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The following table shows the unit codes and the titles of the units that make up the qualifications in

Biology and Biology (Human).

Level Unit Biology Biology (Human)

1 6101 Molecules and cells 6101

2 6102
Exchange, transport and

reproduction

Exchange, transport and

reproduction in humans
6112

AS

3 6103 Energy and the environment 6103

4 6104 Respiration and coordination and Options 6104

5 6105
Genetics, evolution and

biodiversity

Genetics, human evolution and

biodiversity
6115

A2

6 6106 Synoptic and practical assessment 6106

`~ëÜáåÖ=áå

The following tables show the units that must be taken in order to obtain an award for AS or

Advanced GCE Biology, or for AS or Advanced GCE Biology (Human).

Advanced Subsidiary

Level Unit 8040 Biology 8042 Biology (Human)

AS 1

2

3

6101

6102

6103

6101

6112

6103

Advanced GCE

Level Unit 9040 Biology 9042 Biology (Human)

AS 1

2

3

6101

6102

6103

6101

6112

6103

A2 4

5

6

6104

6105

6106

6104

6115

6106
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1. The diagram below shows the structure of a liver cell as seen using an electron microscope.

(a) Name the parts labelled A, B, C and D.

A  ……………………………………………………………………………………...

B  ………………………………………………………………………………….......

C  ……………………………………………………………………………………...

D  ………………………………………………………………………………….......

 (4)

(b) The magnification of the diagram is × 12 000.  Calculate the actual length of the
mitochondrion labelled M, giving your answer in µm.  Show your working.

Length ……………………..……………...

(2)

(Total 6 marks)
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2. The diagram below shows the structure of a lipid molecule.

(a) Name the parts labelled A and B.

A  ……………………………………………………………………………………...

B  ……………………………………………………………………………………...

 (2)

(b) Name this type of lipid

……………………………………………………………………………………………..

(1)

(c) Name the chemical reaction used to form the bonds between A and B.

……………………………………………………………………………………………..

(1)

(d) State ONE function of this type of lipid in living organisms.

……………………………………………………………………………………………..

(1)

(e) State ONE feature of the molecules of this type of lipid that makes them suitable for the
function you have given.

……………………………………………………………………………………………..

(1)

(Total 6 marks)
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3. The statements in the table below refer to three polysaccharide molecules.

If the statement is correct place a tick (✓ ) in the appropriate box and if the statement is

incorrect place a cross (××××) in the appropriate box.

Statement Starch Glycogen Cellulose

Polymer of α-glucose

Glycosidic bonds present

Unbranched chains only

Energy store in animal cells

(Total 4 marks)
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4. Explain what is meant by the following terms.

(a) Osmosis

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………..………………………………………………………

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(3)

(b) Facilitated diffusion

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………..………………………………………………………

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(3)

(Total 6 marks)
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5. The diagram below shows the structure of a bacterial cell as seen using an electron
microscope.

(a) Name the parts labelled A, C and D.

A  ……………………………………………………………………………………..

C  ……………………………………………………………………………………..

D  ……………………………………………………………………………………..

 (3)

(b) Describe the roles of the parts labelled B, C and E.

B  ……………………………………………………………………………………..

    ……………………………………………………………………………………..

C  ……………………………………………………………………………………..

    ……………………………………………………………………………………..

E  ……………………………………………………………………………………..

    ……………………………………………………………………………………..

 (3)

(Total 6 marks)
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6. The photomicrograph below shows some cells.

(a) Name the tissue shown in the photomicrograph and describe its function.

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

..............................................................................................................................................

(3)
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(b) In the space below make an accurate drawing, enlarged × 1.5, of the stomata and
surrounding cells.  Do not label your drawing.

 (5)

(Total 8 marks)
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7. An experiment was carried out to determine what happens to amino acids after they are
absorbed by animal cells.  The cells were incubated for 5 minutes in a medium containing

radioactively labelled amino acids.  The radioactive amino acids were then washed off and
the cells were incubated in a medium containing only non-radioactive amino acids.

Samples of the cells were taken at 5, 10 and 45 minutes after the start of the experiment and
the sites of radioactivity in the cells were determined.

The results are given in the table below.  The figures show radioactivity in certain cell
organelles expressed as a percentage of the total radioactivity within the cells.

Percentage of total radioactivity

Organelle

At 5 minutes At 10 minutes At 45 minutes

Rough endoplasmic
reticulum

80 10   5

Golgi apparatus 10 80 30

Secretory vesicles   0   5 60

(a) Name ONE type of molecule synthesised from amino acids in cells.

……………………………………………………………………………………………..

(1)

(b) Explain why the radioactivity is associated mainly with the rough endoplasmic
reticulum after the first 5 minutes of the experiment.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

 (2)
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(c) Explain the changes in the pattern of radioactivity in the cell during the remaining 40
minutes of the experiment.

……………………………………..………………………………………………………

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

…………………………………………………………………………………………….

(3)

(d) Suggest why the figures in the tables total less than 100%.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

…………………………………………………………………………………………….

(2)

(e) If the experiment is continued for a further period of time, most of the radioactivity will
be found outside the cell.

Name and describe the process which brings about this result.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

…………………………………………………………………………………………….

(3)

(Total 11marks)
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8. Catalase is an enzyme that breaks down hydrogen peroxide into oxygen and water.  The
activity of catalase can be measured by soaking small discs of filter paper in a solution

containing the enzyme.  The discs are immediately submerged in a dilute solution of
hydrogen peroxide.  The filter paper discs sink at first, but float to the surface as oxygen
bubbles are produced. The reciprocal of the time taken for the discs to rise to the surface
indicates the rate of reaction.

An experiment was carried out to investigate the effect of substrate concentration on the
activity of catalase.  A filter paper disc was soaked in a solution containing catalase, and then
submerged in a buffer solution containing hydrogen peroxide.  The time taken for the disc to
rise to the surface was recorded.  This experiment was repeated using a range of
concentrations of hydrogen peroxide.

The results are shown in the graph below.

(a) State why a buffer solution was used in this experiment.

……………………………………..………………………………………………………

……………………………………………………………………………………………..

(1)

(b) Describe the relationship between the rate of reaction and the concentration of hydrogen

peroxide as shown by the graph.

……………………………………..………………………………………………………

……………………………………………………………………………………………..

……………………………………..………………………………………………………

……………………………………………………………………………………………..

……………………………………..………………………………………………………

……………………………………………………………………………………………..

(3)
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(c) Explain this relationship between substrate concentration and the rate of reaction.

……………………………………..………………………………………………………

……………………………………………………………………………………………..

……………………………………..………………………………………………………

……………………………………………………………………………………………..

……………………………………..………………………………………………………

……………………………………………………………………………………………..

(3)

(d) Describe how a solution containing 160 mmol of hydrogen peroxide per dm3 would be
diluted to prepare a solution containing 80 mmol of hydrogen peroxide per dm3.

……………………………………..………………………………………………………

……………………………………………………………………………………………..

……………………………………..………………………………………………………

……………………………………………………………………………………………..

(2)

(e) Describe how this experiment could be modified to investigate the effect of temperature
on the activity of catalase.

……………………………………..………………………………………………………

……………………………………..………………………………………………………

……………………………………………………………………………………………..

……………………………………..………………………………………………………

……………………………………………………………………………………………..

……………………………………..………………………………………………………

……………………………………………………………………………………………..

(4)

(Total 13 marks)
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9. Give an account of the process of mitosis.

(Total 10 marks)

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

Three lined pages

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

END
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You must answer Section 1 and

EITHER Section B: Biology OR Section H: Biology (Human)

Section 1

Answer ALL FOUR questions in this section.

1.    (a) State three characteristic features of gas exchange surfaces.

1  ………………………………………………………………………………………

2  ………………………………………………………………………………………

3  ……………………………………………………………………………………....

 (3)

(b) Describe how the process of inspiration (breathing in) takes place in a mammal.

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(3)

(Total 6 marks)
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2. The diagram below shows a section of a human heart at a specific stage in the cardiac cycle.

(a) Name the parts labelled A and B.

A  ……………………………………………………………………………………...

B  ……………………………………………………………………………………...

 (2)

(b) Name the stage of the cardiac cycle shown in the diagram and give TWO reasons for
your choice.

Name of stage  ……………………………………………………………………………

Reason 1  ……………………………………………………………………………….…

….………………………………………………………………………………………….

Reason 2  ……………………………………………………………………………….…

….………………………………………………………………………………………….

 (3)

(c) Give ONE function of each of the parts X and Y.

X  ……………………………………………………………………………………...

Y  ……………………………………………………………………………………...

(2)

(Total 7 marks)
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3. Records of human fertility for the period 1930 to 1990 have shown changes in the sperm
counts of normal men.

The table below summarises the changing percentage of men with high or low sperm counts
over the period of sixty years.

High sperm count more than 100 x 104 sperm cm-3

Low sperm count less than     20 x 104 sperm cm-3

Time period
Men with

high sperm counts / %
Men with

low sperm counts / %

1930 – 1950

1951 – 1960

1961 – 1970

1971 – 1980

1981 – 1990

50

45

28

21

15

5

4

14

11

18

(a) Describe the changes in the percentage of men with high sperm counts during the period
1930 to 1990.

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(2)

(b) Compare the figures for men with low sperm counts with those for men with high

sperm counts during the same period.

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(3)
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(c) Explain why it is necessary for large numbers of sperms to be produced when only one
sperm is required to bring about fertilisation.

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(2)

(d) Exposure of pregnant women to high levels of certain oestrogens during early pregnancy
can result in reproductive disorders in their male offspring.

It appears that a number of compounds in the environment can mimic the action of
oestrogens when ingested.  Such compounds, termed oestrogenic chemicals, are found

in pesticides, such as DDT and PCBs, and also in the breakdown products of some
detergents.  They accumulate in the fatty tissue and have the same effect as oestrogens,
which play a major role in the menstrual cycle.

(i) Describe the normal role of oestrogens in the menstrual cycle.

….………………………………………………………………………………….....

….…………………………………………………………………………………….

….…………………………………………………………………………………….

….…………………………………………………………………………………….

….…………………………………………………………………………………….

….………………………………………………………………………………….....

(3)

 (ii) Suggest how the oestrogenic chemicals pass from the mother to the developing

fetus.

….…………………………………………………………………………………….

….…………………………………………………………………………………….

….…………………………………………………………………………………….

….…………………………………………………………………………………….

….…………………………………………………………………………………….

….…………………………………………………………………………………….

(3)

(Total 13 marks)
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4. The graph below shows the oxygen dissociation curve of haemoglobin from a mammal at
two different temperatures, 38 ºC and 43 ºC.

(a) From the graph, find the percentage saturation of haemoglobin in blood from an area of

the body where the temperature is 43 ºC and the partial pressure of oxygen is 4 kPa.

….………………………………………………………………………………………….

(1)

(b) Blood that is fully (100%) saturated with oxygen carries 105 cm3 of oxygen in 1 dm3

(litre) of blood.

Calculate the volume of oxygen released from 1 dm3 of blood when blood that has
become 90% saturated at 38 ºC reaches a part of the body where the temperature is

43ºC and the partial pressure of oxygen is 4 kPa.  Show your working.

Volume of oxygen  ……………………………….

(3)
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(c) Suggest how this effect of temperature on the oxygen dissociation curve of haemoglobin
might be advantageous to the mammal.

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)

(d) On the graph, draw the dissociation curve for fetal haemoglobin at a temperature of
38 ºC.

(2)

(Total 8 marks)

You must answer EITHER Section B: Biology  which begins on page 8

OR Section H: Biology (Human)  which begins on page 16
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Section B: Biology

Answer ALL FIVE questions in this section.

B5. (a) The diagram below shows a germinating pollen grain and a mature ovule from an insect
pollinated flower.  Some nuclei have been labelled.

Give the letter of the nucleus which fuses with a male nucleus to form each of the

following.

The zygote  ………………………………………………………………………………..

The endosperm  …………………………………………………………………………...

(2)

(b) Give TWO ways in which the structure of an insect pollinated flower differs from that
of a wind pollinated flower or a grass.

1  ………………………………………………………………………………………

    ………………………………………………………………………………………

2  ………………………………………………………………………………………

    ……………………………………………………………………………………....

 (2)
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 (c) Describe ONE mechanism which prevents self-fertilisation in flowering plants.

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)

(Total 6 marks)

B6. The statements below refer to the structure and functions of xylem vessels and phloem sieve
tubes in plants.

If the statement is correct place a tick (✓ ) in the appropriate box and if the statement is
incorrect place a cross (✕✕✕✕ ) in the appropriate box.

Statement Xylem vessels Phloem sieve
tubes

Possess living contents

Provide support

Composed of cells fused together end to end

Walls contain lignin

(Total 4 marks)
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B7. The diagram below shows some of the cells involved in the loss of water from part of a leaf.

(a) Name the tissues labelled P and Q on the diagram.

P  ………………………………………………………………………………………

Q  ……………………………………………………………………………………...

 (2)

(b) The table below shows the concentrations of potassium ions in some of the cells shown
in the diagram when the stoma is open and when the stoma is closed.

Concentration of potassium ions / arbitrary units

Cell Stoma closed Stoma open

Guard cell   95 448

Cell X 156 293

Cell Y 199   98

Cell Z 448   73

Describe the changes that take place in the concentrations of potassium ions in cells X,
Y and Z when the stoma opens.

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)
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(c) Explain how the changes in potassium ion concentration are related to the mechanism
for the opening of the stoma.

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(3)

(Total 7 marks)



Biology and Biology (Human) Specimen Papers       Unit 2

26

 B8. The uptake of water by a leafy shoot can be investigated using a potometer as shown in the
diagram below.

(a) What assumption is made when this apparatus is used to investigate the rate of
transpiration?

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(1)

(b) State TWO precautions which must be taken when setting up and using this apparatus.

1  ………………………………………………………………………………………

    ………………………………………………………………………………………

2  ………………………………………………………………………………………

    ………………………………………………………………………………………

 (2)
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(c) Using this apparatus, four experiments were carried out with the same shoot in the order
given below.

A Still air, leaves untreated
B Moving air, leaves untreated
C Still air, lower surface of leaf covered with grease
D Moving air, lower surface of leaf covered with grease

Temperature and light intensity were kept constant during the investigation.

The results are shown in the graph below.

The mean rate of water uptake during experiment A was 3.2 mm3 per minute.

The cross-sectional area of the bore of the capillary tube is 0.8 mm2.  Calculate the mean
rate of water uptake by the shoot during experiment B.  Show your working.

Rate of uptake  ……………………………

(3)
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(d) Suggest an explanation for the different effects of moving air in experiments B and D.

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(3)

(Total 9 marks)
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B9. Give an account of the structural and physiological adaptations shown by invertebrates to the
varying oxygen concentrations found in fresh water.

(Total 10 marks)

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

Three lined pages

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

……………………………………..…………………………………………………………...

END
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Section H: Biology (Human)

Answer ALL FIVE questions in this section.

H5. The diagram below shows a section of a human ovary.

(a) Name the structures labelled A, B and C.

A  ….………………………………………………………………………………………

B ……..……………………………………………………………………………………

C  ….………………………………………………………………………………………

(3)

(b) Name the type of cell division which gave rise to structure C.

……..………………………………………………………………………………………

(1)

(c) Name the hormone, secreted by the pituitary gland, which is responsible for the
development of structure B.

……..………………………………………………………………………………………

(1)

(Total 5 marks)
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H6. (a) Explain what is meant by osteoporosis.

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(3)

(b) Explain how osteoarthritis differs from osteoporosis.

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)

(Total 5 marks)

H7. The statements below refer to two types of epithelial tissue found in humans.

If the statement is correct place a tick (✓ ) in the appropriate box and if the statement is
incorrect place a cross (✕✕✕✕ ) in the appropriate box.

Statement Squamous
epithelium

Cuboidal
epithelium

Cells are bonded to a basement membrane

Cells are wider than they are tall

Nuclei are flattened

All cells possess cilia

(Total 4 marks)
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H8. The diagram below represents changes in the relative length of different parts of the body
during the growth of a human male.

(a) Compare the relative size of the head of a two month fetus with that of a new born baby.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(1)

(b) Suggest two reasons for the difference you describe.

1  ………………………………………………………………………………………

    ………………………………………………………………………………………

2  ………………………………………………………………………………………

    ………………………………………………………………………………………

 (2)
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(c) Compare the relative size of THREE different parts of the body of a six year old and a
twenty five year old.

1  ………………………………………………………………………………………

    ………………………………………………………………………………………

2  ………………………………………………………………………………………

    ………………………………………………………………………………………

3  ………………………………………………………………………………………

    ………………………………………………………………………………………

 (3)

(d) Give TWO factors that influence the growth of the body from six to twenty five years.

1  ………………………………………………………………………………………

    ………………………………………………………………………………………

2  ………………………………………………………………………………………

    ………………………………………………………………………………………

(2)

(e) Human growth can be studied by measuring changes in height or changes in mass.

Explain why neither of these is an ideal method for measuring growth.

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……...……………………………………………………………………………………...

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(4)

(Total 12 marks)
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H9. Give an account of the adaptations of humans to life at extremes of temperature.

(Total 10 marks)

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

Three lined pages

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………..…………………………………………………………...

END
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1. The diagram below shows a part of the beef tapeworm Taenia saginata.

 (a) Explain the importance of the part labelled A in the life of the tapeworm.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)

(b) Describe how the tapeworm obtains its nutrition.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)

(c) How does the nutrition of Rhizopus differ from that of the tapeworm?

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)

(Total 6 marks)
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2. Between 1882 and 1952 the proportion of the Earth's land surface classified as desert
increased from 9.4% to 23.3%.  The shift to desert is still going on.  The most affected areas

are the semi-arid lands around the fringes of deserts, such as the Sahel, the belt of land lying
to the south of the Sahara Desert in Africa (Figure 1).  Rainfall records from the Sahel
(Figure 2) show that rainfall has been below average for the last 20 years and the decline is
getting worse. The degradation of semi-arid land into desert is called desertification.

Figure 1 Map of Africa and the Middle East showing the extent of desert and arid zones,
with areas under threat from desertification.

Sahel

Figure 2 The rainfall pattern in the Sahel. The bars show the departure from the normal
rainfall.

Diagrams from Atlas of living world, Weidenfeld and Nicolson
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(a) Describe the effects of overgrazing and the collecting of wood for fuel on semi-arid
land.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(3)

(b) People living in the Sahel have kept herds of sheep and goats for hundreds of years.

Suggest one reason why overgrazing has become a problem in the last 20 years.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(1)

(c) Figure 2 shows that the rainfall in the Sahel between 1950 and 1968 was above average.

How would the increased rainfall have affected farming in the Sahel?

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)

(d) Describe the effects of the drought which occurred during the 1970s.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)
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(e) How might the changes to the global climate have affected desertification in the Sahel?

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)

(f)  Describe how people can protect their land from desertification.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)

(Total 12 marks)
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3. Study the passage and data below and then answer the questions that follow.

Acid rain and its effect on fresh water and fisheries

It is difficult to obtain direct evidence that, as a result of the increased acidity of
precipitation, certain lakes and streams with fishery problems are now more acid that they

were in the past. Nevertheless, indirect evidence that surface water acidification has occurred
comes from the remains of diatoms in lake sediments.

Historical records of pH are rare and subject to a great deal of uncertainty, since analytical
methods have changed over the years. Moreover, pH is naturally variable on a daily and

annual basis and occasional spot measurements can give a misleading impression. Diatom
analysis provides a way round these difficulties. Diatoms are microscopic algae which live
free floating in the lake water. They have skeletons made of silica which are resistant to
decay. When a diatom dies it sinks to the bottom of the lake where the remains accumulate
as sediment.

Different diatom species have different pH preferences.  Those preferring the least acid water
are called alkalibiontic. Acidibiontic species prefer more acidic water. If a core of the lake
sediment is taken and it is discovered that alkalibiontic diatoms predominate in the deepest
layers and they are replaced by more acid-loving species towards the surface of the sediment,

that is a good evidence that the lake has acidified over historical time. Moreover, if the
sediments can be dated, by radiotracer methods for example, then the acidification can be
correlated in time to events such as the Industrial Revolution and forest clearance.  Studies
were made of the diatoms in the sediments of Loch Fleet in Galloway, an acid lake.

It may take a long time, following the reduction in the acidity of the precipitation, before the
recovery of the surface water quality is sufficient to allow restoration of fish stocks.
Recovery can be speeded up by the application of calcium to neutralise the acid and suppress
the release of aluminium. Experiments were conducted involving the application of calcium
in the form of 300 tonnes of limestone to soils surrounding the lake during April 1986. The

subsequent changes in the levels of aluminium and calcium in the water were monitored over
the next year.
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Figure 1.   The pH reconstruction for diatoms from Loch Fleet.

Figures 2a and 2b.   The effect of varying levels of calcium application on the survival of brown
trout fry (newly hatched fish) in a range of pH, aluminium and calcium concentrations.

Text and data adapted from
Freshwater acidification and fisheries decline by D.J.A Brown, CEGB Research (1987)
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 (a) How is acid rain formed?

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(4)

(b) Describe the changes in the acidity of the water of Loch Fleet over the last 100 years.
Explain why these changes occurred.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(4)

(c)  The use of diatoms may not be a fool-proof method of studying the changes in pH.
Suggest ONE way in which the data could be misleading.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(1)
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(d)  Describe the effect of aluminium ions on fresh water organisms.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(3)

(e) Study the information provided in Figures 2a and 2b. Describe the effect of the calcium
treatment on the survival of the brown trout fry.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(4)

(f) Suggest why it is preferable to add the limestone to the surrounding soils rather than
directly to the surface of the water.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)
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(g) Describe TWO methods used by European countries to reduce the production of acid
rain.

1  …………………………………………………………………………………………..

    …………………………………………………………………………………………..

2  …………………………………………………………………………………………..

    …………………………………………………………………………………………..

(2)

(Total 20 marks)

END
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Section 1

1. The diagram below shows some of the stages in anaerobic respiration in a muscle.

Hexose

Stage A

Hexose bisphosphate

Stage B

Glycerate 3-phosphate

Stage C

Pyruvate

Stage D

Lactic acid

(a) Name the process shown by stages A to C.

……………………………………………………………………………………………..

(1)

(b) State where in a cell this process occurs

……………………………………………………………………………………………..

(1)

(c) Give ONE use of ATP in cells.

……………………………………………………………………………………………..

(1)

(d) At which of the stages in the diagram is ATP used?

……………………………………………………………………………………………..

(1)

(e) NADH + H+ is a reduced coenzyme which is involved in anaerobic respiration.  At
which stage is NADH + H+ oxidised?

……………………………………………………………………………………………..

(1)

(Total 5 marks)
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2. The diagram below shows a rod cell from the retina of a mammal.

(a) Name the parts labelled A and B.

A  ………………………………………………………………………………………….

B  ………………………………………………………………………………………….

(2)

(b) State the location of most of the rod cells in the human retina.

……………………………………………………………………………………………..

(1)

(c) Give the name of the light sensitive pigment contained in the rod cells.

……………………………………………………………………………………………..

(1)

(d) Use the letter P to label on the diagram the region of the rod cell in which this pigment

is located.

(1)

(Total 5 marks)
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3. The diagram below shows the simplified structure of a kidney tubule (nephron).

(a) The table below shows the quantities of water and urea passing through P and Q in a
period of 24 hours.  The table also shows the quantities and percentages reabsorbed

during the same period.

Complete the table by writing the correct figures in the boxes labelled (i), (ii), (iii) and (iv).

Substances

Quantity
passing through

P

Quantity
passing through

Q

Quantity
reabsorbed

Percentage
reabsorbed

Water 180 dm3 1.5 dm3 178.5 dm3 (i)

Urea   53 g 25 g (ii) (iii)

Glucose 180 g (iv) 180 g 100

(4)
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(b) Describe how the ascending limb of the loop of Henlé is involved in adjusting the
concentration of the filtrate as it passes through the medulla in the kidney.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(4)

(Total 8 marks)
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4. An experiment was carried out to investigate the relationship between the concentrations of
glucose and insulin in the blood of healthy people.

At the start of this experiment 34 volunteers each ingested a syrup containing 50 g of glucose.
The concentration of glucose and insulin was determined in blood samples at intervals over a
period of 2 hours.  The results shown in the graph below are mean values for the group of
volunteers.
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(a) From the graph, find the mean concentration of insulin 100 minutes after the start of the
experiment.

……………………………………………………………………………………………..

