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Design and Performance Analysis of Quadfoil: A Novel Aerofoil-
Shaped Drone

Sarthak Dinesh Deshmukh

(ABSTRACT)

This project presents a comprehensive exploration of the Quadfoil drone, an innovative
quadrotor design developed by the Uncrewed Systems Laboratory (USL) at Virginia Tech to
address limitations of traditional quadcopters. Unlike conventional quadrotors, which rely
solely on rotor-generated lift, the Quadfoil features a central lifting body, enhancing aerody-
namic efficiency by reducing drag and generating additional lift during forward flight. This
design results in an approximate 27% increase in efficiency at optimal forward flight speeds,
enabling extended range and endurance while retaining essential VTOL (Vertical Take-Off
and Landing) capabilities.

The study begins with a literature review of UAV design evolution, detailing advancements
from basic quadrotor models to contemporary hybrid UAVs and aerodynamic structures.
Following this, the design and development process of the Quadfoil is discussed, including
critical decisions on airfoil selection, materials, and structural innovations to optimize for
low Reynolds number flight conditions. Key elements of the design include the use of carbon
fiber composites for weight reduction and enhanced structural integrity, as well as the selec-
tion of the ARA-D 20% airfoil for its favorable lift-to-drag ratio. The Quadfoil’s innovative
design also allows for significant internal space, facilitating the integration of advanced elec-
tronics and avionic systems.

The research includes extensive experimental flight testing to assess the Quadfoil’s perfor-

mance in terms of energy efficiency, power consumption, and flight dynamics. These tests



demonstrated the Quadfoil’s ability to maintain lower power consumption in sustained for-
ward flight compared to a conventional quadcopter, with a notable improvement in energy
efficiency. Data gathered from the proof-of-concept prototype and scaled-up iterations is
thoroughly analyzed, identifying areas for further optimization.

The findings conclude with a discussion on the Quadfoil’s broader implications for UAV tech-
nology. The research highlights potential applications in fields such as surveillance, cargo
transport, and critical medical payload delivery, showcasing the Quadfoil’s advantages in
both range and endurance. The project aims to contribute to the advancement of UAV

technology by providing a solid foundation for continued innovation and development.



Design and Performance Analysis of Quadfoil: A Novel Aerofoil-
Shaped Drone

Sarthak Dinesh Deshmukh

(GENERAL AUDIENCE ABSTRACT)

This project presents the design, development, and testing of the Quadfoil, a unique drone
concept that combines quadrotor capabilities with a central airfoil-shaped body to improve
flight efficiency during forward motion. Unlike conventional quadrotors, which rely solely
on rotor-generated lift, the Quadfoil’s airfoil provides additional aerodynamic lift, enhancing
range and reducing energy consumption. Prototype manufacturing involved 3D printing and
carbon fiber composite layups for lightweight, durable components. Flight tests confirmed
the Quadfoil’s stability and superior aerodynamic performance, making it an adaptable and
energy-efficient platform for applications such as agricultural monitoring, pipeline inspection,
and medical payload delivery. The Quadfoil’s hybrid design merges the maneuverability of

multirotor systems with the efficiency of fixed-wing aircraft.
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Unmanned Aerial Vehicles (UAVs), commonly referred to as drones, have experienced rapid
advancements over the past few decades, significantly impacting a wide range of industries,
including surveillance, agriculture, logistics, and more [31][39]. Among the various types
of UAVs, quadrotors have garnered substantial attention due to their vertical takeoff and
landing (VTOL) capabilities, exceptional maneuverability, and relatively simple mechanical
design [6]. These attributes make quadrotors ideal for applications that demand stability
and precision, such as aerial photography, inspection, and search-and-rescue missions [3].
However, traditional quadrotor designs face inherent limitations in energy efficiency, flight
time, manufacturability, and portability, particularly during forward flight at higher speeds
[45].

