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(ABSTRACT)

Critical heat flux (CHF) and post-CHF are two critical phenomena in light water-cooled
nuclear power plants regarding safety. Even though the general trends of CHF and post-
CHF are known, the exact mechanisms are still unknown. To better understand CHF and
post-CHF', experimental flow boiling facilities are constructed around the world. However,
these facilities are limited in their experimental conditions and spatial resolution necessary to
advance our understanding of two-phase heat transfer. Previous rod surface measurements
were collected with thermocouples to measure CHF location and temperature excursion, yet
thermocouples provide limited spatial resolution, which leads to significant uncertainties in
the CHF prediction. On the other hand, optical fiber temperature sensors can measure the
temperature and the CHF propagation with high spatial resolution. Also, the capability
of the optical fiber at high temperatures has been proven in previous studies. The current
study aims to apply optical fiber at high-pressure and high mass fluxes. The high-Pressure
HIgh-temperature annuLLUS flow (PHILUS) facility was designed to provide desired working
conditions in the test section that uses optical fiber temperature sensors. The PHILUS test
section has a length of 1320 mm, with 1000 mm of heated length. The working conditions
of the PHILUS are up to 18 MPa, temperatures up to 357 C, and coolant mass flux from
500 to 3700 kg/m?s. The main components of the loop are a steam separator, two heat

exchangers (a condenser and a cooler), a bladder-type accumulator, two bypass lines, and



a high-pressure pump. Coolant-Boiling in Rod Arrays-Two Fluids (COBRA-TF) code was

used to design the CHF and post-CHF experiments to be performed at the PHILUS facility.
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Ali Haydar Karabacak

(GENERAL AUDIENCE ABSTRACT)

A nuclear power plant produces heat which is transferred from the reactor core through the
coolant. The coolant water flows through the reactor core to safely transport the heat that
ultimately is used to produce electrical energy. If the balance between the power produced
by fission and the energy removed by the coolant is changed, it can lead to potential damage
to the reactor core. The maximum heat transfer rate occurs at the point where a vapor
blanket covers the surface of the fuel cladding. At this point, known as Critical Heat Flux
(CHF), the surface temperature drastically increases. To better understand and better
predict the CHF, experimental facilities are needed. Even though there are several facilities
worldwide, most of them have limited working conditions and measurement capabilities. Past
experiments used thermocouples to measure the surface temperature with a very small spatial
resolution, which causes very large uncertainties in the CHF and post-CHF predictions. On
the other hand, optical fiber sensors can be used to measure temperature with very high
spatial resolution. The high-Pressure Hlgh-temperature annuLLUS flow (PHILUS) facility
was designed in this work to apply optical fibers in the measurement of the rod surface
temperature and simulations were performed to show its advantages. The working conditions

of the PHILUS are comparable to commercial pressurized water reactors.
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In the past decades, the energy consumption of the world has been increasing, as shown in
Figure 1.1. This increase will accelerate with the population growth and new-technology,
such as electric cars and electronic devices applied in the health system, transportation, and
smart cities. Nuclear energy is one of the cleanest and safest ways to meet this increasing
demand. However, nuclear reactors encompass several complex phenomena, and the critical
heat flux (CHF) is one of the most important. CHF was described in 1934 by Shiro Nukiyama
[1] as the maximum point in the two-phase heat transfer curve, and it has been studied for
almost 90 years. Several research studies contributed to understanding CHF general trends,
but the exact CHF mechanisms are still unknown. The CHF phenomenon is very complex,
and the existing prediction methods are insufficient alone to describe it. Therefore, additional
experimental data is still required.

150

100

T T T T
1980 1990 2000 2010

Figure 1.1: World Total Final Consumption by Source 1971-2019 [2]
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Flow boiling facilities have been constructed over the years around the world to investigate
CHF [3-7]. Some of the experimental facilities are discussed in this thesis. The comparison
among these facilities reveals that most of them have very limited working conditions or
a very low spatial resolution in the surface temperature measurement. The low spatial
resolution causes large uncertainties in CHF prediction and the understanding of post-CHF
heat transfer. With the advancements in the optical fiber temperature sensors, these sensors

can be used in two-phase flow channels with very high spatial resolution and high fidelity.

000 Doobibol Ooor Dot bgooo

Critical heat flux (CHF) is one of the most vital safety phenomena for several two-phase
heat transfer applications, such as light water-cooled nuclear power plants [8]. CHF is a
phenomenon that occurs in a two-phase flow characterized by the formation of a vapor
layer on a heated surface, which causes a severe reduction in the heat transfer coefficient
[9]. If CHF happens, the coolant’s capability to remove heat from the cladding surface
considerably decreases, leading to a rapid rise in the cladding temperature and possible fuel
failure. Therefore, understanding the nature of the CHF and the post-CHF at any flow
condition is essential for Light Water Reactors (LWRs). CHF is one of the design limits for
nuclear power plants. For example, for LWRs, the cladding temperature should not exceed
the reactor design limit (0000 1204 C for Zircolay cladding). Another example for Pressurized
Water Reactors (PWRs), the CHF should not achieve the minimum departure from nucleate
boiling ratio (MDNBR) during certain Design Basis Accidents (DBAs). Accurate prediction
of CHF is then essential to avoid the departure from nucleate boiling (DNB), which is CHF-
type at low qualities [10]. At high qualities, the CHF phenomenon is known as dryout.

Boiling Water Reactors (BWRs) are where a film of liquid coolant surrounding the rod
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surface dries out at the CHF point.[11].

Hence, this thesis describes the design of the high-Pressure HIgh-temperature annuLLUS
flow (PHILUS) Facility at Virginia Tech. The PHILUS is designed to use optical fiber
as a temperature sensor under Pressurized Water Reactor (PWR) conditions. The main
components of the PHILUS are the test section, a steam separator, a condenser, a bladder
accumulator, a cooler, two bypass lines, and a high-pressure pump. The TRAC/RELAP
Advanced Computational Engine (TRACE) was used to simulate the facility during the
design phase. TRACE is a thermal-hydraulic code, and it was used to calculate the required
specification of various components. TRACE has been designed to perform best-estimate
analyses of loss-of-coolant accidents (LOCASs), operational transients, and other accident
scenarios in PWRs and BWRs [12]. TRACE was specifically used to calculate the quality at
CHF conditions, and the total pressure drop of the loop. TRACE was also used to estimate
the bypass valves requirements,[[0] the mass flux while each valve was open, partially open,
or closed. TRACE simulations were essential during the design for several reasons. Two-
phase pressure drop simulations in the entire loop are one of the most important outputs
of TRACE simulation. Additionally, CTF, the updated version of Coolant-Boiling in Rod
Arrays-Two Fluids (Cobra-TF), has also been used during the design of the PHILUS facility.
CTF is a 1-D transient code that solves energy, mass, and axial and transverse momentum
equations for fluid film, vapor, and liquid droplets. In CTF, only the test section is simulated
under the working conditions of the PHILUS facility. CTF simulation results will be used

to guide future experiments.
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Boiling heat transfer occurs at operational conditions in both PWR and BWR cores. A
better understanding of boiling heat transfer is essential to increase efficiency and safety in
the reactor cores since a sufficient margin between the CHF and the maximum local heat
flux is one of the essential parameters in the reactor plant’s design, as previously discussed.
Five specific CHF facilities related to LWR reactors are described in this chapter. They are

located at research universities and research institutes.

00000 000 0001 0ot gooboo

In 1934, Nukiyama discovered the maximum and minimum heat fluxes as boundaries of
the two-phase heat transfer regimes [1]. Imagine a solid surface that is heated by a source
and surrounded by a liquid pool. After the solid surface temperature passes the saturation
temperature by a certain amount (II00, reach the onset of nucleate boiling or ONB), the
heated surface starts to generate vapor through the boiling process. The logarithmic plot
of the surface heat flux and the temperature differences between the wall and saturation
(Tw Tsat) has been illustrated in the boiling curve, as shown in Figure 2.1 [13]. The reason

for the peak is due to vapor instability in rising bubble columns on the surface. The bubbles

4
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coalesce at the high heat fluxes as they rise and form isolated columns.

1LE+01
Single- Nucleate Transition Stable
phase boiling boiling film F
natural boiling /
convec- "
tion C -3 C
£ LE+00 }
z
=
A~
=1
= E
ﬁ LE-01 ¢
m
D
~ B
A
1.E-02
~5 ~10 ~25 ~715 ~550

Wall superheat, AT, (°C)

Figure 2.1: Pool Boiling Curve for Saturated Water at Atmospheric Pressure [13]

As it can also be seen in Fig. 2.1 after the B point, the heat transfer is more effective due to
the bubble formation, so the heat flux in this region (B C) is much higher than the heat flux
in the single-phase natural convection region. The transient region (C D) is characterized
by the unstable vapor film at the surface, while the vapor film is stable at higher heat fluxes
(D F). Point C is the critical heat flux condition, and point D is called the Leidenfrost
(or the minimum stable film boiling temperature). The transition boiling region can only be
seen if the wall temperature is controlled. However, in most boiling engineering applications,
q¥ is the variable input, and T cannot be controlled, so with a constant heat flux at point

C, the surface temperature suddenly increase to the point C'.
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The nucleate boiling region (B C) starts at the onset of nucleate boiling (point B), where
boiling can be first observed. If the liquid temperature is below saturated temperature,
subcooled nucleate boiling exists, and the bubbles collapse after detaching from the wall.
If the temperature reaches the saturation temperature with the heat flux increase, bubbles
will detach from the surface and exist in the liquid bulk. With the increase of the heat
flux, the number of nucleate size increases, and the size of the bubbles increase and start
to combine into larger bubbles. It is known that boiling usually occurs at the nucleation
sites, which depends on the wettability of the fluid-solid pair, surface profile, and the wall
super-heat [13]. Because of these complexities, there is no complete theoretical correlation

in this region|[13].

Ooooio  booiooo oot bood

The CHF occurs at point C in Figure 2.1. For a constant heat flux at point C, the surface
temperature suddenly increases to C'. At this point, vapor covers the surface, and the heat

transfer from the coolant to the wall is drastically impaired due to the vapor blanket formed.