(1)

 (b) Describe and suggest an explanation for the changes in the concentration of glucose

during the following time intervals.

(i) 0 to 30 minutes

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

 (2)

(ii) 30 to 120 minutes

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

(2)

(c) Discuss the relationship between the concentrations of glucose and insulin as shown by this
graph.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

 (3)
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EdF At the start of a period of prolonged exercise, the blood glucose level begins to fall.

Describe and explain how the level is controlled as the exercise continues.

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

……………………………………………………………………………………………..

 (4)

(Total 12 marks)
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5. Give an account of the transmission of a nerve impulse along an axon.

(Total 10 marks)

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

Three lined pages

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....

……………………………………………………………………………………………….....
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Option A: Microbiology and biotechnology

A1. The diagram below shows the structure of a human immunodeficiency virus (HIV).

(a) Name the parts labelled A,B and C.

A  ………………………………………………………………………………………….

B  …………………...……………………………………………………………………..

C  ……………………………………………...…………………………………………..

(3)

(b) State the function of the reverse transcriptase.

..………………………………………………………………...……………………….…

………………...…………………………………………………………………………...

(1)

(c) Explain the meaning of the term latency in the replication cycle of this virus.

..………………………………………………………………...……………………….…

………………...…………………………………………………………………………...

..………………………………………………………………...……………………….…

………………...…………………………………………………………………………...

(2)

(Total 6 marks)
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A2. Read the following passage on Gram staining, and then write on the dotted lines the most
appropriate word or words to complete the account.

Gram positive and Gram negative bacteria differ in their ability to keep a stain in their

cell walls.  A slide of bacteria is first flooded with a suitable stain such as

……………………………………. .  All bacteria absorb this stain, which is then fixed

with Gram’s ……………………………………. before being decolourised with

……………………………………. .

Gram positive bacteria retain the stain complex, but Gram negative do not.  Counterstaining

with red stain, such as ……………………………………. causes Gram negative bacteria to

absorb it and become red.  Gram positive bacteria remain ………………………………….

in colour.

(Total 5 marks)
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A3. Penicillin is an antibiotic which is derived from the fungus Penicillium chrysogenum.  The
antibiotic can be produced on a commercial scale as shown in the diagram below.

(a) What is the purpose of structure X?

………………………………………………………………………………………….….

………………………………………………………………………………………….….

(1)

(b) Why is air supplied to the fermenter?

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

(1)

(c) Explain the purpose of the filtration carried out at Q.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

(2)

(d) Suggest ONE reason for using enzymes at R.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

(1)
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(e) Suggest why they are used as immobilised enzymes.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

(2)

(Total 7 marks)
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A4. An experiment was carried out to investigate the growth of a certain species of aerobic
bacterium. A broth medium containing both glucose and lactose was inoculated with a culture

of the bacterium and maintained at a constant temperature of 30 ºC for 24 hours.  The number of
bacterial cells was determined each hour using the dilution plating method.

The results are shown in the graph below.

(a) Describe what is happening between points A and B on the graph.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

(2)

(b) Suggest explanations for the pattern of growth of the bacteria between each of the

following time intervals.

(i) B to C

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

 (2)
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(ii) C to D

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

(2)

(iii) D to E

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

(2)

(c) Suggest why the dilution plating method was used to determine the numbers of bacterial
cells.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

 (2)

(d) Explain why it is necessary to carry out serial dilutions.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

 (2)

(Total 12 marks)

END
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Section 1

Questions 1 to 5 are identical to Paper 6104/01 (Unit 4A)

Option B: Food science

B1. Read through the following account of food additives, then write on the dotted lines the most
appropriate word or words to complete the passage.

Additives are commonly used in the commercial treatment of food.  For generations, foods have

traditionally been preserved by the addition of sugar, alcohol or

 …………………………………….. .  Nowadays, most processed foods contain additives.

These include permitted colourings, antioxidants such as …………………………………….

and ……………………………………. , and flavour enhancers such as

…………………………………….. .

There is doubt about the safety of some additives used and many people believe that they are the

cause of hyperactivity in children and ……………………………………. in sensitive

individuals.

(Total 5 marks)
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B2. Body mass index (BMI) is used as a measure of obesity, which can be an indicator of long
term health.

Five students agreed to have their mass and height measured to determine their BMI.  The
results are shown in the table below.

Student Mass / kg Height / m BMI

A 59.67 1.75 19.48

B 65.03 1.70 22.50

C 63.92 1.65 23.48

D 66.56 1.60 26.00

E 58.80 1.55 E

For healthy people, the BMI should lie in the range from 20 to 25.  A BMI outside this range
is regarded as a potential health risk.

(a) Calculate the BMI for student E.  Show your working.

BMI = .........................................................

(2)

(b) State which of the students could be considered to be overweight.

………………………………………………………………………………………….….

(1)

(c) Suggest THREE factors which should be taken into account when interpreting BMI

values.

1  …………………...……………………………………………………………………...

    ……………………………………………...…………………………………………...

2  …………………...……………………………………………………………………...

    ……………………………………………...…………………………………………...

3  …………………...……………………………………………………………………...

    ……………………………………………...…………………………………………...

(3)

(Total 6 marks)
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B3. The sequence below shows some essential steps in the manufacture of yoghurt from milk.

A   Homogenisation of the milk (breaks up large fat globules)

B   Pasteurisation (heated to 72 °C for 10 seconds)

C   Fermentation (starter culture added)

D   Stirring and cooling

E   Addition of flavourings and colourings

F   Packaging

(a) Why is pasteurisation of the milk carried out at step B?

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

 (1)

(b) At step C, a starter culture is added to bring about the fermentation.  During this stage
lactose in the milk is broken down, resulting in the formation of lactic acid.  Two
organisms, P and Q, are commonly used in starter cultures.  Each one on its own is capable
of bringing about the fermentation, but they may be used together.

The graph below shows the rate of lactic acid production when the two organisms are used
separately (single strain cultures) and when they are used together (mixed strain culture).

Name the two organisms commonly used in starter cultures.

1  …………………...……………………………………………………………………...

2  ……………………………………………...…………………………………………...

 (2)
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(c) Suggest which type of starter culture is the most suitable, giving a reason for your answer.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

 (2)

(d) Explain the importance of lactic acid in the production of yoghurt.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

 (2)

(e) State why, at step D, the yoghurt is cooled rapidly to 5 °C.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

 (1)

 (Total 8 marks)
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B4. An investigation was carried out into the effects of different methods of packaging on the
loss of mass in apples.  Freshly picked apples were divided into three groups, A, B and C, each

containing six apples.  Group A was left unwrapped, group B was placed in a paper bag and
group C was placed in a pack wrapped in polythene.

Each group of apples was weighed initially, and in the case of groups B and C allowance

was made for the mass of the packaging.  The apples were kept in conditions of constant

low humidity and a temperature of 15 ºC.  The apples were then weighed at intervals of 2

days and the mass of each group was recorded for a period of ten days.

The results are shown in the table below.

Mass of apples / g

Time / days

Group A
Unwrapped

Group B
In a paper bag

Group C
In a pack wrapped in

polythene

  0 730.0 732.0 735.0

  2 719.9 723.4 729.0

  4 694.3 709.5 721.3

  6 663.7 694.1 714.0

  8 636.5 686.6 705.0

10 620.5 680.5 698.2

(a) Calculate the percentage loss in mass of the unwrapped apples over the period of ten days.
Show your working.

Percentage loss  ……………………………

(2)

(b) Explain why the unwrapped apples lost mass during the ten day period.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

 (3)
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(c) Compare the results obtained for the apples placed in a paper bag with those for the
unwrapped apples.  Suggest a reason for any differences you observe.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

 (2)

(d) Give TWO advantages of using polythene wrapping for packaging apples that are sold in
shops and supermarkets.

1  …………………...……………………………………………………………………...

    …………………...……………………………………………………………………...

2  ……………………………………………...…………………………………………...

    ……………………………………………...…………………………………………...

 (2)

(e) Plastic films with different permeability to gases can be used to create a 'modified
atmosphere' inside a package.

Suggest why a modified atmosphere with increased carbon dioxide and lowered oxygen
concentration can help extend the shelf life of fresh fruit and vegetables.

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

………………………………………………………………………………………….….

……………………………………………………………………………………….…….

 (2)

 (Total 11 marks)

END
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Section 1

Questions 1 to 5 are identical to Paper 6104/01 (Unit 4A)

 Option C: Human health and fitness

C1. Read through the following passage on coronary heart disease, and then write on the dotted
lines the most appropriate word or words to complete the passage.

One of the major risk factors for coronary heart disease is

…………………………………….. .  The underlying cause of coronary heart disease is

usually atherosclerosis.  Fatty deposits are laid down within the inner coat of the

…………………………………….. arteries.  Atherosclerosis starts as fatty streaks that

develop into uneven patches called …………………………………….. .  The uneven

patches roughen the surface of the arteries causing blood

…………………………………….. to develop.  These may block small arteries so that part

of the heart muscle is partially deprived of …………………………………….. . This in turn

may lead to the …………………………………….. of part of the heart muscle causing a

heart attack.

(Total 6 marks)
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C2. An investigation was carried out into the effects of exercise on breathing rate and the volume
of each breath.  The breathing rate and volume of a healthy young man were measured at rest

and then after using a bicycle exercise machine.  After each minute’s exercise his work rate
was increased by increasing the load on the wheel of the exercise bicycle.  The results are
shown in the table below.

Exercise intensity

/ watts

Breathing rate

/ breaths per minute

Volume of each breath

/ cm3

0 (rest) 14   400

 30 20   750

 75 27  1000

100 30  1250

150 35  1500

200 50  1600

(a) Calculate the volume of air breathed per minute at an exercise intensity of 150 watts.
Show your working.

Volume ………………….............................

(2)

(b) Explain why the increase in the volume of each breath is not proportional to the increase
in exercise intensity.

..........................................................................................................................................…

..........................................................................................................................................…

........................................................................................................................................…..

..........................................................................................................................................…

........................................................................................................................................…..

..........................................................................................................................................…

(3)

(c) State TWO factors, other than exercise, which can affect the rate of breathing.

1 ..........................................................................................................................................

2 ..........................................................................................................................................

(1)

(Total 6 marks)
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C3.The diagram below shows part of a myofibril of a striated muscle fibre.

C          X

     A      B           Y

(a) Name the regions labelled A and B.

A ..........................................................................................................................................

B ..........................................................................................................................................

(2)

(b) Name the protein which makes up part C.

..........................................................................................................................................…

(1)

(c) In the space below, make a drawing to show the appearance of a transverse section of a
myofibril as it would be seen in a section across XY.

(2)
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(d) Describe the effect of training on muscle size.

..........................................................................................................................................…..

..........................................................................................................................................…..

..........................................................................................................................................…..

..........................................................................................................................................…..

..........................................................................................................................................…..

..........................................................................................................................................…..

(3)

(Total 8 marks)
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C4. An investigation was carried out on the effect of exercise on heart rate and stroke volume.
The heart rate is the number of times the heart beats per minute and the stroke volume is the

volume of blood pumped out by the heart each time it beats.  The heart rate and stroke
volume of a person were measured at different work levels.  The results of this investigation
are shown in the graph below.
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(a) Describe the changes in heart rate with increasing levels of work

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

(2)

(b) Describe and explain the changes in stroke volume with increasing levels of work.

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

(3)

(c) Explain the mechanisms which bring about an increase in heart rate with increasing

work level.

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

..........................................................................................................................................…

(5)

 (Total 10 marks)

END
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You must answer EITHER Section B: Biology  which begins on this

page

OR  Section H: Biology (Human)  which begins on page 7

You must then answer the Synoptic Section  which begins on page 12

Section B: Biology

Answer ALL THREE questions in this section.

B1. The table below gives features of four different kingdoms.  Complete the table by writing the
name of the kingdom in the boxes.

Features Kingdom

Organisms usually consist of a mass of hyphae with
cell walls containing chitin.

Heterotrophic, multicellular organisms with nervous
coordination.

Multicellular photosynthetic organisms with

cellulose cell walls.

Eukaryotic organisms which are often single-celled

or consist of groups of similar cells.

(Total 4 marks)



Biology and Biology (Human) Specimen Papers       Unit 5

79 Turn over

B2. The statements below refer to some effects of two groups of plant growth substances, auxins
and gibberellins.

If the statement is correct place a tick (✓ ) in the appropriate box and if the statement is
incorrect place a cross (✕✕✕✕ ) in the appropriate box.

Effect Auxins Gibberellins

Promote cell elongation

Promote root formation in cuttings and calluses

Promote fruit ripening

Inhibit lateral bud development

Promote the breaking of dormancy in seeds

(Total 5 marks)
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B3. An investigation was carried out into the effect of carbon dioxide concentration and light
intensity on the productivity of lettuces in a glasshouse.  The productivity was determined by

measuring the rate of carbon dioxide fixation in milligrams per dm2 leaf area per hour.

Experiments were conducted at three different light intensities: 0.05, 0.25 and 0.45 (arbitrary

units), the highest approximating to full sunlight.  A constant temperature of 22 °C was

maintained throughout.  The results are given in the table below.

Productivity at different light intensities / mg dm-2 h-1

Carbon dioxide

concentration / ppm At 0.05 units
light intensity

At 0.25units
light intensity

At 0.45 units
light intensity

300

500

700

900

1100

1300

12

14

15

15

15

12

25

30

35

37

37

31

27

36

42

46

47

46

(a) For the experiment at 0.25 units light intensity, describe and comment on the effects on
the productivity of the lettuces of increasing carbon dioxide concentration in the range
(i) 300 to 900 ppm, and (ii) 900 to 1300 ppm.

(i)   300 to 900 ppm

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(2)

(ii)  900 to 1300 ppm

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

 (2)
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(b) A carbon dioxide concentration of 300 ppm is approximately equivalent to that in
atmospheric air.

For each of the three light intensities, work out the maximum increase in productivity
that was obtained compared with that at 300 ppm and use it to calculate the percentage
increase in productivity at each light intensity.

(i) At 0.05 units light intensity:

Maximum increase  …………………………………………………………………..

Percentage increase  ……………………………………………………..…………...

(ii) At 0.25 units light intensity:

 Maximum increase  …………………………………………………………………..

Percentage increase  ……………………………………………………..…………...

(iii) At 0.45 units light intensity:

Maximum increase  ……………………………………………………………….….

Percentage increase  ……………………………………………………..…………...

(3)

(c) Comment on the effects on productivity of changing light intensity.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

 (2)

(d) Explain why carbon dioxide concentration affects the productivity of plants.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(3)
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(e) State why the temperature should be kept constant during this experiment.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(1)

(f) Suggest why, even with artificial lighting, crops generally need to have more carbon
dioxide added when temperatures are low than when temperatures are high.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(2)

(Total 15 marks)

Now turn to the Synoptic Section on page 12
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Section H: Biology (Human)

Answer ALL THREE questions in this section.

H1. The diagrams A, B and C below show three reconstructed fossil skulls of the genus Homo.

(a) Arrange the letters in order with the earliest skull first and the most modern skull

last.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(1)

(b) Give three features shown by these skulls which support your answer to (a).

1  …………………………………………………………………………………………..

      …………………………………………………………………………………………..

2  …………………………………………………………………………………………..

======ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

3  …………………………………………………………………………………………..

======ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(3)

(Total 4 marks)
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H2. The diagrams below show the population pyramids for Great Britain for the years 1891 and
1947.

(a) State which of these pyramids is most likely to indicate a rapidly increasing population.

Give a reason for your answer.

Pyramid  ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁKKK

Reason  ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁKK

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(2)

(b) Suggest why there are differences between the populations aged 30 and above in 1891
and in 1947.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(2)

(Total 4 marks)
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H3. Haemoglobin in mammals is made up of four polypeptide chains, two identical α chains and

two identical β chains.  The sequence of amino acids in these chains has been determined for
a number of different mammals.

Table 1 below shows a sequence of fifteen amino acids in an α chain from four different
primates: a chimpanzee, a human, a gorilla and an orang-utan.

Table 1

Primate Amino acid sequence

Chimpanzee K A A W G K V G A H A G E Y G

Human K A A W G K V G A H A G D Y G

Gorilla K A A W G K V G A H A G E Y G

Orang-utan K T A W G K V G A H A G D Y G

Key A = alanine D = asparagine E = glutamic acid G = glycine H = histidine
K = lysine T = threonine V = valine W = tryptophan Y = tyrosine

(a) What differences are there between the amino acid sequence for the orang-utan and for

the chimpanzee?

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(1)

(b) Name ONE OTHER pair of primates in the table in which there is a difference in the

amino acid sequence.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

 (1)

(c) Comparisons of amino acid sequences have been used to determine evolutionary
(phylogenetic) relationships in the primates.

Using evidence given in Table 1, complete the evolutionary tree diagram below to show
the possible evolutionary relationship between chimpanzees, gorillas, humans and
orang-utans.

Common Chimpanzee
 ancestor

(3)
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(d) Give TWO ways in which the data in Table 1 support your suggested evolutionary
relationship.

1  …………………………………………………………………………………………..

      …………………………………………………………………………………………..

2  …………………………………………………………………………………………..

======ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

 (2)

(e) When human blood serum is injected into a rabbit, the rabbit produces antibodies
against human serum proteins. Precipitation occurs when blood serum from humans and
other mammals is mixed with rabbit serum containing these antibodies,

Table 2 below shows the percentage precipitation when this rabbit serum is mixed with
serum from a human, a gibbon, a spider monkey and a hedgehog.

Table2

Mammal Percentage precipitation

Human 100

Gibbon   79

Spider monkey   58

Hedgehog   17

What do these data suggest about the phylogenetic relationships of the four mammals in
Table 2?

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

 (2)
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(f) Explain why, in this procedure, these differences in percentage precipitation occur.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

 (3)

(g) Describe how fossils can be used to provide evidence for human evolution.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(3)

(h) Give ONE disadvantage of the use of fossils in providing evidence for human evolution.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(1)

(Total 16 marks)

Now turn to the Synoptic Section on page 12
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Synoptic Section

Answer ALL FOUR questions in this section.

The questions in this section are designed to give you the opportunity to make connections
between different areas of biology and to use skills and ideas developed throughout the course in
new contexts.  You should include in your answers any relevant information from the whole of
your course.

4. The table below shows mean values for primary productivity for four ecosystems: temperate
deciduous forest, tropical forest, temperate grassland, and intensively cultivated land in a
temperate region.

Ecosystem Primary productivity / kJ m-2 yr-1

Temperate deciduous forest 26 000

Tropical forest 40 000

Temperate grassland 15 000

Intensively cultivated land in a temperate region. 30 000

(a) Suggest TWO reasons to account for the higher primary productivity of a tropical

forest compared with a temperate forest.

1  …………………………………………………………………………………………..

      …………………………………………………………………………………………..

2  …………………………………………………………………………………………..

======ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(2)



Biology and Biology (Human) Specimen Papers       Unit 5

89 Turn over

(b) Suggest explanations for the difference in primary productivity between temperate

grassland and intensively cultivated land.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(3)

(c) Describe how you would estimate the fresh biomass of the producers in a grassland

ecosystem.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

 (4)

(d) Suggest why productivity of an ecosystem is measured in units of energy rather than

units of biomass.

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(2)

(Total 11 marks)
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5. Read the passage below and then answer the questions that follow.

Evolutionary change develops when a mutation occurs and survives the selective process

(that is, when it is found to be either neutral or advantageous).  For example, a GCT

codon might mutate to GAT and we would obtain leucine instead of argenine in the

protein.

In about 20% of all mutations, because of the redundancy (degeneracy) of the code, a

mutation might have no effect on protein structure.  Thus a mutation from GCT to GCA

would affect only the DNA and might well have no functional effects – no matter what

the third base in the GC codon, we always obtain arginine in the protein.

The evolutionary process, then, involves a change (mutation) in the DNA which is

incorporated into the ongoing gene pool of the evolving species and which can be

reflected by a corresponding change in the amino acid sequence of the particular protein

coded for by that gene.

We might state as a basic rule that such a process will have to produce divergence when

any two populations become isolated from one another, as the relative rarity of mutations

and the finite size of populations make it statistically improbable that identical changes

will be available for natural selection to incorporate into the gene pools.

Adapted from V Sarich: A molecular approach to the problem of human origins (1971)

(a) Explain what is meant by each of the following terms.

(i) A GCT codon (paragraph 1)

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(1)

(ii) Redundancy (degeneracy) (paragraph 2)

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(1)

(iii) Gene pool (paragraph 3)

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(1)

(iv) Natural selection (paragraph 4)

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

ÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁ

(1)
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(b) Suggest two ways in which ‘mutation from GCT to GCA’ (paragraph 2) might arise.

1==ÁKÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁKKK
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(2)

(c) Explain why such a mutation ‘might well have no functional effects’ (paragraph 2).
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(3)

(d) State two ways in which ‘populations become isolated from one another’ (paragraph 4).
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 (2)

(e) Outline the possible consequences of the ‘divergence’ (paragraph 4) that may result

from such isolation.
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(3)

(Total 14 marks)
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6. Some soyabean seedlings were grown in an atmosphere enriched with carbon dioxide.

An experiment was carried out to compare the uptake of nitrogen by these seedlings with
that of seedlings grown in a normal atmosphere (control plants).  Soyabeans belong to the
Papilionaceae (legumes) and all the experimental plants had root nodules containing
Rhizobium.

At the beginning of the experiment, the seedlings were 25 days old.  The total amount of
nitrogen incorporated into compounds in the plants was then measured at intervals until the
plants were 100 days old.

The results of the experiment are shown in the graph below.

(a) Of the nitrogen incorporated into compounds in the control plants, 75% was taken up
from the soil.  State the form in which this nitrogen was taken up by the plants.

ÁÁKKÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁÁKK

 (1)
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(b) Explain how the control plants obtained the remaining 25% of their nitrogen.
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(2)

(c) Compare the effect of the atmosphere enriched with carbon dioxide with that of the
normal atmosphere on the mass of nitrogen incorporated into the seedlings.
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(3)

(d) Suggest one reason for any differences you observe.
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(1)

(e) A possible application of gene technology would be to incorporate genes for

nitrogen fixation into cereal plants.

Suggest possible benefits of such an application.
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(2)

(Total 9 marks)
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Answer EITHER Question 7B OR Question 7H.

7B. Biology

ATP is often described as ‘the energy currency’ of cells.  Discuss this statement with reference to

the activities of a liver cell and a leaf palisade cell.

(Total 12 marks)

7H. Biology (Human)

ATP is often described as ‘the energy currency’ of cells.  Discuss this statement with reference to

the activities of a liver cell, a cell from cardiac muscle tissue and a neurone.

(Total 12 marks)
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You must answer Question 1 and EITHER Question 2B OR Question 3H

1. The diagram below shows some limpets.  Limpets are cone-shaped molluscs which are found
attached to rocks on many seashores.

Some students carried out an investigation to compare the shape of limpets on a sheltered
shore with their shape on a shore exposed to the action of waves.  They measured the height
(H) and length (L) of 15 limpets on each shore.  They then used the ratio of height to length

to describe the overall shape of the limpets.

An extract from their field records is shown below.
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(a) Prepare a table and organise the data in a suitable way so that the range of shapes of
limpets on the two shores can be compared.

(4)

(b) Use the data in your table to present the information in a suitable graphical form.

(4)

(c) Name the statistical test you would use to analyse your data.

(1)

(d) What conclusions can you draw from this investigation?

(2)

(Total 11 marks)
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Answer EITHER Question 2B (Biology) OR Question 3H (Biology (Human))

2B. Biology

Many fruits and seeds contain germination inhibitors which delay germination until the
inhibitors have been washed away by rain or become inactivated.  In tomatoes, the inhibitors
delay germination until the fleshy tomato fruit has rotted away releasing the seeds.

It has been suggested that, in tomatoes, the inhibitor of seed germination is present in the
fleshy tissues of the fruit rather than in the seed coats.

Plan an investigation, which you could personally carry out, to test this hypothesis.  Your

answer should give details under the following headings.

(a) Plan of the investigation to be carried out.

(9)

(b) Recording of raw data measurements, presentation of results and methods of data
analysis.

(7)

(c) Limitations of your method, and an indication of further work which could be

undertaken.

 (5)

(Total 21 marks)

3H. Biology (Human)

Synaptic transmissions can be affected by various drugs such as caffeine.  It has been
suggested that caffeine acts as a stimulant and so reduces the time taken to respond to a
visual stimulus.

