
RRS James Cook JC050

Cruise Report

V-Shaped Ridges Experiment (VRE)

18th July - 13th August 2010

Reykjavik, Iceland - Birkenhead, UK



Trials

5th July - 18th July 2010

Vigo, Spain - Reykjavik, Iceland

Dr N. J. White
Bullard Laboratories
Department of Earth Sciences
Madingley Rise
Madingley Road
Cambridge
CB3 0EZ, UK
njw10@cam.ac.uk
November 2011

2



Cruise Personnel

Scientific Party

Nicky White (PI)
Tim Henstock
Bramley Murton
Stephen Jones
Gareth Roberts
Francis Boait
Sarah Nixon
Ross Parnell Turner
Ross Hartley
Oliver Shorttle
Katy Sheen
Gemma Smith
York Zheng
Genyang Tang
Jonathan Paul

Technical Party

Colin Day (JC049T only)
Leighton Rolley
Adam Cox
Darren Young
Neil Sloan

3



Contents

1 Summary 6

2 Introduction 6

3 Pre-Cruise Objectives 9

4 Cruise Beneficiaries 11

5 Pre-Cruise Plan 13

6 Intra-Cruise Changes to Scientific Plan 17

7 Mobilization and Trials 17

8 Acquisition Programme 19
8.1 Navigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
8.2 Multichannel Seismic Reflection Profiling . . . . . . . . . . . . . . . . . . . . 19
8.3 Gravity and Magnetic Recording . . . . . . . . . . . . . . . . . . . . . . . . 20
8.4 Sonobuoy Deployment and Recording . . . . . . . . . . . . . . . . . . . . . . 20
8.5 Swath Bathymetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
8.6 Swath Bathymetry Processing . . . . . . . . . . . . . . . . . . . . . . . . . . 24
8.7 Preliminary Swath Bathymetry Results . . . . . . . . . . . . . . . . . . . . . 25
8.8 3.5 kHz and EK60 Profiling . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
8.9 Hydrography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
8.10 Meteorology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

9 Trials Cruise and Cruise Narrative 26
9.1 Trial Cruise JC049T . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
9.2 Cruise JC050 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

10 Equipment Performance 39

11 Seismic Line Overview 41

12 Subsequent Seismic Processing 42

13 Preliminary Cruise Results 44

14 Recommendations 44

15 Cruise Operations 45

4



16 Future Workflow 45
16.1 V-Shaped Ridges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
16.2 Reconstructing the Plume Record . . . . . . . . . . . . . . . . . . . . . . . . 46

16.2.1 Residual Depth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
16.2.2 Cruise JC050 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
16.2.3 Data Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
16.2.4 Frequency-Wavenumber Domain Migration . . . . . . . . . . . . . . . 48

16.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
16.3.1 VSR Morphology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
16.3.2 Contourite Drifts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
16.3.3 Morphology of the spreading ridge . . . . . . . . . . . . . . . . . . . 49

16.4 Palaeoceanography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
16.4.1 Neodymium Isotopes . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

16.5 Future Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
16.5.1 Plume Chronology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
16.5.2 Palaeoceanography . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
16.5.3 Arctic Biogeography . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

17 Acknowledgements 51

18 Appendix A 51

List of Figures

1 Bathymetry of North Atlantic Ocean . . . . . . . . . . . . . . . . . . . . . . 7
2 Free-air gravity anomaly map of North Atlantic Ocean . . . . . . . . . . . . 8
3 IODP site survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
4 Geometry of JC050 seismic experiment . . . . . . . . . . . . . . . . . . . . . 12
5 Seismic equipment used on JC050 . . . . . . . . . . . . . . . . . . . . . . . . 14
6 Sonobuoy deployment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
7 XBT deployment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
8 SVP deployment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
9 Calibration of gravimeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
10 Sonobuoy data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
11 Bathymetry of axial volcanic ridges . . . . . . . . . . . . . . . . . . . . . . . 29
12 Seismic data collected . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
13 Old V-shaped ridge and sediment pile. . . . . . . . . . . . . . . . . . . . . . 32
14 Seismic image of sediment pile . . . . . . . . . . . . . . . . . . . . . . . . . . 40

5



1 Summary

We carried out a marine geophysical survey of the V-shaped ridges, which straddle the Reyk-
janes mid-oceanic ridge south of Iceland, on board RRS James Cook (JC050). The data are
of excellent quality and include multi-channel seismic reflection profiles, sonobuoy wide-angle
seismic profiles, gravity and magnetic profiles, together with swath and other bathymetric
traverses. We also acquired underway hydrographic data which will enable us to interro-
gate the seismic and thermohaline structure of the water column. Although the primary
purpose of acquiring this dataset is related to a prospective IODP proposal, it also consti-
tutes a new and important source of information concerning the geometry and origin of the
well-known V-shaped ridges. Importantly, we acquired two long seismic reflection flowlines
which traverse the entire oceanic basin. In general, the equipment worked well throughout
the cruise. The biggest problem concerned the airgun array. During the early part of the
cruise, the two airguns repeated collided and damaged each other and one of them had to be
permanently shut down to ensure a successful acquisition programme. We also had problems
with the successful functioning of the gravimeter and the magnetometer. On the whole, the
cruise was very successful thanks to the clement weather conditions and to the dedicated
professionalism of the technical party. A number of recommendations are made based upon
our experience, concerning long-term equipment provision for seismic reflection acquisition
programmes.

2 Introduction

The V-shaped ridges, which straddle the mid-oceanic ridges either side of Iceland, are the
world’s best window into transient convective circulation of the mantle (Vogt, 1971; Figure
1). Since Vogt’s important insight, it has been widely recognized that these ridges transgress
magnetic anomalies and enable the temporal and spatial evolution of the Icelandic plume to
be determined (e.g. White et al., 1995; Ito, 2001; Jones et al., 2002). Adjacent to the Reyk-
janes Ridge, these V-shaped ridges have a clear bathymetric and gravitational expression
which reflects crustal thickness changes at depth. Indeed, limited wide-angle seismic data
show that V-shaped ridges and troughs are produced by small (2 km) changes in crustal
thickness which probably reflect temperature variations within the spreading plume (White
et al., 1995). The inferred chronology of these temperature changes supports the notion
that the Icelandic plume has played a central role in varying regional uplift, which in turn
moderates Neogene overflow of North Atlantic Deep Water across the Greenland-Scotland
Ridge (Wright & Miller, 1996; Poore et al., 2006). Despite their potential significance, these
reconstructions rely on very old, poor quality, seismic reflection profiles (Talwani et al.,
1971). Furthermore, V-shaped ridge formation is still debated: are they generated by radial
or channelized flow? Do they represent primarily compositional or temperature variations?
These debates together with the palaeoceanographic angle have prompted an IODP pro-
posal whose cornerstone is a set of drill sites located along a flowline which crosses a series
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of V-shaped ridges and troughs (Murton et al., 2004).

Figure 1: Bathymetric map of the North Atlantic Ocean which shows cruise location and
ship tracks. Labelled thin black lines = seismic reflection profiles acquired during JC050;
labelled red boxes = locations of principal sedimentary contourite deposits; E = Eirik; GLD
= Gloria; S = Snorri; B = Bjorn; G = Gloria; H = Hatton; F = Feni; I = Irminger; labelled
solid circles = locations of DSDP/ODP boreholes.

The purpose of this cruise is to acquire 1400–2800 km of high resolution seismic reflection
profiles in support of this IODP proposal (Figures 1 & 2). The survey configuration serves
two related purposes. First, orthogonal crossline coverage is provided at key drilling sites.
Secondly, long flowlines, which cross the oceanic basin, will be used to analyse the basement
structure of Neogene and older V-shaped ridges. The resultant modern seismic images
will constrain the thickness and internal structure of sedimentary rocks which drape older
V-shaped ridges and infill intervening troughs. The structure of the sediment-basement
interface within the drilling corridor can then be mapped. We will carefully distinguish
between the effects of normal faulting and expected crustal thickness variations using the
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Figure 2: Free-air gravity anomaly map of the North Atlantic Ocean which shows cruise
location and ship tracks. Thin black lines = seismic reflection profiles acquired during
JC050.
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methodology of Poore (2008), who combined the sediment-basement interface mapped from
legacy seismic profiles with free-air gravity anomaly profiles. Residual depth profiles will
be calculated from the seismic profiles. Changes in residual depth with time are caused
by changes in crustal thickness which in turn are caused by changes in the temperature
and/or composition of asthenospheric flow which sweeps beneath the mid-oceanic ridge.
The predicted changes in crustal thickness will be compared with those determined from
geochemical modelling of rocks dredged at the mid-oceanic ridge (Murton et al., 2002).
Multibeam bathymetry, gravity and magnetic data will be acquired and integrated with the
results of seismic reflection imaging. Our site survey proposal is significantly complemented
by a comprehensive dredging expedition funded by the Marine Institute of Ireland and carried
out in April-May 2008. A combined study of seismic profiles, dredged rocks and legacy data
will transform our understanding of the chronology and formation of the V-shaped ridges.
In this way, the longstanding debate about the palaeoceanographic significance of temporal
variations within the Icelandic plume can be tackled.

The wider scientific issue concerns the temporal dynamics of the Earth’s convecting man-
tle about which little is known. The IODP Initial Science Plan (2003–2013) has identified
the investigation of transient processes associated with plumes and large igneous provinces
as a high priority (see also Neal et al. (2007) IODP Workshop Report). Plume-ridge in-
teractions are a key objective since they enable us to infer temperature and compositional
variations associated with upwelling plumes. The Iceland-Reykjanes system is regarded as
the type example of plume-ridge interaction by the Inter-Ridge community. This recognition
has led to formulation of an IODP proposal to drill basement rocks along and across the
V-shaped ridges which flank the Reykjanes Ridge. An improved understanding of Icelandic
plume dynamics has a wider significance: vertical motion of Greenland-Scotland Ridge is
now recognized as having played an important role in modulating palaeoceanography of the
North Atlantic and Arctic Oceans (e.g. Haley et al., 2008). Although this proposal was for-
mulated with the IODP proposal in mind, it will also play a key role in estimating transient
vertical motion associated with the plume. (Figure 3) Recent attempts to analyze legacy
seismic profiles in conjunction with gravity anomalies are compromised by the poor quality
of acoustic imaging, especially of the detailed structure of the sediment-basement interface
(Figure 4; Poore, 2008). Modern seismic imaging will transform this analysis and place the
history of transient motion on a more solid basis. The results of this cruise will act as a sci-
entific stimulus which will help to draw together disciplines ranging from igneous petrology
to palaeoceanography.

3 Pre-Cruise Objectives

1. Acquire and process a high resolution seismic reflection survey which fulfils both the
site survey requirements of IODP and also address wider scientific objectives.

2. Acquire and process other geophysical and geological datasets which aid sub-surface
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Figure 3: Detailed free-air gravity anomaly map which shows geometry of crosslines 2–4. This
geometry is typical of all crosslines and ensured that two orthogonal lines were acquired at
each potential IODP drilling target. Usually, a sonobuoy was deployed as the vessel turned
to port after crossing the midpoint. Disposable hydrographic probes were launched as several
positions during crossline manoeuvre.
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characterization (e.g. nature of seabed, presence of unconformities, nature of base-
ment).

3. Carry out detailed mapping of sedimentary structure and interpreted velocity analyses.

4. Map normal faulting and sediment-basement interface.

5. Infer temperature and compositional anomalies associated with Icelandic plume by
combining residual bathymetric estimates with geochemistry of dredged samples.

6. Compare a revised plume chronology with estimated Neogene overflow of Northern
Component Water.

7. Develop dynamical model of plume evolution.

8. Exploit fresh understanding in fringing sedimentary basins and margins of North At-
lantic realm.

The cruise party from the Universities of Cambridge and Southampton and from the
National Oceanographic Centre, Southampton have considerable experience in these fields
and expect to be able to deliver all objectives. The main technological issue is the ability
of a high resolution seismic acquisition system to image the sedimentary structure and the
sediment-basement interface. The seismic acquisition system consists of a 1650 m, 132
channel digital streamer and an airgun array of two Generator-Injector (GI) guns. The
troughs between the V-shaped ridges have sedimentary strata which vary in thickness from
100–300 m. Occasionally, on the east side of the Reykjanes Ridge, strata are up to 500
m thick. This system system will be ideal for imaging the sediment-basement interfaces
through several kilometres of sediment and can easily fulfill the technological requirements
of an IODP site survey.

4 Cruise Beneficiaries

The most direct and obvious beneficiary will be the IODP community. We will acquire, pro-
cess, interpret and evaluate the required geophysical datasets to fulfil IODP requirements.
The most important component is a set of modern, crossing seismic reflection profiles at
each of the proposed drillings locations (Murton et al., 2004). These profiles will image the
sediment-basement interface as well as the detailed structure of the sedimentary section.
They will be complemented by swath bathymetric surveys, by gravity and magnetic data,
by sonobuoy wide-angle seismic data, and by hydrographic data. The final data pack will
be forwarded to IODP. Secondly, there is increasing awareness in the hydrocarbon industry
of the importance of understanding the temporal and spatial history of convective circu-
lation within the Earth’s mantle. In the North Atlantic realm, there is excellent evidence
that convective flow has generated periodic, rapid transient uplift/subsidence events. These
events punctuate otherwise uniform thermally driven subsidence, generating disconformities
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Figure 4: Geometric configuration of seismic source and streamer for JC050 seismic experi-
ment. Yellow boxes = stylized receiver groups; grey box = airgun array. See text for further
details.
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and clastic deposition. Within the hydrocarbon-producing Paleogene strata of the Faroe-
Shetland and northern North Sea basins, there is excellent evidence for a series of transient
events whose magnitude, duration and cause is of direct interest to industry. BP Exploration
are funding a separate project to investigate these events throughout the North Atlantic and
Arctic Oceans. Our study of the V-shaped ridges will have a direct impact upon this work,
hence BP and Schlumberger interest. Thirdly, analysis of the V-shaped ridges associated
with the Icelandic plume will be of direct relevance to the wider academic community. We
lack direct observations which would help to constrain the temporal variation of convec-
tion on timescales of 110 million years. Recently, it has become increasingly clear that the
Phanerozoic stratigraphic record contains important albeit indirect information about the
details of time-dependent convective circulation. (Rudge et al., 2008). An understanding of
the Neogene behaviour of the Icelandic plume will considerably improve our ability to in-
terpret plume related transient events in the fringing sedimentary basins and margins. This
approach will benefit stratigraphers and convection modellers alike. Our results will also help
to constrain Neogene overflow of Northern Component Water across the Greenland-Scotland
Ridge and we anticipate close collaboration with palaeoceanographic colleagues.

5 Pre-Cruise Plan

The seismic reflection survey will comprise at least one flowline which traverses the Neogene
V-shaped ridges on either side of the Reykjanes Ridge. A series of shorter profiles will be
shot at right angles to this flowline at each of the proposed drill sites. If conditions are
good, it may be possible to acquire a second flowline. We will image the sediment-basement
interface within the corridor of interest. Basement topography is generated in two ways.
First, temperature and compositional variations within the plume conduit sweep southward
within the convecting asthenosphere and, through the process of seafloor spreading, give
rise to diachronous changes in crustal thickness. Isostatic considerations mean that the
primary manifestations of crustal thickness changes are medium wavelength basement swells
and depressions. Secondly, basement topography at shorter wavelengths is generated by
normal faulting. Using Poore’s (2008) method, combined modelling of the seismic and gravity
observations will be used to isolate the component of basement topographic undulation which
is generated by variation of crustal thickness. We will calculate the water-loaded basement
subsidence and then remove the well known age-depth cooling relationship. A low-pass filter
will be used to remove the effects of faulting. The calculated crustal thickness variation will
be calibrated using legacy spot measurements of crustal thickness (Poore, 2008). This result
will be used to calibrate free-air gravity anomalies along the length of the Reykjanes Ridge.
In order to obtain the temporal variation, the residual depth curve will be compared with
intersecting magnetic anomaly data which will be placed on an astronomical timescale. The
crustal thickness variation predicted from residual depth profiles will be exploited in two
ways. First, we shall link this variation with the petrological and geochemical understanding
of the V-shaped ridges (Poore, 2008). The key datasets are rock samples dredged by Murton
et al. (2002), by the April-May 2008 cruise led by Jones and Murton, and by the proposed
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Figure 5: Set of photographs which show components of seismic equipment in process of
deployment during JC050. (a) Winch with streamer which is being deployed by technicians,
one of whom is holding an unattached bird; (b) Streamer in water with visible bird and float
for airgun array; (c) Streamer with attached compass and airgun array float; (d) Single GI
suspended from Sercel beam with umbilicals.
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cruise. Our experience in April-May shows that off-axis dredging of the V-shaped ridges
is both viable and productive. Major, trace element and isotopic data place important
constraints upon the composition and temperature of the source region flowing beneath the
Reykjanes Ridge. We will use a quantitative melting model to analyze the relationship
between predicted crustal thickness, melt geochemistry and vertical motion. This seismic
experiment will help to determine the origin of the V-shaped ridges and troughs: Are they
related to ridge jumps on Iceland? Are they related to the migration of convection cells
driven by deep mantle flow away from Iceland? What is the dominant mechanism of flow
away from Iceland: along-axis transport or radial flow? What is the flux within, and the
width of, the plume conduit? What is relationship between Iceland itself and Reykjanes
Ridge?

Figure 6: Deployment of disposable sonobuoy from aft starboard deck. Parachute has previ-
ously been removed. On impact with water, hydrophone and floating transmitter separate.

The methodology and approach described above is contingent upon successful acoustic
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imaging of the subsurface from the seabed down to the sediment-basement interface. Pre-
vious experience shows that a high resolution seismic acquisition system provides excellent
signal penetration through several kilometres of sedimentary cover. In the site survey areas,
strata are generally much thinner (100–300 m). The streamer has 132 channels with 12.25
m spacing. The water depth is 12 km (i.e. 13 s two-way travel time) and if we record 3 s
two-way travel time below the seabed (i.e. 3 km) then we need a record length of 6 two-way
travel time. The gun recycling time is 2 seconds. If our speed is 5 kts these values constrain
the shot point interval to be 20 m which yields a fold of cover of 15. This coverage will yield
excellent records down to, and below, the sediment-basement interface. The airgun array
should be towed at 6 m depth and the streamer at 12 m. In both cases, these towing depths
ensure a broadband frequency range. To optimize the detailed structure of strata and of
the sediment-basement interface, careful processing will be carried out using Schlumberger’s
Omega-2 processing package. The salient aspects of our processing sequence will be decided
once data have been acquired but will include filtering, gain, source signature deconvolution,
dense velocity analysis, source/signature deghosting, and poststack migration. If possible,
source signature deconvolution will be applied by using a farfield recorded source signature.
In the absence of a farfield source signature for each shot, this form of deterministic decon-
volution should successfully remove the bubble pulse and considerably reduce reverberation
if we opt for the sleeve gun array. The use of GI guns will reduce bubble pulse reverber-
ation. A low-cut filter will help to reduce low-frequency noise. Velocity analyses will be
carried out every kilometre. Deghosting will be applied after normal move-out correction
and standard multiple energy suppression by assuming a constant source/receiver depth and
a flat sea surface. A standard spherical divergence correction will remove amplitude trans-
mission losses but otherwise we do not anticipate applying automatic gain control. We will
experiment with pre-stack depth migration but suspect that a post-stack Stolt fk migration
followed by vertical stretch will suffice. This simple migration algorithm should success-
fully remove all significant diffraction events and enable us to image detailed faulting of the
sediment-basement interface. The final aspect of this research project is integration of the
seismic reflection survey with the ancillary data acquired during the cruise and with legacy
datasets. We shall acquire swath bathymetry, gravity and magnetic data. The swath data
will help to some extent during seismic processing although its principal value will be for
the site survey planning. Gravity and magnetic data will enhance existing databanks and
be used to isolate crustal thickness variation from normal faulting, as well as help to date
V-shaped ridges. Dredged rock samples of basalts constitute an important resource in its
own right which will be of interest to igneous petrologists and geochemists elsewhere. We
expect to collaborate with other groups in order to ensure that these samples are analyzed
for major, trace and rare Earth elements and for isotopes such as Pb, Sr and Nd. Melt
models of these geochemical analyses and those from the April-May 2008 dredging cruise
will play a crucial role in separating and quantifying the effects of temperature and com-
position on V-shaped ridge formation. The major scientific question is whether V-shaped
ridges are generated by compositional variation, by temperature variation, or by both. We
will address this question in two ways. Our first task will be calculating the crustal thickness
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variation associated with the V-shaped ridges from the calculated residual bathymetry using
Poore’s (2008) technique where she calibrated residual bathymetry against measured crustal
thickness from wide-angle seismic experiments which are mostly concentrated close to the
mid-oceanic ridge. We will then determine the source compositions and asthenospheric tem-
peratures required to match the geochemical measurements from V-shaped ridges where they
intersect the midoceanic ridge and where they have been sampled off axis. Our preliminary
attempts to model the geochemical variability along the midoceanic ridge does suggest that
temperature fluctuations are more important than source compositional variability although
we freely acknowledge that this may not be the case off axis. In our view, the key to unravel-
ling source and temperature effects relies on closely integrating geophysical and geochemical
measurements in a single quantitative model. We hope that any predictions we make about
source and temperature changes through time can be tested by comparison with Icelandic
basaltic geochemistry and volume fluxes.

6 Intra-Cruise Changes to Scientific Plan

There were two main sets of changes. First, as a result of problems with the gun array we
were unable to use both GI guns for this cruise. Instead, a single gun was used throughout
which did not materially affect our ability to image the primary objective (i.e. the sediment-
basement interface). Secondly, the generally good weather combined with the fact that
we found that we could acquire seismic reflection data at a faster speed of 5.5 kts meant
that we were able to acquire a much larger volume of seismic reflection data than expected.
During the cruise, our acquisition programme was repeatedly revised in the light of weather
and speed. Consequently, we have address a much greater range of geological targets than
expected.

7 Mobilization and Trials

Geophysical cruises are equipment- and people-intensive, involving the mobilization and
operation of a wide variety of interdependent equipment which is expensive and difficult
to ship. Since the seismic system obtained by barter agreement with CSIC, University of
Barcelona, was being used for the first time on a NERC research vessel, it was deemed
prudent for the scientific party to take part fully in the seismic trials cruise JC049 which
directly preceded JC050. The technical and scientific parties, together with all seismic and
other equipment, were mobilized from Vigo, Spain. This trials cruise enabled the seismic
reflection and other equipment to be fully tested under operational conditions en route to
Reykjavik, Iceland. Trials commenced as soon as we entered international waters after
leaving Vigo. A narrative of activities undertaken during the trials is documented below.
From the perspective of JC050, the critical trials activities centred on deployment, testing
and recovery of the 2 km streamer and GI airgun array.
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Figure 7: Launching of XBT-T5 probe from aft starboard deck.
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8 Acquisition Programme

The original aim of JC050 was to acquire seismic reflection and other geophysical data at a
series of ∼ 10 potential drilling sites along a flow line which extended from the Reykjanes
Ridge to the East Greenland coastline. As the cruise progressed, our faster speed combined
with clement weather conditions meant that a much more extensive programme of research
was possible. Two long flow lines were acquired and 19 potential drilling sites were surveys
with crossing seismic lines.

8.1 Navigation

The primary navigation system using during JC050 was an Applanix PoSMV 320 Global
Positioning System (GPS) which integrates two GPS receivers with a motion reference unit.
This digital Global Positioning System produced locations every second with an accuracy of
∼ 2 m. The system takes differential corrections from a Fugro Seastar 3510LR spot beam
receiver on the bridge. These data were logged by the UKORS Level A-C system and were
input to an underway track chart plotting system during seismic acquisition.

8.2 Multichannel Seismic Reflection Profiling

Seismic reflection profiling constituted the most important part of the cruise. The source
array consisted of two Generator-Injector airguns, each with a capacity of 355 cubic inches.
This array is optimal for high resolution imaging of near-surface sedimentary rocks down
to about 2 km beneath the seabed. The array was towed on a Sercel parallel beam at a
depth of 7 m and at a distance of 32 m portside astern. The array was operated at 3000
pounds per square inch and it was fired every 14 seconds. High pressure air was supplied
by 2 compressors through umbilical hoses. The streamer was deployed from an automatic
winch and stern A-frame.

Originally, we planned to acquired data at a speed of 4.5 kts. During the JC049 trials
cruise, we found that excellent quality data could be obtained at a greater speed of 5.5 kts,
which had the added advantage of minimizing streamer feathering and depth changes. The
consequent reduction in fold was not a problem and we generally had a fold of cover of
∼ 20. An industry standard shot firing system, Big Shot, was used to synchronize shot firing
with the seismic recording. This system is also used to monitor the component parts of the
shot firing system for quality control and preventative maintenance. The system logs all
parameters to an electronic database and enables the guns to be turned on and off by means
of a user-friendly interface. The streamer comprises a tailbuoy with GPS system, light and
radio transmitter, a 50 m isolator section, and an active streamer which was 1650 m long and
comprised 132 groups at 12.5 m separation. 5 steerable Sercel Nautilus depth controllers (i.e.
birds) with in-built depth sensors and compasses were attached at regular intervals along
the length of the streamer. At the front end of the streamer, a 1 m water-break section
containing a hydrophone used to measure streamer offset via the direct arrival from the gun
array was attached. An elastic section and tow cable were a combined length of 195 m. The
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maximum source receiver offset was 1813 m. With a nominal ship speed of 5.0 knots (9.3
km/hr), a time interval of 14 seconds between shots produced a shot spacing of 40 m. The
21-fold seismic data were recorded in SEGD format with a sampling interval of 1 ms over a
trace length of 14 s.

On board, recorded seismic data were processed using a ProMax system installed on a
UNIX platform which was supplied by the University of Southampton. This quality control
of seismic data formed part of normal watch-keeping duties and ensured that good quality
seismic data were being recorded onto the field tapes in a readable manner. Quality control
included: (i) investigation of bad traces; (ii) anaysis of noise levels; (iii) frequency analysis;
(iv) velocity picking; (v) generation of stacked data. In this way, we were able to ensure that
the seismic acquisitions programme could proceed in a flexible fashion and stacked profiles
played a key role in forward planning.

Later, at Cambridge, seismic processing was carried out using Omega 2010.1 software. A
minimum-phase bandpass filter of 12 Hz with roll-off 24 dB/octave was applied to attenuate
incoherent noise and minimize source signature reverberation. The data were then stacked
using a normal move-out (NMO) velocity model derived from semblance analysis and con-
stant velocity stack (CVS) panels. Velocities were picked at a spacing of 1.25 km. Post-stack
frequency-domain FK Stolt migration was carried out using a constant (water) velocity of
1480 m s−1.

8.3 Gravity and Magnetic Recording

Gravity data were acquired using a Lacoste-Romberg air-sea gravimeter, which was mounted
on a gyrostabilized platform. The sensor is comprised of a highly damped invar beam and
changes in g were obtained by time-averaging the beam motions to eliminate accelerations
caused by ship motion. Base station measurements were carried out before and after JC
049 and JC050 to calibrate the underway data. Details of these measurements are given in
Appendix A. The magnetometer could only be deployed intermittently.

8.4 Sonobuoy Deployment and Recording

16 disposable sonobuoys were deployed close to the centre of each cross line along VRE-
A in order to determine the velocity structure of the local sedimentary pile. We used The
sonobuoys were recorded on a dedicated laptop which ran Audacity recording software. Radio
signals were picked up via a pair of VHF aerials which were installed above the bridge on
the port and starboard sides. A Low-loss coaxial cable was run from each aerial down to the
scientific lab where the laptop was positioned. We typically recorded signal out to a range
of ∼ 20 km.

8.5 Swath Bathymetry

The oblique spreading direction, lack of axial valley and flanking chevron-shaped ridges
make the Reykjanes Ridge unique amongst slow-spreading centres. These characteristics are
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Figure 8: Launching of Sound Velocity Probe (SVP) from starboard midships.
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Figure 9: Calibration of gravimeter beside vessel prior to measurement of gravity field at
nearby base station.
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Figure 10: Typical seismic record from disposable sonobuoy. Visible arrivals occur out to
about 22 km which enables velocity structure of the sedimentary section to be constrained.
Note linear direct arrival, hyperbolic arrival of seabed and its multiple.
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attributed to its interaction with the Iceland plume (Vogt, 1971). Observations of present
day axial morphology can reveal the mechanisms by which these two systems interact, and
give us indications of the magnitude and timescales over which this takes place. Axial
Volcanic Ridges (AVRs) are common features of slow-spreading mid-ocean ridges. They
provide an accessible record of mid-ocean ridge volcanism and its variation over time and
space, although the time-scale of their development is poorly constrained. They are built
by fissure and other volcanism, and appear to be episodic in their evolution. Since seafloor
tectonism accounts for only a small proportion of the total extension at these MORs (?),
most melt injected into the crust must eventually lead to surface eruptions, which are mostly
concentrated in the AVRs. Axial volcanic ridges and thus hold an important record of the
nature and fluxes of melt from the mantle.

8.6 Swath Bathymetry Processing

The swath data was acquired using a Simrad EM120 multibeam echosounder, which operates
at a frequency of 12 kHz with angular coverage sector of up to 150 degrees and 191 beams per
ping. This geometry yields a swath width of six times water depth. Beams are automatically
adjusted to be equidistant horizontally. Data were recorded in two hour segments. In water
depths of 1 km (typical at the mid-Atlantic ridge) each data point represents a patch of
seafloor approximately 30 m.

For calibration purposes, a total of 87 sound velocity profiles were taken, using hydro-
graphic devices deployed during the cruise. These comprised of 63 expendable bathyther-
mographs (XBTs), 12 expendable conductivity-temperature-depth (XCTD) profilers, 10 ex-
pendable sound velocimeters (XSVs) and two sound velocity profiles using a retrievable
Midas SVP sensor. Navigation data (position, roll and pitch, heave and true heading) was
gained from the ship’s primary Applanix PoSMV 320 Global Positioning System (GPS). This
is the primary scientific positioning and attitude instrument, integrating two GPS receivers
with a motion reference unit. Position accuracy, with differential corrections is 0.5 - 2 m
(one sigma, depending on quality of differential corrections). The system takes differential
corrections from a Fugro Seastar 3510LR spot beam receiver on the bridge.

Bathymetry data processing was carried out using Caris HIPS version 7.1 software.
Firstly, sound velocity corrections were calculated; travel time and angle information are
applied to across-track and depth values. The process combines the orientation and posi-
tioning of the transducer on the ship with sound velocity profile data, and then applies a
raytracing algorithm. Velocity profiles nearest in distance to the swath were selected for the
correction process. An example sound velocity profile is shown in Figure ??.

Tide data was taken from the Icelandic Hydrographic Service tide meter in the Old Har-
bor in Reykjavik. Tide data is used to generate final depths relative to the tide datum
by subtracting the tide from sounding depth. Next, spurious points are removed from the
attitude, navigation and bathymetric data. The weather during the cruise was mostly good,
with a maximum swell of up to 6 m only for a short period. Attitude and navigation data
were manually edited for erroneous points using the Caris graphical interface. Next, to-
tal propagated uncertainty (TPU) is derived from the combination of all individual error
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sources. As no calibration patch test was performed, calibration results from installation
were used. These are:

Roll error = -0.07◦

Pitch error = 0.01◦

Gyro error = 0.01◦

A filter was then applied which compares the horizontal and depth TPU values for each
sounding against the depth and horizontal error limits for the International Hydrographic
Organization (IHO) S-44 survey Second Order. All soundings with TPU values outside those
limits (set by the IHO) are rejected. Further remaining erroneous soundings were removed
manually using the 3D subset editor in Caris. Surfaces gridded at 30 m were then produced,
and output to ASCII xyz files.

8.7 Preliminary Swath Bathymetry Results

The gross morphology of the Reykjanes Ridge in this region is dominated by an axial high
striking 036◦, topped by a series of en-echelon Axial Volcanic Ridges (AVRs) and numerous
seamounts (Figure 11). The ridge crest is at an average depth of approximately 950 m,
shoaling to a depth of less than 460 m. Two AVRs, spaced approximately 40 km apart
along-axis, have been imaged in great detail. The have an average relief of 500 m (excluding
individual seamounts), and a width of roughly 5 km. They consist of discrete linear volcanic
features 300-400 m in width, punctuated by multiple seamounts. Linear, parallel volcanic
ridges may be associated with fissure swarms, analogous to those seen in Iceland. Where
seamounts and faulting are absent, the surface of AVRs is characterised by a hummocky
texture, which may be due to the coalescence of small mounds or pillows. On-axis faults
are common, sub-parallel to the oblique trend of AVRs, and are regularly spaced 300 m to
700 m apart. They have vertical throw of 50-160 m, and for the most part do not affect
seamounts. The well defined linear tectonic fabric appears to control the focus of volcanism
at the ridge. Faults away from AVR crests do appear to have displaced seamounts. This
suggests they are either contemporaneous with or post-date active volcanism. Off-axis there
is little evidence for linear volcanic features or seamounts, probably due to a combination of
erosion and subsequent burial beneath sediments.

Large, flat-topped, near-circular volcanic edifices are concentrated at the crests and flanks
of AVRs. They have an average basal diameter of 800 m, and a relief of roughly 375 m. The
largest of these (see Figure 11) has a diameter of 1760 m and a relief of 384 m at its peak.
Cratered seamounts are more common towards the southern end of the ridge, south of the
crossing line just north of 60◦N . The example shown in Figure 11 has a basal diameter of
1500 m, and a summit diameter of approximately 430 m. The crater itself sits 75 m below
the crater rim which has 375 m relief. Cratered seamounts appear unaffected by faulting.
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8.8 3.5 kHz and EK60 Profiling

Throughout the cruise, we acquired 3.5 kHz sub-bottom profiling data which yields useful
high resolution images of contourite deposits which complement the deeply penetrating but
lower resultion seismic reflection data. EK60 (i.e. fish-finder profiling) was also carried out
on a routine basis. The Acoustic Doppler Current Profer (ADCP) was run at frequencies
of 75 and 150 kHz. Although all of these shallow profiling techniques were not central to
the success of the cruise, they do provide very useful ancillary data which will enhance our
geological and geophysical interpretations.

8.9 Hydrography

We were particularly interested in acquiring underway hydrographic data. First, these data
are an important means for calibrating the seabed depth which enable crisper swath bathy-
metric images to be obtained. They also help to depth-convert the seabed on seismic reflec-
tion and sonobuoy data. Secondly, hydrographic data are an essential means for calibrating
thermohaline structure observed on seismic reflection images. We intend to process the
seismic profiles in order to obtain information about thermohaline circulation.

A total of 87 sound velocity profiles were made, mostly using hydrographic devices de-
ployed during the cruise. These comprised of 63 expendable bathythermographs (XBTs),
12 expendable conductivity-temperature-depth (XCTD) profilers, 10 expendable sound ve-
locimeters (XSVs) and two sound velocity profiles using a retrievable Midas SVP sensor.

8.10 Meteorology

The weather during JC050 was generally good. The days were generally overcast and some-
times wet. We had two periods of sustained bad weather with subsequent heavy swells
which prevented seismic acquisition. Meteorological data acquired during the cruise include
sea-surface temperature, air pressure, wind direction and humidity. For weather forecasting
purposes, we used a range of online forecasts which generally proved reliable. See Cruise
Narrative for day-to-day weather reports.

9 Trials Cruise and Cruise Narrative

9.1 Trial Cruise JC049T

Julian Day 186: Scientific party joined the RRS James Cook at 15:00 having flown Lon-
don, Stansted, to Oporto and then travelled by Taxi to Vigo. First orientation meeting for
scientific party was organized.

JD 187: Discussion about gravity base station location. Leighton Rolley has already mea-
sured gravity value but ship elevation correction needs to be done. At 15:00, we had an
orientation meeting with the purser Anthony Stevens. At 18:30, vessel moved across the
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dock for bunkering.

JD 188: Bunkering scheduled for 7:00–11:00 but finished early so planned to depart at
10:30. We then had a delay due to a faulty radar system. Departure time postponed by 24
hours. Vessel moved back to its original berth.

JD 189: Members of scientific party remeasured gravity at base station adjacent to dock
at 8:30 and estimated height correction.

JD 190: Further delay to departure. Spare parts for radar system arrived scheduled to
arrive at 8:30 but additional delay. Gareth Roberts and Leighton Rolley started to set up
sonobuoy recording system. An aerial was attached to monkey deck above the bridge on the
starboard side. Mugshot sheet of scientific party was made and watch keeping schedule was
planned. Radar was fixed by 12:00 and pilot arrived at 14:45. We finally set sail at 15:30 on
a breezy but sunny afternoon. We passed Cape Finisterre at 10 kts and headed out into the
ocean. Weather in evening continued to be pleasant with a slight swell.

JD 191: A cloudy morning with good sea state. Force 2–3 and a slight swell. At 10:30,
a general meeting with Colin Day was organized. The radar problem is now fully resolved
but due to the delay, two extra days have been added to schedule so that we now dock in
Birkenhead on 12th August. Seismic trials planned for the next 8 days to shake down the
Spanish streamer and test out the GI airguns. The weather forecast looks good for this pe-
riod. We have a new containerized winch and the Spanish CSIC streamer on the back deck.
We will continue passage today and expect to reach international waters at 8:30 tomorrow
morning. As well as testing the seismic equipment, we hope also to test out the SHRIMP in
a separate activity as well as the sound velocity profiler, both of which require testing. The
formal risk assessment must be signed by everybody. When the streamer is deployed, we will
test turning rates since they will be crucial during JC050. The master, Roger Chamberlain,
continued the meeting and reminded us that all datasets would need to be archived in an
appropriate format with BODC after the cruise. We then had a MMO meeting between sci-
entists, designated MMOs and Colin day. The EIA was discussed and protocols for MMOs
outlined. We agreed that the MMO would start to observe from bridge with high-powered
binoculars and range finder half an hour before scheduled start of shooting. Soft-start would
be employed and full pressure introduced 20 minutes after soft start. Once airguns were
firing, they would not be stopped even if marine mammals approach vessel. Finally, night
starts would be carried out since hours of darkness at latitudes close to Iceland are very
short. In early afternoon, weather started to deteriorate with cloudy sky and larger swell as
we sailed through several minor frontal systems. We continued to sail on a bearing of 330◦

and planned to deploy seismic equipment at 8:30 in the morning.

JD 192: Trial started and 1400 m of streamer was deployed. Recording time was 15 s and
speed was 4 kts. Leighton Rowly discussed logging procedures with scientific party. The
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main systems need to be monitored every 15 minutes for state of health. The key machine is
the Techsas in the room across the corridor. We also need to monitor the EM710, the EK60,
the ADCP, the gravimeter and the magnetometer. The seismic firing and recording system
will be monitored separately. At 9:15, gun testing was started. The active streamer is 1200
m long with 4 birds deployed. At 14:45, the streamer was now deployed out a reasonable
distance but weather started to close in. By 15:30, the streamer was fully deployed and
airguns also deployed. There were some issues with the bird compasses but seismic data
were recorded for 30 minutes. The data were very noisy. At the end of line, the weather had
considerably worsened to Force 6–7 and 3–4 m swell. Back half of streamer floated towards
the surface and was very noisy. Stopped shooting at 18:20. A total of 120 shots were recorded.

JD 193: Weather is good with calm sea state. We are steaming at 12 kts towards 330◦.
Poorer weather is expected: there is a deep, fast-moving depression ahead. Colin Day has
indicated that the extra streamer sections (about 400 m) can be deployed since it will all fit
on the winch if the winding is tighter. Total active streamer will now be 1550 m. Waypoints
for first half of JC050 were finalized. Seismic data from the first trial was processed using
Promax on a stand-alone Linux machine.

JD 194: Choppy sea state with a strong breeze. Overcast sky. The guns were deployed
at 7:45 and streamer deployed. Meanwhile, scientific log sheets were finalized. Started to
record a second trial line. At noon, shooting stopped and airguns were taken on board. The
new seismic data were quickly processed and quality was much improved. In the afternoon,
streamer manoeuvres and turns were carried out at different rates. We deployed a sonobuoy
off the starboard aft deck to test the recording system. The aerial had been placed at about
25 m elevation above the bridge and a coaxial cable was run down to the scientific lab (about
80 m). Sonobuoy data were recorded using Audacity freeware on a dedicated laptop. Shot
instant was recorded on the Audacity trace. It is important to set the correct channel number
before deployment and not to alter the gain during 6 hour recording. During deployment, it
is important to cut off the parachute and to set the depth and recording time to 140 m and
6 hours. The sonobuoy must not get wet before deployment. It is thrown bottom first into
the water. The test deployment was successful. However, airguns failed after 10 minutes
due to tangling. Shooting stopped and the streamer was brought on board at 18:30.

JD 195: Good sea state and making headway at 10.5 kts. Brute stack of seismic data which
looks good. Deployed guns for testing. Shock hydrophone failed at 10:30 which is surprising.
Brought in guns for repair. SHRIMP deployed for testing at 13:15. It worked down to 1600
m and excellent images of bottom sedimentary structures were obtained. Gun failure means
that we may have to await spare parts in Reykjavik. Worked out a contingency plan to
shoot some lines close to Iceland.