CHF depends upon several variables, including local quality, pressure, mass flux, flow ge-
ometry, and power profile. CHF increases with an increase in inlet sub-cooling, and mass
flux [9]. However, CHF increases with pressure to one point (around 5-6 MPa for water)
and then starts to decrease with higher pressure. Existing Computational Fluid Dynamics
(CFD) codes cannot predict CHF accurately due to the complex two-phase flow conditions.
Hence experimental correlations are commonly used for better estimation of the CHF val-
ues. Because of the dependency of CHF data on the above variable ranges, correlations have

limited applications. Unique correlations might be needed for a round tube, square channel,
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QM T 2bbm 2 M/ bREHFT2QHMM2 ( BMiB2b bbQ+B i2/ rBi? i?2 KBMBK
i2KT2  im 2 "2 QM2 Q7 i?2 KQiBp iBQMb 7Q" /2bB;MBM; M/ #mBH/E
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kXk .2b+ BTiBQM Q7 HQQTb "QmM/ i?2 rQ H/

1tT2 BK2Mi H/ i "2 2bb2MiB HiQ BKT ' Qp2 *>6 +Q "2H iBQMb- M/
HQQTbiQ BMp2biB; i2*>6 mM/2 p "BQmb +QM/BiBQMb “QmM/i?2 r
7mMM+iBQM HBiv- K BM +QKTQM2Mib- +QMi'QHH2/ T > K2i2 b- M/ K
i?Bb b2+iBQMX .m BM; i?Bb 2tTH M iBQM- i2bi b2+iBQMb 2 bT2+B
MMB[m2 72 im 2b Q7 i?2 S>AGla U?B;? S 2bbm 2 >A;:? i2KT2" im’ 2

kKXkXR h?2 SQbi@*>6 >2 i h- Mb72  US*>hV i2bi 7 +BHE

h?2 SQbi@*>6 >2 ih Mb72 US*>hV i2bi 7 +BHBivr b BMBiB HHv /2
IMBp2 bBiv M/ i?2M KQp2/iQ i?2 IMBp2 bBiv Q7 JB+?B; MX h?2 S*:
BKT Qp2i?2 /i # b2 Q7 KQ/2HBM; BMp2'i2/ MMmH * 7BHK #QBHBI
7BHK #QBHBM; UAa6"V iQ 2M7)M 4@ 227++B@HBiv2ib (2bB;M2/iQ +[m
iQ BKT Qp2 +m "2Mi T 2/B+iBQM KQ/2HbX h?2 i2bi b2+iBQM Q7 i?:
?2 12/ +B " +mH " im#2 rBi? j9 Fq TQr2 X h?2 T ~ K2i2°'6b " M;2r b /2
[m bB@bi i2A 6" M/Aa6" 2;BK2i2biX h?2T 2bbm 2" M;2Q71i?2S*
JS iQ jX98JS -rBi? i?2 K bb 7THmt #2ir220M R8yMMB Myy2F bfm# + Q Q HE
BbmT iQX¥yBi?i?2b 72ivK “;BM- HH +QKTQM2Mib ? p2 aJl +Q/2 i
JS i jy€X aQK2 ;2QK2i'B+ BM7Q 'K iBQM Q7 i?2 i2bi bXXBQM + N
>Qr2p2'-i?2rQ FBM; +QM/BiBQMb Q7 i?2 S*>h "2 Km+? HQr2 i? M
Q7 Mm+H2 "2 +iQ -bQ BirBHH QMHV +[mB 2/ i mM/2" ++B/2Mi -
7HQr > i2- M/ HQrbT iB Hi2KT2  im 2 "2bQHmMIiBQM 2 Qi?2" /" r# -

h?27 +BHBivmb2b "2b2 pQB i MF7Q /2; bbBM;-r i2 biQ ;2- M/
Ai + M biQ 2 RR8 G Q7 ri2 iQ /Dmbii?2 bvbi2K i2KT2" im 2 rBi?
BM2'iB X HbQ-2H2+i'B+ ?2 i2°'bU98 FqQV "2 mb2/7Q r i2 /2; bbB|
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h #H2 kXR, :2QK2i'B+ HAM7Q K iBQM Qj)i?2 S*>h i2bi b2+

Ai2KDb K K
hQi HH2M;i? R8RYy
>2 i2/ b2+iBQM Ryyy

hQi HmM?2 i2/ H2M;i? 7 QK iQTeWM/ #QliiQK
hQi H?Qi T i+? b2+iBQM 7 QK BQT M/ #QiiQK
B K2i2 Q70?2 im#2 RNXy8 UjfooV

iI2KT2 im 2 Q7 i?2i2bi b2+iBQMX

+QM/2Mb2 - T 2@+QQH2- M/ T 2@7?2 i2° "2 mb2/iQ +QMi QF
i72 7 +BHBivX h?2 +QM/2Mb2  Uj8 FqQV Bb HQ+ i2/ #2ir22M i?2 QmiH:
T 2bbm Bx2  iQ +QM/2Mb2 i?2 bi2 K@r i2° KBtim 2X h?2 T 2@°?2 i2°
US FqV "2 mb2/iQ +?B2p2i?2/2bB 2/ BMH2i i2KT2  im 2 ii?2i2bi
M/i?2 T'2@+QQH2 1 i2 i2KT2 imQ + M22B.@2hRIQHM7HmMtX PM:
i72 Tm TQb2b Q7 i?22 T'2@+QQH2 BbiQ 2Mbm 2 i?2r i2  i2KT2  im
Bb HQr2 i? Mi?2b im  iBQMi2KT2  im 2X S 2bbm 2 Bb +QMi QHH:
yXyod + T +Biv rBi? i?°22 2H2+i'B+ 22 i2 b UiQi H TQr2  RjX8 FqVX
mb2/ 7Q" /2; bbBM; i?2 r i2 - HQM; rBi? i?2 "2b2 pQB i MF- /m BM
h?2 T'2bbm Bx2 6br i2° H2p2H Bb KQMBiQ 2/ rBi? /B772 2MiB H T

h?2°2 "2 irQ 7THQr K2i2 b #2ir22M i?2 "2;mH iBM; p Hp2 M/ T 2@?2
i2Q7i?2HQQTX 0QB/ 7 +iBQM M/i?2+? * +i2 ' BbiB+b Q7i?27HQ
C KK +Qm b2 bvbi2Ki? ir b /2p2HQT2/ #v i?2 IMPP2 hBA2KQ VBB + 21
/B ;> KQ7i?2 S*>h 7 +BHBiv + M #20k22M BM 6B;m 2
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6B:m 2 kXk, a+?2K iB+ /B ;" KQ7 iPR S*>h 6 +BHBiV (

kXkXk h?2 "2 +iQ° +QQH Mi bvbi2K

i?72 " K H@?v/" mHB
HQQTV 7 +BHBIiv

h?2 K BM Q#D2+iBp2 Q7 i?2 2 +iQ  +QQH Mibvbi2Ki?2 K H@?v/
iE 1 AUEQ 2 M iQKB+ 1M2 ;v _2b2 “+? AMbiBimi2V Bb rB/2 rQ FB|

/22T FMQrH2/:2 Q7 i?2 2772+ib Q7 p "BQmbg X K2iBM: QM TBbhH@

/2bB;M- i?2 i2bi b2+iBQMr b M BMi2"M HHv ? R X/ MERmMRAmMmbEFHQTr
rb 2TH +2/ rBi? jtj Q/ #mM/H2X

h?2 iQi HTQr2 Q7 i?2 N "Q/b B
"Q/ ? b

jedj KK ?22 i2/ H2M;i?X HbQ-i?2 i2bi b2+iBQM ? b bvKK2
T Q7BH2XXE2EEb i?2 ;2QK2i"B+ HBM7Q K iBQM Q7 i?2 i2bi b2+iBQ
6Q° #Qi? i2bi b2+iBQMb- i?2 rQ'FBM:; +QM/BiBQMb 2 #2ir22M yX8
jR3y F2fK-

M/ BMH2i bm#+QQHBM :kB/kJ# RUX2M? 38@ IFRGM; +QM/BiBC

"2 +QKT ~ #H2 iQ S'2bbm Bx2/qi2° 2 +iQ ¢c ?Qr2p2 -i?2BMbi ™ m
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Q#b2 pBM; i?2 bT2+B7B+ HQ+ iBQM M/ HQ+ H i2KT2 im 2b Q7 i?:
MmK#2 Q7 i?72 ' KQ+QmTH2bX

h #H2 kXk, :2QK2i'B+ HAM7Q K iBQM Q7 i?2 *a 7 +BHBiv i

Ai2Kb Rbi h2bi a2+iBQM | kM/ h2bi a2+iBQM
>2 {2/ H2M:i? 2 +? "Q/ RBRV jedj

hQi H H2M;i? Q7 7HQ®@ ?QmbBM; iNX3NX3

UKKV

Pmi2 /B K2i2  UKKV | RNX9 @

SBi+? UKKV @ RKXe

AMM2 22 i2° "Q/6b QmNX8B K2i2" N X 8 k

UKKYV

h?2 " KQ+QmTH2 HQ+
Q70?27?72 i2/ b2+iBQM

ERYMjy-®RRYQJRY- 8
UKKV

RR'Y -NKkB - ek8- R9k§

h?2 *a HQQT mb2b /2@BQMBx2/ r i2° 7Q  i2bib-

p Hp2
Q++m /m BM; HQr 7
Q7 i?2 i2bi b2+iBQMX
i2bi b2+iBQMX
+QM/2Mb2" ii +?22/1iQ
HQbbX T '2bbm Bx2°
/B ;°

7i2° bi2 K M/ r i2°

2 mb2/iQ +QMi'QH i?2 BMH2i 7HQr °

~

HQr +QM/BiBQM

M/

2T 2p2Mi2/ rBi?

- R3k8

+B +mH iBQI
i2 Q7 i?2r i2 X 6HQr
i? QiiHBNM

T 2?22 i2° U9y FqQV Bb mb2/ iQ +QMi QH i?2

1?72 b2T °

rBi?

