy harvesting device [38]
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While hybrid renewable energy devices offer distinct advantages, they are not the only current
breakthrough in this field. In the conventional WEC prototypes explored thus far, rigid
body systems have been used to harvest energy from the waves. However, over the last
decade, there has been an increased interest in the use of flexible bodies for WECs. Unlike
rigid body WECs, which are large, heavy, and over-engineered to meet reliability standards,
flexible WECs are significantly lighter [3]. As a result, flexible WECs have been shown to
provide increased portability while reducing shipping weight and structural costs. These
benefits have opened up new applications for WECs, such as disaster relief scenarios, where
industrial scale vessels are not available [18]. Within the new field of flexible body WECs,
there have been a variety of WEC implementations which utilize flexible membranes within

the device’s primary mover, power take-off (PTO), or other sub-assembly systems [3].

The first implementation area for flexible body WECs is the use of a flexible structure in the
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Figure 1.13: Flexible membrane WEC examples

device’s primary mover. For a WEC, the primary mover is defined as the interface between
the device and waves, which converts the wave energy into useful mechanical motion [3]. For
this work, this area of implementation is the most relevant since the proposed device will
use a flexible-inflatable membrane as the device’s primary mover. Two established examples
of devices that utilize this design are the pneumatic cell pressure differential and floating

airbag point absorber WECs. These devices are shown in Figure 1.13.

The first device, the pneumatic cell pressure differential WEC, utilizes the external hydrody-
namic pressure from the waves to deform a flexible membrane and push the air out of the cell.
This pressurized air is typically captured by an air turbine and recycled in a closed loop to
re-inflate the membrane before the next wave [3]. This device represents a new subcategory
of WECs, called pressure differential WECs, which harvest energy from pressure differences
rather than wave motion. Alternatively, the floating airbag point absorber WEC simply
replaces the buoy in a point absorber with an inflatable airbag. Due to the compressibility
of the airbag, this device was observed to have a longer heave resonance period than that of
a rigid device of the same shape and size [22]. As a whole, these devices have been shown

to offer unique advantages over rigid body WECs and represent an exciting new area of the
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renewable energy field.
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In this work, a new WEC design will be considered that takes advantage of the technological
advancements discussed in this introduction. First, rather than harvesting energy from only
one source, the design features both a point absorber WEC and an efficient underwater
tidal turbine. Second, rather than incorporating a heavy rigid body buoy, this device will
feature a flexible-inflatable buoy that will drastically reduce the weight of the system. Third,
the shape of this flexible-inflatable buoy will be optimized to maximize the power output
of the WEC while limiting the drag experienced by the system, as a result of underwater
currents. Finally, to take full advantage of using a flexible buoy, the device was designed to
be fully portable. This will allow the device to be transported to regions where industrial
scale vessels are not available. This will make the system ideal for disaster relief scenarios,
powering small-scale coastal areas, and even potential military power applications. However,
despite these advantages, the flexible buoy design will open up new modeling challenges that

will be discussed in this work.

Due to the flexibility of the buoy structure, special numerical modeling techniques are needed
to capture interactions between waves and the structural deformation of the device. Since
any deformation of the device will lead to a response from the fluid flow, and vice versa, the
functionality of flexible WECs is based on strongly coupled FSI. As a result, simulations of a
flexible buoy require an exchange of information between the fluid and structural phases not
necessary for a rigid body model [3]. This added complexity requires the consideration of
different FSI modeling techniques to determine an efficient and accurate method for modeling

the flexible device.
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Figure 1.14: Proposed hybrid wave and current energy harvesting design
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This work will focus on the development of an efficient FSI model to determine the influ-
ence of using a flexible-inflatable buoy, with a complex shape, in a hybrid wave and current
energy harvesting system. More specifically, this model will focus on this device’s flexible
buoy, alone, to determine whether the use of flexible materials will impact the point absorber
WEC portion of the device. To accomplish this task, the work will begin by providing ap-
propriate theoretical background of the model explored in this work. In this section, the
optimized buoy shape design chosen for this work will be explained as well as the generalized
modes modeling technique used to predict the device performance. Once this background

is provided, the work will detail the setup of the different portions of the generalized modes
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Qi?2 #mQv /2bB;MbX "v/2+ 2 bBM; i?2/ ; QM i?2 bvbi2K- /2pB+2
b? T2 rBHH #2 bB;MB7B+ MiHv KQ 2 bi #H2 r?BH2 K BMi BMBM; i?z
+VHBM/2 @b? T2/ #mQvX 6BM HHvV-r?2M +QKT “2/iQ i?BM-b?BT@
bB;MB7B+ MiHVvBM+ 2 b2bi?2/2pB+2 TQr2 r?BH2 HBKBiBM; i?2 BK
i?72 T"QKBb2 Q7 i?2b2 "2bmHib- i?BbrQ FrBHH BM+Q TQ" i2i?2 QTi
TQr2 T2 7Q K M+2 r?BH2 HBKBiBM; i?2 M2; iBp2 2772+ib Q7 / ; QI

KXk :2M2° HBx2/JQ/2b M HvbBb Pp2 pB2r

AM //BiBQM iQ i?2 BM+HMbBQM Q7 i?2 QTiBKBx2/ #mQv b? T2 BM |
2tTHQ 2 i?2 mb2 Q7 7H2tB#H2 K i2 B Hb BM i?2 bvbi2Kdéb #mQvX g7
TQBMi #bQ #2 ql*- 6aA Kmbi #2 +QMbB/2°2/iQ /2i2 ' KBM2 r?2i?2
K i2'B H rBHH BKT +i i?2 /2pB+26b KQiBQMX 6Q i?Bb ivT2 Q7 KQ
+QM+2 Mb Bb +QKTmi iBQM iBK2X AM i?2 HBi2' im 2- K Mv /B772"
#22M mb2/iQ +QMbB/2  7H2tB#H2 K i2'B Hbc ?Qr2p2 - i?2 p bi K C
+QKTmi iBQM iBK2 b T BRXV BQMMHEMMIi( i?2 K BM +? HH2M;2 Q7
rbiQ 7BM/ M ++m’ i2 K2i?Q/ i? i rBHH +QMbB/2  i?2 bi'm+im" H /:
rBi?2Qmi mM 2 bQM #H2 +QKTmi iBQM H 2tT2Mb2X
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h?2 Qm:?2Qmi i?2 HBi2  im 2-i?2 KQbi +QKKQM K2i?Q/ mb2/iQ +QMI
Q7 +QKTmi iBQM H 7HmMB/ /vM KB+b U*6.V rBi? 7BMBi2 2H2K2Mi M
k@r v 6aAX 6Q i?Bb K2i?2Q/- /i Bbi Mb72 2/ # +F M/ 7Q i? #2i
r?B+? Bb KQ/2H2/ mbBM; 61 - M/ 7HmB//QK BM-r?B+? Bb KQ/2H2
Q+2 Mr p22M2 ;v 7B2H/-wQm 2i HX 2t KBM2/i?Bb K2i?Q/7Q" bBk
b b?QrM BM I68(EM X2