JD 196: Good sea state with slight swell. Overcast. Gun repairs were carried out with the
hope of another seismic trial after lunch. At 13:00, we deployed an XBT-T5 and an XBT-T7
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Figure 11: Processed swath bathymetric survey in vicinity of mid-oceanic ridge where an
active V-shaped ridge is forming. Note scale bar for bathymetry. Along the mid-oceanic
ridge, volcanic craters and normal faults are clearly visible. Red circles = locations where
Nb/Y trace elemental ratios are low which is indicative of hotter asthenosphere in the source
region; blue circles = locations where Nb/Y elemental ratios are high. (a) and (b) Zoomed
boxes which show details of volcanism and faulting.
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to 1800 and 700 m, respectively. Both yielded rather poor results with spiky artefacts. A
single gun was deployed at 13:10 and then streamer. All equipment out at 16:00 and ready
to shoot. Started gun testing and tuning at 15:00. We turned to 280◦ in order to shoot a
flow line starting at 60.95 N, 22.40 W. Stopped at 20:00 when we reached 60.966 N, 22.6 W.
In 1923 m.

JD 197: Gun testing carried out from 8:00 GMT yesterday. We got one gun going with
large component of generator and a smaller component of injector. Resultant gun signature
had a good shape and system is now working much better. The idea today is to try out
various other combinations including both guns. We have ordered spares from Sercel via
Department of Earth Sciences (Cambridge). Gun tests lasted until 12:00 and then steamed
to Reykjavik. Crossed WOCE Line AR7. Continued steaming towards Reykjavik due north.
Rough swell, especially in the late afternoon.

JD 198: Reached Reykjavik at 8:20. Beautiful sunny calm morning. Colin Day requires
an email concerning 24 hour delivery of the third package. On docking, gravimeter was
calibrated at a measurement made at the base station located beside the church at 42 Skola-
vordustigur.

JD 199: Waiting for package of Sercel spares to arrive by airfreight from Houston. Finally
arrived at 11:30 just in time for sailing. Excellent news. Discussions between PIs to update
scientific party on progress. Checked inventory of hydrographic probes (60 XBTs, 12 XCTDs
and 12 XSVs). In terms of navigation, we are in UTM 24-27. Good progress steaming all
day with calm seas this evening.

9.2 Cruise JC050

JD 200: Good weather conditions. NJW and TH finalized logs this morning and OS wrote
script for dynamic navigation at site survey crossing line locations. The recording system
is being triggered by the gun firing pulse which entails a 50 ms time shift which should be
incorporated into the data (including sonobuoys). Science and protocol meeting at 10:00.
Discuss plan for logging and for crossing line location procedures using pigs-ear.bash script.
The streamer was deployed after lunch. By 15:15, all birds were deployed and the streamer
was mostly out. Guns and magnetometer were deployed. All gear in the water by 16:00. 150
bar pressure attained by 16:20. Start of Line (SOL) is 19:45. An XCTD was deployed and
it failed. We must launch XCTDs immediately after loading in the launching gun otherwise
they tend to fail. An XBT (T7) was successfully launched. We also need to be careful when
launching expendable bathythermographs in the wet since they operate at 60 v. Weather
remains good: slightly choppy with small white caps (Force 2). Some problems with the
NAS drive which is not writing due to a failed RAID disk but Adam Cox thinks that it has
recovered at 10:00.
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JD 201: Shooting Line 1 on approach to S1, the first crossing line site, at 1:30. Speed is 5
kts. 10′ to go which equals 10 nm or 18.52 km or 2 hours. NJW has probably overestimated
and the bridge suggests that there is just 1 hour to go. At 3:00, we deployed a successful
XBT-T5 which reached an excellent 2240 m. Turned to starboard and broke the line. S1
turn started. At 7:30, a sonobuoy was deployed successfully. It was still recording after 1.3
hours. Unfortunately the second FM receiver is very noisy and thus no good. The fault is
probably a cabling problem. Still recording at 1 hour 50 mins. The sonobuoy data is good
out to 20 km which is excellent news. The common offset stack is also looking good. At
15:30, we are half-way up to S2 and a T5 was deployed which reveals detailed thermohaline
structure. The near trace gather of the reflection data continues to look very encouraging.

Figure 13: Portion of seismic profile VRE-B which shows prominent V-shaped ridge and a
series of fault-bounded blocks on oceanic crust which is 30–40 Myrs old.

JD 202: Acquisition is going well with 4 hours until S2. Terabyte box NJW-2 is dedicated
to seismic processing images and work flows. At 3:15, successful deployment of XBT-T5 at
centre of S2. Then the start of the turn. At 7:15, a sonobuoy was successfully deployed.
Intermittent problems with Gun 1. State of Health (SOH) suggests that it is way down on
power but in fact we think that it is actually ok. It can probably be checked at the next
crossing line location (Pig’s Ear). Master has alerted us to approaching bad weather. 9:00
Management Meeting which includes technical staff and senior crew members. Discussion of
weather and of the threshold for bringing equipment back on board. We need about 3 hours
warning. May be able to recover faster on a turn. Discussion of sinking streamer scenario
which it is agreed is very unlikely. Cruise timetable issues and arrival in Birkenhead. We
are not expected alongside until 1:00 which means that we may be able to gain an extra day.
11:00 magnetometer failed and was retrieved with brief pause in gun firing. It is an unknown
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fault and so the office in Canada is contacted to identify problem. 11:30 XCTD deployed
at centre of S3. Different weather websites were consulted including magicseaweed.com and
buoyweather.com. minor swell at moment which will increase to 5 m by Friday morning. At
15:15, sonobuoy was deployed (channel number 93). Always check that the turn is about
20◦ before deployment to ensure that sonobuoy does not snag the streamer. In this case,
sonobuoy did drift to port-side. Excellent data on sonobuoy. An XBT was deployed (one
that did not make contact to launch probe earlier). Good data. NJW-1 Terabyte disk is
being used to archive the test data from JC049T. S1 took a total of 5 hours which equates
to 3◦/min. S3 took 6 hours and 17 minutes. We are now using 1 gun only since gun 2 failed
due to a leak. We are also travelling faster so that the fold is lower. At 20:30, sonobuoy was
successfully deployed. S4 was finished at 21:00. At 20:45, gun 1 suffered a pressure loss.

JD 203: By 1:00, weather has freshened with a stiff breeze. Deployed XBT at centre of S5.
The forecast is bad from Friday midday for several days. Pass through centre of crossing lines
at 2:30 and then deployed XBT-T5 which was slow to exit the launcher so the top section of
the data may be problematic. Additional weather sites consulted include oceanweather.inc

and opc.ncep.noaa.gov which is very good. S6 was successful and sonobuoy deployed with
success. At 9:15, the guns appear to be tangled in the front end of the streamer. Discussion
about plan of action. Guns disabled and investigation took place. Guns were tangled in
streamer which occurred as we steamed in a straight line. We suspect that tangling was
caused by a strong current flowing to south. This current was evident when we deployed the
last sonobuoy which drifted markedly to port. We require a solution which keeps the guns
away from the streamer. The Master states that he mentioned this issue on trail cruise and
that he wants this matter stated in cruise report. We require major downtime to fix gun 2
which is very battered and has solenoid plug-in damage. We also need to separate streamer
and guns spatially in order to avoid similar entanglement problems in future. 15:30, guns
are fixed are are being redeployed. Weather is a little rough but there has been no significant
change since lunchtime. NJW overrode the MMO to ensure a quick start-up again. Weather
continued to deteriorate and Adam Cox decided to stop at 19:30. Conditions worsened so it
was the correct call.

JD 204: Bad weather overnight which continued into the morning. Conditions gradually
improved but were replaced by a significant swell (5 m and sometimes up to 9 m). All
day wasted but it was used to develop a plan for acquiring seismic data across the Axial
Volcanic Ridges (AVRs) at the mid-oceanic ridge. and also to finalize the rest of the Pig’s
Ears (crossing line sites). We decided not to fire Gun 2 any more since it appears to bounce
around behind Gun 1 far too much thus causing damage to itself. This problem is not known
to Sercel and they are reluctant to engage in constructive discussion. Gun 2 has been left on
the beam but placed in reverse minus its umbilicals and shot hydrophone. the air pressure
was kept at 3000 psi. In the meantime, we acquired useful fill-in swath bathymetry.

JD 205: At 1:00, we are still waiting for the swell to decrease. Weather is misty with no
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wind. We got an extra day’s cruise from the National Marine Facility so will now arrive in
Birkenhead at 14:00 on 13/8/10. Looking at passageweather.com which suggests improved
conditions over the next few days. By 3:30, the swell had died down sufficiently. Started
to steam onto the lead-in line at 4:00. Deployment commenced but was halted by a broken
(wet?) scroller unit on the winch. Currently being fixed but might take several hours. Typed
in all of the remaining Pig’s Ears. Streamer finally deployed and we are shooting a test line
at 10:00. Continued on S7 vertical cross-line. A sonobuoy was deployed and 3 XBTs were
successfully deployed. S8 started.

JD 206: Good weather conditions with a little mist. Excellent swath bathymetry in two
tracks along the mid-oceanic ridge where we can see AVRs and many volcanic cones. there
is the possibility of looking at differences between older (Searle) swath bathymetry and the
current survey. It might be possible to detect fault movement and volcanic flows. This region
is very seismically active. Interesting data on Cross-Line 3 where a deeper reflection can be
seen within the crust. This reflection must be real because it produces a peg-leg multiple
which would be impossible if it was side-swipe. We have now processed all of Line 1 up to S7
and the cross-lines. We are still on S8 which is probably a bit more than we should have tried
to do. 1:15 at 60◦ 6′ N we are crossing a prominent AVR. At 2:10, just over 1 hour until the
sonobuoy deployment. According to NJW’s calculations, we have 15 days of shooting left.
Sonobuoy was deployed at 3:25 on port side. However, it failed. In retrospect, the current
is 180◦ and the streamer had a slight feather to starboard and the sonobuoy was probably
swept into the streamer’s path. It is still sending out odd signals and so it could be snagged
on a bird where it is strumming. the lesson is not to deploy sonobuoys on straight steaming.
Instead, only deploy on turns. At 60.55◦ N and 28.65◦ W, SMJ thinks that he has spotted a
hydrothermal plume on the Simrad ER60at about 8:00. We can see an event on the seismic
data as well. After lunch, we deployed a sonobuoy as we came around the ‘light bulb’ end
of the turn at 13:00. Much debate about the current directions and feather of streamer with
respect to the sonobuoy. Shortly afterwards, we crossed a prominent AVR and deployed
an XCTD which was partly successful since it had spiky excursions. This deployment was
close to the supposed hydrothermal plume. At 18:20, we deployed a sonobuoy but from the
wrong (i.e. starboard) side because S8 was shot the other way around and thus the sonobuoy
went out the wrong side and tangled with the streamer. Good weather conditions continued:
cloudy with drizzle but calm seas. Steamed to S9. An XSV-01 was deployed at 5 kts and
reached 850 m.

JD 207: Deployed XSV, which reached 850–900 m, at 00:00. Discussion of formula which
determines the distance to the horizon over which a radio signal can be detected. Depends
upon height of ship and its aerial. At 1:45, S9 was completed successfully. Two XBTs and
one XSV were deployed as well as a sonobuoy which produced good data. Discussion about
possibility of using a superior antenna such as WINRADIO AX-61S, a sonobuoy telemetry
antenna which is 1 m high. At 3:00, weather begins to freshen and there is a slight swell. We
are in a low pressure area of 995 mbar. Some swell noise on the streamer. These conditions
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are exactly as forecast by different sites. Forecast looks good for the medium term with two
occluded fronts developing. Swell and waves continue to decline with some mist and drizzle.
S10 was carried out overnight and we are now approaching S11. S9 took 4 hours to carry
out and S10 took just over 4 hours which is good progress. S11 was completed by 14:40 and
took just under 4 hours. Quite a decent swell beam on for the southern port-side turn and
so the near trace gather is very noisy. Once on Line 1 again, the near trace improved a lot.
At 18:30, we started S12 and the sea state is more choppy. Tailbuoy GPS is not operating
properly. S12 transect has run into several problems. The second crossing line had two
failed hydrographic deployments (one XBT and one XSV). The streamer was right over to
starboard and we suspect that the copper wire became entangled. No data were recorded.
Because of the current, there was great difficulty turning back onto the main line and so
we had to carry out a double Pig’s Ear and so there are two crossings close to each other.
At 2:00, the swell is still significant although wind has dropped and air pressure is rising.
Streamer is maintained at 10 m depth.

JD 208: Examination of cross-sections from Gloria and Eirik Drifts. Depocentre of the
latter is quite far south. At 3:00, it is now windy (30 kts) but air pressure is climbing
quickly (1003 mbar). Successful XBT was deployed at the centre of S13. An XCTD was
also deployed which failed. By 5:45, weather conditions have improved a lot. Two swell
directions are colliding which helps to flatten the sea state more quickly. The wind has
dropped significantly and air pressure is 1006 mbar and climbing. Seismic processing this
evening of the axial lines look very exciting and suggest that details of oceanic crust at the
ridge including magma chambers may have been imaged. The 14th sonobuoy was deployed
at 7:00 and was a success. At lunchtime, all is going well. Good sea state as we acquire
S14. Discussion with Adam Cox about bringing in the streamer for a visual inspection since
he suspects that it is entangled with sonobuoy and bathythermograph wires. The problem
is that there are no obvious diagnostics which indicate that the performance of the birds is
being affected. NJW is inclined to keep shooting since the weather is good. BJM would like
to acquire an additional crossing line on older oceanic crust to complement crossing lines
on the European margin. At 15:00, the centre of S14 was crossed and both an XBT and
an XSV were deployed successfully. Excellent shooting conditions. the remaining part of
the navigation has now been finalized and BJM’s proposed extra crossing line has been added.

JD 209: Excellent shooting conditions: calm seas, no wind, high air pressure. Some clouds.
Continue to transit towards S15. At 5:30, approaching S15 which was carried out ok. At
12:00, the weather starts to deteriorate. Pressure is dropping and the wind is picking up.
We must depart the final waypoint by 17:30 on 10th August in order to make Birkenhead
on time. By 14:00, conditions have improved a little and the sea state has improved. At
18:00, the swell and wind have increased and a decision was taken to bring in the gear. The
forecast suggests that this bad weather will push through this area tonight and after that
we should have a reasonable spell. Problems in retrieval of the streamer were encountered:
one bird is missing and the automated scroller on the winch broke down again. the streamer
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had to be manually fed onto the winch which was slow work. To do this, the scroller had to
first be removed. While we were stationary, the Valeport SVP was deployed. Gear all in by
21:00. Only one bird lost but lots of copper wire and fishing net was wrapped around some
of the birds. Some difficulty in bringing in the tail buoy. A stormy night.

JD 210: A wild and stormy morning. We plan to carry out some SVPs on the wire. At 9:00,
we deployed SVP at 60◦ 33.93′ N, 36◦ 5.52′ W. Management meeting. SVP plan discussed.
the forecast looks good. 16 nm to the next Pig’s Ear where we could do a second SVP. Dock
plan discussed. On 13th August, the pilot is booked for 9:30 and by 11:30 we need to be
in the lock with gangway down at 12:30. The SVP has resolution of 12.5 cm and recorded
both temperature and salinity. At 12:30, it looks like it shows DSOW at bottom which is
good news. We waited all day for the swell to subside. Deployed SVP again slightly further
away close to where we will run the test line. At 18:30, we started to deploy the streamer in
good conditions. As soon as the kit was deployed, conditions worsened but deemed bearable.
The test data is noisy. Guns are now on a new float since the old one was about to break.
Streamer depth is 8 m. Seismic penetration is less good probably due to the presence of
volcanoclastic deposits.

JD 211: Gun failure at 12:45. It is a combination of hydrophone failure and the umbilical
popping out of its socket. We brought the guns in with great difficulty because they kept
snagging in the crane on portside stern. The damage was minor. Interesting circular and
oval ‘bobbles’ on the seabed which may be current-related features associated with DSOW.
Lengthy seven hour circle and restarted at 7:10. Still a problem with the gun, possibly the
hydrophone. We circled again and took the guns in to check. There is evidently a major
problem in that it is unclear why the gun is misfiring. Technicians rebuild the gun using
parts from another GI gun and we start shooting again at 14:10. A whole history of minor
disasters then unfolded. Finally, at 18:30, we get going again. We are in 4 seconds TWTT of
water (i.e. 3 km). Getting high frequency wrap-around on the shot records. Several times,
we have had power outage to the shack whose cause is unknown. At 22:30, power outage for
30 minutes which means that the next Pig’s Ear must be ballooned backwards to cover the
record gap. Nominal at the centre of the Pig’s Ear and a good XBT deployment. Seismic
penetration is much poorer this side of the Atlantic Ocean probably because of the large
amount of volcanoclastic sediments and dropstones within the near surface sediments. At
2:30, the gun is restarted after fixing leaks and trying to protect the two guns from each
other. Gun 1 appears to be bouncing around significantly.

JD 212: Continuing problems with guns which were redeployed several times. Back in prop-
erly at 4:30. hardly any overlap with the main seismic line however. Sonobuoy successfully
deployed at 7:10. This Pig’s Ear is quite ballooned. Just after deployment of guns, there
seems to be a problem with either the hydrophone of the umbilical. Gun system diagnostics
are red but the direct arrival and other data are ok. Gun finally failed at 9:00. Problems
with guns continue through the morning. Power outages as well. In the end, the gun chains
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were lengthened by 0.5 m. Another power outage. We turned off the air-conditioning which
may help. On shot diagnostics, the shock hydrophone is not working but we can still record
data provided that the near trace gather and the shot record look ok. Could the problem be
Spanish wiring? The seabed is at 4.05 s TWTT and for a 15 s record we expect wrap-around
at 1.2 s. Continued shooting in good conditions. However, signal penetration continues to
be poor.

JD 213: Very calm seas due to influence of Greenland high pressure. Technicians have
fixed up Gun 2 with umbilicals. NJW recalculated schedule which is still ok despite the two
days of weather and technical downtime. At 4:30, deployment of XBT-T5 at waypoint was
successful. Smooth ride all night with some rain. Reach S16 and deploy an XBT at centre.
13:50, deployed the last sonobuoy whose seal was broken but it worked fine, drifting slightly
to port. At 14:30, deployed an XBT which rather splendidly encounters the top of DSOW:
there is a lurch to lower temperatures just above the seabed. At 14:55, airhose leak and
loss of gun. The gun aray is pulled in. Magnetometer deployed off port aft-deck at 15:15.
Guns back in water and firing at 16:30. By 17:00, we start shooting again. The sonobuoy is
still live. See Swift J.H. (1984) Deep Sea Research Part A for circulation through Denmark
Straits. We shoot past the sonobuoy again which is excellent news.

JD 214: Good progress. We have acquired 65 km of big cross-line since 17:00 in excel-
lent weather conditions. Cross-line should be finished by middle afternoon. If so, we could
start Line 2 on 3rd August and it should take 5 days to complete if we have a clear run.
bathythermograph count = 2 XSVs + 5 XCTDs + 7 XBTs = 14. Successful XBT half way
down line which clearly shows DSOW. Good progress until 10:30 when airhose burst. Airgun
array brought in and we switched to one gun on a small Sercel beam with new umbilicals.
Some difficulty with streamer feather close to boat for this line orientation and we anticipate
problems with port-side turn for next Pig’s Ear. New gun system back in water at 13:15.
We can see the shock hydrophone output again after a long gap (since S16). We decided to
turn to starboard into Line 2 and abort the next Pig’s Ear. Once we had come onto Line
2, we deployed an XBT in 2250 m. Excellent data with interesting water structure. 21:30,
continue with nominal systems. Display for shot records and near trace gather keeps failing
however. Excellent conditions at sunset: clear sky and calm.

JD 215: Good progress through the night to midday. A sunny breezy day with minimal
swell. Good seismic data quality. Discussion about IODP proposal and AGU abstracts.
18:30, sudden air compressor failure for 10 shots. Probably caused by the ship’s power
management system stealing power from the compressors to divert it to the engines. Came
back ok. 20:00, hydrophone failed but as before we can carry out quality control using the
near-trace gather display. Good progress all day but signal penetration does not look as
good as it was at the start of the cruise.

JD 216: Where should we break this line? So far, Line 2 has taken 32–36 hours which
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means that we are ahead of schedule. XBT note: we have re-used the one that did not work
yesterday but it produced poor quality data. The second one was better but it has some
odd-looking excursions. At 6:45, we had a massive streamer failure: multiple failed channels.
Unclear whether this problem is mechanical or a software issue. Sercel state that the screen
diagnostics we have are “impossible” and that our only options is to reel in the streamer and
examine the console box located half-way down the length. Problems with the automatic
scroller again. Is it a power management issue? Unclear. Spent the whole day dealing with
the streamer although we did deploy an XCTD at a speed of 2 kts which worked quite well.
The problem with the streamer might have been the connector in the winch which seems to
have been loose! At 18:00, still deploying streamer. Guns back in water for a soft start at
18:00 as well. Start shooting again at 20:40.

JD 217: All going well at 00:00. NJW has recalculated the line excursion south of Line 2
to ensure 12 hours of spare time. XSV was deployed but it only recorded down to 700 m
showing interesting structure. Good progress throughout the night. At 12:30, we began turn
onto the ridge axis. Mid-oceanic ridge here is very clearly defined. At 2:30, we turned onto
the first of the two short lines which will image out to the edge of composite V2. Continued
along the first transect.

JD 218: At 00:00, the conditions are good: calm with a slight swell. Magnetometer commu-
nication problems at 00:10. Turns out that it was a software glitch caused by clock reaching
midnight. Restarted it and now ok. At 1:28, we spotted a plume-like feature sitting on top
of a prominent volcanic crater at 61◦ 21.14′ N, 25◦ 13.18′ W in water depth of 1788 m. Top
of crater is at 1500 m. Plume reaches 1000 m water depth and is visible on both 18 and 38
kHz pingers. At 2:30, slight swell starts up. The first loop was completed by 4:00. At 4:35,
seas have flattened again and it is misty. 12:00, still excellent acquisition and good weather
conditions. We are now halfway through the minisurvey after 24 hours. Adam Cox is copy-
ing seismic data and making multiple copies. Possible magma chamber reflection beneath
mid-oceanic ridge on the third westerly transection. Continue shooting without incident and
in good conditions.

JD 219: 00:00, sudden loss of pressure and we suspected an airhose leak. In fact, the
problem once again is the power management system which caused the air compressors to
briefly shut down. All ok. At 1:35, swell picking up somewhat on the turn. Continued
swell. We complete the western turn at 2:10. Swath bathymetry quality is very poor on
the turn itself, probably because of thruster power. The swell is now significant and so
we have dropped the streamer depth to 8 m. Progress through the night is good and the
swell gradually dropped. At 7:30, the gun umbilicals became snagged in the towing cable.
Decision made to take in the guns and untangle at the next turn to the north close to the
mid-oceanic ridge. At 1:30, the umbilicals have been unsnagged from the cable so all ok.
Gun firing again at 1:40. Breezy with a light wind and some sunshine. Little swell, small
wave height as we enter the final turn. More possible magma chamber reflections. 15:32, End
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of excursion lines at shotpoint 29317. We deployed an XSV on the mid-oceanic ridge at 18:10.

JD 220: 00:00. All going well. The weather forecast is good. At 2:10, the northern lights
were faintly visible off the portside. At 3:15, an XSV was successfully deployed in 800 m.
See Schor and Martin (200*) on palaeoceanography. More swell and greater wave height on
the next watch so the streamer was deepened to 9 m. Conditions much improved at midday.
NJW chose a new end waypoint of survey at the top of Hatton Bank. Good weather all day.
At 18:00, pilot and baleen whales sighted off the starboard midships. They seem totally
unconcerned by the shot firing. We still have some tangling between the umbilicals and the
cable off the stern.

JD 221: 00:15, good progress but there has been a heavy swell for the last few hours.
Streamer dropped again to 9 m. Swath bathymetry and SBP have deteriorated consider-
ably. We now have an excellent compressed version of Line A. Interesting asymmetry which
might reflect different amounts of dynamic support close to ridge. The second last XBT-T5
probe was launched but it only reached 1000 m. It later transpired that this shallow depth
was a plotted problem so ok. Excellent progress all day. Some swell but it gradually less-
ened. Occasional power management system issues which caused the air compressors to fail
for very short periods. We took down the two sonobuoy aerials. the one that produced very
poor quality records has a dubious connection which might have been the problem. NJW
recalculated EOL to middle of Hatton Trough for 19:00 on JD 222.

JD 222: Excellent progress during the night. The heavy broadside swell of the previous
evening gradually died away. We passed the original EOL and continued shooting up the
continental margin. Good progress throughout the rest of the night and into the morning.
Excellent seaward-dipping reflections visible on the near-trace display as we climb up Hatton
Bank. Went well all day. Crossed into Hatton Trough. Scheduled to cease shooting at 19:00.
EOL and bring in streamer without incident.

JD 223: Steamed all day under good conditions. RPC party held at 20:00. Back-up of all
data and finalizing on-board seismic processing.

JD 224: Stopped close to Rathlin Island for lifeboat safety check. Disk NJW 1: JC049 and
JC050 seismic data; ProMax archives, SEG-Y pre-stack data. Disk NJW 2: raw data and
SEG-D. All geometrical and navigational data. Disk NJW 3: Leighton Rolley’s full back-up
of all ancillary datasets. Disk NJW 4: All raw seismic data including the shipboard stacks.

10 Equipment Performance

In general, all essential equipment performed well throughout the cruise and the data quality
is excellent. The centrepiece of this cruise was the seismic acquisition programme which
required successful operation of airgun array, streamer and recording system. The biggest
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Figure 14: Portion of Line VRE-B which shows excellent image of Bjorn contourite drift.
Note faulted sediment-basement interface and quality of internal reflectivity of contourite.

problem we had concerned the two airguns which were suspended by short chains from a
Sercel metail beam. During the trial cruise, we discovered that the rearward gun became
repeated damaged by collision with the forward gun and/or with the beam itself. The main
consequence was progressive damage to the shot hydrophone, to the umbilical hoses, and to
the integrity of the gun itself. As we ran out of spare parts, we decided that the success
of the cruise would require an immediate solution. The rearward gun was disabled but
left in place and this appeared to solve the problem. As a result, the seismic survey was
carried out with only one half of the expected gun array volume which was clearly not ideal.
However, thanks in part to the high pressure air system, signal penetration was deemed
sufficient for our scientific purposes. The towing arrangements off the back deck were not
ideal and at times, the gun array and the streamer became entangled which caused minor
delays. The streamer itself performed well: towing proved straightforward and we very
rarely had any problems with excessive feathering and buckling within the water column.
One bird was lost. The seismic firing and recording system performed very well, thanks to
the dedicated professionalism of Adam Cox and colleagues. There were occasional power
outages, particularly during the second half of the cruise. These outages were traced to
the ship’s power management system which, when experiencing temporary overload, briefly
stopped power to the air compressors. These outages generally only caused missed shots
which did not require us to turn.

The disposable sonobuoys performed very well and enabled us to record wide-angle seis-
mic events out to about 22 km. Although we erected two aerials and VHF receivers, only
the one on the starboard side worked satisfactorily. We suspect that the problem with the
postside aerial was interference with ship’s aerials and systems. In future, we recommend
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that these VHF sonobuoy aerials be erected even higher on the ship. In general, we de-
ployed sonobuoys from the stern starboard side as we turned portside out of a cross-line.
This arrangement ensured that the sonobuoy did not become entangled with the streamer
as it, sometimes inevitably, drifted toward the streamer. It usually worked well and the only
failures occurred when we tried to deploy a sonobuoy on a straight trajectory.

The swath bathymetry, sub-bottom and other profilers generally operated satisfactorily
and yielded good quality data. Disposable hydrographic data were mostly acquired with
success. To avoid entanglement with the streamer and guns, we launched the probes down
a 5 m long drainpipe off the starboard side (i.e. on the opposite side to the gun array). This
procedure mostly worked well although we had occasional entanglement and in one instance
lost a bird possibly as a result of hydrographic wire and other debris becoming wrapped
around it.

11 Seismic Line Overview

All lines were designated with a label that starts with the acronym VRE followed by a
two digit number. Line VRE-A is a flowline which intersects the mid-oceanic ridge at 61◦

N at which position an active V-shaped ridge is propagating along the ridge away from
Iceland (Searle et al., 1998). This line traverses the entire oceanic basin but note that on the
European plate it does not start on the oldest oceanic crust abutting the continental margin.
The reason for this gap is that Parson & Elliott acquired a seismic survey along the margin
under the auspices of UNCLOS and one of their lines is an exact continuation towards the
margins of Line VRE-A. Acquisition of this first flowline was complex because at intervals
short crossing lines were acquired for the purposes of the IODP site survey requirements.
A total of 19 crossing lines (VRE-1 to VRE-22) were acquired. In each case, a double loop
was carried out. At the mid-oceanic ridge itself, we extended the double loop in order to
acquire longer lines along the ridge at the location of the current V-shaped ridge. On either
side of the mid-oceanic ridge, two spells of weather downtime occurred which accounts for
excursions of the ship’s track. The long flowline is of excellent quality. Our principal target,
the sediment-basement interface, is visible even on brute stack data and can be traced along
the length of the line. This interface is more clearly imaged in the Irminger basin than in the
Icelandic basin because of the different acoustic properties of the sedimentary sections. In
the Irminger basin, the sedimentary section consists of fine grain mudstones and siltstones.
In the Icelandic basin, volcanoclastic and dropstone debris from both Iceland and Greenland
contribute to the sedimentary section which degrades the acoustic properties. Within the
sedimentary section, the internal structure of contourite deposits is clearly imaged. There is
good evidence for changes in palaeocurrent with time. Pervasive small-offset normal faulting
occurs.

Close to the East Greenland margin, a strike line, VRE-B, was acquired parallel to the
margin and runs along the length of the Eirik Contourite Drift. This line crosses prominent
modern and ancient channels which emanate from East Greenland. There is evidence for
undulate disconformities within the sedimentary section. A second, longer flowline was ac-
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quired closer to Iceland (Figure 2). Line VRE-C is longer than VRE-A and crosses oceanic
floor where there is much less evidence for fracture zones. It crosses the Hatton margin
and terminates in the middle of the Hatton Trough. At the mid-oceanic ridge, a southward
excursion was carried out away from VRE-C and two additional short flowlines, VRE-D and
VRE-D, were acquired. These two lines only reach the second V-shaped ridge but they pro-
vide valuable additional data coverage. VRE-C is of excellent quality. the sediment-basement
interface can be mapped along its length and seaward-dipping reflections are evident along
both continental margins. In place, minor degradation of acoustic penetration is probaby
caused by the presence of volcanoclastic debris.

12 Subsequent Seismic Processing

During the Summer of 2010, under the auspices of an IODP site survey, over 3300 km of
reflection seismic data were collected by RRS James Cook Cruise JC050. Two main seismic
lines are oriented parallel to flowlines, with nineteen short perpendicular cross-lines (which
serve as site surveys) located at various ridge-peak and ridge-trough locations along Line
1; see Figure ??. Complementary wide-angle data were collected using sixteen disposable
sonobuoys. Further data collected include multibeam bathymetry, gravity, magnetic and high
frequency sub-bottom profiles. Although outside the scope of this project, hydrographic data
were collected using a combination of expendible devices and continuous acoustic profilers.

A processing workflow including filtering, normal moveout (NMO), common mid-point
(CMP) stacking and frequency-wavenumber (F-K) domain migration has been used to resolve
seismic reflectors. In this section, we describe the experimental procedures and the processing
flows applied to the data.

The aim of the cruise was to image the sediment-basement interface along two lines
parallel to flow-lines peropendicular to the Reykjanes ridge. In order to collect data at the
19 crosslines, continuous data acquisition was intentionally interrupted to allow for turning
the ship away from and back onto the main navigational path. Turns were completed at
a rate of 3 degrees per minute. As a result, the two long flowlines consist of a number
of overlapping segments. Additional data were collected along the ridge spreading axis, as
well as two short sections parallel to the main northern flow line. Data was also acquired
along the join between the two flow lines, parallel to the Greenland continental margin. The
northern line extends east onto the continental margin of Hatton Bank.

The seismic source comprised a single 355 in3 generator-injector (GI) airgun fired at a
pressure of 3000 psi (20.7 MPa) at 15 second intervals. The GI gun suppresses the bubble
oscillations of a traditional air gun, by injecting additional air into the bubble and controlling
its collapse. The source therefore comprises an initial acoustic pulse (the generator) followed
by a secondary pulse (injector) near the maximum expansion of the primary pulse. This has
the effect of dampening primary bubble collapse. Two airguns were initially used but were
reduced to one after technical challenges

The streamer consisted of 132 hydrophone groups at 12.5 m spacing, towed at a depth of
7 m. Streamer depth was maintained using five steerable Sercel NautilusR© depth controllers.
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This gave a maximum source receiver offset of 1813 m. With a nominal ship speed of 5.0
knots (∼9.3 km/hr), this time interval gave a shot spacing of 40 m. The 21-fold seismic data
were recorded in SEGD format with a sampling interval of 1 ms over a trace length of 14 s.

Initially, two GI guns were used simultaneously. Due to the geometry of the beam
assembly from which the guns were suspended, the air hoses and control umbilicals became
damaged after prolonged use. This was mitigated by reducing to a single gun source. This
did not result in a reduction in acoustic penetration, and reduced greatly the amount of time
required for gun maintenence and servicing.

Poor weather conditions were anticipated to significantly interrupt data acquisition dur-
ing the cruise. However, the sea state was mostly fair enough to allow continuous shooting.
Some periods of downtime occurred when sailing at an angle to the prevailing weather, which
caused streamer and gun entanglement. Their geometry was subsequently modified so to
minimise the risk of this occurring. Steerable devices on the streamer were used to reduce
the risk of entanglement, and also maintain streamer depth during periods of heavy sea state.
These problems were largely associated with aquisition of site survey crosslines, which each
required two 270 ◦ turns.

Preliminary processing was carried out using ProMAX 2003.19.1 during the JC050 cruise.
The result of this processing was to produce normal moveout (NMO), common-depth point
(CDP) stacked and migrated sections for each line segment. Subsequent processing at the
Bullard Laboratotries has been carried out using Omega 2010.1, with the exception of the
geometry assignment which has been preserved from that calculated during the cruise.

For geometry assignment, all source and receiver locations were determined in x, y, z
coordinates (offset in x, y, and depth below sea surface, metres) in a Mercator projection
centred at the sea surface at 60 ◦N 40 ◦W. Individual source and receiver depths were used
to assign static corrections which were then applied to correct each shot gather to the sea
surface datum.

In order to produce a single section for each of the two main lines, segments were joined
together post CDP-assignment. In most cases there is overlap between successive segments
therefore information recorded in observers logs such as sea state and equipment performance
was used to choose join locations.

Following sorting to CMP gathers, a minimum-phase bandpass filter of 6Hz with roll-
off 18 dB/octave was applied to attenuate incoherent noise and minimize source signature
reverberation. The data were then stacked using a normal move-out (NMO) velocity model
derived from semblance analysis and constant velocity stack (CVS) panels. I have produced
time-varying velocity models for all of the lines collected, with a range of velocity pick
spacings from 6250 m to 165.25 m. A pick spacing of 1250 m represents a good compromise
between processing speed and image quality.

The application of post-stack FK Stolt migration has been found to significantly enhance
final CDP stacked sections. Dipping events present a problem during NMO correction. NMO
corrections are only correct when the reflecton horizon is flat. Further, when stacking an
NMO CDP gather, it is assumed that all energy returning froma single horizon reflects from
a common point. This is not the case from a dipping interface. Brief examination of the
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roughness of both the seafloor and basement horizons shows that this assumption rarely
holds true. However, a dip-moveout (DMO) correction can be applied to the CDP gathers
to correct for these problems. DMO has been applied to these data, which show improvement
in imaging of steep dips and a reduction in amplitude of sea floor scattered energy

13 Preliminary Cruise Results

The marine geophysical data acquired during JC050 is of much greater volume and quality
than could have been anticipated during the planning phase. Despite teething problems
with the electronic winch and the airgun array, the quality of the seismic reflection profiles
is particularly noteworthy. The highlights of the acquisition programme are:

• 2 long high quality flowlines which will transform our understanding of V-shaped ridge
formation.

• 22 cross lines which will form part of site survey package for IODP proposal.

• 2 short flowlines which will further enhance correlation of younger V-shaped ridges.

• 3 chronlines along mid-oceanic ridge which show morphology of Axial Volcanic Ridges
(AVRs).

• High quality swath bathymetric survey, especially at, and in vicinity of, mid-oceanic
ridge.

• Underway hydrographic dataset which will aid seismic processing and interpretation of
water column reflectivity.

• 3 kHz profiling dataset.

14 Recommendations

The equipment performance throughout the cruise is a testament to the necessity of seismic
trials cruises which enable rigorous testing of the seismic acquisition system. The fact that
the scientific party participated in the trials cruise enabled important feedback between
scientists and technical staff. There was sufficient time before JC050 to permit vital spare
umbilical parts and shot hydrophones to be ordered for collection in Reykjavik. Seismic
reflection surveying will continue to be a vital means for imaging the sub-surface at sea
and it is important that the successes of JC050 and previous seismic-related cruises are
built upon. The electronic winch needs to be adjusted so that it can operate effectively in
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all weather conditions. On JC050, it repeated broke down in the rain which required the
streamer to be retrieved and deployed manually which is very slow. The GI airgun array
needs to be modified with the help of Sercel personnel to ensure that it can operate safely
with two airguns at air pressures up to 3000 psi. It would be excellent if a longer streamer
can be deployed. Although a 1650 m live streamer worked well on this cruise, it is the
bare minimum for acceptable seismic reflection profiling. It would be better if 3–6 km could
be deployed as a matter of course. Finally, the performance of both the gravimeter and
magnetometer were less than satisfactory and these devices need attention.

15 Cruise Operations

The operation component of JC050 worked very well thanks to the tireless dedication of the
technical crew together with the officers and crew of the ship. This effort meant that the
original expectations of scientific output have been considerably exceeded.

16 Future Workflow

There is excellent evidence that the Iceland plume has varied in size and extent over the past
60 Ma (Jones, 2002; Poore et al., 2009). Geophysical, geochemical, stratigraphic and palaeo-
ceanographic observations support the notion that temperature anomalies travelling up the
mantle plume conduit beneath Iceland flow radially outwards beneath the fringing continen-
tal margins, and are responsible for transient uplift events throughout Neogene times. Such
events have caused vertical motion of the Greenland-Iceland-Scotland Ridge (GISR), hun-
dreds of metres in amplitude, modifying overflow of North Atlantic Deep Water (NADW),
first suggested by Wright & Miller (1996) and more recently by Poore et al. (2006). During
Cenozoic times, it is likely that plume-controlled deep-water overflow has had a significant
effect upon the biogeographical evolution of the Arctic Ocean, which is largely an enclosed
basin. Arctic freshening events, for example during the Late Eocene, enabled species such
as Azolla, a floating freshwater fern, to thrive until a sudden influx of warmer saline water
flooded in from the south.

The primary aim of this project is to constrain the temporal and spatial variability in
plume activity through Cenozoic times, and then to investigate its influence upon the fringing
ocean basins and continental margins. The history of thermal anomalies in the plume will be
used to reconstruct a framwork into which other observations such as transient uplift events,
deep-water circulation and sedimentary patterns can be placed.

16.1 V-Shaped Ridges

Time-dependent mantle circulation is suggested by features observed on the seafloor South of
Iceland. Using bathymetry and seismic reflection data, Vogt (1971) first identified symetric,
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chevron-like features nested around the Reykjanes Ridge, now known as the V-Shaped Ridges
(VSRs). They are best observed in high-pass filtered gravity data (Jones, 2002; Jones et al.,
2002), as their bathymetric expression is obscured by sedimentation. Limited wide-angle
seismic data show that the V-shaped ridges and troughs are produced by small (2 km)
changes in crustal thickness, which presumably reflect temperature variations of ±30–50 ◦C
within the spreading plume (White et al., 1995).

Given the limitations of bathymetric and gravity observations, seismic reflection data is
an excellent tool for investigating VSR morphology. The only previously existing reflection
profiles from the Reykjanes Ridge are those collected by the RV Vema in 1966 (Talwani
et al., 1971). These data vary in quality, are not continuous nor parallel to flowlines, and
are limited in extent to ocean floor only up to ∼15 Myrs in age. A newly acquired seismic
dataset, from RRS James Cook Cruise JC050, will be used in this project to extend our
understanding of the plume back to the birth of the North Atlantic at around ∼55 Ma.

16.2 Reconstructing the Plume Record

16.2.1 Residual Depth

Examining the temporal variation in plume activity through Cenozoic times is at the heart
of this project. In order to identify periods when the plume was anomalously hot or cold, it
is necessary to compare the observed water-loaded depth to ocean crust with the predicted
subsidence if the plume has been at a constant temperature. Any difference is referred to as
the residual depth. The key observation here is present day depth to ocean crust; one which
is readily made using the new seismic reflection profiles of the recent JC050 cruise.

Predicted subsidence is given by

d = di + c
√

a (1)

where d is the depth of the crust in metres, di is the depth of the ridge for each profile, c is
a cooling constant describing the subsidence expected as crust cools and a is the age of the
crust in Ma.

Since the age and depth of oceanic crust is known, it is possible to calculate the residual
depth (the variation caused by changes in the temperature of the plume head):

∆d = tb − d (2)

where tb is the water-loaded depth to oceanic crust and d is the expected depth of oceanic
crust from Equation (1).

It is also necessary to account for the effects of sediment-loaded subsidence of oceanic
crust. A simple isostatic correction assuming constant density layers enables the depth of
simple water-loaded oceanic crust to be found (Le Douaran & Parsons, 1982), so that:

tb = t′
b
+ ts

(ρa − ρ̄s)

(ρa − ρw)
(3)
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where tb is the depth before sediment loading; t′
b

is the depth after sediment loading; ts is
the sediment thickness; ρa, the density of asthenosphere = 3200 kg/m3 and ρw, the density
of sea water = 1027 kg/m3.

