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Human BodyModeling in
Industrial Applications:

Multi-Person Pose Estimation and Virtual Try-On for
Enhanced Human Interaction

Abstract

Human body modelling is becoming one of the major domains as it serves a
wide range of applications, ranging from e-commerce to automation in manu-
facturing and further research on safety mechanisms. The effective and accurate
capture, representation, and interaction of the human body within digital envi-
ronments is crucial for a wide range of activities, including increasing personal-
ization in consumer experiences and ensuring the efficiency of complex systems
in industries. This dissertation will attempt to contribute to a better understand-
ing of human body analysis in two key domains: virtual try-on andmulti-person
pose estimation. Although the research objectives for both domains are explored
separately, they all point to the same goal: to improve the modelling and under-
standing of human bodies in dynamic environments.

The first section deals with virtual try-on technology, which has become in-
creasingly crucial in the online fashion retail industry. Without actually having
to wear the items, it enables the customer to see how they would fit and appear
on their body. The key contribution of this research work to the field lies in its
proposal of a uniquehigh-resolutiondataset that addresses significant limitations
posed by publicly available datasets at this time. This data includes full-body and
multi-category clothing items, with which visual quality can be improved for vir-
tual try-on models. Furthermore, a newmethod for synthesizing highly detailed
try-on images is elaborated, which reflects a person’s body shape, pose, andfitting
of the garment in a realistic way. This research enhances the authenticity and ef-
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fectiveness of virtual try-on systems and is a precious contribution to scholars and
fashion retailers in improving the online shopping experience.

The secondpart focuses onmulti-personpose estimation, a challenging task in
which the goal is to detect and predict the body keypoints ofmultiple individuals
within a single image. It has a variety of applications, particularly in the industrial
sector, where it may aid in improving workplace safety, human-robot collabora-
tion, and worker performancemonitoring. The study presented here introduces
a new approach employing a transformer-based architecture, enabling large in-
creases in multi-pose detection accuracy in crowded and complex environments.
The proposedmethod aims at reducing interference between the class prediction
and keypoints localization, succeeding in performing even in challenging condi-
tions.

This thesis contributes novel insights and tools to improve human bodymod-
elling by independently advancing both the state-of-the-art virtual try-on and
multi-person pose estimation. These will doubtless have an impact on a wide
rangeof applications and further illustrate the importanceofprecise humanbody
analysis in both commercial and industrial contexts. Work of this calibre, with
careful experimentation and the introduction of new methodologies, forms the
ground for further developments within the realm of digital human interaction.
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Modellamento del Corpo Umano in
Applicazioni Industriali:

Stima delle Pose Multi-Persona e Virtual Try-On per
un’Interazione Umana Avanzata

Sommario

Il modellamento del corpo umano sta diventando uno dei principali domini,
poiché serve un’ampia gamma di applicazioni che spaziano dall’e-commerce
all’automazione nella produzione e ulteriori ricerche sui meccanismi di sicurezza.
La cattura, la rappresentazione e l’interazione efficaci e accurate del corpo umano
all’interno di ambienti digitali sono fondamentali per un’ampia varietà di attiv-
ità, tra cui l’aumento della personalizzazione nelle esperienze dei consumatori e
il miglioramento dell’efficienza dei sistemi complessi nelle industrie. Questa dis-
sertazione mira a contribuire a una migliore comprensione dell’analisi del corpo
umano in due domini chiave: il virtual try-on e la stima delle pose per più per-
sone. Sebbene gli obiettivi di ricerca per entrambi i domini siano esplorati sepa-
ratamente, puntano tutti allo stesso scopo: migliorare il modellamento e la com-
prensione del corpo umano in ambienti dinamici.

La prima sezione tratta della tecnologia del virtual try-on, che sta diventando
sempre più cruciale nell’industria della moda online. Senza dover effettivamente
indossare i capi, consente al cliente di vedere come questi si adatterebbero e ap-
parirebbero sul proprio corpo. Il principale contributo di questo lavoro di ricerca
consiste nella proposta di un esclusivo dataset ad alta risoluzione, che affronta
significative limitazioni poste dai dataset pubblicamente disponibili al momento.
Questi dati includono capi di abbigliamento a corpo intero e di diverse categorie,
con i quali è possibile migliorare la qualità visiva dei modelli di virtual try-on.
Inoltre, viene elaborato un nuovo metodo per sintetizzare immagini di try-on al-
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tamente dettagliate, che riflettono in modo realistico la forma del corpo, la posa
e l’adattamento del capo. Questa ricerca migliora l’autenticità e l’efficacia dei sis-
temi di virtual try-on ed è un contributo prezioso per studiosi e rivenditori di
moda nel migliorare l’esperienza di acquisto online.

La seconda parte si concentra sulla stima delle pose per più persone, un com-
pito impegnativo il cui obiettivo è rilevare e predire i punti chiave del corpo di più
individui all’interno di una singola immagine. Ha una varietà di applicazioni, in
particolare nel settore industriale, dove può aiutare a migliorare la sicurezza sul
posto di lavoro, la collaborazione uomo-robot e il monitoraggio delle prestazioni
dei lavoratori. Lo studio presentato introduce un nuovo approccio che imp-
iega un’architettura basata su trasformatori, consentendo un notevole aumento
dell’accuratezza nel rilevamento di posemultiple in ambienti affollati e complessi.
Il metodo proposto mira a ridurre le interferenze tra la previsione della classe e la
localizzazione dei punti chiave, riuscendo a operare efficacemente anche in con-
dizioni difficili.

Questa tesi apporta nuove intuizioni e strumenti per migliorare il modella-
mento del corpo umano, avanzando in modo indipendente sia lo stato dell’arte
del virtual try-on che quello della stima delle pose per più persone. Questi con-
tributi avranno senza dubbio un impatto su un’ampia gamma di applicazioni e
illustrano ulteriormente l’importanza di un’analisi precisa del corpo umano in
contesti sia commerciali che industriali. Un lavoro di questa portata, con esperi-
menti accurati e l’introduzione di nuove metodologie, costituisce le basi per ulte-
riori sviluppi nel campo dell’interazione digitale con il corpo umano.
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Introduction

A key challenge of modern artificial intelligence involves the simulation
and understanding of the human body in virtual and real-world set-
tings. This opens up a world of applications in e-Commerce, health-

care, industrial automation, sports analytics, and entertainment, among many
others. The challenge is not only to accurately represent human postures, body
shapes, and interactions but also in a scalable, effective, and situation-neutral
manner. The ability of AI-driven systems to interact with human users in a natu-
ral and effective way is crucial as these systems becomemore andmore integrated
into daily life.

One of the most innovative applications of artificial intelligence focused on
humans is virtual try-ons. Customers can now see how clothes will fit and ap-
pear on their own digital avatars thanks to this innovation, which fundamen-
tally alters how consumers engage with fashion. By bridging the gap between
online and in-store shopping experiences, lowering product returns, improving
customer satisfaction, and reducing the environmental effects of waste, trans-
portation, and overproduction, virtual try-on has the potential to completely
transform e-Commerce. However, despite this assurance, it is still very difficult
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1
to create a realistic and seamless virtual try-on. Currentmethods often fail to sim-
ulate complex garment dynamics, allow for natural variation in human pose, or
adapt to a variety of body shapes. The restrictions on generalisation and robust-
ness also show how much progress in generative modelling, deep learning, and
computer vision is needed to achieve optimal performance.

At the same time,multi-person pose estimation recently formed an important
research topic in human-centredAI.Technology enriches awide range of applica-
tions, including improved human-computer interaction, assurance of workplace
safety, enabling collaborative robotics, and even athletic performance analysis.
Pose estimation systems search for important body landmarks of people in pic-
tures or videos, thus enabling AI systems to give a basis on which interpretation
of human actions and interactions should be based. Although great advances
have been achieved, there is still a long way to go, particularly in real-world ap-
plications. Most current models suffer significantly from accuracy and reliabil-
ity in natural environments due to crowded situations, overlapping poses, occlu-
sion of body parts, and unusual camera viewpoints. Such issues are particularly
important in collaborative and industrial contexts, where understanding human
behaviour plays a central role in ensuring safety and operational effectiveness.

Virtual try-on andmulti-person pose estimation are related yet different prob-
lems within human-centric AI, each having very diverse practical applications
and technical natures, thus deserving of focused approaches in order to overcome
their respective constraints. To contribute toward themore general goal of devel-
oping intelligent systems that can interact with humans in unconstrained envi-
ronments, this dissertation focusses on developing these fields separately.

1.1 Problem Statement

Despite these advances, virtual try-on andmulti-personpose estimation continue
to be hindered by various challenges that hamper the general applicability of such
approaches. In general, virtual try-on lacks the photorealism and adaptability re-
quired in a practical world. Most systems do not have the capabilities of captur-
ing varied body shapes, detailed modelling of draping and garment movement,
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1
or users assuming any kind of pose. Complex clothing, such as those with layers
or accessories, further complicates the task. Scaling virtual try-on technologies to
serve diverse populations and clothing styles is a major challenge, as current ap-
proaches often lack the robustness to generalise effectively. Moreover, generating
high-resolution and realistic try-ons typically requires significant computational
resources, which limits the feasibility of deploying such systems in real-time or
on resource-constrained devices.

Similarly to that, multi-person pose estimation also suffers from the complex-
ity of real-world scenarios. Occlusions of body parts with each other or objects,
as well as crowding where multiple people are present in the scene, pose serious
detection and localisation of keypoints challenges. Current models usually train
on limited datasets, in terms of body types, postures, and environmental condi-
tions, resulting in poor generalisation performance on unseen scenarios. These
limitations are very critical in settings where precision is vital, such as industrial
automation or collaborative robotics, as even slight inaccuracies can have big con-
sequences.

Besides these technical challenges, non-standard benchmarks and evaluation
protocols further complicate the advance of both fields. Both virtual try-on and
pose estimation systems require extensive and diverse datasets that reflect real-
world variability. However, it is very resource-intensive to collect and annotate
such datasets, therefore slowing innovation and limiting the scalability of the pro-
posed solutions.

In order to overcome these challenges, this dissertation suggests innovative ap-
proaches to enhance the precision, scalability, and effectiveness of multi-person
pose estimation and virtual try-on systems. The purpose of the work is to push
the limits of existing technologies and enable new applications that benefit from
advanced human-centric AI by concentrating on the unique requirements and
constraints of each domain.

To enhance clarity, the main contributions of this thesis can be summarized
as follows:

• Anovel high-resolution,multi-category virtual try-ondataset (DressCode),
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designed to overcome the limitations of existing datasets in terms of image
quality, diversity, and scalability.

• The introduction of a Pixel-Level Semantic-AwareDiscriminator (PSAD),
which improves the realismof generated try-on images by enforcing spatial
and semantic consistency.

• A transformer-based end-to-end approach for multi-person pose estima-
tion (DualPose), designed to enhance accuracy in crowded and occluded
environments by leveraging a novel dual-block decoder.

• Comprehensive experimental validation, including a fair comparisonwith
state-of-the-art methods, demonstrating the effectiveness of the proposed
approaches in both virtual try-on and pose estimation domains.

1.2 Structure of the Dissertation

This dissertation is structured into five chapters, each of which builds on the
insights and methodologies introduced in the previous sections, providing a de-
tailed examination of the research conducted.

Chapter 2 begins with an extensive review of the existing literature in the do-
mains of virtual try-on and pose estimation. It highlights the key methodologies,
challenges, and datasets that define these fields, alongside recent advances in com-
puter vision and deep learning that underpin the proposed contributions.

In Chapter 3, a novel virtual test system is introduced, focussing on realistic
and scalable solutions for fitting garments. This chapter details the proposed
methodologies, the development of a high-resolution dataset, and an evaluation
of the system’s performance through extensive experiments.

Chapter 4 discusses advances in multi-person pose estimation, including a
transformer-based approach for addressing occlusions, overlapping poses, and
other challenges in complex and dynamic environments. The chapter also cov-
ers specific adaptations for industrial applications like worker monitoring and
robotics.
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Finally, Chapter 5 summarises the main contributions of this research and re-

flects on their broader implications. It outlines potential directions for future
studies, emphasising the importance of interdisciplinary approaches and the con-
tinuous evolution of AI technologies centred on humans.

Through this structure, thedissertation aims to systematically address the tech-
nical and practical challenges of virtual try-on and pose estimation, ultimately
contributing to the advancement of intelligent systems capable of understanding
and interacting with humans in diverse scenarios.
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Literature Survey

2.1 Virtual Try-On

In the fashion and retail sector, virtual try-on technologies have been a game
changer that allows users to wear garments virtually in their own digital
worlds andunderstandhow the clothing fits them. Manymodels andmeth-

ods have been proposed for image-based, video-based, andmulti-pose virtual try-
on. Thesemethods leverage deep learning to generate realistic and coherent cloth-
ing transfer on a person’s body. The techniques used are basedmostly on genera-
tivemodels, likeGANs (GenerativeAdversarialNetworks) and diffusionmodels,
to ensure photo-realism as well compatibly with the clothes.

2.1.1 Image-Based Virtual Try-On

Image-based virtual try-on (VTO) takes as input an image of a person and a gar-
ment and generates a realistic simulation of how the garment would appear on
the individual. These models focus on preserving the body shape, posture, and
context of the individual, while ensuring that the clothing appears natural and
realistic.
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One of the first models, CAGAN [41], employed Conditional Adversarial
Generative Networks (GANs) to combine images of people and garments. De-
spite its innovative approach, it required ”clean” images of garments, which is
less practical in real-world scenarios. This limitation was addressed by VITON
[30], which introduced a two-step process inwhich the garment is first warped to
fit the person’s body and then blended into the image, making the process more
scalable.

Pose maps [11] have become a crucial component in many image-based VTO
systems. These maps represent the skeletal structure of the human body and
guide the garmentwarping process. Methods like PF-AFN[26] usemultichannel
heat maps for each joint or skeleton-based representation to capture the spatial
relationships between key points of the body, ensuring that the garment follows
the pose accurately [29, 91, 6, 16]. Some models use DensePose [28] to extract
texture and apply it to a UV parametrisation of the human model [5].

GANs continue to be central to virtual try-on, as they are adept at generating
photorealistic images [91, 107, 101, 25]. The adversarial training process allows
for more realistic rendering of clothing details. However, recent models have
started exploring diffusion models as a more stable alternative to GANs. Dif-
fusion models such as those introduced by Ho . [34], generate images by
progressively denoising a Gaussian noise sample, producing sharper and more
detailed output [110, 69, 43].

Cloth warping is essential in most VTO pipelines, where techniques such as
Thin-Plate Spline (TPS) [9] andAppearance Flow (AF) [114] are used to deform
clothing images to fit the human body. TPS warps the clothing based on control
points, while AF computes pixel-level flow fields to ensure accurate deformation.
These techniques improve garment alignment, particularly when dealing with
complex poses or occlusions [47, 46, 17, 26].

Virtual try-on models often use segmentation to predict semantic layout and
guide image generation [26, 87], but some avoid it due to potential inaccuracies.
Instead, they used knowledge distillation to train models without relying on pre-
dicted layouts. [39, 73]
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2.1.2 Multi-Pose Virtual Try-On

Multi-pose virtual try-onmodels provide greater flexibility by allowing the trans-
fer of clothing items to different postures. In addition to transmitting facial iden-
tity andmaintaining garment texture and detail, these models are able to provide
images in which the target clothing item fits the body effectively in a variety of
poses. The MG-VTON [21] model is a pioneer in this domain, as it facilitates
virtual try-on in several positions, surmounting the constraints of conventional
single-pose systems. The ability of the MG-VTON to produce images of people
in various poses, something that was previously unattainable with conventional
virtual try-on systems, defines its originality. The multi-pose virtual try-on pro-
cess [21, 22, 93] is broken down into three major components: segmentation,
warping, and synthesis. While warping modules such as Appearance Flow (AF)
and Thin-Plate Spline (TPS) are utilised to align the garment with the body, the
segmentation module creates a semantic layout of the goal position. The syn-
thesis module then comes to combine these together in order to produce the
final try-on image. Most models rely on guidance from pose heatmaps for syn-
thesis, while others adopt skeleton-based methods such as AB-GAN [113]. Re-
cent research also started exploring the use of diffusion models as an alternative
to traditional GAN-based synthesis methods because of the more controllable
and higher quality results associated with this approach. In conclusion, since the
field is still under development, most likely further research will continue with
the core of diffusion models for generating images of multi-pose try-on. Mod-
els face challenges such as ensuring that the garments are accurately aligned with
changing postures and preserving the subject’s identity, especially facial features,
in different poses. Solutions often involve the use of multi-channel heatmaps or
skeleton representations to guide the synthesis process. The future of this field
is likely to focus on improving the realism and consistency of try-on images in
diverse and dynamic poses.
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2.1.3 Datasets

High-quality datasets haveplayed an important role in thedevelopment of virtual
try-on systems, providing the necessary data for training, testing, and evaluation
of models. The datasets are usually composed of image pairs that include both
people and clothing, somodels can learn tomap garments onto human bodies in
both static and dynamic contexts. Numerous single-pose image-based to multi-
pose and video-based datasets have also been curated over the years, correspond-
ing to various applications of virtual try-on.

One of the most popular datasets is VITON [30], which contains both im-
ages of people and upper-body clothes allowingmodels for realistic try-on results.
VITON has served as the foundation for many virtual try-on models, providing
paired data inwhich each image of a person is associatedwith an image of a cloth-
ing item.

The lower resolution of the images has limitations in providing high-level in-
formation for body alignment and garment deformation. TheVITON-HD [16]
dataset improves on this by offering higher-quality images compared to the orig-
inal VITON, which are important for capturing cloth details such as fabric tex-
ture, logos, andpatterns. This superior resolution enables the generationof clearer
and more detailed outputs, rendering the dataset an indispensable asset for high-
fidelity virtual try-ons.

In addition to VITON and VITON-HD, the DeepFashion dataset [59] has
become a cornerstone in the virtual try-on community. DeepFashion contains
a wide range of clothing categories, along with rich annotations, including pose
information, clothing attributes, and landmark locations. This data set is very
useful for models that are designed to work with different types of clothing and
poses. The availability of pose and attribute annotations also allows one to do
more advanced tasks like attribute-based clothing, or fine-grained garment cate-
gorisation, which are essential for personalised virtual try-on experiences.

For multi-pose virtual try-on, datasets like MPV (Multi-Pose Virtual Try-On
Dataset) [21] and FashionTryOn [113] have emerged as essential resources. MPV
has images of people in multiple positions, which gives a more detailed insight
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into how clothes are supposed to look and move around the body. This dataset
allows for thedevelopmentofmodels that canhandle dynamic scenarios inwhich
users change posture or orientation, and thus is suitable for applications that re-
quire flexibility in body poses. Similarly, the FashionTryOn dataset includes im-
ages of models in multiple different poses, enhancing the model’s ability to gen-
eralise across diverse body poses and ensuring that garments are correctly aligned,
regardless of the subject’s orientation.

Video-based virtual try-onmodels need temporal data in addition to static im-
age datasets to guarantee that clothes stay aligned and stable as the wearer moves
through various frames. VVT (Video Virtual Try-On) [20] and Dwnet [109]
datasets offer the required video sequences in which garments must be trans-
ferred across a series of frames while maintaining temporal consistency. These
datasets are especially challenging because they require models to produce realis-
tic results in several frames and in a single frame, so that the clothing moves in
sync with the wearer’s movements. It is a challenging problem tomaintain the fi-
delity of garment appearances, e.g. texture, shape, and fit, evenwhen subjects are
moving, therefore video datasets are crucial for training models in this respect.

Additionally, some datasets also contain 3D data due to its relevance for appli-
cations needing a tighter fitting of garments and the push towards more immer-
sive experiences such as virtual reality or augmented reality. 3D body scans and
3D garment models give a higher level of detail to simulations when it comes to
how clothes will behave on a body in motion, including how fabrics will drape,
fold, and stretch in response to physical movement. Although these datasets are
relatively new and not as popular as 2D datasets, they show an important direc-
tion for the future.

Although there has been progress with the existing datasets, many challenges
and limitations remain. Many datasets are biased towards certain types of cloth-
ing (e.g. upper-body garments) or body types, leading to a lack of diversity in the
types of garments and individuals represented. Moreover, most datasets are lim-
ited to controlled settings with a minimal background, which does not capture
real-world variations. With the trend towards increasingly available virtual try-
on systems in commercial applications, there is an increasing demand for more
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comprehensive datasets providing a broader range of clothing types as well as dif-
ferent body shapes, poses, and scenes. Solving these limitationswill be imperative
to build stronger andmore generalisable virtual try-on systems that can copewith
the myriad of real-world use cases.

In conclusion, while existing datasets have laid the groundwork for significant
advancements in virtual try-on technologies, more datasets are needed to push
the capabilities and applications of thesemodels. More robust and varied datasets
will necessarily develop as virtual try-on models are refined to take into account
all the complexities of real-world applications.

2.2 Pose Estimation

2D single-person pose estimation is a fundamental problem in computer vision,
where the goal is to predict the precise locations of key body joints (e.g., elbows,
knees, and shoulders) from a 2D image of a person. The task has numerous ap-
plications, including human-computer interaction, action recognition, and an-
imation. Over the years, a variety of approaches have been developed, the two
most prominent categories being regression-based methods and heatmap-based
methods.

2.2.1 Single-Person 2D Pose Estimation

Regression-based Methods. Regression-based methods have played a cru-
cial role in 2D single-person pose estimation. These techniques utilise deep neu-
ral networks for direct mapping from input images to joint coordinates, making
the process computationally efficient. Among these, DeepPose[89], proposed by
Toshev and Szegedy, is one of the earliest and most impactful works. DeepPose
employs a cascaded deep neural network (CNN) to learn the mapping from an
image to body joint positions, marking a shift from traditional machine learning
to deep learning and setting off a new era of pose estimation.

However, regression-based techniques face difficulty in localising joints, espe-
cially when there is occlusion or when posture is difficult. For example, direct
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regression methods often exhibit poor performance in partially occluded body
parts because of their inability to capture complex spatial relationships among
joints. In later studies, more comprehensive methods were developed to address
this problem. Sun . [86] introduced a structure-aware regression method
using ResNet-50, which employed a bone-based body model instead of relying
solely on joint coordinates. Taking into account relationshipsbetweenbodyparts,
which are oftenoverlooked in traditional joint-based regression, thismethodgreatly
increased spatial accuracy.

Luvizon . [62], who presented an end-to-end differentiable method using
the soft-argmax function to convert feature maps into joint coordinates, made a
significant contribution. This technique was a popular choice for real-time tasks
or scenarios that require highly accurate joint predictions due to its maintained
differentiability throughout the network, leading to a more robust and accurate
estimate of joint positions.

Transformer-basedmethods have been investigated recently. Li . [49]. pre-
sented a transformer-based cascade network that employs self-attention mech-
anisms to capture the spatial correlation between joints and appearance. Con-
sidering that transformers are more effective at modelling long-range joint rela-
tionships while improving spatial coherence, this serves as a new direction for
regression-based pose estimation.

Despite their simplicity and efficiency, regression-based methods continue to
evolve, incorporating advances such as attention mechanisms, structure-aware
representations, and multi-task learning to improve their robustness in challeng-
ing real-world scenarios.

Heatmap-basedMethods. Heatmap-based methods have shown significant
improvements in 2Dhumanpose estimation in recent years. Thesemethods pro-
duce heatmaps where each pixel represents the likelihood of a particular joint
being in that location, as opposed to directly predicting the 2D coordinates of
joints. The goal of the heatmap creation process is to predict K heatmaps for
K joints by incorporating Gaussian kernels around the joints’ locations in the
ground truth data. Usingmetrics likeMean Squared Error (MSE), the difference
between the predicted and ground truth heatmaps is minimized during training.
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Thismethod provides amore detailed representation of spatial information than
direct coordinate prediction, allowing for smoother training and greater robust-
ness in complex scenarios involving occlusions or unusual poses.

Wei . [97] developed Convolutional Pose Machines (CPM), which use a
multi-stage process to refine joint location predictions employing beliefmaps. In
a comparable way, Newell . [72] introduced the Stacked Hourglass (SHG)
network, an encoder-decoder architecturewhich employs top-downandbottom-
up processing to capture multi-scale information. Chu . [19] expanded this
by designing a novel Hourglass Residual Units (HRUs), incorporating larger re-
ceptive fields to capture multi-scale features. Yang . [103] replaced the resid-
ual unit in SHGby introducing amulti-branchPyramidResidualModules (PRM),
which improve scale invariance in convolutional networks.

Sun’s High-Resolution Network (HRNet) [85] was another significant con-
tribution, as it maintained high-resolution representations throughout the net-
work by fusing multi-resolution subnetworks. Compared to previous models,
HRNet is remarkable for its capacity to preserve intricate spatial information
even at different scales, leading to more precise heatmap predictions. Yu .
introduced lighter versions, such as Lite-HRNet [106], which preserved strong
pose estimation performance while increasing computational efficiency. Many
related domains, including person reidentification, action recognition, and other
pose-related tasks, have been affected by the HRNet framework.