6B;m 2 kXN, 1t KTH2 Q7 k@r v- 6HmB/@ai m+im 2 AMi2  +iBQM K
#mQv b?992 (

Hi?Qm:? i?Bb K2i?2Q/ ? b #22M /2KQMbi  i2/iQ #2 p2'v ?B;?@7B/2
2tT2MDb2 Bb 2ti'2K2HvV ?B;? +QKT " 2j)MQ6®i?R? 2KIBXQVB (BQM +QM/m
wQm 2i HX- i?B’ivb2+QM/ bBKmH iBQM iQQF TT QtBK i2Hv Nd ?
ai i2 IMBp2 bBivéb ?B;? T2 7Q K M+2%XKTmiBM; "2bQm +2b (

Hi?Qm;? k@r v 6aA Bb +QKKQMHvV mb2/ BM i?2 HBi2 im 2- i?Bb -
/22K2/iQQ +QKTmi iBQM HHvV 2tT2MbBp2iQ #2 mb27mH /m BM; i?2
i72 +QKTH2tBiv Q7 i?2 /2pB+26b #mQv b? T2- M/ i?2 mb2 Q7 7H2t
rb+H2 " i? i ?B;?22 ° @Q /2  6aA K2i?Q/b rQmH/ #2 BKT  +iB+ H 7Q i



iy +Nzy 1 IYiINTA T O«Zza #7«al fi é:

rQ'FX b “2bmHi- K2i?Q/i? i +QmH/ T QpB/2 " 2 bQM #Hv ++m’ i2
#2 B/2 HX hQ K22i i?Bb ;Q H- KB/@7B/2HBiv K2i?Q/-i?2 ;2M2" HB
TTHB2/iQ i?2 QTiBKBx2/ BM7H i #H2 #mQv /2i BH2/ BM i?2 T 2pB(
b2+iBQMb-i?2i?2Q vbm "QmM/BM; i?2 :2M2° HBx2/ KQ/2b K2i?Q/

kXkXR >v/ ' Q/vM KB+ JQ/2HBM;

AM iviB+ H?v/'Q/vM KB+ KQ/2H-r p2@BM/m+2/ KQiBQMb Q7 7HQ
MmMbBM; e B;B/#Q/v KQ/RBXQ AR KXDIBROM/ b Q7 B;B/ #Q/vKQIiBQM BM+|
i MbH i BQMb T ° HH2H iQ i?2 * "i2bB M t2b-r?B+? "2+ HH2/ bm;
AM //BiBQM iQi?2b2i° MbH iBQM H KQ/2b-i?"22 "Qi iBQMb #Qmi
+QMbB/2°2/-r?B+? "2 M K2/ QHHXTBHZ?Q MiP”P2b2Ae B;B/ #Q/v KQ/
KQiBQM Bb b?QrMBRIYy6B;m"2

6B;m 2 kXRy, e "B:B/ #Q/v KQ/2b Q7 KQiBQM 7[Q) ?v/ ' Q/vM KB-

IbBM; i?2b2 KQ/2 b? T2b-r p2@BM/m+2/ KQiBQMb + M #2 ++m’ i2F
b?Q 2TH i7Q Kb-Q  "B:B/#Q/vqgl*bX >Qr2p2°-i?2°2 2K Mv TTHB
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KQ/2b Q7 KQiBQM "2 bB;MB7B+ MiX 6Q 2t KTH2- bi'm+im> H /27F
+QKTQM2Mi #Q/B2b- M/i?2 BMi2' +iBQMb Q7 b2T ' i2 #Q/B2b ‘2 F
#Q/v KQ/2b + MMQi +QKTH2i2Hv /2b+ B#c3 X 21/ 25 B b2 Hi2 ? /pBIE QM
bi'm+im> H M HvbBb Bb M2+2bb "v iQ /2i2 °KBM2 ?Qr bi'm+im" H /z
KQ/2HBM; “2bmHibX

AM KQbi + b2b- bi'm+im> H M/ ?2v/'Q/vM KB+ M HvbBb ‘2 T2'7Q°
2B;2M7 2[m2M+B2b Q7 bi'm+im’ H /27H2+iBQMb 2 bm#bi MiB HH
7B hi@Q /2 r kAX?PBK2 i?Bb TT Q +? Bb TT QT B i2 7Q  KQbi
7H2tB#H2 bi'm+im 2b "2 KQ 2 HBF2HvV iQ 2tT2 'B2M+2 2H biB+ /27
bT2+i'mK Q7 r p2 HQ /bX b “2bmHi- 7H2tB#H2 bi'm+im 2b "2[mB"
M/ ?2v/"Q/vM KB+ M HvbBbiQ ++QmMi7Q r p2k3XB iBQM BM i?2 N\

AMbim+im > H M HvbBb- Bi Bb +QKKQM iQ /27BM2 b2i Q7 M im  H
i?72 2H biB+ /27H2+iBQMb Q7 #Q/vX 6Q  7TH2tB#H2 bi'm+im 2b- i?2
i?72 ?2v/ " Q/vM KB+ T 2bbm 2 7B2H/ M/ "2 /B77B+mHi iQ /27BM2 BM
iQ L2rK M- i?Bb /B77B+mHiv + M #2 Qp2 +QK2 B7 i?2 + H+mH i2/ KC(
+QKTH2i2 2MQm;? iQ 2T 2b2Mi i?2 T?vbB+k IXK @QB @M KQT7THIZ2iB2b |
bi'm+im> H/27H2+iBQMb Q7 7HQ iBM; bH2M/2 b?BT + M #2 /2b+ |
Q7 i?2 ?mHHBM T i2 -i?22 /v #2M/BM; KQ/2b Q7 i?2 b K2 bi m+im 2.
KQ/2b Q7 mMB7Q@IK#2MK (/BiBQM iQ i?2 "B;B/ #Q/v KQ/2b /Bb+mb
L2rKk M T°QTQb2/ i?2 BM+HMbBQM Q7 i?2b2 //BiBQM H 6;2M2" HE
bi'm+im> H/27Q K iBOM Q7 #Q/vX

hQ BM+Hm/2 i?2 bi'm+im> H /27Q K iBQM BM ?v/'Q/vM KB+ KQ/2I
+ 2iBx2/ BMiQ LM im  HKQ/2b rBi? +Q "2bTQM/BM; KQ/ H K bb 1
i?72b2 //BiBQM H KQ/2b iQ i?2 e "B;B/ #Q/v KQ/2b- i?2 ?2v/ ' Q/vM KE
i2M/2/ 7°QK QM2 rBi? e "'B;B/ #Q/v KQ/2b iQ QREXrBM &?B i QQF2b
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i?72 ?2v/ " Q/vM KB+ M HvbBb Bb T2 7Q K2/ mbBM; i?72i? 22@/BK2Mb
iIBQM +Q/2 q JAhX h?Bb +Q/2? bi?2 + T #BHBiviQ BM+HmM/2 i?2b2 ;
KQIiBQM-r?B+? 2ti2M/ #2vQM/ i?2 MQ K HbBt/2;°22b Q7 "B;B/ #Q/v

qBi?BM q JAh-i?2b2 //BiBQM HKQ/2b Q7 KQiBQM + M #2 2T 2b2Mi
iBQMb Q7 MQ K Hp2HQ+BivQMi?2 #Q/vbm 7 +2X 1 +? :2M2" HBx2,
i72 MQ K Hp2HQ+BivBM i?2 7TQHHQIBM; 7Q KX