16.2.2 Cruise JC050

During the Summer of 2010, under the auspices of an IODP site survey, over 3300 km of
reflection seismic data were collected by RRS James Cook Cruise JC050. Two main seismic
lines are oriented parallel to flowlines, with nineteen short perpendicular cross-lines (which
serve as site surveys) located at various ridge-peak and ridge-trough locations along Line 1.
Wide-angle data were collected using sixteen disposable sonobuoys. Further underway data
collected include multibeam bathymetry, gravity, magnetic and high frequency sub-bottom
profiles. Although outside the scope of this project, hydrographic data were collected using
a combination of expendable devices and continuous acoustic profilers.

Continuous data acquisition was intentionally broken at each crossline to allow for turning
the ship, and at a number of other locations due to equipment or weather challenges. As
a result, the two long flowlines consist of a number of overlapping segments. Additional
data were collected along the ridge spreading axis, as well as two short sections parallel to
the main northern flow line. Data was also acquired along the join between the two flow
lines, parallel to the Greenland continental margin. The northern line extends east onto the
continental margin of Hatton Bank.

16.2.3 Data Processing

Preliminary processing was carried out using ProMAX during the JC050 cruise. The result of
this processing was to produce normal moveout (NMO), common-depth point (CDP) stacked
and migrated sections for each line segment. Subsequent processing at Bullard Laboratories
has been carried out using Omega-2, with the exception of the geometry assignment which
has been preserved from that calculated during the cruise.

For geometry assignment, all source and receiver locations were determined in x, y, z
coordinates (offset in x, y, and depth below sea surface, metres) in a Mercator projection
centred at the sea surface at 60 ◦N 40 ◦W. Individual source and receiver depths were used
to assign static corrections which were then applied to correct each shot gather to the sea
surface datum.

In order to produce a single section for each of the two main lines, segments were joined
together post CDP-assignment. In most cases, there is overlap between successive segments
(see Figure ??), therefore information recorded in observers logs such as sea state and equip-
ment performance was used to choose join locations.

Following sorting to CMP gathers, a minimum-phase bandpass filter of 6Hz with roll-
off 18 dB/octave was applied to attenuate incoherent noise and minimize source signature
reverberation. The data were then stacked using a normal move-out (NMO) velocity model
derived from semblance analysis and constant velocity stack (CVS) panels. I have produced
time-varying velocity models for all of the lines collected, with a range of velocity pick
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spacings from 6250 m to 165.25 m. A pick spacing of 1250 m represents a good compromise
between processing speed and image quality.

16.2.4 Frequency-Wavenumber Domain Migration

Migration moves dipping reflections to their true subsurface positions and collapses diffrac-
tions, thus increasing spatial resolution and yielding a seismic image of the subsurface. The
application of post-stack extended F-K Stolt migration has been found to significantly en-
hance final CDP stacked sections.

Dipping events present a problem during NMO correction. NMO corrections are only
correct when the reflecton horizon is flat. Further, when stacking an NMO CDP gather,
it is assumed that all energy returning froma single horizon reflects from a common point.
This is not the case from a dipping interface. Brief examination of the roughness of both
the seafloor and basement horizons shows that this assumption rarely holds true. However,
a dip-moveout (DMO) correction can be applied to the CDP gathers to correct for these
problems. The application of DMO will be explored later in this project, which may yield
improved imaging of steep dips and a reduction in amplitude of sea floor scattered energy

16.3 Results

16.3.1 VSR Morphology

Prominent, long-wavelength VSRs can be readliy identified along the entire oceanic section
of the data. They are clearly imaged in areas where the short-wavelength gravity anomaly
suggests their absence. Most VSRs show a high degree of faulting, and are in some cases
appear to be composed of distinct lobes. It is important to separate the long-wavelength
VSR signature from small-scale faulting in order to accurately construct the residual depth
profile. Using the seafloor age grids of Müller et al. (2008), we have assigned ages to the
basement along the two flowlines. This indicates that plume activity has not been temporally
consistent, and the oldest VSRs to the west are up to 47 Myrs old. Interpretation of the
faulting patterns, variations in amplitude and wavelength of the ridges will form a major
part of this project.

16.3.2 Contourite Drifts

Contourite drifts are linked to the action of semi-permanent bottom currents in deep wa-
ter, usually resulting from thermohaline and/or wind-driven circulation in the oceans and
their marginal seas. They are especially common along continental margins and at oceanic
gateways; the Snorri, Eirik, Bjorn and Hatton are examples in the North Atlantic which
have been imaged by the JC050 cruise (see Figure ??). These drift sediments record local
changes in bottom-water flow and should be an important source of ocean/climate proxies
(McCave & Hall, 2006). The stratigraphy of a drift is controlled by two related processes.
The dominant external control is accumulation rate which is directly linked to changes in
sediment supply and current activity. Local processes (e.g. biological activity and water
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chemistry both producing and dissolving sediment components) have a modulating effect
(Koenitz et al., 2008).

16.3.3 Morphology of the spreading ridge

Along the ridge-axis there are ubiquitous, en-echelon axial volcanic ridges (AVRs), sub-
normal to the spreading direction, desribed in detail by Searle et al. (1998). The data
collected during cruise JC050 allows us to make observations of along-axis variation and
geometry of the axial magmatic system and to investigate the relationship between magma
chamber structure, supply of melt to the crust and development of faulting and thickness of
oceanic layer 2A.

Due to the highly chaotic nature of the seabed along the ridge, seismic reflection profiles
are prone to being overwhelmed by highamplitude seabed scattered noise. Despite this
problem there are clear intracrustal seismic events which relate to the axial magmatic system
recorded with these data.

16.4 Palaeoceanography

In the North Atlantic Ocean, flow of North Atlantic Deep Water (NADW), and of its an-
cient counterpart Northern Component Water (NCW), across the Greenland-Scotland Ridge
(GSR) is thought to have played an important role in ocean circulation. Bathymetry of the
GSR has varied with time due to a combination of lithospheric plate cooling and fluctu-
ations in the temperature and buoyancy within the underlying convecting mantle (Poore
et al., 2006).

Using an assemblage of benthic foraminiferal δ13C data, Poore et al. (2006) showed that
variation of NCW through time is consistent with independent estimates of the temporal
variation of dynamical support associated with the Iceland Plume. Prior to 12 Ma, δ13C
patterns overlap and %NCW cannot be isolated. From 12 Ma, when lithospheric cooling
probably caused the GSR to submerge completely, long-period δ13C patterns diverge signifi-
cantly and allow reasonable %NCW estimates to be made. In particular, there is a dramatic
increase in NCW overflow between 6 and 2 Ma when dynamical support generated by the
Iceland Plume was weakest. Between 6 and 12 Ma a series of variations in NCW overflow
can be resolved.

16.4.1 Neodymium Isotopes

Whilst benthic δ13C is a useful tool in studying deep-water palaeoceanography, it can be
unreliable if it does not accurately record the nutrient content of palaeo water masses (the
Mackensen effect). There is value in testing the estimates of %NCW by Poore et al. (2006)
using other deep-water mass tracers, which may allow us to extend analysis further into the
Palaeogene. One such tracer is the Neodymium isotopic ratio, εNd, which can be measured
in crusts, fish teeth and also in leaches from deep-sea sediments Piotrowski et al. (2004).
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Neodymium isotopes (143Nd/144Nd) exhibit quasiconservative behavior in seawater so
that cores of water masses have distinct isotopic compositions that reflect the age and lithol-
ogy of surrounding lithosphere. It is conventional to express differences in 143Nd/144Nd ratios
in epsilon notation (εNd), which represents the deviation from the chondritic uniform reser-
voir (Depaolo & Wasserburg, 1976) in parts per 104. Neodymium isotopic compositions vary
considerably over Earths surface as a result of the distribution of young and old crustal ages,
and this pattern is imparted to seawater. For example the εNd value of NADW is -13.5
(Piepgras & Wasserburg, 1987), which reflects extremely nonradiogenic Nd draining into
the Labrador Sea from the ancient terrains of the Canadian Shield, whereas the εNd value
of Pacific Deep Water is -4 to -6 (Piepgras & Wasserburg, 1987), which reflects young arc
volcanics in the circum-Pacific. Continental weathering is the predominant source of Nd to
the oceans and Nd isotopes are not fractionated in marine chemical and biological pathways.

Two competing signals are embedded in long-term variability of Nd isotopes at a given
location; firstly changes in Nd inputs derived from continental weathering and secondly
changes in the proportions of different water masses (Scher & Martin, 2008). Therefore, by
compiling a large dataset of εNd values for the North Atlantic, Pacific and Southern Oceans,
it may be possible to extract the %NCW record further back in time.

We have assembled a large number of published εNd measurements, from a range of
locations. These have been dated, and can be plotted for comparison. The relatively non-
radiogenic North Atlantic end-member is easily distinguished from that of the radiogenic
Pacific. The Southern Ocean shows intermediate values, which vary between the two end-
members throughout the Cenozoic. A key question for this project is whether this variability
shows a relation to plume activity, and hence flow of NCW across the Denmark Straits.

16.5 Future Work

16.5.1 Plume Chronology

Once final processed versions of the two main JC050 seismic reflection profiles have been
produced (anticipated by end March 2011), their detailed analysis can begin. Firstly, faults
will be identified and interpreted, as it is important to separate their short-wavelength char-
acter from the long-wavelength VSR features. Secondly, seabed and top-basement horizons
will be picked. Horizons will then be depth converted, corrected for sediment loading and
used to construct residual depth profiles (as discussed above), on an astronomical timescale.
This will allow us to infer variations in plume activity (temperature, mass flux) in Ceno-
zoic times. Once completed, this chronology will act as a benchmark against which other
geological observations can be compared. Placing transient uplift events, ocean circulation
variability, sedimentation patterns and volcanic activity into the context of this record of
plume activity should prove a powerful integration tool.
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16.5.2 Palaeoceanography

The high quality seismic images be used to describe the setting, morphology and internal
structure of sedimentary drifts which occur within the North Atlantic. The internal seismic
stratigraphy of the drift deposits will be mapped, to identify the principal stratigraphic
horizons which record significant changes in oceanic circulation. Nearby scientific boreholes
will be used to constrain sediment ages and hence variability in deposition rate. These well-
imaged contourite drifts would make an excellent drilling target; the reprocessed seismic
profiles presented here constitute a high-quality site survey for such purpose.

Further work is required to understand what the εNd record can tell us. A more complete
set of data from the North Atlantic would be helpful in particular. A thorough statistical
approach could allow an estimate of %NCW for the entire Cenozoic, thus complementing
the anticipated plume chronology from residual depth profiles.

16.5.3 Arctic Biogeography

Sedimentary patterns observed in Nordic seas demonstrate the influence of variations in
NCW on basins north of Iceland (Henrich, 2002). However, the impact of subdued NCW
production deep-water anoxia and organic carbon accumulation is not well-constrained. Re-
cent interest in the hydrocarbon potential of the Arctic Ocean means that an understanding
of the biogeographical development of the basin is increasingly important (Mann et al.,
2009). Periods of low %NCW production may relate to periods of isolation of the Arctic
Ocean and of freshwater as opposed to saline conditions, indicated by the preservation of
Azolla microfossils (Brinkhuis et al., 2006). It would therefore be useful to investigate the
relationship between opening and closing of major seaways such as the Fram Strait and the
Denmark Straits, plume activity and sedimentation patterns in these northern basins.
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18 Appendix A

The appendix conatins a full set of daily logs which were kept by watch-keepers on JC050.
We logged all scientific equipment every 15 minutes on a general log which recorded state-of-
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health, deployments, weather events, and downtime causes. We also kept a separate seismic
log which was dedicated to documenting the airgun array, the streamer and the recording.
This log is also kept for every 15 minutes and has prove to be a valuable resource for
subsequent signal processing strategies. Individual logs were kept for the gravimeter, which
was located in the centre of the ship, and for the deployment of sonobuoys and disposable
hydrographic probes. These logs are available in electronic form.
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## /%��� #/// #01 2�/ 2�∀ � 	 ∀∀∀! !0 ��2∀ 	 	 ∀31!4∀�# 	 	

## /0�1/ #/1� #0∀ 2�2 2�� � 	 ∀∀∀! %2 ��2∀ 	 	 ∀31!4∀�# 	 	

## 2��/# #/�2 #01 2�2 2�� � 	 ∀∀∀! /! ��2∀ 	 	 ∀31!4∀�1 	 	

## 21�/% #/%2 #!2 2�! 2�∀ � 	 ∀∀∀! 1/ ��2∀ 	 	 ∀31!4∀�1 	 	

## 22�0% #131 #02 2�/ 2�1 � 	 ∀∀∀! #∀ ��2∀ 	 	 ∀31!4∀�1 	 	

## 20�/3 #1!3 #!0 2�/ 2�� � 	 ∀∀∀! 1 ��2∀ 	 	 ∀31!4∀�1 	 	

#1 ∀�#0 #1%/ #0∀ 2�/ 2�∀ � 	 ∀∀∀0 ��1 ��2∀ 	 	 ∀31!4∀�1 	 	

#1 #�33 #1/% #0/ 2�% /�3 � 	 ∀∀∀0 3% ��2∀ 	 	 ∀31!4∀�/ 	 	

#1 2�/! #1#1 #0� 2�! 2�∀ � 	 ∀∀∀0 0� ��2∀ 	 	 ∀31!4∀�/ 	 	

#1 0�#2 #1∀# #!0 2�% 2�∀ � 	 ∀∀∀0 %1 ��2∀ 	 	 ∀31!4∀�/ 	 	

#1 �∀��! ##%3 #0∀ 2�! 2�� � 	 ∀∀∀0 2# ��2∀ 	 	 ∀31!4∀�/ 	 	

#1 �#�!/ ##10 #!3 2�0 2�∀ � 	 ∀∀∀0 1% ��2∀ 	 	 ∀31!4∀�2 � 	

#1 �2��/ #0#1 #!0 2�2 2�� � 	 ∀∀∀0 ## ��2∀ 	 	 ∀31!4∀�2 � 	 )&5�����−���

#1 �0�1/ #### #31 2�0 2�� � 	 ∀∀∀0 # ��2∀ 	 	 ∀31!4∀�2 � 	 � �#∀���6�∗��.����������.����)&5

#1 �3�30 #0!1 1#% %�# 2�# � 	 ∀∀∀3 �∀3 ��2∀ 	 	 ∀31!4∀�% 	 	 �������

#1 #∀�!# ##∀3 ∀#1 %�/ 2�# � 	 ∀∀∀3 3/ ��2∀ 	 	 ∀31!4∀�% 	 	 ∗������−�����������∃%∀∀

#1 #��∀2 #�3! ∀∀3 %�2 2�∀ � 	 ∀∀∀3 0/ ��2∀ 	 	 ∀31!4∀�% 	 	 �������

#1 �3�2∀ #0!1 ∀%# %�% 2�1 � 	 ∀∀∀3 %2 ��∀2∀����� 	 	 ∀31!4∀�% 	 	 �∃%∀∀�����	�7�����−����−�������∗��

#1 �!�∀3 #�33 ∀32 %�/ /�3 � 	 ∀∀∀3 2∀ ��∀2∀����� 	 	 ∀31!4∀�! 	 	

#1 �/�0% #### �/� %�% 2�∀ � 	 ∀∀∀3 1% ��∀2∀����� 	 	 ∀31!4∀�! 	 	 ������������

#1 �/�∀% ###/ �0/ %�/ 2�# � 	 ∀∀∀3 #� ��∀2∀����� 	 	 ∀31!4∀�! 	 	

#1 �/�13 ###2 �0% %�# 2�� � 	 ∀∀∀3 2 ��∀2∀����� 	 	 ∀31!4∀�! 	 	 �2������������	����&∋��.������6�∗�∗���6������

#1 �/�!� ##�% �0% %�/ /�3 � 	 ∀∀�∀ ��� ��∀2∀����� 	 	 ∀31!4∀�0 	 	 ∃����������∗��	�)�5�

#1 �2�∀∀ ##�0 �0! %�� /�3 � 	 ∀∀�∀ 30 ��∀2∀����� 	 	 ∀31!4∀�0 	 	 )�5����������1%2�

#1 �2�13 ##1/ �00 %�# 2�� � 	 ∀∀�∀ 0� ��∀2∀����� 	 	 ∀31!4∀�0 	 	

#1 �/�23 ##/1 �1∀ %�# /�3 � 	 ∀∀�∀ %% ��∀2∀����� 	 	 ∀31!4∀�0 	 	

#1 �#�/3 ##/� ∀0# %�/ 2�� � 	 ∀∀�∀ 2# ��∀2∀����� 	 	 ∀31!4∀�3 	 	

#1 �∀�#2 ##!! ∀1/ %�/ 2�� � 	 ∀∀�∀ 1! ��∀2∀����� 	 	 ∀31!4∀�3 	 	

#1 3�/! ##%# 12/ %�1 2�∀ � 	 ∀∀�∀ #1 ��∀2∀����� 	 	 ∀31!4∀�3 	 	

#1 �∀�1# ##23 1�! %�� /�! � 	 ∀∀�∀ ! ��∀2∀����� 	 	 ∀31!4∀�3 	 	

#1 �#�2% ##1/ #01 %�2 /�3 � 	 ∀∀�� ��� ��∀2∀����� 	 	 ∀31!4∀#∀ 	 	

#1 �/�!2 ##�/ #0∀ %�� /�3 � 	 ∀∀�� 30 ��∀2∀����� 	 	 ∀31!4∀#∀ 	 	

#1 �!�!∀ ##∀2 #!% %�# 2�# � 	 ∀∀�� !3 ��∀2∀����� 	 	 ∀31!4∀#∀ 	 	

#1 #∀�/% ###/ #0� %�/ /�! � 	 ∀∀�� %1 ��∀2∀����� 	 	 ∀31!4∀#∀ 	 	

#1 ##�%/ ##1� #0/ %�# 2�∀ � 	 ∀∀�� 2∀ ��∀2∀����� 	 	 ∀31!4∀#� 	 	

#1 #3�33 ##/3 #0∀ %�2 2�� � 	 ∀∀�� / ��∀2∀����� 	 	 ∀31!4∀#� 	 	  �������6������

#1 1#�/# #### #!0 %�2 2�∀ � 	 ∀∀�# �∀∀3 ��∀2∀����� 	 	 ∀31!4∀## 	 	

#1 1/�03 ##%# #!3 %�/ 2�� � 	 ∀∀�# 32 ��∀2∀����� 	 	 ∀31!4∀## 	 	

#1 1!�1! ##/3 #!! %�� 2�∀ � 	 ∀∀�# 0∀ ��∀2∀����� 	 	 ∀31!4∀## 	 	 ��������6�.����.���&∋

#1 13�31 ##/! #!3 %�# /�3 � 	 ∀∀�# %2 ��∀2∀����� 	 	 ∀31!4∀## 	 	 ��������6�.����.���&∋

#1 /#�/� ##20 #0� %�/ /�3 � 	 ∀∀�# 2∀ ��∀2∀����� 	 	 ∀31!4∀#1 	 	 ��������6�.����.���&∋

#1 //�!0 ##%# #!3 2�0 /�3 � 	 ∀∀�# 12 ��∀2∀����� 	 	 ∀31!4∀#1 	 	 ��������6�.����.���&∋

#1 /!�%! ##%0 #01 %�� 2�∀ � 	 ∀∀�# �0 ��∀2∀����� 	 	 ∀31!4∀#1 	 	 ��������6�.����.���&∋

#1 /3�!3 ##13 #2� %�� 2�� � 	 ∀∀�# 2 ��∀2∀����� 	 	 ∀31!4∀#1 	 	 ��������6�.����.���&∋

#1 2#��% ##!% #!3 %�∀ /�3 � 	 ∀∀�1 ��� ��∀2∀����� 	 	 ∀31!4∀#/ 	 	 ��������6�.����.���&∋

#1 2/�22 ##!1 #03 2�0 2�∀ � 	 ∀∀�1 3% ��∀2∀����� 	 	 ∀31!4∀#/ 	 	

#1 2!�/3 ##3� #0# 2�0 /�3 � 	 ∀∀�1 !0 ��∀2∀����� 	 	 ∀31!4∀#/ 	 	

#1 23�!! ##31 #!3�0 %�1 /�0 � 	 ∀∀�1 %2 ��∀2∀����� 	 	 ∀31!4∀#/ 	 	

#/ #�%� ##32 #0��0 2�3 /�3 � 	 ∀∀�1 /0 ��∀2∀����� 	 	 ∀31!4∀#2 	 	

#/ /�%2 ##33 #01�0 2�0 2�� � 	 ∀∀�1 12 ��∀2∀����� 	 	 ∀31!4∀#2 	 	 8�������∋�����.�	����∗∗���6��9����

#/ !�0∀ ##3% #!3�3 2�/ 2�∀ � 	 ∀∀�1 �2 ��∀2∀����� 	 	 ∀31!4∀#2 	 	

#/ 3�/� ##03 #0∀�∀ 2�% 2�∀ � 	 ∀∀�1 % ��∀2∀����� 	 	 ∀31!4∀#2 	 	

#/ �#�∀∀ ##!/ #0��3 2�0 2�# � 	 ∀∀�/ ��∀ ��∀2∀����� 	 	 ∀31!4∀#% 	 	

#/ �/�/% ##20 #0#�1 %�� 2�∀ � 	 ∀∀�/ 3% ��∀2∀����� 	 	 ∀31!4∀#% 	 	

#/ �%�3! ##2/ #0∀�% %�∀ 2�∀ � 	 ∀∀�/ 0∀ ��∀2∀����� 	 	 ∀31!4∀#% 	 	

#/ �3�%! ##/∀ #0#�2 2�! 2�∀ � 	 ∀∀�/ %/ ��∀2∀����� 	 	 ∀31!4∀#% 	 	

#/ ##�∀! ##1� #0∀�∀ 2�% /�3 � 	 ∀∀�/ 2∀ ��∀2∀����� 	 	 ∀31!4∀#! 	 	

#/ #/�/� #%/0 #0%�� 2�0 /�3 � 	 ∀∀�/ 1% ��∀2∀����� 	 	 ∀31!4∀#! 	 	

#/ #%�!! ##�1 #00�3 %�� 2�� � 	 ∀∀�/ #∀ ��∀2∀����� 	 	 ∀31!4∀#! 	 	

#/ #3�#0 ##∀0 #0%�2 %�� 2�∀ � 	 ∀∀�/ ! ��∀2∀����� 	 	 ∀31!4∀#! 	 	

#/ 1��3# #32∀ #02�! 2�! 2�� � 	 ∀∀�2 ��� ��∀2∀����� 	 	 ∀31!4∀#0 	 	

#/ 1/��1 7 #01�� 2�% 2�� � 	 ∀∀�2 3! ��∀2∀����� 	 	 ∀31!4∀#0 � 	 )&5�����−�����+�����	������,�

#/ 1!�∀# ##12 #02�∀ 2�3 2�∀ � 	 ∀∀�2 !0 ��∀2∀����� 	 	 ∀31!4∀#0 � 	 )&5�.����������−�������

����������������������6�∗��.�����������(%∀

#/ 13�/0 ##2# #0/�2 2�! 2�∀ � 	 ∀∀�2 %/ ��∀2∀����� 	 	 ∀31!4∀#0 	 	

#/ /��02 ##!1 #0/�∀ 2�0 /�3 � 	 ∀∀�2 2∀ ��∀2∀����� 	 	 ∀31!4∀#3 	 	

#/ //�#1 ##3� #01�! 2�! 2�∀ � 	 ∀∀�2 1% ��∀2∀����� 	 	 ∀31!4∀#3 	 	 �∃%∀∀�9��∗�����∗∗��������7��:

#/ �%�!2 ##00 #01 2�! /�3 � 	 ∀∀�2 �3 ��∀2∀����� 	 	 ∀31!4∀#3 	 	

#/ /3�∀# ##00 #0%�∀ 2�! 2�� � 	 ∀∀�2 % ��∀2∀����� 	 	 ∀31!4∀#3 	 	

#/ 2��2∀ ##!1 #0#�2 2�! 2�� � 	 ∀∀�% ��# ��∀2∀����� 	 	 ∀31!4∀1∀ 	 	

#/ 2/��# #1�2 #0� 2�% /�3 � 	 ∀∀�% 3! ��∀2∀����� 	 	 ∀31!4∀1∀ 	 	

#/ 2%�!% ##0! #02�0 2�2 /�3 � 	 ∀∀�% !0 ��∀2∀����� 	 	 ∀31!4∀1∀ 	 	

#/ 20�30 #1#1 #!0�# 2�2 /�3 � 	 ∀∀�% %% ��∀2∀����� 	 	 ∀31!4∀1∀ 	 	 5����������&∋�����

#2 ��2% #1∀∀ #0/�1 2�3 /�3 � 	 ∀∀�% 2� ��∀2∀����� 	 	 ∀31!4∀1� 	 	

#2 1�3∀ ##3# #0∀�1 2�3 /�3 � 	 ∀∀�% 1% ��∀2∀����� 	 	 ∀31!4∀1� 	 	

#2 %�01 ##!0 #!3�! 2�% /�3 � 	 ∀∀�% #� ��∀2∀����� 	 	 ∀31!4∀1� 	 	

#2 0�32 ##!2 #0!�1 2�% 2�∀ � 	 ∀∀�% % ��∀2∀����� 	 	 ∀31!4∀1� 	 	

#2 ���11 #�01 #!0�∀ 2�2 /�3 � 	 ∀∀�! ��� ��∀2∀����� 	 	 ∀31!4∀1# 	 	

#2 �1�0/ ##0# #0/�! 2�3 2�∀ � 	 ∀∀�! 3% ��∀2∀����� 	 	 ∀31!4∀1# 	 	

#2 �%�1% ##0∀ #01 2�/ /�3 � 	 ∀∀�! 0∀ ��∀2∀����� 	 	 ∀31!4∀1# 	 	

#2 �0�0� ##0/ #01 2�0 2�∀ � 	 ∀∀�! %2 ��∀2∀����� 	 	 ∀31!4∀1# 	 	

#2 #��#/ ##02 #!0 2�2 /�3 � 	 ∀∀�! 2∀ ��∀2∀����� 	 	 ∀31!4∀11 	 	

#2 #1�0# ##00 #0∀ %�∀ 2�∀ � 	 ∀∀�! 12 ��∀2∀����� 	 	 ∀31!4∀11 	 	

#2 #2�3� ##0! #02 %�� 2�∀ � 	 ∀∀�! ## ��∀2∀����� 	 	 ∀31!4∀11 	 	

#2 #0�%0 #�13 #0� %�� 2�� � 	 ∀∀�! 2 ��∀2∀����� 	 	 ∀31!4∀11 	 	

#2 1∀�30 ##1∀ #!3 2�! /�3 � 	 ∀∀�0 ��� ��∀2∀����� 	 	 ∀31!4∀1/ 	 	

#2 11�%� ##%! #0# 2�0 2�∀ � 	 ∀∀�0 3% ��∀2∀����� 	 	 ∀31!4∀1/ 	 	

#2 1%�∀/ #1∀3 #02 %�∀ 2�∀ � 	 ∀∀�0 0∀ ��∀2∀����� 	 	 ∀31!4∀1/ 	 	

#2 13�%2 #11! #02 2�3 2�∀ � 	 ∀∀�0 23 ��∀2∀����� 	 	 ∀31!4∀12 	 	

#2 /��#% ##!0 #01 2�! 2�∀ � 	 ∀∀�0 /3 ��∀2∀����� 	 	 ∀31!4∀12 	 	 &∋����6����;������∗����∗��78(<

#2 /1�21 ###0 #0/ 2�3 /�! � 	 ∀∀�0 1% ��∀2∀����� 	 	 ∀31!4∀12 	 	

#2 /2�32 #�!2 #0% 2�0 /�0 � 	 ∀∀�0 #∀ ��∀2∀����� 	 	 ∀31!4∀12 	 	

#2 /0�/1 #�#% #00 2�! /�0 � 	 ∀∀�0 / ��∀2∀����� 	 	 ∀31!4∀12 	 	 � �#∀��6��−���������∀�������

#2 2∀�2! #∀00 #3∀ 2�/ /�3 � 	 ∀∀�3 ��� ��∀2∀����� 	 	 ∀31!4∀1% 	 	

#2 21��∀ #∀%0 #3� %�� 2�∀ � 	 ∀∀�3 3% ��∀2∀����� 	 	 ∀31!4∀1% 	 	

+9��, +9��, �����−���

������������	������∗��	��������	

�������	���∗��	������∀!�0

�∃%∀∀�∗�−9�����∗������.����−��.���� �!∀�7����9������∗�	
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���	�����%&!�∋ � �! � �! ��(∀ ��(∀ ��(∀ ��(∀ �)��∃ ���∀

���� �∗ +,∀−, �� +−∀�+ � � � � ��.+�∀�� ∗∀� +�∀− (���

���� �∗ +,∀,− �� +,∀�∗ � � � � �.��+∀− �∀� −�∀. (���

��.� �∗ +∗∀�− �� ��∀�� � � � � ���,�∀�+ �∀− �+∀� (���

��++ �∗ +∗∀�+ �� �.∀�� � � � � �.�.�∀− �∀, −�∀. (���

���� �∗ +∗∀+∗ �� �−∀�� � � � � ���∗,∀�, −∀, ��∀+ (���

���� �∗ +∗∀�. �� �∗∀�− � � � � �.�.�∀− ,∀− �.∀+ (���

��.� �∗ +∗∀,− �. �∀�∗ � � � � ���.�∀�∗ −∀� +−∀� (���

��+� �∗ ��∀�� �. .∀�. � � � � �.�.�∀� �∀� .�∀. (��� &��	(�������	∃��))���	���	�/	��������	��(����	��	���������	��∀	∃��))�∃	��	0−

���, �∗ ��∀�� �. �∀.+ � � � � ��++−∀∗� −∀, −+∀+ (���

���− �∗ ��∀+� �. ,∀�− � � � � �.�.∗∀� −∀� .−∀� (���

��∗� �∗ ��∀−. �. ��∀+� � � � � ��.�,∀,� �∀� �+∀� (���

��+� �∗ ��∀,� �. ��∀−− � � � � �.�+� �∀� .�∀− (���

�.�� �∗ ��∀�� �. � � � � (��� ∃�)����∃	12�

�.�� �∗ ��∀�+ �. ��∀�� � � � � �.�+�∀, ,∀− ..∀� (���

�.�∗ �∗ ��∀�� �. �∗∀,+ � � � � ��.�.∀�� �∀� ..�∀, (��� �������

�.++ �∗ ��∀,− �. ��∀−∗ � � � � �.�.�∀− ,∀� .�+∀, (���

�+�� �∗ �.∀∗+ �. ��∀�∗ � � � � ��.,− �∀∗ .+� (��� �����	�������	��	���	)����	�/	)��3�	���

�+�� �∗ ��∀., �. �∗∀�� � � � � �.��−∀. ��.∗+ �∀. .�− (��� �������	��	�������∃	��	���)	���	�/	)��3�	���

�+.� �∗ ��∀�� �. ��∀�∗ � � � � ��.+− �∀� ��∗ (���

�+++ �∗ ��∀�� �. �+∀∗� � � � � �.���∀� ���+� �∀. �.∗ (��� �����	�������	��	�������∃

���� �∗ �.∀,∗ �. �+∀�. � � � � ����− .∀, �∗, ����	(���

���� �∗ ��∀�∗ �. �+∀�+ � � � � �.�.−∀+ ����� .∀∗ ��� ��	���	∃����	��	�2�

��.� �∗ ��∀++ �. �+∀�� � � � � ����� �∀� ��. �����	∃��44�� ����	��	∃�)���	1���

��+� �∗ ��∀.− �. ��∀�� � � � � �.��−∀, ����+ �∀∗ ��, 1���	���(��∃	�.���

�−�� �∗ +,∀∗� �. ��∀.∗ � � � � ���−� +∀. ��� (��� ����������	5���	/����	)��3�	���

�−�� �∗ +�∀∗� �. �+∀,− � � � � �.���∀− ����, �∀� ��, (���

�−.� �∗ +�∀.� �. ��∀+∗ � � � � ���−. −∀∗ �−+ (���

�−+� �∗ +�∀,, �. ��∀�� � � � � �.�∗+∀, ��+�� �∀. ��+ (���

���� �∗ +∗∀�� �. ∗∀+, � � � � ��+�� ,∀� .�� (���

���� �∗ ��∀.+ �. ��∀+, � � � � �.�.�∀� ��.�∗ ,∀∗ ��− (���

��.� �∗ ��∀,� �. ��∀−∗ � � � � ����� ∗∀� ��. (���

��+� �∗ ��∀∗∗ �. �.∀�� � � � � �.�.∗∀∗ ����. �∀� �.� (���

�,�� �∗ ��∀�+ �. ��∀�� � � � � ���−� ,∀� ��− (��� ����	���	∃��)������	�����6����	(��)������

�,�, �∗ ��∀�� �. �∗∀�� � � � �

�,�� �∗ ��∀�� �. ��∀�� � � � � �.�+�∀� ��.�� −∀+ .− (���

�,.� �∗ ��∀+� �. ��∀−+ � � � � ���.+ �∀+ .− (���

�,+� �∗ ��∀�� �. ��∀�� � � � � �.�.∗∀� ��..� �∀� .� (���

�∗�� �∗ ��∀−� �. ��∀−� � � � � ��.+. �∀� �. (���

�∗�� �∗ ��∀�, �. �∗∀∗∗ � � � � �.�.∗∀� ����� −∀, +� (���

�∗.� �∗ ��∀∗� �. .�∀+� � � � � ��−�. �∀� .∗ (���

�∗+� �∗ ��∀�. �. .+∀,∗ � � � � �.�+�∀∗ ��++� �∀∗ ++ (���

���� �∗ ��∀�� �. .�∀.� � � � � ���.+ ,∀� .. (���

���� �∗ ��∀.� �. .∗∀∗. � � � � �.�+.∀+ ��−�� �∀, �� (���

��.� �∗ ��∀+� �. +�∀+� � � � � ���+� ,∀� .� (���

��+� �∗ ��∀�� �. ++∀�, � � � � �.�++∀� ��.∗, �∀. .. (���

���� �∗ ��∀�� �. +�∀−� � � � � ��.�� −∀� .. (���

���� �∗ ��∀,� �. +∗∀�∗ � � � � �.�+�∀� ��.+� �∀� .. (���

��.� �∗ ��∀∗+ �. ��∀�− � � � � ��+,+ ∗∀� �� (���

��++ �∗ �.∀�− �. �+∀�� � � � � �.�+−∀� ���−� �∀, �. (���

���∗ �∗ �.∀�∗ �. ��∀�� � � � � ��+��∀�, −∀. ��∀− (���

���. �∗ �.∀.� �. �∗∀�� � � � � �.�+� ��+∗�∀�. �∀. .�∀− (���

��.� �∗ �.∀+� �+ �∀.� � � � � ��−�+∀�� �∀, �,∀− (���

��+� �∗ �.∀�+ �+ +∀�, � � � � �.�.,∀− ��−.�∀. ,∀� .�∀� (���

���� �∗ �.∀−, �+ −∀.+ � � � � �����∀�� �∀� ��∀− (���

�.�+ �∗ �.∀,+ �+ ∗∀.− � � � � �.�+�∀∗ ��.��∀�� �∀� �+∀� (���

�.�, �∗ �.∀∗− �+ ��∀�. � � � � ��+��∀.. �∀� �.∀� (���

�.�� �∗ �+∀�+ �+ �−∀,∗ � � � � �.�++∀∗ ���,,∀�∗ ,∀+ ��∀�− (���

�+�− �∗ �+∀.� �+ �∗∀�+ � � � � ���∗�∀,� ,∀� �−∀� (���

�+.� �∗ �+∀+∗ �+ ��∀∗∗ � � � � �.�++∀, ���∗�∀�, ,∀� �−∀� (���

�++� �∗ �+∀−� �+ �+∀+� � � � � ��−+�∀�� ,∀∗ ��∀− (���

���� �∗ �+∀,� �+ �−∀�� � � � � �.�+�∀+ ��−,�∀�� ,∀� �∗∀− (���

���� �∗ �+∀∗∗ �+ �∗∀.� � � � � ��−��∀�. �∀� ��∀− (���

��.� �∗ ��∀�� �+ .�∀�, � � � � �.�+�∀+ ��.�,∀�� ,∀� �∀� (���

��+� �∗ ��∀.� �+ .+∀�. � � � � ��+�∗ ,∀� .+ (��� �����)����	��	����(�	��∃ ����	12�	 	�)���	(�������	����	�	������∃7

�−�� �∗ ��∀�. �+ .−∀�� � � � � �.�+�∀� ��+∗− ,∀, �+ (��� 12�	��(��∃���	/������∃

�−�� ������	)��/����	���∃�∃	�	��������	%89−�∋

�−�� �∗ ��∀�� �+ .,∀,− � � � � ����� ∗∀� ��, (���

�−.� �∗ ��∀∗� �+ +�∀�� � � � � �.�+�∀� ��+�− �∀. ���∀− (���

�−+� �∗ �−∀�∗ �+ ++∀�. � � � � ��+.� �.∀� ��. (���

���� �∗ �−∀�, �+ +−∀�� � � � � �.�.∗∀, ���,� ,∀, ��−∀− (���

���� �∗ �−∀+� �+ +∗∀�� � � � � ����, ,∀− ��∗ (��� ���	:����	��	���	#������	�������(	;����<

��.� �∗ �−∀−+ �+ ��∀�� � � � � �.�+�∀− ��,�� ,∀. ��− (���

��+� �∗ �−∀,. �+ �+∀�� � � � � ���.� ∗∀� ��. (���

���∗ �∗ ��∀�� �+ �−∀�∗ � � � � �.�++∀� ��++. ,∀� ���∀� (���

�,�� �∗ ��∀�� �+ �∗∀�� � � � � ��.�+ ��∀� ���∀� (���

�,.� �∗ ��∀., �� �∀�, � � � � �.�+�∀� ��.�� ��∀� ��− (���

�,+� �∗ ��∀�− �� +∀�. � � � � ���.. ��∀, ���∀� (���

�∗�� �∗ ��∀�− �� −∀�� � � � � �.�+� ��−−+ ∗∀, ���∀, (���

�∗�� �∗ ��∀∗. �� ,∀∗� � � � � ���,� ��∀− ��∗∀∗ (���

�∗.� �∗ �,∀�� �� ��∀.− � � � � �.�+�∀� ��−−� �∗∀− ��,∀∗ (���

�∗+� �∗ �,∀�∗ �� �.∀−+ � � � � ��−,+ ��∀� ���∀� (���

���� �∗ �,∀�� �� �−∀−+ � � � � �.�+�∀, ��∗∗� ∗∀� ��, (���

���− �∗ �,∀−� �� �∗∀�, � � � � ���−. ,∀� ��� �∀	������	�5���

��.� �∗ �,∀,− �� ��∀+∗ � � � � �.�++∀− ����∗ ∗∀− ��. �∀	������	�5���

��+� �∗ �∗∀�� �� �+∀�− � � � � ���.� ,∀. ��� �∀	������	�5���

���∗ �∗ �∗∀�� �� �−∀�, � � � � �.�+.∀� ��−�. ∗∀+ ��� �∀	������	�5���
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###∃ &# �∃��p qr p��pq �∀1& �2� &�� 1�3 � s ttp� ∃∃ ��#1#����� 	 	 ��5#1#5∃#∃5∃##&6#�u s stt�& &# �#�21 ∃∀ p��&∃ �∀�2 �uv w�� 1�∀ � s ttp� & ��#1#����� 	 	 ��5#1#5∃#∃5∃##&6#�2 s sttqr s sttxv wt u�pu qr pq�∃& �&1∀ �uv�& &�3 1�1 � s ttpq yu ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∃∃ s st�## &# &�2u qr p��2∃ �&11 �33�p w�1 1�3 � s ttpq uq ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∃p s st��∃ &# &�31 ∃∀ pt�#3 �&∃& 21�� &�p v�∃ � s ttpq rt ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∃3 s st�∃∀ &# &�2& ∃∀ ∃∀�&∀ �&pr pu�& &�3 1�3 � s ttpq vv ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∃1 s st�31 &# u�3u qr qw�22 �&2& pvx�& ∀�∃ 1�3 � s ttpq pr ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∃∀ s st�12 &# 2�&p qr qu��∃ �&uy p�∃�1 ∀�# 1�1 � s ttpq qp ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∃u s stq�3 &# �#��p qr pt�1∀ �&2p qwy�1 ∀�& 1�1 � s ttpq y ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∃2 s stqpt wt �#�pq qr pp�1p �∀31 ∃∀∀�∀ &�2 1�3 � s ttpp ��∃ ��#1#����� 	 	 ��5#1#5∃#∃5∃##&6#pt � s z{����−��	��
#∃33 &# �#�3u qr pw��� �∀pv qrq�u r�� 1�∀ � s ttpp yu ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#p� s stqvu wt �#�&3 ∃∀ pu�&� �&1# ∃∀p�∀ ∀�� 1�3 � s ttpp uv ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#pq s stp�u wt �#�ur qr xq��2 �1∃∀ ∃∀3�u r�∃ 1�3 � s ttpp wv ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#px s stppt wt ���#� ∃∀ 33�py �1∃1 ∃∀p�∀ ∀�p v�1 � s ttpp vp ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#pv s stpxx wt ����∀ ∃∀ 3&�2# �3pv qwy�& ∀�∀ 1�1 � s ttpp pu ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#pw s stxtt wt ���px qr xy�&u �31∀ ∃∀3�# ∀�∃ 1�1 � s ttpp qx ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#pu s stx�1 &# ���1� ∃∀ 1∃�pq �31∃ ∃∀# ∀�� 1�& � s ttpp y ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#py s stxpt wt ���∀� ∃∀ 11�py �1�� ∃∀1�# ∀�# 1�3 � s ttpx ��∃ ��#1#����� 	 	 ��5#1#5∃#∃5∃##&6#3# s stxxv wt ���u� ∃∀ 1u��# �3&∀ ∃∀p�& ∀�& 1�1 � s ttpx yr ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#3∃ s stvtt wt �∃�#1 ∃u t�∀1 �31p qwv r�∀ 1�1 � s ttpx up ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#3p � s z{����−��	�����..���/���	
#1�∀ &# �∃�pu qu p�∀p �∃�p ptw w�3 1�1 � s ttpx wr ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#31 s s �����������&

#1pt wt �p�pr qu x�ur �∃&∃ pvr w�& 1�2 � s ttpx vx ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#3& s stvxv wt �3�uw qu x�&1 �3∀u tqy r�� 1�u � s ttpx pu ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#3∀ s stvvu wt �1�∀� ∃u q�∀� �3pv tuw�# &�u v�1 � s ttpx qp ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#32 s s ∋(�����
|}
�−�����������������9���������

#&�1 &# �1�pu qu t��& ��1∀ �3# &�� 1�∃ � s ttpx y ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#1# s stwqu wt �3�pt qr vy�31 �ppw �uq�# &�p v�� � s ttpv ��1 ��#1#����� 	 	 ��5#1#5∃#∃5∃##&6#1∃ s stwxv wt �∃�∀∃ ∃∀ 12�uq �3�1 �uw w�p v�� � s ttpv yr ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#1p s s z{��−��−������/�����−��	����
#∀## &# ���3# ∃u t��1 �3&u �uq r�� 1�3 � s ttpv uq ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#11 s s z{����−��	������#&1p��)����������	�−��/����������������� )&#���.:���
#∀�1 &# �#��p qu t�3∀ �1∃# �ux w�u v�& � s ttpv wr ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#1& s strpt wt u�&p qr vy�u� �3ux �pu r�p v�∃ � s ttpv v� ��#1#����� 	 	 ��5#1#5∃#∃5∃##&6#1∀ s s ~�wtt�/��.:�������#�
#∀31 &# u�∃∀ ∃∀ 1∀�2∃ �32& #2& &�& 1�# � s ttpv pu ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#12 s s �����

#utt wt u�ur qr vv�uy �pyx txp w�p v�∃ � s ttpv qp ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#&# s stu�1 &# �#��∃ ∃∀ 11��1 �32& ##∃ &�3 1�� � s ttpv u ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#&� s stupt wt ���pp qr vv�2p �1#2 p�3 &�1 1�∃ � s ttpw ��p ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#&p s stuxv wt ���2� ∃∀ 1u�∀3 �3∀3 ∃&3 &�3 1�∀ � s ttpw yr ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#&3 s stytx wt �∃��� ∃u ��∀2 �3ur qww w�1 1�3 � s ttpw ru ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#&& � s ~�wt��//�/���∗���5∃
#2#∀ &# �∃��1 ∃u q�pp �3�p s ~�wt���.:���
#2�1 &# �∃�∃p qu p�∀3 �p�# ∃&2 1�u v�� � s ttpw wr ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#&∀ s stypt wt �∃�pw qu w�#3 �#13 ∃&∀ 1�u v�# � s ttpw vp ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#&u s s {�������������8�������//
#231 &# �∃�u� ∃u u�13 �3uw quv v�u v�3 � s ttpw px ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∀# s s �������������8����������/���

�### &# �∃�pr qu �#�∀& �322 ∃∀3 &�∃ 1�∀ � s ttpw qq ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∀� s s
�#�1 &# �p�3& ∃u �p�&1 �&u� ∃pr w�p x�2 � s ttpw w ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∀p s s
�#pt wt �∃�uw qu �1�uy �321 ∃�# ∀�∃ 1�∃ � s ttpr ��∃ ��#1#����� 	 	 ��5#1#5∃#∃5∃##&6#∀3 s s ������.��������

�#31 &# ���∀& ∃u �∀�## �113 �∀∀ ∀�# 3�∀ � s ttpr yw ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∀1 s s �����������∃���
�
�������−����� %&##�−����������	��%����9����−����������	�

��## &# �#�&u qu �&�13 �&∃u �1p w�2 1�# � s ttpr up ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∀& s s �����−�����9���

���1 &# 2�∀∃ ∃u �3�ur �py w�1 3�2 � s ttpr wu ��tvt����� 	 	 ��5#1#5∃#∃5∃##&6#∀∀ s s
��pt wt u�∀2 ∃u �p�#p �3∃u �px w�u v�� � s ttpu ��& ��#1#����� 	 	 ��5#1#5∃#∃5∃##&6#∀u s s
��31 &# u�2u qu ���#∃ �pw w�u v�1 � s ttpu yr ��tvt����� 	 	 ��5#1#5∃#p���3& s s ∋(��9��.�������9��������

�∃## &# &�2∀ ∃u u�&2 �322 �pu�3 &�∀ 1�p � s ttpu u� ��#1#����� 	 	 ��5#1#5∃#p�tt� s s
�∃�1 &# &��∃ ∃u r�#& �3∃1 �3#�p r�� 1�# � s ttpu wu ��tvt����� 	 	 ��5#1#5∃#p�ttq s s
�∃∃1 � s ttpu ��tvt����� 	 	 s s ��!���	�������∋ �31�/���
�∃pt wt v��& ∃u v��# �133 �py�& &�u v�� � s ttpu vv ��tvt����� 	 	 ��5#1#5∃#p�ttp s s ����������������
�∃3p wt x�pw qu p�∀1 �1�& �py�3 ∀�# 1�1 � s ttpu xq ��tvt����� 	 	 ��5#1#5∃#p�ttx s s ��!��/����
�∃12 &# p�pw qu ��pp �3uw �pt�2 &�u v�p � s ttpu qw ��tvt����� 	 	 ��5#1#5∃#p�ttv s s ��!��/�����������
�p�1 &# p��u qr vu�uy �&∃u tuw�# &�∀ 1�∀ � s ttpu �# ��#1#����� 	 	 ��5#1#5∃#p�ttr s s �&:��/��������8�(�!

