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grass rabbits fox

1. The diagram shows a food chain in a field.

(a) In the space below, draw and label a pyramid of biomass for this food chain.

(2)

(b) There are plans to build a factory on the field.

(i) What will happen to the number of rabbits and foxes if the factory is built?

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

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

(1)

(ii) Give reasons for your answer.

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

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

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

(2)

(Total 5 marks)
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Leave

blank2. Use a word or phrase from the box to complete each sentence.

The first one has been done for you.

increases decreases stays the same

After injecting with a used needle, the chance of getting hepatitis A ……increases……..

After   taking    an    antibiotic,    the    number    of    disease-causing    microorganisms   in

the  body ………………………………………….

After taking heroin, the amount of pain felt ...............................................................................

For regular smokers, the chance of developing lung cancer .....................................................

When a person is healthy, the number of white blood cells .......................................................

(4)

(Total 4 marks)

TURN OVER FOR QUESTION 3
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3. Two bags, A and B, were used to investigate the effect of sulfur dioxide on the germination

of cress seeds. The mixture of sodium metabisulfite and water released sulfur dioxide gas

slowly in bag A.

(a) Give one reason why the bags were sealed.

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

(1)

(b) What is the purpose of using bag B?

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

(1)

(c) Give two conditions that must be kept the same for each bag in this investigation.

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

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

(2)

Bag A Bag B

seal

polythene bag

cress

seeds

seal

polythene bag

cress

seeds

damp

cotton

wool

sodium

metabisulfite

and water

damp

cotton

wool
water
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Leave

blank(d) The sulfur dioxide passed from the dish with the sodium metabisulfite and water to the

cress seeds.  Tick one box to show the correct method.

diffusion �

osmosis �

evaporation �

transpiration �

(1)

(e) The table shows the result of the investigation.

Bag A Bag B

Number of seeds 20 20

Number of seeds germinated 0 15

(i) What percentage of seeds germinated in bag B?

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

(1)

(ii) What effect did sulfur dioxide have on the germination of cress seeds?

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

(1)

(Total 7 marks)

TURN OVER FOR QUESTION 4
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1 3 5 7 9 11 13 15 17 19 21 23 25 27

36.3

36.4

36.5

36.6

36.7

36.8

36.9

37.0

37.1

37.2

4. For a woman to become pregnant, a sperm must fertilise one of her eggs.  Just before an egg

is released from an ovary, her body temperature rises slightly.

A woman who wanted to become pregnant measured her body temperature each day for 28

days, starting on the first day of her period.

A graph of her body temperature is shown below.

(a) (i) What was the body temperature of the woman on day 19?

................................................................................................................................  °C

(1)

(ii) On which day was an egg released from the woman’s ovary?

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

(1)

(iii) What instrument is used to measure her body temperature?

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

(1)

Body

temperature

in °C

Day
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(b) During the 28 days, the woman’s ovary released two different hormones, hormone H and

progesterone.  The table shows some roles of these hormones.

Hormone H Progesterone

Repairs uterus lining Maintains uterus lining

Develops secondary sexual characteristics Prevents release of eggs

(i) Name hormone H.

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

 (1)

(ii) How does hormone H travel from the ovary to the uterus?

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

(1)

(iii) Give two female secondary sexual characteristics.

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

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

(2)

(iv) Why is it important that progesterone maintains the uterus lining during pregnancy?

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

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

(1)

(Total 8 marks)

TURN OVER FOR QUESTION 5
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1 2 3 4 5 6 7 8 9 10

10

20

30

40

50

60

70

Amount of
substance
produced by
reaction 
in mg

pH of reaction mixture

Pepsin

Amylase

5. Experiments were carried out to investigate the action of two enzymes at different pH

values.  The enzymes were amylase and pepsin (a protease).  All experiments were carried

out at 37 °C for 20 minutes.  The results are shown on the graph below.

(a) How much substance was produced in the pepsin-controlled reaction at pH3?

........................................................................................................................................mg

(1)

(b) At which pH values were 60 mg of substance produced by:

(i) pepsin............................................................................................................................

(1)

(ii) Draw a line on the grid to show what you would expect the result to be with

amlyase at 37 °C for 10 minutes.

(2)

(c) Which substance is produced when:

(i) pepsin acts on protein:

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

(1)

(ii) amylase acts on starch?

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

 (1)

(Total 6 marks)

TURN OVER FOR QUESTION 6
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lung

rib

X...................................

Y....................................

bronchus

1
0
0

1
5
0

2
0
0

2
5
0

3
0
0

3
5
0

4
0
0

4
5
0

5
0
0

5
5
0

6
0
0

6
5
0

7
0
0

7
5
0

8
0
0

6. The diagram shows parts of the human thorax.

(a) Label X and Y.

(2)

(b) People with asthma sometimes have difficulty in breathing.  This happens when the

small air tubes of their lungs become narrow.  This makes it more difficult to get air into

and out of their lungs.

Underline the name for the small air tubes in the lungs.

alveoli bronchioles   capillaries    trachea

(1)

(c) It is possible to find out how asthma affects breathing by using apparatus called a peak

flow meter.  The person blows as hard as possible into the meter as shown in the

diagram below.  If the person has asthma, low readings are obtained.

What is the reading on the peak flow meter?

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

(1)
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100

0

200

300

400

1 2 3 4 5 6 7

Peak
flow
reading

Day

Key Healthy person

Person with asthma

(d) Readings were taken every morning and evening for seven days from a healthy person

and from a person with asthma.  The results are shown on the peak flow chart below.

(i) Use the chart to find the day on which breathing was most difficult for the person

with asthma.

Day ...............................................................................................................................

(1)

(ii) The healthy person’s readings are different from the person’s with asthma.

State two ways in which they are different.

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

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

(2)

(iii) A person blowing into a peak flow meter obtained a reading of 230.

Does this suggest that this person suffers from asthma?

Give a reason for your answer.

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

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

(1)

(e) Drugs used to relieve asthma are called bronchodilators.  Suggest what these drugs do.

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

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

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

(2)

(Total 10 marks)

TURN OVER FOR QUESTION 7



N0000 12

Leave

blank

0 1 2 3 4 5 6

high
light
intensity

low
light
intensity

1
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5

6

Size of
pupil
in mm

7. The graph shows the size of the pupil in a student’s eye in different light intensities.

(a) Use the graph to answer the questions below.

(i) How many readings were taken to produce the data for the graph?

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

(1)

(ii) What was the size of the pupil at a light intensity of 6?

Answer…………mm

(1)

(iii) How does the size of the pupil vary with the light intensity?

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

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

(2)

(b) Use words from the box to complete the passage.

brain iris muscle optic retina

Light is detected by cells in the ……………………………….  An electrical impulse is

then sent to the ………………………………. along the ……………………………….

nerve.  Another impulse is then sent to the ………………………………. tissue of the

……………………………….

(5)

(Total 9 marks)
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Bb Bb

Mother Father

bb Bb BB bb

Sarah
(blue eyes)

Gary Lucy Daniel Rachel Baby M

Key: Male, Female

8. The diagram below shows the inheritance of eye colour in a family  The allele for brown

eyes is dominant (B) and the allele for blue eyes is recessive (b).

(a) Which of the following statements is true?

A Lucy and Daniel both have blue eyes

B Lucy and Daniel have different coloured eyes

C Lucy and Daniel have the same coloured eyes

D All the males in the family have brown eyes

Write the correct answer (A, B, C or D) in the box.

(1)

(b) (i) What is the sex and eye colour of baby M?

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

(2)

(ii) How was the sex of baby M determined at fertilisation?

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

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

(2)

(c) In the family shown, Rachel has an identical twin.  Rachel has brown eyes.

(i) Who is Rachel’s identical twin?...................................................................................

(1)

(ii) Explain how you decided on your answer.

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

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

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

(2)

(Total 8 marks)
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blank9. The passage below is about Charles Darwin.

(a) (i) What is meant by the phrase “the adult population tends to remain stable from

generation to generation”?

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

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

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

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

(2)

(ii) Suggest why fish lay thousands of eggs rather than just a few.

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

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

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

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

(2)

(iii) What can cause “small variations between individuals of a species”?

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

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

(1)

Who Inspired Darwin?

Thomas Malthus lived in the early 19th
 century.  He wrote ‘An Essay on

the Principle of Population.’  In this essay he pointed out that human

beings produce far more offspring than ever survive.  However, the adult

population tends to remain stable from generation to generation.

Darwin realised that this idea applies to other animals.  For example, one

fish, which lays thousands of eggs in a year, would over-populate an area

with its offspring if they all survived.

The work of Malthus helped Darwin to develop his own ideas of how a

species changes.  He produced his theory of natural selection.  Darwin

realised that there must be a reason why some offspring survived but

others did not.  He suggested that small variations between individuals of a

species might give certain individuals a better chance of survival.  For

example, those organisms with characteristics that made them better at

escaping from predators or finding food would have a better chance of

survival.
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(iv) What is meant by the phrase natural selection?

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

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

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

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

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

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

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

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

(4)

(b) Here are four statements about evolution.  Tick the box beside the statement that is

false.

The theory of evolution was developed by Darwin �

DNA is the genetic material that transfers

information from generation to generation
�

Acquired characteristics cannot be passed on from

parent to offspring
�

Nature plays an important part in artificial selection �

(1)

(c) Suggest two ways that scientists can let other groups of scientists know about their ideas.

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

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

(2)

(Total 12 marks)

TURN OVER FOR QUESTION 10
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head

lungs

heart

liver

intestines

kidneys

legs

A

B

C

D

E

F

GH

I

J

K

L

M

N

10. The diagram shows a plan of the circulatory system.  The blood vessels are labelled with

letters.
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Use the letters on the diagram to complete the sentences in the table.

The first one has been done for you.

Sentence Letter

The blood vessel named the aorta is C

The blood vessel containing blood pumped from the right ventricle is

The blood vessel carrying blood with least carbon dioxide is

The blood vessel carrying blood with most amino acids after a meal is

The blood vessel containing blood at lowest pressure is

The first blood vessel to transport inhaled solvents is

(5)

(Total 5 marks)

TURN OVER FOR QUESTION 11
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 11. This apparatus was used to measure the effect of temperature on the respiration rate of

mealworms.

(a) (i) Name the gas absorbed by sodium hydroxide solution.

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

(1)

(ii) Show on the diagram the direction of movement of the water drop.

(1)

(iii) Give one difference between the apparatus shown and a suitable control apparatus.

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

(1)

syringe

mealworms

sodium hydroxide

solution

water

water drop

glass tube

thermometer
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Temperature in °C
10 20 30 40 50

0.5

1

1.5

2

2.5

3
Rate of respiration

in cm  per hour
3

0

3.5

4

4.5

(b) The rate of respiration was measured at intervals from 20 °C
 
to 50 °C.  The graph shows

the results of the investigation.

(i) Explain the results shown on the graph.

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

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

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

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

(2)

(ii) What was the rate of respiration at 37 °C?

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

(1)

(iii) Suggest what would happen if temperatures above 50 °C were used.

Give a reason for your answer.

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

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

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

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

(2)

(Total 8 marks)
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blank12. Algae are microscopic plants often found in water.  They produce food by photosynthesis.

Researchers plan to grow large numbers of algae to help solve the world’s energy crisis.

(a) Write a letter suggesting what the researchers could do in order to grow large numbers of

the algae.

Dear Researchers,

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

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

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

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

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

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

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

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

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

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

(5)

(b) The algae can be used to make petrol.  This would reduce the need to obtain fuel by

destroying the world’s forests.

Suggest three advantages of reducing the destruction of the world’s forests.

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

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

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

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

3 ...........................................................................................................................................

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

(3)

(Total 8 marks)

TOTAL MARK 90

END
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2

3

4

5

6

7

THE PERIODIC TABLE
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blank1. (a) Use the periodic table to give:

(i) the symbol for an atom of sulfur; .................................................................................

(1)

(ii) an element in the same group as sodium;.....................................................................

(1)

(iii) an element in group 2; ..................................................................................................

(1)

(iv) an element in group 6; ..................................................................................................

(1)

(v) the atomic number of neon;..........................................................................................

(1)

(vi) an element in period 2. .................................................................................................

(1)

(b) Elements in the periodic table are classified as metals or non-metals.

Give the names of two non-metallic elements.

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

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

(2)

(Total 8 marks)

TURN OVER FOR QUESTION 2
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2. (a) Circle the correct formula for each of the following gases.

water vapour HO H2O HO2

nitrogen N N2 N3

carbon monoxide CO C2O CO2

(3)

 (b) Millions of years ago, the atmosphere contained:

carbon dioxide carbon monoxide hydrogen

nitrogen water vapour

(i) What originally produced these gases?

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

(1)

(ii) The amounts of these gases have changed over millions of years.

State two of these gases which have decreased.

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

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

(2)

(iii) Name the gas, not on the list, which now makes up about 20% of the atmosphere.

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

(1)

(c) Describe a test for carbon dioxide.

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

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

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

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

(2)

(d) Photosynthesis changes the amount of oxygen and carbon dioxide in the atmosphere.

How does photosynthesis change the amount of:

(i) oxygen; .........................................................................................................................

(1)

(ii) carbon dioxide? ............................................................................................................

(1)

(Total 11 marks)
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Leave

blank3. A small piece of sodium is dropped into a large beaker of water.

It reacts to form sodium hydroxide solution and a gas.

(a) Describe three things you would see in this experiment.

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

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

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

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

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

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

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

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

(4)

(b) Give the name of the gas formed by this reaction.

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

(1)

(c) Sodium hydroxide solution has a pH of 14.

Complete the sentence using a word from the box.

acidic alkaline neutral

Sodium hydroxide solution is .............................................................................................

(1)

(d) The reaction between sodium and water is exothermic.

How would the temperature of the water change during the reaction?

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

(1)

(Total 7 marks)

TURN OVER FOR QUESTION 4
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4. (a) The pie chart shows some of the main uses of copper.

(i) Complete the pie chart to show the percentage of copper used in electrical wiring.

(1)

(ii) What property of copper makes it suitable for use in electrical wiring?

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

(1)

(iii) What property of copper makes it suitable for use in water pipes?

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

(1)

coins (5%)

electrical

wiring

(………… %)

industrial

machinery (20%)

plumbing

and roofing (20%)
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Leave

blank(b) Copper can be made by reduction of copper oxide.

In this process copper oxide is heated strongly with another substance.

(i) Complete the word equation for the process.

copper carbon

oxide + …………………………... copper + dioxide

(1)

(ii) Write the chemical formula, with state symbol, for carbon dioxide gas.

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

(2)

(iii) What is meant by reduction?

A addition of oxygen to a compound

B conversion of a compound into its elements

C heating a compound strongly

D removal of oxygen from a compound

Write the correct answer (A, B, C or D) in the space provided.

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

(1)

(Total 7 marks)

TURN OVER FOR QUESTION 5
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CH C H

H

H H

H

C

H

H

5. The table gives information about four hydrocarbons.

Name of

hydrocarbon

Number of carbon

atoms in one molecule

Boiling point

(°°°°C)

ethane 2 -90

propane 3 -40

butane 4 0

hexane 6 +70

(a) (i) Which element, other than carbon, is present in hydrocarbons?

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

(1)

(ii) Which of these hydrocarbons has the lowest boiling point?

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

(1)

(iii) Which of these hydrocarbons has the biggest molecules?

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

(1)

(iv) Which of these hydrocarbons has molecules with the structure                             ?

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

(1)
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blank(b) (i) Use the information in the table opposite to draw a graph on the grid.

(3)

(ii) Pentane is a hydrocarbon with five carbon atoms in each molecule.

Use your graph to estimate the boiling point of pentane.

....................................  °C

(1)

(c) Some of these hydrocarbons are present in petroleum gas which is obtained from crude

oil.

(i) Name the process used to separate petroleum gas from crude oil.

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

(2)

(ii) Name two other fuels obtained from crude oil by this process.

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

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

(2)

(d) Ethane gas burns in air.

Complete the word equation for this reaction.

carbon
ethane + ……………………... dioxide + ………………………

(2)

(Total 14 marks)

Boiling point

in °C

-100

-80

-60

-40

-20

0

20

40

60

80

100

1 2 3 4 5 6

Number of carbon atoms

in one molecule
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Key

particle A

particle B

particle C

6. (a) The diagram shows the arrangement of particles in an atom of the element lithium.

(i) Identify the particles A, B and C.

Particle A ......................................................................................................................

Particle B ......................................................................................................................

Particle C ..........................................................................................................................

(3)

(ii) What is the mass number of the atom in the diagram?

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

 (1)

(iii) Use the diagram to explain why this element is in group 1 of the periodic table.

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

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

(1)

(b) Another element in group 1 is sodium.

Sodium reacts with chlorine (Cl2) to form sodium chloride (NaCl).

Write a balanced equation for this reaction.

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

(2)

(Total 7 marks)

TURN OVER FOR QUESTION 7
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7. (a) Use the periodic table provided to give the electronic structure of a chlorine atom and a

chloride ion.

chlorine atom chloride ion

(4)

(b) Sodium chloride is an ionic compound containing sodium ions and chloride ions.

Explain why ionic compounds have high melting points.

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

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

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

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

(2)
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.........................................

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

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

(c) When aqueous sodium chloride is electrolysed, hydrogen and chlorine gases are

produced.

Label this diagram which shows the apparatus used to electrolyse aqueous sodium

chloride.

(3)

(d) Describe a test for each of the gases formed.

Test for hydrogen ................................................................................................................

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

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

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

Test for chlorine...................................................................................................................

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

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

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

(4)

(e) In the industrial electrolysis of concentrated sodium chloride solution, three products are

formed. Hydrogen and chlorine are two of the products.

Name the other product.

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

(1)

(Total 14 marks)
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blank8. The passage below is about the extraction of aluminium.

Aluminium is the most common metallic element in the Earth’s crust.

In 1886, an inexpensive process for obtaining aluminium from its ores

was invented by Charles Hall in the USA.

As a 22 year old college student, Hall had become interested in the

problem of producing aluminium.  At that time, despite the abundance

of aluminium compounds in nature, metallic aluminium was selling

for about the same price as silver.

Hall reasoned that aluminium oxide would be a good starting material

from which to make aluminium.  Some years later he said, ‘The idea

formed itself in my mind that if I could get a solution of aluminium

oxide in something which contained no water, this would probably

give a liquid from which aluminium could be obtained by

electrolysis’.

Working with home-made equipment, Hall made his first tiny

globules of aluminium in a woodshed behind his parents’ house.

Within five years, the price of the metal had dropped to about a tenth

of its former price.

(a) Suggest why silver is still expensive.

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

 (1)

(b) Hall’s first reaction in February 1886 was done on a very small scale.

Give one piece of evidence from the passage to support this.

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

(1)

(c) Large amounts of heat energy are taken in during the production of aluminium.

What word is used to describe this energy transfer?

A decomposition

B electrolysis

C endothermic

D exothermic

Write the correct answer (A, B, C or D) in the space provided.

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

(1)
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(d) Explain, using the passage and your knowledge of the reactivity series, why aluminium

has only been used on a large scale since about 1890.

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

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

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

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

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

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

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

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

(4)

(Total 7 marks)

TURN OVER FOR QUESTION 9
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9. Magnesium ribbon reacts with hydrochloric acid to produce hydrogen.

A student used an excess of hydrochloric acid in the apparatus below to investigate this

reaction.

His results are shown on the graph.

(a) What volume of gas was in the syringe at the end of the reaction?

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

(1)

rubber 
tubing

excess hydrochloric acid

magnesium

gas syringe

0 1 2 3 4 5 6

0

10

20

30

40

Time in minutes

Volume

 in  cm
3
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blank(b) State how the rate of reaction changes during the first four minutes and explain the

change.

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

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

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

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

(2)

(c) The experiment was repeated using the same quantities of reagents but with the acid at a

higher temperature.

Draw on the graph the line that should be obtained at this temperature.

(2)

(d) Some power stations burn coal in the production of electricity.  The coal is ground to a

fine powder before being burned in the furnace.

Use your knowledge of rates of reaction to suggest why the coal is ground to a fine

powder rather than used in large lumps.

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

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

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

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

(2)

(Total 7 marks)

TURN OVER FOR QUESTION 10
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10. Ammonia is made using the Haber process.

(a) The equation for the reversible reaction is:

N2(g) + 3H2(g) 2NH3(g)

What is the source of the nitrogen used in the Haber process?

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

(1)

(b) The hydrogen used in the Haber process is obtained by heating methane with steam:

CH4(g) + H2O(g) 3H2(g) + CO(g)

What is the source of the methane gas for this reaction?

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

(1)

(c) (i) Most of the ammonia produced is reacted with acids to form fertilisers.

Write a balanced equation for the reaction of ammonia with nitric acid.

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

(3)

(ii) Why do most farmers add fertilisers to their crops?

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

(1)

(iii) Excess fertiliser is washed off fields into rivers.

State two consequences of this.

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

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

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

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

(2)

(Total 8 marks)

TOTAL MARKS 90
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blank1. The table shows some data about the planets of the Sun.

