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INTRODUCTION

THE IMPORTANCE OF EARTH SCIENCE

Today we live in a time when the Earth ansl inhabitants face many
challenges. Our climate is changing and that change is being caused by huma
activity. Earth scientists recognized this problem and will play a key role in efforts
to resolve it. We are also challenged to: develop new sourcaseody that will
have minimal impact on climate; locate new sources of metals and other minera
resources as known sources are depl e
population can live and avoid serious threats such as volcanic activity, ekghgua
landslides, floods and more. These are just a few of the problems where solution
depend upon a deep understanding of Earth science.

Earth science

Earth science or geoscience is areatibracing term for the fields of science
related to the planet Bar It can be considered to be a branch of planetary
science, but with a much older history. There are both reductionist and holistic
approaches to Earth sciences. The Earth sciences can include the study of geoloc
the lithosphere, and the largeale sucture of the Earth's interior, as well as the
atmosphere, hydrosphere, and biosphere. Typically, Earth scientists use tools fror
geography, physics, chemistry, biology, chronology, and mathematics to build a
guantitative understanding of how the Eagthtem works and evolves.

Physical geography, covers aspects of geomorphology, soil study,
hydrology, meteorology, climatology, and biogeography.

Geology describes the rocky parts of the Earth's crust (or lithosphere) and its
historic development. Major sdisciplines are mineralogy and petrology,
geochemistry, geomorphology, paleontology, stratigraphy, structural geology,
engineering geology, and sedimentology.

Geophysics and geodesy investigate the shape of the Earth, its reaction t
forces and its magnetiand gravity fields. Geophysicists explore the Earth's core
and mantle as well as the tectonic and seismic activity of the lithosphere.
Geophysics is commonly used to supplement the work of geologists in developing
a comprehensive understanding of crugfablogy, particularly in mineral and
petroleum exploration.

Soil science covers the outermost layer of the Earth's crust that is subject tc
soil formation processes (or pedosphere). Major subdisciplines include edapholog
and pedology.

Ecology covers theinteractions between the biota, with their natural
environment. This field of study differentiates the study of the Earth, from the
study of other planets in the Solar System; the Earth being the only planet teemin
with life.



Hydrology (includes oceanagphy and limnology) describe the marine and
freshwater domains of the watery parts of the Earth (or hydrosphere). Major
subdisciplines include hydrogeology and physical, chemical, and biological
oceanography.

Glaciology covers the icy parts of the Earth pjosphere).

Atmospheric sciences cover the gaseous parts of the Earth (or atmosphere
between the surface and the exosphere (about 1000 km). Major subdiscipline
include meteorology, climatology, atmospheric chemistry, and atmospheric
physics.

Overviewof Earth Science

Earth is the mighty planet upon which we all live. Only recently have
humans begun to understand the complexity of this planet. In fact, it was only a
few hundred years ago that we discovered that Earth was just a tiny part of ar
enormousgalaxy, which in turn is a small part of an even greater universe. Earth
Science deals with any and all aspects of the Earth. Our Earth has molten lava, ic
mountain peaks, steep canyons and towering waterfalls. Earth scientists study th
atmosphere higlabove us as well as the planet's core far beneath us. Earth
scientists study parts of the Earth as big as continents and as small as the tinie
atom. In all its wonder, Earth scientists seek to understand the beautiful sphere o
which we thrive.

Becauselte Earth is so large and science is so complex, Earth scientists
specialize in studying just a small aspect of our Earth. Since all of the branches ar
connected together, specialists work together to answer complicated guestion:
Let's look at some impant branches of Earth Science.

Geology

Geology is the study of the solid matter that makes up Earth. Anything that
is solid, like rocks, minerals, mountains, and canyons is part of geology.
Geologists study the way that these objects formed, their compypodibw they
interact with one another, how they erode, and how humans can use them. Geoloc
has so many branches that most geologists become specialists in one area. F
example, a mineralogist studies the composition and structure of minerals such a
hdite (rock salt) quartz, calcite, and magnetite

A volcanologist braves the high temperatures and molten lava of volcanoes
Seismologists study earthquakes and the forces of the Earth that create then
Seismologists monitor earthquakes worldwide to hetjgigat people and property
from harm. Scientists interested in fossils are paleontologists, while scientists whc
compare other planets' geologies to that of the Earth are called planetary
geologists. There are geologists who only study the Moon. Someggtsltook
for petroleum, others are specialists on soil. Geochronologists study how old rock:
are and determine how different rock layers formed. There are so many specialtie
in geology that there is probably an expert in almost anything youhtak of
related to the Earth

Oceanography



Oceanography is the study of everything in the ocean environment. More
than 70% of the Earth's surface is covered with water. Most of that water is found
in the oceans. Recent technology has allowed us to go wetyest parts of the
ocean, yet much of the ocean remains truly unexplored. Some people call the oces
the last frontier. But it is a frontier already deeply influence by human activity. As
the human population gets even bigger, we are affecting the oceazamny ways.
Populations of fish and other marine species have plummeted because G
overfishing; contaminants are polluting the waters, and global warming caused by
greenhouse gases is melting the thick ice caps. As ocean waters warm, the wat
expands aah, along with the melting ice caps, causes sea levels to rise.

Climatologists help us understand the climate and how it will change in the
future in response to global warming. Oceanographers study the vast seas and he
us to understand all that happensthe water world. As with geology, there are
many branches of oceanography. Physical oceanography is the study of th
processes in the ocean itself, like waves and ocean currents. Marine geology use
geology to study ocean earthquakes, mountains, andche#en Chemical
oceanography studies the natural elements in ocean water and pollutants.

Climatology and Meteorology

Meteorology is the study of the atmosphere and how processes in the
at mosphere determi ne. Earth’ s weat hi
practical science because everyone is concerned about the weather. How clima
changes over time in response to the actions of people is a topic of urgen
worldwide concern. The study of meteorology is of critical concern for protecting
Earth’s &nvironmen

Perhaps this branch of Earth Science is strangely named but it is very
important to living creatures like humans. Meteorology includes the study of
weather patterns, clouds, hurricanes, and tornadoes. Using modern technology lik
radars and satellitesneteorologists work to predict or forecast the weather.
Because of more accurate forecasting techniques, meteorologists can help us
prepare for major storms, as well as help us know when we should go on picnics.

Climatologists and other atmospheric stigts study the whole atmosphere,
which is a thin layer of gas that surrounds the Earth. Most of it is within abeut 10
11 kil ometers of the Earth’s surface.
atmosphere, where the average temperatu@ 8C, and not as thick as the dense
atmosphere on Venus, where carbon dioxide in the atmosphere makes it hot ar
sulfuric acid rains in the upper atmosphere. The atmosphere on Earth is just dens
enough to even out differences in temperature from the equatbe poles, and
contains enough oxygen for animals to breathe.

Over the last several decades, climatologists studying the gases in oul
atmosphere have found that humans are putting a dangerous amount of carbc
dioxide into the air by burning fossil fuelMormally, the atmosphere contains only
small amounts of carbon dioxide, and too much of it makes it trap heat from the
sun, causing the Earth to heat up, an effect we call global warming.



Climatologists can help us better understand the climate andithmay
change in the future in response to different amounts of greenhouse gases and ott
factors.

Astronomy

Astronomers have proven that our Earth and solar system are not the only se
of planets in the universe. By 2007, over a hundred planets outsrdsotar
system had been discovered. Although no one can be sure how many there ar
astronomers estimate that there are billions of other planets. In addition, the
universe contains black holes, other galaxies, asteroids, comets, and nebula. As b
as Eath seems to us, the entire universe is vastly greater. Our Earth is an
infinitesimally small part of our universe.

Astronomers use resources on the Earth to study physical things beyond th
Earth. They use a variety of instruments like optical telescopes radio
telescopes to see things far beyond what the human eye can see. Spacecraft tra
great distances in space to send us information on faraway places, while telescopt
in orbit observe astronomical bodies from the darkness of space.

Astronomers ash wide variety of questions. Astronomers could study how
an object or energy outside of Earth could affect us. An impact from an asteroid
could have terrible effects for life on Earth. Strong bursts of energy from the sun,
called solar flares, can knock toa power grid or disturb radio, television or cell
phone communications. But astronomers ask bigger questions too. How was th
universe created? Are there other planets on which we might live? Are there
resources that we could use? Is there other liféhmue? Astronomy also relies on
Earth Science, when scientists compare what we know about life on Earth to the
chances of finding life beyond this planet.

Other Branches of Earth Science

Geology, oceanography, and meteorology represent a large p&eribf
science, while astronomy represents science beyond Earth. However, there are st
many smaller branches of science that deal with the Earth or interact greatly witl
Earth sciences. Most branches of science are connected with other branches
scien@ in some way or another.

Below are examples of a few branches of science that are directly related tc
Earth science. Environmental scientists study the ways that humans interact witt
the Earth and the effects of that interaction. We hope to find bettgs ofa
sustaining the environment. Biogeography is a branch of science that investigate
changes in populations of organisms in relation to place over time. These scientist
attempt to explain the causes of species' movement in history. Ecologists focus o
ecosystems, the complex relationship of all life forms and the environment in a
given place. They try to predict the chain reactions that could occur when one par
of the ecosystem is disrupted.

None of these scientific endeavors would be possible witheagraphers
who explore the features of the surface and work with cartographers, who make
maps. Stratigraphy is another area of Earth science which examines layers of roc



beneath the surface. This helps us to understand the geological history of the Eart
There is a branch of science for every interest and each is related to the others.

Today the Earth sciences are divided into many disciplines, which are
themselves divisible into six groups:

Those subjects that deal with the water and air at or abowslidesurface of
the Earth. These include the study of the water on and within the ground
(hydrology), the glaciers and ice caps (glaciology), the oceans (oceanography), th
at mosphere and I t s phenomena ( met e
(climatology). In this article such fields of study are grouped under the hydrologic
and atmospheric sciences and are treated separately from the geologic science
which focus on the solid Earth.

Disciplines concerned with the physigdiemical makeup of the solid ia,
which include the study of minerals (mineralogy), the three main groups of rocks
(igneous, sedimentary, and metamorphic petrology), the chemistry of rocks
(geochemistry), the structures in rocks (structural geology), and the physical
propertiesofroc s at t he Earth’s surface and

The study of landforms (geomorphology), which is concerned with the
description of the features of the present terrestrial surface and an analysis of th
processes that gave rise to them.

Disciplines concerned with the geologic history of the Earth, including the
study of fossils and the fossil record (paleontology), the development of
sedimentary strata deposited typically over millions of years (stratigraphy), and the
isotopic chemistry and agaiihg of rocks (geochronology).

Applied Earth sciences dealing with current practical applications beneficial
to society. These include the study of fossil fuels (oil, natural gas, and coal); oll
reservoirs; mineral deposits; geothermal energy for eldgtramd heating; the
structure and composition of bedrock for the location of bridges, nuclear reactors
roads, dams, and skyscrapers and other buildings; hazards involving rock and mu
avalanches, volcanic eruptions, earthquakes, and the collapse ofsuame
coastal, cliff, and soil erosion.

The study of the rock record on the Moon and the planets and their satellites
(astrogeology). This field includes the investigation of relevant terrestrial
features—namely, tektites (glassy objects resulting fromteorite impacts) and
astroblemes (meteorite craters).

With such intergradation boundaries between the divisions of the Earth
sciences (which, on a broader scale, also intergrade with physics, chemistry
biology, mathematics, and certain branches of erging), researchers today must
be versatile in their approach to problems. Hence, an important aspect of training
within the Earth sciences is an appreciation of their multidisciplinary nature.

Answer the questions:

1. What is the importance of Earsisience education?
2. Why do we study Earth sciences?
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Why is teaching Earth science important?

Why should | study Earth science?

Is Earth science more important than other branches of science?

What are some important functions of Earth science?

What is the importance of Earth science and life science to humanity?
How are Earth and life science related?

. How does Earth science affect your life?

OwWwhy was the “Earth?” named Eart h.
been named?

PO®NOUAW



LESSON 1
METEOROLOGY
Answer the questions:

1. Will climate change really be the end of the world like some people are
saying?

2. Is climate change actually real or are governments using the idea to generate
millions of dollars?

3. Can people adopt to a much warmer climate on Earth?

4. Whydopeopls peak of “gl obal warming”™ wh
change?

Text A

An atmosphere(from Modern Greekdr p ¢attmos) meaning 'vapour', and
o @ip sphaira) meaningsphere) is a layer or a set of layers
of gasesurrounding alanetor othermaterial body that is held in plae by
thegravity of that body. An atmosphere is more likely to be retained if the gravity
it is subject to is high and the temperature of the atmosphere is low.

Theatmosphere of Earils composed afitrogen(about
78%),0xygen(about 21%)argon(about 0.9%), carbon dioxide (0.04%) and other
gases in trace amounts. Oxygen is used by organismdor respiration nitrogen
is fixed by bacteria antightningto produceammoniaised in the construction
of nucleotidesandamino acids andcarbon dioxidas used
by plants algaeandcyanobacteridor photosynthesis The atmosphere helps to
protect living organisms from genetic damagesblarultravioletradiation solar
wind andcosmic rays The current composition of the Earth's atmosphere is the
product of billions of years of biochemiaalodificationof the paleoatmospherey
living organisms.

The termstellar atmosphergescribes theuter region of a star and typically
includes the portion above tbpaquephotosphere Stars wih sufficiently low
temperatures may have outer atmospheres with compoaletules

Atmospheric pressure at a particular location isfoheeper unit area
perpendicular to a surface determined byweghtof the vertical column of
atmosphere above that location. On Earth, units of air pressure are based on tt
internationally recognizestandard atmosphdegm), which is defined as 101.325
kPa(760 Torr or 14.696psi). It is measured with lbarometer

Atmospheric pressumecreases with increasing altitude due to the
diminishing mass of gas above. The height at which the pressure dro
atmosphere declines by a factor edhnirrational numbewith a value of
2.71828...) is called thecale heighand is denoted bi. For an atmosphere with a
uniform temperature, the scale height is proportional to the temperature anc
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inversely proportional to the product of the m@aolecular massf dry air and the

local acceleration of gravity at that location. For such a model atmosphere, the
pressure declines exponentyallith increasing altitude. However, atmospheres are
not uniform in temperature, so estimation of the atmospheric pressure at an\
particular altitude is more complex.

Surfa@ gravitydiffers significantly among the planets. For example, the
large gravitational force of the giant pladefpiterretains light gases such
ashydrogenandheliumthat escape from objects with lower gravity. Secondly, the
distance from the Sun determines the energy available to heat atmospheric gas
the point where some fraction of its molecuteermal motiorexceed the
planet'sescape velcity, allowing those to escape a planet's gravitational grasp.
Thus, distant and col@itan, Triton, andPlutoare able to retain their atmospheres
despite their relatively low gravities.

Since a collection of gas molecules may be moving at a wide range of
velocities, there will always be s® fast enough to produce a slow leakage of gas
into space. Lighter molecules move faster than heavier ones with the same
thermalkinetic energyand so gases of lomolecular weightire lost more rapidly
than those of high molecular weight. It is thought ¥MahusandMarsmay have
lost much of their water when, after beipigoto dissociateohto hydrogen and
oxygen by solaultraviolet the hydrogen escapedfartis magneticfield helps to
prevent this, as, normally, the solar wind would greatly enhance the escape o
hydrogen. However, over the past 3 billion years Earth may have lost gase:
through the magnetic polar regions due to auroral activity, including a net 2% of its
atmospheric oxygenlhe net effect, taking the most important escape processes
into account, is that an intrinsic magnetic field does not protect a planet from
atmospheric escape and that for some magnetizations the presence of a magne
field works to incease the escape rate.

Other mechanisms that can caasmosphere depleticaresolar wind
induced sputteringmpacterosionweathering and sequestratierRsometimes
referred to as "freezing out-into theregolithandpolar caps

Atmospheres have dramatic effects on the surfaces of rocky bodies. Object:
that have no atmosphere, or that have only an exosphere, have terrain that
covered ircraters Without an atmosphere, the planet has no protection
from meteoroidsand all of them collide with the surfacerasteoritesand create
craters.

Most meteoroids burn up aseteorsefore hitting a planet's surface.
Whenmeteoroidsio impact, the effects are often erased by the action of wand.

a result, caters are rare on objects with atmospheres.

Wind erosionis a significant factor in shaping the terrain of rocky planets with
atmospheres, and over time can erase the effetistiofcraters andolcanoesin
addition, sincdiquids can not exist without pressure, an atmosphere allows liquid
to be present at the surface, resulting
in lakes riversandoceansEarthandTitanare known to have liquids at their
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surface and terrain on the planet suggestsMiaas had liquid on its surface in the
past.

Composition. A planet's initial atmospheric composition is related to the
chemistry and temperature of the losalar nebulaluring planetary formation and
the subsequent escape of interior gases. The original atmospheres started with
rotating disc of gases that collapsed to form a sefispared rings that condensed
to form the planets. The planet's atmospheres were then modified over time b
various complex factors, resulting in quite different outcomes.

The atmospheres of the plan¥EsnusandMarsare primarily composed
of carbon dioxide with small quantities afitrogen argon oxygenand traces of
other gases.

The composition of Earth's atsphere is largely governed by the- by
products of the life that it sustains. Dry air fr&arth's atmosphedntains
78.08% nitrogen, 20.95% oxygen, 0.93% ardnhf4% carbon dioxide, and traces
of hydrogen, helium, and other "noble" gases (by volume), but generally a variable
amount of water vapor is also present, on average about 1% at sea level.

The low temperatures and higher gravity of the Solar Systgans
planets—Jupiter Saturn UranusandNeptune—allow them more readily to retain
gases with lownolecular masses These planets have hydrogaelium
atmospheres, with trace amounts of more complex compounds.

Two satellites of the outer planets possess significant atmosphiaes.a
moon of Saturn, andriton, a moon of Neptune, have atmospheres mainly
of nitrogen When in he part of its orbit closest to the S#ytohas an
atmosphere of nitrogen and methane similar to Triton's, but these gases are froze
when it is farther from the Sun.

Other bodies withirthe Solar Systenmave extremely thin atmospheres not
in  equilibrium. These include thdoon (sodiumgas),Mercury(sodium
gas),Europa(oxygen),lo (sulfur), andEnceladugwater vapoy.

The first exoplanet whose atmospheric composition was determine® is
209458 a gas giant with a clesorbit around a star in tlenstellatiorPegasus

Its atmosphere is heated to temperatures over K0@Adis steadily escaping into
space. Hydrogen, oxygen, carbon and sulfur have been detected in the planet
inflated atmosphere.

Earliest atmosphere

Thefirst atmosphereonsisted of gases in tkelar nebula
primarily hydrogen There were probably spte hydrides such as those now found
in thegas giantgJupiterandSaturr), notably water vapomethaneandammonia

Second atmosphere

Out gassingfromvolcanism supplemented by gases produced during
thelate heavy bombardment Earth by hgeasteroids produced the next
atmosphere, consisting largely mofrogenpluscarbon dioxideand inert gase#
major part of carbowlioxide emissions dissolved in water and reacted with metals
such as calcium and magnesium during weathering of crustal rocks to form
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carbonates that wereeplosited as sediments. Watelated sediments have been
found that date from as early as 3.8 billion years ago.

About 3.4 billion years ago, nitrogen formed the major part of the then stable
"second atmosphere”. The influence of life has to be takeraaumunt rather soon
in the history of the atmosphere, because hints of earlyolifas appear as early
as 3.5 billion years agélow Earth at that time maintained a climate warm enough
for liquid water and life, if the early Sun put out 30% lower soldiarace than
today, is a puzzle known as tHaiht young Sun paradtx

The geological record however shows a continuous relatively warm surface
during the caplete earlyemperature recorof Earth— with the exception of one
cold glacial phase about 2.4 billion years ago. In theAatbeanEonan oxygen
containing atmosphere began to develop, apparently produced by
photosynthesizingyanobacterigseeGreat Oxygenation Eventwhich have been
found asstromatolitefossils from 2.7 billion years ago. The early basic carbon
isotopy (sotope ratigoroportions) strongly suggests conditions similar to the
current, and that the fundamental features ofcrbon cycldoecame established
as early as 4 billion years ago.

Ancient sediments the Gabondating from between about 2,150 and 2,080
million years ago provide a record of Earth's dynamic oxygenation texalu
These fluctuations in oxygenation were likely driven by ltbmagundi cebon
isotope excursian

Third atmosphere

The constant rarrangement of continents plate tectonicnfluences the
long-term evolution of the atmosphere by transferrindgboa dioxide to and from
large continental carbonate stores. Free oxygen did not exist in the atmospher
until about 2.4 billion years ago during tBeeat xygenation Evenand its
appearance is indicated by the end ofitheded iron formations

Before this time, any oxygen produced by photosynthesis was consymed
oxidation of reduced materials, notably iron. Molecules of free oxygen did not start
to accumulate in the atmosphere until the rate of production of oxygen began tc
exceed the availability of reducing materials that removed oxygen. This point
signifies a shift from aeducingatmosphere to amxidizingatmosphere.

O, showed major variations until reaching a steady stataore than 15% by the
end of the Precambrian.The following time span from 541 million years ago to the
present day is thehanerozoi&€on, during the earliest period of which,
the Cambrian oxygenrequiringmetazoarife forms began to appear.

The amount of oxygen in the atmosphere has fluctuated the last 600
million years, reaching a peak of about 30% around 280 million years ago,
significantly higher than today's 21%. Two main processes govern changes in the
atmosphere: Plantsse carbon dioxide from the atmosphereleasing oxygen.
Breakdown obyrite andvolcanic eruptiongeleasesulfurinto the atmosphere,
which oxidizes and hence reduces the amount of oxygen in the atmosphere
However, volcanic eruptions also release carbon dioxide, whichspgtantconvert
to oxygen. The exact cause of the variation of the amount of oxygen in the
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atmosphere is not known. Periods with much oxygen in the atmosphere are
associated with rapid development of animals. Today's atmosphere contains 219
oxygen, which igjreat enough for this rapid development of animals.

Answer the questions:

1. What are the components of atmosphere?
2. What does the atmospheric pressure depend on?
3. What is the role of gas molecules in the atmosphere?
4. Why do atmospheres hasgrramatic effects on the surfaces of rocky bodies?
5. What can you say about wind corrosion?
6. What is the composition of Eaiths at mosphere governed
7. What is the atmospheric difference between the planets of Solar System?
8. The earliest atmospheteo nsi st ed primarily of hyd
9. Describe the second atmosphere. What is its peculiarities?
10. Describe the third atmosphere. What did it consist of?
Text B
Stratification

In general, air pressure and density decrease with altitude atntfesphere.
However, temperature has a more complicated profile with altitude, and may
remain relatively constant or even increase with altitude in some regions (see
thetemperaturesection, below). Because the general pattern of the
temperature/altitude profile is constant and measurable by means of
instrumentedalloon soundingshe temperature behavior provides a useful metric
to distinguish atmospheric layers. In this way, Earth's atmosphere can be dividec
(called atmospheric stratification) into five main layers. Excluding the exosphere,
the atm@phere has four primary layers, which are the troposphere, stratosphere
mesosphere, and thermosphé&mam highest to lowest, the five main layers are:

1 Exosphere: 700 to 10,0(®n (440 to 6,200 miles)

1 Thermosphere: 80 to 7@@n (50 to 440 miles)

1 Mesosphee: 50 to 8&km (31 to 50 miles)

1 Stratosphere: 12 to 30n (7 to 31 miles)

1 Troposphere: 0 to 12m (0 to 7 miles)

Exosphere

The exosphere is the outermost layer of Earth's atmosphere (i.e. the uppe
limit of the atmosphere). It extends from #sebasewnhich is located at the top of
the thermosphere at an altitude of about KO above sea level, to about
10,000km (6,200mi; 33,000,00Gt) where it merges into theolar wind

This layer is mainly composed of extremely low densities of hydrogen,
helium and several heavier molecules including nitrogen, oxygen and carbon
dioxide closer to the exobase. The atomd molecules are so far apart that they
can travel hundreds of kilometers without colliding with one another. Thus, the
exosphere no longer behaves like a gas, and the particles constantly escape in
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space. These fremoving particles followballistic trajectorieand may migrate in
and out of thenagnetospherer the solar wind.

The exosphere is located too far above Earth for any meteorological
phenomena to be possible. However, dheora borealiandaurora
australissometimes occur in the lower part of the exosphere, where they overlap
into the thermosphere. The exosphere contains most of the satellites orbiting Earth

Thermosphere

The thermosphere is the secdmdhest layer of Earth's atmosphere. It
extends from the mesopause (which separates it from the mesosphere) at ¢
altitude of about 8&m (50mi; 260,000ft) up to thethermopausat an altitude
range of 5081000km (310-620mi; 1,600,0083,300,000t). The height of the
thermopause varies considerably due to changes in solar a&@erdsuse the
thermopause lies at the lower boundary of the exosphere, it is also referred to a
theexobaseThe lower part of the thermosphere, from 80 to 550 kilometres (50 to
342mi) above Earth's surface, contains ithr@osphere

The temperature of the thermosphere gradually increases with height. Unlike
the stratosphere beneath it, wherein a temperatueesionis due to the
absorption of radiation by ozone, the inversion in the thermosphere occurs due f«
the extremely low density of its molecules. The temperature of this layer can rise
as high as 1500 C (2FPO though the gas mol e
its temperature in the usual sems@ot very meaningful. The air is so rarefied that
an individual molecule (abxygen for example) travels an average of 1 kilometre
(0.62mi; 3300ft) between collisions with other moleculddthough the
thermosphere has a high proportion of molecules with high energy, it would not
feel hot to a human in direcbntact, because its density is too low to conduct a
significant amount of energy to or from the skin.

This layer is completely cloudless and free of water vapor. Howevef, non
hydrometeorological phenomena such asatlvera borealsndaurora australiare
occasionally seen in the thermosphere. [Rternational Space Statiambits in
this layer, between 350 and 4&@® (220 and 260ni).

Mesosphere

The mesosphere is the third highest layer of Earth's atmosphere, occupying
the region abow the stratosphere and below the thermosphere. It extends from the
stratopause at an altitude of aboutk&® (31 mi; 160,000ft) to the mesopause at
80-85km (50-53 mi; 260,008-280,000ft) above sea level.

Temperatures drop with increasing altitude tortlesopausthat marks the
top of this middle layer of the atmosphere. It is the coldest place on Earth and ha
an average tempe®ral°2f9K).ar ound -85

Just below the mesopause, the air is so cold that even the verywsatece
vapor at this altitude can be sublimated into pak@sospheriaoctilucent clouds
These are the highest clouds in the atmosphere and may be visible to theyeaked
if sunlight reflects off them about an hour or two after sunset or a similar length of
time before sunrise. They are most readily visible when the Sun is around 4 to 1¢
degrees below the horizon. Lightningduced discharges known tmansient
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luminous events (TLEsgcasionally form in the mesosphere above
troposphericthunderclouds The mesosphere is also the layer where
mostmeteordourn up upon atmospheric entrance. It is too high above Earth to be
accessible to jgbowered aircraft and balloonsnd too low to permit orbital
spacecraft. The mesosphere is mainly accessesbunding rocketand rocket
powered aircratft.

Stratosphere

The stratosphere is the secdodest layer of Earth's atmosphere. It lies
above the troposphere and is separated from it byrdpepause This layer
extends from the top of the troposphere at roughlgraZ7.5mi; 39,000ft) above
Earth's surface to thetratopausat an altitude of about 50 to &b (31 to 34mi;
164,000 to 180,00M).

The atmospheric pressure at the top of the stratospheoughly 1/1000 the
pressure aea level It contains the ozone layer, which is the part of Earth's
atmosphere that contains relatively high concentrations at tjgs. The
stratosphere defines a layer in which temperatures rise with increasing altitude
This rise in temperature is caused by the absorptiartrafviolet radiation(UV)
radiation from the Sun by thezone layerwhich restricts turbulence and mixing.

Al t hough the tempE€r &tHg 6 kKRatrde ywopdpause,tite0
top d the stratosphere is much warmer, and may be neat0

The stratospheric temperature profile creates very stable atmospheric
conditions, so the stratosphere lacks the weaihmtucing air turbulence that is so
prevalent in the troposphere. Consequerillg, stratosphere is almost completely
free of clouds and other forms of weather. However, polar stratospheric
or nacreous cloudare occasionally seen in the lower part ot tlayer of the
atmosphere where the air is coldest. The stratosphere is the highest layer that c:
be accessed by jpobwered aircraft.

Troposphere

The troposphere is the lowest layer of Earth's atmosphere. It extends fromr
Earth's surface to an averageghe of about 1Zm (7.5mi; 39,000ft), although
this altitudevaries from about &m (5.6mi; 30,000ft) at thegeographic polet
17km (11mi; 56,000ft) at theEquatorwith some variation due to weather. The
troposphere is bounded above by timpopause a boundary marked in most
places by aemperature inversiofi.e. a layer of relatively warm air above a colder
one),and in others by a zone whichisethermalvith height.

Although variations do occur, the temperature usually declines with
increasing altitude in the tropolsere because the troposphere is mostly heated
through energy transfer from the surface. Thus, the lowest part of the tropospher
(i.,e. Earth's surface) is typically the warmest section of the troposphere. This
promotes vertical mixing (hence, the origiri s name in the Greek word
T p 0,ropQs meaning "turn"). The troposphere contains roughly 80% of
themassof Earth's atmospher&he troposphere is denser than all its overlying
atmospheric layers because a larger atmospheric weight sits on top of the
troposphere and causes it to be most severely compressed. Fifty percent of the tot
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mass of the atmospherg located in the lower 5lm (3.5mi; 18,000ft) of the
troposphere.

Nearly all atmospheric water vapor or moisture is found in the troposphere,
so it is the layer where most of Earth's weather takes place. It has basically all th
weatherassociated clali genus types generated by active wind circulation,
although very tall cumulonimbus thunder clouds can penetrate the tropopause fron
below and rise into the Ilower part of the stratosphere. Most
conventionahviationactivity takes place in the troposphere, and it is the only
layer that can be accessed by propeli@ren aircraft.

Scattering

When light passes through Earth's atmosph@retonsnteract with it
throughscattering If the light does not interact with the atmosphere, it is
calleddirect radiationand is what you see if you were to look directly at the
Sun.Indirect radiationis light that has been scattered time atmosphere. For
example, on anvercastlay when you cannot see your shadow there is no direct
radiation reaching you, it has all been scattered. As another example, due to
phenomenn calledRayleigh scatteringshorter (blue) wavelengths scatter more
easily than longer (red) wavelengths. This is why the sky looks blue; you are
seeing scatteredlue light. This is also why sunsets are red. Because the Sun is
close to the horizon, the Sun's rays pass through more atmosphere than normal
reach your eye. Much of the blue light has been scattered out, leaving the red ligh
in a sunset.

Absorption

Different molecules absorb different wavelengths of radiation. For example,
O, and Q absorb almost all wavelengths shorter than r#@meters Water
(H20) absorbs many wavelengtlabove 700m. When a molecule absorbs a
photon, it increases the energy of the molecule. This heats the atmosphere, but tf
atmosphere also cools by emitting radiation, as discussed below.

The combinedibsorption spectraf the gases in the atmosphere leave
"windows" of lowopacity, allowing the transmission of only certain bands ditlig
Theoptical windowruns from around 300m (ultravioletC) up into the range
humans can see, thisible spectrufcommonly called light), at roughly 480
700nm and continues to thefraredto aroum 1100nm. There are
alsoinfraredandradio windowshat transmit some infrared amadio wavest
longer wavelengths. For example, the radio window runs from about one
centimeter to about elevaneter waves.

Emission

Emissionis the opposite of absorption, it is whenayject emits radiation.
Objects tend to emit amounts and wavelengths of radiation depending on thei
"black body emission curves, therefore hotter objects tend to emit more radliation
with shorter wavelengths. Colder objects emit less radiation, with longer
wavelengths. For example, the Sun is approximately &0OE)730° C
10,340° F its radiation peaks near 58éh, and is visible to the human eye. Earth
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IS approximately 29& (17° C; ° B R, So iIts r adinmntando n
is much too long to be visible to humans.

Because of its temperature, the atmosphere emits infrared radiation. Fol
example, on clear nights Earth's surface cools down faster than on cloudy nights
This is because clouds {B8) are strong absorbers amnitters of infrared
radiation. This is also why it becomes colder at night at higher elevations.

Thegreenhouse effed directly related to this absorption agahission
effect. Some gases in the atmosphere absorb and emit infrared radiation, but do n
interact with sunlight in the visible spectrum. Common examples of these are
CO, and HO.