In addition to those, GANs have also been applied to pose estimation to gen-
erate plausible pose configurations and discriminate high-confidence from low-
confidence predictions, especially those that involve occlusion. Chen . [13]
proposed the Adversarial PoseNet composed of an hourglass network to gener-
ate poses and two discriminators to distinguish between plausible and implausi-
ble poses. Chou . [18] developed a similar GAN-based model that improves
pose estimation in occluded scenes by utilising adversarial data augmentation to
increase diversity during training. GANs are essential for pose recovery in chal-
lenging scenarios and have been successful in producing plausible pose configu-
rations.
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2.2.2 Multi-Person 2D Pose Estimation

Multi-person human pose estimation (HPE) ismore complex than single-person
HPE, as it requires identifying the number of people, their positions and group-
ing keypoints for each individual. Methods are generally categorised into top-
down and bottom-up approaches. Top-down methods use person detectors to
identify bounding boxes for individuals and then apply single-person pose esti-
mators to each box, while bottom-up methods first detect all body joints in an
image and then group them into individuals. Although top-down methods are
influenced by the number of people in the image, making them slower, bottom-
up methods are typically faster as they process the entire image at once.

Top-Down Pipeline. In applications involving multi-person 2D human pose
estimation, most methods in the top-down pipeline usually incorporate twoma-
jor steps: detecting people in an image using a human body detector, and sub-
sequently estimating pose for each detected person. Xiao . [98] proposed
a relatively simple but effective approach that incorporated deconvolutional lay-
ers onto ResNet to produce high-resolution heatmaps used in pose estimation.
Wang . [92] proposedGraph-PCNN, a two-stage framework that first locates
keypoints and then further refines it by a graph pose refinement module. Later,
Cai . [10] proposed a multi-stage network consisting of an RSN module to
fuse features and a PRM that balanced local and global representations.

Occlusion is one of the toughest problems in multi-person settings, especially
within crowded scenes. Iqbal andGall [37]workedon this bydeveloping amachine-
based convolutional pose estimator combined with integer linear programming
to associate joints with particular people, even when occlusion occurs. Fang .
[23] presented a novel regional multi-person pose estimation framework, includ-
ing a Symmetric Spatial TransformerNetwork, Parametric PoseNon-Maximum
Suppression, and a Pose-Guided Proposals Generator to improve performance
under occlusion and clutter conditions. Chen . [14] proposed Cascade Pyra-
mid Network (CPN), which consists of a GlobalNet that predicts visible and in-
visible keypoints and aRefineNet that integrates feature information ofmultiple
levels.
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Recently, long-range dependencies between keypoints have been investigated
using transformer-based methods. Li . [54] proposed a transformer-based
network called TokenPose to estimate human pose by embedding the relation-
ship between visual appearances through token representation. Yuan . [108]
suggested usingHRFormer, a high-resolution transformer that uses transformer
modules in place of HRNet’s convolution blocks to increase memory efficiency
and performance for scenes with occluded views. For more precise pose estima-
tion,Ma . [63] proposed the Token-Pruned Pose Transformer (PPT), which
can locate human body regions in multiple views with effectiveness.

Temporal information plays an important role in enhancing performance re-
garding multi-person pose estimation from video. Bertasius . [7] propose
PoseWarper, which further refines the label propagation between frames to deal
with the sparse annotation of video data more effectively. Liu . [57] intro-
duced a hierarchical alignment framework to alleviate the problem of context
misalignment between consecutive frames, in order to better aggregate temporal
data for the multi-person posture estimation task.

Bottom-up Pipeline. In the bottom-up pipeline for multi-person 2D human
pose estimation, methods first detect body parts and then group them to form
complete poses for each individual. Pishchulin . [75] proposed DeepCut,
one of the earlier approaches that uses a detector for body parts to find all key-
point candidates and integer linear programming to associate body parts in full
poses. However, this operated in a computationally expensive manner; there-
fore, Insafutdinov . [36] proposed DeeperCut, which achieved gains both
in speed and performance by relying on a stronger detector and improving the
optimisation strategy for body part grouping.

Cao . [11] proposed OpenPose, a generic bottom-up approach with wide
adoption that detects bodyparts throughheatmaps and associates thembymeans
of PartAffinity Fields, PAFs, representative of the orientation and position of the
limbs. Kreiss . [45] presented the model called PifPaf, which outperformed
other techniques like those from OpenPose by using Part Intensity Fields for lo-
cating the parts of the body and Part Association Fields to group them, especially
in scenes with low resolution or occlusions of the object. Cheng . [15] ex-
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tended HRNet into an even higher resolution network named the Higher Res-
olutionNetwork (HigherHRNet), improving keypoint detection in bottom-up
pose estimation by alleviating the challenge of scale variation.

End-to-End Pipeline. In recent years, multi-person pose estimation has ad-
vanced significantly with the introduction of end-to-end methods. These meth-
ods simplify the entire process by integrating tasks like person detection and key-
point association into a single framework, offering greater efficiency and accuracy
compared to traditional approaches.

One of the first methods came from Carion . with DETR [12], a model
thatused transformers to treat object detection as a set predictionproblem,which
proved to be effective for pose estimation as well. Building on this, Shi .
introduced PETR [82], a transformer-based system that first predicts human
poses and then refines the positions of keypoints. Xiao . QueryPose [99]
added a different perspective with its sparse query framework, allowing it to han-
dle both detection and pose estimation simultaneously, eliminating the need for
post-processing steps.

Other important contributions came from Liu . GroupPose [56, 3], who
used group-specific attention to enhance the interaction between keypoints and
body instances, resulting in more precise predictions. Yang . ED-Pose [102]
took a dual-decoder approach that integrated global human detection with de-
tailed keypoint estimation, greatly improving the model performance, particu-
larly in challenging scenarios such as crowded environments or occlusions.

In conclusion, end-to-end methods have revolutionised multi-person pose es-
timation by simplifying the workflow and improving overall performance. Mod-
els like PETR, QueryPose, ED-Pose, and GroupPose have set new benchmarks,
particularly in dealing with complex environments such as occlusions and dense
crowds.
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��� �Æ�ã �·�� �Ì���Ð�����Ð��	v ���·�ü����	v ���� �Ü� �ö�ö	Ä�Å���Ì�ž �Ð�ü���Ð�û�Å�ö�Ð��	} �$� �����ã�Ð���û�����Ð	v ���ã�Ð ���Ð�·�ö�æ���û �·�ü�Ì �·��	Ä

���ö�æ�Æ�·�Å�æ�ö�æ���ž ���Ü �Æ� �����Ð�ü�� �û���Ì�Ð�ö�� �·���Ð �ö�æ�û�æ���Ð�Ì �Å�Ð�Æ�·� ���Ð ���ã�Ð ���Ð�����ö� ���æ���ü ���Ü ���ã�Ð �û�·�ñ�����æ���ž ���Ü

�Ì�·���·���Ð���� ���Ð�û�·�æ�ü�� �æ�ü��� ���Æ�æ�Ð�ü�� �Ü���� ���ã�Ð �ö�Ð�—�Ð�ö ���Ü �Ì�Ð���·�æ�ö ���Ð��� �æ���Ð�Ì �æ�ü �ã�æ�Ý�ã	Ä��� �·�ö�æ���ž �æ�û�·�Ý�Ð

���ž�ü���ã�Ð���æ��	}

�b�� ���ö�ö ���ã�Ð���Ð �Ý�·����	v �˜�Ð �æ�ü�������Ì� �Æ�Ð�����Ð���� �����Ì�Ð	v �· �ü���—�Ð�ö �Ì�·���·���Ð�� �Ì�Ð���æ�Ý�ü�Ð�Ì �Ü���� �—�æ��	Ä

��� �·�ö �����ž	Ä���ü ����� �Ì�æ�Ð��	} �b�ã�Ð �����Ð���� �����Ì�Ð �æ�ü�Æ�ö� �Ì�Ð�� �û�����Ð ���ã�·�ü �æ�á	v�á�á�á ���·�æ���� ���Ü �ã�æ�Ý�ã	Ä

���Ð�����ö� ���æ���ü 	³�â�á�ã�å 
| �è�ç�é	´ �æ�û�·�Ý�Ð�� �Ü�Ð�·��� ���æ�ü�Ý �· �—�·���æ�Ð���ž ���Ü �Æ�ö�����ã�æ�ü�Ý �Æ�·���Ð�Ý�����æ�Ð��	v ��� �Æ�ã �·��

�Ü� �ö�ö	Ä�Å���Ì�ž	v �ö���˜�Ð��	Ä�Å���Ì�ž	v �·�ü�Ì � �����Ð��	Ä�Å���Ì�ž �Æ�ö�����ã�æ�ü�Ý	} �/�ü �·�Ì�Ì�æ���æ���ü ���� �Å�Ð�æ�ü�Ý ��� �Å�����·�ü	Ä

���æ�·�ö�ö�ž �ö�·���Ý�Ð�� ���ã�·�ü �Æ� �����Ð�ü�� �Å�Ð�ü�Æ�ã�û�·���ô��	v ���ã�æ�� �Ì�·���·���Ð�� �ã�·�� �Å�Ð�Ð�ü �Ì�Ð���æ�Ý�ü�Ð�Ì ���� �Ü�·�Æ�æ�ö�æ���·���Ð

���ã�Ð �Ì�Ð�—�Ð�ö�����û�Ð�ü�� ���Ü �û���Ì�Ð�ö�� ���ã�·�� �Æ�·�ü �ã�·�ü�Ì�ö�Ð �· �Å�����·�Ì ���·�ü�Ý�Ð ���Ü �Æ�ö�����ã�Ð�� �·�ü�Ì �������æ	Ä

���æ���ü��	} �����Ð���� �����Ì�Ð �Ü� �����ã�Ð�� �æ�û�������—�Ð�� �æ���� � ���Ð�Ü� �ö�ü�Ð���� �Ü���� �Æ���û���ö�Ð�• �û���Ì�Ð�ö �����·�æ�ü�æ�ü�Ý �Å�ž

�������—�æ�Ì�æ�ü�Ý �æ�û���������·�ü�� �·�ü�ü�����·���æ���ü�� ��� �Æ�ã �·�� �������Ð �ô�Ð�ž�����æ�ü����	v �Ì�Ð�ü���Ð �������Ð ���Ð�����Ð���Ð�ü���·	Ä

���æ���ü��	v �·�ü�Ì ���Ð�û�·�ü���æ�Æ ���Ð�Ý�û�Ð�ü���·���æ���ü �û�·���ô��	}

���ö���ü�Ý���æ�Ì�Ð ���ã�Ð �Ì�·���·���Ð��	v �˜�Ð �������������Ð �· �ü�Ð�˜ �·���Æ�ã�æ���Ð�Æ��� ���Ð ���ã�·�� �Ü�Ð�·��� ���Ð�� �· �U�æ�•�Ð�ö	Ä

�ã�á
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�=�Ð�—�Ð�ö �[�Ð�û�·�ü���æ�Æ	Ä���˜�·���Ð ���æ���Æ���æ�û�æ�ü�·������ 	³�U�[����	´	} �H� �� �U�[���� �Ð�û���ö���ž�� ���æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö

���Ð�û�·�ü���æ�Æ �æ�ü�Ü�����û�·���æ���ü ���� �Ð�ü�ã�·�ü�Æ�Ð ���ã�Ð ��� �·�ö�æ���ž ���Ü ���ž�ü���ã�Ð���æ���Ð�Ì �æ�û�·�Ý�Ð��	v �æ�ü �Æ���ü�����·����

���� �Æ���ü�—�Ð�ü���æ���ü�·�ö �Ì�æ���Æ���æ�û�æ�ü�·�������� ���ã�·�� �����Ð���·���Ð �·�� ���ã�Ð �æ�û�·�Ý�Ð ���� ���·���Æ�ã �ö�Ð�—�Ð�ö	} �b�ã�æ��

�û�Ð���ã���Ì �Ý� �·���·�ü���Ð�Ð�� ���ã�·�� ���ã�Ð �Ý�Ð�ü�Ð���·���Ð�Ì �æ�û�·�Ý�Ð�� ���Ð���·�æ�ü �·�Æ�Æ� ���·���Ð �·�ö�æ�Ý�ü�û�Ð�ü�� �˜�æ���ã ���ã�Ð

�Ì�Ð���æ���Ð�Ì �������Ð	v ���Ð�·�ö�æ�����æ�Æ ���Ð�•��� ���Ð��	v �·�ü�Ì �Æ���ã�Ð���æ�—�Ð �Æ�ö�����ã�æ�ü�Ý ���ã�·���Ð��	} �s�Ð ���·�Æ�ô�ö�Ð �æ�û���������·�ü��

�æ����� �Ð�� �æ�ü �æ�û�·�Ý�Ð ���ž�ü���ã�Ð���æ�� �Å�ž �æ�ü���Ð�Ý���·���æ�ü�Ý ���Ð�û�·�ü���æ�Æ �·�˜�·���Ð�ü�Ð���� �æ�ü���� ���ã�Ð �Ì�æ���Æ���æ�û�æ�ü�·	Ä

������	v �Ð�����Ð�Æ�æ�·�ö�ö�ž �Ü���� �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü �����ž	Ä���ü �·�����ö�æ�Æ�·���æ���ü��	}

�H� �� �Æ���ü�����æ�Å� ���æ���ü�� �·���Ð ��� �û�û�·���æ���Ð�Ì �·�� �Ü���ö�ö���˜��	u

	t �s�Ð �æ�ü�������Ì� �Æ�Ð�����Ð���� �����Ì�Ð	v ���ã�Ð �������� ��� �Å�ö�æ�Æ�ö�ž �·�—�·�æ�ö�·�Å�ö�Ð �Ì�·���·���Ð�� �Ü���� �—�æ����� �·�ö

�����ž	Ä���ü ���ã�·�� �æ�ü�Æ�ö� �Ì�Ð�� �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü �æ�û�·�Ý�Ð�� �·�Æ�������� �û� �ö���æ���ö�Ð �Ý�·���û�Ð�ü�� �Æ�·���Ð	Ä

�Ý�����æ�Ð��	v �·�Ì�Ì���Ð�����æ�ü�Ý ���ã�Ð �ö�æ�û�æ���·���æ���ü�� ���Ü �Ð�•�æ�����æ�ü�Ý �Ì�·���·���Ð����	}

	t �s�Ð �������������Ð �· �ü���—�Ð�ö�U�æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö �[�Ð�û�·�ü���æ�Æ	Ä���˜�·���Ð ���æ���Æ���æ�û�æ�ü�·������ 	³�U�[����	´

���ã�·�� �Ð�ü�ã�·�ü�Æ�Ð�� ���ã�Ð ���Ð�·�ö�æ���û �·�ü�Ì �Ì�Ð���·�æ�ö ���Ü ���ž�ü���ã�Ð���æ���Ð�Ì �����ž	Ä���ü �æ�û�·�Ý�Ð�� �Å�ž �æ�ü�Æ����	Ä

�������·���æ�ü�Ý ���æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö ���Ð�û�·�ü���æ�Æ � �ü�Ì�Ð�������·�ü�Ì�æ�ü�Ý	}

	t �s�Ð �—�·�ö�æ�Ì�·���Ð ��� �� �·���������·�Æ�ã ���ã����� �Ý�ã �Ð�•���Ð�ü���æ�—�Ð �Ð�•���Ð���æ�û�Ð�ü����	v ���ã���˜�æ�ü�Ý ���ã�·�� �æ��

��� �����Ð���Ü�����û�� ���ã�Ð �����·���Ð	Ä���Ü	Ä���ã�Ð	Ä�·���� �û�Ð���ã���Ì�� �æ�ü ���Ð���û�� ���Ü �—�æ��� �·�ö ��� �·�ö�æ���ž	v ��� �·�ü	Ä

���æ���·���æ�—�Ð �û�Ð�����æ�Æ��	v �·�ü�Ì �·�����ö�æ�Æ�·�Å�æ�ö�æ���ž ���� �Ì�æ�—�Ð�����Ð �—�æ����� �·�ö �����ž	Ä���ü ���Æ�Ð�ü�·���æ����	}

���ž �·�Ì�Ì���Ð�����æ�ü�Ý �Ð�•�æ�����æ�ü�Ý �Æ���ü�������·�æ�ü���� �·�ü�Ì ���
�Ð���æ�ü�Ý �· �ü�Ð�˜ �û�Ð���ã���Ì���ö���Ý�æ�Æ�·�ö �Ü���·�û�Ð	Ä

�˜�����ô �·�ü�Ì �· �����ö�æ�Ì �Ì�·���·���Ð��	v ��� �� �˜�����ô �·�æ�û�� ���� �������Ý���Ð���� ���ã�Ð ���Ð�ö�Ì ���Ü �—�æ����� �·�ö �����ž	Ä���ü �·�ü�Ì

���·�—�Ð ���ã�Ð �˜�·�ž �Ü���� �Ü� ��� ���Ð ����� �Ì�æ�Ð�� �·�ü�Ì ���Ð�·�ö	Ä�˜�����ö�Ì �·�����ö�æ�Æ�·���æ���ü��	}

�ä	÷�â�����Ï���� �����Ë�Ï ���·���·���Ï��

�U� �Å�ö�æ�Æ�ö�ž �·�—�·�æ�ö�·�Å�ö�Ð �Ì�·���·���Ð���� �Ü���� �—�æ����� �·�ö �����ž	Ä���ü �·���Ð ���Ü���Ð�ü �ö�æ�û�æ���Ð�Ì �Å�ž ���ü�Ð ���� �û�����Ð �Ü�·�Æ	Ä

�������� ��� �Æ�ã �·�� �ö�·�Æ�ô ���Ü �—�·���æ�Ð���ž	v ���û�·�ö�ö ���æ�£�Ð	v �ö���˜	Ä���Ð�����ö� ���æ���ü �æ�û�·�Ý�Ð��	v �����æ�—�·�Æ�ž �Æ���ü�Æ�Ð���ü��	v

���� ���ã�Ð �Ü�·�Æ�� ���Ü �Å�Ð�æ�ü�Ý �����������æ�Ð���·���ž	} �s�Ð �æ�Ì�Ð�ü���æ�Ü�ž �Ü��� �� �û�·�æ�ü �Ì�Ð���æ�Ì�Ð���·���· ���ã�·�� ���ã�Ð �æ�Ì�Ð�·�ö

�Ì�·���·���Ð�� �Ü���� �—�æ����� �·�ö �����ž	Ä���ü ���ã��� �ö�Ì ���������Ð����	u 	³�â	´ �æ�� ���ã��� �ö�Ì �Å�Ð ��� �Å�ö�æ�Æ�ö�ž �·�—�·�æ�ö�·�Å�ö�Ð �Ü���� ���Ð	Ä

���Ð�·���Æ�ã ��� ���������Ð��	ƒ 	³�ã	´ �æ�� ���ã��� �ö�Ì �ã�·�—�Ð �Æ�������Ð�������ü�Ì�æ�ü�Ý �æ�û�·�Ý�Ð�� ���Ü �Æ�ö�����ã�Ð�� �·�ü�Ì ���Ð�Ü�Ð���Ð�ü�Æ�Ð

�ã� �û�·�ü �û���Ì�Ð�ö�� �˜�Ð�·���æ�ü�Ý ���ã�Ð�û 	³���×�ï	} ���ã�Ð �Ì�·���·���Ð�� ���ã��� �ö�Ì �Æ���ü���æ���� ���Ü ���·�æ���Ð�Ì �æ�û�·�Ý�Ð��	´	ƒ
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�$�æ�Ý� ���Ð �ä	}�â	u�[�·�û���ö�Ð �æ�û�·�Ý�Ð ���·�æ���� �Ü�����û ���ã�Ð �����Ð���� �����Ì�Ð �Ì�·���·���Ð�� �˜�æ���ã �������Ð �ô�Ð�ž�����æ�ü����	v �Ì�Ð�ü���Ð �������Ð��	v
�·�ü�Ì ���Ð�Ý�û�Ð�ü���·���æ���ü �û�·���ô�� ���Ü �ã� �û�·�ü �Å���Ì�æ�Ð��	}

	³�ä	´ �æ�� ���ã��� �ö�Ì �Æ���ü���·�æ�ü �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü �æ�û�·�Ý�Ð�� �·�ü�Ì 	³�å	´ �Æ�ö�����ã�Ð�� �Å�Ð�ö���ü�Ý�æ�ü�Ý ���� �Ì�æ�
�Ð��	Ä

�Ð�ü�� �û�·�Æ����	Ä�Æ�·���Ð�Ý�����æ�Ð�� 	³�������� �·�ü�Ì ��	Ä���ã�æ������ �Å�Ð�ö���ü�Ý ���� ���ã�Ð � �����Ð��	Ä�Å���Ì�ž �Æ�·���Ð�Ý�����ž	v �˜�ã�æ�ö�Ð

���ô�æ������ �·�ü�Ì ������� ���Ð���� �·���Ð �Ð�•�·�û���ö�Ð�� ���Ü �ö���˜�Ð��	Ä�Å���Ì�ž �Æ�ö�����ã�æ�ü�Ý �·�ü�Ì �Ì���Ð�����Ð�� �·���Ð �Ü� �ö�ö	Ä�Å���Ì�ž

�Ý�·���û�Ð�ü����	´	} �/�ü �·�Ì�Ì�æ���æ���ü ���� ���ã�æ��	v �· �Ì�·���·���Ð�� �Ü���� �—�æ����� �·�ö �����ž	Ä���ü �˜�æ���ã �· �ö�·���Ý�Ð �ü� �û�Å�Ð��

���Ü �æ�û�·�Ý�Ð�� �æ�� �����Ð�Ü�Ð���·�Å�ö�Ð ���� �����ã�Ð�� �Ì�·���·���Ð���� �˜�æ���ã ���ã�Ð ���·�û�Ð ���—�Ð���·�ö�ö �Æ�ã�·���·�Æ���Ð���æ�����æ�Æ�� �Å� ��

���û�·�ö�ö�Ð�� ���æ�£�Ð��	} �=�����ô�æ�ü�Ý �·�� �b�·�Å�ö�Ð�ä	}�â	v �˜�Ð �Æ�·�ü ���Ð�Ð ���ã�·�� ���ã�Ð �����Ð���� �����Ì�Ð �Æ���û���ö�æ�Ð�� �˜�æ���ã

�·�ö�ö ���ã�Ð �·�Å���—�Ð �Ì�Ð���ü�æ���æ���ü��	v �˜�ã�æ�ö�Ð �Ü�Ð�·��� ���æ�ü�Ý �û�����Ð ���ã�·�ü ���ã���Ð�Ð ���æ�û�Ð�� ���ã�Ð �ü� �û�Å�Ð�� ���Ü �q�/	Ä

�b�H�C �æ�û�·�Ý�Ð�� 	«�ä�á	¬	} �b�� ���ã�Ð �Å�Ð���� ���Ü ��� �� �ô�ü���˜�ö�Ð�Ì�Ý�Ð	v ���ã�æ�� �æ�� ���ã�Ð �������� ��� �Å�ö�æ�Æ�ö�ž �·�—�·�æ�ö�·�Å�ö�Ð

�—�æ����� �·�ö �����ž	Ä���ü �Ì�·���·���Ð�� �Æ���û�����æ���æ�ü�Ý �û� �ö���æ���ö�Ð �û�·�Æ����	Ä�Æ�·���Ð�Ý�����æ�Ð�� �·�ü�Ì �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü

�æ�û�·�Ý�Ð ���·�æ����	} ���Ì�Ì�æ���æ���ü�·�ö�ö�ž	v �æ�� �æ�� ���ã�Ð �ö�·���Ý�Ð���� �·�—�·�æ�ö�·�Å�ö�Ð �Ì�·���·���Ð�� �Ü���� ���ã�æ�� ���·���ô �·�� �����Ð���Ð�ü��	v

�·�� �æ�� �æ�ü�Æ�ö� �Ì�Ð�� �û�����Ð ���ã�·�ü �â�á�á�ô �æ�û�·�Ý�Ð�� �Ð�—�Ð�ü�ö�ž �����ö�æ�� �Å�Ð���˜�Ð�Ð�ü �Ý�·���û�Ð�ü���� �·�ü�Ì �ã� �û�·�ü

���Ð�Ü�Ð���Ð�ü�Æ�Ð �û���Ì�Ð�ö��	}

�H�*�Ï���*�â�Ï�+ ���Ù ���ß�Ï ���·���·���Ï��

�b�ã�Ð �·�—�·�æ�ö�·�Å�æ�ö�æ���ž ���Ü �Ì�æ�—�Ð�����Ð �·�ü�Ì �ã�æ�Ý�ã	Ä��� �·�ö�æ���ž �Ì�·���· ���Ð���� ���ö�·�ž�� �· �ô�Ð�ž �����ö�Ð �æ�ü �Ì���æ�—�æ�ü�Ý �·�Ì	Ä

�—�·�ü�Æ�Ð�� �æ�ü �—�æ����� �·�ö �����ž	Ä���ü ���Ð�Æ�ã�ü���ö���Ý�æ�Ð��	} �,���˜�Ð�—�Ð��	v �û������ ��� �Å�ö�æ�Æ�ö�ž �·�—�·�æ�ö�·�Å�ö�Ð �Ì�·���·���Ð����

�·���Ð ���ö�·�Ý� �Ð�Ì �Å�ž �ö�æ�û�æ���·���æ���ü�� ���ã�·�� �ã�æ�ü�Ì�Ð�� ���ã�Ð �Ì�Ð�—�Ð�ö�����û�Ð�ü�� ���Ü �Ý�Ð�ü�Ð���·�ö�æ���·�Å�ö�Ð �·�ü�Ì ����	Ä

�Å� ���� �����ö� ���æ���ü��	} �����û�û���ü �æ����� �Ð�� �æ�ü�Æ�ö� �Ì�Ð �· �ö�·�Æ�ô ���Ü �Ì�æ�—�Ð�����æ���ž �æ�ü �Æ�ö�����ã�æ�ü�Ý �Æ�·���Ð�Ý�����æ�Ð��	v