jn:nj:anX+any+anz UkXRJV

AM 1[m iBXR)| Bb i?2 BM/2t Q7 i?2 KQJ/2;22262 2 2b2°p2/ 7Q" i?2
+QMp2MiBQM H "B;B/ #9 B RD/2b2Mib i?2 ;2M2° HBx2/ KQ/2bX qBi?F
i?72 /BOTH +2K2Mivp@™M@bU27BM2/ #v i?2 mb2 iQ 2T 2b2Mii?2 TT
b? T2X qBi?BM i?2 bBKmH iBQM- i?Bb p2+iQ  + M #2 /27BM2/ b Mv
Q7?22 #Q/vob +QQ /BABX2 bvbi2K (

kXkXk 6BMBi2 1H2K2Mi JQ/ H M HvbBb

hQ BM+Hm/2 //BiBQM H ;2M2° HBx2/ KQ/2b- Bi Bb 7B bi M2+2bb °
bi'm+im> H/27Q K iBQM 7Q  i?2 bi'm+im 2 BM [m2biBQMX b K2MiE
b? T2b + M #2 /2i2 ' KBM2/ BM MmMmK#2 Q7 r vbX h?2b2 K2i?Q/b BMH-
/v #2M/BM; KQ/2b- bBKTH2 M HviB+ H KQ/2b Q7 mMB7Q K #2 K-
'2M2° H KQ/2 bPXTARi? i?2 BKT Qp2K2Mib K /2 BM 7BMBi2 2H2K2M
QM2 +QKKQM TT'Q +?2 7Q  /2i2 ' KBMBM; i?2 bi'm+im"> H/27Q K iBQ
KQ/ H M HvbBbBM 61 Xh?Bb M HvbBb HQQFb iQ /2i2 ' KBM2i?2 M i
KQ/2b Q7 bi'm+im 2iQ mM/2 bi M/ Bib +QKNH2t /vM KB+ #2? pBQ"
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6Q° KmHIB@/2;, 22@Q7@7 22/QK bvbi2zK- HBM2 " /vM KB+ 2[m iB(
b,

[M]e+[Clu+[K]u= ff(t)g UKXROV

hQ 2tTH BM i?2 +QM+2Ti Q7 KQ/ H M HvbBb- r2 rBHH +QMbB/2" i?
/IVM KB+ 2[m iBQM Q7 KQiBQM 2tT 2bb2/ b,

[M]e+[K]u= fOg UkXR8V
"v bbmKBM; ? "KQMB+ KQiBQM 7Q " 2p2 v TQBMi Q7 i?2 bi'm+im 2-

K2Mi M/ ++2H2 iBQM BM i?2 7TQHHQrBM: ? "KQMB+ 7Q K i,

fug=f gbBM+ ;) UkXReV

fug= 1%f i gbBM+ ;) UkXRdV

"V bm#biBimiBM; i?2b2 ? "KQMB+ 2tT 2bbBQMb BMiQ i?2 7°22 M/ ml
i72 7TQHHQIBM: 2B:2Mp Hm2 T Q#H2K + M #2 /2 Bp2/ 7Q  i?2 2H2K?2

(K] !'AMDf g=fog UKXR3V

AM i?Bb 2B;2Mp Hm2 T Q#H2K-i?22 M im> H 7 2[m2M+v M/ KQ/2 b?
i?72 /2i2 °KBM Mi Q7 i?2 #Qp2 K i'Bt2[m HiQ x2 Q- b b?QrM #2HQr,

[2GK] '3 M]=0 UKXRNYV



j9 +Nzy 1 IYiINTA T O«Zza #7«al fi é:

6Q  i?72 #Qp2 T Q#H2K-61 + M #2 mb2/iQ /2i2 ' KBM2 i?2 KQ/ HK b
7°2[Mm2M+B2b 7Q° Mv :Bp2M bi'm+im 2X IbBM; i?Bb BM7Q K iBQM-
HbQ #2 /2i2 ' KBM2/ mbBXkyl[m iBQM

Ki = !2M; UkXkyV

IbBM; 7BMBi2 2H2K2Mi bQ7ir "2-i?2 KQ/ HbiB77M2bb- KQ/ HK bb-
b? T2 p Hm2b + M #2 /2i2 ' KBM2/ 7Q" :Bp2M b2i Q7 #QmM/ v +QM/¢

AM i?72 K2i?Q/ /2b+ B#2/ #Qp2- KQbi bi'm+im 2b "2[mB 2 QMHV i’
+QM/BiBQMb r?2M +QM/m+iBM; KQ/ H M HvbBb bBM+2 i?2 bi iB+ bi
bi*2bbX >Qr2p2 - i?Bbivi2 Q7 M HvbBb rQmH/ MQi #2 TT QT B i2
2tTHQ 2/ BM i?Bb rQ 'FX hQ ++m’ i2Hv 2T 2b2Mi i?2 KQ/2 b? T2b |
IB772°2Mi ivT2 Q7 KQ/ H M HvbBb Kmbi #2 +QMbB/2 2/, T 2bi 2b
BM7H i #H2 #mQv-i?2°'2 Bb M BMi2 "M HT 2bbm 2 +iBM; QM i?2 BN\
K2K#> M2 bi'm+im '2X g?2M T2 ' 7Q KBM; KQ/ H M HvbBb QM bi m+]
rQ"Fr?BH2 mM/2  bi"2bb- T '2@bi 2bb 2772+i Kmbi #2 +QMbB/2 2/ |
bi'm+im 2 BM Bib "2biBM; bi i2 rBHH +? M;2 Bib M im> H7 2[m2M+\y
T Q#H2K Kmbi#2 [/ Ti2/ #v [/IBM; bi 2bbbiB77M2bb K i BtiQi?2 Q E
b b?QrM #2HQrX

(K1+[S] !'?[M]Df ig=f0g UKkXKRV

qBi?BM 61 bQ7ir "2- i?Bb Bb /QM2 bBKTHvV #v +QMbB/2 BM; i?2 b
i72 BMi2'M H T°2bbm 2 T'BQ  iQ +QM/m+iBM; i?2 KQ/ H M HvbBbX
bi'm+im 2- T 2bi"2bbBM; Q7 i?2 bvbi2K Bb ++QKTHBDb?2/i?°Qm:?
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T 2bbm 2X "v BM+Hm/BM; T 2bbm 2 +iBM; QM i?2 BM7H i #H2 B
bbmK2i?2T QT2 b? T2- M/i?2 M HvbBb rBHH BM+HmM/2i?2 +Q "2
qBi?Qmi BM+HmM/BM; i?Bb T 2bi 2bb bi2T-i?2KQ/ H M HvbBbrQmH.
M im H7 2[m2M+v- KQ/ HK bb-Q biB77M2bb p Hm2b Q7 i?2 BM7H

hQ BM+Hm/2 i?Bb KQ/ H M HvbBb BM7Q K iBQM BM ?2v/ Q/vM KB+
M/ biB77M2bb p Hm2b 7Q  i?2 bi'm+im 2 M22/iQ #2 //2/ b //BiBQ
i?2 /B ;QM H K bb M/ biB77M2bb K kX8kM Xt AM HPmMQIBIR™ KQ/ H K b
K i'Bt Bb b?QrMX AM i?Bb K i"Bt-i?2 7B bi bBt "Qrb M/ +QHmMKMb

bBt "B;B/ #Q/v/2;:°22b Q7 7°22/QK Q7 i?2 XX K/Boi BQMY 1B Nv6 BMNQ'i2 2
“Qr M/ +QHMKM rBHH #2 //2/7Q 2 +?2 ;2M2° HBx2/ KQ/2 BM+Hm/2/