"2 b2T

i2/ BM i?2 b2T ~

iQ - b

iQ -r?B+? Bb M2+2bb "v7Q i?2 +H(
9y Fg TQr2 2/ ?2 i2 Bbmb2/iQ T 2bbm~
KQ7i?2 _*aHQQT + M #2kbXH 2AMWB M26iRm b2 +iBQM Q7 i?2 _*a HQ

"2 2H2p2MbT +2° ;'B/biQbmTTQ ii?222 i2° "Q/bBMi?2i2bib2+iBC
BMbi HH2/ Dmbi mTbi2 K Q7 i?2bT +2° :'B/bX aBtQ  7Qm  E@ivT?2
QM i?2 7?2 i2 bm 7 +2iQ K2 bm 2i?2i2KT2  im 2Q7i?2?2 i2°"Q/db
Q++m "2M+2X aBti22M b K2@ivT2i?2 KQ+QmTH2b

"2 BMbi HH2/ i
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?2 12/ b2+iBQM iQ K2 bm 2 i?2 bm#+? MM2H 7HmMB/ i2KT2 im 2X

6B;m 2 kXj, a+?2K iB+ /B ;" KQ7i?2E9_A _*a6 +BHBIiv (

kXkXj h?2 ?B:?2@T 2bbm 2 r i2 i2bi U>qhV HQQT

h?2 ?B;?@T 2bbm 2 r i2" i2bi U>ghV HQQT Q7 i?2 _Qv H AMbiBim
aiQ+F?QHK-ar2/2MV Bb /2bB;M2/iQ BMp2biB; i2 TQbi@/ v@Qmi ?2
Q#bi +BXbh?2 i2bi b2+iBQM U MMmMmHmMbYVY +QMbBbib Q7 irQ +QM+2M
ivT2b Q7 Q#bi +H2b, TBM@bT +2 b- +vHBM/ B+ H- M/ ;"B/ Q#bi +
TBM@bT +2° Q#bi +H2b "2 mb2/7Q 272 2M+2X h?2 Qi?2 irQ //Bi
BMbB/2 i?2 +? MM2H r?2M i?2 TBM bT +2  Bb biBHH BM BiiQ K2 bm~
i?72 7?22 ii° Mb72°X h?2>gh HQQTBb /2bB;M2/iQ QT2 i2 mT iQ k8 J!
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i2KT2 im 2 mTGQRPBY >Qr2p2 - i?2i2bi b2+iBQM 2?2 b HQr2 T 2bbm
JS X h?2i2biBM; +QM/BiBQMb Q7 i?2 QVMRBI2i 8 i Q2d21tS 2r Bik 27V CbK(

8yyiQ RISYIFEKKob 7HmMt i Ry iQ 9y EBMH2i bm#+QQHBM;X MQi?2 b
T2°7Q°K2/ idJS rBi?i?2 K bb 7Hmt > M;2bQ 7MByiy?@ B 8MY2F i #+Q Q }
Ry@9WREX( HbQ- HQr bT iB H "2bQHmMIiBQM + Qbb i?2 22 i2° "Q/6b

>qh HQQT 7Q  i2KT2  im 2 K2 brkXDROMBX AR #RQK2i "B+ H BM7Q K i
i?72 >q hob i2bi b2+iBQMbX

h #H2 kXj, :2QK2i'B+ HAM7Q K iBQM Q7 i?2 >q h i2bi b2+]i

P#bi +H2 ivT2

Ai2Kb SBM aT +2SBM aT +2° M/ *vHBMI/BBH+aH +2° M/ | "B/
"HQ+F ;2 "2 ) )

RyXRj dXj RyXyd
Q71?2 Q#bi +H2 UWV
hQi HH2M;i? UKKYV je8y je8y je8y
P#bi +H2 H2M;i? UKKV @ ky 9y

P#bi +H2 TQbBiB|QaWy- R -|IRd8y-
Q k- Ryyy YT KNNe- jjdk kNNe- jOR3
7 QK #QiiQK iQ iQT W&IM jk8[3

h?2r i2  Bb 7BHi2°2/iQ ? p2 H2bb i? M yXyy8 KB+ Q@bB2K2Mb 2H?
ri2° TmKT Bb mb2/iQ /2HBp2 r i2  iQ i?2 HQQTX "2bB/2b 722/BM; |
TM TQb2BbiQ BM+ 2 b2i?2 T 2bbm 2iQ i?2/2bB 2/ p Hm2X h?2 72
T ibQ7i?2>qhHQQT #2+ mb2i?2 722/ TmKT Bb i?2 QMHV +QKTQN
bm 2 BM i?2 HQQTX qBi? i?2 22HT Q7 i?2 +B +mH iBQM TmKT-i?2 7
HQQTX Ai Bb 2bb2MiB HiQ +QMi'QH i?2 i2KT2  im 2 ii?2 BMH2i Q
i?72 2tT2 ' BK2MiiQ T 2p2Mi + pBi iBQMX h?Bb Bbr?vi?2mTT2 HBKB
Bbjy EHQr2 i? Mi?2b im’ iBQMi2KT2  im 2X h?2°2 "2irQ b2 B
M/ QM2 Q7 i?2K UR88 FqQV +QMi ' QHb i?2 BMH2i i2KT2  im 2 Q7i?2 i
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Bb 2?2 i HQbb #2ir22M i?2 BMH2i Q7 i?2 i2bi b2+iBQM M/ i?2 Qmi
b2+QM/ T°2?2 i2° Bb +QMM2+i2/ #27Q 2 i?2 BMH2i Q7 i?2 i2bi b2+iE
"27BM2 i?2 BMH2i i2KT2' im 2X HbQ-i?2'2 Bb #HQr@Q77 p Hp2
KQ 2 BKTQ i MiHv- "2H2 b2 i?2 7THmB/ 7 QK i?2 HQQT /m BM; M 2K
i?22°KQ+QmTH2biQ "2+Q /i?2r HHi2KT2  im 2 Q7i?2i2bib2+iBQM
BMbB/2i?2BMM2" "Q/ tB HHv-r?BH2i?2 2K BMBM; "2 QmibB/2 i?z
" iQM +2HH /2pB+2 M/ ai i? K/B772°2MiB HT 2bbm 2i° Mb/m+2
b2+iBQM Bb K2 bm 2/X h?2" "iQM +2HH U/B772 2MiB HT 2bbm 2 "2
i?72 bi iB+ T'2bbm™2- r?B+? Bb i?2 BMTmi T *~ K2i2  iQ + H+mH i2 i?
h?2°2 "2irQ /B772 2MiivT2b Q7 7THQr K2 bm 2K2Mi bvbi2KbX PM2 i
Bb im #BM2 7HQr K2i2 i? iK2 bm 2bi?2 pQHmMK2 7HQr ~ i2rBi?i?2
h?2 Qi?2  bvbi2K Bb K /2 Q7 7Qm @TBT2 bvbi2K r?2 RBX2 " "iQM +
b+?2K iB+ /B ;" KQ7i?2>qgh 7 +BHBiv kXM #2 b22M 6B;m 2
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6B:m 2 kX9, a+?2K iB+ /B ;" KQ7 i®B>qh 6 +BHBiv (

kKXkX9 h?2 TH i7Q K 2tT2 BK2Mi H i?2 K H@?v/ " mHB+
+BHBIivV

h?2 Q#D2+iBp2 Q7 i?2 TH i7Q K 7Q i?2 2tT2 ' BK2Mi Hi?2 K H@?v/"
bi'm+i2/ ii?2J bb +?mb2iib AMbiBimi2 Q7 h2+?MQHQ;v UJAhV- BD |
7HQr #QBHBM; [m MiBiB2b UMm+H2 iBQM bBi2 /2MbBiv- #m##H2 ;
?B;?2@bT22/ pB/2Q + K2° M/ ?2B;?2@bT226)XMIN i 22 i2A i W2+ KBQ M(- i 7
"2 i?°22 QT2MBM;b iQ ++QKKQ/ i2 [m ‘ix rBM/Qrb- M/ i?2 2K BM]
BMbi HH iBQM Q7 i?2 22 i2  + i'B/;2 rBi? 8 Fq mMB7Q K TQr2 X h
kk +K i HH M/ RkXd +K BM /B K2i2 i Bib rB/2biX 6Q  i?2 i2bi b2+iB(
7°QK K#B2MiiQRJS - M/i?2rQ FBM;i2KT2 im 2 M/i?2K bb7Hm
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i2KT2' im79B8ICV M/ yiQ kyyyb—~fBRBbT2+iBp2HVvX :2QK2i'B+ HBM7Q "
b2+iBQM + M #2 b2RMBM2M#HB2? pBbm HBxXx iBQM rBM/Qrb M/ irQ@1
bT iB Hi2KT2  im 2 K2 bm 2K2Mi "2bQHmMIiBQM mbBM; A_i?2 KQK2
HBKBi + MMQi HHQr i?2K iQ +QHH2+i/ i 7Q i?2 ?B:;? T'2bbm 2X

h #H2 kX9, :2QK2i'B+ HBM7Q K iBQM Q7 i?2 S2éP2° 7THQr HQQ

Ai2K KK

G2M;i? Q7 i?2 i2bi|bRkBQM

B K2i2 Q7 i?2 i2Hi RR&iBQM
ABM/Qrb M/ 22 i2 HRM;i?

+B +mH iBQM TmKT U p B #H2 bT22/ TmKTV HHQrb /B772 2Mi
QmiTmi TmKT ?2 /X ?2v/'QT / ++mKmH iQ ? b#22M mb2/iQ Qp2 +C
h?2 ++mKmH iQ  Bb +QMM2+i2/iQ i?2 ?B:?2bi HQ+ iBQM Q7 i?2 HC
6BHi2 b M/ /2; bbBM; bvbi2Kb "2 mb2/iQ K BMi BM [m HBivr i2 X

h?2°2 "2i?2°22/B772°2Mi /2; bbBM; bvbi2Kbc QM2 Q7 i?2K Bb S2°|
i? i Bb mb2/ iQ '2KQp2 MQM@+QM/2Mb #H2 ; b2bX h?Bb bvbi2K m
K2K# M2 bvbi2K i? i b2T " i2b i?2 HB[mB/ 7°QK p +mmKX qBi? i?2
/IB772 2MiB H#2ir22M HB[mB/ M/ p +mmKi? iBb+ 2 i2/rBi? p +m
i2°Qm;?i?2 K2K#  M2X >Qr2p2 - i?Bb bvbi2K+ MQMHVIQ FmM/2 |
i2KT2  im 2X h?2°27Q°2-i?2 ?B;?@i2KT2  im 2/2; bbBM; HBM2 ? b
Q7 i?2 i2bi b2+iBQMX h?Bb bvbi2K mb2b i?2 22 i2° BMi?2 HQQT iQ
i72p TQ 7°QKi?2 p2MiBM; TQBMiX h?Bb T Q+2bb b?QmH/ #2 /QM2 i
"2 Tm ;2/X h?Bb K2i?Q/ Bb ?B;?@T 2bbm 2 M/ ?B;?@i2KT2" im’
H bi/2; bbBM; bvbi2K Q7 i?27 +BHBivBb p +mmK TmKT mb2/7Q" Bl

22 i2t+? M:2°Bbmb2/iQ "2KQp2?2 i7°QKi?2r i2°BMi?2K BMHQ
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HbQ 2Mbm 2b i? i i?2r i2°6b i2KT2" im 2 Bb HQr2" i? Mi?2 b im" il
T 2p2Mib + pBi iBQM T Q#H2Kb BM i?2 +B +mH iBQM TmKTX 6Q" ?
T 2bbm 2/ QT Bb bB;MB7B+ MiX "2+ mb2 Q7 i?2 T ' 2bbm 2/ QT-i?:
#2 HQr2 i? Mi?2 M2i TQbBiBp2 bm+iBQM ?2 / T ' 2bbm 2 ULSa>V- r’
i?72 TMKTX >Qr2p2°-i?2 bQHmMIiBQM iQ i?Bb T'Q#H2K Bb iQ +QQH r i:
b2+iBQM-r?B+? ?22HTb iQ HQr2 i?2 "2[mB 2/ LSa> M/ T 2p2Mi + pB
r?B+? Bb TBT2 7?2 i2 -Bbmb2/iQ K BMi BMi?X)yXbB?2/bBMMRRIIBKT:
/B ;> KQ7i?2 S2i?2  7THQr HQQT + K82 b22M BM 6B:m" 2