�ö���˜ �æ�û�·�Ý�Ð ���Ð�����ö� ���æ���ü	v �·�ü�Ì �æ�ü��� ���Æ�æ�Ð�ü�� �·�ü�ü�����·���æ���ü�� ���� ��� ���������� �Æ���û���ö�Ð�• ���·���ô��	} �b�ã�Ð���Ð
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�Æ���ü�������·�æ�ü���� �ü���� ���ü�ö�ž ���Ð�������æ�Æ�� ���ã�Ð ���Æ�����Ð ���Ü �Ð�•�æ�����æ�ü�Ý �û���Ì�Ð�ö�� �Å� �� �·�ö���� �ö�æ�û�æ�� ���ã�Ð�æ�� �·�Å�æ�ö	Ä

�æ���ž ���� �ã�·�ü�Ì�ö�Ð ���Ð�·�ö	Ä�˜�����ö�Ì ���Æ�Ð�ü�·���æ���� �Ð�
�Ð�Æ���æ�—�Ð�ö�ž	}

�b�ã�Ð �����Ð���� �����Ì�Ð �Ì�·���·���Ð�� ���Ð�����Ð���Ð�ü���� �· ���æ�Ý�ü�æ���Æ�·�ü�� �����Ð�� �Ü�����˜�·���Ì �æ�ü �·�Ì�Ì���Ð�����æ�ü�Ý

���ã�Ð���Ð �Æ�ã�·�ö�ö�Ð�ü�Ý�Ð��	} �[���Ð�Æ�æ���Æ�·�ö�ö�ž �Ì�Ð���æ�Ý�ü�Ð�Ì ���� �û�Ð�Ð�� ���ã�Ð ���Ð��� �æ���Ð�û�Ð�ü���� ���Ü �—�æ����� �·�ö �����ž	Ä���ü

�·�����ö�æ�Æ�·���æ���ü��	v �æ�� �Æ���ü���æ������ ���Ü �û�����Ð ���ã�·�ü �æ�á	v�á�á�á �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü �æ�û�·�Ý�Ð ���·�æ����	v �Ð�·�Æ�ã

���ã���˜�æ�ü�Ý �· �Ý�·���û�Ð�ü�� �·�ü�Ì ���ã�Ð �û���Ì�Ð�ö �˜�Ð�·���æ�ü�Ý �æ��	} �s�æ���ã �· ���Ð�����ö� ���æ���ü ���Ü �â�á�ã�å 
| �è�ç�é	v

���ã�Ð���Ð �æ�û�·�Ý�Ð ���·�æ���� �������—�æ�Ì�Ð �· �ö�Ð�—�Ð�ö ���Ü �Ì�Ð���·�æ�ö �Æ��� �Æ�æ�·�ö �Ü���� ���ž�ü���ã�Ð���æ�£�æ�ü�Ý ���Ð�·�ö�æ�����æ�Æ �����ž	Ä���ü

�æ�û�·�Ý�Ð��	} �b�ã�Ð �Ì�æ�—�Ð�����æ���ž ���Ü ���ã�Ð �Ì�·���·���Ð�� �æ�� � �ü�û�·���Æ�ã�Ð�Ì	ƒ �æ�� �æ�ü�Æ�ö� �Ì�Ð�� �Ü� �ö�ö	Ä�Å���Ì�ž ��� ��������

��� �Æ�ã �·�� �Ì���Ð�����Ð��	v �ö���˜�Ð��	Ä�Å���Ì�ž �æ���Ð�û�� ��� �Æ�ã �·�� ���ô�æ������ �·�ü�Ì ���·�ü����	v �·�ü�Ì � �����Ð��	Ä�Å���Ì�ž �Æ�ö�����ã	Ä

�æ�ü�Ý ��� �Æ�ã �·�� ���ã�æ������ �·�ü�Ì ��	Ä���ã�æ������	} �b�ã�æ�� ���Æ�����Ð �Ý� �·���·�ü���Ð�Ð�� ���ã�·�� �û���Ì�Ð�ö�� �����·�æ�ü�Ð�Ì �˜�æ���ã

�����Ð���� �����Ì�Ð �Æ�·�ü �Ý�Ð�ü�Ð���·�ö�æ���Ð ���� �· �—�·���æ�Ð���ž ���Ü �Æ�ö�����ã�æ�ü�Ý ���ž���Ð��	v �û�·�ô�æ�ü�Ý �æ�� �· ���Ð�•�æ�Å�ö�Ð �������ö

�Ü���� ����� �Ì�ž �·�ü�Ì �Ì�Ð�—�Ð�ö�����û�Ð�ü��	}

�b�ã�Ð �·�Ì�Ì�æ���æ���ü ���Ü �Ì�Ð���·�æ�ö�Ð�Ì �·�ü�ü�����·���æ���ü��	v �·�ö���ü�Ý �˜�æ���ã �æ���� ���æ�£�Ð	v �æ�� �˜�ã�·�� �Ì�æ�
�Ð���Ð�ü���æ	Ä

�·���Ð�� �����Ð���� �����Ì�Ð	} �/�ü	Ä�Ì�Ð�����ã �Ì�Ð���·�æ�ö�� ��� �Æ�ã �·�� ���Ð�û�·�ü���æ�Æ ���Ð�Ý�û�Ð�ü���·���æ���ü �û�·���ô��	v �Ì�Ð�ü���Ð

�������Ð��	v �·�ü�Ì �ã� �û�·�ü �������Ð �ô�Ð�ž�����æ�ü���� �·���Ð �æ�ü�Æ�ö� �Ì�Ð�Ì �Ü���� �Ð�—�Ð���ž �æ�û�·�Ý�Ð ���·�æ��	} �/�ü �����Ì�Ð�� ����

�·�æ�Ì �û���Ì�Ð�ö�� �æ�ü �Æ���û�����Ð�ã�Ð�ü�Ì�æ�ü�Ý �����·���æ�·�ö ���Ð�ö�·���æ���ü���ã�æ���� �·�ü�Ì ���Ð�û�·�ü���æ�Æ ������� �Æ��� ���Ð�� �·�ü�Ì

�Ý�Ð�ü�Ð���·���Ð �—�æ��� �·�ö�ö�ž �·�����Ð�·�ö�æ�ü�Ý �·�ü�Ì ���Ð�û�·�ü���æ�Æ�·�ö�ö�ž �Æ���ã�Ð���Ð�ü�� �����ž	Ä���ü ���Ð��� �ö����	v ���ã�Ð���Ð �·�ü�ü��	Ä

���·���æ���ü�� �·���Ð �Ð�•�����Ð�û�Ð�ö�ž � ���Ð�Ü� �ö	} ���ž �·�Ì�Ì���Ð�����æ�ü�Ý ���ã�Ð ���ã�������Æ���û�æ�ü�Ý�� ���Ü �Ð�•�æ�����æ�ü�Ý �Ì�·���·���Ð����	v

�����Ð���� �����Ì�Ð �Ð�����·�Å�ö�æ���ã�Ð�� ���ã�Ð �Ü��� �ü�Ì�·���æ���ü �Ü���� �æ�û���������·�ü�� �Ì�Ð�—�Ð�ö�����û�Ð�ü���� �æ�ü �—�æ����� �·�ö

�����ž	Ä���ü ���Ð�Æ�ã�ü���ö���Ý�ž	} �� �Æ���û���·���æ�����ü �˜�æ���ã ��� �Å�ö�æ�Æ�ö�ž �·�—�·�æ�ö�·�Å�ö�Ð �Ì�·���·���Ð���� �æ�� ���ã���˜�ü �æ�ü

�b�·�Å�ö�Ð�ä	}�â	}

�/�ø�·�Ú�Ï �����ò�ò�Ï�Å���â���ù �·�ù�Ë ���ù�ù�����·���â���ù

�b�ã�Ð �����Ð���� �����Ì�Ð �Ì�·���·���Ð�� �˜�·�� �Æ�·���Ð�Ü� �ö�ö�ž �Æ� ���·���Ð�Ì ���� �Ý� �·���·�ü���Ð�Ð �æ���� ��� �·�ö�æ���ž	v �Ì�æ�—�Ð�����æ���ž	v

�·�ü�Ì �·�����ö�æ�Æ�·�Å�æ�ö�æ���ž ���� �—�æ����� �·�ö �����ž	Ä���ü ���·���ô��	} �b�ã�Ð �������� �����Ð�� �æ�ü�—���ö�—�Ð�Ì �Æ���ö�ö�Ð�Æ���æ�ü�Ý ���æ�Æ	Ä

��� ���Ð�� �Ü�����û �������Ü�Ð�����æ���ü�·�ö �Ü�·���ã�æ���ü �Æ�·���·�ö���Ý� �Ð��	v �˜�ã�æ�Æ�ã �������—�æ�Ì�Ð�Ì �· � �ü�æ�Ü�����û �����·�ü�Ì�·���Ì

�Ü���� ���æ�Æ��� ���Ð ��� �·�ö�æ���ž �·�ü�Ì �Æ�ö�����ã�æ�ü�Ý ���Ð�����Ð���Ð�ü���·���æ���ü	} �$�����û �ö� �•� ���ž �Æ�ö�����ã�æ�ü�Ý ���� �Æ�·��� �·�ö

�˜�Ð�·��	v ���ã�Ð���Ð �Æ�·���·�ö���Ý� �Ð�� �Ü�Ð�·��� ���Ð�Ì �· �˜�æ�Ì�Ð �·�����·�ž ���Ü �Æ�ö�����ã�æ�ü�Ý �æ���Ð�û�� �æ�ü �· �—�·���æ�Ð���ž ���Ü �����ž�ö�Ð��

�·�ü�Ì �Æ�·���Ð�Ý�����æ�Ð��	} �b�ã�Ð���Ð �æ�û�·�Ý�Ð�� �˜�Ð���Ð � ���Ð�Ì �������æ�Æ���ö�ž �Ü���� ���Ð���Ð�·���Æ�ã ��� ���������Ð��	v �æ�ü �Æ���û	Ä

���ö�æ�·�ü�Æ�Ð �˜�æ���ã �·�����ö�æ�Æ�·�Å�ö�Ð ���Ð�Ý� �ö�·���æ���ü��	v �·�ü�Ì �˜�æ���ã �ü�� �Æ���û�û�Ð���Æ�æ�·�ö �æ�ü���Ð�ü��	} �b�� �Ð�ü��� ���Ð

�Ð���ã�æ�Æ�·�ö �·�ü�Ì �ö�Ð�Ý�·�ö �Æ���û���ö�æ�·�ü�Æ�Ð	} ���Ì�Ì�æ���æ���ü�·�ö�ö�ž	v ���ã�Ð �Ì�·���·���Ð�� �ã�·�� �Å�Ð�Ð�ü ���Ð�ö�Ð�·���Ð�Ì �Ð�•�Æ�ö� 	Ä

���æ�—�Ð�ö�ž �Ü���� �·�Æ�·�Ì�Ð�û�æ�Æ � ���Ð	v �˜�æ���ã �ü�� �������—�æ���æ���ü�� �Ü���� �Æ���û�û�Ð���Æ�æ�·�ö ���Ð�Ì�æ�������æ�Å� ���æ���ü	} ���ü�ž

�ã�ä
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�>�×���X���[�[���H����

� ���Ð �Å�Ð�ž���ü�Ì �·�Æ�·�Ì�Ð�û�æ�Æ ���Ð���Ð�·���Æ�ã ���Ð��� �æ���Ð�� �Ð�•���ö�æ�Æ�æ�� �·� ���ã�����æ�£�·���æ���ü �Ü�����û ���ã�Ð �Æ�����ž���æ�Ý�ã��

�ã���ö�Ì�Ð���� ���Ü ���ã�Ð �����æ�Ý�æ�ü�·�ö �æ�û�·�Ý�Ð��	}

�b�� �Æ���Ð�·���Ð �· �Æ���·�����Ð �—�Ð�����æ���ü ���Ü ���ã�Ð �Ì�·���·���Ð��	v �˜�Ð ���Ð�ö�Ð�Æ�� �æ�û�·�Ý�Ð�� ���Ü �Ì�æ�
�Ð���Ð�ü�� �Ý�·���û�Ð�ü��

�Æ�·���Ð�Ý�����æ�Ð�� �Ü���� �· �������·�ö ���Ü �·�Å��� �� �ã�æ�á�ô �Ü�·���ã�æ���ü �æ���Ð�û��	v �Ð�·�Æ�ã �Æ���ü���·�æ�ü�æ�ü�Ý �ã	Ä�æ �æ�û�·�Ý�Ð��

���Ü �Ì�æ�
�Ð���Ð�ü�� �—�æ�Ð�˜�� ���Ü ���ã�Ð ���·�û�Ð �������Ì� �Æ��	} �b�ã�Ð �æ�û�·�Ý�Ð �Æ���ö�ö�Ð�Æ���æ���ü �������Æ�Ð���� �˜�·�� ������� �Æ	Ä

��� ���Ð�Ì �æ�ü ���˜�� �����·�Ý�Ð��	u �·� �����û�·���æ�Æ ���ö���Ð���æ�ü�Ý �·�ü�Ì �û�·�ü� �·�ö �—�·�ö�æ�Ì�·���æ���ü	} �� �����Ð	Ä�����·�æ�ü�Ð�Ì

�������Ð �Ð�����æ�û�·���æ���ü �û���Ì�Ð�ö �˜�·�� � ���Ð�Ì �æ�ü ���ã�Ð �·� �����û�·���æ�Æ �����·�Ý�Ð ���� �æ�Ì�Ð�ü���æ�Ü�ž �æ�û�·�Ý�Ð�� �Æ���ü	Ä

���·�æ�ü�æ�ü�Ý �Ü� �ö�ö �Ü�����ü�� �—�æ�Ð�˜�� ���Ü �ã� �û�·�ü �û���Ì�Ð�ö��	} ���� �· �Å�·���æ�Æ �����Ð���Ð��� �æ���æ���Ð �Ü���� ���ã�Ð �—�æ����� �·�ö

�����ž	Ä���ü ���·���ô	v ���ã�æ�� �����Ð�� �Ð�ü��� ���Ð�Ì ���ã�·�� �Ð�—�Ð���ž �Ý�·���û�Ð�ü�� �Æ��� �ö�Ì �Å�Ð ���·�æ���Ð�Ì �˜�æ���ã �· �û���Ì�Ð�ö

�æ�û�·�Ý�Ð	} ��� �����û�·���æ�Æ �Ð�•�Æ�ö� ���æ���ü �˜�·�� �·�����ö�æ�Ð�Ì ���� �Ý�·���û�Ð�ü���� �˜�æ���ã �æ�ü�Æ���û���ö�Ð���Ð �—�æ�Ð�˜�� ����

�˜�æ���ã��� �� ���ã�Ð �Æ�������Ð�������ü�Ì�æ�ü�Ý �û���Ì�Ð�ö �æ�û�·�Ý�Ð��	} �b�ã�Ð ���Ð�û�·�æ�ü�æ�ü�Ý �æ�ü�—�·�ö�æ�Ì ���·�æ���� �˜�Ð���Ð ���ã�Ð�ü

���Ð�û���—�Ð�Ì ���ã����� �Ý�ã �· �û�·�ü� �·�ö�ö�ž �Æ� ���·���Ð�Ì �—�·�ö�æ�Ì�·���æ���ü ���ã�·���Ð	} �b�ã�æ�� �æ�ü�—���ö�—�Ð�Ì ���Ð�û���—�æ�ü�Ý

���ã�������� �æ�ü �˜�ã�æ�Æ�ã ���ã�Ð �Ý�·���û�Ð�ü�� �˜�·�� �ü���� �·�ö�æ�Ý�ü�Ð�Ì �˜�æ���ã ���ã�Ð �û���Ì�Ð�ö	v ���·�����æ�·�ö�ö�ž ���Å���Æ� ���Ð�Ì	v

���� ���—�Ð���ö�·�����Ð�Ì �˜�æ���ã �����ã�Ð�� �Æ�ö�����ã�æ�ü�Ý �æ���Ð�û��	} ���·�Æ�ã ���·�æ�� ���Ü �æ�û�·�Ý�Ð�� �æ�ü ���ã�Ð �Ì�·���·���Ð�� �˜�·��

�Ý� �·���·�ü���Ð�Ð�Ì ���� �û�Ð�Ð�� ���ã�Ð �������æ�Æ�� �Æ���æ���Ð���æ�· �ü�Ð�Ð�Ì�Ð�Ì �Ü���� �����·�æ�ü�æ�ü�Ý �·�ü�Ì �Ð�—�·�ö� �·���æ���ü �·�� �· ���Ð��� �ö��

���Ü ���ã�æ�� �û�Ð���æ�Æ� �ö��� �� ���ö���Ð���æ�ü�Ý	}

�b�ã�Ð ���ã�������� �˜�Ð���Ð �Ì�æ�—�æ�Ì�Ð�Ì �æ�ü���� ���ã���Ð�Ð �����æ�û�·���ž �Æ�·���Ð�Ý�����æ�Ð��	u � �����Ð��	Ä�Å���Ì�ž �Ý�·���û�Ð�ü����

	³�Æ���û�������Ð�Ì ���Ü ��������	v ��	Ä���ã�æ������	v ���ã�æ������	v ���˜�Ð�·�����ã�æ������	v �·�ü�Ì ���˜�Ð�·���Ð����	´	v �ö���˜�Ð��	Ä�Å���Ì�ž �Ý�·��	Ä

�û�Ð�ü���� 	³�Æ���û�������Ð�Ì ���Ü ���ô�æ������	v ������� ���Ð����	v ���ã��������	v �·�ü�Ì �ö�Ð�Ý�Ý�æ�ü�Ý��	´ �·�ü�Ì �Ü� �ö�ö	Ä�Å���Ì�ž ��� ��������

�æ�ü �����Ì�Ð�� ���� �æ�û�������—�Ð ���ã�Ð �Ì�·���·���Ð��	Ú�� � ���Ð�Ü� �ö�ü�Ð����	} �b�ã�æ�� �Æ�ö�·�����æ���Æ�·���æ���ü �û�·�ô�Ð�� �æ�� �Ð�·���æ�Ð�� ����

�Ì�Ð�—�Ð�ö���� �û���Ì�Ð�ö�� ���ã�·�� �·���Ð �����·�æ�ü�Ð�Ì ���� �ã�·�ü�Ì�ö�Ð ���·�����æ�Æ� �ö�·�� ���ž���Ð�� ���Ü �Æ�ö�����ã�æ�ü�Ý �·�ü�Ì �·�ö�ö���˜

�Ü���� ���·���Ý�Ð���Ð�Ì �·�ü�·�ö�ž���æ��	} �U���æ�—�·�Æ�ž �æ����� �Ð�� �˜�Ð���Ð �·�ö���� ���ã������� �Ý�ã�ö�ž �Æ���ü���æ�Ì�Ð���Ð�Ì	} ���ö�ö ���ã��������

�æ�ü �����Ð���� �����Ì�Ð �˜�Ð���Ð �·�ü���ü�ž�û�æ���Ð�Ì �Å�ž �Æ���������æ�ü�Ý ���ã�Ð�û �ñ� ���� �Å�Ð�ö���˜ ���ã�Ð �ü�����Ð	v �·�� �û�·�ü�ž

���Ü ���ã�Ð �Ì�·���·���Ð���� ���ã�·�� �·���Ð �Æ� �����Ð�ü���ö�ž �·�—�·�æ�ö�·�Å�ö�Ð �Æ���ü���·�æ�ü �æ�Ì�Ð�ü���æ���·�Å�ö�Ð �û���Ì�Ð�ö �Ü�·�Æ�æ�·�ö �Ü�Ð�·	Ä

��� ���Ð�� ���ã�·�� �û�·�ž �Ý�æ�—�Ð ���æ���Ð ���� �Ð���ã�æ�Æ�·�ö �æ����� �Ð��	} �b�ã�æ�� �û�Ð���ã���Ì ���Ð�����Ð�Æ���� ���ã�Ð �����æ�—�·�Æ�ž ���Ü ���ã�Ð

���Ð�����ö�Ð �����������·�ž�Ð�Ì �˜�ã�æ�ö�Ð �û�·�æ�ü���·�æ�ü�æ�ü�Ý ���ã�Ð �Å���Ì�ž �æ�ü�Ü�����û�·���æ���ü ���Ð��� �æ���Ð�Ì �Ü���� ���ã�Ð �—�æ��	Ä

��� �·�ö �����ž	Ä���ü ���·���ô	} �s�Ð �Æ�·�ö�Æ� �ö�·���Ð ���ã�Ð �ñ���æ�ü�� �Æ�������Ì�æ�ü�·���Ð��	v ���ã�Ð �Ì�Ð�ü���Ð �������Ð	v �·�ü�Ì ���ã�Ð ���Ð�Ý	Ä

�û�Ð�ü���·���æ���ü �û�·���ô �Ü���� �Ð�·�Æ�ã �û���Ì�Ð�ö	Ú�� �ã� �û�·�ü ���·�����æ�ü�Ý ���� �Ü� �����ã�Ð�� �Ð�ü�ã�·�ü�Æ�Ð ��� �� �Ì�·���·���Ð��	}

�[���Ð�Æ�æ���Æ�·�ö�ö�ž	v �˜�Ð �Ð�û���ö���ž �[���,�U 	«�æ�ä	¬ ���� �Æ���Ð�·���Ð �· ���Ð�Ý�û�Ð�ü���·���æ���ü �û�·���ô ���ã�·�� ���Ð���Ð�Æ����

���ã�Ð �ã� �û�·�ü ���·�����æ�ü�Ý ���Ü �û���Ì�Ð�ö �Å���Ì�ž ���·������ �·�ü�Ì �Æ�ö�����ã�æ�ü�Ý �æ���Ð�û��	v �H���Ð�ü�U�����Ð 	«�â�â	¬ ����

�Ð�•�����·�Æ�� �â�é �ô�Ð�ž�����æ�ü���� �Ü���� �Ð�·�Æ�ã �ã� �û�·�ü �Å���Ì�ž	v �·�ü�Ì ���Ð�ü���Ð�U�����Ð 	«�ã�é	¬ ���� �Æ�·�ö�Æ� �ö�·���Ð ���ã�Ð

�Ì�Ð�ü���Ð �������Ð ���Ü �Ð�·�Æ�ã ���Ð�Ü�Ð���Ð�ü�Æ�Ð �û���Ì�Ð�ö	} �$�æ�Ý� ���Ð�ä	}�â�Ì�æ�����ö�·�ž�� ���·�û���ö�Ð �ã� �û�·�ü �û���Ì�Ð�ö �·�ü�Ì
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�b�·�Å�ö�Ð �ä	}�â	u�����û���·���æ�����ü �Å�Ð���˜�Ð�Ð�ü �����Ð���� �����Ì�Ð �·�ü�Ì ���ã�Ð �û������ �˜�æ�Ì�Ð�ö�ž � ���Ð�Ì �Ì�·���·���Ð���� �Ü���� �—�æ����� �·�ö �����ž	Ä���ü
�·�ü�Ì �����ã�Ð�� ���Ð�ö�·���Ð�Ì ���·���ô��	}

���·���·���Ð�� �U� �Å�ö�æ�Æ �B� �ö���æ	Ä���·���Ð�Ý�����ž 	{ �/�û�·�Ý�Ð�� 	{ �%�·���û�Ð�ü���� �X�Ð�����ö� ���æ���ü

�H	Ä�q�/�b�H�C 	«�µ�®	¬ 7 3 �³�°	v�®�®�® 	Ä �æ�â�ã� �ã�æ�ç
�b���ž�H�ü�%���C 	«�²�¶	¬ 7 3 �¯�®�³	v�®�®�® 	Ä �æ�â�ã� �æ�â�ã
�X�Ð�—�Ð���ž ���/ 	«�³� 	̄¬ 7 3 �´�²�°	v�®�®�® �±�°�¯	v�®�®�® �æ�â�ã� �æ�â�ã
�~�·�ö�·�ü�Ì�� 	«�¯�®�²	¬ 7 3 �¯	v�³�°�®	v�®�®�® �¯	v�¯�²�®	v�®�®�® �â�á�ã�å� �è�ç�é

�q�/�b�H�C	Ä�,�� 	«�¯� 	́¬ 3 7 �°�µ	v�±�³�¶ �¯�±	v�´�µ�· �â�á�ã�å� �è�ç�é
�$�·���ã�æ���ü�H�ü 	«�±�³	¬ 3 7 �±�°	v�´�¶�³ �¯�®	v�¶�·�³ �ã�é�é� �â�ê�ã
���Ð�Ð���$�·���ã�æ���ü 	«�³�·	¬ 3 7 �±�±	v�¶�²�· �¯�¯	v�°�¶�± �ã�é�é� �â�ê�ã
�B�q�U 	«�°�	̄¬ 3 7 �²�·	v�°�¯�¯ �¯�±	v�³�°�² �ã�æ�ç� �â�ê�ã
�$�·���ã�æ���ü�b���ž�H�ü 	«�¯�¯�±	¬ 3 7 �¶�´	v�¯�²�° �°�¶	v�µ�¯�² �ã�æ�ç� �â�ê�ã
�=�����ô�������ô 	«�¯�®�³	¬ 3 3 �¶�²	v�µ�²�¶ �·	v�µ�±�° �ã�æ�ç� �â�ê�ã

�q�/�b�H�C 	«�±�®	¬ 3 7 �±�°	v�³�®�´ �¯�´	v�°�³�± �ã�æ�ç� �â�ê�ã
�����Ð���� �����Ì�Ð 3 3 �¯�®�µ	v�³�¶�² �³�±	v�µ�·�° �â�á�ã�å� �è�ç�é