�
�/�
��
�

�pqy wt x�#∃ ∃∀ 1&�pu �&3∀ #31 ∀�u w�� � s ttpy ��& ��#1#����� 	 	 ��5#1#5∃#p�ttu s s ∋(��������/�.����

�pxw wt v�∃2 ∃∀ 13�&& �&∃∀ #3& &�u v�& � s ttpy yy ��tvt����� 	 	 ��5#1#5∃#p�t�3 s s
�3#∃ &# &&�3& ∃∀ 1p�#∀ �1px txp�1 1�u v�3 � s ttpy up ��tvt����� 	 	 ��5#1#5∃#p�t�& s s
�3∃# &# ∀�uy qr v��py �1∃1 #�∀ &�p v�3 � s ttpy ww ��tvt����� 	 	 ��5#1#5∃#p�t�∀ s s
�3pt wt u�u� ∃∀ 1��pw �311 ##� &�3 &�1 � s ttpy vv ��tvt����� 	 	 ��5#1#5∃#p�t�u s s �������������.:����9�����9�������−���.:��������8�∃�p���/��������
�331 &# �#��1 ∃∀ 1��ux �3∃& pqu w�1 &�2 � s ttpy xt ��tvt����� 	 	 ��5#1#5∃#p�t�2 s s � ��%����������������
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���)∗ ���)∗ ���������������������%�+

)))) �, �−&�, �, �)&�∗ .&, �� .&. �, −&� �. −&� �� −&� �� �∗ �− ����, ����, �, �∗ �, ��&),

))�� �, �∗&.. �, �∗&�� ,&− ���� −&�� �)&� −&� .�&∗ −&� ��&� −&� .)&− ��&. ��&. ����� ����� �, �∗ �, �,

�� �� ����� �, ����� .&, ���� −&� �−&� .&∗ �,&, −&� ��&, .&, .�&. �−&� �� ����� ����� �� �� �, ��

))�− .) )&∗� �, ��&)� .&− ��&� .&∗ ��&� .&� �)&. −&� ��&∗ .&, �−&� �,&� ��&∗ ����− ����− .) ) �, �.

)�)) .) �&−∗ �, ��&−− −&� ��&� .&∗ �.&� − .�&� −&� �∗&, −&� ��&� �∗&� ��&. ���.∗ ���.∗ .) � �, ��

)��� .) �&,� �, ��&�� .&−, ��&� .&.∗ �,&� −&)� �∗&� −&�� �∗&∗ .&�� ��&. �∗ ��&�, ����� ����� .) �&�. �, ��&)� �/���0�0/�∃��%��(00�/��1/��

)��� .) �&� �, �)&�� −&�− �.&� .&�− �−&− .&∗� �,&� .&,− �∗&∗ .&,� .)&, �∗&� .�&�� ��.)� ��.)� .) �&�� �, ��&�

)��. .) �&�� �, �∗&−� −&.� ��&� −&�� �,&� −&�� �∗&. �&)� ��&� .&,− �− �,&� ��&� ��.�∗ ��.�∗ .) �&�� �, �,&��

)�)) .) .&�. �, �−&�� −&., ��&. .&∗ ��&, −&� �. −&� ��&− .&,− �) ��&� �)&.� ��−�� ��−�� .) �&.. �, �∗&�∗

)��� .) −&�− �, ��&. .&. �∗ .&� �− −&� �∗ .&, �− .&. �� �∗&� �.&� ��−∗� ��−∗� .) .&.− �, �.&−�

)��) .) ∗&�� �, ��&�� .&. �� .&� �. .&∗ �. .&∗ �) .&, �� �.&� �)&� ��∗�. ��∗�. .) −&�− �, ��&�,

)��� .) ,&�� �, ��&.� .&� .� .&� �∗ .&, �� −&� �∗ .&, �� ��&� ��&� ��,)� ��,)� .) ∗&− �, ��&∗−

)�)) .) �)&�. �, ��&�� .&∗ �� .&− �� .&, �� .&∗ �� .&− �, �,&� ��&� ��,�) ��,�) .) ,&.� �, ��&.�

)��� .) ��&−� �, ,&�� −&� �� ∗&� �∗ ∗&� �∗ −&� �. − �− ��&� ��&� �.)�) �.)�) .) �)&,� �, �)&∗�

)��) .) ��&,. �, −&−� .&, �. .&, �, .&, .� −&� �− − .� ��&� �,&∗ �.)∗− �.)∗− .) ��&�∗ �, ,&).

)��� .) ��&−− �, .&�� .&, �� −&∗ �, −&∗ .� − �− −&� �� ��&� ��&�� �.��) �.��) .) ��&,, �, −&,

)�)) .) ��&∗, �, �&,. −&� �) −&� �. −&� �, .&∗ �) −&� �� �∗ �. �.�∗. �.�∗. .) ��&�� �, .&��

)��� .) �.&)� �, �&� −&� �. .&� )�� −&� �� −&� �, .&, �� �� ��&� �.��) �.��) .) ��&�− �, �&.�

)��) .) �−&), �, �&−∗ .&, �� .&� �∗ ,&� �� −&∗ �− − �� �� �� �.�), �.�), .) �.&�∗ �, �&)�

)��� .) �∗&�� �, )&�� −&− �� −&� )�� .&− �. −&� �− − �� �� �� �.�−� �.�−� .) �−&�− �, �&�,

)�)) .) �,&�� �∗ �∗&�∗ − �. .&� �� .&∗ �− −&� �) −&� �. �� �� �.��� �.��� .) �∗&�� �∗ �,&,�

)��� .) �)&�� �∗ �.&,∗ ∗ �) .&, )�� −&. �� .&� �� .&− �∗ �� �� �.�∗� �.�∗� .) �,&.. �∗ �∗&�, 2����� ����� ���������%�+

)��) .) ��&. �∗ ��&�. − �) .&� �� −&� �� −&� �� .&∗ �� �� �) �.��� �.��� .) �)&∗� �∗ �.&.�

)��� .) ��&.� �∗ ��&−. .&� �) . )�, −&� ��� −&� �) −&� �� �, �� �..�� �..�� .) ��&∗� �∗ ��&�

).)) .) ��&.� �∗ ��&�− �&. �− �&. �. .&. �� −&� �� .&∗ �� �� �� �..−) �..−) .) ��&∗� �∗ ��&)−

).�� .) ��&∗� �∗ �)&.� .&. �) .&� )�� .&∗ �− .&∗ �) −&� �� �− �� �.−�� �.−�� .) �&)� �∗ ��&,�

).�� .) �−&)∗ �∗ �−&�� ��� �− .&� �� .&∗ �− −&� �� − �� �� �� �.∗�� �.∗�� .) �.&�, �∗ �∗&..

)−)) .) �∗&�� �∗ ��&∗� − �− − )�, −&� �� .&∗ �− −&� �� �� �� �.,)∗ �.,)∗ .) �−&�� �∗ �−&��

)−�� .) �,&�∗ �∗ ��&�� .&− �, .&− �� − �. −&� �− −&� �� �) �, �.,−� �.,−� .) �∗&�� �∗ ��&��

)−�) .) �)&�∗ �∗ ��&�� .&� �� .&� )�� ∗ �� .&∗ �, .&∗ �) �) �� �−)�− �−)�− .) �,&�∗ �∗ ��&∗�

)−�� .) ��&�� �∗ �)&∗∗ . �� . �, −&� �� −&� �� −&� �− �∗ �� �−),� �−),� .) �)&−� �∗ ��&��

)∗)) .) ��&.− �∗ �,&�− .&, �, .&∗ )�� −&� �, −&� �, −&� �. �− �� �−��∗ �−��∗ .) ��&−∗ �∗ �)&�

)∗�� .) ��&∗� �∗ �−&�� .&, �. .&∗ �� .&, �� .&∗ �� .&∗ �− �− �� �−��) �−��) .) ��&,. �∗ �∗&−.

)∗�) .) ��&∗∗ �∗ ��&,. .&� �� �&, )�� .&� �� .&− �. −&� �� �∗ �� �−�.. �−�.. .) ��&)� �∗ �−&��

)∗�� .) �.&)� �∗ ��&�� .&. �� − �� −&∗ �� −&� �� .&� �� �− �� �−��− �−��− .) ��&�. �∗ ��&��

),)) .) �−&� �∗ ��&�− − �) − )�� − �∗ .&. �� .&� �� �∗ �� �−�,� �−�,� .) �.&�, �∗ ��&−�

),�� .) �∗&�� �∗ �)&,, − �∗ − �∗ −&� �∗ ��� �∗ − �∗ �� �� �−��� �−��� .) �−&�� �∗ ��&��

),�) .) �,&�− �∗ �,&�� .&� �. �&∗ �) . �� ��� �� .&∗ �, �� �− �−�)∗ �−�)∗ .) �∗&� �∗ �)&., ������� ��
������ 3�����������

���� .) ����� �∗ ����� � �� ��� �� ��� �� ��� �� ��� �� �� �� ����� ����� .) ����� �∗ �����

�))) .) ��&−− �∗ �−&)� .&∗ , −&� �) −&� �) −&. �) .&∗ �− � , �−.�, �−.�, .) �)&∗� �∗ �−&∗.

�)�� .) ��&�� �∗ �.&�� − �� −&− �� −&. �� −&. �� − �� �− �∗ �−.,∗ �−.,∗ .) ��&�, �∗ �.&∗�

�)�� .) ��&� �∗ ��&−∗ .&. .. −&� .∗ .&− −� −&, ∗� −&� ∗� ∗. ∗� �−−.� �−−.� .) ��&.� �∗ ��&−�

�)�� .) ��&�� �∗ ��&∗� .&− ��� −&� ��) −&� �)� .&� �)� .&� ∗. ,− −, �−∗)− �−∗)− .) ��&�. �∗ ��&,�

��)) .) ��&∗. �∗ �,&�� −&. ��� −&. ��� .&∗ �). −&� �)) −&� �)) ��� ��� �−∗.. �−∗.. .) ��&�� �∗ ��&�,

���� .) ��&.. �∗ �−&,� −&− �−, .&� �−� .&− �−� −&� �., −&� �−� �−� ��. �−,�− �−,�− .) ��&�, �∗ �∗&−�

���� .) ����� �∗ ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� .) ����� �∗ �����

���� .) �)&� �∗ �,&∗� .&� ��− .&− ��� −&� ��. − ��� −&� ��� ��� ��� �∗)�∗ �−∗�∗ .) �)&,� �∗ �∗&��

��)� .) �,&∗, �∗ ��&�� .&∗ �∗� −&� �∗� .&, �∗� −&� �−, .&∗ �−� ��− �.� �∗��� �∗��� .) �)&). �∗ ��&��

���� .) �,&�� �∗ ��&�� −&� �)� −&. �.. .&∗ �., .&. �−� .&� �.− ��) ��� �∗�., �∗�., .) �, �∗ �� ∃�����������������
����4�5������
��������������6���4�−�6��5��������∗�.∗������∗�.,���������&

���) .) �∗&∗, �∗ �−&�− −&� ��, .&− ��− �&, ��. .&� �∗. .&� �.) ��� ��� �∗��− �∗��− .) �, �∗ �.

���� .) �−&,� �∗ �,&)� ∗ ��. ∗&, ��� −&∗ ��� −&− ��, −&∗ ��∗ ��� ��� �∗�∗∗ �∗�∗∗ .) �∗ �∗ �∗

��)) .) �.&,∗ �∗ ��&�� −&� ��. − ��) .&∗ ��, −&� ��, −&� ��� ��� ��. �∗��, �∗��, .) �− �∗ �)

���� .) ����� �∗ ����� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ����� ����� .) ����� �∗ �����  �����������
�����������
�!��∀
�����	��!����#����#
�#∀���∀�#��
���������������������∃��!��������

���� .) ��&. �∗ ��&�, −&. ��� − ��� .&− ��. .&, ��− .&, ��� �)� ��� �∗�−� �∗�−� .) ��&�� �∗ ��&�∗

���) .) ��&�, �∗ ��&,� −&� ��� −&� ��) .&� ��, −&� ��� − ��� ��. ��� �∗��. �∗��. .) ��&�� �∗ ��&−�

��)) .) ��&�� �∗ �−&�� −&� ��� −&� ��− .&, ��∗ .&∗ ��� .&∗ ��) �)� ��� �∗�∗, �∗�∗, .) ��&�� �∗ �.&�, ������)�7∃0����������

���� .) ��&�� �∗ �∗&� ��&� ��� −&� ��� .&� ��� �&� ��− . ��� �). ��− �∗�.�) �∗�.�) .) ��&�. �∗ �−&�� ���������������6���������������
�
���−���6���8����

���) .) �)&�, �∗ �,&∗� .&, ��− .&� ��� − ��� −&� ��� − ��� �)− ��∗ �∗−�� �∗−�� .) ��&�� �∗ �∗&.,

���� .) �,&� �∗ ��&�� .&� ��� .&� ��� −&� ��, −&� ��� .&, ��. ��) ��, �∗−−� �∗−−� .) �)&), �∗ �)&�� ������������6��������������������

��)) .) ���� �∗ ����� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ����� ����� .) ����� �∗ �����

���� .) �.&, �∗ ��&�� �&� ��− −&� ��− −&� ��∗ −&� ��∗ .&− ��. ��� ��� �∗∗,� �∗∗,� .) �−&−� �∗ ��&�.

���) .) ��&∗� �∗ ��&.. −&� ��� −&� ��) −&� ��� −&� ��. −&� ��. ��) ��� �∗,�. �∗,�. .) �.&.− �∗ ��&�∗ �6�
�������4����9���� ���������4����:
�����

���� .) �. �, �&�� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ����� ����� .) ��&�− �∗ �−&��

���� �� ��&�− �∗ �∗&∗� ��� ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ����� ����� .) ��&�� �∗ �−&−� %�����!�����	��&�∀∀

���� .) ��&� �∗ �)&�, ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� .) ��&,� �∗ �,&��

���� �� ��&)� �∗ ��&−− � ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ����� ����� .) ��&,. �∗ �)&−, ∋�������(��������������
��

���� .) �,&, �∗ ��&� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� .) �)&−, �∗ ��&�,

���� �� �∗&−− �∗ ��&−� ��� ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ����� ����� .) �,&.� �∗ ��&−�

���� .) �−&−� �∗ �.&., ��� ��� ��� ��� ��� �� ��� ��� ��� ��� ��� ��� ����� ����� .) �∗&�. �∗ ��&�.

���� �� �.&� �∗ �−&. ��� ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ����� ����� .) �−&�� �∗ �.&..

���� ����� ����� )���
�����∀
���∗�����	�
�∀
��+

���� �� ��&�. �∗ �,&�− ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� .) �.&�. �∗ �∗&��

���� ����� ����� ,��������
�����!
�����∀
��

���� �� ��&,− �, �&�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� .) ��&, �, �&�−

���� ����� �����

���� �� ����� �� ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ����� �� ���� −��∀
��

���� �� ����� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ����� �, ���� .�
������∀
��

���� �� ���� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ����� �� �����

���� �� ���� �� ����� ��� ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ����� ����� �� ����� �, �����

���� �� ����� �� ���� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ����� �� �����

���� �� ����� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ����� �, ����� ,��	��
��/&!�∀�

���� �� ���� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ����� �� 000

���� �� ����� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� � ��� ��� ��� ����� ����� �� ����� �, �����

���� �� ����� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ���� �� ����� �!�������1���
������

���� �� ����� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ����� �, �����

���� �� ����� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ����� �� ���� ��	
������#����
��

���� �� ����� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ����� �, ����� 23)����∀��
�������

���� �� ����� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� �� ����� �� ����� 23)����∀�������������##����∀

���� �� ����� �� ����� ��� ��� ����� ����� �� ����� �, ����� ,����
������������/	
�

���� ����� ����� %�����!�����4�

���� �� ����� �� ����� ��� ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ����� ����� �� ����� �, ����� 5�&�,�6�

���� �� ����� �� ����� ��� � ��� ��� ��� ��� ��� ��� ��� ��� � � ����� ����� �� ����� �� �� 7������

���� �� ����� �� ���� ��� � ��� � ��� � ��� � ��� � �� �� ����� ����� �� ����� �, ����� 8
�&����!����!�����

���� �� ����� �� ����� ��� �� � �� ��� �� ��� �� � �� �� �� ����� ����� �� ����� �� ����� ���	��&�∀∀���∀
�!��#!��

���� �� ����� �� ���� ��� ��� � ��� ��� ��� � ��� � ��� ��� ��� ����� ����� �� ����� �, ����� ,�
∀∀�����
��

���� �� ����� �� ����� ��� ��� ����� ����� �� ����� �� �����
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#### &# 0é�#_ é& éê�0& ∃_&# ∃∃ 3�∃ 3�# � 	 ##é# ��é ��#ë#ì∃ í í ∃�#ì�&�îï�3_ í í
##�3 &# 00�#� é& éî�&& ∃_30 ∃3 0�& 3�é � 	 ##é# �#� ��#ë#ì∃ í í ∃�#ì�&�îï�&# í í
##é# &# 00�î# é& é&�&3 ∃î#3 î0 3�∃ 0�_ � 	 ##é# î& ��#3#4∃ í í ∃�#4�&�îï�&� í í
##0î &# 00�&é é& éé�éê ∃ê&é êé ð�∃ 0�� � 	 ##é# &∀ ��#3#4∃ í í ∃�#4�&�îï�&é í í �������������−

#�#� &# 00�3é é& é���� ∃_&∃ ∀î 3�# 3�# � 	 ##é# ëð ��#ë#ì∃ í í ∃�#ì�&�îï�&0 í í
#��& &# 03�#� é& ∃î�î� ∃_3� &# 3�� 3�# � 	 ##é# éê ��#ë#ì∃ í í ∃�#ì�&�îï�&3 í í
#�éé &# 03�∃∃ é& ∃&�éð ∃êðë é& 3�é ë�# � 	 ##é# ∃� ��#ë#ì∃ í í ∃�#ì�&�îï�&∀ í í
#�0& &# 0&�&0 é& ∃3�#3 ∃_0∃ éð ë�0 0�î � 	 ##é# ê ��#ë#ì∃ í í ∃�#ì�&�îï�&î í í
#∃#� &# 0∀�î0 é& ∃0�∃0 ∃_éê éë� ë�# 0�_ � 	 ##é� ��é ��#ë#ì∃ í í ∃�#ì�&�îï�&_ í í
#∃�∀ &# 0î�î_ é& ∃3�00 ∃_é& é#� ë�é ë�� � 	 ##é� êî ��#ë#ì∃ í í ∃�#ì�&�îï�∀# í í
#∃é� &# 0_�#3 é& ∃∀�î_ ∃_∃é ∃&0 3�î 3�� � 	 ##é� îð ��#ë#ì∃ í í ∃�#ì�&�îï�∀� í í
#∃0î &# 0î��& é& ∃_�∀î ∃_00 ∃�∃ 0�3 0�& � 	 ##é� && ��#3#4∃ í í ∃�#4�&�îï�∀é í í
#é#∃ &# 0∀�∃∃ é& é#�33 ∃_3é ∃#� ð�é ð�& � 	 ##é� ëé ��#ë#ì∃ í í ∃�#ì�&�îï�∀0 í í
#é�& &# 0&�∃� é& é��éê ∃êëî �êê ð�0 0�3 � 	 ##é� éî ��#ë#ì∃ í í ∃�#ì�&�îï�∀3 í í
#éé# &# 03�é& é& é∃��# ∃_&# ∃#∃ 0�∀ 0�_ � 	 ##é� ∃& ��#3#4∃ í í ∃�#4�&�îï�∀& í í �������.8����9����

#éðë &# 0���0 é& éé��� ∃2&î ∃#∀ 0�2 0�2 � 	 ##é� �� ��#ë#ì∃ í í ∃�#ì�&�îï�∀∀ í í �������/�����

#0## &# 0é�î# é& éð�#é ∃ê&& �2î 3�� 3�� � 	 ##é∃ ��& ��#3#4∃ í í ∃�#4�&�îï�∀2 í í
#0�3 &# 0��î∀ é& éë�#î é#é# ∃#é ë�� 3�# � 	 ##é∃ �#� ��#ë#ì∃ í í ∃�#ì�&�îï�î# í í %����������−��	�∗∋�

#0é& &# 0#�∃3 é& é&�02 ∃2∀é ∃## ð�3 3�∃ � 	 ##é∃ ∀ê ��#ë#ì∃ í í ∃�#ì�&�îï�î∃ í í ∗∋����−��	���#0∃∀

#003 &# éê�33 é& é∀�#∀ ∃2∀� ∃#0 3�0 3�# � 	 ##é∃ ∀# ��#ë#ì∃ í í ∃�#ì�&�îï�î∃ í í
#3## &# éî�0# é& éî�## ∃2∀2 �îé ð�î 3�� � 	 ##é∃ ëë ��#ë#ì∃ í í ∃�#ì�&�îï�î0 í í
#3�3 &# é∀�∃� é& é∀�02 ∃2îé �é∀ ë�� 3�∃ � 	 ##é∃ ð# ��#ë#ì∃ í í ∃�#ì�&�îï�î3 í í
#3é# &# é&�0î é& éë�é∃ ∃êî� ��& 3�∀ 0�î � 	 ##é∃ ∃é ��#ë#ì∃ í í ∃�#ì�&�îï�î& í í
#303 &# éë�2& é& éé��� ∃2î3 ��& 3�� 3�# � 	 ##é∃ �# ��#ë#ì∃ í í ∃�#ì�&�îï�î∀ í í
#332 &# éë�0& é& é#�2∀ ∃2∀î ��∀ 0�2 0�î � 	 ##éé ��& ��#3#4∃ í í ∃�#4�&�îï�îî í í
#&�3 &# éð�2î é& ∃î�∃& ∃2∀2 #î� 3�� 0�& � 	 ##éé êê ��#ë#ì∃ í í ∃�#ì�&�îï�2# í í
#&é# &# éë�03 é& ∃3�î2 ∃2∀3 #3# 3�# 3�# � 	 ##éé îé ��#ë#ì∃ í í ∃�#ì�&�îï�2� í í
#&03 &# é&�0# é& ∃0�&é ∃ê∀é #é� ð�î 0�î � 	 ##éé ∀# ��#ë#ì∃ í í ∃�#ì�&�îï�2∃ í í
#∀## &# é∀�30 é& ∃0�∃3 ∃2&î éð& 3�0 3�� � 	 ##éé ëë ��#ë#ì∃ í í ∃�#ì�&�îï�2é í í
#∀�ë &# éî�33 é& ∃3�&∀ ∃î&∀ é## ð�0 0�3 � 	 ##éé éê ��#ë#ì∃ í í ∃�#ì�&�îï�23 í í
#∀é# &# éê�#� é& ∃∀�∃î ∃î3� ∃23 0�3 0�0 � 	 ##éé ∃ë ��#ë#ì∃ í í ∃�#ì�&�îï�2& í í �����.���������	����/�����

#∀03 &# éê�0î é& ∃2�î2 ∃2&î é## ð�é ð�& � 	 ##éé �# ��#ë#ì∃ í í ∃�#ì�&�îï�2∀ í í ñ
#î## &# éê�20 é& éé�#0 ∃2∀0 ∃î∃ 3�é ð�& � 	 ##éð ��ë ��#ë#ì∃ í í ∃�#ì�&�îï�2î í í
#î�∀ &# 0#�02 é& éð�&0 ∃2∀� ∃2� 0�& 0�∀ � 	 ##éð êî ��#ë#ì∃ í í ∃�#ì�&�îï∃## í í
#îé∃ &# 0#�2∀ é& é&�î# ∃2&∀ ∃2� 0�3 0�∃ � 	 ##éð îé ��#ë#ì∃ í í ∃�#ì�&�îï∃#� í í ∋����−��	���#î∃2
#î03 &# 0��03 é& éî�0∀ ∃2&é é�ê ë�∃ 0�3 � 	 ##éð &2 ��#3#4∃ í í ∃�#4�&�îï∃#∃ í í
#2#� &# 0∃�&& é& éî�∃# ∃232 ∃é ð�∀ 0�3 � 	 ##éð ëé ��#ë#ì∃ í í ∃�#ì�&�îï∃#é í í
#ê�& &# 0é�∀∃ é& é∀�#2 ∃23& ∃î 0�î 0�∀ � 	 ##éð éî ��#ë#ì∃ í í ∃�#ì�&�îï∃#3 í í (��−����.�����������������

#2é# &# 00�&∀ é& é&��∃ ∃233 é# ð�î 0�∀ � 	 ##éð ∃ë ��#ë#ì∃ í í ∃�#ì�&�îï∃#& í í
#203 &# 03�3∃ é& éð�0& ∃2&∃ ∀0 0�∀ 3�# � 	 ##éð �# ��#ë#ì∃ í í ∃�#ì�&�îï∃#∀ í í
�### &# 03�3& é& é∃�#∀ ∃232 ��3 0�& 0�2 � 	 ##éë ��ë ��#ë#ì∃ í í ∃�#ì�&�îï∃#î í í (����������������������%������������−��	�����

�#�3 &# 03�#0 é& ∃2�îé ∃êëî ��ë ð�î 0�î � 	 ##éë �## ��#ë#ì∃ í í ∃�#ì�&�îï∃�# í í �������−��	��

�#∃2 &# 00�3∀ é& ∃∀�&é ∃êë� ��& 3�� 3�� � 	 ##éë î& ��#3#4∃ í í ∃�#4�&�îï∃�� í í �����/�����

�#00 &# 00�#é é& ∃3�∃∃ ∃23� ��3 3�# 3�∃ � 	 ##éë ∀� ��#ë#ì∃ í í ∃�#ì�&�îï∃�∃ í í
�#32 &# 0é�3# é& ∃∃�∀î ∃230 ��∀ 3�� 3�� � 	 ##éë ë& ��#3#4∃ í í ∃�#4�&�îï∃�é í í
���ð &# 0∃�23 é& ∃#�é∃ ∃êëë ��ë ë�� 3�# � 	 ##éë ð� ��#ë#ì∃ í í ∃�#ì�&�îï∃�0 í í �������������−�9�����−−�	

��∃î &# 0∃�0î é& �î�#2 é#î# ��ë ë�0 3�� � 	 ##éë ∃∀ ��#ë#ì∃ í í ∃�#ì�&�îï∃�& í í
��0# )���.�����−�������0�&8��

��0é &# 0��23 é& �3�∀# ∃232 ��é ð�� 0�∀ � 	 ##éë �∃ ��#ë#ì∃ í í ∃�#ì�&�îï∃�∀ í í
��3î &# 0��0î é& �é�33 ∃2&é �∃î ð�0 0�∀ � 	 ##é& ��∀ ��#3#4∃ í í ∃�#4�&�îï∃�î í í
�∃�& &# 0#�2∃ é& �#�22 ∃2&& ��3 0�3 0�é � 	 ##é& 22 ��#3#4∃ í í ∃�#4�&�îï∃∃# í í
�∃éé &# 0#�é& é& î�3∃ ∃2&2 ��î 0�3 0�3 � 	 ##é& î∃ ��#3#4∃ í í ∃�#4�&�îï∃∃� í í
�∃03 &# éê�î2 é& &�2é ∃ê∀� �ð� ë�é ë�∃ � 	 ##é& ∀# ��#3#4∃ í í ∃�#4�&�îï∃∃∃ í í
�∃3î &# éî�∀2 é& &��� ∃2∀∃ �∀∃ 0�2 3�0 � 	 ##é& 3∀ ��#3#4∃ í í ∃�#4�&�îï∃∃é í í
�é�é &# é∀�0∀ é& &�îî ∃2∀& ∃#é ë�é ë�0 � 	 ##é& 0∃ ��#3#4∃ í í ∃�#4�&�îï∃∃0 í í
�éé# &# é&��é é& î��∃ ∃2∀3 ∃�î 3�& 3�0 � 	 ##é& ∃0 ��#3#4∃ í í ∃�#4�&�îï∃∃& í í
�éðë &# éë�3# é& �#�éð ∃ê∀ë ∃&∃ 3�é ë�3 � 	 ##é& �� ��#3#4∃ í í ∃�#4�&�îï∃∃∀ í í
�0## &# éë�î0 é& �é�é& ∃2î∃ ∃2î 3�0 3�3 � 	 ##é∀ ��ð ��#ë#ì∃ í í ∃�#ì�&�îï∃∃î í í
�0�3 &# é&�0# é& �3�2î ∃2∀2 ∃2� 3�∀ 3�3 � 	 ##é∀ êê ��#ë#ì∃ í í ∃�#ì�&�îï∃∃2 í í
�0é� &# é&�2î é& �î�3î ∃2î# ∃îî 3�0 3�é � 	 ##é∀ îð ��#ë#ì∃ í í ∃�#ì�&�îï∃é� í í
�ððî &# é∀�&� é& ∃��00 ∃2∀∃ é#∃ ë�� 3�& � 	 ##é∀ &∀ ��#3#4∃ í í ∃�#4�&�îï∃é∃ í í
�ë#� &# éî�#∀ é& ∃é�∀∃ ∃2&∀ ∃2î 3�∃ 3�∃ � 	 ##é∀ ëð ��#ë#ì∃ í í ∃�#ì�&�îï∃éé í í
�ë�ë &# éî�&∃ é& ∃&�#0 ∃2&0 ∃îé ë�3 3�& � 	 ##é∀ ð# ��#ë#ì∃ í í ∃�#ì�&�îï∃éð í í
�ëé# &# éê��0 é& ∃î�33 ∃2&0 ∃2é ë�é ë�é � 	 ##é∀ ∃ë ��#ë#ì∃ í í ∃�#ì�&�îï∃é& í í
�303 &# éê�∀0 é& é��∃é ∃ê∀é é#î ë�2 3�0 � 	 ##é∀ ê ��#ë#ì∃ í í ∃�#ì�&�îï∃é∀ í í
�&## &# 0#�é∃ é& éé�î∀ ∃2∀# ∃îî 3�∀ 3�0 � 	 ##éî ��ð ��#ë#ì∃ í í ∃�#ì�&�îï∃éî í í
�&�3 &# 0#�î# é& é&�∃� ∃2&î ∃2∀ 3�& 3�0 � 	 ##éî �## ��#ë#ì∃ í í ∃�#ì�&�îï∃éê í í
�&é� &# 0��02 é& éî�∀# ∃2&� ∃2∀ 3�3 3�3 � 	 ##éî îð ��#ë#ì∃ í í ∃�#ì�&�îï∃0# í í
�&00 &# 0∃�#3 é& 0#�2é ∃îð� é#� ë�∃ 3�3 � 	 ##éî ∀� ��#ë#ì∃ í í ∃�#ì�&�îï∃0∃ í í
�∀## &# 0∃�∀∃ é& 0é�3é ∃êëé ∃êé ë�∃ 3�3 � 	 ##éî ëë ��#ë#ì∃ í í ∃�#ì�&�îï∃0é í í
�∀�ë &# 0é�é# é& 0&��î ∃20& ∃2î 3�3 3�3 � 	 ##éî é∀ ��#ë#ì∃ í í ∃�#ì�&�îï∃00 í í
�∀é# &# 0é�23 é& 0î�0é ∃êð� ∃ê& 3�0 3�3 � 	 ##éî ∃& ��#3#4∃ í í ∃�#4�&�îï∃03 í í
�∀00 &# 00�&∃ é& 3��#é ∃êéé é#� ë�é ë�3 � 	 ##éî �# ��#ë#ì∃ í í ∃�#ì�&�îï∃0∀ í í
�î#∃ &# 03�éê é& 3é�22 ∃2é� é#é ë�∀ 3�3 � 	 ##éê ��∃ ��#ë#ì∃ í í ∃�#ì�&�îï∃0î í í
�î�3 &# 03�î2 é& 3&�#� ∃2∃î ∃2∃ 3�0 3�& � 	 ##éê �## ��#ë#ì∃ í í ∃�#ì�&�îï∃02 í í
�îé# &# 0&�03 é& 3î�∃∃ ∃2é∃ ∃ê& 3�3 3�é � 	 ##éê î∀ ��#ë#ì∃ í í ∃�#ì�&�îï∃3# í í
�î03 &# 0∀��0 é∀ #�20 ∃2∃î é#é ë�∀ 3�3 � 	 ##éê ∀# ��#ë#ì∃ í í ∃�#ì�&�îï∃3∃ í í
�2## &# 0∀�∀� é∀ é&��é ∃êé� ∃ê∀ ë�0 3�é � 	 ##éê ë∀ ��#ë#ì∃ í í ∃�#ì�&�îï∃3é í í
�ê�ë &# 0î�0� é∀ ë�î& ∃2éê ∃êé ë�& 3�3 � 	 ##éê ð# ��#ë#ì∃ í í ∃�#ì�&�îï∃30 í í
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�dd� ∗� �e∀�� �� ��∀�d � � � � �����∀d � �∀� ��� f ���	∃�)����∃	�d��	��
���� ∗� ��∀∗� �� ��∀�� � � � � � �∀� �d� �����	)�����	(���

���� ∗� ��∀�� �� ��∀d� � � � � ����∗ � �∀� ��� �
�

���	)����∃	�)	�	��	���

���� ∗� ��∀�� �� ��∀�� � � � � � �∀� ��∗ ������

��d� ∗� �∗∀d∗ �� ��∀�� � � � � �����∀� � �∀� �∗�
�∗�� ∗� �d∀�� �� ��∀�� � � � � � �∀� ��.

�∗�� ∗� �∗∀�� �� ��∀�� � � � � ����∗∀∗ � �∀� �d�
�∗�� ∗� �∗∀�� �� ��∀e� � � � � � �∀. �e�
�∗d� ∗� ��∀�� �� ��∀ee � � � � �����∀. � �∀∗ �ed
���� ∗� ��∀e. �� ��∀�� � � � � � �∀� ��� (���

���� ∗� �.∀ee �� ��∀�� � � � � �����∀� � �∀� ���

���� ∗� �e∀.� �� �d∀�� � � � � � �∀∗ �e�
��d� ∗� ��∀.� �� �∗∀d. � � � � �����∀∗ � �∀e ��d (���

�.�� ∗� ��∀�� �� �.∀∗� � � � � � �∀∗ �e�
�.�∗ ∗� ��∀.� �� �∀�� � � � � ����e∀d � �∀d �ee � ��	�
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�.�� ∗� ��∀∗� �� �∀ee � � � � � �∀� ��d �)	��	��	�
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�.d∗ ∗� ��∀∗e �� �∀�∗ � � � � ���∗�∀� � �∀� ���

�e�� ∗� ��∀∗� �� �∀e∗ � � � � � �∀e ���

�e�� ∗� �∗∀�� �� �∀∗� � � � � ���∗�∀d � �∀∗ ��∗
�e�� ∗� ��∀d� �� ��∀�. � � � � � �∀� ���

�ed� ∗� ��∀d� �� ��∀e� � � � � ���∗d∀g � �∀� ���

���� ∗� ��∀�� �� ��∀ee � � � � � d∀� ��.

���� ∗� d�∀�∗ �� �g∀�� � � � � ���∗�∀d � �∀∗ ��∗
���� ∗� d�∀�e �� ��∀�� � � � � � �∀� ���
��d� ∗� d�∀�� �� ��∀d� � � � � ����d∀� � �∀e ��e
���� ∗� d�∀�� �� �d∀de � � � � � ∗∀� ��

���∗ ∗� d�∀e� �� �∗∀�� � � � � ����.∀� � e∀� d
���� ∗� dd∀g� �� �.∀�e � � � � ∗∀� �� ��	�

�
���

��d� ∗� d�∀�� �� ��∀.� � � � � ∗∀� �d
���� ∗� d∗∀∗∗ �� ��∀.� � � � � �����∀� � ∗∀. �d
���d ∗� d�∀d� �� ��∀.� � � � � � ∗∀���∀.