To address these challenges, the Uncrewed Systems Laboratory (USL) at Virginia Tech
has developed an innovative quadrotor design named OUOOIII, characterized by its cen-
tral airfoil-shaped body. This design enhances aerodynamic performance by reducing drag
and increasing lift during forward flight, potentially extending range and endurance with-
out compromising the essential VTOL capability [17]. The use of carbon fiber composites
for the body construction ensures durability and a high strength-to-weight ratio, while its

modular assembly allows for quick deployment and compact storage, significantly improving

1
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portability [36].
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The Quadfoil was developed to overcome the inherent limitations faced by conventional
quadrotors, especially in terms of endurance, range, and energy efficiency. Traditional
quadrotors, while highly maneuverable, are typically limited by rotor-only lift mechanisms
that consume significant power during sustained forward flight [34]. The Quadfoil’s design
aims to enhance efficiency by incorporating an airfoil-shaped central body, which generates
lift independently of the rotors. This allows the drone to achieve a better lift-to-drag ratio in
forward flight, extending its operational range and reducing power consumption. Key design
objectives include maintaining VTOL capabilities, optimizing aerodynamic profiles, and en-
suring durability through advanced materials like carbon fiber composites. The design also
emphasizes modularity, facilitating quick component swaps and adaptability across various

applications, such as surveillance, inspection, and rapid deployment scenarios.

Additionally, the Quadfoil’s design focuses on achieving a compact form factor without com-
promising on performance. By using lightweight, high-strength materials, the design mini-
mizes weight while maintaining structural integrity. This approach not only enhances flight
stability and control but also allows for greater payload capacity, making the Quadfoil versa-
tile for multiple missions. The central airfoil body also houses critical electronic components,
providing a streamlined profile that reduces drag. This combination of efficient aerodynam-
ics and thoughtful component integration aims to make the Quadfoil an innovative solution

in the UAV landscape, blending fixed-wing efficiency with the maneuverability of multirotor
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The versatile design of the Quadfoil drone allows it to address multiple challenges in various
sectors. In agriculture, where UAVs are increasingly used for crop monitoring and precision
farming [49], the Quadfoil’s extended flight time can provide more comprehensive surveys of
large areas, reducing the need for multiple flights and increasing operational efficiency. In
search and rescue operations, the Quadfoil’s portability and rapid deployment capabilities
enhance its effectiveness in time-sensitive scenarios [25]. Its modular design allows for easy
transport, while its increased lift enables it to carry more sophisticated sensors or small

emergency payloads, broadening its range of applications .

The drone’s potential is further highlighted in post-conflict zones, where UAVs are instru-
mental in landmine detection [9]. The Quadfoil’s extended endurance and high efficiency
make it well-suited for scanning large areas, reducing the need for human intervention in

hazardous environments.

By enlarging the carbon composite structure 2-3 times, the Quadfoil could be adapted for
cargo and critical medical payload delivery. Crucially, this scaling increases the payload
volume significantly without a proportional increase in structural weight, due to the square-
cube law [51]. The larger Quadfoil would maintain its aerodynamic advantages and VTOL
capabilities while offering enhanced payload capacity, making it ideal for efficient long-range
deliveries to remote or hard-to-reach areas. This adaptation could revolutionize logistics

in e-commerce and healthcare, providing a flexible and eco-friendly solution for challenging
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delivery scenarios.

Another critical area of application is pipeline inspection, where drones are used to monitor
pipeline for leaks, corrosion, or structural damage [19]. The Quadfoil’s increased operational
range and aerodynamic efficiency make it particularly valuable for Beyond Visual Line of

Sight (BVLOS) operations, enhancing its utility in industrial applications.

0o obibod tbotoodoo

This project offers a comprehensive exploration of the OUUDIOI UAV, integrating design
development, testing, and evaluation into a cohesive study. It begins with an expanded
Literature Survey in O00O0I00 O, where the evolution of UAV designs is discussed in depth.
This includes comparisons of various quadrotor configurations over time, progressing from
early quadcopter concepts to contemporary UAVs featuring hybrid and blended wing-body
designs. The chapter also explores structural innovations such as the monocoque and semi-
monocoque constructions and includes detailed tables summarizing existing research on UAV
aerodynamics, power requirements, and flight stability. These tables provide a foundation

for understanding the advancements embodied in the OOUOION design.