6B:m 2 kX8, a+?2K iB+ /B ;> KQ7 i?2k92i?2 6HQr GQQT (

kXkX8 h?2 6HQr #QBHBM: i?2 K H@?v/  mHB+ +B +mB|

h?2 THQr #QBHBM; i?2 K H@?v/ " mHB+ +B +mBi i J+J bi2 IMBp2'l
bi2 /lv@bi i2 M/i> MbB2Mi 2tT2 ' BK2Mi H/ i 7Q *>6X 1p2M i?2Qm;?
T 2bbm 2 " iBM; mTiQ RyJS imTiQd8 Ebm#+QQHBM:-i?2+Q /BN
2tT2°'BK2Mib "'mM rBi? i?2 T°2bbm™2 * M;2 #2ir22M k@=eXJ8?2Bi? Ry
i2bi b2+iBQM Q7 i?2 HQQT Bb +QMM2+i2/iQ Ne Fq Q7 .* TQr2 X :2Q}l
i2bi b2+iBQM Bb T ' QkK/@RBM@r2p2 - i?Bb HQQT HbQ ? b "2bi B+iB
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?B:?@ 2bQHMIBOM /i QM T QiQivTB+ HQT2 iBM; +QM/BiBQMbX

h #H2 kX8, :2QK2i B+ HAM7Q K iBQM Q7 i?2 J+J bd)2  IMBp2 bB

Ai2K KK

G2M;i? Q71?2 i2hiR&@d8 B QM

>2 i2/ H2M;i? RjkR

AMbB/2 /B K2i2 | 9Xe

g HH i?B+FM2bb | yXN

) N88- RRRj- RkkN- Rkde-
h?2 KQ+QmTH2b|HQ+ iBQM

RKkNj- Rjy8- RjRe

AMi?Bb 7 +BHBiv-i?2r i2 " Bb+B +mH i2/#v +2Mi B7m; HTmKT +QN
/['Bp2  U06.VX h?2 TmKT ? b £?21 eBiiv QI783KKT "2bbm 2 ?22 / imT iQ
JS X hQ T '2p2Mi i?2 TmKToéb / K ;2 M/ ? p2i?2 /2bB 2/ 7THQr ~ i2 E
"OmM/ 3y@Ny W Q7 i?2r i2° 7THQrb i? Qm;? #vT bb HBM2X #H //2
T 2bbm ™ Bx2 i?2 bvbi2K- M/ Bi Bb +QmTH2/ rBi? Bib #QiiQK +QMM 2 -
bm+iBQM HBM2X h?2 bi2 K;2M2" i2/ BMi?2 i2bi b2+iBQM Bb +QM/2
HBM2X hrQ bm#+QQH2 b rBi? TT QtBK i2Hv 9j Fq ?2 i "2KQp H +
i?72 +QM/2MbBM; bT" v HBM2X h?2b2 bm#+QQH2 b M/ i?2 +QM/2Mb
2Mbm 2 i? ii?2 /QrMbi 2 K TBTBM; pQB/ 7 +iBQM Bb x2 Q M/ i?2 "
T? b2X AM //BiBQM-i?2r i2° +QQH Mib?QmH/ HbQ #2 i bBM:H2@"
7127 1?2 TmKT-i?2°2Bb T°2?2 i2° URK3 FqV iQ /Dmbi i?2 BMH2i i
b2+iBQMX * HB#" i2/i?2 ' KQ+QmTH2b UPK2; ivVT2 Ei?2 ' KQ+QmTH?
BMH2i M/ QmiH2i i2KT2  im 2b Q7 i?2 i2bi b2+iBQM- M/ *Q BQHE
mb2/iQ K2 bm 2i?2K bbBMH2i 7HQrX M #bQHmMi2 T ' 2bbm 2i Mb/
K2 bm 2bi?2 QmiH2i T 2bbm 2/ QTX /B772 2MiB HT 2bbm 2 i Ml



IYIY /T « Oy Oné A anny z an é2 NJ'A a2 RN

T 2bbm 2 /°QT Q7 i?2i2bi b2+iBQMX h?2 b+?2K iB+ Q7 i?2 7THQr #QB
+ M #2 b22M BMX&B:m" 2

6B;m 2 kXe, a+?2K iB+ /B ;- KQ7i?26HQr "QBHBM; >v/°" mHB

h?2 /2bB;MbT2+B7B+ iBQMb Q7 i?2 BMp2biB; ikXNXKTh?BRBBIB2BHRIB?2:
"2 +QKT 2?22BMBR2 2 2 Qi?2 7 +BHBiB2b BM i?2 rQ H/X HbQ- i?.
Q7 HH Q7 i?2 BMp2biB; i2/ 7 +BHBIB2bR 2 b?QrM BM TT2M/Bt



Ky +Nzy 7 1Y "7&01 AAHO T 2 1

6B;m 2 kXd, amKK v Q7 .2bB;M aT2+B7B+ iBQMb Q7 AMp2hbiB; i2

PMHv 7Bp2 Q7 i?2 HQQTb "QmM/ i?2 rQ H/ ? p2 #22M BMp2biB; i2/
+QMbi'm+i2/ BM i?2 rQ H/- M/ ?2mM/ 2/b Q7 HQQTb 2 /2bB;MBM;X
p2biB; i2/i?2°K H@?v/" mHB+ HQQTb rQ H/rB/2 /2KQMbi  i2b H +F
i2KT2 im 2 K2 bm 2K2Mi BM i?2 i2bi b2+iBQM rBi? i?2 i?2 KQ+Qm’
MQi + T #H2 Q7 K2 bm BM; i?2 i2KT2  im 2 i ?B;? bT iB H "2bQHmi
K2Mib BM /Bbi'B#mi2/ QTiB+ H 7B#2 i2KT2  im 2 b2MbQ b- Km+?
#2 Q#i BM2/ 7Q bm 7 +2 i2KT2  im 2 K2 bm 2K2MibX qBi? i?2 ?22F
K2 bm 2K2Mi-i?2 i2KT2  im 2+ M #2 K2 bm 2/ KBHHBK2i B+ HHv- |
i BMiB2bX HbQ-i?2'2 "2MQii? iKk MVHQQTb rBi? ?B;?rQ FBM; iz
K bb 7HmMtX h?2b2 "2 bQK2 2 bQMb r?vi?2 S>AGla Bb mMB[m2 HC
Birbb?QrMi? i i?2i?2 K H@?v/" mHB+ HQQTb mb2 /B772 2Mi r vl
i72 QmiH2i #QmM/ v +QM/BiBQMb Q7 i?2 i2bi b2+iBQM- M/ HH Q7
iQ BKT Qp2 +Q "2H iBQMb QM *>6 M/ TQbi@*>6X HbQ- i?Bb bim/\
HQQTb 2 +QMbi MiHV #2BM; mT/ i2/-bQ i?Bb 2M+Qm" ;2/ mbiQ /2b



IYIY /T « Oy Oné A anny z an é2 NJ'A a2 kR

7H2tB#BHBiv 7Q  7mim 2 mT:  /2bX AM i?2 M2ti +? Ti2 - i?2 /2b+ B
+QKTQM2Mib Bb T°QpB/2/X



*2 Ti2" ]

2bB:M Q7 i?2 S>AGIa

h?2 S>AGla 7 +BHBiv 2KTHQvV /B 2+iHv ?2 i2/ im#2 M/ MMmH ~ 7
/2bB;M2/ iQ BMp2biB; i2 *>6 M/ TQbi@*>6 +? * +i2 BHPXBhBBbSq_
+? Ti2  /Bb+mbb2b i?2 /2bB;M Q7 i?2 T'BK v . M/ b2+QM/ v HQQThb
i?72°2 bQMb iQ b2H2+i 2 +?2 +QKTQM2Mi M/ Bib # bB+ 7TmM+iBQMbX
i?72b2 b2H2+iBQMb "2 2tTH BM2/X h?2 S>AGla7 +BHBiv+QMDbBbib (
h?2* ./  rBM; Q7 i?2 S>AGla7 +BHBiv BE®?QrM BM 6B;m 2

6B;m 2 jXR, h?2* . /" rBM; Q7 i?2 S>AGla 7 +BHBIiv

k k



kKYSY ifT T« Onfié Kj

h?2 T'BK 'VvVHQQT Bb /2bB;M2/iQ K BMi BMi?2 BMH2i M/ QmiH2i +¢
h?2 b2+QM/ "vVHQQT Bb K BMHV /2bB;M2/iQ "2KQp2i?2 7?2 i;2M2" i
i?2°Qm;? 1?22 7THQr Q7 i?2 +QQH Mir i2°" BM ?2 i 2t+? M;2 +QKTQM2M

iXR h2bi b2+iBQM

b+?2K iB+ Q7 i?2 i2bi b2+iBQM + MXK2 b22NMHBM GRMEBM; Q7 i?2
b2+iBQM Bb R6 b+?X 3y-aajRe TBT2rBi? "2KQp #H2 NX8 KK P. ?2
+2Mi2 " HBM2BM Q' /2 iQ HHQr7Q> MMmH “7HQrX h?2 7HQr /BK2M
7HQr "2 iQTQr2 " iBQ M/ Q//B K2i2 - "2 /2bB;M2/iQ KBKB+ i? i
"2 +iQ° USQq_V +Q°2 bm#+? MM2HKXK?@Pi2 BM @BQ@ Q/ TBi+? M/ +H
/B K2i2°BM i?2 Sq_ +Qarb M/ RRM8e 2bT2+iBp2Hv- M/ i?2b2 irQ Mm
"2 mb2/iQ /27BM2 i?2 7THQr Q7 i?2 S>AGla 7 +BHBivX gBi? i?2b2 M
S>AGla 7 +BHBB®b BAXNQi HH2M;i? Q7 i?2i2bi b2+iBQM Bb Rjky K1
Bbi?2 ?2 i2/ H2M;i? rBi? mM?2 i2/ Rjy KK ii?2iQT M/ RNy KK ii?:
7Q° 7TmHHvV /2p2HQT2/ 7THQrX h?2°2 "2 irQ +QQHBM; 7H M;2b i i?2
b2+iBQM iQ +QQH 2H2+i Q/2b- TQr2' +QMM2+iBQMb- M/ BMbi mK,
+QQHBM;-i?2 HB72iBK2@b2MbBiBp2 +QKTQM2Mib BM i?2 i2bi b2+i
Q7 i?2i2bi b2+iBQM + M #XX22N2 EM BIKAHKR /2bB; M2/ iQi H TQr2  Bb |
h?2 i2bi b2+iBQM Bb QT2 #H2 i nC-iMkBB$2biBjoy2/ BM ++Q / M+2
alJl "jRXRX h?2 +H //BM; Q7 i?2 "Q/Bb /B 2+iHv ?2 i2/ M/ 7BHH2/r
T QpB/2 2H2+i'B+ HBMbmH iBQM 7Q° BMbi ' mK2Mi iBQMX h?2 i2bi
Q7 i?2 HQQT rBi?Q7 %6 M 83lyX