Planet Distance

from Sun

(millions

of km)

Average

surface

temperature

(°°°°C)

Density

(kg/m3)

Surface

gravity

(N/kg)

Time of

orbit

(years)

Venus 108 470 5200 9 0.6

Earth 150 15 5500 10 1.0

Mars 228 -30 4000 5 1.9

Jupiter 778 -150 1300 26 12

Saturn 1427 -180 700 11 30

Pluto 5900 -230 500 4 248

Use information from the table to answer the following questions.

(a) Which planet takes the longest time to go round the Sun?

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

(1)

(b) Use words from the box to complete the paragraph.

  decreases Earth heat increases light Pluto

The planet …………………………….. has the lowest surface temperature.  This is

because less ……………………………..energy arrives at the surface of a planet as the

distance from the Sun ……………………………… (3)

(c) Pluto is mainly gas.

How can we tell this from the table?

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

(1)

(d) (i) What information suggests that Jupiter has the largest mass?

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

(1)

(ii) On which planet would you have the least weight?

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

(1)

(Total 7 marks)
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2. (a) The table shows the power rating and operating current for a number of household

electrical appliances.

Appliance Power

(watt)

Current

(ampere)

cooker 6000 25.0

iron 960 4.0

food mixer 480 2.0

television 180 0.75

table lamp 60 0.25

(i) Which appliance costs most to run for an hour?

Give a reason for your answer.

Appliance......................................................................................................................

Reason ..........................................................................................................................

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

(2)

(ii) Each of the appliances listed uses 240 volts.

Explain why the cooker has the smallest resistance of these appliances.

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

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

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

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

(2)
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blank(iii) A cooker is always on a separate circuit with a thick cable.

Tick the two boxes to show the reasons for this.

Thick cables have a lower resistance.

Thick cables are easy to insulate.

Thick cables melt at a higher temperature.

Thick cables produce less heat.

(2)

(b) Electrical lighting in a house uses parallel circuits instead of series circuits.

State two reasons why parallel circuits are used for domestic lighting circuits.

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

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

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

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

(2)

(Total 8 marks)

TURN OVER FOR QUESTION 3
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3. (a) Complete the table below to describe how friction is used in the situation described.

As an example, the first line has been completed for you.

Situation Part played by friction

A person walking
along a footpath

The frictional force between the soles of the shoe and the
ground allows the foot to push back on the ground and the
person to move forward

A car travelling
along a road. …………………………………………………………………….

…………………………………………………………………….

…………………………………………………………………….

…………………………………………………………………….

Rubbing your
hands together on
a cold day

…………………………………………………………………….

…………………………………………………………………….

…………………………………………………………………….

…………………………………………………………………….

(5)

(b) The diagram shows a book resting on a table.

Add arrows to the diagram to show the forces that are acting on the book.

Label the arrows with the names of the forces.

(4)

(Total 9 marks)
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blank4. (a) Use words from the box to complete the passage below.

 attract electrons  electrostatic friction protons repel

When Jacquie takes off her woollen jumper she hears a crackling

sound and sees small flashes of light.  It is thought that the

.….….….….….….….….….…. between her jumper and blouse is

producing .….….….….….….….….….…. charges.  The jumper

becomes positively charged because .….….….….….….….….….….

are being removed from it.  Because the jumper and blouse have

opposite charges they .….….….….….….….….….…. each other and

this makes it difficult for the jumper to be removed.

(4)

QUESTION 4 CONTINUES ON NEXT PAGE
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waste gases with fewer
dust particles

positively charged
fine wire grid

metal plates
connected to earth

to earth

waste gases with dust particles
from the furnace

chimney wall

positively charged
dust particle

(b) The diagram shows the inside of a simple electrostatic precipitator.  This is a device for

removing dust  from  the  waste  gases  in  chimneys  of  factories and power stations.

As the dust particles move up past the fine wire grid they gain a positive charge.

(i) Show, with an arrow, the direction of movement of the positively charged particles

between the grid and the earth plate.

(1)
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blank(ii) Explain why the positively charged particles move in the direction you have shown.

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

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

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

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

(2)

(iii) From time to time the earthed metal plates are hit with a hammer.

Suggest a reason for this.

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

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

(1)

(Total 8 marks)

TURN OVER FOR QUESTION 5
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blank5. The mattress of a bed contains springs. The diagrams show the change that takes place when

a person lies on the bed.

(a) (i) How do the springs change when a person lies on the bed?

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

(1)

(ii) Circle the spring that has the greatest force on it.

(1)

(iii) How can you tell that this spring has the greatest force acting on it?

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

(1)

(b) A manufacturer makes a mattress that sags less in the middle when a person lies on it.

Suggest two ways of doing this.

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

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

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

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

(2)
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blank(c) One force acting on the person is the upward push of the springs.

(i) Another force acts on the person.

Draw an arrow on the diagram to show the direction of this force.

(1)

(ii) Use words from the box to complete the sentence.

 downward            Earth           mattress          upward

The other force on the person is the .........................…………. pull of the

.........................…………. .

(2)

(Total 8 marks)

TURN OVER FOR QUESTION 6



N0000 50

Leave

blank

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

5 10 15 200

Wind speed in km/h

Power generated
in watts

6. (a) A wind powered generator is used to produce electrical power when the wind is

blowing.  The table shows the electrical power generated by the wind for different wind

speeds.

Power generated

(watts)

0 0 140 900 1100 1160 1160

Wind speed

(km/h)

0 2 5 10 12 15 20

(i) On the axes below draw a graph to show how the power generated changes with

wind speed.

(3)
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blank(ii) What is the lowest wind speed needed to generate power?

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

(1)

(iii) What is the maximum power generated by the wind?

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

(1)

(iv) Explain one disadvantage of using only a wind generator as the source of electrical

power.

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

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

(1)

(b) Complete the sentence to show the energy transfer taking place in the wind powered

generator.

………………………… energy is transferred to ………………………… energy.

(2)

(Total 8 marks)

TURN OVER FOR QUESTION 7
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7. (a) The main heat energy losses from a house are shown in the diagram.

(i) Complete the diagram to show the percentage heat energy loss through the walls.

(1)

(ii) Complete the table below to show how the heat energy loss from each part of the

house can be reduced. The first one has been done for you.

Part of the house  Method used for reducing heat energy loss

roof glass-fibre insulation in the loft

walls ………………………………………………………………..

………………………………………………………………..

floor ………………………………………………………………..

………………………………………………………………..

(2)

walls

roof (5%)

(………… %)

window (10%)

doors (10%)

draughts (10%)
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blank (b) Double glazing is used to reduce the heat energy loss from houses through the windows.

The table compares the heat loss for ordinary windows and for double glazed windows.

Type of window Heat energy passing through

(joules per second)

ordinary window 224

double-glazed window 116

The size of the windows and the temperature inside and outside the house are the same

in each case.

(i) How many joules per second does using double glazing save?

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

(1)

(ii) How much energy would pass through an ordinary window in one hour?

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

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

...........................................................................................................................  joules

(3)

(c) A double glazing salesman claims that by replacing ordinary windows with double

glazed windows, the heating bills of a house will be halved.

Use the information given earlier to show whether this claim is true or not.

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

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

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

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

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

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

(3)

(Total 10 marks)

TURN OVER FOR QUESTION 8



N0000 54

Leave

blank
8. Radon is a radioactive gas.  It escapes from underground rocks and causes a large part of the

natural background radiation in the United Kingdom.

(a) Radon-220  ( Rn
220

86
) is an isotope of radon.

(i) How many protons are there in a nucleus of radon-220?

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

(1)

(ii) How many neutrons are there in a nucleus of radon-220?

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

(1)

(iii) Explain what is meant by the statement: “This element has three isotopes”.

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

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

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

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

(2)
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blank(b) • Radon-220 has a short half-life and emits α-particles.

• Alpha particles are easily stopped by material and only travel a short distance in

              air.

• Radon gas is thought to produce harmful effects.

When home owners, in areas where radon gas is produced, were told of the risks, very

few took notice.

(i) Explain why the presence of radon gas in buildings is a health hazard.

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

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

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

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

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

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

(3)

(ii) Discuss why, you think, so few people took any action to reduce the risks due to

radon gas.

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

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

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

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

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

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

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

(4)

(Total 11 marks)

TURN OVER FOR QUESTION 9
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ultrasound
pulse

reflection

receivertransmitter

9. Ultrasound can be used by fishing vessels to find the depth of the sea or to locate shoals of

fish. The diagram shows the transmission and reflection of ultra-sound from a fishing vessel.

(a) What is ultrasound?

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

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

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

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

(2)
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blank(b) The speed of ultrasound in water is 1500 m/s.

(i) The frequency of the ultrasound used for depth finding is 50 000 Hz.

Calculate the wavelength of the ultrasound.

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

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

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

(4)

(ii) On the diagram the depth of the sea is 1200 m.

Calculate the time it would take for the ultrasound wave to travel from the

transmitter to the sea-bed and back to the receiver.

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

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

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

(4)

 (c) Waves with small wavelengths spread out (diffract) less than those with long

wavelengths. Use this information to suggest why ultrasound is much better than

ordinary sound for finding the depth of the sea.

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

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

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

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

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

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

(3)

(Total 13 marks)

TURN OVER FOR QUESTION 10
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A

B

10. (a) The diagram shows the passage of light beam A travelling down an optical fibre.

(i) State the name of the process that takes place as the light A beam travels down the

optical fibre.

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

(1)

(ii) Complete the diagram to show the passage of the light beam B down the same

optical fibre.

(1)

(iii) Suggest why beam B will take slightly longer to travel down the fibre than beam A.

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

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

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

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

(2)
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(b) Optical fibres are used to carry information.  The information is carried by the light

beam in the form of a digital signal.

(i) Draw a diagram to show what is meant by a digital signal.

(1)

(ii) The signal from a microphone is an analogue signal.  How does an analogue signal

differ from a digital signal?

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

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

(1)

(c) When signals are sent through optical fibres they lose energy.

(i) State what happens to the brightness of the light beam as it loses energy.

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

(1)

(ii) State one disadvantage of losing energy as the light beam travels through the

optical fibre.

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

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

(1)

(Total 8 marks)

TOTAL MARK 90
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Bb Bb

Mother Father

bb Bb BB bb

Sarah
(blue eyes)

Gary Lucy Daniel Rachel Baby M

Key: Male, Female

1. The diagram below shows the inheritance of eye colour in a family  The allele for brown

eyes is dominant (B) and the allele for blue eyes is recessive (b).

(a) Which of the following statements is true?

A Lucy and Daniel both have blue eyes

B Lucy and Daniel have different coloured eyes

C Lucy and Daniel have the same coloured eyes

D All the males in the family have brown eyes

Write the correct answer (A, B, C or D) in the box.

(1)

(b) (i) What is the sex and eye colour of baby M?

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

(2)

(ii) How was the sex of baby M determined at fertilisation?

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

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

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

(2)

(c) Daniel’s genotype is BB.

What is Sarah’s genotype?

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

(1)
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(d) In the family shown, Rachel has an identical twin.  Rachel has brown eyes.

(i) Who is Rachel’s identical twin?...................................................................................

(1)

(ii) Explain how you decided on your answer.

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

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

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

(2)

(Total 9 marks)

TURN OVER FOR QUESTION 2
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Leave

blank2. The passage below is about Charles Darwin.

(a) (i) What is meant by the phrase “the adult population tends to remain stable from

generation to generation”?

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

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

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

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

(2)

(ii) Suggest why fish lay thousands of eggs rather than just a few.

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

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

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

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

(2)

(iii) What can cause “small variations between individuals of a species”?

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

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

(1)

Who Inspired Darwin?

Thomas Malthus lived in the early 19th
 century.  He wrote ‘An Essay on

the Principle of Population.’  In this essay he pointed out that human

beings produce far more offspring than ever survive.  However, the adult

population tends to remain stable from generation to generation.

Darwin realised that this idea applies to other animals.  For example, one

fish, which lays thousands of eggs in a year, would over-populate an area

with its offspring if they all survived.

The work of Malthus helped Darwin to develop his own ideas of how a

species changes.  He produced his theory of natural selection.  Darwin

realised that there must be a reason why some offspring survived but

others did not.  He suggested that small variations between individuals of a

species might give certain individuals a better chance of survival.  For

example, those organisms with characteristics that made them better at

escaping from predators or finding food would have a better chance of

survival.
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(iv) What is meant by the phrase natural selection?

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

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

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

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

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

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

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

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

(4)

(b) Here are four statements about evolution.  Tick the box beside the statement that is

false.

The theory of evolution was developed by Darwin �

DNA is the genetic material that transfers

information from generation to generation
�

Acquired characteristics cannot be passed on from

parent to offspring
�

Nature plays an important part in artificial selection �

(1)

(c) Suggest two ways that scientists can let other groups of scientists know about their

ideas.

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

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

(2)

(Total 12 marks)

TURN OVER FOR QUESTION 3
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blank

head

lungs

heart

liver

intestines

kidneys

legs

A

B

C

D

E

F

GH

I

J

K

L

M

N

3. The diagram shows a plan of the circulatory system.  The blood vessels are labelled with

letters.
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Use the letters on the diagram to complete the sentences in the table.

The first one has been done for you.

Sentence Letter

The blood vessel named the aorta is C

The blood vessel containing blood pumped from the right ventricle is

The blood vessel carrying blood with least carbon dioxide is

The blood vessel carrying blood with most amino acids after a meal is

The blood vessel containing blood at lowest pressure is

The first blood vessel to transport inhaled solvents is

(5)

(Total 5 marks)

TURN OVER FOR QUESTION 4
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Leave

blank 4. This apparatus was used to measure the effect of temperature on the respiration rate of

mealworms.

(a) (i) Name the gas absorbed by sodium hydroxide solution.

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

(1)

(ii) Show on the diagram the direction of movement of the water drop.

(1)

(iii) Give one difference between the apparatus shown and a suitable control apparatus.

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

(1)

syringe

mealworms

sodium hydroxide

solution

water

water drop

glass tube

thermometer
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Temperature in °C
10 20 30 40 50

0.5

1

1.5

2

2.5

3
Rate of respiration

in cm  per hour
3

0

3.5

4

4.5

(b) The rate of respiration was measured at intervals from 20 °C
 
to 50 °C.  The graph shows

the results of the investigation.

(i) Explain the results shown on the graph.

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

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

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

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

(2)

(ii) Suggest what would happen if temperatures above 50 °C were used.

Give a reason for your answer.

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

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

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

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

(2)

(Total 7 marks)

TURN OVER FOR QUESTION 5
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blank5. Algae are microscopic plants often found in water.  They produce food by photosynthesis.

Researchers plan to grow large numbers of algae to help solve the world’s energy crisis.

(a) Write a letter suggesting what the researchers could do in order to grow large numbers

of the algae.

Dear Researchers,

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

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

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

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

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

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

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

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

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

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

(5)

(b) The algae can be used to make petrol.  This would reduce the need to obtain fuel by

destroying the world’s forests.

Suggest three advantages of reducing the destruction of the world’s forests.

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

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

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

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

3 ...........................................................................................................................................

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

(3)

(Total 8 marks)
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blank6. Read the passage and answer the questions that follow.

Young people who go clubbing lose a lot of water as sweat while they dance.

This makes them very thirsty, so they drink a lot of water.  Some of them also

take tablets called Ecstasy.  Ecstasy stimulates release of the hormone ADH.

Young people who dance a lot and take Ecstasy have very dilute blood plasma.

When blood passes through the brain, the brain cells swell and press against the

inside of the skull.  The pressure on the brain cells causes damage, which can be

fatal.

(a) Explain why it is important that young people sweat when dancing.

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

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

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

(2)

(b)  (i) Name the organ that releases ADH.

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

(1)

(ii) Which organ does ADH target?

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

(1)

(iii) How does ADH travel from where it is released to the organ it targets?

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

(1)

(c) Explain why young people who dance a lot and take Ecstasy have very dilute blood

plasma.

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

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

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

(2)

(d) Explain why brain cells swell when the blood plasma is very dilute.

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

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

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

(2)

(Total 9 marks)
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blank

nitrogen 
in the air

plant protein

animal protein

dead plants and animals
ammonium
compounds

nirates 
in soil

7. The diagram shows the nitrogen cycle.

Four types of  bacteria take part in the nitrogen cycle.

A – decomposing

B – denitrifying

C – nitrogen fixing

D – nitrifying

(a) Write one letter in each empty box on the nitrogen cycle to show where these bacteria

are involved.

(4)

(b) Complete the following passage.

When plants are eaten by animals, the large insoluble molecules of plant protein are

………………………………. into small soluble molecules called

……………………………….

This process is catalyzed by  ………………………………. released from the

……………………………….

The small soluble molecules are ………………………………. into the blood and used

to make animal protein.

(5)

(Total 9 marks)
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blank8. DNA is a double helix with each strand linked by a series of paired bases.  There are four

bases in DNA.

(a) The table shows the percentage of each base found in a sample of DNA taken from a rat.

Complete the table to give the names of the two missing bases.

Percentage of base Name of base

28.6 Adenine

21.4 Guanine

28.6

21.4

(2)

(b) A DNA molecule contains 1000 base pairs.  30% of the bases are guanine.

How many adenine bases are contained in this DNA molecule?  Show your working.

Answer ..................................

(3)

(Total 5 marks)

TURN OVER FOR QUESTION 9
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Leave

blank9. The diagram shows a food web with organisms of types A, B, C, D, and E.

Numbers on arrows show the energy available to these organisms in kJ per m
2 

per year.

Numbers in brackets show the energy that becomes part of the biomass of the organisms in

kJ per m
2
 per year.

The energy efficiency of an organism is a measure of how much of the energy

available to the organism becomes part of its biomass.

The equation below shows how to calculate energy efficiency.

100
availableenergy

biomassofpartbecomethatenergy
efficiencyEnergy ×= %

(a) Calculate the energy efficiency of organism B.

Put your answer in the table below.

Organism Energy efficiency (%)

A 25.0

B

C 15.7

D 1.3

(1)

A   (200)

C   (69 800)

E

B   (2000) D   (800)

800

100 000 444 000 60 000
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blank(b) Suggest two reasons why organism D has a low energy efficiency.

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

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

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

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

(2)

(Total 3 marks)

TURN OVER FOR QUESTION 10
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Leave

blank10. PKU (phenylketonuria) is an inherited disease.  The allele (n) for the disease is recessive to

the normal allele (N).

The diagram shows how PKU was inherited in a family.

(a) Give the genotype of each individual in the table below.

Individual Genotype

B

J

(2)

(b) How many of the children of A and B are homozygous?

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

(1)

(c) If G and H have a child, what is the probability that it will have PKU?

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

(1)

(d) C and D have four children, all of whom are female.  What is the probability that their

next child will be female?

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

(1)

(Total 5 marks)

Key

= Female(unaffected)

= Male (unaffected)

= Female carrier

= Male carrier

= Female with PKU

= Male with PKU

A B

C D E F G H

I J K L
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blank11. The diagram shows part of a finger and a reflex arc.

(a) (i) Name the type of neurone labelled B in the diagram.

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

(1)

(ii) Describe how nerve impulses are passed from neurone A to neurone B.

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

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

(2)

(b) The words below are used to describe the pathway which involves nerve impulses

during a reflex action.

effector neurones receptor response stimulus

Complete the pathway using these words.

(3)

(Total 6 marks)

TURN OVER FOR QUESTION 12

stimulus

neurone B

neurone A

neurone C

spinal cord

pin
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A B

C D

E F

12. The diagrams A, B, C, D, E and F show an animal cell at different stages of mitosis.
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blank(a) Use the letter by each diagram to arrange these stages in the correct order.  Write your

answers in the table.  The first and last stages have been done for you.  Write one letter

only in each box.

Stage in mitosis Label letter

First stage C

Second stage

Third stage

Fourth stage

Fifth stage

Sixth stage D

(3)

(b) What is the diploid chromosome number of this cell?

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

(1)

(c) Give two ways in which meiosis differs from mitosis.

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

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

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

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

(2)

(Total 6 marks)

TURN OVER FOR QUESTION 13



N0000 80

Leave

blank13. How does air pollution affect the environment?

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

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

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

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

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

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

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

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

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

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

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

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

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

(6)

(Total 6 marks)

TOTAL MARK 90

END
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Li

Na

Be

Mg
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Rb
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Fr

Sr
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Ra

Sc Ti

Y Zr

La

Ac

Hf

V

Nb

Ta W

Mo

Cr Mn Fe Co

Tc

Re Os

RhRu

Ir

Ni Cu Zn

Pd Ag Cd

Pt Au Hg

B C N O F Ne

Al Si P S Cl Ar

Ga Ge As Se Br Kr

In Sn Sb Te I Xe
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H
Hydrogen

1

1

3

7

Lithium

4

11 12
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23 24
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Berylium
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Lanthanum
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Ruthenium
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Cobalt Nickel Copper

SilverPalladium

Platinum Gold Mercury Thallium

Cadmium
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Boron Carbon

Aluminium

Gallium

Indium

Lead

Tin Antimony

Bismuth

Silicon Phosphorus

Arsenic

Nitrogen Oxygen Fluorine

ChlorineSulfur

SeleniumGermanium Bromine

Argon

Neon

Krypton

Tellurium Iodine Xenon

Polonium Astatine Radon

5 6 7 8 9 10

11 12 14 16 19 20

13 14 15 16 17 18

27 28 31 32 35.5 40

31 32 33 34 35 36

70 73 75 79 80 84

49 50 51 52 53 54

115 119 122 128 127 131

81 82 83 84 85 86

204 207 209 210 210 222

37 38 39 40 41 42 43

55 56 57 7472 73 75

87 88 89

85 88 89 91 93 96 99

133 137 139 178 181 184 186

223 226 227

27 28 29 30

44 45 46 47 48

76 77 78 79 80

56 59 59 63.5 65.4
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He
Helium

2

4

Relative atomic mass

Symbol

Name

Atomic number

Key

1 2 3 4 5 6 7 8Group

Period

1

2

3

4

5

6

7

THE PERIODIC TABLE
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Key

particle A

particle B

particle C

1. (a) The diagram shows the arrangement of particles in an atom of the element lithium.