0000000 O focuses on the Design of the OOOOIOII UAV, where the detailed process of de-
veloping the OOOOION is laid out. This includes the airfoil selection process, drone sizing,
and prototype development. The chapter highlights the selection of specific materials, like
carbon fiber composites, and describes the iterative prototyping methods used to refine the
design. The UAV’s unique aspects, including its central lifting body and innovative struc-
tural configuration, are detailed, showcasing how these features address the limitations of
conventional quadcopters. This chapter emphasizes design decisions aimed at enhancing

aerodynamic efficiency and maximizing payload capacity.
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In ODODOOD O, the Experimental Flight Testing and Comparative Analysis are presented.
This section describes the performance metrics used to assess the JOUOION, including energy
efficiency, power consumption, and overall flight dynamics. The testing methodologies are
outlined, and a comprehensive analysis compares the OOUOIONID performance with conven-
tional quadrotors. This chapter includes mission profiles and specific testing procedures,

providing a practical assessment of the UAV’s capabilities in real-world scenarios.

Finally, J0O00000 O provides a Conclusion and Discussion that encapsulates the findings from
the experimental testing and design process. This chapter summarizes the significant insights
gained and discusses the implications for future UAV technology. Areas for improvement
and potential enhancements in the UUUUIUIID design are proposed, alongside suggestions
for future work that could further optimize its efficiency and capabilities. Through this
structured approach, the project aims to contribute meaningfully to the field of unmanned

aerial vehicles and set the stage for continued innovation and development.
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The design and performance of UAVs especially quadrotors have evolved significantly, driven
by advances in technology and innovative research. In this chapter, we have summarized the
work related to two key aspects, namely Design and Flight testing and performance analysis

ranging from early developmental work to current state of the art.

00 Oogion
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The development of quadrotor unmanned aerial vehicles (UAVs) represents a significant
advancement in aerospace engineering and robotics. The comparison in Table 2.1 between
five pivotal quadrotor designs as seen in Figure 2.1 ranging from 1924 to 2017 [5, 13, 42,
52, 53] demonstrates the evolution from traditional quadcopter to VITOL design. These
advancements encompass propulsion systems, flight control algorithms, structural materials,
and aerodynamic configurations. Notable technological improvements include the shift from
mechanical to electronic stabilization systems, the incorporation of GPS for autonomous
flight, and the innovation of hybrid fixed-wing/multirotor configurations for improved range

and efficiency.

The comparison highlights various engineering solutions implemented to overcome persis-

6
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Table 2.1: Overview of Quadrotor Design Development
Quadrotor Etienne DJI AeroTestra Cargocopter | WingCopter
Design Ohmichen Phantom 1 MK10 (2015) | (KU Leuven, | 178 (2017)
Quadcopter (2013) [13] 5] 2017) [42] [53]
(1924) [52]
Configuration | Manned Unmanned Ducted Fan | Tail-Sitter Tilt rotor
Quadcopter Quadcopter | Configura- VTOL fixed wing
tion VTOL
Objective Achieve Consumer Operation in | Efficient Long-range,
stable grade aerial | challenging cargo high speed
vertical flight | photography | environ- delivery delivery
ments
Speed 2m/s 10 m/s - 42 m/s 67 m/s
Range or 1 km 0.3 km (due | 30 min 60 km 120 km
Endurance to 2.4 GHz (Hover)
Tx Rx range)
Application Experimental | Aerial Industrial Last-mile Long-range
aviation photography, | inspection, delivery, delivery,
surveying search & medical medical
rescue supply supply
transport transport
Challenges Limited Limited Complex Complex Complex
power, payload manufactur- | transition mechanical
stability capacity, less | ing, less between design and
issues, flight time flight time flight modes | flight control
complex
control

tent challenges in quadrotor design. These include optimizing the power-to-weight ratio to
enhance overall performance, extending flight time through improved energy management,
and increasing speed for faster, more efficient travel. Innovations also address payload ca-
pacity, allowing quadrotors to carry more equipment or supplies while maintaining stability.
Each design has tackled these challenges differently—some by using advanced propulsion
systems, others by refining aerodynamics or incorporating lightweight materials. Together,
these approaches demonstrate the progression of quadrotor technology in achieving greater

endurance, operational efficiency, and versatility for a variety of applications.
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First Quadcopter Design . .
Conventional Design

- - = Ducted Fan Design

[Source: Etienne Oghmichen 1924]

[Source: DJI Phantom 2013]

[Source: AeroTestra MK10 2015]

Tail Sitter Design

Fixed Wing VTOL Design

TSR, 3 . . |
. 5 3 K S [Source: CargoCopter KU Leuven 2017]

[Source: WingCopter 178 2017]

Figure 2.1: Evolution of Quadrotor Configuration
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In the mid-1950s, NASA introduced the Central Lifting Body (CLB) design to improve at-
mospheric reentry capabilities [23]. This innovative configuration offered several advantages
over traditional capsule designs with parachute landings, such as enhanced range, reduced
reentry deceleration loads, and horizontal landing capability. As shown in Figure 2.2, the
lifting body concept significantly contributed to the development of terminal glide and hori-
zontal landing techniques later employed by the Space Shuttle. Key lessons from the lifting
body design, such as high lift generation and extended gliding capability, have since proven
valuable for subsequent aerospace applications, including modern unmanned aerial vehicle

designs.