Plan an investigation, which you could personally carry out, to test this hypothesis.  Your
answer should give details under the following headings.

(a) Plan of the investigation to be carried out.

(9)

(b) Recording of raw data measurements, presentation of results and methods of data
analysis.

(7)

(c) Limitations of your method, and an indication of further work which could be
undertaken.

 (5)

(Total 21 marks)

END
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1. North American populations of catfish, Catostomus clarki, produce two different forms of a
particular enzyme, A and B.  The graph below shows how the activity of each form of the

enzyme varies with temperature.  Enzyme activity is plotted as a proportion of its maximum
activity, which is given the arbitrary value of 1.0.

Adapted from Edwards, Evolution in modern biology (1977)

(a) Describe the differences in activity between the two forms of the enzyme.

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(3)
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(b) Production of the enzyme is controlled by a single gene, E.  An allele EA codes for form A
of the enzyme, and a different allele EB codes for form B.  The graph below shows the

frequency of each allele in catfish populations between the southern and northern ends of
the catfish's range.  The southern end has a warm climate and the northern end a cold
climate.

Suggest the process by which gene E came to have two different alleles.

….………………………………………………………………………………………….

….………………………………………………………………………………………….

 (1)
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(c) Describe and suggest an explanation for the distribution of the alleles between the southern
and northern ends of the catfish's range.

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(4)

(Total 8 marks)
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2. Read the passage below about the effect of chilli peppers on the body, and then use the
information in the passage and your own knowledge to answer the questions which follow.

Chilli peppers (Capsicum frutescens) contain a substance called capsaicin, which produces
the painfully hot sensation that we receive when eating foods seasoned with chilli.  It has
been known for some time that capsaicin produces its effect on a particular type of sensory

neurone.  These neurones respond to painful stimuli such as high temperatures, or to
inflammation of tissues.  Exposure of the endings of these neurones to capsaicin allows
calcium ions (Ca2+) and sodium ions (Na+) to flood into the neurone.  This initiates an action
potential that is carried along the neurone into the spinal cord and then to the brain, where it
is interpreted as pain.

It was thought that the sensory neurones probably contain a protein in their cell surface
membranes that acts as a receptor for capsaicin.  This protein could work in a similar way to
the receptor for acetylcholine, which is found on the postsynaptic membrane at many
synapses in the body.  A group of researchers has recently identified the length of DNA

which codes for this capsaicin receptor protein.

The researchers extracted mRNA of many different lengths from cells taken from dorsal root
ganglia.  The next step was to identify which of these lengths coded for the capsaicin protein.
They mixed their mRNA samples with DNA nucleotides, and added an enzyme which made

complementary lengths of DNA, called cDNA.  They introduced samples of this cDNA into
some cultured human cells, and allowed the cells to express the cDNA.  They then exposed
the cells to capsaicin.  By identifying the cells that allowed calcium ions to flow into them
when in the presence of capsaicin, the researchers were able to identify which of the many
different lengths of cDNA coded for the capsaicin receptor protein.  Once the cDNA had

been identified, the amino acid sequence of the receptor protein could be worked out.

The researchers produced a clone of cells containing this cDNA, which had the capsaicin
receptor in their cell surface membranes.  They found that the receptor responded not only to
capsaicin but also to high temperatures, which we perceive as painfully hot.  They also found

that, if the cells were exposed to capsaicin for a long period of time, they became less
sensitive not only to capsaicin but also to high temperatures.

(a) Explain how capsaicin initiates an action potential in a sensory neurone (paragraph 1).

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(3)
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(b) Suggest why the researchers chose to use cells from dorsal root ganglia when they
extracted mRNA (paragraph 3).

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(2)

(c) Suggest why the researchers decided to try to identify the protein by extracting mRNA,
rather than DNA, from these cells (paragraph 3).

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(2)

(d) Explain what is meant by DNA nucleotides (paragraph 3).

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(2)

(e) Name the enzyme that would be added to the mRNA and DNA nucleotides to make the
cDNA (paragraph 3).

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(1)
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(f) Explain how the amino acid sequence of the capsaicin receptor could be worked out once
the cDNA which coded for it was identified (paragraph 3).

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(3)

(g) Capsaicin is often used to reduce pain in inflammatory conditions such as arthritis.  Using

the information in the passage, suggest how application of capsaicin to a painful joint might
reduce the sensation of pain.

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

….………………………………………………………………………………………….

(2)

(Total 15 marks)
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Write an essay on ONE of the following topics.

For Biology you should choose EITHER Question 3 OR Question 4B.

For Biology (Human) you should choose EITHER Question 3 OR Question 5H.

3. The roles of water in the lives of organisms (15 marks)

4B. The roles of pigments in living organisms (15 marks)

5H. Evolution within the genus Homo (15 marks)

Write your essay in a separate answer book.  Complete all of the details on the front cover of the
answer book and fasten it loosely but securely behind this booklet.

Marks will be awarded for scientific content, coverage of the topic, and the quality of written
communication.  You may include diagrams if you wish, but make sure that they are relevant to your
essay and add extra information to it.

END

Do not write in this space
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pìÖÖÉëíÉÇ=ê~åÖÉ=çÑ=íÉãéÉê~íìêÉë=E~í=äÉ~ëí=P=ëí~íÉÇF=X
rëÉ=ë~ãÉ=ëìÄëíê~íÉ=ÅçåÅÉåíê~íáçå=X
rëÉ=ë~ãÉ=îçäìãÉ=L=ÇÉéíÜ=çÑ=ÜóÇêçÖÉå=éÉêçñáÇÉ=X
^ääçï=ëìÄëíê~íÉ=L=ÉåòóãÉ=íç=ÉèìáäáÄê~íÉ=ÄÉÑçêÉ=~ÇÇáåÖ=ÑáäíÉê=é~éÉê=ÇáëÅ=X
oÉÑK=íç=ìåáÑçêãáíó=çÑ=ÇáëÅë=X
rëÉ=Åçåëí~åí=ÉåòóãÉ=ÅçåÅÉåíê~íáçå=X
oÉéÉ~í=~í=É~ÅÜ=íÉãéÉê~íìêÉ=X
mäçí=~=Öê~éÜ=çÑ=ê~íÉ=çÑ=êÉ~Åíáçå=~Ö~áåëí=íÉãéÉê~íìêÉ=X

EQ=ã~êâëF

=Eqçí~ä=NP=ã~êâëF



NNR

råáí=N

V N a~ìÖÜíÉê=ÅÉääë=Ü~îÉ=ë~ãÉ=åìãÄÉê=çÑ=ÅÜêçãçëçãÉë=~ë=é~êÉåí=ÅÉää=L=~êÉ
ÖÉåÉíáÅ~ääó=áÇÉåíáÅ~ä=íç=é~êÉåí=ÅÉää=X

O `çåÅÉêåÉÇ=ïáíÜ=ÖêçïíÜ=L=êÉé~áê=L=êÉéä~ÅÉãÉåí=çÑ=íáëëìÉë=L=~ëÉñì~ä
êÉéêçÇìÅíáçå=X

P oÉÑÉêÉåÅÉ=íç=ÅÉää=ÅóÅäÉ=ÅçåëáëíáåÖ=çÑ=áåíÉêéÜ~ëÉI=ãáíçëáëI=ÅÉää=Çáîáëáçå=X
Q EaìêáåÖ=éêçéÜ~ëÉF=ÅÜêçãçëçãÉë=ÅçåÇÉåëÉ=L=Éè=ëç=É~ÅÜ=Åçåëáëíë=çÑ=~=é~áê

çÑ=ÅÜêçã~íáÇë=àçáåÉÇ=Äó=ÅÉåíêçãÉêÉ=X
R oÉÑÉêÉåÅÉ=íç=ÅÉåíêáçäÉë=L=ãçîÉãÉåí=L=éçëáíáçå=X
S cçêã~íáçå=çÑ=ëéáåÇäÉ=Äó=ãáÅêçíìÄìäÉë=X
T aáë~ééÉ~ê~åÅÉ=çÑ=åìÅäÉìë=L=åìÅäÉçäá=X
U _êÉ~âÇçïå=çÑ=åìÅäÉ~ê=ÉåîÉäçéÉ=X
V E^í=ãÉí~éÜ~ëÉF=ÅÜêçãçëçãÉë=~íí~ÅÜÉÇ=íç=ëéáåÇäÉ=ÑáÄêÉë=X
NM iáåÉÇ=ìé=~í=Éèì~íçê=çÑ=ÅÉää=W
NN E^í=~å~éÜ~ëÉF=ÅÉåíêçãÉêÉë=ëéäáí=L=ÇìéäáÅ~íÉ=L=ëÉé~ê~íáçå=çÑ=ÅÜêçã~íáÇë=X
NO a~ìÖÜíÉê=ÅÜêçãçëçãÉë=L=ÅÜêçã~íáÇë=éìääÉÇ=íç=çééçëáíÉ=éçäÉë=çÑ=ÅÉää=L

E~í=íÉäçéÜ~ëÉF=ÅÜêçãçëçãÉë=L=ÅÜêçã~íáÇë=êÉ~ÅÜ=éçäÉë=çÑ=ÅÉää=X
NP cçêã~íáçå=çÑ=åìÅäÉ~ê=ãÉãÄê~åÉ=L=EÇ~ìÖÜíÉêF=åìÅäÉá=ÑçêãÉÇ=X
NQ cçääçïÉÇ=Äó=ÅóíçâáåÉëáë=Eáå=~åáã~ä=ÅÉääëF=L=çê=ÇÉëÅêáéíáçå=X
NR cçêã~íáçå=çÑ=~=ÅÉää=éä~íÉ=L=Éè=áå=éä~åí=ÅÉääë=X

Ej~ñáãìã=NM=ã~êâëF

Eqçí~ä=NM=ã~êâëF



NNS

SNMO=~åÇ=SNNO==rkfq=O==j^oh=p`ebjb

pÉÅíáçå=NW=píêìÅíìêÉÇ=èìÉëíáçåë=

j~êâë
N= E~F i~êÖÉ=ëìêÑ~ÅÉ=~êÉ~=X

qÜáå=äáåáåÖ=X
Em~êíá~ääóF=éÉêãÉ~ÄäÉ=EäáåáåÖF=X
`çîÉêÉÇ=Äó=Ñáäã=çÑ=ãçáëíìêÉ=X

EP=ã~êâëF

EÄF `çåíê~Åíáçå=çÑ=Çá~éÜê~Öã=ãìëÅäÉë=äçïÉêë=L=Ñä~ííÉåë=Çá~éÜê~Öã=X
`çåíê~Åíáçå=çÑ=ÉñíÉêå~ä=áåíÉêÅçëí~ä=ãìëÅäÉë=ê~áëÉë=êáÄÅ~ÖÉ=X
sçäìãÉ=çÑ=íÜçê~ñ=L=äìåÖë=áåÅêÉ~ëÉë=íÜìë=áåíê~éìäãçåáÅ=éêÉëëìêÉ
Ñ~ääë=L=Éè=X
oÉÑK=íç=Åçåíêçä=Äó=ãÉÇìää~=L=Éè=X

EP=ã~êâëF

Eqçí~ä=S=ã~êâëF

O E~F ^=Z=E^çêíáÅF=ëÉãáäìå~ê=î~äîÉ=X
_=Z=_áÅìëéáÇ=L=ãáíê~ä=L=î~äîÉ=L=äÉÑí=~íêáçîÉåíêáÅìä~ê=î~äîÉ=X

EO=ã~êâëF

EÄF aá~ëíçäÉ=L=~íêá~ä=ëóëíçäÉ=X
^çêíáÅ=L=éäìãçå~êó=~êíÉêó=L=ëÉãáäìå~ê=î~äîÉEëF=ÅäçëÉÇ=X
^íêáçîÉåíêáÅìä~ê=L=ãáíê~ä=L=íêáÅìëéáÇ=î~äîÉEëF=çéÉå=X

EP=ã~êâëF

EÅF u=Z=éêÉîÉåíë=î~äîÉ=áåîÉêíáåÖ=X
v=Z=~Çàìëíë=íÉåëáçå=áå=î~äîÉ=L=Åçåíê~Åíë=íç=éìää=çå=î~äîÉ=X

EO=ã~êâëF

Eqçí~ä=T=ã~êâëF

P E~F mÉêÅÉåí~ÖÉ=Ñ~ääáåÖ=L=Ñ~ää=çÑ=PRB=X
_áÖÖÉëí=Çêçé=áå=ëáñíáÉë=L=ÄÉíïÉÉå=NVRNJNVTM=X
pçãÉ=ÉîáÇÉåÅÉ=çÑ=Ñä~ííÉåáåÖ=L=êÉÑK=íç=ÑáÖìêÉë=X

EO=ã~êâëF

EÄF içïÉê=éÉêÅÉåí~ÖÉ=çÑ=ãÉå=ïáíÜ=äçï=ëéÉêã=Åçìåíë=~í=ÄÉÖáååáåÖ=X
kìãÄÉêë=áåÅêÉ~ëáåÖ=ÇìêáåÖ=íÜÉ=éÉêáçÇ=L=áåÅêÉ~ëÉÇ=Äó=NPB=X
_çíÜ=Ñ~ää=NVTNJNVUM=X
c~ää=áå=éÉêÅÉåí~ÖÉ=çÑ=ãÉå=ïáíÜ=ÜáÖÜ=ëéÉêã=Åçìåíë=áë=ÖêÉ~íÉê=íÜ~å=êáëÉ=áå
éÉêÅÉåí~ÖÉ=çÑ=ãÉå=ïáíÜ=äçï=ëéÉêã=Åçìåíë=L=ÅçåîÉêëÉ=X
_áÖÖÉëí=êáëÉ=áå=åìãÄÉêë=áå=ëáñíáÉë=L=ÅçêêÉëéçåÇë=ïáíÜ=Çêçé=áå=åìãÄÉêë=çÑ
ãÉå=ïáíÜ=ÜáÖÜ=ëéÉêã=Åçìåíë=L=ÑäìÅíì~íáçåë=áå=åìãÄÉêë=çÑ=ãÉå=ïáíÜ=äçï
ëéÉêã=Åçìåíë=X
^ÑíÉê=NVUM=ÑáÖìêÉë=ëáãáä~ê=X

EP=ã~êâëF



NNT

råáí=O

EÅF i~êÖÉ=åìãÄÉêë=Çç=åçí=êÉ~ÅÜ=Ñ~ääçéá~å=íìÄÉë=L=ëáíÉ=çÑ=ÑÉêíáäáë~íáçå=X
j~åó=ëéÉêã=ÇáÉ=X
oÉÑK=íç=ÅçåÇáíáçåë=L=ée=áå=î~Öáå~=X
båòóãÉë=åÉÉÇÉÇ=Ñçê=~Åíáî~íáçå=çÑ=ëéÉêã=L=êÉÑK=Å~é~Åáí~íáçå=X
j~åó=ëéÉêã=ã~ó=ÄÉ=~Äåçêã~ä=L=êÉÇìÅÉÇ=ãçÄáäáíó=X

EO=ã~êâëF

EÇF EáF píáãìä~íÉÇ=Äó=cpe=X
píáãìä~íÉë=êÉé~áê=çÑ=íÜÉ=ÉåÇçãÉíêáìã=L=äáåáåÖ=çÑ=ìíÉêìë=X
fåÜáÄáíë=cpe=éêçÇìÅíáçå=X
píáãìä~íÉë=ie=éêçÇìÅíáçå=X
iÉ~Çë=íç=çîìä~íáçå=X

EP=ã~êâëF

EááF få=ã~íÉêå~ä=ÄäççÇ=L=ÄäççÇ=ëíêÉ~ã=X
tÜÉå=Ñ~í=ëíçêÉë=ãçÄáäáëÉÇ=L=ÄêçâÉå=Ççïå=X
`çêêÉÅí=êÉÑK=íç=ÇáÑÑìëáçå=X
`çêêÉÅí=êÉÑK=íç=éä~ÅÉåí~=X
réí~âÉ=áåíç=ÑÉí~ä=ÅáêÅìä~íáçå=L=ÑÉí~ä=ÄäççÇ=X
fåíç=ìãÄáäáÅ~ä=îÉáå=X

EP=ã~êâëF

Eqçí~ä=NP=ã~êâëF

Q E~F ^åó=î~äìÉ=ÄÉíïÉÉå=NTKM=~åÇ=NUKMB=X
EN=ã~êâF

EÄF VM=Ó=NU=Z=TO=X

NMR=ñ=TO=÷=NMM=X
TRKS=Åã

P=

X
EP=ã~êâëF

EÅF fåÅêÉ~ëÉÇ=ê~íÉ=çÑ=êÉëéáê~íáçå=L=çê=ãÉí~ÄçäáÅ=ê~íÉ=áåÅêÉ~ëÉ=L=ÉKèKL=ÖáîÉë=ãçêÉ
ÜÉ~í=ÉåÉêÖó=L=Éè=X
`~ìëáåÖ=Ü~ÉãçÖäçÄáå=íç=êÉäÉ~ëÉ=ãçêÉ=çñóÖÉå=L=êÉäÉ~ëÉ=çñóÖÉå=Ñ~ëíÉê=L
Éè=X

EO=ã~êâëF

EÇF `ìêîÉ=Çê~ïå=íç=íÜÉ=äÉÑí=çÑ=íÜÉ=çíÜÉê=íïç=X
píÉÉéÉê=X

EO=ã~êâëF

Eqçí~ä=U=ã~êâëF



NNU

pÉÅíáçå=_W=_áçäçÖó råáí=O

_RE~F a=X
d=X

EO=ã~êâëF

EÄF mÉí~äë=L=åç=éÉí~äë=X
pÉé~äë=L=åç=ëÉé~äë=X
cáñÉÇ=ëí~ãÉåë=L=äççëÉ=ëí~ãÉåë=L=Éè=X
håçÄJäáâÉ=ëíáÖã~=L=ÑÉ~íÜÉêó=ëíáÖã~=X
pÜçêí=Ñáä~ãÉåíë=L=äçåÖ=Ñáä~ãÉåíë=X

EO=ã~êâëF

EÅF ^åó=íïç=ÑêçãW
aáÅÜçÖ~ãó=L=ã~äÉ=~åÇ=ÑÉã~äÉ=é~êíë=ã~íìêÉ=~í=ÇáÑÑÉêÉåí=íáãÉë=X
mêçí~åÇêó=L=Éè=X
mçääÉå=ëÜÉÇ=ÄÉÑçêÉ=ëíáÖã~=áë=ã~íìêÉ=X

^åó=íïç=ÑêçãW
aáÅÜçÖ~ãó=L=ã~äÉ=~åÇ=ÑÉã~äÉ=é~êíë=ã~íìêÉ=~í=ÇáÑÑÉêÉåí=íáãÉë=X
mêçíçÖóåó=L=Éè=X
píáÖã~=ïáíÜÉêë=L=êáéÉ=ÄÉÑçêÉ=éçääÉå=ëÜÉÇ=X

m~áêÉÇ=ã~êâáåÖ=éçáåíëW
píêìÅíìêÉ=çÑ=ÑäçïÉê=éêÉîÉåíë=éçääÉå=ä~åÇáåÖ=çå=ëíáÖã~=X
bñéä~å~íáçå=çÑ=ÜÉíÉêçëíóäó=X

oÉÑK=íç=ÇáçÉÅáçìë=éä~åíë=X
pÉäÑJéçääáå~íáçå=áãéçëëáÄäÉ=X

pÉäÑJáåÅçãé~íáÄáäáíó=L=ëíÉêáäáíó=X
kç=éçääÉå=ÖÉêãáå~íáçå=X

EO=ã~êâëF

Eqçí~ä=S=ã~êâëF

_S
pí~íÉãÉåí uóäÉã=îÉëëÉäë mÜäçÉã=ëáÉîÉ

íìÄÉë
mçëëÉëë=äáîáåÖ=ÅçåíÉåíë

✕✕✕✕ ✔ X

mêçîáÇÉ=ëìééçêí
✔ ✕ ✕✕✕ X

`çãéçëÉÇ=çÑ=ÅÉääë=ÑìëÉÇ=íçÖÉíÜÉê
ÉåÇ=íç=ÉåÇ

✔ ✔ X

t~ääë=Åçåí~áå=äáÖåáå
✔ ✕ ✕✕✕ X

Eqçí~ä=Q=ã~êâëF



NNV

råáí=O==pÉÅíáçå=_

_TE~F m==Z=ñóäÉã=X
n=Z=ëéçåÖó=ãÉëçéÜóää=X

EO=ã~êâëF

EÄF c~ääë=áå=v=L=çê=w=L=ãçîÉë=çìí=çÑ=v=L=çê=w=X
oáëÉë=áå=u=L=ãçîÉë=áåíç=u=X
`êÉÇáí=Ñçê=ÅçêêÉÅí=ã~åáéìä~íáçå=çÑ=ÑáÖìêÉë=X

EO=ã~êâëF

EÅF ^ÅíáîÉ=íê~åëéçêí=çÑ=h
H

=áçåë=áåíç=Öì~êÇ=ÅÉää=X
`çêêÉÅí=êÉÑK=íç=äçïÉêáåÖ=çÑ=ï~íÉê=éçíÉåíá~ä=L=Éè=X
t~íÉê=ÉåíÉêë=Öì~êÇ=ÅÉääë=Äó=çëãçëáë=X
fåÅêÉ~ëÉ=áå=íìêÖáÇáíó=L=Éè=X
`~ìëÉë=ÄÉåÇáåÖ=çÑ=Öì~êÇ=ÅÉääë=L=Éè=X

EP=ã~êâëF

Eqçí~ä=T=ã~êâëF

_UE~F t~íÉê=äçëë=L=íê~åëéáê~íáçå=Éèì~äë=L=áë=éêçéçêíáçå~ä=íç=ï~íÉê=ìéí~âÉ=X
EN=ã~êâF

EÄF `ìí=ëíÉã=ìåÇÉê=ï~íÉê=X
^ëëÉãÄäÉ=~éé~ê~íìë=ìåÇÉê=ï~íÉê=X
oÉåÇÉê=~éé~ê~íìë=ï~íÉê=íáÖÜí=L=~áê=íáÖÜí=ïáíÜ=î~ëÉäáåÉ=L=ï~ñ=X
Eoìå=ï~íÉê=íÜêçìÖÜ=Å~éáää~êó=íçF=Éäáãáå~íÉ=~áê=ÄìÄÄäÉë=X
båëìêÉ=äÉ~îÉë=L=Éè=~êÉ=Çêó=X
`çåíêçä=çÑ=î~êá~ÄäÉë=L=çåÉ=î~êá~ÄäÉ=ëéÉÅáÑáÉÇ=X
oÉÑK=íç=ÉèìáäáÄê~íáçå=X

EO=ã~êâëF

EÅF EjÉåáëÅìë=ãçîÉëF=NUM=ãã=Eáå=PM=ãáåìíÉëF=X
ENUM=÷=PMF=ñ=MKU=L=ENUM=÷=NOMF=ñ=PKO=X
QKU=ãã

P

=ãáå
JN=

X
EP=ã~êâëF

EÇF jçîáåÖ=~áê=Å~ìëÉë=ãçêÉ=ï~íÉê=î~éçìê=íç=ÄÉ=äçëí=Ñêçã=_=íÜ~å=a=L=äÉëë=Ñêçã
a=íÜ~å=_=L=Éè=X
jçêÉ=ï~íÉê=Eî~éçìêF=äçëí=íÜêçìÖÜ=ëíçã~í~=X
jçêÉ=ëíçã~í~=çå=äçïÉê=ëìêÑ~ÅÉ=çÑ=äÉ~îÉë=X
dêÉ~ëÉ=éêÉîÉåíë=ï~íÉê=äçëë=íÜêçìÖÜ=L=ÄäçÅâë=íÜÉëÉ=ëíçã~í~=L=~Åíë=~ë=~
Ä~êêáÉê=X

EP=ã~êâëF

Eqçí~ä=V=ã~êâëF



NOM

råáí=O==pÉÅíáçå=_

_V N içïÉê=L=ãçêÉ=î~êá~ÄäÉ=ÅçåÅÉåíê~íáçåë=çÑ=çñóÖÉå=áå=ï~íÉê=íÜ~å=áå=~áê=L=Éè=L
êÉÑK=íç=ëçäìÄáäáíó=X