�Æ�ö�����ã�æ�ü�Ý ���·�æ���� �Ü�����û ��� �� �Ì�·���·���Ð�� �·�ö���ü�Ý �˜�æ���ã �·�Ì�Ì�æ���æ���ü�·�ö �û�·���Æ�ã�æ�ü�Ý �æ�ü�Ü�����û�·���æ���ü	} �/�ü

�Ý�Ð�ü�Ð���·�ö	v ���ã�Ð �Ì�·���·���Ð�� �æ�� �û�·�Ì�Ð � �� ���Ü �æ�ä	v�è�ê�æ �æ�û�·�Ý�Ð ���·�æ����	u �â�æ	v�ä�ç�ç ���·�æ���� �Ü���� � �����Ð��	Ä�Å���Ì�ž

�Æ�ö�����ã�Ð��	v �é	v�ê�æ�â ���·�æ���� �Ü���� �ö���˜�Ð��	Ä�Å���Ì�ž �Æ�ö�����ã�Ð��	v �·�ü�Ì �ã�ê	v�å�è�é ���·�æ���� �Ü���� �Ì���Ð�����Ð��	}

�����ø���·���â�����ù �+�â���ß �����ß�Ï�� �Ë�·���·���Ï����

�b�ã�Ð �·�Ì�—�·�ü�Æ�Ð�û�Ð�ü�� ���Ü �—�æ����� �·�ö �����ž	Ä���ü ���Ð�Æ�ã�ü���ö���Ý�æ�Ð�� �ã�·�� �ö���ü�Ý �Å�Ð�Ð�ü �ã�·�û���Ð���Ð�Ì �Å�ž ���ã�Ð

�ö�æ�û�æ���·���æ���ü�� ���Ü ���ã�Ð �·�—�·�æ�ö�·�Å�ö�Ð �Ì�·���·���Ð����	} �$���� �Ð�•�·�û���ö�Ð	v �Ì�·���·���Ð���� ��� �Æ�ã �·�� �q�/�b�H�C 	«�ä�á	¬	v

���ü�Ð ���Ü ���ã�Ð �û������ ������� �ö�·�� �Å�Ð�ü�Æ�ã�û�·���ô��	v �·���Ð �ö�æ�û�æ���Ð�Ì ���� �ö���˜	Ä���Ð�����ö� ���æ���ü �æ�û�·�Ý�Ð�� ���Ü

� �����Ð��	Ä�Å���Ì�ž �Æ�ö�����ã�æ�ü�Ý �·�ü�Ì ���ü�ö�ž �Æ���û�����æ���Ð �â�ç	v�ã�æ�ä �æ�û�·�Ý�Ð ���·�æ����	} ��� �Ð ���� ���ã�Ð���Ð �ö�æ�û�æ���·	Ä

���æ���ü��	v �û���Ì�Ð�ö�� �����·�æ�ü�Ð�Ì ���ü ���ã�Ð���Ð �Ì�·���·���Ð���� ���ü�Ì �æ�� �Ì�æ���Æ� �ö�� ���� �ã�·�ü�Ì�ö�Ð �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü

��� ����� ���� ���� �Ý�Ð�ü�Ð���·�ö�æ�£�Ð ���� �����ã�Ð�� �—�·���æ�Ð���æ�Ð�� ���Ü �Æ�ö�����ã�æ�ü�Ý	} �[�æ�û�æ�ö�·�� �ö�æ�û�æ���·���æ���ü�� ���Ð�������æ�Æ��

���ã�Ð � ���Ð�Ü� �ö�ü�Ð���� ���Ü �����ã�Ð�� �Ì�·���·���Ð���� �Ü���� �û�����Ð �Æ���û���ö�Ð�• ���Ð���Ð�·���Æ�ã	v ��� �Æ�ã �·�� ���ã�Ð �·�Å���Ð�ü�Æ�Ð

���Ü ���·�æ���Ð�Ì �æ�û�·�Ý�Ð�� ���� �æ�ü�·�Ì�Ð��� �·���Ð �·�ü�ü�����·���æ���ü��	}

�����Ð���� �����Ì�Ð	v ���ü ���ã�Ð �����ã�Ð�� �ã�·�ü�Ì	v �Ì�æ�����æ�ü�Ý� �æ���ã�Ð�� �æ�����Ð�ö�Ü �Å�ž �Ü� �ö�ö�ž ���ö�ö�æ�ü�Ý �æ�ü ���ã�Ð���Ð �Ý�·����	}

�/�� �������—�æ�Ì�Ð�� �· �û� �Æ�ã �ö�·���Ý�Ð�� �������ö �Ü���� �����·�æ�ü�æ�ü�Ý �·�ü�Ì ���Ð�����æ�ü�Ý ���ã�·�ü �q�/�b�H�C	v ���
�Ð���æ�ü�Ý

�û�����Ð ���ã�·�ü ���ã���Ð�Ð ���æ�û�Ð�� �·�� �û�·�ü�ž �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü �æ�û�·�Ý�Ð ���·�æ���� 	³���×�ï	} �æ�ä	v�è�ê�ã �—�� �â�ç	v�ã�æ�ä

���Ü ���ã�Ð �q�/�b�H�C �Ì�·���·���Ð��	´	} �b�ã�Ð �·�Æ�Æ� ���·���Ð �Æ�·����� ���Ð ���Ü ���ü�Ð �Ì�Ð���·�æ�ö��	v ��� �Æ�ã �·�� �Ü�·�Å���æ�Æ ���Ð�•	Ä

��� ���Ð�� �·�ü�Ì �Ý�·���û�Ð�ü�� �Ð�Ì�Ý�Ð��	v �æ�� �Ð�ü��� ���Ð�Ì �Å�ž ���ã�Ð ���Ð�����ö� ���æ���ü �â�á�ã�å� �è�ç�é	} �/�ü �����Ì�Ð�� ����

�������Ì� �Æ�Ð �—�æ��� �·�ö�ö�ž ���Ð�·�ö�æ�����æ�Æ �·�ü�Ì �Æ���ü���Ð�•��� �·�ö�ö�ž ���Ð�ö�Ð�—�·�ü�� �����ž	Ä���ü ���Ð��� �ö����	v ���ã�æ�� �ö�Ð�—�Ð�ö ���Ü �Ì�Ð	Ä

�ã�æ



�ä�ä�ä

�>�×���X���[�[���H����

���·�æ�ö �æ�� �Ð�����Ð�ü���æ�·�ö	} �$� �����ã�Ð���û�����Ð	v �����Ð���� �����Ì�Ð �����·�ü�Ì�� ��� �� �·�� ���ã�Ð ���ü�ö�ž ��� �Å�ö�æ�Æ�ö�ž �·�Æ�Æ�Ð��	Ä

���æ�Å�ö�Ð �Ì�·���·���Ð�� ���ã�·�� �Æ���—�Ð���� ��� �Æ�ã �· �˜�æ�Ì�Ð ���·�ü�Ý�Ð ���Ü �Æ�ö�����ã�æ�ü�Ý �Æ�·���Ð�Ý�����æ�Ð��	v �Ü�����û �Ü� �ö�ö	Ä�Å���Ì�ž

��� �������� ���� � �����Ð��	Ä�Å���Ì�ž �·�����·���Ð�ö	}

�b�ã�Ð �ô�Ð�ž �Æ�ã�·���·�Æ���Ð���æ�����æ�Æ�� ���Ü �����Ð���� �����Ì�Ð �Æ���û���·���Ð�Ì ���� �����ã�Ð�� �Ì�·���·���Ð���� �Ü���� �—�æ����� �·�ö

�����ž	Ä���ü�� �·�ü�Ì �Ü�·���ã�æ���ü �·���Ð �ö�æ�����Ð�Ì �æ�ü �b�·�Å�ö�Ð�ä	}�â	} �����Ð���� �����Ì�Ð ���
�Ð���� �· ���æ�£�Ð�·�Å�ö�Ð	v �—�·���æ�Ð�Ì	v

�·�ü�Ì �˜�Ð�ö�ö	Ä�·�ü�ü�����·���Ð�Ì �Ì�·���·���Ð�� ���ã�·�� �ü���� ���ü�ö�ž ���æ�û���ö�æ���Ð�� ���ã�Ð �����·�æ�ü�æ�ü�Ý ���Ü �û�����Ð ���Ð�ö�æ�·�Å�ö�Ð

�û���Ì�Ð�ö�� �Å� �� �·�ö���� �����Ð�ü�� � �� �ü�Ð�˜ �·�—�Ð�ü� �Ð�� �Ü���� �æ�ü�—�Ð�����æ�Ý�·���æ���ü �æ�ü���� �—�æ����� �·�ö �����ž	Ä���ü ���Ð	Ä

���Ð�·���Æ�ã	} �%�æ�—�Ð�ü �æ���� �Æ���û�����Ð�ã�Ð�ü���æ�—�Ð �Ì�Ð���æ�Ý�ü	v �æ�� �æ�� �·�ü �æ�ü�—�·�ö� �·�Å�ö�Ð �������ö �Ü���� ���·�Æ�ô�ö�æ�ü�Ý ���ã�Ð

�Æ���û���ö�Ð�• �Æ�ã�·�ö�ö�Ð�ü�Ý�Ð�� ���Ü �������Ð �·�Ì�·�����·���æ���ü	v ���Ð�•��� ���Ð �����Ð���Ð���—�·���æ���ü	v �·�ü�Ì �������æ�ü�Ý �Ý�·���û�Ð�ü����

�æ�ü �—�æ����� �·�ö �Ð�ü�—�æ�����ü�û�Ð�ü����	}

�ä	÷�ã�q�â�������·�ò �b���.	ó�H�ù �+�â���ß �U�â�-�Ï�ò	ó�ò�Ï�*�Ï�ò �[�Ï�ø�·�ù���â�Å��

�b�ã�Ð �—�æ����� �·�ö �����ž	Ä���ü ���·���ô �æ�ü�—���ö�—�Ð�� ���ã�Ð ���ž�ü���ã�Ð���æ�� ���Ü �· �ü�Ð�˜ �æ�û�·�Ý�Ð ���ã�·�� �Ì�Ð���æ�Æ���� �· ���Ð�Ü	Ä

�Ð���Ð�ü�Æ�Ð ���Ð�������ü ���Ð�·�ö�æ�����æ�Æ�·�ö�ö�ž �˜�Ð�·���æ�ü�Ý �· �����Ð�Æ�æ���Ð�Ì �Ý�·���û�Ð�ü��	} �b�ã�æ�� �������Æ�Ð���� �Ì�Ð�û�·�ü�Ì��

�· �Æ�·���Ð�Ü� �ö �Å�·�ö�·�ü�Æ�Ð �Å�Ð���˜�Ð�Ð�ü �û�·�æ�ü���·�æ�ü�æ�ü�Ý ���ã�Ð ������� �Æ��� ���·�ö �·�ü�Ì ���Ð�•��� ���·�ö ���������Ð�����æ�Ð�� ���Ü

���ã�Ð �Ý�·���û�Ð�ü�� �·�ü�Ì �·�Ì�·�����æ�ü�Ý �æ�� ���� ���ã�Ð ���ã�·���Ð �·�ü�Ì �������Ð ���Ü ���ã�Ð ���·���Ý�Ð�� �Å���Ì�ž	} �B������ ���Ü

���ã�Ð �—�æ����� �·�ö �����ž	Ä���ü �·���Æ�ã�æ���Ð�Æ��� ���Ð�� �����Ð���Ð�ü���Ð�Ì �æ�ü ���ã�Ð �ö�·���� �ž�Ð�·�� �ã�·�—�Ð ���Ð�ö�æ�Ð�Ì ���ü �·�Ì�—�Ð�����·��	Ä

�æ�·�ö �����·�æ�ü�æ�ü�Ý	v �Ð�û���ö���ž�æ�ü�Ý �Ì�æ���Æ���æ�û�æ�ü�·�������� �·�� ���ã�Ð �æ�û�·�Ý�Ð ���� ���·���Æ�ã �ö�Ð�—�Ð�ö	v �˜�ã�æ�Æ�ã �·���Ð � �ü	Ä

�Ü������� �ü�·���Ð�ö�ž � �ü�·�Å�ö�Ð ���� ���·�ô�Ð ���Ð�û�·�ü���æ�Æ ���Ð�ö�·���æ���ü���ã�æ���� �˜�æ���ã�æ�ü ���ã�Ð �æ�û�·�Ý�Ð �æ�ü���� �·�Æ�Æ��� �ü��	}

�������Ð�Æ�æ�·�ö�ö�ž �æ�ü �Ì�æ���Æ� �ö�� ���æ��� �·���æ���ü�� ��� �Æ�ã �·�� �Æ���û���ö�Ð�• �Ý�·���û�Ð�ü�� ���Ð�•��� ���Ð�� ���� �Ì�ž�ü�·�û�æ�Æ

�Å���Ì�ž �������Ð��	v ���ã�æ�� ���—�Ð�����æ�Ý�ã�� �Æ�·�ü �ö�Ð�·�Ì ���� ���Å�—�æ��� �� �·�����Ð�Ü�·�Æ����	v �û�æ���·�ö�æ�Ý�ü�Ð�Ì �Æ�ö�����ã�æ�ü�Ý	v ����

� �ü���Ð�·�ö�æ�����æ�Æ �Å�ö�Ð�ü�Ì�æ�ü�Ý �Å�Ð���˜�Ð�Ð�ü �Æ�ö�����ã�æ�ü�Ý �·�ü�Ì ���ã�Ð �ã� �û�·�ü �Å���Ì�ž	}

�/�ü �����Ì�Ð�� ���� ���—�Ð���Æ���û�Ð ���ã�Ð���Ð �Æ���ü�������·�æ�ü����	v �˜�Ð �����Ð���Ð�ü�� �· �ü���—�Ð�ö �û�Ð���ã���Ì ���ã�·�� �æ�ü	Ä

���Ð�Ý���·���Ð�� ���Ð�û�·�ü���æ�Æ ��� ���Ð���—�æ���æ���ü �Ì�æ���Ð�Æ���ö�ž �æ�ü���� ���ã�Ð �·�Ì�—�Ð�����·���æ�·�ö �����·�æ�ü�æ�ü�Ý �������Æ�Ð����	u ���ã�Ð

�U�æ�•�Ð�ö	Ä�=�Ð�—�Ð�ö �[�Ð�û�·�ü���æ�Æ	Ä���˜�·���Ð ���æ���Æ���æ�û�æ�ü�·������ 	³�U�[����	´	} �b�ã�Ð �U�[���� �Ð�ü��� ���Ð�� �·

�Ý���Ð�·���Ð�� �ö�Ð�—�Ð�ö ���Ü �Æ���ã�Ð���Ð�ü�Æ�Ð �·�ü�Ì ���Ð�·�ö�æ���û ���ã����� �Ý�ã��� �� ���ã�Ð �������Ì� �Æ�Ð�Ì �æ�û�·�Ý�Ð�� �Å�ž �Ì�Ð���Ð��	Ä

�û�æ�ü�æ�ü�Ý �Ð�·�Æ�ã ���æ�•�Ð�ö	Ú�� ���Ð�û�·�ü���æ�Æ �Æ�ö�·���� �·�� �˜�Ð�ö�ö �·�� �æ���� ���Ð�·�ö	„�Ü�·�ô�Ð �����·��� ��	} �/�ü ���ã�æ�� �Æ�ã�·�����Ð��	v

�˜�Ð �������—�æ�Ì�Ð �û�����Ð �Ì�Ð���·�æ�ö�� ���ü ���ã�Ð �U�[���� �·�ü�Ì ��� ���ö�æ�ü�Ð ���ã�Ð �Å�·���Ð�ö�æ�ü�Ð �·���Æ�ã�æ���Ð�Æ��� ���Ð ���ã�·��

���Ð���—�Ð�� �·�� ���ã�Ð �Å�·���æ�� �Ü���� ��� �� �û�Ð���ã���Ì���ö���Ý�ž	}

�ã�ç



�ä�ä�ä

�>�×�=�×�q�/�X�b�e���= �b�X�y	 �H�C �s�/�b�, �U�/�x���=	 �=���q���= �[���B���C�b�/���[

�$�æ�Ý� ���Ð �ä	}�ã	u�H�—�Ð���—�æ�Ð�˜ ���Ü ���ã�Ð �������������Ð�Ì �·���Æ�ã�æ���Ð�Æ��� ���Ð	} �b�ã�Ð �����Ð�Ì�æ�Æ���æ���ü�� �û�·�Ì�Ð �Å�ž ���ã�Ð �˜�·�����æ�ü�Ý �û���Ì	Ä
� �ö�Ð �·�ü�Ì ���ã�Ð �ã� �û�·�ü ���·�����æ�ü�Ý �Ð�����æ�û�·���æ���ü �û���Ì� �ö�Ð �·���Ð � ���Ð�Ì �æ�ü ���ã�Ð �����ž	Ä���ü �û���Ì� �ö�Ð ���� ���ž�ü���ã�Ð���æ�£�Ð ���ã�Ð ���ü�·�ö
�æ�û�·�Ý�Ð	} �b�ã�Ð �������������Ð�Ì �U�æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö �[�Ð�û�·�ü���æ�Æ	Ä���˜�·���Ð ���æ���Æ���æ�û�æ�ü�·������ 	³�U�[����	´ �Ü� �����ã�Ð�� �æ�û�������—�Ð�� ���ã�Ð ���Ð��	Ä
�Ü�����û�·�ü�Æ�Ð	}

�ä	÷�ã	÷�â���·���Ï�ò�â�ù�Ï �����Å�ß�â���Ï�Å�������Ï

�b�ã�Ð �Å�·���Ð�ö�æ�ü�Ð �Ý�Ð�ü�Ð���·���æ�—�Ð �·���Æ�ã�æ���Ð�Æ��� ���Ð �æ�� ������� �Æ��� ���Ð�Ì �æ�ü���� ���ã���Ð�Ð �æ�ü���Ð���Æ���ü�ü�Ð�Æ���Ð�Ì �û���Ì	Ä

� �ö�Ð��	u 	³�â	´ �Ý�·���û�Ð�ü�� �˜�·�����æ�ü�Ý	v 	³�ã	´ �ã� �û�·�ü ���·�����æ�ü�Ý �Ð�����æ�û�·���æ���ü	v �·�ü�Ì 	³�ä	´ �����ž	Ä���ü ���ž�ü���ã�Ð	Ä

���æ��	} �/�ü�æ���æ�·�ö�ö�ž	v �· �˜�·�����Ð�Ì �—�Ð�����æ���ü ���Ü ���ã�Ð �æ�ü��� �� �����ž	Ä���ü �Ý�·���û�Ð�ü�� �æ�� �Ý�Ð�ü�Ð���·���Ð�Ì �Å�ž ���ã�Ð

�˜�·�����æ�ü�Ý �û���Ì� �ö�Ð � ���æ�ü�Ý �Ý�Ð���û�Ð�����æ�Æ �����·�ü���Ü�����û�·���æ���ü��	} �b�ã�Ð�ü �· ���Ð�û�·�ü���æ�Æ �û�·�� �Ü���� ���ã�Ð

���Ð�Ü�Ð���Ð�ü�Æ�Ð ���Ð�������ü �æ�� �����Ð�Ì�æ�Æ���Ð�Ì �Å�ž ���ã�Ð �ã� �û�·�ü ���·�����æ�ü�Ý �Ð�����æ�û�·���æ���ü �û���Ì� �ö�Ð	} �$�æ�ü�·�ö�ö�ž	v

���ã�Ð �����ž	Ä���ü �û���Ì� �ö�Ð �Ý�Ð�ü�Ð���·���Ð�� �·�ü �æ�û�·�Ý�Ð ���Ü ���ã�Ð ���Ð�Ü�Ð���Ð�ü�Æ�Ð �˜�Ð�·���æ�ü�Ý ���ã�Ð ���Ð�ö�Ð�Æ���Ð�Ì ���æ�Ð�Æ�Ð

���Ü �Æ�ö�����ã�æ�ü�Ý	} �s�ã�Ð�ü �Æ���û�Å�æ�ü�Ð�Ì	v ���ã�Ð���Ð �û���Ì� �ö�Ð�� �Ð�ü��� ���Ð ���ã�·�� ���ã�Ð �æ�ü��� �� �Ý�·���û�Ð�ü�� �æ��

���Ð�·�û�ö�Ð�����ö�ž �·�Ì�·�����Ð�Ì ���� ���ã�Ð ���Ð�Ü�Ð���Ð�ü�Æ�Ð ���Ð�������ü �˜�ã�æ�ö�Ð �û�·�æ�ü���·�æ�ü�æ�ü�Ý ���ã�Ð �����æ�Ý�æ�ü�·�ö �Ì�Ð���·�æ�ö��

���Ü ���ã�Ð �Ý�·���û�Ð�ü�� �·�ü�Ì �û�·���Æ�ã�æ�ü�Ý ���ã�Ð ���Ð�������ü	Ú�� ������� �Æ��� ���·�ö �·�ü�Ì ���Ð�û�·�ü���æ�Æ �����·�æ����	} �H� ��

�Å�·���Ð�ö�æ�ü�Ð �û���Ì�Ð�ö �æ�� ���ã���˜�ü �æ�ü �$�æ�Ý	}�ä	}�ã�·�ü�Ì �æ�� �Ì�Ð���·�æ�ö�Ð�Ì �æ�ü ���ã�Ð �Ü���ö�ö���˜�æ�ü�Ý	}

�C�Ï���+�����ï �/�ù�������� �·�ù�Ë �C�����·���â���ù

�b�ã�Ð �æ�ü���Ð�Ý���·���æ���ü ���Ü �Æ�ö�����ã�æ�ü�Ý �·�ü�Ì ���Ð�Ü�Ð���Ð�ü�Æ�Ð ���Ð�������ü ���Ð�����Ð���Ð�ü���·���æ���ü�� �æ�� �Æ�Ð�ü�����·�ö ���� ���ã�Ð

�—�æ����� �·�ö �����ž	Ä���ü ���æ���Ð�ö�æ�ü�Ð	} �b�ã�Ð �æ���Ð�û ���Ü �Æ�ö�����ã�æ�ü�Ý	v ���Ð�����Ð���Ð�ü���Ð�Ì �Å�ž�å	v �æ�� �· �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü

�æ�û�·�Ý�Ð ���ã�·�� �Æ�·����� ���Ð�� �æ���� ���ã�·���Ð	v �Æ���ö��� ��	v �·�ü�Ì ���Ð�•��� ���Ð	} �B�Ð�·�ü�˜�ã�æ�ö�Ð	v ���ã�Ð ���Ð�Ü�Ð���Ð�ü�Æ�Ð ���Ð��	Ä

�����ü �æ�� �Ì�Ð���Æ���æ�Å�Ð�Ì � ���æ�ü�Ý ���ã���Ð�Ð �Ì�æ�����æ�ü�Æ�� �æ�ü��� ����	u

	t �.	u �·�ü �æ�û�·�Ý�Ð ���ã�·�� �Ð�ü�Æ���Ì�Ð�� ���ã�Ð �������Ð ���Ü ���ã�Ð ���Ð�������ü	v �˜�ã�æ�Æ�ã �Æ�·�ü �Å�Ð ���Ð�����Ð���Ð�ü���Ð�Ì

�ã�è



�ä�ä�ä

�>�×���X���[�[���H����

�·�� �ã�� �ô�Ð�ž�����æ�ü���� ���� �· �Ì�Ð�ü���Ð �������Ð �û�·�� 	«�ã�é	¬	}

	t �� 	u ���ã�Ð �Å�·�Æ�ô�Ý����� �ü�Ì �·�ü�Ì ���·������ ���Ü ���ã�Ð ���Ð�������ü ���ã�·�� �·���Ð �ü���� �·�
�Ð�Æ���Ð�Ì �Å�ž ���ã�Ð

�����ž	Ä���ü �������Æ�Ð�Ì� ���Ð	v ��� �Æ�ã �·�� �Ð�•�������Ð�Ì �Ü�·�Æ�æ�·�ö �Ü�Ð�·��� ���Ð��	v �ã�·�ü�Ì�� �·�ü�Ì �Ü�Ð�Ð��	}

	t ��	u �· ���Ð�û�·�ü���æ�Æ �û�·�� ���ã�·�� �������—�æ�Ì�Ð�� ���æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö �ö�·�Å�Ð�ö�� �Ü���� �Å���Ì�ž ���Ð�Ý�æ���ü�� �·�ü�Ì �Ð�•	Ä

�æ�����æ�ü�Ý �Æ�ö�����ã�æ�ü�Ý	}

�b�ã�Ð ���ü�·�ö ��� ����� �� ���Ü ���ã�Ð �û���Ì�Ð�ö �æ�� �·�ü �æ�û�·�Ý�Ð�/	v �˜�ã�æ�Æ�ã �Ì�Ð���æ�Æ���� ���ã�Ð ���Ð�Ü�Ð���Ð�ü�Æ�Ð ���Ð�������ü

�Ì�Ð���Æ���æ�Å�Ð�Ì �Å�ž(�.; �� ; ��) �˜�Ð�·���æ�ü�Ý ���ã�Ð �����Ð�Æ�æ���Ð�Ì �Ý�·���û�Ð�ü���å	} �b�ã�æ�� ��� ����� �� �û� ���� �Æ���û	Ä