���� ∗� dg∀�� �� �∗∀.� � � � � �����∀� � �∀� ∗∀.

��d� ∗� de∀�� �� ��∀d� � � � � � ∗∀. ��∀∗
���� ∗� dg∀d. �� ��∀e∗ � � � � �����∀. � ∗∀∗ ∗�∀d
���� ∗� d�∀�� �� ��∀.� � � � � � �∀� .e∀�
���e ∗� d∗∀�. �� ��∀d� � � � � �����∀� � �∀���.∀e
���� ∗� d�∀�� �� ��∀�� � � � � � �∀� ���

�d�� ∗� d∗∀∗g �� ��∀�� � � � � ����∗∀. � ∗∀.���∀�

�d�∗ ∗� d�∀�d �� �∗∀d� � � � � � �∀� �e∗
�d�g ∗� dg∀�� �� ��∀ee � � � � ���∗�∀� � ∗∀� �e.
�dd∗ ∗� de∀�∗ �� ��∀∗� � � � � � �∀� ���
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���. ∗� ��∀�� �� ��∀ee � � � � ����.∀� �����∀� �∀� �d∗ &����� ���	���∃���	����
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�∗d� ∗� dd∀e� �� ��∀�∗ � � � � ��∗�� .∀∗ ��� �
���� ∗� dd∀�� �� ��∀�e � � � � �����∀. ��∗d� g∀∗ ��d f
���� ∗� d�∀�. �� ��∀∗∗ � � � � ��∗�∗ g∀� ��� �
���� ∗� d∗∀ed �� ��∀ed � � � � ���∗�∀� ��∗�� �∀� �e� �
��d� ∗� d�∀g� �� �∗∀�� � � � � ����e ∗∀∗ �e� f
�h�� ∗� d.∀�d �� ��∀�� � � � � ���∗� ����� ∗∀∗ �.∗ f
�h�� ∗� de∀�� �� ��∀∗� � � � � ����� �∀� �e� �
�.�� ∗� ��∀�. �� ��∀�� � � � � ���∗� ���∗e ∗∀� �.. f
�hd� ∗� ��∀∗e �� �.∀�� � � � � ����� ∗∀. �.� f
�e�� ∗� ��∀∗� �� �∗∀�� � � � � ���∗∗∀� ����� �∀� ��� f
�e�� ∗� ��∀�� �� �d∀�∗ � � � � ����� �∀∗ ��� f
�e�� ∗� �d∀d� �� ��∀e∗ � � � � ���∗� ����� ∗∀� �.� f
�ed� ∗� ��∀�� �� �e∀∗� � � � � ����� ∗∀� ��e f
���� ∗� �∗∀�∗ �� ��∀�� � � � � ���∗�∀∗ ∗∀. �.�

���� ∗� ��∀�� �� �d∀ee � � � � ����� ∗∀� �∗e
���� ∗� �g∀�� �� ��∀.� � � � � �����∀� �∀� �.∗

��d� ∗� �e∀�� �� ��∀d� � � � � ���∗� �∀∗ �e�
���� ∗� ��∀�� �� �∀�d � � � � �����∀� �∀� �e�
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���� ∗� �∀e� �� �∀e� � � � � ���∗�∀� �∀� �e�
��d� ∗� �∀�� �� �∀ee � � ����� �∀� ��e (���

���� ∗� �∀∗e �� �e∀∗� � � � � ���∗�∀e ∗∀d ��.

���� ∗� d∀�� �� ��∀∗� � � � � ���.. �∀∗ �.e
���� ∗� �∀de �� ��∀�. � � � � ���∗�∀∗ �∀∗ �.�

��d∗ ∗� ∗∀dd �� ��∀�� � � � � ��∗�d �∀d ���

���e ∗� �∀�� �� ��∀�e � � � � �����∀. �∀d ���
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���� ∗� mB∀,D E� ��∀D� � � � � �,m�� ��∀D �,�
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������#
���∋�����	�����∀�&&()���

���+ �� �,∃/� �. �+∃�/ �∃− �∃� ,∃− ,∃. ,∃, ��� .∃� �/ .∃� +∃� ��/ ��∃� ,� �� ,� ��∃/� �. /∃/�

���. ,� �−∃�� �. �+∃�� �∃� �� . �− .∃� �− ,∃� �+ .∃� �� + ��∃− ��� ��� �� �.∃�/ �. �+∃�−

���� �� �/∃�− �. /∃�� ���� �� ��� �� ��� �� ��� �� ��� �� �� ���� ��� ��� ,� �−∃,� �. �+∃�.
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∗�������4�

���� �� +∃,. �. .∃�/ � �� ��� �� ��� �� ��� �� ��� �� ���� ���� ��� ��� �� �/∃−. �. −∃/�

���� �� �∃,− �. �∃.. ��� �� ��� �� ��� �� ��� �� ��� �� �� �� ��� ��� �� +∃−. �. .∃�.

���� �� �∃�− �. �∃+� ��� �� ��� �� ��� �� ��� �� ��� �� �� �� ��� ��� �� �∃,� �. �∃,�

���� �� �∃�� �. �∃�� � ��� ��� ��� ��� ��� ��� ��� ��� �� �� �� ��� ��� �� �∃�� �. �∃�,

���� �� ��∃� �, �−∃+� ��� ��� ��� ��� ��� ��� � ��� ��� ��� �� ��� ��� ��� �� �∃� �. +∃�

���� �� �∃� �, ��∃�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� �∃�− �, �.∃�−

���� �� �∃�� �, ��∃−� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� �∃+� �, ��∃,/

���� �� +∃�� �, ��∃�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� �∃+� �, ��∃��

���� �� �/∃.� �, �/∃.� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� +∃�/ �, ��∃�. ∗##�
��!�##

���� �� �−∃.� �, �.∃�� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� �/∃�� �, �/∃+. ∗�����∃∋
���+
����

���� ,−∗.−�/&�+( ����0&
������#
���∋�����
��1 ��� ��� ��� −2���∋
����∋
���#�����

���� �� �.∃−� �, ��∃�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� �−∃�� �, �,∃/�

���� �� �,∃−� �, ��∃/� ��� ��� ��� ��� � ��� � ��� ��� ��� ��� ��� ��� ��� �� �.∃�� �, ��∃,�

���� �� ��∃−� �, �+∃,� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� �,∃�� �, ��∃�

���� �� ��∃−� �, �−∃�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃�. �, �+∃+,

���� �� ��∃/� �, �,∃�� ��� ��� ��� ��� ��� ��� ��� ��� ���3 ��� ��� ��� ���� ���� �� ��∃,� �, �−

���� �� ��∃+− �, ��∃�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃.. �, ��∃//

���� �� ��∃/− �, �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃,. �, ��∃�

���� �� ��∃�� �, �+∃�� ��� ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ���� ���� �� ��∃−� �, ��∃,�

���� �� �+∃�� �, �.∃−− ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� �+∃−� �, �/∃�−

���� �� �/∃�� �, ��∃−− � ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ���� ���� �� �/∃/� �, �.∃��

���� �� �−∃�� �, ��∃,. ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� �−∃−, �, ��∃+�

���� �� �.∃�� �, ��∃,� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� �− �, ��∃+�

���� �� �,∃�. �, �/∃�� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ���� ���� �� �.∃+, �, ��∃+�

���� �� ��∃�� �, �.∃� ��� ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ���� ���� �� �,∃+� �, �−∃−�

���� �� ��∃�, �, ��∃�− ��� ��� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃�� �, �,∃.−

���� �� ��∃�� �, ��∃+� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃�� �, ��∃,�

���� �� ��∃�� �, �+∃�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃/, �, �+∃�. 4�#	����������

���� �� ��∃�� �, −∃�− ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃,− �, −∃,.

���� �� �+∃�. �, �∃.� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� �+∃−� �, .∃�� ���∋���#�������∋
��#
��

���� �� �/∃�, �, �∃�� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� �+∃�. �, ,∃+/

���� �� �−∃,� �, �∃�. ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� �/∃�� �, �∃+�

���� �� �.∃,/ �, +∃�. ��� ��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� ���� ���� �� ��∃� �, �∃−.

���� �� �,∃,/ �� �−∃+− ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� �.∃�� �� �/∃−�

���� �� ��∃.� �� ��∃−/ ��� ��� ��� ��� ��� ��� ��� ��� � ��� ��� ��� ���� ���� �� �,∃� �� �.∃,�

���� �� ��∃− �� ��∃/ ��� ��� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃� �� ��∃�+

���� �� ��∃−� �� ��∃., ��� ��� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃�� �� ��∃��

���� �� ��∃/ �� �/∃,− ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃�, �� ��∃��

���� �� ��∃/� �� �.∃�� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���� ���� �� ��∃�/ �� �����

���� �� �+∃/ �� ��∃�. ��� ��� � ��� ��� ��� � ��� ��� ��� ��� ��� ���� ���� �� ��∃�. �� �����

:���7
�2�	��

:� ��
	#: ΒΧ����

ΒΧ���
�

ΒΧ���
�

ΒΧ���
�

ΒΧ���
�

�����
ΒΧ����

=∗�������� ���������������
�����+��,���7�������+��.

�
����
�����0�������
�����������7�!

�����������
�������∆ �����7�

,���
���!
�∋�456�����%���

:
������7�∗4����������)���7�

�������������0������∃�4�Α�����2����������2������������
�



���������	
 ����
 �����������
�

���������������������

���� ��� ���
����� �����

�� ��

 
!
∀
�
#

 !�∃#

 
%
&
#
#

∋(

 
)
&
#

�
�
 
∗

��������

+�!�, � �! � �! ��−���+�, ��.� ��. ��.� ��.� �����/��� ��.� ��.�

#### &∃ ∃0�0∀ PQ RP�∃� ∃∀∃0 �Q� Q�3 Q�& � 	 ##∀# 0� ��#Q#4∃ 	 	 ∃�#S�&�0SP#∃ 	 	

##�Q &∃ ∃0�#∃ PQ R���3 ∃∀P& �P� Q�# Q�& � 	 ##∀# ∀& ��#Q#4∃ 	 	 ∃�#S�&�0SP#3 	 	

##P# &∃ ∃T�#∀ PQ PU�#Q ∃∀33 �P∃ Q�& Q�∀ � 	 ##∀# &� ��#Q#4∃ 	 	 ∃�#S�&�0SP#Q 	 	

##3Q &∃ ∃∀�∃∃ PQ P&�&0 ∃∀Q# ��P Q�Q Q�P � 	 ##∀# 3& ��#Q#4∃ 	 	 ∃�#S�&�0SP#& 	 	 ��−��	����∗∋�

#�## &∃ ∃&�QU PQ PP�T# ∃∀&3 ��∃ Q�& Q�Q � 	 ##∀# P# ��#Q#4∃ 	 	 ∃�#S�&�0SP#T 	 	

#��Q &∃ ∃&�#3 PQ P��P∃ ∃∀&& ��& Q�∃ Q�& � 	 ##∀# �& ��#Q#4∃ 	 	 ∃�#S�&�0SP#0 	 	

#�P# &∃ ∃Q�3& PQ ∃T�&& ∃∀∀T �#∃ Q�P Q�Q � 	 ##∀# � ��#Q#4∃ 	 	 ∃�#S�&�0SP�# 	 	

#�3Q &∃ ∃3�T∀ PQ ∃Q�0T ∃∀TP ��P &�P Q�P � 	 ##∀� �#& ��#Q#4∃ 	 	 ∃�#S�&�0SP�∃ 	 	

#∃## &∃ ∃3�∃& PQ ∃P��& ∃∀T∀ ��# &�# Q�Q � 	 ##∀� 0# ��#Q#4∃ 	 	 ∃�#S�&�0SP�P 	 	

#∃�Q &∃ ∃P�&0 PQ ∃#�&# ∃∀03 �#0 Q�& Q�Q � 	 ##∀� ∀& ��#Q#4∃ 	 	 ∃�#S�&�0SP�3 	 	

#∃P∃ &∃ ∃P�#P PQ �∀�QU ∃∀0T �∃� Q�Q Q�P � 	 ##∀� QU ��#Q#4∃ 	 	 ∃�#S�&�0SP�& 	 	

#∃3Q &∃ ∃∃�Q∃ PQ �Q�∃Q ∃T#P ��3 Q�Q Q�Q � 	 ##∀� 3& ��#Q#4∃ 	 	 ∃�#S�&�0SP�∀ 	 	

#P## &∃ ∃��0P PQ �∃�&∃ ∃T#& ��Q Q�Q Q�∀ � 	 ##∀� P� ��#Q#4∃ 	 	 ∃�#S�&�0SP�T 	 	

#P�Q &∃ ∃��P& PQ U�0∀ ∃T#0 ��� Q�# &�# � 	 ##∀� �& ��#Q#4∃ 	 	 ∃�#S�&�0SP∃# 	 	

#PP# &∃ ∃#�∀∀ PQ ∀�∃T ∃T�& ��0 Q�3 Q�∃ � 	 ##∀� � ��#Q#4∃ 	 	 ∃�#S�&�0SP∃� 	 	

#PR& &∃ ∃#��& PQ R�Q∀ ∃∀0∀ �∃# &�# Q�Q � 	 ##∀∃ �#Q ��#Q#4∃ 	 	 ∃�#S�&�0SP∃∃ 	 	

#3#∃ &∃ �0�Q& PQ ��∀Q ∃T∃∀ �#� Q�0 Q�& � 	 ##∀∃ 0# ��#Q#4∃ 	 	 ∃�#S�&�0SP∃3 	 	

#3�∀ &∃ �T�0T PR QU��� ∃T∃& ��P Q�& Q�3 � 	 ##∀∃ ∀Q ��#Q#4∃ 	 	 ∃�#S�&�0SP∃Q 	 	

#3∃T &∃ �T�Q∃ PR Q∀�#Q ∃T33 �#T &�� Q�& � 	 ##∀∃ &P ��#Q#4∃ 	 	 ∃�#S�&�0SP∃& 	 	

#33Q &∃ �∀�T∀ PR QR�#T ∃TPU �∃∃ Q�3 Q�3 � 	 ##∀∃ 3∀ ��#Q#4∃ 	 	 ∃�#S�&�0SP∃∀ 	 	

#Q## &∃ �∀�∃∃ PR Q���3 ∃T3� ��∀ Q�& Q�3 � 	 ##∀∃ P# ��#Q#4∃ 	 	 ∃�#S�&�0SP∃0 	 	

#Q�Q &∃ �&�&& PR RT�&� ∃0#3 ��3 3�T 3�0 � 	 ##∀∃ �& ��#Q#4∃ 	 	 ∃�#S�&�0SPP# 	 	

#QP∃ &∃ �Q�0& PR RQ�&∀ ∃TP∃ �P# Q�& Q�Q � 	 ##∀P ��0 ��#Q#4∃ 	 	 ∃�#S�&�0SPP� 	 	

#QRQ &∃ �Q�0& PR RP��0 ∃TPQ �P� Q�3 Q�Q � 	 ##∀P �#Q ��#Q#4∃ 	 	 ∃�#S�&�0SPPP 	 	

#&#� &∃ �3�&∃ PR R#�33 ∃T3# �∃3 Q�0 Q�& � 	 ##∀P TU ��#Q#4∃ 	 	 ∃�#S�&�0SPPR 	 	

#&�Q &∃ �3�## PR PT�#0 ∃T3P �PR Q�Q Q�P � 	 ##∀P ∀Q ��#Q#4∃ 	 	 ∃�#S�&�0SPPQ 	 	

#&P# &∃ �P�PP PR PQ�QR ∃TQ� �P# Q�& &�# � 	 ##∀P &� ��#Q#4∃ 	 	 ∃�#S�&�0SPP& 	 	

#&3T &∃ �∃�Q# PR P∃�PU ∃T&� �∃0 Q�∀ Q�3 � 	 ##∀P RP ��#Q#4∃ 	 	 ∃�#S�&�0SPPT 	 	

#&QU &∃ ���0& PR P#�PP ∃T&∃ �P� Q�& Q�Q � 	 ##∀P P� ��#Q#4∃ 	 	 ∃�#S�&�0SPPU 	 	

#∀�∀ &∃ ����3 PR ∃∀�∃� ∃T&P �∃∀ Q�& Q�& � 	 ##∀P �P ��#Q#4∃ 	 	 ∃�#S�&�0SPR# 	 	

#∀PT &∃ �#��∀ PR ∃P�QT ∃T∀� �∃3 Q�� Q�& � 	 ##∀3 ��∃ ��#Q#4∃ 	 	 ∃�#S�&�0SPR∃ 	 	

#∀3Q &∃ 0�03 PR ∃∃�&0 ∃T∀# �P# Q�∀ Q�3 � 	 ##∀3 �#∀ ��#Q#4∃ 	 	 ∃�#S�&�0SPRP 	 	

#T## &∃ 0�∃� PR �0�0� ∃T∀Q �∃∀ Q�3 Q�3 � 	 ##∀3 0# ��#Q#4∃ 	 	 ∃�#S�&�0SPRR 	 	 ����7���

#T�Q &∃ T�QR PR �∀�PT ∃TT# �∃∀ Q�∀ Q�3 � 	 ##∀3 ∀& ��#Q#4∃ 	 	 ∃�#S�&�0SPRQ 	 	

#TP# &∃ ∀�T& PR �3�T∃ ∃TT� �#� &�P Q�& � 	 ##∀3 &� ��#Q#4∃ 	 	 ∃�#S�&�0SPR∀ 	 	

#T3Q &∃ ∀��0 PR �∃�P# ∃TT∀ �∃& Q�& Q�Q � 	 ##∀3 3∀ ��#Q#4∃ 	 	 ∃�#S�&�0SPRT 	 	

#0## &∃ &�Q� PR U�∀� ∃T0∀ �∃� Q�∀ Q�∃ � 	 ##∀3 P� ��#Q#4∃ 	 	 ∃�#S�&�0SPRU 	 	

#0�Q &∃ &�∃# PR &�T∀ ∃T0& T0 Q�Q Q�3 � 	 ##∀3 �∀ ��#Q#4∃ 	 	 ∃�#S�&�0SPQ# 	 	

#0P# &∃ &��P PR R�## ∃0#∀ �#P Q�� Q�∃ � 	 ##∀3 � ��#Q#4∃ 	 	 ∃�#S�&�0SPQ∃ 	 	

#03Q &∃ &�#& PR ���� ∃0�∃ TT Q�T &�� � 	 ##∀Q �#& ��#Q#4∃ 	 	 ∃�#S�&�0SPQP 	 	

�### &∃ Q�00 PP QT�∃# ∃0�& 0� Q�P Q�∀ � 	 ##∀Q U∃ ��#Q#4∃ 	 	 ∃�#S�&�0SPQR 	 	

�#�Q &∃ Q�0∃ PP QQ�∃� ∃0�Q U# Q�Q Q�� � 	 ##∀Q ∀& ��#Q#4∃ 	 	 ∃�#S�&�0SPQQ 	 	

�#P# &∃ Q�TQ PP Q∃�∃3 ∃0�0 0# Q�Q Q�P � 	 ##∀Q &� ��#Q#4∃ 	 	 ∃�#S�&�0SPQ∀ 	 	

�#3Q &∃ Q�∀T PP RU�∃∃ ∃0�T 0∃ Q�P Q�Q � 	 ##∀Q RQ ��#Q#4∃ 	 	 ∃�#S�&�0SPQT 	 	

��#� &∃ Q�∀� PP R&��∀ ∃0∃P UU Q�∃ Q�3 � 	 ##∀Q P# ��#Q#4∃ 	 	 ∃�#S�&�0SPQU 	 	

���& &∃ Q�&P PP RP�∃3 ∃0∃� T0 Q�� Q�3 � 	 ##∀Q �3 ��#Q#4∃ 	 	 ∃�#S�&�0SP&� 	 	

��P� &∃ Q�Q& PP R#�P# ∃0∃Q TR Q�Q Q�3 � 	 ##∀& �∃# ��#Q#4∃ 	 	 ∃�#S�&�0SP&∃ 	 	

��3∀ &∃ Q�30 PP P∀��3 ∃0∃3 T� Q�P Q�3 � 	 ##∀& �#3 ��#Q#4∃ 	 	 ∃�#S�&�0SP&P 	 	

�∃## &∃ Q�33 PP PR�&� ∃0∃∀ T& Q�� Q�T � 	 ##∀& 0# ��#Q#4∃ 	 	 ∃�#S�&�0SP&3 	 	

�∃�Q &∃ Q�PQ PP P��QP ∃0∃0 0Q Q�∀ Q�∀ � 	 ##∀& ∀Q ��#Q#4∃ 	 	 ∃�#S�&�0SP&& 	 	

�∃P# &∃ Q�∃T PP ∃T�Q� ∃0∃0 T& &�# Q�Q � 	 ##∀& &# ��#Q#4∃ 	 	 ∃�#S�&�0SP&∀ 	 	

�∃3Q &∃ Q�∃� PP ∃Q�&∃ ∃0∀∀ TT &�3 &�� � 	 ##∀& 3& ��#Q#4∃ 	 	 ∃�#S�&�0SP&T 	 	

�P#� &∃ Q��P PP ∃∃��0 ∃T00 TT Q�∀ Q�Q � 	 ##∀& P# ��#Q#4∃ 	 	 ∃�#S�&�0SP&0 	 	

�P�Q &∃ Q�#Q PP �0�P# ∃0∃∃ TQ &�∃ Q�& � 	 ##∀& �& ��#Q#4∃ 	 	 ∃�#S�&�0SP∀# 	 	

�PP# &∃ 3�0T PP �&�∃& ∃0PR TU Q�∀ &�� � 	 ##∀& � ��#Q#4∃ 	 � ∃�#S�&�0SP∀# 	 	 V��9���∋(���7����7���
�122 &∃ 3�60 11 �#�03 ∃013 60 2�3 2�6 � 	 ##∀∀ 02 ��#2#4∃ 	 � 	 	 8��9���∋(

�3## &∃ 3�66 11 �#�#1 ∃012 66 2�∀ 2�3 � 	 ##∀∀ 0# ��#2#4∃ 	 	 ∃�#5�&�051∀� 	 	

�3�2 &∃ 3�6∃ 11 &�03 ∃016 03 &�∃ 2�& � 	 ##∀∀ ∀& ��#2#4∃ 	 	 ∃�#5�&�051∀∃ 	 	

�31# &∃ 3�∀& 11 &�6# ∃016 03 &�1 2�∀ � 	 ##∀∀ &� ��#2#4∃ 	 	 ∃�#5�&�051∀1 	 	

�332 &∃ 3�∀∃ 11 #�∀1 ∃6∃� 01 2�∀ 2�∃ � 	 ##∀∀ 3& ��#2#4∃ 	 	 ∃�#5�&�051∀3 	 	

�2## &∃ 3�&& 1∃ 2∀�&∀ ∃030 66 2�6 &�# � 	 ##∀∀ 1� ��#2#4∃ 	 	 ∃�#5�&�051∀& 	 	

�2�& &∃ 3�20 1∃ 23�30 ∃6�2 02 2�6 2�6 � 	 ##∀∀ �2 ��#2#4∃ 	 	 ∃�#5�&�051∀∀ 	 	

�21# &∃ 3�23 1∃ 2��22 ∃&#0 66 2�6 2�& � 	 ##∀∀ � ��#2#4∃ 	 	 ∃�#5�&�051∀6 	 	

�232 &∃ 3�30 1∃ 36�3& ∃1�� 01 2�& 2�0 � 	 ##∀6 �#& ��#2#4∃ 	 	 ∃�#5�&�0516# 	 	

�&## &∃ 3�31 1∃ 32��� ∃30∃ #63 2�2 &�# � 	 ##∀6 60 ��#2#4∃ 	 	 ∃�#5�&�0516� 	 	

�&�2 &∃ 3�16 1∃ 3∃�∃0 ∃33∀ #0∃ 2�0 2�0 � 	 ##∀6 ∀2 ��#2#4∃ 	 	 ∃�#5�&�05161 	 	

�&1# &∃ 3�11 1∃ 10�20 ∃3�� #6∃ 2�6 2�6 � 	 ##∀6 &∃ ��#2#4∃ 	 	 ∃�#5�&�05163 	 	

�&32 &∃ 3�∃0 1∃ 1&��2 ∃3∀6 #01 2�& 2�6 � 	 ##∀6 3& ��#2#4∃ 	 	 ∃�#5�&�0516& 	 	

�∀## &∃ 3�∃1 1∃ 11�3& ∃23& #01 2�3 &�# � 	 ##∀6 1∃ ��#2#4∃ 	 	 ∃�#5�&�0516∀ 	 	

�∀�2 &∃ 3��∀ 1∃ 1#�13 ∃∀∀3 #02 &�� 2�6 � 	 ##∀6 �∀ ��#2#4∃ 	 	 ∃�#5�&�05166 	 	

�∀1# &∃ 3��∃ 1∃ ∃∀�∃& ∃∀32 #03 2�6 2�∀ � 	 ##∀6 ∃ ��#2#4∃ 	 	 ∃�#5�&�0510# 	 	

�∀32 &∃ 3�#& 1∃ ∃3�12 ∃&∀& #60 2�3 2�∀ � 	 ##∀0 �#6 ��#2#4∃ 	 	 ∃�#5�&�0510� 	 	

�6## &∃ 3�#� 1∃ ∃#�66 ∃2&6 #0& 2�6 2�∀ � 	 ##∀0 0� ��#2#4∃ 	 	 ∃�#5�&�05101 	 	

�6�2 &∃ 1�0& 1∃ �6��0 ∃1&� #63 2�∃ 3�∀ � 	 ##∀0 ∀& ��#2#4∃ 	 	 ∃�#5�&�05103 	 	 ��������−−���/�����
����−�������−������

�61# &∃ 1�0� 1∃ �2�&# ∃1∃2 #01 2�� 2�2 � 	 ##∀0 &∃ ��#2#4∃ 	 	 ∃�#5�&�0510& 	 	

�632 &∃ 1�62 1∃ �∃�∃# ∃210 #0� 2�� 2�& � 	 ##∀0 3∀ ��#2#4∃ 	 	 ∃�#5�&�0510∀ 	 	

�0## &∃ 1�6# 1∃ 0�∃� ∃6∃3 #02 2�& 2�& � 	 ##∀0 1∃ ��#2#4∃ 	 	 ∃�#5�&�05100 	 	

�0�2 &∃ 1�∀3 1∃ &��0 ∃6∃6 #61 2�∃ 2�2 � 	 ##∀0 �& ��#2#4∃ 	 	 ∃�#5�&�053## 	 	

�01# &∃ 1�&0 1∃ 1�31 ∃2∀1 #62 2�1 2�2 � 	 ##∀0 ∃ ��#2#4∃ 	 	 ∃�#5�&�053#� 	 	

�032 &∃ 1�&3 1∃ #�∀2 ∃∃32 #0∃ 2�∀ 2�3 � 	 ##6# �#6 ��#2#4∃ 	 	 ∃�#5�&�053#1 	 	

∃### &∃ 1�20 1� 2∀�1# ∃1&∃ #6∀ 2�& 2�3 � 	 ##6# 0� ��#2#4∃ 	 	 ∃�#5�&�053#2 	 	

∃#�2 &∃ 1�23 1� 23�11 ∃3&1 #6& 2�& 2�3 � 	 ##6# ∀& ��#2#4∃ 	 	 ∃�#5�&�053#& 	 	

∃#1� &∃ 1�36 1� 2��31 ∃&01 �## 2�2 2�∀ � 	 ##6# &# ��#2#4∃ 	 	 ∃�#5�&�053#∀ 	 	

∃#3& &∃ 1�31 1� 36�31 ∃&66 #0# 2�& 2�2 � 	 ##6# 32 ��#2#4∃ 	 	 ∃�#5�&�053#0 	 	

∃#20 &∃ 1�∃0 1� 32�6� ∃&12 #01 2�2 2�& � 	 ##6# 1� ��#2#4∃ 	 	 ∃�#5�&�053�# 	 	

∃��3 &∃ 1��# 1� 3∃�0# ∃12& #66 2�∃ 2�& � 	 ##6# �& ��#2#4∃ 	 	 ∃�#5�&�053�� 	 	

∃�1# &∃ ∃�0� 1� 10�0& ∃∃22 #6& 2�& 2�3 � 	 ##6# � ��#2#4∃ 	 	 ∃�#5�&�053�1 	 	

∃�32 &∃ ∃�∀∃ 1� 1∀�## ∃∃#2 �#� 2�∃ 2�1 � 	 ##6� �#2 ��#2#4∃ 	 	 ∃�#5�&�053�2 	 	
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∃∃�2 &∃ ∃�11 1� 1��∃1 ∃∃#∃ #0∃ 2�� 2�2 � 	 ##6� ∀& ��#2#4∃ 	 	 ∃�#5�&�053�6 	 	

∃∃1# &∃ ∃��3 1� ∃6�3# ∃33∀ #02 2�∀ 2�1 � 	 ##6� &� ��#2#4∃ 	 	 ∃�#5�&�053�0 	 	
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���� ∗� �t∀tu v� uv∀�∗ � � � � �vvw�∀x ��x�u v∀� �x∀�
���� ∗� �.∀xx v� u�∀�� � � � � �∀∗ ∗u∀� (���

���x ∗� �.∀�x v� vx∀�� � � � � �vvwv∀u ��x�� u∀� ∗�∀� y
��uu ∗� ��∀�� v� v∗∀.� � � � � u∀. �v∀u y
���� ∗� �∗∀∗� v� vv∀.� � � � � �vvw� �v���∀�. u∀. ��∀� y
���� ∗� �∗∀�� v� ��∀�� � � � � �∀� ∗u∀� y
��v� ∗� ��∀u∗ v� �.∀∗� � � � � �vv�x∀x �vu�� u∀x ��∀�

��u� ∗� �u∀�. v� �u∀�� � � � � �∀∗ �∗∀u y
���� ∗� �∗∀∗� v� �v∀v� � � � � �vvw�∀. �vux� u∀� .�∀� y
���∗ ∗� �v∀�v v� ��∀uv � � � � �∀v �∗∀u y
��v� ∗� ��∀ux v� ��∀�. � � � � �vvw�∀� �v�∗�∀uv �∀. �.∀� y
��u∗ ∗� ��∀xu v� ��∀�� � � � � �∀� �∗∀∗ y
�v�� ∗� ��∀uu v� ��∀∗∗ � � � � �vv�w∀v ��.��∀�∗ �∀. .∗∀� y
�v�� ∗� ��∀v∗ v� x∀u� � � � � ∗∀v �∗∀u y
�vv� ∗� ��∀�. v� �∀�x � � � � �vv�� �����∀�� u∀. ∗x∀� y
�vu∗ ∗� ��∀�� v� u∀�v � � � � �∀� .�∀� y
�u�� ∗� �x∀�∗ v� �∀�� � � � � �vv∗x∀u ����x �∀x �∀u y
�u�� ∗� �.∀x� vu �x∀�� � � � � ∗∀� .� y
�u�. ∗� �.∀�� vu ��∀�� � � � � �vv∗�∀x ��x�� ∗∀x wx
�uu� ∗� ��∀.� vu �u∀�. � � � � ∗∀� .�

���� ∗� ��∀�� vu ��∀�u � � � � �vv∗x∀∗ �v��� ∗∀� ∗∗

���� ∗� �∗∀∗∗ vu uw∀∗� � � � � ∗∀� �.

��v� ∗� ��∀x∗ vu u�∀∗� � � � � �vv∗x∀� ���∗� �∀u �v
��u� ∗� ��∀vu vu uv∀�x � � � � ∗∀� ��

���x ∗� �u∀�� vu u�∀x∗ � � � � �vv∗�∀. ��∗�v ∗∀� ∗�

�∗�� ∗� �v∀x� vu vw∀�� � � � � ∗∀x ��

�∗�x ∗� �v∀vu vu v�∀�x � � � � �vv��∀� ��.�� .∀� ��

�∗u� ∗� ��∀�� vu v�∀u∗ � � � � �∀� �v
�∗�x ∗� ��∀x� vu v�∀v� � � � � �vu��∀∗ ��∗vw w∀� �.

���� ∗� ��∀�� vu ��∀�∗ � � � � x∀. ∗u
��vw ∗� ��∀�x vu �v∀∗� � � � � �vv∗∗∀u ��x�� �∀x �v
��u� ∗� x∀x� vu ��∀∗� � � � � �∀x �∗ ��	�

W
���

�.�� ∗� t∀�� vu �x∀x� � � � � �vv∗w∀. �v��� �∀� �v
�.�� ∗� .∀�u vu ��∀v� � � � � ∗∀u ��

�.v� ∗� �∀.∗ vu �u∀.� � � � � �vv�x∀v �v��∗ w∀x x�
�.u� ∗� �∀�x vu ��∀v� � � � � �∀x x�
�x�� ∗� ∗∀�� vu x∀�u � � � � �vv�∗∀� ��.�� �∀x ��v
�x�� ∗� ∗∀�� vu ∗∀�∗ � � � � �∀v �vv � ��	�

W
���

�tv� ∗� ∗∀�� vu v∀x∗ � � � � �vv�∗∀� ��... u∀� ���

�xu∗ ∗� ∗∀�� vu �∀.� � � � � ∗∀� �v�
���� ∗� �∀x� vv ��∀xw � � � � �vv��∀. ��xv� u∀� �uu
���� ∗� �∀x� vv �u∀�� � � � � u∀u �v�
��v� ∗� �∀.� vv ��∀xv � � � � �vv��∀. �v��� v∀. �v�
��u∗ ∗� �∀�∗ vv ux∀�∗ � � � � �∀� �u�
���� ∗� �∀∗x vv u�∀x� � � � � �vv�w∀. ��xx� �∀� �u� ��	�

W
��� XY�	∃�)����∃	��	��∀�∗

���∗ ∗� �∀∗v vv uv∀�� � � � � �∀∗ �∗�

��v� ∗� �∀�∗ vv u�∀v� � � � � �vv∗�∀∗ ��.�� �∀x ��v
��u� ∗� �∀ux vv v�∀�� � � � � �∀� �.�

���� ∗� �∀u� vv vu∀�u � � � � �vv∗�∀� ��.�u �∀� ���

���� ∗� �∀v� vv v�∀�∗ � � � � �∀v �w∗
��v� ∗� �∀�. vv �.∀ux � � � � �vv∗∗∀� ��.�v �∀. �∗u
��uu ∗� �∀�� vv ��∀�� � � � � �∀� �∗v
�v�� ∗� �∀�v vv ��∀v� � � � � �vv∗∗ ���xw v∀. ��∗

�v�� ∗� �∀�∗ vv �x∀v∗ � � � � �∀∗ ��v
�vv� ∗� u∀xw vv �∗∀�u � � � � �vv∗v∀� ��∗uw v∀� �.�

�v�� ∗� u∀.u vv ��∀�v � � � � �∀v �.�

�u�� ∗� u∀.� vv x∀xu � � � � �vv∗u∀u ��.u∗ �∀� ��.

�u�� ∗� u∀.� vv �∀�� � � � � v∀� �x�
�uv� ∗� u∀�∗ vv v∀�� � � � � �vv∗v∀� ��∗w∗ �∀� ��u
�uu� ∗� u∀∗x vv �∀�� � � � � u∀u �∗�

���� ∗� u∀∗� v� �.∀�� � � � � �vv∗w∀� ��v�∗ v∀� �uu
���� ∗� u∀∗� v� �u∀∗� � � � � u∀. �∗�

��v� ∗� u∀�u v� ��∀�. � � � � �vv��∀v ��u�� v∀� �.� ������

��u� ∗� u∀ux v� uw∀�. � � � � u∀� ��v y
�∗�� ∗� u∀uv v� u�∀�� � � � � �vv��∀x ����� ∗∀v ��� y
�∗�� ∗� u∀vw v� u�∀�. � � � � �∀� �∗� y
�∗�x ∗� u∀vu v� vx∀�� � � � � �vv�w ��∗u∗ v∀u �w� y
�∗u� ∗� u∀�. v� v�∀xx � � � � �∀� �∗� y
���� ∗� u∀�v v� vv∀u∗ � � � � �vv∗v∀v ����� �∀∗ ��� y
���� ∗� u∀�� v� v�∀vv � � � � �∀� �.� y
��v� ∗� u∀�� v� ��∀�∗ � � � � �vv�x∀� ��∗∗� u∀� �xw y
��u� ∗� u∀�∗ v� �u∀v� � � � � ∗∀� �∗� y
�w�� ∗� u∀�� v� ��∀.v � � � � �vv∗�∀� ����� �∀� ��u y
�w�� ∗� v∀x∗ v� �.∀�x � � � � .∀v ��u y&���	���))�∃	

Z
�����	∃��	��	�	)�����	

W
���	���	(��)������

�.v� ∗� v∀x� v� ��∀∗� � � � � �vv∗v∀. ���v� v∀. �∗� y
�wu� ∗� v∀.� v� ��∀�� � � � � u∀u ��∗ y
�x�� ∗� v∀.� v� x∀�� � � � � �vv�∗∀v ����� u∀x ���

�x�� ∗� v∀�u v� ∗∀�x � � � � �∀x �∗w
�xv� ∗� v∀∗x v� v∀u� � � � � �vv∗∗∀� �v�x� v∀u ��� y
�xu�
���� ∗� v∀�x v� ��∀vv � � � � �vv��∀� �v�vv �∀� ��u
���∗ ∗� v∀�u v� �u∀�� � � � � �∀� �xx
��v� ∗� v∀uw v� ��∀uv � � � � �vv∗u∀. ��.�� ∗∀. ���

��uw ∗� v∀u� v� u�∀xu � � � � �∀. ���

���v ∗� v∀�u v� u�∀�� � � � � �vv∗�∀∗ ��v�∗ �∀� �vw
���∗ ∗� v∀�� v� u�∀�� � � � � u∀� �v∗
��vu ∗� �∀.� v� vx∀�∗ � � � � �vv∗u ��vu∗ u∀� �∗x
��uw ∗� �∀∗w v� v∗∀ux � � � � �∀. ��∗

���� ∗� �∀�� v� vu∀�� � � � � �vv∗∗∀� ���vw v∀∗ ���

���� ∗� �∀vv v� v�∀�. � � � � �∀v �uv
��v� ∗� �∀�� v� �.∀v� � � � � �vv∗�∀. ���∗� �∀∗ ��v
��ux ∗� �∀.x v� �u∀�� � � � � �∀v xv ������	��u∗
�v�� ∗� �∀�u v� ��∀�. � � � � �vv∗w∀x ��uxv v∀� ���

�v�� ∗� �∀�� v� �x∀�x � � � � v∀. �.u
�vv� ∗� �∀vx v� �∗∀.x � � � � �vv��∀� ��∗�x v∀v ���

�vu� ∗� �∀�x v� �u∀�u � � � � v∀� �.�
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−−�� .� �/�−� �� ����. .�. ��� .�1 ��0 0�� ��1 0�� ��. 0�� �.� ��� ��0 �.�� �.�� .� �/�0 �� ���1�

�� .� ����� �� ����� .�� ��� .�. ��/ 0�� �.− 0�� �.� 0 ��/ ��� ��− �0−� �.// .� ����� �� �����

−−�� .� �0��� �� �.�0/ 0�� ��0 0�� ��� 1 ��0 0�1 ��/ 0�. ��1 ��� ��1 �0.− �0�1 .� �0�1� �� �1�.� 2�3����������

−�−− .� �.�.1 �� ����� 0 ��� .�0 ��� .�� ��1 .�� ��� 0�� ��� ��� ��1 �1�− �1�1 .� �0�−/ �� �.��1

−��� .� �.�−� �� ���� .�1 ��� .�. ��/ .�0 ��� 0�� ��− 0�� ��1 ��. ��� �11� �11� .� �.��� �� �����

−��− .� ����� �� �1�.� .�/ ��� 0 ��� 0�� ��� 0�� ��� 0�� ��� ��1 ��� �/�� �/�� .� ���1. �� �−�.�

−��. .� ���1� �� ���0/ 0 ��� 0 ��� 0�� ��0 0�� ��1 0�� ��/ ��0 ��1 �−−0 �−−� .� ����� �� �0�1

−�−− .� ����/ �� ����1 0�� ��− 0 ��0 .�. ��� .�1 ��� 0�� ��0 ��� ��. �−.� �−�/ .� ���0� �� ����.

−��� .� ���.0 �� �−��/ .�. ��1 .�0 ��� .�1 ��. .�1 ��− 0 ��� ��� ��� ���� ���� .� ���−1 �� ����1

−��� .� ���/� �� �0��� .�� ��− .�. ��� 0 ��. .�1 ��� 0�� ��� ��� ��� ��−− ��/1 .� ����0 �� �/���

−��. .� ����/ �� �0��� .�. ��� .�1 ��1 0�� ��� 0�� ��/ 0 ��� ��� ��� ���. ���� .� ���/� �� �0��

−�−− .� ���/� �� ���.. 0�� ��� 0 ��� 0�. ��− 0�� ��� .�0 ��. ��� ��� ��−� ��−− .� ����� �� ���.