Answer the questions:

What are the main layers of atmosphere?

Whatcan you say about thermosphere?

What is mesosphere?

What are the peculiarities of stratosphere?

What is the lowest layer of atmosphere and its role in weather formation?
What is scattering?

What is the difference between absorption@mdsion?

NoOARWNE

Text C

Air pollution occurs when harmful or excessive quantities of substances
including gasewarticles andbiological moleculesre introduced int&arth's
atmospherelt may cause diseases, allesggand even death to humans; it may also
cause harm to other living organisms such as animals and food crops, and ma
damage theaturalor built environment Both human activity and natural
processes can generate air pollution.

Indoor air pollution and poor urban air quality are listed as two of the
world's worsttoxic pollution problems in the 200Blacksmith InstituteNorld's
Worst Polluted Places repoAccording to the 201%orld Health
Organizatiorreport, air pollution in 2012 caused the deaths of around 7 million
people worldwidean estimate roughly echoed by one from Ititernational
Energy Agency

Exposure

Air pollution risk is a function of the hazard of the pollutant and the
exposure to that pollutant. Air pollution exposure can be expressed for an
individual, for certain groups (e.g. neighborhoods or children living in a country),
or for entire populatioss For example, one may want to calculate the exposure to a
hazardous air pollutant for a geographic area, which includes the various
microenvironments and age groups. This can be calcudateah inhalation
exposure. This would account for daily exposur@arious settings (e.g. different
indoor micreenvironments and outdoor locations). The exposure needs to include
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different age and other demographic groups, especially infants, children, pregnan
women and other sensitive subpopulations. The exposwae & pollutant must
integrate the concentrations of the air pollutant with respect to the time spent in
each setting and the respective inhalation rates for each subgroup for each specit
time that the subgroup is in the setting and engaged in partaxctivities (playing,
cooking, reading, working, spending time in traffic, etc.). For example, a small
child's inhalation rate will be less than that of an adult. A child engaged in vigorous
exercise will have a higher respiration rate than the samd chia sedentary
activity. The daily exposure, then, needs to reflect the time spent in each micro
environmental setting and the type of activities in these settings. The air pollutan
concentration in each microactivity/microenvironmental setting is sumtoe
indicate the exposur&or some pollutants such black carbon traffic related
exposures may dominate total exposure despite short exposure times since hic
concentrationscoincide with proximity to major roads or participation to
(motorized) traffic.

Indoor air quality (IAQ)

A lack of ventilation indoors concentrates air pollution where people often
spend the majority of their tim&adon(Rn) gas, aarcinogenis exuded from the
Earth in certain locations and trapped inside houses. Building materials
including carpetingandplywoodemitformaldehydéH,CO) gas. Paint and
solvents giveoff volatile organic compound¥OCs) as they dry.eadyaint can
degenerate intdustand be inhaled. Intentional air pollution is introduced with the
use ofair freshenerancense and other scented items. Controlled wood fires in
stoves andireplacescan add significant amounts of smoke particulates into the air,
inside and out. Indoor pollution fatalities may be caused by ys#stcidesaand
other chemical sprays indoors without proper ventilation.

Carbon monoxide poisoning and fatalities are oftansed by faulty vents
and chimneys, or by the burningafarcoaindoors or in a confined space, such as
a tent.Chroniccarbon monoxide poisonirgan result even from poorly
adjustedpilot lights. Traps are built into all domesidtumbingto keep sewer gas
andhydrogen sulfideout of interiors. Clothing emitgtrachloroethyleneor other
dry cleaning fluids, for days aftery cleaning

Though itsuse has now been banned in many countries, the extensive use
of asbestos industrial and domestic environments in the past has left a
potentially very dangerous material in many loied. Asbestosiss a
chronicinflammatorymedical condition affecting the tissue of thags It occurs
after longterm, heavy exposure to asbestos from asbestasining materials in
structures. Sufferers have sevdyspnegshatness of breath) and are at an
increased risk regarding several different typeslulmd cancer As clear
explanations are not always stressed in-tewhnical literature, care shdube
taken to distinguish between several forms of relevant diseases. According tc
theWorld Health OrganizatiofWHO), these may defined assbestosidung
cancer andPeritoneal Mesotheliomg@enerally a very rare form of cancer, when
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more widespread it is almost always associated with prolonged exposure tc
asbestos).

Biological sources of air pollution are also found indoors, as gases and
airborne particulate®etsproduce dander, people produce dust from minute skin
flakes and decomposed halyst mitesn bedding, carpeting and furniture produce
enzmes and micrometreized fecal droppings, inhabitants emit
methanemoldforms on walls and generategcotoxinsand spoes,air
conditioningsystems can incubakeegionnaires' diseasnd mold,
andhouseplantssoil and surroundingardensan produceollen dug, and mold.
Indoors, the lack of air circulation allows these airborne pollutants to accumulate
more than they would otherwise occur in nature.

Health effects

In 2012, air pollution caused premature deaths on average of 1 year in
Europe, and was significantrisk factorfor a number opollution-related dseases
includingrespiratory infectionsheart diseas€€OPD, strokeandlung cancerThe
health effects caused by air pollution may include difficulty in breathing,
wheezing, coughinggsthmaand worsening of existing respiratory and cardiac
conditions. Theseffects can result in increased medication use, increased doctor
or emergency departmenisits, more hospital admissions and premature death.
The human health ef€ts of poor air quality are far reaching, but principally affect
the body's respiratory system and the cardiovascular system. Individual reaction:
to air pollutants depend on the type of pollutant a person is exposed to, the degre
of exposure, and the dividual's health status and genetitBe most common
sources of air pollution include particulates, ozone, nitrogen dioxide, and sulphur
dioxide. Children aged less than five years that live in developing countries are the
most vulnerable population ireims of total deaths attributable to indoor and
outdoor air pollution.

Mortality

TheWorld Health Organizatiomstimated in 2014 that every year air
pollution causes the premature death of some 7 million people worldwitie.
has the highest death rate due to air pollutiotia also has more deaths from
asthma than any other nation according to the World Health Organization. In
December 2013 air fplation was estimated to kill 500,000 people in China each
year. There is a positive correlation betwpaeumoniaelated deaths and air
pollution from motor vehicle emissiofg!

Annual premature European deaths caused by air pollution are estimated &
430,000 An important cause of these deaths is nitrogen dioxide and other nitrogen
oxides (NOx) emitted byoad vehiclesln a 2015 consultation document the UK
government disclosed that nitrogen dioxide is responsible for 23,500 premature
UK deaths per annumcross theEuropean Wion, air pollution is estimated to
reducdife  expectancypy almost nine month€auses of deaths
includestrokes heart diseasé€COPD, lung cancer, and lung infections.
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Urban outdoor air pollution is estimated to cause 1.3 million deaths
worldwide per year. Children are particuladt risk due to the immaturity of their
respiratory organ systems.

TheUS EPAestimated in 2004 that a proposset of changes idiesel
enginetechnology Tier 2) could result in 12,000 fewg@remature mortalities
15,000 feweheart attacks6,000 feweemergency departmevwisits by children
with asthma, and 8,900 fewer respiratogiated hospital admissions each year in
the United States.

The US EPA has estimated that limiting grodedel ozone concentration to
65 parts per billion, would avert 1,700 to 5,100 premature deaths nationwide in
2020 compared with the #ppb standard. The agency projected the more
protective standard would also prevent an additional 26,000 cases of aggravate
asthma, and more than a million cases of missed work or sé¢fabowing this
assessment, the EPA acted pmotect public health by lowering the National
Ambient Air Quality Standards (NAAQS) for grouthelvel ozone to 70 parts per
billion (ppb).

A new economic study of the health impacts and associated costs of ail
pollution in theLos Angeles BasiandSan Joaquin Vallegf Southern California
shows that more than 3,800 people die premefy (approximately 14 years earlier
than normal) each year because air pollution levels violate federal standards. Th
number of annual premature deaths is considerably higher than the fatalities relate
to auto collisions in the same area, which avefager than 2,000 per year.

Diesel exhaustDE) is a major contributor to combustiolerived particulate
matter air pollution. In several human experimental studies, using a/alelhted
exposure chamber setup, DE has been linked to acute vascular dysfunction ar
increased thrombus formation.

The mechanisms linking air pollution to increased cardiovascular mortality
are uncertain, but probably include pulmonary and systemic inflammation.

"Clean" areas

Even in the areas with relatively low levels of air pollution, public health
effects can bsignificant and costly, since a large number of people breathe in such
pollutants. A study published in 2017 found that even in areas of the U.S. where
ozone and PM2.5 meet federal standards, Medicare recipients who are exposed
more air pollution have igher mortality rates. A 2005 scientific study for the
British Columbia Lung Association showed that a small improvement in air quality
(1% reduction of ambient PM2.5 and ozone concentrations) would produce $2€
million in annual savings in thiéletro Vancouveregion in 2010This finding is
based on health valuation of lethal (death) andistiial (illness) affects.

Alternatives to pollution

There are now practical alternags to the principal causes of air pollution:

V  Areas downwind (over 20 miles) of major airports more than
doubletotal particulate emissions in gireven when factoring in areas with
frequent ship calls, and heavy freeway and city traffic like Los Angalgation
biofuel mixed in with jet fuel at a 50/50 ratio can reduce jet derived cruise altitude

21


https://en.wikipedia.org/wiki/United_States_Environmental_Protection_Agency
https://en.wikipedia.org/wiki/Diesel_engine
https://en.wikipedia.org/wiki/Diesel_engine
https://en.wikipedia.org/wiki/Myocardial_infarction
https://en.wikipedia.org/wiki/Emergency_department
https://en.wikipedia.org/wiki/Los_Angeles_Basin
https://en.wikipedia.org/wiki/San_Joaquin_Valley
https://en.wikipedia.org/wiki/Diesel_exhaust
https://en.wikipedia.org/wiki/Metro_Vancouver
https://en.wikipedia.org/wiki/Aviation_biofuel
https://en.wikipedia.org/wiki/Aviation_biofuel

particulate emissions by 500%, according to a NASA led 2017 study (howeve
this should imply ground level benefits to urban air pollution as well).

V Ship propulsion and idling can be switched to much cleaner fuels like
natural gas. (Ideally eenewable sourdeut not practical yet)

V Combustion of fossil fuels for space heating can be replaced by
usingground source heat pumpasdseasonal thermal energy storage

V Electric power generation from burning fossil fuels can be replaced by
power generation from nuclear and renewablFor poor nations, heating and
home stoves that contribute much to regional air pollution can be replaced by &
much cleaner fossil fuel like natural gas, or ideally, renewables.

Vv Motor vehicles driven by fossil fuels, a key factor in urban air
pollution, can be replaced by electric vehicles. Though lithium supply and cost is a
limitation, there are alternatives. Herding more people into clean public transit
such as electric trains can also help. Nevertheless, even in enfisgicglectric
vehicles, rubbe tires produce significant amounts of air pollution themselves,
ranking as 13th worst pollutant in Los Angeles.

V Reducing travel in vehicles can curb pollution. After Stockholm
reduced vehicle traffic in the central city with a congestion tax, nitrogexdei
and PM10 pollution declined, as did acute pediatric asthma attacks.

V Biodigestersan be utilized in poor nations wheslash and buris
prevalent, turning a useless commodity into a source of income. The plants can b
gathered and sold to a central authority that will break it down in a large modern
biodigester, producing much roesl energy to use.

\ Induced humidity and ventilation both can greatly dampen air
pollution in enclosed spaces, which was found to be relatively high inside subway
lines due to braking and friction and relatively less ironically inside transit buses
than lower sitting passenger automobiles or subways.

Reduction efforts

Various air pollution control technologies and strategies are available to
reduce air pollutionAt its most basic leveland-use plannings likely to involve
zoning and transport infrastructure planning. In most developed countriesidand
planning is an important part of social polieyysuring that land is used efficiently
for the benefit of the wider economy and population, as well as to protect the
environment.

Because a large share of air pollution is caused by combustimssdf
fuelssuch asoalandoil, the reduction of these fuels can reduce air pollution
drastically. Most effectivesi the switch to clean power sources suchviad
power, solar powerhydro powewhich don't cause air pollutio&fforts to reduce
pollution from mobile sources includes primary regulation (many developing
countries have permissive regulatiore)panding regulation to new sources (such
as cruise and transport ships, farm equipment, and smajpayasred equipment
such astring trimmerschansaws andsnowmobile}, increased fuel efficiency
(such as through the use hoforid vehicley, conversion to cleaner fuels or
conversion teelectric vehicles
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Titanium dioxidehas leen researched for its ability to reduce air
pollution. Ultravioletlight will release free electrons from material, thereby
creating free radicals, which break up VOCs and NOx ga$ene form
is superhydrophilic

In 2014,Prof. Tony RyarandProf. Simon Armitag®f University of
Sheffieldprepared a 10 meter by 20 mesezed poster coated with microscopic,
pollution-eating nanoparticles of titanium dioxide. Placed on a building, this giant
poster can absorb the toxic emission from around 20 cars each day.

A very effective means to reduce air pollution is tfaasitionto renewable
energy According to a study published Energy and Environmental Scienoe
2015 the switch ta00% renewable engy in the United States would eliminate
about 62,000 premature mortalities per year and about 42,000 in 2050, if nc
biomass were used. This would save about $600 billidreaithcostsa year due
to reduced air pollution in 2050, or about 3.6% of the 2014 U.S. gross domestic
product.

Regulations

In general, there are two types of air quality standards. The first class of
standards (such as the UNational Ambient Air Quality Standardsd E.U Air
Quiality Directivg set maximum atmospheric concentrations for specific pollutants.
Environmental agencies enact regulations which are intended to result in
attainment of these target levels. The second class (such as the North Arisgrican
Quality Index take the form of a scale with various thresholds, which is used to
communicate to the public the relative risk of outdoor activity. The scale may or
may not distinguish between different pollutants.

Answer the questions:

When does air pollution occur?

How can air pollution exposure be expressed?

What does the exposure need to include?

What does a lack of ventilation bring to?

What isone of the most dangerous material in building?

What are the effects of air pollution?

What is the mortality of people per year in result of air pollution?
What are the alternatives to pollution?

What reduction effects do you know?

©CoNoOhwNE

Text D

Air quality law

Air quality laws govern the emission @iir pollutantanto theatmosphere
A specialized gbset of air quality laws regulatiee quality of air inside buildings
Air quality laws are often designed specifically to protect human health by limiting
or eliminding airborne pollutant concentrations. Other initiatives are designed to
address broader ecological problems, such as limitations on chemicals that affec
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theozone layer andemissions tradingrograms to addresxid rainor climate
change Regulatory efforts include identifying and categorizing air pollutants,
setting limits on acceptable emissions levels, and dictating necessary or appropria
mitigation technologies.

Air pollutant classification

Air quality regulation must identify the substances and energies which
qualify as ‘pollution” for purposes of further control. Whilgeacific labels vary
from jurisdiction to jurisdiction, there is broad consensus among many
governments regarding what constitutes air pollution. For example, the United
States Clean Air  Act identifieszone particulate matteicarbon
monoxide nitrogen oxidegNOy), sulfur dioxide(SO,), andleadPb) as"criteria"
pollutants requiring nationwide regulatiddBPA has also identified over 180
compounds it has classified as "hazardous" pollutants requiring strict
control.Other compounds have been identified as air pollutants due to their
adverse impact on ¢henvironment (e.gGCFCsas agents abzone depletion and
on human health (e.cqasbestos indoor air).A broader conception of air
pollution may also incorporateise light, andradiation The United States has
recently seen controversy over whetbarbon dioxid€CQO,) and othegreenhouse
gaseshould be classified as air pollutants.

Air quality standards

Air quality standards are legal standards rm@quirements governing
concentrations odir pollutantsan breathed air, both outdoors and indoors. Such
standards generally are expressed as levels of specific air pollutantsare
deemed acceptable in ambient air, and are most often designed to reduce ¢
eliminate the human health effects of air pollution, although secondary effects sucl
as crop and building damage may also be considBetdrmining appropriate air
guality standards generally requires-tgpdate scientific data on the health effects
of the pollutant under review, with specific information on exposure times and
sensitive populations. It also generally requires periodic or continuous monitoring
of air quality.

As an example, thenited States Environmental Protection Ageheg
developed thélational Ambient Air Quality StandarlAAQS) NAAQS set
attainment  thresholds  feulfur  dioxide particulate  mattefPM,o and
PM ), carbon monoxideozone nitrogen oxidedNOy, andlead(Pb) in outdoomir
throughout the United States. Another set of standards, for indoor air in
employment settings, is administered by the &upational Safety and Health
Administration

A distinction may be made between mandatory and aspirational air quality
standards. For example, U.S. state governments must work toward achieving
NAAQS, but are not forced to meet them. On tileer hand, employers may be
required immediately to rectify any violation of OSHA workplace air quality
standards.

Emission standards
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Emission standards are the legal requirements goveairing
pollutantsreleased into thatmosphereEmission standards set quantitative limits
on the permissible amount of speciiic pollutantghat may be released from
specific sources over specific timeframes. They are generally designed to achiev
air quality standards and to protect human life.

Numerows methods exist for determining appropriate emissions standards,
and different regulatory approaches may be taken depending on the source
industry, andair pollutantunder revew. Specific limits may be set by reference to
and within the confines of more general air quality standards. Specific sources ma
be regulated by means of performance standards, meaning numerical limits on th
emission of a specific pollutant from thatusoce category. Regulators may also
mandate the adoption and use of specific control technologies, often with referenc
to feasibility, availability, and cost. Still other standards may be set using
performance as a benchmarkor example, requiring all oa specific type of
facility to meet the emissions limits achieved by the best performing facility of the
group. All of these methods may be modified by incorporating emissions
averaging, market mechanisms such as emissions trading, and other alternatives.

For example, all of these approaches are used in the United States
TheUnited States Environmental Protectiorgehcyresponsible for air quality
regulation at a national level under tes. Clean Air Act utilizes performance
standards under thidew Source Performance Stand@4bPS) program.
Technology requirements are set under RACT (Reasonably Available Control
Technology), BACT (Best Avaible Control Technology), and LAER (Lowest
Achievable Emission Rate) standarBexibility alternatives are implemented in
U.S. programs to eliminatecid rain protect thezone layerachieve permitting
standards, and reduce greenhouse gas emissions.

Control technology requirements

In place of or in combination with air quality standards and emission control
standards, governments may choose to reduce air pollution by requiring regulate
parties to adopt emissions control technologies (i.e., technology that reduces o
eliminates emissions). Such devices include but are not limiteftaréo
stacksincineratorscatalytic conbustionreactorsyeduction reactor®lectrostatic
precipitatorsbag housesyet scrubberscyclonesthermal oxidizersVenturi
scrubberscarbon absorberandbiofilters.

The selection of emissions control technology may be the subject of
complex regulation that may balance multiple conflicting considerations and
interests, including economaost, availability, feasibility, and effectivene3$e
various weight given to each factor may ultimately determine the technology
selected. The outcome of an analysis seeking a technology that all players in a
industry can afford could be different froan analysis seeking to require all
players to adopt the most effective technology yet developed, regardless of cos
For example, thé&nited StateClean Air Actcontains several control technology
requirements, including Best Available Control Technology (BACT) (usé&teim
Source Revie)y Reasonably Available Cawl Technology (RACT) (existing
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sources), Lowest Achievable Emissions Rate (LAER) (used for major new sources
in nonattainment areas), and Maximum Achievable Control Technology (MACT)
standards.

Bans

Air quality laws may take the form of bans. While argiyaa class of
emissions control law (where the emission limit is set to zero), bans differ in that
they may regulate activity other than the emission of a pollutant itself, even though
the ultimate goal is to eliminate the emission of the pollutant.

A common example is a burn baResidential and commercial burning of
wood materials may be restricted during times of poor air quality, eliminating the
immediate emission of particulate matter and requiring use ofpalbmting
heating methods. A more significt example is the widespread ban on the
manufacture oflichlorodifluoromethanérreor)), formerly the standard
refrigerant in automobile air conditioning systems. This substance, often release
into the atmosphere unintentionally as a result of refrigerant system leaks, wa:s
determined to have a significaskone depletion potentiahnd its widespread use
to pose a significant threat to the Eartigene layer Its manufaaire was
prohibited as part of a suite of restrictions adopted internationally iNdinéreal
Protocolto theVienna Convention for the Protection of the Ozone Layaill
another example is the ban oreus asbesto building construction materials, to
eliminate future exposure to carcinogenic asbestos fibers when the building
materials are disturbed.

Hotspots Air pollution hotspotsare areas where air pollution emissions
expose individuals to increased negative health eff€btsy are particularly
common in highly populated, urban areas, where there may be a combination o
stationary sources (e.g. industrial facilities) and mobdarses (e.g. cars and
trucks) of pollution. Emissions from these sources can cause respiratory diseas
childhood asthma, cancer, and other health problems. Fine particulate matter suc
as diesel soot, which contributes to more than 3.2 million premagatbsiaround
the world each year, is a significant problem. It is very small and can lodge itself
within the lungs and enter the bloodstream. Diesel soot is concentrated in densel
populated areas, and one in six people in the U.S. live near a diesébpdtiot
spot. While air pollution hotspots affect a variety of populations, some groups are
more likely to be located in hotspots. Previous studies have shown disparities ir
exposure to pollution by race and/or income. Hazardous land uses (toxic storag
and disposal facilities, manufacturing facilities, major roadways) tend to be located
where property values and income levels are low. Low socioeconomic status cat
be a proxy for other kinds abcial vulnerabilityincluding race, a lack of ability to
influence regulation and a lack of ability to move to neighborhoods with less
environmental pollution. These communities bear a disproportionate burden of
environmendl pollution and are more likely to face health risks such as cancer or
asthma.

Studies show that patterns in race and income disparities not only indicate &
higher exposure to pollution but also higher risk of adverse health
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outcomesCommunities charaatged by low socioeconomic status and racial
minorities can be more vulnerable to cumulative adverse health impacts resulting
from elevated exposure to pollutants than more privileged commuriBtasks

and Latinos generally face more pollution than whaed Asians, and leymcome
communities bear a higher burden of risk than affluent ddasial discrepancies

are particularly distinct in suburban areas of the US South and metropolitan area
of the US WestResidents in public housing, who are generhily-income and
cannot move to healthier neighborhoods, are highly affected by nearby refineries
and chemical plants.

I. Answer the questions:

1. What is the “air quality | aw”™? Whe
2. What are air quality standards? What do @wytrol?

3. What methods exist for determination of emission standards?

4. What are control technology requirements?

5. What can you say about the bans on different emissions?

6. What does air pollution hotspot mean?

ll. Translate the proverbs and sayingsGive your own situations with them:

1. To bring somebody badklown) to earth
2.Good heavens!

3. The salt of the earth

4. In the seven heaven

5.To aim at the moon

6. To cry for the moon

7.0nce in a blue moon

8. A bit of blue sky

GRAMMAR

Ex.1f sL Cted21Ilsj HEYSC, oxdoOr yd H' " ' MMiztce O

| (to be) very happy when | (to see) him yesterday.

She (to hope) now that the weather (to be) fine tomorrow.

The ship (to be) in the open sea when the storm (to break) out.

Last week he (to find) aitten in the street. He (to see) that it (to be) absolutely
helpless.

My uncle, who (to live) in the USA now, (to offer) me to pay for my studying.

This time next week | (to live) on a beach.

Sam never (to think) to go to medical school.

When Sally (to gotto the station last week, she (to realize) that she (to be) too late.
The train already (to leave).
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9. As a rule she (to run) in the park every day.

10.Look! He (to try) to find his watch. He (to lose) it.

11 Mother just (to make) some sandwiches. You (to ldape?

12 Two days ago Sam (to write) her a letter and (to send) at once.

13.You ever (to be) to Cayman Isles?

14Don’t tease the dog! It (to bite) yol
15.Last night we (not to want) to disturb our parents as they (to have) a rest.

16.His grandparents just (to returndin the USA.

17. (not to know) where my sister (to be) now. Maybe she (to sit) in the garden.
18Don’t you trunk that marriage (not toc
19.She (to give) him your message tomorrow, as soon as she (to see) him.

20.Look at thischild! He (to notice) everything immediately.

Ex. 2 ttLStd2Iy HEXYXSd, o9doe O yd H' ' Mmdz

Yesterday at the moment we (to start) eating, the telephone (to ring).

She was worried that her child (not to like) her new husband.

LookkHerhands (to be) dirty. She (to wor

If you (not to warn) him just now, he (to fall) in the water.

Yesterday | (not to want) to stay late so | (to make) an excuse and (to leave).

My friend always (to criticize) the way | (to dress).

When we(to see) them last?

She never (to want) to commit herself to six years of study.

. If you (to come) at six tomorrow, you (to find) him at home.

10 If you (to know) her address, you (to send) her a letter today.

111 know what kind of person she is. She alwayss@g) that she never (to tell) a
soul but then she (to break) her promise.

12 This letter (to be) from John. We (to stay) with him last summer.

13. (to meet) them when they (to run) round the park.

14 When they (to go) out, the rain (to stop), but a strong wintdl@w).

15.Look at him! He never (to be) so insulted!

161t (to be) dark now. The sun (not to rise) yet.

17.There (to be) an accident near our house last night. You (to hear) it?

18 We (not to recognize) the hotel. We (to stay) in it the year before.

19 Last year when #aplay (to be) first performed on stage, it (to become) a hit.

20When | (to come) to my friend, his parents (to tell) me that he (to go) ten minutes

before.

Ex. 3 1 sLCted2Isy HEXYSd, o) dlas@glzy dy i’ . M dzts

1. You already (to see) this film?2- Yes,| (to see) it two days ago. | (to think) it (to
be) rather interesting.

2. They already (to get) to the railway station and | (to | think) they (to wait) for their
train now.

©CoNoOhwNE
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3. What he (to do) now? He (to play) the new piano which his parent (to buy) him

this morning.

She already (to walk) in the park for two hours.

Last night my telephone (to ring) four times. Each time | (to answer) the phone, the

person at the other end (to ring) off.

6. The police just (to discover) a bomb in this office. They already (4cweate) the
building.

7. She (to see) very tired when she (to get) home yasteShe (to have) a bad day.

8. After he (to work) for ten hours, he came home and (to fall) asleep.

9. You ever (to be) frightened by something?Yes, | (to he) frightened by a strang
noise in the bushes when | (to run) round the park last week.

10.The day before yesterday he told me that he (not to come) home by seven o
Sunday.

11.In the programme we (to watch) last night, they (to kill) animals for their fur.

12.She (to begin) doinghére s sons at fi ve. It i s sev
lessons. When she (to finish) doing them at last?

131 (not to be) sure now that they (to

14 When we (to help) our mother about the house last Sunday, our fatloemn{&)
and (to invite) us to cafe.

15.Look! The emergency services (to remove) the sand which oil (to cover).

16 What you (to achieve) by the year 20107?

17.They (to have) a lovely time touring the USA last year.

18.You (not to read) my project yet?

19.Her mother (to be sa) yesterday that she (to revise) for her exam for the
following day.

20.In three years time, his parents (to be married) for twenty years.

ok

Ex. 4. [(SLSCtwd2lk] HEYSH, o)dmdE ygofy" . fd

.We (not to imagine) yesterday that the meetinddke! so long.

.1 am afraid my friend (to be) still in hospital.

. He (not to finish) medical training till, he is tweriye.

.Some days ago | (to go) through my wardrobe and (to pick) out all the clothes

which (to be) small for me.

. She picked the magazifrem the floor where it (to fall).

. You already (to see) this play? We (to see) it last Friday. It (to be) a bit boring

at first but it (to pick) up later on.

7.Now scientists (to predict) that by the year 2025 the population (to rise) to eight
billion andby the year 2050 it (to reach) ten billion.

8. How you (to feel)>— | (to feel) so tired today. (to work) in the laboratory since
early morning.

9. Be quiet! My baby (to wake up) if you (to shout)! The baby (to sleep) now.

10. My friend wants to open a sport shdie never (to run) a business before. Now

he (to want) to ask for a bank loan.

A OWN P

o O1
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11.She (to be) very happy when he (to thank) her and (to give) her flowers two days
ago.

12.Last September | (to spend) my holiday with my friend. From the first day | (to
realize)that | (to make) a mistake.

13.1f you (not to pay) the bill immediately, the waiigo call) the police.

14.The number of cars (to rise) by fifgight per cent since 1973.

15.1 am sure Sally (to marry) Peter if he (to propose) to her.

16. You still (to think) they (o finish) the new motorway by the end of the year?

17.Why he (to open) a shop? He always (to want) to open a sweet shop.

18.Last week her sister (to borrow) her sweater. Wélile (to wear) it she (to spill)
some juice on it.

19. She (to be) tired yesterday as $toedrive) all thatvay.

20.He just (to be) in the bank to pay in a check.

Ex. 5 ttLStd2y HEXYXSd, o9doe O yd H' ' Mmdz

1. Where you (to be) just now? | (to we
cinema. We (to be) late.

2. When | (toenter) the house, | (to see) that the old man (to sit) near the fireplace
and (to read) the book. He (to sit) there for a long time.

3. What you (to do) now?- | (to translate) an interesting storx= How long you

(to translate) it?— | (to work) for seven hars. | (to hope) | (to finish) translating

by nine o’ clock.

The lecture (not yet to begin) and the students (to talk) in the corridor.

Last night Beth (to thank) Chris for the lovely flowers which he (to buy) for her.

Oh, | (to see) he (to stop) smokingh#h he (to decide) not to smoke?

We (to be) in the forest a week ago. We (to hear) how a wild animal (to cry) out.

It (to get) in a tramp.

| (to be) nervous at the dentist this morning as it was the first time | (see) him

since august 1998.

9. When | was ahild | (not to like) the girl next door. She always (to tease) me and
(to fight) with me.

10Don’t worry! You (to see) your <child
the window.

11 When (to be) last time you (to see) TomFive years ago.

121 just (tofinish) the book which you (to give) me for my birthday.

13.Last night he (to see) a light in the neighbours house

14 My father (to look) tired the day before yesterday. He (to work) at his computer
for many hours.

15.She (to be) at the birthday party now. It lf&) the most exciting holiday she ever
(to have).

16.You ever (to eat) octopus? Yes, I....- What it (to be) like? It (to taste) nice.

No ok

o
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17 Last year my friends (to stay) in my house while | (to be) on holiday. They (to
stay) there for three weeks.

18 When | (tocome) home, my family (to drink) tea in th” kitchen. | (to take) my
coat off and (to ask) for a cup of tea.

19 We were glad to know that our relatives (to arrivg}he New Year.

20.An important letter (to arrive) when he already (to go) away for two weeks.

Ex. 6 1 jtejCdzOH"' s Odz¢ dz' 2 firds) e, @ ' aplafsedss -

1.Bn «kweiyagb Bi gnoywnshaimm. BMKpmywyw Tam |

Mn npoBennm pAgBa He3z3abyTHIi X TWUXHI Ha TV
2.0e TBi #BopamTPeHyeTbCcd Yy CNYXa UBBIO MIyO [
3.WLlo pgiTm pob6bwUuIN, KOonw-Komwun @n iBAd B4 WH®B L Q4
no6aymB, WO BOHWU T pakwTb Yy HOBY T py. ¥
4. 0e TBOA—BOEBPAA KYXHiIi . BOHaAa WOWMHO MNOL
ob6i pace. Mi cnpae®bpgy BOWA BGAEUBUCTAaABKY

5049 He X004y po3mMoOBNATKN 3 HUM no Teneaqg
Monpoci Tb MWOro nNOA3BOHWTMKW 3aBTpa.
6.BoHn oapyxXmnucb OGararto PpoKiIi B ToOMYy i
oapyXeHI 3 1977 pokKy.

7.Bn BXe OaaBRY EBEAQPTWHHBaHAMT®ra?agyxe X

T —Ocb AgBAa KBUTKW Ha BUCTaBKY. AK wo B
Haw My3ei.