(i) Identify the particles A, B and C.

Particle A ......................................................................................................................

Particle B ......................................................................................................................

Particle C ..........................................................................................................................

(3)

(ii) What is the mass number of the atom in the diagram?

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

 (1)

(iii) Use the diagram to explain why this element is in group 1 of the periodic table.

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

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

(1)

(b) Another element in group 1 is sodium.

Sodium reacts with chlorine (Cl2) to form sodium chloride (NaCl).

Write a balanced equation for this reaction.

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

(2)

(Total 7 marks)

TURN OVER FOR QUESTION 2
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2. (a) Use the periodic table provided to give the electronic structure of a chlorine atom and a

chloride ion.

chlorine atom chloride ion

(4)

(b) Sodium chloride is an ionic compound containing sodium ions and chloride ions.

Explain why ionic compounds have high melting points.

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

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

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

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

(2)
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.........................................

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

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

(c) When aqueous sodium chloride is electrolysed, hydrogen and chlorine gases are

produced.

Label this diagram which shows the apparatus used to electrolyse aqueous sodium

chloride.

(3)

(d) Describe a test for each of the gases formed.

Test for hydrogen ................................................................................................................

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

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

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

Test for chlorine...................................................................................................................

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

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

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

(4)

(e) In the industrial electrolysis of concentrated sodium chloride solution, three products are

formed. Hydrogen and chlorine are two of the products.

Name the other product.

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

(1)

(Total 14 marks)
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Leave

blank3. The passage below is about the extraction of aluminium.

Aluminium is the most common metallic element in the Earth’s crust.

In 1886, an inexpensive process for obtaining aluminium from its ores

was invented by Charles Hall in the USA.

As a 22 year old college student, Hall had become interested in the

problem of producing aluminium.  At that time, despite the abundance

of aluminium compounds in nature, metallic aluminium was selling

for about the same price as silver.

Hall reasoned that aluminium oxide would be a good starting material

from which to make aluminium.  Some years later he said, ‘The idea

formed itself in my mind that if I could get a solution of aluminium

oxide in something which contained no water, this would probably

give a liquid from which aluminium could be obtained by

electrolysis’.

Working with home-made equipment, Hall made his first tiny

globules of aluminium in a woodshed behind his parents’ house.

Within five years, the price of the metal had dropped to about a tenth

of its former price.

(a) Suggest why silver is still expensive.

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

 (1)

(b) Hall’s first reaction in February 1886 was done on a very small scale.

Give one piece of evidence from the passage to support this.

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

(1)

(c) Large amounts of heat energy are taken in during the production of aluminium.

What word is used to describe this energy transfer?

A decomposition

B electrolysis

C endothermic

D exothermic

Write the correct answer (A, B, C or D) in the space provided.

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

(1)
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Leave

blank(d) Explain, using the passage and your knowledge of the reactivity series, why aluminium

has only been used on a large scale since about 1890.

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

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

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

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

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

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

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

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

(4)

(Total 7 marks)

TURN OVER FOR QUESTION 4
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4. Magnesium ribbon reacts with hydrochloric acid to produce hydrogen.

A student used an excess of hydrochloric acid in the apparatus below to investigate this

reaction.

His results are shown on the graph.

(a) What volume of gas was in the syringe at the end of the reaction?

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

(1)

rubber 
tubing

excess hydrochloric acid

magnesium

gas syringe

0 1 2 3 4 5 6

0

10

20

30

40

Time in minutes

Volume

 in  cm
3
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blank(b) State how the rate of reaction changes during the first four minutes and explain the

change.

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

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

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

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

(2)

(c) The experiment was repeated using the same quantities of reagents but with the acid at a

higher temperature.

Draw on the graph the line that should be obtained at this temperature.

(2)

(d) Some power stations burn coal in the production of electricity.  The coal is ground to a

fine powder before being burned in the furnace.

Use your knowledge of rates of reaction to suggest why the coal is ground to a fine

powder rather than used in large lumps.

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

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

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

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

(2)

(Total 7 marks)

TURN OVER FOR QUESTION 5
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5. Ammonia is made using the Haber process.

(a) The equation for the reversible reaction is:

N2(g) + 3H2(g) 2NH3(g)

What is the source of the nitrogen used in the Haber process?

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

(1)

(b) The hydrogen used in the Haber process is obtained by heating methane with steam:

CH4(g) + H2O(g) 3H2(g) + CO(g)

What is the source of the methane gas for this reaction?

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

(1)

(c) (i) Most of the ammonia produced is reacted with acids to form fertilisers.

Write a balanced equation for the reaction of ammonia with nitric acid.

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

(3)

(ii) Why do most farmers add fertilisers to their crops?

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

(1)

(iii) Excess fertiliser is washed off fields into rivers.

State two consequences of this.

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

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

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

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

(2)

(Total 8 marks)
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blank6. Methanol is manufactured from carbon monoxide and hydrogen using similar conditions to

those used in the manufacture of ammonia by the Haber process.

The equation for the manufacture of methanol is

 CO(g) + 2H2(g) CH3OH(g)

This reaction is exothermic.

The reaction conditions are a pressure of 200 atm and a temperature of 400 °C.

(a) State two advantages of using a pressure higher than 200 atm.

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

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

(2)

(b) (i) State one advantage of using a temperature lower than 400 °C.

Explain your answer.

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

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

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

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

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

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

(4)

(ii) State one disadvantage of using a temperature lower than 400 °C.

Explain your answer.

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

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

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

(2)

(Total 8 marks)

TURN OVER FOR QUESTION 7
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blank7. Calcium carbonate occurs as the rock limestone.  Limestone is often found in layers that

contain fossils.

(a) Use the information above to explain how limestone was formed.

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

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

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

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

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

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

(4)

(b) Calcium carbonate also occurs as marble.  Marble has been formed by subjecting

limestone to heat and pressure.

What type of rock is marble?

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

(1)
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blank(c) When calcium carbonate is heated it decomposes.

CaCO3                               CaO + CO2

Calculate the mass of calcium oxide formed from 25 g of calcium carbonate.

(Relative atomic masses: Ca = 40; C = 12; O = 16)

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

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

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

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

(3)

(d) Bromine is reduced when it reacts with iodide ions.

Br2(aq) + 2I
−
 
 
(aq) 2Br

−
(aq) + I2(aq)

(i) Name one compound containing I
-
 ions, which would be suitable for this reaction.

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

(1)

(ii) State one change you would see as this reaction takes place.

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

(1)

(iii) Explain why bromine is said to be reduced in this reaction.

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

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

(1)

(iv) Complete the half equation to show the iodide ions being oxidised.

………I
− I2 +      ………

(2)

(Total 13 marks)
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8. The table below gives information about the main fractions obtained from crude oil.

Fraction Boiling range

(°°°°C)

Number of carbon atoms

in each molecule

gas -40 to 40 1 to 4

petrol 40 to 100 4 to 8

naphtha 100 to 160 6 to 10

kerosene 160 to 250 10 to 16

diesel oil 250 to 300 16 to 20

fuel oil 300 to 350 20 to 25

(a) State and explain the pattern shown between the boiling range of the fractions and the

number of carbon atoms in each molecule.

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

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

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

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

(2)

(b) Fuel oil is cracked to form more useful products such as petrol and naphtha.  Cracking

produces a mixture of saturated and unsaturated hydrocarbons.

(i) Describe how cracking is carried out.

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

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

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

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

(2)

(ii) Describe a test for an unsaturated hydrocarbon.

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

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

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

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

(2)
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blank(c) Propene (C3H6) can be obtained by cracking alkanes.

(i) Draw the structure of a molecule of propene showing all the bonds.

(2)

(ii) One molecule of the alkane decane (C10H22) was cracked to give two molecules of

propene and one molecule of an alkane.

Write the balanced equation for this reaction.

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

(2)

(d) Propene is used to make poly(propene).

(i) What feature of a propene molecule enables it to form poly(propene)?

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

(1)

(ii) Draw the structure of the repeating unit in poly(propene).

(2)

(iii) Poly(ethene) is used to make many types of bottle.

Suggest why the more expensive poly(propene) is used to make bottles for fizzy

drinks.

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

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

(1)

(Total 14 marks)
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9. The table below shows some information about the isotopes of chlorine.

(a) Use information from the periodic table to help you complete the table.

Isotope Mass

Number

Abundance Number of

protons in

one atom

Number of

electrons in

one atom

Number of

neutrons in

one atom

chlorine-35 35 75%
…………. …………… ……………

chlorine-37 37 25%
…………. …………… ……………

  (3)

(b) (i) Show why the relative atomic mass of chlorine is given as 35.5.

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

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

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

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

(2)

(ii) What is the relative molecular mass of a chlorine molecule?

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

(1)

(c) Draw a dot and cross diagram for a molecule of chlorine, showing outer electrons only.

(2)
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blank(d) 18.39g of oxygen and 81.61g of chlorine are combined in 100g of a compound.

Calculate the empirical formula of the compound.

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

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

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

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

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

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

(4)

(Total 12 marks)
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FORMULAE

You may find the following formulae useful.

energy transferred = current × voltage × time E = I × V × t

pressure × volume = constant P1 × V1 = P2 × V2

periodtime

1
frequency =

T
f

1=

takentime

donework
power =

t

W
P =
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1. (a) The main heat energy losses from a house are shown in the diagram.

(i) Complete the diagram to show the percentage heat energy loss through the walls.

(1)

(ii) Complete the table below to show how the heat energy loss from each part of the

house can be reduced. The first one has been done for you.

Part of the house  Method used for reducing heat energy loss

roof glass-fibre insulation in the loft

walls ………………………………………………………………..

………………………………………………………………..

floor ………………………………………………………………..

………………………………………………………………..

(2)

walls

roof (5%)

(………… %)

window (10%)

doors (10%)

draughts (10%)
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blank (b) Double glazing is used to reduce the heat energy loss from houses through the windows.

The table compares the heat loss for ordinary windows and for double glazed windows.

Type of window Heat energy passing through

(joules per second)

ordinary window 224

double-glazed window 116

The size of the windows and the temperature inside and outside the house are the same

in each case.

(i) How many joules per second does using double glazing save?

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

(1)

(ii) How much energy would pass through an ordinary window in one hour?

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

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

............................................................................................................................ joules

(3)

(c) A double glazing salesman claims that by replacing ordinary windows with double

glazed windows, the heating bills of a house will be halved.

Use the information given earlier to show whether this claim is true or not.

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

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

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

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

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

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

(3)

(Total 10 marks)
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N0000 104

Leave

blank
2. Radon is a radioactive gas.  It escapes from underground rocks and causes a large part of the

natural background radiation in the United Kingdom.

(a) Radon-220  ( Rn
220

86
) is an isotope of radon.

(i) How many protons are there in a nucleus of radon-220?

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

(1)

(ii) How many neutrons are there in a nucleus of radon-220?

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

(1)

(iii) Explain what is meant by the statement: “This element has three isotopes”.

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

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

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

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

(2)
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blank(b) • Radon-220 has a short half-life and emits α-particles.

• Alpha particles are easily stopped by material and only travel a short distance in

              air.

• Radon gas is thought to produce harmful effects.

When home owners, in areas where radon gas is produced, were told of the risks, very

few took notice.

(i) Explain why the presence of radon gas in buildings is a health hazard.

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

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

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

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

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

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

(3)

(ii) Discuss why, you think, so few people took any action to reduce the risks due to

radon gas.

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

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

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

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

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

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

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

(4)

(Total 11 marks)
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ultrasound
pulse

reflection

receivertransmitter

3. Ultrasound can be used by fishing vessels to find the depth of the sea or to locate shoals of

fish. The diagram shows the transmission and reflection of ultra-sound from a fishing vessel.

(a) What is ultrasound?

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

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

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

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

(2)
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blank(b) The speed of ultrasound in water is 1500 m/s.

(i) The frequency of the ultrasound used for depth finding is 50 000 Hz.

Calculate the wavelength of the ultrasound.

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

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

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

(4)

(ii) On the diagram the depth of the sea is 1200 m.

Calculate the time it would take for the ultrasound wave to travel from the

transmitter to the sea-bed and back to the receiver.

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

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

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

(4)

 (c) Waves with small wavelengths spread out (diffract) less than those with long

wavelengths. Use this information to suggest why ultrasound is much better than

ordinary sound for finding the depth of the sea.

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

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

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

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

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

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

(3)

(Total 13 marks)

TURN OVER FOR QUESTION 4



N0000 108

Leave

blank

A

B

4. (a) The diagram shows the passage of light beam A travelling down an optical fibre.

(i) State the name of the process that takes place as the light A beam travels down the

optical fibre.

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

(1)

(ii) Complete the diagram to show the passage of the light beam B down the same

optical fibre.

(1)

(iii) Suggest why beam B will take slightly longer to travel down the fibre than beam A.

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

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

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

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

(2)
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blank(b) Optical fibres are used to carry information.  The information is carried by the light

beam in the form of a digital signal.

(i) Draw a diagram to show what is meant by a digital signal.

(1)

(ii) The signal from a microphone is an analogue signal.  How does an analogue signal

differ from a digital signal?

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

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

(1)

(c) When signals are sent through optical fibres they lose energy.

(i) State what happens to the brightness of the light beam as it loses energy.

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

(1)

(ii) State one disadvantage of losing energy as the light beam travels through the

optical fibre.

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

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

(1)

(Total 8 marks)
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output

5. (a) The diagram shows the construction of a simple electrical generator. When the coil is

rotated, an alternating voltage is produced at the output.

(i) Explain what is meant by an alternating voltage.

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

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

(1)

(ii) State two ways in which the voltage output could be increased.

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

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

(2)
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blank(b) The generators at a power plant produce a voltage of 25 000 V. For long distance

transmission, on overhead power lines, this is stepped up to 400 000 V.  It is later

stepped down to 240 V for domestic use.

(i) Explain why the voltage is stepped up to 400 000 V.

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

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

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

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

(2)

(ii) A transformer is used to step up the voltage.  Calculate the ratio of primary turns to

secondary turns needed for this transformer.

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

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

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

(3)

(c) Give one advantage and one disadvantage of increasing the thickness of overhead

power lines.

Advantage............................................................................................................................

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

Disadvantage .......................................................................................................................

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

(2)

(Total 10 marks)
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N0000 112

Leave

blank

M
2

M
1

copper ion

sulfate ion

6. The diagram shows the arrangement used for copper-plating an object. The electrolyte used

is copper sulfate which when dissolved in water produces positive copper (Cu
2+

) ions and

negative sulfate (SO4 
2−

) ions.

(a) (i) On the diagram, add arrows to show which way the ions move.

(1)

(ii) Which meter reading shows that the ions are moving through the electrolyte?

Explain your answer.

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

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

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

(2)
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blank(b) In an electrolysis experiment, a voltage of 6 V produced a current of 0.5 A.  The current

passed for 5 minutes.

(i) Calculate the charge passing through the electrolyte during this time.

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

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

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

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

(4)

(ii) The charge on a copper ion (Cu
2+

) is 3.2 × 10
−19

 coulombs.  Calculate the total

number of copper ions moving through the electrolyte in 5 minutes.

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

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

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

(2)

(iii) How much energy is used in moving each copper ion through the electrolyte?

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

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

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

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

(3)

(Total 12 marks)
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D

E

7. A sky-diver of mass 70 kg jumps from a plane.  The graph shows how the vertical velocity

of the sky-diver varies with time.  Parts of the graph have been labelled A, B, C, D and E.

(a) At A,  the  sky-diver  has  an  acceleration  equal  to  the acceleration due to gravity of

l0 m/s
2
.  Calculate the resultant force acting on the sky-diver at this instant.

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

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

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

(3)

(b) How can you tell from the graph that in the time period from B to C the resultant force

acting on the sky-diver is zero?

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

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

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

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

(2)
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blank(c) Describe and explain the motion of the sky-diver from C until he lands at E.

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

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

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

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

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

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

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

(4)

(d) A sky-diver, of the same mass, falls from the same height but uses a parachute with a

larger surface area.  On the grid, sketch a graph to show his motion.

(2)

(Total 11 marks)
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8. (a) The nearest star to the Earth is the Sun. Heat and light from the Sun arrive at the Earth's

surface after travelling many millions of kilometres through space.

(i) How does this confirm that heat and light are electromagnetic radiation?

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

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

(1)

(ii) Which part of the electromagnetic spectrum is associated with heat radiation?

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

(1)

(iii) The Sun also emits ultraviolet radiation.

What are the health hazards of this type of radiation?

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

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

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

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

(2)

(b) Stars are formed from very large clouds of gases, mainly hydrogen and helium, and

some dust.  These clouds collapse under the action of gravity.

(i) Describe the energy changes taking place as clouds of gas and dust particles

collapse under the action of gravity.

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

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

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

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

(2)

(ii) Explain why nuclear reactions take place if a sufficiently large cloud of material

collapses under the action of gravity.

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

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

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

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

(2)
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(c) The fusion of hydrogen takes place in the core of the Sun to produce helium.  This

process releases considerable amounts of energy.

Describe the sequence of events which may occur as a star uses up its supply of

hydrogen.

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

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

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

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

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

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

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

(4)

(d) One of the theories concerned with the origin of the universe is the ‘Big Bang’ theory.

Describe this theory and state what evidence there is to support it.