�Å�æ�ü�Ð ���ã�Ð �—�æ��� �·�ö �Æ�ã�·���·�Æ���Ð���æ�����æ�Æ�� ���Ü ���ã�Ð �Ý�·���û�Ð�ü�� �˜�æ���ã ���ã�Ð �������Ð ���Ü ���ã�Ð �Å���Ì�ž �·�ü�Ì ���ã�Ð

���Ð�û�·�ü���æ�Æ ������� �Æ��� ���Ð ���Ü ���ã�Ð ���Ð�������ü	v �Ð�ü��� ���æ�ü�Ý �·�Ð�����ã�Ð���æ�Æ �·�ü�Ì �Ü� �ü�Æ���æ���ü�·�ö ���Ð�·�ö�æ���û	}

�%�·���ø�Ï�ù�� �s�·�����â�ù�Ú �B���Ë���ò�Ï

�b�ã�Ð �Ý�·���û�Ð�ü�� �˜�·�����æ�ü�Ý �û���Ì� �ö�Ð �·�Ì�·������ ���ã�Ð �æ�ü��� �� �Ý�·���û�Ð�ü���å���� �������Ð�. �·�ü�Ì ���ã�·���Ð�� 	}

�b�ã�æ�� �����·�ü���Ü�����û�·���æ���ü �æ�� ���Ð���Ü�����û�Ð�Ì � ���æ�ü�Ý �· �b�ã�æ�ü	Ä�U�ö�·���Ð �[���ö�æ�ü�Ð 	³�b�U�[	´ 	«�è�è	¬	v �· �˜�æ�Ì�Ð�ö�ž

� ���Ð�Ì �Ý�Ð���û�Ð�����æ�Æ �����·�ü���Ü�����û�·���æ���ü �æ�ü �—�æ����� �·�ö �����ž	Ä���ü ���·���ô�� 	«�ã�å	v�ê�â	v�â�á�â	¬	} �/�ü ���·�����æ�Æ� 	Ä

�ö�·��	v �˜�Ð � ���Ð ���˜�� �Ì�æ�
�Ð���Ð�ü�� �Æ���ü�—���ö� ���æ���ü�·�ö �ü�Ð���˜�����ô�� ���� �Æ���û��� ���Ð �· �Æ�������Ð�ö�·���æ���ü �û�·��

�Å�Ð���˜�Ð�Ð�ü ���ã�Ð �Ð�ü�Æ���Ì�Ð�Ì ���Ð�����Ð���Ð�ü���·���æ���ü�� ���Ü ���ã�Ð �����ž	Ä���ü �Ý�·���û�Ð�ü���å�·�ü�Ì ���ã�Ð �������Ð �·�ü�Ì

�Æ�ö�����ã	Ä�·�Ý�ü�������æ�Æ ���Ð�������ü ���Ð�����Ð���Ð�ü���·���æ���ü 	³�. �·�ü�Ì�� 	´	v �·�Æ�Æ�����Ì�æ�ü�Ý ���� ���ã�Ð �˜�·�����æ�ü�Ý �û���Ì	Ä

� �ö�Ð ��� �Ý�Ý�Ð�����Ð�Ì �æ�ü 	«�ê�â	¬	} �C�Ð�•��	v �˜�Ð �Ü�����Ð�Æ�·���� ���ã�Ð �����·���æ�·�ö �����·�ü���Ü�����û�·���æ���ü ���·���·�û�Ð���Ð�����4

���ã�·�� �Æ�������Ð�������ü�Ì ���� ���ã�Ð ���
���Ð���� ���Ü ���ã�Ð �b�U�[ �·�ü�Æ�ã���� �����æ�ü���� �æ�ü ���ã�Ð �Æ�������Ì�æ�ü�·���Ð��(�c; �d)	}

�b�ã�Ð �b�U�[ �����·�ü���Ü�����û�·���æ���ü	v ���·���·�û�Ð���Ð���æ�£�Ð�Ì �Å�ž�4	v �û�·�����å���� ���ã�Ð �˜�·�����Ð�Ì �Ý�·���û�Ð�ü��~�å	u

~�å= �b�U�[�4(�å): 	³�ä	}�â	´

�b�ã�Ð ���·���·�û�Ð���Ð�����4�·���Ð �ö�Ð�·���ü�� �Å�ž �Æ�������Ð�ö�·���æ�ü�Ý ���ã�Ð �Ü�Ð�·��� ���Ð�� �Ð�•�����·�Æ���Ð�Ì �Ü�����û�å�˜�æ���ã

���ã�����Ð �Ì�Ð���æ�—�Ð�Ì �Ü�����û(�.; �� )	} �b�ã�æ�� �Ð�ü��� ���Ð�� ���ã�·�� ���ã�Ð �˜�·�����Ð�Ì �Ý�·���û�Ð�ü�� �Æ���ü�Ü�����û�� �ü�·��	Ä

� ���·�ö�ö�ž ���� ���ã�Ð �Å���Ì�ž �������Ð �·�ü�Ì ���Ð���·�æ�ü�� �æ���� ���Ð�•��� ���Ð	}

�b�� �����·�æ�ü ���ã�Ð �˜�·�����æ�ü�Ý �û���Ì� �ö�Ð	v �˜�Ð �û�æ�ü�æ�û�æ���Ð ���ã�Ð�=�â�ö������ �Å�Ð���˜�Ð�Ð�ü~�å�·�ü�Ì ���ã�Ð �Æ���������Ð�Ì

�Ý�·���û�Ð�ü���̂å�Ð�•�����·�Æ���Ð�Ì �Ü�����û ���ã�Ð �Ý����� �ü�Ì ����� ���ã�/	} �/�ü �·�Ì�Ì�æ���æ���ü	v �· ���Ð�Æ���ü�Ì	Ä�����Ì�Ð�� ���û�������ã	Ä

�ü�Ð���� �Æ���ü�������·�æ�ü�� 	«�â�á�â	¬ �æ�� �·�����ö�æ�Ð�Ì ���� ���Ð�Ì� �Æ�Ð �Ì�æ�����������æ���ü��	} �H�—�Ð���·�ö�ö	v ���ã�Ð �ö������ �Ü� �ü�Æ���æ���ü

�ã�é



�ä�ä�ä

�>�×�=�×�q�/�X�b�e���= �b�X�y	 �H�C �s�/�b�, �U�/�x���=	 �=���q���= �[���B���C�b�/���[

� ���Ð�Ì ���� �����·�æ�ü ���ã�æ�� �û���Ì� �ö�Ð �æ�� �Ì�Ð���ü�Ð�Ì �·�� �Ü���ö�ö���˜��	u

L �^�Ö�2�.= k~�å� �̂åk�â+ �7�å�!���5�<L �å�!���5�<; 	³�ä	}�ã	´

�˜�ã�Ð���ÐL �å�!���5�<�æ�� ���ã�Ð ���Ð�Æ���ü�Ì	Ä�����Ì�Ð�� �Ì�æ�
�Ð���Ð�ü�Æ�Ð �Æ���ü�������·�æ�ü�� �·�ü�Ì�7�å�!���5�<�æ�� � ���Ð�Ì ���� �˜�Ð�æ�Ý�ã

���ã�Ð �Æ���ü�������·�æ�ü�� �ö������ �Ü� �ü�Æ���æ���ü 	«�â�á�â	¬	}

�,���ø�·�ù �U�·�����â�ù�Ú �������â�ø�·���â���ù �B���Ë���ò�Ï

�b�ã�Ð �ã� �û�·�ü ���·�����æ�ü�Ý �Ð�����æ�û�·���æ���ü �û���Ì� �ö�Ð �����Ð�Ì�æ�Æ���� �· ���Ð�û�·�ü���æ�Æ �û�·��~��	v �˜�ã�æ�Æ�ã �æ�Ì�Ð�ü	Ä

���æ���Ð�� ���Ð�Ý�æ���ü�� ��� �Æ�ã �·�� �·���û��	v �ö�Ð�Ý��	v ����������	v �·�ü�Ì �Ý�·���û�Ð�ü����	} �e���æ�ü�Ý �· �e	Ä�C�Ð�� 	«�è�é	¬	v ���ã�æ��

�û���Ì� �ö�Ð �������Æ�Ð�����Ð�� ���ã�Ð �˜�·�����Ð�Ì �����ž	Ä���ü �Æ�ö�����ã�æ�ü�Ý �æ���Ð�û~�å	v ���ã�Ð �������Ð �æ�û�·�Ý�Ð�.	v �·�ü�Ì ���ã�Ð

�û�·���ô�Ð�Ì ���Ð�û�·�ü���æ�Æ �æ�û�·�Ý�Ð�� ���� �Ý�Ð�ü�Ð���·���Ð	u

~�� = �e	Ä�C�Ð���8(�å; ��; �.); 	³�ä	}�ä	´

�b�ã�Ð ��� ����� ��~�� �Æ���ü���·�æ�ü�� �������Å�·�Å�æ�ö�æ���æ�Ð�� �Ü���� �â�é ���Ð�û�·�ü���æ�Æ �Æ�ö�·�����Ð��	v �æ�ü�Æ�ö� �Ì�æ�ü�Ý �Å���Ì�ž

���·������ �·�ü�Ì �Æ�ö�����ã�æ�ü�Ý	} �b�ã�Ð �û���Ì� �ö�Ð �æ�� �����·�æ�ü�Ð�Ì � ���æ�ü�Ý �· ���æ�•�Ð�ö	Ä�˜�æ���Ð �Æ��������	Ä�Ð�ü���������ž �ö������

�Å�Ð���˜�Ð�Ð�ü ���ã�Ð �Ý�Ð�ü�Ð���·���Ð�Ì ���Ð�û�·�ü���æ�Æ �û�·��~�� �·�ü�Ì ���ã�Ð �Ý����� �ü�Ì	Ä����� ���ã�̂�	}

�b���.	ó�H�ù �B���Ë���ò�Ï

�b�ã�Ð ���ü�·�ö �����·�Ý�Ð ���Ü ���ã�Ð �—�æ����� �·�ö �����ž	Ä���ü ���æ���Ð�ö�æ�ü�Ð �æ�� ���ã�Ð �����ž	Ä���ü �û���Ì� �ö�Ð	} �/�� �æ�� �æ�ü �Æ�ã�·���Ý�Ð

���Ü �Ý�Ð�ü�Ð���·���æ�ü�Ý ���ã�Ð ��� ����� �� �æ�û�·�Ý�Ð~�/	v �˜�ã�Ð���Ð ���ã�Ð ���Ð�Ü�Ð���Ð�ü�Æ�Ð ���Ð�������ü �æ�� �Ì�æ�����ö�·�ž�Ð�Ì �˜�Ð�·���æ�ü�Ý

���ã�Ð ���Ð�ö�Ð�Æ���Ð�Ì ���æ�Ð�Æ�Ð ���Ü �Æ�ö�����ã�æ�ü�Ý�å�æ�ü �· ���Ð�·�ö�æ�����æ�Æ �˜�·�ž	} �b�ã�æ�� �æ�� �·�Æ�Æ���û���ö�æ���ã�Ð�Ì �Å�ž �Ð�û���ö���ž	Ä

�æ�ü�Ý�å	v�.	v�� 	v �·�ü�Ì ���ã�Ð ���ü�Ð	Ä�ã���� ���Ð�û�·�ü���æ�Æ �æ�û�·�Ý�Ð ���Å���·�æ�ü�Ð�Ì �Å�ž ���·�ô�æ�ü�Ý ���ã�Ð ���æ�•�Ð�ö	Ä�˜�æ���Ð

�·���Ý�û�·�• ���Ü~�� �·�� �æ�ü��� ��	} �b�ã�Ð ���ü�·�ö �æ�û�·�Ý�Ð �û� ���� �Ü�·�æ���ã�Ü� �ö�ö�ž �Æ�·����� ���Ð ���ã�Ð ���Ð�•��� ���Ð �·�ü�Ì

������� �Æ��� ���Ð ���Ü ���ã�Ð �Æ�ö�����ã�æ�ü�Ý �˜�ã�æ�ö�Ð �����Ð���Ð���—�æ�ü�Ý ���ã�Ð �—�æ��� �·�ö �Æ���ã�Ð���Ð�ü�Æ�Ð ���Ü ���ã�Ð ���Æ�Ð�ü�Ð	}

�b�ã�Ð �·���Æ�ã�æ���Ð�Æ��� ���Ð ���Ü ���ã�Ð �����ž	Ä���ü �û���Ì� �ö�Ð �æ�� �Å�·���Ð�Ì ���ü �· �û���Ì�æ���Ð�Ì �e	Ä�C�Ð�� 	«�è�é	¬ �˜�æ���ã

�· �Ì� �·�ö	Ä�Å���·�ü�Æ�ã �Ð�ü�Æ���Ì�Ð�� �·�ü�Ì �· ���ã�·���Ð�Ì �Ì�Ð�Æ���Ì�Ð��	} �b�ã�Ð �������� �Ð�ü�Æ���Ì�Ð�� �Å���·�ü�Æ�ã �������Æ�Ð�����Ð��

���ã�Ð �Ý�·���û�Ð�ü�� �Ü�Ð�·��� ���Ð��	v �˜�ã�æ�ö�Ð ���ã�Ð ���Ð�Æ���ü�Ì �Å���·�ü�Æ�ã �Ð�ü�Æ���Ì�Ð�� ���ã�Ð �Ü�Ð�·��� ���Ð�� ���Ü ���ã�Ð ���Ð�Ü�Ð��	Ä

�Ð�ü�Æ�Ð ���Ð�������ü �·�ü�Ì ���ã�Ð�æ�� ���Ð�û�·�ü���æ�Æ �û�·��	} �b�ã�Ð���Ð ���Ð�����Ð���Ð�ü���·���æ���ü�� �·���Ð �û�Ð���Ý�Ð�Ì �Å�ž ���ã�Ð

�Ì�Ð�Æ���Ì�Ð��	v �Ð�ü��� ���æ�ü�Ý ���ã�·�� ���ã�Ð �Ý�·���û�Ð�ü�� �·�ü�Ì �Å���Ì�ž �·���Ð �·�ö�æ�Ý�ü�Ð�Ì ���Ð�·�û�ö�Ð�����ö�ž	}

�ã�ê



�ä�ä�ä

�>�×���X���[�[���H����

��� ���æ�ü�Ý ���ã�Ð �Ð�ü�Æ���Ì�æ�ü�Ý ���ã�·���Ð	v ���ã�Ð �������� �Å���·�ü�Æ�ã �������Æ�Ð�����Ð�� ���ã�Ð ���Ð�Ü�Ð���Ð�ü�Æ�Ð �Ý�·���û�Ð�ü���å	}

�b�ã�Ð �b�ã�æ�ü	Ä�U�ö�·���Ð �[���ö�æ�ü�Ð �����·�ü���Ü�����û�·���æ���ü �b�U�[�4�Ð�ü��� ���Ð�� �Æ���ü���æ�����Ð�ü�Æ�ž �˜�æ���ã �����Ð�—�æ��� ���ö�ž

�ö�Ð�·���ü�� �˜�·�����Ð�Ì �Ü�Ð�·��� ���Ð��	} �b�ã�æ�� �����Ð�� �Ý� �·���·�ü���Ð�Ð�� ���ã�·�� ���ã�Ð �Ü�Ð�·��� ���Ð�� ���Ü ���ã�Ð �Ý�·���û�Ð�ü�� �æ�ü

���ã�Ð �Ð�ü�Æ���Ì�Ð�� ���Ð�û�·�æ�ü �·�ö�æ�Ý�ü�Ð�Ì �˜�æ���ã ���ã�Ð �������Ð ���Ü ���ã�Ð ���Ð�������ü	} �$�����û�·�ö�ö�ž	v ���ã�Ð ���ô�æ�� �Æ���ü	Ä

�ü�Ð�Æ���æ���ü�� �æ�ü ���ã�æ�� �Å���·�ü�Æ�ã �·���Ð �û���Ì�æ���Ð�Ì �·�� �Ü���ö�ö���˜��	u

�� ��(�å) = �b�U�[�4(�� ��(�å)) ; 	³�ä	}�å	´

�˜�ã�Ð���Ð�� ��(�å) �·���Ð ���ã�Ð �Ü�Ð�·��� ���Ð�� �Ð�•�����·�Æ���Ð�Ì �Ü�����û ���ã�Ð���<���ö�·�ž�Ð�� ���Ü ���ã�Ð �e	Ä�C�Ð�� �Ð�ü�Æ���Ì�Ð��	}

�b�ã�Ð ���Ð�Æ���ü�Ì �Ð�ü�Æ���Ì�Ð�� �Å���·�ü�Æ�ã �������Æ�Ð�����Ð�� ���ã�Ð �Æ���ü�Æ�·���Ð�ü�·���Ð�Ì �æ�ü��� ����(�.; �� ; ~��)	} �b�ã�æ��

�Å���·�ü�Æ�ã �Ð�•�����·�Æ���� �Æ�ã�·���·�Æ���Ð���æ�����æ�Æ�� ���Ü �Å���Ì�ž ���ã�·���Ð	v �������Ð	v �·�ü�Ì ���Ð�û�·�ü���æ�Æ������� �Æ��� ���Ð	v �˜�ã�æ�Æ�ã

�·���Ð �Æ��� �Æ�æ�·�ö ���� �·�ö�æ�Ý�ü ���ã�Ð �Ý�·���û�Ð�ü�� �˜�æ���ã �Å���Ì�ž ���Ð�Ý�æ���ü��	} �b�ã�Ð ���ã�·���Ð�Ì �Ì�Ð�Æ���Ì�Ð�� ���ã�Ð�ü

�û�Ð���Ý�Ð�� ���ã�Ð ���Ð�����Ð���Ð�ü���·���æ���ü�� �Ü�����û �Å�����ã �Å���·�ü�Æ�ã�Ð��	v �Ý�Ð�ü�Ð���·���æ�ü�Ý ���ã�Ð ��� ����� �� �æ�û�·�Ý�Ð~�/	}

�b�� �Ð�ü��� ���Ð �ã�æ�Ý�ã	Ä��� �·�ö�æ���ž ���Ð��� �ö����	v ���ã�Ð �����·�æ�ü�æ�ü�Ý ���Ü ���ã�Ð �����ž	Ä���ü �û���Ì� �ö�Ð �Ð�û���ö���ž�� �·

�Æ���û�Å�æ�ü�·���æ���ü ���Ü ���ã���Ð�Ð �ö������ �Ü� �ü�Æ���æ���ü��	u

�â	}�=�â�=������	u �b�ã�æ�� �û�Ð�·��� ���Ð�� ���ã�Ð ���æ�•�Ð�ö	Ä�˜�æ���Ð �Ì�æ�
�Ð���Ð�ü�Æ�Ð �Å�Ð���˜�Ð�Ð�ü ���ã�Ð �Ý�Ð�ü�Ð���·���Ð�Ì

�æ�û�·�Ý�Ð~�/�·�ü�Ì ���ã�Ð �Ý����� �ü�Ì ����� ���ã�/	v �Ð�ü�Æ��� ���·�Ý�æ�ü�Ý ���æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö �·�Æ�Æ� ���·�Æ�ž	u

L �â= k~�/� �/k�â:

�ã	}�U�Ð���Æ�Ð����� �·�ö �=������	u �<�ü���˜�ü �·�� �q�%�% �=������ 	«�å�ã	¬	v ���ã�æ�� �ö������ �Æ���û���·���Ð�� ���ã�Ð �ã�æ�Ý�ã	Ä

�ö�Ð�—�Ð�ö �Ü�Ð�·��� ���Ð ���Ð�����Ð���Ð�ü���·���æ���ü�� ���Ü~�/�·�ü�Ì�/�Ð�•�����·�Æ���Ð�Ì � ���æ�ü�Ý �· �����Ð	Ä�����·�æ�ü�Ð�Ì �q�%�%	Ä

�â�ê �ü�Ð���˜�����ô 	«�é�å	¬	} �e���æ�ü�Ý �Ü�Ð�·��� ���Ð	Ä�ö�Ð�—�Ð�ö �Ì�æ�
�Ð���Ð�ü�Æ�Ð�� �Ð�ü��� ���Ð�� ���ã�·�� ���ã�Ð �Ý�Ð�ü�Ð���·���Ð�Ì

�æ�û�·�Ý�Ð �û�·�æ�ü���·�æ�ü�� ���ã�Ð ������� �Æ��� ���·�ö �·�ü�Ì ���Ð�•��� ���·�ö �æ�ü���Ð�Ý���æ���ž ���Ü ���ã�Ð �Ý����� �ü�Ì ����� ���ã	u

L �]�ü�ü= k�B(~�/) � �B(�/)k�ã;

�˜�ã�Ð���Ð�B���Ð�����Ð���Ð�ü���� ���ã�Ð �Ü�Ð�·��� ���Ð �Ð�•�����·�Æ������	}

�ä	}���Ì�—�Ð�����·���æ�·�ö �=������	u�b�ã�æ�� �Ð�ü��� ���Ð�� ���ã�Ð ���—�Ð���·�ö�ö ���Ð�·�ö�æ���û ���Ü~�/ �Å�ž �����·�æ�ü�æ�ü�Ý ���ã�Ð

�Ý�Ð�ü�Ð���·������ ���� �Ü�����ö ���ã�Ð �Ì�æ���Æ���æ�û�æ�ü�·������	} �b�ã�Ð �Ü�����û� �ö�·���æ���ü ���ÜL �Ö�ë�]���ã�·�� �û�·�ô�Ð��

� ���Ð ���Ü ��� �� ��� �Ý�Ý�Ð�����Ð�Ì �U�æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö �U�·�����æ�ü�Ý	Ä���˜�·���Ð ���æ���Æ���æ�û�æ�ü�·������ 	³�U�[����	´ �æ��

�Ì�Ð���Æ���æ�Å�Ð�Ì �æ�ü ���ã�Ð �ü�Ð�•�� ��� �Å���Ð�Æ���æ���ü 	³����	}�ä	}�ç	´	}

�ä�á



�ä�ä�ä

�>�×�=�×�q�/�X�b�e���= �b�X�y	 �H�C �s�/�b�, �U�/�x���=	 �=���q���= �[���B���C�b�/���[

�b�ã�Ð �������·�ö �ö������ �Ü���� ���ã�Ð �����ž	Ä���ü �û���Ì� �ö�Ð �æ�� �· �˜�Ð�æ�Ý�ã���Ð�Ì �Æ���û�Å�æ�ü�·���æ���ü ���Ü ���ã�Ð���Ð �Æ���û	Ä

�����ü�Ð�ü����	u

L �<�2�d	 �!��= L �=�â+ L �]�ü�ü+ �7�Ö�ë�]L �Ö�ë�]; 	³�ä	}�æ	´

�˜�ã�Ð���Ð�7�Ö�ë�]�Æ���ü�������ö�� ���ã�Ð �Æ���ü�����æ�Å� ���æ���ü ���Ü ���ã�Ð �·�Ì�—�Ð�����·���æ�·�ö �ö������	}

���ž �Æ���û�Å�æ�ü�æ�ü�Ý ���ã�Ð���Ð �ö�������Ð��	v ���ã�Ð �����ž	Ä���ü �û���Ì� �ö�Ð �æ�� �·�Å�ö�Ð ���� �Ý�Ð�ü�Ð���·���Ð �ã�æ�Ý�ã	Ä��� �·�ö�æ���ž

�æ�û�·�Ý�Ð�� ���ã�·�� �Ü�·�æ���ã�Ü� �ö�ö�ž �����Ð���Ð���—�Ð ���ã�Ð �Ý�·���û�Ð�ü��	Ú�� �Ì�Ð���·�æ�ö�� �˜�ã�æ�ö�Ð �·�Æ�ã�æ�Ð�—�æ�ü�Ý ���Ð�·�û�ö�Ð���� �æ�ü���Ð	Ä

�Ý���·���æ���ü �˜�æ���ã ���ã�Ð ���Ð�Ü�Ð���Ð�ü�Æ�Ð ���Ð�������ü	} �b�ã�Ð �Ý�Ð�ü�Ð���·���Ð�Ì ��� ����� ���� �·���Ð �Å�����ã �·�Ð�����ã�Ð���æ�Æ�·�ö�ö�ž

���ö�Ð�·���æ�ü�Ý �·�ü�Ì ���Ð�û�·�ü���æ�Æ�·�ö�ö�ž �Æ���ü���æ�����Ð�ü�� ���ã�·�ü�ô�� ���� ���ã�Ð �Ì� �·�ö	Ä�Å���·�ü�Æ�ã �Ð�ü�Æ���Ì�Ð�� �·���Æ�ã�æ���Ð�Æ	Ä

��� ���Ð �·�ü�Ì �Æ� �������û�æ���Ð�Ì �ö������ �Ü� �ü�Æ���æ���ü��	v �˜�ã�æ�Æ�ã ���·�æ���Ð ���ã�Ð �Å�·�� �Ü���� �—�æ����� �·�ö �����ž	Ä���ü ���Ð���Ü����	Ä

�û�·�ü�Æ�Ð	}

�ä	÷�ã	÷�ã�U�â�-�Ï�ò	ó�=�Ï�*�Ï�ò �[�Ï�ø�·�ù���â�Å	ó���+�·���Ï ���â���Å���â�ø�â�ù�·������

�/�ü ���ã�Ð �—�æ����� �·�ö �����ž	Ä���ü �˜�����ö�Ì	v �·�Ì�—�Ð�����·���æ�·�ö �����·�æ�ü�æ�ü�Ý �æ�� �Ð�����Ð�ü���æ�·�ö ���� �æ�û�������—�Ð ���ã�Ð ���Ð�·�ö�æ���û