8.4 p[pyXe <CcTOM/MeHa. HacTynHOrNo TMWXHSH A
HanpyXeHOoO npauywio. 3BMYBWNBELAT DPEBRBKWBDP 3
9. Konn 4a 1 xasB no p[Jopos3i., panToM nepeagp
3ynmHumue aBTOMOOI Nb. Konwn 4 BMMWLWOB 3
Hi Hyoro He cTanocd 3 TBapWuHOW, 9 Nobav
10Bi H rnsHyYyB Ha XnonuysdcdH 6Goggypvass yil Brpa 3pyavH
11Moa nopgpyra 36upae AUCTIiBKMWU NPOTATON
6araTtTo, wWo BOHa He 3Hae, pAOe Tx 306epir
120cb pge BOHMU! Mn Bac CKpi3b wykanwu. L €
13Byuopa Haw Knac xoaguwsB [0 My3el. A He T
14Bwn  peyTmea, 3aBTpaCoypgies aomd@cb, wo Hi . \Y
3a MicTO. AKkwo ni ge 40 W, MW He noi gen
15MTokn BIi H pob6GMUB YypoK WU, Mmoro 6GaTbKO Cn
HOBUWUHUW O6y/nun Ui KasBunumu.

164 W rapgkun He MaB, WO BOHWU NPUUNAYTb TEé
7Koo T BUAWAKM 3 [JOMY, BOHW 3rapganwu,

18HapewrTi Mnu npuobébynum B TMapwunx. A aoyxe 1

cToOonnuyli dPpaHUui i
19Bi H 3anponoHyBaB Ai TdamM niTuKU [AO0 300N0af
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Ex. 7t sL Ctcd?2Isji HEYSH], fpdspoOskzydzj 58 ~ " H dzs d

1.You (to have) your contract soon: the secretary (to type) it now.

2. How long he (to wait) for Steve yesterday?He (to wait) for twenty minutes
when Steve (to come) at last.

3. You already (to visit) your doctor?- | (to visit) him two hours ago— What he

(to tell) you? He (advise) to keep to a diet.

4. Are you going to read a letter you (to receive)?o, | (not to want) to read it
now. | (to read) it when | (to be) in a better mood.

5. Yesterday | (to return) home late in the ewvgnil (to have) supper when my old
friend, who just (to arrive) to Kyiv, (to ring) me.

6. You already (to feed) her baby? | (to feed) it an hour ago. My baby (to sleep)
now. It (to sleep) for half an hour.

7. They always (to go) to the country in summer?Yen, as a rule. But they (to
spend) their holiday at the stde next summer if they (to get) enough money.

8. As the day (to be) sunny last Sunday, we (to decide) to go to the country. We (tc
get) to our place by ten o’ dayock. We
9. What your father (to do) at the momentRle (to have) breakfast. As a rule he
(to have) breakfast so late on Sundays.

10. We (to see) them last week, but we (not to see) them since then.

11. She (to be) a typist for our firm since 1997. She (to work) herthfee years.
But now she (to want) to change her job.

12.This year he (to write) a book which (to describe) all his

13.They (to walk) a long way when she (to begin) to insist on a rest.

14. Last night he (to be) furious because someone (to drive) into highdarit (to

be) parked.

15.1 (to tell) you a million times (not to take) my sweater! Why you (to wear) it
now? If you (to put) it on again we (to quarrel).

16.They (to decide) to go to Spain. Because their friends often (to tell) them about
their glorious holidy there.

17. His brilliant intellect (to win) him an international reputation.

18. Nick already (to get) tickets for the concer?He (to have) the tickets but
nobody to go with him.

19. My friend (to ask) me to explain him new rule because he (not to understand)
it.

20.He was sure that she (to invite) him to her birthday party which (to take) place
in a week.

Ex.8) jtej S dZOH' ' Is' Odzddz 2f)! S5 HBsotss, oy(d
Yyom’

1. BB cuge BUMBYaAaEeTe aHIT/AIKAC BAKIYE VNEBEBIOD O K U .
BUMNTENb KaxXe | [gGCcysningwyB &t,H algcd asH H i
2. MumnaHyemMo BuUnNneTi TKW 3aBTpa, HAKWO HI Y
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A pameobaymB CBOIT X ApYy3iiBXaHt@m xva Wy ,[4
HapoAXeHHS . Becesne@auypammc@aypgewmo
Konegi H AeBBPS 3 061 AHbLOI N e @ regpxsen ?
ATHaAaAUATb XBUWAWUH, A& wWsiiHe 3Ll BHMG b T @ U
XBUMNWNH, MU Ni AemMo.
5. KommoHa 3’ daBunacb Yy Oodi qio,gNBa@ma 94T ® i
He'l . BoHa 3 po3s3ayawibiia, WO 3ani 3HM
6. TWHa Hae W, Kyaon a9 NOK/N&AMAMAB @QHC % O 3 A I
niBrogunHun. iTix’BHepa@aawmnpavunmnna 17 y Ti il
7. Bimywmas, LWo BecCb BeuyYi p OyQ@Eewpasaamr.mn
Bi H NMOMMWAMBCACUEN@AY XIOH & mMOMTMO B Mar asul
8. Akonunce A aBHO UYNTas L0 K HIWBKK B.e niBkal
3a40BO/TEHHSAM.
9. TBOA MaMa BXe nNoBepHYynapwTi poHiemoui?

uwe Hemae, ane BOHa npuinpgpe popgomMy 3a T
100Mn npaylvwemMo BXe TpPU TOAWHMU,N @amMmpea yuee \
e OB roanHMNM. AKWO MW CTOMMUMOCDHL PpadHi
11.Konwn a9 3ahwoB [0 WKOANU, A nob6auwuns,
YUYUHAMMU. A ni gl AWoB A0 HBLOTO ANAUMWe nNi C7r
122Bi H BXe nepekKawmpB Biewcmé@pewinaBo@oH. [
1334 X0o4y 3HaTW, YU BOHW BMNWELIORPUMaANUN
l4Bawa cecTpa-HectTy BoOHTAK a882ke 3 akKi HYunmna i
Moro pi kK TOMY.

15dk wo ni ge pouw i noropga ©6ypae BI TpAH
cebe.

16.3 KM Bi H ypci TKpPI »ae HeBBHac. Bi H HI K

3 [
174 He 3HaB Kyau nepeixana T XHA ci M’ 4.
18BoHNW cnepevyawTbCd BXe NI BroguHM.
199K W0 BOHW HEe NPUNUHATbL chnepevyaTunucsa
20Konun 8 npuinwoB pJOAQOMY, MOS Ci M A .BXE
21Konun BIi H NOA3BOHWB CBOEMY ApYyrosi,

i ToOMYy He niaginwoB p[JO TenedwgoHy.

Ex9t sL Cted2Isj HEYSC, o4z sc@Fddasi' ‘dAgdgize @

.Cora (to want) to have a dog. She sa
When she (to come) from school in the afternoon, she (to decide) to ask her mothe
to let her to have a dog.

. He (not to sleep) that night. He (to think) till the morn ing: his head (to be) full of
thoughts. When the manyg (to come) he (to take) decisiahlast.

. After we (to say) goodbye to the old man we (to go) out of the house. It (not to be)
anybody in the street. The sun (to shine) brightly in the sky.

“ (to cI ean) my r ootap laande "(,t os lpautg aied
I (togo)away”
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5. When | (to look) at my friend, | (to see) that {(te smile) from ear to ear. He (to
read) a funny story.

6.My parents (to | ook) at me as | (to
mot her. *“We (to wait) f orveyangrywithme e f

7. It (to be) a nice party last night. Everybody (to dance) and (to be) happy. My friend
(to bring) great music.

8. If he (not to have) the money tomorrow, they (to give) this puppy to another boy
and he never (to see) him, again.

9. Last nightJohn (to be) at his sports club. He (to think) he (to recognize) a girl who
(to come) into the gym. “1 (to think)

10. Yesterday my father (to want) to telephone his old friend. They (not to see)
each other for agebly father (to think) that he (to forget) his telephone number.

11. Two hours ago we (to speak) in my room. We (to hope) that nobody (to hear)
our conversation.

12. Right now he (to need) to improve his social English for his job.

13. Yesterday, | (to come) to ngentist. | (to wait) for him in the reception. When
his secretary (to come), she (to offer) me to read a magazine | (to refuse) as | (t
wait) for him for fifteen minutes and (to read) all the magazines.

14. As a teenager she (to be) a shy person but she¢tmnie) very sel€onfident
after she (to return) from a year abroad.

15. Last morning, when Beth (to look) out of the window, she (to realize) that it (to

snow) all ni ght . Beth (to decide) she
Ex. 10 1 jtoj C dzOH ' sy C ©tlzc drzt@o 58 oy doe 0 yd
dzj 8B~ ' HUzERBEZ YoM

1.Ak TinNnbKKW 89 3aWwoB A0 KiMHATMWU, A 3po
Bi KHO, WOOG NpoOoBIi TPUTMU KIi MHaATYV.

2MNi p yac o06i Ay BOHa Oynawvar aijoda@H oMY A4 H
Ha 3a/ll SHUUYMYSOMT BICBIOWONPaHKYyY, ane il
3T pywmaeuw, Wwo TU MOXewWw BUKOHAaATUW LI [
3akKiHYMwW TT7T p[JO Beyopa, HAKWO MU TOOI F
4.CKiIi NnbKW AHI B TN nNpau+os wn My idii eBoKe TmR”
we mwmenunmcas 11 4O Ki HUSA. A nnaHlynmo [pg3aacky
MEH.I noyumTtatwnu 1T, AK TIiNbKW Hanwuwe w?
5konn BOHa nob6Gauumna, HAK T NMUWOBOKO BIi H noc

BoOoHa BXe ©6araTto pas3iB 6auynmna KpoB.

6. 0e TBIi wBopaty? napky.cBoakomwpnnaBi H BuM
XBMWUMAWUH —TKOOWYW. B | HHe TrbeeBfE?pA Y M a 10, BOHMW T
XBUNUML O BH.

7Mn oTpumManun Tenerpamy ni 3HO BBeuYyepi
MW Ci AWM B MaWWUHY I noi xanwu Tmo pboa 6oyacodiy
HOU.I

LU
y .
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8.0/ AT HM nanbTo. Lo TN po6unTtTunume w, A K
3acTygunuitmncda, noropga 3MiIi HWOETbCA NPOTATr
9.Tenep 4 po3yMi o, yoMy 4 He MO XY B i |
HamMaratwcsd Bi AKPWUTKU T X He T usma GKynso vyHeam . p
10. Mi mw ©6par Yy 4OBWUW NUCbMEHHMUEK. Bi H
Bi goMMMM Yy BCbOMY cCcBiTi. 3apa3s3 Mi i n
11. Mn cnopagi Banwucsa, wo BOHa nNpwui pe o0 C
noi3n npumbyB O BOCGHMI iH.a MwKsEagIMHY 4ye
1223 KMUM TU PO3MOB/IAB, Konum a9 3ycTpiB
byna MOEW BUMTENbKOW I cnaHCbKOT K1 Nt
nNoroBopuMTM 3 Hew, TOMY WO MU He OGauwnrs
13. Wo 3 T e-Qloymm?a o, Wo A MBaXRB BMICED.K»Y-—F e M
AK WO TWMW XBOpPMUIM, KAa Tpra /oK yK arposo. i BUKNMWU
14Ulo BWMW pobGBMTMMETe 3aBFMMu ai@mEesmoMigio oo e
wocTi W, a O CbOMIi W T OAOWUHI Mn ©6ypaemMo
BOCbMOT TOAMWHWN, INPOTIBOIGAHMIYA Ni A€ MO HE
154 paBHO He oTpumMyBaB AAuMCTIi B BIi g CcBOI
Ki nbKa nNMWcTi B |1 cnopAgiBawCcb OoOTpumMaTUm E
l63aBTpa Yy HbOIO YpPOK aHrni ncbkKoOi MO B U
BIiIH BYMNTbL CnNnoBa.oMdIH BUBMWMH.b T X 00 CE
177 1 ABOWpPIi AHAa cecTpa BYUTbLCHA B |1 HCTMUT
ABa POKM BOHAaA 3 akKdKHyd UIT®BO dueacsi Y@ H+HaBAH A 0
oyagoe ni kKapewm.

H
s
b
K

18K o nwu Bi H no6auums 11, Bi H Ni oCTpPpuUOHY
BO6panachb.

19llo TOMO MPT U M e W, KONU—Mupo@uminmmeWMowYpoKu.
BXe nNi BTOPWU T OAWNUHMNM, Konum BW npuinpgerTe.

Ex.10) jtoj S dzOH ' 8! Odzedz’ 21! C%, o do 0% yq

1. BoHM M wnu Bynunuyetw i po3mMoBANANnM, K O N
cKkas3aTmWn.

2. Xi 6aHeTmam’ AaTaew, HK 8 CKa3sas, wo mMwn

3. Konn a9 3ycTtpiB 11 XBUNUH ABaguaTb TO
BOHa nNnaka/na.

4. Bi H yXe niBroaguMHW HamMaraetTbCHd 3HaWNTWU
cxoBaBCH4

5. Konun BOHa npwowmra 34 cgicamMya,, wo 3abyna
BoHa Habupana HoOMep MaWnxe ni BroguHun,

6. Nloro papys3i YyeKawTb Ha HbBLOTIO BXe T oAawu
He nNnpuhpge 3a fecATb XBUNWUH, : BOHMW nNi

/. Mn o@wmnunce, Konn BOHa 3anponoHyBana
wo BMCTaBa 6yae 4YyyagoBOIO.
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8 A npmnwosB [JoJOMY O CbOMIiWN. A noBevep:

6i 6ni oTteui . A apammHrmaB mi i BX@JABBTI ao He
0B O KHpOWL 6 paTtToBi

9.Mn He agywmanwu, wo BIi H BI 3bMe y4yacTb
YHUKHY FUK VOXy /b0, aTKOBMUX 3aBgaHb-b.

104 K Ti nbKKN A 3Bi NTbHKCDb, S NoAa3BOHW T
nopgi 6HMX 3axopgax, TOMY MeHI TBpe@MaopRo(
113toro vyacy, AK MW npuixanwuw croagn Ha BI
12BoOHNW npumnnwnu [JoaoOMYy oOnNni BHBUYUMNIadWMpI 3
BOHMW 3anhwnum [O KBapTwupum, BOHMU nobdGauywnrs

13le XunBe TBBaHai meBRana MmO KAaBp KTooBViay M’ ¢
XnBe Tawm.

14Ki HkKka cunpgi na 6i ns Bi KHa i Ay Mana. B
3aMwna Ao Hel i xapegagoumkMpmesma. no

15Mn H e cnoai Banumcesb, L, O BOHMW npui oyThb
Ki MHAaTy A0 T XHbOIFo npuis3fpy.

Ex.11t sL Sted2Isy HEXYXSd, o9doeOs yd H' " Mdzse C

1. They already (to announce) the results of our tests? Yes, they (to do) it som
minutes ago— What mark you (to get)?

2. What (to be) wrong? | see you (to be) in a bad medd®o translate) this axle
since morning, but I (ndt bnish) it yet.

3. Where they (to be)?- Last week they (to leave) foe Paris. If | (to receive) any
news, | (to let) you know.

4.You (to know) him well? | (to know) him since childhood. He always (to be) a
very honest man.

5. What he (to do) in the garden some minutes agoRle (to find) a little bird. He
(to think) it (to fall) outof the nest.

6. Yesterday on my way home | (to meet) my daughter. She (to tell) that (to wait) for

me for two hours. Sh@o lose) her key.

. He alwaygqto dream) to become an actor. He (to dream) about it since childhood.
.| (to be) very tired, when | (to come) home yesterday. When | (to begin) to warm
my dinner, my friendto phone) me. We (to speak) only for five minutes, but when

| (to enter) the kitcan, | (to see) that(to burn) it.

9. After they (to spend) their holidays together, $teeunderstand) that her friend
(not to be) such nice per son as she (to think).

10. You (to take) you children to the zoo next Sunday? Yes, they never (to be) in
the zoo béore. | (to hope) they (to like) it.

11. One morning a letter (to arrive) to them. The letter said that their aunt (to
arrive) the next day.

12. Who (to give) you my phone number? | (to ask) Nick to give me your
number as | (to want) to tell you sothimg veryimportant.

o
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Ex. 121 j o] ¢ dzO@uZe 82 2 3sH s y d 9 Oy d M dztPeesent,
Pastls Guture Simple Passive.

0.Me H i noBi MeHI Bi pATb MeHI noBi p 4
1. x Bni3Ha.l x BNni3HatwTl X BNi 3HawT
22Moro 3rapgp MWoro 3rapgywWlhMoro 3rapgat

1.Me H i po3KaMeHI po3Kas3 MeHI PpO3Kax
2.Momy nokaslomMy nokasy MNomy nokaxy
3.ThW pganm I W pawTb I papyTsb
4. Me H i aAonomMeHI pagonomaMeHiIi pgonoMO
5Moro nomi Tloro nomi yualormoMi TATb
6.Hac 3anpocHac 3anpowyHac 3anpocH4
7.7 M pgo3Bonulim po3BonAtwl M go3BoONAT
8.1 W nopagunlin papgats I nopapgathsb
9.Moro nouynhoro 4yywTb WMoro nouyirT
1

1

1

Ex.13t sL Sted2Isy HEX S, oyPesedPastFutmre Siriplzts o C
Passive.

His car (to steal) last night.

Cheese (to make) from milk.

Thedog (to give) some food in ten minutes.

The telegram (to receive) last week.

These television (to make) in Japan.

He (to give) a lot of money last month.

All the students (to invite) to the party next week.
| (allow) to go for a walk now.

This man (tcarrest) last year.

10 My question (to answer) soon.

11.Her book (to finish) this month.

12.The article (to translate) in three days.

13. Furniture (to make) from wood and plastic.
14.The news (to announce) tomorrow.

15.The patient (to take) to hospital last Friday.

16. The pupib (to explain) a new rule at the next lesson.
17.He (to appoint) a new manager.

18. Dictations (to write) every day.

19. This newspaper (to sell) everywhere.

©CoNo~whE

Ex.14)1 jt6J S d&zZOH ' Is! Odzcdz' 2 ! C s BReIsnt,, 9 3 d
Past, Future Simple Passiv@ B Astive.

1.4 nonpocuB CBOTo pApy
2. MeHe nonpocunu pgonom
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3. Buntenb pgaB YUYUHAM BaxXkKke 3aBpaHHSA.

4. YYHAM pJann BaXkKe 3aBAaHHA.

5.MnM yacTo O0O6GroBOpPHEMO BaXnuasi MMUTAaHHSH
6. BaxXxnunei nMTaHHAa MW O0O6GroBOPHWEMO BpAOMaA
7.3aBTpa BOHa 3akKiHYNTbL UL pobBOTY.

8. LU pobywympeg 3aki H4eHO 3aBTpa.

9 BoHa ckKkasana HaM npaBay.

l10HamM ckas3anu npasagy.

111 Ho A i Bi H 3ab6byBae kKynutwnm xni 6a
124omMy npo uLe yacTo 3abyBawTb?

13Bi H nmnoBepHe KHWUXKY BYacCHO.

1AKHMNXKY ©6yae NoBepHEHO BYacHO.

151 OyaouHKNn nobyagysanu pgBa POKWUW TOMY.
l6MamMa He poO3BOBIWEMIIM. TpaTKn Ha

17/ M He Q[0O0O3BONAWTbL I paTwWu Ha By nuuyi
18Konun 6ypayTb BIi gnpaBneHi numcTtun?
19BOHM 3yCTpPi HYTb HaAac Ha BOK3ani

20le Hac 3ycCTpPiHYTbBL?

Ex.15]) Jt6J S d&zOH ' Is! Odzgcdz' 2! C s dBRedsHt, 93 d
Past Future SimplePassive® B Axtive.

lLKHMUXKN NoCmM@BUMIgITb Ha

2XTO0O BUKOHAaAae U pob6BOTY?

3Konum uw pob6oTy 6yane BUKOHAHO?

4.4 Kynnwo MaWwWWHY.

5. le kKynunwu Uy MaWwWUHYy?

6.MeHe 3ycTpinum Ha BOK3ani

/fHacTynHoro TUWXHSA MU Hanwnmwemo TecCT.
8.Wlo 6yno HanumcaHO B nucrtTi ?

O.Mn 3abynm 3aMKHYyTWn paBepi

10.AB e pi O6ynm 3aMKHEHI

11.KBI T 3MPACKyaBAATb Yy Basy.

12.1le npogatkwTb Ui XypHanwu?

13.Konun nepeBipAaTb Hawi AUWKTaHTU?
14Bi H nomMmumB ni gnory T OAWHY TOMY.

15T oanHy TOMY ni gnory noMunu.

164K BUKOHaAaWTbL ULe 3aBpgaHHA?

17.MomMy He pafyTb LWUX nanepi B.

18Ham He nokas3anm HOBOTo i nbMy.

199Bi H noKkas3aB HaM CBOW Ki MHaATYVy.
20Mar Hi TooH O6ypne BIi ApeMOHTOBAHO BYaAct
Ex. 16t sL Sted2Isj HEYSCd, HBBJdtOs yd dzj sB = ' H
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| They (posted/were posted) the letters yesterday.

The letters (posted/were posted) yesterday.

You can (leave/be left) your case here.

13. The case cafleave/be left) here. f>. He will (tell/be told) me the truth.

(I. The truth (tell/is told) to me.

You may (put/be put) your hat on.

} The hat may (put/be put) on.

! The machine mustn’t (use/ be used)
72 They mustn’t (use/ be used) the mac
1s.  Tomorrow | will (pay/be paid) the bill.

19.  Tomorrow the bill will (pay/be paid).

1O OO w02l kOC' Mhse shf sk
(Lo jtodz' s EZeoOck dzO o Myj Htod?2 d3j deded ¢ O)

to talk about She is talked about.

to send for He was sent for.

to look at She was lookd: at.

to laugh at He is often laughed at.
to wait for | was waited for.

to care for His child is cared for.
to listen to They are listened to.

10 OkowIsO2j, "t Csdd dagj 5BS ' Hdas
WCEEs ' HABjls LOL&O' of ddelk, Ik o

This book is writterby Hemingway.

Ex.171 j t6J HO2 Is] RagshgMVidicay © ®x O yd dz0 d3' Myd
o' Hftso Hdesets ftod?2 d3j daded ¢ O.

H eoften thinks about her.

We looked for her everywhere.

People speak much about this film.

They sent for Alice.

She cares for her baby well.

They always laugh at Tom.

We will listen to the teacher attentively.

| always wait for my friend for a long time.
. She asked for this book.

10He will look for his key.

11.They will speak about this accident long.
12He never |l istens to mother
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Ex.18) jtcj HO2Isj Ragsive\VdideY o

H ebroke his bicycle.

She will write a new book.

We will forgive his mistake.

Mother does not allow me to come home late.
She teaches us English.

The guide organized excursion well.

We will discuss this question in oaffice.

The pupils planted many trees near school.
She will serve dinner at two o’ cl oc
10 My little sister broke a cup.

11. We wash the dishes every day.

12. Our grandmother will send the telegram.

13. My doctor prescribed me this medicine.

14. A man showed me the way ber house.

15. My brother booked the tickets.

16. | will translate this text in the morning.
17.Jane wrote an interesting article.

18. The doctor examined patients every day.

©COoNOOhWNE

Ex.19) jtoj S dzOH ' 8! Odg@dz' 2! C 5% Bso 55 .

cTaTtTTiw Tpeba nepeknacTwn.
I TMW MOXHaBHEBgTABUTN Y
TAaHHA MOXHa 3apgaTun B KIiHUI YyYpoOKY.
Tpeba 3anpocmtTunm Ha Beuyvepl.
Ni OPYYHMKOM MOXHAaA KopucrtyBaTMucasa.
Ci MOXHa BUKAUKATWN [O[JOMY.
i patTun Tpeba BYUYUaAacCHO.
Ki MHaTy Tpeb6ba nepesBipuntun.
4i MOXHa noknacTwu y wady.
Tpeba 3ycTpiTn 6abycw Ha BOK3ani
11. Coaky noTpi 6GHO B3ATMU HaAa NPOTYNAHKY
12. HoBi cnoBa Tpeb6ba BUBYUTMN.

CDQJO\QJSXSlJJa
E— =
<

©CONOOWNE
TIQOHE T aOX[C

=
o

Ex.20{ 5L Sted2lsj HEYCd, o Passiveoiaed jHs'j'S xR s
bSO dzf)! Ss5¢ Bso 58 .

1. My father (to send) to the reBbuse yesterday.

2. This work must (to finish) in an hour.

3.1 " m s uwvoiee (tg leear)rin the next room.

4. The question (not to discuss) at the last conference.
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She (to introduce) to them next week.

The letter (to receive) some hours ago.

His picture (to show) in this museum now.

When they (to ask) to come here?

. Why my things(not to pack) yesterday?

10 .The child (to take) for a walk by his mother.

11.The car (to buy) next month?

121 (not to give) their address the day before yesterday.
13.What language (to teach) at his school?

14 My dinner must (to cook) in time.

©oo~NOO

Ex.211 jtoj HO2Isj Actveoudrdz" o

| am sure | will be asked by police about this accident.

His honesty was acknowledged by all.

The leading role will be performed by my favourite actress.
The article has been altered by Nick.

His decisions are always apped by her.

The city was attacked by the enemies.

The window has been left open by somebody.

His adventures were described in his book.

. The equipment has just been delivered.

10 My departure has been planed by me before.

11 We were told that our order had roen fulfilled by the manager.
12.The children were not punished by their parents.

13 His poem is being learned by heart by Mary.

14 He was recognized as a brilliant musician by all.

15.The newspaper is being published at the moment.

16.The animal was being found atfour c | o c k .

17Hi s behaviour can’t be understood by
18.She was not taken to the concert by her brother.

190urc a is @sited by a lot of people.

©CoNoOGhwNE

Ex.221 jtoj € dzOH ' Is! Odze dz' 2 ! C s d3tPasEve , o d
Voice

1.iImMm yxe BpydYunum npusun?
2MpoTdr om BpmoyyyBYATIN 0BOYi Ta GPYKTMU.
33KmnummMmum BCe WwWe 4YMCTATDbL.

41 HCTPpYKUI T nNnpouyuumTtanm Ta obroBopunun.
5. BoHa ckas3ana, LWo 4YyekK 3aryb6nedo.

6Ham ckas3anwu, wo BC I B aHiosBHRTHIO .Bi AN OBI
7B ubomMy T1oTeni npuimmalwTb 6Garato 3Hal
8BHawy npono3uniBial®yrea. MO XHa
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9.3 104NHUA HeOoObXIi AHO 3HaunTwN.

10./1i XKO B TBOIT W Ki MHaTI e He 3acTene
l11l.Hac nomi Tmnwn oapasy.

1224HoMy 1we He CcKNnapeHO cNUCKMN?

13.4 npunyckaito, wo TOBaAapw He AocTaBNAT
14. L1 KapTMWHN MOXHa nob6auumTtunm B Mysei C
15 Konmnm a9 3aiWwoBUY aKMa®Gi BE®, wWee o6r oBopio
16.B yuboMy XypHani A[APYKYWTb A[yXe Uil Kas
17.Moro pgpyra npmsaHayvYyeHO AUPEeKTOPOM WK

18.lt0 ni cHW cni BawTb BCI
199Mum pgywmanwu, wo Hac 3anpocAaTb Ha 360p
204 3anmnTtaB cecTpy, YN BXEe HanwumcaHO n

Ex.231 jtoj C dzOH ' Is! OQdze dz' 2 ! C s BPRasHve , 9 0
Voice

l.Moni uemncbKMMW CKalzaB, WO HIi aKuUux BiI A6

2.BiH 6yB HansakaHunm cobakolo.

3.Ui cnoBa 6yno cKas3aHO nowenkwu.

4. AHKeTNnW BCe Wwe 3aNO0OBHWWTOL.

5.l e po3BONAWTbL BUXOAUTWU 3 AOMY nNi 3H

6. BuopaeimaHanaB uumncb cobaka.

7.1 X He Bi3bMyTb AO KOMaAaHAWU, SAKUWO BOH

8. baraTtTo Tennumx cniB 6yno No4YyyToO Ha B

9. Konmnm a9 3aMnwoB A0 KiMHaTwu, ToOo 49 noba
CnyxawTb

10Buopa 11T BiagpekomMeHagyBanum MOi M 6artThb

11Aky 3 WMHOro KHUWMXOK nNnepeknagyTb YykKkpal

12babycunHy Tenerpamy oTpumManunm nepepn c

13Konn wmama npuinge pgopgomMy, BCI Ki MHaAT

14B eHuunmknonepgii MOXHaAa 3HaWTunu 6ararTo

15llen co6op BIi ABIi Aye OGaraTto nwoapein.

l16Konun BOHa MBOoRaBneGayumma, WO CKAOAO Pp

17WMomy He [O3BONATbL BOAWUTW aBToOMOGI Nb
Ci MHapgusarT pPOKI B.

18Lle 1 MKOHATW ONi BLEM.

[

HeoobXI

0
b
ManowHOK MO XH
[
20B uyi m ni kK a

a B
O H i NPpOAYKTMW Kynunwumw nepeapj
pPHI Aob6bpe porngapgawTb 3a n

LESSON 2

AGROMETEOROLOGY
42



Answer the questions:

1. What is the importance of studying agrometeorology in relation to
agriculture?

How does agrometeorology differ from agroclimatology?

What is the importance of agroclimatology in crop production?

W

Text A

1. Agrometeorology is the study of weather and use of weather and climate
information to enhance or expand agricultural crops and/or to increase crop
production. Agrometeorology mainly involves the interaction of meteorological
and hydrological factors, on enhand and agriculture, which encompasses
horticulture, animal husbandry, and forestry.

It is an interdisciplinary, holistic science forming a bridge between physical
and biological sciences and beyond. It deals with a complex system involving soil,
plant, atmosphere, agricultural management options, and others, which are
interacting dynamically on various spatial and temporal scales. Specifically, the
fully coupled soHplantatmosphere system has to be wltlerstood in order to
develop reasonable opaaatal applications or recommendations for stakeholders.
For these reasons, a comprehensive analysis of -effest relationships and
principles that describe the influence of the state of the atmosphere, plants, and sc
on different aspects of agriculalmproduction, as well as the nature and importance
of feedback between these elenseof the system is necessary.

Agrometeorological methods therefore use information and data from
different key sciences such as soil physics and chemistry, hydrologyroietg,
crop and animal physiology and phenology, agronomy, and others. Observec
information is often combined in more or less complex models, focused on various
components of system parts such as mass balances (i.e. soil carbon, nutrients, a
water), bomass production, crop growth and yield, and crop or pest phenology in
order to detect sensitivities or potential responses of the baikphere -
atmosphere system. However, model applications still involve many uncertainties,
which calls for further improvements of the description of system processes.

Agricultural meteorology 71 its scope and aims.

2. Aims. The primary aim of agricultural meteorology is to extend and fully
utilize our knowledge of atmospheric and related processes in order to optimize
sustainable agricultural production with maximum use of weather resources anc
with minimal damage to the environment. This entails improving the quantity and
quality of agricultural crops, timber and other forest products (e.g. natural rubber),
vegetable ftires (e.g. cotton, flax, sisal), and animal products and byproducts (e.qg.
hides).

43



A secondary aim concerns the conservation of natural resources. The climat
may place constraints upon a particular resources. The climate may place
constraints upon a partiar form of landuse at a given place and time. An
agricultural meteorologist should be (but often will not be) consulted when
guestions are being examined of largk, of the exploitation of resources and of
the deployment of technological processes. &mample, the shoterm benefit
from the cultivation of semarid grassland has often (e.g. in the former Soviet
Union) been gained at the expense of ltgrgn damage from erosion by wind and
water. Meteorologists have the advantage of being able tartekeonsideration
processes on very different tirseales.

Range of subject matter.

The subject includes:

(a) The Earth (physical) sciences specifically the physics of the
atmosphere, i.e. meteorology and climatology, but also soil physics and hygrology

(b) Certain biological sciences specifically physiology, ecology and
pat hol ogy of plants and animals, and

A more detailed statement is given in the opening paragraphs of the WMO
Guide to Agricultural Meteorolagal Practices (WMENo. 134):

“Agricul tural met eor ol ogy S C on
meteorological and hydrological factors, on the one hand, and agriculture in the
widest sense, including horticulture, animal husbandry and forestry, on the othel
hand. Its object is to discover and define such effects, and thus to apply knowledg
of the atmosphere to practical agricultural use. Its field of interest extends from the
soil layer of deepest plant and tree roots, through the air layer near the ground
which crops and woods grow and animals live, to the highest levels of interest tc
aerobiology, the latter with particular reference to the effective transport of seeds
pollen and insects.