−��. .� ����� �� /�1� 0�� ��� .�� ��0 0�� ��− 0�� ��− .�/ ��. ��. ��� ��.� ��.� .� ���01 �� ���0/

−��− .� �−�0� �� 0��� 0�� ��� .�/ ��� 0�� ��0 0�� ��0 .�/ ��. ��0 ��− ���� ���� .� ����� �� /���

−��� .� �−��. �� ���� .�. ��− .�� ��� .�/ ��/ .�0 ��� .�1 ��� ��− ��− ��1� ��1− .� �−�.� �� .��1

−��/ .� �/�.� �� ���� .�� ��� .�1 ��� 0�� ��/ .�0 �−/ .�/ ��. ��� ��− ���� ���/ .� �−�� �� ����

−��� .� �/�−� �� �/��1 .�1 ��� .�1 ��� .�/ ��� 0�� ��1 0�� ��1 ��− ��0 �.−� �.−− .� �/��� �� ����

−��� .� .��/ �� �.��� .�� ��� .�1 ��� 0 ��� 0 ��0 .�/ ��0 ��/ ��� �.0. �.0� .� �1��� �� �.���

−��� .� �0�1� �� ���/0 .�/ ��� .�/ ��� .�� ��� .�1 ��� 0�� ��� ��� ��. �0�− �0�1 .� �1��0 �� ���.�

−�−� .� �0��� �� ����� .�/ ��. .�/ ��. .�1 ��� 0�� ��− 0�� ��� ��− ��� �01/ �010 .� �0�.0 �� ���11

−��� .� �.�.. �� �1��1 0 ��� .�1 ��/ 0 ��. 0�� ��1 0�� ��� ��� ��1 �1�1 �1�. .� �0��� �� �−���

−��− .� �.��� �� �.�� .�. ��/ .�� ��� .�/ ��1 0 ��0 .�/ ��� ��/ ��� �/−� �/−� .� �.�. �� �0�1

−��� .� ���� �� ����� 0�� ��1 0�� ��/ 0 ��/ 0 ��� .�/ ��. ��− ��− �/.. �/.� .� ���/1 �� ���−�

−.−− .� ���00 �� ���−� .�.� ��0 0��� ��� 0��0 ��� 0��� ��� .�.� ��� ��. ��/ �−�− �−�1 .� ����� �� ���00

−.�� .� ����� �� �1�./ .�10 ��� .�10 ��0 .�1 ��0 .��1 ��0 .�0� ��� ��� ��� �−0� �−0� .� ���1 �� �−���

−.�− .� ����� �� ���.� 0�� ��. 0��� ��� .�01 ��− 0�−/ ��− 0��� ��/ ��� ��− ���. ���� .� ���/1 �� �0���

−.�� .� ����� �� ����� 0��� ��0 .�/. ��� .�/0 ��� 0��� ��/ .�0� ��� ��− ��− ���0 ���� .� ����� �� ����/

−0−− .� ���−� �� �−�.� 0�. ��− 0��0 ��� 0��/ ��� .�00 ��− .�0/ ��� ��/ ��0 ���1 ���. .� ���.. �� ����0

−0�� .� ����� �� �0�1/ 0�0� ��− 0��� ��1 .�/� ��. 0�� ��/ 0�� ��/ ��� ��� ���� ���� .� ���1/ �� �/���

−0�− .� �−�.� �� ����� .��� ��� .��0 ��. .�/� ��� .�1/ ��� 0��� ��1 ��/ ��� ��1� ��0/ .� ����. �� �0���

−0�� .� /�/� �� ����/ .�.. ��� .�0� ��. .�/0 ��� 0��� ��/ .�1. ��− ��� ��� ���� ���� .� �−��� �� ����1

−1−− .� /��/ �� �/�1� 0�� ��. 0�� ��� .�1 ��� .�/ ��� .�/ ��� ��/ ��− ��−� ��// .� /�01 �� �/�01

−1�� .� 1��� �� �0�� 0�� ��� 0�� ��. .�/ ��− 0�� ��− 0 ��� ��0 ��� ��.− ���1 .� /��� �� �/��. 4����5���

−1�− .� 0�1� �� ���.0 0 ��1 .�/ ��� 0�� ��� 0�� ��− .�/ ��/ ��1 ��/ �.�− �.�1 .� 1�� �� �.���

−1�� .� 0�� �� ����� 0�� ��− .�1 ��� 0�� ��− 0�� ��0 .�1 ��1 ��0 ��� �.1− �.01 .� 0�0. �� �����

−/−− .� ���� �� /�01 0�� ��� 0�� ��0 .�/ ��� 0�� ��� .�/ ��� ��� ��� �0�− �0�1 .� 0�−0 �� ����.

−/�� .� .�� �� .�1� 0�� ��0 .�/ ��� 0�� ��� 0�� ��� 0�� ��− �−− �−− �1−− �0/1 .� .�� �� /�−� %����������
����������5�������!

���� .� ���� �� ���� ��� �� ��� /� ��� �� ��� �� ��� �� �� ��� ���� ���� .� ���� �� ���

−/�� .� .�−. �� ��−� 0�� /� .�1 �� 0�� /� 0�� /. .�/ /� /0 �−� �/�� �/�� .� .�� �� ��−/

�−−− .� ��// �� �1��� 0 /� .�/ �� 0�� /� 0 /� 0�� /� /� �−. �/1− �/01 .� .�−� �� −��0

�−�� .� ��/� �� ���−/ 1�� /� 0�� �� 0�. 1/ 0�� 1/ .�/ /� /− �−� �−�− �−�1 .� ��/� �� �0��0 �������2�3

�−�− .� ��1� �� ����� 1�� 0/ 0�� 1� 0�� 1/ .�� 1� .�� 1/ /− �−. ��−− �−/1 .� ��1� �� ����0 �������,��������������

�−�� .� ��01 �� �/��� 0�0 1� .�� 11 0�� 1� 0�� 1. 0�� 1/ /� �−1 ��.− ���1 .� ��0� �� ����0

��−− .� ��0 �� �.��� 1�� /� .�� 11 .�/ 10 0 1. .�1 1� 1− �−. ���/ ���0 .� ��.. �� �.��.

���� .� ���� �� ����� ��� �� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� .� ���� �� �����

���− .� ���. �� �−�� 0�� 1/ ��. /� 0�1 1� 0�� 0/ 0 1/ 1� �−� ���� ���− .� ���0 �� �����

���� .� ���1 �� �0��0 .�0 1� 0 1� .�1 1� 0�� 1� 0�� 1� 1� �−− ��−− ��/1 .� ���/ �� �/���

��−− .� ���� �� ���.� 1�� �−. 0 ��− .�0 �−/ .�/ �−� .�� �−. 10 �−0 ��.� ��.� .� ���� �� ����0

���� .� ���� �� ����1 .�� ��� .�� �−. 0�� �−. 0�� �−� 0�� �−� 1� �−− ���. ���� .� ���1 �� ���0.

���− .� ���0 �� �1�� .�� �−0 .�� �−� .�� �−� .�. �−� 0�� �−� 11 �−� ��1/ ��10 .� ���� �� �−���

���� .� ��� �� ����� .�/ �−0 0 �−/ 0�� ��� 0�� �−� .�1 �−. 11 �−� �.�1 �.�. .� ���� �� �0��

���� .� ���� �� ����� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� �� ��� ���� ���� .� ���� �� �����

���� .� ��−� �� �/�−� 0�� ��− 0�� ��− .�/ ��− .�0 ��� 0�� �−1 /� �−� �0./ 0.0 .� ��−� �� ����.

���− .� ��/1 �� ���/� .�� �−/ 0�� �−1 .�0 �−0 .�1 ��� 0�� �−0 /� �−− �1�� �1�� .� ��/� �� �1�−1 	���6�������
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�9�#�����������
�����7���∃

���. .� ��/� �� ���/ .�. ��� .�. ��� 0�. ��� 0�� ��0 .�/ ��� 1/ �−� �1/� �11/ .� ��/ �� ����0

��−− .� ��10 �� �−�−� 0 �−/ 0�� �−1 0�� �−0 .�1 �−. 0 ��� /− �−0 �/�. �/�. .� ��1. �� �����

���� .� ��1� �� .�1/ 0�−� ��� .�1� ��� 0��0 �−� .�1� �−/ .�0/ �−1 /� �−��� .−�� .−�� .� ��01 �� 1��0

���− .� ��00 �� ��/. .�1� ��� .��/ ��� 0��/ ��� 0�� ��� .�/� �−. 11�� �−.�1 .−.� .−.� .� ��0� �� .�−�

���� .� ���� �� ���� ���� ��� ���� ��� ���� ��� ��� ��� ���� ��� ���� ����� ���� ���� .� ���� �� ����

��−� .� ��.� �� �0�−� 0�−1 ��. 0��� ��� .�0� ��� 0 ��− 0��0 ��� 11�� �−��. .�/0 .�/� .� ��.� �� �.�1�

���. .� ��. �� ����� .�.0 ��− .�1� ��. 0�� ��� 0��� ��− 0��� ��� 1.�� /1�1 .��1 .��. .� ��.� �� �.���

���� .� ���� �� ����� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ����� ���� ���� .� ���� �� ����0

���� .� ��� �� �1��� ���� ��� ���� ��� ���� ��� ���� ��� ���� ��� ����    ���� ���� .� ���/ �� �−��0

���� .� ���� �� ����. ��� �� � �� ��� �� ��� �� � �� �� ��� ���� ���� .� ���� �� �0��.

���� .� ���0 �� ���./ � �� ��� �� ��� �� ��� �� � �� �� ��� ���� ���� .� ���� �� ���.�

���� .� ���/ �� �.�1� ��� �� ��� �� ��� �� � �� ��� �� �� ��� ���� ���� .� ���/ �� �/�−.

���� .� ���� �� ���−/ ��� �� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� .� ���� �� ����/

���� .� ���0 �� �−��0 ��� �� ��� �� ��� �� ��� �� ��� �� �� �� ���� ���� .� ��� �� ����0

���� .� ���� �� �.�/. ��� �� ��� �� ��� �� � �� ��� �� �� ��� ���� ���� .� ���� �� �/��

���� .� ��−. �� ���/� ��� �� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� .� ���� �� �.���

���� .� � �� �−��� ��� �� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� .� ��−. �� ���.�

���� .� ��/. �� �1��� ��� ��� ��� ��� � ��� ��� ��� ��� ��� �� ��� ���� ���� .� ��−� �� �−�.�
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���� .� ��/� �� ���−. ��� �� � �� ��� �� ��� �� ��� �� ��� ��� ���� ���� �� ��� �� �0�−�

���� .� ��1� �� ���−/ ��� �� � �� ���� �� ��� �� ��� �� �� �� ���� ���� �� ��/1 �� ���−�

���� .� ��1 �� /��/ ��� �� ��� �� ��� �� ��� �� � �� �� ��� ���� ���� �� ��/� �� �����

���� .� ��0� �� .��. ��� �� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� �� ��1� �� 1��/

���� .� ��0 �� ���� ��� �� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� �� ��0/ �� ����

���� .� ��.� �� −��0 ��� �� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� �� ��0� �� ���� ∃�%	�!����&
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���� .� ���/ �� �0��. ��� �� ��� �� ��� �� ��� �� � �� �� �� ���� ���� �� ��.� �� �/�� (
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������∋���2�334)������%����2����2�����������∋�����∋����������
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���� .� ���� �� �1��. ��� �� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� �� ���� �� �−���

���� .� ���/ �� ���.0 ��� �� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� �� ���. �� �0��/ 5���
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���� .� ��−/ �� �.�./ ��� �� ��� �� ��� �� ��� �� ��� �� ��� ��� ���� ���� �� ���0 �� ���1�

���� .� ��/ �� �/�/� ��� �� � �� ��� �� ��� �� ��� �� �� �� ���� ���� �� ��// �� ����

���� .� ��0� �� �.�/. ��� �� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� �� ��0/ �� �/

���� .� ���� �� ���/� � ��� ��� �� ��� �� ��� �� ��� �� �� ��� ���� ���� �� ��.� �� �.��.
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���� ∗� ��∀�∗ �� ��∀�� � � � � �����∀� ����� .∀� ��∀∗ ����

���� ∗� ��∀�� �� ��∀�� � � � � ��∀� �∗∀∗ �
���. ∗� ��∀�� �� �∀�∗ � � � � �����∀� ����� �∀� ��∀� �
���� ∗� ��∀.∗ �� ∗∀∗� � � � � �∀� ��� �
���� ∗� ��∀∗� �� �∀∗� � � � � �����∀∗ ����. �∀� ��∀. �
���� ∗� ��∀�� �� �∀�� � � � � ��.�� �∀� �∀�����	����	��	������	����	�
�	)��(�

���� ∗� ��∀�� �. ��∀�� � � � � ����∗∀� ����. �∀� ��∀� ����

���� ∗� ��∀�� �. ��∀�� � � � � ��∀� ��∀� �
���� ∗� ��∀�� �. ��∀�� � � � � �����∀� ��..� �∀� ��∀� �
���� ∗� ��∀.� �. �.∀�� � � � � �∀� ��∀�
���� ∗� ��∀∗� �. �∗∀�� � � � � ���∗�∀� ����� �∀∗ ��∀� �
���∗ ∗� ��∀�� �. ��∀�� � � � � �∀� ��∀�

���. ∗� ��∀�� �. ��∀�� � � � � ���∗�∀. ����� .∀. ��∀�
���� ∗� ��∀�� �. ��∀�� � � � � .∀� ��∀�
���� ∗� ��∀�∗ �. ��∀.� � � � � ���∗�∀� ����� .∀� ��∀. �
���� ∗� ��∀�. �. ��∀�� � � � � �∀� ��∀�
���� ∗� ��∀∗� �. ��∀�� � � � � ���∗�∀� ��.�. .∀. ���

���� ∗� ��∀�∗ �. �∗∀∗� � � � � �∀� ��� ����

���� ∗� ��∀�. �. ��∀�� � � � � �����∀� ����� �∀∗ ��� �
���� ∗� ��∀�� �. ��∀∗∗ � � � � �∀� ���

���� ∗� ��∀�� �� ��∀�� � � � � �����∀� ���∗� �∀� ���
���� ∗� ��∀�� �� ��∀�∗ � � � � �∀� ���

���� ∗� ��∀∗� �. ��∀�� � � � � �����∀� ����� �∀� ��∗

���� ∗� ��∀�� �� �∀�� � � � � �∀� ���

���� ∗� ��∀�� �� ∗∀�� � � � � ����∗ ���∗� �∀� ���

�∗�� ∗� ��∀�. �. �∀.� � � � � .∀� ���

�∗�� ∗� ��∀.� �. �∀�� � � � � ���∗�∀� ��∗�� �∀� ���
�∗�� ∗� ��∀∗� �� �∗∀�� � � � � .∀� ��∗

���� ∗� ��∀�� �� ��∀.. � � � � ���∗�∀� ��.�� .∀� ���

���� ∗� ��∀�� �� ��∀�� � � � � �∀� ���

���� ∗� ��∀�� �� ��∀�� � � � � ���∗�∀� ����� �∀∗ ���
���� ∗� ��∀�� �� �∗∀�� � � � � �∀∗ ��� ����	���	�

�
���

�.�� ∗� ��∀�� �� ��∀�� � � � � ����.∀� ����� .∀� ��∗ �
�.�� ∗� ��∀∗∗ �� ��∀�� � � � � �∀� ���
�.�� ∗� ��∀�� �� ��∀�� � � � � �����∀. ����� �∀� ���

�.�� ∗� ��∀�� �� ��∀�� � � � � �∀� ���
���� ∗� ��∀�� �� ��∀�� � � � � �����∀� ����� ��∀� ��� ����	∃���	��	.∀��

���. ∗� �∗∀�. �� �.∀�� � � � � �∀� ���

���� ∗� �∗∀.� �� �∗∀�� � � � � �����∀� ��∗�� �∀� ���

���� ∗� �∗∀∗� �� ��∀�� � � � � �∀� ��∗
���� ∗� �∗∀�� �� ��∀∗� � � � � ���∗∗∀� ����∗ �∀� ���

���� ∗� �∗∀�� �� ��∀�∗ � � � � �∀� ��∗ �∀��	�
�

����	(���

���� ∗� �∗∀�� �� ��∀.� � � � � �����∀� ����. .∀� ���

���∗ ∗� ��∀�� �� ��∀�� � � � � �∀� ���

���� ∗� ��∀�� �� �∀�. � � � � �����∀. ���∗� �∀� .∀�

���� ∗� ��∀∗� �� ∗∀�� � � � � .∀∗ ���
���� ∗� ��∀�� �� �∀�∗ � � � � �����∀� ����� �∀. ���
���� ∗� ��∀�� �� �∀∗� � � � � �∀� ���
���� ∗� ��∀�� �∗ ��∀�� � � � � �����∀. �����∀� ∗∀� �∀�
���� ∗� ��∀�� �∗ ��∀�� � � � � �∀� ∗∀�
���� ∗� ��∀�� �∗ ��∀�� � � � � �����∀� �����∀∗� ∗∀� ���

���∗ ∗� ��∀�� �∗ ��∀�� � � � � �∀∗ ���
���� ∗� ��∀�∗ �∗ ��∀�� � � � � �����∀� �����∀� �∀� ���
���∗ ∗� ��∀�∗ �∗ �∗∀�� � � � � �∀����∀�
���� ∗� ��∀.� �∗ ��∀�� � � � � �����∀. ���∗�∀� �∀���∗∀�
���� ∗� ��∀�∗ �∗ ��∀�� � � � � �∀� �∗∗

���� ∗� ��∀�∗ �� �∀�� � � � � ����∗ ����� �∀� ��∗

���∗ ∗� �∗∀�∗ �� �∀�� � � � � �∀����∀�
���� ∗� ��∀�� �� �∀�� � � � � �����∀� �����∀� �∀� ���
���� ∗� ��∀�� �� �∀∗� � � � � ∗∀∗ ���
���� ∗� ��∀∗� �∗ ��∀.� � � � � ���∗�∀� ����� ∗∀� ���
���� ∗� ��∀�∗ �∗ ��∀�� � � � � �∀� ���
���� ∗� ��∀�� �∗ ��∀�� � � � � ���∗�∀� �����∀∗ ∗∀∗ ��∗ ����

���� ∗� ��∀�� �∗ ��∀�� � � � � �∀� �∗� ����

�∗�� ∗� ��∀.� �∗ ��∀∗� � � � � ���.� �∀� ��∗ ����

�∗�� ∗� ��∀�� �∗ ��∀�� � � � � �����∀� �∀� ��� ����

�∗�� ∗� ��∀�� �∗ ��∀�� � � � � �∀� ���
�∗�� ∗� ��∀�� �∗ ��∀�� � � � � �����∀∗ ����� �∀. ���
���� ∗� ��∀�� �∗ �∗∀∗∗ � � � � �∀∗ ���

���� ∗� ��∀�� �∗ ��∀�� � � � � �����∀� ����� �∀� ���
���� ∗� ��∀�∗ �∗ ��∀�� � � � � �∀� ���
���� ∗� ��∀�� �∗ ��∀�� � � � � �����∀� ����� �∀. ���

�.�� ∗� ��∀�� �∗ ��∀.� � � � � �∀� ��∗
���� ∗� ��∀�� �∗ ��∀�� � � � � �����∀� ����� �∀. ���
�.�� ∗� ��∀�� �∗ ��∀�� � � � � �∀� ��∗
���� ∗� ��∀�� �∗ �∗∀∗∗ � � � � ����� ����� �∀∗ ���

���� ∗� ��∀�∗ �∗ ��∀�� � � � � �∀� ���
���� ∗� ��∀�� �∗ ��∀�� � � � � �����∀� ����∗ �∀∗ ���
���� ∗� ��∀.� �∗ �∀�� � � � � �∀∗ ���
���� ∗� ��∀∗∗ �∗ �∀�� � � � � ����� ����� �∀� ���
���� ∗� ��∀�� �∗ �∀�� � � � � �∀� ���
���� ∗� ��∀�� �� ��∀�� � � � � �����∀� ���.∗ �∀� �∗

���� ∗� �.∀�� �� �∗∀�∗ � � � � �∀� ��∗ �∀��	�
�

���

���� ∗� �.∀�� �� ��∀∗� � � � � ����∗∀� ��∗�� �∀� �� �	
�
���

���� ∗� �.∀�∗ �� ��∀∗� � � � � �∀� ��
���� ∗� �.∀�� �� ��∀.∗ � � � � ����� ����� �∀� ��� (���

���� ∗� �.∀�� �� ��∀.� � � � � �∀� ���
���∗ ∗� ��∀�� �� ��∀�� � � � � �����∀� ����� �∀∗ ���

���� ∗� ��∀�� �� ��∀�� � � � � �∀� ���

���� ∗� ��∀�� �� �∗∀∗∗ � � � � �����∀� ����∗ �∀� ���

���� ∗� ��∀�� �� ��∀�� � � � � �∀� ���
���� ∗� ��∀�. �� ��∀�� � � � � �����∀� ���.� �∀� ��∗
���� ∗� �∗∀.∗ �� �.∀�� � � � � �∀� ���

���� ∗� �∗∀∗∗ �� ��∀�� � � � � ����.∀� ��∗�� �∀� ���
���� ∗� �∗∀�� �� ��∀�� � � � � �∀� ��� (���

���∗ ∗� �∗∀�� �� ��∀�� � � � � �����∀� ����� �∀� ��.
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���� −� ����� �� ���� /%� ��� /%� ��0 / ��/ −%0 ��� /%− ��, �,� �,� ����� ����� −� ���� �� ����
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,�,, −� ��%−/ �. �%�� /%� ��� /%� �,. /%� ��� / ��− /%� ��− �,, �,� ���/� ���/� −� ��%0− �. �%/�

,��� −� ��%�. �. ,%�� −%− ��− −%− ��� −%. ��� /%� ��� /%� ��. �,� �,− ��−�/ ��−�/ −� ��%−0 �. �%�/

,��. −� ��%�� �0 �/%/� /%� ./%� −%0. ..%.� /%�� .�%− /%−. .0 /%�� .� .0%� �,�%� ��−.� ��−.� −� ��%�� �0 �.%−�

,��� −� ��%�� �0 ��%−� −%− ��� −%0 ��0 / ��� /%� ��. /%� ��� �,, �,/ ��/�− ��/�− −� ��%� �0 �−%�0

,�,, −� ��%.− �0 ��%/� /%� ��0 /%� ��� /%� ��− /%� ��/ /%� ��� �,, �,� ��0�/ ��0�/ −� ��%�� �0 ��%.�
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,��� −� �,%/� �0 ��%�� −%/ ��� /%� ��� −%/ ��0 −%. ��� / ��− �,� �,� ����� ����� −� �,%0− �0 ��%��

,�,, −� �,%− �0 �0%0/ −%− .� −%� �,� −%− 0. −%− 0� −%� 0− �,, �,� ���.� ���.� −� �,%/� �0 ��%,�

,��� −� �,%�� �0 �−%�. −%/ 0� −%− ,., / ., /%� .� /%� .� �,� �,� ����� ����� −� �,%�− �0 �0%,−

,��, −� �,%�− �0 ��%�� /%� .− /%� .− /%� .� / .� −%0 �,− �,� .. ����� ����� −� �,%�. �0 ��%�0

,��� −� �,%� �0 �,%�� −%. .� −%/ ,.0 /%� .� /%� .. / 00 .0 �,� ���/, ���/, −� �,%�� �0 �,%��

,�,, −� �.%.� �0 �/%�. /%� �,, −%. ./ /%� ., −%− .� / .� .0 �,� ����� ����� −� �,%,� �0 �.%−

,��� −� �.%/− �0 ��%0/ /%� .0 / ,.� / .� /%� 0− −%0 ., .0 �,� ���., ���., −� �.%00 �0 �/%,�
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����� � �� � �� ��������� ��∀! ��∀ ��∀! ��∀! �����#��� ��∀! ��∀!

∃∃∃∃ %� &%!∃& &∋ �%!() �∋&∗ �∃) ∋!% ∋!∋ 	 	 ∃∃∃∗ (+ ��∃∋∃,) 	 	 &�%,∃∗)−.)∃∗ 	 	

∃∃�∋ %� &∋!∗� &∋ �−!∃∋ �∋�∋ (% ∋!− ∋!− 	 	 ∃∃∃∗ ∗∃ ��∃∋∃,) 	 	 &�%,∃∗)−.)�� 	 	

∃∃&( %� &∋!∋& &∋ ��!)∃ �∋&& �&∃ ∋!) ∋!) 	 	 ∃∃∃∗ %+ ��∃∋∃,) 	 	 &�%,∃∗)−.)�) 	 	

∃∃−∋ %� &−!∋∋ &∋ (!∋∋ �−∗∗ �%& ∋!% ∋!− 	 	 ∃∃∃∗ ∋& ��∃∋∃,) 	 	 &�%,∃∗)−.)�∋ 	 	

∃�∃∃ %� &)!∃( &∋ (!∗% �∋∋∗ &�� ∋!− ∋!% 	 	 ∃∃∃∗ )% ��∃∋∃,) 	 	 &�%,∃∗)−.)�∗ 	 	

∃�)∃ %� &�!∃) &∋ �)!)( �∋(& &�∋ ∋!∋ ∋!− 	 	 ∃∃∃∗ % ��∃∋∃,) 	 	 &�%,∃∗)−.)&& 	 	

∃�−∋ %� &∃!∃) &∋ �∋!�% �%(& &�∗ ∋!& ∋!) 	 	 ∃∃∃∗ ��& ��∃∋∃,) 	 	 &�%,∃∗)−.)&− 	 	 /�����������#����������01%∃

∃&∃� %� �∗!∗∃ &∋ �+!)∃ �%∗) &&∃ ∋!& ∋!+ 	 	 ∃∃∃( (∋ ��∃∋∃,) 	 	 &�%,∃∗)−.)&% 	 	

∃&&∃ %� �+!∋% &∋ &∃!&& �+(& &�+ ∋!) ∋!& 	 	 ∃∃∃( +� ��∃∋∃,) 	 	 &�%,∃∗)−.))∃ 	 	

∃&)∃ %� �%!%∋ &∋ &�!∃+ �+)− &&) ∋!∃ ∋!− 	 	 ∃∃∃( %− ��∃∋∃,) 	 	 &�%,∃∗)−.))� 	 	

∃&−∋ %� �∋!∗− &∋ &&!∋) �%++ &&∋ ∋!& ∋!∋ 	 	 ∃∃∃( ∋) ��∃∋∃,) 	 	 &�%,∃∗)−.))& 	 	

∃)∃∃ %� �∋!�) &∋ &∋!&∋ �+−∋ &%− ∋!& ∋!∋ 	 	 ∃∃∃( )% ��∃∋∃,) 	 	 &�%,∃∗)−.))∋ 	 	

∃)�∋ %� �∋!�− &∋ &∋!%% �%−( &+� ∋!) ∋!+ 	 	 ∃∃∃( )− ��∃∋∃,) 	 	 &�%,∃∗)−.))∋ 	 	

∃))∃ %� �∋!∋∃ &∋ )∃!∗& �∋++ &+− ∋!∗ ∋!∋ 	 	 ∃∃∃( % ��∃∋∃,) 	 	 &�%,∃∗)−.))( 	 	

∃)−∋ %� �∋!+∃ &∋ ))!%− �∋+∗ &+− ∋!∋ ∋!− 	 	 ∃∃�∃ ��� ��∃∋∃,) 	 	 &�%,∃∗)−.)−� 	 	

∃−∃∃ %� �∋!(� &∋ )%!∋− �%∋) &+) ∋!% ∋!− 	 	 ∃∃�∃ (+ ��∃∋∃,) 	 	 &�%,∃∗)−.)−) 	 	

∃−�∋ %� �%!�� &∋ )(!&∗ �∋(% &+( %!) ∋!% 	 	 ∃∃�∃ ∗� ��∃∋∃,) 	 	 &�%,∃∗)−.)−% 	 	

∃−)∃ %� �%!&( &∋ −�!∗& �∋∋∃ &+% ∋!− ∋!− 	 	 ∃∃�∃ %+ ��∃∋∃,) 	 	 &�%,∃∗)−.)−∗ 	 	 0�+�∃
�∃∃+%,&&,��∃∋∃

∃−−∋ %� �%!−( &∋ −−!∋− �−(% &∗− ∋!) ∋!+ 	 	 ∃∃�∃ ∋& ��∃∋∃,) 	 	 &�%,∃∗)−.)∋∃ 	 	

∃∋∃∃ %� �%!%( &∋ −+!)) �∋∋� &∗� ∋!) ∋!& 	 	 ∃∃�∃ )% ��∃∋∃,) 	 	 &�%,∃∗)−.)∋) 	 	

∃∋�∋ %� �%!(& &∋ ∋∃!)+ �%)∗ &+% ∋!+ ∋!) 	 	 ∃∃�∃ && ��∃∋∃,) 	 	 &�%,∃∗)−.)∋∋ 	 	

∃∋)∃ %� �+!�∃ &∋ ∋&!(∋ �∋(% &+� ∋!) ∋!% 	 	 ∃∃�∃ + ��∃∋∃,) 	 	 &�%,∃∗)−.)∋+ 	 	 23
�4��	����∀�	�����

∃∋−∋ %� �+!)) &∋ ∋∋!(∃ �∋∋% &+∋ ∋!∋ ∋!+ 	 	 ∃∃�� ��& ��∃∋∃,) 	 	 &�%,∃∗)−.)∋( 	 	 3��������5�������01%∃6�∃∋−∃

∃%∃∃ %� �+!∋� &∋ ∋∗!−+ �∋�( &+∋ ∋!� ∋!& 	 	 ∃∃�� (( ��∃∋∃,) 	 	 &�%,∃∗)−.)%� 	 	

∃%�∋ %� �+!+� &% �!&+ �−∃) &∗− ∋!∋ ∋!) 	 	 ∃∃�� ∗) ��∃∋∃,) 	 	 &�%,∃∗)−.)%− 	 	

∃%)∃ %� �+!() &% −!)& �)%∗ &+∗ ∋!∋ ∋!∋ 	 	 ∃∃�� %+ ��∃∋∃,) 	 	 &�%,∃∗)−.)%% 	 	

∃%−∋ %� �∗!�% &% +!−( �)++ &+∋ ∋!� ∋!− 	 	 ∃∃�� ∋∃ ��∃∋∃,) 	 	 &�%,∃∗)−.)%∗ 	 	

∃+∃∃ %� �∗!)) &% (!∗∋ �∋∃) &∗∃ %!� ∋!) 	 	 ∃∃�� )+ ��∃∋∃,) 	 	 &�%,∃∗)−.)+∃ 	 	 0�+�∃
�∃∃∗�7�&&7���∃∋∃

∃+�∋ %� �∗!∋∋ &% �&!++ �−(− &+∗ ∋!& ∋!� 	 	 ∃∃�� && ��∃∋∃,) 	 	 &�%,∃∗)−.)+& 	 	

∃+)∃ %� �∗!+− &% �∋!−+ �−∃) &+� ∋!% ∋!% 	 	 ∃∃�� ∗ ��∃∋∃,) 	 	 &�%,∃∗)−.)+∋ 	 	

∃+−∋ %� �∗!(∋ &% �∗!)+ �)+∋ &(+ ∋!+ ∋!∋ 	 	 ∃∃�& ��) ��∃∋∃,) 	 	 &�%,∃∗)−.)++ 	 	

∃∗∃∃ %� �(!�+ &% &�!)+ �∋&& &+∋ ∋!− ∋!% 	 	 ∃∃�& (% ��∃∋∃,) 	 	 &�%,∃∗)−.)+( 	 	

∃∗�∋ %� �(!)� &% &−!&∃ &+∋ ∋!% ∋!+ 	 	 ∃∃�& ∗� ��∃∋∃,) 	 	 &�%,∃∗)−.)∗& 	 	

∃∗&( %� �(!∋( &% &+!∃) �)∗) &+∃ ∋!) ∋!∋ 	 	 ∃∃�& %% ��∃∋∃,) 	 	 &�%,∃∗)−.)∗− 	 	 23�����7�08%∃∃����9

∃∗−∋ %� �(!∗∃ &% &(!(∗ &+� ∋!% ∋!) 	 	 ∃∃�& ∋� ��∃∋∃,) 	 	 &�%,∃∗)−.)∗% 	 	

∃(∃∃ %� &∃!∃∃ &% )&!+% �−∃∃ &∗& ∋!� ∋!− 	 	 ∃∃�& )% ��∃∋∃,) 	 	 &�%,∃∗)−.)∗∗ 	 	

∃(�% %� &∃!&& &% )∋!∗& &+) ∋!( ∋!− 	 	 ∃∃�& &∃ ��∃∋∃,) 	 	 &�%,∃∗)−.)(∃ 	 	

∃()∃ %� &∃!−∃ &% )∗!&∗ �)�− &+− ∋!− ∋!∋ 	 	 ∃∃�& + ��∃∋∃,) 	 	 &�%,∃∗)−.)(& 	 	

∃(−− %� &∃!%∃ &% −∃!(∋ �∋%∃ &() %!& ∋!∋ 	 	 ∃∃�) ��& ��∃∋∃,) 	 	 &�%,∃∗)−.)(− 	 	

�∃∃∃ %� &∃!∗% &% −−!−( �∋&� &+∃ ∋!( ∋!& 	 	 ∃∃�) (− ��∃∋∃,) 	 	 &�%,∃∗)−.)(+ 	 	

�∃�∋ %� &�!∃& &% −%!+( �−%� &+& ∋!% ∋!∋ 	 	 ∃∃�) ∗� ��∃∋∃,) 	 	 &�%,∃∗)−.)(( 	 	

�∃)∃ %� &�!&& &% −(!%) �−�� &+% ∋!∗ ∋!+ 	 	 ∃∃�) %+ ��∃∋∃,) 	 	 &�%,∃∗)−.−∃� 	 	

�∃−∋ %� &�!−− &% ∋&!∋∋ ��+% &+∋ ∋!+ ∋!& 	 	 ∃∃�) ∋� ��∃∋∃,) 	 	 &�%,∃∗)−.−∃− 	 	

��∃� %� &�!%+ &% ∋∋!%+ ��∋∃ &+� ∋!− ∋!− 	 	 ∃∃�) )∋ ��∃∋∃,) 	 	 &�%,∃∗)−.−∃% 	 	

���∋ %� &�!∗− &% ∋∗!�� �∃∗∃ &+− ∋!− ∋!∋ 	 	 ∃∃�) &� ��∃∋∃,) 	 	 &�%,∃∗)−.−∃∗ 	 	

��)� %� &&!∃+ &+ �!�− ∗∗∃ &+∋ ∋!− ∋!− 	 	 ∃∃�) ∋ ��∃∋∃,) 	 	 &�%,∃∗)−.−�∃ 	 	

��−− %� &&!&− &+ )!∋+ (−∗ &+) ∋!∋ ∋!∗ 	 	 ∃∃�− ��& ��∃∋∃,) 	 	 &�%,∃∗)−.−�� 	 	

��∋+ %� &&!−& &+ %!�∋ (∋� &+� ∋!+ ∋!% 	 	 ∃∃�− (( ��∃∋∃,) 	 	 &�%,∃∗)−.−�) 	 	

�&�∋ %� &&!%% &+ (!)� ∗(∃ &∗− ∋!( ∋!∋ 	 	 ∃∃�− ∗& ��∃∋∃,) 	 	 &�%,∃∗)−.−�∋ 	 	

�&)� %� &&!∗∗ &+ �&!∋% ∗−∗ &+∃ ∋!+ ∋!% 	 	 ∃∃�− %∋ ��∃∋∃,) 	 	 &�%,∃∗)−.−�% 	 	

�&−∋ %� &)!∃∗ &+ �∋!�− +(∗ &+∃ ∋!− ∋!− 	 	 ∃∃�− ∋� ��∃∋∃,) 	 	 &�%,∃∗)−.−�∗ 	 	

�&∋( %� &)!&% &+ �+!%∋ ∗%& &+∗ ∋!) ∋!− 	 	 ∃∃�− )∗ ��∃∋∃,) 	 	 &�%,∃∗)−.−&∃ 	 	

�)�∋ %� &)!−+ &+ &∃!∋& +∋& &+% ∋!∋ ∋!∃ 	 	 ∃∃�− && ��∃∋∃,) 	 	 &�%,∃∗)−.−&� 	 	

�))∃ %� &)!%∗ &+ &)!−) (�& &+∋ ∋!∋ ∃!∋ 	 	 ∃∃�− + ��∃∋∃,) 	 	 &�%,∃∗)−.−&) 	 	

�)−∋ %� &)!(∃ &+ &%!∋+ ∗∃& &+) ∋!− ∋!∋ 	 	 ∃∃�∋ ��� ��∃∋∃,) 	 	 &�%,∃∗)−.−&∋ 	 	

�−∃∃ %� &−!�� &+ &(!∋∗ ((� &+� ∋!− ∋!) 	 	 ∃∃�∋ (% ��∃∋∃,) 	 	 &�%,∃∗)−.−&+ 	 	

�−�∋ %� &−!)) &+ )&!−∗ ∗∋& &+∋ ∋!) ∋!+ 	 	 ∃∃�∋ +( ��∃∋∃,) 	 	 &�%,∃∗)−.−&( 	 	

�−)∃ %� &−!∋+ &+ )∋!�% �∃−� &%− ∋!∋ ∋!− 	 	 ∃∃�∋ %∋ ��∃∋∃,) 	 	 &�%,∃∗)−.−)∃ 	 	

�−−∋ %� &−!+− &+ )∗!∃� (∗) &%∗ ∋!∗ ∋!∋ 	 	 ∃∃�% ��& ��∃∋∃,) 	 	 &�%,∃∗)−.−)& 	 	 1������������:�08%∃∃�����0��&∃���5������##�∀��������������

�∋∃∃ %� &−!(− &+ −∃!∗( (−∗ &+& ∋!% ∋!% 	 	 ∃∃�% (∗ ��∃∋∃,) 	 	 &�%,∃∗)−.−)− 	 	

�∋�∋ %� &∋!�− &+ −)!%− (+∋ &+) ∋!% ∋!% 	 	 ∃∃�% ∗− ��∃∋∃,) 	 	 &�%,∃∗)−.−)∋ 	 	

�∋)& %� &∋!)% &+ −%!+− �∃∃∃ &+∗ %!% ∋!− 	 	 ∃∃�% %+ ��∃∋∃,) 	 	 &�%,∃∗)−.−)∗ 	 	

�∋−∋ %� &∋!∋+ &+ −(!−( �∃&− &+) ∋!∋ ∋!( 	 	 ∃∃�% ∋) ��∃∋∃,) 	 	 &�%,∃∗)−.−−∃ 	 	

�%∃∃ %� &∋!+− &+ ∋�!(∗ �∃&∃ &∗& ∋!− ∋!& 	 	 ∃∃�% )( ��∃∋∃,) 	 	 &�%,∃∗)−.−−& 	 	

�%�∋ %� &∋!(∃ &+ ∋−!�∗ �&%∃ &+% %!� ∋!) 	 	 ∃∃�% &+ ��∃∋∃,) 	 	 &�%,∃∗)−.−−− 	 	

�%)∃ %� &%!�− &+ ∋+!)) �−)+ &+− ∋!+ ∋!∋ 	 	 ∃∃�% ( ��∃∋∃,) 	 	 &�%,∃∗)−.−−% 	 	

�%−∋ %� &%!)− &∗ ∃!∃% �∋∃� &%( ∋!∋ ∋!− 	 	 ∃∃�+ ��% ��∃∋∃,) 	 	 &�%,∃∗)−.−−∗ 	 	

�+∃∃ %� &%!∋) &∗ &!∗% �%(( &%( −!( ∋!% 	 	 ∃∃�+ �∃� ��∃∋∃,) 	 	 &�%,∃∗)−.−∋∃ 	 	 0�+�∃
�∃�∃�7�&)7���∃∋∃

�+�∋ %� &%!+( &∗ %!)) �%&� &+− ∋!� ∋!� 	 	 ∃∃�+ ∗) ��∃∋∃,) 	 	 &�%,∃∗)−.−∋) 	 	

�+)∃ %� &%!(∋ &∗ ∗!+& �∋(% &+( ∋!% ∋!+ 	 	 ∃∃�+ +∃ ��∃∋∃,) 	 	 &�%,∃∗)−.−∋∋ 	 	

�+−∋ %� &+!�% &∗ ��!∋� �∋∃∃ &+& ∋!+ ∋!) 	 	 ∃∃�+ ∋∋ ��∃∋∃,) 	 	 &�%,∃∗)−.−∋+ 	 	 ������������08%∃∃

�∗∃∃ %� &+!)% &∗ �−!)+ �−−∃ &+) %!� ∋!∗ 	 	 ∃∃�+ −∃ ��∃∋∃,) 	 	 &�%,∃∗)−.−∋( 	 	

�∗�∋ %� &+!∋( &∗ �+!)( �−)) &+( ∋!& ∋!∋ 	 	 ∃∃�+ &− ��∃∋∃,) 	 	 &�%,∃∗)−.−%& 	 	

�∗)∃ %� &+!+( &∗ &∃!&∗ �∋&− &∗% ∋!+ ∋!∋ 	 	 ∃∃�+ ( ��∃∋∃,) 	 	 &�%,∃∗)−.−%− 	 	

�∗−∋ %� &+!(( &∗ &)!∃− �%(∃ &+∋ ∋!− ∋!% 	 	 ∃∃�∗ ��− ��∃∋∃,) 	 	 &�%,∃∗)−.−%+ 	 	

�(∃∃ %� &∗!�+ &∗ &∋!∋+ �)∗& &∗& ∋!% ∋!− 	 	 ∃∃�∗ �∃� ��∃∋∃,) 	 	 &�%,∃∗)−.−%∗ 	 	 23����;���������

�(�∋ %� &∗!−∃ &∗ &∗!%( �−)+ &∗� ∋!− ∋!− 	 	 ∃∃�∗ ∗∋ ��∃∋∃,) 	 	 &�%,∃∗)−.−+∃ 	 	

�()∃ %� &∗!%∃ &∗ )�!−) �&∗∗ &∗� ∋!% ∋!% 	 	 ∃∃�∗ +� ��∃∋∃,) 	 	 &�%,∃∗)−.−+) 	 	

�(−∋ %� &∗!∗∃ &∗ )−!&∋ �−&& &∗) ∋!− ∋!− 	 	 ∃∃�∗ ∋∋ ��∃∋∃,) 	 	 &�%,∃∗)−.−+∋ 	 	

&∃∃∃ %� &(!∃) &∗ )+!)− &+∗ ∋!∋ ∋!) 	 	 ∃∃�∗ )( ��∃∋∃,) 	 	 &�%,∃∗)−.−++ 	 	

&∃�% %� &(!&∋ &∗ −∃!)( &+( ∋!� ∋!− 	 	 ∃∃�∗ &) ��∃∋∃,) 	 	 &�%,∃∗)−.−∗∃ 	 	 08%∃∃����������9

&∃)& %� &(!−% &∗ −)!)− &∗% ∋!� ∋!) 	 	 ∃∃�∗ + ��∃∋∃,) 	 	 &�%,∃∗)−.−∗& 	 	

&∃−∋ %� &(!%− &∗ −∋!++ �∋−) &+∋ ∋!& ∋!− 	 	 ∃∃�( ��− ��∃∋∃,) 	 	 &�%,∃∗)−.−∗− 	 	

&�∃∃ %� &(!∗∋ &∗ −∗!%− &+∋ ∋!% ∋!% 	 	 ∃∃�( (( ��∃∋∃,) 	 	 &�%,∃∗)−.−∗+ 	 	

&��% %� )∃!∃∋ &∗ ∋�!%− �−−) &∗� ∋!∋ ∋!% 	 	 ∃∃�( ∗− ��∃∋∃,) 	 	 &�%,∃∗)−.−(∃ 	 	

&�&( %� )∃!&− &∗ ∋−!&∃ &∗& ∋!+ ∋!− 	 	 ∃∃�( +∃ ��∃∋∃,) 	 	 &�%,∃∗)−.−(& 	 	

&�−∋ %� )∃!−% &∗ ∋+!�∋ �%�+ &∗& ∋!) ∋!∋ 	 	 ∃∃�( ∋− ��∃∋∃,) 	 	 &�%,∃∗)−.−(− 	 	

&&∃∃ %� )∃!%+ &( ∃!∃∃ �%−∋ &∗∃ ∋!− ∋!( 	 	 ∃∃�( )( ��∃∋∃,) 	 	 &�%,∃∗)−.−(% 	 	

&&�− %� )∃!∗+ &( &!+) �∋(& &∗∃ ∋!∋ ∋!∋ 	 	 ∃∃�( &∋ ��∃∋∃,) 	 	 &�%,∃∗)−.−(∗ 	 	

&&)∃ %� )�!∃∗ &( ∋!%∗ �∗)& &∗− ∋!) ∋!) 	 	 ∃∃�( ( ��∃∋∃,) 	 	 &�%,∃∗)−.∋∃∃ 	 	 �9���������

&&∋& %� )�!)∗ &( (!(∃ &∗− ∋!% ∋!+ 	 	 ∃∃&∃ �∃+ ��∃∋∃,) 	 	 &�%,∃∗)−.∋∃) 	 	

&)∃∃ %� )�!−( &( ��!−∋ &∗∃ ∋!− ∋!) 	 	 ∃∃&∃ (( ��∃∋∃,) < 	 &�%,∃∗)−.∋∃∋ 	 	 08%∃∃�������������������

&)�∋ %� )�!%( &( �−!�) &+& ∋!) ∋!− 	 	 ∃∃&∃ ∗∋ ��∃∋∃,) < 	 &�%,∃∗)−.∋∃+ 	 	 ������������=�������08%∃∃

&))� %� )�!(� &( �+!&( &+% ∋!∗ ∋!− 	 	 ∃∃&∃ %∗ ��∃∋∃,) 	 	 &�%,∃∗)−.∋∃( 	 	

&)−∋ %� )&!&∗ &( �(!+− �%∗∋ )∃∗ ∋!( ∋!% 	 	 ∃∃&∃ ∋− ��∃∋∃,) 	 	 &�%,∃∗)−.∋�� 	 	

�=��� �=��� �����∀��!