hrQ /B772°2Mi "Q/b r2 2 +[mB 2/X wB +QMBmK dyk M/ AM+QM2H
+H //BM; 7Q 2 +?2 Q7 i?2 irQ ?2 i2° "Q/bX J i2'B H bT2+B7B+ iBQM



k9

+Nzy T kY /T Olé AA N T?BHm

6B:m 2 jXk, UG27iV h2bi a2+iBQM a+?2K iB+ M/ U_B:?iV S?QiQ

6B;m 2 jXj, Sq_am#+? MM2HR} Qbb@b2+iBQM (



KYSY iY 1« Ofié k8

h #HXR qBi? i?2b2irQ /B772 2Mi K i2'B H+H //IBM;b-i?22772+i Q7
M/ TQbi@*>6 ?2 i i Mb72 + M #2 Q#b2 p2/X h?2b2 Ki2'B Hb "2
K i2'B Hb mb2/ BM 2?22 i i° Mb72" 2tT2'BK2MibX h?2 iQT pB2r Q7 i?:
BM 6B;jHR2 a2p2M E@ivT2 i?2 KQ+QmTH2b "2 2K#2//2/ mM/2 M2 i?
i2°22 i2[m H /B HbT +BM; HQ+ i2/ Ry KK 7°QK i?2iQT Q7 i?2 ?2
b2+iBQM- irQ HQ+ i2/ 8y KK- M/ irQ HQ+ i2/ Ryy KK 7°QK i?2 iQTX
1?72 1?22 KQ+QmTH2b Bb XRrMMBM/BiBHM- i? 22 bi BMH2bb bi22H +
"2 2K#2//12/ BMi?2 +2° KB+X h?2 + TBHH "B2b "2 jy9 bi BMH2bb bi:
/B K2i2° M/ MQKBM Hr HH i?B+FM2bb Q7 yXky KKX h?2b2 + TBH
HHQr7Q  i?2 BMb2'iBQM Q7 QTiB+ H7B#2'bBM Q' /2 iQ K2 bm 22
i2bi b2+iBQM H2M;i?X 1 +? i?2 ' KQ+QmTH2Bb HQ+ i2/ i M M;H2 Q7
M/ i?2 + TBHH v im#2b "2 HQ+ i2/ iey- R3y- M/ jyy [/2; 22bX aT
"Q/ "2 mb2/iQ ?2HT TH +2 i?2 22 i2° "Q/ BM i?2 +2Mi2 Q7 i?2 7THQ
7 QK #2BM; #2MiX



+Nzy T kY /T Olé AA N T?BHm

h #H2 jXR, S?vbB+ H S QT2 'iB2b Q7 wB +QMBmK dyk M/ A

hv T2 wB +QMBMKAMKQM2H eyy
.2MbBiVv U _
eX8 3X9]
kg/ m3
J2HiIBM; SQBMi .
R38k ROR|
C
h?2"K H+QM/m+iBpBiv UFV
k k RO9XN
W/m C
aT2+B7B+ >2 CV R
*E yyka38 yX999
kJ/kgK
h?2 K H277r|?1th,p\BivU
D 9y Xd8 88Xde
KJ /" sm?K

6B:m 2 jX9, hQT pB2r Q7 i?2 2?2 i2" "Q/



KYSY if

T« Ofé

k

d

h #H2 jXk, aT2+B7B+ iBQM Q7 i?2 h2bi a2+iBQM

.B'2+iHv >2 i2/ >2 i27] _Q/
hvT2 R hvT2 k
*H/ M/ a?2 i?J i2wB HQMBMKAIMNMKQM2H eyy
J tX 1ti2°M H S 2bbm~2 kk JS
< . Xo*H .
PT2" iBQM HQMiBTEQY o, jaye
hQi H SQr2° Ryy Fq
JtX GBM2 " SQr2° Ryy FqfK
JtX am 7 +2 >2 ii/6Hmt jj8 gqftm?
*H/PmibB/2 .B K2i2NX8 KK NX8 KK
g HH i?B+FM2bb yX3N KK yX3N KK
>2 12/ G2M;i? Ryyy KK
:2QK2i'B+ HAMV7QOQKR FRGMG2M;i? 8Ry KK
"QiiQK *QH/ G2M{i? j38 KK
Pp2" HH G2M;i? R3N8 KK

Pp2” HH 1H2+i Q

2G2M;i?Rd8 KK

h #H2 jXj, aT2+B7B+ iBQM Q7 i?2 h?2 KQ+QmTH2

h?2 KQ+QmTH2b

O Hm?2

hvT2

S'2KBmK :°

/2- hvlT2 E

Ji2 B H AM+Q

M2H eyy

AMbmH iBQM J |25 H

Cm+iBQM hvT2

IM:"QmM/2/- "L #

+F7BHH2/

PmibB/2 .B K2i2

'y X8y KK

Pp2 HH G2M;i? je8y K

K

Zm MiBiv

eT2 2?22 i2°

TBHH v hm#2 S ° K2i2

AN

Ji2'BH jy9 aa

PmibB/2 .B K2i2

"RXyd KK ULQKBM

HV

g HH h?B+FM2b

byXky KK ULQKBM

HV

Pp2° HH G2M;i?

Rd8y KK

Zm MiBiv

T2  >2 i2°




k3 +Nzy T kY /T Olé AA N T?BHm

JXRXR PTiB+ H6B#2 b

6Q  i?2 TmM TQb2b Q7 BKT ' QpBM; i2KT2  im 2 K2 bm 2K2Mi *2bQHm
im 2 b2MbQ b "2 BKTH2K2Mi2/ BM i?2 i2bi b2+iBQMX *? M;2b BM i
BMi?2 KBMQ BKT2 72+iBQMb Q7 2 +? 7B#2 -r?B+? bHB;?iHv Hi2
2 QmkPX h?2 Hi2 "M iBQM- FMQrM b i?2bT2+i" Hb?B7i-+ M #2 K2
7TB#2 M/ +QMp2 i2/iQi2KT2 im 2+? M;2#v 7BiiBM;i?2bT2+i" Hb
i MmMK2 Qmb HQ+ iBQMb iQ FMQrM i2KT2  im2p B iBQMbX h?Bb
i?72BMM2 i2KT2 im 2Q7i?2+H //IBM;X h?2QTiB+ H7B#2 rBHH HI
/Im " BM; *>6 2tT2 BK2Mib ii?2 T 2+Bb2 *>6 HQ+ iBQM rBi? M mMT
"2DQHMIBQMX .B772 2MiHVi? Mi?2 KQ+QmTH2b-r?B+? K2 bm 2i?
QTiB+ H7B#2 b+ M K2 bm 2 Bi i KBHHBK2i B+@b+ H2 2bQHmMIiBC
h?2 QTiB+ H7B#2 b /2bB;M2/ #v GmM AM+XX 1R?Q b2? 2K ABHnQT7ii@ 2
QTiB+ H 7B#2 Bb b?Q¢® BM GRMbRM; b2+iBQM mb2b bBHB+ b?2
i?2 bi'm+im> HBMi2; Biv Q7 i?2 7B#2 /m BM; i?2 2tT2 BK2MibX h?
eRyk BbyXe8 KK rBi? jRXk8 >x7 2[m2M+vX h?BbbT2+B7B+ iBQM

*>6 i2KT2 im 2 M/ *>6 HQ+ iBQM mM/2  i?2 S>AGla 7 +BHBivrQ F
K2 bm 2K2Mib "2 2bb2MiB HiQ M Hvx2i?2 +QKTH2tirQ@T? b2 7H

6B;m 2 X8, a+?2K iB+ Q7 i?2 PTiB+ H6B#2 b

6Q @9y iQ-kiy2 7Bi 7°QK i?2bT2+i° Hb?B7i M/i2KT2  im 2 Bb HBM:
b?B7i Bb MOMHBM?2 > 7Q i?2 ?B:;?22  i2KT2  im 2 TTHB+ iBQMbX h?



kKYIY TOyOéI kN

M/ i?2 QTiB+ H 7B#2 06b K2 bm 2K2Mi rBHH #2 +QKT "2/ i ?B;? i2l
#2ir22M i?2 bT2+i" H b?B7i K2 bm 2K2Mib 7' QK i?2 QTiB+ H 7B#2°
"2bT2+iBp2 i2KT2 im2p Hm2br b T2 7Q K2/k@M T 2pBQmb bim/v

i Xk SBTBM;

jXkXR S'BK 'v TBTBM;

SBTBM; Bb QM2 Q7 i?2 KQbi + BiB+ H bm#D2+ib 7Q" /2bB;MBM; i?
HH BMbi' mK2Mib iQ rQ'F mM/2" i?2 /2bB;M +QM/BiBQMbX B6QHHQ
BM+?2b b+?2/mH2 Rey bi BMH2bb bi22H jRefG Ua+? Rey aa jRefGV
+QMp2MB2Mi QTiBQM 7Q  i?2 T'BK "VHQQT #2+ mb2Bi? bi?2 +HQb
>Qr2p2 - RO im#2b "2 mb2/ #2ir22Mi?2 +QQH2" M/ i?2 TmKT #2+ ml
bBx2X h?2°2 bQM 7Q  i?Bb rBHH #p282aFR2BMIE2 BN b2V iIBQM b iQ i?2 i
Q7 i?2 im#2X

bBi+ M#2b22MjBBIjh9BH2?2X Rey TBT2b ? p2 RXy8 BM+?22b QmibB
rBi? yXkR3 BM+?2b iJRe&PRQ2HDX268B QXbb@b2+iBQM pB2r Q7 i?2 jf906 |



jy +Nzy ¢ kY /7 Oié AA NY T?BHm

h #H2 jX9, LaAf aJl "jeXRyJai M/ /b 7Q i?B+FM2bb

SBT2 a+?2/mH2b
LQKBM H TBT2 bBeanBuiMB+#2 .B K2i2 |BM+9 HH i?B+FM2bb UBM+?V

8 Ry 9y 3y | Rey

Rf3 yX9y8 @ | yXy|&Xye8$XyN8 @

Rf9 yX89 @ | yXy9nxXyB8XRRN@

jf3 yXed8 @ YyYXYyOMNXyNRXRke @
Rfk yX39 yXye8Xye8 XRyWX R|9¥WIXR|3d
jf9 RXy8 yXye8gXye8XRRYXRBBXKR3
R RXjR8 yXye8Xye8XR|jlyXR|dNMXkKS8
R Rf9 RXee yXye8Xye§ XRY XRINKKkBR
R Rfk R XN yXye8Xye8XR|I98 Xk yXj9j
k kXjd8 yXye8Xye8 XR|BYXKkRBX|jd8