���Ü ���ã�Ð �Ý�Ð�ü�Ð���·���Ð�Ì �æ�û�·�Ý�Ð��	} �,���˜�Ð�—�Ð��	v �Æ���ü�—�Ð�ü���æ���ü�·�ö �Ì�æ���Æ���æ�û�æ�ü�·�������� � ��� �·�ö�ö�ž �˜�����ô �·��

���ã�Ð �æ�û�·�Ý�Ð ���� ���·���Æ�ã �ö�Ð�—�Ð�ö	v �æ�Ý�ü�����æ�ü�Ý ���ã�Ð �æ�û�·�Ý�Ð	Ú�� ���Ð�û�·�ü���æ�Æ ������� �Æ��� ���Ð �·�ü�Ì �Æ���ü�Æ�Ð�ü�����·��	Ä

�æ�ü�Ý ���ü�ö�ž ���ü �ö���˜	Ä�ö�Ð�—�Ð�ö �Ü�Ð�·��� ���Ð��	} �q�æ��� �·�ö �æ�ü�Æ���ü���æ�����Ð�ü�Æ�æ�Ð�� ��� �Æ�ã �·�� �·�����Ð�Ü�·�Æ����	v �û�æ���·�ö�æ�Ý�ü�Ð�Ì

�Æ�ö�����ã�æ�ü�Ý	v �·�ü�Ì � �ü���Ð�·�ö�æ�����æ�Æ �Å�ö�Ð�ü�Ì�æ�ü�Ý �Å�Ð���˜�Ð�Ð�ü �Æ�ö�����ã�æ�ü�Ý �·�ü�Ì ���ã�Ð �Å���Ì�ž �·���Ð �Ü���Ð��� �Ð�ü���ö�ž

���ã�Ð ���Ð��� �ö�� ���Ü ���ã�æ�� ���Ð�������æ�Æ���æ���ü	} �b�ã�Ð�U�æ�•�Ð�ö	Ä�=�Ð�—�Ð�ö �[�Ð�û�·�ü���æ�Æ	Ä���˜�·���Ð ���æ���Æ���æ�û�æ�ü�·������

	³�U�[����	 �́æ�� �· �ü���—�Ð�ö �Æ���û�����ü�Ð�ü�� ���ã�·�� �æ�ü���Ð�Ý���·���Ð�� ���Ð�û�·�ü���æ�Æ � �ü�Ì�Ð�������·�ü�Ì�æ�ü�Ý �æ�ü���� ���ã�Ð

�·�Ì�—�Ð�����·���æ�·�ö �������Æ�Ð���� ���� �·�Ì�Ì���Ð���� ���ã�Ð���Ð ���ã�������Æ���û�æ�ü�Ý��	}

�b�ã�Ð �U�[���� �Ì�æ�
�Ð���� �Ü� �ü�Ì�·�û�Ð�ü���·�ö�ö�ž �Ü�����û �Æ���ü�—�Ð�ü���æ���ü�·�ö �Ì�æ���Æ���æ�û�æ�ü�·�������� �Å�ž ���Ð��	Ä

�Ü�����û�æ�ü�Ý �· �Ì� �·�ö ���·���ô �Ü���� �Ð�·�Æ�ã ���æ�•�Ð�ö �æ�ü ���ã�Ð �æ�û�·�Ý�Ð	} �[���Ð�Æ�æ���Æ�·�ö�ö�ž	v �æ�� �����Ð�Ì�æ�Æ���� ���ã�Ð �Ü���ö�ö���˜	Ä

�æ�ü�Ý	}

	t �b�ã�Ð���Ð�û�·�ü���æ�Æ �Æ�ö�·�������Ü �Ð�·�Æ�ã ���æ�•�Ð�ö �Æ�������Ð�������ü�Ì�� ���� �Æ�·���Ð�Ý�����æ�Ð�� ��� �Æ�ã �·�� �Ý�·��	Ä

�û�Ð�ü����	v �Å���Ì�ž ���·������	v ���� �Å�·�Æ�ô�Ý����� �ü�Ì	}

	t �� ���Ð�·�ö	„�Ü�·�ô�Ð �ö�·�Å�Ð�ö�Ü���� �Ð�·�Æ�ã ���æ�•�Ð�ö	v �æ�ü�Ì�æ�Æ�·���æ�ü�Ý �˜�ã�Ð���ã�Ð�� �æ�� �Å�Ð�ö���ü�Ý�� ���� ���ã�Ð �Ý����� �ü�Ì

����� ���ã �æ�û�·�Ý�Ð ���� �· �Ý�Ð�ü�Ð���·���Ð�Ì ��� ����� ��	}

�b�ã�æ�� ���æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö �·�ü�·�ö�ž���æ�� �·�ö�ö���˜�� �U�[���� ���� �Ð�ü�Ü�����Æ�Ð �Å�����ã �—�æ��� �·�ö �·�ü�Ì ���Ð�û�·�ü���æ�Æ �Æ���ü	Ä

���æ�����Ð�ü�Æ�ž	v �æ�û�������—�æ�ü�Ý ���ã�Ð ��� �·�ö�æ���ž ���Ü ���ã�Ð �Ý�Ð�ü�Ð���·���Ð�Ì �æ�û�·�Ý�Ð�� �æ�ü ���Ð�•��� ���Ð	v �·�ö�æ�Ý�ü�û�Ð�ü��	v �·�ü�Ì

������� �Æ��� ���·�ö �Ì�Ð���·�æ�ö��	}

�ä�â



�ä�ä�ä

�>�×���X���[�[���H����

�����Å�ß�â���Ï�Å�������Ï

�b�ã�Ð �U�[���� �æ�� �Å� �æ�ö�� ���ü �· �e	Ä�C�Ð�� 	«�è�é	¬	v �· �˜�æ�Ì�Ð�ö�ž � ���Ð�Ì �Ð�ü�Æ���Ì�Ð��	Ä�Ì�Ð�Æ���Ì�Ð�� �·���Æ�ã�æ���Ð�Æ��� ���Ð

�Ü���� ���æ�•�Ð�ö	Ä�˜�æ���Ð �����Ð�Ì�æ�Æ���æ���ü��	} �b�ã�Ð �e	Ä�C�Ð�� �Ð�ü�Æ���Ì�Ð�� �Ð�•�����·�Æ���� �ã�æ�Ð���·���Æ�ã�æ�Æ�·�ö �Ü�Ð�·��� ���Ð�� �Ü�����û

���ã�Ð �æ�ü��� �� �æ�û�·�Ý�Ð	v �˜�ã�æ�ö�Ð ���ã�Ð �Ì�Ð�Æ���Ì�Ð�� �Ý�Ð�ü�Ð���·���Ð�� ���˜�� ��� ����� ���� �Ü���� �Ð�·�Æ�ã ���æ�•�Ð�ö	u 	³�â	´ �·

���Ð�û�·�ü���æ�Æ �ö�·�Å�Ð�ö �·�ü�Ì 	³�ã	´ �· �Å�æ�ü�·���ž �Æ�ö�·�����æ���Æ�·���æ���ü �æ�ü�Ì�æ�Æ�·���æ�ü�Ý �æ���� ���Ð�·�ö	„�Ü�·�ô�Ð �����·��� ��	} ���·���æ	Ä

�Æ�·�ö�ö�ž	v �˜�Ð �ã�·�—�Ð�C+ �â �Æ�ö�·�����Ð�� 	³���×�ï	}�C�Æ�ö�·�����Ð�� �Æ�������Ð�������ü�Ì�æ�ü�Ý ���� �Ý����� �ü�Ì	Ä����� ���ã ���Ð�û�·�ü���æ�Æ

�Æ�ö�·�����Ð�� ���ö� �� ���ü�Ð �Æ�ö�·���� �Ü���� �Ü�·�ô�Ð ���æ�•�Ð�ö��	´ �·�ü�Ì ���ã�Ð���Ð�Ü�����Ð �˜�Ð �����·�æ�ü ���ã�Ð �Ì�æ���Æ���æ�û�æ�ü�·������ �˜�æ���ã

�· �ö������ ���Ü ���æ�•�Ð�ö	Ä�˜�æ���Ð �Æ��������	Ä�Ð�ü���������ž ���Ü(�C+ �â) �Æ�ö�·�����Ð��	} �b�ã�æ�� ���Ð��� �ö���� �æ�ü �· ���Ð��	Ä���æ�•�Ð�ö �Æ�ö�·����	Ä

�ö�Ð�—�Ð�ö �����Ð�Ì�æ�Æ���æ���ü �Ü���� ���ã�Ð �Ì�æ���Æ���æ�û�æ�ü�·������ �æ�ü�����Ð�·�Ì ���Ü ���ã�Ð ���·���Æ�ã	Ä�ö�Ð�—�Ð�ö �Æ�ö�·�����æ���Æ�·���æ���ü ���ã�·��

�æ�� ���ž���æ�Æ�·�ö ���Ü �����·�ü�Ì�·���Ì ���·���Æ�ã	Ä�Å�·���Ð�Ì �Ì�æ���Æ���æ�û�æ�ü�·�������� 	«�ä�é	v�ê�æ	¬	}

�b���·�â�ù�â�ù�Ú �H�Â�í�Ï�Å���â�*�Ï

�b�ã�Ð �U�[���� �æ�� �����·�æ�ü�Ð�Ì � ���æ�ü�Ý �· ���æ�•�Ð�ö	Ä�˜�æ���Ð �Æ��������	Ä�Ð�ü���������ž �ö������	v �˜�ã�æ�Æ�ã �Æ���û�Å�æ�ü�Ð�� �Å�����ã

���Ð�û�·�ü���æ�Æ�Æ�ö�·�����æ���Æ�·���æ���ü �·�ü�Ì �·�Ì�—�Ð�����·���æ�·�ö ���Å�ñ�Ð�Æ���æ�—�Ð��	} �$�����û�·�ö�ö�ž	v ���ã�Ð �ö������ �Ü� �ü�Æ���æ���ü � ���Ð�Ì

���� �����·�æ�ü ���ã�æ�� �U�æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö �U�·�����æ�ü�Ý	Ä���˜�·���Ð ���æ���Æ���æ�û�æ�ü�·������ 	³�U�[����	´ �Æ�·�ü �Å�Ð �Ì�Ð���ü�Ð�Ì �·��

�Ü���ö�ö���˜��	u

L �Ö�ë�]= � E(�/;�̂�)

2

4
�CX

��= �â

� �̂�

�, � �sX

��;��

�̂���;��;�� �O�R�J�� (�/) ��;��;��

3

5

� E(�.;�� ;�å;�̂�)

2

4
�, � �sX

��;��

�O�R�J�� (�%(�.; �� ; �å; �̂�)) ��;��;��= �C+ �â

3

5 ;

	³�ä	}�ç	´

�˜�ã�Ð���Ð	u

	t � �̂� ���Ð�����Ð���Ð�ü���� ���ã�Ð �Æ�ö�·���� �˜�Ð�æ�Ý�ã����	v �Æ���û��� ���Ð�Ì �·�� ���ã�Ð �æ�ü�—�Ð�����Ð ���æ�•�Ð�ö �Ü���Ð��� �Ð�ü�Æ�ž ���Ü

�Ð�·�Æ�ã ���Ð�û�·�ü���æ�Æ �Æ�ö�·���� ���� �ã�·�ü�Ì�ö�Ð �æ�û�Å�·�ö�·�ü�Æ�Ð�� �æ�ü ���ã�Ð �Ì�·���·���Ð��	v

	t �/�æ�� ���ã�Ð ���Ð�·�ö �æ�û�·�Ý�Ð	v

	t �̂� �æ�� ���ã�Ð �Ý����� �ü�Ì	Ä����� ���ã ���Ð�û�·�ü���æ�Æ �û�·��	v

	t �%(�.; �� ; �å; �̂�) �æ�� ���ã�Ð ��� ����� �� ���Ü ���ã�Ð �Ý�Ð�ü�Ð���·������	v

	t �C+ �â �æ�ü�Æ�ö� �Ì�Ð�� �·�ö�ö ���Ð�û�·�ü���æ�Æ �Æ�·���Ð�Ý�����æ�Ð�� �·�ü�Ì ���ã�Ð �·�Ì�Ì�æ���æ���ü�·�ö �Ü�·�ô�Ð �Æ�ö�·����	}

�ä�ã



�ä�ä�ä

�>�×�>�×���x�U���X�/�B���C�b�[

�b�ã�Ð �������� ���Ð���û ���Ü ���ã�Ð �ö������ �Ð�ü��� ���Ð�� ���ã�·�� ���ã�Ð �Ì�æ���Æ���æ�û�æ�ü�·������ �Æ�������Ð�Æ���ö�ž �Æ�ö�·�����æ���Ð�� ���ã�Ð

���Ð�û�·�ü���æ�Æ ���Ð�Ý�æ���ü�� ���Ü ���Ð�·�ö �æ�û�·�Ý�Ð��	} �b�ã�Ð ���Ð�Æ���ü�Ì ���Ð���û �Ð�ü�Æ��� ���·�Ý�Ð�� ���ã�Ð �Ì�æ���Æ���æ�û�æ�ü�·������

���� �æ�Ì�Ð�ü���æ�Ü�ž �Ü�·�ô�Ð ���æ�•�Ð�ö�� �æ�ü ���ã�Ð �Ý�Ð�ü�Ð���·���Ð�Ì �æ�û�·�Ý�Ð��	v �Ý� �æ�Ì�æ�ü�Ý ���ã�Ð �Ý�Ð�ü�Ð���·������ ���� �������Ì� �Æ�Ð

��� ����� ���� ���ã�·�� �Æ�ö�����Ð�ö�ž �û�·���Æ�ã ���ã�Ð �Ý����� �ü�Ì ����� ���ã	}

�ä	÷�ä���-���Ï���â�ø�Ï�ù����

�ä	÷�ä	÷�â���-���Ï���â�ø�Ï�ù���·�ò �[�Ï������

���·���·���Ï����

�s�Ð ���Ð�����Ð�Ì ��� �� �û�Ð���ã���Ì ���ü ���˜�� �Ì�·���·���Ð����	u ���ã�Ð �˜�æ�Ì�Ð�ö�ž � ���Ð�Ì �q�/�b�H�C 	«�ä�á	¬ �·�ü�Ì ���ã�Ð

�ü�Ð�˜�ö�ž �æ�ü�������Ì� �Æ�Ð�Ì �����Ð���� �����Ì�Ð	} �b�ã�Ð �����Ð���� �����Ì�Ð �Ì�·���· ���Ð�� �Æ���ü���æ������ ���Ü �æ�ä	v�è�ê�ã ���·�æ����

���Ü �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü �æ�û�·�Ý�Ð��	v �Ð�—�Ð�ü�ö�ž �Ì�æ�—�æ�Ì�Ð�Ì �Å�Ð���˜�Ð�Ð�ü � �����Ð�� �Å���Ì�ž	v �ö���˜�Ð�� �Å���Ì�ž	v �·�ü�Ì

�Ü� �ö�ö �Å���Ì�ž �Æ�ö�����ã�æ�ü�Ý �Æ�·���Ð�Ý�����æ�Ð��	ƒ �å�é	v�ä�ê�ã ���·�æ���� �˜�Ð���Ð � ���Ð�Ì �Ü���� �����·�æ�ü�æ�ü�Ý �·�ü�Ì �æ	v�å�á�á ���·�æ����

�˜�Ð���Ð � ���Ð�Ì �Ü���� ���Ð�����æ�ü�Ý	} �b�� ���Ð���ö�æ�Æ�·���Ð ���Ð�·�ö	Ä�˜�����ö�Ì ���æ��� �·���æ���ü��	v ���Ð���� ���Ð�� ���·�æ���� �˜�Ð���Ð ���Ð�·��	Ä

���·�ü�Ý�Ð�Ì ���� �Æ���Ð�·���Ð � �ü���·�æ���Ð�Ì �Æ���û�Å�æ�ü�·���æ���ü�� ���Ü �û���Ì�Ð�ö�� �·�ü�Ì �Æ�ö�����ã�æ�ü�Ý	} �b�ã���Ð�Ð ���Ð�����ö� 	Ä

���æ���ü��	v �ã�æ�ç� �â�ê�ã	v �æ�â�ã� �ä�é�å	v �·�ü�Ì �â�á�ã�å� �è�ç�é	v �˜�Ð���Ð � ���Ð�Ì �Ü���� ���ã�Ð �Ð�•���Ð���æ�û�Ð�ü����	v

�˜�ã�æ�Æ�ã �Ð�—�·�ö� �·���Ð�Ì �Å�����ã ���Æ�·�ö�·�Å�æ�ö�æ���ž ���� �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü ��� ����� �� �·�ü�Ì �����·�ü�Ì�·���Ì ���Ð���Ü����	Ä

�û�·�ü�Æ�Ð	} �b�ã�Ð �q�/�b�H�C �Ì�·���·���Ð�� �æ�� �Ì�Ð�Ì�æ�Æ�·���Ð�Ì ���� � �����Ð��	Ä�Å���Ì�ž �Æ�ö�����ã�æ�ü�Ý �·�ü�Ì �Æ���ü���æ������ ���Ü

�â�ç	v�ã�æ�ä ���·�æ���� ���Ü �æ�û�·�Ý�Ð�� �·�� �ã�æ�ç� �â�ê�ã ���Ð�����ö� ���æ���ü	} �/�� ���
�Ð���� �· �Å�·���Ð�ö�æ�ü�Ð �·�Ý�·�æ�ü���� �˜�ã�æ�Æ�ã

���� �Æ���û���·���Ð ��� �� �û���Ì�Ð�ö �˜�æ���ã �Æ� �����Ð�ü�� �����·���Ð	Ä���Ü	Ä���ã�Ð	Ä�·���� ���Ð�Æ�ã�ü�æ��� �Ð��	v �˜�æ���ã �â�å	v�ã�ã�â ���·�æ����

� ���Ð�Ì �Ü���� �����·�æ�ü�æ�ü�Ý �·�ü�Ì �ã	v�á�ä�ã �Ü���� ���Ð�����æ�ü�Ý	}

���*�·�ò���·���â���ù �ø�Ï�����â�Å��

�H� �� ��� �Ý�Ý�Ð�����Ð�Ì �Ü���·�û�Ð�˜�����ô	Ú�� ���Ð���Ü�����û�·�ü�Æ�Ð �æ�� ��� �·�ü���æ���·���æ�—�Ð�ö�ž �Ð�—�·�ö� �·���Ð�Ì � ���æ�ü�Ý �· �Æ���û	Ä

�Å�æ�ü�·���æ���ü ���Ü �Æ���û�û���ü�ö�ž � ���Ð�Ì �û�Ð�����æ�Æ�� ���ã�·�� �·�����Ð���� ���ã�Ð ��� �·�ö�æ���ž �·�ü�Ì ���Ð�·�ö�æ���û ���Ü ���ã�Ð �Ý�Ð�ü	Ä

�Ð���·���Ð�Ì �æ�û�·�Ý�Ð��	} ���û���ü�Ý ���ã�Ð���Ð �û�Ð�����æ�Æ�� �·���Ð	u

	t �[����� �Æ��� ���·�ö �[�æ�û�æ�ö�·���æ���ž �/�ü�Ì�Ð�• 	³�[�[�/�B	´	u�b�ã�æ�� �û�Ð�����æ�Æ �û�Ð�·��� ���Ð�� ���ã�Ð ���æ�û�æ�ö�·��	Ä

�æ���ž �Å�Ð���˜�Ð�Ð�ü �Ý�Ð�ü�Ð���·���Ð�Ì �·�ü�Ì �Ý����� �ü�Ì	Ä����� ���ã �æ�û�·�Ý�Ð�� �Å�ž �Æ���û���·���æ�ü�Ý �ö� �û�æ�ü�·�ü�Æ�Ð	v

�Æ���ü�����·����	v �·�ü�Ì ������� �Æ��� ���·�ö �æ�ü�Ü�����û�·���æ���ü	} �,�æ�Ý�ã�Ð�� �[�[�/�B ���Æ�����Ð�� �æ�ü�Ì�æ�Æ�·���Ð �Å�Ð�����Ð��

�����Ð���Ð���—�·���æ���ü ���Ü ���ü�Ð �Ì�Ð���·�æ�ö�� �·�ü�Ì ���—�Ð���·�ö�ö �æ�û�·�Ý�Ð ��� �·�ö�æ���ž	}

�ä�ä



�ä�ä�ä

�>�×���X���[�[���H����

	t �$���Ñ�Æ�ã�Ð�� �/�ü�Æ�Ð�����æ���ü ���æ�����·�ü�Æ�Ð 	³�$�/��	´	u�e���æ�ü�Ý �· �����Ð	Ä�����·�æ�ü�Ð�Ì �/�ü�Æ�Ð�����æ���ü �ü�Ð��	Ä

�˜�����ô	v �$�/�� 	«�ä�ä	¬ �Æ�·�ö�Æ� �ö�·���Ð�� ���ã�Ð �Ì�æ�
�Ð���Ð�ü�Æ�Ð �Å�Ð���˜�Ð�Ð�ü ���ã�Ð �Ì�æ�������æ�Å� ���æ���ü�� ���Ü �Ý�Ð�ü	Ä

�Ð���·���Ð�Ì �·�ü�Ì ���Ð�·�ö �æ�û�·�Ý�Ð�� �æ�ü �· �Ü�Ð�·��� ���Ð �����·�Æ�Ð	} ���Ð�����Ð�� �·�ö�æ�Ý�ü�û�Ð�ü�� �˜�æ���ã ���Ð�·�ö �æ�û�·�Ý�Ð��

�·�ü�Ì �û�����Ð ���Ð�·�ö�æ�����æ�Æ ��� ����� ���� �·���Ð �Æ�������Ð�ö�·���Ð�Ì �˜�æ���ã �ö���˜�Ð�� �$�/�� ���Æ�����Ð��	}

	t �<�Ð���ü�Ð�ö �/�ü�Æ�Ð�����æ���ü ���æ�����·�ü�Æ�Ð 	³�<�/��	´	u�b�ã��� �Ý�ã �û�����Ð ���Ð�ö�æ�·�Å�ö�Ð �Ü���� ���û�·�ö�ö�Ð��

�Ì�·���·���Ð����	v �<�/�� 	«�é	¬ �û�Ð�·��� ���Ð�� ���ã�Ð ���æ�û�æ�ö�·���æ���ž �Å�Ð���˜�Ð�Ð�ü �Ý�Ð�ü�Ð���·���Ð�Ì �·�ü�Ì ���Ð�·�ö �æ�û	Ä

�·�Ý�Ð �Ì�æ�������æ�Å� ���æ���ü��	v �û� �Æ�ã �ö�æ�ô�Ð �$�/��	} �/�� �æ�� �Ð�����Ð�Æ�æ�·�ö�ö�ž �ã�Ð�ö���Ü� �ö �Ü���� �æ�Ì�Ð�ü���æ�Ü�ž�æ�ü�Ý

�û�æ�ü� ���Ð �—�·���æ�·���æ���ü�� �æ�ü ��� �·�ö�æ���ž	}

	t �/�ü�Æ�Ð�����æ���ü �[�Æ�����Ð 	³�/�[	´	u�/�[ 	«�è�ê	¬ �·�����Ð�����Ð�� ���ã�Ð �Ì�æ�—�Ð�����æ���ž �·�ü�Ì ��� �·�ö�æ���ž ���Ü ���ã�Ð �Ý�Ð�ü	Ä

�Ð���·���Ð�Ì �æ�û�·�Ý�Ð�� �Å�·���Ð�Ì ���ü ���ã�Ð �Æ���ü���Ì�Ð�ü�Æ�Ð ���Ü �· �Æ�ö�·�����æ���Ð�� �æ�ü �æ�Ì�Ð�ü���æ�Ü�ž�æ�ü�Ý �Ì�æ�
�Ð���Ð�ü��

�Æ�ö�·�����Ð��	} �,�æ�Ý�ã�Ð�� �/�[ �—�·�ö� �Ð�� ��� �Ý�Ý�Ð���� �û�����Ð �Ì�æ�—�Ð�����Ð �·�ü�Ì ���Ð�·�ö�æ�����æ�Æ ���Ð��� �ö����	}

�/�ü �·�Ì�Ì�æ���æ���ü ���� ���ã�Ð���Ð ��� �·�ü���æ���·���æ�—�Ð �û�Ð�����æ�Æ��	v �˜�Ð �Æ���ü�Ì� �Æ���Ð�Ì ��� �·�ö�æ���·���æ�—�Ð �Ð�—�·�ö� �·	Ä

���æ���ü�� ���ã����� �Ý�ã �—�æ��� �·�ö �Æ���û���·���æ�����ü�� �·�ü�Ì �· � ���Ð�� ����� �Ì�ž	} �b�ã�æ�����ž ���·�����æ�Æ�æ���·�ü���� �æ�ü ���ã�Ð

� ���Ð�� ����� �Ì�ž �˜�Ð���Ð ���ã���˜�ü �æ�û�·�Ý�Ð ���·�æ���� �Ý�Ð�ü�Ð���·���Ð�Ì �Å�ž �Å�����ã ���ã�Ð �Å�·���Ð�ö�æ�ü�Ð �·�ü�Ì ��� �� �û���Ì�Ð�ö	}

�b�� ��� ���������� ���ã�Ð ��� �·�ü���æ���·���æ�—�Ð ���Ð��� �ö����	v ���·�����æ�Æ�æ���·�ü���� �˜�Ð���Ð �·���ô�Ð�Ì ���� ���·���Ð ���ã�Ð �Æ���ã�Ð���Ð�ü�Æ�Ð