O sÉêó=äçï=L=~å~ÉêçÄáÅ=ÅçåÇáíáçåë=áå=ãìÇ=L=ìåÇáëíìêÄÉÇ=ï~íÉê=L=Éè=X
P aáëíìêÄ~åÅÉ=L=éÜçíçëóåíÜÉëáëáåÖ=éä~åíë=áåÅêÉ~ëÉë=çñóÖÉå=äÉîÉäë=X
Q få=ëã~ää=áåîÉêíÉÄê~íÉë=L=Éè=ëìêÑ~ÅÉ=~êÉ~=íç=îçäìãÉ=ê~íáç=áãéçêí~åí=Ñçê

ÉÑÑáÅáÉåí=ÇáÑÑìëáçå=L=ÉKÖK=éêçíçòç~=L=ÅçÉäÉåíÉê~íÉë=~ÄëçêÄ=çñóÖÉå=~ää=çîÉê
ëìêÑ~ÅÉ=ÉñéçëÉÇ=íç=ï~íÉê=X

R cä~ííÉåÉÇ=ÄçÇó=ëÜ~éÉë=áåÅêÉ~ëÉ=ëìêÑ~ÅÉ=~êÉ~=íç=îçäìãÉ=ê~íáçë=L=ëç
éä~å~êá~åë=L=äÉÉÅÜÉë=Å~å=~ÄëçêÄ=ëìÑÑáÅáÉåí=çñóÖÉå=X

S dáääë=éêçîáÇÉ=ä~êÖÉê=ëìêÑ~ÅÉë=Ñçê=Ö~ë=ÉñÅÜ~åÖÉ=áå=ëçãÉ=~èì~íáÅ=áåëÉÅí
ä~êî~É=L=å~ãÉÇ=ÉKÖKë=ëìÅÜ=~ë=Å~ÇÇáë=Ñäó=ä~êî~É=X

T pçãÉ=ÇÉéÉåÇ=çå=íê~ÅÜÉ~É=äçÅ~íÉÇ=~í=ÜáåÇ=ÉåÇ=çÑ=áåëÉÅí=X
U oÉÑK=íç=ÄêÉ~íÜáåÖ=íìÄÉë=~åÇ=ëáéÜçåë=áå=ëìáí~ÄäÉ=ÉKÖKë=ëìÅÜ=~ë=ê~íJí~áäÉÇ

ã~ÖÖçíë=L=Éè=X
V mêçÄäÉãë=çÑ=ï~íÉêäçÖÖáåÖ=çîÉêÅçãÉ=Äó=íÜÉ=éêÉëÉåÅÉ=çÑ=Ü~áêë=L=Éè=X
NM pã~ää= áåëÉÅíë= ÇÉéÉåÇ= çå= ÇáÑÑìëáçåI= ä~êÖÉê= çåÉë= çÑíÉå= ëÜçï= îÉåíáä~íáçå

ãçîÉãÉåíë=X
NN pçãÉ= í~âÉ= ~áê= Ççïå= áåíç= íÜÉ= ï~íÉê= L= êÉÑK= íç= ~áê= ÄìÄÄäÉë= L= íê~ééÉÇ= ~áê=L

ÇÉëÅêáéíáçå=çê=êÉÑÉêÉåÅÉ=íç=~å=Éñ~ãéäÉ=ëìÅÜ=~ë=ï~íÉê=ÄÉÉíäÉ=X
NO oÉÑK=íç=ãçääìëÅë=~ë=ÄÉáåÖ=íóéáÅ~ä=çÑ=ÄÉííÉê=~Éê~íÉÇ=ï~íÉê=X
NP mìäãçå~íÉë=åÉÉÇ=íç=ÅçãÉ=íç=ëìêÑ~ÅÉ=Ñçê=~áê=L=Éè=X
NQ mçëëÉëëáçå=çÑ= êÉëéáê~íçêó=éáÖãÉåíë=~áÇë=~Äëçêéíáçå= L= êÉíÉåíáçå=çÑ=çñóÖÉå= L

êÉëéáê~íçêó=éáÖãÉåíë=L==Ü~ÉãçÖäçÄáå=Ü~ë=~ÑÑáåáíó=Ñçê=çñóÖÉå=~í=äçï=ééë==X
NR cçìåÇ=áå=qìÄáÑÉñ==ïçêãë=L=ãáÇÖÉ=ä~êî~É=áå=ëíáää=ï~íÉê=L=qìÄáÑÉñ=ïçêãë=~äëç

ëÜçï=îÉåíáä~íáçå=ãçîÉãÉåíë= L=ï~îáåÖ=í~áäë=~êçìåÇ=íç=áåÅêÉ~ëÉ=ìéí~âÉ=çÑ
çñóÖÉå=X

Eqçí~ä=NM=ã~êâëF



NON

pÉÅíáçå=eW=_áçäçÖó=Eeìã~åF råáí=O

eRE~F ^=Z=ëÉÅçåÇ~êó=ççÅóíÉ=X
_=Z=dê~~Ñá~å=ÑçääáÅäÉ=X
`=Z=éêáã~êó=ççÅóíÉ=L=Éè=X

EP=ã~êâëF

EÄF jáíçëáë=X
EN=ã~êâF

EÅF cpe=L=Éè=X
EN=ã~êâF

Eqçí~ä=R=ã~êâëF

eSE~F `~ìëÉÇ=Äó=~=êÉÇìÅíáçå=áå=íÜÉ=~ãçìåí=çÑ=çêÖ~åáÅ=ã~íÉêá~ä=áå=ÄçåÉ=íáëëìÉ=X
aìÉ=íç=ä~Åâ=çÑ=ëíêÉëë=L=áå~Åíáîáíó=áå=çäÇÉê=éÉçéäÉ=X
aÉÑáÅáÉåÅó=çÑ=éêçíÉáå=áå=ÇáÉí=X
aÉÑáÅáÉåÅó=çÑ=sáí~ãáå=aI=ëç=`~=~åÇ=m=åçí=~ÄëçêÄÉÇ=X
oÉÇìÅÉÇ=ëÉÅêÉíáçå=çÑ=çÉëíêçÖÉå=áå=éçëíJãÉåçé~ìë~ä=ïçãÉå=X

EP=ã~êâëF

EÄF tÉ~êáåÖ=~ï~ó=çÑ=íÜÉ=Å~êíáä~ÖÉ=~í=íÜÉ=àçáåíë=X
`~ìëÉë=é~áå=L=Éè=X

EO=ã~êâëF

Eqçí~ä=R=ã~êâëF

eT

pí~íÉãÉåí béáíÜÉäáìã

pèì~ãçìë `ìÄçáÇ~ä

`Éääë=~êÉ=ÄçåÇÉÇ=íç=~=Ä~ëÉãÉåí
ãÉãÄê~åÉ � � X

`Éääë=~êÉ=ïáÇÉê=íÜ~å=íÜÉó=~êÉ
í~ää

� u X

kìÅäÉá=~êÉ=Ñä~ííÉåÉÇ
� u X

^ää=ÅÉääë=éçëëÉëë=Åáäá~
u u X

Eqçí~ä=Q=ã~êâëF



NOO

råáí=O==pÉÅíáçå=e

eUE~F eÉ~Ç=çÑ=ÑÉíìë=áë=êÉä~íáîÉäó=íïáÅÉ=ëáòÉ=çÑ=íÜ~í=çÑ=åÉïJÄçêå=L=áë=Ü~äÑ=çÑ=ÄçÇó
ïÜáäÉ=åÉï=Äçêå=áë=èì~êíÉê=L=RMB=Åçãé~êÉÇ=íç=ORB=X

EN=ã~êâF

EÄF b~êäó=ÇÉîÉäçéãÉåí=çÑ=Äê~áå=L=ëÉåëÉ=çêÖ~åë=áå=ÜÉ~Ç=X
oÉëí=çÑ=ÄçÇó=L=äáãÄë=Öêçï=ãçêÉ=ëäçïäó=X
páåÅÉ=åçí=åÉÉÇÉÇ=Ñçê=äçÅçãçíáçå=ÄÉÑçêÉ=ÄáêíÜ=L=áå=ìíÉêìë=X

EO=ã~êâëF

EÅF eÉ~Ç=çÑ=OR=óÉ~ê=çäÇ=EêÉä~íáîÉäóF=ëã~ääÉê=EíÜ~å=S=óÉ~ê=çäÇF=X
iáãÄë=çÑ=OR=óÉ~ê=çäÇ=EêÉä~íáîÉäóF=äçåÖÉê=X
_çÇó=L=íêìåâ=çÑ=OR=óÉ~ê=çäÇ=EêÉä~íáîÉäóF=äçåÖÉê=X
dÉåáí~äá~=çÑ=OR=óÉ~ê=çäÇ=EêÉä~íáîÉäóF=ä~êÖÉê=X
pÜçìäÇÉêë=çÑ=OR=óÉ~ê=çäÇ=EêÉä~íáîÉäóF=ä~êÖÉê=L=ïáÇÉê=X

EP=ã~êâëF

EÇF ^åÇêçÖÉåë=L=íÉëíçëíÉêçåÉ=X
dêçïíÜ=ÜçêãçåÉ=L=ëçã~íçíêçéÜáå=X
dÉåÉíáÅ=áåÜÉêáí~åÅÉ=X
qÜóêçñáåÉ=L=ÅçêíáÅçëíÉêçáÇë=X
pìééäó=çÑ=åìíêáÉåíë=L=ÑççÇ=L=ÇáÉí=X
bÑÑÉÅíë=çÑ=ÉñÉêÅáëÉ=X

EO=ã~êâëF

EÉF aáÑÑÉêÉåí=é~êíë=çÑ=ÄçÇó=L=çêÖ~åë=Öêçï=~í=ÇáÑÑÉêÉåí=ê~íÉë=X
dêçïíÜ=áå=ÜÉáÖÜí=åçí=~äï~óë=~ÅÅçãé~åáÉÇ=Äó=ÖêçïíÜ=áå=ã~ëë=L=ÖêçïíÜ=áå
ã~ëë=ÇìêáåÖ=ÖêçïíÜ=ëéìêíë=Ñçääçïë=ÖêçïíÜ=áå=ÜÉáÖÜí=X
mÉçéäÉ=ïáíÜ=ë~ãÉ=ÜÉáÖÜí=ã~ó=Ü~îÉ=ÇáÑÑÉêÉåí=ã~ëë=L=éÉçéäÉ=ïáíÜ=ë~ãÉ
ã~ëë=ã~ó=ÄÉ=çÑ=ÇáÑÑÉêÉåí=ÜÉáÖÜíë=X
j~ëë=ã~ó=ÄÉ=ëìÄàÉÅí=íç=íÉãéçê~êó=ÑäìÅíì~íáçåë=L=Éè=L=çÄÉëáíóL=éêÉÖå~åÅó=L
ãÉåëíêì~ä=ÅóÅäÉ=ïÜáÅÜ=Çç=åçí=êÉÑäÉÅí=~åó=ÖêçïíÜ=X
aáÑÑáÅìäí=íç=ãÉ~ëìêÉ=ÜÉáÖÜí=áå=óçìåÖ=Ä~ÄáÉë=X

EQ=ã~êâëF

Eqçí~ä=NO=ã~êâëF



NOP

råáí=O==pÉÅíáçå=e

eV N pâáå=Åçäçìê=êÉä~íÉÇ=íç=ÜÉ~í=ê~Çá~íáçå=L=äçëë=Ñêçã=ÄçÇó=L=Éè=X
O oÉÑK=íç=åçëÉ=ëÜ~éÉ=ÉKÖK=å~êêçï=áå=äçï=íÉãéÉê~íìêÉ=L=êÉä~íÉÇ=íç

íÉãéÉê~íìêÉ=çÑ=~áê=ÉåíÉêáåÖ=L=äÉ~îáåÖ=äìåÖë=X
P içï=íÉãéÉê~íìêÉI=ëíê~áÖÜí=Ü~áê=L=ÜáÖÜ=íÉãéÉê~íìêÉ=ÅçáäÉÇ=Ü~áê=X
Q oÉä~íÉÇ=íç=ÜÉ~í=äçëë=Ñêçã=åÉÅâ=L=ÜÉ~Ç=X
R oÉÑK=íç=ÜáÖÜ=L=äçï=~ãçìåí=çÑ=ëìÄÅìí~åÉçìë=Ñ~í=L=êÉä~íÉÇ=íç=EíÜÉêã~äF

áåëìä~íáçå=X
S içï=íÉãéÉê~íìêÉI=ëÜçêí=~åÇ=ëíçÅâó=L=ëÜçêí=äáãÄë=L=Éè=LL=ÜáÖÜ=íÉãéÉê~íìêÉI

í~ää=~åÇ=íÜáå=L=äçåÖ=äáãÄë=L=Éè=X
T oÉä~íÉÇ=íç=ëìêÑ~ÅÉ=~êÉ~=~åÇ=ÇÉÖêÉÉ=çÑ=ÜÉ~í=äçëë=L=ÅçêêÉÅí=êÉÑK=íç=ëìêÑ~ÅÉ

~êÉ~=íç=îçäìãÉ=ê~íáç=X
U eáÖÜ=íÉãéÉê~íìêÉI=ÄÉÜ~îáçìê~ä=~Ç~éí~íáçåë=ÉKÖK=ëäÉÉé=L=ëÜ~ÇÉ=X
V içï=íÉãéÉê~íìêÉI=êÉÇìÅÉÇ=Äê~ÇóÅ~êÇá~=EäçïÉê=ÜÉ~êí=ê~íÉF=X
NM `çêêÉÅí=êÉÑK=íç=äÉîÉä=çÑ=ëïÉ~íáåÖ=L=ÜÉ~í=äçëë=ÇìÉ=íç=î~éçêáë~íáçå=X
NN `çêêÉÅí=êÉÑK=íç=î~ëçÅçåëíêáÅíáçå=L=î~ëçÇáä~íáçå=X
NO iççëÉ=L=åç=ÅäçíÜáåÖ=áå=ÜáÖÜ=íÉãéÉê~íìêÉ=L= é~äÉ=L=äáÖÜí=ÅäçíÜáåÖ=êÉÑäÉÅíë

ÜÉ~í=L=íÜáÅâ=L=ã~åó=ä~óÉêë=L=Éè=çÑ=ÅäçíÜáåÖ=áå=ÅçäÇ=íÉãéÉê~íìêÉ=X
NP eçìëáåÖ=èì~äáÑáÉÇ=ÉKÖK=íÜáÅâ=ï~ääë=Ñçê=áåëìä~íáçå=L=ëã~ää=ïáåÇçïë=êÉÇìÅÉ

ïáåÇ=X
NQ fåÅêÉ~ëÉÇ=ÑççÇ=áåí~âÉ=áå=äçï=íÉãéÉê~íìêÉ=L=ÇÉÅêÉ~ëÉ=áå=ÜáÖÜ=L=áåÅêÉ~ëÉÇ

ï~íÉê=áåí~âÉ=áå=ÜáÖÜ=íÉãéÉê~íìêÉ=X
NR rëÉ=çÑ=ÑáêÉ=áå=ÅçäÇ=X

=Eqçí~ä=NM=ã~êâëF



NOQ

SNMP==rkfq=P==m~éÉê=MP==j^oh=p`ebjb

j~êâë

N E~F eçäÇë=çå=íç=Öìí=ï~ää=L=Éè=X
qç=éêÉîÉåí=êÉãçî~ä=EÑêçã=ÜçëíF=X
oÉÑK=íç=éÉêáëí~äëáë=X

EO=ã~êâëF

EÄF oÉÑK=íç=é~ê~ëáíáëã=X
EeçëíÛëF=ÑççÇ=~ÄëçêÄÉÇ=íÜêçìÖÜ=ÄçÇó=ï~ää=L=ÅìíáÅäÉ=L=Éè=X
cççÇ=ÇáÖÉëíÉÇ=Äó=Üçëí=L=Éè=X

EO=ã~êâëF

EÅF oÜáòçéìë=áë=~=ë~éêçÄáçåí=L=ë~éêçéÜóíÉ=L=ÇÉëÅêáéíáçå=L=Éè=X
aáÖÉëíë=çïå=ÑççÇ=L=Éñíê~ÅÉääìä~ê=ÇáÖÉëíáçå=L=Éè=X

EO=ã~êâëF

Eqçí~ä=S=ã~êâëF



NOR

råáí=P==m~éÉê=MP

O E~F içëë=çÑ=îÉÖÉí~íáçå=ÅçîÉê=X
bñéçëÉÇ=ëçáäë=Çêó=çìí=X
pçáä=Éêçëáçå=X
pçáäë=Ääçïå=çîÉê=ëìêêçìåÇáåÖ==ä~åÇ=X
p~äáåáë~íáçå=X

EP=ã~êâëF

EÄF ========== jçêÉ=~åáã~äë=âÉéí=L=áåÅêÉ~ëáåÖ=Üìã~å=éçéìä~íáçå=L=êÉëíêáÅíÉÇ=ãáÖê~íáçå
ÇìÉ=íç=å~íáçå~ä=ÄçêÇÉêë=L=Ñ~ääáåÖ=ê~áåÑ~ää=Ü~ë=ìéëÉí=íÜÉ=Ä~ä~åÅÉ=L=äçïÉê
äÉîÉäë=çÑ=êÉÅçîÉêó=Äó=éä~åíë=X

EN=ã~êâF

EÅF= jçêÉ=ï~íÉê=~î~áä~ÄäÉ=Ñçê=Åêçéë=X
dêçïáåÖ=Åêçéë=äÉëë=ëìáíÉÇ=íç=Åäáã~íÉ=L=Å~ëÜ=Åêçéë=X
fåÅêÉ~ëÉÇ=áêêáÖ~íáçå=X
jçêÉ=îÉÖÉí~íáçå=ëç=ãçêÉ=Öê~òáåÖ=~åáã~äë=X
eìã~å=ãáÖê~íáçå=áåíç=êÉÖáçå=X
mçéìä~íáçå==áåÅêÉ~ëÉ=~ÄçîÉ=Å~êêóáåÖ=Å~é~Åáíó=X

EO=ã~êâëF

EÇF `êçé=Ñ~áäìêÉ=X
táÇÉëéêÉ~Ç=Ñ~ãáåÉ=X
içëë=çÑ=îÉÖÉí~íáçå=ÅçîÉê=X
fåÅêÉ~ëÉÇ=ê~íÉ=çÑ=ÇÉëÉêíáÑáÅ~íáçå=X

EO=ã~êâëF

EÉF =============fåÅêÉ~ëáåÖ=ÖäçÄ~ä=íÉãéÉê~íìêÉë=X
pÜáÑí=áå=Åäáã~íÉ=ÄÉäíë=X
içïÉê=ê~áåÑ~ää=X

EO=ã~êâëF

EÑF mä~åíáåÖ=íêÉÉë=L=ëÜÉäíÉê=ÄÉäíë=X
^ÖêçÑçêÉëíêó=EíêÉÉë=~åÇ=ÅêçéëF=X
_ìáäÇáåÖ=É~êíÜ=Ä~åâë=L=ÄìåÇë=íç=ëíçé=ï~íÉê=êìååáåÖ=çÑÑ=X
qÉêê~ÅÉ=ëäçéáåÖ=ä~åÇ=X
`çîÉê=ëçáä=ïáíÜ=ãìäÅÜÉë=L=éä~ëíáÅ=íç=êÉÇìÅÉ=Éî~éçê~íáçå=X
dêçï=ÇêçìÖÜí=êÉëáëí~åí=L=ë~äí=íçäÉê~åí=Åêçéë=X
rëÉ=å~íáîÉ=ëéÉÅáÉë=çÑ=~åáã~äë=ïÜáÅÜ=íÉåÇ=åçí=íç=çîÉêÖê~òÉ=X

EO=ã~êâëF

Eqçí~ä=NO=ã~êâëF



NOS

råáí=P==m~éÉê=MP

P E~F _ìêåáåÖ=Ñçëëáä=ÑìÉäë=áå=éçïÉê=ëí~íáçåë=L=Å~êë=X
oÉäÉ~ëÉ=çÑ=ëìäéÜìê=ÇáçñáÇÉ==~åÇ==åáíêçÖÉå=çñáÇÉë=X
oÉäÉ~ëÉ=çÑ=çòçåÉ=L=ÜóÇêçÅ~êÄçåë=X
oÉ~Åí=íçÖÉíÜÉê=íç=Ñçêã=~ÅáÇë=ÇáëëçäîÉÇ=áå=ê~áå=X
péÉÅáÑáÅ=Ö~ë=äáåâÉÇ=íç=~=å~ãÉÇ=~ÅáÇ=L=Éè=X

=EQ=ã~êâëF

EÄF= ée=äÉîÉä=ëí~ÄäÉ=~í=~ééêçñK=RKSJRKU=Ñçê=ãçêÉ=íÜ~å=TR=óÉ~êë=X
aÉÅêÉ~ëÉ=áå=ée=çåäó=çÅÅìêêÉÇ=ëáåÅÉ=NVTR=X
aêçé=çÑ=ãçêÉ=íÜ~å=çåÉ=ée=ìåáí=X
péêÉ~Ç=çÑ=áåÇìëíêó=X
_ìêåáåÖ=ãçêÉ=Ñçëëáä=ÑìÉäë=X
fåÅêÉ~ëÉÇ=éçïÉê=ÖÉåÉê~íáçå=L=ãçêÉ=éçïÉê=ëí~íáçåë=X
`äÉ~ê~åÅÉ=çÑ=ÑçêÉëíë=Ñêçã=íÜÉ=~êÉ~=X
kçí=ÇìÉ=íç=fåÇìëíêá~ä=oÉîçäìíáçå=~ë=ÅÜ~åÖÉë=íçç=êÉÅÉåí=X

=EQ=ã~êâëF

EÅF líÜÉê=ÅÜ~åÖÉë=áå=ï~íÉê=èì~äáíó=X
jáëáÇÉåíáÑáÅ~íáçå=X
aáëíìêÄ~åÅÉ=çÑ=íÜÉ=ëÉÇáãÉåí=Äó=~åáã~äë=X
fåJï~ëÜ=çÑ=Çá~íçãë=Ñêçã=ëíêÉ~ãë=X

EN=ã~êâF

EÇF ============^ÑÑÉÅíë=ä~êÖÉê=çêÖ~åáëãëI=ÉëéÉÅá~ääó=ÑáëÜ=~åÇ=~ãéÜáÄá~åë=X
^ÑÑÉÅíë=Öáääë=çÑ=ÑáëÜ=X
aìÉ=íç=áåÅêÉ~ëÉÇ=ãìÅìë=éêçÇìÅíáçå=X
oÉÇìÅÉë=îá~Äáäáíó=çÑ=íÜÉ=ÑáëÜ=~åÇ=~ãéÜáÄá~å=ÉÖÖë=L=Éè=X

EP=ã~êâëF

EÉF ===========tÜÉå=~äìãáåáìã=ÅçåÅÉåíê~íáçå=áë=~í=MI=íÜÉ=ëìêîáîçêëÜáé=áë=åÉ~êäó=NMM=ïáíÜ
ÄçíÜ=íêÉ~íãÉåíë=X

cçê=ÄçíÜ=íêÉ~íãÉåíëI=~ë=~äìãáåáìã=ÅçåÅÉåíê~íáçå=áåÅêÉ~ëÉë
ëìêîáîçêëÜáé=çÑ=Ñêó=ÇÉÅêÉ~ëÉë=X
dêÉ~íÉê=ëìêîáîçêëÜáé=~í=ÜáÖÜÉê=äÉîÉäë=çÑ=~äìãáåáìã=ïáíÜ=íÜÉ=ÜáÖÜÉê
Å~äÅáìã=ÅçåÅÉåíê~íáçå=X
få=ÜáÖÜ=Å~äÅáìã=~åÇ=ÜáÖÜ=~äìãáåáìãI=ëìêîáîçêëÜáé=áë=ÖêÉ~íÉê=~í=äçïÉê=ée=X
få=äçï=Å~äÅáìã=~åÇ=ÜáÖÜ=~äìãáåáìãI=ëìêîáîçêëÜáé=áë=ÖêÉ~íÉê=~í=ée=RKQ=X

EQ=ã~êâëF

EÑF ============^äìãáåáìã=ÅçãÉë=Ñêçã=ëçáä=X
iáãáåÖ=ëçáä=ïáää=åÉìíê~äáëÉ=êìåJçÑÑ=áåíç=íÜÉ=ä~âÉ=X
içåÖÉê=ä~ëíáåÖ=ÉÑÑÉÅí=X
iáãáåÖ=ï~íÉê=áë=ëÜçêíJíÉêã=~ë=ãçêÉ=~ÅáÇáíó=Çê~áåë=áåíç=íÜÉ=ä~âÉ=Ñêçã
ëìêêçìåÇáåÖ=ëíêÉ~ãë=~åÇ=ëäçéÉë=L=Éè=X