2 3
m 0 0 0 mzg mygc 0
0 m 0 mzg 0 MXg 0
0 0 m myg MXg 0 0
Mj = 0 mzg Mye l11 l 15 13 0 UkXKkkV

mzg 0 mXg Py I 5o I o3 0
myec MXg 0 I31 32 l33 0
0 0 0 0 0 0 Mawm

AM i?2 #Qp2 K bmK2TB2b2Mib i?2 #Q/ydk ids - "2 i?2 +QQ /BM i2b
Q7 i?2 #Q/vob +2Mi2° QI7 <" pBiZb2MIib i?2 KQK2Mib Q7 BM2'iB Q7 i
K2MiBQM2/ T 2pBQmbHv- iQ BM+Hm/2 //BiBQM H ;2M2MdyBx2/ KQ/2
7Qi?22bi"m+im 2 M22/biQ #2 //2/ b M //BiBQM H/2;°22 Q7 7 22/¢
i72 K bb K i'BtX aBKBH "Hv-i?2 biB77M2bb K i"Bt- r?B+? Bb BMBiB
bvbi2K- Kmbi HbQ ///B ;QM HbiB77M2bb 2H2K2Mib 7Q 2 +? ;2M2"
i72 M HvbBbX h?2 "2bmHiBM; K i'B+2b rBHH #2 UeYLV “UeYLV 7Q"
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LBM+HmM/2/X

6BM HHv- b K2MiBQM2/ T 2pBQmbHvVui?2v/BbBHH 2R 2nMTi /pi2+ iR BIM
+HmM/2 i?2 TT QT B i2 KQ/2 b? T2 7 QK i?2 bQHp2/ 2B;2Mp Hm2 2
KQ/2b? T2- HQM; rBi? i?2 KQ/ HK bb- KQ/ HbiB77M2bb- M/ M im
HBx2/ KQ/2b? T2Bb T QT2 Hv/27BM2/ M/ Bb BM+HmM/2/ b M //Bji
i?72 bvbi2KX IbBM; i?Bb K2i?Q/-r2 + M BM+HmM/2 i?2 bi'm+im"~ H KQ
bi' m+im 2 rBi? bB;MB7B+ MiHv H2bb +QKTmi iBQM H 2tT2Mb2 +QK
i2+?MB[m2bX

kKXkXj :2M2° HBx2/JQ/2b M HvbBb BM i?2J BM2 6B2F

h?2°2 "2 b2p2° H2t KTH2b BM HBi2  im 2i? i/2i BHi?2 bBKmH iBQ
2HH b i?2 ++m’ +v Q7 i?2 ;2M2° HBx2/ KQ/2b TT ' Q +?-BM i?2 K
'mQ 2i HX HQQF2/iQ mb2 M/ p2 B7vi?2;2M2° HBx2/ KQ/2b K2i?Q/
bi'm+im > H HQ /b M/ 7H2tB#H2 #Q/v /vM KBRYX @Qqap2 T-THERL iB(
i? M +QMbB/2 ' BM; QMHV i?2 7°2[m2M+v /QK BM "2bmHib ;Bp2M #v
i?72 ;2M2° HBx2/ KQ/2b K2i?Q/ BM ql*@aBKX IMHBF2 q JAh- q1*@
/IB77 +iBQM@# b2/- iBK2 /QK BM MmK2 B+ H KQ/2H mb2/ bT2+B7B
Q7 ql* /2pBki2b (

AM i?2B rQ F- :mQ 2i HX HQQF2/iQ 2p Hm i2 i?72 /27Q K iBQMb
QM L2rK M6b Q' B;BM H 2t KTH2b- BM i?2 iBK2 /QK BMX 6Q  i?2b2
bi'm+im  H /27Q K iBQMb Q7 i?2 #Q/B2b r2°2 2p Hm i2/ mbBM; KQ.
"B;B/ #Q/v /vM KB+b r2°'2 + H+mH i2/ BM T?vbB+ H+QQ /BM i2bX "
KQiBQMb +QmH/ #2 /2+QmTH2/ 7°QK i?2 bi'm+im> H /27Q K iBQM-
KQ/2HBM; +QKTH2tBiv + M #2 bBRWR7B22MiQvbi2mhm#@/2b +QMbB/2
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i?Bb rQ F- "2+i M;mH ~7HQ iBM; # ;2 M/ #QiiQK@7Bt2/ +VHBM/
6B MKXRR

6B;m 2 kXRR, :2M2" HBx2/ KQ/2b KQ/2HBM: 2t KTH2 bi'm+im 2b,
UH27iV M/ #QiiQK@7Bt2/ 7THQ RyM3 +VHBM/2 U B;?iV (

hQ KQ/2H /27Q K iBQMb Q7 i?2b2 bi'm+im 2b-i?2 KQ/ HT QT2 iB2|
Q#i BM2/ mbBM; 7TBMBi2 2H2K2Mi M HvbBbX 6Q i?2 7B bi bi m+im
7°22@7°22#QmM/ "v+QM/BiBQMbr2'2 TTHB2/iQ 2T ' 2b2Mi 7HQ i
#2M/BM; KQ/2 b? T2b Q7 i?2 bi m+im 2r2 2 + H+mH i2/ mbBM; 7BM
Hi2"M iBp2Hv- 7Q " i?2 +QHMKM 2t KTH2- 7°22@7Bt2/ #QmM/ v +C
"B;B/ +QMM2+iBQM iQ i?2 b2 7THQQ  r?BH2 i?2 b K2 KQ/ H M Hvl
7B bi 7Qm  #2M/BM; R@A2 M?22TXKOTrH2 Q7 i?2 7B bi #2M/BM; KQ/2 b?
bi'm+im 2 Bb b?QrkKXBRM 6B;m 2

"VBM+HM/BM;i?2 /BbTH +2K2Mip2+iQ Q7 i?2 KXQOBAL? T IANQrM B
bBKmH iBQM- i?2 /vM KB+-bi'm+im> H/27Q K iBQMb Q7 i?2 q1* #Q
KQ/ H+QQ /BM i2bX J2 Mr?BH2-i?2 "B;B/ #Q/v bvbi2Kr b /Bb+ 2iB
#Q/v /IVM KB+b TT Q +2X h?2 "2bmHiBM; KQ/2H +QK#BM2/ i?2 "B;E
7H2tB#H2 /27Q K iBQM BM q1*@aBK iQ /2i2 ' KBM2 i RYX2IbrBMiBM; /\
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6B;m 2 kXRk, 6B bi #2M/BM; KQ/2 b? T2 7Q i?2 2+i M;mH ~7HQ iB
7Bt2/ 7THQ iBM; +vHBM/2 U B;?iRY2t KTH2 bi m+im 2b (

i72 K2i?Q/b 2tTH BM2/ #Qp2-:mQ 2i HX :2M2" i2/ M 277B+B2Mi b
"2bTQMb2-bi2bb- M/HQ /bi? ib?2Qr2/2t+2HH2Mi ;" 22K2MirBi? ?B
(RYX