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

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

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

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

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

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

(3)

(Total 15 marks)
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OK `çåëÉèìÉåíá~ä=ã~êâáåÖ=ëÜçìäÇ=ÄÉ=ìëÉÇ= áå=Å~äÅìä~íáçåëK= =qÜáë= áë=ïÜÉêÉ=~=Å~åÇáÇ~íÉDë=ïçêâáåÖ= áë
ÅçêêÉÅí=Äìí= áë=Ä~ëÉÇ=ìéçå= ~=éêÉîáçìë= ÉêêçêK= =tÜÉå= ÅçåëÉèìÉåíá~ä=ã~êâë=Ü~îÉ=ÄÉÉå= ~ï~êÇÉÇ
ïêáíÉ=?ÉÅÑ?=åÉñí=íç=íÜÉ=íáÅâëK

PK fÑ=Å~åÇáÇ~íÉë=ìëÉ=íÜÉ=ãçäÉ=áå=Å~äÅìä~íáçåë=íÜÉó=ãìëí=ÄÉ=~ï~êÇÉÇ=Ñìää=ã~êâë=Ñçê=~=ÅçêêÉÅí=~åëïÉê
ÉîÉå=íÜçìÖÜ=íÜÉ=íÉêã=ã~ó=åçí=ÄÉ=çå=íÜÉ=ëóää~Äìë=~í=íÜÉáê=äÉîÉäK

QK fÑ= Å~åÇáÇ~íÉë=ìëÉ= ÅÜÉãáÅ~ä= Ñçêãìä~É= áåëíÉ~Ç=çÑ= ÅÜÉãáÅ~ä=å~ãÉëI= ÅêÉÇáí= Å~å=çåäó=ÄÉ=ÖáîÉå= áÑ= íÜÉ
Ñçêãìä~É=~êÉ=ÅçêêÉÅíKK

nr^ifqv=lc=tofqqbk=`ljjrkf`^qflk

qÜáë=äçÖç=áåÇáÅ~íÉë=ïÜÉêÉ=ëíìÇÉåíë=ïáää=ÄÉ=~ëëÉëëÉÇ=çå=íÜÉáê=~Äáäáíó=íçW

• éêÉëÉåí=êÉäÉî~åí=áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ

• ÉåëìêÉ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë=ÅäÉ~ê

• ìëÉ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖK
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NK E~F Ñçñ
ê~ÄÄáíë

Öê~ëë

N=ã~êâ=Ñçê=ëÜ~éÉ
N=ã~êâ=Ñçê=ä~ÄÉäë

O

EÄF EáF åìãÄÉêë=ÇÉÅêÉ~ëÉLÉèX N

EááF åç=ÑççÇLÖê~ëë=Ñçê=ê~ÄÄáíëLÉèX
åç=ÑççÇLê~ÄÄáíë=Ñçê=ÑçñÉëX

O

qçí~ä=R=ã~êâë

OK ÇÉÅêÉ~ëÉëX
ÇÉÅêÉ~ëÉëX
áåÅêÉ~ëÉëX
ëí~óë=íÜÉ=ë~ãÉX Q

qçí~ä=Q=ã~êâë

PK E~F âÉÉé=EëìäÑìê=ÇáçñáÇÉF=Ö~ë=áåLâÉÉé=ï~íÉê=î~éçìê=áåLÉèX N

EÄF ÅçåíêçäLëÉÉ=ïÜ~í=ÉÑÑÉÅí=ï~íÉê=Ü~ÇLÅçãé~êáëçåX N

EÅF ^åó=íïç=ÑêçãW

• íÉãéÉê~íìêÉX

• Ç~ãéåÉëë=çÑ=Åçííçå=ïççäLÜìãáÇáíóX

• ëáòÉ=çÑ=Ä~ÖX

• íê~åëé~êÉåÅóLíÜáÅâåÉëë=çÑ=Ä~ÖX

• åìãÄÉê=çÑ=ëÉÉÇëX O

EÇF ÇáÑÑìëáçå ���� X N

EÉF EáF TRX N

EááF åç=ÖÉêãáå~íáçå=Ü~ééÉåÉÇLÉèX N

qçí~ä=T=ã~êâë

QK E~F EáF PTKNX N

EááF NQLNRX N

EáááF íÜÉêãçãÉíÉêX N
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Pepsin

EÄF EáF çÉëíêçÖÉåX N

EááF Eáå=íÜÉF=ÄäççÇX N

EáááF ^åó=íïç=ÑêçãW

• Éåä~êÖÉÇ=ÄêÉ~ëíëX

• ÄçÇó=ëÜ~éÉ=ÉÖ=Üáéë=ïáÇÉåX

• ä~Åâ=çÑ=Ñ~Åá~ä=Ü~áêX

• ÜáÖÜ=îçáÅÉX O

EáîF Ñçê=ÉãÄêóç=íç=áãéä~åíLéä~ÅÉåí~=íç=Éëí~ÄäáëÜL
íç=~ääçï=ÑÉíìë=íç=ÇÉîÉäçéLçÄí~áå=ÉåçìÖÜ=åìíêáÉåíëX N

qçí~ä=U=ã~êâë

RK E~F RM=EãÖFX N

EÄF EáF OKRX N

EááF

ë~ãÉ=ã~ñ=~åÇ=ãáå=ée=î~äìÉëX
éÉ~â=ÜÉáÖÜí=~Äçìí=Ü~äÑ=çêáÖáå~äX O

EÅF EáF ~ãáåç=~ÅáÇLéçäóéÉéíáÇÉX N

EááF ÖäìÅçëÉX N

qçí~ä=S=ã~êâë

1 2 3 4 5 6 7 8 9 10
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70

^ãçìåí=çÑ
ëìÄëí~åÅÉ
éêçÇìÅÉÇ=Äó
êÉ~Åíáçå=
áå=ãÖ

ée=çÑ=êÉ~Åíáçå=ãáñíìêÉ
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SK E~F u=Ó=áåíÉêÅçëí~äLãìëÅäÉX
v=Ó=Çá~éÜê~ÖãX O

EÄF ÄêçåÅÜáçäÉëX N

EÅF ORMX N

EÇF EáF PX N

EááF ÜáÖÜÉêX
äÉëë=Ç~áäó=î~êá~íáçåLÉèX O

EáááF EóÉëF=åçêã~ä=åÉîÉê=Çêçéë=íç=OPMLOPM=áë=~=äçï=êÉ~ÇáåÖLÉèX N

EÉF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉW

• ïáÇÉåLÉèX

• ÄêçåÅÜáçäÉëLÄêçåÅÜáLëã~ää=íìÄÉëX O

qçí~ä=NM=ã~êâë

TK E~F EáF ëÉîÉåX N

EááF NX N

EáááF éìéáä=ëáòÉ=ÇÉÅêÉ~ëÉëX
~ë=äáÖÜí=áåíÉåëáíó=áåÅêÉ~ëÉëX O

EÄF êÉíáå~X
Äê~áåX
çéíáÅX
ãìëÅäÉX
áêáëX R

qçí~ä=V=ã~êâë

UK E~F `LiìÅó=~åÇ=a~åáÉä=Ü~îÉ=ë~ãÉ=ÅçäçìêÉÇ=ÉóÉëX N

EÄF EáF ã~äÉX
ÄäìÉX O

EááF u=Ñêçã=çîìãLãçíÜÉêX
v=Ñêçã=ëéÉêãLÑ~íÜÉêX O

EÅF EáF iìÅóX N

EááF o~ÅÜÉäÛë=íïáå=ãìëíW

• ÄÉ=~=ÖáêäLiìÅó=çê=p~ê~ÜX

• Ü~îÉ=Äêçïå=ÉóÉëLÅ~åÛí=Ü~îÉ=ÄäìÉ=ÉóÉëX O

qçí~ä=U=ã~êâë
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VK E~F EáF åìãÄÉêë=êÉã~áå=Åçåëí~åíLÉèX
çîÉê=~=äçåÖ=éÉêáçÇ=çÑ=íáãÉX O

EááF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• éêÉÇ~íáçåX

• ëçãÉ=ëìêîáîÉX

• íç=ÅçåíáåìÉ=íÜÉ=ëéÉÅáÉëLÉèX O

EáááF ãìí~íáçåLÉåîáêçåãÉåí~ä=Ñ~ÅíçêLÉèX N

EáîF ^=ÇÉëÅêáéíáçå=íç=áåÅäìÇÉ=íÜêÉÉ=ÑêçãW

• ÉåîáêçåãÉåí~ä=éêÉëëìêÉLÉèX

• ÅçãéÉíáíáçåX

• áåÇáîáÇì~äë=ïáíÜ=ÄÉåÉÑáÅá~ä=ÅÜ~ê~ÅíÉêáëíáÅëX

• ëìêîáîÉX

• êÉéêçÇìÅÉX

• é~ëë=çå=ÅÜ~ê~ÅíÉêáëíáÅ=íç=çÑÑëéêáåÖX
éäìë= çåÉ= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ÉåëìêáåÖ= íÜ~í
ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç
íÜ~í=íÜÉ=ãÉ~åáåÖ=áë=ÅäÉ~êX

Q

EÄF å~íìêÉ=éä~óë=~å=áãéçêí~åí=é~êí=áå=~êíáÑáÅá~ä=ëÉÅíáçåX N

EÅF äÉÅíìêÉX
éìÄäáëÜ=Eáå=àçìêå~äFX O

qçí~ä=NO=ã~êâë

NMK jX
_X
gX
iX
_X R

qçí~ä=R=ã~êâë

NNK E~F EáF Å~êÄçå=ÇáçñáÇÉX N

EááF ÇáêÉÅíáçå=çÑ=~êêçï=Ççïåï~êÇëX N

EáááF báíÜÉê Åçåíêçä=Ü~ë=åç=ãÉ~äïçêãëX
çê Ü~ë=ï~íÉêLåç=ëçÇáìã=ÜóÇêçñáÇÉ=ëçäìíáçåX N

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• áåÅêÉ~ëÉ=áå=~ÅíáîáíóLÉåòóãÉ=êÉ~ÅíáçåL
===ãÉí~ÄçäáëãLÉèX

• ãçêÉ=çñóÖÉå=ìëÉÇ=~ë=íÉãéÉê~íìêÉ=êáëÉëX

• äÉîÉäë=çÑÑ=~í=ÜáÖÜÉê=íÉãéÉê~íìêÉX O

EááF OKRX N
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EáááF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• ÅçêêÉÅí=êÉÑÉêÉåÅÉ=íç=íÜÉ=EÑ~ää=çÑF=ê~íÉ=çÑ
êÉëéáê~íáçåX

• ÇÉå~íìêÉ=ÉåòóãÉëX

• ãÉ~äïçêãë=âáääÉÇLÇáÉX

• åç=êÉëìäíë=çÄí~áå~ÄäÉLê~íÉ=Ñ~ääëLÉèX O

qçí~ä=U=ã~êâë

NOK E~F ^=äÉííÉê=íç=áåÅäìÇÉ=Ñçìê=ÑêçãW

• áå=ï~íÉêX

• äáÖÜíX

• êÉÑÉêÉåÅÉ=íç=ëìáí~ÄäÉ=íÉãéÉê~íìêÉX

• ãáåÉê~äëLå~ãÉÇ=ãáåÉê~äX

• ~ÇÇ=Å~êÄçå=ÇáçñáÇÉX

• âÉÉé=ÜÉêÄáîçêÉë=çìíX

• êÉãçîÉ=ÇÉ~Ç=~äÖ~ÉX
éäìë= çåÉ= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ìëáåÖ= ~= ëìáí~ÄäÉ
ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖX R

EÄF qÜêÉÉ=ëìÖÖÉëíáçåë=ÑêçãW

• äÉëë=ÖêÉÉåÜçìëÉ=ÉÑÑÉÅíLÖäçÄ~ä=ï~êåáåÖX

• ãçêÉ=éÜçíçëóåíÜÉëáëX

• ~ÄëçêÄë=Å~êÄçå=ÇáçñáÇÉX

• Ü~Äáí~íë=êÉã~áåX

• äÉëë=Çáëêìéíáçå=íç=ÑççÇ=ÅÜ~áåëLïÉÄëX

• äÉëë=êáëâ=çÑ=ëéÉÅáÉë=ÉñíáåÅíáçåX

• äÉëë=êáëâ=çÑ=ëçáä=ÉêçëáçåLÑäççÇëX P

qçí~ä=U=ã~êâë

qlq^i=j^oh=VM
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=rpfkd=qeb=j^oh=p`ebjb

NK qÜáë=ã~êâ=ëÅÜÉãÉ=ÖáîÉë=óçìX G=~å=áÇÉ~=çÑ=íÜÉ=íóéÉ=çÑ=êÉëéçåëÉ=ÉñéÉÅíÉÇ
G=Üçï=áåÇáîáÇì~ä=ã~êâë=~êÉ=íç=ÄÉ=~ï~êÇÉÇ
G=íÜÉ=íçí~ä=ã~êâ=Ñçê=É~ÅÜ=èìÉëíáçå
G=Éñ~ãéäÉë=çÑ=êÉëéçåëÉë=íÜ~í=ëÜçìäÇ=åçí=êÉÅÉáîÉ=ÅêÉÇáíK

OK X=ëÉé~ê~íÉë=éçáåíë=Ñçê=íÜÉ=~ï~êÇ=çÑ=É~ÅÜ=ã~êâK

PK L=ãÉ~åë=íÜ~í=íÜÉ=êÉëéçåëÉë=~êÉ=~äíÉêå~íáîÉë=~åÇ=ÉáíÜÉê=~åëïÉê=ëÜçìäÇ=êÉÅÉáîÉ=Ñìää=ÅêÉÇáíK

QK E=F=ãÉ~åë=íÜ~í=~=éÜê~ëÉLïçêÇ=áë=åçí=ÉëëÉåíá~ä=Ñçê=íÜÉ=~ï~êÇ=çÑ=íÜÉ=ã~êâ=Äìí=ÜÉäéë=íÜÉ=Éñ~ãáåÉê
íç=ÖÉí=íÜÉ=ëÉåëÉ=çÑ=íÜÉ=ÉñéÉÅíÉÇ=~åëïÉêK

RK mÜê~ëÉëLïçêÇë=áå=ÄçäÇ=áåÇáÅ~íÉ=íÜ~í=íÜÉ=ãÉ~åáåÖ=çÑ=íÜÉ=éÜê~ëÉLïçêÇ=áë=ÉëëÉåíá~ä=íç=íÜÉ=~åëïÉêK

SK ltqqb= Eçê=ïçêÇë= íç= íÜ~í= ÉÑÑÉÅíF= ~åÇ= Éè= EÉèìáî~äÉåíF= áåÇáÅ~íÉ= íÜ~í= î~äáÇ= ~äíÉêå~íáîÉ= ~åëïÉêë
EïÜáÅÜ=Ü~îÉ=åçí=ÄÉÉå=ëéÉÅáÑáÉÇF=~êÉ=~ÅÅÉéí~ÄäÉK

TK ‘fÖåçêÉ’=ãÉ~åë=íÜ~í=íÜáë=~åëïÉê=áë=åçí=ïçêíÜ=~=ã~êâ=Äìí=ÇçÉë=åçí=åÉÖ~íÉ=~å=~ÇÇáíáçå~ä=ÅçêêÉÅí
êÉëéçåëÉK

UK ‘oÉàÉÅí’=ãÉ~åë=íÜ~í=íÜÉ=~åëïÉê= áë=ïêçåÖ=~åÇ=åÉÖ~íÉë=~åó=~ÇÇáíáçå~ä=ÅçêêÉÅí=êÉëéçåëÉ=Ñçê=íÜ~í
ëéÉÅáÑáÅ=ã~êâK

VK lo^=Eçê= êÉîÉêëÉ= ~êÖìãÉåíF= áåÇáÅ~íÉë= íÜ~í= íÜÉ=ÅçãéäÉíÉ= êÉîÉêëÉ= áë= ~äëç=î~äáÇ= Ñçê= íÜÉ= ~ï~êÇ=çÑ
ã~êâëK

NMK ÉÅÑ=EÉêêçê=Å~êêáÉÇ=Ñçêï~êÇF=ãÉ~åë=íÜ~í=~=ïêçåÖ=~åëïÉê=ÖáîÉå=áå=~å=É~êäáÉê=é~êí=çÑ=~=èìÉëíáçå=áë
ìëÉÇ=ÅçêêÉÅíäó=áå=~åëïÉê=íç=~=ä~íÉê=é~êí=çÑ=íÜÉ=ë~ãÉ=èìÉëíáçåK

j^ohfkd

NK vçì=ãìëí=ÖáîÉ=~=íáÅâ=Eáå=êÉÇF=Ñçê=ÉîÉêó=ã~êâ=~ï~êÇÉÇK==qÜÉ=íáÅâ=ãìëí=ÄÉ=éä~ÅÉÇ=çå=íÜÉ=ëÅêáéí=ÅäçëÉ

íç=íÜÉ=~åëïÉêK==qÜÉ=ã~êâ=~ï~êÇÉÇ=Ñçê=é~êí=çÑ=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=ïêáííÉå=áå=íÜÉ=ã~êÖáå=ÅäçëÉ=íç
íÜÉ=ëìÄJíçí~äK

OK qÜÉ=ëìÄJíçí~ä=ã~êâë=Ñçê=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=~ÇÇÉÇ=íçÖÉíÜÉê=~åÇ=íÜÉ=íçí~ä=ïêáííÉå=~åÇ=êáåÖÉÇ
~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=èìÉëíáçå=íÜÉå=íê~åëÑÉêêÉÇ=íç=íÜÉ=Ñêçåí=çÑ=íÜÉ=ëÅêáéíK

PK pìÖÖÉëíáçåLÉñéä~å~íáçå= èìÉëíáçåë= ëÜçìäÇ= ÄÉ= ã~êâÉÇ= ÅçêêÉÅí= ÉîÉå= ïÜÉå= íÜÉ= ëìÖÖÉëíáçå= áë
Åçåí~áåÉÇ=ïáíÜáå=íÜÉ=Éñéä~å~íáçåK

QK aç=åçí=~ï~êÇ=ã~êâë=Ñçê=êÉéÉíáíáçå=çÑ=íÜÉ=ëíÉã=çÑ=íÜÉ=èìÉëíáçåK

RK j~âÉ=ëìêÉ=íÜ~í=íÜÉ=~åëïÉê=ã~âÉë=ëÉåëÉK==aç=åçí=ÖáîÉ=ÅêÉÇáí=Ñçê=ÅçêêÉÅí=ïçêÇëLéÜê~ëÉë=ïÜáÅÜ=~êÉ
éìí=íçÖÉíÜÉê=áå=~=ãÉ~åáåÖäÉëë=ã~ååÉêK==^åëïÉêë=ãìëí=ÄÉ=áå=íÜÉ=ÅçêêÉÅí=ëÅáÉåíáÑáÅ=ÅçåíÉñíK

^jmifcf`^qflk

NK få=Å~äÅìä~íáçåëI= Ñìää=ÅêÉÇáí=ãìëí=ÄÉ=ÖáîÉå= Ñçê= ~=Ä~äÇI=ÅçêêÉÅí= ~åëïÉêK= = fÑ= ~=åìãÉêáÅ~ä= ~åëïÉê= áë
áåÅçêêÉÅíI=äççâ=~í=íÜÉ=ïçêâáåÖ=~åÇ=~ï~êÇ=ã~êâë=~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâ=ëÅÜÉãÉK

OK `çåëÉèìÉåíá~ä=ã~êâáåÖ=ëÜçìäÇ=ÄÉ=ìëÉÇ= áå=Å~äÅìä~íáçåëK= =qÜáë= áë=ïÜÉêÉ=~=Å~åÇáÇ~íÉDë=ïçêâáåÖ= áë
ÅçêêÉÅí=Äìí= áë=Ä~ëÉÇ=ìéçå= ~=éêÉîáçìë= ÉêêçêK= =tÜÉå= ÅçåëÉèìÉåíá~ä=ã~êâë=Ü~îÉ=ÄÉÉå= ~ï~êÇÉÇ
ïêáíÉ=?ÉÅÑ?=åÉñí=íç=íÜÉ=íáÅâëK

PK fÑ=Å~åÇáÇ~íÉë=ìëÉ=íÜÉ=ãçäÉ=áå=Å~äÅìä~íáçåë=íÜÉó=ãìëí=ÄÉ=~ï~êÇÉÇ=Ñìää=ã~êâë=Ñçê=~=ÅçêêÉÅí=~åëïÉê
ÉîÉå=íÜçìÖÜ=íÜÉ=íÉêã=ã~ó=åçí=ÄÉ=çå=íÜÉ=ëóää~Äìë=~í=íÜÉáê=äÉîÉäK

QK fÑ= Å~åÇáÇ~íÉë=ìëÉ= ÅÜÉãáÅ~ä= Ñçêãìä~É= áåëíÉ~Ç=çÑ= ÅÜÉãáÅ~ä=å~ãÉëI= ÅêÉÇáí= Å~å=çåäó=ÄÉ=ÖáîÉå= áÑ= íÜÉ

Ñçêãìä~É=~êÉ=ÅçêêÉÅíK

nr^ifqv=lc=tofqqbk=`ljjrkf`^qflk

píìÇÉåíë=ïáää=ÄÉ=~ëëÉëëÉÇ=çå=íÜÉáê=~Äáäáíó=íçW

• éêÉëÉåí=êÉäÉî~åí=áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ

• ÉåëìêÉ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë=ÅäÉ~ê

• ìëÉ=çÑ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖK
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NK E~F EáF pX N

EááF äáíÜáìãLéçí~ëëáìãLêìÄáÇáìãLÅ~ÉëáìãLÑê~åÅáìãX N

EáááF ÄÉêóääáìãLã~ÖåÉëáìãLÅ~äÅáìãLëíêçåíáìãLÄ~êáìãLê~ÇáìãX N

EáîF çñóÖÉåLëìäÑìêLëÉäÉåáìãLíÉääìêáìãLéçäçåáìãX N

EîF NMX N

EîáF äáíÜáìãLÄÉêóääáìãLÄçêçåLÅ~êÄçåLåáíêçÖÉåLçñóÖÉåLÑäìçêáåÉLåÉçåX N

EÄF ^åó=íïç=åçåJãÉí~ääáÅ=ÉäÉãÉåíëXX O

qçí~ä=U=ã~êâë

OK E~F e
O
lX

k
O
X

`lX P

EÄF EáF îçäÅ~åçÉë=L=îçäÅ~åáÅ=~ÅíáîáíóX N

EááF qïç=ÑêçãW

• Å~êÄçå=ãçåçñáÇÉX

• ï~íÉê=î~éçìêX

• Å~êÄçå=ÇáçñáÇÉX
ÜóÇêçÖÉåX O

EáááF çñóÖÉåX N

EÅF ^=ÇÉëÅêáéíáçå=íç=áåÅäìÇÉW

• EÄìÄÄäÉ=Ö~ë=íÜêçìÖÜF=äáãÉï~íÉêX

• ïÜáÅÜ=íìêåë=ãáäâóLÅäçìÇóX O

EÇF EáF áåÅêÉ~ëÉëX N

EááF ÇÉÅêÉ~ëÉëX N

qçí~ä=NN=ã~êâë

PK E~F ^=ÇÉëÅêáéíáçå=íç=áåÅäìÇÉ=íÜêÉÉ=ÑêçãW

• ÑáòòÉëLÄìÄÄäÉëX

• ãçîÉë=~ÄçìíX

• Ñäç~íë=çå=ï~íÉêX

• ïÜáíÉ=ëãçâÉX

• Äìêåë=ïáíÜ=óÉääçï=Ñä~ãÉX

• ÇáëëçäîÉëLÖÉíë=ëã~ääÉêX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= éêÉëÉåíáåÖ
êÉäÉî~åí= áåÑçêã~íáçå= áå= ~= Ñçêã= íÜ~í= ëìáíë= áíë
éìêéçëÉX Q
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EÄF ÜóÇêçÖÉåX N