=EO=ã~êâëF

EÖF ============iÉÖáëä~íáçå=L=ä~êÖÉ=ÅçãÄìëíáçå=éä~åí=éä~åíë=ÇáêÉÅíáîÉ=X
cáííáåÖ=ÑäìÉ=Ö~ë=ÇÉëìäéÜìêáë~íáçå=ÑáäíÉêë=íç=ÅÜáãåÉóë=çÑ=éçïÉê=ëí~íáçåë=X
cáííáåÖ=Å~í~äóíáÅ=ÅçåîÉêíÉêë=íç=Å~êë=L=Éãáëëáçå=ëí~åÇ~êÇë=çå=ÉåÖáåÉë=X

EO=ã~êâëF

Eqçí~ä=OM=ã~êâëF



NOT

SNMQ==rkfq=Q==j^oh=p`ebjb

pÉÅíáçå=N

j~êâë

N E~F däóÅçäóëáë=X
EN=ã~êâF

EÄF ===========`óíçéä~ëã=L=Åóíçëçä=X
EN=ã~êâF

EÅF ^ÅíáîÉ=íê~åëéçêí=L=áçå=éìãéë=L=éÜçëéÜçêóä~íáçå=çÑ=ëìÄëíê~íÉ=L=å~ãÉÇ
Éñ~ãéäÉ=L=áå=ëí~ÖÉ=^=L=ãìëÅäÉ=Åçåíê~Åíáçå=L=ãçîÉãÉåí=L=äáÖÜíJ
áåÇÉéÉåÇÉåí=êÉ~Åíáçå=L=~åó å~ãÉÇ=~å~ÄçäáÅ=êÉ~Åíáçå=ÉKÖK=éêçíÉáå
ëóåíÜÉëáë=L=ÅÉää=Çáîáëáçå=L=êÉéäáÅ~íáçå=çÑ=ak^=X

EN=ã~êâF

EÇF pí~ÖÉ=^=X
EN=ã~êâF

EÉF pí~ÖÉ=a=X
EN=ã~êâF

Eqçí~ä=R=ã~êâëF

O E~F ^=Z=çìíÉê=ëÉÖãÉåí=X
_=Z=áååÉê=ëÉÖãÉåí=X

EO=ã~êâëF

EÄF ===========mÉêáéÜÉêó=çÑ=êÉíáå~=L=åçí=áå=ÑçîÉ~=L=çìíëáÇÉ=ÑçîÉ~=X
EN=ã~êâF

EÅF oÜçÇçéëáå=L=îáëì~ä=éìêéäÉ=X
EN=ã~êâF

EÇF i~ÄÉä=íç=ãÉãÄê~åÉ=ÇáëÅ=X
EN=ã~êâF

Eqçí~ä=R=ã~êâëF



NOU

råáí=Q==pÉÅíáçå=N

P E~F EáF MKNTB=X
EááF OUÖ=X
EáááF ROKUB=X
EáîF MKM=Ö=X

EQ=ã~êâëF

EÄF `çêêÉÅí=êÉÑÉêÉåÅÉ=íç=éÉêãÉ~Äáäáíó=íç=ï~íÉê=L=ëçÇáìã=L=ÅÜäçêáÇÉ=áçåë=X
`ÜäçêáÇÉ=L=ëçÇáìã=áçåë=éìãéÉÇ=çìí=L=ãçîÉÇ=çìí=Äó=~ÅíáîÉ=íê~åëéçêí=X
^ë=ëçÇáìã=L=ÅÜäçêáÇÉ=áçåë=çåäó=ÉåíÉê=ÇÉëÅÉåÇáåÖ=äáãÄ=ëäçïäó=X
pìêêçìåÇáåÖ=íáëëìÉ=L=ãÉÇìää~=L=áåíÉêëíáíá~ä=ëé~ÅÉë=åçï=ãçêÉ=ÅçåÅÉåíê~íÉÇ
íÜ~å=L=Éè=X
t~íÉê=Çê~ïå=L=é~ëëÉë=çìí=çÑ=n=L=ÇÉëÅÉåÇáåÖ=äáãÄ=L=ÇKÅKí=L=ÅçääÉÅíáåÖ=ÇìÅí=X
_ó=çëãçëáëI=Ñáäíê~íÉ=ÄÉÅçãÉë=ãçêÉ=ÅçåÅÉåíê~íÉÇ=X

EQ=ã~êâëF

Eqçí~ä=U=ã~êâëF

Q E~F PM=µãçä=Çã=
ÓP=

X
=EN=ã~êâF

EÄF EáF _äççÇ=ÖäìÅçëÉ=ÅçåÅÉåíê~íáçå=áåÅêÉ~ëÉë=X
o~éáÇ=L=Éè=áåÅêÉ~ëÉ=L=ÅçêêÉÅí=ìëÉ=çÑ=ÑáÖìêÉë=L=éÉ~â=~í=TKO=X
aìÉ=íç=~Äëçêéíáçå=Ñêçã=Öìí=L=ÉåíÉêë=ÄäççÇ=ëíêÉ~ã=L=Éè=X

EO=ã~êâëF

EááF `çåÅÉåíê~íáçå=ÇÉÅêÉ~ëÉë=X
o~éáÇ=L=Éè=ÇÉÅêÉ~ëÉ=L=ÅçêêÉÅí=ìëÉ=çÑ=ÑáÖìêÉë=L=äçïÉê=~í=NOM=ãáåë=íÜ~å=~í=M=X
réí~âÉ=Äó=äáîÉê=L=ãìëÅäÉ=L=~ÇáéçëÉ=íáëëìÉ=L=í~âÉå=áåíç=ÅÉääë=X

EO=ã~êâëF

EÅF _çíÜ=áåÅêÉ~ëÉ=ìé=íç=PM=ãáåìíÉë=L=Ü~îÉ=ÜáÖÜÉëí=î~äìÉ=~í=PM=ãáåìíÉë=X
qÜÉå=ÇÉÅêÉ~ëÉ=X
EpÜçï=ëáãáä~ê=é~ííÉêå=Z=N=ã~êâ=áÑ=Ñáêëí=O=éçáåíë=åçí=ã~ÇÉF=X
oáëÉ=áå=ÖäìÅçëÉ=ëíáãìä~íÉë=áåëìäáå=ëÉÅêÉíáçå=X
mçëáíáîÉ=ÑÉÉÇÄ~Åâ=ÅçããÉåí=X

EP=ã~êâëF

EÉF ============içï=ÄäççÇ=ÖäìÅçëÉ=ëíáãìä~íÉë=êÉäÉ~ëÉ=çÑ=ÖäìÅ~Öçå=X
cêçã=α =ÅÉääë=áå=fëäÉíë=çÑ=i~åÖÉêÜ~åë=áå=é~åÅêÉ~ë=X
däìÅ~Öçå=ëíáãìä~íÉë=L=Éè=ÅçåîÉêëáçå=çÑ=ëíçêÉÇ=ÖäóÅçÖÉå=íç=ÖäìÅçëÉ=X
få=äáîÉê=X
däìÅçëÉ=êÉäÉ~ëÉÇ=áåíç=ÄäççÇ=ÅáêÅìä~íáçå=X
oÉÑK=íç=ÅçåîÉêëáçå=çÑ=çíÜÉê=ÉåÉêÖó=ëíçêÉë=áÑ=ÖäóÅçÖÉå=ìëÉÇ=ìé=X

EQ=ã~êâëF

Eqçí~ä=NO=ã~êâëF



NOV

råáí=Q==pÉÅíáçå=N

R NK oÉëíáåÖ=éçíÉåíá~ä=èì~äáÑáÉÇ=L=Éñéä~áåÉÇ=L=ÇÉëÅêáÄÉÇ=X
OK bñÅÉëë=k~

H

=çìíëáÇÉ=~ñçå=L=Éè=ÉñÅÉëë=h
H

=áåëáÇÉ=X
PK fãÄ~ä~åÅÉ=ã~áåí~áåÉÇ=Äó=k~

H==

L=h
H

=éìãé=L=Éè=X
QK jÉãÄê~åÉ=ÄÉÅçãÉë=éÉêãÉ~ÄäÉ=íç=k~

H==

L=k~
H

=ÇáÑÑìëÉë=áå=L=k~
H

=Ö~íÉë=çéÉå=X
RK ^Åíáçå=éçíÉåíá~ä=L=ÇÉéçä~êáë~íáçå=L=ÑáÖìêÉë=èìçíÉÇ=X
SK ^Åíáçå=éçíÉåíá~ä=áåÇÉéÉåÇÉåí=çÑ=ëíáãìäìë=ëíêÉåÖíÜ=L=ÅçêêÉÅí=êÉÑK=íç

íÜêÉëÜçäÇ=L=Éè=X
TK píáãìäìë=ëíêÉåÖíÜ=~ÑÑÉÅíë=áãéìäëÉ=ÑêÉèìÉåÅó=L=Éè=X
UK mêçé~Ö~íáçå=Äó=äçÅ~ä=ÅìêêÉåíë=L=îçäí~ÖÉ=Ö~íÉÇ=ÅÜ~ååÉäë=X
VK qê~åëáÉåí=ÉîÉåí=L=ëí~íÉÇ=íáãÉ=êÉÑK=L=äÉëë=íÜ~å=PJQ=ãë=X
NMK råáÇáêÉÅíáçå~ä=X
NNK h

H

=áçåë=ÇáÑÑìëÉ=çìí=X
NOK oÉëíçê~íáçå=çÑ=êÉëíáåÖ=éçíÉåíá~ä=X
NPK oÉÑê~Åíçêó=éÉêáçÇ=L=êÉÅçîÉêó=éÉêáçÇ=X
NQK oÉÑK=íç=ÜóéÉêéçä~êáë~íáçå=X
NRK p~äí~íçêó=ÅçåÇìÅíáçå=áå=ãóÉäáå~íÉÇ=~ñçå=L=çê=ëéÉÉÇ=áåÅêÉ~ëÉÇ=Äó

áåÅêÉ~ëáåÖ=Çá~ãÉíÉê=çÑ=~ñçå=L=Éè=X

Eqçí~ä=NM=ã~êâëF



NPM

råáí=Q==léíáçå=^W=jáÅêçÄáçäçÖó=~åÇ=ÄáçíÉÅÜåçäçÖó

^NE~F ^=Z=ok^=X
_=Z=ÄáäáéáÇ=ä~óÉê=L=äáéáÇ=L=éÜçëéÜçäáéáÇ=L=Ñ~ííó=~ÅáÇ=ÅÜ~áå=L=ÜóÇêçéÜçÄáÅ=í~áä=X
`=Z=ÖäóÅçéêçíÉáå=L=dm=NOM=L=dm=QN=X

EP=ã~êâëF

EÄF qç=éêçÇìÅÉ=ak^=ÅçêêÉëéçåÇáåÖ=íç=íÜÉ=îáê~ä=ok^=L=Éè=X
EN=ã~êâF

EÅF ak^=áåëÉêíÉÇ=áåíç=Üçëí=ÅÉääÛë=ÅÜêçãçëçãÉë=L=ak^=L=ÖÉåçãÉ=X
få~ÅíáîÉ=L=Ççêã~åí=L=åçí=ëíáãìä~íáåÖ=ÅÉää=íç=ã~âÉ=åÉï=îáêìë=é~êíáÅäÉë=L
îáêìë=åçí=êÉéäáÅ~íáåÖ=L=Éè=X

EO=ã~êâëF

Eqçí~ä=S=ã~êâëF

^O `êóëí~ä=îáçäÉí=X
fçÇáåÉ=X
bíÜ~åçä=L=~äÅçÜçä=L=Éè=X
p~Ñê~åáå=L=Å~êÄçä=ÑìÅÜëáå=L=Éè=X
mìêéäÉ=L=Éè=X

Eqçí~ä=R=ã~êâëF

^PE~F qç=ãáñ=íÜÉ=ÅçåíÉåíë=EíÜçêçìÖÜäóF=L=Éè=X
EN=ã~êâF

EÄF cçê=~ÉêçÄáÅ=êÉëéáê~íáçå=L=íç=éêçîáÇÉ=çñóÖÉå=Ñçê=êÉëéáê~íáçå=X
EN=ã~êâF

EÅF pÉé~ê~íÉë=íÜÉ=äáèìáÇ=Åçåí~áåáåÖ=íÜÉ=éÉåáÅáääáå=L=~åíáÄáçíáÅ=X
cêçã=íÜÉ=ãóÅÉäáìã=L=ÜóéÜ~É=L=ÑìåÖìë=L=Ñêçã=mÉåáÅáääáìã=X

EO=ã~êâëF

EÇF qç=ãçÇáÑó=íÜÉ=éÉåáÅáääáå=L=Éè=X
EN=ã~êâF

EÉF båòóãÉ=ãçêÉ=ëí~ÄäÉ=L=Éè=X
iÉëë=ÉåòóãÉ=åÉÉÇÉÇ=X
båòóãÉ=êÉJìë~ÄäÉ=X
açÉë=åçí=Åçåí~ãáå~íÉ=íÜÉ=éêçÇìÅí=L=Éè=X

EO=ã~êâëF

Eqçí~ä=T=ã~êâëF



NPN

råáí=Q==léíáçå=^

^QE~F oÉÑK=íç=ä~Ö=éÜ~ëÉ=L=åç=ÖêçïíÜ=áå=åìãÄÉêë=L=Éè=X
mÉêáçÇ=çÑ=~ÇàìëíãÉåí=X
póåíÜÉëáë=çÑ=ÉåòóãÉë=X

EO=ã~êâëF

EÄF EáF oÉÑK=íç=ÉñéçåÉåíá~ä=L=äçÖ=ÖêçïíÜ=çê=ÖêçïíÜ=ê~íÉ=ÇÉÅäáåÉë=~ë=ÖäìÅçëÉ=áë=ìëÉÇ
ìé=X
`Éääë=ìëÉ=ÖäìÅçëÉ=EÑáêëíF=X

EO=ã~êâëF

EááF `Éääë=ëóåíÜÉëáëáåÖ=ÉåòóãÉë=L=ä~Åí~ëÉ=X
cçê=ãÉí~ÄçäáëáåÖ=ä~ÅíçëÉ=L=~Ç~éíáåÖ=íç=~=åÉï=ëìÄëíê~íÉ=X
oÉÑK=íç=Çá~ìñáÅ=ÖêçïíÜ=L=êÉÑK=íç=ëÉÅçåÇ=ä~Ö=éÜ~ëÉ=X

EO=ã~êâëF
EáááF pÉÅçåÇ=ÖêçïíÜ=éÜ~ëÉ=X

`Éääë=ìëáåÖ=ä~ÅíçëÉ=L=ëÉÅçåÇ=ëìÄëíê~íÉ=L=Éè=X
aÉÅêÉ~ëÉë=~ë=ä~ÅíçëÉ=L=åìíêáÉåíë=ìëÉÇ=ìé=L=ÉåíÉêë=ëí~íáçå~êó=éÜ~ëÉ=X

EO=ã~êâëF

EÅF `çìåíë=îá~ÄäÉ=ÅÉääë=X
b~ÅÜ=Öêçïë=áåíç=~=Åçäçåó=X

EO=ã~êâëF

EÇF kìãÄÉêë=íçç=ÖêÉ~í=X
pç=ãçêÉ=~ÅÅìê~íÉ=Éëíáã~íáçå=X
máÅâ=íÜÉ=éä~íÉ=L=Çáäìíáçå=ïÜáÅÜ=áë=ãçëí=ëìáí~ÄäÉ=L=Éè=X

EO=ã~êâëF

Eqçí~ä=NO=ã~êâëF



NPO

råáí=Q==léíáçå=_W=cççÇ=ëÅáÉåÅÉ

_N p~äí=L=îáåÉÖ~ê=L=~ÅÉíáÅ=~ÅáÇ=X
sáí~ãáå=`=L=Éè=X
sáí~ãáå=b=L=Éè=X
jçåçëçÇáìã=Öäìí~ã~íÉ=L=ë~äí=L=Éè=X
^ääÉêÖáÉë=L=Éè=X

ER=ã~êâëF

_OE~F RUKUM=÷=NKRRO=

X
OQKQT=L=OQKR=X

EO=ã~êâëF

EÄF mÉêëçå=a=X
EN=ã~êâF

EÅF ^åó=íÜêÉÉ=ÑêçãW
dÉåÇÉê=X
^ÖÉ=X
mêÉÖå~åÅó=X
i~Åí~íáçå=X
dÉåÉê~ä=ëí~íÉ=çÑ=ÜÉ~äíÜ=X
iáÑÉëíóäÉ=L=äÉîÉä=çÑ=~Åíáîáíó=X

EP=ã~êâëF

Eqçí~ä=S=ã~êâëF

_PE~F qç=âáää=é~íÜçÖÉåáÅ=ãáÅêççêÖ~åáëãë=L=Ä~ÅíÉêá~=L=Éè=X
EN=ã~êâF

EÄF píêÉéíçÅçÅÅìë=çê=i~ÅíçÅçÅÅìë=íÜÉêãçéÜáäìë=X
i~ÅíçÄ~Åáääìë=ÄìäÖ~êáÅìë=X

EO=ã~êâëF

EÅF jáñÉÇ=ëíê~áå=L=Éè=X
jçêÉ=L=Ñ~ëíÉê=ê~íÉ=çÑ=ä~ÅíáÅ=~ÅáÇ=éêçÇìÅíáçå=LL=êÉÑK=íç=ëóåÉêÖáëã=L
ãìíì~äáëíáÅ=L=ëóãÄáçíáÅ=êÉä~íáçåëÜáé=X

EO=ã~êâëF

EÇF oÉÇìÅÉë=íÜÉ=ée=íç=QKS=L=QKT=X
`~ëÉáå=L=ãáäâ=éêçíÉáå=Åç~Öìä~íÉë=~í=íÜáë=ée=X
vçÖÜìêí=íÜáÅâÉåë=X
dáîÉë=ÅÜ~ê~ÅíÉêáëíáÅ=í~ëíÉ=L=Ñä~îçìê=X

EO=ã~êâëF

EÉF fåÜáÄáí=L=êÉÇìÅÉ=íÜÉ=~Åíáîáíó=çÑ=íÜÉ=Ä~ÅíÉêá~=L=çê=êÉÇìÅÉ=L=Éè=éêçÇìÅíáçå=çÑ
ä~ÅíáÅ=~ÅáÇ=X

EN=ã~êâF

Eqçí~ä=U=ã~êâëF



NPP

råáí=Q==léíáçå=_

_QE~F Eiçëë=Z=TPMKM=Ó=SOMKR=Z=NMVKR=ÖF

ENMVKR=÷=TPMF=ñ=NMM=L=Éè=X
^åëïÉêW=NRB=X

EO=ã~êâëF

EÄF ^ééäÉë=ÅçåíáåìÉ=íç=êÉëéáêÉ=X
rëáåÖ=ìé=Å~êÄçÜóÇê~íÉ=L=`l

O
=êÉäÉ~ëÉÇ=L=äçëí=X

t~íÉê=î~éçìê=äçëí=X
içëë=çÑ=ï~íÉê=çÅÅìêë=Äó=íê~åëéáê~íáçå=L=Éè=X
oÉÑK=íç=äçëë=ÇìÉ=íç=äçï=ÜìãáÇáíó=X

EP=ã~êâëF

EÅF oÉÇìÅÉÇ=äçëë=L=Éè=áå=ã~ëë=áÑ=âÉéí=áå=é~éÉê=Ä~Ö=X
rëÉ=çÑ=ÑáÖìêÉë=L=ÉÖ=êÉÑK=íç=TB=äçëë=X
iÉëë=Éî~éçê~íáçå=çÑ=ï~íÉê=L=äÉëë=íê~åëéáê~íáçå=X

EO=ã~êâëF

EÇF iÉëë=äçëë=áå=ã~ëë=L=äÉëë=ï~íÉê=äçëë=X
iÉëë=Ç~ã~ÖÉ=Ñêçã=Ü~åÇäáåÖ=L=Éè=X
oÉÇìÅíáçå=áå=ãáÅêçÄá~ä=~Åíáîáíó=L=éêÉîÉåíë=Éåíêó=çÑ=ãáÅêççêÖ~åáëãë=X

EO=ã~êâëF

EÉF oÉÇìÅÉÇ=~ÉêçÄáÅ=êÉëéáê~íáçå=X
oÉÇìÅÉë=äçëë=áå=ã~ëë=X
eÉäéë=íç=áåÜáÄáí=ÑìåÖ~ä=~íí~Åâ=L=Éè=X
aÉä~óë=êáéÉåáåÖ=L=ëÉåÉëÅÉåÅÉ=X

EO=ã~êâëF

Eqçí~ä=NN=ã~êâëF



NPQ

råáí=Q==léíáçå=`W=eìã~å=ÜÉ~äíÜ=~åÇ=ÑáíåÉëë

`N eáÖÜ=éä~ëã~=ÅÜçäÉëíÉêçä=L=ÜóéÉêíÉåëáçå=L=ÅáÖ~êÉííÉ=ëãçâáåÖ=X
`çêçå~êó=X
mä~èìÉë=L=~íÜÉêçã~=X
`äçíë=L=íÜêçãÄá=X
lñóÖÉå=L=ÄäççÇ=X
aÉ~íÜ=L=åÉÅêçëáë=X

Eqçí~ä=S=ã~êâëF

`OE~F PR=×=NRMM=X
Z=RO=MMM=Åã

P

=L=ROKO=Çã
P=

X
EO=ã~êâëF

== EÄF kìãÄÉê=çÑ=ÄêÉ~íÜë=áåÅêÉ~ëÉë=ãçêÉ=ê~éáÇäó=ïáíÜ=áåÅêÉ~ëÉ=áå=ÉñÉêÅáëÉ
áåíÉåëáíó=X
^í=ÜáÖÜ=áåíÉåëáíáÉë=äìåÖë=~êÉ=~äãçëí=Ñìääó=áåÑä~íÉÇ=X
kç=ÑìêíÜÉê=áåëéáê~íçêó=êÉëÉêîÉ=îçäìãÉ=X

EP=ã~êâëF

EÅF qïç=Ñ~Åíçêë=Ñçê=N=ã~êâ=ÑêçãW
`~êÄçå=ÇáçñáÇÉ=ÅçåÅÉåíê~íáçå=X
lñóÖÉå=ÅçåÅÉåíê~íáçå=L=~äíáíìÇÉ=X
ée=X
_äççÇ=éêÉëëìêÉ=X=
eçêãçåÉë=L=~ÇêÉå~äáåÉ=X
päÉÉé=L=ÜáÖÜÉê=ÅÉåíêÉë=áå=Äê~áå=X

EN=ã~êâF

Eqçí~ä=S=ã~êâëF

`PE~F ^=Z=f=Ä~åÇ=X
_=Z=^=Ä~åÇ=X

EO=ã~êâëF

== EÄF jóçëáå=X
EN=ã~êâF

EÅF ^ÅÅìê~Åó=çÑ=ãóçëáå=X
^ÅÅìê~Åó=çÑ=~Åíáå=X

EO=ã~êâëF

EÇF fåÅêÉ~ëÉë=ëáòÉ=L=Åêçëë=ëÉÅíáçå~ä=~êÉ~=çÑ=ãìëÅäÉ=X
fåÅêÉ~ëÉ=áå=ëáòÉ=çÑ=ãìëÅäÉ=ÑáÄêÉë=X
fåÅêÉ~ëÉ=áå=åìãÄÉê=L=ëáòÉ=çÑ=ãóçÑáÄêáäë=X
fåÅêÉ~ëÉ=áå=~ãçìåí=çÑ=éêçíÉáåë=L=ãóçëáå=X

EP=ã~êâëF

Eqçí~ä=S=ã~êâëF



NPR

råáí=Q==léíáçå=`

`QE~F mêçÖêÉëëáîÉ=L=ëíÉ~Çó=áåÅêÉ~ëÉ=Ñêçã=M=íç=UMM=ìåáíë=X
qÜÉå=áåÅêÉ~ëÉë=äÉëë=L=êÉÑK=íç=ÅÜ~åÖÉ=áå=ê~íÉ=çÑ=áåÅêÉ~ëÉ=X
`êÉÇáí=~åó=ã~åáéìä~íáçå=çÑ=ÑáÖìêÉë=X