AM //BiBQM iQ i?2 rQ F #v :mQ 2i HX- E2HHv 2i HX / Ti2/ i?Bb
rBi? 7H2tB#H2@BM7H i #H2 #mQvX AM i?2B  rQ F-i?2 "2b2 “+2?2 b
TT'Q +?-rBi? T°2bi'2bb2/KQ/ H M HvbBb-iQ /2i2 ' KBM2 ?Qr BM7H
Ki2'B Hb M/ BM7H iBQM T 2bbm 2b rQmH/ T2 7Q K +QKT 2/ iQ

b K2 ;2QKXRBX (b b22M BM¥BERHHY 2i Hmb2/61 bQ7ir "2iQ +QM/m
M HvbBb 7i2° T 2bi'2bb2/BM7H iBQM bi2TX

AM i?2B  rQ F- E2HHvV 2i HX /2i2 " KBM2/i? i //BM: bi'm+im> H 7H2tE
#bQ TiBQM #v mT iQ 3 T2 +2MiX //BiBQM HHv-i?2 "2b2 “+?22°b ?B;
+B2M+v Q7 i?Bb TT'Q +?X AM QMHV Ry KBMmi2b Q7 +QKTmi iBQM
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6B;m 2 kXRj, S'2bi'2bb2/ KQ/ H M HvbBb Q7RPH2tB#H2- BM

ky8y b2+QM/ B "2;mH "~ b2 bi i2X 6 QKi?Bb "2bmHi- "2b2 "+?2 b /2K
Bx2/ KQ/2b TT Q +?2r b Q /2 b Q7 K ;MBim/27 bi2 i? Mi?2 +QmTH
mb2/ #v wQ mR39 X (

Mm2iQi?2 +QKTmi iBQM bT22/ M/ 2H iBp2 ++m > +v Q7i?2;:2M2° H
BM i?2 HBi2  im 2- Bir b /2i2°KBM2/i? i i?Bb TT Q +?-rBi? T 2b
rQmH/ T QpB/2i?2 KQbi 2772+iBp2 K2i?Q/ 7Q  +QMbB/2 BM; i?2 7H:
#mQv BM i?Bb rQ FX >Qr2p2 - /m2iQ i?2 +QKTH2t b? T2 Q7 i?2 T°C
rBHH ii2KTiiQ #mBH/ mTQM i?2 rQ'F Q7 :mQ 2i HX M/ E2HHvV i H}
K2i?Q/7Q° KQ'2 +QKTH2t /2bB;:MX



*2 Ti2" ]

6BMBi2 1H2K2Mi JQ/ H M HvbBI

AM i?Bb b2+iBQM Q7 i?2 rQ F- i?2 7BMBi2 2H2K2Mi KQ/ H M HvbB
/IBb+mbb2/BM/2i BHX 6B bi- MBMBiIiB Hbim/vr b+QM/m+i2/iQ /2i2
+QM/BiBQMb- i?B+FM2bb- T'2bbm ™ 2- M/ K2b?BM; QM i?2 KQ/2Hd4t
h?2M-# b2/ QM i?2 BM7Q K iBQM ; i?2 2/ 7°QK i?2 BMBiB H bim/v-
KQ/ H M HvbBb r b +QM/m+i2/iQ ++m > i2Hv 2T '2b2Mi i?2 "2 H@r
QmiTmib 7' QK i?2 KQ/2H "2 2tTH BM2/ rBi?BM i?2 +QMi2ti Q7 i?2 ;2
TT ' Q +?X

jXR GBM2 " 1H biB+J i2 B HJQ/2H

hQ ++m’ i2HV KQ/2H 7H2tB#H2@BM7H i #H2 #mQv- K i2'B Hb2H2-
"2[mB 2b Km+? +QMbB/2° iBQMX 6Q° M BMBiB Hbim/vQ7i?2 7H2tB
i?2 #mQv K i2°B Hr b KQ/2H2/ mbBM; HBM2 " 2H biB+- #mivH "m#

MQM@HBM?2 - 2vT2 2H biB+ K i2'B H- i?7Bbr b bBKTHB7vBM; I
2tTHQ 2 i?2 T ~ K2i2'b Q7 i?2 7BMBi2 2H2K2Mi M HvbBb #27Q 2 mb
Qm > 7BM H K2i?Q/X

6Q i?Bb BMBIiB Hbim/v- #mivH m##2 r b +?2Qb2M /m2 iQ Bib mMB][1
#mivH m##2 Bb BKT2 K2 #H2 iQ ; bb2b-i?Bb K i2°'B Hb22K2/ HBF:
iQ2Mbm 2 Qm BM7H i #H2 #mQv rQmH/ TNXT22HwWMDQRHI 7 B? Bb 2nb M B |

9y
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Ki27B HT QT2 iv-i?2BMM2 im#2b Q7 K MvBM7H i #H2 T Q/m+ib- L
#Q ib-? p2BM+Q TQ i2/#mivH m##2 7Q K Mvv2 'bX >Qr2p2 - #n
#2 +QK#BM2/ rBi? //IBiBQM HK i2'B Hb-bm+? b TQHvV2bi2" M/ MVH
r2z2 i?72° M/ +?22KB+ H 2bBbi M+2 k@Xi?22;7BM2bb2bB2Mn02 Q7 HBM2
"m##2° K i2°B Hb2 p2/ b ;QQ/bi 'iBM; TQBMi iQ Q#b2 p2i?2 2772
QM i?2 #mQvob KQ/2HBM; X

h?2 #mivH "m##2° K i2’B H +?Qb2M 7Q  i?Bb M HvbBb ? / uQmM;
TQBbQM " iBQ Q7 yX8- Mm@ PpBibBW RiXBH bBKTHB7B2/ KQ/2H- r:
iQ /2i2 ' KBM2 i?2 2772+ib i?2 KQ/2H6b #QmM/ v +QM/BiBQMb- i?B+
K2b?BM: rQmH/? p2 QM i?2M im> H7 2[m2M+v Q7 i?2#mQvob #2M/E
T K2i2 b +QMDbB/2°2/ BM i?Bb bim/yXR2AM b2 /7EMI HQ@HBM; b2+iBQ
BM7HM2M+2 Q7 2 +?2 Q7 i?2b2 T ~ K2i2 b rBHH #2 /Bb+mbb2/ BM /2]

h #H2 jXR, AMBiB H 7BMBi2 2H2K2Mi KQ/2HBM; T * K2i

S K2i2° o Hm2b
J i2°'B Hh?B+FM2&IK- KK- KK- KK
AMi2"M HS 2bb&-Ry8yRBYSy ky vy
J2b? 1H2K2Mi aB XX- R¥yy- 8K K- kBK
"QmM/ v *QM/BiBQM 6Bt2/@SQBMib- 6Bt2/@1/;2b

jXRXR 1772+i Q7 "QmM/ v *QM/BiBQMb M/ AM7H iBQN

hQ 7m i?2° Qm  mM/2 bi M/BM; Q7 i?2 7BMBi2 2H2K2Mi KQ/ H M H:
i?72 2772+ib Q7 #QmM/ v +QM/BiBQMb QM i?2 /BbTH +2K2Mi Q7 i?2
7°2[m2M+B2b Q7 i?2 7B bi i?°22 Q#b2 p2/ KQ/2 b? T2bX b K2MiBC
BM7HM2M+2 Q7 i?2 7TH2tB#H2 KQ/2b BM i?2 ;2M2" HBx2/ KQ/2b M
7°2[m2M+B2b rBHH M22/iQ 7 HH rBi?BM i?2 bT 2k KBM+2B p2@ Q
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UV BH2tB#H2 #mQv /BK2MEFQAHRtB#H2 #mQv +?2Qb2M #QmM/ v -
7Bt2/@TQBMib UV2HHQrV M/ 7Bt2/@2/;21