6B;m 2 jXe, .BK2MbBQMb Q7 jf9 BM+?2b i?2 a+?@Rey aa

h #HX@8HHmbi" i2b i?2 rQ'FBM; T 2bbm 2 HBKBib /2T2M/BM; QM i
TBT2 + MrQ FmM/2  i?2 S>AGla 2tT2 'BK2Mi H +QM/BiBQMbX 7i2°
b2H2+i2/iQ +QMM2+i i?2 HQQT +QKTQM2MibX 1H#Qrb- i22b- M/ 7
7BiiBM;b BM i?2 HQQTX ai BMH2bbOhiQ 2R 2jiRefIG/c i PDIH2 &V o

"2 mb2/ BM i?2 T'BK '"vHQQTX bB/2 pB2r QXX ?2M H 028D BM 6B
/IBK2MbBQM Q7 i?2 2H#Qr + M #2 b22MX



kKYIY TOyOéI

IR

h #H2 jX8, qQ FBM; S 2bbm 2 "2ir22M 9yy@3yy 6 ? 2M?2B|

S'2bbm 2 USaA:V 7Q" jf9 BM
h2KT2 im6¥ U 9yy|l 8yy|l eyy| dyyH 3yy| 38y
huS1 h?B+FM2bPUBBIMV2 rom?V
a+? Rey jReXtkR3 RXy8 RNRXyke8j889Nd8&8ee899ey9k3|89R3y

6B;m 2 jXd, aB/2 pB2r Q7 bQ+F2ir2H/ Nyé 2H#Qrb iQ aJl "ReX

h #H2 jXe, .BK2MbBQMb Q7 bQ+F2ir2H/ Ny 2H#Qrb iQ aJl "Re

aQ+F2i "Q&BiiBM; "QaR +F2i q/H@/v q HH *2Mi2' iQ
aQ+F2i .2Ti?
LSa B X B X h?B+FM2bb?B+FMRbb "QiiQK Q7 aQq+F2i
UCV UKKV
U"V UKKV U.V UKKY U*V UKK[VU:V UKKV UV UKKV
UBM+?QK¥VIBMXJ tX| JBMXJ tX| p;X JBMX JBMX JBMX @
RNXylBdXys8kdXj ROIX3ReXj eXN8eXyB 8X88 Rj kkX8
R k8X9jjX3lyj9Xy8RNXNKRXBeXN8dXNy eXj8 Rj kd

AMbi mK2Mib M/ TBT2b + M #2 +QMM2+i2/ rBi? 7TH NX?-Qxm#b -

i7272 im2b Q7 i?2 +QMM2+iBQM ivT2bX

M



jk +Nzy T kY /T Olé AA N T?BHm

h #H2 jXd, *QKT "BbQM Q7 i?2 6H M;2b- >m#b- M/ *H KT

6H M;2b >m#b M/ *H KT
h2MbBQM gBi?bi M/ ;"2 i2°HQ / M/
"2M/BM; g2 F2bi HBMF BM i?2 TBTBM; bvbi2K i?2|2¢iQ2Bb*iM M imB2r82 g-m:;2bvbi2 K
*QKT 2bbBQM Bib2H7 mHIBK i2Hv T"QpB/2 #2ii2" iB[?iM2bb
a2 H
: bF2i Kmbi #2 "2TH +2//m"BM; K BMi2M|M2B7@2M2 ;Bx2/ K2i Hb2 H 'BM; + M#2 "2mb2/
; bF2i
"QHi ?QH2b Kmbi #2 HB;M2/ LQ #QHi ?QH2b iQ HB;M
JMHIBTH2 #QHib UmT iQ k9V 9 #QHib iQ iB;?i2M
AMbi HH iBQM
GQM;2° Qp2° HH H2M;i? a?Q’'i2° Qp2° HH H2M;i?
T M;2K2Mi
G ";2° Qp2° HH /B K2i2" aK HH2  Qp2° HH /B K2i2"
6H M;2 +QMM2+iBQM i F2b iBK2 iQ #2 bbZKBHZF/2Q UBDKBHRXKAH2/Bb bb2K#H2/
aT "2b h /IBiBQM HbT "BM; K M ;2K2Mi Kmbi #2 aQNVMBBI/2BB/bB;MB7B+ MiHv "2/ m+2/

J Mm7 +imPmHiIBTH2 bBx2b "2 rB/2Hv p BH #H2 BMGBXBM/mKbiMmM7 +im 2 b
ai M/ /b | M/ K /2#v K MvK Mm7 +im 2"b MQibi M/ “/Bx2/ KQM; K Mm7 +im 2 b
L22/+ "27mH bim/v M/ b2H2+iBQM iQ +?QQb2i?2 "
+H KT 7Q  Bib BMi2M/2/ Tm TQb2

.2bB;M AM/mbi*v bi M/ */

h?2°2 "2 +QmTH2 Q7 "2 bQMb iQ +?2QQb2 7H M;2bX aQK2 Q7 i?2K
bi M/ "/Bx iBQMX ai2 " MH #b /2bB;M2/i?2i2bib2+iBQMTrBi? 7H M;2b
7TH M;2b "2 +?22 T2 i? M ?m#bX JQ 2 BKTQ i MiHv- Bi ? b BM/mbi"
k8y® Bb2/7 +2 bQ+F2ir2H/ a+? Rey #Q 2 7H M;2b "2 mb2/ b 7H M
7TH M;2b + M #2 b3 X4 BMHE;,XQrb i?2 /IBK2MbBQM Q7 i?2 7H M;2bX

6B;m 2 jX3, aB/2 pB2r Q7 k8yy O " Bb2/7 +2bQ+F2ir2H/ b+? R



kYKY b 2 bfy2 7 f Ji

h #H2 jX3, .BK2MbBQMb Q7 k8yy O " Bb2/7 +2 bQ+F2ir2H/ a+?

BM+?
PmibB/B?B+FM2bB ®2i2 1 QF K2i2'1Q7h? 2 /2] aHBT@PM q2H/BM;
2Ti?
LQKBM.B K2ip® 6H M;2 _ Bb2/ >m# i aHBT@PM aQ+F2i L2+F
Q7 aQ#F2i
SBT2 aBX26H [M;2JBMX 6 +2 "'b2 aQ+F2i q2HOGRM/BM; JBRRXF2i q2H/BM;
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i? i+ M#2 :2M2" i2/ rBi?BM i?2 bvbi2KX

Msteam = hrg UjXRV
1[m iBJXM?Qrb i? i i?2 K tBKmK K bb 7HQr ~ m@.7ViBd bh?2 KiBQ Q7
i?72 TQr@xW M/ H i2Mihg2/ XU
jX9 >2 i 1t+? M;2 +QKTQM2Mib

h?2°2 "2 irQ TH +2b r?2°2 2?2 i Bb "2KQp2/X PM2 Q7 i?2K Bb bBM;
+ T +BiviQ "2KQp2 mT iQ Ryy Fq Ui?2 i2bi b2+iBQM&b K tBKmK TQ
+QM/2Mb2 rBi? + T +Biv Q7 TT QtBK i2Hv 8y Fgq- /2T2M/BM; QM



KY:Y 292 2,«NZélf «fieyiéqé i8

M/ K bb 7HmtX

JX9XR *QM/2Mb2"°

h?2 +QM/2Mb2° Bb HQ+ i2/ #2ir22M i?2 T 2bbm Bx2" M/ i?2 bi2 K b
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UjXRyV

T, T, .
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k@h?2 T 2bbm 2 ;" /B2Mib Q7 i?2irQ T? b2b "22[m H i Mv tB H Tt

h?2 T 2bbm 2 /"QT #v ;> pBiv + M #2 +XmH i2/ rBi? 1[X

Poravity = g H UjXkNV

re2 " 2H(m) Bb p2 iB+ H2H2p iBQN) @b/iRT/2MbBiv Q7 i?@(P/+p - M/
Bbi?2 ++2H2 iBQM Q7 i?2; pBivX

h?2 T°2bbm 2 /"QT BM bBM ;H2@T? b2 #v ++2H2 jBQM + M #2 + H+

2) UjXjyV

r?2°RBbi?2 7HQr "2 X

h?2 S>AGla Bb irQ@T? b2 HQQTX h_ *1 bBKmH iBQMb r2°2 mb2/ #
KBM2i?2 2[mB 2/iQi HT 2bbm 2/ QT BMi?2HQQTX h?2 2bmHib C
jXR8S 2bbm 2 +? M;2BM i?2 HQQT Bb + H+mH i2/ #vi?2 +? M;2 BM i
qBi? i?Bb +? M;2-i?22 T 2bbm 2 /'QT + M #2 +QMp2'i2/iQ i?2 T 2bb
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iXjR HH i?2 bBKmH iBQOMEBW h BRBIS iy bm#@+QQH2/ rBi? p "B
THmMt2bX h?2 Tm TQb2 Q7 i?2 K bb 7Hmtp "B2ivBMi?2 bBKmH iBQ
7HmMt BM i?2 i2bi b2+iBQM rBi? KBMBKmK T 2bbm 2 /°"QTX HbQ- i?
rBi? i?2 #vT bb p Hp2 #2ir22M i?2 QmiH2i Q7 i?2 ?B;?@T 2bbm 2 Tm
b2+iBQMX h?2 K BM #vT bb HBM2 Bb M2+2bb "'viQ mMi?2 TmKT i