In addition to natural climate, and its local variations, admcal
meteorology is also concerned with artificial modifications in environment (as
brought about, for example, by windbreaks, soil management, irrigation,
glasshouses, etc.); in climatic conditions storage, whether indoors or in field heaps
in environnental conditions, in animal shelters and farm buildings; and during the
transport of agricultural produce by

This compendium considers the relationship between weather and
agriculture, and touches upon subjects that may be conveniéudbified under
seven main headings: soil and water, plants, farm animals, diseases and pests
crops and animals, farm buildings and equipment, farm operations, and artificial
modification of the meteorological and hydrological regime. Each of theséawill
briefly discussed in this chapter.

Soil and water.Weathering is an important factor in creating and then
determining the nature of a soil, the organisms it contains and its capacity for
retaining and releasing heat, nutrients and moisture. Rainfall not only adds
chemical components to the soil, butda@ washes out (“I| eac
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The mechanical state of the seiés it affects the cultivation, pest control
and harvesting of crop plants, management of pastures (stocking density, etc.) i
greatly influenced by local weather conditions. lash matters the cooperation of
environmental scientists is vitally important: meteorologists must not simplify too
much the surface aspects of their work, while on the other hand hydrologists
should not assume full knowledge of all weather and climateri&acall in all,
cooperation between meteorologists, hydrologists and soil scientists needs to b
improved.

The water reservoir for plant growth and development is contained in the
soil. The amount of water available in soil depends on the effectiveriess o
precipitation or i1rrigation, on the
depth on the other hand. The rate of water loss from the soil depends on th
climate, and on the physical properties of the soil and the root system of the plan
communiy. Efficient utilization of soil water and cultivation techniques for
preservation of soil moisture are of major concern to agrometeorology, especially
in semiarid areas.

Erosion by wind and water depends on regional and local weather factors.
The extentto which a given tract of land suffers from erosive agencies is,
moreover, determined by the presence and vigour of the vegetative cover
Excessive concentration of salt at the soil surface may occur in areas especiall
where there is significant evaporti and drainage is not adequate, particularly
when irrigation water is poor quality.

In all regions with a marked seasonal variation in weather, seasonal change
influence soil conditions and -b.gthe e
beginning ad end of rainy seasons in (sub) tropical countries; in wet climates, the
period during which the water conten
capacity’ ;, or the duration of frozer

Review Exercises:

1. What kind of sience is agrometeorology?
2. Discuss three main passages of Text A (part 2) and put the questions f«
each of them.

Text B
USE AND PROVISION OF AGROMETEOROLOGICAL
INFORMATION

To illustrate the variety of information requirements in agrometeorology, we
will list a few of the categories of users that meteorologists are expected to suppor
showing how their needs vary. These user groups are not listed in any order o
importance and their characteristics, situation and requests may differ from country
to cauntry.
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Owners of large farms of one Knor more are often faced with large
investments to be made, in mechanization and sometimes also irtir(egrt
labour. Generally speaking, they grow a limited number of crops, progressing in
some cases to monoculturén order to run such agricultural factories
professionally, they may require extensive weather and climate information for
planning, sometimes in a computampatible form.

A horticulturist, dealing with higivalue crops grown over a very small area,
ustally controls the climatic conditions as much as possible in a greenhouse or ir
plastic tunnels. In order to make the necessary adjustments to regulate the radiatic
passing through his roof and the ventilation air entering below it, he must have
guantitaive information on e.g. local humidity and cloudiness as a routine matter.

Intermediate in scale between the two abmentioned markedirected
types of farming are family farms. Their main products are usually animals or
regional staples viticulture, cereal, grain or rice, grasses, beans or beets, fruits,
sugarcane, vegetablesand some supporting minor crops or animals besides.
These farmers are usually avid customers of-agrather broadcasts (particularly
on hazards such as frosts) which guidertbleortterm operational decisions.

Cattle farmers need weather information to provide winter forage their
herds, e.g. to find out when they can make hay. In latitudes without winter, farmers
are interested in early warning about impending disasters sutdods or storms.

Government planners (say, from the Ministry of Agriculture) may have the
task of forecasting the yield of the
war ning'’ of crop failures is necessa
means that the meteorologist must know about the reliability of existing weather
related crop development models. Another subject for government advice is the
climatological suitability of various regions for growing new types of crops.

Agricultural prodwt factories, and other related business involved in
processing or transporting food for the market, can use-tkmg forecasts and
climatic information for planning purposesprovided that they are able to use
predictions phrased in terms of probabilityhey prefer statistical climate studies
to climate models (Changnon, 1992).

Investigators specialized in related subjects like hydrology and agronomy
often ask for meteorological datasets. This should be used to start cooperation.

Adgrometeorologicakervice.ln order to cope adequately with such varied
requests, it is essential to establish an agrometeorological préferably in a
National Meteorological Service where, together with forecasting services and &
national database, the necessary siftecture for data collection and analysis is
already in existence. In 1980 a WMO working group recommended three
subsequent development stages after the establishment of such a unit:

(1) A ‘ p aopesatiomad 'stagep useng available infrastructure,
suwpplying simple climatic information for agriculture more efficiently by assigning
this task specifically to a few members of a climatological service. At this stage a
national agrometeorological committee, supported by WMO and FAO, should
identify local wathersensitive problems;
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(2) A more ‘active’ stage, I n whi c
days, leafwetness duration) is provided by a specialized unit. Some countries
might stop here;

(3) An operational stage, where advisory services amtdsts are provided,
and the necessary research is done to support such probéerted services.

Agrometeorology and agroclimatology can assist in two categories of
problems which could be designated as the tactics and the strategy of fooc
production. Stategic considerations cover the choice of crop, selection of farm
animals, design and extent of farm machinery, and methods of soil cultivation.
Strategic planning, in particular, includes the correct choice of land use, productior
facilities and genetigssues. Likewise, a statistical study of past climates, their
variability, the range of possibilitiesparticularly extremes and sequences which
the atmosphere can generatean prove useful in risk assessment of nature
proposals.

Tactical items relateot shortterm timing of farm operations, and all that
goes to make up good husbandry. Weather forecasts can play a tactical role, alwa
provided that such predictions are reliable and accessible, that they do not omi
farmingrelated weather parametersnd that agricultural effects of approaching
weather are either understood by weatherwise farmers, or stated clearly in th
forecast.

A forecast can only be useful if there is some action that the recipient can
undertake, either to take advantage of favilrecircumstances, or to reduce
adverse effects. All too often farmers are powerless te actaircraft can change
course to avoid a hailstorm, but farmers cannot shelter their crops.

Diurnal and annual variations of soil temperature and moisture

Periodc fluctuations of soil temperature are caused by the daily and yearly
fluctuations in solar radiation received at the surface. The maximum temperature
of the surface is reached when the flow of heat into the soil is exactly equal to the
flow outward, andso depends not only on the incoming radiation but also on heat
transfer in the soil and in air above the surface. Thus it is not surprising that the
incidence of the maximum temperature on the surface occurs some time after loce
noon. At night the surfacasually continues to cool until the fall of temperature is
checked by the input of solar radiation after dawn, when the curve of temperature
takes an abrupt upward turn. Observations even over a period limited to a calendzs
year clearly reveal that:

(a) There is a diurnal variation of temperature to a depth of about 0.5m,
below which changes become too small to measure with conventional equipment;

(b) This diurnal variation is superimposed on a seasonal variation. Providing
there is sufficient depth of dpthe seasonal variation becomes negligibly small at
depths between roughly 5 and 20m depending upon the soil type and condlition
average figure of 10m would be reasonable to assume;

(c) Plots of both the daily and the seasonal march of soil tempestaws
that:
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(i) The amplitude of the fluctuation decreases with increasing depth;
typically, it is halved for each 0.1m of descent into the ground.

(i) With increasing depth, the times at which the maximum and the
minimum are registered lag increasinglehind time events at the surface. This is
most clearly shown in the annual curve, and least clearly for the diurnal minimum.

(iif) Depending on soil type and structure, soil temperatures remain constant
at depths of about 10 metres or more. Ground waitbra water table below this
depth has a constant temperature, which is approximately the annual mea
temperature at the relevant station.

Observations at fixed hours may have a different physical significance
according to the time of the year they aakein. At 0.1m depth an observation at
1400 hours (local time) will generally be at, or near, the diurnal maximum. But the
minimum is reached some time after sunrise, when the effect of surface warming
penetrates downwards and arrests the fall of temperatinerefore observation
made at 0800 hours (local time) will be close to the diurnal minimum in early
spring and late autumrbut in summer in temperature latitudes, when sunrise may
be at 0400 hours (local time) or earlier, an 0800 hours observatiotakélplace
well up on the rising portion of the temperature curve.

In addition to the diurnal and annual courses, temperatures in the uppel
layers of the soil also show irregular variations due to weather. The exchange of ai
between atmosphere and scéinnot influence soil temperature much, because of
the low density (and hence heat capacity ) of air compared with that soil, but the
day-to-day variations of radiation are certainly felt in the upper soil.

Also, a sudden fall of soil temperature can besea by heavy rain or
showers. When rain or showers occur, the decrease of the soil temperature in tr
layers below the water front is more due to the decrease of net radiation than t
water. In heavy soils, the percolation speed is only abot®.G.2nm ht, so only
the uppermost soil layers can be cooled directly by rain water. But in sandy soils
where water is able to percolate faster, a cooling effect of rain is frequently
measurable, especially after dry spells. The cooling effect of rain lastsasfteng
as the soil moisture and thus the heat capacity of the soil is changed. The
diffusivity for a good moist horticultural soil will be about 0.45Asth that for a
peat soil about 0.15mis, and for dry organic matter 0. mgt. In socalled
‘ g o soil, temperature fluctuations reach deeper levels, and more rapidly, than in
peaty soils or in organic mulch. Also, given the same net energy at the surface, th
surface and neaurface temperature of the dry organic layer (i.e. the layer with
poor thernemetric conductivity) may reach higher maximum and lower minimum
than the *‘good’ soil

Soil profiles often exhibit markedly different layers. On a daily basis,
calculations based on homogeneous soil characteristics may not be useful whel
for example, tha@opsoil has a markedly higher organic content than the subsoil.
Similar problems also arise in the analysis of seasonal fluctuations, e.g. when |
shallow layer of soil lies on rock, or when a water table occurs at a few metres
depth.
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When the soil is coved with vegetation, the upper side of the canopy forms
a new surface, which absorbs a considerable portion of incoming radiation. The
remaining part of radiation goes through the plant cover and is absorbed by the
lower leaves, the rest by the soil surfatbe radiation reaching the soil surface
below a dense plant cover can be diminished to a few per cent of the total. The
amount of reduction depends onthecsal | ed ‘| eaf area i n
whole leaf area (one side) to the soil surface.

Review Exercises:

1. Put 15 questions to Tekt(part 1) .
2. Write a summary of Tex® (part 2) in English

Text C THE PHYSICAL ENVIRONMENT

The Environment

The environment of plants and animals is the biological and physisem
of the medium surrounding thenthe biological including microbes, plants, and
animals, and the physical including air, soil and water.

Physical medium

Normally, the physical material surrounding crops and livestock is a mixture
of air, water, andgoil. Air and water are found in the soil; water and soil particles
are found in the air. Aeration and soil moisture are phenomena of air and water ir
the soil, while atmospheric humidity and dust are those of water and soil in the air.
The degrees of assation of the various constituents comprise different types of
physical environments. For example, too much water in a field of crops may cause
waterlogging or even a flood, while too little produces drought. Therefore,
fundumental concepts of the phydiead chemical properties and the interaction
of air, water, and soil in association with various forms of energy should be
understood.

(a) Air. The air has long been recognized as a colorless, odorless, anc
tasteless fluid. It is a mixture of gases, prédeoth as single elements and as
compounds, and comprises the earth’s
others active. The chemical and physical properties of each individual gas differ
widely. Information on these can be found in textbooks orsiph and chemistry.
Here, the composition and distribution of the air in the physical media of crop and
livestock will be described briefly.

I n the first 3.5 mi !l pelommdnblieonetthtee
natural atmosphere is generally fidsut not dry or pure. In this lifeone, the dry
atmosphere, when measured by volume, is composed of about 78% nitrogen, 21¢
oxygen, and 1% of a combination of several chemically inert and rare gases (argor
neon, and helium, etc.), and chemically actraee gases (methane, nitrous oxide,
ozone, etc.). The degree of variability depends upon the type of chemical element
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present, in association with the physical conditions of the atmosphere (radiation
temperature, wind, humidity, etc.). Water vapor,dgample, is highly variable. It
varies from as little as 0.001 to as much as 0.01 percent in a volume of air. Whel
expressed by weight, it varies from few milligrams to 40 grams per kilogram of
dry air. Also, its variation with time and space is much gre#tan any single
constituent of the atmospheric air. Other variable constituents are ozone, nitrogel
dioxide, sulfur dioxide, hydrogen sulfide, ammonia, carbon monoxide and a few
other elements. The major constituents, namely oxygen and nitrogen, are
appeciably constant.

Liquid and solid substances of both organic or inorganic compounds are
foreign matters of the atmosphere. There are numerous varieties of such foreig
matters, ranging from airborne bacteria and fungi to-ssdta particles and
ammonium slfate.

The average composition of air is different under the surface of the soll, in
the water, and in the upper atmosphere (about 30 miles above mean sea level). T
vertical gaseous exchange between the interface of the atmosphere and its low
boundaies (the soil, water and vegetation) and its upper boundary (the upper
atmosphere), goes on constantly within space and time. Much of the gaseou
exchange in the lower boundaries involves living organisms. Some of the
exchanges are through such physicatima@isms as turbulence and diffusion. All
of these exchanges involve matter in gaseous, liquid, and solid states.

Growth and development in plants

|t I s necessary to differentiate t
the two differ basically. Growthefers to an increase in weight or volume of a
certain organ of a plant, or a plant as a whole, within the time interval of a certain
phase or an entire life span. Development is the appearance of a phase or series
phases during a rpekampld, the flowerirfg eof acpyantlise .
“devel opment ", while the elongation
plantgrowing season, one can recognize that growth is a continuous function anc
that development is a discontinuous one. With respetietatiemical and physical
changes in plant composition, growth gives quantitative changes but not profounc
gualitative changes. Development, on the other hand, indicates the progress of
series of qualitative changes (with or without external changesyghoait all
different stages until death. Thus, it follows that the growth of a plant can be
measured by the elongation of stem and shoot, the increase of dry and fres
weight, and so forth; while development is usually observed by the dates of
germination,initiation of floral primordia, inflorescence, and fruiting. In other
words, a study of the development of a plant is generally morphological and
phenological in approach, but that of growth is generally physiological and
ecological.

Plant physiologists ay consider growth a complex phenomenon and a
process hard to define. For growth connotes all and any of these aspects
reproduction, increase in dimensions, gain in weight and cell multiplication, and
others. It depends upon the kind of individual orgeteh as a measure of growth.
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In the case of germinating seeds and sprouting tubers, the total dry weight of th
young seedling and seed combined, or of the sprout and tubers, is less than tf
weight of the original seed or tuber for a short period, duedpiration. However,
Miller (1938) has defined growth as a permanent increase in weight, attended by
permanent change in form, induced primarily by an increase in the quantity of
protoplasm. In agrometeorology, the best definition of growth is: theaserin
weight or dimension of an organ which is most sensitive to environmental changes
In common agricultural practice, vernalization, winter chilling, and the breaking of
dormant seeds or buds are problems of development and not growth. When th
numberof an organ per unit fieldrea is concerned, it may be considered as either
a growth or a development problem, depending upon the kind and stage of the
organ. While flower count or fruit count is commonly considered as an indication
of the growth, the gpearance of the number of leaves at each stage indicates the
development. Usually, though physiologically not sound, the number of economic
organ available is considered as a growth problem. In short, the number of ar
organ per unit area is perhaps notoad)indicator for differentiating the growth
from the development.

The following illustration serves the purpose: Wang (1958, 1960) has
studied the morphological development of the subterranean ears of sweet corn ¢
the early vegetative stage in connectwith their maturity date. Emphasis was
placed in the choice of a significant element out of a group of environmental
factors as well as that of a significant period around the seedling stage of swee
corn. A test was set up for ten different sweet comretias for a period of 13
years (193&0) on Ames, lowa. It was found that the subterranean ears initiated
underground on the stem became functioning ears if environmental conditions
were favorable. Thus, (a) the time interval for the first 12 days @#ating would
be the significant period; (b) the soil temperature should be one of the significant
elements; and (c) a family of curves, obtained by plotting the mean soill
temperature during the significant period against the number of days of growth for
each year and for each individual variety, serves as the predictor. In fact, eacl
curve characterizes the varietal differentiation. In short, this method attempts to
predict the maturity date of sweet corn about two months or more ahead of time b
vitue d the concept of the physiological predetermination through the
developmental process. A comparison of this method with that of the heat unit
approach has been worked out by Wang (1958); who pointed out that the former i
superior to the latter in its ac@cy, earliness, and simplicity.

Answer the following questions:

1. Is there any difference between the biological and physical systems of the
medium surrounding plants and animals ?

2. What does the physical material surrounding crops and livestookl@ttl

3. What is air ?

4. What is dry atmosphere liimne composed of ?
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5. Does gaseous exchange in the lower boundaries involve living organisms”

6 . |l s there any difference between

7. What does tréf@to®ord " ‘growth?”

8. What does development indicate ?

9. What is the best definition of growth in agrometeorology ?

10. The number of an organ per unit area is not a good indicator for
differentiating the growth from the development, is it ?

Text D Plant Diseases and Climate Change

Although research is limited, research has shown that climate change may
alter the developmental stages of pathogens that can affect Thepdiggest
consequence of climate change on the dispersal of pathogens ighéhat
geographical distribution of hosts and pathogens could shift, which would result in
more crop losse3his could affect competition and recovery from disturbances of
plants. It has been predicted that the effect of climate change will add a level of
complexity to figuring out how to maintain sustainable agriculture.

Observed impacts

Effects of regional climate change on agriculture have been limited.
Changes in crop phenology provide important evidence of the response to recer
regional climate chang&henology is the study of natural phenomena that recur
periodically, and how these phenomena relate to climate and seasonal changes.
significant advance in phenology has been observed for agriculture and forestry ir
large parts of the Northern HemispleDroughts have been occurring more
frequently because of global warming and they are expected to become morst
frequent and intense in Africa, southern Europe, the Middle East, most of the
Americas, Australia, and Southeast Asia. Their impacts are agegdavatause of
increased water demand, population growth, urban expansion, and environmentz
protection efforts in many ared3roughts result in crop failures and the loss of
pasture grazing land for livestock.

Examples

As of the decade starting in 2010,amy hot countries have thriving
agricultural sectorsJalgaon district, India, has an average temperature which
ranges from 20.2C in December to 29.8C in May, and an average precipitation o
750mm/yeat3?! It produces bananas at a rate that would makdeitworld's
seventhHargest banana producer if it were a couht?y.

During the period 1992012, Nigeria had an average temperature which
ranged from a low of 24.9C in January to a high of 30.4C in AfftiAccording
to the Food and Agriculture Orgaaimn of the United Nations (FAO), Nigeria is
by far the world's largest producer of yams, producing over 38 million tonnes in
2012. The second through 8th largest yam producers were all nearby Africar
countries, with the largest ngkfrican producer. PamuNew Guinea, producing
less than 1% of Nigerian productibii?

52



In 2013, according to the FAO, Brazil and India were by far the world's
leading producers of Sugarcane, with a combined production of over 1 billion
tonnes, or over half of worldwide produamnil6*

Projections

As part of the IPCC's Fourth Assessment Report, Schneider et al. (2007)
projected the potential future effects of climate change on agricultitte low to
medi um confidence, they concluded t|
tempeature increase (by 2100, relative to the 12900 average level) there
would be productivity decreases for some cereals in low latitudes, and productivity
increases in high latitudes. In the 1PCC Fourth Assessment Report, "low
confidence" means that a paular finding has about a 2 out of 10 chance of being
correct, based on expert judgement. "Medium confidence" has about a 5 out of 1
chance of being corredDver the same time period, with medium confidence,
global production potential was projecteditoncr ease up Vveoy ar
| i kely decrease above about 3 °C.

Most of the studies on global agriculture assessed by Schneider et al. (2007
had not incorporated a number of critical factors, including changes in extreme
events, or the spread of pesind diseases. Studies had also not considered the
development of specific practices or technologies to aid adaptation to climate
change.

The US National Research Council (US NRC, 20askgessed the literature
on the effects of climate change on cropldgse US NRC (2011¥tressed the
uncertainties in their projections of changes in crop yields.

Their central estimates of changes in crop yields are shown above. Actual
changes in yields may be above or below these central estiri8edRC
(20114 also provided an estimated the "likely" range of changes in yields.
“Likely" means a greater than 67% chance of being correct, based on exper
judgement. The likely ranges are summarized in the image descriptions of the twc
graphs.

Food security

The IPCC FourthAssessment Report also describes the impact of climate
change on food securitirojections suggested that there could be large decreases
in hunger globally by 2080, compared to the (tearrent) 2006 level?3!
Reductions in hunger were driven by progetsocial and economic development.
For reference, the Food and Agriculture Organization has estimated that in 2006
the number of people undernourished globally was 820 milfiThree scenarios
without climate change (SRESALl, BIl, B2) projected -130 million
undernourished by the year 2080, while another scenario without climate chang
(SRES A2) projected 770 million undernourished. Based on an expert assessmel
of all of the evidence, these projections were thought to have aboun-405
chance obeing correct.

The same set of greenhouse gas and sxmmoomic scenarios were also
used in projections that included the effects of climate changeding climate
change, three scenarios projected-380 million undernourished by the year
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2080, whileanother scenario with climate change "projected-Z&00 million
undernourished. These projections were thought to have betwesnl® and 5
in-10 chance of being correct.

Projections also suggested regional changes in the global distribution of
hunge. By 2080, subSaharan Africa may overtake Asia as the world's mostfood
insecure region. This is mainly due to projected social and economic changes
rather than climate change.

|. Put 20 questions to the text B
II. Make up a plan of text B and retellit in accordance to it.
lll. Translate the proverbs and sayings . Give your own situations with

them:
1. My stars!
2. Shooting star
3.To believe i n one’s star
4. How goes the world with you?
5. Not for the world

6. In season and out of season

7. Rush season

8. To be in season

9. Everything is good in its season
GRAMMAR

The Infinitive

RULE

ldyfoOonscd o wWednm " daW ' dz Isde oxd
BJL yomséd
- mMdzv BsHOM dzd-~ H'W ° Mdz' 9 ;
- " mdzv toimakels) @O led;
- ' mdzv  wallw @ther..o, had better ..., wouldooner...;

 LotmedsIsCIsdodzd? o  HA3 dets$¢ L to'sedzito wagChlistof o ts
hear, to feel, etc.

Ex.1] MisOo Isj fap@ MY et " dz' Isdotsd3, HJ dzi 5B~
1. H dikes... play football.

2. She can ... speak English.

3. We let them ... go there.

4. Don’t help her ... do 1iI1t1.
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May I ... take your dictionary?

He made me ... do it.

Mother let us ... swim in the river.

I don’t want Co see him.
. Wewould rather ... go home.

10. They wanted ... speak to us.

11.Would you like ... drink?

12.You had better ... take this medicine.

©oo~NOO

13.They coul dn’ t find their child.
141t s ti me . .. go for a wal k.
151 d i ke . .. beli eve you.

16.We were ready ... go out.

17.My par e nletms... gbitodhat party.
18.Do you like ... dance?

19. Would you like ... listen to my song?

20. His joke made me laugh.

Ex.2y O3’ dzg' Is* " HGtj Mdzj dz yoOMmisdded tcj ud dz

Ex.H ehas a lot of books which he can read.
He has a lot of books tead.

1.1 would like to offer you the dress which you can buy.

2. Have you chosen the project of the house which you will build?
3. Is there something which you can show us?

4. Here is a man who will do this work.

5. Could you give me a book which | can read?

6.J a ¢ kought ud a new film which we can see.

7. They have a lot of work which they must finish in time.

8. She has less time in which she will tell you everything.

9. Here is an interesting physical process which we can study.
10. Mother bought a lot of fruit which we caat.

11.You can put on the coat which will warm you.

12.Our teacher gives us many rules which we must learn.
13.Can you give me a pen which | can write with?

14.Here are some proposals which we have to discuss.
15.Has she typed the documents which | will sign?

RULE
Astedzd w' dz' Isde O
Active Passive
Indefinite to ask to be asked
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Continuous to be asking
Perfect to have asked to have Dbeel
asked
Perfect to have Dbeel ----
Continuous asking
ATTENTION
1ojtedz s ERFeoOebk dzO L dzOyj dzdzv o' L
Active | Indefinite | am (always) glaqd tcOHJ?2
to help you. HEf sdi3scilsd ¢
Continuous || am glad to bec tcOHd?2,
helpingyounow. |H S5i 5d30 G100 tc G
Perfect | am glad to hav¢ tcOHd?2, h
helped you. 9 0.
Perfect | am glad to hav{C tcOHJd?2,
Continuous | been helpingyou |d3OGc O 9 Od3 |
since morning.
Passive | am (always) glad (LOoa Y H(])
Indefinite to be helped. C tsdzd a3d ¢
Hisf sd306 O8 Is
Perfect | am glad to hav{c tcOHd?2,
been helped. His Sditse dzd .
Ex.31 Jtoj S dzOH " Is! ECtO  dz! C 58 dftstvds® , L 9 j
Infinitive Is @assivdnfinitive .
1. I am glad to meet him.
. He was glad to be met at the station.
. She issorry to tell you about it.
.She didn’t want to be told about i
.The child doesn’t |i ke to be punis

. He wanted to be invited to this party.
. We hope to be sent to the conference.

. | have a great desire to spend nexhmer in Paris.

2
3
4
5
6. To buy a new dress is her only dream.
y
8
9
1

0.Nobody wants to be laughed at.

Ex.4) O3’ dz' Is+
ZCteO dzn! C 58 .
1. H es sorry that he has said it.

2. She is glad that she has received his letter.
3. Tom was happy that he had been takeihéozoo.
4. | remember that | had met this woman before.
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. Susan is sorry that she has spoilt mv picture.

| wasn’'t glad because | had been a
. He was angry because he had been interrupted.

. The pupils are in a good mood as they haxitten the 1 test without

mistakes.

9. The

boy was sorry because he had f

10.We are glad that we have been invited to the party.
11.She is very happy as she has achieved her aim.
12 He is very upset because he has not passed his exam.

Ex.51 jt6j S dzZOH ' Is! Odzcdz' 2! Sts8, 9oxdoO¥ yd

1.Bi H BuUpIi WMB He A3BOHWUTWU TNn.

2.Mn pgymaemMoOo He 3anumwatTwunuca TYyT [O KIi
3.3paeTbCca, 3apa3s3 |1 age CHIiT.

4. BoHa Bupiwmna He poo6GBMUTM ULbOT O.
5.Bi H nwbutb po3noBi gaTunu CMIi WHI I CTO
6.Bi H NWONATBGNMY KPROIMNOBI AalTb CMIi WH I I
7.Bi H 3apoBONnNeHMWn, WO NWOMYy PpPO3MNOBI NMU
84 3ynuHuscCAa, wo6 noagMBUTUCBL Ha TPpYy
9. NMpnemMHo 6yno 3HOBY nNnnasaTun B MOpI
103 paBanoca4qa, wo i Ae f[ouw.

114 cnopiBaBcd 6yTKM 3anpoweHMUM Ha 11X
12Bi H 6y®enemidB WO BIi ANOBI B Ha BCI n
13Me H i npUWeEMHO po3mMoBANATWM 3 To6BOW 3a
14Me H i 3aBXagnm NpPpUWEMHO po3mMoBNATMKM 3 T
15BoHa He nwburtb, KONWMW 3a Hew cnocrTe
REMEMBER

3anam’ aTtTanrte!

ComplexObjectif ¢ d&zOH O' Is! fqw L " d3j daded ¢

OBts LO2d@3d d&z2dGC © o tBO " G Isdo dztsd
H' 2 mMdezse s, IsOSC ° HOmMdoec
| like him to dance.
Me H i nopgpobaeTbCcAa 9K BI H TaHLUt
| want you to give me this book.
A Xouy, Woo6 KHWWNWXKRAB. MeHI L, 0

LS O dzf! C GomplegdbEddzO?2 YyOMIs M j 1§

f*" " HeWHdZdd &R HBSHOISSCss ddk t
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RULE

Complex Objece ¥ d o ©° Is! mw { ° ndzw
hts 9adtcOy O Is! B O O dzdzv ,

to want to like to desire
to wish to hate should (would) like

Ex.6] jtoj CdzOH " Is! O©Odze dz' 2 i)' CComplexBPjectst , o % d ¢

1.4 xouy, mo6 TM AOoONOMIT MEHI

2baTbKoOo XO0Ti B, wo6 89 nNpoymTaB LK KHMU>
3.Me H i 6 XO0OTinocob, Wwo6 BOHW NpuUui xanwnm |
4. BowaoTi na, wo6 #Woro 3anpocumnnm Ha Bewu
54 Tepni TM He MOXY, KONWU TKWU 3ani 3HIWE.L
6.Mn xouyuewmo, mo6 BIi H 3acniBaB LW Ni CHI
7Moi 6aTbkKunu He xoTinum 6, WOBG 9 OTpPpUMY
8BiH xoTiB 6K, Wo6 TM He KaszaB LUboOT O.
9.BoHa 6axace€, Wwoo6 TIi NbKW BU NPUHOCUNMN
100AHe xouy, wo6 BOHW 3HanNnuW nNpo ue.
11.Bunrtenb XO0u4e, Wwo 6 Yy uYHI He nepepwusBan
122Mi W ppyr He xo4ye, Wob6 a9 3annatTwmB 3 a
13.KoXeH BUYUMTEeNnNb xo4vye, WOOG WOro yuUyHi B

Complex Objece ¥ d @ O s wipwh * §* * fifipielz
hts odtcON ®dlfzh j dzdaw

to expect to suppose to think
to consider to believe to fin

vO " mMdzw wH' " Mdz' 9
to know to imagine to declare

We know himto bea kind man.
[ Ld&O"' iks, hts o' dz HIBE
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Ex.7) jt6j Cd&zOH ' ' Odzedz’ 2! € 5% CoptpEObject. o d ¢

©CoNoOOhwWNE

Bci BBaXalwTb WMWOro YeCcHOW /HOA4WHOI.
XnonymnkKk 4yekaB, WO 6aTbKKW NnNoxBanaThb
A npumnyckKkatw, WO BOHAa He 3Hae nNpo ue
Mn odi KyBsanwu, L, 0B oBHaav BABOAMMOAMED, X YLTOb . T U T
A 4yekas, wo BiIi ANOoOBIi Ab Hapfgi wWwnwTb o0A4Pp
A BBaxalto, wo BOHW 3apa3 B Kunesi
Munpunyckaemmo, wo <CcHironapg Bi Aapi 3as
BueHi BBaxaltlThb, wo ui aocniagwn € HeboO
Mn BBaxaemMoO, WO BOHAaA HaWMKpawa YyuyeHMNU

100Bci cnopgiBanucb, WO Kopabenb npunoyan
11.Bi H He BBaXae€e MeHe i HuUWBUM!
1224 npunyckas, wo T MW npumbnumsaHO Tpupaguys-
13.M. My /BB amkoar 0 A OCUTb XO0OPOOPOKW NAMUHC
14.Tn npunycekKaeuWw, WO BOHW NOBEpPHYTbLCA
15 He BBaxXalwnTe MNoro 6GpPpexyHOM.