In the late 1990s, McDonnell Douglas developed and evaluated an alternative to the conven-
tional tube-and-wing design for long-haul transport aircraft. This configuration, an extension

of the double-bubble concept, featured a Blended Wing Body (BWB) structure [24]. This
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comparative analysis with traditional designs revealed that the blended configuration as
seen in Figure 2.2 offered significant advantages: reduced weight, improved L /D ratio, and

substantially lower fuel consumption.

T T e—

00 00000 000000 CI0000000 0000

Surface Arca

44,000 sq-ft

-33%

29,700 sq-f

00 OOO00dion boo 0O4 00boooo oo 00 ON000 Oooohd 0odiooohrooo oo

Figure 2.2: Advancements in CLB and BWB configurations contributed to the design of
the Quadfoil UAV.
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Choosing airfoils is a critical aspect of designing UAVs with wing structures, significantly
influencing aerodynamic performance and operational efficiency. This section provides an
overview of key airfoils relevant to UAV applications, emphasizing designs that operate effi-
ciently at the low Reynolds numbers typical of UAVs [47]. Moreover, innovations in turbulent
airfoils and designs tailored for both smooth and rough conditions have broadened the oper-
ational capabilities of UAVs. The Table 2.2 offers a comparative analysis of significant airfoil
designs, highlighting their characteristics and applications, and showcasing the evolution of

airfoil technology in UAV development.

00000 Oubdioooo 0od bododoboidooo doboioooo

Monocoque and semi-monocoque structures are widely used in UAV and aircraft designs for
their lightweight characteristics and high strength-to-weight ratio, particularly when paired
with advanced composite materials. In a study by Sarmiento_et_al. [38] on a BWB UAV
utilizing jute-based composites, analyses using the finite element method (FEM) and com-
putational fluid dynamics (CFD) demonstrated that semi-monocoque structures can reduce
deformation by 65% compared to traditional materials. This configuration, which combines
a load-bearing skin with internal reinforcements like spars and ribs, is highly effective at dis-
tributing aerodynamic loads, making it ideal for UAV applications where minimizing weight

and maximizing performance are essential.

Conversely, monocoque structures, which rely solely on their skin to bear loads, offer sig-
nificant weight reduction but require careful design to prevent buckling. In a study by
Miguel et_al [32] on a composite monocoque wing structure for aircraft highlighted the im-

portance of using carbon fiber-reinforced polymers (CFRPs) to enhance buckling resistance,
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Table 2.2: List of airfoils for UAV and general aviation application

11

Airfoil Designer Development Characteristics Use Cases
Series Year
Clark Y [2] | Virginius | 1922 Flat bottom, efficient | Adapted for
Clark at low Re, balance of | propeller and
high lift and low drag. | wing sections of
UAV recently
due to simplified
manufacturing.
NACA NACA 1959 Low drag at higher Foundation of
6-series lift coeffecients. many
[11] subsequent
airfoils.
NASA McGhee 1973 Good performance in | Designed to
GA(W)-1 | and smooth and rough perform well
[26] Beasley conditions, high CI with rough
max and moderate surfaces.
Cd min.
ARA-D Bocci 1977 Efficient at low Re, Originally for
series [10] increased camber, propellers,
drooped leading edge | adapted for
for high AOA UAV wing
performance. sections.
Eppler Eppler and | 1980 Designed for flying Flying wing
E334 [18] | Somers wings, later modified | aircraft and
to increase thickness UAVs.
Ne334 airfoil.
Eppler Eppler 1990 High L/D ratio at low | General aviation
1233 [12] Re, good pitching aircrafts.
moment
characteristics.
Clark Y Karthik et | 2018 Best compromise Low speed UAV
(re- al. between L/D ratio for | applications.
evaluated) chord length 0.15 m
[1] and velocity 15 m/s.
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with Finite Element Analysis (FEA) helping to optimize design parameters . Both studies
[38], [32] underline the importance of these structural designs in achieving lightweight, high-
performance aircraft and UAVs through the use of advanced composite materials. These
materials not only enhance structural integrity but also offer improved resistance to envi-

ronmental stresses, making them ideal for modern aerospace applications.