HQr2 iQi HT 2bbm 2?2 /rBi? K tBKmMK 7HQr " i2X qBi?i?2 ?2HT
b2 pB+2 #H2 T 2bbm 2 ?2 / Bb + H+mH i2/ iQ #2 R8y 722i BM i?2 S:
T 2bbm 2 /"QT BM i?2 S>AGla Bb i RG2S hriBR1Qdyy T 2bbm™ 2 22 / [
1?Bb +QM/BiBQM Bb 3kXy3N 7ir?2M 1?2 #vT bb p Hp2 Bb +HQb2/- M
IQm#H2/ r?2M i?2 i2bi b2+iBQM Bb ?2 i2/X

h #H2 jXR8, hQi HT 2bbm 2 ?2 / bBKmH iBQM BM mM?2 i2/i2bi b2+

h2bi a2+iBQM

_ 0o Hp2 6HQISMKT 6HQr _|iQi H S '2bbm 2|>2 /

h2bi LQ J bb 6Hmt
"2 6 +iBEQM U:SJV uziv
KB/ m2s V

R 8yy RXy UPS1LV e XyN jXeNR
k 8yy y Xk 9Xdk kXdoj
] 8yy y XR k X Nk kXydN
9 8yy yXy U*GPal.V RXRe RX8RN
8 jdyy RXy 98Xyd RNdXkkd
e jdyy y Xk JOXNR R99X@8ke
d jdyy y XR kR X|e 9 RyjXk8d
3 jdyy y Xy 3X83 3kXy3N

hz?P UjXjRV
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r?2°2Bb /2MbBiv Q7 r i2° ii?2 QmRPHRD T?2blbm@bdm 2 /°'QT US V- M/
++2H2 iBQM Q7 ; pBivX

jXe ++mKmH iQ"

h?2 ++mKmH iQ  Bb MQi*QKT "BbQM?2" 2bb2MiB H +QKTQM2Mi (
#2+ mb2 Bi Bb QM2 Q7 i?72 2 bB2bir vb iQ +QT2 rBi? T '2bbm 2 Qb+E
ri2-/m2iQi?2T? b2 +? M;2 M/ T 2bbm 2 +? M;2X aBM+2 T 2bbm
THmMt#2? pBQ -BiBb2bb2MiB HiQ? p2 bKQQIiI?T 2bbm 2/m BM; i?
2bT2+B HHv 11?2 QmiH2i Q7 i?2 i2bi b2+iBQMX h?2°'2 "2 /B772 2M
Q7 i?2K "2 #H //2° M/ TBbiQM ++mKmH iQ b-r?B+? "2KQ 2 bmBi
i2KT2" im"2 TTHB+ iBQMX

aBM+2 i?2 HQQT Bb +HQDb2/ bvbi2K- +QMi'QHHBM; T 2bbm 2 i QM
HQQTX h?2 rQ FBM; T'BM+BTH2 Q7 ++mKmH iQ b Bb i?2 b K2X .2
ivT2- +QKTQDbBi2 #QiiH2 Q  K2i H M22/b iQ #2 7Bii2/ rBi? 2tT M/ #
h?2 TBbiQM Q"  i?2 #H //2° biQ 2 T 2bbm Bx2/; b M/ b2T " i2i?2 ; |
HQQTX +? “:BM; p Hp2 Bb +QMM2+i2/ iQ i?2 iQT Q7 i?2 ++mKmtl
M/ TQTT2i ii?2 #QiiQK Q7 i?2 #H //2° ++mKmH iQ bX h?2 TBbhiQ
TBbiQMiQ "2:mH i2i?22 pQHMK2 Q7 i?2 ++mKmH iQ X h?2 ?2v/° mHB
++mKmH iQ'b? b#22M mb2/iQ +QMM2+ii?2 ++mKmH iQ'biQi?2 H
Q7 i?2 ++mKmH iQ'b + M #2X0R2M BM 6B;m "2

"2+ mb2 Q7 i?2 T ' 2bbm 2 " i2- bBx2- M/ +Qbi- #H //2  ivT2 ++ml
#H //2° ivT2 Q7 ++mKmH iQ° Bbmb2/ BM i?2 bvbi2KiQ +QMi"QH i?2
POQHMK2 7Q i?2 1?2 K H2tT MbBQMX h?2 2tT MbBQM Q7 i?2r i2 7
+ H+rmH i2/iQ /2i2 "’ KBM2 i?2 pQHmMK2 Q7 i?2 ++mKmH iQXRym BM;
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6B;m 2 jXR9, *"Qbb@b2+iBQM H pB2r Q7 i?2 ++mKmH

Bb mb2/iQ + H+mH i2i?2 pQHMK2i B+ 7HQr 7° +iBQM M/ i?2 2tT M
iKQbT?2 B+ T 2bbm 2 iQ i?2 i2bi T 2bbm 2 i? i T QpB/RAR22 ?B;?2
?B;?2bi pQHMK2 2tT NIXB@MXHi#H2 2 mb2/ 7Q" Qm > HQr2bi /2bB;M
JS X

0OQHMK2i'B+ 7HQr 7° +iBQM + M #2 + HdjdH i2/ rBi? 1[m iBQM

1
= UiXikV
T+[@ (01 1) 17
M/ -
VV - .- .
= UiXiiVv
Vtotal J ”

h?2 iQi H pQuamBR i?2 pQHMK2 Q7 i?2 i2bi b2+iBQM- bi2 K b2T " iQ
TBTBM; #2+ mb2 i?2b2 2 i?2 QMHv HQ+ iBQMb r?2°2i?2 p TQ  rB#

i?72 pQHMK2 Q7 iR pr MQ#2J+ H+mH i2/X
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HbQ- pQHmMK2 +? M;2 BM i?2 HB[mB/r i2° M22/biQ #2 + H+mH i2/X
HB[mB/r i2 + mb2b +? M;2 BM i?2 pQHmMK2 Q7 i?2 HB[mB/ r i2 X |
+ H+rmH i2/ #2+ mb2 KQbi Q7 i?2 7THQr BM i?2 HQQT Bb HB[mB/r i2"

.m " BM; i?Bb + H+rmH iBQM-BiBb+ m+B HiQ mb2i?2iQi HpQHmMK2
rBHH BM+ 2 b2 i2p2 vHQ+ iBQMX

1[m iBJXVT QpB/2 i?2iQi HK bb Q7 r i@y BW i? 2KKQOJP2J B+ T 2bbm"
h?2ri2° K bb Q7 i?2 HQQT rBHH #2 +QMbi Mi #2+ mb2 Q7 i?2 +QMb
K bb Q7 i?2 HB[mB/ rBHH +? M;2 #2+ mb2 Q7 2p T Dsnai ¥QMM #22 7B N
+ H+mH i2/ rBi? 1Xi®iBQM

UjXjov

Miotal = Vloop

f Patmospheric

Mfinal = Mo (W) vPS) UjXj8Vv

r?2 25, Ml¢, Bbi?2 /2MbBiv Q7 i?2p TQ M/ HB[mB/r i2" i QmiH2i
iIBp2HvX

OQHMK2 Q7 i?2 HB[mB/ bB/2 i Mv QmiH2i T 2bbmnX3% h\® it B -+i H2+ mH
POQHMK2 Q7 i?2irQ@T? b2 KBtim 2 i MV, \2bbvh #2 QG7H? HQ®/Tmb B

1[m iBXyd

UjXjeV

6BM HHv- +?2 M:2 Q7 i?2 pQWmMK2 b?2QmH/ #2
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V=(VneW \/|00p)+ VV UJXJdV

V Bb i?2iQi H2tT MbBQM pQHmMK2 BM i?2 HQQT- v2i Bi Bb MQi i?2
i72 ++mKmH iQ  M22/b iQ ? p2 2MQm;? pQHmMK2 iQ BMb2'i MBi Q;
HbQ-i?2 ++mKmH iQ rBHH #2 7BHH2/ rBi? bQK2 KQmMi Q7 r i2" #
aQ-V Bb "QmM/8yW Q7 i?2 ++mKmH iQ X h?2bT2+B7B+ iBQMb Q7
b?QrM BM jiX 8dd 2

h #H2 jXRe, aT2+B7B+ iBQM Q7 i?2 ++mKmH iQ"

S " K2i2'b 0 Hm?2
Ai2K hvT2 "H //2°
Ai2K LQ _a@Ry@*j"y3LsgR

.2bB;M S 2bbm 2 UTbB\Vyyy

HHQr #H2 PT2" iBM; H2KT2  im'2
@ky iQ kyy

UuevV
0QHMK2 U: HHQMYV Ry
*QMM2+iBQM Rf9 LSh

"2+ mb2 Q7 i?2 "H //2° K i2 B H- i?2 K tBKmK rQ " FBM; i2KT2" im'2
Bb kX +QQH2 bvbi2K Bb M2+2bb v iQ // #2ir22M i?2 HQQT M/
+QQH i?2 7THQr #27Q°2 2Mi2°BM; i?2 ++mKmH iQ X HbQ- i?2 T 2b
#2 +QMi"QHH2/ #MN, BT @2bBM 2 mMbBM; miQK i2/ 7BHH M/ 2HB27 p
/2bB 2/ T 2bbm 2 b2i TQBMi /m BM; M 2tT2 BK2MiX
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jXd o Hp2b

HB7i +?2+F p Hp2 Bb HQ+ 12/ #2ir22M i?2 HB[mB/ QmiH2i Q7 i?2 biZ
QmiH2i iQ T 2p2Mi 7HQr 7°QK ;QBM; iQ i?2 QmiH2i Q7 i?2 bi2 K b2T
K BM #vT bb HBM2 M22/b iQ #2 /B 2+i2/ #2+ mb2 Q7 i?2 T ' 2bbm 2 /°
+?2+F p Hp2 ? b #22M mb2/ b QM2@r v p Hp2X h?2 bT2+B7B+ iBQ

h #HX Rd
h #H2 | XRd, aT2+B7B+ iBQM Q7 i?2 GB7i *?2+F o Hp2
Ai2K 0 Hm2
L K2 ar ;2HQF aa@83aRk
*QMM2+iBQM bBx2 UBMV jf9

*Oo UBHQr *Q277B+B2MiV J tB KKXK

aJl *H bb k8yy
qQ FBM; h2KT2TMn 2 U ITiQ 93k
qQ FBM; S 2bbm’ 2 U# ° ITiQ 9R]

1[mBp H2Mi T 2bb@ @4 QV jdy k93

6°QK h #HRTHQr *Q277B+B2Mi Bb i?2 MmK#2 Q7 ; HHQMDb T2  KBMr
i2°Qm:? :Bp2M Q'B7B+2 "2 i T '2bbm'2/°QT Q7 R TbBX

irQ@r v bi> B;?i p Hp2 Bb mb2/iQ 7BHH i?2 HQQT rBi? r i2 X h?2 7
i72 #QiiQK Q7 i?2 HQQTX aT2+B7B+ iBQM QXR®@2 :HQ#2 p Hp2 Bb BI
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h #H2 jXR3, aT2+B7B+ iBQM Q7 i?2 7BHHBM; p Hp2

Ai2K hrQ q v ai” B;?i o Hp2
Ai2K LQ ky@RRG69 @ >h
hm#2 aBx2 Rf9 BM

qQ FBM; h2KT2  im 2 ITiQ RK¥y

gQ FBM; S 2bbm 2 ITiQ kyyyy ThB

*o UBHQr *Q277B+B2MiV J tBKyKRd

MQi?2 2bb2MiB Hp Hp27Q i?2?B;?2@T 2bbm 27 +BHBivBbi?2 2
b 72ivp Hp2iQ T 2p2Mi K tBKmK T ' 2bbm 2 Q7 i?2 7 +BHBiv 7 QK B
BMi?27 +BHBiv? b T 2bbm 2 HBKBiiQrQ FX 1t+22/BM; i?Bb HBKI
i?72 +QKTQM2Mib rBHH #2 / K :2/iQ TQBMir?2° 2 Bi Bb BKTQbbB#F
T Q#H2K M2 " i?27 +BHBivX hQ T 2p2Mii?2b2 2p2Mib-i?2 "2HB27 p
T 2bbm 2 HBKBiiQ 7 BH M/ +QMM2+ii?2 HQ+ iBQM r?2 2 i?2 K tBI
7 +BHBivX Rf96 _j b2'B2b "2HB27 p Hp2 Bb mb2/ BM i?2 bvbi2KX
p Hp2 Bb jRNyZPMBag WX

j X3 . i +[mBbBiBQM bvbi2K

G #0B2rr b +?2Qb2M7Q /i +[mBbBiBQM M/ +QMi'QHHBM:i?2T " K
i72 bT2+B7B+ iBQM Q7 i?2 /i +[mBbBiBQM bvbi2K U. Z bvbi2KV
T K2i2'b 2 /Bb+mbb2/X
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JX3XR . Z bvbi2K ? “/r "2