164 HaBi Tb He nNpunyckKkas, wo T XHA
l174HomMy BIi H BBaxae€e, WO S 3p0o03ymMmil

KOMa
Mmor o

Complex Objece ¥ d 8 O fs™ fipdkw H * ° M«
o dtOy O s dzOCOL, ftotsn O

t o or ddaadvice to request to command
to recommend to ask for to allow to permit

| askedfor the telegram to be sentat once.

c fsfteshde, hse IsjdjdciOdk

Complex Objech 3 d @ O ' ols 'O ¥ -
CsdhistelzC y* v A

v 5 ma koenebody do something
To let somebody do something
To have somebody do something

RULE
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lojteds 81 ko Ock
odg¥ ‘Ldz' Isdotsdz o9 dtcOY OOHC 99 ,B '

Y
Btosls L H'C f &d Gy B dzdhdml, O . ts
]l s’ 9 dzv 21Is§
| saw herenter the room.
Cc BOYydeo, w¢ otdzO ko' 2N d
| saw herentering the room.
Cc BOyYydes, WwWEC otsdzO onmntHJdA

Ex.8) jtej Cd&zOH ' ' Odzedz’ 2 M)’ € 5% CogtpObject. o d ¢

1. BoHun Hakaszanun, woo6 T XHI peuyi NPUHE
2. MeHepXep nopapguns, wo6 a9 B349B Kpeawu
33.BiH He pgo3BONMB, Wo6G TOBAaApW 36epir
4. Byntenb, AO3BONUB T M KOoOpuUucTtTyBaTWUCHb
5, BoHanmHecumna, wob AOKYMEHTMU Bi gnpas.l
6. MM He po3BONAeEMO, WOO6 MebNIi ncyasan
7.Moro 6aTbko Haka3s3asB, wo6 nomMumnun ni
8. Ohpi yuep HakaszaB, WO6G nNnouymctTwumnum 36poO
9. He NpocwunBsB, woo6 KBI TWMW NnonumBanum Ta
10BoHa npocuTb, Wo6 Bani 3m nocTtaBuUuAMN

1" v mdz' e, hs o dtcloOw,08 tgtsy Jmt &
sOCtsfB O Clsdzd 2 r " fted ¢ dzd Is dddghe
Objective Participle Complex)u € tcf®f dass o " dz f J
" ndedfdg toj UJ dzdz¥ o3

The Objective Participle CompleXn¢ dzOH O° Is+ mw

L OGOdz! waBd3tizE b ° OB 5 9 is® D (3§ Hzdat R
PresentParticiple.

Ex.91 Jtej WttOL E21Is] ] yd dzd@®omplex Qlfjesstic d istso Iz ¢
H' " fted G d3d Isdzd € 5.

1. They were playing football. We watched them.

2. He was going along the street. | saw him.

3. She was telling lieWeheard it.

4. They wer e d aseedhem.g. Il didn’t

5. The wind was getting stronger. He felt it.
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6. The two man were laughing at him. He noticed it.

7. My grandmother was sitting in the aramair. | saw her.
8. Somebody was touching his hand. He felt it.

9. The man wasejting angry. We felt it.

10.Children were playing with a dog. Did you see them?
11 His wife was washing up. He watched her.

12 The typist was typing a letter. | watched her.

Ex. 101 jtoj & dzOH * s Odzg dz' 2 ! € st Capplext©Object 9 (

L H" " ftd&¢ d3j Isdzd € ts 3.

1.Bcdynu, €a9K BIi H BUTONoOwWyBaB MNpPOMOBY .
2BoHa cnocTtepirana, 89K HebO TeMHI no
3. 6avywus, AK BIi H NiwoB B HanmnpsamKy ¢
4Mn cnocTepiranun, €G9K pocni AOHWK nNpoB
5Bi H 6auyuumB, HS9K BOHa 3akKpuBana KpaMH
6.Tu nwbunw cnocTepirartTnm, 9K nNnapgawThb
7.01 BumMiHmYy na, 89K CNboOo3uXW KOTATbLCHA NO
8.Tun kwemyab cnocTepiras, HK T pawTbcC:
999 noyyB, 89K XTOCb CcnhniBae€e B CycCci AHI
10Mn 4yacToO cnocTepiranun, 8HGK 6aBnNATbC(
11.Bn 6auuvmnun, Q9K pos3nunacsb pikKka?
12CTtodumnm O6Oi nLnoickred, r|gilAg HAK Bi Tep
13.Tun «kwemyagb Gauymna, HGK KIi T NOBUTb M
144 cnocTepirase, 9K nTaxu Bi gNi TawTet

Ex. 111 jt6j S d&zOH ' s Odgdz' 2! C 5% @omlse |
' sdotsd OBt H' ' §iodCdjlsdds sd,

ObjectL ' da¥ * dz'

1.CtyageHTn cnocTtepiranunm, 9K npodecop
29 nomi TmMB, WO BIH yBaXHO cnyxae wMe
3.Mn He OGauumnun, QK renikonTtep nNi gHA
4649 WOMHO No4yyBsB, AK XTOCb 3 akKkpwunyas.
5.BoHa cnocTepirana, 49K 11 MaTtTwun wuna
6.( i Fnapgayic nmooracue/HM, KMKHY n1Mcsa BNep
7.4 6auynmB, 49K MiW cycig punbanwns.
8.Xnonymnek cnocTtepiras, a K MOro Ti TKS@
AK ToBapuw o6i nmMae MWOro 3a nnewudyi

99TmM Gadvymw UKW [ BYUHY, Wwo nocmMi XaeThb
11. MW noyynu, WO XTOCb O6i XNTb 3a Hawm
10 4 Bi guwypeE, csepuyue 6’ eTbCHd BIi A4 wWwWacrTaAa.
11. Bi H no6auyumB, WO XBMWII Bi goHecnu nn
12. Bi H noMi TUuB, 49K Xnanoneub ni gaHaB 11
13. 4 6avuns, AK BOHW Beyepdanm B pecToO
14. BoHa Bi guyna, HOS XWanNHBAKH HIBIMB.B1 A N B Y
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1

HOO®NOOGRWN

15. T eHpi 6bauymB, H9K BIi H NOBEepPHYB Hanmp

16. Munouyynun, 49K BW nonepegxanwun T X 0
17. A Hi KoONWMW He 4YyB, SHAK TrTpae uemn BIi [
18. A CcnocCTelyiprHaasni CATKW 3 agmRBRAIMY .NUT a
19. Mn cnocTtepiranmwu, AK pPO3BaHTa aAXYVyBE

Ex.12) jt6j C d&ZOH ' 5! Odzedz' 2 fy! § 55 QiysperObject o
L ' dW' d2 sdeotsd OBt H' ftedS djlsdzd S s

A HIi KONMU MK BYBW CcNi BawTb.

AK BIH po3noBi gae BIipuwi, 4dK
XNONYNK nNnakaB, WOOG BOHWU CB:
Tun 4vyysB, AK XTOCb NoOCTykKaB Yy naBepi?

AK Bi H3BMMHIA®@BUN? AK anBarTanrantl
AK niwoB aA01Ww?

BoHa ©O6avwuaika,ni o’ i xaB aBTOMOOI nb.
AK BIiH gonomMir BaM. 9K 31 IwWc
o4Yyi . 49K BiaxoaunsB noi 3na, o 1
cnocTepiranm 3a Hew. HAK Mepe

nepennuMBanun pi vykKy.

1ojtodz s¢ ko Oclk!
stsdzd Bk Commew@bjectL PastParticiples ¥ do O° Is+ mwo have ' M d
Yy BLEZOYO® , hts H'E odCtsdzlz’ dzj GMtse O,
dzj ' OBB L O dz .
l " dz (MOdB) o  Hic] Bsdzlskzo O Mo 58
H emendedhiscar.

l " dz 9" Hic] B dzlszol®)e MotdetH HABBOM B dzlts.]

H ehad his car mended.

Ex131 jtgj C dzOH ' Is+ Odzedz' 2 M+ € s5¢ CdptpbextObjectL o d €
PastParticiple.

.9 Xo4yy nigcTtTpurTu BONOCCA.

BiH xouyue Bi gapeMoOHTYBaAaTtTwm aBTOMOOI nb.
BoHa 36unmpaeTtTbcCcsd Bi gpeMOHTYBaAaTuW B3YTT
Mn we He BIi JEOIMGBH T3YOBPA N1 U

BoHu 36umpanunucb chpoTorpacdgyBsaTtucsa.

T BiIi gApeMOHTYBaB T OAMWHHUK?

A He X004y nigcTtpuraTtTun BONOCCSA.

Bi H NOBMHEH CboOTrOAHI ni gcTpurTuncaAa.
.BoHn 36upawtTbca 3pi3aTu gepeBa B capj
OBoHa xoTina nowuntwnm cobi HOBY CYKHIO.
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11.Tvw wuew TYyT Opar?
12Mn NOBUHHBI ApemM@HODYBAaTKN TenewowH.
13.Lla Xi HKa He Xo04e nNnigcrtpuraTtTu BONOCC
14Bi H WwWoMHO cdoTorpadyBasBcS.
I15Mn He 36umpanucsda pemMoOHTYBaAaTW XonNnoagwuneob

Ex. 14} jt6j S dzOH ' 5! Odzedz’ 2 ) € 5% CoppeObject o d §

1.Muxoti nn, wo6 HOCIi W BIi AHI C Garax oo M
2Bi H TepniTmnm He MOXe, Konm TW 3 HUM CT
33 Mn pgymaemMo, T W poKiB CcimMmaecsarT.

4.9 X004y noOwUMTM [AOBTITY YOPHY CYKHIWO ANnAa E
5.9 noroBopw 3 HUMWU i nNoedcapaweb HAMI HNT
6.XNoN4YnMK NWOUNTHL EKOTMT@PAWRABE UPUMUOBKKM B ack
7.Tepni TM He MOXY, KOIuM TN NOBTOpPHELW Ui
8.BoHa xo0uye, wo6 noBepHY NWUW T W Npukpacmu.
999 6aunmB, 9K BOHa nNi gHi Manacb CXi ousamy
10. Bn 6 XxXoTi nn, mwmoo6 BIi H HapicnasB BaM I/l
11. Oy Xe uUcinkoacBToOe pi raTtTun, HAK T pawTbCcsa ULYLUE
12. Bi H 3aBXau BBaxXae€e cebe npaBuwm.

13. BoHa pgo3Bouna p[JiTAM KYynuTu MOPO3UB

14. byno 6 pob6bpe, A9KO6KW nacnopTwu BUJanmn
15 4 He 3 Hatw, YoMy BI H He 36upaeTtTbcsa p
16 AWBHMUAN wWym 3a CcnuMmHOW 3Mycus 11T o0bep

Ex.15) jt6j S d&zOH ' Is! Odzc dz' 2 ! ¢ s5¢ CdppexObject 9 d €
.4 6auymB, 49K BIi H HamMaraetTbcCcda npurapgartyV
.lopn cnocTtepirann, 9K nanae OYAMWHOK.
.Mn BBaxaemMo UK Teopiw NMOMUMUTKOBOIW.

.o 3mMywye Bac Tak nocni waTtmwn?

A BBaxatl MWoro cnosa A[AyXe O6pyTanbHUMMU.
.Mucnopgi BaemMocb, WO BIiH CTaHe YyMiaumm X
.Bci yBaxHO cnyxanwum, €aK npodecop pPoobdUE
.BoHn xoTi nn, wo6 89 3acniBaB We OA4AHY T
A He BBaxat, WO UyLe 3MYCUTb T X 3a0uMnWNT
10Hi xTO He 6auyumB, AK BIi H ynasB i 3namMas
11Ho my MW He N PpHWMY3LAYEMEA TMICTAN C N O P TOM?
12Mun BBaxanwu, wo BIi H XBOpwWuN, ane MU n0oN
13He po3BONAW AI TAM BUXO@mMHM. Hagsi p, T &
14Hi wo € MOXe 3MYCUuTM HAacC 3MIi HUTWU HauWi
154 He OMIi TUB, HSK BI H nNi gACnyxXxoByBaB HE
16Mun 6auvynnun, SK penomoei@M NOI3HT aM/aImr UK a Me [
17/BoHa OBCi M He nouyyna, AK XTOCb BKPpPAaEt
18Mu 6auynmnun, SK nNniTak nponeTtiB Hapg Mi CT

©CONOUTAWNE

£ wWwWecaOT wo H
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19Mn nouvyynun, AK MamMa nNoKnuMmkKana Hac.
20li BUNHKaAa nobaumna, 99K 6Gabycsa 3akKkpuna
21Bc i NOoOYyMMpPpaBWMROMBM 3alroOBOPUB T YUYHUM T O
224HomMy miwb H &, Konun nwagwnm PoO3MOBNAKWTbL Hal
ComplexSubjectn € dzOH ©' Is* Mw :
1 jeh © yOHnis d'dal®j dzdzd ¢ O 99d3iL ARG O ¢
LO2dBBj dzdzd S © © dzOL dodesdBz o ' H d
ez O yomlsdddd' dz sde© k2 o' H
IBdHO9 " yYyoOfmisdded o  HsSC toj d3dzj dz’
H es said to livein Kyiv.
| BasteWis! |, hs 9" dz q(
They are knownto be good pupils.
] " HEsdBts, s otsdzd GOt
They were knowrto be good pupils.
lzdzs 9" HsSIS, Nt o t5dz
Sheis saidto have leftKyiv.
| sotstew s, hts oatsdzO
Shewas saido have leftKyiv.
| sotstcddzd, hts oatsdzO
ComplexSubjecto y d o O° Is+ mw , Cdzd 1 to
sOCdd3d H' ° Mmdzts o GPdgfivevolcas Mils tsw I
to say to hear to expect
to state to announce to know
to suppose to believe to understand
to see to think to consider
to order to ask to allow
We were askedo wait in the office.
1 Of fsftesmddd L Oud S
They are supposetb comeat seven.
ltedfemC O Is: , hts otsdz
Ex.16) jtoj S dzOH " Is!? ECtO dzf! € s dfivmpgex, L o j
Subject

1. She is said to be a very kind woman.

2.He is
3. What

consideretb have finished his scientific researches.
are they supposed to be doing?

4. Children were supposed to have stayed in the coumbyse.
5. This student is believewd know four foreign languages.
6. She is believed to have been instructed about everything.
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7. He was believed to be preparing a report.
8. The new invention is considered to be applied in some days.

99They aren’t supposed to take part

10.What am | expected to answer?

Ex. 171 jtoJ S d&zOH ' Is! ECtO’ dzff! € st Cdgpetst |,
Subject

My work is considered to be finished in some hours.

You are supposed to have told the truth.

His parents were not expected to come so early.

The pupils are not considered to know the answers to these questions.
What are they expected to do now?

My friends are believed to be on their way to my place.

Do you know the ship is reported to call in the port tomorrow?
.Il'sn’t he considered to be one of
. Her father was known to have been appointed to this post.

10. These plants are known to granvsubtropics.

11. She was heard to have left for France.

12.Who is considered to be the best specialist in this field of science?

13. The documents are reported to have been received.

14. They are said to have been travelling for a long time.

15. These reforms are thoudlat be difficult to carry out.

16. The train can be expected to arrive at seven.

©ONOU A WN R

Ex.181 Jj 6 S dzOH " Is! Odzc dz' 2 ! ¢ st Cdptpexs s
Subject

Llto pocnuHy BBaXawTb OTPYWHOL.
FropopsaTtTb, WO [AXeWH 3Hae BCe Npo
Bi gomo, wo uyu@ongmspawmingee@ensq ni
Bnasumnocb, WO BIi H 3Mi HMUB apgpecy.
He uyuekanw, wo BIi H TakKk WBWUWAKO ni
Bi powmo o]

wo usdg exKkcnegumuyi 9 npoBoOAg

MpunyckatwTb, WO pe3ynbTaagbhResx¥mdi aoed
i AoMO3pWAHYBANBANRI 4 Yac Bi WHNU.

Byno B
KaXyTb, BIi H fgOCATlTl BEeNWKOro ycnixy

BepecHs.
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He MoXHa oO4Yi KyBaTwu, WO Bawi YMOBMU
AK WO BIi H ULbLOrNro He 3po0oO6WOHBO, NIEOEME O0OBOB a »
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Oyi KYywWTb, WO uyen di NbM oTpuMae ©Oar art
Ay matw, wonpadgweapabi 6ni oTteui
FoBopsaTb, WO KANiMaT Ha 3eMni CTae
JonycKawThb, wo O6yAi BHUMULTBO HOBOI



Complex Subject 9 ¥ do O° Is+ mMw |, ¢c 2@ B dc O
sOCddid H® ' Mdztseo AdiifeVoicets MissWw s
to seem to happen to appear
to chance to prove to turn out

He seemdo notice nothing unusual.

1HO s+ mw, o' dz daj ¢ftsd3 yo' dz -
They seento have forgottentheir promise.
3paBanocb, BOHUW 3abynu npo (

Ex.19} jtoj CdzOH' s Odzdz’ 2 C 5% Copmpss , o d¢

Subject

l.KaXyTb, o BW BXe nNnepeilxanwnm [JO HOBO
23paBanocesb, wo BIi H BXe AymMae Hapg Uui €
3Bnasnaertbca, WO HOBMUMN NpPoOekKT ycni WH
4.0ymanun, uwo 3ycTpiuvy BIiagbypeTrTbcsda y Tp.
5Bmasumnocb, WO BOHWU HIKONMM He O6OBynu B
6.4y nn, o ekKkcnepaguuyi 8 BXe NoOBepHYy/nachb
7MMoBi A OMNAKT b, wo noroga nNpoTAaArom pfof
83paeTbcC4a, BIi H po3mMoB/iAe 3i CBOEW Ma
9.3emMna BumaABmMANachb pPOAKYOI.

10. BBaxXalwTb, WO NapHUKOBUINTEMEH WNPO 6 1"

Ex.20} jtoJ S dzOH " s ECtO dzim! C ts¢¥ Cdgipess , o d ¢
Subject

1. Sheis likely to get upset if you ask about it.

2. Their workis certain to take a long time.

3. Jane is not sure to obtain information from the article.

4. She is sure to callhile | am out.

5. This question is certain to be discussed.

6.The results of you examination are likely to be known in a day.

7. They are sure to welcome us warmly.

8. We were not likely to finish our research before the end of the month.
9.Her brother is not likelyo help us.

10. He is sure to be attractive, but | am not interested.

Ex.12) jt6j S &zOH ' 5! Odzd dz' 2 I’ € & '‘CompglxSubject o d €

1.KaXyTb, WO WOro pAOCAiIi AXEHHA Bi 4 OMI E
2.MNMoiT 3p0Ka BMABMIACHL Heui KaBOlI.

3.34a€eTbcCa4qa, BOHa PpPi AKO BUXOAWUWTbL 3 40M)
4. Hevuekanwn, Wwo BOHW NoOT A4AYyTb Ha UbOMYy T
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5Mn pgi 3Hanumca npo nNnpasay BuUuNnapgkoBO.
6.Bnasumnocob, WO BCI HeoOGXIi AHI NMPUT OTYE
7.3 0aBanocasa, Wwo Bi H He Xa/NlKye nNpo CKa:-:
8.BuasngaeTtTbca, Wwo usa XiHkKa He ni kKap.
9. MoXxnwuso, BOHW BXe NOoOBIWBHMIMAMN O6GaTbKaNh
10. ToBOpPATHL, WO BRDONABKY APKEWMMT BOMBY Xe
CKOoOpo.
11. Tu yvyacoM He 3Haew TT appecy?
12. BoHa, 3gaeTbecCca, npauywe Hapg UMM nep
13. 3paeTbC4a, uenWw YONOBI K 3aBXpgwnm B Trap
14. ToBOpPATHDL, wo Bi H BXe BMMWWOB Ha NeH
15. Bumaswnmnoceo, Wo HawWwWwumx JNKucTiB He OoTpwu
LESSON 3
OCEANOGRAPHY

INTRODUCTION

Oceanographycompound of th&reekwordsax € o meéaging bceari and
Y p G meaning "write"), also known axeanologyis the study of the physical
and biological aspects of the ocean. It isEanth sciencewhich covers a wide
range of topics, includingcosystendynamicsocean  currentswaves
andgeophysical fluid dynami¢plate tectonicand the geology of the sea floor;
andfluxesof various chemical substances and physical properties within the ocear
and across its boundaries.

These diverse topics reflect multiple disciplines that oceanographers blend tc
further knowledge of theorld oceamand understanding of processes
within: astronomybiology, chemistry climatology, geographygeology hydrolog
y, meteorologyandphysics Paleoceanograplstudies the history of the oceans in
the geologic past.

Earth scienceor geosciaceincludes all fields ohatural scienceelated to
theplanek&arth It is the branch of science dealing with the physical constitution of
the Earth and its atmosphere. Earth
characteristics, from earthquakesr&indrops, and floods to fossils. Earth science
can be considered to be a branclplahetary sciengebut with a much older
history. Earth science encompasses foumnimanches of study, thiéhosphere
thehydrospherge theatmosphere and thebiosphere each of which is further
broken down into more specialized fields.

An ecosystems acommunityof living organisms in conjunction with
thenonliving componentsf their environment, interacting as a system.
Thesebiotic andabiotic componentare |nked together through nutrient cycles
and energy flows.Energy enters the system throygiotosynthesiand is
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https://en.wikipedia.org/wiki/Atmosphere
https://en.wikipedia.org/wiki/Biosphere
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incorporated into plant tissue. By feeding on plants and on- one
anotheranimalsplay an important role in the movement of matter and energy
through the system. They also influence the quantity of plant
andmicrobialbiomasspresent. By breaking down dead organic
matter,decomposereelease carbon badk the atmosphere and facilitatetrient
cycling by converting nutrients stored in dead biomass back to a form that can be
readily used by plants and other microbes.

An ocean currentis a continuous, directed movementseh wategenerated
by a number of forces acting upon the water, includiimgl, theCoriolis
effect breaking wavescabbeling andtemperatureandsalinity differencesDepth
contours shorelineconfigurations, and interactions with other currents influence a
current's direction andtrength. Ocean currents are primarily horizontal water
movements.

TheWorld Ocean or Global Ocean(colloquiallythe seaorthe oceahis the
interconnected system BhartHsoceaniovaters and comprises the bulk of
thehydrospherge covering 361,132,000 square kilometres (139,434s0061)
(70.8%) of Earth's surface, with a total volume of roughly 1,332,000,000 cubic
kilometres (320,000,006u mi).

Paleoceanographys the study of the history of tleeeansn
thegeologicpast with regard to circulatiochemistry biology, geology and
patterns obedimentatiomnd biological productivity. Paleoceanographic studies
using environment models addferent proxies enable the scientific community to
assess the role of the oceanic processes in the globateby the reconstruction
of past climate at various intervalBaleoceanographic research is also intimately
tied topaleoclimatology

Text A.

Modern oceanography

Despite all this, human knowledge of the oceans remained coribnibe
topmost few fathoms of the water and a small amount of the bottom, mainly in
shallow areas. Almost nothing was known of the ocean depths. The Ruaysth
Navys efforts to bart all of the world'€oastlinesn the mid19th century
reinforced the vague idea that most of the ocean was very deep, although little
more was known. As exploration ignited both populat scientific interest in the
polar regions and Africa, so too did the mysteries of the unexplored oceans.

The seminal event in the founding of the modern science of oceanography
was the 18721876Challengerexpedition As the first true oceanographic cruise,
this expedition laid the groundwork for an entire academic and research
disciplinel In response to a recommendation from Rugal Society theBritish
Governmenannounced in 1871 an expedition to explore world's oceans and
conduct appropriate scientific investigati@harles Wyville ThompsoandSir
John Murraylaunched thé&hallengerexpedition.Challenger leased from the
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https://en.wikipedia.org/wiki/Nutrient_cycling
https://en.wikipedia.org/wiki/Nutrient_cycling
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https://en.wikipedia.org/wiki/Coriolis_effect
https://en.wikipedia.org/wiki/Wave_breaking
https://en.wikipedia.org/wiki/Cabbeling
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Salinity
https://en.wikipedia.org/wiki/Depth_contour
https://en.wikipedia.org/wiki/Depth_contour
https://en.wikipedia.org/wiki/Shore
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Ocean
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Hydrosphere
https://en.wikipedia.org/wiki/Ocean
https://en.wikipedia.org/wiki/Geology
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Biology
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https://en.wikipedia.org/wiki/Royal_Navy
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https://en.wikipedia.org/wiki/John_Murray_(oceanographer)
https://en.wikipedia.org/wiki/John_Murray_(oceanographer)
https://en.wikipedia.org/wiki/HMS_Challenger_(1858)

Royal Navy, was modified for scientific work and equipped with separate
laboratories fonatural historyandchemistry Under the scientific supervision of
ThomsonChallengertravelled nearly 70,000 nautical miles (130,09
surveying and exploring. On her journey circumnavigatinggtbbe,492deep sea
soundings, 13Bottom dredges, 15dpen water trawls and 2&@&rial water
temperature observations were tak&round 4,700new species of marine life
were discovered. The result was Beport Of The Scientific Results of the
Exploring Voyage of H.M.S. Challenger during the years 1863 Murray, who
supervised the publication, described the report as "the greatest advance in tr
knowledge of our planet since the celebrated discoveries of the fifteenth anc
sixteenth centuries". He weah to found the academic discipline of oceanography
at theUniversity of Edinburgh which remained the centre for oceanographic
research well into the 20trestury.Murray was the first to study marine trenches
and in particular th#lid-Atlantic Ridge and map the sedimentary deposits in the
oceans. He tried to map out theorld's ocean currents based on salinity and
temperature observations, and was the first to correctly understand the natur
of coral reefdevelopment.

In the late 19th century, oth@/estermations also sent out scientific
expeditions (as did private individuals and institutions). The first purpose built
oceanographic shigylbatros was built in 1882In 1893,Fridtjof Nanserallowed
his ship,Fram, to be frozen in the Arctic ice. This enabled him to obtain
oceanographic, meteorological and astronomical data at a atgtismot over an
extended period.

In 1881 the geographdohn Francon Williampublished a seminal
book,Geography of the OcearBetween 1907 and 1910t t o K publishmac |
theHandbuch der Ozeanographiehich became influential in awakening public
interest in oceanography. The femonth 1910 North Atlantic expedition headed
by John Murray andlohan Hjortwas the most ambitious research oceanographic
and marine zoological project ever mounted until then, and led to the classic 191:
book The Depths of the @an

The first acoustic measurement of sea depth was made in 1914. Betweel
1925 and 1927 the "Meteor" expedition gathered 70,000 ocean depth
measurements using an echo sounder, surveying thédtiédtic ridge.

Sverdrup, Johnson and Fleming publisiié@Oceanan 1942 which was a
major landmarkThe Sedin three volumes, covering physical oceanography,
seawater and geology) edited by M.N. Hill was published in 1962, whiteles
Fairbridges Encyclopedia of Oceanograpkmas published in 1966.

The Great Global Rift, running along the Mid Atlantic Ridge, was
discovered byaurice EwingandBruce Heezem 1953; in 1954 a mountain
range under the Arctic Ocean was found by the Arctic Institute of the USSR. The
theory of seafloor spreading was developed in 1968idryyy Hammond Hess
TheOcean Drilling Programstarted in 1966. Deep sea v&ntere discovered in
1977 byJdack CorlissndRobert Ballardn the submersibl®SV Alvin.
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In the 1950sAuguste Piccarithvented théathyscaphand used
thebathyscaph@riesteto investigate the ocean's depths. The United Staielear
submarineéNautilusmade the first journey under the ice to the North Pole in 1958.
In 1962 the FLIP (Floating Instrument Platform), a 366t (108m) spar buoy,
was first deployed.

From the 1970s, there has been much emphasis on theatippliof large
scale computers to oceanography to allow numerical predictions of ocean
conditions and as a part of overall environmental change prediction. An
oceanographic buoy array was established in the Pacific to allow predictitn of
Ni fewents.

1990 saw the start of thWorld Ocean Circulation Experime(MWOCE)
which continued until 2002. Geosat seafloor mapping data became available ir
1995.

In recent years studies advanced particular knowledgeocesn

acidification ocean heat conterdcean currenis h e E I Ni Ano, pt
mapping ofmethane hydratdeposits, thearbon cycle coastal
erosion weatheringandclimate feedbackm regards teclimate
changanteractions.

Study of the oceans is linked to understanding global climate changes,
potentialglobal warmingand relatediosphereconcerns. The atmosphere and
ocean are linkd because aévaporatiorandprecipitationas well aghermal
flux (and solainsolatior). Wind stress is a major driveof ocean currentahile
the ocean is a sink for atmospheararbon dioxide All thesefactors relate to the
ocean'diogeochemicasetup.

Branches

The study of oceanography is divided into these four branches:

1Biological oceanography, enarine biology investigates the ecology of
marine organisms in the context of the physical, chemical and geological
characteristics of their ocean environment and the biology of individual marine
organisms.

1Chemical oceanograptandocean chemistry are the study of
thechemistryof the ocean. Whereas chemical oceanography is primarily occupied
with the study and understanding of seawater properties and its changes, oce:
chemistry focuses primarily ohégeochemical cycles

1 Geological oceanography, orarine geologyis the study of thgeologyof
the ocean floor includinglate tectonicendpaleoceanography

1Physical oceanographyor marine physics, studies the ocean's physical
attributes including temperatusalinity structure, mixingsurface wavesinternal
waves, surfacédes internal tidesandcurrents

Ocean acidification describes the decrease in ogHdhat is caused

by anthropogenicarton dioxide(CO,) emissions into thatmosphereSeawater is
slightly alkalineand had a preindustriabH of about 8.2. More recently,
anthropogenic activities have steadily increaseccéineon dioxideconent of the
atmosphere; about 300% of the added Cfs absorbed by the oceans,
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forming carbonic acicand lowering the pH (now below 8.1) through ocean
acidification.The pH isexpected to reach 7.7 by the year 2100.

An important element for thekeletonf marine animals isalcium
butcalcium carbonatbecomes more soluble with pressure, so carbonate shells
andskeletonglissolve below Hecarbonate compensation depflalcium
carbonate becomes more soluble at lower pH, so ocean acidification is likely to
affect marine organisms thi calcareous shells, such as oysters, clams, sea urchins
and coralsand the carbonate compensation depth w#e closer to the sea
surface.

The current rate of ocean chemistry change seems to be unprecedented |
Earth's geological history, making uinclear how well marine ecosystems will
adapt to the shifting conditions of the near fut@e€.particular concern is the
manner in which the combination of acidification with the expected additional
stressors of higher temperatures kvder oxygen levelsvill impact the seas.

Answer the questions:

1. When did modern oceanography start? What were the first oceanological
expeditions?

2. What are the main branchesoceanography?

3. What does ocean acidification describe?

4. Summarize the text in several sentences.

Text B

Ocean acidificationis the ongoing decrease in thid of the EartHs oceans,
caused by the uptake cérbon dioxidgdCQO,) from theatmosphereSeawater is
slightly basic(meaning pH > 7), and ocean acidification involves a shift towards
pH-neutral condions rather than a transition to acidic conditions (pH <AR).
estimated 3640% of the carbon dioxide from human activity released into the
atmosphere dissolves into oceans, rivers and l|dkesachievechemical
equilibrium some of it reacts with the water to fooarbonic acid Some ofthe
resulting carbonic acitholeculedissociate into &icarbonateon and a hydrogen
ion, thus increasing eanacidity (H* ion concentration). Between 1751 and 1996,
surface ocean pH is estimated to haveremsed from approximately 8.25 to
8.14,representing an increase of almost 30% indd concentration in the world's
oceansEarth System Models project that, within the last decade, ocean acidity
exceeded historical  analogusasd, in  combination  with  o#r
oceanbiogeochemicathanges, could undermine the functioning of marine
ecosystems and disrupt the provision of many goods and services associated wif
the ocean beginnings early as 2100.

Increasing acidity is thought to have a range of potentially harmful
consequences for marine organisms, such as depressing metabolic rates al
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Immune responses in some organisms, and caaenad) bleachingBy increasing

the presence of free hydrogen ions, the additional carbonic acid that forms in the
oceans ultimately results in the conversion of carbonate ions into bicarbonate ions
Oceanalkalinity (roughly equal to [HC@] + 2[CO:?]) is not changed by the
process, or may increase over long time periods duoartmnatalissolution.This

net decrease in the amountcafbonateons available may make it nedifficult

for marine calcifying organisms, such @waland somelankton to

form biogeniccalcium carbonate and such structures become vulnerable to
dissolution.Ongoing acidification of the oceans may threaten fuiwd
chainslinked with the ocean®#\s members of th&terAcademy Pangl
105science academiémve issued a statement on ocean acidification
recommending that by 2050, global ¢é@issions be reduced by at least 50%
compared to the 1990 level.

While ongong ocean acidification is at least partially anthropogenic in
origin, it has occurred previously in Earth's histdrige most notable example is
the Paleocendzocene Thermal Maximuii’ETM), which occurred approximately
56 million years ago when massive amounts of carbon entered the ocean an
atmosphere, and led to the dissolution of carbonate sediments in all ocean basins.

Ocean acidificatiomas been compared to anthropogenic climate change and
called the "evil twin ofglobal warming and "the other Cgproblem".Freshwater
bodies also appear to be acidifying,haligh this is a more complex and less
obvious phenomenon.