Qoo Oiboo Doooitb bbb bbobtdobbo »Jboibod

With the growing application of Unmanned Aerial Vehicles (UAVs) across diverse fields,
research and development efforts have increasingly focused on enhancing UAV performance
and optimizing flight paths. Flight testing is essential to this process, involving a series
of maneuvers designed to assess key UAV characteristics, including aerodynamics, energy
consumption, stability, and control. These tests are instrumental in ensuring that UAVs
not only adhere to design and safety requirements but also maintain operational efficiency
across varied conditions. As UAV technology advances, flight testing continues to evolve,

incorporating more precise and reliable measurement techniques.

Tables 2.3 and 2.4 provide an overview of recent studies [22, 37, 54, 55, 56] on flight test
performance and path optimization, respectively. These tables summarize key objectives,
data collected, and the primary takeaways from each analysis. Such comprehensive testing
and evaluation contribute significantly to refining UAV designs, enabling better performance,
and supporting broader applications in real-world scenarios. By systematically analyzing
these results, researchers can optimize UAV configurations and enhance their adaptability

in diverse environments.
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Table 2.3: Overview of Flight Test Performance Studies.

UAV Design
Type

Flight Test /
Simulation
Objective

Data Collected

Key Takeaway

Fixed-wing

VTOL [55]

To determine
the endurance
needed for
various flight
stages - take-off,
climb, cruise
and landing

Power required
and energy
consumption
during each
phase of the
flight were
calculated using
formulae and
simulations
respectively.

a. Analytical
formulae to calculate
the power required by
fixed wing and
multirotor for their
respective operational
modes.

b. Battery modelling
in Simulink to
calculate energy
consumption.

Quadcopter|[37]

validate a
predictive model
for the energy
consumption of
Quadcopter
configuration,
using flight test
data to
determine
model
coefficients.

data collected
with wind,
current, voltage,
and GNSS/INS
SEeNsors across
varying
altitudes
(25-100m),
speeds (4-12
m/s), and
payloads (0,
250g, 500g) over
180 flights.

Flying wing To assess a. Flight logs Procedure to carry
UAV [22] different from flight out flight log analysis
performance controller in using "Flight Test
parameters such | "ulog” file Data Analyzer” in
as take-off format. MATLAB.
speed, stall b. Telemetry
speed and rate logs in "tlog”
of climb for the | file format.
tailless UAV.
Conventional To develop and | Energy usage a. Comprehensive

data collection by
varying key
parameters such as
speed, altitude and
payload.

b. Accurate
monitoring of
environmental
conditions, energy
usage and flight
dynamics using
combination of
precise sensors.

c. Repetition of
experiment to ensure
reliability in the data.

13
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Table 2.4: Overview of Path Optimization Studies.

UAV Design Flight Test / Data Collected Key Takeaway
Type Simulation
Objective
Conventional Assess UAV Positioning data | Continuous turns
Hexacopter - trajectory across various enable uninterrupted
DJI Spreading accuracy in flight paths, data collection,
Wings S900 [56] | automatic specific to enhancing aerial
missions under stop-and-turn coverage. The
diverse and continuous | methodology is useful
conditions, turns, for mapping and

focusing on

particularly in

surveying, simulating

stability and photogrammet- | real-world efficiency

navigation. ric tasks. and smooth paths.
Multirotor UAV | Develop Data on The Time-optimal
[54] path-planning waypoint UAV Path with

algorithms for locations, Hemispherical

UAV trajectory path | Coverage Model

surveillance and | length, balances

reconnaissance
in complex
environments
with occlusions,
focusing on
time-optimized
trajectories.

execution times,
coverage quality,
and UAV
performance
under occlusion
conditions.