6B;m 2 jXR, S'2HBKBM 'v 61 KQ/2HBM; /IBK2MbBQMb M/ +?Qb2|

HQ /b Q++m” ip2 vHQr7 2[m2M+vp Hm2b-r2rQmH/HBF2iQ +?2QQ
rQmH/ HQr2 i?2 M im> H7 2[m2M+v Q7 i?2 bi m+im 2 b HQr b TQb
2T 2b2MiBM; i?2 "2 H@rQ H/ #QmM/ "v +QM/BiBQMbX

hQ BMp2biB; i2 i?2 2772+i Q7 i?2 #QmM/ v +QM/BiBQMb QM Qm" 2
+ b2b, 7Bt2/@TQBMib M/ 7Bt2/@2/;2bX 6Q  i?2 7Bt2/@TQBMi #Qn
i?72 2ti2°'BQ " Q7 i?2 #mQv 2 ;Bp2M x2' Q@/BbTH +2K2Mi #QmM/ °
i?72 #mQvob 2ti2 M H 2/:2b r2°2 7Bt2/- ~ i?2  i? M 7BtBM; i?2 #mQyv
i?72 b2+QM/ K2i?Q/ mb2/ BM i?2 BMBiB H bim/vX IbBM; i?2b2 bBKT!
r2?2QT2/iQ BMp2biB; i2 #Qi? i?2 BM7HmM2M+2 Q7 i?2b2 +QM/BiBQM
2772+ib Q7 BM+"2 bBM; i?2 BMi2 M H T 2 KRIZ22QBK2MHB QD AV ©:
QTiBKBx2/ #mQv b? T2 "2b?2QrM b r2HH bi?2irQ /B772 2Mi #QmM
i?72 bvbi2KX

L2ti- i #mQVi?B+FM2bb Q7 9KK-r2"> M bBKmH iBQMb i2 +? Q7 i?2
iXRQ /2i2 KBM2 i?22772+ib Q7 #QmM/ ‘v +QM/BiBQMb M/ T 2bbm":
IBbTH +2K2Mi M/ i?2 M im H7 2[m2M+B2b Q7 i?72 2H2p Mi KQ/2
bmKK "Bx2/ BM»X®B;m 2
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UVAM7HM2M+2 Q7 #QmM/ v +QM/BiBQMb QM K tBKmK /Bb
TH +2K2Mi rBi? BM+'2 bBM: T 2bbm"2

U#V AM7HmM2M+2 Q7 #QmM/ v +QM/BiBQMb QM KQ/2 7 2
[mM2M+v rBi? BM+ 2 bBM; T ' 2bbm"2

6B;m 2 Xk, AM7HmM2M+2 Q7 #QmM/ v +QM/BiBQMb 7Q" 9 KK
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6 QK i?2/ i bmKK "Bx2/ #Qp2-irQ K BM +QM+HmMbBQMb r2 2/ rM
6B bi-i?2 7Bt2/@TQBMi #QmM/ v +QM/BiBQM 2bmHi2/ BM H :2°/
M im H7 2[m2M+B2b r?2M +QKT "2/ iQ i?2 7Bt2/@2/;2 #QmM/ "v -
1?B+FM2bb Q7 9KK- 1?2 K tBKmK /BbTH +2K2Mi M/ KQ/2 b? T2 M ir
bvbi2K BM+°2 b2/ bi?2BMi2°M HT 2bbm 2 BM+°2 b2/X

6°QKi?2b2 "2bmHib-Bir b/2i2 ' KBM2/i? i+ '27mH +QMbB/2" iBQM K
1?72 bvbi2Kéb #QmM/ v +QM/BiBQMb M/ BMi2"™M HT 2bbm 2X AM i
+QM/BiBQMb rBHH #2 /Dmbi2/iQ ++m’ i2Hv 2T 2b2Mi?Qri?2 #mQ
Q7 i?2r p22M2° ;v +QMp2'i2 X 6BM HHv-r?2M +?2QQbBM; i?2 BMi2"|
rBHH #2 BKTQ'i MiiQ +QMbB/2  i?2 BKT +i Q7 T 2bbm 2 QM i?2 M ir
KQ/2 b? T2bX

JXRXk h?B+FM2bb 1772+

7i2° BMp2biB; iBM; i?2 2772+ib Q7 #QmM/ v +QM/BiBQMb M/ BMi:
#mQvV i?B+FM2bbr b +QM/m+i2/X 6Q  i?Bb bim/v-i?2 BMi2 M H T 2b
Kyyy S - M/ i?2 /[2pB+2 #QmM/ v +QM/BiBQMb r2 2 b2i mbBM; i?2 7
i?72 i?B+FM2bb Q7 i?2 #mQv r b p "B2/iQ /2i2°KBM2 i?2 BM7HM2M+
K tBKmK /BbTH +2K2Mi M/ KQ/2 7°2[m2M+vX h?2 "2bmHjB¥; / i + N

6°QK i?Bb bim/v- Bir b /2i2 °KBM2/ i? i i?2 i?B+F2MBM; Q7 i?2 K i2°
IBbTH +2K2Mib M/KQ/2 7 °2[m2M+B2bX bi?2i?B+FM2bbr b BM+"2
K tBKmK /BbTH +2K2Mi b?Qr2/ RjXNW 2/m+iBQM- 7 QK yXRed K i
rBi? i?2b K2 +? M;2BMi?B+FM2bb- HHi? 22KQ/2b? T2bb r /2+ 2
6Q  i?2 7B bi i?°22 KQ/2 b? T2b-i?2 KQ/2b? T2 M im> H 7°2[m2M+\
iQ eXd>x7Q  i?2 7B bi KQ/2-dX9 >xiQ eXNe >x 7Q" i?2 b2+QM/ KQ/
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6B:m 2 jXj, J tBKmK /BbTH +2K2Mi M/ KQ/2 7°2[m2M+B2b-7Q  p v
i Kyyy S M/ 7Bt2/@TQBMi #QmM/ v +QM/BiBQMb

7Q°i?2i?B/ KQ/2X

''b2/ QM i?2b2 “2bmHib- M BKTQ i Mi Q#b2 p iBQM r b K /2 +QM+2
b? T2 M im > H7 2[m2M+B2bX AM i?2 "2rREKE2MIQTQK? D KQ[D HB QN
Mim> H7 2[m2M+v Bb /B 2+iHv BM7HmM2M+2/ #v i?2 KQ/ H K bb M/