EÅF ~äâ~äáåÉX N

EÇF áåÅêÉ~ëÉëX N

qçí~ä=T=ã~êâë

QK E~F EáF RRBX N

EááF ÖççÇ=ÉäÉÅíêáÅ~ä=ÅçåÇìÅíçêLÇìÅíáäÉX N

EáááF åçí=ÅçêêçÇÉÇLã~ääÉ~ÄäÉLåçí=íçñáÅX N

EÄF EáF Å~êÄçåX N

EááF `l
O
X

EÖFX O

EáááF aX N

qçí~ä=T=ã~êâë

RK E~F EáF ÜóÇêçÖÉåX N

EááF ÉíÜ~åÉX N

EáááF ÜÉñ~åÉX N

EáîF éêçé~åÉX N

EÄF EáF éçáåíë=éäçííÉÇ=ÅçêêÉÅíäóXX
ëãççíÜ=ÅìêîÉX P

EááF î~äìÉ=áå=ê~åÖÉ=PO=íç=PU=°`X N

EÅF EáF Ñê~Åíáçå~äX
Çáëíáää~íáçåX O

EááF ^åó=íïç=ÑêçãW

• éÉíêçäX

• å~éÜíÜ~X

• âÉêçëáåÉX

• ÇáÉëÉä=EçáäFX

• ÑìÉä=çáäX O

EÇF çñóÖÉåX
ï~íÉêLëíÉ~ãLÜóÇêçÖÉå=çñáÇÉX O

qçí~ä=NQ=ã~êâë
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SK E~F EáF m~êíáÅäÉ=^ J ÉäÉÅíêçåX
m~êíáÅäÉ=_ J åÉìíêçåX
m~êíáÅäÉ=` J éêçíçåX P

EááF TX N

EáááF çåÉ=ÉäÉÅíêçå=áå=çìíÉê=ëÜÉääX N

EÄF Ok~====H====`ä
O
==============Ok~`ä

Ñçêãìä~É=ÅçêêÉÅíX
Ä~ä~åÅÉÇX O

qçí~ä=T=ã~êâë

TK E~F ~íçãW OWUWTLÉèìáî~äÉåí=Çá~Öê~ãXX
áçåW OWUWULÉèìáî~äÉåí=Çá~Öê~ãXX
áå=É~ÅÜ=Å~ëÉ=~ääçï=N=ã~êâ=Ñçê=ÅçêêÉÅí=çìíÉê=ëÜÉääX Q

EÄF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ä~êÖÉ=~ãçìåí=çÑ=ÉåÉêÖó=åÉÉÇÉÇX

• íç=çîÉêÅçãÉ=ëíêçåÖ=ÑçêÅÉëLÄçåÇë=ÄÉíïÉÉå=áçåëX O

EÅF NK=äÉÑí J ÉäÉÅíêçäóíÉLëçÇáìã=ÅÜäçêáÇÉ=EëçäìíáçåFX
OK=íçé=êáÖÜí J ÅÜäçêáåÉX
PK=Äçííçã=êáÖÜí J ~åçÇÉLéçëáíáîÉ=ÉäÉÅíêçÇÉX P

EÇF qÉëí=Ñçê=ÜóÇêçÖÉåW

• äáÖÜíÉÇ=ëéäáåíX

• ÖáîÉë=ÚéçéÛX
qÉëí=Ñçê=ÅÜäçêáåÉW

• EÇ~ãéF=äáíãìë=Eé~éÉêFX
ÄäÉ~ÅÜÉÇX Q

EÉF ëçÇáìã=ÜóÇêçñáÇÉ=EëçäìíáçåFX N

qçí~ä=NQ=ã~êâë

UK E~F áí=áë=ê~êÉX N

EÄF ÜçãÉJã~ÇÉ=ÉèìáéãÉåíLíáåó=ÖäçÄìäÉëLã~ÇÉ=áå=~=ïççÇëÜÉÇX N

EÅF ÉåÇçíÜÉêãáÅL`X N

EÇF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íÜêÉÉ=ÑêçãW

• éêçÅÉëë=åçí=ÇáëÅçîÉêÉÇ=ìåíáä=NUUSX

• ÉäÉÅíêáÅáíó=åÉÉÇÉÇLÉäÉÅíêçäóëáë=ìëÉë=ÉäÉÅíêáÅáíóX

• ÉäÉÅíêáÅáíó=ìå~î~áä~ÄäÉ=ÄÉÑçêÉ=íÜáë=íáãÉX

• ~äìãáåáìã=ÅçãéçìåÇë=~êÉ=ëí~ÄäÉX
éäìë=N=ÅçããìåáÅ~íáçå=ã~êâ=Ñçê=ìëáåÖ=~=ëìáí~ÄäÉ
ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖX Q

qçí~ä=T=ã~êâë
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VK E~F QO=EÅã
P

FX N

EÄF ê~íÉ=çÑ=êÉ~Åíáçå=ÇÉÅêÉ~ëÉëX
~ë=~ÅáÇ=ÅçåÅÉåíê~íáçå=Ñ~ääëLêÉ~Åí~åíë=çê=~ÅáÇ=ìëÉÇ=ìéL
ÑÉïÉê=ÅçääáëáçåëX O

EÅF äáåÉ=ëíÉÉéÉê=íÜ~å=çêáÖáå~äX
Äìí=êÉ~ÅÜáåÖ=ë~ãÉ=ã~ñáãìã=îçäìãÉX O

EÇF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉW

• éçïÇÉê=Äìêåë=Ñ~ëíÉê=íÜ~å=äìãéëX

• ÄÉÅ~ìëÉ=çÑ=ÖêÉ~íÉê=ëìêÑ~ÅÉ=~êÉ~X O

qçí~ä=T=ã~êâë

NMK E~F ~áêX N

EÄF å~íìê~äLkçêíÜ=pÉ~=Ö~ëX N

EÅF EáF ke
P
====H====ekl

P
============ke

Q
kl

P

iep=Ñçêãìä~ÉX
oep=Ñçêãìä~ÉX
Ä~ä~åÅÉÇX P

EááF íç=Öêçï=ÄáÖÖÉêLÄÉííÉê=ÅêçéëX N

EáááF áåÅêÉ~ëÉÇ=éä~åí=äáÑÉ=áå=êáîÉêëX
ÅÜçâÉë=êáîÉêëLÉîÉåíì~ääó=ìëÉë=ìé=çñóÖÉå=áå=êáîÉêëX O

qçí~ä=U=ã~êâë

qlq^i=j^oh=VM
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rpfkd=qeb=j^oh=p`ebjb

NK qÜáë=ã~êâ=ëÅÜÉãÉ=ÖáîÉë=óçìX G=~å=áÇÉ~=çÑ=íÜÉ=íóéÉ=çÑ=êÉëéçåëÉ=ÉñéÉÅíÉÇ
G=Üçï=áåÇáîáÇì~ä=ã~êâë=~êÉ=íç=ÄÉ=~ï~êÇÉÇ
G=íÜÉ=íçí~ä=ã~êâ=Ñçê=É~ÅÜ=èìÉëíáçå
G=Éñ~ãéäÉë=çÑ=êÉëéçåëÉë=íÜ~í=ëÜçìäÇ=åçí=êÉÅÉáîÉ=ÅêÉÇáíK

OK X=ëÉé~ê~íÉë=éçáåíë=Ñçê=íÜÉ=~ï~êÇ=çÑ=É~ÅÜ=ã~êâK

PK L=ãÉ~åë=íÜ~í=íÜÉ=êÉëéçåëÉë=~êÉ=~äíÉêå~íáîÉë=~åÇ=ÉáíÜÉê=~åëïÉê=ëÜçìäÇ=êÉÅÉáîÉ=Ñìää=ÅêÉÇáíK

QK E=F=ãÉ~åë=íÜ~í=~=éÜê~ëÉLïçêÇ=áë=åçí=ÉëëÉåíá~ä=Ñçê=íÜÉ=~ï~êÇ=çÑ=íÜÉ=ã~êâ=Äìí=ÜÉäéë=íÜÉ=Éñ~ãáåÉê
íç=ÖÉí=íÜÉ=ëÉåëÉ=çÑ=íÜÉ=ÉñéÉÅíÉÇ=~åëïÉêK

RK mÜê~ëÉëLïçêÇë=áå=ÄçäÇ=áåÇáÅ~íÉ=íÜ~í=íÜÉ=ãÉ~åáåÖ=çÑ=íÜÉ=éÜê~ëÉLïçêÇ=áë=ÉëëÉåíá~ä=íç=íÜÉ=~åëïÉêK

SK ltqqb= Eçê=ïçêÇë= íç= íÜ~í= ÉÑÑÉÅíF= ~åÇ= Éè= EÉèìáî~äÉåíF= áåÇáÅ~íÉ= íÜ~í= î~äáÇ= ~äíÉêå~íáîÉ= ~åëïÉêë
EïÜáÅÜ=Ü~îÉ=åçí=ÄÉÉå=ëéÉÅáÑáÉÇF=~êÉ=~ÅÅÉéí~ÄäÉK

TK ‘fÖåçêÉ’=ãÉ~åë=íÜ~í=íÜáë=~åëïÉê=áë=åçí=ïçêíÜ=~=ã~êâ=Äìí=ÇçÉë=åçí=åÉÖ~íÉ=~å=~ÇÇáíáçå~ä=ÅçêêÉÅí
êÉëéçåëÉK

UK ‘oÉàÉÅí’=ãÉ~åë=íÜ~í=íÜÉ=~åëïÉê= áë=ïêçåÖ=~åÇ=åÉÖ~íÉë=~åó=~ÇÇáíáçå~ä=ÅçêêÉÅí=êÉëéçåëÉ=Ñçê=íÜ~í
ëéÉÅáÑáÅ=ã~êâK

VK lo^=Eçê= êÉîÉêëÉ= ~êÖìãÉåíF= áåÇáÅ~íÉë= íÜ~í= íÜÉ=ÅçãéäÉíÉ= êÉîÉêëÉ= áë= ~äëç=î~äáÇ= Ñçê= íÜÉ= ~ï~êÇ=çÑ
ã~êâëK

NMK ÉÅÑ=EÉêêçê=Å~êêáÉÇ=Ñçêï~êÇF=ãÉ~åë=íÜ~í=~=ïêçåÖ=~åëïÉê=ÖáîÉå=áå=~å=É~êäáÉê=é~êí=çÑ=~=èìÉëíáçå=áë
ìëÉÇ=ÅçêêÉÅíäó=áå=~åëïÉê=íç=~=ä~íÉê=é~êí=çÑ=íÜÉ=ë~ãÉ=èìÉëíáçåK

j^ohfkd

NK vçì=ãìëí=ÖáîÉ=~=íáÅâ=Eáå=êÉÇF=Ñçê=ÉîÉêó=ã~êâ=~ï~êÇÉÇK==qÜÉ=íáÅâ=ãìëí=ÄÉ=éä~ÅÉÇ=çå=íÜÉ=ëÅêáéí=ÅäçëÉ

íç=íÜÉ=~åëïÉêK==qÜÉ=ã~êâ=~ï~êÇÉÇ=Ñçê=é~êí=çÑ=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=ïêáííÉå=áå=íÜÉ=ã~êÖáå=ÅäçëÉ=íç
íÜÉ=ëìÄJíçí~äK

OK qÜÉ= ëìÄJíçí~ä=ã~êâë= Ñçê= ~=èìÉëíáçå= ëÜçìäÇ=ÄÉ= ~ÇÇÉÇ= íçÖÉíÜÉê= ~åÇ= íÜÉ= íçí~ä=ã~êâ=ïêáííÉå= ~åÇ
êáåÖÉÇ=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=èìÉëíáçå=íÜÉå=íê~åëÑÉêêÉÇ=íç=íÜÉ=Ñêçåí=çÑ=íÜÉ=ëÅêáéíK

PK pìÖÖÉëíáçåLÉñéä~å~íáçå= èìÉëíáçåë= ëÜçìäÇ= ÄÉ= ã~êâÉÇ= ÅçêêÉÅí= ÉîÉå= ïÜÉå= íÜÉ= ëìÖÖÉëíáçå= áë
Åçåí~áåÉÇ=ïáíÜáå=íÜÉ=Éñéä~å~íáçåK

QK aç=åçí=~ï~êÇ=ã~êâë=Ñçê=êÉéÉíáíáçå=çÑ=íÜÉ=ëíÉã=çÑ=íÜÉ=èìÉëíáçåK

RK j~âÉ=ëìêÉ=íÜ~í=íÜÉ=~åëïÉê=ã~âÉë=ëÉåëÉK==aç=åçí=ÖáîÉ=ÅêÉÇáí=Ñçê=ÅçêêÉÅí=ïçêÇëLéÜê~ëÉë=ïÜáÅÜ=~êÉ
éìí=íçÖÉíÜÉê=áå=~=ãÉ~åáåÖäÉëë=ã~ååÉêK==^åëïÉêë=ãìëí=ÄÉ=áå=íÜÉ=ÅçêêÉÅí=ëÅáÉåíáÑáÅ=ÅçåíÉñíK

^jmifcf`^qflk

NK få=Å~äÅìä~íáçåëI= Ñìää=ÅêÉÇáí=ãìëí=ÄÉ=ÖáîÉå= Ñçê= ~=Ä~äÇI=ÅçêêÉÅí= ~åëïÉêK= = fÑ= ~=åìãÉêáÅ~ä= ~åëïÉê= áë
áåÅçêêÉÅíI=äççâ=~í=íÜÉ=ïçêâáåÖ=~åÇ=~ï~êÇ=ã~êâë=~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâ=ëÅÜÉãÉK

OK `çåëÉèìÉåíá~ä=ã~êâáåÖ=ëÜçìäÇ=ÄÉ=ìëÉÇ= áå=Å~äÅìä~íáçåëK= =qÜáë= áë=ïÜÉêÉ=~=Å~åÇáÇ~íÉDë=ïçêâáåÖ= áë
ÅçêêÉÅí=Äìí= áë=Ä~ëÉÇ=ìéçå= ~=éêÉîáçìë= ÉêêçêK= =tÜÉå= ÅçåëÉèìÉåíá~ä=ã~êâë=Ü~îÉ=ÄÉÉå= ~ï~êÇÉÇ
ïêáíÉ=?ÉÅÑ?=åÉñí=íç=íÜÉ=íáÅâëK

PK fÑ=Å~åÇáÇ~íÉë=ìëÉ=íÜÉ=ãçäÉ=áå=Å~äÅìä~íáçåë=íÜÉó=ãìëí=ÄÉ=~ï~êÇÉÇ=Ñìää=ã~êâë=Ñçê=~=ÅçêêÉÅí=~åëïÉê
ÉîÉå=íÜçìÖÜ=íÜÉ=íÉêã=ã~ó=åçí=ÄÉ=çå=íÜÉ=ëóää~Äìë=~í=íÜÉáê=äÉîÉäK

QK fÑ= Å~åÇáÇ~íÉë=ìëÉ= ÅÜÉãáÅ~ä= Ñçêãìä~É= áåëíÉ~Ç=çÑ= ÅÜÉãáÅ~ä=å~ãÉëI= ÅêÉÇáí= Å~å=çåäó=ÄÉ=ÖáîÉå= áÑ= íÜÉ

Ñçêãìä~É=~êÉ=ÅçêêÉÅíK

nr^ifqv=lc=tofqqbk=`ljjrkf`^qflk

qÜáë=äçÖç=áåÇáÅ~íÉë=ïÜÉêÉ=ëíìÇÉåíë=ïáää=ÄÉ=~ëëÉëëÉÇ=çå=íÜÉáê=~Äáäáíó=íçW

• éêÉëÉåí=êÉäÉî~åí=áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ

• ÉåëìêÉ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë=ÅäÉ~ê

• ìëÉ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖK



1522.3F/1540.1F 135

NK E~F mäìíçX N

EÄF mäìíçX
ÜÉ~íX
áÅêÉ~ëÉëX P

EÅF äçï=ÇÉåëáíóX N

EÇF EáF ä~êÖÉëí=î~äìÉ=çÑ=ëìêÑ~ÅÉ=Öê~îáíóX N

EááF mäìíçX N

qçí~ä=T=ã~êâë

OK E~F EáF ÅççâÉêX
ÜáÖÜÉëí=éçïÉêLãçëí=ÅìêêÉåíX O

EááF ÄáÖÖÉëí=ÅìêêÉåí=Ñçê=ë~ãÉ=îçäí~ÖÉLåÉÉÇë=ÜáÖÜ=ÅìêêÉåíL
ÜáÖÜ=éçïÉêX
ä~êÖÉëí=ÅìêêÉåí=ïáíÜ=äçïÉëí=êÉëáëí~åÅÉX

=O

EáááF íÜáÅâ=Å~ÄäÉë=Ü~îÉ=~=äçïÉê=êÉëáëí~åÅÉX
íÜáÅâ=Å~ÄäÉë=éêçÇìÅÉ=äÉëë=ÜÉ~íX O

EÄF É~ÅÜ=ä~ãé=Ü~ë=áíë=çïå=ÅáêÅìáíL
É~ÅÜ=ä~ãé=Å~å=ÄÉ=ëïáíÅÜÉÇ=ëÉé~ê~íÉäóX
É~ÅÜ=ä~ãé=Ü~ë=íÜÉ=ë~ãÉ=îçäí~ÖÉL
É~ÅÜ=Å~å=çéÉê~íÉ=~í=çïå=éçïÉêX O

qçí~ä=U=ã~êâë

PK E~F ÑêáÅíáçå=Ñçê=ÖêáéLëç=íóêÉ=Å~å=éìëÜ=Ä~Åâ=çå=ÖêçìåÇX
Å~ê=ãçîÉë=Ñçêï~êÇLÑçêï~êÇ=éìëÜ=çÑ=ÖêçìåÇX =O

ÑêáÅíáçå=ÄÉíïÉÉå=Ü~åÇëX
éêçÇìÅÉë=ÜÉ~í=ÉåÉêÖóLâÉÉéë=Ü~åÇë=ï~êãX O

éäìë=N=ÅçããìåáÅ~íáçå=ã~êâ=Ñçê=ìëáåÖ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ
ëíóäÉ=çÑ=ïêáíáåÖX N

EÄF ìéï~êÇ=~êêçïX
ä~ÄÉääÉÇ=êÉ~ÅíáçåLéìëÜ=çÑ=í~ÄäÉX
Ççïåï~êÇ=~êêçïX
ä~ÄÉääÉÇ=ïÉáÖÜíLéìää=çÑ=b~êíÜX Q

qçí~ä=V=ã~êâë
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QK E~F ÑêáÅíáçåX
ÉäÉÅíêçëí~íáÅX
ÉäÉÅíêçåëX
~ííê~ÅíX Q

EÄF EáF ÅçêêÉÅí=ÇáêÉÅíáçå=çÑ=ãçîÉãÉåí=ëÜçïå=Eíçï~êÇë=ãÉí~ä=éä~íÉëFX =N

EááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• êÉéÉääÉÇ=Ñêçã=éçëáíáîÉ=ÖêáÇX

• ~ííê~ÅíÉÇ=íç=åÉÖ~íáîÉ=éä~íÉëX
x^ääçï=äáâÉ=ÅÜ~êÖÉë=êÉéÉäLìåäáâÉ=ÅÜ~êÖÉë=~ííê~Åí=Ñçê=N=ã~êâz

=O

EáááF íç=ã~âÉ=Çìëí=é~êíáÅäÉë=Ñ~ää=çÑÑL
áå=çêÇÉê=íç=ÅçääÉÅí=Çìëí=é~êíáÅäÉëLíç=ÅäÉ~å=íÜÉ=éä~íÉëX =N

qçí~ä=U=ã~êâë

RK E~F EáF ÄÉÅçãÉ=ÅçãéêÉëëÉÇLÅçãé~ÅíÉÇLëã~ääÉêLëèì~ëÜÉÇL
ÇÉÅêÉ~ëÉ=áå=ëáòÉLÖç=ÇçïåLéìëÜÉÇ=íçÖÉíÜÉêX N

EááF ëã~ääÉëí=ëéêáåÖ=ÅáêÅäÉÇX N

EáááF ãçëí=ÅçãéêÉëëÉÇLëã~ääÉëí=ëéêáåÖLltqqbX
x~=Åçãé~ê~íáîÉ=ëí~íÉãÉåí=áë=åÉÉÇÉÇz N