EO=ã~êâëF

EÄF mêçéçêíáçå~ä=L=Åçåëí~åí=ê~íÉ=çÑ=áåÅêÉ~ëÉ=Ñêçã=M=íç=QMM=ìåáíë=X
eÉ~êí=ëíêÉíÅÜÉë=ãçêÉ=ÇìêáåÖ=Çá~ëíçäÉ=L=Åçåíê~Åíë=ãçêÉ=ÇìêáåÖ=ëóëíçäÉ=X
mÉ~âë=L=äÉîÉäë=çÑÑ=~í=RMM=íç=SMM=ìåáíë=L=éÉ~âë=~í=NPM=Åã

P

=X
aÉÅêÉ~ëÉë=~í=ÜáÖÜÉê=ïçêâ=äÉîÉäë=L=~ÄçîÉ=SMM=ìåáíë=X
sÉåíêáÅäÉë=Éãéíó=äÉëë=ÅçãéäÉíÉäó=ÄÉÑçêÉ=íÜÉó=êÉÑáää=L=ÇìêáåÖ=ëóëíçäÉ=X

EP=ã~êâëF

EÅF `çåíêçääÉÇ=Äó=Å~êÇáçî~ëÅìä~ê=ÅÉåíêÉ=L=ãÉÇìää~=çÄäçåÖ~í~=X
oÉÅÉáîÉë=áãéìäëÉë=Ñêçã=ëíêÉíÅÜ=êÉÅÉéíçêë=L=Ä~êçêÉÅÉéíçêë=X
få=îÉå~=Å~î~=L=êáÖÜí=~íêáìã=X
fãéìäëÉë=Ñêçã=ée=êÉÅÉéíçêë=L=ÅÜÉãçêÉÅÉéíçêë=X
få=~çêí~=L=~çêíáÅ=~êÅÜ=L=Å~êçíáÇ=ëáåìë=X
fãéìäëÉë=îá~=ëóãé~íÜÉíáÅ=åÉêîçìë=ëóëíÉã=X
oÉäÉ~ëÉë=çÑ=åçê~ÇêÉå~äáåÉ=L=~ÇêÉå~äáåÉ=X
kçê~ÇêÉå~äáåÉ=L=~ÇêÉå~äáåÉ=Å~ìëÉë=áåÅêÉ~ëÉ=áå=ÜÉ~êí=ê~íÉ=X
oÉÑK=íç=ÉÑÑÉÅí=çÑ=ÜáÖÜ=íÉãéÉê~íìêÉ=L=äçï=ée=L=äçï=él

O
=L=ãçêÉ=`l

O
=X

píêÉíÅÜáåÖ=Å~êÇá~Å=ãìëÅäÉ=äÉ~Çë=íç=ãçêÉ=éçïÉêÑìä=Åçåíê~Åíáçå=X
ER=ã~êâëF

Eqçí~ä=NM=ã~êâëF



NPS

SNMR=~åÇ=SNNR==rkfq=R==j^oh=p`ebjb

pÉÅíáçå=_W=_áçäçÖó= j~êâë

_N cìåÖá=X
^åáã~äá~=X
mä~åí~É=X
mêçíçÅíáëí~=X

Eqçí~ä=Q=ã~êâëF

_O

bÑÑÉÅí ^ìñáåë dáÄÄÉêÉääáåë

mêçãçíÉ=ÅÉää=ÉäçåÖ~íáçå ✓ ✓ X

mêçãçíÉ=êççí=Ñçêã~íáçå=áå=ÅìííáåÖë=~åÇ
Å~ääìëÉë

✓ ✗ X

mêçãçíÉ=Ñêìáí=êáéÉåáåÖ ✗ ✗ X

fåÜáÄáí=ä~íÉê~ä=ÄìÇ=ÇÉîÉäçéãÉåí ✓ ✗ X

mêçãçíÉ=íÜÉ=ÄêÉ~âáåÖ=çÑ=Ççêã~åÅó=áå
ëÉÉÇë

✗ ✓ X

Eqçí~ä=R=ã~êâëF



NPT

råáí=R==pÉÅíáçå=_

_PE~F EáF mêçÇìÅíáîáíó=êáëÉë=X
^ë=ãçêÉ=Å~êÄçå=ÇáçñáÇÉ=~î~áä~ÄäÉ=Ñçê=éÜçíçëóåíÜÉëáë=X
oÉÑK=íç=áåÅêÉ~ëÉ=äÉëë=Ñêçã=TMM=íç=VMM=ééã=`l

O
=~ë=ëçãÉ=çíÜÉê=Ñ~Åíçê=ÅçìäÇ=ÄÉ

äáãáíáåÖ=X
EO=ã~êâëF

=== EááF pí~óë=íÜÉ=ë~ãÉ=Ñêçã=VMM=íç=NNMM=X
^ë=~åçíÜÉê=Ñ~Åíçê=ÄÉÅçãÉë=äáãáíáåÖ=X
oÉÑK=íç=íÜÉ=Çêçé=~í=NPMM=Å~ìëÉÇ=Äó=éÜçíçêÉëéáê~íáçå=L=ÉñÅÉëë=`l

O=
X
EO=ã~êâëF

EÄF EáF j~ñáãìã=áåÅêÉ~ëÉ=Z===P=ìåáíëI=éÉêÅÉåí~ÖÉ=áåÅêÉ~ëÉ=Z=ORB=X
== EááF j~ñáãìã=áåÅêÉ~ëÉ=Z=NO=ìåáíëI=éÉêÅÉåí~ÖÉ=áåÅêÉ~ëÉ=Z=QUB=X
== EáááF j~ñáãìã=áåÅêÉ~ëÉ=Z=OM=ìåáíëI=éÉêÅÉåí~ÖÉ=áåÅêÉ~ëÉ=Z=TQB=X

EP=ã~êâëF

EÅF fåÅêÉ~ëÉÇ=äáÖÜí=áåíÉåëáíó=áåÅêÉ~ëÉë=éêçÇìÅíáîáíó=L=éÜçíçëóåíÜÉëáë=X
iáÖÜí=éêçîáÇÉë=ÖêÉ~íÉê=ÉåÉêÖó=áåéìí=L=ãçêÉ=êÉÇìÅáåÖ=éçïÉê=Ñçê=äáÖÜíJ
áåÇÉéÉåÇÉåí=êÉ~Åíáçåë=L=Éè=X

EO=ã~êâëF

EÇF `l
O
=áë=ê~ï=ã~íÉêá~ä=Ñçê=éÜçíçëóåíÜÉëáë=X

mêçîáÇÉë=áåçêÖ~åáÅ=`=Ñçê=çêÖ~åáÅ=ÅçãéçìåÇë=X
`çãÄáåÉë=ïáíÜ=or_m=L=áë=êÉÇìÅÉÇ=X
cçêãë=Å~êÄçÜóÇê~íÉë=L=å~ãÉÇ=ÅçãéçìåÇë=X
^íãçëéÜÉêáÅ=äÉîÉäë=~êÉ=äçï=L=çåäó=PMM=ééã=L=Éè=X
pç=áåÅêÉ~ëÉ=áå=äÉîÉäë=ïáää=áåÅêÉ~ëÉ=íÜÉ=ê~íÉ=çÑ=éÜçíçëóåíÜÉëáë=L=éêçÇìÅíáîáíó=X

EP=ã~êâëF

EÉF qç=Åçåíêçä=~=î~êá~ÄäÉ=L=íÉãéÉê~íìêÉ=~ÑÑÉÅíë=íÜÉ=ê~íÉ=çÑ=íÜÉ=êÉ~Åíáçåë=áå=íÜÉ
äáÖÜíJáåÇÉéÉåÇÉåí=ëí~ÖÉë=X

EN=ã~êâF

EÑF ^í=äçï=íÉãéÉê~íìêÉë=`l
O
=áë=äÉëë=ëçäìÄäÉ=L=Ü~êÇÉê=íç=~ÄëçêÄ=L=Éè=X

^ÇÇáåÖ=`l
O
=áåÅêÉ~ëÉë=íÜÉ=ÅçåÅÉåíê~íáçå=Öê~ÇáÉåí=ã~âáåÖ=ìéí~âÉ=É~ëáÉê=L=ÉèX

^í=äçï=íÉãéÉê~íìêÉë=ãçêÉ=`l
O
=ÅçìäÇ=áåÅêÉ~ëÉ=íÜÉ=ê~íÉ=çÑ=êÉ~Åíáçå=X

EO=ã~êâëF

Eqçí~ä=NR=ã~êâëF



NPU

pÉÅíáçå=eW=_áçäçÖó=Eeìã~åF råáí=R

eNE~F _I=`I=^
EN=ã~êâF

EÄF _êçï=êáÇÖÉë=EäÉëë=éêçãáåÉåíF=X
`ê~åáìã=EãçêÉ=ÇçãÉÇF=X
c~ÅÉ=Ñä~ííÉê=X
qÉÉíÜ=Eëã~ääÉê=L=Ñä~ííÉêF=X
ErééÉêF=à~ï=EëÜ~ääçïÉêF=L=òóÖçã~íáÅ=~êÅÜ=X

EP=ã~êâëF

Eqçí~ä=Q=ã~êâëF

eOE~F móê~ãáÇW=NUVN=X
oÉ~ëçåW=êÉÑK=íç=ïáÇÉëí=Ä~ëÉ=L=ÜáÖÜÉëí=B=ÅÜáäÇêÉå=L=Éè=áå=íÜÉ=éçéìä~íáçå
EMJV=~ÖÉ=ê~åÖÉF=X

EO=ã~êâëF

EÄF NUVN=ÑÉã~äÉë=Éèì~ä=íç=ã~äÉë=Äìí=áå=NVQT=ÑÉã~äÉë=ÖêÉ~íÉê=íÜ~å=ã~äÉë=X
NUVN=ëã~ääÉê=B=áå=É~ÅÜ=~ÖÉ=ê~åÖÉ=L=ëí~íÉÇ=~ÖÉ=ê~åÖÉ=L=êÉÑK=íç=ÑáÖìêÉë=X
NUVN=Öê~Çì~ä=L=Éè=ÇÉÅêÉ~ëÉ=~í=É~ÅÜ=~ÖÉ=ê~åÖÉ=Äìí=NVQT=áåÅêÉ~ëÉ=áå=PRJPV=X

EO=ã~êâëF

Eqçí~ä=Q=ã~êâëF



NPV

råáí=R==pÉÅíáçå=e

ePE~F lê~åÖJìí~å=Ü~ë=q=áåëíÉ~Ç=çÑ=^=~åÇ=a=áåëíÉ~Ç=çÑ=b=L=Éè=X
EN=ã~êâF

EÄF `Üáãé~åòÉÉ=~åÇ=Öçêáää~=L=Öçêáää~=~åÇ=Üìã~å=L=çê~åÖJìí~å=~åÇ=Öçêáää~=L
çê~åÖJìí~å=~åÇ=Üìã~å=X

EN=ã~êâF
EÅF lê~åÖJìí~å=X

`çããçå `Üáãé~åòÉÉ
~åÅÉëíçê

eìã~å=X

dçêáää~=X
EP=ã~êâëF

EÇF eìã~å=~åÇ=ÅÜáãé~åòÉÉ=Ü~îÉ=Éñ~Åíäó=ë~ãÉ=ëÉèìÉåÅÉI=ãìëí=ÄÉ=íçÖÉíÜÉê=X
dçêáää~=ÇáÑÑÉêë=Äó=çåÉ=~ãáåç=~ÅáÇ=ëç=ãçêÉ=ÅäçëÉäó=êÉä~íÉÇ=íç=Üìã~åë=X
lê~åÖJìí~å=ãçêÉ=ÇáÑÑÉêÉåÅÉë=L=Éè=ëç=åçí=~ë=ÅäçëÉ=~ë=Öçêáää~=L=Éè=X

EO=ã~êâëF

EÉF dáÄÄçå=ÅäçëÉëí=íç=Üìã~å=X
eÉÇÖÉÜçÖ=ãçëí=Çáëí~åíäó=êÉä~íÉÇ=X
péáÇÉê=ãçåâÉó=ãçêÉ=Çáëí~åíäó=êÉä~íÉÇ=íÜ~å=ÖáÄÄçå=X

EO=ã~êâëF

EÑF ^åó=êÉÑK=íç=éêÉÅáéáí~íÉ=ÄÉíïÉÉå=~åíáÖÉå=~åÇ=~åíáÄçÇó=X
NMMB=ïáíÜ=Üìã~å=ëÉêìã=ÄÉÅ~ìëÉ=ê~ÄÄáí=ëÉêìã=Åçåí~áåë=~åíáÄçÇáÉë=íç=~ää
Üìã~å=ëÉêìã=éêçíÉáåë=X
qÜÉ=ãçêÉ=éêçíÉáåë=áå=Åçããçå=íÜÉ=ãçêÉ=L=ÖêÉ~íÉê=íÜÉ=éêÉÅáéáí~íáçå=X
qÜÉ=ÅäçëÉê=íÜÉ=éÜóäçÖÉåÉíáÅ=êÉä~íáçåëÜáé=íÜÉ=ÖêÉ~íÉê=íÜÉ=éêÉÅáéáí~íáçå=X
eÉÇÖÉÜçÖ=Ü~ë=îÉêó=ÑÉï=ëÉêìã=éêçíÉáåë=áå=Åçããçå=ïáíÜ=Üìã~åë=X

EP=ã~êâëF

EÖF ^åó=êÉÑK=íç=Ç~íáåÖ=X
pÉèìÉåÅÉ=çÑ=ÅÜ~åÖÉë=Å~å=ÄÉ=ëÉÉå=X
pâÉäÉíçå=L=Éè=ëÜçïë=íêÉåÇ=Ñêçã=èì~ÇêáéÉÇ~ä=íç=ÄáéÉÇ~ä=äçÅçãçíáçå=X
`Ü~åÖÉë=áå=Ü~åÇë=ëÜçï=Éîçäìíáçå=çÑ=ÇÉñíÉêáíó=X
`Ü~åÖÉë=áå=à~ïë=L=íÉÉíÜ=ëÜçï=ÅÜ~åÖÉ=áå=ÇáÉí=X
`Ü~åÖÉë=áå=ëâìää=L=Éè=ëÜçï=Éîçäìíáçå=çÑ=Äê~áå=X

EP=ã~êâëF

EÜF fåÅçãéäÉíÉ=êÉÅçêÇ=L=áåÅçãéäÉíÉ=Ñçëëáäë=L=ìåêÉäá~ÄäÉ=Ç~íáåÖ=L=Çáëéä~ÅÉãÉåí
çÑ=Ñçëëáäë=L=Ñê~ÖãÉåí~êó=êÉã~áåë=L=ê~êáíó=çÑ=ÑçëëáäëX

EN=ã~êâF

Eqçí~ä=NS=ã~êâëF



NQM

póåçéíáÅ=pÉÅíáçå råáí=R

Q E~F eáÖÜÉê=L=Åçåëí~åí=íÉãéÉê~íìêÉ=L=åç=L=äáííäÉ=ëÉ~ëçå~ä=ÅÜ~åÖÉ=L=Éè=X
eáÖÜÉê=éä~åí=ÇÉåëáíó=X
eáÖÜÉê=ï~íÉê=~î~áä~Äáäáíó=L=ê~áåÑ~ää=L=Éè=X
bîÉêÖêÉÉå=L=Éè=éä~åíë=L=íÉãéÉê~íÉ=íêÉÉë=Ü~îÉ=åç=äÉ~îÉë=Ñçê=é~êí=çÑ=óÉ~ê=L
Éè=X
jçêÉ=äáÖÜí=EÉåÉêÖóF=L=áåíÉåëáíó=L=Éè=X

EO=ã~êâëF

EÄF `êçéë=~ää=ë~ãÉ=íóéÉ=çÑ=éä~åí=L=ãçåçÅìäíìêÉ=X
rëÉ=çÑ=Åêçé=êçí~íáçå=L=ÑÉêíáäáëÉêë=~ééäáÉÇ=L=Éè=X
fêêáÖ~íáçå=L=Éè=X
mÉëíë=L=ÇáëÉ~ëÉë=ÅçåíêçääÉÇ=L=Éè=X
`êçé=î~êáÉíáÉë=L=éä~åíë=ëÉäÉÅíÉÇ=Ñçê=ÜáÖÜ=óáÉäÇ=X
oÉéä~åíáåÖ=~ÑíÉê=Ü~êîÉëí=X

EP=ã~êâëF

EÅF q~âÉ=ëÉîÉê~ä=L=ê~åÇçã=ë~ãéäÉë=X
rëÉ=çÑ=èì~Çê~í=çÑ=ëí~íÉÇ=L=Éè=ëáòÉ=X
oÉãçîÉ=L=Éè=éä~åíë=LL=Åçìåí=íÜÉ=åìãÄÉê=çÑ=éä~åíë=X
oÉãçîÉ=~ää=ÅçåëìãÉêë=L=êÉãçîÉ=ëçáä=X
tÉáÖÜ=íç=ÑáåÇ=EÑêÉëÜF=ã~ëë=LL=ïÉáÖÜ=çåÉ=ñ=åìãÄÉê=çÑ=éä~åíë=LL=ãìäíáéäó
åìãÄÉê=çÑ=éä~åíë=Äó=î~äìÉ=Ñêçã=í~ÄäÉ=çÑ=Äáçã~ëë=X
jìäíáéäó=Äó=~êÉ~=çÑ=Öê~ëëä~åÇ=L=Éè=X

EQ=ã~êâëF

EÇF _áçã~ëë=áåÅäìÇÉë=áåçêÖ~åáÅ=ÅçãéçåÉåí=L=Éè=X
t~íÉê=ÅçåíÉåí=áë=î~êá~ÄäÉ=L=ã~âÉë=áí=äÉëë=~ÅÅìê~íÉ=L=Éè=X
mêçÇìÅíáîáíó=áå=ÉåÉêÖó=ìåáíë=áë=íêìÉ=êÉÑäÉÅíáçå=çÑ=ÉåÉêÖó=Å~éíìêÉ=L=Éè=X

EO=ã~êâëF

Eqçí~ä=NN=ã~êâëF



NQN

råáí=R==póåçéíáÅ=pÉÅíáçå

RE~F EáF Eak^F=íêáéäÉí=çÑ=EåáíêçÖÉåçìëF=Ä~ëÉë=ÅçåëáëíáåÖ=çÑ=Öì~åáåÉI=ÅóíçëáåÉI
íÜóãáåÉ=LL=~=Öêçìé=çÑ=Ä~ëÉë=L=é~êí=çÑ=ak^=ïÜáÅÜ=ÅçÇÉë=Ñçê=~å=~ãáåç=~ÅáÇ=X

EN=ã~êâF

EááF jçêÉ=ÅçÇçåë=~î~áä~ÄäÉ=íÜ~å=íÜÉêÉ=~êÉ=~ãáåç=~ÅáÇë=L=Éè=X
EN=ã~êâF

EáááF qÜÉ=íçí~ä=åìãÄÉê=çÑ=ÖÉåÉë=L=~ääÉäÉë=áå=~=éçéìä~íáçå=X
EN=ã~êâF

EáîF jÉ~åë=Äó=ïÜáÅÜ=çêÖ~åáëãë=ÄÉëí=ëìáíÉÇ=íç=éêÉî~áäáåÖ=ÉåîáêçåãÉåí~ä
ÅçåÇáíáçåë=ëìêîáîÉ=L=Éè=X

EN=ã~êâF

EÄF ^åó=íïç=ÑêçãW
pìÄëíáíìíáçå=çÑ=EÄ~ëÉF=^=Ñçê=EÄ~ëÉF=q=X
fåëÉêíáçå=çÑ=^=X
aÉäÉíáçå=çÑ=q=áÑ=åÉñí=Ä~ëÉ=áë=^=X
fåîÉêëáçå=áÑ=åÉñí=Ä~ëÉ=áë=^=X
oÉÑK=íç=ãìí~íáçå=Äó=áçåáëáåÖ=ê~Çá~íáçå=L=Éè=X
oÉÑK=íç=ãìí~ÖÉåáÅ=ÅÜÉãáÅ~äë=L=å~ãÉÇ=ÉKÖK=X

EO=ã~êâëF

EÅF låäó=íÜÉ=Ñáêëí=íïç=Ä~ëÉë=~êÉ=åÉÅÉëë~êó=íç=ÅçÇÉ=Ñçê=íÜÉ=~ãáåç=~ÅáÇ=L
~êÖáåáåÉ=L=êÉÑK=íç=ÇÉÖÉåÉê~Åó=X
^ää=ÅçÇçåë=ëí~êíáåÖ=ïáíÜ=d`=ÅçÇÉ=Ñçê=íÜÉ=ë~ãÉ=~ãáåç=~ÅáÇ=L=~êÖáåáåÉ=X
kçí=~ää=ÅÜ~åÖÉë=áå=ak^=êÉëìäí=áå=~=ÅÜ~åÖÉ=áå=~ãáåç=~ÅáÇ=ëÉèìÉåÅÉ=áå
éçäóéÉéíáÇÉ=LL=åç=ÅÜ~åÖÉ=áå=éêçíÉáå=ëíêìÅíìêÉ=X
qÜÉêÉÑçêÉ=íÜÉêÉ=áë=åç=ÅÜ~åÖÉ=áå=éêçíÉáå=ÑìåÅíáçå=X
qÜáë=é~êí=çÑ=íÜÉ=ak^=áë=åçí=áåîçäîÉÇ=áå=éêçíÉáå=ëóåíÜÉëáë=X

EP=ã~êâëF

EÇF dÉçÖê~éÜáÅ~ä=áëçä~íáçå=L=êÉÑK=íç=~=éÜóëáÅ~ä=Ä~êêáÉê=X
mêÉòóÖçíáÅ=L=éêÉJã~íáåÖ=áëçä~íáçå=EáÑ=ÖáîÉåI=çíÜÉê=ëéÉÅáÑáÅ=ÉKÖKë=Çç=åçí
ëÅçêÉF=X
_ÉÜ~îáçìê~ä=áëçä~íáçå=L=êÉÑK=íç=Éñ~ãéäÉ=L=ÅçìêíëÜáé=L=Éè=X
oÉÑK=íç=éçäóéäçáÇó=L=éçëíòóÖçíáÅ=L=éçëíJã~íáåÖ=X
pÉ~ëçå~ä=áëçä~íáçå=L=ã~íìêÉ=~í=ÇáÑÑÉêÉåí=ëÉ~ëçåë=X
bÅçäçÖáÅ~ä=áëçä~íáçå=L=êÉÑK=íç=ÇáÑÑÉêÉåí=Ü~Äáí~í=éêÉÑÉêÉåÅÉë=X
aáÑÑÉêÉåÅÉë=áå=ÖÉåáí~äá~=áå=~åáã~äë=L=ÇáÑÑÉêÉåí=éçääáå~íáçå=ãÉÅÜ~åáëãë=áå
éä~åíë=X

=EO=ã~êâëF

EÉF fëçä~íÉÇ=éçéìä~íáçåë=ÄÉÅçãÉ=éêçÖêÉëëáîÉäó=L=Éè=ÇáÑÑÉêÉåí=Ñêçã=çåÉ
~åçíÜÉê=X
mçëëáÄáäáíó=çÑ=ÑìêíÜÉê=ÅÜ~åÖÉë=L=êÉÑK=íç=ÑìêíÜÉê=ãìí~íáçå=X
bîÉåíì~ääó=íïç=éçéìä~íáçåë=ìå~ÄäÉ=íç=áåíÉêÄêÉÉÇ=ëìÅÅÉëëÑìääó=L=Éè=X
bîÉå=áÑ=Ä~êêáÉêë=êÉãçîÉÇ=X
oÉëìäíë=áå=åÉï=ëéÉÅáÉë=ÑçêãÉÇ=L=êÉëìäíë=áå=ëéÉÅá~íáçå=X

EP=ã~êâëF

Eqçí~ä=NQ=ã~êâëF



NQO

råáí=R==póåçéíáÅ=pÉÅíáçå

S E~F káíê~íÉEëF=EáçåëF=L=kl
P

J=

L=~ããçåáìã=EáçåëF=L=ke
Q

H

=X
EN=ã~êâF

EÄF oÜáòçÄáìã=L=çê=Ä~ÅíÉêá~=áå=êççí=åçÇìäÉë=~ÄäÉ=íç=ìëÉ=L=Ñáñ=E~íãçëéÜÉêáÅF
åáíêçÖÉå=X
oÉÇìÅÉÇ=L=ÅçåîÉêíÉÇ=íç=~ããçåá~=L=~ããçåáìã=X
`çãÄáåÉ=ïáíÜ=çêÖ~åáÅ=~ÅáÇë=LL=íç=ã~âÉ=~ãáåç=~ÅáÇë=LL=êÉÑK=íç=åáíêçÖÉå~ëÉ
ÉåòóãÉ=X