Acidification

DissolvingCO in seawater increases thyrogenon (H") concentration in
the ocean, and thus decreases ocean pH, as follows:

CO; (aqitH20z HoCOsz2 HCO; +H*'z2 COs2 #2 H,

Since thandustrial revolutiorbegan, the ocedras absorbed about a third of
the CO, we have produced since thand it is estimated that surface ocean pH has
dropped by slightly more than 0.1 units on lkbgarithmicscale of pH,
representing about a 29% increasélinlt is expected to drop by a further 0.3 to
0.5 pH unitgan additional doubling to tripling of todayestindustral acid
concentrations) by 2100 as the oceans absorb more anthropG@anithe
impacts being most severe fmral reefsand theSouthern Oceamhese changes
are predicted to accelerate as more anthropogsbidés released to the
atmosphere and taken up by the oceans. The degree of change to ocean chemist
including ocean pH, will depend on thetigationandemissionspathwaygaken
by society.

Although the largest changes are expected in the fuuregport
from NOAA scientists found large quantities of water undersaturated
in aragoniteare already upwelling close to the Pactantinental shelérea of
North AmericaContinental shelves play an impamt role in marine ecosystems
since mosmarine organismbve or arespawnedhere, andhough the study only
dealt with the area froddancouverto Northern Californiathe authors suggest that
other shelf areas may be experiencing similar effects.

72


https://en.wikipedia.org/wiki/Coral_bleaching
https://en.wikipedia.org/wiki/Alkalinity
https://en.wikipedia.org/wiki/Carbonate_minerals
https://en.wikipedia.org/wiki/Carbonate
https://en.wikipedia.org/wiki/Coral
https://en.wikipedia.org/wiki/Plankton
https://en.wikipedia.org/wiki/Biogenic
https://en.wikipedia.org/wiki/Calcium_carbonate
https://en.wikipedia.org/wiki/Food_chains
https://en.wikipedia.org/wiki/Food_chains
https://en.wikipedia.org/wiki/InterAcademy_Panel
https://en.wikipedia.org/wiki/Academy_of_sciences
https://en.wikipedia.org/wiki/Paleocene-Eocene_Thermal_Maximum
https://en.wikipedia.org/wiki/Global_warming
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Industrial_revolution
https://en.wikipedia.org/wiki/Logarithm
https://en.wikipedia.org/wiki/Post-industrial_society
https://en.wikipedia.org/wiki/Coral_reef
https://en.wikipedia.org/wiki/Southern_Ocean
https://en.wikipedia.org/wiki/Mitigation_of_climate_change
https://en.wikipedia.org/wiki/Special_Report_on_Emissions_Scenarios
https://en.wikipedia.org/wiki/NOAA
https://en.wikipedia.org/wiki/Aragonite
https://en.wikipedia.org/wiki/Continental_shelf
https://en.wikipedia.org/wiki/Marine_organisms
https://en.wikipedia.org/wiki/Spawn_(biology)
https://en.wikipedia.org/wiki/Vancouver
https://en.wikipedia.org/wiki/Northern_California

Possible impacts

Increasing acidity has possibly harmful consequences, such as depressin
metabolic rates ijumbo squiddepressing the immune responses of blue
musselsandcoral bleachingHowever it may benefit some species, for example
increasing the growth rate dhe sea staRisaster ochraceyswhile shelled
plankton species may flourish in altered oceans.

The report "Ocean Acidification Summary for Policymakers 2013" dessri
research findings and possible impacts.

Impacts on oceanic calcifying organisms

Although thenatural absorption a0, by the world's oceans helps mitigate
theclimatic effects of anthropogenic emissions GfD,, it is believed that the
resulting decrease in pH will have negative consequences, primarily for
oceaniccalcifying organisms. These span tloed
chainfrom autotrophsto heterotrophsind include organisms such
ascoccolithophorescorals foraminiferg echinodermscrustaceanandmolluscs
As described above, under normal conditions, calcite and aragonite are stable i
surface waters siec the carbonate ion is sdipersaturatingoncentrations.
However, as ocean pH falls, the concentration of carbonate ions required fol
saturation to occur increases, and whearbonate becomes undersaturated,
structures made of calcium carbonate are vulnerable to dissolution. Therefore, eve
if there is no change in the rate of calcification, the rate of dissolution of calcareous
material increases.

TheRoyal Societypublished a comprehensive overview of ocean
acidification, and its potential consequences, in June 2005. However, some studie
have found different response to ocean acidificationh wibccolithophore
calcification and photosynthesis both increasing under elevated atmospheric
pCQO,, an equal decline in primary production and calcification in response to
elevated CQor the direction of the response varying between spekistidy in
2008 examining a&ediment corérom theNorth Atlanticfound that while the
species composition ofcoccolithophorids has remained unchanged for
theindustrialperiod 1780 to 2004, the calcification of coccoliths has increased by
up to 40% during the same time 2010 study fronBtony Brook
Universitysuggested that while some areas are overharvested and other fishin
grounds are being restored, because of oaedtification it may be impossible to
bring back many previous shellfish populationgile the full ecological
consequences of these changes in calcification are still uncertain, it appears likel
that many calcifying species will be adversely affected.

When exposed in experiments to pH reduced by 0.2 to 0.4, larvae of a
temperatdrittlestar a relative of the common sea star, fewer than 0.1 percent
survived more than eight dayBhere is also a suggestion that a decline in the
coccolithophores may have secondary effects on climate, contributiigbtal
warmingby decreasing the Eartldtbedovia their effects omceanic cloud
cover All marine ecosystems on Earth will be exposed to changes in acidificatio
and several other ocean biogeochemical changes.
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The fluid in the internal compartments where corals grow
their exoskeletons also extremely important for calcification growth.hén the
saturation rate of aragonite in the external seawater is at ambient levels, the cora
will grow their aragonite crystals rapidly in their internal compartments, hence
their exoskeleton grows rapidly. If the level of aragonite in the external tasa
lower than the ambient level, the corals have to work harder to maintain the right
balance in the internal compartment. When that happens, the process of growin
the crystals slows down, and this slows down the rate of how much their
exoskeleton igrowing. Depending on how much aragonite is in the surrounding
water, the corals may even stop growing because the levels of aragonite are to
low to pump into the internal compartment. They could even dissolve faster than
they can make the crystals to ithekeleton, depending on the aragonite levels in
the surrounding watetJnder the current progression of carbon emissions, around
70% of North Atlantic coledvater corals will be living in corrosive waters by
2050:60.

A study conducted by th&/oods Hole Oceanographic InstitutionJanuary
2018 showed that the skeletal growth of corals under acidified conditions is
primarily affectedby a reduced capacity to build dense exoskeletons, rather than
affecting the linear extension of the exoskeleton. Using Global Climate Models,
they show that the density of some species of corals could be reduced by over 20
by the end of this century.

Anin situexperiment on a 400 patch of the Great Barrier Reef to
decrease seawater ¢level (raise pH) to close to the preindustrial value showed a
7% increase in net calcificatioA. similar experiment to raise situseawater
seawater C@level (lower pH) to a level expected soon after the middle of this
century found that net calcification decreased 34%.

Ocean acidification may force some organisms to reallocate resources awa
from productive endpoints such as growth in order to maintain catdn.

In some places carbon dioxide bubbles out from the sea floor, locally
changing the pH and other aspects of the chemistry of the seawater. Studies ¢
these carbon dioxide seeps have documented a variety of responses by differe
organismsCoral reef communities located near carbon dioxide seeps are of
particular interest because of the sensitivity of some corals species to acidification
In Papua New Guinealeclinng pH caused by carbon dioxide seeps is associated
with declines in coral species diversijowever, inPalaucarbon dioxide seeps
are not associated with reduced species diversity of cattisugh bioerosion of
coral skeletons is much higher at low pH sites.

Other biological impacts

Aside from the slowing and/or reversing of calcification, organisms may
suffer other adverse effects, either indirectly through negative impacts on food
resouces, or directly as reproductive or physiological effects. For example, the
elevated oceanic levels of @@ay produc&O,-induced acidification of body
fluids, known asypercapniaAlso, increasing ocean acidity is believed to have a
range of direct consequences. For example, increasing acidity has been observe
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to: reduce metabolic rates in jumbo squid; depress the immune responses of blL
musselsand make it harder for juvenidownfishto tell apart the smells of nen
predators and predatom, hear the sounds of their predatdisis is possibly
because ocean acidification may alterdbeustiproperties of seawater, allowing
sound to propagate further, and increasing ocean Adigeimpacts all animals
that use sound fagcholocatioror communicationAtlantic longfin squid eggs
took longer to hatch in acidified water, and the squtdtolithwas smaller and
malformed in animals placed in sea water with a lower pH. The lower PH was
simulated with 2680 times the normal amount of G®lowever, as with
calcification, as yet there is not a full understagdui these processes in marine
organisms oecosystems

Another possible effect would be an increasethtideevents, which could
contribute to the accumulation of toxindofnoic acidbrevetoxin saxitoxin in
small organisms such aschoviesandshellfish in turn increasing occurrences
of amnesic shellfish poisoningeurotoxic shellfish poisoningndparalytic
shellfish poisoning

Answer the questions:

What is the index of ocean atfidation?

What will the ongoing acidification bring to?

What new factors about acidification have you learnt?

Discuss the problems of impacts on oceanic calcifying organisms and
biological impacts.

Give the summary of Text B in your own words.

honNPE

o

Text C

Ecosystem impacts amplified by ocean warming and deoxygenation

While the full implications of elevated GOn marine ecosystems are still
being documented, there is a substantial body of research showing that :
combination of ocean acidification and eledibcean temperature, driven mainly
by CO, and other greenhouse gas emissions, have a compounded effect on marir
life and the ocean environment. This effect far exceeds the individual harmful
impact of eitherln addition, ocean warming exacerbabesan deoxygenation
which is an additional stressor on marine organisms, by increasing ocear
stratification, through density and solubility effects, thus limitmgrients while
at the same time increasing metabolic demand.

Meta analyses have quantified the direction and magnitude of the harmful
effects of ocean acidification, warming and deoxygenation on the oCkese
metaanalyses have been further testednbgsocosm studighat simulated the
interaction of these stressors and found a catastrophic effect on the marine foo
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web, i.e. that the increases in consumption from thermal stress more than negatse
any primary producer to herbivore increase from elevated
Nonbiological impacts

Leaving aside direct biological effects, it is expected that ocean acidification
in the future will lead to a significant decrease in the burial of carbonate sediments
for several centuries, and even the dissolution of existcagbonate
sedimentsThis will cause an elevation of ocealkalinity, leading to the
enhancement of the ocean as a reservoir fog VBB implications for climate
change as more G@eaves the atmosphere for the ocean.

Impact on human industry

The threat of acidification includes a declinecaommercial fisherieand in
the Arctic tourism indusy and economy. Commercial fisheries are threatened
because acidification harms calcifying organisms which form the base of the Arctic
food webs.

Pteropodsandbrittle starsdboth form the base of the Arcticod websand
are both seriously damaged from acidification. Pteropods shells disstlve
increasing acidification and the brittle stars lose muscle mass whgoweag
appendages:or pteropods to create shells they require aragonite which is
produced through carbonate ions and dissolved calcium. Pteropods are severe
affected becaus@adreasing acidification levels have steadily decreased the amount
of water supersaturated with carbonate which is needed for aragonite
creation Arctic waters are changing so rapidly that they will become
undersaturated with aragonite as early as 2Ad6@itionally the brittle star's eggs
die within a few days when exposed to expected conditions resulting from Arctic
acidification.Acidification threatens to destroy Arctic food webs from the base up.
Arctic food webs are considered simple, meaning therdearesteps in the food
chain from small organisms to larger predators. For example, pteropods are "a ke
prey item of a number of higher predatefslarger plankton, fish, seabirds,
whales".Both pteropods and sea stars serve as a substantial food sodiribeia
removal from the simple food web would pose a serious threat to the whole
ecosystem. The effects on the calcifying organisms at the base of the food web
could potentially destroy fisheries. The value of fish caught from US commercial
fisheries in2007 was valued at $38llion and of that 73% was derived from
calcifiers and their direct predato@ther organisms are directly harmed as a result
of acidification. For example, decrease in the growth of marine calcifiers such as
the American lobsterocean quahggandscallopsmeans there is less shellfish meat
available for sale and consumptiéted king crab fisheries are also at a serious
threat because crabs are calcifiers and rely on carbonate ions for shel
development. Baby red king crab when exposed to iseckacidification levels
experienced 100% mortality after 88ys.In 2006, red king crab accounted for
23% of the total guideline harvest levels and a serious decline in red crab
population would threaten the crab harvesting induSteyeral ocean goodsd
services are likely to be undermined by future ocean acidification potentially
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affecting the livelihoods of some 400 to 8®lion people depending upon the
emission scenario.
Impact on indigenous peoples

Acidification could damage the Arctic touriseconomy and affect the way
of life of indigenous peoples. A major pillar of Arctic tourism is the sport fishing
and hunting industry. The sport fishing industry is threatened by collapsing food
webs which provide food for the prized fish. A decline inrigm lowers revenue
input in the area, and threatens the economies that are increasingly dependent ¢
tourism.The rapid decrease or disappearance of marine life could also affect the
diet of Indigenous peoples

Ocean Acidification in the Arctic Ocean

TheArctic Ocearhas experienced drastic change over the years due
to global warming It has been known that the Arctic Ocean acidity levels have
been increasing and at twice the rate compared to the Pacific and Atlantic
oceansThe loss ofea icéhas been connected to a decrease in pH levels in the
ocean water. Sea ice has experienced an extreme reduction over the past 30 yee
forming a mini miknhatthe emdhof tbefboreal. sOmmer®d62007,
47%, less than in 1988ea ice limits the aisea gas exchangeath carbon
dioxide. With less water completely exposed to the atmosphere, the levels of
carbon dioxide gas in the water remain low. The Arctic Ocdauld have low
carbon dioxide levels due to intense cooling, run off of fresh water and
photosynthesis from marine organisms. However, the decrease of sea ice over tf
years due to global warming has limited freshwater runoff and has exposed &
higher perentage of the ocean surface to the atmosphere. The increase of carbo
dioxide in the water decreases the pH of the ocean cans@am acidification. The
decrease in sea ice has also allowed more Pacific water to flow into in the Arctic
Ocean during the wuter, this is called Pacific winter watdihe Pacific water
flows into the Arctic Ocean carrying additional amounts of carbon dioxide by
being exposed to the atmosphere and absorbing carbon dioxide from decayin
organic matter and from sediments.

The Ardic Ocean pH levels are rapidly decreasing because not only is the
ocean water absorbing more carbon dioxide due to increased surface area expost
as a result of a decrease in sea ice. It also has large amounts of carbon dioxic
being transferred to therétic from the Pacific ocean.

Cold water is able to absorb higher amounts of carbon dioxide compared to
warm water. The solubility of gases decreases in relation to increasing temperature
Cold water bodies are absorbing the increasing amount of carbxidelio the
atmosphere and becoming known as carbon siries. increasing amount of
carbon dioxide in the water is putting many organisms at risk as they are affectec
by the increase of acidity in the ocean water.

Effects of Ocean Acidification on Arctic @anisms

Organisms in Arctic waters are already challenged with stressors of living in
the Arctic Ocean, such as dealing with cold temperatures, and it is thought tha
because of this, additional stressors such as ocean acidification, will cause ocee

77


https://en.wikipedia.org/wiki/Indigenous_peoples
https://en.wikipedia.org/wiki/Arctic_Ocean
https://en.wikipedia.org/wiki/Global_warming
https://en.wikipedia.org/wiki/Sea_ice

acidfication effects on marine organisms to appear first in the Arctic. There exists
a significant variation in the sensitivity of marine organisms to increased ocean
acidification. Calcifying organisms generally exhibit larger negative responses
from ocean aidification than no&alcifying organisms across numerous response
variables, with the exception of crustaceans, which calcify but were not negatively
affected.The acidification of the Arctic Ocean will impact these marine calcifiers
in several differentvays.

The uptake of CE by seawater increases the concentration of hydrogen
ions, which lowers pH and, in changing the chemical equilibrium of the inorganic
carbon system, reduces the concentration of carbonate iorgufCGtarbonate
ions are required bgnarine calcifying organisms such as plankton, shellfish, and
fish to produce calcium carbonate (Cg¢6hells and skeletons.

For either aragonite or calcite, the two polymorphs of Caf@duced by
marine organisms, the saturation state of Caii@cearnwater is expressed by the
product of the concentrations of &@a n d ¢ (b aséawater relative to the
stoichiometric solubility product at a given temperature, salinity, and
pressureWaters which are saturated in CgC&e favourable to precipitation and
formation of CaC@ shells and skeletons, but waters which are undersaturated are
corrosive to CaCP shells, and in the absence of protective mechanisms,
dissolution of calcium carbonate will occur. Because colder angiter absorbs
more COr, the concentration of G@wnis reduced, therefore the saturation of
calcium carbonate is lower in higatitude oceans than it is in tropical or temperate
oceansin model simulations of the Arctic Ocean, it is predicted that aitgon
saturation will decrease, because of an increased amount of freshwater input fror
melting sea ice and increased carbon uptake as a result of sea ice retreat. T
simulation predicts that Arctic surface waters will becamneler saturateavith
aragonitewithin a decadelhe under saturatiof aragonite will cause the shells
of organisms which are constructed from aragonite to dissolve. This would have &
profound effect on a large variety of marine organisms and has the potential to dc
devastating damage keystone species and to the marine food web in the Arctic
Ocean. Laboratory experiments on various marine biota in an elevatéd CO
environment show that changes in aragonite saturation cause substantial changes
overall calcification rates for many pscies of marine organisms,
including coccolithophoreforaminiferg pteropodsmusselsandclams

Although theunder saturatiorf arctic water has been proven to have an
effect on the ability of organisms to precipitate their shells, recent studies have
shown that the calcification rate of calcifiers, suchc@sls coccolithophores,

f or ami randfbwalvas, decrease with increasing BC6@ven in seawater
supersaturated with respect to CgC@dditionally, increased pC®has been
found to have complex effects on the physiology, growth and reproductive succes:
of various marine calcifier€COFtolerance seems to differ between various marine
organisms, as well as differences in Eolerance at different life cycle stages
(e.g. larva and adult). The first stage in the life cycle of marine calcifiers which are
at aserious risk by high CO2 content is the planktonic larval stage. The larval
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development of several marine species, primarily sea urchins and bivalves, ar:
highly affected by elevations of seawater Cl@ laboratory tests, numerous sea
urchin embryos wer reared under different GOconcentrations until they
developed to the larval stage. It was found that once reaching this stage, larval an
arm sizes were significantly smaller, as well as abnormal skeleton morphology wa:
noted with increasing p(®©

Similar findings have been found in GQreatedmussel larvae, which
showed a larval size decrease of about 20% and showed morphologica
abnormalities such as convex hinges, weaker and thinner shells and protrusion c
mantle.The larval body size also imps the encounter and clearance rates of food
particles, and if larval shells are smaller or deformed, these larvae are more pron
to starvation. In addition, CaGGtructures also serve vital functions for calcified
larvae, such as defence against predatas well as roles in feeding, buoyancy
control and pH regulationother example of a species which may be seriously
impacted by ocean acidification is Pteropods, which are shelled pelagic molluscs
which play an important role in the foaeeb of varios ecosystems. Since they
harbour an aragonitic shell, they could be very sensitive to ocean acidification
driven by the increase of anthropogenic Fo€hnissions.Laboratory tests showed
that calcification exhibits a 28% decrease at the pH value of the Abcian
expected for the year 2100, compared to the present pH value. This 28% decline ¢
calcification in the lower pH condition is within the range reported also for other
calcifying organisms such as cordls.contrast with sea urchin and bivalve larvae
corals and marine shrimps are more severely impacted by ocean acidification afte
settlement, while they developed into the polyp stage. From laboratory tests, the
morphology of the C®treated polyp endoskeleton of corals was disturbed and
malformed comared to the radial pattern of control polyps.

This variability in the impact of ocean acidification on different life cycle
stages of different organisms can be partially explained by the fact that most
echinoderms and mollusks start shell and skeleyothssis at their larval stage,
whereas corals start at the settlement stage. Hence, these stages are higl
susceptible to the potential effects of ocean acidificatMost calcifiers, such as
corals, echinoderms, bivalves and crustaceans, play impodbe#t in coastal
ecosystems as keystone species, bioturbators and ecosystem engimredersl
webin the Arctic Ocean is somewhat truncated, meaning it is short and simple.
Any impactsto key species in the food web can cause exponentially devastating
effects on the rest on the food chain as a whole, as they will no longer have
reliable food source. If these larger organisms no longer have any source o
nutrients, they too will evenally die off, and the entire Arctic Ocean ecosystem
will be affected. This would have a huge impact on the Arctic people who catch
Arctic fish for a living, as well as the economic repercussions which would follow
such a major shortage of food and livingame for these families.

I. Answer the questions:
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1. What impacts on ecosystem and on human industry exist?
2. What is one of the reasons of ice sea melting?

3. What are the effects of ocean acidification on Arctic organisms?

4. Make up the plan of Text C and retiélaccording to it.

ll. Translate the proverbs and sayings . Give your own situations with them:

1. The call of the wind

2. To get (take) wind

3. To hang in wind

4.1 n the wind’' s eye

5. Off the wind

6. To speak to the wind

7. What good wind brings you here?
GRAMMAR
The Patrticiple

ABed®d H'  fedCdjsdeds O

Active Passive
Present asking being asked
Past 0 asked
Perfect having asked having been asked

H' " fted S dsy I tedfSndiz”. o dad € Iz

0 dzG &z’ 2" S @ d < GihsRdidple)e H § oz CHeGD  dzfy

Restingd o * Hf sydoe 08 yd; o' Hf tsydoe

Ex. 1 1 jtej § dzOH ' Is: ZCtO dzif! C 58
H' "t tod & ®ielsededarticiple Active).

. The girl standing at the window is my sister.
. We looked at the playing children.

. Entering the room he dropped his keys.

. He set in the arnthair thinking.

. She came up to us breathing heavily.

6. The hall was full of laughing people.

7. The boy smiled showing his teeth.

8. The singing girl was about fourteen.
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9. Mother put eggs into the boiling water.
10. Writing letters is a waste of time.

Ex. 2 10d dg' Is! ' HteWHdz toj yJ dadzv Praserit {f to
Participle Active.

1. The woman called the bayho was workingin the garden.

2. As the wind was blowing it was very cold.

3. Since | needed a pen asked my friend to give me it,

4. As he wasafraid of the dog, the boy ran quickly acroske yard.

5. Since the lessons were ovgthe pupils went home,

6. We decided to go to the cads we had plenty of time

7. Tom can translate this articds he knows English well

8. As we thought they were waiting forus, we were in a hurry.

Ex.3 1O dz' Is! ' HteWHdz to] YJ dzdzv HPreseifittc d ¢
Participle Active.

1. When she came homeshe turned on the light.

2. When you read English text copy out the new words.

3. While he was waiting for me he became th&itness of an accident.

4.When | was walking throughthe park, | saw some flowers.

5.When you are leavingthehouse don’'t forget to | ock
6.He di dn’ t wihenhe eas tiitieg atetteu t h

7.When she saw themshe smiled with pleasure.

8. When hebegins to work,he will not forget our in structions.

Ex 4 1 Jtej € dzOH ' Is! ECtcO dzfp! C ts8 Bso st
O toed & Rretsed#eatliciple Passive.
1. The question being discussed now is very important.
2He doesn’t know the song being heard
3. The housdeing built in ar street is a new superriat.
4. Do you like the film being discussed?
5. Being asked at the lesson, the boy answered nothing.
6. The experiment being carried on by this scientist is very important.
7. Being packed in the beautiful box the flowéyeked very lovely.
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Ex.51 Jtoj S dzOH " Is! ECtO dzm! C 58 dftssorstti,ls @ polje
Participle II.

©CoNobk~whE

A person taking a bath is our patient.
A person taking to the hospital was his brother.
The letter written by him was velgng.
Don’t make mistakes writing a |l etter
The question put to the professor were important.
While putting the flowers into the vase he broke it.
| saw my friend saying good bye to his gniend.
She didn’t understand the word said
He d i dtme’things&keptan her box.
10. Ann
] s’ 9 d@Vy2dsej O dzdzV entered the
room
Participlel ( i A~ dstcd3O) IsO keeping a
Participlell (1 I I Wttcd3s® H' ' fmdztse ©) | bookin her
hand.
writing -f d " zyd written - dzO{f d i O dzd 2
discussing— B G 59 s tediscugsgd—1tsB G 59 st | EX. 6
o At ) (B s

dzj 5B Hzz WBStedsz H'™ " fted§G d3d Isdzd € O.

1. Who is the girl (doing, doneher task on the blackboard?
2. The book (writing, written) by him is not very interesting.
3. Thetranslation (doing, done) by me was very easy.

4. The (loosing, lost) keys were not found.

5. The (loosing, lost) team will not get the prize.

6.1 don’t | bukir, bbulght) yesterdag. o (

7. Do you know the boy (coming, come) towards us?

8. We like the songs (8ging, sung) by this singer.

9. The woman (singing, sung) is his wife.
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10. The question (discussing, discussed) at the meeting was very important.

Ex.7t sL Cted 2 1Is ]

1. (to write) out all the new words started to learn them.
2. (to live) in Kyiv, he was able to see all the ancient monuments.

3(to hear) my

friend’ s

VOoi Cce, I

4. We went home, (to look) through the documents.
5. (to drink) coffee she was talking to her friend.

6. (to go)down the street, the boy was looking back from time to time.

7. (to throw) the ball, the little girl ran home.

8. | think that the man (to stand) there is her father.

9. (to buy) food, they left supermarket.

10.(to know) French well the pupil can translate this text.
11.She entered the room (to smile).
12 (to see) the stranger the dog began barking.

13(t o bark) dog

doesn’t

bite.

14 (to find) the keys, we were able to open the door.

1 j o] Sedz@ Hizd -

W s

65 H' ‘ f©dC djlsd

AStcd3O H' " ftod C d Mepeknap

discussing hts tsBetso stcs ‘' Is!
sBGEtSo Stes ¥ yd

having discussed sBetsotstcdoh d

being discussed wed2 tSBGEtSotsStes b
SB G t5o tsted dzq

having been discussed wed?2 tsBGetsotstedd
sBCEEso tstgj dzd o3

discussed sBGtso tstej dad 2

building wed?2 BRHE® ! MW

having built fsBlkzHlzo Ooah d {

hoing built wed?2 BERHE® It MW
BkzHEZzo O W

having been built wed?2 fteBbkzHlEzo Od
fsBlzHtso Odad g

built f sBlzHtSo Odad 2

] o SdzOH o' Ldzdm Witeds H' ‘" ftcod

CdH O ydq?2 throwing

hts CdHOB Is! throwing ;

wed?2 C€dHO¥ s+ (| beingthrown

d3ts d3j dels )

wed?2 C€dHO®Iss (|thrown

Cddzzlsd 2 throwing
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CdHOs yd throwing

Cddzzeo h d ( f ted yd having thrown

Cddzzeh d ( My zlsthrowing

tsB Mis ©o d dzd )

Cddzzeh d (HB ' dbeingthrown

wed2 ¢ddzlzdzd being thrown having been
thrown

Ex.8t L Cted 2 Isjo 0¥ dud dzj SB~' Hdzz W sStcd3lz

H ewalked down the road (to sing).

(to enter) the room | recognized him at once.

(to put) on the coat, she ran out of the house.

The man (to teach) math at their school studied in Odessa.
(to translate) into a forgn language the story lost all its charm.
(to come) home she found nobody there.

He woke up (to think) of his parents.

(to be) a woman of taste she always dresses well.

. There are some people (to come) in now.

10 (to translate) seven articles, he decideldawe a break.

11. You make mistake (to judge) people by their appearance.
12. (to be) very tired, she soon fell asleep.

13. The boy went in, (to carry) his case.

14. While (to discuss) this problem, we sat on the window sill.

CoNoGhwNE

Ex. 9 1 jt] CdzOH "' Is+ kICdsjOts lsfny G ds ¢ 2 adfdse s & dzO
Taking medicine is unpleasant thing.
He sat without answering.
Smoking is forbidden here.
He is fond of painting.
My shoes need repairing.
They went on talking.
It looks like raining.
The band began playing music.
. She has aabit of interrupting people.
1OI like learning foreign languages.
11.They continue their studying.
12 My parents insist on my staying there.
13.Thank you for helping.
14My friend can’t help speaking about
15 After coming home the boy had dinner.
16 We enjoyedplaying tennis.
17 Her child is afraid of swimming.
18.They were informed of our arriving.
84
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19.She is incapable of doing it.
20.:He is suspected of stealing money.

Ex.10vlso tste' Is! GjtelzdzH' 2, fjtej S dzOH ' Is!

She does a lot of (read).

What helikes is (drive).

No (park) here.

We heard a lot of (shout) last night.
Quick (run) saved him.

| am not against his (come).

Who does (wash) in your house?
We did some (shop) this morning.
She hates (do) the washing.

10 (act) is an interesting profession.
11.No (camp).

©COoNoOhwNE

12There’s no (regret) my decision.

13. Their (shout) woke people up.
14We don’t mind (invite) him.
15.Excuse me, | (be) late.

16.Try it on before (complain).

17.My friend enjoys a bit of (sing).
18.(be) late is a shame.

19.1 like his (guitar play).

20.This is used for (at) meat.

21.No (smoke) here.

22.These (draw) are expensive.
23.She has done very little (iron) today.
24.Do you like (cycle)?

25. Yesterday he had some (train).

26. (not be) late is a good habit.
27.There was (ring) of a bell.

28.Does she like (make) plans?

29.No (fish) here.

30.1 d like (Wwatch) football

The Gerund

64 U

ANsted3dd G JjtelzdzH " W

Active Passive

Indefinite writing being written

Perfect having written having been written

Ex.11) jtoj S &ZOH ' Is! ECtO’ dzf)! S5 dBsso 55
o' Ldzdr Wttcds G jtclzdzH ' W .
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He doesn

©CoNoOhwNE

10 .You should avoid

I can’ t haviegseemitine before.
This film is worth seeing.
We can’'t excuse thei

| am sorry for having disturbed you.
She entered the office without being noticed.

"t |l it ke havi

She is angry ataving been sent for.
Everybody enjoy working with him.
. We are proud of having been her pupils.

breaking rules.

11.The boy hates being scolded.
12.The child is proud of having been praised by his parents.

r not

ng

been |

answering

nvited

] Of OBOWISO2I) MotV ® MHEBOJE: MW
to avoid to fancy to postpone
to admit to finish to put off
to appreciate to forgive to stop
to consider to imagine to give up
to delay to help (on) to goon
to deny to mention to suggest
to detect to mind to resent
to enjoy to miss
to explain to pardon
Ex.12) jtoj S d&zOH ' Is! Odzcdz' 2! C s dwseotss, od¢
1.Bi H NMOKWMWHYB nanwutwu.
24 He 3anepedyyw npoTwnu TOT O, wo6 noi xar
3.BoHa nepecTtTana npukKkumpgaTtuca 300pPOBOT O.
4Bi H HeHaBUAWUWTbL, KONW WOMY O6pewyrThb.
5Tob6i Nopao 6 aeHTab CKAO BK3aarHaarxu?c s
6HapewtTi AWTMWHA nNnepecTasna nnakaTwu.
/Ham 3anponoHyBanum noixaTtTun [Jo MOpSA.
8BoHa yHMWKkana roBopuTum npo uye 3 wMarTip’
949 3rapas, o MeHe TexX 3anpocuwnu TYyAaAW.
10.NMpuuNUHKN TpemTi Twu.
11.YaBu coo6I noT 3A4KY Tynaowu.
12byab nacka, npuNnnMHKW [AyMmMaTunu TiAbkKn np
13.]li BUMHA 3anepevyyBana, wo 6Gyna BAOMA
14Bi H npoagoBXyBaB MnNpauytwBartn.
1554 pyxXe Ui HYywW Bawy p[JonoMory.
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1 0 Od36WIsO2Isy H' ' fndpdz'O WO » JiplOQ ad Is
Jodddi3d ftod ¢ d3j lsded & OB :
to agree to persist in to think of
to to accuse of to be engaged in to be capable of
to approve of to spend intoresultin | to be fond of
to be afraid of to hear of to be proud of
to consist in to suspect of to insist on
to complain of to inform of to depend on
to prevent from to give up the idea of to object to
to succeed in to be surprised at

Ex.13) jt6j S zOH ' 5! Odedz 2! C 5% dwsotss, odC

1.Mloro 3BMWHYyBaAauYywTb B Nnorpab6GyBaHHI

29 X044y npoi HPopmyBaTmMm BaAac Npo 1T XHI A T
3.BoHa YyacToO NPOBOAMTbL YacC 4YUuTawWUNU XYypt
4.A3 pmnBoBaHNN, o MeHe cnuTanu npo ue.
5. BoOHKW He 3paTHI bpexaTtwu.