Kii .
li= — XRV
i M. Uj
"b2/ QM i?2 2bmHib Q7 i?Bb bim/v- Bir b Q#b2 p2/i? i i?BMM2" ¢{

Mim> H 7 2[m2M+v Q7 i?2 #mQvdéb KQ/2 b? T2bX aBM+2 i?2 /2+°2 &
BM /2+°2 b2 BM i?2 #mQvob KQ/ HK bb-i?Bb 7BM/BM; HB;Mb rBi?
K bb M/ M im> H 7 2[m2M+vX aBKBH "Hv- #v BM+'2 bBM; i?2 T 2bbt
BM+ 2 bBM;i?2 biB77M2bb Q7 i?2bi'm+im 2X h?Bb b?2QmH/ 2bmHi
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rb HbQ Q#b2 p2/BM i?Bb bim/vX h?Bb; p2 mb+QM7B/2M+2 BM Qm~

iQr "/bQm  7BM HBx2/ KQ/2HBM; T =~ K2i2 bX

JXRXj J2b? *QMp2 ;2M+2 aim/v

"27Q 2 7BM HBxBM; i?2 KQ/2HBM; T ~ K2i2 ' b-Qm 7BM HDbi2T r b i

Qm’ K2b? bBx2 i?2°Qm;? K2b? +QMp2°;2M+2 bim/vX h?Bb +QMp2°;

mbBM; K i2'B Hi?B+FM2bb Q7 3 KK- M BMi2"M HT 2bbm 2 Q7 ky

#QmM/ v +QM/BiBQMX hQ #2;BM i?2 bim/v- HBM2 " K2b? 2H2K2Mi

7 +iQ Q7 irQ 7 °(
KKX "v +miiBM; i?2 2H2K2Mi bBx2 BM ? H7-i?2bi" BM 2 "Q b?QmH/

M/ i?2 K2b? bBx2r b +QMiBMm HHv /2+ 2 b2/ #v

irQ-r?BH2 i?2 /BbTH +2K2Mi 2 "Q rQmH/ #2 +mi#v "QmM/ QM2 7Qr
#mQv /IBbTH +2K2Mir bi?2 K BM +QM+2 M Q7 i?2 bim/v-

rbb2i

M/ 1?2 IBb-
I yX8WX 6BM HHv-iQ 2Mbm 2 i?2 +Q "2+i 2H2K2Mi ivT2r b

2H2K2Mir b HbQ bim/B2/rBi? K2b? bBx2 Q7 k8 KKX

6B;m»XOM/ h #HRI?Qr i?2 "2bmHib Q7 i?72 K2b? +QMp2 ;2M+2 bim/vX
rb 2/m+2/ 7 QK kyy KK iQ k8 KK-i?2 K tBKmK /BbTH +2K2Mi +? M
KiQ yXR9j3R KX aBM+2 i?2°2 Bb MQ +HQb2/ 7Q K bQHmMIiBQM 7Q" i
IB772 2M+2 #2ir22M i?2 K tBKmK /BbTH +2K2Mi Q7 2 +? K2b? bBx2

BMh #dR2 //BiBQM HHv- M BK ;2 Q7 i?2 K2b? "27BMZX2Mi Bb b?2QrN

h #H2 jXk, J2b? +QMp2 ;2M+2 bim/v

J2b? bBx2tBKmK /BbTX [WRWV? ivT|21  "Q UWYV
Kyy yXRj938 GBM2 | 9X33
Ryy yXR9Rdd GBM2 | RXy9
8y yXR9jke GBM2 yXj3
k8 yXR9j3R GBM2 | yXye
k8 YyXR9j3]j Zm /° iB+ yXye
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6B;m 2 jX9, AM7H iBQM /BbTH +2K2Mi Q7 i?2 7TH2tB#H2 #mQv- rBi?
i2’B Hi?B+FM2bb Q7 3KK-BMi2™M HT 2bbm 2 Q7 kyyy S - M/ 7Bt2/

6 QK i?2 K2b? +QMp2 ;2M+2 bim/v 2bmHib- Bir b +H2 "~ i?2 [m [
MQi b?Qr bB:MB7B+ Mi /B7722M+2 QM 2Bi?2  i?2 +QKTmi iBQM
+QKT "2/iQi?2HBM2 "~ 2H2K2MiX b "2bmHi- HBM2 "~ 2H2K2Mibr2"
/IBiBQM HHv- /m2 iQ i?2 BKT ' Qp2K2Mi Q7 i?2 T2 +2Mi 2 Q" ii?2
[2i2 " KBM2/i?2 K2b? bBx2 b?QmH/ #2 bK HH2 i? M k8 KK 7Q"i?2 7B

j Xk 6BM HBx2/ 61 JQ/2HBM;

" b2/ QM i?2 “2bmHib Q7 i?2 T 2pBQmb b2+iBQM- irQ //BiBQM H 1
+72 i2/ 7Q  i?2 TH2tB#H2@BM7H i #H2 #mQvX 6B bi- /m2 iQ M BM
iQ #mivH "m##2°- So*7 #B+r b +QMbB/2°2/ b M //BiBQM H QTil
L2ti- iQ BKT Qp2 i?2 KQ/2H ++m" +v- MQMHBM2 - #mivH "m##2°
BKT Qp2K2MiiQi?2BMBiB HHBM2 ~KQ/2HX AMi?Bb b2+iBQM- 2 +7
BM /2i BHX
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JXkXR So* M/ LQMHBM2 °~ m##2 JQ/2HDb

6Q i?2 7BM H KQ/2Hb Q7 i?2 7TH2tB#H2@BM7H i #H2 #mQv- //BiBQ
+2'MBM; i?2 TT QT B i2 #QmM/ v +QM/BiBQMb 7Q  i?2 KQ/2HX AM
BM 6B ;RXRIP2 bvbi2Kdb TQr2 i F2@Q77 Bb ii +?2/iQ i?2 iQT bm™7
i?72 #mQv KQp2b BM i?2r i2 -i?Bbbm 7 +2rBHH b2 p2 b 7Bt2/ HQ:
"QmM/- bi?2 #mQv Bb2b M/ 7 HHbrBi? i?72 Q+2 Mr p2bX b “2bn
KQ/2H- r2 +?Qb2 iQ "2T ' 2b2Mi i?Bb /2bB;M #v mbBM; 7Bt2/ #QmM
bm 7 +2 Q7 i?2 #mQvX h?Bb #QmM/ "v +QM/BiBQM- r?B+? rBHH #2
MQMHBM2 ™ m##2 K i2'B Hb- +)X®8#2 b22M BM 6B;m 2