EO=ã~êâëF

EÅF kç=ÇáÑÑÉêÉåÅÉ=ìåíáä=Ç~ó=PS=L=Ñçê=Ñáêëí=NM=L=NN=Ç~óë=X
^ãçìåí=çÑ=åáíêçÖÉå=ÑáñÉÇ=áë=EíÜÉåF=ÖêÉ~íÉê=áå=`l

O
=ÉåêáÅÜÉÇ=X

få=`l
O
=ÉåêáÅÜÉÇ=ê~íÉ=çÑ=áåÅêÉ~ëÉ=ÖêÉ~íÉê=L=ÇáÑÑÉêÉåÅÉ=ÖêÉ~íÉê=ïáíÜ=íáãÉ=L

~ÅÅÉéí=ÅçåîÉêëÉ=Ñçê=åçêã~ä=X
få=`l

O
=ÉåêáÅÜÉÇ=åç=éä~íÉ~ì=L=äÉîÉääáåÖ=çÑÑ=L=Éè=Äìí=áå=åçêã~ä=~áê=äÉîÉäë=çÑÑ=L

ÑáÖìêÉë==èìçíÉÇ=L=PSJSM=L=êÉã~áåë=~í=OM=ãÖ=X
få=`l

O
=ÉåêáÅÜÉÇ=ëã~ääÉê=L=Éè=áåÅêÉ~ëÉ=~ÑíÉê=VM=Ç~óë=Äìí=áå=åçêã~ä=~áê=åçí

ãìÅÜ=áåÅêÉ~ëÉ=~ÑíÉê=UM=Ç~óë=L=Éè=X
`êÉÇáí=ÅçêêÉÅí=~ííÉãéí=íç=ïçêâ=çìí=B~ÖÉ=áåÅêÉ~ëÉ=L=Çç=ëçãÉíÜáåÖ=ïáíÜ
íÜÉ=ÑáÖìêÉë=X

EP=ã~êâëF

EÇF jçêÉ=`l
O=
=ëç=ãçêÉ=éÜçíçëóåíÜÉëáë=L=Éè=X

EN=ã~êâF

EÉF fåÅêÉ~ëÉ=áå=óáÉäÇ=L=ãçêÉ=Åêçé=X
`ÉêÉ~äë=ÅçìäÇ=Öêçï=çå=äçï=åáíê~íÉ=L=Éè=ëçáäë=X
iÉëë=L=åç=åÉÉÇ=íç=ìëÉ=EáåçêÖ~åáÅF=ÑÉêíáäáëÉê=X
båîáêçåãÉåí~ä=ÄÉåÉÑáí=èì~äáÑáÉÇ=ÉKÖK=äÉëë=åáíê~íÉ=X
qç=ÄÉ=äÉ~ÅÜÉÇ=L=äÉëë=ÉìíêçéÜáÅ~íáçå=L=Éè=X

EO=ã~êâëF

Eqçí~ä=V=ã~êâëF



NQP

råáí=R==póåçéíáÅ=pÉÅíáçå

T_ ==NKrN ^ää=ÉåÉêÖóJÅçåëìãáåÖ=éêçÅÉëëÉë=åÉÉÇ=L=ìëÉ=çåäó=çåÉ=ëóëíÉã=L=^qm=X
==OKrN ^qm=ãçÄáäÉ=L=~ÄäÉ=íç=ãçîÉ=íç=~åó=ëáíì~íáçå=áå=ÅÉää=êÉèìáêáåÖ=ÉåÉêÖó=X
==PKrN båÉêÖó=åÉÉÇÉÇ=áå=ÅÉääë=Ñçê=ëóåíÜÉëáë=çÑ=ã~ÅêçãçäÉÅìäÉë=L=Éè=X
==QKrN cçê=~ÅíáîÉ=íê~åëéçêí=~Åêçëë=ÅÉää=ëìêÑ~ÅÉ=ãÉãÄê~åÉë=L=Éè=X
==RKrQ jÉí~ÄçäáÅ~ääó=~ÅíáîÉ=ÅÉääë=Ü~îÉ=ÜáÖÜ=ê~íÉë=çÑ=~ÉêçÄáÅ=êÉëéáê~íáçå=X
==SKrQ `~é~ÄäÉ=çÑ=ëóåíÜÉëáëáåÖ=ä~êÖÉ=èì~åíáíáÉë=çÑ=^qm=Ñêçã=^am=~åÇ=m

=á==
X

==TKrQ eóÇêçäóëáë=çÑ=éÜçëéÜç~åÜóÇêáÇÉ=ÄçåÇë=óáÉäÇë=êÉä~íáîÉäó=ä~êÖÉ=~ãçìåíë=L=Éè
çÑ=ÑêÉÉ=ÉåÉêÖó=L=~Äçìí=PM=âg=L=ãçä

JN=

X
==UKrQ låÅÉ=ÉåÉêÖó=êÉäÉ~ëÉÇ=çå=ÜóÇêçäóëáëI ÉåÉêÖó= Ñçê= íÜÉ= êÉJëóåíÜÉëáë= çÑ= ^qm

ÅçãÉë=Ñêçã=çñáÇ~íáçå=çÑ=Å~êÄçÜóÇê~íÉë=L=Éè=X
==VKrQ `êÉÇáí=êÉÑÉêÉåÅÉ=íç=ëçãÉ=ÇÉëÅêáéíáçå=çÑ=éêçÅÉëë=X
NMKrN iáîÉê=ÅÉää=Ü~ë=ä~êÖÉ=åìãÄÉêë=çÑ=ãáíçÅÜçåÇêá~=L=ãÉí~ÄçäáÅ~ääó=~ÅíáîÉ=L=Éè=X
NNKrQ oÉÑK=íç=Å~êÄçÜóÇê~íÉ=ãÉí~Äçäáëã=X
NOKrQ mêçíÉáå=ëóåíÜÉëáë=L=ãÉí~Äçäáëã=L=ÇÉ~ãáå~íáçå=X
NPKrR iÉ~Ñ=ÉéáÇÉêã~ä=ÅÉääë=éÜçíçëóåíÜÉíáÅ= L=áåîçäîÉÇ=áå=ëóåíÜÉëáë=çÑ=Å~êÄçÜóÇê~íÉ

ìëáåÖ=äáÖÜí=ÉåÉêÖó=X
NQKrR båÉêÖó=íê~åëÑÉêêÉÇ=Ñêçã=äáÖÜí=íç=^qm=êÉèìáêÉë=íÜÉ=éêÉëÉåÅÉ=çÑ=ÅÜäçêçéÜóää=L

ÅÜäçêçéä~ëíë=X
NRKrR ^qm= éêçîáÇÉë= åÉÅÉëë~êó= ÉåÉêÖó= Ñçê= íÜÉ= êÉÇìÅíáçå= çÑ= `l

O
= ìëáåÖ= k^ame= áå

äáÖÜíJáåÇÉéÉåÇÉåí=êÉ~Åíáçåë=X
NSKrR aÉí~áäë=çÑ=ÅóÅäáÅ=éÜçíçéÜçëéÜçêóä~íáçå=X
NTKrR aÉí~áäë=çÑ=åçåJÅóÅäáÅ=éÜçíçéÜçëéÜçêóä~íáçå=X
NUKrQ ^qm=~äëç=éêçÇìÅÉÇ=Ñêçã=êÉëéáê~íáçå=X

=Eqçí~ä=NO=ã~êâëF



NQQ

råáí=R==póåçéíáÅ=pÉÅíáçå

Te ==NKrN ^ää=ÉåÉêÖóJÅçåëìãáåÖ=éêçÅÉëëÉë=åÉÉÇ=L=ìëÉ=çåäó=çåÉ=ëóëíÉã=L=^qm=X
==OKrN ^qm=ãçÄáäÉ=L=~ÄäÉ=íç=ãçîÉ=íç=~åó=ëáíì~íáçå=áå=ÅÉää=êÉèìáêáåÖ=ÉåÉêÖó=X
==PKrN båÉêÖó=åÉÉÇÉÇ=áå=ÅÉääë=Ñçê=ëóåíÜÉëáë=çÑ=ã~ÅêçãçäÉÅìäÉë=L=Éè=X
==QKrN cçê=~ÅíáîÉ=íê~åëéçêí=~Åêçëë=ÅÉää=ëìêÑ~ÅÉ=ãÉãÄê~åÉë=L=Éè=X
==RKrQ jÉí~ÄçäáÅ~ääó=~ÅíáîÉ=ÅÉääë=Ü~îÉ=ÜáÖÜ=ê~íÉë=çÑ=~ÉêçÄáÅ=êÉëéáê~íáçå=X
==SKrQ `~é~ÄäÉ=çÑ=ëóåíÜÉëáëáåÖ=ä~êÖÉ=èì~åíáíáÉë=çÑ=^qm=Ñêçã=^am=~åÇ=m

á==
X

==TKrQ eóÇêçäóëáë= çÑ= éÜçëéÜç~åÜóÇêáÇÉ= ÄçåÇë= óáÉäÇë= êÉä~íáîÉäó= ä~êÖÉ= ~ãçìåíë= L
Éè=çÑ=ÑêÉÉ=ÉåÉêÖó=L=~Äçìí=PM=âg=L=ãçä

JN

X
==UKrQ låÅÉ=ÉåÉêÖó=êÉäÉ~ëÉÇ=çå=ÜóÇêçäóëáëI=ÉåÉêÖó= Ñçê= íÜÉ= êÉJëóåíÜÉëáë= çÑ= ^qm

ÅçãÉë=Ñêçã=çñáÇ~íáçå=çÑ=Å~êÄçÜóÇê~íÉë=L=Éè=X
==VKrQ `êÉÇáí=êÉÑÉêÉåÅÉ=íç=ëçãÉ=ÇÉëÅêáéíáçå=çÑ=éêçÅÉëë=X
NMKrN iáîÉê=ÅÉää=Ü~ë=ä~êÖÉ=åìãÄÉêë=çÑ=ãáíçÅÜçåÇêá~=L=ãÉí~ÄçäáÅ~ääó=~ÅíáîÉ=L=Éè=X
NNKrQ `~êÄçÜóÇê~íÉ=ãÉí~Äçäáëã=êÉÑÉêÉåÅÉ=X
NOKrQ mêçíÉáå=ëóåíÜÉëáë=L=ãÉí~Äçäáëã=L=ÇÉ~ãáå~íáçå=X
NPKrQ oçäÉ=áå=åÉêîÉ=áãéìäëÉ=íê~åëãáëëáçå=X
NQKrO oçäÉ=áå=áåíÉê~Åíáçå=ÄÉíïÉÉå=~Åíáå=~åÇ=ãóçëáå=X
NRKrO ^ÅíáîÉ=íê~åëéçêí=çÑ=Å~äÅáìã=áçåë=áåíç=ë~êÅçéä~ëãáÅ=êÉíáÅìäìã=X
NSKrR aÉí~áäë=çÑ=áåîçäîÉãÉåí=çÑ=^qm=áå=~ÅíáîÉ=íê~åëéçêí=X
NTKrQ jÉãÄê~åÉ=çÑ=åÉìêçåÉ=ãçêÉ=éÉêãÉ~ÄäÉ=íç=h=áçåë=íÜ~å=k~=áçåëI=ëç=h=áçåë

ÇáÑÑìëÉ=çìí=Ñ~ëíÉê=íÜ~å=k~=áçåë=ÇáÑÑìëÉ=áå=L=ÉèKX
NUKrN k~Lh=éìãéë=ìëáåÖ=^qm=íê~åëéçêí=h=áçåë=áå=~åÇ=k~=áçåë=çìí=íç=ã~áåí~áå=íÜÉ

êÉëíáåÖ=éçíÉåíá~ä=çÑ=íÜÉ=åÉìêçåÉX
NVKrQ ^í=ëóå~éíáÅ=âåçÄI=íê~åëãáííÉê=ëìÄëí~åÅÉ=êÉäÉ~ëÉÇ=ïÜÉå=~Åíáçå=éçíÉåíá~ä

êÉ~ÅÜÉë=áí=L=ÉèKX
OMKrQ i~êÖÉ=åìãÄÉêë=çÑ=ãáíçÅÜçåÇêá~=áå=íÜÉ=ëóå~éíáÅ=âåçÄë=çÑ=åÉìêçåÉë=éêçîáÇÉ

ÉåÉêÖó=Ñçê=íÜÉ=êÉÑçêã~íáçå=çÑ=íÜÉ=íê~åëãáííÉê=ëìÄëí~åÅÉ=L=~ÅÉíóäÅÜçäáåÉ
ïÜáÅÜ=áë=ëíçêÉÇ=áå=îÉëáÅäÉëX

Eqçí~ä=NO=ã~êâëF



NQR

SNMS==rkfq=S==m~éÉê=MO==tO==j^oh=p`ebjb

j~êâë

N E~F `çêêÉÅí=í~ÄäÉ=çÑ=ê~ï=Ç~í~=EÜÉáÖÜíI=äÉåÖíÜI=ê~íáçF=ëÜÉäíÉêÉÇ=ëÜçêÉ=X
`çêêÉÅí=í~ÄäÉ=çÑ=ê~ï=Ç~í~=EÜÉáÖÜíI=äÉåÖíÜI=ê~íáçF=ÉñéçëÉÇ=ëÜçêÉ=X
jÉ~å=ê~íáç=çÑ=ëÜÉäíÉêÉÇ=EMKRUPF=~åÇ=ãÉ~å=çÑ=ÉñéçëÉÇ=EMKRF=X
cáÖìêÉë=í~ääáÉÇ=áåíç=ëìáí~ÄäÉ=ëáòÉ=Åä~ëëÉë=Ñçê=É~ÅÜ=ëÜçêÉ=X
_çíÜ=ëáòÉ=Åä~ëë=í~ÄäÉë=ÅçêêÉÅí=X

EQ=ã~êâëF

EÄF _~ê=ÅÜ~êí=ÅÜçëÉå=~ë=ãÉ~åë=çÑ=Çáëéä~ó=X
`çêêÉÅí=~ñÉë=~åÇ=ëìáí~ÄäÉ=ëÅ~äÉ=X
`Ü~êí=ëÜçïë=ëáãéäÉ=ãÉ~åë=Åçãé~êÉÇ=X
`Ü~êí=ëÜçïë=ê~åÖÉ=çÑ=ëáòÉ=Åä~ëëÉë=Ñçê=ëÜÉäíÉêÉÇ=ëÜçêÉ=X
`Ü~êí=ëÜçïë=ê~åÖÉ=çÑ=ëáòÉ=Åä~ëëÉë=Ñçê=ÉñéçëÉÇ=ëÜçêÉ=X
_çíÜ=ÅÜ~êíë=Çáëéä~óÉÇ=Ñçê=É~ëÉ=çÑ=Åçãé~êáëçå=EÉKÖK=ïáíÜ=íïç=ÅÜ~êíë
îÉêíáÅ~ääó=ã~íÅÜÉÇ=çê=Ç~í~=éäçííÉÇ=çå=ë~ãÉ=~ñÉëF=X

EQ=ã~êâëF

EÅF íJíÉëí=X
EN=ã~êâF

= EÇF iáãéÉíë=çå=ëÜÉäíÉêÉÇ=ëÜçêÉ=~êÉ=ä~êÖÉê=íÜ~å=íÜçëÉ=çå=ÉñéçëÉÇ=ëÜçêÉ=X
oÉÑK=íç=ÅçåÅäìëáçåë=Ñêçã=ê~íáç=EÉKÖK=áÑ=ê~íáç=áë=ÄáÖÖÉê=íÜÉå=çîÉê~ää=ëÜ~éÉ
ãìëí=Ü~îÉ=ÅÜ~åÖÉÇ=L=ÜÉáÖÜí=ãìëí=áåÅêÉ~ëÉ=ãçêÉ=íÜ~å=äÉåÖíÜ=L=ÅçåîÉêëÉF=X

EO=ã~êâëF

Eqçí~ä=NN=ã~êâëF



NQS

råáí=S==m~éÉê=MO==tO

O_E~F pÉÉÇë=Ñêçã=ë~ãÉ=ëéÉÅáÉë=L=î~êáÉíó=X
oÉÑK=íç=çéíáãìã=ÅçåÇáíáçåë=Ñçê=ÖêçïíÜ=çÑ=ëÉÉÇë=X
lñóÖÉåL=~áê=L=ï~íÉê=X
pìáí~ÄäÉ=íÉãéÉê~íìêÉ=EÉKÖK=NR=íç=OM=⁄`F=X
mÜóëáÅ~ä=ÅçåÇáíáçåë=Ñçê=ÖÉêãáå~íáçå=âÉéí=Åçåëí~åí=X
`çêêÉÅí=ëìÄëíê~íÉ=Ñçê=ÖêçïíÜ=Eëçáä=L=Åçãéçëí=L=Åçííçå=ïççä=L=ÉèF=X
oÉãçîÉ=ëÉÉÇë=Ñêçã=êáéÉ=íçã~íç=X
qÉëí=Ñçê=ÖÉêãáå~íáçå=L=Åçìåí=åìãÄÉê=ÖÉêãáå~íÉÇ=X
qÉëí=Ñçê=ÖÉêãáå~íáçå=áÑ=íçã~íç=ÑäÉëÜ=éêÉëÉåí=X
t~ëÜ=íçã~íç=ÑäÉëÜ=áå=êìååáåÖ=ï~íÉê=X
rëÉ=íÜáë=áå=ãÉÇáìã=íç=íÉëí=Ñçê=ÖÉêãáå~íáçå=L=éä~åí=ëÉÉÇë=ïáíÜ=ï~ëÜÉÇ
ÑäÉëÜ=X
mä~åí=ëÉÉÇë=ïáíÜ=ëÉÉÇ=Åç~í=Éñíê~Åí=L=êÉãçîÉ=íÉëí~=X
mä~åí=ëÉÉÇë=ïáíÜçìí=ëÉÉÇ=Åç~í=Éñíê~Åí=L=ïáíÜ=íÉëí~=X
`ÜÉÅâ=Ñçê=ÖÉêãáå~íáçå=áå=íÜçêçìÖÜäó=ï~ëÜÉÇ=ëÉÉÇë=X
dÉêãáå~íáçå=ÇÉÑáåÉÇ=L=~ééÉ~ê~åÅÉ=çÑ=ê~ÇáÅäÉ=L=Éè=X
i~êÖÉ=ëìáí~ÄäÉ=åìãÄÉê=çÑ=ëÉÉÇë=áå=É~ÅÜ=íÉëí=X
pìáí~ÄäÉ=êÉéäáÅ~íÉë=X
`~äÅìä~íáçå=çÑ=ê~íÉ=çÑ=ÖÉêãáå~íáçå=B=L=Éè=X

EV=ã~êâëF

EÄF q~Äìä~ê=Ñçêã~í=X
`çäìãåë=çÑ=ï~ëÜÉÇ=~åÇ=ìåï~ëÜÉÇ=ÑäÉëÜ=X
`çäìãå=Ñçê=ÇêáÉÇ=ëÉÉÇë=X
`çäìãå=Ñçê=B=ÖÉêãáå~íáçå=L=íáãÉë=Ñçê=ÖÉêãáå~íáçå=X
bñíê~=ÄçñÉë=Ñçê=êÉéÉ~íë=X
_~ê=ÅÜ~êí=L=äáåÉ=Öê~éÜ=X
`çêêÉÅí=~ñÉë=X
`~äÅìä~íáçå=çÑ=ãÉ~åë=X
`~äÅìä~íáçå=çÑ=ëí~åÇ~êÇ=ÇÉîá~íáçåë=X
rëÉ=çÑ=íJíÉëí=X
fåíÉêéêÉí~íáçå=çÑ=íJíÉëí=X

ET=ã~êâëF

EÅF qçã~íçÉë=î~êó=áå=êáéÉåÉëë=X
fåáíá~ä=íêÉ~íãÉåí=L=ÅçåÇáíáçåë=ÅçìäÇ=î~êó=X
^ëëìãÉë=áåÜáÄáíçê=áë=ï~íÉê=ëçäìÄäÉ=L=ïçìäÇ=ÄÉ=êÉãçîÉÇ=Äó=ï~ëÜáåÖ=X
bÑÑÉÅíë=ÅçìäÇ=ÄÉ=Å~ìëÉÇ=áåÇáêÉÅíäó=Äó=~=Ñçêã=çÑ=áå~Åíáî~íáçå=X
qÉëí=ÉÑÑÉÅíë=çå=ÇáÑÑÉêÉåí=ëíê~áåë=X
qÉëí=Ñçê=ëÉ~ëçå~ä=î~êá~íáçå=X
qÉëí=ÉÑÑÉÅíë=çÑ=Éñíê~Åíë=~äçåÉ=X
^ääçï=î~äáÇ=ÉñéÉêáãÉåí=åçí=ìëÉÇ=áå=E~F=X

ER=ã~êâëF

Eqçí~ä=ON=ã~êâëF



NQT

råáí=S==m~éÉê=MO==tO

OeE~F pÉäÉÅí=îçäìåíÉÉêë=ENM=çê=ãçêÉF=X
`çåíêçä=çÑ=ë~ãéäÉ=Eë~ãÉ=~ÖÉI=ë~ãÉ=ëÉñ=L=ÉèF=X
pçìêÅÉë=çÑ=Å~ÑÑÉáåÉ=ÅçåíêçääÉÇ=Ñçê=NO=Üçìêë=çê=ãçêÉ=ÄÉÑçêÉ=íÉëí=X
pí~åÇ~êÇ=ÅçåÇáíáçåë=Ñçê=íÉëí=X
iáÖÜíáåÖ=L=áåëíêìÅíáçåë=L=Çáëíê~Åíáçåë=L=Éè=E~í=äÉ~ëí=íïç=å~ãÉÇF=X
aÉí~áä=çÑ=íÉëí=L=êÉÅçêÇ=íáãÉ=í~âÉå=íç=ëïáíÅÜ=çÑÑ=äáÖÜí=ëáÖå~ä=L=Éè=X
^ÇÇáíáçå~ä=ÇÉí~áä=çÑ=íÉëí=L=ìëÉ=çÑ=ÅçãéìíÉê=ÖÉåÉê~íÉÇ=äáÖÜí=L=ÉäÉÅíêáÅ
íáãáåÖ=åÉÅÉëë~êó=L=Éè=X
sçäìåíÉÉêë=íÉëíÉÇ=ïáíÜ=åç=Å~ÑÑÉáåÉ=X
qÉëí=êÉéÉ~íÉÇ=ER=çê=ãçêÉ=íáãÉëF=X
pí~åÇ~êÇ=~Çãáåáëíê~íáçå=çÑ=Å~ÑÑÉáåÉI=ÅçÑÑÉÉ=L=éêçJéäìë=í~ÄäÉíë=L=Åçä~=L=íÉ~=L
ÅçÅç~=L=çíÜÉê=ëìáí~ÄäÉ=Å~ÑÑÉáåÉ=ëçìêÅÉ=L=ÑáñÉÇ=ÇçëÉ=X
pí~åÇ~êÇ=íáãÉ=çÑ=Ççë~ÖÉ=ÄÉÑçêÉ=íÉëíáåÖ=X

EV=ã~êâëF

EÄF q~Äìä~ê=Ñçêã~í=X
oçïë=Ñçê=ê~ï=Ç~í~=ïáíÜ=åç=Å~ÑÑÉáåÉ=X
oçïë=Ñçê=ê~ï=Ç~í~=ïáíÜ=Å~ÑÑÉáåÉ=X
`~äÅìä~íáçå=çÑ=ãÉ~åë=E~ÅÅÉéí=Ñêçã=í~ÄäÉF=X
`~äÅìä~íáçå=çÑ=ëí~åÇ~êÇ=ÇÉîá~íáçåë=X
rëÉ=çÑ=íJíÉëí=X
fåíÉêéêÉí~íáçå=çÑ=íJíÉëí=X
_~ê=ÅÜ~êíë=X
`çêêÉÅíë=~ñÉë=ëìÖÖÉëíÉÇ=Ñçê=Ä~ê=ÅÜ~êí=X