�·�ü�Ì ���Ð�·�ö�æ���û ���Ü ���ã�Ð �Ý�Ð�ü�Ð���·���Ð�Ì ��� ����� ��	}

�b���·�â�ù�â�ù�Ú

�b�ã�Ð ���ã���Ð�Ð ���·������ ���Ü ��� �� �û���Ì�Ð�ö �·���Ð �����·�æ�ü�Ð�Ì �æ�ü�Ì�Ð���Ð�ü�Ì�Ð�ü���ö�ž	} �/�ü ���·�����æ�Æ� �ö�·��	v �˜�Ð ��������

�����·�æ�ü ���ã�Ð �˜�·�����æ�ü�Ý �û���Ì� �ö�Ð �Ü���� �â�á�á�ô �æ���Ð���·���æ���ü��	v �Ü���ö�ö���˜�Ð�Ì �Å�ž ���ã�Ð �ã� �û�·�ü ���·�����æ�ü�Ý

�Ð�����æ�û�·���æ���ü �û���Ì� �ö�Ð �Ü���� �æ�á�ô �æ���Ð���·���æ���ü��	} �b�ã�Ð �����ž	Ä���ü �û���Ì� �ö�Ð �æ�� ���ã�Ð�ü �����·�æ�ü�Ð�Ì �Ü���� �·�ü

�·�Ì�Ì�æ���æ���ü�·�ö �â�æ�á�ô �æ���Ð���·���æ���ü��	} �s�Ð ���Ð�� ���ã�Ð �˜�Ð�æ�Ý�ã�� ���Ü ���ã�Ð �·�Ì�—�Ð�����·���æ�·�ö �ö�������7�Ö�ë�]���� �á:�â �·�ü�Ì

���ã�Ð �˜�Ð�æ�Ý�ã�� ���Ü ���ã�Ð ���Ð�Æ���ü�Ì	Ä�����Ì�Ð�� �Ì�æ�
�Ð���Ð�ü�Æ�Ð �Æ���ü�������·�æ�ü���7�å�!���5�<���� �á:�á�â	} ���Ì�·�û 	«�å�å	¬ �æ��

� ���Ð�Ì �·�� ���ã�Ð �������æ�û�æ���Ð�� �æ�ü �·�ö�ö �Ð�•���Ð���æ�û�Ð�ü����	v �·�ü�Ì ���ã�Ð �ö�Ð�·���ü�æ�ü�Ý ���·���Ð �æ�� ���Ð�� �·�� �â�á� �å	}

�ä	÷�ä	÷�ã���-���Ï���â�ø�Ï�ù���� ���ù �����Ï���� �����Ë�Ï

���·���Ï�ò�â�ù�Ï�� �·�ù�Ë �����ø���Ï���â��������

�/�ü ���ã�æ�� ���Ð�� ���Ü �Ð�•���Ð���æ�û�Ð�ü����	v �˜�Ð �Æ���û���·���Ð ��� �� �û���Ì�Ð�ö �˜�æ���ã ���U	Ä�q�b�H�C 	«�ê�â	¬	v ���U	Ä

�q�b�H�C
z 	«�ç�è	¬	v ���/�b 	«�è�ç	¬	v �q�/�b�H�C	Ä�%�b 	«�ã�å	¬	v �s�e�b�H�C 	«�ä�ê	¬	v �����%�U�C 	«�â�á�â	¬	v �·�ü�Ì

�ä�å



�ä�ä�ä

�>�×�>�×���x�U���X�/�B���C�b�[

�b�·�Å�ö�Ð �ä	}�ã	u�b���ž	Ä���ü ���Ð��� �ö���� ���ü ���ã�Ð �����Ð���� �����Ì�Ð ���Ð���� ���Ð��	} �b����	Ä�â ���Ð��� �ö���� �·���Ð �ã�æ�Ý�ã�ö�æ�Ý�ã���Ð�Ì �æ�ü �Å���ö�Ì	v � �ü�Ì�Ð��	Ä
�ö�æ�ü�Ð�Ì �Ì�Ð�ü�����Ð�� ���Ð�Æ���ü�Ì	Ä�Å�Ð����	}

�e�����Ð��	Ä�Å���Ì�ž �=���˜�Ð��	Ä�Å���Ì�ž �����Ð�����Ð�� ���ö�ö

�B���Ì�Ð�ö �[�[�/�B" �$�/��# �<�/�� # �[�[�/�B" �$�/��# �<�/�� # �[�[�/�B" �$�/��# �<�/�� # �[�[�/�B" �$�/��# �<�/�� # �/�["

���U	Ä�q�b�H�C 	«�·� 	̄¬ �®	}�¶�¯�° �²�´	}�·�· �±	}�°�±�´ �®	}�µ�¶�° �³�²	}�´�´ �±	}�´�³�´ �®	}�¶�¯�´ �±�²	}�·�³ �¯	}�µ�³�· �®	}�¶�®�± �±�³	}�¯�´ �°	}�°�²�³ �°	}�¶�¯�µ
���U	Ä�q�b�H�C
z 	«�´�µ	¬ �®	}�¶�´�± �°�¶	}�·�± �¯	}�¶�³�´ �®	}�¶�¯�· �²�¯	}�±�µ �°	}�³�®�´ �®	}�¶�°�´ �±�°	}�°�µ �¯	}�´�±�® �®	}�¶�±�´ �°�³	}�¯�· �¯	}�³�¶�´ �±	}�®�®�°
���/�b 	«�µ�	́¬ �®	}�¶�´�® �°�´	}�²�¯ �¯	}�²�·�´ �®	}�¶�±�² �±�¯	}�µ�µ �¯	}�µ�³�± �®	}�¶�¯�® �±�³	}�³�¶ �¯	}�µ�±�² �®	}�¶�±�³ �°�¯	}�·�· �¯	}�±�¯�± �±	}�®�°�°

���U	Ä�q�b�H�Cy 	«�·� 	̄¬ �®	}�¶�·�¶ �°�±	}�®�± �¯	}�±�±�¶ �®	}�¶�¶�µ �°�´	}�·�´ �¯	}�²�®�· �®	}�¶�±�¶ �±�±	}�®�² �¯	}�´�´�¶ �®	}�¶�µ�² �¯�¶	}�·�· �¯	}�¯�¯�µ�±	}�®�³�¶
���/�by 	«�µ�	́¬ �®	}�·�¯�° �¯�µ	}�´�´ �®	}�¶�·�³ �®	}�¶�·�´ �°�±	}�¯�³ �¯	}�®�®�³ �®	}�¶�³�³ �°�±	}�¶�µ �®	}�·�´�· �®	}�¶�¶�¶ �¯�±	}�·�µ �®	}�µ�´�¯ �±	}�®�¯�²
�q�/�b�H�C	Ä�%�b 	«�°�²	¬ �®	}�·�°�° �¯�¶	}�·�® �®	}�·�·�² �®	}�·�¯�´ �°�¯	}�¶�¶ �®	}�·�²�· �®	}�¶�´�² �°�·	}�²�³ �¯	}�²�®�° �®	}�¶�·�· �¯�±	}�¶�® �®	}�µ�¯�¯ �±	}�®�²�°
�s�e�b�H�C 	«�±�·	¬ �®	}�·�°�² �¯�µ	}�µ�² �®	}�¶�·�± �®	}�·�¯�¶ �°�°	}�³�µ �¯	}�®�®�¶ �®	}�¶�´�´ �°�¶	}�·�± �¯	}�±�®�² �®	}�·�®�° �¯�±	}�°�¶ �®	}�µ�µ�¯ �±	}�®�®�³
�����%�U�C 	«�¯�®�¯	¬ �®	}�¶�¶�· �¯�·	}�®�± �¯	}�®�°�¶ �®	}�¶�µ�² �°�²	}�²�´ �¯	}�°�®�¶ �®	}�¶�²�³ �°�°	}�²�° �®	}�·�²�² �®	}�¶�´�¶ �¯�±	}�µ�· �®	}�¶�¯�¶ �°	}�·�°�²
�U�$	Ä���$�C 	«�°�	́¬ �®	}�·�¯�¶ �¯�·	}�®�± �¯	}�°�±�µ �®	}�·�®�µ �°�±	}�²�± �¯	}�®�¯�¶ �®	}�¶�´�· �°�¯	}�·�² �®	}�µ�°�± �®	}�·�®�° �¯�²	}�±�´ �®	}�µ�³�´ �±	}�®�°�±

���Ð�ü���Ð �U�����Ð
�H� ���� 	³�U�·���Æ�ã	�́®	}�·�±�®�¯�¶	}�°�¯ �®	}�·�°�· �®	}�·�°�°�°�¯	}�·�³ �®	}�·�·�° �®	}�¶�µ�³�°�¯	}�¶�² �®	}�µ�´�¶ �®	}�·�®�¶�¯�°	}�¶�° �®	}�´�·�° �±	}�®�²�°
�H� ���� 	³�U�[����	´ �®	}�·�°�¶ �¯�µ	}�¯�¶�®	}�µ�·�± �®	}�·�°�¯ �°�®	}�²�·�®	}�¶�·�´ �®	}�¶�µ�°�¯�·	}�´�± �®	}�´�±�³�®	}�·�®�´ �¯�¯	}�²�µ�®	}�´�¯�·�°	}�·�¶�µ

�U�����Ð �<�Ð�ž�����æ�ü����
�H� ���� 	³�C�����æ���Æ	´�®	}�·�°�´ �¯�¶	}�¶�² �®	}�·�²�± �®	}�·�¯�³ �°�°	}�²�¶ �®	}�·�²�± �®	}�¶�µ�± �°�±	}�µ�¯ �®	}�·�±�µ �®	}�·�®�µ �¯�±	}�³�¯ �®	}�µ�®�² �±	}�®�²�¯
�H� ���� 	³���æ�ü�·���ž	�́®	}�·�°�³ �¯�¶	}�±�· �®	}�¶�µ�° �®	}�·�¯�² �°�°	}�³�° �®	}�·�¶ �®	}�¶�µ�¯ �°�°	}�±�³ �®	}�¶�¯�´ �®	}�·�®�´ �¯�°	}�¶�· �®	}�´�²�³ �±	}�®�¯�µ
�H� ���� 	³�U�·���Æ�ã	´ �®	}�·�±�¯�¯�¶	}�²�® �®	}�¶�²�¯�®	}�·�°�±�°�¯	}�²�´ �®	}�·�³�³�®	}�¶�µ��́°�¯	}�·�² �®	}�¶�¯�²�®	}�·�®�·�¯�°	}�³�± �®	}�´�´�´ �±	}�®�²�±
�H� ���� 	³�U�[����	´ �®	}�·�°�¶�¯�µ	}�®�² �®	}�µ�´�°�®	}�·�°� �̄°�®	}�®�² �®	}�µ�·�³�®	}�¶�µ�° �°�®	}�·�¶�®	}�´�µ�° �®	}�·�®��́¯�¯	}�²�® �®	}�³�µ�®�±	}�®�±�´

�b�·�Å�ö�Ð �ä	}�ä	u�,�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü ���Ð��� �ö���� ���ü ���ã�Ð �����Ð���� �����Ì�Ð ���Ð���� ���Ð��	}

�æ�â�ã� �ä�é�å �â�á�ã�å� �è�ç�é

�B���Ì�Ð�ö �[�[�/�B" �$�/��# �<�/�� # �/�[" �[�[�/�B" �$�/��# �<�/�� # �/�["

���U	Ä�q�b�H�C 	«�·� 	̄¬ �®	}�¶�±�¯ �°�·	}�°�² �¯	}�´�µ�¯ �±	}�®�·�´ �®	}�¶�³�± �±�´	}�´�¶ �°	}�±�µ�· �±	}�¯�³�³
���U	Ä�q�b�H�Cy 	«�·� 	̄¬ �®	}�¶�·�´ �¯�®	}�®�¶ �®	}�²�°�³ �±	}�°�µ�µ �®	}�·�¯�° �·	}�·�´ �®	}�±�±�¶ �±	}�±�®�®
�H� ���� 	³�U�·���Æ�ã	´ �®	}�·�°�± �·	}�²�² �®	}�°�²� �́±	}�±�¯�® �®	}�·�°�° �·	}�·�· �®	}�±�µ�® �±	}�±�²�²
�H� ���� 	³�U�[����	´ �®	}�·�¯�´ �µ	}�°�µ �®	}�±�·�²�±	}�±�°�® �®	}�·�¯�· �µ	}�µ�® �®	}�°�±�´ �±	}�±�³�µ

�U�$	Ä���$�C 	«�ã�ç	¬	} �s�Ð ���Ð�����·�æ�ü �Ü�����û ���Æ���·���Æ�ã ���ü ��� �� �Ì�·���·���Ð�� � ���æ�ü�Ý ��� �� ���Ð	Ä�æ�û���ö�Ð�û�Ð�ü���·���æ���ü��

����	v �æ�Ü �·�—�·�æ�ö�·�Å�ö�Ð	v ���ã�Ð �·� ���ã������	Ú ����� ���Æ�Ð �Æ���Ì�Ð��	} �/�ü �·�Ì�Ì�æ���æ���ü ���� ���ã�Ð���Ð ���Ð�Æ�ã�ü�æ��� �Ð��	v �˜�Ð �·��	Ä

���ö�ž �·�ü �Ð�ü�ã�·�ü�Æ�Ð�Ì �—�Ð�����æ���ü ���Ü 	«�ê�â	¬ 	³���×�ï	} ���U	Ä�q�b�H�Cy	´ �·�ü�Ì ���Ü 	«�è�ç	¬ 	³���×�ï	} ���/�by	´	v �˜�ã�Ð���Ð

�˜�Ð �æ�ü�Æ�����������·���Ð ���ã�Ð ���Ð�����Ð���Ð�ü���·���æ���ü ���Ü ���ã�Ð ���Ð�������ü�� �·�� �·�ü �·�Ì�Ì�æ���æ���ü�·�ö �æ�ü��� �� ���� ���ã�Ð

�û���Ì�Ð�ö	} �/�ü �����Ì�Ð�� ���� �—�Ð���æ�Ü�ž ���ã�Ð �Ð�
�Ð�Æ���æ�—�Ð�ü�Ð���� ���Ü ���ã�Ð �U�æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö �[�Ð�û�·�ü���æ�Æ ���˜�·���Ð ���æ��	Ä

�Æ���æ�û�æ�ü�·������ 	³�U�[����	´	v �˜�Ð �·�ö���� ���Ð�����Ð�Ì �· �Å�·���Ð�ö�æ�ü�Ð �����·�æ�ü�Ð�Ì �˜�æ���ã��� �� �·�Ì�—�Ð�����·���æ�·�ö �ö������ 	³�C�����æ���Æ	´	v

�· �û���Ì�Ð�ö �����·�æ�ü�Ð�Ì �˜�æ���ã �· ���·���Æ�ã	Ä�Å�·���Ð�Ì �Ì�æ���Æ���æ�û�æ�ü�·������ 	«�ä�é	¬ 	³�U�·���Æ�ã	´	v �·�ü�Ì �· �û���Ì�Ð�ö �����·�æ�ü�Ð�Ì

�Å�ž �Ð�ö�æ�û�æ�ü�·���æ�ü�Ý ���ã�Ð�C���Ð�û�·�ü���æ�Æ �Æ�ã�·�ü�ü�Ð�ö�� �Ü�����û ��� �� �Ì�æ���Æ���æ�û�æ�ü�·������ �·�ü�Ì ���ü�ö�ž ���Ð���·�æ�ü	Ä

�æ�ü�Ý ���ã�Ð ���Ð�·�ö	„�Ü�·�ô�Ð ���ü�Ð 	«�é�â	¬ 	³���æ�ü�·���ž	´	}

�=���+ �·�ù�Ë �,�â�Ú�ß �X�Ï�����ò�����â���ù �X�Ï�����ò���� �·�ù�Ë ���Â�ò�·���â���ù �[�����Ë�â�Ï��

�s�Ð �Ð�—�·�ö� �·���Ð�Ì ��� �� �Æ���û���ö�Ð���Ð �û���Ì�Ð�ö 	³�U�[����	´ �·�Ý�·�æ�ü���� �����·���Ð	Ä���Ü	Ä���ã�Ð	Ä�·���� �—�æ����� �·�ö �����ž	Ä���ü

�·���Æ�ã�æ���Ð�Æ��� ���Ð�� �·�ü�Ì �Å�·���Ð�ö�æ�ü�Ð �û���Ì�Ð�ö��	v �æ�ü�Æ�ö� �Ì�æ�ü�Ý �U�·���Æ�ã	v ���æ�ü�·���ž	v �·�ü�Ì �C�����æ���Æ	v �·�� �����·�ü	Ä

�ä�æ



�ä�ä�ä

�>�×���X���[�[���H����

�Ì�·���Ì �·�ü�Ì �ã�æ�Ý�ã ���Ð�����ö� ���æ���ü��	} ���� ���ã�Ð �����·�ü�Ì�·���Ì �—�æ����� �·�ö �����ž	Ä���ü ���Ð�����ö� ���æ���ü ���Ü �ã�æ�ç� �â�ê�ã	v

���ã�Ð ��� �·�ü���æ���·���æ�—�Ð ���Ð��� �ö���� ���ü ���ã�Ð �����Ð���� �����Ì�Ð ���Ð���� ���Ð��	v �����Ð���Ð�ü���Ð�Ì �æ�ü �b�·�Å�ö�Ð�ä	}�ã	v ���ã���˜

���ã�·�� �U�[���� �Æ���ü���æ�����Ð�ü���ö�ž ��� �����Ð���Ü�����û�� �·�ö�ö �Æ���û���Ð���æ�������� �æ�ü �ü�Ð�·���ö�ž �·�ö�ö �Æ�·���Ð�Ý�����ž �Æ�·���Ð	Ä

�Ý�����æ�Ð�� ���Ü �Æ�ö�����ã�æ�ü�Ý �·�ü�Ì �Ð�—�·�ö� �·���æ���ü �û�Ð�����æ�Æ��	} �U�[���� �Ð�•�Æ�Ð�ö�� ���·�����æ�Æ� �ö�·���ö�ž �æ�ü ���Ð�·�ö�æ���û	Ä

�Å�·���Ð�Ì �û�Ð�����æ�Æ�� ��� �Æ�ã �·�� �$�/�� �·�ü�Ì �<�/��	v ��� �����Ð���Ü�����û�æ�ü�Ý �Å�����ã ���æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö �Ì�æ���Æ���æ�û�æ�ü�·	Ä

�������� �˜�æ���ã��� �� ���Ð�û�·�ü���æ�Æ�� �·�ü�Ì �����·�ü�Ì�·���Ì ���·���Æ�ã	Ä�Å�·���Ð�Ì �Ì�æ���Æ���æ�û�æ�ü�·��������	}

���ö���ã��� �Ý�ã ���ã�Ð �U�·���Æ�ã �û���Ì�Ð�ö ���ö�æ�Ý�ã���ö�ž �Ð�•�Æ�Ð�Ð�Ì�� �U�[���� �æ�ü �[�[�/�B	v ���ã�Ð �Ì�æ�
�Ð���Ð�ü�Æ�Ð �æ��

�û�æ�ü�æ�û�·�ö �·�ü�Ì �ü���� �—�æ��� �·�ö�ö�ž ���æ�Ý�ü�æ���Æ�·�ü��	} ����� �Æ�æ�·�ö�ö�ž	v �·�ö�ö �Æ���ü���Ý� ���·���æ���ü�� ���ã�·�� �æ�ü�Æ�ö� �Ì�Ð �·

�Ì�æ���Æ���æ�û�æ�ü�·������ �·�Æ�ã�æ�Ð�—�Ð �Å�Ð�����Ð�� ���Ð��� �ö���� �Æ���û���·���Ð�Ì ���� ���ã�Ð �C�����æ���Æ �Å�·���Ð�ö�æ�ü�Ð	v � �ü�Ì�Ð�����Æ����	Ä

�æ�ü�Ý ���ã�Ð �Æ���æ���æ�Æ�·�ö �����ö�Ð ���Ü �Ì�æ���Æ���æ�û�æ�ü�·������	Ä�Å�·���Ð�Ì �����·�æ�ü�æ�ü�Ý �æ�ü �æ�û�������—�æ�ü�Ý ��� ����� �� ��� �·�ö�æ���ž	}

�s�Ð �·�ö���� �æ�ü�—�Ð�����æ�Ý�·���Ð�Ì ���ã�Ð �æ�û���·�Æ�� ���Ü �Ì�æ�
�Ð���Ð�ü�� ���Ð�����Ð���Ð�ü���·���æ���ü�� ���Ü �Å���Ì�ž �������Ð	v �ã� 	Ä

�û�·�ü �ô�Ð�ž�����æ�ü���� �·�ü�Ì �Ì�Ð�ü���Ð �������Ð	} �b�ã�Ð �Ì�Ð�ü���Ð �������Ð �Ì�Ð�û���ü�������·���Ð�Ì �·�Ì�—�·�ü���·�Ý�Ð�� �Ü����

�Ü� �ö�ö	Ä�Å���Ì�ž �Ý�·���û�Ð�ü����	v ��� �Æ�ã �·�� �Ì���Ð�����Ð��	v �Ì� �Ð ���� �æ���� �·�Å�æ�ö�æ���ž ���� �·�ö�æ�Ý�ü �Æ�ö�����ã�æ�ü�Ý �û�����Ð �Ð�Ü	Ä

�Ü�Ð�Æ���æ�—�Ð�ö�ž	} �,���˜�Ð�—�Ð��	v �æ�ü �����ã�Ð�� �Æ�·���Ð��	v ���ã�Ð �ã� �û�·�ü �ô�Ð�ž�����æ�ü���� �������—�æ�Ì�Ð�Ì �Æ���û���·���·�Å�ö�Ð

���� ��� ���Ð���æ���� ���Ð���Ü�����û�·�ü�Æ�Ð	} �%�æ�—�Ð�ü �æ���� �Å�·�ö�·�ü�Æ�Ð�Ì ���Ð��� �ö���� �æ�ü �·�ö�ö �Æ�·���Ð�Ý�����æ�Ð�� ���Ü �Ý�·���û�Ð�ü����	v

���ã�Ð �ô�Ð�ž�����æ�ü��	Ä�Å�·���Ð�Ì ���Ð�����Ð���Ð�ü���·���æ���ü �˜�·�� ���Ð�ö�Ð�Æ���Ð�Ì �Ü���� ��� �Å���Ð��� �Ð�ü�� �Ð�•���Ð���æ�û�Ð�ü����	}

�b�� �Ü� �����ã�Ð�� ���Ð���� ���ã�Ð ���Æ�·�ö�·�Å�æ�ö�æ���ž �·�ü�Ì �����Å� �����ü�Ð���� ���Ü ��� �� �û���Ì�Ð�ö	v �˜�Ð �����·�æ�ü�Ð�Ì �·�ü�Ì

�Ð�—�·�ö� �·���Ð�Ì �æ�� �·�� �ã�æ�Ý�ã�Ð�� ���Ð�����ö� ���æ���ü�� 	³�æ�â�ã� �ä�é�å �·�ü�Ì �â�á�ã�å� �è�ç�é	´	v �Æ���û���·���æ�ü�Ý �æ����

���Ð���Ü�����û�·�ü�Æ�Ð �˜�æ���ã ���U	Ä�q�b�H�C 	«�ê�â	¬ �·�ü�Ì �æ���� �æ�û�������—�Ð�Ì �—�·���æ�·�ü��	v ���U	Ä�q�b�H�Cy	} ����

���ã���˜�ü �æ�ü �b�·�Å�ö�Ð�ä	}�ä	v �U�[���� ��� �����Ð���Ü�����û�Ð�Ì �·�ö�ö �Æ���û���Ð���æ�ü�Ý �û�Ð���ã���Ì�� �·�ü�Ì �Å�·���Ð�ö�æ�ü�Ð��

�·�� �Å�����ã ���Ð�����ö� ���æ���ü��	v ���·�����æ�Æ� �ö�·���ö�ž �æ�ü ���Ð���û�� ���Ü �$�/��	v �<�/��	v �·�ü�Ì �/�[	} ���� �â�á�ã�å� �è�ç�é	v

�U�[���� ��� �Æ�Æ�Ð�����Ü� �ö�ö�ž �û�æ�ü�æ�û�æ���Ð�Ì �·�����Ð�Ü�·�Æ���� �˜�ã�æ�ö�Ð �����Ð���Ð���—�æ�ü�Ý ���ü�Ð �Ý�·���û�Ð�ü�� �Ì�Ð���·�æ�ö�� ��� �Æ�ã

�·�� ���Ð�•��� ���Ð �·�ü�Ì �Ð�Ì�Ý�Ð��	v �Ì�Ð�û���ü�������·���æ�ü�Ý �æ���� �Ð�
�Ð�Æ���æ�—�Ð�ü�Ð���� �æ�ü �ã�·�ü�Ì�ö�æ�ü�Ý �ã�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü

���·���ô��	}

�$�æ�Ý� ���Ð���ä	}�ä�·�ü�Ì�ä	}�å�������—�æ�Ì�Ð ��� �·�ö�æ���·���æ�—�Ð �Æ���û���·���æ�����ü�� ���Ü ��� �� �û���Ì�Ð�ö �˜�æ���ã ���ã�Ð

�U�·���Æ�ã �Å�·���Ð�ö�æ�ü�Ð �·�ü�Ì �����·���Ð	Ä���Ü	Ä���ã�Ð	Ä�·���� �Æ���û���Ð���æ��������	} �U�[���� �������Ì� �Æ�Ð�� ���ã�·�����Ð��	v �û�����Ð