6B;m 2 (X8, 6Bt2/@bm 7 +2#QmM/ 'v+QM/BiBQM7Q i?2 So* M/ MC

AM //BiBQM iQ i?2 mT/ i2/ #QmM/ v +QM/BiBQMb- //BiBQM H +QM
+2"MBM; i?2 BMi2°M H T 2bbm"2 Q7 i?2 #mQv BM i?2 7BM H KQ/2H
[12pB+2- 1?2 K tBKmMK T 2bbm "2 bim/B2/r b kyyyS - Q  yXkN TbhBX q?
7Q° 2 bv +QMp2 ;2M+2 Q7 i?2 KQ/2H- i?2 BM7H iBQM T 2bbm 2 r b
K "BM2 /2pB+2X AMi?2 7BM HKQ/2H Q7 i?2 7TH2tB#H2 #mQv-i?2 BM
BM+ 2 b2/iQ 8yyy S - Q" yXdj TbBX h?Bb BM7H iBQM T 2bbm 2 r b |
rBi? T'2bbm 2b mb2/ 7Q BM7H i #H2 72M/BX BM i?2 K "BM2 BM/mb
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hQ 7m i?2 p HB/ i2i?2 +?Qb2M BMi2 M H B T 2bbm 2 Q7 i?2 #mQ\V
rb " mM mbBM; Laua Zq - bbmKBM; i?2 #mQv +RYX b6Q BB b# Q/\
bBKmH iBQM- “2:mH “r p2-rBi? T2'BQ/ Q7 3 b2+QM/b M/ ?2B:°
7Q Ryyb2+QM/bX h?2M-i?2 KBMBKmK- bi iB+- M/ K tBKmK 2ti2" M
#mQVvV r2°2 K2 bm'2/iQ +QKT "2 rBi? i?2 +?Qb2M BMi2°'M H B" T '2b
T 2bbm 2 +QMiQm b "2 byX@rM BM 6B;m" 2

6B;m 2 jXe, U VKBMBKmK- U#V bi iB+- M/ U+V K tBKmK 2ti2°"M H
"B;B/ #mQv KQ/2H
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6 QK i?2b2 "2bmHib-i?2 K tBKmK 2ti2 M HT 2bbm '2- b "2bmHi Q7 i
j-ddRXe S X //BiBQM HHv-i?2 KBMBKmK M/ bi iB+ T '2bbm 2b K2 k
r2°2 k-NkjX8 S M/ j-9dkXd S - "2bT2+iBp2HvX aBM+2 i?2b2 p Hm:
i? Mi?2 BM7H iBQM T 2bbm 2-r2 /2i2 ' KBM2/ i?2 +?Qb2M B T 2bt
K :MBim/2 iQ 2Mbm™2 i?2 #mQv +i2/ b +HQb2 iQ i?2 "B;B/ #Q/v bvk
KQ/2H-i?Bb T 2bbm 2r b TTHB2/ b MBMi2'M H7Q +2 +iBM: QM i?
bb?QrM BM joBY, m " 2

6B;m 2 jXd, 8yyy S T 2bbm 2 TTHB2/iQi?2 BMi2'M H7 +2b Q

brbK2MiBQM2/ T 2pBQmbHvV-irQ M2r K i2°'B Hbr2 2 +?Qb2M iQ "2
So0*7 # B+ M/MQMHBM2 ~ #mivH m##2 X 6B bi-i?2S0*7 # B+ K i2
bi*2M;i?- ;QQ//BK2MbBQM H bi #BHBiv- j/XHIB22iK2iR; B H QTRT B RB
mb2/ 7Q  i?2 So* KQ/2H "2 bmKKjXBx2/ BM h #H?2

IbBM; i?2 So* K i2’B H/ i - HBM2 K i2’'B H7Q KmH iBQM r b mb:
7 #°B+X " b2/ QM i?2 bi'2bb@bi’ BM "2H iBQMb?B KRR i/2427 @ B+- |
KBM2/ i?Bb K i2'B HrQmH/ #2? p2 7 B 'Hv HBM2j§Kv b2; “2H@bki-Q 7
i?Bb K i2’B H7Q KmH iBQMr b /2i2 ' KBM2/iQ #2 M ++m" i2 2T 2b
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h #H2 jXj, So* 7 # B+ K i2’B HT QT2 iB2b

S'QT2 iv 0 Hm2
.2MbBiv UWV;fK Rk3d
uQmM;6b JQ/mHMDBXBE V
SOBbbOM6b | iBX]3
"MHF JQ/mHmbRXR ¥ Y&
a?2  JQ/mMHMDpjX$ W

6B;m 2 jX3, GBM2 " bi'2bb@bi’ BM "2H8BQMb?BT Q7 So*

6Q  i?2 H bi 7BMBi2 2H2K2Mi KQ/2H /Bb+mbb2/ BM i?Bb rQ " F- MQN
rb +?Qb2MX IMHBF2 So* 7 # B+- #mivH "m##2° [mB+FHv /2pB i2b
"2H iBQMb?BT i ?B;?2 bi’ BMp HnjXK- b b2Q nMHB-M BIB;MHNBM2 ° K i
7Q KmH iBQM rBHH #2 M2+2bb "viQ ++m’  i2Hv 2T 2b2Mii?2 #2? p
K i2 B HX

AM i?2 7Q KmH iBQM b7RQKMiBBI 6@ Qi/2  u2Q? KQ/2H r b +?2Qb2M iQ
i72 MQMHBM?2 " #m@RHRMAKED/2H M/ K i2’B HT QT2 iB2b 7Q" i?2 M(
Ki2’B H "2bmKK "Bx2X®NXn #H?2
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Vi-w,V + M /27BM2/ #v i?2 mb2 iQ 2T 2b2Mi Mv //BiBQRIBM ;2M2°
qBi?BM i?2 ?v/ ' Q/vM KB+ bBKmH iBQM-i?2 KQ/ H /BbTH +2K2Mi 2
rBHH #2 //2/ mbBM: i?Bb /BbTH +2K2Mi p2+iQ X //BiBQM HHv- i?
p HM2b 7Q 2 +? bBKmH iBQM rBHH #2 //2/ b //BiBQM H/2;°22b Q7
K bb M/ biB77M2bb K i'B+2b- 7Q"i?2 ?2v/ " Q/vM KB+ bBKmH iBQMX



*?2 Ti2 9

>v/"Q/VM KB+ M/ S27Q K M+2
JQ/2HBM:;
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BM7H i #H2 #mQvX 6QHHQIrBM;i?2 7BMBi2 2H2K2Mi KQ/ H M HvbBb
7°2[m2M+v KQ/2 b? T2 rBHH #2 BM+Hm/2/ BM HBM2 " TQi2MiB H 7
U"1JV bBKmH iBQMX IbBM; i?2 KQ/2 b? T2 /27Q K iBQM- KQ/ H K
p Hm2b- i?2 bBKmH i2/ KQ/2 b? T2b + M #2 //2/ b //BiBQM H /2;"
#QmM/ v 2H2K2Mi bQHp2 X 6BM HHv- mbBM; i?2 “2bmHib Q7 i?2 #
iBK2 /QK BMKQ/2H Q7 i?2 /2pB+2 rBHH #2 /2p2HQT2/ mbBM; i?2 QT2
/IVM KB+b +Q/2 ql*@aAJX

O9OXR :2M2° HBx2/JQ/2b JQ/2HBM; rBi? "QmM/
K2Mi J2i?Q/

BQHHQIBM; i?2 7BMBi2 2H2K2Mi KQ/ H bBKmH iBQM Q7 i?2 #mQv-
BM+HmM/2 i?2 M2r ;2M2° HBx2/ KQ/2b BM i?2 ?v/°Q/vM KB+ bBKmH
7HQr bQHp2  ®RPABHH #2 mb2/ iQ Q#i BM ?v/ ' Q/vM KB+ +Q277B+B:
7H2tB#H2 #mQv KQ/2HbX
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