ET=ã~êâëF

EÅF `çããÉåí=çå=î~êá~Äáäáíó=çÑ=Üìã~å=ëìÄàÉÅíë=X
bóÉëáÖÜí=éêçÄäÉãë=Å~å=~ÑÑÉÅí=êÉëìäí=X
mêçÄäÉã=çÑ=äÉ~êåáåÖ=L=éê~ÅíáÅÉ=çå=ëÉèìÉåÅÉ=çÑ=ãÉ~ëìêÉãÉåíë=X
pÉåëáíáîáíó=çÑ=Å~ÑÑÉáåÉ=~ÑÑÉÅíÉÇ=Äó=éêÉJíêÉ~íãÉåí=EÉKÖK=åçå=ÅçÑÑÉÉ=ÇêáåâÉêë
çê=ÇÉÅ~ÑÑÉáå~íÉÇ=ÅçÑÑÉÉ=ÇêáåâÉêëF=X
kÉÉÇ=Ñçê=~ÅÅìê~íÉ=ãÉ~ëìêÉãÉåí=çÑ=ëÜçêí=êÉ~Åíáçå=íáãÉ=X
qÉëí=ÉÑÑÉÅíë=çÑ=ÇáÑÑÉêÉåí=Å~ÑÑÉáåÉ=ÅçåÅÉåíê~íáçåë=X
qÉëí=Ñçê=ëÉñ=L=~ÖÉ=ÇáÑÑÉêÉåÅÉë=X
qÉëí=Ñçê=ÉÑÑÉÅí=çÑ=Å~ÑÑÉáåÉ=çå=çíÜÉê=êÉ~Åíáçåë=L=äÉ~êåáåÖ=X
^åó=Éèìáî~äÉåí=íÉëí=X

ER=ã~êâëF

Eqçí~ä=ON=ã~êâëF



NQU

rkfq=S==m~éÉê=MP==póåçéíáÅ=m~éÉê=j^oh=p`ebjb

j~êâë

N E~F ^Åíáîáíó=çÑ=Ñçêã=^=áåÅêÉ~ëÉë=ëíÉ~Çáäó=L=Éè=L=èìçíÉ=ÑáÖìêÉë=~ë=íÉãéÉê~íìêÉ
áåÅêÉ~ëÉë=X
^Åíáîáíó=çÑ=Ñçêã=_=ÇÉÅêÉ~ëÉë=ëÜ~êéäó=L=Éè=L=èìçíÉ=ÑáÖìêÉë=~ë=íÉãéÉê~íìêÉ
áåÅêÉ~ëÉë=X
`êÉÇáí=Ñçê=ÅçããÉåí=çå=ÇÉÅêÉ~ëÉ=áå=~Åíáîáíó=çÑ=_=ÄÉáåÖ=ÖêÉ~íÉê=íÜ~å
áåÅêÉ~ëÉ=áå=^=X

^Åíáîáíó=áë=Éèì~ä=~í=~Äçìí=NU=°`=X
EP=ã~êâëF

EÄF EáF jìí~íáçå=X
EN=ã~êâF

EááF b
^

=Ü~ë=~=ÜáÖÜÉê=ÑêÉèìÉåÅó=íÜ~å=b
_

=áå=íÜÉ=ëçìíÜ=L=ÅçåîÉêëÉ=X
cêÉèìÉåÅó=çÑ=b

^

=ÇÉÅêÉ~ëÉë=åçêíÜï~êÇ=L==b
_

=áåÅêÉ~ëÉë=åçêíÜï~êÇë=X
pç=ÉåòóãÉ=^=ãçêÉ=ÑêÉèìÉåí=áå=ÜáÖÜÉê=íÉãéÉê~íìêÉë=L=ÉåòóãÉ=_=ãçêÉ
ÑêÉèìÉåí=áå=äçïÉê=íÉãéÉê~íìêÉë=X
`çêêÉÅí=ëìÖÖÉëíáçå=êÉ=å~íìê~ä=ëÉäÉÅíáçå=X

EQ=ã~êâëF

Eqçí~ä=U=ã~êâëF



NQV

råáí=S==m~éÉê=MP==póåçéíáÅ=m~éÉê

O E~F _áåÇë=ïáíÜ=êÉÅÉéíçê=X
léÉåë=ÅÜ~ååÉä=X
^ääçïë=`~OH=L==k~H=íç=ÉåíÉê=åÉìêçåÉ=X
aÉéçä~êáëÉë=ãÉãÄê~åÉ=X

EP=ã~êâëF

EÄF qÜáë=áë=ïÜÉêÉ=íÜÉ=ÅÉää=ÄçÇáÉë=çÑ=ëÉåëçêó=åÉìêçåÉë=~êÉ=X
ElåäóF=íÜÉëÉ=åÉìêçåÉë=éêçÇìÅÉ=íÜÉ=Å~éë~áÅáå=êÉÅÉéíçê=X

EO=ã~êâëF

EÅF låäó=ëçãÉ=ak^=áë=ìëÉÇ=íç=ã~âÉ=ãok^=L=çåäó=ëçãÉ=ak^=áë=ÉñéêÉëëÉÇ=X
EpçF=ÑÉïÉê=ÇáÑÑÉêÉåí=íóéÉë=çÑ=ãok^=áå=~=ÅÉää=íÜ~å=ak^=X
b~ëáÉê=íç=éáÅâ=çìí=êÉèìáêÉÇ=éáÉÅÉ=X

EO=ã~êâëF

EÇF jçåçãÉêë=L=ÅçãéçåÉåíëI=ïÜáÅÜ=ã~âÉ=ìé=ak^=ãçäÉÅìäÉ=X
EjçäÉÅìäÉëF=Åçåí~áåáåÖ=éÜçëéÜ~íÉI=Ä~ëÉ=~åÇ=ÇÉçñóêáÄçëÉ=X

EO=ã~êâëF

EÉF oÉîÉêëÉ=íê~åëÅêáéí~ëÉ=X
EN=ã~êâF

EÑF cáåÇ=åìÅäÉçíáÇÉ=ëÉèìÉåÅÉ=çÑ=ak^=X
qÜêÉÉ=åìÅäÉçíáÇÉë=L=Ä~ëÉëI=ÅçÇÉ=Ñçê=çåÉ=~ãáåç=~ÅáÇ=X
dÉåÉíáÅ=ÅçÇÉ=áë=âåçïå=L=Å~å=áÇÉåíáÑó=~ãáåç=~ÅáÇ=Ñêçã=Ä~ëÉë=X

EP=ã~êâëF

EÖF mêçäçåÖÉÇ=ÉñéçëìêÉ=íç=Å~éë~áÅáå=êÉÇìÅÉë=ëÉåëáíáîáíó=Eíç=ÜáÖÜ
íÉãéÉê~íìêÉF=X
lÑ=åÉìêçåÉë=ïÜáÅÜ=êÉëéçåÇ=íç=áåÑä~ãã~íáçå=X
cÉïÉê=~Åíáçå=éçíÉåíá~äë=~äçåÖ=íÜÉëÉ=åÉìêçåÉë=X

EO=ã~êâëF

Eqçí~ä=NR=ã~êâëF



NRM

råáí=S==m~éÉê=MP==póåçéíáÅ=m~éÉê

bpp^v=j^oh=p`ebjb

lìíäáåÉ=pÅÜÉãÉ=cçê=j~êâáåÖ=bëë~ó=nìÉëíáçåë==PI=Q_=~åÇ=Re

pÅáÉåíáÑáÅ=ÅçåíÉåí

^ÄçîÉ=~îÉê~ÖÉ
NP bñÅÉääÉåí
NN dççÇ

bëë~óë=áå=íÜáë=Å~íÉÖçêó=ÇÉãçåëíê~íÉ=~=ëçìåÇ=ìåÇÉêëí~åÇáåÖ=çÑ=íÜÉ=íçéáÅI
Åçåí~áå=~=ëáÖåáÑáÅ~åí=~ãçìåí=çÑ=ã~íÉêá~ä=êÉäÉî~åí=íç=íïç=çê=ãçêÉ=ìåáíë=çÑ
íÜÉ=ëéÉÅáÑáÅ~íáçåI=~åÇ=ëìáí~ÄäÉ=Éñ~ãéäÉë=ïÜÉêÉ=~ééêçéêá~íÉK

^îÉê~ÖÉ
==V päáÖÜíäó=~ÄçîÉ=~îÉê~ÖÉ
==T ^îÉê~ÖÉ
==R päáÖÜíäó=ÄÉäçï=~îÉê~ÖÉ

bëë~óë=áå=íÜáë=Å~íÉÖçêó=Åçåí~áå=Ñ~Åíì~ääó=ÅçêêÉÅí=~åÇ=êÉäÉî~åí=ã~íÉêá~äK
pçãÉ=~êÉ~ë=ëÜçìäÇ=ëÜçï=~=éêçÖêÉëëáçå=Ñêçã=d`pbI=é~êíáÅìä~êäó=áÑ=~=ã~êâ
çÑ=V=áë=~ï~êÇÉÇK

_Éäçï=~îÉê~ÖÉ
==P= pçãÉ=ÅçêêÉÅí=Ñ~Åíë
==N sÉêó=ÑÉï=ÅçêêÉÅí=Ñ~Åíë
==M kç=ÅçêêÉÅí=áåÑçêã~íáçå

bëë~óë=áå=íÜáë=Å~íÉÖçêó=Åçåí~áå=ÑÉï=êÉäÉî~åí=Ñ~ÅíëK==qÜÉ=ã~íÉêá~ä=íÜ~í=Ü~ë
ÄÉÉå=áåÅäìÇÉÇ=Ü~ë=äáííäÉ=ÇÉéíÜ=~åÇ=Ä~êÉäó=êÉ~ÅÜÉë=íÜÉ=ëí~åÇ~êÇ=ÉñéÉÅíÉÇ
~í=d`pbK

p=Z=NP=ã~êâë



NRN

råáí=S==m~éÉê=MP==póåçéíáÅ=m~éÉê

_~ä~åÅÉ

O ^=Ä~ä~åÅÉÇ=Éëë~ó=ÅçîÉêáåÖ=~ää=íÜÉ=ã~áå=~êÉ~ë=çìíäáåÉÇ
pçãÉ=ÇáëÅìëëáçå=çÑ=É~ÅÜ=~êÉ~=ÅçîÉêÉÇ=ïáíÜI=ëìáí~ÄäÉ=Éñ~ãéäÉë=ïÜÉêÉ
~ééäáÅ~ÄäÉ
j~íÉêá~ä=~ää=êÉäÉî~åí=íç=íÜÉ=íçéáÅ
cÉïI=áÑ=~åóI=Éêêçêë

N jçëí=çÑ=íÜÉ=ã~áå=~êÉ~ë=çÑ=íÜÉ=íçéáÅ=ÅçîÉêÉÇI=Äìí=éçëëáÄäó=çåÉ=çê=íïç
ä~ÅâáåÖ
pçãÉ=ÇáëÅìëëáçå=çÑ=É~ÅÜ=çÑ=íÜÉ=~êÉ~ë=ÅÜçëÉå
pçãÉ=áêêÉäÉî~åÅÉI=ÉáíÜÉê=áå=íÜÉ=~êÉ~ë=ÅÜçëÉå=çê=áå=íÜÉ=ã~íÉêá~ä=ïáíÜáå=~å
~êÉ~
pçãÉ=Éêêçêë

M sÉêó=äáãáíÉÇ=~ÅÅçìåíI=éçëëáÄäó=çåäó=çåÉ=~ëéÉÅí=ÅÜçëÉå
j~íÉêá~ä=ãçëíäó=áêêÉäÉî~åí
i~êÖÉ=åìãÄÉê=çÑ=Éêêçêë

_=Z=O=ã~êâë

`çÜÉêÉåÅÉ

O j~íÉêá~ä=äçÖáÅ~ääó=éêÉëÉåíÉÇI=ïáíÜ=äáííäÉ=çê=åç=êÉéÉíáíáçå
bëë~ó=Ü~ë=ÅçÜÉêÉåÅÉI=áÇÉ~ë=~êÉ=ÇÉîÉäçéÉÇ=ïÉääX=Åçåíáåìçìë=éêçëÉ=ìëÉÇ
íÜêçìÖÜçìí
bëë~ó=Ü~ë=~å=áåíêçÇìÅíáçå=~åÇ=~=ÅçåÅäìëáçåI=ëìããáåÖ=ìé=íÜÉ=ã~áå=éçáåíë
qÉÅÜåáÅ~ä=íÉêãë=Ü~îÉ=ÄÉÉå=ìëÉÇ=ÅçêêÉÅíäó
péÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=ëçìåÇ

N j~íÉêá~ä=áë=éêÉëÉåíÉÇ=áå=~å=çêÇÉêäó=ï~ó=~åÇ=ëçãÉ=áÇÉ~ë=ÇÉîÉäçéÉÇ
`çåíáåìçìë=éêçëÉ=ìëÉÇ=íÜêçìÖÜçìí
qÜÉ=áåíêçÇìÅíáçå=~åÇ=ÅçåÅäìëáçå=ã~ó=ÄÉ=éêÉëÉåíI=Äìí=ÄêáÉÑ
qÉÅÜåáÅ~ä=íÉêãë=~êÉ=ìëÉÇ=~åÇ=ÖÉåÉê~ääó=áå=íÜÉ=ÅçêêÉÅí=ÅçåíÉñí
péÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=ÖÉåÉê~ääó=ëçìåÇ

M bëë~ó=ëíóäÉ=åçí=ìëÉÇ
j~íÉêá~ä=áå=åçíÉ=Ñçêã=çê=åìãÄÉêÉÇ=éçáåíë
sÉêó=éççê=ëí~åÇ~êÇ=çÑ=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê

`=Z=O=ã~êâë

qçí~ä=ã~ñ=NR=ã~êâë



NRO

råáí=S==m~éÉê=MP==póåçéíáÅ=m~éÉê

P=EÉëë~óF fåíêçÇìÅíáçå=íç=áåÅäìÇÉ=êÉÑÉêÉåÅÉ=íç=íÜÉ=éÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=ï~íÉê=Ó
Çáéçä~ê=å~íìêÉ=Ó=ï~íÉê=~ë=~=ëçäîÉåí=Ó
pçäîÉåí=éêçéÉêíáÉë=áãéçêí~åí=áå=êçäÉ=çÑ=íê~åëéçêí=Ó=íçÖÉíÜÉê=ïáíÜ=ÅçÜÉëáîÉ
éêçéÉêíáÉë=J

qê~åëéçêí=ãÉÇáìã=áå=~åáã~äë=Ó=ÅçåëíáíìÉåí=çÑ=ÄçÇó=ÑäìáÇë=L=ÄäççÇ=Ó=å~íìêÉ
çÑ=ëìÄëí~åÅÉë=íê~åëéçêíÉÇ=Ó=íê~åëéçêí=çÑ=ÅÉääë=áå=ÄäççÇ=J

qê~åëéçêí=ãÉÇáìã=áå=éä~åíë=Ó=Ñçê=ãáåÉê~ä=áçåë=Ó=Ñçê=éêçÇìÅíë=çÑ
éÜçíçëóåíÜÉëáë=Ó=~ÇÜÉëáîÉ=éêçéÉêíáÉë=áå=íê~åëéçêí=áå=ñóäÉã=J

t~íÉê=~ë=~=ÅÉääìä~ê=ÅçåëíáíìÉåí=Ó=êçäÉ=áå=ãÉí~ÄçäáÅ=êÉ~Åíáçåë=Ó=ÜóÇêçäóëáë
êÉ~Åíáçåë=Ó=ÜóÇê~íáçå=J

oçäÉ=çÑ=ï~íÉê=~ë=~=êÉ~Åí~åí=áå=éÜçíçëóåíÜÉëáë=Ó=ëçìêÅÉ=çÑ=ÜóÇêçÖÉå=áçåë=J

oçäÉ=çÑ=ï~íÉê=áå=ÑÉêíáäáë~íáçå=Ó=íê~åëéçêí=çÑ=Ö~ãÉíÉë=J

oçäÉ=çÑ=ï~íÉê=áå=ëìééçêí=Ó=íìêÖáÇáíó=çÑ=íáëëìÉë=áå=ÜÉêÄ~ÅÉçìë=éä~åíë=Ó
ã~áåíÉå~åÅÉ=çÑ=ëÜ~éÉ=Ó=êÉÑK=íç=ÜóÇêçëí~íáÅ=ëâÉäÉíçåë=J

t~íÉê=~ë=~=äìÄêáÅ~åí=Ó=ëóåçîá~ä=ÑäìáÇ=Ó=íÉ~êë=J

t~íÉê=~ë=~=Åççä~åí=Ó=êÉÑK=íç=äçëë=çÑ=ÜÉ~í=çå=î~éçêáë~íáçå=Ó=ëïÉ~íáåÖ=~åÇ=ÜÉ~í
äçëë=J

t~íÉê=~ë=~=Ü~Äáí~í=Ó=íÜÉêã~ä=éêçéÉêíáÉë=çÑ=ï~íÉê=Ó=êÉÑÉêÉåÅÉ=íç=ÑêÉÉòáåÖ=Ó
ëìêÑ~ÅÉ=íÉåëáçå=J

`êÉÇáí=íç=ÄÉ=ÖáîÉå=áå=çíÜÉê=~êÉ~ë=ïÜÉêÉ=êÉäÉî~åí=J

EpÅáÉåíáÑáÅ=ÅçåíÉåí=NP=ã~êâëF
E_~ä~åÅÉ===O=ã~êâëF

E`çÜÉêÉåÅÉ===O=ã~êâëF

Eqçí~ä=ã~ñ=NR=ã~êâëF



NRP

råáí=S==m~éÉê=MP==póåçéíáÅ=m~éÉê

Q_=EÉëë~óF fåíêçÇìÅíáçå=íç=áåÅäìÇÉ=~=ÇÉÑáåáíáçå=çÑ=~=éáÖãÉåí=Ó=ëçãÉ=êÉÑÉêÉåÅÉ=íç=íÜÉ
ê~åÖÉ=çÑ=éáÖãÉåíë=áå=äáîáåÖ=çêÖ~åáëãë=J

oÉëéáê~íçêó=éáÖãÉåíëW
e~ÉãçÖäçÄáå=Ó=ãóçÖäçÄáå=J=çñóÖÉå=Å~êêá~ÖÉ=J
`óíçÅÜêçãÉë=~åÇ=ÉäÉÅíêçå=íê~åëéçêí=J
`êÉÇáí=êÉÑÉêÉåÅÉë=íç=çíÜÉê=êÉëéáê~íçêó=éáÖãÉåíë=J

sáëì~ä=éáÖãÉåíëW
oÜçÇçéëáå=Ó=çÅÅìêêÉåÅÉ=áå=êçÇë=Ó=îáëáçå=~í=äçï=äáÖÜí=áåíÉåëáíáÉë=J
fçÇçéëáå=Ó=çÅÅìêêÉåÅÉ=áå=ÅçåÉë=Ó=ÅçããÉåí=çå=Åçäçìê=îáëáçå=Ó=êÉÑK=íç=êçäÉ=çÑ
Åçäçìê=îáëáçå=J

mä~åí=éáÖãÉåíëW
`ÜäçêçéÜóääë=~åÇ=éÜçíçëóëíÉãë=Ó=êçäÉë=áå=éÜçíçëóåíÜÉëáë=J
líÜÉê=éÜçíçëóåíÜÉíáÅ=éáÖãÉåíë=Ó=Å~êçíÉåÉë=Ó=ÅêÉÇáí=çíÜÉê=êÉÑÉêÉåÅÉë=J
mÜóíçÅÜêçãÉë=Ó=êçäÉ=áå=ÑäçïÉêáåÖ=Ó=éÜçíçéÉêáçÇáÅ=ÉÑÑÉÅíë=J
oçäÉ=áå=éÜçíçãçêéÜçÖÉåÉëáë=L=éä~åí=ÖêçïíÜ=~åÇ=ÇÉîÉäçéãÉåí=J
cäçïÉê=éáÖãÉåíë=Ó=~åíÜçÅó~åáåë=L=ñ~åíÜçéÜóääë=áå=ÑäçïÉêë=J
oçäÉ=áå=éçääáå~íáçå=Ó=ÑäçïÉê=ã~êâáåÖë=Ó

pâáå=éáÖãÉåíëW
jÉä~åáåë=áå=ëâáå=Ó=ÑìåÅíáçåë=J
oçäÉë=çÑ=éáÖãÉåíë=áå=Å~ãçìÑä~ÖÉ=Ó=ï~êåáåÖ=Ó=ÅçìêíëÜáé=Ó=ãáãáÅêó=Ó

EpÅáÉåíáÑáÅ=ÅçåíÉåí=NP=ã~êâëF
E_~ä~åÅÉ===O=ã~êâëF

E`çÜÉêÉåÅÉ===O=ã~êâëF

Eqçí~ä=ã~ñ=NR=ã~êâëF



NRQ

råáí=S==m~éÉê=MP==póåçéíáÅ=m~éÉê

Re=EÉëë~óF fåíêçÇìÅíáçåW
eìã~åë=~ë=éêáã~íÉë=J=ëçãÉ=ÇáëÅìëëáçå=çÑ=íÜÉ=éä~ÅÉ=çÑ=éêáã~íÉë=áå=íÜÉ
j~ãã~äá~=J

bîáÇÉåÅÉ=Ñçê=ÉîçäìíáçåW
`çãé~ê~íáîÉ=~å~íçãó=J=Ñçëëáäë=J=ÖÉçÅÜêçåçäçÖó=J=áããìåçäçÖáÅ~ä=ëíìÇáÉë=J
ak^=Ä~ëÉ=ëÉèìÉåÅÉë=J

eçãáåçáÇ=ÉîçäìíáçåW
aáîÉêÖÉåÅÉ=çÑ=~éÉë=~åÇ=ÜçãáåáÇë=Ñêçã=~=Åçããçå=~åÅÉëíçê=J=áåÑäìÉåÅÉë=çÑ
Åäáã~íÉ==J==Ü~Äáí~í=J

eçãç=W
j~áå=ÑÉ~íìêÉë=çÑ=íÜÉ=ÖÉåìë=J=ÇáÑÑÉêÉåÅÉë=ÄÉíïÉÉå=ëéÉÅáÉë=J=ÅÜ~åÖÉë=áå=íÜÉ
ëáòÉ=çÑ= ëâÉäÉíçå=J=ëâìää=J=Äê~áå=ÇÉîÉäçéãÉåí=J=ÄáéÉÇ~äáëã=J=Éîçäìíáçå=çÑ=íÜÉ
Ü~åÇ=J

bñéÉÅí=ëçãÉ=ÅçããÉåí=çå=íÜÉ=m~ä~ÉçäáíÜáÅ=~åÇ=íÜÉ=kÉçäáíÜáÅ==J=Ñêçã
åçã~ÇáÅ=íç=ëÉííäÉÇ=ÅçããìåáíáÉë==Ó

EpÅáÉåíáÑáÅ=ÅçåíÉåí=NP=ã~êâëF
E_~ä~åÅÉ===O=ã~êâëF

E`çÜÉêÉåÅÉ===O=ã~êâëF

Eqçí~ä=ã~ñ=NR=ã~êâëF



lêÇÉê=ÅçÇÉW=r^MMSVTV
«=OMMM=babu`bi=cçìåÇ~íáçå
qÜáë=éìÄäáÅ~íáçå=ã~ó=çåäó=ÄÉ=êÉéêçÇìÅÉÇ=áå=~ÅÅçêÇ~åÅÉ=ïáíÜ=bÇÉñÅÉä=ÅçéóêáÖÜí=éçäáÅóK
bÇÉñÅÉä=cçìåÇ~íáçå=áë=~=oÉÖáëíÉêÉÇ=ÅÜ~êáíóK

cçê=ãçêÉ=áåÑçêã~íáçå=çå=bÇÉñÅÉä=èì~äáÑáÅ~íáçåë=éäÉ~ëÉ=Åçåí~Åí=çìê
`ìëíçãÉê=oÉëéçåëÉ=`ÉåíêÉ=çå=MOM=TPVP=QRMM
çê=Éã~áäW=ÉåèìáêáÉë]ÉÇÉñÅÉäKçêÖKìâ
çê=îáëáí=çìê=ïÉÄëáíÉW=ïïïKÉÇÉñÅÉäKçêÖKìâ

mailto:enquires@edexcel.org.uk
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