�5��	�������#�������7����������������9������∀����
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���	�����%&!�∋ � �! � �! ��(∀ ��(∀ ��(∀ ��(∀ �)��∃ ���∀

���� ∗� �∗∀�� �� �∗∀�� � � � � �,,,�∀� �∀� ��∀� ����

���� ∗� ��∀�� �� �,∀�� � � � � ��,�� �∀� ��� �
��,� ∗� ��∀�� �� ��∀�� � � � � �,,,∗∀� �∀� ��� �
���� �� ��∀�� �� �∀�� � � � � ��∗�� �∀� ���
���� ∗� �,∀�� �� �∀�� � � � � �,,∗�∀� ��∗�� �∀� ,�� �
��,� ∗� ��∀�� �� �,∀�� � � � � �,,∗� ����� �∀� ��∀�
���� ∗� ��∀�� �� ��∀�� � � � � ,∀, ,�� �
���� ∗� ��∀�� �� �∗∀�� � � � � �,,��∀� ����� �∀� ��∀�
���� ∗� ��∀�� �� ��∀�� � � � � �∀� ,, �
��,� ∗� �∗∀�� �� ��∀�� � � � � �,,�� ����� �∀� ��
���� �� ��∀�� �� �,∀�� � � � � �∀� �∀� �
�,�� ∗� ��∀�, �� ��∀�� � � � � �,,∗� ��∗∗� �∀� ���
�,�� ∗� ��∀,� �� ��∀�∗ � � � � �∀� ��� �
�,,� ∗� ��∀�� �� ,�∀�� � � � � �,,∗�∀� ��,�� �∀� ���∀� �
�,�� ∗� ��∀�� �� ,,∀∗� � � � � �∀� ��� �
���� ∗� ��∀�� �� ,∗∀�∗ � � � � �,,∗�∀� ��∗�� ∗∀� ��� �
���� ∗� �∗∀�� �� ,�∀�� � � � � �∀� ��, �
���� ∗� �∗∀,� �� ��∀�� � � � � �,,∗�∀� ����, ∗∀� ��� �
���� ∗� �∗∀�� �� ��∀�� � � � � �∀� ,�� �
���� ∗� �∗∀∗� �� ��∀,, � � � � �,,∗� ����� �∀� ,�� �
���� ∗� �∗∀�� �� ��∀�� � � � � �∀� ��, ����

��,� ∗� ��∀�� �� ��∀�� � � � � �,,∗�∀� ����� �∀� ,�� �
���� ∗� ��∀,� �� ��∀�� � � � � ∗∀� ��� �
�∗�� ∗� ��∀�� �� ��∀�� � � � � �,,��∀∗ ����� �∀∗ ��� �
�∗�� ∗� ��∀�� �∗ �∀�� � � � � �∀∗ ���

�∗�� ∗� ��∀�� �∗ �∀,� � � � � �,,�,∀� ����� �∀, ���
�∗�� ∗� ��∀�∗ �∗ �∀�� � � � � �∀� ���
���� ∗� ��∀,, �∗ �∀�� � � � � �,,��∀� ����� �∀� ���
���� ∗� ��∀�� �∗ ��∀�∗ � � � � �∀� ��∗
��,� ∗� ��∀�� �∗ ��∀�� � � � � �,,∗� ����� �∀� ,��

���� ∗� ��∀�� �∗ ��∀�� � � � � ��∀� ,��
���� ∗� ��∀�� �∗ ��∀,� � � � � �,,∗� ����� �∀� ��� �∀��	�

�
��� (���

���� ∗� ��∀,� �∗ ��∀�� � � � � ��∀� ���
���� �� ��∀∗� �∗ ��∀�� � � � � �,,∗�∀� ��,�� ��∀� ,�� ��	�

�
���

���� �� ��∀�� �∗ ��∀�� � � � � ��∀∗ ��� ��	�
�

���

���∗ ∗� ��∀�� �∗ ��∀�� � � � � �,,∗�∀� ����� ��∀� ,�� ��	�
�

���

���� �� ��∀�� �∗ ��∀,� � � � � ��∀� ,��
���� ∗� ��∀�� �∗ ��∀�� � � � � �,,∗�∀� ����� ��∀� ,�� ��	�

�
���

���� �� ��∀∗� �∗ ��∀�� � � � � ��∀� ,�� ��	�
�

���

���� ∗� ��∀�� �∗ ��∀�� � � � � �,,∗�∀� ���,� ��∀� ,�� ��	�
�

���

���� ∗� ��∀�� �∗ ��∀�� � � � � ��∀� ,�� ��	�
�

���

��,� ∗� ��∀�, �∗ ��∀�� � � � � �,,∗∗∀� ����� ��∀� ,�� ��	�
�

���

���� ∗� ��∀�� �∗ ��∀�∗ � � � � ��∀� ��� ��	�
�

���

���� ∗� ��∀∗∗ �∗ ��∀∗� � � � � �,,��∀� ����� �∀� ��, ��	�
�

���

���� �� ��∀�� �∗ ��∀∗� � � � � �,∀� ,�� ��	�
�

���

��,� ∗� ��∀�� �� �∀�� � � � � �,,��∀� ����� ��∀� ��∗
���� ∗� ��∀�� �� ,∀�� � � � � ��∀� ,�� ��	�

�
���

���� ∗� ��∀∗� �� ∗∀�� � � � � �,,��∀� ���,�∀�� �,∀� ,�� ��	�
�

���

���� ∗� ��∀∗� �� �∀�� � � � � ��∀� ���

��,� ∗� ��∀�� �� ��∀�� � � � � �,,��∀� ����� ��∀� ,��
���� �� �,∀�� �� ��∀,� � � � � ��∀� ���
���� �� �,∀�� �� ��∀�, � � � � �,,��∀� �,,�� �,∀� ,��

�,�� ∗� �,∀�� �� ��∀∗� � � � � �,∀� ,��
�,� �� �,∀∗� �� �,∀,� � � � � �,,��∀, �,,��∀, ��∀, ,��
�,�� ∗� �,∀�� �� ��∀�� � � � � ��∀� ,��
���� ∗� ��∀�� �� �∗∀�� � � � � �,���∀� �,��� ��∀� ,��
���� ∗� ��∀�� �� ��∀�� � � � � �,∀� ,�,

���∗ ∗� ��∀,, �� ,�∀�� � � � � �,,��∀, �����∀� ��∀� ,��
���� ∗� ��∀�� �� ,�∀�� � � � � ��∀� ���
���� ∗� ��∀�� �� ,�∀�� � � � �

���� ∗� ��∀�� �� ��∀�� � � � � �,,��∀∗ ����,∀�� �∀� ��∗
���� ∗� ��∀�∗ �� ��∀�� � � � � ��∀∗ �

���� ∗� ��∀�� �� ��∀�� � � � � �,,��∀� ����� �∀� �

���� ∗� ��∀�� �� ��∀�� � � � � ��∀� ,��
�∗�� ∗� ��∀�� �� ��∀�, � � � � �,,��∀� ����� �∀� �
�∗�� ∗� ��∀�� �� ��∀�� � � � � ��∀� ,∗�

�∗�� ∗� �∗∀�� �� ��∀,, � � � � �,,��∀∗ ����� ��∀� ,��

�∗�� ∗� �∗∀,∗ �� �∀�∗ � � � � ��∀� ���
���� ∗� �∗∀�, �� �∀�� � � � � �,,∗�∀� ���,� �∀� ���
���� ∗� �∗∀�� �� �∀�� � � � � ��∀� ,,�

��,� ∗� �∗∀�� �� �∀�, � � � � �,,∗∗∀� ����, ��∀� ��,

���� ∗� ��∀�∗ �� ��∀�� � � � � ��∀� ,��
���� ∗� ��∀,∗ �� ��∀,� � � � � �,,��∀� ��,�� ��∀� ���

���� ∗� ��∀�� �� ��∀,� � � � � ��∀, ,��

���� ∗� ��∀�� �� ��∀�� � � � � �,,��∀� ����� ��∀� ���

���� ∗� ��∀�� �� �,∀�� � � � � ��∀∗ ��∗

���� ∗� ��∀�� �� ��∀�� � � � � �,,��∀∗ ����� �∀� ���
���� ∗� ��∀�� �� ��∀∗� � � � � �∀∗ ��∗
���� ∗� ��∀∗� �� ��∀∗∗ � � � � �,,��∀� ��,�� ��∀� ,��

���� ∗� ��∀�� �� ��∀�� � � � � �∀� ���
���� ∗� ��∀�� �� ��∀∗� � � � � �,,��∀� ���,, ��∀� ��� ��	�

�
���

���� �� ��∀�� �� ��∀�� � � � � �∀, ,�� � ��	�
�

���

��,� �� ��∀�� �� ��∀�, � � � � �,,�� ����� �∀, ,�,

���� ∗� ��∀∗� �� ��∀�, � � � � ��∀� ���

���� ∗� ��∀�� �� ��∀�, � � � � �,,��∀∗ ����� ��∀� ,�∗

���� ∗� ��∀�� �� ��∀�� � � � � ��∀� ���
���� �� ,�∀�, �� ��∀�� � � � � �,,��∀� ����� ��∀∗ ���
���� �� ��∀�� �� ��∀�� � � � � �,∀� ���

���� �� ��∀�, �� �∀�� � � � � �,,��∀� ����� ��∀� ���
���� ∗� ��∀�� �� �∀�� � � � � ��∀∗ ���

��,� ∗� ��∀�� �� �∀�� � � � � �,,��∀� ��∗∗� ��∀� ���
���� �� ��∀�� �� ��∀�� � � � � �,∀∗ ���

�,�� �� ��∀�� �� ��∀�� � � � � �,,�∗∀� ���∗� ��∀, ���
�,�� ∗� ��∀�� �� ��∀�� � � � � �,∀, ,�� ����

�,,� ∗� ��∀�� �� ��∀�� � � � � �,,��∀� ��∗�� ��∀� �∗

�,�� ∗� ��∀�� �� ��∀�� � � � � ��∀, ,��

�
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∗∗∗∗ +� �+�∗� �� �+�,� −� ��∗ −� ��, +�+ ��� +�− ��� +�� ��� �∗� �∗ �,.�∗ �,.�∗ +� �+��� �� �,�∗�

∗∗�� +� ���.� �� � ��� −�� ��� −�� ��� +�− ��� +�, ��� +� ��� �∗ �∗∗ �,.., �,.., +� �+�∗� �� �+���

���� +� ����� �� ����� −� ��� −�� �� −�+ ��+ − ��+ +�� ��� ��� ��� �,,�+ �,,�+ +� ����� �� �����

∗∗ � +� � ��� �� ,�� −��� � − −��. ��+ −��, � . −��+ ��� +�,� ��� �+∗ �+� �∗∗∗+ �∗∗∗+ +� ����� �� �∗�−,

∗�∗∗ +� ���∗, �� ,�.+ −��+ �., −�−. �., −�∗− �+� +�,� �− −��+ �.� �∗+ ��� �∗∗−� �∗∗−� +� � �∗+ �� ,��− ������������/����������∀��

∗��� +� ���,� �� ���−, +��. �∗. −��− ��� +�−� �∗ −�� �∗. −��� ��� �∗− ��, �∗��− �∗��− +� ���−� �� �∗�+ 

∗��∗ +� �∗�,+ �� ��� , +�,− �∗+ −�∗� �∗− −��� �∗. −�� �� +�. �∗ ��+ ��� �∗�,� �∗�,� +� ���. �� ����− ��
�����0������
��������������123%

∗� � +� �,�,+ �� ����� +�+, ��� +�+� ��∗ +�+� ��� +�+� ��∗ −��− ��� ��− ��� �∗��� �∗��� +� �∗�. �� � �∗ 

∗�∗� +� �.�.� �� �−��� −��. �∗� −�∗� �∗� −� + ��∗ +�,, �∗� −�� �∗. ��� ��� �∗��+ �∗��+ +� �,�+� �� �+��

∗��� +� �−�.� �� �,�∗ −�� �∗, +�.� �∗, +�.+ �∗+ −��� �∗� −�+� �∗+ ��� �� �∗�−� �∗�−� +� �.�++ �� �−�,�

∗��∗ +� �+�−� �� �∗�,� −��− �∗. −�  ��+ −�∗� �∗. +�.� ��� −�∗� �∗ ��∗ ��� �∗ �� �∗ �� +� �−��− �� �,�−+

∗�  +� ���. �� ����� �∗ .� �∗ .� ������������/������
������������45��������

∗� � +� ���−, �� ���+� −��� �∗� −�� �∗� −��� �∗+ −�� �∗, +�., ��∗ ��� ��� �∗ ., �∗ ., +� �+�+� �� �����

∗�∗∗ +� ����� �� ����� .�� �−� −�� �+ −� �+∗ +�. � , +�, � − �+− �−� �∗��� �∗��� +� ����− �� ����. 6
�����������∀���������∀����∗�∗+7�(()���∗��+

∗��� +� ����, �� �. .�� �,+ +�− �,� +�� �,� +�� �,� +�, �.. �− �−, �∗+�� �∗+�� +� ����� �� ���.�

∗��∗ +� ���� �� �∗�, +� �,� +�� �,� +�+ �, +�+ �,� −�� �,� �−+ �. �∗+−+ �∗+−+ +� ����− �� �.�−

∗� � +� ���− �� ���+− +�� �,∗ +�− �,∗ −�� �,∗ −�� �, − �.� �−. �.� �∗−�� �∗−�� +� ����− �� �����

∗ ∗� +� ���,� �� �+�+ +�, �−∗ +�− �−� −�� �− −�� �+. +�− �−� �−+ �.� �∗−,, �∗−,, +� ���−. �� � � ,

∗ �. +� �+�� �� �,�−− +�. �+, −�� �+, −�� �−� −�� �+. ,�� �−� �.� �. �∗.++ �∗.++ +� �+�∗� �� �−�+�

∗ �∗ +� �+��� ��  −�∗� −�� �+− −� �+− −�� �++ −�� �−� −�� �−� �−� �.� �∗,�� �∗,�� +� �+��� ��  ����

∗  � +� �+��� ��  ��.� +�, �+ +�− �+, −�� �+, −� �+� −�� �+� �−− �. �∗,−+ �∗,−+ +� �+��, ��  ��.+

∗ �. +� �+�+, ��  −��� −�� �− −�� �− −� �−+ −�� �−∗ − �−. �− �. ��∗�� ��∗�� +� �+��� ��  ���−

∗��� +� �+�,� �� �∗�  +�, �−� −�� �+. −�� �+, − �−∗ − �+. �− �.� ��∗,� ��∗,� +� �+�−. ��  .�� 	���∀�8���

∗��∗ +� �−��� �� ����� −�� �−� −� �−� +�. �−� +�, �−� −�� �++ �−+ �.∗ ����� ����� +� �+�,, �� �����

∗� − +� �−��+ �� �+��� +�. �−� +�. �.� − �−� −�� �−+ +�. �,, �−− �.� ����, ����, +� �−�� �� � ��−

∗+∗∗ +� �−��� �� �.�.− +� + �− +�. �−− −��� �−� +�.− �+− +�+, �+. �− �.∗ ���−� ���−� +� �−��− �� �+�−+

∗+�� +� �−�−� �+ ���− +�,, �− −�� �− +�,� �−� +�,� �++ −�∗� �++ �−+ �.� ����� ����� +� �−��� �� �,�� 

∗+�∗ +� �−�,� �+  ��� +�� �−∗ +��� �−∗ −��, �−∗ −��+ �+� +�.� �−� �.∗ �.� ���.� ���.� +� �−�−� �+ ����

∗+ � +� �.��+ �+ −� − − �.� +�, �−� +�− �−. +�. �+− +�, �−+ �− �.+ �� �+ �� �+ +� �. �+ ���� 

∗−∗, +� �.� . �+ ���,� +�� �++ −�� �−� −�� �.� −�� �−, +�, �−� �−� �. ����� ����� +� �.��� �+ ,�,�

∗−�+ +� �.�− �+ ���∗� −�− �−� −�� �−� + �−+ +� �−� −�� �.− �−� �.+ ��+�+ ��+�+ +� �.��− �+ ���.,

∗− � +� �.�,� �+ .� � +�� �− +�� �−� −�� �−∗ −�� �−� −�� �− �−� �. ��+., ��+., +� �.�.� �+ �+���

∗.∗∗ +� �,��+ �+ ���� −�+ �−∗ −�+ �−� −�+ �−� −�� �− −� �−� �− �.� ��− . ��− . +� �, �+ �,��−

∗.�� +� �,��. �+ � �� −�� �−� −� �−� −�� �− −�� �−� − �−+ �−� �. ��.∗. ��.∗. +� �,��. �+ ���∗�

∗.�∗ +� �,��, �+ �−�� − �−∗ −� �− −�+ �−� −� �−� −�� �− �−− �.∗ ��.+. ��.+. +� �,� �+ ���∗−

∗. � +� �,�.� �+ �∗�∗, −�� �− −�� �−� −� �−+ −�+ �−� − �−∗ �−� �.∗ ��,�. ��,�. +� �,�+� �+ �−�,�

∗,∗∗ +� �∗ �+ ���. +� �+− +�− �.∗ +�, �−� − �−, +�− �.� �−− �.� ��,.. ��,.. +� �,�.� �+ �∗�−�

∗,�+ +� �∗�� �+ �+�∗, − �− +�. �−, +�. �.� −�� �−+ −�� �−, �−. �.+ ��∗�� ��∗�� +� �∗�∗ �+ � �∗� 9������5���

���� +� ���� �+ ����� ��� ��� � ��� ��� ��� ��� ��� � ��� ��� ��� ����� ����� +� ����� �+ �����

∗, � +� �∗�+ �+  ��∗ +�− �.∗ −�� �−� − �− −�� �−� +�, �−, �−� �.� ���+. ���+. +� �∗��− �+ �.�.,

�∗∗∗ +� �∗�. �+  ��−− +�, �.� −�� �−+ −� �−� +�. �.∗ +�, �.� �− �. ����∗ ����∗ +� �∗��, �+  ��−

�∗�� +� ���∗� �+  +�−� − �. +�. �.+ −�� �., − �−, − �.� �−� �−, ���,∗ ���,∗ +� �∗�−, �+   �−

�∗�∗ +� ����� �+  ,�+− −� �.� −�� �−. − �.� −�� �.∗ −�� �− �−. �.� ����∗ ����∗ +� �∗�,. �+  −�+−

�∗ � +� ���  �+ ����� +� �− +�� �−− +�, �.∗ − �.� −�� �.� �−− �.� �� �∗ �� �∗ +� ����, �+ �∗��−

��∗∗ +� ���+� �+ ����� +�. �−. +�, �.� − �− −�� �−, −�� �.� �−� �.� �� +− �� +− +� ����. �+ ���� ���∀�����:�������:���

���� +� ����� �+ ����� ��� ��� � ��� ��� ��� ��� ��� ��� ��� ��� ��� ����� ����� +� ����� �+ �����

���∗ +� ���∗� �− ∗�. − �.� −�� �−, −�� �− +�, �.∗ −� �.� �.∗ �.− ���,∗ ���,∗ +� ���−, �+ �.�−�

�� � +� ���� �− ��+� −�� �.∗ −�� �−. −�� �−, +�. �.� −�� �.� �−� �.� ��+ . ��+ . +� ���∗� �− ���+

��∗∗ +� ���  �− +� � −�. �,− −�� �,� −�+ �,. −� �∗∗ +�. �∗� �−− �.. ��−∗. ��−∗. +� ����− �−  ���

���� +� ���+. �− ,�+ −��� �−. −� , �+− +��� �+� +�,� �−. −�∗− �−+ �− �.� ��−−∗ ��−−∗ +� ���� �− −��.

���∗ +� ���,� �− ���,� +� � �−. − �.+ −��+ �−+ −��. �−∗ +�, �+ ��� �+, ��. � ��. � +� ���− �− �∗�.�

�� � +� ���∗. �− ����+ +� + �−− − �−� −�+− �−, −�+. �−− −�� �−+ �−∗ �.∗ ��.,� ��.,� +� ���, �− ���� 

���� +� ����� �− ����� ���� ��� ���� ��� ��� ��� ���� ��� ��� ��� ��� ��� ����� ����� +� ����� �− �����

���� +� ��� , �− �∗�.� ��. �,− +�� �∗∗ −�� �,� − �∗ +�, �, �+, �.� ��∗� ��∗� +� ����� �− �.�+.

���� +� ���−� �− ���,, −�+ �,� −�� �,+ −�� �∗� +�. �∗� −�� �, �−� �.+ ��∗−, ��∗−, +� ���� �− ���..

��  +� ���., �− �+� � −� �.∗ −� �−∗ −�� �+∗ +�, �−� +�� �−− �−� �. ����∗ ����∗ +� ���−� �− � ��−

� ∗∗ +� � �� �− �,��− −�� �−− −� �−� −�� �++ −�� �+� −�� �+� �−� �. ���,� ���,� +� ���,� �− �−��,
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+�!�, � �! � �! ��−���+�, ��.� ��. ��.� ��.� �����/��� ��.� ��.�

#### &� 01�® ∃¤ ¯∃�¥¤ �¤∃∃ �#� ¤�¯ ¤�¤ 	 	 ##00 ¯ ��#¤#50 	 	 ∃�&5#° ±̄∀�¤ 	 	

##�¤ ¦� ¥§�&¤ ∃¤ ¥§�¤§ �¯�∀ §¥ ¤�& ¤�¯ 	 	 ##0¯ ��# ��#¤#50 	 	 ∃�&5#° ±̄∀�∀ 	 	

##∃ ²� °³�¯ ∃¤ ¥¦�1¤ �¥∀ ³∃ ¤�& ¤�¯ 	 	 ##0¯ 1& ��#¤#50 	 	 ∃�&5#° ±̄∀�1 	 	

##¯¯ &� 01�∃¤ ∃¤ ¥¥�&1 �¯# ³° ®�& ¤�¤ 	 	 ##0¯ ∀1 ��#¤#50 	 	 ∃�&5#° ±̄∀∃∃ 	 	

#�## &� 01�#& ∃¤ ¥#�11 �¯&� 1¯ ¤�¯ ¤�¯ 	 	 ##0¯ &¤ ��#¤#50 	 	 ∃�&5#° ±̄∀∃¯ 	 	

#�� ²� °�# ∃¤ ∃∀�∃¯ �¤∃∃ �#� ¤�∃ ¤�¤ 	 	 ##0¯ ¯& ��#¤#50 	 	 ∃�&5#° ±̄∀∃∀ 	 	

#�0# &� 0�&¯ ∃¤ ∃¯�1� �¤�§ ��� ¤�0 ¤�¤ 	 	 ##0¯ 00 ��#¤#50 	 	 ∃�&5#° ±̄∀∃1 	 	

#�¯¤ ¦� ¥�¯¤ ∃¤ ∃∃��� �¤¦¦ ��� ¤�0 ¤�¯ 	 	 ##0¯ �1 ��#¤#50 	 	 ∃�&5#° ±̄∀0� 	 	

#∃## &� 0�∃¯ ∃¤ �§��∃ �¤¯¥ §¥ ¤�& ¤�∀ 	 	 ##0¯ 0 ��#¤#50 	 	 ∃�&5#° ±̄∀0¯ 	 	

#∃�& &� 0�#0 ∃¤ �¦�� �®°® ³∀ ¤�0 ¤�0 	 	 ##0¤ �#∀ ��#¤#50 	 	 ∃�&5#° ±̄∀0& 	 	

#∃0� &� 0∀�° ∃¤ �¥�¯∃ �¯∀1 11 ¤�# ¤�∀ 	 	 ##0¤ §¥ ��#¤#50 	 	 ∃�&5#° ±̄∀0 	 	

#∃¯¤ ¦� ¥∀�&¤ ∃¤ �#�&¯ �¯¤¤ §¤ ¤�& ¤�0 	 	 ##0¤ ∀ ��#¤#50 	 	 ∃�&5#° ±̄∀¯� 	 	

#0## &� 0∀�¯∀ ∃¤ �#� �¯¯& �#∃ ¤�∃ ¤�0 	 	 ##0¤ ¦¯ ��#¤#50 	 	 ∃�&5#° ±̄∀¯0 	 	

#0�¤ ¦� ¥∀�∃∀ ∃¤ ¤��∀ �¯∃1 1∃ ¤�∃ ¤�¯ 	 	 ##0¤ ¤# ��#¤#50 	 	 ∃�&5#° ±̄∀¯& 	 	

#00∃ &� 0∀�#0 ∃¤ ��&∀ �¯¤∃ 1¤ ¤�¤ ¤�¤ 	 	 ##0¤ ¥� ��#¤#50 	 	 	 	 ∋(����´µ
#0¯� ∃∃#5#00& ∋(�̈ �8��

#043 &� 0&�2& ∃4 31�∃2 �444 �## 3�0 3�2 	 	 ##03 �1 ��#3#50 	 	 ∃∃#5#00& 	 	

#4## &� 0&�&3 ∃4 3&��& �443 1# 3�4 3�0 	 	 ##03 ∃ ��#3#50 	 	 ∃∃#5#00&6##0 	 	  !∀�#6�#2�#�∀�9�19��#3#

#4�3 &� 0&�41 ∃4 30�10 �421 #1∃ 3�2 3�& 	 	 ##0& ��# ��#3#50 	 	 ∃∃#5#00&6##3 	 	

#40# &� 0&�∃2 ∃4 3#�14 �342 �## 3�4 3�4 	 	 ##0& 13 ��#3#50 	 	 ∃∃#5#00&6##2 	 	

#443 &� 0&�#& ∃4 4∀�2# �3∀∃ #1� 4�2 3�∃ 	 	 ##0& ∀1 ��#3#50 	 	 ∃∃#5#00&6#�# 	 	 ∋(�:�����;��7�������

#3## &� 03�21 ∃4 43�02 �331 #21 3�& 3�4 	 	 ##0& && ��#3#50 	 	 ∃∃#5#00&6#�∃ 	 	

#3�3 &� 03�∀# ∃4 4∃�4∀ �324 #1∃ 3�& 3�0 	 	 ##0& 3# ��#3#50 	 	 ∃∃#5#00&6#�4 	 	

#30# &� 03�3� ∃4 01�∀0 �&∀4 #10 3�4 3�& 	 	 ##0& 0& ��#3#50 	 	 ∃∃#5#00&6#�∀ 	 	

#343 &� 03�0� ∃4 0&�10 �&3� #1� 3�2 3�∀ 	 	 ##0& ∃� ��#3#50 	 	 ∃∃#5#00&6#�1 	 	

#&## &� 03��# ∃4 00�13 �2#1 #13 3�4 3�& 	 	 ##0& & ��#3#50 	 	 ∃∃#5#00&6#∃� 	 	

#&�3 &� 04�1# ∃4 0��∃3 �∀10 #�## 3�2 3�∀ 	 	 ##0∀ ��∃ ��#3#50 	 	 ∃∃#5#00&6#∃∃ 	 	

#&0# &� 04�3∀ ∃4 ∃2�#0 �∀#2 �#3 3�3 3�4 	 	 ##0∀ 14 ��#3#50 	 	 ∃∃#5#00&6#∃3 	 	

#&43 &� 04�0� ∃4 ∃3�04 �&20 �#� 3�1 3�3 	 	 ##0∀ 2# ��#3#50 	 	 ∃∃#5#00&6#∃∀ 	 	  !∀�#
�#�∀&9�∀9���#3#

#∀## &� 04�#4 ∃4 ∃∃�&4 �&24 �#1 3�3 3�0 	 	 ##0∀ && ��#3#50 	 	 ∃∃#5#00&6#∃1 	 	

#∀�3 &� 00�∀& ∃4 �1�2# �&4∃ #1# 3�0 3�∃ 	 	 ##0∀ 3� ��#3#50 	 	 ∃∃#5#00&6#0� 	 	

#∀0# &� 00�30 ∃4 �∀�∃4 �&�∀ �## 3�3 3�0 	 	 ##0∀ 0∀ ��#3#50 	 	 ∃∃#5#00&6#00 	 	

#∀43 &� 00��1 ∃4 �0�14 �3∀1 10 3�4 3�3 	 	 ##0∀ ∃# ��#3#50 	 	 ∃∃#5#00&6#0& 	 	 ∗������−��	������#∀0∀

#2## &� 0∃�1� ∃4 �#�11 �3∀4 1∃ 3�∀ 3�2 	 	 ##0∀ 4 ��#3#50 	 	 ∃∃#5#00&6#02 	 	

#2�& &� 0∃�&� ∃4 ∀�1& �3&∀ 1� 3�0 3�∀ 	 	 ##02 �#1 ��#3#50 	 	 ∃∃#5#00&6#4# 	 	

#20� &� 0∃�0∃ ∃4 4�12 �3∀# 20 3�3 3�2 	 	 ##02 10 ��#3#50 	 	 ∃∃#5#00&6#40 	 	

#243 &� 0∃�#& ∃4 ∃�∃2 �32∃ �#& 3�∃ &�� 	 	 ##02 ∀1 ��#3#50 	 	 ∃∃#5#00&6#43 	

#231 &� 0��2� ∃0 31�31 �313 10 3�& 3�2 	 	 ##02 &3 ��#3#50 	 	 ∃∃#5#00&6#4∀ 	 	

#1�& &� 0��42 ∃0 3&�44 �&∃4 1∃ 3�0 3�& 	 	 ##02 42 ��#3#50 	 	 ∃∃#5#00&6#3# 	

#1∃1 &� 0��∃4 ∃0 30�1∀ �&3∃ �#3 3�0 3�∃ 	 	 ##02 03 ��#3#50 	 	 ∃∃#5#00&6#3� 	

#143 &� 0#�1& ∃0 3��#� �&1∀ �#0 3�0 3�� 	 	 ##02 �2 ��#3#50 	 	 ∃∃#5#00&6#34 	  !∀�#�5�−����������−����������

�### &� 0#�&1 ∃0 42�∃4 �∀∃∃ �#� 3�3 3�0 	 	 ##02 4 ��#3#50 	 	 ∃∃#5#00&6#3& 	

�#�3 &� 0#�4∃ ∃0 43�32 �∀0∃ 22 3�� 3�# 	 	 ##01 �#1 ��#3#50 	 	 ∃∃#5#00&6#32 	

�#0# &� 0#��3 ∃0 4∃�∀1 �#∀ 3�� 3�0 	 	 ##01 14 ��#3#50 	 	 ∃∃#5#00&6#&# 	 	

�#4& &� ∃1�22 ∃0 01�12 �∀3� 1∀ 4�∀ 3�∀ 	 	 ##01 ∀2 ��#3#50 	 	 ∃∃#5#00&6#&∃ 	 	

��#∃ &� ∃1�31 ∃0 0∀�#0 �∀3� 22 &�# 3�# 	 	 ##01 &∃ ��#3#50 	 	 ∃∃#5#00&6#&4 	 	

���3 &� ∃1�0& ∃0 04�∀∃ �∀32 14 3�� 3�3 	 	 ##01 41 ��#3#50 	 	 ∃∃#5#00&6#&& 	 	

��0# &� ∃1�#1 ∃0 0∃�#& �∀∀1 1∀ 3�1 3�∀ 	 	 ##01 04 ��#3#50 	 	 ∃∃#5#00&6#&2 	 	

��43 &� ∃2�20 ∃0 ∃1�0# �∀2& 23 4�1 3�# 	 	 ##01 �1 ��#3#50 	 	 ∃∃#5#00&6#∀# 	  !∀�#��;��.�����//���42

�∃## &� ∃2�31 ∃0 ∃&�∀4 �∀1& 12 3�0 3�0 � 	 ##01 4 ��#3#50 	 	 ∃∃#5#00&6#∀∃ 	 	

�∃�3 &� ∃2�∃2 ∃0 ∃0�&1 �2#� #1∀ 3�# 3�∃ � 	 ##4# �#2 ��#3#50 	 	 ∃∃#5#00&6#∀4 	 	

�∃0� &� ∃2�## ∃0 ∃#�10 �2#2 ��� 4�2 3�& � 	 ##4# 10 ��#3#50 	 	 ∃∃#5#00&6#∀∀ 	 	

�∃44 &� ∃∀�∀& ∃0 �2�4& �∀31 �#2 3�� 3�0 � 	 ##4# 2# ��#3#50 	 	 ∃∃#5#00&6#∀2 	 	

�∃32 &� ∃∀�30 ∃0 �3�4∃ �2∃� �#4 3�∃ 3�4 � 	 ##4# &3 ��#3#50 	 	 ∃∃#5#00&6#2# 	 	 ∋(�.��.����������	�/������−������

�0�4 &� ∃∀�∃4 ∃0 �0�#2 �2∃04 1∃ 3�0 3�0 � 	 ##4# 3# ��#3#50 	 	 ∃∃#5#00&6#2∃ 	 	

�00# &� ∃&�14 ∃0 �#�#� �20# 12 3�2 3�∃ � 	 ##4# 04 ��#3#50 	 	 ∃∃#5#00&6#23 	 	

�04& &� ∃&�&0 ∃0 &�10 �200 11 3�3 3�& � 	 ##4# �2 ��#3#50 	 	 ∃∃#5#00&6#2∀ 	 	

�4## &� ∃&�02 ∃0 4�04 �204 12 3�& 3�∃ � 	 ##4# 4 ��#3#50 	 	 ∃∃#5#00&6#21 	 	

�4�4 &� ∃&��∃ ∃0 ��∀2 �24# 1& 3�2 3�3 � 	 ##4� ��# ��#3#50 	 	 ∃∃#5#00&6#1# 	 	

�40� &� ∃3�2# ∃∃ 32�4& �23∀ �#3 &�# 3�0 � 	 ##4� 1∃ ��#3#50 	 	 ∃∃#5#00&6#10 	 	

�44& &� ∃3�34 ∃∃ 33�2# �23& �## 3�∀ 3�∃ � 	 ##4� ∀2 ��#3#50 	 	 ∃∃#5#00&6#13 	 	

�3## &� ∃3�∃∀ ∃∃ 3∃�11 �244 10 3�& 3�3 � 	 ##4� &0 ��#3#50 	 	 ∃∃#5#00&6#1& 	 	

�3�3 &� ∃4�11 ∃∃ 3#�0� �2∀2 �#0 3�∀ 3�3 � 	 ##4� 41 ��#3#50 	 	 ∃∃#5#00&6#12 	 	

�30# &� ∃4�∀∃ ∃∃ 4∀�3� �2�& 12 &�∃ 3�& � 	 ##4� 04 ��#3#50 	 	 ∃∃#5#00&6�## 	 	

�34∀ &� ∃4�4� ∃∃ 44�03 �∀3# 1∀ &�# 3�4 � 	 ##4� �∀ ��#3#50 	 	 ∃∃#5#00&6�#0 	 	

�&## &� ∃4�∃3 ∃∃ 4∃�&3 �23� �#4 4�0 3�0 � 	 ##4� ∀ ��#3#50 	 	 ∃∃#5#00&6�#4 	 	

�&�3 &� ∃0�1∀ ∃∃ 01�∀& �234 #11 3�� 3�4 � 	 ##4∃ ��∃ ��#3#50 	 	 ∃∃#5#00&6�#& 	 	

�&0# &� ∃0�&2 ∃∃ 0&�2& �230 #14 3�3 3�∃ � 	 ##4∃ 1& ��#3#50 	 	 ∃∃#5#00&6�#2 	 	

�&43 &� ∃0�02 ∃∃ 00�23 �234 #21 3�∀ 3�3 � 	 ##4∃ 2# ��#3#50 	 	 ∃∃#5#00&6��# 	 	

�∀## &� ∃0��# ∃∃ 0#�22 �23# #11 3�1 3�4 � 	 ##4∃ &3 ��#3#50 	 	 ∃∃#5#00&6��∃ 	 	

�∀�3 &� ∃∃�2∃ ∃∃ ∃2��& �24� #11 3�3 3�∀ � 	 ##4∃ 3# ��#3#50 	 	 ∃∃#5#00&6��4 	 	

�∀0# &� ∃∃�31 ∃∃ ∃3�∀∃ �203 �#1 3�� 3�0 � 	 ##4∃ 04 ��#3#50 	 	 ∃∃#5#00&6��& 	 	

�∀43 &� ∃∃�∃& ∃∃ ∃∃�43 �2&2 �#� 4�∃ 3�& � 	 ##4∃ ∃# ��#3#50 	 	 ∃∃#5#00&6��2 	 	

�2#∃ &� ∃��13 ∃∃ �1�∃∃ �2�3 #1∀ 3�∀ 3�4 � 	 ##4∃ ∃ ��#3#50 	 	 ∃∃#5#00&6�∃# 	 	 (�����<�∋������;������.����.�����<�−��	���;������������

�2�3 &� ∃��∀∃ ∃∃ �&�1∃ �2#& #12 &�# 3�∃ � 	 ##40 �#1 ��#3#50 	 	 ∃∃#5#00&6�∃∃ 	 	

�20# &� ∃��4& ∃∃ �4�0# �∀12 �#& &�0 3�∃ � 	 ##40 1& ��#3#50 	 	 ∃∃#5#00&6�∃0 	 	

�243 &� ∃���1 ∃∃ ���34 �1#& �#� &�∃ 3�2 � 	 ##40 2� ��#3#50 	 	 ∃∃#5#00&6�∃3 	 	

�1## &� ∃#�1# ∃∃ 2�33 �∀�3 #11 3�3 3�3 � 	 ##40 &3 ��#3#50 	 	 ∃∃#5#00&6�∃2 	 	

�1�3 &� ∃#�∀# ∃∃ 3�22 �∀1# #12 &�0 3�4 � 	 ##40 3� ��#3#50 	 	 ∃∃#5#00&6�∃1 	 	

�10# &� ∃#�41 ∃∃ 0�0� �∀1& #14 3�& 3�4 � 	 ##40 0∀ ��#3#50 	 	 ∃∃#5#00&6�0� 	 	

�143 &� ∃#�∃3 ∃∃ #��& �2#& #12 3�2 3�∃ � 	 ##40 ∃# ��#3#50 	 	 ∃∃#5#00&6�04 	 	

∃### &� ∃#�#� ∃� 3∀�#� �2#∀ #12 3�0 3�3 � 	 ##40 4 ��#3#50 	 	 ∃∃#5#00&6�0& 	 	

∃#�3 &� �1�∀2 ∃� 34�∃3 �222 #2& &�# 3�& � 	 ##44 �#1 ��#3#50 	 	 ∃∃#5#00&6�02 	 	

∃#0# &� �1�33 ∃� 3��∃∀ �2#4 �#∃ &�# 3�2 � 	 ##44 10 ��#3#50 	 	 ∃∃#5#00&6�40 	 	

∃#43 &� �1�03 ∃� 42�∀0 �2#∀ #10 3�4 3�4 � 	 ##44 2# ��#3#50 	 	 ∃∃#5#00&6�44 	 	

∃�#� &� �1��∃ ∃� 43�3∀ �#∃ 3�0 3�� � 	 ##43 ��2 ��#3#50 	 	 ∃∃#5#00&6�42 	 	  !�∃#�−���

∃��4 &� �2�1∃ ∃� 40�#∀ �∀21 �## 3�4 3�4 � 	 ##43 �#4 ��#3#50 	 	 ∃∃#5#00&6�3# 	 	 %����;����−���

∃�0# &� �2�&2 ∃� 4#�#0 �340 #1# 4�2 3�4 � 	 ##43 22 ��#3#50 	 	 ∃∃#5#00&6�3∃ 	 	

∃�43 &� �2�42 ∃� 0∀�32 �∀2# #24 3�3 3�4 � 	 ##43 ∀∀ ��#3#50 	 	 ∃∃#5#00&6�34 	 	 %����;����−����5��;������.�������

∃∃## &� �2�∃4 ∃� 04�41 �&33 #2∀ 4�1 3�∀ � 	 ##43 32 ��#3#50 	 	 ∃∃#5#00&6�3& 	 	 ������∃�4∀

∃∃�3 &� �2�#4 ∃� 0��20 �2∃∀ #1& 3�0 3�4 � 	 ##43 44 ��#3#50 	 	 ∃∃#5#00&6�32 	 	

∃∃0� &� �∀�∀2 ∃� ∃2�∀& �1#1 #∀& 3�4 3�∃ � 	 ##43 ∃2 ��#3#50 	 	 ∃∃#5#00&6�&# 	 	 ;������.��������4�

∃∃43 &� �∀�3∀ ∃� ∃&�#4 �∀�4 #14 3�& 3�4 � 	 ##43 �0 ��#3#50 	 	 ∃∃#5#00&6�&∃ 	 	 ;�������������

∃0## &� �∀�0∃ ∃� ∃∃�20 �∀24 #1∃ 3�4 3�3 � 	 ##4& ��& ��#3#50 	 	 ∃∃#5#00&6�&3 	 	

∃0�& &� �∀��0 ∃� ∃#�4� �&## �## 3�� 3�4 � 	 ##4& �#0 ��#3#50 	 	 ∃∃#5#00&6�&& 	 	

∃00� &� �&�1# ∃� �∀�4& �#0 3�∀ 3�& � 	 ##4& 22 ��#3#50 	 	 ∃∃#5#00&6�&1 	 	

∃04& &� �&�&2 ∃� �4�&3 23 3�0 3�0 � 	 ##4& ∀0 ��#3#50 	 	 ∃∃#5#00&6�∀# 	 	

+7��, +7��, �����.���
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���� ∗� ¶·∀¸� �� ¹�∀¹· � � � � �¶¶¹·∀¹ ���¶�∀� ¸∀© �∗� ª«��º	������	�
»

���

���� ∗� ¶·∀∗� �� ¶·∀�© � � � � ��∀� ��© ¼
���� ∗� ¶·∀¹� �� ¶½∀©� � � � � �¶¶��∀� ��¹�� �∀¶ ��¶
��¹� ∗� ¶·∀�¹ �� ¶¶∀∗∗ � � � � ¸∀� ��∗ ¼
���¸ ½� ¶·∀�¸ �� ¶�∀�� � � � � �¶¶��∀¹ ��¸�� ¸∀¶ ��� ¼
���¸ ½� ¶¸∀¸� �� ��∀¶� � � � � ¸∀∗ �∗� ¼
��¶� ∗� ¶¸∀∗� �� ��∀�¶ � � � � �¶¶��∀¹ ��¹�¶ �∀� ���

��¹½ ½� ¶¸∀¹¶ �� ��∀©¶ � � � � �∀¸ �¹�
���� ∗� ¶¸∀�¹ �� �©∀�� � � � � �¶¶�¹ ��∗∗¹ �∀� �¹�
���∗ ∗� ¶¸∀�¹ �� �∗∀�� � � � � ©∀� �∗¹
��¶� ∗� ¶�∀¸¶ �� �¶∀�¶ � � � � �¶¶�� ���∗∗ ��∀¹ ���

��¹½ ½� ¶�∀∗¹ �� ��∀�© � � � � ��∀� �¹½
���¸ ½� ¶�∀¹� �� ¸∀�¶ � � � � �¶¶�©∀¸ ��¸½½ ��∀� ���

�¶�� ∗� ¶�∀�¸ �� �∀�© � � � � ��∀� �¹½ ¼
�¶¶� ∗� ¶�∀�¹ �� �∀©� � � � � �¶¶��∀� ��©�� ��∀∗ �¹¸
�¶¹� ∗� ¶½∀¸½ �¹ �©∀¶� � � � � ��∀� �¹½
�¹�� ∗� ¶½∀∗¹ �¹ �∗∀�� � � � � �¶¶¶�¶∀¶ ��¹�� ��∀© �¹�
�¹�� ∗� ¶½∀¹· �¹ �¶∀©∗ � � � � ��∀© ��¹
�¹¶� ∗� ¶½∀�¸ �¹ ��∀©¹ � � � � �¶¶�� ����¹ ��∀� �¶¹
�¹¹� ∗� ¶½∀�∗ �¹ ¹�∀¸� � � � � �¶�∀� �¶·
���� ∗� ¶�∀¸· �¹ ¹�∀¹¹ � � � � �¶¶�¹ ���©© ��∀¹ ��¸
���� ∗� ¶�∀�� �¹ ¹�∀¹� � � � � ��∀� �¹¶
��¶� ∗� ¶�∀�� �¹ ¶·∀�¶ � � � � �¶¶�� ���¶� �¶∀� �¶¸
��¹� ∗� ¶�∀¶� �¹ ¶½∀©¶ � � � � ��∀� ��� �
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�∗�� ∗� ¶¹∀©� �¹ ¶�∀�� � � � � �¶∀¹ �¹�
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���� ∗� ¶¶∀�∗ �¹ �©∀¸� � � � � ��∀� �¹�
��¶� ∗� ¶¶∀�¶ �¹ ��∀�¹ � � � � �¶¶��∀¹ ���¹· ��∀� �¹¶
��¹� ∗� ¶¶∀�© �¹ �¶∀©¹ � � � � ��∀¶ ��� ��	�
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�¸�� ∗� ¶�∀©� �¹ ��∀©© � � � � �¶¶�� ���¶¹ ��∀� �¶·
�¸�∗ ∗� ¶�∀∗� �¹ �∀©∗ � � � � ��∀� ���

�¸¶� ∗� ¶�∀¶� �¹ ¹∀©¸ � � � � �¶¶¹�∀¶ ��¶�¹ ��∀� �¶¸
�¸¹¸ ½� ¶�∀�� �¹ �∀∗¶ � � � � ��∀∗ ��∗ ¼
�©�� ∗� ¶�∀∗� �¶ �¸∀¶· � � � � �¶¶¹�∀� ���¸� ©∀� ��¹ ¼
�©�¸ ½� ¶�∀¹¹ �¶ ��∀©¹ � � � � ��∀� ��� ¼
�©¶¶ ½� ¶�∀�� �¶ �¶∀�¸ � � � � �¶¶¹�∀∗ ��©¹¶ ��∀¸ �¹� ¼
�©¹¸ ½� ¶�∀©� �¶ ��∀¶� � � � � ��∀∗ ��� ¼
���� ∗� ¶�∀∗� �¶ ¹�∀¹� � � � � �¶¶¹�∀� ����� ©∀� �¹� ¼
���� ∗� ¶�∀¶· �¶ ¹�∀�� � � � � ©∀� �¹� ¼
��¶� ∗� ¶�∀�� �¶ ¹�∀�� � � � � �¶¶¹¶∀� ����© ¸∀© �¶¸ ¼
��¹¸ ½� �©∀¸� �¶ ¶·∀∗� � � � � ©∀¸ ��¸ ¼
���� ∗� �©∀�¸ �¶ ¶�∀�� � � � � �¶¶¹�∀� ��©�� ��∀� �∗¹ ¼
���� ∗� �©∀¶� �¶ ¶¹∀¶� � � � � ©∀¶ ��� ¼
��¶� ∗� �©∀�© �¶ ¶�∀�∗ � � � � �¶¶¶�∀¸ ���©� ��∀� ��¶ ¼
��¹� ∗� �¸∀¸� �¶ �¸∀©� � � � � ©∀¸ �∗� ¼
���� ∗� �¸∀�� �¶ �∗∀∗¸ � � � � �¶¶¶�∀� ��¸�� ��∀� ��� ¼
���� ∗� �¸∀¶� �¶ �¹∀�� � � � � ©∀� �∗� ¼
��¶� ∗� �¸∀�� �¶ ��∀©� � � � � �¶¶¶�∀¹ ���∗� ©∀¹ ��∗ ¼
��¹� ∗� ��∀�¹ �¶ �¸∀�© � � � � ©∀¶ �∗¹ ¼
���� ∗� ��∀�� �¶ �∗∀�∗ � � � � �¶¶�©∀¹ ��©¹� ©∀∗ ��� ¼
�¶�� ∗� ��∀�¶ �¶ ��∀©� � � � � ¸∀� ��� ¼
�¶�© ∗� �∗∀©¹ �¶ ��∀�� � � � � �¶¶�∗∀¶ ��©�∗ ¸∀� ��� ¼
�¶¹� ∗� �∗∀∗� �¶ ½∀�¸ � � � � ��∀� ��� ¼
�¹�� ∗� �∗∀¶· �¶ ¹∀¹� � � � � �¶¶�¶∀� ���¹½ ·∀� ��� ¼
�¹�� ∗� �∗∀�� �¶ �∀�© � � � � ��∀� ��¶ ¼
�¹¶� ∗� ��∀¸� �� �¸∀�¸ � � � � �¶¶�¹∀¹ ��©¶� �∀© �∗� ¼
�¹¹½ ½� ��∀�¹ �� ��∀�� � � � � ��∀� ��� ¼
���� ∗� ��∀�¸ �� �¶∀�� � � � � �¶¶�∗∀� ��©¶� ©∀� �©� ¼
���� ∗� �¹∀©© �� ��∀¶¶ � � � � ©∀� ��∗ ¼
��¶� ∗� ��∀�� �� ¹�∀¶½ � � � � �¶¶�¸∀© ���©� ¸∀� ��∗ ¼
��¹½ ½� �¹∀¹¹ �� ¹¹∀∗� � � � � ¸∀¸ ��∗ ¼
�∗�� ∗� �¹∀�� �� ¹�∀∗� � � � � �¶¶�¸∀∗ ��∗�∗ �∀� �¸� ¼
�∗�� ∗� �¶∀©� �� ¶·∀�∗ � � � � ∗∀© �∗¹
�∗¶� ∗� �¶∀∗¸ �� ¶½∀¸½ � � � � �¶¶�∗∀¹ ���¹� �∀� ��¹
�∗¹� ∗� �¶∀¶¸ �� ¶¶∀¸� � � � � ∗∀¹ ���
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�¸¶� ∗� ��∀¹½ �� �¹∀¶� � � � � �¶¶�∗∀� ����� ∗∀� �¹¶
�¸¹� ∗� ��∀�© �� ��∀�¹ � � � � ∗∀¶ �¹�
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∗∗∗∗ +� �,�−� �� �,�−� ��∗ ��� �∗, ��� ��� �∗� ��∗ ��∗�� ��∗�� +�  ∗�∗� ��  ��,�

∗∗�+ +� �,�+� �� �,�� .� ��� +�. ��� +�. ��+ .�� ��∗ .�� ��� −− ,, ��∗.� ��∗.� +� �,�.. ��  ���+

���� +� ����� �� ����� +�− ��� +�, ��� .� ��� +�− ��� +�+ �∗, ,� ,, ����∗ ����∗ +� ����� �� �����

∗∗ � +� �,�� �� ���+� .�. ��� . �∗, .�� ��� +�. ��, +�+ ��∗ ,� �∗∗ ���,� ���,� +� �,� �� ���−�

∗�∗∗ +� �,�∗+ �� ���∗ .� ��, .�+ ��+ .�� ��. +�. ��� .�− ��, ,� �∗� ���  ���  +� �,��� �� ���� 

∗∗�� +� �−�− �� �.�.+ .�∗� −− .�∗, ,− +�+− �∗� +�,� �∗� .��� ,� ,.�� �∗� ����� ����� +� �−�,. �� �,�−+

∗��� +� �−�+ �� � �−. .�� �∗∗ .��� ,� .��+ , .�� ,. +��+ ,� ,� �∗ �, ���.� ���.� +� �−�.− �� .�∗�

∗� + +� �−�  �� ���∗� .��� �∗� .� � ,+ .�∗− ,+ +�,− ,. +�−� �∗� , �� �∗��− �� � �� � +� �−��, �� � �� 

∗�∗� +� �−��� �� �,��− −�,� ,� +�− �∗� .�� ,� .�� ,� .�� ,� ,.�� �∗ �− �� ,� �� ,� +� �−��, �� ����,

∗��+ +� �−�∗ �� �+��− .�∗� −− .��, ,� .�∗� ,, +�,. �∗� +�+� �∗ ,+�� �∗.�� ���� ���� +� �−��. �� �−��,

∗��� +� �.�− �� ���  .��� −, .��. ,� +�,+ ,� +� � ,� .��. ,, −−�� ,,�∗. ��+�� ��+�� +� �.�,+ �� ����. (�����������/����0�����������������+������∀
�����

∗� � +� �.�++ �� �∗�.− .�−� ,��� .�,� ,��− +�� ,∗�� +��� �∗+� .�∗� ,+�� ,�� �∗ �, ��++. ��++. +� �.�., �� ���,�

∗�∗∗ +� �.� . �� −�∗� .� ,∗� .�� �∗∗�− +�, ��� .�� , �. +�. ,��. , �∗∗�− ��.�� ��.�� +� �.��, �� �∗��+

∗��∗ +� �.��, ��  �∗� . ,−� .�� , �, .�� ,��� .� ,� . ,∗�� ,� �∗��. ��−∗� ��−∗� +� �.��� �� +��� 1�2���
�/�������∗��∗

∗��∗ +� �.�∗. � ��� −� , �� +�� , �� +�� ,��� +�� �∗ �� +�� ,��− ,+ �∗+�� ��− � ��− � +� �.��, ��  ���

∗� � +� �+�∗. � �,�� .�, ,��. .�� ,��� +�. ,+�� +�− ,, .�� ,��� ,+ �∗� ��,∗� ��,∗� +� �+�,, �� ���

∗ ∗∗ +� �+�+. � �+� , − ,��. − ,��� +�− ,��− +�− , +�. ,� −,�� ,−�� ��,+� ��,+� +� �+�−� � �−�+ 

∗ �� +� �+� � � ���� +��� , +�,� ,− .�  ,, .�∗, ,+ +� , ,� �∗� �∗ ��∗ � ��∗ � +� �+� − � ����

∗ �∗ +� �+��. � �∗�− .�+� ,. .�. ,� .��� ,� .��� ,∗ .� � ,� ,� �∗ ��∗−� ��∗−� +� � � � ��

∗  � +� �+�∗+ �  .�++ +�. ,+ .�� �∗ +�, �∗� +�� �∗∗ .�� , ,+ �∗� ����� ����� +� �+�� �  ,�+.

∗�∗∗ +� ���−, �  �� −�� �∗� .�. ,− .��� ��∗ +�. �∗� .�� �∗+ ,� ,� ���,, ���,, +� �+�∗+ �  .��+

∗��� +� ���+. �  ���� −�+ �∗∗ .�. �∗ .��� , +�� ��∗ +�++ −, ,� �∗� ���+, ���+, +� ���−� �   ��.

∗��∗ +� ��� . � �,��+ .�� ,+ +��  ∗� +�− ,, .�+ �∗. +�+− �∗� ,� �∗� ����− ����− +� ���+� �  �� �

∗� � +� ����, � �+�+. .�. −� .�, ∗,. +�. �∗� .� �∗∗ .�� ,∗ ,� �∗� ���− ���− +� ��� � � �−�− 

∗+∗∗ +� ���∗− � ���+− +� . ,� .��+ ,� .� � ,+ .� ,� .��� ,. −, �∗∗ ��  , ��  , +� ����� � ���− 

∗+�� +� � �−� � �∗�−� +�− ,− .�� ∗,� .�� ,− . , +�+ �∗∗ �∗� �∗+ ���∗, ���∗, +� ���∗� � ���− 

∗+�, +� � ��, � �−��. −�, �∗� −�+ �∗ .�� �∗� .�� �∗� .�� �∗� ,� ,. ���+� ���+� +� � �., � �∗��− �3����4�����������������−�

∗+  +� � �� � ����. , ,, �∗�� ,+ , �∗∗ ∗�− ,− ,�� �∗ −, �∗� ��+�. ��+�. +� � � , � �.� �

∗.∗∗ +� � �∗ � ����+ .�,+ ,− .�,, , −��� ,� −��, ,+ ,��, ,� ,� �∗� ��+− ��+− +� � ��� � � �.

∗.�� +� ���.� � � �+� �∗�� , ,�∗ ��. −�− ��� −�−− , −�.� ,, ,+ �∗� ��.� ��.� +� ���, � ���.,

∗.�∗ +� ��� � � �+�+� .�, ,� .�− , −�+ ,− , −, −�+ ,� ,� �∗+ ��−∗+ ��−∗+ +� ���+� � �−�..

∗. � +� ����, � ���, −� , ,�� ∗,− −�. ,. ,�� ,� −�� ,, ,� �∗ �� +� ����� � �+�∗+ 1�2�5���−��

∗−∗∗ +� ���,� � �∗�,� −� ,− ,� ,, , �∗∗ −�, ,+ −� , ,� �∗� ��,�. ��,�. +� �� � ���∗� �5����3���

∗−�� +� ���+ � −��� −�� ,. −�, �∗� ,�� �∗� ,�� ,, −�+ ,− −. ,, ��,−. ��,−. +� ���.� � �∗���

∗−�∗ +� ����� �  �,� −�� ,+ −� ,, ��� ,− .�, ,. ,�� ,+ −+ ,. � ∗�∗ � ∗�∗ +� ����. � .�∗−

∗− � +� ���∗� � ���� − ,, −� , −�� ,+ −�. ,, −�+ ,+ ,� �∗+ � �∗, � �∗, +� ����� �  ���

∗,∗∗ +� ���− �� �,�+ .�, ,� −�� −, −�. ,� −� ,� −�, ,− , �∗ � �+, � �+, +� ���−− � ��.�

∗,�− +� ��� � �� ���.� .�− �� − ,+ −� ,, −�� ,, −�+ �∗∗ ,� �∗� � ��, � ��, +� ����� �� �.�,,

���� +� ����� �� ���� ��� �� ��� �� ��� �� ��� �� � �� �� ��� ����� ����� +� ����� �� ����� �	�� �!!

∗, + +� �∗�,� �� �∗.+ ,�− ,+ ,�� ,, , , ,�� ,� ,�� ,� ,� �∗� � ��∗ � ��∗ +� ���∗. �� ���−−

�∗∗∗ +� �∗�+, ��  −��� ,�� ,+ ,�� ,+ −� ,− −�+ ,. ,� ,� ,� �∗ �  ∗� �  ∗� +� �∗�−+ �� �∗��+

�∗�+ +� �∗� � ��  ���. , ,� −�+ , −�. ,. −� ,− −�, , �∗� �∗� �  .∗ �  .∗ +� �∗��. ��  .� ,

�∗�∗ +� �∗��� ��  ��.. −�, ,, −� ,� −�+ , , ,+ −�� , ,� �∗∗ � ��� � ��� +� �∗��� ��   �−.

�∗ � +� �,�,� ��  ∗��. −�, , , ,� −�− ,+ −�+ ,∗ −� ,+ ,− ,− � �−� � �−� +� �∗�∗− ��  �� +

��∗∗ +� �,�+� �� �.��� −�. −, −�, −+ −� ,∗ −�− ,� −�+ −, ,. ��∗ � + � � + � +� �,�.. �� �,�  ������������
�����−�����∀��

���� +� ����� �� ���� ���� �� ��� �� ��� �� ��� �� ��� �� �� ��� ����� ����� +� ����� �� �����

���∗ +� �,�∗− �� ���,� .�, ,− .�� ,. − , .�+ ,, .�� , ,� ,− � .+� � .+� +� �,��� �� � �∗�

�� � +� �−�.+ �� �−�+− −�+ ,� − ,+ −�� ,, −�� , .�, ,� ,� �∗� � −�� � −�� +� �−�,� �� �∗�+

��∗∗ +� �−�+ �� �+�,. −�. �∗. .�− ��� −�+ ��� −�� ��� .�− �∗. ,+ �∗� � −− � −− +� �−�. �� �−�,−

���� +� �−��� �� � �∗− −� ,. . ,� .�− �∗� −�� �∗� .�. −− ,� �∗∗ � , � � , � +� �−� − �� ����,
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�∃�Ä Æ# °#�∃& � ���Ä∃ ∃ÄÆË �ÈÅ Å�Ä Å� � 	 ##°∃ ÄÅ ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&É∃°È 	 	
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�&## &# È°�ÄÆ �Ë Ä��®³ ∃¯�# �Ä� Å�� °�& � 	 ##°Ä ÅÊ ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&É∃∀° 	 	
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�ÄÅ Æ# �®��∀ �® ��È∃ ∃∃∀& �°∃ °�∀ °�È � 	 ##°± ∀∃ ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&É∃± 	 	
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∃#ÄÄ Æ# �È�°° �® �³�³Ä ∃°°� �ÄÄ Å�° °�� � 	 ##°± �Ä ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&ÉÈ#∃ 	 	

∃#°® ²# �∃�¯³ �® �∃�## ∃¯®∃ �Ä∀ °�È °�& � 	 ##°± � ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&ÉÈ#È 	 	

∃��° ±# ���∃∃ �® �#�³� ∃®®² �ÄÅ Å�® ¯�∃ � 	 ##¯∀ �#Ä ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&ÉÈ#Ä 	 	

∃�∃ ±# �#�# �® ®�®² ∃®²# �¯Ä Ä� °�& � 	 ##°∀ ®® ��#¯#´³ 	 	 ∃∃#6#³³²µ³#& 	 	

∃�ÄÅ Æ# ®�� �® ∀�³¯ ∃¯È �ÄÈ Å�& °�& � 	 ##°® ∀Ä ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&ÉÈ#∀ 	 	

∃∃## &# ∀�∀# �® ¯�∀ ∃°± �È± °� °�Ä � 	 ##° °® ��#¯#´³ 	 	 ∃∃#6#³³²µ³# 	 	

∃∃�Ä Æ# &�&Ä �Ë Ä�Ä∃ ∃°∀® �∀Ä Æ�È °�° � 	 ##&# ÄÅ ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&ÉÈ�# 	 	

∃∃È# &# °�ÄÈ �Ë ∃�®² ∃¯ �È °�& °�° � 	 ##&� ∃ ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&ÉÈ�� 	 	

∃∃ÄÅ Æ# Ä�∃° �® ��³³ ∃&#¯ �ÄÅ Å�° °�È � 	 ##&∃ �È ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&ÉÈ�È 	 	

∃È## &# È��� �∀ °�®® ∃&#& �³³ ¯�® ¯�Ä � 	 ##°® �� ��#°#ÇÈ 	 	 ∃∃#É#ÈÈ&ÉÈ�Ä 	 	

∃È�° ±# ��Ä �∀ °®�³ ∃&�� �È∀ °�° °�® � 	 ##¯® �#³ ��#¯#´³ 	 	 ∃∃#6#³³²µ³�² 	 	

∃³³# &# #�∀& �∀ ¯²�®² ∃&�� �ÄÈ Å�È °�Ä � 	 ##°® ®® ��#¯#´³ 	 	 ∃∃#6#³³²µ³�∀ 	 	
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�
#5Æ 	 	 ∃∃∃��3#∃�∃�Æ 	 	

�Ä�� �Ç Æ∀�Æ� � ���#Ä �
��# ��Ä Ä�� ��∀ � 	 ##�� ��

��#
�
#5Æ 	 	 ∃∃∃��3#∃�∃∃# 	 	

∃#Æ# �
& Æ���# Ä Æ��Ä# �Æ�� ��� ��# ��Ä 	 	 ##�� ∃3 ��#

�
#5Æ 	 	 ∃∃∃��3#∃�∃∃� 	 	  !�∀#���������

∃�#�
�
& Æ∃��� � ∃3�Æ∃ ���∀ ��� ��∃ Ä�Æ 	 	 ##�� ��� ��#

�
#5Æ 	 	 ∃∃∃��3#∃�∃∃� 	 	

∃�∃Ä �Ç Æ#�3# Ä �∀�∀� ��∀ �∃� �#�� Ä�Æ 	 	 ##�� �� ��#
�
#5Æ 	 	 ∃∃∃��3#∃�∃ÆÆ 	 	

∃∃#�
�
& ∃∀�3# Ä �#�3� ∀3Ä �∃� ��∀ ��Ä 	 	 ##�� �� ��#

�
#5Æ 	 	 ∃∃∃��3#∃�∃Æ∀ 	 	

∃∃Æ# �
& ∃3��� � ��∃Æ ∃�� �∃∃ ��� ��∀ 	 	 ##�� ∃Æ ��#�#5Æ 	 	 ∃∃∃��3#∃�∃3# 	 	

∃Æ#& �
& ∃���# � ����∀ �∃

� ��3 ��Ä 	 	 ##�� �#∀ ��#
�
#5Æ 	 	 ∃∃∃��3#∃�∃3& 	 	
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�
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���� �∗ �É∀�∗ �Ê Ë+∀�� � � � � �Ë�+Ê∀Ê �����∀� +∀� ��Ë ÌÍ��
��Ë� �∗ �Ë∀∗Ë �Ê �∗∀�� � � � � �Ë�+Ê∀� ��Ë��∀Ê Ê∀� ��+ �
���� �∗ ��∀�� �Ê ��∀Ë+ � � � � �Ë�+�∀� �����∀Ê Ê∀+ ��� �
��Ë� �∗ ��∀�∗ �Ê ��∀�� � � � � �Ë���∀Ë ��Ë��∀� �∀� ��+ �
���� �∗ �Ê∀�Ë �Ê �∀�� � � � � �Ë�+Ë∀� ��ËÊ�∀�� Ê∀+�Ê�∀� Î
���� �∗ ��∀�+ �Ë �Ê∀�∗ � � � � �Ë�+�∀Ë ����Ë∀Ë� �∀∗��Ê∀� Î
�Ë�� �∗ ∗∀�Ë �Ë +∀Ë� � � � � �Ë���∀� ����� �∀� �+�

�ËË� �∗ �∀�� �Ë Ë�∀Ê� � � � � �Ë���∀� ��∗++ �∀� ��Ê Î
�Ê�Ê �∗ �∀∗Ê �Ë �∗∀Ë� � � � � �Ë���∀� ����� Ë∀� �Ê� Î
�ÊË� �� ��∀�∗ �Ë ��∀�∗ � � � � �Ë���∀� ����+ �∀� ��� �
���� �� �+∀�+ �Ë �Ë∀�� � � � � �Ë�+�∀� Ê���� �∀� �Ê� ����

��Ë� �� �Ë∀�� �Ë Ê∀�Ë � � � � �Ë���∀� Ê���� �∀� �ËÊ Î
�+�� �� ��∀Ê� �� �+∀�Ê � � � � �Ë��Ê ����� ∗∀� �+Ê
�+Ë� �� Ê�∀∗� �� Ê∗∀+� � � � � ����� ��+�� �∀� �ÊË
���� �� ÊÊ∀Ê+ �� Ë�∀�∗ � � � � ����Ë∀+ ��+Ë� +∀+ �Ë� Î
��Ë� �� Ê�∀Ë� �� Ë�∀∗� � � � � �Ë��∗∀Ë ��Ê�� +∀� �+� �
�∗�� �� Ë∗∀Ë� �� �Ë∀�� � � � � �����∀Ë ��Ê�� Ê∀Ê �Ê�
�∗Ë� �� Ë�∀Ê� �� �+∀�Ë � � � � ����Ê∀� ��Ë�� �∀+ �Ê�
���� �� Ë�∀∗Ë �� ∗∀�� � � � � �����∀� ���∗� Ê∀� �+Ë
���� �� Ë�∀�Ë �� �∀Ê� � � � � �����∀Ë ���Ê� �∀� ���

���� �� ��∀Ê+ �� �Ë∀+Ê � � � � �����∀Ë ����Ê ∗∀+ �+�

��Ë� �� �Ê∀�� �� Ê+∀�� � � � � �����∀+ ���Ë� �∀Ë �∗�

���� �� ��∀Ë� �� Ê�∀�� � � � � ����Ë∀� ���+� �∀Ë �∗�

��Ë� �� ��∀�Ê �� Ë�∀Ê� � � ����+∀� ����� +∀� ��∗

���� �� ��∀�� �� �+∀∗� � � � � �����∀� ���∗� �∀Ê �Ê�
��Ë� �� �Ê∀�� �� ��∀�� � � � � �����∀� ����∗ �∀� �Ê�
�Ë�� �� ��∀∗Ë �� �Ë∀�∗ � � � � �����∀� ����� ∗∀� �Ê�
�ËË� �� �∀�+ �� +∀�� � � � � �����∀� ���+� �∀Ê ���

�Ë�� �� +∀∗+ �� �∗∀�� � � � � �����∀� ��Ë�� ∗∀� ���

�Ê�∗ �� Ê∀Ë� �� ��∀∗+ � � � � �����∀∗ ��Ê�∗ +∀� ���

�Ê�� �� �∀∗Ê �� ÊÊ∀+Ë � � � � �����∀∗ ���+∗ �∀� ���

���� �+ ��∀Ê� �� Ë�∀�� � � � �  ����� �∀� ��Ë
�+�� �+ �+∀∗� �� Ë�∀�� � � � � ����Ê∀Ê ���∗� �∀� ��Ë
�+Ë� �+ +Ë∀Ë∗ �� �Ë∀�� � � � � �����∀+ ����� �∀� �Ê�
���� �+ ��∀∗� �� �+∀ÊË � � � � �����∀Ê ����� �∀� �ÊÊ
��Ë� �+ Ê∗∀Ë∗ �� �∀ËÊ � � � � �����∀Ë ���+� �∀� ���

�∗�� �+ Ê+∀�� �� �∀ÊÊ � � � � �����∀� ����� �∀∗ �Ê+ ����

�∗Ë� �+ ÊË∀�Ê � ��∀�� � � � � �����∀Ë Ê���� �∀� �Ê∗ �
���� �+ Ê�∀++ � ��∀�� � � � � �����∀� � �∀� �Ë+ !�����������	������	��

���� �+ Ë�∀+Ê � ��∀∗� � � � � ����+∀+ � �∀Ê �Ë�
���� �+ Ë�∀�� � ��∀�� � � � � �����∀� � �∀+ �Ë� ���	�

�
���

��ËÊ �+ ËÊ∀�� � ��∀∗� � � � � �����∀Ë � �∀� ��+ �
���∗ �+ ËË∀�+ � ��∀�� � � � � �����∀� � Ê∀� �Ê� Î
��Ë� �+ Ë�∀�∗ � �+∀�� � � � � ����Ë∀Ë � �∀� �Ê� Î
���+ �+ �+∀�� � �∀Ë� � � � � ����∗∀� � �∀� �Ë+ ���	�
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���
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�Ë�Ë �+ ��∀�� � ��∀�∗ � � � � ����� � �∀� ��+ �
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#### �& �∀�∃� � ����� ��∀ �∃� ��∀ ��� 	 	 ##�� �� ��#�#�� 	 	 ∃∃∃ ��#∃�∃�∀ 	 	

##�# �& ����� � ����� ��! ��� ��� 	 	 ##�� ∃� ��#�#�� 	 	 ∃∃∃ ��#∃�∃&∃ 	 	

#�## �& �∃�∃� � �∃��! �∃∀ �∃# ��! ��! 	 	 ##�& ��� ��#�#�� 	 	 ∃∃∃ ��#∃�∃&� 	 	  %&##���������������

#��# �& !�!� � ∃��∀� �∃∀ ��� ��� !�� 	 	 ##�& �� ��#�#�� 	 	 ∃∃∃ ��#∃�∃∀� 	 	

#∃## �& ∀��& � ���!� �∃∃ �∃� ��� ��∃ 	 	 ##�& �� ��#�#�� 	 	 ∃∃∃ ��#∃�∃�# 	 	

#∃�# �& ���� � ����! ��∃ ��∃ ��� ∀�! 	 	 ##�& ∃� ��#�#�� 	 	 ∃∃∃ ��#∃�∃�� 	 	 ���"#����/��/����#∃∃�����#�∃�
#�## �& ∃�!# � ∀�∃� ��! �∃� ��∀ ∀�! 	 	 ##�∀ ��� ��#�#�� 	 	 ∃∃∃ ��#∃�∃!� 	 	

#��# �& #�&# � ��∃∀ ��∃ �∃� ��! ��& 	 	 ##�∀ �� ��#�#�� 	 	 ∃∃∃ ��#∃�∃!∀ 	 	

#�## �� �∀�!# ∀ ����∀ ��! �∃! !�∃ !�� 	 	 ##�∀ �� ��#�#�� 	 	 ∃∃∃ ��#∃��#� 	 	

#��# �� ����� ∀ ����∃ ��∃ �∃# ��∀ !�� 	 	 ##�∀ ∃� ��#�#�� 	 	 ∃∃∃ ��#∃��#� 	 	 �����−��� %&##

#�## �� �∃��∃ ∀ ����∀ �∃� ��∀ ��∀ 	 	 #�� ��∃ ��#�#�� 	 	 ∃∃∃ ��#∃���� 	 	 $
#��# �� �#�&# ∀ ����& ��� ��� ��� 	 	 ##�� �& ��#�#�� 	 	 ∃∃∃ ��#∃���� 	 	 $
#&## �� ����� ∀ ∃��&� ∀∃ �∃� ��� ��� 	 	 ##�� �� ��#�#�� 	 	 ∃∃∃ ��#∃��∃� 	 	 $
#&�# �� �&�#& ∀ ∃∃��� &� ��# ��! ��! 	 	 ##�� ∃� ��#�#�� 	 	 ∃∃∃ ��#∃��∃∀ 	 	 ∋(�−�"#�����−���������−�����.���	
#∀## �� �∃�!# ∀ ����# &∃ �∃� ���� ���� 	 	 ##�! ��� ��#�#�� 	 	 ∃∃∃ ��#∃���� 	 	 %��������.����.������� !�∃#���������//�∋(�����	�/�&'���#��
#∀�� �� ���∀∀ ∀ ��#� � ��∃ ���� ���� 	 � ##!# 	 	 ∃∃∃ ��#∃���# 	 	

#∀�� 	 ∃∃��#∀�� ##� ∋(�.���������∃#��

#�#∃ �� ����# & �&��∃ && �∃� ���� ���� 	 � 	 	 ∃∃��#∀�� ##� 	 	 
(
��−�����	��#��

#��� �� ∃!��� & �&��� ∀# �∃! ���� ���� 	 � 	 	 ∃∃��#∀�� #�� 	 	

#!#� �� ∃��#∀ & �&��# �∃ �∃! ���� ���� 	 � 	 	 ∃∃��#∀�� #∃� 	 	

#!�# �� ∃���� & ∃∀��� ��∃ ���� ���& 	 � 	 	 ∃∃��#∀�� #∃& 	 	

�##∃ �� �&��� & �∀�#� �## !�! !�� 	 	 	 ∃∃��#∀�� #�� 	 	

�#��  %&##)� *&#)� !∀�#��//
�#∃∀ ∋(��//)�(�������−���∃��
�#�# �� �∀��# & ����� ��! #�� #�� � � � � � 	 ��−−����������.��"#������/������
��## �� �∀�#& & ����& ∃� #�# #�# � � � � � 	 ∋(������������

(
������

+'
���# �� �∀�#∀ & ����& #�� #�� � � � � ∃∃��#∀�� #�� � 	 ��������

,)�����������/������
�∃## �� �∀�#& & ����& #�� #�∃ � � � � ∃∃��#∀�� #�� � 	

�∃�# �� �∀�#∀ & ����& #�� #�� � � � � ∃∃��#∀�� #�� � �

��#� �� �∀�#∀ & ����& #�∃ #�� � � � � ∃∃��#∀�� #�� � �

���∃ �� �∀�#∀ & ����& �∃� #�∃ #�� � � � � � �

���� �� �∀�#∀ & ����& �∀� #�� #�� � � � � � �

���! �� �∀�#& & ����& �∃� ��# ��∃ � � � � � 	

��∃! �� ����� & �∃��∃ #�� ��& ��& � � � � � 	 !�
ÏÐ
��-

��## �� ���&� & &�&& �#� ∀�� &�! � � � � � 	

���# �� ����∀ & #�&! �∃� ∀�� ∀�� � � � 	 ∃∃������ #�� � 	

�&## �� �∃�&� � �∀��& ��� ∀�! ��# � � � 	 ∃∃������ #�! � 	

�&�# �� !��∃ � �∃��∀ ��� ��� ��� � � � 	 ∃∃������ #∃� � 	

�∀## �� ��∃� � �∀��� ��� !�� !�∃ � � � 	 ∃∃������ #∃� � 	

�∀�# �� ���� � �∃�#� ��� !�� !�� � � � 	 ∃∃������ #�� � 	

��## �� �&�!� � �&��! ��∃ �#�� �#�� � � � 	 ∃∃���∀�# ##� � 	

���# �� �∃��∃ � �∃�∃∃ ��# ���∀ ���� � � � 	 ∃∃���∀�# #�� � 	

�!#� �� ���∀� � ∃&��& ��� �∃�& �∃�∀ � � � 	 ∃∃���∀�# #�∀ � 	

�!∃& �� �#��∃ � ∃∃��# �&& ���� ���� 	 ∃∃���∀�# #∃� 	

∃### �� ����∃ � ���&� �&� ���� ���� 	 ∃∃���∀�# #�# 	

∃#∃! �� ∃&��! � ����& ��& ���� 	 ∃∃���∀�# #��
∃#�� �� ∃#�&� � �#�∀∀ �&� ���∀ 	 ∃∃���∀�# #��
∃�∃! �� ���∃� � &�∀� ��∀ �∃�∀ 	 ∃∃���∀�# #�&
∃∃## �� ��#� � ∃��� ��� �∃�∀ 	 ∃∃���∀�# #��
∃∃∃! �� ∃�∃# � �!�#� ��! �∃�� 	 ∃∃���∀�# #�&
∃∃�� ∋(���−−���)�.������

∃∃�� �� ����� � �#��∀ #�� ����
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���	�����%&!�∋ �. �! � �! ��)∀ ��)∀ ��)∀ ��)∀ �Ñ��∃ ���∀

���� �Ò ��∀�Ó Ô Ó�∀�Õ � � � � ��Ö�Ó∀� � Ò∀Ò ��� ����

��Õ� �Ò �Ó∀�Ô Ô ÕÔ∀Ô� � � � � ��Ö�Õ∀� � Ô∀Õ ��Ô ×
���� �Ò ���Ó∀�� Ô Õ�∀ÓÖ � � � � ��Ö��∀Ô � Ô∀� �ÕÓ ×
��Õ� �Ò Ö∀Ö� Ô ��∀�Ó � � � � ��Ö�� � Ö∀� ��� ×
���� �Ò �∀ÓÒ Ô �Ô∀Ö� � � � � ��Ö��∀� � Ö∀Ö ��Ó ×���)0	���1�	1���	����	��	�−��

��−� �( �∀−� , �−∀+. � � � � ��.��∀− � ��∀. ��( /

�−�� �( �∀.− , �∀−� � � � � ��.�−∀� � (∀, ��� /

�−−� �( �∀(� , �∀−� � � � � ��.+� � .∀� �−� /

�+�� �� ��∀.� � �+∀−� � � � � ��,,�∀, � ,∀� �−(

�+−� �� ��∀�, � +,∀�� � � � � ��,,�∀� � ,∀� �+� /

���� �� ��∀�� � +�∀+� � � � � ��,��∀+ � ��∀, �−. /

��−� �� ��∀(� � −�∀,( � � � � ��,((∀� � ��∀− �+� /

�(�� �� +,∀−+ � �,∀(, � � � � ��,(�∀( � ��∀� �−� /

�(−� �� +(∀�( � ��∀�+ � � � � ��,+−∀( � ,∀− �−+ /

���� �� +�∀.� � �+∀−� � � � � ��.�+∀� � .∀� ��� ��	)��∗

��−− �� −,∀�� � �∀�, � � � � ��,�(∀� � .∀, �−� /

��++ �� �2�	)�����	��	����	�3��∗
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