6.baTbKkKunNW Hanondar awTb Ha TOMY, woo6 49 Bi [
7.Mn 3amMMaeMOCb PO3BUTKOM LbLOIO NPOEKTY
8HOHakKk papywmaB npo Te, Wwo6 3anNMWUTKU Pi OHE
9.)Ki HKa HanofnernuMBO NPOAMBANANACKY M@aWMEP .V
10.1i THI W 4YyonoBi K 6o049aBCSA 6yTMW npoonepos
l11.baTbKO B3AB AUTUWUHY 3a pPykKy, wo6 He g
12.He 3BUMHYyBauyin 11T B TOMY, wo BOHAa 3poO
13.Mun HanongaraTtTummMemMo Ha TOMY, wo6 Ham p

Ex. 14} jtoj S dzOH " Is! Odzcdz' 2! Cts¥ dBseotss, od¢

l.YUYomMy BIi H yYyHUMUKae po3mMoB 3 To06010?

22Tn He [AywmMaceuw, LWo KBI TMW HeobGBXi AoHO Nonv

3.XBOpPpOro Heobxi gHO Bi gnpaBuUTW A0 NI Kaf
T

0
AMi W pgpyr pywmae, o He BapToO KynyBarTMWu
5.BapTtTo nocnyxaTBAaedgK BOHa
6.Moa 6abyca nwbumTb po3NoOBI AaTW Kas3KWu,
724n BaptTo NWTKMW HaAa UKW AUCKOTeEeKYyYy?
8MNogvneunucob Ha cBiIi W KocTimM! WMoro Tpeba r
9.len nenmsax BapTwWmuhw TOro, wWob NOro HaMEe
10.l BaH He nwOWUTGBL, Konu WOro cBapsaTb.
11.Mi W K owmn’ BT eqp eTMpoeHGray B a T U .
12BoHn pgymMawTb Npo Te, AK O6muM 3aTpumartwu

3O OBOVWISOR2Isy H'™ " Mz O o dte
GJllzdzH " 2
to feel like lcan’t helop
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to be for
to be against

can’t
can’t

avol
afford

d

She coul
We don’t

dn’ t
f eel

h|l 5dzO0 dzj

| O3 dad

BE ¢ O
~Byd st M

Ex.15) Jtej € dzOH
1.Bn He npoTwu
2Kunnumum B TBOI
3.Monopga Xi HKa
4baTbKkdabye,
5Tnm xouew ni
6.XTO 3a Te,
AOpoOT i peuyi
7.4 He yy
8.4Homy
9.Bi H
104 H

X 0
TN
He Mi T
e

H e

Ex.161 jtoj € dzOH " Is!
1. 4 He MIT H e

BaTtTbku 6ynwu
A yBi AwoB A0
He BTpauyatm
A nmnwatwchob
Bci woosa,n wo
XT0o Mae WoOCHGH
. MopnvwBUucbL Ha
100.BoHa He
11.4 3a Te,
12Mn xo4yemo
13.MTpodecop
14.MMoyyB WM
154 He

B

©ONOOOhWN

o 6

X0ou4y

Ex.17) j 6] ¢ d&zZOH " Is!
1.Mi cnasga
2.Bci yeoaBWUH 0
3.3.Bi H 6yB 3A4uMBO
A AnpexkTtTop Hanmno
S.ly Xe BaxXKo XWu
6.BoHa yHMWKanNa
7.Bi H 3a0mMmBOBAaHMU

oAymMarTwu
YHUK A€ LW
cn
MOXY AO3BONUTMN

Har opagwu
TUM,
I H

U i
XO0OTI1 na

3HaAaTM
Hel p@WBE AP EN HO B U X
TAIKKY OYMHY BOHa KHE MMOT Nna
Bi AnoBi gatTwu

SAKIWKHG R HB |

OQdze dz' 2 Mm! Cts¢¥
, wo6 BAc
MHAaQT .
MOT JTa
Kynuwtwu
Ki HO?
nol XxXaTwu

-0

H €

a o

ule D
aTu
co0OI

npo
TOrmQ
pobys

Odzd &' 2! Cs¥

NOCMI XHYTMUCDb,
XnNonpmeNKWTUNBC A
H e

yepes
npoTwn ToOT
MHaAaTW 3 H
noaunsM

6yB Yy

T e,
K I
1Te
npoTwn TOT O,
Me 06 i T X
MTKMW 3a no

neTiTun TYL4LMN
MNPUYNHMU

Ha

Odzge dz' 2 fy! C s
BCTTIVNB

H
pauwBaTtTume
BaHUM 11

ArasB Ha
mn 6e3 BI
6i paTtwu
, mo 3
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T
0]
W HUM

HeobGXIi AHO
3acmi arT
HOBY

he. T

NMNOACHNT N,

AOBi oaeTbc4d

panToBOI0

Bso ts¥
npepagcrT

o d¢
aBuNy
MmouYmnoc
mnco.
MaWwnHYy.
MopAa?HOHaA +
I HOHUW He
Tebe 3anunrt

A
T

- ) =

BUTpadyartTwu

Bseo s, od¢
ANBNAYMCD
Wwo Hapjg HUuM
0O, wWwoo6 Kynwu
aMi pom po3K
TUCA LK BUC
3MO3i Aonowm
Nnpo npat
wo6 BUNODUTMN
Tpeba BI Ap
Kynkammu.

ni TakKkomMm.
Baworo Bi A4’
gocni pgi s
He
6es3rnyspgi

Bso sy, od¢
0O YHI Befj
3afoBone.l

cCMep:-
pOo6

I 3

My, wob

pu.
BAOMA.

norosBopunwu



8.4 BBaxaito, Wwo poHaopm@a U3l &I a MTHOHNHMN B U 3 +
9 BoHa Mae 3BMYUKY BecCb Yyac 3anumrtyBartTy
l HWoOiT nNpob6newmwu.

10. T nNnoOBMWHEH] NABOMOTPMEC bN PCOT a T TKOYy BlaeHpHTM i 1

11. Bi H 3anepeuyye npoTum TOro, wob KoOpa
12. Ua nwoagmwm@apTRe TBOT X Ccni 3.
13. KpimMm TOro, wmo BOHAaAa KpacwmuBa, BOHa U

14. NwopunHa nNnexana He AguMmxawywu.
15, Noro BUMHOK BapTUWUW CXBa/leHHSAa.
16. TonoBREGTPaAaNMWTUNW HaAa BOK3an BYaCHO.

Ex.18t sL Sted2Isy HEXYSCSd, odSttdmkstselz® yd ¢ J

Theartof (cooK requires(use of garlic.

The(ea) of garlicis notapproved of.

(Work) beside someone who has eaten garlic is as bad as (sit) beside someol
who smokes. But while (smoke) is bad for you, there is no doubt that (eat) garlic is
good for the health.

We can see mores, Nbut swekepn i gere
gallic eaters. (Cultivate) and (pmrt) garlic is a big busiss. Many people use it

for (flavour) and (add) to different dishes. Some people buy it when they do
(shop). You can’t d arcyeatdris somethingto be(pewlt )
of. It shows you enjoy good (live).

Ex.19) jtoj C dzOdzG tiz" 2 ths® ¥d C Btcd Mise 9 te bz adgd * 2
l.MapHO po3mMOBNATWN 3 HewW 3apas.

2.Un Bapto pobutunm uye?

3.3anepeyyBaTunm MWOMYy He MaAano XOAHOTO C.
4. Konwn Bi H B Tpaok30MIOyB /HSATCUI3 PBAMIHHOM.M H e p O

5., He 6yno ceHCyYy npuxopgunmTtwu croagnm TakKk pa.
6.Cnbo3un TOOI He AOMNOMOXYTHb.

7.MapHO npuxoByBaTu uyui GakTwn.

8. AymaTtun npo ue 3apa3 He Mae CeHCVY.
9.He Mae CceHCyYy wykKkaTum [Jopory B TeMpsaB.|
l10Po3mMoBamm cnp.asi He 3 apapgwuu

LESSON 4
HYDROLOGY

INTRODUCTION
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Hydrology is the scientific study of the movement, distribution, and quality
of water on Earth and other planets, includingwiag¢er cyclewater resourceand
environmental watershed sustainability. A practitioner of hydrology is
ahydrologist, working  within  the fields oéarthor environmental
sciencephysical geographyeologyor civil andenvironmental
engineeringUsing various analytical methods and scientific techniques, they
collect and analyze data to help solve water related problems such
asenvironmental preservatipnatural disasterandwatermanagement

Hydrology subdivides into surface water hydrology, groundwater hydrology
(hydrogeology), and marine hydrology. Domains of hydrology
includehydrometeorologysurface hydrologyhydrogeologydrainage
basinmanagement andater quality where water plays the central role.

Oceanographgndmeteorologyare not included because water is only one
of many important aspects within those fields.

Hydrological research can inform environmental
engineeringpolicy andplanning
History

Hydrology has been a sjlot of investigation and engineering for millennia.
For example, about 4000 BC the Nile was dammed to improve agricultural
productivity of previously barren landslesopotamiariowns were protected from
flooding with high earthen wall®\queductsvere built by theGreeksandAncient
Romans while thehistory of Chinashows they built irrigationrad flood control
works. The ancierfinhalesaised hydrology to build complex irrigation works
in Sri Lanka, also known for invention of the Valve Pit which allowed construction
of large reservoirgnicutsand canals which still function.

Marcus Vitruvius in the first century BC, described a philosophical theory
of the hydrologic cycle, in which precipitation falling in the mountains infiltrated
the Earth's surface andlléo streams and springs in the lowlandth adoption of
a more scientific approacheonardo da VincandBernard Palissindependently
reached an accurate representation of the hydrologic cycle. It was not until the 17t
century that hydrologic variables began to be quantified.

Pioneers of the modern science of hydrology incledere PerraulEdme
MariotteandEdmund Halley By measuring rainfall, runoff, and drainage area,
Perrault showed that rainfall was sufficient to account for flow of the Seine.
Marriotte combined velocity and river cressction measurements to obtain
discharge, again in the Seine. Halley showed that the evaporation from
theMediterranean Seaas sufficient to account for the outflow of rivers flowing
into the sea.

Advances in the 18th century included the
BernoullipiezometeandBernoulli's equationby Daniel Bernoullj and thePitot
tube byHenri Pitot The 19th century saw development in groundwater hydrology,
includingDarcy's law the DupuiThiem well formula, and HageRoiseuilles
capillary flow equation.
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Rational analyses began to replace empiricism in the 20th century, while
governmental agencies began their own hydrological research programs. O
particular importance were Leroy Shermamst hydrograph the infiltration
theory ofRobert E. Hortonand C.V. Theis's aquifer test/equation describing well
hydraulics.

Since the 1950s, hydrology has been approached with a more theoretica
basis than in the past, facilitated by advances in the physical understanding o
hydrological processeand by the advent of computers and espedaealhgraphic
information systems

Themes

The central theme of hydrology is that water circidatiaroughout
the Earththrough different pathways and at different rates. The most vivid image
of this is in the evaporation of water from the ocean, which forms clouds. These
clouds drift overthe land and produce rain. The rainwater flows into lakes, rivers,
or aquifers. The water in lakes, rivers, and aquifers then either evaporates back t
the atmosphere or eventually flows back to the ocean, completing a cycle. Wate
changes its state of ibg several times throughout this cycle.

The areas of research within hydrology concern the movement of water
between its various states, or within a given state, or simply quantifying the
amounts in these states in a given region. Parts of hydrologyrootieeeloping
methods for directly measuring these flows or amounts of water, while others
concern modelling these processes either for scientific knowledge or for making
prediction in practical applications.

Text A

1. Groundwater

Ground water is watebeneath Earth's surface, often pumped for drinking
water. Groundwater hydrologyydrogeology considers quantifying groundwater
flow and solute transporroblems in describinghe saturated zone include the
characterization of aquifers in terms of flow direction, groundwater pressure and,
by inference, groundwater depth (saquifer test Measurementhiere can be
made using @iezometer Aquifers are also described in terms of hydraulic
conductivity, storativity and transmissivity. There are a number of geophysical
methoddor chaacterising aquifers. There are also problems in characterising the
vadose zone (unsaturated zone).

2. Infiltration

Infiltration is the process by which water enters the soil. Some of the water
is absorbed, and the rgmrcolateslown to thewater table The infiltration
capacity, the maximum rate at which the soil can absorb water, depends on sever
factors. The layer that is already saturated provides a resistance that is proportions
to its thickness, while that plus the depth of water above the soil provides the
driving force fiydraulic hea§l Dry soil can allow rapid infiltration bgapillary
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actionn this force dimimshes as the soil becomes webmpactiorreduces the
porosity and the pore sizes. Surface cover increases capacity by retarding runof
reducing compaction and har processeddigher temperatures redueescosity,
increasing infiltration.

3. Surface water flow

Hydrology considers quantifying surface water flow and solute transport,
although thdreatment of flows in large rivers is sometimes considered as a distinct
topic of hydraulics or hydrodynamics. Surface water flow can include flow both in
recognizable river channels and otherwise. Methods for measuring flow once wate
has reached a rivanclude thestream gaugeand tracer techniques. Other topics
include chemical transport as part of surface water, sediment transport and erosior

One of the important areas oydrology is the interchange between rivers
and aquifers. Groundwater/surface water interactions in streams and aquifers ca
be complex and the direction of net water flux (into surface water or into the
aquifer) may vary spatially along a stream channdl@rer time at any particular
location, depending on the relationship between stream stage and groundwate
levels.

4. Precipitation types

Dynamic or adiabatic cooling is the primary cause of condensation and is
responsible for most rainfall. Thus it candeen that vertical transport of air masses
is a requirement for precipitation. Precipitation may be classified according to the
conditions which generate vertical air motion. In this respect, the three major
categories of precipitation type are converdipnrographic, and cyclonic.

Convective PrecipitationConvectional precipitation is typical of the tropics
and is brought about by heating of the air at the interface with the ground. This
heated air expands with a resultant reduction in weight. Durmg period,
increasing quantities of water vapour are taken up, the warm melistiae air
becomes unstable, and pronounced vertical currents are developed. Dynamic coolin
takes place, causing condensation and precipitation. Convective precipitatidie may
in the form of light showers or storms of extremely high intensity.

Orographic _ Precipitation. Orographic precipitation results from the
mechanical lifting of moist horizontal air currents over natural barriers such as
mountain ranges.

Cyclonic Precipitation. Cyclonic precipitation is associated with movements
of air masses from higpressure regions to lepressure regions. These pressure
di fferences are created by the unequal

Cyclonic precipitation may be classil as frontal or nonfrontal. Any
barometric low can produce nonfrontal precipitation as air is lifted through
horizontal convergence of the inflow into a low pressure area. Frontal precipitation
results from the lifting of warm air over cold air at thentawt zone between air
masses having different characteristics. If the air masses are moving so that warm a
replaces colder air, the front is known as a warm front; if, on the other hand, cold air
displaces warm air, the front is said to be cold. Ifftbat is not in motion, it is said
to be a stationary front.
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5. Standards

In the setting of standards, agencies make political and technical/scientific
decisions about how the water will be uskedthe case of naturatater bodies
they also make some reasonable estimate of pristine conditions. Natural wate
bodies will vary in response to environmental conditi&rs/ironmental
scientistavork to understand how these systems function, which in turn helps to
identify the sources and fates  afntaminantsEnvironmental
lawyersandpolicymakerswork to definelegislationwith the intention that water is
maintained at an appropriate quality for its identified use.

The vast majority ofurface wateon theEarthis neitherpotablenor toxic.

This remains true wheseawatem theoceangwhich is toosaltyto drink) is not
counted. Another general perception of water quality is that of a simple property
that tells whether water mollutedor not. In fact, water quality is a complex
subject, in part because water is a complex medium intrinsically tied to
theecologyof the Earthindustrialandcommercialactivities
(e.g.manufacturingmining, constructiontrarspor) are a major cause wofater
pollutionas areunoff from agriculturalareasurban runoffand discharge of treated
and untreatedewage

6. Water cycle

Thewater cycle also known as thieydrological cycleor thehydrologic
cycle describes the continuous movementwaferon, above and below the
surface of thé&arth The mass of water on Earth remains fairly constant over time
but the partitioning of the water into the major reservoirs offiesh watersaline
water andatmospheric watas variable depending on a wide rangeckahatic
variades The water moves from one reservoir to another, such as from river
toocean or from the ocean to the atmosphere, by the physical processes
of evaporationcondensatiojprecipitation infiltration, surface runoff  and
subsurface flow. In doing so, the watereg through different forms: liquid, solid
(ice) andvapor.

The water cycle involves the exchange of energy, which leads
to temperaturehanges. When water evaporates, it takes up energy from its
surroundings and cools the environment. When it condenses, it releases energy al
warms the environment. Tee heat exchanges influerdenate

The evaporative phase of the cycle purifies water which then replenishes the
land with freshwater. The flow of liquid water and ice transports minaalsss
the globe. It is also involved in reshaping the geological features of the Earth,
through processes includirgosionandsedimentation The water cycle is also
essential for the maintenance of most life and ecosystems on the planet.

Categories

The parameters for water quality are determined by the intended use. Work
in the area of water quality tends to floeused on water that iseatedfor human
consumption, industrial use, or in the environment.
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7. Human consumption

Contaminants that may be in untreated water incloeoorganismsuch
asviruses protozoaandbacteriainorganiccontaminants such
assaltsandmetals organic chemicatontaminants from industrial processes
andpetroleumuse;pesticidesaandherbicides andradioactivecontaminants. Water
guality depends on the loog¢ologyandecosystemas well as human uses such as
sewage dispersion, industrial pollution, use of water bodieshastasink and
overuse (which may lower thevel of the water).

TheUnited States Environmental Protection Agef(iEPA) limits the
amounts of certain contanants intap watemprovided by USpublic water
systems TheSafe Drinking Water Acauthorizes EPA to issue two types of
standards:

1 primary standardsegulate substances that potentially affect human
health;

| secondarystandardorescribe aesthetic qualities, those that affect
taste, odor, or appearance.

The U.SFood and Drug AdministratiofiFDA) regulations estblish limits
for contaminants itottled watethat must provide the same protection for public
health. Drinking water, including bottled water, may reasonably be expected to
contain at least small amounts of some contaminants. The presence of thes
contaminants does not necessarily indicate that the water poses a health risk.

In urbanizedareas arounthe world,water purificationtechnology is used in
municipal water systems to remove contaminants from the source water (surfac
water orgroundwatey before it is distributed to homes, businesses, schools and
other recipients. Water drawn directly from a stream, lakagoiferand that has
no treatment will be of uncertain quality.

8. Industrial and domestic use

Dissolvedminerals may affect suitability of water for a range of industrial
and domesticpurposes. The most familiar of these is probably the presence
of ionsof calcium(C&*) andmagnesiun{Mg?*) which interfere with the cleaning
action ofsoap and can form harsulfateand softcarbonatelepositan
waterheatersor boilers Hard water may be softened to remove these ions. The
softening process often substitusesliumcations.Hard water may be preferable
to soft water for human consumption, since health problems have been associate
with excess sodium and with calcium and magnesium deficiencies. Softening
decreases nutrition and may increase cleaning effectivéressus indugies'
wastes and effluents can also pollute the water quality in receiving bodies of water

Answer the questions:
1. Make up 20 questions of all types to par3.1
2. Write the essay of Text A as to your own plan.

Text B
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Environmental water quality, alsocalledambient water quality, relates
to water bodies such &kesrivers andoceans Water quality standards for
surface waters vary significantly due to different environmental conditions,
ecosystems, and intended human uses. Toxic substances and high populations
certainmicroorganismgan present a health hazard for farimking purposes such
as irrigation, swimming, fishing, rafting, boating, and industrial uses. These
conditions may also affect wildlife, which use the water for drinkomgas a
habitat. Modern water quality laws generally specify protection of fisheries and
recreational use and require, as a minimum, retention of current quality standards
There is some desire among the public to return water bodies to pristine; or pre
industrial conditions. Most current environmental laws focus on the designation of
particular uses of a water body.In some countries these designations allow fo
somewater contaminatioas bng as the particular type of contamination is not
harmful to the designated uses. Given the landscape changeslaie.g.,
developmenturbanizationclearcuttingn forested areas) in thveatershedsf
many freshwater bodies, returning to pristine conditions would be a significant
challenge. In these cases, environmental scientists focus on achieving goals fc
maintaining healthy ecosystems and may concentrate on the protection o
populatiols ofendangered speciaad protecting human health.

Sample collection

More complex measurements are often made lambaratoryrequiring a
watersampleto be collected, preserved, transported, and analyzed at another
location.The process of water sampling miuces two significant problems:

| The first problem is the extent to which the sample may be
representative of the water source of interest. Many water sources vary with time
and with location. The measurement of interest may vary seasonally or from day tc
night or in response to some activity of man or natural populations of
aquaticplantsandanimals The measurement of interestynvary with distances
from the water boundary with overlyimdmospherand underlying or
confiningsol. The sampler must determine if a single time and location meets the
needs of the investigation, or if the water use of interest can be satisfactorily
assessed lgveragedalues with timeand location, or if criticaimaxima and
minimarequire individual measurements over a range of times, locations or events
The sample collection procedure must assurgecb weighting of individual
sampling times and locations where averaging is appropvidtere critical
maximum or minimum values exidtatistical methodswust be applied to
obseved variation to determine an adequate number of samples to
assesprobability of exceeding those critical values.

1 The second problem occurs as the sample is removed from the watel
source and begins to establ@temical equilibriunwith its new surroundings
the sample container. Sample containers must be madweatefialswith
minimal reactivitywith substances to be measured; andgmaning of sample
containers is importantThe water sample may dissolve part of the sample
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container and any residue on that container, or chemicals dissolved in the wate
sample mayorbonto the sample container and remaiaréhwhen the water is
poured out for analysi§imilar physical and chemical interactions may take place
with anypumps piping, or intermediate devices used to transfer the water sample
into the sample container. Water collected from depths below the surface will
normally be held at the reducpcessuref the atnosphere; so gatissolvedn the
water may escape into unfilled space at the top of the container. Atmospheric ga
present in that air space may also dissolve into the water sampés.cdmical
reaction equilibriamay change if the water sample changes temperature. Finely
divided solid particles formerlguspendetdty waterturbulencemay settle to the
bottom of the sample container, or a s@lithsemay form from biological growth
orchemical precipitatiorMicroorganismwithin the water sample may
biochemically alteconcentrationsf oxygen, carbon  dioxide andorganic
compounds Changing carbon dioxide concentrations may @lkéand
changesolubility of chemicals of interest. These problems are of special concern
during measurement of chemicals ased to be significant at very low
concentrations.

Sample preservation may partially resolve the second problem. A common
procedure is keeping samples cold to slowrttte ofchemical reactionand phase
change, and analyzing the sample as soon as possible; but this merely minimize
the changes rather than preventing them. A useful procedure for determining
influence of sample containers during delay between sample colleatidn a
analysis involves preparation for two artificial samples in advance of the sampling
event. One sample container is filled with water known from previous analysis to
contain no detectable amount of the chemical of interest. This sample, called «
"blank", is opened for exposure to the atmosphere when the sample of interest i
collected, then resealed and transported to the laboratory with the sample fo
analysis to determine if sample holding procedures introduced any measurabl
amount of the chemical ohterest. The second artificial sample is collected with
the sample of interest, but then "spiked" with a measured additional amount of the
chemical of interest at the time of collection. The blank and spiked samples are
carried with the sample of interemtd analyzed by the same methods at the same
times to determine any changes indicating gains or losses during the elapsed tirr
between collection and analysis.

Testing in response to natural disasters and other emergencies

Inevitably after events such aarthquakeandtsunamis there is an
immediate response by the aid agencies as relief operations get underway to tr
and restore basic infrastructure and provide the basic fundamental items that ar
necessary for survival and subsequent recovagess to clean drinking water
and adequatsanitationis a priority at times like this. The threat difease
increases hugely due to the large numbers of people living close together, often ii
squalid conditions, and without proper sanitation.

After anatural disasteras far as water quality testing is concerned there are
widespread views on the best course of action to take and a variety of methods ce
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be employed. The key basic water quality parameters thdttodee addressed in

an emergency are bacteriological indicators of fecal contamination,
freechlorineresidual pH, turbidity and  possiblyconductivitytotal  dissolved
solids There are a number of portable water test kits on the market widely used by
aid and relief agencies for carrying out such testing.

After major natural disasters, aresiderable length of time might pass
before water quality returns to pdesaster levels. For example, following #2@04
Indian Ocean tsunartihe Colonbo-basednternational Water Management
Institute(IWMI) monitored the effects of saltwater and concluded that the wells
recovered to présunami drinking water quality one and a half years after the
event.IWMI developed protocols for cleaning wells contaminated by saltwater;
these were subsequently officially endorsed byWeld Health Organizatioas
part of its series of Emergency Guidelines.

Chemical analysis

The simplest methods chemical analysiare those measurirghemical
elementswvithout respect to theiform. Elemental analysis faxygen as an
example, would indicate a concentration of 890 ggkasperlitre) of water
sample because oxygen (O) has 89% mass of the water molec@® (Hhe
method selected to measulissolved oxygeshould differentiate
betweerdiatomicoxygen and oxygen combined with other elements. The
comparative simplicity of elemental analysis has produced a large amount of
sample data and water quality criteria for elements sometimes identifrechas
metals Water analysis for heavy metals must consider soil particles slexgban
the water sample. These suspended soil particles may contain measurable amour
of metal. Although the particles are mb$solvedn the water, they may be
consumed by peopleidking the water. Addingcidto a water sample to prevent
loss of dissolved metals onto the sample container may dissolve more metals fror
suspended soil particleBSiltration of soil particles from the water sample before
acid addition, however, may cause loss of dissolved metals onto the filter. The
complexities of differentiating similasrganic moleculeare even more
challenging.

Making these complex measurements can be expensive. Because direc
measurements of water quality can be expensive, ongoing monitoring programs ar
typically conducted byovernment agencie$iowever, there are local volunteer
programs and resources available for some general assesbomsitavailable to
the general publicniclude onrsite test kits, commonly used for hofigh tanks
and biological assessment procedures.

Answer the questions:
1. What does ambient water quality relate to? How often does gaddity
standard vary?
2. Describe the first problem of process of water sampling.
3. What is the second problem in sample collection?
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4. What i s a “blank” sampl e?
5. What can be testing in response to natural disasters?
6. Speak about chemical analyses of water samples.

TextC
Drinking water indicators

The following is a list of indicators often measured by situational category:

1 Alkalinity

1 Color of water

1 pH

1 Taste and odoigeosmin 2-MethylisoborneolMIB), etc.)

1 Dissolved metals and salts

(sodium chloride potassiumcalcium manganesenagnesium

1 Microorganisms such decal coliformbacteria Escherichia
coli), CryptosporidiumandGiardia lambliaseeBacteriological water analysis

| Dissolved metals and metalloidedd mercury arsenig etc.)

| Dissolved orgas: colored dissolved organic
matter(CDOM), dissolved organic carb@DOC)
| Radon

1 Heavy metals

1 Pharmaceuticals

1 Hormoneanalogs

Drinking water quality standards describes the qualifyarameterset
for drinking water Despite the truth that every human on this planet needs
drinking water to survive and that water may contain miaammful constituents
there are no universally recognized and accepted international standards fo
drinking waterEven where standards do exist, and are applied, the permitted
concentration of individual constituents may vary by as much as ten times from
one set of standards to another.

Many developed countries specify standards to be applied in their own
country. In Europ, this includes thEuropean Drinking Water Directivand in the
United States thenited States Environmental Protection Age(ERA)
establishes standards as required bySéie Drinking Water ActFor countries
without a legislative or administrative framework for such standards)drél
Health Organizatiopublishes guidelines on the standards that should be
achievedChina adopted its own drinking water standard GB33382 (Type II)
enacted bWlinistry of Environmental Protectioim 2002.

Where drinking water quality standards do exist, most are expressed as
guidelines or targets rather than requirements, and very féer standards have
any legal basis or, are subject to enforcement. Two exceptions are the Europee
Drinking Water Directive and the Safe Drinking Water Act in the USA, which
require legal compliance with specific standards.
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In Europe, this includes a regement for member states to enact
appropriate local legislation to mandate the directive in each country. Routine
inspection and, where required, enforcement is enacted by means of penaltie
imposed by th&uropean Commissioon norrcompliant nations.

Countries with guideline values as their standards include Canada, which ha:
guideline values for a relatively small suite of parameters, New Zealand, where
there is adgislative basis, but water providers have to make "best endeavours" tc
comply with the standardand Australia.

Hydrological transport model

A hydrological transport modelis amathematical modelsed to simulate
river orstream flowand calculatevater qualityparameters. These models
generally came into use in the 1960s and 1970s when demand for numerice
forecasting of water quality was driven égvironmental legislatignand at a
similar time widespread access to significant computer power became available
Much of the original model development took place in Uinged
StatesandUnited Kingdom but today these models are refined and used
worldwide.

There are dozens of differentrisport models that can be generally grouped
by pollutantaddressed, complexity of pollutant sources, whether the model is
steady state or dynamic, and time period modeleutiAer important designation
is whether the model is distributed (i.e. capable of predicting multiple points within
a river) or lumped. In a basic model, for example, only one pollutant might be
addressed from a simple point discharge intordéiceiving watersin the most
complex of models, variouse sourcanputs fromsurface runoffnight be added
to multiplepoint sources treating a variety afthemicalglussedimentin a
dynamic environment including vertical river stratification and interactions of
pollutants with instreambiota In additionwatershedyroundwatemay also be
included. The model is termed "physically based" if its parameters can be
measured in the field.

Often models have separate modules to address individual steps in the simulation
process. The most common module siroutinéor calculation of surface runoff,
allowing variation inand usdype,topographysoil type,vegetative
cover, precipitationand land management practice (such as thecapiph rate of
afertilizer). The concept of hydrological modeling can be extended to other
environments such as tbeeans but most commonly (and in this article) the
subject of a river watershed is generally implied.

Runoff

The movement of the water over the surface of the Earth under the influence
of gravity, in channels ranging from tiny streams to large rivers, is called runoff.
Considering the hydrtogic cycle over a drainage basin or watershed, runoff is a
residual of he hydrologic process, because it represents the excess of precipitatior
over evapotranspiration when allowance is made for storage on and under the groun

surface. When precipitation is spasmodic and irregular in space, time and amount

runoff from the lad surface is usually low and becomes a comparatively constant
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factor. This contrast between runoff and precipitation, from which the former is
derived, results mainly from the storage capacity of the surface layers of the Earth,
by which much of the excegrecipitation is held back and released only gradually
into the streams. It has been estimated that one foot of soil normally holds more
water than in the entire overlying atmospheric column.

The rate or discharge of runoff is usually expressed as aneoher unit of
time. When the water discharge is plotted against the time, the plot is called a
hydrograph. Analysis of the hydrograph can reveal much about the watershed
characteristics that affect the disposal of precipitation and, consequently, the
appationing of surface and groundwater runoff. Hydrologic studies of runoff are
important in various respects. The study of runoff over the land and in the channel is
necessary for the development of land drainage andenvgneering works. A study
of the fortterm runoff patterns involves the analysis of flood hydrographs, flood
frequencies, flood forecasting, and routing floods through the river channels. There
are basic in floogtontrol engineering and flogolan regulation. A study of the
annual runoffcharacteristics and loAgrm trends of runoff involves the analysis of
river regimes; basin geomorphology and theoretical probability analyses are requirec
for the planning and development of irrigation, waterpower, water supply, and other
waterresourcegrojects. Modern engineers and planners of such projects require a
thorough understanding of the quantitative as well as qualitative nature of the runoff.

Runoff represents precipitation returning to the sea or to the inland bodies of
water. It is that pdion of the precipitation that appears in surface streams. It
consists, in ever varying proportions, of both surface runoff and gheatel runoff,
or effluent seepage. There has been considerable difference in the use of term
relating to runoff, butit s suggested that the “over]l
the water flowing over the land surface before it reaches a definite stream channel
the term '’ surface runoff " to desi gn:
runoff, in contrast tot he gr oundwater runof f; and
designate the surface runoff that has not been retarded by storage on the surface
snow or ice or in a lake or other body of standing water.