high-resolution
imaging with
operational efficiency,
ensuring full coverage
and minimizing path
length in
occlusion-prone
terrains.
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Mim'2Q7i?2[m /'QiQ /2bB:MX h?2 _ @.ky B ' 7QBH-b2H2+i2/7Q
MmK#2  +? ° +i2 BbiB+b- 200W X% D 2ABQMI?Bb- i?2 K tBKmK i?B+FM?2
B'7QBH b2+iBQM Bb + H+n2BW XY 7 @ ¥Rj & XK/ XK UBiBQM HHv-i?22i?
HHQrb 7Q  BM+ 2 b2/ BMi2 M H pQHMK2-r?B+?2 + M #2 miBHBx2/ 7
Q  Qi?2 2bb2MiB H +QKTQM2Mib- +QMi B#miBM; iQ KQ 2 +QKT +]i

6B:m 2 jXj, UV gBM;:@7mb2H ;2 P9YXKUBY Ua®®/2H, TCQD2+iBQM
1tTHQ/2/ pB2r Q7 i?2 Zm /7QBHX U/V j. T'BMi2/ Zm /7QBH T QiQivT

h?2 "K +QMM2+iQ b-r?B+? BMi2;  i2i?2[m /"QiQ" Kb rBi? i?2 +21



kYIYTOélbO20¢éI k8

/2bB;M2/ rBi? 7Bt2/ M;H21b QWM/A5 +F bi22M BMjXB{mh22b2 M;H2b
r2>2 +?2Qb2M # b2/ QM bim/v +QM/m+i2/ QM bBKBH "Hv bBx2/ +Q
C272°2M+RYXBM?Q2 p "B iBOQM BMi?2 M;H2 Q7 ii +FrBi? /B772 2Mi 7Q
b Q#i BM2/BM i?Bb "2b2 "+?- BARbPTEM/BOAMHG@ ;M;B2 +QM7B;m" iBQI
i?72 +QKTH2tBiv Q7 p 'B #H2 ;2QK2i'v K2+? MBbK M/ HHQrb 7Q" T
+'Qbb p "BQmb 7HB;?i p2HQ+Biv '2;BK2bX h?2 QTiBK H 7HB;?i p2t
IBb+mbb2/ 2ti2MbBp2Hv BM *? Ti2  9X

6B;m 2 jX9, V*QMp2MiBQM HZm /+QTi2 rBi? o vBM; aT?2 2 aBx2
pb 02HQ+Biv SHQi 7Q 0o BQmb aT?2 2 aBx2X

6B:m 2 jAB,+YMM2+iQ  7Q BM+QRQEBAQ  # +F2i7Q  Zm /7QB



ke +Nzy 1 kY /T O1lé aA N[ z2AAdam

iXj S QiQivT2 .2p2HQTK2Mi

jXjXR S 'QiQivTI2 R@ 6.Jj. S'BMiBM;

6mb2/ /2TQbBiBQM KQ/2HBM; U6.JV Bb M 2ti ' mbBQM@# b2/ j. T BN
Ki2°'B Hb mb2/BM 6.J 2 i?2 KQTH biB+ TQHVK2' b M/ +QK2 BM 7I
T iBbK Mm7 +im 2/ #vb2H2+iBp2Hv /2TQbBiBM; K2Hi2/K i2 B HH
4#vi?2* . KQ/9X (m2iQ Bib?B:? ++m" +v- HQr +Qbi- M/H ;2K i2'B
Bb QM2 Q7 i?2 KQbi rB/2Hv mb2/j. T'BMiBM; i2+?MQHQ;B2b + Qbb

h?2 7B bi p2 ' bBQM Q7 Zm /7QBH r b 7 # B+ i2/ rBi? i?2 ?22HT Q7 6.J
/IBIBQM HHvV- SQHV2i?vH2M2 h2 2T?i? H i2 :HvVv+QH US1h:V K i2 B
HQMBi"BH2 "mi /B2M2 aiv'2M2 U "aV b Bi Bb H2bb T°QM2iQr "TBM
6m i?2 - Bi? M/H2b bmMHB;?i M/lo &pX¢RARBDiP2M2%aBQM r b BKTQ
bi?2 T°QiQivTI2? /iQ #2 7THB;?2i@i2bi2/ mM/2° #Q /  M;2 Q7 i2KT