EÄF qïç=ëìÖÖÉëíáçåë=ÑêçãW

• ìëÉ=ãçêÉ=ëéêáåÖë=Eáå=íÜÉ=ãáÇÇäÉFX

• ìëÉ=ëíáÑÑÉêLëíêçåÖÉê=ëéêáåÖë=Eáå=íÜÉ=ãáÇÇäÉFX

• ëÉåëáÄäÉ=ìëÉ=çÑ=ã~íÉêá~äX

• ãçêÉ=Åçáäë=áå=íÜÉ=ëéêáåÖX O

EÅF EáF ~êêçï=éçáåíáåÖ=ÇçïåX
xfÖåçêÉ=éçáåí=çÑ=~Åíáçåz

N

EááF Ççïåï~êÇX
b~êíÜX O

qçí~ä=U=ã~êâë

SK E~F EáF éçáåíë=éäçííÉÇ=ÅçêêÉÅíäóXX
ëãççíÜ=ÅìêîÉ=Çê~ïåX P

EááF ~Äçìí=P=âãLÜX N

EáááF NNSM=ï~ííëX N

EáîF åçí=~äï~óë=ïáåÇóLî~êá~ÄäÉ=çìíéìíLíçç=ãìÅÜ=ä~åÇ=åÉÉÇÉÇX N

EÄF âáåÉíáÅLãçîÉãÉåíX
ÉäÉÅíêáÅ~äX O

qçí~ä=U=ã~êâë



1522.3F/1540.1F 137

TK E~F EáF SRBX N

EááF ï~ääë J=Çê~ìÖÜí=ÉñÅäìÇÉêLÅìêí~áåëLÅ~îáíó=ï~ää=áåëìä~íáçåX
Ñäççê J=Å~êéÉíëLïççÇÉå=ÑäççêëX
x^ÅÅÉéí=Ç~ãé=éêççÑáåÖ=Ñçê=N=ã~êâz

O

EÄF EáF NMU=tX N

EááF OOQ=×=PSMMXX
UKMS=×=NMR

=EgFX

x^ääçï=O=ã~êâë=ïÜÉêÉ=PSMM=ëÉÅ=Ü~ë=ÄÉÉå=ãáëëÉÇLOOQ=×=SMz
=P

EÅF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íïç=çÑW

• ~ééêçñ=RMB=çÑ=ÜÉ~í=äçëí=íÜêçìÖÜ=ïáåÇçï=ë~îÉÇX

• ïáåÇçïë=çåäó=~ÅÅçìåí=çÑ=NMB=çÑ=ÉåÉêÖó=äçëíX

• çåäó=~ééêçñ=RB=ë~îáåÖ=çå=ÜÉ~íáåÖ=ÄáääëX

• ã~âÉë=ÅçååÉÅíáçå=ÄÉíïÉÉå=ÉåÉêÖó=~åÇ=ÅçëíX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= éêÉëÉåíáåÖ= êÉäÉî~åí
áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉX P

qçí~ä=NM=ã~êâë

UK E~F EáF USX N

EááF NPQX N

EáááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=é~êíáÅäÉë=ïáíÜW

• ë~ãÉ=åìãÄÉê=çÑ=éêçíçåëX

• ÇáÑÑÉêÉåí=åìãÄÉêë=çÑ=åÉìíêçåëX O

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• Ö~ë=ÄêÉ~íÜÉÇ=áåX

• α=J=é~êíáÅäÉë=Å~ååçí=é~ëë=íÜêçìÖÜ=äáîáåÖ=íáëëìÉX
• å~ãÉÇ=ÜÉ~äíÜ=êáëâX P

EááF ^=ÇáëÅìëëáçå=íç=áåÅäìÇÉ=íÜêÉÉ=çÑW

• ä~Åâ=çÑ=ìåÇÉêëí~åÇáåÖ=çÑ=Ç~åÖÉêëX

• ÉîáÇÉåÅÉX

• ÅçëíX

• áåÑçêã~íáçå=åçí=ïáÇÉäó=âåçïåX

• Åçãéä~ÅÉåÅóX

• áåÑçêã~íáçå=ÇáÇ=åçí=ëéÉää=çìí=Ç~åÖÉêë=ÅäÉ~êäóX

• êÉÖáçå~ä=î~êá~íáçåX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ÉåëìêáåÖ= íÜ~í= ëéÉääáåÖI
éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ
áë=ÅäÉ~êX Q

qçí~ä=NN=ã~êâë
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VK E~F EîÉêóF=ÜáÖÜ=ÑêÉèìÉåÅó=ëçìåÇX
ÄÉóçåÇ=Üìã~å=ÜÉ~êáåÖLÜìã~åë=Å~ååçí=ÜÉ~ê=íÜáë=ÑêÉèìÉåÅóX =O

EÄF EáF î=Z=ÑλX

f

v=λ X

MMMRM

NRMM
LMKMPX

ãX Q

EááF qçí~ä=Çáëí~åÅÉ=Z=OQMM=ãX

í=Z=
NRMM

OQMM
X

Z=NKSRX
ëX Q

x^ääçï=P=ã~êâë=ã~ñI=áÑ=íçí~ä=Çáëí~åÅÉ=í~âÉå=~ë=NOMM=ãz

EÅF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉW

• çêÇáå~êó=ëçìåÇ=ëéêÉ~Çë=ãçêÉX

• ÅçåÅÉåíê~íáçå=äÉëëLäÉëë=áåíÉåëÉL
~ãéäáíìÇÉ=ÇÉÅêÉ~ëÉë=ê~éáÇäóX

• ê~åÖÉ=äáãáíÉÇLÅ~ååçí=íê~îÉä=Ñ~êX P

qçí~ä=NP=ã~êâë

NMK E~F EáF íçí~ä=áåíÉêå~ä=êÉÑäÉÅíáçåX N

EááF ëÜçìäÇ=ëÜçï=ãçêÉ=êÉÑäÉÅíáçåëX N

EáááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ãçêÉ=êÉÑäÉÅíáçåëLÜáíë=ëáÇÉ=ãçêÉ=çÑíÉåX

• ÖêÉ~íÉê=Çáëí~åÅÉ=íç=íê~îÉäX

=O

EÄF EáF X

EëÜ~êé=çåLçÑÑ=éìäëÉëF

=N

EááF Åçåíáåìçìëäó=î~êá~ÄäÉ=Eçê=Çá~ÖFLîçäí~ÖÉ=ÅÜ~åÖáåÖ=~ää=íÜÉ=íáãÉL
Å~å=Ü~îÉ=~åó=î~äìÉ=E~ääçï=ã~êâ=áÑ=ëÜçïå=çå=Çá~Öê~ãFX

=N

EÅF EáF ÇÉÅêÉ~ëÉëLÇáãëLäÉëë=áåíÉåëÉX N

EááF äáãáíë=ê~åÖÉLíê~îÉäë=äÉëëL=Å~ååçí=Öç=~ë=Ñ~êL~ãéäáíìÇÉ=äÉëëX N

qçí~ä=U=ã~êâë

qlq^i=j^ohp=VM
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rpfkd=qeb=j^oh=p`ebjb

NK qÜáë=ã~êâ=ëÅÜÉãÉ=ÖáîÉë=óçìX G=~å=áÇÉ~=çÑ=íÜÉ=íóéÉ=çÑ=êÉëéçåëÉ=ÉñéÉÅíÉÇ
G=Üçï=áåÇáîáÇì~ä=ã~êâë=~êÉ=íç=ÄÉ=~ï~êÇÉÇ
G=íÜÉ=íçí~ä=ã~êâ=Ñçê=É~ÅÜ=èìÉëíáçå
G=Éñ~ãéäÉë=çÑ=êÉëéçåëÉë=íÜ~í=ëÜçìäÇ=åçí=êÉÅÉáîÉ=ÅêÉÇáíK

OK X=ëÉé~ê~íÉë=éçáåíë=Ñçê=íÜÉ=~ï~êÇ=çÑ=É~ÅÜ=ã~êâK

PK L=ãÉ~åë=íÜ~í=íÜÉ=êÉëéçåëÉë=~êÉ=~äíÉêå~íáîÉë=~åÇ=ÉáíÜÉê=~åëïÉê=ëÜçìäÇ=êÉÅÉáîÉ=Ñìää=ÅêÉÇáíK

QK E=F=ãÉ~åë=íÜ~í=~=éÜê~ëÉLïçêÇ=áë=åçí=ÉëëÉåíá~ä=Ñçê=íÜÉ=~ï~êÇ=çÑ=íÜÉ=ã~êâ=Äìí=ÜÉäéë=íÜÉ=Éñ~ãáåÉê
íç=ÖÉí=íÜÉ=ëÉåëÉ=çÑ=íÜÉ=ÉñéÉÅíÉÇ=~åëïÉêK

RK mÜê~ëÉëLïçêÇë=áå=ÄçäÇ=áåÇáÅ~íÉ=íÜ~í=íÜÉ=ãÉ~åáåÖ=çÑ=íÜÉ=éÜê~ëÉLïçêÇ=áë=ÉëëÉåíá~ä=íç=íÜÉ=~åëïÉêK

SK ltqqb= Eçê=ïçêÇë= íç= íÜ~í= ÉÑÑÉÅíF= ~åÇ= Éè= EÉèìáî~äÉåíF= áåÇáÅ~íÉ= íÜ~í= î~äáÇ= ~äíÉêå~íáîÉ= ~åëïÉêë
EïÜáÅÜ=Ü~îÉ=åçí=ÄÉÉå=ëéÉÅáÑáÉÇF=~êÉ=~ÅÅÉéí~ÄäÉK

TK ‘fÖåçêÉ’=ãÉ~åë=íÜ~í=íÜáë=~åëïÉê=áë=åçí=ïçêíÜ=~=ã~êâ=Äìí=ÇçÉë=åçí=åÉÖ~íÉ=~å=~ÇÇáíáçå~ä=ÅçêêÉÅí
êÉëéçåëÉK

UK ‘oÉàÉÅí’=ãÉ~åë=íÜ~í=íÜÉ=~åëïÉê= áë=ïêçåÖ=~åÇ=åÉÖ~íÉë=~åó=~ÇÇáíáçå~ä=ÅçêêÉÅí=êÉëéçåëÉ=Ñçê=íÜ~í
ëéÉÅáÑáÅ=ã~êâK

VK lo^=Eçê= êÉîÉêëÉ= ~êÖìãÉåíF= áåÇáÅ~íÉë= íÜ~í= íÜÉ=ÅçãéäÉíÉ= êÉîÉêëÉ= áë= ~äëç=î~äáÇ= Ñçê= íÜÉ= ~ï~êÇ=çÑ
ã~êâëK

NMK ÉÅÑ=EÉêêçê=Å~êêáÉÇ=Ñçêï~êÇF=ãÉ~åë=íÜ~í=~=ïêçåÖ=~åëïÉê=ÖáîÉå=áå=~å=É~êäáÉê=é~êí=çÑ=~=èìÉëíáçå=áë
ìëÉÇ=ÅçêêÉÅíäó=áå=~åëïÉê=íç=~=ä~íÉê=é~êí=çÑ=íÜÉ=ë~ãÉ=èìÉëíáçåK

j^ohfkd

NK vçì=ãìëí=ÖáîÉ=~=íáÅâ=Eáå=êÉÇF=Ñçê=ÉîÉêó=ã~êâ=~ï~êÇÉÇK==qÜÉ=íáÅâ=ãìëí=ÄÉ=éä~ÅÉÇ=çå=íÜÉ=ëÅêáéí=ÅäçëÉ
íç=íÜÉ=~åëïÉêK==qÜÉ=ã~êâ=~ï~êÇÉÇ=Ñçê=é~êí=çÑ=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=ïêáííÉå=áå=íÜÉ=ã~êÖáå=ÅäçëÉ=íç
íÜÉ=ëìÄJíçí~äK

OK qÜÉ=ëìÄJíçí~ä=ã~êâë=Ñçê=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=~ÇÇÉÇ=íçÖÉíÜÉê=~åÇ=íÜÉ=íçí~ä=ã~êâ=ïêáííÉå=~åÇ
êáåÖÉÇ=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=èìÉëíáçå=íÜÉå=íê~åëÑÉêêÉÇ=íç=íÜÉ=Ñêçåí=çÑ=íÜÉ=ëÅêáéíK

PK pìÖÖÉëíáçåLÉñéä~å~íáçå= èìÉëíáçåë= ëÜçìäÇ= ÄÉ= ã~êâÉÇ= ÅçêêÉÅí= ÉîÉå= ïÜÉå= íÜÉ= ëìÖÖÉëíáçå= áë
Åçåí~áåÉÇ=ïáíÜáå=íÜÉ=Éñéä~å~íáçåK

QK aç=åçí=~ï~êÇ=ã~êâë=Ñçê=êÉéÉíáíáçå=çÑ=íÜÉ=ëíÉã=çÑ=íÜÉ=èìÉëíáçåK

RK j~âÉ=ëìêÉ=íÜ~í=íÜÉ=~åëïÉê=ã~âÉë=ëÉåëÉK==aç=åçí=ÖáîÉ=ÅêÉÇáí=Ñçê=ÅçêêÉÅí=ïçêÇëLéÜê~ëÉë=ïÜáÅÜ=~êÉ
éìí=íçÖÉíÜÉê=áå=~=ãÉ~åáåÖäÉëë=ã~ååÉêK==^åëïÉêë=ãìëí=ÄÉ=áå=íÜÉ=ÅçêêÉÅí=ëÅáÉåíáÑáÅ=ÅçåíÉñíK

^jmifcf`^qflk

NK få=Å~äÅìä~íáçåëI= Ñìää=ÅêÉÇáí=ãìëí=ÄÉ=ÖáîÉå= Ñçê= ~=Ä~äÇI=ÅçêêÉÅí= ~åëïÉêK= = fÑ= ~=åìãÉêáÅ~ä= ~åëïÉê= áë
áåÅçêêÉÅíI=äççâ=~í=íÜÉ=ïçêâáåÖ=~åÇ=~ï~êÇ=ã~êâë=~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâ=ëÅÜÉãÉK

OK `çåëÉèìÉåíá~ä=ã~êâáåÖ=ëÜçìäÇ=ÄÉ=ìëÉÇ= áå=Å~äÅìä~íáçåëK= =qÜáë= áë=ïÜÉêÉ=~=Å~åÇáÇ~íÉDë=ïçêâáåÖ= áë
ÅçêêÉÅí=Äìí= áë=Ä~ëÉÇ=ìéçå= ~=éêÉîáçìë= ÉêêçêK= =tÜÉå= ÅçåëÉèìÉåíá~ä=ã~êâë=Ü~îÉ=ÄÉÉå= ~ï~êÇÉÇ
ïêáíÉ=?ÉÅÑ?=åÉñí=íç=íÜÉ=íáÅâëK

PK fÑ=Å~åÇáÇ~íÉë=ìëÉ=íÜÉ=ãçäÉ=áå=Å~äÅìä~íáçåë=íÜÉó=ãìëí=ÄÉ=~ï~êÇÉÇ=Ñìää=ã~êâë=Ñçê=~=ÅçêêÉÅí=~åëïÉê
ÉîÉå=íÜçìÖÜ=íÜÉ=íÉêã=ã~ó=åçí=ÄÉ=çå=íÜÉ=ëóää~Äìë=~í=íÜÉáê=äÉîÉäK

QK fÑ= Å~åÇáÇ~íÉë=ìëÉ= ÅÜÉãáÅ~ä= Ñçêãìä~É= áåëíÉ~Ç=çÑ= ÅÜÉãáÅ~ä=å~ãÉëI= ÅêÉÇáí= Å~å=çåäó=ÄÉ=ÖáîÉå= áÑ= íÜÉ
Ñçêãìä~É=~êÉ=ÅçêêÉÅíKK

nr^ifqv=lc=tofqqbk=`ljjrkf`^qflk

qÜáë=äçÖç=áåÇáÅ~íÉë=ïÜÉêÉ=ëíìÇÉåíë=ïáää=ÄÉ=~ëëÉëëÉÇ=çå=íÜÉáê=~Äáäáíó=íçW

• éêÉëÉåí=êÉäÉî~åí=áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ

• ÉåëìêÉ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë=ÅäÉ~ê

• ìëÉ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖK
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NK E~F `LiìÅó=~åÇ=a~åáÉä=Ü~îÉ=ë~ãÉ=ÅçäçìêÉÇ=ÉóÉëX N

EÄF EáF ã~äÉX
ÄäìÉX O

EááF u=Ñêçã=çîìãLãçíÜÉêX
v=Ñêçã=ëéÉêãLÑ~íÜÉêX O

EÅF ÄÄX N

EÇF EáF iìÅóX N

EááF o~ÅÜÉäÛë=íïáå=ãìëíW

• ÄÉ=~=ÖáêäLiìÅó=çê=p~ê~ÜX

• Ü~îÉ=Äêçïå=ÉóÉëLÅ~åÛí=Ü~îÉ=ÄäìÉ=ÉóÉëX O

qçí~ä=V=ã~êâë

OK E~F EáF åìãÄÉêë=êÉã~áå=Åçåëí~åíLÉèX
çîÉê=~=äçåÖ=éÉêáçÇ=çÑ=íáãÉX O

EááF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• éêÉÇ~íáçåX

• ëçãÉ=ëìêîáîÉX

• íç=ÅçåíáåìÉ=íÜÉ=ëéÉÅáÉëLÉèX O

EáááF ãìí~íáçåLÉåîáêçåãÉåí~ä=Ñ~ÅíçêLÉèX N

EáîF ^=ÇÉëÅêáéíáçå=íç=áåÅäìÇÉ=íÜêÉÉ=ÑêçãW

• ÉåîáêçåãÉåí~ä=éêÉëëìêÉLÉèX

• ÅçãéÉíáíáçåX

• áåÇáîáÇì~äë=ïáíÜ=ÄÉåÉÑáÅá~ä=ÅÜ~ê~ÅíÉêáëíáÅëX

• ëìêîáîÉX

• êÉéêçÇìÅÉX

• é~ëë=çå=ÅÜ~ê~ÅíÉêáëíáÅ=íç=çÑÑëéêáåÖX
éäìë= çåÉ= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ÉåëìêáåÖ= íÜ~í
ëéÉääáåÖI= éìåÅíì~íáçå= ~åÇ= Öê~ãã~ê= ~êÉ= ~ÅÅìê~íÉI= ëç
íÜ~í=íÜÉ=ãÉ~åáåÖ=áë=ÅäÉ~êX

Q

EÄF å~íìêÉ=éä~óë=~å=áãéçêí~åí=é~êí=áå=~êíáÑáÅá~ä=ëÉÅíáçåX N

EÅF äÉÅíìêÉX
éìÄäáëÜ=Eáå=àçìêå~äFX O

qçí~ä=NO=ã~êâë
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PK jX
_X
gX
iX
_X R

qçí~ä=R=ã~êâë

QK E~F EáF Å~êÄçå=ÇáçñáÇÉX N

EááF ÇáêÉÅíáçå=çÑ=~êêçï=Ççïåï~êÇëX N

EáááF báíÜÉê Åçåíêçä=Ü~ë=åç=ãÉ~äïçêãëX
çê Ü~ë=ï~íÉêLåç=ëçÇáìã=ÜóÇêçñáÇÉ=ëçäìíáçåX N

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• áåÅêÉ~ëÉ=áå=~ÅíáîáíóLÉåòóãÉ=êÉ~ÅíáçåL
ãÉí~ÄçäáëãLÉèX

• ãçêÉ=çñóÖÉå=ìëÉÇ=~ë=íÉãéÉê~íìêÉ=êáëÉëX

• äÉîÉäë=çÑÑ=~í=ÜáÖÜ=íÉãéÉê~íìêÉX O

EááF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• ÅçêêÉÅí=êÉÑÉêÉåÅÉ=íç=íÜÉ=EÑ~ää=çÑF=ê~íÉ=çÑ
êÉëéáê~íáçåX

• ÇÉå~íìêÉ=ÉåòóãÉëX

• ãÉ~äïçêãë=âáääÉÇLÇáÉX

• åç=êÉëìäíë=çÄí~áå~ÄäÉLê~íÉ=Ñ~ääëLÉèX O

qçí~ä=T=ã~êâë

RK E~F ^=äÉííÉê=íç=áåÅäìÇÉ=Ñçìê=ÑêçãW

• áå=ï~íÉêX

• äáÖÜíX

• êÉÑÉêÉåÅÉ=íç=ëìáí~ÄäÉ=íÉãéÉê~íìêÉX

• ãáåÉê~äëLå~ãÉÇ=ãáåÉê~äX

• ~ÇÇ=Å~êÄçå=ÇáçñáÇÉX

• âÉÉé=ÜÉêÄáîçêÉë=çìíX

• êÉãçîÉ=ÇÉ~Ç=~äÖ~ÉX
éäìë= çåÉ= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ìëáåÖ= ~= ëìáí~ÄäÉ
ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖX R

EÄF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉ=íÜêÉÉ=ÑêçãW

• äÉëë=ÖêÉÉåÜçìëÉ=ÉÑÑÉÅíLÖäçÄ~ä=ï~êåáåÖX

• ãçêÉ=éÜçíçëóåíÜÉëáëX

• ~ÄëçêÄë=Å~êÄçå=ÇáçñáÇÉX

• Ü~Äáí~íë=êÉã~áåX

• äÉëë=Çáëêìéíáçå=íç=ÑççÇ=ÅÜ~áåëLïÉÄëX

• äÉëë=êáëâ=çÑ=ëéÉÅáÉë=ÉñíáåÅíáçåX

• äÉëë=êáëâ=çÑ=ëçáä=ÉêçëáçåLÑäççÇëX P

qçí~ä=U=ã~êâë
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SK E~F ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• Ç~åÅáåÖ=ÖÉåÉê~íÉë=ÜÉ~íX