Runoff from the land area of the earth represents Kuess of evaporation
from the ocean area over precipitation upon that area. Unless the two are equal, wat:
vapour is continually escaping from the outer atmosphere and the ocean level is
progressively lowering. Temporarily excess evaporation from thenaoas be store
on the land as snow and ice and as ground and surface storage. It cannot be stored
the atmosphere, because the air can s,
from a water surface in a given locality. Water evaporated from then as@a part
precipitated on the ocean and in part carried inland by air currents, to be precipitatec
on the land. Of the moisture precipitated on the land area: a) some is evaporated ar
carried back over the ocean area by the winds to be reprecipitdatetdeoreturned to
the land area; b) some returns to the sea as surface runoff; c) some seeps into tl
ground to reappear in streams as grewater runoff; d) some is evaporated from
the ground surface and the surface of vegetation; €) some is tenypstiaeld in the
soil to be reevaporated and reprecipitated; f) some is absorbed by the roots o

100



growing plants and transpired into the atmosphere to be reprecipitated; g) some
enters into the plant fiber to remain until the plant is desiccated or destroyed
Surface runoff modelling

A key component of a hydrological transport model is sindace
runoff element, which allows assessment of sedinfertilizer, pesticideand other
chemical contaminants. Building on the work of Horton, the unit hydrograph
theorywas developed by Dooge in 19%9required the presence of thational
Environmental Policy Acand kindred other national legislatida provide the
impetus to integrate water chemistry to hydrology model protocols. In the early
1970s thdJ.S. Enwronmental Protection Agend¥PA) began sponsoring a series
of water quality models in response to Glean Water ActAn example of these
efforts was developed at the Sloeast Water Laboratorgne of the first attempts
to calibrate a surface runoff model with field data for a variety of chemical
contaminants.

The attention given to surface runoff contaminant models has not matched
the emphasis on pure hydrology modetsspite of their role in the generation of
stream loading contaminant data. In the United States the EPA has had difficulty
interpretingdiverse proprietary contaminant models and has to develop its own
models more often than conventional resource agencidso, focused
onflood forecasting, have had more of a centroid of common basin models.

|. Answer the questions:
1. Name the list of indicators of drinking water.What is the most important to
your mind?
What do drinking water quality standards describe?
When is a hydrological transport model used?
What do we call runoff?
Why are hydrologic studies important in various respects?
Summarize text C in Q5 sentences .

ok wn

lI. Translate the proverbsand sayings Give your own situations with them:

If there were no clouds, we should not enjoy the sun
One cloud is enough to eclipse all the sun

Foggy ideas

A storm in a tea cup

Under stress of weather

After rain comes fair weather

Rain or shine

NoORWNE

GRAMMAR
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The Conditional sentences

widse® ©ted Shdses dda Isdfd bE &
La3tse dz'  toj yd dedzv (FifsiGehdisanad) Isd i &z

if + presentsimple Future
If you come at ten, | will be ready to start.
cShsfEPHphecgTi 1 (WBEHE ¢ olgt®ET .
If the weather is fine, we will go for a walk.
cSChts fuslEis PR d3df ' H JdZ {f devisogliziz
LAtse dz'  toj U dzdz{SecornslContitomsl) Isd ff &2
If + past simple would/could/might +
indefinite infinitive
If you cameat ten, | would be ready to start.
cSCBldf ted?2 S Mwis® 2 ,|weBB zodslssadBlz" Ols(d .
If the weathevasfine, we would go for a walk.
cS¢Bmor opnas Cotgydets b o r|dzscB ff © tz@zdff tots G Iz dzv dzf
3aBTpa)

Vo d2'  toJ Ud dedz” (Wit Canditera)s sd4{ &

if + past perfect would/could/might +

perfect infinitive
If youhad come at ten, | would have beenready to start.
cSBTdW tcd 2 sispMmwis’ 2, 9B Blzo cBoMspyoura2r u .
If the weathehad beenfine, we would have gone fa walk.

CCBffseBR@DEdss , (B ' &eEdfttss kzdv dz

Ex. 1t sL Cted221Isj H Iz ¢ dFirst, &elsomdis t©FhirdyCpnditional © * H
Coy dese s b jj ) dedrOo s dzlz Istcj yJ dzdzv .

1. If she (to find out) the truth, she (to be) very happy.

2.1 (to visit) him in the hospital, if | (to know) about hikess.

3. If we (not to like) his suggestion, we (to tell) him about it.

4. 1f John (to wankthe advice, he (to ask) you.

5. If his sister (to have) better qualification, she (to be able to) apply for better job.
6. They (to find) the solution, if they (tanderstand) the problem.

7.1f Beth (to go) to her native town, she (to be) happier.

8. If you (not to agree) with me, | (to go) to the director.

9. What you (to do), if he (tell) you to leave?

Ex2) jtoj C dzOH " s Odze dz' 2 ! € s¢ FugtsSesonds Oo d ¢ St
Third Conditional.

1.Tm 6 nouyuyBaB cebe Kpawe, H9KOKW n4gar as
2BiH kpawe 3HaB OWMW aHTrNi NCbKYy, SAKO6K YV
3AKOGBMOHN nNpuMmAlwAuM paHi we, BOHW 3MOrnum 6
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4Mn 6 He 3anis3sHMUAMCbL Ha noi3pqg, AKO6WN B
5Akwoenpgauw, Ai TW 3annmwaTtbCcd BAOMA.

6.AK6KM BUYOpa He OYNO Tak XO0ONOAHO, MW T
7.49K WO T W noanrpao,C wBUlI H6 pB i A pEewmeg.Yy€ TBIi i B
8AKWO BIi H BMUBYUTbL HI MeUubKy MOBY, BIiH
ExX.3f sL Cted2Isi HEYSCH, HI d SssdMpls B8 atdz 2 y ¢ s tcd3’

.If I (to have) time tonight, | (to finish) this book.

.He (can) take you to the concert tomorrow if he (to have) a spare ticket.

.If they (to have) plenty of time yesterday, they (to miss) the train.

.If she (to leave) atseven’ c |l ock, we (to ask) her
.If my friend (to phone) now, | (not to feel) so lonely.

.If someone (to give) you a million, what you (to do)?

.If you (to be able) to finish the job tomorrow, you (to have) a holiday.

.If he (to check) the oil befe driving, he (not to have) problems with the car.
.If she (to be) here now, she (to help) you.

10. If they (to be) picked foour team, we (to win) the raocext month.

11. The London fire never (to start) if the baker (to put) lilt oven out properly.
12. If somebody(to invite), you (to go) to the blind date?

13. If they (to stay) in Kyiv, they (to live) here for thirty years.

14. If I (to meet) him earlier, he (not to be) late for supper,

15. The baby (to wake up) ¥ou (not to stop) speaking likbat.

OCO~NOOUILEWNE

t

1o jteds Is! ko Oclkz!
] HBHOIsC tse d n f ' HtoW Hdzd A tc j Y4 dzdzv(td ,wish)
9 d o O RastSgbjunctive( MY * o f OH O Padflmlefitity tc dfa3tRer
feetSubjunctive( Mt ' onp ¥ B ® dFPastRerfec)

| wish youwerehere-¢c B rntsls' 9, hte Isd Bke Iskls

- ZzCBHAGSs Isd dEggecdadzdenditional)
|wishlhad nottold—z €S sH O, hH s v {651 (ThsdComditicnad)ds
you the truth.

-r sBte] BERdzts 8f oV CoB o O3 dfjtc O

| wishhewould agree-¢ B =~htSdss' 99, dz f sG tsH d o(Wdykd 1
to go there. + Infinitive)

Ex. 4} jtejfdh' s’ toj ud dzdzv ,fil vastpS sRasf Bubjmetizes y

. She hates going to school on Saturdays.

3

C

L

C

1 jtog S dzOH " Is! A EZ2CtO’ dz! C s SO tsE .
1.1 d | ove to know five foreign | angu
22 Why don’t they have a bigger fl at?
3. Whydon’t we go to the restaurant mor
4

5

.She’d |l ove to study to cook.
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6.1 d |Ii ke to |Iive in Australia.
7. He hates doing housework every day.

1 9Jtdz Is! e Oc Iz, hts o HtsSH OIsC tsa
L Odzj ¥ Ols! 9 "tei wish, ' ' dnpplafsee @'oukdl +iymfinitive, wehis
A~tsyJ BB edmdzseo dilsd B OY Odzdzy f tets Isj , h B
BO2BREIsdZ! sdgk, ~BYO dzgg HEXYJ MYSH' 9 O° st
l B dz?odiffrdsH C " 9 L B dzO@ MPplSEOWMtsBdE] LM &d

f 5B O Odzdz™ .

| wish + subject +would + infinitive
| wish he would ringmeup.

[jJd& B RBls' d&zsm! , hsB o' dz f SHL

Ex. 51 jtejfdh  Is! toj yj dzdzv Al wisk{-€ veotald-filsfisitivéd . y d

1 jtoj € dzOH " Is! R EZ2CtO’ dz! C s SO t5E .

1. Beth never comes home before eleven.

2. He doesn’t wear wuniform very of¢ten
3. He doesn’t speak French.

4. A1l doesn’t agree with you

51 d Ii ke John to stop smoking.

6. The child doesn’t wash very often
7. She is unkind to the visitors.

81 don’t |like my son playing baskethb

Ex.6t sL Cted2Ilsj HEXYXS, o9doOt yd H' ' Mizce O

1.1f Beth (to go) to her home town, she could visit her parents.

2. If you (to be) still ill tomorrow, you will have to stay at home.

3. .If she(not to drink) coffee late at night, she would have been able to sleep.

4.She woul dn’t have married him if sh

5.1f he (to phone) tomorrow, please say we are out.

6.If they (to know) the significance of this event, they would be rataemed.

7.1f her son (to be born) two years e:
service.

8.If you (to look) everywhere for your passport, you will find it.

9.1f Joe (to get up) earlier, he would get to institute on time.

10. If the fire (notto happen),éhi r house woul dn’t have

111 f the sound (not to be) so [ oud, s
121 f the child (not to fall), he woul
13If Barry (to come) to visit us for the weekend, we will be very glad.

141 f Jane (to be) more careful, she w
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room.
151 f he (not to | eave) the door open,

ExX.7{ sL Cted2Isi HEY S, nHdedhCoditigrmgis &g oy dgzOH " Is
toj yj dedzv EC tg®o6 tzf)! ¢ 58

1. Her child says hello if he (to see) you.

2.1f the dog is angry, it always (to bark).

3. The toy (not to work) if the batteries are flat.

4.1 f the machine (not to have) enough c

5.1f you go in the best seats, you (to get) a free drink.

6. If the hotair balloon (to be) filled with air, it rises.

7. The alarm (to raise) automatically if fire is discovered.

8. Water (to change) into ice if it (to freez).

9. If water boils, it (to change) into steam.

10.1f she puts her money in a bank, she (to get) fivecpat interest.

Ex81 JtojWteOL 221Isy toj yd dedad wishy d S sted Mistse 25 yc
1. | am not very fit.

22We weren’t together.

3. He was too upset that day.

4. They couldn’t come here.

5lt"s very hot today.

6. My parents are abroad.

7.1 t’"s snowing.

8. He has read my letter.

9.Sh e dknewsendudh English.

100My son didn’t take my advice.

11. His room is untidy.

12. They wasted much time watching TV.

13.He doesn’t have a |l ot of friends.
14.1 can’t swi m.

Ex91 jtoj Cd&zOH ' Is! Odzcdz' 2 m! C s8¢ fdgiskotss , o d ¢ St
1.Ak6nm a9 MaB Bi NbHMUW Yvac 3apas!

2. llkopag w®ani 3HMBCA Ha 3ycTpiuy.

3Ak 6 9 BMIi B ManwBartTwu!

4. Uk o g a, WO BOHAa HeaMWHTaalH sB.i AN OBI 4 H a
5. Jo6pe 6yno 6, da9Kkbwn y MeHe Oyna Bi gnyc
6. WUk o g a, wo 494 nocnyxaB 1T XHbOIT nopapgwu.
7.Kanbob, WO BOHW HEe 3MiIi HUIKW CBOET Y MKMU.
8.Aob6bpe 6yno 6, dA4kKkbwm TM 3HaAaB npasBAay.
9.k 6rmm cKas3aB MeHI npo uLe pi WeHHSAa!

10. Wk o o a , Wwo BIi H He NPUNUHUB PpPpoOOBMTUM Tack
11.Xa n b, wo BOHa XBOPpi €.
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12.lk oga, WO BXe nNi3HO WTWM Ha 36o0pwu.
13.BoHa wWwWKopyBanna, Wwo nepecTana npauyltlBsa
14 Ak 6 Bi H BMIi B nnasartTwu!

15.Jo6pe, O6Gyno 6, AKO6MK BMULBBMAOI UM P/CHEAK TTb.
a
|

16. WLk o o a, wo TWMW He 3acTaB MeHe BAooOMaA.
17.Ka n b, wo AMTMWHA He Ui KaBUTbCHA 1 cTOpiI
Ex.10} jJteJ S dzOH " Is! Oz dz' 2 ! S s Zgso 56 .

1.k 0 g a, wo 89 BMUPIi WMB nNpauywBaTtTmMm B Ui N C
24Ak6mnm BIi H MaB 4Yac, BIiH noixaB 6u Yy Bi/[
3Ak6mMm 9 6ymaoBawpiawne Bi gnoBi gaB 6K HI
4. Uk o g a , wo MM He nNiwnum Ha Beui pKY.
5Ak6M BOHa nNpunwna crAN CbOTOAHI Yy Beue
6.AK6GM TM T X nonepepwmsB, BOHWU 6 He 3pobv
79 6 X0oTiB OYTUW CUNBbHI WNM.

8.AK WO BIi H N e preTkin agioe KUilH LEAr aT U XX H A, Bi H B
9.AK6M TN MIT NPOXUTM XMTTHA 3HOBY, wWwob
10.llk oga, WO BIi H BTpaTtTwnwB BCI CBOT T pouwi
11. 9k 6m THoAWRMMONMMKM B3 ABIr dHMmaxy.HacTb B nNe
12Ak 6m 9 3HaB, WO A 3axBopitw, 9 6 He 0
13.AwkK oy 1o, wo 89 He Ki HO3IiI pKa.

14 AK6KM MU 3anpocuUIunN HSAHDBLKY, BOHa 6 por
15 Ak 6 gunpekTop NpuminhwosB o TpeTin, MU 6

BX€ CbOT OfHI

MODAL VERBS

can, could
l JtcOy O Zaztizdzolz s 'dzss W ' L d Yudak O 1008’ i) Istg ts
fjodzz H' 8 9o Isjfjtc’ " dz sd3lz, 02 B 2 Is dz
(BEYEZ, BB ¥)

| cando it now. Shecan speak English.
ChsyztesB d Isdl myFp@ResL dGitso dzv Is d
L OtcOL . Odzedz' 2! S8 s B¢ .
| cannotdo it. Shecannot speak French.
C dzj sy kz Litctsdz@ Isdf] yadz® ° tetsL dztseo dzw Isd
Can he swim?
l " dz g °  dzOe9 OIsd ?
| could help him. H ecould ski when he was

C LB ¢ Hef sdcivdsd 2 &dl
| WSO 0lsd v dzO
Zdy OF, S tdd sz s.kdks § 0
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Ex. 111 j to] ¢ dzOdzG ' 2 s 6 8d ¢ tstc d Mis tan/doulchis dio be
ableto.

1. MoXxnwnso, BOHUMU 3MOXYTb 3aMOBUTU KBMUT
2. Bi H BMiIi € Tak wBMAKO O6iratTm 3 AUWTUHC
3. BoHa B3arani He BMi € nnasaTwu!

4. Konn BMHN®OYBMM, BIH MIT TaHUKBATWN K J|
5. lMi BrogumHnm 9 HamMarasca Bi oKpuTtTwu aBep
6.BoHa cKas3ana, wWo He 3MOrna npueagHart
7.Mn O6ypemMOoO [AyXe papi, SAKWO 3MOXeMO A
8. BoHun 3mMornauw BIi gBi gatTwnm BCI My3el 3a
9.YoMy Bi H HiIi KONW He MOXe NnArTun cnartTu

10.Lle BnNnepwe BOHW 3MOTAW [OCATTWU BepLuwWwH
1. Konunm Twnm 3MOXew gaTuWn MeHI TT appecy?
122YomMy noniuyi 9 He 3MOoOrna 3HaWTuKW BUKPpaAa

Ex12) jt6j CdZzOH' s Odzddz' 2! Cts¢ fydgesuldL o d ¢

o' Ldzdd3d WBstedzOd " de ' dz' Isd 9 O.
l.HeBXe BOHW 3apas3 Bpgpowma?
22HeBxe BOHa niwna?
3.HeBxXe BIi H npauyutwe Hapg HOBOKW cTaTTetw?
4. HeBXe BOHa MNpaytwe B WKONI BXe AecAaAThb
5HeBXe TuWu Bipuw MWoro i cTopi am?
6.HeBXe BiIi H BUTpaTwWB BCI rpouwi ?
7.HeBXe BOHW pJoCIi cCMaaTb B TOMY Kade?
8HeBweHa nwbuMtTb XO0A4AUTHKW NO My3edx?
9 9HeBXe BI H 006i gAa€e BXe TOAWNHY?

100HeBXe 3apa3 rpawTb Yy yTtT60n?
l11.HeBXe BOHa BCTae paHO?
122HeBXe BIi H BMBYAE apXimmdekKTy Py wi cTHaAA$m,

Ex.13} jtoj S dzOH " Is! Odze dz' 2 M+ € ts& mdgsmidght to bes d ¢
allowed to.

l.BmmoxXxeTe nNoOYMmMHaTW BUKOHYBaTu ULe 3aBga
2Tn He MOXewWw pPO3MOBNATWNW 3 HUM TakK HEBE
3.Me H i AO3BO/MTUWNN 3anpoCcCUTU Ha BeUyi pKY E
4BaM He MOXHa nponyckaTtu nexkuyi’1.

5. KoMy 3 Bac pgos3sBonuvuanm niTKMm B noxipag?

6baTbkn cKaszanu, WO HaM MOXHaAa XO0OAUTMU F
7.Anpni gy fJO BaAac, HAK TIiNbKW MeHiIi [JO0O3BO/S
8MoxXxHa WMWOMYy B3ATW yyacTb B KOHUepTIi ?

9 9Mn He BNEeBHEeHI , Wwo HamM [JO03BONATbL 341V
104omMy T W He poO3BONMAMK Bi ABiIi gaTunu XBOpPO

11.CtypeHTaM JO3BONATbL KopucTtyBaTtTwucb 3a
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12Konwn A1 T 4 M ogfop3aBToMn fHTab K o mMn ' T epi ?

13.AK Ti NbKW MWOMY BMUNOBHMUTbLCSHA Wi cTHapus
144Kk 4YyacTO TOOI A40O3BONMNAKWTbL BRnawToOoBYBAT
15Hi KkoMy He pos3BOANMAW B3IATW ydyacTb B 3

Ex.14.] mis Ocdgtisy O dg'' dz'm iz® @ DfisQ {f

1....1comein?

2.He . . . not go out because he is il/l.
33You ... translate this text; you don
4. Take the umbrella: it ... rain.

5. She ... visit us if she has time.

6. Do you think he ... answer all these questions?

7.....she use your phone?

8....you help me just now?

9.1... not find my key.

10.... he drive a car if it is necessary to?

Ex.15] mMis©olsj dsH O draydziighta 6 damaad O
1.He ... not find his notebook | ast nic
2. ... 1 come and see you tomorrow?

3. She said that she ... be late.

4.You... stay in our house if you like.

5. | tried to see something in the darkness but | ... not.

6. Father said that | ... swim well enough.

7. ... 1join you in the evening?

8. You ... take this job or rebuse.

9. You ... not believe.

10. ... you pass me juice, please?

11. They... not help us because they were abroad.

12. We ... not imagine him without his motorbike.

Ex. 161 J t6J ¢ dzOdzG #z* 2 s § ¢d ¢ tstc d M ls te baketoy d

1.4 noBMHEeH nNniagrortTysBsaTtTn p[JONOBI Ab.

2Tn He NOoOBMUHEH I TwW nNi WKW,

3BiH 6yB 3MyweHWNn nNnomMEWHUMEGMCDb 3 Bi oNYyoC
41h He pgoBenocss npauwBaTMU BHOUYI

5MeHi poBeNnNocb NOBEPHYTWU KBUTKWNU B Kacy
6.Mn N OBWUHHI bypemMo Harapgatu T M npo T XF
7.7M He poBepgeTbCa AJOBTFIO 4Yeka
8.1 poBepgeTbCcCA BUBUPATU CcaMi
9.9BM He NOBWUHHI BnbavaTtTumceob.

104omMy THN O6YB 3MyweHuUW po3noBiCcTWMW Npo

T U
h?

Ex.17] d ¢ stcd misut@ stphavetoe dzj SB~ " HiZd 2 S Qs o L
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fdlsOdz? dzz OBt LOf jtej ydze W ssted3dd HJ dzj BB -
1.She ... leave the party yesterdays he wasn’'t wel |
2. He was late for work today because he ... visite the doctor first.
3. You ... borrow mythings without asking.
4. We are sorry, you ... smoke here.
5. She said we ... wash all the windows in the house.
6. Since the new manager came, they... change theiodwetf research.
7. Her son is happy as he ... do his home task today.
8. 1 (not) ... speak Germasince | was at school.
9. The teacher told us that we ... answer all the questions.
10. He ... get up early on Monday if he wants to catch the bus.
11. Her brother has been ill. He ... stay in hospital since last week.

Ex18) jt6j C dzOH ' Is! Odze¢ dz' 2 iy’ Chssmustits odisists B Ro' HSdE

Wistedisy ' dgW ‘ dz' Isd e O.

1., HaneBHO, POKiIi B ABajguUATSHL.
2HaneBHO, BIi H 3apa3 BIi gnoyumBae Ha nngai
3. e mMoa pydyka? T[TleBHO, 11 B3d9/1a M0SA Cec
4.01 T 1”, HaneBHO, CNNATHL.

5.BOH M, nesBHO, BCH HIi 4 ANMBUNUCHBL Tenesi 3
6.Bi H, neBHO, 3axBOoOpi B.

7.Tn Hiyoro ®WB, i BagPBHEY.TONOOHWNN.
8.BoHM, HaneBHO, O6GBYynwm BApOMA BYOpa.

9 9HIi xTO He BIi AnNnoBiIi gace. BoHa, neBHO, ni
10.Bi H, HanesHO, BXe 3pobusB CBOW pfONOBI

Ex.19) jtoj S dzOH ' I8! Odzge dz' 2 1! € 5% misE@atsshave o d € &
to.

.BoHa He BMXBOMHHyHBEGA T U B a Wi BKas3i BKW.
17T 6aTbKO, NneBHO, nikKkap.
AKIT fOKYyMeHTMW a4 Myuwy nignumcatn?

O KOTpPi W roaguvuHiIi TKMW NOBMUHEH NoBepTaTMUC
A 6yB 3MYyWwWeHUN BTPYTUTUCSH
y

OCoO~NOUIR,WNE

.BoOHMNW, neBHO, eKawTb Ha Hac yxXe niBrlC
.BI'H He MycunuTb npauwBaTu Ha uyuw i pmy

.BoHa He 3mMOrme wma@wia BOHa Mycusaa WTKU H
.HaneBHO, BIiH NpoxXusB y Ui n kKpa'lHI bar &

100MomMy BOHa NOBMWHHA KOpMCTYyBaTUCb LUMMU
11.4 noBMHeH O6yaAy npouymTaTw”m LKW KHUXKY.
12.TTe B H O, BOHUW npul xanm po Kmesa BYOpaAa.

Ex.20) j t6j ¢ d&zOH " Is! Odzc dz' 2 m! € 8¢ WBgottstlz o dCC
9 Hftse Hde 2 WBtd3 .
1.9 nNnoBMHEH 3ycTpiTK T X B aeponopry.
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2BoHNW wManu npauytwBaTuu No Ci M TFToaguWH WOAEF
3BoHa noBWHHAaAa nNpuhuTu croaAn BBeuvyepi

47 XHIi M CWUH NOBUHEH O6YB 3akKiHUYNUTNU KypcCy
S55BOHUM M@aBm@pHYyTUCbL 3 Bl ApAagXeHHS .

6.Bi H X0Ti B 3aMOBMUTMW HOMEepP B roTveni, afi
7BoHa noBMHHaAa O6Oyna niagrortyBaTtTmnm nabopar
MM NOBUHHI 6ynum 3ycTpiTunCb nNnicnga poobc
9.Bi gnoBi gatTun Ha A3BIi HKW Mae cecTpa.
10041 TMW NOBUHHI 6y nun aiyod XHaer Mn HiaX a&J/KIw.K y p C

l11.Po3knapg Mae 3MIi HUTUCDbL 4Yyepes3 TPWU [HI

Ex.21] mMis©olsj d3sH O de'beizdO BHS havétdzts © ©
1.1 was late because | ... to finish my work.

2. Where ... the meeting to take place?

3.We ... to go home because our mother is waiting for us.
4.He ...to wear specs.

5. As it was decided, I... to write an essay about this country.
6. He ... to go to the dentist twice a week!

7. She insisted that the child ... to have lunch.

8. The agreement was that you ... there in time.

9.1 am afraid you ... to find the solution tlois problem.

10. He told that we ... to return his money in a month.

Ex.22) jt6j S d&zOH ' Is! Odzc dz' 2 ! ¢ s5¢ migbmay fight o d €
O B dangd.

1.Bi H, HaneBHDO, npaywe Ha LULbOMY 3aBoji
2MoxnmnBo, BIH nNpauytwe Ha UbOMY 3aBoji
3Bi H, MOXNuWBO, JNPBRAUMPE. HAa UbOMY

4 He Moxe O6yTwn, wob6b BIi H nNpauywBaB Ha Uboc
5.Bi H, HanesBHDO, npauywBaB Ha LULbOMY 3 aBo0/
6.Bi H, MOX/TNBO, npaywBaB Ha ULbOMY 3 aBo0/
7.He mMoXxe O6yTMWU, wo6 BI H NpauytBaB Ha UbcC
8BOHNW, HaneBHO, TPEeHYWTbCHA B CNOPTUBHC
9MOXNuMBO, BOHB TpPDEOPYWBHOMY KANyoil

10.Mo xnwunsBo, BOHMUW i TPeHYywWTbCAd B CNOpPTWUB
11.He wMoxe ©6yTwn, WO BOHW TpeHYyWTbCA B C
12HaneBHO, BOHAa B |1 HCTUTYTI

13.Mo xXxnunsBo, BOHAa B |1 HCTUTYTI

14. Mo Xxnwunso, BOHAaA I B I HCTUTYTI

15 He wMoxe ©6yTWn, wo6 BOHaAa Oyna B I HCTWUT
l6.Hemo xe 6yTu, WoO6 BOHA Oyna B [T HCTUTYT
17.Mo Xxnwuso, BOHa 6yna B I HCTUTYTI

Ex.23r sy seo dzg’" Is! 1t yd dzdzv showddd Gamghttdnlstse ¥ yd
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You ... follow instructions before taking medicine.

lt's very | ate. Children ... Dbe in b
You ... not smoke here.

Il t's his anniversary next week. May b

Her room is dirty. She ... clean it.

This hotel is very expensive. You ... not stay here.

She drives too fast. She ... drive carefully.

They ... not let the children see such films.

. Theyinvite us to have barbecue. ... we take something to eat?
10.You ... not read in the car. You may feel sick.

11 He ... book the tickets early in advance.

CoNoOOhwNE

Ex. 241 jto] ¢ d&zOH " Is! Odze dz' 2 ! € ts¢ stigiEld e dgghte d ¢
to 3 Perfectinfinitive .

l.AopBOK@Xe, wo MoMy He cni g 6Gyno nipagnwuc
2Tob6i <c¢cnip 6yno BigkKknacTtunm BCIiI 3ycTpiuui
3. AN T NnHI He cni g 6yno yYymtTaTtT”m LKW KHUXKY.
4.1 cnip 6yno 3anuMWUTKU 3anuUCcKy.

5, To6i He cnipgp 6YynNnNo WTWMW TyaAunm B TakKum ni
6.Momy cni g 6yno 3anumcaTwu agpecy Ui el K
7.Momyc mieg 6yno nopyuwysaTwuw npaBuna.

8.ImMm cnipg 6yno B3ATM Takci

O.llo W cnip 6GYyNO pobMUTMK?
10.To6i cnip 6yno 3anponoHyBaTuWu CBOW A0
11.Uomy #o

|

My He cni g 6yno WTm Ha Ty BewM
12.TM cni g 6yno Kkpawe nikmMysaTtucsa npo T X
13.1h He cnipg 6yno cnyxatTwu nNnAiTKN.
l4.Bamiicha 4i TKO BUKOHYBATMW BCI po3nopsaa

Ex.251 sf so dz' Is! tej yd dzdz¥ shoudddolighittsod st mttzhave
to.

1. She ... be arriving in some hours.

2.He ... go home at nine because his father is waiting for him.

3.You ... try to find a new job.

4. Motherinsisted that | ... have a meal.

5.Don’ t vy o uask befora thkingy ey book witkit asking.

6. There are no planes today, so | ... to go by train.

7.He ... never say that again!

8. They ... book the ticketif they want to go to the coert.

9. We think you .. tell your parent you will be late.

10.He ... do what he says.

11.Do you think she ... tell my parents what happened?

12.You ... have a favourite pupil.
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Ex.

OCoO~NOOITDWNPE

10.
11.
12.
13.
14.
15.
16.
17.

Ex.

26F 1 | | i n the blanks with '"can',K ' may

. Peter ... return the book to the library. ®Wewvant to read it.
. Why ... not you understand it? It is so easy.

. we do the exercise at oneees, you .... do it at once.
. you pronounce this sound?

. You ... not have bought this meat: we have everything for dinner.

... hot go outoday: it is too cold.
. | take your pen? Yes, please.

. We ... not carry the bookcase upstairs: it is too heavy.
. We ... not carry the bookcase upstairs ourselves: the workers will come and do it.

When ... you come to see us... come aly on Sunday.

Shall | write a letter to him?2- No, you ... not, it is not necessary.
... you cut something without a knife?

Everything is clear and you ... not go into details now.

He ... not drink alcohol when be drives.

Don't worry!l... change a light bulb.

By the end of the week I... have finished writing my book.

She ... not call the doctor again unless she feels worse.

27sransl ate the following sentences I

must, mayandc anot .

RPRPRRPRRPRPRPRPRPPOONOURNWNER

OCWLWT O~NOOOUITA~WNEO-:

[EEY

Mocni waMm: TKWU MOXewWw CNi 3HUTMUCA Ha nc
Bi H, MOXANWnBO, 3axBopi B.
Bi H, MOXANWnaso, XBOpi €.
He Moxe 6yTwn, wo Bi H 3abyB Kynutwun K
He Moxe 6yTwn, wo BIi H nocBapusBcCcSHa 3 +
HaBepHOe, BOHAaAa Al 3Hanacsa nNpo ue Bi [
Lle, MabyTba dDymadydayxXe Bax Xk
Ha Bynuui NMOBUHHO OYTW AyXe XO0MN0AHC
BoHa, MabyTb, 3ycTpina T X Nno AO0OpPOS3i
He Moxe O6yTW, WO BOHMW nNpopganwun CBIiV
BoHwu, MOXX/1WNBO, npui oyTb 3 aBTpa.
Moa cecTpa, MabyTb, apas B 06i 6ni c
He Moxe O6ymnepuwBloMBCHEe3alHSAB
Mo xnwuso, Bi H i yyB nNpo uye (xo4ya HEe
Mama, MabyTb, Kynumna uUYKeEepKMU.
BoHa, MOXnNnuBO, A3BOHWUNA MeHIi BYOPpE
MoXnuBo, BIi H i B WKoOoNi 3apa3 (xXxo0ue
He Moxe 6yTwu, lilo n®PGMaHBEIOFITEMALVEO 3
OKIi B.
MabyTb, HaBKPYyrum Baworo cena pPocCTy
He Moxe 6yTw®n, WwWo BIi H HanumcaB JIUCTE

w
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NDNDN

MoXnmBo, MM Ni gemMo Ha nNNAX: MNOTrO0oAE
Lle, ouyeBMWAHO, AyXe cTapopgaBHI W PpYyK
LJaBainTe no gH3aBMD HwWOMOEe P30oHGaeapotOy: T M c a9 M0
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