h?Bb i2+?MB[m2 HHQr2/i?2i2 KiQ > TB/HVT Q/m+2 +QKTH2t +QKT
7TQBHO6b mMB[m2 /2bB;MX "v miBHBxBM; //BiBp2 K Mm7 +im BM;-
'2QK2i'B2b-r?BH2 bBKmHi M2QmbHv "2/m+BM; T QiQivIBM; +Qbib
7 +BHBi i2/ [mB+F /2bB;M Bi2  iBQMb M/ T  +iB+ H i2biBM; Q7 i?z
+QM+2TiX h?2j. T'BMi2/ T QiQivi2b2'p2/ b i M;B#H2 T QQ7@ Q7
/I2bB;M T"BM+BTH2b M/ T QpB/BM; p Hm #H2 BMbB;?ib i? i BM7Q"
1?72 Zm /7QBH bvbi2KX

h?2 BMBiB HB/2 rbiQ j. T'BMii?2 rBM; BM irQ T “ib, iQT M/ #Qi
>Qr2p2°- /m2 iQ j. T'BMi2  #2/ bBx2 +QMbi  BMi- i?2 2MiB 2 +2Mi2
7Qm> /B772°2Mi T Yib, iQT "B;?i-iQT H27i- #QiiQK "B;?i-j M #QiiQK
JQ2Qp2- ? i+2r b HbQ 2[mBTT2/7Q 2 bvBMbi HH iBQM Q7 # ii:



KYKY T ff -yf/7&7anyeqeé kd

iXjXk S QiQivT2k * "#QM 6B#2 *QKTQbBi2 G vmT

h?2 Zm /7QBHO6b BMMQp iBp2 /2bB;M- r?B+? +QK#BM2b +2Mi  H HI
T #BHBiB2b- M2+2bbBi i2b K Mm7 +im BM; T°Q+2bb i? i 2Mbm 2b -
T 2+Bb2 2 °Q/vM KB+ T°Q7BH2bX * "#QM 7B#2  +QKTQbBi2 H vmT r
BM; K2i?Q/ 7Q  i?2 b2+QM/ Bi2  iBQM /m2 iQ Bib #BHBiviQ K22i i?
(8)X h?2 T°Q+2bb #2;BMb rBi? i?2 T'2T ~ iBQM Q7 ?B;?@T 2+BbBQI
HmMKBMmK- ?B;?@/2MbBiviQQHBM; #Q '/ Q' K2/BmK@/2MbBiv 7B#
+?BM2/iQ K BMi BM i?2 2t +i _ @. ky B 7QBH T'Q7BH2X h?2 7B#
Q7 Hv2'b "2 K2iB+mHQmbHv TH MM2/ iQ QTiBKBx2 bi'2M;i? BM +
Qp2° HHr2B;?iX

h?2H vmT T Q+2bb BMpQHpP2b +miiBM; /v + "#QM 7B#2 7 # B+ QH
Q b+BbbQ b-7QHHQr2/#v+ "27mHTH +2K2Mi BMiQ i?2 KQH/ ++Q".
b+?2/mH2X aT2+B H ii2MiBQM Bb ;Bp2M iQ K BMi BMBM; 7B#2 Q"
Q' /’vbTQibX h?2 2TQtv "2bBM Bb i?2M + “27mHHv TTHB2/iQ i?2 +
+QKTH2i2 M/ 2p2Mb im iBQM Q7 i?2 7B#2 bX h?2H vmT Bb b2 H2/
iQ +m°2 #2ir22M 3 M/ k9 ?2Qm'b U/2T2M/BM; QM i?2 + "#QM 7B#2°
ivT2V iQ 2KQp2 B M/ /Bbi B#mi2 i?2 2bBM 2p2MHv i? Qm;?2Qmi i
?2HTb iQ 2KQp2 2t+2bb "2bBM- +?B2pBM; i?2 QTiBK H 2bBM@iQ
7BM Hi BKKBM;-/"BHHBM;- M/ bm 7 +2 7TBMBb?BM; iQ +?B2p2i?2
[mMm HBivX

AM Qm’ + b2-i?2 KQH/br2°27 # B+ i2/ Qmi Q7 J2/BmK .2MbBiv 6B#
i72 22HT Q7 *QKTmi2 LmK2 B+ H*QMi'QH U*L*V "Qmi2 X h?2 "B#
* “#QM 6B#2 " Hb *Q 2K i2'B HX PMHV irQ 'B#b M22/2/iQ #2 K Mn
b M2M/ TH i2 UbPé&B;m 2
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