L iBOQM H AMbi'mK2Mib ULAV *QKT +i + AP@Ny98 rBHH #2 mb2/ i
7 QK i?2 BMbi mK2MibX h?2 bT2+B7B+ iBQM QXRKRA*20LANRKNg98 B
j8yQ?K-3@*?- k9@ "Bi- Rf9 "'B/;2 AMTmi JQ/mH2 Bb mb2/ 7Q i?2 T
LA NkRjaT ' BM;- Re@+? h*- k9@#Bi- d8 afb AKQ/mH2Bb 7Q  i?2i?:
9@SQ'i _a9kkf a938 a2'B H JQ/mH2 Bb iQ +QMM2+i iQ i?2 TmKThb)
M/ i?2 ?B;?@T 2bbm 2 TmKT rBHH #2 +QMi QHH2/ rBi? i?72 LA N3
#2 +QMi QHH2/ rBi? i?72 a938 KQ/mH2X J bb 7HQr ~ i2- T'2bbm 2-
bvbi2Kob #QmM/ v +QM/BiBQMb-bQ Bi Bb 2bb2MiB HiQ K2 bm 2 i?2
i22 BMH2i M/ QmiH2i Q7 i?2 i2bi b2+iBQM Q> BMH2i Q7 i?2 ?B:?@T"
i?72 HQr@T 2bbm 2 TmKT ?2HTb bi2 /v i?2 i2KT2 im 2 + Qbbi?2 H
i?2 i "2b?2QrM ByXkKy@R2bb2MiB H+QKTQM2Mib Q7 i?2 . Z bvbi2KX

h #H2 jXRN, + AP KQ/mH2 bT2+B7B+ iBQM

JQ/2H + AP@Ny98
*?2 MM2Hb 3
gQ FBM; i2KT2 imC2 " M;2 @ky iQ 8y
*S17°2[m2M+v U:»xV R X

amTTQ i2/ QT2 iBM; bvbLAKGBMmMt 2 H@hBK2 Ue9@#BiV

G #0Al1lq- *f*YY .2p2HQTK2Mi h Hb 7Q°
TTHB+ iBQM bQTir "2 q P Q QQ Q

LA GBMmt 2 H@hBK|2

hBKBM; ++m’ +|v 8y TTK Q7 b KTH2 ™ i2
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h #H2 jXky, JQ/mH2b M/ Tm TQb2

+Nzy T kY /T Olé AA N T?BHm

JQ/mH2b b2/ 7Q"
LA Nkje j8yQ?K- 3@*?-

Jei8yQ 22 T 2bbm 2 i°
kO9@"Bi- Rf9 ""B/:2 AMTmi

Mb/m+2"b

ko@#Bi- d8 afb A

LA NkRjaT BM;- Re@

+? h*-
h?2 1?2 KQ+QmT

H2b

LA N3dR 9@SQ"i

h?2 TmKThb

_a9kkf_a938 a2 B H

L2+2bb "vbT2+B7B+ iBQMb Q7 i?2 LA NKkRjbT BM;

i X R

M/ LA Nkje j8y(

h #H2 jXkR, JQ/mH2b M/ bT2+B7B+ iBQMDb

Q7K

JQ/2H LA NKkRj aT BIMA Nkje j8y@
*?2 MM2HD Re 3
J2 bm 2K2Mi _ M;2| d3XRk8 Ko
BM 1°°Q"

yXydwWfyXy3WwW
U>B;?7@ 2bQHmMIiBQMf>B;? bT22)V
J tBKmK: BM 1 "'Q° _

yXydWfyX8jW

U* HB# i2/fIM+ HB|# i2/V
BM . B7i e TTKG
P77b2i . B7i R X\
P77b2i 1 Q" vV fRY
JtBKmMK P77b2i 1 "Q_ _

v fRY yXjNWfRXedW
U* HB# i2/fIM+ HB|# i2/V
a2MbBiBpBiv y XyR
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J XN AMbi mK2Mi iBQM

SaaG":kAAKkw p2Mim B KQ/2H 7HQr K2i2  Bb mb2/ iQ K2 bm 2 i?2
Q7 i?2 i2bi b2+iBQMX 02Mim B 7HQr K2i2 b mb2 i?2 T 2bbm 2 /°"QT
S 2bbm 2 /°QT Bb +°2 i2/ #v i?2 BM+'2 b2 Q7 i?2 p2HQ+Biv i i?2 i7?
K2 bm>2/- M AJojy b2 'B2b KmHiBp "B #H2 i° MbKBii2'b "2 mb2/iQ
. Zbvbi2KX h?2 QmiTmi bB;M H Q7 i?2 i  MbKBii2 Bb #2ir22M 9iQ |
JP."la KQ/mMH2 ? b #22M mb2/iQ +QHH2+ii?2 /i 7°QKi?2 7THQr K2iz
Bb H'2 /v T QpB/2/jB¥ b2+iBQM

SsRyyNGy T 2bbm 2 i° Mb/m+2" Bb mb2/ iQ K2 bm 2 i?2 #bQHmicz
Ip Mi ;2b Q7 i?2 T'2bbm 2 i° Mb/m+2" "2 ?B;? rQ FBM; i2KT2 im"
2t+2TiBQM H + HB#  iBQM bi #BHBivX T '2bbm 2 i° Mb/m+2° +QM
2H2+i'B+ HbB;M HX 7i2 i?Bb +QMp2 bBQM- i° MbKBii2  Bb mb2/
Qp2° HQM; /Bbi M+2X h?2i  Mb/m+2 +QMM2+i2/iQi?2TBT2? b /F
i?72 7THQr # b2/ QM i?2 i2+?MQHQ;VvX >Qr2p2 - #2bB/2b i?2 i2+?MQH(
K2 bm BM; /B T? ;KX 7i2 [/27H2+iBQM b2Mb2/ #v /B T? ;K-i?2 M
iQi?2 2H2+i B+ HbB;M HrBi? T 2bbm 2 i> Mb/m+2 X S '2bbm 2 i’
BMH2i M/i?2 QmiH2i Q7 i?2 i2bi b2+iBQM iQ K2 bm 2 T 2bbm 2 /" Q"

SSRRN T 2bbm 2 i° MbKBii2  Bb mb2/iQ +QMp2 i i?2 2H2+i B+ H L
aQK2 Q7 i?2 /p Mi ;2b Q7 i?2 T 2bbm 2 i’ MbKBii2" "2 Bib bK HH #
Q7 bi BMH2bb bi22H rBi? //BiBQM H T Qi2+iBQM 7Q  BMi2'M H 2H
+QKT2Mb i2/ QmiTmiX h?2 QmiTmi bB;M H Q7 i?2 i° MbKBii2 Bb #
QmiTmi  M;2 2T 2b2Miby iQ RyyW 7Q  i?2 b2Mb2/ T?2vbB+ Hp "B #
U9iQKkyK VM22/biQ #2 + HB# i2/BMi?2 QT2 iBM; T 2bbm 2" M;:
KBMBKmK- M/ ky K 2T 2b2Mib i?2 K tBKmK rQ " FBM; T 2bbm"2X
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h?2 mMB[m2 T i Q7 i?2 S>AGla Bb i? i i?2 QTiB+ H 7B#2° b2MbQ"
i2KT2 im 2X JQ'2BM7Q K iBQM Bb TJX®pB/2/ BM i?2 b2+iBQM

GQ+ iBQM Q7 i?2 BMbi'mK2Mi iBQM Bb MQi?2" + BiB+ H /2+BbBQI
T2 im 27 +BHBiB2b #2+ mb2 rBi? i?2 ?2HT Q7 i?2 BMbi ' mK2Mi iBQ
7HQr " i2 + M #2 FMQrM BM bT2+B7B+ HQ+ iBQMbX HbQ- Bi Bb pBi
7HQr +QM/BiBQM BM i?2 BMH2i Q7 i?2 i2bi b2+iBQMX GQ+ iBQMb Q
BM 6B jii B

6B;m 2 jXR8, a+?2K iB+ /B ;- KQ7i?2 S>AGla 6 +BHBIiv
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h #H2 jXkk, aT2+B7B+ iBQM Q7 i?2 BMbi'mK2Mi iBQM

hvT?2 S'2bbm™2 _ M;2 U#+WM  +HvgQ FBM; h2KT2 |
SSRRN T 2bbm 2 i° MBKBii2ITiQ j98 yX8yW @9y iQCR]j8
SSRYyyNGy T'2bbm 2 i Mb/mIf2iQ j98 y Xk8W @89 iQGY9j
o2Mim B 6HQr J2i2° ITiQ eky yxXd8w ITiQ 3Re
AJojy KmHiBp ‘B #H2 |  MbKBii@ b yXyd8Ww @9e iQCRkR

jXRy a2+QM/ v GQQT

h?2 T"TBK "vTm TQb2 Q7 i?2b2+QM/ "VHQQT BbiQ K BMi BM +QQH
i?72 +QQH2° M/i?2 +QM/2Mb2 X h?2 b2+QM/ "vVHQQTO6b K BM +QKT
HQr@T 2bbm 2 TmKT-irQi MFb- M/ +QMi QH p Hp2bX

h?2 b2+QM/ "vbB/2 TBTBM; Bb K BMHvVv RX8 BM+?2b /B K2i2 "X h?Bb
bB/2 Q7 i?2 +QQH2" M/ i?2 +QM/2MbZIXRjiPDPZIrB,BN2ZKFRH2im 2 Q
i?72 b?2HH bB/ZEKb e®X88 7?2 /2bB;M T 2bbm 2 Q7 i?2 b?2HH bB/2 Bb
b2+QM/ "vbB/2 TBTBM; bT2+B7B+ iBQMb M22/iQ #2 /27BM2/ # b2/

HQr@T 2bbm 2 TmKT K BMi BMbi?2 7HQrBM i?2 b?2HH bB/2 Q7 ?2

T 2bbm 2/ QT ii?Bbb2+iBQMBbbB;MB7B+ MiHVHQr2 i? Mi?2K B
Q7 i?2 HQr@T 2bbm 2 TmKT Bb Km+? bK HH2 i? M i?2 ?B;?@T 2bl|
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