���Ð�·�ö�æ�����æ�Æ��� ����� ����	v �����Ð���Ð���—�æ�ü�Ý �Ý�·���û�Ð�ü�� �Ü�Ð�·��� ���Ð�� ��� �Æ�ã �·�� �Æ���ö��� ����	v ���Ð�•��� ���Ð��	v �·�ü�Ì ���ã�·���Ð��

�˜�ã�æ�ö�Ð ���Ð�Ì� �Æ�æ�ü�Ý �Ì�æ�����������æ���ü�� �·�ü�Ì �·�����Ð�Ü�·�Æ����	} �b�ã�Ð���Ð ���Ð��� �ö���� �ã�æ�Ý�ã�ö�æ�Ý�ã�� ���ã�Ð �·�Å�æ�ö�æ���ž ���Ü ���ã�Ð

�û���Ì�Ð�ö ���� �Ý�Ð�ü�Ð���·���Ð �ã�æ�Ý�ã	Ä��� �·�ö�æ���ž	v �—�æ��� �·�ö�ö�ž �Æ���ã�Ð���Ð�ü�� ��� ����� ���� �·�� �—�·���æ��� �� ���Ð�����ö� ���æ���ü��	}

�s�Ð �Æ���ü�Ì� �Æ���Ð�Ì �·�Ì�Ì�æ���æ���ü�·�ö �·�Å�ö�·���æ���ü ����� �Ì�æ�Ð�� ���� �Ð�•�·�û�æ�ü�Ð ���ã�Ð �Æ���ü�����æ�Å� ���æ���ü�� ���Ü �Ì�æ�Ü	Ä

�Ü�Ð���Ð�ü�� �Æ���û�����ü�Ð�ü���� �æ�ü ��� �� �Ü���·�û�Ð�˜�����ô	} �[���Ð�Æ�æ���Æ�·�ö�ö�ž	v �˜�Ð �Æ���û���·���Ð�Ì �U�[���� �˜�æ���ã

�·�ö���Ð���ü�·���æ�—�Ð �Ì�æ���Æ���æ�û�æ�ü�·������ �Æ���ü���Ý� ���·���æ���ü��	u �· ���æ�•�Ð�ö	Ä�ö�Ð�—�Ð�ö �Ì�æ���Æ���æ�û�æ�ü�·������ �˜�æ���ã��� �� ���Ð	Ä

�ä�ç



�ä�ä�ä

�>�×�>�×���x�U���X�/�B���C�b�[

�H� ���� �H� ���� �H� ���� �H� ���� �H� ���� �H� ����
	³�U�·���Æ�ã	´ 	³�U�[����	´ 	³�U�·���Æ�ã	´ 	³�U�[����	´ 	³�U�·���Æ�ã	´ 	³�U�[����	´

�$�æ�Ý� ���Ð �ä	}�ä	u�W� �·�ö�æ���·���æ�—�Ð �Æ���û���·���æ�����ü �Å�Ð���˜�Ð�Ð�ü �U�·���Æ�ã �·�ü�Ì �U�[����	}

�û�·�ü���æ�Æ �æ�ü�Ü�����û�·���æ���ü �·�ü�Ì �· ���·���Æ�ã	Ä�Å�·���Ð�Ì �Ì�æ���Æ���æ�û�æ�ü�·������	} �b�ã�Ð ���Ð��� �ö���� ���Ð�·�����û�Ð�Ì ���ã�Ð

��� ���Ð���æ���� ���Ð���Ü�����û�·�ü�Æ�Ð ���Ü �U�[����	v ���·�����æ�Æ� �ö�·���ö�ž �æ�ü ���Ð���û�� ���Ü ���Ð�·�ö�æ���û �û�Ð�����æ�Æ�� ��� �Æ�ã

�·�� �$�/�� �·�ü�Ì �<�/��	} �b�ã�æ�� �Ì�Ð�û���ü�������·���Ð�� ���ã�Ð �æ�û���������·�ü�Æ�Ð ���Ü �æ�ü�Æ�����������·���æ�ü�Ý ���Ð�û�·�ü���æ�Æ

�ô�ü���˜�ö�Ð�Ì�Ý�Ð �æ�ü���� ���ã�Ð �Ì�æ���Æ���æ�û�æ�ü�·������ ���� �æ�û�������—�Ð ���ã�Ð �Æ���ã�Ð���Ð�ü�Æ�Ð �·�ü�Ì ��� �·�ö�æ���ž ���Ü ���ã�Ð

�Ý�Ð�ü�Ð���·���Ð�Ì �æ�û�·�Ý�Ð��	}

�X�Ð�û���—�æ�ü�Ý ���ã�Ð �Ì�æ���Æ���æ�û�æ�ü�·������ �Ð�ü���æ���Ð�ö�ž 	³�C�����æ���Æ �Å�·���Ð�ö�æ�ü�Ð	´ �ö�Ð�Ì ���� �· ��� �Å�����·�ü���æ�·�ö

���Ð���Ü�����û�·�ü�Æ�Ð �Ì������ �æ�ü �·�ö�ö �Ð�—�·�ö� �·���æ���ü �û�Ð�����æ�Æ��	v �Ü� �����ã�Ð�� �Ð�û���ã�·���æ���æ�ü�Ý ���ã�Ð �ü�Ð�Ð�Ì �Ü���� �·�Ì	Ä

�—�Ð�����·���æ�·�ö �����·�æ�ü�æ�ü�Ý �Ü���� �—�æ����� �·�ö �����ž	Ä���ü ���ž�����Ð�û��	} �$� �����ã�Ð���û�����Ð	v ���ã�Ð �Æ���û���·���·���æ�—�Ð ����� �Ì�ž

���ü �������Ð ���Ð�����Ð���Ð�ü���·���æ���ü�� 	³�ô�Ð�ž�����æ�ü���� �—��	} �Ì�Ð�ü���Ð �������Ð	´ �Æ���ü�����û�Ð�Ì ���ã�Ð �Å�·�ö�·�ü�Æ�Ð�Ì �Ð�
�Ð�Æ	Ä

���æ�—�Ð�ü�Ð���� ���Ü �ô�Ð�ž�����æ�ü����	v �˜�ã�æ�ö�Ð �Ì�Ð�ü���Ð �������Ð ���ã���˜�Ð�Ì �����Ð�Æ�æ���Æ �æ�û�������—�Ð�û�Ð�ü���� �Ü���� �Ü� �ö�ö	Ä

�Å���Ì�ž �Ý�·���û�Ð�ü���� �ö�æ�ô�Ð �Ì���Ð�����Ð��	}

�b�ã�Ð �Ý�Ð�ü�Ð���·�ö ���Ð��� �ö���� ���Ü �Å�����ã ��� �·�ü���æ���·���æ�—�Ð �Ð�—�·�ö� �·���æ���ü�� �·�ü�Ì ��� �·�ö�æ���·���æ�—�Ð �·�ü�·�ö�ž���Ð��

�Æ���ü�����û ���ã�·�� �U�[���� �æ�� �· �����Å� ���� �·�ü�Ì �Ð�
�Ð�Æ���æ�—�Ð �����ö� ���æ���ü �Ü���� �—�æ����� �·�ö �����ž	Ä���ü ���·���ô��	v ������	Ä

�Ì� �Æ�æ�ü�Ý �ã�æ�Ý�ã	Ä��� �·�ö�æ���ž	v ���Ð�·�ö�æ�����æ�Æ��� ����� ���� �·�Æ�������� �—�·���ž�æ�ü�Ý ���Ð�����ö� ���æ���ü�� �·�ü�Ì �Ý�·���û�Ð�ü�� ���ž���Ð��	}

�B���ò���â	ó�%�·���ø�Ï�ù�� �b���.	ó�H�ù �X�Ï�����ò����

���� �·�ü �·�Ì�Ì�æ���æ���ü�·�ö �Ð�•���Ð���æ�û�Ð�ü�� ���ü ���ã�Ð �����Ð���� �����Ì�Ð �Ì�·���·���Ð��	v �˜�Ð �æ�ü�������Ì� �Æ�Ð �· �ü���—�Ð�ö ���Ð��	Ä

���æ�ü�Ý �æ�ü �˜�ã�æ�Æ�ã ���ã�Ð �����ž	Ä���ü �������Æ�Ð���� �æ�� ���Ð���Ü�����û�Ð�Ì �æ�ü ���˜�� �����·�Ý�Ð��	u �������� �˜�æ���ã �·�ü � �����Ð��	Ä

�Å���Ì�ž �Ý�·���û�Ð�ü�� �·�ü�Ì ��� �Å���Ð��� �Ð�ü���ö�ž �˜�æ���ã �· �ö���˜�Ð��	Ä�Å���Ì�ž �æ���Ð�û	} �b�ã�æ�� �Ü� �ö�ö�ž � �ü���·�æ���Ð�Ì ���Ð��	Ä

���æ�ü�Ý �æ�ü�Æ���Ð�·���Ð�� ���ã�Ð �Æ���û���ö�Ð�•�æ���ž ���Ü ���ã�Ð �—�æ����� �·�ö �����ž	Ä���ü ���·���ô	v �·�� �æ�� ���Ð��� �æ���Ð�� �Ì��� �Å�ö�æ�ü�Ý ���ã�Ð

�ü� �û�Å�Ð�� ���Ü �����Ð���·���æ���ü�� ���� �Ý�Ð�ü�Ð���·���Ð ���ã�Ð ���ü�·�ö �æ�û�·�Ý�Ð	} �/�� �æ�� �æ�û���������·�ü�� ���� �ü�����Ð ���ã�·�� ���ã�æ��

�Ð�•���Ð���æ�û�Ð�ü�� �˜��� �ö�Ì �ü���� �ã�·�—�Ð �Å�Ð�Ð�ü �Ü�Ð�·���æ�Å�ö�Ð ���ü ���ã�Ð �����·�ü�Ì�·���Ì �q�/�b�H�C �Ì�·���·���Ð�� 	«�ä�á	¬	v

�˜�ã�æ�Æ�ã ���ü�ö�ž �æ�ü�Æ�ö� �Ì�Ð�� � �����Ð��	Ä�Å���Ì�ž �Ý�·���û�Ð�ü����	}

�ä�è



�ä�ä�ä

�>�×���X���[�[���H����

�s�e�b�H�C �����%�U�C �H� ���� �s�e�b�H�C �����%�U�C �H� ����
	«�±�·	¬ 	«�¯�®�¯	¬ 	³�U�[����	´ 	«�±�·	¬ 	«�¯�®�¯	¬ 	³�U�[����	´

�$�æ�Ý� ���Ð �ä	}�å	u�[�·�û���ö�Ð �����ž	Ä���ü ���Ð��� �ö���� ���ü ���ã�Ð �����Ð���� �����Ì�Ð ���Ð���� ���Ð��	}

�$�æ�Ý� ���Ð �ä	}�æ	u�,�æ�Ý�ã	Ä���Ð�����ö� ���æ���ü ���Ð��� �ö���� ���ü ���ã�Ð �����Ð���� �����Ì�Ð ���Ð���� ���Ð�� �æ�ü �Å�����ã ���æ�ü�Ý�ö�Ð	Ä �·�ü�Ì �û� �ö���æ	Ä�Ý�·���û�Ð�ü��
�����ž	Ä���ü ���Ð�����æ�ü�Ý��	}

�b�ã�Ð ��� �·�ü���æ���·���æ�—�Ð ���Ð��� �ö���� ���Å���·�æ�ü�Ð�Ì � �ü�Ì�Ð�� ���ã�æ�� ���Ð�����æ�ü�Ý ���ü �Ì�æ�
�Ð���Ð�ü�� �æ�û�·�Ý�Ð ���Ð����	Ä

�ö� ���æ���ü�� �·���Ð ���ã���˜�ü �æ�ü �b�·�Å�ö�Ð�ä	}�å	} �b�ã�Ð ���ü�Ì�æ�ü�Ý�� ���ã���˜ ���ã�·��	v �˜�æ���ã ���ã�Ð �Ð�•�Æ�Ð�����æ���ü ���Ü

���ã�Ð �/�[ �û�Ð�����æ�Æ	v �U�[���� �Æ���ü���æ�����Ð�ü���ö�ž ��� �����·�����Ð�� �Æ���û���Ð���æ�������� �·�ü�Ì �Å�·���Ð�ö�æ�ü�Ð�� ���ü �·�ö�û������

�·�ö�ö �û�Ð�����æ�Æ��	v ���Ð�Ý�·���Ì�ö�Ð���� ���Ü ���Ð�����ö� ���æ���ü	} �s�æ���ã �Ý�·�æ�ü�� ���·�ü�Ý�æ�ü�Ý �Ü�����û �ã:�ä�å ���� �æ:�á�á �æ�ü

�$�/�� �·�ü�Ì �Ü�����û �á:�â�ç ���� �á:�å�ç �æ�ü �<�/��	v �U�[���� ���æ�Ý�ü�æ���Æ�·�ü���ö�ž ��� �����Ð���Ü�����û�� ���ã�Ð �U�·���Æ�ã

�Å�·���Ð�ö�æ�ü�Ð	} �b�ã�Ð���Ð ���Ð��� �ö���� �Ì�Ð�û���ü�������·���Ð �ã���˜ �˜�Ð�ö�ö �U�[���� �ã�·�ü�Ì�ö�Ð�� �û�����Ð �Æ�ã�·�ö�ö�Ð�ü�Ý�æ�ü�Ý

�û� �ö���æ	Ä�Ý�·���û�Ð�ü�� ���æ��� �·���æ���ü��	}

�e���Ï�� �[�����Ë�.

�s�ã�æ�ö�Ð ���ã�Ð ��� �·�ü���æ���·���æ�—�Ð �û�Ð�����æ�Æ�� � ���Ð�Ì �æ�ü �����Ð�—�æ��� �� �Ð�•���Ð���æ�û�Ð�ü���� �Æ�·����� ���Ð ���ü�Ð	Ä�Ý���·�æ�ü�Ð�Ì

�—�·���æ�·���æ���ü�� �æ�ü ���ã�Ð �Ý�Ð�ü�Ð���·���Ð�Ì �æ�û�·�Ý�Ð��	v ���ã�Ð �Ý�Ð�ü�Ð���·�ö ���Ð�·�ö�æ���û �·�ü�Ì �—�æ��� �·�ö ��� �·�ö�æ���ž ���Ü ���ã�Ð

���Ð��� �ö���� �·���Ð �Å�Ð���� �Ð�—�·�ö� �·���Ð�Ì ���ã����� �Ý�ã �ã� �û�·�ü �ñ� �Ì�Ý�û�Ð�ü��	} �b�� ���ã�æ�� �Ð�ü�Ì	v �˜�Ð �Æ���ü�Ì� �Æ���Ð�Ì

�ä�é



�ä�ä�ä

�>�×�>�×���x�U���X�/�B���C�b�[

�b�·�Å�ö�Ð �ä	}�å	u�B� �ö���æ	Ä�Ý�·���û�Ð�ü�� �����ž	Ä���ü ���Ð��� �ö���� ���ü ���ã�Ð �����Ð���� �����Ì�Ð ���Ð���� ���Ð��	}

�B���Ì�Ð�ö �X�Ð�����ö� ���æ���ü �$�/��# �<�/�� # �/�["

���U	Ä�q�b�H�Cy 	«�·� 	̄¬ �ã�æ�ç� �â�ê�ã �±�®	}�°�· �¯	}�·�±�³�°	}�·�¯�°
�q�/�b�H�C	Ä�%�b 	«�°�²	¬ �ã�æ�ç� �â�ê�ã �°�¯	}�®�´ �¯	}�¯�µ�´ �°	}�µ�´�°
�s�e�b�H�C 	«�±�·	¬ �ã�æ�ç� �â�ê�ã �°�®	}�¯�± �¯	}�®�¶�² �°	}�µ�³�±
�H� ���� 	³�U�·���Æ�ã	´ �ã�æ�ç� �â�ê�ã �¯�·	}�¶�´ �¯	}�®�®�´ �°	}�µ�¶�²
�H� ���� 	³�U�[����	´ �ã�æ�ç� �â�ê�ã �¯�µ	}�³�° �®	}�µ�²�·�°	}�¶�±�°

���U	Ä�q�b�H�Cy 	«�·� 	̄¬ �æ�â�ã� �ä�é�å �°�°	}�·�´ �¯	}�±�°�µ�±	}�°�µ�±
�H� ���� 	³�U�·���Æ�ã	´ �æ�â�ã� �ä�é�å �°�¯	}�·�® �¯	}�¯�³�³ �±	}�®�µ�±
�H� ���� 	³�U�[����	´ �æ�â�ã� �ä�é�å �¯�´	}�·�® �®	}�´�·�®�±	}�¯�´�®

���U	Ä�q�b�H�Cy 	«�·� 	̄¬ �â�á�ã�å� �è�ç�é �°�±	}�±�® �¯	}�±�·�± �±	}�°�´�¯
�H� ���� 	³�U�·���Æ�ã	´ �â�á�ã�å� �è�ç�é �°�®	}�°�´ �®	}�¶�²�¯�±	}�²�·�¶
�H� ���� 	³�U�[����	´ �â�á�ã�å� �è�ç�é�¯�µ	}�¯�· �®	}�´�¶�¯�±	}�±�²�®

�b�·�Å�ö�Ð �ä	}�æ	u�e���Ð�� ����� �Ì�ž ���Ð��� �ö����	} �H� �� �û���Ì�Ð�ö �æ�� �·�ö�˜�·�ž�� �����Ð�Ü�Ð�����Ð�Ì �û�����Ð ���ã�·�ü �æ�á
’ ���Ü ���ã�Ð ���æ�û�Ð	}

���U	Ä�q�b�H�C �q�/�b�H�C	Ä�%�b �s�e�b�H�C �����%�U�C �U�$	Ä���$�C �H� ���� 	³�U�·���Æ�ã	´

�X�Ð�·�ö�æ���û �¯�®	}�¯ 	„�¶�·	}�· �²�´	}�² 	„�³�±	}�´ �²�°	}�® 	„�³�¶	}�®�±�³	}�· 	„�´�²	}�¯ �°�·	}�² 	„�µ�®	}� �́±�²	}�¶ 	„�´�³	}�°

�����ã�Ð���Ð�ü�Æ�ž�¯�¯	}�³ 	„�¶�¶	}�³ �±�°	}�¯ 	„�´�µ	}�· �²�¯	}�´ 	„�³�¶	}�²�°�±	}�¯ 	„�µ�´	}�·�°�³	}�® 	„�µ�³	}�®�±�´	}�· 	„�´�±	}�¯

�· � ���Ð�� ����� �Ì�ž �·�æ�û�Ð�Ì �·�� �·�����Ð�����æ�ü�Ý �Å�����ã ���ã�Ð ���Ð�·�ö�æ���û ���Ü ��� �� �Ý�Ð�ü�Ð���·���Ð�Ì �æ�û�·�Ý�Ð�� �·�ü�Ì ���ã�Ð�æ��

�Æ���ã�Ð���Ð�ü�Æ�Ð �˜�æ���ã ���ã�Ð �æ�ü��� �� �����ž	Ä���ü �Ý�·���û�Ð�ü�� �·�ü�Ì ���Ð�Ü�Ð���Ð�ü�Æ�Ð ���Ð�������ü	}

�b�ã�Ð � ���Ð�� ����� �Ì�ž �Æ���ü���æ�����Ð�Ì ���Ü ���˜�� ���Ð���·���·���Ð ���Ð������	u

	t �X�Ð�·�ö�æ���û �b�Ð����	u�U�·�����æ�Æ�æ���·�ü���� �˜�Ð���Ð ���ã���˜�ü ���˜�� �Ý�Ð�ü�Ð���·���Ð�Ì �æ�û�·�Ý�Ð��	v ���ü�Ð ������	Ä

�Ì� �Æ�Ð�Ì �Å�ž ��� �� �û���Ì�Ð�ö �·�ü�Ì ���ã�Ð �����ã�Ð�� �Å�ž �· �Æ���û���Ð���æ������	v �·�ü�Ì �˜�Ð���Ð �·���ô�Ð�Ì ���� ���Ð�ö�Ð�Æ��

���ã�Ð �û������ ���Ð�·�ö�æ�����æ�Æ �æ�û�·�Ý�Ð	}

	t �����ã�Ð���Ð�ü�Æ�ž �b�Ð����	u�/�ü ���ã�æ�� ���Ð����	v ���·�����æ�Æ�æ���·�ü���� �˜�Ð���Ð ���ã���˜�ü ���ã�Ð ���·�û�Ð ���˜�� �Ý�Ð�ü	Ä

�Ð���·���Ð�Ì �æ�û�·�Ý�Ð��	v �����Ý�Ð���ã�Ð�� �˜�æ���ã ���ã�Ð �æ�û�·�Ý�Ð�� ���Ü ���ã�Ð �Ý�·���û�Ð�ü�� ���� �Å�Ð �����æ�Ð�Ì ���ü �·�ü�Ì

���ã�Ð ���Ð�Ü�Ð���Ð�ü�Æ�Ð��	} �b�ã�Ð�ž �˜�Ð���Ð ���ã�Ð�ü �·���ô�Ð�Ì ���� ���Ð�ö�Ð�Æ�� ���ã�Ð �æ�û�·�Ý�Ð ���ã�·�� �˜�·�� �û�����Ð

�Æ���ã�Ð���Ð�ü�� �˜�æ���ã ���ã�Ð �æ�ü��� ���� �Ý�æ�—�Ð�ü	}

���ö�ö �æ�û�·�Ý�Ð�� � ���Ð�Ì �æ�ü ���ã�Ð ����� �Ì�ž �˜�Ð���Ð ���·�ü�Ì���û�ö�ž ���Ð�ö�Ð�Æ���Ð�Ì �Ü�����û ���ã�Ð �����Ð���� �����Ì�Ð ���Ð����

���Ð��	} �b�ã�Ð ����� �Ì�ž �Ý�·���ã�Ð���Ð�Ì �û�����Ð ���ã�·�ü �ä	v�á�á�á �Ð�—�·�ö� �·���æ���ü�� 	³�æ	}�Ð	} �â	v�æ�á�á �Ü���� �Ð�·�Æ�ã ���Ð����	´

�Ü�����û �ä�á ���·�����æ�Æ�æ���·�ü����	v �æ�ü�Æ�ö� �Ì�æ�ü�Ý �Å�����ã ���Ð���Ð�·���Æ�ã�Ð���� �·�ü�Ì �ü���ü	Ä�Ð�•���Ð������	}

�b�·�Å�ö�Ð�ä	}�æ�����Ð���Ð�ü���� ���ã�Ð ���Ð��� �ö���� ���Ü ���ã�Ð � ���Ð�� ����� �Ì�ž	v �æ�ü�Æ�ö� �Ì�æ�ü�Ý ���ã�Ð ���Ð���Æ�Ð�ü���·�Ý�Ð ���Ü

�—�����Ð�� �Ü���� ��� �� �û���Ì�Ð�ö �·�ü�Ì ���ã�Ð �Æ���û���Ð���æ������	} �s�Ð �·�ö���� �����Ð���Ð�ü�� �· �Æ���û���·���æ�����ü �˜�æ���ã ���ã�Ð

�U�·���Æ�ã �Å�·���Ð�ö�æ�ü�Ð �Ü���� �Ü� �����ã�Ð�� �Æ���ü���Ð�•��	} �H� �� �·���������·�Æ�ã �Ð�
�Ð�Æ���æ�—�Ð�ö�ž �������Ì� �Æ�Ð�Ì ���Ð�·�ö�æ�����æ�Æ

�ä�ê



�ä�ä�ä

�>�×���X���[�[���H����

�b�·�Å�ö�Ð �ä	}�ç	u�b���ž	Ä���ü ���Ð��� �ö���� ���ü ���ã�Ð �q�/�b�H�C ���Ð���� ���Ð�� 	«�ä�á	¬	} �C�����Ð ���ã�·�� �·�ö�ö �û���Ì�Ð�ö�� �·���Ð �����·�æ�ü�Ð�Ì �Ð�•�Æ�ö� ���æ�—�Ð�ö�ž
���ü �q�/�b�H�C	}

�B���Ì�Ð�ö �X�Ð�����ö� ���æ���ü �[�[�/�B" �$�/��# �<�/�� # �/�["

���U	Ä�q�b�H�C 	«�·� 	̄¬ �ã�æ�ç� �â�ê�ã �®	}�µ�·�¶ �¯�·	}�®�´ �®	}�·�®�´ �°	}�´�®�¯
���U	Ä�q�b�H�C
z 	«�´�µ	¬ �ã�æ�ç� �â�ê�ã �®	}�¶�°�¶ �¯�´	}�±�¯ �®	}�µ�¶�² �°	}�¶�°�¯
�[�æ�Ð�—�Ð�C�Ð�� 	«�²�®	¬ �ã�æ�ç� �â�ê�ã �®	}�µ�´�´ �¯�²	}�´�³ 	Ä �°	}�¶�°�®
�����%�U�C 	«�¯�®�¯	¬ �ã�æ�ç� �â�ê�ã �®	}�¶�²�³ 	Ä	Ä �°	}�¶�°�·
�����b�H�C 	«�°�³	¬ �ã�æ�ç� �â�ê�ã �®	}�¶�±�® �¯�²	}�¶�° 	Ä�°	}�¶�³�®

�H� ���� 	³�U�·���Æ�ã	´ �ã�æ�ç� �â�ê�ã �®	}�¶�·�±�¯�²	}�µ�´ �®	}�²�·�³ �°	}�µ�±�±
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