• ÜÉ~í=íê~åëÑÉêêÉÇ=çìí=çÑ=ÄçÇóLÅççäáåÖ=ÉëëÉåíá~äLÉèX

• éêÉîÉåí=ÉåòóãÉ=ÇÉå~íìê~íáçåLÇÉ~íÜX O

EÄF EáF Äê~áåX N

EááF âáÇåÉóX N

EáááF áå=íÜÉ=ÄäççÇLéä~ëã~LÄäççÇëíêÉ~ãX N

EÅF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• ëïÉ~í=Åçåí~áåë=ë~äíX

• ÇêáåâáåÖ=ï~íÉê=ÇçÉë=åçí=êÉéä~ÅÉ=ë~äíX

• ï~íÉê=êÉ~ÄëçêÄÉÇ=áå=âáÇåÉóX

• ÄÉÅ~ìëÉ=çÑ=^aeX O

EÇF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• ï~íÉê=~ÄëçêÄÉÇX

• Äó=çëãçëáëX

• Äê~áå=ÅÉääë=Åçåí~áå=äÉëë=ï~íÉê=íÜ~å=éä~ëã~LÉèX O

qçí~ä=V=ã~êâë

TK E~F ÅçêêÉÅí=äÉííÉêë=áå=ÄçñÉëXXXX Q

EÄF ÇáÖÉëíÉÇX
~ãáåç=~ÅáÇëX
ÉåòóãÉëX
ëíçã~ÅÜLé~åÅêÉ~ëLëã~ää=áåíÉëíáåÉëX
~ÄëçêÄÉÇX R

qçí~ä=V=ã~êâë

UK E~F íÜóãáåÉX
ÅóíçëáåÉX

O

EÄF OMMM=Ä~ëÉëX
SMM=~êÉ=dLSMM=~êÉ=`LNOMM=~êÉ=d=çê=`X
UMM=~êÉ=^=~åÇ=qLQMM=~êÉ=^X P

qçí~ä=R=ã~êâë
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VK E~F EáF OKMX N

EááF qïç=ëìÖÖÉëíáçåë=ÑêçãW

• ï~êã=ÄäççÇÉÇLÄçÇó=íÉãéÉê~íìêÉ=Åçåëí~åíLÉèX

• ÉåÉêÖó=íê~åëÑÉêêÉÇ=~ë=ÜÉ~í=äçëëX

• êÉëéáê~íáçå=ê~íÉ=ÜáÖÜX

• ~ÅíáîÉLãçîÉë=~=äçíX

• Å~ååçí=ÇáÖÉëí=ÑççÇ=~î~áä~ÄäÉX O

qçí~ä=P=ã~êâë

NMK E~F kåX
kkX O

EÄF íïçX N

EÅF òÉêçLÉèX N

EÇF Ü~äÑLÉèX N

qçí~ä=R=ã~êâë

NNK E~F EáF êÉä~óLáåíÉêãÉÇá~íÉX N

EááF ^=ÇÉëÅêáéíáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW
NK=ëóå~éëÉX
OK=åÉìêçíê~åëãáííÉêX
PK=ÇáÑÑìëáçåX O

EÄF êÉÅÉéíçê===========åÉìêçåÉë===========ÉÑÑÉÅíçê==========êÉëéçåëÉ P

^ää=ÅçêêÉÅí=J=P=ã~êâë
P=ÅçêêÉÅí====J=O=ã~êâë
O=ÅçêêÉÅí====J=N=ã~êâ
N=ÅçêêÉÅí====J=M=ã~êâë

qçí~ä=S=ã~êâë

NOK E~F _
^
c
b
^ää=ÅçêêÉÅí=J=P=ã~êâë
P=ÅçêêÉÅí====J=O=ã~êâë
O=ÅçêêÉÅí====J=N=ã~êâ
N=ÅçêêÉÅí====J=M=ã~êâë

P

EÄF SX N
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EÅF qïç=ÑêçãW

• êÉÇìÅÉëLÜ~äîÉë=ÅÜêçãçëçãÉ=åìãÄÉêL
===éêçÇìÅÉë=Ü~éäçáÇ=ÅÉääëLÉèX

• éêçÇìÅÉë=Ö~ãÉíÉëLëÉñ=ÅÉääëLëéÉêãë=~åÇ=ÉÖÖëX

• êÉëìäíë=áå=ÅÉääë=ïÜáÅÜ=~êÉ=ÖÉåÉíáÅ~ääó=ÇáÑÑÉêÉåíX

• çÅÅìêë=áå=Öçå~ÇëLíÉëíÉëLçî~êó=çåäóX

• éêçÇìÅÉë=Q=ÅÉääëX O

qçí~ä=S=ã~êâë

NPK ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=ÑáîÉ=ÑêçãW

• ëìäéÜìê=ÇáçñáÇÉLÅ~êÄçå=ÇáçñáÇÉLåáíêçÖÉå=çñáÇÉX

• Ñêçã=Ñ~ÅíçêáÉëLÅ~ê=ÉñÜ~ìëíLÄìêåáåÖ=Ñçëëáä=ÑìÉäX

• ~ÅáÇ=ê~áåX

• âáääë=éä~åíëLÇÉÑçêÉëí~íáçåX

• âáääë=ÑáëÜX

• Å~êÄçå=ãçåçñáÇÉX

• äÉëë=çñóÖÉå=áå=ÄäççÇX

• Å~å=âáääX

• ÖêÉÉåÜçìëÉ=ÉÑÑÉÅíLÖäçÄ~ä=ï~êãáåÖX

• ÉÖ=Å~êÄçå=ÇáçñáÇÉLï~íÉê=î~éçìêX

• ÑäççÇáåÖX

• äçëë=çÑ=Ü~Äáí~íëX

• ëéÉÅáÉë=ÉñíáåÅíáçåX

• Çáëêìéíáçå=çÑ=ÑççÇ=ÅÜ~áåëLïÉÄëX

• ÇÉéäÉíáçå=çÑ=çòçåÉ=ä~óÉêX

• `c`ëX

• Ç~åÖÉê=Ñêçã=ìäíê~îáçäÉíLrs=ê~Çá~íáçåX
éäìë= çåÉ= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ìëáåÖ= ~= ëìáí~ÄäÉ
ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖX S

qçí~ä=S=ã~êâë

qlq^i=j^oh=VM
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rpfkd=qeb=j^oh=p`ebjb

NK qÜáë=ã~êâ=ëÅÜÉãÉ=ÖáîÉë=óçìX G=~å=áÇÉ~=çÑ=íÜÉ=íóéÉ=çÑ=êÉëéçåëÉ=ÉñéÉÅíÉÇ
G=Üçï=áåÇáîáÇì~ä=ã~êâë=~êÉ=íç=ÄÉ=~ï~êÇÉÇ
G=íÜÉ=íçí~ä=ã~êâ=Ñçê=É~ÅÜ=èìÉëíáçå
G=Éñ~ãéäÉë=çÑ=êÉëéçåëÉë=íÜ~í=ëÜçìäÇ=åçí=êÉÅÉáîÉ=ÅêÉÇáíK

OK X=ëÉé~ê~íÉë=éçáåíë=Ñçê=íÜÉ=~ï~êÇ=çÑ=É~ÅÜ=ã~êâK

PK L=ãÉ~åë=íÜ~í=íÜÉ=êÉëéçåëÉë=~êÉ=~äíÉêå~íáîÉë=~åÇ=ÉáíÜÉê=~åëïÉê=ëÜçìäÇ=êÉÅÉáîÉ=Ñìää=ÅêÉÇáíK

QK E=F=ãÉ~åë=íÜ~í=~=éÜê~ëÉLïçêÇ=áë=åçí=ÉëëÉåíá~ä=Ñçê=íÜÉ=~ï~êÇ=çÑ=íÜÉ=ã~êâ=Äìí=ÜÉäéë=íÜÉ=Éñ~ãáåÉê
íç=ÖÉí=íÜÉ=ëÉåëÉ=çÑ=íÜÉ=ÉñéÉÅíÉÇ=~åëïÉêK

RK mÜê~ëÉëLïçêÇë=áå=ÄçäÇ=áåÇáÅ~íÉ=íÜ~í=íÜÉ=ãÉ~åáåÖ=çÑ=íÜÉ=éÜê~ëÉLïçêÇ=áë=ÉëëÉåíá~ä=íç=íÜÉ=~åëïÉêK

SK ltqqb= Eçê=ïçêÇë= íç= íÜ~í= ÉÑÑÉÅíF= ~åÇ= Éè= EÉèìáî~äÉåíF= áåÇáÅ~íÉ= íÜ~í= î~äáÇ= ~äíÉêå~íáîÉ= ~åëïÉêë
EïÜáÅÜ=Ü~îÉ=åçí=ÄÉÉå=ëéÉÅáÑáÉÇF=~êÉ=~ÅÅÉéí~ÄäÉK

TK ‘fÖåçêÉ’=ãÉ~åë=íÜ~í=íÜáë=~åëïÉê=áë=åçí=ïçêíÜ=~=ã~êâ=Äìí=ÇçÉë=åçí=åÉÖ~íÉ=~å=~ÇÇáíáçå~ä=ÅçêêÉÅí
êÉëéçåëÉK

UK ‘oÉàÉÅí’=ãÉ~åë=íÜ~í=íÜÉ=~åëïÉê= áë=ïêçåÖ=~åÇ=åÉÖ~íÉë=~åó=~ÇÇáíáçå~ä=ÅçêêÉÅí=êÉëéçåëÉ=Ñçê=íÜ~í
ëéÉÅáÑáÅ=ã~êâK

VK lo^=Eçê= êÉîÉêëÉ= ~êÖìãÉåíF= áåÇáÅ~íÉë= íÜ~í= íÜÉ=ÅçãéäÉíÉ= êÉîÉêëÉ= áë= ~äëç=î~äáÇ= Ñçê= íÜÉ= ~ï~êÇ=çÑ
ã~êâëK

NMK ÉÅÑ=EÉêêçê=Å~êêáÉÇ=Ñçêï~êÇF=ãÉ~åë=íÜ~í=~=ïêçåÖ=~åëïÉê=ÖáîÉå=áå=~å=É~êäáÉê=é~êí=çÑ=~=èìÉëíáçå=áë
ìëÉÇ=ÅçêêÉÅíäó=áå=~åëïÉê=íç=~=ä~íÉê=é~êí=çÑ=íÜÉ=ë~ãÉ=èìÉëíáçåK

j^ohfkd

NK vçì=ãìëí=ÖáîÉ=~=íáÅâ=Eáå=êÉÇF=Ñçê=ÉîÉêó=ã~êâ=~ï~êÇÉÇK==qÜÉ=íáÅâ=ãìëí=ÄÉ=éä~ÅÉÇ=çå=íÜÉ=ëÅêáéí=ÅäçëÉ

íç=íÜÉ=~åëïÉêK==qÜÉ=ã~êâ=~ï~êÇÉÇ=Ñçê=é~êí=çÑ=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=ïêáííÉå=áå=íÜÉ=ã~êÖáå=ÅäçëÉ=íç
íÜÉ=ëìÄJíçí~äK

OK qÜÉ=ëìÄJíçí~ä=ã~êâë=Ñçê=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=~ÇÇÉÇ=íçÖÉíÜÉê=~åÇ=íÜÉ=íçí~ä=ã~êâ=ïêáííÉå=~åÇ
êáåÖÉÇ=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=èìÉëíáçå=íÜÉå=íê~åëÑÉêêÉÇ=íç=íÜÉ=Ñêçåí=çÑ=íÜÉ=ëÅêáéíK

PK pìÖÖÉëíáçåLÉñéä~å~íáçå= èìÉëíáçåë= ëÜçìäÇ= ÄÉ= ã~êâÉÇ= ÅçêêÉÅí= ÉîÉå= ïÜÉå= íÜÉ= ëìÖÖÉëíáçå= áë
Åçåí~áåÉÇ=ïáíÜáå=íÜÉ=Éñéä~å~íáçåK

QK aç=åçí=~ï~êÇ=ã~êâë=Ñçê=êÉéÉíáíáçå=çÑ=íÜÉ=ëíÉã=çÑ=íÜÉ=èìÉëíáçåK

RK j~âÉ=ëìêÉ=íÜ~í=íÜÉ=~åëïÉê=ã~âÉë=ëÉåëÉK==aç=åçí=ÖáîÉ=ÅêÉÇáí=Ñçê=ÅçêêÉÅí=ïçêÇëLéÜê~ëÉë=ïÜáÅÜ=~êÉ
éìí=íçÖÉíÜÉê=áå=~=ãÉ~åáåÖäÉëë=ã~ååÉêK==^åëïÉêë=ãìëí=ÄÉ=áå=íÜÉ=ÅçêêÉÅí=ëÅáÉåíáÑáÅ=ÅçåíÉñíK

^jmifcf`^qflk

NK få=Å~äÅìä~íáçåëI= Ñìää=ÅêÉÇáí=ãìëí=ÄÉ=ÖáîÉå= Ñçê= ~=Ä~äÇI=ÅçêêÉÅí= ~åëïÉêK= = fÑ= ~=åìãÉêáÅ~ä= ~åëïÉê= áë
áåÅçêêÉÅíI=äççâ=~í=íÜÉ=ïçêâáåÖ=~åÇ=~ï~êÇ=ã~êâë=~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâ=ëÅÜÉãÉK

OK `çåëÉèìÉåíá~ä=ã~êâáåÖ=ëÜçìäÇ=ÄÉ=ìëÉÇ= áå=Å~äÅìä~íáçåëK= =qÜáë= áë=ïÜÉêÉ=~=Å~åÇáÇ~íÉDë=ïçêâáåÖ= áë
ÅçêêÉÅí=Äìí= áë=Ä~ëÉÇ=ìéçå= ~=éêÉîáçìë= ÉêêçêK= =tÜÉå= ÅçåëÉèìÉåíá~ä=ã~êâë=Ü~îÉ=ÄÉÉå= ~ï~êÇÉÇ
ïêáíÉ=?ÉÅÑ?=åÉñí=íç=íÜÉ=íáÅâëK

PK fÑ=Å~åÇáÇ~íÉë=ìëÉ=íÜÉ=ãçäÉ=áå=Å~äÅìä~íáçåë=íÜÉó=ãìëí=ÄÉ=~ï~êÇÉÇ=Ñìää=ã~êâë=Ñçê=~=ÅçêêÉÅí=~åëïÉê
ÉîÉå=íÜçìÖÜ=íÜÉ=íÉêã=ã~ó=åçí=ÄÉ=çå=íÜÉ=ëóää~Äìë=~í=íÜÉáê=äÉîÉäK

QK fÑ= Å~åÇáÇ~íÉë=ìëÉ= ÅÜÉãáÅ~ä= Ñçêãìä~É= áåëíÉ~Ç=çÑ= ÅÜÉãáÅ~ä=å~ãÉëI= ÅêÉÇáí= Å~å=çåäó=ÄÉ=ÖáîÉå= áÑ= íÜÉ

Ñçêãìä~É=~êÉ=ÅçêêÉÅíK

nr^ifqv=lc=tofqqbk=`ljjrkf`^qflk

qÜáë=äçÖç=áåÇáÅ~íÉë=ïÜÉêÉ=ëíìÇÉåíë=ïáää=ÄÉ=~ëëÉëëÉÇ=çå=íÜÉáê=~Äáäáíó=íçW

• éêÉëÉåí=êÉäÉî~åí=áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ

• ÉåëìêÉ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë=ÅäÉ~ê

• ìëÉ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖK
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NK E~F EáF m~êíáÅäÉ=^ J ÉäÉÅíêçåX
m~êíáÅäÉ=_ J åÉìíêçåX
m~êíáÅäÉ=` J éêçíçåX P

EááF TX N

EáááF çåÉ=ÉäÉÅíêçå=áå=çìíÉê=ëÜÉääX N

EÄF Ok~====H====`ä
O
==============Ok~`ä

Ñçêãìä~É=ÅçêêÉÅíX
Ä~ä~åÅÉÇX O

qçí~ä=T=ã~êâë

OK E~F ~íçãW OWUWTLÉèìáî~äÉåí=Çá~Öê~ãXX
áçåW OWUWULÉèìáî~äÉåí=Çá~Öê~ãXX
áå=É~ÅÜ=Å~ëÉ=~ääçï=N=ã~êâ=Ñçê=ÅçêêÉÅí=çìíÉê=ëÜÉääX

Q

EÄF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ä~êÖÉ=~ãçìåí=çÑ=ÉåÉêÖó=åÉÉÇÉÇX

• íç=çîÉêÅçãÉ=ëíêçåÖ=ÑçêÅÉëLÄçåÇë=ÄÉíïÉÉå=áçåëX O

EÅF NK=äÉÑí J ÉäÉÅíêçäóíÉLëçÇáìã=ÅÜäçêáÇÉ=EëçäìíáçåFX
OK=íçé=êáÖÜí J ÅÜäçêáåÉX
PK=Äçííçã=êáÖÜí J ~åçÇÉLéçëáíáîÉ=ÉäÉÅíêçÇÉX

P

EÇF qÉëí=Ñçê=ÜóÇêçÖÉåW

• äáÖÜíÉÇ=ëéäáåíX

• ÖáîÉë=ÚéçéÛX
qÉëí=Ñçê=ÅÜäçêáåÉW

• EÇ~ãéF=äáíãìë=Eé~éÉêFX

• ÄäÉ~ÅÜÉÇX Q

EÉF ëçÇáìã=ÜóÇêçñáÇÉ=EëçäìíáçåFX N

qçí~ä=NQ=ã~êâë
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PK E~F áí=áë=ê~êÉX N

EÄF ÜçãÉJã~ÇÉ=ÉèìáéãÉåíLíáåó=ÖäçÄìäÉëLã~ÇÉ=áå=~=ïççÇëÜÉÇX N

EÅF ÉåÇçíÜÉêãáÅL`X N

EÇF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íÜêÉÉ=ÑêçãW

• éêçÅÉëë=åçí=ÇáëÅçîÉêÉÇ=ìåíáä=NUUSX

• ÉäÉÅíêáÅáíó=åÉÉÇÉÇLÉäÉÅíêçäóëáë=ìëÉë=ÉäÉÅíêáÅáíóX

• ÉäÉÅíêáÅáíó=ìå~î~áä~ÄäÉ=ÄÉÑçêÉ=íÜáë=íáãÉX

• ~äìãáåáìã=ÅçãéçìåÇë=~êÉ=ëí~ÄäÉX
éäìë=N=ÅçããìåáÅ~íáçå=ã~êâ=Ñçê=ìëáåÖ=~=ëìáí~ÄäÉ
ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖX Q

qçí~ä=T=ã~êâë

QK E~F QO=EÅã
P

FX N

EÄF ê~íÉ=çÑ=êÉ~Åíáçå=ÇÉÅêÉ~ëÉëX
~ë=~ÅáÇ=ÅçåÅÉåíê~íáçå=Ñ~ääëLêÉ~Åí~åíë=çê=~ÅáÇ=ìëÉÇ=ìéX
ÑÉïÉê=ÅçääáëáçåëX O

EÅF äáåÉ=ëíÉÉéÉê=íÜ~å=çêáÖáå~äX
Äìí=êÉ~ÅÜáåÖ=ë~ãÉ=ã~ñáãìã=îçäìãÉX O

EÇF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉW

• éçïÇÉê=Äìêåë=Ñ~ëíÉê=íÜ~å=äìãéëX

• ÄÉÅ~ìëÉ=çÑ=ÖêÉ~íÉê=ëìêÑ~ÅÉ=~êÉ~X O

qçí~ä=T=ã~êâë

RK E~F ~áêX N

EÄF å~íìê~äLkçêíÜ=pÉ~=Ö~ëX N

EÅF EáF ke
P
====H====ekl

P
============ke

Q
kl

P

iep=Ñçêãìä~ÉX
oep=Ñçêãìä~ÉX
Ä~ä~åÅÉÇX P

EááF íç=Öêçï=ÄáÖÖÉêLÄÉííÉê=ÅêçéëX N

EáááF áåÅêÉ~ëÉÇ=éä~åí=äáÑÉ=áå=êáîÉêëX
ÅÜçâÉë=êáîÉêëLÉîÉåíì~ääó=ìëÉë=ìé=çñóÖÉå=áå=êáîÉêëX O

qçí~ä=U=ã~êâë
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SK E~F ÖêÉ~íÉê=óáÉäÇ=çÑ=ãÉíÜ~åçäX
Ñ~ëíÉê=êÉ~ÅíáçåX O

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ÖêÉ~íÉê=óáÉäÇ=çÑ=ãÉíÜ~åçäX

• Ñçêï~êÇ=êÉ~ÅíáçåL=Ñçêã~íáçå=çÑ=ãÉíÜ~åçä=áë=ÉñçíÜÉêãáÅX

• äçïÉê=íÉãéÉê~íìêÉ=~ääçïë=ÉèìáäáÄêáìã=íç=ãçîÉ=áå
============ÉñçíÜÉêãáÅ=ÇáêÉÅíáçåX
éäìë=çåÉ=ÅçããìåáÅ~íáçå=ã~êâ=Ñçê=ÉåëìêáåÖ=íÉñí=áë=äÉÖáÄäÉ
~åÇ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI
ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë=ÅäÉ~êX Q

EááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ãçäÉÅìäÉë=ÅçääáÇÉ=ïáíÜ=äÉëë=ÉåÉêÖóLäÉëë=ÑêÉèìÉåíäóX

• ëäçïÉê=êÉ~ÅíáçåX O

qçí~ä=U=ã~êâë

TK E~F ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ã~êáåÉ=çêÖ~åáëãëLÅêìëí~ÅÉ~åë=ÇáÉÇX

• ëÜÉääëLëâÉäÉíçåë=Äìáäí=ìé=áå=ä~óÉêëX

• ÅçãéêÉëëÉÇ=íç=Ñçêã=êçÅâ=çîÉê=íáãÉX
éäìë=N=ÅçããìåáÅ~íáçå=ã~êâ=Ñçê=éêÉëÉåíáåÖ=êÉäÉî~åí
áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉX Q

EÄF ãÉí~ãçêéÜáÅX N

EÅF NMM=Ö=`~`l
P
X

éêçÇìÅÉë=QM=Ö=çÑ=`~lX
íÜÉêÉÑçêÉ=OR=Ö=`~`l

P
=éêçÇìÅÉë=NM=Ö=`~lX P

EÇF EáF ~åó=ëçäìÄäÉ=ãÉí~ä=áçÇáÇÉLÜóÇêçÖÉå=áçÇáÇÉX N

EááF êÉÇJÄêçïå=Åçäçìê=éêçÇìÅÉÇX N

EáááF Ö~áåë=ÉäÉÅíêçåëX N

EáîF OX

OÉ−X O

qçí~ä=NP=ã~êâë

UK E~F ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• íÜÉ=ãçêÉ=Å~êÄçå=~íçãëI=íÜÉ=ÜáÖÜÉê=íÜÉ=ÄçáäáåÖ=éçáåíX

• ãçêÉ=ÉåÉêÖó=åÉÉÇÉÇ=íç=ëÉé~ê~íÉ=ä~êÖÉê=ãçäÉÅìäÉëX O

EÄF EáF ^=ÇÉëÅêáéíáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• ÜáÖÜ=íÉãéÉê~íìêÉX

• Å~í~äóëíX

• ~ÄëÉåÅÉ=çÑ=~áêX O
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EááF ^=ÇÉëÅêáéíáçå=íç=áåÅäìÇÉW

• ÄêçãáåÉ=Eï~íÉêFX

• áë=ÇÉÅçäçìêáëÉÇX O

EÅF EáF

x^ääçï=çåÉ=ã~êâ=Ñçê=`Z`z O
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O

EáááF éçäóEéêçéÉåÉF=ëíêçåÖÉêX N

qçí~ä=NQ=ã~êâë

VK E~F NT NT NU

NT NT OM

É~ÅÜ=îÉêíáÅ~ä=é~áêX P

EÄF EáF EMKTR=×=PTF=H=EMKOR=×=PRF==Z=PRKRXX O

EááF TNX N

EÅF ÅçêêÉÅí=Çá~Öê~ãXX
x^ääçï=çåÉ=ã~êâ=Ñçê=çåÉ=ëÜ~êÉÇ=é~áê=çÑ=ÉäÉÅíêçåëz
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NS
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O
L`ä

O
lX Q
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rpfkd=qeb=j^oh=p`ebjb

NK qÜáë=ã~êâ=ëÅÜÉãÉ=ÖáîÉë=óçìX G=~å=áÇÉ~=çÑ=íÜÉ=íóéÉ=çÑ=êÉëéçåëÉ=ÉñéÉÅíÉÇ
G=Üçï=áåÇáîáÇì~ä=ã~êâë=~êÉ=íç=ÄÉ=~ï~êÇÉÇ
G=íÜÉ=íçí~ä=ã~êâ=Ñçê=É~ÅÜ=èìÉëíáçå
G=Éñ~ãéäÉë=çÑ=êÉëéçåëÉë=íÜ~í=ëÜçìäÇ=åçí=êÉÅÉáîÉ=ÅêÉÇáíK

OK X=ëÉé~ê~íÉë=éçáåíë=Ñçê=íÜÉ=~ï~êÇ=çÑ=É~ÅÜ=ã~êâK

PK L=ãÉ~åë=íÜ~í=íÜÉ=êÉëéçåëÉë=~êÉ=~äíÉêå~íáîÉë=~åÇ=ÉáíÜÉê=~åëïÉê=ëÜçìäÇ=êÉÅÉáîÉ=Ñìää=ÅêÉÇáíK

QK E=F=ãÉ~åë=íÜ~í=~=éÜê~ëÉLïçêÇ=áë=åçí=ÉëëÉåíá~ä=Ñçê=íÜÉ=~ï~êÇ=çÑ=íÜÉ=ã~êâ=Äìí=ÜÉäéë=íÜÉ=Éñ~ãáåÉê
íç=ÖÉí=íÜÉ=ëÉåëÉ=çÑ=íÜÉ=ÉñéÉÅíÉÇ=~åëïÉêK

RK mÜê~ëÉëLïçêÇë=áå=ÄçäÇ=áåÇáÅ~íÉ=íÜ~í=íÜÉ=ãÉ~åáåÖ=çÑ=íÜÉ=éÜê~ëÉLïçêÇ=áë=ÉëëÉåíá~ä=íç=íÜÉ=~åëïÉêK

SK ltqqb= Eçê=ïçêÇë= íç= íÜ~í= ÉÑÑÉÅíF= ~åÇ= Éè= EÉèìáî~äÉåíF= áåÇáÅ~íÉ= íÜ~í= î~äáÇ= ~äíÉêå~íáîÉ= ~åëïÉêë
EïÜáÅÜ=Ü~îÉ=åçí=ÄÉÉå=ëéÉÅáÑáÉÇF=~êÉ=~ÅÅÉéí~ÄäÉK

TK ‘fÖåçêÉ’=ãÉ~åë=íÜ~í=íÜáë=~åëïÉê=áë=åçí=ïçêíÜ=~=ã~êâ=Äìí=ÇçÉë=åçí=åÉÖ~íÉ=~å=~ÇÇáíáçå~ä=ÅçêêÉÅí
êÉëéçåëÉK

UK ‘oÉàÉÅí’=ãÉ~åë=íÜ~í=íÜÉ=~åëïÉê= áë=ïêçåÖ=~åÇ=åÉÖ~íÉë=~åó=~ÇÇáíáçå~ä=ÅçêêÉÅí=êÉëéçåëÉ=Ñçê=íÜ~í
ëéÉÅáÑáÅ=ã~êâK

VK lo^=Eçê= êÉîÉêëÉ= ~êÖìãÉåíF= áåÇáÅ~íÉë= íÜ~í= íÜÉ=ÅçãéäÉíÉ= êÉîÉêëÉ= áë= ~äëç=î~äáÇ= Ñçê= íÜÉ= ~ï~êÇ=çÑ
ã~êâëK

NMK ÉÅÑ=EÉêêçê=Å~êêáÉÇ=Ñçêï~êÇF=ãÉ~åë=íÜ~í=~=ïêçåÖ=~åëïÉê=ÖáîÉå=áå=~å=É~êäáÉê=é~êí=çÑ=~=èìÉëíáçå=áë
ìëÉÇ=ÅçêêÉÅíäó=áå=~åëïÉê=íç=~=ä~íÉê=é~êí=çÑ=íÜÉ=ë~ãÉ=èìÉëíáçåK

j^ohfkd

NK vçì=ãìëí=ÖáîÉ=~=íáÅâ=Eáå=êÉÇF=Ñçê=ÉîÉêó=ã~êâ=~ï~êÇÉÇK==qÜÉ=íáÅâ=ãìëí=ÄÉ=éä~ÅÉÇ=çå=íÜÉ=ëÅêáéí=ÅäçëÉ

íç=íÜÉ=~åëïÉêK==qÜÉ=ã~êâ=~ï~êÇÉÇ=Ñçê=é~êí=çÑ=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=ïêáííÉå=áå=íÜÉ=ã~êÖáå=ÅäçëÉ=íç
íÜÉ=ëìÄJíçí~äK

OK qÜÉ= ëìÄJíçí~ä=ã~êâë= Ñçê= ~=èìÉëíáçå= ëÜçìäÇ=ÄÉ= ~ÇÇÉÇ= íçÖÉíÜÉê= ~åÇ= íÜÉ= íçí~ä=ã~êâ=ïêáííÉå= ~åÇ
êáåÖÉÇ=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=èìÉëíáçå=íÜÉå=íê~åëÑÉêêÉÇ=íç=íÜÉ=Ñêçåí=çÑ=íÜÉ=ëÅêáéíK

PK pìÖÖÉëíáçåLÉñéä~å~íáçå= èìÉëíáçåë= ëÜçìäÇ= ÄÉ= ã~êâÉÇ= ÅçêêÉÅí= ÉîÉå= ïÜÉå= íÜÉ= ëìÖÖÉëíáçå= áë
Åçåí~áåÉÇ=ïáíÜáå=íÜÉ=Éñéä~å~íáçåK

QK aç=åçí=~ï~êÇ=ã~êâë=Ñçê=êÉéÉíáíáçå=çÑ=íÜÉ=ëíÉã=çÑ=íÜÉ=èìÉëíáçåK

RK j~âÉ=ëìêÉ=íÜ~í=íÜÉ=~åëïÉê=ã~âÉë=ëÉåëÉK==aç=åçí=ÖáîÉ=ÅêÉÇáí=Ñçê=ÅçêêÉÅí=ïçêÇëLéÜê~ëÉë=ïÜáÅÜ=~êÉ
éìí=íçÖÉíÜÉê=áå=~=ãÉ~åáåÖäÉëë=ã~ååÉêK==^åëïÉêë=ãìëí=ÄÉ=áå=íÜÉ=ÅçêêÉÅí=ëÅáÉåíáÑáÅ=ÅçåíÉñíK

^jmifcf`^qflk

NK få=Å~äÅìä~íáçåëI= Ñìää=ÅêÉÇáí=ãìëí=ÄÉ=ÖáîÉå= Ñçê= ~=Ä~äÇI=ÅçêêÉÅí= ~åëïÉêK= = fÑ= ~=åìãÉêáÅ~ä= ~åëïÉê= áë
áåÅçêêÉÅíI=äççâ=~í=íÜÉ=ïçêâáåÖ=~åÇ=~ï~êÇ=ã~êâë=~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâ=ëÅÜÉãÉK

OK `çåëÉèìÉåíá~ä=ã~êâáåÖ=ëÜçìäÇ=ÄÉ=ìëÉÇ= áå=Å~äÅìä~íáçåëK= =qÜáë= áë=ïÜÉêÉ=~=Å~åÇáÇ~íÉDë=ïçêâáåÖ= áë
ÅçêêÉÅí=Äìí= áë=Ä~ëÉÇ=ìéçå= ~=éêÉîáçìë= ÉêêçêK= =tÜÉå= ÅçåëÉèìÉåíá~ä=ã~êâë=Ü~îÉ=ÄÉÉå= ~ï~êÇÉÇ
ïêáíÉ=?ÉÅÑ?=åÉñí=íç=íÜÉ=íáÅâëK

PK fÑ=Å~åÇáÇ~íÉë=ìëÉ=íÜÉ=ãçäÉ=áå=Å~äÅìä~íáçåë=íÜÉó=ãìëí=ÄÉ=~ï~êÇÉÇ=Ñìää=ã~êâë=Ñçê=~=ÅçêêÉÅí=~åëïÉê
ÉîÉå=íÜçìÖÜ=íÜÉ=íÉêã=ã~ó=åçí=ÄÉ=çå=íÜÉ=ëóää~Äìë=~í=íÜÉáê=äÉîÉäK

QK fÑ= Å~åÇáÇ~íÉë=ìëÉ= ÅÜÉãáÅ~ä= Ñçêãìä~É= áåëíÉ~Ç=çÑ= ÅÜÉãáÅ~ä=å~ãÉëI= ÅêÉÇáí= Å~å=çåäó=ÄÉ=ÖáîÉå= áÑ= íÜÉ
Ñçêãìä~É=~êÉ=ÅçêêÉÅíK

nr^ifqv=lc=tofqqbk=`ljjrkf`^qflk

qÜáë=äçÖç=áåÇáÅ~íÉë=ïÜÉêÉ=ëíìÇÉåíë=ïáää=ÄÉ=~ëëÉëëÉÇ=çå=íÜÉáê=~Äáäáíó=íçW

• éêÉëÉåí=êÉäÉî~åí=áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ

• ÉåëìêÉ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë=ÅäÉ~ê

• ìëÉ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖK
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NK E~F EáF SRBX =N

EááF ï~ääë J=Çê~ìÖÜí=ÉñÅäìÇÉêLÅìêí~áåëLÅ~îáíó=ï~ää=áåëìä~íáçåX
Ñäççê J=Å~êéÉíëLïççÇÉå=ÑäççêëX
x^ÅÅÉéí=Ç~ãé=éêççÑáåÖ=Ñçê=N=ã~êâz

O

EÄF EáF NMU=tX =N

EááF OOQ=×=PSMMXX
UKMS=×=NMR

=EgFX

x^ääçï=O=ã~êâë=ïÜÉêÉ=PSMM=ëÉÅ=Ü~ë=ÄÉÉå=ãáëëÉÇLOOQ=×=SMz
P

EÅF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íïç=çÑW

• ~ééêçñ=RMB=çÑ=ÜÉ~í=äçëí=íÜêçìÖÜ=ïáåÇçï=ë~îÉÇX

• ïáåÇçïë=çåäó=~ÅÅçìåí=çÑ=NMB=çÑ=ÉåÉêÖó=äçëíX

• çåäó=~ééêçñ=RB=ë~îáåÖ=çå=ÜÉ~íáåÖ=ÄáääëX

• ã~âÉë=ÅçååÉÅíáçå=ÄÉíïÉÉå=ÉåÉêÖó=~åÇ=ÅçëíX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= éêÉëÉåíáåÖ= êÉäÉî~åí
áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉX P

qçí~ä=NM=ã~êâë

OK E~F EáF USX N

EááF NPQX N

EáááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=é~êíáÅäÉë=ïáíÜW

• ë~ãÉ=åìãÄÉê=çÑ=éêçíçåëX

• ÇáÑÑÉêÉåí=åìãÄÉêë=çÑ=åÉìíêçåëX O

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• Ö~ë=ÄêÉ~íÜÉÇ=áåX

• α=J=é~êíáÅäÉë=Å~ååçí=é~ëë=íÜêçìÖÜ=äáîáåÖ=íáëëìÉX
• å~ãÉÇ=ÜÉ~äíÜ=êáëâX P

EááF ^=ÇáëÅìëëáçå=íç=áåÅäìÇÉ=íÜêÉÉ=çÑW

• ä~Åâ=çÑ=ìåÇÉêëí~åÇáåÖ=çÑ=Ç~åÖÉêëX

• ÉîáÇÉåÅÉX

• ÅçëíX

• áåÑçêã~íáçå=åçí=ïáÇÉäó=âåçïåX

• Åçãéä~ÅÉåÅóX

• áåÑçêã~íáçå=ÇáÇ=åçí=ëéÉää=çìí=Ç~åÖÉêë=ÅäÉ~êäóX

• êÉÖáçå~ä=î~êá~íáçåX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ÉåëìêáåÖ= íÜ~í= ëéÉääáåÖI
éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ
áë=ÅäÉ~êX

Q

qçí~ä=NN=ã~êâë
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PK E~F EîÉêóF=ÜáÖÜ=ÑêÉèìÉåÅó=ëçìåÇX
ÄÉóçåÇ=Üìã~å=ÜÉ~êáåÖLÜìã~åë=Å~ååçí=ÜÉ~ê=íÜáë=ÑêÉèìÉåÅóX O

EÄF EáF î=Z=ÑλX

f

v=λ X

MMMRM

NRMM
LMKMPX

ãX Q

EááF qçí~ä=Çáëí~åÅÉ=Z=OQMM=ãX

í=Z=
NRMM

OQMM
X

Z=NKSRX
ëX Q

x^ääçï=P=ã~êâë=ã~ñI=áÑ=íçí~ä=Çáëí~åÅÉ=í~âÉå=~ë=NOMM=ãz

EÅF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉW

• çêÇáå~êó=ëçìåÇ=ëéêÉ~Çë=ãçêÉX

• ÅçåÅÉåíê~íáçå=äÉëëLäÉëë=áåíÉåëÉL
~ãéäáíìÇÉ=ÇÉÅêÉ~ëÉë=ê~éáÇäóX

• ê~åÖÉ=äáãáíÉÇLÅ~ååçí=íê~îÉä=Ñ~êX P

qçí~ä=NP=ã~êâë

QK E~F EáF íçí~ä=áåíÉêå~ä=êÉÑäÉÅíáçåX N

EááF ëÜçìäÇ=ëÜçï=ãçêÉ=êÉÑäÉÅíáçåëX N

EáááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ãçêÉ=êÉÑäÉÅíáçåëLÜáíë=ëáÇÉ=ãçêÉ=çÑíÉåX

• ÖêÉ~íÉê=Çáëí~åÅÉ=íç=íê~îÉäX

=O

EÄF EáF X

EëÜ~êé=çåLçÑÑ=éìäëÉëF

N

EááF Åçåíáåìçìëäó=î~êá~ÄäÉ=Eçê=Çá~ÖFLîçäí~ÖÉ=ÅÜ~åÖáåÖ=~ää=íÜÉ=íáãÉL
Å~å=Ü~îÉ=~åó=î~äìÉ=E~ääçï=ã~êâ=áÑ=ëÜçïå=çå=Çá~Öê~ãFX

N

EÅF EáF ÇÉÅêÉ~ëÉëLÇáãëLäÉëë=áåíÉåëÉX =N

EááF äáãáíë=ê~åÖÉLíê~îÉäë=äÉëëL=Å~ååçí=Öç=~ë=Ñ~êL~ãéäáíìÇÉ=äÉëëX =N

qçí~ä=U=ã~êâë
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RK E~F EáF ÅÜ~åÖáåÖ=éçä~êáíóI =N

EááF ^åó=íïç=ÑêçãW

• ëíêçåÖÉê=ã~ÖåÉíX

• ãçêÉ=íìêåëX

• áåÅêÉ~ëÉ=ëéÉÉÇ=êçí~íáçåX

• éä~ÅáåÖ=Åçáä=çå=ëçÑí=áêçå=ÅçêÉX O

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ÜáÖÜÉê=sI=äÉëë=fX

• äÉëë=fI=äçïÉê=ÜÉ~íáåÖ=ÉÑÑÉÅíX O

EááF
;;�

�

�
�
�

�=== éêáã~êóíçëÉÅçåÇ~êóáÑ
N

NS
=çê=

NS

N
==

MMM=QMM

ORMMM
==X

s

s
==

k

k

ë

é

ë

é

P

EÅF ^Çî~åí~ÖÉW äÉëë=êÉëáëí~åÅÉX
aáë~Çî~åí~ÖÉW ÜÉ~îáÉêX O

qçí~ä=NM=ã~êâë

SK E~F EáF ÅçééÉê=áçåë=íçï~êÇë=åÉÖ~íáîÉ=éä~íÉ=áÉ=íç=êáÖÜí
ëìäÑ~íÉ=áçåë=íçï~êÇë=éçëáíáîÉ=éä~íÉ=áÉ=íç=äÉÑíX N

EááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ~ããÉíÉêLj
O
X

• ãçîáåÖ=ÅÜ~êÖÉë=ã~âÉ=~=ÅìêêÉåíX O

EÄF EáF n=Z=fíX

Z=MKR=×=R=×=SMX
Z=NRMX

`X
xj~ñ=P=ã~êâë=ïÜÉêÉ=SM=ëÉÅ=Ü~ë=ÄÉÉå=çãáííÉÇz Q

EááF NRMLPKO=×=NM=ÓNVX
QKSUU=×=NMOM

X
x^ääçï=ÉÅÑ=Ñêçã=é~êí=EÄFEáFz

O

EáááF S=gL`X

S=×=EPKO=×=NMJNV=

F=Z=NKVO=×=NMJNU=

X
gX P

qçí~ä=NO=ã~êâë

TK E~F cZ=ã=×=~=L=t=Z=ã=×=ÖX
==Z=TM=×=NMX
==Z=TMM=kX =P

EÄF ëéÉÉÇ=Åçåëí~åíX
ìéï~êÇ=ÑçêÅÉ=Z=Ççïåï~êÇ=ÑçêÅÉL
ÑçêÅÉë=Ä~ä~åÅÉÇLÑêçã=c=Z=ã~=áÑ=~=Z=MX O
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EÅF ^=ÇÉëÅêáéíáçå=~åÇ=~å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• çéÉåë=é~ê~ÅÜìíÉ=~í=`X

• Çê~Ö=ÑçêÅÉ=áåÅêÉ~ëÉÇLìéï~êÇ=ÑçêÅÉ=áåÅêÉ~ëÉÇX

• äçïÉê=íÉêãáå~ä=îÉäçÅáíóX
éäìë=N=ÅçããìåáÅ~íáçå=ã~êâ=Ñçê=ìëáåÖ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ
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